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ABST
PAL  An apparatus and method for operating an auxiliary hydraulic load at low
      noise levels. A pump having a capacity which is sufficiently large to
      supply the load with the necessary volume of hydraulic fluid at relatively
      low pump speeds is driven by an engine operating at a speed near its
      idling speed. Throttle control means control the fuel supply to the engine
      at a level sufficient to drive the pump while maintaining the engine speed
      near its idling speed. When the engine speed is increased to a
      predetermined level in excess of its idling speed, means are provided to
      maintain the output from the pump at or below a predetermined flow rate to
      not overload the pump means or the auxiliary load. The pump may include a
      variable displacement pump or a plurality of fixed displacement pumps with
      means to vary the pump output in response to the pressure demand from the
      auxiliary load to maintain the torque input requirements for the pump
      below a predetermined level. The throttle control means may be actuated in
      response to the pressure demands of the auxiliary load to vary the torque
      from the engine in response to the torque input required for operation of
      the pump while the engine is operating at a speed near its idling speed.
PARN
PAR  This is a division of application Ser. No. 274,798, filed July 24, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the increasing concern of society in protecting and improving the
      environment, the problem of noise pollution is receiving much study.
      People who live in cities are surrounded by all manner and variety of
      noises ranging from the roar of jet planes to the rumble of freeway
      traffic. This vast accumulation of noise can be quite harmful in causing
      diminished hearing. Also, although not precisely measurable, noise can and
      does have an adverse effect upon the emotional stability and mental health
      of the recipients.
PAR  People are now asking seriously whether machines created to be servants of
      man are not, in fact, becoming his master. Surely, this is a fair question
      in regard to noise pollution where the constant cacophony of machine
      noises disrupts man's thinking processes, interferes with his sleep, and
      oftentimes threatens to destroy his sanity.
PAR  A common source of noise in the city is the strident noise of a truck
      engine as it turns over at high speeds in operating the auxiliary
      equipment carried on the truck. As one example, consider the noise of a
      truck engine in operating the packing mechanism for refuse collection
      equipment during the pick up of refuse in a residential neighborhood. The
      collection of refuse begins early in the morning and, thus, the noise of
      the laboring truck engine operating at high speed may well be the first
      sound which greets the ear of a city resident on awakening. Even worse,
      the noise of the truck engine may be the causation for an unwanted early
      awakening by the sleeper.
PAR  Many types of auxiliary truck equipment, such as the packing mechanism for
      a refuse loader, go through a cycling operation in which the load
      requirements on the engine will vary. Thus, for example, in the operation
      of a refuse packing mechanism, the refuse will first be placed in a hoper
      positioned within a tailgate structure on a truck. The refuse is then
      swept from the hopper and moved through an opening connecting the hopper
      with a refuse storage body positioned on the truck frame. As the refuse is
      moved into the opening and packed under great pressures, the pressure
      demands of the packing mechanism are very high. The pressure demands at
      this stage of packing are generally considerably higher, for example, than
      the pressure demands when the refuse is being swept from the hopper. For a
      more detailed description of a refuse packing mechanism, reference is made
      to U.S. Pat. No. 2,879,906, issued Mar. 31, 1959.
PAR  During operation of an auxiliary load on a truck, it has previously been
      necessary to maintain the truck engine at a relatively high speed when the
      auxiliary load is variable, as in the case of a refuse packing mechanism.
      This was done to prevent the truck engine from stalling when the power
      demands imposed by the variable load were increased. To prevent stalling,
      it was customary to maintain the truck engine at a relatively high speed
      to provide the output from the engine at a level sufficient to operate the
      variable load under the maximum power conditions imposed by the load. This
      method of operation, while perhaps satisfactory to prevent stalling, was
      inefficient and produced a high noise level from the truck engine in
      driving the auxiliary load.
PAR  By maintaining the engine speed at a level to supply the maximum power
      demand from the auxiliary load, the engine produced more power than was
      needed by the load at power demands less than its maximum. To dissipate
      this unused power during the minimum power demand portions of the variable
      load cycle, it was necessary to shunt a portion of the output from a pump
      driven by the engine to a sump during the minimum power demand portions of
      the variable load cycle. Thus, the full output of the pump was used only
      during the maximum power demand portions of the variable load cycle.
PAR  In the operation of auxiliary equipment, some manufacturers have mounted an
      auxiliary engine on the truck to operate the auxiliary equipment. The
      auxiliary engines are relatively small and operate at a high rate of speed
      to develop their maximum horse-power in driving the auxiliary equipment.
      This type of operation has not been satisfactory in terms of abating noise
      pollution since a small engine operating at a high speed is a very
      efficient generator of noise. Also, this type of operation is inefficient
      since it requires dissipation of unusable engine output except when the
      load is in the maximum power demand portion of its cycle.
PAC  SUMMARY OF THE INVENTION
PAR  In providing a solution to the above problems, the present invention
      provides an apparatus for operating an auxiliary mechanism at greatly
      reduced noise levels. In addition, the present invention provides an
      apparatus and a method for driving a variable auxiliary load in which the
      driving power is more efficiently utilized by the load. Also, it provides
      an apparatus and a method in which an engine that drives an auxiliary load
      is operated at a relatively low speed near the engine idling speed. This
      results in reduced engine wear, increased engine life and reduced
      maintenance costs as compared with previous devices in which an engine
      providing power for a variable auxiliary load was operated at a relatively
      high rate of speed to prevent engine stalling.
PAR  In accord with the invention, a variable volume or variable pressure
      auxiliary hydraulic load is driven by a pump means having a capacity
      sufficiently large to supply the demands of the load when the pump means
      is operating at relatively low speeds, which may be 1,000 rpm. or less.
      Engine means are operably connected to the pump means for supplying power
      to the pump means. The operation of the engine in supplying power to the
      variable auxiliary hydraulic load is at a relatively low speed near the
      idling speed of the engine. With a truck engine, which operates at a
      relatively high speed, such as about 4000 rpm., in powering a truck over
      the highways, the engine operates at a relatively low speed near its
      idling speed in powering the auxiliary load which may be about 700 to
      about 1,000 rpm. or less. When operating in this manner, the engine means
      is operating at about one-quarter or one-third or less of its maximum
      speed and horsepower and, thus, operates at a low noise level in providing
      power for operation of the auxiliary load.
PAR  During operation of the auxiliary load by the engine means, throttle means
      may control the fuel supply to the engine at a level sufficient to
      maintain its horsepower output at a level to operate the pump means while
      also maintaining the speed of the engine means at about its idling speed
      or slightly higher. When the engine speed is increased to a predetermined
      level, for example, in performing its primary work function, means are
      provided to maintain the flow rate of fluid through the pump means at or
      below a predetermined level based on its capacity. Thus, if the engine
      means were providing power to the auxiliary load at an engine speed of 700
      rpm. and the engine speed was then increased to concurrently power a truck
      while driving the auxiliary load, the flow rate through the pump would be
      maintained at a level that does not exceed the capacity of the pump. In
      one form of the invention, this is accomplished by providing a centrifugal
      clutch in the drive train between the engine means and the pump means.
      Thus, when the engine speed exceeds a predetermined level, the clutch
      automatically disengages the drive between the engine means and the pump
      means.
PAR  In the use of the apparatus of the present invention for operation of a
      variable volume and variable pressure auxiliary hydraulic load, a fluid
      reservoir may be provided in flow communication with the pump means to
      provide an open loop hydraulic circuit which includes the pump means and
      the variable load. This provides greater flexibility in the functioning of
      the apparatus by providing a variable volume of hydraulic fluid for
      operation of the auxiliary load. For example, if the variable load
      includes a hydraulic cylinder having a relatively large volume, a large
      volume of hydraulic fluid will be stored within the cylinder during a
      portion of its operation. The reservoir provides a source of hydraulic
      fluid to supply the cylinder and the stored hydraulic fluid can then be
      quickly discharged to the fluid reservoir during another phase of the load
      cycle when the load does not require a large volume of fluid.
PAR  The pump means employed to operate the auxiliary may be a fixed
      displacement pump whose capacity is sufficiently large to satisfy the
      maximum volume of hydraulic fluid demanded by the variable load. The pump
      means is driven by an engine means whose torque output, when operating at
      a speed near its idling speed, is adequate to supply the torque input
      required to operate the pump means in powering the auxiliary hydraulic
      load. the
PAR  In another embodiment of the invention, the pump means may include a
      variable displacement pump and means for reducing the displacement of the
      pump in response to increased pressure demands from the variable load. The
      input torque required to drive the pump means is proportional to the
      volume of fluid being pumped by the pump means and also to the pressure
      demands of the variable hydraulic load. Thus, when the pressure demands of
      the variable hydraulic load rise to a predetermined level, the
      displacement of the variable displacement pump may be reduced
      proportionately to maintain the input torque required to drive the pump
      means at or below a predetermined level. In this manner, the engine means
      is able to supply the necessary power required to drive the pump means
      while operating at a relatively low speed near its idling speed.
PAR  In another embodiment of the invention, the pump means may include a
      plurality of fixed displacement pumps with means for varying the number of
      pumps in operation in response to the pressure demands of the variable
      hydraulic load. By reducing the number of fixed displacement pumps in
      operation when the pressure demands of the variable hydraulic load reach a
      predetermined level, the torque required to drive the pump means may be
      maintained at or below a predetermined level. Then, when the pressure
      demands of the variable hydraulic load are reduced, the number of fixed
      displacement pumps in operation may be increased to increase the volume of
      hydraulic fluid and to increase the speed of operation of the variable
      load while maintaining the torque input requirements of the pump means
      below a predetermined level.
PAR  In a further embodiment of the invention, a throttle control means may vary
      the fuel supplied to the engine means in response to the pressure demands
      of the variable load. The torque output produced by the engine means may
      then be varied in response to the pressure demands of the variable load
      while the volume of the fluid discharged to the system by the pump means
      is likewise varied in response to the pressure demands of the variable
      load. The torque output of the engine means may, thus, be controlled so
      that it matches the input torque required for operation of the pump means.
      This provides a more efficient operation in which the torque output of the
      engine is more effectively utilized by the pump means in driving the
      auxiliary load.
PAR  In a further embodiment of the invention, a throttle control device may be
      employed which varies the fuel supplied to the engine in response to both
      the pressure demands of the auxiliary load and the volume of hydraulic
      fluid supplied to the load by the pump means. When used with a pump means
      which includes a plurality of fixed displacement pumps, the throttle
      control device may receive a pressure input which is proportional to the
      system pressure and the load demands of the variable auxiliary load and a
      pressure input which is proportional to the volume of hydraulic fluid
      supplied to the system by a pump which discharges fluid to the system when
      the system pressure is at or below a predetermined pressure. The combined
      pressure inputs to the throttle control device, based on both the system
      pressure and the volume of fluid discharged to the system by the pump
      means control the movement imparted to a throttle control lever by the
      throttle control device. The quantity of fuel supplied to the engine and
      the output torque of the engine are, thereby, controlled by both the
      volume of fluid discharged to the system by the pump means and the system
      pressure against which the pump means works in supplying the variable
      hydraulic load with fluid.
PAR  Through use of the present apparatus and method, a relatively large engine
      is used to provide the power for a relatively small auxiliary load. In
      providing the power for the auxiliary load, the engine is operated at a
      relatively low speed near its idling speed. When operated in this manner,
      the engine means may be operating at about 25 percent or less to about 34
      percent of its maximum speed and horsepower. The engine means thereby
      provides the power for the auxiliary load at a very low noise level. The
      output torque generated by the engine means and the input torque required
      by the pump means in supplying the auxiliary load, are preferably
      interrelated so that overall efficiency is maximized with the output
      torque from the engine means being effectively used in driving the pump
      means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which are to be regarded as merely illustrative of the
      invention:
PAR  FIG. 1 is a schematic view of a system in which an engine operating near
      its idling speed provides the power at a low noise level to perform a
      secondary work function in operating an auxiliary load;
PAR  FIG. 2 is a schematic view of a variable displacement pump which may be
      used in the system illustrated in FIG. 1;
PAR  FIG. 3 is a schematic view of a pump and valve arrangement which may be
      used in the system of FIG. 1 to provide a plurality of fixed displacement
      pumps to drive the auxiliary load with the number of pumps in operation
      being varied in response to the pressure demands of the auxiliary load;
PAR  FIG. 4 is a schematic view of the pumps and valving engagement illustrated
      in FIG. 3 in which the valve has been shifted to decrease the volume of
      fluid discharged to the system in providing power for operation of the
      auxiliary load;
PAR  FIG. 5 is a side sectional view of a throttle control device which may be
      used to vary the fuel supply to the engine in response to the pressure
      demands of the auxiliary load and the volume of fluid discharged to the
      system by the pump, and
PAR  FIG. 6 is a side elevational view of a refuse collection vehicle showing in
      phantom line drawing a packing mechanism operated by a pump driven by the
      vehicle engine at a speed near its idling speed.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to FIG. 1, a relatively large engine 2 whose primary work
      function may be in driving a truck through a main output shaft 7, is
      utilized to perform a secondary work function in providing power to
      operate an auxiliary load 4 through an auxiliary output shaft 8. The
      auxiliary shaft 8 is connected through a centrifugal clutch 26 to an input
      shaft 9 to a pump 6. The pump 6 receives hydraulic fluid through an input
      line 16 from a reservoir 14 and delivers hydraulic fluid through an output
      line 10 to the variable volume and variable pressure auxiliary load 4.
      Hydraulic fluid from the auxiliary load 4 is returned to the reservoir 14
      through a return line 12.
PAR  A control line 28 may be provided which leads from the output line 10 to
      the pump 6 with the control line being used to vary the volume of
      hydraulic fluid delivered by pump 6 through the output line 10. However,
      it is not essential that the volume of hydraulic fluid delivered by the
      pump be varied. Thus, the control line 28 may be regarded as structure
      which is optional. The pump 6, for example, may be a fixed displacement
      pump whose capacity is sufficiently large to satisfy any demand placed on
      it by the variable auxiliary load 4. The engine 2 is then sized so that it
      provides the necessary power to operate the pump 6 with the engine 2
      operating near its idling speed.
PAR  A control line 18 leading from the output line 10 may be utilized to
      operate a throttle control device 20 which is depicted as a hydraulic
      cylinder. A rod 22 which is movable in response to pressure changes within
      the throttle control device 20 is connected to a throttle 27 through a
      throttle lever 24. As the pressure demands of the auxiliary load 4 are
      increased, additional power is required to drive the pump 6 to provide
      hydraulic fluid for the load 4. The increased power demands of the load 4
      are met by incresing the fuel supplied to the engine 2 with the quantity
      of fuel being dependent upon the system pressure in line 10, as
      transmitted through control line 18 to the throttle control device 20.
      Thus, the torque output from the engine 2 may be automatically regulated
      by the throttle control device 20 to provide the necessary power for
      operation of the auxiliary load 4 while maintaining the speed of the
      engine 2 near its idling speed.
PAR  In providing the power for operation of the auxiliary load 4, the engine 2
      operates at a speed near its idling speed. Thus, where the primary work
      function of the engine is to provide power for operation of a truck, the
      engine may operate at a speed which is about one-quarter or less to about
      one-third of its maximum speed in providing a horsepower output to the
      auxiliary load of about one-quarter or less to about one-third of its
      maximum horsepower output. For example, the speed of the engine 2 may vary
      from about 700 or less to about 1,000 rpm. in providing the power for
      operation of the auxiliary load 4.
PAR  Due to its operation near its idling speed in supplying power to the
      auxiliary load 4, the engine 2 provides the necessary power at very low
      noise levels. Moreover, by operating the engine 2 at a relatively low
      speed in providing power for the auxiliary load 4, the life of the engine
      is extended and maintenance costs are reduced. In operating the auxiliary
      load 4, stalling of the engine 2 may be prevented by varying the fuel
      supplied to the engine 2 in response to the pressure demands of the
      variable load 4. The output from the engine is, thus, varied to meet the
      demands of the load so that the engine output is efficiently used by the
      load.
PAR  The maximum speed and horsepower of the engine 2 are far in excess of that
      required for operation of the auxiliary load 4. If the speed of the engine
      2 was increased to its maximum speed, this would drive the pump 6 at
      speeds in excess of its capacity and also would result in supplying a
      quantity of fluid to the load 4 which exceeded its capacity. The
      centrifugal clutch 26 is used to protect the pump 6 and load 4 from being
      overdriven by the engine 2. When the engine speed is increased to a
      predetermined speed in excess of its idling speed, as, for example, when
      the engine is performing its primary work function, the clutch 26
      automatically disengages the auxiliary output shaft 8 from the input shaft
      9. For example, the clutch 26 may be set to disengage to shaft 9 when the
      speed of the engine 2 is increased to about 1,500 rpm.
PAR  As illustrated, the auxiliary output shaft 8 is directly driven by the
      engine 2 so that the shaft rotates continuously when the engine is
      operating. The apparatus is controlled through actuation of the clutch 26.
      Various means may be used to control the clutch and one means, for
      example, may consist of a simple electrical circuit in which a plurality
      of switches 15, 17, 19 and 21 are connected in series by an input
      conductor 11 between a source of electrical power 23 and the clutch 26.
      The switch 21 may be actuated by the ignition system of a vehicle which is
      powered by the engine 2 such that switch 21 is closed by turning the
      ignition key in starting the engine.
PAR  The switch 19 may be positioned on the dash within a vehicle cab while the
      switch 17 may be positioned anywhere on the vehicle which is convenient to
      the load 4. In a refuse packer where the packing mechanism is positioned
      on the rear of the truck body, the switch 17 would generally be positioned
      at the rear of the truck body for ease in operating the packing mechanism.
      The switch 19 serves as a safety measure to prevent injury of children or
      trespassers through actuation of the switch 17. With switch 19 in an open
      position, the apparatus cannot be operated out of the view of the driver
      by the closing of switch 17.
PAR  The switch 15 is a speed control switch which may be connected to the
      engine through a conductor 25. The conductor 25 transmits a signal to
      switch 15 when the engine 2 reaches a predetermined speed. When the engine
      2 exceeds the predetermined speed, the switch 15 is automatically opened
      to open the clutch 26 and disengage the connection between shafts 8 and 9.
      This prevents overdriving of the pump 6 or load 4 by the engine 2. As
      illustrated, the electrically operated clutch 26 may be grounded in a
      conventional manner through a conductor 13.
PAR  The switch 15 may be actuated mechanically as well as electrically. For
      example, the switch 15 may be opened and closed in response to the speed
      of rotation of a drive cable connecting the switch 15 to the engine 2. The
      drive cable which would serve the same function as the conductor 25, may
      be driven from the shaft 8 in the manner of a speedometer cable. Also, the
      switch 15 may be made integral with the clutch 26 and be actuated by
      centrifugal force.
PAR  The signal transmitted to the switch 15 through conductor 25 may be
      generated by sensing the speed at which the distributor contacts are
      opened and closed or by directly sensing the speed of rotation of shaft 8.
      For example, a small generator may be driven from a power takeoff to
      generate an electrical output whose magnitude is directly proportional to
      the speed of the engine 2. To provide system flexibility, the switch 15
      may be adjustable. Then, the switch 15 may be set to open at any desired
      engine speed as required to protect the particular pump and load present
      in the system.
PAR  A reservoir 14 interconnects the variable load 4 and the pump 6 to provide
      flexibility in the system so that a variable volume of hydraulic fluid may
      be used in operating the load 4. If, for example, the load includes
      hydraulic cylinders having a relatively large volume as used in powering
      the packing mechanism for a refuse loader, the cylinders may store
      relatively large quantities of fluid during certain phases of the load
      cycle. As this occurs, relatively large quantities of hydraulic fluid are
      withdrawn from the reservoir 14 and transferred to the load 4 through the
      pump 6. At another point in its operation, the variable load 4 may require
      a relatively small quantity of fluid for operation. A relatively large
      quantity of hydraulic fluid would then be stored in the reservoir 14 with
      a small quantity of hydraulic fluid being used to operate the load 4.
PAR  FIG. 2 illustrates a conventional variable displacement pump 29 which may
      be used in the overall system illustrated in FIG. 1. The variable
      displacement pump 29 includes a swash plate 30 on a pivotal mounting 36
      which engages a pair of pistons 40. The pistons are contained in bores
      within a pump body 38 and are biased outwardly by springs 42 into contact
      with the swash plate 30. Retainer rings 44 fixedly positioned on the
      pistons 40 adjacent their outward ends contact the outer portions of the
      springs 42 while the inner portions of the springs bear against the pump
      body 38. The pump body 38 may be rotated by an input shaft 9 with the
      stroke of the pistons 40 being determined by the angle of the swash plate
      30.
PAR  A control rod 32 is connected to swash plate 30 through a pivotal
      connection 33 and is movably positioned by a hydraulic cylinder 34 which
      receives fluid through control line 28. A piston 37 slidably positioned
      within the cylinder 34 is connected to the control rod 32 while a spring
      35 positioned between the end of the piston 37 and the inner wall of
      cylinder 34 exerts an outward force on the piston 37 and control rod 32.
      The outward force exerted by the spring 35 serves to position the swash
      plate 30 at an angle to provide the maximum displacement of the pistons
      40.
PAR  When the pressure in control line 28 is increased, which reflects an
      increased system pressure and an increased pressure demand by the load 4,
      the piston 37 and control rod 32 are moved to the left from their
      positions as shown in FIG. 2. This causes a counterclockwise rotation of
      the swash plate 30 toward a vertical position and thereby reduces the
      displacement of the pistons 40. This, in turn, reduces the discharge from
      the variable displacement pump 29. The torque required to drive the
      variable displacement pump 29 is dependent upon the system pressure in
      line 10 and also on the volume of fluid being discharged to the system by
      pump 29. By reducing the volume of fluid discharged from the pump 29 in
      response to an increase in the pressure demand of the load 4, the torque
      input required to drive the pump 29 is maintained below a predetermined
      level. This provides greater system flexibility because it permits the
      pump 29 to be driven with a relatively low output torque and output speed
      of the engine 2 without stalling the engine even through the pressure
      demands of the auxiliary load 4 may have increased sharply.
PAR  Turning to FIG. 3, there is illlustrated a schematic diagram of a plurality
      of fixed displacement pumps which ar operated by a valving system to vary
      the discharge from the pump 6 to the system in response to the pressure
      demands of the auxiliary load 4. As illustrated, a pair of fixed
      displacement pumps 46 and 48 are driven from a common input shaft 92 which
      corresponds to the shaft 9 illustrated in FIG. 1. The discharge from the
      pumps 46 and 48 is controlled by a valve 50 whose position is varied in
      response to the pressure demands of the auxiliary load 4. An inlet line
      52, which is indicated as split into two lines 56 and 58, feeds fluid to a
      common suction for each of the pumps 46 and 48.
PAR  The discharge from pump 46 and the discharge from pump 48 are fed through
      outlet lines 60 and 62, respectively, to the valve 50. With the valve 50
      positioned as shown in FIG. 3, the outlet 60 from pump 46 leads to a valve
      cavity 64 and to a valve passage 66. The discharge from pump 46 then flows
      through the valve passage 66 to a valve cavity 68 and to a discharge line
      70.
PAR  The outlet line 62 from pump 48 leads to a valve cavity 72, then to a valve
      passage 74, and to a valve cavity 76. The discharge from the pump 48 is,
      thus, fed to the valve cavity 76 and then to a discharge line 78 which
      joins the common discharge line 70. With the valve 50 in the position
      illustrated in FIG. 3, the discharge from both pumps 46 and 48 is,
      thereby, fed through the valve 50 to the common discharge line 70.
PAR  A pressure control line 90 may be connected to the common discharge line 70
      to indicate the system pressure which is determined by the pressure
      demands of the variable load 4. A second pressure control line 88 may be
      connected to the valve cavity 64 to sense the pressure of the discharge
      from the pump 46 when this discharge is fed to the system. The pressure
      control lines 88 and 90 may then be used to operate a throttle control
      device as shown in FIG. 5 which varies the rate of supplying fuel to the
      engine to vary its torque output in response to the pressure demands of
      the system and the volume of fluid discharged to the system by the pumps
      46 and 48. It is not necessary, however, that two pressure control lines
      be used to operate the throttle control device and, if desired, the
      throttle could be controlled entirely by system pressure as transmitted
      through control line 90.
PAR  A control line 80 is connected to the discharge line 78 and senses the
      discharge pressure generated by the pump 48. The line 80 leads to a
      pressure opening valve 82 which is adjustable to open at a predetermined
      pressure. Leading from the valve 82 is a control line 84 connected to an
      actuating device, illustrated as a hydraulic cylinder 96, which is
      operably connected to the valve 50. The hydraulic cylinder 96 works
      against a spring 94 which is illustrated in FIG. 3 as pushing the valve 50
      to the right with the spring in an expanded condition.
PAR  A valve cavity 86 overlies a return line 54 leading from the valve 50 to
      the input line 52. When the valve 50 is in the position shown in FIG. 3,
      the return line 54 is covered by the valve cavity 86 and does not transmit
      hydraulic fluid.
PAR  As the speed of the engine and the rotational speed of the input shaft 92
      are increased during operation of pumps 46 and 48 in working against a
      variable hydraulic load, the pressure in line 80 gradually builds up to
      the predetermined opening pressure for valve 82. When the pressure in line
      80 is sufficient to open valve 82, the pressure is then transmitted
      through line 84 to the hydraulic cylinder 96. This causes the valve 50 to
      shift to the left from its position as shown in FIG. 3, with excess fluid
      in addition to that required to operate cylinder 96 being fed from
      cylinder 96 through a bleeder or return line 100 to a sump 98.
PAR  The valve 50 is shown in its shifted position in FIG. 4, after having
      shifted in the direction of the arrow A. With the valve shifted, the
      outlet line 60 from pump 46 leads to the valve cavity 86 and then to te
      return line 54. The discharge from the pump 46 is, thus, recycled through
      line 54 to the inlet line 52 and is returned through lines 56 and 58 to
      the common suction for pumps 46 and 48. After shifting of the valve 50,
      the discharge line 62 from pump 48 is still connected through the
      elongated valve cavities 72 and 76 to the discharge line 78. Thus, after
      shifting of valve 50 in the direction of arrow A, only the discharge from
      pump 48 is conveyed through the valve to the discharge line 70.
PAR  When the valve 50 has shifted to its FIG. 4 position, there is a reduction
      in the flow rate of hydraulic fluid into the system since the discharge
      from pump 46 is recycled. The input torque required to drive pumps 46 and
      48 through input shaft 92 is proportional to the volume of fluid
      discharged by the pumps 46 and 48 to the system and also to the system
      pressure in line 70. Thus, the reduction in flow rate caused by the shift
      of valve 50 causes a sharp reduction in the input torque required to drive
      pumps 46 and 48.
PAR  When the valve 50 is in its shifted position, the pressure in valve cavity
      64 drops to zero. This causes a corresponding reduction in the pressure in
      control line 88. Due to the drop in pressure in control line 88, the only
      pressure received by a throttle control device is through control line 90.
      The overall pressure received by a throttle control device is thus sharply
      reduced which may be used to cause a corresponding reduction in the
      quantity of fuel being fed to the engine and the output torque generated
      by the engine to match the decreased input torque then required for
      operation of pumps 46 and 48.
PAR  When the pressure in control line 80 drops below the predetermined opening
      pressure for valve 82, the valve closes and the spring 94 expands to
      return valve 50 to its position as shown in FIG. 3. As this occurs,
      hydraulic fluid in the hydraulic cylinder 96 is exhausted through a line
      100 to a sump 98. With the valve 50 returned to its FIG. 3 position, the
      discharge from both pumps 46 and 48 is again fed to the common discharge
      line 70 to supply an increased volume of hydraulic fluid to the variable
      load 4. Also, with the valve 50 in its return position, the pressure
      sensed by control line 88 is the discharge pressure from the pump 46. This
      pressure may be transmitted through control line 88 to a throttle control
      device together with the system pressure through control line 90. This
      increased pressure may be used to cause an increase in the quantity of
      fuel being fed to the engine to provide a greater output torque to match
      the increased input torque then required when both pumps 46 and 48 are
      discharging hydraulic fluid to the load system.
PAR  The combination of pumps and valving illustrated in FIGS. 3 and 4 is
      commercially available equipment. It may, for example, be purchased from
      Tyrone Hydraulics, Inc. of Corinth, Mississippi as part numbers
      SH20250-200A-DJ or SH20-300-250A-DJ. If a volume responsive or a volume
      and pressure responsive valve is used in the system of FIGS. 3 and 4 in
      lieu of the pressure responsive valve 82, the system may be made
      responsive to the volume of fluid discharged by pumps 46 and 48 or to both
      the volume of discharged fluid and also the system pressure in regulating
      the volume of fluid discharged to the load system by pumps 46 and 48.
PAR  FIG. 5 illustrates a throttle control device 102 which is particularly
      suitable for use in the system described in FIGS. 3 and 4. The throttle
      device 102 includes a body 104 having an enlarged central body cavity 106
      and a reduced central body cavity 108. A piston 110 is positioned within
      the enlarged and reduced body cavities 106 and 108 and has an enlarged
      diameter portion 112 received by cavity 106 and a reduced diameter portion
      114 received by cavity 108. A sloped transition wall 117 interconnects the
      diameters of the enlarged cavity 106 and the reduced cavity 108. With the
      piston 110 in retracted position as shown in FIG. 5, the enlarged diameter
      portion 112 bears against the juncture between the transition wall 117 and
      the diameter of the enlarged body cavity 106. An annular piston face 115,
      thereby, forms a transition cavity 119 with the transition wall 117.
PAR  The outer face of piston 110 bears against a rod 116 which passes through
      an aperture in an end closure 118 that is threadedly received within the
      body 104. A U-bracket 120 is fixedly held against the end of body 104 by
      the end closure 118, which passes through a hole in the U-bracket. A
      gasket 122 is positioned between the end face of the body 104 and the
      U-bracket 120 and a seal 124 slidably surrounds the rod 116 to prevent
      leakage of hydraulic fluid between the rod 116 and the end closure 118.
PAR  The control line 90, shown in FIGS. 3 and 4, which senses the system
      pressure imposed by the variable load 4, transmits hydraulic fluid to the
      reduced body cavity 108 through a standard threaded connector which is
      threadedly received by body 104. Hydraulic fluid conveyed through control
      line 90 exerts pressure against a reduced piston surface area 113 to move
      the piston 110 to the right from its position shown in FIG. 5. The control
      line 88 described in FIGS. 3 and 4 enters the body 104 through a side port
      125. When the discharge from pump 46 is directed to the system, as
      illustrated in FIG. 3, the discharge pressure from pump 46 is conveyed
      through control line 88 to the throttle control device 102 and exerts
      pressure against the annular piston face 115. This also exerts a force
      which pushes the piston 110 to the right from its position shown in FIG.
      5.
PAR  The pressure exerted on the annular piston face 115 is proportional to the
      volume of fluid discharged to the system by pumps 46 and 48 (FIGS. 3 and
      4) since pressure is exerted against piston area 115 only when pump 46 is
      discharging hydraulic fluid to the system. The pressure exerted on piston
      surface 113 through control line 90 is, on the other hand, proportional to
      the system pressure and the pressure demands of the variable load. Thus,
      the movement of piston 110 reflects both the volume of hydraulic fluid
      discharge to the load system by pumps 46 and 48 and, also, the pressure
      demands imposed by the variable load. The input torque required for
      operation of pumps 46 and 48 is determined by both the pressure demands of
      the variable load 4, and also the volume of fluid discharged to the system
      by the pumps. Thus, the movement of the piston 110 is controlled by the
      same variables which determine the input torque required for operation of
      pumps 46 and 48.
PAR  The outer end of the rod 116 is connected through a pivot support 126 to a
      clevis 128. The clevis 128 contains an aperture 130 which receives a
      control lever 132. The control lever 132 is held within aperture 130 by
      means of a set screw 134 that is threadedly received by the clevis 128 and
      bears against control lever 132.
PAR  The lower end of the control lever 132 engages a pivot opening 142. Thus,
      as the control rod 116 is moved outwardly through movement of piston 110,
      the control lever 132 is pivoted with respect to the pivot opening 142
      which acts as a fulcrum. During the pivoting of control lever 132, the
      clevis 128 undergoes pivotal movement with respect to rod 116 about the
      pivot support 126. After rotation of the control lever 132 through
      movement of the rod 116, the control lever may, for example, occupy the
      position illustrated as 132a.
PAR  A throttle cable 114 is connected to an opening 145 in the control lever
      132 adjacent its upper end. The other end of the throttle cable 144 is
      attached to a throttle lever as depicted at 24 in FIG. 1. As the rod 116
      is extended and the control lever 132 is pivoted, the throttle lever, is
      thereby moved by the throttle cable 144 to vary the amount of fuel being
      fed to the engine.
PAR  A spring 121 is positioned within the enlarged body cavity 106 and
      surrounds the rod 116. With the piston 110 in its retracted position,
      there is a gap 127 between the end of the spring 121 and the outer surface
      of the piston 110. Thus, as hydraulic fluid is initially received by the
      throttle control device 102 through control lines 88 and 90, there is a
      rapid movement of piston 110 and rod 116 to the right from their positions
      shown in FIG. 5. When the movement of piston 110 brings it into engagement
      with spring 121, the continued movement of piston 110 and rod 116 is
      slowed down by the resistive force of the spring. The function of the
      throttle control device 102 is to control the fuel supplied to the engine
      in such a manner that the output torque from the engine approximates the
      input torque required for operation of pumps 46 and 48. Thus, the spring
      121 is designed to have a spring rate which provides a movement of rod 116
      in response to the pressures exerted on the piston 110 to produce an
      engine output which approximates the required input torque to pumps 46 and
      48.
PAR  The movement of the engine throttle lever in response to movement of rod
      116 may also be controlled by the position of the control lever 132. As
      the control lever 132 is pivoted, the movement experienced by the throttle
      cable 144 is a function of the moment arm between the opening 145 and the
      pivot opening 142. This distance can be lengthened or shortened by
      loosening the set screw 134 and moving the control rod 132 upwardly or
      downwardly within aperture 130. In addition, the movement of the engine
      throttle may be varied by providing a plurality of openings 148, 150, 152,
      154, etc. in the control lever 132. By moving the attachment of the
      throttle cable 144 from opening 145 to opening 148, the degree of movement
      of cable 144 will be reduced when the lever 132 is rotated. Also, if the
      control lever 132 is moved downwardly by loosening the set screw 130, the
      throttle cable 144 may be attached to an opening such as 152 or 154 which
      is positioned very close to pivot opening 142. This provides a very short
      movement of cable 144 in response to pivoting of control lever 132.
PAR  In the operation of the throttle control device 102, the output torque of
      the engine is varied in response to the power demands of the variable
      load. However, at the same time, the speed of the engine is maintained
      near its idling speed. An adjustable stop 136 limits the maximum movement
      of the rod 116 and the maximum rotation of the control lever 132. The
      adjustable stop 136 is composed of a screw 138 retained within an aperture
      in U-bracket 120 by nuts 140 which threadedly engage the screw 138 and
      bear against opposite sides of the U-bracket. By adjusting the position of
      screw 138, the maximum movement of rod 116 and the maximum rotation of
      control lever 132 may be varied to control the maximum engine speed in
      providing power for the auxiliary load.
PAR  To ensure a low hysteresis loss and a quick movement of piston 110 and rod
      116, the piston 110 has a relatively loose fitting engagement with the
      diameters of reduced body cavity 108 and enlarged body cavity 106. This
      permits hydraulic fluid to pass between the exterior surfaces of piston
      110 and the diameters of cavities 106 and 108. A return line 146 conveys
      hydraulic fluid from the enlarged body cavity 106 to a reservoir, as shown
      at 14 in FIG. 1. Thus, there is a slow but constant flow of hydraulic
      fluid through the throttle control device 102 during its operation.
PAR  The use of the present apparatus and method in operating a packing
      mechanism for a refuse truck is illustrated in FIG. 6. A refuse collection
      vehicle 156 including a cab 158 and a refuse containing body 160 mounted
      on a frame 162, has a tailgate 164 positioned rearwardly of the body 160.
      The tailgate 164 may be pivotally mounted at its top to the body 160 such
      that it can be rotated upwardly for ejection of refuse from the body.
PAR  As shown in phantom line drawing, the tailgate 164 contains a hopper 166
      and a packing mechanism 168 mounted within the tailgate 164. The packing
      mechanism may include one or more packing panels which are actuated
      hydraulically, e.g. through use of hydraulic cylinders, to move refuse
      from the hopper 166 through an opening positioned in the region identified
      by numeral 170 between the hopper 164 and storage body 160. The particular
      form of the packing mechanism is not critical to the present invention and
      any hydraulically operated mechanism may be used.
PAR  The packing mechanism 168 is operated by a pump 6 driven by the vehicle
      engine 2 at a speed near the engine idling speed. The pump 6 receives
      hydraulic fluid from a reservoir 14 through line 16 and supplies fluid to
      the packing mechanism 168 through line 10. Hydraulic fluid is returned to
      the reservoir 14 from the packing mechanism 168 through line 12. In
      identifying the engine, pump, reservoir, etc., the same reference numerals
      are used as in FIG. 1. A throttle control and a means for varying the
      output volume and pressure of the pump 6 may be included in the system
      shown in FIG. 6 for the reasons described previously with regard to FIG.
      1. Also, a clutch 26 and means to operate the clutch (shown in FIG. 1) may
      be utilized in the system of FIG. 6 to disengage the drive between engine
      2 and pump 6 when the engine speed reaches a predetermined level. This
      prevents the pump 6 and packing mechanism 168 from being overdriven by the
      engine 2. Additionally, a variable displacement pump (FIG. 2) or a
      plurality of fixed displacement pumps (FIGS. 3 and 4) may be used as the
      pump 6 in FIG. 6. This permits varying the volume and pressure of
      hydraulic fluid supplied to the packing mechanism 168 in response to the
      load demands of the mechanism to maintain the input torque to the pump 6
      below a predetermined level. Preferably, the fuel supplied to the engine 2
      is also varied in response to the volume and pressure of fluid supplied to
      the packing mechanism 168 through the use of a throttle control device
      such as that shown in FIG. 5. This permits varying the output torque of
      the engine 2 in a manner which is correlated with variations in the input
      torque required by the pump 6. The engine output is, thus, more
      efficiently used by the pump in driving the packing mechanism 168.
PAR  As illustrated by the foregoing description, the invention provides an
      apparatus which is quite versatile in providing power for operation of a
      variable volume and a variable pressure auxiliary load. By driving the
      auxiliary load with a relatively large engine operating near its idling
      speed, the operation is carried out at low noise levels and with reduced
      engine wear. Moreover, the torque output of the engine is more effectively
      utilized by the load to provide a more efficient use of the engine output.
PAR  Throughout the foregoing description, the engine has been described as
      performing a secondary work function in providing power for an auxiliary
      load. If desired, however, the overall system of the present invention
      could be used in providing power to a primary load using a sufficiently
      oversized engine to power the load at a relatively low engine speed near
      its idling speed. Although this would increase the initial investment in
      requiring a larger engine, this investment cost would be offset by a
      reduction in the resulting noise levels which might justify the increased
      cost depending on the particular use application.
PAR  Also, as described previously, the auxiliary load has been illustrated as a
      variable volume and variable pressure load since this is the area where
      the invention has the greatest application. If desired, the apparatus and
      method of the present invention may be used in operating a variable
      volume-constant pressure load, a variable pressure-constant volume load or
      a constant volume-constant pressure load. By using the principles of the
      present invention, any of these various types of loads may be operated at
      low noise levels which would be highly desirable in reducing the effect of
      noise pollution on the ecology.
PAR  The throttle control device, 102, as described previously, functions as a
      governor in limiting engine speed as well as functioning to vary the fuel
      supplied to the engine in response to the power demands of the load and
      the input torque requirements of the pump or pumps. If desired, depending
      on the size of the engine and the demands of the auxiliary load, the
      engine may be controlled simply by a governor to limit its speed in
      operation of the load. If, for example, the engine employed is a diesel,
      the engine speed may be also controlled by an underspeed throttle control
      to maintain a given minimum engine speed and to not permit the engine to
      operate at a slower speed while providing power to the auxiliary load.
PAR  As described previously, the engine may provide power directly to a pump or
      pumps in driving an auxiliary load. Also, however, the pump may be driven
      by the engine through an intermediate power means such as an electric
      motor. Thus, for example, the engine may drive an auxiliary alternator to
      supply power to an electric motor used to drive the pump or pumps.
PAR  A speed control means, such as an electric clutch, may be used to prevent
      the engine from overdriving the pump or the load, as described previously.
      Also, however, a speed override may be used to prevent increase in engine
      speed above a predetermined level by the vehicle operator when the engine
      is drivingly engaged with the pump and the load.
CLMS
STM  I claim:
NUM  1.
PAR  1. A noise reduction apparatus for operating a variable volume and variable
      pressure auxiliary load, said apparatus comprising:
PA1  pump means having a capacity which is sufficiently large to supply said
      load at a relatively low pump speed;
PA1  said pump means including a plurality of fixed displacement pumps supplying
      hydraulic fluid to the variable load;
PA1  means to vary the number of pumps supplying fluid to the load in response
      to the demands of the load;
PA1  engine means operably connected to said pump means for supplying power to
      said pump means in performing a secondary work function at a speed near
      the idling speed of said engine means;
PA1  throttle control means governing the flow of fuel to the engine means to
      maintain its horsepower output at a level sufficient to operate the pump
      means while maintaining the speed of said engine means at a speed near its
      idling speed; and
PA1  means to maintain the flow rate from the pump means at a sufficiently low
      level to not exceed the capacity of the pump means or the auxiliary load
      when the engine speed is increased to a predetermined level in excess of
      its idling speed;
PA1  whereby the engine means operates in the low noise level region of speeds
      near its idling speed or less when supplying power for the pump means in
      operating the variable volume and variable pressure load, and the pump
      means and auxiliary load are protected from use in excess of their
      capacity when the engine means is operating at increased speeds.
NUM  2.
PAR  2. A noise reduction apparatus as defined in claim 1 wherein the number of
      fixed displacement pumps supplying fluid to the variable load is decreased
      when the pressure demands of the load are increased to maintain the torque
      required to drive the pumps below a predetermined level.
NUM  3.
PAR  3. A noise reduction apparatus for operating a variable volume and variable
      pressure auxiliary hydraulic load comprising:
PA1  a variable pressure and variable volume pump means;
PA1  engine means operably connected to the pump means for supplying power to
      the pump means in performing a secondary work function at speeds near the
      idling speed of the engine means;
PA1  a fluid reservoir in flow communication with the pump means and the
      auxiliary load to provide a variable volume of hydraulic fluid for
      operation of the variable load;
PA1  means to vary the output pressure and volume of hydraulic fluid from the
      pump means in response to the demands of the variable load;
PA1  said pump means including a plurality of fixed displacement pumps with the
      number of pumps supplying fluid to the variable load being varied in
      response to the demands of the variable load;
PA1  throttle control means governing the flow of fuel to the engine means to
      maintain a torque output of the engine means at a level sufficient to
      operate the pump means under various loading conditions imposed by the
      variable load;
PA1  said throttle control means being actuated in response to the volume and
      pressure of fluid discharged by the pump means to the variable load, and
PA1  means to maintain the flow rate of fluid to the variable load at or below a
      predetermined level.
NUM  4.
PAR  4. In combination, a throttle control device for varying the quantity of
      fuel fed to an engine and a plurality of fixed displacement pumps driven
      by the engine and providing hydraulic fluid to drive a variable load
      comprising:
PA1  means to vary the number of pumps discharging hydraulic fluid to the load
      in response to the demands of the load;
PA1  first sensing means to transmit pressure to the throttle control device
      from the pumps with the transmitted pressure being proportional to the
      number of pumps discharging fluid to the variable load;
PA1  second sensing means to transmit pressure to the throttle control device
      with the transmitted pressure being proportional to the pressure of the
      hydraulic fluid fed to the load by the pumps;
PA1  first pressure receiving means in the throttle control device for receiving
      pressure from the first sensing means;
PA1  second pressure receiving means in the throttle control device for
      receiving pressure from the second sensing means, and
PA1  means in the throttle control device actuatable by the first and second
      pressure receiving means to transmit movement to the engine throttle with
      the degree of movement being dependent on both the pressure and volume of
      fluid discharged by the pumps, whereby
PA1  the torque output of the engine is varied in response to the torque input
      required to drive the pumps.
NUM  5.
PAR  5. The combination of claim 4 wherein the throttle control device includes
PA1  a movable piston having differential pressure receiving areas, with one of
      said areas receiving the pressure from the first sensing means and another
      of said areas receiving the pressure from the second sensing means, and
PA1  said piston being operably connected to the engine throttle control to
      transmit movement to the throttle control in response to the volume and
      pressure of fluid discharged to the load by the pumps.
NUM  6.
PAR  6. The throttle control device of claim 5 including spring means
      resiliently biasing said piston to a retracted position and imposing a
      resistive force to movement of said piston.
NUM  7.
PAR  7. The throttle control device of claim 6 including a gap between the
      spring means and the piston when the piston is in a retracted position,
      whereby
PA1  the initial movement of the piston in response to pressure received from
      the pump is relatively rapid to provide a quick initial response of the
      throttle control device when the pumps begin their operation.
NUM  8.
PAR  8. The combination of claim 4 including
PA1  stop means in the throttle control device to limit the degree of movement
      imparted to the engine throttle.
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ABST
PAL  A run-resistant textile material includes a knitted structure of warp
      threads on a backing layer of loose fibrous material.
PAL  Individual fibers are pulled out of the layer by notched knitting needles
      of a warp knitting machine and formed into loops together with, and
      underlying the chain .[.switched.]. .Iadd.stitched .Iaddend.warp threads.
      The fiber loops whose ends are anchored in the backing layer protect the
      fabric from laddering when a single stitch is broken.
BSUM
PAR  The present invention relates to a textile material and to a method of
      producing same by using a warp knitting machine .[.and, more particularly,
      a sewing operation-simulating warp knitting machine.].. The textile
      material comprises a ground .[.cloth.]. or backing layer of loose fibrous
      material enmeshed in the loops of chain-stitched warp threads and is
      produced in a warp knitting machine having sharp-pointed hooked needles
      which are engageable by slides.
PAC  BACKGROUND OF THE INVENTION
PAR  Textile materials in which a backing of fibrous material is combined with a
      warp-knitted superposed structure are well known. In one type of material
      the loose fibers which form the body of the backing are traversed by the
      loop chains of a fringe-stitched yarn system. In another type of material
      the warp threads are tied in with the fiber backing by tricot stitches or
      by another yarn system available for the production of warp-knitted webs.
PAR  It is a common disadvantage of these and similar textile materials that
      they are not run-resistant: that is, they develop more or less readily
      visible "ladders" when a single stitch is broken. Such "ladders" which
      extend in the lengthwise direction of the material are particularly
      conspicuous when the structure is made of silk threads.
PAR  One attempt to lessen or to eliminate the development of "ladders" in
      textile materials involves the application of chemical bonding agents
      which is very expensive. Another attempt which also requires considerable
      additional expenditure, seeks to combine several yarn systems in the warp
      knitting process, but this method does not always succeed in making the
      material run-resistant. Yet another approach is to embed the loose fibers
      in the loops of the chain stitched warp threads without interlacing them
      therewith. For this purpose the needle shanks are provided with hook-like
      grooves in which the loose fibers are caught. As the needles are moved
      back, the fibers are dragged along and subsequently .[.knitting.].
      .Iadd.knitted .Iaddend.stitches are formed on top of the fibers. However,
      this process very rarely provides an adequate deposition of fibers in the
      loops of warp threads: as the fabricated material is transferred, the
      perforations made by the needles in the fibrous backing layer during the
      stitching operation becomes enlarged, so that the surrounding loose fibers
      are pushed aside. During the subsequent needle passes there will be only a
      very few fibers in the operating range of the grooved needles. Moreover,
      the face of a material wherein loose fibers are inserted in the loops of
      warp threads, without being interlaced therewith, has in general an uneven
      appearance and even resembles, in places, a pile fabric such as plush,
      which is undesirable for a number of purposes. Also, the work that has to
      be done by the grooved needles in pulling fibers out of the backing and
      dragging them along, is apt to add substantially to the total of the
      forces normally acting upon the needles. Since grooved needles are not
      very strong they tend to break under the stresses. Even if an effort were
      made to supply the grooved needles with a constant quantity of loose
      fibers, this would not lead to a satisfactory solution of the problems,
      since neither the appearance of the material nor the functioning of the
      machine equipped with conventional type needles would be improved.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      textile material and a method of, and machinery for, making the same,
      which obviates the drawbacks of the prior art.
PAR  Another object is to provide a run-resistant textile material which can be
      produced economically.
PAR  A further object is to provide an improved run-resistant textile material
      by using a warp knitting machine.[., particularly a sewing
      operation-simulating warp knitting machine,.]. and only one yarn system.
PAR  Yet another object is to provide an improved run-resistant textile material
      of wide usefulness and of pleasing appearance and feel, which is devoid of
      protruding fiber tufts.
PAR  These objects and others which will become apparent hereinafter are
      attained, in accordance with the present invention, by providing under the
      loops of the chain stitched warp threads on the face of the fabric
      additional loops or loop-like structures formed from fibers, which are
      incorporated within the meshwork of the chain-stitched warp threads for
      the purpose of arresting the development of "ladders" in the material.
PAR  Although loops or loop-like structures made from the fibers of a fibrous
      loose material have been produced in the prior art, the interlinking of
      such loops with the loops of chain-stitched warp threads, and the
      resulting run-resistance of the fabricated textile material are novel
      features of the present invention.
PAR  To produce the material, the fibrous matter in bulky and expanded form is
      fed into the knitting location, so that it is traversed by the needles on
      their forward pass. Once the needles have entered the fibrous material the
      latter is rapidly and strongly compressed. During the backward pass of the
      needles, after insertion of the yarn into the hooks, a sufficient amount
      of fibers are pulled away from the fiber bulk to be formed, together with
      the warp threads, into loops or loop-like structures.
PAR  The warp knitting machinery used in the process may be, for example a
      .[.sewing operation-simulating.]. warp knitting machine which has under
      the hooked needles, and between the knocking-over cam and the counter bar,
      a detent for the fibrous material, whose installation defines an area for
      holding such material.
DRWD
PAC  BRIEF DESCRIPTION OF THE .[.DRAWING.]. .Iadd.DRAWINGS .Iaddend.
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying .[.drawing.].
      .Iadd.drawings .Iaddend.in which:
PAR  FIG. 1 is a somewhat diagrammatic detail view of the face of a textile
      material according to the invention;
PAR  FIG. 2 is a cross-sectional view, taken along the line II--II of FIG. 1;
PAR  FIGS. 3-8 are cross-sectional views corresponding to the view of FIG. 2,
      illustrating the obstruction developing against a run in a textile
      material according to the invention; and
PAR  FIG. 9 is a fragmentary sectional view of a modified .[.sewing operation
      simulating.]. warp knitting machine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring particularly to FIG. 1, there is shown the face 1 of a textile
      material 2 comprising a backing 5 and superposed structure thereon
      including loops 3 and 4. The backing is comprised of a fibrous layer of
      loose filling threads, a wadding or a fleece. The loops 3 are formed from
      chain-stitched warp threads and are arrayed in closely-spaced parallel
      rows extending longitudinally through the material. Each loop 3 is
      interlaced with a head or closure 3a which traverses the backing layer 5
      in a direction normal to the face thereof and secures loop 3 to the
      underlying fibrous material. A loop, or a loop-like structure 4, made from
      fibers which have been drawn out of the loose fibrous layer 5, and
      referred to hereinafter as a fiber loop, has substantially the same shape
      as loop 3 and is disposed below each loop 3, between the latter and the
      adjacent face 1 of the fibrous layer 5. The fiber loops 4 are pulled
      through, and secured by, the heads 3a of the loops 3; but unlike the
      latter which are formed of the chain-stitched warp threads enmeshing the
      layer 5, the fiber loops 4 are not interknit therewith. As can be seen
      from FIG. 2, the fiber loops 4 are substantially open loops whose
      elongated end pieces 4a extend into the fibrous layer 5 and in general
      terminate at the opposite face 5a thereof, remote from the superposed
      array of loops 3. Because the loops 4 are formed entirely of fibers pulled
      out of the layer 5 they do not need a connecting structure comparable to
      the sinkers 3b of the warp thread loops 3.
PAR  The yarn system shown in FIG. 2 is a fringe stitch; but it is to be
      understood that a tricot stitch or any other yarn system compatible with
      warp knitting may be applied, without affecting the structure of face 1 of
      the material 2 in any significant way.
PAR  It is well known that a fringe stitch can be separated very easily from the
      backing layer just by pulling on the threads disposed on the sinker side,
      provided, of course, that there has been a yarn break. By themselves the
      other yarn systems of warp knitting also have an inadequate
      run-resistance. For example, a tricot stitch may also be unravelled by a
      tug on the yarn disposed on the sinker side of the fabric. If the thread
      6, corresponding to the sinker stitch 3b in the illustration of FIG. 3 is
      pulled in the direction of the arrow A, the interlacing of loop 3 with the
      following chain stitched warp thread loop 7 and with the fiber loop 8 will
      begin to be undone and will disintegrate entirely if the pulling continues
      (cf. FIGS. 4 and 5). The fiber loop 4 will be retained in the warp thread
      loop 7 and in the fiber loop 8. In the following stage (FIG. 6), the warp
      thread loop 3 has disappeared, and warp thread loop 7, which is next in
      line, is on the way of being disintegrated. Fiber loop 4 which originally
      had been overlaid by warp thread loop 3 is now exposed; the pull exerted
      on warp thread loop 7, with with which fiber loop 4 is connected, tends to
      elongate the latter and to divert it through an angle of approximately 180
      degrees, until it les close against the face 1 of the material 2 (FIG. 7)
      in a direction opposite to its original attitude. The closed end of the
      loop 4, in the new position, is in the location formerly occupied by the
      open end thereof.
PAR  In the new position the fiber loop 4 effectively obstructs the detachment
      of further warp thread loops when a pull is exerted on the yarn end 6. If
      the pull is relatively weak a run may be stopped entirely at the stage
      shown in FIG. 7. At a more vigorous pull the deformed fiber loop 4,
      together with the remaining part of the warp thread loop 7, will be drawn
      through the successive warp thread loop 9 which is superposed on another
      fiber loop 10 (FIG. 8).
PAR  Additional fiber loops will be pulled away in the course of the process if
      they happen to be in the zone of the run. In that case the warp thread
      loop 9 will be the next arresting means against further disintegration.
      Subsequently the entire process may be repeated in substantially the same
      sequence, beginning with the stage illustrated in FIG. 3. Loops 9 and 10
      will then carry along a fiber tuft 11 which is a remnant of fiber loops
      removed earlier during the process. The fiber tuft 11 tends to retard or
      to prevent altogether the disintegration of loop 9.
PAR  There is thus a snowballing effect as the number of disintegrated warp
      thread loops increases. In short order the forces opposing runs will grow
      faster than the forces producing runs, and a complete arrest of the
      incipient "ladder" is soon achieved. In practice it has been shown that
      under normal conditions at most six warp thread loops will disappear from
      the material according to the invention, after a run has been started.
PAR  In view of the run-resistant properties of such material only one thread
      chain enmeshing the fibrous layer 5 is required, and an additional second
      or third thread chain, to be tied into the layer in combination with the
      first in order to prevent runs, can be dispensed with.
PAR  Besides being run-resistant, the material according to the invention, has a
      smooth appearance and a pleasing feel. There are no undesirable plush
      characteristics.
PAR  Referring now to FIG. 9, there is shown therein a part of a machine adapted
      to produce the textile material illustrated in FIGS. 1 and 2. While the
      material may be made in any apparatus used by those skilled in the art to
      prepare textile materials out of natural or man-made fibers one preferred
      embodiment of the invention provides for a .[.sewing
      operation-simulating.]. warp knitting machine. The machine is equipped
      with a plurality of knitting needles 13 (of which only one is shown), each
      of which has a hook 25, similar to the hook of a crochet needle on its
      shank and, at the front end a sharp point 26, similar to the sharp end of
      a sewing needle. The point 26 is not within the longitudinal center axis
      of the needle 13 but is off center in the plane of the hook 25 toward the
      open side of the hook. The needle 13 is attached to a shaft 27 which is
      connected to a needle bar (not shown), whereby the needle is operatively
      connected to reciprocating means for movement in the direction of the
      arrow B.
PAR  A wire or strip slide 12, fastened to a holder 28, is connected to
      reciprocating means (not shown) and adapted to close the hook 25 of the
      needle 13 so as to retain knitting thread 24 in the bight of the hook. The
      slide 12 is movable in a groove 29 provided in the shank of the needle 13.
PAR  The operation of the knitting needle 13 is synchronized with that of an eye
      needle 14 to which the knitting thread 24 is fed from a spool 24a or
      another suitable feeding device. The eye needle 14, attached to a holder
      31, is rotatable about the axis of the needle 13 at a predetermined rate
      of revolution, whereby the knitting thread 24 is introduced into the hook
      25 of the needle 13.
PAR  Fibrous material 5, comprising a voluminous and bulky mass of randomly
      oriented and loosely packed natural or man-made fibers is brought into the
      operating zone of the needles 13, 14 between conveyor belts 30 .[.31.].
      .Iadd.30' .Iaddend.running on pairs of rolls 22, 23. Guide sheets 20 and
      21 bordering the sides of belts 30, 30' retain the fibrous material
      thereon. The conveyor belts 30, 30' define with the guide members 20, 21 a
      passage inclined at an angle of approximately 45 degrees relative to the
      operating plane of the needles 13, 14. The conveyor belts 30 and 30' are
      operatively connected to a motor M. In the operating zone the fibrous
      material 5 is supported laterally by, respectively a
      knock-.[.off.]..Iadd.over .Iaddend.cam 17 proximate to the needle 13, and
      a counter bar 15 proximate to the needle 14. The knock-.[.off.]..Iadd.over
      .Iaddend.cam 17 and the counter bar 15 are aligned substantially parallel
      to each other and extend perpendicularly to the longitudinal axis of the
      needles 13, 14. At its upper end the knock-.[.off.]..Iadd.over
      .Iaddend.cam 17 is bent and forms a support for the guide member 21 on
      which the major portion of the weight of the fibrous material 5 rests.
PAR  The cam 17 is attached to a base 33. The counter bar 15 is provided with a
      plurality of pins 16 which point downward and which are placed so that the
      knitting thread 24, guided through the eye of the needle 14, passes
      between them.
PAR  A detent or stemming device 18, positioned under the operating plane of the
      needles 13, 14, within the area defined by cam 17 and the pins 16, is
      adapted to restrict the passage area of the fibrous material 5 in the
      region of the needles. The stemming device 18 is attached to a base 32 and
      forms an arm which is shiftable (by means not shown) in a lateral
      direction between the knock-.[.off.]..Iadd.over .Iaddend.cam 17 and the
      counter bar 15 and pins 16, as well as vertically at a right angle to the
      lateral shift. The face 34 of the stemming device 18, which is remote from
      the fibrous material 5, has a slanted portion at its upper end which
      terminates in point 35 at the tip of the opposite face of the stopping
      device.
PAR  A rapid compression of the fibrous material 5 induced by a predetermined
      constriction of the passage subsequent the operating zone of the needles,
      causes the fibrous material to be confined in an area of substantially
      step-shaped cross-section. An abutment 19 mounted on the base 32 is
      designed to support the pins 16 against lateral deflections which tend to
      arise from the push of the needle 13 piercing the fibrous material in the
      direction of the needle 14.
PAR  According to the present invention the fibrous material 5 arrives at the
      operating zone of the needles 13, 14, at a moderate speed, induced partly
      by the forward motion of the conveyor belts 30, 30' and partly by gravity
      acting on the weight of the material moving on an inclined surface. In
      addition, the pull of the finished textile material 2, as it is removed
      from the machine in the direction of the arrow X, causes the strongly
      cohering fibrous material 5 to settle in the operating range of the
      needles 13, 14, at undiminished bulk and volume. Within the operating zone
      the material 5 is pierced by the needles 13 which, at their forward
      position, receive in the bight of their hooks 25 the knitting thread 24
      guided through the eyes of the needles 14. In the area defined by the
      suitably adjusted stemming device 18, the counter bar 15 and the
      knock-.[.off.]..Iadd.over .Iaddend.cam 17 the fibrous material is
      compressed, so that a large quantity of closely packed fibers are
      presented to the needles on their return movement out of the fibrous
      material. Fibers caught in the bight of the hooks 25 during the retraction
      of the needles 13, are carried back together with the warp thread 24, and
      are secured by slides 12 which engage the needle hooks before the needles
      are withdrawn from the material 5. Subsequently the fibers and the thread
      24 are formed simultaneously into loops, the fiber loops 4 underlying the
      warp thread loops 3, as shown in FIGS. 1 and 2. Depending on the
      coordination of the needles 13 and 14, different yarn systems may be
      produced, i.e. fringe stitches, tricot stitches and the like.
PAR  The introduction of the fibrous material 5 in a voluminous bulky condition
      into the region of the needles 13, 14, the large expanse occupied by the
      fibrous material in the operating zone, and its subsequent sharp
      compression assure the presence of a fiber loop 4 under each warp thread
      loop 3. If the prerequisite conditions do not exist, and if the fibrous
      material used as a weight of less than 400 g./m..sup.2, the largest
      portion of the warp thread loops 3 will lack underlying fiber loops 4.
      Since an interruption in the array of fiber loops increases the tendency
      toward "laddering," runs can be arrested in such textile materials only in
      isolated spots. By contrast, a .[.sewing operation-simulating.]. warp
      knitting machine, having a structure according to the invention, is well
      suited to produce run-resistant textile material of all usable weight
      categories, and particularly of light-weight material for outerwear.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A textile material comprising a base, said base including a plurality of
      loose fibers, a warp knitted yarn system constituted of parallel rows of
      interlocking loops piercing said base and forming stitches on the opposite
      side thereof to secure said yarn system on said base, and a plurality of
      discrete fiber loops intermediate said base and said yarn system, each of
      said fiber loops being formed of at least one of said loose fibers and
      having ends which are located within the base and a closed loop portion
      closely underlying and following the configuration of a respective loop of
      the warp knitted yarn system, each of the fiber loops thereby being paired
      with a respective loop of the warp knitted yarn system, each of the pairs
      of loops passing through a next adjacent one of the pair of loops in the
      same row.
NUM  2.
PAR  2. A method of producing a textile material on a warp knitting machine
      comprising feeding a relatively voluminous web of loose fibers in a
      relatively uncompressed condition into the operating range of the
      reciprocating needles of the warp knitting machine, advancing the knitting
      needles into and through said web for perforation of the web and for
      positioning of the hooks at the far side of the web, inserting warp yarns
      into the hooks of said knitting needles at the far side of the web,
      retracting said knitting needles into the web thereby to insert loose
      fibers into the hooks of the knitting needles, closing said hooks of said
      needles after said insertion of loose fibers but prior to withdrawal of
      the needles from said mass, forming the inserted warp yarns together with
      the inserted fibers into warp knit stitches on the near side of the web,
      and immediately proximate the operating range of the needles on the far
      side of the needles in the direction of travel of the web compressing the
      web into a cross section in the direction of reciprocation of the needles
      pronouncedly smaller than the cross section of the web in said direction
      as it is fed to the operating zone.
NUM  3.
PAR  3. A method as defined in claim 2 wherein said fibers are formed into
      loop-like structures. .[.4. A warp knitting machine, comprising warp
      knitting means including a row of reciprocable knitting needles having
      hooks, the paths of reciprocation of the hooks defining a knitting zone, a
      row of yarn guides parallel to the row of knitting needles, means for
      supplying a respective yarn to each of the yarn guides, said yarn guides
      being adapted to insert the yarn into the hooks of the knitting needles
      for the forming by the knitting needles of the yarn into chains of warp
      knit stitches, knock-over means proximate to said needles for knocking
      over the stitches formed by the needles, counter means substantially
      parallel to the knock-over means, the knock-over means and the counter
      means being positioned along the knitting zone traversely of the paths of
      reciprocation of the needles, means for conducting a base to and passing
      the base through the knitting zone between the knock-over means and the
      counter means, and means for compressing the base in the direction of
      reciprocation of the needles immediately after the knitting zone..]. .[.5.
      A warp knitting machine as defined in claim 4 in which said counter means
      includes a bar and a plurality of pins extending downwardly from said bar,
      the pins being so spaced relative to each other as to permit the yarns to
      be guided and the needles to reciprocate between adjacent ones of the
      pins..]. .[.6. A warp knitting machine as defined in claim 5 including an
      abutment mounted adjacent to said pins on the side thereof remote from the
      knock-over means to limit or prevent deflection of the pins in the
      direction of forward movement of the needles during forward movement of
      said needles through the base..]. .[.7. A warp knitting machine as defined
      in claim 4 wherein said conducting means comprises a endless conveyor belt
      angularly disposed relative to the direction of said needles and a pair of
      guide members positioned for receiving the base from the belt and
      delivering the base to the operating zone between the knock-over means and
PAR   the counter bar..]. 8. A warp knitting machine as defined in claim 4 .[.in
      which.]. .Iadd.including means for displacing .Iaddend.the compressing
      means .[.is displaceable.]. laterally intermediate said knock-over means
      and said counter means and vertically toward and away from said knitting
      needles.
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PAL  A process for making flat steel files wherein a highcarbon steel is hot
      rolled on a wide strip mill and coiled. The coil is given a spheroidizing
      anneal and slit into bar and cut into flat bar stock. File blanks are cut
      from the flat bar stock and ground to remove a pure iron surface caused by
      the anneal. Thereafter, the file teeth or grooves are cut and the file
      hardened.
BSUM
PAR  According to present commercial practices, steel files are manufactured
      from hot rolled, high carbon steel bars. The steel bars are hot rolled
      from billets on merchant bar mills into the final cross-sectional
      dimensions, usually less than 1 inch in area, and then cut into various
      lengths of bar stock. The file manufacturer then purchases such bar stock
      and produces files therefrom. Specifically, the bar stock is cut into file
      blanks of the desired shape, and then the file blanks are annealed so that
      they can be ground to remove mill scale and have the file teeth or grooves
      cut thereinto. Lastly, the files are hardened into useful files by a
      suitable heat treatment involving lead baths and brine quench tanks.
PAR  Because of the rather small sizes of steel rods involved, the above
      described hot rolling procedure is cumbersome and expensive, not only
      because of the excessive rolling passes needed to attain such small
      dimensions, but further because hot rolling such small bars results in a
      rather large number of mill rejections due to non-straightness, off width
      and out-of-square edges.
PAR  An object of this invention is to provide a new and improved process for
      making flat steel files, and more particularly to an improved hot rolling
      procedure for making the flat bar stock from which files are made. The
      process utilizes a wide strip which not only simplifies and reduces the
      hot rolling costs, but further simplifies and reduces the costs
      encountered by the file manufacturer.
PAR  Another object of this invention is to provide a new process for hot
      rolling high-carbon steel flat stock as used for the manufacture of flat
      steel files.
PAR  A further object of this invention is to provide a new process for
      manufacturing flat steel files.
PAR  Although there are many steel bar sizes and shapes used in the manufacture
      of steel files, such as triangles, rounds, flats, ovals, half ovals, etc.,
      this invention is concerned only with the manufacture of flat steel files
      which are the substantial majority steel file product. As to flat steel
      files alone, there are of course many sizes produced requiring many sizes
      of hot rolled flat bar stock. The most common sizes are 6 inch Mill, 7
      inch Mill, 8 inch Brittsaw and 6 inch Flat, which have cross-sectional
      dimensions of 0.620 by 0.116 inch, 0.715 by 0.134 inch, 0.950 by 0.115
      inch and 0.620 by 0.155 inch respectively.
PAR  As in prior art practices, the process of this invention requires that a
      high-carbon steel, i.e., 1.05 to 1.50 percent C, having a suitable file
      chemistry, be hot rolled. A typical file chemistry would be 1.20-1.30
      percent C, 0.30-0.40 percent Mn, 0.10-0.30 percent Si and 0.12 to 0.17
      percent Cr. Contrary to prior art practices, however, in the practice of
      this invention the steel is not hot rolled into billets and then hot
      rolled into flat bar stock on a merchant mill, but rather the steel is
      first hot rolled into slabs and then hot rolled on a wide strip mill to
      0.080 to 0.160 inch and coiled while hot. Hot rolling of the slab should
      be commenced at a sufficient temperature, usually about 2,100.degree. F,
      so that rolling should be completed at a temperature about 1,600.degree.
      F. Thereafter, the strip is coiled at a preferable temperature of
      1,200.degree.-1,300.degree. F, but in no event should the strip be allowed
      to cool below 1,000.degree.  F prior to coiling. After coiling, the strip
      may be allowed to cool to ambient temperatures.
PAR  Because of the high carbon content, the cooled coil of hot rolled strip
      will be hard and brittle due to the pearlite microstructure containing
      carbides. In fact, the coil will be too brittle to open without cracking.
      Therefore, the strip is softened while coiled with a suitable
      spheroidizing anneal. Specifically, the coil is box annealed in a reducing
      atmosphere at a temperature just above the A.sub.1 critical temperature,
      i.e., just above about 1,330.degree. F, to austenitize the pearlite.
      Specifically, I prefer to anneal within the range 1,350.degree. to
      1,380.degree. F for a period of at least 2 hours. Thereafter, the coil
      must be cooled slowly within the reducing atmosphere to a temperature well
      below the A.sub.1 critical temperature to promote the precipitation of
      spheroidized carbides. Specifically, I first cool the coil at a rate of
      about 40.degree. F per hour to the A.sub.1 critical temperature of
      1,330.degree. F, and thereafter cool at a rate of about 20.degree. F per
      hour through the critical temperature to about 1,250.degree. F during
      which time the spheroidized carbides will precipitate. After the carbides
      are precipitated, the cooling rate is of no great concern, but the coil
      should be retained in the reducing atmosphere for as long as necessary to
      prevent surface oxidation, i.e., to below 400.degree. F.
PAR  Control of the furnace atmosphere during the above anneal is essential to
      derive a useful product. First, the annealing atmosphere must be reducing
      in nature in order to eliminate the mill scale formed at hot rolling. That
      is, the mill scale, being primarily oxides of iron, will be reduced to a
      metallic iron film on the strip surface by the reducing atmosphere. In
      addition, it is of course essential that the carbon content of the steel
      be retained and, therefore, decarburizing conditions during the anneal
      must be avoided. To this end, therefore, the annealing step should be
      effected as fast as possible to minimize decarburization and yet achieve a
      well spheroidized structure. More important, however, it is essential that
      the annealing atmsophere have a dewpoint of less than +15.degree. F in
      order to minimize decarburization. Because of the presence of the mill
      scale, however, the dewpoint of less than +15.degree. F may be difficult
      to maintain because the mill scale reduced with hydrogen produces water.
      To eliminate this problem, I start the anneal without any dewpoint
      adjustments, heating the coil in a reducing atmosphere until a temperature
      of 1,100.degree.  F is reached. By the time 1,100.degree. F is reached,
      all of the mill scale will be reduced to iron, while only a very slight
      surface decarburization will be effected, on the order of 0.001 to 0.002
      inch at most. At this temperature of 1,100.degree. F, I adjust the
      dewpoint to a value below +15.degree. F, and then continue to heat the
      coil. Since the surface mill scale is completely reduced at 1,100.degree.
      F, no further dewpoint adjustments will be necessary. It is further
      desirable that the strip be as free from water, rust, oil, etc. as
      possible so that the dewpoint can be achieved as quickly as possible.
PAR  After the steel strip is given the spheroidizing anneal as described above
      and cooled, the strip is uncoiled and slit into the desired widths, and
      cut into lengths of flat bar stock. Prior to slitting, the strip may be
      given a light roll to eliminate coil set, if so desired.
PAR  It will be noted that the process of this invention actually requires more
      steps to produce the cut lengths of flat bar stock than does the prior art
      process. Specifically, this process requires coiling, annealing and
      slitting steps not practiced by the prior art. These extra steps do of
      course mean added expense in producing the flat stock. On the other hand
      the use of a conventional wide strip mill for hot rolling as compared to
      hot rolling the individual small bars on a merchant mill does provide a
      very substantial savings, far more than sufficient to offset the expenses
      of the added steps. Hence the steel mill can supply annealed cut lengths
      of flat bar stock to a file manufacturer at a substantially lower cost
      than the unannealed flat bar stock produced by the prior art method.
PAR  The cost saving does not however stop at the steel mill since the file
      manufacturer's procedures would be simplified by buying a steel which is
      already annealed. Upon receipt of the annealed cut lengths of flat bar
      stock, the file manufacturer cuts the bar stock into suitable file blanks
      as he did before. Contary to prior art practices, however, he need not
      anneal the file blanks but proceeds directly to surface grind the file
      blanks. In prior art practices such grinding was necessary to remove the
      mill scale caused by hot rolling. In this process on the other hand, such
      surface grinding is necessary to remove the thin outer layer of pure iron
      formed during the spheroidizing anneal and the thin outer decarburized
      layer of steel. After the file blanks have been ground to expose the high
      carbon subsurface metal, the file grooves or teeth are cut and the metal
      rehardened according to prior art practices, i.e., the individual files
      are immersed into a molten lead bath at 1,450.degree. F and held for about
      3 or 4 minutes, and then quenched in a saturated brine solution until
      cold.
PAR  As noted above, the process of this invention would be particularly
      attractive to the file manufacturer because of the many forms of saving it
      would offer. In the first place, the steel bars themselves would be
      cheaper because of the cost saving in hot rolling on a wide strip mill as
      opposed to a merchant mill and, as previously noted, the file manufacturer
      would be able to eliminate the costly step of annealing the bars prior to
      grinding and cutting the teeth or grooves. Besides the two above obvious
      savings, this invention process would provide the file manufacturer with a
      greater opportunity to vary his practices in order to realize even more
      savings. For example, the file manufacturer could, if he wishes, purchase
      his steel in coil form and do his own annealing and/or slitting. That is
      to say, because of the complexities and extensive equipment necessary for
      hot rolling small bar sizes on merchant bar mills according to prior art
      practices, the hot rolled steel could only be made available in cut
      lengths of flat bar stock. In the practice of this invention, however,
      file steels could be shipped from the mill in coil form, annealed or
      unannealed. This would not only simplify handling of the steel stock, but
      by buying in coil form, the manufacturer would not have to stock a large
      variety of bar sizes. Specifically, file blanks of any desired width and
      length could be slit or cut from a single coil. In addition, the
      availability of annealed steel may even permit the file manufacturer to
      produce file shapes other than flat. For example, half round or half oval
      files could be produced from the annealed flat steel stock by a suitable
      cold forging procedure.
DETD
PAR  In order to illustrate the subject invention by way of example, a trial
      order was prepared and processed according to the above invention.
      Specifically, an open hearth heat of steel was made having the following
      ladle chemistry:
TBL  Carbon          1.33%                                                     
     Manganese       0.29%                                                     
     Phosphorus      0.011%                                                    
     Sulfur          0.34%                                                     
     Silicon         0.19%                                                     
     Nickel          0.01%                                                     
     Chromium        0.14%                                                     
PAL  Ingots were cut therefrom and subsequently rolled into four slabs 161/4 by
      53/4 inches. The slabs were heated to 2,100.degree. F and hot rolled on a
      43 inch hot strip mill to 17 inches by 0.116 inch and coiled. Hot rolling
      finishing temperature was 1,630.degree. F and the strips were coiled at
      1,240.degree. F. Upon cooling, the strip coils exhibited a pearlitic
      microstructure containing carbides having a Rockwell C hardness of 26-27.
      Subsequently, the coils were heated to 1,100.degree. F in a reducing
      atmosphere and the atmosphere then adjusted to a dewpoint of less than
      +15.degree. F and then the coils annealed for 8 hours at 1,365.degree. F.
      After annealing the coils were cooled at a rate of 40.degree. F per hour
      to 1,330 and then cooled at 20.degree. F per hour to 1,250. From 1,250 to
      400.degree. F, the coil was furnace cooled in the protective atmsophere,
      and below 400.degree. F the coil was air cooled. Examination of the
      annealed microstructure revealed that 100 percent of the carbides had been
      spheroidized, and that there was descarburization to a depth of 0.002 to
      0.003 inch. The coils were slit at 200.degree. F on a commerical slitting
      line without difficulty, and cut to lengths of 72 inches. The cut bar
      exhibited a Rockwell B hardness of 85-87.
PAR  The bars produced as described above were shipped to a file manufacturer
      who proceeded to produce files thereform in accordance with the above
      described procedure. That is, file blanks were cut therefrom, the surfaces
      ground to remove the iron down to the high carbon subsurface, grooves cut
      therein and finally hardened by a suitable lead heating and brine
      quenching. The file manufacturer reported that the files were most
      satisfactory.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making high-carbon steel flat bar stock, the steps
      comprising:
PA1  a. hot rolling a high-carbon steel slab at a temperature within the range
      1,600.degree. to 2,200.degree.F on a strip mill to form a strip having a
      thickness as desired for the final flat bar stock,
PA1  b. coiling said strip at a temperature above 1,000.degree. F,
PA1  c. annealing said coiled strip in a reducing atmosphere at a temperature
      above the A.sub.1 critical temperature for at least 2 hours to austenitize
      the steel microstructure,
PA1  d. maintaining the reducing annealing atmosphere at a dewpoint of less than
      +15.degree. F at least at temperatures above about 1,100.degree. F,
PA1  e. furnace cooling the annealed coiled strip at a rate of about 20.degree.
      to 40.degree. F per hour to a temperature of about 1,250.degree. F while
      maintaining the reducing atmosphere at a dewpoint of less than +15.degree.
      F to form spheroidized carbide precipitates, and then furnace cooling the
      coiled strip to a temperature below about 400.degree. F while maintaining
      the reducing atmosphere to avoid surface oxidation, and
PA1  f. uncoiling .[. and slitting.]. the strip .[.into bars of the desired
      width.]. .Iadd.and cutting bars of the desired size therefrom..Iaddend.
NUM  2.
PAR  2. The method of claim 1 in which strip is hot rolled to a thickness of
      0.080 to 0.160 inch.
NUM  3.
PAR  3. The method of claim 1 in which said coiled strip is annealed at a
      temperature within the range 1,350.degree. to 1,380.degree.F.
NUM  4.
PAR  4. The method of claim 1 in which said coiled strip is box annealed by
      heating the coiled strip in a reducing atmosphere to a temperature of
      about 1,100.degree.F and then adjusting the dewpoint of the reducing
      atmosphere to less than +15.degree.F and thereafter continue heating to a
      temperature within the range 1,350.degree. to 1,380.degree. F and
      maintaining said temperature for about 5 hours, thereafter furnace cooling
      said coiled strip at a rate of about 40.degree.F per hour to a temperature
      of about 1,330.degree.F, and then at a rate of about 20.degree.F per hour
      to a temperature of about 1,250.degree.F.
NUM  5.
PAR  5. A method of making steel files, the steps comprising:
PA1  a. hot rolling a high-carbon steel slab at a temperature within the range
      1,600.degree. to 2,200.degree.F on a strip mill to form a strip having a
      thickness as desired for the final flat bar stock.
PA1  b. coiling said strip at a temperature above 1,000.degree.F.
PA1  c. annealing said coiled strip in a reducing atmosphere at a temperature
      above the A.sub.1 critical temperature for at least 2 hours to austenitize
      the steel microstructure,
PA1  d. maintaining the reducing annealing atmosphere at a dewpoint of less than
      +15.degree.F at least at temperatures above about 1,100.degree.F,
PA1  e. furnace cooling the annealed coiled strip at a rate of about 20.degree.
      to 40.degree.F per hour to a temperature of about 1,250.degree.F while
      maintaining the reducing atmosphere at a dewpoint of less than
      +15.degree.F to form spheroidized carbide precipitates, and then furnace
      cooling the coiled strip to a temperature below about 400.degree.F while
      maintaining the reducing atmosphere to avoid surface oxidation,
PA1  f. uncoiling and slitting the strip into bars of the desired width,
PA1  g. cutting the bars to the desired length, and cutting the bar lengths into
      file blanks,
PA1  h. grinding the surface of the file blanks to remove a pure iron surface
      layer caused by the anneal and expose a high-carbon subsurface,
PA1  i. cutting file grooves into the file blanks, and
PA1  j. hardening the file blanks.
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ABST
PAL  A food service cover integrally constructed of a plastic material and
      including a top portion having radially extending stabilizing arms to hold
      a food plate stacked thereon and a side wall depending from the peripheral
      rim of the top portion and having a bottom peripheral lip carrying a
      protrusion ring to engage the outer rim of a food plate such that the food
      plate service cover is prevented from sliding on the food plate.
PARN
PAR  This application is a continuation-in-part of copending U.S. Pat.
      application Ser. No. 103,992 filed Jan. 5, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to food plate service covers and, more
      particularly, to such covers which may be inexpensively produced of a
      plastic material, which engage a food plate to be covered in a non-sliding
      manner and which may have a food plate stably stacked thereon.
PAR  2. Discussion of the Prior Art
PAR  Food plate service covers are normally utilized in food service
      establishments in order to maintain food to be served at its proper
      temperature and, further, to permit the storage of a great number of
      platters prior to serving, such as in warmers. The latter use of food
      plate service covers normally requires the stacking of platters one upon
      the other to facilitate preparation and serving.
PAR  In the past, food plate service covers have conventionally been constructed
      of materials such as steel, fiberglass, or aluminum. Covers constructed of
      such materials have the disadvantage of being relatively heavy and
      expensive and, further, due to the relatively rigid nature of the
      materials, are subject to sliding relative to the plate. This relative
      sliding movement is extremely costly, as will be appreciated, in that when
      platters are stacked upon each other, the sliding of one can cause the
      toppling of the entire stack.
PAR  In the past, attempts have been made to utilize plastic materials for
      covers for food containers; however, such attempts have culminated only in
      the provision of covers which are essentially of only two dimensions, with
      the outer peripheral edge of the cover engaging an upstanding wall of the
      container. The application of such plastic materials to food plate service
      covers has been limited basically to applications where heating or cooling
      liquid is contained within the cover.
PAR  The development of a food plate service cover that is inexpensive and yet
      sufficiently sturdy to permit stacking of food plates has been impeded in
      that such service covers must be, of necessity, non-sliding relative to
      the plate, easy to remove, useful with plated of varying dimensions, and
      must provide sufficient heating and cooling insulation. The problems posed
      by varying dimensions of plates is particularly acute in that while a
      normal food plate utilized in a food service establishment is round and
      has a ten-inch diameter, the diameter often varies slightly and such
      variance of diameter has tendency to permit the food plate service cover
      to slide relative thereto.
PAR  Known covers having a substantial vertical dimension, such as those for use
      with cake plates, cannot be utilized as food plate service covers since
      they are normally not stackable and, further, since they are required to
      provide an airtight seal with the plate itself, whereas such a seal is not
      required by food plate service covers, and, as a matter of fact, is not
      desirable in that the service cover must be easily removable when the food
      is served.
PAR  It will be appreciated that while many covers of plastic resilient
      materials for food storage have been proposed in the past, such covers, in
      order to provide a snap, non-sliding engagement with a container, normally
      require special construction of a lip of the container. Of course, food
      plate service covers must be utilized with plates having varying edge
      configurations; and, therefore, the design of the service covers must be
      of a more general and universal nature. Thus, it can be seen that while a
      non-sliding fit is desirable, the construction of the service covers must
      permit use with plates of varying dimensions as well as facilitating
      removal of the service covers during serving.
PAR  A further problem which must be overcome in the provision of an inexpensive
      food plate service cover is that the food plate itself must be generally
      flat to facilitate access to the food carried thereon by a customer, and,
      accordingly, the service cover must be provided with side walls of
      substantial vertical dimensions to accommodate the food without touching
      the same and without limiting the normal amount of food to be carried by a
      plate. Accordingly, the side walls of the service covers must bear
      substantial weight when platters are stacked thereon, but cannot be overly
      bulky or rigid.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to construct a food
      plate service cover which avoids the above mentioned disadvantages of
      conventional food plate service covers.
PAR  The present invention is generally characterized in a food plate service
      cover including a top portion having a peripheral rim, a side wall
      depending from the peripheral rim and having a peripheral bottom lip, and
      protrusion means formed in the peripheral bottom lip and adapted to engage
      the underside of the outer rim of a food plate, the food plate service
      counter being integrally constructed of a plastic material such that the
      side wall is deformable to engage and disengage the outer rim of the food
      plate whereby engagement of the outer rim of the food plate by the
      protrusion means prevents sliding of the food plate service cover relative
      to the food plate.
PAR  Another object of the present invention is to form a disposable food plate
      service cover integrally of expandable polystyrene resin.
PAR  A further object of the present invention is to form a snap ring on the
      peripheral bottom lip of the side wall of a food plate service cover such
      that the snap ring is adapted to engage a food plate in a non-sliding
      manner.
PAR  The present invention has another object in that a food plate service cover
      is constructed to permit use with plates having varying dimensions.
PAR  A yet further object of the present invention is to construct a food plate
      service cover of a plastic material that can withstand repeated servings
      and washings and is sufficiently flexible to permit deforming of a side
      wall for snap engagement with a food plate.
PAR  Another object of the present invention is to form a food plate service
      cover of a thermoplastic polycarbonate resin.
PAR  The present invention has a further object in that the top portion of a
      food plate service cover carries a stabilizing surface for engaging the
      support on the bottom of a food plate in order to stabilize a food plate
      stacked thereon.
PAR  Yet another object of the present invention is to utilize radially
      extending arms having a plurality of recesses therein on the top portion
      of a food plate service cover to stabilize a food plate stacked thereon.
PAR  Some of the advantages of the present invention over the prior art are that
      food plate service covers formed of a rigid thermoplastic resin foam in
      accordance with the present invention are less expensive than hand washing
      of conventional covers and are therefore economically disposable, the food
      plate service covers of the present invention are extremely light in
      weight thereby reducing by a great amount the weight of a tray upon which
      a plurality of platters are carried, and the food plate service covers of
      the present invention prevent sliding and reduce breakage and replaced
      food costs.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of the preferred embodiments taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a food plate service cover constructed in
      accordance with the present invention.
PAR  FIG. 2 is a side elevation in section of the food plate service cover of
      FIG. 1 in engagement with a food plate.
PAR  FIG. 3 is a broken side elevation in section of a modification of the food
      plate service cover of FIG. 1.
PAR  FIG. 4 is a perspective view of another embodiment of the food plate
      service cover in accordance with the present invention.
PAR  FIG. 5 is a side elevation in section of the food plate service cover of
      FIG. 4 in engagement with a food plate.
PAR  FIG. 6 is a perspective view of a further embodiment of the food plate
      service cover in accordance with the present invention.
PAR  FIG. 7 is a side elevation in section of the food plate service cover of
      FIG. 6 with a food plate stacked thereon.
PAR  FIG. 8 is a broken section of a modification of the food plate service
      cover of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A food plate service cover constructed in accordance with the present
      invention is illustrated in FIG. 1 and includes a top portion generally
      indicated at 10 and a side wall 12 depending therefrom. The food plate
      service cover is preferably integrally constructed of a plastic material
      such as a rigid thermoplastic resin foam, for example, expandable
      polystyrene, a thermoplastic polycarbonate resin or other plastic of
      similar consistency; and, as will be appreciated from the following
      description, the material utilized to form the food plate service cover
      must essentially comply with two basic requirements. That is, the material
      must be inexpensive and permit the inexpensive production of food plate
      service covers, and the material must be sufficiently resilient to permit
      the peripheral lip of the side wall 12 to be deformed to engage and
      disengage a food plate. The use of a rigid thermoplastic foam is preferred
      for disposable food plate service covers whereas a rigid thermoplastic
      polycarbonate resin, such as Lexan produced by the General Electric
      Company, is preferred for reuseable food plate service covers.
PAR  Top portion 10 of the food plate service cover includes an outer annular
      flat surface 14 and a circular flat surface 16 disposed concentrically
      within and aligned with annular surface 14. An angular wall 18 is disposed
      between surfaces 14 and 16 and terminates at a vertically extending wall
      20 which extends to the peripheral edge of surface 16. Annular surface 14
      has an outer peripheral edge 23 from which depends side wall 12 which has
      a truncated conical configuration and extends outwardly as well as
      downwardly from top portion 10. The bottom lip of side wall 12 is provided
      with an external peripheral recess 21 which defines a protrusion or snap
      ring 22 extending inwardly from a contact portion 25 on the inner surface
      of side wall 12.
PAR  As illustrated in FIG. 2, the food plate service cover is mounted on a
      plate by slightly deforming side wall 12, as indicated at dashed lines 24,
      such that the inner diameter of ring 22 is expanded sufficiently to permit
      it to move past the outer rim 26 of a round food plate 28. It will be
      appreciated that the upper portion of protrusion ring 22 engages the under
      surface of the outer rim 26 of food plate 28 around the entire
      circumference thereof to thereby prevent any sliding of the food plate
      service cover relative to the plate. The outer edge of rim 26 of plate 28
      engages contact portion 25, and the conical configuration of side wall 12
      prevents vertical movement of the food plate service cover relative to the
      plate 28.
PAR  The food plate service cover may be easily mounted on plate 28 by merely
      positioning the service cover such that ring 22 abuts the rim 26 of the
      plate and then forcing the service cover toward the plate to deform side
      wall 12, as shown at 24, to permit ring 22 to be expanded and snap under
      rim 26 to engage the under surface thereof. It will be appreciated that
      when the service cover is positioned as shown in FIG. 2, it will not slide
      relative to plate 28 since ring 22 extends entirely around the
      circumference thereof.
PAR  The design of top portion 10 of the service cover may be varied in order to
      accommodate the support legs of food plates for use with the service
      covers. That is, surfaces 14 and 16 may be varied in size to stabilize
      food plates to be stacked thereon. The design of the top portion 10, as
      illustrated in FIG. 10, has several important advantages, however, in that
      the deep recess formed by walls 18 and 20 provides added strength to the
      service cover to increase the weight that may be supported thereby, such
      as by way of stacked plates, and also permits the cylinder formed by
      surface 16 and wall 20 to be utilized as a handle or grip to facilitate
      handling of the service cover and removal of the service cover from plate
      28. Dependent upon the weight of the plate 28, the service cover may be
      removed by either grasping the grip formed by the recess in top portion 10
      and pulling the service cover from the plate to deform the side wall or
      the bottom peripheral lip of the side wall may be deformed by grasping
      with the fingers and pulling outwardly to deform the side wall and release
      the plate from engagement with snap ring.
PAR  A modification of the food plate service cover of FIG. 1 is partially
      illustrated in FIG. 3 with the primary difference between the embodiments
      of FIGS. 1 and 3 being that instead of the circumferential protrusion or
      snap ring 22 of FIG. 1, a plurality of semispherical protrusions or
      buttons 30 are utilized to hold the food plate service cover in place on
      the plate 28. The modified service cover of FIG. 3 may be mounted on a
      food plate in the same manner as the service cover of FIG. 1. That is, the
      side wall 12 is deformed such as by pressure to permit the protrusions 30
      to snap under the rim of the plate and engage the under surface thereof.
PAR  Another embodiment of a food plate service cover in accordance with the
      present invention is illustrated in FIGS. 4 and 5 and parts in the
      embodiment of FIGS. 4 and 5 similar to parts in the embodiment of FIGS. 1
      and 2 are given identical reference numbers with 100 added.
PAR  The primary differences in the service cover of FIGS. 4 and 5 as compared
      with the service cover of FIGS. 1 and 2 are that the top portion 110 has a
      different configuration and the protrusion means carried at the bottom
      peripheral lip of side wall 112 is provided with a plurality of snap rings
      to permit the service cover to be utilized with food plates having varying
      diameters.
PAR  The top portion 110 includes an outer peripheral ridge 123 and an annular
      strengthening rib 32 concentrically disposed within ridge 123 to define an
      outer support surface 34 therebetween and a circular surface 36 in the
      center of top portion 110.
PAR  Side wall 112 depends from ridge 123 and has a truncated conical
      configuration extending outwardly as well as downwardly from top portion
      110. The bottom peripheral lip of side wall 112 is formed to provide a
      plurality of protrusion or snap rings 122 to engage the outer rim 38 of a
      plate 40 as will be described hereinafter. Side wall 112 is offset at 42
      to define a horizontal annular contact portion 44, and portion 44 has an
      annular wall or riser 46 extending downwardly from the outer edge thereof
      and preferably at a slight angle toward the center of the service cover.
      Contact portion 44 and wall 46 form a first protrusion or snap ring 48 to
      receive the outer rim of a plate.
PAR  A protrusion or snap ring 50 having a diameter greater than the diameter of
      snap ring 48 is formed at the bottom edge of wall 46 by an annular contact
      portion and an inwardly extending wall in the same manner, and a third
      protrusion or snap ring 52 having a diameter greater than the diameter of
      ring 50 is formed below ring 50 in the same manner. Snap rings 48, 50 and
      52 are concentrically aligned with their outer surfaces forming a
      step-like configuration.
PAR  In FIG. 5, the service cover is illustrated as being mounted on plate 40
      utilizing snap ring 50, however, it will be appreciated that if the
      diameter of plate 40 were slightly less than that illustrated, snap ring
      48 could be utilized in mounting the service cover on the plate.
      Similarly, if the diameter of plate 40 were greater than that illustrated,
      snap ring 52 could be utilized to mount the service cover on the plate.
PAR  The slightly inward orientation of the wall or riser 46 of each snap ring
      48, 50 and 52 provides resilient snap action required to securely hold the
      service cover in position on plate 40. The configuration of top portion
      110 of the service cover provides strength due to rib 132 and peripheral
      ridge 123 and the configuration of support surface 34 defined therebetween
      is designed to mate with an annular support leg 54 formed on the bottom of
      a food plate 40 to be stacked thereon.
PAR  Thus, it will be appreciated that when stacking the food plate 40 on the
      service cover, leg 54 will be received by support surface 34 to limit
      shifting of the plate relative to the service cover. Accordingly, the
      configuration of top portion 110 stabilizes stacked food plates as well as
      strengthening the service cover to increase the weight that can be
      supported thereon.
PAR  The service cover of FIGS. 4 and 5 may be mounted and removed from plate 40
      in the same manner as previously described with respect to the service
      covers of FIGS. 1 and 2 and is similarly integrally constructed of a
      plastic material.
PAR  A further embodiment of a food plate service cover in accordance with the
      present invention is illustrated in FIGS. 6 and 7, and parts of the
      embodiment of FIGS. 6 and 7 similar to parts of the embodiment of FIGS. 4
      and 5 are given identical reference numbers with 100 added while identical
      parts are given identical reference numbers and are not described again.
PAR  The primary difference in the food plate service cover of FIGS. 6 and 7 as
      compared with the food plate service cover of FIGS. 4 and 5 is that the
      top portion 210 is provided with equally spaced, radially extending arms
      56, 58 and 60 in order to stabilize a food plate 40 stacked thereon.
PAR  A cylindrical handle or grip 62 is formed by a horizontal surface 64 and a
      vertically extending wall 66, similar to the embodiment of FIGS. 1 and 2,
      in order to facilitate gripping of the service plate for removal from a
      food plate, and an annular channel 69 is formed around grip 62 in order to
      strengthen the top. Channel 68 accurately terminates at an annular flat
      surface 70 which extends to the periphery of the top portion 210 of the
      service cover and is aligned with surface 64. Equally spaced radially
      extending arms 56, 58 and 60 are carried on surface 70 and extend upwardly
      therefrom. The radially extending arms are identical; and, accordingly,
      only arm 56 will be described in detail.
PAR  Arm 56 is formed with a plurality of arcuate recesses 72 therein with the
      longitudinal axis of the recesses 72 being tangentially disposed relative
      to the top portion 210. That is, the longitudinal axis of the arcuate
      recesses 72 are disposed transverse to a radius of the top portion 210.
      Arm 56 has an inner edge 74 aligned with the arcuate wall forming the
      outer boundry of channel 68 and an outer edge 76 aligned with side wall
      112. The height of outer edge 76 is greater than the height of inner edge
      74 such that the upper surface of arm 56, as defined by flat topped ridges
      78 between recesses 72, slopes downwardly toward the center of the top
      portion 210.
PAR  Side wall 112 has a truncated conical configuration and extends outwardly
      and downwardly from top portion 210. Similar to the embodiment of FIGS. 4
      and 5, the bottom peripheral lip of side wall 112 is formed to provide a
      plurality of protrusion or snap rings 122 to engage the outer rim of a
      food plate.
PAR  As illustrated in FIG. 7, the side wall 112 may be deformed in order to
      engage the outer peripheral edge of a food plate 40 in the same manner as
      previously discussed with respect to the embodiment of FIGS. 4 and 5, and
      a food plate 40 may be stacked upon the service cover in a stabilized
      manner in that the dependeng leg of the food plate will engage the
      recesses 72 in radially extending arms 56, 58 and 60. The scalloped
      configuration of the recesses 72 in the radially extending arms coupled
      with the slope of the arms downwardly towards the center of the service
      plate permit the food stacked thereon to be held with minimum sliding.
PAR  A modification of the bottom peripheral lip of the embodiments of FIGS. 4,
      5, 6 and 7 is illustrated in FIG. 8 wherein snap rings 80, 82, 84, 86 and
      88 are formed by annular contact portions and risers in the same manner as
      the snap rings of the embodiment of FIGS. 4 and 5 but with smaller
      diameters in order to provide more precise engagement with the outer rim
      of food plates of varying diameters. The outer surface 90 of the bottom
      peripheral lip has a smooth truncated conical configuration such that the
      thickness of the bottom peripheral lip is increased to provide a
      corresponding increase in strength for the food plate service cover. That
      is, the increased thickness of the bottom peripheral lip provides
      additional stacking capability and resistance to sliding on a food plate.
PAR  From the above it can be seen that the food plate service covers of the
      present invention provide a stable and insulative cover for use by food
      service establishments to their great benefit in that the service cover
      can be inexpensively produced to permit the establishment to dispose of
      the service cover after a single use or can be manufactured of more long
      lasting materials while retaining sufficient flexibility to permit
      non-slipping engagement with a food plate. Furthermore, the design of the
      top portions of the service covers can accommodate a label or other
      suitable indica in the center thereof so as to be prominently displayed,
      and the weight of the service covers of the present invention is reduced
      to decrease the weight to be carried by service personnel. The use of a
      rigid plastic material permits gripping of the outer rim of a food plate
      by slight deformation of the side wall of the food plate service cover,
      and the use of various diameter snap rings decreases inventory of food
      plate service covers since a single food plate service cover can be
      utilized with food plates of varying dimensions. The structure of the top
      portions of the food plate service covers increases stacking strength as
      well as stabilizing food plates stacked thereon. Of course, the food plate
      service covers of the present invention may be provided with other
      configurations dependent upon the configuration of food plates to be
      covered such as food plates which are oval or slightly out of round.
PAR  Inasmuch as the present invention is subject to many variations,
      modifications and changes in detail, it is intended that all matter
      described above or shown in the drawings be interpreted as illustrative
      and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A food plate service cover comprising a top portion having a peripheral
      rim, a side wall depending from said top portion and having a bottom
      peripheral lip, and protrusion means extending inwardly from said bottom
      peripheral lip and adapted to engage the under surface of an outer rim of
      a food plate service cover being integrally formed from a rigid plastic
      material such that said side wall is deformable to engage and disengage
      the outer rim of the food plate whereby engagement of the outer rim of the
      food plate by said protrusion means prevents sliding of said food plate
      service cover relative to the food plate, said peripheral lip of said side
      wall including a first annular contact portion adapted to engage the upper
      surface of the outer rim of the food plate and said protrusion means
      including a first annular wall extending downwardly from the outer edge of
      said contact portion and adapted to engage the side surface of the outer
      rim of the food plate, said first contact portion and said first wall
      defining a first snap ring, a second annular portion extending outwardly
      from said first annular wall and said protrusion means including a second
      annular wall extending downwardly from the outer edge of said second
      contact portion, said second contact portion and said second wall defining
      a second snap ring having a diameter greater than the diameter of said
      first snap ring, a third annular contact portion extending outwardly from
      said second annular wall and said protrusion means including a third
      annular wall extending downwardly from the outer edge of said third
      contact portion, said third contact portion and said third wall defining a
      third snap ring having a diameter greater than said second snap ring, said
      top portion including stabilizing means sloping downwardly from said
      peripheral rim toward the center of said top portion to define a surface
      for receiving a stacked food plate wherein said stabilizing means includes
      a plurality of radially extending arms, each of said arms having a
      plurality of radially spaced recesses in the upper surfaces thereof.
NUM  2.
PAR  2. The food plate service cover as recited in claim 1 wherein said
      plurality of radially extending arms are equally angularly spaced.
NUM  3.
PAR  3. The food plate service cover as recited in claim 1 wherein said plastic
      material is a thermoplastic polycarbonate resin.
NUM  4.
PAR  4. A food plate service cover comprising a round top portion having a
      peripheral rim, and a side wall depending from said peripheral rim having
      a bottom peripheral lip adapted to engage a food plate, said top portion
      having stabilizing means disposed thereon having an upper surface sloping
      downwardly from said peripheral rim toward the center of said top portion
      whereby sliding of a food plate stacked on said food plate service cover
      is reduced, said stabilizing means including a plurality of radially
      extending arms, wherein each of said arms has a plurality of radially
      spaced recesses in the upper surfaces thereof to receive a depending leg
      of the stacked food plate.
NUM  5.
PAR  5. The food plate service cover as recited in claim 4 wherein said top
      portion includes a centrally disposed cylindrical handle and an annular
      recess surrounding said handle, said radially extending arms being
      disposed between said annular recess and said peripheral rim.
NUM  6.
PAR  6. The food plate service cover as recited in claim 4 wherein said food
      plate service cover is integrally formed of a thermoplastic polycarbonate
      resin. .Iadd. 7. A food plate service cover comprising a round top portion
      having a peripheral rim, and a side wall depending from said peripheral
      rim having a bottom peripheral lip adapted to engage a food plate, said
      top portion having stabilizing means disposed thereon and having an upper
      surface extending inwardly from said peripheral rim toward the center of
      said top portion whereby sliding of a food plate stacked on said food
      plate service cover is reduced, said stabilizing means including three
      circumferentially spaced radially extending means, each defining a
      plurality of radially spaced recesses therein to receive a portion of the
      stacked food plate. .Iaddend..Iadd. 8. The structure set forth in claim 7
      wherein said radially extending means are equally spaced, and wherein said
      upper surface slopes downwardly from said peripheral rim toward the center
      of said top portion. .Iaddend..Iadd. 9. The structure set forth in claim 8
      wherein said food plate service cover is integrally formed of a
      polycarbonate resin. .Iaddend.
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ABST
PAL  This invention decreases the time of an injection molding machine cycle by
      cutting off communication between the mold and the source of material as
      soon as injection is complete, and accumulating material for the next
      charge during the cooling part of the cycle. Pressure is maintained on the
      material in the mold, and material is supplied to compensate cooling
      shrinkage, from an auxiliary cylinder in which a minor amount of hot
      material is accumulated. After sufficient cooling, runner material is
      drawn back by suction of the auxiliary cylinder. A three-way valve cuts
      off the main material supply and puts the auxiliary cylinder in
      communication with the mold.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present practice with injection molding machines is to use the helical
      screw in the plasticizer barrel as a ram to force material ahead of the
      screw into the mold. When the screw moves forward to its maximum injection
      position, it is necessary to maintain it in this position for a period of
      time which is called the "cure cycle." During the cure cycle, the screw
      maintains a pressure on the material to compensate for shrinkage of
      material which is cooling in the mold. Some additional material is forced
      into the mold to compensate this shrinkage.
PAR  The mold area is cooled so that the part being molded becomes solidified.
      After the cure cycle has been completed, the reciprocating screw
      plasticizer begins to rotate and forces plastic toward the discharge end
      of the barrel. The screw continues to rotate until a predetermined amount
      of material is accumulated at the front of the screw for the next
      injection operation. The amount of material accumulated is controlled by a
      limit switch which stops the screw and moves the nonrotating screw back so
      as to create a suction in the passages leading to the mold. This draws the
      hot runner material away from the mold and the mold is then opened and the
      molded part removed.
PAR  The objection to this method of operation of the prior art is that the
      molded part cannot be removed from the mold until the next injection shot
      has been plasticized and accumulated ahead of the plasticizer screw. The
      present invention reduces the auxiliary of operation of an injection
      molding machine by making it possible to remove the molded article much
      sooner. No drawback of the plasticizer screw is required and the
      preparation of the next injection charge can be prepared starting
      immediate after preparatory injection of the previous charge and without
      waiting for any part of the cure cycle to elapse.
PAR  This invention provides a valve between the mold and the discharge end of
      the plasticizer valve. An auxiliary cylinder and piston is used to
      maintain pressure on the material in the mold during the cure cycle and
      the piston in this auxiliary cylinder is reversed in direction to draw
      back the runner material prior to discharge of the molded part from the
      mold. Thus it is possible, with this invention, to open the mold, remove
      the molded part, and close the mold preparator to the next operation while
      the plasticizer screw is plasticizing the next quantity of material for
      the molding of another part. This greatly reduces the overall cycle of the
      apparatus.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic view showing injection molding apparatus made in
      accordance with this invention;
PAR  FIG. 2 is an enlarged, diagrammatic sectional view showing the piston in
      the auxiliary cylinder of FIG. 1 and showing also the actuator for the
      piston; and
PAR  FIG. 3 is a fragmentary, sectional, diagrammatic view illustrating the
      drawback of runner material prior to the opening of the mold and the
      removal of a molded part.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The injection molding apparatus shown in FIG. 1 includes a plasticizer
      barrel 10 containing a helically threaded plasticizer screw 12 which is
      rotated in the barrel 10 by a rotation drive shown diagrammatically and
      indicated by the reference character 14.
PAR  The screw 12 is also movable longitudinally in the barrel 10 and this
      movement may be imparted to it by a cylinder-and-piston motor 16
      comprising a cylinder 18 and a piston 20 rigidly secured to the screw 12
      beyond the screw threads. The screw 12 has limited longitudinal movement,
      the amount depending upon the size of the charge to be injected into the
      mold. The rotation drive 14 is constructed to permit longitudinal movement
      of the screw 12 within the necessary limits.
PAR  Working fluid for operating the motor 16 is supplied through tubing 22
      leading to opposite ends of the cylinder 18 and the working fluid is
      controlled by valve means in a valve controller 26.
PAR  The movement of the screw 12, in a direction to accumulate material ahead
      of it for the next injection operation, is limited by a switch 28 located
      at a fixed position in the path of an abutment 30 carried by the screw 12.
      This abutment 30 can be adjusted along the screw as so to strike the limit
      switch 28 after different amounts of movement of the screw 12 in an axial
      direction. The limit switch 28 controls the valve controller 26 to stop
      further operation of the motor 16 in its upward movement.
PAR  At the lower end of the plasticizer barrel 10 there is a passage 30 through
      which material is discharged from the valve 12 to other passages leading
      to a mold 32.
PAR  When the screw 12 is rotated and no material can discharge from the passage
      30, the forcing of material against the lower end of the plasticizer
      barrel 10 causes the screw 12 to be forced back and this provides for
      movement of the screw 12 in an axial direction away from the passage 30
      without using the motor 16. In some injection molding apparatus, this
      movement of the screw 12 away from the passage 30 compresses a spring; and
      when it becomes possible for material to flow from the barrel 10 through
      the passage 30 to a mold, the spring moves the screw 12 axially so that
      the motor 16 is not necessary. The motor 16 has the advantage, however, of
      controling the time that pressure is exerted to move the screw 12 toward
      the passage 30 for an injection operation and it also has the advantage of
      providing a uniform and controlled force which is not obtained when
      springs are used.
PAR  The apparatus thus far described is conventional and it is shown very
      diagrammatically because the way in which it is constructed is not at the
      point of novelty of the present invention and it is merely representative
      of conventional injection molding machine construction with which the
      novel elements of the present invention can be combined.
PAR  The passage 30 is located in a housing 36 containing a valve chamber 38
      with which the passage 30 communicates. There is a second passage 40 in
      the housing 36 leading from the valve chamber 38 downward toward the mold
      32. At the lower end of the second passage 40 there is a restricted
      passage 42 which may be considered as part of the runner of the mold 32.
PAR  In addition to the first passage 30 and the second passage 40, the housing
      has another passage 44 leading to a cylinder 46. In the construction
      illustrated, the cylinder 46 is of the same diameter as the passage 44 and
      is merely a continuation of the passage. A piston 50 reciprocates back and
      forth in the cylinder 46.
PAR  There is a valve element 52 in the valve chamber 38. The valve chamber 38
      is of circular cross-section and the valve element 52 fits into the valve
      chamber with running clearance in accordance with conventional two-way
      valve construction. The valve element 38 has a stem extending through the
      end of the valve chamber 38 and has a handle 54 outside of the housing 36
      and by which the valve element 52 can be moved into different positions.
PAR  The position of the valve element 52 shown in FIG. 1 will be referred to
      herein as the first position. In this position, the valve element 52 puts
      the first passage 30 in communication with the second passage 40 and
      material from the plasticizer barrel 10 can flow directly from the barrel
      10 to the mold 32. In FIGS. 2 and 3, the valve element 52 is shown in what
      will be referred to as its second position. In this position the second
      passage 40 is in communication with the third passage 44 and the first
      passage 30 is closed off.
PAR  When the handle 54 is in the full line position shown in FIG. 1, the valve
      element 52 is in its first position. When the handle 54 is raised into the
      dotted line position shown in FIG. 1, the valve element 52 is in its
      second position. The movement of the handle 54 is limited by stops 56
      extending from the housing 36 into the path of movement of the handle 54.
      A valve operator 60 comprising a solenoid having a plunger 62 is supported
      in a fixed position with respect to the housing 36 and there is a pin 64
      extending from the plunger 62 into a slot in the handle 54 for moving the
      handle angularly in response to up and down movement of the plunger 62.
PAR  The plunger 62 is moved upward by the solenoid 61 when the solenoid is
      energized; and the handle 54 is moved back into its full line position
      when the solenoid 61 is deenergized. A spring 68, tensioned between the
      handle 54 and a fixed spring anchor bracket 70, pulls the plunger 62 down.
PAR  Energy is supplied to the valve operator 60 from a limit switch 72 in the
      path of movement of the abutment 30. The abutment operates this limit
      switch 72 when the screw 12, operating as a ram, reaches the lower limit
      of its stroke.
PAR  The switch 72 is in a circuit with a relay 74 which is energized whenever
      the switch 72 is closed. This relay 74 is a stick relay and has an
      armature 76 which is pulled up against a contact 78, against the tension
      of a spring 80 whenever the relay 74 is energized. Closing of the relay 74
      permits power to continue the energizing of the coil of relay 74 even
      after the abutment 30 has moved away from the limit switch 72 and the
      limit switch returns to a normally open position.
PAR  Referring to FIG. 2, there is an actuator 86 comprising a
      cylinder-and-piston motor, preferably a hydraulic motor. The actuator 86
      has a cylinder 88 which contains a piston 90 having a piston rod 92, that
      extends through the upper end of the cylinder 88, and a smaller piston rod
      94 which connects directly with the piston 50 in the pressure cylinder 46.
      Working fluid for the cylinder 88 is supplied to opposite ends of the
      cylinder through tubing 96 from a controller 98 containing conventional
      valve means. The controller 98 is connected with a timer 100 which
      controls part of the operation as will be explained hereinafter.
PAR  The upper piston rod 92 has abutment collars 102 and 104 located at spaced
      apart locations and these collars 102 and 104 are preferably adjustable
      into different positions axially along the piston rod 92. These limit
      switches are connected with the controller 98 and stop further movement of
      the actuator 86 whenever one of the abutment collars 92 or 94 engages its
      limit switch 82 or 106.
PAR  The controls for the injection molding part of the apparatus, such as those
      valves in the valve controller 26, are not illustrated because such
      controls are well known and are not at the point of novelty of this
      invention. No description of the valve structure in the valve controller
      26 or in the controller 98 is necessary for a complete understanding of
      this invention.
PAR  The operation of the invention is as follows: The cycle begins with the
      valve element 52 in the position shown in FIG. 1. The screw 12 operating
      as a ram is pushed down by pressure supplied to the upper end of the
      cylinder 18 above the piston 20; and the hot material is forced through
      the first passage 30, through the valve element 52, second passage 40 and
      mold runner 42 into the mold 32. The screw 12 continues to move downwardly
      and fills the mold. The abutment 30 is adjusted so as to actuate the limit
      switch 72 when the mold is full and this actuation of the switch 72 moves
      the valve element 52 from its first position to its second position as
      shown in FIG. 2, as previously explained.
PAR  The passage 30 is now shut off and the cylinder 46 and third passage 44 are
      in communication with the second passage 40 and the mold through the valve
      element 52.
PAR  The actuation of the limit switch 72 (FIG. 1) also supplies energy through
      a conductor 116 to the timer 100 (FIG. 2), and this operation of the timer
      operates the controller 98 to supply working fluid to the end of the
      cylinder 88 above the piston 90 so that this piston 90 moves downward and
      moves the piston 52 downward. Since the third passage 44, the passages
      through the valve element 52, the second passage 40 and the mold are full
      of plasticized material, the only movement which the piston 50 can make as
      the result of the pressure against the system 90 is a very limited
      movement as the material in the mold cools and shrinks. Such shrinkage
      permits a limited amount of the hot material in the third passage 44 to be
      moved through the vale valve element 52 and second passage 40 to the mold
      and the piston 50 moves from the position shown in FIG. 1 to the position
      shown in FIG. 2. Thus pressure is maintained on the material in the mold
      and any additional material that is necessary to compensate shrinkage is
      supplied to the mold.
PAR  The tuner 100 is adjusted for the cooling cycle of the apparatus and when
      the timer 100 times out, it actuates the controller 98 to reverse the
      operation of the actuator 86. Working fluid is supplied to the lower end
      of the cylinder 88, under the piston 90, and the upper end of the cylinder
      88 is opened for exhaust. This causes the piston 50 to move upward in the
      cylinder 46 so that it sucks the hot plastic material from the second
      passage 40 and from the mold runner. This severs the molten material in
      the runner from the molded part in the mold, and the mold can be opened to
      discharge the molded part.
PAR  As previously explained, the upward movement of the piston 50 is limited by
      the switch 82 and the actuator 86 holds the piston 50 in the position
      shown in FIG. 3 until the mold is again closed after having discharged the
      molded article.
PAR  When the mold is closed, a new cycle of operation is started by operating
      the controller 98 to again move the actuator 86 in a direction to shift
      the piston 50 from its FIG. 3 position to its FIG. 1 position. This
      discharges excess material from the cylinder 46 into the mold and the
      solenoid 61 is now deenergized permitting the valve element 52 to return
      to its first position, as shown in FIG. 1. At the same time that the valve
      52 is shifted into its first position by breaking the holding circuit
      76-78 of relay 74, the valve controller 26 is operated to operate the
      motor 16 to start the screw 12 moving downward as a ram to fill the mold
      as the start of another cycle.
PAR  The preferred embodiment of the invention has been illustrated and
      described, and changes and modifications can be made in different
      combinations without departing from the invention as defined in the claims
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An injection molding apparatus including a barrel for holding molten
      plastic material, a first passage connected at one end with the barrel for
      receiving hot plastic material from the barrel, a second passage connected
      with the other end of the first passage for receiving molten material from
      the first passage for supplying the material to a mold, a cylinder, a
      third passage connected at one end with the cylinder and connected at its
      other end with the second passage, a piston in the cylinder, movable in
      one direction to maintain pressure on any molten material in the cylinder,
      third passage and second passage, and movable in the other direction to
      exert a suction action in the cylinder, third passage and second passage
      for drawing molten material in the second passage back into the third
      passage and cylinder, and valve means, located between the first and
      second passages and between the second and third passages, movable into
      different positions including a first position that closes off the third
      passage from the second passage and that puts the first passage in
      communication with the second passage, and a second position that shuts
      off the first passage from the second passage and that puts the second
      passage in communication with the third passage.Iadd., said valve means
      preventing communication between said first and third passages in said two
      positions.Iaddend..
NUM  2.
PAR  2. The injection molding apparatus described in claim 1 characterized by
      the valve means including a housing, a valve chamber within the housing,
      all of the passages opening into the valve chamber, and the valve means
      including also an element in the chamber movable into said first and
      second positions.
NUM  3.
PAR  3. The injection molding apparatus described in claim 2 characterized by
      the valve means being a single three-way valve, the valve chamber being of
      circular cross-section, and the valve element being a plug that fits into
      the valve chamber and that is rotatable about the longitudinal axis of the
      valve element, the passages opening into the valve chamber at angularly
      spaced locations around the circumference of the chamber, the valve
      element having passages therein that communicate with the various passages
      at different angular positions of the valve element, and an actuator for
      moving the valve element back and forth between said first and second
      positions.
NUM  4.
PAR  4. The injection molding apparatus described in claim .[.1.]. .Iadd.10
      .Iaddend.characterized by an actuator for the piston including a
      controller for supplying energy to the piston to urge the piston to move
      in one direction when the valve means is in .[.said first.]. .Iadd.the
      second .Iaddend.position to maintain pressure on any molten material in
      the .[.third passage.]. .Iadd.cylinder .Iaddend.and .[.second passage.].
      .Iadd.mold runner .Iaddend. during the cooling portion of a molding cycle
      .[.and while the valve means is in position that puts the third passage in
      communication with the second passage.]. whereby the piston forces
      additional material into the mold to compensate for shrinkage of the
      material in the mold while cooling, and automatic means associated with
      the controller for reversing the direction of the energy supply to the
      actuator.Iadd., .Iaddend.when the valve means is in said second
      position.Iadd., .Iaddend.to move the piston in a direction to draw back
      material from .Iadd. the .Iaddend.runner.[.s.]. .Iadd., .Iaddend. .[.with
      which the molding apparatus is used.]. after a predetermined cooling
      period.
NUM  5.
PAR  5. The injection molding apparatus described in claim .[.4.]. .Iadd.10
      .Iaddend.characterized by a valve operator for moving the valve means
      between its different positions including an automatic control that shifts
      the valve means from its first position at the end of an injection
      operation of said injection molding apparatus.
NUM  6.
PAR  6. The injection molding apparatus described in claim .[.5.]. .Iadd.10
      .Iaddend.characterized by a helically threaded plasticizer screw in the
      barrel, pressure means for advancing the screw longitudinally toward the
      first passage on an injection stroke while the valve means is in its first
      position, said valve means in its second position shutting off flow of
      material from the first passage, a motor for rotating the screw in a
      direction to urge material in the barrel toward the first passage after
      the valve means has moved into its second position whereby the continued
      rotation of the screw causes it to back away from said first passage,
      automatic means for stopping further rotation of the screw after it has
      backed away far enough to accumulate, between the screw and the first
      passage, enough material for the next mold charging operation.
NUM  7.
PAR  7. The injection molding apparatus described in claim 6 characterized by
      the pressure means for advancing the helically threaded screw being a
      cylinder-and-piston motor that moves the helically threaded screw
      longitudinally when the motor for rotating the screw is not energized, and
      the automatic control for the valve operator being responsive to the
      movement of the screw toward the first passage.
NUM  8.
PAR  8. The injection molding apparatus described in claim .[.1.]. .Iadd.10
      .Iaddend..[.molten.]. .Iadd.characterized .Iaddend.by apparatus for
      injecting molten material at high temperature and pressure into the first
      passage and through the valve means to the second passage when the valve
      means is in its first position, the valve means shutting off all flow of
      material through the first passage when the valve means is in its second
      position, and a valve operator for moving the valve means from first
      position to second position and vice versa.
NUM  9.
PAR  9. The injection molding apparatus described in claim 8 characterized by an
      automatic control responsive to the substantial completion of the filling
      of the mold for shifting of the valve means from first position to second
      position. .Iadd. 10. An injection molding apparatus including a barrel for
      holding molten plastic material, a first passage connected at one end with
      the barrel for receiving hot plastic material from the barrel, a runner
      that supplies molten material to a mold cavity, a second passage connected
      with the other end of the first passage for receiving molten material from
      the first passage for supplying the material to the mold runner, a
      plasticizer including a helically threaded screw in the barrel, with a
      front end of the screw facing the first passage, pressure means for
      advancing the screw longitudinally toward the first passage to discharge
      material from the barrel on an injection stroke, a motor for rotating the
      screw in a direction to urge material in the barrel toward the first end
      of the screw during rotation of the screw as it backs away from said first
      passage, during its recovery stroke, automatic means for stopping further
      rotation of the screw after it has backed away far enough to accumulate,
      between the screw and the first passage, enough material for the next mold
      charging operation, means for regulating the plasticizer cycle to be less
      than that absent such means including a cylinder for communication at one
      end with the mold runner, a piston in the cylinder, movable in one
      direction providing means to maintain pressure on any molten material in
      the cylinder and in the mold runner during shrinkage of the molten
      material, the piston being movable in the other direction providing means
      to exert a suction action in the cylinder for drawing molten material in
      the runner back toward the cylinder, and valve means, located between the
      first and second passages and movable into different positions including a
      first position that puts the first passage in communication with the
      second passage, and a second position that shuts off the first passage
      from the second passage and provides communication between the cylinder
      and the second passage, said valve preventing communication between said
      cylinder and said first passage so that recovery of the plasticizer can
      begin before shrinkage of the plastic in the mold and before drawback of
      plastic from the runner.Iaddend.. .Iadd. 11. The injection molding
      apparatus of claim 1, wherein said valve means prevents communication
      between said first and third passages in positions other than said two
      positions of said valve means. .Iaddend..Iadd. 12. The injection molding
      apparatus of claim 1, wherein the diameter of said cylinder is about equal
      to the diameter of said third passage. .Iaddend..Iadd. 13. The injection
      molding apparatus of claim 12, wherein said cylinder diameter is less than
      the diameter of said barrel. .Iaddend. .Iadd. 14. The injection molding
      apparatus of claim 1, wherein said piston exerts sufficient suction so as
      to sever molten material in a runner from a molded part in the mold.
      .Iaddend..Iadd. 15. The injection molding apparatus of claim 10, wherein
      the diameter of said cylinder is about equal to the diameter of said
      second passage. .Iaddend..Iadd. 16. The injection molding apparatus of
      claim 15, wherein said cylinder diameter is less than the diameter of said
      barrel..Iaddend.
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ABST
PAL  1. A cement .Iadd.mortar .Iaddend.composition comprising a mixture of
      Portland cement, mineral aggregate, about 5%-25% based on the weight of
      said Portland cement of styrene-butadiene-1,3 copolymer having a styrene
      to butadiene weight ratio of about 30:70 to 70:30, water in amount not in
      excess of about 40% based on the weight of said Portland cement, and,
      based on the weight of said copolymer, (a) 2-10% of non-ionic surfactant,
      (b) 1-7.5% of anionic surfactant, at least 15% of which is a sodium alkyl
      sulfate in which the alkyl group contains 9-17 carbon atoms, and (c)
      .[.1-5% of.]. polyorganosiloxane fluid surfactant, .Iadd.in an amount
      equal to about 2.5% of a polyorganosiloxane emulsion containing 29% of the
      polyorganosiloxane .Iaddend.the sum of (a) and (b) not exceeding about 14%
      by weight of said copolymer and the weight ratio of (a) to (b) being
      within the range of about 0.7:1 to 10:1.
BSUM
PAR  This invention relates to additive compositions for modifying the
      properties of Portland cement compositions and to the resulting cement,
      mortar and concrete compositions and methods for their manufacture. More
      specifically, the additive compositions to which the invention relates are
      characterized by containing a copolymer of styrene and butadiene-1,3
      dispersed in water with certain minor amounts of non-ionic, anionic, and
      polyorganosiloxane surfactants.
PAR  I have found that the use of the modified styrene-butadiene copolymer
      dispersions of this invention in combination with Portland cement greatly
      improves various properties of cement-containing mixes. Thus in comparison
      with mortars and concretes prepared without the additive, the modified
      cement compositions of this invention require the use of less water to
      obtain standard flow and working consistency and the mortar or concrete
      obtained has improved strength, especially when cured under adverse curing
      conditions, flexibility, adhesion, and elongation at break as well as
      smaller volume change.
PAR  The Portland cement additive compositions of this invention are, in more
      detail, aqueous dispersions of a copolymer of styrene and butadiene-1,3
      having a styrene:butadiene weight ratio of about 30:70 to 70:30 and, based
      on the weight of the styrene-butadiene copolymer, (a) 2-10% of non-ionic
      surfactant, (b) 1-7.5% of anionic surfactant, at least 15% of which is a
      sodium higher alkyl (i.e., at least nine carbon atoms) sulfate, and (c)
      1-5% of polyorganosiloxane surfactant. Additionally, the amounts of
      non-ionic surfactant, (a), and anionic surfactant, (b), are regulated so
      that their sum, or total amount, is not more than about 11% by weight of
      the styrene-butadiene copolymer and the ratio of (a) to (b) [(a):(b)] is
      about 0.7:1-10:1.
PAR  The concentration of styrene-butadiene copolymer in the cement additive
      compositions of the invention can be varied widely as desired or
      convenient, up to about 60% by weight of the copolymer, but care should be
      taken, of course, not to have so much water in the additive composition
      that when added to a cement, mortar, or concrete mix to provide sufficient
      of the additive, it at the same time introduces more water than is needed
      to make a mix having desired flow and working consistency. In general, the
      additive composition is added in amount sufficient to provide in the mix
      from 5%-25% by weight of the copolymer based on the weight of the Portland
      cement. Thus the additive composition preferably, contains from about 40%
      to 75% by weight of water, but in no event more than the amount which
      would provide in the cement or concrete mix greater than about 40% water
      based on the weight of the Portland cement.
PAR  The styrene-butadiene-1,3 copolymers employed in the compositions and
      methods of the invention can be prepared in aqueous emulsion in accordance
      with known procedures. For example, the styrene and butadiene monomers can
      be mixed in the proportions corresponding to the composition of the
      desired copolymer in water containing an emulsifying agent or agents and
      heated with agitation in the presence of a peroxide catalyst to initiate
      copolymerization. See, for example, Ryden U.S. Patent 2,498,712.
PAR  Some or all of the non-ionic and anionic surfactants employed in the cement
      additive compositions of the invention can be present while effecting
      copolymerization of the styrene and butadiene. Ordinarily, however, it is
      preferred to follow the practices used in making styrene-butadiene
      emulsions for use in preparing the so-called latex paints. Thus some but
      not necessarily all of the anionic surfactant is introduced to aid in
      effecting the desired dispersion and emulsification in carrying out the
      copolymerization of butadiene and styrene, and non-ionic surfactant is
      subsequently added to stabilize the resulting polymer dispersion. The
      polyorganosiloxane surfactant and such additional quantities of non-ionic
      surfactant and anionic surfactant as are required to complete the cement
      additive composition are subsequently introduced.
PAR  Illustrative of non-ionic surfactants are, for example: fatty acid esters
      such as glycerol monostearate, diethyleneglycol laurate, propyleneglycol
      monostearate, sorbitol monolaurate, and pentaerythritol monostearate; acid
      derivatives of ethylene oxide products such as the reaction produc of six
      mols of ethylene oxide with one of oleic acid; condensation products of
      ethylene oxide with alcohols such as stearyl alcohol; and condensation
      products of ethylene oxide with phenols, naphthols, and alkyl phenols such
      as octylphenoxynonaoxyethyleneethanol. Preferred are the condensation
      products of ethylene oxide with alkyl phenols.
PAR  Illustrative of anionic surfactants are, for example: the alkyl aryl
      sulfonates such as dodecylbenzene sodium sulfonate; sulfate derivatives of
      higher fatty alcohols (i.e., alcohols of at least nine carbon atoms and
      ordinarily not more than seventeen carbon atoms) such as sodium lauryl
      sulfate; the sulfonated animal and vegetable oils such as sulfonated fish
      and castor oils; sulfonated acyclic hydrocarbons; and the like. As pointed
      out heretofore, at least 15% of the anionic surfactant component of the
      cement additive of the invention should be a sodium higher alkyl sulfate
      such as sodium lauryl sulfate and preferably the anionic surfactant
      component consists of a mixture of an alkyl aryl sulfonate surfactant and
      such sodium higher alkyl sulfate.
PAR  The foregoing and other non-ionic and anionic surfactants are disclosed, as
      are trade names and sources of supply for such materials, in McCutcheon
      "Synthetic Detergents" (Macnair-Dorland Company, 1950).
PAR  Illustrative of the polyorganosiloxanes are the condensation products
      resulting from polymerization of organo silane diols, as represented by
      the formula
      ##EQU1##
      where R and R', in the above formula, represent organic radicals such as
      alkyl, aryl, aralkyl and alkaryl or heterocyclic groups, and n is one or
      more. Also useful are polymerization products of organo silane diols in
      the presence of an organo silane monol, and condensation products obtained
      from mixtures of organo silane triols, diols, and monols.
PAR  Preferably the organo substituent of the siloxanes is lower alkyl (i.e.,
      methyl, ethyl, propyl), cyclohexyl or phenyl. Most preferably it is
      methyl, and, accordingly, the preferred polyorganosiloxanes are those
      which are condensation products of methyl silicols, and most preferably
      condensation products of dimethyl silane diol.
PAR  Polyorganosiloxanes are commercially available in several forms which are
      designated in the trade as "silicone fluids," "silicone emulsions" and
      "silicone compounds," the latter being siloxanes modified by the addition
      of a small percentage of finely divided silica or other inert divided
      solid. Any of these forms can be used in the practice of this invention.
PAR  The term "Portland cement" is used herein to include generally the kind of
      product obtained by heating lime-clay mixtures, or natural cement-rock, to
      such a temperature that practically the entire product is sintered,
      followed by grinding. Various additives can be included, of course, in
      accordance with conventional Portland cement manufacturing practices. It
      will be understood, of course, that various modifications such as the
      hydraulic cements of the kind commonly known as calcium-aluminate cements
      can be used in place of Portland cement as substantial equivalents
      therefor in the compositions and methods of the invention.
PAR  Cement mixes are made according to the present invention by simply adding
      the cement additive of the invention to the cement with mixing and such
      added water as is necessary to obtain a cement mix of desired flow and
      working consistency. If the cement additive of the invention and Portland
      cement are to be employed in the manufacture of mortar or concrete by
      admixture with a mineral aggregate, such as sand or a mixture of sand with
      gravel, crushed stone or equivalent coarse aggregate, the cement will
      ordinarily constitute, in accordance with conventional practices, more
      than about 10% by weight of the mineral aggregate and usually from about
      15 to 30% of the weight of the mineral aggregate.
PAR  The cement mixes of the invention can be applied as a paint for
      application, for example, to stucco, cinder block, cement block, plaster,
      concrete, wood, etc. The cement mortar and concrete mixes of the invention
      can also be flowed into molds or forms to provide, upon setting,
      structures or objects of the kind for which conventional cement, mortar
      and concrete mixes are now used.
PAR  While it is generally convenient to prepare the cement additive composition
      of the invention as a unitary product by pre-combining the
      styrene-butadiene copolymer, non-ionic, anionic, and polyorganosiloxane
      surfactants and then introducing the resulting mixture into the cement,
      cement-sand, or cement-sand-coarse aggregate mixture in making cement,
      mortar, or concrete mixes, it will be understood, of course, that it is
      not necessary that all the various components of the additive be so
      premixed. For example, equivalent cement, mortar, or concrete mixes are
      obtained by separate addition of the requisite quantity of
      styrene-butadiene copolymer emulsion containing sufficient of the anionic
      and non-ionic surfactants to avoid coagulation of the latex, the
      polyorganosiloxane surfactant, and such additional non-ionic and anionic
      surfactants as are necessary.
DETD
PAR  Compositions of the invention, methods for their preparation, and
      properties of the compositions are illustrated by the following detailed
      examples which are given in addition to the examples recited above. Parts
      and percentages are by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  The styrene-butadiene copolymer used in this example is of a kind marketed
      commercially in the form of an aqueous emulsion for use in making what are
      now known as latex paints. The emulsion contains 47% of
      styrene-butadiene-1,3 copolymer, and, based on the weight of that
      copolymer, approximately 5% of the non-ionic surfactant
      octylphenoxynonaoxyethyleneethanol, about 0.5% of the anionic surfactant
      dodecyl-benzene sodium sulfonate, and about 0.5% of the anionic surfactant
      sodium lauryl sulfate. To prepare the cement additive of this example,
      there is added to this emulsion 2.5%, based on the weight of the
      copolymer, of sodium lauryl sulfate and 2.5% based on the weight of the
      copolymer of polymethyl siloxane emulsion containing 29% of the siloxane.
      Thus the cement additive has the following composition:
TBL                        Parts                                               
     Butadiene-styrene copolymer                                               
                           100                                                 
     Non-ionic surfactant  5                                                   
     Anionic surfactant    3.5                                                 
     Polyorganosiloxane    2.5                                                 
     Water                 119                                                 
PAR  A cement mortar mix is made by intimately mixing the above quantity of
      cement additive with 500 parts Portland cement, 1500 parts sand (graded
      standard natural silica sand from Ottawa, Illinois, as described in ASTM
      specification C-109-54T), and 41 parts water using the mixing method
      identified as ATSM designation C-305-55T "Mechanical Mixing of Hydraulic
      Cement Mortars of Plastic Consistency" and the standard mixing equipment
      described in said method.
PAR  The cement mix of this example is useful for preparing cement, plaster,
      floor topping, tank lining, sprayed concrete and the like for which
      conventional cement mixes are commonly used and is particularly useful for
      patching and resurfacing of concrete roads, sidewalks and wood floors.
      Various physical properties of the mix of this example and the cured
      product obtained therefrom are given in Table II hereafter in comparison
      with several products in which one or more of the additive components are
      omitted.
PAR  The composition of the cement mortar mixes used for comparison with the
      product of this example are shown in Table I below. They are identified as
      comparative products A, B, and C respectively. The additive components
      used in the comparative products B and C correspond in composition to
      those employed in the product of this Example 1 of the invention. The
      mixing method used in preparing the comparative products is the same as
      that used in making the product of Example 1. The quantity of water used
      is such as to give approximately the same consistency in all the mortar
      mixes.
TBL                Table I                                                     
     ______________________________________                                    
                    Comparative Product                                        
                    A      B        C                                          
     ______________________________________                                    
     Portland Cement  500      500      500                                    
     Sand             1,500    1,500    1,500                                  
     Water            275      212      140                                    
     Styrene-butadiene copolymer                                               
                      --       --       100                                    
     Anionic surfactant                                                        
                      --       5        1                                      
     Non-ionic surfactant                                                      
                      --       --       5                                      
     Polyorganosiloxane                                                        
                      --       5        --                                     
     ______________________________________                                    
PAR  Pertinent physical data on the products described in this example are given
      in Table II. All such data except that relating to tensile strength and
      elongation at break are obtained according to the ASTM methods indicated
      in the table. Tensile strength is determined using an Instron tester. It
      is carried out at 25.degree. C. using a one inch cube test specimen from
      the center of a 1 .times. 1 .times. 6 inch sample, a recorder speed of
      five inches per minute, and a cross-head speed of .05 inch per minute.
      Instron Model TTB is used with a D-cell. The standard specimen holder of
      the instrument is milled to accommodate the test sample and expose the one
      inch cube between the jaws. The percent elongation at break is determined
      on the same instrument and in conjunction with the tensile strength
      determination.
PAR  It will be seen in Table II that two sets of data are given for each
      product under the several headings compression strength, flexural
      strength, tensile strength, and elongation at break. The cement products
      on which these tests are made are first cured for 24 hours at 25.degree.
      C. and at 95-100% relative humidity. Certain samples are then kept at
      25.degree. C. and 50% relative humidity and tests made upon them, as
      indicated in Table II, after 7 days and 28 days, including the 24 hour
      initial cure. Other samples are immersed in water immediately after the
      initial 24 hour cure and kept in water at 25.degree. C. until tested, as
      indicated in Table II, after 7 days and 28 days.
TBL                                    Table II                                
     __________________________________________________________________________
                      Product                                                  
                           Comparative Products                                
                      of Ex-                                                   
                      ample 1                                                  
                           A    B    C                                         
     __________________________________________________________________________
     Air Content of Mix (ASTM C-                                               
     185-55T). Percent                                                         
                      13   8    13.8 40                                        
     Set Time (ASTM C-229-52T),min-                                            
     utes             170  250  150  --                                        
     Compression Strength (ASTM C-                                             
     349-54T),lbs./sq.in.:                                                     
     (1) 25.degree.C., 50% relative humid-                                     
     ity-                                                                      
       7 days         2,400                                                    
                           2,400                                               
                                2,200                                          
                                     490                                       
      28 days         3,200                                                    
                           2,700                                               
                                2,380                                          
                                     530                                       
     (2) in water-                                                             
       7 days         2,300                                                    
                           2,300                                               
                                2,180                                          
                                     205                                       
      28 days         2,700                                                    
                           2,800                                               
                                2,775                                          
                                     245                                       
     Flexural Strength (ASTM C-                                                
     348-54T), lbs./sq. in.:                                                   
     (1) 25.degree.C., 50% relative humid-                                     
     ity-                                                                      
       7 days         920  460  370  225                                       
      28 days         1,490                                                    
                           570  510  225                                       
     (2) in water-                                                             
       7 days         950  630  540  --                                        
      28 days         1,200                                                    
                           840  730  225                                       
     Volume Change (ASTM C-157-54T                                             
     for 28 days at 25.degree. C. and 50- rel.                                 
     humitity), Percent:                                                       
      Maximum Shrinkage                                                        
                      .03  .07  .05  .05                                       
      Maximum Expansion                                                        
                      .02  .05  .04  .09                                       
     Tensile Strength:                                                         
     (1) 25.degree. C., 50% relative humid                                     
     ity-                                                                      
       7 days         400  190  275  74                                        
      28 days         660  240  373  85                                        
     (2) in water-                                                             
       7 days         290  210  300  18                                        
      28 days         440  370  388  12                                        
     Elongation at Break, Percent:                                             
     (1) 25.degree. C., 50% relative humid-                                    
     ity-                                                                      
       7 days         .35  .12  .13  .38                                       
      28 days         .39  .06  .01  .61                                       
     (2) in water-                                                             
       7 days         0.33 .13  .03  .58                                       
      28 days         --   .12  .07  .34                                       
     __________________________________________________________________________
PAR  It will be seen from the data in Table II that the product of Example 1, a
      cement composition of this invention, has greatly improved flexural
      strength and tensile strength over that of the comparative products
      especially when it is cured under adverse curing conditions. Additionally,
      it has greater stretchability than comparative products A and B as
      indicated by the data on elongation at break, and exhibits less volume
      change than the comparative products. It is noted as a characteristic of
      comparative product C that considerable air is entrained in making the
      mortar mix for that product according to the standard mixing specification
      identified heretofore and it is believed that the relatively low strength
      characteristics of the resulting concrete are related to the air content.
PAC  .[.EXAMPLE 2
PAR  This example illustrates a cement paint composition of the invention. The
      styrene-butadiene copolymer employed in the paint is introduced into the
      paint as an emulsion of the copolymer having approximately the following
      composition:
TBL                               Parts                                        
     Copolymer (67% styrene and 33% butadiene                                  
                                  21                                           
     Anionic surfactant           .2                                           
     Non-ionic surfactant         1                                            
     Water                        20                                           
PAR  2 parts of a 25% solution in water of sodium lauryl sulfate and 1.7 parts
      of a 29% dispersion in water of polymethyl siloxane are mixed in 8.8 parts
      of water. The resulting mix is then intimately mixed along with the
      aforesaid styrene-butadiene emulsion and Portland cement to give a cement
      paint having the following composition:
TBL                               Parts                                        
     Portland cement              100                                          
     Styrene-butadiene emulsion-48% polymer con-                               
     tent                         43                                           
     25% aqueous solution sodium lauryl sulfate                                
                                  2                                            
     29% emulsion polymethyl siloxane                                          
                                  1.7                                          
     Water                        8.8                                          
PAR  The cement paint of this example is adapted for application to stucco,
      cinder block, cement block, wood, glass, metal, concrete, etc. and
      exhibits excellent adhesion..].
PAR  While the invention has been described in detailed examples with particular
      reference to specific embodiments, it will be appreciated that no
      unnecessary limitations are to be understood therefrom. The invention is
      not limited to the exact details shown and described for obvious
      modifications will occur to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cement .Iadd.mortar .Iaddend.composition comprising a mixture of
      Portland cement, mineral aggregate, about 5%-25% based on the weight of
      said Portland cement of styrene-butadiene-1,3 copolymer having a styrene
      to butadiene weight ratio of about 30:70 to 70:30, water in amount not in
      excess of about 40% based on the weight of said Portland cement, and,
      based on the weight of said copolymer, (a) 2-10% of non-ionic surfactant,
      (b) 1-7.5% of anionic surfactant, at least 15% of which is a sodium alkyl
      sulfate in which the alkyl group contains 9-17 carbon atoms, and (c)
      .[.1-5% of.]. polyorganosiloxane fluid surfactant, .Iadd.in an amount
      equal to about 2.5% of a polyorganosiloxane emulsion containing 29% of the
      polyorganosiloxane .Iaddend.the sum of (a) and (b) not exceeding about 11%
      by weight of said copolymer and the weight ratio of (a) to (b) being
      within the range of about 0.7:1 to 10:1.
NUM  2.
PAR  2. The composition of claim 1 in which the non-ionic surfactant is
      octylphenoxynonaoxyethyleneethanol, the anionic surfactant comprises a
      mixture of an alkyl aryl sulfonate and a sodium alkyl sulfate, at least
      15% of said anionic surfactant being a sodium sulfate in which the alkyl
      group contains 9 to 17 carbon atoms, and the polyorganosiloxane fluid
      surfactant is polymethylsiloxane.
NUM  3.
PAR  3. The composition of claim 2 in which the alkyl aryl sulfonate is
      dodecylbenzene sodium sulfonate.
NUM  4.
PAR  4. A cement composition comprising a mixture of Portland cement, about
      5%-25% based on the weight of said Portland cement of
      styrene-butadiene-1,3 copolymer having a styrene to butadiene weight ratio
      of about 30:70 to 70:30, water in amount not in excess of about 40% based
      on the weight of said Portland cement, and, based on the weight of said
      copolymer, (a) 2%-10% of non-ionic surfactant of the group consisting of
      fatty acid esters, acid derivatives of ethylene oxide, condensation
      products of ethylene oxide with alcohols, condensation products of
      ethylene oxide with phenols, condensation products of ethylene oxide with
      alkyl phenols, and mixtures of said non-ionic surfactants, (b) 1%-7.5% of
      anionic surfactant from the group consisting of alkyl aryl sulfonates,
      sulfate derivatives of fatty alcohols of 9-17 carbon atoms, sulfonated
      animal oils, sulfonated vegetable oils, and mixtures thereof provided
      however that at least 15% of said anionic surfactant is a sodium alkyl
      sulfate in which the alkyl group contains 9-17 carbon atoms, and (c)
      .[.1%- 5% of polymethylsiloxane fluid.]., .Iadd.about 2.5% of a
      polymethylsiloxane emulsion containing 29% of the polymethylsiloxane
      .Iaddend.the sum of (a) and (b) not exceeding about 11% by weight of said
      copolymer, and the weight ratio of (a) to (b) being within the range of
      about 0.7:1 to 10:1.
NUM  5.
PAR  5. A method for making a cement composition which comprises intimately
      mixing Portland cement, mineral aggregate, a dispersion of
      styrene-butadiene-1,3 copolymer having a styrene to butadiene weight ratio
      of about 30:70 to 70:30, water in an amount not in excess of about 40%
      based on the weight of said Portland cement, and, based on the weight of
      said copolymer, (a) 2-10% of non-ionic surfactant, (b) 1-7.5% of anionic
      surfactant, at least 15% of which is a sodium alkyl sulfate in which the
      alkyl group contains 9-17 carbon atoms, and (c) .[.1-5% of.].
      polyorganosiloxane fluid surfactant .Iadd.in an amount equal to about 2.5%
      of a polyorganosiloxane emulsion containing 29% of the
      polyorganosiloxane.Iaddend., the sum of (a) and (b) not exceeding about
      11% by weight of said copolymer and the weight ratio of (a) to (b) being
      within the range of about 0.7:1 to 10:1.
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ABST
PAL  A process for alkylating an isoparaffin with a lighter olefin and a heavier
      olefin by contacting the isoparaffin with the lighter olefin and a first
      alkylation catalyst in a first alkylation zone, contacting the hydrocarbon
      effluent from the first alkylation zone with the heavier olefin and a
      second alkylation catalyst in a second alkylation zone, and recovering the
      product of the process from the hydrocarbon effluent from the second
      alkylation zone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for alkylating an alkylatable
      isoparaffinic hydrocarbon with olefinic hydrocarbons. More specifically,
      this invention relates to a process for producing an alkylation reaction
      product from an isoparaffinic reactant, a lighter olefinic reactant and a
      heavier olefinic reactant, utilizing acid-acting alkylation catalysts.
      This invention further relates to the process for producing an alkylation
      reaction product having superior qualities as a component of motor fuels,
      in comparison to the product produced by previously employed alkylation
      processes.
PAR  Alkylation of isoparaffinic hydrocarbons, such as isobutane, isopentane and
      the like, with olefinic hydrocarbons such as propylene, butylenes,
      amylenes, and the like, is well known as a commercially important method
      for producing gasoline boiling range hydrocarbons. The C.sub.5 --C.sub.10
      hydrocarbons generally produced by the alkylation reaction are termed
      "alkylate." Alkylate is particularly useful as a motor fuel blending stock
      because of its high motor octane and research octane ratings, such that it
      can be used to improve the overall octane ratings of gasolines to comply
      with the requirements of modern automobile motors. Such high octane
      products are particularly important in producing unleaded motor fuels of
      sufficient quality when it is desired not to employ alkyl lead compounds
      in the fuel to meet octane requirements. A continuing goal of the art is
      to provide an isoparaffin-olefin alkylation process which produces an
      alkylate product having higher motor and research octane ratings than is
      possible using conventional processes.
PAR  Recent trends in motor fuel requirements and projections of future
      requirements in this area indicate that the production of motor fuels
      distilling at end points below about 300.degree. F. may be desirable
      and/or necessary to meet projected standards. Conventional
      isoparaffin-olefin alkylation processes do not have the capacity to
      produce an alkylate product having a distillation end point low enough to
      be useful in providing such low end point motor fuels. The process of the
      present invention provides a method whereby an alkylate product having a
      significantly lower distillation end point than possible using
      conventional processes may be produced, in addition to the increased value
      of the product of the present process resulting from octane rating
      improvements.
PAR  In general, commercial isoparaffin-olefin alkylation processes employ
      isobutane as the isoparaffin and propylene and/or butylenes as the
      olefins. Catalysts utilized include hydrogen fluoride, sulfuric acid and
      other like acidic or acid-acting materials. The isoparaffin, olefins and
      catalyst are typically contacted in an alkylation reactor, forming a
      reaction mixture. After the alkylation reaction is substantially complete,
      the reaction mixture is withdrawn from the reactor and is separated into
      hydrocarbon and catalyst phases in a separation zone, generally by
      settling in a settling vessel, and the catalyst thus separated is recycled
      to the reactor for further use. The hydrocarbon phase produced is further
      processed, for example, by fractionation, to recover the alkylate product
      and to separate unconsumed reactants, e.g., isoparaffin, for further use.
PAR  It has been found preferable to conduct isoparaffin-olefin alkylation
      processes at particular conditions of temperature and pressure, and at
      specific concentrations of reactants and catalysts in order to produce an
      optimum yield of high quality alkylate product. A large molar excess of
      isoparaffin, relative to olefin, in the reaction mixture, generally about
      10:1 to about 30:1, is one of the conditions required to provide even an
      adequate product. It has been found desirable to employ as large an excess
      of isoparaffin as possible, since the quality of the alkylate product is
      improved thereby. Thus, a considerable amount of isoparaffin is generally
      recovered and recycled to the reactor after separation from the
      hydrocarbon phase of the reactor effluent. The large amount of isoparaffin
      which must accordingly be passed, unreacted, through the alkylation
      reactor and settler and separated from the alkylate product necessitates
      the use of fractionation equipment of large capacity in order to provide
      an adequate separation of the product alkylate from the isoparaffin to be
      recycled. Limitations on the amount of excess isoparaffin employed are
      primarily of an economic nature. The expense and difficulty of providing a
      large isoparaffin throughput and recycle may be obviated, in part, through
      the use of the process of this invention.
PAR  It is known that higher quality alkylate may be produced, in the alkylation
      of different molecular weight olefins such as propylene and butylenes,
      etc., with an isoparaffin, when one olefin, for example, propylene is
      separately alkylated with the isoparaffin at one set of reaction
      conditions while, for example, butylenes are alkylated with the
      isoparaffin at a different set of reaction conditions. However, it has
      been found necessary to maintain the same high molar excess of isoparaffin
      to olefin in both the propylene alkylation reaction and the butylenes
      alkylation reaction in order to provide an adequate product. The separate
      alkylation of, for example, C.sub.3 and C.sub.4 olefins has, therefore,
      been found uneconomical, because of the expense of providing separate
      reactors for the C.sub.3 and C.sub.4 olefins when combined with the
      above-noted expense and difficulties in handling the large molar excess of
      isoparaffin, to provide a high quality product.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a process for
      alkylating an isoparaffin with a lighter olefin and a heavier olefin. A
      further object of the present invention is to provide a process for
      producing a superior alkylation reaction product from a lighter olefin, a
      heavier olefin and an isoparaffin. Another object of the present invention
      is to provide an isoparaffin-olefin alkylation process having a reduced
      isoparaffin handling requirement, while maintaining a high isoparaffin
      concentration during the alkylation reaction.
PAR  In a broad embodiment, the present invention relates to a process for
      producing an alkylation reaction product from an isoparaffinic reactant, a
      lighter olefinic reactant and a heavier olefinic reactant which comprises
      the steps of: (a) contacting said isoparaffinic reactant and said lighter
      olefinic reactant with a first alkylation catalyst in a first alkylation
      zone at first alkylation conditions; (b) recovering from said first
      alkylation zone a first hydrocarbons stream which comprises a portion of
      said isoparaffinic reactant and a portion of said alkylation reaction
      product; (c) contacting said heavier olefinic reactant and at least a
      portion of said first hydrocarbons stream with a second alkylation
      catalyst in a second alklyation zone at second alkylation conditions; (d)
      recovering from said second alkylation zone a second hydrocarbons stream
      which comprises at least a portion of said alkylation reaction product;
      and (e) recovering said alkylation reaction product from said hydrocarbons
      stream.
PAR  I have discovered a method whereby a lighter olefinic reactant and a
      heavier olefinic reactant can be alkylated separately with an isoparaffin
      at different alkylation conditions preferred for separate alkylation of
      the two olefins, providing a superior reaction product from both olefins.
      Simultaneously, the amount of excess isoparaffin required for optimum
      alkylation conditions can be reduced. By passing the total charge of
      isoparaffinic reactant into a first alkylation reactor with the lighter
      olefinic reactant, charging the hydrocarbon effluent from the first
      reactor and the heavier olefinic reactant to a second alkylation reactor,
      and recovering the alkylate product from the hydrocarbon effluent from the
      second alkylation reactor, the separate alkylation of the ligher and
      heavier olefins can be accomplished with an optimum concentration of
      excess isoparaffin for both the reactions in both reactors without the
      necessity of providing separate isoparaffin supplies to the two reactors
      employed.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The attached drawing illustrates a particular embodiment of the present
      invention. In the embodiment shown, isobutane is employed as the
      isoparaffin, butylenes and propylene are employed as the heavier and
      lighter olefinic reactants, respectively, and hydrogen fluoride catalysts
      are employed in both alkylation reactors, the catalysts having different
      concentrations of hydrogen fluoride therein. The scope of the present
      invention is not limited to the embodiments illustrated thereby. Further
      objects, embodiments, and illustrations indicative of the broad scope of
      the present invention will be apparent to those skilled in the art from
      the description of the drawing and preferred embodiments of the invention
      hereinafter provided.
DETD
PAR  Referring to the drawing, isobutane is charged in conduit 1. The lighter
      olefinic reactant, comprising propylene, is charged through conduit 2 and
      passed in conduit 1 in admixture with isobutane. The mixture of propylene
      and isobutane is passed through conduit 1 and a portion thereof is
      diverted through conduits 3 and 4 and the reactants in conduits 1, 3 and 4
      are passed separately into alkylation reactor 5 to insure thorough mixing
      in reactor 5. In alkylation reactor 5 the isoparaffin and olefin are
      contacted and thoroughly admixed, with high strength hydrogen fluoride
      catalyst comprising about 95% acid to form a reaction mixture. Reactor 5
      is provided with indirect heat exchange means not shown. Coolant is
      introduced through conduit 6 into reactor 5 and passed in indirect heat
      exchange with the reactants and catalyst therein. The heat exchange
      coolant is withdrawn from reactor 5 through conduit 7. The reaction
      mixture is maintained at a temperature of about 90.degree. F. and a
      pressure sufficient to provide liquid phase operations in reactor 5.
      Reaction mixture, comprising catalyst, alkylated hydrocarbons, unreacted
      hydrocarbons such as isobutane, and possibly some propylene, is withdrawn
      and passed via conduit 8 to a settler 9. In settler 9 high strength
      hydrogen fluoride catalyst is separated from a hydrocarbon phase
      containing alkylated hydrocarbons, unreacted hydrocarbons and possibly
      some alkyl fluoride compounds. The high strength hydrogen fluoride
      catalyst forms a separate heavier phase in a settler 9 and is withdrawn
      through conduit 10, passed through pump 13 and through conduit 14, and
      thus recycled to reactor 5. A small portion of the high strength catalyst
      in conduit 10 is withdrawn through conduit 11 and passed to a catalyst
      regeneration operation not shown. Fresh and/or regenerated catalyst
      containing a high concentration of hydrogen fluoride, e.g., 97 wt. percent
      is charged through conduit 12 to conduit 10 in order to maintain the
      catalyst employed in reactor 5 at an optimum strength. Referring again to
      settler 9, the hydrocarbon phase comprising alkylation reaction products,
      isobutane and possibly some alkyl fluoride, etc., is withdrawn and passed
      through conduit 15. The heavier olefinic reactant, comprising butylenes,
      is charged through conduit 16 into conduit 15 and admixed with the
      hydrocarbon materials in conduit 15. The admixed butylenes and hydrocarbon
      effluent from settler 9 are passed further through conduit 5 into reactor
      19. Portions of the combined butylenes and hydrocarbon effluent in conduit
      15 are diverted from conduit 15 to conduit 17 and conduit 18 and passed
      therethrough into reactor 19 in order to provide thorough mixing with
      alkylation catalyst in reactor 19. Reactor 19 is provided with indirect
      heat exchange means not shown. Coolant is charged to reactor 19 by way of
      conduit 20. The coolant is passed in indirect heat exchange with the
      reaction mixture in reactor 19 and subsequently withdrawn through conduit
      21. The reactants charged to reactor 19 through conduits 15, 17 and 18 are
      admixed with low strength hydrogen fluoride catalyst, containing about 90
      wt. percent acid, to form a reaction mixture in reactor 19. The reaction
      mixture in reactor 19 is maintained at a temperature of about 90.degree.
      F. in liquid phase operations. After the alkylation reaction is
      substantially complete, reaction mixture is withdrawn from reactor 19 and
      passed through conduit 22 into reaction soaker 23, wherein the reaction
      mixture is maintained for an additional time at alkylation temperature and
      pressure. The mixture is withdrawn from the reaction soaker and passed
      through conduit 24 into settler 25. In settler 25, a heavier, low strength
      hydrogen fluoride catalyst phase separates and is withdrawn through
      conduit 26, passed through pump 29 and charged via conduit 30 to reactor
      19. A small portion of the low strength catalyst in conduit 26 is
      withdrawn through conduit 27 and passed to regeneration not shown. Fresh
      and/or regenerated catalyst is charged through conduit 28 to conduit 26.
      Referring again to settler 25, a lighter, hydrocarbon phase, comprising
      alkylate product and unreacted isobutane, is withdrawn through conduit 31
      and passed to conventional fractionation means, such as an isobutane
      stripper, for further conventional separation of the alkylate product, and
      preferably, recycle of the isobutane to reactor 5.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The isoparaffinic and olefinic reactants which are preferably employed in
      the process of the present invention are well known in the art. Isobutane
      is the preferred isoparaffin although isopentane, isohexane, and the like,
      may be employed. A suitable isoparaffinic reactant may contain some
      non-reactive contaminants such as normal paraffins. For example, a typical
      commercial isobutane reactant may contain some propane and normal butane.
      The preferred heavier olefinic reactant comprises butylenes. A preefrred
      olefinic reactant may comprise, for example, pure butene-1, pure butene-2,
      pure isobutylene, or any mixture of two or all of the butylene isomers.
      Also preferred for use as the heavier olefinic reactant is a mixture of
      butylenes with some amylenes or other heavier olefinic reactants. Other
      suitable heavier olefinic reactants include C.sub.5 and heavier olefins,
      but these may not provide results equivalent to those obtained with
      C.sub.4 olefins. A preferred heavier olefinic feed stock may contain small
      amounts of such hydrocarbons as normal paraffins, isoparaffins, ethylene,
      propylene, etc.
PAR  The lighter olefinic reactant is preferably propylene, and may suitably be
      pure propylene or may contain small amounts of paraffins, isoparaffins,
      ethylene, butylenes, etc. A typical commercial propylene alkylation
      reactant contains propylene and propane. It is preferred that the heavier
      olefinic reactants be substantially free from the lighter olefin employed
      and, likewise, that the lighter olefinic reactant be substantially free
      from heavier olefin employed. By way of example, a typical preferred
      isoparaffinic feed stock may contain, for example 95 wt. percent
      isobutane, 1 wt. percent propane, and 4 wt. percent normal butane, while a
      typical preferred heavier olefinic reactant feed stock may contain about
      40 wt. percent butylenes, 45 wt. percent isobutane and 15 wt. percent
      normal butane, and a typical preferred lighter olefinic reactant feed
      stock may contain 60 wt. percent propylene and 40 wt. percent propane.
PAR  Alkylation catalysts which can be utilized in the present invention,
      include alkylation catalysts known in the art. For example, strong acids
      such as hydrogen fluoride, sulfuric acid and phosphoric acid have all been
      employed. Other suitable catalysts include metal halides such as aluminum
      chloride, antimony halides, etc., boron halides, and certain crystalline
      aluminosilicates catalytically active for alkylation of isoparaffins, such
      as faujasite, mordenite, etc., either with or without the addition of
      catalytic amounts of metals or metal ions.
PAR  In general, hydrogen fluoride alkylation catalyst is preferred for use as
      an alkylation catalyst in the present process. Conventional hydrogen
      fluoride alkylation catalyst comprises about 75 wt. percent or more of
      titratable acid and about 5 wt. percent or less water, with the remainder
      made up of hydrocarbons and combined fluoride in solution in the acid.
      Such a conventional alkylation catalyst is suitable for use both as the
      alkylation catalyst in the first alkylation zone, for alkylating the
      isoparaffin with the lighter olefinic reactant, and in the second
      alkylation zone for use with the heavier olefinic reactant. In a
      particularly preferred embodiment of the process of this invention, two
      different strength hydrogen fluoride catalysts are employed. A higher
      strength alkylation catalyst is preferably utilized in the first
      alkylation zone to alkylate the isoparaffin with the lighter olefinic
      reactant, comprising preferably propylene. This higher strength catalyst
      is characterized by a concentration of titratable acid of about 80 wt.
      percent to about 99 wt. percent a water concentration of about 0.1 wt.
      percent to about 1 wt. percent and a hydrocarbon concentration of about 1
      wt. percent to about 20 wt. percent. A different, lower strength hydrogen
      fluoride alkylation catalysts is preferably utilized in the second
      alkylation reaction zone in the reaction involving the heavier olefinic
      reactant, preferably comprising butylenes. The lower strength alkylation
      catalyst is characterized by a titratable acid concentration of about 65
      wt. percent to about 95 wt. percent, a water concentration of about 0.1
      wt. percent to about 1 wt. percent and a hydrocarbon concentration of
      about 5 wt. percent to about 35 wt. percent. A particularly preferred
      higher strength catalyst contains about 90 wt. percent to about 9 wt.
      percent acid while a particularly preferred lower strength catalyst
      contains about 80 wt. percent to about 95 wt. percent acid.
PAR  Numerous alkylation reaction zones suitable for use in the process of this
      invention are known in the art. For example, but not by way of limitation,
      the alkylation reactors described in U.S. Pats. 3,456,033, 3,469,949 and
      3,501,536 may be suitably employed for both alkylation reactions when a
      fluid catalyst such as the preferred hydrogen fluoride catalyst is
      utilized. Isoparaffin-olefin alkylation conditions associated with the
      particular alkylation reactors described in the above-listed patents or in
      connection with other suitable conventional alkylation reactors, are also
      well known and may be used in particular embodiments of the present
      invention. The scope of the present invention is intended to include, for
      example, embodiments of the present process in which reactants and fluid
      catalysts are contacted in the alkylation zones and catalyst is
      subsequently separated from the reaction products by settling for further
      use. The scope of the present invention also includes embodiments wherein
      beds of a solid catalyst, such as a zeolitic catalyst, are employed in one
      or both of the reactors and the hydrocarbon effluent from the first
      reactor may thus be passed to the second reactor without further
      separation from the catalyst by settling. Particular alkylation zones and
      optimum alkylation conditions in specific embodiments of the present
      process depend upon the composition of the particular heavier olefinic
      reactant feed stream, the particular lighter olefinic reactant feed
      stream, the isoparaffin feed stream, and the type of catalyst employed.
      For example, in the preferred embodiment, isobutane and a lighter olefinic
      reactant comprising about 50 volume percent to about 70 volume percent
      propylene and about 30 volume percent to about 50 volume percent propane
      are contacted, at an isobutane/propylene mole ratio of about 5:1 to about
      50:1, with a hydrogen fluoride catalyst in a first alkylation reaction
      zone at alkylation conditions including a temperature in the range from
      about 0.degree. F. to about 200.degree. F., a pressure sufficient to
      maintain the hydrocarbons and catalyst as liquids, a catalyst/hydrocarbon
      volume ratio in the first alkylation reactor in the range from about 0.1:1
      to about 10:1 and a contact time (defined as the volume of the alkylation
      reactor divided by the volumetric flow rate, per minute of reactants and
      catalyst charged) in the first alkylation reactor in the range from about
      0.1 minute to about 30 minutes. In this preferred embodiment, a heavier
      olefinic reactant comprising about 30 volume percent to about 60 volume
      percent butylenes with the remainder made up of propane and butanes, is
      contacted in a second alkylation reactor with the hydrocarbon effluent
      from the first alkylation zone, and with a hydrogen fluoride catalyst, at
      alkylation conditions including a temperature in the range from about
      0.degree. F. to about 200.degree. F., a pressure sufficient to maintain
      liquid phase operations, a catalyst/hydrocarbon volume ratio, in the
      second alkylation reactor, of about 0.1:1 to about 10:1 and a contact time
      in the second alkylation reactor in the range from about 0.1 minute to
      about 30 minutes.
PAR  In a particularly preferred embodiment, alkylation conditions in the first
      alkylation zone include employment of the presferred high strength
      hydrogen fluoride alkylation catalyst described above and also include a
      temperature of about 60.degree. F. to about 150.degree. F., with a
      temperature of about 75.degree. F. to about 120.degree. F. particularly
      preferred, a pressure sufficient to maintain the reactants and catalyst as
      liquids, and a reaction time of about 0.1 minute to about 20 minutes.
      Preferably, in this particular embodiment, isobutane and propylene
      reactants are charged to the first alkylation reactor at a mole ratio of
      about 20:1 to about 30:1, and a catalyst-to-hydrocarbon volume ratio of
      about 0.5:1 to about 2:1 is maintained in the first alkylation zone.
      Likewise, in this particular preferred embodiment, alkylation conditions
      in the second alkylation reactor include the use of the preferred low
      strength hydrogen fluoride alkylation catalyst, as described above, and
      also include a temperature of about 40.degree. F. to about 110.degree. F.,
      with a temperature of about 50.degree. F. to about 100.degree. F.
      particularly preferred, a pressure sufficient to maintain the reactants
      and catalyst as liquids, and a reaction time of about 0.1 minute to about
      20 minutes. Preferably, the hydrocarbon effluent from the first alkylation
      zone and the heavier olefinic reactant, comprising butylenes, are charged
      to the second alkylation reactor at a butylenes-to-hydrocarbon effluent
      mole ratio of about 1:20 to about 1:30, and a catalyst-to-hydrocarbon
      volume ratio of about 0.5:1 to about 2:1 is maintained in the second
      alkylation reactor. By maintaining the above-described preferred
      conditions in the first alkylation zone and second alkylation zone
      respectively, when using propylene as the lighter olefinic reactant and
      butylenes as the heavier olefinic reactant, it is possible to provide an
      optimum yield of high quality alkylate product from both the propylene
      alkylation reaction and the butylenes alkylation reaction. The desirable
      high molar ratio of isobutane is also maintained in both the first and
      second alkylation reaction zones without the necessity of maintaining
      enough surplus isobutane to provide separate charges of excess isobutane
      to the separate reactors as taught in prior art. By employing the
      hydrocarbons, particularly isobutane, required in the second alkylation
      zone, the same charge of hydrocarbons acts, in part, as the excess
      required in both the lighter olefin alkylation reaction and the heavier
      olefin alkylation reaction. By utilizing propylene as the lighter olefinic
      reactant, and maintaining the above-described preferred alkylation
      conditions in the first alkylation zone, self-alkylation of isobutane, the
      preferred isoparaffin reactant, is enhanced. Under the preferred
      conditions employed in the first alkylation zone, propylene reacts with
      isobutane to provide propane and isobutylene, in what is known in the art
      as the hydrogen transfer reaction. The isobutylene thus formed reacts in
      an alkylation reaction with further isobutane to provide primarily high
      octane C.sub.8 hydrocarbons. Thus, while more isobutane may be consumed in
      the preferred embodiment of the present process than in some conventional
      alkylation processes, the increased consumption would be more than offset
      by the products of additional amounts of superior alkylate product.
PAR  In the preferred embodiment, the reaction mixture formed in the second
      alkylation reactor is passed through a reaction soaker. In the description
      of the preferred embodiments herein provided, it is intended that both the
      second alkylation reactor and the reaction soaker, as well as a settler,
      are included within the scope of the term "second alkylation zone."
      Suitable reaction soakers are well known in the art. For example, the
      reaction soakers described in U.S. Pats. 3,560,587 and 3,607,970 may
      suitably be employed in the present process. Such reaction soakers are
      commonly vessels equipped with perforated trays, baffle sections, or the
      like, to maintain the mixture of catalyst and hydrocarbons charged from
      the second alkylation reactor as a fairly homogenous mixture at alkylation
      temperature and pressure for a predetermined length of time. The mixture
      of catalyst and hydrocarbons is maintained in the reaction soaker for a
      time which depends on the composition of the reaction mixture. A reaction
      soaker residence time of about 1 minute to about 30 minutes is preferred.
      The temperature and pressure maintained in the reaction soaker are the
      same as the temperature and pressure maintained in the second alkylation
      reactor.
PAR  Means for separating a hydrocarbon phase from, for example, a fluid
      catalyst phase, such as a hydrogen fluoride catalyst, in the effluent from
      an alkylation reactor or reaction soaker are well known in the alkylation
      art. Generally, when a fluid catalyst such as hydrogen fluoride is
      employed in the present process, the effluent from an alkylation reactor
      or soaker comprises a mixture of isoparaffin, reaction products, catalyst
      and catalyst-soluble organic materials with small amounts of olefin-acting
      compounds, light hydrocarbon gases, etc. When this mixture is allowed to
      stand unstirred, i.e., settled, the reaction products, isoparaffin, light
      hydrocarbon gases, and possibly some organic fluorides, from a hydrocarbon
      phase, possibly containing a small amount of catalyst in solution. The
      catalyst and catalyst-soluble hydrocarbons form a separate phase. The
      hydrocarbon phase is thus easily mechanically separated from the catalyst
      phase. The temperature and pressure maintained during such a settling
      operation in an alkylation process, required when a fluid catalyst is
      utilized, are substantially the same as those described in connection with
      alkylation reaction conditions employed in the reactor. The hydrocarbons
      and the catalyst are preferably maintained in the liquid phase during the
      separation operation. The term "alkylation zone" is intended to include a
      settler as well as a reactor, where a settler is required in order to
      separate the hydrocarbons from the catalyst, e.g., when hydrogen fluoride
      catalyst is employed.
PAR  Some means for withdrawing heat from the alkylation zones is usually
      necessary for satisfactory operation of the process. A variety of means
      for accomplishing the heat withdrawal are well known. For example, in a
      preferred embodiment the heat generated by the alkylation reaction may be
      withdrawn directly from the alkylation reactor by indirect heat exchange
      between cooling water and the reaction mixture in the reactor.
PAR  The hydrocarbon stream, or phase, recovered, in the preferred embodiment,
      from the first alkylation reactor by settling the reaction mixture
      effluent therefrom, is combined with the heavier olefinic reactant,
      preferably butylenes, and charged to the second alkylation reactor,
      wherein this combined hydrocarbons stream is contacted with an alkylation
      catalyst. It is contemplated that sufficient isoparaffin is charged to the
      first reactor so that no further isoparaffin need be added to the
      hydrocarbons charged to the second reactor. Generally, the total isobutane
      charged to the alkylation process is passed through, in turn, the first
      alkylation zone and the second alkylation zone. Under some conditions, it
      may be advantageous to charge some further isobutane to the second
      alkylation reactor, and such a modification is within the scope of this
      invention. The second hydrocarbons stream, recovered from the second
      alkylation zone, is passed to further conventional separation operations
      and equipment, such as a fractionator, whereby the alkylation product is
      separated from unconsumed isoparaffin and any entrained or dissolved
      catalyst such as hydrogen fluoride, if any, which is present in the
      hydrocarbons effluent from the second alkylation zone. Any suitable method
      utilized in the prior art to separate the alkylate product from the
      isoparaffin and, for example, hydrogen fluoride, may be employed in the
      present process.
PAR  The alkylation reaction product produced in the improved process of this
      invention includes primarily C.sub.7 and C.sub.8 saturated hydrocarbons
      resulting from the alkylation reactions of the isoparaffin with both the
      lighter and the heavier olefinic reactants. The primary products include,
      for example, dimethylpentanes and trimethylpentane. It is well known that
      more highly branched hydrocarbons possess superior properties as motor
      fuel, and the present invention is directed, in part, to providing
      alkylate from the process containing a higher ratio of more highly
      branched hydrocarbons, such as trimethylpentanes, to less branched
      hydrocarbons, such as dimethylhexanes. Thus, it is apparent that the
      present invention provides a novel process for producing a superior
      alkylate product by a method more economical and convenient than has been
      available in the prior art.
PAC  EXAMPLE I
PAR  A supply of mixed butylenes charge stock was obtained and analyzed. It was
      found to contain 50 wt. percent butene-2, 28 wt. percent isobutylene and
      22 wt. percent butene-1. A supply of propylene charge stock was obtained
      and analyzed and found to contain 99.6 wt. percent propylene. A supply of
      isobutane charge stock was obtained, and analysis showed that it contained
      96 wt. percent isobutane, 3 wt. percent normally butane and 1 wt. percent
      propane.
PAR  Organic catalyst diluent was prepared, as needed for use in alkylation
      catalysts by charging 4 liters of isobutylene and 1.6 liters of 99 wt.
      percent hydrogen fluoride to an 8.81 liter stirred autoclave under a 200
      p.s.i. nitrogen atmosphere, allowing the olefin and catalyst to react for
      one hour at 60.degree. C., and then separating the diluent from the acid.
      Analysis of the diluent showed that it comprised polyisobutylenes having a
      molecular weight in the range from about 200 to about 500.
PAR  In order to demonstrate the utility of the process of the present
      invention, a portion of the propylene charge stock was mixed with a
      portion of the isobutane charge stock at an isobutane/propylene mole ratio
      of 24:1. This mixture was continuously charged to an alkylation reactor at
      the rate of 0.5 mole propylene per hour and 12 moles isobutane per hour.
      Simultaneously, hydrogen fluoride alkylation catalyst containing 95 wt.
      percent hydrogen fluoride, 4 wt. percent organic diluent and 1 wt. percent
      water was also continuously charged to the reactor. The alkylation reactor
      was equipped with stirring means and means for removing excess heat of
      reaction. An acid/hydrocarbon volume ratio of 3/2 was maintained in the
      reactor. The reaction mixture formed in the alkylation reactor was
      maintained at a temperature of 105.degree. F. and a pressure of 15
      atmospheres. A residence time (defined as the volume of the reactor
      divided by the total volume of reactants and catalyst charged per minute)
      of 10 minutes was maintained. The reaction mixture was continuously
      withdrawn from the alkylation reactor, passed into a settling vessel, and
      held at a residence time of 5 minutes, whereby the mixture was separated
      into a catalyst phase and a hydrocarbon phase. The catalyst phase was
      recovered and recycled to the alkylation reactor for further use. The
      hydrocarbon phase was withdrawn from the settler and recovered. The
      hydrocarbons thus recovered from the settler were continuously charged to
      an alkylation reactor identical to the one used, as described above, to
      react the propylene. A portion of the above-described butylenes feed stock
      was admixed with the hydrocarbon phase and continuously charged to the
      alkylation reactor at the rate of 0.5 mole of C.sub.4 olefins per hour.
      Simultaneously, hydrogen fluoride alkylation catalyst containing 75 wt.
      percent hydrogen fluoride, 24 wt. percent organic diluent and 1 wt.
      percent water was also charged to the alkylation reactor. An
      acid/hydrocarbon volume ratio of 3/2 was maintained in the reactor. The
      reaction mixture formed from the catalyst and hydrocarbons was held at a
      temperature of 90.degree. F. and a pressure of 15 atmospheres for a
      residence time of 10 minutes. The reaction mixture was continuously
      withdrawn from the alkylation reactor, charged to a settling vessel and
      settled to provide a catalyst phase and a hydrocarbon phase. The catalyst
      phase was continuously removed and recycled to the alkylation reactor for
      further use. The hydrocarbon phase was continuously withdrawn from the
      settling vessel. The C.sub.5 and heavier hydrocarbons in this hydrocarbon
      phase were separated and recovered as the product of the alkylation
      process. When this product was analyzed, it was found to have a clear
      research octane number of 95.2 and a clear motor octane number of 92.5.
PAC  EXAMPLE II
PAR  In order to demonstrate the superiority of the process of the present
      invention over other methods for alkylating isobutane with propylene and
      butylenes, a portion of the same butylenes charge stock used in Example I
      was mixed with a portion of the same isobutane charge stock used in
      Example I at an isobutane/C.sub.4 olefins mole ratio of 24:1: This mixture
      was continuously charged to an alkylation reactor identical to those used
      in Example I at the rate of 0.5 mole of C.sub.4 olefins per hour and 12
      moles isobutane per hour. Simultaneously, hydrogen fluoride alkylation
      catalyst containing 5 wt. percent hydrogen fluoride, 24 wt. percent
      organic diluent and 1 wt. percent water was also continuously charged to
      the reactor. An acid/hydrocarbon volume ratio of 3/2 was maintained in the
      reactor. The reaction mixture formed in the alkylation reactor was
      maintained at a temperature of 90.degree. F. and a pressure of 15
      atmospheres for a residence time of 10 minutes. The reaction mixture was
      continuously withdrawn from the alkylation reactor, passed into a settling
      vessel and held therein for a residence time of 5 minutes, whereby a
      catalyst phase and a hydrocarbon phase were separated. The catalyst phase
      was withdrawn from the settler and recycled to the alkylation reactor for
      further use. The hydrocarbon phase was withdrawn from the settler and
      recovered. The hydrocarbons thus recovered from the settler were
      continuously charged to an alkylation reactor identical to the one used as
      described above. A portion of the same propylene charge stock used in
      Example I was admixed with the hydrocarbons from the settler and
      continuously charged with them to the reactor at a rate of 0.5 mole
      propylene per hour. Simultaneously, hydrogen fluoride alkylation catalyst
      containing 95 wt. percent hydrogen fluoride, 4 wt. percent organic diluent
      and 1 wt. percent water, was also continuously charged to the reactor. An
      acid/hydrocarbon volume ration of 3/2 was maintained in the reactor. The
      reaction mixture formed in the alkylation reactor was held at a
      temperature of 105.degree. F. and a pressure of 15 atmospheres for a
      residence time of 10 minutes. The reaction mixture was continuously
      withdrawn from the alkylation reaction mixture was continuously withdrawn
      from the alkylation reactor, passed into a settling vessel and held for a
      residence time of 5 minutes, whereby the reaction mixture settled into a
      catalyst phase and a hydrocarbon phase. The catalyst phase was
      continuously withdrawn from the settling vessel and recycled to the
      reactor for further use. The hydrocarbon phase was continuously withdrawn
      from the settling vessel. The C.sub.5 and heavier hydrocarbons in this
      hydrocarbon phase were separated and recovered as the product of the
      process. When this product was analyzed, it was found to have a clear
      research octane number of 94.5 and a clear motor octane number of 92.0.
PAR  By a comparison of the octane numbers of the alkylate product obtained as
      described in Example I with the octane numbers of the product obtained as
      described in Example II, it is evident that the method of the present
      invention, as embodied in Example I, is substantially and quite
      surprisingly superior to the method described in Example II. Although the
      reasons for the unexpected superiority of the alkylate product in Example
      I over that in Example II are not completely known, the superiority may be
      due, in part, to the degradation in the second reactor of the alkylate
      formed in the first reactor in Example II when it is subjected to the
      relatively severe conditions, ideal for alkylation of propylene, in the
      second reactor. Comparison of Example I with Example II further shows that
      merely by utilizing the first reactor to alkylate propylene and the second
      reactor to alkylate butylenes, rather than vice versa, even when identical
      reactors and reaction conditions are used, as in Example II, a
      substantially superior product may be recovered by the method of the
      present invention, while there is no increase in consumption of reactants,
      utilities, etc.
PAC  EXAMPLE III
PAR  In order to illustrate the flexibility of optimum alkylation conditions
      which may be employed for the alkylation of butylenes in the process of
      the present invention, a portion of the propylene charge stock described
      in Example I was combined with a portion of the isobutane charge stock
      also described in Example I at an isobutane/propylene mole ratio of 24:1.
      The combined isobutane and propylene were charged to an alkylation reactor
      identical to the reactor employed in Example I for the propylene-isobutane
      reaction. The isobutane and propylene were charged continuously to the
      reactor at an isobutane flow rate of 12 moles per hour and a propylene
      flow rate of 0.5 mole per hour. Hydrogen fluoride alkylation catalyst,
      containing 95 wt. percent hydrogen fluoride, 4 wt. percent organic diluent
      and 1 wt. percent water was also continuously charged to the reactor. The
      catalyst and hydrocarbons were contacted to form a reaction mixture and
      the reaction mixture was maintained at an acid/hydrocarbon volume ratio of
      3/2, a temperature of 90.degree. F. and a pressure of 15 atmospheres for a
      residence time of  10 minutes. Reaction mixture was continuously withdrawn
      from the reactor and passed to a settling vessel, wherein it was held for
      a residence time of 5 minutes, forming a catalyst phase and a hydrocarbon
      phase. The catalyst phase was continuously withdrawn from the settling
      vessel and recycled to the reactor for further use. The hydrocarbon phase
      was withdrawn from the settler and recovered. The hydrocarbons thereby
      recovered from the settler were continuously charged to an alkylation
      reactor identical to the one used, as described above, to react the
      propylene and isobutane. A portion of the butylenes feed stock described
      in Example I was admixed with the hydrocarbons and also continuously
      passed to the reactor. The butylenes were charged to the reactor at a flow
      rate of 0.5 mole per hour. Hydrogen fluoride alkylation catalyst,
      containing 89 wt. percent hydrogen fluoride, 9 wt. percent organic diluent
      and 1 wt. percent water, was simultaneously charged to the alkylation
      reactor. The hydrocarbons and catalyst were admixed to form a reaction
      mixture having an acid/hydrocarbon volume ratio of 3/2, and the reaction
      mixture was held at a temperature of 90.degree. F. and a pressure of 15
      atmospheres for a residence time of 10 minutes. Reaction mixture was
      continuously withdrawn from the reactor, passed to a settling vessel, and
      held therein for a residence time of 5 minutes, forming a catalyst phase
      and a hydrocarbon phase. The catalyst phase was continuously withdrawn
      from the settler and recycled to the reactor for further use. The
      hydrocarbon phase was withdrawan from the reactor. The C.sub.5 and heavier
      hydrocarbons in the hydrocarbon phase were separated and recovered as the
      alkylate product. This alkylate product was analyzed and found to have a
      clear research octane of 96.2.
PAR  By contrasting the conditions employed and the quality of the alkylate
      produced in Example I with the conditions used and the quality of the
      alkylate of Example III, it can be seen that by varying the temperatures
      in the first reactor and second reactor, and by using a higher strength
      acid in the second reactor in Example III, a product of significantly
      higher quality was produced. This surprising result is particularly
      unexpected, since the quality of the alkylate produced in Example I is
      substantially higher than that of alkylate produced from the same
      reactants by conventional methods, and the quality of the alkylate of
      Example I was also substantially higher than alkylate produced by
      reversing the order of reaction of the propylene and butylenes, as
      described in Example II.
PAR  Examples I and III clearly demonstrate the wide range of conditions at
      which the present process, particularly the second, butylenes alkylation
      operation, may be performed. By adjusting the conditions in the second,
      butylenes stages of the process to provide optimum butylenes alkylation
      conditions, while maintaining the second stage conditions as mild as
      possible to prevent degradtion of the alkylate produced in the first,
      propylene alkylation stage, a particularly efficient and satisfactory
      process is achieved. This is particularly true in contrast to performing
      an alkylation process by the method of Example II, where propylene is
      reacted in the second stage. Propylene alkylation conditions, in general,
      are not as flexible as butylenes alkylation conditions. Further, the
      propylene alkylation conditions must, in general, be more severe than
      butylene alkylation conditions to provide a satisfactory product.
PAC  EXAMPLE IV
PAR  The superior flexibility of the process of the present invention in
      contrast to the method of Example II was further demonstrated by varying
      the alkylation conditions using the process of Example II. A portion of
      the same butylenes charge stock employed in Example I was mixed with a
      portion of the same isobutane charge stock as used in Example I. The
      mixture was made at a 24:1 isobutane/butylenes mole ratio. The
      isobutane-butylenes mixture was continuously charged to an alkylation
      reactor identical to those employed in Example I at a flow rate of 0.5
      mole butylenes and 12 moles isobutane per hour. Hydrogen fluoride
      alkylation catalyst containing 75 wt. percent acid, 24 wt. percent organic
      diluent, and 1 wt. percent water was also continuously charged to the
      reactor. The catalyst and hydrocarbons were admixed at a
      catalyst/hydrocarbon volume ratio of 3/2. The reaction mixture was
      maintained at a temperature of 90.degree. F. and a pressure of 15
      atmospheres for a residence time of 10 minutes. Reaction mixture was
      continuously withdrawn and passed to a settling vessel and held therein
      for a 5-minute residence time. A catalyst phase and a hydrocarbon phase
      was thereby settled out. The catalyst phase was withdrawn from the settler
      and recycled to the reactor for further use in the butylenes alkylation
      reaction. The hydrocarbon phase was recovered from the settler and
      continuously passed to an alkylation reactor identical to the one used in
      the first stage. A portion of the same propylene charge stock used in
      Example I was admixed with the hydrocarbons recovered from the settler and
      was thereby also passed to the second stage reactor at a rate of 0.5 mole
      per hour. Hydrogen fluoride catalyst containing 95 wt. percent acid, 4 wt.
      percent organic diluent, and 1 wt percent water was simultaneously,
      continuously charged to the second stage reactor. A catalyst/hydrocarbon
      volume ratio of 3/2 was maintained. The mixture of hydrocarbons and
      catalyst was maintained at a temperature of 90.degree. F. and a pressure
      of 15 atmospheres for a residence time of 10 minutes. Reaction mixture was
      continuously withdrawn from the second stage reactor, passed to a settler
      and held therein for a 5-minute residence time. A catalyst phase and a
      hydrocarbon phase were separated, and the catalyst phase was continuously
      withdrawn from the settler and recycled to the second stage reactor for
      further use. The hydrocarbon phase was withdrawn from the settler and
      fractionated. The C.sub.5 and heavier hydrocarbons were separated from the
      lighter hydrocarbons and recovered as the alkylate product of the process.
      When the alkylate product was analyzed, it was found to have a clear
      research octane number of 95.
PAR  Contrasting Examples I and III, wherein propylene is alkylated in the first
      stage and butylenes are alkylated in the second stage, according to the
      process of the present invention, with Examples II and IV, wherein
      butylenes are alkylated in the first stage and propylene in the second, it
      is apparent that the process of the present invention has greater
      flexibilty and provides a clearly superior alkylate product. In both
      Examples III and IV, propylene was alkylated utilizing the same
      temperature and acid strength, and the second stage in both these examples
      was operated at a temperature of 90.degree. F. Yet the method of Example
      III, employing the present inventive process, produced a clearly superior
      alkylate product. By adjusting reaction conditions, Example IV produced
      only a one-half research octane number increase in the alkylate product
      over Example II. In contrast, by adjustment of the alkylation reaction
      conditions in Example III, an octane number increase of one number was
      achieved over the alkylate of Example I. Further, even by adjusting
      reaction conditions in Example IV, the method of the present invention
      used in Example I to provide an alkylate product having an octane number
      at the lower end of the range obtained using the present process, provided
      an alkylate product superior to that obtained by the method of Examples II
      and IV.
PAC  EXAMPLE V
PAR  In order to illustrate some of the advantages of the process of the present
      invention over conventional methods for producing alkylate, a conventional
      operation is performed. Portions of the propylene charge stock and
      isobutane charge stock described in Example I are combined at an
      isobutane/propylene mole ratio of 12 to 1. The reactants are contuously
      charged to an alkylation reactor identical to the one used to alkylate
      propylene in Example I. The flow rate of reactants is maintained at 6
      moles per hour of isobutane and 0.5 mole per hour of propylene. Hydrogen
      fluoride alkylation catalyst, containing 95 wt. percent hydrogen fluoride,
      4 wt. percent organic diluent and 1 wt. percent water, is also
      continuously charged to the reactor. The hydrocarbons and catalyst are
      admixed at an acid/hydrocarbon volume ratio of 3/2 and the reaction
      mixture is maintained at a temperature of 90.degree. F. and a pressure of
      15 atmospheres for a residence time of 10 minutes. The reaction mixture is
      continuously withdrawn from the reactor and passed to a settling vessel.
      The reaction mixture is held in the settler for a residence time of 5
      minutes, whereby a catalyst phase and a hydrocarbon phase are formed. The
      catalyst phase is withdrawn from the settler and recycled to the reactor
      for further use. The hydrocarbon phase is withdrawn from the settler and
      recovered. Portions of the butylenes charge stock and isobutane charge
      stock described in Example I are combined at an isobutane/butylenes mole
      ratio of 12 to 1. These reactants are continuously charged to an
      alkylation reactor, identical to the one used to alkylate butylenes in
      Example I, at an isobutane flow rate of  6 moles per hour and a butylenes
      flow rate of 0.5 mole per hour. Hydrogen fluoride alkylation catalyst,
      containing 90 wt. percent hydrogen fluoride, 9 wt. percent organic diluent
      and 1 wt. percent water is also charged continuously to the reactor and
      combined with the hydrocarbon charge at an acid/hydrocarbon volume ratio
      of 3/2. The resulting reaction mixture is held at a temperature of
      90.degree. F. and a pressure of 15 atmospheres for a residence time of 10
      minutes. Reaction mixture is continuously withdrawn from the reactor,
      passed to a settler, and separated therein into a catalyst phase and a
      hydrocarbon phase. A residence time in the settler of 5 minutes is
      maintained. The catalyst phase is continuously withdrawn from the settler
      and recycled to the reactor for further use. The hydrocarbon phase is
      withdrawn from the settler and combined with the hydrocarbon phase
      recovered from the propylene alkylation settler described above. The
      C.sub.5 and heavier hydrocarbons from this combined hydrocarbon phase are
      separtaed from the lighter hydrocarbons and recovered as the product of
      the process. This alkylate product is analyzed and found to have a clear
      research octane number of 94.5.
PAR  By comparing the quality of the alkylate produced in Example V with the
      quality of the alkylates produced in Example I and Example III, it can be
      seen that the process of the present invention is capable of producing a
      substantially superior alkylate product. Comparing the amount of reactants
      charged in Examples I and III with the amount of reactants charged in
      Example V shows that the exact same amounts of reactants were used in all
      three examples, with substantially the same alkylation conditions used in
      the reactors. Thus, the superiority of the process of this invention is
      clearly demonstrated.
PAC  EXAMPLE VI
PAR  The process of the present invention is further compared with conventional
      alkylation techniques by performing a typical conventional alkylation
      process wherein the propylene and butylene reactants are combined. The
      same propylene, butylene, and isobutane reactants as employed in Example I
      are utilized. The reactants are admixed to provide a 24:1
      isobutane/propylene mole ratio, a 24:1 isobutane/butylenes mole ratio and
      an overall isobutane/olefins mole ratio of 12:1. The reactants are
      continuously charged to an alkylation reactor identical to those employed
      in Example I. A flow rate of 12 moles per hour of isobutane, 0.5 mole per
      hour of butylenes and 0.5 mole per hour of propylene is maintained.
      Simultaneously, hydrogen fluoride catalyst containing 89 wt. percent acid,
      10 wt. percent organic diluent and 1 wt. percent water is also charged to
      the reactor. A 3/2 volume ratio of catalyst to hydrocarbons is maintained
      in the reaction mixture. A temperature of 90.degree. F. and a pressure of
      15 atmospheres are also maintained. After a residence time of 10 minutes,
      the reaction mixture is continuously withdrawn from the reactor, passed to
      a settler, and held therein for 5 minutes residence time. The resulting
      catalyst phase is withdrawn from the settler and recycled to the reactor
      for further use. The hydrocarbon phase resulting from the settling
      operation is withdrawn from the settler and fractionated. The C.sub.5 and
      heavier hydrocarbons in the hydrocarbon phase are separated and recovered
      as the alkylate product of the process. This alkylate product is analyzed
      and found to have a clear research octane number of 93.5.
PAR  Comparing the alkylate product produced, according to the process of the
      present invention, by the methods in Examples I and III, with the alkylate
      product produced by the conventional alkylation technique of Example VI,
      it is apparent that the present process provides a surprising and
      substantial improvement in the quality of the alkylate recovered, while
      using the same amounts of reactants. Using identical amounts of the
      olefinic reactants and isobutane, the method of Example III produced an
      alkylate having a research octane number of 96.2, while the conventional,
      commercial method of Example VI produced an alkylate having a research
      octane number of only 93.5.
PAC  EXAMPLE VII
PAR  A process according to the present invention, identical to that used in
      Example III, was employed, the only difference being that a temperature of
      68.degree. F. was maintained in the second stage reactor wherein the
      butylenes reactant was alkylated, in contrast to Example III, in which a
      temperature of 90.degree. F. was employed. The hydrocarbons removed from
      the second stage settler were separated into a C.sub.5 + fraction and a
      C.sub.4 and lighter fraction. The C.sub.5 + fraction was recovered as the
      alkylate product of the operation and analyzed. It was found to have a
      research octane number of 96.2, identical to that of the alkylate produced
      by the method of Example III. Thus, the flexibility of the conditions
      which may be employed to alkylate butylenes according to the process of
      the present invention was further demonstrated.
PAC  EXAMPLE VIII
PAR  In a further demonstration of the utility of the process of the present
      invention, the alkylate products produced in Examples II, III, and VII
      were further analyzed to determine the friction of C.sub.9 and heavier
      hydrocarbons produced by the embodiments of these examples. It was found
      that the alkylate product produced in Examples III and VII, by the process
      of the present invention, contained only 4 wt. percent C.sub.9 and heavier
      hydrocarbons, while the product produced using the method of Example II,
      by merely reversing the order of reaction of the lighter and heavier
      olefins from the order taught according to the process of this invention,
      contained 6.2 wt. percent C.sub.9 and heavier hydrocarbons. The alkylate
      product obtained by the conventional processes of Examples V and VI is
      also analyzed and found to comprise 5 wt. percent C.sub.9 and heavier
      hydrocarbons. It is thus apparent that the process of the invention
      provides a method for producing an alkylate product having an end boiling
      point substantially below the end points of alkylates obtained using prior
      art and other alkylation processes.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for producing an alkylation reaction product from an
      isoparaffin reactant, a lighter olefinic reactant and a heavier olefinic
      reactant which comprises the steps of:
PA1  (a) contacting said isoparaffinic reactant and said lighter olefinic
      reactant with a first .Iadd.hydrogen fluoride .Iaddend.alkylation catalyst
      in a first alkylation zone at first alkylation conditions;
PA1  (b) settling from said first alkylation zone a first hydrocarbon phase
      which comprises a portion of said isoparaffinic reactant and a portion of
      said alkylation reaction product;
PA1  (c) contacting said heavier olefinic reactant and at least a portion of
      said first hydrocarbon phase with a second .Iadd.hydrogen fluoride
      .Iaddend.alkylation catalyst in a second alkylation zone at second
      alkylation conditions;
PA1  (d) settling from said second alkylation zone a second hydrocarbon phase
      which comprises at least a portion of said alkylation reaction product;
      and,
PA1  (e) recovering said alkylation reaction product from said second
      hydrocarbon phase.
NUM  2.
PAR  2. The process of claim 1 wherein said lighter olefinic reactant comprises
      propylene.
NUM  3.
PAR  3. The process of claim 1 wherein said heavier olefinic reactant comprises
      butylenes. .[.4. The process of claim 1 wherein said first alkylation
      catalyst is hydrogen fluoride alkylation catalyst..]. .[.5. The process of
      claim 1 wherein said second alkylation catalyst is hydrogen fluoride
PAR   alkylation catalyst..]. 6. The process of claim .[.4.]. .Iadd.1
      .Iaddend.wherein said first .Iadd.hydrogen fluoride .Iaddend.alkylation
      catalyst .[.is a hydrogen fluoride alkylation catalyst comprising.].
      .Iadd.comprises .Iaddend.about 80 wt. percent to about 99 wt. percent
      hydrogen fluoride and said first alkylation conditions include a
PAR   temperature of about 60.degree. F. to about 150.degree. F. 7. The process
      of claim .[.5.]. .Iadd.1 .Iaddend.wherein said second .Iadd.hydrogen
      fluoride .Iaddend.alkylation catalyst .[.is a hydrogen fluoride alkylation
      catalyst comprising.]. .Iadd.comprises .Iaddend.about 65 wt. percent to
      about 95 wt. percent hydrogen fluoride and said second alkylation
      conditions include a temperature of about 0.degree. F. to about
PAR   110.degree. F. 8. The process of claim 1 wherein an isoparaffinc recycle
      stream is recovered from said second hydrocarbon phase and at least a
      portion of said isoparaffinic recycle stream is introduced into said first
PAR   alkylation zone. 9. The process of claim 1 wherein said isoparaffinic
      reactant comprises isobutane. .[.10. The process of claim 1 wherein said
      first alkylation catalyst is selected from sulfuric acid, phosphoric acid
      and a crystalline aluminosilicate catalytically active for
      isoparaffin-olefin alkylation..]. .[.11. The process of claim 1 wherein
      said second alkylation catalyst is selected from sulfuric acid, phosphoric
      acid and a crystalline aluminosilicate catalytically active for
PAR   isoparaffin-olefin alkylation..]. 12. The process of claim 6 wherein said
      first alkylation conditions include a temperature of about 75.degree. F.
      to about 120.degree. F. and said first .Iadd.hydrogen fluoride
      .Iaddend.alkylation catalyst comprises about 85 wt. percent to about 99
PAR   wt. percent hydrogen fluoride. 13. The process of claim 7 wherein said
      second alkylation conditions include a temperature of about 50.degree. F.
      to about 100.degree. F. and said second .Iadd.hydrogen fluoride
      .Iaddend.alkylation catalyst comprises about 70 wt. percent to about 95
      wt. percent hydrogen fluoride.
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ABST
PAL  1. The method of communicating intelligence by radio waves between at least
      two bodies in space in motion with respect to each other where a first of
      said bodies includes an antenna having at least one null orientation with
      respect to radio waves received from a predetermined direction, said
      method comprising the steps of:
PA1  (a) transmitting the intelligence simultaneously via at least two separate
      radio waves from at least two geographically widely separated transmitting
      stations on said second body respectively and with said stations having
      sufficient separation that the two lines of sight from the location of
      said antenna on said first body to each of said separated transmitting
      stations on said second body form a finite angle therebetween which
      exceeds the angular cross section of the antenna null;
PA1  (b) and responding at said first body in space only to strongest of the
      several signals received from said transmitting stations on said second
      body; whereby said antenna on said first body can have at any time a null
      orientation with respect to, at most, one of said radio waves and said
      first body thereby continually receives said intelligence from said second
      body.
PARN
PAR  This application comprises a continuation-in-part of my prior copending
      application Serial No. 29,111 filed May 13, 1960, for "Satellite and Space
      Communications Systems," now abandoned.
BSUM
PAR  This invention relates to methods and means for providing optimum radio
      communications, or electromagnetic signalling, or transmission and
      reception of data or other information or intelligence between a ground
      station on or near the earth's surface, and a space station travelling in
      accordance with Newton's laws of motion in the first approximation,
      between space stations, and among the various types of earth and space
      stations.
PAR  This invention comprises a major means for improvement of moon-relay or
      other radio communication systems using reflections of beamed signals from
      a planet or other astronomical body. An additional purpose of this
      invention is to provide sufficient means for tracking satellites so that
      the beams of radio energy emitted from the earth station will continually
      illuminate the space station in spite of the phenomena of refraction,
      bending, scattering, and scintillation of the beamed energy, all of which
      phenomena are due to nature processes more fully reviewed below.
PAR  Furthermore, in addition to these natural processes, it is known to us by
      careful study of radio signals received from many United States and
      Russian satellites, that there occur serious deficiencies in the reception
      and transmission of electromagnetic energy between earth and space
      stations because of the spinning and tumbling of such satellites and
      because of the non-isotropic nature of antenna patterns, including both
      the simple dipole and more complex structures. As a result of this
      spinning and tumbling, large unwanted variations occur in the signal
      received at the space station from a beam of uniform energy radiated by a
      ground station and similarly, large unwanted variations occur in the
      reception by a ground station of constant-amplitude signals radiated by
      space stations. Thus, under normal conditions where space stations are
      spinning or tumbling with respect to the direction of the
      energy-transmission path to either an earth station or to another space
      station, it has not been possible with previously known techniques to
      maintain continuous signalling or transmission of electromagnetic energy
      between such stations; it has only been possible to have a series of
      discontinuous transmissions depending upon the relative spinning or
      tumbling motions cited above.
PAR  An object of this invention is to provide continuous real-time radio
      communications (including either transmission or reception of data or
      other signals) between earth and space stations and between two or more
      space stations.
PAR  Another important feature of this invention is to provide a preferred means
      for maintaining such continuous real-time communications in spite of
      various adverse natural or man-made environmental phenomena by using a
      particular frequency band of electromagnetic radiation. We have found that
      the use of other higher or lower frequency bands causes sufficient
      bending, absorption, scattering, or other distortions and degradation of
      the signals to require at best an excessive amount of electrical power for
      transmission and, at worst, result in an inability to maintain
      communications.
PAR  Still another feature of this invention relates to the use of several
      pluralities of geographically widely-separated stations, the separation of
      the stations in each plurality being measured in terms of hundreds or
      thousands of miles and which are linked by the communications system of
      our invention. For the purpose of describing this invention a plurality of
      ground stations situated on the earth's surface will be used, but it is
      nevertheless a part of our invention that one or more of the
      geographically widely-separated stations used in this system will be
      established on the moon or other planets, planetoids, or satellites, and
      therefore, in the context of this invention, the expression
      "geographically widely-separated" is to be taken as not limited to points
      on the earth's surface, but in fact is intended to include specifically
      any combination of location on the earth's surface, natural plants or
      planetoids, and man-made space stations.
PAR  This feature of the invention overcomes the large-amplitude variations
      caused by the spinning and tumbling of a space station with respect to the
      ray path to any other station. Furthermore, it ensures that upon the
      transmission of a signal from one of these stations it will be received at
      any other station after a lapse of time sufficient only for the
      electromagnetic energy to travel from one station to the other. Thus, if a
      plurality of signals is radiated, each signal comprising the same
      intelligence and each transmitted from a different one of the
      widely-separated stations, the reception of these signals will commence as
      soon as the radiated energy has reached the intended receiving station and
      the reception of the intelligence will go on continuously as long as the
      receiving station is illuminated by at least one of the plurality of
      transmitting stations. Conversely, if the reception of an intelligence
      signal by the plurality of stations is desired, this reception will
      commence as soon as the energy reaches one station having its antenna
      oriented to intercept sufficient energy from the passing electromagnetic
      wave and will continue as long as at least one of the plurality of
      receiving stations is receiving the radiated signal. In the case of ground
      stations on the earth's surface and space stations, which are earth
      satellites, the period of continuous reception from any one station might
      vary from a few minutes for an earth satellite in a polar orbit to
      continuous operation for an earth satellite in the approximately 22,000
      mile stationary equatorial orbit.
PAR  These and other objects and features of this invention will be more readily
      understood from the following detailed description of a preferred
      embodiment, which is shown in the accompanying illustration and drawings.
      However, before proceeding to this detailed description, the general
      organization of this invention, as described above, will be more fully
      indicated in drawings and by further description.
DRWD
PAR  In the drawings:
PAR  FIG. 1A diagrammatically illustrates one arrangement for providing
      communications between earth and space stations;
PAR  FIG. 1B is a block diagram showing in greater detail the components of the
      system of FIG. 1A;
PAR  FIG. 2 illustrates certain characteristics of the directional antenna
      employed by a space station;
PAR  FIG. 3 illustrates a system of communications between two earth stations
      via a passive space station reflector such as the moon;
PAR  FIG. 4 is a block diagram illustrating a multichannel communication system
      between two stations in space, one of which may be on the earth's surface;
PAR  FIG. 5 illustrates one form of directional finding equipment which may be
      employed in the systems of our invention;
PAR  FIG. 6 illustrates certain geometrical considerations involved in a
      determination of distances;
PAR  FIG. 7 is a block diagram illustrating apparatus for automatically
      controlling the delay applied to signals to compensate for differences in
      transmission times over widely different signals paths;
PAR  FIG. 7A illustrates apparatus for controlling the relative delays of
      respective modulating signals to compensate for differences in
      transmission time over widely different signal paths, such apparatus not
      having the automaticity of the apparatus of FIG. 7;
PAR  FIG. 8 graphically illustrates some of the factors involved in correcting
      for Doppler frequency shifts; and
PAR  FIG. 9 illustrates apparatus providing for the automatic control of
      frequency to compensate for Doppler shift.
DETD
PAC  FUNCTION OF SYSTEM COMPONENTS
PAR  FIG. 1A illustrates diagrammatically one aspect of our invention. The
      system illustrated provides for real time communications from one location
      to another on the earth surface via a space station S. It is assumed that
      the two earth locations are so widely separated that direct communications
      between them are not practicable but that the two locations are not so
      widely spaced as to make it impossible for each of them to communicate
      with space station S. It should be understood that, although the two
      locations, i.e., the one including stations A and B and the other
      including stations A' and B', are both shown as being located on the
      earth's surface, this is by no means necessary for the practice of our
      invention which also comprehends, as previously stated, communications
      between space stations, from the earth to a space station and then to a
      second space station, and all other such configurations.
PAR  In FIG. 1A, it is shown that the stations A and B (or A' and B') at each
      communications location are connected by a communications network, the
      primary purpose of which is to permit transmission or reception of the
      same intelligence signal by either of the two stations. Thus, we
      contemplate that an intelligence signal to be transmitted from one earth
      location to the other may be transmitted simultaneously from both stations
      A and B on respective frequencies f.sub.ta and f.sub.tb, and, furthermore,
      that both these stations A and B may, at times, simultaneously receive
      signals from the space station on respective frequencies f.sub.ra and
      f.sub.rb.
PAR  In FIG. 1B we have shown in greater detail the system organization of the
      appratus for stations A and B at one of these locations.
PAR  The two ground stations A and B may be separated from each other by a
      distance of several hundred miles along the earth's surface. Space station
      S both receives from and transmits to stations A and B in real time, as
      shown below. In FIG. 1B, the input signal which is to be transmitted from
      the earth to space station S is applied to modulate 3 which modules
      transmitter 4 and delivers the radio-frequency output of the transmitter 4
      to a controllable directional antenna 5 located at station A. This antenna
      5 is controlled by a three-dimensional radio-direction-finder 6, which is
      located at or sufficiently close to station A so that the direction from
      antenna 6A for direction finder 6 to the space station S is within the
      limits of the beam widths of both the transmitting antenna 5 and receiving
      antenna 20. Thus, to a first approximation, the same azimuth and elevation
      bearings from station A to space station S apply for the
      radio-direction-finder antenna 6A, the transmitting antenna 5 and the
      receiving antenna 20.
PAR  The direction finder 6 detects the radio transmissions emitted from space
      station S on a radio frequency f.sub.ra and continuously determines the
      angular directions of azimuth and elevation bearings used to control both
      the transmitting antenna 5 and the receiving antenna 20. Thus, the output
      signals of the direction finder 6, which contain the angular information
      required for positioning antennas 5 and 20 are applied to the respective
      antenna directors 7 and 19. Antenna director 7 positions antenna 5 in the
      direction required to illuminate the satellite S with the radio-wave
      energy carrying the signals or modulation connected to modulator 3.
      Antenna director 19 similarly positions the receiving antenna 20 in the
      direction required to receive maximum output from radio emissions from the
      space station S.
PAR  The input signals connected to modulator 3 are also transmitted over a
      ground-to-ground communications system to modulator 11 at station B. In
      the same manner as previously described for station A, this signal
      modulates a transmitter 12, and the radio-wave output energy from the
      transmitter is connected to a controllable directional antenna 13. This
      controllable directional antenna 13 and a directional receiving antenna 24
      are, in a similar manner to that described for station A, controlled by
      antenna directors 23 and 15 respectively, both of which are operable from
      output signals from direction finder 14 connected to direction-finder
      antenna 14A. Directional bearings from station B to space station S are
      determined by radio-direction-finder 14, which through the antenna
      directors 15 and 23 illuminates the space station S with radio-wave output
      energy from transmitter 12 and positions the receiving antenna 24 to
      receive maximum output from radio emissions from station S.
PAR  In this manner, each of the ground stations used in this embodiment of our
      invention continuously illuminates the space station S with its radio beam
      for the period of time that the space station S is within view of stations
      A and B. Now let f.sub.ta designate the frequency of signals in the
      transmitted radio beam from station A and f.sub.tb the frequency of the
      signals in the radio beam from station B. As previously indicated, the
      distance between stations A and B measured along the earth's surface is
      measured in hundreds or even thousands of miles. Thus, at any instant, the
      points comprising stations A, B, and S constitute a triangle of which one
      angle is ASB, designated as .alpha..sub.AB. This angle .alpha..sub.AB
      measures the difference in direction between the radio beams arriving at
      space station S from ground stations A and B. Similarly, if additional
      system stations were established at additional geographical locations
      either on the earth, or moon, or other planet or planetoid, or space
      station, it is clear that the beam from each of these additional stations
      would illuminate the space station S from a different direction, as seen
      from the space station, thus generating additional angles .alpha..sub.BC,
      .alpha..sub.AC, et cetera, depending upon the plurality of stations used.
      Now let us consider reception of these multiple beams at space station S.
PAR  In FIG. 2 there is shown a dipole antenna 16 at space station S. This
      antenna is aligned so that the angle .beta..sub.A exists between the axis
      of the dipole and the beam f.sub.ta of radio-wave energy received from
      ground station A. Similarly, angles .beta..sub.B, .beta..sub.C, et cetera,
      exist between the axis of the dipole and the other beams, f.sub.tb,
      f.sub.tc, et cetera, illuminating the space station S. Now it is well
      known that a dipole has induced in it a maximum radio frequency voltage
      when the direction of the electric field of the incident electromagnetic
      wave is parallel to the length of the dipole. Furthermore, as the
      direction between the incident electric field of a wave passing the space
      station S changes from one in which the space station dipole is parallel
      to the field and becomes one in which the space station dipole 16 becomes
      perpendicular to the electric field of the passing wave, the induced
      signal in the dipole will drop to zero. Therefore, as space station S
      spins or tumbles in its orbit, these changes in its attidue with respect
      to the oncoming beam from any single station, such as station A, will
      cause large changes in the signal induced in the dipole and thus in the
      space station received signal.
PAR  A space station antenna 16 has a null direction, that is one in which
      minimum signals are received, and at times the null of the space station
      antenna 16 will be coincident with the direction of one of the beams
      illuminating the space station and, therefore, a minimum or no signal will
      be received from that station. However, since our invention insures that
      signals bearing the same modulation will be arriving at the satellite or
      space station S substantially simultaneously from substantially different
      directions, which difference in directions exceeds the null width of the
      space station antenna, there will always be energy available from at least
      one of the beams illuminating the space station S when it happens that the
      null direction of the space station dipole (or other antenna) coincides
      with the direction of a particular one of the illuminating beams.
      Therefore, as this invention shows, the use of two or more beams arriving
      simultaneously from different directions overcomes the lack of an
      isotropic radiator or equal-amplitude antenna pattern extending over the
      4.pi. sperical radians denoting all directions extending outward from
      space station S.
PAR  Continuing with the system description, the frequencies f.sub.ta and
      f.sub.tb bearing the same modulations induce voltages in dipole 16 at the
      space station S. Since, at any instant of time, only one of the
      illuminating frequencies f.sub.ta, f.sub.tb, et cetera, can be in the null
      of the receiving antenna pattern, signals are continuously induced in the
      receiving antenna and fed from the receiving antenna 16 to a receiver 17
      which provided the real-time reception of signals continuously at the
      space station S as long as signals are being sent by the ground stations
      A, B, et cetera.
PAR  Transmission from space station S to the earth is by a transmitter 18 at
      the space station, which radiates energy simultaneously towards a
      plurality of earth stations; namely stations A, B, et cetera. Since, as
      explained above and shown in FIG. 2, stations A, B, C, et cetera lie in
      different directions from space station S, then at such times as the null
      pattern of the antenna at space station S lies in the direction of a
      particular one of the plurality of ground stations, thus affording that
      particular station a minimum or even unusable signal, the other ground
      stations do not lie in the null of the space station antenna pattern and
      will receive stronger and usable signals. Thus, it is seen that no matter
      when radio emissions are radiated from the space station S, there will at
      most be only one ground station which lies in the null of the space
      station antenna and, therefore, the ground part of this system will
      receive and transmit to the ground control point signals or other
      intelligence, as previously defined above, from space station S. These
      signals will, of course, be received by the remainder of the plurality of
      ground stations whose locations are such, that, at any instant, they do
      not lie in the null of the space station antenna.
PAR  Now referring to FIG. 1B, the radio-direction-finder 6, whose antenna 6A
      has detected the signals from space station transmitter 18 and determined
      the direction of the space station S with reference to earth station A,
      controls antenna director 19 to orient receiving antenna 20 so as to align
      the receiving antenna beam along the ray path at station A of the received
      radio wave f.sub.ra from space station S. The received energy is connected
      to receiver 21 which receives and demodulates the incoming signal and
      delivers the demodulated output to a signal combiner 22. In a similar
      fashion, the radio-directional-finder at station B is connected to control
      antenna direction 23 to align the beam of receiving antenna 24 in the
      direction of the received energy f.sub.rb. This received energy is
      connected to receiver 25 and demodulated. The resulting signal is applied
      over a communications channel from station B to station A. The output of
      this channel is then connected to signal combiner 22, and the combined
      output (that from receiver 21 at station A and that from receiver 25 at
      station B) is made available as a system output.
PAR  The earth system input signal terminal and output signal terminal,
      therefore, comprise the system ground terminals of this real-time
      satellite and space communications system. To these terminals may be
      connected a telephone, teletypewriter, computer, or other device or
      combinations of such devices depending upon the intelligence which it is
      desired to transmit to and receive from space station S. Furthermore,
      since this system may have separate input and output terminations at both
      the earth control station and at space station S (as shown, more
      particularly, in FIG. 4), it is possible, but not necessary, to transmit
      one type of intelligence from the ground to the space station and another
      type of intelligence simultaneously from the space station to the ground.
      Therefore, in addition to having described a system for continuous
      real-time communication between the earth and space stations, and between
      earth stations via a space station, we have described a system which
      transmits on a continuous basis, different kinds of intelligence for each
      direction of transmission. In particular, with an unmanned space station,
      it would be expected that telegraph, teletype, computer signal, or other
      coded commands would be transmitted to the space station in order to
      affect or control its position in space, its attitude, or to start, stop,
      or control various functions of the apparatus carried in the space
      station, including the function of control of ejection of material from
      the space station; whereas transmission from such an unmanned space
      station would give indication of receipt and execution of such control
      functions and would telemeter data observed at the space station on either
      its own functions or on its environment or in connection with other
      experiments.
PAR  The next functional aspect of this invention describes a method and means
      for obtaining an improvement of transmission of signals to the moon or
      other planet. It is clear that as the distance of the space station S
      increases from the earth, a point will be reached at which it will be
      necessary to use an earth-moon communications system at the internal
      communication systems of our invention. That is, Station A will be on the
      earth and the other stations B, C, et cetera, will be on the moon and
      other planets. Furthermore, such an improvement may be used in moonrelay
      systems for providing more effective transmission of signals from earth to
      earth stations via moon relay.
PAR  In FIG. 3 is shown a system for communicating between widely spaced earth
      stations via reflections from a moon or other passive reflection. It
      should be noted, however, that this system is not to be considered as
      limited to one in which the stations are necesarily on the earth, since
      one or more of the stations may be on a space station at a great distance
      from the earth. In the system of FIG. 3, transmission of signals takes
      place from a multi-channel transmitter 28 and steerable directional
      antenna 29 aimed at the earth's moon M. In this system the transmitter 28
      generates and the antenna 29 radiates a plurality of radio frequencies,
      for example, f.sub. 1, f.sub. 2, f.sub. 3, f.sub. 4 each of which by
      virtue of their frequency separation, is bent to a different degree in
      passing from the earth's surface through the atmosphere and ionosphere
      which surrounds the earth. Each frequency f.sub. 1 --f.sub. 4 is modulated
      by modulator 28A in accordance with the signal to be transmitted. By using
      this multi-frequency type of radiation, a spreading can be obtained in the
      effective beam width so that it can be made several times greater than
      that necessary to cover either the whole of the moon's surface or a
      specific part thereof (for example, the first Fresnel zone).
PAR  It is known to use that signals received from space stations appear to come
      at varying times from positions ahead of, behind, or to one side of the
      true bearings at that instant from the earth's position. This is due to
      both systematic deviations caused by refractive effects, and random
      variations caused by natural changes in the electron density of the
      ionosphere. These natural changes are due to solar radiation, ion
      recombination, ionization, ionospheric winds, and other natural phenomena.
      The total effect of all these conditions causes the received beam to vary
      continuously to a greater or lesser extent from the true bearing from
      earth to the space station. In a similar fashion, these and other natural
      phenomena (tropospheric effects) will affect any radio wave aimed from the
      earth in the direction of the earth's moon or other planet. Now as the
      radiated energy in frequencies f.sub. 1, f.sub. 2, f.sub. 3, and f.sub. 4
      is kept aimed in the direction of the moon (using, if neccessary, an
      ephemeris of the moon to obtain the direction of the moon from station C
      and control antenna director 29A) the beamed energy will illuminate the
      moon, or the specific portion thereof desired, by these transmitted
      frequencies. Because of the ray bending and scintillation effects
      mentioned above, at different instants of time, one of the above radio
      frequencies will provide both optimum illumination of the moon and maximum
      reflected signal from the moon M to earth station D. Thus the strength of
      the received signal at station D depends largely at any instant of time
      upon the following:
PA1  (a) that frequency which most effectively illuminates the moon, or the
      desired portion thereof;
PA1  (b) that frequency most effectively reflected by the moon;
PA1  (c) ionospheric and tropospheric effects in the regions between the moon M
      and stations C and D respectively.
PAL  From the above, it is clear that a directional antenna 30 located at
      station D and pointed in the direction of the moon M by direction finder
      30A which is responsive to the moon-reflected energy will receive
      fluctuating energy from the various frequencies f.sub. 1, f.sub. 2, f.sub.
      3, and f.sub. 4 as a function of time. The antenna delivers the collected
      energy to a multi-channel receiver 31 which responds to the strongest
      carrier present, demodulates this signal and delivers this signal to
      station D, thus accomplishing transmission of information or signal from
      station C to station D. Since the same modulation is used simultaneously
      on all the carrier frequencies f.sub. 1, f.sub. 2, f.sub. 3, and f.sub. 4,
      it is unimportant which of these frequencies carries the information at
      any instant and continuous communications are thereby maintained. It is
      clear, however, that for frequencies sufficiently low to be affected by
      the ionosphere, the use of a single frequency is insufficent to maintain
      continuous communications and that an optimum system requires a
      multiplicity of frequencies. Transmission in the reverse direction from
      station to station C is carried out in a similar fashion.
PAR  By substituting a space station S for the moon M in the multi-frequency
      communications system just discussed, it is possible to obtain a variation
      of the above system for space station use. Under certain circumstances,
      such as the availability of a space station, with controllable antennas,
      whose nulls will always be directed away from the earth, this variation
      may be used as a single earth station to satellite or space station
      system; whereas if the above does not apply, the variation may be used in
      combination with our multi-station earth to space station communication
      system described above.
PAR  Referring to FIG. 4, radio frequency energy generated at a plurality of
      radio frequencies f.sub. 1, f.sub. 2 and f.sub. 3 by transmitter 32 is
      radiated by a beamed antenna 33 in the direction of the path of space
      station S. Each transmitted frequency is modulated by modulator 44
      according to the signal to be transmitted. As indicated above, at some
      time when the space station comes into the beam of antenna 33, one of the
      frequencies f.sub. 1 through f.sub. 3 will be received with the greatest
      intensity by antenna 34 at the space station S. The received
      radio-frequency energy is connected to the receiver 35 which identifies
      which of the frequencies f.sub. 1 through f.sub. 3 is the strongest and
      causes the space station transmitter 37 to radiate a signal on a frequency
      which is sufficiently close to the frequency received from the earth so
      that the principle of reciprocity along the transmission path is
      maintained. Under this condition, the frequency f.sub. s emitted from the
      space station S will be received at the earth station F with sufficient
      intensity to provide a useable signal.
PAR  The multichannel receiver 35 produces a separate output signal for each of
      its several channels corresponding, respectively, to the frequencies
      f.sub. 1 -f.sub. 3. The amplitude of the signal appearing on any one
      channel is dependent upon the amplitude of the corresponding signal and,
      conceivably, one or more channels may produce zero output if antenna 34
      receives no signal on the corresponding frequency.
PAR  Each of the separate outputs of receiver 35 is applied to a level monitor
      which may, for example, be of the type shown in Patent 1,823,739, issued
      September 15, 1931. Such a level monitor comprises a plurality of
      amplitude responsive circuits which are selectively operated in accordance
      with the amplitude of input signal applied to the level monitor. Thus, the
      output of any one of these level monitors shown in FIG. 4 may comprise a
      plurality of relays, each of which is operated from its normal condition
      only when the input signal applied to the level monitor exceeds a
      predetermined corresponding value. Thus, the conditions of these relays
      for any one level monitor indicate at each instant the level of the input
      signal applied thereto. It is well known in the art how the contacts of
      the various relays for each of the level monitors 35A--35C may be
      connected to comprise what is termed a channel selector 36 which, in
      effect, determines which of the several level monitors is receiving the
      highest amplitude of input signal, thereby effectively also determining
      which of the signals f.sub. 1 -f.sub. 3 is then being most effectively
      received by antenna 34 and determining also which of the several possible
      output frequencies of transmitter 37 is closest to that of the strongest
      received frequency in order that reciprocity in return transmission to
      earth station S will be obtained.
PAR  This feature of our invention has to do with the selection from among a
      plurality of available radio frequencies that frequency for which at any
      instant of time the best propagation condition between earth and space
      stations occurs. The emitted signal on frequency f.sub. s from space
      station S is received at earth station F by a radio-direction-finder 38
      whose rotating antenna 38A is responsive to the f.sub. s signal and which,
      through antenna directors 39 and 39A point the receiving antenna 40 and
      the transmitting antenna 33, respectively, in the direction of the energy
      received on frequency f.sub. s.
PAR  Operation of the radio-direction-finder 38 completes a closed loop energy
      system consisting of the following:
PA1  (1) Transmission from station F on a multi-frequency basis;
PA1  (2) Reception of the optimum frequency at space station S;
PA1  (3) transmission from space station S on a frequency f.sub. 5 sufficiently
      close to the received optimum frequency for reciprocity to hold;
PA1  (4) Reception of frequency f.sub. s of the direction-finder antenna 38A.
PAR  Operation of this closed loop system on continuous realtime basis is
      contingent upon the following:
PA1  (a) Either the space station or its antenna is stabilized in such a manner
      that the null of the space stations antenna never lies in the direction
      from the space station S to the ground station F.
PA1  (b) As propagation or other conditions change, the optimum frequency will
      vary among those selected and available for use at earth station F.
      Furthermore, from the plurality of frequencies available at the ground
      station F, these will be a similar number of frequencies f.sub. s1, f.sub.
      s2, et cetera, available at the space station.
PAR  When the above-mentioned closed loop energy system has been established and
      the earth station F receiving antenna 40 has been aligned to maximize
      collection of the incoming radio-frequency energy on frequency f.sub. s,
      this energy is coupled from receiving antenna 40 to multi-channel receiver
      41 which then provides an intelligence signal output. Signals which are to
      be transmitted from space station S to earth station F may be generated at
      the space station itself or may be received from another earth or space
      station for direct retransmission to station F. Alternatively, such
      signals may be stored at station S for later relay to station F when
      communications are established as evidenced by the presence of an output
      from space station receiver 35 in response to one or more of the
      frequencies f.sub. 1 -f.sub. 4. Whatever the source of the signal, it is
      applied as a modulating input to transmitter 37 which then transmits on
      the selected one of the frequencies f.sub. 1 -f.sub. 4. In this manner
      two-way communication is established and maintained on a continuous basis
      between earth station F and space station S. As mentioned above, it should
      be noted that this feature of our invention applies to the stablishment of
      continuous two-way communications with space stations which have been
      stabilized in their attitude, or provided with other means for keeping
      their antenna or antennas so oriented that they can maintain a continuous
      radiation of energy in the direction of the path to the ground station on
      the earth's surface.
PAR  The final part of this description of system functions relates to our
      discovery of a method and means for obtaining optimum performance of the
      two following system functions, each of which is part of our invention.
PA1  (1) Communications;
PA1  (2) Tracking and position location.
PAR  Although each of these aspects is related to the frequency scintillations
      observed from both earth satellites and solar satellite transmissions, the
      optimum frequency bands for each function are not the same. In fact, our
      discovery leads us to the conclusions that the optimum band of frequencies
      for precision tracking and position location of earth satellite's and
      space stations from the surface of the earth is included within and is a
      relatively small part of that frequency band, which is optimum for
      communications between stations on the earth's surface, as described
      above, and earth satellite or space stations. Based upon recent
      experimental recordings of earth satellite and space probe signals, it now
      has become clear to us that the lowest radio frequency suitable for earth
      to earth satellite or earth to space station communications lies at a
      sufficiently high ratio frequency so that frequency scintillations of the
      received signal are negligible. Because of effects of the ionosphere,
      these frequency scintillations do not become negligible until the
      transmitted frequency is greater than 500 mc./s. On the other hand,
      trophospheric inhomogeneities also create amplitude scintillations, which
      degrade the received signals at frequencies greater than 4,000 mc./s. From
      the above, it is clear that to obtain satisfactory and reliable
      communications between the earth and earth satellites and space stations,
      it is necessary, for optimum conditions, which include the avoidance of
      frequency scintillations caused by the ionosphere and amplitude
      scintillations caused by the troposphere, to use a particular band of
      radio frequencies. Our method consists of radiating signals for this
      purpose in the frequency band of 500 mc./s to 4,000 mc./s.
PAR  For tracking and position location purposes, and especially where precision
      tracking from the earth's surface is required, as it is in our real-time
      communications system, the transmission requirements are more severe than
      for signalling. For precision tracking, it is essential to operate in a
      frequency range where neither disturbances caused by turbulence of the
      transmission medium refractive effects, scatter and variations due to
      inhomogeneities, and the effects of frequency scintillations are
      sufficient to distort the received signals, or cause sufficient variations
      in delay of the received signal to the point where the tracking or
      location systems yields large errors or fails. This means that the
      refractive index of the media should, for the frequency chosen, be as
      close as possible to a value of unity (the free space value), and
      furthermore, this value should be most uniform along the entire ray path.
      According to our discoveries, based on frequency scintillation data, these
      features can be best approximated by radio transmissions in the frequency
      range of 650-1050 mc./s. Within this frequency range, centered about an
      optimum value in the neighborhood of 850 mc./s., the received signals and
      radio-wave emissions are least affected by the undesirable effects of both
      the ionosphere and the trophosphere. Our method of minimizing tracking and
      position-location errors, therefore, consists of using emitted and
      received radio waves for such purposes in the frequency band of 650-1050
      mc./s. These uses include both the position location of earth satellites
      and other space stations as well as the tracking of such objects.
      Furthermore, it is a feature of our discovery and invention of this method
      that in position tracking and position location systems in which there is
      much difficulty caused by radiowave propagation phenomena, we use an
      optimum value of approximately 850 mc./s.
PAR  A further feature of our invention is the provision of means within the
      system for equalizing the time of transmission of the modulations from the
      various stations A, B, et cetera, so that these modulations or modulated
      signals will arrive simultaneously, within accpetable time limitations, at
      the satellite or space station. Since the modulated signal or radio wave
      from each of the stations A, B, et cetera must in general travel a
      different distance from the radio transmitter for that station, to the
      space station or satellite, it is then, under some circumstances,
      necessary to provide suitable time delays in the transmission system for
      each of the transmitting stations and adjust these time delays so that the
      modulated signals arrive simultaneously at the space station. Means for
      providing the necessary time delays will be included in the detailed
      description.
PAR  Another feature of our invention is the provision within the system for
      varying the radio frequencies transmitted from each of the stations A, B,
      et cetera, to the satellite or space station from the nominal value of
      assigned radio frequency. This means of variation is necessary to assure
      that the earth satellite or space station receiver will simultaneously
      receive radio emissions from each of station A, B, et cetera, within its
      pass band of radio frequencies. It is easily seen that at times the
      satellite will be approaching station A while receding from station B and
      under these circumstances the transmissions from station A must be reduced
      in frequency by an amount approximately equal to the Doppler shift from
      station A and the transmissions from station B must be increased by an
      amount approximately equal to the Doppler shift B. The result of
      controlling these transmissions in this manner will be to maintain
      transmissions to the earth satellite or space station within a narrower
      tolerance of pass band and thus provide the possibility of enhanced
      receiver sensitivity and reduced interference. For the return signal,
      since the satellite or space station is operating one transmitter, it is
      necessary that each of the receiving stations adjust its frequency of
      reception so as to maintain optimum reception of the incoming signal.
PAR  While for earth satellite communications, these Doppler effects are not
      particularly large, nevertheless, they are important. Also, in the case of
      space stations, which will operate at increasingly higher speeds, it is
      neccesary to take care of the relativistic effects on the Doppler shift.
      That these shifts in radio frequency can become appreciable compared to
      our present ideas and considerations bearing on the use of radio
      frequencies is seen from the fact that the factor involved is the
      following:
      ##EQU1##
      where v is the velocity of the vehicle, c is the velocity of propagation,
      and the term   is the relativistic effect. For an operating frequency of
      1,000 mc./s., a vehicle travelling at 5 miles/sec. has a maximum Doppler
      shift of about 25 kc./s. If the vehicle's speed increases to 20,000
      miles/sec., then the maximum Doppler shift due to its motion will be about
      100 mc./s., and the increase in this shift due to the relativistic effect
      is another 5.0 mc./s. Where the ground controlled system is required to
      communicate with more than one earth satellite or space station, the same
      considerations above apply, and it is necessary to so operate the system
      that each of the earth satellite or space stations receives signals of
      such frequencies that they will appear within the pass band of the
      satellite or space station receiver.
PAC  Detailed description of special features
PAR  As shown in FIG. 1B, direction finders 6, 14 are used to control both the
      azimuth and elevation of transmitting antennas 5,13 and receiving antennas
      20, 24 respectively. One means by which one of these angles, i.e., azimuth
      or elevation, can be determined, will now be described.
PAR  Obviously, similar apparatus may be employed to determine elevation.
PAR  Referring to FIG. 5, the direction-finder consists of a rotating dipole
      array having a null direction .Iadd.or axis of directivity.Iaddend., i.e.,
      a direction for which a minimum or zero signal is received from the
      transmission to which the direction-finder is tuned. The output of the
      direction-finder is connected to a fast-acting sensitive relay 49. The
      receiver output is adjusted so that as antenna 47 rotates, the contact C1
      of relay 49 remains closed except for the short times intervals during
      which the D.F. antenna is passing through its null position.
PAR  Now referring to the bottom of FIG. 5, there is shown an annular ring 52
      having a brush 53 which is connected by a slip ring contact 53A to ground.
      Inside this annular ring 52 is a conductive rotating element 54 which is
      connected through a slip ring contact 54A to the right-hand terminal of
      the winding of relay 50. Element 54 is aligned in the direction of the
      null of the directional antenna 47, i.e., it is rotatably aligned relative
      to some predetermined reference by the same angle that the null of antenna
      47 makes relative to a given reference, angle .beta..sub.1, and then
      locked in position. As antenna 47 is rotated by antenna rotator 48A,
      servomotor 48B corespondingly rotates element 54.
PAR  The annular ring 52 is driven by a servomechanism 54B coupled thereto and
      is rotated in synchronism with the transmitting antenna so that the
      azimuth direction of element .Iadd.53.Iaddend. .[.54.]. relative to the
      predetermined reference coincides with the azimuth direction of maximum
      gain of the transmitting antenna or relative to its predetermined
      reference. As antenna 47 rotates, relay 49 normally remains closed except
      for the short time intervals when antenna 47 is passing through its null
      position. Also, once each revolution of the D.F. antenna, element 54 will
      contact brush 53, thus bridging contact C2 of relay 50 and resulting in
      the energization of relay 50 provided that contact Cl of relay 49 is then
      in its normal, closed position. This bridging of contact C2 occurs
      irrespective of the current angular position of ring 52 which "follows"
      the transmitting antenna. When contact C2 is bridged in this manner, relay
      50 is energized and is thereafter locked in closed position when its own
      front contact C2 closes. This action also closes front contact C3 of relay
      50 which then energizes relay 51.
PAR  With start-stop switch 57 closed and reversing switch 58 set manually for
      the desired direction of track of the transmitting antenna mount, motor 59
      will be energized, thereby rotating the antenna through rotator 56.
      Whereas, brake 61 is energized when relay 51 is dropped away and its back
      contact C4 is closed, clutch 61A is engaged when front contact C4 is
      closed. Thus, the transmitting antenna rotator 56 is actuated by motor 59,
      thereby slowly revolving the directional transmitting antenna.
PAR  Since relay 51 is a slow release relay, it will not drop out when contact
      C1 of relay 49 opens and de-energizes relay 50 even though relay 50
      remains dropped away until the next succeeding contact between element 54
      and brush 53. Therefore, since relay 51 remains picked up, the
      transmitting antenna, turns in the direction of the satellite's orbit as
      selected by reversing switch 58.
PAR  As the transmitting antenna slowly turns, the synchronized turning of
      annular ring 52 eventually causes it to reach a position where brush 53 is
      in such a position that, some time during the interval that relay 49 is
      dropped away as antenna 47 rotates into its null direction, brush 53 makes
      electrical contact with element 54. In other words, relay 49 opens and
      remains open during the entire time that brush 53 and element 54 are in
      contact. Under this condition, no circuit is completed to energize relay
      50 for a time in excess of the time of one revolution of antenna 47 so
      that relay 51 becomes deenergized, and the clutch mechanism 61A declutches
      while brake 61 holds the transmitting antenna rotator 56 in the
      then-attained direction. As the position of the satellite moves into a
      different azimuth bearing, relay 50 resumes its operation in the manner
      previously described and the antenna rotator 56 is thus caused to track
      the satellite. Additional relays can obviously be used to control a
      receiving antenna in the vicinity of the direction-finder. Thus, it is
      possible to keep both the directional transmitting antenna and the
      directional receiving antenna at each of the stations pointed in the
      direction of the satellite or space station.
PAR  The one-way communications circuits 9 and 26 (FIG. 1B) may be either radio
      or wire circuits when stations A and B are both on the earth's surface and
      may be any commerical circuit, provided only that they will transmit the
      modulations of the intelligence being transmitted by the system and that
      their time delay variations do not exceed one millisecond over a period of
      a few minutes. The actual time delays of transmission of the modulations
      between stations A and B must be compensated for in this system when the
      system is one wherein the difference in distances between the space
      station and the respective stations A and B is significant and when the
      type of signal used is such that a given amount of delay interferes with
      proper reception of the intelligence. More specifically, fairly
      substantial differences in delay times can be tolerated when voice
      communications are used; whereas, the same amount of difference night very
      well prove troublesome when a high-frequency pulse code is used. In
      providing such compensation, the following will occur:
PAR  All modulations reaching stations A, B, C, et cetera will be delayed the
      correct amount so that the modulated signals on frequencies f.sub. ta,
      f.sub. tb, f.sub. tc, et cetera will reach the satellite or space station
      simultaneously. This delay may be measured in microseconds, milliseconds,
      seconds, or longer periods of time and depends solely on the relative
      position of the satellite and space station with reference to the earth
      and other stations A, B, C, et cetera.
PAR  Apparatus which provides for the several modulating signals from widely
      spaced transmitting stations to reach a space station simultaneously is
      illustrated in FIG. 7A. The apparataus of FIG. 7A comprises a modification
      of that shown in FIG. 1B.
PAR  More specifically, a variable time delay means is provided which is
      interposed in the system between the source of the data signal to be
      transmitted and the respective modulators of the several stations from
      which the modulation is to be transmitted. Thus, the data signal to be
      transmitted is shown in FIG. 7A as being fed to the control center and
      from there via the respective selector switches 120 and 121 to a magnetic
      tape delay device. From there, the signal is applied to the station A
      modulator 3 (see FIG. 1B) and also over the communications network to the
      Station B modulator 11.
PAR  Referring to the magnetic tape delay apparatus of FIG. 7A, this comprises a
      magnetic tape which moves with a uniform velocity in the direction of the
      arrow. A plurality of recording heads 122-127 is provided, three of these,
      i.e., recording heads 122, 124, 126 being associated with one longitudinal
      recording track, while the others, i.e., 123, 125, 127 are associated with
      a different recording track. The signal which is to be variably delayed
      prior to being applied to the Station A modulator 3 is applied to a
      selected one of the recording heads 122, 124, 126 through the slectable
      switch contact 120. When the signal is recorded on the tape by one of the
      recording heads 122, 124, 126 in accordance with the then-selected
      position of switch 120, it is delayed by an amount corresponding to the
      travel time of the tape from the particular recording head then in use to
      the associated read head 128. The position of the read head 128
      longitudinally along the tape is adjustable by means of rotation of
      threaded shaft 129 which is rotatable by means of a belt drive 130 from
      motor 131. To obtain maximum delay, switch 120 is operated to the position
      shown so as to provide maximum distance between the recording head 122 and
      read head 128. To obtain close adjustment of the amount of delay desired,
      read head 128 is adjusted in position to provide the desired distance
      between the selected recording heads and a read head 128. Where lesser
      amounts of delay are desired, switch 120 can be moved to either of the
      other two positions shown to provide thereby a shorter distance between
      the selected recording head and read head 128.
PAR  The delay which is provided with respect to the signal applied to the
      station beam modulator 11 is controlled in an entirely similar manner.
      Thus, the switch 121 is operated to one of the several positions shown in
      accordance with whether a large or a small amount of delay time is
      required. Finer adjustment is secured by properly positioning read head
      133 by rotation of the corresponding threaded shaft 132.
PAR  The amount of delay that should be provided for the signal having the
      shortest propagation path to the satellite or space station relative to
      any other signal transmitted from a geographically widely spaced station
      to the same satellite or space station can readily be determined
      empirically. Thus, it is not essential that apparatus be provided to
      determine automatically the relative distances and thus the relative delay
      times. In practice, the desired relative delay of the several signals is
      quite readily determined by monitoring the signal received from the space
      station. If the received signal is garbled because of improper phase
      relationships between the several signals received at the space station,
      the relative relays are accordingly adjusted at the ground station until
      the garbled condition disappears.
PAR  Apparatus which will automatically provide the proper relative amounts of
      delay for the signals from stations A and B, for example, to cause such
      signals to arrive simultaneously at a space station is shown in FIGS. 6
      and 7. The apparatus disclosed from the automatic computation of the
      difference in distance between two respective stations and the space
      station and the related apparatus for determining the relative delays to
      be applied to the respective signals transmitted from such stations to the
      space station constitutes subject matter which was not disclosed in the
      parent application Serial No. 29,111, filed May 13, 1960, and with respect
      to which the present application is a continuation-in-part. It is only by
      reason of the addition of the apparatus for providing this automatic
      control of the relative delays that the present application is termed to
      be a continuation-in-part.
PAR  Apparatus to automatically determine the proper relative amounts of delay
      must of necessity receive data as to the relative distances of the space
      station from each of the two stations A and B. FIG. 6 illustrates some of
      the geometrical considerations involved in the determination of these
      distances.
PAR  In FIG. 6, S represents the space station and P the suborbital point, i.e.,
      the point on the earth's surface lying along the line connecting space
      station S with the earth's center. A and B represent, respectively, the
      locations of the earth's stations A and B, and it is desired to determine
      the distances As and Bs, from which there can be computed the transmission
      times of signals between the respective stations A and B and space station
      S, thereby permitting a computation of the difference in these times. Once
      this difference is known, the signal having the shorter transmission time
      may be suitably delayed so that it will arrive at its destination
      simultaneously with the signal from the more distant location.
PAR  By employing either a pair of direction finders at each of the stations A
      and B similar to that shown in FIG. 5, there is made available at each of
      the stations both azimuth and elevation angles from that station to space
      station. In other words, referring to FIG. 6, and angles PAB and PAS are
      known at station A, and similarly, the angles ABP and PBS are known at
      station B. Since the distance Ab is also known, the triangle ABP is fully
      determined, and from this, there can be computed the length of AP and BP.
      With these known, and recognizing that angles SPA and SPB are both right
      angles, one can then see that triangles SPB and SPA are now fully
      determined so that the distances SA and SB are known. Dividing each of
      these distances by the speed of light, there is obtained the time required
      to transmit from each of stations A and B to station S, and a simple
      subtraction of these two times then determines the amount of delay that
      should be applied to the signal from the station which is then more remote
      from space station S to compensate for the longer transmission time from
      that station to the space station. In addition to this, variable delay
      circuit 109 in FIG. 7 may be provided with an appropriate delay, over and
      above that provided as just described, to compensate for the transmission
      delay incurred in transmitting the signal intelligence over the
      communication circuit extending from the control center (see FIG. 1A) to
      station B.
PAR  FIG. 7 shows in block diagram form one form of apparatus which may be used
      to carry out the aforementioned computations. Three dimensional direction
      finders 100 and 101 are shown, one for each of the stations A and B. Each
      direction finder produces two output signals, one representing the
      elevation angle from that station to the space station and the other
      representing the azimuth angle. The azimuth angles at stations A and B are
      both supplied to a computer 102 which then determines the length of AP and
      BP which is readily determined once these azimuth angles are provided to
      computer 102 since distance AB is fixed. One output of computer 102 which
      represents the length of BP is supplied to a similar computer 103 which
      also receives an input signal representing the elevation angle measured at
      space station B. With these two input parameters, computer 103 can readily
      compute the distance DS and supply this output signal to a divider 106. In
      a similar manner, computer 104 receives an input signal from computer 102
      which represents the length of AP. Computer 104 also receives an output
      from direction finder 100 which represents the measured elevation at
      station A. Provided with this information, computer 104 can readily
      compute the distance AS and provide a corresponding output signal to
      divider 105.
PAR  Both dividers 105 and 106 divide their respective input distance signals by
      the constant factor representing the speed of light, thereby making
      available by each divider a time signal t.sub.1 to t.sub.2 which
      represents the time required for the transmission of the signal between
      the respective stations A and B and space station S. These two time
      signals t.sub.1 and t.sub.2 are applied to a subtractor 107 which
      subtracts these two time signals from each other and provides two separate
      outputs, one representing the difference t.sub.1 minus t.sub.2 and the
      other representing the difference t.sub.2 minus t.sub.1. If t.sub.1 is
      greater than t.sub.2, the difference t.sub.1 minus t.sub.2 is a positive
      quantity and subtractor 107 then provides an analog signal to variable
      delay 108 which is proportional to this difference. Under these
      circumstances, the output signal applied to variable delay 109 may be
      zero. On the other hand, if the interval t.sub.2 exceeds interval t.sub.1,
      then the difference t.sub.2 minus t.sub.1 is a positive quantity which is
      applied to variable delay 109, and delay circuit 108 then receives zero
      input signal.
PAR  Signal source 110 represents the source of data signals to be transmitted
      from stations A and B to space station S. The output of signal source 110
      is applied to both the variable delays 108 and 109 where they are
      selectively delayed in accordance with the time signal input to each of
      these delay circuits before being applied as input to the associated
      modulator 111 or 112. Assuming again that t.sub.1 exceeds t.sub.2, this
      means that station A is more remote from station S than station B and this
      means that the transmissions from station B must be suitably delayed in
      accordance with the difference t.sub.1 minus t.sub.2. Accordingly, the
      different signal representing t.sub.1 minus t.sub.2 is applied to delay
      circuit 108 to selectively control the delay of the input signal to the
      modulator for station B. It will be obvious from the foreging description
      that the Station A signal will be delayed by variable delay 109 in a
      similar manner when station B is more remote from space station S than is
      station A.
PAR  There remains one final effect with regard to the system shown in FIG. 1A.
      This is the fact that the frequency of the received signals received at
      the space station or earth satellite will depend upon the Doppler-shift as
      well as the radiated frequency. With the system shown in FIG. 1A, where a
      plurality of stations are so disposed that their radio waves intersect at
      a substantial angle upon reaching the earth satellite or space station, it
      is clear that the Doppler shift will be different for each station.
      Therefore, if each station transmits on the identical radio frequency, the
      received signals will vary as the Doppler shift from each station.
      Conversely, in order that each of the received signals will have the same
      frequency at the earth satellite or space station, it is necessary to
      transmit different frequencies from stations A, B, C, et cetera. With
      frequencies of the order of 100 mc./s., the expected Doppler shifts are
      not great for earth satellites, and the above is only of academic
      interest. However, when frequencies of several thousand megacycles/sec. or
      even 850 mc./s. are used, the Doppler shifts observable on earth
      satellites increase by a factor of about 10 times the shifts at 100 mc./s.
      Furthermore, in the case of space probes, very must larger frequency
      shifts may occur. In the case of earth satellites and with stations A, B,
      . . . on the earth's surface, it is quite possible for the satellite to be
      rapidly approaching one station and receding from the other, which will
      cause the Doppler shifts to be in opposite directions.
PAR  Now referring to FIG. 8, it is seen that for radiation of the transmitters
      at stations A and B on the identical carrier frequency, namely f.sub.ta
      and f.sub.tb, there will be two different frequencies received at the
      space station. Each will vary from the radiated frequency by the Doppler
      shift between that station and the satellite. As the frequency of
      transmissions to satellites increases and as the speeds of satellites
      increases, then the Doppler shifts .DELTA. f.sub.a and .DELTA. f.sub.b
      increase. Furthermore, with increasing speeds and frequencies, the
      difference between the two signals received at the space station will
      increase--up to the point at which either one or both of the frequencies
      transmitted are outside of the pass band of the receiver.
PAR  Now referring to FIG. 9, it is seen that by transmitting the signals from
      stations A and B on different frequencies, which in this particular
      illustration are shown as higher than the nominal received frequency, it
      is possible to cause the two frequencies received at the space station to
      approach each other and to approach the frequency nominally assigned so
      that they will enter the pass band of the space station receiver.
      Obviously, it is possible to operate this system in such a manner that the
      difference between the two frequenices, as shown in FIG. 8, may approach
      any desired value. We do this as follows: The space station transmits on a
      single frequency which for the rays f.sub.ra and f.sub.rb in FIG. 1B is
      identical. Now because of the Doppler shift, the frequency received at
      each of the stations A and B is different. Knowing the assigned frequency
      of the space station and measuring the received frequency independently at
      both stations A and B, we determine the Doppler shift at each station. By
      adjusting the transmitters at each station to that frequency indicated in
      FIG. 8 for each station, it is thus possible to place the signals received
      at the space station within the pass band of the space station receiver at
      the assigned frequency.
PAR  Now referring to FIG. 9, it is a part of our invention to provide in
      addition to the manual methods of shifting the earth-controlled
      transmitter frequencies, an automatic method for accomplishing the same
      shifts. In connection with the communications with earth satellites, which
      pass over the observing stations at relatively low altitudes compared to
      the altitude or distance to space stations, the Doppler shift causes the
      frequency received from ground or earth stations to change rapidly. In
      FIG. 9, a signal voltage having a frequency shift f.sub.1 - f.sub.2 is
      applied to the circuit shown. Isolating resistor 87 causes an essentially
      constant current to flow through inductor 94. In a similar manner a signal
      voltage of frequency f.sub.1 - f.sub.4 is applied through isolating
      resistor 90 and causes an essentially constant current to flow through
      inductor 95. Th signal voltage of frequencies f.sub.1 - f.sub.2 is
      obtained by beating in heterodyne circuit 115 the signal received by
      receiver 113 from the space station, i.e., f.sub.1, with a precision
      oscillator 114 adjusted to the frequency f.sub.2 of the transmitter the
      space station. The beat frequency obtained is the Doppler shift resulting
      from relative motion between the earth and space stations, which after
      suitable amplification is applied to the circuit shown. Similarly, the
      signal of frequency f.sub.3 - f.sub.4 is obtained by beating in heterodyne
      circuit 119 the frequency of the transmitter 116 at this same station with
      a precision frequency standard provided by oscillator 117 which is
      adjusted to the nominal frequency within the pass band of the satellite
      receiver.
PAR  The voltages generated across inductors 94 and 95 are rectified by diodes
      92 and 93 and then compared on the balancing network of resistors 88, 89
      and 91. Since the D.C. current resulting from the signal f.sub.1 - f.sub.2
      travels through resistor 91 in an opposite direction to the D.C. current
      resulting from the signal f.sub.3 - f.sub.4, when the network is balanced,
      the junction of resistors 88, 89, and 91 is at zero potential. The D.C.
      recording potentiometer 96 detects any unbalance and actuates the variable
      master oscillator 118 in such a direction as to cause the transmitter
      frequency to vary from the nominal space receiver pass band frequency by
      an amount equal to the Doppler shift. This discussion of the method of
      operation assumes that the satellite and ground stations are both
      operating on the same frequency and that the value of resistors 88 and 89
      is adjusted to maintain this balance. Now it is a feature of our system
      and this circuit that by adjusting resistors 88 and 89, it is possible
      with the apparatus of FIG. 9 to use the signal f.sub.1 -  f.sub.2 obtained
      from one carrier frequency at the space station (for example 400 mc./s.)
      to generate the correction of the transmitter frequency on a carrier
      frequency other than that, f.sub.1, received from the space station (for
      example 420 mc./s.) so that the frequency received by the satellite
      receiver will have been compensated for the Doppler shift in transmission
      at such other frequency and will fall within the pass band of the space
      station receiver.
PAR  Another feature of our invention is the radiation from the space station
      transmitter of a plurality of frequencies say f.sub.10, f.sub.11,
      f.sub.12, . . . et cetera so related that when transmitting to a plurality
      of ground stations, these ground stations may maintain receivers tuned to
      a specific assigned frequency and, as a result of the Doppler frequency
      shift, at least one of the plurality of frequencies f.sub.10, f.sub.11,
      f.sub.12 . . . , all of which are modulated with the same signal or
      intelligence, will fall within the pass band of the specific radio
      frequency to which these receivers are tuned. Obviously, the Doppler
      frequency shift will vary independently at the plurality of stations
      receiving these space station signals, that frequency of the plurality of
      frequencies radiated by the space station, which falls within the receiver
      pass band at station A, may be different from that at stations B, C, et
      cetera. On the other hand, there may be times for which the same frequency
      of the plurality f.sub.10, f.sub.11, f.sub.12  . . . will provide
      satisfactory communications with more than one of the earth-controlled
      receiving stations.
CLMS
STM  Having thus disclosed our invention, what we claim as new and desire to
      secure by Letters Patent of the United States follows:
NUM  1.
PAR  1. The method of communicating intelligence by radio waves between at least
      two bodies in space in motion with respect to each other where a first of
      said bodies includes an antenna having at least one null orientation with
      respect to radio waves received from a predetermined direction, said
      method comprising the steps of:
PA1  (a) transmitting the intelligence simultaneously via at least two separate
      radio waves from at least two geographically widely separated transmitting
      stations on said second body respectively and with said stations having
      sufficient separation that the two lines of sight from the location of
      said antenna on said first body to each of said separated transmitting
      stations on said second body form a finite angle therebetween which
      exceeds the angular cross section of the antenna null;
PA1  (b) and responding at said first body in space only to strongest of the
      several signals received from said transmitting stations on said second
      body;
PAL  whereby said antenna on said first body can have at any time a null
      orientation with respect to, at most, one of said radio waves and said
      first body thereby continually receives said intelligence from said second
      body.
NUM  2.
PAR  2. The method of claim 1 in which the intelligence transmitted from one of
      said transmitting stations is delayed by an amount causing it to be in
      time and phase coincidence at said first body with the intelligence
      received on said second body from the other of said stations.
NUM  3.
PAR  3. The method of claim 1 wherein said two separate radio waves transmitted
      to said first body are on respectively different nominal carrier
      frequencies.
NUM  4.
PAR  4. The method of claim 1 in which the frequency of said radio waves
      transmitted from the respective transmitting stations on said second body
      is adjusted by an amount substantially equal and opposite to the amount of
      Doppler frequency shift produced in said wave as received on said first
      body.
NUM  5.
PAR  5. The method of claim 1 in which the same intelligence is transmitted from
      each of said transmitting stations on each of a plurality of respectively
      different carrier frequencies all of which are radiated in substantially
      the same direction toward said first body but which travel over different
      propagation paths because of the different refractions experienced by the
      respectively different frequencies, whereby at least one of said carrier
      frequencies from each said transmitting station is likely to impinge upon
      said first body.
NUM  6.
PAR  6. The method of claim 5 in which said first body radiates at least one
      radio wave which is received by both said stations on said second body,
      and said plurality of frequencies is radiated from each said station on
      said second body in the direction of reception of said one wave from said
      first body even though the line-of-sight direction between said two bodies
      is constantly changing.
NUM  7.
PAR  7. The method of communicating signal intelligence to a body in space where
      said body includes a directional antenna having at least one null
      orientation with respect to radio signals received from any predetermined
      direction, the method comprising the steps of:
PA1  (a) transmitting said intelligence simultaneously in the form of modulated
      carried radio waves from at least two geographically widely spaced
      stations whose spacing is sufficient in relation to the distance of said
      body that said antenna can have a null orientation with respect to at most
      one of said radio waves;
PA1  (b) and responding at said body in space to only the stronger of the waves
      received from said two transmitting stations.
NUM  8.
PAR  8. The method of claim 7 including the further steps for transmitting
      intelligence from said body in space to said transmitting stations which
      comprises:
PA1  (a) energizing said antenna with a radio carrier wave modulated according
      to the intelligence to be transmitted from said body;
PA1  (b) responding at each said station to the signal transmitted from said
      body;
PA1  (c) and connecting an output circuit which is common to both said stations
      to the signal being received at each said station from said body;
PAL  whereby said output circuit is substantially continuously energized in
      response to a signal representing the intelligence transmitted from said
      body in space.
NUM  9.
PAR  9. The method of claim 7 including the further steps of continuously
      orienting a transmitting antenna at each said station to maximize the
      amplitude of the signal transmitted toward said body.
NUM  10.
PAR  10. The method of communicating intelligence to a space station having an
      antenna which is at times disposed in a null orientation with respect to a
      radio wave received from any predetermined direction and comprising the
      steps of:
PA1  (a) transmitting simultaneously at least two carrier radio waves each
      modulated according to the intelligence to be communicated to said space
      station and with said waves emanating from stations sufficiently widely
      spaced that said antenna can have a null orientation with respect to at
      most one of said radio waves;
PA1  (b) delaying the modulation on at least one of said carrier waves in
      accordance with the difference in the respective propagation times of the
      modulations from their common source to said space station to thereby
      cause the respective modulations on said waves to be substantially in time
      coincidence when received at said space station;
PA1  (c) and responding at said space station to the stronger of the two carrier
      waves.
NUM  11.
PAR  11. In a system for communicating intelligence via radio with a body in
      space having a directional antenna that may at times be null oriented with
      respect to a radio beam coming from any particular direction, the
      combination comprising: first and second transmitting means at
      geographically widely spaced locations for transmitting carrier waves
      simultaneously to said body in space with both said waves being modulated
      substantially simultaneously according to the intelligence to be
      transmitted to said body, said locations being so far separated that said
      directional antenna can at any instant have a null orientation with
      respect to at most one of the radio waves transmitted from said respective
      first and second transmitting means, receiving means on said body
      electrically coupled to said directional antenna and producing an output
      signal only in response to the received carrier wave which produces the
      greatest amplitude of signal in said directional antenna, and output means
      connected to said receiving means and being responsive to the demodulated
      output of said signal produced by said receiving means.
NUM  12.
PAR  12. The system of claim 11 in which means is coupled to each said
      transmitting means to vary its frequency in response to the continuously
      measured component of velocity of said body relative to said transmitting
      location, whereby the carrier frequency received at said body from any
      transmitting station is substantially unvarying despite Doppler frequency
      shifts resulting from the relative velocity between said body and the
      location of said transmitting station.
NUM  13.
PAR  13. The combination of claim 11 in which each said station includes at
      least one antenna for radiating electromagnetic energy to said body in
      space, and means is coupled to each said radiating antenna to continuously
      orient said antenna with respect to said body, whereby the maximum
      amplitude of radio wave is continually received by said antenna on said
      body from each said station.
NUM  14.
PAR  14. A system for communicating intelligence between the earth and a space
      station having an antenna which may at times have a null orientation with
      respect to radio waves received from any one station on earth, the
      combination comprising: at least two stations on earth each comprising
      transmitting and receiving means and being sufficiently widely spaced that
      said antenna can have at most a null orientation with respect to radio
      waves originating with one of said stations but still permitting
      line-of-sight communication between each said earth station and said space
      station, means at each earth station for modulating a carrier frequency
      wave transmitted from that station according to the intelligence to be
      transmitted to said space station, means at said space station including
      demodulator means responsive only to the strongest of the carrier waves
      energizing said antenna, modulator means at said space station for
      modulating a carrier wave according to the intelligence to be transmitted
      to earth and energizing said antenna with the resulting modulating carrier
      wave to radiate said wave toward said earth stations, said receiving means
      including a receiving antenna at each earth station, and means connected
      electrically to each said receiving means at the respective stations and
      being responsive to the intelligence transmitted by said space station and
      being received by the associated receiving means.
NUM  15.
PAR  15. The system of claim 14 wherein both said transmitting and receiving
      antennas at each earth station have directional sensitivity, and each said
      station includes antenna control means for orienting both receiving and
      transmitting antennas to have their maximum sensitivity generally in the
      line-of-sight direction with respect to said space station.
NUM  16.
PAR  16. The combination of claim 15 wherein said antenna control means for each
      said station includes means responsive to said receiving means for
      orienting said receiving and transmitting antennas at the respective
      station toward the direction from which the receiving antenna receives the
      maximum energization from the signal transmitted from said space station.
NUM  17.
PAR  17. The method of communicating signal intelligence between two widely
      spaced stations on earth via a body in space, comprising the steps of
      transmitting from one of said stations simultaneously different carrier
      frequency waves each modulated according to the intelligence to be
      transmitted, receiving at said body in space the several carrier waves
      impinging thereon, demodulating at said body in space the strongest of the
      several received carrier waves to thereby obtain a signal containing said
      intelligence, transmitting from said body in space another carrier
      frequency wave modulated according to said intelligence signal received
      from the strongest carrier, and receiving and demodulating at the other of
      said stations the modulated signal received from said body in space.
NUM  18.
PAR  18. The method of claim 17 in which the signal from said body in space may
      be transmitted on any one of a plurality of different frequencies and the
      particular frequency selected at any instant is the one which is closest
      to that on which said body is then receiving the strongest signal from
      said one station.
NUM  19.
PAR  19. The method of claim 18 in which an antenna at said other station is
      directed to have its maximum sensitivity along the direction from which
      said radio wave from said body in space is received.
NUM  20.
PAR  20. Means for communicating between two bodies in space having a
      substantial radial velocity component therebetween resulting in a
      substantial frequency shift in a a received radio wave as compared to the
      frequency of the transmitted wave and comprising, receiving and
      transmitting means at both said bodies with both transmitting means
      transmitting normally on respectively different nominal frequencies, first
      means at one of said bodies producing a first signal having a value
      representative of the frequency transmitted from the other of said bodies,
      means at said one body coupled to said receiving means responsive to said
      first signal for producing an output having at least one characteristic
      thereof which is proportional to the Doppler difference in frequency
      between the signal received at said one body from the other said body and
      the signal transmitted from said other body, second means at said one body
      producing a second signal having a value representative of the pass-band
      of frequencies of the receiving means for the other of said bodies,
      frequency-control means at said one body responsive to said output and to
      said second signal for controlling the frequency of the signal transmitted
      by said transmitting means from said one body to differ from its said
      nominal frequency by an amount substantially proportional to the amount of
      said Doppler frequency difference, said frequency control means shifting
      the frequency transmitted from said one body in a direction opposite to
      the direction of the frequency shift in the signal received from the other
      body, said receiving means on said other body being responsive only within
      a pass-band that encompasses said nominal frequency of said transmitting
      means at said one body.
NUM  21.
PAR  21. Means for communicating between two stations in space having a
      substantial radial velocity component therebetween such that a radio wave
      transmitted from one station is received with a substantial Doppler
      frequency shift at the other of said stations, the combination comprising:
      first transmitting means of one of said stations for transmitting a
      carrier wave on a fixed predetermined frequency, first receiving means at
      said one station for receiving carrier waves occurring within a
      predetermined pass-band, second receiving means at the other of said
      stations receiving the carrier frequency wave transmitted from said one
      station, first means at said other station generating a signal
      representative of said fixed predetermined frequency, control means
      coupled to said second receiving means and responsive to said signal and
      being distinctively controlled according to the frequency difference
      between the carrier wave received from said one station and the
      predetermined frequency transmitted from said one station, variable
      frequency transmitting means at said other station operating at a
      frequency range other than said fixed predetermined frequency, said
      control means and said second means jointly varying the frequency of the
      carrier wave transmitted by said variable frequency transmitting means by
      an amount proportional to the frequency shift of the carrier wave received
      from said one station to thereby cause said carrier wave transmitted by
      said variable frequency transmitting means to be received by said first
      receiving means within said pass-band.
NUM  22.
PAR  22. The method of communicating the same signal intelligence from each of
      at least two transmitting stations on one body in space to a receiving
      station on a second body in space comprising the steps of:
PA1  transmitting carrier waves from both of said two stations to said second
      body in space;
PA1  modulating each of said carrier waves with the signal intelligence to be
      transmitted to said receiving station on said second body in space;
PA1  measuring the difference in distance between each respective one of said
      transmitting stations on said first body in space to said receiving
      station on said second body in space;
PA1  and delaying the modulating signal intelligence to that transmitting
      station which is nearer said body in space relative to the same modulating
      signal intelligence for the other of said transmitting stations and by an
      amount substantially equal to the transmission time of said carrier wave
      in space over the distance measured in the immediately preceding step;
PA1  whereby said signal intelligence is received at said receiving station in
      substantial phase coincidence for both of said transmitting stations.
NUM  23.
PAR  23. A system for communicting electromagnetic intelligence signals between
      bodies in space, said signals while being radiated between said bodies
      being subject to space propagation phenomena including spin fading,
      amplitude scintillation, frequency scintillation, polarization fading,
      signal reflection, signal ducting, and signal black-out, said system
      comprising, means on said one body including a first directive antenna
      means transmitting a first signal in a highly directive beam toward the
      other said body in space, and signal direction finding means on said one
      body responsive to a signal transmitted from said other body which is
      subject to said space propagation phenomena .Iadd.substantially
      .Iaddend..[.substationally.]. the same as said first signal for
      .Iadd.continually .Iaddend..[.continuously.]. controlling the direction of
      transmission of said directive antenna means in both azimuth and elevation
      to maximize the intensity of signal reception at said other body, said
      direction finding means including at least one antenna means having a
      single axis of directivity and means responsive to coincidence of said
      axis with the direction of signal reception from said other body for
      controlling said directivity of transmission.
NUM  24.
PAR  24. The system of claim 23 in which said other body in space is a satellite
      repeatedly orbiting about the earth's center.
NUM  25.
PAR  25. The system of claim 23 in which said signal transmitted from said other
      body is an intelligence signal.
NUM  26.
PAR  26. The system of claim 23 in which said direction finding means includes
      means for repeatedly moving said direction finding means to bring its
      single axis of directivity into momentary coincidence with said direction
      of energy reception from said other body in space.
NUM  27.
PAR  27. A system for receiving an electromagnetic intelligence signal from a
      body in space, said received intelligence signal being subject to space
      propagatiotn phenomena including spin fading, amplitude scintillation,
      frequency scintillation, polarization fading, signal ducting, and signal
      black-out, said system comprising means including a first directive
      antenna means for directionally receiving said signal from said body in
      space, and satellite signal direction finding means responsive to a signal
      from said body in space which is subject to said propagation substantially
      the same as said received signal for continually controlling the direction
      of reception of said first directive antenna means in both azimuth and
      elevation to maximize the intelligence signal received from said body in
      space, said direction finding means including at least one antenna means
      having a single axis of directivity and means responsive to coincidence of
      said axis with the direction of signal reception from said body in space
      for controlling said directivity of reception.
NUM  28.
PAR  28. The system of claim 27 in which said body in space is a satellite
      repeatedly orbiting about the earth's center.
NUM  29.
PAR  29. The system of claim 27 in which the signal to which said direction
      finding means responds is the same as said intelligence signal received by
      said first directive antenna means.
NUM  30.
PAR  30. The system of claim 27 in which said direction finding means includes
      means for repeatedly moving said direction finding means to bring its
      single axis of directivity into momentary coincidence with said direction
      of energy reception from said other body in space. .Iadd. 31. A system for
      communicating electromagnetic intelligence signals between bodies in
      space, said signals while being radiated between said bodies in space
      being subject to space propagation phenomena including spin fading,
      amplitude scintillation, frequency scintillation, polarization fading,
      signal reflection, signal ducting, and signal black-out, said system
      comprising,
PA1  means on said one body including a first directive antenna means
      transmitting a first signal in a highly directive beam toward the other
      said body in space,
PA1  means on said one body including a second directive antenna means for
      directionally receiving a second signal from said other body in space,
PA1  signal direction finding means on said one body responsive to a signal from
      said other body which is subject to said space propagation phenomena
      substantially the same as said first transmitted signal and also
      substantially the same as said second received signal for continually
      controlling the direction of transmission of said first directive antenna
      means in both azimuth and elevation to maximize the intensity of signal
      reception of said first signal at said other body and for also continually
      controlling the direction of reception of said second directive antenna
      means in both azimuth and elevation to maximize the intensity of reception
      of said second signal received from said other body,
PA1  said direction finding means including at least one antenna means having a
      single axis of directivity and means responsive to coincidence of said
      axis with the direction of signal reception from said other body for
      controlling said direction of transmission of said first directive antenna
      means and also the direction of reception of said second antenna
      means..Iaddend.
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PAL  An endoprosthetic bone joint device developed for the elbow, but applicable
      elsewhere, has two hinge components respectively defining complementary
      first and second bearing surfaces for mutual articulatory engagement, and
      each apertured to define third bearing surfaces. When implanted the hinge
      components are first coupled by a further component passed through the
      apertures and defining fourth bearing surfaces to articulate with the
      third surfaces. At this stage all of the bearing surfaces are
      appropriately engaged and stabilization of the implantation securement is
      facilitated. Subsequently the coupling can be removed to reduce the effect
      of distraction stresses on the device. The first and second surfaces are
      suitably of spherical ball and socket form, and can be of a twinned form,
      while the third and fourth surfaces are suitably of circular cylindrical
      form extending diametrally through the ball and socket.
BSUM
PAR  This invention concerns endoprosthetic devices and more particularly such
      devices for replacing the articulatory function of bone joints. The
      invention has in fact been developed in relation to the elbow joint and
      will be described hereinafter in this context, but it is to be understood
      that, in a broader aspect, the invention is applicable to other joints.
PAR  The commercially available endoprosthetic elbow joint devices
      conventionally involve a directly coupled hinge structure comprising
      separate humeral and ulnar components and a coupling pivot pin which
      co-operates with each of the former components in bearing enegagement to
      provide articulation by rotation of the components about the longitudinal
      axis of the pin. However, while the results with such devices have proved
      generally satisfactory to date, recent evidence suggests that these
      devices may be subject to disadvantage in the longer term. More
      specifically, it appears that distraction stresses which are transmitted
      through the pivot pin to both of the associated hinge components can
      weaken the securement of these components in their respective bones. Such
      securement normally involves the use of intramedullary stems and acrylic
      resin cement as gap-filling medium, and the bond between such cement and
      the bone is particularly unsuited to withstanding the tensile stresses
      and, to a lesser degree, torsional stresses which result from distraction.
PAR  An object of the present invention is to reduce the difficulties of this
      situation and accordingly provides an endoprosthetic bone joint
      comprising: two hinge components and a hinge-coupling component; said
      hinge components being adapted for fixation to respective bones of the
      relevant joint, respectively having first and second bearing surfaces of
      complementary form for mutual articulatory bearing engagement, and having
      apertures to provide respective third bearing surfaces of mutually similar
      form; and said hinge-coupling component having a fourth bearing surface of
      complementary form to said third bearing surfaces, and being adapted for
      releasable receipt in said apertures to couple said hinge components and
      maintain said first and second, and said third and fourth, bearing
      surfaces in mutual articulatory engagement.
PAR  The first and second bearing surfaces will normally be of respective ball
      and socket forms, and the third and fourth bearing surfaces of
      respectively concave and convex cylindrical forms extending diametrically
      through the former. Also, twinned ball and socket surfaces with the
      cylindrical surfaces extending along a common diameter of the former are
      possible.
PAR  In use of the invention the components are implanted to provide a directly
      coupled hinge assembly, but after an initial post-operative period during
      which healing is completed and the two hinge components become stabilized
      within the capsule of the natural joint, the coupling component is removed
      by relatively minor surgery. Thereafter the two hinge components serve as
      a hinge assembly to provide the required articulatory function through the
      mutual engagement of their first and second bearing surfaces, but the
      components are indirectly coupled by way of the bones and capsule so that
      any transmission of distraction stresses through the hinge assembly is
      significantly reduced.
DRWD
PAR  For a fuller understanding of the invention, the same will now be described
      by way of example with reference to the accompanying drawings, in which:
PAR  FIG. 1 diagrammatically illustrates in an exploded perspective view one
      embodiment of a prosthetic elbow joint device according to the invention;
      and
PAR  FIG. 2 diagrammatically illustrates the device of FIG. 1 in side elevation,
      assembled form, and in relation to an ulna and humerus to which the device
      is secured.
DETD
PAR  The illustrated device comprises a humeral component 10 and a two-part
      ulnar component 11, which components serve as the afore-mentioned hinge
      components, and a hinge-coupling component in the form of a pin 12.
PAR  The humeral component 10 comprises an integral structure of tapered
      intramedullary stem 13 which is forked at its wider end to provide two
      arms 14 terminating at their respective ends in like spherically shaped
      bearing members 15. The stem 13 is of substantially rectangular
      cross-sectional shape and tapered in both lateral aspects towards its free
      end, which is rounded. Also, the stem 13 has a relieved surface formation
      by the provision of annular grooves 16 therearound at successively spaced
      locations along the length of the stem.
PAR  The more general geometry of the humeral component is symmetrical about the
      longitudinal medial plane thereof passing between the arms 14, while the
      component is curved, at least over its wider ends including the arms 15,
      in an orthogonal longitudinal plane as seen in FIG. 2.
PAR  It is to be noted that, at least in planes parallel to the afore-mentioned
      medial plane, the bearing members 15 have a diameter greater than the
      cross-sectional dimensions of the adjoining arms 14, so that the spherical
      surfaces of the bearing members subtend angles greater than 180.degree. in
      such planes. Also, the bearing members are apertured by the provision of
      respective diametral bores 17 therethrough perpendicularly to said planes.
PAR  Turning to the ulnar component 11: this is of two-part form comprising a
      shaft 18 and a bearing block 19. The shaft 18 serves over its major length
      as an intramedullary stem 20 and is similar to the humeral component stem
      13 in being of substantially rectangular cross-sectional shape, doubly
      tapered towards a rounded free end, and provided with annular grooves 21
      therearound at successively spaced locations along its length. The
      remaining minor end portion of the shaft 18 is in the form of an end cap
      22 also of substantially rectangular form.
PAR  The bearing block 19 has a first body portion 23 of substantially
      rectangular form with a similarly shaped second body portion 24 upstanding
      from the longitudinally central area of one side face of the body portion
      23, so that the block 19 has an overall inverted T-shape of which the
      portions 23 and 24 respectively constitute the cross-bar and stem. The
      block is further shaped by the formation of two concave recesses,
      respectivaly located in the angled regions between the two undersurfaces
      of the cross-bar body portion 23 and the adjacent side faces of the stem
      body portion 24. These recesses each comprise a semi-circular cylindrical
      portion 25 extending along the stem body portion 24 to lead smoothly into
      a spherical portion 26 in the cross-bar body portion 23. The spherical
      portions 26 are of like diameter and mutual spacing as the humeral
      components' bearing members 15 with which they are complementary, but the
      former are of lesser extent, namely, not greater than hemispherical. This
      complementary relationship is extended by the provision of two further
      recesses 27 to respectively communicate the spherical recess portions 26
      with a common side face of the cross-bar body portion 23, and these
      further recesses are, in their relationship with the portions 26,
      generally complementary to the convexly curved portions of the arms 14
      adjoining the humeral component bearing member 15.
PAR  Further features of the bearing block 19 comprise channels 28 leading from
      the base of the spherical recess portions 26 to the outer edge of the
      recesses 27; a bore 29 extending through the stem body portion 24 along
      the common diametral direction with respect to the spherical recess
      portions 26, and semi-cylindrical extensions 30 of the bore 29 which
      extensions are disposed in the cross-bar body portion 23; a passageway 31
      passing through the cross-bar body portion 23 orthogonally to the bore 29;
      and mutually perpendicular grooves 32 formed in the side faces of the body
      portion 23. The bore 29 is of like diameter with the humeral component
      bore 17, and is fully exposed from the ends of the bearing block by the
      associated semi-cylindrical extensions 30. The passageway 31 is of
      doubly-tapered, rectangular form complementary to the end portion of the
      ulnar component stem 20 adjoining the associated end cap 22, the
      passageway 31 being tapered from its end adjacent the bearing block
      recesses 27. The grooves 32 extend parallel with the principal dimensions
      of the respective side faces and the passageway 31 opening thereinto, and
      at the wider end of this passageway the grooves circumscribe the same to
      form a recess complementary to the ulnar component shaft end cap 22.
PAR  The hinge-coupling pin 12 has a cylindrical shaft 33 of like diameter to
      the bores 17 and 29 in the other components, terminates at one end in a
      head 34, and is screw-threaded at its other end for connection with a nut
      35.
PAR  Lastly concerning the form of the illustrated components: it is presently
      preferred that these be made of a metal, such as a suitable
      chromium-cobalt-molybdenum alloy, except for the bearing block 19 which is
      to be of a suitably compatible plastics material, such as high density
      polyethylene.
PAR  In use of the illustrated device the distal end of the humerus is suitably
      sectioned and the exposed medullary canal reamed for securement of the
      humeral component stem 13 therein in association with acrylic resin cement
      or equivalent gap-filling medium. The double taper of the stem 13 is
      beneficial in effecting extrusion of cement therearound into the
      cancellous bone bordering the canal, and the grooves 16 are further
      beneficial in keying the cement with the stem. The general disposition of
      the humeral component 10 when secured in the humerus is indicated by FIG.
      2 in which the humerus is denoted at 40.
PAR  The ulnar component is secured in the proximal end of the ulna of which the
      head is excavated to receive the bearing block 19 and the exposed
      medullary canal reamed to receive the stem 20 of shaft 18. Again use is
      made of acrylic resin cement to secure the bearing block and also the
      shaft. The resultant general disposition relative to the ulna, which is
      denoted at 41, is indicated by FIG. 2, the block 19 being located with its
      side face incorporating the wider end of passageway 30 exposed in the end
      aspect of the ulna and the recess portions 25 and 26 also exposed.
PAR  Assembly of the components involves location of the spherical bearing
      members 15 of the humeral component in articulatory bearing engagement
      with the spherical recess portions 26 of the ulnar component by way of the
      associated cylindrical recess portions 25. This engagement is of a pivotal
      articulatory nature with the pivotal axis being the common diameter of the
      relevant spherical surfaces. Also, this engagement serves to align the
      bores 17 and 29, 30 of the humeral component and ulnar bearing block, and
      the engagement is stabilized, as a temporary measure, by passage of the
      coupling pin 12 through the aligned bores and securement of the pin with
      nut 35. This coupling affords a secondary articulatory engagement of a
      pivotal form and for which the pivotal axis is the longitudinal axis of
      the pin. Since the pin axis lies along the common diameter of the
      above-mentioned spherical surfaces, the two articulatory capabilities are
      coaxial and the first-mentioned of these is maintained while the device is
      stabilized by the coupling pin. The recess 27 serves to receive the arms
      14 and allow a greater range of pivotal movement for the humeral component
      10 in one direction then the other relative to the bearing block 19, while
      the channels 28 allow drainage of debris.
PAR  While the present invention has been described with more particular
      reference to the illustrated embodiment, it is clearly open to variation
      within the more general discussion thereof in the introductory passage
      hereinbefore. For example, the illustrated embodiment involves an
      effectively duplicated spherical bearing assembly, whereas a relatively
      simple singular form can be employed, or a relatively more complex
      singular form can be employed by integrating the duplicated bearing
      surfaces into a saddle configuration. Also, while use is made of spherical
      bearing surfaces, the natural articulatory function to be replaced is
      almost entirely a single pivotal freedom of movement, and bearing surfaces
      of generally cylindrical form can be employed to afford an appropriate
      hinging action.
PAR  Further variation can be made in the form of the ulnar component. This
      component is preferably of the illustrated two-part form since this
      requires a reduced amount of bone removal from the ulna compared to a more
      conventional form of component with integrated bearing part and stem, and
      also allows the bearing block 19 to be laterally embraced within the ulna
      except for receipt of the separate shaft 18. However, an integrated ulnar
      component can be employed with the present invention.
PAR  Lastly, it has been mentioned initially that the invention is applicable to
      other bone joint prostheses, and such application is clearly appropriate
      to other joints such as the knee where the principal articulation is
      hinge-like.
CLMS
STM  We claim:
NUM  1.
PAR  1. An endoprosthetic bone joint device comprising:
PA1  a first hinge component of forked form with two form arms similarly
      defining at their free end portions respective spherically-shaped ball
      bearing surfaces, and said arms being diametrally bored relative to said
      ball surfaces to define respective, coaxially aligned, concave, circular
      cylindrical bearing surfaces therethrough;
PA1  a second hinge component including a bearing part of generally T-shape with
      a cross-bar and stem, said cross-bar similarly defining at its free end
      portions respective spherically-shaped socket bearing surfaces in
      articulatory engagement with said ball surfaces, and said stem being bored
      to define a further concave circular cylindrical surface coaxially aligned
      with, and disposed between, the first-mentioned concave surfaces; and
PA1  a hinge-coupling component defining a convex circular cylindrical surface
      located in articulatory engagement with said concave surfaces, said
      hinge-coupling component being releasably connected with said hinge
      components.
NUM  2.
PAR  2. A device according to claim 1 wherein said second component is of
      two-part construction comprising said bearing part and an elongate
      intramedullary fixation member, said bearing part having a passageway
      extending generally orthogonally therethrough relative to said T-shape
      cross-bar and stem, said fixation member being releasably located in said
      aperture to extend from one side of said bearing part.
NUM  3.
PAR  3. The use of an endoprosthetic bone joint device, which device comprises:
PA1  two hinge components adapted for fixation to respective bones of the
      relevant joint, respectively having first and second bearing surfaces of
      complementary form, and having apertures to provide respective third
      bearing surfaces of mutually similar form; and
PA1  a hinge-coupling component having a fourth bearing surface of complementary
      form to said third bearing surfaces, and being releasably locatable in
      said apertures to hold both said first and second surfaces, and said third
      and fourth surfaces, in respective mutual articulatory engagement;
PAL  and which use comprises:
PA1  implanting said hinge components with said hinge-coupling component located
      in said apertures, and then, after a period of time during which such
      implantation becomes stabilized, removing said hinge-coupling component.
NUM  4.
PAR  4. The use of an endoprosthetic elbow joint device, which device comprises
      an ulnar component of two-part construction including a bearing part
      having a passageway therethrough, and an elongate intramedullary fixation
      member releasably locatable in said passageway to project from one end
      thereof, and which use comprises excavating the proximal end of the ulna
      and reaming the medullary canal exposed thereby to respectively receive
      said bearing part and fixation member, locating said bearing part in the
      excavated ulna, and then passing said fixation member through said
      passageway and into said reamed canal to secure said component.
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ABST
PAL  A socket for hip joint prosthesis is secured to a cavity in the bone tissue
      by a series of radially arranged pegs which can be projected outwardly
      from the wall of the socket into the surrounding tissue by a central screw
      member which also has a self-tapping thread which also enters the tissue.
BSUM
PAR  This invention relates to the socket part of a total hip joint prosthesis,
      that is to say to that part of the prosthesis which is inserted into the
      hip bone amd more particularly, to the case in which the insertion of the
      prosthesis into the hip bone takes place without the use of a bone cement.
      For implantation without the use of a cement, only those parts of a
      prosthesis which consist of a bio-inert raw material are involved, which
      permits the intimate and mechanically firm growing of the bone tissue onto
      the surface of the prosthesis at the places provided therefor. Therefore,
      the invention relates to sockets for total hip joint prostheses made of a
      biologically-inert material, especially of a dense Al.sub.2 O.sub.3
      ceramic.
PAR  Hitherto total hip joint prostheses were attached in orthopedic surgery
      essentially with the aid of plastic bone cement in the bone cavities
      adjoining the joint. This technique has been used for about 10 years to a
      large and continuously growing extent. However, it has turned out, that
      the use of plastic bone cement leads to various complications. The
      possibility of cement free implantation of the two parts of a hip joint
      prosthesis, namely of the socket part to be attached in the hip bone and
      the thigh part attached in the femur, therefore represents an essential
      and significant progress.
PAR  The customary and hitherto available sockets for hip joint full prostheses
      for implantation with the aid of bone cement cannot be adapted easily for
      the cement free implantation, since a certain time in the order of
      magnitude of 1-3 months is needed for the growing in or growing on of the
      tissue to the surface of the prosthesis. During this time, a relative
      movement between the bone tissue and the socket must be avoided. However,
      this avoidance of relative movements between the bone tissue and the side
      of the socket facing it has not been ensured in the case of these former
      socket constructions.
PAR  Socket constructions have already been proposed, made of aluminum oxide
      ceramic in a dense and/or porous form, or with a porous layer on the
      surface facing the bone, which are intended for a cement free implantation
      (German published application No. 2,134,316). It turns out however, that
      such sockets are not protected sufficiently against twisting.
PAR  Socket constructions for cement free implantation have also already been
      proposed, which have a protection against twisting and which in their
      entirety, consist of a raw material, which makes possible a mechanically
      firm growing on of the bone tissue to the surface of the prosthesis. In
      the copending application corresponding to German application No. 2314175,
      a socket for hip joint prosthesis made of aluminum oxide ceramic which can
      be screwed in, has been described. While this latter prosthesis represents
      an advance as compared to the then status of the prior art, since by
      screwing in with a partially self-tapping thread and with the attachment
      of additional protection against twisting, a stable seat of the socket
      immediately after the operation is assured, yet the expense in the use of
      this socket is quite high, because of the necessity of precutting of the
      thread and predrilling of the holes for the twist prevention.
PAR  A socket part of a full hip joint prosthesis has also been proposed in
      which case the twist prevention is given by the angular shape of the side
      of the socket facing the hip bone (copending application corresponding to
      German application No. 2325585). In that case, a socket made of Al.sub.2
      0.sub.3 ceramic, it is true that the necessary instruments needed for
      threading and predrilling of the holes serving for prevention of twisting
      is no longer necessary and a number of operations are saved during
      implantation. Nevertheless, it turned out that it is quite difficult to
      achieve, under the conditions of the operation, a high degree of precision
      in chiselling the shape of the angular socket out of the hip bone, which
      is required for a firm solid seat for the socket.
PAR  The socket, according to the present invention, for hip joint prostheses
      for cement free implantation, results in a further simplification of the
      technique of the operation and thus constitutes a notable advance, as
      compared to the hitherto known socket constructions.
DRWD
PAR  FIGS. 1 and 1A are plan, and elevational, views of a preferred socket;
PAR  FIGS. 2 and 2A are elevational, and plan, views of an implanting tool, and
PAR  FIG. 3 shows another such tool.
DETD
PAR  In FIGS. 1 and 1A of the drawings, the reference numeral 1 represents the
      essential cylindrical body of the socket in its outside contour. In it, an
      approximately semispherical cavity 2, is provided in one of its two sides
      in which the head of the femur part of the hip joint prosthesis is mounted
      after insertion. The socket in its center is provided with two concentric
      bores having variable diameters 7 and 8, with a tapered shoulder 9 between
      them into which the screw 3 fits. The screw 3 at its lower end has a
      thread 4. The body 1 of the socket contains bores which are designated by
      numeral 5. The pegs 6 are mounted in them.
PAR  The procedure for the implantation of the hip joint socket according to the
      invention is as follows: First of all, the implantation space in the hip
      bone is preshaped with a rasp 10 as shown in FIGS. 2 and 2A, which is
      similar to a cutter head. The outside diameter of this cutter head 11
      corresponds to the outside diameter of the socket 1. Subsequently the
      hollow space needed for the socket is finished in the hip joint bone with
      an instrument 20, having a hollow cutter 21 to make the space cylindrical
      as shown in FIG. 3. Finally, the hole needed for the central screw 3 in
      socket 1 is drilled in the center by means of a drill limited
      correspondingly in its drilling depth to such a point, that the thread 4
      can later penetrate in a self-tapping manner.
PAR  During insertion of the socket, the screw 3 is in an unscrewed state to
      such a point that the peg 6 will be in contact with the lower course of
      the thread 4 in the lower part of the screw 3. This portion of the screw
      3, carrying the thread, has a smaller diameter than its upper part, so
      that the pointed inner ends of the pegs 6 upon engagement with the turns
      of the thread 4, do not project from the sides of the body 1 of the
      socket. In order to make possible the engagement of the inner pointed ends
      of the pegs 6 in the lowest turn of the thread 4 on screw 3, the bores in
      which the pegs 6 are guided, are displaced radially outwardly into the
      surrounding bone tissue. As drawn in FIG. 1, three pegs are arranged
      radially and the corresponding bores are displaced by 120.degree. and are
      differentiated as to their height in each case by one third of the height
      of the pitch of the thread. After insertion of the socket, the screw 3 is
      screwed in with a screwdriver. In the case of this screwdriver, the part
      touching the screw, and preferably the socket, is covered with plastic in
      order to avoid metal abrasion of the socket or its parts. During this
      screwing in of the screw 3, the pegs 6 first serve for the guidance of the
      screw and they constitute the support for driving them in. After
      penetration of the screw 3 into the corresponding predrilled part of the
      hip bone, the thread is tapped there automatically in the same way a wood
      screw acts. At the same time, the pegs 6 are forced apart because of the
      ending of thread 4 and by contact with the tapered shoulder defined by the
      transition part of the screw 3 between the area of smaller diameter to the
      superposed part of larger diameter. The pointed ends of the pegs 6
      directed outwardly at the same time penetrate the hip bone and lead to the
      necessary firm and twistproof anchoring of the socket in the hip bone.
      Also, as the screw moves down, the tapered shoulder meets the shoulder 9
      defining the transition between the two bores 7 and 8, which assists in
      retaining the socket in place.
PAR  With this implantion technique, which is made possible by the socket
      according to the invention, there is achieved with a few manipulations, a
      mechanically firm and twistproof seat for the socket. At the same time,
      there is no great requirement for precision to be made for the preliminary
      work of drilling out the space in the hip bone required for the socket, so
      that an efficient procedure is also possible for these preparatory
      operations. However, the saving of time in such a serious operation as
      represented by the insertion of a total hip joint prosthesis, is a
      decisive factor and constitutes an essential criterion for the useability
      of an implant.
PAR  The preferred material for a socket for total hip joint prostheses
      according to the invention consists of a raw material which permits the
      mechanically firm adhesion, or growing on, of bone tissue to the surface
      of the implant. Preferably, all individual parts of the socket, according
      to the invention, are made of the same raw material. The mechanically
      tight and firm "growing on" of bone tissue exists particularly in the case
      of aluminum oxide ceramic. Some glass ceramic types also fulfill this
      condition. However, aluminum oxide ceramic, because of its other
      mechanical characteristics, especially because of its high wear
      resistance, is preferred for this use. By aluminum oxide ceramic, one
      understands a ceramic material, which consists of more than 85 percent of
      aluminum oxide. For hip joint prostheses and the sockets according to the
      invention, an aluminum oxide ceramic with more than 96 percent Al.sub.2
      0.sub.3 is preferred. A highly corrosion resistant and a highly wear
      resistant aluminum oxide ceramic with more than 99 percent aluminum oxide
      contents is particularly favorable. These materials are used in a state
      sintered to high density, that is to say, having a density of at least 90
      percent, preferably 95 percent of the theoretical density of the material
      used.
CLMS
STM  We claim:
NUM  1.
PAR  1. A socket for hip joint prosthesis for cement free implantation
      comprising a body of biologically inert material provided with a
      semi-spherical concentric bearing cavity, a series of pegs longitudinally
      slidably mounted in said body in space relation to each other, a threaded
      screw mounted for axial movement in a concentric bore provided in said
      body for operative engagement with one end of each of said pegs, the
      threads being disposed on one end of the screw for self-tapping engagement
      with the tissue of the bone, a portion of the screw remote from said one
      end being of larger diameter than the threaded portion to define an
      annular shoulder, said bore having a portion of reduced diameter defining
      an annular shoulder for engagement with the first mentioned shoulder for
      assisting in holding the body in place.
NUM  2.
PAR  2. The invention defined in claim 1, wherein all of the components are
      composed of dense Al.sub.2 0.sub.3 ceramic.
NUM  3.
PAR  3. The invention defined in claim 1, wherein said pegs are mounted in a
      series of passages radiating outwardly from said bore.
NUM  4.
PAR  4. The invention defined in claim 3, wherein the inner ends of said pegs
      are provided with surfaces which are contoured for operative engagement
      with said screw threads during the initial rotation of said screw, said
      pegs being forced outwardly by engagement with said first mentioned
      shoulder when said threads are in engagement with bone tissue.
NUM  5.
PAR  5. The invention defined in claim 1, wherein said body is cylindrical.
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PAL  An endoprosthetic femoral head device comprising a ball-shaped head
      connected, by way of a necked portion, to the wider end of a tapered
      intramedullary stem is modified to facilitate implantation involving
      detachment and re-attachment of the greater trochanter. The modification
      comprises the provision of a slot which extends longitudinally along the
      wider end of the stem, is open at one end, and has an interior width
      greater than that of its longitudinal mouth. A bolt-like member is
      adjustably located by its head in this slot with its shaft projecting from
      the device for passage through a bore formed in the detached trochanter.
      The trochanter is thus relocated and is secured by a fastener on the shaft
      free end. Preferably a spider-form washer with spring legs is located
      between the trochanter and fastener, and a screw-in plug is applied to the
      slot to positively locate the bolt head.
BSUM
PAR  This invention concerns endoprosthetic devices and more particularly such
      devices as used for replacing the femoral head in partial or total hip
      joint arthroplasty.
PAR  The usual form of endoprosthetic femoral head device comprises a
      ball-shaped head connected, by way of a necked portion, to the wider end
      of a tapered intramedullary stem which serves for securement of the
      device. One surgical procedure for use of such a device involves
      detachment and re-attachment of the greater trochanter, and this offers
      advantage in exposure of the site to receive the device and obviation of
      the need to detach muscular and ligamentous connections to the trochanter.
      However, the merits of this procedure are off-set by the fact that the
      necessary trochanteric re-attachment involves wired connections which many
      surgeons do not favour.
PAR  It has been proposed that this difficulty be reduced by the addition to the
      device of a bolt extending from the wider end of its stem whereby the
      trochanter can be bored, received over the bolt, and secured with a nut.
      However, in this modified device the bolt is fixed in a predetermined
      position relative to the stem with the result that a range of the modified
      devices, with differing bolt locations, must be made available to take
      account of the varying situations which can arise with different patients.
PAR  An object of the present invention is to reduce the difficulties of this
      situation by providing a further modified device which facilitates
      trochanter re-attachment. To this end the present invention provides an
      endoprosthetic femoral head device comprising the combination of a
      component including a ball-shaped head connected, by way of a necked
      portion, to the wider end of a tapered intramedullary stem, said wider end
      having a slot formed longitudinally therein, which slot is open at one end
      and has an interior width greater than that at its longitudinal mouth; an
      elongate member enlarged at one end for receipt in said slot at said open
      end thereof and captive movement therealong with the remainder of such
      member projecting transversely from said slot; and a fastener for
      connection around the other end of said member.
PAR  Use of the present device is generally similar to that of the
      above-mentioned modified device, but is advantageous in that the position
      of the elongate member is adjustable relative to the device stem and can
      suit different requirements.
PAR  Connection of the elongate member and fastener can be effected by screw
      connection in similar manner to the previously modified devices, or in
      other ways such as by crimping or cold welding. In either case, it may be
      desirable to inhibit translatory movement of the trochanter, and the
      elongate member therewith along the slot, under muscular action and this
      can be effected by the use of a bolt threadably received in the stem slot.
DRWD
PAR  In order that the present invention may be more fully and clearly
      understood, the same will now be described by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 schematically illustrates one form of device according to the
      invention, and
PAR  FIG. 2 illustrates part of FIG. 1 in more detail.
DETD
PAR  The device illustrated in FIG. 1 comprises a main component 10 of integral
      metal construction having a ball-shaped head 11 connected through a necked
      portion 12, to the wider end of a tapered intramedullary stem 13. As is
      usual with such components, the longitudinal axis is curved or angled as
      it progresses through the neck portion into the stem. However, unlike the
      usual form of such components, the head is laterally off-set on the neck
      portion, and the neck portion joins the stem without the provision of a
      flange, this more particular form of the component being preferred for the
      reasons discussed in copending British Pat. application No. 44709/71.
PAR  For the purpose of the present invention, this component is formed with an
      open-end slot 14 extending longitudinally along the wider end region of
      the stem, the slot being located along the outermost face of this region
      relative to the associated angling or curvature thereof. This slot has an
      interior width greater than that of its longitudinal mouth, and has a
      circular or other bulbous cross-sectional shape which is longitudinally
      exposed by a relatively narrow entry.
PAR  The slot 14 is associated with an elongate member 20 constituted by a shaft
      21 with an enlarged end portion 22, the latter portion being slidably
      receivable in the slot from either open end thereof while the shaft
      projects transversely from the slot.
PAR  The member 20 is associated, in turn, with a washer 30 and a fastener 40.
PAR  As shown separately in FIG. 2 the washer 30 preferably has an apertured
      central body portion 31 which is concavely dished towards its aperture,
      and a plurality of spring portions 32 extending radially from the central
      body portion to form an overall spider shape. As seen in FIG. 1, the
      spring portions are curved in the opposite sense to the central body
      portion dishing.
PAR  The fastener 40 can take different forms as indicated above and discussed
      hereinafter.
PAR  Use of the device is illustrated by FIG. 1 which schematically indicates in
      broken outline the femur at 50, with the femoral shaft, head and greater
      trochanter being respectively denoted at 51, 52 and 53. The intended use
      involves: exposure of the proximal femur, with the trochanter 53 being
      detached for this purpose; removal of the femoral head 52; application of
      the component 10 by securement of the stem 13 in the medullary canal of
      the shaft 51; the provision of a bore 54 in the trochanter; receipt of the
      enlarged portion 22 of the member 20 in the slot 14 with the associated
      shaft 21 projecting from the slot; re-location of the trochanter with the
      bore 54 receiving the shaft 21; application of the washer 30 over the free
      end of the shaft 21; and securement of the fastener to the shaft free end.
PAR  It is desirable that the trochanter be held under compression when
      re-located and this can be effected by use of the fastener 40 as a nut and
      the shaft as a co-operating bolt. As an alternative, the fastener can be
      adapted for crimped or cold-welded connection to the shaft. In either case
      a bolt 60 is preferably threadably received in the upper end of the slot
      to inhibit upward movement of the trochanter after re-attachment under the
      action of the associated muscular forces thereon.
PAR  The dishing of the washer central portion 31 serves to seat the fastener 40
      therein and to seat the washer in the trochanter bore, while the washer
      spring portions 32 serve to distribute the compressive load over the
      trochanter, the latter portions being shaped to conform generally to the
      shape and dimensions of the trochanter and to afford resilience.
PAR  It remains to consider the materials to be employed in manufacture of
      devices according to the invention. The illustrated component 10 has been
      described as of integral metal construction, this being conventional for
      currently available femoral head devices. Also, it will be normally
      appropriate for reasons of mechanical strength for the member 20 to be of
      similar metal. In these circumstances it may be appropraite to employ a
      washer or slide cartridge of plastics material to separate the member head
      22 from the wall of the slot 14, and thereby to obviate the possibility of
      corrosion between the metal parts which would otherwise be directly
      engaged, and also to afford low friction sliding capability as is
      currently preferred in endoprosthetic articulatory bone joint devices.
      Also, use of a plastics material may be appropriate for the bolt 60, when
      used, in order to avoid the possibility of crevice corrosion at the
      interface of this screw and the slot. A plastics material bolt 60 is also
      more readily cut to a desired length to locate the ball 22 without
      projection of the bolt from the slot 14. It may also be appropriate to
      employ plastics material between the fastener 40 and shaft 21.
CLMS
STM  We claim:
NUM  1.
PAR  1. An endoprosthetic femoral head device comprising:
PA1  a component including a ball-shaped head connected, by way of a necked
      portion, to the wider end of a tapered intramedullary stem, said wider end
      having a slot formed longitudinally therein, which slot is open at one end
      and has an interior width greater than that at its longitudinal mouth;
PA1  an elongate member enlarged at one end, said one end being engaged in said
      slot at said open end thereof and captively movable therealong with the
      remainder of such member projecting transversely from said slot;
PA1  and a fastener connected around the other end of said member.
NUM  2.
PAR  2. A device according to claim 1 wherein the longitudinal direction of said
      necked portion is angled relative to that of said stem at its narrower
      end, and said slot extends along said stem in the outside area thereof
      relative to the included angle between said necked portion and stem
      narrower end.
NUM  3.
PAR  3. A device according to claim 2 further comprising a washer of overall
      spider form having an apertured central body portion located around said
      elongate member between said component and said fastener, and a plurality
      of spring portions extending generally radially from said body portion,
      said spring portions being similarly curved towards said component.
NUM  4.
PAR  4. A device according to claim 3 wherein said body portion is dished
      towards its aperture and said component, and said spring portions are
      curved in the opposite sense to that of said dishing.
NUM  5.
PAR  5. A device according to claim 2 wherein the end of said slot nearer to
      said ball-shaped head is open and screw-threaded, and further comprising a
      bolt threadably engageable with such threaded slot end.
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ABST
PAL  An electrolysis unit is used in conjunction with the holding tank of a
      self-contained recirculating toilet system. The liquid and solid waster
      material is macerated and recirculated by an external macerator pump as a
      fine slurry. The slurry material from the lowermost portion of the waste
      tank is treated by electrolysis producing oxygen and chlorine and an odor
      free water vapor exhaust. The residue from the electrolysis decomposition
      unit is periodically removed.
PARN
PAR  This application is a continuation in part of application Ser. No. 286,593
      filed Sept. 5, 1972, now abandoned.
BSUM
PAR  This invention relates to recirculating toilets and more particularly to a
      self-contained toilet system in combination with an electrolytic
      decomposition unit for reducing the volume of waste accumulated in the
      holding tank.
PAR  In the general field of human waste disposal, electrolysis has been used as
      a method for treating raw sewage. The prior art has shown that sewage
      treated by electrolysis is sterilized more rapidly and hygenic, odor free,
      and the electrolytic unit can be packaged in a relatively small size for
      operating over an extended period of time. An article entitled "Disposal
      of Sewage Sludge" in "Engineering" Vol. 204 Page 828, of Nov. 24, 1967,
      presents a summary of the advantages of utilizing electrolysis for
      treating human waste.
PAR  Many attempts have been made to incorporate the advantages of utilizing
      electrolysis in combination with a toilet system so as to provide a
      compact self-contained sewage treatment system. Systems of this type are
      exemplified by recently issued U.S. Pat. No. 3,568,215, for a Toilet and
      Sewage Treatment Apparatus to R. Riedel, et al. Riedel et al disclose a
      system for utilizing electrolysis in combination with a recirculating
      toilet.
PAR  The earliest marine toilets did not have holding tanks but rather used
      through hull connections to pump water from outside the vessel into the
      toilet bowl and simply flushed the water through the toilet bowl out to
      the ocean or lake. While these earlier systems were efficient and
      relatively trouble free, they are in many localities considered illegal in
      view of the ecological demands for cleaning the environment and the free
      waterways.
PAR  Holding tanks of the type presently used in vehicles such as trailers,
      mobile homes and aircraft have been incorporated in the present day marine
      toilets for accepting water from an outside source that is used for
      flushing the toilet bowl. The resultant liquid and waste solids from the
      toilet bowl are accumulated in a holding tank. Systems of this type are in
      wide use today and are simple in operation and relatively efficient.
      However, they suffer from the obvious defect that the holding tank has a
      limited storage capabibility and must be periodically drained in some
      approved location and manner. A vehicle must find a suitable disposal
      station. Similarly, a boat owner may return to dockside, where the holding
      tank is pumped into the conventional sewage disposal system.
PAR  In recent years, recirculating toilet systems have been developed in which
      a charge of liquid, in combination with a novel filtering system, allows
      the user to repetitively use the toilet system up to 80 times before the
      tank is drained and recharged. Systems of this type do not necessarily
      need a separate holding tank. A holding tank may be used to hold the
      accumulated waste when the recirculating toilet system is again charged,
      thereby having the effect of increasing the useful operating time of the
      toilet system without requiring service.
PAR  Typical recirculating toilet systems have been described in U.S. Pats. to
      W. F. Katona et al, No. 3,356,221; J. W. Dietz et al, No. 3,067,433; and
      to Kemper, No. 3,567,032.
PAR  The prior art fully discloses the theory and operation of electrolysis for
      treating human waste. The use of highly saline liquid solution has been
      taught to thereby provide a good electrolyte. A good survey is set forth
      in Research Paper 2005 of the Division of Research of the Ontario Water
      Resources Commission dated May, 1967. Raw sewage is mixed in a ratio of
      approximately 1 to 4 to electrolyte after the sewage had been passed
      through a fine disintegrator. The resulting mixture is applied to an
      electrolytic cell using iron cathodes and graphite anodes, operating at 5
      to 6 volts with a current density of 0.6 milliamps per cm.sup.2.
      Hypochlorites which initially formed at the anodes immediately react with
      ammonia, amino acid residues and dissolved nitrogenous substances in the
      alkaline sewage, which are then converted to soluble organic chloramines.
PAR  The chloramines are effective disinfectants and retain their activity
      longer than the hypochlorites which are initially formed at the anodes.
      Oxygen is produced as well as chlorine which reacts with water to form
      hypochlorite at the anode and is chiefly responsible for the instantaneous
      removal of objectionable, obnoxious odors.
PAR  The art has recognized that the electrode reaction is not directly with the
      waste matter but rather with the chlorides and in the electrolyte. In
      other words, it is the mixing of these electrode produced reactants with
      the sewage which results in the beneficial action. Ideally, this mixing
      should occur at or near to the electrode surface in order to obtain the
      benefits of any electrode catalytic effects and the benefits of high
      concentrations of oxygen and hypochlorite.
PAR  For small size units, as disclosed in present invention, it is considered
      important to obtain the sewage and chloride solution together in the
      electrolysis cell.
PAR  The prior art, as exemplified by the Riedel et al patent, does not isolate
      the waste and liquid in a preferred electrolysis cell nor are there any
      means described, be they mechanical or electrical, for producing the
      comminuted effluent which is considered so necessary in the systems
      described in the prior art.
PAR  According to the present invention, the normal operation of the
      self-contained recirculating toilet system is not interfered with in any
      way. A separate holding tank is used to periodically accumulate the waste
      material from the recirculating toilet system. A macerator pump is
      connected to the holding tank and periodically grinds the liquid and solid
      matter in the holding tank into a slurry and recirculates this slurry
      throughout the holding tank.
PAR  In this manner colloidal solution of waste material in slurry form is
      provided which is considered necessary for proper electrolytic action. In
      addition, the macerator provides an agitation of the slurry without the
      need of separate impeller recirculating pumps.
PAR  Cooperating with the holding tank is a separate electrolytic decomposition
      unit comprising an electrolysis cell having a pair of electrodes which are
      connected to a power source. The slurry level in the holding tank
      determines the level in the electrolysis cell. In a first embodiment, the
      macerator pump simply recirculates and macerates the slurry material in
      the holding tank. In a second embodiment, the macerator pump recirculates
      the liquid from the electrolysis cell through the holding tank. The
      recirculating system used in any given design will depend upon the size of
      the holding tank and the size of the electrolysis cell employed.
PAR  Decomposition of the waste material by electrolysis unfortunately results
      in hydrogen and oxygen being liberated by the actual decomposition of the
      liquid medium. In order to be operated safely, it is necessary that the
      electrolysis take place in a selected area where potentially hazardous
      liberated gases can be effectively discharged to the atmosphere. It is for
      this reason that the present invention provides a separate electrolysis
      cell where the electrolytic action takes place.
PAR  In order to change the phase of the liquid to a gas, it is necessary to
      apply thermal energy to the liquid thereby increasing the latent heat of
      vaporization. This is not generally considered a chemical change but
      rather merely a change of state and can be achieved simply by the addition
      of energy into the system. Those prior art systems that control the level
      of liquid by means of vaporization or change of state of the liquid into a
      gas, must, by definition, use vast amounts of energy out of proportion to
      the needs of a portable and simple system for fluid control.
PAR  It is recognized however, that during the electrolysis action and the
      chemical breakdown of liquids close to the anodes and cathodes comprising
      the electrolysis cell, as a result of the instantaneous high energy
      concentrations resulting from the electrolysis action, bubbles of
      vaporized liquid collect on the anode and the cathode. These bubbles are
      usually reabsorbed into solution.
PAR  In the present invention, the use of the macerator pump in macerating the
      liquid and solid material into a fine slurry and the act of recirculating
      this slurry continuously during the electrolysis action, provides a means
      of keeping the finely divided electrolyte in motion in the area of the
      electrodes. The moving electrolyte continuously agitates against the
      electrodes and liberates the bubbles of trapped gases attached to the
      electrodes into the resulting atmosphere, thereby providing an additional
      means of obtaining fluid level control by the direct conversion of the
      liquid into a gaseous state, without the need of providing additional
      energy in the form of heat as is generally used in the prior art.
PAR  Accordingly it is an object of the present invention to provide an improved
      recirculating toilet system combined with an electrolytic decomposition
      cell to sterilize and deodorize waste products.
PAR  It is a further object of the invention to provide an electrolytic chamber
      with a recirculating system to improve the efficiency of the electrodes at
      relatively lower power levels.
PAR  It is yet another object of the invention to extend the range of operation
      of self-contained, recirculating toilet systems, so that under conditions
      of heavy use, frequent servicing can be avoided.
DRWD
PAR  FIG. 1 is a side view of a conventional recirculating toilet adapted for
      use with the present invention;
PAR  FIG. 2 is a plan view of the holding tank of FIG. 1 taken along the line
      2--2 in the direction of the appended arrows;
PAR  FIG. 3 illustrates a first embodiment of concentric electrolytic
      decomposition unit;
PAR  FIG. 4 illustrates a second embodiment of the recirculation system for
      macerating and recirculating the slurry between a decomposition unit and a
      holding tank;
PAR  FIG. 5 is a schematic diagram of the electrical connections for operating
      the electrolysis cell and the macerator grinder pump;
PAR  FIG. 6 is a view similar to FIG. 3 showing another embodiment of the
      decomposition unit; and
PAR  FIG. 7 is a perspective view of the unit of FIG. 6.
DETD
PAR  Referring now to FIGS. 1 and 2, there is shown a complete recirculating
      toilet 10 of the type described in the above identified patents to Katona
      and Kemper. The recirculating toilet 10 includes a suitable cover and seat
      12 and a cover 14 for access to a pump and filter assembly. The toilet
      assembly 10 is capable of providing the user with approximately 80 or more
      flushes and may be considered completely self-contained, in view of the
      filter pump arrangement which recirculates filtered liquid to flush the
      toilet.
PAR  The recirculating toilet 10 is located on a solid footing 16, which in a
      vehicle application would represent the "floor" or deck. Located below the
      footing 16 is a holding tank 18, arranged to communicate with the
      discharge apparatus 20 of the recirculating toilet 10. A sliding valve 22
      controls the opening between the waste discharge apparatus 20 of the
      recirculating toilet 10 and the holding tank 18. Normally, the
      recirculating toilet 10 is used independently of the holding tank 18 until
      it is full, approximately 80 operations. When "full," the sliding valve 22
      is opened and the accumulated waste of the recirculating toilet 10 flows
      into the holding tank 18.
PAR  The accumulated waste transferred to the holding tank 18 consists of the
      original charge of liquid placed within the recirculating toilet, together
      with any added odor suppressing chemicals and the human liquid and solid
      waste added through use of the recirculating toilet system 10. In other
      words, the contents of the holding tank 18 include solid matter, liquid
      matter and some solid matter in colloidal solution.
PAR  Located on one side of the holding tank 18 is a macerator grinding pump 24,
      similar to the type described and claimed in the patent application of
      James M. Kemper, Ser. No. 147,810, Combined Pump and Cutting Apparatus,
      now U.S. Pat. No. 3,722,803, assigned to the assignee of the present
      invention. The intake to the macerator pump 24 is obtained from the
      lowermost portion 26 of the holding tank 18 and is returned into the
      holding tank at a point 28 that is substantially above the normal level of
      material held within the holding tank. A normally open control valve 30 is
      located in the intake line to the macerator pump 24 and is closed only
      when the holding tank or the macerator pump requires service.
PAR  The purpose of the macerator grinding pump 24 is to effectively macerate
      the solid waste liquid materials into a fine slurry to improve the
      efficiency of the electrolytic action to be described. The prior art, as
      set forth in an article entitled "Using Sea Water to Purify Sewage," pages
      No. 1168 to 1169, in the June 24, 1966, edition of Engineering, indicated
      that electrolysis is very effective in oxidizing concentrated human waste.
      The products of the electrochemical action are hypochlorites which form at
      the anode and react with ammonia amino acid residues and dissolved
      nitrogenous substances to form chloramines which act as disinfectants.
      Oxygen is also produced at the anode and deodorizes the solution.
PAR  The studies used extremely high currents, far in excess of those available
      for commercial or localized electrolytic sewage treatment systems. These
      high currents of the order of 50 milliamps cm.sup.2 as compared to 0.6
      milliamps cm.sup.2 achieved a large reduction in the solid material,
      because of the mixing and turbulance produced at the electrodes by the
      evolved gases.
PAR  In the conventional vehicle application, the high currents or voltages
      described in the prior art are not readily available to achieve this high
      reduction in solids. However, the same effect could be produced using a
      lower current density if the solid waste matter was brought to the
      vicinity of the electodes in a finely divided or dissolved state. In other
      words, the macerator pump 24, in macerating the solid and liquid material
      and providing continuous circulation of this finely divided material
      during the electrolysis process, provides the necessary agitation of the
      solution and achieves a vigorous gas evolution, without the need of high
      current densities. As will be described below, the macerator pump 24 is
      only operated while an electrolytic decomposition unit 34 is in operation.
PAR  Located on the other side of the holding tank 18 is the electrolytic
      decomposition unit 34 that communicates with the holding tank 18 at the
      lowermost portion through a normally opened valve 36. The electrolytic
      decomposition unit 34 is isolated and insulated from the holding tank 18
      and contains the necessary spaced apart electrodes for performing the
      electrolysis action of the slurry. The holding tank 18 may also be
      insulated, if desired.
PAR  A vent 38 communicates the uppermost portion of the decomposition unit 34
      to the outside atmosphere for effectively dissipating the gases that are
      evolved during the electrolysis of the waste slurry. Located on the
      bottommost portion of the decomposition unit 34 is a slide valve 40 used
      to cleanse the decomposition unit 34 of waste materials that for one
      reason or another are not decomposed by electrolysis action. During the
      cleaning operation, valve 36 would normally be closed and slide valve 40
      would be open to thereby purge the decomposition unit 34 of precipitated
      solids and sediments.
PAR  The operation of the system requires that the recirculating toilet 10 be
      used for the number of flushes available as determined by the initial
      charge and the cleanliness of the filter of the recirculating toilet.
      After approximately 80 uses, the slide valve 22 is opened to allow the
      accumulated liquid and solid wastes to enter the interior of the holding
      tank 18 after which the slide valve 22 is closed.
PAR  With valves 36 and 30 open, the macerator grinder pump 24 and the
      electrolytic decomposition unit 34 are both turned on for a programmed
      period of time, calculated to generate a fine slurry of material in
      colloidal solution, from the liquid and solid waste materials, and to
      circulate this slurry through the interior of the electrolytic
      decomposition unit 34. In accordance with the teachings of the present
      invention, the mixture is subjected to the electrolysis action between the
      opposing electrodes comprising the decomposition unit 34.
PAR  For a holding tank having a capacity of approximately 9 gallons, it is
      envisioned that operating the decomposition unit 34 and the macerator pump
      24 for approximately 30 minutes from a 12-volt battery each time the
      recirculating toilet 10 is dumped into the holding tank 18, should be
      sufficient to provide complete sanitation and destruction of the solid
      matter within the confines of the holding tank.
PAR  Turning next to FIG. 3, there is shown a preferred embodiment of the
      electrolytic decomposition unit 34 comprising a main body portion 41
      constructed of an insulated material. Located on the body 41 and in a
      sealing relationship with the body is a cylindrical outer shell 42,
      preferably constructed of stainless steel and acting as the anode for the
      electrolysis action.
PAR  Located coaxially and within the outer shell 42, is a smaller cylindrical
      shell 44, preferably constructed of stainless steel and held in a spaced
      apart relationship to the outer shell 42. The inner shell 44 may be
      constructed of a screen, expanded metal or solid material. The associated
      electrical power source connects to the outer shell 42 and to the inner
      shell 44, with the liquid circulating therebetween subject to the
      electrolysis action. The lower, body portion 41 communicates with the
      holding tank 18 through a suitable pipe inlet 46, which is attached to the
      normally open valve 36 of FIG. 1. The lower body portion 41 is located
      upon the slide valve 40 as is shown in FIG. 1.
PAR  In operation, the macerator pump 24 is turned on and a voltage is applied
      between the outer shell 42 and the inner shell 44. The macerating and
      recirculating action of the macerator pump 24 provides the necessary
      movement of the fine slurry material between the holding tank 18 and the
      electrolytic decomposition unit 24. The rapid movement of the slurry
      material between the inner electrode 44 and the outer electrode 42 also
      provides the necessary agitation to increase the electrolysis and
      liberation of the gases, without the need of the high currents usually
      associated with such devices.
PAR  In FIG. 4, there is shown a second alternative embodiment of the
      recirculating system in combination with a modified electrolytic
      decomposition unit. Experience has indicated that it is sometimes
      necessary to increase the rapid recirculation of the macerated slurry
      material between the opposing plates of the electrolytic decomposition
      unit. Improved operation is possible during a more rapid agitation of the
      fine slurry.
PAR  The system of FIG. 4 includes a recirculating toilet 50 cooperating with a
      holding tank 52, which provides an opening from the lowermost portion into
      an electrolytic decomposition unit 54. Macerating and recirculation of the
      finely divided slurry material is achieved by a macerator pump 56, the
      inlet of which is the lowermost portion of the electrolytic decomposition
      unit 54 through a normally open valve 58. The outlet of the macerator pump
      56 discharges into the holding tank 52 at a point generally above the
      highest expected level of slurry liquid.
PAR  The overall operation of the system illustrated in FIG. 4 is basically the
      same as that described in connection with FIG. 1, except however the
      circulation of the finely divided slurry material through the electrolytic
      decomposition unit 54 is improved since a separate inlet and outlet are
      provided which are directly connected to the macerator grinder pump 56.
      The recirculation system of FIG. 4 insures that the electrodes of the
      electrolytic decomposition unit 54 are subjected to a varying and highly
      agitated finely divided slurry for more efficient operation. In addition,
      the electrolytic decomposition unit 54 is illustrated as a more
      conventional unit, comprising an insulated outer housing 60 holding a pair
      of coaxially spaced apart electrodes 62 and 64.
PAR  Turning finally to FIG. 5, there is shown a simple electrical schematic of
      the system. A source of power 70 could be a conventional 12-volt battery
      or a rectified output from a small a.c. power source. The output of the
      power source 70 is controlled by a suitable timer 72 of the type that
      starts a timing motor which operates for a preset period of time. For the
      application described herein, it is envisioned that for a single
      recirculating toilet having a 9 gallon capacity, a 12-volt battery used
      for a time period of approximately 30 minutes, would be effective in
      reducing the slurry between the opposing electrodes.
PAR  This time period is, of course, dependent upon the concentration of the
      liquid and the kind and size of macerator pump used. Therefore, the actual
      time which is optimum for a given system may be longer or shorter,
      depending on the varying parameters of an individual system. The output of
      the timer 72 is connected across the opposing electrodes 74 and 76 located
      within the electrolytic decomposition unit and also across the operating
      connectors of the macerator pump 78.
PAR  Activating the timer 72 will therefore allow the electrolysis action to
      operate for the preset time period, after which both the macerator pump 78
      and the electrolysis action will stop.
PAR  It will be recognized that for any given system, the time necessary for
      decomposing and sterilizing the slurry material will depend upon the size
      of the pipe, the size of the macerator grinder pump, the efficiency of the
      power source and the cross section current available for the electrolysis
      action, together with the salinity of the liquid that is subject to the
      electrolysis. These varying parameters will only effect the time of
      breakdown and will determine the setting of the timer 72.
PAR  Thus, there has been described a novel combination of a recirculating
      toilet, holding tank and electrolysis decomposition unit, the operation of
      which is enhanced by a macerator grinder pump. The pump comminutes and
      circulates waste material and fluid in the holding tank and, through such
      recirculation, passes the finely divided waste material into the
      decomposition unit. Because the waste matter is circulating in the
      decomposition unit, the gases evolving at the electrodes are swept away,
      thereby assuring a maximum active surface area of the electrodes which
      permits effective operation at relatively low voltages and currents.
PAR  In an alternative embodiment, the outlet of the macerator grinder pump is
      actually connected to the electrolytic cell so as to circulate the
      comminuted waste material through the decomposition unit, thereby
      agitating the electrode surfaces and liberating evolved gases. Since the
      gases evolved from the electrolysis of the fluid are vented to the
      exterior, continued operation of the electrolysis unit effectively reduce
      the volume of fluid maintained in the holding tank.
PAR  When contained in a vehicle, the effective range of the vehicle is
      substantially increased. This increase in range results from the avoidance
      of the need for frequent draining of the holding tank since the tank will
      thereby fill more slowly.
PAR  Although an electrolysis unit alone may be used in accordance with the
      teachings of my invention as discussed hereinabove with respect to FIGS. 1
      through 4, heating means may be coupled with an electrolytic cell to
      provide an amplification of efficiency by electrolyzing the mascerated
      slurry to be heated.
PAR  Thus, as shown in FIG. 6, an electrolytic and evaporation unit 80 may be
      provided which is adapted to be coupled to either the holding tank 18 of
      the embodiment of FIG. 1 or the tank 52 and pump 56 of the embodiment of
      FIG. 4. Unit 80 includes a main body portion 81 which may be constructed
      of an insulated material, such as a suitable plastic or the like. The
      interior of body portion 81 may include an inner chamber 82 and a narrower
      or restricted neck portion 83 communicating with both chamber 82 and a
      vent 84 as discussed hereinabove with respect to vent 38. The lower
      portion of body portion 81 communicates with either tank 18 of FIG. 1 or
      tank 52 and pump 56 of FIG. 4 through a suitable pipe inlet 85, which has
      associated therewith a normally open valve 86. The lowermost portion of
      body portion 81 is located upon a slide valve 87, similar to the valve 40
      of FIGS. 1 and 4. Heating means, in the preferred form of a heater 88,
      which heater is of a suitable wattage to apply heat to the solution within
      unit 80, is disposed internally of body portion 81 within chamber 82 and
      in the path of the macerated slurry being admitted through inlet 85.
PAR  Electrolytic decomposition means, in the form of a plurality of staggered
      spaced electrode plates 89, are disposed internally of body portion 81
      within neck portion 83 and thus in the path of the slurry being flowed
      therethrough. As shown in FIG. 6, the slurry passes between plates 89 as
      indicated by arrow 90, which plates, as shown in FIG. 7, are connected to
      a suitable source of electricity converting one of the plates 89 to an
      anode and an adjacent plate 89 to a cathode, etc.
PAR  Thus, in operation, the mascerator pump 24 is turned on and voltage is
      applied to plates 89 while heater 88, which is also coupled to a suitable
      source of electricity, is activated. The mascerating and recirculating
      action of pump 24 provides the necessary movement of the fine slurry
      material from tank 18 (or tank 52) into unit 80. As discussed hereinabove,
      chemical breakdown of liquids close to the anodes and cathodes (i.e.
      plates 89) takes place during the electrolysis action. The electrolysis
      renders the slurry clarified while the heater 88 evaporates the clarified
      slurry reducing the liquid portion of the waste volume thus greatly
      increasing the time between servicing of unit 80 (the liquid therein may
      rise to a predetermined level, such as level 91, and serviced when
      necessary).
PAR  The combination of electrolysis by means of plates 89 and the evaporation
      by means of heater 88 results in a synergistic effect in that the boil or
      evaporation is greatly accelerated and enhanced by electrolysis.
PAR  Pre-heating or boiling the slurry prior to electrolyzing it also greatly
      increases the boiling rate. This may be predicated by the chlorine gas
      bubbles created by the electrolytic action. Such bubbles may provide
      nucleation centers for increasing the vaporization or boiling rate.
PAR  Another advantage unit 80 has over the embodiments of FIGS. 1 and 4 is that
      the slurry carries waste paper products in solution. The combination
      electrolytic-evaporation system of unit 80 digests such paper products.
      That is, the following reaction takes place in unit 80:
EQU  2 Na Cl + 2 HOH .fwdarw. 2 NaOH + Cl.sub.2 +H.sub.2
PAL  That is, the salt and water in the slurry react to form sodium hydroxide,
      chlorine and hydrogen, subsequently, the sodium hydroxide (NaOH)
      dissociates to provide a very basic solution, i.e., a pH of about 9-11.
      This hot, alkali solution digests the paper products suspended in the
      solution in unit 80.
PAR  It can be seen, therefore, that the electrolytic-evaporation unit 80
      renders the slurry clarified and odor-free. The evaporation as generated
      by the rapid electrolysis of the saline waste solution reduces the volume
      of collected wastes. It also provides an odor-free water vapor exhaust out
      of vent 84. The staggered plates 89 present a relatively tortuous path for
      the solution presenting more exposure to gaseous chlorine as the solution
      contacts the plates 89. Although a heater 88 disposed internally of the
      unit 80 has been disclosed, the entire unit 80 may be heated by any
      suitable means, externally or internally, sufficient to heat the solution
      conveyed therein. Further, the amount of heat to be provided depends upon
      the capacity of unit 80 and the degree of evaporation desired. That is,
      the heat added therein increases the boiling rate and thus the evaporation
      of the solution.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A self-contained toilet system comprising:
PA1  a holding tank in fluid flow communication with a toilet bowl for accepting
      a mixture of a salt-containing fluid, and solid and liquid waste matter
      deposited in said bowl;
PA1  an electrolytic decomposition unit spaced from and separate from said
      holding tank and in fluid flow communication therewith, said unit having a
      pair of spaced electrodes disposed therein, and voltage means operatively
      connected to each of said electrodes; and
PA1  macerating and communiting pump means separate from said tank and in fluid
      communication with both said unit and said holding tank for pumping the
      mixture of salt-containing fluid and solid and liquid waste matter from
      said holding tank, macerating and communiting said pumped matter into a
      fine slurry in colloidal solution and circulating said fine slurry back
      into said holding tank, then from said holding tank into the interior of
      said unit in an agitated state and into contact with said electrodes
      therein until liberated chlorine and oxygen produced by the contact of
      said slurry with said electrodes react with the remainder of the slurry to
      clarify said slurry and generate an odor-free effluent therefrom.
NUM  2.
PAR  2. A system according to claim 1, in which said pump means are connected to
      the lowermost portion of said holding tank for more thoroughly macerating
      said liquid and said solid matter.
NUM  3.
PAR  3. A system according to claim 1 in which said pump means are connected to
      the lowermost portion of said decomposition unit for more thoroughly
      macerating said liquid and said solid matter.
NUM  4.
PAR  4. A system according to claim 1 in which said electrodes are cylindrical
      and coaxially disposed in a manner forming inner and outer spaced
      electrodes and in which said outer electrode is a container for holding
      said slurry.
NUM  5.
PAR  5. A system according to claim 4 in which said paid of coaxial electrodes
      are both stainless steel.
NUM  6.
PAR  6. A system according to claim 4 in which said inner coaxial electrode is a
      screen mesh for increasing the active surface area of said electrode.
NUM  7.
PAR  7. A system according to claim 1 in which said holding tank is made of an
      insulative material.
NUM  8.
PAR  8. A system according to claim 1 further including timing means coupled to
      both said pump means and said unit for operating said pump means and
      energizing said electrolytic decomposition unit for pre-determined timed
      intervals.
NUM  9.
PAR  9. A system according to claim 1 further including operating means coupled
      to both said pump means and said unit for activating said pump means
      whenever said electrolytic decomposition unit is energized.
NUM  10.
PAR  10. A system according to claim 9 further including power means coupled to
      the said operating means for activating said pump means and energizing
      said electrolytic decomposition unit.
NUM  11.
PAR  11. A method for reducing the volume of waste matter accumulated in a
      holding tank in fluid flow communication with a toilet bowl wherein said
      tank receives a mixture of a salt-containing fluid and solid and liquid
      waste matter deposited in said bowl, and an electrolytic decomposition
      unit, spaced from and separate from said holding tank and in fluid flow
      communication therewith, said unit having a pair of spaced electrodes
      disposed therein, said method comprising the steps of:
PA1  pumping said mixture from said tank;
PA1  macerating and communiting said mixture pump from said tank into a fine
      slurry in colloidal solution;
PA1  applying a voltage to each of said electrodes;
PA1  circulating said fine slurry back into said tank and through said unit
      while agitating said fine slurry into contact with spaced electrodes in
      said unit; and
PA1  continuing the circulation of said fine slurry into contact with said
      electrodes until chlorine and oxygen are liberated by the contact of said
      fine slurry with said electrodes and said liberated chlorine and oxygen
      reacts with the remainder of said slurry to thereby clarify said slurry
      and generate an odor-free effluent therefrom.
NUM  12.
PAR  12. The method of claim 11 including the step of recirculating said
      clarified slurry back into said tank.
NUM  13.
PAR  13. A self-contained toilet system comprising:
PA1  a holding tank in fluid flow communication with a toilet bowl for accepting
      a mixture of a salt-containing fluid, and solid and liquid waste matter
      deposited in said bowl;
PA1  an electrolytic decomposition unit spaced from and separate from said
      holding tank having an interior in fluid flow communication with said
      tank, said unit having at least a pair of spaced electrodes disposed in
      the interior therein, voltage means operatively connected to each of said
      electrodes, and heating means associated with said unit for heating the
      interior thereof; and
PA1  macerating and communiting pump means separate from said tank and in fluid
      communication with both said unit and said holding tank for pumping the
      mixture of salt-containing fluid and solid and liquid waste matter from
      said holding tank, macerating and communiting said pumped matter into a
      fine slurry in collodial solution and circulating said fine flurry back
      into said holding tank and from said tank into the interior of said unit
      in an agitated state and into contact with said electrodes therein while
      heating the interior of said unit until liberated chlorine and oxygen
      produced by the contact of said slurry with said electrodes react with the
      remainder of the slurry to clarify and evaporate said slurry and generate
      an odor-free effluent therefrom.
NUM  14.
PAR  14. In the system of claim 13 wherein said electrodes includes a plurality
      of spaced electrodes mounted in the interior of said unit in fluid
      communication with said slurry, said spaced electrodes being staggered in
      a manner forming a tortious path through said unit, said path being in
      fluid flow communication at one end with the slurry entering said unit and
      at the other end communicating with a vent to the atmosphere.
NUM  15.
PAR  15. A method for reducing the volume of waste matter accumulated in a
      holding tank in fluid flow communication with a toilet bowl wherein said
      tank receives a mixture of a salt-containing fluid and solid and liquid
      waste matter deposited in said bowl, and an electrolytic decomposition
      unit spaced from and separate from said holding tank and in fluid flow
      communication therewith, said unit having at least a pair of spaced
      electrodes disposed therein and means for heating the interior associated
      therewith, said method comprising the steps of:
PA1  pumping said mixture from said tank;
PA1  macerating and communiting said mixture pumped from said tank into a fine
      slurry in colloidal solution;
PA1  applying a voltage to said electrodes;
PA1  circulating said fine slurry back into said tank and through said unit into
      contact with spaced electrodes in said unit;
PA1  heating the interior of said unit in fluid communication with said slurry
      being circulated therethrough; and
PA1  continuing the circulation of said fine slurry into contact with said
      electrodes while heating said slurry until chlorine and oxygen are
      liberated by the contact of said fine slurry with said electrodes and said
      liberated chlorine and oxygen reacts with the remainder of said slurry to
      thereby clarify and evaporate said slurry and generate an odor-free
      effluent therefrom.
NUM  16.
PAR  16. In the method of claim 15 wherein said electrodes include a plurality
      of spaced electrodes mounted in the interior of said unit in fluid
      communication with said slurry, said spaced electrodes being staggered in
      a manner forming a tortuous path through said unit, said path being in
      fluid flow communication at one end with the slurry entering said unit and
      at the other end communicating with a vent to the atmosphere; and
PA1  the step of circulating said slurry includes the step of circulating said
      slurry through said tortuous path.
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ABST
PAL  A water closet assembly adapted to be mounted on any one of a variety of
      bases for discharge of waste material into a drainage system, a holding
      tank, or the like, and which includes features for making optimum use of
      the flush water. The assembly includes a bowl and a pivotally mounted pan
      for closing the discharge outlet of the bowl and shaped so that it can
      provide a water seal when the pan is in its closed position. The pan can
      be tilted to an open position to discharge the contents of the bowl, and
      the actuator mechanism for tilting the bowl is operable to open a valve so
      that flush water will flow into the bowl in timed relation to movement of
      the pan. The bowl and pan are shaped to make most effective use of the
      flush water and to provide a desired water spot in the bowl, and an
      accumulation chamber is provided to measure a desired quantity of water
      for refilling the pan after a flushing operation.
BSUM
PAC  REFERENCE TO RELATED APPLICATION
PAR  Reference is made to copending application, Ser. No. 258,901, filed June 1,
      1972 in the name of Christiaan J. H. Vanden Broek now U.S. Pat. No.
      3,779,509.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in water closets for conserving
      water and space, and which can be economically manufactured and sold while
      meeting these and other requirements.
PAR  Water conservation is progressively becoming a greater problem in our
      society, and one of the areas where waste of water resources occurs is in
      sanitation apparatus such as water closets and the like. The conventional
      water closets use substantial volumes of water for flushing purposes and
      for providing sanitary water seals or traps, and such volumes of water are
      excessive of that which is necessary merely for use as a vehicle to
      dispose of the waste and to provide a sanitary seal when the water closet
      is not in use. Some efforts have been made in the past to provide flushing
      apparatus different from that which is found in the conventional water
      closets in use today. Examples of the other efforts can be seen in U.S.
      Pat. No. Re. 5,066, reissued Sept. 24, 1872 to H. H. Craigie and in U.S.
      Pat. No. 3,251,068, issued May 17, 1966 to Kenneth A. Millette. These
      citations disclose the use of pivotal pans for holding flush water in the
      bowl, and for discharging waste materials from the bowl by tilting the pan
      so that some degree of water conservation occurs. However, these prior art
      efforts have failed to meet fully the needs for water closets which make
      the most effective use of the flush water and which are constructed and
      arranged to provide optimum space utilization and efficient movement of
      parts. Further, needs exist in the prior art for improved water closets
      that have actuating mechanisms for flushing purposes which are shielded or
      protected from damage from external sources or from corrosive or other
      harmful conditions that may exist within the water closet. Needs also
      exist for actuating mechanisms which have components constructed and
      arranged to provide ease of movement at all phases of the flushing
      operation to assure substantially effortless operation and long,
      trouble-free life of the flush actuating mechanisms.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has overcome the inadequacies of the prior art, and
      provides a water closet that meets the needs of today and which can be
      produced in an economical manner and which has application in a variety of
      forms of water closet installations.
PAR  According to one form of the present invention, a water closet is provided
      having a bowl with an open lower end, a concave pan beneath the bowl
      supported thereon adjacent to the upper end for pivotal movement about a
      horizontal axis between a first position in which the pan encloses the
      open lower end of the bowl and a second position in which the pan is
      tilted in an elevated position at one side of the bowl. The pan is in
      spaced relation to the bowl and has a depth so that when in its first
      position its peripheral lip is at a higher elevation than the open lower
      end of the bowl so that a water seal can be provided. Water flushing means
      are provided which are actuable for discharging flush water to the
      interior of the bowl. An actuator mechanism is connected to the pan and to
      the water flushing means for moving the pan to its second position and for
      simultaneously actuating the water flushing means to deliver flush water
      to the bowl while the pan is tilted and for returning the pan to its first
      position and for rendering the flushing means inactive. The actuator
      mechanism includes a control means, a crank operably connected at one end
      to the pan for pivotal movement around the axis of movement of the pan,
      and a link connected to the other end of the crank and to the control
      means for pivoting the crank and thereby the pan in response to movement
      of the control means. The water flush means includes a rotary ball valve
      for controlling the flow of water, and the control means for the actuating
      mechanism is rotatable and is connected to the ball valve for rotating the
      latter between its open and closed positions. The link is operably
      connected to the rotary control means for pivoting the crank and thereby
      the pan in response to rotary movement of the control means. This is
      accomplished by a second crank operably connected at one of its ends to
      the stem of the rotary ball valve for turning therewith, the other end of
      the crank being connected to the link. The rotary control means preferably
      is a knob mounted on the shaft of the ball valve and having finger grip
      portions for turning the knob in one direction to the open position of the
      ball valve. Spring means are provided urging the stem in the other
      direction to the closed position of the ball valve.
PAR  The water flushing means also includes a flush water accumulation chamber
      located adjacent to the upper end of the bowl and downstream of the ball
      valve for discharging by gravity a measured quantity of flush water into
      the bowl after the actuating mechanism has returned the pan to its first
      position and closed the valve. In the embodiment of the invention
      disclosed herein, the flush water accumulation chamber comprises a wall
      portion projecting laterally from the rear side of the bowl and defining a
      channel having a downward slope from its upstream end to its downstream
      end, the downstream end of the channel being directed into the upper end
      of the bowl tangentially thereof. To facilitate distribution of the water
      onto the interior surface of the bowl, the inner surface of the bowl
      defines a spiral ledge extending around the bowl, and the downstream end
      of the channel in the accumulation chamber is aligned with the upper edge
      of the ledge for delivering flush water onto the ledge. The water can then
      be discharged from the ledge in a vortex flow as is disclosed in U.S. Pat.
      No. 3,601,820, issued Aug. 31, 1971 to Charles L. Sargent et al.
PAR  Another feature of the present invention is the configuration of the bowl
      and the pan which provides optimum use of the water within the pan so that
      minimum water usage is required while providing a wet spot in the bowl of
      optimum size and configuration. The portion of the bowl forward of the
      open lower end has a circular curvature with its center essentially on the
      axis of pivotal movement of the pan, and the portion of the bowl to the
      rear of the open lower end has a relatively steeper upwardly inclined
      surface. The pan, when in its closed position, is in spaced relation to
      the bowl and has a depth and configuration which closely conforms to the
      shape of the enclosed lower portion of the bowl. Similarly, the portions
      of the bowl on opposite sides of the lower end thereof also have
      relatively steeper upwardly inclined surfaces than the portion of the bowl
      forward of the open lower end, and the pan also conforms to the shape of
      these portions of the bowl.
PAR  Another feature of the present invention is the arrangement wherein a base
      is provided having a hollow interior and having an upper annular portion
      on which the bowl can be mounted. The bowl has an open upper end with a
      downturned flange around the outer periphery thereof, and the downturned
      flange is positioned on and secured to the upper annular portion of the
      base. The pan has outwardly extending hubs which are mounted in apertures
      in the downturned flange of the bowl for pivotal movement, and the
      actuator mechanism is positioned externally of the downturned flange so as
      to be protected from the corrosive or harmful conditions that may exist
      within the base. The base has a second upper annular portion outwardly
      spaced from the first-named upper annular portion on which the bowl is
      mounted, and a top wall is mounted on the second annular portion and
      extends inwardly to overlie the open upper end of the bowl so that the
      actuator mechanism is confined within the space between the two upper
      annular portions, the bowl and the top wall, thereby protecting the
      actuator mechanism from damage from any external source.
PAR  Another feature of the present invention is the arrangement whereby the
      base is a separate component from the remaining water closet assembly so
      that the assembly can be positioned on any of a variety of bases, such as
      a conventional base having a closet flange for mounting on a discharge
      outlet to a sewer system, or it can be mounted on a holding tank, or on
      other bases of desired configurations or sizes which have standard upper
      annular portions for mounting of the remaining water closet assembly.
PAR  Still another feature of the present invention relates to the vacuum
      breaker apparatus which is constructed and arranged in association with
      the water accumulation chamber so that if water should inadvertently be
      discharged through the vent port of the vacuum breaker, the water so
      discharged will flow into the bowl of the water closet essentially the
      same as the flush water.
PAR  Thus, it is an object of the present invention to provide an improved water
      closet that more nearly meets the needs of today than the water closets
      comprising the prior art.
DRWD
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being had to the accompanying drawings
      forming a part of this specification wherein like reference characters
      designate corresponding parts in the several views.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B are an exploded perspective view of a water closet
      embodying the present invention;
PAR  FIG. 2 is a fragmentary top plan view with portions broken away to
      illustrate various features of the present invention;
PAR  FIG. 3 is an enlarged fragmentary section taken on the lines 3--3 of FIG.
      2;
PAR  FIG. 4 is a fragmentary section with portions broken away, showing details
      of the water flush means and the actuator mechanism;
PAR  FIG. 5 is a fragmentary vertical section taken through the middle of the
      water closet from the front to the rear thereof; and
PAR  FIG. 6 is a vertical section through the water closet taken on the axis of
      pivotal movement of the pan of the water closet.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before explaining the present invention in detail, it is to be understood
      that the invention is not limited in its application to the details of
      construction and arrangement of parts illustrated in the accompanying
      drawings, since the invention is capable of other embodiments and of being
      practiced or carried out in various ways. Also, it is to be understood
      that the phraseology or terminology employed herein is for the purpose of
      description and not of limitation.
PAR  Referring now to the drawings, the invention will be described in greater
      detail. The water closet 10 includes a base 12 which in the illustrated
      embodiment is molded from a suitable organic plastic material and has an
      outlet 14 at the lower end for discharge into a conventional outlet drain.
      The screw and nut assemblies 16 may be used in conjunction with the seal
      ring 18 for securing the base 12 to a conventional closet flange (not
      shown) forming a part of the drainage system. As shown best in FIGS. 1B
      and 6, cavities 20 can be molded in the base 12 to provide mounting lugs
      22 through which the screw and nut assemblies 16 can pass and be secured.
      The present invention is not restricted to a base having the mounting
      means described, because various other configurations of a base may be
      used, and if desired, the base 12 may be in the form of a holding tank,
      for example.
PAR  The base 12 has a hollow interior and an upper annular portion 22 providing
      a continuous groove, and a second annular portion 24 which is interrupted
      at the rear of the base 12, the second annular portions 24 being located
      outwardly of the first-named annular portion 22. The upper annular portion
      22 serves as a mounting place for the bowl 26. The latter has an open
      lower end 28 and an open upper end 30 with a downturned flange 32 around
      the outer periphery of the open upper end 30. The downturned flange 32 is
      positioned with its terminal edge in sealed relation in the groove of the
      upper annular portion 22 of the base 12. A suitable sealant material 34
      provides a hermetic seal between the lower terminal end of the flange 32
      and the upper annular portion 22. Bosses 36 are provided around the outer
      periphery of the bowl 26 into which a plurality of screws 38 extend for
      securing the bowl 26 to the base 12. Extending outwardly from the upper
      end 30 and forming an integral part of the bowl 26 is the ledge 40 which
      defines a flush water accumulation chamber 42. The accumulation chamber
      has a vacuum breaker riser 44 at its one end through which flush water can
      be introduced into the accumulation chamber as will be described
      hereafter. A baffle 46 extends lengthwise through the accumulation chamber
      42 so as to provide a channel 47 with a downward slope for flow of flush
      water from the riser 44 to the outlet end 48 of the channel 47 along the
      path indicated by the arrows 50. Water following the path indicated by
      arrows 50 will be discharged into bowl 26 onto the spiral ledge 51 for
      vortex flow to the lower end 8 as is described in greater detail in the
      aforesaid U.S. Pat. No. 3,601,820. A vacuum breaker cover 52 is provided
      for fitting within the accumulation chamber 42 and restricting the width
      of the channel 47. The cover 52 is secured to the ledge 40 by a plurality
      of screws 53.
PAR  A concave pan 54 is positioned beneath the bowl 26, and is supported on the
      downturned flange 32 for pivotal movement between a first position shown
      in solid lines in FIG. 5 in which the pan 54 encloses the open lower end
      28 of the bowl 26 and a second position shown in broken lines in FIG. 5 in
      which the pan 54 is tilted at an elevated position at one side of the bowl
      26. The portion 56 of the bowl 26 forward of the open lower end 28 has a
      circular curvature with its center essentially on the axis 58 about which
      the pan pivots. The pan 54 is in close spaced relationship to the bowl 26,
      and its forward portion 60 similarly has a circular configuration with its
      center also essentially on the axis 58. The portion 62 of the bowl 26
      rearward of the open lower end 28 has a relatively steeper upwardly
      inclined surface and the rear portion 64 of the pan 54 conforms to this
      configuration of the bowl. As can be seen best in FIG. 6, the portions 66
      and 68 on opposite sides of the bowl are relatively closer together than
      the front and rear portions 56 and 62 of the bowl and the pan has side
      portions 70 and 72 which conform generally to the shape of the side
      portions of the bowl 26. Thus, the pan conforms closely when in its first
      position to the configuration of the bowl so that only a limited amount of
      water is required between the exterior of the bowl and the interior of the
      pan to provide a water seal between the base 12 and the bowl 26. Also, by
      virtue of the configuration of the portions 56, 62, 66 and 68, a wet spot
      of desired dimension is provided in the bowl. Thus, minimum water is
      required to serve as a sealant and also to provide the desired wet spot in
      the bowl 26, and the curvatures provided at the portion 56 of the bowl and
      the portion 60 of the pan assure that a minimum dimension is required
      between the bottom of the pan 54 and the upper edge of the bowl 26. The
      bowl 26 also has a flange or abutment 73 depending from its bottom surface
      against which the forward lip of the pan 54 can abut when in its first
      position. This flange or abutment can also function as a baffle to
      restrict loss of water from the pan if the water closet 10 is subjected to
      motion, such as might occur if it were in a travel vehicle, for example.
PAR  As previously indicated, the pan 54 is supported for pivotal movement on
      the downturned flange 32 of the bowl 26. For this purpose, the downturned
      flange 32 has aligned holes 74 and 76 on the axis of pivotal movement of
      the pan 54, and the pan 54 has hubs 78 and 80 extending outwardly through
      these holes for supporting the pan. As actuator mechanism 82 is connected
      to the hub 80 for pivoting the pan 26 between its first and second
      positions.
PAR  Associated with the actuator mechanism 82 is the water flush means 84 which
      includes the rotary ball valve 86, the vacuum breaker means 88 and the
      accumulation chamber 42. The ball valve 86 is secured to the bowl 26 by
      screws 87 and preferably is constructed according to the teachings found
      in pending application Ser. No. 258,901, filed June 1, 1972 in the name of
      Christiaan J. H. Vanden Broek, but in the embodiment illustrated in the
      present application, the valve stem 90 extends vertically upward. For a
      detailed description of the ball valve 86, reference is made to the
      copending application. When the ball 92 is rotated 90.degree. by turning
      of the stem 90, the valve will be opened, and when returned to the
      position shown in FIG. 4, the hole 91 in the ball 92 will be aligned
      perpendicular with the passageway through the valve 86. When the valve is
      open water can flow through the riser 44, raising the float 94 to a
      elevated position so that the vent opening 95 is closed and so that water
      can flow into the accumulation chamber 42. When the stem 90 and thereby
      the ball 92 is rotated to its closed position the vacuum breaker float 94
      will descend to a seated position on the riser 44. The vacuum breaker
      float 94 functions to prevent siphoning of water from the accumulation
      chamber back into the source of water supply. If water should
      inadvertently leak through the vent opening 95 for any reason, the water
      that has leaked will flow over the outer surface of the cover 52 and will
      be discharged into the bowl 26 at the outlet end 48 of the channel 47.
PAR  The actuator mechanism 82 is operatively connected to the pan 54 and to the
      water flushing means 82 for moving the pan to its second position and for
      simultaneously actuating the flushing means 82 to deliver flush water to
      the bowl 26 while the pan is tilted and for returning the pan to its first
      position and for rendering the flushing means inactive by closing the ball
      valve 86. The actuator mechanism 82 includes the control member or knob
      96, which is properly located by clip 97, and the crank 98 which is
      connected at one end to the hub 80 of the pan 54 for pivotal movement
      around the axis of the pan. This is accomplished by providing a transverse
      slot 100 in the crank 98, the slot 100 fitting over the projections 102 in
      the hub 80 so that the crank must rotate with the hub 80. Suitable
      fastening means 104 are provided for securing the crank 98 in place on the
      hub 80. Other suitable fastening means 105 are associated with hub 78. A
      link 106 is connected to the other end of the crank 98 by means of the
      hole 108 therein, and longitudinal movement of the link 106 will serve to
      move the crank between the solid line position and the broken line
      position shown in FIG. 4. This movement of the crank 98 will serve to move
      the pan 54 between its first and second positions.
PAR  The actuator mechanism 82 also includes the second crank 110. The link 106
      is operably connected to the rotary control means or knob 96 for
      longitudinal movement in response to rotation of knob 96. The operable
      connection is provided by the second crank 110 which is seated on the
      upper end of the ball valve stem 90 for rotation therewith. The crank 110
      has an aperture 112 at one end for receiving the end of the link 106.
      Thus, rotation of the rotary control means or knob 96 will function
      simultaneously to turn the ball valve 86 between its closed and open
      positions and also to tilt the pan 54 between its first position enclosing
      the lower end of the bowl 26 and its second position wherein it is tilted
      to discharge the contents of the pan. For the purpose of returning the
      rotary control means 96 to its position wherein the pan is in its first
      position, a bracket 114 is secured to the bowl at the flange 116 by the
      screw 118, and a coil spring 120 is connected between the bracket 114 and
      the link 106 to urge the latter to the position wherein the crank 98 is
      shown in its solid line position in FIG. 4. Preferably, the knob 96 has
      finger recesses for turning the knob 96 only in one direction in
      opposition to the action of coil spring 120.
PAR  A top wall 122 is mounted on the second annular portion 24 of the base 12
      and extends inwardly to overlie the upper end of the bowl 26 so that the
      actuator mechanism 82 extends through the space defined between the upper
      annular portions 22 and 24, the bowl 26 and the top wall 122. Thus, the
      actuator mechanism 82 is completely protected within this confined space,
      and only the knob 96 is exposed to the exterior through the opening 124 in
      the top wall 122. By virtue of being confined in this space, the actuating
      mechanism is also protected against any harmful or corrosive effects that
      may emanate from the space within the hollow base 12.
PAR  Mounted above the top wall 122 in hinged relation thereto is the seat 126
      and the cover 128. The latter two are pivotally connected to the top wall
      122 by means of the pins 130 which are locked in place by the clips 132.
PAR  From the foregoing description it will be understood that when the knob 96
      is rotated against the action of the spring 120, the ball valve 86 will be
      opened and simultaneously the pan 54 will be pivoted to its tilted or
      second position. The water will flow from the ball valve 86 to the
      accumulation chamber, and when the flushing of the bowl 26 is to be
      terminated, the knob 96 will be released and the spring 120 will then
      return the pan to its first or lowered position and simultaneously the
      ball valve 86 will be closed. The water which has accumulated in the
      accumulation chamber 42 will then flow through the channel 47 into the
      interior of the bowl 26 to provide a measured quantity of water therein so
      that an effective water seal is provided between the pan 54 and the bowl
      26 and a wet spot in the bowl 26 of maximum effective area than exists
      consistent with minimum volume of water in the pan.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A water closet comprising a bowl having an open upper end and an open
      lower end, a concave pan beneath said bowl and supported thereon at the
      upper end thereof for pivotal movement about a horizontal axis between a
      first position in which said pan encloses said open lower end and a second
      position in which said pan is tilted in an elevated position at one side
      of said bowl, said pan being in spaced relation to said bowl and having a
      depth so that when in its first position its peripheral lip is at a higher
      elevation than the open lower end of said bowl, water flushing means
      actuable for discharging flush water to the interior of said bowl, and an
      actuator mechanism connected to said pan and to said water flushing means
      for moving said pan to its second position and for simultaneously
      actuating said flushing means to deliver flush water to the bowl while the
      pan is tilted and for returning the pan to its first position and for
      rendering said flushing means inactive, said actuator mechanism including
      a control means, a crank having at one end a crank axis coincident with
      said horizontal axis, said crank being operably connected at said one end
      to said pan for pivotal movement with said pan around said horizontal
      axis, and a link connected to the other end of said crank and to said
      control means for pivoting said crank and thereby said pan around said
      horizontal axis in response to movement of said control means.
NUM  2.
PAR  2. The water closet that is defined in claim 1, wherein said water flush
      means includes a rotary ball valve for controlling flow of the flush
      water, and the control means of said actuating mechanism is rotatable and
      is connected to said ball valve for rotating the latter between its open
      and closed positions, said link being operably connected to said rotary
      control means for pivoting said crank and thereby said pan in response to
      rotary movement of said control means.
NUM  3.
PAR  3. The water closet that is defined in claim 2, wherein said actuating
      mechanism includes a second crank operably connected at one of its ends to
      the stem of said rotary ball valve for turning therewith, the other end of
      said second crank being connected to said link.
NUM  4.
PAR  4. The water closet that is defined in claim 3, wherein said rotary control
      means includes a knob mounted on the shaft of said ball valve having
      finger grip portions for turning said knob in one direction to the open
      position of said ball valve, and spring means for urging said stem in the
      other direction to the closed position of said ball valve.
NUM  5.
PAR  5. A water closet comprising a bowl having an open lower end, a concave pan
      beneath said bowl supported for movement between a first position in which
      said pan encloses said open lower end and a second position in which said
      pan is tilted in an elevated position at one side of said bowl, said pan
      being in spaced relation to said bowl and having a depth so that when in
      its first position its peripheral lip is at a higher elevation than said
      open lower end, water flushing means actuable for discharging flush water
      to the interior of said bowl, and an actuator mechanism connected to said
      pan and to said water flushing means for moving said pan to its second
      position and for simultaneously actuating said flushing means to deliver
      flush water to the bowl while the pan is tilted and for returning the pan
      to its first position and for rendering said flushing means inactive, said
      water flushing means including a valve adapted to be opened to supply
      flush water, a flush water accumulation chamber located adjacent to the
      upper end of said bowl and downstream of said valve for discharging by
      gravity a measured quantity of flush water into said bowl after said
      actuating mechanism has returned the pan to its first position and closed
      said valve, said flush water accumulation chamber including a wall portion
      projecting laterally from the rear side of said bowl and defining a
      channel having a downward slope from its upstream end to its downstream
      end, the downstream end of said channel being directed into the upper end
      of said bowl tangentially thereof.
NUM  6.
PAR  6. The water closet that is defined in claim 5, wherein a vacuum breaker
      riser extends upward in said accumulation chamber at the upstream end of
      said channel through which flush water can enter said accumulation chamber
      from said valve.
NUM  7.
PAR  7. The water closet that is defined in claim 6, wherein said vacuum breaker
      riser is located to the rear of and laterally of said bowl, and said
      channel extends transversely of said bowl and has a reverse bend with the
      downstream end thereof discharging tangentially into said bowl at a
      location adjacent to said riser.
NUM  8.
PAR  8. The water closet that is defined in claim 5, wherein said bowl defines
      in its inner wall a spiral ledge extending around said bowl, and the
      downstream end of said channel is aligned with the upper end of said ledge
      for delivering flush water onto said ledge.
NUM  9.
PAR  9. A water closet comprising a bowl having an open upper end and an open
      lower end, a concave pan beneath said bowl supported for pivotal movement
      between a first position in which said pan encloses said open lower end
      and a second position in which said pan is tilted in an elevated position
      at the rear of said bowl, said pan being supported for pivotal movement
      around an axis located at the upper end of the bowl and in a vertical
      transverse plane passing essentially through the center of said open lower
      end, the portion of the bowl forward of said open lower end having a
      circular curvature with its center essentially on said axis and the
      portion of the bowl to the rear of said open lower end having a relatively
      steeper upwardly inclined surface, the portions of said bowl on opposite
      sides of said open lower end having relatively steeper upwardly inclined
      surfaces than said portion of the bowl forward of said open lower end,
      said portions on opposite sides being relatively closer together than the
      front and rear portions of said bowl, said pan being in spaced relation to
      said bowl and having a depth and a configuration so that when in its first
      position the peripheral lip of the pan is at a higher elevation than said
      open lower end and the pan closely conforms to the shape of the enclosed
      lower portion of the bowl, water flushing means actuable for discharging
      flush water to the interior of said bowl, said pan conforming to the shape
      of the enclosed lower portion of the bowl so as to provide a wet spot of
      maximum effective area in the bowl consistent with minimum volume of water
      when the pan contains water above the level of the lower end of the bowl,
      an actuator mechanism connected to said pan and to said water flushing
      means for moving said pan to its second position and for simultaneously
      actuating said flushing means to deliver flush water to the bowl while the
      pan is tilted and for returning the pan to its first position and for
      rendering said flushing means inactive, and a flush water accumulation
      chamber located adjacent to the upper end of said bowl and downstream of
      said flushing means for discharging by gravity a measured quantity of
      flush water into said bowl after said actuating mechanism has returned the
      pan to its first position.
NUM  10.
PAR  10. The water closed that is defined in claim 9, wherein said bowl defines
      in its inner wall a spiral ledge extending around said bowl, and said
      accumulation chamber has a downstream end for discharging the measured
      quantity of flush water tangentially into said bowl onto the upper end of
      said ledge.
NUM  11.
PAR  11. A water closet comprising a base with a hollow interior and having an
      upper annular portion for mounting a bowl, a bowl having an open lower end
      and an open upper end with a downturned flange around the outer periphery
      thereof, said downturned flange being positioned on and secured to the
      upper annular portion of said base, a concave pan beneath said bowl
      supported on the downturned flange for movement between a first position
      in which said pan encloses said open lower end and a second position in
      which said pan is tilted in an elevated position at one side of said bowl,
      the portion of the bowl forward of said open lower end having a circular
      curvature with its center essentially on the axis of movement of the pan
      and the portion of the bowl to the rear of said open lower end having a
      relatively steeper upwardly inclined surface, said pan being in spaced
      relation to said bowl and having a depth and a configuration so that when
      in its first position the peripheral lip of the pan is at a higher
      elevation than said open lower end and the pan closely conforms to the
      shape of the enclosed lower portion of the bowl, water flushing means
      actuable for discharging flush water to the interior of said bowl, and an
      actuator mechanism on the outer side of said downturned flange operatively
      connected to said pan and to said water flushing means for moving said pan
      to its second position and for simultaneously actuating said flushing
      means to deliver flush water to the bowl while the pan is tilted and for
      returning the pan to its first position and for rendering said flushing
      means inactive, said water flushing means including a valve adapted to be
      opened to supply flush water, a flush water accumulation chamber located
      adjacent to the upper end of said bowl and downstream of said valve for
      discharging by gravity a measured quantity of flush water into said bowl
      after said actuating mechanism has returned the pan to its first position
      and closed said valve.
NUM  12.
PAR  12. The water closet that is defined in claim 11, wherein said actuator
      mechanism includes a control member, a crank operably connected at one end
      to said pan for pivotal movement around said axis, and a link connected to
      the other end of said crank for pivoting said crank and thereby said pan
      in response to movement of said control member.
NUM  13.
PAR  13. The water closet that is defined in claim 11, wherein said downturned
      flange has aligned holes on the axis of movement of said pan, and said pan
      has hubs extending outwardly through said holes for supporting the pan,
      said actuator mechanism being operatively connected to one of said hubs
      for moving said pan.
NUM  14.
PAR  14. The water closet that is defined in claim 11, wherein said bowl defines
      in its inner wall a spiral ledge extending around said bowl, and said
      accumulation chamber has a downstream end for discharging flush water
      tangentially into said bowl onto the upper end of said ledge.
NUM  15.
PAR  15. The water closet that is defined in claim 11, wherein said flush water
      accumulation chamber comprises a wall portion projecting laterally from
      the rear side of said bowl and defining a channel having a downward slope
      from its upstream end to its downstream end, the downstream end of said
      channel being directed into the upper end of said bowl.
NUM  16.
PAR  16. The water closet that is defined in claim 11, wherein the forward
      portion of said bowl has a flange extending in a downward direction from
      its bottom wall for engagement with the forward portion of the peripheral
      lip of said pan.
NUM  17.
PAR  17. A water closet comprising a bowl having an open lower end, a concave
      pan beneath said bowl supported for movement between a first position in
      which said pan encloses said open lower end and a second position in which
      said pan is tilted in an elevated position at one side of said bowl, said
      pan being in spaced relation to said bowl and having a depth so that when
      in its first position its peripheral lip is at a higher elevation than
      said open lower end, water flushing means actuable for discharging flush
      water to the interior of said bowl, and an actuator mechanism connected to
      said pan and to said water flushing means for moving said pan to its
      second position and for simultaneously actuating said flushing means to
      deliver flush water to the bowl while the pan is tilted and for returning
      the pan to its first position and for rendering said flushing means
      inactive, said water flushing means including a valve adapted to be opened
      to supply flush water, a flush water accumulation chamber located adjacent
      to the upper end of said bowl and downstream of said valve for discharging
      by gravity a measured quantity of flush water into said bowl after said
      actuating mechanism has returned the pan to its first position and closed
      said valve, said flush water accumulation chamber including a wall portion
      projecting laterally from the rear side of said bowl and defining a
      channel having a downward slope from its upstream end to its downstream
      end, the downstream end of said channel being directed into the upper end
      of said bowl tangentially thereof, and a vacuum breaker riser extending
      upward in said accumulation chamber at the upstream end of said channel
      through which flush water can enter said accumulation chamber from said
      valve, said accumulation chamber including a cover with a vent opening
      aligned with said vacuum breaker riser, and a vacuum breaker float mounted
      in said riser for reciprocal movement between a first position closing the
      upper end of said riser and in response to flush water pressure to an
      elevated position closing said vent opening, said cover having a
      configuration so that if flush water should inadvertently be discharged
      through said vent opening the discharged water will flow to said bowl.
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ABST
PAL  A self-contained portable toilet that has a bowl which is mounted on a
      support bucket or holding tank. The bowl has an outlet port for
      discharging the contents of the bowl into the bucket, and a closure means
      for the outlet port is provided which comprises a flexible diaphragm
      movable between a first position in which it closes the port and a second
      position in which it uncovers the port. Means are provided to tension the
      diaphragm into contact with the outlet port when the diaphragm is in its
      first position so as to seal the port closed. A flush lever is provided
      for moving the diaphragm between its first and second positions. A flush
      water storage chamber is contained within the portable toilet and a hand
      pump is provided in association with the storage chamber for discharging
      flush water into the bowl.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to toilets, and in particular to portable
      toilets.
PAR  Various types of portable toilet are known, the simplest form being,
      essentially, a bucket provided with a seat. This type, although relatively
      inexpensive, is generally unsatisfactory, because it tends to give off an
      unpleasant odor, even when treated with chemicals. A further form is a
      flushing toilet provided with filters and a pump, in which the water
      content of the waste matter is cleaned and is recirculated. Such a
      construction has a disadvantage that it is expensive and the filters can
      tend to clog. A further form has a bowl section and a collecting section,
      thereunder, the outlet to the bowl section being provided with a valve of
      the pivotal flap type or of the sliding valve type. The pivoting flap
      valve is generally unsatisfactory, because it tends to dip into the waste
      matter in the collecting section. The slide valve, on the other hand, is
      usually satisfactory from a working point of view, but it can be rather
      cumbersome and expensive.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a toilet comprising a
      bowl having an outlet port, a flexible diaphragm movable between a first
      position, in which it closes said outlet port, and a second position, in
      which it uncovers said outlet port, and means to tension said diaphragm
      into contact with said outlet port when it is in said first position.
PAR  A toilet constructed in accordance with the invention can be manufactured
      inexpensively and yet still provide a good seal, preventing odors from
      escaping. The diaphragm can, for example, be formed of rubber or
      rubberised fabric. Preferably the diaphragm is supported between two
      movable members, one abutting a stop in the first position and the other
      then being resiliently urged away therefrom to tension the diaphragm into
      contact with said outlet port. The two movable members may then be in the
      form of two pivotable crank members, one being secured to one end of the
      diaphragm and the other being secured to the other end of said diagphragm,
      the crank members advantageously being pivotable about different axes.
PAR  The crank members may each be provided with cross bars, upon which the ends
      of the diaphragm are mounted, the cross bars being so disposed in the
      first position of the diaphragm that the outlet port extends beyond the
      straight line connecting the two cross bars, so that the diaphragm is
      placed in firm contact with the outlet port.
PAR  A tension spring may be arranged as an overcenter spring to urge the other
      crank, in said first position, to tension the diaphragm and in said second
      position to urge said diaphragm into the open position, in which case a
      second stop may be provided to restrain the other crank when the diaphragm
      is in the second position. With this construction, a connection member may
      join the cranks together, the connection member being slidable with
      respect to at least one of the cranks, and an actuating lever may be
      pivotally mounted with respect to the bowl and be slidably connected to
      the other crank, whereby rotation of the actuating lever first of all
      causes pivoting of the other crank in the direction to release the tension
      in the diaphragm, and then causes pivoting of the two cranks together, to
      move the diaphragm into its second position. Such an arrangement is an
      extremely simple construction and yet provides an effective odor-tight
      seal.
PAR  In order to prevent the waste material splashing, guards may extend on
      either side of the diaphragm and the outlet port, in a direction parallel
      to the direction of movement of the diaphragm from its first to its second
      position, the guards being closely adjacent to the diaphragm at least in
      its closed position.
DRWD
PAR  In order that the invention may be more readily understood, the following
      description is given, merely by way of example, reference being made to
      the accompanying drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of toilet according to the
      invention;
PAR  FIG. 2 is a partial side elevation of one side of the toilet of FIG. 1,
      with the bucket portion shown in phantom to reveal the interior and the
      operating mechanism;
PAR  FIG. 3 is an underneath plan view of the mechanism illustrated in FIG. 2;
PAR  FIG. 4 is a corresponding side elevation of the other side of the toilet;
PAR  FIG. 5 is an enlarged view showing the diaphragm in its open position; and
PAR  FIG. 6 is a view similar to FIG. 5 showing the diaphragm in its closed
      position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The sealing mechanism for the bowl section of the toilet of the present
      invention is best illustrated in FIGS. 2 to 6. In general terms the
      mechanism comprises a drive crank 1 and a driven crank 2. They are
      connected together in two ways, firstly by a rubber diaphragm 3, by means
      of which the drive crank 1 pulls the drive crank 2 and secondly by a
      connecting rod 4 by means of which the drive crank 1 pushes the driven
      crank 2.
PAR  An extensible toggle spring 5 is attached to the drive crank at one end,
      the other end being attached to the upper portion of the bowl at a point
      substantially higher than the pivot point of the drive crank 1.
PAR  The toggle spring 5 is an extension coil spring. Due to the geometry of its
      motion with respect to the geometry of the motion of the drive crank 1,
      the length in the open and closed positions of the drive crank 1 is
      substantially shorter than the length at the midpoint of the motion. Thus
      the coil toggle spring 5 holds the mechanism securely against stops, in
      both the fully open and the fully closed positions of the diaphragm, as
      explained in greater detail later.
PAR  In the closed position, the pull of the toggle spring 5 on the drive crank
      1 continues to exert tension on the diaphragm 3, thus providing a
      gas-tight, odor-tight seal, which also can serve to contain water in the
      toilet bowl, if required.
PAR  The end of the toilet bowl outlet port 6 (FIGS. 5 and 6) extends through a
      straight line formed by the diaphragm 3, when the drive crank and the
      driven crank are in their closed positions, as can clearly be seen from
      FIG. 6. Although this cannot be seen clearly in the drawings, the end of
      the outlet port 6 is curved being concave as viewed from either the left
      or the right in FIG. 6. Such a shape ensures that uniform pressure is
      applied by the diaphragm 3 to the entire circular end of the outlet port
      6.
PAR  An external actuating lever 7 is situated on the exterior of the toilet
      unit. It is mounted on two bearings and transmits rotary power to the
      drive crank 1. It is only necessary to turn this actuating lever through
      60.degree. of rotation, to open or close the diaphragm 3 fully.
PAR  Turning now to the details of the construction of the invention, the toilet
      includes a bucket section 12, (FIG. 1) which is surmounted by a pivotal
      seat (not shown) and a lid 13 having a central handle 14 with a recess
      thereunder. The handle 14 is normally flush with the top of the lid and is
      connected by two flexible resilient plastic strips having enlarged heads,
      so that one can first of all put one's hand under the handle and lift
      slightly and then further movement enables the whole toilet to be lifted,
      since the lid 13 is pivoted at its rear and can be secured in place by a
      clamp 15 at the front.
PAR  At the upper part of the front, the bucket houses a flushing water tank 16
      provided with a filling pipe 17 which finishes at the rear of the toilet
      at one side thereof, in a vertical filling tube 18 having therein a light
      ball, e.g., a ping-pong ball, and surmounted with a fitting cap 19.
PAR  As can be seen from FIG. 2 from the foot of the tank 15, extends a pipe 20
      which is connected to the inlet of a bellows pump 21, the outlet 22 of
      which is joined to a tube which extends around the rim of the bowl and is
      provided with a number of outlets opening into the bowl.
PAR  The crank 1 is formed of two side arms each of which is pivotable in a
      hinge block 23 (FIG. 6) and a cross bar 24 which is illustrated in greater
      detail in FIG. 3. Similarly the crank 2 is provided with two side arms
      pivoted in a block 25, spaced from block 23 and is also provided with a
      cross bar 26.
PAR  The two cross bars have central offset portions 27 and 28 respectively, to
      which the ends of the diaphragm 3 are secured by hooking elements 29, 30.
PAR  The connecting rod 4 is slidable axially along each of the cranks 1 and 2.
      A similar sliding connection is provided between the drive crank 1 and an
      actuating arm 31 which is pivoted to the bowl at 32 and is provided with a
      drive connection with the actuating lever 7. An overcenter toggle spring
      33 is provided for the arm 31 for a purpose to be explained later.
PAR  Extending on either side of the outlet port 6, are two splash guards 11,
      which are closely adjacent to the sides of the diaphragm 3. In actual use,
      when opening diaphragm, the actuating lever 7 is turned 6.degree. or
      8.degree., which takes up the free movement of the drive arm 1. This free
      movement of the drive arm 1 breaks the sealing action of the diaphragm 3
      away from the bowl outlet 6. It also moves the connecting rod 4 in a
      direction towards the driven crank 2, thus engaging the bottom of the
      slots in the connecting rod 4 against driven crank 2. When the rod 4 is
      engaged against the driven crank 2 the diaphragm is in a slack condition
      between the cranks.
PAR  Further rotation of the actuating lever 7 causes the drive crank 1, the
      connecting rod 4, and the driven crank 2 as well as the diaphragm 3 all to
      move as an assembly. This rotary movement of the entire assembly continues
      until the drive crank 1 reaches a drive stop 8 formed on the splash guards
      11. This position of the assembly provides for full opening of the bowl
      outlet port 6, this giving an unimpeded full flow emptying of the toilet
      by gravity.
PAR  This fully open position also provides for the emptying and drainage of the
      membrane 3 itself. In this position it drains completely. In fact from the
      half-way open position to the fully open position when the drive crank 1
      is against the crank stop 8, the diaphragm is fully draining.
PAR  The closing operation is performed by rotating the actuating lever 7 in the
      opposite direction to that used previously. During the first 6.degree. or
      8.degree. of rotation, the drive crank 1 moves farther away from the
      driven crank. This separating action is permitted by the elongated slot in
      the end of the connecting rod 4. At the end of this slight movement, the
      membrane 3 becomes taut and pulls the driven crank 2 along with it. Thus
      all the units are once again moving as an assembly and continue to do so
      until the driven crank 2 reaches its stop 10 again formed on the splash
      guards 11. This position is illustrated in both FIG. 4 and FIG. 6.
PAR  The provision of the two toggle springs 5 and 33 ensures the holding of the
      lid in the open position as illustrated in FIG. 5 and the closed position
      as illustrated FIG. 6, the two springs operating as over center springs.
      Although the driven crank 2 is abutting the stop 10 in the closed
      position, the drive crank 1 continues to move farther away from the driven
      crank 2 and towards the right as viewed in FIG. 6. This is assisted by the
      toggle springs 5 and is only halted by the taut condition of the diaphragm
      3 which is now pulled tightly against the bowl outlet port 6 thereby
      effecting a seal. The toggle springs also take up any slack resulting from
      permanent stretch of the diaphragm 3, or from variations in the length of
      the diaphragm 3 during manufacture.
PAR  As can be seen particularly from FIG. 3, the diaphragm 3 in its closed or
      sealing position is bounded on two of its sides by the splash shield 11.
      Such shields are advantageous because portable toilets are used on boats,
      caravans and other vehicles when in motion. This vehicular motion causes
      agitation and splashing of the toilet bucket contents.
PAR  It will be seen that the construction of the present invention overcomes
      the problems of manufacturing a mechanically sealed toilet of this type
      described earlier, in which a mechanical flap valve swings downwardly into
      the contents of the bucket. The swinging mechanism of the present
      invention solves this design problem.
PAR  When the toilet has been used, and the mechanism moved to its open position
      as illustrated in FIG. 5, the pump 21 may be actuated to flush the bowl
      whereupon the valve can then be moved to its closed position. If desired,
      a further flush can partly fill the bowl for subsequent use. The diaphragm
      is preferably made of a non-creep material, such as neoprene. The tank 16
      is filled by pouring water into the filler opening 19 until the ping-pong
      ball therein appears near the top of this opening.
PAR  When it is desired to empty the bucket portion 12, a cap 34, covering an
      outlet opening 35 is removed by unscrewing and the toilet is tipped up
      using the handle 14 and a further handle formed by a recess in the bottom
      of the bucket section 12.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A toilet comprising a bowl having an outlet port, a flexible diaphragm,
      means supporting said diaphragm for movement between a first position in
      which said diaphragm closes said outlet port and a second position in
      which said diaphragm uncovers said outlet port, and said means being
      operable to tension said diaphragm into contact with said outlet port when
      said diaphragm is in said first position.
NUM  2.
PAR  2. A toilet according to claim 1, wherein the diaphragm is formed of rubber
      or rubberized fabric.
NUM  3.
PAR  3. A toilet comprising a bowl having an outlet port, a flexible diaphragm
      movable between a first position in which it closes said outlet port and a
      second position in which it uncovers said outlet port, and means to
      tension said diaphragm into contact with said outlet port when it is in
      said first position, said means including two movable members between
      which said diaphragm is supported, one member abutting a stop in the first
      position and the other member then being resiliently urged away therefrom
      to tension the diaphragm into contact with said outlet port.
NUM  4.
PAR  4. A toilet according to claim 3, wherein the two movable members are two
      pivotable crank members, one being secured to one end of said diaphragm
      and the other being secured to the other end of said diaphragm.
NUM  5.
PAR  5. A toilet according to claim 4, wherein said crank members are pivotable
      about different axes.
NUM  6.
PAR  6. A toilet according to claim 4, wherein the crank members each have cross
      bars, upon which the ends of the diaphragm are mounted, the cross bars
      being so disposed in the first position of the diaphragm that the outlet
      port extends beyond the straight line connecting the two cross bars.
NUM  7.
PAR  7. A toilet according to claim 5, wherein a tension spring is arranged as
      an overcenter spring, to urge said other crank, in said first position, to
      tension said diaphragm and in said second position, to urge said diaphragm
      into the open position.
NUM  8.
PAR  8. A toilet according to claim 7, and including a second stop to restrain
      said other crank when the diaphragm is in said second position.
NUM  9.
PAR  9. A toilet according to claim 4, and further including a connection member
      joining said cranks together, said connecting member being slidable with
      respect to at least one of said cranks.
NUM  10.
PAR  10. A toilet according to claim 9, wherein an actuating lever is pivotably
      mounted with respect to the bowl and is slidably connected to said other
      crank, whereby rotation of said actuating lever initially causes pivoting
      of said other crank, in a direction to release the tension in the
      diaphragm, and then pivoting of said two cranks together, to move the
      diaphragm to its second position.
NUM  11.
PAR  11. A toilet according to claim 1, and including guards extending on either
      side of said diaphragm and said outlet port, parallel to the direction of
      movement of said diaphragm from its first to its second position, said
      guards being closely adjacent to the diaphragm at least in its closed
      position. 12. A toilet according to claim 1, which includes a support
      bucket and wherein said bowl is mounted on said support bucket with
NUM  12.
PAR  12. outlet port arranged within said support bucket.
NUM  13.
PAR  13. A toilet according to claim 12, wherein said bucket is provided with a
      closable outlet port.
NUM  14.
PAR  14. A toilet according to claim 1, wherein a lever is connected to said
      means, said means being responsive to movement of said lever to move said
      diaphragm from its first position to its second position when it is
      desired to flush the bowl.
NUM  15.
PAR  15. A toilet according to claim 14, which includes a manually operable pump
      and a water tank to which the pump is connected, said pump discharging to
      at least one outlet positioned at the periphery of the bowl so that the
      discharged water will create a vortex pattern in the bowl.
NUM  16.
PAR  16. A toilet according to claim 15, wherein a length of tube is connected
      to the pump and extends around the bowl and is provided with a number of
      outlets opening into the bowl.
NUM  17.
PAR  17. A toilet according to claim 1, wherein the bowl is provided with a
      tiltable seat and cover, and wherein said cover is provided with means to
      lock the cover in its closed position and a lifting handle for lifting the
      toilet bodily.
NUM  18.
PAR  18. A toilet according to claim 17, wherein the lifting handle includes
      means to urge said handle resiliently downwardly, so as to be flush with
      the top of said cover, said handle being liftable initially to enable the
      fingers of a user to pass under and thereafter to lift the toilet bodily.
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ABST
PAL  A disposable comfort pad for bedpans having a pad member shaped to cover
      the flesh-engaging seat portion of a bed pan. The bottom or underside of
      the pad member, at least in the distal end areas and bight portion area,
      is coated with pressure sensitive adhesive which is shielded prior to use
      of the pad by sheet material which can be readily stripped away. At least
      one, and preferably three, pul tabs or loops project from the pad member
      for use in removing the pad from a bedpan. The pad member has an
      inexpensive filling within an envelope or cover formed of soft, thin,
      plastic film.
BSUM
PAR  This invention relates to a novel disposable comfort pad for use on
      bedpans. The object of the invention, generally stated, is the provision
      of disposable (i.e. inexpensive) comfort pads for use on bedpans which
      serve the purpose of making the use of pans much less objectionable to
      patients and bedridden persons.
PAR  Bedpans are an unavoidable necessity and one of the objectionable features
      is the feel of the hard and usually cold surface that they present on the
      flesh of the user. The disposable bedpan pads of the present invention
      will overcome this objection and add greatly to the comfort of the users
      of bedpans. Since they are sufficiently inexpensive to be disposable, they
      do not present any sanitation problems or add to the work associated with
      emptying and cleaning bed pans.
PAR  The basic element of the disposable bedpan pads provided by the present
      invention is a pad member which is shaped to cover the flesh-engaging seat
      portion of a bedpan. Since bedpans come in conventional or standard sizes
      and shapes (i.e. childs, standard or orthopedic) the pad members can be
      made so as to provide the proper fit for this limited number of sizes or
      types. The undersides of the pad members are provided with retention means
      in the form of pressure sensitive adhesive which is initially covered with
      removable strip or sheet shielding material. When the time comes to use
      one of the pads on a bedpan, the sheet material is removed and thereupon
      the adhesive is exposed so that it can engage the surface of the bedpan
      and retain the pad member in the proper position. While it is preferred to
      have the major portion of the underside of pad members covered with the
      retention means in the form of a protected or shielded coating of pressure
       sensitive adhesive, it is acceptable to reduce the area of the pressure
      sensitive coating so as to have deposits thereof adjacent only the distal
      ends of the pad member and at the bight portion thereof.
PAR  It is also highly desirable that one or more pull tabs or loops be affixed
      to the pad members so that attendants can readily and conveniently remove
      used disposable pads from bedpans without having to engage the pad members
      themselves and thereby become soiled in doing so.
PAR  With respect to the pad members themselves, it is highly important that
      they present a soft warm-feeling surface to the flesh of the patient or
      user. It has been found that this highly desirable feature can be achieved
      by employing soft thin plastic film in the form of an envelope or covering
      which is filled with inexpensive padding material of the type commercially
      available and produced from cellulose or wood fiber materials or from
      various expanded or foamed plastic materials of known type. The pad
      members may also be formed of padding in the form of opposing sheets of
      thin plastic film encapsulating or trapping air bubbles therebetween.
DRWD
PAR  For a more complete understanding of the nature and scope of the invention
      reference may now be had to the following detailed description of a
      presently preferred embodiment in conjunction with the accompanying
      drawings wherein:
PAR  FIG. 1 is a top perspective view showing a disposable comfort bedpan made
      in accordance with the present invention in place on a conventional
      bedpan;
PAR  FIG. 2 is a top plan view of the disposable comfort pad of FIG. 1 in place
      on the bedpan;
PAR  FIG. 3 is a bottom plan view of the disposable comfort pad shown in FIG. 1
      prior to its application to a bedpan and  with one end of the piece or
      sheet of adhesive-shielding material partially stripped away; and
PAR  FIG. 4 is a sectional view on magnified scale taken on line 4--4 of FIG. 2.
DETD
PAR  In the drawings a disposable comfort pad for bedpans is indicated generally
      at 10 and comprises a generally C-shaped or horse collar shaped pad member
      11 of a size and shape to fit or cover the flesh-engaging top surface or
      seat portion of a bedpan indicated generally at 12. The pad member 11 is
      formed with a covering or envelope of thin plastic film 13 such as thin
      polyethylene, polyvinylchloride, polyvinylacetate, cellophane, etc. The
      cover or envelope 13 is filled with a padding or wadding material 14 of an
      inexpensive commercially available type and may be formed of cellulose
      fibers or of an expanded or foamed plastic material, either in sheet or
      crumb (granular) form. For example, the cellulosic padding material that
      is commonly used for disposable diapers serves as a satisfactory material
      for the padding or stuffing 14. Foamed natural or synthetic rubber in the
      form of granules or crumbs serves as another suitable filler material. It
      will be understood that the envelope 13 can be formed in several ways
      either from a single piece of material or from multiple pieces. The
      envelope or cover 13 can be completely formed but with the outer bight
      portion at the rear, for example, being left open for insertion of the
      filler material. In another procedure the padding or filler material 14
      may be preformed to the proper shape and then the thin pliable plastic
      film 13 used to cover the padding or filler relying on adhesive or
      pressure sensitive tape to complete the cover or envelope.
PAR  In order to retain the disposable comfort pad 10 in place on the bedpan 12
      the underside of the pad member 11 is  provided with a coating of
      pressure-sensitive adhesive material of known type as indicated at 15. In
      the embodiment shown the adhesive material 15 covers substantially all of
      the underside surface of the padding member 11 except for the inner C or
      U-shaped margin designated at 16. The adhesive-free margin 16 is provided
      in the order of approximately one-half inch in width so that when the pad
      member 11 is in place on the bedpan 12 this margin 16 can extend over the
      inner rim 17 (FIG. 2) on the seat of the bedpan. The flange or marginal
      portion 16 is capable of bending or flexing downwardly under the weight of
      the user's flesh so as to lap over and cover the inner edge or rim 17 of
      the bedpan.
PAR  As initially produced or manufactured the disposable bedpan pads 10 will
      have the adhesive 15 shielded or protected by a strippable sheet material
      18 such as paper or plastic. It will be understood that when the
      disposable pad 10 is to be used, this shielding sheet or strip material 18
      is removed and then the attendant will properly position the exposed
      adhesive 15 on the upper or seat surface of the bedpan.
PAR  In order to facilitate the removal of one of the disposable comfort pads 10
      from a bedpan 12 after use the pad member 11 is provided with lift or pull
      tabs or loops 20-- 20. Preferably two of these are provided on or adjacent
      the distal ends of the pad member 11 and one at the bight portion thereof.
      The inner ends of the tabs or loops 20 are suitably attached as by
      stapling, heat sealing or stitching to adjacent firm portions the pad
      member 11. In use the attendant merely has to grasp one or more of the
      loops or tabs 20 and lift thereon with one hand while the other hand holds
      the bedpan 12 down. In this way the attendant does not have to engage or
      touch any used portion of the pad member 11, either the top surface which
      has engaged the users flesh or the bottom or underside which is coated
      with the adhesive 15.
PAR  It will be seen from FIGS. 1 and 2 that the outer margin or edge of the pad
      member 11 extends slightly over or beyond the seat portion of the bedpan
      12 so as to engage and adhere to the side wall for a short distance. This
      helps to insure that the pad 10 will not slide or wrinkle when a patient
      is unable to raise up but has to be turned on his or her side and then
      rolled over onto the bedpan. Furthermore, by having the pad member
      extended over onto the side wall of the bedpan there is little chance for
      the removal tabs 20 contacting the patient's body.
PAR  It will be understood that certain changes may be made in the construction
      of the disposable comfort pad 10 without departing from the spirit and
      scope of the invention. For example, instead of coating substantially all
      of the underside of the pad member 11 with adhesive 15, excepting the
      margin 16, the adhesive 15 may be confined to three separate areas, the
      distal ends of the pad member and to the bight portion thereof. In this
      modification it will only be necessary to cover these three
      adhesive-coated areas with relatively small pieces of shielding or
      strippable material 18.
PAR  As another change, the pad member 11 may be formed from commercially
      available packaging material of the type wherein air bubbles or pockets
      are trapped or encapsulated between opposing pieces of soft, thin plastic
      film.
CLMS
STM  I claim:
NUM  1.
PAR  1. A disposable bedpan pad comprising a pad member having generally the
      shape and size of the flesh-engaging seat portion of a bedpan, and
      shielded pressure sensitive retention means on the underside of said pad
      member for releasably anchoring said pad member in place on said seat
      portion, said retention means being located at least at the distal
      portions and at the bight portion of said pad and being shielded prior to
      use of said bedpan pad by removable sheet material so as to expose
      pressure sensitive adhesive material.
NUM  2.
PAR  2. The disposable bedpan pad of claim 1 wherein said shielded pressure
      sensitive retention means covers substantially the entire bedpan engaging
      surface of said pad member leaving a margin around the inner edge of said
      pad member not covered by said retention means.
NUM  3.
PAR  3. The disposable bedpan pad of claim 1 wherein there is at least one tab
      projecting from said pad member for use in removing said disposable bedpan
      pad from a bedpan without contacting any portion of said pad member.
NUM  4.
PAR  4. The disposable bedpan pad of claim 3 wherein there are three of said
      tabs with two projecting from the distal ends of said pad member and one
      projecting from the bight portion thereof.
NUM  5.
PAR  5. The disposable bedpan pad of claim 1 wherein said pad member comprises a
      soft thin film envelope or cover and an inexpensive compressible padding
      material.
NUM  6.
PAR  6. The disposable bedpan pad of claim 1 wherein said pad member comprises
      opposing pieces of soft thin plastic film with bubbles or pockets of air
      trapped therebetween.
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ABST
PAL  A Portable Emergency Safety Shower having a large capacity water supply
      tank, a telescoping series of pipe elements having one end secured to the
      water supply tank and the other end connected to a shower head, a
      pressurized cylinder for the storage of air or nitrogen, valved coupling
      means for providing passage of a pressurized medium to the water supply
      tank for applying pressure to the water in said supply tank into the pipe
      elements to exit at the shower head for achieving the performance of a
      portable emergency safety shower.
BSUM
PAC  CROSS REFERENCE TO PRIOR ART AND PRIOR INFORMATION
PAR  This disclosure is an improvement over prior art systems and arrangements
      such as are found in the following patents taken singly or in combination:
TBL           Barnett                                                          
                     3,080,568                                                 
              Cox    3,483,571                                                 
PAR  These patents are found as a result of a search conducted in Class 4,
      subclasses 145, 147, 148, 161 and 173. None of these various patents or
      others in these classification of patents show and exhibit the novel
      cooperative features of the invention.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention relates to a compact and newly found combination of elements
      for an improved portable emergency safety shower; more particularly the
      invention relates to an apparatus for a manually operable, portably
      carried emergency and safety shower having uses of being relocated at will
      or in being carried about as desired for providing essential shower
      services whenever needed. It is within the purview and scope of the
      invention to provide apparatus of the invention to which hot or warm water
      may be provided for injection or inflow to a large capacity water tank
      before the water is exhausted from the shower head under the pressure
      supplied from the pressurized cylinder.
PAR  Also particularly within the scope of the invention is the provision of
      apparatus for measuring the pressure of the pressurized tank, for
      providing relief of over-pressure conditions that may become to exist in
      the water supply tank and apparatus for allowing the supply line for the
      shower head to be constructed of a series of telescoping pipe elements
      that are capable of being arranged in collapsible array within the water
      supply tank.
PAC  FIELD OF THE INVENTION
PAR  It is within the context and purview of the present invention to provide a
      new and improved shower arrangement in which the apparatus thereof is
      constructed for portability, emergency use and for achieving safety to
      persons who may use it.
PAR  It is known that during emergencies caused by conditions of tornado,
      hurricanes and other catastrophies, that the usual available water
      supplies are interrupted and often these are not available as a result of
      these emergency situations, any cleansing or washing facilities that
      otherwise are usually available. The house facilities of many are rendered
      useless and commercial, hotel, motel facilities and the like are
      unavailable.
PAR  Therefore, it is an object and an advantage of the present invention to
      provide a safety, emergency and portable apparatus useful and movably
      available for cleansing, showering, washing and the like, and in which the
      device is safe by its inclusion of measuring means, over-pressure relief
      valves, and corrosion-proof tank linings for the water supply tank. The
      water supply tank can be constructed to contain 7 gallons, or more, or
      less.
PAR  It is another object and advantage of the invention to provide a non-clog,
      deluge-type shower head for effecting maximized cleaning and showering.
PAR  Another object of the invention is to provide means for carrying the
      portable shower apparatus of the invention, especially for providing
      portability when the water supply tank is empty or near empty by the use
      of handle means affixed to the water supply tank.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL FIGURES OF THE DRAWINGS
PAR  The above and other objects and advantages of the invention will become
      apparent upon full consideration of the following detailed description and
      accompanying drawings in which:
PAR  FIG. 1 is a generally upper and front perspective view of a portable
      emergency safety shower apparatus according to one of the preferred and
      best modes of the present invention;
PAR  FIG. 2 is an end view on an enlarged scale relative to that of FIG. 1
      showing a different embodiment, partly broken away and constituting
      another preferred embodiment of the invention; and
PAR  FIG. 3 is a front view of an embodiment such as shown in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, there is shown in FIGS. 1-3 a portable
      emergency safety shower apparatus 10 having a large capacity water tank 12
      in which its inner and outer surfaces are rust-resistant to water and
      corrosion proof, as is a well-known expedient such as by having a coating
      or constructed of material such as plate steel, or the like. From the four
      extremities of the water tank 12 and extending generally downwardly are
      respectively self-storing leg elements 14 that are adjustable in length
      for supporting the water tank at selected distances from its supporting
      ground (not shown).
PAR  From the top of the water tank 12 and at a tank opening 16 in the surface
      of the tank is a coupling member 18 securely connected to the tank opening
      16 to which is threadedly coupled in a secure fashion a telescoping series
      of pipe elements 20, 20. The large diameter of the series is affixed to
      the coupling member 18. The small diameter of the series is at the other
      end to which there is coupled in conventional manner a curved pipe
      connection 24 extending from the small diameter end of the series of the
      pipe elements 20, 20. The curved pipe connection 24 terminates in a deluge
      shower head 26 as the type shown in FIG. 1 or a deluge shower head 28 as
      shown in FIGS. 2 & 3.
PAR  There is mounted on the upper surface of the water tank 12 a water tank
      pressurization cylinder or a pressurized cylinder 30 for providing under
      high pressures for the storage of gas such as air or nitrogen (N.sub.2)
      therein. A valved pipe or conduit 32 connects an orifice 34 to a nipple 36
      in the water tank 12 so that there is an integral and air tight passage
      from the pressurized cylinder to the water tank, but as controlled by a
      manually operable valve 40 (FIG. 1) to selectively release and shut off
      the passage of high pressure gas from the pressurized cylinder to the
      water supply tank.
PAR  FIGS. 2 and 3 show a disk-type valve handle 42 for the manually operable
      valve while FIG. 1 shows a turn arm or crank for the valve 40.
PAR  A pressure gage 44 is provided connected in the regulator and valved
      conduit 32 to indicate the high pressure valve of the gas in the cylinder
      30.
PAR  The water tank is filled with water whether hot or at room temperature, or
      otherwise at fill point 46 in FIG. 1 or at fill point 48 in FIGS. 2 and 3.
PAR  In FIG. 1 is shown a handle 50 for carrying the shower apparatus 10 while
      an arrangement of a pair of handles 52, 52 are shown in FIGS. 2 and 3.
PAR  The water tank is filled by a supply line (not shown) but may be secured in
      place by supply line storage clips 56, 56 (FIG. 1).
PAR  It should be described that the series of pipe elements 20, 20 may be
      collapsed to be stored within the water tank 12.
PAR  To expend the water in the water tank from the shower head 26 or 28, the
      valve manually operable by handle 40 or 42 is turned to release gas from
      the pressurized cylinder 30 through the valved conduit 32 to the water
      tank so that the water in the tank under pressure is driven through a dip
      pipe 60 (FIGS. 2 & 3) to pass through the telescoping series of pipes 20,
      20 to the shower head.
PAR  The water tank is capable of being drained from tank drain 66 (FIG. 2).
PAR  The apparatus of the invention provides a method and function of safety and
      health means of providing shower during times of distress and emergency
      such as after floods, hurricanes and the like. It provides portability as
      is needed in such circumstances during these forms or types of
      emergencies.
PAR  Additional embodiments of the invention in this specification will occur to
      others, and therefore it is intended that the scope of the invention be
      limited only by the appended claims and not by the embodiment(s) described
      hereinabove. Accordingly, reference should be made to the following claims
      in determining the full scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable emergency safety shower comprising a large capacity water
      supply tank having water-resistant, corrosion-proof, inner and outer
      surfaces thereof, leg elements extending from the supply tank for
      supporting said tank, a telescoping series of pipe elements having its
      large diameter terminal securely connected to an outlet in the upper
      surface of said tank and having elements of the telescoping series when in
      the collapsed form positioned within the tank and when in the extended
      arrangement positioned upwardly from the tank in a generally vertical
      alignment so that its small diameter terminal is above the tank, a curved
      pipe connection extending from the small diameter terminal to a shower
      head element, a pressurized cylinder for storage of air or nitrogen under
      high pressures therein and being mounted upon a portion of the water
      supply tank, and a valved conduit connecting said pressurized cylinder to
      the water supply tank including a manual valve to selectively release and
      shut off the passage of high pressure gas such as air or nitrogen from the
      pressurized cylinder to the water supply tank for in turn driving water
      into the water supply tank through the telescoping series of pipe elements
      and the shower head element.
NUM  2.
PAR  2. The invention of claim 1 wherein said valved conduit has a pressure gage
      coupled to the line.
NUM  3.
PAR  3. The invention of claim 1 wherein said water supply tank has a tank drain
      coupling member and a tank-fill closure means, each constructed to contain
      the water under said high pressure, and a tank-fill closure including
      means to relieve the high pressure within the water supply tank
      automatically when it exceeds a certain valve of said high pressure and
      manual means to also relieve the high pressure within the water supply
      tank.
NUM  4.
PAR  4. The invention of claim 1 wherein said manual valve provides activation
      of the emergency safety shower when said air or nitrogen under said high
      pressure is released from said pressurized tank.
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ABST
PAL  A swimming pool is formed of a plurality of interconnected and contiguous
      wall and bottom plates some of which are formed with ducts adapted to
      conduct water into the pool. These plates are formed at the ducts with a
      plurality of nozzles which direct a flow of water generally upwardly and
      toward the center of the pool for most efficient water exchange. The ducts
      are formed as channels between the edges of the contiguous plates and are
      capped with long cover elements having flanges engaged in grooves in the
      confronting inside flanks of the channels. The plates are joined together
      in the duct-forming channels at inwardly bent lips that are bolted
      together to either side of a resilient seal.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a pool and, more particulary, to a basin
      structure adapted for use as a swimming pool.
PAC  BACKGROUND OF THE INVENTION
PAR  Basin structures for swimming pools are known which are formed in situ out
      of concrete. It has been found to be impossible to make a rugged swimming
      pool out of concrete slabs or the like because the conventional joints
      inevitably leak. One of the principal disadvantages of the concrete pool
      is that it must be repainted yearly. This is a difficult and expensive
      operation which can only be carried out in clear and warm weather, so that
      the swimming pool is inevitably unusable during a period when its use is
      most desired.
PAR  It is also known to make a swimming pool out of a plurality of metal,
      usually steel, plates which are welded together. The disadvantage of such
      a structure is that it is very sensitive to heat deformation. Heat
      generated by welding frequently deforms the plates when they are connected
      together and, when part of the pool is in shadow and part in sunlight the
      structuure frequently deforms to the point of breaking. In addition it is
      impossible to make such a structure in the colder months of the year, as
      the inevitable changes in dimensions that come with change of seasons will
      cause the various connecting pipes and the like to be ripped loose.
PAR  It is also known to make swimming pools out of relatively porous bases
      which are not watertight themselves, but which are covered by a watertight
      synthetic-resin sheet. Although such a structure is relatively inexpensive
      to manufacture but the sheet is frequently fragile, and once damaged the
      structure leaks readily.
PAR  It is also known to use relatively strong synthetic-resin sheets, usually
      reinforced with glass fiber, and to bolt these sheets together. The
      bolting is generally carried out on the outside of the basin structure so
      that when completed the pool has a smooth interior. The principal
      disadvantage of such an arrangement is that the bolts, which are buried,
      frequently are completely destroyed by corrosion, allowing the joints to
      separate and the pool to leak. In addition it can be impossible to tighten
      the joints in such pool, as the bolts are completely inaccessible in the
      finished structure.
PAR  In order to keep the water in such pools fresh and healthy it is necessary
      that it be continuously passed through a filter, usually with the addition
      of a predetermined quantity of chlorine to the water as it is circulated.
      Nowadays this flow is generally from one side of the pool to another. In
      addition it is known to inject water at the bottom of the pool and
      withdraw it from an overflow rim at the upper edge of the pool.
PAR  In recent years a new system has become popular wherein the water is
      injected in the base or floor of the pool at several locations through
      holes which effectively form an upwardly directed jet of purified water in
      the pool. Such a system, although more efficient than any of the
      abovementioned arrangements, has the disadvantage that in reality the
      water exchange is only a fraction of that which it theoretically appears
      to be, as the upwardly flowing jet merely forms an inverted cone of fresh
      water in the pool, leaving many zones virtually unaffected by the water
      flow. In addition the use of such systems creates the considerable danger
      that a leak will appear in the water-feed lines below the swimming pool or
      at the inlet holes. Such a leak can have disastrous consequences for the
      pool because it is extremely difficult to plug.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      basin structure.
PAR  More particularly an object of this invention is to provide a swimming pool
      which overcomes the above-given disadvantages.
PAR  More particularly it is an object of this invention to provide a structure
      which can be assembled in virtually any weather, and which forms a
      long-lasting and structurally rigid swimming pool.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to this invention in a pool comprising
      a plurality of interconnected and contiguous wall and bottom plates at
      least some of which are formed with ducts adapted to conduct water into
      the pool. These ducts form part of the elements constituting the swimming
      pool.
PAR  According to a feature of this invention these ducts are simple pipes lying
      against and welded to the plates constituting the swimming pool. In such
      arrangement, holes open from the pipes into the swimming pool and
      constitute the filling or inlet holes of the swimming pool.
PAR  According to a further feature of this invention each of these ducts is
      formed at the joint between a pair of such plates. Each of the plates of
      the pair is formed with a flank constituting one of the sides of a channel
      constituting three sides of the duct. The bottom of the duct is formed by
      both of the plates and a removable cover plate is engageable over the open
      side of the channel to close the duct. To this end each of the flanks of
      the channel is formed with an inwardly open groove and the cover plate has
      resilient flanges resiliently engageable in these grooves so as to hold
      this cover plate tightly in place. The pressure within the duct is
      relatively low, so that leakage around the cover plate will be minimal.
      Moderate leakage can be tolerated here as all of the flow will simply be
      into the swimming pool.
PAR  According to yet another feature of this invention each of plates is formed
      within the channel at the base thereof with an inwardly directed lip
      secured to the similar lip of the other plate with a bolt. A resilient
      seal is provided between these two lips so as to form between the plates a
      watertight joint which is readily accessible when the cover of the duct is
      removed. Assembly of such a swimming pool is a very simple matter, as the
      plates need merely be emplaced and then bolted together, the covers of the
      ducts afterwards being snapped in place.
PAR  In accordance with a further feature of this invention the cover is
      provided with nozzles which direct stream of water parallel to the
      surfaces of the plates so as to obtain a very advantageous fluid flow
      within the pool. According to this invention the flow is directed
      generally toward the center of the swimming pool so that maximum water
      exchange is obtained.
PAR  The plates according to yet another feature of this invention are formed
      with arrays of corrugations which allow them to expand and contract due to
      temperature changes. These corrugations are of U-section and run at right
      angles to one another so that stresses in virtually any direction can be
      taken up.
PAR  The swimming pool according to the present invention can be readily
      assembled and can be arranged so that virtually any pattern of fluid flow
      is obtained. Two of the plates constituting the side walls form an inlet
      duct coming from the filter pump so that all of the ductwork is
      effectively located inside the pool and the possibility of leakage is
      ruled out, while at the same time an advantageous flow from the base of
      the swimming pool is obtained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages of the invention will
      become more readily apparent from the following description, reference
      being made to the accompanying drawing in which:
PAR  FIG. 1 is a vertical section partly in diagrammatic form through a swimming
      pool according to the present invention;
PAR  FIG. 2 is a top view of a portion of the pool shown in FIG. 1;
PAR  FIG. 3 is a detail view of the arrangement of FIG. 2;
PAR  FIGS. 4, 5, 6 and 7 are large-scale sectional views, seen as if taken along
      lines IV--IV in FIGS. 2 and 3 showing different duct configurations
      according to the present invention;
PAR  FIG. 8 is a top view of the element of FIG. 7;
PAR  FIGS. 9, 10 and 11 are top, longitudinal-sectional, and cross-sectional
      views of a nozzle usable with the arrangement of FIGS. 7 and 8;
PAR  FIG. 12 is a large-scale plan view of a portion of a plate according to
      this invention; and
PAR  FIGS. 13 and 14 are large-scale sectional views through corrugations of a
      plate along line XIII--XIII as shown in FIGS. 3 or 12.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  FIGS. 1-3 show a swimming pool 30 formed of a plurality of wall sections 31
      and a plurality of floor or base sections 32. The base sections 32 form
      inlet conduits or ducts 1 and the wall plates 31 are formed with an
      overflow trough 33 connected to the input of a filter 34 in series with a
      pump 35 so that water pumped out of the outlet trough 33 passes through
      the filter 34 and is then forced by the pump 35 back into the pool 30
      through the conduits 1 which are provided to this end with a plurality of
      openings 36 which are directed as shown by the arrows in FIG. 2 so as to
      form a flow converging on the center of the pool 30. The ducts 1 are all
      parallel and are interconnected by a transverse duct 3 which rises at the
      side of the pool in a duct 4. A duct 5 is provided directly adjacent the
      wall plates 31 and directs the flow of water inwardly towards the center
      of the pool. Another duct 1' does not extend the full length of the pool
      but terminates short of the end wall thereof. The central duct 1" directs
      its water upwardly so that the water flow is generally toward the center
      from the bottom and then outwardly in the overflow trough 33. FIG. 3 also
      shows how the plates 32 are formed with a network of corrugations 6 which
      are described below.
PAR  FIG. 4 shows a duct having a pair of side walls 37 extending parallel to
      and confronting each other above a base wall 38. Each of these side walls
      37 is formed with a groove 12 in which is received a resilient foot 9 of a
      synthetic-resin plate. The channel 37, 38 thus formed is welded at 11
      between a pair of steel plates 10 and therefore constitutes the joint
      between these two plates.
PAR  FIG. 5 shows another similar arrangement where here a channel 39 is
      provided in each of its flanks 40 with an inwardly extending lip 18
      forming a U-shaped groove in which is lain the end of a heavy
      synthetic-resin plate 20 which is secured therein via a screw 14 and nut
      15 with a seal 16 insuring a watertight joint. In this arrangement the
      screw 14 and nut 15 are both fully accessible from within the pool. A
      cover plate 8 as described with reference to FIG. 4 is provided to close
      the duct (e.g. 1, 1', 1") formed by the channel 39 and connected to the
      pumping system 35 etc. through the network 1, 3, 5 etc.
PAR  The arrangement of FIG. 6 is identical to that of FIG. 4 except that here a
      channel 41 is formed between a pair of plates having inwardly extending
      facing lips 19 which are joined together by bolts 43. A resilient seal 44
      is received between the lips 19 and each of the bolts is embedded in a
      mass 28 of watertight synthetic-resin material. Removal of the
      high-density polyethylene cover or top 8 allows access to these bolts,
      while covering them under normal circumstances. FIG. 6 also shows how the
      cover 8 can be provided with a throughgoing hole 45 allowing water to be
      pumped out of the channel. The metal plates in FIGS. 4-6 are all coated
      with polyethylene, this polyethylene sheet being integrally bonded to the
      plates.
PAR  FIGS. 7 and 8 show a pool bottom plate 46 which is welded to a
      circular-section pipe 47 (forming the duct) which opens through the plate
      46 via a round hole 48.
PAR  FIGS. 9-11 show a nozzle arrangement 21 adapted to be engaged over holes 45
      in the covers 8 or in holes 48 in the plates 46. To this end each of the
      nozzles has a neck 49 adapted to fit within a hole 45 or 48 and comprises
      a laterally extending nozzle 23 formed with a throughgoing hole 22 so that
      water under pressure within the duct 41 is ejected in line with the nozzle
      23. In addition the nozzle structure 21 is formed with holes 25 which
      allow a certain amount of water to escape upwardly into the sides for most
      complete water exchange in the pool. The nozzle structure 21 is
      advantageously once again made of synthetic-resin coated steel, although
      use of aluminum or fiber-glass reinforced synthetic resin would also be
      suitable. Clips as shown at 24 can be provided to allow the nozzle 23 to
      be snapped in place and adjusted after installation.
PAR  FIGS. 12, 13 and 14 illustrate the corrugations formed in the plates 31 and
      32 constituting a swimming pool. These corrugations 6 are of simple
      U-cross section as shown in FIG. 13 or can be shown at 6' in FIG. 14 of
      omega cross section with a narrow waist 6a'. These formations allow
      stresses in the plates 31 and 32 to be taken up in the plane of these
      plates so that some of the deformations will not damage the structure.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a swimming pool the improvement which comprises:
PA1  a plurality of plates secured in substantially contiguous relationship and
      defining the bottom of the swimming pool, channels lying below the bottom
      surfaces of the plates bridging the adjacent side edges of said plates and
      upwardly open at the bottom of said swimming pool, said channels having
      outwardly extending portions at the upper end thereof for attaching
      adjacent sides of the bottom surfaces of said plates to said channels said
      channels further having flanks provided with inwardly open grooves;
PA1  respective covers closing the mouths of said channels and having downwardly
      extending flanges received in said grooves, said covers having planar
      portions substantially flush with said plates along said bottom of said
      pool, said covers being formed at spaced locations with orifices
      communicating between the interiors of said channels and said pool;
      transverse duct means interconnecting said channels; and
PA1  recirculation means connected to said duct means for forcing water through
      said channels to distribute water into said pool through said orifices.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein said covers are made of a
      water-resistant synthetic resin.
NUM  3.
PAR  3. The improvement defined in claim 2 wherein each of said plates is
      provided with an edge portion forming half of a respective one of said
      channels and an upstanding lip adapted to project upwardly in the base of
      the respective channel, means being provided for securing said lips of two
      adjoining plates together within the respective channel, a bead of sealing
      material being mounted upon the interconnecting lips to seal said plates
      together.
NUM  4.
PAR  4. The improvement defined in claim 3 wherein said orifices are formed with
      nozzles for deflecting water in directions generally along said bottom.
NUM  5.
PAR  5. The improvement defined in claim 3 wherein said plates are formed with
      corrugations of generally U cross section.
NUM  6.
PAR  6. The improvement defined in claim 5 wherein said corrugations have a
      narrow waste at the shanks of the U.
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ABST
PAL  A one-piece buoyant weir plate for use in skimmers for swimming pools and
      the like is formed from a rectangular sheet of expanded plastic or like
      material with closed cellular structure. The plate is subdivided into two
      panels by means of a heat-pressed hinge seam, and retained in the skimmer
      channel by means of a rigid mounting member holding one of said panels
      against the base of the skimmer channel while permitting the other panel
      to float upwardly and to act as a self-regulating weir when subjected to a
      pressure differential by the action of the filtering system pump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to skimmer valves for filtering systems for swimming
      pools and the like. It relates, more particularly, to such valves wherein
      a single, self-hinging, buoyant element is employed as the control member.
PAR  Skimmer valves have been employed for the removal of debris from open fluid
      containers, especially swimming pools, for some time and generally
      incorporate a buoyant valve member hingable on an axis parallel to, and
      below, the fluid surface level. This buoyant valve member generally
      performs a dual function. When the pump of the filtering system is in
      operation, the valve acts as a weir over which a thin sheet of surface
      water is admitted into the valve suction chamber, carrying with it surface
      debris; with the pump inoperative, it acts as a non-return valve,
      preventing the re-entry of such surface debris from the suction chamber
      into the main fluid container.
PAR  Valves of the prior art have employed mechanical hinges with a hinge-pin,
      or a pair of split hinge-pins, for engaging the sides of the skimmer
      channel and with a rigid weir plate attached to the hinge. Buoyancy has
      been imparted to the generally rectangular weir plate by means of integral
      air spaces or by means of a buoyant body engaged in, or attached to, the
      plate proper. If the prior art hinge is too free, there is always the
      possibility that disturbances in the fluid level -- as from waves
      generated by a person diving into a swimming pool -- may cause
      over-rotation of the weir plate away from the pump suction chamber, and
      destroy its functionality until returned to the proper alignment.
PAR  It is, therefore, the primary object of the invention to provide a weir
      plate for a skimmer valve wherein the hinge is integral with the valve
      flap.
PAR  It is a further object of the invention to provide, in a weir plate of the
      integral hinge type, buoyancy uniformly distributed through the movable
      volume of the valve flap.
PAR  It is a further object of the invention to provide a weir plate for skimmer
      valves which are simple to manufacture, easy to install and to replace,
      and economical to distribute.
PAR  It is yet another object of the invention to teach the construction of
      self-hinging weir plates for skimmer valves, readily adaptable to skimmer
      channels of differing shapes, sizes and constructions.
PAC  SUMMARY
PAR  The invention attains the above objects, and others which will become
      apparent from the detailed description of its preferred embodiment below,
      by providing a weir plate of substantially rectangular shape, divided into
      two panels by an integral hinge line.
PAR  Preferably the weir plate is made from a semi-rigid, low density, sheet
      material of suitably expanded or foamed plastic composition wherein the
      required flexibility of the integral hinge is achieved by a locally
      densified structure of the sheet material.
PAR  For example, in one embodiment of the invention, the weir plate is
      manufactured from a sheet of expanded polyethylene plastic, with the hinge
      line formed near an end by a hot-pressed seam across the weir plate blank.
PAR  The weir plate is held in the skimmer channel by means of a mounting strip
      of rigid material, suitably of plastic composition, which may be held by
      fasteners engaging the base of the channel, or by frictional forces
      exerted against the sides or the roof thereof.
PAR  The location of the mounting strip generally coincides with a portion of
      the aforementioned hot-pressed seam, thereby ensuring that the material of
      the weir plate under the mounting strip is not exposed to undue
      deformations, and that the mounting strip is largely encompassed within
      the thickness of the weir plate and does not interfere with fluid flow
      over the metering edge of the weir.
PAR  In some materials, such as thin and flexible foamed elastomers, no pressed
      seam need be provided and the mounting strip may be used to compress the
      material to a reasonable rigidity at the hinge line.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 is a partly schematic representation of a skimmer system for a
      swimming pool, or the like, employing a self-hinging weir plate of the
      invention to control the flow of water and debris from the pool proper
      into the pump inlet chamber;
PAR  FIG. 2 is an exploded, perspective view of the weir plate of FIG. 1 and the
      retaining strip therefor;
PAR  FIG. 3 is a perspective view of the assembly of FIG. 2 emplaced in the
      skimmer channel of FIG. 1;
PAR  FIG. 4 is a transverse section through another embodiment of the weir plate
      of the invention, with provision for additional buoyancy;
PAR  FIG. 5 is another transverse section through an alternate embodiment of the
      weir plate employing a rectangular section of buoyant, compressible
      material having a curved hinge portion, held by a retaining strip fastened
      to the base of the skimmer channel by threaded fasteners;
PAR  FIG. 6 shows a weir plate similar to the embodiment of FIG. 4, retained by
      a rigid hold-down strip; and
PAR  FIG. 7 is a transverse section through a further embodiment of the
      invention, providing for additional buoyancy and equipped with retaining
      means suitable for casting or molding into concrete or plastic skimmer
      channels.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The particular schematic view of FIG. 1 represents a transverse section
      through a swimming pool, with side walls 10, base 12 and retained water
      mass 14. Water taken from the swimming pool is continuously, or
      intermittently if so desired, circulated in a cleansing loop by a pump 26.
      The pump 26 draws water from an inlet chamber 20 -- containing a body of
      water 24 -- through a strainer 33 and suction pipe fitting 25; it is
      forced through a filter 28 prior to return into the main water body 14 via
      a discharge fitting 18.
PAR  The several parts of the cleansing loop perform different functions. The
      pump provides the motive force for water circulation, the strainer 33
      removes debris -- leaves and other gross matter tending to float on the
      surface of the water body 14 -- while the filter 28 retains finely divided
      particulate matter in the circulating water.
PAR  An additional component of the cleansing loop -- the skimmer -- ensures
      that water is removed preferentially from the surface layer of the water
      body 14. This preferential flow permits the rapid removal of contaminating
      surface matter, before it has an opportunity to become waterlogged and
      settle into the lower reaches of the pool.
PAR  The skimmer includes a substantially rectangular, horizontally aligned
      skimmer channel 22 piercing the pool wall 10 and permitting water to flow
      from the body 14 into the pump inlet chamber 20. A weir plate 30 is
      interposed in the skimmer channel 22 to control the flow, induced by the
      pump suction, which maintains the elevation of the water surface in water
      body 24 at a slightly lower level than that prevailing in the main water
      body of the pool.
PAR  The weir plate 30 is arranged to permit rotational motion about a
      hinge-line along the bottom of the skimmer channel and at right angles to
      its principal dimension. This rotational motion coincides with the
      direction of water flow. The weir plate is, in addition, provided with
      excess buoyancy so that, in the absence of other forces, it would swing
      upwardly. With the pump operating, the differential head developed by the
      pump suction exerts a turning moment on the weir plate 30 and rotates it
      into an inclined position toward the pump suction chamber; the buoyancy of
      the weir plate is so designed that it will permit the upper edge of the
      plate to sink just slightly below the water surface in the body 14,
      thereby permitting a flow of water from the pool into the pump suction
      chamber. Since the plate is obstructing the lower portion of the skimmer
      channel 22, the flow is necessarily taken from the upper surface of the
      water body 14, justifying the appellation of the device as `skimmer.`
PAR  With the pump shut down, the elevations of water masses in the pool and in
      the pump inlet chamber equalize and the weir plate is permitted to float
      upwardly until its upper edge emerges from the water surface. This second
      position is of great practical import; it prevents floating debris which
      has already reached the pump inlet chamber but not yet been removed from
      the strainer 33 from returning into the pool proper.
PAR  The weir plate 30 and its retaining strip 31 are shown in greater detail in
      FIGS. 2 and 3. The perspective, exploded view of FIG. 2 shows the
      weir-plate 30 with a beveled leading edge 32, a hot-pressed groove 34
      along that bevel, a main valve flap 36 of substantial uniform buoyancy and
      a metering edge 38, bevelled parallel to the leading edge 32.
PAR  The groove 34 is created by forcing a heated metal platen of the
      appropriate shape into the upper surface of the weir-plate blank and
      holding it at the position corresponding to the base of the groove for a
      short period of time. This operation partially melts the plastic or
      elastomeric material of the blank and compresses it into a more dense mass
      below the groove.
PAR  The material of the weir-plate 30 may be chosen from a wide variety of
      cellular plastics, or from similar -- natural or synthetic -- elastomers.
      Plastic compositions which have been found to give good service, in
      weir-plates according to the invention, include foamed closed-cell
      plastics having a density from about 1 to 4 pounds per cubic foot, as
      typified by expanded polyethylene. A particular product of the Dow
      Chemical Company -- Ethafoam 220 -- has been found very satisfactory; its
      density is around 2.2 pounds per cubic foot and its resistance to
      waterlogging is high.
PAR  Also shown in FIG. 2 is the retaining strip 31 made from an elongated
      member of elastic material, suitably a plastic such as high-density
      polyethylene or nylon. The retaining strip 31 is a substantially U-shaped
      member with base or hold down bar 35 and outwardly sloping legs 37a and
      37b. The legs 37 may be bent inwardly until they are parallel to each
      other and perpendicular to the base segment 35; in this position the
      distance over the legs 37 is made substantially equal to the front width
      of the skimmer channel 22, which, in turn is the width of the weir-plate
      30. The width and thickness of the retaining strip 31 correspond to the
      equivalent dimensions of the groove 34 in the weir-plate and, in the
      assembled position of FIG. 3, the base segment 35 is seated in the groove.
PAR  FIG. 3, as mentioned above, illustrates the assembled positions of the
      weir-plate 30 and the retainer 31 in the skimmer channel 22, shown in
      phantom outline only, corresponding to the operational alignment of FIG.
      1. The weir-plate 30 is first laid on the floor of the skimmer channel
      with groove 34 upmost and the leading edge 32 toward the pool. The
      retaining strip 31 is then lowered into the groove, with its base 35
      leading, the legs 37 bent inwards and the retainer forced upright. The
      vertical dimensions of the retaining strip, measured from the lower
      surface of the weir-plate to the tip of the legs 37 corresponds
      substantially to the height of the skimmer channel 22, so that the
      assembly is firmly wedged into the channel after the above assembly
      sequence. The spreading tendency of the legs 37 holds it firmly against
      the sides of the skimmer channel and its tips bear against the roof,
      pressing the weir-plate against the bottom of the channel.
PAR  The groove 34 is, advantageously, slightly wider than the retainer base 35,
      and is beveled rearwardly. This permits relative motion between the
      valve-flap 36 and the groove base, thereby forming an integral hinge
      around which the valve flap can rotate in response to the hydrostatic and
      hydrodynamic forces imposed on it by the water masses 14 and 24, and the
      flow induced by the pump 26.
PAR  The transverse section of FIG. 4 illustrates an alternate embodiment of the
      weir-plate of the invention wherein an integral float 55 is utilized to
      increase the buoyant moment of a weir-plate 50. Leading edge 52, groove
      54, valve flap 56 and metering edge 58 correspond to the equivalent
      features of the weir-plate 30 and the valve-flap rotates around an
      integral hinge-point 53 at the rear seam of the groove 54. To impart
      greater flexibility to the valve flap, a triangular cut 57 is made
      transverse to the longitudinal axis of the weir-plate near the groove 54.
PAR  The additional buoyancy of the float 55 is placed near the tip of the
      valve-flap to provide the maximum possible moment around the hinge-line
      53.
PAR  A very simple embodiment of the weir-plate of the invention is shown in the
      transverse elevation of FIG. 5. A weir-plate 60 is constructed from a
      closed-cell elastomer and is pressed and held against the bottom 29 of the
      skimmer channel 22 by means of a hold-down strip 61 secured by screws 63
      into the material of the channel bottom 29.
PAR  Due to its compressibility, the thickness of the weir-plate 60 is reduced
      below the hold-down strip 61, and the intrinsic flexibility of the
      material provides a curved hinge which permits the downstream portion 66
      of the weir-plate to act as a valve-flap and to rotate upwardly under the
      influence of buoyant forces. Such weir-plates may be constructed from
      conventional foamed plastic sheets ranging in thickness from 1/4 to 1/2
      inch, and more. They possess the advantage of requiring no machining save
      trimming to the proper lateral and longitudinal dimension.
PAR  The embodiment of the weir-plate shown in the transverse section of FIG. 6
      combines an entrance section 72 with a valve-flap 76, divided from each
      other by a pressed groove 74 in which a retainer 71 is held by screws 79
      passing through the retainer and the groove into expansion plugs 75 set
      into the base 29 of the skimmer channel 22. The groove 74 is angularly
      relieved towards the flap 76 and forms an integral hinge 73; a triangular
      cutout 77 reduces the rotational stiffness of the hinge plane.
PAR  The embodiment shown in the transverse section of FIG. 7 is particularly
      adapted for use with skimmer channels fabricated by casting or molding a
      temporarily liquid mass. Threaded inserts 85 are provided which may be
      placed into the form, or mold, prior to charging the liquid mass
      thereinto. The inserts 85 receive machine screws 89 which secure a
      mounting strip 81 into groove 84 of a weir-plate 80. The groove 84 is
      adjoined by a leading edge 82 on one side and by valve-flap 86 on the
      other. An enhanced, flexible hinge line is provided by increasing the
      width of the groove 84 to a larger dimension 83 than required for
      receiving the mounting strip 81. The valve-flap 86 terminates at its outer
      end in a downwardly extending, expanded portion 87.
PAR  The invention has been described above with reference to a number of
      embodiments of the weir-plate and of the securing means therefor. One
      skilled in the art will recognize other constructional details and/or
      combinations which may be employed in providing a suitable control device
      for use in skimmer valves without departing from the teachings herein.
PAR  Such details may involve the choice of different materials, provided that
      the requirements for proper operation are met, namely, low density,
      freedom from water logging and sufficient resiliency for self-hinging
      action. Other details may involve changes in the cross-sectional
      development of the weir-plate and changes in the means of attachment to
      the base of the skimmer channel.
PAR  Such changes shall be deemed to be encompassed by the present disclosure,
      delimited only by the appended claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A one piece self-hinging, buoyant, skimmer weir for skimmers employed in
      swimming pools, and the like, comprising:
PA1  a substantially rectangular weir plate constructed from a substantially
      homogeneous, low-density, cellular material; and
PA1  means for retaining said weir plate along a seam on the upper surface
      thereof, said seam being a groove disposed transverse to the direction of
      liquid flow in said skimmer proximate to the base of said weir plate and
      said retaining means being cooperatively disposed in said groove.
NUM  2.
PAR  2. The weir of claim 1 wherein said material is a closed-cell, foamed
      elastomer and said retaining means include a rigid, elongated retainer.
NUM  3.
PAR  3. The weir of claim 2, wherein said retainer is held in position by
      threaded fasteners passing therethrough, and through said weir plate, into
      the base of the skimmer.
NUM  4.
PAR  4. The weir of claim 2 wherein said retainer is provided with upwardly
      extending projections at the ends thereof for frictionally engaging the
      side walls of the skimmer.
NUM  5.
PAR  5. The weir of claim 1 wherein said material is a yieldable foamed plastic
      composition, and said retaining means includes a hold-down bar disposed in
      said groove.
NUM  6.
PAR  6. The weir of claim 5 wherein said groove is a hot-pressed depression in
      the upper surface of said foamed plastic composition.
NUM  7.
PAR  7. The weir of claim 5 wherein said material is a closed-cell polyethylene
      foam and the groove extends rearwardly in slight excess of the width of
      the hold-down bar.
NUM  8.
PAR  8. The weir of claim 7 wherein the density of said foam is in the range
      between 1 and 4 pounds per cubic foot.
NUM  9.
PAR  9. The weir of claim 5 further comprising an integral float volume near the
      edge of said weir plate furthest from said groove; said volume protruding
      away from said upper surface.
NUM  10.
PAR  10. The weir of claim 5 wherein said hold-down bar is held in position by
      threaded fasteners passing therethrough, and through base of said groove,
      into said base of the skimmer.
NUM  11.
PAR  11. The weir of claim 5 wherein said hold-down bar is provided with
      upwardly extending projections at the ends thereof for frictionally
      engaging the side walls of said skimmer.
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ABST
PAL  A ventilator for toilets is disclosed which includes an exhaust conduit
      connected to the upper portion of a toilet water tank for withdrawing
      odors from the toilet bowl through the overflow pipe in the water tank and
      flush water distribution outlets in the toilet bowl. A fan located in the
      attic and resiliently suspended therein to reduce noise resulting from fan
      vibrations draws odor laden air from the top of the water tank and
      discharges the odor laden air into the attic. A special control circuit
      for the attic fan is connected to the bathroom light switch which requires
      the light switch to be turned on, off, and back on again within a
      predetermined time interval before the attic fan will be turned on. A
      pressure sensing switch is provided which cuts the fan off when the
      pressure in the toilet tank reaches a predetermined low level after the
      tank is flushed. One preferred connection of the exhaust line to the
      interior of the water tank makes use of the hollow rim of toilet tank
      cover. Another connection of the exhaust line to the interior of the water
      tank makes use of a gap in the seal between the water tank and its cover
      and a special gasket surrounding the exhaust pipe entry point and fitted
      between a bathroom wall and a toilet water tank and cover which are
      positioned adjacent the wall. Modifications of the invention include
      special nozzles at the entrance end of the exhaust to connect with the
      water tank and a decorative exhaust pipe serving the dual function of a
      towel rack.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application shows various modifications of the toilet deodorizer
      disclosed and claimed in my pending patent application Ser. No. 434,519,
      filed Jan. 18, 1974, and is a continuation-in-part thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to improvements in the art of toilet deodorizers and
      particularly to those deodorizers which include an electric motor driven
      exhaust fan which is connected to the inside of a toilet bowl through an
      exhaust conduit connected to the top of a closed water tank, and through
      the overflow pipe within the tank and water distribution conduit feeding
      from the tank into the toilet bowl.
PAR  2. Description of the Prior Art
PAR  Representative examples of the prior art of which the applicant is aware
      are the following patents:
     3,087,168  Huso           4-30-63                                         
     3,192,539  Martz          7-6-65                                          
     3,626,554  Martz          12-14-71                                        
     3,691,568  Martz          9-19-72                                         
     3,703,010  Russell        11-21-72                                        
PAR  The above listed patents relate to toilet ventilators of the same general
      type to which the present invention pertains, namely, ventilators
      including an electric motor driven exhaust fan which is connected by a
      conduit to the chamber at the top of a water tank between a cover for the
      tank and the surface of the water within the tank. The fan applies suction
      to the conduit and creates a vacuum within the chamber. Odor laden air
      within the toilet bowl to which the water tank is connected by a water
      distribution conduit is withdrawn from the toilet bowl through a water
      overflow pipe within the water tank and the water distribution conduit to
      which the overflow pipe connects beneath the ball flush valve normally
      included within the tank.
PAR  It is an object of the invention to provide improvements in the means for
      connecting the exhaust conduit on the suction side of the fan to the
      chamber at the top of the water tank between the cover and the top of the
      water.
PAR  It is another object of this invention to make use of the hollow rim of a
      water tank cover as the passage for odor laden air from within the tank to
      the exhaust conduit connected to an aperture into the hollow rim.
PAR  It is another object of the invention to provide a special control circuit
      for the electric fan motor which includes means which permits the fan
      motor to operate upon the turning on, off and on again of the bathroom
      light switch in predetermined timed sequence.
PAR  It is a further object of the invention to provide a pressure sensing
      switch in the motor control circuit which cuts the fan motor off when a
      predetermined low pressure is reached after the toilet is flushed.
PAR  It is a further object of the invention to provide a decorative exhaust
      conduit between an attic exhaust fan and the water tank serves also as a
      towel rack.
PAR  It is a further object of this invention to provide rapid stopping of the
      electrically operated suction device when the toilet is flushed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With the foregoing objects and features in view and such other objects and
      features which may become apparent as this specification proceeds, the
      invention will be understood from the following description taken in
      conjunction with the accompanying drawings in which like characters of
      reference are used to designate like parts, and in which:
PAR  FIG. 1 is a side elevational view, shown partially in section, of the
      bathroom ventilator of this invention in which the exhaust fan is located
      in the attic above the bathroom ceiling;
PAR  FIG. 2 is a front elevational view of the toilet below and water tank shown
      in FIG. 1 with a portion of the bowl and tank shown in vertical cross
      section taken along the line 2--2 in FIG. 1;
PAR  FIG. 3 is a schematic diagram of the electrical control circuits for
      operating the ventilator exhaust fan used in this invention;
PAR  FIG. 4 is a fragmentary vertical cross sectional view of a modified form of
      the invention;
PAR  FIG. 5 is a vertical cross sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a perspective view of the seal used between the water tank and
      bathroom wall as shown in vertical cross section in FIG. 4;
PAR  FIG. 7 is a front elevational view of a second modified form of the
      invention;
PAR  FIG. 8 is a vertical cross sectional view of the modification shown in FIG.
      7, the view being taken through the upper portion of a water tank and
      connecting exhaust conduit;
PAR  FIG. 9 is a fragmentary vertical cross sectional view taken along line 9--9
      in FIG. 8;
PAR  FIG. 10 is a vertical cross sectional view of the upper portion of a water
      tank in still another modification of the invention; and
PAR  FIG. 11 is a vertical cross sectional view taken along line 11--11 of FIG.
      10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in detail and particularly to FIGS. 1 and 2 there
      is illustrated a toilet ventilator which is adapted to be used in
      conjunction with a conventional water closet including a bowl 10 and a
      water tank 11. The toilet bowl 10 is conventionally bolted to a bathroom
      floor by bolts 13. The top of the toilet bowl 10 includes a hollow rim 14
      which defines an annular chamber 15 for distribution of water through
      holes 16 distributed about the bottom inside edge of the hollow rim. The
      water tank 11 is seated on the rear of the bowl 10 and is connected by
      means of a pipe 17 to a mating aperture (not shown) in the hollow rim 14.
      In front of the water tank 11 are provided the usual toilet seat 18 and
      seat cover 19. The customary cushion members 20 are attached on the
      underside of the seat 18 to separate the bottom of the seat from the top
      of the toilet rim 14. Inside the water tank 11 are provided the customary
      fittings (for clarity only partially shown) including a bulb valve 21
      which is normally seated on the valve seat 22 at the upper end of the
      flush pipe 17. The bulb valve 21 is adapted to be lifted upon manual
      operation of the flushing handle 23 which is operatively connected by
      conventional linkages (not shown) with the valve stem 24. An overflow pipe
      25 extends from a branch line 26 connected to the flush pipe 17 beneath
      the bulb valve to the chamber 27 at the top of the tank between the tank
      cover 28 and the normal water level 29 within the tank prior to flushings.
      It will be understood that the water tank also includes the usual inlet
      pipe, inlet valve, float and connecting linkage for operating the inlet
      valve in response to the level of water in the water tank.
PAR  The ventilator of the preferred embodiment includes an electrically
      operated suction device 29 comprising a centrifugal blower, or fan 30, an
      electric motor 31, and a control package 32. The control package 32 is
      electrically connected by an insulated cable 33 and plug 34 to an
      electrical supply receptacle 35 mounted on the ceiling joists 37 in the
      attic 36 of a building structure in which the toilet is located. The
      electrically driven suction device 29 is resiliently supported from a
      rafter 38 in the attic 36 by means of coil springs 39 in order to reduce
      the noise caused by motor and fan vibrations. The inlet side 40 of the fan
      30 is connected via a flexible conduit 41 and nozzle 42 to an aperture 43
      provided in the hollow rim 44 of the tank cover 28. The flexible conduit
      41 extends down through the ceiling 45 and the space 46 between vertical
      wall surfaces 47 and 48 to the rear of the toilet tank. An aperture 49 is
      provided in the wall surface 47 through which the nozzle 42, attached to
      the inlet end of the conduit 41, extends. A clamp 50 is provided to secure
      the upper portion of the conduit 41 to the ceiling joist 37.
PAR  Returning to the water tank 11 it will be noted that a gasket 51 is
      provided between the underside of the cover 28 and the top edge of the
      water tank to form an air tight seal. The hollow rim 44 in the tank cover
      28 forms an annular air channel 53 which is connected by a plurality of
      spaced apertures 52 through the inner wall 54 with the chamber 27. In as
      much as at least some water tank covers commercially available are
      provided with a hollow rim 44 extending continuously around the cover, it
      is merely necessary in order to adapt a commercial cover to this invention
      to drill a more or less oval hole 43 from the outside through the rear of
      the cover 28 and to drill one or more holes 52 on the inside of the cover
      through the inside wall 54. Sanitary ware for toilets is usually quite
      hard, therefore a diamond drill and router are required to make the holes.
      The hole 43 is preferably drilled near one end of the cover in order not
      to structurally weaken the cover. Although one or two large holes 52 will
      handle the air flow from the chamber 27 through the cover, several small
      holes are better because the hollow cavity 53 within the cover then
      becomes a low-pass acoustical filter which attenuates the sound of air
      flow into the cavity.
PAR  When the suction device 29 is operating, odor laden air is pulled into the
      existing holes 16 in the bowl 10 through the channel 15, through the pipe
      17, through the overflow pipe 25, through the holes 52 and channel 53,
      through the hole 43 and nozzle 42, through the flexible conduit 41,
      through the centrifugal blower 30, and into the attic where it is
      dispersed.
PAR  The air duct 41 is preferably of the type comprised of a very thin plastic
      tube reinforced by an internal wire helix. A satisfactory type is the
      General Tire and Rubber Company "Gen-Line Air Ducting 901" with a one inch
      inside diameter. This is a very light and flexible ducting which can
      readily withstand the vacuum encountered. The nozzle 42 is preferably of
      thin neoprene tubing which is attached to the air duct 41 on one end, and
      is slightly oval-shaped on the other end due to a thin oval metal insert.
      It fits the hole 43 closely so as not to leak air.
PAR  The gasket 51 is preferably a flexible and resilient foam material such as
      rubber or an elastomeric synthetic resin since it is required to conform
      to any irregularities in the bottom edge of the cover 28 on the top edge
      of the tank 11. A seal is normally not required between the toilet seat 18
      and the bowl 10 because of the efficient air flow in the present system.
      This is an advantage of the present system.
PAR  FIG. 3 portrays a suitable schematic diagram for the electronics control
      package 32. Briefly, the purpose of this control package 32 is to provide
      starting, stopping and speed control for the suction motor 31. The motor
      31 is of the usual AC-DC universal type, as commonly employed in vacuum
      cleaners. Thyristor SCR.sub.2, trigger diode CR.sub.2, resistors R.sub.3,
      R.sub.4 , and R.sub.5 (the speed adjust control), and capacitor C.sub.1
      comprise an adjustable speed regulator. R.sub.5 is normally adjusted so as
      to provide a suction of about two inches of water inside the tank cavity
      27. This amount of vacuum will cause a substantial flow of air through the
      ventilator system. The tank pressure can be conveniently measured by
      disconnecting the pressure sensing tube 55 from the electronics package
      32, and connecting it to a manometer (not shown). The pressure sensing
      tube 55 is a small plastic tube which is coaxial with the air duct 41,
      passing through nozzle 42 into the cover 28 about an inch or so. It
      accurately senses the pressure in the tank cavity 27. The relay 56
      together with rectifiers CR.sub.3 CR.sub.4, resistors R.sub.7,R.sub.8, and
      R.sub.6, and capacitors C.sub.2  and C.sub.3 comprise the normal starting
      circuit. It will be observed that the usual electronics package 32
      connects to the wiring for the bathroom lamp 57. This is more economical
      than providing a separate circuit and switch for the system. When the
      bathroom lamp switch 58 is turned ON the relay 56 remains deenergized,
      because both sides of the relay coil 56c return to the white wire 59. The
      top side 56c' returns to the white wire 59 through resistor R.sub.6 and
      rectifier CR.sub.3, and the bottom side 56c" returns through resistor
      R.sub.8, rectifier CR.sub.4, and one pole 56b of the relay as shown. Thus
      the bathroom lamp 57 may be used in normal fashion without the deodorizer
      turning ON. Capacitors C.sub.2 and C.sub.3 are charged in the indicated
      polarity any time the bathroom lamp switch 58 is turned ON. When the lamp
      switch 58 is turned OFF, capacitor C.sub.3 is quickly discharged through
      resistor R.sub.7, and capacitor C.sub.2 discharges slowly through the high
      resistance relay coil 56c together with resistor R.sub.7. The flow of
      current from capacitor C.sub.2 through the relay coil 56c causes the relay
      to energize for about one second, or until C.sub.2 is discharged. If
      during the one second interval when the relay 56 is deenergized the lamp
      switch 58 is turned back ON again, the motor 31 will start. Thus to start
      the deodorizer blower 30, the lamp switch 58 is given an ON-OFF-ON
      sequence, or if the lamp is already ON, an OFF-ON sequence will suffice.
      The deodorizer blower 30 normally runs until the toilet is flushed, at
      which time the pressure in the tank 11 is reduced substantially because
      water floods the overflow pipe 25 blocking the flow of air through it. The
      pressure within the pressure sensing tube 55 follows the tank pressure,
      and therefore is also substantially reduced. Weight 62 which is bonded to
      the diaphragm 60 in the housing 61 of pressure switch S will be lifted by
      the diaphragm 60 if the tank vacuum increases beyond a predetermined
      value, for example, three inches of water. Thus when the toilet is flushed
      the weight 62 is lifted causing pressure switch S to close. This of course
      returns the lower side 56c" of the relay coil back to the white wire 59
      via resitor R.sub.8 and rectifier CR.sub.5, causing the relay 56 to
      deenergize which removes power from the motor 31. It is important that the
      motor stop quickly, because otherwise the normal flushing action of the
      toilet will be retarded due to the vacuum within tank 11. Thyristor
      SCR.sub.1 resistors R.sub.1 and R.sub.2, and rectifier CR.sub.1 comprise
      an electronic brake which stops the motor 31 very quickly. Of course the
      motor 31 may also be stopped by turning OFF the lamp switch 58 if the
      toilet is not flushed. The lamp switch 58 may also be turned back ON again
      after a one second interval without the deodorizer blower starting if so
      desired. The control circuit may be modified to accommodate a wall switch
      which is separate from the lamp switch 58 if so desired. This is useful if
      the suction device 29 must be located under the house instead of in the
      attic as shown in FIG. 1. Other types of electronic starting and stopping
      circuits may be developed by those skilled in the art. An air flow sensing
      switch (not shown) may be substituted for pressure switch S if so desired,
      since the air flow through duct 41 drops substantially when water floods
      the overflow pipe 25.
PAR  FIGS. 4, 5 and 6 portray a modified embodiment of the invention which is
      useful if the tank 11 is not too close to the wall 47 and if equipment for
      drilling the holes 43 and 52 in the hollow rim of cover 28 shown in FIGS.
      1 and 2 is not available. The air duct 41 is terminated at the opening 49
      which is drilled in the wall 47 slightly above the upper edge of the tank
      11 since it is difficult to drill below the edge of the tank 11 after the
      tank is installed. An elongated rectangular cross-sectioned seal strip 70
      extends between the wall 47 and the rear of cover 28' as do the short
      rectangular seal sections 71 provided on top of and at opposite ends of
      the seal strip 70. The lower lip 28a of the cover 28' rests on top of the
      two seals 71. An arched sealing strip 72 is provided between the wall 47
      and the rear of cover 28' and extends from the top of the seals 71 over
      top of the opening 49 in which the air duct 41 terminates. A gap 73 is
      provided in the gasket 51 in the area above the seals 71 between the inner
      ends 71a thereof. This gap permits odor laden air to pass through the gap
      73 under the lip 28a of cover 28', and into the air duct 41. Foam rubber
      is effective for the seal 70 and strip caulking of the type used on
      automobiles and refrigerators is very effective material for the seals 71
      and 72 since it readily conforms to the cover 28' and forms a perfect
      seal. A sheet metal baffle 74 depending from the underside of the cover
      28' near the gap 73 prevents water from being splashed into the air
      passageway. The baffle 74 is L-shaped and extends from the underside of
      the cover 28' almost to the water line 29 in tank 11. Refrigerator
      caulking effectively holds the baffle 74 to the cover 28'. The baffle 74
      is made a little wider than the gap 73 in the gasket 51. Upon flushing the
      toilet, water immediately sprays out of the overflow pipe 25, due to the
      slight vacuum within the tank 11 and splashes against the cover 28'. In
      actual tests the baffle 74 completely eliminated water being sucked into
      the air conduit 41. The baffle is useful in all types of deodorizers
      having suction lines entering the water tank 11.
PAR  It will be understood that the embodiment illustrated in FIGS. 4, 5 and 6
      except for the manner of connecting the air duct 41 with the chamber 27
      inside the water tank 11 is like the ventilator system illustrated in FIG.
      1. The air duct 41 leads to a suction device 29 (mounted in the attic of a
      building) which is controlled by the system shown in FIG. 3.
PAR  Another useful modification of the invention is shown in FIGS. 7, 8 and 9.
      This modification employs a nozzle 80 of the type described in the
      inventor's pending application Ser. No. 434,519, together with a unique
      decorative tubular towel pole arrangement 81. The towel pole 81 is
      attached to the nozzle 80 which is clamped to tank 11 according to the
      aforementioned application by an adjustable angle bracket 84 secured to
      the nozzle extension 86 by a screw 85. The suction device 29 connects to
      the upper end of the towel pole 80 by means of a short air duct 41. The
      upper end of the towel pole 80 is secured to the ceiling joist 37 by a
      bracket 50, while the bottom end is supported by the nozzle 80 to which it
      is connected by a fluid tight joint for the passage of odor laden air
      through the nozzle 80 and up the tubular towel pole to the suction device
      29. The towel pole 80 has decorative towel supporting attachments 82 and
      83 spaced along the length. The toilet bowl 10, tank 11 and cover 28' are
      the same as described with reference to the embodiment shown in FIGS. 4
      and 5 and need no further description. The gasket 51 between the tank
      cover 28' and the upper edge of the tank 11 has a gap 87 along one side of
      the tank which is of sufficient width to receive the horizontally
      elongated nozzle 80, however, the ends of the gasket on either side of the
      gap 87 closely fit against the sides of the nozzle 80 to provide an air
      tight seal. Since the embodiment shown in FIGS. 7 and 8 requires drilling
      only a hole 89 in the plaster or sheet rock ceiling 45 for the towel pole
      80, its installation is well within the capability of the home owner. The
      system may be quieter and more powerful than that described in the
      aforesaid pending application Ser. No. 434,519 but of course cannot be
      moved to another house as readily. It is also more expensive. It is
      particularly useful in areas where professional installation is not
      available, and in homes where more towel space is needed, or where towel
      poles are not detrimental to the decor. Other types of decorative poles
      may be employed such as a two-pole arrangement with shelves between them.
      In the case of a two-pole arrangement, only one pole need be an active air
      duct. Furthermore, the poles may extend to the floor on either side of the
      tank 11, one of the poles being connected to the nozzle 80 either solidly
      or through a short flexible duct. Such two-pole accessaries, without
      deodorizer, are in common use today. A baffle 74 is desirable as described
      before in reference to FIGS. 4, 5 and 6. In both of the aforementioned
      alternate arrangements, the same suction device 29 described with
      reference to the preferred embodiment shown in FIG. 1 is employed.
PAR  FIGS. 10 and 11 portray a modified nozzle for connecting the ventilator air
      duct 41 to the water tank 11 in a manner which does not require a gap in
      the seal 51. The problem encountered with most toilets is that they are
      installed with the tank 11 very near or even touching the wall 47. If a
      thin flat duct, such as nozzle 80 shown in FIGS. 8 and 9, capable of
      passing through a gap in the thin seal 51 is to be effective, it must be
      quite wide in order to provide the adequate cross-sectional area required
      if the air velocity and noise are to remain at low levels, and it must be
      long so that the transition from the air duct is not too abrupt. The
      nozzle 80 of FIG. 8 may be long enough and wide enough to be effective,
      but at the rear of the tank 11 there is not normally enough room for a
      good thin nozzle design because of the close proximity to the wall 47. The
      D-shaped nozzle arrangement of FIGS. 10 and 11 provides an adequate
      cross-sectional area resulting in a low air velocity and noise level; it
      is not influenced by the distance of the tank 11 from the wall 47; and it
      allows the use of a desirably thin and continuous seal 51. It is intended
      as a professionally installed accessary.
PAR  The embodiment shown in FIGS. 10 and 11 provides a more or less
      semicircular cutout 90 in the rear wall of tank 11. The nozzle 91 has a
      semicircular, or D-shaped, front portion which is disposed within the
      cutout 90, and its flat upper surface 92 is approximately congruent with
      the upper edge of the tank 11. The rear portion 93 of the nozzle 91 is
      ideally round so as to readily connect to the air duct 41. The front
      portion of the nozzle 91 which is D-shaped should be rigid so that an
      effective seal is provided in the cutout 90, and at its upper surface
      which contacts the gasket 51.
PAR  Ideally, the semicircular cutout 90 and the round hole 94 in the wall 47
      are on the same centers. Thus, in forming the cutout and hole, a diamond
      core drill of suitable diameter is positioned with its center at or
      slightly above the top of tank 11. The core drill then passes through the
      tank 11 and wall 47, leaving the semicircular cutout 90 in tank 11, and
      the round hole 94 in the wall 47.
PAR  The shape of the nozzle 91 is not restricted to the preferred D-shape. Thus
      a square or rectangular nozzle may be used inasmuch as these shapes
      provide the flat top side necessary to seal upon gasket 51. Any stiff
      nozzle located in a cutout within tank 11, and having a flat top side
      congruent with the upper edge of the tank 11, is within the scope of this
      invention and is an improvement over the prior art. Shapes other than the
      semicircular D-shape will usually be much more difficult to install than
      the D-shape nozzle. It is to be understood that the toilet bowl 10 and
      tank 11 shown in FIGS. 10 and 11 are similar to the toilet bowl and tank
      described with reference to the preceding embodiments of this invention
      except for the manner of connecting the air duct 41 to the tank 11.
      Further the air duct 41 shown in FIG. 11 may be connected to a suction
      device 29 in the same manner as described with reference to FIG. 1 and
      therefore needs no further description.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toilet deodorizing accessary for use in combination with a
      conventional water tank and toilet bowl, the water tank having a water
      discharge conduit through the bottom of the tank, a flush valve
      controlling the flow of water from the tank into said conduit, and an
      overflow pipe connected into said discharge conduit below the valve, said
      toilet bowl having a water distribution channel in communication with said
      discharge conduit for distributing water from said tank into said bowl
      when said flush valve is operated to flush said bowl, said accessary
      comprising a cover for said tank having a top wall and spaced inner and
      outer side walls depending from said top and integrally connected by a
      narrow bottom wall to form a continuous hollow passage extending
      peripherially beneath said top wall, a hole through said outer wall, and
      at least one hole through said inner wall, an electrically driven air
      blower, having a suction side and a discharge side, an air duct connected
      between said suction side and the hole in the outer side wall of said
      cover whereby odor laden air may be drawn by said blower in seriatim from
      said toilet bowl through said water distribution channel, said water
      discharge conduit, said overflow pipe, the hole in said inner side wall of
      the cover, the continuous hollow passage in said cover, the hole in said
      outer wall into said air duct and discharged through said blower.
NUM  2.
PAR  2. The accessary according to claim 1 together with control means for said
      electrically driven air blower which means includes air sensitive means
      for removing electric power from the electrically driven air blower when
      the toilet is flushed.
NUM  3.
PAR  3. The accessary according to claim 2 wherein said air sensitive means
      includes a pressure switch responsive to air pressure in said tank, said
      switch operating when the air pressure in said tank is reduced to a
      predetermined low pressure upon flushing of said toilet.
NUM  4.
PAR  4. The accessary according to claim 2 together with means for quickly
      stopping said electrically driven air blower upon removal of electric
      power from said electrically driven air blower.
NUM  5.
PAR  5. The accessary according to claim 1 together with control means for said
      electrically driven air blower, said control means including a starting
      circuit, an electric switch for energizing said starting circuit, and
      sequence detecting means within said starting circuit for starting said
      electrically driven air blower only after said electric switch has been
      operated in accordance with a predetermined time sequence of on-off
      operations.
NUM  6.
PAR  6. The accessary according to claim 5 wherein said sequence detecting means
      will permit said starting circuit to start said electrically driven air
      blower only after said electric switch has been turned on, off, and back
      on again within a predetermined time.
NUM  7.
PAR  7. The accessary according to claim 5 wherein said switch is a bathroom
      light switch.
NUM  8.
PAR  8. A ventilator for toilets comprising the combination of a toilet bowl, a
      water tank for flushing the toilet bowl, the water tank having a cover, a
      discharge conduit extending from said tank, a flush valve controlling the
      flow of water from the tank into said conduit, and an overflow pipe
      connected into said discharge conduit below the valve, said toilet bowl
      having a water distribution channel in communication with said discharge
      conduit for distributing water from said tank into said bowl, an
      electrically driven suction device, means connecting said electrically
      driven suction device to the inside of said tank above the normal water
      line therein, and control means for supplying electric power to and
      removing electric power from said electrically driven suction device, said
      control means including air sensitive means responsive to air within said
      tank for automatically removing power from said electrically driven
      suction device when said flush valve is operated to flush said bowl said
      control means also including a starting circuit having a power control
      switch therein and a sequence detecting means for preventing operation of
      said electrically driven suction means until said power control switch has
      been operated in accordance with a predetermined sequence of on-off
      operations.
NUM  9.
PAR  9. The ventilator according to claim 8 together with means for quickly
      stopping the electrically driven suction device when the electric power is
      removed.
NUM  10.
PAR  10. For use in connection with the bowl and water tank of a toilet, said
      tank being adapted to receive odor laden air from said bowl, said tank
      having an air space at the upper portion thereof, a ceiling above the tank
      and an air space above the ceiling; a bathroom accessory comprising the
      combination of a towel pole and toilet ventilator, said towel pole
      comprising a hollow vertical tube having towel holders suitably attached
      thereto, the lower portion of said hollow vertical tube being operatively
      connected into the air space of the water tank of said toilet so as to
      form a substantially airtight passage from said air space into the bore of
      said hollow vertical tube, said hollow vertical tube or extension thereof
      passing through the ceiling above said toilet, air blower means
      operatively connected into the bore of said hollow tube or extension
      thereof which passes through said ceiling, whereby odor laden air may be
      drawn from said toilet, through the bore of said towel pole, and
      discharged to atmosphere, said towel pole also serving as a towel holder.
NUM  11.
PAR  11. For use in connection with a toilet including toilet bowl provided with
      flushing means, and a water tank adapted to receive odor laden air
      therefrom, said water tank having an air space at the upper portion
      thereof, air blower means having a suction inlet, and an outlet
      discharging into the atmosphere; an improved toilet ventilator accessory
      comprising an air duct operatively connected into the air space within the
      water tank of said toilet, and also operatively connected to the suction
      side of said air blower means so as to reduce the air pressure within said
      water tank, air sensor means capable of sensing the air pressure within
      said water tank or the rate of air flow through said air duct, electrical
      switching means controlled by said air sensor means and capable of
      removing power from said air blower means, whereby odor laden air may be
      drawn in seriatim from the bowl of said toilet, through the overflow pipe
      of said water tank, through said air duct, and suitably discharged into
      the atmosphere by said blower means, and whereby the combination of said
      air sensor means and said switch means removes electrical power from said
      blower means when said toilet is flushed, said air sensor means being
      responsive to the sudden decrease in air pressure within said water tank
      or to the sudden decrease in air flow through said air duct when said
      toilet is flushed.
NUM  12.
PAR  12. For use in connection with a toilet including a toilet bowl having
      flushing means and a water tank for supplying water to said bowl, said
      tank having an upper space for receiving odor laden air from the bowl, and
      air blower means discharging into atmosphere and having a suction inlet;
      an improved toilet ventilator accessory comprising an air duct suitably
      connected into the air space within the water tank of said toilet, said
      duct being also suitably connected to the suction inlet of said air blower
      means so as to reduce the air pressure within said water tank, electrical
      control means capable of removing power from said air blower means when
      said toilet is flushed, and braking means capable of rapidly slowing said
      air blower means when said toilet is flushed, whereby odor laden air may
      be drawn in seriatim from the bowl of said toilet, through said duct, and
      suitably discharged into the atmosphere by said air blower means, and
      whereby said braking means permits the rapid repressurization of the air
      within said water tank so as to allow a normal rapid flushing action.
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ABST
PAL  A water closet is provided with a device for limiting the amount of water
      discharged from its water tank during flushing. More particularly, the
      volume of water discharged from the tank is limited by low water level
      reached during flushing. The water limiting device has a tube inserted
      into the outlet water passage of the tank and through the normal valve
      seat of the typical ball or flapper valve member, and the valve member is
      seated atop the tube. In one embodiment, for use with an outlet valve unit
      having a generally horizontal valve seat, the bottom of the tube is
      tapered to wedge into telescopic relationship with the outlet passage and
      may, if desired, be fixedly secured to the normal overflow pipe of the
      outlet valve unit. In a unit having an inclined seat for receiving a
      flapper valve member, the tube has a cylindrical end portion telescoped
      into the outlet passage, and an inclined flange seated against the
      inclined valve seat. Below this flange is an annular seat which mates with
      a beveled mouth of the outlet passage. The tube seat may be resilient and
      sealingly engage the mouth with an integral annular gasket seated against
      the flange and the valve seat. An arm integral with the upper portion of
      the tube is secured to the overflow pipe and carries a pair of opposed
      fingers for receiving apertured ears of the flapper valve which is seated
      atop the tube. These fingers are comparable to the conventional fingers
      provided on the typical outlet valve unit. A variation has a rigid tube
      seat integral with the flange, for seating against the beveled mouth of
      the outlet passage, and a separate annular gasket is provided for seating
      between the flange and the valve seat of the outlet passage.
BSUM
PAR  This invention relates to a water closet and, more particularly, to
      reducing the quantity of flushing water, and to a device which may be
      applied to the tank for reducing the amount of flushing water.
PAC  BACKGROUND OF THE INVENTION
PAR  Various expedients have been suggested for reducing the quantity of
      flushing water discharged during flushing of a water closet. For example,
      bricks or similar objects may be deposited in the water tank, if space
      permits without interfering with the mechanisms within the tank. It has
      also been suggested to provide a dam about the outlet valve of the water
      tank, so that the quantity of water outside of the dam will be retained in
      the tank. A common problem with such dams as shown for example in U.S.
      Pat. Nos. 3,259,918, and 3,731,324, is that of securing and sealing the
      dam within the water tank. Other United States patents known to applicant
      include:
PA2    815,661
PA2  2,065,347
PA2  2,884,650
PA2  2,944,265
PAR  It is, therefore, a primary object of this invention to provide a new and
      useful water closet with provision for limiting the amount of water
      discharged during each flushing of the water closet. A related object is
      provision in such a water closet of a tube inserted into the normal water
      outlet passage of the water tank, the tube having a valve seat on its
      upper end for receiving the typical outlet valve member of the water tank.
      Another related object is provision for sealing the connection between the
      tube and the water passage.
PAR  Another object is provision of a new and useful device for increasing the
      minimum water level in a water tank of a water closet, thereby reducing
      the volume of water discharged from the tank during flushing of the water
      closet. A related object is provision of such a device in the form of a
      water level limiting unit including a tube connected with the outlet water
      passage of the tank and having a valve seat at its upper end for receiving
      the typical outlet water valve member of the water closet. In one
      embodiment the tube is seated about a generally horizontal valve seat for
      the outlet valve member, and in another embodiment, about an outlet valve
      unit having an inclined seat for the valve member. In the latter
      embodiment an upper portion of the tube is provided with an arm which is
      fixedly secured to the usual overflow pipe of the outlet valve unit, the
      arm carrying fingers for receiving apertured ears of the valve member to
      secure the valve member in position for seating on the upper open end of
      the tube.
PAR  By varying the heigth of the tube above the conventional valve seat of the
      outlet valve unit, the quantity of water discharged from the tank may be
      increased or decreased. Depending on the local area in which the water
      level limiting unit is to be used, it may be desirable to assure a minimum
      quantity of flushing water over that which is necessary to adequately
      flush the water closet commode or urinal bowl, in order to provide
      adequate water for carrying the refuge through the sewer lines, and a
      water volume of approximately two and one half gallons has been found to
      be adequate. This is considerable reduction in the water volume normally
      provided in the amount of five to six gallons, and thus considerable water
      is conserved. Similarly, the amount of sewage to be treated is reduced.
DRWD
PAR  These and other objects and advantages of the invention will be apparent
      from the following description and the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic fragmentary, front elevational view of a portion of a
      water closet showing a flushing water tank with a portion of its front
      wall broken away and removed for clearer illustration, and with a water
      limiting unit with a typical ball outlet valve member;
PAR  FIG. 2 is an enlarged, schematic fragmentary, front elevational view of a
      portion of the water closet shown in FIG. 1, with parts broken away and
      removed for clearer illustration, and showing the water limiting unit with
      a typical flapper valve member in lieu of the ball valve member shown in
      FIG. 1;
PAR  FIG. 3 is a schematic fragmentary, front elevational view similar to FIG.
      2, but showing a modified form of the outlet valve unit and water limiting
      unit, with parts broken away and removed for clearer illustration; and
PAR  FIG. 4 is a schematic, front elevational view of a modification of the
      water limiting unit of FIG. 3, but removed from the outlet valve unit.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring to FIG. 1 of the drawings, a water closet 10 includes a flushing
      water tank 12 having a typical tank body 14 with a lid 16 seated atop the
      open upper end of the tank body 14. A typical water inlet assembly 18 is
      connected with a water supply line 20 and has an inlet valve 22 operated
      by a typical float 24 for maintaining a normal water level 26 within the
      tank body 14. A typical water discharge actuator assembly 28 includes a
      manually operable actuator 30 connected with an arm 32 having a plurality
      of holes, as 34, along its free end for adjustably receiving a link 36
      connected with an outlet valve unit 38 and, more particularly, with a rod
      40 secured to a typical ball valve member 42 of the outlet valve unit 38.
      As shown in phantom lines, in normal or conventional assembly of the
      outlet valve unit 38, the ball valve member 42 is received in closed
      position on an annular valve seat of 44 at the mouth of the passage 46
      (FIG. 2) communicating in typical manner with a flushing water pipe 48 to
      a typical commode, urinal (not shown) or the like, of the water closet 10.
      In normal assembly of the outlet valve unit 38, a minimum water level 50
      (phantom line) is normally in the tank body 14 during flushing of the
      water closet 10. In order to reduce the quantity of water discharged
      during each flushing of the water closet 10 a water limiting unit 52 is
      provided so that a higher minimum water level 54 results during flushing
      of the water closet 10, thus saving a considerable quantity of water, as
      will be more fully described.
PAR  With reference to FIG. 2, a typical flapper valve member 56 is illustrated
      in lieu of the ball valve member 42 shown in FIG. 1. The flapper valve
      member 56 is typically provided with a chain 58, or the like, connected
      with the actuator arm 28 (FIG. 1) in lieu of the rod 40 of the ball valve
      member. Ball and flapper valve members are generally interchangeable in
      valve units of this type. The outlet valve unit 38 has a rigid base 60
      with a depending threaded nipple 62 received in a hole 64 in the bottom
      wall 66 of the tank base 14, and is secured in place by a nut 68 threaded
      onto the nipple 62 and tightly seated against a gasket 70 abutting the
      lower face of the wall 66 with an inner gasket 72 between the base 60 and
      the inner face of the wall. The outlet passage 46 extends through the
      nipple 62 and is secured in typical manner to the outlet pipe 48. The
      outlet valve unit 38 includes the typical overflow pipe 74 opening into a
      passage 76 in the base 60, this passage terminating in a port 78 opening
      into the outlet passage 46 of the base 60. In addition to limiting the
      maximum water level 26 in the tank 12, the open upper end of the overflow
      pipe 74 receives the typical filler pipe 78 (FIG. 1) from the water inlet
      assembly 18, for filling the bowl of the commode or urinal after flushing
      thereof.
PAR  As illustrated in FIG. 2, the flexible flapper valve 56 has an attaching
      portion 80 with an aperture 81 telescoped over the overflow pipe 74 and
      snugly engaging the pipe to retain the flapper valve in place, whether it
      be seated on the valve seat 44 of the outlet valve unit base 60, or atop
      the water limiting unit 52 (as shown).
PAR  The water limiting unit 52 includes a body in the form of a conduit and
      more particularly a rigid tube 82 having a lower, annular end portion 84
      downwardly tapered and telescopically wedged against a shoulder 86 of the
      outlet passage 46, the shoulder being formed by the juncture of a
      generally cylindrical lower portion of the outlet passage 46 and beveled
      or frusto-conical mouth 88 thereof. This mouth 88 terminates in the valve
      seat 44 of the base 60. While exagerated for clearer illustration in FIG.
      2, the tapered lower end portion 84 may have a very small taper of
      approximately three degrees with the axis of the tube 82. A suitable
      resilient sealing member, such as an O-ring 90 may be of any suitable
      cross sectional configuration such as square, or as illustrated circular,
      and is of a diameter to tightly grip the tapered end portion 84 of the
      tube 82 and to be wedged between the inner face of the valve seat 44 and
      the tube end portion 84 to seal the opening therebetween. The upper end
      portion of the tube 82 is provided with a valve seat 92 for receiving the
      outlet valve member 56, or 42 in FIG. 1. The seat 92 is preferably
      internally beveled or rounded.
PAR  In order to securely retain the water limiting unit 52 in operative
      assembly with the outlet valve unit 38, the tube 82 is rigidly secured to
      the overflow pipe 74 in any suitable manner, as by a band 94 about the
      tube 82 and the pipe 74, and therebetween clamped together as by a nut and
      bolt 96. Alternatively, the tube 82 may be rigidly secured to the overflow
      pipe 74, as by an integral connector to be described with reference to the
      modification of FIG. 3.
PAR  The water limiting unit 52 may be made of any suitable material such as
      Polyvinylchloride, Type 1 Grade 1, or CPVC (chlorinated polyvinylchloride
      Type 4, Grade 1), or aluminum or copper, which may be spun, cast or
      otherwise fabricated, for example.
PAR  Referring to FIG. 3, reference numerals primed, as 64', designate identical
      or similar parts as those parts indicated by the unprimed reference
      numerals in FIGS. 1 and 2, and these parts will not necessarily be
      described again. Outlet valve unit 102 has a base 104 with an outlet
      passage 106 receiving an overflow pipe 108 and terminating in a port 110
      opening into an outlet passage 112 in a depending nipple 114 which extends
      through the hole hold 64' of the tank base 14', and is secured in place by
      a nut 68' with gaskets 70' and 72', as previously described. In this
      modification of the outlet valve unit 102, a valve seat 116 for receiving
      a flapper valve member 56', is inclined downwardly away from the overflow
      pipe 108, and the valve seat is generally rounded as in the prior
      embodiment. From the valve seat 116 a downwardly converging annular mouth
      118 terminates in the outlet passage 112 which in turn is connected with
      an outlet pipe 48'. Because of the inclination of the valve seat 116, the
      mouth 118 is shallower adjacent the overflow pipe 108 than at the portion
      remote from this pipe, as illustrated in FIG. 3.
PAR  In FIG. 3, the water limiting unit 124 has a cylindrical tube 126 with a
      lower cylindrical portion 128 telescopically seated in the outlet passage
      112 and having a port 130 aligned with port 110 of the outlet valve unit,
      for passage of overflow water and bowl filling water through the overflow
      pipe 108 and into the outlet passage 112 which is connected with the
      outlet pipe 48'. The upper end portion of the tube 126 has a valve seat
      132 which is preferably internally rounded or beveled to provide a seat
      for the flapper valve member 56'. In the illustrated embodiment, a flange
      134 has a lower face 136 inclined to the axis of the tube 126 to a degree
      such that the lower face 136 may seat on the valve seat 116 of the outlet
      valve unit 102 when the tube 126 is inserted into the outlet passage 112.
      The flange 134 is preferably rigid and may be formed integrally with the
      tube 126, as during casting thereof, or may be a separate unit adhesively
      secured or soldered to the tube 126 depending upon the material and method
      of fabrication of the water limiting unit 124. In this embodiment, a
      resilient sealing unit 138 is positioned directly below and in abutting
      engagement with the flange 134, and is configured to conform to the
      annular configuration of the mouth 118 of the outlet valve unit 102. An
      outwardly extending flange 140 is preferably formed integrally with the
      resilient seat 138 and defines a shoulder which abutts the lower face 136
      of the rigid flange 134, and is tightly seated against valve seat 116 so
      that in combination the resilient seat 138 and the resilient flange 140
      form a tight seal between the tube 126 and the outlet passage 112.
PAR  The resilient seat 138 may have an interior diameter such as to tightly
      resiliently engage the tube 126, or it may be adhesively secured to the
      tube, depending on the materials utilized in manufacture of the unit 124.
PAR  In order to retain the water limiting unit 124 in position on the outlet
      valve unit 102 and to retain the flapper valve 56' in place, an arm 144 is
      integral with the tube 126 and at its free end has a resilient yoke 146
      which snaps about the overflow pipe 108 and, if desired, a resilient band
      148 may be provided (as shown) for further retaining the water limiting
      unit 124 in place. As applied in this embodiment, the flapper valve member
      56' has an attaching portion 80' with a pair of opposed apertured ears 150
      (only one ear being visible in FIG. 3), the apertures being received over
      fingers 152 of generally L-shape with their base secured to the opposite
      portions of the yoke 146, to retain the flapper valve member 56' in place.
      These fingers 152 conform to fingers 154 on the standard outlet valve unit
      102 for receiving the apertured ears 150 during normal assembly of the
      outlet valve unit with the flapper valve member 56' seated on the valve
      seat 116.
PAR  With the exception of the resilient seat 138, the water limiting unit 124
      may be made of any suitable material, such as that previously described
      with reference to the embodiment of FIGS. 1 and 2.
PAR  With reference to the modification of FIG. 4, reference numerals double
      primed, as 124", indicate similar or identical parts as those indicated by
      the unprimed reference numerals in FIG. 3 and these parts will not
      necessarilly be again described. This embodiment differs from the
      embodiment of FIG. 3 only to the extent that the seat 138" which engages
      the mouth 118 of the outlet passage 112 (FIG. 3) is of a relative rigid
      material such as that of the flange 134" and is preferably formed
      integrally with this flange. A separable resilient annular gasket 156 is
      telescoped onto the seat 138" and against the lower face 136" of the
      flange 134". This gasket 156 defines a shoulder which is seated against
      the valve seat 116 (FIG. 3) to provide a tight seal between the water
      limiting unit 124' and the outlet passage 112.
PAR  It should be noted that the flapper valve members 56 (FIG. 2) and 56' (FIG.
      3) are generally identical in replacement valve members, the apertured
      portion 80 in FIG. 2 being severed from the apertured ears 150 when the
      ears are connected with the fingers 152 in FIG. 3.
PAR  While this invention has been described with reference to various
      embodiments in a particular environment, various changes may be apparant
      to one skilled in the art, and the invention is therefore not to be
      limited to such embodiments or environment except as set forth in the
      apended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water closet comprising, a flushing water tank including an outlet
      valve unit having an outlet passage with a valve seat, said unit further
      having a valve member operatively associated with said valve seat in
      conventional assembly of the outlet valve unit for controlling the flow of
      flushing water from the tank through the outlet passage, and a device
      including a conduit operatively fixed to a fixed portion of said outlet
      valve unit and having one end portion in substantially fixed sealed
      telescoped engagement with said outlet passage, and an opposite end
      portion having a valve seat spaced upwardly from the first said valve
      seat, and said valve member being operatively associated with the conduit
      valve seat for controlling the flow of flushing water from the tank
      through the conduit and the outlet passage, thereby reducing the quantity
      of flushing water discharged from the tank over the quantity discharged
      when the outlet valve unit is in said conventional assembly.
NUM  2.
PAR  2. A water closet as set forth in claim 1 in which said one end portion of
      the conduit is tapered and is received in said outlet passage in wedging
      engagement with said unit.
NUM  3.
PAR  3. A water closet as set forth in claim 1 in which said one end portion of
      the conduit is telescoped into said outlet passage, and a shoulder on said
      conduit and in abutting engagement with the first said valve seat.
NUM  4.
PAR  4. A water closet as set forth in claim 1 in which the device includes
      sealing means between the conduit and the outlet passage.
NUM  5.
PAR  5. A water closet as set forth in claim 1 in which said unit includes an
      overflow pipe, and said conduit is secured to said pipe, to operatively
      fix the conduit to the unit.
NUM  6.
PAR  6. A water closet as set forth in claim 1 in which said unit has an
      overflow pipe communicating with a discharge port opening into said outlet
      passage, said one end portion of the conduit is tapered and is telescoped
      into said outlet passage in wedging engagement with said unit, and the
      tapered end portion of the conduit overlying and spaced from the port for
      flow of water from the port into the outlet passage.
NUM  7.
PAR  7. A water closet as set forth in claim 6 in which a portion of said
      conduit above the tapered end portion is rigidly secured to said overflow
      pipe, and an O-ring seal between the conduit and the outlet passage
      preventing passage of water from the tank about the conduit and into the
      outlet passage.
NUM  8.
PAR  8. A water closet as set forth in claim 1 in which said one end portion of
      the conduit is telescoped into said outlet passage, and a mounting portion
      on said conduit includes a shoulder seated on the first said valve seat.
NUM  9.
PAR  9. A water closet as set forth in claim 8 in which the shoulder includes a
      sealing gasket between the shoulder and the first said valve seat.
NUM  10.
PAR  10. A water closet as set forth in claim 9 in which said outlet passage has
      a mouth diverging toward the first said valve seat, and said mounting
      portion includes a seat complementary to said mouth and seated thereon.
NUM  11.
PAR  11. A water closet as set forth in claim 10 in which a securing portion of
      the conduit above the shoulder is operatively fixed to a fixed overflow
      pipe of the unit.
NUM  12.
PAR  12. A water closet as set forth in claim 10 in which the complementary seat
      is yieldably and sealingly engages the mouth.
NUM  13.
PAR  13. A water closet as set forth in claim 12 in which the outlet valve unit
      has an overflow pipe communicating with a discharge port opening into said
      outlet passage and additionally has opposed fingers for receiving the
      valve member in said conventional assembly thereof, the securing portion
      of the conduit carries similar fingers for receiving the valve member and
      positioning the valve member on the conduit valve seat, the complementary
      seat and gasket are annular and integral with each other, and the conduit
      is a relatively rigid cylindrical tube and has a port aligned with the
      first said port for passage of water from the overflow pipe through the
      ports into the outlet passage.
NUM  14.
PAR  14. A water closet as set forth in claim 10 in which the complementary seat
      is substantially rigid.
NUM  15.
PAR  15. A water closet as set forth in claim 14 in which the outlet valve unit
      has an overflow pipe communicating with a discharge port opening into said
      outlet passage and additionally has opposed fingers for receiving the
      valve member in said conventional assembly, the securing portion of the
      conduit carries similar fingers for receiving the valve member and
      positioning the valve member on the conduit valve seat, the conduit is a
      substantially rigid tube and the complementary seat and shoulder are
      annular and integral with each other and with the tube, and the tube has a
      port aligned with the first said port for passage of water from the
      overflow pipe through the ports and into the outlet passage.
NUM  16.
PAR  16. A water closet flushing tank water level control device comprising an
      elongated conduit having opposite ends, a first of said ends including
      means for operatively fixedly sealed connection with a typical outlet
      water passage of the tank, and the other of said ends having means in the
      form of a valve seat for receiving a typical outlet valve member of the
      tank, and means on said conduit for maintaining the first end in said
      fixedly sealed connection with said outlet water passage and for
      operatively fixedly securing said conduit relative to a fixed portion of
      said tank, whereby the device appreciably reduces the quantity of water
      discharged from the tank.
NUM  17.
PAR  17. A device as set forth in claim 16 in which the connection means
      comprises a tapered outer surface of the conduit.
NUM  18.
PAR  18. A device as set forth in claim 17 in which the conduit is a cylindrical
      tube, the valve seat is annular and is inwardly convergent, and means for
      connecting the tube with an overflow pipe of the tank.
NUM  19.
PAR  19. A device as set forth in claim 16 in which the connection means
      comprises a shoulder about said conduit.
NUM  20.
PAR  20. A device as set forth in claim 19 in which the connection means further
      comprises a continuous seat about said conduit and converging away from
      said shoulder.
NUM  21.
PAR  21. A device as set forth in claim 20 in which said shoulder is continuous
      about said conduit and adjacent the continuous seat, and a sealing gasket
      on said shoulder.
NUM  22.
PAR  22. A device as set forth in claim 21 in which the conduit is a relatively
      rigid cylindrical tube, said shoulder and said continuous seat are
      relatively rigid and are secured to the tube, said gasket is relatively
      yieldable, and means for connecting said tube with an overflow pipe of
      said tank.
NUM  23.
PAR  23. A device as set forth in claim 22 in which the connecting means
      includes fingers for mounting the valve member to seat on said valve seat.
NUM  24.
PAR  24. A device as set forth in claim 21 in which said continuous seat is
      yieldable for sealing engagement with said passage.
NUM  25.
PAR  25. A device as set forth in claim 24 in which said conduit is a relatively
      rigid cylindrical tube, and said shoulder is relatively rigid and is
      secured to said tube.
NUM  26.
PAR  26. A device as set forth in claim 25 in which said gasket is integral with
      said continuous seat, said shoulder is continuous about said conduit and
      adjacent the continuous seat, and a sealing gasket on said shoulder.
NUM  27.
PAR  27. A device as set forth in claim 26 in which the connecting means
      includes fingers for mounting the valve member to seat on said valve seat.
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ABST
PAL  A laminated mattress construction having outer layers of relatively soft,
      virgin foam material and an inner layer or core made of firmer reground,
      bonded foam. The thickness and firmness of the core are varied in relation
      to that of the outer layers to achieve a mattress having an overall
      compression modulus of at least 3. Individually the outer layers are so
      constructed as to exhibit a 25% ILD range of 10-45 lbs. and the core is so
      constructed as to exhibit a 25% ILD range of 20-80 lbs. The mattress is
      further constructed in horizontally juxtaposed sections with one section
      having firmness characteristics which differ from another section. Finally
      a removable mattress covering is provided which permits removal of the
      foam core and separate cleaning or replacement thereof.
BSUM
PAC  BACKGROUND
PAR  It is known in the prior art to construct cushions or mattresses with
      layers of a resilient foam rubber or man-made polymeric material. For
      example, U.S. Pat. No. 3,118,153 to Hood discloses the use of a laminated
      foam construction with the inner and outer layers of different foam
      densities to help the cushion conform to and retain the shape of its
      covering without a special molding process. In U.S. Pat. No. 2,878,153 to
      Hacklander the use of multiple layers of foam is taught with the flow
      tendencies controlled by means of applying compression and tension to
      selected layers. Other patents, such as Shecter, U.S. Pat. No. 3,047,888,
      disclose laminar construction of cushions using various materials to
      control the firmness of the cushion.
PAR  A desirable characteristic of cushion is an initial softness upon
      depression followed by subsequent firmness on further depression. However,
      to the knowledge of the inventors there has been no attempt to engineer a
      cushion or mattress construction that achieves such a characteristic in an
      all foam cushion by selectively varying the relative thickness and
      firmness of the layers. A mattress or cushion having a compression modulus
      of at least 3 and in the range of 3-8 will exhibit comfort, but excellent
      support. The "compression modulus" as used herein is a measure of the
      aforesaid initial softness and subsequent firmness characteristic, and is
      defined by the ratio of the load weight necessary to compress a foam
      sample 65 percent of its thickness compared with the load weight necessary
      to compress the same foam sample 25 percent of its thickness.
PAR  In addition, to the knowledge of the inventors, there has been no attempt
      to engineer a laminated mattress construction that includes horizontally
      juxtaposed, multiple sections of varying firmness to provide one mattress
      that is equally comfortable to two people.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention then is directed to such a mattress which exhibits a
      compression modulus of at least 3 in order to achieve the combination of
      comfort and firmness. In this regard the mattress is constructed by
      bonding together coextensive outer layers of soft, virgin foam and an
      inner layer of firmer reground and bonded virgin foam. According to this
      invention, two parameters may be varied to achieve the desired compression
      modulus. First the thickness of the inner layer may be varied within the
      range of 1-5 times the thickness of the outer layer. Secondly, the
      relative firmnesses of the inner and outer layers may be adjusted. The
      outer layer should have a 25 percent ILD range of 10-45 lbs. per 50 sq.
      in. The inner layer should have a 25 percent ILD range of 20-80 lbs. per
      50 sq. in. As used herein, the "25 percent range" is a measure of firmness
      defined as "indent load depression" and is the range of force or weight
      applied through a 50 sq. in. plate which will compress a precrushed
      20.times.20.times.4 inch specimen 25 percent of its thickness.
PAR  The cushion materials used may be any of the resilient cellular materials,
      such as urethane foam or other foams known to those skilled in the art.
      These materials are available in a variety of textures from high to low
      density and from very low to very high degrees of firmness. The virgin
      foam is preferably used in sheet form, while the inner layer is reground
      and bonded granules, chips, flakes or shreds.
PAR  A further novel feature of mattresses constructed according to the present
      invention is that they are peculiarly adapted for sectionalized
      construction in which two horizontally adjacent inner layers are covered
      by a common outer layer, each section exhibiting a different compression
      modulus from the other. The combination of sections may be easily varied
      to comply with the desires of each customer. This sectionalized
      construction permits two people who share the same bed to have a mattress
      of a firmness suitable to their individual desires. The overall size of
      the sections are preferably equal and they are joined to form a single
      mattress, however, the inner layer of each section is varied in firmness
      or thickness to accomplish the desired compression modulus.
PAR  According to conventional construction methods, upon completion of the
      cushioning structure, it has heretofore been the practice to secure the
      ticking or covering to the mattress. In the present invention the mattress
      is covered with a removable ticking to facilitate removal for cleaning
      and/or replacement.
PAR  It is therefore an object of the invention to provide a cushion
      construction combining characteristics of initial softness and subsequent
      firmness.
PAR  It is another object of the present invention to provide a mattress
      construction wherein the compression modulus is easily controlled and
      maintained at a level above 3.
PAR  It is also an object of the present invention to provide a mattress having
      horizontally adjacent sections each having a different compression
      modulus.
PAR  It is still a further object of the invention to provide a mattress with a
      removable ticking.
DRWD
PAR  Futher objects and embodiments of the invention will be readily apparent to
      those skilled in the art after reading the following specification and
      detailed description of the drawings wherein:
PAR  FIG. 1 is a partial sectional view of the cushion construction according to
      the present invention;
PAR  FIG. 2 is a perspective view with the end cut away illustrating a
      sectionalized mattress according to the present invention; and
PAR  FIG. 3 is a perspective view, with parts broken away, illustrating one end
      of a mattress constructed in accordance with another feature of the
      present invention.
DETD
PAR  The preferred embodiment of the present invention, as illustrated in FIG.
      1, in general is a multi-layer cushion construction C wherein outer layers
      10, 10' are formed from a relatively low soft, resilient cellular material
      and the core or inner layer 15 is formed from a firmer resilient cellular
      material. The characteristics of thickness and firmness of outer layers
      10, 10' and core 15 are so selected and combined as to provide a cushion
      having an overall compression modulus in the range of 3-8. Such a
      compression modulus insures the desired results of a cushion or mattress
      that exhibits initial softness upon depression followed by increased
      firmness upon further depression.
PAR  As far as the individual layers are concerned, outer layers 10, 10' are
      preferably formed of a relatively soft foam material such as polyurethane
      or any of the other known elastomeric foams. These layers 10, 10', in
      order to achieve the initial softness desired, are selected from a 25
      percent ILD range of 10-45 lbs. and are bonded to a core layer 15.
PAR  Turning now to core 15, the inner layer is preferably formed of a firmer
      foam material such as flakes, chips, shreds, etc. of scrap virgin foam,
      which are compressed and bound together in sheets by the use of adhesives
      and/or a heat compression process. The more foam compressed, the firmer
      the resulting sheet, and for the purpose of the instant invention the core
      15 should exhibit a 25 percent ILD range of 20-80 pounds. Therefore the
      same type of foam may be made firmer in core 15 than in outer layers 10,
      10'.
PAR  It has further been found in the present invention that, in addition to
      varying the relative ILD ranges, the goal of a prescribed total cushion
      compression modulus can also be achieved by varying the relative layer
      thickness between the core 15 and outer layers 10, 10'. In this regard the
      core 15 should vary in thickness from 1-5 times the thickness of the outer
      layers. It can be seen that many variations are possible by merely varying
      the relative thicknesses and firmnesses of the outer layers and the core
      layer.
PAR  A mattress constructed in accordance with the present invention has been
      tested for recovery and durability by a professional testing laboratory.
      It demonstrated a remarkable and unexpected ability to return to its
      normal and original condition after being subjected to maximum load and
      pressure levels according to established testing procedure. The test
      mattress comprised top and bottom layers of one inch thick, 1.2 pcf super
      soft virgin foam and a core layer of five inches thick rebonded foam of
      3.2 pcf density. Comparing the "Support Firmness" characteristic after 200
      and 100,000 cycles on the Cornell Testing Machine, the change of support
      firmness was only 6.2 percent, thereby exceeding the AH&MA Guidelines.
      Further after 100,000 cycles, although a 5/16 inch dimple appeared, it
      completely disappeared after a rest period over a week-end. The
      compression modulus, i.e. the initial softness and deeper firmness of the
      mattress is thereby controlled by the 'relative thickness and firmness of
      the outer layers 10, 10' and the core layer 15. A softer mattress might
      have a core layer 15 of approximately one to two times the thickness of
      one of the outer layers 10, 10' and a firmness at the lower end of the 25
      percent ILD range. The compression modulus of the mattress increases as
      the thickness and/or firmness of the core increases. The thickness of the
      core 15 can satisfactorily be increased up to approximately five times
      that of either the top or bottom layer 10, 10' which produces an attendant
      increase in the compression modulus of the mattress.
PAR  A unique mattress construction M utilizing the aforementioned cushion C is
      illustrated in FIG. 2 wherein two juxtaposed core sections 25, 27 of
      differing firmness values are covered by a unitary upper layer 20 and
      lower layer 20'. Core layers 25 and 27 are varied in thickness and
      firmness to provide a prescribed compression modulus in each of various
      sections of the mattress. For example the compression modulus on the left
      hand side of mattress M might be 4, while the right hand side compression
      modulus might be 6. The length of each core layer 25, 27 should be equal
      to the desired length of mattress M and the width of each is preferably
      one-half the total width, although the widths of each section could be
      varied if sections of differing size were desired. Outer layers 20, 20'
      are each a unitary sheet of soft virgin foam material equal in length and
      width to the desired overall length and width of mattress M. To make
      sections S, S' equal in thickness, section S, has two additional filler
      layers 30, 30' made of the same soft virgin foam as outer layers 20, 20'.
      Prior to lamination of outer layers 20, 20'  to inner and core layers, the
      inner longitudinal edge of core layer 27 is permanently bonded to the
      adjacent edges of filler layers 30, 30' and core layer 25.
PAR  FIG. 3 is an illustration of a mattress construction according to the
      present invention complete with ticking 40 in place over the mattress.
      Conventional ticking is attached permanently to the mattress or cushion
      and cannot be removed for cleaning. In the present invention a mattress
      construction is provided with a ticking 40 which is preferably of a cloth
      covering material and entirely separate from the cushioning member and
      includes zipper opening 42 for selectively closing said ticking around
      said cushioning material. When the zipper 42 is opened, the ticking 40 can
      be removed from the cushioning member to facilititate cleaning of both
      items.
PAR  It is obvious to those skilled in the art, that various modifications might
      be made to the present invention as described hereinabove without
      departing from the scope of the invention, which is set forth in the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laminated cushioning construction comprising outer layers of resilient
      cellular material and an inner layer of reground, bonded, resilient
      cellular material, the compression modulus of said cushioning construction
      being at least 3, said inner layer being substantially equal in length and
      width to said outer layers and having an thickness in the range of 1-5
      times the thickness of one of said outer layers, said outer layers having
      a first firmness ILD value and said inner layers having a second ILD
      value, said second value being greater than said first value.
NUM  2.
PAR  2. The cushioning construction according to claim 1 wherein said inner
      layer comprises at least two core sections joined in side-by-side
      relationship along corresponding longitudinal side edges, said core
      sections being formed of a resilient cellular material of different ILD
      values.
NUM  3.
PAR  3. The mattress construction according to claim 1 wherein said outer layers
      each have a 25 percent ILD range of 10 to 45 lbs. and said core layer has
      a 25 percent ILD range of 20 to 80 lbs.
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ABST
PAL  A life buoy or similar article of manufacture (for example, one capable of
      being used as a construction element), including a doughnut-shaped hollow
      element, which optionally may be of flexible plastic and contain
      pressurized gas (optionally helium); but preferably it is a gas-filled
      toroidal tube of blown glass or metal, permanently sealed, and flanked and
      protected against shock by foamed plastic (or similar porous material),
      coated with waterproofing rubber or paint. This hollow element may be
      cylindrical, spherical or polygonal, but preferably it is doughnut-shaped.
      The foamed plastic may be limited to the exterior of the hollow element or
      also may be on its interior. At its center the article may have a
      cylindrical or toroidal hole; or optionally the foamed plastic may
      continuously bridge over the hollow element at the center of the article.
      Such foamed plastic bridging over the article's center in the form of FIG.
      10, contains helium balloons, imbedded in the plastic, thus providing a
      very light-weight buoy or similar article. A modification of the life buoy
      includes a disk-like horizontal part and an upright central element
      projecting upward from the disk-like part, aiding a survivor to remain on
      the buoy in rough weather. The preferred buoyant, toroidal, central tube
      of blown glass or metal may be filled with air, but optionally it contains
      helium. This gas cannot escape due to the dense, solid material of the
      integral toroidal walls of blown glass or the like.
PARN
PAR  This application is a continuation of application Ser. No. 414,441, filed
      on Nov. 9, 1973 and now abandoned; and application Ser. No. 414,441 was a
      continuation in part of application Ser. No. 225,386, filed on Feb. 11,
      1972, now patent No. 3,803,651, which was a continuation in part of
      application Ser. No. 23,789, filed on Mar. 30, 1970, now U.S. Pat. No.
      3,670,349, the latter application being a continuation in part of
      application Ser. No. 531,564, filed on Mar. 3, 1966, now U.S. Pat. No.
      3,503,825 of Mar. 31, 1970, entitled "Method of Making Light-Weight
      Article." Excepting slight draftsman's changes, FIGS. 1, 2, 4, 7, 9, 10
      and 11 are the same as FIGS. 8, 5, 4, 11, 12, 8A and 9, respectively of
      application Ser. No. 225,386, and the same as FIGS. 5, 10, 6, 8, 9, 15 and
      7, respectively, of application No. 23,789; and FIGS. 2, 7, 9 and 11 are
      copies of FIGS. 6, 5, 5A and  4, respectively, of application Ser. No.
      531,564. Excepting illustration of the hollow element as of glass
      (previously disclosed in the specifications of application Ser. Nos.
      225,386, 23,789 and 531,564). FIGS. 8 and 12 are the same, respectively as
      FIGS. 11 and 9 of application Ser. No. 23,789, as FIGS. 8 and 7 of
      application Ser. No. 23,789, as FIGS. 8 and 7 of application Ser. No.
      23,789, and as FIGS 5 and 4 of application Ser. No. 531,564. These
      continuation-in-part features of the present application pertain to
      invention required to be divided from the said prior applications.
BSUM
PAR  Some objects of the present invention are to provide: (1) a very
      light-weight, strong and long-lasting life buoy or similar article of
      manufacture, comprising a hollow element having a high degree of buoyancy,
      preferably flanked by waterproofed, foamed plastic or the like; (2) a buoy
      or other article of manufacture having structure of the type of (1) above,
      in which the hollow element comprises a doughnut-shaped tube or tubes; (3)
      an article of manufacture as in (1) or (2), in which the hollow element
      comprises blown glass or metal and is permanently sealed; and (4) an
      article of each of the above types, comprising foamed plastic within a
      doughnut-shaped tube and small helium balloons imbedded in the foamed
      plastic.
DRWD
PAR  The foregoing and other objects of the invention will be more fully
      apparent from the following detailed description of the invention and the
      accompanying drawings.
PAR  In these drawings:
PAR  FIG. 1 is a plan view of one form of the hollow element of the article;
PAR  FIG. 2 is a sectional view from a median plane thru one form of the
      invented article;
PAR  FIG. 3 is a view similar to FIG. 2, showing thinner tube material and a
      polygonal exterior;
PAR  FIG. 4 is a sectional view from a median plane thru a second form of the
      invented structure;
PAR  FIG. 5 is a sectional view similar to FIG. 4, showing an article of the
      general type of FIG. 4, fitted on a cylindrical element;
PAR  FIG. 6 is a sectional view of an article similar to that of FIG. 4,
      comprising a blown-glass tube;
PAR  FIG. 7 is a sectional view of an buoy, central buoy part, or other of
PAR  FIG. 8 is a view similar to FIG. 7 showing the article of FIG. 7 as having
      a blown-glass hollow element;
PAR  FIG. 9 is an end elevational view of the unit of FIG. 7 (or of FIG. 8),
      showing an optional end-view configuration of the article of FIG. 7 or
      FIG. 8;
PAR  FIG. 9A is an elevational view of a buoy having an upright central portion
      projecting above a disk-like part;
PAR  FIG. 10, on a reduced scale from that of FIGS. 2 to 6, is a sectional view
      from a median plane thru another form of the buoy or similar article;
PAR  FIG. 11 is a sectional view of a gas-containing cylinder or ball; and
PAR  FIG. 12, similar to FIG. 11, illustrates the plastic-surrounded hollow
      element as a glass cylinder or ball.
DETD
PAR  In each of its forms the invention comprises: waterproof skin means 1
      (preferably a coating of rubber, rubber cement or paint); a hollow
      element; gaseous material, comprising gas (for example helium or air) or
      optionally gas-cell-containing foamed plastic inside the hollow element;
      and foamed plastic, 2 to 7, which flanks and protects the hollow element.
PAR  The light-weight, gas-containing hollow element preferably comprises dense,
      integral, strength-providing material that is sufficiently thick, as shown
      in FIGS. 2, 6, 7 and 8, to be substantially strong and resistant to
      breakage or bending. The tube is substantially impermeable to gas, and
      preferably is hermetically and permanently sealed. Thus no gas can escape
      from the hollow element, and it is serviceable for a very long period of
      time. Its material may be blown glass or other material that is
      sufficiently pasty when heated to be blown into the desired shape within a
      mold. This material is preferably glass, which may be blown in accordance
      with the method set forth in the present inventor's U.S. Pat. No.
      3,503,825. But optionally the hollow element may comprise other types of
      walls that are thin and light in weight, optionally non-extensible or
      expansible, preferably impermeable or nearly impermeable to gas. The
      material of these optional walls may be: die-pressed thin sheet metal or
      dense plastic; fiber-reinforced dense plastic or rubber that is only
      slowly permeable to gas; die-pressed sheets of thin metal, hermetically
      joined at junctions of the sheets' edges by bonding material; thin, molded
      or die-formed aluminum, aluminum alloy, very thin iron, steel or copper;
      balloon cloth (nylon or the like), heavily coated and impregnated with
      rubber or other plastic, preferably of the dense type, substantially
      impenetrable to gas.
PAR  When the hollow element is metal or dense plastic that is practically
      impermeable to gas it may be inflated with air or lighter-than-air gas
      such as helium, optionally at a pressure that is well above that of the
      atmosphere -- for example, of 10 pounds per square inch, and then the
      inflation hole, tube or valve is permanently sealed. This sealing may be
      by application of epoxy glue or by welding, brazing, soldering, or fusing
      if a type of plastic is used that is meltable by heat. If the tube is
      integrally made, for instance by the molding method of the present
      inventor's U.S. Pat. No. 3,503,825, it is hermetically sealed in a step of
      this method.
PAR  Another example of a method of making the doughnut-shaped tubes comprises
      the following steps: (1) die-stamping or molding two equal, half-tube
      parts, each having an annular flange around its radially outer edge and
      another concentric annular flange around its radially inner edge; (2)
      placing the flanges one above the other to form the doughnut-shaped ring;
      (3) hermetically uniting the contacting faces of the flanges, except a gas
      inlet (an inflation hole or little pipe or valve tube), by welding,
      brazing, soldering, fusing of plastic, or epoxy cement; (4) inflating the
      tube with the selected gas (or with gas-cell-containing foam plastic); and
      (5) sealing the inflation inlet by bonding material or fused plastic.
PAR  Another optional type of the doughnut-shaped tube is made, somewhat like an
      automobile tire tube, by molding it of resilient synthetic or natural
      rubber; but unlike a tire tube, its valve tube, in each of the forms of
      the invention, optionally may be located not at the doughnut-like hole,
      but instead in the sidewall or in the radially outer wall of the tube. In
      FIGS. 1 and 10 these inflation inlets 8 are shown in sidewalls of the
      curved-axis tubes. The valve or other gas inlet 8A of FIG. 3 or FIG. 4 is
      shown as optionally in a radially outer portion of the tube; and in FIG. 5
      the valve 8B is in an interior portion of a tube's walls; but in these
      figures also, the inlet optionally may be in any one of these three
      positions. When the article is a life buoy the inlet tube, if any, is
      preferably in a sidewall or in the radially outer wall of the
      doughnut-shaped hollow element.
PAR  FIG. 1 illustrates a doughnut-shaped or toroidal hollow element 9 before
      foamed plastic is molded or otherwise formed to flank it. Although the gas
      inlet 8 (as well as 8A and 8B may be a valve) it preferably is a mere
      tube, which may be sealed after formation of the hollow element by melting
      or epoxy-puttying and clamping together the inlet-tube walls, welding them
      together, hermetically sealing the hollow element. When it is of glass,
      blown in a mold by a common glass-blowing method, the tube 8 is fairly
      large, and provides the neck thru which air (or helium) is blown; but when
      it is of die-stamped and welded-together metal halves the inlet 8 is
      preferably a valve, permanently sealed over after forcing compressed gas
      into the hollow element, by solder, welding, epoxy or the like.
PAR  The doughnut-shaped hollow element 10 of FIGS. 2 and 6 and the cylindrical
      or spherical hollow element 12 of FIGS. 7, 8, 11 and 12 are shown as
      optionally being of relatively thick and strong wall material, resisting
      breakage or bending of the tube -- for example of blown glass or
      die-stamped metallic halves; but the tubes 14 of FIGS. 3 to 5 and 10 are
      shown as optionally being of very thin material -- for example very thin
      steel, aluminum alloy, or thin, dense plastic. When the hollow element is
      of glass its walls preferably are fairly thick as illustrated in FIGS. 6
      and 8; but in each of the disclosed inventive forms they optionally may be
      either fairly thick or thin, depending on the desired strength of the
      article and its material.
PAR  The gaseous material that is inside the hollow element optionally may have
      a pressure well above that of the atmosphere. This material optionally may
      be air or heavier-than-air gas, or gas-cell-containing foam plastic
      (substantially rigid or stiffly resilient and optionally under
      above-atmospheric pressure); but preferably it comprises lighter-than-air
      gas, such as helium or nitrogen, optionally pressurized.
PAR  Although in each of FIGS. 2 to 6, 9A and 10, the matrix material flanking
      the hollow toroidal tube may be very light-weight concrete, comprising
      epoxy or Portland or other cement and very light-weight aggregate (e.g.,
      expanded shale or shredded or ground plastic), it preferably is foamed
      plastic (optionally resilient but preferably substantially rigid). When,
      as in FIGS. 9A and 10, this filler material is in the central space of a
      doughnut-shaped tube, helium or other lighter-than-air balloons 16 (FIG.
      10) are preferably imbedded in the foamed plastic or light-weight
      concrete.
PAR  In each of the disclosed articles the space at the center of the curved
      tubular means optionally may be: (1) filled with foam plastic or concrete
      optionally comprising balloons as in FIG. 10; or (2) hollow and open from
      top to bottom, as in the configuration of a presently common life buoy
      (the articles of FIGS. 2 to 6 optionally may be in this configuration) or
      their central spaces may contain foamed plastic and imbedded in this
      plastic, an optionally small diameter cylinder (open at its top and
      optionally capable of holding rain water) or a buoyant element like that
      of FIG. 7 or FIG. 11).
PAR  FIGS. 7 to 9, 11 and 12 illustrate an article of manufacture that may be
      utilized as an element to fill the central space of the buoy or the like
      of FIGS. 2 to 6, or used for other purposes (for example, as a balloon,
      ball, toy, spar buoy comprising also an anchor chain, a buoyant cable, or
      other buoyant device). FIG. 11 may be considered as a cross section of the
      elongated article of FIG. 7 or 8 or of a spherical article; when
      cylindrical or spherical, it may have dimensions to fit within and be
      glued to inner surfaces of the ring of each of FIGS. 2 to 6 that are
      adjacent to a central space. The buoy illustrated in FIG. 9A includes a
      central upright part, projecting upward from a disk-like lower portion.
      This part may comprise only the upper portion of a strong, elongated tube
      12 or, as illustrated, such a tube that is sheathed by the foamed plastic
      6, preferably having flat ends, 18. A preferable method of making this
      buoy of FIG. 9A comprises the following steps: (1) the doughnut-shaped
      tube 14 is placed in the bottom portion of a two-part mold; (2) the
      balloons 16 (if used) are placed within and near the outer periphery of
      the upper mold part; (3) the elongated element (the tube 12 or this tube
      and its envelope 6) is vertically placed in the bottom mold part and the
      upper part of the mold is positioned over and fastened to the bottom mold
      part, holding the elongated element in upright position and holding the
      optional balloons between the upright element and the tube 14; (4) mixed
      foamed-plastic liquids are inserted thru a temporarily sealable hole in
      the mold; and (5) after the plastic has set the completed article is
      removed from the mold.
PAR  The upright element projects sufficiently above the lower portion of the
      buoy for a survivor on the article to hold to the cylinder for aid in
      staying on the buoy in rough weather. The central upright part also serves
      as an upper buoyant element, which tends to prevent capsizing of the buoy,
      loaded on the top surface of its disk-like portion.
PAR  In FIG. 5 the central cylindrical element 20 optionally may terminate at
      the level of the top and bottom of the foamed-plastic sheath 4. Or it may
      project above the level of the top of the sheath, in which event it
      optionally is of smaller diameter than that indicated in FIG. 5, serving
      like the central element of FIG. 9A as a holding means for a survivor on
      the lower disk-like part of the buoy, and when optionally open at its top
      and closed at its bottom serving also to collect and hold rain water for
      drinking.
PAR  Within the scope of the following claims, changes in the specific disclosed
      structure may be made. For example, the tubular means 12 may comprise a
      plurality of sealed, coaxial cans, containing gaseous material, having
      their contiguous ends fastened together by bonding material.
PAR  In the claims, unless otherwise qualified, the term "skin means" refers to
      paint, or a coating of plastic, or an envelope of fabric, plastic, or the
      like or a plurality of skins that are joined; and the word "plastic" means
      any type of natural or synthetic rubber or other plastic.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hollow article of manufacture, including:
PA1  a unitary, toroidal, blown tube of thermoplastic material which is heated
      and blown into a desired hollow toroidal shape, the said tube having
      integral, solid walls of strength-providing thickness, capable of
      substantially resisting its breakage or bending;
PA1  the walls being of sufficient thickness and rigidity to allow the tube to
      independently house and support a gas substantially permanently sealed
      inside said toroidal tube;
PA1  a matrix of porous shape-holding material, encompassing said toroidal tube,
      extending outward of the tube and protecting it from shock; and
PA1  waterproof skin means, sheathing the said porous material.
NUM  2.
PAR  2. An article as set forth in claim 1, comprising a buoy, in which said
      thermoplastic material is blown glass.
NUM  3.
PAR  3. An article as set forth in claim 1, comprising a buoy, in which: said
      thermoplastic material is solid glass that is breakable under major shock;
      and the porous material of said matrix is porous plastic, protecting the
      glass tube from breakage.
NUM  4.
PAR  4. An article as set forth in claim 1, further including a sealed blowing
      tube via which said thermoplastic material has been gas-blown, extending
      from said tube into said matrix.
NUM  5.
PAR  5. An article as set forth in claim 1, comprising a buoy, further
      including: a cylinder of waterproof material, located inside and centrally
      of said toroidal tube; part of the porous material of said matrix lying
      between portions of said tube and cylinder and in contact with the
      cylinder.
NUM  6.
PAR  6. An article as set forth in claim 1, comprising a buoy, in which the said
      matrix includes a disk-like mass of porous, shape-holding material,
      located interiorly of and in contact with exterior surfaces of the said
      toroidal tube, and in which said article further includes a plurality of
      lighter-than-air balloons imbedded in said matrix, the said balloons
      comprising lighter-than-air gas and balloon skins filled with said gas.
NUM  7.
PAR  7. An article as set forth in claim 1, in which the porous material of said
      matrix comprises cement and light-weight aggregate.
NUM  8.
PAR  8. An article as set forth in claim 1, comprising a buoy, in which: the
      said matrix is substantially rectangular in exterior outline and has
      lighter-than-air balloons imbedded in it; and the said skin comprises
      paint.
NUM  9.
PAR  9. A buoy, including:
PA1  a unitary, toroidal, gas-blown, hermetically-sealed tube of thermoplastic
      material that is blown into a desired hollow toroidal shape, the said tube
      having integral, solid, impermeable-to-gas walls of
      buoy-strength-providing thickness, capable of substantially resisting its
      breakage or bending;
PA1  the walls being of sufficient thickness and rigidity to allow the tube to
      independently house and support a gas substantially permanently sealed
      inside said toroidal tube;
PA1  a matrix of porous shape-holding material, encompassing said toroidal tube,
      extending outward of the tube and protecting it from shock and
      deformation; and
PA1  waterproof skin means, sheathing the said porous material.
NUM  10.
PAR  10. A buoy as set forth in claim 9, in which said thermoplastic material is
      blown glass.
NUM  11.
PAR  11. A buoy as set forth in claim 9, further including an upright hollow
      element located inside said toroidal tube, a portion of said element
      extending above said toroidal tube, adapted to be held by a person in
      water; part of the porous material of said matrix lying between portions
      of said tube and said element and in contact with said element.
NUM  12.
PAR  12. A buoy as set forth in claim 11, in which the said upright hollow
      element provides buoyancy above said toroidal tube and comprises a sealed
      gas-blown tube of thermoplastic material that is capable of being blown
      into a desired hollow shape.
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PAL  An essentially all-plastic lightweight buoy is ideally suitable for use as
      a lighted discrepancy buoy. It is resistant to sinking due to damage from
      water traffic, floating debris or firearms. The buoy is virtually
      maintenance-free. It features a relatively large disc-like flotation body
      having a dependent free flooding ballast tube which carries mooring
      elements. A vented plastic battery housing is provided on the body of the
      buoy above the ballast tube. An elevated lantern support and leg structure
      is also secured to the flotation body as a rigid unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An urgent need exists for lightweight durable buoys which are much more
      economical to manufacture than existing available types. Ideally, the buoy
      should be virtually maintenance-free, unsinkable and highly resistant to
      damage caused by floating debris and water traffic. Most importantly, the
      buoy should be capable of being launched and retrieved by one man instead
      of the customary crew of three or more required to handle existing types
      of buoys. The plastic buoy must be capable of the same service, or better
      service, than conventional types and at lower cost.
PAR  By way of comparison with a well-known type of buoy widely in use, namely,
      the aluminum fiberglass Alerp buoy, the following statistics may be noted.
PAR  In an equivalent size for the same purpose, the aluminum fiberglass buoy
      costs an average of $550, compared to $350 for a plastic buoy constructed
      according to the invention.
PAR  The cost of maintenance of the buoy embodying the invention is reduced
      approximately 95 per cent compared to the maintenance cost for the
      aluminum fiberglass type. This conventional type of buoy requires almost
      constant maintenance and repair, as a result of damage caused by collision
      with floating objects.
PAR  Based on actual durability testing of buoy types involving dropping the
      structures four feet onto solid concrete, the product of the invention
      sustained no noticeable damage while other types were seriously damaged.
      The average life of the invention buoy should be five years or longer,
      compared to one-half or less of this useful lifetime per other known
      types.
PAR  Flotation tests of the invention proved equally rewarding as the buoy
      remained upright and high-floating at all times, whereas the aluminum
      fiberglass buoy was submerged in a five knot current in a debris-filled
      Mississippi River test.
PAR  Other detailed features and advantages of the invention will become
      apparent during the course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  FIG. 1 is a perspective view of a buoy embodying the invention.
PAR  FIG. 2 is a side elevation thereof.
PAR  FIG. 3 is a top plan view of the buoy.
PAR  FIG. 4 is a bottom plan view thereof.
PAR  FIG. 5 is an enlarged central vertical section through the buoy.
PAR  FIG. 6 is an enlarged horizontal section taken on line 6--6 of FIG. 5.
PAR  FIG. 7 is an enlarged fragmentary horizontal section taken on line 7--7 of
      FIG. 5.
PAR  FIG. 8 is a fragmentary vertical section taken through a modified form of
      battery housing.
PAR  FIG. 9 is a fragmentary vertical section through a buoy flotation body
      equipped with lifting eyes.
PAR  FIG. 10 is a fragmentary vertical section through the flotation body
      showing a plastic foam filling opening and cover plate.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail, wherein like numerals designate like
      parts, a buoy is shown which is essentially of all-plastic construction
      except for certain hardware items, to be identified. The buoy comprises a
      preferably circular disc-like flotation body portion 20 having top and
      bottom shell or skin sections 21 and 22 formed of polyvinyl chloride (PVC)
      or acrylonitrile butadiene styrene (ABS). Such materials are very tough,
      abrasion-resistant, and resistant to impact. They are also effected only
      slightly by the weather elements and most chemicals.
PAR  As shown, the body portion 20 bounded by the shell sections 21 and 22 has
      parallel flat top and bottom faces and rounded annular shoulders 23 above
      and below a short axial cylindrical section formed by a lapped annular
      solvent welded joint 24 between the two shell sections. The interior space
      between the shell sections 21 and 22 is filled with polyurethane rigid
      plastic foam 25, or equivalent material, and a fill opening 26, FIG. 10,
      for this material is provided in one of the shell sections and is
      subsequently closed by a small solvent welded cover plate 27.
PAR  A ballast or stabilizing tube 28 formed of PVC or the like is received
      centrally and coaxially in an opening formed through the flotation body
      portion 20. At its top and bottom, the shell components 21 and 22 are
      recessed as at 29 to receive reinforcing rings 30 of PVC or equivalent
      material. These elements snugly embrace the upper end portion of tube 28
      and the tube is cemented within the rings 29 and intervening opening 31
      formed through the rigid foam core. In this manner a very secure joint or
      bond is produced between the flotation body 20 of the buoy and its ballast
      tube 28.
PAR  The lower end of tube 28 is covered by a cap 32 telescoped thereon and
      solvent welded thereto. This cap is apertured at 33 so that the tube 28 is
      free flooding and free draining. Any suitable ballast may be placed in the
      tube 28 and will be retained therein by the cap 32. Such ballast may be
      any heavy object, such as chain, window sash weights or concrete chunks.
PAR  Preferably three circumferentially equidistantly spaced U-shaped mooring
      bails 34 are rigidly secured in vertical planes to the central tube 28
      somewhat below the body portion 20. The metal bails 34 are secured within
      openings in the tube wall by stainless steel nuts and split lock washers.
      The bails themselves are preferably formed of brass. Other forms of
      mooring elements may be employed in some cases.
PAR  As shown in FIG. 9, the flotation body portion 20 will normally be equipped
      near its periphery with plural circumferentially spaced lifting eyes 35
      firmly anchored to the body portion as illustrated.
PAR  A suitable storage battery 36 for a buoy light or lantern 37 is mounted on
      the body portion 20 centrally and adjacent to the top of tube 28. This may
      be a 12 volt automotive-type battery or several dry cell batteries in a
      cluster. The battery is secured by a strong hold-down strap 38 whose
      opposite ends are attached to fixed brackets 39 secured to shell 21 with
      cemented rivets, not shown. A plastic battery box or housing 40 covers the
      battery 36 and the hold-down strap and may be bolted to the body portion
      20 as indicated at 41. Alternatively, as shown in FIG. 8, the battery
      housing 40 may be equipped on one side with a plastic hinge 42 adjacent to
      a mounting flange 43 which is solvent welded to the shell 21. The opposite
      side of the battery housing is then secured by threaded fasteners as
      indicated at 44.
PAR  The battery housing 40 has a pair of vent chambers 45 on opposite sides
      thereof having downwardly facing air vent ports 46 which admit ventilating
      air while excluding water from the housing.
PAR  The buoy further comprises an elevated support for the electric lantern 37
      which may be of a conventional type. The support consists of four
      generally vertical legs 47 formed of PVC tubing or equivalent material
      which converge somewhat toward their upper ends. The lower ends of these
      legs are socketed into plastic pipe flanges 48 which rest in premolded
      recesses in the top of body portion 20. The flanges 48 are cemented into
      these recesses and the legs 47 are cemented to the flanges. The battery
      housing 40 lies inside of the upper support structure symmetrically or in
      centered relation, as shown in the drawings.
PAR  The tops of the legs 47 are socketed securely and cemented within corner
      socket elements 49 of an upper enclosure 50, which is box-like and
      downwardly open. The enclosure 50 has a top wall 51 which directly
      supports the electric lantern 37 having a flange 52 bolted thereto. In
      addition to supporting the lantern, the box-like enclosure 50 is very
      rigid and serves to stabilize the support legs 47, and is very
      lightweight.
PAR  As depicted in FIG. 6, aluminum radar reflector panels 53 are placed on the
      interior faces of the side walls 54 of enclosure 50. These reflector
      panels are clamped in place by interior plastic plates 55 held to the
      walls 54 by rivets 56.
PAR  The electrical cable between the battery 36 and lantern 37 is indicated by
      the numeral 57, and this cable is passed through one of the tubular legs
      47 as shown in the drawings to protect it from damage. Preferably a nylon
      stuffing tube is provided for cable entry into the battery housing 40.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A buoy comprising a substantially flat disc-like flotation body portion
      which is relatively thin axially and wide laterally and symmetrical about
      a central axis, said flotation body having a central axial bore formed
      entirely therethrough, a depending elongated ballast tube having an upper
      end portion fixedly anchored within said bore and terminating
      substantially at the top surface of said flotation body portion and
      extending for a substantial distance below said body portion to stabilize
      the buoy in a normal upright position, a battery housing centrally
      disposed on the top face of said flotation body portion immediately above
      and covering the top of said ballast tube, and a centrally disposed
      elevated light support for the buoy mounted on and extending substantially
      above the flotation body portion, said light support comprising paired
      generally vertical legs rising from said flotation body portion and having
      lower ends anchored to the top of said body portion, said legs
      symmetrically arranged about the central axis of the buoy, and a box-like
      reinforcing and interconnecting cap for the tops of said legs including
      corner substantially tubular sockets receiving upper end portions of the
      legs and secured thereto, whereby said cap rigidly braces all of the legs,
      said cap having a top wall forming a mounting seat for a light means.
NUM  2.
PAR  2. The structure of claim 1, and a battery hold-down means on the top of
      the flotation body portion beneath said battery housing, said battery
      housing being open in its bottom to fit over and enclose a battery and
      said hold-down means, and said battery housing having vent opening means.
NUM  3.
PAR  3. The structure of claim 1, and mooring elements secured to said ballast
      tube and spaced below the bottom of said flotation body.
NUM  4.
PAR  4. The structure of claim 1, and said central axial bore of said flotation
      body portion recessed at the top and bottom faces of the body portion, and
      reinforcing rings in said recesses surrounding and engaging said ballast
      tube in axially spaced relation adjacent the top and bottom of said body
      portion.
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ABST
PAL  A life-saving device, such as a life vest or safety vest, comprising two
      superimposed flexible sheet members sandwiching a number of buoyancy or
      float members therebetween. The buoyancy members are positioned in
      transversely extending pockets and are preferably sealed hollow
      cylindrical bodies made from plastic material. The life-saving device
      preferably shows a substantially rectangular outline and a neck opening so
      that it may be worn like a cape with a front part which may be positioned
      either in an extended hanging position, or in a position in which it is
      folded and arranged in front of the user's breast.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to a life-saving device, such as a life vest
      or safety vest.
PAR  2. Description of Prior Art.
PAR  The known life-saving devices of the type adapted to be worn by an
      individual user may be divided into three general main groups, namely the
      type wherein a light, porous and flexible material, such as foamed plastic
      material or fibrous material, is used as buoyancy means, the type having a
      number of relatively rigid float bodies, and the inflatable type. A life
      vest or life jacket of the first mentioned type may be relatively
      comfortable to use, but most of them are not effective in keeping the head
      of an unconscious user above the water surface, and furthermore, these
      prior art life-saving devices loose their effectiveness in case the cover
      enclosing the buoyancy means is punctured. The known life vests of the
      inflatable type are comfortable to wear in their uninflated condition, but
      they also become ineffective if punctured. Life vests or safety vests of
      the type having relatively stiff float members are the most reliable.
      However, they are very uncomfortable to wear so that yachtsmen and other
      persons who ought to wear safety vests as a precaution are tempted not to
      do so.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a life-saving device of the type to be
      worn by an individual user and comprising a flexible breast portion
      adapted to be positioned on the user's breast, said breast portion
      including a flexible sheet material and a number of buoyancy or float
      members arranged thereon, a lower part of said device being adapted to
      depend in front of the user's stomach and thighs in a first position and
      to be folded up in front of the user's breast in a second position, said
      lower part having means for securing the same in said second position.
PAR  The life-saving device may be formed as a cape having a neck opening and
      may be foldable along a relatively high number of transversely extending
      lines or zones between the float members and thus almost have form of an
      articulated belt or band. Therefore, when the said lower part of the
      device is in its hanging, first position the device according to the
      invention does not hamper the movement of the user to any substantial
      extent even when he doubles himself up. In case a dangerous situation
      occurs the user may move the said lower part of the device to its folded
      second position in front of the user's breast and fasten it in that
      position. Thereby the center of buoyancy is moved upwardly and nearer to
      the head of the user so that -- if he falls into the water -- his face
      will be kept better above the water surface even if he is unconscious. It
      is understood that by means of the life-saving device according to the
      invention it is possible to obtain a rather high buoyancy effect with an
      advantageously positioned buoyancy center, and despite of this the
      life-saving device is relatively comfortable to wear when the said lower
      part thereof is in the said first position in front of the user's stomach
      and thighs.
PAR  The buoyancy or float members may be fastened to the flexible sheet
      material in any suitable manner. Preferably, the buoyancy of float members
      are arranged in pockets or chambers defined between two oppositely
      arranged flexible sheet members whereby a reliable and simple fastening of
      the float members is obtained. These pockets or chambers may
      advantageously be defined between substantially equidistant, transversely
      extending seams connecting the sheet members together. Thereby an
      especially simple embodiment is obtained which may be produced very
      rationally as explained more in detail in the following. It should be
      understood that the said seams may be made in any suitable manner, for
      example by sewing, heat-sealing, or glueing.
PAR  The buoyancy members or float members are preferably shaped as circular
      cylinders, and they may then be arranged rather close to each other and
      separated only by relatively narrow seams or zones without preventing
      bending or folding of the device along these zones. The buoyancy or float
      members may be made from any of the traditionally used materials, e.g.
      foamed plastic material. An improved buoyancy is, however, obtained by
      using hollow sealed bodies of plastic material. Such hollow bodies of
      plastic have previously not been commonly used, because they become
      completely ineffective in case they are accidentally punctured. In the
      device according to the invention that risk is of less importance because
      the life-saving device according to the invention may contain a relatively
      large number of separate float members so that puncturing of one or a few
      of the float members will not reduce the efficiency of the device to any
      substantial degree.
PAR  The safety device according to the invention may comprise means for
      fastening an intermediate portion thereof to the user's waist and means
      for fastening the free end of the lower part of the device to the user's
      neck when the device is folded in front of the user's breast. The neck
      fastening means may for example have form of a loop which may easily be
      passed over the head of the user even when he has already falled into the
      water. Both when the life-saving device according to the invention is worn
      with its lower part hanging freely down and when the device is worn in a
      folded position as just explained the user's freedom of movement may be
      still improved by arranging the buoyancy or float members substantially
      symmetrically in relation to the longitudinal center line in such a manner
      that the life-saving device is bendable or foldable along that center
      line.
PAR  In general the life-saving device according to the invention may have any
      suitable outline. However, the device or safety vest has preferably a
      substantially rectangular or a similar elongated shape.
PAR  The present invention also relates to a method for producing a life or
      safety vest, said method comprising superimposing two webs of flexible
      sheet material, fastening said webs together along transversely extending
      seams so as to define tansverse pockets or chambers therebetween, cutting
      elongated sections from said webs along transverse cuts, cutting a neck
      opening in each of said sections, positioning buoyancy or float members in
      said transverse pockets, and providing each of said sections with
      fastening means for fastening the same to a user. The neck openings may be
      cut before, after, or simultaneously with the cutting of the respective
      elongated section from which a safety vest is being formed. The buoyancy
      or float members are preferably placed in the transverse pockets after
      forming of the same before or after cutting of the respective elongated
      section from the superimposed webs, and the pockets or chambers defined
      between the transverse seams may then be totally closed by a subsequent
      sealing operation. However, it is also possible to position the buoyancy
      or float members in the desired pattern sandwiched between the
      superimposed webs before they are fastened to each other along zones not
      being overlapped by the buoyancy or float members. It is understood that
      by the method according to the invention it is possible to produce a life
      or safety vest in a very rational and economic manner suitable for mass
      production.
PAR  According to the invention one or more of the transverse pockets or
      chambers transversely aligned with the neck opening may be left free of
      buoyancy or float members in order to provide a transversely extending
      flexible zone adapted to be supported by the shoulders of the user and
      thus forming a boundary between front and back portions of the vest. The
      provision of such thin flexible shoulder zones makes the vest more
      comfortable in use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described more in detail with reference to the
      drawings wherein
PAR  FIG. 1 shows an embodiment of the life vest or safety vest according to the
      invention,
PAR  FIG. 2 shows in enlarged scale a fragment of the safety vest shown in FIG.
      1,
PAR  FIG. 3 shows a pilot wearing the safety vest, and
PAR  FIG. 4 shows the pilot lying in the water in an unconscious condition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The life vest or safety vest shown in FIG. 1 is made from two substantially
      rectangular sheet members 10 of a waterproof film or fabric material which
      is sewn, heat-sealed or in any other manner fastened to each other along a
      number of substantially equidistant, transversely extending seams 11
      defining a number of substantially parallel, elongated, transverse
      chambers or pockets 13. Each of these pockets receives two cylindrical,
      hollow float members or bodies 14 spaced in such a manner that a
      longitudinally extending flexible zone 15 is formed along the longitudinal
      center line of the vest. The pockets or chambers are closed by edge seams
      12. The safety vest also has a transversely extending flexible zone 16
      formed by one or more empty chambers or pockets 13 dividing the vest into
      a relatively long breast portion intended to be positioned in front of the
      breast of a user, and a relatively short back portion intended to engage
      the back of the user or the back of his head. A neck opening 19 is cut at
      the central portion of the transversely extending zone 16, and in the
      embodiment shown the neck opening comprises a slit 20 extending a short
      distance along the longitudinal center line of the vest. It is understood
      that when the vest is worn by a user the transversely extending zone 16
      will be supported by the shoulders of the user.
PAR  When a user puts on the life or safety vest shown in FIG. 1 he passes his
      head through the neck opening 19, 20 and positions the vest in such a
      manner that the transversely extending zone 16 engages his shoulders as
      just described. The back portion 18 hangs down along the user's back like
      a sailor's collar whereas the breast portion 17 covers his breast with its
      lower free end portion hanging down in front of the user's thighs. The
      user now fastens the vest to his body by means of a waist strap or band 21
      and a buckle 22 or a similar fastening device, and closes the slit 20 by
      means of closing members 23 arranged at the upper end of the slit. When it
      is important that the user of the life or safety vest has his full freedom
      of movement the vest may be worn in the manner described with the lower
      free end portion of the breast portion 17 hanging freely like an apron 24.
      FIG. 3 shows an example where a pilot wears a safety or life vest of the
      type shown in FIGS. 1 and 2. In that case it is important that the vest
      does not hamper the pilot's movements or fill so much that the backward
      and forward movements of the control column is prevented or hampered. If
      the risk that the user of the vest falls into the water is increased, or
      in case he has already fallen into the water the breast portion 17 is
      bended or folded along one of the transverse seams 11 adjacent to the
      waist strap 21, and a loop 25 fastened to the free end of the breast
      portion 17 or apron 24 is passed over the head of the user. Thereby the
      position of the boyancy center will be such that the user will
      automatically be placed with his face upwards and his head above the water
      surface even if he is unconscious. That situation is illustrated in FIG.
      4. It is noted that the back portion 18 will place itself under the back
      of the user's head like a pillow and thus tend to push the head forwards
      and up from the water surface.
PAR  It should be understood that the embodiment shown on the drawings may be
      modified in various respects within the scope of the present invention.
      Thus, for example the boyancy or floating members which may be made of any
      suitable material such as foamed plastics, need not have a circular cross
      section but may have any other cross-sectional shape such as triangular,
      rectangular, or trapezoidal. Even though it is advantageous from a
      manufacturing point of view, the pockets or chambers 13 and the float
      members 14 received therein need not necessarily all be of the same size
      or shape. It should also be noted that the life or safety vest need not
      have a rectangular outline as shown on the drawings. For example, the
      corners of the vest may be rounded, or the vest may have any other
      suitable elongated outline. Furthermore, the slit 20 may extend down to
      the lower free end of the breast portion 17, and the closing members 23
      may then for example be replaced by a zip fastener.
CLMS
STM  I claim:
NUM  1.
PAR  1. A life preserver comprising:
PA1  a flexible apron-like portion, a substantially shorter flexible
      head-supporting portion, and a flexible intermediate region intermediate
      said portions, said portions having two rows of transversely extending
      elongated narrow longitudinally spaced pockets along the entire length
      thereof, said pockets in said two rows being laterally disposed and
      laterally spaced in end-to-end relationship and being axially spaced from
      each other sufficiently to define therebetween a flexible central region
      of each of said portions, said flexible intermediate region having a head
      receiving opening for receiving the head of a user therein, said
      head-supporting portion overlying the shoulders of said user when in use
      out of the water and said apron-like portion overlying the chest of the
      user when in use and extending below the waist of said user down to his
      thighs out of the water;
PA1  a plurality of generally cylindrical buoyant members each in a respective
      one of said pockets to impart buoyancy to said portions, said apron-like
      portion being flexible for flexing at intervals between said pockets
      containing said buoyant members for conforming in shape to the body of
      said user when said user changes position or posture out of the water and
      for being reversibly foldable at about the waist of said user to allow the
      reversely folded part to be selectively positioned overlying that part of
      said apron-like portion overlying the chest of the user, said
      head-supporting portion being flexible for freely floating away from said
      user's shoulders in the water and for underlying and supporting said
      user's head above the water; and
PA1  means for holding the reversely folded part in a folded condition overlying
      that part of said apron-like portion overlying the chest of the user.
NUM  2.
PAR  2. A life preserver according to claim 1, in which said flexible central
      region comprises a slit extending from said opening and terminating
      remotely from the end of the panels remotest from said opening, and
      including means to selectively close and open said slit.
NUM  3.
PAR  3. A life preserver comprising:
PA1  two opposed generally elongated, rectangular panels of flexible material
      having a major longitudinal dimension and a minor transverse dimension and
      secured to each other along the boundary thereof, a plurality of
      transverse substantially equidistantly spaced seams of said panels
      defining two rows of transversely extending narrow and elongated
      longitudinally spaced pockets defined by the opposed panels and extending
      transversely of the major dimension of said panels, said pockets in said
      two rows being laterally disposed and laterally spaced in end-to-end
      relationship and being axially spaced from each other sufficiently to
      define therebetween a flexible central region extending longitudinally the
      entire length of said opposed panels, said panels having a transverse zone
      closer to one end of the major dimension of said panels and having an
      opening for receiving therethrough the head of a user, said flexible
      central region comprising a slit extending from said opening and
      terminating remotely from the end of the panels remotest from said
      opening;
PA1  a plurality of generally cylindrical buoyant members, ones of said buoyant
      members disposed in respective ones of the pockets between said transverse
      zone and said end to define a flexible buoyant head-supporting portion
      overlying the shoulders of the user when in use out of the water and for
      freely floating away from the user's shoulders when in use in the water to
      underlie the user's head and support it above the water, the remainder of
      said buoyant members disposed in respective ones of the pockets between
      said transverse zone and the other end of the major dimension of said
      panels to define a flexible buoyant apron-like portion overlying the chest
      of the user, said panels having a length whereby said apron-like portion
      extends below the waist of the user to the thighs of the user when in use
      out of the water, said apron-like portion being flexible for flexing at
      intervals between said pockets containing said buoyant members for
      conforming in shape to the body of the user when the user changes position
      or posture out of the water and for being reversibly foldable at about the
      waist of the user to allow the reversely folded part to be selectively
      positioned overlying that part of the apron-like portion overlying the
      chest of the user;
PA1  means for holding the reversely folded part in a folded condition overlying
      that part of the apron-like portion overlying the chest of the user; and
PA1  means for selectively closing and opening said slit.
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ABST
PAL  The specification discloses a method of making a male, screw-forming
      member, i.e., a member which forms a screw thread in a plain hole without
      cutting. The shank of the member is threaded and has three portions, a
      first portion of constant, circular cross section, a generally conical
      second portion of lobular cross section at the free end of the shank and a
      third portion of lobular cross section interposed between the first and
      second portions. The arrangement of the portions is such that the third
      portion forms a thread, in a plain hole of appropriate diameter, of
      greater effective diameter than the effective diameter of the thread on
      said first portion. The member is made by first threading the shank and
      then deforming the second and third portions to lobular cross-section.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of our application Ser. No. 59,333, filed
      July 29, 1970, the latter application being a continuation of our
      Application Ser. No. 760,924, filed Sept. 19, 1968 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  There are two main types of such members. The first type cut a thread in a
      hole into which they are driven with the production of swarf and chips.
      The second type, which is the type with which the present invention is
      concerned, form or roll a female thread in a plain hole into which they
      are driven by displacement of the material in which the hole is formed and
      without the production of swarf or chips. Such members will hereinafter be
      referred to as "screw-forming" members.
PAR  2. Description of Prior Art
PAR  Various designs of such screw-forming members are at present in use or have
      been described in patent literature.
PAR  One such design has a cylindrical threaded shank with a tapered free end
      portion to form the female thread and the forming torque required, i.e.,
      the torque required to drive the member into the hole to form the thread,
      is comparatively high.
PAR  Another design differs from the foregoing in having a series of
      circumferentially spaced flats on the tapered free end portion, such flats
      providing relief portions and thus reducing the forming torque required as
      compared with said one design. With said design, since the flats are on
      the taper their effectiveness in providing relief decreases progressively
      as the member enters the hole and binding between the flanks of the male
      and female thread progressively increases. The flats interrupt the thread
      form on the tapered free end portion so that between each adjacent pair of
      flats there is a threaded rib. As the member progresses into the hole, the
      crest of a threadturn on the leading edge of one rib interferes with the
      root of the female thread formed by the preceding thread rib causing
      binding and the possibility of cutting and the production of swarf.
PAR  In a further design the tapered free end portion of the shank is of lobular
      cross section as distinct from being of circular cross section with or
      without flats. The free end portion of the shank is formed to lobular
      cross section before it is threaded. The lobular cross section provides
      lobes which form the female thread and relief portions between the lobes.
      In the relief portions the female thread is totally relieved, i.e., on
      root, flanks and crest as compared with said other design with flats where
      as the member enters the hole, the flats give progressively less relief on
      the root and flanks of the female thread. Such further design has a
      desirably low forming torque.
PAR  Between the tapered free end or forming portion such members have a portion
      of thread which is considered to be a holding portion which, when the
      member is tightened, distorts with the female thread to hold the member
      tight. Some members have this holding portion of lobular cross section and
      this limits the stripping strength of the member since the engagement and
      distortion of the male and female threads on tightening is limited to
      areas provided by the lobes of the male threads. It is desirable to
      provide a holding portion of cylindrical cross section so that the maximum
      area of engagement of the male and female threads is obtained on
      tightening.
PAR  Such members usually form a female thread wherein the radial distances
      between the longitudinal axis of the shank and the roots and crests of the
      thread are substantially the same as the similar radial distances of the
      roots and crests respectively of the thread on the holding portion of the
      member. Where the holding portion is cylindrical this will be so
      throughout the whole of each thread turn but where the holding portion is
      of lobular cross section it will only be true of the male thread on the
      lobes.
PAR  However, in either case there is binding between the male thread on the
      holding portion and the formed female thread and when driving the member
      into the hole it is necessary to apply torque to overcome this binding in
      addition to the torque required to form the thread. The further the member
      penetrates into the hole the greater will be the total torque required
      since the torque required to overcome the binding will increase. In
      practice it is necessary to limit the total torque and this is achieved by
      specifying, for a given member, a greater diameter of starting hole the
      greater the required depth of penetration of the member. Obviously the
      greater the diameter of the hole the more truncated is the female thread
      produced therein thus reducing the total torque by reducing both the
      forming torque and the torque to overcome binding. The more truncated the
      female thread the less is the stripping strength of the fastening provided
      by the male and female members. In practice the truncation of the female
      thread may reach 50%.
PAR  A screw-forming member has also been proposed which has at the free end of
      the shank a tapered portion and then a thread forming portion having a
      thread which is slightly larger than, but has the same root diameter as,
      the thread on the holding portion of the shank. This will give desirable
      clearance between the formed female thread and the thread on the holding
      portion. However, the thread forming portion is circular in cross-section
      and the thread forming torque will be high. Moreover it is necessary to
      provide extra metal at the thread forming portion of the shank to be able
      to provide at said portion a larger thread having the same root diameter
      as the thread on the holding portion and such a construction does not lend
      itself to modern production practice on solid-die, bolt-forging machines.
PAR  A screw-forming member of circular section has also been proposed which has
      a thread forming portion with a thread whose root and crest diameters are
      greater than the corresponding diameters of the thread on the holding
      portion. This member is intended for use in sheet metal and the
      thread-forming torque would be too high to use this member in deep holes.
PAR  Some designs of member have a change of core section from lobular to
      cylindrical between the thread forming and holding portions and some have
      a change of thread size between said portions. With such designs
      non-standard and expensive thread rolling dies are necessary and a
      different die or a different combination of dies is necessary for each
      thread length required.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is concerned with a simple and inexpensive method of making a
      screw forming member of the above form. The formation of a number of the
      screw forming members described in prior literature require the use of
      special thread-rolling dies and it is an object of the invention to
      provide a simple method of making a screw forming member without the use
      of such expensive and special dies.
PAR  According to the invention we provide a method of making a male,
      screw-forming member comprising; forming a blank with a shank having first
      and third-portions of substantially constant circular cross-section and a
      second portion at the free end of the shank and which tapers towards said
      end and has a generally conical surface, the third portion being
      interposed between the first and second portions; forming an intermediate
      product by forming a machine-screw thread of constant form on said shank
      and extending continuously from said free end onto said first portion,
      there being at least one complete turn of thread on said third portion;
      the crests of the thread on the first portion lying on a first imaginary
      surface which is generally cylindrical and co-axial with the shank; after
      the completion of the thread formation and as an operative separate
      therefrom, deforming said second and third portions of the threaded
      intermediate product by applying a radially inwardly directed force at
      positions spaced around the circumference of the blank by internally
      threaded dies, the sole relative movement between the blank and the dies
      being in a direction radially inwardly of the blank thus to move parts of
      the second and third portions inwardly relative to said axis to form
      relief portions with the consequent outflow of metal between such parts to
      provide a series of lobes each of which extends axially of the shank for
      the whole of the axial length of the second and third portions, the lobes
      being spaced circumferentially around the shank in axial alignment by the
      relief portions and being arranged such that; the crests of the thread on
      the lobes of the second portion have a second imaginary circumscribing
      surface which is generally conical, is coaxial with the shank and which
      tapers towards said free end; the crests of the thread on the lobes of the
      third portion have a third imaginary circumscribing surface which is
      generally cylindrical and co-axial with the shank; the radial distance of
      said third surface from the longitudinal axis of the shank is greater than
      the radial distance of said first surface from said axis; the roots of the
      thread on the first portion lie on a fourth imaginary surface and the
      roots of the thread on the lobes of the second and third portions lie on a
      fifth imaginery circumscribing surface, the fourth and fifth surfaces
      being cylindrical and co-axial with the shank; the radial distance of said
      fifth surface from the longitudinal axis of the shank being greater than
      the radial distance of said fourth surface from said axis; the crests of
      the thread on the axial relief portions of said third portion lie on a
      sixth imaginary inscribed surface, the roots of the thread on the axial
      relief portions of said second and third portions have a seventh imaginary
      inscribed surface, the sixth and seventh surfaces being generally
      cylindrical and coaxial with the shank; the radial distance of said sixth
      and seventh surfaces being less than the radial distances of the first and
      fourth surfaces from said axis respectively; and the crests of the thread
      on the axial relief portions of the second portion have an eighth
      imaginary inscribed surface which is generally conical, is coaxial with
      said shank and tapers to said free end; such that the thread on the lobes
      forms, in a plain hole of appropriate diameter, a female thread of a
      greater effective diameter than the effective diameter of the thread on
      said first portion.
PAR  By "generally conical surface" we mean a surface generated by a line, which
      may either be straight or curved, one end of which is held fixed while the
      other end moves around a closed curve.
PAR  Where we say that the thread is of "constant form" we mean that, where the
      thread is truncated, parts of the thread which exist are of the same form
      as the corresponding parts of the full thread. In other words the troughs
      of the truncated thread parts are of the same shape as the troughs of the
      full thread parts.
PAR  A member embodying the invention produces a female thread in a plain hole
      and in which the thread on the first portion of the member is received
      with clearance so that said portion does not bind on the female thread.
      For this reason, therefore, the torque required to drive the member into
      its hole depends solely on the diametral size and axial extent of the
      third portion and, since these are fixed dimensions of the member, the
      required driving torque will be substantially constant irrespective of the
      depth to which the member is driven. Moreover, holes of a given size may
      be specified for a given size of member irrespective of the depth to which
      it is to be driven.
PAR  It will be seen that this is a very simple method of making a screw-forming
      member since the member is made from a blank which is then threaded and
      the threaded blank is deformed to produce the lobes. This is in
      contradistinction to the methods of making many of the screw-forming
      members described in patent literature in which the lobes are formed on
      the blank before the latter is threaded and then difficulties are
      encountered in threading the blank. It will be seen that the lobes are not
      positively formed, therefore, but are formed by metal flow as a result of
      a positive formation of the relief portions.
PAR  Where press tools are used, these may be concave and have a radius of
      curvature which is greater than the effective diameter of the first
      portion of the member. Alternatively, the press tools may be of convex
      shape which may be that of a V with their sharp edges formed with a thread
      formation to engage the threads on said second and third portions. The
      press tools are preferably moved into engagement with the second and third
      portions in directions lying in planes containing the axis of the shank
      and perpendicular to such axis. The thread formation on the tools may be
      arranged to give clearance to the crests of the thread on the portions
      being deformed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in detail by way of example with
      reference to the accompanying drawings in which, where shown, the lobes
      and relief portions are exaggerated to assist in describing the invention,
      and in which:
PAR  FIG. 1 is an elevation of a blank from which a screw embodying the
      invention can be made;
PAR  FIG. 2 is an elevation of the finished screw;
PAR  FIG. 3 is a section on the line 3--3 of FIG. 4 through the screw of FIG. 2;
PAR  FIG. 4 is a diagrammatic end view of the screw taken in the direction of
      the arrow A of FIG. 2;
PAR  FIG. 5 is a diagrammatic end view indicating one method of deforming the
      blank;
PAR  FIG. 6 is a view similar to FIG. 5 but in side elevation;
PAR  FIG. 7 is a detail section through the mating threads of one of the
      deforming tool and the screw blank; and
PAR  FIG. 8 is a view similar to FIG. 5 but showing a different form of
      deforming tool.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the blank is indicated generally at 10 and has a
      shank 11 and a head 12 at one end thereof. The shank 11 has a first
      portion 13 which is of constant circular cross-section; a second, tapered
      portion 14 at the free end of the shank and having a generally conical
      surface 15 formed by the revolution about the axis of the shank of an arc
      of a circle and a third portion 16 of circular cross section interposed
      between the first and second portions.
PAR  After the blank has been formed, its shank is thread rolled in a
      conventional manner to produce a continuous machine-screw thread extending
      from the free end of the shank to the head 12. The thread may terminate
      short of the head 12 if required but in either event there is at least one
      full turn of thread on the portion 16. The second and third portions 14
      and 16 are then acted upon as will be described to form in them a series
      of three axially extended lobes, one of which is indicated at 17 in FIG.
      2. Each lobe extends axially the whole length of the second and third
      portions and the lobes are equiangularly spaced around the circumference
      of the shank by relief portions 18.
PAR  Referring to FIG. 4, the lobes are indicated by the bracket 17 and the
      relief portions between the lobes by the brackets 18. As will be
      described, the deformation positively forms the relief portions, the lobes
      being formed by the consequent out-flow of metal between the relief
      portions. Referring now to FIG. 3 the crests 213 of the thread on the
      first portion 13 of the shank lie on a first imaginary surface indicated
      at 19 and comprising a cylinder which is co-axial with the longitudinal
      axis 20 of the shank. The crests 214l of the thread on the lobes of the
      second portion 14 are circumscribed by a second imaginary, generally
      conical surface which is indicated by the dotted line 21; this surface is
      a surface of revolution of a circular arc about the longitudinal axis 20.
      The crests 216l of the thread on the lobes of the third portion 16 which
      lies between the dotted lines 116 in FIG. 3, lie on a third imaginary
      circumscribing surface 22 which is cylindrical and co-axial with the axis
      20. The surface 22 is tangential to the surface 21, that is to say the
      surfaces if projected would touch in a tangent line. It will be seen from
      FIG. 3 that the thread form is constant throughout. That is to say that
      although some of the thread on the portion 14 is truncated, the shape of
      the parts of the thread which are there are identical to the corresponding
      parts of the thread on the first portion 13. The deformation of the parts
      14 and 16 is such that the radial distance from the axis 20 to the third
      surface 22, which distance is indicated by the line 23 in FIG. 3, is
      greater than the distance, indicated by the line 24, from the axis 20 to
      the first surface 19. As will be seen from FIGS. 3 and 4 the crests of the
      thread on the lobes of the third portion 16; such crests being indicated
      at 216l in FIGS. 3 and 4, project, with respect to the axis 20, further
      than the crests indicated at 213 of the thread on the first portion 13 of
      the shank.
PAR  The roots 313 of the thread on the first portion 13 lie on a fourth
      imaginary cylindrical surface 25. The roots 314l and 316l of the thread on
      the lobes of the second and third portions have a fifth imaginary
      circumscribing surface 26. The surface 25 and 26 are co-axial with the
      axis 20 and the radial distance of the cylindrical surface 25 from the
      axis is less than the similar radial distance of the cylindrical surface
      26.
PAR  The crests 216r of the thread in the relief portions of the third portion
      16 have a sixth imaginary inscribed surface 128 and the roots 316r have a
      seventh imaginary inscribed surface 28, the surfaces 28 and 128 being
      generally cylindrical with the axis 20 as their longitudinal axis. The
      crests 214r of the thread in the relief portions 18 of the second portion
      14 have an eighth imaginary co-axial inscribed surface 27 which is similar
      to the surface 21 but of smaller diameter and the roots 314r of the thread
      in said relief portions have as an imaginary inscribed surface the seventh
      surface 28.
PAR  The lobes 17 and relief portions 18 are formed by metal flow during
      deformation of the portions 14 and 16 and as a result the fifth
      cylindrical surface 26 has a greater diameter than the fourth cylindrical
      surface 25. Also the seventh cylindrical surface 28 has a smaller diameter
      than the fourth cylindrical surface 25. These relative dimensions of the
      surfaces 25, 26 and 28 are caused by inflow of metal in the relief
      portions 18 during deformation and consequent outflow of metal to form the
      lobes 17 with consequent radial displacement, relative to the part of the
      thread on the portions 13, of the parts of the thread on the portions 14
      and 16.
PAR  It follows, due to the radially outward displacement of the crests 216l and
      roots 316l of the thread on the lobes of the third portion relative
      respectively to the crests 213 and roots 313 of the thread on the first
      portion 13, that when the screw is driven into a plain hole, the thread on
      the third portion 16 will form a female thread in the hole which has a
      greater effective diameter than the thread on the first portion 13 of the
      shank. There will thus be a clearance between the thread on the portion 13
      and the female thread in the hole. It follows, that irrespective of the
      depth of the hole, the torque required to drive the screw will be constant
      once the third portion 16 has fully entered the hole. The torque required
      will gradually increase from first entry of the screw into the hole until
      the third portion 16 is fully in the hole, this gradual increase being due
      to the tapered second portion 14 which provides a lead up to what may be
      considered the thread sizing portion 16.
PAR  The screw has the advantage, therefore, that for a given size of screw a
      single size of hole can be specified irrespective of the depth to which
      the screw is to be driven and furthermore that the torque will be constant
      irrespective of the depth to which the screw is to be driven. The relief
      portions 18 between adjacent lobes 17 provide relief during the forming of
      the female thread in the hole by the portions 14 and 16.
PAR  As will be seen from inspection of FIG. 4 the crests 216 l on the lobes of
      the sizing portion 16 project beyond the first imaginary surface 19, i.e.,
      beyond the crests of the thread on the first or holding portion 13 while
      the crests 216r on the axial relief portions of the sizing portion 16 lie
      well within said surface 19. As a result of this arrangement the lobes of
      the portion 16 can be shaped so as efficiently to form the thread while
      providing the necessary relief. This advantageous arrangement would not be
      possible if the crests 216r were outside the surface 19 since otherwise
      the lobes would be inefficiently shaped or, if efficiently shaped, would
      produce a female thread having too much clearance for standard fits on the
      holding portion 13.
PAR  The deformation of the previously threaded portions 14 and 16 may be
      carried out in a number of ways. Referring to FIGS. 5 and 6, the
      deformation may be carried out by three pads 30 having curved working
      surfaces 31 which have a thread which is substantially complementary to
      the thread on the portions 14 and 16. The radius of curvature of each of
      the surfaces 31 is greater than the radius of curvature of the surface 19.
      The pads 30 are moved in the directions of the arrows B in synchronism
      towards the axis 20 of the shank. As seen in FIG. 6, the surfaces 31 are
      co-axial with the shank 20 and the directions B lie in planes containing
      the axis 20 and perpendicular to such axis. As shown in FIG. 7, the thread
      32 on the pads 30 is shaped so that there is relief as indicated at 33
      between the crests 34 of the thread on the screw and the roots 35 of the
      thread on the pads.
PAR  There is positive inward movement of the metal of the shank under the
      inward movement of the pads 30 so that each pad forms a relief portion 18.
      There is a consequent outflow of metal between adjacent pads 30 and each
      such outflow forms a lobe 17.
PAR  FIG. 8 shows a further arrangement in which, in place of the pads 30 having
      surfaces 31, three wedge-shaped members 36 are moved in synchronism
      towards the axis 20 of the shank, the wedge members 36 having threaded
      internal working surfaces 37 which are complementary to the thread on the
      portions 14 and 16 of the shank. Each member forms a relief portion 18 and
      a lobe 17 is formed between adjacent relief portions.
PAR  A screw-forming member has been described as having three lobes, however
      the member may have any convenient number of lobes.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making a male, screw-forming member comprising; forming a
      blank with a shank having first and third portions of substantially
      constant circular cross-section and a second portion at the free end of
      the shank and which tapers towards said end and has a generally conical
      surface, the third portion being interposed between the first and second
      portions; forming an intermediate product by forming a machine-screw
      thread of constant form on said shank and extending continuously from said
      free end onto said first portion, there being at least one complete turn
      of thread on said third portion; the crests of the thread on the first
      portion lying on a first imaginary surface which is generally cylindrical
      and coaxial with the shank; after the completion of the thread formation
      and as an operative separate therefrom, deforming said second and third
      portions of the threaded intermediate product by applying a radially
      inwardly directed force at positions spaced around the circumference of
      the blank by internally threaded dies, the sole relative movement between
      the blank and the dies being in a direction radially inwardly of the blank
      thus to move parts of the second and third portions inwardly relative to
      said axis to form relief portions with the consequent outflow of metal
      between such parts to provide a series of lobes each of which extends
      axially of the shank for the whole of the axial length of the second and
      third portions, the lobes being spaced circumferentially around the shank
      in axial alignment by the relief portions and being arranged such that;
      the crests of the thread on the lobes of the second portion have a second
      imaginary circumscribing surface which is generally conical, is coaxial
      with the shank and which tapers towards said free end; the crests of the
      thread on the lobes of the third portion have a third imaginary
      circumscribing surface which is generally cylindrical and co-axial with
      the shank; the radial distance of said third surface from the longitudinal
      axis of the shank is greater than the radial distance of said first
      surface from said axis; the roots of the thread on the first portion lie
      on a fourth imaginary surface and the roots of the thread on the lobes of
      the second and third portions lie on a fifth imaginary circumscribing
      surface, the fourth and fifth surfaces being cylindrical and coaxial with
      the shank; the radial distance of said fifth surface from the longitudinal
      axis of the shank being greater than the radial distance of said fourth
      surface from said axis; the crests of the thread on the axial relief
      portions of said third portion lie on a sixth imaginary inscribed surface,
      the roots of the thread on the axial relief portions of said second and
      third portions have a seventh imaginary inscribed surface, the sixth and
      seventh surfaces being generally cylindrical and coaxial with the shank;
      the radial distances of said sixth and seventh surfaces being less than
      the radial distance of the first and fourth surfaces from said axis
      respectively, and the crests of the thread on the axial portions of the
      second portion have an eighth imaginary inscribed surface which is
      generally conical, is coaxial with said shank and tapers to said free end;
      such that the thread on the lobes forms, in a plain hole of appropriate
      diameter, a female thread of a greater effective diameter than the
      effective diameter of the thread on said first portion.
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PAL  The present invention relates to a system for binding of perforated sheets
      together through their perforations with at least one loop of flexible
      tape. The apparatus includes a tape feed station, a tape cut-off station,
      a tape loop forming station, and a tape loop sealing station. The various
      stations are interconnected and are activated in a series of interlocking
      cycles which together result in stringing or inserting a strip of flexible
      tape through each perforation, cutting the inserted tape to length, and
      looping the cut length around an adjacent edge of the stack of sheets. End
      portions of the looped lengths of tape are then sealed to close the loops
      and thereby form hinges. In a preferred embodiment of the invention, jets
      are provided to assist stringing the strip of tape through the
      perforations, and also to assist looping.
BSUM
PAR  The present invention relates to a system for binding of stacks of sheets,
      and more particularly to apparatus and process for binding a stack of
      perforated sheets together through the perforations using at least one
      loop of flexible tape.
PAR  Flexible binding elements are well known in the art for binding a stack of
      sheets together. A typical prior art flexible binding element may comprise
      a relatively stiff plastic backbone from which a plurality of curled
      fingers project. The fingers have a certain degree of resiliency whereby
      they may be unrolled to some extent to permit insertion or removal of
      perforated sheets from the binder. The binder generally is preformed in
      its curled shape, so that the binder must be unrolled at the time of book
      assembly to permit insertion of the sheets. As a result book assembly is
      somewhat difficult and the binders are comparatively expensive.
PAR  It has also been proposed in the art to combine the assembling and binder
      curling operations. According to this latter method, a flat plastic
      binding element is inserted into the perforations, and simultaneously
      therewith the binding element is formed into a curled shape. With such
      method, the task of inserting the binder fingers through the sheets is
      somewhat simpler but the binder is nevertheless still comparatively
      expensive. Also, such systems typically require much more complicated
      apparatus to perform the combined assembling and curling operations, and
      thus typically are reserved mainly for large binderies which may handle a
      large volume of bindings.
PAR  It is thus a general object of the present invention to provide an improved
      system for binding together a stack of perforated sheets. A more specific
      object is to provide a process and apparatus for binding a stack of
      perforated sheets with a loop of flexible material such as plastic or
      polymeric tape.
PAR  A further object is to provide a process and apparatus of the character
      described which offers the advantages of relative simplicity, relative low
      cost, and ability to handle and bind a variety of shaped stacks of sheets.
PAR  Briefly described, in its preferred embodiment the present invention
      consists of providing a binding apparatus for forming flexible loop hinges
      to bind together a stack of perforated sheets that essentially comprise
      means for supporting a stack of perforated sheets so that their
      perforations are aligned, a tape supply and feed means for inserting or
      stringing a strip of flexible tape through the registered perforations;
      tape cutoff means for severing a length of tape from the tape supply
      including the portion thereof strung through the registered perforations;
      means for flexing the severed length of tape so that it forms a loop
      extending around an adjacent edge of the stack of sheets and through the
      perforations; and, means for sealing together end portions of looped
      lengths of tape. The various means are interconnected and are activated in
      a series of interlocking cycles which together result in the insertion of
      a predetermined length of strip of flexible tape through each perforation
      and looping of the strip around an adjacent edge of the stack of sheets.
      The end portions of the looped lengths of tape are then sealed to close
      the loops and thereby form flexible loop hinges.
PAR  Other objects and many of the attendant advantages of this invention are
      set forth in or rendered obvious by the following detailed description.
      The invention accordingly comprises the apparatus possessing the
      construction, combination of elements and arrangement of parts, which are
      exemplified in the following detailed description, and the scope of
      application of which will be indicated in the claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the present
      invention, reference should be made to the following detailed description
      taken in connection with the accompanying drawings in which like numerals
      depict like parts and wherein:
PAR  FIG. 1 is a perspective view of an apparatus consisting of a preferred
      embodiment of binding apparatus of invention;
PAR  FIG. 2 is a side elevational view, partly in section, schematically showing
      some of the basic elements of the embodiment of FIG. 1, and the spatial
      relation of the elements to one another;
PAR  FIG. 3 is a side elevational schematic view, partly in section of the basic
      elements of the tape feed means of the embodiment of FIG. 1;
PAR  FIG. 4 is a side elevational schematic view, partly in section, of the
      basic elements of the tape cut-off means of the embodiment of FIG. 1;
PAR  FIG. 5 is a side elevational schematic view, partly in section, of the
      basic elements of the tape looping means of the embodiment of FIG. 1;
PAR  FIG. 6 is a top plan view of a portion of the looping means of FIG. 5;
PAR  FIG. 7 is a side elevational schematic view, partly in section, of the
      basic elements of the loop sealing means of the embodiment of FIG. 1;
PAR  FIG. 8 is a top plan view of a portion of the loop sealing means of FIG. 7;
PAR  FIG. 9 is a schematic diagram of the electrical, mechanical and pneumatic
      control means of the same apparatus;
PAR  FIG. 10 is a schematic diagram of the timing control and power drive system
      for the same apparatus; and
PAR  FIG. 11 is a series of schematic diagrams showing the apparatus of the
      present invention at various operational stages.
DETD
PAR  Referring to FIGS. 1 and 2 of the drawings, there is illustrated a
      preferred embodiment of apparatus for applying binding loops to a stack of
      sheets. The apparatus comprises a frame in the form of a generally
      rectangular enclosure 20 having a horizontal base 22, generally vertical
      front and back frame members 24 and 26, respectively, and generally
      vertical side frame members 28 and 30. Disposed within the frame are a
      tape feed means 32, a tape cut-off means 34, tape looping means 36, and
      loop sealing means 38. Operation of the various elements of the apparatus
      is controlled by main power transmission 66 (FIG. 9).
PAR  Referring now to FIGS. 1-3, tape feed means 32 comprises a bank of tape
      roll hoppers 42, disposed on vertical support plate 48, which in turn is
      mounted adjacent the top end of back frame member 26. Hoppers 42 comprise
      a plurality of flat, vertical plates 50 mounted on support plate 48. Tape
      roll support member 52 is disposed adjacent the bottom front edge of
      plates 50 perpendicular to the plane of plates 50. Plates 50 are spaced
      apart by a distance slightly greater than the width of the tape so that a
      single roll or supply reel 54 of tape may be loosely held in each hopper
      and a tape 55 unrolled from the reel in a manner well known in the art.
PAR  Disposed below hoppers 42 is a tape dispenser comprising a plurality of
      opposed driven wheels 56 and idler wheels 58. Driven wheels 56 are mounted
      on a horizontal drive shaft 60, the latter being mounted adjacent the top
      ends of vertical side frame members 28 and 30 on known bearing means (not
      shown) so that the latter is rotatable about the shaft axis. Drive shaft
      60 in turn is mechanically coupled through a metering clutch 62 (FIG. 9)
      and drive belt 64 to the main power transmission 66 (FIG. 9). The latter
      in turn is driven by suitable power means such as an electric motor 144
      (FIG. 9). Idler wheels 58 are mounted opposite driven wheels 56 on a
      horizontal shaft 68, the latter being rotatably mounted adjacent the top
      ends of vertical side frame members 28 and 30, with its axis parallel to
      the axis of shaft 60. Each pair of opposed wheels 56 and 58 is aligned in
      a path of the tape feed from hoppers 42. A plurality of springs 70 are
      provided for biasing shaft 68 towards shaft 60 so that idler wheels 58
      will be pressed against driven wheels 56 with the tape 55 in the bite of
      the engaged wheels.
PAR  Advantages of the present invention which result from the use of flexible
      tape for forming the binding loops include low cost, and the ability to
      form books which lie flat. On the other hand because tape 55 is flexible,
      this presents a problem in feeding the tape through the tube formed by a
      registered perforations in a plurality of sheets. The present invention
      solves this problem by the provision of tape threading or stringing means
      comprising one or more pneumatic bearing blocks 46 which are located in
      the path of the tape feed from hoppers 42 through opposed driven wheels 56
      and idler wheels 58, and also surrounding the drive wheels and idler
      wheels, at least in part. Blocks 46 are partially supported by drive shaft
      60, and the blocks are also supported in part on the vertical front frame
      member 24 so that the blocks are maintained in a predetermined fixed
      position relative to each other and to wheels 56 and 58.
PAR  Referring to FIGS. 2 and 3, bearing blocks 46 are generally rectangular in
      shape, with a generally rectangular projection 74 on one side edge
      adjacent the top of the block, and a rectangular projection 76 on the
      bottom edge of the block, adjacent the same one side. An elongate passage
      or slot 78 in the block runs vertically through the block as a
      continuation of the tape feed path from adjacent opposed wheels 56 and 58
      to the bottom edge 80 of the block at projection 76. Slot 78 has a
      generally rectangular cross section and is slightly wider than the width
      of the tape 55 so that the latter may be threaded through the slot.
PAR  A second elongate passage or tube 82 is provided in the block adjacent the
      bottom of the block. One end 83 of passage 82 is connected through a
      conduit 84 and a valve to a source of positive pressure fluid such as air
      as will be hereinafter described. The other end 85 of passage 82 is formed
      as an air jet, and is directed generally downwardly at an angle to the
      direction of elongation of passage 78, and communicates with this latter
      passage adjacent its bottom end, i.e. in projection 76.
PAR  Referring to FIGS. 2 and 4, the tape cut-off station 34 is disposed
      directly below the bank of bearing blocks 46 adjacent the end of passages
      78. The cut-off station includes a cutting blade 86 which is disposed
      directly below the end of passage 78 on one side of the passage, and a
      cooperating anvil 87 disposed directly below the end of the passage and on
      the other side of the passage. Cutting blade 86 comprises a flat, rigid
      knife edge that is affixed in horizontal alignment to a blade holder 88.
      The latter is carried on a horizontally reciprocating push rod or drive
      stem 90 which in turn is mechanically coupled through a cam arm 92 to the
      main power transmission 66. By this arrangement the cutting blade 86 may
      be moved back and forth in a horizontal direction, i.e. along the lines of
      arrows 91, in and out of contact with anvil 87. However, when drive stem
      90 is retracted, the cutting blade 86 should be spaced from anvil 87 by an
      amount sufficient to allow the tape end 55 to be moved into the
      intervening space, as will be described in detail below. Anvil 87 is
      mounted on a biasing spring 89 which in turn is fixed to frame back member
      26.
PAR  Referring to FIGS. 2 and 5 - 7 the tape looping means 36 is disposed
      directly below the cut-off means 34. Looping means 36 includes one or more
      "Y" shaped hollow members 93 in which a vertical elongate passage or tube
      94 is aligned as an extension of passage 78. A second arm of the "Y" is
      formed by a second passage or tube 96. One end 98 of passage 96 is
      connected through conduit 100 and a valve to a source of positive pressure
      fluid such as air as will be hereinafter described. The other end 102 of
      passage 96 is formed as an air jet, and is directed generally downwardly
      at an angle to the direction of elongation of passage 94, and communicates
      with this latter passage adjacent its bottom end.
PAR  Looping means 36 also includes a generally horizontal table or support 104
      for supporting a stack of perforated sheets to be bound 105, and a bearing
      block or comb 106. As seen in FIG. 11A, the sheets are gathered so that
      their perforations 107 are aligned with the perforations continuing as a
      vertical extension of passage 94 when comb 106 is in its retracted
      position as will be described in detail hereinafter. Comb 106 has a
      plurality of tines 108 and spaces 110 (FIG. 6). Tines 108 are spaced apart
      a distance slightly greater than the width of the tape 55. The comb is
      disposed adjacent the lower end of member 93 and is aligned so that spaces
      110 continue as a vertical extension of passage 94 when the comb is in its
      forward position as will be described in detail hereinafter. Comb 106 is
      mounted on a horizontally reciprocating push rod or drive stem 112 which
      in turn is mechanically coupled through a cam arm 114 to the main power
      transmission 66. By this arrangement comb 106 may be moved back and forth
      in a horizontal direction, i.e. along the lines of arrows 116, from a
      retracted position as seen in FIG. 11A to a forward position as seen in
      FIG. 11B, and as will be described in detail hereinafter.
PAR  Referring to FIGS. 2, 7 and 8, the loop sealing means 38 includes a tape
      lower guide 118 and a sealing head indicated generally at 120. Lower guide
      118 is in the form of a slotted or ribbed block 122, having a plurality of
      slots 124, each of which is slightly wider than the tape 55. As seen in
      FIG. 8, slots 124 are beveled or tapered so that the slots are widest at
      their open ends, whereby to assist in gathering the tape ends 55 as will
      be described in detail hereinafter. Block 122 is mounted so that slots 124
      are aligned with and continue as a vertical extension of the tape path
      from the tape feed through the looping means 36, etc. The block is mounted
      on a guide carrier member 126 which in turn is mounted for pivotal
      movement on a horizontal axis. The carrier member 126 is mechanically
      coupled through cam arm 136 (FIG. 9) to main power transmission 66.
PAR  Typically, the tape will comprise a thermoplastic polymer in which case
      sealing head 120 preferably will comprise a flat, rigid heated blade 132,
      which is carried in horizontal alignment on a blade mount 134. The latter
      is mounted for pivotal movement on a horizontal axis, and is mechanically
      coupled through a cam arm 136 to the main power transmission 66.
      Alternatively, blade 132 and blade mount 134 may be mounted for horizontal
      reciprocating movement, e.g. as shown in FIGS. 11A, B, C. Blade 132 is
      heated by any suitable heat source well known in the art such as by an
      electrical resistance heater formed integrally therewith (not shown).
PAR  FIG. 9 schematically ilustrates the electrical, mechanical and pneumatic
      control system of the apparatus of the present invention. In this figure
      the dotted lines represent electrical circuit connections; the single
      solid lines represent mechanical connections; and, the double solid lines
      suggest tubes or hose lines for conducting fluid or air.
PAR  The electrical control system 140 includes a switch 142 for controlling
      operation of an electric motor 144 switch 146 for operating heated blade
      132; and a switch 147 responsive to cam 115 for operating an air valve
      152. The electrical control system 140 preferably is constructed to
      provide automatically operated modes of operation.
PAR  The pneumatic control system includes a pressurized air source 148 that is
      connected via an air valve 150 to air jet 85, and via an air valve 152 to
      air jet 102.
PAR  The mechanical connection control system includes a main power transmission
      66 which is connected via a clutch 143 to an electric motor 144. Electric
      motor 144 is connected to a clutch 62 which controls driven wheels 56.
      Main power transmission 66 is also connected to a cam arm 92 which in turn
      controls the movement of blade holder 88; a cam arm 114 which controls
      movement of drive stem 112; a cam 115 connected to switch 147 which in
      turn controls valve 152; a cam 160 which controls valve 150; and, a cam
      arm 136 which controls movement of the heated blade 132, and guide carrier
      126. The various electrical, mechanical and pneumatic controls of the
      apparatus are actuated in a timed series of interlocking cycles as shown
      in FIG. 10 in which one complete rotation (360.degree.) of the main power
      drive represents one complete cycle. It is believed that further details
      of the electrical, mechanical and pneumatic control system are not
      required to be described in order to permit a person skilled in the art to
      practice the invention and it is to be understood that the control system
      and the various elements controlled thereby may take various obvious forms
      to persons skilled in the art.
PAR  Referring to FIGS. 11A-11C, one way of operating the foregoing apparatus
      will now be described. A stack of sheets 105 each having a plurality of
      perforations adjacent one edge are gathered in a stack so that at least
      one perforation in each sheet is registered with a corresponding
      perforation in each of the other sheets. The gathered stack is inserted
      into the apparatus in a manner such that the stack edge having the aligned
      perforations is brought up tight against comb 106. The latter is moved to
      its fully retracted position, e.g. as in FIG. 11A.
PAR  Driven rolls 56 are activated to feed a predetermined length of tape 55
      into tube 78. During this operation valve is opened to allow air to flow
      through jet 85. As a result the tape free end 154 is carried or strung
      through slots 78 and perforations 107, and assumes a position adjacent the
      bottom of tail guide 118.
PAR  Referring to FIG. 11B, once the predetermined length of tape is fed into
      the apparatus, the feed rolls are stopped, and the positive air flow
      through jet 85 is discontinued. Cut-off blade 86 is now moved into cutting
      position against anvil 87 by activation of drive stem 90. At the same time
      comb 106 is moved forward thereby pushing the stack of sheets 105 with the
      comb, and the tape is trapped between the edge of the table 104 and the
      edge of the stack of sheets 105. As a result each length of tape is cut by
      blade 86 and severed from its corresponding supply reel.
PAR  Once the tape lengths have been cut and severed from their corresponding
      supplies, air valve 152 is opened to allow air to flow through jet 102.
      This latter flow of air flexes the free cut ends of tape 55 down through
      the spaces provided between the tines of comb 106, and thereby to form a
      loop extending around edge 156 of the stack of sheets.
PAR  Air valve 152 is then closed, and while the comb 106 is still in the
      extended position as in FIG. 11B, lower guide carrier 118 and heated blade
      132 are moved by activation of cam arm 136 towards table 104, to sealing
      position as shown in FIG. 11C. The tape free ends are aligned by guide
      118, and the end portions are sealed by thermal fusion to thereby form a
      loop. If desired, any tape excess end portions may also be removed from
      the looped lengths of tape simultaneously with the fusing. Once the looped
      lengths of tape are sealed, lower guide carrier 118 and sealing blade 132
      are withdrawn to their retracted positions (FIG. 11B) and the cycle is
      completed. A book comprising a stack of sheets with hinges formed from
      loops of flexible tape results. The book is then removed from the
      apparatus, a new stack of sheets may be inserted into the apparatus and
      the cycle repeated.
PAR  Certain changes may be made in the above apparatus without departing from
      the scope of the invention herein involved as will be obvious to one
      skilled in the art. For example, the tape sealing means 36 may comprise
      means for mechanically joining end portions of the looped lengths of tape,
      as for example, by crimping or with a staple. Alternatively, the tape end
      portions may be joined together chemically, e.g. as by a solvent, or by
      means of an adhesive, in which case the tape sealing means 36 may comprise
      means for applying a quantity of a selected solvent or adhesive to the
      tape end portions. Still other changes will be obvious to one skilled in
      the art, and it is therefore intended that all matter contained in the
      above description shall be interpreted in an illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for binding a stack of perforated sheets together at one edge
      with at least one loop of flexible tape, said apparatus comprising in
      combination:
PA1  means for supporting said stack of said perforated sheets so that at least
      one perforation in each sheet is registered with a corresponding
      perforation in each of the other sheets;
PA1  means for pneumatically stringing said tape from a substantially continuous
      supply thereof through said registered perforations;
PA1  cut-off means for severing from said supply a length of tape including the
      portion thereof strung through said registered perforations;
PA1  forming means for flexing said length of tape so that the latter forms a
      loop extending around an adjacent edge of said stack of sheets and through
      said registered perforations; and
PA1  means for sealing together end portions of said looped length of tape.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said means for stringing said
      tape comprises:
PA1  at least one bearing block defining an elongate path for said tape, and
      having pneumatic means for driving said tape through said elongate path in
      said block in the direction of elongation, and also through said
      registered perforation.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein said pneumatic means for driving
      comprises a jet and a source of positive pressurized fluid connected to
      said jet.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 including a valve for permitting a flow
      of pressurized fluid through said jet for a predetermined time.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein said tape cut-off means is
      disposed below said tape feed means.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 wherein said knife blade is adapted for
      movement between a first open position and a second cutting position.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 wherein said tape flexing means
      comprises an elongate passage disposed below said cut-off means, and
      including a jet disposed intermediate the ends of said passage, a source
      of positive pressurized fluid connected to said jet, and a valve for
      permitting a flow of pressurized fluid through said jet for a
      predetermined time.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 wherein said tape flexing means also
      includes a slotted comb means which is adapted for movement between a
      first retracted position, and a second forward position in which said
      slots define an extension of said elongate passage.
NUM  9.
PAR  9. Apparatus as claimed in claim 1 wherein said tape comprises a
      thermoplastic material, and said means for sealing comprises heating
      means.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 wherein said sealing means comprises a
      heated blade which is adapted for movement between a first open position
      and a second sealing position.
NUM  11.
PAR  11. Apparatus as claimed in claim 10 wherein said sealing means also
      includes a slotted guide to assist gathering the end portions of tape and
      hold the end portions in alignment while said heated blade is moved to
      said sealing position.
NUM  12.
PAR  12. A process for binding a stack of perforated sheets together at one edge
      with at least one loop of flexible tape, said process comprising in
      combination:
PA1  supporting said stack of said perforated sheets so that at least one
      perforation in each sheet is registered with a corresponding perforation
      in each of the other sheets;
PA1  pneumatically stringing said tape from a substantially continuous supply
      thereof through said registered perforation;
PA1  severing from said supply a length of tape including the portion thereof
      strung through said registered perforations;
PA1  flexing said length of tape so that the latter forms a loop extending
      around an adjacent edge of said stack of sheets and through said
      registered perforations; and
PA1  sealing together end portions of said looped length of tape.
NUM  13.
PAR  13. A process as claimed in claim 12 wherein said tape comprises a
      polymeric tape.
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ABST
PAL  Apparatus is disclosed by which a number of thin, disc-like wafers are
      moved in a linear path and fed into such path on a discrete basis from a
      supply or feeding station. The individual or discrete wafers are moved
      into engagement with a pair of endless belts which, in effect, define the
      linear path and are arranged one over the other with the facing portions
      of the belts being spaced apart by at least the diameter of the wafers to
      be interposed therebetween. As the wafers are moved through the linear
      path by the belts, they are moved between pairs of brushes, each of a pair
      being rotatably mounted on a respective side of the path for engaging and
      cleaning the surfaces of the wafer, the pairs of brushes extending in the
      direction of movement of the wafers. The belts and the brushes are coupled
      to drive means such that the rotary forces applied to the surfaces of the
      wafers by each pair of brushes is nullified to the extent that rotation of
      the wafers in one direction and movement along the path by the belts is
      not inhibited.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to apparatus for cleaning a thin wafer of a material
      and, more particularly, to apparatus in which discrete wafers are moved
      relative to a plurality of pairs of tandemly arranged brushes which clean
      both sides or surfaces of the wafer and in which the wafers are rotated as
      they are moved through a predetermined linear path which includes washing,
      rinsing and drying of each wafer.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In the manufacture of semiconductor elements, individual wafers are cut
      from a billet of material into very thin wafers which are ultimately cut
      into small pieces to form diodes and other electronic elements. However,
      when the wafers are cut from a billet and then lapped and polished,
      various types of cutting lubricants are utilized. Such lubricants leave a
      residual film on each surface of the wafer, as well as a slurry of the
      lubricant and the particles of the semiconductor material removed by
      lapping, etc., which must be removed prior to any further manufacturing
      steps, such as etching. Typical materials that are utilized to form
      billets or elongated crystals are silicon and germanium. The scrubbing or
      cleaning of the wafers is usually accomplished by placing each individual
      slice or wafer in a carrier which then moves and positions the wafer with
      respect to one or more scrubbing brushes or other cleaning medium. The
      carrier is usually of such a design that only one surface can be cleaned
      or that both surfaces but not all of both surfaces of the wafer can be
      thoroughly cleaned. Inasmuch as the grown billet or crystal is a
      relatively expensive article it is essential that most, if not all, of
      each wafer be utilized. Accordingly, it is necessary that the complete
      surface of the wafer be cleaned so further operations with respect to the
      wafer are not affected.
PAR  There are other disadvantages found in the approach to cleaning such wafers
      as is known in the prior art. For example, many of the wafers or discs are
      of variable thickness so that a carrier must be designed so wafers having
      any variance in thickness from a norm will also be accepted by the
      carrier. Also, in the growing of a crystal, the diameter may vary
      considerably. However, this variance is reduced by grinding the peripheral
      surface of the billet to within an acceptable tolerance so that the
      diameter of the wafers or discs that are cut from the same billet or
      crystal will vary in diameter but within the acceptable limit. In any
      event, it is necessary to provide apparatus which will make provision for
      such diameter variance. Previously, the handling of wafers with such
      variance in thickness and/or diameter was accomplished by manual operation
      and involved handling of the discrete wafers. In such an operation, over
      or under size wafers can be set aside for individual cleaning at a later
      time. Both the manual and known automatic handling techniques of the prior
      art have caused a number of problems with respect to the handling of the
      wafers per se, notably, edge damage, breakage of the wafer per se, noise
      problems, ineffective cleaning and, as a result of all of these, an
      inefficient operation for cleaning the wafers on a production basis.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention is to provide an apparatus by which wafers or
      silicon or germanium following slicing, polishing and lapping can be
      cleaned with a minimum of handling and an assured routine by which any
      residue can be removed from the surfaces thereof.
PAR  Another object of the invention is to provide an apparatus in which both
      surfaces of the silicon or germanium wafer being cleaned is subjected to
      the same type of cleaning action and in which the entire surface is
      subjected to the cleaning action.
PAR  Still another object of the invention is to provide an apparatus in which
      the wafer is rotated continuously as it moves through a predetermined path
      and in which the brushes for cleaning the wafer are rotated in opposite
      directions relative to each surface to alleviate any force being applied
      to the wafer which will impede the forward movement and rotation of the
      wafer.
PAR  And still another object of the invention is to provide an apparatus in
      which a plurality of wafers are moved simultaneously through a
      predetermined path, one following the other and with respect to tandemly
      arranged cleaning elements, and in which the wafer movement is both linear
      and rotary irrespective of the motion of the cleaning elements per se.
PAR  And yet another object of the invention is to provide an apparatus in which
      the movement of a number of wafers through a predetermined path provides a
      full cycle for cleaning including scrubbing, rinsing and drying of the
      wafers.
PAR  In accordance with the invention, a number of thin, disc-like wafers are
      moved in a linear path and fed into such path on a discrete basis from a
      supply or feeding station. The individual or discrete wafers are moved
      into engagement with a pair of endless belts which, in effect, define the
      linear path of movement for the wafers. The belts are arranged one over
      the other with the facing portions of the belts being spaced apart by at
      least the diameter of the wafers to be interposed therebetween. Each belt
      is provided with a longitudinal recess in which the wafers are positioned
      and which frictionally engage the peripheral edges of the wafers for
      rotating the same in one direction. As the wafers are moved through the
      linear path by the belts, they are moved between a pair of abrading
      members or brushes rotatably mounted on each side of the path for engaging
      and cleaning the respective surfaces of the wafer. The abrading members
      are arranged in pairs and the number of such pairs extends in the
      direction of movement of the wafers with each pair of abrading members
      having a member arranged on each respective side of the path. The belts
      and the abrading members are coupled to drive means such that the belts
      and the abrading members are rotated in predetermined directions. The
      abrading members comprising a pair and adjacent abrading members on the
      same side of the path are rotated in opposite directions whereby the
      rotary forces applied to the surfaces of the wafers by each pair of
      abrading members is nullified to the extent that rotation of the wafers in
      one direction and movement along the path by the belts is not inhibited.
      There is means associated with each endless belt for permitting the belt
      to adjust the spacing between the facing portions thereof to any variance
      in the diameter of a wafer. The belts are of such a length that the wafers
      can be moved from a cleaning section into a rinsing section and then
      beyond the rinsing section into a drying section, after which the wafers
      are moved into a receiving hopper.
PAR  With such continuous linear and rotary movement of the individual wafers,
      the entire surface of each wafer is cleaned as it is moved along the
      linear path. Hence, it should be evident to those skilled in the art that
      the apparatus described hereinabove and to be described in more detail
      hereinafter eliminates many of the problems paramount with the cleaning,
      as well as handling, of thin wafers by methods and apparatus described by
      the prior art. Also, further objects and advantages of the invention will
      be apparent to those skilled in the art by the description which follows.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to the accompanying drawings in which like reference
      numerals and characters designate like parts and wherein:
PAR  FIG. 1A is a side elevational view of apparatus embodying the invention and
      showing, in part, each of a cleaning, rinsing and drying section of such
      apparatus;
PAR  FIG. 1B is a side elevational view of a supply or feed station for the
      wafers that assumes a position relative to the apparatus as shwon in FIG.
      1A;
PAR  FIG. 1C is a side elevational view of a receiving station for the wafers
      that assumes a position relative to the apparatus as indicated in FIG. 1A;
PAR  FIG. 2 is an end elevational view taken substantially along the line 2--2
      in FIG. 1A to show the interrelationship of the wafer being cleaned to the
      brushes on each side thereof;
PAR  FIG. 3 is a diagramatic side elevational view of an arrangement of drive
      members for moving or rotating the brushes on each side of the wafer path
      of movement in an opposite direction;
PAR  FIG. 4 is an end elevational view similar to FIG. 2 showing another
      embodiment of the invention in which the spacing of the brushes and of the
      belts can be adjusted to accommodate the apparatus to wafers of a larger
      diameter; and
PAR  FIG. 5 is an end elevational view of the supporting structure for the
      brushes that are adjustable, as shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With particular reference to FIG. 1A, the apparatus embodying the invention
      and generally designated by the numeral 10 can be included or arranged in
      a walled structure 11 which comprises side plates 12 and 13, a bottom
      flanged plate 14, and end plates 15, the plates 12 and 13 can be of a
      transparent material in order to better observe the functioning of the
      apparatus. The plates 12, 13, 14 and 15 are preferably sealed in such a
      manner as to make the joints therebetween watertight in order to eliminate
      any seepage or leakage of the cleaning fluid from the structure 11. The
      end walls 15 at least partially enclose the ends of structure 11 to
      confine the cleaning liquid or detergent.
PAR  At the left-hand side of the apparatus, as viewed in FIG. 1A, a supply or
      feeding station 16 is arranged so as to feed individual wafers 17 from a
      magazine 18 into a chute 19, the latter directing the wafers into a recess
      20 and 21 in each respective endless belt 22 and 23. The wafers 17 are
      removed from the magazine 18 and urged into the chute 19 by means of a
      reciprocating plunger 24 which is intermittently operated by means of an
      air-operated piston generally designated by the numeral 25. With such an
      arrangement, the magazine 18 can be spring biased for movement along a rod
      or rods 26 so as to position successive wafers relative to the chute 19.
      Obviously, other wafer feeding means can be used, the primary requisite
      being that the wafers 17 be moved one by one into the chute 19, the latter
      being inclined so each wafer rolls by the force of gravity toward the
      endless belts 22 and 23.
PAR  The endless belts 22 and 23 are arranged between pulleys 28, 29 and 30, 31,
      each pair of pulleys being interconnected by a drive belt 32 and by a belt
      33 to a motor 34, such an interconnection being made via a pulley 35 on
      the motor shaft 36, a pulley 37 on the shaft carrying pulley 29, and a
      pulley 38 on the shaft carrying pulley 31. The facing portions 39 and 40
      of each respective belt 22, 23 are spaced from one another by a distance
      sufficient to accommodate the diameter of the discrete wafers 17 that are
      moved thereby in the linear path formed by the facing portions 39 and 40.
      The facing portion can be defined as the length of the belt that forms the
      linear path of movement of the wafers 17 from chute 19 to chute 55. Since
      the wafers 17 move into engagement with the recesses 20 and 21 in the
      belts 22 and 23, the spacing must be such that the periphery of the wafers
      is frictionally engaged by the recesses in order that the wafers will be
      moved through the path and at the same time will be rotated by the belts
      22 and 23. In order to obtain both the linear and the rotary movement of
      the discrete wafers 17, the facing portions 39, 40 of the belts 22 and 23,
      as described above, must be moved in opposite directions and at different
      linear speeds, the belt being moved at a faster rate determining the
      direction of rotation of the wafers.
PAR  As seen in FIG. 1A, partitions 50 and 51 divide the length of the apparatus
      10 into several compartments or sections. The first compartment 52, into
      which the wafers 17 are first introduced, is the cleaning section. The
      second compartment 53 between partitions 50 and 51 provides a section in
      which the wafers 71 are subjected to a rinsing liquid. The wafers 17 are
      then moved into a third compartment 54 in which air, or other inert gases,
      can be circulated or applied directly to the wafers as in compartment 53
      to dry the wafers before they are moved into chute 55. The cleaned wafers
      are directed into a receiving magazine 56 by chute 55. The magazine 56 can
      be moved intermittently along guide rods 57 to accommodate the receipt of
      the wafers 17 in accordance with the rate of movement of the belts 22 and
      23 and wafers 17.
PAR  In the cleaning compartment 52, a plurality of pairs of brushes are
      mounted, as about to be described, for simultaneously cleaning both
      surfaces of each wafer. With particular reference to FIG. 2, a brush 60
      and 61 is rotatably mounted on each side of the path of movement of the
      wafers 17. The brush 60 is fixed to a shaft 62 that is journalled in the
      wall or plate 12 and has fixed thereto a sprocket 63. In a like manner,
      the brush 61 is fixed to a shaft 64 that is journalled in plate 13 and has
      fixed thereto a sprocket 65. As seen in FIG. 1A, a number of such pairs of
      brushes 60, 61 are mounted in compartment 52 between the facing portiond
      39, 40 of the belts 22, 23.
PAR  A drive shaft 66 is journalled at one end in the wall 12 and at the other
      end in the wall 13. With respect to the wall 12, the shaft 66 carries a
      sprocket 67 and a sprocket or pulley 68 which engages a chain or belt 69
      which, in turn, engages a sprocket or pulley 70 on the shaft 71 of a motor
      72. The other end of shaft 66 carries a sprocket 73.
PAR  Assuming four pairs of brushes 60, 61 are arranged in tandem in compartment
      52, then four sprockets 63-1 to 63-4 will be arranged as seen in FIG. 3
      when viewed from the right side in FIG. 2, both with respect to plate 12
      and to plate 13. With respect to both the drive rotatably mounted on plate
      12 and the drive rotatably mounted on plate 13, an idler sprocket 75, 76
      is required for each drive in order to obtain the desired direction of
      rotation of each pair of brushes 60 and 61. With respect to the drive
      arrangement in FIG. 3, the sprockets 63-1 to 63-4 are rotated in opposite
      directions by the chain 77 also engaging sprocket 67, the first 63-1 being
      clockwise, the next 63-2 being counterclockwise, the following 63-3 being
      clockwise, and the last 63-4 being counterclockwise. The idler sprocket 75
      is then arranged relative to the sprocket 63-4 in order to complete the
      drive with the proper direction. With respect to the drive mechanism
      mounted on the side of plate 13, the sprockets 65-1 to 65-4 and the idler
      sprocket 76 are interconnected by chain 78 to sprocket 73 with idler
      sprocket 76 mounted ahead of sprocket 65-1. The sprocket 65-1 is aligned
      with sprocket 63-1 and carries the first of brushes 61 which is rotated in
      a counterclockwise direction. The drive arrangement by chain 78 will then
      provide a direction of rotation for each pair of brushes and for adjacent
      brushes on the same side of the wafers that are of opposite hands.
      Accordingly, the brushes 60 and 61 that are axially aligned with one
      another rotate in opposite directions and, as a result, no force is
      exerted on the wafers at any time that will tend to impart rotary motion
      to the wafers. Consequently, the rotative force of one brush is offset by
      that of another and the only force tending to move the wafers in a
      direction along the linear path defined by the belts is the frictional
      engagement of the wafer with the recesses 20, 21 in the spaced-apart belts
      22, 23. Since the wafers 17 are moved relative to the brushes and engaged
      only at the peripheral edge and are rotated as well as moved in an axial
      direction, the full surface of each wafer is exposed to the brushes during
      its movement through the compartment 52. In this way, the entire area
      comprising each surface of the wafer is contacted by the brushes and no
      portion of the wafer is not thoroughly cleaned.
PAR  As seen in FIGS. 1A and 2, a spray nozzle or jet 80-1 to 80-3 is arranged
      relative to each brush 60, 61 for introducing a cleaning fluid at or near
      the proximity of engagement of each brush with the respective surfaces of
      the wafers 17. Each nozzle can be mounted on the end of a flexible tube
      that is mounted with respect to either of walls 12 or 13. This cleaning
      fluid can be in the form of a detergent, or other cleaning medium,
      depending on the residual material that is to be removed from the surfaces
      of the wafers. The cleaning fluid drains to the bottom of the unit and
      plate 14 is provided with suitable drains, not shown. In many instances,
      the cleaning medium or fluid can drain into a reservoir and be recycled
      for reapplication to the wafers.
PAR  In the compartment or section 52 in which the wafers 17 are actually
      scrubbed and cleaned, a fixed plate 85 is arranged between the plates 12
      and 13 and in engaging relation with the facing portion 39 of belt 22. The
      plate 85 is mounted on a support plate 86 which in turn is mounted on
      angle members 87 secured to each of plates 12 and 13. This structure
      provides a partial support and guide for the facing portion 39 of belt 22
      to eliminate any possible sway and/or sagging of the belt with the wafers
      therebetween. Immediately above the plate 85 is a resiliently mounted
      plate 88 which engages the facing portion 40 of the belt 23 as a guide
      therefor, as shown in FIG. 1A. Plate 88 is mounted relative to a fixed
      plate 89 that extends between the side plates 12 and 13 and is supported
      by angle members 90. The plate 88 carries spaced-pins 91 that are movable
      in plate 89. Pins 91 are encircled by springs 92 so as to permit the plate
      88 to move relative to the fixed plate 89 and to the facing portion 40 of
      the belt 23. With this arrangement, any variance in the diameter of the
      wafers 17 can be accommodated for without interfering with the axial and
      rotational movement of the wafers. Although, not shown, the same plate
      structure 85, 88, 89 can be provided and, preferably, is also provided in
      the rinsing and drying compartments 53 and 54. A resiliently biased roll
      84 can be arranged with respect to belt 22 and also belt 23, as shown in
      FIG. 1A, to maintain proper belt tension.
PAR  In the rinsing compartment 53, a plurality of spray nozzles 95 are arranged
      in spaced relation along the linear path of movement of the wafers 17 for
      applying a steady spray or stream of deionized (D.I.) water onto the
      surfaces of the wafers being moved therethrough. In the drying compartment
      54, a similar arrangement of nozzles 96 can be provided to supply a flow
      of heated air or an other inert gas to effectively and quickly dry the
      wafers. On the other hand, the compartment 54 can be provided with a
      continuous flow of air, or heated air, that is circulated through the
      compartment for drying the wafers being moved therethrough. It should be
      pointed out that the length of the compartments 52, 53, 54 can vary
      depending on the requirements of the system. For example, if more or less
      cleaning action is required, it may be necessary to increase or decrease
      the number of pairs of brushes 60, 61 that are used to clean the wafers
      17. On the other hand, shorter or longer periods of time in either or both
      of the rinsing compartment 53 and the drying compartment 54 may be needed
      to accomplish satisfactory rinsing and/or drying of the wafers 17.
PAR  In a cycle of operation, the wafers 17, after having been cut from a
      billet, lapped and polished, are arranged in a magazine 18 that is
      positioned relative to the chute 19 for introduction thereinto, one by
      one, for delivery into and between the belts 22 and 23. The introduction
      of the wafers 17 is into the recesses 20, 21 provided in the belts 22, 23
      and these recesses frictionally engage the peripheral edge of the
      individual wafers. As the wafers are moved by the belts 22, 23 through the
      cleaning compartment 52, they are moved into and out of engagement with
      each pair of brushes 60, 61. With any variation in the diameter of the
      wafers 17, the plate 87 permits the facing portion 40 of the belt 23 to
      move in either direction to accommodate for such variance to maintain
      frictional engagement of the belts with the peripheral edge of the wafer
      so that it is moved not only axially but also rotated. As pointed out
      hereinabove, each brush 60, 61 comprising an axial pair is rotated in an
      opposite direction. Also, each corresponding brush in an adjacent pair of
      brushes is rotated in a different direction. Accordingly, the over-all
      effect of the rotating brushes is to nullify any force that might be
      applied by the brushes to the surfaces of the wafers. With this
      construction, the belts 22 and 23 provide the sole means for moving the
      wafers 17 in their linear path through the cleaning 52, rinsing 13, and
      drying 54 compartments. The linear and rotary motion of the wafers 17
      continues as they are moved through each of the compartments. Hence, in
      each compartment the action is with respect to both surfaces of the wafer.
      In other words, both surfaces of each wafer are subjected to the action in
      any one of the compartments 52, 53, 54. Because the wafers are rotated,
      the full extent of each surface is acted upon in each compartment. The
      belts 22, 23 then move the wafers 17 into the chute 55 which directs them
      into the magazine 56 for eventual removal from the apparatus when the
      magazine is completely full.
PAR  Modifications of the apparatus described hereinabove can be made to provide
      a more versatile apparatus. In the above-described embodiment, the belts
      22, 23 can be driven by separate drives in order to more effectively
      regulate the speed of the belts relative to one another. Also, a separate
      drive can be used for the brushes 60 on one side of the wafers 17 and for
      the brushes 61 on the other side. Again, better control of the speed of
      each set of brushes will provide more uniform action relative to
      nonmovement of the wafers and, at the same time, a more uniform cleaning
      action.
PAR  With reference to FIGS. 4 and 5, another embodiment of the invention is
      disclosed in which one of the belts 22, 23 can be displaced relative to
      the other, as well as the brushes 60, 61 on one side of the wafers 17
      relative to those on the other side. Such an arrangement permits the
      apparatus 10 to be accommodated to wafers cut from billets of different
      diameter in the range of from about 1 inch to about 5 inches with or
      without any necessity for changing the size or diameter of the brushes 60,
      61.
PAR  In the disclosure shown in FIG. 4, the belt 22 and the brushes 60 are fixed
      in position and the belt 23 and the brushes 61 are movable in a vertical
      direction to permit wafers 17 of a larger diameter to be cleaned. Each of
      brushes 60 is mounted on a shaft 100 that is journalled in a bracket 101
      and the side plate 12. The bracket 101 is fixed to plate 102 that is
      fixedly mounted in spaced relation to the bottom plate 14. A sprocket 63
      is fixed to each of shafts 100 and interconnected by a chain drive 77
      similar to that described above so that each of adjacent sprockets 63 is
      driven in an opposite direction. Also, each of pulleys 28, 29 is rotatably
      mounted in a bracket 103 that is fixed to plate 14. In this way, belt 22
      as well as fixed plate 85, are maintained in the same relationship as
      defined above.
PAR  Each of the brushes 61 is rotatably mounted in a bracket 105 that is
      slidably mounted relative to a bracket 106 that is mounted in fixed
      relation to plate 102 by means of spaced rods 107, on FIG. 5. Sprockets 65
      are rotatably mounted on side plate 13 and each sprocket is interconnected
      to a respective brush 60 by a flexible shaft 108. In this way the drive
      chain 78 and sprockets 65 can be fixed and yet permit movement of the
      brushes 61 relative thereto. At this point it should be mentioned that
      brushes 60 and 61 will be independently driven and in the same directional
      relationship as described above, that is, aligned brushes 60 and 61 will
      be rotated in opposite directions, adjacent brushes 60 will be rotated in
      opposite directions and adjacent brushes 61 will also be rotated in
      opposite directions. Accordingly, the same driving relationship will exist
      as described above with respect to FIG. 3.
PAR  Each of brackets 106 is provided with spaced and aligned ears 109 in which
      rods 107 are positioned for mounting the bracket. A slot 110 and a pair of
      slots 111, see FIG. 5, receive suitable pins 112 and 113 for guiding
      bracket 105 in its vertical movement, about to be described. Bracket 105
      carries a rack 114 which is engaged by a pinion 115 that is secured to a
      shaft 116 extending at least the length of compartment 52 and having
      external means connected thereto for rotating the shaft 116. Accordingly,
      rotation of shaft 116 in one direction will move bracket 105 in an upward
      direction and in the other direction in a downward direction. Since each
      of brushes 61 is carried by a bracket 105, the brushes 61 will be moved as
      a unit relative to the brushes 60. While not shown in detail, each of
      pulleys 30 and 31 are also mounted in a manner similar to that described
      above and moved by a rack and pinion arrangement that is correlated with
      that of rack 114 and of pinion 115. In this way, both the brushes 61 and
      the pulleys 30, 31 with belt 23 can be moved relative to brushes 60 and
      belt 22 to accommodate the apparatus to the cleaning batches of wafers
      which can be of different diameters.
PAR  In FIG. 4, a spring-biased roller 117 is pivotally mounted on each of
      brackets 106. The roller is provided with a recess 118 which contacts belt
      23 and serves to guide the belt and to prevent any side sway or whip. Such
      a roller can be used in place of guide plate 88 described hereinabove. As
      a matter of fact, plates 85 and 88 can also be provided with longitudinal
      slots for the same guiding and anti-swaying function relative to belt 23.
      With either arrangement, a tension roller 84 can still be used with
      respect to each of belts 22 and 23.
PAR  With the embodiment just described, it will be evident that magazines 18
      and 56 will have to be of a size to accommodate the wafers being cleaned.
      It is also conceivable that means can be provided in conjunction with the
      rotation of shaft 116 to indicate the belt separation, or the diameter of
      the wafer that can be accommodated. Also, if each group of brushes 60, 61
      and each belt 22, 23 is provided with its own drive mechanism, variable
      speed drives can be used which will permit very accurate control of the
      speeds so as to obtain an optimum operating condition as related to wafer
      rotation and longitudinal movement.
PAR  It should also be pointed out that certain variations of the embodiments
      described above can be made without departing from the spirit of the
      invention. Since the diameter of a lot of wafers to be cleaned can vary
      from about one to about five inches, it is necessary to consider the
      effect of the diameter of the brush that is to be used. Obviously, the
      problem would be greatly simplified if the wafers were of one size so that
      brushes of generally the same size could be used. In this case the brushes
      would be of generally the same diameter as the wafers and axially aligned
      with the center line of movement of the wafers along the path. However,
      when one of the belts 22, 23 is made adjustable relative to the other,
      certain conditions relative to the brushes 60, 61 must also be taken into
      consideration, if wafers of different diameters are to be accommodated by
      the apparatus. If the brushes 60, 61 comprising a pair are axially aligned
      with each other and the center line of the path, then the brush diameter
      can be relatively small and full surface cleaning will be effected due to
      the rotary and linear movement of the wafers by the belts. On the other
      hand, if the brushes comprising a pair are axially aligned but displaced
      from the center line of the path toward one of the belts, then the
      diameter of the brushes must be at least equal to the radius of the wafers
      being cleaned in order to obtain full surface cleaning action. Brushes of
      any smaller diameter will leave at least one annular ring on the wafer
      that will not be cleaned depending on the diameter of the brush and its
      displacement relative to the path center line.
PAR  While the above embodiments are described with respect to brushes that are
      of generally the same size as the wafers being cleaned and in which each
      pair of brushes and adjacent brushes on the same side of the path are
      rotated in opposite directions, this mode of operation has been found to
      be most satisfactory. However, the same direction of rotation can be
      imparted to the brushes on the same side of the path, so long as the
      directions of rotation are opposed as to each pair of brushes.  It is of
      importance that the force exerted by the brushes on the surface of the
      wafers as well as torque exerted on the wafers be nullified by each pair
      of brushes so the rotary and linear motion of the wafers by the belts is
      not inhibited. These same conditions must exist with respect to the
      adjustable brushes in any position they might assume relative to the
      wafers being cleaned.
PAR  From the foregoing description, it should be readily apparent to one
      skilled in the art that the apparatus so described provides for
      simultaneous cleaning of both sides of a wafer without any manual handling
      and any possibility of edge damage and breakage. The manner in which the
      wafers are moved provides for more effective cleaning and is fully
      automatic, thereby resulting in an increased production rate.
PAR  The invention has been described in detail with particular reference to the
      preferred embodiment thereof. It will be understood that variations and
      modifications can be effected within the spirit and scope of the invention
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for simultaneously cleaning the surfaces of a number of thin,
      disc-like wafers being moved in a linear path comprising, in combination:
PA1  at least one pair of endless belts defining the linear path of movement for
      the wafers, one belt being arranged relative to the other with the facing
      portions of the belts being spaced apart by at least the diameter of the
      wafers interposed therebetween so as to frictionally engage the peripheral
      edges thereof for simultaneously moving and rotating the wafers in one
      direction along the path;
PA1  a plurality of abrading members rotatably mounted on each side of the path
      for engaging and cleaning the respective surfaces of the wafers, the
      abrading members being arranged in pairs along the path and each pair
      comprising an abrading member on each respective side of the path; and
PA1  drive means operatively coupled to the belts for moving one belt at a
      faster rate than the other for imparting rotary motion to the wafers in a
      direction corresponding to that of the faster moving belt and to the
      abrading members for rotating the same, the abrading members comprising a
      pair being rotated in opposite directions, the rotary forces applied to
      surfaces of the wafers by each pair of abrading members being nullified to
      the extent that rotation of the wafers in the one direction and movement
      along the path by the belts is not inhibited.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein the abrading members on the
      same side of the path are rotated in the same direction.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 wherein adjacent abrading members
      on the same side of the path are rotated in opposite directions.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 including means associated with
      each abrading member on each side of the path for introducing a cleaning
      solution to the abrading member generally near the plane of the surface of
      the wafer engaged by the abrading member.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 including means associated with
      each endless belt for permitting the belts to adjust the spacing between
      the facing portions to any variance in the diameter of the wafers.
NUM  6.
PAR  6. Apparatus in accordance with claim 1 wherein a number of pairs of
      endless belts are arranged in tandem for extending the length of the path.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein the plurality of abrading
      members are brushes of generally cylindrical shape and comprises a number
      of groups of pairs spaced along the path for cleaning the wafers, each
      such group preceding a section through which the wafers are moved by the
      belts for rinsing the cleaning solution therefrom.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 including a drying section arranged
      beyond the last rinsing section in the path and through which the wafers
      are moved by the belts.
NUM  9.
PAR  9. Apparatus in accordance with claim 1 wherein each belt is provided with
      a longitudinal open-end recess, the recesses facing one another for
      engaging the peripheral edge of the wafers interposed therebetween and
      being of such a size as to permit rotation of the wafer in the recesses
      while being moved along the path by the belts.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 including means arranged at one
      end of the belts for successively feeding discrete wafers into the belt
      recesses and between the facing portions of the belts and means arranged
      at the other end of the belts for receiving the cleaned wafers.
NUM  11.
PAR  11. Apparatus in accordance with claim 7 including means associated with
      the facing portions of the belts being moved relative to each group and
      section for permitting the belts to adjust the spacing between the facing
      portions in accordance with any variance in the diameter of the wafers
      therebetween.
NUM  12.
PAR  12. Apparatus in accordance with claim 11 wherein the variance permitting
      means comprises a fixed member arranged relative to and engaging at least
      a part of one facing portion of the belts that is opposite that engaging
      the wafer and a resiliently biased member arranged relative to an engaging
      at least an equivalent part of the facing portion of the other belt that
      is opposite that engaging the wafer.
NUM  13.
PAR  13. Apparatus in accordance with claim 9 wherein the open-end recess in
      each belt is generally rectangular and continuous with its respective belt
      and at least the side of the recess opposite the open end frictionally
      engages the peripheral edge of the wafers.
NUM  14.
PAR  14. Apparatus in accordance with claim 1 wherein the facing portions of the
      belts contacting the peripheral edges of the wafers are movable in
      opposite directions and at different linear speeds for imparting linear
      and rotary movement to the wafers.
NUM  15.
PAR  15. Apparatus in accordance with claim 1 wherein said drive means comprises
      a discrete driving mechanism associated with each endless belt and with
      the abrading members on each respective side of the path.
NUM  16.
PAR  16. Apparatus in accordance with claim 1 including means for moving one of
      the endless belts relative to the other to vary the space between the
      facing portions of the belts so wafers of another diameter can be
      interposed therebetween.
NUM  17.
PAR  17. Apparatus in accordance with claim 16 wherein the moving means is
      coupled to alternate pairs of the abrading members for moving the same in
      conjunction with the one belt.
NUM  18.
PAR  18. Apparatus in accordance with claim 16 wherein the moving means is
      coupled to the abrading members on the same side of the path for moving
      the same in conjunction with the one belt.
NUM  19.
PAR  19. Apparatus in accordance with claim 1 wherein the abrading members
      comprising a pair are axially aligned with the central line of movement of
      the wafers along the path.
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ABST
PAL  Improved apparatus for cleaning upholstery, carpets, rugs and the like by
      either shampooing or dry vacuuming includes baffle means arranged for
      selectively conditioning the apparatus for either operation without
      changing existing connections so that the conditioning is performed
      quickly and efficiently to enhance the selected cleaning operation.
PARN
PAC  CROSS REFERENCE TO RELATED PATENTS AND APPLICATIONS
PAR  This invention is an improvement over the device described in U.S. Pat. No.
      2,499,876 issued on Mar. 7, 1950 to Stanley F. Platek, the inventor of the
      present invention. This application is a Continuation-In-Part of U.S.
      application Ser. No. 444,781 filed on Feb. 22, 1974 by Stanley F. Platek,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for shampooing, vacuuming or similar
      cleaning of upholstery, rugs, carpets and the like and particularly, to
      novel means for quickly efficiently and selectively conditioning the
      apparatus for performing one or the other of the cleaning operations.
PAR  2. Description of the Prior Art
PAR  The cleaning apparatus described in the aforenoted U.S. Pat. No. 2,499,876
      includes a main container and a second container mounted within the main
      container and adapted to hold a detergent solution. An electrically
      operated blower fan is arranged with its intake or suction port in
      communication with the interior of the main container. The discharge port
      of the blower fan is disconnectably coupled to the interior of the second
      container so as to pass forced air through said container and the liquid
      detergent contained therein for providing a foaming, lather or sudsing
      effect, and for delivering the suds from the second container through a
      discharge nozzle to means for applying the suds to the article to be
      cleaned. The main container includes an inlet nozzle to which a suction
      means may be coupled. After application of the suds to the article to be
      cleaned has been satisfactorily accomplished, the applied suds are removed
      from the article by conditioning the apparatus for such suds removal. This
      is accomplished by disconnecting the second container from the blower fan
      for preventing air from being forced through the detergent, whereupon
      operation of the blower fan sucks air through the suction means to the
      main container for taking up the lather, foam or suds. When dry vacuuming
      is desired a collection bag is coupled to the discharge port of the blower
      fan to collect dust and/or dirt. It will thus be seen that when it is
      desired to shift from one cleaning operation to another it is necessary to
      change the existing connections to effectively condition the apparatus for
      the desired operation. This is time consuming and leads to a discontinuity
      in the cleaning operation; that is, it does not permit rapid, sequential
      shampooing and suds removal and/or vacuuming and shampooing as the case
      may be. Efficient cleaning of upholstery, rugs and carpeting requires this
      continuity, and quick changeover from one clean operation to the other is
      a necessary feature is achieving same.
PAC  SUMMARY OF THE INVENTION
PAR  This invention contemplates improved dual purpose cleaning apparatus
      including a main container and a second container mounted within the main
      container and adapted to hold a detergent solution. An electrically
      operated blower fan is arranged with its intake port in communication with
      the interior of the main container and its discharge port is coupled
      through a conduit to the interior of the second container.
PAR  In one embodiment of the invention an operator-operable baffle means is
      arranged with the conduit and is operated to a first selected position for
      permitting air to be forced through the conduit to the second container
      and its contained detergent solution for providing a sudsing, foam or
      lather effect, whereupon the suds are delivered from a discharge conduit
      of the second container through an applying means to the article to be
      cleaned. The baffle means is operated to a second position for blocking
      the flow of air to the second container, whereupon air is drawn into the
      first container through an inlet nozzle to provide a suction or vacuuming
      effect for suds removal, with the soiled suds thereupon being collected in
      the main container. The apparatus may be used for a dry vacuum cleaning
      operation with the baffle means in the second position as aforenoted, a
      suitable vacuum attachment connected to the inlet nozzle and a collection
      bag connected to the baffle means to collect dust and/or dirt as the case
      may be.
PAR  In another embodiment of the invention the baffle means is arranged with
      the discharge conduit of the second container and is selectively
      operator-operable to a first or open position whereupon air is forced
      through the conduit to the second container and suds are delivered from
      the discharge conduit of the second container through the applying means
      as aforenoted. The baffle means is operated to a second or closed position
      whereupon the flow of suds is blocked and air backs up in the conduit and
      flows to the collection bag for actuating valve means supported therein to
      provide the suction or vacuuming effect for suds removal or for providing
      the dry vacuum cleaning affect as aforenoted.
PAR  The main object of this invention is to provide cleaning apparatus of the
      type described which may be quickly, efficiently and selectively
      conditioned for performing either shampooing or vacuum cleaning operations
      on rugs, carpets, upholstery and the like.
PAR  Another object of this invention is to accomplish the above by providing
      operator-operable selectively positioned baffle means for conditioning the
      cleaning apparatus for either of the cleaning operations.
PAR  Another object of this invention is to provide cleaning apparatus of the
      type described wherein the need for changing existing connections to
      condition the apparatus for the selected cleaning operation is eliminated.
PAR  The foregoing and other objects and advantages of the invention will appear
      more fully hereinafter from a consideration of the detailed description
      which follows taken together with the accompanying drawings wherein
      several embodiments of the invention are illustrated by way of example. It
      is to be expressly understood, however, that the drawings are for
      illustration purposes only and are not to be construed as defining the
      limits of the invention, reference being had to the appended claims for
      that purpose.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross section taken through the center of the cleaning
      apparatus according to one embodiment of the invention.
PAR  FIG. 2 is a top plan view of the cleaning apparatus shown in FIG. 1.
PAR  FIG. 3 is a diagrammatic, partially sectioned top view of a baffle
      arrangement according to the embodiment of the invention shown in FIG. 1.
PAR  FIG. 4 is a diagrammatic left end view, relative to FIG. 3, showing the
      baffle arrangement of FIG. 3, wherein a baffle plate is disposed in a
      first selected position.
PAR  FIG. 5 is a diagrammatic left end view, relative to FIG. 3, showing the
      baffle arrangement wherein the baffle plate of FIG. 4 is disposed in a
      second selected position.
PAR  FIG. 6 is a diagrammatic right end view, relative to FIG. 3, best showing a
      baffle arm locking feature of the invention according to the embodiment of
      the invention of FIG. 1.
PAR  FIG. 7 is a diagrammatic representation showing a baffle arrangement
      according to another embodiment of the invention.
PAR  FIG. 8 is a diagrammatic representation showing valve means supported
      within a collection bag and operable upon the baffle means of FIG. 7 being
      selectively operated to a closed position for providing a vacuuming
      effect.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 1 and 2 wherein one embodiment of the invention is
      shown, the improved cleaning apparatus according to the invention is
      designated by the numeral 10 and includes a main container 11 having a
      bottom wall 12 supported by and suitably affixed to a carriage 13.
      Carriage 13 carries casters 14 so that the cleaning apparatus is rendered
      mobile for being conveniently moved from place to place as is desired in
      cleaning rugs, carpets, furniture, upholstery and the like. Main container
      11 has an open top which normally is closed by a cover 15, and which cover
      15 is removably affixed to the main container by fastening bolt and nut
      means 16, or some other such suitable fastening means. Main container 11
      may be of any suitable shape, but is preferably cylindrical as shown in
      the drawing. Bottom wall 12 of container 11 has a clean-out opening 17
      which is normally closed by a removable plug 18.
PAR  A second container 19 is supported within the interior of main container 11
      intermediate the top and bottom of the main container, and which second
      container is closed by a top wall 20 and a bottom wall 21. Container 19 is
      smaller in diameter than container 11 and is mounted within the latter in
      concentric relation thereto being supported by brackets 22 which extend
      from the side walls of main container 11, or by some other such suitable
      supporting means. Container 19 has a filling neck 23 extending from its
      top wall 20, and which neck 23 extends through cover 15 of container 11.
      Filling neck 23 has an open end which is normally closed by a removable
      plug 24.
PAR  A blower fan 25 and its actuating electric motor 26 are suitably mounted in
      fixed relation to cover 15 of main container 11. The casing or housing 27
      of the blower fan is provided with an axial air intake port 28 which
      communicates with the interior of main container 11 through an opening 29
      in cover 15 with which the intake port 28 is aligned. Housing 27 is
      further provided with an outlet or discharge member 30 which extends
      outwardly therefrom.
PAR  An air delivery conduit 33 extends within main container 11 and has a
      discharge end portion 32 which is connected with bottom wall 21 of
      container 19 so as to discharge into the interior thereof. Air delivery
      conduit 33 extends nearly to the side wall of main container 11 and
      terminates in an internal intake portion 34 having an inlet port 35
      disposed external to the main container and in a plane above the level of
      a liquid detergent solution 36 carried within the interior of container
      19. A conduit 39 leads from discharge member 30 to a conduit 42 which
      leads to a baffle means 40. Baffle means 40 is operator-operated through a
      handle or arm 41. Inlet port 35 is connected to baffle means 40 through a
      conduit 43.
PAR  Leading outwardly from the top of container 19 is a discharge conduit 44
      which extends to and through the side wall of container 11 and terminates
      in a discharge nozzle or spout 45 which projects exterior to container 11.
PAR  Suspended within the interior of container 19 is a suitable supporting
      means such as a hanger 46 so as to overhang the discharge end 32 of air
      delivery conduit 33. In suitable spaced relation to and above the latter
      is an air deflector 47. Deflector 47 is preferably in the form of a hollow
      cone, the open bottom of which opposes the discharge end 32 of air
      delivery conduit 33.
PAR  Prior to using the cleaning apparatus now being described, liquid detergent
      solution 36 is supplied to container 19 through filling neck 23 in
      quantities sufficient to submerge air deflector 47 but yet only partially
      filling container 19 so as to leave open space above the fluid level
      within the interior of the container.
PAR  When using the cleaning apparatus to perform a cleaning operation by
      shampooing or the like, baffle means 40 is operator-operated through arm
      41 to a first selected position as will be hereinafter described, whereby
      conduit 42 connected to discharge member 30 of blower fan through conduit
      39 is in communication with conduit 43 leading to air delivery conduit 33
      through port 35 and intake portion 34. Electric current is thereupon
      supplied to motor 26 so as to operate blower fan 25.
PAR  An air inlet port 48 in the side wall of container 11 is open to the
      atmosphere. Operation of the blower fan sucks air from the atmosphere
      through nozzle 48 into main container 11 and thereupon through inlet port
      29 and blower fan intake 28. The blower fan discharges air through its
      discharge member 30 and through conduits 42 and 43 to air delivery conduit
      33 via inlet port 35 and intake portion 34 for discharge into and through
      liquid detergent solution 36 within container 19. The stream of air thus
      forced into container 19 will be deflected by air deflector 47 so as to be
      directed outwardly from the rim thereof to pass into the solution. The air
      is substantially uniformly distributed laterally through the solution and
      in all directions to thereupon bubble upwardly therethrough for agitating
      and aerating the solution to produce lather, foam or suds for accumulation
      within the upper interior portion of container 19 above the level of
      solution 36 therein. The continued flow of forced air through discharge
      conduit 44 and nozzle 45 delivers suds to a suitable cleaning attachment
      52 having a brush 53 or the like connected thereto, whereby lather, foam
      or suds will be discharged for application to the article to be cleaned.
PAR  After application of lather, foam or suds to the article to be cleaned has
      been satisfactorily accomplished, the applied lather, foam or suds,
      together with the dirt taken up thereby, may be removed from the article
      under treatment by operator adjustment of baffle arrangement 40 through
      handle 41 to a second selected position whereby the flow of air through
      conduit 33 to the interior of container 19 is blocked and a vacuum or
      suction is drawn in a manner as will be next described.
PAR  With the flow of air thus blocked and the blower fan again put into
      operation, air will be sucked through a suitable vacuum or suction
      attachment 49 terminating in an air scoop or the like and coupled to inlet
      port 48, into the interior of main container 11. The air suction thus
      induced will take up the soiled lather, foam or suds from the article
      being cleaned and will carry the same into the interior of main container
      11 where it will fall out of the air stream so as to accumulate in the
      bottom of the container which may be subsequently emptied of accumulated
      soiled lather, foam or suds through the removal of closure plug 18 from
      bottom opening 17 in the container. It will be understood that the
      interior of the main container may be thoroughly cleaned by removing the
      cover member 15 for access thereto.
PAR  When it is desired to operate the cleaning apparatus in a dry vacuum
      method, baffle arrangement 40 is again actuated to the second selected
      position as described above, except that a dust collection bag 54 having a
      clean out plug or stopper 55 is connected to baffle 40 through a conduit
      56 as will be hereinafter described for collecting accumulated dust and
      dirt through attachment 49 as will now be understood.
PAR  Reference is now made to FIGS. 2 and 3 wherein baffle means 40 is shown as
      including a substantially V-shaped adapter having a vacuum member 60 and a
      foam member 62. Vacuum member 60 is coupled to conduit 56 through suitable
      coupling means 64 and foam member 62 is coupled to conduit 43 through
      suitable coupling means 66. Members 60 and 62 lead into and are integral
      with conduit 42.
PAR  As shown in FIGS. 3-6 a baffle plate 68 is disposed within baffle means 40
      and is suitably secured to baffle arm 41. Baffle plate 68 and baffle arm
      41 are arranged to pivot about a baffle pin 70 arranged in a sealed
      housing 71. When arm 41 is operator actuated in a counterclockwise
      direction as shown by the arrow in FIG. 3 to condition the apparatus for
      vacuuming, baffle plate 68 closes the opening between foam member 62 and
      conduit 42 so as to block the passage of air from blower motor 26 to
      container 19. When arm 41 is operated actuated in a clockwise direction to
      condition the apparatus for shampooing, baffle plate 68 closes the opening
      between vacuum member 60 and conduit 42 to prvent suction of air
      therethrough from inlet port 48 and the interior of container 11.
PAR  As best shown in FIGS. 3 and 4, when arm 41 is actuated in a
      counterclockwise direction to close foam portion 62, baffle plate 68 is
      adjacent a resilient sealing washer or gasket 72 suitably secured in the
      entry of foam portion 62 and arm 41 is locked in position by a clamp 66
      which may be a generally U-shaped spring type clamp well known in the art
      for retaining arm 41 in position to maintain the foam closure. As best
      shown in FIGS. 3 and 5, when arm 41 is actuated in a clockwise direction
      to close vacuum portion 60, plate 68 is adjacent a resilient sealing
      washer or gasket 74 suitably secured in the entry of vacuum portion 60 and
      arm 41 is clocked in position by a similar spring clamp 66A as shown in
      FIG. 6.
PAR  Another embodiment of the invention is shown with reference to FIGS. 7 and
      8. With reference first to FIG. 7, discharge conduit 44 leads from top
      wall 20 of container 19 and conduit 33 leads to bottom wall 21 of the
      container as shown and described in substantial detail with reference to
      FIG. 1. An operator-operated baffle means designated by the numeral 80 is
      disposed within discharge conduit 44 and includes a plate 82 suitably
      secured to a baffle arm 84. Baffle plate 82 is arranged to be pivoted
      through baffle arm 84 about a baffle pin 86 which may be arranged in a
      sealed housing 87, and may be adjacent a resilient sealing washer or
      gasket such as 72 when closed and locked in position by a clamp such as 66
      as heretofore described with reference to FIGS. 3, 4 and 5.
PAR  In FIG. 7, baffle plate 82 is shown in the open position; that is, air
      flows through conduit 33 and through the solution (not shown) in container
      19 to thereby provide suds which are discharged through conduit 44 as
      heretofore described. When baffle plate 82 is actuated through arm 84 to a
      closed position, passage of suds is blocked. In this event air which would
      otherwise pass through conduit 33 backs up in the portion of the conduit
      not filled with liquid and backs up in conduit 43 shown in FIG. 8. As
      further shown in FIG. 8, conduits 42, 43 and 56 heretofore referred to
      with reference to FIGS. 1-6 are in direct communication with each other.
      The air flowing from conduit 42, and which backs up in conduit 43, passes
      through conduit 56 and into bag 54 to operate a valve means 88 as will
      next be described.
PAR  Bag 54 is secured by elastic means 90 around the upper periphery thereof to
      a cap 92 in communication with conduit 56. Cap 92 has an internal flange
      94 extending around the periphery thereof. A diametrically disposed bar 98
      is secured at its ends to flange 94 through bolts 99. Bar 98 has secured
      thereto a centrally disposed longitudinally extending bolt 100. Bolt 100
      has at its upper end a head 102 disposed in a suitable recess in bar 98
      and has at its lower end and threaded portion 104, and which threaded
      portion carrying a securing device such as, for example, an elastic stop
      nut 106 for purposes to be hereinafter described.
PAR  When baffle plate 82 is in the open position as shown in FIG. 7, a
      diaphragm member 108, which may be thin metallic disc centrally disposed
      relative to bolt 100 and displaceably disposed relative to bar 98, is
      biased by biasing means such as a helical spring 110 surrounding the
      portion of bolt 100 between fastening device 106 and diaphragm 108 so that
      the diaphragm rests against the bottom portion of flange 94 to seal bag 54
      in accordance with the dotted representations in the figures.
PAR  When baffle plate 82 is closed so as to cause air to back up in conduit 43
      and flow through conduit 56, the air pressure thereby generated exerts a
      downward force on diaphragm 108 as shown by the arrows in FIG. 8 to
      displace the diaphragm away from the flange against the force of spring
      10, thereby unsealing the bag by creating a space along the sides of bag
      54 whereby air flows into the bag as shown by the arrows to provide a
      suction or vacuuming effect. Upon the opening of baffle plate 82, the
      force of spring 110 forces diaphragm 108 against flange 94 to seal bag 54
      as heretofore noted.
PAR  In this connection it is noted that even when baffle plate 82 is in the
      open position some air will flow through conduit 56. Diaphragm 108 may be
      unaffected by this flow of air and maintained in the position shown by the
      dotted lines in the figure by adjusting the tension of spring 110 through
      elastic stop nut 106 carried on threaded portion 104 of bolt 100 as will
      now be understood by those skilled in the art.
PAR  Bag 54 may be secured through elastic means 114 around its lower periphery
      to a removable lower cap 112. Cap 112 carries plug 55, and may be removed
      for adjustment of stop nut 106 to provide proper spring bias as particular
      conditions may require.
PAR  Thus, in the embodiment of the invention described with reference to FIGS.
      7 and 8, baffle means 80 may be operator-operated to an open position
      whereby a sudsing or shampooing effect is provided and may be likewise
      operated to a closed position whereby valve means 88 is actuated by the
      air flowing into bag 54 to provide the aforenoted vacuuming or suction
      effect.
PAR  From the above description of the invention it will be seen that the
      improvement described herein provides cleaning apparatus which may be
      quickly and selectively conditioned for either the described shampoo
      cleaning or vacuum cleaning as may be desired. The conditioning for the
      several cleaning operations is accomplished without changing existing
      connections as has been heretofore required. The selective conditioning is
      controlled by the operator actuation of baffle means 40 or 80 and is thus
      accomplished quickly, simply and efficiently to enhance the cleaning
      operations.
PAR  Although several embodiments of the invention have been illustrated and
      described in detail it is to be expressly understood that the invention is
      not limited thereto. Various changes may also be made in the design and
      arrangement of the parts without departing from the spirit and scope of
      the invention as the same will now be understood by those skilled in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In cleaning apparatus of the type including a main container having an
      inlet port open to the atmosphere, a second container supported within the
      main container and adapted to hold a detergent solution, a blower fan
      having an intake port communicating with the interior of the main
      container and a discharge port communicating through a first conduit to
      the interior of the second container and communicating through a second
      conduit to a bag means for collection contamination, the second container
      having a discharge conduit leading from the interior thereof and external
      to the main container, the improvement comprising:
PA1  baffle means arranged with the discharge conduit of the second container
      and including means selectively operator-operated to a first position for
      permitting air drawn into the main container through the inlet nozzle upon
      operation of the blower fan to flow through the first conduit to the
      second container for passage through the detergent solution therein to
      provide suds for delivery through the discharge conduit;
PA1  the baffle means selectively operator-operated to a second position for
      blocking delivery of suds through the discharge conduit of the second
      container, whereupon the air backs up in the first conduit and flows
      through the second conduit; and
PA1  valve means supported within the collection bag means and closed when the
      air flows through the first conduit for sealing the bag means, and opened
      by the air flowing through the second conduit for unsealing the bag means
      whereupon said bag means receives the air flow.
NUM  2.
PAR  2. Cleaning apparatus as described by claim 1, wherein the collection bag
      means includes a cap communicating with the second conduit:
PA1  a flange extends around the internal periphery of the cap;
PA1  the valve means includes a diaphragm and means for maintaining the
      diaphragm adjacent the flange for sealing the collection bag means when
      air flows through the first conduit; and
PA1  the air flowing through the second conduit displaces the diaphragm away
      from the flange for opening the valve means and unsealing said bag means.
NUM  3.
PAR  3. Cleaning apparatus as described by claim 2, wherein the means for
      maintaining the diaphragm adjacent the flange for sealing the bag means
      includes:
PA1  a diametrically disposed bar supported by the flange;
PA1  a longitudinally extending centrally disposed rod supported at one end by
      the and slidingly supporting said diaphragm bar; and
PA1  biasing means surrounding the rod and biasing the diaphragm adjacent the
      flange for sealing the bag means when the air flows through the first
      conduit; said diaphragm being displaced against said bias upon the air
      flowing through the second conduit for unsealing said bag means.
NUM  4.
PAR  4. Cleaning apparatus as described by claim 3, wherein:
PA1  the rod includes a threaded portion at the end thereof opposite the one
      end;
PA1  securing means being in threaded engagement with the threaded rod portion;
PA1  the biasing means being disposed between the securing means and the
      diaphragm; and
PA1  the securing means being displaceable relative to the threaded rod portion
      for adjusting the bias of the biasing means.
NUM  5.
PAR  5. Cleaning apparatus as described by claim 3, wherein:
PA1  the biasing means is a helical spring.
NUM  6.
PAR  6. Cleaning apparatus as described by claim 2 wherein the collection bag
      means further includes:
PA1  a second cap; and
PA1  a bag removably supported intermediate the first mentioned and second caps.
NUM  7.
PAR  7. Cleaning apparatus as described by claim 6, wherein:
PA1  the second cap carries a removable contamination emptying plug.
NUM  8.
PAR  8. Cleaning apparatus as described by claim 1, wherein:
PA1  the selectively operator-operated means included in the baffle means
      includes a plate and a handle mounted to the plate, said plate and handle
      being displaceably supported;
PA1  the handle being operator-displaced for displacing the plate to the first
      position, whereupon the discharge conduit is opened so that suds are
      delivered therethrough; and
PA1  the handle being operator-displaced for displacing the plate to the second
      position, whereupon said plate closes the discharge conduit for blocking
      the flow of suds and for causing the air to back up in the first conduit.
NUM  9.
PAR  9. Cleaning apparatus as described by claim 1, including:
PA1  suds application means connected to the discharge conduit of the second
      container for applying the suds delivered therethrough to an article being
      cleaned.
NUM  10.
PAR  10. Cleaning apparatus as described by claim 1, including:
PA1  a suction element connected to the inlet port of the main container for
      sucking contamination from an article being cleaned when the vacuuming
      effect is provided.
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ABST
PAL  A car wash includes a series of modules mounted in an overhead position
      above the path of cars to be washed. The overhead modules mount brushes,
      sprays, air nozzles and curtain-like scrubbers so as to keep the ground
      level clear of this apparatus. The modules also are open to one another to
      form an air tunnel for drying air to travel to a blower.
PARN
PAR  This is a continuation of application Ser. No. 445,214, filed Feb. 25, 1974
      and now abandoned which, in turn, is a continuation of application Ser.
      No. 267,088, filed June 28, 1972, and now abandoned.
BSUM
PAC  DESCRIPTION
PAR  This invention relates to an improved module car wash, and more
      particularly to a car wash in which substantially all cleaning mechanisms
      thereof are ceiling suspended.
PAR  An object of the invention is to provide a new and improved module car
      wash.
PAR  Another object of the invention is to provide a car wash in which
      substantially all cleaning mechanisms thereof are ceiling suspended.
PAR  A further object of the invention is to provide a car wash in which top and
      wraparound brushing mechanisms, a curtain-like scrubber, sprays and dryer
      are overhead mounted.
PAR  Another object of the invention is to provide a car wash in which a series
      of equipment mounting, overhead modules form an air tunnel to a blower
      mounted in one of the modules.
PAR  Another object of the invention is to provide a car wash building in which
      the top portion is formed by a series of compartments secured together,
      supported in elevated positions, carrying substantially all of the car
      cleaning devices, and supporting a roof.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of an improved module car wash forming one
      embodiment of the invention with portions thereof broken away;
PAR  FIG. 2 is a side elevation view of the car wash of FIG. 1;
PAR  FIG. 3 is an enlarged vertical sectional view of the car wash of FIG. 1;
      and,
PAR  FIG. 4 is an enlarged, fragmentary, partially sectional, side elevation
      view of a portion of the car wash of FIG. 1.
DETD
PAR  Referring now in detail to the drawings, there is shown therein an improved
      module car wash forming one embodiment of the invention and including
      modules 11-19, of which each, except the module 17, which is a spacer
      module, is of substantially the same size and has substantially the same
      skeletal framework. The modules are secured together to form an elongated
      tunnel or attic 20 and are supported by posts or columns 22 in positions
      spaced sufficiently above a concrete slab or runway 24 forming a path for
      cars to be washed that the cars can move freely under the tunnel. The slab
      24 may be provided with a conveyor for pushing the cars along the runway
      and with the usual drains, etc. of a car wash. A roof 26, which, as shown,
      is a sectional reinforced concrete member, is secured to the top of the
      tunnel.
PAR  The skeletal framework of each of the modules 11-19 includes rectangular
      end frames 30 and 32 of horizontal channels 33 and 34 and vertical
      channels 35 and 36. Diagonal channels 37 and top and bottom side channels
      38 and 39 are welded together and to the end frames 30 and 32. The
      channels 35 and 36 of adjacent modules are bolted together to rigidly form
      the tunnel, and the channels 35 and 36 are bolted or welded to the posts
      to secure them rigidly thereto. Downwardly directed lights 40 are provided
      in the tunnel and translucent ceiling panels 42 are secured to the bottom
      of the tunnel to transmit the light to the area below the tunnel. Side
      panels 44 are secured to the sides of the modules and to channels 46
      welded to the channels 35 and 36. Access doors 48 are provided for
      installation and maintenance, and personnel can walk the entire length of
      the tunnel.
PAR  Cars are advanced by the conveyor from left to right, as viewed in FIGS. 1
      and 2, through the car wash. The car travels under the modules 11 to 19.
      The module 11 contains a hot air blower 60 which blows a curtain of air
      across the entrance. The modules 12 and 13 suspend wraparound brushing
      devices 62 and 63 and side window brush devices 64 and 65. A friction
      scrubber 66 has its drive 67 and suspending frame 68 mounted in the module
      14, and slit curtains 70 are suspended from and moved by the frame 68. A
      counterweighted top brush device 72 has its U-shaped frame 74 pivotally
      mounted on the module 15 and a partially cylindrical shroud 76 in the
      module 15 provides clearance for top brush 78 to be moved up into the
      module 15. The ends of the shroud are spaced from the side walls of the
      module 15 to provide air passages and personnel passageways through the
      module 15 from the module 14 to the module 16. A rinsing sprayer 80 is
      mounted in the module 16 as is a panel 82 of electrical controls. A boiler
      compartment 84 housing the usual gas or oil burner, boiler, and water
      pumps is mounted in the pit but may be mounted in one of the modules. An
      air dryer 86 having a top nozzle portion and side nozzle 88 is mounted by
      the module 18. A hot air blower 90 mounted in the module 19 draws air
      through the tunnel from openings at the lefthand end of the module 11, and
      through a heat exchanger 92 through which hot exhaust gases from the
      boiler travel to a vent 94. The heated air is blown by the blower 90
      downwardly across the exit of the tunnel 20 to form an air door. Side
      walls 96, which may be transparent or opaque with windows, are secured to
      the posts 22 to form a tunnel-like path for the cars with the attic 20. A
      hydraulic pump and reservoir unit 100 is mounted in the module 13 and
      supplies hydraulic power to the devices 62, 63, 64, 65, 66 and 72 through
      suitable hydraulic lines (not shown).
PAR  If desired, rocker panel brush devices 110 and 112 and wheel washers 114
      and 116 may be mounted on the runway 24, which has wheel guiding rails 118
      for the left wheels of the cars. The rocker panel brush devices are
      mounted on the posts 22 at the juncture of the modules 15 and 16.
PAR  The wraparound brush devices 62 and 63 have brushes 120 and hydraulic
      motors 122 mounted on overhead arms 124 pivotally mounted on overhead arms
      126 having vertical shaft portions extending up into tubular journaling
      portions 128 fixed to corner portions of the modules 12 and 13. The
      wraparound brush devices are of the same general construction and
      operation as those disclosed and claimed in Hanna U.S. Pat. No. 3,350,733.
      The side panels extend below the module frames sufficiently to
      substantially cover the arms 124 and 126 from the side.
PAR  The side window brushing devices 64 and 65 have arms 130 pivotally
      suspended from hinging brackets (not shown) bolted to the side channels
      38, and are similar in construction and operation to side window brushing
      devices disclosed and claimed in Hanna U.S. Pat. No. 3,546,728. The arms
      130 are generally S-shaped and mount brushes 132 and 134 in offset
      positions. The brushes 132 and 134 are driven by hydraulic motors (not
      shown) supplied with power by hoses (not shown) carried by and extending
      along arms 130. Preferably, the arms 130 are hollow and the hoses are
      enclosed within the arms.
PAR  An exhaust line 150 from the boiler compartment 84 travels to the heat
      exchanger unit 92. The several cleaning devices are supplied with soapy
      water when needed from pumps in the boiler compartment.
PAR  The above-described car wash has almost all the cleaning equipment mounted
      up off the floor, and with the operating mechanisms in dry areas. The
      drying air is drawn from a dry area also (at the front end of the tunnel
      20). Access to the cleaning devices in the tunnel is provided even while
      cars are being advanced and washed therebelow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a car wash,
PA1  a pathway of a predetermined width along which cars to be washed can be
      moved,
PA1  an attic-like building structure including a framework and sides,
PA1  post means at the sides of the pathway supporting the building structure in
      a position raised completely above the height of a car to be moved along
      the pathway, the sides being open for sight except for the post means,
PA1  a plurality of cleaning mechanisms including an articulated wraparound
      brush device, a top cleaning device and a window brush device,
PA1  and mounting mechanisms mounting all of said devices and constituting the
      sole supports for said devices, all of said mounting mechanisms being
      mounted by said framework above said height and suspending said devices
      into the path of the cars,
PA1  the overall width of the combined building structure and post means
      providing a narrow building and the building structure being overhead and
      mounting the mounting means serving to keep them above the spray area to
      reduce wear and make maintenance convenient.
NUM  2.
PAR  2. The car wash of claim 1 wherein the framework means includes a plurality
      of modules secured together in series extending along the pathway and
      defining the building structure.
NUM  3.
PAR  3. The car wash of claim 2 including blower means mounted in one of the
      modules, the modules defining a tunnel-like air passageway to the blower
      means,
PA1  and nozzle means supplied with air under pressure from the blower means for
      blowing air on cars advanced along the pathway.
NUM  4.
PAR  4. The car wash of claim 3 wherein the blower means is located near one end
      of the series of modules and the air passageway extends to the other end
      of the series of modules and has an entrance opening in a vertical wall at
      said other end.
NUM  5.
PAR  5. The car wash of claim 1 wherein the framework means comprises an
      overhead compartment,
PA1  a hydraylic power source mounted in the compartment,
PA1  and hydraulic motor means supplied with power from the source for driving
      the brushing devices.
NUM  6.
PAR  6. The car wash of claim 5 including lighting means mounted in the
      compartment for lighting the pathway.
NUM  7.
PAR  7. The car wash of claim 1 wherein the framework means includes a plurality
      of box-like skeletal frames secured in end-to-end relationship to each
      other.
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ABST
PAL  A car wash apparatus comprising a support frame, a first brush support
      frame depending from the frame, a second brush support frame depending
      from the first frame and a horizontal brush carried by the second frame
      for rotation about a substantially horizontal axis. The double frame
      permits the brush to contact the top and front and rear end surfaces of a
      vehicle. Power means in the form of a fluid cylinder are provided for
      swinging the opposite parallelogram arms of the first frame during
      engagement of the rotating brush with a vehicle thereby to impart a
      reciprocating axial displacement to the scrub brush as it contacts a
      vehicle.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to car washing systems and particularly to an
      apparatus within such a system for producing a reciprocating axial
      displacement of a rotating scrub brush as it contacts a vehicle thereby to
      enhance the scrubbing action of the brush.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of substantially cylindrical rotating scrub brushes in automatic
      and semiautomatic car washing systems is now a wide-spread, if not
      universal, practice. Vertical side brushes may be mounted on laterally
      pivotal arrangements for contacting the side surfaces of a vehicle as it
      travels along a wash lane. Horizontal top brushes may also be suspended
      from various types of overhead support arrangements to wash the top
      surfaces of a vehicle as well as the front and rear windows and portions
      of the front and rear end surfaces of the vehicle. It is well known that
      the location and configuration of vehicle body and trim members often
      makes the thorough scrubbing of a vehicle very difficult where only
      rotating brushes are used since there is little, if any, relative
      displacement between the vehicle and the brush along the axis of rotation
      of the brush. Since thoroughness is a virtue in a car washing operation,
      it is typical to augment the brush wash with hand washing or detergent gun
      washing, such operations necessarily adding to the cost of operating a car
      wash business. Accordingly, it is desirable to have an entirely mechanized
      system which will perform a complete and thorough washing job.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to improvements in car washing systems and in
      particular to an improvement to the scrubbing action which is provided by
      a rotating type car wash brush in a car wash system. More specifically,
      the present invention provides an apparatus whereby a rotating scrub
      brush, such as, for example, a horizontal top brush, may be reciprocally
      displaced along its own axis through a relatively short displacement range
      as it contacts the vehicle thereby to enhance the thoroughness of the
      scrubbing action of the brush on the vehicle.
PAR  In the illustrative embodiment of the invention hereinafter described in
      greater detail, a horizontal top brush is suspended from an overhead
      support means and transversely disposed in a vehicle wash lane to contact
      the top surfaces of the vehicle and, in addition, to contact the front and
      rear end surfaces of the vehicle as it travels along a wash lane. In
      addition, the rotating brush apparatus of the illustrative embodiment
      provides means whereby the support frame is caused to be displaced
      laterally and reciprocally relative to the wash lane thereby to impart an
      axial reciprocal displacement to the scrub brush as it contacts the
      vehicle.
PAR  In the preferred form, the support arrangement comprises first and second
      substantially vertically depending frames, the first frame comprising at
      least a pair of parallelogram arms and the second frame being pivotally
      carried between the free ends of the parallelogram arms so as to depend
      therefrom. The rotating brush is horizontally disposed on the second frame
      and provided with means, such as a motor, for imparting rotation about a
      longitudinal axis. Power means, such as a fluid cylinder, are operatively
      connected with the first frame to impart a reciprocal angular displacement
      to the parallelogram arms thereby to produce an axial displacement of the
      scrub brush which is transverse of the washing lane, the parallelogram
      arms being such as to maintain the horizontal disposition of the brush
      axis during pivotal swinging motion of the first frame. In addition, the
      first and second frames are pivotally interconnected to permit relative
      angular displacement therebetween taken about an axis which is parallel to
      the brush axis; i.e., transverse of the washing lane. Accordingly, the
      first frame may be pivoted in such a direction as to carry the brush
      upwardly while maintaining the vertical depending orientation of the
      second frame at all times.
PAR  The present invention may be embodied in a car washing system wherein the
      vehicle is pushed, towed, or otherwise caused to be displaced along a wash
      lane having relatively fixed brush positions. Alternatively, the invention
      may be embodied in a system wherein the vehicle remains fixed and a
      carriage supporting the brush system is caused to be displaced over a
      track or other guide. The following description of the invention shall be
      made without regard to whichever of such arrangements is chosen in the
      actual implementation of the invention, it being understood that the
      material operation of the novel elements of the invention is the same in
      both cases. Accordingly, while the operation of the illustrative
      embodiment is often described as involving the "travel" of a vehicle along
      a wash lane, it is to be understood that such description is equally
      applicable to the case of relative vehicle-scrub brush displacement caused
      by movement of a carriage which carries with it the scrub brushes and
      associated components.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematicized side view of a car washing apparatus embodying
      the invention;
PAR  FIG. 2 is a perspective drawing of a displaceable-carriage car wash system
      having a horizontal top brush mounted for operation in accordance with the
      invention;
PAR  FIG. 3 is a front view of the apparatus of FIG. 2; and,
PAR  FIG. 4 is a schematicized side view of the apparatus of FIGS. 2 and 3.
DETD
PAC  DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAR  Referring to FIGS. 1 and 2 of the drawings, the illustrative embodiment of
      the invention is shown in combination with a vehicle 10 in the form of a
      conventional passenger sedan disposed in a wash lane which is defined by
      the total area swept by a displaceable tunnel-shaped carriage 12 which is
      adapted for longitudinal displacement relative to spaced rails 14 and 15.
      A drive mechanism such as a reversible electric motor and traction system
      may be provided for producing the displacement of the carriage 12 along
      rails 14 and 15, such mechanism being entirely conventional and forming no
      part of the present invention. Carriage 12 provides relative displacement
      between the vehicle 10 and a system of scrubbing brushes including side
      brushes 16 and 17 and top brush 18. All of the scrubbing brushes 16, 17,
      and 18 are preferably of the generally cylindrical, limp-bristle type
      having longitudinal axes of rotation and adapted for scrubbing contact
      with the exterior surfaces of the vehicle 10. The axes of rotation of
      brushes 16 and 17 are substantially vertical and the axis of rotation of
      brush 18 is substantially horizontal at all times.
PAR  The illustrative embodiment of the invention is hereinafter described with
      specific reference to brush 18 and, accordingly, it may be assumed that
      the support, displacement and drive apparatus of brushes 16 and 17 is
      either conventional or otherwise unrelated to the present invention.
PAR  Referring now to FIGS. 1 through 4, the brush 18 is supported for
      displacement along with carriage 12 by means of a support system including
      a first frame 20 which depends from the upper interior area of the
      carriage 12 and which provides certain pivotal displacement capabilities
      to brush 18, and a second frame 22 which is dependingly carried by the
      first frame 20 and which in turn carries the brush 18. Frame 22 carries an
      electric drive motor and gear box combination 46 to rotate the brush 18
      about its longitudinal axis. The illustrative embodiment of the invention
      further comprises means for imparting a reciprocal axial displacement to
      the brush 18 when in contact with the vehicle 10 thereby to enhance the
      scrubbing action of the rotating brush while it is in contact with the
      vehicle 10. This means includes a power source in the form of a two-way
      fluid cylinder 24 which is operatively connected to the frame 20 as
      hereinafter described.
PAR  Frame 20 comprises a rigid cross member 26 supported by the carriage 12 and
      a pair of spaced parallelogram arms 28 and 29 constructed of rigid
      materials, such as steel channels or square tubes. Arms 28 and 29 are
      pivotally connected to member 26 by conventional pin or bearing type
      pivots 47 and 48. A second rigid cross member 30 is pivotally connected
      between the parallelogram arms 28 and 29 at a point near the free end
      thereof. Frame 22 comprises cross braces 49 and 50 secured between rigid
      end members 32 and 33, the entire frame 22 being pivotally connected to
      the free ends of the parallelogram arms 28 and 29 by means of pivots 35
      and 36. The pivots 35, 36, 47, and 48 permit the parallelogram arms 28 and
      29 to be pivotally swung in a transverse plane; i.e., a plane which is
      transverse to the longitudinal axis of the vehicle 10 and parallel to the
      axis of rotation of brush 18, while at the same time maintaining the
      horizontal disposition of the axis of rotation of the brush 18 at all
      times.
PAR  The connections between the free ends of parallelogram arms 28 and 29 and
      the frame 22 comprise second pivots 38 and 39 which permit the frame 22 to
      vary in angular relationship to the parallelogram arms 28 and 29 by
      rotation about a second axis; i.e., a transverse axis which is parallel to
      frame cross member 34 and the axis of rotation of brush 18. Accordingly,
      the parallelogram arms 28 and 29 of frame 20 may be swung upwardly toward
      a horizontal position as illustrated in FIG. 1 while the frame 22 is
      maintained in a vertical orientation or in such other orientation as may
      be desired in order to perform a given scrubbing operation. A damper in
      the form of a conventional hydraulic shock absorber 40 may be operatively
      connected between frame arm 29 and a strut 51 secured to frame 22, as
      shown in FIG. 2, to prevent any oscilatory swinging motion or bouncing of
      the frame 22 relative to the frame 20 when engaged by the vehicle 10.
PAC  OPERATION
PAR  It can be seen from the foregoing description that the brush 18 is disposed
      with the axis of rotation transversely across the wash lane and with the
      frames 20 and 22 depending from the upper area of the carriage 12 so as to
      initially engage the bristles of brush 18 with the lower front end surface
      of vehicle 10. It is, moreover, apparent that the brush 18 may be lifted
      relative to the vehicle 10 by pivoting the arms 28 and 29 upwardly about a
      pivot axis 42, the pivots 38 and 39 being operative to maintain the arms
      32 and 33 in a substantially vertical plane. The frame 20 may be pivotally
      raised to permit the vehicle 10 to pass completely under the brush 18,
      maintaining scrubbing contact as it goes, thereby to clean the top
      surfaces and front and rear windows of the vehicle 10 during the process.
      Brush 18 may then be again lowered to clean the rear end surface of the
      vehicle 10 in the completion of the washing operation. The lower position
      of brush 18 is illustrated in FIG. 4 and the raised position in FIG. 1.
PAR  In the course of the washing operation, the scrubbing action of the brush
      18 is enhanced by admitting air or other fluid under pressure to the
      opposite ends of the bidirectional air cylinder 24 by way of lines and
      valves which are entirely conventional thereby to reciprocally swing the
      pivot arm 28 through a limited degree of angular displacement relative to
      the upper cross member 26. This causes the frame 22 and the brush 18 to be
      reciprocally axially displaced across the vehicle 10 while the motor 46
      rotates the brush 18 in the direction shown in FIG. 2. Thus, the brush 18
      is given an axial component of displacement to ensure thorough scrubbing
      regardless of the configuration of the body metal and/or trim components
      on the front and rear surfaces of the vehicle 10. The parallelogram action
      provided by pivots 35, 36, 47, and 48 permit the axis of brush 18 to
      remain substantially horizontal during the swinging oscilation or
      reciprocation of the frame arms 28 and 29. In addition, pivots 38 and 39
      along with shock absorber 40 permit the frame 22 to remain in a
      substantially vertical plane while the frame 20 is raised and lowered
      relative to the carriage 12 during normal operation. The axial
      displacement of the brush 18 may be temporarily stopped while the brush
      passes over the vehicle antenna mast.
PAR  It is to be understood that the invention has been described with reference
      to a specific embodiment and that various other implementations may be
      similarly employed in the embodiment of the invention. It will further be
      understood that the description given above intentionally omits reference
      to water and soap dispensing means, drying means, wax dispensing means,
      water reclaiming systems and such other apparatus as may form part of an
      actual installation, such apparatus being well known in the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows;
NUM  1.
PAR  1. In a car washer assembly: a cylindrical scrubbing brush having a
      longitudinal axis of symmetry for contacting a vehicle in a wash lane;
      means for rotating the brush about said axis; support means carrying the
      brush in a position to contact vehicles in the wash lane with said axis
      transversely to the lane; and power means operatively connected with said
      support means for axially reciprocally displacing the brush relative to
      the wash lane while contacting a vehicle, said support means comprising a
      first frame suspended over the wash lane and supporting the brush with the
      axis thereof substantially horizontal for relative displacement over
      vehicles in the lane; said frame further including first and second
      pivotal and rigid parallel arms of equal length, the brush being carried
      by and between the arms, the power means being connected to at least one
      of the arms to control the angular relation between the arms and the brush
      thereby to laterally shift the brush relative to the wash lane.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein the first frame further
      comprises an upper cross member, said first and second rigid parallelogram
      arms depending from and being pivotally connected to the cross member, the
      brush being carried by the arms at the ends opposite the cross member, the
      power means being connected between the cross member and at least one of
      the arms to control the angular relation therebetween thereby to laterally
      shift the brush relative to the wash lane.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein the power means comprises a
      fluid-operated cylinder.
NUM  4.
PAR  4. Apparatus as defined in claim 1 including a second support frame
      dependingly carried by the first frame and pivotal with respect thereto
      about a lateral horizontal axis, the brush being carried by the second
      frame for lateral movement therewith.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein the first frame comprises an
      upper cross member, said arms depending from and being pivotally connected
      to the cross arm at spaced points thereon to form a parallelogram, the
      apparatus further comprising pivot means pivotally connecting the second
      frame to the free ends of the parallelogram arms for angular displacement
      relative to the arms about a lateral axis, the pivot means further
      providing pivotal angular displacement between the parallelogram arms and
      the second frame whereby the second frame and the brush axis remains
      horizontal and laterally related to the wash lane during the pivotal
      angular displacement of the parallelogram arms.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein the power means comprising a
      fluid cylinder having a body and an extensible output member connected
      across the cross member and one of the parallelogram arms to pivotally
      angularly displace the parallelogram arms of the first frame.
NUM  7.
PAR  7. Apparatus as defined in claim 6 including damper means connected between
      the first and second frames to damp relative pivotal motion therebetween.
NUM  8.
PAR  8. Apparatus as defined in claim 6 wherein the brush is vertically
      displaceable with the first and second frame between a lowered position
      wherein the brush engages the front end of the vehicle, and a raised
      position wherein the brush engages the top of the vehicle.
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ABST
PAL  A floor treatment machine including a squeegee assembly having a squeegee
      blade adjustable for a desired angle of incidience between the blade and
      the floor. The squeegee assembly is pivotally mounted to a bracket for
      limited rotation about the longitudinal axis of the machine for tracking
      variations of the floor surface. The bracket to which the squeegee
      assembly is pivotally coupled in turn is swivel-coupled to a lifting
      platform by a pair of spaced support arms, each pivotally coupled between
      the lifting platform and the bracket to permit the squeegee assembly to
      follow behind the floor treatment machine as it changes direction. The
      lifting bracket is pivotally coupled to the machine frame and is coupled
      to squeegee elevating and lowering means including a compressible linkage
      for holding the squeegee in an operating position with a predetermined
      adjustable pressure of the squeegee blade against the floor surface while
      permitting rearward tilting of the machine with the squeegee in the
      operating position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to floor treatment machines and particularly
      to scrubbers having swing squeegee assemblies.
PAR  In such swing squeegee scrubbers, the squeegees are mounted at the rear of
      the scrubber so as to swing from side to side. As one turns a corner with
      the machine, the friction between the squeegee and the floor causes the
      squeegee to track to the inside and thereby follow the path of water which
      has been laid down on the floor by brushes at the front of the machine.
PAR  Not only is it desirable to have a squeegee which swings from side to side,
      but also it is desirable to have a squeegee which will tilt or pivot about
      the longitudinal axis or path which the machine follows. Also, it is
      desirable to have facility for raising and lowering the squeegee between
      inoperative and operative positions. Prior artisans have had difficulty in
      combining all of these functions into a swing squeegee assembly which can
      still be raised and lowered by some type of remote control. Mechanisms
      proposed have either been quite complicated or have involved expensive
      components such as universal joints.
PAR  Also, the complicated assemblies required for swing squeegees interfere to
      some extent with the ability of the operator to tilt the machine on its
      rear wheels to gain access to the cleaning brushes. Such access is
      necessary to change brushes, for example. The squeegee assembly either
      interferes with tipping the machine rearwardly or prevents it altogether
      when the squeegee is in its operative position. Indeed, one could
      conceivably damage the squeegee assembly by attempting to tip it
      rearwardly with the squeegee in its down or operative position.
PAR  Yet another difficulty encountered with swing squeegee assemblies is
      effecting proper adjustment of the angle of the squeegee with respect to
      the floor. Typically, the entire assembly has to be adjusted in order to
      adjust this angle. This makes it extremely difficult if not impossible to
      adjust the angle during the life of the machine, which adjustment
      sometimes becomes necessary as a result of wear on the squeegee blade.
      Only one prior art proposal is known which even suggests providing for
      adjusting the angle of the squeegee with respect to the floor and this is
      a relatively complex arrangement in which a pivotally mounted squeegee has
      an upwardly projecting lever portion with a set screw projecting from
      either side of the lever for positioning it by adjusting the oppositely
      disposed set screws.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the present inventon, however, includes squeegee mounting
      structure which overcomes the deficiencies of known floor treatment
      machines and provides controlled tracking of the squeegee blade with
      respect to both the floor and movement of the machine. In one aspect of
      the present invention, means are provided to permit adjustment of the
      angle of incidence between the squeegee blade and the floor surface. Such
      means include a squeegee support plate, a support mounting bracket, pivot
      means between the plate and bracket, and fastening means spaced on
      opposite sides of the pivot means such that the squeegee blade may be
      adjustably tilted to adjust the angle of incidence.
PAR  Floor treatment apparatus of the present invention may also include
      squeegee mounting means permitting restricted pivoting of the squeegee
      assembly about the longitudinal axis of travel of the machine and a means
      for coupling the pivoted squeegee assembly to the machine for permitting
      lateral shifting of the squeegee assembly for tracking the motion of the
      treatment machine.
PAR  Apparatus also embodying the invention include a floor treatment machine
      having a squeegee assembly which is coupled to the machine by elevating
      and lowering means including a compressible member permitting the squeegee
      to be elevated to a nonoperative position and lowered to a yieldable
      operating position under a controlled pressure and permitting the machine
      to be tilted with the squeegee in operating position.
DRWD
PAR  The present invention, its advantages and operation can best be understood
      by referring to the following description thereof together with the
      drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary rear perspective view of a floor scrubbing machine
      embodying the present invention;
PAR  FIG. 2 is an enlarged left side elevational view, partly in cross section,
      of the squeegee mechanism employed with the machine shown in FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary front elevational view of the support
      wheel assembly shown in FIG. 2 taken from the direction indicated by arrow
      III in FIG. 2;
PAR  FIG. 4 is a partly exploded top plan view of the squeegee mechanism shown
      in FIG. 2;
PAR  FIG. 5 is an enlarged rear elevational view of the squeegee assembly
      support bracket shown in FIG. 2 viewed from the direction indicated by
      arrow V in FIG. 2;
PAR  FIG. 6 is an enlarged front elevational view of the squeegee mounting
      bracket shown in FIG. 2 and viewed from the direction indicated by arrow
      III in FIG. 2;
PAR  FIG. 7 is an enlarged rear elevational view of the squeegee lifting bracket
      shown in FIGS. 2 and 4 viewed from the direction indicated by arrows VII
      in FIG. 2;
PAR  FIG. 8 is a fragmentary left side elevational view, partly in schematic
      form, of the squeegee elevating and lowering mechanism for the machine and
      shown in the squeegee elevated position;
PAR  FIG. 9 is a fragmentary left side elevational view of the apparatus shown
      in FIG. 8 shown with the squeegee in a lowered position;
PAR  FIG. 10 is a left side elevational view of the apparatus shown in FIGS. 8
      and 9 shown with the squeegee in a lowered position and the machine tilted
      rearwardly for permitting access to the scrubbing brush;
PAR  FIG. 11 is a fragmentary perspective view of the apparatus shown in FIG.
      10; and
PAR  FIG. 12 is an enlarged exploded side elevational view of an embodiment of
      one of the support arms shown in FIGS. 2 and 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The floor scrubbing machine 10 of the present invention includes, as best
      seen in FIGS. 1 and 11, two circular scrubbing or polishing brushes 12
      mounted under a housing 14 which supports a drive motor (not shown) for
      rotating brushes 12. Housing 14 is suitable coupled to the machine frame
      16. Frame 16 includes, as seen in FIG. 1, a pair of downwardly depending
      substantially vertical rear support brackets 17 and 18. An axle 15 extends
      between brackets 17 and 18 and outwardly therefrom to left and right side
      main frames 17' and 18' respectively. Rotatably mounted to axle 15 on
      opposite ends thereof and between members 17 and 18 and the associated
      main frames is a pair of support wheels 19. Wheels 19 permit, together
      with forward support wheels (not shown), the floor scrubber 10 to be moved
      along the surface of a floor with relative ease and support the scrubbing
      mechanism as well as partially supporting the improved squeegee mechanism
      of the machine.
PAR  The squeegee assembly and elevating and lowering mechanism therefor
      basically comprise, as seen in FIG. 8, a control arm 100 including a
      compressible linkage 110 therein which extends between a lifting bracket
      80 and a pivotally moved control handle 150 for raising and lowering the
      lifting bracket which is pivotally coupled to the machine frame. Extending
      rearwardly from the lifting bracket is a pair of horizontally pivotable
      support arms 70, each pivotally mounted at one end to the lifting bracket
      and pivotally mounted at an opposite end to a pivot mounting bracket 50. A
      squeegee assembly support bracket 40 is pivotally mounted to bracket 50
      for permitting side-to-side rocking action of the squeegee assembly 20 as
      well as side-to-side swing movement thereof to facilitate tracking of a
      squeegee blade 25 behind the floor scrubbing machine and permit the
      squeegee blade to follow the surface contours of the floor on which the
      machine is employed.
PAR  The squeegee assembly 20 is adjustably mounted to the squeegee assembly
      support bracket 40 permitting adjustment of the incident angle between the
      squeegee blade and the floor surface to optimize the squeegee action
      provided by the blade. Having briefly described the salient mounting
      features of the squeegee assembly and its elevating and lowering
      mechanism, a detailed description of the structure is now presented with
      reference to the detailed figures.
PAR  Referring specifically now to FIGS. 1, 2 and 4, the squeegee assembly 20
      includes an arcuate-shaped suction nozzle 22 of cast material such as
      aluminum. Nozzle 22 is a generally channel-shaped member with downwardly
      depending front and rear walls 21 and 23, respectively, joined at the ends
      to form the nozzle with a throat 24 opening downwardly. A squeegee blade
      25 comprising a relatively stiff yet flexible rubber or polymeric material
      such as butadiene is attached to the lower portion of the rear wall 23 of
      housing 22 by means of a backing plate 26. A front flap 25a is spaced
      slightly above the floor to allow suds to be drawn thereunder. A plurality
      of spaced mounting bolts 27 compressibly hold the squeegee blade between
      the nozzle wall 23 and backing plate 26. During motion of the machine in a
      direction indicated by arrow A in FIG. 2, the arcuate squeegee blade wipes
      the surface of the floor collecting fluid dispensed by the floor scrubber
      and positioning it under the open throat of nozzle 22.
PAR  Nozzle 22 includes a nozzle support plate 28 enlarged to a rectangular
      center area 29. Nozzle 22 and plate 28 include an elongated aperture 27
      (FIG. 4) through the top thereof providing communication between the
      nozzle and a vacuum housing 30. Housing 30 is sealably bolted to the
      central area of plate 28 and includes a cylindrical extension 32 extending
      therefrom. A pickup hose 34 (FIG. 1) is coupled to extension 32 and
      couples nozzle 22 to a vacuum motor for drawing fluid collected by the
      squeegee blade 25 into a holding tank (not shown).
PAR  The combined nozzle and squeegee 22 is adjustably mounted to a squeegee
      assembly support bracket 40 to permit tilting (as indicated by arrow B in
      FIG. 2) of the squeegee blade in a vertical plane to a fixed but
      adjustable angle between the blade and a floor surface 13. This tilting
      adjustment is provided by means of a pair of cylindrical pivot rods 41 and
      42 welded to the undersurface of rearwardly extending forks 43 and 44,
      respectively, of bracket 40 (FIGS. 2 and 4).
PAR  As seen in FIGS. 2, 4 and 5, bracket 40 comprises a vertical wall 45 with
      forks 43 and 44 extending horizontally and rearwardly from the top edge of
      wall 45 and spaced to permit the forks to span housing 30 as seen in FIG.
      4. The tilt adjustment is provided by means of a pair of adjustment screws
      46 extending through a pair of apertures 47 formed through each of the
      forks to span the pivot rods. Screws (or bolts) 46 threadably engage
      threaded apertures 47' (FIG. 2) formed in plate 28 for attaching plate 28
      to bracket 40. By simultaneously tightening the screws on one side of each
      of the rods 41 and 42 and loosening the bolts on the opposite sides
      thereof, support plate 28, to which the squeegee blade is coupled by means
      of the nozzle, can be tilted to achieve the desired angle of incidence
      between the squeegee blade and the floor surface. Wall 45 of bracket 40
      includes a central aperture 48 and at least one forwardly projecting pin
      49 (FIGS. 4 and 5). As described below, pin 49 is employed to restrict the
      pivotal motion of bracket 40 with respect to pivot mounting bracket 50 to
      which bracket 40 is mounted.
PAR  Referring now to FIGS. 2, 4 and 6, bracket 50 comprises a channel member
      having a substantially U-shaped cross section with a center portion 52, an
      elongated upper flange 54, and a somewhat shorter lower flange 56. An
      aperture 53 extends through the center of member 52 and aligns with
      aperture 48 of bracket 40. A pivot shoulder spacer 55 (FIG. 2) extends
      between the members 40 and 50 and is suitably held in place. This will
      provide rotation (indicated by arrow C in FIG. 5) of bracket 40 with
      respect to bracket 50 in a substantially vertical plane and about the
      longitudinal axis of the machine.
PAR  The central portion 52 of bracket 50 includes an aperture 53' spaced as
      seen in FIG. 6 to align with the forwardly extending pin 49 of bracket 40
      such that the rotational motion of bracket 40 with respect to bracket 50
      is restricted by the extension of pin 49 through the greater diameter
      aperture 53'. By enlarging or diminishing the diameter of aperture 53',
      the relative rotational freedom of the squeegee assembly is selected to
      accommodate floor surface unevenness while still limiting the rotation of
      the squeegee assembly about the longitudinal axis of the floor scrubbing
      machine.
PAR  Each end of bracket 50 includes a pair of apertures 57 extending through
      the upper and lower flanges thereof and which are aligned to permit a bolt
      58 to extend vertically therethrough for attaching one end of each of a
      pair of support arms 70 to bracket 50 in pivotal relationship. In
      addition, bracket 50 includes a pair of mounting collars 59 welded to the
      lower surface of the forward edge of flange 54, as best seen in FIGS. 4
      and 6, for mounting a support wheel 60 thereto as seen in FIG. 3.
PAR  Wheel 60 is rotatably mounted on an axle 62 by means of a bearing 63. Axle
      62 is supported at opposite ends by means of mounting blocks 64. To permit
      the cushioned mounting of wheel 60 with respect to bracket 50, a pair of
      threaded shafts 66 extend upwardly from block 64 and are surrounded by
      bias springs 68 which extend between collars 59 and mounting block 64.
      Shafts 66 slidably extend through collars 59 and flange 54 and are secured
      by means of nuts 69 to permit upward motion of the wheel compressing
      springs 68. Thus, wheel 60 supports a portion of the weight of the
      squeegee assembly 20 and associated mounting mechanism in a cushioned
      fashion. The height of wheel 60 may be adjusted by loosening or tightening
      nuts 69 as required.
PAR  The pivot mounting bracket 50 is coupled to the lifting platform 80 to
      permit the pivot mounting bracket 50 and squeegee assembly mounted thereto
      to move laterally (i.e., shift from side to side) such that the squeegee
      blade will track the motion of the floor scrubbing machine as it travels
      around corners or otherwise changes directions. To provide the laterally
      shifting motion of the squeegee assembly, bracket 50 is coupled to bracket
      80 by means of a pair of support arms 70 shown in FIGS. 2 and 4.
PAR  Each arm includes an enlarged collar 72 at one end with an aperture 73
      extending therethrough and a collar 74 at an opposite end thereof
      including an aperture 75 extending therethrough. Each of the collars 73 is
      adapted to fit between the upper and lower flanges of mounting bracket 50,
      as shown in FIG. 2, to permit pivoting of the arm with respect to the
      bracket without any substantial vertical play. Likewise, the opposite end
      collars 74 are adapted to fit within a U-shaped frontal portion of the
      lifting platform 80 now described.
PAR  Lifting platform 80 comprises, as best seen in FIGS. 2, 4 and 7, a plate
      formed with a downwardly and rearwardly projecting forward lip 82 with a
      pair of aligned apertures 83 formed downwardly therethrough on opposite
      sides thereof, as best seen in FIG. 7, to accommodate a pivot pin 84 (FIG.
      2). Collars 74 of support arms 70 are thus pivotally held within the
      segment 82 of the platform. Platform 80 further includes a pair of
      downwardly depending side brackets 85 and 86 with apertures 87 and 88
      therethrough, respectively, for pivotally mounting the bracket to the
      downwardly depending legs 17 and 18 of frame 16 of the machine as shown in
      FIG. 1. This is accomplished by means of pivot pins 89 extending through
      apertures 87 and 88 and into legs 17 and 18 permitting rotation of
      platform 80 about the axis of pins 89 as indicated by arrow D in FIG. 2.
PAR  As shown in FIGS. 8-10, support arms 70 are fabricated such that the
      collars on opposite ends lie in the same vertical plane and lifting
      platform 80 is pivotally mounted at a lower position on the frame members
      17 and 18.
PAR  An alternative embodiment of the support arms extending between the lifting
      platform 80 and the pivotal mounting bracket 50 is shown in FIG. 12. In
      this embodiment, each of the support arms comprises a shaft 170 threaded
      at opposite ends 171 and 172. Collar members 174 and 176 include a
      threaded boss 177 and 178, respectively, which are adapted to thread the
      collars onto ends 171 and 172 of rod 170. Each of the collars also
      includes an aperture 175 extending vertically therethrough for pivotally
      coupling the arms to the flanges of bracket 50 and lifting platform 80 in
      the same manner as support arm 70 previously described. Collars 174 and
      176, however, are loosely threaded to the ends of rod 170 to accommodate
      twisting motion between the squeegee assembly mounted to the support arms
      at one end and the lifting bracket coupled to the frame of the floor
      scrubber, and to prevent binding up of the arms. The provision of plastic
      bushings 179, made of nylon or the like, further prevents binding.
PAR  Since the squeegee assembly and pivot mounting plate 50 to which the
      squeegee assembly is mounted are coupled to platform 80 by means of arms
      70, pivoting of the platform about pins 89 will elevate or lower the
      squeegee assembly between nonoperable and operable positions,
      respectively. The platform is coupled to elevating and lowering mechanism
      100 (FIG. 8) by means of a bracket 90. Bracket 90 includes a pair of
      spaced upstanding walls 92 and 94, each having apertures 91 and 93,
      respectively, extending therethrough, as best seen in FIGS. 4 and 7, to
      permit coupling to the elevating and lowering mechanism described below.
      Bracket 90 is mounted to a rearwardly projecting extension of plate 80, as
      best seen in FIGS. 2 and 4.
PAR  The means for positively lowering the squeegee into an operable position
      while still permitting the machine to be tilted rearwardly for access to
      the scrubbing brush, and for elevating the squeegee to an inoperative
      position is best seen in FIGS. 8-11. The elevating and lowering means 100
      comprises an offset arm 102 coupled at its lower end to bracket 90 by
      means of a clevis 104 and a pivot pin 106 extending between walls 92 and
      94 of the bracket and through the clevis. The upper end of the offset arm
      102 extends into an aperture 112 formed in the end of a lower narrowed
      portion 113 of a compressible linkage 110. Arm 102 is secured therein by
      means of pin 114.
PAR  The compressible linkage 110 comprises a hollow cylindrical body 116 having
      elongated notches 118 formed through opposite sides of the cylinder wall
      and extending from a top portion of the cylinder approximately one-third
      of the distance downwardly along the longitudinal axis of the cylinder. A
      plunger shaft 120 is coupled to a collar 122 by means of a pin 124
      extending outwardly through notch 118 on either side of cylinder 116 to
      capture the movable collar within the travel limits defined by the length
      of notches 118. A bias spring 125 extends around rod 120 within cylinder
      116 and is compressed between the lower face of collar 122 and a land 126
      near the bottom of cylinder 116. Extending through land 126 into the lower
      portion of cylinder 116 is an aperture 127 having a diameter greater than
      the diameter of rod 120 to permit the rod to move inwardly and outwardly
      within cylinder 116. Collar 122 and rod 120 thus move in guided supported
      relationships within the cylinder and aperture 127, respectively.
PAR  In FIG. 8, the squeegee assembly 20 is shown in an elevated nonoperable
      position in which rod 120 is fully extended from cylinder 116 whereupon
      pin 124 abuts against the upper edge of notch 118 as seen in the figure.
      Rod 120 is coupled to a connecting linkage 130 by means of a clevis 132
      and pivot pin 134 coupled to the upper end of the rod. Linkage 130 is
      welded at its opposite end to a rotatable axle 136. Axle 136 is rotatably
      supported between the spaced walls of a mounting bracket 138 bolted to the
      rear flange 140 of the side frame on each side of the machine. Also,
      welded to axle 130 is a control handle 150 including a spring-loaded rod
      152 terminating at its upper end at a push button 154. A pin 156 coupled
      to rod 152 extends outwardly through a notch 155 formed in the hollow arm
      handle. A bias spring 158 forces rod 152 upwardly to hold pin 156 against
      the upward portion of the notch 155 as shown.
PAR  A control handle quadrant locking plate 160 is suitably welded to a side
      frame 162 of the floor scrubber and includes a plurality of spaced notches
      through a lower edge thereof which are positioned to be engaged by pin
      156. Thus, control handle 150 can be locked in a predetermined rotated
      position and is shown in a raised position in FIG. 8.
PAR  To lower the squeegee and nozzle into the position shown in FIG. 9, push
      button 154 is depressed, moving pin 156 downwardly to clear the locking
      notches 164 on plate 160 and control arm 150 is rotated forwardly to one
      of the two available squeegee lowered and locked positions as indicated by
      the forward notches in plate 160. As control handle 150 is rotated
      forwardly, the compressible linkage 110 applies a predetermined positive
      downward force through offset link 102 to pivot the lifting platform 80
      about its pivot mounting 89 such that squeegee blade 25 contacts the floor
      surface 13 with a predetermined force determined in part by the spring
      constant of spring 125. Button 154 is released to lock arm 150 in the
      forward position. In this lowered position, spring 125 will be partially
      compressed, as seen in FIG. 9, and collar 122 coupled to rod 120 will move
      downwardly within the cylinder 116 as seen in FIG. 9. Plunger 120 will
      also move within the aperture 127 near the bottom of cylinder 116. It is
      noted here that the spring-biased support wheel 60 will offer an
      adjustable and controlled bias force which permits the squeegee to be
      secured in a downward position held against vertical motion by the biasing
      of spring 125 and the springs 68 associated with wheel 60. If desired, the
      force of squeegee blade 25 against floor surface 13 can be increased by
      moving control handle 150 to its forwardmost position as indicated in
      phantom lines in FIG. 8.
PAR  One advantage of using the compressible linkage 110 in addition to
      providing a controlled force of the squeegee against the floor surface is
      that in the event the scrubbing machine is tilted rearwardly while the
      squeegee is in a lowered position, as seen in FIGS. 10 and 11, the
      squeegee assembly will tilt upwardly since the spring 125 is not in its
      fully compressed condition when the squeegee is in a lowered position and
      rod 120 can extend even further within the cylinder 116 as best seen in
      FIG. 10. This arrangement prevents damage to the squeegee mechanism and
      its associated lowering and elevating mechanism in the event the machine
      is tilted rearwardly for access to the scrubbing brushes 12 as seen in
      FIGS. 10 and 11.
PAR  Thus, it is seen that the squeegee mechanism of the present machine
      includes mounting means providing tilting adjustment of the squeegee and
      squeegee rotation and lateral movement to track floor surface unevenness
      and the motion of the machine. The squeegee is controllably held in an
      operable position at a predetermined pressure against the floor by
      elevating and lowering means which permits rearward tilting of the machine
      for access to the scrubbing or polishing element.
PAR  It will become apparent to those skilled in the art that various
      modifications to the preferred embodiment can be made which will fall
      within the spirit and scope of the invention as defined by the appended
      claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. In a floor treatment machine including a squeegee for contacting a floor
      surface to be treated, improved means for mounting said squeegee such that
      it tracks the movement of the floor treatment machine comprising:
PA1  a squeegee assembly including a squeegee blade for contacting the surface
      of the floor;
PA1  a pivot mounting bracket;
PA1  means pivotally coupling said squeegee assembly to said pivot mounting
      bracket for restricted pivotal motion about the longitudinal axis of
      motion of the floor treatment machine, said coupling means includes a pin
      extending between said pivot mounting bracket and said squeegee assembly,
      said pin spaced from the pivot axis between said pivot mounting bracket
      and said squeegee assembly and an aperture formed in one of said bracket
      or assembly to receive said pin, said aperture dimensioned larger than
      said pin to permit controlled pivoting of said squeegee assembly;
PA1  a lifting bracket pivotally coupled to the floor treatment machine for
      rotation about an axis transverse to the motion of said machine; and
PA1  second means pivotally coupling said lifting bracket and said pivot
      mounting bracket to permit said squeegee assembly to swing laterally to
      follow the movement of said floor treatment machine.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said squeegee assembly
      includes support wheel means mounted thereto for engaging the floor to be
      treated, said support wheel means including bias means permitting
      controlled vertical motion of said wheel with respect to said squeegee
      blade.
NUM  3.
PAR  3. The apparatus as defined in claim 2 and further including lifting means
      coupled to said lifting bracket for elevating said squeegee assembly to an
      inoperative position and lowering said squeegee into an operative
      position.
NUM  4.
PAR  4. In a floor treatment machine including a squeegee for contacting a floor
      surface to be treated, improved means for mounting said squeegee such that
      it tracks the movement of the floor treatment machine comprising:
PA1  a squeegee assembly including a squeegee blade for contacting the surface
      of the floor and wherein said squeegee assembly includes support wheel
      means mounted thereto for engaging the floor to be treated, said support
      wheel means including bias means permitting controlled vertical motion of
      said wheel with respect to said squeegee assembly;
PA1  a pivot mounting bracket;
PA1  means pivotally coupling said squeegee assembly to said pivot mounting
      bracket for restricted pivotal motion about the longitudinal axis of
      motion of the floor treatment machine;
PA1  a lifting bracket pivotally coupled to the floor treatment machine for
      rotation about an axis transverse to the motion of said machine;
PA1  second means pivotally coupling said lifting bracket and said pivot
      mounting bracket to permit said squeegee assembly to swing laterally to
      follow the movement of said floor treatment machine; and
PA1  lifting means coupled to said lifting bracket for elevating said squeegee
      assembly to an inoperative position and lowering said squeegee into an
      operative position wherein said lifting means includes bias means for
      applying a predetermined force against said lifting bracket when in a
      squeegee lowered position to provide a predetermined squeegee blade
      contact pressure against the floor to be treated.
NUM  5.
PAR  5. The apparatus as defined in claim 4 and further including means for
      selectively locking said lifting means in one of a plurality of squeegee
      lowered positions.
NUM  6.
PAR  6. The apparatus as defined in claim 5 wherein said bias means associated
      with said lifting means permits said floor treatment machine to be tilted
      against said squeegee blade even when said squeegee blade is locked in a
      lowered position.
NUM  7.
PAR  7. A floor treatment machine including a frame adapted to support floor
      treatment elements and be movable along the surface of the floor being
      treated, improved means for controlling the vertical position of a
      squeegee blade associated with the machine comprising:
PA1  a lifting bracket;
PA1  a squeegee assembly including a squeegee blade coupled to said lifting
      bracket;
PA1  means pivotally coupling said lifting bracket to the frame of the machine
      permitting raising and lowering of a portion of said bracket as it is
      pivoted;
PA1  elevating and lowering means including a linkage having a fixed member and
      a movable member coupled to said fixed member by bias means permitting
      relative motion between said fixed and movable members wherein said fixed
      member of said linkage comprises a cylindrical member having one end
      coupled to said lifting bracket and wherein said movable member comprises
      a rod extending into said cylindrical member at an opposite end thereof,
      said squeegee assembly including a vertically movable support wheel biased
      downwardly in a floor contacting position to partially counteract the bias
      force of said linkage such that said squeegee blade is held to the floor
      by a controlled pressure said elevating and lowering means coupled to said
      lifting bracket remote from its pivot coupling to said frame for actuating
      said elevating and lowering means between a squeegee elevated and a
      squeegee lowered position whereupon in said squeegee lowered position,
      said floor treatment machine can be tilted to compress said elevating and
      lowering means permitting access to the undersurface of said machine even
      when the squeegee is in a lowered position; and
PA1  a movable control handle with the end of said rod remote from said
      cylindrical member coupled to said control handle, said control handle
      including means for locking said control handle in a selected position to
      maintain said squeegee blade in a desired position.
NUM  8.
PAR  8. A floor treatment machine including a frame adapted to support floor
      treatment elements and be movable along the surface of the floor being
      treated, improved means for controlling the vertical position of a
      squeegee blade associated with the machine comprising:
PA1  a lifting bracket;
PA1  a squeegee assembly including a squeegee blade coupled to said lifting
      bracket and means for adjusting the angle of incidence of said squeegee
      blade to the floor;
PA1  means pivotally coupling said lifting bracket to the frame of the machine
      permitting raising and lowering of a portion of said bracket as it is
      pivoted;
PA1  elevating and lowering means including compressible means, said elevating
      and lowering means coupled to said lifting bracket remote from its pivot
      coupling to said frame for actuating said elevating and lowering means
      between a squeegee elevated and a squeegee lowered position whereupon in
      said squeegee lowered position, said floor treatment machine can be tilted
      to compress said compressible means permitting access to the undersurface
      of said machine even when the squeegee is in a lowered position, wherein
      said elevating and lowering means includes a movable control handle and
      wherein said compressible means comprises a linkage having a fixed member
      and a movable member coupled to said fixed member by bias means permitting
      relative motion between said fixed and movable members, and wherein said
      squeegee assembly includes a vertically movable support wheel biased
      downwardly in a floor contacting position to partially counteract the bias
      force of said linkage such that said squeegee blade is held to the floor
      by a controlled pressure, and wherein said fixed member of said linkage
      comprises a cylindrical member having one end coupled to said lifting
      platform and wherein said movable member comprises a rod extending into
      said cylindrical member at an opposite end thereof, the end of said rod
      remote from said cylindrical member coupled to said control handle; and
PA1  means for locking said control handle in a selected position to maintain
      said squeegee blade in a desired position.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein said means coupling said
      squeegee assembly to said lifting bracket permits lateral motion of said
      squeegee blade to track the motion of said floor treatment machine.
NUM  10.
PAR  10. A floor treatment machine including a frame adapted to support floor
      treatment elements and be movable along the surface of the floor being
      treated, improved means for controlling the vertical position of a
      squeegee blade associated with the machine comprising:
PA1  a lifting bracket;
PA1  a squeegee assembly including a squeegee blade coupled to said lifting
      bracket, said squeegee assembly including squeegee mounting means and
      squeegee support means wherein said squeegee support means includes a
      generally flat support plate and said squeegee mounting means includes a
      generally flat mounting plate, pivot means positioned between said support
      means and said mounting means wherein said pivot means comprises a rod
      positioned between said mounting plate and said support plate and
      extending transversely to the direction of movement of said floor
      treatment machine adjustable fastening means spaced on opposite sides of
      said rod for varying the angle of incidence between said squeegee blade
      and a floor surface to be treated;
PA1  means pivotally coupling said lifting bracket to the frame of the machine
      permitting raising and lowering of a portion of said bracket as it is
      pivoted; and
PA1  elevating and lowering means including compressible means, said elevating
      and lowering means coupled to said lifting bracket remote from its pivot
      coupling to said frame for actuating said elevating and lowering means
      between a squeegee elevated and a squeegee lowered position whereupon in
      said squeegee lowered position, said floor treatment machine can be tilted
      to compress said compressible means permitting access to the undersurface
      of said machine even when the squeegee is in a lowered position.
NUM  11.
PAR  11. The apparatus as defined in claim 10 wherein said fastening means
      includes a pair of bolts threadably securing said support plate to said
      mounting plate, said bolts spaced on opposite sides of said rod.
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ABST
PAL  A cleaning plug especially adapted for condenser tubes or the like and
      designed to be propelled through the tube by differential fluid pressure
      includes an elongated core body and a plurality of spaced scraper discs
      along the body. The discs have radial slits formed from adjacent the body
      to the outer periphery to define annular segments. The segments are
      flexible to readily deflect when the plug is placed in a confining tube
      and to give full peripheral scraping action. The discs are sufficiently
      larger in outside diameter than the inside of the tube and the slits are
      sufficiently narrow to cause the outer tips of the segments to touch each
      other during the cleaning operation. The segments are sufficiently
      flexible to snap past each other and overlap when the tube diameter is
      reduced. The inner portion of the slits form opening means for passage of
      propelling fluid and foreign matter and to dislodge foreign matter forward
      of the plug. An axial passage through the core body may also be provided
      for this purpose. Preferably seven or more discs are utilized for the most
      efficient cleaning of the tube. The disc segments are integrally molded
      with the core body and the entire plug is fabricated of high density
      polyethylene. Specific dimensional limitations for nominal 7/8 inch
      outside diameter tubes are given. Projection means may be provided to
      space tandem plugs and the slits may be offset in the longitudinal
      direction to increase agitation action between the discs and to improve
      forward motion producing positive pressure.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to cleaning of condenser tubes or the like,
      and more specifically, to an improved cleaning plug giving low cost, high
      efficiency cleaning results.
PAC  BACKGROUND OF THE INVENTIN
PAR  Today, as perhaps never before, with the world's energy resources declining
      and energy companies unable to keep up with the demand, it is imperative
      that all possible measures be taken in order to conserve fuel and
      electricity that is used. In power plants, as well as industrial processes
      and air conditioning systems, condensers play an important role in
      conversion of heat to usable energy. The efficiency of operation of the
      condenser directly affects the efficiency of conversion so that an
      increase in condenser efficiency gives an increase in total energy
      conservation.
PAR  To illustrate this principle, one might consider a typical steam plant
      operation where the net heat rate is approximately 9,500 BTU per kilowatt
      hour; i.e. the plant will produce 1 kilowatt hour per 9,500 BTU of heat
      generated. Utilizing empirical data, it has been determined that when the
      condenser cleanliness factor is improved from, say 50 to 85 percent a
      corresponding decrease in heat rate is approximately 2 percent. Thus, if
      the condenser is kept on the average at 85 percent cleanliness factor it
      will take 190 less BTU per kilowatt hour to operate the steam plants.
      Perhaps more revealing is the savings in terms of dollars, which works out
      to about $20,000 per month in direct fuel cost savings.
PAR  In addition to saving of energy, providing a more efficient cleaning of the
      condenser gives benefits in terms of environmental protection. With the
      increase of heat transfer efficiency brought about by the cleaner walls of
      the tubes, a lower discharge temperature of the cooling water by several
      degrees is realized. This protects the rivers and lakes from growth of
      algae, fish kill and other deleterious side effects.
PAR  With the need for more efficient cleaning of condensers, identified both in
      terms of better cleaning and the speed with which a condenser can be
      cleaned, I have looked to the areas that might be identified where
      advantages can be gained. First, the basic system for cleaning tubes
      comprising passing a plug through the tube to scrape the interior wall has
      been proven over many years of successful operation and experience, so
      that no change here is indicated. This then leads directly to improvement
      of the mechanical design of the heart of the system, and that is the plug
      itself. One of the first systems for cleaning condensers, shown in the
      U.S. Patent to Penn No. 1,547,440 typifies the recognition that is given
      to the importance of the form of the plug to the efficiency of the system.
      In this patent, and the many that follow, plugs of different
      configurations have been invented in an attempt to increase the efficiency
      of the cleaning operation. Most of these plugs have been for use with air,
      steam or water as the propelling medium and most have been fabricated of
      resilient rubber. In addition, brushes in combination with solid rubber
      plugs, plugs with metal scraping blades and even short lengths of rope
      have been suggested by others in the quest for increased cleaning
      efficiency. Thus, while the plugs have worked sufficiently to prove the
      basic soundness of the cleaning system, today, especially with the energy
      crises and the need for environmental protection becoming paramount, the
      previous designs are deemed not to be good enough and an even more
      efficient design in the plug of the cleaning system is needed. With this
      background in mind, my invention has been developed to accomplish the
      following objectives.
PAC  OBJECTIVES OF THE INVENTION
PAR  Accordingly, a basic object of the present invention is to provide a plug
      that is more efficient in design for removing foreign matter from a
      condenser tube, while at the same time being inexpensive to allow large
      numbers to be used in a single cleaning operation.
PAR  It is another object of the present invention to provide a cleaning plug
      that has a plurality of flexible cleaning discs, each disc having segments
      whose tips at least touch, assuring substantially full peripheral scraping
      inside the tube.
PAR  It is another object of the present invention to provide a cleaning plug
      wherein the discs for scraping are self-adjusting to the diameter of the
      tube by virtue of the tips of the segments snapping past each other and
      overlapping.
PAR  It is still another object of the present invention to provide a cleaning
      plug structure that will not damage the tubes, will not hang in the tubes
      and may be easily retrieved for reuse.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  According to the present invention a cleaning plug or slug is provided for
      condenser tubes or the like having an elongated core body with scraper
      discs spaced axially along the body. Each of the discs is mounted for
      separate scraping action so that in effect a series of foreign matter
      removing wipes are made during the passage of each plug through the tube.
      The successive acting scraper discs remove the build up of slime, mud and
      algae in layers and do so more effectively than in the past. Specifically,
      in the preferred embodiment, a series of seven single, separate scraper
      discs are provided on each cleaning plug. The first disc in line picks up
      a large proportion of the foreign matter, but by its scraping action also
      loosens the next lower layer of build up. This then is picked up by the
      next disc and so on down to the last disc for greater cleaning efficiency.
PAR  The seven discs provide a plug that is most easily and efficiently
      manufactured, while at the same time giving cleaning performance
      satisfactory to most tube cleanliness conditions. In certain instancnes,
      more than seven discs will be preferred to give added cleaning capability
      and thus a wider range of use. But, by the same token, less discs can be
      satisfactorily used where the cleaning operation is performed on a more
      frequent basis, for example. As an alternative to more discs on a single
      plug and/or still greater cleaning capability, two or even more plugs of
      variable sizes may be used in tandem.
PAR  The scraper discs are specifically designed with radial slits extending
      from adjacent the core body to the outer periphery to thereby form
      annular, flexible scraping segments. This allows the discs to better
      conform to the interior wall of the tube due to a desired increased
      flexibility of the segments. Of significant importance is the sizing of
      the disc relative to the tube. Each disc should be sufficiently larger
      than the inside of the tube to be cleaned and with the slits sufficiently
      narrow so as to cause the adjacent outer tips of the segments to at least
      touch each other, thereby providing substantially full peripheral scraping
      action.
PAR  As the discs move through a tube of a reduced diameter, the segments are
      flexible enough to snap past each other and overlap. With this overlapping
      feature, the full periphery of the tube is still assured of being cleaned
      and allows the plugs to be used for a range of tubes with different inside
      diameters. For example, in use with a 7/8 inch nominal size condenser
      tube, the discs are made with an outer diameter of 0.820 inch, four slits
      are positioned along equally spaced (90.degree.) radii, and the slits are
      approximately 1/32 inch in width. With this size and configuration, the
      desired scraping action can be obtained in all 7/8 inch nominal size tubes
      from 16-22 BWG gauge manufacture. In the Example, the plug is made of
      molded, high density polyethylene and the discs are 0.0312 inch thick to
      give the desired resiliency or flexibility. Of course, for different
      nominal size tubes, such as 3/4 inch or 1 inch diameter tubes, plugs with
      correspondingly determined dimensions are fabricated.
PAR  In accordance with another important aspect of the present invention, the
      inner portion of the slits form opening means for passage of propelling
      fluid between the several discs in order to agitate and advance the
      foreign matter. An axial passage may also extend through the core body
      with a forward nozzle adapted to eject a stream to aid in the agitation
      action preceding the traveling plug.
PAR  The low cost production of the cleaning plugs is gained by integrally
      molding the core body and the disc segment from plastic with the center of
      the core being hollow thereby using a minimum of material. With the
      integral feature also comes the advantage of unit integrity, unlike some
      previous designs where a plurality of mechanical parts are subject to
      becoming loose after extended use. The preferrred polyethylene has been
      found, through testing, to form peripheral disc edges that are highly
      efficient in removing the foreign matter without the need for sharp,
      special metal scraper pieces used in the past. The tubes are thus not
      subject to inordinate wear due to cleaning.
PAR  In some instances, tandem plugs may be used for greater cleaning capacity.
      A forwardly extending projection adapted to mate with the rear end of the
      leading plug may be used to assure spacing of the first disc in the
      following plug. The slits in the discs may be longitudinally offset to
      increase agitation action in the cleaning chambers between the spaced
      discs and to provide additional reaction surface for forward motion
      producing fluid pressure. The density of the molded plugs is preferably
      less than that of water in order to assure flotation in the water box at
      the discharge end of the tube bundle being cleaned. This allows the plugs
      to be conveniently drained from the top of the reservoir and speedily
      recovered in a perforated basket from an overflow.
PAR  Still other objects and advantages of the present invention will become
      readily apparent to those skilled in this art from the following detailed
      description, wherein I have shown and described only the preferred
      embodiments of the invention, simply by way of illustration of the best
      modes contemplated by me of carrying out my invention. As will be
      realized, the invention is capable of other and different embodiments, and
      its several details are capable of modification in various obvious
      respects, all without departing from the invention. Accordingly, the
      drawings and description are to be regarded as illustrative in nature, and
      not as restrictive.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one form of cleaning plug with multiple
      discs in position for insertion into a tube to be cleaned;
PAR  FIG. 2 is another form of the cleaning plug showing a reduced number of
      cleaning discs and a forward projection for spacing of tandem plugs;
PAR  FIG. 3 is a side view, partially in cross-section, of the preferred
      embodiment and of the invention including seven discs;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 3 showing
      the discs in plan view and the segment forming slits;
PAR  FIG. 5 is a cross-sectional view of the preferred embodiment in use for
      cleaning a tube;
PAR  FIG. 6 is an end view of the plug showing the last disc flexed in the
      confining tube with the tips of the segments just touching each other;
PAR  FIG. 6a is a showing of the disc, the same as in FIG. 6, but with the tips
      of the segments overlapping;
PAR  FIG. 7 is a side view, also partially in cross-section, showing still
      another embodiment and with the positioning of the slits offset along the
      longitudinal axis of the plug;
PAR  FIGS. 8 and 9 are views taken along corresponding lines 8--8 and 9--9 of
      FIG. 7, showing the offset from the radial position of the first and last
      combination of slits.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND THE EMBODIMENT
PAR  With reference now to the drawings, the concepts of the present invention
      can be described in accordance with several alternative embodiments and a
      preferred embodiment or best mode shown in FIGS. 3-6a. The plug of the
      present invention is designed to be utilized for cleaning condenser tubes,
      but can be used in a similar form for other types of cleaning applications
      to hollow cylindrical members. The plug is designed to be propelled
      through the tube by differential fluid pressure across the plug. Opening
      means through the plug provides passage of a limited amount of the fluid
      to agitate and advance foreign matter through confined cleaning chambers
      and forward of the plug. The opening means is, of course, sufficiently
      restricted to maintain the required differential pressure.
PAR  Thus, with reference to FIG. 1, a conventional condenser tube 10 is shown
      with a cleaning plug 11 of the invention positioned for insertion into the
      open end. In accordance with the invention, the plug is provided with a
      central core body 12 that extends along the longitudinal axis of said plug
      11. A plurality of axially spaced scraper means, in the form of single,
      spearate scraper discs, designated by the reference numerals d.sub.1
      -d.sub.5, are mounted on the elongated core body 12.
PAR  In use, it will be apparent that the plug 11 is manually inserted into the
      opening in the tube 10, and is then propelled through the tube by the
      fluid pressure and exits at the opposite end (not shown). During the
      movement through the tube, the single discs d.sub.1 -d.sub.5 are separated
      and serve to individually scrape the inside wall in a manner to thoroughly
      clean the wall of foreign matter, such as slime, mud and algae that can
      build up after a period of use. Each disc loosens the next lower layer of
      built up foreign matter for easier removal by the next disc in line. In
      the embodiment shown in FIG. 1, the first and last disc d.sub.1, d.sub.5
      are mounted adjacent the ends of the plug 11 to provide cleaning action
      along the full length of the plug and minimum material cost. The core body
      12 is hollow, as shown by the passage 13 (see FIG. 1), which feature also
      minimizes material cost, but also forms a portion of the restricted
      opening means that allows through flow of fluid, mentioned above and to be
      explained in greater detail below.
PAR  In FIG. 2, there is shown a cross-sectional view through a second
      embodiment of the cleaning plug constructed in accordance with the broader
      principles of the present invention. This plug 11a is designed to work by
      passage through the condenser tube 10 in essentially the same manner as
      the plug 11, but has one less scraper disc, or only disc d.sub.1, d.sub.2,
      d.sub.3, d.sub.4, with the forward portion of the core body 12a being
      formed by a rounded nose or projection 15 (see FIG. 2).
PAR  Inside the projection 15 is a tapered nozzle 16 that is operative to
      increase the velocity of the fluid traveling through the hollow interior
      passage 13a. This nozzle terminates in an exit orifice 17 from which the
      fluid emerges and sprays in front of the traveling plug 11a in order to
      agitate and initially loosen the foreign material attached to the inside
      walls of the tube 10.
PAR  From the first two embodiments shown, it can be seen that the number of
      discs d can vary as desired or needed. Each disc d performs an independent
      and a separate scraping action on the walls and, according to several
      parameters established in each tube bundle to be cleaned, such as the
      amount and type of deposits, plugs of different length can be selected for
      each job as required. In each instance, the leading disc d.sub.1 scrapes
      the major portion of the foreign matter and moves it forward toward the
      exit end of the tube 10. The fluid, which is preferably water, is sprayed
      on the wall to initially loosen the matter in preparation for the
      successive scraping operations. As the disc d.sub.1 moves through the tube
      10 it loosens the next layer of the foreign matter as it scrapes, and each
      following or successive disc d.sub.2 -d.sub.5 does the same. In turn, each
      following disc d.sub.2 -d.sub.5 also picks up the loosened foreign matter
      dislodged by the immediately preceding disc, confines the matter in each
      successive cleaning chamber C (see FIG. 5) and allows the matter to be
      carried to the end of the tube 10 either in the chamber or by the fluid
      passing through the opening means.
PAR  Moving on to FIG. 3, there is shown still another cleaning plug 11b that
      has from tests been shown to be the preferred embodiment or the best mode
      of carrying out the present invention. The plug 11b has seven discs
      d.sub.1 -d.sub.7 that are separately spaced along the core body 12b and
      each serves to scrape the inside wall of the tube, as in the previous two
      embodiments disclosed above. The seven discs appear to give the best
      overall complete cleaning action in condenser tubes. The characteristic
      build up of foreign matter in these tubes has been tested and studied, and
      it has been found that by the time the last disc d.sub.7 passes through, a
      highly satisfactory cleaning job has been done in the typical operation.
PAR  FIG. 4 is a cross-sectional view showing the prpvision of slits extending
      from adjacent the core body 12b to the outer periphery. The slits are
      designated s.sub.1, 5.sub.2, s.sub.3, s.sub.4 in each of the embodiments
      described. There are preferably four slits on each disc d spaced
      90.degree. apart and adjacent slits form annular segments 18 (see FIGS. 1
      and 4). The slits s.sub.1 -s.sub.4 serve an important function in the
      operation of the cleaning plug of the present invention, as will be
      apparent below.
PAR  First, it should be noted that the core body 12 and the discs d.sub.1
      -d.sub.7 of all embodiments are integrally formed of a resilient plastic
      material, such as polyethylene. The disc segments 18 are physically
      flexible so as to readily deflect when the plug is placed in a confining
      tube to be cleaned, and to imporve that flexibility, the slits s.sub.1
      -s.sub.4 are provided. Although four slits are shown in the included
      embodiments, it is understood that acceptable operation could be obtained
      with more or less slits. The segments 18 should be of equal segment length
      so that equal resiliency is provided, whereby the core 12 is automatically
      centered in the tube 10 for equal peripheral scraping action.
PAR  The leading edge of each segment 18 is of course the working part that
      engages the interior wall. My tests have proven the polyethylene material
      edge to be sharp enough to successfully bite into the deposits or layers
      of foreign matter for good removal, much to the surprise of some experts.
      At the same time, the wearing characteristics of the edge are excellent
      and virtually no harmful wearing of the interior wall of the tube 10
      results, as has been a problem in the past. The plastic material also
      lends itself well to the possibility of molding minute abrasive particles,
      such as communitated silicon carbide or aluminum oxide, into the scraping
      edge if conditions warrent the same.
PAR  A showing of the cleaning plug embodiment 11b actually positioned in the
      condenser tube 10 in readiness for a cleaning operation can be seen in
      FIG. 5. In this Figure, it will be noted that the individual segments 18
      of the discs d.sub.1 -d.sub.7 are flexed rearwardly in relation to the
      direction of travel of the plug, as denoted by the direction arrow a. Each
      of the discs d.sub.1 -d.sub.7 scrape a portion of the deposits from the
      interior wall surface of the tube 10 and push the same forward as the plug
      moves along. In addition, each disc loosens the next layer down and this
      is then picked up by the next succeeding disc. When all seven discs have
      passed through the tube 10, the cleaning operation is normally completed.
PAR  The propulsion for the plug 11b may be provided by a suitable gun (not
      shown) designed to eject high pressure fluid from a nozzle 20, shown in
      FIG. 5. On the nozzle 20 is a rubber sealing sleeve or grommet that is
      automatically expanded to seal against the interior wall of the tube 10
      when high pressure fluid, preferably water, is introduced from a suitable
      supply 22. When the plug 11b has exited the far end of the tube 10, the
      injection of water is terminated by the operator, the expanded sleeve 21
      retracts and the gun may be easily removed and placed in the next tube of
      the tube bundle to continue the cleaning of the condenser.
PAR  In certain cleaning applications where the deposits prove to be more
      difficult to remove, it may be desirable to use more than one of the
      cleaning plugs 11, 11a or 11b in tandem to get the desired results. In
      this instance, either of the plugs 11a or 11b that have the projection 15
      should be used as the following plug so that the projection 15 provides a
      spacing function between the first disc d.sub.1 and the final disc of the
      leading plug. In this manner, the disc d.sub.1 can not come into
      juxtaposition with the final disc of the previous plug and can therefore
      operate most efficiently in a separate manner for removing the foreign
      matter. This is also important in order to allow continuous, but
      restricted, flow of the liquid through the opening means formed by the
      inner portions of the slits s.sub.1 -s.sub.4.
PAR  With reference to FIGS. 4-6a, when the plug 11b is in the tube 10, the
      segments 18 are flexed rearwardly into the scraping position with the
      leading edge of each disc in effect resiliently biting into the foreign
      matter deposits. According to the broad aspects of the present invention,
      the discs ar sufficiently larger in diameter than the inside diameter of
      the tube 10 to be cleaned and the slits s.sub.1-s.sub.4 are sufficiently
      narrow to cause the tips 25, 26 of the segments 18 substantially to at
      least touch the adjacent tips. When this is done, full peripheral scraping
      action by each disc d.sub.1 -d.sub.7 is accomplished. The inner portion of
      the slits s.sub.1 -s.sub.4 form the opening means for passage of fluid
      forward to agitate and advance foreign matter between each successive
      chamber c and eventually forward of the plug as the same moves along the
      tube. These triangular openings are designated in FIG. 6 by reference
      numeral 27.
PAR  As the diameter of the tube becomes smaller, the tips 25, 26 are designed
      to coact with the adjacent abutting tips so as to snap past each other and
      form overlapping relationships, as shown in FIG. 6a. This assures that the
      full peripheral scraping action of the inside wall is maintained. As noted
      too, this feature allows one size of cleaning plug to be used for several
      close sizes of tubes.
PAR  The following data is important to show the specific relationships of the
      present invention, which specifics allow the interaction of the segments
      18 to perform the function as described:
PAR  For 7/8 inch O.D. tube (nominal size, condenser type, 16-22BWG)
TBL  Outside diameter of disc                                                  
                           .820"                                               
     Thickness of disc     .0312"                                              
     Width of slit in disc 1/32"                                               
     Material              High density                                        
                            polyethylene                                       
PAR  Generally, a separate cleaning plug is required for each nominal size tube,
      but as it can be seen from the example above, one size will fit a range of
      internal diameter tubes so that the most universal use possible may be
      made of the plugs. As the tubes get smaller, the overlap increases as
      shown in FIG. 6a, thereby further reducing the triangular openings 27 in
      proportion and thus increasing the differential pressure that is operating
      in each successive cleaning chamber C (see FIG. 5) to substantially
      equally offset the increased frictional drag. The water being used as the
      cleaning medium flows through each of the openings 27; however, the total
      restriction (including passage 13) is maintained sufficiently small to
      provide the necessary differential pressure across the disc that is
      required to keep the plug moving at the desired scraping speed through the
      tube 10. On the other hand, the openings 17 are sufficiently large to
      allow the water and entrained foreign matter to be moved from each chamber
      c through the plug 11 at a controlled rate sufficient to obviate any
      chance of clogging within any one individual chamber c. Since the discs
      d.sub.1 -d.sub.7 are slightly cup-shaped directed to the rear, the
      positive pressure behind each disc will be effective in providing the
      moving force.
PAR  A fourth alternative embodiment of the plug, plug 11c is shown in FIGS. 7-9
      of the drawings, and will be briefly described, for the purpose of still
      further elucidating the teaching of utilizing the number of discs and/or
      plugs in tandem to give maximum efficiency in a particular situation. In
      this embodiment the discs have been increased to nine (d.sub.1 -d.sub.9).
      As the number of discs is increased, the frictional force against movement
      through the tube 10 is increased proportionally and greater driving force
      is thereby required. One arrangement where an increase in driving force
      can be gained is shown wherein the slits s.sub.1 -s.sub.4 are angularly
      offset in small increments from the radial position at disc d.sub.5 in one
      direction toward the rear disc d.sub.9 and in the other direction toward
      the front disc d.sub.1. This means that the fluid passing through the
      triangular openings 27 does not squarely hit the opening 27 next in line
      and, therefore, an increased differential pressure area is provided that
      generates additional forward thrust on the plug 11c. The non-alignment of
      the slits s.sub.1 -s.sub.4 also assures greater agitation and turbulence
      within each chamber c to dislodge the deposits along the full extent of
      the plug.
PAR  The closing of the tips 25, 26 (see FIG. 9) between adjacent segments 18 of
      successive discs d.sub.1 -d.sub.9 at different angular positions further
      assures against any tendency for the discs to cause streaking during the
      scraping operation. The relative positioning of the slits s.sub.1 -s.sub.4
      in this embodiment can be parallel and progressively shifted from one side
      of the slit in the disc d.sub.5, which is radial, toward the ends. As
      shown in FIG. 8, the end disc d.sub.1 has the slits s.sub.1 -s.sub.4
      rotated clockwise, a maximum from the radial position in the disc d.sub.5,
      and conversely, the slits s.sub.1 -s.sub.4 on end disc d.sub.9 are rotated
      counterclockwise a maximum (FIG. 9).
PAR  In summary, it can be seen that the cleaning plug 11 of the present
      invention in any one of the disclosed embodiments or equivalent, is
      designed for efficient cleaning action and for low cost production through
      one piece, integral molding. The discs d are sized in diameter in order to
      be sufficiently larger than the inside of the tube to be cleaned and the
      slits s.sub.1 -s.sub.4 sufficiently narrow so that the outer tips of the
      segments 18 at least touch when the core body 12 is centered along the
      axis of the tube during the cleaning operation. This closing of the
      peripheral scraping edge along each disc d is important to assure a
      substantially full cleaning pattern of each individual disc. The water or
      other cleaning liquid being used to propel the plug 11 provides agitation
      to the foreign matter in each cleaning chamber C, and assures limited
      forward movement of the material as it is scraped free through the
      triangularly shaped openings 27 formed by the inner portion of the slits
      s.sub.1 -s.sub.4. The scraping segments 18 are sufficiently flexible to
      allow the tips to snap past each other and overlap when the inside
      diameter of the tube is reduced, and thus allows a range of tubes to be
      cleaned with a single model or size plug 11. Additional fluid may be
      ejected through the nozzle 15 at the front of the plug 11 and the
      projection forming the nozzle provides a spacer means for tandem plugs
      cleaning together in a single operation. The slits s.sub.1 s.sub.4 may be
      all radial and in line (FIGS. 1-6), or moved progressively from a radial
      position on the center disc in opposite directions so as not to provide
      alignment, as shown in FIGS. 7-9.
PAR  In this disclosure, there is shown and described only the preferred
      embodiments of the invention, but, as aforementioned, it is to be
      understood that the invention is capable of use in various other
      combinations and environment and is capable of changes or modifications
      within the scope of the inventive concept as expressed herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cleaning plug for condenser tubes or the like adapted to be propelled
      through a tube to be cleaned by differential fluid pressure comprising:
PA1  an elongated core body for support of a plurality of axially spaced scraper
      means, said scraper means comprising a plurality of single, separate
      scraper discs, said scraper discs having slits extending from adjacent
      said body to the outer periphery to form annular segments,
PA1  said slits being open on both sides of said discs, each of said discs being
      separated from the adjacent disc,
PA1  said annular segments being axially flexible so as to readily deflect when
      said plug is placed in a confining tube to be cleaned,
PA1  said discs being sufficiently larger in outside diameter than the inside
      diameter of said tube to be cleaned and said slits sufficiently narrow to
      cause the outer tips of said segments to at least touch when said core
      body is centered in said tube for cleaning action, whereby substantially
      full peripheral scraping action of the inside wall of said tube by each
      single disc is gained.
NUM  2.
PAR  2. The cleaning plug of claim 1 wherein the inner portion of said slits
      form opening means for passage of propelling fluid forward to agitate and
      advance foreign matter forward of said plug during cleaning action.
NUM  3.
PAR  3. The cleaning plug of claim 2 wherein said opening means is sufficiently
      restricted during cleaning action to maintain sufficient differential
      pressure across said discs to normally move said plug along said tube, but
      sufficiently open to allow limited forward movement of foreign matter with
      the fluid from between said discs.
NUM  4.
PAR  4. The cleaning plug of claim 3 wherein said opening mens further comprises
      an axial passage through said core body, said passage terminating at a
      forward orifice defining a nozzle to aid in the agitation during the
      cleaning action.
NUM  5.
PAR  5. The cleaning plug of claim 1 wherein said disc segments are integrally
      molded of plastic with said core body for low cost production and unit
      integrity.
NUM  6.
PAR  6. The cleaning plug of claim 5 wherein said plastic is high-density
      polyethylene for high scraping efficiency while minimizing damage to said
      tubes and for long life.
NUM  7.
PAR  7. The cleaning plug of claim 1 wherein said segments are sufficiently
      flexible so that said tips snap past each other and overlap when said
      inside diameter of said tube is reduced during cleaning action.
NUM  8.
PAR  8. The cleaning plug of claim 1 wherein the condenser tube to be cleaned is
      nominally 7/8 inch outside diameter and 16-22 BWG gauge, said discs being
      approximately 0.820 inch, said slits being approximately 1/32 inch, and
      said discs being approximately 0.0312 inch thick.
NUM  9.
PAR  9. The cleaning plug of claim 1 wherein said plug is provided with
      approximately seven discs to assure adequate cleaning of the tube.
NUM  10.
PAR  10. The cleaning plug of claim 1 wherein the forward end of said plug
      includes projection means to mate with the rear end of another plug, the
      first disc of said plug being spaced rearwardly of said projection means,
      whereby said plug may be used in tandem with all discs spaced for more
      complete cleaning action.
NUM  11.
PAR  11. The cleaning plug of claim 1 wherein said slits are longitudinally
      offet along the plug to increase agitation action and forward motion
      producing positive pressure.
NUM  12.
PAR  12. The cleaning plug of claim 1 wherein the density of said plugs is less
      than water to allow the same to be recovered by flotation.
NUM  13.
PAR  13. The cleaning plug of claim 1 wherein said slits define openings between
      said segments when said plug is unconfined outside said tube, said
      openings having a substantially uniform width extending from adjacent said
      core body to the outer periphery of said segments, said openings allowing
      passage of propelling fluid forward to agitate and advance foreign matter
      forward of said plug during cleaning action.
NUM  14.
PAR  14. The cleaning plug of claim 13 wherein said openings are reduced when
      said plug is confined in said tube for cleaning action, said openings
      during the cleaning being adjacent said core body and substantially
      triangular shaped.
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ABST
PAL  A tooth brush is disclosed in which parallell bristles extend in opposite
      directions from a central plate-like stem connected to a shaft or a
      handle. The tooth brush is used for cleaning teeth interspaces and
      comprises a base plate which abuts the gum and protects the same when the
      bristles work upon opposite teeth faces. The bristles are longer next to
      the base plate and gradually shorter as the distance therefrom increases.
      Also in the length direction of the stem the length of the bristles
      varies, and the minimum bristle lengths are found either at the tip or at
      the middle of the length of the active part of the brush.
BSUM
PAR  Deposits of bacteria upon the teeth (so-called plaque) are the cause of
      caries as well as teeth loosening diseases (parodontite). The deposits of
      bacteria are collected where they are best protected from the action of
      the chewing friction and the cleaning by the conventional tooth brush. It
      has also been established that the greatest loss of tooth attachment
      tissue takes place in the teeth interspaces. As a rule the severest caries
      damages are present upon tooth faces adjacent to the teeth interspaces.
PAR  In a vertical cross-sectional view the teeth interspace takes the general
      shape of an isosceles triangle, the base of which is considerably shorter
      than the sides thereof. In a horizontal cross-sectional view the teeth
      interspace is generally shaped as an hourglass on account of the round or
      oval cross-section of the teeth. Young persons with sound gums have the
      teeth interspace almost completely filled out by the gum papilla. These
      persons usually clean the tooth faces next to the interspace by means of a
      tooth thread or a triangular pointed tooth pick which in this case has a
      sufficient cleaning effect.
PAR  On the other hand, if gum inflammation proceeds into teeth loosening, the
      mandible and other attachments of the tooth start deteriorating towards
      the tip of the tooth root. The gum papilla disappears and the teeth
      interspace, triangular in the vertical cross-section, is laid bare. In
      these cases, a so-called interdental brush has been used hitherto as means
      for cleaning the teeth interspaces. Such a brush resembles a bottle-brush,
      i.e. it is of even width and circular cross-section. The round core
      consists of metal threads twisted together and grasping the brush bristles
      projecting in all directions. It is self-evident that such a round brush
      is unsuitable for efficient cleaning of the triangular teeth interspaces.
PAR  Based upon the above-mentioned circumstances and own research activities
      which have proved that a sufficiently frequent and efficient cleaning of
      all tooth faces prevents caries as well as tooth loosening, the present
      invention aims at creating a tooth brush by means of which it is possible
      to perform the above-mentioned cleaning of the teeth interspaces in an
      efficient and in all respects satisfying manner.
PAR  The object is attained by a particular design of tooth brush, the essential
      features of which consist in that it is provided with a straight stem
      approximately T-shaped in cross-section, which stem forms a base plate
      adapted for being pushed into a teeth interspace so as to rest upon and
      protect the gum, and also forms an attachment plate protruding at right
      angles from the longitudinal center line of the former, substantially
      parallel brush bristles extending therefrom in opposite directions and
      able of working simultaneously upon opposed faces of two adjacent teeth,
      the lengths of the bristles decreasing as the distance from the base plate
      increases. With said shape of the brush the tooth faces adjoining the
      teeth interspace are accessible for efficient cleaning while the risk of
      injuring the gum is eliminated. Characterising features of preferable
      constructive details of the tooth brush are set forth in the following
      claims.
DRWD
PAR  The invention will now be described further, by way of example with
      reference to the accompanying drawings, in which
PAR  FIG. 1 is a side view of a preferred embodiment of tooth brush;
PAR  FIG. 2 is a cross-sectional view of FIG. 1;
PAR  FIG. 3 shows the tooth brush, with pertaining handle, in use;
PAR  FIG. 4 is a cross-sectional view explaining the way of operation; and
PAR  FIG. 5 shows a modified embodiment of tooth brush.
DETD
PAR  As shown particularly in FIGS. 1 and 2, the brush comprises a straight
      central stem forming the immediate extension of a shaft 11 and being
      approximately T-shaped in cross-section. Thus, it forms a base plate 13 of
      an approximately uniform width tapering towards its tip, and a plate 15
      projecting from the longitudinal center line of the former and gradually
      thinned out. The plate 13 forms a supporting plate adapted during the use
      of the brush to abut the gum papilla 17 (FIG. 4), and the plate 15 is an
      attachment plate serving for retaining brush bristles 19. These are all
      substantially parallel to each other and to the width direction of the
      base plate and extend outwardly from both sides of the attachment plate,
      i.e. in two straight opposite directions. Preferably the bristles are
      arranged in parallel rows along the stem, but as an alternative they may
      be arranged in any oblique or irregular pattern. The bristles located next
      to the base plate 13 are the longest and extend beyond the edges thereof,
      and according as the bristles are situated farther from the base plate
      they are of shorter lengths. In the different cross-sections at right
      angles to the stem the profile of the brush takes the shape of an
      isosceles triangle with a cut top or an isosceles trapezium. The base
      plate is situated at the centre of the base of said geometrical figure,
      and the bristles end at the oblique sides of the triangle or trapezium.
      The cross-sections are congruent but of different sizes. Thus, at the
      middle of the length of the stem the bristles of all levels above the base
      plate 13 are shorter than at the ends of the stem. For instance, the
      bristle ends may be situated upon imaginary cylindrical surfaces turning
      their convex sides towards each other and having mutually inclined axes.
      With this configuration the exterior contour of the brush is adapted to
      the hour-glass shape of the teeth interspace. As is shown in FIGS. 3 and
      4, when the brush has been pushed into an interdental space, the greater
      part thereof will be filled out, and contact is had between tooth faces
      and bristle ends over practically the entire extent of the tooth side from
      the gum to the tip, and this is true not only for the middle plane through
      the teeth row but also on the tongue as well as on the lip side thereof.
      When reciprocating the brush, the tooth faces are being worked upon, the
      bristles being slightly bent and therefore performing a more efficient
      cleaning action than if they would be bent down completely, as often is
      the case with the interdental brush of the bottle-brush type mentioned
      above. Another very important difference resides in that the bristles do
      not work upon the gum papilla, as when using a circular brush, where, when
      reversing the brush, the bristles are double-folded and exert a heavy
      pressure upon the gum involving the risk of hurting the same.
PAR  To the brush there belongs a handle 21 (FIG. 3), and inserted transversely
      through the end thereof and retained therein is a rotary sleeve 23. The
      brush shaft 11 is removably held by said sleeve with a friction grip which
      is reinforced by ribs 25 upon the cylindrical shaft. The brush thus being
      freely rotatable about its own axis, the same will automatically adjust
      itself into the proper position relatively to the tooth sides. As shown in
      FIG. 3, for certain back dental interspaces it may be best to insert the
      tooth brush from the inside of the teeth row.
PAR  Of course, it is also possible to hold the brush by grasping the shaft 11
      directly by the fingers, the shaft then preferably being flattened and
      somewhat longer than shown.
PAR  In the embodiment shown in FIG. 5, the cross-section of the brush tapers
      all the way to the tip of the brush. The advantage thereof is that it is
      possible to clean dental interspaces of considerably different sizes by
      inserting the brush a shorter or longer distance. The stem and the
      bristles are preferably manufactured as an integral piece of some suitable
      plastic material, such as nylon of polyethylene. If desired, the bristles
      may be made per se and be attached to the stem by moulding or melting.
      Suitable measurements are: length of the stem 15 to 20 mm, width of the
      base plate about 2 mm and height of the attachment plate 4 to 6 mm.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A tooth brush for cleaning of teeth interspaces, comprising a straight
      stem of an approximately T-shaped cross-section forming a base plate
      adapted for insertion into a tooth interspace so as to rest upon and
      protect the gum, and also forming an attachment plate protruding at right
      angles to the longitudinal center line of the former, substantially
      parallel brush bristles extending outwardly therefrom in opposite
      directions and capable of working simultaneously upon opposed faces of two
      adjacent teeth, the lengths of the bristles decreasing as the distance
      from the base plate increases.
NUM  2.
PAR  2. A tooth brush as claimed in claim 1, in which the different
      cross-sections of the brush are triangular or trapezium-shaped, the base
      plate being situated at the middle of the base of the triangle or
      trapezium and the tips of the bristles lying upon its oblique sides.
NUM  3.
PAR  3. A tooth brush as claimed in claim 1, in which the bristles are arranged
      in rows parallel to the base plate.
NUM  4.
PAR  4. A tooth brush as claimed in claim 1, in which the length of the bristles
      varies along the stem.
NUM  5.
PAR  5. A tooth brush as claimed in claim 4, in which the bristles in each row
      are shorter at the middle of the stem than at its ends.
NUM  6.
PAR  6. A tooth brush as claimed in claim 1, in which the stem is provided with
      a short substantially cylindrical shaft which is disengageably inserted
      into a sleeve extending transversely through and rotatably retained in the
      end of a handle pertaining to the brush.
NUM  7.
PAR  7. A tooth brush comprising a straight stem having two opposed
      substantially planar faces, a set of parallel bristles extending from one
      of said faces, a second set of parallel bristles extending from the other
      side of said stem in a direction opposite to that of said first set of
      bristles, the lengths of the bristles varying in the length direction as
      well as in the transverse direction of said stem and the length of each
      bristle being the same as the length of a bristle located on the opposite
      side of the stem and substantially collinear thereto, the ends of the
      bristles in each cross-section of the stem coinciding with opposite
      inclined sides of an equilateral trapezium.
NUM  8.
PAR  8. A tooth brush as claimed in claim 7, further comprising a base plate
      united with said stem and extending in the length direction over the main
      part of the length of the stem and in opposite transverse directions over
      part only of the length of the bristles next thereto.
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PAL  A rotary brush construction, particularly for a top brush for washing
      vehicles including elongate bristles carried on a perforate hollow
      cylindrical core of relatively small diameter. A plurality of axially
      short collar units secure the core on a shaft for rotation therewith and
      are spaced along the inside of the core. The collars each comprise a hub
      fixed to the shaft and, in one embodiment, a shell radially spaced from
      the hub by radial web members, for carrying the core. Tension members
      extend from the hub through the shell and hold the core to the shell. The
      collars occupy minimal cross-sectional area within the core. Lubricant
      liquid streams enter the opposite core ends and pass inward through the
      collars for substantially uniform distribution of liquid within the core.
      The liquid passes out through the core perforations to lubricate the
      bristles. The core preferably comprises plural longitudinal sections
      having differing bristle densities. The core and collar are preferably
      circumferentially segmented, the collar segments being secured together at
      the web members thereof. In a modification, a disc extends radially
      outward from an end of the core to prevent bristle entanglement with brush
      supports and liquid feed lines. In another embodiment, each hub is secured
      by radial tension members and spacers to the core, without the said shell,
      and axially outer hubs are of lesser diameter than axially inner ones.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a rotary brush construction and more particularly
      relates to a rotary top brush for vehicle washing.
PAC  BACKGROUND OF THE INVENTION
PAR  Rotary top brushes have been used for some time in mechanized vehicle wash
      systems. Typically, such a rotary top brush is mounted on a horizontal
      shaft and spans substantially the width of the vehicle. Relative vertical
      and longitudinal movement between the top brush shaft and vehicle enables
      the top brush to move over the grill, hood, windshield, top and trunk of
      the vehicle for cleaning same.
PAR  A primary difficulty encountered in prior rotary top brushes has been lack
      of adequate bristle lubrication, that is, lubrication of the entire length
      of the bristle strands, from mounted end to free end. The term lubricating
      liquid refers, for example, to water containing soap or detergent or water
      alone.
PAR  Among the problems resulting from improper bristle lubrication are the
      following. Without proper lubrication, the bristles drag rather than slide
      over the surface of the vehicle, thereby tending to wrap around, or become
      jammed under, trim and accessories. Thus, trim and accessories such as
      mirrors, bright metal trim strips and the like are readily damaged or
      ripped off the vehicle by the bristles.
PAR  Further, certain accessory parts, notably aerials, which penetrate a
      substantial distance into the bristled portion of the brush, tend to be
      entangled or enwrapped by the relatively long flexible bristles.
      Improperly lubricated bristles will not readily release and may damage or
      break off the aerial. Still further, surfaces of the vehicle will be
      repeatedly contacted during the washing by rapidly moving bristles, and
      inadequately lubricated bristles tend to damage the finish of the vehicle.
      More particularly, the surface of the vehicle is frequently marked or
      hazed by deposits thereon of a wax-like film (e.g. polyolifin) from the
      brush bristles or may be actually scratched by bristles which have picked
      up dirt particles or road film and are continually slapping or rubbing
      against the car finish at high speeds.
PAR  Moreover, improper lubrication increases bristle wear and decreases bristle
      life. Additionally, improper bristle lubrication causes the brush to clean
      less well. Other disadvantages of improper lubrication exist but are not
      believed to require discussion.
PAR  Attempts to supply liquid lubricant to brushes of this kind by spraying
      from an external nozzle onto the periphery of the rotating brush have not
      been satisfactory. The rotating brush bristles tend to bat away, or throw
      off, the lubricant so applied. This is especially true when brush
      rotational rate and/or diameter is sufficient to create high bristle tip
      speed, as is normally the case for a top brush in car wash systems. The
      result is that the lubricant does not penetrate the brush, being present
      at best merely on the exposed bristle tips and leaving the major bristle
      length substantially unlubricated. Attempts to increase the flow rate of
      liquid lubricant to the brush have been ineffective and, indeed have
      increased cost through use of more lubricant.
PAR  Thus, while rotating top brushes have been known for some time in vehicle
      washing systems, the above mentioned difficulties have been sufficient to
      cause some car wash owners not to use their top brush at all, even in the
      face of higher labor costs. Attempts to utilize a nonrotating top cleaning
      device, such as a nonrotatable brush or piece of carpet fabric which is
      dragged over the surface of the vehicle, have generally provided
      unsatisfactory cleaning.
PAR  A prior attempt to provide lubricant to a rotatable top brush by means of a
      hollow top brush shaft was unsuccessful in that liquid could not be
      provided with sufficient uniformity or in sufficient amount for
      satisfactory brush lubrication.
PAR  The problem of rotary top brush lubrication is complicated by such
      characteristics as substantial brush size (a 5 foot diameter and 6 foot
      length being common), need for relatively small core diameter, and high
      bristle tip speeds. Further compounding the problems are restrictions on
      noise generated by drying blowers utilized in such vehicle washing systems
      as a result of Occupational Health and Safety Administration rules. Such
      restrictions have resulted in reduced dryer-blower speeds and hence have
      forced use of higher heat settings for dryer heating elements. This
      excessively heats and dries the bristles of the adjacent top brush and
      further increases the need for effective lubrication of the top brush.
PAR  Accordingly, the objects and purposes of this invention include provision
      of:
PAR  1. A rotary brush construction particularly for vehicle washing in which
      the bristles are lubricated along the lengths thereof from point of
      attachment to the rotary brush core to the free ends, or tips, thereof.
PAR  2. A brush construction, as aforesaid, wherein proper lubrication is
      maintained despite substantial overall brush diameter, substantial brush
      length and relatively high bristle tip speeds.
PAR  3. A brush construction, as aforesaid, capable of satisfactory cleaning of
      vehicle surfaces without marking, hazing or scratching thereof, and
      particularly wherein the brush bristles do not tend to pick up dirt
      particles or road film or scratch the vehicle finish therewith or deposit
      a waxlike film thereon.
PAR  4. A brush construction, as aforesaid, wherein bristle drag on vehicle
      surfaces is substantially reduced and wherein the bristles tend to slide
      easily over vehicle surfaces encountered thereby.
PAR  5. A brush construction, as aforesaid, wherein brush bristles no longer
      tend to wrap around or jam under vehicle accessories such as mirrors,
      chrome strips and the like and wherein the brush bristles no longer tend
      to damage or rip off projecting accessories on the vehicle.
PAR  6. A brush construction, as aforesaid, in which entanglement of brush
      bristles with, and damage to, aerials or the like is substantially reduced
      despite deep penetration of such aerials or the like into the bristle
      field of the brush.
PAR  7. A brush construction, as aforesaid, in which effective cleaning is
      acheived with moderate amounts of liquid lubricant and wherein shortening
      of brush life due to premature bristle wear is avoided.
PAR  8. A brush construction, as aforesaid, in which effective lubrication of
      the bristles is provided even under conditions of high heat and wherein
      centrifugal force generated by brush rotation is utilized to aid
      distribution of liquid lubricant along the length of the bristles from
      root to tip and so as to provide a constant flushing of the bristles.
PAR  9. A brush construction, as aforesaid, which is of relatively simple
      construction and is readily manufacturable from available materials and at
      costs generally comparable to existing top brushes.
PAR  10. A brush construction, as aforesaid, enabling rapid and simple
      replacement of worn portions of the brush construction without disturbing
      securement of remaining portions of the brush construction on the brush
      shaft and wherein different length sections of the brush construction may
      be provided with differing and readily variable bristle densities.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the invention, including those set forth above,
      have been met by providing a rotary brush construction, particularly for a
      top brush for washing vehicles including elongate bristles carried on a
      perforate hollow cylindrical core of relatively small diameter. A
      plurality of axially short collar units secure the core on a shaft for
      rotation therewith and are spaced along the inside of the core. The
      collars each comprise a hub fixed to the shaft. Tension members extend
      from the hub and hold the core. A shell carried by radial web members, or
      a set of spacers, space the core from the hub. At least the outer collars
      occupy minimal cross-sectional area within the core. Lubricant liquid
      streams enter the opposite core ends and pass inward through the collars
      for distribution of liquid within the core. The liquid passes out through
      the core perforations to lubricate the bristles. The core preferably
      comprises plural longitudinal sections having differing bristle densities.
      The core and collar are preferably circumferentially segmented.
DRWD
PAR  Other objects and purposes of the invention will be apparent to persons
      familiar with rotary brush constructions upon reading the following
      description and examining the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary partially broken side elevation of a rotary top
      brush embodying this invention.
PAR  FIG. 2 is a fragmentary, partially broken, enlarged and partially exploded
      sectional view substantially as taken on the line II--II of FIG. 1.
PAR  FIG. 3 is a fragmentary sectional view substantially taken on the line
      III--III of FIG. 2.
PAR  FIG. 4 is an enlarged, modified fragment of FIG. 1.
PAR  FIG. 5 is an enlarged, modified fragment of FIG. 1.
PAR  FIG. 6 is an enlarged, partially broken sectional view taken on the line
      VI--VI of FIG. 5.
PAR  FIG. 7 is an enlarged, partially broken, fragmentary sectional view taken
      on the line VII--VII of FIG. 6.
PAR  FIG. 8 is an enlarged partially broken sectional view taken on the line
      VIII--VIII of FIG. 5.
PAR  For convenience in the following description, the terms "inner," "outer"
      and words of similar import will refer to the central axis of, and
      designated parts of, the brush construction.
DETD
     DETAILED DESCRIPTION
PAR  The brush construction 10 (FIG. 1) embodying the invention comprises a
      hollow cylindrical core 12 coaxially fixed on a rotatable shaft 13 by
      radially intervening collars 15. The rotatable shaft 13 extends length
      wise through the core 12 and has ends extending therebeyond and supported
      by conventional bearing and drive members 17 and 18 adjacent the ends of
      the core 12. The bearing and drive members 17 and 18 are preferably
      supported conventionally by pivoted arms 19 on the framework (not shown)
      of a conventional car wash system, so that the brush construction 10 can
      be moved vertically and horizontally in response to movement of the arms
      19 and longitudinal traversing movement of the aforementioned framework
      with respect to a vehicle, in the manner of known rotary top brushes, for
      cleaning the bumpers, grill, hood, top, rear, etc. of a vehicle. The shaft
      13 is rotatably drivable in any desired manner, such as through a
      chain-drive contained in an arm 19, suitable rotational drive means being
      schematically indicated at D.
PAR  Thus, the present invention contemplates the top brush construction
      utilizing a shaft 13 of substantially conventional diameter and mounting
      to facilitate use of the inventive brush construction 10 as a direct
      replacement, in existing bearing and drive members 17 and 18, for an
      existing rotary top brush.
PAR  Flexible bristles 21 are fixed to, and are distributed over the outer
      surface of the core 12. The bristles extend substantially radially from
      the core, and in use form the substantially cylindrical arrangement, the
      bristle tips and adjacent bristle end portions thus being adapted to
      engage opposed surfaces of a vehicle. The brushes may be secured to the
      core in any conventional manner. For example, as seen in FIG. 2, the
      bristles may be arranged in tufts received in stepped openings 22 through
      the core wall and secured at their inner ends by wires 23 or other
      convenient means. However, a variety of methods and structures can be
      employed to secure the bristles to the core 12, further examples being
      shown in my prior U.S. Pat. Nos. 3,529,314 and 3,594,842. Rotary top
      brushes are required to be long enough to span the width of the vehicle to
      be cleaned, for example six feet in length. I have found it desirable to
      provide a top brush of relatively large overall diameter, for example five
      feet, with the bristles occupying the major diametral portion of the brush
      and the diameter of the core minimized. The latter reduces core
      circumference and hence the number of bristle tufts required, thereby
      reducing cost of construction. Moreover, interference between the core and
      projecting accessories on the vehicle (such as antennas and the like) is
      reduced or eliminated.
PAR  Thus, in the preferred embodiment shown, the core is of about five to six
      inch diameter. Brush and core diameters thus differ by about an order of
      magnitude or more. Diameters in the range of about three to nine inches
      being contemplated. The brush construction 10 thus is characterized by an
      elongate slim core.
PAR  The core 12 is preferably provided as a plurality of longitudinally
      extending, end adjacent sections separately installable on the shaft 13.
      Two such sections are indicated at 12A and 12B in FIG. 1. Such allows more
      compact storage and shipment of the core, as well as replacement of the
      core one section at a time in the event of damage or excessive bristle
      wear in a portion of the brush construction. Further, in the preferred top
      brush shown, different core sections are provided with differing bristle
      densities. More particularly, the relatively short end sections (e.g. 12A)
      carry fewer bristles per unit length, as indicated at 21A and 21C, than
      does the longer central section 12B, the more densely arranged bristles of
      which are indicated at 21B. Vehicle accessories such as aerials, external
      rearview mirrors, and so forth are normally contacted by the end portions
      of the top brush. The less bristle density in the end sections of the
      brush 10 reduces any tendency for bristles to become entangled with or
      "hung-up" on such accessories, particularly should the top brush to be
      operated is without lubrication.
PAR  Where the brush construction is longitudinally sectioned as
      above-discussed, individual collars 15 are provided adjacent the ends of
      the end sections, as at 15A in end section 12A. Intermediate collars are
      located where the ends of adjacent core sections meet, as at 15B in FIG.
      1. If desired, one or more additional intermediate collars (not shown) may
      be spaced intermediate the ends of very long core sections, such as
      intermediate core section 12B. However, such normally will not be required
      in the contemplated range of section lengths and with a core of sufficient
      strength as to minimize lateral flexing.
PAR  The preferred embodiment shown in FIG. 1 provides full length bristle
      lubrication. More particularly, suitable lubricant liquid, such as water,
      with or without soap or detergent, etc., is fed from a conventional
      pressurized source L through conduits 23 extending adjacent the ends of
      the brush construction 10 and terminating in nozzles, as at 26. The
      nozzles 26 are aimed longitudinally of the core 12, are disposed radially
      between the inner wall of the core and the shaft 13 and preferably enter
      at least slightly into the ends of the core for aiming streams of liquid
      into and longitudinally of the core toward the center thereof.
PAR  A plurality of lubricant openings 27 (FIG. 2) extend through the wall of
      the core 12. The openings 27 are close-spaced and substantially uniformly
      distributed over the core adjacent the bristles 21. Lubricant liquid
      forced from the nozzles 26 into the core thus passes outwardly through the
      core openings 27 and along the bristles 21, providing full length
      lubrication of all the bristles of the brush. Additional bristle
      lubrication may be provided directly to the inner ends of bristle tufts
      where seated in openings 22, as in FIG. 2.
PAR  It is contemplated, within the broader aspects of the invention, that
      circumferentially unitary core sections and collars may be employed.
      However, the preferred embodiment of the invention shown incorporates
      circumferentially segmented core sections and collars. Such permits, for
      example, replacement of collars, and particularly of core sections,
      without distrubing the location of the shaft 13 in the bearing and drive
      members 17 and 18.
PAR  Circumferential segmentation of the core sections and collars is preferably
      along a single diametral plane of the shaft 13. Such is illustrated by the
      core section 12B and collar 15B in FIGS. 2 and 3, the remaining core
      sections and collars of the brush construction 10 preferably being
      similar. The core section 12B thus comprises an opposed, preferably
      identical, closely adjacent pair of semi-cylindrical core segments 12B'
      and 12B". Similarly, the collar 15B shown in FIG. 2 preferably comprises a
      pair of opposed and preferably identical semi-circular collar segments
      15B' and 15B".
PAR  In more detail the collar 15B (FIGS. 2 and 3) comprises an axially
      extending hub 28 snugly surrounding the shaft 13 and here formed as a
      diametrally opposed pair of semi-cylindrical segments 28' and 28". Keyways
      20, here diametrally opposed, extend longitudinally in the shaft 13 and
      receive elongate keys 31 at the location of the collar 15B. The keys 31
      extend radially from the shaft a distance less than the thickness of the
      hub 28 and are sandwiched circumferentially between opposed ends 33' and
      33" of the hub segments 28' and 28", respectively.
PAR  Preferably platelike web members 35' and 35" extend substantially radially
      from the hub 28 and substantially the length of the hub 28.
PAR  A thin walled cylindrical shell 37 is fixedly carried by the web members
      35' and 35" adjacent their radially outer edges. The shell 37 coaxially
      surrounds and is radially spaced from the hub 28. In the assembled brush
      construction, the shell radially contacts and supports the core 12
      coaxially of the shaft 13. The shell 37 is substantially shorter than the
      web members 35' and 35" and hub 28 and is preferably axially centered
      thereon, as seen in FIG. 3. A benefit of such a short shell is minimized
      blockage thereby of core perforations 27.
PAR  In diametrally segmented embodiment of FIGS. 2 and 3, the shell 37
      comprises a pair of diametrally opposed, semicylindrical segments 37' and
      37" radially aligned with corresponding hub segments 28' and 28".
PAR  Considering the collar segment 15B', for example, the substantially
      diametrally spaced and coplanar pair of web members 35' thereof extend
      between corresponding circumferential ends of the hub segment 28' and
      corresponnding circumferential ends of the shell segment 37'. The inner
      edges of the web members 35' radially overlap the corresponding hub
      segment ends and closely overlie the corresponding keys 31, preventing key
      dislodgement by centrifugal force during brush rotation. The outer edges
      of the web members 35' extend radially beyond the ends of the shell
      segment 37' a distance less than the thickness of the core 12 for purposes
      apparent hereinafter. The web members 35' are fixed to corresponding hub
      segment 28' and shell segment 37', preferably by welds 38 and 39 within
      the confines of the collar segment 15B'. The collar segment 15B" is
      preferably identically constructed.
PAR  The collar segments 15B' and 15B" are removably secured in opposed relation
      on the shaft 13, preferably by nut and bolt sets 41 which extend through
      aligned openings 42 in the opposed web members 35' and 35". Preferably,
      the opposed web members 35' and 35" remain slightly spaced upon tightening
      of the nut and bolt units 41, so that the hub 28 snugly grips the shaft 13
      and the hub segment ends contact, or lie close to, the keys 31 to prevent
      relative rotation between the hub and shaft.
PAR  In the particular embodiment shown, two of the nut and bolt units 41 are
      provided on each collar 15, being diagonally located adjacent opposite
      axial ends of the collar. However, it is contemplated that a further pair
      of nut and bolt units (not shown) may be provided in each collar, at the
      remaining pair of web member corners, for symetrical and stronger
      securement of the collar segments. The nut and bolt sets lie axially
      outboard of the shell 37 and are readily accessible without interference
      by the shell.
PAR  Notches 44 extend along the inner axial edges of the core segments 12B' and
      12B". The notches 44 receive the outer edges 46 of the web members 35' and
      35" with the inner surface of the corresponding collar segments lying on
      the outer surface of the corresponding shell segments, as shown in the
      left half of FIG. 2. In this way, circumferential shifting of a core
      segment 12B' on its correspondinng shell segment 37' is positively
      precluded by interference between the notched core segment ends and the
      outer web member ends 46. The opposed edges of the core segments 12B' and
      12B", when installed on the shell 37, are close-spaced and substantially
      abut.
PAR  Tension units 47 (FIGS. 2 and 3) radially secure the core segments 12B' and
      12B" to the collar 15B. The tension units 47 preferably comprise screws
      48' and 48" fixed to and extending from respective hub segments 28' and
      28" radially outwardly past the axial ends of the corresponding shell
      segments 37' and 37" and snugly through openings 49 in the corresponding
      core segments.
PAR  Considering the collar segment 15B' for example, the screw 48' is here
      provided with a substantially conical head, and may be a conventional flat
      head machine screw. An outwardly directed, countersunk opening 51 in the
      hub segment 28' receives the head of the screw 48', outboard of the shaft
      13. The screw 48' is preferably welded to the hub segment 28', as at 52.
      Nuts 53' and 53" threaded on the outer ends of the screw 48' and 48"
      secure the core segments 12B' and 12B" snugly against the outer surface of
      the shell segments 37' and 37".
PAR  As seen in FIG. 3, a pair of such screws 48' and 48" are preferably
      provided on each of the collar segments 15B' and 15", adjacent the ends of
      the corresponding hub segments and substantially in circumferential
      alignment with the nut and bolt units 41.
PAR  As in the case of the collar 15A, a collar 15 may be utilized solely to
      secure a single core segment on the shaft 13. However, as in the case of
      collar 15B, a collar 15 can additionally axially secure together two
      adjacent core sections such as sections 12A and 12B as seen in FIG. 3. In
      the latter instance, the tension units 47 at opposite ends of the collar
      15B engage the corresponding end portions of the adjacent core sections
      12A and 12B, preventing axial separation thereof. Further, the centrally
      located shell 37 of such collar 15B overlaps the two adjacent ends of the
      core segments 12A and 12B and bears against the inner surfaces thereof, as
      indicated at 54, to maintain same coaxially. Also, the shell 37 spans and
      closes any axial space 56 between the adjacent ends of the core sections
      12A and 12B.
PAR  In the preferred embodiment shown, the pairs of tension units 47 of each
      collar segment preferably parallel the axes of the nut and bolt units 41
      and are spaced equally and substantially at 90.degree. angles from the
      connection of the web members 35' and 35" to the corresponding hub
      segment. Thus, in the preferred embodiment shown, the screws 48' and 48"
      are preferably substantially diametrically aligned and circumferentially
      centered on the core segments, so as to pull the core segments diametrally
      toward each other.
PAC  OPERATION
PAR  The brush 10 can be assembled with the shaft 13 mounted on the bearing and
      drive members 17 and 18, or if desired, prior to such mounting. Assembly
      of each longitudingal core segment is similar and a description of one
      will suffice for all, except as otherwise noted. The core segments can be
      applied to the shaft in any desired order.
PAR  For example then the intermediate core segment 12B can be applied to the
      shaft in the following manner. With the keys 31 located in the keyways 30
      at the axial location of the collar 15B on the shaft, the collar segments
      15B and 15B' are applied to the shaft simultaneously or sequentially as
      desired. The nut and bolt units 41 are then applied to the opposed pairs
      of web members 35' and 35" and tightened to cause the hub sections 28' and
      28" to snugly grip the shaft 13, preventing unintended eccentric or axial
      relative movement between the shaft and hub. The web members 35' and 35"
      also maintain the keys 31 against radial movement out of their keyways 30,
      the keys 31 preventing unintended relative circumferential movement
      between the shaft and hub. In this manner, the collars 15 for one or all
      of the core sections 12 can be applied to the shaft at the desired axial
      locations therealong.
PAR  Thereafter, the core segments for each brush section are applied to the
      outer surfaces of the shells 37 of their corresponding collars 15. For
      example, the core segment 12B' is moved radially toward the collar segment
      15B' until the openings 49 receive the free ends of the screws 48'
      therethrough and the circumferential end notches 44 of the core segment
      receive the ends 46 of the corresponding web members therein, whereby the
      outer surface of the shell segment 37 backs and supports the inner surface
      of the core segment 12B. The lock nut 53' is then applied and tightened on
      the free end of the screw 48' to firmly fix the core segment 12B' against
      radial and axial movement with respect to the collar 15B. Contact between
      the notches 44 and the adjacent outer edges 46 of the corresponding web
      members 35' prevents, or assisting the screw 48' in preventing,
      circumferential dislocation of the core section 12B' on the collar 15B.
      The core segment 12B" is similarly applied to the collar 15B. The bristles
      on each core segment are arranged so as not to interfere with application
      of the lock nuts 53' or 53".
PAR  In this manner, the core segments can be applied to their corresponding
      collars, whether such collars extend beyond ends of the core section as in
      the case of core section 12B and collar 15B, or whether a given collar is
      located intermediate the ends of a given core section as in the case of
      collar 15A and core section 12A.
PAR  By the same token, a given intermediate collar, such as collar 15B,
      supports adjacent end portions of two core sections and axially ties same
      together.
PAR  For repair or replacement, as due to bristle damage or wear, a given core
      section, and associated collars if desired, can be removed from the shaft
      13, without removal of remaining core sections and collars from the shaft
      and without removal of the shaft from the bearing and drive members 17 and
      18. Similarly, individual semi-circular core segments can be removed from
      the remainder of the brush construction, simply by releasing the locking
      nuts 53' or 53" thereof.
PAR  In operation, and normally when a vehicle is positioned to be washed, the
      top brush 10 is rotated at conventional speeds, for example with bristle
      tip speeds in the region of 15 to 25 mph, through the conventional
      rotational drive D for the shaft 13. Rotational torque is transmitted from
      shaft 13 through keys 31 and thence through hub 28 and web members 35'
      and 35" to the core segments 12B' and 12B" in a positive manner.
PAR  Lubricant liquid, such as soapy water, is applied from the source L through
      conduits 23 and flows as a stream from each of the opposed nozzles 26 at
      the ends of the brush core 12, longitudinally into the open ends of the
      brush core 12. Conventional city water pressure has been found sufficient.
PAR  The nozzles 26 are preferably located near the periphery of the core,
      radially inboard of the relatively thin shells 37 of the collars 15, but
      spaced outboard of the shaft 13 and collar hubs 28.
PAR  Liquid preferably enters the end of the core from each nozzle 26 as a
      solid, narrow stream at relatively high velocity and directed
      longitudinally of the core. The radially extending web members 35' and 35"
      and tension units 48' and 48" of the collars 15 periodically and
      momentarily strike and pass through the adjacent stream during brush
      rotation. A segment of the stream so struck and removed from the stream is
      thus broken up and splattered substantially in all directions within the
      core to provide a relatively uniform distribution of liquid on the
      interior core surface adjacent and between successive collars 15. The
      remainder of the stream continues inward along the core and further
      segments are struck and splattered by the radially extending parts of
      successively encountered collars 15.
PAR  The opposed streams from the opposite ends of the brush 10 tend to diverge
      in passing inwardly along the core 12. Portions of a stream reaching the
      central portion of the core, either by divergence or collision with
      portions of the opposed stream from the other end of the core, contact and
      are spread over the core interior wall. Any remaining portions of a given
      stream moving beyond the center of the core tend to be struck and
      splattered by radial portions of further collars 15. In this way, a
      relatively uniform distribution of liquid is achieved throughout the
      length and the circumference of the core 12.
PAR  Centrifugal force, due to rotation of the brush construction 10, forces
      such liquid through the plural openings 27 our of the core 12 and
      outwardly along the length of the bristles 21 to the tips thereof,
      providing full length lubrication of such bristles.
PAR  The collars 15 contact the interior of the core only over a minimum
      longitudinal area thereof and thus do not substantially interfere with
      provision of lubricant outlet perforations in the core. Moreover, the
      collars 23 occupy a minimal cross-sectional area between the shaft and
      core, so as to provide minimal interference with liquid flow from the
      nozzles 26 longitudinally into and along the core to the center thereof.
      In this manner, a substantially uniform supply of liquid lubricant is
      provided throughout the area of the core and to the bristles of the brush
      as a whole.
PAR  More particularly, in the embodiment shown, each collar 15 occupies only
      about 40 percent of the cross-sectional area between the shaft and the
      interior face of the core. More to the point, the cross-sectional area
      available to the stream through each collar 15, is that annular area
      between the radially opposed surfaces of the hub 28 and the shell 37. In
      the embodiment shown, the last mentioned area is at least about 75 percent
      unoccupied by radial structure, namely by the platelike web members 35'
      and 35", the nut and bolt units 41, and the tension units 48' and 48".
      Further, whereas the web members 35', 35" here extend the full length of
      the collar 15, the nut and bolt units 41 and tension units 47 extend
      axially only a relatively small fraction of this length. Thus, considering
      a full rotation of the shaft, ample opportunity is provided for
      substantial portions of the stream to pass through successive collars 15
      toward the center of the brush construction. Further, the differing shapes
      of these radially extending collar portions tend to provide somewhat
      differing water splatter patterns. Thus again, a relatively uniform
      distribution of lubricant liquid can be achieved throughout the interior
      of the core, providing adequate lubrication of the bristles of the brush
      construction.
PAR  Although a minor portion of an incoming stream may be deflected axially
      back out of the core, by contact with the adjacent outermost collar 15,
      the substantial majority of the stream continues into the core. The amount
      of liquid which may be deflected back out of the core in this manner is
      negligible and creates no problem in brush lubrication or in the car wash
      system environment since in use the latter is normally filled with liquid
      droplets and mist. Although such has not been found necessary, a suitable
      radial end baffle (not shown) may, if desired, cover the open end of the
      core 12 coaxially of the shaft 13, the nozzle 26 entering therethrough
      into the core, so as to reduce even this minimal back splash from the
      core. Such a baffle may be fixedly mounted, for example, on the
      corresponding bearing and drive member 17 or 18.
PAR  Though it has not been found necessary to proper operation, it is
      contemplated that several nozzles 26, for example supplied through several
      conduits 23, may be provided at each end of the brush construction.
PAR  The top brush 10 embodying the invention can be moved by the arms 19 in a
      conventional manner over the usual surfaces of a vehicle to be cleaned by
      a top brush, normally the front bumper, grill, hood, windshield, top, rear
      window and rear deck and bumper of the vehicle.
PAR  Any tendency of brush bristles to entangle with and damage, or be damaged
      by, vehicle surfaces or projecting accessories is substantially eliminated
      by the provision of proper lubrication to the brush bristles, adequate
      lubrication being provided even under highly adverse conditions, such as
      high blower heat. Any tendency to entangle with accessories (such as high
      mounted side metal trim strips, exterior rear vision mirror, antennas and
      so forth), which are normally adjacent the side portions of the vehicle,
      is further reduced by the reduced number and density of bristles 21A and
      21C in the corresponding end core sections 12A and 12C of the brush in
      cleaning contact therewith.
PAR  The present invention permits satisfactory lubrication of a long, large
      diameter brush, even with a relatively small diameter core. Small core
      diameter is in a top brush to reduce the number of bristles required for
      satisfactory performance (thereby reducing material cost for the bristles,
      core and supporting collars and labor cost) and to prevent unintended
      contact with projecting vehicle accessories (primarily radio aerials) by
      substantially spacing the brush core from the vehicle surface without loss
      of adequate bristle contact for satisfactory cleaning. In the embodiment
      disclosed, the core diameter of about four or five inches provides
      adequate bristle lubrication despite the substantial bristle length and
      core length to diameter ratio resulting from brush diameter and length
      dimensions of, for example, five and six feet, respectively.
PAC  MODIFICATION
PAR  FIG. 4 discloses a modified brush construction generally indicated at 100
      and which is preferably similar to the above described brush construction
      10 except as follows.
PAR  At each end of the brush construction 100 (one end being shown in FIG. 4)
      there is provided a disc assembly 102. The disc assembly 102 comprises a
      ring 103 snugly encircling the outboard end of the core 12A and secured
      thereto by a plurality of circumferentially spaced removable fastening
      elements, here nut and bolt sets 105. In the particular embodiment shown,
      the ring 103 was formed of an axial segment of standard diameter tubing
      cut through at one point on the circumference thereof and resiliently
      deformed outwardly to slip over the core end snugly. A disc 107 coaxially
      end abuts the ring 103 and the free end of the core 12A and is removably
      secured, as by a plurality of circumferentially spaced screws 108 to the
      ring 103, and thus to the end of the brush construction 100. A central
      opening 109 in the disc 107 is of sufficient size to allow, without
      interference, an input of soapy water or the like from lubrication nozzle
      26. The outer diameter of the annular disc 107 is intermediate the
      diameters of the core 12A and the set of bristles 21A, a disc diameter of
      about 18 inches being typical for a 5 inch diameter core and a 5 foot
      bristle outer diameter. The disc is preferably of plastic. The disc 107
      thus rigidly secured to the adjacent brush end prevents the flexible
      bristles 21A from becoming entangled with adjacent structure such as the
      bearing and drive member 18, which supports shaft 13, and other adjacent
      equipment.
PAR  FIGS. 5-8 disclose a further modified brush construction 200, preferably
      similar to the above described constructions except as follows.
PAR  The brush construction 200 is simplified in its collar construction and
      less expensive to manufacture, as compared to the FIG. 1 embodiment. While
      some liquid lubricant reaches the central portion of the brush
      construction 200, primary attention is given to distribution of liquid
      lubricant in the endmost core sections since these engage the vehicle
      accessories, such as finder mounted radio antennas and side mounted rear
      view mirrors, most likely to become entangled with brush bristles.
PAR  At least the endmost collars (one being shown at 210 in the right endmost
      core section 12AA of FIG. 5) of the brush construction are axially open to
      a high degree for permitting the majority of liquid lubricant from nozzle
      26 to flow therepast into the interior of corresponding endmost core
      section. Collar 210 includes a hub 212. Core carriers 214 radially
      outwardly extend from the hub 212 in circumferentially evenly spaced
      relation for radially spacing the core 12AA from the hub 212. Four core
      carriers 214 located at 90 degree intervals are here provided.
PAR  The hub 212 is preferably a conventional taper lock hub assembly.
PAR  The particular hub 212 shown in FIG. 7 comprises tapered inner and outer
      annular members 216 and 217 engaging in a conically tapered zone generally
      indicated at 218. Screws 219 secure member 216 to member 217. The inner
      member 216 may be slotted at its rightward (FIG. 7) end so that tightening
      of the screws 219 will cause the same to snugly grip the shaft 13,
      preventing unintended axial shifting of hub 212 on the shaft 13. Coacting
      keyways 30 and 219 in the shaft and inner tapered member 216,
      respectively, receive a key 221 to lock the hub circumferentially on the
      shaft 13.
PAR  Each core carrier 214 here comprises an inner tension member 223 threaded
      in the outer hub member 217, as at 224, and extending radially outwardly
      through the core 12A through a suitable opening, as at 226 or 227.
      Corresponding cylindrical spacers 228, 229 snugly surround the tension
      members, the ends of such spacers abutting the periphery of the hub member
      217 and the inner surface of the core 12AA, respectively, for coaxially
      locating the core with respect to the hub 212 and shaft 13. As in FIG. 1,
      the core 12AA is split diametrally into opposed half cylinders 12AA' and
      12AA" the length edges of which are notched at 44. The spacers 229
      centrally abut the inner peripheral wall of the core. However, the spacers
      228 have outer ends received in the opposed edge notches 44 of the core
      halves 12AA' and 12AA" and the adjacent openings 226 for the threaded
      tension members 223 are provided as circumferentially opening grooves in
      such opposed core half edges. Washers 230 and nuts 231 on the ends of the
      threaded tension members 223 snugly hold the core halves 12AA' and 12AA"
      around the hub 212.
PAR  While ones of the remaining, inner collars, may be similar to outer end
      collar 212, in the embodiment shown the inner collars are preferably
      similar to the collar 240 (FIGS. 5 and 8) at the inner end of the end core
      section 12AA. Collar 240 comprises a pair of diametrally opposed and
      substantially semi-circular, platelike members 241. Opposed central
      semi-circular openings in the members 241 define the central shaft opening
      243 of the collar 240. The platelike members 241 are clamped in close
      spaced opposition on the shaft 13 by chordal nut and bolt sets 246 on
      opposite sides of the shaft. Peripheral recesses 247 on the collar members
      receive the bolt heads and nuts of the sets 246. Keys 244 positively
      circumferentially locate the collar members 241 on the shaft 13.
PAR  Flat tabs 248 extend substantially diametrally from each collar member 241
      for paired, snug reception in the opposed edge notches 44 of the core
      segments 12AA' and 12AA" for positively circumferentially locating the
      core segments 12AA' and 12AA" on the collar 240. Threaded tension members,
      here screws 250, are circumferentially centered on the collar members 241
      and corresponding core segments 12AA' and 12AA", and extend through
      openings 251 in the core segments and threadedly engage radial openings
      252 in the collar members. The outside diameter of the collar 240 is
      somewhat less than the inside diameter of the core 12AA to define a pair
      of semi-annular spaces 255 therebetween through which a portion of the
      lubricant liquid from nozzle 26 can flow toward the center of the brush
      construction 200. Radially short spacers 254 on the screws 250 are
      interposed between the core and collar to maintain the spacing 255.
PAR  Whereas the outer collar 210 here requires removal of the shaft 13 from its
      bearing 18 for installation thereon, the inner collars 240 do not. Where
      desired, the taper lock hub 212 may be replaced by a hub not requiring
      such removal of shaft 13, e.g. a diametrally split hub. The core segments
      12AA' and 12AA" of core section 12AA are readily installable and removable
      on the collars simply by corresponding insertion and removal of the four
      nuts 231 of each collar 210 and screw pair 250 of each collar 240.
PAR  By providing a substantially open collar 210 at the outer end of the end
      core section 12AA and a substantially solid collar 240 spaced inboard
      thereof, as at the inner end of such core section, the majority of liquid
      lubricant supplied by nozzle 26 can be distributed to and lubricate the
      bristles 21A near the end of the brush core where the need for bristle
      lubrication is most critical, to avoid bristle entanglement with vehicle
      fender mounted antennas and side mirrors. Some of the liquid lubricant
      axially passes the peripheries of the one or several adjacent solid
      collars 240 toward the center of the brush construction to provide
      sufficient lubrication of central bristles as to avoid marking of vehicle
      surfaces thereby.
PAR  If desired, the core edge notches may be omitted, as the assembly has been
      found to be of ample strength without same, and the spacers 228 and/or
      tabs 248 correspondingly reduced in length to bear on the inner surface of
      the core 122A.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations and modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A rotary brush construction, particularly for top washing of vehicles,
      and adapted for mounting on a rotary shaft, comprising:
PA1  a hollow cylindrical perforate core means mounting brush bristles thereon
      and adapted to loosely receive the shaft therethrough;
PA1  at least a pair of split annular means spaced axially from each other
      within the core means for securing the core means to the shaft, each said
      annular means being mounted on the shaft for rotation therewith and having
      a substantially cylindrical outer surface means spaced radially from the
      shaft for backing the core, substantially radially extending portions
      associated with the annular means for circumferentially positioning the
      core means relative to an annular means, and tension means for pressing
      the core means against the annular means;
PA1  said annular means comprising a collar having a hub mounted on the shaft
      for rotation therewith and a cylindrical shell spaced radially from the
      hub for backing the core means, said cylindrical shell defining thereon
      said outer surface means, said radially extending protions comprising web
      members extending radially between the shell and the hub for fixing the
      shell to the hub;
PA1  said tension means extending radially from said hub past said shell and
      through said core, said hub, shell and core being circumferentially
      segmented, each corresponding hub segment, shell segment and core segment
      being of substantially similar circumferential extent, there being a one
      said tension means extending in circumferentially intermediate location
      from such hub segment past the corresponding shell segment and through the
      corresponding core segment to hold the core segment snugly against the
      shell segment.
NUM  2.
PAR  2. The apparatus of claim 1 in which the brush construction is
      substantially open throughout its length radially between the shaft and
      core, the hub and shell being substantially spaced from each other, the
      web members and tension means occupying only a minor portion of the cross
      section of the path axially extending through the brush construction.
NUM  3.
PAR  3. The apparatus of claim 1 in which said core comprises at least a pair of
      semi-circular segments secured in cylinder forming relation against said
      shell by said tension means, said tension means being releasable
      exteriorly of said core and extending past said shell to said hub so as to
      also secure the core segments against axial movement with respect to the
      shells.
NUM  4.
PAR  4. The apparatus of claim 1 including keys of securing said hub against
      rotation on the shaft, one such key being interposed between the
      circumferentially opposed ends of each hub segment pair, each said pair of
      opposed ends facing and being interconnected to a pair of web members
      extending radially outward closely from a corresponding key to positively
      prevent radially outward movement of said key out of circumferential
      driving engagement with the shaft.
NUM  5.
PAR  5. The apparatus of claim 1 in which the hub segment is provided with an
      undercut radial opening circumferentially substantially evenly spaced from
      the ends of the hub segment, the tension means comprising a radially
      extending screw having a head located in said undercut opening adjacent
      the shaft and a shank extending outboard through a coaxial opening in the
      core segment, said tension means further including a nut on the outer end
      of the screw for snugly and removably securing the core segment against
      the shell segment.
NUM  6.
PAR  6. The apparatus of claim 1 in which the web members extend radially
      outboard of the corresponding shell segment to a distance less than the
      thickness of the core, the adjacent circumferential end of the core
      segment being notched to receive the outboard end of the web member
      therein so as to circumferentially locate the core segment on the shell
      segment, the circumferential ends of the adjacent core segments
      substantially abutting outboard of the web members for substantially
      closing the core circumferentially.
NUM  7.
PAR  7. The apparatus of claim 1 in which said wed members are radially and
      axially extended and circumferentially thin platelike members having the
      majority of their surface area facing substantially tangentially of the
      shaft for contacting and splattering the liquid stream periodically during
      rotation of the shaft, said web members having inner and outer ends
      radially spaced respectively from the shaft and outer peripheral surface
      of the core, but circumferentially abutting and partly radially
      overlapping longitudinally extending edges of circumferentially opposed
      segments of said hub and core respectively.
NUM  8.
PAR  8. A rotary top brush construction for washing of vehicles, and adapted for
      mounting on a rotary shaft, comprising:
PA1  a hollow cylindrical perforate core fixedly mounting brush bristles and
      adapted to loosely receive said shaft therethrough, said core being
      diametrally split to provide opposed core halves having opposed
      longitudinal edge notches which open radially inward and toward each
      other;
PA1  a plurality of solid substantially planar and diametrally split collar
      disks spaced axially within the core, each disk half having diametrally
      extending tabs snugly seated in said notches in the length edges of said
      core segments, each said disk half having a radially extending spacing
      element at its periphery against which the opposed core half abuts,
      portions of the disk periphery between the spacing element and tabs being
      radially spaced from the inner wall of the core and defining axial through
      liquid passages;
PA1  diametrally opposed threaded tension means substantially circumferentially
      centered on said core and disk halves at said spacing elements and
      extending through mounting openings in said core halves into the opposed
      peripheral edges of said disk halves for radially fixing the central part
      of each core half on the corresponding disk half;
PA1  chordal means on opposite sides of said shaft for securing the halves of
      said disk together with said shaft centrally sandwiched therebetween;
PA1  nozzle means for discharging liquid into an end of said core.
NUM  9.
PAR  9. The apparatus of claim 8 including fixed bearings rotatably supporting
      the ends of said shaft, said nozzle means being nozzles fixed adjacent
      said bearings and directed axially into each end of the core for each
      directing a stream of liquid lubricant along the interior surface of the
      core for passage outwardly through the perforations in such core to
      lubricate the brush bristles and reduce wear of vehicle surfaces thereby.
NUM  10.
PAR  10. The apparatus of claim 8 including an imperforate annular protective
      disk fixed to an end of the core, the inner perimeter of said disk being
      adjacent the core and substantially spaced from said shaft for loose
      reception of the nozzle therebetween, permitting entry of a liquid stream
      from the nozzle into the core therepast, said disk being of diameter
      intermediate that of the core and tips of bristles mounted on the core for
      preventing entanglement of brush bristles with fixed structure axially
      adjacent the end of the core, said disk being axially offset from the
      normal vehicle engaging portion of said brush, the core being free of such
      protective disks intermediate the ends thereof.
NUM  11.
PAR  11. A rotary brush construction, particularly for top washing of vehicles,
      and adapted for mounting on a rotary shaft, comprising:
PA1  a hollow cylindrical perforate core means mounting brush bristles thereon
      and adapted to loosely receive the shaft therethrough;
PA1  at least a pair of split annular means spaced axially from each other
      within the core means for securing the core means to the shaft, each said
      annular means being mounted on the shaft for rotation therewith and having
      a substantially cylindrical outer surface means spaced radially from the
      shaft for backing the core, substantially radially extending portions
      associated with the annular means for circumferentially positioning the
      core means relative to the annular means, and tension means for pressing
      the core means against the annular means;
PA1  said core means comprising a pair of longitudinally aligned cylindrical
      core sections having adjacent ends overlapping the outer surface means of
      one said annular means, so that said outer surface means extends into both
      said core sections, said tension means of said one annular means
      comprising elongate members extending substantially radially from the
      annular means and into fixed releasable engagement with corresponding ones
      of said core sections for holding the core section ends against said
      annular means and for preventing axial separation of said core sections.
NUM  12.
PAR  12. The apparatus of claim 11 in which said annular means comprises a solid
      disk diametrally split to form an opposed pair of substantially
      hemi-circular axially imperforate segments, said radially extending
      portions being integral flat tabs diametrally opposed at the
      circumferential ends of each of said disk segments and extending
      diametrally outwardly therefrom into engagement with longitudinally
      extending, radially inwardly opening notches in said core means, and
      including means extending chordally through the disk periphery and
      securing the adjacent portions of the opposed disk segments to each other
      substantially in face to face relation with the shaft gripped
      therebetween.
NUM  13.
PAR  13. A rotary top brush construction for washing of vehicle, and adapted for
      mounting on a rotary shaft, comprising:
PA1  a hollow cylindrical perforate core fixedly mounting brush bristles and
      adapted to loosely receive said shaft therethrough, said core being
      circumferentially segmented, said core segments including mounting
      openings;
PA1  a hub on said shaft and radially spaced within said core;
PA1  plural and radially extending threaded tension means having inner ends
      secured to said hub, said threaded tension means extending through said
      mounting openings in said core segments for securing said core segments to
      said hub;
PA1  spacer means interposed between said hub and core segments for holding said
      core in coaxial, radially spaced relation around said hub upon tightening
      of said threaded tension means;
PA1  nozzle means for discharging liquid into an end of said core;
PA1  a plurality of core support collars spaced axially along the core, each
      core support collar comprising a said hub, at least a pair of threaded
      tension means and a spacer means for each of said pair of tension means,
      each said tension means comprising an elongate threaded tension member,
      each said spacer means comprising a spacer adjacent the corresponding
      threaded member, the endmost collars each comprising a hub of diameter
      substantially less than the inside diameter of said core and at least four
      elongate threaded members and elongate coaxial spacers, two of said
      spacers being circumferentially centered on corresponding diametrally
      opposed core segments and the remaining pair of spacers engaging the
      length edge portion of the core segments.
NUM  14.
PAR  14. A rotary top brush construction for washing of vehicles, and adapted
      for mounting on a rotary shaft, comprising:
PA1  a hollow cylindrical perforate core fixedly mounting brush bristles and
      adapted to loosely receive said shaft therethrough, said core being
      circumferentially segmented, said core segments including mounting
      openings;
PA1  a hub on said shaft and radially spaced within said core;
PA1  plural and radially extending threaded tension means having inner ends
      secured to said hub, said threaded tension means extending through said
      mounting openings in said core segments for securing said core segments to
      said hub;
PA1  spacer means interposed between said hub and core segments for holding said
      core in coaxial, radially spaced relation around said hub upon tightening
      of said threaded tension means;
PA1  nozzle means for discharging liquid into an end of said core;
PA1  a plurality of core support collars spaced axially along the core, each
      core support collar comprising a said hub, at least a pair of threaded
      tension means and a spacer means for each of said pair of tension means,
      each said tension means comprising an elongate threaded tension member,
      each said spacer means comprising a spacer adjacent the corresponding
      threaded member, at least axially inner ones of said collars each
      comprising a diametrally split hub, screw means on opposite sides of said
      shaft for securing the halves of said hub together with said shaft
      centrally sandwiched therebetween, said hub having a periphery close
      spaced from the inner periphery of said core, said threaded members
      comprising diametrally opposed screws centrally circumferentially disposed
      on said hub halves, said spacers comprising washer-like members on said
      screws, said hub halves having tabs extending radially to engage the
      length edges of said core segments.
NUM  15.
PAR  15. A rotary top brush construction for washing of vehicles and mountable
      on a rotary shaft, comprising:
PA1  an elongated cylindrical core having outwardly projecting similar length
      bristles distributed circumferentially and axially over the surface
      thereof and forming a substantially continuous cylindrical wall of bristle
      tips circumferentially of and surrounding said core, said core comprising
      separate but axially adjacent cylindrical core sections, including an
      elongate intermediate core section and a pair of shorter flanking end core
      sections, and means for reducing entanglement of brush bristles with
      projecting trim items at and adjacent the sides of the vehicle to be
      washed and comprising an axial distribution density of brush bristles on
      the end core sections which is substantially less than the axial
      distribution density of brush bristles on said intermediate core section;
PA1  a plurality of collar means spaced axially along and fixed to said shaft
      for rotation therewith, ones of said collar means being disposed adjacent
      the outer ends of said end core sections for coaxially supporting same on
      said shaft for rotation therewith, and others of said collars being
      axially disposed at the axial interfaces between adjacent core sections
      for axially joining same together and coaxially fixing same to said shaft
      for rotation therewith.
NUM  16.
PAR  16. The brush construction of claim 15 including a circumferentially and
      axially substantially uniform distribution of liquid openings through the
      peripheral wall of each of said cylindrical core sections, which openings
      are interdistributed between said bristles, axial passages between said
      collars and core for permitting axial travel continuously along the core
      interior wall of lubricant liquid, said collars being axially short with
      respect to the length of said core sections so as to minimize blockage
      thereby of said distribution of liquid openings through the core
      peripheral wall, and including pressurized wash liquid supply means having
      nozzles at the ends of said core and each aiming axially into said core a
      stream of lubricant liquid which passes the collars for providing a
      continuous and substantially even distribution of wash liquid outwardly
      through said liquid openings between said bristles for lubricating bristle
      contact with the surface of a vehicle to be washed and for assisting the
      reduced axial bristle density of said end sections in preventing tangling
      of end core section bristles with projecting trim items on the vehicle.
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ABST
PAL  Toothbrush having a rigid handle and a head part with a multicellular
      resilient pad made of compressible polyurethane sponge, the pad having a
      configuration of a hexagonal cylinder, one of which surfaces is provided
      with a concavity. The concavity has a gutter or gutters parallel to the
      axis of the hexagonal cylinder. The pad may have a groove or grooves
      parallel to the axis of the hexagonal cylinder on the back side surface of
      the pad.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates generally to a toothbrush and is particularly
      directed toward a novel toothbrush, using a multicellular resillent pad,
      which can be used to massage both the exterior and the interior sides of
      the gums as well as to clean the teeth.
PAR  It is common knowledge that massaging the gums is very effective to
      maintain and promote the health of the teeth. A conventional type
      toothbrush has had bristles on the head part of the handle of the brush so
      that it has structurally not been fit for massaging the gums, and even if
      used for massaging, it has not achieved satisfactory effects. What is
      worse, there has been a possibility that the gums get wounded. Further, it
      has been thought desirable and necessary, on cleaning the teeth, to move
      the toothbrush up and down. However, the up-and down motion on cleaning
      the teeth can be said to be rather unnatural from the viewpoint of the
      structure of the mouth.
PAR  Further, it has been rather difficult to produce a conventional toothbrush
      in a continuous and rapid method due to its structure, and therefore it
      has not been produced at low cost.
PAR  With the foregoing and other considerations in view, the principal object
      of this present invention is to provide a toothbrush of which
      configuration and structure are extremely fit for massaging the gums as
      well as for cleaning the teeth in the common sense.
PAR  Another important object of the invention is to provide a toothbrush which
      can achieve excellent effects to promote and maintain the health of the
      mouth, viewed from the angle of human engineering, through a different
      function of the brush pad with rather peculiar configuration from that of
      a conventional bristle type toothbrush.
PAR  Another important object of the present invention is to provide a
      toothbrush which can remove effectively nicotine on the teeth. A further
      important object is to provide a toothbrush which will not wound the gums.
      A still further important object of the present invention is to provide a
      toothbrush which will retain its structural integrity and maintain its
      effective massaging function after many uses. An additional important
      object of the invention is to provide a toothbrush which can be produced
      at significantly lower cost than a permanent toothbrush of a conventional
      type and in rapid and continuous way. Still a further object of the
      present invention is to provide a toothbrush which may disposed after
      single use as well as can be used many times.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other and further objects and advantages of the present invention will
      become apparent from the following description of embodiments with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a partial perspective view of one embodiment of the toothbrush of
      the present invention;
PAR  FIG. 2 is a partly sectional elevational view of the toothbrush of FIG. 1
      of the present invention;
PAR  FIG. 3 is an elevational view of another embodiment of the brush pad of the
      present invention;
PAR  FIG. 4 is also an elevational view of an embodiment of the brush pad of the
      present invention;
PAR  FIG. 5a and 5b  are elevational views of still further embodiments of the
      brush pad of the present invention;
PAR  FIG. 6 is a partial perspective view of an embodiment of the brush head of
      the present invention;
PAR  FIG. 7 is a perspective view of a still further embodiment of the brush pad
      of the present invention;
PAR  FIG. 8 is a partial perspective view of the toothbrush in which the brush
      pad of FIG. 7 is fixed to the brush head of FIG. 6.
DETD
PAC  DETAILED DESPRIPTION OF THE INVENTION
PAR  Referring now to the drawings, wherein like reference characters designate
      like or corresponding parts throughout, first to FIG. 1, there is shown
      one possible embodiment of the present invention comprising the brush
      handle designated by the numeral 1, which can be made of rigid, low cost
      material such as wood, bamboo or plastic material, the brush head 2, which
      is continuation of the brush handle 1, and the pad 3 fixed at the brush
      head 2, the pad being made of multicellular resilient material such as
      polyurethane or the like. The pad 3 has a configuration of a hexagonal
      cylinder of which section perpendicular to the axis thereof is a variant
      hexagon along one of the diagonal lines of the hexagon, the hexagonal
      cylinder having, on one side-surface thereof, one arch-wise or rectangular
      cave-in along the axis of the cylinder across the sidesurface, to form a
      concavity 4. The pad 3 is longitudinally fixed to the brush handle 1 at
      the head part 2 thereof so that the concavity 4 lies upwards and the
      projecting part 5 of the hexagonal cylinder extends a little beyond the
      top 6 of the brush head 2, the projecting part 5 being formed by one of
      the edges 7 parallel to the axis of the cylinder and the two sloping
      surfaces 8 and 9 of the cylinder adjoining with the edge 7, and being
      continuation of the top surface 10 and the back surface 11 of the pad 3.
PAR  Referring to FIG. 2, which shows an embodiment of the toothbrush of the
      present invention as a partial sectional elevational view, the pad 3 has a
      groove 12 or a plurality of grooves at intervals along the axis of the
      hexagonal cylindrical pad 3 on the back surface 11 thereof, which grooves
      12 form voids between the pad 3 and the mounting surface of the brush head
      2. The grooves 12 may or may not be across the back surface of the pad 3.
PAR  The configuration of the concavity can be varied, of course. For instance,
      as shown in FIG. 3, the concavity may comprise two gentle arch-wise
      cave-ins 4 and 4' along the axis of the hexagonal cylindrical pad 3
      through the surface.
PAR  FIG. 4 also shows a partial sectional view of another embodiment of the
      toothbrush of the present invention, wherein the pad 3 has two gutters 13
      and 13' along the axis of the hexagonal cylindrical pad 3 between the top
      plane 10 and 10' and the hollowed plane 4. In this case, the concavity may
      comprise two gentle arch-wise cave-ins as shown in FIG. 5a. More number of
      gutters can be provided with the concavity 4 at intervals. For instance,
      another gutter 13" can be provided with the concavity 4 at the center part
      thereof, as shown in FIG. 5b.
PAR  The pad 3 can be simply adhered and fixed to the brush head 2 by means of
      adhesives. FIG. 6 through FIG. 8 show embodiments of the toothbrush of the
      present invention, where FIG. 6 shows an embodiment of the brush head 2 of
      the invention and, in which a slit 14 is provided with the brush head 2.
      The slit 14 can be replaced by a channel (not shown in the figure). FIG. 7
      shows an embodiment of the pad 3 of the invention, in which the back side
      11 thereof is provided with a longitudinally extending continuous
      projection 15 of which width is equal to or a little larger than that of
      the slit 14 or the channel. In this case, grooves 12 may or may not
      penetrate through the projection 15. When penetrating the projection 15,
      grooves are replaced by holes. FIG. 8 shows the toothbrush in which the
      pad 3 of FIG. 7 is inserted into the slit 14 and fixed to the brush head 2
      of FIG. 6.
PAR  As set forth above, according to the present invention, the pad 3 has a
      configuration of a hexagonal cylinder, wherein one of the edges 7 parallel
      to the axis of the cylinder and the two sloping surfaces 8 and 9 define
      the projecting part 5 which is continuation of the top surface 10 and the
      back surface 11 of the pad 3. Therefore, when the pad 3 is pressed to the
      gums and/or the teeth, the pad 3 is distorted or squashed, that is, the
      top surface 10 is elongated or enlarged while one of the sloping surface 9
      is reduced, and particularly the edge 7 comes closer to the plane
      involving the surface of the brush head 2. Accordingly, not only the top
      surface 10 and, as the case may be, the sloping surface 8 exert a strong
      repulsive force on the gums and/or the teeth to attain excellent massaging
      effects, but also the concavity 4 does the same since the concavity 4
      comes upwards to contact with the gums and/or the teeth to massage them
      due to the distortion or the squash of the projecting part 5. The grooves
      12 on the back side 11 of the pad 3 can serve to adjust the quantity of
      the distortion or the depression of the projecting part 5 and the pad 3 as
      a whole. This adjustment function of the grooves 12 is useful when, for
      instance, the toothbrush is directed to the old or the infant. Many
      grooves lead to easy distortion of the pad 3, that is, a weak massaging,
      while one or two grooves require relatively much force to distort the pad
      3, in other words, a small number of grooves lead to strong massaging
      effect for the gums and/or the teeth.
PAR  In addition, since the projecting part 5 extends a little beyond the top
      part 6 of the brush head 2, and goes beyond the top 6 and comes to cover
      the top 6 when pressed to the gums and/or the teeth, the gums will not be
      wounded.
PAR  More effective massaging effects of the gums and cleaning of the teeth is
      accomplished by the toothbrush where the pad 3 is provided with one or
      more gutters 13 between the top surfaces 10 and 10' and the concavity 4.
      Particularly in case there are two gutters each between the top surface 10
      or 10' and the concavity 4 each being continuative to both the top surface
      10 or 10' and the concavity 4, as shown in FIG. 4, each of the projecting
      parts 5 and 5' and the concavity 4 act relatively independently when the
      pad 3 is pressed to the gums and/or the teeth, and rubbed. Therefore,
      almost all the surfaces 10, 10' , 8 and 8' massage independently the gums
      clean the teeth, and thus the toothbrush can be very effectively and
      comfortably used as massaging means as well as cleaning means. In this
      case also, the grooves 12 in conjunction with the gutters 13 can serve for
      adjustment of the repulsive force, i.e., the massaging effects of the pad
      3.
PAR  As above described, the tooth brush according to the present invention has
      excellent massaging effects of the gums as well as cleaning effects, and
      can be used for the old and the infant as well as the adult through the
      adjusting the repulsive force of the pad 3 by choice of the number of the
      gutters 13 and the grooves 12 of the pad 3.
PAR  It should be understood that the foregoing relates to only a preferred
      embodiment of the invention, and that it is intended to cover all changes
      and modifications of the examples of the invention herein chosen for the
      purposes of the disclosure, which do not constitute departures from the
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toothbrush having a rigid handle, a head on one end of the handle and
      a multicellular, resilient, compressible sponge pad fixed on a pad
      mounting surface of the head, said sponge pad having a configuration of a
      hexagonal cylinder of which a section perpendicular to the mounting
      surface of the head is hexagonal elongated along a line parallel to the
      longitudinal direction of the handle, and upper side-surface parallel to
      the mounting surface of the hexagonal cylinder, said upper surface having
      a concavity of relatively large area along the axis of the hexagonal
      cylinder to form two planar top surfaces on opposite sides of the
      concavity, the under side-surface of the hexagonal cylinder contacting the
      pad mounting surface being provided with at least one groove through the
      pad along the axis of the hexagonal cylinder, and the pad being located on
      the mounting surface so that one of the longitudinally projecting parts
      between the top surface and the under side surface of the pad extends
      beyond the free end of the head.
NUM  2.
PAR  2. A toothbrush as defined in claim 1 wherein at least one gutter is
      provided in said concavity.
NUM  3.
PAR  3. A toothbrush as defined in claim 2 wherein the pad has a plurality of
      gutters in the concavity parallel to the axis of the hexagonal cylinder.
NUM  4.
PAR  4. A toothbrush as defined in claim 2 wherein the pad involves two gutters
      in the concavity, each gutter being continuous to a said top surface.
NUM  5.
PAR  5. A toothbrush as defined in claim 4 wherein the pad has another gutter at
      the center part of the concavity.
NUM  6.
PAR  6. A toothbrush as defined in claim 1 wherein the pad has a continuous
      projection on the back side of the pad.
NUM  7.
PAR  7. A toothbrush as defined in claim 6 wherein the pad is fixed by insertion
      of the continuous projection into a slit in the head of the handle.
NUM  8.
PAR  8. A toothbrush as defined in claim 7 wherein the head has a channel to
      receive said continuous projection.
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ABST
PAL  A headlamp washer and wiper system wherein washer fluid is delivered from a
      windshield washer pump to a washer and wiper holder located for
      bidirectional pivotal movement across the headlamp lens as actuated by a
      vacuum motor and controlled by an operator controlled program switch.
      During a downward stroke across the headlamp lens, the holder nozzles
      distribute water thereon for dissolving and loosening accumulated
      particulate and in an upward stroke the holder wiper blade wipes the lens
      free of the particulate.
BSUM
PAR  The present invention relates to a cleaner for motor vehicle headlamps and,
      in particular, to a headlamp washer and wiper system wherein particulate
      matter on the headlamp lens is dissolved by the washer solvent during one
      part of a cycle and wiped therefrom by a wiper blade during a second part
      of the cycle each time an operator controlled switch is actuated.
PAR  More particularly, a combination nozzle and wiper holder assembly is
      pivotally mounted on a mechanism for verhical arcuate movement with
      respect to the spherical headlamp lens about a horizontal axis. The axis
      for the mechanism approximately intersects the origin for the lens surface
      such that the movement conforms to the curvature in the vertical plane.
      The holder assembly has a curvature approximating the curvature of the
      lens in a horizontal plane. The mechanism is pivoted across the face of
      the lens by means of a vacuum motor. The vacuum motor is actuated by an
      operator controlled program switch which applies vacuum to the motor when
      the button is depressed. This pivots the holder vertically downwardly from
      an upper park position across the lens to a depressed position and, after
      release, the motor is vented to atmosphere and spring returned upwardly
      across the lens to the parked position. Actuation of the program switch
      also energizes a conventional washer pump which is fluidly connected to
      the holder nozzles. When the switch is actuated the washer pump delivers
      solvent from a reservoir to the nozzles for spraying on the lens during
      downward travel thereacross. As the mechanism returns upwardly, the holder
      wiper blade removes the dissolved particulate. The mechanism automatically
      comes to rest at the upper park position which spaced from the headlamps
      such that the latter be replaced or serviced without disrupting the washer
      system. The system also uses a conventional washer pump and reservoir thus
      enabling the system to be incorporated into current vehicles merely by
      adding the program switch, and increasing the outlets at the pump valve
      assembly.
DRWD
PAR  The above and other features of the present invention will be apparent to
      one skilled in the art upon reading the following detailed description,
      reference being made to the accompanying drawings illustrating a preferred
      embodiment of the present invention in which:
PAR  FIG. 1 is a schematic view of a motor vehicle incorporating the subject
      headlamp washer and wiper system;
PAR  FIG. 2 is a side cross-sectional view of the program switch for controlling
      operation of the washer and wiper system shown in FIG. 1, and
PAR  FIG. 3 is an enlarged cross-sectional view of the nozzle and wiper holder.
DETD
PAR  Referring to FIG. 4, a four headlamp system for a motor vehicle includes
      headlamp assemblies 10 and 12. Each headlamp assembly comprises a housing
      14 on which there are adjustably mounted a pair of sealed beam headlamp
      units 16 having spherical front lenses 18. The units 16 are conventionally
      electrically connected to a vehicle electrical system.
PAR  Each headlamp assembly 10 and 12 includes a washer and wiper assembly 20
      which distributes solvent from a reservoir 22 as delivered by a pump
      assembly 24 controlled by a program switch 26. As hereinafter explained, a
      single cycle of the assembly 20 will distribute solvent from the reservoir
      22 onto the lens 18 for a first portion of the cycle and will wipe
      dissolved accumulations of road dirt and grime during a second portion of
      the cycle. The cycle is initiated by operator actuation of the switch 26.
PAR  More particularly, each washer and wiper assembly 20 includes a washer and
      wiper holder 30 carried by a mechanism including a lever arm 32 pivotally
      supported on a bracket 34 secured to the housing 14 and controlled by a
      vacuum motor 36. Each holder 30 comprises a metallic solvent distributor
      tube 40, an elastomeric wiper element 42 surrounding and bonded the tube
      40 and a wiper blade 44 integral with the element 42 (FIG. 3). The holder
      30 is longitudinally centrally connected to the lever arm 32 and includes
      outboard curved sections having a radius substantially conforming the
      curvature of the headlamp lens 18 in a horizontal plane through its
      geometric center. The blade 44 has sufficient flexibility to maintain
      substantial contact with the lens 18 throughout its cyclic motion. The
      holder 30 is provided with a plurality of dispensing orifices 46 along its
      upper edges. The orifices 46 are inclined with respect to the blade 44 so
      as to distribute solvent onto the lens 18 trailing the downward movement
      of the mechanism 20 during the first portion of the washing cycle. The
      holder 30 is also provided with a T-connection 50 at its midpoint for
      connection with the pump assembly 24.
PAR  The lever arm 32 is connected at a horizontal pivotal axis 52 rearwardly of
      the housing 14. The length of the arm 32 with respect to the axis 52
      establishes a pivot point thereabout which moves the holder 30 in an arc
      having a radius equal to the spherical radius of the lens 18. By virtue of
      the curvature of the holder 30 and the pivotal radius of the arm 32, the
      blades 44 maintains substantial contact with the lens 18 throughout the
      pivotal movement of the washing and wiping cycle.
PAR  The vacuum motor 36 is a conventional diaphragm-type construction having an
      internal spring. The motor 36 has an actuating piston 54 connected to the
      lever arm 32 adjacent the pivot axis 52. The motor 36 has a vacuum
      connection 58 on its lower surface. Vacuum is applied to the lower chamber
      of the motor 36 through the connection 58. The diaphragm is connected to
      the piston 54 to move downwardly due to the applied pressure differential
      from a parked position wherein the holder 30 is located completely above
      the head units 16 to a depressed position at the bottom portions or below
      the headlamp lens 18, the holders being illustrated at mid-position. As
      the pressure differential in the motor 36 is reduced by action of the
      switch assembly 26 as hereinafter explained, the internal spring biases
      the piston 54 and thereby the arm 32 and the holder 30 upwardly to the
      aforementioned parked position.
PAR  The washer pump assembly 24 is a conventional construction having a motor
      60, a pump mechanism 62 and a valve assembly 64. The valve assembly 64 has
      an inlet connected via conduit 66 to the reservoir 22 and two outlets
      leading to the windshield washers (not shown) via conduits 68 and 70. The
      valve assembly 64 is modified herein to provide two additional outlets
      connected to conduits 72 and 74. The conduit 72, 74 are fluidly connected
      to the T-connection 50 at the mechanisms 20. With the exceptions of these
      modifications, the washer may be any commercially available unit.
PAR  When the motor 60 is energized pump mechanism 62 draws water from the
      reservoir 22 through conduit 66 and thereafter distributes the solvent
      through valve assembly 64 and the various outlet conduits in a programmed
      series of pulses or squirts.
PAR  The switch assembly 26 as shown in FIG. 2 comprises a housing 80 mounted on
      a bracket 82 connected to the vehicle instrument panel 84 and actuated by
      pushbutton 86. The housing 80 comprises a front section 88 connected to a
      base section 90 by means of fasteners 92 and clamping therebetween a
      diaphragm 94. The front section 88 includes a disk-shaped surface defining
      with the diaphragm 94 a first vacuum chamber 96. The front section 88 is
      provided with an outlet tube 100 in which there is positioned a valve
      assembly 102. The valve assembly 102 is the tire valve construction which
      permits the passage of air when the head 103 is depressed. The outlet tube
      100 has a tip 104 to which a vacuum conduit 106 is connected. The conduit
      106 leads to a source of vacuum such as the engine intake manifold (not
      shown). The base section 90 has a disk-shaped surface defining with
      diaphragm 94 a second vacuum chamber 108. A radially extending outlet tube
      110 is fluidly connected to a conduit 112. The conduit 112 leads to a
      T-connection 114 at the front of the vehicle as shown in FIG. 1. A pair of
      branch conduits 116 are fluidly connected to the connections 58 of the
      vacuum motors 36. The base section 90 is connected to the bracket 82 by
      fasteners (not shown). The section 90 includes grooves 120 in which there
      are positioned insulated terminals 122, 123. The lower terminal 123 is
      connected by lead 124 to the motor 60 of the pump assembly 24. The upper
      terminal 122 is connected by a lead 126 to the vehicle battery 128 and
      ground 130.
PAR  The diaphragm 94 is centrally apertured. A pair of reinforcing plates 134
      and 136 positioned on either side of the diaphragm 94 are fixedly
      connected to a slidable plunger 138 by a flattened rivet head section 140.
      The plunger 138 is slidably disposed in a central bore in the base section
      90 and is fluidly sealed therein by an O-ring 142. The plunger 138
      terminates with a projecting stem 146. A plurality of passages 150 are
      formed in the plates 134, 136 and the diaphragm 94. The passages 150
      provide restricted orifices between the chambers 96, 108. The reinforcing
      plate 134 includes an elastomeric sealing ring 160. A vent 162 formed in
      section 88 registers with the ring 160. When the diaphragm 94 is shifted
      to the left the ring 160 seals the vent 162.
PAR  The button 86 includes a head section 170 projecting into the passenger
      compartment through an opening 172 in the instrument panel 84. The button
      86 includes a rearwardly opening passage 174 into which the stem 146
      partially projects. A helical compression spring 180 is operatively
      disposed in the passage 174 and serves to bias the frustoconical base 181
      of the button 86 against the rear surface of the panel 84. An annular
      conductor ring 182 is carried on the rear surface of the button 86. The
      ring 182 is adapted to electrically connect terminals 122 when the button
      is depressed to thereby complete a circuit between the battery 128 and the
      pump 60 to energize the latter.
PAC  OPERATION OF THE WASHER AND WIPER SYSTEM
PAR  During operation of the vehicle, especially during winter months, salt and
      road grime can accumulate on the lenses of the headlamps thereby lowering
      the optical efficiency of the latter. The subject mechanism is adapted to
      remove this accumulation in a single cycle.
PAR  The cycle is operator initiated by depressing button 86. The button 86 is
      depressed until the ring 182 contacts the terminals 122, 123. This
      completes a circuit to the washer pump motor 60 thereby energizing the
      latter so as to pump solvent from the reservoir 22 through conduit 66 for
      programmed dispensing through conduits 68, 70 to the windshield wipers and
      through conduits 72, 74 to the holders 30 of the washer and wiper
      mechanisms 20. The latter will distribute solvent through the orifices 46
      onto the lens 18.
PAR  Concurrently therewith, the depression of the button 86 compresses the
      spring 180 and shifts the plunger 138 leftwardly. The head section 140
      contacts the head 103 of the valve 102 thereby opening the latter against
      the biasing of an internal spring and exposing chamber 96 to vacuum. The
      ring 160 seals the vent 162. The pressure differential between chambers
      96, 108 maintains the shifted position against the biasing of the internal
      spring. Vacuum will be transmitted through passages 150 to chamber 108 and
      therefrom through outlet 110 and conduit 112 to the T-connection 114. From
      the T-connection vacuum is transmitted through branches 116 to the vacuum
      motors 36. The pressure differential there transmitted to the vacuum
      motors cause the pistons 54 to retract. This pivots the lever arms 32
      downwardly about the pivot axes 52 and causes the holders 30 to traverse
      the lens 18 while solvent is concurrently being distributed thereon
      through the orifices 46. The pressure differential in the chambers 108 and
      96 is gradually reduced during this period causing the diaphragm to move
      toward its centered position under the influence of the internal spring in
      valve 102. This closes valve 102 and opens vent 162 to atmosphere. The
      atmospheric bleeding through passage 150 and conduit 112 gradually reduces
      the applied vacuum at the motors 36 causing the piston 54 to extend under
      the influence of the internal spring to thereby move the holders 30
      upwardly across the lenses 18 with the wiper blades removing the dissolved
      accumulations. A complete cycle is complete when the holder 30 reaches the
      upper parked position. For each subsequent energization, the vacuum motors
      are similarly energized to draw the holders 30 downwardly across the
      lenses 18 while spraying solvent thereon, the switch 26 thereafter
      reducing the applied vacuum such that the pistons extend to move the
      holders upwardly to the parked position.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a motor vehicle, a headlamp mounted on the vehicle and having a lens,
      a source of fluid pressure, a reservoir, pump means having inlet means and
      outlet means, said inlet means fluidly communicating with the reservoir,
      said pump means operative to draw solvent from the reservoir through said
      inlet means and dispense solvent through said outlet means, a wiper and
      washer holder supported on the vehicle adjacent the headlamp for pivotal
      movement between first and second positions at opposed locations with
      respect to the headlamp, a wiper blade on said holder adapted to wipe the
      surface of the lens during said movement, nozzle means on said holder
      fluidly connected to the outlet means of the pump means, fluid motor means
      operated by fluid pressure for moving the holder from said first position
      to said second position, spring means for returning said holder from said
      second position to said first position, and operator actuated switch means
      having an electrical switch portion for energizing the pump means for
      delivering solvent to said nozzle means for distribution on the lens as
      the wiper blade moves toward said second position, a fluid switch portion
      for connecting the fluid motor means with said source of fluid pressure to
      move the holder to the second position and actuating means for
      mechanically simultaneously actuating both said electrical switch portion
      and said fluid switch portion, whereby solvent is distributed on said lens
      from the nozzle means as the fluid motor means moves the holder to the
      second position and wiped therefrom by the blade as said spring means
      returns the holder to the first position.
NUM  2.
PAR  2. A headlamp washing and wiping system for a motor vehicle having a
      headlamp mounted thereon with a lens subject to accumulations comprising:
      a source of fluid pressure, a reservoir; pump means having an inlet and an
      outlet, said inlet fluidly communicating with the reservoir, said pump
      means operative to draw solvent from the reservoir through said inlet and
      to dispense solvent through said outlet; a wiper and washer holder
      supported on the vehicle adjacent the headlamp for vertical pivotal
      movement with respect to the lens between an upper park position above the
      lens and a lower position adjacent the bottom of the lens; a wiper blade
      on said holder adapted to contact and wipe the surface of the lens during
      said movement; a nozzle on said holder; a conduit connecting the pump
      outlet with the nozzle to distribute solvent on the lens trailing the
      wiper blade; a fluid motor operatively connected to the holder, said motor
      when energized moving the holder between the upper park position and the
      lower position; spring means opposing movement of the holder; an operator
      actuated switch for (1) energizing the pump means to deliver solvent
      through said outlet and (2) for connecting the fluid motor with said
      source of fluid pressure, said switch means including a housing with a
      chamber, said chamber having a diaphragm therein dividing the latter into
      two portions, the first portion being connected to the source, the second
      portion being connected to the fluid motor; valve means actuated by
      movement of the diaphragm to connect the source with said first portion;
      orifice means in the diaphragm fluidly connecting the portions; vent means
      in said first portion opened and closed by the diaphragm, actuation of the
      switch moving the diaphragm to (1) open the valve means to connect the
      first portion with the fluid pressure and (2) close the vent means whereby
      the pressure in the latter is transmitted through the orifice means to the
      second portion and to the fluid motor for energizing the latter thereby
      moving the holder to the lower position, the diaphragm moving to the
      normal position as the pressure in the portions equalizes to open the vent
      means thereby deenergizing the fluid motor and disconnecting said fluid
      motor from said source at the other of said positions whereby solvent is
      distributed on said lens as the holder travels to the one position and
      wiped therefrom along with dissolved accumulations as the holder moves to
      the other position under the biasing of said outlet,
NUM  3.
PAR  3. A headlamp washing and wiping system for a motor vehicle headlamp having
      a spherical lens subject to accumulations, comprising: a source of vacuum;
      a reservoir; a windshield washer pump, said pump having an inlet and an
      outler, said inlet fluidly communicating with the reservoir, said pump
      operative to draw solvent from the reservoir through said inlet and to
      dispense solvent through said outlet; a wiper and washer holder including
      a wiper blade supported on the vehicle adjacent the headlamp for vertical
      pivotal movement with respect to the lens in an arc having a radius
      substantially equal to the spherical radius of the lens such that the
      blade maintains contact with the lens throughout said movement, said
      holder moving between an upper park position above the lens and a lower
      position adjacent the bottom of the lens, said holder having a curvature
      in a horizontal plane substantially conforming to the shape of the lens
      such that the blade maintains contact with the lens during said movement
      of the holder; a plurality of nozzles on said holder; a conduit connecting
      the pump outlet with the nozzles to distribute solvent therethrough and
      onto the lens trailing the wiper blade in its downward movement; a vacuum
      motor operatively connected to the holder, said motor when energized
      moving the holder between the upper position and the lower position; a
      spring opposing movement of the motor and operative to return the holder
      to the upper position; an operator actuated switch, said switch including
      electrical contacts for energizing the pump to deliver solvent through
      said outlet, said switch including valve means for connecting the vacuum
      motor with said source of vacuum, said switch means having a housing with
      an internal chamber, said chamber having a diaphragm positioned therein
      dividing the chamber into two portions, the first portion being connected
      to the source, the second portion being connected to the vacuum motor; a
      valve in the switch opened by movement of the diaphragm to connect the
      source with the first portion; orifice means in the diaphragm fluidly
      connecting the portions; vent means in said first portion open and closed
      by the diaphragm, actuation of the switch (1) moving the diaphragm to
      close the contacts, (2) opening the valve to connect the first portion
      with vacuum and (3) closing the vent means, whereby the vacuum in the
      first portion is transmitted through the orifice means to the second
      chamber and to the motor for energizing the latter to initiate downward
      movement of the holder and to distribute solvent on said lens as the
      holder travels to the lower position, the diaphragm moving to the normal
      position as the pressure in the portions equalizes to open the vent means
      to thereby pressurize and deenergize the motor whereby the accumulations
      are wiped from the lens as the holder returns to the upper position.
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ABST
PAL  A windscreen wiper comprising a reciprocable arm, a flexible blade element
      mounted on the arm and including a pair of flexible wall members
      terminating in generally parallel spaced lip members adapted to engage a
      windscreen surface so that the blade element encloses therewith a hollow
      space, at least one conduit for cleaning liquid extending along the arm
      and communicating with the hollow space whereby cleaning liquids may be
      fed to the surface of the windscreen between the lips, and a flexible
      brush or assembly of brushes mounted in the said hollow space so as to
      bear on the surface of the windscreen between the lips and to be slidably
      engaged therewith during the wiping action.
BSUM
PAR  This invention relates to windscreen wipers, particularly, but not solely,
      for motor vehicles.
PAR  The conventional windscreen wiper has a single flexible blade which has to
      feather at the beginning of each half stroke. Such blades have been in use
      for many years but they suffer from a number of drawbacks, particularly :
PAR  A. They are only effective when operating under ideal environmental
      conditions.
PAR  B. They cannot quickly remove oil slick residual on the windshield after
      muddy deposits, thrown up by other road vehicles, have been swept aside.
PAR  C. They are unable to remove greasy deposits which collect in the small
      windshield pits produced during collision with stones etc. thrown up by
      other vehicles. These deposits engender prevalent smears which, at worse
      cause a dangerous loss of vision area, or, at best, render driving
      uncomfortable.
PAR  D. This type of equipment can only be assisted to combat these shortcomings
      by means of water jets directed onto the windshield surface. Degreasing
      liquids or detergent fluids introduced into such water jets are largely
      wasted due to the liquid being immediately swept out of the wiper blade
      swept area, or by being deflected away from the windshield by crosswinds
      immediately after ejection from the jet nozzles.
PAR  E. This type of wiper blade depends upon an automatically induced
      feathering action in order to provide a clean wiping action during each of
      the dual directional wiping sweeps. Nominal pivotal point wear or
      accidental displacement of the blade carrier driven radius arm often
      causes the feathering action to cease.
PAR  F. Conditions during cold weather can cause a sudden ice film to be built
      up on the vital visibility area of the swept windshield.
PAR  Various proposal have been made to produce wiper arrangements with twin
      wiper lips having some sort of brush in between. For instance, in one
      proposal particularly designed for aircraft, a pair of rotary brushes were
      arranged between a pair of wiper lips, and a feed pipe for cleaning liquid
      was also arranged between the lips. This arrangement appears to be too
      complex and expensive to be economically used on a motor vehicle, which
      also does not have the necessary degree of flexibility for use on a
      conventional curved windscreen. In particular, there is no suitable
      flexible rotatable brush available which could be used at an economic
      price.
PAR  In the motor vehicle field, it has been proposed to use a wiping or
      scrubbing type of brush between two conventional squeegee type wiping
      lips, but this arrangement suffered from the disadvantages that it needed
      to be used with a conventional washer equipment and the blade would tend
      to prevent the brush from acting on a surface with cleaning fluid on it.
PAR  The present invention consists in a windscreen wiper comprising a
      reciprocable arm, a flexible blade element mounted on the arm and
      including a pair of flexible wall members terminating in generally
      parallel spaced lip members adapted to engage a windscreen surface so that
      the blade element encloses therewith a hollow space, at least one conduit
      for cleaning liquid extending along the arm and communicating with the
      hollow space whereby cleaning liquids may be fed to the surface of the
      windscreen between the lips, and a flexible brush or assembly of brushes
      mounted on the said hollow space so as to bear on the surface of the
      windscreen between the lips and to be slidably engaged therewith during
      the wiping action.
PAR  The arm may contain conduits for more than one cleaning fluid, such as a
      de-icing fluid, a wetting agent or detergent, and clean water for rinsing.
PAR  Conveniently, the assembly of brushes comprises at least two elongated
      flexible brush carriers each carrying a series of spaced bursh lengths,
      the brush lengths in adjacent carriers being mutually staggered.
PAR  The brush carriers may partially define a feed cavity for cleaning liquid
      within the hollow space, and in which liquid from the said cavity is
      arranged to pass through a restricted passage between the brush carriers
      on to the windscreen surface in the region of the said brushes.
PAR  Means may be provided for counteracting wind lift effects on the blade
      element.
PAR  The invention further consists in a windscreen wiper comprising a
      reciprocable arm, a blade carrier pivotally mounted on the said arm, a
      flexible blade element mounted on the carrier by means of variable rate
      spring means, and wind-responsive means adapted to vary the rate of the
      said spring means to counteract wind lift effects on the blade element.
DRWD
PAR    The invention will be further described with reference to the
      accompanying drawings, which show by way of example a preferred embodiment
      of invention, and in which :
PAR  FIG. 1 is a plan view of one form of windshield wiper according to the
      invention;
PAR  FIG. 2 is a bottom plan view of the wiper of FIG. 1,
PAR  FIG. 3 is an elevation, partially cut away and in section, to an enlarged
      scale of the wiper of FIGS. 1 and 2;
PAR  FIG. 4 is a section on the line IV--IV of FIG. 3;
PAR  FIG. 5 is a section on the line V--V of FIG. 3;
PAR  FIG. 6 is a section on the line VI--VI of FIG. 3;
PAR  FIG. 7 is a section on the line VII--VII of FIG. 6; and
PAR  FIG. 8 is a longitudinal section of a detail of FIG. 3.
DETD
PAR  Referring now to the drawings, a reciprocable arm is shown at 11 and it has
      one end pivotally attached to a blade carrier 12. The other end (not
      shown) is adapted to be attached to the drive output of a conventional
      windscreen wiper motor. As can be seen particularly from FIG. 7, the arm
      11 includes tubular conduits 13 for three cleaning liquids, which would
      normally be a de-icer, a degreaser, wetting agent or detergent and clean
      water. The cleaning liquids are supplied from separate reservoirs by
      driver-controlled pumps. The connection between the arm 11 and the carrier
      12 includes a manifold 14 connected to a duct 15 leading to a passage 16,
      including a flexible boot 17, for the cleaning liquids.
PAR  A blade element 18, of generally U-shaped cross-section, is secured at a
      central zone of the carrier 12 by pins 19 passing through upstanding lugs
      21, and is retained to end zones of the carrier 12 by co-operation of a
      T-shaped head 22 with a slot 23 in the carrier (see FIG. 4). The blade
      element 18 also has a pair of backing strips 24 which are pressed upon by
      springs 25.
PAR  In order to counteract the wind lift effects which occur at high vehicle
      speeds or high wind speeds, the carrier 12 is provided with static vanes
      26 intended to hold the assembly of carrier and blade element against the
      windscreen when the wind lift tends to cause it to move clear. In
      addition, in order to prevent the blade element 18 from lifting relative
      to the carrier 12, means are provided to increase the rate of the springs
      25. These consist of rotary vanes 27 on shafts with coarsely threaded
      parts 28 co-operating with coarse threads in apertures in the carrier 12.
      The shafts carry curved spring abutments 29, which engage with increasing
      lengths of the springs 25 as the shaft move inwards against the force of
      the spring 25, thus effectively shortening the springs 25 and stiffening
      them to resist wind lift forces tending to move the blade element 18
      relative to the carrier 12.
PAR  As can be seen particularly from FIGS. 4 and 5, the blade element 18 is of
      generally U-shaped section so as to enclose a hollow space above the
      screen to be wiped. The ends of this U-section are in the form of a pair
      of squeegee lips 31. The zone of the screen between the squeegee lips 31
      is engaged in wiping or scrubbing contact with a brush assembly which
      consists of two flexible brush carriers 32, of the type shown in FIG. 8,
      arranged side-by-side and attached to the carrier 12 by screws 33. Each
      brush carrier 32 consists of a strip of polypropylene or like plastics
      material with loop zones 34 intermediate the ends to accommodate changes
      in the effective length as the carrier 12 flexes. The strip carries a
      series of pockets 35 equally spaced along its length, with the end pockets
      35 at different distances from the ends of the strip so that when, as seen
      in FIG. 2, two strips are arranged side-by-side and reversed end-to-end,
      the pockets form staggered lines. Each pocket 35 is filled with a short
      length of brush material 36.
PAR  As can be seen from FIGS. 3, 5 and 6, the passage 16 leads by a connection
      37 into a cavity 38 within the blade element 18 and above the brush
      carriers 32, which are located closely together, so that there is a
      restricted flow passage between them to the screen zone between the lips
      31. This means that the cleaning liquids can remain under considerable
      pressure in the cavity 38 and becomes distributed along the length of the
      blade element 18 before passing onto the screen surface to be cleaned. The
      liquids are thus directed to the correct zone of the screen with very
      little waste, and a reasonable distribution over the zone between the lips
      31 of the blade element.
PAR  Various modifications may be made within the scope of the invention. For
      example, the arm 11 need not carry a separate conduit 13 for each type of
      cleaning liquid, and it is within the invention for there to be a single
      conduit 13 fed either with a single cleaning liquid, or with any of a
      selected group of cleaning liquids available from separate reservoirs.
PAR  Also, the rotary vanes 27 may be replaced by vanes mounted on pivoted or
      rotary elements connected by a linkage to means for varying the rating of
      the springs such as 25.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A windscreen wiper comprising:
PA1  a reciprocable arm;
PA1  a flexible blade element mounted on the arm and including a pair of
      flexible wall members terminating in generally parallel spaced lip members
      adapted to engage a windscreen surface, said lip members forming a hollow
      space therebetween, said blade element including at least one conduit
      means extending along the arm and communicating with said hollow space
      whereby a cleaning liquid may be passed through said conduit to contact
      said windscreen surface; and
PA1  a flexible brush means mounted within said hollow space to bear on said
      windscreen surface between the lips of said blade element and to slidably
      engage said surface during a wiping action, said flexible brush means
      being comprised of at least to elongated flexible brush carriers including
      brush means of spaced brush lengths, the brush lengths in adjacent
      carriers being staggered.
NUM  2.
PAR  2. A windscreen wiper as claimed in claim 1, in which the arm contains
      separate conduits for different cleaning fluids.
NUM  3.
PAR  3. A windscreen wiper as claimed in claim 1, in which each brush carrier
      includes a series of spaced recesses for receiving the brush lengths.
NUM  4.
PAR  4. A windscreen wiper as claimed in claim 1 in which which the brush
      carriers partially define a feed cavity for cleaning liquid within the
      hollow space, and in which liquid from the said cavity is arranged to pass
      through a restricted passage between the brush carriers on to the
      windscreen surface in the region of the said brushes.
NUM  5.
PAR  5. A windscreen wiper as claimed in claim 1, in which the blade element is
      carried by a blade carrier pivoted on the arm, and carrying vanes to
      counteract wind lift on the carrier.
NUM  6.
PAR  6. A windscrene wiper as claimed in claim 5, further comprising
      wind-responsive means acting on the mounting of the blade element to
      increase the pressure exerted by the carrier on the blade element to
      counteract wind lift.
NUM  7.
PAR  7. A windscreen wiper as claimed in claim 6, in which the blade element is
      mounted on the carrier by variable rate spring means, and said
      wind-responsive means acts to vary the rate of the said spring means.
NUM  8.
PAR  8. A windscreen wiper as claimed in claim 7, in which the wind-responsive
      means comprises rotary vanes adapted to adjust the positions of spring
      abutments for the said spring means.
NUM  9.
PAR  9. A windscreen wiper comprising a reciprocable arm a blade carrier
      pivotally mounted on the said arm, a flexible blade element mounted on the
      carrier by means of variable rate springs means, and wind-responsive means
      adapted to vary the rate of the said spring means to counteract wind lift
      effects on the blade element.
NUM  10.
PAR  10. A windscreen wiper as claimed in claim 9, in which the wind-responsive
      means comprises rotary vanes adapted to adjust the positions of spring
      abutments for the said spring means.
NUM  11.
PAR  11. A windscreewn wiper as claimed in claim 9, in which the carrier
      includes static vanes to counteract wind lift effects on the carrier
      itself.
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ABST
PAL  A windshield wiper arm is provided with an adjustable extension which is
      positively locked in a preselected position by a non-metallic shim urged
      against a portion of said extension by an eccentric or cam-actuated lever.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  1. FIELD OF THE INVENTION
PAR  This invention relates to a windshield wiper arm and, more particularly, to
      an adjustable length windshield wiper arm.
PAC  2. DESCRIPTION OF THE PRIOR ART
PAR  Each model car put out each year by each automobile manufacturer has a pair
      of windshield wiper arms which can be the same or can be different from
      the wiper arms either on previous model years or on cars of the same or of
      different automobile manufacturers. One particular difference between
      models is the requirement that the wiper arm be of different lengths. To
      meet the problem of filling the need for the large number of wiper arms of
      different lengths, several concepts were designed and patented for making
      the outer portion of the wiper arm adjustable with respect to the channel
      portion of the arm so that one arm could be used to fill the needs for a
      large number of arm length requirements. The elongation was generally
      accomplished by threading the arm extension inwardly or outwardly with
      respect to the channel portion of the arm until the desired length had
      been arrived at. At that point, various locking arrangements were provided
      for locking the arm extension relative to the arm channel. One such
      construction is shown by the F. A. Krohm U.S. Pat. No. 3,064,297 wherein
      an eccentric lever is used to urge a spring plate against a bronze liner
      bearing against the arm extension such that in the latched position of the
      eccentric, the arm extension is locked relative to the channel portion of
      the arm.
PAR  Other forms of locking arrangements have been provided which entail pivoted
      lever arrangements for applying pressure against a cover on the channel
      portion of the arm to urge the arm extension against the channel portion
      for locking the extension relative to the channel portion.
PAR  The prior art devices were relatively expensive to manufacture in large
      measure because of the number of parts required in the assembly. The
      additional parts created stocking problems, adding to the inventory and
      manufacturing expense.
PAC  SUMMARY OF THE INVENTION
PAR  In a windshield wiper arm having an extendable arm extension, a pivoted
      eccentric or cam lever is mounted between the side walls of the channel
      and bears against a non-metallic locking or braking part such that with
      the eccentric in the latched position, the non-metallic part is urged into
      positive locking association with respect to the arm extension. Since the
      number of parts involved in the locking arrangement is reduced, the
      manufacturing costs are lowered while still maintaining a highly efficient
      and effective latching arrangement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The details of construction and operation of the invention are more fully
      described with reference to the accompanying drawings which form a part
      hereof and in which like reference numerals refer to like parts
      throughout.
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of the windshield wiper arm embodying the
      invention;
PAR  FIG. 2 is an enlarged partial elevational view shown in section
      illustrating the operative parts of my improved latching arrangement;
PAR  FIG. 3 is a further enlarged, broken away cross-sectional view similar to
      FIG. 2 only with the latch and eccentric removed;
PAR  FIG. 4 is a cross-sectional view taken along the lines 4--4 of FIG. 3; and
PAR  FIG. 5 is a cross-sectional view taken along the lines 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the windshield wiper arm 10 includes a mounting
      head portion 12 which is adapted to be connected to a drive shaft (not
      shown). A pin 14 pivotally attaches the mounting head 12 to a U-shaped
      channel member 16. An arm extension bar 18 is carried by the outer end
      portion 20 of the channel member 16 and has an appropriate connector 22 at
      the remote end thereof. In the usual form of wiper blade, the channel
      member 16 will enclose therein a spring 24 which is connected between
      pivot 26 in the channel member and pivot 28 on the mounting head. The
      spring will urge the channel member 16 and the arm extension bar 18 toward
      the windshield to apply pressure to a wiper blade for wiping the
      windshield. Encased within the outer end portion of the channel 16 is the
      solid, elongate outer arm extension bar 18 having an inner end portion
      with a part bent at an angle to provide a retaining portion 32. The outer
      end portion of the arm extension bar 18 is shaped or configured to provide
      a connector 22 for connecting the arm to a wiper blade. Any one of the
      large selection of connectors available in the trade can be used on the
      outer end portion of the arm.
PAR  The channel-shaped portion 16 overlaps the inner end portion of the arm
      extension bar 18 and supports a latching arrangement 36 which serves to
      lock the arm extension bar 18 relative to the channel 16. The latching
      arrangement 36 is comprised of just two parts, a non-metallic locking shim
      38 and an eccentrically mounted locking lever 40. The locking shim 38, in
      the illustrated form, is an elongate molded plastic part and has formed
      throughout the length thereof a shaped recess 42 into which recess 42 the
      arm extension bar is intended to nest. The recess 42 has a bottom wall 44
      and upwardly extending, spaced apart side walls 46, 48. The bottom wall 44
      engages the bottom face 50 of the arm extension bar and may have
      serrations or other friction inducing treatment thereon, such as embedded
      abrasive elements in said bottom wall 44 or the like. The locking shim is
      shaped on one end portion in a taper 52 toward the open end of the channel
      with the slope of the taper a little greater than the slope of the edges
      54 of the angled sides of the wall 74 of the channel. The midportion of
      the locking shim 38 has a rib or crosslug 56 which is adapted to be
      engaged near the base of the rib 56 by the extreme corner 58 of the
      locking lever 40 in the event said locking shim 38 shifts relative to a
      pivot pin 60 for the lever 40. The rib or lug 56 also serves as a
      reinforcing rib to add rigidity to the locking shim 38. The locking shim
      38 has a cutout portion 62 formed in the side opposite to said recess 42.
      The cutout portion 62 is bounded on one side by the rib 56.
PAR  The locking lever 40 has an actuating arm portion 64 and a body portion 66.
      The pivot pin 60 passes through an opening 70 in said body portion 66 and
      is secured in aligned openings 72 in the side walls 74 of the channel
      member 16. The body portion 66 of the lever 40 is eccentric in shape and
      has a flat, shallow land 76 which merges into a rounded cam or eccentric
      locking portion 78. The distance from the center of the pin 60 to the
      eccentric locking portion 78 of the body portion 66 is greater than the
      distance between the center of the pin 60 and the flat land 76 on said
      locking lever. The cutout portion 62 of the locking shim 38 is adapted to
      partially receive the body portion 66 of the locking lever 40 when the
      actuating arm 64 projects outward, away from the locking shim 38. Upon
      pivoting the locking lever 40 about the pin 60 toward the arm extension
      bar 18, the eccentric locking portion 78 will engage the cutout portion 62
      and will urge the bottom wall 44 of the locking shim 38 against the bottom
      surface of the arm extension, thereby locking the arm extension relative
      to the channel member. The actuating arm 64 will nest between the
      overhanging side walls 74 of the channel so as to be shielded from
      accidental actuation. When it is desired to lengthen or shorten the arm,
      the end of a finger or a screwdriver is inserted in the opening 80 between
      the end of the actuating arm 64 and the bottom wall of the arm extension
      to pivot the locking lever about the pin 60 in a clockwise direction until
      the flat land 76 on the body portion of the lever 40 is juxtaposed with
      the base of the cut out 62. The arm extension bar 18 can now be moved out
      or in relative to the channel 16 for lengthening or shortening the arm.
PAR  It should be noted that the locking shim 38 is not staked or otherwise
      secured in the channel of the arm. The locking shim 38 is held in position
      by the rib 56 and the enlargement 82 on opposite sides of the cut out 62
      in said locking shim 38 engaging with the body portion 66 of the locking
      lever 40 no matter whether the locking lever 40 is in the locked or
      unlocked position.
PAR  Since the locking arrangement is comprised of only two parts, one of which
      is the lever having the eccentric which is movable into engagement with
      the free floating non-metallic locking shim, the locking arrangement can
      be readily assembled substantially without error. Since the number of
      parts have been reduced to a minimum, the inventory of parts necessary to
      construct the prior locking arrangements have been obviated thereby
      reducing the manufacturing costs and reducing the ultimate price of the
      extendable windshield wiper arm.
CLMS
STM  I claim:
NUM  1.
PAR  1. A windshield wiper arm comprising a channel-shaped section pivotally
      carried by an attaching section, an elongate arm extension member
      extending into the outer end of said channel-shaped member, a latching
      shim nested in said channel-shaped member in engagement with one end
      portion of the arm extension, said shim is elongate and has a
      channelled-out upper portion shaped to generally conform to the shape of
      the arm extension and wherein said arm extension nests in said
      channelled-out portion, lever means pivotally connected between the side
      walls of the channel-shaped member, and eccentric means on said lever in
      engagement with a portion of said locking shim whereby one portion of said
      eccentric bears against said shim to lock the shim and arm extension
      relative to the channel member and another portion of said eccentric bears
      against said shim to permit the arm extension to be moved relative to the
      channel member, and said shim has a hollowed-out lower portion in
      alignment with the eccentric on the lever to provide a bearing surface for
      said eccentric when said eccentric is moved into locking position by said
      lever means.
NUM  2.
PAR  2. A windshield wiper arm as claimed in claim 1 wherein said shim has a
      reinforcing rib extending transverse to the channelled-out portion for
      distributing the locking force across the surface of the arm extension.
NUM  3.
PAR  3. In a windshield wiper arm having a channel-shaped section pivotally
      carried by an attaching section, and an elongate arm extension member
      extending into the outer end of said channel-shaped member, in the
      combination, an elongate non-metallic latching shim nested in said
      channel-shaped member and having an upper portion shaped to partially
      surround the one end portion of the arm extension, lever means pivotally
      connected between the side walls of the channel-shaped member, said shim
      having a hollowed-out lower portion forming a bearing surface in alignment
      with said lever means, and eccentric means on said lever in engagement
      with the bearing surface on said hollowed-out portion of said locking shim
      whereby said eccentric on said lever either locks the shim and arm
      extension relative to the channel member or permits the arm extension to
      be moved relative to the channel member.
PATN
WKU  039395260
SRC  5
APN  493055&
APT  1
ART  242
APD  19740730
TTL  Cleaning device for flanged reels
ISD  19760224
NCL  7
ECL  1
EXA  Moore; C. K.
EXP  Hornsby; Harvey C.
NDR  4
NFG  4
INVT
NAM  Mania; Max Joachim
CTY  Eckartsweier
CNT  DT
INVT
NAM  Weidmann; Albrecht
CTY  Offenburg
CNT  DT
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730801
APN  2338939
CLAS
OCL   15306B
XCL   15  15R
XCL   15345
EDF  2
ICL  A47L  538
FSC   15
FSS  303;306 B;306 R;345;346;306 A;308;1.5
UREF
PNO  2413937
ISD  19470100
NAM  Zademach et al.
XCL   15306B
UREF
PNO  3668008
ISD  19720600
NAM  Severynse
XCL   15  1.5
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  A device for cleaning the surfaces of a moving flanged reel consists
      essentially of an assembly of nozzles which are provided with electrical
      discharge means and direct charged gas onto the reel and are arranged
      adjacent to the path along which the reel is transported, and a suction
      device for withdrawing the particles, etc. removed from the reel. Other
      embodiments of the invention concern the positioning of the nozzles, the
      arrangement of the suction device, the positioning of the reel during the
      cleaning process and an advantageous device for conveying a plurality of
      reels to be cleaned one after the other.
PAL  The cleaning device of the invention can be used to clean flanged reels of
      all types on which strip materials susceptible to dust such as
      photographic film and magnetic tape, especially magnetic tape for date and
      video recording, are to be wound.
BSUM
PAR  This application discloses and claims subject matter described in German
      patent application P 23 38 939.1, filed Aug. 1, 1973, which is
      incorporated herein by reference.
PAR  This invention relates to a device for cleaning the surfaces of moving
      reels, especially magnetic tape reels.
PAR  A known method of preventing thin strip material, especially magnetic tape,
      from being deformed due to the presence of foreign bodies such as dirt and
      dust particles consists in thoroughly cleaning the reels by hand, prior to
      winding, using, for example, a damp absorbent foam cloth or chamois
      leather. This cleaning method has the disadvantage that it takes an
      exceptionally long time and is often not, thorough, so that residual
      moisture may be left at hard to get at regions of the reels. Nor has the
      use of Freon baths for cleaning reels proved successful because Freon,
      which is also a solvent, accumulates in the cavities of the reel and in
      the case of reels made of plastics material partially dissolves fillers
      contained therein or, for example, plastics adhesive, resulting in damage
      to the reels.
PAR  German Printed Application (DAS) No. 2,044,828 discloses a method in which
      the adherence of particles to moving webs, especially plastics webs, due
      to electrostatic forces is prevented by spraying them with charge
      carriers, especially ions. For this purpose, discharge means may be
      provided which produce a corona discharge inside air nozzles by means of a
      high voltage, and the ions produced in this way are blown by the stream of
      air onto the surface which is thus freed from electrostatic charges and,
      at the same time, cleaned.
PAR  Since the discharge means disclosed in the abovementioned application is a
      point electrode ionizer and, as such, can only effect uneven removal of
      static electrification, it is by no means obvious that it can be used for
      the reliable cleaning of tape reels.
PAR  Besides, tape reels are mass-produced articles, the manufacture of which
      makes an economic approach imperative.
PAR  An object of the present invention is to provide a substantially automatic
      cleaning device with which reels can be cleaned more reliably, uniformly
      and economically than by the use of conventional methods.
PAR  According to the present invention, a device for cleaning the surfaces of
      reels, especially magnetic tape reels, comprises means for conveying the
      reels along a path adjacent to which there are arranged at least two gas
      nozzles provided with electrical discharge means, at least one jet of
      charged gas being directed onto each surface of the reel as it is
      conveyed, and at least one suction device for withdrawing the foreign
      bodies removed from the reel.
PAR  A cleaning device of this type ensures, in a simple way, that dirt and dust
      particles are removed from the reel and the subsequent adhesion of
      particles to the reel is prevented by removal of the static electric
      charges.
PAR  In an advantageous embodiment of the invention a nozzle essembly is
      provided in which the jets of two nozzle groups impinge upon the outer
      surfaces of the reel, and the jet of at least one single nozzle impinges
      upon the inner surfaces of the reel flanges and the hub surface.
PAR  In a further advantageous embodiment of the invention, suction devices are
      provided in the vicinity of the swept reel surfaces. In this way, very
      fast withdrawal of the removed particles is achieved.
PAR  In a preferred embodiment of the invention, the reels are rotated about
      their axes by means of a drive mechanism as they are transported, and the
      nozzles are arranged at an angle and point in a direction opposing the
      sense in which the reel rotates.
PAR  By arranging the nozzles in this way, the forces which act upon the
      particles are increased, so that even particles of greater mass can be
      removed without difficulty.
PAR  In a further preferred embodiment of the invention, a group of at least two
      juxtaposed nozzles is arranged above and below the reel, the distance
      between the juxtaposed nozzles and the distance between the two groups of
      nozzles being chosen such that each external reel surface is momentarily
      swept within the confines of a complete radial strip. This ensures that
      the reel is completely cleaned after revolving once about its axis.
PAR  In practice, the conveying device for the reels to be cleaned conveniently
      comprise a turntable with a central drive member for the reels and a
      plurality of spindles on which the reels can be mounted for rotation about
      their axes.
PAR  With such a conveying device it is possible to clean a plurality of reels
      one after the other automatically, economically and continuously.
PAR  The nozzles which direct jets of gas onto the outer surfaces of the reel
      are advantageously inclined at an angle of 5.degree. to 20.degree.,
      preferably at an angle of 10.degree., relative to the axis of rotation of
      the reel.
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PAR  An embodiment of the cleaning device according to the present invention
      will now be explained in further detail by way of example, with reference
      to the accompanying drawings.
PAR  FIG. 1 shows, purely in diagrammatic form, an automatic cleaning device
      according to the invention,
PAR  FIG. 2 is an elevation of one reel of the device viewed in the direction A
      shown in FIG. 1,
PAR  FIG. 3 is an elevation of the reel of FIG. 2, viewed in the direction B
      shown in FIG. 1, and
PAR  FIG. 4 is a plan view of the reel of FIGS. 2 and 3.
DETD
PAR  The cleaning device 1 for reels 2, shown diagrammatically, comprises
      conveying means in the form of a turntable 3, driven in the direction of
      the arrow a, six spindles 4 (on which reels 2 can be placed), rotatably
      mounted on the turntable 3, and a central drive member 5 (rotating in the
      direction of the arrow b) which drives the reels 2 by frictional contact,
      so that they rotate in the direction of the arrows c marked thereon. In
      FIG. 1, one of the reels 2 happens to be situated between nozzle groups 6
      and 7, the upper nozzle group 6 consisting of three individual nozzles 8,
      and the lower nozzle group 7 of two individual nozzles 8. The individual
      nozzles 8 of each group are juxtaposed in a substantially radial manner
      relative to the reel 2. Between the flanges 9 of the reel 2, a further
      nozzle 10 is located, this nozzle being horizontally disposed. For
      clarity's sake fastening means and the drive units, etc., have been
      omitted from the drawings.
PAR  The nozzles 8 and 10 comprise electric discharge means, especially means
      producing ions, which are not shown in the drawings and are connected to
      means for supplying air or gas under pressure (also not shown).
PAR  The electric discharge means operate at a few thousand volts and at low
      frequency, derived for example from the mains supply (50 hertz). The air
      or gas pressure can be adjusted in any suitable manner. At the nozzles 8
      and 10 the pressure is approximately 2 atmospheres gauge, the velocity of
      the gas leaving the nozzles in this case being in the region of 10 to 15
      meters/second. FIG. 2 shows a reel 2 in side elevation and the zone swept
      by the nozzle groups 6 and 7. The nozzle groups 6 and 7 are inclined
      relative to the rotational axis 11 of the reel 2 at an angle .alpha. of
      5.degree. to 20.degree., preferably at an angle of 10.degree.. The
      direction and shape of the air or gas jets leaving the nozzle groups 6 and
      7 are substantially identical, the distance between the nozzle groups and
      the surfaces 12 and 13 of the reel 2 being a few centimeters, preferably
      from 6 to 8 cm. Suction devices 14a and 14b should be located above and
      below the flanges 9 of the reel for the immediate withdrawal of the
      foreign bodies removed in the cleaning operation. FIG. 4 shows further
      suction devices 15a and 15b positioned between the flanges 9 of a reel.
      FIG. 3 shows the individual nozzles 8 positioned side by side, the
      distance between the nozzles 8 in each group being advantageously so
      chosen that the jets (e.g. conical jets) issuing from them overlap just
      before impinging upon the reel 2. With this arrangement, the nozzle groups
      6 and 7 each cover a radial strip on the reel surfaces, so that, as the
      reel 2 rotates (the reel dwells within the swept zone for a period
      approximately equalling the time it takes to rotate eight times about its
      own axis) all the external surface regions are cleaned and freed from
      static electric charges before the turntable 3 rotates further. The
      turntable 3 may rotate continuously at a slow rate (approximately 1
      revolution/min.) or step by step. The dwell time of the reel 2 within the
      zone swept by nozzle groups 6 and 7 is several seconds, particularly 6 to
      8 seconds, so that six reels will have been cleaned after approximately 50
      to 60 seconds. The finished reels may be removed from the spindles either
      mechanically or by hand, and reels which are to be cleaned may be mounted
      in the same way. FIG. 4 shows a trilobate spindle 18 in a central aperture
      16 of a reel 2. As FIG. 4 shows, there may also be provided two jets which
      are directed between the flanges 9, nozzle 17 being arranged outside the
      periphery of the flanges and nozzle 10 being situated between the flanges.
      The distance of the nozzle 17 from the periphery of the flanges 9 and the
      distance of the nozzle 10 from the hub of the reel may be chosen within a
      suitable range. The longitudinal axes of nozzles 10 and 17 are at an angle
      (.gamma. and .beta. ) of approximately 40.degree. to 50.degree. to radii
      of the reel 2, and the direction of the jets should advantageously be
      opposed to the sense of rotation of the reel.
PAR  In practice, the cleaning device will be located in a closed housing, and
      for economic reasons a central suction device will be preferred to the
      above-described individual suction devices. Reels made of a variety of
      different materials have been successfully cleaned in the field with the
      aid of the cleaning device of the invention and are provided with a more
      or less effective antistatic finish, depending upon the material of
      construction used.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for cleaning from the surfaces of flanged reels, especially
      magnetic tape reels, dust and dirt particles, said device comprising:
PA1  a means for conveying the reels along a path of gas nozzles in such a
      position that both outer flange surfaces, both inner flange surfaces and
      the hub surfaces of said reels are accessible by several jets of cleaning
      gas leaving said gas nozzles, whereby each gas nozzle is capable of and
      suitably arranged for directing a jet of gas onto a surface of said reels
      as they are conveyed and the impacting of said gas on said surface removes
      said dust and dirt particles therefrom;
PA1  said path of gas nozzles comprising at least three groups of gas nozzles,
      each group consisting of at least one gas nozzle, the first and second
      groups of gas nozzles being respectively positioned along said path to
      direct gas onto each of said outer flange surfaces of said reels and the
      third group being positioned along said path to direct gas onto both of
      said inner surfaces and the hub of said reels;
PA1  a means for ionizing the jets of cleaning gas whereby the static charge on
      the surfaces of said reels is neutralized so as to enable the easy removal
      of dust and dirt particles therefrom by said cleaning gas; and
PA1  a suction device for withdrawing the dust and dirt particles as they are
      removed from the vicinity of the cleaned surfaces.
NUM  2.
PAR  2. A device according to claim 1, in which the reels are caused to rotate
      about their axes by means of a drive mechanism as they are conveyed, and
      the nozzles are arranged at an angle and point in a direction opposing the
      sense of reel rotation.
NUM  3.
PAR  3. A device according to claim 1, in which the nozzles which direct jets of
      gas onto the outer surfaces of the reel are inclined at an angle of
      5.degree. to 20.degree. relative to the rotational axis of the reel.
NUM  4.
PAR  4. A device according to claim 3, in which said nozzles are inclined at an
      angle of 10.degree. relative to the rotational axis of the reel.
NUM  5.
PAR  5. A device according to claim 1, in which the conveying means for the
      reels to be cleaned comprises a turntable with a central drive member for
      the reels and a plurality of spindles on which the reels can be mounted
      for rotation about their axes.
NUM  6.
PAR  6. A device according to claim 1, in which the nozzles of said first and
      second groups of gas nozzles are in a juxtaposed position relative to said
      reels and equidistant from the outer flange surfaces of said reels.
NUM  7.
PAR  7. A device according to claim 1, in which each of the groups of gas
      nozzles consists of at least two gas nozzles.
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PAL  A surface cleaning apparatus having a molded plastic housing and an
      upwardly and rearwardly projecting casing terminating at a handle. The
      lower portion of the housing includes a forward suction nozzle with an
      opening into a recovery tank and a molded plastic cover hingedly mounted
      over the recovery tank. The cover includes a downwardly projecting baffle
      adjacent the suction nozzle opening into the recovery tank. Suction is
      generated by a blower at the rear of the recovery chamber and a shield
      positioned in front of the blower prevents liquid flow from the recovery
      chamber into the blower. The cover includes a raised portion extending out
      over the top of the shield and downwardly to a juncture with the forward
      baffle, the raised portion thereby defining a passageway around and over
      the shield whereby air is free to flow from the recovery chamber over the
      shield and into the blower. Liquid in the recovery chamber is pumped out
      through one compartment of a dual-compartment hose which empties into a
      remote drain. The other compartment of the dual-compartment hose is
      connected to a faucet such that clean water is fed to a set of spray
      nozzles located in the apparatus just behind the suction nozzle. The
      upwardly projecting control casing includes a well molded thereinto into
      which a solution bottle can be inverted and joined by a syphon line to the
      clean water line whereby the detergent solution can be introduced into the
      cleaning fluid as it is sprayed onto a carpet to be cleaned.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  U.S. patent application Ser. No. 158,357 filed June 30, 1971 and assigned
      to Clarke-Gravely Corporation, relates to the general field of the present
      invention and teaches SURFACE CLEANING APPARATUS. U.S. patent application
      Ser. No. 352,623, filed Apr. 19, 1973, and assigned to Clarke-Gravely
      Corporation, is the continuation of U.S. patent application Ser. No.
      158,357 and teaches SURFACE CLEANING APPARATUS.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to surface cleaning apparatus, and
      particularly to apparatus for cleaning carpets. One of the more popular
      types of carpet cleaners utilized today are the steam cleaners. These
      devices employ a carriage upon which a large clean water tank and a large
      recovery tank are mounted. The two tanks are joined by separate hoses to a
      carpet tool. A clean water hose joins the clean water tank to a spray
      nozzle positioned on the tool and a return water hose extends from a
      suction nozzle to the recovery tank. A large blower or impeller on the
      recovery tank generates suction whereby water sprayed onto the carpet is
      drawn into the recovery tank.
PAR  Such devices are quite bulky and cumbersome to transport. Further, the
      clean water tank must be repeatedly filled and the dirty water tank must
      be repeatedly emptied. Because of the distance between the blower or
      impeller which is mounted on the recovery tank and the suction nozzle, a
      very high powered blower is required in order to generate enough suction
      to remove all excess water from the carpet.
PAR  In order to place the blower in closer proximity to the suction nozzle and
      thereby effect a more efficient suction, some prior teachings suggest
      mounting the impeller and the suction nozzle on a common housing or
      chassis. The recovery tank and the clean water tank may also be mounted on
      the same housing. With the tanks mounted on the same housing, the
      apparatus is extremely bulky and difficult to move around. With the blower
      mounted in closer proximity to the suction nozzle, there is a tendency for
      suds and liquid to be drawn into the blower. one device employs a long and
      torturous passageway from the suction nozzle to the blower in an attempt
      to obviate this difficulty. However, this dilutes the effectiveness of the
      suction.
PAR  The same device employs an intermediate recovery chamber along the suction
      path, with returned cleaning solution being pumped from this intermediate
      recovery chamber to the ultimate recovery tank. This creates yet another
      problem in the prior art device in that dirty water tends to clog either
      the pump or the filter employed to prevent clogging of the pump.
PAR  Yet another prior art device teaches the elimination of tanks altogether by
      joining the suction nozzle to a conduit which empties ultimately into a
      drain. Similarly, the spray nozzles are joined by a conduit to a faucet.
      However, the employment of a remote blower as a source of suction leaves
      one faced with the problem of acquiring an efficient suction at the
      nozzle. Also, the employment of a blower mounted on a common chassis with
      the suction nozzle leaves one with the problem of preventing suds and
      liquid from being drawn into the blower. Further, the separate hoses
      employed tend to be cumbersome and difficult to work with. Finally, it is
      difficult to utilize soap in connection with the clean water source since
      the water and soap solution cannot be premixed. Thus, it becomes difficult
      to locate the detergent solution source on the apparatus in such a way
      that it is not in an inconvenient location.
PAC  SUMMARY OF THE INVENNTION
PAR  The present invention comprises an extremely compact and portable surface
      cleaning apparatus in which the suction creating blower and the suction
      nozzle are mounted on a common chassis or housing with a small recovery
      tank therebetween. A baffle is positioned at the top of the recovery tank
      generally adjacent the opening of the suction nozzle into the recovery
      tank. This baffle deflects incoming water and air downwardly towards the
      bottom of the recovery tank and thereby minimizes the chances of suds and
      liquid being drawn into the blower which is positioned generally at the
      rear of the recovery tank and which is in flow communication therewith
      through a passageway located generally at the rear of the recovery tank.
PAR  Preferably, a shield extends upwardly from the bottom of the recovery tank
      toward the top thereof, generally in front of the blower and spaced
      therefrom. A baffle arches outwardly over and downwadly around the top of
      the shield to define the passageway at the rear of the chambers through
      which air is drawn. This passageway is preferably smaller in flow area
      than either the recovery chamber or the space between the shield and the
      blower means. This further minimizes the chances of suds or liquid being
      drawn into the blower means. It is further preferable that the first
      baffle and the second baffle which extends outwardly over the top of the
      shield are integrally formed as part of the molded plastic cover which is
      hingedly mounted to the housing at the top of the recovery chamber.
PAR  The employment of bulky solution and recovery tanks is avoided in the
      present invention by joining the spray nozzles on the device to a remote
      source of liquid such as a faucet and by pumping returned liquid from the
      recovery chamber directly to a remote drain. The need for separate
      difficult-to-handle hoses is eliminated by the employment of a single
      compartmentalized hose in which a first compartment joins the source of
      water to the spray nozzles and a second compartment joins the pump to the
      drain.
PAR  The introduction of detergent solution into this system is effected by
      providing a well at a convenient point in an upper surface of the
      apparatus housing. The soap solution bottle is merely inverted and seated
      in the well. A hole in the bottom of the well is joined by a syphon line
      to the clean water line which extends from the faucet to the spray
      nozzles. This serves not only to locate the solution bottle at a
      convenient location, but also provides an extremely quick and easy means
      for operably joining the solution bottle to the syphon line.
PAR  The problems of clogging which might otherwise be encountered in the pump
      which pumps liquid from the recovery chamber to the drain is obviated by
      the employment of a large area filter which is coterminous with the side
      walls of the recovery chamber and which is positioned at a point spaced
      above the floor of the recovery chamber and above the opening through
      which dirty solution is drawn by the pump. The large area filter clogs far
      less easily than would conventional filters which might be placed directly
      over the opening through which liquid is drawn.
PAR  These and other objects and advantages of the present invention will be
      more fully understood and appreciated by reference to the written
      specification and appended drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational front view of the cleaner;
PAR  FIG. 2 is a vertical cross-sectional view of the cleaner taken
      approximately along the center of the cleaner;
PAR  FIG. 3 is a top view of the cleaner housing with the top cover removed
      showing the used cleaning fluid recovery chamber;
PAR  FIG. 4 is a top view of the removable filter elements which are to be
      placed in the bottom of the used cleaning fluid chamber shown in FIG. 3;
PAR  FIG. 5 is a schematic diagram of the cleaning fluid supply and discharge
      system;
PAR  FIG. 6 is a front view of the supply and discharge tubing interconnected to
      a plumbing fixture system by means of a fixture connector;
PAR  FIG. 7 is a vertical cross-sectional view of the fixture connector shown in
      FIG. 6;
PAR  FIG. 8 is a cut-away view of the top cover contoured baffle cut away along
      reference line VIII of FIG. 1; and
PAR  FIG. 9 is a cut-away view of the top cover contoured baffle cut away along
      reference line IX of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the preferred embodiment, the cleaning machine 1 comprises a molded
      plastic housing 2 including a lower housing portion 10 and an upwardly and
      rearwardly projecting control casing 20 which terminates at a handle 21
      (FIG. 1). The lower housing or chassis 10 includes a forward suction
      nozzle 3 which opens into a recovery chamber 30 (FIG. 2). A molded plastic
      cover 15 hingedly mounted to housing 10 at the top of recovery chamber 30
      includes a forward, downwardly projecting baffle 15a located adjacent the
      opening of suction nozzle 3 into recovery chamber 30. Baffle 15a deflects
      dirty cleaning solution downwardly as it enters recovery chamber 30.
      Suction is generated by a blower 50 located at the rear of recovery
      chamber 30. A shield 16 extends upwardly from the floor of recovery
      chamber 30 generally to the top thereof in order to prevent suds and water
      from being drawn into blower 50.
PAR  A compartmentalized tubing 23 is attached to a plumbing fixture 74 by means
      of a "Y" connector 70 (FIG. 6). The compartmentalized tubing 23 provides a
      means for carrying cleaning fluid, i.e., water, to the spray nozzle 40
      located rearwardly of the suction nozzle 3 (FIG. 2). A pump 37 is used to
      remove used cleaning fluid from recovery chamber 30. The pump outlet is
      connected to the compartmentalized tubing 23 which discharges the used
      cleaning fluid into the sink 71 associated with the plumbing fixture 74
      (FIG. 6).
PAR  An additive dispenser 61 is mounted on chassis 10 and supplies additive to
      the cleaning fluid which is applied to the surface being cleaned from
      spray nozzle 40. The additive container 61 is held on the upper housing in
      a well 20a which is molded into the surface cleaner 1. A syphon tubing 62
      runs through the control casing 20 to a flow adjustment valve 22 which
      governs flow of the additive into the cleaning fluid supply tubing 25. A
      large area filter and screen system, 31 and 32, is placed at the bottom of
      recovery chamber 30 to filter the used cleaning fluid which is evacuated
      from the recovery chamber by means of pump 37.
PAR  Referring to FIGS. 1 and 2 molded plastic housing 2 comprises lower housing
      10 which is substantially rectangular having an open bottom, a forwardly
      and downwardly inclined front wall 11, a vertical back wall 12 joined to
      vertical side walls 17. A cylindrical tube-like roller 90 having closed
      ends is journaled by a tubular axle 91 extending traversely through the
      rear support flanges 92 which extend rearwardly from rear wall 12. Roller
      90 is adjacent to the rear wall 12 so that a peripheral portion of the
      roller 90 projects downwardly beyond the horizontal lower limit of the
      housing side walls for supporting the rearward portion of the housing in
      spaced relation above the surface being cleaned. The advantage of using a
      cylindrical roller 90 is that it distributes the mass of the cleaner over
      a larger area than caster wheels or the like, when being moved across a
      carpet-like surface. Further, the cleaner may be moved up or down stairs
      wherein the exposed peripheral portion of the roller 90 permits the roller
      to contact and follow the surface of the riser and upper surface of stair
      treads as it is moved up or down stairwells. When in an "at rest"
      position, the cleaner is supported by the roller 90 and the front wall 11.
PAR  The housing 10 is provided with a transverse first partition 13 positioned
      in selected space relation parallel with and rearwardly of the front wall
      11 (FIG. 2.). The depending edge of the first partition 13 lies in the
      plane defined by the depending edges of the side walls and front wall
      while its upper limit is less in a horizontal plane than the height of the
      front wall 11, thus forming a suction nozzle 3 extending between the side
      walls 17. The front wall 13a of recovery chamber 30 extends from the top
      of first partition 13 vertically away from the top of the housing to the
      lower part of the housing. The bottom wall 13b of recovery chamber 30
      slopes rearwardly and gradually downwardly therefrom. Shield 16 extends
      upwardly from bottom wall 13b between side walls 17 generally to the top
      of recovery chamber 30 to prevent suds and water from flowing into blower
      50. A continuation 13c of bottom wall 13b extends rearwardly a short
      distance from shield 16, on a plane above the level of the rear of bottom
      wall 13b.
PAR  A second partition 14 extends upwardly from the rear of continuation wall
      13c between side walls 17 and divides the lower housing 10 into the
      forward recovery section and a rearward equipment section. The equipment
      section is closed at its rear by a metal plate 12 fastened to the rear
      bottom edge of casing 20. Blower means 50, comprising an impeller 51
      driven by motor 52 is positioned within the housing with impeller 51
      closely adjacent and behind the second partition 14. An opening 53 is
      provided in partition 14 whereby blower 50 draws air therethrough. The
      shield 16 which protects blower 50 terminates, at its upper horizontal
      limit, in downwardly spaced relation with respect to the plane of the top
      cover 15 that position to define a passageway 18 over the top of shield
      16. Shield 16 is positioned in parallel spaced relation forwardly of the
      vertical second partition 14 to form an air compartment 35 communicating
      with the blower opening 53. A screen 36 extends between the upper limits
      of the shield 16 and the second partition 14 defining the opening of the
      air compartment 35 and acts to exclude contaminants from air compartment
      35. The shield 16 and screen 36 also act to inhibit flow of used cleaning
      fluid (and its associated foam) into air compartment 35.
PAR  Recovery chamber 30 is very small and compact. It is approximately 4 and
      1/4 inches deep at the front. Shield 16 is approximately 6 to 7 inches
      tall. Recovery chamber 30 is approximately 9 to 10 inches wide from side
      to side. At its bottom, it is approximately 3 and 1/2 inches from front to
      back and at its top, is approximately 5 to 6 inches from front to back.
      Thus, the direct line distance between the opening of nozzle 3 in the
      recovery chamber 30 and the top of shield 16 is only about 6 inches. This
      extremely compact construction results in blower 50 being extremely
      effective in drawing air and water through suction nozzle 3. Yet, air and
      water separation is efficiently effected even in this very compact space
      as a result of the unique baffle arrangement of the present invention.
PAR  Lower housing 10 is covered by a molded plastic top cover 15 which is
      hingedly mounted to the lower housing 10 above second partition 14 (FIGS.
      1 and 2). Cover 15 is trimmed by a flat border 15d (FIGS. 2, 8 and 9)
      which seats on the top edges of front wall 11, side walls 17, and second
      partition 14. Integrally fromed into cover 15 is a downwardly projecting
      forward baffle 15a spaced in close proximity to the opening of suction
      nozzle 3 where it enters recovery chamber 30. Baffle 15a causes an abrupt
      downward flow of air and used cleaning fluid into the chamber and helps
      separate air from the cleaning fluid. Cover 15 includes a raised portion
      over the top of shield 16 formed by a wall 15c sloping upwardly and
      rearwardly from the bottom of baffle 15a and by a generally horizontal
      surface 15b which blends back into border 15d. The surfaces 15b and 15c
      serve as a baffle arching outwardly and downwardly over shield 16 to
      create a passageway 18 of gradually diminishing flow area around and over
      shield 16 which channels air flow into air compartment 35 further aiding
      efficient separation of cleaning fluid and air. At its narrowest point,
      this passageway 18 is lesser in flow area than recovery chamber 30 or air
      compartment 35. The top cover 15 is transparent so as to enable the
      cleaner operator to monitor the cleaner's internal workings.
PAR  A spray nozzle 40 is mounted below the upper part of first partition 13 and
      is suspended thereat by support brackets 41. Nozzle 40 applies a spray of
      cleaning fluid coextensive with the transverse distance between the side
      walls 17.
PAR  As shown in FIGS. 1, 2, and 5, means for supplying additive is provided by
      container 61 which is mounted into a holder well 20a where control casing
      20 contacts lower housing 10. Well 20a is a recess or depression
      integrally molded into the upper surface of control casing 20. Container
      61 supplies additive through tubing 62 which runs from a hole in the
      bottom of well 20a through the control casing 20 to adjustment valve 22
      and thereafter into injector 26. At injector 26, the additive is dispersed
      into supply tubing 25 which supplies nozzle 40. The hole in the bottom of
      well 20a is covered by a screen 24a to minimize contaminant flow to
      injector 26.
PAR  An elongated length of flexible supply tubing 25 is connected at one end
      with spray nozzle 40 and at the other end with compartmentalized tubing 23
      which is connected to plumbing fixture 74 (shown in FIGS. 7 and 8).
PAR  A fluid pump 37 is mounted against rear plate 12 below and to one side of
      motor 52 (shown in FIG. 2 and schematic FIG. 5). The intake port of the
      pump 37 is connected to pump supply tube 38 which extends through second
      partition 14 and communicates with used cleaning fluid chamber 30. The
      output port of the pump 37 is connected to discharge tubing 24 which
      extends through the housing 10 and is connected to compartmentalized
      tubing 23. As seen in FIG. 6, compartmentalized tubing 23 is connected to
      plumbing fixture 74 whose associated sink 71 provides a drain for
      discharged used cleaning fluid.
PAR  A large area filtering system is used to filter the used cleaning fluid
      before it enters pump 37. In the preferred embodiment, the bottom of used
      cleaning fluid chamber 30 shown in FIG. 3 is covered by filter 31,
      horizontal screen 32 (both shown in FIG. 4), and "V" screen 33 (shown in
      FIG. 3) so as to filter cleaning fluid discharge to prevent system
      clogging, etc. "V" screen 33 is rigidly attached to first partition 13 and
      projects upwardly from the sloping floor 13b of recovery chamber 30.
      Filter 31 and screen 32 are stacked on top of "V" screen 33, spaced above
      chamber bottom 13b and above the outlet to pump tube 38, as shown in FIG.
      2.
PAR  Filter 31 and screen 32 conform to the shape of chamber 30 thereby covering
      as wide an area as possible. This wide area filter minimizes filter
      clogging problems. Preferably, the filter 31 is made of plastic
      sponge-like foam and screen 32 is a wire mesh screen.
PAR  FIG. 7 shows a vertical cross section of the fixture connector 70 which is
      generally an inverted "Y" configuration. The upper part of the inverted
      "Y" consists of a female connector joint 73 which is detachably connected
      to male connector joint 72. Female connector joint 73 is preferably
      attached to the plumbing fixture 74 by threading it into the discharge
      system of the fixture. The female connector 73 and male connector 72
      preferably consist of a quick-connect type connection wherein attachment
      of the male connector joint 72 to female connector joint 73 is
      accomplished by insertion of the male connector joint 72 into the female
      connector joint 73. By so doing, the shrouding 75 of the female connector
      joint 73 is displaced upwardly causing water-tight contact of the
      connector joints. After such contact, the shrouding 75 slips over the
      ridges 76 of the male connector joint 72 to removably and securely attach
      the connector joints. The compartmentalized tubing 23 consists in the
      preferred embodiment of smaller diameter supply tube 27 housed within
      larger diameter discharge tube 29. The diameter differences are such that
      an adequate flow of discharged, used cleaning fluid is allowed. The male
      connector joint 72 is attached to supply tube 27 by means of a pinch
      washer 77 which is attached to the lower extension 78 of the connector
      joint. "Y" housing 79 is attached to discharge tube 29 and extends from
      around the discharge tube so as to form a holder for the male connector
      joint 72 which acts as a support for supply tube 27. The "Y" housing 79 in
      the preferred embodiment is threaded so that threaded male connector joint
      72 can be readily attached to the housing. The housing 79 has a downwardly
      directed discharge exit 80 which is in communication with discharge tube
      29 through lateral housing space 81 which is the open area between the
      walls of housing 79 and supply tube 27. The discharge tube 29 is attached
      on the housing 79 by threading connector 82 onto housing intake threads
      83. The connector 82 allows rotation of its thread elements 84 without
      rotation of its discharge tube attachment elements 85 so as to allow
      rotation of the thread elements 84 to attach the connector 82 to the
      housing 79 without associated rotation of the discharge tube 29. As the
      supply liquid flows through the male connector joint 72 and supply tubing
      27, used cleaning fluid flows through the discharge tube 29 into the flow
      space 81 which surrounds the supply tube 27 and departs from the connector
      through discharge exit 80.
PAR  The "Y" connector 70a within control casing 20 is similar to "Y" connector
      70, except for the absence of any quick disconnect feature.
PAC  OPERATION
PAR  In operation, the supply tube 25 and discharge tube 24, connect
      respectively with the handle 21 and via the compartmentalized tubing 23 to
      plumbing fixture 74. By means of electrical wiring (not shown), blower 50
      and pump 37 are activated. Supply cut-off valve 28 is opened and the
      cleaning fluid begins to spray on the surface to be cleaned from nozzle
      40. Adjustment valve 22 is used to control the flow of the additive into
      the cleaning fluid. In this preferred embodiment, the additive container
      61 is transparent so as to enable the operator to control flow of the
      additive 62 into the cleaning fluid by visually regulating air bubble 63
      flow into the additive container 61. The device is pulled across the
      surface to be cleaned so that nozzle 3 and the depending edge of the front
      wall 11 remain in contact with the surface being cleaned. Cleaning agent
      is sprayed on the surface being cleaned as the apparatus is manually
      pulled in a rearward direction so that the sprayed liquid loosens and
      picks up dirt and then is immediately sucked into nozzle 3 before having a
      chance to settle into the carpet again. The used cleaning fluid is drawn
      upwardly in the direction of the air flow through suction nozzle 3 and
      into the used cleaning fluid chamber 30 where the air and water separates.
      The air enters the compartment 35 and is discharged from the housing by
      the impeller 51, while the water is removed by pump 37 through the
      compartmentalized tubing 23 through the "Y" connector 70 to the sink 71.
PAR  The first baffle 15a on molded plastic top cover 15 causes an abrupt
      downward change of air flow from the section nozzle 3 so as to cause
      separation of used cleaning fluid and air and prevent liquid from being
      sucked directly through passageway 18. The planar surface 15c on the
      baffle top cover 15 in conjunction with the horizontal surface 15b and
      shield 16 causes a decrease in area flow space available to the air being
      drawn out from the chamber 30. This further channeling of air flow aided
      by screen 36 effectively completes the separation of air from the cleaning
      fluid, particularly its associated foam.
PAR  It will be understood that various changes in the details, materials,
      steps, and arrangement of parts, which have been herein described and
      illustrated in order to explain the nature of the invention, may be made
      by those skilled in the art within the principle and scope of the
      invention as described in the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A portable surface cleaning apparatus comprising: a housing defining a
      used cleaning fluid recovery chamber having front and rear walls and an
      open top; means on said housing for facilitating movement of said housing
      over the surface to be cleaned; a surface engaging suction nozzle on said
      housing in front of and adjacent said front wall of said recovery chamber,
      and opening into the top of said recoverry chamber, through which used
      cleaning fluid is drawn into said recovery chamber; a passageway generally
      at the rear of said recovery chamber and including an opening through the
      rear wall of said recovery chamber; blower means located in the rear of
      said housing adjacent and behind said recovery chamber rear wall and in
      flow communication with said recovery chamber through said passageway and
      said opening for effecting the rapid evacuation of air from said recovery
      chamber, causing a large volume of air and used cleaning fluid to be drawn
      through said suction nozzle; a shield extending upwardly from the bottom
      of said recovery chamber generally to the top thereof, said shield being
      located in front of and spaced from said rear wall and from said blower
      means; a cover on said recovery chamber, said cover including a raised
      portion located generally above said shield to define a space between the
      top of said shield and said cover, said space defining a portion of said
      passageway; said cover including a downwardly depending portion defining a
      first baffle at the top of said recovery chamber, adjacent and to the rear
      of said opening of said suction nozzle into said recovery chamber whereby
      air and used cleaning fluid being drawn through said nozzle and into said
      recovery chamber are directed downwardly into said recovery chamber by
      said first baffle.
NUM  2.
PAR  2. A portable surface cleaning apparatus comprising: a housing defining a
      used cleaning fluid recovery chamber having front and rear walls and an
      open top; means on said housing for facilitating movement of said housing
      over the surface to be cleaned; a surface engaging suction nozzle on said
      housing in front of said front wall and opening into the top of said
      recovery chamber through which used cleaning fluid is drawn into said
      recovery chamber; a passageway generally at the rear of said recovery
      chamber and including an opening through said rear wall of said recovery
      chamber; blower means in flow communication with said recovery chamber
      through said passageway and said opening for effecting the rapid
      evacuation of air from said recovery chamber, causing a large volume of
      air and used cleaning fluid to be drawn through said suction nozzle; said
      blower means being positioned behind said rear wall of said recovery
      chamber within said housing; a shield extending upwardly from the bottom
      of said recovery chamber in front of and spaced from said rear wall and
      from said blower means for preventing liquid from being drawn into said
      blower means; a first baffle at the top of said recovery chamber, adjacent
      and to the rear of said opening of said suction nozzle into said recovery
      chamber whereby air and used cleaning fluid being drawn through said
      nozzle and into said recovery chamber are directed downwardly into said
      recovery chamber by said first baffle; a second baffle arching over said
      shield and downwardly in front of said shield to further define said
      passageway, and passageway, said passageway progressively decreasing in
      flow area as it approaches the top of said shield from the front whereby
      said shield blocks the flow of used cleaning fluid and suds through said
      passageway, over the top of said shield.
NUM  3.
PAR  3. The apparatus of claim 2 including a molded cover for said recovery
      chamber; said cover being molded to a configuration defining said first
      and second baffles.
NUM  4.
PAR  4. The apparatus of claim 1 in which said cover is a molded plastic cover;
      said downwardly depending portion of said cover blending into said
      upwardly raised portion of said cover.
NUM  5.
PAR  5. The apparatus of claim 1 comprising: pump means positioned within said
      housing adjacent said recovery chamber and in flow communication with said
      recovery chamber for pumping liquid and suds out of said recovery chamber;
      a conduit operably connected to said pump means through which liquid and
      suds can be pumped to a discharge point remote from said housing.
NUM  6.
PAR  6. The apparatus of claim 2 comprising: pump means positioned within said
      housing adjacent said recovery chamber and in flow communication with said
      recovery chamber for pumping liquid and suds out of said recovery chamber;
      a conduit operably connected to said pump means through which liquid and
      suds can be pumped to a discharge point remote from said housing.
NUM  7.
PAR  7. A portable surface cleaning apparatus comprising: a housing defining a
      used cleaning fluid recovery chamber having front and rear walls and an
      open top; means on said housing for facilitating said housing over the
      surface to be cleaned; a suction nozzle on said housing adjacent said
      front wall of and opening into the top of said recovery chamber; a
      passageway generally at the rear of said recovery chamber and including an
      opening through said rear wall of said recovery chamber; blower means
      positioned within said housing at the rear of said recovery chamber behind
      said rear wall of said recovery chamber and in flow communication with
      said recovery chamber through said passageway and said opening for
      effecting the rapid evacuation of air from said recovery chamber, causing
      a large volume of air and used cleaning fluid to be drawn through said
      suction nozzle; a shield extending upwardly from the bottom of said
      recovery chamber in front of and spaced from said rear wall and from said
      blower means for preventing liquid from being drawn into said blower
      means; pump means positioned within said housing adjacent said recovery
      chamber and in flow communication with said recovery chamber for pumping
      liquid and suds out of said recovery chamber; a conduit operably connected
      to said pump means through which liquid and suds can be pumped to a
      discharge point remote from said housing; a cover removeably mounted on
      the top of said housing over the open top of said recovery chamber, said
      cover defining a first baffle at the top of said recovery chamber,
      adjacent and to the rear of said opening of said suction nozzle into said
      recovery chamber whereby air and used cleaning fluid being drawn through
      said nozzle and into said recovery chamber are directed downwardly into
      said recovery chamber by said first baffle.
NUM  8.
PAR  8. The apparatus of claim 7 in which said cover is a molded plastic cover;
      said downwardly depending portion of said cover blending into said
      upwardly raised portion of said cover.
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ABST
PAL  A vehicle for cleaning pavements or narrow places comprising a motorcycle,
      tri-cycle or four-wheel narrow vehicle having at least on one side at the
      front or rear thereof an elongated funnel through which dirt is drawn by
      means of a vacuum pump into a container on the vehicle. The funnel is
      retractable when the vehicle encounters an obstruction.
PARN
PAR  This is a Continuation-in-Part application to my pending application, Ser.
      No. 271.927 filed July 14, 1972, and now abandoned, entitled "VEHICLE FOR
      CLEANING PAVEMENTS."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to vehicles for cleaning pavements of city
      streets, yards, and other narrow places where large motorized street
      cleaning machines do not have ready access.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Pavements of city streets are generally swept manually by non-skilled
      workers who either walk back and forth along the pavement pushing a broom
      and thus cleaning a certain length of pavement. They may also walk back
      and forth across the pavement between the curbstone and the wall, sweeping
      the pavement along its width. It will be appreciated that this manual
      cleaning of streets is time consuming and very expensive in labor cost.
PAR  The present invention seeks to provide a vehicle for cleaning pavements
      which can accomplish the work of many workers in a short time, thus saving
      large labor cost and time for the city.
PAR  The invention comprises a vehicle for cleaning pavements, to at least one
      side of which at the rear part thereof an elongated rectangular funnel is
      articulated, which, through a vacuum pump operated by a motor carried by
      the vehicle, is in communication with a dust-collecting container,
      likewise carried by the vehicle, means being provided to retract said
      funnel when it encounters an obstruction. The vehicle may be a motorcycle,
      a tricycle or a narrow four-wheel structure.
PAR  In a preferred embodiment of the invention, a funnel is articulated at
      either side of a motorcycle.
PAR  The means for extending and retracting said funnel may be manual, such as a
      spring-actuated push-rod operated by the driver. According to a preferred
      embodiment of the invention the means for retracting the said funnel
      comprise a hydraulic or pneumatic cylinder and piston, articulated between
      the side of the vehicle and the funnel.
PAR  The prior art discloses heavy cleaning machines or vehicles which may
      properly operate on roads, but are incapable of efficiently and quickly
      cleaning side-pavements for pedestrians.
PAR  The patent to Wilson, et al. U.S. Pat. No. 3.345.671 shows two forward
      castors 12 and two rear drive wheels 14 near the longitudinal center line
      of the vehicle. Thus the patent does not show a motorcycle or a tricycle
      as envisaged by Applicant.
PAR  The Italian patent to Tamini, No. 502,056, does not describe a three-wheel
      vehicle. The patent only mentions that the vehicle may be mechanical or
      animal drawn.
PAR  Furthermore, the prior art publications, aside from dealing with heavy
      vehicles, inasmuch as they allow retraction of sweeping brushes into the
      vehicle at all, do not contemplate swinging movements at such wide angles
      as envisaged by the present invention. All that the brushes can perform is
      a slight movement out of the vehicle during cleaning and their return to
      the underside of the vehicle's chassis.
PAR  In contrast thereto, the funnel of Applicant's vehicle can be deflected up
      to an angle of 90.degree. and can be retracted almost completely to lie
      adjacent the side of the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  A vehicle for cleaning pavements comprising of at least one elongated
      funnel pivotably fastened to a side of the vehicle at the rear part
      thereof, a dust collecting container removably mounted on the rear part of
      the vehicle and a motor-pump, wherein the funnel can be deflected up to a
      right angle relative to the vehicle and retracted therefrom, enabling the
      vehicle to move in sharp turns and clean narrow spaces.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic perspective view of one embodiment of the vehicle for
      cleaning pavements according to the invention;
PAR  FIG. 2 is a perspective view on a larger scale of a funnel and its
      mounting;
PAR  FIG. 3 is a schematic side elevation of another embodiment of a vehicle for
      cleaning pavements according to the invention;
PAR  FIG. 4 is a schematic plan view thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, the vehicle according to the invention comprises a motorcycle
      indicated generally at 1, which has mounted to its rear end a motor 2
      which operates a vacuum pump (not shown). Said pump is by means of a
      flexible pipe 3 on either side of the motorcycle in communication with an
      elongated funnel 4, the mouth 5 of which is rectangular and faces the
      front of the motorcycle during the normal cleaning operation of the
      vehicle. The inner end of funnel 4, i.e. the end which lies adjacent
      motorcycle 1 is provided with an apertured lug 6 which extends outwardly
      and is engaged between two similarly apertured lugs 7 of a connecting
      number 8. A vertically extending pin 9 is inserted into the registering
      apertures of lugs 6 and 7 so that funnel 4 can be swung about a vertical
      axis. Connecting member 8 has a horizontal bore 10 through which a pin
      (not shown) extends, the pin being mounted in bearings (not shown) fixed
      to the back of the body of the motorcycle. In order to support the funnel
      4 at the side remote from its mounting, a castor wheel 11 is fixed to the
      outside of the funnel.
PAR  Each funnel is adapted to be extended up to an angle of approximately
      90.degree. relative to the motorcycle and is adapted to be retracted
      completely to lie adjacent the side of the motorcycle, or to extend at any
      angle between these positions, the angle being determined by the degree
      necessary to by-pass any obstruction, e.g. lamp post, tree or the like, on
      the side walk. The retraction or extension is effected by means of a
      hydraulic cylinder 12 whose piston rod 13 is articulated at 14 to the
      funnel 4, the cylinder 12 being articulated by means of bracket connection
      15 to the body of the motorcycle. The hydraulic cylinders may be connected
      into the hydraulic system of the motorcycle itself or they may have their
      own hydraulic supply line. The cylinders are operated by the driver by
      means of a control 16 near the handle bars, whenever he sees an
      obstruction or whenever castors 11 encounter an obstruction.
PAR  A dust-collecting container 17 in the form of a porous sack is removably
      mounted on the rear part of the vehicle behind the funnel and is supported
      by a rack 19 mounted in horizontal position to the back end of the
      motorcycle. The sack 17 may be attached to the pump by screws and may have
      a slide fastener at its side to facilitate the removal of the collected
      dirt. If desired, it may be hooked to a bracket or the like being mounted
      in vertical position. There may be one common dust collecting sack for
      both funnels or there may be one for each funnel.
PAR  If desired, a roller brush (not shown) may be mounted in front of each
      funnel mouth and supported from the sides of the funnel in such a manner
      that it is freely rotatable owing to the frictional contact with the
      pavement, sweeping and throwing the dust into the mouth of the funnel.
PAR  In the following description, relative to FIGS. 3 and 4, parts similar to
      those of FIGS. 1 and 2 have been referenced with the same numerals.
PAR  Here, the vehicle for cleaning pavements comprises a tricycle or
      four-wheeled vehicle 2, having a seat 21 and a steering wheel 22 which for
      the sake of clarity have been shown in the drawings to be of small size,
      but, in fact, are much larger. The funnels 5 may be articulated at the
      front or rear at both sides of the vehicle and are retracted or extended
      as required by piston rod 13 of the hydraulic cylinder 12 which is
      pivotally attached to the vehicle. The vacuum pump and motor 2 which are
      mounted on the vehicle are in communication with funnel 5 by means of pipe
      3, the dust collector 17 which in this case extends over the width of the
      entire vehicle being mounted at its rear.
PAR  The extreme positions of the funnel 5 are shown in dash-dotted lines in
      FIG. 4 and it will be appreciated that even though the vehicle is of
      narrow width, the cleaning operation can be carried out over a much
      greater width.
CLMS
STM  What it is desired to secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A light, versatile vehicle for cleaning narrow passages, comprising:
PA1  a. two wheels secured to the vehicle, which comprise the sole support for
      the vehicle, and which are arranged in tandem fashion, the forward wheel
      being steerable,
PA1  b. at least one elongated rectangular funnel pivotably fastened to a side
      of the vehicle at the rear part thereof,
PA1  c. a dust collecting container carried on the vehicle and removably
      connected to the rear part thereof behind said at least one funnel,
PA1  d. a vacuum pump and a motor for operating the same, both mounted onto the
      vehicle,
PA1  e. means associated with the pump for providing communication between the
      said at least one funnel and the container,
PA1  f. means for deflecting the said at least one funnel up to an angle of 90
      .degree. relative to the longitudinal axis of the vehicle, and
PA1  means for retracting the said at least one funnel upon encountering an
      obstruction to lie adjacent the side of the vehicle.
PAL  whereby the vehicle is capable of moving in sharp curves while cleaning
      sidewalks, narrow passages and insides of containers.
NUM  2.
PAR  2. A vehicle as claimed in claim 1, wherein said at least one funnel
      comprises two funnels of said configuration, each funnel respectively
      fastened in said manner, to a side of the vehicle at the rear part
      thereof.
NUM  3.
PAR  3. A vehicle as claimed in claim 1 wherein the means for retracting the
      said at least one funnel comprise a hydraulic cylinder and piston
      pivotably connected between the said side of the vehicle and the said at
      least one funnel.
NUM  4.
PAR  4. A vehicle as claimed in claim 1 wherein the means for retracting the
      said at least one funnel comprise a pneumatic cylinder and piston
      pivotably connected between the said side of the vehicle and the said at
      least one funnel.
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ABST
PAL  A window stay for swingably mounting a window sash on a window frame,
      comprises a pair of vertically superposed stub mounting plates secured to
      one of the sash and frame, and at least one further mounting plate secured
      to the other of the sash and frame. A pair of arms pivotally interconnect
      each stub mounting plate with the further mounting plate or plates. One of
      the pivotal connections of the arms is a friction joint of special form.
BSUM
PAR  This invention relates to improvements in stays designed for use in the
      adjustable mounting of windows or the like.
PAR  It is already known to provide a window stay having a window frame mounting
      plate, two arms of different length each pivoted at one end to the window
      frame mounting plate and a window sash mounting plate pivoted to the other
      ends of the two arms, each pivot being a wear-resistant friction type
      joint.
PAR  Such a window stay has been employed upon a type of window known as the
      "one inch domestic steel window". The window type has been used
      extensively in many overseas countries. This window has a cavity dimension
      between sash and frame elements of only 7/8 .times. 15/32 inch. The
      shallow front-to-back dimension of 7/8 inch provides very little depth for
      an upper arm of the window stay as mentioned above to close to a critical
      forward-leaning angle. Accordingly it has been necessary to incorporate a
      very short upper arm in the earlier stay which in turn seriously limited
      the room over the top of the sash for cleaning purposes.
PAR  It has been found in the past that if a longer upper arm is used, it
      requires a greater degree of compressive strength in the lower arm than
      has been available with the normal 1/8 inch thick lower arm used to date.
      There has been no room available within the 15/32 inch width dimension of
      the cavity for a greater lower arm thickness than 1/8 inch because the 1/8
      inch required for both the sash mounting plate and the frame mounting
      plate of the earlier stay.
PAR  It has therefore been necessary to manufacture such stays to an extremely
      fine degree of accuracy; no facility for adjustment of "pull-in" at the
      top of the sash has been possible with the result that the stays have not
      been particularly easy to fit. It has not been possible for the window
      manufacturer to reduce the sash cover to provide a 1/2 inch wide cavity
      and consequently no room has been available in the cavity to provide
      thicker arms as required for longer stays for very large sashes.
PAR  The present invention is concerned with a stay of an improved construction.
PAR  Generally the invention consists of a window stay having two window-frame,
      or window-sash, mounting plates each plate being of stub form and pivoted
      to one end of an arm the other end of which is pivoted to a single
      window-frame, or window-sash, mounting plate, and at least one of the
      pivots being a wear-resistant friction type joint.
DRWD
PAR  In further describing the invention, by way of example, reference will be
      made hereinafter to the accompanying drawing, in which:
PAR  FIG. 1 is a side view of the stay,
PAR  FIG. 2 is an enlarged cross-section taken on the line 2--2 in FIG. 1,
PAR  FIGS. 3 and 4 are side views of alternative forms of the stay.
DETD
PAR  In further describing the invention, as a preferred embodiment, each
      window-frame mounting plate is of relatively short length, such as about 2
      inches, but of course this is dependent upon size of stay. The upper plate
      10 has a number of holes 11 positioned along its length for the reception
      of fastening rivets, screws etc by which it will be attached to a window
      frame (not shown). There can be two of these holes 11, one positioned at
      each side of the plate's pivot 12 to an upper one 13 of the two arms.
PAR  The other window-frame mounting plate 14 is pivoted to a lower arm 15 at an
      upper end of such plate. This other plate 14 has at one or more slots 16
      suitably positioned at points along its length for the reception of
      fastening rivets, screws, etc. by which it can be adjustably attached to
      the window frame. The or each slot 16 extends centrally in line with the
      plate length.
PAR  The lower arm 15 may be thicker than that of the upper arm 13 and has a
      portion 17 milled away about its pivot 18 to the lower window-frame
      mounting plate 14. This milled-out portion 17 is such as to take the
      thickness of the lower plate 14 and also to allow the arm 15 to turn about
      its pivot 18 with such plate. Suitably it is desired to have a lower arm
      15 of about twice the thickness of the plate 14. The milled-out portion 17
      has a radiused end so as to take a similarly radiused end of the plate 14.
      In a modification (not shown) a relevant portion of the plate can be
      milled away, or even parts of the arm and the plate respectively.
PAR  The wear-resistant friction type pivot joints are as disclosed and claimed
      in my U.S. Pat. No. 3,497,909. Around its pivot hole each mounting plate
      10 or 14 has a dimple raised by pressed metal displacement the metal of
      the plate being actually semi-sheared. This provides a countersink 20
      below for a tail 21 of the pivot rivet 22 and a raised surface above for
      clearance of the arm 13 or 15. A special washer 24 of a self-lubricating
      plastics material such as Nylon is provided, which washer is formed in its
      cross-section with an annular recessed area to suit the raised dimple
      about the pivot hole. This washer 24 is inserted between the plate 10 or
      14 and arm 13 or 15 so as to prevent metal to metal contact when under the
      pressure applied by the riveting.
PAR  When a pair of the stays is employed to mount a window sash to a window
      frame by reason of the window sash mounting plates 25 pivoted to the
      respective ends of the two short separate window-frame mounting plates 10
      and 14 and having openings 25a therethrough for securement to the sash, a
      considerable portion of the plate as in my original stay has been
      eliminated, thus providing more room for the thicker lower arm 15. This
      also permits the incorporation of a relatively longer upper arm 13
      therefore providing room over the window sash for cleaning.
PAR  By reason of the provision of the adjusting slot or slots 16 for the
      reception of window-frame fixing screws in the lower frame mounting plate
      14, this permits the slight raising or lowering of such plate. This
      provides for adjustment of the degree of "pull-in" at the top of the
      window sash; and this is desirable to compensate for slight inaccuracies
      in the manufacture of either the window or the stays, or to provide for
      the varying requirements of different markets and weather conditions.
PAR  By the milled portion 17 of the lower arm 15 and insetting the end of the
      associated mounting plate 14, this reduces their combined thickness.
PAR  By the press displacement of the raised dimple around the pivot bearing
      holes, this provides the installation of the special Nylon bearing washer
      24 to eliminate possibility of metal contact between arm and plate at this
      locality.
PAR  As previously indicated the above-mentioned features can be alternatively
      incorporated in the window-sash mounting plates and the lower arm as shown
      in FIG. 3 or can be incorporated in both arms as shown in FIG. 4,
      references 10', 12', 13', 14', 15', 18', 25' and 25a' are included to
      indicate parts similar or relative to FIG. 1.
PAR  The result is by virtue of such a construction a more economical stay by
      reason of the elimination of the material as previously used for the
      respective mounting plate in my original stay. It is an easier stay both
      to manufacture and to install, allows for a slightly reduced window-frame
      cavity width if required, a longer and more solid stay, and room over the
      sash for cleaning.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A window stay for swingably mounting a window sash on a window frame,
      said stay comprising two mounting plates, two arms each of which is
      pivoted at one end to a said mounting plate, a single mounting plate to
      which the other end of each arm is pivotally mounted, at least one of the
      pivot joints at the ends of said arms being a wear resistant friction
      joint, said mounting plates having openings therethrough for securing said
      mounting plates to one of said frame and sash, and said single mounting
      plate having openings therethrough for securing said single mounting plate
      to the other of said frame and sash.
NUM  2.
PAR  2. A window stay as claimed in claim 1, one of said mounting plates having
      a hole disposed at each side of its pivot for the reception of a
      fastening.
NUM  3.
PAR  3. A window stay as claimed in claim 2, said mounting plates being
      vertically superposed, the lower said mounting plate having at least one
      slot extending lengthwise thereof for the reception of a fastening.
NUM  4.
PAR  4. A window stay as claimed in claim 1, said arms being vertically
      superposed, the lower of said arm being thicker in cross section than the
      upper of said arms, said lower arm having a milled out portion about its
      pivot to the adjacent said mounting plate, said milled out portion being
      of a size and shape sufficient to allow said arm to turn about its pivot
      with said adjacent mounting plate, said milled out portion having a
      radiused end that receives a similarly radiused end of said adjacent
      mounting plate.
NUM  5.
PAR  5. A window stay as claimed in claim 2, said mounting plates being
      vertically superposed and the lower said stub mounting plate having a
      milled out portion about its pivot with the associated said arm, said
      milled out portion receiving the adjacent end of said arm and permitting
      said arm to turn about said pivot.
NUM  6.
PAR  6. A window stay as claimed in claim 1, said friction joint comprising a
      raised dimple of pressed metal, said dimple being semi-sheared to provide
      a counter sink for the tail of a pivot rivet and a raised surface for
      clearance of the associated said arm, a self-lubricating plastic washer
      having in its cross section an annular recessed area to receive said
      dimple, said washer being disposed between the adjacent said mounting
      plate and the adjacent said arm to prevent contact of the arm and mounting
      plate.
NUM  7.
PAR  7. A window stay for swingably mounting a window sash on a window frame,
      said stay comprising two mounting plates, two arms one pivoted at one end
      to each said mounting plate, the other end of each arm being pivoted to a
      separate further mounting plate, at least one of the pivot joints at the
      ends of said arms being a wear resistant friction joint, said mounting
      plates having openings therethrough for securing said mounting plates to
      one of said sash and frame, and said further mounting plates having
      openings therethrough for securing said further mounting plates to the
      other of said sash and frame.
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ABST
PAL  An apparatus for shaping successive molded articles from moldable material
      such as flat food patties from ground beef, ground fish and other moldable
      food materials. The apparatus has a mold opening in a movable mold for
      receiving a pressurized charge of the moldable material, an entrance to
      the mold, a vent from the mold opening spaced from the mold entrance for
      venting air displaced by the pressurized charge entering the mold opening,
      and a rigid valve between the mold entrance and vent movable into
      engagement with a valve seat before the pressurized charge reaches the
      vent to close the vent when the valve member is displaced by the advancing
      pressurized charge. The result is that the air and any other gases present
      are expelled from the mold opening automatically by the pressure of the
      entering charge and the vent is then automatically closed to prevent any
      substantial loss of the material through the vent. Then the moving of the
      mold as to an ejecting position automatically reopens the valve.
PAL  The disclosure also includes a combined mold and valved air vent means for
      use in an apparatus for pressure shaping articles from a moldable patty
      material in which the combination includes a mold plate having opposite
      surfaces and a mold opening extending through the plate with one of the
      surfaces comprising a defining surface for one side of an air vent
      directing air from the opening under the pressure of an entering
      pressurized charge of moldable material, a rigid valve within the opening
      at the peripheral edge thereof with the valve being mounted for movement
      relative to this edge to vent closing position when the valve is subjected
      to the pressurized entering material and a retainer for retaining the
      valve in the mold in a normally open vent position when the mold opening
      is substantially empty.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of pressure molding moldable material to
      form a shaped article and specifically relates to pressure molding a patty
      of a moldable food material such as ground raw beef and other shapable and
      plastic food materials by compressing the moldable material into a mold
      opening of a movable mold to give it a desired shape.
PAR  The invention particularly pertains to an automatically operable valved
      vent structure in which air and such fluids as are within the mold opening
      are ejected from the opening by the pressure of the advancing pressurized
      charge of material and with a rigid valve member such as a metal valve
      member being automatically moved to vent closing position when the mold
      opening is filled with the moldable material. This movement of the valve
      member is caused by the pressure of the advancing pressurized material.
      The valve is automatically returned to open position when the mold is
      moved to a second position such as one in which the molded article is
      removed.
PAC  SUMMARY OF THE INVENTION
PAR  In the pressure molding and shaping of plastic material by directing a
      pressurized charge of material into a mold opening the entrapped air not
      only requires great pressure to fill the opening but also results
      frequently in misshapen articles because the entrapped air prevents the
      article from being shaped smoothly and uniformly.
PAR  These problems are particularly acute in molding food articles such as food
      patties from ground beef, ground fish and the like. The reasons include
      the fact that in order to fill a mold opening such as a patty shaped
      opening in a reciprocable mold plate (as illustrated in the prior patty
      machine patents assigned to the same assignee as the present application)
      the pressure required to overcome the resistance of the trapped air is so
      great that the food material, and particularly the ground raw beef in
      forming hamburger patties, is excessively compressed which tends to expel
      juices, make the meat tough by excessive "working" and produces a patty
      that when cooked has a solid texture and a flavor that are inferior to a
      hand shaped patty such as are made and cooked at home.
PAR  The above difficulties are avoided with the structure of this invention
      wherein the air and any other gases present in the mold opening are
      automatically expelled through a vent provided for this purpose by the
      incoming charge of pressurized material and then automatically closed
      before any substantial loss of this material.
PAR  Among the advantages achieved by this invention are the following: The meat
      is kept loose and "fluffy" as it is not toughened nor are juices expelled
      by excessive pressure and "working" because with this invention the only
      pressure required is that necessary to force the material into the mold
      opening. Very little power is required by the presence in the mold opening
      of air as it is vented through a relatively free vent. Furthermore, the
      power requirements of a molding apparatus embodying the invention are
      greatly reduced because it is now not necessary to exert the great
      pressures previously required on the material and particularly plastic
      food material in order to fill the mold opening completely with the
      material and at the same time expel the entrapped air.
PAR  By venting air from the mold opening the resulting patties, for example,
      are formed precisely to the shape of the mold. Also, because there is no
      excess of trapped air the patty does not fall apart neither in the raw
      state nor especially during and after cooking. Likewise, the absence of
      excess trapped air permits a round patty to maintain this shape during
      cooking.
PAR  Hamburger patties produced with the apparatus of this invention have the
      appearance, texture and the "eating" qualities after cooking of a high
      grade hand produced patty where the meat is customarily formed in a mass
      and then flattened on the cooking surface with a hand spatula. Thus the
      patty when formed in the apparatus of this invention has a superior
      appearance as it is uniform throughout because of the absence of excessive
      amounts of trapped air and the avoidance of excessive pressure on the
      moldable material. The patties also have a uniform size and shape where
      successive patties are produced in the same mold opening. The cooked patty
      has a "fluffy" texture and "bitability" similar to the hand made patties.
      In fact, the differences when eating a cooked patty made in the apparatus
      embodying this invention are so remarkable that the meat from which the
      patties are made appears to be of higher grade and quality than are the
      patties made from exactly the same meat but using the required high
      pressure of the prior art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary vertical sectional view of a molding device as
      disclosed and claimed in my prior U.S. Pat. No. 3,293,688 and showing the
      feeder means at the completion of its movement toward the mold opening and
      after the mold opening has been filled.
PAR  FIG. 2 is a fragmentary sectional view taken substantially along line 2--2
      of FIG. 1.
PAR  FIG. 3 is a perspective view of a cooked patty superimposed on an uncooked
      patty to illustrate the slight shrinkage during cooking and the
      maintenance of a perfectly round configuration.
PAR  FIG. 4 is an enlarged transverse sectional view taken substantially along
      line 4--4 of FIG. 2.
PAR  FIG. 5 is an enlarged fragmentary longitudinal view taken substantially
      along line 5--5 of FIG. 2.
PAR  FIG. 6 is an enlarged fragmentary vertical sectional view illustrating the
      filling of the mold opening with the pressurized charge of plastic
      material.
PAR  FIG. 7 is a view similar to FIG. 6 but illustrating the positions of the
      parts when the mold opening is completely filled and the valve member
      closed.
PAR  FIG. 8 is a view similar to FIG. 6 but illustrating a second embodiment of
      the valve.
PAR  FIG. 9 is a fragmentary perspective view of the mold plate and valve only
      of the first embodiment.
PAR  FIG. 10 is a transverse sectional view taken substantially along the line
      10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In my above prior patent which is assigned to the same assignee as the
      present application the patty forming apparatus, but without this
      invention, of course, is disclosed in detail and claimed. For the purposes
      of this application only those parts necessary to illustrate the invention
      are shown.
PAR  Thus the mold apparatus 10 comprises a feeder 11 to force the plastic
      material such as the ground meat 12 from a supply means such as a hopper
      13 through an exit from the supply means 13 which also serves as an
      entrance 14 to the mold cavity or opening 15 which in the embodiment
      illustrated is a circular opening in a reciprocable flat mold plate 16.
PAR  Although in the illustrated embodiment there is disclosed only a single
      mold opening 15 the invention is equally applicable to multiple opening
      devices for molding and shaping a plurality of articles at the same time
      such as disclosed by the apparatus in U.S. Pat. No. 3,765,056 also
      assigned to the same assignee.
PAR  The feeder means 11, as explained in detail in the first above patent, is
      essentially a four motion feeder that comprises forwardly sloped spaced
      pins 17 mounted on a bottom plate 18 and sloped forwardly toward the front
      of a supply passage 19 that is at the bottom of the hopper 13. At the
      front of the plate 18 on which the pins 17 are mounted there is provided a
      forwardly sloped feeder bar 20 that extends substantially completely
      across the generally horizontally rectangular passage 19.
PAR  In the first of the four motions the feeder means 11 is lowered from the
      position shown in FIG. 1 to beneath the hopper 13 but with the upper ends
      of the pins 17 retained in the horizontally reciprocable pin plate 21.
      This lowering is accomplished by dropping the lever 22 about its fulcrum
      23 by engagement with a cam (not shown) operating on a cam follower 24.
      Then in the second motion the feeder means 11 is retracted to the right as
      viewed in FIG. 1 with the lowered pins 17 and feeder bar 20 still in
      engagement with the plate 21. In the third motion the feeder means 11 is
      raised substantially vertically to re-introduce the feeder bar 20 and pins
      17 into the bottom of the hopper to substantially the same position as
      shown in FIG. 1 but of course rearwardly or to the right of that shown.
PAR  Then, the fourth motion moves the pins 17 and feeder means 11 forwardly
      horizontally to the position shown in FIG. 1 to keep the passage 19 filled
      and to apply pressure to the plastic material 15 in front of the bar 20 so
      that the resulting pressurized material which is moving in the direction
      indicated by the arrow 25 (FIG. 6) forces the material up through the
      entrance or fill opening 14 and radially outwardly as indicated in FIGS. 6
      and 7 by the arrows 26. This forward motion as well as the opposite
      rearward motion is accomplished by means of a reciprocable hinged lever 59
      engaging a vertical slot 30 in a downward extending bracket 31 that is
      attached to the bottom of the feeder plate 18, all as explained in the
      first above patent.
PAR  The mold plate 16 is reciprocated horizontally between top 27 and bottom 28
      plates that are held in this relationship by spaced bolts 29 that also
      pass through side parallel spacer bars 64 between which the mold plate 16
      is reciprocated in the usual way as indicated by the arrow 65 (FIG. 5). As
      is true with apparatus of this type and as is explained fully in the first
      above patent the horizontal reciprocation of the mold plate 16 is in timed
      relationship to the movement of the feeder 11 so that the feeder moves
      forwardly or to the left as shown in FIG. 1 to coincide with the time the
      mold opening 15 is in communication with the fill opening 14 as shown in
      FIGS. 6 and 7.
PAR  In the illustrated apparatus the fill opening 14 is circular and
      substantially concentric to the similarly circular mold opening 15 during
      filling thereof. This concentric arrangement is preferred whether the
      resulting patties are circular or chop shaped or any other desired
      configuration. However, it is only necessary that the fill opening 14 have
      a portion spaced inwardly of the outer periphery of the mold opening 15.
PAR  The mold plate 16 as is explained in the first above patent is driven in
      its horizontal reciprocation by mold moving means comprising a slidable
      member 60 moved back and forth on parallel rods 32. This slidable member
      60 carries upwardly projecting side pins 33 each of which engages an
      elongated slot 34 for movement of the mold plate forwardly to the patty
      knockout position illustrated by the broken lines to the left of FIG. 1
      where the patty is removed in the customary manner as indicated by the
      vertical arrow 35.
PAR  The forward end of the fill passage 19 is defined by an upwardly sloped
      surface 36 on a spacer block 37 that is immediately beneath the bottom
      plate 28. The compressing of the moldable material 12 between the
      approaching 25 feeder bar 20 and the sloped surface 36 pressurizes the
      plastic material 12 to force it into the mold opening 15 in the manner
      previously described.
PAR  In order to vent entrapped gases and particularly air that are in the mold
      opening 15 there is provided a clearance vent 38 between the mold plate 16
      which in the illustrated embodiment is at the top 54 thereof and the
      bottom 66 of the top plate 27. This vent extends horizontally from the
      mold opening so that the entering pressurized material illustrated by the
      arrows 26 in FIG. 6 forces the air out ahead of it as illustrated by the
      arrows 39. The spacing that maintains the vent 38 is provided by the above
      described spacer bars 64 (FIG. 4). This vent 38 in an apparatus for
      molding flat patties of ground raw beef may be of the order of 0.020 inch.
      The important fact is that the air being of very low viscosity escapes
      rapidly through the vent passage 38 but the material 12 has a much greater
      resistance to flow through the narrow passage 38.
PAR  In order to close the air vent passage 38 when the air has all been forced
      out and thereby prevent escape of any material amounts of the plastic
      material itself there is provided a pressure responsive rigid valve member
      41 in an annular recess surrounding the mold opening 15. This valve member
      41 has a cylindrical outer surface 44 that is slidably retained against a
      similar surface 45 in the mold plate 16. This mold plate surface 45 is
      inwardly stepped by a flange 53 in the mold plate so as to provide a stop
      to limit downward sliding movement of the valve member 41 during its
      movement between vent open (FIG. 6) and vent closed (FIG. 7) positions.
      The inner circumference 62 of the valve ring 41 is substantially aligned
      with the inner circumference 63 of the mold opening so that the
      combination of these determine the outer circumferential shape of the
      resulting patty 58.
PAR  Thus the rigid valve member 41 moves into vent closing position by
      engagement of the valve by the advancing charge 26 of pressurized material
      that is forced ahead of the advancing feeder bar 20. The top 47 of the
      valve member 41 therefore functions as a rigid valve sealing surface
      operating against a rigid valve seat 48 which is the annular area of the
      plate 27 immediately above the top 47 of the valve member. There is thus a
      rigid surface to rigid surface seal or, in the illustrated embodiment, a
      metal-to-metal seal of the air vent passage 38. In order to aid the
      pressure reaction upward or vent closing movement of the rigid valve
      member 41 there are provided pressure reactive means which in the
      embodiment of FIGS. 6 and 7 is the flat bottom 67 of the ring exposed to
      the advancing material 26 by an outward and upward bevel 49 on the top of
      the supporting flange 53. In the illustrated embodiment this bevel is
      about 14.degree. from the horizontal. In the embodiment of FIG. 8 this
      bevel is on the bottom 68 of the valve ring valve member 141 to provide
      the pressure reactive means.
PAR  In a patty molding apparatus, particularly for molding hamburger patties,
      the height of the vent 38 is preferably about 0.012 to 0.027 inch with one
      embodiment using a height of 0.020 inch. When the mold opening 15 is
      filled as indicated at 50 in FIG. 7 to form the patty 58 the pressure of
      the plastic material such as the food patty material enters beneath the
      valve 41 or 141 as indicated by the arrows 51 and forces the valve member
      41 upwardly to engage the rigid surfaces 47 and 48 and close the vent
      passage 38. This action occurs immediately between the time the mold
      opening 15 is filled to produce the patty and the time the air in the mold
      opening has substantially all escaped through the vent 38. The
      completeness of this venting of air is indicated by the fact that very
      little if any meat or juices escape past these contacting seal surfaces 47
      and 48.
PAR  As is customary in machines of this type as soon as the mold opening 15 is
      filled the mold plate 16 is moved as indicated by the arrow 52 (FIG. 1)
      toward external ejecting position for the patty as indicated by the arrow
      35. This movement as well as the reverse movement back to the opening
      charging position, both indicated at 65 in FIG. 5, is used to return the
      rigid valve member 41 to its initial position preparatory to again
      charging the mold opening with material. This normal position in the
      illustrated embodiments is the lowermost position against the flanged stop
      53 where the top seal surface 47 of the valve 41 is essentially flush with
      the top surface 54 of the mold plate 16. In order to provide this positive
      return there is provided a cam 55 engaging the mold plate top surface 54
      with this cam being embodied in a member across the front of the pressure
      plate 27 for the full width of this plate 27 and having a downwardly
      extending arcuate cam surface 56. This surface being arcuate on both sides
      of its vertical center line engages and presses downwardly the valve
      member 41 when the filled mold (FIG. 7) is moved outwardly to ejecting
      position 35 and the empty mold moved back to filling position (FIG. 6).
PAR  When the mold opening 15 is in its normal filling position the fill opening
      14 which is preferably generally circular has at least a portion within
      the confines of the valve member 41 as illustrated. In a preferred
      embodiment the fill opening 14, the mold opening 15 and the valve member
      41 are all substantially concentric during filling (FIG. 6).
PAR  In the illustrated embodiment the mold opening 15 is of generally flat
      configuration and has a peripheral edge at which is located the vent and
      the valve member. In the illustrated embodiment the vent and valve member
      are substantially coextensive with the periphery of the mold opening 15.
PAR  If desired the valve member 41 which is here shown as a continuous ring may
      be horizontally split to form two rings with each having facing beveled
      surfaces similar to the surfaces 68 and the two moving vertically apart to
      close the vent 38 at the top of the mold plate 16 and a similar vent at
      the bottom of the mold plate. Similarly, the valve member need not be a
      complete ring enclosing the mold opening 15 but may be any rigid, movably
      mounted member capable of closing an air escape vent passage from the mold
      opening after the air has been forced out.
PAR  In one embodiment of the invention in the hamburger patty molding machine
      the air vent, as stated above, was 0.020 inch high. When the valve
      surfaces 47 and 48 were in vent closing substantial contact with each
      other the spacing between the surfaces 47 and 48 is only about 0.007 inch
      maximum. When the valve was closed there was substantially no leakage of
      either juice or tiny particles of meat past the closed valve into the vent
      area 38.
PAR  As is shown in the accompanying FIG. 3 (which is an exact reproduction of
      the patties themselves) a cooked patty 57 superimposed on an uncooked
      patty 58, both made of the same ground beef and at the same time on the
      same patty machine, is only slightly smaller after complete cooking than
      the raw patty 58. Furthermore, as is shown in this figure the peripheral
      edge 61 of the cooked patty is smooth and free of visible cracks and the
      cooked patty maintains practically perfectly its circular shape rather
      than shrinking out of round to an oval or other distorted shape as is
      common in this art.
PAR  In a companion patent application of the same inventor assigned to the same
      assignee Ser. No. 436,192, filed Jan. 24, 1974 now U.S. Pat. No.
      3,869,757, issued Mar. 11, 1975 a flexible valve member such as a rubber
      ring is disclosed and claimed. This flexible type of valve is functionally
      useful to vent air from the mold opening and then close the vent passage
      but the rigid valve and the rigid valve closing surface contact of this
      invention is preferred. In some instances where a flexible valve is used
      it has been found that in high speed production the air is forced past the
      flexible valve at such a high rate that the air tends to have a venturi
      effect and draw or suck the flexible valve to close or partially close the
      vent passage.
PAR  Furthermore, this effect on a flexible valve member is different for
      different size patties and thus different volume mold openings so that for
      the best operation it would be necessary to change the flexible valve
      hardness characteristics for each size of patty. Also, the fast moving
      escaping air acting on the flexible valve member tends to cause changes in
      dimensions of the periphery of the mold opening and variations in patty
      shape as well as patty density. Because with a flexible valve there is
      always some air leakage at high speed production, there is a tendency to
      produce patties of irregular shape and some even have cracks at their
      outer edges. Although these are conditions that can be corrected with the
      flexible valve member and therefore this type of valve member is useful
      and workable, it has been found that this invention with a rigid valve
      seating against a rigid surface is superior.
PAR  The operation of the machine embodying the invention is as follows. With
      the parts in the positions shown in FIG. 6 the advancing feeder bar 20
      pushes the plastic material 12 in front of it and forces it up through the
      fill opening or entrance 14 and then radially outwardly as indicated at 26
      to fill the mold opening 15 which is defined on its sides by a combination
      of vertically aligned surfaces 62 and 63.
PAR  Once the advancing feeder bar 20 has filled the mold opening 15 in the
      manner illustrated in FIG. 7 the pressurized charge of plastic material
      operating against the bottom of the valve member 41 as indicated by the
      arrows 51 lifts the valve member 41 upwardly to seat the rigid surfaces 47
      and 48 in contact with each other and seal the air vent 38 as by this time
      the advancing charge 26 of plastic material has forced the air 39 from the
      interior of the mold opening 15.
PAR  Then, as is customary with a patty machine of this type, the mold plate 16
      is moved to the patty ejecting position as indicated by the broken lines
      in FIG. 1 where the patty is removed as indicated at 35 and in the
      meantime the feeder 11 is retracted to the right of the position shown in
      FIG. 1 preparatory to shaping the next patty.
PAR  This movement of the mold plate 16 to the patty removal position takes
      place with the valve member 41 in raised position. However, as the raised
      valve member 41 passes beneath the arcuate cam surface 56 in both moving
      toward the ejecting position and back again to filling position the valve
      member 41 is pressed back into its normal position shown in FIG. 6 where
      the air vent 38 is open. Upon being returned to its initial position the
      empty mold opening 15 is then ready for the next charge of plastic
      material and the forming of the next successive patty.
PAR  The second embodiment of the invention illustrated in FIG. 8 operates in
      exactly the same way except here instead of the cross section of the valve
      ring being a square and with the bevel a part of the flange 53 the flange
      is square and the ring bottom is beveled as shown at 68.
PAR  Having described my invention as related to the embodiments shown in the
      accompanying drawings, it is my intention that the invention be not
      limited by any of the details of description, unless otherwise specified,
      but rather be construed broadly within its spirit and scope as set out in
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for shaping an article from moldable material, comprising: a
      movable mold having a mold opening for receiving a pressurized charge of
      said material for said shaping of said article, the mold being movable
      between mold opening filling and article discharge positions; an entrance
      means to said mold opening at said filling position; means for directing
      said pressurized charge through said entrance means at said filling
      position and into said mold opening for said shaping of said article; vent
      means spaced from said mold entrance means for venting from said mold
      opening air displaced by said pressurized charge entering said mold
      opening; a valve seat adjacent to said vent means; a movable rigid valve
      member spaced from said seat but movable into seat engaging position for
      closing said vent means; means for moving said valve means to said seat
      engaging position and thereby closing said vent means by said pressurized
      charge; means for moving said mold relative to said entrance to said
      discharge position;  and means for thereafter bodily moving said valve
      member to air venting position.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said mold opening has a periphery at
      which is located said valve member.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said vent means and valve member are
      substantially coextensive with said periphery.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said valve member is provided with
      pressure reactive means thereon for urging the valve member toward closed
      position when said pressure reactive means is engaged by said entering
      pressurized charge.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said pressure reactive means comprises
      a surface portion on said valve member on a side thereof opposite to said
      valve seat.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said valve member is annular and said
      surface portion comprises a bottom surface of said valve member.
NUM  7.
PAR  7. The apparatus of claim 2 wherein said entrance means has a portion
      within said periphery of said mold opening and inwardly of said valve
      member.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said mold opening entrance is
      substantially centrally located with respect to said periphery.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said mold opening is provided in a
      reciprocable mold plate and there are provided cam means for engaging and
      thereby returning said valve member to its normally open position.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said apparatus comprises opposite
      guide members between which said mold plate is movable and with one of the
      guide members having mounted thereon said cam means.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said guide members are vertically
      spaced with said mold plate positioned therebetween and said cam means is
      located on the upper guide member.
NUM  12.
PAR  12. Apparatus for shaping an article from moldable material, comprising: a
      movable mold having a mold opening for receiving a pressurized charge of
      said material in shaping said article and movable beteween mold opening
      filling and article discharge positions; an entrance means to said mold
      opening at said filling position; vent means defining a vent spaced from
      said mold entrance means for venting air from said mold opening displaced
      by said pressurized charge entering said mold opening; a valve for opening
      and closing said vent comprising a rigid surface valve seat and a movable
      mounted rigid valve member spaced from said seat but movable into seat
      engaging position for substantially closing said vent in a rigid surface
      to rigid surface contact and movable away from said seat for opening said
      vent; valve closing means in communication with said mold opening and
      activated by said pressurized charge in said mold opening for moving said
      valve member to vent closing position when said opening is substantially
      filled with said pressurized charge; and valve opening means spaced from
      said entrance means activated by said movement of the mold for moving the
      valve member to vent opening position.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said mold opening has a periphery at
      which is located said valve member and said vent means and valve member
      are substantially coextensive with said periphery.
NUM  14.
PAR  14. The apparatus of claim 12 wherein said valve member is provided with
      pressure reactive means thereon for urging said valve member toward closed
      position when said pressure reactive means is engaged by said entering
      pressurized charge, said pressure reactive means comprising a surface
      portion on said valve member on a side thereof opposite to said valve
      seat.
NUM  15.
PAR  15. The apparatus of claim 12 wherein said entrance means has a portion
      within said periphery of said mold opening and inwardly of said valve
      member.
NUM  16.
PAR  16. The apparatus of claim 12 wherein said mold opening entrance is
      substantially centrally located with respect to said periphery.
NUM  17.
PAR  17. For use in an apparatus for pressure shaping articles from a moldable
      material, a combined mold and valved air vent means, comprising: a mold
      plate having opposite plate surface means and a mold opening extending
      through the plate, one of said surface means comprising an air vent for
      directing air from said opening under the pressure of an entering
      pressurized charge of said material, said opening being defined by a
      peripheral edge surface; a rigid valve within said opening at said edge
      surface; means mounting said valve for movement relative to said edge to
      vent closing position when said valve is subjected to said entering
      material; and means on said plate for retaining said valve in normally
      open vent position when said mold opening is substantially empty.
NUM  18.
PAR  18. The mold and valved air vent of claim 17 wherein said vent means and
      valve member are substantially coextensive with the periphery of said mold
      opening.
NUM  19.
PAR  19. The mold and valved air vent of claim 17 wherein said valve member is
      provided with pressure reactive means thereon for biasing the valve member
      toward closed position when said pressure reactive means is engaged by
      said entering pressurized charge.
NUM  20.
PAR  20. The mold and valved air vent of claim 19 wherein said pressure reactive
      means comprises a continuous surface means on said valve member.
NUM  21.
PAR  21. The mold and valved air vent of claim 17 wherein said valve comprises a
      continuous rigid member extending around and against said peripheral edge
      and located within the confines of said opposite surfaces when said mold
      opening is substantially empty and said vent is correspondingly open.
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ABST
PAL  Apparatus for molding articles such as patties from plastic food material
      that tends to shrink during processing cooking and the like, for example
      ground beef, in which the material is forced under pressure in a stream
      from a supply into a mold cavity through a passage having opposite side
      walls at a specific relationship to the stream and to each other and a
      specific width at the cavity so as to cause mixing, tumbling and kneading
      of the material in its flow through the passage with the result that the
      shaped portion when cooked or similarly processed essentially maintains
      its shape. Thus, if the shaped portion is, for example, a circular patty
      such as a hamburger patty it substantially maintains its circular shape
      throughout the processing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Applicant's prior U.S. Pat. No. 3,417,425 discloses a molding apparatus in
      which a movable feeder is movable in a hopper toward and away from an exit
      to force plastic material through the exit into an article shaping mold
      adapted to communicate with the exit. Prior U.S. Pat. No. 3,486,186
      discloses a molding apparatus having a narrow fill slot at the mold
      cavity. These and this application are assigned to the same assignee.
PAR  One of the features of this invention is to provide a molding apparatus in
      which plastic food material is forced from a supply under pressure through
      a passage into a shaping cavity and the walls of the passage are so
      arranged and sloped and spaced as to produce a combined mixing, tumbling
      and kneading of the material whereby fibers in the material are randomly
      intermixed so that during cooking and similar processing the shaped
      portion shrinks substantially uniformly in all directions and round
      patties, for example, substantially maintain their circular shape.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an apparatus embodying the invention.
PAR  FIG. 2 is an enlarged fragmentary vertical sectional view through the
      longitudinal center of the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The molding apparatus illustrated in the accompanying drawings is for
      molding patties of plastic food material such as ground meat. The
      illustrated molding apparatus itself is that disclosed and claimed in the
      above prior U.S. Pat. No. 3,417,425 with the addition of the structure of
      this invention. For that reason only enough of the structure of the
      molding apparatus itself is shown to illustrate the present invention.
PAR  The molding apparatus shown in the accompanying drawings comprises a hopper
      10 adapted to retain a supply 11 of plastic material such as food material
      of which ground beef is a good example. This hopper 10 is provided with
      front 12, rear 13 and opposite side walls 14 and 15 having inner surfaces
      that are in contact with the contained plastic material 11.
PAR  At the bottom of the front wall 12 there is provided a forwardly extending
      front cavity or compression chamber 16 beneath which is located a supply
      passage 17 terminating in an end opening 37 through a top retaining plate
      18 between which and a bottom retaining plate 19 a mold plate 20 is
      reciprocated. As shown in FIG. 2 when the mold plate 20 is in retracted
      position a shaping cavity or mold opening 21 is in position to receive
      plastic material forced from chamber 16 and through the exit 17 to form a
      plastic material patty 22. The end or terminal portal 37 is at this cavity
      21 during filling thereof.
PAR  As is explained in detail in the above first patent, incorporated here by
      reference, the mold plate 20 is reciprocated between the position of FIGS.
      1 and 2 where the opening 21 is in position beneath the hopper 10 to
      receive plastic material therefrom and an extended position (not shown)
      where the mold opening or shaping cavity 21 is beneath a knockout ring or
      inverted cup 23 which is lowered in timed sequence into the extended
      opening 21 to dislodge the formed patty 22 therefrom. Because the
      apparatus for moving the mold plate 20 and the knockout ring 23 and the
      operating means therefor form no part of the present invention they are
      not illustrated here in detail but reference may be had to the above first
      prior patent.
PAR  As is explained in the above first patent the reciprocating of the mold
      plate 20 between its above-described extreme positions is achieved through
      motor driven drive means including a motor shaft 24, a pair of hinged
      linkage systems 25 and a first pair of side racks 26 and a second pair of
      side racks 33 thereabove. Interconnecting these parallel side racks 33 at
      the rear is a cross bar, also as explained in the above patent, which is
      adapted to reciprocate a reciprocable feeder ram 28 by means of an
      adjustable bolt 29 and nut 30 arrangement that is periodically latched in
      forward position by a latch 31 that is arranged to be released in proper
      timed sequence by a release cam 32 mounted on the cross bar 27 for
      movement therewith.
PAR  With this structure the apparatus provides a system in which as the mold
      plate 20 is reciprocated from its rearmost position as shown in FIGS. 1
      and 2 to a forward position where the mold opening 21 is beneath the
      knockout ring 23 the feeder 28 is reciprocated from its forwardmost
      position of FIGS. 1 and 2 to a rear position. This provides periodic
      filling of the mold opening 21 to form a flat circular patty and removal
      of the patty from the mold opening by the ring 23.
PAR  In order to mix and knead the material such as the illustrated ground meat
      during its passage into the opening or shaping cavity 21 the spaced wall
      means 34 and 35 forming the exit or supply passage 17 are angled with
      relation to each other in a manner to cause tumbling, mixing and kneading
      of the plastic material in the supply 16 into the opening or shaping
      cavity 21 to form a flat circular patty 22.
PAR  Thus as illustrated in FIG. 2 the first side 34 of the wall means is
      substantially parallel to the general direction of the stream flow 36 of
      the meat at the end 37 where the stream passes through to enter the cavity
      21. The opposite or second side 35 of the passage 17 wall means is angled
      toward the cavity 21 and the one side 34 such that the included converging
      angle of the sides 34 and 35 is about 50.degree.-65.degree. or in the
      illustrated embodiment about 25.degree.-50.degree. to the mold plate 20.
      In the preferred embodiment this angle is about 58-60.degree..
PAR  In forcing the material 11 through the opening 17 into the cavity 21 the
      pressure is applied by the reciprocable ram 28 which reciprocates in a
      horizontal path toward and away from the supply passage 17 in the manner
      described. This path as shown is at substantially right angles to the one
      side 34 of the passage wall and during the extreme forward movement of the
      ram 28 it extends into the compression chamber 16 thereby applying
      pressure to the plastic material therein and forcing it through the supply
      passage 17 into the mold cavity 21.
PAR  As can be seen from the above description the invention is particularly
      applicable to fiber containing plastic material such as food material and
      especially ground meat, fish and the like. Tumbling, kneading and mixing
      is so complete in the flow into and through the passage 17 that the fibers
      are thoroughly intermixed so that during subsequent cooking or similar
      processing the shaped portion maintains substantially its original molded
      shape.
PAR  Having described my invention as related to the embodiment shown in the
      accompanying drawings, it is my intention that the invention be not
      limited by any of the details of description, unless otherwise specified,
      but rather be construed broadly within its spirit and scope as set out in
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for molding a shaped portion of a plastic food material that
      tends to shrink during cooking and the like, comprising: supply means for
      providing a supply of said plastic material; a mold having a shaping
      cavity with a peripheral edge for forming said shaped portion; spaced wall
      means forming a supply passage from said supply means to said cavity; and
      pressure means at one side of said supply passage for applying pressure to
      said plastic material supply and thereby forcing said material in a stream
      through said passage and into said cavity at said cavity edge for filling
      the cavity, said wall means supply passage externally of and adjacent to
      said shaping cavity having a first side opposite to said pressure means
      generally parallel to the general direction of said stream entering said
      cavity and a second side adjacent to said pressure means angled toward
      said cavity and said one side, said first and second sides forming a
      converging included angle of about 50.degree.-65.degree. and said wall
      means supply passage having a width at said cavity of about 5/16-7/16
      inch, said first and second wall sides and said supply passage width in
      combination with said pressure means comprising means for tumbling and
      kneading said food material during its flow into said cavity.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said cavity has the shape of a flat
      patty and said one side of the passage is at generally right angles
      thereto.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said angle is about
      58.degree.-60.degree..
NUM  4.
PAR  4. The apparatus of claim 1 wherein said width is about 3/8 inch.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said pressure means comprises a ram
      member and means for reciprocating said ram toward and away from said
      passage and the cavity in communication therewith.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said reciprocation is in a generally
      horizontal path that is at substantially right angles to said one side of
      the passage.
NUM  7.
PAR  7. The apparatus of claim 5 wherein there are provided compression chamber
      means as a part of said supply means and into which said ram projects
      during the forcing of said material through said passage into the cavity.
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ABST
PAL  Fibrous web structures in which the individual fibers are uniformly felted
      in random orientation are produced by projecting a stream of solids
      suspended in air toward a moving porous collection surface. The fibers are
      maintained in a controlled condition uniformly dispersed in air during
      transit from the nozzle to the porous collecting surface and before the
      stream of air has spread to the point of disrupting the uniform fiber
      dispersion, the fibers are felted and collected on the porous support
      while air is continuously passed through the support to insure no gravity
      free fall of fibers. Liquid or dry adhesive binders may be incorporated
      into the structure at any convenient stage of the process but preferably
      before the web structure is formed on the moving support.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 253,098 filed May 15, 1972 now abandoned which is in turn a
      continuation-in-part of application Ser. No. 46,594 filed June 16, 1970
      and now abandoned.
BSUM
PAR  The present invention relates to the manufacture of felted fibrous webs or
      mats formed by projecting a stream of fibers toward a moving porous
      support on which the fibers are interlaced into a web-like structure.
      Natural and synthetic fibers such as cotton, rayon, kapak, wool and wood
      and other textile and paper fibers are employed in forming the fibrous
      structure although small quantities of mineral fibers and other additives
      may be mixed in with the aforementioned fibers which are hereinafter
      called cellulosic type fibers.
PAR  If desired, binders such as starch, synthetic resins and other known
      adhesives may be used to strengthen the structure of the web. The selected
      binder in liquid or dry state may be mixed with the fibers at any
      convenient stage in the process or the binder may be applied to the
      web-like structure after it is formed. The binder is preferably added
      before the fiber is collected on the porous support. The resin binders
      such as the phenolics, latices, urea-formaldehyde, melamine-formaldehyde
      and epoxy resins are usually cured by application of heat to set the
      resin. Various processes are available for forming the above described
      felted fibrous mats. One typical example is described in the Duval, U.S.
      Pat. No. 2,646,381.
PAR  A major drawback to the known processes is that the fibers are not
      uniformly felted in the desired random orientation and there are clots or
      entanglements of fibers interspersed with thin spots throughout the
      structure of the web. As a result, the product does not have the desired
      strength, loft, stretch, drape, and softness required in many commercial
      applications especially in those cases where only a very thin web can be
      employed.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that the fibers can be uniformly felted in a
      desired random orientation without the clots, entanglements and thin spots
      of the prior art structures by maintaining certain specified controls over
      the air-borne fiber stream during transit from the nozzle to the
      collecting support. During transit from the nozzle to the collecting
      support, there are many interrelated variable parameters which influence
      the characteristics of the air-borne fiber stream and the way in which the
      fibers are felted on the support. These interrelated variable parameters
      involve such factors as the physical characteristics of the individual
      fibers, the geometry of the nozzle opening, the velocity at which the
      stream is projected from the nozzle, the ratio of fiber to air in the
      stream, the distance traveled in transit from the nozzle to the collecting
      support and the impact velocity of the stream on the collecting support.
PAR  In accordance with the present invention, at least about 50 percent of the
      fibers and, for best results, more than 65 to 75 percent of the fibers in
      the air stream have a length of about 0.25 inch or less. The velocity of
      the air-fiber stream projected from the nozzle is maintained within a
      range of about 2,000 to 10,000 linear feet per minute (LFM) and preferably
      between about 4,000 LFM and 6,000 LFM. The distance traveled in transit
      from the nozzle to the collecting support is not over about ten feet and
      preferably between about 4 to 6 feet. Suction is employed for laying the
      fibers down on the collecting support.
PAR  Control of the length of the individual fibers, velocity of the air stream,
      and distance of travel are important to establish an air-fiber stream that
      can be controlled in transit to achieve the desired uniformity and random
      orientation of the individual fibers in the web. Long fibers require a
      greater amount of air for proper separation and suspension of the
      individual fibers in the air stream. As the amount of air increases,
      without an accompanying increase in the fiber-air stream velocity, the
      time required for forming a web of given thickness will increase and
      control of the air-fiber stream in transit becomes more difficult. The
      distance to the collecting surface should, in general, be as short as is
      practical for a given air-fiber stream. Another advantage of a short
      distance of travel from the projecting nozzle to the collecting surface is
      that a very compact felting unit can be constructed.
PAR  It is possible to control an air-fiber stream over relatively short
      distances while the stream maintains definite flow characteristics which
      will gradually disappear as the distance from the projecting nozzle
      increases. As the distance from the nozzle to the collecting surface
      increases, the air-fiber stream will spread out and then enter a highly
      turbulent region and shortly thereafter the stream will lose definition
      and enter a terminal zone where it is finally regarded as `still air`. An
      air-fiber stream with the above-specified characteristics may be used to
      advantage to form a variety of different webs or mats and the stream can
      be controlled in transit from the nozzle to the collecting surface in
      accordance with the present invention. The use of suction enhances control
      of the air-fiber stream in the area of the collecting surface and it
      prevents the uncontrolled gravity free fall of individual fibers which
      tend to form clots that destroy a uniform random orientation of individual
      fibers in the web.
PAR  The exact location of the collecting surface relative to the distance that
      the air-fiber stream is in transit from the projecting nozzle depends
      primarily on two factors. These are the impact velocity of the air-fiber
      stream on the collecting surface and the velocity of the air drawn through
      the growing mat on the collecting surface. In the specification and
      claims, the term "collecting air" shall hereinafter mean the air which is
      passed through the porous collecting surface.
PAR  If the impact velocity of the air-fiber stream on the collecting surface is
      greater than the velocity of air being drawn through the growing mat, the
      air-fiber stream must expand rapidly along the mat surface until its
      velocity matches that of the collecting air. If the impact velocity is
      significantly greater than that of the collecting air velocity, disruption
      of the deposited mat may occur. Increasing the collecting air velocity
      will permit the use of higher impact velocities but this requires drawing
      a higher volume of air through the growing mat with need for increased
      static fan pressures and as the impact velocity increases there is a
      tendency to drive the fibers into the openings of the collecting surface
      which may cause difficulty in releasing the fiber web from the collecting
      surface.
PAR  Impact velocity of the air stream on the collecting surface is primarily a
      function of the configuration of the projecting nozzle, the distance the
      stream travels in transit from the nozzle to the collecting surface and
      the velocity of the air-fiber stream as it leaves the nozzle.
PAR  It is known that a fluid jet stream projected from a nozzle passes through
      four zones. The velocity of the jet stream remains substantially constant
      in zone 1 which extends about 4 nozzle diameters or widths from the nozzle
      outlet. In zone 1 there is little if any spreading out of the air stream.
      In zone 2, the velocity of the air stream varies inversely as the square
      root of the distance from the nozzle. For round or square shaped nozzles,
      zone 2 extends for about 8 diameters from the nozzle and for rectangularly
      shaped nozzles zone 2 extends to about 4 to 5 nozzle lengths from the
      nozzle outlet. In zone 2, the stream spreads out as it passes through the
      zone. Zone 3 starts at the end of zone 2 and may extend for about 25 to
      100 or more diameters or equivalent diameters of equal areas. The velocity
      of the stream in zone 3 varies inversely with the distance from the nozzle
      outlet, and in this zone the stream will become fully turbulent. The final
      zone 4 is called a terminal zone in which the velocity decreases rapidly
      in a few diameters to a velocity range below 50 feet per minute which is
      regarded as still air.
PAR  Using standard equations, a graph (FIG. 6 in the drawings) has been
      prepared of velocity curves wherein the length of zone 1 and transition of
      the jet stream from zone 1 to zone 2 is dependent on the width of the
      nozzle. The length of zone 2 and the transition point from zone 2 to zone
      3 is dependent on nozzle length. The distance from the nozzle outlet is
      plotted along the X axis and the Y axis shows the relationship of the
      centerline velocity of the jet stream Vx at distance X to the initial
      average velocity of the jet stream (Vo) at the nozzle outlet. Stated
      another way, the product of the Y value multiplied by the average velocity
      of the stream at the nozzle outlet is the actual centerline velocity of
      the air-fiber stream at the selected distance X from the nozzle outlet
      which is the maximum impact velocity of the fibers on a collecting surface
      located at the distance X. The standard equations and symbols used in
      plotting the graph appear in FIG. 6.
PAR  Referring to the graph and assuming a nozzle width of 2 inches, proceed to
      the right horizontally along the zone 1 line until the intersection with
      the zone 2 line for a 2 inch wide nozzle. The transition from zone 1 to
      zone 2 occurs at 0.7 feet (8.4 inches) away from the outlet of the 2 inch
      nozzle. Then proceed downwardly to the right along the zone 2 line until
      it intersects the vertical line of the desired nozzle length, say a 4 foot
      length (rectangular nozzle configuration). This intersection occurs about
      20 feet away from the nozzle and this point marks the transition from zone
      2 into zone 3. The zone 3 line proceeds downwardly away from the zone 2
      line for a 2 inch wide nozzle four feet in length. In the case of a two
      inch wide nozzle which is 2 feet long (or for a circular nozzle of
      equivalent area), the transition from zone 2 into zone 3 occurs about 10
      feet away from the nozzle outlet. The standard equations used in plotting
      the zone 1, 2 and 3 lines are shown on the graph and the initial and
      centerline velocities used in the equations are determined in conventional
      manner.
PAR  In accordance with the present invention, it has been found that the fibers
      in the jet stream having the above specified characteristics will retain a
      controlled uniform random orientation in transit from the nozzle to the
      collecting surface for a selected nozzle configuration throughout zone 1
      and into zone 2 and in some cases even into the more turbulent condition
      that exists in zone 3. However, there exists only a relatively narrow area
      along the velocity curves within which the fibers can be collected in the
      uniform random orientation of the present invention. This area as shown on
      the graph is delineated by the curve Y = X.sup.2 /20 and by the curve Y =
      X.sup.2 /135 which is the maximum distance for Xc. The preferred
      collection point lies close to the intersection of the zone 2 curve with
      the curve Y = X.sup.2 /80. When the collecting surface is located closer
      to the nozzle than the minimum collection distance given by the curve of Y
      = X.sup.2 /20, the fibers in the stream are under control but the impact
      velocity on the collecting surface is too high and the desired uniform
      deposition of the individual fibers will be disrupted. Beyond the maximum
      collection distance of the curve Y = X.sup.2 /135, there will exist the
      relatively controlled flow of zone 2, depending on the selected nozzle
      configuration but the spreading of the stream in transit will become too
      great to maintain a uniform and direct path of fiber flow from the nozzle
      to the collecting surface. In the peripheral areas, the fibers
      increasingly slow down and leave the main stream with a swirling motion
      which causes clots to form due to the contact with adjacent fibers. This
      results in the formation of a mat with undesirable uniformity, especially
      when the collection point in zone 2 or zone 3 extends beyond the curve Y =
      X.sup.2 /135.
PAR  Referring again to the graph, it is again emphasized that the centerline
      velocity of the stream at any distance X from the nozzle outlet is
      expressed as a fraction of the original projected average velocity. Thus,
      the centerline velocity is determined by reading the value on the Y axis
      that corresponds to a point on the velocity curve and multiplying it by
      the average outlet velocity.
PAR  It will be noted from the graph that with a nozzle width of 1/2 inch and
      length of 6 inches (rectangular) and with the collection surface
      positioned 4 feet away from the nozzle outlet, the fibers will be
      collected on the surface in the beginning of the turbulent zone 3 where
      the impact velocity is only 20% of the nozzle outlet velocity of the
      stream. This collection part way into zone 3 does not seriously affect the
      web formation and it is sometimes desirable to provide a reduced impact of
      the air stream at the collecting surface. Using a 1/2 inch wide, 6 foot
      long nozzle with the collection surface positioned 4 feet away from the
      nozzle outlet, the impact velocity on the collecting surface would be 25%
      of the nozzle outlet velocity and collection takes place well within zone
      2. The turbulence of zone 3 does not occur until about thirty feet away
      from the nozzle outlet. It will be noted that an increase in length of the
      1/2  inch wide nozzle from 6 inches to 6 feet only increased the impact
      velocity by 5% for an air-fiber stream having the above-specified
      characteristics. However, a 4 inch wide nozzle 6 feet long would give an
      impact velocity of 70% of the nozzle outlet velocity on a collecting
      surface 4 feet away from the nozzle outlet. This 70 % impact velocity can
      only be reduced by moving the collecting surface further away from the
      nozzle outlet and a distance of over 30 feet would be required to achieve
      a 25% impact velocity on the collecting surface. High impact velocities
      may be used but the collecting air velocity must also be increased as
      described hereinabove. The preferred location of the collecting surface
      close to the curve Y = X.sup.2 /80 represents the best position to
      compromise the effect of impact velocity and the amount of expansion of
      the fiber stream at the collecting surface.
PAR  The angle of divergence of the fiber stream is rather small throughout zone
      1 especially with velocities in the range above 3,000 feet per minute
      (FPM). In zone 2, the boundary contours tend to swirl somewhat and are
      more readily affected by external conditions. The angle of divergence in
      zone 2 is approximately 20.degree. to 40.degree.. Thus, as Xc falls to the
      right of the curve Y = X.sup.2 /135 the stream spread tends to become
      excessive and the stream loses its coherence and the controlled uniform
      flow of the fibers is lost.
PAR  Starting with a nozzle width (narrowest dimension of a rectangular nozzle)
      in the 1 inch to 2 inch range, the approximate width of the air-fiber
      stream (Sc) at the collection surface will be about 0.39 Xc. Therefore, if
      Xc is in the range of 4.0 to 6.0 feet, Sc will be in the range of 1.5 to
      2.5 feet. This spreading of the air stream is reduced somewhat by the
      collecting air being drawn through the collection surface.
PAR  The values of Xc shown on the graph within the specified range are
      delineated by the following equations in which ho is the nozzle width in
      inches, Xc is the collecting distance in feet and the nozzle length (1c)
      in inches is equal to or greater than 12 ho 1/5.
PA1  1. The preferred value of Xc = 5.02 ho 1/5
PA1  2. The minimum value of Xc = 2.88 ho 1/5
PA1  3. The maximum value of Xc = 6.20 ho 1/5
PAR  The first of the above equations establishes the following preferred values
      for Xc which appear on the graph and in Table I for the distance between
      the collecting surface and nozzle outlet for various nozzle
      configurations. The following minimum and maximum values set forth in
      Table I are determined by equations 2 and 3 above.
TBL                Table I                                                     
     ______________________________________                                    
              Nozzle Length                                                    
     Nozzle   (lo) in Inches   Xc in Feet                                      
     Width in Equal to or  Mini-                                               
     Inches (ho)                                                               
              Greater Than mum     Preferred                                   
                                           Maximum                             
     ______________________________________                                    
     0.5      10.5         2.5     4.4     5.4                                 
     1.0      12.0         2.9     5.0     6.2                                 
     2.0      13.8         3.3     5.8     7.1                                 
     3.0      15.1         3.6     6.3     7.7                                 
     4.0      15.9         3.8     6.6     8.2                                 
     ______________________________________                                    
PAR  Also, Xc = 3.32 (ho lo) 1/6 where the symbol 1o is the nozzle length in
      inches and the other symbols are as described above.
PAR  The above equation establishes the following preferred values for Xc, under
      conditions expressed in Table II below:
TBL                                    Table II                                
     __________________________________________________________________________
     Nozzle Nozzle Length                                                      
                     Preferred Xc in Feet for                                  
     Width in                                                                  
            (lo) in Inches                                                     
                     Various Nozzle Lengths, lo*                               
     Inches (ho)                                                               
            Less Than                                                          
                     14" 12" 10" 8"  6"  4"                                    
     __________________________________________________________________________
     0.5    10.5     --  --  4.3 4.2 4.0 3.7                                   
     1.0    12.0     --  --  4.9 4.7 4.5 4.2                                   
     2.0    13.8     --  5.6 5.5 5.3 5.0 4.7                                   
     3.0    15.1     6.2 6.0 5.9 5.6 5.4 5.0                                   
     4.0    15.9     6.5 6.3 6.1 5.9 5.6 5.3                                   
     __________________________________________________________________________
      *Minimum values are in the range of 55% to 63% of the preferred values. A
      average value of about 60% can be used without significant error or Xc = 
      1.99(ho lo).sup.1/6.                                                     
      *Maximum values are about 19% greater than the preferred values or Xc =  
      3.95 (ho lo).sup.1/6.                                                    
PAR  The maximum curve of Y = X.sup.2 /135 was established so that the distance
      of the collecting surface from the nozzle outlet would not be more than
      about 20 percent greater than the preferred values in the above tables and
      the minimum curve of Y = X.sup.2 /20 was established so that the distance
      of the collecting surface from the nozzle outlet is not less than about 55
      percent of the preferred values in the tables. This delineates a range
      within which the desired uniform random orientation of fibers in the mat
      may be achieved in accordance with the present invention to provide a web
      structure with physical characteristics not heretofore achieved by
      conventional processes which do not employ the collecting air and
      specified range of distance between the collecting surface and the nozzle
      for required control of fiber orientation in transit from the nozzle to
      the collecting surface. As used throughout the specification and claims,
      the term graph of velocity curves in zones 1, 2 and 3 for a jet stream is
      intended to mean the curves plotted on the graph of FIG. 6 as determined
      by the equations used herein.
PAR  In plotting the velocity curves it will be noted that a value of Vx/Vo of
      1.2 was used for the zone 1 curve. According to standard calculation,
      Vx/Vo remains a constant in zone 1 and is equal to the ratio of the
      centerline velocity of the air stream or jet at the nozzle outlet to the
      average velocity of the stream at the nozzle opening. This ratio ranges
      from 1.0 for well rounded entrance nozzle to about 1.2 for straight pipe
      discharge. The value of 1.2 was employed as a practical compromise value
      for round, square and rectangularly shaped nozzles and the data given in
      the tables may be used for any desired shape of nozzle. In those cases
      where the nozzle has a solid center core, the data will also hold for the
      open area of the nozzle when equated to an equal open area for a nozzle
      without a solid center core section. Obviously when referring to round
      nozzles the nozzle dimensions of width and length are the diameter of the
      nozzle and the nozzle would perform similar to a square nozzle of
      equivalent outlet area. It should be noted that in the case of a
      rectangular nozzle the length (lo) is the long dimension along one side of
      the rectangle.
PAR  Only a few velocity curves for nozzle width and length are illustrated on
      the graph. But the preferred and maximum and minimum curves for location
      of the collecting surface relative to the nozzle outlet will apply to
      whatever the selected width and length of nozzle. For example, if the
      nozzle is 1/2 inch in width and 6 inches long, the preferred location of
      the collecting surface is 4 feet away from the nozzle outlet as shown on
      the graph and in Table II. The maximum distance is about 4.75 feet as
      shown on the graph along the zone 3 curve.
PAR  In the case of a 2 inch nozzle twelve inches long, the preferred location
      of the collecting surface is 5.6 feet from the nozzle outlet and the
      maximum distance is about 6.7 feet and the minimum is about 3.3 feet as
      shown on the graph. In this case, since the twelve inch long nozzle is
      less than 13.8 inches given in the table the equations of Table 2 are
      employed in calculating the distances which when calculated gives a
      maximum of 6.72 feet and a minimum of 3.38 feet which corresponds very
      well with the values on the graph. For a nozzle 1.0 inch in width and 5.0
      feet long, the preferred location of the collecting surface is 5.0 feet
      away from the nozzle outlet and the maximum distance is about 6.2 feet
      with a minimum distance of about 2.9 feet as shown on the graph. In this
      case, since the nozzle length exceeds the twelve inches given in the
      table, the equation of Table I is used for calculating the location of the
      collecting surface. If a nozzle is 2.0 inch wide and eighty-eight inches
      long, the equation of Table I is used and as shown on the graph the
      preferred location of the collecting surface is 5.8 feet away from the
      nozzle outlet.
PAR  In all cases, collecting air is employed to prevent gravity free fall of
      the fibers and the collecting air is adjusted in each case for the desired
      collection characteristics which can be determined by observation. For
      best results, however, the velocity of the collecting air through the
      porous collecting surface is not less than about seventy-five percent of
      the impact velocity of the air-fiber stream. The impact velocity of the
      air-fiber stream at the collecting surface is readily measured with a
      standard flow meter or determined from the graph of FIG. 6 and the
      collecting air is then adjusted to a velocity greater than seventy-five
      percent or more of the impact velocity of the air-fiber stream. In most
      cases, the ratio of collecting air volume to the fiber air stream volume
      is maintained above 3 to 1 which means that the total air passing through
      the collecting web will be approximately 4 times the volume of air leaving
      the nozzle.
PAR  The concentration of fiber in the air stream may be varied depending on the
      desired physical characteristics of the web product. In general, the fiber
      concentration may be as high as 1.0 pound of fiber for each 30 cubic feet
      of air and as low as 1.0 pound of fiber for each 1000 cubic feet of air.
      The effective collection surface in a typical example would be an area of
      about 10 square feet. Thus, at the low concentration of 1.0 pound of fiber
      in 1000 cubic feet of air the total collecting air per pound of fiber
      would be about 4000 cubic feet which must pass through the 10 square feet
      of collecting surface. In order to collect fiber at a practical commercial
      rate of about 600 pounds of fiber per hour about 40,000 cubic feet of air
      per minute at an average velocity of 4,000 feet per minute would have to
      pass through the 10 square feet of collecting surface. This would require
      large fans and high power consumption. The most advantageous operating
      conditions are obtained by a fiber concentration of about at least 1.0
      pound for each 250 cubic feet of air to about 1 pound of fiber for each 30
      cubic feet of air at the specified fiber air stream velocity of about
      2,000 to 10,000 linear feet per minute.
PAR  The preferred velocity of the air-fiber stream at the nozzle outlet is
      about 4,000 to 6,000 feet per minute with a fiber concentration of at
      least 1.0 pound of fiber for each 250 cubic feet of air in the air-fiber
      stream projected from the nozzle. Changing the nozzle configuration will,
      of course, effect the velocity of the air-fiber stream. If the nozzle
      velocity becomes excessive, it is only necessary to increase the nozzle
      width. If the nozzle width is doubled, the velocity of the stream is
      reduced to one-half.
PAR  In most applications it is of advantage to introduce an adhesive binder
      onto the fibers to achieve improved mat properties such as tensile
      strength and handleability. A common technique for introducing an adhesive
      binder is to apply it to the fibers after the mat has been formed. In this
      technique the formed mat is passed through either a series of liquid
      binder sprays or a bath of the liquid adhesive. The introduction of the
      binder by sprays tends to be nonuniform since most of the binder is
      deposited on the mat surfaces. The use of the bath or saturation technique
      results in collapse of the fiber structure and hence loss of unrecoverable
      loft. In the present invention it has been found that the introduction of
      an adhesive binder as a liquid spray prior to collecting the fibers on the
      porous collecting screen will overcome the above described shortcomings of
      binder that has been applied after the mat has been formed. Also, the
      present invention is compatable with either the separate or simultaneous
      introduction of dry powder adhesives onto the fibers prior to their
      collection onto the porous screen if said powdered adhesives are desired
      to provide a certain product quality. For best results, an adhesive binder
      spray or sprays are introduced into the air-fiber stream in zone 1 with
      the sprays directed substantially parallel to the air-fiber stream
      direction, but in certain instances the sprays may be tilted to a greater
      angle from the direction of the air-fiber stream with equivalent results.
      The best results are obtained when the binder is injected at a distance
      away from the air-fiber stream nozzle outlet which does not exceed 4 times
      the width of the air-fiber stream nozzle. With a 2 inch wide air fiber
      nozzle, the binder spray is preferably injected into zone 1, less than 8
      inches away from the nozzle outlet. However, satisfactory results may be
      achieved when the binder is injected into the air-fiber stream at a
      distance away from the nozzle up to 12 times the nozzle width. The spray
      nozzle may be positioned inside or outside the air-fiber stream. If the
      spray nozzle is outside the air-fiber stream, the binder spray is
      preferably directed to enter the air-fiber stream at a small angle.
      Locating the binder spray nozzle inside the air-fiber stream is preferred
      because the air-fiber stream forms an air curtain which tends to contain
      the binder spray and improve binder distribution in the web.
PAR  The air-fiber stream should not be greater than 1.0 inch wide and
      preferably less for uniform binder distribution on the fibers. If a wider
      air-fiber stream is employed, a plurality of spray nozzles are employed
      spaced apart so that each spray nozzle will inject binder into a portion
      of the air-fiber stream less than about 1.0 inch wide.
PAR  The amount of liquid carrier such as water in the binder spray should be
      kept to a minimum compatible with good spray formation. Preferably the
      ratio of the weight of liquid carrier to the weight of fiber in the
      air-fiber stream does not exceed 1.0 part by weight of water to 1.0 part
      by weight of fiber. The concentration of binder in the liquid carrier is
      controlled by the solubility of binder solids and the amount of binder
      solids desired for each pound of fiber in the web. In general, the binder
      solids dissolved in the water will be from about 5.0 to 100 percent of the
      weight of the water. At the 100 percent level there will be 1 pound of
      binder solids dissolved in each pound of water. For uniform distribution
      of binder, the velocity of the binder spray is preferably equal to or less
      than the velocity of the air-fiber stream.
PAR  In accordance with the present invention, fibrous webs and mats may be made
      very thin and of the nature of tissue paper with a product weight of only
      about 3.0 to 5.0 grams per square foot. Such low weight products are most
      advantageously formed by maintaining the nozzle velocity between 3,000 to
      8,000 feet per minute with a fiber concentration of about 1.0 pound or
      less of fiber in each 150 cubic feet of air. Preferably the thin low
      weight webs are formed with a nozzle width of less than 1.0 inch and a
      fiber concentration of about 1.0 pound to each 150 to 250 cubic feet of
      air projected from the nozzle at an average velocity above 4,000 FPM and
      not over about 6,000 FPM. These thin tissue paper fibrous webs are made
      possible by the exceptional uniform random orientation of the individual
      fibers on the collecting surface without the clots and thin spots
      prevelent in the prior art web structures. Heavy mats or blankets with an
      exceptionally uniform random orientation of fibers may also be achieved.
      For example, a blanket may be formed which is about 1.0 inch thick and
      weighs only about 110 grams per square foot by increasing the fiber
      concentration to as much as three pounds per cubic feet of air, increasing
      the collecting air volume slightly, and slowing down the speed of the
      collecting surface.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details and advantages of the present invention will be described
      in connection with the drawings which illustrate a preferred embodiment of
      the invention and in which:
PAR  FIG. 1 is a schematic showing of the preferred apparatus of the invention;
PAR  FIG. 2 is a view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 shows one modification of the apparatus;
PAR  FIG. 4 shows a second modification of the apparatus;
PAR  FIG. 5 is a view taken along line 5--5 of FIG. 4; and
PAR  FIG. 6 is a graph of velocity curves of the air-fiber stream in transit
      from the projecting nozzle to the collection support.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, the apparatus comprises a conventional hammermill 10
      having an inlet chute 12 for fiber (either in lap form or bulk) and air,
      and an outlet 14 for the air-fiber suspension leading through duct 16 to
      the inlet of fan F driven by the same shaft as hammermill 10. The outlet
      17 of the fan F is connected by means of a conduit 18 to the inlet 22 of a
      conventional cyclone separator 20.
PAR  The cyclone 20 has an upper excess air outlet 24 for the removal of excess
      air from the air-fiber suspension in the direction indicated by the arrows
      26. The cyclone 20 also has an outlet at its lower end 28 connected to the
      inlet 32 of a high speed blower 30 driven by the electric motor 34. The
      high speed blower 30 has an outlet 36 connected by a flexible conduit 38
      to a felting nozzle generally indicated at 40.
PAR  The felting nozzle 40 is of sheet metal or like construction and has a
      round upper end 42 connected to the flexible conduit 38. The circular
      section 42 changes shape to a generally flat or rectangular lower portion
      44 to provide a substantially rectangular nozzle outlet 50 of the same
      cross-sectional areas as section 42 and duct 38 or somewhat smaller. The
      nozzle outlet 50 preferably is not of any greater cross-sectional area
      than the section 42 and duct 38. As best shown in FIG. 2, in those cases
      where it may be desirable to oscillate the nozzle 40, it may be secured by
      any suitable means such as by welding to a block 46 in turn secured in any
      conventional manner to the lower end of a vertical rod 48. The means of
      securing the nozzle 40 to the rod 48 is not critical.
PAR  The upper end of the rod 48 is pivoted at 52 to any convenient portion of
      the frame 54 by any suitable means such as conventional journal and pin
      arrangement. Intermediate the ends of the rod 48, a second rod 56 is
      pivoted at 62 to a rotating eccentric 60 supported upon the shaft 64 of an
      electric motor 66. The eccentric 60 has a number of openings therein so
      that the left hand end of the rod 56 (as viewed in FIG. 1) may be adjusted
      at various distances from the center of the eccentric 60 in order to
      adjust the throw of the oscillating bar 48. The rod 56 is provided with a
      slotted adjustment 56 which permits equalizing the arc of oscillation
      after positioning the left hand end of rod 56 in the eccentric 60. Also
      supported from the lower end of the oscillating bar 48 by means of
      brackets 72 and 74 are a pair of cooperating binder outlet nozzles 70.
      Hoses 76 connect the nozzles 70 to a suitable source (not shown) of liquid
      binder. Any number of conventional atomizing type liquid sprays are
      available for providing the liquid binder in atomized form as it exits
      from the nozzles 70. Either air-type or airless sprays may be used to form
      a spray of binder. In general, a flat fan shaped spray pattern is
      preferred with a nozzle of rectangular cross-section.
PAR  Beneath the nozzle outlet 50 is a suitable collection mechanism 80
      preferably incorporating a continuous screen 82 usually electrically
      driven and of any of several conventional types. This screen 82 moves
      continuously beneath the nozzle outlet 50 in a direction perpendicular to
      the drawing in FIG. 1. This is to say that the viewer of FIG. 1 is looking
      at a cross-section through the conveyor screen 82 with the upper run being
      82 on top and the lower bottom run being 84. In the area where the felting
      from the nozzle 40 takes place, the upper run of the conveyor screen may
      be bordered by suitable deckels 86 on either side of the screen 82.
      Beneath the upper run of the collection screen 82 there is a suction box
      90 connected by means of a conduit 88 to a suitable suction fan 92. The
      suction fan 92 has an inlet 94 connected to the conduit 88 and an outlet
      96 to the atmosphere. The drawing illustrates a preferred form of
      apparatus but other forms of apparatus may be employed such as those
      described in U.S. Pat. Nos. 3,494,992 and 3,622,077.
PAC  METHOD AND OPERATION
PAR  In operation, the hammermill 10, the motors 34 and 66, the driving
      mechanism for the conveyor 80, and the exhaust fan 92 are energized as
      well as the liquid binder spraying mechanism connected to the spray nozzle
      70 if it is desirable to incorporate binder into the web structure at this
      state of manufacture.
PAR  Fiber is fed into the inlet 12 of the hammermill 10 to be broken up into
      substantially individualized fibers which are entrained in the air drawn
      in through the inlet 12 to create an air-fiber suspension. Many cellulosic
      type fibers are suitable for use in this invention although it has been
      found that the shorter fibers such as fibers of one-half inch or shorter
      are preferred and at least fifty percent of the fibers have a length of
      about 0.25 inch or less. Examples of such fibers are sulfite pulp fibers,
      cotton linters, and chopped fibers of various kinds including synthetic
      fibers.
PAR  The air-fiber suspension is conveyed by the blowing action of the fan F
      through the conduit 18 into the cyclone 20 where the air-fiber suspension
      may if desired be concentrated by the removal of excess air. While the use
      of considerable air is advantageous when breaking up the fiber lap or the
      bulk fiber into individualized fibers and for initial creation of the
      air-fiber suspension, it has been found that the quantity of air necessary
      for suitable individualizing of the fibers at the hammermill is sometimes
      in excess of that ideally required for proper felting according to this
      method. In such case, the cyclone 20 may be used to remove approximately
      one-half or more of the quantity of air introduced by the hammermill 10
      and fan F while at the same time retaining the fibers in individualized
      form in an air suspension. As the air-fiber suspension issues from the
      exit 28 of the cyclone 20, the air-fiber ratio should be that described
      hereinabove. Preferably, there is not more than about 1.0 pound of fiber
      per each 30 cubic feet of air and for some applications 1.0 pound of fiber
      for each 150 to 250 cubic feet of air is preferred. This ratio of fiber to
      air in the suspension will, of course, be the same ratio as the air-fiber
      stream that issues from the nozzle outlet 50.
PAR  The air-fiber suspension enters into the high speed blower 30 through the
      inlet 32 and exits therefrom through the outlet 36 and the conduit 38
      leading to the nozzle 40. The high speed (low volume) blower 30 imparts
      additional velocity to the air-fiber suspension and, to some extent,
      further insures the break up of any remaining fibers that have not been
      quite thoroughly individualized. The blower 30 preferably rotates at about
      12,000 rpm with this speed being adjustable to between 5,000 rpm and
      15,000 rpm.
PAR  The air-fiber suspension issues form the outlet 50 of the nozzle 40 as a
      sheet-like stream 100 which passes through zones 1, 2 and 3 as described
      hereinabove depending on the location of the collecting screen 82 in
      accordance with the formulae given hereinabove. The speed of the high
      speed blower 30 is adjusted such that the stream 100 issues from the
      outlet 50 at a speed of at least about 2,000 to about 10,000 linear feet
      per minute and preferably between about 4,000 to 6,000 LFM. When a liquid
      binder is used the thickness of the stream 100 as shown by the arrows T in
      FIG. 1 is preferably not over one inch at its point of exit from the
      nozzle outlet 50 but in any event the size of the nozzle and its
      configuration will determine the thickness of the stream. That is not to
      say that the nozzle outlet 50 itself necessarily controls the thickness of
      the air-fiber stream 100. In many instances this will be so; however, if
      the opposing nozzle walls, identified as 41 in FIG. 2, form a converging
      angle above the outlet for example, the air-fiber stream may issue from
      the outlet 50 of the nozzle at a considerably thinner thickness at the
      section T--T than the thickness of the outlet itself.
PAR  The projected velocity of stream 100 and the distance it travels in transit
      through zones 1 and 2 and the beginning of zone 3 and the amount of
      collecting air is controlled as described hereinabove. In one example, 1.0
      pound of fiber was suspended in 125 cubic feet of air and projected from
      the outlet 50 of the nozzle at an average velocity of 5,000 linear feet
      per minute. The nozzle was 1/2 inch wide and 6 inches long. The collecting
      screen 82 was positioned 4.0 feet away from the outlet 50 of the nozzle
      and the collecting air was drawn through screen 82 at a velocity of 1,200
      linear feet per minute. Approximately 100 percent of the fibers were less
      than 1/8 inch long. Referring to the graph of FIG. 6 of the drawings, it
      will be seen that the collecting screen was located on the curve Y =
      X.sup.2 /80. The fiber web structure collected on the screen was about
      3/16 inch thick with a product weight of about 20 grams per square foot.
      The product exhibited an excellent uniform random orientation of the
      individual fibers. This product can be used in combination with
      appropriate surface liners as an absorbent medium in diaper lines or said
      product can be formed thicker by slowing down conveyor screen 82 to
      produce a pad which can be plied up and cut to the required dimensions for
      use as padding in disposable sanitary napkins.
PAR  In a second example a liquid adhesive binder was employed comprising 0.25
      pounds of binder solids for each 1.0 pound of water. The binder solids
      were a copolymer of vinyl chloride. The binder spray was injected into the
      air-fiber stream as illustrated in FIG. 2 at a velocity of about 4,500
      linear feet per minute. In this second example, 1.0 pound of fiber was
      suspended in 150 cubic feet of air and projected from the outlet 50 of the
      nozzle at an average velocity of 4,200 linear feet per minute. The nozzle
      was 3/4 inch wide and 15 inches long. The collecting screen 82 was
      positioned 4.0 feet away from the outlet 50 of the nozzle and the
      collecting air was drawn through screen 82 at a velocity of 1,100 linear
      feet per minute. Approximately 100 percent of the fibers were less than
      1/8 inch long. Referring to the graph of FIG. 6 of the drawings, it will
      be seen that the collecting screen was located close to the curve Y =
      X.sup.2/ 80. The fiber web structure collected on the screen was
      approximately 1/8 inch thick with a product weight of 12 grams per square
      foot. The product exhibited an excellent uniform random orientation of the
      individual fibers. The product can be used for padding under vinyl film
      such as employed in embossed automotive door panels where the vinyl binder
      is fused to both the vinyl film and a backer material by an embossing
      press. In this product application, the uniformity of the fiber and binder
      distribution is highly critical. If the distribution is not uniform the
      vinyl surface will appear to be lumpy and the bonding between the vinyl
      facing and the backer material may break loose.
PAR  The liquid binder of spray 102 is able to reach even those fibers in the
      center of the screen 100 without the formation of clots or disruption of
      the stream integrity. One of the difficulties experienced with previous
      methods is that as the air-fiber stream was too thick to allow penetration
      of the binder spray to the center of the stream. The binder spray would
      strike the outer protion of the air-fiber stream and be deflected more or
      less parallel to said stream with only the fibers in the extreme outer
      portion of the air-fiber stream itself being coated with the binder spray.
      Additional turbulence was, in fact, required to achieve adequate mixing of
      the binder and fiber. Thus, it was necessary to collect the fibers at a
      point beyond the curve Y = X.sup.2/ 135 to assure adequate mixing of the
      binder and fiber. However, this desired turbulence caused contact of the
      wetted fibers with the non-wetted fibers prior to deposition on the
      collecting surface with the result that the formed mat consisted of layers
      of poorly distributed clots. Such is not the case under the circumstances
      of this invention since the stream is very thin and turbulence is only
      employed under certain specified conditions at the beginning of zone 3
      near the end of the distance traveled by the stream. The liquid binder
      spray 102 in accordance with the present invention is able to adequately
      uniformly attach even to these fibers in the center of the stream without
      creating clots of pluralities of fibers bound together by the binder.
PAR  The length of air-fiber stream 100 (left to right in FIG. 2) is selected as
      described hereinabove which may be any length suitable for the particular
      product being made. The speed of the conveyor screen 82, and the design of
      the equipment capacity is adjusted to the desired product. The binder
      spray 102 is applied preferably at a slight angle to the direction of the
      flow of the air-fiber stream 100 and preferably as close as practical to
      the thinnest point of the air-fiber stream. If the sprays are located
      inside the stream they are directed parallel to the stream and again
      preferably as close to the thinnest point of the stream as possible. This
      insures good penetration of the binder spray 102 into the air-fiber stream
      100 and permits excellent uniformity of application of the binder to the
      fibers.
PAR  The suction fan 92 is, of course, operated in order to provide a flow of
      air downwardly through the screen 82 and into the suction chamber 90
      therebeneath. This aids in holding the fibers in position once they have
      been felted to the screen 82. The flow of air through the growing mat and
      the screen 82 into the suction box 90 also aids in prevention of gravity
      free fall of fibers and turbulence adjacent the surface of the screen and
      the growing mat. This air flow also tends to dry the liquid binder in the
      growing mat and thus reduces the drying load on subsequent drying ovens.
PAR  The felting of fibrous mats in accordance with the present invention may be
      carried out with nozzle 40 in a set stationary position and with the long
      axis of the nozzle oriented in any desired direction. But, if desired, the
      motor 66 may be operated in order to oscillate the arm 48 and with it the
      air-fiber stream nozzle 40 as well as the binder nozzles 70 as indicated
      by the dashed line positions A and B shown in FIG. 1. The adjustments 68
      permit the throw of the arm 48 to be adjusted to a greater or a lesser arc
      as may be required by the width of the product being produced. Because the
      mat will be formed somewhat wider than the limit of the arc at the
      conveyor 82, the arc is adjusted to be slightly less than the width of the
      desired product as shown in FIG. 1. The deckels 86 are adjustable toward
      and away from each other for various product widths. During oscillation,
      of course, the air-fiber stream 100 with the binder from the spray 102
      applied to the fibers thereof, is laid down in a sweeping and lapping
      fashion across the width of the moving screen 82.
PAR  One of the anticipated problems in felting the mat was that the outer
      surfaces of the air-fiber stream would at times have a somewhat lesser
      concentration of fibers than the center of said stream. This appeared to
      pose a problem especially at the reversal point in the oscillation of the
      nozzle which is located next to the deckles. For example, it appeared that
      less fibers might be deposited on the screen next to the deckles than at
      the center portion of screen 82. This tendency is overcome by stopping the
      oscillation short of the deckles and allowing the inertia of oscillation
      to distribute the fibers uniformly close to the deckles. Thickness
      uniformity can be maintained within 1 inch distance from the deckle
      surfaces.
PAR  It has been found, similarly, that the "lapping" effect above referred to
      and the limited flaring of the air-fiber stream at the collecting surface
      contribute to the uniformity of the mat produced. The speed of oscillation
      is controlled by the speed of the motor 66 and is adjusted to correspond
      with the speed of the screen 82 thus permitting the formation of a
      continous mat on the screen 82. This adjustment is preferably made such
      that each traverse of the stream overlaps a portion of the mat laid down
      by the previous traverse to just the proper amount to even out any
      thinness caused by any tendency for the fibers to be less concentrated at
      the outer surface of the stream. At a downstream station (not shown) the
      mat may be lifted from the screen 82 and pressed between rolls if desired
      to a controlled thickness and then passed into a drying oven in known
      manner if necessary. Said screen surfaces 82 and 84 may consist of
      materials with low adhesion coefficients such as Teflon which reduce
      tendency for the mat to stick to the screen. Alternatively, if the mat
      formed in quite thin, it may be transferred to and dried on suitable
      drying rolls also in known manner or the air passed through the product by
      the suction box 90 may be adequate, particularly if its moisture capacity
      is increased such as by heating.
PAR  Various liquid binders may be used including particularly starch sols and
      various liquid latex binders as well as other liquid binders or
      suspensions in a liquid such as resins, it being only necessary that the
      binder be adequately atomized when applied to the air-fiber stream. As
      pointed out hereinabove, solid binders such as various powdered binders
      may also be used. These may be blended in conventional manner with the
      fiber prior to passage through the blower 30.
PAR  Various modifications of the apparatus are also possible. A plurality of
      separate nozzles may be used to project the air-fiber stream toward the
      support. If desired, the separate nozzles may be combined into a single
      unit in order to use a single feed for the plurality of nozzles. As shown
      in FIG. 3, there is a single flexible duct 238 leading from a single high
      speed blower such as that indicted at 30 in FIG. 1. The flexible duct 238
      is connected to an inlet 242 of a nozzle 240 comparable broadly to the
      nozzle 40 shown in FIGS. 1 and 2. The nozzle 240 has a plurality of
      outlets 250 each of which is roughly comparable to the outlet 50 shown in
      FIGS. 1 and 2. Binder nozzles 270 are arranged on either side of each of
      the outlets 250 in the same manner generally as the relationship between
      the nozzles 70 shown in FIGS. 1 and 2 with respect to the outlet 50
      therein. The plurality of nozzles 250 shown in FIG. 3 are provided by
      inverted V divider strips 271 arranged longitudinally of the interior of
      the basic nozzle head 240. It will be seen, therefore, that from one
      flexible supply duct 238 and from one nozzle head 240 a plurality of
      streams 200 can be provided by the inverted V divider strips 271 as shown
      in FIG. 3. It will be appreciated that when reference is made herein and
      in the claims to the thickness of the air-fiber stream, reference is had
      to the thickness dimension indicated by the arrows T--T as shown in FIG. 1
      as well as to the same thickness as indicated in FIG. 3 by the three sets
      of arrows marked T--T. That is to say that each of the streams 200 has a
      thickness at the point indicated by the arrows market T--T in FIG. 3.
      Conversely, the thickness of the air-fiber stream as referred to herein is
      not the overall thickness as indicated by the arrows O--O in FIG. 3. In
      effect, therefore, the device of FIG. 3 is merely a plurality of nozzles
      similar to the nozzle 40, as shown in FIG. 1 provided from a single nozzle
      head 240 and a single flexible supply duct 238. Location of collecting
      screen 82 relative to the air fiber nozzle is determined on the basis of
      calculations for only one stream as described hereinabove.
PAR  Another modification of the apparatus is shown in FIG. 4. While the
      elongated nozzle outlet 50 and the elongated stream 100 as shown in FIG. 1
      and the similar multiple nozzles and streams 250 and 200 respectively
      shown in FIG. 3 are preferred, cylindrical nozzle 340 as shown in FIG. 4
      may also be utilized. The cylindrical nozzle 340 as shown in FIG. 4 is
      supplied from a single flexible supply duct 338 connected at its other end
      (not shown) to a high speed blower arrangement such as that shown at 30 in
      FIG. 1. The cylindrical nozzle 340 has an outlet 350 and an internal
      binder nozzle 370 which extends inwardly and downwardly in a smooth curve
      from a portion of the wall of the nozzle 340. The binder nozzle 370 is
      connected externally of the nozzle 340 to a suitable flexible hose 376
      which is in turn connected to a source of liquid binder. It will be
      appreciated that since the nozzle 370 extends downwardly to about the
      position of the lower end of the nozzle 340 that the liquid binder nozzle
      370 in part defines the outlet 350 together with the lower edge of the
      nozzle 340. Under the circumstances, the air-fiber stream 300 is circular
      in nature and has a central opening 301 therein. It will be appreciated
      that when reference is made herein and in the claims to the thickness of
      the air-fiber stream reference is being made to the dimension indicated by
      the arrows T--T as shown in FIG. 4 and not to the larger outside dimension
      indicated by the arrows O--O. Location of the collecting screen relative
      to the outlet of nozzle 340 is determined as specified hereinabove by
      calculation for a round opening with a diameter that provides an area
      equal to the open area of thickness T--T. FIG. 5 is a view from beneath
      along the line 5--5 of FIG. 4 again showing, but in a different view, the
      thickness T which is the thickness of the air-solids stream referred to.
PAR  Still further modifications are contemplated. While reference has been made
      to the use of but one nozzle such as the nozzle 40 in FIG. 1 with a
      cooperating pair of binder nozzles 70, it will be appreciated that for
      nozzles 40, with a greater left to right length of face 41, a plurality of
      binder nozzles 70 may be required on each side. Also, for extremely wide
      screens 82, a plurality of nozzles 40 with associated binder nozzles 70
      and including a plurality of supply ducts 38 supplied either from a single
      or a plurality of high speed blowers 30 may be required. In such
      circumstance, the nozzles 40 would be arranged parallel to each other and
      in one ore more rows as viewed from left to right in FIG. 1. For other
      applications, including products of considerable thicknesses, for high
      speeds of the conveyor 82, or for laying down two mats or more on top of
      each other either of similar or different make up, it may be desirable to
      arrange a plurality of rows of nozzles 40 together with associated binder
      nozzles and supply ducts longitudinally of the conveyor screen 82.
PAR  As indicated above, the preferred distance under the circumstances outlined
      for the distance between the outlet 50 and the screen 82 will lie close to
      the curve Y = X.sup.2 /80 shown in FIG. 6. If screen 82 is too far from
      the outlet 50, the air fiber stream tends to slow down and back up on
      itself thus permitting the fibers to touch one another and therefore form
      clots. If the screen 82 is too close to the outlet 50, the force of the
      air-fiber stream 100 impinging upon the screen 82 will cause severe impact
      at the screen face again causing considerable clotting and blowing of the
      forming mat off the screen.
PAR  While the preferred method is described above, including the use of a
      liquid binder, various modifications of the process are possible to
      produce different product characteristics. For example, depending upon the
      use to which the product is to be put and the nature of the fibers and
      their characteristics including their length it is possible to produce a
      mat by this method in which the fibers are sufficiently interfelted as to
      provide strength and integrity to the mat without the need for any added
      binder including the applied liquid binders as above disclosed.
      Accordingly, under such circumstances, it is only necessary to shut off
      the liquid binder nozzles 70. For other products and applications it may
      be preferred to use a dry binder such as the various powdered
      thermoplastic resins such as the various acrylic, styrene, vinyl,
      polyolefin and polyester resins and the like. Such dry binder material may
      be fed into the hammermill 10 along with the fiber in measured amounts.
      Normally, the amounts of such solids will be between 4 and 30 pounds of
      powder for each 100 pounds of fiber; but, again, this depends upon the
      particular product and product characteristics desired. Various
      thermosetting resins such as powdered phenolic, urea-formaldehyde,
      melamine-formaldehyde, and some epoxy resins may also be introduced into
      the hammermill 10 with the fibers. In each of these circumstances whether
      the introduced dry binder resins are thermoplastic or thermosetting they
      may be activated after the formation in a suitable oven or may, for
      example, have been included for the purposes of molding in a press such as
      is commonly done with the various phenolic resins. In either case the use
      of the liquid binders above mentioned may or may not be necessary
      depending upon the amount of handling, the product characteristics desired
      and the characteristics of the fibers being used. For example, it may be
      preferred for a particular product to use a small quantity of starch sol
      applied by the binder nozzles 70 in order to hold the mat together during
      subsequent handling and use even though included in the mat is a quantity
      of powdered resin which may be activated either immediately after
      formation or at some later time at a different location such as may occur
      when molding a blanket to form a molded article. On the other hand, if the
      fibers permit and provide enough integrity to the mat there may well be
      instances when solids such as powdered resins may be incorporated in the
      air-solids suspension when no liquid binder need be applied by the nozzle
      70. For example, if the mat is to be moved down the line by machine and
      the dry binder activated by heat, the integrity of the mat contributed by
      the fibers themselves, may be sufficient to not require the added liquid
      binder.
PAR  Various additives in liquid or solid form may be incorporated in the mat
      such as color dyes, fire retardants, seeds for grass, vegetables, and the
      like. In liquid form these may be included by spraying through the nozzle
      70 either in combination with the liquid binder, if any or alone. If in
      solid form, these may be included by introduction into the inlet 12 of the
      hammermill 10. It has been found, for example, that a very suitable mat
      incorporating grass seed may be produced without any detrimental effect to
      the seed by the blowers and other mechanisms simply by introducing the
      seed in the desired quantity by a tube inserted into the outlet 24 of the
      cyclone collector. Such a product, bound with a starch binder applied by
      the nozzles 70, can be laid upon the open ground and when watered both the
      starch binder and the fibers will disintegrate slowly while holding the
      grass seed long enough for it to germinate the root.
PAR  Whenever added, solids are provided whether they be powdered resins, fire
      retardants, seeds, or any other additive, their weight is included in
      determining the quantity of air used. For example, for some particular
      product there may well be 150 cubic feet of air per pound of solids
      wherein the pound of solids is made up of 0.1 pounds of phenolic resin and
      0.9 pounds of fibers. The quantity of fibers can vary widely, but the
      fibers are essential to the production of the felted mat. Additionally,
      when the quantity of fibers drops much below 50% by weight of the total
      solids the air-solids stream becomes so dusty as to present difficulties
      in the environment and in retention upon the screen 82. As used herein and
      in the following claims, the reference to "solids" includes fiber as well
      as any dry powdered binder, fire retardants, seeds for grass, and the like
      in dry form suitable for inclusion in the air-solids suspension.
PAR  Products produced according to this invention have been shown by
      measurements to have significantly improved coefficients of uniformity
      indicating lack of clotting, better fiber distribution, better felting,
      thus giving products with enhanced uniformity, loft, stretch, drape,
      softness, and resiliency.
PAR  An appreciation of the uniform orientation of the felted fibers in mats
      produced in accordance with the present invention will be realized from
      optical tests showing transmission of light through the mat.
PAR  A new method based on the laws of optics has now been developed for
      determining uniformity of the orientation of fibers in felted mats.
      Briefly stated, the method consists of projecting a beam of light of fixed
      intensity through the mat onto a photocell. The photocell is connected to
      a light meter to provide a quantitative value of the transmitted light. A
      sample of the mat to be tested is placed directly over an opaque plate
      containing a single 1/2 inch diameter hole which restricts the light
      transmitted to the photocell to that passing through a 1/2 inch circle in
      the mat. In this way, the transmitted light (I) is recorded for a
      multitude (n) of regularly spaced spots in the mat. A base light intensity
      (Io) without having a mat in place over the opaque plate of about 200 to
      250 foot candles is satisfactory for most tests and the meter reading for
      the base light is also recorded. The recorded light intensity (I) may be
      translated into an equivalent weight value (w) and the variance (s.sup.2)
      or the standard diviation (s) of these weight values relative to the
      average weight of the entire sample (w) will give a coefficient of
      variation (CV) for the sample. The average weight of the entire sample (w)
      is determined by dividing the total weight of the sample by its area to
      obtain the weight per unit of area. The coefficient of variation (CV)
      provides a quantitative value for comparing the uniformity of the felted
      fibers in the mat against that of other mats examined in a similar manner.
PAR  The formulae used in calculating the above values are as follows:
PAC  EQUATION 1
      ##EQU1##
PAC  EQUATION 2
      ##EQU2##
PAR  The (CV) in the above formulae is expressed as a percent and the lower the
      (CV), the more uniform the mat. The term optical coefficient of variation
      as used in the specification and claims is intended to mean the CV value
      determined in accordance with the formulae set forth hereinabove.
PAR  In the examples set forth in Table III, w and s are in grams per square
      feet; I.sub.o and I are in foot candles; n is the number of readings of I
      taken through the tested sample which was a 12 inch square.
TBL                                    TABLE III                               
     __________________________________________________________________________
                     PARAMETERS             UNIFORMITY                         
     SAMPLE     n  w   I.sub.o                                                 
                           .SIGMA.(LogI)                                       
                                 .SIGMA.(LogI).sup.2                           
                                       k    S*   CV                            
     __________________________________________________________________________
     A.                                                                        
       Commercial                                                              
                32  5.7                                                        
                       242 55.8403                                             
                                 97.4433                                       
                                        8.92                                   
                                            .+-..061                           
                                                 1.07%                         
       tracing paper                                                           
       or vellum                                                               
       (.005" thick)                                                           
     B.                                                                        
       Web produced                                                            
                32 15.0                                                        
                       242 36.0162                                             
                                 40.5811                                       
                                       11.92                                   
                                            .+-..45                            
                                                 3.02%                         
       by present                                                              
       invention                                                               
       with liquid                                                             
       binder                                                                  
       (.143" thick)                                                           
     C.                                                                        
       Commercial                                                              
                32 33.6                                                        
                       242 29.7846                                             
                                 28.1603                                       
                                       23.12                                   
                                            .+-.2.7                            
                                                 8.18%                         
       web with                                                                
       liquid binder                                                           
       (1/4" thick)                                                            
     __________________________________________________________________________
     *S is the standard deviation which can be obtained from                   
          CV .times. w                                                         
     S =                                                                       
          100                                                                  
PAR  As shown above, there is a big difference in uniformity of the products.
      Sample A is a commercial tracing paper or vellum formed in conventional
      manner from an aqueous slurry of fiber from which the water is withdrawn.
      Controls have been perfected for obtaining a uniform dispersion of fibers
      in the aqueous slurry used in the wet processes conventionally employed in
      the manufacture of paper and the uniformity of fiber dispersion in the
      product is excellent. However, up until the time of the present invention
      there has been no attempt in the known commercial air-fiber stream felting
      processes to control the air-fiber stream during transit from the nozzle
      to the collecting surface for the mat. This is illustrated by Sample C
      which is a commercial fibrous mat deposited by gravty on the porous
      collecting surface (Duval patent process). The distribution of fibers in
      Sample C does not approach the uniformity of that obtained by the wet
      process. There are many clots of fiber and thin spots in the mat of Sample
      C which are objectionable and tend to make the mat unsuitable for use in a
      number of commercial applications. As a matter of fact, Sample C
      represents the minimum weight that can be produced by the process. If a
      lower weight mat is attempted the number of fiber clots are not sufficient
      to adequately cover the forming surface and, as a result, large voids or
      holes appear in the mat.
PAR  The mat of Sample B was produced in accordance with the present invention
      using the above specified control of the air-fiber stream in transit from
      the nozzle to the collecting support and, as shown in Table III, the
      distribution of individual fibers in the mat is quite unexpectedly close
      to that of mats produced in the conventional wet process. The uniformity
      of fiber felting and orientation in mats produced by the present invention
      makes it possible to produce very thin light weight mats comparable to
      paper which have not heretofore been possible with conventional air-fiber
      stream felting processes. These light weight felted mats produced in
      accordance with the present invention have an optical coefficient of
      variation not greater than about 6.0%.
PAR  The invention permits flexibility in the production of aiar-fiber stream
      felted products. For example, extremely low density products as low as
      about 1 pound per cubic foot may be produced and products with
      considerable densities cana also be produced. Densities as high as 60
      pounds per cubic foot are possible by pressing the felted mat. Thicknesses
      may range from 4 mils to about 1 inch. However, fibers which upon felting
      on the support present a low porosity to the collecting air flow, can be
      felted to greater thicknesses than those fibers providing a lower
      porosity.
PAR  Unlike most previous air felting system, no confined space such as large
      chambers or casings are required by this method since the required
      integrity of the air-solids stream is maintained during its travel through
      the free surrounding air from the nozzle outlet 50 to the screen 82 thus
      avoiding the cloud-like or snowstorm gravity free fall effect in most
      chambers which tend to produce clots.
PAR  Products made by this method have a myriad of uses including package
      wrapping and cushioning, furniture and mattress cushioning, filler
      materials for furniture and books, various embossed application,
      paper-like products particularly disposable products such as diapers,
      wiping cloths, filters, liquid absorbers, cloth for draperies, clothing,
      liners, sanitary napkins, and the like. When air permeable molds are used
      various molded products may be produced including dash, hood, roof and
      trunk liners for automobiles and other molded shapes for numerous
      applications.
PAR  It will be understodd that the claims are intended to cover all changes and
      modifications of the preferred embodiments of the invention, herein chosen
      for the purpose of illustration, which do not constitute departure from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of forming a uniform felted fibrous structure by projecting
      an air fiber stream of fibers from a nozzle for collection on a collecting
      screen having edges comprising:
PA1  a. selecting cellulosic type fibers having a length of 0.25 inch or less;
PA1  b. forming a relatively dilute air suspension of substantially
      individualized fibers in which at least about one-half of the fibers are
      the said selected fibers having a length of 0.25 inch or less;
PA1  c. subsequently concentrating said air-fiber suspension by removing air
      therefrom;
PA1  d. selecting a nozzle configuration for projecting said suspension as a jet
      stream;
PA1  e. oscillating said nozzle;
PA1  f. projecting said suspension of fibers from said selected nozzle as a jet
      stream at a linear velocity of at least 2,000 feet per minute toward the
      collectng screen and without said suspension of fibers passing over the
      edges of the collecting screen;
PA1  g. applying a suction to the opposite side of said screen;
PA1  h. correlating the selected nozzle configuration to the distance betweeen
      the nozzle outlet and screen;
PA1  i. positioning the screen at a selected correlated distance from the nozzle
      to maintain the integrity of said stream and the dispersion of said fibers
      as individual fibers without the formation of clots during transit from
      the nozzle to the scrren area; and
PA1  j. collecting the fibers of said stream on said screen to form a felted
      mat.
NUM  2.
PAR  2. The method of claim 1 in which the velocity of said stream as it issues
      from said nozzle is between about 4,000 and about 6,000 linear feet per
      minute.
NUM  3.
PAR  3. The method of claim 2 in which the quantity of air in said air-fiber
      stream after concentration is about 30 to 250 cubic feet per pound of
      fiber.
NUM  4.
PAR  4. The method of claim 3 in which said stream is sheet-like and of a
      thickness not in excess of about 1.0 inch as it issues from said nozzle.
NUM  5.
PAR  5. The method of claim 4 in which said structure is formed continously in
      one direction, said stream is elongated in cross-section and is disposed
      with its longer dimension parallel to the direction of the structure
      formation.
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ABST
PAL  A quick-removable closure attachment for the depending spout of a flexible
      hopper bag. The spout has a rigid horizontal conduit secured to its
      intermediate portion. To close the spout it is folded around the conduit.
      A holding clip has a bottom rod and a pair of gripping bars spaced
      upwardly from the rod, parallel thereto and located on opposite sides
      thereof at different heights. The bottom rod is inserted through the
      conduit and the folded spout is received grippingly between the gripping
      bars, holding the spout closed. To allow discharge from the hopper bag,
      the clip is withdrawn, allowing the spout to unfold and drop to its open
      depending position.
BSUM
PAR  This invention relates to hopper bag closures, and more particularly to a
      quickly removable closure attachment for the depending spout of a flexible
      hopper bag such as a hopper bag employed to contain dusting or spraying
      solid materials to be employed with agricultural aircraft.
PAR  A main object of the invention is to provide a novel and improved
      quick-removable closure attachment for a flexible spout, such as for the
      dependent flexible spout of a hopper bag employed for loading agricultural
      aircraft, or for other types of uses where speed of operation is of
      primary concern, the closure attachment being very simple in construction,
      being easy to install on a flexible conduit, and being rapidly removable
      by a simple manual operation to release the conduit and allow the contents
      of its associated hopper bag to quickly discharge.
PAR  A further object of the invention is to provide an improved quick-removable
      closure attachment to facilitate the closure and fast dumping of flexible
      containers, such as canvas, cloth or plastic bags used to load solid
      materials, such as seed, fertilizers, defoliant, dust, lamp black, and the
      like into agricultural airplanes, or for other applications where speed of
      operation is of primary concern, the closure attachment being inexpensive
      to fabricate, being sturdy in construction, being relatively light in
      weight, and being generally easy to handle.
DRWD
PAR  Further objects and advantages of the invention will become apparent from
      the following description and claims, and from the accompanying drawings,
      wherein:
PAR  FIG. 1 is a side elevational view of a typical flexible hopper bag
      suspended in operating position and having its depending spout arranged
      for use with a quick-removable closure attachment according to the present
      invention.
PAR  FIG. 2 is a perspective view, to a larger scale, of a closure attachment
      according to the present invention arranged for use with a hopper bag
      similar to that shown in FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary perspective view of the spout portion of
      a hopper bag arranged for use with a quick-removable closure attachment
      such as that shown in FIG. 2, the hopper bag being slightly different from
      that shown in FIG. 1 in that it is provided with only a single horizontal
      closure guide conduit.
PAR  FIG. 4 is an enlarged fragmentary end elevational view of the spout portion
      of a hopper bag such as that shown in FIG. 3, shown in folded condition
      prior to being secured by a clip such as that shown in FIG. 2.
PAR  FIG. 5 is an end elevational view, similar to FIG. 4, but showing the clip
      of FIG. 2 operatively engaged with the folded spout of FIG. 4.
PAR  FIG. 6 is a front elevational view taken substantially on the line 6--6 of
      FIG. 5.
DETD
PAR  In certain activities, such as crop dusting, and the like, employing
      aircraft, or other vehicles, where speed of operation is a primary
      concern, it is necessary to employ rapidly operating closure devices for
      the hopper portions involved in transferring the material to be dispensed.
      In the previously employed devices, such requirements have been met by
      using butterfly valves, bow knots, and other relatively complex devices
      for the closure and dumping of bags. These devices have not been
      satisfactory for this purpose inasmuch as they are prone to inadvertent
      actuation, may be bulky in operation, and are relatively slow in action.
      The time of loading, particularly in aerial applications, is of the
      highest importance. The very nature of aerial application of materials
      calls for speed in order to make the operations efficient. The apparatus
      of the present invention is intended to provide the required expediency
      and speed in use for this type of activity.
PAR  Referring to the drawings, FIG. 1 illustrates a typical flexible hopper
      bag, shown at 11, employed for loading agricultural aircraft with spraying
      or dusting solid materials. The bag 11 comprises a main body portion 12
      having a depending spout 13 at its bottom end and having a rigid rim 14 at
      its top end for the attachment of a flexible supporting element 15 which
      enables the bag to be suspended by means of a pivoted supporting bracket
      element 16 to a boom 17. The boom 17 is suitably provided with means for
      moving the bag 11 to a required dumping position, for example, to a
      position appropriate for discharging the contents of the bag into an
      agricultural aircraft.
PAR  The spout 13 is provided on opposite sides thereof with horizontal guide
      conduits 18,18, enabling the bag to be employed with a quick-removable
      closure attachment in a manner presently to be described.
PAR  In actual use, the spout 13 may be provided with a single guide conduit 18,
      for example, in the spout shown in the modification illustrated in FIG. 3.
      In closing the spout, preparatory to fastening it in closed position by
      means of a clip according to the present invention, the spout is folded
      around a guide conduit 18, for example, in the manner illustrated in FIG.
      4. The use of guide conduits on opposite sides of the spout enables the
      fold to be made in either direction.
PAR  Referring now to FIG. 2, a typical quick-removable closure clip according
      to the present invention is designated generally at 19. The clip 19
      comprises a rigid plate-like main body 20 formed with opposite end lugs
      21,21 to which are secured the respective opposite end legs of a U-shaped
      handle 22. Rigidly secured to the plate-like member 20 is a rigid guide
      rod 23 of substantial length and dimensioned so as to be slidably
      receivable in a guide conduit 18. Also rigidly secured to the plate-like
      main body member 20 on opposite sides of the common plane of rod 23 and
      handle 22 are respective rigid gripping bar elements 24 and 25, the bar
      elements 24 and 25 being spaced upwardly from the guide rod 23 at
      different heights, as viewed in FIG. 5, and extending parallel to the rod
      member 23. It will be further seen from FIGS. 2 and 5 that the bar members
      24 and 25 are in the form of flat strips and arranged horizontally, in the
      orientation of the device 19 shown in FIG. 5. The bar members 24 and 25
      are of sufficient length to completely span the width of a spout 13, and
      are of the same order of length as the guide rod 23, although the guide
      rod 23 is preferably somewhat longer than the gripping bars 24 and 25.
PAR  In using the clip 19, the spout 13 is folded around a guide conduit 18
      horizontally secured thereto in the manner illustrated in FIG. 4, to a
      flattened folded condition, wherein the free end of the spout extends
      upwardly, after which the guide rod 23 of a clip 19 is inserted in the
      conduit 18 with the folded upwardly adjacent portions of the spout
      received between the gripping bars 24 and 25. Thus, the device 19 is
      engaged laterally with the folded spout 13 until the plate-like main body
      member 20 comes into abutment with the folded side edge portion of the
      spout, as shown in FIG. 6. It will be noted that the lowermost bar element
      24 is spaced sufficiently from the guide rod 23 to receive the thickness
      of a flattened spout 13 between rod 23 and bar 24 and that the other bar
      25 is spaced upwardly relative to the lowermost bar 24 to deform the
      flattened spout portions slightly in a leftward direction, as viewed in
      FIG. 5, and as shown at 30. This provides a secure gripping action which
      securely maintains the folded flattened spout 13 in a sealing condition.
PAR  When the loaded bag 11 is moved into position by the action of boom 17 over
      the intended receiving receptacle, such as the receiving hopper of an
      agricultural aircraft, the clip 19 may be quickly withdrawn by merely
      exerting a horizontal pull thereon employing the handle 22 to disengage
      the guide rod 23 and the gripping bars 24, 25 from the folded spout 13.
      When the spout is thus disengaged from the clip 19, it drops to a
      depending vertical position and opens to allow the contents of the bag 11
      to discharge into the desired receptacle. This action can be performed
      very rapidly and with a minimum amount of manual effort.
PAR  While a specific embodiment of a quick-removable closure attachment for the
      depending spout of a flexible hopper bag has been disclosed in the
      foregoing description, it will be understood that various modifications
      within the spirit of the invention may occur to those skilled in the art.
      Therefore, it is intended that no limitations be placed on the invention
      except as defined by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexible hopper bag having a dependent spout, and a guide conduit
      horizontally secured on an intermediate portion of the spout, in
      combination with a closure clip for the bag spout, said clip comprising a
      rigid main body member, a guide rod rigidly secured to said body member,
      and a pair of gripping bar elements rigidly secured to said body member
      and extending substantially parallel to said guide rod, spaced upwardly
      therefrom and located on opposite sides thereof, said guide conduit
      slidably receiving said guide rod and the folded flattened spout being
      grippingly received between said gripping bar elements when the spout is
      flattened and folded around said guide conduit and the guide rod is
      inserted in the conduit, whereby the spout may be at times released to
      drop to a depending open condition when the clip is disengaged therefrom.
NUM  2.
PAR  2. The combination of claim 1, and wherein the gripping bar elements are
      located at different heights above the guide rod. outwardly
NUM  3.
PAR  3. The combination of claim 1, and wherein said bar elements are in the
      form of flat strips.
NUM  4.
PAR  4. The combination of claim 1, and wherein said body member comprises a
      plate and said guide rod and gripping bar elements extend perpendicular to
      said plate.
NUM  5.
PAR  5. The combination of claim 4, and a U-shaped handle projecting outwardly
      from said plate.
NUM  6.
PAR  6. The structural combination of claim 1, and wherein the gripping bar
      elements are at different heights above the guide rod, the lowermost bar
      element being located adjacent to the guide rod and being spaced therefrom
      sufficiently to receive the thickness of the flat spout between the guide
      conduit and said lowermost bar element.
NUM  7.
PAR  7. The structural combination of claim 1, and an additional guide conduit
      horizontally secured on the intermediate portion of the spout opposite the
      first-named guide conduit, enabling the spout to be folded upwardly around
      either guide conduit for gripping engagement by the clip.
NUM  8.
PAR  8. A quickly attachable and detachable closure clip for a flexible hopper
      bag spout such as used for loading agricultural aircraft, or the like,
      comprising a rigid thin plate member, an elongated guide rod considerably
      longer than any dimension of said plate member and of sufficient length to
      completely span the width of and be received in the fold of a bag spout
      when such spout is flattened and folded upwardly, said guide rod being
      rigidly secured to said plate member to extend substantially perpendicular
      thereto from one side surface thereof, a pair of similarly elongated
      gripping bar elements rigidly secured to the same side of said plate
      member and extending substantially parallel to said guide rod, spaced
      upwardly therefrom and located on opposite sides thereof, and a handle
      member projecting outwardly from the opposite side of said plate member,
      whereby a folded flexible hopper bag spout may be grippingly received
      between said gripping bar elements to close the bag spout and the bag
      spout may be quickly released to a depending opening condition when the
      clip is disengaged therefrom.
NUM  9.
PAR  9. The clip of claim 8, wherein said bar elements are flat strips
      terminating in rounded free ends to facilitate application to a fold
      hopper bag spout and are located at different heights above the guide rod.
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ABST
PAL  A wristband connector including an outer tubular member having two radially
      inwardly projecting guides, one at each end of the outer tubular member. A
      lug slot extends from one end of the outer tubular member along part of
      its length. Two inner tubular members having an outside diameter slightly
      less than the inside diameter of the outer tubular member have a guide
      slot which cooperates with and slidingly receives the guide on the outer
      tubular member to prevent relative rotation of the inner tubular members
      and outer tubular member while permitting them to slide therein. One of
      the inner tubular members further includes a finger lug extending
      outwardly therefrom which slides in the lug slot in order to provide a
      manual means for retracting one of the inner tubular members into the
      outer tubular member thereby facilitating placement of the wristband
      connector on a wristwatch. Pins integral with and extending longitudinally
      outwardly from the inner tubular members engage outwardly extending arms
      of a wristwatch. A spring inside the outer tubular member biases the inner
      tubular members outwardly and a means for holding a wristband to the
      wristband connector is operatively attached to the outer tubular member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to wristband connectors for wristwatches.
PAR  It is often frustrating to thread a retractable pin through the tubular end
      opening in a wristband and subsequently insert it into the extending arms
      of a wristwatch case. The difficulty is encountered because the openings
      in the wristwatch arms in which the pin fits are hidden from view and the
      pin itself is covered by the wristband end. Ideally, the retractable pin
      should be manually controllable and readily accessible during the process
      of inserting it on a wristwatch. The pin should also be integral with the
      wristband so that it doesn't become separated during assembly. Simplicity
      of design and a minimum number of parts are also important to minimize
      cost and increase reliability.
PAR  Many different solutions have been proposed to facilitate the insertion of
      a wristband on a wristwatch. For example, Mathez U.S. Pat. No. 1,818,637
      discloses a relatively complex device and while it uses integral sliding
      pins to connect a wristband, it does not appear to have any manual method
      of controlling them. Depoiller U.S. Pat. No. 1,242,152 shows a retractable
      pin having a spring biased inner tubular member and an outer tubular
      member with a latch thereon for manually engaging it. However, the pin is
      designed to be placed through a strap end and thus inaccessible for
      convenient manual operation. Sand U.S. Pat. No. 2,870,511 also shows a
      retractable pin in conjunction with a wristband. However, the Sand device
      is relatively difficult to manufacture because of the totally enclosed
      mechanism and the large number of parts.
PAR  In this invention, a relatively few components in a wristband connector are
      utilized to provide all of the advantages noted above and found in the
      prior art. That is, the wristband of this invention can be manually
      assembled on a wristwatch with a minimum of effort. Integral spring biased
      retractable pins are operable by an easily accessible finger lug. The
      construction of the connector uses only four basic parts and a wristband
      connector to achieve the above-noted advantages. This reduction in the
      number of parts and the retention of functions is a decided advantage in
      the manufacture and operation of the wristband connector. Accordingly, it
      has all of the advantages desired in a wristband and overcomes the
      problems of the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  A wristband connector comprising an outer tubular member having a
      longitudinal slot and at least one radially inwardly projecting guide. At
      least one outwardly biased inner tubular member telescopes inside the
      outer tubular member and has a finger lug which moves in the longitudinal
      slot and a guide slot which cooperates with the guide on the outer tubular
      member. A longitudinally extending pin integral with the inner tubular
      member is designed to engage a wristwatch arm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of the back of a wristwatch, wristband
      connector and wristband;
PAR  FIG. 2 is a plan view, partially cut away, of the wristband connector of
      this invention with the wristband and wristwatch removed;
PAR  FIG. 3 is a section 3--3 of FIG. 2; and
PAR  FIG. 4 is an end view of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  As illustrated in FIG. 1, a wristwatch 10 is connected to a wristband 12 by
      means of a wristband connector 14. The wristwatch includes a casing 16,
      and outwardly extending arms 18, 20, 22 and 24 integral therewith. Pin
      receptacles such as 25 are located on the inside of each arm and a stem 26
      extends from the casing 16. The wristband 12 can be any known type, such
      as leather, vinyl, metal mesh, links or solid arcs. It is fully
      anticipated and within the scope of this invention that the band could
      also be an expandable watchband, in which case it may be integrally
      connected with the wristband connector 14.
PAR  As shown in FIGS. 1 through 4, the wristband connector includes an outer
      tubular member 28 having integral radially inwardly extending projections
      30 and 32. A finger lug guide 34 includes a longitudinal slot opening
      outwardly at one end of the outer tubular member 28. The lug guide 34
      extends along part of the length of the outer tubular member 28.
PAR  Two inner tubular members 36 and 38 each include an integral longitudinally
      outwardly extending pin 40 and 42, respectively. Shoulders 44 and 46 are
      integral with and support rounded pins 40 and 42, respectively, on the
      tubular members 36 and 38. The inner tubular members or blanks 36 and 38
      also include longitudinal slots 48 and 50, respectively, which receive
      therein the projections 30 and 32 on the outer tubular member to permit
      relative telescopic movement of the inner tubular members 36 and 38 and
      the outer tubular member 28 while prohibiting rotation of the members
      relative to each other. This invention would also be operable with one
      inner tubular member and a pin extending from the opposite end of the
      outer tubular member to engage a wristwatch arm.
PAR  The inner tubular member 38 further includes an outwardly extending round
      integral finger lug 52 which moves within the lug guide 34. The finger lug
      52 passes outwardly through the finger lug slot 34 of the outer tubular
      member 28 so that it may readily be grasped and moved manually. The finger
      lug's design and placement on the bottom of the wristband provides maximum
      strength and comfort to the wearer. The lug guide 34 extends along the
      outer tubular member a length sufficient to permit retraction of the pin
      42 out of arm 20 of the wristwatch 10.
PAR  A resilient member such as a helical spring 54 is mounted inside the outer
      tubular member 28 and has its ends operatively abutting against the inside
      portions of the inner tubular members 36 and 38. The spring 54 is
      compressed by the inner tubular members 36 and 38. The thus resulting
      outwardly biased, inner tubular members 36 and 38 are held from ejection
      out of the ends of the outer tubular member 28 by the projections 30 and
      32 abutting against the ends of slots 48 and 50, respectively.
PAR  A means for holding 56 the wristband 12 is operatively attached to the
      outer tubular member 28 and includes a U-shaped member 58 having a base 60
      and radially outwardly extending ears 62 and 64. Between the ears 62 and
      64 is a connecting bar 66 having one end 65 integral with the ear 64 and
      the other inserted in a slot 57 in the ear 62. The end 65 is U-shaped to
      permit resilient movement of the bar 66. It is anticipated that the
      connecting bar 66 may be pivotal or otherwise moveable to permit removal
      of the wristband 12.
PAR  In operation, the use of the wristband connector 14 is extremely
      convenient. The readily accessible finger lug 52 is utilized to retract
      the pin 42 and after locating the pin 42 to move into the receptacle 25,
      the finger lug 52 is released. There is no possibility of dropping a loose
      pin. Equally important is the reduction in the number of parts while
      performing the same function. By properly cutting and forming the inner
      tubular members, they include an integral pin, shoulder, guide slot and
      finger lug. Similarly, the outer tubular member includes integral
      projections and a lug slot.
PAR  Variations in some of the design will be obvious to those skilled in the
      art, however, such changes are anticipated and included within the scope
      of this invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A wristband connector comprising:
PA1  an outer tubular member having at least one radially inwardly extending
      projection near an end of the tubular member and a lug slot which extends
      longitudinally along the outer tubular member;
PA1  at least one inner tubular member having an outside diameter slightly less
      than the inside diameter of the outer tubular member, said inner tubular
      member having a guide slot which cooperates with and slidably receives the
      projection to prevent relative rotation of the inner tubular member and
      outer tubular member while permitting the inner tubular member to
      telescope inside the outer tubular member;
PA1  the inner tubular member further including a finger lug extending outwardly
      therefrom which slides inside the lug slot in order to provide a means for
      moving the inner tubular member while in the outer tubular member;
PA1  a pin integral with and extending longitudinally outwardly from the inner
      tubular member so that the wristband connector may engage a receptacle in
      a wristband, biasing means inside the outer tubular member and secured
      between the outer tubular member and inner tubular member to bias
      outwardly the inner tubular member; and
PA1  means for holding one end of a wristband spaced from the outer tubular
      member, said means for holding being operatively attached to the outer
      tubular member.
NUM  2.
PAR  2. The wristband connector of claim 1 wherein the biasing means includes a
      spring and the finger lug.
NUM  3.
PAR  3. The wristband connector of claim 2 which includes two inner tubular
      members, one at each end of the outer tubular member, each inner tubular
      member having a guide slot which cooperates with and slidingly receives a
      radially inwardly extending projection on the outer tubular member to
      prevent rotation of the inner tubular members and outer tubular member
      while permitting both tubular members to slide inside the outer tubular
      member, both inner tubular members further including a pin integral with
      and extending longitudinally outwardly therefrom so that the wristband
      connector may engage complementary openings in a wristwatch, the spring
      inside the outer tubular member having its ends operatively engaged to the
      inner tubular members so that they are biased outwardly from the outer
      tubular member.
NUM  4.
PAR  4. The wristband connector of claim 3 wherein the means for holding the
      wristband further includes a U-shaped member having a base and two ears
      extending therefrom, the base being attached to the outer tubular member
      and the ears extending radially outwardly from the outer tubular member,
PA1  an integral connecting bar attached to one ear of the U-shaped member and,
      the other end of the integral connecting bar cooperating with a
      complementary slot in the other ear.
NUM  5.
PAR  5. The wristband connector of claim 3 wherein the finger lug and pin are
      integral with the inner tubular member and the inwardly extending
      projections are integral with the outer tubular member.
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ABST
PAL  A tube fastener, with a binding wire, both ends of which are made of a
      spring steel wire and which is wound in coil form, with the ends in
      crossed relation to one another, such that one end of the binding wire is
      bent transversely and attached to a supporting plate, and the other end of
      the binding wire is fixed to a pressing plate and where a screw spindle is
      fitted to the pressing plate by passing through it, and at the same time,
      the extreme end of the screwed spindle penetrates the supporting plate and
      is restrained by one end of the wire, where the wire is being retained by
      the supporting plate in such a way that the extreme end of the spindle may
      make free revolutions, with a pressing piece projected on the pressing
      plate, the extreme end of which is set in a manner such as to press the
      surface of a tube, and by the revolutionary operation of the screw
      spindle, the supporting plate and the pressing plate are brought close
      together and separated alternately, thereby tightening and loosening the
      steel wire and because of the fact that the pressing plate is capable of
      tightening the binding effect of the steel wire to a stronger degree due
      to its reaction force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention refers to a binding device for prevention of the
      disconnection of a rubber hose or the like which is fitted to a gas piping
      or for fixing a hose in a pressure fluid system.
PAR  Hitherto, many binding instruments of various kinds have been in existence,
      but their structures have all been complicated and required a great
      multiplicity of parts to construct. For these reasons, those binding
      instruments involved a disadvantage due to high costs.
PAR  The inventor of the present device was granted U.S. Pat. No. 3,694,869
      3,694,869 for his former invention of a tube fastener, in which a spring
      steel wire was wound in a coil form, both ends of which were fixed to each
      end of a supporting plate, and a screw spindle was fixed by screwing to
      the center of the supporting plate, penetrating therethrough, thus causing
      the upper surface of the spring coils to move vertically. Although this
      fastener exerted an excellent function in binding the tube strongly, it
      involved many processes in its production, thereby increasing the
      manufacturing cost of the fasteners to a great disadvantage.
PAR  The tube fastener according to the present invention is capable of
      producing a strong binding function on the tube by its simple structure,
      and at the same time, it is possible to manufacture and supply the
      products at low cost. This invention will solve the problems of the tube
      fasteners with respect to their defect related high manufacturing costs.
PAC  SUMMARY OF THE INVENTION
PAR  A fastener made in accordance with the present invention is constructed
      with four parts; namely, the binding wire which is wound in a coil form,
      the supporting plate and the pressing plate which are to restrain the
      respective ends of the said binding wire, and the screw spindle which is
      fixed by screwing to the pressing plate and penetrating through it, the
      extreme end of which is supported by the supporting plate in such a way
      that it may revolve freely with the other end having a turning means. The
      ends of the binding wire are crossed in relation to each other and their
      extreme ends are restrained by the supporting plate and the pressing plate
      respectively, the space between the supporting plate and the pressing
      plate may be changed freely by the revolution of the screwed spindle.
      Thus, it is possible to tighten or loosen the binding wire. As the
      pressing plate suppresses the surface of the tube by its projected
      pressing piece, the pressure-applied point of the tube may work as a
      fulcrum. Consequently, when the screw spindle moves the pressing plate
      forward and backward, the binding wire will bind the tube strongly due to
      the lever action produced thereby.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is an oblique section of the binding device in accordance with the
      present invention.
PAR  FIG. 2 is a cross sectional view of the said binding section which is
      prepared by cutting along the 11--11 line of FIG. 1, and through the
      anchoring holes 36,41 of the supporting plate and the pressing plate,
      respectively, as viewed in the direction marked with an arrow.
PAR  FIG. 3 is a side elevational view of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show an embodiment of this invention, in which
      the clamping wire 2 of the fastener is formed of a spring steel wire
      ringed once or more than once. The ends of this wire cross each other at
      the point of meeting. While one end 21 of the clamping wire is folded
      back, and anchored to a holding or pressing plate 3, the other end 22 is
      bent sideways being folded back, to be held in contact with a supporting
      plate 4 and retained thereby.
PAR  The aforementioned holding or pressing plate 3 has a vertical piece 31 at
      one end, being bent and extended, thereby forming the holding piece 32.
      The lower end 33 of the holding piece 32 is bent upwardly for avoiding
      contact with the clamping wire, and a slit 34 is opened along nearly the
      whole length of the holding piece 32, in such a manner that part of the
      ringed clamping wire 2 and one wire end 21 may be inserted therethrough. A
      screw hole 35 is provided in the vertical piece 31. The anchoring hole 36
      is opened in a vertically displaced fashion in relation to the said hole
      35. The folded-back end 21 of the clamping wire 2 is passed through the
      slit 34 of the aforementioned holding piece, and is then anchored through
      the anchoring hole 36.
PAR  The aforementioned supporting plate 4 may be in the form of a disc and has
      a through-hole 41 opened at the center thereof. It is disposed above the
      clamping wire, facing the aforementioned holding plate 3, and in contact
      with the folded-back end 22 of the part bent sideways of the clamping wire
      2.
PAR  The screw spindle shaft 5 is threaded through the hole 35 of the holding or
      pressing plate 3, and the small diameter part 53 formed at one tip of the
      screw spindle shaft is inserted into the through-hole 41 of the supporting
      plate 4, to be rotatably supported thereby. The small diameter part 53 of
      the screw shaft 5 pierces the through-hole 41, and protrudes outwardly
      therefrom, to be inserted in and surrounded by the folded-back end 22 of
      the part bent sideways of the clamping wire 2, thereby anchoring and
      restraining the wire end 22.
PAR  At the other end of the screw spindle shaft 5, a rotational driving means
      52, such as a flat plate moved by the fingers of a human hand or square
      head or a head with a + or - groove, etc., which may be engaged by such a
      tool as a spanner, driver, or the like instruments, is provided. Due to
      one of these means, the screw spindle shaft 5 is rotated so that the
      holding plate 3 may be directed toward or separated from the supporting
      plate 4, while holding the folded-back end 21 of the clamping wire 2
      anchored thereto, thus releasing or tightening the clamping wire 2.
PAR  After putting the clamping wire 2 on the part of the hose 6 to be clamped,
      the clamping wire 2 is tightened by separating the holding plate 3 from
      the supporting plate 4 by rotationally driving the screw shaft 5. Then, as
      the holding or pressing plate 3 keeps the folded-back end 21 of the
      clamping wire 2 anchored thereto, it is tilted to the left as shown by the
      broken line in FIG. 2 due to the balance of force, thereby not only
      stabilizing the clamping, with the pressing part 33 of the holding piece
      32 pressing the hose 6, working as the fulcrum, but strongly drawing the
      folded-back end 21 of the clamping wire 2 due to the leverage. In that
      way, a powerful clamping of the hose 6 is realized.
PAR  The fastener of this invention is composed of only four parts, -- the
      clamping wire 2, holding or pressing plate 3, supporting plate 4 and screw
      spindle shaft 5. Thus, the reduced number of parts used contributes to a
      simplified assembling and disassembling of the device. Furthermore, each
      part, having a single shape, is amenable to automated manufacturing, and
      so quantity production at low cost would be possible.
PAR  The holding or pressing plate 3 draws the clamping wire 2, while touching
      on the hose due to the pressing part 33 at its lower end, thereby not only
      stabilizing the clamping due to the balance of force, but producing a
      strong clamping by the leverage. Thus, excellent effects may be achieved
      by the use of the fastener device of the present invention.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential characteristics thereof. The
      presently disclosed embodiment is therefore to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than by the foregoing
      description, and all changes which come within the meaning and range of
      equivalency of the claims are therefore intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fastener comprising:
PA1  a. a clamping wire comprised of a spring wire wound in a ring shape, with
      the ends intersecting each other and projected upward;
PA1  b. a supporting plate with a through-hole, in contacting relation with one
      end of the clamping wire;
PA1  c. a holding plate having a vertical element with the lower end thereof
      bent and extended upward, the vertical element having a screw hole at the
      center of the upper portion thereof, and adapted to hold the other end of
      the clamping wire in an anchored fashion thereto;
PA1  d. a screw shaft threaded through the screw hole of the holding plate, with
      one end thereof being stayed by the supporting plate, rotationally
      supported in the aforementioned through-hole, and being provided with a
      rotational driving means at the other end; and
PA1  e. wherein a slit is located in the lower portion of the holding plate, and
      the folded-back end of the clamping wire is inserted into said slit, to be
      anchored to the vertical piece.
NUM  2.
PAR  2. The fastener set forth in claim 1, wherein the folded-back end of the
      clamping wire is inserted in an anchoring hole vertically displaced from
      the screw hole of the vertical piece, to be anchored thereto.
NUM  3.
PAR  3. The fastener set forth in claim 1, wherein the rotational driving means
      of the screw shaft is a flat plate.
NUM  4.
PAR  4. The fastener set forth in claim 1, wherein the rotational driving means
      of the screw shaft has a square head.
NUM  5.
PAR  5. The fastener set forth in claim 1, wherein the rotational driving means
      of the screw shaft has a head provided with a + groove.
NUM  6.
PAR  6. The fastener set forth in claim 1, wherein the rotational driving means
      of the screw shaft has a head provided with a - groove.
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ABST
PAL  Apparatus for compressing an accumulated mass of fabric to impart a change
      in its physical appearance wherein the fabric is continuously
      gravitationally fed in accumulated form to compression means. The
      apparatus is specifically directed to imparting a crushed appearance to
      pile fabrics such as lightweight velvet-type fabrics used in upholstery,
      draperies, and the like.
PARN
PAR  This a continuation of application Ser. No. 346,679, filed Mar. 30, 1973,
      now abandoned, which application itself is a continuation of application
      Ser. No. 157,965, filed June 29, 1971, now abandoned.
BSUM
PAR  This invention relates to the treatment of textile fabrics and, more
      particularly, to an apparatus for applying a compressive force to a
      running length of fabric to change the physical appearance thereof.
PAR  It is a general practice to aftertreat certain textile fabrics by the
      application of mechanical forces to alter their physical appearance. In
      particular, a substantially permanent crushed appearance can be imparted
      to lightweight pile fabrics, such as velvet fabrics widely used in
      upholstery, drapery, wearing apparel, and the like by applying pressure to
      the upright, surface pile yarns of the fabric to reorient or bend them
      along their length. In the past, a somewhat random crushed appearance has
      been imparted by mechanically twisting a length of the pile fabric about
      its longitudinal axis or by compressing a wadded mass of the fabric, while
      pattern effects have been produced by passing the fabric through embossing
      or calendering rolls to selectively crush areas of the pile surface of the
      fabric in a determined pattern.
PAR  In randomly crushed pile fabrics, it is desirable that there be no
      discernable pattern or directional appearance to the crush in the fabric,
      as is generally the case when the fabric is twisted about its longitudinal
      axis or is crushed by passing it longitudinally through calendering rolls.
      Although the above process of compressing a randomly accumulated mass of
      the fabric in a batch operation reduces the directional appearance of the
      crush, the process possesses resultant disadvantages of a batch-type
      operation.
PAR  In various fabrics other than pile fabrics, it also is often desirable to
      provide a random wrinkled appearance in the fabric by the application of
      mechanical force.
PAR  It is therefore an object of the present invention to provide an apparatus
      for applying a compressive force to a continuously moving length of fabric
      to impart a random wrinkled or crushed appearance to the fabric. It is a
      more specific object to provide an apparatus for imparting a substantially
      permanent random crushed appearance to pile fabrics such as velvets and
      the like in a continuous manner. It is a further object to provide a
      process for imparting a random crushed appearance to pile fabrics, and
      more particularly, continuously to running lengths of the fabrics.
PAR  The above as well as other objects of the present invention are
      accomplished by providing means to apply a compressive force to a moving
      length of fabric, and means operatively associated therewith for randomly
      accumulating a mass of the moving fabric and continuously gravitationally
      feeding the accumulated mass into the compression means. Specifically,
      there is provided a downwardly tapered hopper positioned generally above a
      pair of rotatable nip rolls whereby fabrics fed into the open upper end of
      the hopper are accumulated therein and gravitationally discharged in
      accumulated form into the nip portion of the rolls to be compressed
      thereby. The hopper preferably is tapered to provide an accumulation of
      the fabric in a generally doubly folded manner, i.e., folded both
      lengthwise and widthwise of the fabric, such that the discharged
      accumulation is randomly arranged as it is continuously gravitationally
      discharged into the nip rolls for compression thereby.
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PAR  The above as well as other objects of the invention will be more apparent
      and the invention better understood by reference to the accompanying
      drawings which illustrate one embodiment of the apparatus of the
      invention, and in which:
PAR  FIG. 1 is a schematic perspective view of the fabric treating apparatus of
      the present invention;
PAR  FIG. 2 is an enlarged perspective view of the fabric accumulating hopper of
      FIG. 1, with a portion broken away for convenience.
DETD
PAR  Referring more particularly to FIG. 1, the fabric treating apparatus
      comprises nip rolls 10, 12 which may be rubber covered and are rotatably
      mounted in suitable manner on a frame 14. Nip roll 10 is rotatably driven
      by an electric motor 16 while the ends of the shaft 17 of freely rotatable
      roll 12 are slidably mounted in guideways 18, 20 so that the roll 12 is
      movable toward and away from roll 10. Roll 12 is urged or biased in
      compressive nip relation with roll 10 by suitable means such as
      fluid-actuated pistons 22, 24 operatively connected to each end of shaft
      17.
PAR  Positioned generally above the rotatable nip rolls is a downwardly tapered
      hopper 30 which serves to accumulate a mass of a moving length of fabric
      and continuously gravitationally feed the mass into the compression rolls
      in a manner which will be explained. A length of fabric 32 is continuously
      fed into the open upper end of the hopper by feed rolls 34 driven by an
      electric motor 36. The fabric is supplied from a suitable source, not
      shown, and passes through a J-box 38 where the fabric may be preheated if
      desired.
PAR  A fluid supply pipe 40 positioned above the open end of the hopper 30
      provides a treating fluid, such as water and/or steam, to maintain the
      fabric at elevated temperature and facilitate in its gravitational
      discharge from the hopper into the compression nip rolls, as will be
      explained.
PAR  Compressed fabric leaving the nip rolls is collected and transported on a
      perforated scray box 42 which has a trough portion 43 to collect excess
      liquid removed from the fabric.
PAR  The thus treated fabric passes over a guide roll 44 and is collected by
      suitable means, not shown.
PAR  As best seen in FIG. 2, the accumulating and feeding hopper 30 has a
      substantially rectangular cross section with opposed side walls tapering
      downwardly to form a discharge opening 46 directly above the nip of
      compression rolls 10, 12. The taper of the hopper may be adjusted by
      repositioning of the side wall panels 50, 52 which are frictionally held
      in position by engagement of their flanged edge portions 53 with opposing
      side walls 54, 55 of the hopper. Thus by varying the distance and/or the
      angle of the inserts 50, 52 relative to the side walls 56, 57, the taper
      and internal dimensions of the hopper may be varied to control the amount
      of accumulation of fabric in the hopper and its rate of gravitational
      discharge therefrom.
PAR  In operation, when it is desired to employ the apparatus of the present
      invention to provide a substantially permanent crush to pile fabrics, such
      as velvets, which are capable of sustaining a substantially permanent
      crush upon the application of pressure, a moving length of the pile fabric
      is fed through the J-box 38 where it is preheated to a desired elevated
      temperature, after which it is fed by a feed roller 34 into the
      accumulating hopper 30. Preferably the internal dimensions of the hopper
      are set such that the mass of fabric collecting in the hopper is
      accumulated in a somewhat double folded manner, i.e., with folds occurring
      both widthwise and lengthwise of the fabric.
PAR  The accumulated fabric in the hopper is treated with hot water and/or steam
      to maintain the elevated temperature of the fabric and thoroughly wet the
      pile fabric to facilitate its gravitational feed into the nip rolls and to
      also facilitate the retention of the crushed appearance in the fabric. As
      the wet fabric accumulates in the hopper. its weight causes it to be
      gravitationally discharged from the opening 46 directly into the
      compression rolls 10, 12. The dimensions of the opening 46 are preferably
      chosen so that the accumulated mass of fabric is passed into the nip rolls
      in a somewhat randomly folded arrangement with folds extending both
      lengthwise and widthwise of the fabric. For permanently crushing pile
      fabrics exceptionally good crushed appearance is observed in the product
      when the ratio of the length of the hopper outlet opening to the fabric
      width is maintained between about 2:3 to 1:2.
PAR  A compressive force sufficient to produce a substantially permanent crushed
      appearance in the pile surface of the fabric is applied to the bunched
      mass of fabric passing through the nip rolls and the force may be readily
      adjusted by regulation of the fluid pressure of cylinders or pistons 22,
      24 connected to each end of shaft 17 of the movable roll 12. To compensate
      for variations in the cross-sectional dimensions of the bunched mass of
      fabric passing between the rolls, movable roll 12 is mounted such that the
      ends of its shaft 17 are independently positionable in distance from the
      fixed axis of roll 10.
PAR  The compressed and crushed fabric passing from the compression rolls 10, 12
      is collected on scray box 42 and excess water removed from the fabric
      passes through perforations into trough portion 43 for collection. The
      damp crushed pile is thereafter collected and dried in any suitable
      manner. The resultant crushed pile fabric, when opened to full width,
      exhibits a random crushed surface appearance.
PAR  It is obvious that pile fabrics of various textile constructions, e.g.,
      flocked, tufted, woven, knitted, may be treated in the present apparatus
      to impart a crushed appearance thereto. Similarly, various textile fabrics
      of other than pile type construction may be treated in the apparatus to
      impart a wrinkled appearance thereto. The fluid treatment of the fabric
      and the temperature to which it is raised before compression is selected
      in accordance with the particular type fiber and fabric construction being
      treated. Exceptional results have been obtained in permanently crushing
      nylon flocked pile fabric by thoroughly wetting out the fabric with water
      and crushing the fabric at a temperature of approximately 70.degree. to
      80.degree. C. with a compressive force of about 60 pounds per square inch.
PAR  The following example illustrates the use of the apparatus of the present
      invention to impart a substantially permanent crush to a particular pile
      fabric, and it is given by way of illustration only and is not intended to
      limit the scope of the present invention.
PAC  EXAMPLE
PAR  A length of 60 inch wide nylon flocked fabric is prepared in conventional
      manner by flocking six denier DuPont nylon 66 staple fibers of
      approximately one-tenth inch in length onto an acrylic adhesive-coated
      woven rayon fabric. After dyeing, a length of the fabric weighing
      approximately 12 ozs./sq. yard (dry weight) is continuously passed through
      the J-box 38 where it is treated with hot water and steam to thoroughly
      wet the fabric and raise the temperature thereof to between 70.degree. and
      80.degree. C. The wet preheated fabric leaving J-box 38 is overfed by
      input rollers 34 into the 36 inch high hopper 30 which is adjusted to have
      an upper cross-sectional rectangular dimension of 36 inches by 10 inches
      and a lower cross-sectional outlet dimension of 24 inches by 4 inches.
      Steam and hot water are supplied to the hopper through manifold pipe 40 to
      maintain the temperature of the fabric therein between 70.degree. and
      80.degree. C. and to facilitate the gravitational feed of the wet fabric
      from the outlet of the hopper into the nip rolls 10, 12. The ratio of the
      surface speeds of the input rolls 34 to the nip rolls 10, 12 is
      approximately 2 to 1 and a pressure of approximately 60 p.s.i. is applied
      to the fabric passing through the rolls. The crushed fabric passing from
      the rollers is collected on scray 42 while excess water is removed
      therefrom. The crushed fabric is thereafter padded to remove remaining
      excess water and tenter frame dried. The resultant flocked pile fabric
      exhibits a random crushed appearance.
PAR  From the foregoing, it can be seen that the apparatus of the present
      invention may be employed to impart compressive forces, in a continuous
      manner, to various fabric constructions to impart a highly randomed
      surface appearance thereto. By utilizing gravitational feed of a randomly
      bunched or accumulated mass of fabric into the compression zone of the nip
      rollers, a highly effective and aesthetically attractive appearance can be
      created.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for imparting a crushed appearance to pile fabrics comprising
      a pair of compression rolls for applying a compressive force to a moving
      length of fabric fed therebetween, means mounting said compression rolls
      for rotation in side by side relation with an upwardly facing nip portion
      between said rolls for receiving fabric fed thereto, means positioned
      above said nip portion of said rolls for accumulating a moving length of
      fabric and for continuously gravitationally feeding the accumulated fabric
      into the nip portion of said rolls, and means for continuously feeding
      fabric to said fabric accumulating means to maintain an accumulation of
      fabric therein; said accumulating means including two opposed pairs of
      sidewalls extending downwardly toward said rolls and defining a fabric
      accumulating compartment of substantially rectangular cross-section, said
      compartment having an upper fabric inlet for receiving fabric from said
      feeding means and a lower fabric outlet positioned directly above and
      closely adjacent the nip portion of said rolls for continuously
      gravitationally discharging the accumulated fabric to the rolls, each of
      the opposed pairs of said sidewalls continuously converging downwardly
      from said inlet to said outlet to permit random folding of the
      accumulating fabric in said compartment in lengthwise and widthwise
      direction for gravitational discharge from said outlet to the nip portion
      of said rolls in randomly bunched configuration.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein one pair of opposed side wall
      means are adjustably positionable toward and away from each other to vary
      the size of the substantially rectangular cross-sectional configuration of
      said compartment.
NUM  3.
PAR  3. Apparatus as defined in claim 1 including means operatively associated
      with the inlet of said accumulating means for introducing fluid into said
      compartment to wet accumulated fabric therein and to facilitate the
      gravitational discharge of the fabric from said outlet to said compression
      rolls.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein said compression rolls comprise
      a pair of nip rolls and means for adjustably biasing one of said rolls
      toward the other roll to regulate the pressure applied to fabric passing
      therebetween.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein the rotational axis of the
      adjustable roll is positionable at distances variable along its axis from
      the axis of the other roll to compensate for cross-sectional variations in
      the mass of fabric passing between the rolls.
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ABST
PAL  An apparatus is disclosed for longitudinally compressing materials such as
      knit fabrics. The apparatus includes a frame with the frame having first
      and second spaced apart side walls. First and second drive rollers are
      supported between the side walls and first and second idler roller
      assemblies are also supported between the side walls. A first endless belt
      passes around the first drive roller and the first idler roller assembly
      and a second endless belt passes around the second drive roller and the
      second idler roller assembly. A fabric passing between the endless belts
      is appropriately longitudinally compressed thereby. The second side wall
      has an opening therethrough and closure means moveable between a closed
      and open position with respect to the opening. The first and second drive
      rollers and the first and second idler roller assemblies are cantilevered
      on the first wall when the closure means is moved to its open position
      and, in this manner, the endless belts can be easily removed from about
      the drive rollers and idler roller assemblies without disassembling the
      entire frame of the machine. As a further feature, first tension roller
      means engage the first endless belt, and second tension roller means
      engage the second endless belt. First support means are carried on the
      inner surface of the first side wall for adjustably carrying one end of
      the first tension roller, and second support means are rotatably carried
      on the inner surface of the second side wall for adjustably carrying the
      other end of the first tension roller means. The second tension roller
      means is similarly supported. Means are provided to rotate the second
      support means and essentially guide the endless belts back to their
      intended position on the respective rollers in the event such belts tend
      to move laterally on their rollers.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an apparatus for longitudinally compressing
      materials such as textile materials and, more particularly, to such a
      compressing apparatus which greatly facilitates the removal and changing
      of the endless blankets used in conjunction with such apparatus.
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of preshrinking textile materials, it is known to pass the
      material to be treated between a pair of endless belts, commonly referred
      to as blankets. The blankets are typically constructed of rubber or
      rubber-like material, with each such blanket being guided by a plurality
      of rollers. Cooperating tension rollers are employed to properly tension
      the blankets such that the blankets compress the fibers of the textile
      material passing therebetween toward one another to thereby preshrink the
      textile material and thus diminish possible shrinkage which might
      otherwise occur during subsequent washing. One such process known in the
      industry which employs such apparatus is known as the Sanforizing Process.
PAR  One problem which has constantly plagued the users of such compressing
      apparatus relates to the difficulty of removing and changing the rather
      heavy, closely spaced endless blankets which constitute the heart of the
      process. Customarily, the various rollers which support and guide the
      blankets are supported at their ends on the side walls of a frame
      assembly. When it is desired to remove the blankets, it is necessary to
      disassemble the frame such that the blankets can be removed from the
      supporting rollers which necessarily are positioned inside of the confines
      of the blankets. Unfortunately, this process of disassembling the frame so
      that the blankets can be withdrawn from the rollers is extremely complex,
      necessarily time consuming and results in substantial "down time"
      adversely effecting maximum utilization of the equipment.
PAR  Another unnecessarily complex arrangement prevalent in prior art machinery
      of the type hereinvolved relates to the apparatus for tensioning and
      guiding the aforementioned blankets. Traditionally, one set of adjustable
      rollers contacts the blankets and may be preselectively positioned to
      properly bias the blankets and establish the desired tension thereon. A
      second set of adjustable rollers is also provided to selectively raise or
      lower one side of the blankets and thereby reposition the blankets at
      their proper central location with respect to the width of the apparatus
      in the event that the blankets begin to "creep" toward one side or the
      other. The necessity of two sets of adjustable rollers to perform these
      two functions necessarily increases the complexity of the overall
      apparatus, not only adding to its cost, but also increasing the
      probability of eventual mechanical malfunction.
PAC  SUMMARY OF THE INVENTION
PAR  In contradistinction to the prior art, the instant invention provides a
      longitudinally compressing apparatus of the aforedescribed type, in which
      virtually all of the driving, guiding and supporting elements which are
      located within the confines of the endless belts thereof are capable of
      being cantilevered from one side of the frame assembly when it is desired
      to remove the blankets from their operative positions. As will be
      described in greater detail, when an operator wishes to remove the endless
      belts, he merely opens a special function door which has been provided in
      one side of the frame to thereby expose the cantilevered ends of the
      blanket supportive elements. In this manner, the endless blankets can be
      simply slid off the now free ends of their guiding rollers and replaced
      with relative ease. Thereafter, the aforementioned door is closed and all
      branket supporting elements are once again firmly supported in operative
      position on opposite ends thereof. Needless to say, the replacement
      operation is relatively simple, and substantially quicker when compared to
      the prior art.
PAR  In accordance with another aspect of the instant invention, the
      aforementioned tensioning and guiding function previously performed by two
      sets of adjustable rollers is now performed by novel combination
      tensioning and guiding roller assemblies which have the dual capability of
      vertical movement to effect the desired tension on the endless blankets
      and preselected rotary motion on one end thereof for directing the
      blankets toward their properly centered position.
PAR  Accordingly, it is an object of the instant invention to provide an
      apparatus for longitudinally compressing material which includes a
      plurality of blanket supporting elements capable of being cantilevered
      from one side of the frame thereof when it is desirable to remove the
      endless blankets therefrom.
PAR  Another object of the invention invention is to provide an apparatus for
      longitudinally compressing material which includes novel combination
      tensioning and guide roller assemblies which perform the dual function of
      establishing the proper tension on the endless blankets employed therein
      and properly guiding the endless blankets toward their centered position.
PAR  Other objects of the instant invention may be had by referring to the
      following specification and drawings.
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PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a left side elevation of the apparatus of the instant invention
      greatly simplified to illustrate the major blanket guiding and support
      assemblies employed therein.
PAR  FIG. 2 is a right side elevation of the apparatus of the instant invention.
PAR  FIG. 3 is a left side elevation of the apparatus of the instant invention.
PAR  FIG. 4 is an elevation, partly in section, of a portion of the apparatus
      shown in FIG. 2 and taken along the lines 4--4 thereof.
PAR  FIG. 5 is an elevation, partly in section, of a portion of the apparatus
      shown in FIG. 2 and taken along the lines 5--5 thereof.
PAR  FIG. 6 is a rear elevation, partly in section, of a portion of the
      apparatus shown in FIG. 3 and taken along the lines 6--6 thereof and
      illustrating the novel combination tensioning and guiding assemblies
      hereof.
PAR  FIG. 7 is a front elevation, partly in section, of a portion of the
      apparatus shown in FIG. 3 and taken along the lines 7--7 thereof, it being
      noted that FIG. 7 has been broken along the center thereof to reduce the
      size of the Figure.
PAR  FIG. 8 is an exploded view, partly in section, of the apparatus shown in
      FIG. 7.
PAR  FIG. 9 is a side elevation, partly in section, of the apparatus shown in
      FIG. 7 and taken along the lines 9--9 thereof.
PAR  FIG. 10 is a view of a portion of the apparatus shown in FIG. 6.
PAR  FIG. 11 is an elevation illustrating a portion of the apparatus shown in
      FIG. 4 in its blanket removal position.
PAR  FIG. 12 is a right side elevation of a portion of the apparatus shown in
      FIG. 4 taken along the lines 12--12 thereof.
PAR  FIG. 13 is an enlarged view of a portion of the wedge bar assemblies of the
      instant invention.
PAR  FIG. 14 is an enlarged right side elevation of a portion of the apparatus
      shown in FIG. 2.
PAR  FIG. 15 is a perspective view of the left side of the apparatus of the
      instant invention with the special purpose door thereof shown in its open
      position to reveal the cantilevered ends of the blanket support elements.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning to the figures, wherein like numerals designate like elements,
      there is illustrated in FIG. 1 a simplified showing of the compressing
      apparatus 10 of the instant invention. As well known, and as described
      previously, such apparatus includes a pair of endless belts 12 and 14,
      commonly designated blankets, between which textile material is passed to
      compress and, thereby, preshrink the fabric. Located within the confines
      of the endless belts 12 and 14 are drive rollers 16 and 18, respectively,
      idler roller assemblies 20 and 22, respectively, and guide bars 24 and 26,
      respectively. Positioned outside of the blankets 12 and 14, but in
      preselective engagement therewith are tension rollers assemblies 28 and
      30, respectively. As can be appreciated, by raising or lowering the
      tension roller assemblies 28 and 30, the amount of tension impressed on
      the blankets 12 and 14 may be varied. Also, to be described in greater
      detail, it should be noted that by laterally moving one end of the tension
      roller assemblies 28 and/or 30 with respect to the opposite end thereof,
      the blankets 12 and/or 14 may be centered with respect to their supporting
      rollers, i.e., into or out of the plane of the paper upon which FIG. 1 is
      drawn. The various components described with respect to FIG. 1 are
      supported in a frame in the following manner.
PAR  As best seen in FIGS. 2 and 3, the frame 32 includes first and second side
      walls 34 and 36, respectively, spaced apart by a plurality of struts, only
      one of which is shown and designated 38 in FIG. 6. The entire frame 32 is
      carried by wheels 40 by which the entire frame may be moved along a
      surface 42, preferably with the aid of tracks 44. For purposes to be
      further described, second side wall 36 includes a substantial opening 46
      therethrough (see FIGS. 4 and 5) normally closed during the operation of
      the apparatus by a door 48 pivotally hinged to side wall 36 by hinge
      assemblies 50 and 52.
PAR  Considering FIG. 3 with FIG. 5, it will be seen that the drive rollers 16
      and 18 terminate in reduced diameter end portions 54, 56 and 58, 60,
      respectively. End portion 54 carries sprocket gear 62 which receives a
      chain drive 64 (FIG. 2) from motor 66, and end portions 54 and 58 have
      rigidly keyed thereto engaged gears 68 and 70 by which the drive imparted
      to roller 16 can also be imparted to drive rollers 18.
PAR  End portion 58 of drive roller 18 is journaled for rotation in bearings 72
      and 74. Bearing 72 is secured to first side wall 34, while bearing 74 is
      carried by the upstanding portion 76 of a first support bracket 78 rigidly
      secured to and extending outwardly from side wall 34. End portion 60 of
      drive roller 18 is journaled for rotation in bearing 80 removably secured
      to the uppermentioned door 48 by screw-threaded fasteners 82. It should be
      noted that end portion 60 passes through a downwardly enlarged opening 84
      in the door 48, the function of such downwardly enlarged opening 84 to be
      further explained.
PAR  End portion 54 of roller 16 is journaled for rotation in bearing 86 secured
      to side wall 34. The opposite end 56 of drive roller 16 is journaled for
      rotation in bearing 88, removably secured to door 48 by screw-threaded
      fasteners 90. It should be noted that end portion 56 passes through an
      upwardly enlarged opening 92 in the door 48 for reasons to be further
      apparent.
PAR  It will thus be appreciated that during normal operation of the compressing
      apparatus hereof, the drive rollers 16 and 18 are supported on opposite
      ends thereof by bearings 86, 88, and 72, 80, respectively. However, and
      disregarding for the moment the remaining portions of the apparatus,
      should it be required to remove the blankets 12 and 14 from about the
      rollers 16 and 18, one need only remove the bearings 88 and 80 carried by
      the door 48, and pivotally open the door 48 about its hinges 50 and 52, to
      thereby expose the free ends 56 and 60 of the rollers 16 and 18 which will
      now be cantilevered (i.e., supported at one side only) from the first side
      wall 34 of the frame 32. This may be visually observed in FIG. 15. Of
      course, once the door is open, with the free ends 56 and 60 cantilevered
      in their exposed position, it is a relatively simple matter to slide the
      blankets 12 and 14 off the rollers.
PAR  It should be noted that in the cantilevered position, the lower drive
      roller 18 will be firmly supported at its opposite end 58 thereof by two
      points of support, namely, the bearing 72 and the bearing 74 secured on
      the vertical portion 76 of the support bracket 78. To provide a second
      point of support for cantilevering the upper drive roller 16, a connecting
      hook 93 (screwed into the end 58 of drive roller 18 as at 94) is rotated
      180.degree. from its nonoperative, hanging position to its hook engaging
      position illustrated in phantom in FIG. 14.
PAR  It should be noted, and can be clearly seen in FIG. 5, that the blankets 12
      and 14 are in close intimate contact when no fabric is passing
      therebetween. Furthermore, such blankets, being of heavy rubber-like
      material, are extremely difficult to remove from the rollers 16 and 18
      even when their free ends 56 and 60 are cantilevered in the fashion
      illustrated in FIG. 15. To facilitate the removal of the blankets, it
      should be noted that when the bearing 80 is removed from the door 48
      (before the door is opened), the weight of the roller 18 causes its free
      end 60 to drop. However, such downward movement is accommodated by the
      aforementioned downwardly enlarged opening 84. In like fashion, when the
      bearing 88 is removed from the door 48, the predetermined length of the
      hook 93 is chosen such that the free end 56 of the drive roller 16 must be
      lifted before the hook 93 can be latched in place. Here, again, the
      aforementioned upwardly enlarged opening 92 in the door 48 accommodates
      such upward motion. Thus, when the door 48 is finally opened, the downward
      droop of the roller 18, together with the upward tilt of the roller 16 has
      the net effect of separating these two rollers and greatly facilitating
      the removal of the blankets 12 and 14.
PAR  Considering FIGS. 3, 4, 12, and 13, it will be seen that idler roller
      assembly 20 comprises a wedge-shaped bar 96 which carries along its lower
      surface a plurality of rollers 98. The wedge-shaped bar 96 terminates at
      one end thereof in an end block 100 and at the other end thereof in a
      bifurcated end block 102 having legs 104 and 106 (see FIG. 3). End block
      100 carries bearing 107, while bifurcated end block 102 carries bearing
      108. Bearings 107 and 108 carry main idler roller 110 above wedge block
      96.
PAR  In like fashion, the second idler roller assembly 22 comprises a
      wedge-shaped bar 112 which carries a plurality of rollers 114 thereabove.
      Wedge-shaped bar 112 terminates at its left-most end (as viewed in FIG. 4)
      in end block 116 and terminates at its opposite end in bifurcated end
      block 118, including legs 120 and 122 (See FIG. 3). End block 116 carries
      bearing 124, while bifurcated end block 118 carries bearing 126. Bearings
      124 and 126 support main idler roller 128 beneath wedge-shaped bar 112.
PAR  As best seen in FIG. 4, end block 116 of the lower idler roller assembly 22
      is firmly secured to a second support bracket 130 carried by side wall 34
      by means of screw-threaded fasteners 132. The bifurcated end block 118 of
      lower idler roller assembly 22 is supported on a shaft 134 secured to the
      door 48 hinged on side wall 36. The upper idler roller assembly 20 is
      supported above the lower idler roller assembly 22 by a pair of relatively
      thin spacer blocks 136 and 138 sandwiched between end blocks 116, 100 and
      bifurcated end blocks 118, 102, respectively. It should be noted that a
      guide pin 140 extends upwardly from shelf 134 between the bifurcated legs
      120, 122 and 106, 104 of the end blocks 118 and 102, respectively, to
      properly align the right hand side (as viewed in FIG. 4) of the idler
      roller assemblies 20 and 22. A pair of hydraulically operated cylinders
      142 and 144 are secured on the side wall 34 and door 48, respectively.
      Their pistons 146 and 148 are connected to end block 100 and bifurcated
      end block 102, respectively, such that when desired, the entire upper
      idler roller assembly 20 can be lifted.
PAR  When it is desired to remove the blankets 12 and 14, in addition to
      performing the steps previously described with respect to the drive
      rollers 16 and 18, the following additional steps are performed. First,
      the hydraulic cylinders 142 and 144 are operated to lift the upper idler
      roller assembly 20. Thereafter, the relatively thin spacers 136 and 138
      are removed and a substantially thicker spacer 150 (see FIG. 11) is placed
      between the end blocks 100 and 116. Thereafter, a collar 152 is placed
      about the assembly comprising the end blocks 100, 116 and the spacer 150
      sandwiched therebetween. Thereafter, the door 48 (together with the
      cylinder 144 and the shelf 134 carrying the pin 140) can be pivoted to its
      open position illustrated in FIG. 15 to expose the cantilevered ends of
      the idler roller assemblies 20 and 22 in their separated condition. Of
      course, and as explained previously, the drive rollers 16 and 18 will also
      be separated and cantilevered at this time, whereby the blankets 12 and 14
      may be easily slipped off the exposed ends of these various assemblies.
PAR  Considering FIGS. 7 through 9, it will be seen that the lower guide bar 26
      is rigidly secured at one end 29 thereof to a third support bracket 154,
      secured to side wall 34. Screw-threaded fasteners 156 are employed to join
      the third support bracket 154 and the end 29 of guide bar 26. The opposite
      end 158 of guide bar 26 rests on its support shelf 160 secured to door 48.
      End 158 is bifurcated and a guide pin 162 secured to the shelf 160 passes
      between the legs 164 and 166 thereof. Upper guide bar 24 is bifurcated at
      both ends 168 and 170 and merely rests on lower guide bar 26 sandwiching
      the blankets 12 and 14 therebetween. A guide pin 172 secured to the
      support bracket 154 and the aforementioned guide pin 162 pass between the
      bifurcated legs of the ends 168 and 170 of guide bar 24 to properly align
      guide bar 24 with respect to guide bar 26.
PAR  When it is desired to remove the blankets 12 and 14, in addition to
      performing all of the operations previously described, the operator also
      removes the guide pin 162 from the support shelf 160 secured to the door
      48. Thereafter, the upper guide bar 24 can be physically slid out of the
      opening 174 provided in the door 48. Thereafter, when the door 48 is
      opened as described previously, the remaining guide bar 26 will remain
      cantilevered with respect to the side wall 34. This can also be viewed in
      FIG. 15.
PAR  Considering all of the previous description in conjunction with FIG. 1, it
      should now be appreciated that the instant invention makes possible a
      cantilevering of the drive rollers 16 and 18, the idler roller assemblies
      20 and 22 and the lower guide bar 26 once the door 48 is moved to its open
      position illustrated in FIG. 15. In addition, the drive rollers 16 and 18
      have been separated as have the idler roller assemblies 20 and 22 as
      compared to their normal operating positions. Thus, the blankets 12 and 14
      can be easily slid off the free ends of these cantilevered elements and
      quickly and easily replaced. Of course, when all of the aforedescribed
      steps are performed in reverse such that the door 48 is closed and the
      various elements returned to their initial positions, all of the
      supporting and guiding assemblies will be properly and strongly supported
      between the two side walls of the frame to facilitate normal operation.
PAR  Turning to FIG. 6, it will be seen that the first tension roller 28
      terminates in reduced diameter portions 176 and 178. End portion 178 is
      journaled for rotation in bearing 180 carried at the lower end of piston
      182 of hydraulic cylinder 184 carried on the inner surface of side wall
      36. In like fashion, end 176 of tension roller 28 is journaled for
      rotation in bearing 186 carried on the lower end of piston 188 of
      hydraulic cylinder 190. However, as can also be seen in FIG. 10, the
      entire cylinder 190 and piston 188 is carried within a carriage 192
      rotatably carried with respect to side wall 34 about an axis established
      by shaft 194. The other side of carriage 192 has an opening 193 which
      freely receives a screw shaft 194'. A conventional fluid operated rotary
      motor 196 permits the carriage 192 to be selectively rotated with shaft
      194, thereby permitting displacement of the end 176 of tension roller 28
      in and out of the paper upon which FIG. 6 is drawn with respect to the
      opposite end 178. End 178 of tension roller 28 is journaled in a bearing
      180 which is a self-aligning bearing and allows end 176 sufficient play
      into and out of the paper about 15.degree. in either direction. In this
      manner, end 176 of tension roller 28 can be displaced to properly center
      blanket 12.
PAR  With reference to FIG. 4, a conventional fluidic sensor 198 which emits a
      jet stream of air senses whenever the blanket 12 deviates laterally from
      its centered position with respect to the side walls 34 and 36. Depending
      upon whether the blanket moves too far to the left or right in FIG. 4, the
      sensor 198 controls the rotary motor 196 of FIG. 6 to rotate the entire
      carriage 192 and, hence, the end 176 of the tension roller 28 in the
      appropriate direction to cause the blanket 12 to return toward its
      properly centered position. Duplicate structure is provided for the
      tension roller 30 and cooperates with sensor 200 in FIG. 4 to laterally
      move the left most end (as viewed in FIG. 6) of the tension roller 30 to
      continually center the blanket 14. Of course, hydraulic cylinders 190 and
      184 (and the corresponding cylinders for tension roller 30) are employed
      to raise or lower the tension rollers 28 and/or 30 and thereby impart a
      selected tension on the blankets 12 and 14. Thus, the novel tension
      rollers 28 and 30 of the instant invention perform the dual function of
      achieving the desired tension and, at the same time, centering the
      blankets 28 and 30.
PAR  Although this invention has been described with respect to a preferred
      embodiment thereof, it should be understood that many variations and
      modifications will now be obvious to those skilled in the art, and it is
      preferred, therefore, that the scope of the invention be limited, now by
      the specific disclosure herein, only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for longitudinally compressing material, said apparatus
      comprising:
PA1  a frame, said frame including first and second spaced apart side walls;
PA1  first and second drive rollers supported between said side walls;
PA1  first and second idler roller assemblies supported between said side walls;
PA1  first endless belt means passing around said first drive roller and said
      first idler roller assembly;
PA1  second endless belt means passing around said second drive roller and said
      second idler roller assembly to define a path of travel for said material
      between said first and second endless belt means;
PA1  drive means for rotating said drive rollers whereby said first and second
      endless belt means will be moved with respect to the material passing
      therebetween, the material being longitudinally compressed in transit
      during said path of travel between said first and second endless belt
      means;
PA1  said second side wall having an opening therethrough and closure means
      movable between a closed and open position with respect to said opening,
      said closure means supporting one end of said first and second drive
      rollers and first and second idler roller assemblies when said closure
      means is in its closed position;
PA1  means for supporting said first and second drive rollers and said first and
      second idler roller assemblies in a cantilever arrangement on said first
      wall when said closure means is moved to said open position whereby said
      first and second endless belt means may be removed.
NUM  2.
PAR  2. The apparatus of claim 1, and further including
PA1  first tension roller means engaging said first endless belt means;
PA1  second tension roller means engaging said second endless belt means;
PA1  first support means carried on the inner surface of said second side wall
      for adjustably carrying one end of said first tension roller means; and
PA1  second support means rotatably carried on the inner surface of said first
      side wall for adjustably carrying the other end of said first tension
      roller means.
NUM  3.
PAR  3. The apparatus of claim 2, and further including motive means for
      selectively rotating said second support means.
NUM  4.
PAR  4. The apparatus of claim 3, and further including
PA1  third support means carried on the inner surface of said second side wall
      for adjustably carrying one end of said second tension roller means; and
PA1  fourth support means rotatably carried on the inner surface of said first
      side wall for adjustably carrying the other end of said second tension
      roller means.
NUM  5.
PAR  5. The apparatus of claim 4, and further including motive means for
      selectively rotating said fourth support means.
NUM  6.
PAR  6. The apparatus of claim 3 wherein said second support means comprises
PA1  drive means rotatably secured to said inner surface of said first side
      wall;
PA1  driven means, one end of which is driven by said drive means and one end of
      which is connected to said other end of said first tension roller means;
      and wherein said motive means comprises a fluid operated rotary motor.
NUM  7.
PAR  7. The apparatus of claim 6, and further including
PA1  third support means carried on the inner surface of said second side wall
      for adjustably carrying one end of said second tension roller means; and
PA1  fourth support means rotatably carried on the inner surface of said first
      side wall for adjustably carrying the other end of said second tension
      roller means; and further including
PA1  motive means for selectively rotating said fourth support means; and
      wherein said motive means comprises a fluid operated rotary motor.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said closure means includes first and
      second openings therein; and further including first and second bearings
      removably carried on said closure means about said first and second
      openings for rotatably supporting said first and second drive rollers when
      said closure means is maintained in its said closed position.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said first opening is enlarged in an
      upward direction and said second opening is enlarged in a downward
      direction in order to accommodate upward and downward movement of said
      first and second drive rollers, respectively, when said first and second
      bearings are removed from said closure means; and further including a
      first support bracket extending outwardly from said first side wall; said
      first side wall and said first support bracket providing two points of
      support for cantilevering said second drive roller when said second
      bearing is removed; and further including connecting means for selectively
      providing a second point of support for cantilevering said first drive
      roller when said first bearing is removed.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said connecting means comprises hook
      means of preselected length for selectively hooking said first drive
      roller to said second drive roller.
NUM  11.
PAR  11. The apparatus of claim 8, and further including
PA1  first tension roller means engaging said first endless belt means;
PA1  second tension roller means engaging said second endless belt means;
PA1  first support means carried on the inner surface of said first side wall
      for adjustably carrying one end of said first tension roller means; and
PA1  second support means rotatably carried on the inner surface of said second
      side wall for adjustably carrying the other end of said first tension
      roller means.
NUM  12.
PAR  12. The apparatus of claim 8 wherein said first and second idler roller
      assemblies each include
PA1  a wedge-shaped bar;
PA1  a plurality of rollers carried by and below said wedge-shaped bar; and
PA1  a main idler roller carried by and above said wedge-shaped bar.
NUM  13.
PAR  13. The apparatus of claim 8 and further including first and second guide
      bars supported between said first and second side walls and positioned in
      guiding relationship within said first and second endless belt means,
      respectively; means for supporting at least said second guide bar in a
      cantilever arrangement with respect to said first side wall when said
      closure means is moved to its open position.
NUM  14.
PAR  14. The apparatus of claim 13 and further including means for removably
      carrying said first guide bar with respect to said second guide bar so
      that said first guide bar can be removed from said second guide bar when
      said closure means is moved to its open position.
NUM  15.
PAR  15. The apparatus of claim 8 wherein said closure means includes a first
      support shelf for supporting said second idler roller assembly when said
      closure means is in its closed position; and said first side wall includes
      a second support bracket for supporting said second idler roller assembly.
NUM  16.
PAR  16. The assembly of claim 15 and further including:
PA1  spacer means of predetermined thickness removably positioned between first
      and second end portions of said first and second idler roller assemblies
      for establishing a spacing between said first and second idler roller
      assemblies when said idler roller assemblies are supported by said first
      support shelf and said second support bracket with said closure means in
      its said closed position; and
PA1  clamping means for cantilevering said first end portions of said first and
      second idler roller assemblies with respect to said second support
      bracket.
NUM  17.
PAR  17. The apparatus of claim 16 and further including activating means for
      lifting said first idler roller assembly with respect to said second idler
      roller assembly; whereby said spacer means may be removed.
NUM  18.
PAR  18. The apparatus of claim 15 and further including first and second guide
      bars supported between said first and second side walls and positioned in
      guiding relationship within said first and second endless belt means,
      respectively; means for supporting at least said second guide bar in a
      cantilever arrangement with respect to said first side wall when said
      closure means is moved to its open position.
NUM  19.
PAR  19. The apparatus of claim 18 and further including means for removably
      carrying said first guide bar with respect to said second guide bar so
      that said first guide bar can be removed from said second guide bar when
      said closure means is moved to its open position.
NUM  20.
PAR  20. The apparatus of claim 1 wherein said first and second idler roller
      assemblies each include
PA1  a wedge-shaped bar;
PA1  a plurality of rollers carried by and below said wedge-shaped bar; and
PA1  a main idler roller carried by and above said wedge-shaped bar.
NUM  21.
PAR  21. The apparatus of claim 1 wherein said closure means includes a first
      support shelf for supporting said second idler roller assembly when said
      closure means is in its closed position; and said first side wall includes
      a second support bracket for supporting said second idler roller assembly.
NUM  22.
PAR  22. The apparatus of claim 21, and further including:
PA1  spacer means of predetermined thickness removably positioned between first
      and second end portions of said first and second idler roller assemblies
      for establishing a spacing between said first and second idler roller
      assemblies when said idler roller assemblies are supported by said first
      support shelf and said second support bracket with said closure means in
      its said closed position; and
PA1  clamping means for cantilevering said first end portions of said first and
      second idler roller assemblies with respect to said second support
      bracket.
NUM  23.
PAR  23. The apparatus of claim 22 and further including activating means for
      lifting said first idler roller assembly with respect to said second idler
      roller assembly; whereby said spacer means may be removed.
NUM  24.
PAR  24. The apparatus of claim 21 wherein said first and second idler roller
      assemblies each include
PA1  a wedge-shaped bar;
PA1  a plurality of rollers carried by and below said wedge-shaped bar; and
PA1  a main idler roller carried by and above said wedge-shaped bar.
NUM  25.
PAR  25. The apparatus of claim 1 and further including first and second guide
      bars supported between said first and second side walls and positioned in
      guiding relationship within said first and second endless belt means,
      respectively; means for supporting at least said second guide bar in a
      cantilever arrangement with respect to said first side wall when said
      closure means is moved to its open position.
NUM  26.
PAR  26. The apparatus of claim 25 and further including means for removably
      carrying said first guide bar with respect to said second guide bar so
      that said first guide bar can be removed from said second guide bar when
      said closure means is moved to its open position.
NUM  27.
PAR  27. The apparatus of claim 25 and further including
PA1  first tension roller means engaging said first endless belt means;
PA1  second tension roller means engaging said second endless belt means;
PA1  first support means carried on the inner surface of said second side wall
      for adjustably carrying one end of said first tension roller means; and
PA1  second support means rotatably carried on the inner surface of said first
      side wall for adjustably carrying the other end of said first tension
      roller means.
NUM  28.
PAR  28. An apparatus for longitudinally compressing material; said apparatus
      comprising:
PA1  a frame, said frame including first and second spaced apart side walls;
PA1  first and second drive rollers supported between said side walls;
PA1  first and second idler roller assemblies supported between said side walls;
PA1  first endless belt means passing around said first drive roller and said
      first idler roller assembly;
PA1  second endless belt means passing around said second drive roller and said
      second idler roller assembly to define a path of travel for said material
      between said first and second endless belt means;
PA1  drive means for rotating said drive rollers whereby said first and second
      endless belt means will be moved with respect to the material passing
      therebetween, the material being longitudinally compressed in transit
      during said path of travel between said first and second endless belt
      means;
PA1  first tension roller means engaging said first endless belt means;
PA1  second tension roller means engaging said second endless belt means;
PA1  first support means carried on the inner surface of said second side wall
      for adjustably carrying one end of said first tension roller means to
      permit selective vertical movement thereof; and
PA1  second support means rotatably carried on the inner surface of said first
      side wall for adjustably carrying the other end of said first tension
      roller means so as to permit both rotational and vertical movement
      thereof.
NUM  29.
PAR  29. The apparatus of claim 28 and further including
PA1  third support means carried on the inner surface of said second side wall
      for adjustably carrying one end of said second tension roller means to
      permit selective vertical movement thereof; and
PA1  fourth support means rotatably carried on the inner surface of said first
      side wall for adjustably carrying the other end of said second tension
      roller means so as to permit both rotational and vertical movement
      thereof.
NUM  30.
PAR  30. The apparatus of claim 29 and further including motive means for
      selectively rotating said fourth support means.
NUM  31.
PAR  31. The apparatus of claim 30 wherein said motive means comprises a fluid
      operated rotary motor.
NUM  32.
PAR  32. The apparatus of claim 28 wherein said first support means comprises
      drive means secured to said inner surface of said second side wall and
      driven means, one end of which is driven by said drive means and one end
      of which is connected to said one end of said first tension roller means.
NUM  33.
PAR  33. The apparatus of claim 32 wherein said drive means comprises a fluid
      operative cylinder and said driven means comprises a cooperating piston.
NUM  34.
PAR  34. The apparatus of claim 32 wherein said second support means comprises
PA1  drive means rotatably secured to said inner surface of said first side
      wall;
PA1  driven means, one end of which is driven by said drive means and one end of
      which is connected to said other end of said first tension roller means;
      and
PA1  motive means for selectively rotating said second support means.
NUM  35.
PAR  35. The apparatus of claim 34 wherein said drive means comprises a fluid
      operative cylinder and said driven means comprises a cooperating piston.
NUM  36.
PAR  36. The apparatus of claim 28 and further including motive means for
      selectively rotating said second support means.
NUM  37.
PAR  37. The apparatus of claim 36 wherein said motive means comprises a fluid
      operated rotary motor.
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ABST
PAL  In arc discharge lamps containing a mixture of metals and halogen, and
      especially where an unvaporized excess of one metal is present, lamp color
      is very sensitive to end chamber shape. Color uniformity in production
      lamps using quartz arc tubes varying appreciably in diameter and wall
      thickness is greatly improved by molding end chambers of constant size and
      shape in the ends. The chamber may be formed at the time the end is
      pinched and the electrodes sealed in by using pinching jaws having a mold
      defining portion and momentarily pressurizing the arc tube to expand the
      heated and still plastic end into the mold. In production all lamps will
      have their ends expanded or belled to some extent, more in lamps close to
      the minimum diameter limit and less in lamps close to the maximum diameter
      limit.
PARN
PAR  This is a division of application Ser. No. 374,566, filed June 28, l973,
      now U.S. Pat. No. 3,870,919.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to electric discharge lamps of the high pressure
      metal vapor type and is especially applicable to such lamps having a
      metallic halide fill.
PAR  High pressure metal vapor arc discharge lamps generally comprise an
      elongated arc tube made of quartz or fused silica and having pinches or
      press seals at each end. The arc tube contains a quantity of mercury along
      with an inert starting gas such as argon and is provided with electrodes
      at opposite ends supported by the press seals. Metallic halide lamps
      contain in addition to the mercury and starting gas one or more metal
      halides such as sodium, thallium, and indium iodides, or sodium and
      scandium iodides. In commercial lamps, the arc tube is generally enclosed
      within a vitreous outer envelope or jacket provided with a screw base at
      one end.
PAR  Arc tubes are now commonly made utilizing so-called full press seals
      wherein the entire end segment of a piece of quartz or fused silica tubing
      is collapsed and sealed off. This is done by pinching the ends of the
      quartz tube while in a heat-softened condition between a pair of opposed
      jaws to press the quartz about a foliated inlead supporting an electrode
      on its inner end. The jaws contact and compress only the end portions of
      the quartz tubes which form the press seals or pinches about the inleads.
      The immediately adjacent quartz which is viscous at the instant of
      pinching assumes a generally rounded shape in the transition zone between
      the cylindrical main body of the arc tube and the press seal which may be
      referred to as the end chamber. The shape or blow-out of the end chambers,
      that is of the space around and behind the electrodes, will vary with the
      type of quartz, the wall thickness, the heat concentration and the
      nitrogen pressure build-up at pressing.
PAR  With the conventional high pressure mercury vapor lamp of long standing,
      the specific shape of the end chambers is not particularly significant and
      there has been little concern over variations from lamp to lamp. Because
      such lamps operate with the mercury all vaporized, the metal vapor density
      is substantially independent of envelope temperature, and end chamber
      variations do not appreciably affect performance or electrical
      characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that in the new metal halide lamps containing a quantity of
      mercury which is substantially all vaporized and a metal halide in excess
      of the quantity vaporized, the specific shape of the end chamber governs
      the location of the cold spot and thereby critically affects lamp
      performance and color. Lamps containing a limited quantity of mercury and
      an excess of sodium iodide, and this includes the great majority of all
      metal halide lamps sold commercially, are particularly sensitive to end
      chamber variations. The color of the lamp is determined by the balance
      between the mercury vapor pressure and the vapor pressures of the various
      metal halides. In installations containing more than one lamp, color
      variations resulting from differences in end chamber shape are immediately
      noticeable.
PAR  In acccordance with our invention, we have greatly improved color
      uniformity in production lamps using vitreous envelopes or arc tubes of
      quartz or quartzlike material varying appreciably in diameter and wall
      thickness, by molding end chambers of constant size and shape in the ends.
      By quartzlike material we intend high temperature glasses containing a
      high proportion of silica. In practice we segregate all arc tubes before
      pinching, into groups having diameters falling between maximum and minimum
      limits and having wall thicknesses likewise falling between predetermined
      limits. Thereafter, as part of the pinching or press sealing process, the
      tube ends in each size category are expanded to a constant end chamber
      size and shape slightly larger than the maximum limit in the category. All
      lamps will have their ends expanded or belled to some extent, more in
      lamps close to the minimum diameter limit and less in lamps close to the
      maximum diameter limit.
PAR  The end chambers may be formed at the same time the ends are pinched and
      the electrodes sealed in by using pinching jaws having a mold defining
      portion and momentarily pressurizing the arc tube to expand the heated and
      still plastic end into the mold. Jaws are used having mold portions
      adapted to the particular batch size of arc tubes being sealed. By molding
      the end chambers as part of pinch sealing, the processing of metal halide
      lamps having greatly improved operating characteristics may be done at
      normal machine speed without requiring extra labor.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a front view of a quartz arc tube for a metal halide arc lamp
      provided with molded end chambers in accordance with the invention and
      illustrating average blow-out.
PAR  FIG. 2 is a side view of the same arc tube shown in FIG. 1.
PAR  FIG. 3 is a side view of an arc tube of the same size category illustrating
      maximum blow-out.
PAR  FIG. 4 is a front elevation of a pinch sealing mechanism which may be used
      to pinch and end form the arc tube illustrated in FIG. 1.
PAR  FIG. 5 is a detail of the mechanism showing the burners lifted out of the
      way and the jaws closed about the tube end.
PAR  FIGS. 6, 7 and 8 are fragmentary views of tube ends showing the variation
      in end chamber shape in the absence of end molding.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a quartz or fused silica arc tube 1
      suitable for mounting in the outer vitreous envelope or jacket of a
      metallic halide arc lamp similar to those disclosed in U.S. Pat. No.
      3,234,421 -- Reiling. Sealed into opposite ends of the tube are a pair of
      main discharge supporting electrodes 2, 3 supported on the distal ends of
      inleads 4, 5 which constitute the arc tube terminals. The electrode
      inleads include intermediate thin molybdenum foil sections 6 which are
      hermetically sealed through full diameter pinch seals 7, 8 at the ends of
      the arc tube. The main electrodes 2, 3 each comprise tungsten wire wrapped
      around a tungsten core wire and may include activating material. An
      auxiliary starting electrode 9 is provided at one end of the arc tube and
      consists merely of the inwardly projecting end of the inlead. The corners
      10 of the pinch seals may be left unpressed to provide wells for the
      accomodation of supports in mounting the arc tube in an outer envelope or
      jacket.
PAR  By way of example, the arc tube may contain a quantity of mercury which is
      substantially entirely vaporized during operation of the lamp and which at
      such time exerts a pressure in the range of 1 to 15 atmospheres. A
      quantity of sodium iodide is provided in excess of that vaporized at the
      operating temperature of the arc tube. In well-known commercially
      available lamps there are provided in addition smaller amounts of thallium
      iodide and indium iodide, or of scandium iodide. The illustrated arc tube
      is of a size suitable for a 1000 watt lamp and would be mounted in a glass
      jacket filled with an inactive gas, suitably nitrogen at about 1/2
      atmosphere pressure.
PAC  Prior Manufacturing Practice
PAR  Prior to our invention, the arc tube ends were pinch sealed using the
      conventional technique described in U.S. Pat. No. 2,965,698 -- Gottschalk,
      and commercial production was by a quartz lamp sealing machine such as
      disclosed in U.S. Pat. No. 2,857,712 -- Yoder et al. In such processing, a
      quartz tube is supported in a head of a pinch sealing machine and has its
      exhaust tubulation accomodated in a gas supply port providing nitrogen to
      prevent oxidation of the inleads during the sealing operation. The sealing
      or pinching proper is performed at a station where oxyhydrogen burners
      heat the lower end of the quartz tube to a plastic state. At the proper
      moment, the burners are withdrawn and a pair of pinching jaws are rapidly
      moved firstly up into alignment with the lower end of the quartz tube and
      then in horizontally against the sides of the tube. If this is the first
      end of the quartz tube to be sealed, the other end is stoppered. At the
      moment of pinching, the end chamber is formed by the back pressure of
      nitrogen which forces the soft quartz outward. The shape of the end
      chamber is determined by the viscosity of the quartz which is temperature
      dependent, the nitrogen back pressure, and the jaw closing speed.
PAR  A major factor determining the temperature of the quartz at pinching is the
      tubing wall thickness. The manufacturing process by which fused silica
      tubes are drawn does not permit precise and constant control of wall
      thickness. Since the rate of heating is dependent on wall thickness, this
      means that the temperature of the quartz tubing at pinching cannot be
      accurately controlled and the result has been the production of end
      chamber shapes such as illustrated in FIGS. 6, 7 and 8. The bulb of FIG. 6
      is overblown, a condition usually due to thin-walled tubing; that of FIG.
      7 is average and generally represents the desired shoulder shape; that of
      FIG. 8 is underblown, probably the result of thick-walled tubing. In
      operation, the lamp of FIG. 6 will have a lower cold spot temperature and
      hence a higher color temperature; the lamp of FIG. 8 will have a higher
      cold spot temperature, hence more sodium will be vaporized and a lower
      color temperature in the direction of yellow-range will result.
PAC  Blow Molding Practice
PAR  In accordance with our invention, we have greatly improved color uniformity
      in lamps using production fused-silica or quartz tubing varying
      appreciably in diameter and wall thickness by molding end chambers of
      constant size and shape in the ends at the same time as they are pinched
      or press sealed. We have found it desirable to segregate the quartz tubes
      before pinching into groups having diameters falling between maximum and
      minimum limits, and into subgroups having wall thicknesses likewise
      falling between predetermined limits. By way of example, arc tubes for
      1000 watt lamps are sorted into one size having an outer diameter ranging
      from 24.2 to 25.7 millimeters for which pinching jaws providing an opening
      25.8 millimeters in diameter are used, and another size ranging from 25.8
      to 26.5 millimeters for which pinching jaws of 26.6 millimeters are used.
      It may be desirable to further sort each group into sub groups according
      to wall thickness and compensate for variations in thickness by adjusting
      the intensity of the heating fires, the duration of the heating time or
      the pressure of nitrogen at the instant of molding. As part of the
      pinching or press sealing process, all tubes in each group are expanded to
      a constant end chamber size and shape corresponding to the 25.8 millimeter
      jaws in the case of the first group, or the 26.6 millimeter jaws in the
      case of the second group.
PAR  In accordance with our invention, all lamps will have their ends belled or
      expanded beyond diameter of the central part of the tubing to some extent,
      more so in lamps close to the minimum diameter limit in each group and
      less so in lamps close to the maximum diameter limit. Uniformity of end
      chamber shape and size is what is important for color uniformity in a
      batch of lamps, and the extent of belling or expansion in forming the end
      chamber is not critical. Substantial color uniformity in metal halide
      lamps may be achieved with expansion of the ends of the tubes in a range
      from 0.1 up to 10 percent. Expansion may be measured as the ratio (d.sub.2
      - d.sub.1 )/d.sub.1 , where d.sub.1 is the tube diameter subject to
      manufacturing tolerances, and d.sub.2 is the constant diameter of the mold
      into which the end is expanded. In practice we prefer to use a smaller
      range from approximately 0.4 to about 4 percent as in the foregoing
      example of a 1000 watt lamp. Arc tube 1 illustrated in FIGS. 1 and 2 is
      representative of an average degree of belling while arc tube 1' in FIG. 3
      shows a tube diameter d.sub.1 ' near the minimum limit and a large degree
      of belling near the upper practical limit.
PAC  METHOD AND APPARATUS
PAR  The ends of a quartz tube may be press-sealed or pinched and simultaneously
      blow-molded using the apparatus illustrated in FIGS. 4 and 5. The quartz
      tube 11 is held vertically in jaws 12 on the lower ends of pivotable arms
      13 which are part of a sliding head which may be lowered into the station.
      A side tubulation or exhaust tube 14 extends from behind at right angles
      to the axis of the quartz tube and a flexible tube 15 supplying inactive
      gas, suitable nitrogen, is connected to it. When the first pinch seal is
      being made on an arc tube, the open top end of the tube is closed by a
      suitable temperature-resistant stopper such as plug l6; no plug is needed
      when the second pinch seal is being made. The nitrogen prevents oxidation
      of the leads and electrodes during heating and pinching. Lead wire 4 which
      supports electrode 2 is accommodated in a spindle 17 and the arc tube is
      supported with its lower edge just clearing the face of the spindle.
PAR  The lower end of the quartz tube is heated by two pairs of opposed burners;
      one pair 18, 19 is fully illustrated; and another pair comprises burner 20
      behind the quartz tube and another burner complementary thereto which is
      not shown to avoid obstructing the view. The burners feed mixed jets of
      hydrogen and oxygen supplied to them through tubes 21, 22; the oxyhydrogen
      flames 23 completely envelop the lower end of the quartz tube and heat it
      to plasticity. The heating time may be regulated by a timer or by a
      temperature sensing device.
PAR  At the conclusion of the heating cycle, at which time the lower end of the
      quartz tube is white hot and in a plastic condition, the pinching jaws 25,
      26 are actuated by downward movement of rods 27, 28. The jaws are fastened
      to the facing ends of T-shaped levers 29, 30 to which rods 27, 28 are
      connected by links 31, 32. The initial movement causes the pinching jaws
      to pivot up into substantially horizontal positions level with the lower
      end of the arc tube. At the same time burners 18, 19 are pivoted up and
      out of the way. Continued downward movement of the actuating rods 27, 28
      then causes the T-shaped levers to move horizontally together, the jaws
      thereupon engaging the lower end of the arc tube and flattening or
      pinching it as illustrated in FIG. 5. At this moment, the pressure of
      nitrogen within the arc tube is increased in order to expand the plastic
      lower end into conformance with the generally conical mold defined by
      surfaces 33, 34 in the upper portions of the pinching jaws. The nitrogen
      pressure is then relieved, the jaws withdrawn and the arc tube allowed to
      cool.
PAR  The arc tube may then be inverted in its holder and the pinch or press seal
      at the other end made in the same fashion. Simultaneous pinching and
      blow-molding according to the invention may be done on other lamp
      machinery, for instance on the quartz lamp sealing machine of U.S. Pat.
      No. 2,857,712 -- Yoder. The manufacture of the arc tube is then completed
      in conventional fashion which involves exhaust of the sealed arc tube,
      introduction of mercury, metal or metal halides, and inert starting gas
      such as argon, and finally tipping off the exhaust tube as indicated at
      14'. Finished lamps usually include a protective outer glass jacket in
      which the arc tube is sealed.
PAR  Metal halide arc lamps having blow-molded end chambers in accordance with
      our invention show greatly improved operating characteristics and color
      uniformity. Because the end chamber shape is controlled by the mold rather
      than the vagaries of fused silica tubing production, every end chamber
      shape is the same independently of quartz tube diameter or thickness. The
      color of the lamp is determined primarily by the balance between mercury
      vapor pressure and metal halide, particularly sodium iodide, vapor
      pressure. The metal halide being in excess, its vapor pressure is
      determined by the temperature of the cold spot in the lamp where the
      unvaporized excess collects. In lamps according to our invention, the cold
      spot is at the lower end of the arc tube and the expansion or belling
      thereof to a constant uniform size assures uniformity of color among all
      arc tubes belonging to that size category.
PAR  While we prefer to expand or bell both ends of the arc tube, it is only the
      lower end in operation which it is important to have constant in size and
      shape. The upper end can be allowed to vary with little effect on
      performance. For horizontally operated lamps, it is desirable to bell both
      ends.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a method of making an electric arc tube the improvement which
      comprises:
PA1  placing an end of a tube of vitreous quartzlike material of a given
      diameter around an inlead conductor;
PA1  heating said end to plasticity while flowing an inactive gas through the
      tube;
PA1  compressing said end to seal the material about the inlead;
PA1  forming a mold about the tube next to the compressed end;
PA1  and pressurizing said tube with inactive gas in order to expand the region
      of the tube next the compressed end into the mold to a diameter greater
      than said given diameter whereby to achieve an end chamber of constant
      size and shape.
NUM  2.
PAR  2. The method of claim 1 wherein the compressing of the end of the tube and
      the expansion thereof into the mold are done together.
NUM  3.
PAR  3. The method of claim 1 wherein the compressing of the end of the tube is
      done by closing jaws thereon which simultaneously define a mold, and the
      expansion of the tube into the mold thus formed is done at the same time.
NUM  4.
PAR  4. In a method of making electric arc tubes from tubes of vitreous
      quartzlike material varying in diameter the improvement which comprises:
PA1  segregating the tubes into groups where the diameter varies between
      predetermined limits;
PA1  pinch sealing the ends of said tubes by compressing them about inleads
      while heated to plasticity;
PA1  and belling and expanding at least one end of the tubes to a diameter
      slightly larger than the maximum limit in the group into which they have
      been segregated.
NUM  5.
PAR  5. The method of claim 4 wherein the pinch sealing of the ends of the tube
      and the belling and expansion thereof are done together.
NUM  6.
PAR  6. The method of claim 4 wherein the pinch sealing of the end of the tube
      is done by closing jaws thereon which simultaneously define a mold, and
      expansion of the tube into the mold thus formed is done at the same time.
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ABST
PAL  A holder body 10 has an extension 11 whose upper surface is provided with a
      V-shaped groove 12 which accommodates a cutting bit insert 15 and a clamp
      member 18, both having complimentary V-shaped bottoms. The rear edge of
      the insert abuts a stop pin 19 and the nose 20 of the clamp member bears
      against a recess 17 in the insert. The clamp member is secured to the body
      by a double threaded screw 22.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a cutting tool holder comprising a holder body, a
      cutting bit insert and a clamping device.
PAR  2. Description of the Prior Art
PAR  Holders with a short V-shaped seat for the cutting bit insert, which is
      formed with a corresponding bottom-surface, have previously been
      manufactured. The seat terminates at a transverse rear shoulder which the
      insert abuts. From this shoulder one part extends backwards to the holder
      body, which part is intended to support the clamping means and has a plane
      bottom surface. The manufacture of such a holder involves great problems
      since the V-shaped slot is shaped by a circular mill whose cutting
      surface, without contacting the shoulder, must cut away all of the
      material up to the shoulder. With these holders there is also a risk that
      the clamping means may move sideways and in time loosen its grasp on the
      insert. These holders also have an opening between the rear end of the
      clamping device and the holder body which results in abrasive dirt and
      chips accumulating in the tool.
PAC  SUMMARY OF THE INVENTION
PAR  These drawbacks are eliminated by this invention whereby a rigid and
      reliable clamping of the cutting bit insert is achieved while at the same
      time the manufacture of the holder body and the clamping means has been
      simplified.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 shows a vertical section through a holder according to the
      invention,
PAR  FIG. 2 shows a horizontal plan view of the holder,
PAR  FIG. 3 shows a section along the line III--III in FIG. 1,
PAR  FIG. 4 shows a section along the line IV--IV in FIG. 1, and FIGS. 5 and 6
      show other embodiments of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 and 2 the holder comprises a holder body 10 with an
      extending narrow part 11. The upper surface of the narrow part is shaped
      as a seat 12 having a V-shaped groove which in the front part of the seat
      is horizontal but at the rear end via a curved part 13 ends in the upper
      horizontal surface 14 of the holder body. The front part of the seat
      receives a cutting bit insert 15 which is correspondingly shaped with a
      profiled bottom surface 16 to lie firm against the surfaces of the groove,
      and with a recess 17 which is abutted by a clamping means 18. The movement
      of the insert in the backwards direction is limited by a pin 19 inserted
      into a bore in the groove. The clamping means is in its front part formed
      with a nose 20 which rests in the recess 17 while the bottom surface has a
      shape which corresponds to the rear part of the groove, whereby the
      clamping means in its rear part is rounded and has an acute profile when
      seen in section.
PAR  Near the middle of the clamping means is a threaded bore 21, a double
      threaded screw 22, and a threaded bore 23 in the groove, by which the
      clamping means is secured to the holder body. The double threaded screw
      has an upper part which is right-hand threaded and a lower part which is
      left-hand threaded, resulting in that the clamping means can be rapidly
      fastened and loosened to change the insert. The clamping means has in its
      front part below the nose 20 a vertical slot 24 (FIG. 3) wherein the pin
      19 lies when the clamping means is fastened. The pin thus serves as a
      steering means for the vertical movement of the clamping means when
      changing the insert.
PAR  This arrangement provides for the safe and simple fastening of the insert,
      and it is simple to manufacture since the V-shaped groove can be easily
      cut out with a circular mill whereby this groove serves as a centering
      means for both the insert and the clamping means.
PAR  The embodiment shown in FIG. 5 comprises a holder body 24 with an extending
      narrow part 25 supporting an insert 26 and a clamping means 27. The
      longitudinal direction of the extending part is perpendicular to the
      longitudinal direction of the holder body whereby the tool can be used to
      make holes in workpieces.
PAR  The embodiment shown in FIG. 6 comprises a holder body 28 having an insert
      29 and clamping means 30. The width of the holder body is of the same size
      as the insert. The holder body can be moved in its longitudinal direction
      in a support device 31 and has a lower surface 32 and an upper surface 33
      both having V-shaped grooves. The holder body can be clamped to the
      support device 31 by sliding means 34 with a shape corresponding to the
      upper surface 33 of the holder body by means of screws 35. By this
      arrangement different types of workpieces can be cut-off with the same
      tool.
PAR  It is also possible to avoid using a pin to take up the forces transferred
      to the insert. Instead, the clamping means can serve the same purpose.
      Also, the axes of the bores 21 and 23 need not be perpendicular to the
      surface of the seat but can be angled or offset so that the rear part of
      the clamping means will abut the seat before the nose abuts the insert
      thus ensuring that there will be no risk of sideways movements of the
      clamping means during the last portion of the fastening movement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cutting tool holder including a holder body, a changeable cutting bit
      insert and a clamping means, the holder body having a generally
      horizontal, slender, section-profiled seat whose upper surface is below
      the upper surface of the holder body and intended to support the insert in
      its front part while the rear part supports the clamping means,
      characterized by: the part (13) connecting said upper surface of the seat
      with the upper surface (14) of the holder body having the same profiled
      shape as the horizontal part of the seat, and the clamping means having a
      shape corresponding to the seat and the connecting part.
NUM  2.
PAR  2. A cutting tool holder according to claim 1 characterized in that the
      seat and the connecting part have a V-shaped profile, and the connecting
      part is a curved surface.
NUM  3.
PAR  3. A cutting tool holder according to claim 1 characterized by the seat
      having an extending pin (19) placed behind the insert and intended to
      serve as a stop member for the insert.
NUM  4.
PAR  4. A cutting tool holder according to claim 1 characterized in that the
      clamping means is fastened to the seat by a double-threaded screw.
NUM  5.
PAR  5. A cutting tool holder according to claim 1 characterized in that the
      clamping means has a nose (20) in its front part adopted to rest in a
      recess (17) in the insert.
NUM  6.
PAR  6. A cutting tool holder according to claim 3 characterized in that the
      bottom surface of the clamping means has a recess (24) receiving the pin,
      whereby the pin serves as an aligning device for the clamping means when
      fastened.
NUM  7.
PAR  7. A cutting tool holder according to claim 1 characterized in that the
      longitudinal direction of the seat is perpendicular to the longitudinal
      direction of the holder body.
NUM  8.
PAR  8. A cutting tool holder according to claim 1 characterized in that the
      holder body has substantially the same width as the insert and can be
      clamped in different extending positions in a support device.
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ABST
PAL  A holder body 10 has a slender extension 11 provided with a V-shaped seat
      12 for a similarly notched cutting bit 13. The tapered leg 18 of a
      reversible L-shaped clamp 19 bears against a recess 16 in the bit. A rear
      shoulder 21 in the holder body provides a fulcrum for the clamp, which is
      fastened to the body and urged against a rear face 22 thereof by a screw
      26 engaging slightly offset holes 24 and 27 in the clamp and body,
      respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a tool holder, preferably for cutting bits,
      wherein the holder body has an extended slender part forming a seat for
      receiving a detachable insert which is fastened in place by a clamping
      device.
PAR  2. Description of the Prior Art
PAR  It is known to provide tool holders with detachable cutting tool inserts,
      where the insert, which usually consists of a hard metal plate, is
      fastened to the holder body by means of a clamping device. There has
      previously been proposed a great variety of embodiments of such a clamping
      device to provide shapes which are suitable for many different needs. This
      has resulted in large stock requirements in order to have the many
      different models of clamping devices, holders and inserts in ready
      availability.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of this invention is to reduce the need for such large stocks
      by limiting the assortment of clamping devices, whereby the clamping
      device at the same time shall provide firm clamping of the insert.
PAR  An advantage is that the holder body is very easy to manufacture since the
      front part of the body forming the seat for the rear part of the clamping
      device can be cut through its entire width. In previous arrangements
      relating to such cutting tools the front part of the holder body has been
      shaped to a special form suiting the individual clamping device. Such
      shapes are very difficult to manufacture. In this invention the clamping
      device is supported along at least one of its sides extending in a
      longitudinal direction to the tool holder at its rear end. By such an
      arrangement the clamping device is securely held against tilting
      movements. To achieve this secure fastening of the clamping device without
      such a special support the screw hole in the holder body and in the
      clamping device are displaced relative to each other about 0.15 mm causing
      the rear side of the clamping device to press against a shoulder in the
      holder body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 shows a section through a holder according to the invention,
PAR  FIG. 2 shows a plan view of the holder,
PAR  FIG. 3 shows the holder in a left position, and
PAR  FIG. 4 shows the holder in a right position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As appears from FIG. 1 the holder body 10 is provided with an extended part
      11, the front part of which forms a seat 12 for receiving a cutting bit
      insert 13 of hard metal. The bottom surface 14 of the insert is, in
      conformance with the surface of the seat, V-shaped to provide a rigid and
      secure fastening of the insert in the holder. The rear end surface of the
      insert abuts a shoulder 15 in the holder, and said end surface also has a
      recess 16 extending across part of the upper surface 17 of the insert. The
      recess 16 receives a nose 18 of a leg, the thickness of which gradually
      decreases, of an L-shaped clamping device 19 the rear end 20 of which with
      its bottom surface rests on a shoulder 21 in the holder body. This rear
      part also abuts a second shoulder 22 in the holder. At the middle of the
      second leg 23 of the L-shaped clamping device there is provided a hole 24
      whose openings 25 on both sides of the clamping device are conical. The
      clamping device can be fastened to the holder body by a screw 26 engaged
      in a threaded bore 27.
PAR  The extended part 11 is also provided with a bore 28 between the screw 26
      and the nose 18 of the leg intended to receive a spring 29. The purpose of
      this spring is to lift the clamping device 19 to facilitate changing the
      insert 13.
PAR  As appears from FIGS. 3 and 4, the clamping device can be reversed and used
      with both left and right holder bodies, which results in a 50 percent
      reduction of the stock needs for clamping devices of this type.
PAR  Instead of the rear end of the insert abutting the shoulder 15, it can
      contact a pin located behind the insert or be held in exact position by
      the front end of the clamping device 19, in which cases there is no need
      of a separate rear set for the insert.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cutting tool holder including a holder body having an extended slender
      part (11) and a seat (12) intended to receive a detachable cutting bit
      (13) fastened to the body by a clamping device (19), characterized by: the
      clamping device, in relation to a vertical plane longitudinally bisecting
      the slender part (11), being unsymmetrical and being L-shaped, with one
      leg being substantially the same width as the slender part and one end of
      such leg abutting the bit while the other leg is accommodated in a recess
      in the front part of the holder body with the rear end of said other leg
      pressed against a shoulder formed in the recess, the recess extending over
      the entire width of the holder body, whereby the clamping device in a
      first position can be placed on a holder body having a cutting bit to the
      left of the longitudinal centerline of the holder body and in a second,
      reversed position can be placed on a holder body where the citting bit is
      to the right to said centerline.
NUM  2.
PAR  2. A cutting tool holder according to claim 1 wherein the clamping device
      is symmetrical about a horizontal plane bisecting it.
NUM  3.
PAR  3. A cutting tool holder according to claim 1 wherein the nose of said one
      let is adapted to press the cutting bit against the seat and said other
      leg is provided with a hole (24) through which a screw is fastened in the
      holder body.
NUM  4.
PAR  4. A cutting tool holder according to claim 3 wherein the hole is conically
      countersunk from both sides.
NUM  5.
PAR  5. A cutting tool holder according to claim 3 wherein the holder body has a
      hole and a spring is positioned therein and abuts the clamping device when
      the clamping device is fastened on the holder body.
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ABST
PAL  Apparatus for continuously and automatically molding sockets onto an
      insulated flexible single pole cable comprising a deflecting mechanism for
      forming a series of bights in the cable, and a transfer guide for
      transferring the bights to a pair of spaced apart circular supports. The
      supports are rotated about a common axis and the various steps involved in
      making the sockets are performed at each bight as the two supports are
      intermittently rotated.
BSUM
PAR  The present invention relates to a machine for manufacturing, in a
      continuous and automatic cycle, strings of lights using microlamps in
      which the sockets are molded on a single-wire conductor.
PAR  The invention provides substantially: means for distributing the flexible
      single-wire cable on a fretted ribbon; and on the two surfaces of the
      ribbon: (a) means for grasping the cable, attaching it to two equal
      circular and opposite supports, rotatable about a horizontal axis, and
      cutting it; (b) means for stripping the free ends of the conductor of said
      cable; (c) means for attaching, to the ends of the stripped conductor of
      each length of ribbon, two metal strips operating as electrical contacts
      of the socket; (d) means for holding said strips parallel and opposite
      during closure of the mold which forms the sockets; (3) means for molding
      the socket; (f) means for expelling the socket; and separately; (g) means
      for shaping a "tail" at the end of one string and at the beginning of the
      next; (h) means for controlling and transmitting motion to all the moving
      parts; (i) means for programming and synchronizing the various motions of
      the operative parts.
PAR  A first advantage resides in the manufacture of the string of lights with
      only one single-wire conductor which acts as an electrical conductor.
PAR  A second advantage is the possibility of varying at will the distance
      between one socket and the next and varying the number of sockets and
      hence the total length of the string of lights.
PAR  Another advantage consists in the possibility of performing all the
      operations at a constant rate; for which purpose, a particular injection
      of the molten thermoplastic material of which the socket will be composed
      is carried out at a regular rate and without interruption which makes it
      possible to ensure constant temperature of the material without which
      injection and molding could not be carried out perfectly.
PAR  A further advantage is that the "tail," i.e. the free end of the string, is
      formed without interrupting the working cycle, and although the conducting
      wire of each string is disconnected from the next string, they are still
      joined together without a break.
DRWD
PAR  These and other advantages and characteristics will be better understood
      from the description hereinbelow referring to the attached drawings in
      which,
PAR  FIG. 1 represents a cross section along a vertical longitudinal axial plane
      of the machine according to the invention;
PAR  FIG. 2 represents a detail of a preferred closure device of a mold forming
      the socket;
PAR  FIGS. 3A and 3B show in elevation and plan view, respectively a detail of
      the electrical conductor connector;
PAR  FIG. 4 represents, in cross section, a detail of a device for grasping and
      cutting the electrical conductor;
PAR  FIG. 5 represents in a side view, a detail of a device to clamp the
      electrical conductor;
PAR  FIGS. 6A and 6B represent, in elevation and cross-sectional views, a detail
      of a device to support the contact strips after grasping the electrical
      conductor, during positioning of the male element of the mold shaping the
      socket;
PAR  FIG. 7 represents, in cross section, a detail of the elements controlling
      the rotation of the supports of the conductor and molds;
PAR  FIG. 8 represents a cross-sectional view taken along line CC in FIG. 7;
PAR  FIG. 9 represents, in a plan view, partly cut away, a detail of the device
      for stripping the conductor;
PAR  FIG. 10 represents in a plan and cross-sectional view along line DD an
      enlarged detail of the holder for the conductor during the stripping
      operation;
PAR  FIG. 11A represents, in elevation view, a detail of the device for crimping
      the contact strips against the stripped conductor;
PAR  FIG. 11B represents, in a lateral view, an enlarged detail of the crimping
      tool;
PAR  FIG. 11C represents, in elevation view, a detail of the feed of metal
      ribbon for making the contact strips;
PAR  FIG. 11D represents, in an axonometric view, the detail of a contact strip
      after crimping;
PAR  FIG. 12 represents, in elevation view, partly cut away, a further preferred
      device for closing a mold to form the socket;
PAR  FIG. 13 is an elevation view, partly cut away, of a device for expelling
      the finished socket;
PAR  FIG. 14 represents a plan view of a detail of shaping the tail of the
      string of lights; and
PAR  FIG. 15 represents an enlargement of the detail of the tail after finishing
      and trimming the end.
DETD
PAR  Reduced to its essential structure, the machine of the present invention,
      as may be seen from FIG. 1, is composed of a base formed of a longitudinal
      plane 1 and of several transverse beams 2 on which plane 1 a slide 3
      parallel to axis AA, provided with two groups of sliding guides 5 is moved
      by means of a longitudinal screw 4 with a handwheel 4'; each of the two
      groups 5 is in turn integral with a plate 6 arranged to slide parallel to
      axis AA and includes two bearings 7-7' in which two circular discs 9-10
      are mounted, which in turn are made integral with a longitudinal hollow
      40, on which shaft a gear 11 is mounted, intended for the intermittent
      rotational movement of the shaft 40 by means of a crank 12 with two arms
      which crank is driven by an electric motor 13 through gears 14, 15, and 16
      and transfers the motion to said gear 11 as long as a pin 19 engages a
      recess 17, while the movement is arrested whenever the head 12' of the
      crank 12 engages the gap 18 on gear 11.
PAR  As may be seen from FIGS. 3A and 3B, there is provided two guides or
      deflecting mechanisms 101 for conductor 100, each of which guides
      preferably consists of two stretcher pulleys, said guides idling on a
      vertical member integral with the moving piston of a cylinder 102 driven
      hydrodynamically and provided with alternating intermittent rectilinear
      motion with operative horizontal strokes, but with different lengths for
      the two guides, are effected at the same time but in different directions.
      These mechanisms form a series of bights in cable 100 to provide a zig-zag
      formation between two supports 10.
PAR  As may be seen from FIG. 4, there is provided on each of the two surfaces
      of the fretted ribbon, consisting of a large number of devices for
      connecting the conductor 100 to the rotating circular supports 10 each of
      which is composed of a hook 103 sliding in a slot in a fixed peg 104
      opposite each of the supports 10 and with the direction of radial sliding
      movement with respect to said support 10 and at the same time transverse
      with respect to the axis of one section 105 of the insulation of conductor
      100; means for hydrodynamic control being provided to obtain the
      alternating intermittent shifts of said hook where it carries out, in its
      centripetal stroke, the function of transferring each new length of
      fretted ribbon of the conductor 100 into the horizontal seat 105' of a
      section 105 integral with the support 10; and thereafter the function of
      trimming the end of said length by the action of combined cutting between
      the hook 103 and the peg 104.
PAR  As may be seen from FIG. 5, there is provided of as many devices to clamp
      conductor 100 in the respective section 105 as there are sections 105,
      each of which comprises a pair of pincers with two flat jaws 106 and a
      spring 106a, which jaws operate together but independently, with a small
      recess in each designed to crimp against the corresponding seat 105' of
      section 105, a portion of the conductor 100 corresponding to the length of
      fretted ribbon; the different rotary motion of said jaws being obtained by
      means of two rack-and-pinion pairs 107-108 and of which one rack is
      integral with one jaw 106 and one pinion is integral with a peg 109 and
      driven by a cam or hydrodynamically to obtain alternating rectilinear
      motion in the radial direction with respect to the support 10 and the
      centripetal stroke of which peg 109 causes the active phase, of closure,
      of the pincers, while the centrifugal stroke of said peg 109 causes the
      opening phase of the pincers.
PAR  As may be seen from FIGS. 9 and 10, there are provided of two devices for
      stripping the conductor or removing the insulation from the single-wire
      conductor 100 (one for each surface of the ribbon) in the intermediate
      position of the ends of the conductor protruding from section 105 after
      damping, each of which is composed of a peg 20 attached to the fixed frame
      of the machine and supporting a spring-loaded elastic hydrodynamic slave
      assembly 21 composed of a cutter 22 with two grooves 23; a blade 24 of
      steel attached at one end to the fixed frame of the machine, on the
      opposite side of the cutter 22 with respect to the conductor 100 and whose
      cutting edge is aligned with said cutter, such that when the two areas of
      the conductor 100 which protrude from the section 105 are disposed,
      according to the rotation of the supports 10, between the cutter 22 and
      the blade 24 and as a result of the advancement of the cutter 22 produced
      by 21, the electrical insulation is stripped from the copper conductor,
      while as the cutter retreats, the two stripped conductors 100 are released
      by the blade 24 and the cutter 22.
PAR  As an alternative it is possible to use an ordinary commercial wire
      stripper.
PAR  As may be seen from FIGS. 11A to 11D, there is provided for each of the two
      surfaces of the fretted ribbon, a device for attaching the contact strips
      to the stripped ends of the conductor, each of which includes: two pincers
      supported by the fixed frame of the machine, whose jaws are flat and
      parallel, in the closed position, and arranged to form a Greek cross; one
      of these pincers, i.e. the ones which move vertically, have jaws 111
      without notches, but instead with a needle nose; whose sides act as an
      anvil for the two conductors; the other of these two pincers, i.e. the
      ones which move horizontally, has jaws 112 with a frontal concave notch
      acting as a hammer which folds the metal contact strip without cutting it;
      means for hydrodynamic control being provided for closing and opening the
      pincers; rack-and-pinion means 113, 114, 115 with a free wheel being
      provided for feeding the two metal ribbons in a parallel and opposite
      position, with hydrodynamic control; known means being provided for
      cutting the contacts from the continuous ribbon.
PAR  As may be seen from FIGS. 6A and 6B, there is provided for each of the two
      surfaces of the fretted ribbon, a plurality of devices, the same number as
      the number of sections 105 for supporting and guiding the electrical
      contacts after crimping, each of which comprises: a carriage 131 traveling
      on a support 130 which, at the end of the active stroke, limited by a stop
      132 causes, by means of a shaft with a roller 133 which follows its
      advances and a lever 136, the application and squeezing of a head 134
      provided with two suitable recesses, on a median portion of the two
      parallel and opposite contacts 135 the protruding end of said contacts
      being engaged by two recesses provided in the head of the male element 118
      of the mold.
PAR  As may be seen from FIG. 2, there is provided for each of the two surfaces
      of the fretted ribbon, a plurality of molds -- the same number as of
      sections 105 -- for shaping the sockets, each of which includes: a
      cylindrical female element 117, threaded on the outside and supported by a
      disc 9 integral with the shaft 40 by means of a socket 31 whose
      longitudinal axis is placed on the extension of the axis of the section
      105 and whose free end is threaded on the inside and is designed to screw
      onto the section 105 and on the jaws 106 of the pincers for clamping the
      conductor by virtue of the pressure of a pulley 32 on a cam 33 and to
      release it by virtue of the pressure of pulley 32 on a cam 34; an aperture
      119 being provided for injection -- in the cavity 35 of an injector 36 --
      of the molten plastic destined to form the body of the socket; a male
      element 118 slidable in a coaxial hole 117 by hydrodynamic control.
PAR  As an alternative, the female element 117 of the mold is provided as shown
      in FIG. 12, 117a, on whose outside surface a groove provides the
      accommodation for a guide pin.
PAR  As may be seen in FIG. 13, each hook 103 -- in its centrifugal stroke --
      acts as an ejector.
PAR  As may be seen in FIGS. 14 and 15, there is provided a device for shaping
      the tail, which comprises a tensioning device 120 with an idler pulley,
      mounted between a supply spool 122 for the conductor 100 and the first
      guide 101 for feeding the conductor 100 to the supports 10, and with
      interposition of two guides 121; such tensioning device 120 being set to
      move so as to unreel one loop 100a whose length corresponds to that
      desired for the tail which is subsequently connected with a clip or ring
      123 and cut at the end. This tail serves for application of a two-pronged
      plug to enable the string of lights to be energized through a power cord.
PAR  The operation is as follows: while the two guides 101 distribute the
      flexible single-wire conductor 100 along the two surfaces of a fretted
      ribbon, each time the machine stops the hook 103 which is near the bottom
      of each of the two rotating supports 10 picks up the cable by the length
      of wire and transfers it to the double support 105a of the section itself
      105 of the respective support 10; then the two-jaw pincer 106 which is at
      the sides of said section 105 grips the conductor on which 105 is located,
      after which said hook 103 cuts the conductor 100; thereafter due to the
      rotation of supports 10 said section 105 moves to the conductor stripping
      station and the blades 23-24 strip the conductor ends protruding from
      section 105. Thereafter the same section 105 moves across to the contact
      application station and the two flat-jawed pincers 111-112 crimp the two
      blades 135 of the contact strips cut from the two continuous metal ribbons
      116; thereafter the pegs 134 and the male element 118 of the mold for
      forming the socket hold firmly in a parallel and opposite position said
      blade of the contact strips while the female element 117 of the mold
      screws into the section 105. At this point the mold 117-118 having made
      ten turns about AA comes to rest with the slot 119 under the injector 36
      and the molten thermoplastic material is injected; after a further
      appropriate rotation, the mold 117-118 and the pincers 106 open and the
      hook 103 causes ejection of the solidified socket 235. After execution of
      a preset number of strokes of the guides 101, namely at the end of each
      string of lights, the tensioning device 120, as it moves, unreels one
      length 100a of conductor of preset length and forms the tail intended for
      application of a two-pronged plug to obtain power; known means being
      provided for connecting with a clip or a ring 123 and cutting the two
      sides of the tail at the end. After this the cycle is repeated without
      interruption several times for each complete rotation of supports 10, each
      string produced being connected by the tail to those preceding and
      following it.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for continuously and automatically manufacturing strings of
      sockets for microlamps wherein the sockets are moulded onto an insulated
      flexible single wire cable, said apparatus comprising: (a) deflecting
      means for forming a series of bights in said cable; (b) socket applying
      means for securing sockets to said cable at successive bights thereof; and
      (c) tail forming means for forming a tail in said cable following the
      securement of a predetermined number of sockets thereto, said tail
      providing the end of one string of sockets and the beginning of a
      subsequent string.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising a pair of spaced apart
      opposed supports rotatable about a common axis and wherein said deflecting
      means comprises means for forming said cable into a zig zag formation
      extending between said supports with adjacent bights thereof positioned at
      opposite ones of said supports, said socket applying means further
      comprising bight engaging and cutting means for engaging said bights in
      said cable, securing each bight to the adjacent one of said supports for
      rotation therewith and severing said cable at said bights, stripping means
      for stripping insulation from the free ends of said cable provided by said
      cutting means, contact applying means for securing electrical contacts to
      said free ends of said cable subsequent to their being stripped by said
      stripping means, clamp means for holding the pair of contacts associated
      with each bight in predetermined relation with respect to one another,
      socket mould means operable to mould a socket around said contacts, and
      ejection means for ejecting moulded sockets from said moulds.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said deflecting means comprises two
      deflecting mechanisms actuable to provide simultaneous opposite
      reciprocating movements in the direction of said common axis, said
      mechanisms having working strokes of different lengths.
NUM  4.
PAR  4. Apparatus as defined in claim 2, wherein said bight engaging and cutting
      means comprises a plurality of hooks mounted on each said support at
      positions circumferentially spaced thereabout, said hooks being rotatable
      with the associated support and being movable radially relative thereto;
      and a plurality of gripping means mounted on each said support, in
      association with respective ones of said hooks, each said gripping means
      comprising a sector with a pair of oppositely directed seats, said hooks
      being operative to transfer bights in said cable from said deflecting
      means to said seats and to sever bights so transferred.
NUM  5.
PAR  5. The apparatus of claim 4 wherein each said gripping means further
      comprises a flat pronged pincer and a spring associated with said pincer,
      said pincer and said spring being adapted to press said cable into said
      seats, and means for actuating said pincer.
NUM  6.
PAR  6. Apparatus as defined in claim 4, wherein said ejection means comprises
      said hooks.
NUM  7.
PAR  7. Apparatus as defined in claim 2 wherein said stripping means comprises
      chisel blades mounted on said machine at stripping stations thereof,
      adjacent respective ones of said supports, each chisel blade having a pair
      of grooves for receiving respective ones of said free ends of said cable
      adjacent a severed bight thereof; flexible blades mounted on said machine
      at respective ones of said stripping stations; and means for moving said
      chisel blades into engagement with said cable ends and said flexible
      blades so as to strip insulation from said free ends of said cables.
NUM  8.
PAR  8. Apparatus as defined in claim 2, wherein said contact applying means
      comprises pincers mounted on said machine at respective contact applying
      stations adjacent respective ones of said supports, and contact supplying
      means mounted on said machine at each said applying station, said pincers
      being operative to crimp said contacts to said stripped free ends of said
      cable.
NUM  9.
PAR  9. Apparatus as defined in claim 2, wherein said clamp means comprises a
      plurality of clamps mounted on each of said supports, in association with
      respective ones of said gripping means, said clamps being adapted to
      engage central portions of said contacts, and a male element of said mould
      means having a pair of recesses in an end thereof for reception of
      respective ones of two contacts.
NUM  10.
PAR  10. Apparatus as defined in claim 2, wherein said socket mould means
      comprises a plurality of moulds mounted for rotation with said supports,
      each mould being associated with a respective one of said gripping means
      and comprising a female element engageable over the associated one of said
      gripping means, a male element slidable in said female element for
      engagement with an associated pair of contacts; means for engaging said
      female element with the associated gripping means; and injection means
      mounted on said machine at injection stations thereon, one such injection
      station being provided for each said support.
NUM  11.
PAR  11. Apparatus as defined in claim 2, wherein said tail forming means
      comprises a stretcher idler engaging said cable between a storage means
      for said cable and said deflecting means, a pair of pulleys fixed to said
      machine, one engaging said cable between said stretcher idler and said
      storage means and the other engaging said cable between stretcher idler
      relative to said pulleys so as to draw out a loop in said cable, and means
      for tying and severing said loop.
NUM  12.
PAR  12. Apparatus as defined in claim 2, including means for intermittently
      rotating said supports.
NUM  13.
PAR  13. Apparatus as defined in claim 2, including control means operative,
      during each pause in the rotation of said supports to actuate: (a) said
      deflecting means to form two bights in said cable; (b) said bight engaging
      and cutting means to engage the two bights formed by the deflecting means
      and to transfer the bights to the supports; (c) said stripping means to
      strip insulation from the cable adjacent two previously severed bights;
      (d) said contact applying means to apply contacts to free stripped ends of
      said cable; (e) said socket mould means to enclose two pairs of previously
      applied contacts and to mould sockets around two previously enclosed pairs
      of contacts; said control means being operative, during each rotational
      movement of said supports to actuate: two of said bight engaging and
      cutting means to secure two previously transferred bights to said
      supports; said socket mould means to remove said mould means from a
      previously moulded socket; and said ejection means to eject two moulded
      sockets; said control means being operative, following the formation of a
      predetermined number of sockets, to actuate said tail forming means.
NUM  14.
PAR  14. Apparatus as defined in claim 2 including means for varying the spacing
      of said supports.
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ABST
PAL  A method and means for inserting pins into predetermined locations of a
      printed circuit; said means are carried along by an adhesive strip and
      after removal of the latter, the foremost pin drops into horizontal
      registry with a pusher member urging it into vertical registry with a
      funnel-shaped member brought over the desired location of the circuit
      while a pneumatic circuit operating for each pin insertion drives said
      foremost pin through the funnel-shaped member into said location.
BSUM
PAR  The connection of a terminal of a printed circuit with a lead is generally
      provided by means of a pin which is inserted through a hole in the printed
      circuit and round which the bare end of the lead is wound.
PAR  My invention has for its object a novel method of insertion of such pins in
      a printed circuit.
PAR  According to my invention, this insertion is obtained by setting a number
      of pins side by side on an adhesive carrier strip, which strip conveys the
      pins over a predetermined path and is then removed off the pins so as to
      allow the pins thus released to be pushed into the holes in the printed
      circuit which are then in registry with them.
PAR  My invention also covers an arrangement for carrying pins to be inserted in
      printed circuits, which pins, according to the invention are laid side by
      side across an adhesive conveyor strip the breadth of which is smaller
      than the length of the pins.
PAR  My invention covers furthermore an apparatus forming the above-mentioned
      pin-conveying arrangement, said machine including a guiding channel, means
      feeding said channel with pins, means applying an adhesive strip over the
      pins carried in said channel, a spool adapted to receive the succession of
      pins thus interconnected by the adhesive strip and means driving said
      spool into rotation.
PAR  My invention has lastly for its object a machine for inserting the pins
      into a printed circuit, said machine including a pin-inserting head
      provided with a channel guiding the pin-carrying strip and at a point of
      which the strip is removed gradually off the pins, a pusher member urging
      into registry with a vertically movable insertion funnel the released pin
      located at the lower end of the strip-guiding channel and means for urging
      said released pin into the insertion-funnel, for shifting said insertion
      funnel with the released pin into registry with the printed circuit and
      for urging said released pin out of the funnel into a predetermined hole
      in the printed circuit.
DRWD
PAR  I shall now describe by way of example and in a nonlimiting sense an
      embodiment of my invention, reference being made to the accompanying
      drawings wherein:
PAR  FIG. 1 is a diagrammatical elevational view of the machine adapted to
      interconnect a succession of pins through the agency of an adhesive strip.
PAR  FIG. 2 is a perspective view showing a pin-carrying strip wound over a
      spool.
PAR  FIG. 3 is a perspective view of the pin-inserting machine.
PAR  FIG. 4 is a plan view showing the pin-inserting head and the means feeding
      said head with pins.
PAR  FIG. 5 is a vertical cross-section through the pin-inserting head.
PAR  FIG. 6 is an elevational view of said head.
PAR  FIG. 7 is a diagram showing the pneumatic control system of the machine
      illustrated in FIGS. 3 to 6.
DETD
PAR  In FIG. 1, 1 designates a frame to which is secured a vibrating bowl 2
      opening into a downwardly sloping guiding channel 3.
PAR  Two rollers 4 and 5 arranged in the vicinity of said channel and made of a
      comparatively yielding material such as rubber, are rotatably carried by a
      support 6 adapted to be shifted by a lever 7 in a direction which is
      substantially perpendicular to the channel 3. The roller 4 is operatively
      connected with the shaft of a driving motor which is not illustrated while
      the roller 5 forms a guiding roller for a strip 8 of adhesive material
      wound off a spool 9.
PAR  During operation, the pins 10 are laid inside the vibrating bowl 2 which
      distributes the pins one by one in succession into the channel 3, so that
      they may lie transversely across said channel in parallelism with one
      another. The roller 4 urges the pins towards the roller 5 which lays the
      adhesive strip 8 over them. The strip 8 now carrying the pins passes over
      a further guiding roller 11 and is wound again over a spool 12 driven into
      rotation by means which are not illustrated. The operation of the lever 7
      provides means for urging the rollers 4 and 5 against the pins and for
      adjusting the pressure exerted by the strip in contact with the pin.
PAR  A photocell 13 located above the upper end of the channel 3 is adapted to
      switch off the motor driving the roller 4 whenever the feed of pins is
      defective or has stopped. The spindle carrying the guiding roller 11 is
      adapted to move along a slot 14 formed in the frame 1, against the action
      of return springs which are not illustrated, such a movement of the
      spindle controlling a miniature circuit-breaker through which the drive of
      the spool 12 is stopped whenever the tensioning of the strip rises above a
      predetermined value.
PAR  The pins 10 held together by the adhesive strip 8 (FIG. 2) form a
      continuous ribbon which is wound over the spool 12. Since slight
      differences in length may appear between the different pins, the latter
      may project slightly to either side of the strip 8, this being quite
      unimportant during the operation of the machine.
PAR  FIGS. 3 to 7 illustrate a machine designed for the insertion of the pins 10
      into a plate carrying a printed circuit 15. This machine includes a frame
      16 to which is adjustably secured a template or circuit model 17 while
      said frame carries transverse bars 18 on which is slidingly fitted a
      carriage 19. This carriage 19 carries in its turn longitudinal bars 20 on
      which is slidingly fitted a support 21 for the printed circuit plate 15
      secured thereto through the agency of adjustable lugs 22. A control handle
      23 carried by the support 21 is pivotally secured to one of the
      longitudinal bars 20, so that it provides means for shifting the support
      21 over the carriage 19 and the carriage 19 over the frame 16. Said
      control-handle carries a conical feeler 23a adapted to be inserted in the
      desired hole provided in the template 17. Whenever the conical feeler has
      properly engaged such a hole, the handle 23 operates a miniature switch 24
      (see FIG. 7).
PAR  A platform 25 rigid with the frame 26 carries a stubshaft 26 adapted to
      carry the spool 12. The pin-carrying strip is fed by said spool into the
      pin-inserting head generally designated by the reference number 27 and in
      which the adhesive strip 8 is removed off the pins and wound over a spool
      28 which is driven into rotation by a torque-limiting device.
PAR  The pin-inserting head 27 rests on an upright and is provided with a
      channel 30 (FIG. 4) the breadth of which registers with that of the pins
      while its input opening is substantially as broad as the strip 8. The
      actual adhesive strip after entering the channel 30 with the pins is torn
      away from the latter, and is wound alone over the spool 28 towards which
      it is guided by the roller 31.
PAR  A pusher member 32 slidingly carried across the lower end of the channel 30
      is pivotally connected through a lever 33 with a piston 34 adapted to move
      within the cylinder 35. The breadth of the output opening of the channel
      30 registering with the pusher member 32 is equal to the length of any pin
      whereby said pusher member is adapted to drive a pin 10 into registry with
      the pin-inserting funnel 36 while it simultaneously holds the remaining
      pins in the channel 30 against sinking.
PAR  Said pin-inserting funnel 36 is carried by a support 37 adapted to move
      vertically with reference to a stationary member 38 rigid with the frame
      of the pin-inserting head, against the action of the return spring 39. A
      punch 40 which is coaxially movable inside the funnel 36 is rigid with a
      vertically movable part 41. Said part 41 is rigid in its turn with a
      piston 42 adapted to move within a cylinder 43 and engages through the
      spring 44 a further vertically movable part 45. The latter is provided
      with an adjustable stop 46 adapted to come into contact with the part 41;
      furthermore the support 37 carries an adjustable stop 47 adapted to come
      into contact with the further vertically movable part 45.
PAR  Underneath the printed circuit 15, there is provided in axial alignment
      with the pin-inserting funnel 36 a piston 48 adapted to carry said printed
      circuit during the insertion of a pin, said piston 48 being slidingly
      carried inside a cylinder 49.
PAR  As apparent from inspection of FIG. 7, the miniature circuit-breaker 24
      controls an electrovalve 50 through the agency of an electronic delaying
      system 51 provided with a storage. The electrovalve is operatively
      connected with the cylinders 43 and 49 and also with the cylinder 35 under
      control of the lever 33.
PAR  The operation of the pin-inserting machine is as follows: the template 17
      is secured to the frame 16 in a manner such that its position with
      reference to the feeler 23a is defined by the position of the printed
      circuit 15 with reference to the pin-inserting channel 36. The feeler 23a
      is then brought into registry with the desired hole in the template and
      the handle 23 is rocked, so that the feeler enters said hole.
PAR  The miniature circuit-breaker 24 operated thus by the feeler controls the
      electrovalve 50 which feeds compressed air into the cylinders 35 and 49.
      The piston 48 in the cylinder 49 rises upwardly towards the printed
      circuit 15 and holds it in position. On the other hand, the piston 34
      moves inside the cylinder 35 and shifts through the agency of the lever 33
      the pusher member 32 which urges a pin 10 into registry with the
      pin-inserting funnel 36. At the end of this movement, the lever 33
      actuates the valve 52, so as to make it deliver air into the cylinder 43.
      The piston 42 in the latter drives then the part 41 forwardly, which part
      41 pushes downwardly the punch 40. The latter urges then into the
      pin-inserting funnel 36 the pin 10 which has been shifted out of the
      guiding channel 30 into registry with said pin-inserting funnel 36, while
      simultaneously the part 45 sinks until it meets the stop 47 on the support
      37. From this moment onwards, the support 37 sinks together with the
      funnel 36 against the pressure of the spring 39 until said support 37
      carrying the funnel 36 impinges against the stationary member 38. During
      this time the piston 42 continues moving downwardly and urges in the same
      direction the part 41 against the pressure of the spring 44 and
      consequently the punch 40 drives the pin 10 through the funnel 36 into the
      desired location on the printed circuit 15. The piston 42 stops on its
      downward path when the part 41 meets the stop 46, which provides thus an
      adjustment of the depth of drive of the pin.
PAR  Thenafter, the electrovalve is returned into its original condition so that
      the different pistons also return into their starting positions and the
      machine is ready for the execution of a further operative cycle.
PAR  Obviously, the invention is by no means limited to the embodiment described
      and illustrated and in contradistinction, it covers all the modifications
      thereof falling within the scope of the accompanying claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A machine for inserting connecting pins into predetermined locations of
      a printed circuit, comprising a first conveying channel for conveying a
      plurality of pins, means for feeding succession of pins into said channel
      each said pin being parallel to each adjacent pin and being aligned
      transversely to the conveying direction of the conveying channel, a spool
      carrying an adhesive strip, means for leading said strip off the spool
      along a path adjacent the pins in the conveying channel means for bringing
      the said strip into adhesive contact with the pins whereby the pins become
      adhered to said strip and form a pin-carrying strip, a take-up spool for
      the pin-carrying strip, means for feeding the pin-carrying strip over a
      pre-determined path towards the printed circuit and stripping the pins
      near the end of said path off the strip to allow them to be inserted in
      succession into the desired locations of the circuit, and means for
      inserting the pins in the desired locations.
NUM  2.
PAR  2. The machine as claimed in claim 1 further comprising a roller engaging
      the surface of the pins in the first part of said channel to urge said
      pins forwardly in said channel in juxtaposed relationship.
NUM  3.
PAR  3. A machine as claimed in claim 1 wherein said last-mentioned feeding
      means comprise a second guiding channel adapted to convey the pin-carrying
      strip passing off the take-up spool, and means for separating the strip
      from the succession of pins at the output of said second guiding channel
      and wherein said inserting means comprise a pin-inverting funnel adapted
      for vertical displacement and located adjacent the output of said second
      guiding channel during the outputing therefrom of a pin to be inserted, a
      pusher member intermediate the output of said funnel adapted to displace a
      pin to be inserted from the former to the latter said displacement
      defining movement into registry with the latter and means adapted to urge
      the displaced pin from its point of registry with said funnel,
      therethrough and to a point just above the desired location of the printed
      circuit and to drive the pin out of said funnel into said location.
NUM  4.
PAR  4. A machine as claimed in claim 1 comprising a frame, a support adapted to
      carry the printed circuit, a template carried by said frame and provided
      with a pattern of holes, means for adjusting the position of said support
      over said frame with reference to said template and a feeler adapted to
      move in unison with said support and to be urged downwardly into a
      predetermined hole of said template.
NUM  5.
PAR  5. A machine as claimed in claim 1 comprising a vertically movable
      pin-inserting funnel adapted to receive the successive pins stripped off
      said strip, a support lying underneath the lower output end of said funnel
      and adapted to carry a printed circuit and means for raising said support
      towards said output end of the pin-inserting funnel whereby the insertion
      of pins is initiated.
NUM  6.
PAR  6. A machine as claimed in claim 1 wherein said pin-inserting means
      comprise a vertically movable pin-inserting funnel adapted to be set over
      a pre-determined hole of the printed circuit, a control piston adapted to
      be vertically displaced, a first member operatively associated with said
      control piston and moving in unison therewith, a punch rigid with said
      first member and adapted to urge a pin downwardly, a second member
      operatively associated with said control piston and said first member
      lying beneath said first member, first elastic stop means intermediate
      said first and second members, said first stop means serving to at least
      partially define the cooperative association of said first and second
      members, a support to which said funnel is rigidly secured and located
      beneath said second member, and second elastic stop means intermediate
      said second member and said support, said second stop means serving to at
      least partially define a cooperative association among the various
      cooperatively associated means and members of said pin inserting means
      hereinabove recited, all associations being effective upon a downward
      displacement of said piston which displacement urges first said punch
      downwardly upon which said first member and said second member are
      likewise urged downwardly whereupon and whereby a pin in registry with
      said funnel is inserted in said predetermined hole.
NUM  7.
PAR  7. A machine as claimed in claim 6 and further comprising an auxiliary
      piston adapted to operate at the beginning of the pin-inserting cycle; a
      valve controlled by said piston and a pneumatic circuit controlled by said
      valve and controlling said control piston.
NUM  8.
PAR  8. A machine as claimed in claim 1 wherein said feeding means comprise a
      guiding channel for said pin-carrying strip passing off said take-up
      spool, the breadth of said guiding channel being substantially equal to
      the length of the pins and having an input substantially equal to the
      breadth of the adhesive strip, means at the output of said guiding channel
      for stripping the pins off of the adhesive strip, a pin-inserting funnel
      at the output of said guiding channel adapted to be vertically displaced,
      means for pushing a pin from the output of said guiding channel into said
      pin-inserting funnel and means adapted to urge the pin pushed through said
      funnel to a point above that where the pin is to be inserted into the
      circuit, said machine further comprising means adapted to drive the pin
      out of the funnel into the desired location of the printed circuit, a
      frame, a support forming a portion of said frame and adapted to receive
      the printed circuit, a template situated on a portion of said frame and
      having a pattern of holes therein, means for adjusting the position of
      said support over the portion of said frame adapted to receive said
      template, a feeler adapted to move in unison with the circuit and to be
      urged downwardly into a predetermined hole of the template, a miniature
      switch controlled by said feeler, a valve controlled by said switch and a
      pneumatic circuit controlled by said valve and in turn controlling the
      actuation of said pusher means and said means for driving the pin out of
      said funnel.
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ABST
PAL  A slider holder including a support structure having a slider mount on a
      top portion thereof. The slider mount has a top surface inclined to the
      plane of the horizon for receiving and positioning a slider upside down
      with the bottom end of the slider directed downwardly and with the guide
      channels of the slider inclined to the plane of the horizon. A lever
      having a detent is turnably supported to engage and disengage an opening
      of the slider pull tab and releasably lock the slider in the slider mount.
      In use, a pair of stringers mounted on an article and having elastically
      deformable fastener elements are successively pulled through the slider
      guide channels in a downward direction and positioned so that the fastener
      elements are aligned. The stringers are then simultaneously pulled
      upwardly through the guide channels to engage the fastener elements, and
      the slider is then released from the holder.
PARN
PAR  This is a division, of application Ser. No. 387,192, filed Aug. 9, 1973.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to slide fasteners, and in particular to a
      method of attaching a slider to a fastener chain after the same is secured
      to the edges of an opening in a garment or like article. The invention is
      also specifically directed to a slider holder adapted for use with such
      method.
PAR  It is now widely practised among the manufacturers of ready-made garments
      and other articles to cut an elongate slide fastener chain (by which are
      meant a pair of tapes carrying longitudinal rows of fastener elements
      along the opposed inside edges thereof) into lengths determined in
      accordance with the shape and size of the articles and to sew or otherwise
      secure such required lengths of the fastener chain to the successive
      articles. Other parts of the slide fasteners, such as top and bottom stops
      as well as sliders, are attached after the fastener chain is secured to
      the articles. It has been found that this practice results in a great
      saving in the manufacturing costs of such articles.
PAR  However, this practice has its own disadvantage with regard to the
      manipulation of the fastener stringers, which have been secured to the
      edges of a desired article as aforesaid, through the guide channels in the
      slider so as to cause the rows of fastener elements on their opposed
      inside edges to interlock properly in their correct relative positions. It
      requires the highest degree of dexterity and mental concentration on the
      part of the workers to manually thread the two fastener stringers
      simultaneously through the slider without causing misalignment between the
      interfitting rows of fastener elements. For this reason the assembly
      operation of the slide fasteners according to the above described practice
      has been highly retarded.
PAR  In order to overcome the foregoing disadvantage of the prior art, some
      manufacturers have more recently resorted to the use of fastener elements
      capable of elastic deformation. Such fastener elements are formed of
      synthetic resin monofilaments, such as those of polyamide or polyester,
      and are either coiled or zigzagged in shape. In the use of these known
      fastener elements, the fastener stringers secured to an article are
      manipulated through the guide channels in the slider one after the other.
      The resultantly interlocked rows of fastener elements in wrong relative
      positions are then manually separated from each other so that the fastener
      elements are still held interlocked only at their portions within the
      slider which is now located at one extremity of the fastener stringers.
PAR  Thereafter, in order to readjust the relative positions of the misfitting
      fastener elements, one of the stringers is forcibly pulled through the
      slider by taking advantage of the elastic deformation of the fastener
      elements. Following this operation it is necessary that the two fastener
      stringers be pulled in a fastener closing direction through the slider so
      that the latter will be positioned at or adjacent that point on the
      stringers where a bottom stop is to be affixed. This bottom stop is
      secured to the required point after pulling the fastener stringers back
      again through the slider in a fastener closing direction. This latter
      method is currently preferred because it facilitates the assembly
      operation of the slide fasteners, without requiring undue attention to the
      correct alignment of the fastener elements.
PAR  A special problem has arisen in connection with the second described
      method, however, in that the fastener elements are frequently caught in
      the guide channels in the slider as the fastener stringers are pulled
      therethrough in a fastener opening direction following the readjustment of
      the relative positions of the misfitting fastener elements. If only this
      problem is overcome, it is certain that the assembly operation of the
      slide fasteners according to this second method will be still more
      expedited.
PAR  As a result of extensive search for the possible causes of the above noted
      problem, it has now been discovered that since the slider is held
      horizontally during the assembly operation in accordance with the prior
      art, the fastener elements on the inside edges of the stringers stand up,
      so to say, as the stringers are caused to make a sharp turn from their
      vertical to horizontal position to be fed into the guide channels in the
      slider. Moreover, because the fastener stringers are already secured to an
      article as above stated, they are inevitably held vertically due to the
      added weight of the article. This is all the more reason why the free ends
      of the fastener elements rise and get caught in the slider guide channels.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the noted difficulties of the prior art, it is an object of this
      invention to provide an improved method of attaching a slider to a pair of
      fastener stringers secured to an article, wherein the slider is held in
      such a manner that there is practically no possibility of fastener
      elements on the opposed inside edges of the fastener stringers being
      caught in the guide channels in the slider as the stringers are pulled
      therethrough, whereby the rate of finishing the fastener chain on the
      articles is increased manifold.
PAR  It is also an object of this invention to provide a slider holder having a
      slider mount adapted to hold the slider in the manner conducive to the
      first recited object of the invention.
PAR  According to the method of this invention, briefly stated with regard to
      one aspect thereof, a slider is first placed upside down on a slider mount
      which is disposed at an angle to the plane of the horizon, with the bottom
      end of the slider directed downwardly. A pair of fastener stringers
      secured to an article are then threaded one after the other through the
      respective guide channels in the slider, and the fastener stringers are
      forcibly pulled downwardly through the slider to readjust the relative
      positions of the misfitting fastener elements by taking advantage of their
      elastic deformation. Thereafter the fastener stringers are pulled back
      upwardly through the slider in a fastener opening direction. In this
      instance, thanks to the angle at which the slider is held with respect to
      the plane of the horizon, the fastener stringers with the attached
      elements are permitted to pass smoothly therethrough.
DRWD
PAR  The features which are believed to be novel and characteristic of this
      invention are set forth with particularity in the appended claims. The
      invention itself, however, together with the further objects and
      advantages thereof, will be best understood from the following description
      of specific embodiments taken in conjunction with the accompanying
      drawings wherein like reference numerals denote like parts throughout the
      several views.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an example of slider holder adapted
      for use with the method of this invention, the view also showing dies for
      securing a bottom stop to a pair of fastener stringers after attachment of
      a slider thereto;
PAR  FIG. 2 is a fragmentary vertical sectional view on enlarged scale of the
      slider holder shown in FIG. 1;
PAR  FIGS. 3A to 3E inclusive are fragmentary top views sequentially
      illustrating the steps of attaching a slider to a pair of fastener
      stringers in accordance with the method of the invention;
PAR  FIG. 4 is a side view explanatory of the mode of use of the slider holder
      according to the invention; and
PAR  FIG. 5 is a top view also explanatory of the mode of use of the slider
      holder according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIGS. 1 and 2 which illustrate an example of slider
      holder suitable for use with the method of this invention, the exemplified
      slider holder includes a support structure 10 having a slider mount 11 on
      its top. The slider mount 11 is recessed as best shown in FIG. 2 to
      securely support a slider 12 placed upside down thereon, and a channel 13
      extends vertically downwardly from the recessed slider mount through the
      support structure 10 to telescopically receive a pull tab 14 of the
      slider.
PAR  A lever 15 turnably supported at 16 on one side of the support structure 10
      has a detent 17 adapted to project into the usual opening formed in the
      slider pull tab 14 and hence to lock the slider in position on the slider
      mount 11. Preferably, the lever 15 is provided with suitable stop means,
      such as that indicated at 18 in FIG. 1, for normally holding the same
      immovable in the illustrated position to prevent any accidental unlocking
      of the slider 12 during assemblage of a fastener chain therethrough.
PAR  According to this invention, the general surface of the slider mount 11 on
      the top of the support structure 10 is formed at an angle to the plane of
      the horizon as in the drawings, for purposes which will be made more
      apparent from the following description of the method of the invention.
PAR  The slider 12 is first placed upside down on the sloping slider mount 11,
      with its bottom end 19 (defining an outlet opening opposite to the neck of
      the slider) directed downwardly as best shown in FIG. 2, and is locked in
      position by the detent 17 projecting into the opening of its pull tab 14.
      Thereafter, a fastener chain or a pair of fastener stringers 20 and 21
      already secured to parts of a garment or like article 22 are assembled
      through the slider 12. In the sequence illustrated in FIGS. 3A to 3E.
PAR  As seen in FIG. 3A, one of the fastener stringers, 20 for example, is first
      threaded through the corresponding guide channel in the slider 12, and
      then the other fastener stringer 21 is likewise threaded through the other
      guide channel, as indicated by the arrows in the drawing. The resultantly
      mismatched fastener elements 23 and 24 on the beaded inside edges of the
      fastener stringers 20 and 21 are then separated from each other all the
      way up to the bottom end 19 of the slider, as shown in FIG. 3B, so that
      the elements 23 and 24 are now interlocked only at their portions within
      the slider.
PAR  The fastener stringer 21 which has been threaded later through the slider
      12 is then forcibly pulled downwardly therethrough by taking advantage of
      the elastic deformation of the elements interfitting within the slider,
      until the upper extremities of the fastener stringers 20 and 21 are
      aligned as shown in FIG. 3C. The fastener elements 23 and 24 on both
      fastener stringers are now properly interlocked within the slider.
PAR  Thereafter the fastener stringers 20 and 21 together with the article 22 to
      which they are attached are pulled upwardly, that is, in a fastener
      opening direction, through the slider 12, so that as seen in FIG. 3D the
      slider is located at or adjacent that point on the fastener stringers
      where a bottom stop is to be affixed. The fastener stringers are now
      substantially fully opened.
PAR  Then, as illustrated in FIG. 3E, the fastener stringers 20 and 21 are again
      pulled back through the slider 12 in a fastener closing direction so that
      the lower end portions of the closed stringer are placed in position on
      the lower one of dies 25, FIG. 1, adapted to affix the bottom stop 26
      thereto. The lever 15 of the slider holder shown in FIGS. 1 and 2 is then
      turned after releasing the stop means 18, and the article 22 with the
      fastener stringers and the slider and bottom stop attached thereto is
      withdrawn from the slider holder.
PAR  In the above described method of this invention, it is particularly
      noteworthy that, after the fastener stringers 20 and 21 have been coupled
      properly together as shown in FIG. 3C, the stringers 20 and 21 are pulled
      upwardly in a fastener opening direction through the slider 12 which is
      supported on the sloping slider mount 11 of the slider holder with its
      bottom end 19 directed downwardly. Thus, as illustrated in FIG. 4, the
      fastener stringers are draped down in a substantially streamlined manner
      with increased radius of curvature of the fastener chain with respect to
      the bottom end 19 of the slider which is itself supported at a suitable
      angle to the plane of the horizon. As a consequence, the rows of fastener
      elements 23 and 24 on the inside edges of these fastener stringers can be
      held completely aligned with each other in the plane of the fastener
      stringers and smoothed meshed together as they are introduced into the
      slider, as will be seen from FIG. 5. It will accordingly be understood
      that the fastener stringers carrying the elements thus held aligned can be
      pulled smoothly through the slider.
PAR  It is believed that the improvements and advantages gained by the method
      and device of this invention will be apparent from the foregoing
      description. However, it is to be clearly understood that the preferred
      forms of the invention as herein desclosed are subject to various
      modifications or changes without departing from the scope of the
      invention, as sought to be defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A slider holder for use in attaching a slider having a pair of guide
      channels to a pair of fastener stringers which are already secured to an
      article, wherein the fastener stringers are provided along a pair of
      opposed inside edges thereof with rows of fastener elements capable of
      elastic deformation, said slider holder comprising: a support structure
      having a slider mount on a top portion thereof, said slider mount having a
      top surface which is inclined at an angle to the plane of the horizon for
      receiving and positioning the slider upside down with the bottom end
      thereof directed downwardly; and means for locking the slider in position
      on said slider mount, whereby the fastener stringers may be threaded
      through the guide channels in the slider and forcibly pulled downwardly
      therethrough to adjust the relative positions of mismatched fastener
      elements by elastic deformation thereof, and then the stringers may be
      smoothly pulled back upwardly through the slider to engage the fastener
      elements.
NUM  2.
PAR  2. A slider holder according to claim 1, wherein said slider mount includes
      means defining a channel extending downwardly from said top surface for
      receiving a slider pull tab, and wherein said means for locking the slider
      comprises a lever having a detent, means turnably mounting said lever on
      said support structure for rendering said lever turnable from a first
      position with said detent engaging an opening in the slider pull tab to a
      second position disengaged from the slider pull tab, and means for
      releasably locking said lever in said first position.
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ABST
PAL  An assembly machine is provided having tooling mounting and surfaces and
      tooling actuator drivers above and below a rotatable assembly table. The
      annular assembly table is disposed around a main center support column
      within which is disposed the main driver shaft. An indexing unit rotates
      the annular assembly table in discrete spaced apart steps around the main
      support column. A lower tooling plate mounting surface and a tooling
      actuator driver, which is driven from the main drive shaft, is provided
      beneath the annular assembly table. The mounting surface is fixed
      longitudinally with respect to the annular assembly table while the
      tooling driver reciprocates with respect to the assembly table. An upper
      tooling mount is provided above the annular assembly table. The upper
      annular tooling mount is disposed around the main center support column
      and moves in a reciprocating up/down motion with respect to the annular
      assembly table. Tooling for performing various operations on devices to be
      assembled which are mounted on the assembly table can be connected to the
      upper tooling mount. An upper actuator driver is provided above the upper
      tooling mount and the lower actuator driver is provided beneath the
      annular assembly table. An actuator is provided for transmitting power
      from the upper actuator driver to tooling mounted on the upper tooling
      mount. An actuator is also provided for transmitting power from the lower
      actuator driver to the tooling mounted on the lower mounting plate. The
      upper and lower actuator drivers move in reciprocal up and down motion
      along the main center support column. Self-aligning roller assemblies are
      utilized on the lower driver, the upper tooling mount and the upper
      actuator driver for spacing these devices away from the main center
      support column and providing for easy longitudinal movement along the main
      center support column. The roller assemblies include a nylon roller which
      can move easily along the main center support column. The roller
      assemblies can be removed from the outside of the assembly machine without
      disassembling any other portion of the assembly machine. Rotational
      movement of the upper actuator driver, the lower actuator driver and the
      upper tooling mount is prevented. The main center drive shaft is disposed
      within the main center support column. This is driven by appropriate drive
      assemblies. Various cam and cam follower arrangements are provided between
      the main center drive shaft and the upper actuator driver, the lower
      actuator driver and the upper tooling mount to move the upper actuator
      driver, the lower actuator driver and the upper tooling mount in a
      reciprocal up and down motion which is a function of the selected cam and
      cam follower assembly. The roller assemblies which can be attached
      externally to the upper actuator driver, the lower actuator driver and the
      upper tooling mount serves to accurately align these items around the main
      center support column.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to copending application Ser. No. 543,677 filed
      Jan. 24, 1975 and copending application Ser. No. 543,679 filed Jan. 24,
      1975.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to assembly machines and more particularly to an
      assembly machine, adapted to assemble articles formed from several parts,
      having a positive positioning mechanism.
PAR  2. Description of the Prior Art
PAR  Assembly machines of the variety disclosed herein are particularly suitable
      for assembly of an article made from a plurality of relatively small
      parts. Assembly machines operate at a relatively high speed. During
      assembly of an article a portion of the article is fed onto a movable
      assembly table. The article is positioned at a station on the assembly
      table. The assembly table is then indexed, so that the article is moved to
      a work station where any of a number of operations can occur such as:
      adding additional components, drilling, taping, screwing, reorienting,
      testing, removing, or any other desired operation. After a slight time
      delay the assembly table is again indexed so that the article moves to
      successive work positions where all the required operations are performed.
      At any time numerous articles in various states of assembly will be
      located on the assembly table. The article can be fed onto and removed
      from the assembly table by any of a variety of means well known in the
      prior art. It can readily be appreciated, that, since all operations on
      the article to be assembled must be coordinated with the location of the
      work stations, during the dwell portion of the machine cycle, it is highly
      desirable that the work stations location be determined with a high degree
      of accuracy. That is, the various tooling is set to perform a
      predetermined operation on the article when it is at a given work
      position. If the article is not at the correct position, machine jams or
      damage to the article can occur. Exact high speed positioning becomes
      especially critical as the assembly speed is increased.
PAR  The assembly machine can have a rotatable assembly table with the stations
      spaced around the outer perimeter of the table. Various assembling and
      finishing operations can be performed on the article positioned in the
      station as the rotatable assembly table is indexed, in steps, around the
      machine. The articles can be loaded onto the assembly table by means of
      the well known vibratory bowl feeders, manually, or by other suitable
      means.
PAR  Assembly machines having an annular assembly table, which can be rotated
      around a main center support column, are well known in the art. U.S. Pat.
      No. 3,065,530 to Merchant et al. and U.S. Pat. No. 3,231,968 to Swanson
      exemplify prior art assembly machines having a rotatable assembly table.
      An indexing unit moves the assembly table of the machine at intervals or
      steps around the center supprt column. The stations, containing the
      article, are stopped at the work positions during indexing steps. During
      these dwell portions of the machine cycle, the required operations are
      performed on the article. A problem frequently encountered with the prior
      art units is that the indexer, due to misalignment, wear or faulty
      operation, does not positively position the assembly table with the
      required degree of accuracy. This can lead to damaged parts, jams and
      production interruptions. It is desirable to have a positioning system
      which positively and accurately positions the assembly table with a high
      degree of accuracy during the dwell portion of each machine cycle.
PAR  Due to positioning, wear and alignment problems prior art assembly
      machines, requiring a high degree of positioning accuracy, are not
      provided with an overload mechanism between the indexer and assembly
      table.
PAR  Prior art assembly machines having an annular assembly table, rotatable
      around a main center support column containing a drive shaft are not
      provided with tooling mounts and tooling drivers above and below the
      annular assembly table. It is very desireable to have tooling mounts with
      power take-off above and below the assembly table for the additional
      flexibility provided.
PAC  SUMMARY OF THE INVENTION
PAR  An assembly machine is provided having an annular assembly table with
      tooling mounting surfaces and tooling drivers provided above and below the
      rotatable assembly table. A main center support column is provided around
      which the annular rotatable assembly table is disposed. The assembly table
      is supported from the main center support column. An indexing unit is
      provided which indexes the rotary assembly table in steps. The assembly
      table is longitudinally fixed with respect to the main center support
      column. An upper tooling mount is provided which is disposed around the
      main center support column for relative reciprocating longitudinal
      movement. An upper actuator driver is provided disposed around the main
      center support column for longitudinal reciprocating movement with respect
      to the upper tooling mount and the annular assembly table. Actuators can
      be used for transmitting power from the actuator driver to tooling mounted
      on the upper tooling mount. This tooling can perform various functions on
      articles to be assembled which are mounted on the rotary assembly table. A
      lower tooling mount is provided beneath and spaced apart from the assembly
      table. A lower actuator driver, for transmitting power to the tooling, is
      disposed around the main center support column between the assembly table
      and the lower tooling mount. The lower actuator driver is supported for
      reciprocal movement along the longitudinal axis of the main center support
      column. The lower actuator driver is connected by an actuator to tooling
      which can be mounted on the lower tooling mount. The lower tooling mount
      is relatively fixed longitudinally with respect to the annular assembly
      table. The reciprocating motion of the lower actuator driver is utilized
      for transmitting power to the appropriate tooling which is spaced on the
      lower tooling mount around the assembly table.
PAR  The upper actuator driver, the lower actuator driver and the upper tooling
      mount all move longitudinally along the main center support column.
      Self-aligning roller assemblies are utilized for aligning the upper
      actuator driver, the lower actuator driver and the upper tooling mount
      with respect to the main center support column. Each roller assembly
      comprises a nylon roller which contacts the main center support column and
      spaces the associated casting therefrom. A plurality of roller assemblies
      are disposed around the items which are to move longitudinally along the
      main center support column. These roller assemblies which can be attached
      from outside of the associated item, provide for self aligning of the item
      and permit easy longitudinal movement. The roller assemblies can be
      removed from the outside of the assembly machine without removing the
      associated upper actuator driver, lower actuator driver, or upper tooling
      mount from the main center support column. This construction provides for
      easy maintenance and fast and reliable alignment of the upper actuator
      driver, the lower actuator driver, or the upper tooling mount with respect
      to the main center support column.
PAR  A main center support shaft can be disposed in the main center column to be
      driven by an appropriate drive. Cams are disposed on the main drive shaft
      which controls the movement of an associate cam follower attached to the
      upper actuator driver, the lower actuator driver or the upper tooling
      mount to move the associated device in a reciprocating motion as the main
      center shaft rotates. An indexing unit is provided for moving the assembly
      table in discrete steps which are synchronized with the rotation of the
      main drive shaft. A positive positioning mechanism for engaging the
      assembly table when the index unit is not rotating the assembly table is
      provided. This positive dial positioning mechanism positions the assembly
      table to a high degree of accuracy during the dwell portion of each
      machine cycle.
PAR  The actuator which is provided for driving the appropriate tooling from the
      upper actuator driver or the lower actuator driver is provided with an
      overload device which provides overload protection when the actuator is
      driven in any direction. That is, as the actuator driver moves in a
      reciprocating up/down direction, the actuator moves in a radially in or
      out direction with respect to the main support column. The output of the
      actuator is connected to appropriate tooling which performs the desired
      functions on articles to be assembled which are disposed on the annular
      assembly table. As the actuator is moved in or out, overload protection is
      provided so that if an obstacle is encountered as the actuator moves in
      either direction, the actuator driver will be disconnected from the
      tooling.
PAR  An overload slip clutch is provided between the indexer and the annular
      assembly table. This is possible since the assembly table is positioned
      with a high degree of accuracy independent of wear in the slip clutch or
      indexer by the dial positioning mechanism. An overload limit switch is
      provided which is activated when the indexer slip clutch limit switch
      operates. The overload limit switch disconnects drive power from the
      assembly machine.
PAR  It is an object of this invention to disclose an assembly machine having a
      rotatable assembly table with tooling mounting surfaces and tooling
      drivers provided above and below the assembly table.
PAR  It is a further object of this invention to teach an assembly table which
      utilizes reciprocating members mounted to the main center support column
      for driving and operating various tooling wherein the reciprocating
      members are supported by self aligning externally attachable rollers.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be had to the
      preferred embodiments exemplary of the invention shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is a front elevation view of an assembly machine utilizing the
      teaching of the present invention, with portions broken away for clarity;
PAR  FIG. 2 is a right side elevation view of the assembly machine shown in FIG.
      1;
PAR  FIG. 3 is a sectional view of the assembly machine shown in FIG. 1 along
      lines III--III;
PAR  FIG. 4 is a sectional view of a portion of the assembly machine shown in
      FIG. 1 along lines IV--IV;
PAR  FIG. 5 is a top view of the assembly machine shown in FIG. 1;
PAR  FIG. 6 is a section view of the assembly machine shown in FIG. 1 along
      lines VI--VI;
PAR  FIG. 7 is a sectional view of the assembly machine shown in FIG. 1 along
      lines VII--VII;
PAR  FIG. 8 is a front elevation view of the upper actuator driver;
PAR  FIG. 9 is a front view of the guide roller mount utilized on the disclosed
      assembly machine;
PAR  FIG. 10 is a sectional view of the guide roller mount shown in FIG. 9 along
      lines X--X;
PAR  FIG. 11 is a front view of the cam roller mount utilized on the disclosed
      assembly machine;
PAR  FIG. 12 is a side view of the cam roller mount shown in FIG. 11;
PAR  FIG 13 is a plan view of the cam roller mount shown in FIG. 11;
PAR  FIG. 14 is a sectional view of a portion of the assembly machine shown in
      FIG. 7 along lines XIV--XIV;
PAR  FIG. 15 is a flat projection of the upper actuator cam development;
PAR  FIG. 16 is a flat projection of the upper tool plate cam development;
PAR  FIG. 17 is a flat projection of the lower actuator cam development;
PAR  FIG. 18 is a side view of the locator drive cam;
PAR  FIG. 19 is an enlargement of a portion of the assembly machine shown in
      FIG. 3 to more fully illustrate the indexer and the dial locating system;
PAR  FIG. 20 is a top view of the actuator assembly;
PAR  FIG. 21 is a front view of the actuator assembly with portions broken away
      for clarity;
PAR  FIG. 22 is a right side view of the actuator assembly shown in FIG. 21;
PAR  FIG. 23 is an exploded view of the disclosed actuator assembly;
PAR  FIG. 24 is a timing graph for the disclosed assembly machine;
PAR  FIG. 25 is a view of a portion of the assembly machine with the actuator
      assembly connected for operation of a pick and place assembly;
PAR  FIG. 26 is a top view of the assembly shown in FIG. 25;
PAR  FIG. 27 is a view of an electric probe which can be utilized with the
      disclosed assembly machine;
PAR  FIG 28 is a schematic view with the actuator assembly operated by the lower
      actuator driver for a shuttle and place operation;
PAR  FIG. 29 is a schematic view of the actuator assembly being driven by the
      lower actuator driver for a process drive operation;
PAR  FIG. 30 is a schematic view of an electric probe operated from the upper
      tooling plate; and
PAR  FIG. 31 is an enlargement of a portion of the assembly machine shown in
      FIG. 3 with the locator pin disengaged and spaced apart from the locator
      bushing.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and FIGS. 1 through 5 in particular, there is
      shown an assembly machine 10 utilizing the teaching of the present
      invention. Power is supplied to the assembly machine 10 from an electric
      motor 201 which can be activated by an operator or other system control.
      Motor 201 is connected to a conventional clutch-brake device 202 by a
      drive belt 203. When the motor 201 is running the clutch-brake, 202 can
      connect or disconnect drive power for assembly machine 10. The output of
      the clutch brake 202 controls a drive shaft 11 through drive belt 7. Drive
      shaft 11 is rotatably supported by pillow block bearings 35 which are
      supported from the lower tooling plate 30. Drive shaft 11 which is
      rotatably supported by pillow block bearings 35 has a gear reducer 32
      connected to one end and a drive pulley 36 connected to the other end
      thereof. The output of gear reducer 32 is connected by coupling 31 to
      shaft 131 which drives indexing unit 98 and dial locating system 100,
      whose operation will be described hereinafter in detail.
PAR  Assembly machine 10 includes a rotatable turret or annular assembly table
      65 which is rotated at intervals by indexing unit 98 to move in steps
      around center column 117. Assembly table 65 has a plurality of assembly
      fixtures 64, mounted thereto for receiving components of the device to be
      assembled. The pins 64 are representative of fixtures, and any desired
      nest or fixture can be attached to assembly table 65. Tooling is connected
      to the lower tooling plate 30 and the upper tooling plate 82 for
      performing various operations on the device being assembled as assembly
      table 65 is indexed around center column 117. Power to activate the
      tooling is derived from main shaft 70.
PAR  Main shaft 70 is supported vertically within the assembly machine 10. Main
      shaft 70 is directly connected to the output of main shaft gear reducer
      69. The input of main shaft gear reducer 69 is driven by timing drive belt
      13 through pulley 34. Timing drive belt 13 is driven by drive pulley 36
      which is connected to drive shaft 11. Drive belt 13 is a timing belt so
      that the pulley 34 can be driven in synchronism with pulley 36. Main shaft
      gear reducer 69 must be kept in synchronism with reducer 32 so that
      mechanical synchronization of the machine is maintained.
PAR  Main shaft 70 is rotatably supported in a vertical alignment within the
      assembly machine 10. A main bearing assembly 71, disposed near the top of
      assembly machine 10, maintains main shaft 70 in vertical alignment. A main
      center column 117 within which is disposed the main shaft 70 is supported
      from lower tooling plate 30 and the main support frame 12. Various
      tooling, which can be mounted to lower tooling plate 30 and the upper
      tooling plate 82, derives its power from the main shaft 70. Main shaft 70
      rotates one turn for each assembly machine 10 cycle. Rigidly connected to
      main shaft 70 to rotate therewith are upper actuator cam 78, upper tooling
      plate cam 84 and lower actuator cam 67. Cams 78, 84 and 67 have cam
      grooves 178, 184 and 167 formed therein, respectively. A flat projection
      of the upper actuator cam development is shown in FIG. 15 A flat
      projection of the development of upper tool plate cam 84 is shown in FIG.
      16. A flat projection of the development of lower actuator cam 67 is shown
      in FIG. 17. An upper actuator driver 74 is mounted concentric with center
      column 117. Upper actuator driver 74 is supported so as to be movable in a
      reciprocating direction, but not to be able to rotate. Slot 120 acting
      against wear strips on cam follower assembly 55 prevents rotation of upper
      actuator driver 74. Cam follower assembly 55 engages the cam groove 178
      cut into upper actuator cam 78. As upper actuator cam 78 rotates due to
      the rotation of main shaft 70, the upper actuator driver 74 moves in an up
      and down reciprocating motion which is dependent on the groove 178.
PAR  The upper tooling plate support 83 is also disposed coaxial with and around
      center column 117. Upper tooling plate support 83 is supported for
      reciprocating motion. Upper tooling plate support 83 is prevented from
      rotating by slot 118 formed in center column 117 which engages a bronze
      wear plate 50 of the cam follower assembly 55 which is attached to upper
      tooling plate support 83. Cam follower assembly 55 is rigidly connected to
      upper tooling plate support 83 so that the reciprocating motion of upper
      tooling plate support 83 is dependent on the groove 184 cut into upper
      tooling cam 84.
PAR  A cam follower assembly 55 is rigidly connected to lower actuator driver 66
      to move lower actuator driver 66 in a reciprocating up/down motion which
      is dependent on the groove 167 cut into lower actuator cam 67. Lower
      actuator driver 66 is supported for up and down reciprocal motion but is
      prevented from moving in a rotational direction around center column 117.
      Roller 54 which forms part of cam assembly 55 rides in groove 167 to move
      lower actuator driver 66 in accordance with groove 167 cut into cam 67.
      Slot 119 acting against a wear plate on cam follower assembly 55 prevents
      rotary motion of the lower actuator driver 66.
PAR  A plurality of guide roller mounts are connected around the periphery of
      upper actuator driver 74, upper tooling plate support 83 and the lower
      actuator driver 66. Guide roller mount assembly 42, as best can be seen in
      FIGS. 6 and 7 are attached to their associated parts 66, 74 or 83 at
      approximately 120.degree. intervals. Guide roller mount 42 provides a
      guide wheel 43 which contacts the center column 117 and provides for
      proper spacing and easy relative movement of the associated part 74, 83 or
      66. The nylon guide roller 43 is rotatably supported in a mounting bracket
      44 on shaft 45. Mounting bracket 44 is constructed to attach directly to
      the associated part 66, 74 or 83. When the guide roller mount assemblies
      42 are bolted into place the associated part 66, 74 or 83 in properly
      aligned with respect to center column 117. Mounting bracket 42 is
      constructed to fit machined surfaces on the part to which it is mounted.
      The disclosed guide roller mount 42 is easily removable, without any
      additional disassembly of machine 10, by removing the necessary mounting
      bolts. The disclosed guide roller assembly 42 provides for self alignment
      of the associated part 66, 74 or 83 when in place. Roller 43 fits the
      contour of column 117 and allows easy longitudinal movement of the upper
      actuator driver 74, the upper tool plate support 83 or the lower actuator
      driver 66, in response to the movement of associated cam follower 55.
PAR  Cam follower assembly 55 is attached to parts 66, 74 and 83 to provide up
      and down reciprocating motion as shaft 70 is rotated. Construction of the
      cam roller assembly 55 can best be seen in FIGS. 11 to 13. Roller 54 is
      rotatably supported by a threaded shaft 52. Nut 51 secures the roller 54
      and shaft 52 to support bracket 150. Support bracket 150 is then bolted to
      the upper actuator driver 74, the upper tooling plate support 83 or the
      lower actuator driver 66, with the roller 54 disposed in the associated
      cam groove 178, 184 or 167, respectively. As the main shaft 70 rotates
      roller 54 rides in the groove of associated cam 78, 84 or 67 and the cam
      follower assembly 55 moves in response to the groove position. This in
      turn moves the part 74, 83 or 66 to which the cam follower assembly 55 is
      attached. Thus the rotary motion of the main shaft 70 is changed to
      reciprocating motion of the upper actuator driver 74, the upper tooling
      support 83 and the lower actuator driver 66, all of which ride on center
      column 117.
PAR  The upper actuator driver 74 and the lower actuator driver 66 have U-shaped
      groover 46 formed in annular rings 47 which extend around their periphery.
      Tooling, which performs operations on devices mounted at assembly stations
      64 on assembly table 65, are mounted on the upper tool plate 82 and lower
      tool plate 30. The desired tooling and tooling actuators can thus be
      mounted both above and below the rotatable assembly table 65. An actuator
      14 which engages a groove 46 of the upper actuator driver 74 is mounted to
      the upper actuator mount 81. The actuator 14 which is shown in FIGS. 21
      through 23 supplies power to tooling mounted on the upper tooling plate
      82. As the upper actuator driver 74 reciprocates up and down in response
      to rotation of the main shaft 70, the actuator uses this motion to
      transmit power to tooling mounted on the upper tooling plate 82. If
      desired, actuator 14 can also be mounted on the lower tooling plate 30 and
      transmit power to tooling also mounted on plate 30. When mounted on
      tooling plate 30, the actuator 14 engages groove 46 formed in the lower
      actuator driver 66. As the lower actuator driver reciprocates up and down,
      this power is transmitted through actuator 14 to the associated tooling.
      Construction of actuator 14 which includes an overload release in either
      direction of movement will be described in detail hereinafter.
PAR  The apparatus to be assembled is positioned on nest or fixture 64 of
      assembly table 65. Assembly table 65 is then indexed around the periphery
      of assembly machine 10, moving the assembly fixtures from work station to
      work station. The work transfer system consists of a main indexing unit 98
      which is powered by gear reducer 32. It will be recalled that gear reducer
      32 is connected to the drive shaft 11 so as to be in synchronism with the
      main shaft reducer 69 and main shaft 70. The indexing unit 98 can be of
      any of a variety of standard indexing units which by intermittent
      operation move the assembly table so the device to be assembled moves from
      station to station. Indexer 98 is constructed so that when the input shaft
      131 is moved through a 360.degree. revolution, the output of the indexer
      moves with a controlled displacement motion through 45.degree.. Index unit
      98 drives index column 92 which is connected through an overload clutch
      device 91 to drive index gear 88. When indexer 98 rotates index gear 88
      and index drive column 92, through an angle of 45.degree., the main gear
      22 rotates annular assembly table 65, 15.degree.. This provides for a 24
      position machine which transfers the work from one work stop to the next.
      An assembly machine having any number of positions can be constructed as
      desired. This work transfer by indexer 98 is accomplished during a portion
      of the rotation of each revolution of main shaft 70. That is indexer 98
      only activates index gear 88 for a controlled portion, for example
      120.degree. of a full 360.degree. rotation by main shaft 70. This permits
      the remaining 240.degree. revolution of the main shaft 70 to be utilized
      for operation on the items to be assembled at the new work position. A
      15.degree. revolution, intermittently by the assembly table 65, provides
      for a 24 position assembly machine 10. Main gear 22 is mounted to center
      column 117 by a bearing 60. Assembly table 65 is attached to and extends
      from the outer periphery of main gear 22 to rotate therewith. The turret
      cover 62 covers the exposed portion of the bearing and gear 22.
PAR  A problem frequently encountered with prior art assembly machines is that
      the indexing unit does not position the turret as close as desired to the
      work station. This can be caused for a variety of reasons, such as wear in
      the indexer cam or overload clutch power transmission system. If an
      interference is encountered during operation of the indexing unit, the
      overload clutch 91 will operate to move down and disconnect the index unit
      from the indexing gear 88 and this motion will activate overload limit
      switch 126. Overload limit switch 126 can be connected electrically to the
      controls of the assembly machine 10 so as to stop the assembly machine
      when a mechanical overload of the indexing unit occurs. Due to wear
      problems which could affect positioning of the assembly table 65, prior
      art assembly machines could not reliably utilize an overload clutch
      between the indexer 98 and the assembly table 65.
PAR  Disclosed assembly machine 10 is provided with an assembly table locating
      system to very accurately position assembly table 65 each time it is
      indexed. This is very important since it allows for high speed accurate
      operations to be performed on the work piece at each assembly station.
      Operation of the dial or assembly table locating system can be best
      understood with reference to FIGS. 18, 19 and 31. A locating cam 97 is
      securely attached to the input shaft of indexer 98 to revolve in
      synchronism therewith. As cam 97 is rotated in synchronism with the input
      to indexer 98, cam follower 102 attached to lever 101 causes lever 101 to
      change position as determined by the contour of cam 97. A locator spring
      96 which is connected to the outer periphery of cam 97 positively urges
      cam follower 102 into engagement with the outer surface of cam 97. This
      assures that lever 101 will faithfully follow the movement of cam 97. One
      end of lever 101 is securely attached to shaft 103, which passes through
      pillow block bearing 104 and connects to lever 106. This assures that
      lever 106 moves in unison with lever 001. 101. shaft 111 disposed
      vertically is connected by a pin to the free end of lever 106. A short rod
      section 107 is disposed between locator shaft 111 and the free end of
      lever 106 to permit some relative movement of locator shaft 111 and lever
      106 without moving locator shaft 111 out of vertical alignment. Locator
      shaft 111 extends through the open center of index column 92. A locator
      pin 86 is connected to the free end of locator shaft 111. Locator shaft
      111 moves up and down with a reciprocating motion in response to the
      action of locator cam 97. Pin 86 which is attached to the free end of
      locator shaft 111 engages a bushing 85 positively locating assembly table
      65 at each index position. When pin 86 engages bushing 85, the assembly
      table can be positioned to an accuracy of 0.001 inch, and misalignments of
      up to 0.030 inch can be corrected. A plurality of locator bushings 85 are
      disposed in circular alignment around the assembly table 65 so that one
      can be engaged by locator pin 86 whenever the turret 65 is indexed to the
      next station. The number of bushings required is determined by the number
      of stations on the assembly table. A 24 position assembly machine will
      require 24 locator bushings 85. When locator pin 86 engages locator
      bushing 85 if the indexer 98 has not positioned turret 65 at the exact
      desired position, the turret 65 is moved slightly to the desired position.
      That is, locator pin 86 when engaging bushing 85 can move the assembly
      table 65 slightly so as to align the work stations at each indexing point
      with a very high degree of accuracy. Normally the assembly table 65 will
      be moved slightly at each stop. Shaft 111 is in the down position when
      assembly table 65 is being indexed to the next station and is raised when
      the index gear 88 is not being rotated indicating that assembly table 65
      is near the desired index position. That is, when indexer 98 is rotating
      the assembly table 65 locator shaft 111 is lowered. When index column 92
      stops rotating, locator shaft 111 is raised positively locating assembly
      table 65. Locator shaft 111 thus reciprocates in time with the index unit
      98 so that the shaft is down during the index and up during the dwell
      portion of the machine cycle. The dial or assembly table 65 positioning
      system 100 utilizing the slack or backlash inherent in the gears 22 and 88
      and moves the assembly table 65 slightly to a highly accurate position
      during the dwell portion of the machine cycle. That is, when the assembly
      table 65 is not being rotated locating pin 86 engages bushing 85
      positioning and holding the assembly table 65 at this highly accurate
      predetermined position during the dwell portion of the machine cycle. The
      shaft moves up due to the action of spring 96 and moves down positively
      due to the action of cam 97. This assures positive disengagement of the
      locating pin 86 and the bushing 85 and provides protection in the event
      that assembly table 65 is out of position. Locator bushing 85 and the
      locator pin 86 thus provide positioning of the turret totally independent
      of any other positioning component of assembly machine 10. Thus, the
      assembly table locating system operates independently of the work transfer
      system provided by indexer 98 and any components which can wear such as
      gears, slip clutch, etc. cannot affect the positive positioning of
      assembly table 65. This overcomes a common problem in prior art assembly
      machines of this variety. FIG. 18 shows a construction of locator cam
      which provides for a 160.degree. dwell position, wherein the indicator pin
      86 is up and in positive engagement with the locator bushing 85.
      50.degree. of rotation are provided for each operation of raising and
      lowering locator shaft 111. A 100.degree. dwell in the down position is
      provided. During the 100.degree. down period the indexer 98 moves assembly
      table 65 to the next index station. As the locator cam 97 is further
      rotated the output of the indexer 98 stops and locator shaft 111 is
      raised, positively engaging bushing 85 disposed in the assembly table 65,
      for positive high accuracy positioning of assembly table 65.
PAR  Referring now to FIGS. 1 through 3, and 20 through 23, operation of the
      actuator 14 will be described in detail. Tooling, which is attached above
      and below the work stations 64 of assembly table 65 is supported on an
      upper tool plate 82 and a lower tooling plate 30, respectively. The
      actuator 14 for transferring operating power to the selected tooling is
      mounted to the upper actuator mount 81 or the lower tooling plate 30 as
      can best be seen in FIGS. 25 through 29. The cam roller 5 attached to
      actuator 14 engages the U-shaped slot 46 formed in the annular portion 47
      of the upper actuator driver 74. As the upper actuator driver 74
      reciprocates up and down, due to the movement of shaft 70, cam 78 and cam
      follower 55, bell crank lever 4 is moved accordingly. Roller 5 is provided
      to reduce wear and provide easy movement of lever 4 when the annular
      portion 47 moves with respect to lever 4. Roller 5 is supported on a shaft
      in one of the bifurcated ends of lever 4. Bell crank lever 4 has a
      bifurcated portion formed at its pivot point within which is disposed and
      pivoted a portion of lever 16. During normal operation, lever 16 moves
      together with bell crank lever 4. Spring clamping member 8 assures that
      lever 4 and lever 16 will move in unison unless an overload is reached.
      The free end of lever 16 is adapted to be linked to appropriate tooling so
      as to transmit power to the tooling. Actuator 14 can also be utilized with
      tooling mounted on the lower tooling plate 30. When utilized in this
      location, actuator 14 derives its power from the up and down reciprocating
      motion of U-shaped groove 46 in the lower actuator driver 66. The actuator
      assembly 14 transfers power from the lower actuator driver 66 or the upper
      actuator driver 74 to the appropriate tooling. The actuator 14 shown is a
      right angle assembly. However, it could very easily be used in a straight
      lever system or at any other desired angle. The actuator lever 4 operates
      in a positive manner both up and down from the movement of the appropriate
      actuator driver 66 or 74. Bell crank lever 4 moves every time the
      associated actuator driver 66 or 74 moves with respect to the associated
      actuator assembly 14. When a jam or overload has not occurred, the output
      lever 16 moves as a direct function of bell crank lever 4. The clamping
      force from spring 8 determines when or at what force output lever 16 will
      be disassociated from unitary movement with bell crank 4. As long as the
      load required on output lever 16 is less than the load spring 8 can
      restrain the lever 16 moves in synchronization with bell crank lever 4. If
      a load greater than that which spring 8 can withstand is applied, then
      spring 8 is compressed allowing independent movement of bell crank 4 and
      lever 16. Spring 8 can be compressed in two different situations. If the
      bell crank lever 4 is moving down and therefore output lever 165 is moving
      out from the center of assembly machine 10, and an interference is
      contacted, block 28 will move directly compressing spring 8. Bushing 1
      will remain in contact with lever 16 and bushing 2 will move out with the
      free end of bell crank lever 4. Conversely, if the driver 74 controlled
      end of lever 4 is going up and lever 16 is coming in, then if an
      interference stops lever 16 from moving, bushing 1 will continue to move
      and bushing 2 will remain stationary, therefore compressing spring 8 from
      the force applied at the opposite end. The actuator not only provides
      overload and jam protection in both directions but also provides means to
      operate stops in slides to achieve their repeated accuracy.
PAR  Construction of the actuator can best be understood with reference to
      exploded view shown in FIG. 23. The outward extending end of the
      bifurcated bell crank lever 4 supports cam roller 5 connected to pin 6
      which is secured to lever 4. This engages the actuator driver 66 or 74
      with which the actuator assembly 14 is operating. Bell crank lever 4 is
      pivotally connected to housing 23 by shaft 24. Lever 16 is also pivotally
      connected around shaft 24. Bushings 3 are provided in the openings of
      levers 4 and 16 which are disposed around shaft 24 to provide for
      relatively easy movement. The spring loaded slide assembly is utilized for
      connecting levers 4 and 16 for unitary movement so long as a predetermined
      force applied on lever 16 is not exceeded. If an overload force is applied
      to lever 16 then lever 16 and lever 4 can move independently. A pair of
      side plates 15 are disposed around the free end of bell crank lever 4 and
      a portion of lever 16. Side plates 15 have elongated slots 25 formed
      therein. A shaft or pin 26 with a bushing 1 disposed thereon connects one
      end of the pair of side plates 15. The other end of the pair of side
      plates 15 are connected by a block 27 having a longitudinal opening
      therethrough in which an adjustment screw 17 is disposed. A sliding block
      28 is disposed between side plates 15 engaging slots 25. Sliding block 28
      has a forked end between which pin 18 and bushing 2 are supported. Sliding
      block 28 is urged into engagement with the free end of bell crank 4 and a
      portion of lever 16 by overload spring 8. The force with which sliding
      block 28 is forced into engagement with lever 4 and 16 is dependent on the
      pressure applied by spring 8 and this can be adjusted by adjusting screw
      17. Thus, when the end of bell crank lever 4 containing the cam roller 5
      moves in a downward motion, a force is transmitted through bushing 2, to
      slide block 28, through spring 8, block 27, side plates 15, to bushing 1
      which engages portion 19 of lever 16. As long as a force greater than the
      compression force of spring 8 is not applied to lever 16, lever 16 will
      move backward in unison with the downward movement of the actuator end of
      lever 4. If an obstruction is encountered, lever 16 will stop and slide
      block 28 will be forced back compressing spring 8. When the end of lever 4
      containing cam roller 5 is moved in an upward direction, the force will be
      transmitted from lever 4, through bushing 1 to side plates 15, and block
      27, to spring 8 which urges sliding block 28 and bushing 2 to move lever
      16. As long as lever 16 does not encounter a force greater than the
      compression force of spring 8, levers 4 and 16 will move in unison. If
      lever 16 is stopped by a force greater than the compression force of
      spring 8, the movement of lever 16 will be stopped, stopping slide block
      28 and compressing spring 8. Thus spring 8 provides overload protection
      for lever 16 while moving in either direction. A pin 20 is disposed in
      bifurcated end of lever 16 for providing for easy connection to an
      associated tooling. Actuator 14 prevents damage to the tooling during an
      overload and also provides safety for operating personnel.
PAR  During normal operation of the machine, both the upper actuator driver and
      the upper tool plate support 83 move relative to the longitudinally fixed
      assembly table 65. This provides for two degrees of freedom of movement
      which is required for certain operations such as picking and placing. That
      is, tooling can be provided which will move the parts to be assembled in a
      longitudinally upward or downward displacement as well as a radially
      inward or outward displacement. To provide for power transmission through
      actuator 14 the upper actuator driver 74 must move relative to the upper
      actuator mount 81. This can be accomplished by proper selection and
      construction of the upper actuator cam 78 with respect to the upper
      tooling plate cam 84. FIG. 24 shows a diagram of tooling plate 82 movement
      and upper actuator driver 74 movement. An indexing step within 120.degree.
      of the machine cycle is also indicated. Numerous constructions of cams and
      timing of the assembly machine can be constructed as desired. Tooling
      operations which require only one direction of movement are particularly
      adaptable for being mounted on the lower tooling plate 30. Appropriate
      tooling mounted on the lower tooling plate 30 is powered by actuator
      assemblies 14 which are also mounted on the lower tooling plate 30 and
      receive power from the lower actuator driver 66. Mounting assembly table
      65 spaced apart from the lower tooling surface 30 provides advantages in
      that more space is provided for mounting tooling than is provided in the
      prior art. Being able to mount tooling above and below the assembly table
      65, on which the items to be assembled are mounted and having tooling
      drivers above and below the assembly table 65, permits additional tooling
      to be easily mounted on assembly machine 10. This provides for easy
      maintenance and operation of the disclosed assembly machine. Power take
      off from the main shaft 70 and tooling mounting, above and below the
      assembly table 65 is not available in some prior art assembly machines.
PAR  Referring now to FIGS. 25 through 30 there are shown some specific examples
      of tooling operations with the disclosed assembly machine 10. FIGS. 25 and
      26 show a pick up and place assembly which could be utilized for moving a
      part to be assembled onto or off of station 64 of assembly table 65. The
      pick up of the item to be assembled could be by vacuum, air, mechanical
      jaw, or any other sort of pick up device. As shown in FIG. 25 the pick and
      place assembly, due to the motion of the actuator driver 74, through the
      actuator 14, has a slide portion which moves out on a 3 inch stroke. As
      the upper tooling plate 82 descends on its short stroke, the assembly item
      is picked up from the item feeder. The short stroke of tooling plate 82
      occurs during the indexing portion of the machine cycle, as is apparent
      from the timing diagram in FIG. 24. The upper tooling plate 82 then rises
      to its up position and the slide retracts to its original in position. The
      upper tooling plate then descends on its long stroke down placing the item
      on the nest or assembly station 64. During a removal operation the above
      described procedure is reversed and the assembly item is removed from
      assembly machine 10.
PAR  FIG. 27 shows an electric probe which can be mounted as shown in FIG. 30
      for providing electrical testing or sensing of the devices being
      assembled. The purpose of the probe is to inspect for the presence and/or
      the position of an item after it has been placed at a previous work
      station. Then by sending a signal to the control system corrective action,
      if necessary can be taken. The assembly machine 10 can be stopped in the
      event of a negative probe and the condition corrected. Alternately, the
      malfunction can be noted in a shift register memory in the control system
      as the assembly machine 10 continues to operate and the faulty item will
      at some time be rejected as defective.
PAR  FIG. 28 shows an operation of assembly machine 10 for a shuttle and place
      operation. The shuttle and place device is used when parts overlap on the
      feed track and cannot be picked directly from the end of the feeder with a
      pick-and-place device. In this instance the slide mounted to the lower
      tooling plate moves forward shuttling the part to a position underneath
      the pick-up head mounted to plate 82. On the short stroke down of the
      upper tooling plate 82 the part is picked from the end of the shuttle, the
      upper tooling plate then rises to its reference position, the shuttle
      retracts and on the long stroke down of the upper tooling plate 82 the
      part is placed into the nest 64 of the assembly table 65. This operation
      provides for pick up devices and separating parts. To assure smooth and
      accurate operation linear ball bearings and adjustable positive stops are
      provided. Overload protection is provided in both directions.
PAR  FIG. 29 shows a vertical process driver with the actuator and tooling
      supported from lower tooling plate 30. This provides motion for process
      equipment which requires greater dwell time such as running nuts or
      testing units. For example, to run a screwdriver or a welder head, etc.
      The motion of the lower tooling actuator driver through the actuator gives
      a vertical motion. The benefit of this motion and mounting is that you
      have a longer dwell time than attaching the tooling directly to the upper
      tooling plate 82.
PAR  From the above description, it can be seen that the disclosed assembly
      machine has significant advantages over prior art assembly machines such
      as: having tooling mounting surfaces above and below assembly table 65 on
      which the part to be assembled is indexed; a positive assembly table
      locating system which is independent of wear and misalignment of the main
      indexing system; self aligning rollers for accurately aligning the
      reciprocating parts with respect to the center column 117; a simple and
      efficient tooling actuator 14 which provides overload protection in both
      directions of operation; and overload protection between the indexer 98
      and the assembly table 65.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly machine for use in manufacturing an article comprising:
PA1  a rotatable assembly table on which at least a portion of the article to be
      assembled can be positioned at selected locations;
PA1  a plurality of work stops located at predetermined positions around said
      rotatable assembly table;
PA1  indexing means connected to said rotatable assembly table for rotating said
      rotatable assembly table a predetermined distance at repeatable intervals;
PA1  an upper tooling mount disposed above said rotatable assembly table on
      which tooling can be mounted;
PA1  first tooling driver means disposed above said rotatable assembly table;
PA1  a lower tooling mount located beneath said rotatable assembly table on
      which tooling can be mounted; and,
PA1  second tooling driver means disposed between said rotatable assembly table
      and said lower tooling mount.
NUM  2.
PAR  2. An assembly machine as claimed in claim 1 comprising:
PA1  drive means for supplying power to said indexing means, said first tooling
      driver, and said second tooling driver;
PA1  a main center support column;
PA1  said rotatable assembly table disposed around and supported from said main
      center support column;
PA1  said upper tooling mount disposed around and supported from said main
      center support column for longitudinal movement along said main center
      support column; and,
PA1  said lower tooling mount disposed around said main center support column.
NUM  3.
PAR  3. An assembly machine as claimed in claim 2 comprising:
PA1  an upper actuator driver disposed around and supported from said main
      center support column above said rotatable assembly table for longitudinal
      movement along said main center support column;
PA1  a lower actuator driver disposed around and supported from said main center
      support column beneath said rotatable assembly table for longitudinal
      movement along said main center support column; and
PA1  upper actuator means connecting said upper actuator driver to tooling
      mounted on said upper tooling mount; and,
PA1  lower actuator means connecting said lower actuator driver to tooling
      mounted on said lower tooling mount.
NUM  4.
PAR  4. An assembly machine as claimed in claim 3 comprising:
PA1  self aligning roller means supporting said upper actuator driver and said
      lower actuator driver in spaced apart relationship from said main center
      support column and permitting easy longitudinal movement of said upper
      actuator driver and said lower actuator driver.
NUM  5.
PAR  5. An assembly machine as claimed in claim 4 wherein:
PA1  said self aligning roller means can be removed externally from said upper
      actuator driver or said lower actuator driver without disassembling the
      associated driver from the assembly machine.
NUM  6.
PAR  6. An assembly machine as claimed in claim 3 wherein:
PA1  said actuator means comprises a plurality of actuators, each disposed
      between one of said actuator drivers and selected tooling, movable in two
      directions and providing overload protection in either direction.
NUM  7.
PAR  7. An assembly machine comprising:
PA1  drive means;
PA1  a main center support column;
PA1  an annular assembly table disposed around said main center support column
      and being supported for relative rotary movement around the longitudinal
      axis of said main center support column;
PA1  indexing means having an input driven by said drive means and an output
      connected to said annular assembly table for rotating said annualr
      assembly table to a predetermined angle at discrete spaced apart
      intervals;
PA1  a lower tooling mount located beneath said annular assembly table disposed
      around said main center support column;
PA1  lower actuator driver means disposed around said main center support column
      between said annular assembly table and said lower tooling mount for
      driving tooling mounted on said lower tooling mount; and,
PA1  an upper tooling mount located above said annular assembly table disposed
      around and supported from said main center support column for longitudinal
      movement with respect to said annular assembly table.
NUM  8.
PAR  8. An assembly machine as claimed in claim 7 comprising:
PA1  actuator means; and
PA1  said actuator means disposed between said drive means and said lower
      tooling mount and said upper tooling mount for transmitting power to
      tooling which can be located on said upper tooling mount and on said lower
      tooling mount.
NUM  9.
PAR  9. An assembly machine as claimed in claim 8 wherein said actuator means
      comprises:
PA1  a main center drive shaft disposed in said main center support column and
      being driven by said drive means;
PA1  an upper actuator driver disposed around and supported from said main
      center support column for relative longitudinal movement along said
      support column;
PA1  an upper cam connected to said main center drive shaft;
PA1  upper cam follower means connected to said upper actuator driver to said
      upper cam to drive said upper actuator driver in a reciprocating motion in
      response to the movement of said upper cam;
PA1  a lower cam connected to said main center drive shaft;
PA1  a lower cam follower connecting said lower actuator driver to said lower
      cam for moving said lower actuator driver in a reciprocating motion in
      response to the movement of said lower cam;
PA1  an upper actuator connecting said upper actuator driver to tooling located
      on said upper tooling mount;
PA1  a lower actuator connecting said lower actuator driver to tooling mounted
      on said lower tooling mount; and wherein,
PA1  said lower actuator driver is disposed around and supported from said main
      center support column for relative longitudinal movement.
NUM  10.
PAR  10. An assembly machine as claimed in claim 9 wherein:
PA1  said upper actuator provides for movement in two directions in response to
      the movement of said upper actuator driver and providing overload
      protection in either direction; and
PA1  said lower actuator connecting said lower actuator driver to tooling
      mounted on said lower tooling mount and being movable in two directions
      and having overload protection in either direction.
NUM  11.
PAR  11. An assembly machine as claimed in claim 9 comprising:
PA1  a plurality of self aligning roller mounting means spacing said upper
      actuator driver, said upper tooling mount, and said lower actuator driver
      from said main center support column permitting relative longitudinal
      movement of said support items along said main center support column; and
PA1  means for preventing relative rotary motion of said lower actuator driver,
      said upper actuator driver, and said upper tooling mount.
NUM  12.
PAR  12. An assembly machine as claimed in claim 11 wherein said roller mounting
      means comprises:
PA1  a plurality of rollers disposed at intervals around said upper tooling
      mount, said upper actuator driver, and said lower actuator driver to align
      and space apart associated items on the main center support column; and
PA1  each of said rollers being removable externally from said assembling
      machine by only removing said roller mounting means.
NUM  13.
PAR  13. An assembly machine comprising:
PA1  drive means;
PA1  a main center support column;
PA1  an annular assembly table disposed around said main center support column
      and being supported for relative rotary movement around said main center
      support column;
PA1  an upper tooling mount located above said annular assembly table disposed
      around and supported from said main center support column for relative
      longitudinal movement;
PA1  actuator means disposed between said upper tooling mount and said drive
      means for driving said upper tooling mount in a reciprocating motion;
PA1  a plurality of self aligning rollers disposed around said upper tooling
      mount to align and space apart said upper tooling mount from said main
      center support column; and
PA1  each of said rollers being externally connected to said upper tooling mount
      to permit removal without disassembling said upper tooling mount from said
      main center support column.
NUM  14.
PAR  14. An assembly machine as claimed in claim 13 comprising:
PA1  a lower tooling mount disposed beneath said annular assembly table;
PA1  an upper actuator driver disposed around said main center support column
      above said upper tooling mount and being supported for relatively
      reciprocating movement along the longitudinal axis of said main center
      support column;
PA1  a plurality of rollers disposed around said upper actuator driver spacing
      apart said upper actuator driver from said main center support column; and
PA1  said roller being supported for external removal from said upper actuator
      driver.
NUM  15.
PAR  15. An assembly machine as claimed in claim 14 comprising:
PA1  a lower actuator driver disposed around said main center support column,
      between said annular assembly table and said lower tooling mount, for
      relative longitudinal movement along the main center support column;
PA1  a plurality of rollers disposed around said lower actuator driver spacing
      said lower actuator driver from said main center support column; and
PA1  each of said rollers attached externally to said lower actuator driver.
NUM  16.
PAR  16. An assembly machine as claimed in claim 15 comprising:
PA1  an upper actuator connecting said upper actuator driver to tooling mounted
      on said upper tooling mount and providing overload disengagement in the
      event of an overload; and
PA1  a lower actuator connecting said lower actuator driver to tooling mounted
      on said lower tooling mount and providing for disengagement in the event
      of an overload.
NUM  17.
PAR  17. An assembly machine as claimed in claim 13 comprising:
PA1  positioning means driven by said drive means for engaging and accurately
      positioning said assembly table between the discrete spaced apart
      intervals when said indexing means rotates said annular assembly table.
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ABST
PAL  An assembly machine is provided having an actuator which transmits power
      from a driver reciprocating along a first axis to appropriate assembly
      machine tooling wherein spring loaded overload protection can be provided
      for all movement of the output shaft of the actuator. Overload protection
      in either or neither direction of movement of the actuator can be
      provided. The disclosed actuator can be used on an assembly machine having
      a rotatable assembly table which moves in indexed steps around a main
      center support column. A tooling mount is provided for supporting various
      tooling which performs operations on devices to be assembled which are
      mounted on the rotatable assembly table. A reciprocating drive is provided
      around the main center support column. The disclosed actuator is utilized
      to transmit power from the reciprocating driver to appropriate tooling.
      The actuator comprises a first lever which engages the driver and a second
      lever which is clamped to the first lever by a spring clamp assembly for
      unison movement therewith. The first and second levers are pivotally
      supported for movement around a common pivot point. As long as the second
      lever does not encounter a force greater than the compression force of the
      spring clamping member, the first and second levers move together. If an
      overload greater than the predetermined force is encountered, a spring in
      the spring clamping assembly is compressed and the first and second levers
      move independently. The spring clamping assembly is constructed so that
      the spring member is compressed when the second lever encounters an
      overload obstacle while moving in either direction.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to copending application Ser. No. 543,677 filed
      Jan. 24, 1975 and copending application Ser. No. 543,678 filed Jan. 24,
      1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to assembly machines and more particularly to an
      assembly machine, adapted to assemble articles formed from several parts,
      having a positive positioning mechanism.
PAR  2. Description of the Prior Art
PAR  Assembly machines of the variety disclosed herein are particularly suitable
      for assembly of an article made from a plurality of relatively small
      parts. Assembly machines operate at a relatively high speed. During
      assembly of an article a portion of the article is fed onto a movable
      assembly table. The article is positioned at a station on the assembly
      table. The assembly table is then indexed, so that the article is moved to
      a work station where any of a number of operations can occur such as:
      adding additional components, drilling, taping, screwdriving, reorienting,
      testing, removing, or any other desired operation. After a slight time
      delay, the assembly table is again indexed so that the article moves to
      successive work positions where all the required operations are performed.
      At any time numerous articles in various states of assembly will be
      located on the assembly table. The article can be fed onto and removed
      from the assembly table by any of a variety of means well known in the
      prior art. It can readily be appreciated, that, since all operatons on the
      article to be assembled must be coordinated with the location of the work
      stations, during the dwell portion of the machine cycle, it is highly
      desirable that the work stations location be determined with a high degree
      of accuracy. That is, the various tooling is set to perform a
      predetermined operation on the article when it is at a given work
      position. If the article is not at the correct position, machine jams or
      damage to the article can occur. Exact high speed positioning becomes
      especially critical as the assembly speed is increased.
PAR  The assembly machine can have a rotatable assembly table with the stations
      spaced around the outer perimeter of the table. Various assembling and
      finishing operations can be performed on the article positioned in the
      station as the rotatable assembly table is indexed, in steps, around the
      machine. The articles can be loaded onto the assembly table by means of
      the well known vibratory bowl feeders, manually, or by other suitable
      means.
PAR  Assembly machines having an annular assembly table, which can be rotated
      around a main center support column, are well known in the art. U.S. Pat.
      No. 3,065,530 to Merchant et al. and U.S. Pat. No. 3,231,968 to Swanson
      exemplify prior art assembly machines having a rotatable assembly table.
      An indexing unit moves the assembly table of the machine at intervals or
      steps around the center support column. The stations, containing the
      article, are stopped at the work positions during indexing steps. During
      these dwell portions of the machine cycle, the required operations are
      performed on the article. A problem frequently encountered with the prior
      art units is that the indexer, due to misalignment, wear or faulty
      operation, does not positively position the assembly table with the
      required degree of accuracy. This can lead to damaged parts, jams and
      production interruptions. It is desirable to have a positioning system
      which positively and accurately positions the assembly table with a high
      degree of accuracy during the dwell portion of each machine cycle.
PAR  Due to positioning, wear and alignment problems prior art assembly machines
      requiring high accuracy are not provided with an overload mechanism
      between the indexer and assembly table.
PAC  SUMMARY OF THE INVENTION
PAR  An actuator assembly is provided, for use on an assembly machine, which has
      overload or jam protection for movement in any direction of the output
      shaft. The disclosed actuator is provided for transmitting power from a
      driver, which reciprocates along one axis, to tooling which is mounted
      along another axis. The disclosed actuator comprises a first lever which
      engages the driver and a second lever which has an output shaft connected
      to the appropriate tooling. The first and second lever are supported for
      pivotal movement around a common pivot point. A spring clamping device is
      utilized for clamping the first lever to the second lever so that the
      first and second lever move in unison as long as the force of the spring
      clamping member is not exceeded. If the second lever encounters an
      obstacle or overload so that the force of the spring clamping member is
      exceeded, a spring is compressed and the first and second lever can then
      move independently.
PAR  In one embodiment of the invention the first lever is of a generally bell
      crank construction having two bifurcated ends. A roller is mounted in the
      one end which contacts the driver to reduce wear and allow for easy
      movement. A portion of the second lever is disposed between the other
      bifurcated end of the bell crank lever. The spring clamping assembly
      clamps this end of the bell crank lever to the second lever. The spring
      clamping assembly comprises two side plates which are disposed around the
      first and second levers. The ends of the side plates are securely
      fastened. A slidable member is disposed in grooves formed in the pair of
      slide plates. A spring member is disposed between one of the end
      connections and the sliding member to urge the sliding member into
      engagement with the first and second levers. Thus as the bell crank lever
      moves force is transmitted from the first lever to the second lever
      through the spring clamping assembly. As long as the force which the
      output lever encounters are less than the predetermined force as
      determined by the spring in the spring assembly, the first and second
      levers will move in unison. If this overload force is exceeded, the first
      and second levers will move separately.
PAR  It is an object of this invention to teach an actuator for transmitting
      power on an assembly machine from a reciprocating driver wherein the
      actuator is provided with overload protection while moving in either
      direction.
PAR  It is a further object of this invention to teach an assembly machine
      having two power transmitting levers which are spring clamped to move in
      unison below a predetermined overload force.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be had to the
      preferred embodiments exemplary of the invention shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is a front elevation view of an assembly machine utilizing the
      teaching of the present invention, with portions broken away for clarity;
PAR  FIG. 2 is a right side elevation view of the assembly machine shown in FIG.
      1;
PAR  FIG. 3 is a sectional view of the assembly machine shown in FIG. 1 along
      lines III--III;
PAR  FIG. 4 is a sectional view of a portion of the assembly machine shown in
      FIG. 1 along lines IV--IV;
PAR  FIG. 5 is a top view of the assembly machine shown in FIG. 1;
PAR  FIG. 6 is a section view of the assembly machine shown in FIG. 1 along
      lines VI--VI;
PAR  FIG. 7 is a sectional view of the assembly machine shown in FIG. 1 along
      lines VII--VII;
PAR  FIG. 8 is a front elevation view of the upper actuator driver;
PAR  FIG. 9 is a front view of the guide roller mount utilized on the disclosed
      assembly machine;
PAR  FIG. 10 is a sectional view of the guide roller mount shown in FIG. 9 along
      lines X--X;
PAR  FIG. 11 is a front view of the cam roller mount utilized on the disclosed
      assembly machine;
PAR  FIG. 12 is a side view of the cam roller mount shown in FIG. 11;
PAR  FIG. 13 is a plan view of the cam roller mount shown in FIG. 11;
PAR  FIG. 14 is a sectional view of a portion of the assembly machine shown in
      FIG. 7 along lines XIV--XIV;
PAR  FIG. 15 is a flat projection of the upper actuator cam development;
PAR  FIG. 16 is a flat projection of the upper tool plate cam development;
PAR  FIG. 17 is a flat projection of the lower actuator cam development;
PAR  FIG. 18 is a side view of the locator drive cam;
PAR  FIG. 19 is an enlargement of a portion of the assembly machine shown in
      FIG. 3 to more fully illustrate the indexer and the dial locating system;
PAR  FIG. 20 is a top view of the actuator assembly;
PAR  FIG. 21 is a front view of the actuator assembly with portions broken away
      for clarity;
PAR  FIG. 22 is a right side view of the actuator assembly shown in FIG. 21;
PAR  FIG. 23 is an exploded view of the disclosed actuator assembly;
PAR  FIG. 24 is a timing graph for the disclosed assembly machine;
PAR  FIG. 25 is a view of a portion of the assembly machine with the actuator
      assembly connected for operation of a pick and place assembly;
PAR  FIG. 26 is a top view of the assembly shown in FIG. 25;
PAR  FIG. 27 is a view of an electric probe which can be utilized with the
      disclosed assembly machine;
PAR  FIG. 28 is a schematic view with the actuator assembly operated by the
      lower actuator driver for a shuttle and place operation;
PAR  FIG. 29 is a schematic view of the actuator assembly being driven by the
      lower actuator driver for a process drive operation;
PAR  FIG. 30 is a schematic view of an electric probe operated from the upper
      tooling plate; and
PAR  FIG. 31 is an enlargement of a portion of the assembly machine shown in
      FIG. 3 with the locator pin disengaged and spaced apart from the locator
      bushing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and FIGS. 1 through 5 in particular, there is
      shown an assembly machine 10 utilizing the teaching of the present
      invention. Power is supplied to the assembly machine 10 from an electric
      motor 201 which can be activated by an operator or other system control.
      Motor 201 is connected to a conventional clutch-brake device 202 by a
      drive belt 203. When the motor 201 is running the clutch-brake, 202 can
      connect or disconnect drive power for assembly machine 10. The output of
      the clutch brake 202 controls a drive shaft 11 through drive belt 7. Drive
      shaft 11 is rotatably supported by pillow block bearings 35 which are
      supported from the lower tooling plate 30. Drive shaft 11 which is
      rotatably supported by pillow block bearings 35 has a gear reducer 32
      connected to one end and a drive pulley 36 connected to the other end
      thereof. The output of gear reducer 32 is connected by coupling 31 to
      shaft 131 which drives indexing unit 98 and dial locating system 100,
      whose operation will be described hereinafter in detail.
PAR  Assembly machine 10 includes a rotatable turret or annular assembly table
      65 which is rotated at intervals by indexing unit 98 to move in steps
      around center column 117. Assembly table 65 has a plurality of assembly
      fixtures 64, mounted thereto for receiving components of the device to be
      assembled. The pins 64 are representative of fixtures, and any desired
      nest or fixture can be attached to assembly table 65. Tooling is connected
      to the lower tooling plate 30 and the upper tooling plate 82 for
      performing various operations on the device being assembled as assembly
      table 65 is indexed around center column 117. Power to activate the
      tooling is derived from main shaft 70.
PAR  Main shaft 70 is supported vertically within the assembly machine 10. Main
      shaft 70 is directly connected to the output of main shaft gear reducer
      69. The input of main shaft gear reducer 69 is driven by timing drive belt
      13 through pulley 34. Timing drive belt 13 is driven by drive pulley 36
      which is connected to drive shaft 11. Drive belt 13 is a timing belt so
      that the pulley 34 can be driven in synchronism with pulley 36. Main shaft
      gear reducer 69 must be kept in synchronism with reducer 32 so that
      mechanical synchronization of the machine is maintained.
PAR  Main shaft 70 is rotatably supported in a vertical alignment within the
      assembly machine 10. A main bearing assembly 71, disposed near the top of
      assembly machine 10, maintains main shaft 70 in vertical alignment. A main
      center column 117 within which is disposed the main shaft 70 is supported
      from lower tooling plate 30 and the main support frame 12. Various
      tooling, which can be mounted to lower tooling plate 30 and the upper
      tooling plate 82, derives its power from the main shaft 70. Main shaft 70
      rotates one turn for each assembly machine 10 cycle. Rigidly connected to
      main shaft 70 to rotate therewith are upper actuator cam 78, upper tooling
      plate cam 84 and lower actuator cam 67. Cams 78, 84 and 67 have cam
      grooves 178, 184 and 167 formed therein, respectively. A flat projection
      of the upper actuator cam development is shown in FIG. 15 A flat
      projection of the development of upper tool plate cam 84 is shown in FIG.
      16. A flat projection of the development of lower actuator cam 67 is shown
      in FIG. 17. An upper actuator driver 74 is mounted concentric with center
      column 117. Upper actuator driver 74 is supported so as to be movable in a
      reciprocating direction, but not to be able to rotate. Slot 120 acting
      against wear strips on cam follower assembly 55 prevents rotation of upper
      actuator driver 74. Cam follower assembly 55 engages the cam groove 178
      cut into upper actuator cam 78. As upper actuator cam 78 rotates due to
      the rotation of main shaft 70, the upper actuator driver 74 moves in an up
      and down reciprocating motion which is dependent on the groove 178.
PAR  The upper tooling plate support 83 is also disposed coaxial with and around
      center column 117. Upper tooling plate support 83 is supported for
      reciprocating motion. Upper tooling plate support 83 is prevented from
      rotating by slot 118 formed in center column 117 which engages a bronze
      wear plate 50 of the cam follower assembly 55 which is attached to upper
      tooling plate support 83. Cam follower assembly 55 is rigidly connected to
      upper tooling plate support 83 so that the reciprocating motion of upper
      tooling plate support 83 is dependent on the groove 184 cut into upper
      tooling cam 84.
PAR  A cam follower assembly 55 is rigidly connected to lower actuator driver 66
      to move lower actuator driver 66 in a reciprocating up/down motion which
      is dependent on the groove 167 cut into lower actuator cam 67. Lower
      actuator driver 66 is supported for up and down reciprocal motion but is
      prevented from moving in a rotational direction around center column 117.
      Roller 54 which forms part of cam assembly 55 rides in groove 167 to move
      lower actuator driver 66 in accordance with groove 167 cut into cam 67.
      Slot 119 acting against a wear plate on cam follower assembly 55 prevents
      rotary motion of the lower actuator drive 66.
PAR  A plurality of guide roller mounts are connected around the periphery of
      upper actuator driver 74, upper tooling plate support 83 and the lower
      actuator driver 66. Guide roller mount assembly 42, as best can be seen in
      FIGS. 6 and 7 are attached to their associated parts 66, 74 or 83 at
      approximately 120.degree.  intervals. Guide roller mount 42 provides a
      guide wheel 43 which contacts the center column 117 and provides for
      proper spacing and easy relative movement of the associated part 74, 83 or
      66. The nylon guide roller 43 is rotatably supported in a mounting bracket
      44 on shaft 45. Mounting bracket 44 is constructed to attach directly to
      the associated part 66, 74 or 83. When the guide roller mount assemblies
      42 are bolted into place the associated part 66, 74 or 83 is properly
      aligned with respect to center column 117. Mounting bracket 42 is
      constructed to fit machined surfaces on the part to which it is mounted.
      The disclosed guide roller mount 42 is easily removable, without any
      additional disassembly of machine 10, by removing the necessary mounting
      bolts. The disclosed guide roller assembly 42 provides for self alignment
      of the associated part 66, 74 or 83 when in place. Roller 43 fits the
      contour of column 117 and allows easy longitudinal movement of the upper
      actuator driver 74, the upper tool plate support 83 or the lower actuator
      driver 66, in response to the movement of associated cam follower 55.
PAR  Cam follower assembly 55 is attached to parts 66, 74 and 83 to provide up
      and down reciprocating motion as shaft 70 is rotated. Construction of the
      cam roller assembly 55 can best be seen in FIGS. 11 to 13. Roller 54 is
      rotatably supported by a threaded shaft 52. Nut 51 secures the roller 54
      and shaft 52 to support bracket 150. Support bracket 150 is then bolted to
      the upper actuator driver 74, the upper tooling plate support 83 or the
      lower actuator driver 66, with the roller 54 disposed in the associated
      cam groove 178, 184 or 167, respectively. As the main shaft 70 rotates
      roller 54 rides in the groove of associated cam 78, 84 or 67 and the cam
      follower assembly 55 moves in response to the groove position. This in
      turn moves the part 74, 83 or 66 to which the cam follower assembly 55 is
      attached. Thus the rotary motion of the main shaft 70 is changed to
      reciprocating motion of the upper actuator driver 74, the upper tooling
      support 83 and the lower actuator driver 66, all of which ride on center
      column 117.
PAR  The upper actuator driver 74 and the lower actuator driver 66 have U-shaped
      grooves 46 formed in annular rings 47 which extend around their periphery.
      Tooling, which performs operations on devices mounted at assembly stations
      64 on assembly table 65, are mounted on the upper tool plate 82 and lower
      tool plate 30. The desired tooling and tooling actuators can thus be
      mounted both above and below the rotatable assembly table 65. An actuator
      14 which engages a groove 46 of the upper actuator driver 74 is mounted to
      the upper actuator mount 81. The actuator 14 which is shown in FIGS. 21
      through 23 supplies power to tooling mounted on the upper tooling plate
      82. As the upper actuator driver 74 reciprocates up and down in response
      to rotation of the main shaft 70, the actuator uses this motion to
      transmit power to tooling mounted on the upper tooling plate 82. If
      desired, actuator 14 can also be mounted on the lower tooling plate 30 and
      transmit power to tooling also mounted on plate 30. When mounted on
      tooling plate 30, the actuator 14 engages groove 46 formed in the lower
      actuator driver 66. As the lower actuator driver reciprocates up and down,
      this power is transmitted through actuator 14 to the associated tooling.
      Construction of actuator 14 which includes an overload release in either
      direction of movement will be described in detail hereinafter.
PAR  The apparatus to be assembled is positioned on nest or fixture 64 of
      assembly table 65. Assembly table 65 is then indexed around the periphery
      of assembly machine 10, moving the assembly fixtures from work station to
      work station. The work transfer system consists of a main indexing unit 98
      which is powered by gear reducer 32. It will be recalled that gear reducer
      32 is connected to the drive shaft 11 so as to be in synchronism with the
      main shaft reducer 69 and main shaft 70. The indexing unit 98 can be of
      any of a variety of standard indexing units which by intermittent
      operation move the assembly table so the device to be assembled moves from
      station to station. Indexer 98 is constructed so that when the input shaft
      131 is moved through a 360.degree. revolution, the output of the indexer
      moves with a controlled displacement motion through 45.degree.. Index unit
      98 drives index column 92 which is connected through an overload clutch
      device 91 to drive index gear 88. When indexer 98 rotates index gear 88
      and index drive column 92, through an angle of 45.degree., the main gear
      22 rotates annular assembly table 65, 15.degree.. This provides for a 24
      position machine which transfers the work from one work stop to the next.
      An assembly machine having any number of positions can be constructed as
      desired. This work transfer by indexer 98 is accomplished during a portion
      of the rotation of each revolution of main shaft 70. That is indexer 98
      only activates index gear 88 for a controlled portion, for example
      120.degree. of a full 360.degree. rotation by main shaft 70. This permits
      the remaining 240.degree.  revolution of the main shaft 70 to be utilized
      for operation on the items to be assembled at the new work position. A
      15.degree. revolution, intermittently by the assembly table 65, provides
      for a 24 position assembly machine 10. Main gear 22 is mounted to center
      column 117 by a bearing 60. Assembly table 65 is attached to and extends
      from the outer periphery of main gear 22 to rotate therewith. The turret
      cover 62 covers the exposed portion of the bearing and gear 22.
PAR  A problem frequently encountered with prior art assembly machines is that
      the indexing unit does not position the turret as close as desired to the
      work station. This can be caused for a variety of reasons, such as wear in
      the indexer cam or overload clutch power transmission system. If an
      interference is encountered during operation of the indexing unit, the
      overload clutch 91 will operate to move down and disconnect the index unit
      from the indexing gear 88 and this motion will activate overload limit
      switch 126. Overload limit switch 126 can be connected electrically to the
      controls of the assembly machine 10 so as to stop the assembly machine
      when a mechanical overload of the indexing unit occurs. Due to wear
      problems which could affect positioning of the assembly table 65, prior
      art assembly machines could not reliably utilize an overload clutch
      between the indexer 98 and the assembly table 65.
PAR  Disclosed assembly machine 10 is provided with an assembly table locating
      system to very accurately position assembly table 65 each time it is
      indexed. This is very important since it allows for high speed accurate
      operations to be performed on the work piece at each assembly station.
      Operation of the dial or assembly table locating system can be best
      understood with reference to FIGS. 18, 19 and 31. A locating cam 97 is
      securely attached to the input shaft of indexer 98 to revolve in
      synchronism therewith. As cam 97 is rotated in synchronism with the input
      to indexer 98, cam follower 102 attached to lever 101 causes lever 101 to
      change position as determined by the contour of cam 97. A locator spring
      96 which is connected to the outer periphery of cam 97 positively urges
      cam follower 102 into engagement with the outer surface of cam 97. This
      assures that lever 101 will faithfully follow the movement of cam 97. One
      end of lever 101 is securely attached to shaft 103, which passes through
      pillow block bearing 104 and connects to lever 106. This assures that
      lever 106 moves in unison with lever 101. Locator shaft 111 disposed
      vertically is connected by a pin to the free end of lever 106. A short rod
      section 107 is disposed between locator shaft 111 and the free end of
      lever 106 to permit some relative movement of locator shaft 111 and lever
      106 without moving locator shaft 111 out of vertical alignment. Locator
      shaft 111 extends through the open center of index column 92. A locator
      pin 86 is connected to the free end of locator shaft 111. Locator shaft
      111 moves up and down with a reciprocating motion in response to the
      action of locator cam 97. Pin 86 which is attached to the free end of
      locator shaft 111 engages a bushing 85 positively locating assembly table
      65 at each index position. When pin 86 engages bushing 85, the assembly
      table can be positioned to an accuracy of 0.001 inch, and misalignments of
      up to 0.030 inch can be corrected. A plurality of locator bushings 85 are
      disposed in circular alignment around the assembly table 65 so that one
      can be engaged by locator pin 86 whenever the turret 65 is indexed to the
      next station. The number of bushings required is determined by the number
      of stations on the assembly table. A 24 position assembly machine will
      require 24 locator bushings 85. When locator pin 86 engages locator
      bushing 85 if the indexer 98 has not positioned turret 65 at the exact
      desired position, the turret 65 is moved slightly to the desired position.
      That is, locator pin 86 when engaging bushing 85 can move the assembly
      table 65 slightly so as to align the work stations at each indexing point
      with a very high degree of accuracy. Normally the assembly table 65 will
      be moved slightly at each stop. Shaft 111 is in the down position when
      assembly table 65 is being indexed to the next station and is raised when
      the index gear 88 is not being rotated indicating that assembly table 65
      is near the desired index position. That is, when indexer 98 is rotating
      the assembly table 65 locator shaft 111 is lowered. When index column 92
      stops rotating, locator shaft 111 is raised positively locating assembly
      table 65. Locator shaft 111 thus reciprocates in time with the index unit
      98 so that the shaft is down during the index and up during the dwell
      portion of the machine cycle. The dial or assembly table 65 positioning
      system 100 utilizing the slack or backlash inherent in the gears 22 and 88
      and moves the assembly table 65 slightly to a highly accurate position
      during the dwell portion of the machine cycle. That is, when the assembly
      table 65 is not being rotated locating pin 86 engages bushing 85
      positioning and holding the assembly table 65 at this highly accurate
      predetermined position during the dwell portion of the machine cycle. The
      shaft moves up due to the action of spring 96 and moves down positively
      due to the action of cam 97. This assures positive disengagement of the
      locating pin 86 and the bushing 85 and provides protection in the event
      that assembly table 65 is out of position. Locator bushing 85 and the
      locator pin 86 thus provide positioning of the turret totally independent
      of any other positioning component of assembly machine 10. Thus, the
      assembly table locating system operates independently of the work transfer
      system provided by indexer 98 and any components which can wear such as
      gears, slip clutch, etc. cannot affect the positive positioning of
      assembly table 65. This overcomes a common problem in prior art assembly
      machines of this variety. FIG. 18 shows a construction of locator cam
      which provides for a 160.degree. dwell position, wherein the indicator pin
      86 is up and in positive engagement with the locator bushing 85.
      50.degree. of rotation are provided for each operation of raising and
      lowering locator shaft 111. A 100.degree. dwell in the down position is
      provided. During the 100.degree. down period the indexer 98 moves assembly
      table 65 to the next index station. As the locator cam 97 is further
      rotated the output of the indexer 98 stops and locator shaft 111 is
      raised, positively engaging bushing 85 disposed in the assembly table 65,
      for positive high accuracy positioning of assembly table 65.
PAR  Referring now to FIGS. 1 through 3, and 20 through 23, operation of the
      actuator 14 will be described in detail. Tooling, which is attached above
      and below the work stations 64 of assembly table 65 is supported on an
      upper tool plate 82 and a lower tooling plate 30, respectively. The
      actuator 14 for transferring operating power to the selected tooling is
      mounted to the upper actuator mount 81 or the lower tooling plate 30 as
      can best be seen in FIGS. 25 through 29. The cam roller 5 attached to
      actuator 14 engages the U-shaped slot 46 formed in the annular portion 47
      of the upper actuator driver 74. As the upper actuator driver 74
      reciprocates up and down, due to the movement of shaft 70, cam 78 and cam
      follower 55, bell crank lever 4 is moved accordingly. Roller 5 is provided
      to reduce wear and provide easy movement of lever 4 when the annular
      portion 47 moves with respect to lever 4. Roller 5 is supported on a shaft
      in one of the bifurcated ends of lever 4. Bell crank lever 4 has a
      bifurcated portion formed at its pivot point within which is disposed and
      pivoted a portion of lever 16. During normal operation, lever 16 moves
      together with bell crank lever 4. Spring clamping member 8 assures that
      lever 4 and lever 16 will move in unison unless an overload is reached.
      The free end of lever 16 is adapted to be linked to appropriate tooling so
      as to transmit power to the tooling. Actuator 14 can also be utilized with
      tooling mounted on the lower tooling plate 30. When utilized in this
      location, actuator 14 derives its power from the up and down reciprocating
      motion of U-shaped groove 46 in the lower actuator driver 66. The actuator
      assembly 14 transfers power from the lower actuator driver 66 or the upper
      actuator driver 74 to the appropriate tooling. The actuator 14 shown is a
      right angle assembly. However, it could very easily be used in a straight
      lever system or at any other desired angle. The actuator lever 4 operates
      in a positive manner both up and down from the movement of the appropriate
      actuator driver 66 or 74. Bell crank lever 4 moves every time the
      associated actuator driver 66 or 74 moves with respect to the associated
      actuator assembly 14. When a jam or overload has not occurred, the output
      lever 16 moves as a direct function of bell crank lever 4. The clamping
      force from spring 8 determines when or at what force output lever 16 will
      be disassociated from unitary movement with bell crank 4. As long as the
      load required on output lever 16 is less than the load spring 8 can
      restrain the lever 16 moves in synchronization with bell crank lever 4. If
      a load greater than that which spring 8 can withstand is applied, then
      spring 8 is compressed allowing independent movement of bell crank 4 and
      lever 16. Spring 8 can be compressed in two different situations. If the
      bell crank lever 4 is moving down and therefore output lever 16 is moving
      out from the center of assembly machine 10, and an interference is
      contacted, block 28 will move directly compressing spring 8. Bushing 1
      will remain in contact with lever 16 and bushing 2 will move out with the
      free end of bell crank lever 4. Conversely, if the driver 74 controlled
      end of lever 4 is going up and lever 16 is coming in, then if an
      interference stops lever 16 from moving, bushing 1 will continue to move
      and bushing 2 will remain stationary, therefore compressing spring 8 from
      the force applied at the opposite end. The actuator not only provides
      overload and jam protection in both directions but also provides means to
      operate stops in slides to achieve their repeated accuracy.
PAR  Construction of the actuator can best be understood with reference to
      exploded view shown in FIG. 23. The outward extending end of the
      bifurcated bell crank lever 4 supports cam roller 5 connected to pin 6
      which is secured to lever 4. This engages the actuator driver 66 or 74
      with which the actuator assembly 14 is operating. Bell crank lever 4 is
      pivotally connected to housing 23 by shaft 24. Lever 16 is also pivotally
      connected around shaft 24. Bushings 3 are provided in the openings of
      levers 4 and 16 which are disposed around shaft 24 to provide for
      relatively easy movement. The spring loaded slide assembly is utilized for
      connecting levers 4 and 16 for unitary movement so long as a predetermined
      force applied on lever 16 is not exceeded. If an overload force is applied
      to lever 16 then lever 16 and lever 4 can move independently. A pair of
      side plates 15 are disposed around the free end of bell crank lever 4 and
      a portion of lever 16. Side plates 15 have elongated slots 25 formed
      therein. A shaft or pin 26 with a bushing 1 disposed thereon connects one
      end of the pair of side plates 15. The other end of the pair of side
      plates 15 are connected by a block 27 having a longitudinal opening
      therethrough in which an adjustment screw 17 is disposed. A sliding block
      28 is disposed between side plates 15 engaging slots 25. Sliding block 28
      has a forked end between which pin 18 and bushing 2 are supported. Sliding
      block 28 is urged into engagement with the free end of bell crank 4 and a
      portion of lever 16 by overload spring 8. The force with which sliding
      block 28 is forced into engagement with lever 4 and 16 is dependent on the
      pressure applied by spring 8 and this can be adjusted by adjusting screw
      17. Thus, when the end of bell crank lever 4 containing the cam roller 5
      moves in a downward motion, a force is transmitted through bushing 2, to
      slide block 28, through spring 8, block 27, side plates 15, to bushing 1
      which engages portion 19 of lever 16. As long as a force greater than the
      compression force of spring 8 is not applied to lever 16, lever 16 will
      move backward in unison with the downward movement of the actuator end of
      lever 4. If an obstruction is encountered, lever 16 will stop and slide
      block 28 will be forced back compressing spring 8. When the end of lever 4
      containing cam roller 5 is moved in an upward direction, the force will be
      transmitted from lever 4, through bushing 1 to side plates 15, and block
      27, to spring 8 which urges sliding block 28 and bushing 2 to move lever
      16. As long as lever 16 does not encounter a force greater than the
      compression force of spring 8, levers 4 and 16 will move in unison. If
      lever 16 is stopped by a force greater than the compression force of
      spring 8, the movement of lever 16 will be stopped, stopping slide block
      28 and compressing spring 8. Thus spring 8 provides overload protection
      for lever 16 while moving in either direction. A pin 20 is disposed in
      bifurcated end of lever 16 for providing for easy connection to an
      associated tooling. Actuator 14 prevents damage to the tooling during an
      overload and also provides safety for operating personnel.
PAR  During normal operation of the machine, both the upper actuator driver and
      the upper tool plate support 83 move relative to the longitudinally fixed
      assembly table 65. This provides for two degrees of freedom of movement
      which is required for certain operations such as picking and placing. That
      is, tooling can be provided which will move the parts to be assembled in a
      longitudinally upward or downward displacement as well as a radially
      inward or outward displacement. To provide for power transmission through
      actuator 14 the upper actuator driver 74 must move relative to the upper
      actuator mount 81. This can be accomplished by proper selection and
      construction of the upper actuator cam 78 with respect to the upper
      tooling plate cam 84. FIG. 24 shows a diagram of tooling plate 82 movement
      and upper actuator driver 74 movement. An indexing step within 120.degree.
      of the machine cycle is also indicated. Numerous constructions of cams and
      timing of the assembly machine can be constructed as desired. Tooling
      operations which require only one direction of movement are particularly
      adaptable for being mounted on the lower tooling plate 30. Appropriate
      tooling mounted on the lower tooling plate 30 is powered by actuator
      assemblies 14 which are also mounted on the lower tooling plate 30 and
      receive power from the lower actuator driver 66. Mounting assembly table
      65 spaced apart from the lower tooling surface 30 provides advantages in
      that more space is provided for mounting tooling than is provided in the
      prior art. Being able to mount tooling above and below the assembly table
      65, on which the items to be assembled are mounted and having tooling
      drivers above and below the assembly table 65, permits additional tooling
      to be easily mounted on assembly machine 10. This provides for easy
      maintenance and operation of the disclosed assembly machine. Power take
      off from the main shaft 70 and tooling mounting, above and below the
      assembly table 65 is not available in some prior art assembly machines.
PAR  Referring now to FIGS. 25 through 30 there are shown some specific examples
      of tooling operations with the disclosed assembly machine 10. FIGS. 25 and
      26 show a pick up and place assembly which could be utilized for moving a
      part to be assembled onto or off of station 64 of assembly table 65. The
      pick up of the item to be assembled could be by vacuum, air, mechanical
      jaw, or any other sort of pick up device. As shown in FIG. 25 the pick and
      place assembly, due to the motion of the actuator driver 74, through the
      actuator 14, has a slide portion which moves out on a 3 inch stroke. As
      the upper tooling plate 82 descends on its short stroke, the assembly item
      is picked up from the item feeder. The short stroke of tooling plate 82
      occurs during the indexing portion of the machine cycle, as is apparent
      from the timing diagram in FIG. 24. The upper tooling plate 82 then rises
      to its up position and the slide retracts to its original in position. The
      upper tooling plate then descends on its long stroke down placing the item
      on the nest or assembly station 64. During a removal operation the above
      described procedure is reversed and the assembly item is removed from
      assembly machine 10.
PAR  FIG. 27 shows an electric probe which can be mounted as shown in FIG. 30
      for providing electrical testing or sensing of the devices being
      assembled. The purpose of the probe is to inspect for the presence and/or
      the position of an item after it has been placed at a previous work
      station. Then by sending a signal to the control system corrective action,
      if necessary can be taken. The assembly machine 10 can be stopped in the
      event of a negative probe and the condition corrected. Alternately, the
      malfunction can be noted in a shift register memory in the control system
      as the assembly machine 10 continues to operate and the faulty item will
      at some time be rejected as defective.
PAR  FIG. 28 shows an operation of assembly machine 10 for a shuttle and place
      operation. The shuttle and place device is used when parts overlap on the
      feed track and cannot be picked directly from the end of the feeder with a
      pick-and-place device. In this instance the slide mounted to the lower
      tooling plate moves forward shuttling the part to a position underneath
      the pick-up head mounted to plate 82. On the short stroke down of the
      upper tooling plate 82 the part is picked from the end of the shuttle, the
      upper tooling plate then rises to its reference position, the shuttle
      retracts and on the long stroke down of the upper tooling plate 82 the
      part is placed into the nest 64 of the assembly table 65. This operation
      provides for pick up devices and separating parts. To assure smooth and
      accurate operation linear ball bearings and adjustable positive stops are
      provided. Overload protection is provided in both directions.
PAR  FIG. 29 shows a vertical process driver with the actuator and tooling
      supported from lower tooling plate 30. This provides motion for process
      equipment which requires greater dwell time such as running nuts or
      testing units. For example, to run a screwdriver or a welder head, etc.
      The motion of the lower tooling actuator driver through the actuator gives
      a vertical motion. The benefit of this motion and mounting is that you
      have a longer dwell time than attaching the tooling directly to the upper
      tooling plate 82.
PAR  From the above description, it can be seen that the disclosed assembly
      machine has significant advantages over prior art assembly machines such
      as: having tooling mounting surfaces above and below assembly table 65 on
      which the part to be assembled is indexed; a positive assembly table
      locating system which is independent of wear and misalignment of the main
      indexing system; self aligning rollers for accurately aligning the
      reciprocating parts with respect to the center column 117; a simple and
      efficient tooling actuator 14 which provides overload protection in both
      directions of operation; and overload protection between the indexer 98
      and the assembly table 65.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly machine for use in manufacturing an article comprising:
PA1  a rotatable assembly table on which at least a portion of the article is
      positioned at a selected location;
PA1  a plurality of work stops located at predetermined positions around said
      rotatable assembly table;
PA1  indexing means connected to said rotatable assembly table for rotating said
      rotatable assembly table a predetermined distance at repeatable intervals;
PA1  a tooling mount located above said rotatable assembly table upon which
      tooling which performs operations on the article can be mounted;
PA1  a reciprocating actuator driver mounted above said rotatable assembly table
      for supplying power to tooling which can be located on said upper tooling
      mount;
PA1  an actuator engaging said actuator driver for transmitting power to tooling
      which can be mounted to said upper tooling mount; and,
PA1  said actuator comprising a first lever, a second lever, and a spring
      clamping means for maintaining said first lever and said second lever to
      move in unison as long as said second lever is subjected to forces below a
      predetermined overload level.
NUM  2.
PAR  2. An assembly machine as claimed in claim 1 comprising:
PA1  lower tooling mount disposed beneath said assembly table;
PA1  a lower tooling driver supported for reciprocating movement disposed
      beneath said assembly table;
PA1  a second actuator engaging said lower tooling driver for supplying power to
      tooling mounted to said lower tooling mount; and
PA1  said second actuator comprising a first lever, a second lever, a spring
      clamping means clamping said first lever for unison movement with said
      second lever as long as said second lever only encounters forces below a
      predetermined overload level.
NUM  3.
PAR  3. An assembly machine as claimed in claim 1 comprising:
PA1  a main center support column around which said indexing means is mounted;
PA1  said upper actuator driver mounted around said main center support column
      for reciprocating motion;
PA1  an upper tooling mount mounted around said main center support column for
      receiprocating motion; and
PA1  drive means for driving said upper tooling mount and said upper actuator
      driver along the longitudinal axis of said main center support column with
      respect to each other and the annular assembly table.
NUM  4.
PAR  4. An assembly machine which utilizes selected tooling for performing
      various opertions on an article disposed on an assembly table comprising:
PA1  a tooling mounting surface for receiving tooling used in assembling the
      article;
PA1  an actuator driver movable with respect to said tooling mounting surface;
PA1  an actuator, having an output movable between an extended position and a
      retracted position, disposed between said actuator driver and tooling
      which can be mounted on said tooling mounting surface for mechanically
      transmitting power from said actuator driver to the associated tooling;
      and,
PA1  actuator overload means for providing overload protection for the actuator
      output when the actuator moves from the retracted position to the extended
      position and when the actuator output moves from the extended position to
      the retracted position.
NUM  5.
PAR  5. An assembly machine as claimed in claim 4, wherein said actuator
      comprises:
PA1  a first lever pivotally mounted with an end engaging said actuator driver;
PA1  a second lever pivotally mounted around the same pivot as said first lever;
      and wherein
PA1  said actuator overload means comprises a spring loaded clamp for clamping
      said first lever and said second lever.
NUM  6.
PAR  6. An assembly machine as claimed in claim 5 wherein said first lever is a
      bell crank lever.
NUM  7.
PAR  7. An assembly machine actuator for transmitting power to tooling located
      on a tooling mounting surface from an actuator driver which is relatively
      movable with respect to the tooling mounting surface comprising:
PA1  a first lever pivotally mounted engaging the actuator driver;
PA1  a second lever pivotally mounted to pivot around the same pivot point as
      said first lever;
PA1  connecting means disposed between said second lever and the tooling for
      transmitting movement of said second lever to the tooling;
PA1  spring biased clamping means for clamping said first lever and said second
      lever to move in unison when rotated in either a clockwise or
      counterclockwise direction and the force applied to said second lever is
      below a predetermined value and to move independently when rotated in
      either a clockwise or counterclockwise direction and the force applied to
      said second lever is above the predetermined value.
NUM  8.
PAR  8. An assembly machine actuator as claimed in claim 7 wherein:
PA1  said first lever and said second lever overlap; and,
PA1  said spring biased clamping means is disposed around said first lever and
      said second lever in their overlapping portions.
NUM  9.
PAR  9. An assembly machine actuator as claimed in claim 8 wherein said spring
      biased clamping means comprises:
PA1  a rectangular shaped structure having two end portions and two side
      portions, disposed around the overlap of said first lever and said second
      lever;
PA1  a sliding member slidably engaging the side portions of said rectangular
      shaped structure; and,
PA1  a spring disposed between one end of said rectangular member and said
      sliding member to urge said sliding member toward the other end of said
      rectangular member into engagement with said first lever and said second
      lever.
NUM  10.
PAR  10. An assembly machine actuator as claimed in claim 9 comprising:
PA1  adjusting means, attached to the end of said rectangular member which said
      spring engages, for adjusting the compression force of said spring.
NUM  11.
PAR  11. An assembly machine actuator as claimed in claim 9 wherein:
PA1  said first lever is of a bell crank shape having a first bifurcated end
      connected to its pivot point; and,
PA1  said second lever is disposed partially within the bifurcated end of said
      first lever.
NUM  12.
PAR  12. An assembly machine actuator as claimed in claim 11 wherein:
PA1  said first lever has a second bifurcated end;
PA1  a roller is disposed in the second bifurcated end of said first lever and
      engages the actuator driver.
NUM  13.
PAR  13. An assembly machine comprising:
PA1  a main center support column;
PA1  a rotatable assembly table disposed around said main center support column;
PA1  a tooling actuator driver supported around said main center support column
      for longitudinal movement along said main center support column;
PA1  drive means for reciprocating said tooling actuator driver;
PA1  a tool mounting surface spaced apart from said rotatable assembly table for
      supporting appropriate tooling;
PA1  actuator means, pivotally supported, having one end engaging said tooling
      actuating driver and the other end connected to tooling disposed on said
      tool mounting surface for driving the tooling; and,
PA1  overload means disposed on said actuator for permitting the ends of said
      actuator means to move independently when an overload force is applied to
      said actuator.
NUM  14.
PAR  14. An assembly machine comprising:
PA1  a main center support column;
PA1  a rotatable assembly table disposed around said main center support column;
PA1  a tooling actuator driver supported around said main center support column
      for longitudinal movement along said main center support column;
PA1  drive means for reciprocating said tooling actuator driver;
PA1  a tool mounting surface spaced apart from said rotatable assembly table for
      supporting appropriate tooling;
PA1  a first lever, pivotally supported, engaging said tooling actuator driver;
PA1  a second lever, pivotally supported around the same pivot point as said
      first lever operably connected to tooling disposed on said tooling
      mounting surface; and,
PA1  clamping means clamping said first lever and said second lever to move in
      unison.
NUM  15.
PAR  15. An assembly machine as claimed in claim 14 wherein said clamping means
      comprises:
PA1  spring overload means which clamps said first lever and said second lever
      for unison movement until said second lever is subjected to a
      predetermined overload force.
NUM  16.
PAR  16. An assembly machine as claimed in claim 13 wherein:
PA1  said actuator comprises a first lever and a second lever both supported
      around the same pivot point;
PA1  spring clamping means clamping said first lever and said second lever for
      unitary movement when the force applied to said second lever is below a
      predetermined level and allowing separate movement when the force applied
      to said second lever exceeds the predetermined level.
NUM  17.
PAR  17. An assembly machine comprising:
PA1  an assembly table;
PA1  a tool mounting surface on which tooling can be mounted;
PA1  an actuator driver;
PA1  drive means for driving said actuator driver in a reciprocating motion with
      respect to said assembly table;
PA1  an actuator lever pivotally supported engaging said actuator driver and
      being connected to appropriate tooling mounted on said tool mounting
      surface; and,
PA1  said actuator lever being constructed to directly drive appropriate tooling
      when the forces applied thereto are below a predetermined level and to
      interrupt said direct tooling drive when the forces exceed the
      predetermined level.
NUM  18.
PAR  18. An assembly machine as claimed in claim 17 wherein:
PA1  said actuator lever is of the bell crank variety pivoted intermediate the
      ends thereof.
NUM  19.
PAR  19. An assembly machine as claimed in claim 17 wherein said actuator lever
      comprises:
PA1  a first lever pivotally supported;
PA1  a second lever pivotally supported around the same pivot point as said
      first lever; and,
PA1  spring loaded clamping means clamping said first lever and said second
      lever for unitary movement.
NUM  20.
PAR  20. An assembly machine as claimed in claim 18 wherein said spring clamping
      means comprises an overload which permits separate movement of said first
      lever and said second lever when the force applied to said second lever
      exceeds a predetermined value.
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ABST
PAL  The invention is a tool for setting jointed flooring boards, particularly
      of the tongue-and-groove type, having a bracket of L-shaped cross section
      to which a length of construction lumber is removably attached by screws.
      A long handle is rigidly and adjustably attached to the bracket and the
      user grips the handle to slide the length of lumber back and forth across
      the floor joists to drive a flooring panel into engagement with a mating
      floor panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Modern flooring for buildings, particularly residences, is often
      constructed of four by eight foot tongue and groove plywood panels laid on
      parallel joists. When the flooring is being laid each succeeding panel
      must be driven into engagement with the preceeding panel with considerable
      force to securely engage the tongue in the groove. This has been
      accomplished in the past by a team of two workmen, one of whom stands over
      the mating edges of the boards and guides the driven board into place,
      while the other stands on the driven board and drives same with a sledge
      hammer applied against a 2 .times.  4 placed along the outer edge of the
      panel.
PAR  This proceedure has several drawbacks, among them being the need for two
      men to do the job. Considerable risk of injury to the workers also exists
      since occasionally the sledge misses its marks and flies into the worker
      acting as the guide, and the hammer-wielding worker is in danger of
      falling through the joists and incurring severe injury when a second story
      floor is being laid.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a tool which can be used by a single workman to
      set floor panels in a manner that all but eliminates the hazard associated
      with the proceedure. An elongated bracket of L-shaped cross section is
      provided with a plurality of screw holes through which a 2 .times.  6
      board can be screw-mounted, and a long handle is mounted to the bracket
      and extends upwardly at an angle over the free edge of the board. The
      operator grips the handle and repeatedly slides the board over the floor
      joists forceably into contact with the panel to be set, and
      simultaneously, by standing over the mating edges of the panels, guides
      them into proper engagement with his feet. Because of the position assumed
      by the workman, there is little likelihood of falling between joists and
      virtually no possibility that the tool itself could produce injury. The
      handle is adjustably mounted to the bracket and can be made to assume
      various angles with the operating plane of the board to accomodate
      variations in the height of the operator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the tool in use;
PAR  FIG. 2 is an enlarged top plan view of the tool; and
PAR  FIG. 3 is an enlarged sectional view taken on line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The tool is used in setting jointed flooring boards or panels, often 4
      .times.  8  tongue and groove plywood panels, on fairly closely spaced
      parallel joists 10. Each succeeding panel 12 must be guided into
      engagement with the last previously set panel 14 and driven against it
      with considerable force to form a tight tongue and groove joint.
PAR  The tool provided to set the panels comprises a bracket 16 to which is
      mounted a board 18, and a long tubular handle 20 mounted to the bracket
      such that a workman can stand at the panel junction holding the handle as
      shown in FIG. 1 and slide the board back and forth on the joists to
      forceably drive the panels together.
PAR  The bracket 16 may be made in a variety of different shapes but the simple
      L-shaped configuration shown permits secure attachment to the board such
      that the upper trailing edge is gripped. The means of attaching the board
      to the bracket comprises screws 22 which engage the board through several
      hole provided at various places in the bracket. Clearly nails, other types
      of fasteners, or even releasible clamps could be utilized to mount the
      board, the only requirement, beyond leaving the bottom and driving
      surfaces of the board free, being that the board must be fairly easily
      removable and replaceable. This is due to the fact that as conceived the
      board will be a length of scrap 2 .times.  6 and will take sufficient
      abuse if used continously to require replacement as often as once a day to
      prevent the leading surface from becoming ragged and marring the mating
      surface of the flooring panel.
PAR  The handle 20 could simply be welded or otherwise rigidly attached to the
      bracket, but for obvious reasons adjustability is desireable and to this
      end the handle 20, which may be a metal tube or pipe, is pivoted at 24 to
      and between two parallel flanges, such that a bolt 30 or the like can be
      used to lock the handle between the flanges at any of several angles
      relative to the operating plane of the tool.
PAR  The flanges are L-shaped at their trailing ends and double as reinforcing
      ribs for the bracket, and a second pair of reinforcing ribs 32 is provided
      near the outer ends of the bracket. A pair of braces 34 are rigidly
      secured to the handle and pivotably connected to the ribs 32 to permit
      adjustment of the handle.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tool for setting jointed flooring panels by impact comprising:
PA1  a. a bracket of generally L-shaped lateral cross section;
PA1  b. an elongated length of lumber having a flat leading edge and a flat
      trailing edge, said length of lumber being mounted in said L-shaped
      bracket such that one of the angulated portions thereof engages the
      trailing edge of said length of lumber;
PA1  c. a plurality of generally L-shaped support ribs longitudinally spaced
      along and mounted to said L-shaped bracket, two of said ribs being located
      generally centrally of said bracket;
PA1  d. an elongated handle having one end rigidly mounted to and between said
      centrally located ribs and extending at an angle over the trailing edge of
      said board and in a plane perpendicular to the length of said board;
PA1  e. two angulated braces extending from said handle in generally opposite
      direction to respective ones of said ribs, whereby three point direct
      support is provided between said handle and the trailing edge of said
      length of lumber to reinforce same on impact during use.
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ABST
PAL  In producing a dyeable coating on a metal article, such as a slider on a
      slide fastener, the article is coated with a powdered solid polymer resin
      containing active proton acceptor groups, such as amine groups. The powder
      coating is heated to convert the powder coating into a polymer film which
      is capable of being dyed by any of a wide variety of dyes to produce a
      desired color in the polymer film. During the heating, the temperature is
      maintained below the temperature at which substantially all the active
      proton acceptor groups would be transformed or rendered inactive.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to methods for producing colored coatings on metal
      articles or elements, and in particular, to methods of forming coatings on
      metal articles which can be dyed.
PAR  2. Description of the Prior Art
PAR  The prior art, as exemplified in U.S. Pat. Nos. 2,042,451, 2,334,000,
      2,535,794, 3,544,351, 3,615,894, and 3,647,567, includes a number of
      processes for producing various coatings, including colored coatings, on
      metal articles. Presently in the manufacture of textile articles with
      metal fastener elements, such as slide fasteners with metal sliders, the
      elements are coated with liquid enamel paints which include pigments
      selected to produce coatings of the desired color when the paints dry or
      solidify, while the textile portions of the articles are dyed separately
      from the metal elements; then the enameled fastener elements are attached
      to the articles to produce completed color-coordinated articles. The
      separate enameling of the metal slider elements requires the maintenance
      of an inventory of numerous different color paints as well as complex
      general planning to coordinate the production activity of each of the
      articles to be provided with different color metal fastener elements.
PAR  The above U.S. Pat. No. 2,334,000 discloses a particular process wherein
      metal sliders are coated with a white enamel, assembled on white tapes,
      and then subjected to a dye process to form a colored slide fastener.
      There have also been previous attempts to form dyeable metal sliders by
      coating with a polymer; such coatings have been made from dry powder epoxy
      coatings and from nylon coatings, dry powder nylon coatings being well
      known in the prior art. The formation of a suitable dyeable coating on
      sliders and the dyeing of the coating have generally not been commercially
      successful; the prior art coatings were unevenly dyed, did not readily
      pick up colors from dyes, or often resulted in colors from certain dyes
      which substantially differ from or conflict with the colors produced in
      the slide fastener tapes. Also, the prior art coatings could not withstand
      the acid mediums employed in many conventional dye processes, or easily
      chipped and peeled off and thus could not withstand the handling, such as
      tumble drying, normally given to garments.
PAR  The prior art contains a number of prior art processes utilizing baths,
      including electrostatically charged powder sprays, of powdered polymer
      resins, including epoxy resins and nylon resins, for producing polymer
      films or coatings on metal articles. U.S. Pat. Nos. 3,028,251, 3,058,951,
      3,321,438, 3,442,856, 3,506,598, 3,102,823, 3,697,331, and 3,758,633
      disclose particular epoxy resins for coatings. The powder resins generally
      contain pigments, such as titanium dioxide and the like, for producing a
      coating of a desired color. Some of the polymer coatings, particularly the
      epoxy coatings, have been known for their adherence, durability, and
      resistance to chemical attack. However, the required powder bath coating
      equipment and its limited suitability for being repeatedly and
      conveniently changed to produce different colored coatings along with the
      higher cost of materials has prevented any extensive adoption of pigment
      colored powder bath coatings in coating color matching metal fastener
      elements for dyed articles.
PAR  Dyes in the prior art have been successfully utilized to color a variety of
      materials including fabrics and, as illustrated in U.S. Pat. No.
      2,854,367, phosphate treated metal surfaces. The dyes have been divided
      into a number of general classes, such as acid dyes, direct dyes, disperse
      dyes, mordant dyes, fiber reactive dyes, basic dyes, azoic dyes, etc.
      according to their use or properties. Acid dyes are water-soluble anionic
      dyes that are applied to nitrogenous fibers such as wool, silk, nylon and
      modified acrylic fibers, from acid or neutral baths; attachment of color
      groups to the fiber is attributed at least partly to salt formation
      between anionic groups in the dyes and cationic groups in the fiber.
      Active amino groups exhibit a basic nature which has been attributed to
      their ability to attract and dissociate a proton from H.sub.2 O thus
      forming a cationic group and a free hydroxyl ion. Direct dyes are also
      considered to be generally anionic in nature and substantive to cellulosic
      fibers in the presence of an electrolyte such as salt. Disperse dyes are
      substantially water-insoluble dyes held in aqueous solution by anionic
      dispersing agents. The disperse dyes are generally believed to migrate
      from the dispersion, sometimes with the aid of a carrier, into the fibers
      where the dyes remain due to their insolubility; in nylon fibers hydrogen
      bonds between amino groups in disperse dyes and carbonyl groups in the
      nylon fibers may contribute to fixation. Mordant dyes and azoic dyes
      generally require the reaction of two components in situ in the fiber to
      produce an insoluble molecule. Although the prior dyeing art is extensive,
      the various properties of dyes and their application to various materials
      is not completely understood.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is summarized in that a method of producing a dyeable coating
      on a metal article includes the steps of depositing on the metal article a
      coating of a powdered solid polymer resin containing active proton
      acceptor groups which are subject to irreversible transformation by
      heating above a predetermined temperature, and heating the coating
      sufficiently to convert the coating into a coherent polymer film but below
      the predetermined temperature to maintain a substantial quantity of the
      active proton acceptor groups untransformed.
PAR  An object of the invention is to formulate a process for producing dyeable
      coatings on metal articles wherein a wide variety of colors may be
      produced by dyeing with respective dyes selected from a large number of
      suitable but different dyes.
PAR  Another object of the invention is to form colored coatings on metal
      elements which are closely matched with dyed articles.
PAR  It is also an object of the invention to eliminate the necessity of
      maintaining inventories of a large number of different color painting
      materials to form different color coatings on articles.
PAR  An advantage of the invention is that complex planning concerning the
      forming of different color coatings on metal fastener elements
      corresponding to different color garments is eliminated.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following description taken in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a slide fastener including a metal slider which
      may be color coated in accordance with the invention.
PAR  FIG. 2 is a perspective view of the metal slider of FIG. 1.
PAR  FIG. 3 is a detailed cross section view of a portion of the slider in FIG.
      2 after one step in the coating process.
PAR  FIG. 4 is a view similar to FIG. 3 after a final step in the coating
      process.
PAR  FIG. 5 is a detailed cross section view of a portion of a slider after one
      step in a modified coating process.
PAR  FIG. 6 is a view similar to FIG. 5 after a further step in the modified
      coating process.
PAR  FIG. 7 is a view similar to FIGS. 5 and 6 after a later step in the
      modified coating process.
PAR  FIG. 8 is a view similar to FIGS. 5, 6, and 7 after a still later step in
      the modified coating process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is embodied in a process for forming a colored article, such
      as a slide fastener shown in FIG. 1, having a metal element, such as a
      slider 12, with a colored coating matching the color of other portions of
      the article, such as textile stringer tapes 14 and 16. A dyeable polymer
      film 18, FIG. 4, is formed on the slider 12 by first coating with a
      powdered solid polymer resin 20, FIG. 3, and then heating the powdered
      resin to convert the coating 20 into the coherent film 18. The slider 12
      is assembled on fastener elements 21 and 22 of the tapes 14 and 16 which
      are initially undyed. The article may include other undyed portions, such
      as a textile garment (not shown) having a seam opening to which the
      fastener is secured for opening and closing the seam. Then the entire
      article including the polymer coated metal slider 12 is subjected to a
      dyeing process, as indicated by the stipling in FIG. 4, to form a colored
      article which has the color of the polymer film 18 on the metal slider 12
      matching the color of the rest of the article including the textile tapes
      14 and 16.
PAR  It has been discovered that certain polymer coatings, particularly polymer
      coatings containing a substantial quantity of active proton acceptor
      groups, result in substantially improved color pickup when subjected to
      dye colutions. Metal articles having such polymer coatings when subjected
      to a dye process, will pickup substantially more color from a dye than a
      polymer coating not having such a substantial quantity of available proton
      acceptor groups. Certain polymer coatings, such as coatings produced from
      an epoxide resin and an amine, produce colors which closely match the
      colors produced in synthetic textile materials, such as those made from
      any of the common nylon fibers and the common polyester fibers, when dyed
      together. Other polymer coatings can be readily matched with dyed textile
      materials by dyeing separately with a different dye or a different
      duration.
PAR  The term "proton acceptor groups" includes those basic acting radicals,
      such as primary, secondary and tertiary amine groups, which are believed
      capable of attracting and dis-associating a proton from H.sub.2 O to form
      a cationic group and a free hydroxyl ion. Amines from a covalent bond with
      a proton and thereby become "quaternized."
PAR  The powdered polymer resin can be, for example, a powered epoxy resin, a
      powdered nylon resin, or a powdered copolymer resin containing a polyester
      or acrylic resin. All of the resins when formed into a film must have
      active proton acceptor groups. The powdered nylons generally all contain
      active proton acceptor groups while the epoxides, polyesters and acrylics
      often must contain other materials, such as cross-linking or curing
      agents, with active proton acceptor groups.
PAR  There are several nylon resins commercially available and which can be
      dyed. Among the nylons, nylon-11 nylon-6, nylon-6,6 and copolymer
      nylon-6,6 and nylon-6,10 have been used in making film coatings utilizing
      a powder deposition process. Nylon-11 has a greater differential between
      its melting temperature and its decomposition temperature and has been
      found to be favored for producing nylon coatings by powder coating
      processes.
PAR  Polyester copolymers suitable for dyeing include those containing amine
      groups, such as a polyamide resin containing amine groups or epoxy resins
      with amine curing agents.
PAR  Of the acrylic resins, the polyacrylamides containing amine groups are
      suitable for dyeing. Also, the acrylic copolymers containing amine resins
      or epoxy resins with amine curing agents are suitable for dyeing.
PAR  Coatings from epoxy resins have been found to be superior, both as to
      durability and dye color pickup to the other polymers. The term "epoxy
      resins" refers to those compositions containing epoxides, i.e., compounds
      containing one or more epoxy groups. As is illustrated by the descriptions
      in U.S. Pat. Nos. 3,028,251, 3,058,951, 3,321,438, 3,442,856, 3,506,598,
      3,120,823 3,697,331 and 3,758,633, a wide variety of epoxy compounds can
      be utilized for making suitable solid epoxy resins. Typical epoxides for
      powder coatings are those made from the reaction of epichlorohydrin
      (1-chloro-2,3 epoxy propane) and hydroxyl compounds, such as bisphenol
      A[2,2-bis (p-hydroxyphenyl)propane], phenol-formaldehyde novolac resin,
      resorcinol, glycerol, and the like.
PAR  The powder epoxy resin compositions also contain a curing agent which
      either promotes homopolymerization of the epoxide or forms a copolymer
      therewith. Conveniently the curing agent has proton acceptor groups to
      contribute the basic radicals in the cured film. The curing agent may be
      mixed with the epoxide in any suitable manner, i.e., a solid curing agent
      powder mixed with a solid epoxide powder, or the curing agent may be
      incorporated with the epoxide in a partially reacted solid epoxy resin
      commonly referred to as a B-stage resin. There are a great many curing
      agents including the aromatic amines, polyaliphatic amines, dicyanamide
      etc. which form active proton acceptor groups when employed in epoxy
      resins. Amine curing agents may be primary, secondary or tertiary.
      Reference is made to the descriptions of the U.S. Pat. Nos. 3,028,251,
      3,058,951, 3,321,438, 3,442,856, 3,506,598, 3,102,823, 3,697,331 and
      3,758,633 for suitable amine curing agents.
PAR  Additionally the polymer resin material may contain other ingredients, such
      as heat activated catalysts, pigments, fillers, etc. Where the color of a
      polymer film on a metal element is to closely match a garment when dyed
      together with the garment, a white pigment, such as titanium dioxide, is
      included in the polymer resin.
PAR  A wide variety of dyes in various classes of dyes have been found to
      produce colors with excellent intensity and uniformity in the polymer film
      18. Examples of dyes classified as acid dyes in the Colour Index, Third
      Edition, 1973, by The Society of Dyers and Colourists, Great Britain, and
      the American Association of Textile Chemists and Colorists, U.S.A., and
      which have been found suitable include: Colour Index No. 15510 Acid Orange
      7; Colour Index 18950 Acid yellow 40; Colour Index No. 17025 Acid Violet 1
      and Colour Index No. 42655 Acid Blue 90. Particular disperse dyes which
      have been found suitable include FORON Brilliant Yellow SE-6GFL from
      Sandoz Inc., Hanover, N.J., USA, classified as Colour Index Disperse
      Yellow 49; Foron Red E-G from Sandoz classified as Colour Index Disperse
      Red 65; RESOLIN Yellow 7 GL from Bayer Aktiengesellschaft, Leverkusen,
      Germany, classified as Colour Index Disperse Yellow 73; and RESOLIN Blue
      FBLD from Bayer classified as Colour Index Disperse Blue 71. Additional
      suitable dyes include FORON Brilliant Blue E-GFLN from Sandoz; RESOLIN
      Scarlet PGG from Bayer; and DURONYL Yellow G from Ciba Geigy Corporation,
      Andsley, N.Y., U.S.A. classified as Colour Index Acid Orange 1. Dyes sold
      in the United States under the Trademark RIT have also been found to
      produce acceptable color in the polymer coatings. Anionic dyes such as
      acid dyes and direct dyes in aqueous solutions are believed to be fixed by
      salt formation with the cationic sites produced by the proton acceptor
      groups in the polymer film. Other types of dyes, such as disperse dyes,
      azoic dyes and mordant dyes are believed to be at least aided by the
      presence of the proton acceptor groups in penetration or reaction to
      become fixed in the polymer film.
PAR  it has been found that it is necessary to limit the temperature used during
      heating the coating 20 of powdered polymer resin to form the film 18. If
      the temperature is allowed to exceed a predetermined temperature,
      substantially all the proton acceptor groups undergo irreversible
      transformation, either by decomposition, becoming buried in the polymer
      film structure, reaction such as crosslinking, or the like, and the
      dyeability of the polymer film is substantially impaired. This
      predetermined temperature is generally substantially less than the
      temperature at which the polymer is degraded in strength, i.e. the
      temperature at which depolymerization or oxidation can occur. However, the
      temperature must be allowed to exceed the melting point of the powdered
      solid polymer resin to allow the powder to coalesce into a coherent film.
      The duration of the heating should also be limited to less than a
      predetermined duration since substantially complete transformation of the
      proton acceptor groups in polymer resins can occur at lower elevated
      temperatures over extended periods of time. Transformation of at least
      some of the proton acceptor groups in certain polymer resins, such as the
      epoxy resins, is necessary to allow crosslinking reaction during the
      heating cycle; but the heating must be stopped short of substantially
      complete transformation to allow a residual quantity of the proton
      acceptor groups to remain untransformed or active. For epoxy resins with
      amine curing agents, nylons, and copolymers with amine materials, the
      temperature is maintained generally below about 205.degree.C
      (400.degree.F) and preferrably should not exceed about 191.degree.C
      (375.degree.F); and heating at a temperature approaching 191.degree.C
      should be limited to about 25 minutes, longer time periods being
      acceptable for lower temperatures.
PAR  The empolyment of smaller particles of powdered polymer resin aids in the
      color pickup from dye solutions; this is particularly noticeable with
      resins, such as Nylon-11, which are formed somewhat deficient in active
      proton acceptor groups. The milling of the polymer resin to produce the
      finely divided particles is believed to produce a change in chemical
      structure of the polymer which results in more active proton acceptor
      groups being available. Also, the smaller particles tend to produce a more
      porous film which allows better penetration of the dye solutions and thus
      better dyeing characteristics than films formed with larger particles of
      powder. Generally, powders having an average particle size less than about
      200 microns and preferrably less than about 150 microns produce superior
      results. The small particle size has another advantage in producing films
      on small articles such as sliders in that thinner dyeable films are
      possible using smaller particle powders, the thinner films interfering
      less with slider operation in slide fasteners than the thicker films
      produced by prior art coatings. For sliders, the coating should have a
      thickness generally in the range of about 12 to 153 microns (0.5 to 6
      mils) and preferrably in the range of about 20 to 127 microns (0.9 to 5
      mils).
PAR  Preferably the coating 20 on the metal element 12 is applied by an
      electrostatic spray process although other applying processes may be
      employed. Films formed from electrostatic powder sprays are generally
      superior in being more even, and thinner than films formed by other
      processes. The solid powders are preferrably melted and/or reacted in an
      oven to form the films but other heating techniques may be used with good
      results.
PAR  One particular advantage of having sliders formed with a dyeable coating is
      that a garment, such a dress, of one color could be dyed to a new color
      and the metal slider will be dyed to the new color along the rest of the
      garment.
PAR  The adherence and durability of the coating 18 is improved by first
      treating the metal article 12 with a conventional treatment used to form
      suitable base surfaces for conventional painting processes and the like;
      prior to treating, it may be necessary or desirable to initially clean and
      degrease the metal articles. Typical treatment processes for articles made
      from alloys which are principally zinc or aluminum include dipping the
      article in a chromating solution, such as (1) a concentrated sodium
      dichromate solution which is slightly acidified with sulfuric acid, (2) a
      chromic acid solution containing one or more mineral acids (i.e. sulfuric
      acid, nitric acid, etc.) and a low molecular weight organic acid (i.e.
      formic acid, acetic acid, etc.), or (3) any of the several commercial
      chromating solutions which are acceptable for treating zinc or aluminum.
      Where the article is a ferrous alloy, the article can be subjected to a
      phosphoric treating process. Typical phosphoric treating processes include
      treating with (a) solutions containing phosphoric acid, stabilizers such
      as dihydrogen phosphate and accelerating agents such as copper salts,
      nitrates, nitrites, etc., (2) phosphoric acid solutions containing
      phosphates or iron, manganese, and zinc, and (3) any of several
      commercially available phosphoric treating solutions suitable for treating
      ferrous metals. It is generally believed that the chromate and phosphoric
      treating processes produce complexes at the metal surfaces which improve
      the bonding of many materials to the metal.
PAR  A modified process, illustrated in FIGS. 5, 6, 7 and 8 includes the
      application of a phenol aldehyde polymer layer or film 30 to the metal
      article 12 prior to deposition of the powder coating 20. The layer 30 is
      perferrably formed by dipping in a liquid solution of a phenol aldehyde
      resin, spinning to remove excess solution and then heating to evaporate
      the solvent and cure or polymerize the phenol aldehyde resin. The layer 30
      is formed as thin as possible while still completely covering the article
      12. Generally films less than about 13 microns (0.5 mils) thick and
      preferrably about 2.5 to 5 microns (0.1 to 0.2. mils) thick will cover the
      article sufficiently to provide a good base for the polymer film 18.
PAR  The phenol aldehyde layer 30 is a primer providing a base layer which
      improves the adherence and durability of the dyeable polymer film 18. The
      phenol aldehyde layer 30 has been discovered to particularly impart
      improved resistivity against a tendency for the polymer film 18 to blister
      and become loosened from the article 12 when subjected to an acidic dye
      solution.
PAR  The phenol aldehyde layer 30 has another advantage in that it will react
      with crosslinking type polymer resins, particularly epoxy resins, to
      impart a substantially improved toughness and durability to the polymer
      film 18. The grafting or crosslinking across the interface between the
      layer 30 and the film 18 renders the polymer film 18 more adherent and
      thus less likely to chip or crack during subsequent processing and
      handling.
PAC  EXAMPLE 1
PAR  A batch of metal sliders for slide fasteners are coated by an electrostatic
      spray with epoxy resin powder No. 89-910 from Pratt & Lambert, Inc.,
      Buffalo, N.Y. USA. The epoxy resin powder No. 89-910 has an average
      particle size less than 200 microns and includes an epoxide compound, an
      amine curing agent, and a white pigment. Then the sliders are placed
      within a convection type oven having a temperature of about 182.degree. C
      (360.degree.F) for a period of about 25 minutes to form a polymerized film
      of approximately 51 microns (2 mils) on the external surfaces of the
      slider. The sliders are then assembled on slide fastener tapes made of
      nylon-6,6. Different groups of the assembled slide fasteners are subjected
      to the following dye solutions, respectively, in conventional dye
      processes: (a) ORCO Acid Orange from Ciba-Geigy (Colour Index No. 15510),
      (b) DUPONT Milling Yellow (Colour Index No. 18950), (c) ORCO Acid Violet
      from Ciba-Geigy (Colour Index No. 17025) (d) DURONYL Yellow G from
      Ciba-Geigy, (e) RESOLIN Blue FBLD from Bayer, (f) RESOLIN Scarlet PGG from
      Bayer, and (g) Acid Blue 90 (Colour Index No. 42655). The dye pickup is
      generally good in the slide fasteners and the colors of the coatings on
      the sliders are generally excellent in compatability to the fastener
      tapes.
PAC  EXAMPLE 2
PAR  A batch of metal sliders are spray coated and heated to form polymerized
      films thereon using the techniques and materials of Example 1. The sliders
      are then assembled on slide fastener types made of type 54 W polyester
      from DuPont, E. I. de Nemours & Co. Wilmington, Del. USA. Different groups
      of the assembled slide fasteners are subjected to the following dye
      solutions, respectively, in conventional dye processes: (a) RESOLIN Yellow
      7 GL from Bayer, (b) FORON Brilliant Blue E-GFLN from Sandoz, (c) FORON
      Rubine S-2 BGL from Sandoz, and (d) FORON Red E-G from Sandoz. The dye
      pickup in the polymer film on the sliders is generally fair to very good
      and the color compatability between the sliders and the fastener tapes is
      good to excellent.
PAC  EXAMPLE 3
PAR  A batch of metal sliders for slide fasteners are coated by an electrostatic
      spray with a white Nylon-11 powder which was formed by milling white
      Nylon-11 to a particle size ranging from 18 to 150 microns. The sliders
      are placed within a convection type oven having a temperature of about
      191.degree. C (375.degree.F) for about 10 minutes to form a polymerized
      film of approximately 76 microns (3 mils) on the external surfaces of the
      sliders. Different groups of the sliders are dyed utilizing the same dyes
      and dyeing techniques of Example 1. Dye pickup in the Nylon 11 coatings
      was generally fair.
PAC  EXAMPLE 4
PAR  A batch of zinc bodied sliders is treated by immersing in DUCHROME 115 P
      from DuTone Chemicals Co. Inc. Waukegan, Ill., USA for about 60 seconds.
      DUCHROME 115 P is a chromating solution. Different portions of the treated
      batch of sliders are then coated with polymer films and dyed using the
      materials and techniques of Examples 1, 2 and 3, respectively. The colored
      coatings have improved adherence to the sliders when subjected to tumbling
      as compared to the respective coating in Examples 1, 2 and 3.
PAC  EXAMPLE 5
PAR  A batch of zinc bodied sliders is treated with a chromating solution in a
      manner similar to Example 4. The treated batch of sliders is dipped into
      phenolic lacquer No. 4068 from Pratt & Lambert, Inc; phenolic lacquer No.
      4068 is a solution of a material formed from a phenol formaldehyde
      reaction. The sliders are spun at high speed to remove excess lacquer and
      are placed within an oven and heated at about 142.degree. C (287.degree.F)
      for about 3 1/2 minutes to form a base coating of about 3 microns.
      Different portions of the batch of sliders with the base coatings are then
      coated with polymer films and dyed using materials and techniques of
      Examples 1, 2 and 3, respectively. The coatings have substantially less
      tendency to blister and peel off during the dyeing processes than the
      respective coatings in Examples 1, 2, 3, and 4. Also the coatings have
      improved adherence, when subjected to tumbling and the like, over the
      coatings in the Examples 1, 2, 3, and 4.
PAR  Since many modifications, changes in detail and variations may be made to
      the presently described process, it is intended that all matters in the
      foregoing description and the accompanying drawings be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a color dyed non-metal article and attached
      matching metal element comprising the steps of
PA1  forming a polymerized film containing a substantial quantity of active
      proton acceptor groups on the metal element,
PA1  attaching the metal element to the article, and
PA1  subjecting the article and the polymerized film on the attached metal
      element to an aqueous dye solution to produce a color-dyed article with a
      color matching metal element.
NUM  2.
PAR  2. A method of forming a color-dyed article with a color matching metal
      element as claimed in claim 1 wherein the polymerized film includes a
      white pigment.
NUM  3.
PAR  3. A method of forming a color-dyed article with a color matching metal
      element as claimed in claim 1 wherein the polymer film is formed from a
      resin which includes an epoxide compound and an amine.
NUM  4.
PAR  4. A method of forming a color dyed article with a color matching metal
      element as claimed in claim 3 including the step of
PA1  forming a base film of phenolic lacquer on the metal article prior to
      forming the polymerized film.
NUM  5.
PAR  5. A method of forming a colored slide fastener having stringers and a
      metal slider comprising the steps of
PA1  treating the slider to form an adherent surface on the slider,
PA1  dipping the slider into a liquid solution containing an uncured phenol
      aldehyde resin,
PA1  spinning the slider to remove excess liquid solution and form a film having
      a thickness less than about 13 microns,
PA1  heating the slider to cure the phenol aldehyde film,
PA1  electrostatically forming on the slider a coating of a powdered solid
      polymer resin having an average particle size less than about 200 microns
      and containing proton acceptor groups which are subject to irreversible
      transformation by heating above a predetermined temperature,
PA1  heating the coating sufficiently to convert the coating into a coherent
      polymer film but below the predetermined temperature and for less than a
      predetermined duration to allow a substantial quantity of the proton
      acceptor groups to remain untransformed,
PA1  assembling the slider on fastener elements of a pair of stringer tapes
      which are made from a textile material selected from the group consisting
      of polyester fabric and nylon fabric, and
PA1  dyeing the slider and pair of stringer tapes to form a colored slide
      fastener.
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PAL  The apparatus includes a conveyor table having press heads mounted on
      opposite sides. Coils of connector plate stock having prepunched
      integrally extending teeth feed upper and lower press platens movable
      toward one another to substantially simultaneously cut the connector stock
      to predetermined lengths to form connector plates and embed the teeth of
      the connector plates on opposite sides of joints formed by wooden frame
      members disposed on the conveyor between the press heads. Upon completion
      of the pressing operation, a feed mechanism locates predetermined lengths
      of connector stock between the press platens for the next cut and
      embedment operation. Selectively extensible and retractable stops are
      provided on the conveyor table and press heads against which respective
      webs and chords of the frame being fabricated are butted to locate the
      same in position forming a completed frame. Clamps on the conveyor press
      the chords against the web ends while the connector plates are embedded in
      the joints.
PARN
PAR  This application is a division of copending application Ser. No. 317,095
      filed Dec. 20, 1972, now abandoned in favor of application Ser. No.
      488,006 filed July 12, 1974.
BSUM
PAR  The present invention relates to apparatus for forming wooden frames and
      the like and particularly relates to apparatus for providing discrete
      connector plates of the type having prepunched integrally extending teeth
      from coiled strips thereof and substantially simultaneously embedding the
      plates into the opposite sides of joints of prepositioned wooden members
      to fabricate a frame or the like. The present invention also relates to
      the coiled connector plate stock used in the frame fabricating apparatus
      hereof.
PAR  It is currently common practice to utilize connector plates of the type
      having integrally struck teeth to form the joints between the various
      members comprising a wooden frame. For example, connector plates of
      various sizes and widths, depending upon the structural requirements of
      the frames, are commonly embedded in the joints of wooden roof trusses and
      truss-type floor joists. An example of such connector plates is disclosed
      in U.S. Pat. No. 2,877,520 of common assignee herewith. To accomplish the
      foregoing, it is typical industry practice for a frame fabricator to
      preposition precut wooden members on a jig table in the form of the
      desired frame and spot precut connector plates on opposite sides of the
      frame joints. The fabricators then utilize various methods for embedding
      or pressing the teeth of the connector plates into the opposite sides of
      the joints to form the completed frame. An example of a fabricating system
      of this type is illustrated in U.S. Pat. No. 3,602,237 of common assignee
      herewith. In that patent, precut connector plates are spotted on a jig
      table on the opposite sides of the joints formed by the prepositioned
      wooden members, the jig table being then stepped through a press position
      whereby the joints are successively located between the platens of the
      press and the connector plates carried thereby embedded into the joints.
      In U.S. Pat. No. 3,603,244, also of common assignee herewith, the press is
      moved along the jig table and is automatically stopped at each joint
      position to embed the connector plates.
PAR  Currently, connector plates are provided frame fabricators in various sizes
      either cut exactly to the length required or in discrete sizes
      constituting a multiple of the required lengths. The fabricator cuts these
      latter longer connector plates to form connector plates of the required
      lengths. These connector plates, hereinafter sometimes referred to as bar
      stock, are very often packed by a supplier in one of two ways. The bar
      stock is either tumble-packed, i.e., the connector plates being randomly
      disposed in a box, or packed in teeth-to-teeth relation, i.e., paired
      connector plates in teeth-to-teeth facing relation. It will be appreciated
      that teeth-to-teeth packaging requires extensive manual labor to orient
      the discrete plates in proper position for such packaging. Tumble packing
      also requires a degree of labor to complete the packaging process and has
      the additional disadvantage of low density packaging. Furthermore, the
      fabricator, upon receiving the packages of connector plates, must unpack
      the plates and individually spot the plates at their proper locations as
      previously discussed. Where the connector plates are provided in multiples
      of the desired lengths, the fabricator must, of course, additionally cut
      these longer connector plates to the desired lengths prior to spotting.
      Thus, the current practices in providing connector plates to a frame
      fabricator and his handling of such plates up to final securement thereof
      in a frame requires considerable labor, time and expense.
PAR  It has therefore been found desirable to provide novel apparatus and
      methods for handling connector plates of this type and to provide novel
      apparatus for fabricating wooden frames and the like. Generally, the
      present invention provides novel and improved coiled connecting strips or
      stock of the type having teeth struck integrally therefrom whereby
      previously noted and other problems associated with handling connector
      plates are minimized or eliminated and also provides novel and improved
      apparatus for utilizing the coiled connector stock by a fabricator
      including apparatus for substantially simultaneously cutting connector
      stock to the required lengths to form connector plates, locating the
      plates on opposite sides of the joints of the frames, and embedding the
      teeth of the connector plates into such joints. The following description
      of a coiled connector strip or stock and frame fabricating machine relates
      to an embodiment of the present invention particularly useful for
      fabricating wooden pallets. It will be appreciated, however, that the
      apparatus as described herein can be utilized in the fabrication of a wide
      variety of wooden frames and the like including but not limited to
      trusses, wall panels and truss-like floor joists. With respect to the
      specific embodiment of the present invention disclosed herein, there is
      provided generally a machine for fabricating pallets adapted to carry
      coils of connector stock of the type having teeth integrally struck
      therefrom and which coils constitute a magazine from which the connector
      stock is fed to the machine. The machine is provided with a feed assembly
      which unwinds the coils and advances leading portions of the coils
      discrete distances toward a press-cut-off assembly, each advance
      corresponding in distance to the length of the connector plate desired. At
      each press -- cut-off assembly, two discrete lengths of connector strip
      are cut from the connector stock and the teeth of the connector plates
      thus formed are substantially simultaneously embedded into the opposite
      sides of the joint of prepositioned wooden members forming a part of the
      frame being fabricated.
PAR  More particularly, the pallet machine disclosed herein includes a conveyor
      mounting upper and lower press head assemblies on C-frames on opposite
      sides of the conveyor. Each press head assembly includes a platen, upper
      and lower platens being located on opposite sides of the frame members on
      the conveyor and movable toward and away from one another. Stops are
      carried by the upper press head assemblies for aligning the chords in a
      pressing position. Stops are carried by the conveyor between the press -
      cut-off assemblies on opposite sides of the conveyor for aligning the
      first and second webs in respective pressing positions. Clamps carried on
      the conveyor squeeze the chords against the ends of the webs. Each press
      platen carries a cutting blade which cooperates with a fixed cutting blade
      to cut a selected length of connector plate from the coiled connector
      stock fed to such press head assembly by the feed assembly. The upper and
      lower press platens carry the connector plates for embedment into the
      joint during the final portions of their movement toward one another.
PAR  Generally, to complete a frame, the chords and webs are disposed on the
      conveyor with the chord ends butting the stops carried by the upper press
      head assemblies and the first web butting the stops carried by the
      conveyor between the press -- cut-off assemblies. Upon actuation, the
      upper and lower press platens move toward one another cutting
      predetermined lengths of connector plates from the connector stock. The
      upper and lower platens carry the plates for embedment into the opposite
      sides of the joints during the final portions of their strokes. Upon
      retraction of the platens, the stops for the chords and web are also
      retracted. In this manner, the partially completed frame comprised of two
      chords and a first web may be advanced along the conveyor. Particularly,
      this three-part pallet is advanced by a power roller until the first web
      butts stops carried by the conveyor spaced a distance from the press heads
      corresponding to the length of the frame whereby the trailing ends of the
      chords are located between the press platens. The second web is moved
      forwardly with the three-part frame until it butts the web stops in line
      with the press heads whereby the second web is located between the
      trailing ends of the frame and in a pressing position. As the partially
      completed frame is advanced and after the first cutting and pressing
      cycle, the feed mechanism advances the connector stock toward the press
      head assemblies to locate predetermined lengths thereof between the press
      platens. Once the trailing web and the chords are positioned between the
      press head assemblies, the press platens are again actuated to cut
      connector plates from the stock and embed the teeth thereof into the
      opposite sides of the joint on opposite sides of the conveyor.
PAR  It will be appreciated that significant material handling problems are
      encountered with respect to connector plates particularly in view of the
      projecting teeth thereof and that such problems are solved by the present
      invention in the provision of coiled connector plate stock compatible with
      a machine which substantially simultaneously cuts the stock and embeds the
      connector plates thus formed into the joints of a frame. Features of the
      present machine include the provision of comb-like guides or tines on the
      fixed cutting blades and in the feed mechanism whereby the machine is
      virtually jam-proof. The teeth of the connector stock engage in the
      grooves between the tines and guide surfaces on the opposite sides of the
      stock from the teeth maintain the stock between the guide surfaces and the
      edges of the tines. Thus, only longitudinal feeding movement of these
      stock is permitted with the stock being held against lateral movement by
      the tines and against movement withdrawing the teeth from between the
      tines by the guide surfaces. A further novel feature of the present
      invention resides in the feed mechanism which not only insures that the
      connector plates are cut to the desired predetermined length but also that
      the connector stock is cut at a longitudinal location between its teeth.
      From U.S. Pat. No. 2,877,520, it will be noted that connector plates are
      provided with teeth arranged in both longitudinal and transversely
      extending rows. It is important that a transverse row of teeth not be
      aligned at the juncture of the fixed and movable cutting blades so that
      the teeth per se are not sheared or weakened by the shearing process. It
      will be appreciated that connector plates do not have identical
      tooth-to-tooth spacing in a longitudinal direction. That is to say, an
      inherent characteristic of a connector plate or stock of this type is that
      the teeth are spaced from their theoretical longitudinal positions
      progressively further distances in proportion to the length of the stock
      being fabricated. Accordingly, cumulative error in the longitudinal
      location of the transverse rows of teeth would result in locating one such
      row of teeth between the fixed and movable cutting blades. In the machine
      hereof, however, the connector strip is always cut at a location such that
      the cutting blades shear through the connector plate per se without
      engaging any teeth. To accomplish this, a pilot pin is inserted between a
      pair of transverse rows of teeth prior to each feed to longitudinally
      adjust the stock relative to the cutting blades to ensure that the teeth
      are not alingned therewith. The slight error in the location of the teeth
      relative to one another over the small length of plate between the pin and
      cutting blades is insignificant and the cut is thereby made substantially
      medially between next adjacent transversely extending rows of teeth. Thus,
      the teeth on the opposite sides of the cut remain effective in both the
      connector plate just formed and the next connector plate to be formed.
PAR  A further important feature of the present invention resides in the
      provision of a fixed cutting blade having a comb-like surface, i.e.,
      tines. The teeth of the connector stock are received between the tines and
      the ends of the tines support the plate during the shearing operation. The
      tines thus provide the reaction force for the cutting operation.
PAR  A still further important feature of the present invention resides in
      accurately locating the plate in the joint. It will be appreciated that
      the plate when cut from the stock tends to first bend away from the
      movable cutting platen and then jumps from the platen and stock when fully
      sheared therefrom. To prevent this, the present invention provides a
      device for holding the plate when it is sheared from the stock. The device
      includes a dovetail notch or groove carried on the movable cutting blade
      and a corresponding dovetail projection carried on the fixed blade. When
      the plate is cut from the stock, a dovetail notch is formed along its
      trailing edge leaving a dovetail projection on the leading edge of the
      stock. The dovetail notch on the cut plate engages with the dovetail
      projection of the fixed cutting blade whereby the plate is held against
      lateral and longitudinal movement relative to the machine. That is, the
      plate is held by the dovetail until just prior to embedment of the teeth
      into the joint. To prevent the forward end of the plate from bending away
      from the moving platen when cut, a magnet is located on the platen to hold
      the plate thereagainst. Spring-biased plungers or spring clips may also be
      utilized on the platens to provide lateral support for the connector
      plate. These locators ensure that after each plate is cut from the
      connector stock, it is carried to the joint and located precisely relative
      thereto.
PAR  Accordingly, it is a primary object of the present invention to provide
      novel and improved apparatus for fabricating wooden frames and the like.
PAR  It is another object of the present invention to provide novel of packaging
      connector plates for use by wooden frame fabricating apparatus.
PAR  It is still another object of the present invention to provide novel and
      improved apparatus for substantially simultaneously cutting the connector
      plates of the type having integrally struck teeth from a coiled strip
      thereof and embedding the teeth of the connector plates into the joint of
      a wooden frame.
PAR  It is a related object of the present invention to provide novel and
      improved apparatus for applying connector plates of the type having
      integrally struck teeth on the opposite sides of wooden frames and the
      like.
PAR  It is a further object of the present invention to provide a novel and
      improved machine for fabricating wooden frames and the like and including
      a novel feed mechanism for accurately aligning the connector strip with
      the cutting blade of the machine.
PAR  It is a related object of the present invention to provide a novel and
      improved machine for manufacturing wooden frames and the like having the
      foregoing characteristics and including a novel cutting blade for
      supporting the connector strip being cut.
DRWD
PAR  These and further objects and advantages of the present invention will
      become more apparent upon reference to the following specification,
      appended claims and drawings wherein:
PAR  FIG. 1 is a fragmentary plan view of a wooden frame fabricating machine
      constructed in accordance with the present invention;
PAR  FIGS. 2 and 3 are end and side elevational views thereof respectively;
PAR  FIG. 4 is an enlarged fragmentary cross sectional view of a feed and press
      assembly forming a part of the fabricating machine illustrated in FIG. 1;
PAR  FIG. 5 is an enlarged plan view thereof;
PAR  FIGS. 6, 7 and 8 are enlarged fragmentary cross sectional view thereof
      taken about on lines 6--6, 7--7, and 8--8, respectively, in FIG. 4;
PAR  FIG. 9 is a fragmentary enlarged cross sectional view illustrating the
      manner in which connector stock is cut to form a connector plate;
PAR  FIG. 9a is an enlarged fragmentary cross sectional view taken about on line
      9a--9a in FIG. 4;
PAR  FIG. 9b is a plan view of a joint formed by the plate P hereof;
PAR  FIG. 10 is a schematic illustration of a pneumatic circuit for use with the
      fabricating machine hereof;
PAR  FIG. 11 is a schematic illustration of a hydraulic circuit for use with the
      fabricating machine hereof;
PAR  FIG. 12 is a schematic illustration of an electrical circuit for use with
      the fabricating machine hereof;
PAR  FIG. 13 is an end elevational view of a reel for use in carrying the
      connector stock;
PAR  FIG. 14 is a side elevational view thereof; and
PAR  FIGS. 15a-15e are schematic representations of the manner of fabricating a
      pallet utilizing the fabricating machine hereof.
DETD
PAR  Referring now to the drawings, particularly FIGS. 1-3, there is illustrated
      a wooden frame fabricating machine constructed in accordance with the
      present invention and generally indicated 10. Machine 10 generally
      includes a conveyor 12, a pair of press assemblies 14 on opposite sides of
      conveyor 12, and a power roller assembly 16 for moving partially completed
      frames along conveyor 12. With the exception of various elements of power
      roller assembly 16, the fabricating machine hereof is symmetrical on
      opposite sides of the centerline of the conveyor and it will be
      appreciated that a description of the various assemblages on one side of
      the conveyor centerline is also a description of the like assemblages on
      the other side of the conveyor centerline.
PAR  Conveyor 12 includes a pair each of table and roller conveyor sections 18
      and 20 respectively on opposite sides of press assemblies 14, each pair of
      sections 18 and 20 being symmetrical on opposite sides of the conveyor
      centerline. Table sections 18 are located on the wooden material input
      side of the press assemblies 14 and each includes an elongated support
      base 22 having upstanding supports 24 at opposite ends and a table 26
      carried by supports 24. Diagonal braces 27 are provided by supports 24 and
      table 26. A pair of lumber guide angles 28 are mounted along the outside
      edges of each of tables 18, the upstanding angles 29 facing inwardly
      toward the conveyor centerline. Guide angles 28 are secured to tables 18
      by releasable clamps 30 whereby angles 28 are movable in a transverse
      direction to vary the spacing between transversely opposed angles in
      accordance with the width of the wooden frame being fabricated. Mounted at
      the ends of tables 18 adjacent press assemblies 14 are pneumatically
      actuated lumber clamps 32 each comprised of an air actuated spring return
      cylinder 34 and a clamp head 36. The lumber clamps 32 are similarly
      adjustably mounted on tables 18 for movement in a transverse direction
      whereby they can be positioned in accordance with the with of the frame
      undergoing fabrication.
PAR  Each roller conveyor section 20 on the output side of press assemblies 14
      includes pairs of upright conveyor supports 38 at its opposite ends
      mounting at their upper ends transversely spaced rails 40. Rollers 42 are
      mounted between rails 40 at spaced longitudinal positions therealong. A
      pair of plates 44 and 46 overlie each roller section 20 at spaced
      longitudinal positions and each plate carries an adjustable lumber guide
      angle 28' similar to the previously described angles 28. Plates 44 in
      addition, mount lumber clamps 32' directly adjacent press assemblies 14,
      clamps 32' being identical to the previously described lumber clamps 32.
PAR  Power roller assembly 16 includes a transversely extending shaft 50 which
      overlies roller conveyor sections 20 and mounts a pair of cushion rolls 52
      for engagement with the upper faces of the lumber carried by roller
      conveyor sections 20. Opposite ends of shaft 50 are mounted in suitable
      bearings 54 carried on pressure arms 56 located on the outboard sides of
      conveyor sections 20. The opposite ends of each pressure arm 56 is
      pivotally secured to a bracket 58 mounted on roller conveyor section 20.
      On one side of the conveyor, a second pressure arm 60 is pivotally mounted
      to a bracket 62 also mounted on roller conveyor section 20 for pivotable
      movement about a like axis as pressure arm 56. Pressure arm 60 carries a
      hydraulic motor 64, the output shaft of which is coupled to the shaft 50
      by means of a keyed flexible coupling 66. A spring 68 is secured between
      each roller conveyor section 20 and the pressure arm carried thereby.
      Rollers 52 are thus biased in a downward direction for engagement along
      the lumber disposed on roller conveyor 20.
PAR  As noted previously, press assemblies 14 are located between each
      longitudinally aligned pair of table and roller conveyor sections 18 and
      20 respectively. Each press assembly 14 comprises generally a C-frame 70
      carrying upper and lower press platens 72 and 74, upper and lower supports
      76 and 78 for the reels carrying coiled elongated sheet metal connector
      strips (hereinafter sometimes referred to as stock S), a feed assembly
      generally indicated 80 (See FIG. 4) and a stock cutting assembly 82 (See
      FIG. 4). Each C-frame 70 is mounted for movement toward and away from one
      another whereby wooden frames having various selected widths can be
      fabricated by the machine hereof. Particularly, C-frames 70 are each
      mounted on a support assembly generally indicated 83 (FIG. 3) comprised of
      a transversely extending rectangular structural tubing 84 mounting plates
      86 along its top surface at its opposite ends. Tubing 84 is supported by a
      base comprised of vertically inclined uprights 92. Each C-frame 70
      comprises a pair of longitudinally spaced C-frame plates 88, the lower
      ends of which mount clamps 90 which releasably clamp about the opposite
      edges of support plates 86. Thus, the C-frames 70 are mounted for
      adjustable sliding movement toward and away from one another.
PAR  For reasons which will become clear, a center support assembly 96 is
      carried by the central portion of tubing 84. Particularly, the center
      support assembly includes a table 98 located transversely between the
      C-frames 70 and at an elevation corresponding to the elevation of conveyor
      sections 18 and 20. Table 98 is supported by uprights 100 secured at their
      lower ends to tubing 84. Table 98 carries on opposite sides thereof air
      cylinder actuated web stop assemblies 102 including pop-up shafts 103 for
      reasons which will become apparent from the ensuing description. Conveyor
      sections 20 also carry along their inboard sides air cylinder actuated web
      stop assemblies 105 including pop-up shafts 107.
PAR  The reel supports comprise a pair of transversely spaced arms 105 secured
      at one end to the outer edges of C-frame plates 88 and have slots 104 at
      their opposite ends for receiving outwardly projecting pins 106 carried by
      reel arbors 108. The reels include a hub 109 and side plates 110, the hub
      109 having a larger diameter than arbors 108. In this manner, the reel is
      offset downwardly with its center of gravity below its axis of rotation to
      provide a pendulum effect thereby preventing any tendency of the stock
      when its free end is fixed to rotate the reel and become unwound.
PAR  Referring now to FIG. 4, the coiled connector stock S is fed from the upper
      and lower reels by the feed assembly 80 and toward the press platens 72
      and 74. The feed assembly 80 is carried by a guide plate 118 which is
      secured to the C-frame plates 88 directly by screws, not shown, with
      suitable spacers therebetween. The feed assembly 80 is also supported by
      slide rods 114 carried on the outer sides of plates 88. The rods 114
      extend from opposite sides of guide plate 118 through bearings 119 on the
      outer sides of the C-frame plates 88. Thus, feed assembly 80 can be
      unscrewed from the C-frame plates 88 and retracted along bearings 119 and
      remain supported by rods 114 whereby total disconnection of the feed
      assembly from the press assembly, for example to obtain access to its
      various parts, is not necessary. Guide 118, as best illustrated in FIG. 5,
      is slotted along its upper and lower sides to receive the flanges of upper
      and lower channel shaped stock guide tables 120 and 122, respectively.
      Stock guide tables 120 and 122 extend toward the peripheries of the upper
      and lower stock reels and straddle, on upper and lower sides, a stock feed
      cylinder 124 which is threadedly connected at its forward end in guide
      118. Feed cylinder 124 carries a piston shaft 126 which is connected at
      its forward end to a stock clamp and feed assembly generally indicated
      128. Referring particularly to FIG. 4, a pair of brackets 130 are mounted
      on opposite sides of stock guide tables 120 and 122 and are slotted at
      their opposite ends at 132. Upper and lower entrance guide rollers 134 and
      136 are disposed between the opposed ends of brackets 130 and pins 138
      carrying rollers 134 and 136 are received in the slots 132. Springs 140
      are coupled between pins 138 whereby rollers 134 and 136 are biased in a
      direction towards their respective tables to maintain the stock between
      the rollers and the tables.
PAR  Referring to FIG. 6, channel-shaped guide plates 142 and 144 are connected
      to the upper and lower sides of guide 118 whereby guide plates 142 and 144
      form upper and lower passages 146 and 148 for receiving the stock enroute
      to the press platens. Each channel-shaped stock guide plate 142 and 144
      has a transversely extending bore 150 through one side thereof and through
      which is received a pilot pin 152. The outer end of each pilot pin 152 is
      carried by a cylinder plate 154 which, in turn, is mounted on the piston
      shaft of a pilot cylinder 156. The pilot cylinder 156 is secured to the
      respective stock guides by cylinder brackets 158. Accordingly, it will be
      appreciated that extension and retraction of the pistons within the pilot
      cylinders 156 causes the pilot pins 152 to retract and extend into the
      respective guide spaces 146 and 148 for purposes as will become apparent
      from the ensuing description.
PAR  Referring now particularly to FIGS. 4 and 7, the feed clamp assembly 128
      includes a slide block 160 mounted on a pair of slide rods 162 for sliding
      movement between the full and dash lines position illustrated in FIG. 4.
      The rods 162 are secured at one end to guide 118. Slide block 160 is
      recessed along its upper and lower sides as indicated at 164 and 166
      respectively and upper and lower jaws 168 and 170 are secured to slide
      block 160 on its opposite sides within the respective recesses 164 and
      166. The upper and lower surfaces of jaws 168 and 170 respectively are
      grooved in a longitudinal direction to form transversely spaced tines
      indicated 172 and 174, respectively. That is to say, such surfaces form a
      longitudinally extending comb-like surface which receive the teeth of the
      connector stock as it is fed forwardly to the press platens. In this
      manner, the connector stock is maintained in a predetermined lateral
      location. Mounted on opposite sides of slide 160 are upper and lower
      cylinder brackets 176 and 178 respectively. Each bracket is counterbored
      to threadedly receive the ends of upper and lower clamping cylinders 180
      and 182 respectively. Cylinders 180 and 182 mount grippers 184 and 186
      respectively on the ends of their respective piston shafts. It will be
      appreciated that extension of the grippers toward the opposite jaws clamps
      the connector stock between the tines of the jaws and the grippers. As
      illustrated in FIG. 4, the entrance ends of jaws 168 and 170 are flared to
      facilitate entry of the stock through the clamp assembly 128. The forward
      end of slide block 160 carries an alignment block 184 which is stepped at
      its forward end for alignment between the spaced upper and lower cutoff
      blade mounting blocks 186 and 188 respectively which form part of the
      press assembly.
PAR  Referring to FIGS. 4 and 8, blocks 186 and 188 are mounted between C-frame
      plates 88 and mount upper and lower plates 190 and 192 respectively, which
      in turn, mount the fixed upper and lower cutting blades 194 and 196.
      Plates 190 and 192 are suitably secured on opposite sides to the under and
      upper sides of the upper and lower mounting blocks 186 and 188
      respectively and are spaced therefrom to define respective upper and lower
      stock passages 198 and 200. Plates 190 and 192 as well as mounting blocks
      186 and 188 are enlarged adjacent the entrance apertures to passages 198
      and 200 to facilitate entry of the stock. Cutting blades 194 and 196 are
      each provided with a plurality of transversely spaced tines indicated 201
      defining grooves 202 therebetween for receiving the teeth of the stock.
      That is to say, the blade 194 carries upwardly directed tines for
      receiving the downwardly directed teeth of the stock passing through
      passage 198, the plate portion of the stock passing between the edges of
      tines 201 and the lower face of block 186. Likewise, the tines 201 of the
      fixed lower blade 196 project downwardly whereby the grooves 202 receive
      the upwardly projecting teeth of stock passing through passage 200 between
      plate 192 and mounting block 188, the plate portion of the stock being
      received between the edges of tines 201 and the upper face of block 188.
      The forward edges of tines 201 on each of the fixed lower and upper blades
      194 and 196 form cutting edges whereby discrete upper and lower plates may
      be sheared from the stock by the press platens in a manner to be
      discussed. That is, the edges of the comb-like tines 201 on the fixed
      cutting blades form fixed reaction surfaces for cooperation with movable
      cutting blades whereby connector plates are cut from the stock S.
PAR  Referring to FIGS. 5 and 8, the upper block 186 on each press assembly
      carries an air actuated chord stop cylinder 197 (FIG. 4). The piston shaft
      199 is extensible into and retractable from the space defined between
      upper and lower plates 190 and 192 whereby, when extended, shaft 199
      serves as a stop for locating each chord of the frame. Note that shafts
      199 and 103 of the web stop assemblies lie in transverse alignment one
      with the other.
PAR  Upper and lower press cylinder plates 210 and 212 respectively extend
      between the C-frame plates 88 and mount upper and lower press cylinders
      214 and 216 respectively. Cylinders 214 and 216 are threaded into bearing
      plates and the piston shafts respectively carry the upper and lower press
      platens 72 and 74. Platens 72 and 74 carry respective cutting blades 218
      and 220 for cooperation with the fixed upper and lower blades 194 and 196
      to shear the connector strips S to the selected lengths for use in the
      frame being fabricated. It will be appreciated that simultaneous extension
      of the pistons of the press cylinders 214 and 216 moves the platens 72 and
      74 toward one another whereby the ends of the stock are cut by the moving
      and fixed blades with the cut connector plates being carried by the
      platens for embedding the teeth thereof into the opposite sides of the
      frame parts between the press heads in a manner to be described.
PAR  For maintaining accurate plate location after they have been cut from the
      strips, the cutting blades 218 and 220 of the upper and lower press
      platens each have a dovetail groove 211 centrally along its cutting edge
      and rear face, i.e., the face thereof in opposition to the corresponding
      fixed blade 194 or 196. The fixed blades 194 and 196 each carry an
      outwardly projecting dovetail shaped tongue 213 along its cutting edge and
      forward face for registration with the corresponding dovetail groove 211.
      Accordingly, when the press platens move toward one another, the grooves
      211 and tongues 213 cooperate to cut a dovetail shaped groove 217 (FIG.
      9B) along the rear edge of the plate P which is being cut from the stock,
      leaving a dovetail projection 219 on the forward edge of the stock. Upon
      continued movement of the platens towards one another, the plate is
      constrained from movement by the engagement of its dovetail groove along
      the corresponding tongue 213 carried by the fixed blade. A magnet 223 is
      provided in the upper platen to prevent the cut plate from bending away
      from the platen. The plate is held by the dovetail projection 213 until
      the shearing action is complete and until just prior to initial
      penetration of its teeth into the joint. The plate is held by magnet 223
      throughout the cutting and embedment operations. This ensures that the
      plate does not move from its intended location in the joint after being
      cut and prior to full embedment. The platens alternatively may be provided
      with spring biased plungers which straddle each plate on its opposite
      sides.
PAR  Referring to FIG. 10, there is illustrated a schematic diagram of a
      pneumatic circuit for the feed, stop, and clamp assemblies. The pneumatic
      circuitry is identical for each press assembly including and clamping and
      pilot cylinders as well as the lumber stops and clamps on opposite sides
      of the conveyor centerline. The pneumatic circuit for each press assembly
      and the clamps and stops associated therewith are illustrated within the
      dash lines. As illustrated, there is provided an air source 253 connected
      in parallel via a conduit 255 with five four-way, five-port, two-position
      solenoid actuated spring return valves 254L, 256, 258, 254R and 300. For
      brevity of description, the left and right hand circuit elements
      corresponding to the left and right hand press assemblies and the clamps
      and stops associated therewith are identified with reference numerals
      having letter suffixes L and R respectively. Valves 254L and 254R serve to
      provide air to the left and right pilot, stock clamp, and feed cylinders
      156; 180; 182; and 124 respectively on opposite sides of the machine.
      Valve 256 provides air to web stops 102 and 105. Valve 258 provides air to
      chord stops 197 and valve 300 provides air to the lumber clamp cylinders
      34. As illustrated, valves 254L and 254R are spring biased into the
      illustrated position wherein air is delivered to pilot cylinders 156 via
      conduits 259, 260, 265, 262 and 264 to maintain the pilot cylinders in a
      retracted position with the pilot pins engaged between the teeth of the
      stock. Conduits 260 and 274 flow through a four-way two-position solenoid
      actuated spring returned valve 265 for purposes described hereinafter.
      Valves 254L and 254R also communicate air via lines 266, 268, 270 and 272
      to the clamping cylinders 180 and 182 to maintain the latter in a
      retracted position. Air is also provided via flow control valve 271 and a
      time delay valve 273 to feed cylinder 124 to maintain it in a retracted
      position. It will be appreciated that the opposite sides of the various
      cylinders are exhausted to a reservoir via conduits which will now be
      described in connection with the actuation of the various cylinders.
PAR  Upon energization of the stock feed solenoids 326L and 326R associated with
      valves 254L and 254R respectively, the valves are shifted to provide air
      via conduits 275, 274, 276, and 278 to extend the pilot cylinders 156
      whereby the pilot pins 152 are retracted from between the teeth of the
      stock. Air is also provided upper and lower clamping cylinders 180 and 182
      respectively via conduits 280, 282 and 284 to extend grippers 184 and 186
      whereby the upper and lower stock is clamped between the grippers and the
      jaws 168 and 170 respectively. Air is also provided feed cylinder 124 via
      conduit 280, flow control valve 286, and a time delay valve 288 to extend
      its piston whereby clamping assembly 128 and the stock clamped thereto is
      advanced. The opposite sides of the various pilot, clamp and feed
      cylinders communicate with a reservoir via the previously described
      conduits 268, 270, 266, 262, 264, 260 and 259 when the solenoids 326 are
      energized.
PAR  In the rest position, valve 256 provides air to web stops 102 and 105 via
      conduits 290 and 292 whereby the stops are maintained in an extended
      position. Upon energization of the web stop solenoid 353, valve 256 shifts
      to provide air via conduits 294 and 295 to the opposite sides of stop
      cylinders 102 and 105 whereby stops 103 and 107 are retracted. Valve 258
      is illustrated in a position providing air to the chord stop cylinders 197
      via conduits 296 and 297. When the chord stop solenoid 354 associated with
      valve 258 is energized, valve 258 shifts to provide air via conduits 298
      and 299 to the opposite ends of cylinders 197 to retract the stops 199.
PAR  Valve 300 is connected via a conduit 301 with the air supply. In the
      illustrated position, valve 300 supplies air to exhaust ports, which are
      plugged. Cylinders 34 and 34' are spring biased to maintain their clamp
      heads in a retracted position. Upon energization of the solenoid 311
      associated with valve 300, the latter shifts to supply air via conduit 302
      to each set of cylinders 34 and 34' to extend the heads 36, 36' against
      the side chords and clamp the latter against the web ends. Upon
      de-energization of solenoid 311, the spring returns the valve to the
      illustrated position with air being supplied to the plugged exhaust ports.
      The clamp heads then spring back to their retracted position.
PAR  Referring to FIG. 11, there is illustrated a hydraulic circuit for the
      press cylinders 214 and 216 on each of the press assemblies. A variable
      displacement pump 230 supplies fluid from a reservoir 232 via a conduit
      234 and through a directional control valve 236 to one side of the press
      cylinders 214 and 216 to maintain the press platens in a retracted
      position. Particularly, conduit 234 connects with a conduit 238 connected
      in parallel with the press cylinders on opposite sides of the machine via
      conduit 240 and 242. The opposite side of the press cylinders are
      connected via conduits 241, 243 with a flow divider 244 via relief valves
      245 in each of lines 241 and 243. A conduit 246 communicates between the
      flow divider 244 and a reservoir 232 via valve 236. A pressure actuated
      switch 314 lies in communication with conduit 246.
PAR  Motor 64 is connected between the reservoir 232 and pump 230 via a conduit
      248, motor 64 running continuously and stalling when the chords butt the
      web stops 107. In operation, hydraulic fluid is provided upper and lower
      press cylinders 214 and 216 by pump 230 and conduits 238, 240 and 242.
      Upon energization of solenoid 310 associated with valve 236, the latter
      valve shifts to supply fluid to the flow divider 244 and to the press
      cylinders 214 and 216 via conduits 243 and 241 to extend the press platens
      carried thereby. Flow divider 244 serves to equalize the pressure of the
      fluid supplied the press cylinders to ensure uniform pressing action.
      Fluid flow returns to reservoir 232 from the opposite sides of cylinders
      214 and 216 via conduits 240, 242, 238 and 247. Upon completion of the
      pressing action, the solenoid 310 is de-energized whereupon valve 236 is
      spring returned to the illustrated position. Fluid again flows to the
      press cylinders 214 and 216 via conduits 238, 240 and 242 to retract the
      platens and maintain them in a retracted position.
PAR  Referring now to FIG. 12 which is a schematic representation of an
      electrical control circuit for the fabricating machine hereof, the circuit
      is divided into several parts by dashed lines which indicate the functions
      of the circuitry enclosed by the dashed lines. The circuit is illustrated
      in a detached contact mode wherein the various relays represented by
      circles open and close associated contacts in a manner to be described,
      normally open and closed contacts being denoted by the pairs of parallel
      lines and the slashed pairs of parallel lines, respectively except where
      such notation is designated a switch. The contacts have numeral suffixes
      corresponding to the numeral suffixes of their actuating relay, the second
      numeral suffix indicating a particular contact. As noted previously, the
      electrical circuit has been divided by the dashed lines according to the
      various functions performed by the components thereof; the circuitry
      components within the dashed line indicated 304 controlling the pressing
      operation including the lumber clamps, the components within the dashed
      line indicated 305 controlling the feeding of the stock to the press
      assembly including the feed clamps therefor; and the components within the
      dashed line indicated 306 controlling the chord and web stops.
PAR  117 volts 60 cycle current is provided across lines 307 and 309 by a
      suitable power source P and which power source also provides power for
      hydraulic pump 230. Connected across the power source in line 311 is a
      power-on light 502, which indicates that the unit is energized. In line
      309, there is provided a start switch 501. Connected in series across the
      power supply by a line 313 is a load solenoid 361, a fuse 312 and normally
      open contacts 319a which form part of a load switch 359. Connected in
      series by a line 315 is a press solenoid 310 and a fuse 317, line 315
      connecting these elements across the power supply via normally open
      contacts 319 which form another part of the load switch 359. Connected in
      parallel with press solenoid 310 is normally open contacts K1-1 in lead
      line 321 and a clamp solenoid 311 and a fuse 323 are connected in series
      by line 325. Connected in series across the power supply by lines 326 and
      327 are the normally closed contacts 314a of a nail pressure switch 314, a
      normally open contacts K1-3 and a relay K1, line 321 connecting with line
      327 between relay K1 and contact K1-3. Between lead lines 326 and load
      switch 359 there is provided a reset switch 329. A chord sensor switch 350
      and normally open contacts K2-3 are connected in parallel across the power
      supply by lines 331 and 333, a fuse 335 and the chord stop solenoid 354
      being connected in series in lead line 333. Also connected in series
      across the power supply by a line 337 is the normally open contacts 314b
      of nail pressure switch 314, a fuse 339 and a web stop solenoid 353.
      Contacts 314a and 314b are mechanically linked whereby the closing of one
      set of contacts opens the other set. Line 341 connects relay K2, normally
      open contacts K2-1, and a normally closed web limit switch 338 across the
      power supply. Line 343 connects with line 337 between normally open
      contacts 314b and fuse 339 and with line 341 between relay K2 and contacts
      K2-1. A normally open nailing switch 318 is disposed in line 321 and a
      nail enabling light 503 is connected by line 347 between lines 321 and
      309. Connected in series across the power supply by line 351 are contacts
      322a and 322a' of the right and left hand platen limit switch 322,
      normally open contacts K3-3, a fuse 349 and the left and right hand stock
      feed solenoids 326L and 426R which are connected in parallel one with the
      other, contacts 322a and 322a' being closed only when the platens are in
      their retracted positions. A line 355 connects with line 351 between
      contact K3-3 and platen limit switch 322, line 355 being connected to line
      321 between the nail-switch 318 and light 503. Line 357 connects across
      the power supply relay K3, and normally open contacts 322b and 322b' of
      the platen limit switch, the contacts 322a and 322a' being mechanically
      connected to contacts 322b and 322b' respectively. Connected in parallel
      across the platen limit switch 322 is normally open contacts K3-1 and a
      feed limit switch 320 having normally closed parallel connected contact
      sets.
PAR  The power-on light 502 indicates that power is available to the circuit. In
      operation, the start switch 501 is closed to provide power across lines
      307 and 309. In this rest condition of the circuit with the power applied
      across lines 307 and 309, it will be appreciated that relays K1, K2 and
      K3, load solenoid 361, press solenoid 310, clamp solenoid 311, chord and
      web stop solenoids 354 and 353, respectively, and the left and right hand
      stock feed solenoids are de-energized. The nail enabling light 503 is
      lighted by power supplied across lines 351, 355, and 347. To operate the
      nailing circuit, the nail switch 318 is momentarily depressed to energize
      relay K1 through lines 351, 355, 321 and 327. Energization of relay K1
      closes normally open contact K1-3 to complete a holding circuit for relay
      K1 through line 326 and 327 and normally closed contacts 314a.
      Energization of relay K1 also closes normally open contacts K1-1 whereby
      press solenoid 310 is energized through lines 321 and 315 and clamp
      solenoid 311 is energized through lines 321 and 325. At the completion of
      the pressing operation, the pressure actuated switch 314 opens normally
      closed contacts 314a to de-energize the holding circuit for relay K1
      which, upon de-energization, returns contacts K1-1 and K1-3 to their
      normally open positions. Opening contact K1-3 de-energizes the press and
      clamp solenoids 310 and 311, respectively, whereupon the platens are
      returned to their normal positions and the frame is released in a manner
      to be described.
PAR  When the hydraulic pressure builds up in the press cylinders, normally open
      contacts 314b of nail pressure switch 314 close to energize relay K2
      through lines 343 and 341 and to energize web stop solenoid 353 through
      line 337. Energization of relay K-2 closes normally open contacts K2-3 and
      K2-1. Closing contacts K2-1 completes a holding circuit for relay K2
      through normally closed web limit switch 338 and line 341. Closing contact
      K2-3 energizes chord stop solenoid 354. Thus, by energizing the chord and
      web stop solenoids 354 and 353 respectively, all stops are retracted. Upon
      advancement of a partially completed frame through the machine as
      hereafter more particularly described, the web limit switch 338 is opened
      de-energizing relay K2 which returns contacts K2-1 and K2-3 to their
      normally open positions and thereby de-energizing solenoids 353 and 354
      allowing the stops to extend. However, if a chord of the partially
      completed frame is sensed by chord sensor switch 350, switch 350 closes to
      maintain chord stop solenoid 354 energized through line 331 and 333
      whereby the chord stop is maintained retracted.
PAR  It will be recalled that, upon movement of the press platens toward one
      another, the normally open platen contacts 322b and 322b' close energizing
      relay K3 which in turn closes normally open contacts K3-1 and K3-3 and
      opens normally closed contact K3-2. Opening normally closed contact K3-2
      de-energizes the nail enabling light 503 and also turns off or disables
      the nailing command circuit, which includes all relays, contacts,
      solenoids and switches actuated as a result of closing the nail switch
      318. Closing normally open contact K3-1 completes a holding circuit for
      relay K3 through line 357 and the normally closed feed limit switch 320.
      Closing contacts K3-3, however, does not complete the circuit to the stock
      feed solenoids 326R and 326L as contacts 322a and 322a' of the platen
      limit switch are held open until the platens return to their retracted
      positions. Upon their return, contacts 322a and 322a' return to their
      closed position thereby energizing the stock feed solenoids 326R and 326L
      through line 351. At the end of the stock feed stroke, the normally closed
      contacts 320 of the feed limit switch open to de-energize relay K3.
      De-energization of relay K3 returns contacts K3-1 and K3-3 to their
      normally open positions whereupon the stock feed solenoids 326R and 326L
      are de-energized and returns contacts K3-2 to their normally closed
      positions energizing the nail enable light and this in turn powers or
      enables the nail command circuit.
PAR  Referring now to FIG. 13, there is illustrated an empty reel on which the
      stock can be coiled. Each reel includes a hub 109 and a pair of spaced
      side plates 110 for confining the stock. A releasably mounted pin 400
      extends transversely between side plates 110 at a location on the reel
      closely adjacent hub 109. Prepunched stock can be fed from a die directly
      to the reel and wound thereabout by rotating the reel at a speed
      proportional to the advance of the stock from the die, the drive means for
      rotating the reel not being shown. Particularly, the stock is fed between
      the hub 109 and pin 400 with the teeth 402 of the stock projecting
      radially outwardly to engage the pin upon rotation of the reel to wind the
      stock thereabout. After winding the stock on the reel, it is cut and
      secured ready for shipment and/or use with the machine hereof. The pin 400
      is removed after the reel is mounted on the machine whereby the entire
      stock can be unwound from the coil and fed to the machine.
PAR  As an example of the foregoing, a 1.5 inch width of 20 U.S. Standard Gauge
      stock can be coiled in lengths of about 152 feet and weigh about 30 pounds
      whereby the coils of stock can be loaded into the machine manually.
PAC  OPERATION
PAR  To operate the machine, the start switch 501 is closed to provide power to
      the electrical circuits illustrated in FIG. 12 within the dashed boxes
      304, 305 and 306, the light 502 indicating that power is available. When
      these circuits are energized, the machine is at rest with the stock feed
      cylinder 124 retracted, the pilot cylinders 156 retracted with the pilot
      pins in the passages 146 and 148, the upper and lower clamp cylinders 180
      and 182 retracted and the nail enable light lit. At rest, relays K1, K2
      and K3 are de-energized and normally open contact K3-3 maintains stock
      feed solenoids 326L and 326R de-energized and the valves 254L and 254R
      respectively associated therewith in the position illustrated in FIG. 10.
      Hydraulic valve 236 lies in the illustrated position in FIG. 11 and the
      lumber clamps are retracted since normally open contact K1-1 and nail
      switch 318 prevent solenoids 310 and 311 from being energized. The web
      stop solenoid 353 is maintained de-energized through normally open
      contacts K2-1 and 314b and valve 256 supplies air to web stop cylinders
      102 and 105 whereby stops 103 and 107 are maintained extended into the
      path of movement of the webs. However, without lumber on the machine,
      sensor switch 350 senses the lack of a chord on conveyor section 18, and
      thus remains open maintaining chord stop solenoid 354 in a de-energized
      condition and the chord stops 199 extended. The machine is now ready for
      loading.
PAR  The arbors 108 are placed within reel hubs 109 and the reels containing the
      coiled connector stock are placed on the upper and lower support brackets
      76 and 78 on opposite sides of the machine with the pins 106 in slots 104.
      The reels are thus mounted for rotation but achieve a pendulum effect
      which prevents the reels from rotating of their own accord once the stock
      is fed to the machine. Load switch 359 is rotated to close contacts 315
      thereby energizing solenoid 361. Energization of solenoid 361 shifts valve
      265 to the left in FIG. 10 whereby air is provided cylinders 156 to extend
      the pistons and withdraw the pilot pins from passages 146 and 148.
      Rotation of load switch 359 also closes contacts 319 thereby energizing
      the press solenoid 310. Energization of solenoid 310 causes the press
      platens to move toward one another into a fully extended position blocking
      the ends of passages 198 and 200. Note that open contacts K1-1 prevent the
      nail pressure switch from causing the platens to return. The coiled stock
      from the upper reel is then fed between table 120, roller 134, through
      passage 146 in guide 118, through the comb-like tines 172 of the jaw 168
      in clamp assembly 128, through passage 198 in the press head and through
      the tines of the fixed cutting edge 194 into abutment against the press
      platen 72. Likewise, the coiled stock from the lower reel is fed between
      the lower table 122, roller 136 through passage 148, through the tines 174
      of lower jaw 170, through passage 200, through the tines of the lower
      fixed cutting blade 196 and into abutment against the lower platen 74.
      Load switch 359 is then rotated to de-energize solenoid 361 which returns
      valve 265 to the position illustrated in FIG. 10 thereby returning the
      pilot cylinders to their retracted positions. Also, upon movement of the
      press platens, contacts 322b and 322b' close to energize relay K3 which
      closes contacts K3-3 but which does not energize the stock feed solenoids
      since contacts 322a' are open. Return of the platens closes contacts 322a
      and 322a' to energize the stock feed solenoids 326R and 326L through line
      351 and the closed contact K3-3. Upon energization of the stock feed
      solenoids, the pilot cylinders 156 extend to withdraw pins 152 from
      passages 146 and 148, the cylinders 180 and 182 extend to clamp against
      the stock and the feed cylinder 124 advances the stock a predetermined
      distance between the press platens. While the feed assembly as illustrated
      provides for maximum feed, it will be appreciated that sleeves of
      predetermined length can be disposed on the rods 162 whereby the stroke of
      the feed assembly can be limited to a predetermined length as desired.
      Thus, selected lengths of connector plates can be cut in a manner to be
      set forth from the stock fed into the machine. At the end of the feed
      stroke, feed limit switch 320 opens to de-energize relay K-3 and thereby
      return contact K3-3 to its normally open position whereupon the feed
      solenoids are de-energized. Upon spring return of valves 254R and 254L,
      the pilot cylinders retract to insert pins 152 between the teeth of the
      stock, the clamp cylinders retract, and the feed cylinder retracts after a
      time delay. Particularly, the pins 152 are inserted between a pair of
      transverse rows of teeth to adjust the longitudinal position of the stock
      in the press and also to hold the stock during shearing. Also, the pilot
      pins longitudinally adjust the location of the connector stock such that
      the teeth thereof are not aligned at the cutting blades. This prevents
      attempted shearing of the plate at the location of its teeth. If this was
      not prevented, the teeth per se might be sheared rendering them
      ineffective (as they would buckle upon attempted embedment in the wooden
      members). Also, the teeth might not shear at all as there is no reaction
      surface underlying the teeth for the movable cutting blade to act against
      due to the tines carried by the fixed cutting blade. The tines are, of
      course, necessary to guide the stock. Thus, the pilot pins ensure that the
      cut through the stock is made at a location between the teeth and only
      through the plate portion of the stock and not its teeth. The machine is
      now ready for a pressing operation.
PAR  With reference to FIG. 15, a pair of precut chords C are disposed on table
      conveyor sections 18. The chords are then moved longitudinally along
      conveyor sections 18 into abutment with chord stops 199 as illustrated in
      FIG. 15a. A pair of precut web members W1 and W2 are then disposed between
      chords C on conveyor table section 18 and the first web W1 is manually
      moved forwardly into abutment against raised web stops 103. The second web
      W2 is spaced behind first web W1 a distance of about one foot (FIG. 15b).
      With the webs and chords thus positioned as in FIG. 15b, the operator
      depresses nail switch 318 to energize relay K1 and clamp solenoid 311,
      which closes normally open contact K1-3 to provide a holding circuit for
      relay K1 and clamp solenoid 311, and closes normally open contact K1-1
      whereby press solenoid 310 is energized. Energization of clamp solenoid
      311 causes valve 300 to shift whereby air is supplied clamp cylinders 32
      and 32' to extend clamp heads 36 and 36' carried thereby. Clamp heads 36
      and 36' thus engage the outer faces of the chords and press the chords
      against the ends of web W1. Energization of press solenoid 310 shifts
      valve 236 to supply hydraulic fluid to upper and lower press cylinders 214
      and 126, respectively, via the flow divider 244 whereby press platens 72
      and 74 are moved toward one another.
PAR  Upon movement of platens 72 and 74 toward one another, the portions of the
      strip extending beyond the fixed cutting blades 194 and 196 are engaged by
      the platens and the movement of cutting blades 218 and 220 past blades 194
      and 196 sever connector plates P from the stock S as illustrated in FIG.
      9. An important feature hereof is the reaction force provided by the tines
      of the fixed blades whereby the stock is maintained rigid at the location
      of its cut. The connector plates P thus cut are carried by platens 72 and
      74 toward one another and the teeth 402 thereof are embedded into the
      upper and lower sides of the joint formed by the chords and first web
      located previously between platens 72 and 74 by stops 199 and 103. See
      FIG. 15c. Upon full embedment of the teeth the hydraulic pressure in the
      hydraulic circuit builds up and actuates pressure switch 314 to open
      contacts 314a. This de-energizes the holding circuit for relay K1
      whereupon contacts K1-1 and K1-3 return to their normally open position
      de-energizing press solenoid 310 and clamp solenoid 311. Valve 236 thus
      shifts to supply hydraulic fluid to the press cylinders 214 and 216 to
      move the platens 72 and 74 away from one another and away from the
      completed joint. Air valve 300 also shifts to retract lumber clamps 32 and
      32'.
PAR  Actuation of pressure switch 314 also closes contacts 314b to energize
      relay K2 and web stop solenoid 353. Energization or relay K2 closes
      normally open contacts K2-3. K2 is maintained energized by a holding
      circuit through contacts K2-1. Closing contacts K2-3 energizes chord stop
      solenoid 354. Energization of solenoids 353 and 354 causes valves 256 and
      258, respectively, to shift whereby air is supplied to the web stop
      cylinders 102 and 105 and the chord stop cylinders 197 thereby to retract
      stops 103, 107 and 199, respectively carried thereby.
PAR  The partially completed frame is then manually advanced (FIG. 15d) below
      power roller 16 which thereafter carries the partially completed frame
      forwardly. Upon advancement of the partially completed frame, web W1
      momentarily opens web limit switch 338 to de-energize the holding circuit
      for relay K2 whereupon contacts K2-1 are returned to their normally open
      position de-energizing web stop solenoid 353 and causing web stops 103 and
      107 to be extended. In advancing the partial frame, the chords are
      advanced to engage and close the chord sensor switch 350 causing continued
      energization of the chord stop solenoid 354 through line 331 and hence
      continued retraction of stop 199. The partially completed frame continues
      to advance until web W1 butts extended stops 107. Extended web stops 103
      catch and retain the second web in the position illustrated in FIGS. 15d
      and 15e whereupon it becomes aligned with the trailing ends of the chords.
PAR  After the press platens 72 and 74 are retracted, the retracted platen
      switch 322 returns contacts 322a and 322a' to their normally closed
      position and contacts 322b and 322b' to their normally open position.
PAR  It will be recalled that initially relay K3 was not energized. Upon initial
      movement of the platens, toward one another, however, contacts 322b and
      322b' close and energize relay K3. Contacts K3-1 hold relay K3 energized
      through the normally closed contacts of feed complete switch 320. Normally
      closed contacts K3-2 open upon energizing relay K3 and disconnect the nail
      switch 318 from the nail feed circuitry and from its source of power,
      preventing nailing and turning off the nail enable light 503. The normally
      open contacts K3-3 close upon energizing relay K3 and provide a path from
      the stock feed solenoids 326R and 326L to the now open platen retracted
      limit switches 322a and 322a'. This locks the nail feed circuit so that
      when the platens retract, and the platen limit switch 322 is in its normal
      position, nail feed solenoids 326L and 326R are energized through contacts
      322a and 322a' and closed contact K3-3. Consequently, upon return of
      platen switch 322 to its normal position, the stock feed solenoids 326R
      and 326L are energized to shift valves 254 to supply air to the pilot
      cylinders 156 and the upper and lower clamp cylinders 180 and 182. The
      upper stock is clamped between grippers 186 and jaw 168 while the lower
      stock is clamped between gripper 184 and jaw 170. It will be noted that
      the clamping action is only on the surface of the plate and not against
      the teeth because of the tines in jaws 168 and 170, respectively. Also,
      the pilot cylinder pistons extend to retract the pilot pins 152 from
      between the longitudinally adjacent transverse rows of teeth. With the
      stock clamped and properly located relative to the cutting edges, feed
      cylinder 124 advances after a slight time delay to advance the stock a
      distance beyond the fixed cutting edges equal to the distance of the
      stroke of cylinder 124 (which may be adjusted by inserting one or more
      sleeves of selected length about rods 162). Upon completion of the feed
      stroke, normally closed feed limit switch 320 is momentarily opened
      thereby de-energizing relay K3 and opening normally closed contacts K3-3
      and closing normally closed contacts K3-2, whereupon stock feed solenoids
      326L and 326R are de-energized. Power is also supplied to nail switch 318
      and nail enable light 503. This enables the nail circuit for subsequent
      nailing. Upon de-energization of solenoids 326R and 326L, valve 254 spring
      returns to the position illustrated in FIG. 10 whereupon the pilot
      cylinder pistons retract to insert the pilot pins between the transverse
      rows of teeth of the advanced stock, the upper and lower clamp cylinders
      retract to release the stock and the feed cylinder retracts to withdraw
      the clamp assembly 128 to the dashed line position illustrated within FIG.
      4 preparatory for another feed.
PAR  It will be appreciated that the pilot pins are inserted prior to retraction
      of the clamp assembly, that is, retraction of the feed cylinder and hence
      the upper and lower clamp cylinders. As noted previously, the pilot pins
      serve to adjust the longitudinal location of the connector stock, as
      necessary, to avoid alignment of the teeth with the cutting edges. When
      the clamp assembly releases the stock, the pilot pins thus longitudinally
      adjust the location of the stock relative to the cutting blades and also
      hold it in such position until the pins are again retracted after the next
      cut is made.
PAR  Since the partially completed frame is now located in position for applying
      connector plates to the joint between the second web W2 and the trailing
      ends of the chord, nail switch 318 is again depressed and the press heads
      72 and 74 substantially simultaneously shear connector plates from the
      connector strip and embed the teeth thereof into the opposite sides of the
      joint on each side of the frame. Upon retraction of the press platens, the
      feed mechanism again operates to locate predetermined lengths of connector
      stock beyond the fixed cutting blades between the press platens and the
      completed frame is advanced along the conveyor away from the machine by
      the power roller. Upon removal of the completed frame, the chord sensor
      switch 350 opens to de-energize solenoid 354 whereupon the chord stops are
      extended. The machine is thus ready for the fabrication of a second frame.
      It will be recalled that stops 103 and 107 are returned to their extended
      positions by the momentary opening of the web limit switch 338 which
      permits de-energization of the web stop solenoid 353.
PAR  From the foregoing description of the present invention it will be
      appreciated that the object of the invention are fully accomplished in
      that there is provided both a novel and unique industrial product in the
      form of a reel carrying connector stock coiled about the reel, the stock
      having prepunched integral teeth projecting radially outwardly from one
      side thereof, as well as a fabricating machine in which the connector
      stock is fed from the reel for cutting to appropriate lengths to form
      connector plates and embedment of the plates thus formed into the opposite
      sides of the wooden joint. The problems encountered by a supplier of
      connector plates as well as those encountered by the fabricators of frames
      are minimized or eliminated by the unique methods and apparatus hereof for
      handling a product of this type. For example, the supplier of the
      connector stock need only wind the connector stock onto reels as it
      emerges from die cutting and nail punching machines and ship the reel to
      the fabricator. This eliminates the handling problems associated with
      packing the individual connector plates as previously done in the past.
      Likewise, the fabricator eliminates any handling of individual connector
      plates as shipped to him by a supplier. That is, the reels can be readily
      stored when received from the supplier and applied to the machine without
      individual handling of any one or more of the connector plates.
PAR  Moreover, it will be appreciated that the fabricating machine hereof is
      uniquely compatible with the coiled connector stock. The fabricating
      machine cuts the stock to the appropriate length as it is fed from the
      reel and substantially simultaneously embeds the teeth of the connector
      plate thus formed to the joint formed by the wooden member. Also, the
      machine provides a substantially automated operation in the formation of a
      frame in that an operator is required only to feed the appropriate wooden
      members into the machine and need not concern himself with the spotting
      and location of the various connector plates as done previously. From the
      foregoing, it will also be appreciated that connector plates of various
      lengths can be handled by the machine hereof simply by shortening the
      stroke of the feed cylinder by the interposition of one or more sleeves on
      the guide rods. Also, the passages through the machine can handle
      connector stock of various widths since the stock is laterally guided by
      the engagement of the stock teeth between the tines. Further, the
      fabricating machine hereof is adapted to fabricate a wide variety of
      wooden frames, panels and the like including but not limited to trusses,
      truss-type floor joists and side framing panels for wooden building
      construction. Also, the machine is not limited to an orientation of the
      coiled stock and plates normal to the direction of movement of the frames
      undergoing fabrication. That is, the machine can be oriented such that the
      coiled stock is fed in a direction parallel to the direction of movement
      of the frames undergoing fabrication and may for example be utilized to
      form splice joints in elongated frame members.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. A method for joining a pair of wooden members by applying a sheet metal
      connector plate, of the type having integrally struck teeth projecting
      from one side thereof, to the wooden members at their juncture comprising
      the steps of:
PA1  providing a coil of connector stock of the type having integrally struck
      teeth projecting from one side thereof,
PA1  feeding the connector stock from the coil into the path of movement of a
      presshead carrying a cutting edge thereby defining relative to the cutting
      edge a predetermined line of cut along the connector stock,
PA1  providing a reaction surface cooperable with the cutting edge and comprised
      of a plurality of tines defining a plurality of laterally spaced recesses;
PA1  guiding the teeth of the stock along the recesses as the stock is fed into
      the path of movement of the presshead;
PA1  displacing the presshead to engage the cutting edge and reaction surface
      tines along opposite sides of the stock and along its predetermined line
      of cut and, upon continued displacement of the presshead, cutting the
      stock to form a connector plate of predetermined length, and
PA1  pressing the teeth of the connector plate thus formed into one side of the
      adjoining wooden members upon continued displacement of the presshead in
      the same stroke thereof.
NUM  2.
PAR  2. The method according to claim 1 including:
PA1  providing a second coil of connector stock of the type having integrally
      struck teeth projecting from one side thereof,
PA1  feeding the connector stock from the second coil into the path of movement
      of a second presshead carrying a cutting edge thereby defining relative to
      the latter cutting edge a predetermined line of cut along the connector
      stock, said second presshead lying in opposition to said first presshead,
PA1  providing a second reaction surface cooperable with the cutting edge of the
      second presshead and comprised of a plurality of tines defining a
      plurality of laterally spaced recesses,
PA1  guiding the teeth of the connector stock from the second coil along the
      latter recesses as the stock from the second coil is fed into the path of
      movement of the second presshead,
PA1  displacing the second presshead to engage the cutting edge and reaction
      surface tines along opposite sides of the second stock and along its
      predetermined line of cut and, upon continued displacement of the second
      presshead, cutting the stock to form a second connector plate of
      predetermined length, and
PA1  pressing the teeth of the second connector plate thus formed into the
      opposite side of the adjoining wooden members.
NUM  3.
PAR  3. The method according to claim 2 including substantially simultaneously
      pressing the teeth of the first and second connector plates in respective
      opposite sides of the members with each presshead providing a reaction
      force for the other.
NUM  4.
PAR  4. The method according to claim 1 including locating a pair of wooden
      members in opposition to said presshead, and clamping the wooden members
      in butting relation one to the other prior to pressing the teeth of the
      connector plate into the wooden members.
NUM  5.
PAR  5. The method according to claim 1 including adjusting the location of the
      leading portion of the connector stock relative to the cutting edge such
      that the cut is made between two transverse rows of teeth.
NUM  6.
PAR  6. The method according to claim 1 including
PA1  providing a guide surface comprised of a plurality of tines defining a
      plurality of laterally spaced recesses;
PA1  locating the teeth of the connector stock within the recesses,
PA1  clamping the stock to the latter tines with the teeth of the stock within
      the latter recesses by engaging a clamp against the stock on the side
      thereof opposite the tines, and
PA1  advancing the tines and the clamp to feed the connector stock into the path
      of movement of the presshead.
NUM  7.
PAR  7. The method according to claim 1 wherein the presshead is movable from a
      retracted position to an extended position for cutting the stock and
      embedding the teeth of the plate into the wooden members and from the
      extended position for return to the retracted position, and including:
PA1  feeding the connector stock into the path of movement of the presshead in
      response to movement of said presshead from said extended position to said
      retracted position.
NUM  8.
PAR  8. The method according to claim 1 including
PA1  providing a guide surface comprised of a plurality of tines defining a
      plurality of laterally spaced recesses,
PA1  locating the teeth of the connector stock within the recesses,
PA1  clamping the stock to the latter tines with the teeth of the stock within
      the latter recesses by engaging a clamp against the stock on the side
      thereof opposite the tines,
PA1  advancing the tines and the clamp to feed the connector stock into the path
      of movement of the presshead, the presshead being movable from a retracted
      position to an extended position for cutting the stock and embedding the
      teeth of the plate into the wooden members and from the extended position
      for return to the retracted position,
PA1  and feeding the connector stock into the path of movement of the presshead
      in response to movement of said presshead from said extended position to
      said retracted position.
NUM  9.
PAR  9. A method of joining a pair of wooden members by applying a sheet metal
      connector plate, of the type having integrally struck teeth projecting
      from one side thereof, to the wooden members at their juncture comprising
      the steps of:
PA1  providing a coil of connector stock of the type having integrally struck
      teeth projecting from one side thereof,
PA1  providing a guide surface comprised of a plurality of tines defining a
      plurality of laterally spaced recesses,
PA1  locating the teeth of the connector stock within the recesses,
PA1  clamping the stock to the tines with the teeth of the stock within the
      recesses by engaging a clamp against the stock on the side thereof
      opposite the tines,
PA1  advancing the tines and the clamp to feed the connector stock into the path
      of movement of a presshead,
PA1  providing a reaction surface on one side of the connector stock adjacent to
      the path of movement of the presshead,
PA1  displacing the presshead such that the stock is engaged by the presshead
      and reaction surface on opposite sides thereto to cut the stock to form a
      connector plate of predetermined length, and
PA1  pressing the teeth of the connector plate thus formed into one side of the
      adjoining wooden members.
NUM  10.
PAR  10. The method according to claim 9 wherein the steps of cutting the
      connector stock and pressing the teeth of the connector plate into the
      adjoining wooden members are performed in the same stroke of the
      presshead.
NUM  11.
PAR  11. The method according to claim 9 including:
PA1  providing a second coil of connector stock of the type having integrally
      struck teeth projecting from one side thereof,
PA1  providing a second guide surface comprised of a plurality of tines defining
      a plurality of laterally spaced recesses,
PA1  locating the teeth of the connector stock from the second coil within the
      latter recesses,
PA1  clamping the stock from the second coil to the latter tines with the teeth
      of such stock within the latter recesses by engaging a clamp against such
      stock on the side thereof opposite the tines,
PA1  advancing the second tines and the clamp to feed the connector stock from
      the second coil into the path of movement of a second presshead,
PA1  providing a second reaction surface on one side of the connector stock from
      the second coil adjacent to the path of movement of the second presshead,
PA1  displacing the second presshead such that the stock from the second coil is
      engaged by the second presshead and reaction surface on the opposite side
      thereof to cut the stock from the second coil to form a second connector
      plate of predetermined length,
PA1  and pressing the teeth of the second connector plate into the opposite side
      of the adjoining wooden members.
NUM  12.
PAR  12. The method according to claim 11 wherein the steps of pressing the
      teeth of the first and second connector plates in the opposite sides of
      the members are accomplished substantially simultaneously with each
      providing a reaction force for the other, wherein the steps of cutting the
      connector stock to form the first connector plate and embedding the teeth
      thereof are performed in the same stroke of the first presshead, and
      wherein the steps of cutting the connector stock from the second coil to
      form the second connector plate and embedding the teeth thereof are
      performed in the same stroke of the second presshead.
NUM  13.
PAR  13. The method according to claim 9 including locating a pair of wooden
      members in opposition to said presshead, and clamping the wooden members
      in butting relation one to the other prior to pressing the teeth of the
      connector plate into the wooden members.
NUM  14.
PAR  14. The method according to claim 9 including providing a cutting edge on
      one of the presshead and reaction surface and adjusting the location of
      the leading portion of the connector stock relative to the cutting edge
      such that the cut is made between two transverse rows of teeth.
NUM  15.
PAR  15. The method according to claim 14 including rendering the connector
      stock movable in a direction corresponding to its longitudinal extent, and
      inserting an element between longitudinally spaced teeth to engage such
      teeth and displace the stock longitudinally to adjust its location
      relative to the cutting edge.
NUM  16.
PAR  16. The method according to claim 9 wherein the presshead is movable from a
      retracted position to an extended position for cutting the stock and
      embedding the teeth of the stock into the wooden members and from the
      extended position for return to the retracted position,
PA1  actuating said feed means in response to movement of said presshead from
      said extended position to said retracted position to feed the connector
      stock into the path of movement of the presshead.
NUM  17.
PAR  17. The method of joining a pair of wooden members by applying a sheet
      metal connector plate, of the type having integrally struck teeth
      projecting from one side thereof, to the wooden members at their juncture
      comprising the steps of:
PA1  providing a coil of connector stock of the type having integrally struck
      teeth projecting from one side thereof,
PA1  feeding the connector stock from the coil into the path of movement of a
      presshead carrying a cutting edge, such that a predetermined length of
      stock for forming a connector plate of predetermined length lies between
      the end of the connector stock and the cutting edge,
PA1  rendering the connector stock movable in a direction corresponding to its
      longitudinal extent after the predetermined length of connector stock has
      been fed into the path of movement of the presshead,
PA1  adjusting the location of the leading portion of the connector stock
      relative to the cutting edge by displacing the stock when rendered movable
      such that the cut is made between two transverse rows of teeth,
PA1  cutting the stock to form a connector plate of predetermined length upon
      displacement of the presshead along its predetermined path, and
PA1  pressing the teeth of the connector plate thus formed into one side of the
      adjoining wooden members.
NUM  18.
PAR  18. The method according to claim 17 wherein the steps of cutting the
      connector stock and embedding the teeth of the connector plate are
      performed in the same stroke of the presshead.
NUM  19.
PAR  19. The method according to claim 17 including the steps of:
PA1  providing a second coil of connector stock of the type having integrally
      struck teeth projecting from one side thereof,
PA1  feeding the connector stock from the second coil into the path of movement
      of a second presshead carrying a cutting edge and in opposition to said
      first presshead,
PA1  adjusting the location of the leading portion of the connector stock from
      the second coil relative to the cutting edge of the second presshead such
      that the cut is made between two transverse rows of teeth,
PA1  cutting the stock from the second coil thereof to form a second connector
      plate of predetermined length upon displacement of the second presshead
      along its predetermined path, and
PA1  pressing the teeth of the second connector plate into the opposite side of
      the adjoining wooden members.
NUM  20.
PAR  20. The method according to claim 19 wherein the steps of pressing the
      teeth of the first and second connector plates into opposite sides of the
      members are accomplished substantially simultaneously with each providing
      a reaction force for the other, wherein the steps of cutting the connector
      stock to form the first connector plate and pressing the teeth thereof are
      performed in the same stroke of the first presshead, and wherein the steps
      of cutting the connector stock from the second coil to form the second
      connector plate and pressing the teeth thereof are performed in the same
      stroke of the second presshead.
NUM  21.
PAR  21. The method according to claim 17 including locating a pair of wooden
      members in opposition to said presshead, and clamping the wooden members
      in butting relation one to the other prior to pressing the teeth of the
      connector plate into the wooden members.
NUM  22.
PAR  22. The method according to claim 17 wherein the presshead is movable from
      a retracted position to an extended position for cutting the stock and
      embedding the teeth of the plate into the wooden members and from the
      extended position for return to the retracted position, actuating said
      feed means in response to movement of said presshead from said extended
      position to said retracted position to feed the connector stock into the
      path of movement of the presshead.
NUM  23.
PAR  23. The method of joining a pair of wooden members by applying a sheet
      metal connector plate, of the type having integrally struck teeth
      projecting from one side thereof, to the wooden members at their juncture
      comprising the steps of:
PA1  providing a coil of connector stock of the type having integrally struck
      teeth projecting from one side thereof,
PA1  feeding the connector stock from the coil into the path of movement of a
      presshead carrying a cutting edge,
PA1  adjusting the location of the leading portion of the connector stock
      relative to the cutting edge such that the cut is made between two
      transverse rows of teeth,
PA1  cutting the stock to form a connector plate of predetermined length upon
      displacement of the presshead along its predetermined path,
PA1  pressing the teeth of the connector plate thus formed into one side of the
      adjoining wooden members,
PA1  rendering the connector stock movable in a direction corresponding to its
      longitudinal extent, and
PA1  inserting an element between longitudinally spaced teeth to engage such
      teeth and displace the stock longitudinally to adjust its location
      relative to the cutting edge.
NUM  24.
PAR  24. The method of joining a pair of wooden members by applying a sheet
      metal connector plate of the type having integrally struck teeth
      projecting from one side thereof, to the wooden members at their juncture
      comprising the steps of:
PA1  providing a coil of connector stock of the type having integrally struck
      teeth projecting from one side thereof,
PA1  feeding the connector stock from the coil into the path of movement of a
      presshead carrying a cutting edge,
PA1  adjusting the location of the leading portion of the connector stock
      relative to the cutting edge such that the cut is made between two
      transverse rows of teeth,
PA1  cutting the stock to form a connector plate of predetermined length upon
      displacement of the presshead along its predetermined path,
PA1  pressing the teeth of the connector plate thus formed into one side of the
      adjoining wooden members,
PA1  providing a guide surface comprised of a plurality of tines defining a
      plurality of laterally spaced recesses; locating the teeth of the stock
      within the recesses; clamping the stock to the tines with the teeth of the
      stock within the recesses by engaging a clamp against the stock on the
      side thereof opposite the tines, and advancing the tines and the clamp to
      feed the connector stock into the path of movement of the presshead.
NUM  25.
PAR  25. The method of joining a pair of wooden members by applying a sheet
      metal connector plate from one side thereof, to the wooden members at
      their juncture comprising the steps of;
PA1  providing a coil of connector stock of the type having integrally struck
      teeth projecting from one side thereof, feeding the connector stock from
      the coil into the path of movement of a presshead carrying a cutting edge,
PA1  adjusting the location of the leading portion of the connector stock
      relative to the cutting edge such that the cut is made between two
      transverse rows of teeth,
PA1  cutting the stock to form a connector plate of predetermined length upon
      displacement of the presshead along its predetermined path,
PA1  pressing the teeth of the connector plate thus formed into one side of the
      adjoining wooden members,
PA1  providing a guide surface comprised of a plurality of tines defining a
      plurality of laterally spaced recesses; locating the teeth of the stock
      within the recesses; clamping the stock to the tines with the teeth of the
      stock within the recesses by engaging a clamp against the stock on the
      side thereof opposite the tines, advancing the tines and the clamp to feed
      the connector stock into the path of movement of the presshead, the
      presshead being movable from a retracted position to an extended position
      for cutting the stock and embedding the teeth of the plate into the wooden
      members and from the extended position for return to the retracted
      position, and actuating said feed means in response to movement of said
      presshead from said extended position to said retracted position to feed
      the connector stock into the path of movement of the presshead.
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ABST
PAL  A method of assembling furniture corner joints between framing members,
      such as rails or boards set at angles to each other. The corner joint is
      secured by connector plates, each of which has end portions set at right
      angles to each other corresponding with the angle of the framing members
      and having integral one-piece teeth struck from the body of the plate
      normal to the plane of the respective end portion. The teeth are of
      uniform length and are spaced apart in areas adjacent the end portions of
      the plate, leaving a smooth inner face on the connector plate in the area
      where the framing members would be brought together to form the joint. The
      method is in two steps, one of which causes the teeth on one end of the
      plate to penetrate the face of the framing members and thereafter the
      opposite angular portion of the plate is moved relatively toward the
      second framing member to cause the teeth thereof to enter the framing
      member. In each step the teeth, which are of uniform length, enter the
      adjacent face of the framing member in straight lines. These steps enable
      a plurality of corner joints of one article of furniture to be assembled
      and secured in one operation by successive steps.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to improvements in processes of assembling furniture
      corner joints.
PAR  It has been the customary practice heretofore to use wooden rails or boards
      as the supporting members for an article of furniture such as a chair, for
      example. These wooden rails or boards are usually set at angles to each
      other and are secured together by dowels, screws, staples, or other
      fastenings. Angle brackets have been applied thereto but these must be
      secured manually and individually by screws or nails. Toothed connector
      plates have been used for securing together parts of wooden members such
      as roof trusses, for example. However, no practical way has been found
      heretofore for securing together the wooden members forming the corner of
      an article of furniture by means of a toothed connector plate. In other
      types of joints using wooden members, attempts have been made to use
      connector plates where tightness and rigidity of the joint is not
      required.
PAR  Thus, when the boards are set at an angle to each other, a connector plate
      may be secured to one of the boards and then bent around the corner and
      thereafter secured to the other board by driving the teeth into the face
      thereof. This method requires that the teeth enter the second board at an
      angle, which leaves the corner in an unsecured fashion, not as tight as is
      desired in an article of furniture. Moreover, it requires the placement
      and securing of each connector plate manually and individually, so that a
      substantial number of them could not be applied in one operation.
PAR  One object of this invention is to overcome the foregoing objections and to
      improve the method of assembling furniture joints so as to enable a
      plurality of joints to be assembled in one operation.
PAR  Another object of the invention is to provide for the effective and secure
      connection of rails or boards in a joint to be fastened securely by means
      of a tooth connector plate.
PAR  Still another object of the invention is to provide for the use of the
      toothed connector plates in multiple assembly of corner joints to
      facilitate the speedy and inexpensive frame structure of an article of
      furniture and yet having corner joints that are secure and effective for
      maintaining the rigidity of the frame.
PAR  These objects may be accomplished according to one embodiment of the
      invention by the use of corner connector plates, each of which has a pair
      of side portions set at right angles to each other, with each of the side
      portions having integral teeth struck from the body thereof and preferably
      formed of metal or other suitable material. The teeth are of uniform
      length so as to enter and penetrate the face of the wooden members
      constituting the joint of the frame of the article of furniture. The teeth
      are spaced over the inner face of each side portion of the connector
      plate, usually in rows transversely thereof but the areas at the
      respective end portions of the connector plate are spaced apart from each
      other to allow for the entry of the ends of the boards to enter and abut
      directly against the sides of the connector plate.
PAR  The connector plate is applied to the angular boards or rails in two steps.
      First, one side portion of the connector plate is applied directly against
      the face of one of the boards or rails by pressure applied to the outer
      face of the plate which will cause the teeth to enter in straight lines
      normal to the face of the board or rail until the teeth have penetrated
      their full depths into the latter. Then the other board or rail is brought
      into an angular relation to the first and is pressed onto the teeth at the
      other lateral side of the connector plate. The teeth of the latter are
      thus forced into the side face of the second board or rail in straight
      lines and normal to the plane of the second section of the connector
      plate.
PAR  These operations may be performed in multiple as when a plurality of joints
      of one frame are assembled and connector plates are applied to each for
      securing the corners of the frame effectively.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  This embodiment of the invention is illustrated in the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view of a corner joint showing a connector plate
      applied thereto according to this method;
PAR  FIG. 2 is a top plan view of a corner joint showing one step in the
      application of the connector plate thereto;
PAR  FIG. 3 is a similar view showing the second step in the application of the
      corner joint;
PAR  FIG. 4 is a view of the corner joint in a multiple assembly and showing a
      press for securing the corner plate in place; and
PAR  FIG. 5 is a similar view showing the second step thereof.
DETD
PAC  DETAILED DESCRIPTION OF DISCLOSURE
PAR  The invention is illustrated in connection with a corner joint generally of
      the character illustrated in FIG. 1. Each joint is formed of two rails or
      boards brought together at right angles to each other. Usually, these are
      made of wood or other non-metallic material which can be secured rigidly
      at right angle relation and will form a secure and rigid joint. The end of
      the member 2 is brought into abutting relation with the inner face of the
      member 1 and directly at right angles thereto. In forming a secure joint
      suitable for an article of furniture, these rails or boards must be held
      in rigid relation with no break between the end of one and the base of the
      other or gap therebetween.
PAR  A connector plate is illustrated generally at 3. This is usually formed of
      metal or other suitable material having sufficient rigidity not only to
      provide for the formation of teeth struck therefrom, but also to maintain
      the joint in tight right angular relation. The connector plate 3 is
      preformed of the desired right angle relation, forming side portions 4 and
      5, respectively, of sufficient area to overlap a substantial portion of
      each of the members 1 and 2. In preforming the connector plate 3, portions
      4 and 5 thereof have struck from the inner faces of these portions teeth
      6, all of which are of uniform length to penetrate to a substantial extent
      into the faces of the members 1 and 2. The teeth 6 are struck from the
      respective connector portions 4 and 5 at direct right angle relation
      thereto and parallel with each other. Usually, these teeth 6 are set in
      rows forming toothed areas over the inner faces of each of the portions 4
      and 5. The rows of teeth on the portion 5 of the connector plate should be
      spaced from the angular corner of the connector plate, a distance at least
      sufficient to accommodate the end edge of the framing member 1.
PAR  The steps of assembling a corner joint are illustrated particularly in
      FIGS. 2 and 3. The connector plate 3 is applied to the end portion of the
      framing member 1 in the relation illustrated in FIG. 2, with the inner
      face of the portion 5 of the connector plate abutting directly against the
      end edge of the framing member 1. Then the teeth 6 are driven into the
      face of the framing member 1 by force applied against the outer face of
      the portion 4 of the connector plate. This continues until the teeth have
      penetrated fully into the framing member 1, as illustrated in FIG. 3. Then
      the framing member 2 is brought into parallel relation with the portion 5
      of the connector plate and abutting at its end against the inner face of
      the framing member 1.
PAR  It is preferred to apply pressure to the inner face of the framing member 2
      to force the latter onto the prongs 6 of the portion 5. This pressure is
      applied in the direction of the length of the prongs, or teeth, in order
      that the latter will enter the outer face of the framing member 2 in
      directions normal to the plane of the portion 5. When this has been
      completed, the parts will assume the relation shown in FIG. 1, thus
      forming a corner joint with the framing members 1 and 2 in direct right
      angle relation to each other in a tight joint with no break or crack
      therebetween. The teeeth 6 of both side portions 4 and 5 of the connector
      plate provide a very tight and secure joint in a very simple operation.
PAR  The method of assembly as described can be applied in the formation of a
      single joint, but it may also be used according to this invention in
      assembling a plurality of joints simultaneously. The method makes possible
      the multiple application of the connector plates to several joints of a
      single frame. This is shown diagrammatically in FIGS. 4 and 5 in a
      suitable power press operated pneumatically or hydraulically.
PAR  As an example, I have shown in FIG. 4 a press plate 7 in position to
      perform the first operation according to FIG. 2. This press plate 7 can be
      operated by hydraulic or pneumatic pressure from a suitable press head, as
      illustrated in FIG. 5. During this operation, the rail or board 1 will be
      held in the frame by a suitable part of the press (not illustrated).
PAR  The second step provides for the relative motion between the rail or board
      2 and the end portions 5 of the connector plates 3. Heads 8 are moved into
      abutting relation with the outer faces of the portions 5, while heads 9
      are moved against the inner faces of the rails or boards 2. These heads 9
      are moved in opposite directions simultaneously by power cylinders l0
      operated from a suitable source of power.
PAR  Thus, two or more such connector plates may be applied simultaneously to
      adjacent portions of the single frame of an article of furniture.
PAR  In this way, each step of the operation can be performed instantaneously on
      one or a plurality of joints, making up a single frame and will be
      effective in forming corner joints that are secure without gaps between
      the parts thereof. This reduces the time involved and effects a material
      saving in cost of forming the frame of an article of furniture. It also
      provides corner joints that are secure and will be maintained effective
      throughout the life of the furniture. It is, thus, faster to perform,
      especially in multiples as made possible by this invention. It is more
      secure in that the connector plates will be effective in maintaining the
      parts in the relation desired.
PAR  While the invention is described in connection with furniture joints, it is
      also applicable and useful in connection with other types of word or
      framing joints where parts need to be secured together at a corner,
      securely.
PAR  While the invention has been illustrated and described in one embodiment,
      it is recognized that variations and changes may be made therein without
      departing from the invention as set forth in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a furniture corner joint between framing members in
      planes set at an angle to each other comprising placing over the corner a
      toothed connector plate having end portions disposed at an angle to each
      other corresponding with the framing members, each end portion having
      integral teeth struck out from the body of the plate over substantial
      areas thereof normal to the plane of the respective end portions and
      normal to the plane of the adjacent framing member, relatively moving one
      of the framing members with respect to the other framing member and the
      adjacent end portion of the connector plate toward each other penetrating
      the teeth thereof into said one framing member in a straight line,
      lengthwise of the teeth, and thereafter relatively moving the other
      framing member with respect to the one framing member and the adjacent end
      portion of the connector plate toward each other penetrating the teeth
      thereof into said other framing member in a straight line lengthwise of
      the teeth thereof.
NUM  2.
PAR  2. A method of making a furniture corner joint according to claim 1,
      wherein the first mentioned framing member has the end thereof in abutting
      relation with the adjacent face of the connector plate during the first
      mentioned movement, and the end of the second framing member is thereafter
      moved into abutting relation with a face of the first mentioned framing
      member before the second mentioned relative movement penetrating the teeth
      into the second framing member.
NUM  3.
PAR  3. A method of making a plurality of furniture corner joints between wooden
      framing medmbers in planes set at an angle to each other, comprising
      preparing toothed connector plates each having end portions disposed at an
      angle to each other corresponding with the angle of the framing members,
      each end portion having integral teeth struck out from the body of the
      plate normal to the plane of the respective end portions and normal to the
      faces of the adjacent framing members, assembling the plurality of
      connector plates at the ends of one framing member having one end portion
      of each connector plate extending parallel with said framing member,
      applying pressure simultaneously at opposite end portions of the framing
      member relatively forcing the teeth into said member, thereafter
      assembling additional framing members parallel with the other end portions
      of the connector plates, and simultaneously applying pressure in opposite
      directions to the last mentioned framing members and the adjacent portions
      of the connector plates in directions normal to the planes of the plates
      forcing the teeth into the framing member.
NUM  4.
PAR  4. A method of making a plurality of furniture corner joints according to
      claim 3, wherein the first mentioned framing member is in abutting
      relation with the inner faces of the connector members at the ends thereof
      before the first mentioned application of pressure, and the second
      mentioned framing members have the ends thereof abutting against the
      adjacent face of the first framing member before the second mentioned
      application of pressure.
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ABST
PAL  A spout for attachment to a liquid container including a pair of
      interconnected complementary spout elements formed of a base material, a
      protective plating being applied to the inside surface of each spout
      element prior to the joining thereof into the assembled spout, thereby
      avoiding any possible harmful effects that might have resulted from
      contact of the liquid with the base material when the liquid is poured
      through the spout.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a divisional application based on U.S. application serial No.
      359,885filed May l4, l973, now U.S. Pat. No. 3,893,601.
BSUM
PAR  The present invention relates to hollowware such as a spout construction of
      the type normally used with coffee and tea containers.
PAR  Prior to the instant invention, metal spouts as used in relatively
      inexpensive metal coffee and tea pots have sometimes been cast of a lead
      material. There have been indications that liquid passing through a spout
      formed of lead could become contaminated, and this would be deleterious
      for human sonsumption.
PAR  Since the use of container spouts formed of a lead alloy can be harmful
      when contacted by a liquid passing therethrough, some efforts have been
      made to cast such spouts of tin or an alloy of tin, which essentially
      overcomes the objections to cast lead spouts. However, the casting of a
      tin alloy container in a spout as utilized in inexpensive tea or coffee
      pots greatly increases the cost of the container and has rendered the
      manufacture of such containers impractical.
PAR  Nor is it possible to cast the spout of lead as a one piece unit and then
      plate the inner surface thereof, since presently used plating techniques
      do not permit effective plating of the interior surface of a spout of this
      type.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a container spout and method of forming
      the spout, and comprises a pair of complementary spout elements that are
      cast of a lead alloy material. Each of the spout elements define a half of
      the complete spout construction; and after the casting thereof, a
      protective coating, preferably consisting of a copper-nickel plating, may
      be easily applied to the inside surface of each spout element. The
      protective coating as applied to the inside surface of each spout element
      forms a continuous inner wall when the spout elements are joined by
      soldering and avoids any deleterious effects that might be obtained from
      the lead if contacted by the liquid when the container to which the spout
      construction is joined is in use, and when liquid in the container is
      poured through the spout.
PAR  The spout elements in the subject invention are joined together by
      soldering, a strip of soldering material being inserted into opposed
      grooves as formed in peripheral surfaces of the spout elements, and the
      soldering strip having a melting point of predetermined temperature. When
      the spout construction as assembled is secured to the liquid container, a
      solder material having a melting temperature somewhat less that that used
      in joining the spout elements is employed.
PAR  Accordingly, it is an object of the present invention to provide a spout
      construction for use in a liquid container that comprises a pair of
      complementary spout elements formed of a lead material, the inner surfaces
      of which have a protective coating applied thereto prior to assembly of
      the elements to form the completed spout.
PAR  Another object of the invention is to teach a method of forming a spout for
      use in a liquid container wherein complementary spout elements are cast of
      a lead material and the inside surfaces of the cast lead spout elements
      are coated with a protective coating prior to allembly of the elements to
      form the completed spout.
PAR  Another object of the invention is to provide a spout for use in a liquid
      container that comprises a pair of spout elements that are cast of a lead
      material and that have a protective coating applied to the inside surfaces
      thereof, the protective coating comprising a conventional copper-nickel
      plating.
PAR  Still another object is to teach a method of forming a spout construction
      for a liquid container by casting complementary spout elements of a lead
      material, applying a protective coating to the inside surfaces of the
      spout elements and then soldering the spout elements together to form an
      opening therein through which liquid passes from the liquid container
      without being subject to any deleterious effects of the lead from which
      the spout elements are cast.
PAR  Other objects, features and advantages of the invention shall become
      apparent as the description thereof proceeds when considered in connection
      with the accompanying illustrative drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing which illustrates the best mode presently contemplated for
      carrying out the present invention:
PAR  FIG. 1 is an elevational view of a metal liquid container such as a tea or
      coffee pot which incorporates the spout construction of the present
      invention;
PAR  FIG. 2 is a plan view of complementary spout elements as cast from a lead
      material and after a protective coating has been applied to the inside
      surfaces thereof;
PAR  FIG. 3 is a sectional view taken along line 3--3 in FIG. 2;
PAR  FIG. 4 is a rear elevational view of the completed spout construction and
      prior to the joining thereof to the liquid container;
PAR  FIG. 5 is a sectional view taken along line 5--5 in FIG. 4; and
PAR  FIG. 6 is a perspective view of the assembled spout construction.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing and particularly to FIG. 1, a metal container
      is illustrated and is generally indicated at 10. The metal container 10 is
      of the conventional tea or coffee pot design and includes a body 12 formed
      of any suitable metallic material to which a base 14 and a handle 16 are
      joined and on which a removable top or cover 18 is mounted. A spout
      generally indicated at 20 and of special construction as formed in
      accordance with the present invention is also joined to the body 12.
PAR  The spout 20 as illustrated in FIGS. 2, 3 and 5, is formed of complementary
      half elements 22 and 24 that are cast in any conventional manner in order
      to form a hollow construction when joined together; and as contemplated
      herein, the elements 22 and 24 are cast of a lead alloy. Lead alloy is
      used as the material for casting the spout elements 22 and 24, since this
      material is relatively inexpensive and is simple to cast in the required
      shape and configuration. As illustrated in FIGS. 3 and 5, both the spout
      elements 22 and 24 define one half of the completed spout construction and
      are complementary to each other so as to be interfitted to form the
      completed hollow spout. In this connection, the outer surface of the spout
      element 22 has a convex configuration while the inner surface is concave
      and defines an inner channel indicated at 26 that defines one half of the
      opening formed in the hollow spout when the spout elements 22 and 24 are
      joined. The spout element 24 has a configuration similar to element 22,
      and the inner surface thereof is also concave and defines a channel 28
      that cooperates with the channel 26 to define the opening through the
      assembled spout when the elements 22 and 24 are united.
PAR  The assembled spout 20 is formed in the usual configuration and includes a
      larger base end 29 and a smaller outer end 31 from which the liquid is
      poured. It is understood, that the larger base end 29 is joined to the
      body 12 which also has a suitable opening formed therein, thereby
      providing for communication between the interior of the container body 12
      and the hollow spout 20. As described above, since the spout elements 22
      and 24 are cast of a lead alloy material, it is necessary that the
      interior surfaces thereof and those surfaces that define the channels 26
      and 28 and which normally would be contacted by a liquid poured from the
      container 10 have a protective coating applied thereto. For this purpose,
      any suitable protective coating that would not produce any harmful effects
      when contacted by liquid can be utilized, and it is contemplated that a
      nickel alloy plating be applied to the channels 26 and 28 of the spout
      elements 22 and 24, respectively. As illustrated in FIG. 3, all of the
      exposed surfaces of the spout elements 22 and 24 have been plated with a
      protective coating such as a nickel, the nickle coating having been
      applied to all of the surfaces of the elements 22 and 24 as a matter of
      convenience in the plating operation. In this connection any suitable
      commercial plating procedure can be utilized and the nickel alloy may vary
      in composition depending upon the commercial process surfaces of Normally,
      a copper plating is first applied to the surfacesof contemplated after a
      suitable cleaning preparation such a dipping into an acid solution, the
      copper plating also defining a preparatory step for the nickel plating. It
      is understood that the copper and nickel plating steps are conventional
      and that any suitable plating thickness can be obtained so long as the
      inside surfaces of the lead spout elements 22 and 24 are sufficiently
      coated to prevent contact of liquid therewith when the container 10 is in
      use. As indicated, any suitable procedure or technique can be utilized in
      the plating of the spout elements 22 and 24, but it is c ontemplated that
      the spout elements will be dipped into a plating solution and retained
      therein for a suitable period of time and in accordance with the base
      material from which the spout elements are formed so as to obtain the
      required coating of predetermined thickness.
PAR  Referring again to FIG. 3, each of the spout elements 22 and 24 are shown
      formed with marginal surfaces in which grooves 30 and 32, respectively,
      are formed. The grooves 32 are proportioned for receiving a strip of
      solder material 34 therein that is utilized in the joining of the spout
      elements 22 and 24 together. In order to properly locate the spout
      elements 22 and 24 relative to each other, locating pins 36 and 38 are
      formed on flanges 40 and 42, respectively, that flanges 40 and 42 being
      formed as an extension of a marginal surface of each spout element 22 and
      24. Appropriately formed bores 44 and 46 are also formed in the outer
      surfaces of the elements 22 and 24 opposite to the flanges 40 and 42,
      respectively, and receive the pins 36 and 38 therein when the spout
      elements are placed in mating contact. As illustrated in FIG. 5, the
      flanges 40 and 42 overlap the adjacent mating surfaces of the spout
      elements 22 and 24, and thereby prevent leakage of solder material through
      the seams defined by the marginal surfaces of the spout elements when the
      elements are soldered together.
PAR  With the spout elements 22 and 24 located in mating relation as illustrated
      in FIG. 5 and with the solder strip material 34 located in the grooves 30
      and 32 as illustrated in FIG. 3, heat is applied to the spout elements
      adjacent to the flanges 40 and 42 so as to cause the solder strip material
      34 to flow and produce a connecting joint between the spout elements. As
      illustrated, the flanges 40 and 42 overlap the mating seams of the spout
      elements and prevent the flowing solder from escaping through the mating
      seams.
PAR  When the spout elements 22 and 24 have been joined, a through passage 48 is
      defined by the plated channels 26 and 28, the nickel plating forming a
      protective barrier for liquid passing therethrough when the spout 20 is
      attached to the container 12.
PAR  The spout 20 in its assembled construction is attached to the body 12 of
      the container 10 in any usual manner, and this is normally accomplished by
      soldering the larger end 29 to the body 12 adjacent to the opening that
      communicates with the interior of the body 12. The solder that is employed
      for joining the assembled spout 20 to the body 12 has a melting point that
      is somewhat less than the solder strip 34 that is utilized to join the
      spout elements together, whereby the seam as formed between the assembled
      spout elements is prevented from separating by the heat applied when the
      spout is being soldered to the body.
PAR  The assembled spout 20 and container 10 can be suitably ornamented, painted
      or otherwise decorated in any conventional manner so as to conform the
      external surfaces of the spout with the complementary surfaces of the
      container 10.
PAR  Thus it will be seen that whereas it would not be possible to effectively
      plate the inner surface of the spout 20 if the latter were cast in one
      piece, the present invention overcomes this problem by casting the spout
      in sections, after which the sections may easily be plated prior to their
      being assembled to form the completed spout. By this technique it becomes
      possible to cast the spout sections of lead, whereby pronounced economic
      advantages are obtained.
PAR  It is also contemplated to coat the inside surfaces of the spout elements
      22 and 24 with only a copper plating or with only a nickel plating, or if
      it is desired, a protective coating such as an epoxy resin may be sprayed
      thereon. The spray technique may also be utilized to apply a powdered
      metalized material such as tin or the like to the inside surface of the
      elements 22 and 24, wherein an effective protective coating is produced
      thereon.
PAR  While there is shown and described herein certain specific structure
      embodying the invention, it will be manifest to those skilled in the art
      that various modifications and rearrangements of the parts may be made
      without departing from the spirit and scope of the underlying inventive
      concept and that the same is not limited to the particular forms herein
      shown and described except insofar as indicated by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming a spout for use in a liquid container, comprising
      the steps of forming a pair of complementary spout elements into
      longitudinally extending sections, wherein each section extends the length
      of said spout and is formed with a concave inner surface so that a through
      passage is defined by said sections when they are located in the joined
      position thereof, coating the concave inner surface of each section with a
      plating material prior to joining said sections together for eliminating
      any deleterious effects of the material from which said sections are
      formed when the container is in use and liquid in the container is poured
      through the passage in the spout, joining the spout elements together
      along their longitudinally extending edges to form the spout, and mounting
      the spout on said container.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein each of said complementary spout
      elements are cast of a lead material.
NUM  3.
PAR  3. A method as claimed in claim 2, comprising the further steps of joining
      said spout elements together by soldering, wherein the solder used has a
      predetermined melting temperature, and joining the assembled spout to the
      container by soldering and using a solder that has a melting temperature
      less than that for joining the spout elements together.
NUM  4.
PAR  4. A method as claimed in claim 2, wherein the protective coating comprises
      a nickel alloy.
NUM  5.
PAR  5. A method as claimed in claim 2, comprising the further step of forming
      said cast spout elements with mating surfaces in which longitudinally
      extending grooves are formed, placing a strip of solder material in the
      grooves in said mating surfaces and heating the cast elements in the area
      of the grooves to form an effective solder joint between the said cast
      elements.
NUM  6.
PAR  6. A method as claimed in claim 5, wherein the protective coating comprises
      a nickel alloy.
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ABST
PAL  A method for manufacturing an oil seal element from polytetrafluoroethylene
      and the like. A tubular billet of polytetrafluoroethylene or the like is
      provided with an outer cylindrical surface of the desired diameter and an
      inner cylindrical surface approximating but slightly smaller than the
      desired diameter, and an end wall is faced off perpendicular to the
      cylindrical surfaces. A series of washers of a desired thickness is then
      sliced from the billet. The flat washer is then first assembled with a
      metal case and then a desired hydrodynamic shape, such as a spiral groove,
      is coined in. Preferably, the inner pierce is completed at this time. Each
      washer may then be formed under pressure to permanently deform the
      radially inner portion thereof to a frustoconical shape. The assembled
      seal may be held on a shaft-size mandrel during application of a coating
      to the metal case.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of hydrodynamic seals from
      polytetrafluoroethylene and the like.
PAR  Polytetrafluoroethylene is a material which is not readily molded, as are
      the various synthetic rubbers, but which has some very desirable
      characteristics. In some uses, its ability to withstand high temperatures
      recommends its use as the oil sealing element which is in rotary contact
      with the shaft, instead of using one of the less temperature resistant
      synthetic rubbers. There are also other uses where this material would be
      advantageous, but heretofore its use has been greatly limited by its
      inability to be molded to desired shapes in an efficient manner. Normally,
      it is sliced into a thin washer-like member rather than being molded into
      any desired shape. Therefore, it is expensive to manufacture, and this
      expense has greatly limited its use.
PAR  The difficulty of molding this material has also made it impractical
      heretofore to make a hydrodynamic seal from polytetrafluoroethylene.
      Hydrodynamic seals, when made from conventional elastomers, such as
      nitriles, have conventionally been made by molding a spiral groove or
      other hydrodynamic structure into the molded element, but such molding of
      polytetrafluoroethylene has been economically, at least, unfeasible.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention an oil seal element is made from
      polytetrafluoroethylene or like materials by first providing a tubular
      billet of the polytetrafluoroethylene or other material. This billet may
      be manufactured so as to have a desired size of inner and outer
      cylindrical surfaces, and since these may be somewhat rough, a face
      perpendicular to these two surfaces is then prepared by a facing-off
      operation, and then a series of slices of a desired thickness are cut off
      to make a series of washers of the polytetrafluoroethylene, all having
      roughly the desired dimensions.
PAR  The washer is given its final outer periphery, preferably by machining the
      billet exactly to the desired outer periphery before slicing the washers,
      or else by post-trimming. Then the washer is usually assembled between its
      metal case elements, and, after that, the seal assembly is placed in a
      die, and the inner pierce is made to exact size. Simultaneously, or
      immediately after piercing a desired hydrodynamic shape is coined into one
      surface of the washer under very high press load. (However, the piercing
      may be done before assembly or the billet may be machined to the desired
      inner periphery.) Then, the frustoconical shape is imparted to the washer.
      The preferred method of this invention with the steps in the order of
      blanking, assembling, piercing, and coining, has the advantage of
      improving the concentricity of the inner pierce and the frustoconical
      shape to the bore-engaging portion of the case; however, absolute
      concentricity is not always necessary, and then the order of steps is not
      critical.
PAR  Finally, the seal assembly may then be installed on a mandrel of
      substantially the same diameter as the shaft for which the seal is
      intended and a coating applied to the outer periphery of the case, to
      improve its bore-sealing properties (See U.S. Pat. Nos. 2,889,163 and
      3,275,332.) This coating application is done at an elevated temperature,
      and the mandrel maintains the desired frustoconical shape. Such a mandrel
      may, if desired, be used when shipping the seal also.
PAR  Other objects and advantages of the invention will appear from the drawings
      and the description which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a view in end elevation of a radial-type shaft seal embodying the
      principles of the invention.
PAR  FIG. 2 is an enlarged view in section taken through the seal along the line
      2--2 in FIG. 1.
PAR  FIG. 3 is an enlarged view of a portion of the inner frustoconical lip of
      the polytetrafluoroethylene element of FIG. 2.
PAR  FIG. 4 is a view in perspective of a billet being machined and sliced to
      provide a series of washers of polytetrafluoroethylene.
PAR  FIG. 5 is a view in elevation and in section of a sliced washer that has
      been assembled into a case, in accordance with the principles of the
      invention, placed in a press and about to be subjected to a coining
      operation at that time to form the hydrodynamic groove.
PAR  FIG. 6 is a view similar to FIG. 5 with the press closed and the coining
      being done and the inner periphery being pierced to its final dimensions.
PAR  FIG. 7 is a view in elevation and partly in section of a series of
      assembled seals being supported on a mandrel for application of a coating
      to the outer case walls.
DETD
PAC  DETAILED DESCRIPTION OF SOME PREFERRED FORMS OF THE INVENTION
PAL  A typical product of the invention, the seal 10:
PAR  FIG. 1 shows a completed radial shaft 10 embodying the principles of the
      invention, while FIG. 2 shows an enlarged cross-section of this radial
      shaft seal 10. The seal 10 has an outer case 11 with a cylindrical portion
      12 and a radial flange 13. There is also an inner case 14 with a
      cylindrical portion 15 which nests in the cylindrical portion 12, so that
      the outer surface 16 of the portion 15 directly bears against the inner
      cylindrical wall 17 of the portion 12. The inner case 14 also has a radial
      flange 18. Between the radial flanges 13 and 18 is a flat radial outer
      portion 19 of a seal element 20, preferably made from
      polytetrafluoroethylene, and which also has a frustoconical portion 21. A
      gasket 22 is preferably provided between the polytetrafluoroethylene seal
      element 20 and the radial wall 13, to insure sealing between the seal
      element 20 and the case 11. The radial flange 18 of the inner case 14 is
      forced toward the radial flange 13 of the outer case 11, so that the wall
      18 compresses the portion 19 and holds it tightly and compresses the
      gasket 22 to prevent leakage and holds the element 20 securely in the case
      and then the outer case 11 has an end portion 23 curled over to lock the
      inner case 14 tightly in that position. This general construction is, of
      course, well known.
PAR  The inner portion 21 of the polytetrafluoroethylene element 20 is
      frustoconical in shape and is provided with an air-side surface 25 having
      a spiral groove 26 leading outwardly from the innermost edge 27 of the
      seal. This groove 26 is made so that during rotation of the shaft in a
      particular direction, the groove tends to return any oil which may leak
      along the shaft, due to scratches in the shaft or minor imperfections in
      the shaft or even in the shaft sealing element itself, though most of the
      leakage occurs in this instance from the shaft imperfections. As in all
      hydrodynamic seals, the purpose of the groove 26 is to return the oil
      beneath the innermost edge 27 and back to the oil side of the seal. Other
      hydrodynamic shapes may be applied as desired in place of a spiral groove.
      Practically any shape enabling hydrodynamic action may be applied to the
      element 20 by employing the present invention.
PAR  When the seal 10 is installed, there is shaft interference which flexes the
      inner portion 21 and makes a portion thereof substantially cylindrical for
      a short distance; that is why the spiral groove 26 (or other hydrodynamic
      shaped portion) extends a substantial distance along the face, because the
      degree of shaft interference is somewhat indeterminate.
PAL  Manufacture by the method of FIGS. 4-7:
PAR  The manufacture of the seal element 20 begins by making a billet 30 of
      polytetrafluoroethylene having an outer periphery 31 and having an inner
      periphery 32. Preferably, the outer diameter is made exactly to size; it
      may be made somewhat oversize and trimmed. In either event, the inner
      diameter is made somewhat undersize; subsequent piercing will provide
      exactly the dimension required.
PAR  The end wall, if it is not exactly perpendicular to the axis of the billet
      30, is faced off to provide a faced wall 33 that is exactly perpendicular.
      The next step employs a lathe tool 34 to slice a series of washers 35 of
      the desired thickness. Each slicing also simultaneously faces the billet
      30 so that it is flat and ready for the next slice. This slicing operation
      is continued until the desired number of washers 35 are then produced or
      the billet 30 is consumed. The washers 35 themselves are not perfectly
      flat as cut but assume somewhat of a curved shape.
PAR  The next step is to assemble the washer 35 into the case structure, with
      the washer in between the case elements 11 and 14, the gasket 22 being in
      place. A die may be used having two flat surfaces, one of which engages
      the radial flange 13 of the case member 11, while the other engages the
      radial flange 18 of the case member 14. The portion 19 of the element 20
      and the gasket 22 lie in between the case flanges 13 and 18. The washer
      35, as assembled, is flat and has no hydrodynamic groove, rib, flute or
      the like.
PAR  Now the assembly with the flat washer 35 is placed in a forming die 40 like
      that shown in FIG. 5. This die 40 has a recess provided by an annular wall
      41 for receiving the outer case 11 and closely following its outer
      periphery 12, in order to insure concentricity between the washer 35
      (which in its final assembled form is referred to as the seal element 20)
      and the cylindrical case wall 12 that will later engage the bore wall in
      an installation of the seal.
PAR  In the die, the inner pierce may be made, by a piercing element 42 of the
      die 40, cutting the inner edge of the washer 35 exactly to the desired
      dimension, concentricity being assured by the concentricity of the
      piercing element 42 relative to the wall 41, so that the concentricity of
      the inner edge 27 relative to the wall 12 is assured. In the die 40 one of
      the die members 43 is provided with a flat portion 44 that overlies and
      grips an annular portion of the washer 35 while a coining portion 45 forms
      the hydrodynamic shape (a spiral groove or whatever). Many tons of
      pressure are exerted on the washer 35, forcing the spiral thread into its
      surface and forming on the washer's surface the hydrodynamic groove 26.
      The exact amount of pressure required may vary with the dimensional
      specifications of the washer 35, as will be obvious to one of ordinary
      skill in the art. It is important, however, that sufficient pressure be
      applied to cause permanent deformation of the washer in the area of the
      hydrodynamic grooves so that the possibility of material recovery is
      substantially eliminated. This completes formation of the washer 35 into
      the pierced-to-size and coined seal element 20, referred to in FIGS. 1-3.
      However, after the operation of FIG. 6, a frustoconical shape may be
      imparted, as by appropriate die apparatus, should such preforming be
      considered desirable for a particular seal application.
PAR  Often, it is desirable to provide the case wall 12 with a coating to
      improve sealing in the bore on installation. The application of such
      coatings and the evaporation of solvent therefrom involves elevated
      temperatures. To protect the sealing elements from receiving the coating
      and to prevent the memory of the polytetrafluoroethylene from causing loss
      of the frustoconical shape, it is desirable to employ a mandrel 90, as
      shown in FIG. 7. The mandrel 90 is the same size, substantially, as the
      shafts on which the seals 10 are to be installed. A series of seals 10 are
      placed on the mandrel 90, giving the desired shaft interference with the
      elements 20, the seals 10 abutting each other and a protecting washer
      applied at each end. The assembly may then be sprayed from a nozzle 91 to
      provide a coating 92 and the rise in temperature during application of the
      coating and evaporation of the coating's solvent therefrom, does not
      affect the frustoconical shape of the element 20 because of the shaft
      interference action of the mandrel retaining the desired frustoconical
      shape of the element 20. If desired, the mandrel 90 may be used for
      shipping and storing the seals 10.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for manufacturing an oil seal having an element made from a
      disc-like flat washer of polytetrafluoroethylene or the like having an
      outer circular rim and a generally concentric inner circular rim,
      comprising the steps of:
PA1  assembling the washer into a metal case between an outer case member having
      a cylindrical wall and an inner case member, and
PA1  then coining one face of each said washer to provide, adjacent said inner
      rim, hydrodynamic means for returning oil.
NUM  2.
PAR  2. The method of claim 1 wherein after said coining step there is the
      additional step of forming a radially inner portion of said washer to a
      frustoconical shape, leaving a radially outer portion that is planar and
      is held so between said inner and outer case members.
NUM  3.
PAR  3. A method for manufacturing an oil seal having an element made from a
      disc-like flat washer of polytetrafluoroethylene or the like having an
      outer circular rim and a generally concentric inner circular rim,
      comprising the steps of:
PA1  assembling the washer into a metal case between an outer case member having
      a cylindrical wall and an inner case member,
PA1  piercing said washer to provide a desired inner periphery, and
PA1  coining one face of each said washer to provide, adjacent said inner rim,
      hydrodynamic means for returning oil.
NUM  4.
PAR  4. A method for manufacturing an oil seal having an element made from a
      disc-like flat washer of polytetrafluoroethylene or the like having an
      outer circular rim and a generally concentric inner circular rim,
      comprising the steps of:
PA1  assembling the washer into a metal case between an outer case member having
      a cylindrical wall and an inner case member,
PA1  then coining one face of each said washer to provide, adjacent said inner
      rim, hydrodynamic means for returning oil, and
PA1  then piercing said coined washer to provide a desired inner periphery while
      assuring concentricity of said inner periphery with the cylindrical wall
      of said outer case,
PA1  said piercing and coining steps cooperating to cause said hydrodynamic
      means to be properly located relative to said inner periphery.
NUM  5.
PAR  5. The method of claim 4 wherein said coining and piercing steps are done
      in one continuous stroke.
NUM  6.
PAR  6. The method of claim 4 wherein after said coining step there is the
      additional step of forming a radially inner portion of said washer to a
      frustoconical shape, leaving a radially outer portion that is planar and
      is held so between said inner and outer case members.
NUM  7.
PAR  7. The method of claim 6 wherein after the step of forming said
      frustoconical shape, the assembled seal is mounted on a cylindrical
      mandrel larger in diameter than said pierce, and while supported thereon,
      coating an outer peripheral wall of said outer case at an elevated
      temperature, with a bore-retention coating, said supporting of said seal
      on said mandrel preventing relaxation of said frustoconical shape by the
      heat.
NUM  8.
PAR  8. A method for manufacturing an oil seal having an outer case of metal
      with a cylindrical radially outer wall for engaging a bore, a resilient
      washer-like element of polytetrafluoroethylene, and an inner metal case
      clamping said washer-like element to said outer case, comprising:
PA1  machining a tubular billet of polytetrafluoroethylene to provide a
      cylindrical outer periphery of desired final dimensions,
PA1  then facing off one end of said billet perpendicular to the cylinder of the
      outer periphery,
PA1  then slicing said billet at a desired thin distance from said faced end
      wall to provide a washer and leaving a newly faced end wall,
PA1  then continuing to slice said billet to provide a series of washers, all
      said washers being the same thickness,
PA1  then assembling each said washer into a case by clamping it between said
      inner case and said outer case,
PA1  then coining one face of each said washer under severe pressure to form
      permanent hydrodynamic means for returning leaked fluid, and
PA1  piercing said coined washer to provide a desired inner periphery while
      assuring concentricity of said inner periphery with cylindrical wall of
      said outer case.
PA1  said piercing and coining steps cooperating to cause said hydrodynamic
      means to be properly located relative to said inner periphery.
NUM  9.
PAR  9. The method of claim 8 having the additional step after said coining and
      piercing of forming each said washer under pressure to deform the radially
      inner portion thereof permanently to a frustoconical shape, leaving an
      outer annular rim that is planar.
NUM  10.
PAR  10. A method for manufacturing an oil seal having an outer case of metal
      with a cylindrical radially outer wall for engaging a bore, a resilient
      washer-like element of polytetrafluoroethylene, and an inner metal case
      clamping said washer-like element to said outer case, comprising:
PA1  machining a tubular billet of polytetrafluoroethylene to provide a
      cylindrical tube of desired dimensions,
PA1  then facing off one end wall of said billet perpendicular to the cylinder
      of the outer periphery,
PA1  then slicing said billet at a desired thin distance from said faced end
      wall to provide a washer and leaving a newly faced end wall,
PA1  then continuing to slice said billet to provide a series of said washers,
      all said washers being the same size,
PA1  then assembling each said washer into a case by clamping it between said
      inner case and said outer case, and
PA1  then coining one face of each said washer under severe pressure to form
      permanent hydrodynamic means for returning leaked fluid.
NUM  11.
PAR  11. The method of claim 10 having the additional step after said coining of
      forming each said washer under pressure to deform the radially inner
      portion thereof permanently to a frustoconical shape, leaving an outer
      annular rim that is planar.
NUM  12.
PAR  12. A method for manufacturing an hydrodynamic oil seal incorporating a
      sealing element clamped between an inner case and an outer case having a
      cylindrical bore-engageable wall, said sealing element being made from a
      generally flat washer of polytetrafluoroethylene or the like, comprising
      the steps of:
PA1  clamping said washer between said inner and outer cases, and
PA1  then coining one face of each said washer to provide hydrodynamic means for
      returning leaked fluid.
NUM  13.
PAR  13. The method of claim 12 having the additional step after said coining of
      forming each said washer under pressure to deform the radially inner
      portion thereof to a frustoconical shape, leaving an outer annular rim
      that is planar.
NUM  14.
PAR  14. A method for manufacturing an hydrodynamic oil seal incorporating a
      sealing element clamped between an inner case and an outer case having a
      cylindrical bore-engageable wall, said sealing element being made from a
      generally flat washer of polytetrafluoroethylene or the like, and having
      an outer periphery of final desired size and an undersized inner
      periphery, comprising the steps of:
PA1  clamping said washer between said inner and outer cases,
PA1  then coining one face of each said washer to provide hydrodynamic means for
      returning leaked fluid, and
PA1  piercing said washer to provide the desired inner periphery concentric with
      said cylindrical wall,
PA1  said coining and piercing cooperating so that said hydrodynamic means leads
      from said inner periphery and extends for a desired width.
NUM  15.
PAR  15. The method of claim 7 having the additional step after said coining and
      piercing, of forming each said washer under pressure to deform the
      radially inner portion thereof to a frustoconical shape, leaving an outer
      annular rim that is planar.
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ABST
PAL  A method and apparatus for feeding a pair of wires in which the length of
      the fed wires may be varied relative to each other and also in which
      accurate positioning of the wires at the receiving station is
      accomplished. At the start of a cycle of operation the leading end
      portions of a pair of supply wires are engaged by wire clamp means
      immediately adjacent a wire support. The wire clamp means is then moved to
      an extended position to feed the leading end portions away from the wire
      support, and as the wire clamp means is being moved to its extended
      position a bight is formed in one of the wires to vary its length relative
      to the other wire. A trailing portion of the pair of wires is now cut and
      the insulation is stripped from the trailing end portions of the cut wires
      as well as the new leading end portions of the pair of supply wires.
      Subsequently the wire clamp means deposits the leading end of the pair of
      cut wires at a wire receiving station and then returns to a retracted
      position adjacent the wire support to engage the new leading end portions
      of the pair of supply wires. The wire support means is shiftable between
      extended and retracted positions and when in its extended position
      maintains the cut and stripped leading ends in an oriented manner. As the
      wire clamp means moves to its fully retracted position the wire support is
      shifted to its retracted position to expose the leading ends of the wires
      an amount sufficient to be properly grasped by the wire clamp means, the
      wires being exposed a very short interval of time whereby proper
      orientation of the wires is maintained with respect to the wire clamp
      means to insure very accurate engagement of the wires by the wire clamp
      means. The wire clamp means is of novel construction and is so designed
      that pairs of wires, which may be of differing diameters, can be
      accurately engaged at differing spacings between the center lines of the
      wires. In addition, the cutting and stripping mechanism incorporates novel
      features.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to an in-line processing apparatus
      and method wherein the leading ends of a pair of cut and stripped wires
      are delivered to a receiving station for subsequent securement to an
      electrical sub-assembly. More particularly, the present method and
      apparatus insures accurate placement of the leading ends at the receiving
      station, and consequently means are provided to insure accurate pick-up of
      the wires by the transfer mechanism of the apparatus. In addition, one of
      the two wires is lengthened relative to the other wire before it is cut
      from its source of supply.
PAC  BACKGROUND OF THE INVENTION
PAR  The apparatus disclosed in this application has been designed for an
      in-line processing system wherein wires are fed from a source of supply,
      cut, stripped, and accurately positioned at a receiving station for
      subsequent assembly to an electrical sub-assembly. It has been generally
      common in the prior art to cut and strip wires of either the same length
      or of differing lengths and to then batch these cut and stripped wires for
      subsequent securement to an electrical sub-assembly. Typical examples of
      this prior art are shown in U.S. Pat. No. 2,929,284 issued Mar. 22, 1960;
      U.S. Pat. No. 3,267,556 issued Aug. 23, 1966; and U.S. Pat. No. 3,653,412
      issued Apr. 4, 1972. While each of these patents is suitable for its
      intended purpose none of these patents have the capability of feeding the
      leading ends of wires to a receiving station wherein the wires have been
      cut from sources of supply and varied in length relative to each other. In
      addition, none of these patents has the capability of precisely engaging
      and positioning the leading end of a wire, the leading end to be
      subsequently associated with an electrical subassembly or the like.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a method and apparatus
      for feeding the leading ends of a plurality of wires to a receiving
      station, the wires being initially interconnected to a source of supply,
      varying the length of the wires with respect to each other between the
      leading end and an intermediate portion, and cutting the intermediate
      portion of the wires whereby wires of differing lengths may be delivered
      to a receiving station.
PAR  It is an additional object of the present invention to provide a method and
      apparatus for feeding wire wherein the leading or forward end portion of
      the wire is initially supported on a support in a controlled relationship
      to maintain proper orientation of the wire, the forward end portion of the
      wire being subsequently extruded forwardly of the support immediately
      prior to the time that it is grasped by wire clamping means which
      transfers it to a receiving station, the forward end portion of the wire
      having insufficient time to loose its orientation between the time it is
      extruded out of the support and the time it is grasped by the wire
      clamping means.
PAR  An additional object of the present invention is to provide novel wire
      clamping means which engage a pair of wires immediately forwardly of a
      support which slidably supports the wires, the wire clamping means
      maintaining the wires in accurate relationship with respect to each other.
PAR  It is a further object of the present invention to provide improved cutting
      and stripping means which operate in the path of wire clamp means which
      transfers the leading end of a wire from a support to a receiving
      station,the cutting and stripping means including a pair of jaws movable
      towards and away from each other, the cutting and stripping means
      initially being moved into an operating position by means which
      subsequently closes the normally open jaws to cut the wire.
PAR  The foregoing objects and other objects and advantages of this invention
      will be apparent to those skilled in the art after a consideration of the
      following detailed description taken in conjunction with the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat schematic view illustrating the initial starting
      position of various sub-assemblies of a machine in which the principles of
      the present invention are incorporated.
PAR  FIG. 2 is a view somewhat similar to FIG. 1 showing the commencement of a
      cycle of operation.
PAR  FIGS. 3 through 8 are views similar to FIGS. 1 and 2 and sequentially show
      various positions of the sub-assemblies during a cycle of operation.
PAR  FIG. 9 is a view similar to the preceding Figures and illustrates the
      completion of a cycle of operation.
PAR  FIG. 10 is a perspective view of a portion of the machine in which the
      principles of the present invention are incorporated, this view being
      taken from the right front side and showing the various parts when they
      are disposed in the FIG. 6 position.
PAR  FIG. 11 is a right side view of a machine shown in FIG. 10, various parts
      being shown in the position they occupy when in the FIG. 2 position.
PAR  FIG. 12 is an enlarged right side view of a portion of the machine shown in
      FIG. 11, this view illustrating a reciprocal carriage means which carries
      a wire clamp means and a wire engaging means and showing these parts in
      full lines in the FIG. 1 position and in broken lines in the FIG. 3
      position.
PAR  FIG. 13 is a right side view of a portion of the frame of the machine
      showing various guide tracks which support the reciprocal carriage means,
      this view illustrating the disposition of the guide tracks when the
      reciprocal carriage is in its FIG. 6 position.
PAR  FIG. 14 is a front end view of a portion of the machine, this view being
      taken generally along lines 14--14 in FIG. 11, the wire engaging means
      being omitted for purposes of clarity.
PAR  FIG. 15 is a fragmentary front view showing the jaws of the wire clamp
      means immediately before the leading ends of wires are engaged.
PAR  FIG. 16 is a side view of the jaws of the wire clamp means, this view being
      taken generally along the lines 16--16 in FIG. 15.
PAR  FIG. 17 is a left side view of a portion of the machine shown in FIGS. 10
      and 11, this view illustrating the disposition of the parts when they are
      in their FIG. 4 position.
PAR  FIG. 18 is a bottom view of the structure shown in FIG. 17, this view
      illustrating the disposition of the parts when in the FIG. 3 position.
PAR  FIG. 19 is a section of the cutting and stripping mechanism taken generally
      along the lines 19--19 in FIG. 11.
PAR  FIG. 20 is a view similar to FIG. 19, this view being taken generally along
      the lines 20--20 in FIG. 18.
PAR  FIG. 21 is also a sectional view of the cutting and stripping mechanism,
      this view being taken generally along the lines 21--21 in FIG. 17.
PAR  FIG. 22 is a sectional view through the wire gripping means, this view
      being taken generally along the lines 22--22 in FIG. 17.
PAR  FIGS. 23 and 24 are enlarged right side views of the shiftable support
      means, FIG. 23 showing the disposition of the support when in the FIG. 1
      position, and FIG. 24 showing the disposition of the support when in the
      FIG. 2 position.
PAR  FIG. 25 is a sectional view of the shiftable support means taken generally
      along the lines 25--25 in FIG. 23.
PAR  FIG. 26 is a sectional view of the machine taken generally along the lines
      26--26 in FIG. 18.
PAR  FIG. 27 is a sectional view of the cutting and stripping mechanism taken
      generally along the lines 27--27 in FIG. 21.
PAC  GENERAL DESCRIPTION AND SUMMARY OF OPERATION
PAR  The machine in which the principles of operation of the present operation
      are incorporated is indicated generally at 10 in FIGS. 10 and 11, the
      front end of the machine being disposed adjacent to a receiving station
      indicated generally at 12 in FIGS. 1 through 9. Various operating
      sub-assemblies are mounted on the machine, the sub-assemblies operating in
      such a manner as to cut and strip the leading and trailing ends of a pair
      of wires, to cause one of a pair of wires to be longer than the other, and
      to deposit the leading end of a pair of wires at the receiving station for
      subsequent assembly to an electrical device or the like disposed at the
      sub-assembly.
PAR  The various sub-assemblies carried by the machine include reciprocal
      carriage means indicated generally at A, the carriage means carrying wire
      clamp means indicated generally at B and wire engaging means indicated
      generally at C. Also mounted on the machine is a shiftable wire support
      indicated generally at D, wire gripper means indicated generally at E, and
      cutting and stripping means indicated generally at F. Means are provided
      for driving the various components, the means include a motor 14 mounted
      in the base frame 16 of the machine, the output shaft of the motor being
      interconnected with a gear box 18. The gear box 18 has in turn an output
      shaft 20 about which a sprocket 22 is secured, the sprocket 22 driving a
      second sprocket 24 by means of a drive chain 26. The second sprocket 24 is
      fixidly secured to a shaft 28 journalled for rotation in the frame of the
      machine. The shaft 28 carries a plurality of cams indicated generally at
      30, the cams 30 in turn driving the various sub-assemblies through various
      drive means.
PAR  A general summary of an operating cycle of the machine will now be
      described in connection with FIGS. 1 through 9. FIG. 1 illustrates the
      disposition of the various parts before a cycle of operation has been
      initiated. The reciprocal carriage means A is in its retracted position
      which also causes the wire clamp means B and the wire engaging means C to
      be in their retracted position. When in this position the shiftable wire
      support D will be held by the reciprocal carriage means in its retracted
      position and the leading end of a pair of supply wires 32, 34 will be held
      in engagement by the wire clamp means in an engaging zone indicated by
      bracket G. In addition, the cutting and stripping means F will be disposed
      in a retracted position (indicated by the broken lines) and the wire
      gripper means E will be disposed in a forward open position. The leading
      ends of the pair of wires 32, 34 have been stripped in a preceding cycle
      of operation of the machine, the stripping operation being shown in FIG.
      5. The wires 32, 34 extend from a source of supply which may be supply
      spools 36, 38 mounted in an appropriate manner adjacent the machine.
PAR  Upon initiation of the operation of the machine the carriage A, and
      consequently the wire clamp means B, and the wire engaging means C, will
      be caused to be moved a first amount to the forward end of the machine (to
      the left in FIG. 3). As the carriage means initially moves away from its
      retracted position shown in FIG. 1 towards the front of the machine the
      shiftable wire support D will be moved from its retracted position to an
      extended position shown in FIG. 2. As the carriage means A is moved
      further towards the forward end of the machine, wire engaging rollers
      carried by the wire engaging means C will be brought into contact with a
      selected wire of the pair of wires to progressively form a bight therein.
PAR  As the carriage and wire clamp means approach the receiving station 12 it
      will be arrested in a first intermediate position shown in FIG. 3 and the
      cutting and stripping means F will be moved transversely in a direction
      normal to the length of the wires to the extended position shown in full
      lines in FIG. 3. At the time the wire clamp means are stopped in their
      first intermediate position shown in FIG. 3 the wire gripper means E will
      engage the pair of supply wires 32, 34, this also being shown in FIG. 3.
      Subsequently, the cutting and stripping means will be closed to the
      position shown in FIG. 4 to cut the wires 32, 34 adjacent one end of the
      support D. The cut wires held by the wire clamp means B will now be
      referred to as cut wires 32a and 34a, and the wires 32, 34 which are still
      interconnected to their sources of supply 36, 38, respectively, will be
      referred to as new supply wires. by moving the carriage means and the wire
      clamp means forwardly to a second intermediate position and moving the
      supply wires rearwardly by moving the wire gripper means E from the
      forward or extended position shown in FIG. 4 to a rear or retracted
      position shown in FIG. 5 while maintaining the cutting and stripping
      mechanism in its operating position. As can be seen from FIG. 6 the cut
      leading end of the new supply wires projects forwardly of one end of the
      movable support D an amount insufficient to be properly engaged by the
      wire clamp means, the support means maintaining the leading ends in proper
      orientation for subsequent engagement by the wire clamp means.
PAR  The leading end portions of the cut wires 32a, 34a are now deposited at the
      receiving station by moving the wire clamp means downwardly relative to
      the carriage means A and the receiving station as indicated in FIG. 6. The
      receiving station with which this machine may be advantageously associated
      may be a station of a conveyor, at which station the bared leading end of
      the cut wires 32a, 34a are disposed in open barrel terminals 40 which
      extend outwardly of an electrical sub-assembly, which may be a bobbin 42
      carried by the conveyor, the conveyor being arrested at the receiving
      station so that the side walls of the open barrel terminals 40 can be
      crimped about the bared wires by a crimper 44 which is moved downwardly
      against an anvil 46, the details of the crimper 44 and anvil 46 not being
      material to the present invention.
PAR  After the crimper 44 has been brought down to bear against the anvil 46 it
      will be maintained in its down position as the wire clamp means B releases
      the leading end of the cut wires and is raised as indicated in FIG. 7. As
      the wire clamp means B is being raised and as it starts its rearward
      movement towards its retracted position the cutting and stripping means F
      will be opened and moved to its inoperative position, this being shown in
      broken lines in FIG. 7. As the wire clamp means continues its rearward
      movement to its retracted position the wire engaging rollers carried by
      the wire engaging means C will be shifted in a direction opposite to the
      direction they were shifted during the extension of the wire clamp means,
      and the wire gripper means E will be shifted from its rear position
      indicated by broken lines in FIG. 8 to its forward position indicated by
      the full lines in FIG. 8. Continued rearward movement of the carriage A,
      which carries the wire clamp means, and the wire engaging means, will
      cause the carriage A to bear against one end of the shiftable wire support
      D and when it initially contacts the shiftable wire support, the wire
      clamp means, and the wire engaging means will be disposed in a raised
      position as can be seen from FIG. 8. As the cycle is completed the wire
      clamp means is shifted rearwardly and downwardly to the retracted position
      shown in FIG. 9, this movement of the wire clamp means B causing
      corresponding rearward movement of the shiftable wire support D. The wire
      gripper means E will be maintained in their closed position until the
      shiftable wire support D has attained its rearward retracted position,
      this causing the leading end of the cut and stripped wires to be projected
      forwardly of the forward end of the shiftable wire support an amount
      sufficient to be engaged by the wire clamp means, the leading end portions
      of the supply wires now being disposed in an engaging zone forward of one
      end of the support. Prior to the completion of the cycle of operation the
      forward end of the supply wires 32, 34 are engaged by the wire clamp means
      and the wire gripper means E are opened. There is only a very small
      interval of time between the time the shiftable wire support is moved
      rearwardly and the time the leading ends of the wires are engaged, and
      during this small interval of time the wires maintain their proper
      orientation which has been imparted to them by the shiftable wire support.
PAC  RECIPROCAL CARRIAGE MEANS
PAR  Referring now principally to FIGS. 11, 12, 13, and 14, the reciprocal
      carriage means includes a casting 50, best shown in outline form in FIG.
      13. (In FIG. 13 the wire engaging means C is not shown mounted on the
      casting.) The casting 50 is provided with an upper lateral extension 52
      (FIG. 14), the extension receiving a vertically extending shaft 54 which
      extends upwardly above the upper surface of the extension 52. A guide
      block or shoe 56 is carried by the shaft 54, the guide block 56 being
      received within a guide rail 58 that is rigidly secured to the stationary
      main frame 60 of the machine 10 by cap screws 62. The casting 50 is also
      provided with lower lateral extension means 64 which carries a member 66
      having an inner cylindrical bearing surface, the member 66 riding upon a
      cylindrical guide rail 68. The cylindrical rail 68 is secured to the upper
      surface of a bracket 70, which is in turn secured to the main frame 60.
      The member 66 is slotted at its lower end to receive the bracket 70 as can
      best be seen from FIG. 14. The guide block 56 and member 66 permit the
      casting to be reciprocated on the main frame of the machine between a
      forward extended position and a rear retracted position and maintains the
      carriage in proper orientation with respect to the machine.
PAR  The carriage A is reciprocated by cam operated linkage means which include
      a bell crank 72 (FIG. 11) which is pivotally secured as at 74 to the main
      frame of the machine, one end of the bell crank carrying a cam follower 76
      which engages one of the cams 30, and the other end of the bell crank
      adjustably carrying a bracket 78 which is secured to one end of a first
      link 80 by a pivot pin 82. (By adjusting the bracket 78 the stroke of the
      carriage can be varied.) The other end of the link 80 is in turn pivotally
      interconnected to an intermediate portion of a second link 84 by means of
      a pivot pin 86. One end of the second link 84 is pivotally secured to the
      main frame of the machine by a pivot shaft 88 which passes through a
      bearing block 90. The other end of the second link 84 is in turn pivotally
      interconnected to a third link 92 by another pivot pin 94, and the other
      end of the third link is pivotally secured to one end of the casting 50 by
      pin 96. It can be appreciated from an inspection of FIG. 11 that as the
      cam follower 76 is moved away from the center line of the shaft 28 that
      the carriage A will be moved to its forward extended position. Similarly,
      as the cam follower is moved towards the center line of shaft 28 the
      casting 50 of the reciprocal carriage means A will be caused to be moved
      to its rear or retracted position. An air cylinder 98, which is
      interconnected to a source of low pressure air, has its anchor end mounted
      on the main frame of the machine and carries a rod 100 which is
      interconnected with the outer end of one arm of the bell crank by a pin
      102. The cylinder assembly 98, 100 normally biasing the cam follower 76
      upwardly into constant engagement with the cam track engaged by the cam
      follower 76.
PAC  WIRE ENGAGING MEANS
PAR  The wire engaging means C, which are best shown in FIGS. 10 and 12,
      includes a pair of wire engaging rollers 110, 112 which are mounted on the
      carriage means A in such a manner that they can be vertically shifted
      relative to each other in opposite directions. The rollers are disposed in
      a position spaced away from the wires and on opposite sides of the wires
      when the carriage means A is at its retracted position, as can best be
      seen from FIGS. 1 and in full lines in FIG. 12, and the rollers 110, 112
      are moved in opposite directions across the path of a selected wire to
      form a bight in the selected wire as the carriage means is advanced to its
      extended position. In this respect it should be noted that the rollers
      110, 112 are so disposed with respect to the wires that they will engage
      only one selected wire. The wire engaging rollers 110, 112 are mounted on
      a sub-frame 114 which is in turn secured to the casting 50 by fasteners
      116. The sub-frame is provided with forwardly extending upper and lower
      extensions 118, 120, respectively, each of the extensions 118, 120 being
      provided with spaced apart vertically extending bores which receive push
      rods 122, 124. The lower end of each of the push rods 122, 124 carries a
      laterally extending bracket 126 (FIG. 10) which has adjustably secured
      thereto at an end remote from the push rod a vertically extending bracket
      128 to which is journalled one of the rollers 110, 112. The rollers are
      caused to be moved upwardly or downwardly by a cam bar 130 having opposed
      upper and lower cam surfaces 132, 134, respectively, the cam bar 130 being
      interconnected to the stationary main frame 60 by a bracket 136. The
      rollers 110, 112 will be shifted vertically as the carriage A and
      sub-frame 114 are moved between forward extended and rear retracted
      positions. To this end cam followers 138, 140 are provided, the cam
      followers being adapted to engage the upper and lower cam surfaces 132,
      134, respectively. The cam followers 138, 140 are mounted on upper and
      lower laterally extending arms 142, 144, one end of each of the arms being
      in turn pivotally secured to a mounting bracket 146 by pivot pins 148, the
      mounting bracket in turn being secured to the sub-frame 114 by fasteners
      150. The other end of the upper arm 142 is in turn connected to the push
      rod 122 by a link 151, the upper end of the link being pivotally secured
      to the arm 142 by the pivot pin 152 which carries the cam follower 138,
      and the lower end of the link 151 is secured to an extension 154 of the
      push rod 122 by a pivot pin 156. The other end of the laterally extending
      arm 144 is similarly connected to the push rod 124 by a link 158, the
      upper end of which is pivotally interconnected to the outer end of the arm
      144 by a pivot pin 160 and the lower end of the link being in turn
      connected to an extension 162 of the push rod 124 by a pivot pin 164. As
      can be seen from an inspection of FIG. 12, as the carriage A and sub-frame
      114 are moved from their retracted full line position the cam followers
      138, 140 will be brought into initial engagement with the cam surfaces
      132, 134, respectively, and continued movement of the carriage A and
      sub-frame 114 to the extended broken line position will cause the wire
      engaging rollers 110, 112 to be moved upwardly and downwardly,
      respectively, to form a bight 166 in a selected wire 32. The cam followers
      138, 140 are held against the cam surfaces 132, 134, once initial contact
      has been made, by biasing the push rods and their associated cam followers
      towards the cam surfaces, the biasing action being imparted by springs
      168, 170 which are associated with push rods 122, 124 respectively. The
      upper end of the compression spring 168 will bear against a lower surface
      172 of the upper extension 118 and the lower end of the spring 168 will
      bear against a collar 174 which is secured to the push rod 122 by a
      fastener 176. Similarly, the lower end of the spring 170 will bear against
      an upper surface 178 of the lower extension 120 and the upper end of the
      spring 170 will bear against a collar 180 which is in turn secured to the
      push rod 124 by a fastener 182. As the carriage moves from its broken line
      position shown in FIG. 12 to its full line position the springs, acting
      through their associated collars, will continue to bias the cam followers
      138, 140 into contact with the upper and lower cam surfaces 132, 134 until
      the collars 174 and 180 contact surfaces of the extensions 120, 118,
      respectively, this movement of the carriage and sub-frame 114 causing the
      wire engaging rollers to be moved from their operative position to their
      inoperative position.
PAC  WIRE CLAMP MEANS
PAR  Referring principally to FIGS. 14 and 16, the wire clamp means B includes a
      vertically shiftable sub-frame 190 which is mounted in guide tracks (not
      shown) for vertical shifting movement relative to the carriage casting 50,
      the guide tracks being of generally conventional construction. The
      sub-frame 190 carries left and right jaw assemblies indicated generally at
      192 and 194, respectively, the jaw assemblies being shiftable between a
      closed position shown in FIG. 14 and an open position shown in FIG. 15.
      Means are provided to shift the sub-frame and the jaws vertically, the
      vertical shifting means being indicated generally at 196. In addition,
      separate jaw actuating means are provided for causing the jaws to be
      opened and closed, the jaw actuating means being indicated generally at
      198.
PAR  Each of the jaw assemblies 192, 194 include a principle portion indicated
      at 200, and an L-shaped extension portion 201. Each of the principle
      portions is supported for pivotal movement about pivot pins 202 carried by
      the shiftable sub-frame 190. Each of the principle portions 200 has a
      flexible arm 204 formed integral therewith, and each of the flexible arms
      204 carries a cam follower roller 206. Each of the principle portions also
      includes a rigid overhanging portion 208 which carries an adjustable set
      screw 210 which bears against the outer surface of the associated flexible
      arm 204 when the cam followers 206 are engaged by a vertically shiftable
      cam 212, the vertically shiftable cam having opposed cam surfaces 214
      which engage the rollers 206. When the vertical shiftable cam is moved to
      its lower position, shown in FIG. 14, the jaw assemblies will be biased to
      their closed position, and when moved to an upper position, not shown, the
      jaws will be biased to an open position. When the cam 212 is moved
      upwardly the cam followers 206 will be moved towards each other by
      compression spring means which are provided to normally bias the jaw
      assemblies 192, 194 to their open position. In this regard, it should be
      observed that recesses are provided in each of the extension portions 201,
      each of the recesses receiving one end of one of the compression springs
      216. In addition an anvil 218, which is secured to the sub-frame 190 by
      fasteners 220, is also provided with opposed recesses, the other end of
      each of the compression springs 216 being received in one of the opposed
      recesses.
PAR  Each of the L-shaped extension portions 201 carries a vertically adjustable
      block 224, the blocks having inclined inner surfaces 226 which cooperate
      with inclined surfaces 228 of the anvil 218 to clamp the wires 32, 34. As
      the anvil 218, which is rigidly secured by the fasteners 220 to the
      sub-frame 190, can be vertically shifted relative to the extension
      portions 201, and as the blocks 224 are also vertically adjustable
      relative to the extension portions, the spacing between the center lines
      of the wires 32, 34 may be varied.
PAR  The wires are properly positioned between the clamping surfaces 226, 228 by
      means of front and rear fingers 230, 232, respectively. Each of the
      finbers 230, 232 has a V-shaped opening or notch which initially engages
      the wire, the inclined inner surfaces of the V-shaped notches camming the
      wires into a centered position as shown in FIG. 14. As the rear fingers
      232 are disposed closely adjacent the wire support D, it is possible to
      utilize a narrow V-shaped notch, the inner surfaces 234 of the narrow
      V-shaped notch of the rear members engaging the wires if they are disposed
      above or below their plane of proper orientation and either lifting or
      depressing the wires a sufficient amount so that the forward ends of the
      wires, which are spaced further away from the wire support can be properly
      engaged by the inner surfaces 236 of the open V-shaped notches of the
      front fingers for proper orientation between the clamping surfaces 226,
      228.
PAR  As previously noted, the cam 212 can be vertically shifted. To this end, a
      shoe or slid block 238 is rigidly secured to one side of the cam 212 by a
      fastener 240, the shoe 238 being received within a vertically shiftable
      guide track 242. The guide track is caused to be vertically shifted by
      means of a pair of bell cranks 244, (FIG. 13), the bell cranks 244 rocking
      about pivots 246 carried by brackets 248 which are in turn secured to the
      stationary main frame 60. One end of each of the bell cranks is
      interconnected with the guide track 242 by interconnecting structure 250
      and the other end of each of the bell cranks 244 is pivotally secured by
      spaced apart pivots 252 to a longitudinally shiftable rod assembly 254.
      The rod assembly 254 is in turn connected with one of the cams 30 in such
      a manner that the jaw assemblies 192, 194 may be opened and closed at the
      proper times during the cycle of the machine. The cam 212 is supported for
      vertical shifting movement within a channel in the sub-frame 190, the
      channel being in part defined by vertically extending side frame members
      256, 258 which are part of the sub-frame 190.
PAR  The sub-frame 190 is caused to be moved within the vertically extending
      guide track in a manner similar to the manner in which the jaws are caused
      to be opened and closed. Thus, the sub-frame 190 carries a shoe or slide
      block 260 which is secured to the sub-frame by a fastener 262, the slide
      block being received within a vertically shiftable guide track 264. The
      guide track 264 is supported by spaced apart bell cranks 266 (FIG. 13)
      which are journalled about pivots 268 carried by bracket 270, the bracket
      270 being in turn secured to the stationary main frame 60 by fasteners
      272. One end of each of the bell cranks is interconnected with the guide
      track 264 by interconnecting means 274 and the other end of each of the
      bell cranks is pivotally secured by spaced apart pivots 276 to a rod
      assembly 278. The other end of the rod assembly is in turn interconnected
      with one of the cams 30 for proper vertical shifting of the guide track
      264 during the cycle of the machine.
PAR  As brought out above, the leading ends of the cut wires 32a, 34a are moved
      downwardly after their trailing ends have been stripped to position the
      stripped leading ends between spaced apart sidewalls of an open barrel
      terminal at the receiving station. After the sidewalls of the terminal
      have been crimped about the bared ends of the leading wires it is then
      necessary to raise the wire clamp means an amount in excess of the amount
      which it was moved down to position the wires within the open terminals in
      order for the various parts of the wire clamp means to clear the assembly
      during rearward movement of the wire clamp means. Once the carriage starts
      its rearward movement the wire clamp means could be moved down to its
      initial operative position. However, it has been found desirable to
      maintain the wire clamp means in its raised position until the rear end of
      the anvil 218 has moved beyond the leading end of the new supply wire and
      then to subsequently move it downwardly. FIG. 15 shows the relationships
      between the wire clamp means B and the wires when the wire clamp means is
      in its raised position and also in its operative position, the raised
      position relationship being indicated by the wires shown in broken lines,
      and the operative position relationship being indicated by the wires shown
      in full lines. It should be appreciated that if the leading ends of the
      wires 32, 34 were askew and if the wire clamp means was in its operative
      position rather than in its raised position, than there then would be a
      much greather likelihood that the ends would be contacted by the wire
      clamp means as it moves to its fully retracted position.
PAC   SHIFTABLE WIRE SUPPORT
PAR  Referring now principally to FIGS. 23, 24, and 25, the shiftable wire
      support B includes a shiftable member 280 which is mounted for reciprocal
      movement on a mounting member 282 which is in turn secured to the
      stationary frame 60 by fasteners 284. The mounting member 282 is provided
      with two spaced apart laterally outwardly projecting portions 286, each of
      the portions 286 being provided with bushings 288. In this regard, it
      should be observed that the shiftable member 280 is provided with a
      generally rectangular recess indicated by the broken lines 290, the recess
      receiving the front portion 286. A cylindrical recess is provided in the
      shiftable member 280, forward of the recess 290, the cylindrical recess
      receiving the forward end of a cylindrical rod 292 in snug relationship,
      the forward end of the rod 292 being secured in place in the cylindrical
      recess by a set screw 294. An intermediate portion of the rod 292 is
      securely supported by a wall 296 disposed to the rear of the recess 290.
      Thus, the rod 292 is securely mounted in the shiftable member 280. One
      portion of the rod is disposed within the forward bushing 288 and the rear
      end of the rod is supported in the rear bushing 288. The rod 292 acts as
      the principle means by which the shiftable member 280 is mounted on the
      mounting frame 282 for sliding movement between a forward extended
      position shown in FIG. 24 and a rear retracted position shown in FIG. 23.
      A shoe 298 prevents the shiftable member 280 from rotating about the axis
      of the rod 292, the shoe 298 being mounted on the upper surface of the
      member 280 and riding within a track formed by an overhanging portion of
      the mounting frame 282 and a plate 300 which is secured to the overhanging
      portion by fasteners 302. This construction can best be seen from FIG. 25.
      The shiftable member 280 is normally biased to its forward extended
      position by a compression spring 304 which is disposed about one end of a
      rod 306, the rear end of the rod 306 extending into a recess 308 on the
      mounting frame member 282. One end of the spring 304 bears against the
      bottom 310 of the recess 308 and the other end of the spring bears against
      a nut 312 on an intermediate portion of the rod. The forward end of the
      rod extends through a recess 314 between one of the laterally outwardly
      extending portions 286 and the shiftable member 280, and the forward end
      of the rod is provided with an abutment surface 316 for the reasons which
      will be more fully brought out below. The forward position of the rod 306
      can be adjusted by rotating the rod 306, a threaded portion of the rod
      being engaged by a nut 318 which is in turn secured to shiftable member
      280.
PAR  The shiftable member 280 is adapted to support a pair of wires and to this
      end it is provided with a forward extension 320 which carries a pair of
      thin wall guide tubes 322, 324, each of which receives one of the pair of
      wires 32, 34. Furthermore, another portion of the shiftable member 280
      carries two additional guide tubes 326, 328, the additional guide tubes
      being mounted in place by mounting plates 330 which are held in place by
      flat head screws 332. Between the guide tubes 322, 324 and the guide tubes
      326, 328 there is provided a recessed area indicated generally at 334, the
      recessed area receiving a portion of the wire gripper means in the manner
      shown in FIGS. 1 through 9.
PAR  The normal position of the parts is shown in FIG. 24 and it can be seen
      that the compression spring 304 acting between the surface 310 and the nut
      312 will bias the reciprocal support member 280 to its forward extended
      position until a stop 336, which is secured to the rearward end of the rod
      292 by a set screw 338, contacts the rear surface 340 of the rear
      laterally outwardly extending portion 286. When the reciprocal carriage
      means A and the wire clamp means B are moved to the retracted position an
      abutment surface 342 of the carriage casting 50 will contact the abutment
      surface 316. Movement of the carriage A from the position wherein the
      abutment surface 342 initially contacts the abutment surface 316 to the
      fully retracted position shown in FIG. 23 will cause corresponding
      rearward shifting movement of the wire support means 280. As can be seen
      from a comparison of the full line position shown in FIG. 8 and the
      position shown in FIG. 9, the pair of wires 32, 34 are held from movement
      relative to the frame 60 by the wire gripper means E, and the forward end
      of the wires will be caused to be projected forwardly of the guide tubes
      322, 324. By employing the guide tubes 322, 324 it is possible to so
      arrange the parts that the guide tubes can actually extend a small
      distance into the cutting and stripping mechanism F to insure proper
      orientation of the wires carried by the tubes prior to the cutting and
      stripping operation. While this feature is not shown in the drawings, it
      should be appreciated that the mechanism which carries the cutting and
      stripping blade extends to either side of the blades, and that, by
      employing the guide tubes, the guide tubes can be inserted into the
      mechanism to a point just behind the rear side of the rear stripping
      blade.
PAC  WIRE GRIPPER MEANS
PAR  Referring principally to FIG. 22 but also to FIGS. 17, 18, and 26, the wire
      gripping means E includes first and second jaw means indicated generally
      at 350 and 352, respectively. The first jaw means 350 are mounted on a
      tool saddle 353 which is adjustably interconnected to the stationary main
      frame means 60, the first jaw means being mounted for movement between
      forward extended and rear retracted postions, and the second jaw means 352
      are pivotally mounted on the first jaw means in a manner which will be
      more fully brought out below. Compression spring means 354 are disposed
      between the jaw means 350 and 352 and normally bias the jaw means 350, 352
      to their open position shown in FIGS. 1, 2, and 9; and means, indicated
      generally at 356, are provided to selectively bias the jaw means to their
      closed position.
PAR  The first jaw means 350 includes a principle portion indicated generally at
      358, the principle portion being supported on the stationary frame 60 for
      longitudinal reciprocal movement. To this end the principle portion is
      provided with two spaced apart vertically extending portions 360 (FIG. 26)
      which carry bushings 362, the bushings being slidably disposed about a
      guide rod 364 which is secured in spaced apart locations to the frame 60.
      In addition, the principle portion 358 carries a shoe 366 (FIG. 22) which
      is slidably received within a guide track 368 which is also secured to the
      tool saddle 353. A cylindrical rod 370, having a reduced end portion 371,
      is received within spaced apart aligned cylindrical apertures of the
      principle portion 358 and is pinned in place by means of a roll pin or the
      like 372. The forward portion (to the right in FIG. 26) of the principle
      portion 358 is provided with a vertically extending slot 374 open at the
      bottom, the portions to either side of the slots 374 having cylindrical
      apertures which receive the reduced end portion 371 of the rod 370.
PAR  The lower jaw means include a principle portion 376 which carries a bushing
      378, the principle portion 376 being disposed within the slot 374 with the
      bushing being journalled about the reduced end portion 371 of the rod 370.
PAR  The principle portions 358 and 376 are each provided with cylindrical
      recesses 380 and 382 to the right side of the reduced end portion 371 of
      the rod 370 as viewed in 22. The compression spring 354 is disposed in the
      cylindrical recesses 380, 382 and normally biases the jaw means to their
      open position.
PAR  Upper and lower jaw extensions 384, 386, respectively, are removably
      mounted on the sides of the principle portions 358, 376, the jaw
      extensions 384, 386 being operable to engage the pair of wires 32, 34 when
      the lower jaw means 352 is biased to a closed position. The means 356
      which selectively biases the lower jaw means to its closed position with
      respect to the upper jaw means includes a tubular push rod 388 having a
      lower engaging surface 390 which rides on the surface of a roller 392, the
      roller being journalled about a pin 394 carried by the left hand side (as
      viewed in FIG. 22) of the principle portion 376 of the lower jaw means.
      Mounted within the tubular push rod 388 is a cylindrical rod 396, the rod
      being provided with a vertically extending slot 398. A pin 400 extends
      through the slot 398 and is secured to either side of the tubular push rod
      388. The cylindrical rod 396 is normally biased to its upper position by a
      compression spring 402 which extends between the lower surface 404 of the
      cylindrical rod and the bottom surface 406 of the tubular push rod. A bell
      crank 408 (FIG. 17) is pivotally mounted as at 410 on the stationary main
      frame 60 of the machine, and one end 412 of the bell crank normally bears
      against the upper surface 414 of the cylindrical rod 396. When the end 412
      of the bell crank 408 is moved to its lower position shown in full lines
      in FIG. 22, the compression spring 402 will be compressed forcing the
      surface 390 downwardly to cause the lower jaw 352 to pivot about the
      cylindrical rod 370 to dispose the upper and lower jaw extensions 384, 386
      in their wire engaging position. In this connection, it should be noted
      that the spring rates of the spring 354 and 402 are so selected that when
      the end 412 of the bell crank is in its lower position the jaw means will
      be caused to be closed. However, when the end 412 of the bell crank is in
      its raised position indicated by the broken lins in FIG. 22, the spring
      354 will override the spring 402 causing the jaw means to be moved to
      their open position.
PAR  Adjustable means are provided to limit the movement of the second jaw means
      to its closed position to prevent undue force from being applied to the
      wires which are to be gripped, the adjustable means comprising the set
      screw 416 which is threaded into an extension 418 of the principle portion
      358, the set screw being locked in an adjusted position by a lock nut 420.
      A hardened pin 422 is press fitted into an aperture within the principle
      portion 376, the lower end of the hardened pin being adapted to contact
      the upper surface of the set screw when the jaws are in their closed
      position as shown in FIG. 22.
PAR  The other end 424 of the bell crank 408 is pivotally secured by means of a
      pivot pin 426 to a split clamp 428 which is in turn secured to a shift rod
      430 by means of fasteners 432. One end of the shift rod is connected with
      one of the cams 30 in such a manner that the jaw means will be moved
      between their open and closed position at the appropriate time during the
      cycle of operation of the machine, the manner in which the shift rod 430
      is interconnected to one of the cams 30 not being material to the present
      invention.
PAR  Means are provided to shift the wire grippers or jaw means between forward
      and rear positions. The wire gripper shifting means includes a link 434
      (FIG. 26), one end of which is secured about a pivot pin 436 which is
      carried by the principle portion 358 of the upper jaw, and the other end
      of the link 434 is interconnected to one of the cams 30 in a manner not
      material to the present invention, the cam imparting the desired
      longitudinal shifting movement to the jaw means. It should be noted at
      this point that only a relatively small longitudinal movement is imparted
      to the wire grippers, this movement being necessary to strip the
      insulation from the leading end of the new supply wires after they have
      been cut. This movement is customarily within the range of 6 to 7
      millimeters, but can be varied as required. The surface 390 has sufficient
      longitudinal extent that it will be maintained in engagement with the
      roller 392 during such shifting movement.
PAC  CUTTING AND STRIPPING MEANS
PAR  Referring principally to FIGS. 19 through 21, but also to FIGS. 17, 18 and
      27, the cutting and stripping means includes a sub-frame in the form of a
      slide 440 which is mounted for transverse movement relative to the
      stationary main frame 60 and a pair of upper and lower jaws indicated
      generally at 442, 444, the jaws being mounted on the sub-frame for
      movement with the sub-frame in a direction generally perpendicular to the
      length of the wires 32, 34, the jaws also being mounted for movement
      towards and away from each other in a direction also normal to the length
      of the wires and also generally perpendicular to the direction of movement
      of the slide 440. As can best be seen from FIGS. 17 and 27, the sub-frame
      440 is provided with a pair of oppositely disposed extensions 446 which
      are received within a track formed by tool saddle 353 and track forming
      members 450 secured to the tool saddle 353, the tool saddle 353 being
      adjustably secured to the stationary main frame 60. As can be seen from a
      comparison of FIGS. 19 and 20 the sub-frame or slide 440 can be moved
      between a retracted position shown in FIG. 19 and an extended position
      shown in FIG. 20. To this end, a pair of rods 452 having threaded ends 454
      are disposed within cylindrical recesses 456 of the sub-frame, the
      threaded ends 454 being screwed into threaded apertures 458. Compression
      springs 462 are disposed about each of the rods 452, one end of each of
      the compression springs bearing against the end 460 of a cylindrical
      recess 456, and the other end of each of the springs 462 bearing against
      surface 464 of a plate 466. The ends 468 of the rods 452 remote from the
      threaded ends 454 extend through two spaced apart cylindrical apertures in
      plate 466. Abutment surfaces 470 are carried by the ends of the rods 468,
      and the abutment surfaces will bear against the other surfaces 472 of the
      plate 466 when the parts are disposed in the position shown in FIGS. 19
      and 20. The abutment surface may be the inner surface of a nut and washer
      assembly screwed onto a threaded extension of the rod.
PAR  The slide is provided with a recessed area 474 between the portions which
      form the cylindrical recess 456, the recessed area 474 receiving a member
      476. The left hand end of the member 476 (as viewed in FIG. 19) is secured
      to the plate 466 by fasteners 478. A slot 480 is formed in the member 476,
      and the slide 440 is also provided with an opening in communication with
      the slot 480. A pin 482 is carried by the member 476 and passes through
      the slot. A bearing member 484, which has a generally rectangular outer
      surface as can best be seen in FIG. 18, is journalled about the pin 482. A
      rock arm 486, which has one end secured to a rock shaft 488, has a
      bifurcated outer end 490 which is disposed within the slot 480 about the
      bearing 484. By causing the rock shaft 488 to be rotated it should be
      apparent that there would be corresponding movement of the end 490 of the
      rock arm and similar corresponding movement initially of the member 476
      and of the slide 440. Thus, when the parts are disposed in the position
      shown in FIG. 19, movement of the end 490 of the rock arm in the direction
      indicated by the arrow 492 in FIG. 19 will cause the slide 440 to move
      from its retracted position to its extended position shown in FIG. 20. It
      should be ovserved at this point that the rock arm can continue to move in
      the same direction from the position shown in FIG. 20 to the position
      shown in FIG. 21, but during this movement of the rock arm movement of the
      slide 440 is arrested. The movement of the slide is arrested by a stop 494
      which is carried at one end of a screw 496 which is threaded through an
      aperture in the slide 440, the screw being held securely in place by a
      locking nut 498. The stop 494 will contact an abutment 500 formed on the
      saddle 353 to limit further movement of the sub-frame 440 to the right
      during continued movement of the rock arm 486 in the direction indicated
      by the arrow 492.
PAR  Further movement of the rock arm 486 after the parts have attained their
      position shown in FIG. 20 will cause the jaws 442, 444 to be moved from
      their open position shown in FIG. 20 to their closed position shown in
      FIG. 21. The upper and lower jaw assemblies 442, 444 have principle
      positions 502, 504, respectively, both of these portions being provided
      with means whereby they may be journalled for rocking movement about the
      axis of a pivot rod 506. To this end, it should be observed that the slide
      440 is provided with spaced apart sidewall members 508 (FIG. 27) which
      carry bushings 510, the end of the pivot rod 506 being received within the
      bushings 510. The upper jaw is provided with two spaced apart downwardly
      extending portions 512 which are also journalled about the bushings 510,
      and the principle portion 504 of the lower jaw is provided with an
      upwardly extending intermediate portion 514 which is secured to the pivot
      rod 506 by means of a fastener 516. The left side (as viewed in FIGS. 19
      through 21) of each of the principle portions 502, 504 are provided with
      substantially identical cam follower mechanisms, these cam follower
      mechanisms including flexible arms 518 which carry cam follower rollers
      520, the flexible arms 518 in turn abutting against adjustable set screws
      522 of overhanging portions 524 of the principle portion. To the right of
      the pivot rod 506 each of the principle portions 502, 504 is provided with
      a recess (no number) which receives a compression spring 526. The
      compression spring 526 will bias the cam followers into engagement with
      opposed cam surfaces 528 formed on a leading end of a member 476, the
      opposed cam surfaces having a wedge shaped configuration. It should be
      obvious, that as the member 476 is moved from the position shown in FIG.
      20 to the position shown in FIG. 21 that as the slide 440, and therefore
      the pivot rod 506, cannot advance further to the right, the wedge shaped
      cam surfaces 528 will force the cam followers 520 apart to in turn cause
      compression of the spring 526 and to move cutting and stripping mechanisms
      530 and 532 towards each other, the cutting and stripping mechanisms 530,
      532 being carried by the right hand ends of the principle portions 502,
      504, respectively. The cutting and stripping mechanisms 530, 532 do not
      per se form a part of this invention, but it should be observed that each
      of the cutting and stripping mechanisms 530, 532 carries a cutting blade
      and spaced apart wire strippers. Upper and lower cutting blades 534, 536,
      respectively, (shown only in outline form in FIGS. 1 through 9) serve to
      cut the wires 32, 34 as the cutting and stripping mechanism 530, 532 are
      moved towards each other. In addition, insulation stripping blades 538
      serve to sever the insulation about the wires and to strip the insulation
      from the ends of the wires as the ends of the wires are pulled away from
      each other in the manner shown in FIG. 5.
PAR  Referring now principally to FIG. 17, the rock shaft 488 is journalled for
      rocking motion within a cylindrical portion 540 of the stationary main
      frame 60, the upper end of the rock shaft 488 being secured to one end of
      a crank arm 542 which rests on a thrust bearing 544, the other end of the
      crank arm being interconnected to a shift rod 546 in a generally
      conventional manner. When the parts are in the position shown in FIG. 19
      and the shift rod 546 is caused to be moved in the direction indicated by
      the arrow 548, the member 476 will be caused to be moved in the direction
      indicated by the arrow 492. Initial movement will shift the parts from the
      position shown in FIG. 19 to the position shown in FIG. 20, and continued
      movement of the crank arm in the direction of the arrow 492 will then
      cause the jaws 502, 504 to be closed to position the cutting and stripping
      mechanisms 530, 532 in the operative cutting and stripping position. In
      achieving this compound motion it should be observed that less force is
      required to compress the springs 462 to impart movement to the slide from
      the position shown in FIG. 19 to the position shown in FIG. 20 than is
      required to compress the spring 526 to close the jaws 530, 532. Therefore,
      the slide will move from its retracted position shown in FIG. 20 before
      the jaws will be closed. When the rock arm 486 is moved from the position
      shown in FIG. 21 to the position shown in FIG. 19 the jaws 530, 532 will
      initially open, and then the slide 440 will be shifted to the left.
PAR  The operation of the apparatus which has been fully described above should
      be apparent to those skilled in the art from a consideration of the
      detailed description above taken in conjunction with the preceding summary
      of operation. It should again be observed, however, that the lengths of
      the wires 32, 34 are varied relative to each other as the wires are moved
      to the receiving station 12 by engaging one of the wires 32 by the roller
      112 to form a bight therein and cutting an intermediate portion of both of
      the wires 32, 34 between the portion which is engaged to form a bight and
      the source of supply of the wires. It should also again be observed that
      the leading or forward end portion of the wires 32, 34 after they have
      been cut and stripped are initially substantially fully supported in the
      guide tubes 322, 324 on the shiftable support B in a controlled
      relationship to maintain proper orientation of the leading ends of the
      wires 32, 34 with respect to each other. Thus, after the leading ends have
      been cut and stripped the ends are supported by the guide tubes in an
      oriented manner with only a very small increment of the end portions
      extending beyond the guide tubes. If a portion of the wires 32, 34 having
      insulation thereon were to extend beyond the guide tubes 322, 324, the
      insulation on the wires might cause the wires to sag, or to distort due to
      the plastic memory of the insulation, which memory may have been imparted
      to the plastic insulation by the manner in which the wires were stored.
      The leading ends of the wires are exposed in an unsupported manner only
      immediately prior to the time they are engaged, the leading end of the
      wires being exposed by shifting the guide tubes 322, 324 rearwardly as the
      surface 342 of the carriage casting 50 contacts the surface 316 of the
      shiftable support. As the time interval between the time the leading ends
      of the wires are exposed and the time they are engaged is very short, the
      leading end portions of the wires have insufficient time to distort before
      the wire clamp means B engages the insulation of the wires immediately
      behind the stripped end portions. By engaging the leading end portions of
      the wires in the foregoing manner it is possible to maintain accurate
      orientation of the leading ends of the wires as they are picked up by the
      wire clamp means and then to transfer the leading end portions of the
      wires to a receiving station and to place them at the receiving station in
      an accurate manner. The foregoing is further achieved by the employment of
      the novel wire clamping means which maintains wires 32, 34 in accurate
      relationship with respect to each other.
PAR  While a preferred structure in which the principles of the present
      invention have been incorporated are shown and described above, it is to
      be understood that the invention is not to be limited to the particular
      details, shown and described above, but that, in fact, widely differing
      means may be employed in the practice of the broader aspects of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for feeding a plurality of wires of differing lengths to a
      receiving station, said method comprising the steps of:
PA1  initially supporting the leading end portion of each of a plurality of
      wires at a first location, each of said plurality of wires being initially
      interconnected to a source of supply;
PA1  engaging the leading end portion of each of said plurality of wires and
      simultaneously moving the leading end portion of each of said plurality of
      wires away from said first location to a second location adjacent a
      receiving station;
PA1  engaging an intermediate portion of a selected wire after the leading end
      portion of each of the plurality wires has been moved away from said first
      location to cause the length of the selected wire between the leading end
      and the first location to be increased relative to the other wires of said
      plurality of wires; and
PA1  cutting said plurality of wires at a location between the intermediate
      portion of the selected wire and the first location to cause the cut
      plurality of wires to be of differing lengths.
NUM  2.
PAR  2. The method set forth in claim 1 wherein spaced apart opposed sides of
      the intermediate portion of the selected wire are engaged and moved in
      opposed directions generally normal to the length of the wire whereby the
      length of the selected wire is increased relative to the other wires of
      said plurality of wires.
NUM  3.
PAR  3. The method set forth in claim 1 wherein the intermediate portion of the
      selected wire is engaged and moved in a direction generally normal to the
      length of the wire at the same time the leading end portion of each of the
      wires is being moved away from said first location to a second location
      adjacent the receiving station.
NUM  4.
PAR  4. A method of feeding and cutting lengths of wires which are to be
      deposited at a receiving station and engaging new wires which are to be
      subsequently fed and cut, said method comprising the following steps:
PA1  providing movable wire clamp means and a support which is shiftable between
      an extended position and a retracted position, the support slidingly
      confining the leading end of a supply wire, and the support being held in
      a retracted position when the leading end of the supply wire is initially
      engaged by wire clamp means at an engaging zone forwardly of the forward
      end of the support;
PA1  moving the wire clamp means and the engaged leading end of the supply wire
      away from the engaging zone a first amount to position the leading end of
      the supply wire adjacent a receiving station and also causing the forward
      end of the support to be moved away from its retracted position through
      the engaging zone and a second amount less than the first amount;
PA1  cutting a portion of the supply wire adjacent the forward end of said
      support to form cut and new supply wires, a substantial portion of the
      leading end portion of the new supply wire being confined from distortion
      and held in an oriented position by the support;
PA1  releasing the leading end of the cut wire at the receiving station and then
      moving the wire clamp means towards the engaging zone until it is in a
      position closely adjacent the forward end of said support;
PA1  holding said supply wire from movement while moving the wire clamp means to
      the engaging zone and simultaneously moving the support to its retracted
      position to cause the leading end of the supply wire to be projected
      forwardly of the forward end of the support; and
PA1  engaging the leading end portion of the supply wire which has been
      projected forwardly of the forward end of the support by the wire clamp
      means at the engaging zone before the leading end of the supply wire has
      time to distort.
NUM  5.
PAR  5. The method set forth in claim 4 further characterized by the following
      additional steps of:
PA1  cutting insulation to either side of the cut portion of the wire by moving
      insulation severing blades into a cutting position;
PA1  stripping insulation from either side of the cut portion by maintaining the
      insulation severing blades in their cutting position while moving the cut
      and new supply wires in opposed first and second directions, respectively,
      to strip the insulation from opposed ends of the cut and supply wires; and
PA1  moving the leading end of the supply wire in a direction opposite to said
      second direction to reposition the cut end of said supply wire in said
      oriented position before the wire clamp means attains the position closely
      adjacent said one end of the support.
NUM  6.
PAR  6. An apparatus for feeding a plurality of wires of differing lengths to a
      receiving station, said apparatus comprising:
PA1  support means operable to initially support the leading end portion of each
      of a plurality of wires which extend away from a source of supply;
PA1  clamp means operable in an initial position to engage each of the leading
      end portions and to simultaneously move the leading end portions away from
      the support means to a location adjacent said receiving station;
PA1  engaging means operable to engage a selected wire of said plurality of
      wires between the clamp means and the support means, said engaging means
      causing the length of the selected wire between the clamp means and the
      support means to be increased relative to the length of the other wires of
      said plurality of wires between the clamp means and the support means; and
PA1  cutting means operable to cut said plurality of wires between said support
      means and said engaging means whereby the cut wires are of differing
      lengths.
NUM  7.
PAR  7. The apparatus set forth in claim 6 in which said engaging means includes
      means operable to form a bight in said selected wire.
NUM  8.
PAR  8. The apparatus set forth in claim 6 in which said engaging means includes
      a pair of laterally spaced apart opposed wire engaging rollers, said
      rollers initially being disposed at locations spaced away from the sides
      of said selected wire when clamp means is disposed in said initial
      position, said engaging means further including means operable to move
      said rollers in opposed directions generally normal to the length of said
      selected wire to engage said wire in spaced apart locations and to move
      the engaged portions of said wire generally normal to the length of said
      wire.
NUM  9.
PAR  9. The apparatus set forth in claim 6 further characterized by the
      provision of reciprocal carriage means movable between an initial position
      adjacent said support means and another position adjacent said receiving
      station, said clamp means and said engaging means being carried by said
      reciprocal carriage means.
NUM  10.
PAR  10. The apparatus set forth in claim 9 further characterized by the
      provision of cam means, there being relative movement between the cam
      means and the reciprocal carriage means during said movement of the
      carriage means; and in which said engaging means includes a plurality of
      wire engaging rollers disposed on opposite sides of said selected wire,
      cam follower means, and linkage means interconnecting said cam follower
      means with said wire engaging rollers, said cam follower means being
      engagable with said cam means during movement of said carriage means
      whereby said plurality of wire engaging rollers are moved by said linkage
      means in such a manner as to cause the wire engaging rollers to engage
      said selected wire as the carriage means is moved away from said support
      means.
NUM  11.
PAR  11. The apparatus set forth in claim 10 wherein said cam means comprises a
      stationary cam bar having upper and lower opposed cam surfaces, and said
      cam follower means includes a pair of cam followers, one of said cam
      followers being engagable with the upper cam surface and the other of said
      pair of cam followers being engagable with the lower cam surface.
NUM  12.
PAR  12. The apparatus set forth in claim 10 in which said engaging means
      includes a sub-frame mounted on said carriage means, said linkage means
      includes a pair of laterally extending arms pivotally secured to said
      sub-frame, each of said pair of arms carrying one of said plurality of cam
      followers, and a pair of spring biased push rods supported by said
      sub-frame, the upper end of each of said push rods being interconnected to
      a laterally outwardly extending portion of an associated arm, said push
      rods being operable to bias said pair of cam followers into engagement
      with said cam means, and the lower end portion of each of said push rods
      carrying at least one of said plurality of wire engaging rollers.
NUM  13.
PAR  13. A wire feed apparatus comprising:
PA1  a frame;
PA1  wire clamping means mounted on said frame for relative shifting movement
      between extended and retracted positions, said wire clamping means being
      operable to initially engage the leading end portion of a wire when the
      wire clamping means is in its retracted position, to maintain engagement
      of the wire as the wire clamping means is shifted to the extended
      position, and to release the leading portion of the wire when the wire
      clamping means is in the extended position whereby the wire is caused to
      be fed;
PA1  wire support means operable to slidably support said wire, said wire
      support means being mounted on said frame for relative shifting movement
      between an extended position and a retracted position and operable to be
      shifted to its retracted position in response to movement of said wire
      clamping means to its fully retracted position; and
PA1  wire gripping means mounted on said frame and operable to selectively grip
      said wire and hold it from relative movement with respect to said frame as
      said wire support means is shifted to its retracted position whereby the
      leading end portion of the wire is caused to be projected forwardly of one
      end of said wire support means in proper orientation an amount to be
      properly engaged by the wire clamping means as it completes its movement
      to its retracted position.
NUM  14.
PAR  14. The wire feed apparatus set forth in claim 13 in which said wire
      support means is normally spring biased to its extended position.
NUM  15.
PAR  15. The wire feed apparatus set forth in claim 14 in which said wire
      support means and said wire clamping means are provided with first and
      second abutment means, respectively, the parts being so arranged and
      constructed that the abutment means will be brought into contact with each
      other during movement of said wire clamping means to its fully retracted
      position, further movement of the wire clamping means towards its fully
      retracted position after the abutment means have been brought into contact
      with each other causing corresponding movement of the wire support means.
NUM  16.
PAR  16. The wire feed apparatus set forth in claim 13 in which said wire
      gripper means includes
PA1  first jaw means mounted for sliding movement on said frame;
PA1  second jaw means pivotally interconnected to said first jaw means and
      movable relative to first jaw means between open and closed positions;
PA1  means operable to normally bias second jaw means to its open position;
PA1  means selectively operable to bias said second jaw means to its closed
      position; and
PA1  adjustable means to limit the movement of the second jaw towards its closed
      position whereby wires of differing diameters may be securely held between
      the first and second jaw means without unduly damaging the wires.
NUM  17.
PAR  17. A wire feeding apparatus comprising:
PA1  a frame;
PA1  support means mounted on the frame for shiftable movement between extended
      and retracted positions, said support means being operable to slidably
      support the leading end portion of a wire;
PA1  gripper means operable to hold said wire from movement relative to said
      frame during movement of the support means from its extended position to
      its retracted position;
PA1  gripper mounting means operable to mount said gripper means on said frame;
PA1  clamp means and means mounting the clamp means on said frame for shifting
      movement between extended and retracted positions, said clamp means being
      operable to engage said leading end portion of said wire when in a
      retracted position and to move the engaged leading end portion away from
      the support means as the clamp means is moved to its extended position;
PA1  shifting means operable to shift said support means to its retracted
      position as said clamp means is moved to its fully retracted position to
      cause a leading end portion of said wire to be projected forwardly of the
      leading end of said support means whereby said clamp means accurately
      engages the wire; and
PA1  means mounted on said frame and operable to cut an intermediate portion of
      said wire adjacent the leading end of said support means after said
      leading end portion has been moved away from the support means to form an
      additional leading end portion which does not initially project forwardly
      of said support means an amount sufficient to be properly engaged by said
      clamp means.
NUM  18.
PAR  18. An apparatus for accurately feeding the leading end of a plurality of
      cut wires to a receiving station, each of said cut wires having initially
      been interconnected to a source of supply; said apparatus comprising:
PA1  a frame;
PA1  support means mounted on the frame for shiftable movement between extended
      and retracted positions, said support means being operable to slidably
      support the cut leading end portions of a plurality of supply wires which
      extend away from a source of supply;
PA1  gripper means mounted on the frame and selectively operable to hold said
      plurality of supply wires for movement relative to said support means;
PA1  clamp means and means interconnecting said clamp means with said frame and
      operable to move the clamp means from an initial retracted position
      adjacent the leading end of said support means through intermediate
      positions to a final extended position at said receiving station, said
      clamp means being operable to engage said cut leading end portions of said
      plurality of supply wires when said clamp means is in said initial
      retracted position and to move said leading end portions in a generally
      linear path away from said support means as said clamp means is moved
      towards its final extended position;
PA1  wire cutting means interconnected with said frame and operable to cut an
      intermediate portion of said wires closely adjacent said support means
      when said clamp means is in a first intermediate position to form a
      plurality of cut wires carried by said clamp means, said plurality of
      supply wires having new leading ends oriented by said support means for
      subsequent engagement of said clamp means and extending beyond the leading
      end of the support means an amount insufficient to be properly engaged by
      said clamp means; and
PA1  first and second abutment means on said support means and said clamp means,
      respectively, and so arranged and constructed that as the clamp means is
      moving to its retracted position the first and second abutment will be
      brought into contact with each other before said clamp means attains its
      fully retracted position, and further movement of the clamp means to its
      fully retracted position will cause corresponding movement of the support
      means whereby the new leading end portions of said supply wires will be
      projected forwardly of the leading ends of the support means an amount
      sufficient to be properly engaged by the clamp means.
NUM  19.
PAR  19. The apparatus set forth in claim 18 in which said wire cutting means is
      associated with a pair of oppositely disposed insulation cutting means,
      and in which the clamp means is moved forwardly from a first intermediate
      position to a second intermediate position to strip the cut insulation
      from the trailing end of said cut wires, and further characterized by the
      provision of means operable to move said gripper means rearwardly to strip
      insulation from the new leading ends.
NUM  20.
PAR  20. The apparatus set forth in claim 19 in which said wire cutting means
      and said pair of oppositely disposed insulation cutting means includes
      structure mounted on a pair of jaws movable towards each other as said
      wires and insulation are cut, said jaws being mounted on said frame for
      movement in a direction normal to the movement of the jaws towards each
      other, the parts being arranged and constructed that said jaws are in a
      position spaced away from the path of the leading ends of the wires when
      said clamp means is moved from its initial retracted position.
NUM  21.
PAR  21. The apparatus set forth in claim 18 in which the means operable to move
      the clamp means first moves the clamp means away from its fully retracted
      position after the leading end of the wires have been engaged by the clamp
      means in a first linear path to a position adjacent said receiving station
      and subsequently moves the clamp means towards its retracted position in a
      second generally linear path spaced above the first path, said clamp means
      being moved downwardly at the completion of the movement of the clamp
      means towards its fully retracted position.
NUM  22.
PAR  22. In a wire feed apparatus including a main frame, a wire support mounted
      on said main frame and adapted to slidably support a wire, and wire
      clamping means mounted on said frame for longitudinal movement from a
      retracted position immediately adjacent said wire support to an extended
      position remote from said support;
PA1  the combination therewith of
PA1  cutting and stripping means adapted to cut an intermediate portion of said
      wire in a location between the wire support and the extended position of
      the wire clamping means and to strip insulation from opposed ends of said
      cut wire, said cutting and stripping means including
PA1  a sub-frame mounted for transverse movement on said main frame between
      retracted and extended positions,
PA1  a pair of jaws pivotally mounted on said sub-frame and movable between open
      and closed positions, said jaws carrying cutting and stripping structures,
      and
PA1  single actuator means movable from an initial position through an
      intermediate position to a final position, said actuator means being
      operable to move the sub-frame from its retracted position to its extended
      position as the actuator is moved from its initial position to its
      intermediate position, and the actuator then being operable to move the
      jaws from their open position to their closed position as the actuator is
      moved from its intermediate position to its final position.
NUM  23.
PAR  23. In a wire feed apparatus including
PA1  a main frame,
PA1  a wire support mounted on said main frame and adapted to slidably support a
      pair of wires, and
PA1  a receiving station,
PA1  the combination therewith of
PA1  wire clamp means mounted on said frame for relative shifting movement
      between a forward extended position and a rearward retracted position,
      said wire clamping means being operable to initially engage the leading
      end portion of a pair of wires when the wire clamp means is in its
      retracted position, to maintain engagement of the pair of wires as the
      wire clamp means is shifted to the extended position, and to release the
      leading end portion of the pair of wires when the wire clamp means is in
      the extended position, said wire clamp means including
PA1  a sub-frame mounted on said frame for movement between forward extended and
      rear retracted positions;
PA1  an anvil carried by said frame and having opposed wire engaging surfaces;
PA1  a pair of jaws pivotally mounted on said sub-frame for movement between
      open and closed positions, each of said jaws having a wire engaging
      surface in alignment with a corresponding wire engaging surface on the
      anvil when the jaws are in their closed position and each jaw also
      including front and rear wire centering members having generally V-shaped
      wire centering notches;
PA1  means operable to close said jaws to trap said pair of wires to either side
      of said anvil, each of said wires being held between one of the opposed
      surfaces of the anvil and the corresponding wire engaging surface of the
      jaw; and
PA1  means operable to open said jaws.
NUM  24.
PAR  24. The apparatus set forth in claim 23 in which said means operable to
      open said jaws are compression spring means which normally bias said jaws
      to an open position; and in which said means operable to close said jaws
      is a shiftable cam bar having opposed cam surfaces, each of said jaws
      being provided with a cam follower which is spring biased into engagement
      with said cam bar by said compression spring means.
NUM  25.
PAR  25. The apparatus set forth in claim 23 in which said anvil is adjustable
      mounted on said sub-frame, said opposed surfaces of the anvil being
      disposed at an angle to each other, and in which each of the wire engaging
      surfaces of the jaws are on vertically shiftable blocks, said blocks being
      adjustably mounted on said jaws for movement relative to said wire
      centering members, the parts being so arranged and constructed that the
      spacing between the engaged pair of wires may be varied by adjusting the
      disposition of the anvil and said blocks.
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ABST
PAL  A chassis and tilt bed support structure for a tilt bed trailer, with the
      chassis being comprised of a pair of elongated frame beams widely spaced
      apart at their rear ends by a distance substantially coinciding with the
      axle length and bent inwardly towards each other at their forward ends to
      provide a pair of relatively closed spaced, parallel, front beam segments
      on which the front ends of a pair of parallel, truck body support beams
      are supported. The body support beams are pivotally mounted on the rear
      end of the chassis; and a single pole drawbar and trailer hitch assembly
      is rigidly secured to the forward end of the closely spaced, front beam
      segments of the chassis.
PARN
PAR  This is a division, of application Ser. No. 439,397, filed Feb. 4, 1974,
      now U.S. Pat. No. 3,908,644.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention is directed to an improved chassis and tilt bed support
      structure for a tilt bed trailer, particularly characterized by a chassis
      frame structure so sized and shaped as to place the weight of the truck
      body and cargo substantially directly over widely spaced wheels, while at
      the same time providing solid support for the more closely spaced tiltable
      body support beams and permitting the solid, rigid mounting of a single
      pole drawbar of the gooseneck type to the front end of the chassis.
PAR  These basic objectives and advantages are realized by forming the chassis
      structure from a pair of laterally spaced, elongated frame beams which are
      bent inwardly to their forward ends to form a pair of relatively widely
      spaced rear beam segments, a pair of intermediate beam segments angling
      inwardly and forwardly, and a pair of relatively closely spaced, parallel,
      front beam segments. The closely spaced front beam segments are spaced
      apart by a distance equal to the lateral spacing between elongated body
      support beams pivotally attached to the rear of the chassis frame beams;
      and the front beam segments of the chassis and the body support beams are
      vertically aligned, with the front ends of the body support being
      supported on said front beam segments of the chassis when the tilt bed is
      in its downwardly pivoted travel position.
PAR  The closely spaced front beam segments of the chassis structure also
      provide a solid, compact mounting means for the base end of a single pole
      drawbar. This is advantageously accomplished by using rearwardly angling
      strut beams welded to the base end of the drawbar to attach the drawbar
      assembly to the front ends of the closely spaced front beam segments.
PAR  A particularly advantageous aspect of my invention resides in the
      manufacturing process of forming and fabricating the aforesaid chassis
      structure. This is accomplished in an efficient and effective way by the
      use of a special bending and welding jig and fixture on which the two
      chassis frame beams are initially positioned in laterally spaced, parallel
      relation to each other. With the rear end segments of the frame beams
      restrained on the fixture, the unrestrained front ends of the frame beams
      are bent inwardly towards each other against a first, forward set of stops
      and then against a second set of more rearwardly disposed stops to form a
      pair of closely spaced, parallel front beam segments interconnected with
      the more widely spaced rear beam segments by a pair of inwardly and
      forwardly angling beam segments. The inner, base end of a drawbar
      subassembly is then welded to the front ends of the aforesaid, closely
      spaced front beam segments. These and other objects and advantages of my
      invention will become readily apparent as the following description is
      read in conjunction with the accompanying drawings wherein like reference
      numerals have been used to designate like elements throughout the several
      views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a tilt bed trailer incorporating the
      chassis and bed support structure of this invention;
PAR  FIG. 2 is a top, plan view, partially in section, taken along lines 2--2 of
      FIG. 1, and showing the chassis and bed support structure;
PAR  FIG. 3 is a vertical section view taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a vertical section view taken along lines 4--4 of FIG. 2;
PAR  FIG. 5 is a vertical section view taken along lines 5--5 of FIG. 2;
PAR  FIG. 6 is a fragmentary, perspective view showing the pivotal attachment of
      the tilt bed frame to the chassis; and
PAR  FIG. 7 is a schematic, plan view showing the method of forming the frame
      beams for the chassis.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, I have shown in FIGS. 1 and 2 a tilt bed
      trailer embodying the improved chassis and tilt bed support structure of
      this invention. The trailer body is generally designated by reference
      numeral 1 and is supported on a pair of elongated, laterally spaced
      support beams 2 and 4 affixed to the underside thereof. Body support beams
      2 and 4 are joined together at spaced points along their length by a
      plurality of transverse bar members 6, 8, and 10 to form a rigid tilt bed
      frame.
PAR  Underlying the tilt bed frame in supporting relation thereto is a chassis
      structure generally indicated by reference numeral 12. The chassis
      structure 12 is comprised of a pair of elongated, laterally spaced frame
      beams 14 and 16 which extend lengthwise of the truck body and are
      interconnected at longitudinally spaced points by a plurality of crossbar
      members 18, 20, 22 and 24. As is indicated in FIG. 5, these crossbar
      members are preferably tubular steel segments. For reasons hereinafter
      explained, frame beams 14 and 16 of chassis 12 are formed as shown in FIG.
      2 to provide a pair of relatively widely spaced rear beam segments 14a,
      16a, a pair of intermediate beam segments 14b, 16b which angle inwardly
      and forwardly from the front ends of rear beam segments 14, 16, and a pair
      of relatively closely spaced front beam segments 14c, 16c extending
      forwardly from their juncture points with the front ends of intermediate
      beam segments 14b, 16b.
PAR  For the purpose of pivotally supporting the tilt bed frame comprised of
      body support beams 2, 4 and transverse bar members 6, 8, and 10 extending
      therebetween, downwardly extending, apertured bracket arms 26 and 28 are
      attached to the rear, outside faces of support beams 2 and 4, as most
      clearly appears in FIGS. 2, 4 and 6. Bracket arms 26 and 28 are received
      between first and second sets of pivot ears 30 and 32 attached to the back
      of rear crossbar member 24 of the chassis frame structure. Pivot pins 34
      and 36 extending through pivot ears 30, 32 and bracket arms 26, 28 define
      horizontal axes about which body support beams 2 and 4 may be pivoted
      upwardly and downwardly to raise and lower the tilt bed and truck body 1
      resting thereon.
PAR  The tilt bed frame may be raised and lowered at its forward end to pivot
      support beams 2 and 4 about pivot pins 34 and 36 by various types of lift
      means conventionally employed on tilt bed trailers. By way of example, I
      have illustrated a scissors type of lift device in FIGS. 1, 2 and 3, the
      lift device being actuated by a hydraulic cylinder 38. Hydraulic cylinder
      38 has its piston attached to a first set of scissors lift arms 40 which
      are pivotally connected to the second set of scissors lift arms 42 by a
      pivot pin 44. Upwardly extending lift arms 40 are pivotally attached at
      their forward ends to a pair of bracket ears 46 by means of a pivot pin
      extending therebetween. Bracket ears 46 are secured between transverse bar
      members 6 and 8 of the tilt bed frame and depend downwardly therefrom in
      the manner shown in FIG. 3 to provide an attachment means for the front
      end of the tilt bed frame to lift arms 40. The downwardly extending lift
      arms 42 of the scissors lift are pivotally attached to a bottom pivot bar
      48 secured between front beam segments 14c and 16c of the chassis frame
      structure. Lift cylinder 38 likewise is pivotally attached at its base end
      to bottom pivot bar 48. This scissors lift assembly operates in a well
      known way to raise and lower the front end of the tilt bed frame, as
      required to unload a cargo from truck body 1.
PAR  As may be noted by reference to FIG. 2, front beam segments 14c, 16c of the
      chassis frame structure are laterally spaced apart by a distance
      substantially equal to the lateral space between body support beams 2 and
      4, and are in vertical alignment therewith. This particular, close spacing
      of front beam segments 14c, 16c permits these straight beam segments to
      serve as support members for the forward ends of body support beams 2 and
      4. Thus, when the tilt bed frame is swung downwardly to its travel
      position shown in solid lines in FIG. 1, the forward ends of body support
      beams 2 and 4 will be supported along a substantial portion of their
      lengths on top of chassis front beam segments 14c and 16c. Cushioning pads
      50 and 52 shown in FIGS. 2 and 3 are attached to the top faces of front
      beam segments 14c and 16c to serve as seats for the forward ends of body
      support beams 2 and 4. With reference to FIGS. 2 and 4, it may be noted
      that the rear end portions of body support beams 2 and 4 lie between rear
      beam segments 14a and 16a of the chassis structure in inwardly spaced
      relation thereto, the rear pivot support of body support beams 2 and 4 on
      chassis rear cross beam 24 serving to support the rear end of the body
      support beams 2 and 4.
PAR  Trailer axle 58 shown in FIG. 2 in phantom lines has wheels 60 and 61
      mounted on its opposite ends. Rear beam segments 14a and 16a of the
      chassis structure are laterally spaced apart a predetermined distance
      substantially equal to the length of axle 58 so that rear beam segments
      14a and 16a will be supported on axle 58 in immediate proximity to wheel
      60 and 61 in the manner shown in FIG. 2. This arrangement ensures that the
      weight load of truck body 1 and its cargo will be substantially directly
      transmitted to wheels 60 and 61, thereby avoiding any undue bending stress
      on relatively small diameter axle 58.
PAR  For the purpose of attaching the tilt bed trailer to a tow vehicle, hitch
      means in the form of a so-called gooseneck drawbar 64 is mounted on the
      front end of chassis frame beams 14 and 16. Drawbar 64 is of mono-pole
      construction and is comprised of a forward, upright segment 66 connected
      by a horizontal drawbar member 68 with a rear, upright stanchion 70. The
      three drawbar segments 66, 68 and 70 define together a substantially
      U-shaped drawbar unit having a coupling member 72 secured to the bottom of
      forward drawbar segment 66. Coupling member 72 may be of any type. For
      example, a socket type of coupling member may be utilized for attachment
      to a ball joint coupling provided on a tow vehicle. The cooperating hitch
      members for such gooseneck trailers are now commonly provided on the bed
      of pickup trucks.
PAR  The segments of the gooseneck drawbar 64 may be formed from tubular steel,
      as is indicated with respect to upright drawbar stanchions 70 in FIG. 2. A
      particularly solid, load transmitting attachment of drawbar 64 to chassis
      beams 14 and 16 is accomplished by means of short strut beams 74 and 76
      which are welded to the opposed faces of the inner, base end of rear
      drawbar stanchion 70. Strut beams 74 and 76 angle rearwardly and outwardly
      from the opposite faces of upright drawbar stanchion 70 and are affixed,
      as by welding, at their outer ends to the forward, inside faces of front
      beam segments 14c and 16c of the chassis frame structure.
PAR  It will thus be seen that by bending the front ends of chassis beams 14 and
      16 inwardly, a pair of straight, parallel, closely spaced front beam
      segments 14c and 16c are provided which advantageously serve the dual
      function of providing extended, longitudinal support for the pivotal body
      support beams 2 and 4, and also provide a solid, effective attachment
      means for a gooseneck type of drawbar. The close spacing of front beam
      segments 14c and 16c of the chassis structure permits the use of
      relatively short, sturdy strut beams 74 and 76 to secure upright drawbar
      stanchion 70 to these front beam segments. The relatively short,
      rearwardly angling strut beams 74 and 76 can withstand stress well, and
      are not subjected to undue bending stress, as would be the case with
      relatively long connecting beams required to extend from centrally located
      drawbar stanchion 70 to the widely spaced chassis beams normally employed
      on truck trailers.
PAR  In FIG. 7 I have illustrated schematically a preferred method of forming
      and fabricating the chassis structure on a special welding and bending jig
      and fixture. Elongated chassis frame beams 14 and 16 are initially secured
      in place in laterally spaced, parallel relation to each other in the
      manner shown in FIG. 7. Rear beam segments 14a and 16a are restrained
      against outward movement by holding members 78 and 80 bearing against the
      outside faces thereof. The front ends of frame beams 14 and 16 are
      unrestrained, and are spaced laterally outwardly from first and second
      sets of stop members 82 and 84. The forward set of stop members 82 are
      positioned between the frame beams 14 and 16 adjacent the front end
      thereof a predetermined distance inwardly; and the second set of stop
      members 84 is positioned rearwardly from stop members 82 in alignment
      therewith in a lengthwise direction with respect to the frame beams 14 and
      16. This arrangement of the stop members 82 and 84 in alignment with each
      other ensures that the front beam segments 14c and 16c will be straight,
      and parallel with each other. Prior to the bending of the front ends of
      the frame beams 14 and 16, crossbar member 22 is secured, as by welding,
      intermediate the ends of the frame beams at predetermined bend points
      defined by the outer contact points of crossbar 22 with beams 14 and 16.
      Rear crossbar member 24 may also be welded in place between the rear ends
      of frame beams 14 and 16 prior to the bending operation.
PAR  The inward bending of the front ends of the frame beams is accomplished by
      a pair of oppositely disposed hydraulic cylinders 86 and 88 having piston
      heads 87 and 89. The pistons of hydraulic cylinders 86 and 88 are extended
      to bring their heads 87 and 89 against the outside faces of frame beams 14
      and 16 at predetermined pressure points. The further extension of the
      hydraulic cylinder pistons causes an inward, laterally directed bending
      force to be applied to framebeams 14 and 16 intermediate their front ends
      and crossbar member 22, this force being applied through hydraulic
      cylindners 86 and 88 until the front ends of beams 14 and 16 contact the
      first set of laterally spaced stop members 82. Continued application of
      this inwardly directed bending force causes further bending of the front
      ends of frame beams 14 and 16 until intermediate portions thereof adjacent
      the pressure points of piston heads 87 and 89 engage the second set of
      laterally spaced stop members 84. This final bending step forms inwardly
      and forwardly angling, intermediate beam sections 14b and 16b, as is
      illustrated with respect to intermediate beam section 16b in FIG. 7. The
      first bending step in which the frame beams are bent inwardly about the
      bend points defined by crossbar member 22 is illustrated in FIG. 7 with
      respect to frame beam 14.
PAR  The fabrication of the chassis structure is completed by welding additional
      tie members between frame beams 14 and 16. It will be noted that crossbar
      member 22 is disposed at the first bend joint between intermediate beam
      segments 14b, 16b and rear beam segments 14a, 16a. An additional tie
      member in the form of crossbar 20 is welded between front beam segments
      14c and 16c immediately adjacent to their juncture points with
      intermediate beam segments 14b and 16b at the location shown in FIG. 7.
PAR  The drawbar unit 64 is preferably prefabricated as a sub-assembly prior to
      attachment to the forward ends of chassis beams 14 and 16. The base end of
      upright drawbar stanchion 70 is positioned in a centrally aligned location
      between the longitudinal extent of front beam segments 14c and 16c and the
      outer, free ends of rearwardly and outwardly projecting strut beams 74 and
      76 are welded to the forward ends of front beam segments 14c and 16c along
      the inside faces thereof as shown in FIGS. 2 and 7. A plate 90, shown in
      FIG. 2, may then be welded under strut beams 74 and 76 and the forward
      ends of front beam segments 14c and 16c to serve as an additional tieing
      member, and also to serve as a platform on which components of the
      hydraulically actuated lift apparatus may be mounted.
PAR  I anticipate that various changes and modifications may be made in the
      size, shape, and structural arrangement of the trailer chassis and bed
      support structure disclosed herein without departing from the spirit and
      scope of my invention as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of fabricating a chassis structure for a truck trailer
      comprising the steps of:
PA1  securing a pair of elongated frame beams in place in laterally spaced,
      parallel relation to each other in a fixture with holding means bearing
      against the outside faces of said frame beams at rear end portions
      thereof, with the front ends of said frame beams unrestrained and spaced
      laterally, outwardly from a first set of laterally spaced stop members
      positioned between said frame beams adjacent the front end thereof and a
      second set of laterally spaced stop members positioned between said frame
      beams rearwardly from said first set of stop members in alignment
      therewith in a lengthwise direction with respect to said frame beams;
PA1  fastening a crossbar member between opposed bend points on said frame beams
      intermediate their ends;
PA1  applying opposed, laterally directed bending forces to the outside faces of
      said frame beams at opposed pressure points intermediate the front ends of
      said frame beams and said crossbar member in an inward direction and
      bending the front ends of said frame beams inwardly towards each other
      about said opposed bend points established by said crossbar member until
      the front ends of said frame beams engage said first set of stop members;
      thence
PA1  applying continuing, opposed bending forces at the same opposed pressure
      points in an inward direction on the outside faces of asid frame beams and
      further bending the front ends of said frame beams inwardly intermediate
      said first crossbar member and said first set of stop members until
      intermediate portions on the front ends of said frame beams adjacent said
      pressure points engage said second set of stop members, thereby forming a
      pair of laterally spaced frame beams having a pair of parallel, relatively
      widely spaced rear beam segments, a pair of intermediate beam segments
      angling inwardly and forwardly from their juncture points with said rear
      beam segments, and a pair of parallel, front beam segments extending
      forwardly from their juncture points with said intermediate beam segments
      and laterally spaced more closely together than said rear beam segments;
      and
PA1  fastening additional tie members between said frame beam members to
      rigidize said chassis structure.
NUM  2.
PAR  2. A method of fabricating a chassis structure is defined in claim 1
      wherein:
PA1  a tie member in the form of a crossbar is secured between said front beam
      segments immediately adjacent to their juncture points with said
      intermediate beam segments.
NUM  3.
PAR  3. A method of fabricating a chassis structure as defined in claim 1, and
      further including:
PA1  prefabricating a drawbar subassembly by welding a pair of strut beams to
      opposite sides of the inner, base end of a single pole drawbar in
      outwardly and rearwardly angling relation thereto; thence
PA1  positioning said base end of said drawbar assembly in a centrally aligned
      location between the longitudinal extent of said front beam segments of
      said frame beams; and
PA1  securing the outer, free ends of said strut beams to the forward ends of
      said front beam segments.
PATN
WKU  039395545
SRC  5
APN  5294053
APT  1
ART  325
APD  19741204
TTL  Surface thermocouple
ISD  19760224
NCL  7
ECL  1
EXP  Tupman; W. C.
NDR  3
NFG  31
INVT
NAM  Finney; Philip F.
CTY  Villa Park
STA  IL
ASSG
NAM  Thermo-Couple Products Company, Inc.
CTY  Winfield
STA  IL
COD  02
RLAP
COD  74
APN  447961
APD  19740304
PSC  01
PNO  3874239
CLAS
OCL   29573
XCL   29591
EDF  2
ICL  B01J 1700
FSC   29
FSS  573;576;591
UREF
PNO  3069752
ISD  19621200
NAM  Sherning
OCL   29573
UREF
PNO  3143439
ISD  19640800
NAM  Hansen
OCL   73359
UREF
PNO  3466200
ISD  19690900
NAM  Mellor
OCL   29573
UREF
PNO  3477122
ISD  19691100
NAM  Hamrick
OCL   29573
UREF
PNO  3553827
ISD  19710100
NAM  Baker
OCL   29573
LREP
FRM  Lockwood, Dewey, Zickert & Alex
ABST
PAL  A surface thermocouple assembly including a metal sheath having
      thermocouple conductors extending therethrough in spaced relation from
      each other and from the sheath by electrical insulating material, an
      opening in the sheath wall at the hot junction end and through which the
      conductors are extended, a ceramic plug receiving the conductors and
      mounted in the opening, a fusion weld of the conductors outside the plug,
      and a V-shaped pad with a knife-shaped edge integrally formed at the
      junction end. The thermocouple is made from a length of sheathed
      thermocouple conductors by forming a keyhole slot at the junction end,
      removing the insulation around the conductors, bending the conductors
      through the opening of the keyhole slot, mounting a ceramic plug in place,
      fusion welding the ends of the conductors outside the plug to define the
      thermojunction, inserting a metal end plug at the junction end, welding
      closed the slot and the end plug in position, and building up a V-shaped
      welded pad at the hot junction end. Thereafter, mounting of the
      thermocouple assembly onto a surface for which the temperature is to be
      monitored includes the positioning of the hot junction end onto the tube
      with the knife-shaped edge of the pad in engagement with the tube, and
      providing void-free welds between the pad and the tube such that the
      distance between the thermojunction and the tube surface is substantially
      less than the distance between the junction and the closest free surface
      of the mounting welds.
PARN
PAR  This is a division, of application Ser. No. 447,961, filed Mar. 4, 1974,
      now U.S. Pat. No. 3,874,239.
BSUM
PAR  This invention relates in general to a thermocouple assembly, and more
      particularly to a thermocouple assembly for measuring surface
      temperatures, and still more particularly to a surface thermocouple
      assembly for measuring the temperatures of heat exchanger tubes for
      heaters or furnaces, and still more particularly to a method of making an
      improved surface thermocouple, and still more particularly to an improved
      surface thermocouple assembly in combination with a tube of a heat
      exchanger and the method of mounting the assembly on the tube.
PAR  The thermocouple assembly of the present invention is primarily intended
      for obtaining accurate temperature measurement of fired heat exchanger
      tubes in order to provide optimum safe and efficient operation. For
      example, it is important to accurately measure the tube skin or surface
      temperature of heat exchanger tubes in heaters for refineries where
      petroleum is being heated for refining operations in order to maintain
      optimum product flow through the heat exchanger at all times, and prevent
      tube rupture or damage. Specifically, obtaining accurate tube wall
      temperature measurements permits the operator to adjust the operating
      conditions of the heater so that maximum allowable temperatures are not
      exceeded while at the same time obtaining maximum product flow through the
      heat exchanger even with the existence of tube fouling.
PAR  Many factors make it difficult to obtain accurate temperatures of refinery
      heater tubes with the use of thermocouples since the thermocouples must be
      mounted on the tubes where high temperature gases and flame are
      encountered. These gases and flame may be up to 600.degree.  to
      800.degree. F. hotter than the heater tube at the point of measurement. It
      should be appreciated the gases and flame are deleterious to the materials
      of the thermocouple's assemblies and heat transferred along the assemblies
      to the point of attachment by the gases and flame tend to cause the
      thermocouple to be responsive to the temperature of these gases and flame
      rather than the tube wall. These situations prevent the efficient product
      flow rate through the tubes.
PAR  Heretofore, thermocouple assemblies used for monitoring tube wall
      temperatures of heat exchangers have not been sufficiently accurate and
      reliable due to the design and the manner in which the assemblies have
      been mounted on the tube walls. Also, insufficient protection has been
      given to known thermocouple assemblies to withstand the gases and flames
      in a heater.
PAR  Surface thermocouples such as those illustrated in U.S. Pat. No. 1,140,701
      and 2,607,808 have not been satisfactory since they do not properly
      isolate the thermocouple conductors from the combustion gases of the
      heaters. Accordingly, early failure and inaccurate temperature monitoring
      is experienced.
PAR  It has been proposed that shielding of thermocouple assemblies protects
      thermocouple conductors and the thermojunction from the effects of gases
      and flame, as in U.S. Pat. No. 2,048,680 and 2,048,681, but such
      arrangements have not been satisfactory because of difficulties in
      obtaining leakproof welds at the point of attachment of the shield to the
      tube. Further, the shield being in the form of a tubular member is
      necessarily massive and of a large physical size to accommodate the
      ceramic insulators and thermocouple conductors such that it is difficult
      to provide expansion loops, and further a "shadow" is cast on the tube by
      the large shield, preventing the absorption of part of the radiant and
      conductive energy. Moreover, the interior of the tubular shield having a
      temperature gradient therealong causes convection of gases which draws in
      contaminates such as refinery gases and moisture that tends to deteriorate
      the conductors and thermojunction.
PAR  One specific pad-type thermocouple assembly heretofore known and
      illustrated in U.S. Pat. No. 3,143,439 is unsatisfactory since the pad is
      secured to the tube wall by depositing a weld bead at the periphery of the
      pad which causes arching and separation of the pad from the tube wall
      surface. This creates a void or gas gap that is thermally resistive,
      thereby causing the hot junction of the assembly tube more responsive to
      the gases and flame temperature and less responsive to the tube wall
      temperature, which results in a temperature readout higher than that of
      the tube wall. Ultimately, this would in turn prevent operating the heater
      with the optimum product flow through the heat exchanger, thereby
      decreasing the overall efficiency of the heat exchanger.
PAR  The present invention avoids the problems heretofore known in providing a
      surface thermocouple assembly which obtains the maximum thermal
      conductivity between the hot junction or sensing end of the assembly and
      the tube wall of a heat exchanger and at the same time minimizing
      thermoconductivity between the hot junction and the gases and flame.
      Accordingly, the thermocouple will respond to the actual tube wall
      temperature and not the gases temperature to provide an accurate and
      reliable temperature readout so that the heater can be operated to provide
      maximum product flow and efficiency while at the same time preventing tube
      damage or failure. The present invention creates a long heat path between
      the gases and thermocouple hot junction and a shorter direct heat path
      between the hot junction and the tube wall.
PAR  The thermocouple assembly of the invention includes sheathed thermocouple
      conductors between the cold junction or reference end and the hot junction
      or sensing end and a pad formed on the hot junction end integrally with
      the sheath and so the pad can be thereafter attached by welding to a
      heater tube wall with void-free welding such that the distance between the
      thermojunction and the tube wall is substantially less than the distance
      between the thermojunction and the nearest surface subjected to the high
      temperature gases and flame. The assembly is made by performing operations
      on a length of insulated and sheathed thermocouple conductors in a manner
      hereinafter described. The shape of the pad is unique and such as to
      permit the proper mounting to a tube wall to accomplish the objectives of
      obtaining long life, accurate and reliable operation.
PAR  It is therefore an object of the present invention to provide a new and
      improved surface thermocouple assembly for monitoring the temperature of
      heat exchanger tubes and particularly tubes heated by combustion gases.
PAR  Another object of this invention is in the provision of an improved surface
      thermocouple assembly for heat exchanger tubes which provides long life,
      accurate and reliable operation, together with ease of installation so
      that such operation can be obtained.
PAR  A still further object of the invention resides in the provision of an
      improved thermocouple assembly which may be installed on heat exchanger
      tubes with relative ease by conventional welding operations.
PAR  Still another object of the invention is to provide an improved
      thermocouple assembly and a method of making the assembly wherein the
      thermocouple materials of the assembly are protected against exposure to
      deleterious combustion gases and where the assembly is responsive to tube
      wall temperature and not influenced by surrounding gas temperatures.
PAR  A still further object of the invention is to provide a thermocouple
      assembly for monitoring heat exchanger tubes wherein the thermocouple
      conductors are protected by a sheath and compacted insulating material to
      resist combustion gas corrosion and which will retain integrity when
      suspended from its point of attachment to a tube to its point of exit
      through the heater wall under firing conditions.
PAR  Another object of the invention is to provide a thermocouple assembly
      including a lead section which can be formed or bent during installation
      without effecting its operation thereafter and which may be formed for
      permitting relative movement between the point of attachment to a heat
      exchanger tube and the exit point from the heat exchanger enclosure.
PAR  A still further object of the invention is in the provision of an improved
      surface thermocouple assembly and the mounting of the assembly on a heater
      tube where the heat path between the tube wall surface and the
      thermojunction or hot junction is short and direct and the heat path
      between the thermojunction and the surrounding gases is lengthy and
      indirect and particularly where the heat path between the thermojunction
      and the outer wall is substantially less than that between the
      thermojunction and the combustion gases.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed disclosure, taken in conjunction with the
      accompanying sheets of drawings, wherein like reference numerals refer to
      like parts, in which:
PAR  FIG. 1 is a fragmentary sectional view taken through a heater or furnace
      and a heat exchanger tube having the thermocouple assembly of the present
      invention mounted on the tube and diagrammatically connected to a
      temperature readout instrument;
PAR  FIG. 2 is a fragmentary side elevational view of the heat exchanger tube
      thermocouple assembly taken generally along line 2--2 of FIG. 1;
PAR  FIG. 3 is a top plan view of the thermocouple assembly of the invention
      mounted on the heat exchanger tube and taken generally along line 3--3 of
      FIG. 1;
PAR  FIG. 4 is an enlarged perspective view of the thermocouple assembly mounted
      on a heat exchanger tube according to the embodiment of FIG. 1;
PAR  FIG. 5 is an enlarged side elevational view of the form of thermocouple
      assembly of FIG. 1 illustrating diagrammatically the relative position of
      the thermojunction or hot junction in the hot junction or sensing end of
      the assembly;
PAR  FIG. 6 is a longitudinal sectional view of the sensing end of the assembly
      taken substantially from the encircled area of FIG. 5;
PAR  FIG. 7 is an enlarged end elevational view of the hot junction end of the
      assembly and a fragmentary section of the heat exchanger tube illustrating
      the void-free weldments securing the hot junction end of the assembly to
      the tube wall;
PAR  FIG. 8 is a diagrammatic illustration of the welding details for welding
      the hot junction end to the heat exchanger tube wall;
PAR  FIG. 9 is an enlarged end elevational view of a completely formed hot
      junction end of the thermocouple assembly of the present invention
      illustrating the structure of the welding surfaces;
PAR  FIG. 10 is an enlarged diagrammatic view of a heat exchanger tube
      illustrating the various positions for the hot junction end of a
      wraparound assembly according to the invention;
PAR  FIG. 11 illustrates diagrammatically another form of mounting a
      thermocouple assembly on a heat exchanger tube with an expansion loop and
      a near side junction location;
PAR  FIG. 12 is a view similar to FIG. 1 but illustrating a typical straight
      junction mounting of an assembly;
PAR  FIG. 13 is a fragmentary enlarged perspective view of the axial
      installation shown in FIG. 12;
PAR  FIG. 14 is a fragmentary sectional view taken of the straight junction type
      of assembly shown in FIGS. 12 and 13;
PAR  FIGS. 15 to 31 illustrate a method of making the thermocouple assembly
      according to the invention and a modification thereof as follows:
PAR  FIG. 15 is a partly sectional broken side elevational view of a length of
      sheathed and insulated thermocouple conductors, illustrating a portion of
      the sheath and insulation stripped from one end thereof;
PAR  FIG. 16 is an enlarged sectional view taken axially through one end
      illustrating the formation of a keyhole slot and the removal of insulation
      around the conductors;
PAR  FIG. 17 is a bottom plan view of the sheath with the keyhole slot;
PAR  FIG. 18 is an end elevational view of the sheath with the keyhole slot;
PAR  FIG. 19 is an axial sectional view illustrating the conductors bent to
      extend through the hole in the keyhole slot with the ceramic plug
      installed, additional insulation material compacted around the bends of
      the conductors, a fusion weld on the conductors to form the
      thermojunction, an end plug press fit into the end of the sheath and
      welded into position with the keyhole slot filled with weld;
PAR  FIG. 20 is an end elevational view of the formation shown in FIG. 19;
PAR  FIG. 21 is a detailed elevational view of the hot junction end illustrating
      the bending of the hot junction end for defining a wraparound assembly
      although this step would be omitted if the assembly is to be of the
      straight junction type;
PAR  FIG. 22 is an elevational view of the filler rod employed to build up the
      pad;
PAR  FIG. 23 is a side elevational view of the hot junction end showing the
      filler rod in position on the sheath and initially welded thereto;
PAR  FIG. 24 is a diagrammatic illustration of the welds for initially attaching
      the filler rod to the sheath;
PAR  FIG. 25 is a view like FIG. 23 showing the further weld buildup between the
      filler rod and the sheath;
PAR  FIG. 26 is a view like FIG. 24 illustrating diagrammatically the buildup
      welds along the sheath and filler rod;
PAR  FIG. 27 is an end elevational view of the hot junction end illustrating the
      V-shape of the pad and the knife edge defined;
PAR  FIG. 28 is a partly sectional fragmentary view of the reference or cold
      junction end of the assembly to illustrate the sealing of the sheath
      relative the thermocouple conductors;
PAR  FIG. 29 is an elevational view like FIG. 22 showing a modified filler rod
      with conductor holes and a milled slot for bringing the thermojuction
      closer to and substantially right at the knife edge of the pad;
PAR  FIG. 30 is a longitudinal sectional view like FIG. 19 showing the filler
      rod modification of FIG. 29; and
PAR  FIG. 31 is a diagrammatic showing of the comparative locations of the
      thermojunction relative to the knife edge of the pad for the embodiments
      of FIGS. 27 and 30.
DETD
PAR  Referring now to the drawings and particularly to FIGS. 1 to 3, a typical
      installation of a thermocouple assembly according to the invention is
      shown for a furnace or heater. It should be appreciated that the assembly
      of the invention is primarily intended for monitoring temperatures of heat
      exchanger tubes so that the heat exchanger can be operated at optimum
      efficiency and so that damage or injury to the heat exchanger tubes
      because of overheating can be avoided. Therefore, the thermocouple
      assembly as associated with a heater tube provides maximum safety and
      efficiency, and especially since accurate and reliable temperature
      monitoring operations are performed by the assembly of the invention. It
      should be further appreciated that the heat exchanger tubes are exposed to
      high temperature combustion gases and flame while carrying a suitable
      product to be heated.
PAR  While the assembly of the invention is shown generally in connection with
      the temperature monitoring of a single heat exchanger tube, it should be
      appreciated that any number of thermocouple assemblies may be utilized in
      a single heater or furnace for monitoring temperatures of tubes at desired
      locations.
PAR  In FIGS. 1 to 3, the furnace or heater includes a wall 35 defining a
      combustion chamber 36 in which a heat exchanger 37 is located as
      represented by a single tube 38. The thermocouple assembly according to
      the invention in the form illustrated in FIGS. 1 to 3 is generally
      indicated by the numeral 40 and includes sheathed thermocouple conductors
      41 with a hot junction or sensing end 42 and a cold junction or reference
      end 43. As illustrated, the hot junction end is mounted on the outer
      surface of the tube 38, while the sheath of the thermocouple extends
      through the furnace wall 35, and the cold junction end 43 is connected to
      a terminal block and head assembly 44 that is in turn connected to a
      temperature readout instrument 45. The exit point of the thermocouple
      assembly at the furnace wall may have a sliding fit to handle longitudinal
      movement caused by expansion and contraction of the heat exchanger or may
      be sealed and fixed where an expansion loop 46 is provided in the
      thermocouple assembly to handle relative movement of the heat exchanger
      tube. Hence, it will be understood that if the expansion loop is not
      provided, movement of the heat exchanger tube may be handled at the
      furnace wall. While the hot junction end 42 of the thermocouple assembly
      is welded in place on the heater tube, it may be additionally fastened to
      the heater tube by means of a retaining clip 47.
PAR  The installation illustrated in FIGS. 1 to 3 is in the form of a wraparound
      thermocouple assembly where a portion of the thermocouple wraps around the
      heater tube. In this illustration the assembly is wrapped around ninety
      degrees. However, it should be appreciated that the assembly may be
      wrapped around to a greater or lesser extent as shown by the positions in
      FIG. 10. It should be further appreciated that the hot junction end of the
      thermocouple assembly may be positioned at the far side of the tube, as
      shown in FIGS. 1 to 3, or at the near side, as illustrated in FIG. 11. In
      general, the hot junction end will be positioned at a hot spot of the
      tube.
PAR  It should be further appreciated that the thermocouple assembly of the
      invention, instead of being formed for wraparound mounting as in FIGS. 1
      to 4, may be used in a typical straight junction installation as
      illustrated in FIGS. 12 and 13. Here the assembly is identified by the
      numeral 40A where the hot junction end 42A is arranged axially with
      respect to the heater tube 38A. The cold junction end 43A is also
      connected to a suitable terminal block and head assembly outside the
      furnace wall 35.
PAR  Referring now particularly to FIGS. 5, 6, 7, 8 and 9, the hot junction end
      42 of the thermocouple assembly includes a thermojunction or hot junction
      50 defined by the joining of the ends of the thermocouple conductors 51.
      Any suitable combination of metals may be provided for the conductors,
      such as iron-constantan, chromel-alumel, or the like. The conductors are
      arranged within a tubular metal sheath 52 and electrically insulated from
      each other and from the sheath by means of a suitable ceramic insulation
      53. The ceramic insulation may be of any suitable type, such as magnesium
      oxide, aluminum oxide or berylium oxide, which is initially provided in
      granular or powdered form but compacted in the sheath so that the
      conductors are fully supported in insulated relation to each other and to
      the sheath. Moreover, the compacted insulation eliminates any space for
      passage of gases within the sheath which could be deleterious to the
      conductors and the junction.
PAR  The hot junction end of the assembly is closed to define an end wall 54 and
      the conductors are bent substantially perpendicular relative to the axis
      of the sheath through an opening in the sheath wall and maintained in
      spaced relation by a hard ceramic junction insulating plug 55. The manner
      in which the hot junction end is formed will be described hereinafter. The
      hot junction 50 is formed by fuse-welding the ends of the thermocouple
      conductors together outside the ceramic plug 55. A pad 56 is provided at
      the hot junction end which also is suitably formed, as will be described
      hereinafter, to provide suitable weld surfaces for facilitating the
      welding of the hot junction end to the heater tube. As particularly seen
      in FIG. 9, the pad 56 is generally V-shaped in cross section and includes
      inclined weld surfaces 57, 57 merging to a substantially knife edge 58
      which is first placed into engagement with the tube at the commencement of
      the welding operations. The knife-shaped edge 58, as illustrated in FIGS.
      7 and 8, abuts directly against the skin or surface of the tube 38 to
      which the hot junction end is to be connected. This brings the hot
      junction 50 in close proximity to the tube wall. Following the positioning
      of the hot junction end on a tube surface, conventional welding steps
      result in securing the thermocouple to the tube. As seen in FIG. 9, the
      weld surfaces 57 are angularly spaced apart about 90.degree. so that when
      the assembly is positioned in relation to a surface onto which it is to be
      welded in an erect manner, the weld surfaces are angularly related to the
      tube surface about 45.degree.. This is considered a substantially ideal
      arrangement for facilitating welding of two parts together.
PAR  As illustrated in FIG. 8, the welding operations include initial or root
      weld passes 60, 60 between the weld surfaces 57 and the tube surface 38.
      Thereafter, secondary weld passes 61, 61 are produced between the weld
      surface 57 of the thermocouple assembly and the tube surface 38.
      Thereafter, final weld passes 62, 62 and 63, 63 complete the weldment.
      Care must be taken during the welding operations to preclude any voids or
      gas gaps in the weldment.
PAR  It will be appreciated that a solid metal heat path is produced between the
      hot junction 50 and the skin of the tube 38 by the thermocouple assembly
      and the manner in which it is attached to the tube wall. Further, the
      distance between the thermojunction and the skin of the heater tube, as
      indicated in FIG. 8 at 65, is substantially less than the distance between
      the thermojunction and the nearest receptor surface or surface where
      combustion gases impinge as represented by 66 and 67. It will be
      appreciated here the distances axially of the assembly to the nearest
      receptor surface, as indicated by the distances 68 and 69 in FIG. 5, are
      much greater than the distances 66 and 67 shown in FIG. 8. Accordingly,
      the comparative distances of concern may be best appreciated from FIG. 8.
      While the distance between the junction and the tube wall is substantially
      less than the shortest distance between the junction and a receptor
      surface, it can be appreciated that it is substantially less than half and
      less than about one-quarter.
PAR  The short direct path between the thermojunction and the tube wall provides
      a direct flow of heat energy therebetween, while the hotter combustion
      gases essentially bypass the junction by going along the sheath weld
      deposits to the tube wall. This minimizes the effect of the hot gases on
      the junction and results in making the hot junction responsive to the
      temperature of the tube wall and not the gases. Accordingly, a more
      reliable and accurate temperature monitoring operation of the tube can be
      obtained by the present invention.
PAR  It can be further appreciated that in order to permit the welding of the
      assembly to a tube wall without producing any voids between the sheath and
      tube, there must be provided suitable weld surfaces on the thermocouple
      assembly pad to enable such welding operations. It can be appreciated that
      any void provided in the weld would interrupt the heat transfer path. The
      length of the pad on the assembly is such that the thermojunction will be
      spaced sufficiently from the nearest receptor surface at the opposite ends
      of the pad.
PAR  While the details of a thermocouple assembly which is formed at the hot
      junction end is illustrated in FIG. 6, such an assembly that is straight
      is illustrated in FIG. 14. However, it will be appreciated that the
      function of the formed and the straight assemblies do not differ. It
      should be further recognized the material used for the tubular sheath will
      have high temperature strength. For example, it may be stainless steel
      and, more specifically, Inconel. Likewise, the weld material of the pad
      would be of a like material. Therefore, a short direct heat transfer path
      is defined between the hot junction and the tube surface, while a long
      indirect heat transfer path is defined between the hot junction and the
      combustion gases. And because the hot junction is so near to the tube
      wall, there will be no differences in temperature between the tube wall
      and at the point of the hot junction.
PAR  The method of making the thermocouple assembly of the invention is
      pictorially illustrated in FIGS. 15 to 28. A length of sheath material or
      bulk, as shown in FIG. 15, is first prepared by stripping the sheath and
      insulation from one end. The length of sheath material, generally
      designated by the numeral 75, includes a tubular metal sheath 76 enclosing
      thermocouple conductors 77 arranged in spaced and insulated relation from
      each other and from the sheath by compacted ceramic insulation 78.
      Stripping of sheath and insulation from the conductor 77 at the one end
      defines leads 79 which will be at the cold junction or reference end of
      the assembly, as will be more apparent hereafter.
PAR  The other end of the sheath material is then prepared for defining the hot
      junction end by first forming a keyhole slot 80 with a slot portion 81 and
      a hole portion 82. Ths slot extends axially of the sheath. Following the
      removal of insulation from the sheath around the conductors along the
      keyhole slot, the conductors are bent through the slot until they are in
      the hole or seat portion 82, as somewhat shown in FIG. 19. It should also
      be appreciated that preferably the slot is formed along the sheath at a
      point aligning with a plane extending through the spaced conductors so
      that the conductors, as appearing in FIG. 18, are in superposed relation.
      A ceramic insulator or a plug 83a is then fitted over the conductors and
      in the insulator seat 82 for maintaining the conductors in spaced relation
      through the sheath wall, and insulated from each other and from the wall.
      The ends of the conductors may be treated so that a small portion extends
      beyond the ceramic plug 83a for fusion welding to form the junction 83b.
PAR  The cavity within the sheath above the ceramic plug 83a is filled with
      powdered ceramic insulating material such as magnesium oxide and
      compacted. A solid end plug 83 is inserted in the end of the sheath in
      press-fit relation against the added insulation so that the inner end is
      in slightly spaced relation from the bends of the conductors. The outer
      end of the plug extends slightly from the end of the sheath as seen
      particularly in FIG. 19. The slot 81 is then closed with a weld and a
      fillet weld is made between the end of the sheath and the end plug,
      thereby welding the end plug in place. No voids are made in the weld in
      the slot. The fillet weld, designated by the numeral 84 in FIG. 20, is
      made around the end of the sheath except in the area 84a.
PAR  Thereafter, the end of the sheath with the junction is suitably formed
      along an arc if desired, as shown in FIG. 21, such that the junction is at
      the inside of the bend. It will be appreciated that the form shown in FIG.
      21 will provide a ninety degree wraparound installation, such as that
      illustrated in FIG. 4, but the form could be whatever desired in order to
      provide the angular wraparound. It should also be appreciated that if a
      straight junction installation is desired, such as in FIG. 13, it is not
      necessary at this point to form the hot junction end of the assembly as in
      FIG. 21.
PAR  The pad is then constructed for the hot junction end of the assembly by
      first fitting and welding a filler rod 85, as seen in FIGS. 22, 23 and 24.
      The filler rod is arcuately formed or of the same shape as the hot
      junction end and extends from the tip end of the end plug 83 inwardly a
      distance such that the junction 83b is about centered between the opposite
      ends of the filler rod. Root or initial welds 86, 86 are made along the
      filler rod end sheath, as seen in FIG. 24. It should be appreciated that
      the filler rod fits directly against the sheath and along the area of the
      thermojunction 83b.
PAR  Overlapping buildup welds 87 and 88 are made along each side between the
      sheath and the filler rod. Again, care is taken to prevent any voids in
      the weld buildup area. Additionally, as seen in FIG. 25, a weld cap 89 is
      provided over the end of the end plug and in the area 84a, thereby
      completely sealing the end of the sheath to prevent gases from entering
      there and into the sheath. The fillet weld is essentially completed then
      for the end plug.
PAR  As seen in FIG. 27, the weld areas are then machined to define the welding
      surfaces 90 and the knife-shaped edge 91 to complete the pad construction
      so that the pad 92 is then ready for welding onto a heater tube. This
      facilitates the ease of welding the hot junction end to the heater tube.
      It will be appreciated that the surfaces of the welds will be suitably
      cleaned to enhance further welding thereof onto a tube. Any further
      forming of the sheath, such as bending or an expansion loop or the like,
      is performed at this time.
PAR  Completing the construction of the thermocouple assembly 75, reference is
      made to the cold junction end shown in FIG. 28 where a portion of the
      insulation material is removed from the end of the sheath around the
      conductors and replaced with a suitable epoxy potting material 94 to seal
      the cold junction end of the sheath and prevent entrance of gases therein.
      The assembly is now completed for installation in a suitable heater or
      furnace.
PAR  Another embodiment of the invention is disclosed in FIGS. 29 and 30 and the
      method of making same. This embodiment differs from that previously
      described in the construction and placement of the thermojunction. While
      this embodiment is shown in connection with a typical straight junction
      thermocouple assembly, it should be appreciated that it could be a formed
      unit as disclosed in FIG. 28. Rather than use a filler rod like 85, shown
      in FIG. 22, a filler rod 100 is employed which includes a milled slot 101
      extending axially of the rod and in alignment with a pair of diametrically
      extending conductor holes 102.
PAR  As seen particularly in FIG. 30, during the making of an assembly according
      to this embodiment, following the steps of bending the thermocouple
      conductors 77 through the keyhole slot, the seating of the ceramic plug
      83a, the insertion of the end plug 83 and the welding in the keyhole slot
      and fillet welding of the end plug to the sheath, the modified filler rod
      100 is positioned against the sheath so that the thermocouple conductor 77
      extends through the conductor holes 102. The size of the holes 102 is such
      that the conductors will easily extend therethrough. With the filler rod
      100 in position root welds are made along each side of the filler rod
      between it and the sheath to fasten the filler rod in position. A fusion
      weld to form the thermojunction 103, FIG. 30, is made in the milled slot
      101. During the fusion weld an oxide forms on that part of the conductors
      extending through the filler rod to essentially electrically insulate the
      conductors from the filler rod in the area of the conductor holes 102. The
      depth of the milled slot is about one-third the diameter of the filler rod
      and the width and length is such as to slightly clear the conductor holes.
PAR  It can be appreciated that the thermojunction or hot junction in this
      embodiment is spaced even closer to the tube wall once the pad is
      completely constructed, as illustrated in FIG. 31. Indeed, the junction is
      essentially directly on the skin of the tube so that it will provide a
      most accurate and reliable temperature monitoring operation. Moreover,
      positioning of the thermojunction directly against the tube skin moves the
      junction further from the combustion gases.
PAR  It will be understood that modifications and variations may be effected
      without departing from the scope of the novel concepts of the present
      invention, but it is understood that this application is to be limited
      only by the scope of the appended claims.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. The method of making a thermocouple assembly from a bulk length of
      sheathed thermocouple conductors wherein the bulk length includes a
      tubular metal sheath having a pair of thermocouple conductors therein held
      in spaced relation from each other and from the sheath by electrical
      insulating material, said method comprising the steps of forming a keyhole
      slot in the sheath at one end thereof aligned with the sheath axis with
      the hole of the slot spaced from the end of the sheath, removing the
      insulation from the sheath in the area of the slot, bending the conductors
      through the slot to a position at right angles to the sheath axis and so
      the conductors extend through the slot hole, packing insulation in the
      sheath around the bend of the conductors, inserting a ceramic plug with
      conductor holes over the ends of the conductors and fitting the plug in
      the hole of the slot thereby supporting the portions of the conductors
      extending through the hole in electrically insulated relation to each
      other and to the sheath, press fitting a solid metal plug into the end of
      the sheath at the slot and up against the insulation inserted at the bend
      of the conductors, fusion welding the conductors together outside the
      ceramic plug to form a thermoelectric junction, welding the metal plug to
      the sheath including filling the slot with weld, and forming a V-shaped
      welded pad on the sheath over the junction without voids in the weld
      material.
NUM  2.
PAR  2. The method of claim 1, wherein the step of forming the pad includes
      positioning a length of filler rod along the sheath aligned with the
      junction and extending from the sheath end to a distance beyond the
      junction about equal to the distance the junction is spaced from the
      sheath end, effecting a root weld at each side of the filler rod to weld
      the rod to the sheath, and effecting further buildup welds along the root
      weld such that a knife edge V-shaped pad can be formed.
NUM  3.
PAR  3. The method of claim 1, wherein the step of forming the pad includes
      positioning a length of filler rod along the sheath aligned with the
      junction and extending from the sheath end to a distance beyond the
      junction about equal to the distance the junction is spaced from the
      sheath end, effecting a root weld at each side of the filler rod to weld
      the rod to the sheath, effecting further buildup welds along the root weld
      and sheath, and machining the welds and rod to define two surfaces
      extending generally tangentially to the sheath and merging at a knife
      edge.
NUM  4.
PAR  4. The method of claim 1, wherein the step of forming the pad includes
      preparing a length of filler rod for application to the sheath by drilling
      diametrically extending conductor holes in the rod for receiving the
      conductors and milling a slot along one side of the rod about the holes,
      positioning the rod against the sheath with the conductors extending
      through the holes and the milled slot facing away from the sheath, fusion
      welding the conductors in the milled slot to define a thermoelectric
      junction, effecting a root weld at each side of the filler rod to weld the
      rod to the sheath, and effecting further buildup welds along the root weld
      such that a knife edge V-shaped pad can be formed.
NUM  5.
PAR  5. The method of claim 1, wherein the step of forming the pad includes
      preparing a length of filler rod for application to the sheath by drilling
      diametrically extending conductor holes in the rod for receiving the
      conductors and milling a slot along one side of the rod about the holes,
      positioning the rod against the sheath with the conductors extending
      through the holes and the milled slot facing away from the sheath, fusion
      welding the conductors in the milled slot to define a thermoelectric
      junction, effecting a root weld at each side of the filler rod to weld the
      rod to the sheath, effecting further buildup welds along the root weld and
      sheath, and grinding the welds and rod to define two surfaces extending
      generally tangentially to the sheath and merging at a knife edge.
NUM  6.
PAR  6. The method of claim 1, wherein the step of press fitting the metal plug
      into the end of the sheath includes preparing the plug so that it will
      project slightly from the end of the sheath when in proper position, and
      the step of welding the plug to the sheath includes welding at the end of
      the sheath and around the end of the plug.
NUM  7.
PAR  7. The method of claim 1, further including the step of stripping a portion
      of the conductors at the end of the sheath opposite the junction end,
      removing a part of the insulation from the sheath and replacing same with
      an insulating potting material to seal the sheath.
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ABST
PAL  An improved strip detector and a method for making such a detector in which
      a high resistivity N conduction semiconductor body has electrode strips
      formed thereon by diffusion which strips are formed so as to be covered by
      an oxide layer at the surface point of the PN junction and in which the
      opposite side of the semiconductor body then has a substantial amount of
      material etched away to form a thin semiconductor upon which strip
      electrodes which are perpendicular to the electrodes on the first side are
      then placed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to strip detectors in general and more particularly
      to an improved strip detector and a method of making such a detector.
PAR  Strip detectors used for measuring ionizing radiation in which electrodes
      are disposed on both flat sides of a semi-conductor at angles to each
      other such that each intersection point forms a detector are presently
      known. For example, such detectors, which are also known as chess-board
      detectors, are disclosed in Swiss Pat. No. 460,962. The detector disclosed
      therein contains on a flat top side a large plurality of strip-like
      electrodes arranges parallel to each other and each of which is covered by
      a surface barrier layer. The electrodes comprise a vapor deposited gold
      layer which forms a schottky-type junction with the semi-conductor wafer
      on which it is deposited. On the opposite side of the semi-conductor wafer
      a plurality of strip-like electrodes of vapor deposited aluminum of a
      resistive nature and which are rotated with respect to the gold electrodes
      by a predetermined angle, preferably 90.degree., are provided. The
      semi-conductor wafer will generally consist of germanium or silicon. In
      this arrangement the intersection points of the electrodes on the two flat
      sides of the semi-conductor body make up a plurality of individual
      detectors for incident radiation. The arrangement is particularly useful
      as a detector for charged particles as well as a detector for gamma and
      x-rays and, in addition for light radiation which has an energy of more
      than approximately 1.1 electron volts. This arrangement provides a spacial
      resolution when measuring radiations of these types.
PAR  In U.S. application Ser. No. 195,345 a detector arrangement of chess-board
      design and providing spacial resolution is shown in which gamma radiation
      measurements and provided as a visible output. The system operates similar
      to that of a conventional mosaic system with the photo multipliers
      normally used replaced by the intersection points of the strip electrodes
      which provide the individual detectors. Thus, rather than use a
      conventional florescent screen image intensifier, the semi-conductor
      detector which, when struck by an electron beam, delivers corresponding
      electrical signals is used. From these signals the center of the electron
      beam is determined. At the same time the number of electrons can be
      recorded. Gamma quanta which has generated, at the input of the image
      intensifiers, a predetermined light distribution in a suitable detector
      system, for example, a curved single crystal are localized and their
      energy determined. Because the detector arrangement includes a large
      plurality of strip shaped contacts the point of incidence of the gamma
      quanta can be approximately determined in a digital form. The pulse height
      ratios of adjacent strips furnish in addition an analog correction signal.
      As applied in certain applications, these detectors of the prior art
      present problems. For example, if the strip detector is used as a
      localizing system for determining the center of gravity of the electron
      distribution of the image intensifier of a gamma camera it must be able to
      withstand, after installation in the image amplifier, high temperatures
      which can reach in excess of 300.degree.C during a baking out process. To
      fulfill its purpose it must of course be able to withstand these
      temperatures without its electrical property being affected. Generally,
      the detectors of the prior art having vapor deposited electrodes require
      plastic parts, particularly araldite layers which will burn up at
      temperatures exceeding 150.degree. making the detector useless. The
      barrier layers used with the vapor deposited gold electrons in addition
      are not suited for high temperatures because at these temperatures the
      metal will diffuse into the semi-conductor body and destroy the
      metal-semi-conductor junction which serves as the barrier layer.
PAR  In these prior art strip detectors, the aluminum strips are attached to an
      electrically insulating very thin, intermediate layer of silicone dioxide.
      The thickness of this layer generally does not exceed approximately 100
      angstroms. Thus if the finished detector is treated at a temperature above
      200.degree.C, the aluminum can alloy itself through the thin silicon oxide
      layer and form a metal-semi-conductor contact with the semi-conductor
      body. If this occurs dE-dx operation is no longer possible.
PAR  An additional problem in the prior art detectors, which are also in some
      cases referred to as counters, is that charged particles or quanta
      entering the sensitive zone beneath an electrode are not always recorded
      by the corresponding intersection point on the other side of the
      semi-conductor, but instead are recorded by an adjacent intersection
      point. This phenomenon referred to as cross-talk results in a false
      measuring result.
PAR  Another surface boundry layer counter is disclosed in "Striped
      semi-conductor device 5441" published by A. B. Atomenergi Sect. S.S.I.,
      Studicik Nykoping, Sweden. The detector disclosed therein contains an N
      conduction silicon semi-conductor body upon which parallel strip-like
      electrodes of gold with a thickness of about 250 angstroms and a width of
      about 0.8 mm are deposited. The electrodes are arranged parallel each
      other with a spacing of about 0.2 mm and each is provided with an
      electrode lead. Contamination present on the surface of these counters can
      generate through adsorption, an inversion layer which forms a P induction
      channel between the electrode strips. This will result in cross-talk on
      the top side of the device. Although such cross-talk can be prevented,
      relatively complex means are required for that purpose. Such means are
      described in U.S. Pat. No. 3,624,399.
PAR  In addition to the problems noted above with prior art devices they are not
      capable of stable operation in a vacuum over extended periods of time.
      Thus it can be seen that there is a need for an improved device of this
      nature which can withstand high temperatures, can operate in a vacuum and
      is not subject to high levels of cross-talk.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved strip detector for measuring the
      energy E of a radiation source and for also measuring the energy loss
      dE/dx per unit of distance, which detector can operate under high
      temperatures in vacuums and does not have significant cross-talk. The
      semi-conductor used in the detector is an N conduction semi-conductor body
      with a resistivity of at least 100 ohm-cm. On the flat top of the
      semi-conductor P conduction electrode strips are formed by diffusion and
      are covered by an oxide layer. A portion of the semi-conductor body on the
      opposite flat side is then removed and this side then also provided with
      strip electrodes. Essentially the present invention recognizes that
      through the use of planar techniques the property of the detector device
      can be substantially improved and that through the use of a high
      resistivity semi-conductor material doping reversals under the oxide layer
      will not as a practical matter occur. The oxide layer forms a protection
      barrier for the cut-off electrode, the effectiveness of which does not
      change appreciably even at relatively high temperatures. By the etching of
      the semi-conductor body so that it is thin, cross-talk is prevented. In
      addition this arrangement permits operation in a vacuum over extended
      periods of time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 4 are cross-sectional elevation views illustrating the
      steps for making a first embodiment of a detector according to the present
      invention.
PAR  FIG. 5 is a cross section end view of the detector of FIG. 4.
PAR  FIG. 6 illustrates a second embodiment of the detector of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 through 4 illustrate the process of making a detector according to
      the present invention. As shown in FIG. 1, a semi-conductor material
      having a high resistivity, preferably silicon is coated with an oxide
      layer 4. To accomplish this, the surface is first cleansed of the slight
      surface layer of crystal faults using chemical or mechanical removal
      techniques after which interfering external ions and contamination in
      addition to inorganic and also inorganic particles deposited on the
      surface are removed by a cleaning process. A particularly advantageous
      manner of forming the oxide layer is through the use of a gas stream
      preferably at elevated temperatures. Such a gas stream may be essentially
      oxygen or may also be oxygen mixed with inert gasses or nitrogen. Also
      another suitable mixture is that of water vapor and oxygen. Other well
      known oxidants such as carbon dioxide may also be used. The oxide layer,
      at least on the upper surface of the detector, is then covered with a
      layer of photo-sensitive varnish. The varnish is then exposed using an
      appropriate mask and developed to provide a structure such as that shown
      on FIG. 2 wherein the layer 6 indicates the varnish layer. Such methods of
      photo-etching as this wherein the exposed parts become sensitive to a
      solvent and may then be washed off after exposure are well-known. As
      illustrated by FIG. 2, the type of mask used results in a plurality of
      parallel strips which are in a direction perpendicular to the paper. The
      semi-conductor is then subjected to an etching process which removes the
      oxide layer 4 from all portions of the semi-conductor body except those
      designated on FIG. 3 by the numeral 8, i.e., those which were covered by
      the varnish. After this etching process, the varnish is washed off leaving
      only the oxide layer 8 as shown on FIG. 3.
PAR  If desired, the portion of the oxide layer 4 on the flat bottom side as
      well as those on the two lateral surfaces of the semi-conductor 2 can also
      be covered with a material resistent to the etchent used. Such a material
      may, for example, be the material known by the name "picein". Thus, as
      shown on FIG. 3, these parts will also not have the oxide layer removed
      therefrom. In the spaces between the strips 8, doping material is diffused
      to form strip shaped electrodes 10 of P-conduction silicon. For use with
      the N conduction semi-conductor body 2 to form these P-conduction strips
      boron and also phosphorous may be used to diffuse into the semi-conductor
      to thereby form a plurality of PN junctions designated as 12 between the
      electrode areas 10 and the semi conductor body 2. The diffusion depth of
      the doping material and thereby the depth of the electrodes 10 will depend
      on the absorption properties of the radiation to be received. For example,
      if the detector arrangement is intended to be used for beta rays with an
      energy of 25 kev., the diffusion depth and the thickness of the sensitive
      layer of the detector should preferably be in the range of 0.1 to 1
      micron. The best range for this purpose is about 0.3 micron. However,
      thickness of up to 5 microns are still useable. The minimum layer
      thickness should be at least 0.0 microns since thinner layers are
      difficult to product. Note that where the PN junction meets the surface it
      is covered by the oxide layer 8. This protective layer over the junction
      is what prevents the aforementioned problems.
PAR  During the diffusion process a glass layer 14 generated on the surface
      parts of the semi-conductor body in the spaces or windows between the
      strips 8 and over the detector strips 10. If, for example, phosphorous is
      used as the doping material, the layers 14 will comprise phosphor glass.
      These layers in general will have no adverse effect on the properties of
      the detector and can therefore remain, if desired, on the surface of the
      electrodes 10 as a protective layer. In general, the thickness of layer 14
      will be substantially less than 0.1 microns. After this, the
      semi-conductor 2 is etched so that it is quite thin. To accomplish this, a
      waxed layer which acts as a protective layer [not shown on the Figure] is
      placed over the portions of the semi-conductor which are not to be etched.
      The etching process is then performed to remove a substantial portion of
      the bottom of the semi-conductor layer to thereby form a thin
      semi-conductor. After etching, a plurality of strip shaped electrodes 16
      are then provided on the bottom flat side of the semi-conductor body 2 and
      placed thereon so as to form ohmic contact with the semi-conductor as
      shown on FIG. 4. Preferably these electrodes will comprise aluminum which
      is applied to the semi-conductor body 2 by means of vapor deposition and
      then subsequently alloyed. The electrodes 16 will be deposited in parallel
      relation to each other and at an angle with the electrodes 10 on the top
      layer. Preferably this angle will be 90.degree.. In the embodiment shown,
      the electrodes 16 are extended around the side of the detector and up to
      the top flat side. This results in having all electrodes on the top side
      of the detector and makes interconnection simplier. To accomplish the
      bringing up of the electrodes to the top side, the portions 17 of the
      electrode may be formed in a common operation with formation of the
      electrodes 16, for example, through vapor deposition at an angle. The
      connecting section 18 may then be deposited on the flat top side. The
      spacing D between the electrodes 10 on the top side of the detector will
      preferably be kept small. Typically, this spacing should not exceed 100
      micrometers and should preferably be less that 50 micrometers and even as
      small as 20 micrometers if possible. In conjunction with the small spacing
      of the top electrodes 10, an electrically conducting edge strip can be
      provided to advantage through the diffusion of doping material. This
      diffusion layer edge 26 will conduct the reverse current at the outer
      border and thereby form a guard ring which will limit the noise of the
      detector arrangement to a negligibly low value. Thus, the only remaining
      noise will be from the reverse volume current which is quite small.
PAR  FIG. 5 illustrates a cross sectional end view of a detector constructed
      generally as described above. In this view, the electrodes 10 of FIG. 4
      are formed across the length of the detector with the bottom electrodes 16
      running perpendicular into the paper. The illustrated embodiment shows how
      cross-talk may be substantially eliminated. The electrodes 10 on the upper
      side rather than forming a complete strip across the detector body are
      formed as substantially square PN junctions 10. The junctions across the
      detector are then connected by electrical conductors 24. Thus, an
      equivalent strip at 90.degree. to the lower strips 16 is thereby formed.
      The semi-conductor material between the junctions is scribed and the
      semi-conductor broken apart so that there is no path for cross-talk
      between the electrodes 10, through the semi-conductor body. Since this
      affects the structural integrity of the semi-conductor material, the
      detector is then placed on a substrate 22 which may, for example, be a
      suitably shaped ceramic body, preferably coated with a silicone varnish
      27. Thus, the sections 30, 31, 32, 33, 34 and 35 of the semi-conductor
      which result from the scribing will rest on the substrate [actually on the
      varnish layer 27]. The connections 24 between the electrodes can be a thin
      aluminum conductor which is, for example, only 25 micrometers thick and
      which is attached to the electrodes 10 by ultrasonic welding.
PAR  To further reduce the cross-talk on the rear side of the detector, the
      width of the strip electrodes 16 designated by the dimension b in FIG. 5
      should be chosen substantially smaller than the width a of the electrodes
      10 as illustrated on FIG. 4. This causes mutual influence to be
      substantially reduced and de-coupling of the preamplifiers is obtained.
      The mutual spacing of the electrodes 16 on the rear side can be chosen, in
      conjunction with a predetermined resistivity of the semi-conductor
      material so that the resistance between strips is at least 5k ohm, and
      should if possible be at least 50k ohm.
PAR  FIG. 6 illustrates a modification of the embodiment of FIG. 5. FIn this
      embodiment the ceramic body 22 is formed to have steps on which the
      semi-conductor body 2 or more particularly the portions thereof 31, 32,
      33, and 34 rest. Each of the portions 31 through 34 has an electrode 16 on
      the bottom and an electrode 10 on the top side. As in the embodiment of
      FIG. 5, the strips are connected by conductors 24. The steps in the base
      plate 22 are of such a design so that the thickness of the base plate does
      not change from step to step. The portions 31 through 34 are placed on the
      steps such that their lateral surfaces do not abut. This results in a
      complete reduction of the possibility of short circuits between the
      individual strips 16.
PAR  Thus, an improved detector for detecting ionizing radiation has been shown.
      Although specific embodiments have been illustrated and described, it will
      be obvious to those skilled in the art that various modifications may be
      made without departing from the spirit of the invention which is intended
      to be limited solely by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for making a detector for ionizing radiation which detector
      contains a plurality of strip-like electrodes on two flat sides of a
      semi-conductor body with the points of intersection each forming a
      detector to thereby provide spatial resolution comprising the steps of:
PA1  a. preparing an N conduction semi-conductor body having a resistivity of at
      least 100 ohm-centimeters so as to have two substantially flat sides;
PA1  b. forming by diffusion a plurality of P conduction elongated electrodes on
      one side of said semi-conductor in the form of parallel space strips and
      in such a manner that the PN junction at the surface of the semi-conductor
      material is covered by an oxide layer;
PA1  c. removing a portion of the semi-conductor material on the other side of
      the semi-conductor to thereby form a thin semi-conductor layer; and
PA1  d. providing a second plurality of elongated parallel spaced metal
      electrodes on said other side, said electrodes being at an angle to said
      electrodes on said first side.
NUM  2.
PAR  2. The invention according to claim 1, wherein said semi-conductor body has
      a resistivity greater than 300 ohm-cm.
NUM  3.
PAR  3. The invention according to claim 2 wherein said semi-conductor body has
      a resistivity of at least 500 ohm-cm.
NUM  4.
PAR  4. The invention according to claim 1, wherein said semi-conductor material
      on said other side is removed by etching.
NUM  5.
PAR  5. The invention according to claim 4, wherein said semi-conductor material
      is removed to leave a semi-conductor body having a thickness of less than
      100 micrometers.
NUM  6.
PAR  6. The invention according to claim 5, wherein said thickness is less than
      50 micrometers.
NUM  7.
PAR  7. The invention according to claim 1 wherein the electrodes on said other
      side are placed thereon by vapor deposition of metal onto the
      semi-conductor body.
NUM  8.
PAR  8. The invention according to claim 7, and further including the step of
      alloying said vapor deposited metal to the semi-conductor body.
NUM  9.
PAR  9. The invention according to claim 8, wherein said metal is aluminum.
NUM  10.
PAR  10. The invention according to claim 7 wherein the width of the electrodes
      deposited on said other side is smaller than the width of the electrodes
      on said one side.
NUM  11.
PAR  11. The invention according to claim 10, wherein the width of the
      electrodes on said other side is smaller than the mutual spacing of said
      electrodes on said other side.
NUM  12.
PAR  12. The invention according to claim 1 wherein the spacing of said
      electrodes on said other side is selected so that the resistance between
      electrodes is at least 5 k ohms.
NUM  13.
PAR  13. The invention according to claim 12, wherein said spacing is chosen so
      that the resistance between electrodes is at least 50 k ohms.
NUM  14.
PAR  14. The invention according to claim 1 and further including the steps of
      severing said semi-conductor body parallel to and between said electrodes
      on said other side to form a plurality of strip shaped parts, and
      connecting separated strip members of each electrode on said one side in
      an electrically conducting manner.
NUM  15.
PAR  15. The invention according to claim 14, wherein said strip members are
      connected by thin electric conductors.
NUM  16.
PAR  16. The invention according to claim 15, wherein said electrical conductors
      are connected to said strip members by ultrasonic welding.
NUM  17.
PAR  17. The invention according to claim 15, wherein said conductors are
      aluminum wires having a thickness of approximately 25 micrometers.
NUM  18.
PAR  18. The invention according to claim 14, wherein said severing is done by
      scribing the surface and breaking apart said semi-conductor body.
NUM  19.
PAR  19. The invention according to claim 14, and further including the step of
      attaching said individual parts to a body of insulating material so that
      they are insulated from each other.
NUM  20.
PAR  20. The invention according to claim 19 wherein said body of insulating
      material is a ceramic body.
NUM  21.
PAR  21. The invention according to claim 20 wherein said ceramic body is shaped
      to contain a plurality of inclined steps and wherein each individual part
      of said semi-conductor body is attached to different one of said steps.
NUM  22.
PAR  22. The invention according to claim 1 and further including the step of
      forming an electrically conducting ring-shaped surface layer around the
      outside of the top of said semi-conductor.
NUM  23.
PAR  23. The invention according to claim 22 wherein said edge is formed by
      diffusion of doping material.
NUM  24.
PAR  24. The invention according to claim 1 and further including the step of
      forming electrode leads extending from said electrodes on said other side
      around the edge and to said one side of said semi-conductor.
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ABST
PAL  A liquid crystal cell is made by covering a wafer with an electrode system.
      A second insulating and transparent wafer is covered with a second system
      of semi-transparent electrodes. A wall of controlled thickness is
      deposited on a wafer around a periphery thereof. A metallic thread is
      deposited on a wafer with the same perimeter as the wall. The wafers are
      applied to each other and heated to fuse the thread on the top of the wall
      to join and seal the wafers with a liquid crystal between them within the
      wall.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our application Ser. No.
      302,396 filed Oct. 31, 1972 for Liquid Crystal Cell which application is
      to be abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention has for its object a process for making liquid
      crystal cells. These cells find use in the manufacture of display
      apparatus.
PAR  A liquid crystal cell is generally made up of a film of liquid crystals
      positioned between two wafers of glass covered with conducting deposits
      which are transparent or reflecting. These deposits play the role of
      electrodes and define the alpha-numeric characters or other characters
      that are to be displayed. A thin wall of a thickness of about one 10th of
      a micron is located between the two wafers and around the electrodes to
      provide the desired separation and insulation between the two wafers and
      to seal the cell.
PAR  Manufacture of such a cell has several problems. The wall must have a
      constant thickness to maintain good parallelism between the two wafers to
      obtain correct electro-optical performances both in the static regime and
      in the transatory regime. The filling of the cell with the liquid crystal
      must avoid all pollution or formation of bubbles. The sealing between the
      elements of the cell must be of good quality to obtain perfect tightness
      which determines the length of the life of the cell.
PAR  In known liquid crystal cells the wall is of a material of the epoxy-resin
      type which polymerizes at about 400.degree. C. In accordance with the
      known art, a thin layer of this product is deposited around one of the two
      wafers. The two parts of the cell are then applied one on the other and
      raised to a sufficiently high temperature so that the resin polymerizes.
      Filling is carried out by lightly heating the cell, first placed under
      vacuum, filling the cell through an opening in the layer of resin in one
      side of the cell and then closing the opening in the layer of resin. The
      final sealing of the cell consists in closing the opening by an
      appropriate plug.
PAR  This process of manufacture has several inconveniences. The two principal
      ones are that the process is not an acceptable industrial manufacturing
      process and the process does not provide cells having closely reproducible
      characteristics from one cell to the next and this introduces great
      difficulties in the control of the cells relating to a single display
      panel.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention has for an object a process of manufacture of liquid
      crystal cells which do not have the inconveniences above noted and which
      includes a series of steps which can be easily accomplished entirely
      automatically and therefore are industrially important for producing cells
      of uniform quality such that they can be easily controlled by
      multiplexing.
PAR  The present invention is therefore essentially characterized in a process
      in which a wall of substantially constant thickness is provided for the
      cell by evaporation of a material under vacuum, the wall having at its
      upper surface a thin layer of a material having a low fusion point for
      joining of the two wafers of the cell without excessive elevation of
      temperature.
PAR  More precisely, the present invention relates to a process for the
      manufacture of liquid crystal cells having a liquid crystal film
      interposed between a first wafer covered with a first electrode system and
      a second wafer covered with a second system of transparent electrodes. In
      a first embodiment of the invention on a least one of the wafers provided
      with its system of electrodes a wall of controlled thickness is desposited
      through a first mask arranged at the periphery of the wafer. There is then
      deposited, through a second mask on at least one of the wafers treated as
      above described, a thread of a material of low fusion point along the
      length of the corresponding periphery of the wall. The two wafers then are
      applied to each other in such a way that the thread is applied to the top
      of the wall and the two wafers are then joined to each other by heating
      the low fusion point material to its point of fusion.
PAR  In accordance with the present concept, a wall and a thread on the wall can
      be deposited on each wafer. Further, the wall can be deposited on one
      wafer and the thread deposited on the other wafer or a wall and a thread
      on a wafer and a thread only on the other wafer.
PAR  Preferably, the wall and/or the material having a low fusion point are
      deposited by evaporation under vacuum. These two operations of deposit can
      advantageously be carried out in the same enclosure in accordance with
      known techniques of evaporation under vacuum.
PAR  Preferably, the material deposited on the wall is a metal selected from the
      group consisting of indium, lead, tin, selenium and their alloys.
PAR  The material making up the wall can be a metal, but advantageously it is
      insulating and can be, for example, silicon oxide.
PAR  In a preferred embodiment, the wall is silicon oxide and the metal of low
      fusion point is indium.
PAR  In accordance with another embodiment, the present invention includes the
      following steps:
PAR  a. On one of the wafers covered with its electrode system, there is
      deposited through a first mask at the periphery of the wafer a wall of
      controlled thickness;
PAR  b. There is then deposited on at least one of the two wafers a metallic
      ribbon of the same perimeter as the wall;
PAR  c. The two wafers are then applied to each other in such a way that the
      ribbon engages a top of the wall;
PAR  d. The two wafers are then joined to each other by heating to fuse the
      metallic ribbon.
DRWD
PAC  REFERENCE TO THE ACCOMPANYING DRAWINGS
PAR  The process of the present invention will be described with reference to
      the accompanying drawings in which FIG. 1 is a schematic representation of
      the lower plate of a liquid crystal cell made in accordance with the
      present invention;
PAR  FIG. 2 shows this lower plate in perspective with its electrical
      connections;
PAR  FIG. 3 shows in cross-section the upper plate of a cell made in accordance
      with the present invention;
PAR  FIG. 4 is a perspective view of the plate of FIG. 3;
PAR  FIG. 5 shows a particular form of the wall;
PAR  FIG. 6 shows schematically the position of the plates during fusion of the
      metal; and
PAR  FIG. 7 illustrates a second embodiment in which the thread of solder is a
      metallic ribbon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While the present invention is not limited to these materials, the
      description of the first embodiment will include the case where the cell
      has a wall of silicon oxide SiO associated with a metal of low fusion
      point, indium.
PAR  Silicon oxide SiO is a particularly good material for use as the wall since
      it has the following characteristics:
PAR  a. it has very good electric insulating properties;
PAR  b. it provides good sealing for the liquid;
PAR  c. it has good compatibility with the other neighboring materials such as
      glass and indium oxide which avoids cracking;
PAR  d. deposit in relatively thick layers is carried out without creation of
      internal stresses;
PAR  e. evaporation under vacuum occurs at low temperature which permits the use
      of a crucible of tungsten or of molybdenum and avoids the use of any
      electron gun necessary for material such as silica or alumina; and
PAR  f. it is of solid and massive form and remains so during evaporation which
      avoids a-1 pollution of the enclosure.
PAR  In the first embodiment of the invention the different steps of manufacture
      of the cell are:
PAR  1. cleaning of the glass wafers which support the electrode systems;
PAR  2. deposit on each glass wafer layers of transparent conductive materials,
      for example In.sub.2 O.sub.3 or reflecting layers, Al, Cr or Au;
PAR  3. engraving the electrodes by ionic or chemical means to define the
      profile of the characters to be displayed;
PAR  4. treatment of the surface of the wafers so that they provide an
      appropriate orientation for the molecules of the liquid crystal. This
      treatment for example, as is known, can be a deposit of SiO at an oblique
      angle of incidence. This treatment may also be a tempering in a
      surfactant;
PAR  5. deposit, in accordance with the invention, of a closed wall, or a wall
      provided with an opening, of SiO on the two wafers or on one of the two
      wafers depending on whether two semi-walls or a single wall are desired;
PAR  6. deposit of a low fusion point material, for example indium, on the top
      of the wall, on the upper wafer or on the two tops of the two half walls.
PAR  When the wall is provided with an opening for filling, the final operations
      are then:
PAR  7a. positioning of the two wafers on each other;
PAR  8a. joining the two wafers by heating of the fusible material to fusion,
      either by introducing the cell in a furnace or by heating the fusible
      material by infra-red rays or by radio frequency or by laser beam;
PAR  9a. introduction of the liquid crystal in the cell by heating the cell
      under vacuum and then submerging the cell in a bath of liquid crystal;
PAR  10a. closing of the opening in the wall after filling the cell;
PAR  11a. heating the cell and reinforcing its rigidity by a ribbon of glue.
PAR  In the case where the wall is completely closed, filling and the end of the
      process is carried out as follows:
PAR  7b. deposit of liquid crystal on one of the two wafers;
PAR  8b. positioning the two wafers one on the other;
PAR  9b. joining the two wafers as in step (8a), this operation being carried
      out preferably under vacuum;
PAR  10b. cleaning the cell and reinforcing the rigidity of the cell as in step
      (11a).
PAR  The steps of depositing the SiO and indium are advantageously carried out
      by evaporation under vacuum but it is within the scope of the present
      invention to utilize other techniques such as serigraphics, for example.
PAR  FIGS. 1 to 4 show the results of each of the different steps of the process
      in accordance with the present invention. In FIG. 1 glass wafer 2 of the
      cell has deposited thereon a conductive layer 4, for example of In.sub.2
      O.sub.3 forming the system of electrodes for the lower wafer, and a
      surface treatment layer 6, for example, an oblique deposit of SiO
      sufficiently thin so that layer 4 will not be completely electrically
      insulated from the liquid crystal. Wall 8 is surmounted by a low fusion
      point material 10.
PAR  If the mask which is used to obtain wall 8 is of good quality, in
      particular if the edges are cut with precision, the mask can be utilized
      for deposit of materials 8 and 10. But it is sometimes preferable to
      utilize a second mask, thiner than the first, to deposit material 10.
PAR  FIG. 2 shows the same elements as FIG. 1 utilizing the same reference
      numbers with, structure 12 having seven segments connected by connections
      14 to contacts 16 for connection of the cell to the electronic control
      elements, not shown.
PAR  FIG. 2 also shows a contact carrying member 18 obtained by the deposit step
      under vacuum and constituted by insulating material covered with the
      material of low fusion point covering the top of the wall. This contact
      serves, as will be described hereinafter, to electrically connect the
      electrodes of the upper wafer to contact 20 mounted on the lower platter.
PAR  The upper wafer of the cell is seen in FIG. 3. Glass wafer 22 has deposited
      thereon a conductive layer 24, for example of In.sub.2 O.sub.3, then a
      layer 26 to orient the molecules of the liquid crystal, for example,
      oblique SiO and then a ribbon 28 of a low fusion point material,
      preferably indium. As noted above, a half-wall of SiO can be deposited on
      the upper wafer analagous to wall 8 of FIG. 1 with a ribbon of indium
      thereon.
PAR  FIG. 4 shows the upper wafer of the cell in perspective showing the counter
      electrode 30 the location of which corresponds to element 12 of the lower
      wafer. Counter electrode 30 is extended by a zone 32 which, when the cell
      is assembled, comes in contact with contact 18 and provides an electric
      connection of counter electrode 30 with contact 20. It is advantageous to
      utilize a mask which permits deposit of the metal on member 18 of such a
      size that the metal entirely covers the insulating part of this member.
PAR  It goes without saying that this method of obtaining contact with the
      counter electrode of the upper wafer is exemplary only and that it is
      within the scope of the present invention to obtain the electric
      connection to counter electrode 30 by a connection situated entirely on
      the upper wafer.
PAR  Wall 8 which provides sealing and thickness for the cell, is not
      necessarily rectangular. It can have more complex forms which may improve
      the filling operation and avoid pollution of the liquid crystal by the
      plug which is used to close the opening in the wall. The present invention
      applies equally to any shape of the wall. By way of illustration and not
      of limitation, FIG. 5 shows a particular wall form having a main
      rectangular wall 34 associated with an auxiliary wall 36 to partially mask
      opening 38 used during filling. Contacts 40 are provided for the counter
      electrodes located on the upper wafer, three in the example considered,
      for display apparatus which has three numerical characters disposed side
      by side.
PAR  FIG. 6 shows very schematically the position of the lower wafer 41 and
      upper wafer 43 disposed in a furnace 45 providing a temperature in the
      neighborhood of the fusion point of the material located on top of the
      wall, for example, between 100.degree. and 200.degree. C. for indium.
      Several cells can be treated in the same furnace. Naturally, FIG. 6 is not
      to scale.
PAR  FIG. 7 shows another embodiment of the process of the present invention in
      which a ribbon is used for the junction.
PAR  The cell shown in FIG. 7 filled with liquid crystal 51 comprises:
PAR  a. a base wafer covered with coating 44 or mosaic and conductor of
      electricity, constituting a mosaic of electrodes;
PAR  b. a transparent layer 52 of glass parallel to wafer 42 forming a cover and
      covered with an extremely thin layer 50 of a transparent metal
      constituting a second electrode;
PAR  c. a closed wall forming the lateral wall of the cell and mounted between
      wafers 12 and 52.
PAR  In accordance with an embodiment shown at the left of FIG. 7, the wall
      comprises, considered in the direction of its thickness between wafers 42
      and 52, a metallic part 49 and a part 48 of insulating material for
      example, SiO.sub.2, Si.sub.3, N.sub.4 or Al.sub.2 O.sub.3. The total
      thickness of the wall is from 10 microns to about 1 micron and the
      thickness of the metallic part 49 is small with respect to that of the
      insulating part 48 and on the order of 1 micron. A ribbon 54 is deposited
      on wall 49 and on wafer 52.
PAR  Metallic part 49 is electrically connected to a metallic contact 56 applied
      against base 42 so that there is electric continuity between layer 50 and
      contact 56.
PAR  A difference of potential can be applied by a voltage generator and an
      interrupter, now show, between certain of the electrodes of the mosaic 44
      and contact 56 and thus between certain of the electrodes of the mosaic 44
      and the metallic layer 50, this difference of potential creating an
      electric field between the wafers 42 and 52.
PAR  In accordance with an embodiment of the invention shown at the right of
      FIG. 7, wall 46 is entirely metallic. On conducting layer 50 of upper
      wafer 52 a metallic ribbon 54 is deposited closed on itself and of the
      same length as wall 46. It is interesting, in the forming of ribbon 54, to
      utilize the same mask that is used to form the wall. This ribbon can be of
      aluminum or of gold. Wafer 56, thus treated, is mounted on the wall in
      such a way that the two metallic parts are in contact with each other, the
      cell being full of liquid crystal.
PAR  This metallic junction is heated locally either by a laser beam 60 or by
      ultrasons (ultra sonic waves) or by any other appropriate means in such a
      way as to locally melt the aluminum-aluminum junction, if ribbon 54 is of
      aluminum, or to create the eutectic aluminum-gold, if the ribbon is of
      gold.
PAR  The thickness of ribbon 54 can be on the order of 1 micron.
PAR  The cell manufactured by the process of the present invention is
      particularly useful for display apparatus utilizing a control circuit of
      the integrated type with M.O.S. transistors.
PAR  This integrated circuit may then constitute the base 44 of the cell.
PAR  It will be appreciated from the above description of the illustrative
      embodiments that the present process utilizes techniques such as
      evaporation under vacuum and masking to obtain walls of controlled
      thickness with great accuracy and that these procedures can be
      automatically performed. The present invention therefore contributes to
      reduction of cost of display apparatus using liquid crystals.
PAR  As a result of the accuracy with which, in accordance with the present
      invention, such cells can be manufactured, it is easy to control several
      cells disposed in the display assembly, for example, by sequential signals
      which is not the case with prior art procedures which produce unacceptable
      variations in the performance of the different cells and in particular by
      reason of inequalities in the thickness of the cells. It follows from the
      multiplexing of the cells that a decrease is obtained in the number of
      electrical control connections of a group of cells. More precisely, if it
      is desired to control n cells with seven segments by a multiplexing
      process, it is possible to utilize only seven connections carrying the
      sensitizing signal and a connection for each cell connected to the counter
      electrode of the upper wafer, these electrodes being sequentially
      energied. The number of connections in this case will then equal 7+n. On
      the other hand if multiplexing is impossible, each cell must be controlled
      independently by seven connections which leads to a total of 7n
      connections plus a connection to simultaneously control the n counter
      electrodes of the upper wafers. The difference between 7+n and 7n+1 is
      considerable when the number of characters to be displayed is greater than
      three or four.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Process for the manufacture of a liquid crystal cell having a film of
      liquid crystal between a first wafer, covered with a first system of
      electrodes and a second transparent wafer covered with a second system of
      transparent electrodes, the steps of mounting a system of electrodes on at
      least one of the wafers, depositing through a first mask on the periphery
      of the wafer a wall of controlled thickness, depositing through a second
      mask on at least one of the wafers a thread of material of low fusion
      point around a periphery corresponding to the periphery of the wall,
      applying the two wafers against each other and applying the thread on the
      top of the wall, connecting the two wafers to each other by heating the
      material of low point of fusion to the point of fusion, said step of
      depositing the wall including evaporation under vacuum in an enclosure of
      the material constituting the wall and said step of depositing said thread
      including evaporation under vacuum in said enclosure of the material of
      low point of fusion.
NUM  2.
PAR  2. Process as described in claim 1, including the step of forming on the
      wafer within the interior of the perimeter of the wall an electric contact
      of the same material as the wall and of the same height as the wall by
      depositing the electric contact through a mask provided with an opening
      and then completely covering the electric contact with a metal identical
      to the low fusion point material.
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ABST
PAL  A resistance thermometer sensor is provided by forming a path of
      electrically conducting material secured on an insulating base. The path
      is shaped as a loop having two side-by-side portions. A shorting bar
      connecting across these portions to short circuit part of the loop is
      adjusted along their length to trim the ice point resistance of the sensor
      as required. When suitably adjusted, the shorting bar is fastened in
      position, for example by welding. In one example, the sensor comprises a
      bifilar helix of resistance wire wound and secured on a cylindrical
      former.
BSUM
PAR  This invention relates to resistance thermometer sensors.
PAR  One of the problems encountered when manufacturing resistance thermometer
      sensors is the difficulty of trimming such sensors to have a desired value
      of electrical resistance at a particular temperature.
PAR  It will be understood that it is often desirable to have resistance
      thermometer sensors with substantially identical performance
      specifications to avoid the necessity of re-calibrating the temperature
      measuring equipment using the sensors when one sensor is exchanged for
      another of the same specification. To provide sensors with similar
      specifications it is necessary on the one hand to ensure that the sensors
      have similar temperature co-efficients of resistance and also that the
      resistances of all the sensors at a reference temperature are
      substantially equal. Typically, the reference temperature used is that of
      melting ice, i.e. 0.degree.C, and the resistance of a sensor at this
      temperature is referred to as the ice point resistance.
PAR  There are numerous ways known for providing electrically conducting paths
      of materials with predetermined temperature co-efficients of resistance.
      However, the present invention is concerned more particularly with
      trimming the electrically conducting paths of resistance thermometer
      sensors to have a desired ice point resistance.
PAR  The specification of U.S. Pat. No. 3114125 to Werner et al includes
      disclosure of a method of manufacturing a temperature sensor in which a
      helical resistance wire of predetermined resistance is housed in a bore or
      bores in a ceramic tube. The ceramic tube of the sensor is formed with an
      opening at one side extending into the bore and the sensor is trimmed by
      withdrawing part of the resistance wire through the bore to reduce the
      effective length of the wire between connecting leads for the sensor until
      the resistance of the sensor is at a required value.
PAR  In the complete specification of British Pat. No. 1025501 to Rosemount
      Engineering Co. Ltd. et al, a similar method of manufacturing a resistance
      thermometer sensor is disclosed. In this method however a part of the
      resistance wire at a point intermediate its ends is withdrawn through an
      opening extending into the bore and twisting the loop so withdrawn to
      short circuit the loop, the withdrawing and twisting being continued until
      the resistance of the wire measured between its ends reaches the required
      value for the temperature which the operation is carried out.
PAR  Clearly, both of the aforementioned trimming methods involves mechanically
      stressing a resistance wire used in the sensor. This mechanical stressing
      introduces strains in the wire which cause variations in the observed
      resistance of the sensor, thereby making trimming of the sensor possible
      only to a limited degree of accuracy. Also, the trimming methods described
      above will require considerable dexterity, especially when applied to
      sensors of small size.
PAR  According to one aspect of the present invention there is provided a
      resistance thermometer sensor comprising a base of insulating material, a
      path of electrically conducting material with a temperature responsive
      co-efficient of resistance, the path being firmly attached to said base
      and at least a part of the length of the path having the configuration of
      a loop with two portions in side by side relationship, and a shorting bar
      connected across said two portions at a predetermined position along the
      length of the portions to provide a desired value of ice point resistance
      for the sensor.
PAR  During the manufacture of such a resistance thermometer sensor, the
      resistance of the sensor measured between the ends of the path when the
      thermometer is held at a predetermined constant temperature can be
      adjusted by suitable positioning of the shorting bar along the length of
      said two portions of the loop. Clearly, the resistance of the sensor can
      be adjusted by the amount of the resistance of the largest lengths of the
      path in the loop that can be shorted out by the shorting bar.
PAR  According to another aspect of the present invention there is provided a
      method of making a resistance thermometer sensor comprising the steps of
      providing a base of insulating material and, firmly attached thereto, a
      path of electrically conducting material with a temperature responsive
      co-efficient of resistance with at least a part of the length of the path
      configured as a loop with two portions in side-by-side relationship,
      adjusting, along the length of said portions, the position of a shorting
      bar connected across said two portions to provide a desired value of
      ice-point resistance for the sensor and then fastening the shorting bar in
      this position. It can be seen that trimming of the sensor is performed
      with the resistance path secured in position on the insulating base. Thus,
      there is no movement of the path causing mechanical strain therein during
      trimming of the sensor. This provides a very significant advantage as
      regards the accuracy with which sensors according to the invention can be
      trimmed.
PAR  The loop in the resistive path may form substantially the whole length of
      the path, in which case the resistance of the sensor is adjustable between
      a maximum value with none of the path shorted out and a minimum value with
      substantially the whole path shorted out.
PAR  In one example of the invention, the path of conducting material is formed
      by winding a wire as a bifilar helix on an elongate former to provide a
      U-shaped loop of the wire with the arms of the U extended and coiled
      helically around the former in a side by side relationship. Conveniently,
      the wire is wound on an unglazed ceramic former and then a thin coat of
      glaze is applied to the winding and former to fasten the wire in position.
      The top surface of the wire wound on the former should be clean and free
      from glaze material to allow a good electrical contact to be made, and so
      the coat of glaze applied after winding on the wire must be sufficiently
      thin that it will be dragged by surface tension forces onto the ceramic
      surface of the former leaving bare the outer surface of the wire. A very
      thin residual layer of glaze material covering the wire may be
      permissible, however, since such a thin layer can readily be wiped or
      scratched away, either when positioning the shorting bar or in a separate
      wiping process.
PAR  Although a ceramic former is preferred, formers of other suitable materials
      are envisaged such as a glass with a melting point higher than that of the
      glaze.
PAR  In a further, bonding method, the wire is attached to the former by a
      ceramic cement, in which case the surface of the wire and former should be
      wiped clean before the cement sets so that a good electrical contact with
      the winding may be achieved. However, thin coats of ceramic cements may be
      sufficiently powdery that adequate electrical contact can be attained
      after setting by gently scraping the wire.
PAR  For low temperature uses of the resistance thermometer, the wire winding
      may be attached to the former by an epoxy resin.
PAR  Any precious or base metal known for use as the temperature responsive
      material in a resistance thermometer may be used for forming the
      conducting path.
PAR  Preferably, however, platinum is employed and thus the wire wound on the
      elongate former in the above embodiments may conveniently be platinum
      wire.
PAR  In another preferred method of making the resistance thermometer, the path
      of conducting material is formed by printing on the base a film of the
      conducting material in the shape of a double spiral. Conveniently, the
      film is formed of platinum.
PAR  The shorting bar may be fastened in position to provide a short circuit
      between the portions of the loop of the conducting path by welding the bar
      to the path. It will be evident that the shortening bar should be formed
      of a material that is suitable for welding to the material of the
      conducting path and provides a stable electrical contact therewith.
      Preferably, when a platinum conducting path is employed, the shorting bar
      is formed of gold. The shorting bar may alternatively also be formed of
      platinum.
PAR  A gold shorting bar may be thermocompression welded to the conducting path.
      A platinum shorting bar may also be thermocompression welded but at a
      higher temperature than a gold bar.
DRWD
PAR  Examples of the present invention will now be described with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 illustrates one form of resistance thermometer sensor,
PAR  FIG. 2 is a detailed longitudinal cross-section of the sensor of FIG. 1 and
      illustrates a method of welding a shorting bar in place,
PAR  FIG. 3 illustrates an alternative form of resistance thermometer sensor and
PAR  FIG. 4 illustrates a composite form of shorting bar.
DETD
PAR  FIG. 1 shows a temperature thermometer comprising a double helical coil 1
      of platinum wire fixedly wound on a former 2. The coil 1 is in the form of
      a U-shaped loop of wire with the arms 17 of the U extended and coiled
      helically round the former 2 in a side by side relationship. The coil is
      fastened to the former, for example, by a glaze coating 11 (FIG. 2). Lead
      wires 3 are provided extending through longitudinal bores 18 in the former
      along the length of the former and are connected to the ends 19 of coil 1.
      A gold shorting bar 4 is provided welded across the arms of the U of the
      platinum coil 1 and thereby short circuiting a portion of the coil 1. The
      former 2 with coil 1 and shorting bar 4 is enshrouded in a protective
      glaze coating 5.
PA1  In one method of making the thermometer of FIG. 1, the former 2 is made of
      ceramic material and the platinum wire is wound on the former to produce
      the coil 1. The lead wires 3 are inserted up the bores 18 in the former
      and attached to the ends 19 of coil 1. After winding on the coil, the thin
      glaze coating 11 is applied to former 2. Coating 11 is sufficiently thin
      to be dragged by surface tension on to the surface of the ceramic former 2
      leaving bare the outer surface of the coil 1 whilst securing the coil on
      the former. The device is then heated to a sufficient temperature and for
      a sufficient period to anneal the platinum wire. After cooling again, the
      device is brought close to a previously calibrated device of similar
      construction so as to be at the same temperature and the resistances of
      the two devices are compared on a suitable bridge circuit. The gold
      shorting bar 4 is connected across the side-by-side portions of the coil 1
      and moved along the coil to short circuit an increasing or decreasing part
      of the coil until the bridge is balanced. The bar 4 is then firmly welded
      in this position to provide a permanent short circuit. Finally the
      protective glaze coating 5, is applied. Typically, the platinum wire for
      coil 1 is 0.025 mm. in diameter and the former 2 has a diameter of 2.5 mm.
PAR  A method of welding the shorting bar 4 in place is shown in FIG. 2.
      Typically, to provide the bar 4 there is employed a length of gold wire 6
      with 0.05 mm. diameter. A portion of the length of wire 6 is applied
      across the side-by-side portions of coil 1 and, when the desired position
      for bar 4 is found, the wire portion is thermocompression welded to coil 1
      using a welding tip 8 whose thin bottom section 9 is heated by a heavy
      electric current passing through it. This is used to heat the gold wire to
      a temperature of several hundred degrees centigrade, when, under pressure,
      it will form a bond with the platinum wire. When the weld is complete, a
      knife 10 is brought down on the two sides in turn of the welding tip 8 to
      cut the gold wire to length to form the shorting bar 4. It is essential
      for a good contact and weld to be made between the bar 4 and coil 1 that
      the top surface of the platinum wire before welding be clean and
      substantially free from any glaze material from the coating 11.
PAR  An alternative form of the resistance thermometer sensor is shown in FIG.
      3. In this example, a film of platinum or a platinum rich frit is formed
      for example by printing, in the shape of a double spiral 13 on a
      dielectric substrate 12. The two arms of the double spiral are in
      side-by-side relationship and a gold shorting bar 14 is welded across the
      arms to short circuit part of the spiral in the same manner as described
      above for the example of FIG. 1. The spiral path may be printed on
      substrate 12 in any known manner, and the complete calibrated resistance
      thermometer may be provided with connectors and encapsulated in the usual
      way for such thick film circuits.
PAR  In FIG. 4 a composite form of the shorting bar is shown for a resistance
      thermometer sensor to be used at relatively low temperatures. This bar
      comprises a first layer 15 of high melting point material with a second
      layer 16 of relatively low melting point material. Such a composite bar
      may be fastened to provide a short circuit between the side-by-side
      portions of the path by applying sufficient heat to the high melting point
      layer to melt the low melting point layer for connection to the path
      whilst the high melting point layer remains hard. Thus the bar does not
      become tacky and adhere to a welding tip applying the heat. Typically, the
      low melting point layer may be tin-lead solder.
PAR  An important advantage of sensors according to the invention is that no
      heat need be applied to the thermally responsive coil of the sensor until
      the correct position for the shorting bar is found giving the desired
      value of resistance for the device at the particular temperature. Thus,
      errors are avoided in trimming the sensors. Also, the trimming of sensors
      may be performed quickly and without the need for any great skill on the
      part of the operator. The shorting bar welded in place on the conducting
      path has a low profile and is readily covered by a glazing coat or other
      protective encapsulation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a resistance thermometer sensor comprising the steps
      of providing a base of insulating material and, firmly attaching thereto a
      path of electrically conducting material with a temperature responsive
      coefficient of resistance, with at least a part of the length of the path
      configured as a loop, with two portions in side-by-side relationship and
      adjusting, along the length of the said portions, the position of a
      shorting bar connected across said two portions to provide a desired value
      of ice point resistance for the sensor and then fastening the shorting bar
      in this position.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the base is formed as an elongate
      cylindrical former and the path of conducting material is provided by
      forming a bifilar helix of wire on the former and attaching it thereto in
      the configuration of a U-shaped loop with the arms of the U extended and
      coated helically around the former in side-by-side relationship.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein the helix of wire is formed on an
      unglazed ceramic former and then a coating of glaze is applied to the
      helix and former to secure the wire to the former, the glaze coating being
      sufficiently thin to leave the outer surface of the wire substantially
      free from glaze material.
NUM  4.
PAR  4. A method as claimed in claim 2 wherein the wire is cemented to the
      former.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the path of electrically
      conducting material is formed by printing on the base a film of the
      material in the shape of a double spiral.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein the shorting bar is fastened in
      position by welding the bar to the path.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein the shorting bar comprises a
      first layer of high melting point material with a second layer of low
      melting point material and wherein the bar is fastened in position by
      applying sufficient heat to the high melting point layer to melt the low
      melting point layer for connection to the path whilst the high melting
      point layer remains hard.
NUM  8.
PAR  8. A method as claimed in claim 1 wherein a portion of a length of wire is
      adjusted in position shorting across the loop portions, is
      thermocompression welded in position and is then cut to length to provide
      the shorting bar.
NUM  9.
PAR  9. A method as claimed in claim 1 wherein, after providing the path firmly
      attached to the base, the sensor is brought close to another sensor so
      that they are at substantially the same temperature, said other sensor
      being previously calibrated and trimmed to have said desired value of ice
      point resistance, then the resistances of the two sensors are compared and
      the positioning of the shorting bar is adjusted until the resistances are
      substantially equal, before fastening the shorting bar in position.
NUM  10.
PAR  10. A method of manufacturing a resistance thermometer sensor comprising
      the steps of providing an elongate cylindrical ceramic former, forming a
      bifilar helix of platinum wire in a U-shaped loop with the arms of the U
      extended and coated helically around the former in a side-by-side
      relationship, applying a coating of glaze to the helix and former to
      secure the wire to the former, the glaze coating being sufficiently thin
      to leave the outer surface of the wire substantially free from glaze
      material, bringing the sensor close to another sensor so that they are at
      substantially the same temperature, said other sensor being previously
      calibrated and trimmed to have a desired ice point resistance, comparing
      the resistances of the two sensors, adjusting along the length of said
      arms of wire, the position of a portion, connected across the arms, of a
      length of gold wire, until the resistances of the two sensors are
      substantially equal, thermocompression welding the portion of gold wire in
      position and then cutting the length of gold wire to leave said portion as
      a shorting bar connected across said arms.
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ABST
PAL  A method of forming an electrical network package in which a B-stage
      thermosetting adhesive material is sandwiched between and adheres together
      a substrate bearing a network of electric circuit elements, and a
      protective superstrate. The component package is first heated sufficiently
      to initiate the formation of the adhesive into a gel. The package may then
      be cooled, and is momentarily compressed in order to flow the adhesive
      material into sealing relation with the electric network and to inhibit
      relative slippage between the substrate and superstrate followed by
      further heating to fully cure the adhesive.
PAL  Except for the momentary compression, the entire curing sequence is
      performed without the application of external pressures, thereby
      considerably simplifying the requisite machinery. The method is adaptable
      to mass production techniques by employing a single continuous adhesive
      tape and lead frame in connection with a multiplicity of substrates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to methods of forming electrical components, and
      more particularly to a method of forming a package having a sealed network
      of electric circuit elements.
PAR  The use of sealed electric network packages has become quite popular for
      circuit board and similar applications. Such packages are relatively
      inexpensive, mass produced components that provide numerous alternatives
      both in the manner in which they can be connected to an external circuit,
      and in the choice of electrical characterisitcs available. They typically
      involve a network of circuit elements such as resistors, inductors, or
      capacitors that are deposited on a substrate and protected from the
      outside environment by means of a superstrate which is held on by an
      adhesive. A number of lead wires make electrical connections at various
      terminal points on the network and extend out from the package to
      facilitate connection with an external circuit. Selected portions of the
      sealed network can then be integrated into a circuit board by soldering or
      otherwise connecting an appropriate combination of lead wires to the board
      circuit. The packages generally come in one of two configurations:
      single-in-line (SIP) with a single set of leads protruding from one edge
      of the package, and double-in-line (DIP) with two sets of lead wires
      protruding from opposite edges of the package.
PAR  While separate clamps could be used to hold the package together, it has
      generally been found preferable to employ an adhesive to the substrate and
      superstrate. In addition to producing a smaller package with possible cost
      savings, adhesives have the advantage of sealing the enclosed network and
      thereby providing a first barrier against the outer environment. However,
      the manufacture of network packages with adhesives has not proved to be
      completely satisfactory, and there are still areas in which further
      improvements are desirable. For example, the substrate and superstrate
      have generally been clamped together during all or a substantial portion
      of the time in which the adhesive is cured. This in turn has lead to a
      requirement for fairly expensive machine parts such as molds or dies. Such
      equipment is generally inflexible in the sense that it cannot readily
      accommodate changes in the dimensions of the network package,
      necessitating the maintenance of multiple lines of manufacturing apparatus
      or frequent retooling if a number of different package sizes are produced
      either concurrently or in succession. Mass production capability may also
      be limited because each mold or die is occupied for substantially the
      entire period necessary to cure the adhesive, thereby necessitating the
      acquisition of additional molds or dies in order to increase the
      production rate. Care must also be exercised in the design and operation
      of the equipment to ensure that the substrates and superstrates are not
      damaged when the package is clamped.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the above stated problems associated with the prior art, it is
      an object of the present invention to provide a novel and improved method
      of manufacturing electric network packages in which the requirement of
      separate molds or dies for each package or group of packages is
      eliminated.
PAR  Another object of the invention is the provision of a novel and improved
      method of manufacturing an electric network package that is adaptable to
      mass production techniques.
PAR  A further object is the provision of a novel and improved method of
      manufacturing an electric network package that can accommodate different
      package sizes with a single set of manufacturing equipment and without the
      need for retooling when the package size is changed.
PAR  Yet another object of the present invention is the provision of a novel and
      improved method of manufacturing an electric network package in which the
      danger of damaging the package components is very low.
PAR  In the accomplishment of these and other objects, the method contemplated
      by the present invention involves the emplacing of a B-stage adhesive
      material on a substrate onto which a network of electric circuit elements
      has been deposited, with lead wires connected to the network at various
      locations and extending outwardly from the substrate. The adhesive is
      heated in a first heating step to initiate the formation of a gel, which
      is an early stage in the full curing cycle reached just after the adhesive
      has softened and wet the surface of the substrate. At this time a
      superstrate, which may have been positioned on the package prior to the
      initial heating step, is compressed against the adhesive and substrate to
      cause the adhesive to flow into a sealing relation with the electric
      network. The compression is sufficient to partially bond the package
      together and prevent the superstrate from slipping out of alignment with
      the substrate. The package is again heated, typically for about an hour,
      to complete the adhesive cure and securely bond the substrate and
      superstrate together. If desired the package may be cooled after the
      initial heating stage, allowing the adhesive gel to partially harden and
      thereby increase its holding strength prior to final cure.
PAR  When the above method is employed it is necessary to apply outside pressure
      to the package at only one point in the entire manufacturing process, and
      then only for a very short period of time. This feature makes the method
      adaptable to mass production techniques since a single compressing station
      may be used for all of the packages in a manufacturing run, rather than
      having to provide a multiplicity of separate dies or molds to clamp the
      packages while the adhesive is cured.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further advantages and features of the present invention will be apparent
      to those skilled in the art from the ensuing detailed description thereof,
      taken with the accompanying drawings, in which:
PAR  FIG. 1 is an exploded view of the components of a typical network package
      capable of assembly according to the method of the present invention;
PAR  FIG. 2 is a cross-sectional view of an assembled network package; and
PAR  FIG. 3 is a somewhat idealized representation of a method of mass
      production facilitated by the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows the components of a typical network package that can be
      manufactured according to the present invention. Deposited onto one face 2
      of a flat ceramic substrate 4 is a network of resistance strips 6, each of
      which is composed of a material such as cermet that has a particular
      resistance as determined by the electrical design of the package. While
      only resistance elements are shown, it should be realized that other
      circuit elements such as inductors or capacitors could also be employed if
      desired. techniques for depositing these elements on a substrate are
      well-known and form no part of the present invention, and therefore will
      not be discussed herein.
PAR  A plurality of termination pads 8 are distributed along the edge of upper
      substrate face 2, one for each of the network elements 6. Pads 8 are
      formed from any suitable conductive material, each forming an intimate
      electrical connection with its associated resistance element 6 so as to
      provide a base for the connection of lead wires. A common termination
      strip 10 extends adjacent to the opposite edge of the substrate face 2
      from termination pads 8 and is electrically connected to each of the
      resistance elements 6 such that substantially the full resistance value of
      each element 6 is contained between its associated termination pad 8 and
      common strip 10. Strip 10 makes a right angle turn at one end of the
      substrate 4 so as to present an additional termination surface in
      alignment with the array of termination pads 8.
PAR  The particular configuration of resistive elements shown is intended for
      illustrative purposes only, rather than in any limiting sense. It should
      be apparent that many other configurations could be used, with or without
      a common strip.
PAR  In order to connect the aforementioned electrical network with a circuit
      board, a lead frame 12 which includes a connecting bar 14 from which a
      plurality of flat lead wires 16 extend is employed. Each lead wire 16
      includes at its end opposite to connecting bar 14 a flat, slightly
      enlarged portion 18 having an area comparable to that of termination pads
      8. The spacing between lead wires 16 is equal to the spacing between
      resistance element 6, whereby the enlarged lead wire portions 18 may be
      aligned with and connected to termination pads 8 by soldering or the like
      to form intimate electrical connections therewith. Connecting bar 14
      serves only to hold lead wires 16 together for convenience during the
      manufacturing process, and is cut away at an appropriate time after the
      lead frame is in place. Lead frame 12 is typically provided in the form of
      a long continuous strip having hundreds of lead wires 16. As will be seen
      hereinafter, such lead frames can be advantageously adapted to mass
      production techniques with the present invention.
PAR  After lead frame 12 is attached, a layer of adhesive material 20 is
      emplaced over substrate face 2 and its associated electric network.
      Adhesive 20 is a B-stage thermosetting material, i.e., it has already been
      partially cured before being applied to the network package. One adhesive
      that has been found to perform satisfactorily in the manufacture of
      network package is "SCOTCH-WELD" brand structural adhesive AF-111,
      produced by the 3M Company. B-state adhesives exhibit particular qualities
      that have been employed in the present invention to greatly reduce the
      tooling necessary in the manufacture of network packages. Specifically, as
      the adhesive is heated to the temperature prescribed for curing it softens
      and wets the surface to which it has been applied. As heating continues
      the formation of a low strength gel is initiated; continued curing
      chemically converts the gel into a high strength, solvent resistant bond.
PAR  According to the adhesive manufacturer's recommendations, pressure should
      be applied to the adhered parts during all or a substantial portion of the
      cure in order to keep the parts in alignment and to overcome distortion
      and thermal expansion in the adherends. With the present invention,
      however, pressure is applied during only a very short portion of the cure,
      when the adhesive is initially formed into a low strength gel. This
      technique has been found to satisfactorily hold the package together when
      the adhesive is subsequently fully cured, thereby eliminating the need for
      individual dies or molds to clamp the packages.
PAR  Continuing with the description of the component parts of the network
      package, a ceramic superstrate 22 which is preferably identical to
      substrate 4 is aligned over the substrate, sandwiching adhesive layer 20
      in between. With superstrate 22 in place, the package is subjected to a
      first heating step in which it is heated to a curing temperature,
      preferably about 125.degree.C for the aforementioned AF-111 material. When
      the adhesive has entered the initial stages of the formation of a gel and
      is capable of providing a low strength bond, pressure is applied to the
      superstrate 22, either manually or by an automated stamping head. The
      resulting compression of the package causes adhesive 20 to flow over
      substantially the entire surface area of substrate face 2, thereby sealing
      the electrical network carried thereon. It has been found that if the
      pressure is applied during the initial stages of the gel the adhesive is
      soft enough to adequately flow, but has enough bonding strength to hold
      the substrate 4 and superstrate 22 in alignment for the remainder of the
      curing cycle without the need for any external clamps. Some latitude is
      permissible in the time at which the pressure must be applied, which will
      vary with the rate at which the adhesive is heated and the ultimate curing
      temperature reached. For the AF-111 material, which will fully cure in
      about 1 hour at a temperature of 125.degree.C, a first heating step of
      about 5 minutes before applying pressure to the package is generally
      satisfactory for network packages that are originally at room temperature
      when entering a kiln. There is also considerable leeway in the amount of
      pressure that can be applied, the outer limitations being that the
      pressure must be great enough to cause the adhesive to flow into sealing
      relation with the network elements and bond the substrate and superstrate
      together sufficiently to prevent subsequent slippage, but cannot be so
      great as to squeeze too much adhesive out of the package or damage the
      ceramic material. In general, pressures of between 10 and 25 psi applied
      for Up to a few seconds are satisfactory, although this pressure range
      should not be taken as limiting.
PAR  In order to increase the adherence between substrate 4 and superstrate 22
      and thereby reduce the chance of slippage during the final curing step,
      the network package may be allowed to cool after undergoing the initial
      heating step and prior to being compressed. This may be accomplished by
      the employment of a bifurcated kiln with an open air compression station
      located between two kiln sections. As the packages emerge from the first
      section on a conveyer belt or the like they are cooled by the ambient air
      and then compressed before entering the second kiln section. The adhesive
      gel hardens somewhat as it is cooled and tends to hold superstrate 22 more
      firmly in place, but also to flow less easily. Depending upon the degree
      of cure reached during the first heating step, more or less cooling may be
      desirable. If the initial heating is permitted to continue for too long
      before the package is compressed, the adhesive can become so hard that a
      satisfactory joinder will not be achieved.
PAR  During the second heating or full cure step the package is heated to any
      convenient temperature that will effect a satisfactory cure, so long as
      the temperature is not high enough to substantially alter the electrical
      characteristics of the network elements. After full cure is achieved the
      network packages are cooled and cleaned, such as by blasting with an
      aluminum oxide mixture to remove scuffs and adhesive that has flowed out
      from between the substrate 4 and superstrate 22.
PAR  Referring now to FIG. 2, a completed SIP package is shown with a substrate
      4 and superstrate 22 firmly held in place by a fully cured layer of
      adhesive 20 that has flowed over substantially the entire upper surface
      area of substrate 4 to seal network elements 6. Adhesive 20 also serves to
      strengthen the physical bond between lead wires 16 and termination pads 8
      initially established by solder deposits 24. While lead wires 16 are shown
      as extending outwardly from the right hand side of the package, it should
      be realized that the present method is equally applicable to the formation
      of a DIP package, in which lead wires would also extend out from the
      opposite side of the package. DIP packages will generally require a
      different configuration of network elements than that shown in the
      figures, but the method of cementing the packages together would be the
      same as for a SIP package.
PAR  A representation of a mass production technique employing the method of the
      present invention is shown in FIG. 3. A plurality of substrates 4, onto
      which appropriate resistance elements and termination facilities have been
      deposited, are arranged in an end-to-end linear array. Lead wires 16
      carried by a continuous lead frame 12 are soldered onto the termination
      pads of each substrate 4, preferably by means of an automated soldering
      apparatus, such that substrates 4 are joined together by lead frame 16.
      The substrate array is moved by means of a conveyor belt or the like to a
      station at which a continuous tape of B-stage adhesive material is
      emplaced on the upper substrate surfaces by appropriate means such as a
      roller dispenser. Superstrates 22 are then positioned on tape 20 in
      alignment with underlying substrates 4 by means of an automatic feeding
      mechanism, not shown. The network package components are then moved into a
      kiln where the initial heating step is performed and the adhesive material
      transformed into a soft gel state. At this point, following any cooling
      that may be desired, a stamping head is lowered to compress the package by
      the amount required to flow the adhesive over substrates 4 and bond
      substrates 4 and superstrates 22 together sufficiently to prevent relative
      slippage therebetween. The network packages are then forwarded to another
      section of the kiln to be fully cured, followed by a severing of the
      unused portions of adhesive tape 20 and lead frame 12 between the separate
      packages. Suitable machinery for performing this mass production operation
      has not been shown since numerous types of mechanisms may occur to one
      skilled in the art of machinery design, and the present invention is
      directed toward the sequence of steps necessary to form network packages,
      rather than on particular machinery that may be used to carry out each
      step of the sequence.
PAR  While particular components and operating ranges have been shown and
      described above, numerous variations and modifications are possible within
      the scope of the invention without sacrificing the advantages of
      eliminating separate molds or dies and being able to accommodate different
      network package sizes without extensive retooling. With respect to the
      latter feature, it can be seen that a change in the package size can be
      accommodated by merely changing the dimensions of lead frame 12 and
      adhesive tape 20, and perhaps by also modifying any automatic insertion
      machinery that may have been employed with respect to substrates 4 and
      superstrates 22. A single conveyor belt for carrying the packages through
      the production sequence can be made wide enough to accommodate any
      expected dimensions, while the compression device may comprise a single
      pressure head that is large enough to extend over the full range of
      expected package sizes. Therefore, it is intended that the scope of the
      invention be limited only in and by the terms of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of joining a substrate with a superstrate to form an
      electrical network package, said substrate bearing a network of electric
      circuit elements on one face, comprising the sequential steps of:
PA1  sandwiching a B-stage thermosetting adhesive material between said
      superstrate and the circuit-bearing face of said substrate,
PA1  heating the resulting sandwiched package sufficiently to initiate the
      formation of said B-stage material into a gel,
PA1  compressing said substrate and superstrate together sufficiently to cause
      said adhesive material to flow into sealing relation with said electric
      network,
PA1  releasing said compression, and
PA1  heating the resulting network package to substantially cure said adhesive
      material subsequent to releasing of said compression.
NUM  2.
PAR  2. The method of claim 1, wherein the step of heating the sandwiched
      package sufficiently to initiate the formation of the B-stage material
      into a gel is performed while the package is substantially free of
      external compressive forces.
NUM  3.
PAR  3. The method of claim 1, and further including the step of cooling the
      network package subsequent to initiating the formation of said adhesive
      material into a gel but prior to said compressing step, thereby at least
      partially hardening said gel.
NUM  4.
PAR  4. The method of joining a substrate with a superstrate, said substrate
      bearing a network of electric circuit elements on one face, to form a
      package in which the network is substantially sealed, comprising the
      sequential steps of:
PA1  emplacing a B-stage thermosetting adhesive material on said substrate face,
PA1  heating said substrate and adhesive material sufficiently to initiate the
      formation of said adhesive material into a gel at a temperature less than
      the temperature necessary to substantially alter the electrical
      characteristics of said circuit elements,
PA1  momentarily compressing said adhesive material between said substrate and a
      superstrate sufficiently to flow said adhesive material into sealing
      relation with electric circuit elements and inhibit relative slippage
      between said substrate and superstrate,
PA1  releasing said compression, and
PA1  heating the resulting package to substantially cure said adhesive material
      subsequent to releasing of said compression.
NUM  5.
PAR  5. The method of forming an electrical network package, comprising the
      sequential steps of:
PA1  depositing a network of electric circuit elements on a face of a substrate,
PA1  connecting electrical termination means to said network with the
      termination means extending outwardly from the substrate,
PA1  positioning a B-stage thermosetting adhesive material on said substrate
      face,
PA1  positioning a superstrate on said adhesive material,
PA1  heating said adhesive material sufficiently to initiate the formation of
      said adhesive material into a gel,
PA1  compressing said substrate and superstrate together against said adhesive
      material sufficiently to inhibit relative slippage therebetween,
PA1  releasing said compression, and
PA1  heating the resulting network package to substantially cure said adhesive
      material subsequent to releasing of said compression.
NUM  6.
PAR  6. The method of claim 5, and further including the step of cooling said
      adhesive material after the initiation therein of a gel formation but
      prior to said compressing step, thereby at least partially hardening said
      adhesive material.
NUM  7.
PAR  7. The method of claim 5, wherein said adhesive material is provided in the
      form of a tape.
NUM  8.
PAR  8. The method of forming each of a plurality of electrical network packages
      according to the method of claim 5, including the steps of depositing a
      network of electric circuit elements onto a face of each of a plurality of
      substrates, arranging said substrates in a linear array, connecting a
      continuous termination lead frame to the electric networks of said
      linearly arrayed substrates, and emplacing a continuous tape of B-stage
      thermosetting adhesive material on the substrates in said array, and
      further including the additional step of severing said tape and
      termination lead frame between each of said substrates after forming the
      network packages, thereby providing a plurality of discrete packages.
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ABST
PAL  Methods of producing consistently uniform and high strength solid-phase
      (preferably thermocompression) bonds between two mating members and, in
      particular, between multiple micro-size lead-frame-fabricated electrical
      ribbon leads and thin film terminals formed on glass or ceramic circuit
      substrates, for example, through the utilization of at least one, but
      preferably two or more, interposed and specially contoured compliant
      contacts per lead. The pre-shaping of the compliant contacts into
      essentially triangular cross-section (preferably accomplished by initially
      roll bonding contact-forming precious metal wire(s) to lead-frame forming
      strip stock), has been found to be very beneficial and significant in
      establishing a sufficient degree of inherent compliancy to minimize, if
      not eliminate, force-induced circuit substrate failures due to fracture or
      glass cavitation, and to provide sufficient plastic deformation to insure
      the attainment of reliable and consistent mechanical cleaning,
      metal-to-metal adhesion and bond definition at the bond interfaces. The
      utilization of two or more pre-shaped compliant contacts per bond area, so
      as to produce redundant bonds, further insures against total bond and/or
      substrate failures due to the presence of random micro-imperfections in or
      blemishes on the mating bond surfaces.
PARN
PAR  This is a division of application Ser. No. 294,755, filed Oct. 3, 1972, now
      U.S. Pat. No. 3,834,604.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to solid-phase bonding and, more particularly, to
      the bonding of a first member, such as an external lead, to a second
      member, such as a thin film terminal, through the utilization of an
      interposed, specially contoured, compliant medium.
PAR  2. Description of the Prior Art
PAR  The advent of microminiaturization in the field of electronics and,
      particularly, the revolutionary changes that have taken place in the
      design of active and passive solid-state electronic components and
      circuits, utilizing both integrated and thin film technologies, have
      presented many serious and peculiar problems with respect to their
      fabrication and packaging.
PAR  The most striking property of integrated and thin film circuits, of course,
      is their microscopic size. Electrical components prevalent a decade ago,
      such as transistors and other discrete components, were readily seen and
      capable of being manually manipulated. Today, such components have been
      transformed into solid-state circuit elements of almost microscopic size,
      and often invisible to the unaided eye.
PAR  With respect to the packaging of solid-state circuits, the problems
      encountered are not only related to the minute size of the external leads
      that must be bonded to the circuits, so as to provide the necessary
      interconnecting link with associated equipment, but in the number of leads
      often associated with a given solid-state electronic circuit. The need for
      a plurality of external leads becomes readily apparent when it is realized
      that individual integrated circuit chips, often measuring less than a
      tenth of an inch on a side, may contain many active and passive circuit
      elements.
PAR  Accordingly, while the joining of one or more wires or leads 50 to 100 mils
      in diameter to mating terminals or pads of comparable size was common with
      discrete components a decade ago, today the joining of a large number of
      external leads, often less than ten mils in diameter, or width, to
      respectively associated thin metallic film terminals or pads is typical in
      the packaging of solid-state circuits. In such lead packaging, a glass or
      ceramic substrate is generally employed not only to support the active
      integrated circuit chips, but to expand the center-to-center spacings of
      the internal chip leads so as to allow external connections to be made to
      the outside world. The advent of beam lead sealed junction technology made
      external lead spacing expansion mandatory, as beam lead center-to-center
      spacings in the order of 1 to 3 mils has become commonplace.
PAR  In manufacture, the external leads may be attached to the branched out thin
      film paths, terminating in conductive connection areas, either prior to or
      after the bonding of the beam lead chip(s) to the supporting substrate.
      While the thin film connection areas are often interchangeably referred to
      in the art as contacts, lands, pads and terminals, the latter descriptive
      word will be generally used hereinafter in the interest of consistency.
PAR  Primarily due to the micro-size and two-dimensional nature of thin film
      terminals formed on the supporting substrate, normally by an evaporation
      process, such terminals are not effective in dissipating energy.
      Accordingly, during any joining process, not only the mechanical, but
      thermal energies imparted to the terminals will, in actuality, be
      transmitted directly to the substrate material. A concomitant problem in
      making reliable connections to thin film terminals is that the extremely
      small volume thereof places stringent limitations on the degree of
      abrasive action, dissolution and/or evaporation that can be tolerated
      during the metal joining operation.
PAR  For the foregoing reasons, it became quite apparent that a very significant
      and critical factor involved in achieving thin film connection quality, or
      integrity, is the effect on both the thin film and substrate of the
      energies imparted thereto by a given joining process. It was such a
      recognition that led to the conclusion at an early date that conventional
      bonding (including both soldering and brazing) techniques would generally
      not prove attractive and, in most cases, even feasible in making lead
      connections to thin film terminals. Moreover, the use of a low strength
      joining material, such as soft solder, and an increase in the areas to be
      joined in order to achieve high overall strength, for example, is
      inconsistent with the object of achieving a reliable micro-bond or weld
      zone consistent with high density electronic circuitry. The utilization of
      conventional solder to bond external leads to thin films, particularly on
      glass, can also often lead to what is referred to as substrate crazing,
      caused by solder induced thermal stresses in the substrate.
PAR  Fusion welding is another technique attempted heretofore to attach external
      leads to thin film terminals, but with limited success because of the
      minute thickness dimensions of the normally evaporated layers forming such
      terminals. Lasers, electron beams and resistance welders are other heat
      sources most often used in fusion welding.
PAR  In view of the foregoing deficiencies of alloy and fusion bonding (or
      welding) processes with respect to the assembly and lead packaging of
      solid-state circuits, in particular, attention was therefore concentrated
      on other types of joining processes that would not adversely affect the
      interface physical properties, while at the same time insure reliable
      lead-terminal adhesion qualities. Such concerted efforts lead to the use
      of solid-phase bonding which, as the name implies, is normally performed
      in the absence of any gross melting during bond formation.
PAR  The most common forms of solid-phase bonding are categorized broadly as
      thermocompression and ultrasonic bonding. A solid-phase bond is normally
      formed by inducing material flow in one or both members to be bonded by
      the application of heat and/or pressure so that adhesion takes place in
      the absence of a liquid phase, as in alloy or fusion bonding.
PAR  In connection with the external lead packaging of solid-state circuits,
      solid-phase bonding, particularly when used in conjunction with lead
      frames, advantageously makes possible low cost, multiple and reliable
      lead-terminal bonding on an automated basis. The utilization of a lead
      frame, of course, greatly facilitates the feeding, positioning and
      aligning of one or more arrays (or sets) of micro-size leads in overlying
      or underlying relationship relative to the associated thin film terminals
      on the circuit substrate.
PAR  In applications where there are multiple, micro-size lead frame leads and
      terminals to be solid-phase bonded, either thermocompression or ultrasonic
      wedge bonding is generally preferred. Such bonding processes normally
      require very close control over the pressure applied to the mating
      members, as well as over the heat applied in the case of thermocompression
      bonding. These parameters are of particular importance when the terminals
      comprise thin film layers deposited on a glass substrate.
PAR  More specifically, as is well known to those active in the manufacture of
      solid-state circuitry, variations in the flatness of the substrate,
      whether of glass, ceramic or any other material, may readily vary by as
      much as 100 microns. Such surface irregularities unfortunately seem to
      exist regardless of the care taken in polishing or otherwise finishing the
      bonding surfaces of the substrate. Similar surface irregularities, of
      course, occur in the evaporated thin films and in the mating surfaces of
      the leads. As such, these various mating surface imperfections often
      produce a very serious, cumulative error with respect to parallelism
      between the multiple bonding wedge tip and the top surfaces of the leads
      intended to be engaged thereby. This, in turn, can readily produce a
      considerable variation in spacing between the bonding wedge tip and the
      aligned leads.
PAR  It thus becomes readily apparent that as the number of leads to be bonded
      is increased, the total force imparted to the common bonding wedge will
      necessarily increase proportionally. Accordingly, a very detrimental
      concentration of pressure may often be created at one or more
      lead-terminal bond sites, leading to actual fracture or cracking of the
      substrate.
PAR  To compensate for and/or to minimize the establishment of such concentrated
      forces on the substrate, a technique of so-called compliant bonding in one
      form or another has been employed heretofore. In compliant bonding the
      substrate is normally mounted on a compliant supporting base which may
      comprise, for example, a resilient compensating pad, such as of rubber
      positioned beneath the substrate. A modification of such an arrangement
      has been the use of a plurality of spaced steel pins interposed between
      the resilient compensating pad and the underside of the substrate. Various
      pivotal and sometimes resiliently supported ball type mounts have also
      been employed heretofore as a compensating and compliant substrate base
      support.
PAR  While such prior compliant bonding techniques have proven to be quite
      successful with respect to effecting reliable thermocompression or
      ultrasonic bonds on relatively thick ceramic substrates, such techniques
      have not always proven to be satisfactory in the bonding of micro-size
      leads to thin film terminals on many glass and thin ceramic substrates.
      The reasons for this appear to be multi-faceted.
PAR  More specifically, solid-phase thermocompression or ultrasonic bonding is
      achieved by inducing an appreciable amount of material flow, or plastic
      deformation, in one or both members to be bonded during the application of
      pressure (as well as heat in TC bonding), so that effective dispersion of
      interface contaminants and member-to-member adhesion takes place in the
      absence of a liquid phase. With respect to plastic deformation, however,
      the plastic behavior of metals, in particular, is determined not only by
      external parameters such as temperature and pressure, but by material
      properties such as crystal structure, purity and microstructure. For these
      reasons, coupled with the fact that even the most carefully prepared
      mating bonding surfaces inherently are rough with respect to microscopic
      standards, it is not surprising that intimate micro-size lead-terminal
      contact normally takes place at only one or several microscopic bonding
      sites and, even then many times with deleterious pressure contact, often
      resulting in substrate fracture.
PAR  In addition to the aforementioned factors and problems affecting the
      integrity of solid-phase bonds, another serious problem encountered
      heretofore in the bonding of external leads to thin film terminals on
      glass substrates relates to a phenomenon known as glass cavitation. Such
      cavitations develop randomly and immediately beneath certain thin film
      terminals, normally evaporated on the glass substrate, and may best be
      described as minute, surface glass nuggets which physically separate from
      the parent substrate material. Such defects appear to result selectively,
      as well as collectively, from such interrelated factors as insufficient
      bond compliancy, excessive bonding forces, and insufficient bond
      definition (interface surface area).
PAR  Unfortunately, such glass cavitations almost always result in bonds
      exhibiting very low or zero pull strength. The serious nature of this
      condition is compounded by the fact that most of such affected thin film
      terminals are usually destroyed, making it impractical to repair the
      almost completely fabricated solid-state circuit. With such circuits often
      being very complex and quite costly, selective terminal damage due to
      glass cavitation, as well as substrate fracture due to excessive bonding
      pressures, constitute particularly costly defects in the manufacture of
      solid-state devices and circuits.
PAR  It is thus seen that conventional thermocompression and ultrasonic bonding
      of micro-size leads directly to thin film terminals formed on glass
      substrates has frequently and selectively led to one of the following
      deleterious conditions: (1) non-uniform bond strengths, (2) substrate
      fracture, and (3) cavitation of the glass under selective thin film
      terminals. Extensive investigation led to the conclusion that the three
      above listed problems are unfortunately interrelated. More specifically,
      the strength of thermocompression produced bonds could generally be
      improved by increasing the temperature of the bonding tip, and/or the
      force applied during bonding, and/or the length of the bonding cycle.
      Unfortunately, however, varying any of these parameters appreciably from
      nominal values invariably results selectively, or collectively, in an
      unsatisfactory degree of bond integrity, glass cavitation and substrate
      fracture.
PAR  Accordingly, there has been an urgent need to modify conventional
      solid-phase bonding techniques so as to minimize, and hopefully completely
      eliminate, the aforementioned interrelated bonding problems, particularly
      with respect to glass substrates. This has led to the utilization
      heretofore of an interposed contact, such as of gold, between each mating
      lead and terminal. There have been a number of techniques proposed and/or
      used heretofore to respectively position such supplemental interposed
      contacts between mating leads and terminals. One such technique has
      involved the individual bonding of a micro-size gold contact, e.g., in the
      form of a disc, on the mating surface of each lead. This has proven to be
      a very time consuming and costly procedure on a mass production basis and,
      in addition, because of the contact geometry, does not provide an
      appreciable amount of resiliency or compliancy without an excessive amount
      of bonding pressure being employed.
PAR  Another technique employed to form an interposed bonding contact heretofore
      has involved the electrodepositing of a thin gold stripe across the
      terminating end region of each lead. In the case of lead frames, such a
      stripe may be formed either before or after the blanking operation. For
      reasons pointed out in greater detail hereinafter, such a technique has
      the disadvantage that the electrodeposited stripe cannot be readily and
      inexpensively formed with the thickness and peculiar cross-sectional
      configuration necessary to attain consistent, high quality bonds, i.e.,
      bonds exhibiting the requisite solid-phase bond interface properties.
PAR  A superficially similar, but non-related technique for forming precious
      metal contacts on lead frame leads has been employed in the manufacture of
      electro-mechanical relays. In such an application, the contacts have been
      attached by resistance (fusion) welding of pre-formed precious metal wires
      or tapes to relatively thick strip stock, with the leads subsequently
      being blanked out of the processed strip stock. Such a fusion joining
      process, however, is normally not applicable for use with strip stock
      having thicknesses on the order of 1 to 5 mils. Moreover, such wires or
      tapes do not require any peculiar shaping during welding either for
      achieving reliable adhesion to the strip stock, as a liquid-phase type of
      bond is relied upon, or even more importantly, for achieving inherent
      compliancy, because such pre-formed welded wire or tape segment-contacts
      are not used as an interposed compliant bonding medium.
PAR  Rather, such welded contacts are simply used to insure reliable,
      non-corrosive, long wearing, periodic relay-actuated contact with a mating
      member. It thus becomes readily apparent that neither such a lead frame
      fabrication technique, nor the contacts produced therewith, are of
      interest with respect to the problems of achieving reliable solid-phase
      (as distinguished from liquid-phase) bond integrity, while simultaneously
      eliminating substrate failures in the lead packaging of micro-size
      solid-state devices or circuits.
PAR  Accordingly, in addition to the inadequacies of previous interposed
      contacts per se, particularly with respect to being shaped to exhibit
      substantial inherent interface bonding compliancy, such as between a lead
      and thin film terminal, there has been a need for apparatus to bond and
      geometrically shape an interposed bonding medium into an inherent
      compliant contact either during or after attachment, preferably to the
      leads, in an efficient, reliable, and automated manner. A contact shaping
      operation, of course, is needed not only to produce an effective compliant
      contact, but in the case of solid-phase bonded contacts to effect an
      improvement in both the mechanical cleaning of, and lead-terminal adhesion
      at both the lead-contact and contact-terminal bond interfaces. This is
      particularly important when thin film terminals are involved as they are
      not amenable to directly induced cold flow.
PAR  Notwithstanding the need for and the benefits that can be derived from the
      use of a specially shaped and interposed compliant bonding contact per se,
      the problem alluded to hereinabove, pertaining to random surface
      micro-imperfections, particularly in glass substrates, may in very
      demanding bonding applications, necessitate still additional precautionary
      measures to be taken in order to insure reliable and constant bond
      integrity.
PAR  More specifically, there has also been a need for the use of not only one
      initially formed bond, but at least two or more distinct and separate
      bonds between a lead and terminal, for example, so as to produce what may
      be referred to as a redundant type of bond therebetween. A redundant bond,
      as defined herein, consists of forming two or more distinct and separate
      bonds between two members, with a distinct area between such members being
      left unbonded, and with a minimum center-to-center spacing being provided
      between adjacent bonds for reasons described in greater detail
      hereinafter. Through the utilization of such redundant bonding,
      investigation has proven that it is statistically improbable that a high
      quality solid-phase bond will not be produced from at least one of the
      contact-established bonding sites. Moreover, it is equally statistically
      improbable, with sufficient compliancy established through multiple
      interposed contacts, for the aforementioned glass cavitations to develop
      immediately beneath two or more bonding sites on, or for a fracture to
      develop in, a glass substrate.
PAR  Redundant bonds may also prove to be very important in certain applications
      because of microscopic substrate surface blemishes caused, for example, by
      a foreign contaminant or particle that prevents complete thin film
      adherence to the substrate. When this happens, the defective portion of
      the terminal may very readily break off from the remainder of the terminal
      at a single lead-contact-terminal interface. A corollary to this problem,
      of course, is the possibility that a microscopic surface blemish may
      similarly occur between a given compliant contact and the lead to which it
      is mutually bonded. Accordingly, the use of more than one compliant
      contact per lead to produce redundant bonds can very effectively minimize,
      if not eliminate, lead-terminal bond failures.
PAR  Micro-gap or parallel gap thermocompression bonding, of course, produces a
      form of redundant bonding. However, such bonding processes do not allow
      flexible control over the spacings between the electrodes, nor are they
      conducive to multiple bonding applications utilizing a common heated
      bonding tool. Parallel gap bonding also does not require, nor has it been
      utilized, or suggested for use, heretofore, in combination with multiple
      interposed contacts, whether pre-shaped or not, in order to resolve the
      aforementioned solid-phase bonding problems and, thereby, achieve the
      desired end results urgently sought in the art heretofore.
PAC  Summary of the Invention
PAR  It, therefore, is an object of the present invention to provide very
      effective and reliable processes for producing consistently uniform and
      high quality solid-phase bonds between two mating members, through the
      utilization of at least one interposed, pre-shaped medium that not only
      functions as an inherent compliant contact, but produces the degree of
      material flow required to attain mechanical cleaning and reliable bond
      adhesion at the interface, and insure predictable control over bond
      definition.
PAR  It is another object of the present invention to improve bond quality,
      minimize substrate fracture and cavitation defects when the substrate is
      of glass, during the solid-phase, redundant bonding of microscopic-size
      leads to thin film terminals, through the utilization of at least two
      specially configured compliant contacts interposed between each lead and
      terminal in the mating bond area.
PAR  It is still another object of the present invention to produce multiple,
      solid-phase redundant bonds between micro-size leads and thin films formed
      on substrates, such as of glass or ceramic, through the utilization of a
      specially fabricated lead frame that incorporates two or more closely
      spaced and specially shaped compliant contacts secured to the terminating
      ends of each of a plurality of lead frame leads on an automated basis, and
      wherein both the number and the geometry of the contacts on each lead may
      be readily chosen to produce a sufficient degree of inherent compliancy,
      material cold working and controlled bond definition at the bond
      interfaces, to insure the attainment, for a given application, of
      consistent, high quality bonds, while simultaneously obviating problems
      with respect to substrate surface micro-imperfections, and bonding
      force-induced substrate fracture and glass cavitation.
PAR  In accordance with the principles of the present invention, as related
      broadly to the solid-phase bonding of two mating members, an interposed
      medium in the form of a specially shaped precious metal contact, for
      example, is initially secured to the mating surface of one of the members.
      When the mating members comprise a micro-size lead and a thin film
      metallic terminal, for example, the interposed contact preferably
      comprises a gold wire segment that is initially thermocompression bonded
      to a terminating end region of the lead. The contact may be pre-shaped
      either during the bonding operation or thereafter, so as to have a contour
      that is preferably either triangular or fillet-shaped, with a pronounced
      raised central crest region.
PAR  Such an interposed bonding medium or contact has advantageously been found
      to provide a degree of inherent or built-in compliancy that in most cases
      obviates the need for any auxiliary and external compliant fixturing, such
      as conventionally built into the base and/or the ram of the bonding
      apparatus.
PAR  In addition, the triangular or fillet-shaped complaint contacts result in
      considerably more plastic deformation taking place at each bond interface
      than would otherwise be possible with either no interposed compliant
      medium, or a medium that was not pre-shaped in the manner described
      herein. The resulting wiping action, or tangential material flow, that
      takes place initially between the contact and lead, and then between the
      contact and terminal interfaces, has been found to substantially break-up
      and disperse any surface contaminants, and improve both bond definition
      and lead-terminal bond strength.
PAR  Concomitantly, the combination of redundant bonding and inherent compliancy
      made possible by multiple, peculiarly shaped interposed contacts, has
      substantially eliminated substrate failure. As such, the present invention
      has resulted in multiple bond yield rates never achieved with other
      techniques heretofore.
PAR  In accordance with a preferred method for use in the multiple solid-phase
      bonding of a plurality of micro-size external leads to associated thin
      film terminals formed on a supporting glass, ceramic or other similar
      substrate, a lead frame is initially fabricated out of strip stock, such
      as of copper or nickel. After initially cleaning the surface of the strip
      stock, either chemically or mechanically, or both, the cleaned but
      unblanked strip stock is passed through a pair of heated and resiliently
      biased thermocompression bonding rollers, together with one or more fine
      gauge gold wires having a diameter in the range of 0.003 -0.01 inches, for
      example. The bonding rollers are advantageously formed with specially
      contoured grooves so as to pre-shape the gold wires into the
      aforementioned desired cross-sectional geometry, namely triangular or
      fillet-shaped, while simultaneously being bonded to the moving strip
      stock.
PAR  At least one gold wire is thermocompression roll bonded to the strip stock
      along each longitudinally extending region thereof which will coincide
      with the common terminating end regions of each array (or set) of lead
      frame leads formed during a subsequent strip stock blanking operation. The
      utilization of roller-type thermodes to bond the gold wire(s) to the strip
      stock affords several unique advantages (1) the grooves thereof can be
      readily machined to pre-shaped each gold wire into any one of a number of
      desired cross-sectional configurations, (2) the inherent nature of roll
      bonding induces controllable plastic deformation (material cold flow) in
      directions both normal and tangential to the bond interface, as required
      for effective mechanical cleaning and reliable bond adhesion at the
      copper-gold interface, and (3) the thickness and spacing of the compliant
      contacts may be precisely controlled without the need of elaborate and
      costly masks or duplicated operations, e.g., as used in producing plated
      build-ups to the requisite thickness.
PAR  In many applications requiring solid-phase bonding of external lead frame
      leads to thin films on glass substrates, it is very advantageous to bond
      initially two (or more) closely spaced gold contact-forming wires to the
      lead frame-forming strip stock for each array or set of leads. As such,
      when the partially fabricated strip stock is subsequently blanked out to
      form the lead frames, there will be two (or more) pre-shaped and closely
      spaced compliant gold contacts for each lead. This advantageously allows
      redundant bonds to be made between each lead and mating terminal, with
      considerable inherent compliancy being established at the bond interfaces.
PAR  For best bonding results, as will be described in greater detail
      hereinafter, extensive investigation has determined that there must be a
      distinct correlation between the total surface area encompassed by the
      multiple redundant bonds produced between each mating lead and terminal,
      and the center-to-center spacing between adjacent bonds, in order to
      achieve high quality bonds with no substrate failures.
PAR  In accordance with still another aspect of the invention, the very
      advantageous attributes of redundant bonding with inherent compliancy may
      be effected by using not only multiple pre-shaped compliant contacts
      bonded to each lead initially, but also by using a single bonded compliant
      contact per lead, with each bonded contact thereafter being swaged or
      bifurcated into two closely spaced compliant contacts of approximately
      half of the original size.
PAR  With respect to very fragile glass substrates and extremely small external
      leads, it has been found very advantageous to initially bond two of the
      aforementioned compliant contacts to each external lead, with each of
      these dual contacts thereafter being bifurcated so as to effectively form
      four smaller bonded compliant contacts in essentially space quadrature.
      With such multiple compliant contacts, it has been found in one
      particularly critical multiple lead bonding application, that both
      substrate and bond failures have been reduced to less than one percent.
      This exceptionally low failure rate has never even been approached before
      utilizing conventional solid-phase bonding techniques and processes.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a thermocompression roll bonding and solder
      coating apparatus particularly adapted for use in the fabrication of
      miniaturized lead frames employed in the lead packaging of thin film and
      integrated circuits, in accordance with the principles of the present
      invention;
PAR  FIG. 2 is a simplified side elevational view, partly symbolic, of the
      composite apparatus depicted in FIG. 1;
PAR  FIG. 3 is an enlarged, cross-sectional view of the water rinse tank
      adjacent the bonding station depicted in FIG. 2.
PAR  FIG. 4 is an enlarged, partial side elevational view illustrating in
      greater detail features of the contact wire feeding and thermocompression
      roll bonding apparatus;
PAR  FIG. 5 is an enlarged, fragmentary view, taken partially in section along
      the line 5--5 in FIG. 4, illustrating in greater detail the peculiar
      geometry of the bonding roller grooves for both pre-shaping and effecting
      the thermocompression bonding of compliant gold contact wires to the
      surface of a moving and coextensive lead frame-forming copper strip, in
      accordance with the principles of the present invention;
PAR  FIG. 6 is an enlarged, front elevational view illustrating in greater
      detail the manner in which the bonding rollers are mounted, biased, driven
      and heated;
PAR  FIG. 7 is an enlarged, side elevational view illustrating in greater detail
      the fluxing and solder coating apparatus wherein precisely defined narrow
      solder coated stripes are formed along the edges on one side of the strip
      stock as it is continuously fed therethrough;
PAR  FIG. 8 is an enlarged, fragmentary view, taken partially in section along
      the line 8--8 in FIG. 7, illustrating in greater detail the manner in
      which molten solder is applied to the strip stock;
PAR  FIG. 9 is an enlarged, perspective fragmentary view of a partially
      fabricated and unblanked section of lead frame strip stock after four
      contact-forming gold wires in closely spaced pairs have been pre-shaped
      and thermocompression roll bonded thereto, and after a pair of narrow
      stripes of solder have been coated along the longitudinal edges on one
      side of the strip stock, in accordance with one preferred embodiment of
      the present invention;
PAR  FIG. 10 is an enlarged, fragmentary plan view of the partially fabricated
      strip stock depicted in FIG. 9, but after a blanking operation so as to
      form a skeleton comprising a series of interconnected lead frames, each
      having two mutually disposed arrays of leads;
PAR  FIG. 11 is an enlarged perspective view of a typical lead frame after
      having been blanked out of the strip stock skeleton depicted in FIG. 10,
      ready for use in making external lead connections to a thin film
      electrical circuit;
PAR  FIG. 12 is an enlarged perspective view of the lead frame depicted in FIG.
      11, after the terminating lead ends thereof have been positioned in
      respective alignment with a plurality of thin film terminals on a circuit
      substrate;
PAR  FIG. 13 is an enlarged, perspective fragmentary detail view of two lead
      frame leads of the type depicted in FIG. 11, with only one pre-shaped gold
      compliant contact bonded to each lead in accordance with the principles of
      the present invention;
PAR  FIG. 14 is an enlarged, perspective fragmentary detail view of two lead
      frame leads similar to those depicted in FIG. 13, with the exception that
      there are two pre-shaped gold compliant contacts bonded to each lead so as
      to facilitate the redundant bonding of each lead to a mating terminal in
      accordance with the principles of the present invention;
PAR  FIG. 15 is an enlarged, perspective fragmentary detail view of two lead
      frame leads initially fabricated with two pre-shaped compliant contacts
      bonded thereon, as depicted in FIG. 14, but with each contact thereafter
      being bifurcated so as to form four smaller compliant contacts in space
      quadrature in accordance with the principles of the present invention;
PAR  FIGS. 16 and 17 are enlarged, fragmentary cross-sectional views
      illustrating, in sequence, the relationship between a plurality of
      respectively aligned leads, each having a plurality of compliant,
      bifurcated contacts secured thereto, and thin film terminals, both before
      and after the leads have been bonded to the associated thin film
      terminals, and
PAR  FIG. 18 is a flow chart illustrating the sequence of operating steps
      involved in fabricating a miniaturized lead frame in a manner which
      facilitates the multiple, thermocompression redundant bonding of the lead
      ends thereof, each having two or more pre-shaped compliant contacts
      secured thereto, to respectively aligned thin film terminals, in
      accordance with the principles of the present invention.
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PAC  DETAILED DESCRIPTION
PAR  In accordance with the principles of the present invention, methods and
      apparatus are embodied and claimed herein for producing preferably
      solid-phase thermocompression bonds between two mating members and, in
      particular, between micro-size leads and thin film terminals, through the
      utilization of at least one interposed, specially contoured
      interface-defining compliant medium or contact. In accordance with one
      preferred application of the invention, a unique thermocompression roll
      bonding and solder coating apparatus designated generally by the reference
      numeral 20, as best seen in FIGS. 1 and 2, is employed in the fabrication
      of miniaturized lead frames 22 (FIG. 11). These lead frames, with respect
      to one preferred embodiment, are fabricated in accordance with a sequence
      of operating steps set forth in the flow chart depicted in FIG. 18.
PAR  It will suffice to simply state at this point, that the lead frames 22
      embodied herein are initially fabricated out of wide flat strip stock 24,
      best seen in FIG. 9, and undergo a number of processing operations prior
      to being blanked, first into a lead frame-forming strip stock skeleton 24'
      with one or more compliant contacts 25 formed on the end of each lead 30
      thereof (FIG. 10), and finally into individually blanked out lead frames
      22 of the type depicted in FIG. 11. Such individual lead frames 22,
      comprising a base member having the leads 30 integral therewith and
      projecting therefrom in spaced relationship, are thereafter ready for
      positioning in suitable fixturing (not shown) adapted to precisely align
      the free ends of the plurality of leads 30 in respective overlying
      relationship with a plurality of thin film terminals 31, with the
      compliant contacts being interposed therebetween. The terminals may be
      associated, for example, with a solid-state circuit 32, only symbolically
      shown, supported on a substrate 34, such as of glass or ceramic, as
      depicted in FIG. 12. As thus aligned (see FIG. 16), multiple solid-phase
      bonds are preferably produced to complete lead-terminal-substrate
      interconnections as depicted in FIG. 17.
PAR  Considering now in greater detail the unique interposed compliant contacts
      25, they are preferably composed of gold and are most advantageously
      formed initially on the mating surfaces of the leads 30, with a unique
      cross-sectional configuration best described as either essentially
      triangular or fillet-shaped, so as to have rather pronounced and well
      defined central crest regions 26, each of which is smaller in surface area
      at an outer or upper portion thereof than a base-interface of the contact
      with its lead 30 (see FIGS. 13-15). Such contact geometries, as previously
      mentioned, have been found to effect a substantial improvement in the
      attainment of consistently high quality lead-thin film terminal bonds,
      with a minimum, if any, of substrate fractures. The inherent compliancy of
      the contacts also obviates the need for auxiliary compliant fixturing
      built into the bonding apparatus itself.
PAR  As becomes readily apparent from an examination of FIGS. 13-15, the
      uniquely shaped and interposed compliant contacts 25 may be initially
      secured to the terminating end region of each lead 30 singly, or in plural
      combinations, such as in closely spaced pairs (FIG. 14), or in pairs with
      each compliant contact thereafter being swaged or bifurcated to form
      double pairs of contacts 25' having the raised compliant crest regions
      26', in effect, in space quadrature, as depicted in FIG. 15.
PAR  The particular number of specially shaped compliant contacts 25 employed
      per lead will normally be dependent on the requirement of a particular
      bonding application. More specifically, if bonding is to take place on
      relatively thick ceramic, sapphire, spinel, or epoxy glass substrates, for
      example, the use of a single pre-shaped compliant contact per lead may
      prove more than adequate to produce the degree of compliant plastic
      deformation required at each bond interface to attain consistent bond
      integrity, while at the same time minimizing or obviating bonding
      pressure-induced substrate failures.
PAR  Appreciable plastic deformation (including tangential material flow) is
      very important, of course, in insuring not only that there will be
      adequate mechanical cleaning or dispersing of contaminants at the bond
      interfaces, but reliable bond definition, and related metal-to-metal
      adhesion. Bond definition as used herein relates to the surface area of
      each bond interface, and when consistently formed with appreciable plastic
      deformation, produced with relatively low bonding temperatures and/or
      pressures, contributes to the attainment of bonds exhibiting maximum
      adhesion characteristics. As is clearly shown in FIGS. 15-17, in the case
      of one of the contacts 25' and its associated terminal 31, this involves
      depressing (or flattening) and tangential cold-flowing of the contact so
      as to produce an interface of enlarged cross-sectional area as compared to
      the initial surface area of the small outer or upper portion of the
      contact crest region 26'.
PAR  In applications where the leads are of microscopic size, and the terminals
      comprise very thin, evaporated metallic films deposited on fragile glass
      substrates, for example, two or more compliant contacts of the type
      embodied herein may often prove necessary in order to obtain consistent
      solid-phase bonds of high quality. As previously pointed out, the use of
      multiple contacts per lead produce redundant bonds which, as defined
      herein, consist of forming two or more distinct and separate bonds between
      a lead and mating terminal, for example, with a center-to-center spacing
      between adjacent bonds preferably being no less than twice the width of a
      single bond, thus defining an appreciable unbonded area therebetween.
PAR  The significance of such minimum bond site spacings per connection is that
      glass cavitation areas and surface micro-imperfections randomly occur on
      the surface of any substrate. Similarly, on rare occasions as previously
      mentioned, it can happen that the substrate and/or strip stock bonding
      surface(s), even after having been thoroughly cleaned chemically, may
      still have microscopic surface blemishes thereon caused, for example, by a
      foreign contaminant or particle. Such random microscopic surface
      contamination need not come from the surrounding atmosphere, as is
      typically the case, but could result, for example, from any residue or
      globules of the various cleaning solutions, including rinse water, that
      have not been completely removed from the particular bonding surface
      involved. When such surface blemishes do occur a defective lead-terminal
      bond may more readily occur, of course, when a single interposed compliant
      contact is employed. It therefore follows that if the two or more
      compliant contacts employed for redundant bonding are spaced an
      appreciable distance apart, that it would be statistically improbable for
      two or more cavitations, or two or more micro-imperfections, or two or
      more microscopic contamination areas, to occur under the same
      corresponding number of multiple bonding sites. This definitely has proved
      to be the case for minimum spacings of the order described, after
      extensive investigation. The degree of inherent compliancy and plastic
      deformation that can be realized in any given bonding application, of
      course, also advantageously increases proportionally with the number of
      similarly dimensioned contacts employed.
PAR  It is thus seen that the final choice on the number of interposed compliant
      contacts required will depend on many factors, such as the nature of the
      materials employed, the size of the mating surface areas, the volume of
      the materials being joined, and the rigidity of the supporting substrate,
      to mention but a few.
PAR  Through extensive investigation into various types of bonding and welding
      processes and techniques, it became very evident that a thermocompression
      roll bonding technique was ideally suited for fabricating lead frames with
      multiple pre-shaped compliant contacts of the types embodied herein. More
      specifically, roll bonding provides in one simplified, inexpensive and
      automated operation, very reliable and strong copper strip
      stock-to-gold-wire contact adhesion characteristics, due primarily to
      appreciable (and readily controlled) tangential, as well as normal,
      pressure-imparted plastic deformation (or coldworking) of the gold at the
      metal-to-metal interface. Simultaneously therewith, roll bonding provides
      precise control over the peculiar shaping of contact forming gold wire(s)
      40 (see FIG. 4), in particular, during the bonding operation.
PAR  Such a solid-phase bonding process, together with the apparatus embodied
      herein for practicing it, also readily facilitates the forming of any
      number of closely spaced and specially contoured compliant contacts per
      lead. Moreover, the size and shape of the contacts may be readily
      controlled through the initial choice of wire diameter and/or degree of
      plastic deformation produced during bonding. By utilizing changeable
      bonding rollers with different groove geometries, the possible number of
      compliant contact sizes and/or profiles are virtually unlimited. The
      solid-phase roll bonding apparatus embodied herein has also been found to
      be equally effective in bonding and shaping other precious metals to
      copper, as well as in bonding precious metals to nickel or zinc strip
      stock, for example. Many other mating metal combinations may also be
      solid-phase roll bonded and shaped in accordance with the principles of
      the present invention, as long as at least the metal to be shaped is
      relatively ductile.
PAR  Attention will now be directed to one specific and very demanding lead
      fabricating and solid-state circuit bonding application, wherein a lead
      frame 22, of the type depicted in FIG. 11, is initially formed with four
      compliant contacts 25' on each lead 30, of the type depicted in FIG. 15,
      with the leads thereafter being bonded to thin film terminals 31 formed on
      a circuit substrate 34 of the type depicted in FIG. 17.
PAR  For this application, and by way of both illustration and background, a
      "Constant Load" bonder was employed. To simultaneously thermocompression
      bond the lead frame leads 30 to the thin film terminals 31, this bonder
      included two independently pivoted bonding wedges, one being shown
      symbolically in FIG. 17 by the reference number 36. Each bonding wedge was
      heated with a 200-watt cartridge heater. The bonding wedges were
      conventionally mounted on a 62 pound movable platen, adapted for
      retractable movement along four guide pins projecting from and supported
      on the base of the bonder. The temperature of each bonding wedge was
      independently controlled and could be varied from 300.degree. to
      800.degree.C. For the particular bonding application described herein,
      bonding parameters ultimately chosen were 600.degree.C for the bonding
      temperature and 0.8 seconds for the bonding time. Best results were also
      found with a bonding force held constant at approximately 4 pounds per
      lead-terminal connection.
PAR  With such a thermocompression bonder, and with no interposed and pre-shaped
      compliant contacts 25, it was found impossible to achieve consistent bond
      strengths, and to avoid considerable and costly failures due to substrate
      fracture and glass cavitation. More specifically, these three problems
      proved to be interrelated. Generally, bond strengths could be improved by
      increasing the temperature of the bonding tip, the force applied during
      bonding, and/or the length of the bonding cycle. Increasing these
      parameters appreciably above nominal values either singly or in selective
      combinations, however, almost invariably resulted in greater substrate
      failures.
PAR  Stated another way, if maximum bond strengths were desired, substrate
      cracks would inevitably develop or glass cavitations would be produced
      under certain of the thin film terminals at rates that were unacceptable.
      Accordingly, if substrate failures were to be minimized, there had to be a
      trade-off in bond strength. In other words, one or the other could be
      obtained by varying the three basic bonding parameters (time, pressure,
      and temperature), but not both. As such, it was only through the
      utilization of a unique lead frame 22, with multiple pre-shaped compliant
      contacts 25 formed thereon, that the aforementioned problems were finally
      resolved.
PAR  With respect to the compliant contact configurations depicted in FIGS. 13
      to 15, the utilization of two compliant contacts 25 are often preferred,
      as previously pointed out, to produce redundant bonds. As for the use of
      more than two compliant contacts per lead, extensive investigation into
      possible reasons why reduced, but nevertheless costly bond failures and
      substrate fracture were still experienced with dual contacts, in certain
      applications, led to the conclusion that inasmuch as the strength of each
      bond appeared to depend to a great extent on the degree to which the
      triangular or fillet-shaped gold contacts were flattened, the same degree
      of flattening (plastic deformation) and hence, total bond definition,
      could be obtained with a reduced bonding force if the area of each
      pre-shaped contact that was brought into intimate contact with the mating
      terminals was made smaller. Bonding studies with a large number of lead
      frames in which the initially formed dual gold contacts 25 (depicted in
      FIG. 14) were split or bifurcated, such as with a swaging tool 45 of the
      type depicted in FIG. 15, proved to substantiate the original hypothesis.
PAR  With such compliant contacts, there has been an increase of over 150
      percent in the 90.degree. peel strength median value for lead frame leads
      and terminals of the type in question, joined by a multiple
      thermocompression bonding operation. More specifically, bond strengths are
      now consistently achieved considerably above a 227 gram minimum pull
      strength requirement for leads of the size in question. Concomitantly,
      substrate breakage has been reduced to less than 1 percent, as compared to
      previous typical substrate failure rates of 90 to 95 percent, utilizing
      conventional solid-phase bonding processes which did not incorporate
      pre-shaped, multiple compliant contacts for redundant bonding, as embodied
      in the present invention.
PAR  It should be understood, of course, that the elongated contact-forming
      element(s) preferably roll bonded initially to the lead frame
      forming-strip stock 24, need not be in the form of a precious metal
      circular wire(s) 40. For example, such an element could take the initial
      form of a rectangular or trapezoidal tape. Such configurations, however,
      would normally not provide the degree of plastic deformation required
      during the bonding and shaping operations to provide effective mechanical
      cleaning and reliable metal-to-metal adhesion at the bond interface(s).
PAR  It should also be readily appreciated that while the utilization of
      thermocompression roll bonding has been found to be the most simple,
      reliable and automated technique available to produce a lead frame with a
      compliant contact bonding medium having the unique geometry desired, and
      required in many very demanding bonding applications, other techniques
      could also be employed, albeit in a less satisfactory manner, and normally
      with less satisfactory end results. For example, separate compliant
      contacts 25, initially in the form of wire or rectangular or trapezoidal
      tape segments could be individually bonded or otherwise secured to each
      formed lead, and then cold worked to the desired shape, if the size and
      nature of the lead (or of any other member) permitted the use of such
      other techniques. This would normally prove to be quite costly and time
      consuming, however, because of the excessive number of repeated metal
      joining and forming operations required.
PAR  Still another alternative technique for producing compliant contacts of the
      type embodied herein would be to utilize multi-layer build-ups of
      evaporated or electroplated gold (or any other similar metal), wherein
      each successive plated layer (such as in the form of a stripe) would be of
      slightly narrower width than the preceding one so as to effectively
      produce a triangular or pyramid type of compliant contact stripe in
      cross-section. It becomes readily apparent, of course, that such a
      technique, particularly if employed in plural compliant contact forming
      applications, such as for use in redundant bonding, would normally involve
      a number of rather expensive and time consuming metal evaporation or
      electro-plating operations, in order to obtain compliant contact
      thicknesses of the order of 1 to 10 mils, as desired in the fabrication of
      lead frames of the type embodied herein.
PAR  Attention will now be directed in greater detail to the thermocompression
      roll bonding and solder coating apparatus 20, best seen in FIG. 1. As
      previously mentioned, this particular preferred illustrative embodiment is
      employed for fabricating lead frames 22 of the type depicted in FIGS. 11
      and 14, having two closely spaced compliant contacts 25 per lead 30.
      Thereafter, as previously mentioned, these contacts may be bifurcated to
      form four smaller contacts 25' in space quadrature (FIG. 15).
PAR  As best seen in FIGS. 1 and 2, the composite apparatus 20 is designed to
      thermocompression roll bond two pairs of gold wires 40 to one side of the
      continuously moving strip stock 24 which, for one particular application,
      is composed of 0.003 inch copper. These wires 40 are preferably composed
      of "soft temper" gold, typically, 0.003 to 0.01 inch in diameter, and thus
      relatively narrow with respect to the wide flat strip stock 24. As also
      best seen in FIGS. 9 and 11, two narrow stripes 52 of 60Sn--40Pv solder
      are coated along the edges on one side of the strip stock 24 to a
      thickness of approximately 0.8 mils. It is thus seen that the processed,
      but unblanked, strip stock is formed out of three materials, namely the
      copper strip 24, four contact forming gold wires 40, and the
      aforementioned tin-lead solder stripes 52. It should be understood, of
      course, that any desired number of contact forming wires 40 may be
      employed, and comprised of a number of metals other than gold. Similarly
      the solder coated stripes 52 may be along either one or both edges on one
      side, or along selective edges on both sides, or on neither side of the
      strip stock, in many other applications.
PAR  As illustrated in FIGS. 1 and 2, a supply of the aforementioned strip stock
      24 is fed from a supply reel 55, rotatably mounted on a suitable stand 56,
      through four successive operating stations, designated generally as a
      chemical cleaning station 60, thermocompression roll bonding station 62, a
      fluxing and solder coating station 64 and a lead frame blanking station
      66, prior to the processed strip stock 24 being wound upon a power driven
      take-up reel 69, which incorporates a slip clutch.
PAR  With respect to the cleaning station 60, it is comprised of three
      pre-cleaning tanks 73, 75, and 77, which may contain any one of a number
      of suitable metal cleaning solutions, such as baths of trichlorethylene,
      10% hydrochloric acid and water, respectively. A fourth tank 79 functions
      as a degreaser, preferably containing trichlorethylene. The first bath is
      employed to remove any grease and other foreign contaminants, whereas the
      hydrochloric acid bath is employed to remove any surface oxide on the
      strip stock. After passing through these baths, the strip stock is then
      rinsed in the water bath 77. As illustrated in FIG. 3, mutually disposed
      pairs of incoming water sprays 81, outgoing de-ionized water sprays 83 and
      air jets 85 are all associated with the rinse tank. The air jets insure
      that any de-ionized water droplets that may remain on the strip stock are
      blown off before reaching the bonding station.
PAR  All of the guide rollers associated with the cleaning tanks are commonly
      designated by the reference numeral 87 in FIGS. 1 and 2. They are
      preferably comprised of stainless steel bushings with roll end bearings
      made of suitable plastic materials such as nylon or that sold under the
      trademark Teflon, for example. Polypropylene has also been found to be a
      very good roller material for use in the hydrochloric acid tank. These
      rollers are rotatably supported on stainless steel shafts and bearings,
      all of which are inert with respect to the particular chemical baths
      employed. It has been found very advantageous to utilize conventional
      ultrasonic transducers (not shown) coupled to the chemical tanks 73, 75,
      and 79 so as to effect a chemical and ultrasonic cleaning action, in
      combination. The fumes that evolve, such as from trichlorethylene and
      hydrochloric baths are exhausted through conventional hoods 89, 91, and
      exhaust ducts 93, 94, respectively. These exhausted fumes may be
      neutralized by conventional processes for waste disposal, or removed by
      commercially available fume scrubbing apparatus, as required.
PAR  It should be appreciated that a mechanical cleaning operation, such as
      effected by steel brushing the strip stock surface, could also be employed
      as an alternative or supplemental operation. It has been found, however,
      that mechanical cleaning, by itself, has not proven to be completely
      satisfactory with respect to the removal of grease and certain other types
      of contaminants, whereas a chemical pre-cleaning operation, of the type
      described above, has been found to be very satisfactory in preparing the
      surface of the strip stock for subsequent bonding of the gold wires 40
      thereto, and the coating of stripes of solder 52 along the edges thereof.
PAR  In certain very demanding applications, and depending to a great extent on
      the nature of the materials to be thermocompression roll bonded, it may
      prove beneficial to maintain the chemically cleaned strip stock in an
      inert atmosphere, such as of nitrogen, prior to the bonding operation so
      as to insure that no minute traces of oxides would develop on the strip
      stock. For that reason, an inert chamber designated generally by the
      reference numeral 95 is shown in FIG. 2, with a suitable inlet provided
      for pumping an inert gas under low pressure into such a chamber.
PAR  After the strip stock 24 has been chemically cleaned at station 60, it is
      drawn through the unique thermocompression roll bonding station 62. This
      station, as best seen in FIGS. 1, 5 and 6, comprises two heated and
      pressure biased bonding thermodes or rollers 96 and 98. These rollers are
      preferably composed, for example, of a nickel alloy steel, such as Inconel
      718, which exhibits good heat conducting characteristics.
PAR  As best seen in the enlarged detail view in FIG. 5, the upper roller 96 in
      the preferred embodiment has four essentially triangular grooves 101a and
      101b machined therein (only two shown) so as to pre-shape the gold wires
      40 into essentially the same cross-section while being thermocompression
      bonded to the strip stock 24. In order to produce such a wire profile as
      is clearly shown in FIG. 5, each of the triangular grooves 101 has
      converging pressure-applying and shaping surfaces engageable with portions
      of its respective gold wire 40, and the cross-sectional area of the groove
      is less than the cross-sectional area of the wire. In addition, the upper
      bonding roller 96 has a slightly recessed area 96a between each pair of
      grooves 101, and a slightly undercut peripheral shoulder 96b adjacent to
      the outside edge of each triangular groove so as to allow an appreciable
      amount of multi-directional cold flow, or plastic deformation, which is
      highly desirable in order to achieve high strength bonds.
PAR  Each of the bonding rollers 96 and 98 also has a conventional cartridge
      type heater 103 formed in a suitable bore thereof (shown only in phantom
      in FIG. 6). Electrical current is supplied to the heaters 103 of bonding
      rollers 96 and 98, for example, from a suitable source (not shown) through
      external leads 104 and 105, brush contacts 106, 107, conventional slip
      rings 108, 109 and internal leads 111, 112, respectively. With a heater
      element in the range of 80 to 100 watts, the particular bonding rollers
      described herein can readily be heated up to 600.degree. or 700.degree.C,
      if required, for a given application.
PAR  The upper bonding roller 96, as best seen in FIG. 6, and in one
      illustrative embodiment, is integral with and supported by shaft
      extensions 115, which are rotatably supported by a pair of spaced bearing
      blocks 117, secured to an upper stationary platen 119. Platen 119 is, in
      turn, secured to the upper ends of four support rods 121. An outwardly
      extending shaft extension 123, journaled in a bearing block 124, is
      coupled through a bevel gear 126 to a mating bevel gear 127, secured to a
      drive shaft 129. The upper end of the drive shaft 129 is rotatably mounted
      on a support platen 131 which is secured to the upper platen 119. The
      lower end of the drive shaft 129 may be coupled to any conventional type
      of power source, such as an electric motor directly, or through a gear
      reducer (neither shown).
PAR  The lower bonding roller 98 is similarly integral with and supported by
      shaft extensions 132 which are rotatably supported by a pair of spaced
      bearing blocks 133 secured to a movable platen 134. This platen is secured
      to bushings 135 coaxially mounted on the support rods 121 for slidable
      movement relative thereto. It is readily apparent, of course, that the
      bonding rollers 96 and 98 could be individually mounted on separate
      shafts, rather than being machined with an associated shaft extension as a
      one-piece unit, if desired. Coupling between the upper driving bonding
      roller 96 and the roller driven bonding roller 98 is effected by means of
      a pair of sleeve-supported driving gears 136 rigidly mounted on the upper
      shaft extensions 115, coupled to a pair of lower sleeve-supported driven
      gears 137, rigidly mounted on the lower shaft extensions 132.
PAR  With respect to both bonding rollers 96 and 98, it has been found very
      advantageous to rotatably support integral shafts thereof on stainless
      steel ball bearings, with molybdenum disulfate retainer rings. Such ball
      bearings exhibit excellent lubrication qualities at the elevated operating
      temperatures.
PAR  The underside of the lower movable plate 134 is secured through a flange
      assembly 140 to the piston 141 of a pneumatic cylinder 142, only partially
      shown in FIG. 4. The pneumatic cylinder is employed to provide the desired
      control over the bonding pressure exerted by the bonding rollers 96 and 98
      against the strip stock 24 and gold wires 40 while being drawn
      therethrough. It, of course, is readily possible to utilize other means
      for establishing the necessary bonding pressure, such as resilient
      springs, chosen to produce predetermined compressive or tension forces,
      depending on the manner in which the springs are mounted.
PAR  A pair of alignment rollers 143 and 144 are employed to insure that the
      strip stock is continuously aligned with and maintained in an undercut
      trough or channel 146. This channel is heated by a suitable cartridge
      heater 147, through leads 147a, so as to provide a means of preheating the
      strip stock 24 prior to passing through the bonding rollers.
PAR  In the illustrative application of fabricating a particular type of lead
      frame 22, the upper bonding roller 96, with the groove(s) 101 formed
      therein, is preferably maintained at a temperature in the range of
      325.degree.-365.degree.C, whereas the lower bonding roller 98 is
      maintained at a temperature in the range of 200.degree.-250.degree.C.
      Bonding pressure is exerted against the copper-gold interfaces in the
      range of 40,000 to 60,000 pounds per square inch. These parameters are
      based on a bonding roller diameter of 1.5 inches, and a feed-through rate
      in the range of 1 to 10 feet per minute of strip stock 24.
PAR  As also illustrated in FIGS. 1 and 4, four supply spools 148a-d wound
      respectively with four gold wires 40a-d (only two seen in FIG. 4) are
      retained in four respectively associated open top containers 149a-d. The
      containers are arranged in space quadrature and supported on platform 151.
      Each of the four gold wires 40a-d, are respectively fed from an associated
      supply spool 148 through respectively associated eyelets made, for
      example, out of carbide, which exhibits excellent wear resistance. These
      eyelets are supported on a cross arm 153 which, in turn, is secured to a
      support mast 154. The gold wires 40b and 40c, after passing through their
      respectively associated eyelets, are fed around associated guide sheaves
      156b and 156c, both rotatably mounted on a cross arm 157. The gold wires
      40a and 40d, after passing through their respectively associated eyelets
      on the cross arm 153 are fed around guide sheaves 156a and 156d rotatably
      mounted on a cross arm 158. Both cross arms 157 and 158 are also secured
      to the support mast 154. In the preferred embodiment, conventional
      hysteresis brakes (not shown) are coupled to the sheaves so as to maintain
      the gold wires fed therearound under controlled tension. The four gold
      wires 40a-d, after leaving their respectively associated guide sheaves
      156a-d, are fed around guide roller 159, which has four peripheral grooves
      formed therein, and then passed between the bonding rollers 96 and 98 in
      the same manner and at the same rate as the mating copper strip stock 24,
      with the wires and the strip in juxtaposed relationship.
PAR  After the bonding of the four gold wires 40a-d to the copper strip stock
      24, the partially assembled lead frame forming strip stock may be examined
      through an optical viewer 158 (FIG. 2) before being drawn through the
      fluxing and solder stripe coating station designated generally by the
      reference numeral 64 in FIGS. 1 and 2.
PAR  One preferred illustrative embodiment of the fluxing apparatus, designated
      generally by the reference numeral 160 in FIG. 7, comprises two spaced
      pairs of upper and lower rollers 162 and 163, respectively (only one
      roller of each pair seen in FIG. 7), and a flux tank 164. The upper
      rollers 162 are rotatably mounted on a common shaft 165 which is suitably
      mounted at opposite ends on two spaced brackets or bearing blocks 166. The
      lower pair of rollers 163 are similarly mounted for rotatable movement on
      a common shaft 167 which, in turn, is suitably mounted at opposite ends on
      a pair of spaced brackets or bearing blocks 168 secured to a main support
      stand 171 of the composite apparatus.
PAR  The upper pair of rollers 162 are movably positioned relative to the lower
      pair of rollers 163 by means of four support rods 172 which are threadably
      secured at their lower ends in bores of the lower brackets 168. Rods 172
      extend upwardly through aligned bores in the upper support brackets 166 so
      as to allow the latter to slide along the rods. A coil spring 173 is
      coaxially mounted on each support rod 172 between an upper head portion
      thereof and a flange portion of the upper bracket. In this manner, the
      spring bias between the rollers may be readily controlled. The lower pair
      of rollers 163 preferably are formed with porous outer surface peripheries
      so as to carry an appreciable amount of flux out of the flux tank 164 for
      wetting the strip stock 24. For this purpose, the two spaced lower rollers
      163, in particular, are each dimensioned to have a peripheral width that
      corresponds with the associated narrow stripe of solder 52 to be coated on
      the fluxed area thereafter.
PAR  After passing through the fluxing apparatus 160, the partially processed
      strip stock 24 is then drawn through a solder coating apparatus designated
      generally by the reference numeral 175 in FIGS. 7 and 8. This apparatus
      comprises a molten solder pot 177, an outer overflow reservoir 179, and a
      pump 181 (see FIG. 7). An external conventional heater 183 of any suitable
      type, shown only symbolically in phantom outline in FIG. 7, may be
      employed to maintain the re-circulating solder in a molten state. It is
      apparent, of course, that internal heaters could also be employed with
      equal effectiveness.
PAR  The solder pot 177 is substantially enclosed at the top thereof by a
      specially shaped cover member 185 (best seen in FIG. 8). Member 185 has
      two mutually disposed central openings 186a,b formed therein, separated by
      a tapered nose portion 185a of the cover member 185. Two adjustable
      nozzle-defining members 187a,b are mounted for retractable movement,
      toward and away from each other, on the upper surface of the cover member
      185 (by suitable fastening means not shown). Nozzle members 187a and b
      have respective tapered and inclined bore-defining nozzles 189a and b
      formed therein (see FIGS. 7 and 8). Molten solder is not shown in the
      nozzles in FIG. 8 in the interest of structural clarity.
PAR  With nozzle members 187a and b being adjustably mounted, and with the
      diameter of the nozzle openings therein being smaller than the
      respectively aligned openings 186a and b in the cover member 185, the
      spacing between nozzles 189a and b may be readily adjusted within the
      limits defined by the size of the cover member openings 186a and b. In
      this manner, the molten solder may be directed against the desired regions
      along the underside of the exposed strip stock 24 so as to form the spaced
      solder coated stripes 52 as depicted in FIG. 9. The excess solder that
      does not adhere to the exposed surfaces of the strip stock is returned by
      gravity flow along grooves (not shown) formed in the upper surface of the
      cover member 185.
PAR  As best seen in FIG. 8, a T-shaped member 190 functions as both a masking
      and support member for the underside of the strip stock 24. T-shaped
      member 190 is secured within an upper channel (not shown) formed in a
      heater block 191 (see FIG. 7). The T-shaped member 190 has a central
      undercut channel 190a formed therein, which is oriented in the
      longitudinal direction of the strip stock, and is dimensioned so as to
      provide an air gap between the base of the channel and the central region
      of the underside of the strip stock. As such, the underside of the strip
      stock only contacts and is supported by the outer raised shoulders
      defining the side boundaries of the T-shaped member channel 190a. This
      undercut channel is thus seen not only to provide clearance for the
      previously bonded gold wire(s), but to minimize heat transfer to the
      central bonded wire region of the strip stock 24 while being drawn
      thereover. The T-shaped member 190 is preferably composed of stainless
      steel, with the upper surfaces of the outer shoulders defining the channel
      190a being highly polished so as to minimize friction with and to insure
      effective masking of the strip stock 24.
PAR  An upper strip stock biasing assembly designated generally by the reference
      numeral 192, as best seen in FIG. 7, comprises an outer inverted U-shaped
      member 194, the aforementioned internal heater block 191 secured thereto,
      and a spring biased member 198 inserted within an opening and movable
      relative to the U-shaped member 194. The heater block 191 has two heater
      cartridges 199 mounted within bores formed therein (see FIG. 7) so as to
      maintain the strip stock at a desired temperature to facilitate the
      coating of solder thereon. Member 194 is rigidly supported to the lower
      ends of four support rods 201, the upper ends of which are secured within
      bores of a support platform 203. The platform is attached through a block
      205 and cross arm 207 to the floor mounted frame 171, which also supports
      the fluxing apparatus 160.
PAR  The upper spring biased member 198, as in the case with the tapered nose
      portion 185a of the cover member 185 is preferably formed of stainless
      steel with a highly polished lower surface which frictionally engages the
      upper surface of the strip stock 24. Member 198 also has a central bore
      which loosely receives the lower end of a threaded support rod 213. This
      support rod extends through an oversize bore in the platform 203, with an
      upper head portion to facilitate turning. A coil spring 216 is coaxially
      mounted on the support rod 213 between a collar 218 and the under surface
      of the platform 203. In this manner, the spring bias exerted by the upper
      biasing member 198 against the mating surface of the strip stock can be
      readily adjusted.
PAR  Two rotatable guide rollers 221 and 222 (FIG. 7) are further employed to
      facilitate the alignment of the strip stock 24 and the biasing thereof
      against the lower masking member 190. These rollers are supported on
      brackets 224 which, in turn, are secured to the support platform 203.
PAR  In the preferred composite embodiment of the apparatus as depicted in FIGS.
      1 and 2, there are actually two soldering mechanisms 175 in tandem, of the
      type best seen in FIGS. 7 and 8. The reason for this is to provide greater
      control over the thickness of the solder coatings, when required. For most
      applications, a single pass through only one soldering mechanism 175 is
      sufficient, and readily capable of producing solder coatings up to at
      least 1 mil in thickness.
PAR  After forming the two solder stripes 52 (FIGS. 9-11) along the longitudinal
      edges of the partially processed strip stock 24, it is guided through a
      series of guide rollers 87 into the fourth aforementioned degreaser tank
      79 (FIGS. 1 and 2) containing, for example, trichlorethylene. This bath is
      employed to remove any excess flux, as well as other contaminants which
      could possibly have come in contact with the strip stock after its having
      been previously chemically cleaned. Chemical tank 79, as chemical tank 73,
      is preferably made of stainless steel, and has a hood 89 which is coupled
      to the common exhaust system 93.
PAR  After the partially fabricated strip stock 24 is drawn out of the degreaser
      tank 79, it may either be re-wound directly on the power driven, slip
      clutch controlled take-up reel 69 or, alternatively, first passed through
      a pair of drive rollers 227 and 228, coupled to a controllable,
      unidirectional power source, such as an electric motor 231, shown only in
      FIGS. 1 and 2. As best seen in FIG. 2, the drive rollers are rotatably
      mounted on a support bracket 234 which, in turn, is secured to a platform
      237. Platform 237 is secured to a main frame 239. The motor 231 is mounted
      on a block 243 secured to the platform 237, and is directly gear-coupled
      to the drive roller 227 (see FIG. 1).
PAR  Upon passing through the drive rollers, and if a blanking operation is to
      immediately follow, a dead-loop of processed strip stock 24 is formed so
      as to facilitate the incremental feeding thereof through punch and die
      apparatus designated generally by the reference numeral 245, preferably of
      the progressive type, shown only symbolically in FIGS. 1 and 2.
PAR  This apparatus 245 is also supported on the main frame 239, and is employed
      to form pilot holes in the strip stock (to facilitate the alignment
      thereof), then blank out the lead frame skeleton 24', as depicted in FIG.
      10, bifurcate the compliant lead contacts, if desired and, thereafter,
      blank out the individual lead frames 22 of the type depicted in FIG. 11,
      unless the lead frame skeleton 24' is to be re-wound on the take-up reel
      69 for later use.
PAR  In any case, whenever the individual lead frames 22 are to be severed from
      the strip stock skeleton 24', and it is desired to provide bifurcated
      contacts 25' of the type depicted in FIG. 15, the blanking tooling for
      severing each lead frame would preferably incorporate, or be preceded by,
      swaging tooling 45 of the type depicted in FIG. 15. During the blanking
      out of each individual lead frame 22, the longitudinally extending central
      rib of the lead frame skeleton 24' is also blanked out, leaving the leads
      30 with inwardly extending free ends, ready for bonding to a mating
      member, as depicted in FIGS. 11, 16 and 17.
PAR  The final bonding operation may be readily accomplished by utilizing two
      independently heated and pivotally mounted thermocompression bonding
      wedges 36 (only one shown symbolically in FIG. 17) which are
      simultaneously brought down into engagement with a different one of the
      two aligned arrays of leads and terminals.
PAR  During the multiple lead frame bonding operation, the triangular shaped and
      bifurcated contacts 25' of each lead are advantageously flattened
      sufficiently, as depicted in FIG. 17, so as to insure effective mechanical
      cleaning and metal-to-metal solid-phase adhesion at the bond interfaces,
      while at the same time inherently producing sufficient compliancy to
      minimize, if not completely eliminate, substrate failures due to fracture
      and/or glass cavitation. Thereafter, the outer peripheral border of the
      lead frame 22 is trimmed from the bonded leads by any suitable means.
PAR  The complete sequence of operating steps involved in the fabrication of a
      lead frame 22 with four compliant contacts 25' bonded to each lead, and
      the multiple bonding of the leads thereafter to mating thin film
      electrical terminals, in accordance with the principles of the present
      invention, is illustrated in the flow chart depicted in FIG. 18.
PAR  As previously mentioned, for a lead with four compliant contacts 25' of the
      type depicted in FIG. 15, a bonding pressure of approximately 4 pounds per
      lead connection, a bonding temperature of approximately 600.degree.C, and
      a bonding period of approximately 0.8 seconds, has been found to produce
      lead-terminal redundant bonds exhibiting 90.degree. peel strengths above
      225 grams. This is an exceptionally strong bond for a lead only 3 mils
      thick and 15 mils wide. Even more significant, however, is the fact that
      lead frames of the type in question have reduced bond failures in one
      particular solid-state circuit lead packaging application to less than 1
      percent, from a previous rate of approximately 90 to 95 percent with no
      interposed and pre-shaped compliant contacts employed.
PAR  In summary, the present invention is directed to methods for producing high
      quality, solid-phase bonds between two mating members and, in particular,
      between a micro-size lead and thin film terminal, utilizing at least one,
      but preferably two or more specially contoured and interposed compliant
      contacts. The pre-shaping of the compliant contacts into essentially
      triangular cross-section has been found to be very beneficial and
      significant in establishing a sufficient degree of inherent compliancy to
      minimize, if not eliminate, force-induced substrate failures due to
      fracture or glass cavitation, and to provide sufficient plastic
      deformation at the bond interfaces to insure the attainment of reliable
      and consistent mechanical cleaning, bond definition, and metal-to-metal
      adhesion characteristics. The utilization of two or more pre-shaped
      compliant contacts per bond area, so as to produce redundant bonds,
      further insures against total bond and/or substrate failures due to the
      presence of random mating bond surface micro-imperfections.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of solid-phase bonding a first metallic member to a second
      metallic member, comprising:
PA1  solid-phase bonding a compliant metallic medium to the first metallic
      member;
PA1  simultaneously shaping the metallic medium into a cross-sectional profile
      having a raised compliant crest region which is smaller in surface area at
      an outer portion thereof than a base-interface of the medium with the
      first metallic member; and
PA1  solid-phase bonding the first metallic member to the second metallic
      member, with the compliant metallic medium interposed therebetween and the
      second metallic member engaged with the small outer portion of the raised
      compliant crest region, by the application of at least a metal working
      force exerted on the preshaped compliant crest region of the medium
      through at least one of said first and second metallic members in the
      direction of the other member, the compliant crest region being slightly
      depressed and tangentially cold-flowed by the metal working force so as to
      effect mechanical cleaning of the second member-medium interface and to
      produce a reliable adhering bond at the second member-medium interface of
      enlarged cross-sectional area as compared to the initial surface area of
      the small outer portion of the raised compliant crest region.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said first member is in the
      form of a metallic electrical lead having a flat bonding surface, and said
      second member is a metallic terminal having a flat bonding surface.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein both heat and pressure are
      exerted on the compliant crest region of said metallic medium to produce a
      thermocompression bond between said first and second metallic members.
NUM  4.
PAR  4. A method in accordance with claim 1 further comprising the step of:
PA1  swaging the metallic medium with the raised compliant crest region into at
      least two smaller and separated compliant contacts so as to produce a
      subsequent redundant bond between said first and second members.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein said medium is shaped into
      an essentially triangular cross-section.
NUM  6.
PAR  6. A method of bonding an electrical lead having a flat bonding surface to
      an associated terminal having a flat bonding surface with inherent bonding
      compliancy established therebetween, comprising the steps of:
PA1  bonding at least one metallic member to a flat terminating end region of
      the lead;
PA1  shaping the metallic member into a cross-sectional profile having a raised
      compliant crest region which is smaller in surface area at an outer
      portion thereof than a base-interface of the metallic member with the
      lead; and
PA1  bonding the lead to the associated terminal, with the pre-shaped metallic
      member interposed therebetween and the terminal engaged with the small
      outer portion of the raised compliant crest region, by the application of
      at least a metal working force exerted on the crest region of the metallic
      member through the lead and terminal, the crest region being slightly
      depressed and tangentially cold-flowed by the metal working force so as to
      effect mechanical cleaning and to produce a reliable bond of enlarged
      cross-sectional area as compared to the initial surface area of the small
      outer portion of the raised compliant crest region, in the absence of a
      liquid phase, at the member-terminal interface.
NUM  7.
PAR  7. A method in accordance with claim 6 further comprising the step of:
PA1  swaging the crest-formed member into at least two smaller and separated
      compliant contacts so as to produce a subsequent redundant bond between
      the lead and terminal.
NUM  8.
PAR  8. A method in accordance with claim 6 wherein at least two closely spaced
      compliant members are bonded to said lead, with both members being formed
      with compliant crests so as to produce a subsequent redundant bond between
      the lead and terminal.
NUM  9.
PAR  9. A method in accordance with claim 8 further comprising the step of:
PA1  swaging each crest-formed member into at least two smaller and separated
      compliant contacts, so as to produce a subsequent redundant bonded
      connection between the lead and terminal comprised of at least four
      distinct bond interface sites.
NUM  10.
PAR  10. A method of continuous thermocompression roll bonding and shaping an
      elongated metallic element on a flat metal strip, which comprises:
PA1  continuously advancing an elongated metallic element of an essentially
      circular cross-sectional configuration and the flat metal strip
      longitudinally into engagement with one another; and
PA1  applying continuous heat and pressure to the engaged elongated metallic
      element and the metal strip to cause both predetermined normal and
      tangential cold flow of the material of the metallic element, to produce
      mechanical cleaning and a solid-phase metal-to-metal bond at the metallic
      element-metal strip interface while simultaneously shaping the metallic
      element from its initial essentially circular cross-sectional
      configuration to a second cross-sectional configuration having at least
      one longitudinally extending and essentially triangular compliant crest
      region which is smaller in surface area at an outer portion thereof than a
      base-interface of the metallic element with the metal strip.
NUM  11.
PAR  11. A method in accordance with claim 6 in which:
PA1  the metallic member and the lead are formed by thermocompression roll
      bonding precious metal wire to a metal strip and then blanking the wire
      and the metal strip to produce the lead having a precious metal compliant
      member thereon.
NUM  12.
PAR  12. A method in accordance with claim 11, wherein the metal strip is of
      wide flat construction with respect to the precious metal wire, and in
      which:
PA1  the precious metal wire is thermocompression roll-bonded to the wide metal
      strip and shaped into the cross-sectional profile having the raised
      compliant crest region, simultaneously.
NUM  13.
PAR  13. A method in accordance with claim 11 wherein the roll bonding is
      carried out at temperatures in the range of 200.degree.-400.degree.C.,
      with a pressure in the range of 40,000 to 60,000 pounds per square inch
      exerted between the precious metal wire and the metal strip, while
      advancing the wire and metal strip at a rate in the range of 1 to 10 feet
      per minute.
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ABST
PAL  The invention provides shaving equipment having a guard surface which bears
      against the skin of the user during shaving, wherein a part at least of
      said surface is roughened.
BSUM
PAR  This invention relates to shaving equipment. It is applicable to razors of
      the kind which utilise a replaceable blade and also those which utilise
      shaving units. By the term `shaving unit` is meant a substantially rigid
      member, generally of plastics material, to which is secured one or more
      razor blades each having one or more cutting edges, the rigid member
      providing a guard surface located at a pre-set spacing from the cutting
      edge or cutting edges of the, or each, blade.
PAR  According to the present invention there is provided shaving equipment
      having a good surface which bears against the skin of the user, during
      shaving, wherein a part at least of said surface is roughened.
DRWD
PAR  The novel features of the present invention will be better understood from
      a consideration of the following description of one form of shaving
      equipment in accordance with the invention which will be described, by way
      of example, with reference to the accompanying drawings which FIG. 1 is a
      perspective view of a shaving unit embodying the present invention and
      FIG. 2 is a highly exaggerated and magnified schematic representation of a
      portion of the guard surface of FIG. 1.
DETD
PAR  The application of the invention to shaving units having a guard surface
      10a with a stepped profile as shown in the drawing will first be
      considered. In accordance with the invention at least a part of the guard
      surface 10a of the shaving unit 10 is roughened by any suitable method.
      The surface roughness may, for example, be between 0.5 micrometers and
      10.0 micrometers centre-line-average values. `Centre line average values`
      is defined in British Standard No. 1134 of 1961 and corresponds to the
      term `arithmetical average`  used in American Standard ASA B.46.
      Preferably, the surface roughness lies within the range of 2.5 to 5.0
      micrometers, with the roughness varying across the surface but lying
      within the preferred range. Preferably, the average distance between the
      more prominent irregularities on the profile of a section through the
      surface (referred to as the `spacing` in British Standard 1134 of 1961,
      and hereinafter, as the `spacing`) is in the range of 0.5 to 5.0 times the
      surface roughness.
PAR  Examples of methods which may be used to achieve this degree of roughness
      are by abrading with particles of grit, ceramics, oxides or metals, by
      mechanical roughening, or by roughening the surface of a mould in which
      the guard surface is formed so that the moulded guard surface has the
      desired degree of roughness.
PAR  Thus, a plastic guard surface has been roughened by grit blasting, for
      approximately 5 seconds, using No. 46 grit of silicon carbide ejected from
      a nozzle having a diameter of 0.110 of an inch under an air pressure of 60
      pounds per square inch, the nozzle being located at a distance of from 2
      to 6 inches from the guard surface.
PAR  Alternatively, the surface of the guard bar may be coated or impregnated
      with particles, for example particles of grit, ceramics, oxides or metals,
      to give the desired degree of surface roughness.
PAR  The particles can be incorporated in the plastic powder prior to moulding
      so that the particles would project from the surface after moulding due to
      shrinkage of the plastic. A typical particle size would be within the
      range of from 10 to 50 microns.
PAR  Another method of providing a rough surface is to prepare a thin film of
      material which is rough on one side and bears adhesive on the other side
      by which a length of the film can be caused to adhere to the guard
      surface. The roughness of the one side of the film may be a result of the
      presence of grit or other appropriate particles.
PAR  The invention can likewise be applied to razor frames of the kind utilising
      replaceable razor blades which are not secured in a rigid body, by
      appropriate treatment of part at least of the guard surface of the razor
      frame. Similar methods may be used for roughening the surface to those
      described above.
PAR  Tests by panels of men have demonstrated that razor frames and shaving
      units treated in accordance with the invention are preferred to those
      which have not been treated in this way.
CLMS
STM  I claim:
NUM  1.
PAR  1. Shaving equipment having a longitudinally extending razor blade and a
      guard surface which bears against the skin of the user during shaving,
      wherein a part at least of said surface has a roughness of between 0.5 and
      10.0 micrometers centre-line-average values.
NUM  2.
PAR  2. Shaving equipment according to claim 1, wherein the roughness is between
      2.5 and 5.0 micrometers centre-line-average values.
NUM  3.
PAR  3. Shaving equipment according to claim 1, wherein the spacing is from 0.5
      to 5.0 times the surface roughness.
NUM  4.
PAR  4. Shaving equipment according to claim 1, having particles of material
      incorporated in the surface to provide the roughness.
NUM  5.
PAR  5. Shaving equipment according to claim 4, wherein the size of the
      particles is within the range of from 10 to 50 microns.
NUM  6.
PAR  6. Shaving equipment according to claim 1, wherein a film of material which
      is rough on its outer surface is caused to adhere to the guard surface to
      provide said roughened surface.
NUM  7.
PAR  7. Shaving equipment according to claim 1, wherein the roughness is
      measured in a direction substantially at right angles to the blade cutting
      edge.
NUM  8.
PAR  8. Shaving equipment having a longitudinally extending razor blade and a
      guard surface with a stepped profile which bears against the skin of the
      user during shaving, wherein a part at least of said surface has a
      roughness of between 0.5 and 10.0 micrometers centre-line-average values.
NUM  9.
PAR  9. Shaving equipment according to claim 8, wherein the roughness is between
      2.5 and 5.0 micrometers centre-line-average values.
NUM  10.
PAR  10. Shaving equipment according to claim 8, wherein the spacing is from 0.5
      to 5.0 times the surface roughness.
NUM  11.
PAR  11. Shaving equipment according to claim 8, having particles of material
      incorporated in the surface to provide the roughness.
NUM  12.
PAR  12. Shaving equipment according to claim 11, wherein the size of the
      particles is within the range of from 10 to 50 microns.
NUM  13.
PAR  13. Shaving equipment according to claim 8, wherein a film of material
      which is rough on its outer surface is caused to adhere to the guard
      surface to provide said roughened surface.
NUM  14.
PAR  14. Shaving equipment according to claim 8, wherein the roughness is
      measured in a direction substantially at right angles to the blade cutting
      edge.
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PAL  A tool for cutting pipe from the inside includes a mounting plate for
      supporting an arbor and coaxially locating that arbor within the bore of
      the pipe. The arbor is axially adjustable and has a cutting head mounted
      on one end thereof. The cutting head includes a pair of cutter blades
      which are radially extendable and which sever the pipe upon manual
      rotation of the tool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to pipe cutting mechanisms and more particularly to
      a mechanism for cutting pipe from the inside thereof.
PAR  2. Description of the Prior Art
PAR  Tools for cutting pipe, tubing, conduit and the like are well known in the
      art with many such devices having been devised for particular
      applications, particular pipe material and for particular ranges of pipe
      diameters.
PAR  Normally, pipes are cut from the outside with a cutting tool which is
      rotated therearound to produce an ever deepending circular cut until the
      pipe is severed. In many applications, the external type of pipe cutter is
      entirely satisfactory, however, oftentimes it is impractical or otherwise
      undesirable to employ this type of mechanism.
PAR  By way of example, cutting the pipe from the outside can be impractical on
      a construction site when the pipe has been installed in a floor, ceiling
      or wall structure. In such installations when an error occurs, such as
      pipe or fixture misalignment, or other dimensional errors, it is often
      necessary to cut the pipe flush or below the surface of the structure in
      which the pipe has been previously installed so that corrective measures
      can be taken. To employ an external pipe cutter under circumstances of
      this nature would require dismantling of some types of structures such as
      wood, and the destruction of portions of such structures as wall board and
      concrete to provide sufficient room for rotation of the cutting mechanism.
PAR  Internal pipe cutting devices have been devised for use in situations such
      as that described above, however, several problems exist which have
      hampered the development and commercial acceptance of such mechanisms.
PAR  One such problem arises from the materials of which the pipe is fabricated.
      If the pipe is made of a hard material, such as asbestos-cement,
      considerble forces are exerted during the cutting operation, and
      accurately made rigid supporting mechanisms are needed to withstand such
      forces. Therefore, many prior art mechanisms have been very bulky and
      expensive.
PAR  Another problem which has kept many prior art devices from achieving
      commercial acceptance is the various sizes of pipe which need to be cut
      from the inside. Several adjustable devices have been devised to cut pipe
      of various diameters and various wall thicknesses. Due to such factors as
      cutter blade travel, the need for supporting the cutter mechanism relative
      to the bore of pipe, and the cutting forces exerted, tools which can be
      adjusted to cut various sizes of pipe are inherently complex, expensive
      and bulky. This may be more easily seen upon consideration of the factor
      of cutter blade travel. In general, such devices employ a plurality of
      cutter assemblies, made up of cutter wheels and suitable carriages, which
      are radially extendable, by means of a suitable expander mechanism, into
      engagement with the bore of the pipe. Thus, to cut a pipe having a
      relatively large inside diameter with a tool that can also fit into and
      cut a pipe having a relatively small inside diameter requires that the
      cutter assemblies be capable of moving a considerable distance. Therefore,
      the cutter assembly supporting and guiding structures must be capable of
      accommodating the required amount of travel, the expander mechanism must
      be capable of producing the needed travel and the entire tool must have
      sufficient structural strength to be able to withstand the forces exerted.
      An additional consideration is that the cutter assemblies must not be
      allowed to have excessive amounts of deflection or an uneven or jagged cut
      results. The problem of supporting the cutter assemblies to prevent
      deflection thereof becomes more complex when the assemblies are required
      to travel large distances.
PAR  A typical type of prior art mechanism for cutting pipe from the inside
      includes three cutting assemblies each having a cutting wheel or blade
      mounted on a suitable carriage. The cutter assemblies are carried in
      equally spaced radial increments within a cutting head. A cone shaped
      expanding mechanism is positioned between the inwardly disposed ends of
      the cutter assemblies, and the assemblies will radially extend and retract
      in response to movements of the cone therebetween. An example of this type
      of mechanism may be seen in U.S. Pat. No. 442,125 issued to F. Levasseur
      on Dec. 9, 1890. This mechanism, and others of similar structure, require
      that a relatively large cutter head be employed to accommodate the three
      cutting assemblies and the cone which spaces the cutter assemblies apart
      in their retracted positions. Thus, this type of prior art structure is
      limited to use on pipes having a relatively large inside diameter.
PAR  In view of the above, it may be seen that prior art cutting tools are
      comparatively complex, bulky, and in some instances expensive mechanisms
      with the bulk factor being of considerable importance as it prohibits the
      use of such tools in relatively small pipe.
PAR  Therefore, a need exists for a new and useful tool for cutting pipe from
      the inside which eliminates some of the problems of the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a tool for cutting pipe from the
      inside is disclosed as including a mounting plate having an arbor mounted
      thereon. The mounting plate is rotatably mountable on the end of a pipe,
      and when in this position will coaxially locate the arbor within the bore
      of the pipe. The arbor is fixed for rotation with the mounting plate and
      is axially slidable in a line normal to the plate and may be locked in
      various positions along that line so that a cutter head carried on one end
      of the arbor may be moved to various depths within the pipe and locked.
      The cutter head is demountably attached to the end of the arbor and
      employs a pair of diametrically opposed radially movable cutter assemblies
      which are in abutting engagement with each other in the retracted position
      so as to reduce to a minimum the size of the cutter head needed to support
      the cutter assemblies. The cutter assemblies are radially movable by an
      expander means which, in one embodiment of the present invention, passes
      between the abutting surfaces of the cutter assemblies via an opening
      formed for that purpose. In an alternate embodiment, the expander means is
      configured to circumscribe the cutter assemblies to allow a still further
      reduction in the size of the cutter head.
PAR  The tool of the present invention is adapted to cut only one size of pipe
      to minimize the problems of cutter assembly travel, supporting and guiding
      the cutter assemblies, supporting and guiding of the cutter head relative
      to the bore of the pipe and the like. The cutter head is designed so that
      it can be easily removed from the arbor and replaced with another size
      head to accommodate another size of pipe. Alternately, the same head can
      be modified, by means of component substitution, so as to employ the same
      head for various sizes of pipe.
PAR  Accordingly, it is an object of the present invention to provide a new and
      useful pipe cutting mechanism.
PAR  Another object of the present invention is to provide a new and useful tool
      for cutting pipe from the inside.
PAR  Another object of the present invention is to provide a new and useful tool
      for cutting pipe from the inside which employs a pair of diametrically
      opposed radially extendable cutter assemblies which are in abutting
      engagement with each other when in the retracted position to reduce to a
      minimum the size of the cutter head which supports the cutter assemblies.
      Another object of the present invention is to provide a new and useful
      tool for cutting pipe from the inside thereof which includes a cutter head
      that is easily replaceable with a different size cutter head to
      accommodate pipes of various diameters.
PAR  Another object of the present invention is to provide a new and useful tool
      for cutting pipe from the inside thereof which inclides a cutting head
      that can be modified by means of component substitution so that a single
      cutting head may be easily adapted to cut pipe of various diameters.
PAR  Still another object of the present invention is to provide a new and
      useful tool of the above described character in which the cutting head
      supports a pair of diametrically opposed cutter assemblies which are
      radially extendably mounted within a channel formed in the cutter head,
      the channel being adapted to limit the amount of cutter assembly travel,
      guide and support the cutter assemblies at all positions thereof and
      minimize cutter assembly deflection.
PAR  The foregoing and other objects of the present invention, as well as the
      invention itself, may be more fully understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a typical pipe installation having the
      cutting mechanism of the present invention mounted thereon.
PAR  FIG. 2 is an enlarged sectional view of the pipe cutting mechanism of the
      present invention taken on the line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary sectional view taken on the line 3--3 of
      FIG. 2.
PAR  FIG. 4 is an enlarged sectional view taken on the line 4--4 of FIG. 2.
PAR  FIG. 5 is an isometric exploded view of the cutting head of the cutting
      tool of the present invention.
PAR  FIG. 6 is a sectional view of a modification of the cutting mechanism of
      the present invention taken on the line 6--6 of FIG. 7.
PAR  FIG. 7 is a sectional view of the modified cutting mechanism shown in FIG.
      6, with this view being similar to FIG. 3.
PAR  FIG. 8 is a sectional view taken on the line 8--8 of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to the drawings, FIG. 1 illustrates a pipe 8 as
      being installed within a constructed surface 9, such as the floor of a
      building, and extending upwardly therefrom. The pipe cutting mechanism of
      the present invention, which is indicated generally by the reference
      numeral 10, is shown as being used in that particular installation only
      for the purpose of placing the mechanism 10 in a working environment.
      Therefore, it should be understood that the pipe cutting mechanism 10 may
      be employed in any instance in which it would be advantageous to cut a
      pipe from the inside thereof.
PAR  As best seen in FIG. 2, the pipe cutting mechanism 10 includes a mounting
      plate 11 which is adapted to be placed in abutting engagement with the end
      12 of the pipe 8. As will become apparent from the following description,
      it is necessary that the plate 11 be centered upon the end 12 of the pipe
      8 and for this purpose a first or lower surface of the plate 11 is formed
      with a reduced diameter boss 14 depending therefrom and the periphery of
      the boss 14 is sized to coincide with the inside diameter of the pipe 8 so
      that the plate 11 is provided with a shoulder 15 that abuttingly engages
      the end 12 of the pipe. It should be noted that the plate 11 could be
      formed with a plurality of concentric grooves (not shown) so that a single
      mounting plate can be centered on various sizes of pipe. Thus, it should
      be apparent that a multi-grooved plate (not shown) can be employed, or the
      mounting plate 11 can be replaced with a plate of similar construction,
      but which is sized differently, so that the cutting mechanism 10 can be
      modified for use on various sizes of pipe as will hereinafter be described
      in detail.
PAR  The plate 11 is mounted on the end 12 of the pipe 8 so as to be rotatable
      about the longitudinal axis 16 of the pipe. Therefore, the plate 11 must
      be centered so that the axis 17 of the plate is coaxial with the
      longitudinal axis 16 of the pipe.
PAR  It is desirable that the cut to be made by the pipe cutting mechanism 10 be
      formed in a plane which is normal to the longitudinal axis 16 of the pipe
      so that the newly formed end (not shown) will be square as it is sometimes
      referred to in the art. To accomplish this, the end 12 of the pipe 8 must
      be normal to the axis 16, that is, the end 12 must be square, so that the
      plate 11 which is bearing against that end can be rotated in a normal
      plane.  In the event that the end 12 is not square, or is otherwise
      irregular, that end can be reworked to meet this desirable condition by
      techniques well known in the art.
PAR  It should be noted that if the end 12 of the pipe 8 is located in a
      particular installation so that it is inaccessible, or at least
      inconvenient, to mount the plate 11 thereon, an extension pipe (not shown)
      can be coupled to the pipe 8 such as by using a conventional union (not
      shown). The extension, of course, should be mounted coaxial with respect
      to the pipe 8 so that the resulting cut will be square.
PAR  The mounting plate 11 is provided with an aperture or bore 19 formed
      therethrough which is coaxial with respect to the axis 17 of the plate. An
      arbor 20 is axially slidably mounted in the bore 19 of the plate 11 and is
      thus movable in a line normal to the plate along the longitudinal axis 16
      of the pipe 8. The arbor 20 may be locked against sliding movement by
      locking means in the preferred form of a threaded handle 21. The handle 21
      is mounted within a threaded bore 22 formed in the plate 11 and is
      disposed to transversely intersect the axial bore 19 of the plate. Thus,
      the handle 21 is threadably movable into and out of engagement with the
      arbor 20 and also serves as means by which the cutting mechanism 10 may be
      gripped for manual rotation.
PAR  As shown, the arbor 20 is a hollow tubular structure preferably of square
      cross sectional configuration, and the axial bore 19 is also of square
      configuration. Thus, the arbor 20 is inherently fixed for rotation with
      the plate 11 and a flat surface is provided for the handle 21 to bear
      against. It should be obvious that this could be accomplished by other
      means such as a keyed shaft having a machined flat thereon (not shown).
PAR  The depending end of the arbor 20 is adapted to demountably carry a cutting
      head thereon which is indicated generally by the reference numeral 24. The
      cutting head 24 includes an adapter plate 25 which is suitably fixed to
      the depending end of the arbor 20 such as by welding. A cylindrical
      housing 26 is demountably attached to the adapter plate 25 such as with
      suitable bolts 27. It will be noted that both the plate 25 and the housing
      26 are of circular configurations and are coaxial with the arbor 20, the
      mounting plate 11 and thus, when the cutter mechanism 10 is in position on
      the pipe 8, are also coaxial with the longitudinal axis 16 of the pipe.
      The adapter plate 25 and the housing 26 are formed, as will hereinafter be
      described in detail, to supportingly carry a pair of diametrically opposed
      radially extendable cutter assemblies 28.
PAR  As seen best in FIG. 5, each of the cutter assemblies 28 include a carriage
      30 having a cutter wheel 31 rotatably mounted thereon such as with an axle
      pin 32. The carriages 30 are identical and have clevis members 33, the
      spaced apart arms of which extend laterally from the carriages for
      rotatably carrying the cutter wheels 31 therebetween. The opposite side or
      end 34 of each of the carriages 30 is formed in a substantially flat
      configuration which has a semicircular in cross section groove 35 formed
      therein and an inclined surface 36 formed on the lower portion thereof. It
      will be noted that the longitudinal axis of the grooves 35 are parallel to
      the axis of rotation of the cutter wheels 31 mounted in their respective
      ones of the carriages 30. Each of the carriages 30 are provided with an
      upwardly extending segment 37 and a depending segment 38 which are
      identically configured in that each has an arcuate side edge 39 and a flat
      end surface 40. The purpose for the grooves 35, inclined surfaces 36 and
      the segments 37 and 38 will become apparent as this description
      progresses.
PAR  The cutter assemblies 28 are mounted in a back-to-back relationship within
      a channel 42 provided in the cylindrical housing 26. The channel 42 is
      transverse to the longitudinal axis of the housing 26 and is open at the
      top 43 and at the opposite ends 44 thereof. The bottom of the channel 42
      is provided with a flat bottom recessed groove 45 which is closed at its
      opposite ends to form arcuate ledges 46. As best seen in FIG. 3, the
      depending segments 38 of the carriages 30 extend into the groove 45 so
      that the flat surfaces 40 of the segments 38 slidingly engage the flat
      bottom surface of the groove and the arcuate edges 39 of the segments are
      movable into engagement with the arcuate ledges 46 of the groove 45.
PAR  A recessed groove 48 is formed in lower surface of the adapter plate 25,
      and that groove 48 is identical to the groove 45 formed in the housing 26
      in that the groove 48 has a flat upper surface which is closed at its
      opposite ends to form arcuate ledges 50. The upwardly extending segments
      37 of the carriages 30 extend into the groove 48 so that the flat surfaces
      40 of the segments 37 slidingly bear on the flat upper surface of the
      groove and the arcuate edges 39 of the segments are movable into
      engagement with the arcuate ledges of the groove.
PAR  The cutter assemblies 28 are slidingly supported within the channel 42 and
      the grooves 45 and 48 and are movable from a retracted position where the
      flat surfaces 34 of the carriages 30 are in abutting engagement with each
      other to an extended position where the arcuate edges 39 of the carriages
      30 are in contact with the arcuate ledges 46 and 50 of the housing 26 and
      the plate 25, respectively. Thus, the cutter wheels 31 are retracted
      within the open ends 44 of the channel 42 when the cutter assemblies are
      in their retracted positions to allow insertion of the cutter head 24
      within the pipe 8. The cutter wheels 31 will move outwardly into
      engagement with the inside diameter of the pipe as the cutter assemblies
      are moved toward their extended positions and this extending movement of
      the cutter wheels 31 is stopped at a point somewhat beyond the outer
      periphery of the pipe 8 by the carriages reaching their respective
      extended positions.
PAR  It will be noted that by mounting the cutter assemboies 28 as described
      above and by limiting the travel of the cutter assemblies 28 to an amount
      somewhat more than the wall thickness of the pipe 8, complete control and
      support is provided at each position of the cutter assemblies so that any
      possibility of cutter wheel deflection, resulting from the forces exerted
      in cutting the pipe, is virtually eliminated.
PAR  Movements of the cutter assemblies 28 are produced by an expander means in
      the form of an elongated rod 52 and a wedge member 54. The rod 52 is
      axially mounted in the arbor 20 so as to protrude from the opposite ends
      thereof. The upwardly protruding end of the rod 52 has a knob 56 suitably
      mounted thereon, and the downwardly protruding end 57 of the rod 52 is
      threaded. The rod 52 extends downwardly from the arbor 20 through the
      axial bore 58 formed in the adapter plate 25 and passes between the cutter
      assemblies 28 by means of the opening provided by the semicircular grooves
      35 formed in the carriages 30. The wedge member 54 is vertically movably
      mounted within an axial bore 60 formed in the cylindrical housing 26 below
      the channel 42 thereof. The wedge 54 is provided with a threaded bore 61
      for receiving the threaded lower end 57 of the rod 52 therein. The wedge
      54 has a pair of cam surfaces 62 on the opposite side edges thereof and
      which are each disposed to align with the inclined surfaces 36 of the
      carriages 30. Manual rotation of the knob 56 will cause the wedge member
      54 to move upwardly in the axial bore 60 so that the cam surfaces 62 will
      bear against the inclined surfaces 36 of the carriages 30.
PAR  It may now be seen that the cutter assemblies 28 may be caused to extend
      radially in diametrically opposed directions by manual rotation of the
      knob 56 of the expander means in one direction, and retraction of the
      cutter assemblies can be accomplished by rotating the knob in the reverse
      direction. It should be pointed out that when the direction of the knob 56
      is reversed to retract the cutter assemblies 28, oftentimes the rod 52
      will move upwardly rather than the wedge member 54 moving down. This is
      due to the forces exerted which cause the wedge member 54 to become stuck
      or clamped between the cutter assemblies 28. This condition may be
      overcome by tapping the top of the knob 56, such as with the palm of the
      hand, so as to drive the wedge member down.
PAR  The diameters of the adapter plate 25 and the cylindrical housing 26 are
      selected to be somewhat smaller than the inside diameter of the pipe 8 and
      a cap 64 is demountably secured to the housing 26 to provide means by
      which the cutter head 24 is centrally supported relative to the inside
      diameter of the pipe. The cap 64 is secured to the lower end of the
      housing 26 such as by screws 65 and has an upwardly extending circular
      side wall 66 in which the housing 26 is nestingly seated. The uppermost
      end of the side wall 66 is formed with an outwardly protruding annular
      ring 67 which engages the inside diameter of the pipe.
PAR  It may now be seen that the cutter head 24, as shown and thus far
      described, is adapted to cut only one side of pipe due to the fixed size
      of the head supporting ring 67 and due to the limited travel of the cutter
      assemblies 28 as hereinbefore described.
PAR  The pipe cutting mechanism 10 of the present invention can be adapted to
      cut pipe of larter diamters by completely replacing the cutting head 24
      with one of a larger size or by component substitution within the existing
      cutter head 24. In either event, a larger head supporting ring would be
      needed to match the inside diameter of the pipe to be cut, and the cutter
      assemblies would need clevis members which extend further from their
      respective carriages to place the cutter wheels adjacent the inside
      diameter of the pipe when the cutter assemblies are in their retracted
      positions.
PAR  Reference is now made to FIGS. 6, 7, and 8 wherein a modified form of the
      pipe cutting mechanism of the present invention is illustrated. In this
      embodiment, the previously described cutter head 24 has been replaced by a
      cutter head 70 of reduced diameter so that pipe of relatively smaller
      inside diameter can be severed with the pipe cutting mechanism of the
      present invention.
PAR  A fixed factor which determines the minimum size of pipe which can be cut
      is the wall thickness of the pipe. The wall thickness dictates the amount
      of cutter assembly travel needed and also dictates the minimum size of the
      cutter wheels to insure that a cutter blade of sufficient diameter is
      provided to cut through the pipe wall. Therefore, a reduction in the
      physical size of the cutting head must be accomplished without effecting
      the cutter wheel size and the amount of travel of the cutter assemblies.
PAR  In the embodiment shown in FIGS. 6, 7, and 8, the reduced diameter of the
      cutting head 70, as compared to the previously described cutting head 24,
      is made possible by eliminating the need for passing the rod 52 between
      the cutter assemblies. As will become apparent as the description
      progresses, neither the cutter wheel diameter nor the cutter assembly
      travel has been reduced in the cutter head assembly 70.
PAR  The cutter head 70 is similar to the previously described cutter head 24,
      thus, only the elements which have been modified will be identified with
      different reference numerals and will be described in detail.
PAR  The wedge 72 of the cutter head 70 is formed with a bail like structure
      which includes arms 73 and 74 that extend laterally and upwardly from the
      wedge and are interconnected at their uppermost ends with a transverse
      cross bar 75. The wedge 72 is axially movable in the bore 60 of the
      cylindrical housing 26a which has diametrically opposed axially extending
      guide slots 76 and 77 extending radially from the bore 60. The guide slots
      76 and 77 are adapted to receive the arms 73 and 74 which are vertically
      movable therein. The adapter housing 25a has a rectangular slot 78
      extending upwardly from the bottom surface thereof and which is aligned
      with the guide slots 76 and 77 of the housing 26a to slidingly receive the
      arms 73 and 74 as well as the cross bar 75 of the wedge 72 upon upward
      movement thereof.
PAR  The cross bar 75 is provided with a threaded bore 79 into which the lower
      end 57 of the rod 52 is threadingly inserted. Thus, the wedge 72 is moved
      within the cutter head 70 in the same manner as previously described in
      reference to the wedge 54 of the cutter head 24, with the difference being
      that in the modified embodiment the rod 52 is attached to the cross bar 75
      rather than directly to the wedge which eliminates the need for passing
      the rod between the cutter assemblies.
PAR  Since no provision must be made for passing the rod 52 between the cutter
      assemblies 28a of the cutter head 70, these cutter assemblies can be
      modified to decrease the distance from the flat surfaces 34a to the axis
      of rotation of the cutter wheels 31 thereof. Therefore, when the cutter
      assemblies 28a are in the retracted position, that is, the flat surfaces
      34a thereof are in abutting engagement with each other, the cutter wheels
      31 will be closer to the longitudinal axis 16 of the pipe than was
      possible with the previously described cutter assemblies 28, and
      accordingly, the cutter head 70 can be of smaller diameter than the cutter
      head 24.
PAR  It should be noted that the cylindrical housing 26a of this embodiment is
      shown as having a head centering and support ring 80 integrally formed
      thereon. It should be understood that head centering and support function
      can be accomplished with the integral ring 80, or as previously described,
      with a demountable cap 64 having the ring 67 thereon.
PAR  While the principles of the invention have now been made clear in an
      illustrated embodiment, there will be immediately obvious to those skilled
      in the art, many modifications of structure, arrangements, proportions,
      the elements, materials, and components used in the practice of the
      invention, and otherwise, which are particularly adapted for specific
      environments and operation requirements without departing from those
      principles. The appended claims are therefore intended to cover and
      embrace any such modifications within the limits only of the true spirit
      and scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A mechanism for cutting pipe from the inside comprising:
PA1  a. a plate rotatably mountable on the end of the pipe, said plate having an
      axial bore and means for axially aligning the bore of said plate with the
      longitudinal axis of the pipe when said plate is mounted on the end
      thereof;
PA1  b. an elongated tubular arbor axially slidable within the bore of said
      plate and fixed for rotation with said plate;
PA1  c. means on said plate for locking said arbor against axial sliding
      movement relative to said plate;
PA1  d. a cutter head on one end of said arbor, said cutter head comprising, an
      adapter plate transversely affixed to one end of said arbor and having a
      recessed groove with closed ends formed in the surface thereof which faces
      away from said arbor and having a substantially rectangular slot extending
      from the recessed groove toward said arbor, said adapter plate having an
      axial bore formed therethrough which communicates with the interior of
      said tubular arbor, and a housing demountably attached to said adapter
      plate, said housing having an open ended channel formed in the end thereof
      which faces said adapter plate and having a recessed groove with closed
      ends formed in the bottom of the channel thereof, the channel and the
      groove of said housing extending in the same direction as the groove of
      said adapter plate, said housing having an axial bore formed therein and a
      pair of diametrically opposed axially extending guide slots radially
      extending from the axial bore thereof, the guide slots of said housing in
      alignment with the rectangular slot of said adapter plate in a plane
      transverse with respect to the extending direction of the channel and
      recessed groove of said housing and the recessed groove of said adapter
      plate;
PA1  e. a pair of cutter assemblies mounted in oppositely facing directions
      within said cutter head, said pair of cutter assemblies in abutting
      engagement with each other for positioning thereof in a retracted position
      within the periphery of said cutter head, said pair of cutter assemblies
      radially movable in diametrically opposite directions to an extended
      position of protruding beyond the periphery of said cutter head; and
PA1  f. expander means within said cutter head and passing around said pair of
      cutter assemblies and extending from said cutter head through said arbor,
      said expander means axially movable to engage and radially move said pair
      of cutter assemblies from the retracted to the extended position thereof.
NUM  2.
PAR  2. A mechanism for cutting pipe from the inside as claimed in claim 1
      wherein each of said pair of cutter assemblies comprise:
PA1  a. a carriage having a clevis member extending laterally from one end and a
      substantially flat surface on the opposite end, said carriage having an
      inclined surface portion formed on the flat surface thereof; and
PA1  b. a cutter wheel rotatably mounted in the clevis member of said carriage
      with the axis of rotation parallel to the plane of the flat surface of
      said carriage.
NUM  3.
PAR  3. A mechanism for cutting pipe from the inside as claimed in claim 2
      wherein said carriage further includes an upwardly extending segment and a
      depending segment formed thereon for guiding and limiting the movement of
      said carriage within said cutter head.
NUM  4.
PAR  4. A mechanism for cutting pipe from the inside as claimed in claim 1
      wherein said expander means comprises:
PA1  a. a wedge having a pair of cam surfaces formed thereon;
PA1  b. a pair of arms extending radially from said wedge in diametrically
      opposed directions, said arms extending upwardly from said wedge;
PA1  c. a cross bar interconnecting the upwardly extending ends of said pair of
      arms, said cross bar having a threaded bore formed therein;
PA1  d. an elongated rod one end of which is in threaded engagement with the
      threaded bore of said cross bar; and
PA1  e. a knob on the opposite end of said elongated rod.
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ABST
PAL  Utensils for eating strands of food such as spaghetti. The primary utensil
      is a spoon-type utensil having means for cutting strands of food. The
      cutting means is formed by two edges defining a tapering slot in which
      strands are cut. One edge of the slot is the rim of the bowl of the
      utensil. The other edge is provided by a diverging portion of a member
      overlying a portion of the bowl. The slot may also be provided in the bowl
      from the rim and towards the center of the bowl. A fork utensil can also
      be provided, specifically adapted for use with the spoon-type utensil.
PARN
PAR  This application is a Continuation-In-Part of application Ser. No. 521,841,
      filed on Nov. 7, 1974 now abandoned.
BSUM
PAR  This invention is directed toward eating utensils.
PAR  The invention is more particularly directed toward eating utensils for use
      in eating strands of food, particularly food such as spaghetti.
PAR  Spaghetti is often eaten using a fork and spoon. The spaghetti is picked up
      with a fork and the fork is then placed in the bowl of the spoon, with its
      tines facing the concave surface of the bowl. The fork is then rotated in
      the bowl to wind the hanging strands of spaghetti about the fork into a
      compact mass so that the spaghetti can be conveniently eaten. However, it
      often happens that all the strands do not wind up when the fork is
      rotated. The strands that are left hanging from the fork make it awkward
      to eat the spaghetti.
PAR  It is the purpose of the present invention to provide utensils which make
      it less awkward to eat spaghetti.
PAR  The utensils of the present invention can be used to cut strands of food,
      which might otherwise hang from the fork, leaving a compact bundle of food
      on the fork which can be easily managed.
PAR  The invention is particularly directed toward a spoon-type utensil for use
      in eating strands of food, such as spaghetti. The utensil has a handle and
      a dished bowl attached to one end of the handle. Means are provided on the
      utensil for cutting strands of food which might hang from the utensil as
      it is being used in winding up strands.
PAR  The cutting means preferably comprises two edges forming a tapered slot for
      catching strands, at least one of the cutting edges having a cutting
      surface.
PAR  One embodiment of the slot consists of a tapered slot provided in the bowl
      of the spoon, the said slot opens through the rim of the bowl and tapers
      down in the direction of the center of the bowl. In a preferred
      alternative embodiment, the slot curves into a spiral-shape progressing
      towards the center of the bowl.
PAR  In another embodiment, one of the edges is formed by an edge of a portion
      of a member which overlies the bowl, the portion diverging away from the
      bowl. The other edge is formed by a portion of the rim adjacent the
      portion of the member.
PAR  A fork utensil can be provided that is particularly adapted for use with
      the spoon-type utensil.
DRWD
PAR  The invention will now be described in detail having reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a plan view of the spoon-type utensil of the present invention;
PAR  FIG. 2 is an elevation view of the utensil shown in FIG. 1;
PAR  FIG. 3 is a plan view of another embodiment of the utensil of FIG. 1;
PAR  FIG. 4 is a plan view of a fork utensil for use with the spoon;
PAR  FIG. 5 illustrates how both the spoon-like and fork utensils are used
      together;
PAR  FIGS. 6 and 7 are a top and side views respectively of another embodiment
      of the spoon-type utensil;
PAR  FIGS. 8 and 9 are a top and side views respectively of still another
      embodiment;
PAR  FIG. 10 is a top view of a further embodiment, and
PAR  FIG. 11 is a top view of an alternative embodiment of FIG. 8.
DETD
PAR  The spoon-type utensil 1 of the present invention has a handle 3 and a
      dished bowl 5. The bowl 5 is relatively shallow and has a rim 7 to which
      one end of the handle 3 is attached.
PAR  A somewhat crescent-shaped member 9 overlies a portion of one side of the
      bowl 5. The member 9 is attached to a portion of the rim 7 of the bowl 5
      along a portion of its outer, convexlike edge 11 at one end 13. The other
      end 15 of the member diverges away from the bowl forming a tapering slot
      17 between the diverging free portion of convex edge 11 and that portion
      of the rim 7 adjacent end 15. The slot 17 has an angle .alpha. between
      15.degree.and 45.degree., and preferably is about 30.degree..
PAR  The slot 17 serves to catch any strands of food which may hang over the rim
      7 of the bowl as a fork, carrying the strands, is centered against the
      bowl and rotated to twist the strands about the fork. The fork is rotated
      clockwise, as shown by arrow A, in order to catch strands in slot 17. At
      least one, and preferably both edges defining the slot 17, have a sharp,
      cutting surface 19 to cut hanging strands moved into the slot 17. The rim
      7 serves to guide the strands into the slot 17.
PAR  The member 9 is a portion of a dome and is preferably curved down from its
      free end 15 toward its end 13 which is attached to the bowl. This provides
      a somewhat concave inner surface 23 facing the concave inner surface 25 of
      bowl 5. With this arrangement, the food strands are twisted into more of a
      ball shape around the fork as they roll under the free end 15 of the
      member 9, and the following concave surface 25.
PAR  The fork for holding the food strands, and winding them on the fork using
      the bowl of spoon to shape the wound mass, can be an ordinary table fork.
      Preferably however, the fork used is constructed in a specific manner for
      use with the spoon. As shown in FIG. 4, the fork 27 can have a plurality
      of tines 29, the tines 29 having different lengths so that the ends 31b of
      the tines 29 form a plane B following substantially the same curve as the
      inner concave surface 25 of the bowl 5. As the fork is pressed against
      surface 25 in approximately the center of the bowl 5 and rotated, the ends
      31b of the tines 29 will closely follow surface 25.
PAR  Preferably the fork is provided with an odd-number of tines and the middle
      tine 29a is lengthened to extend past the plane B. A slight depression 33
      is provided at the bottom of the bowl 5 into which the end 31a of the
      center tine 29a is inserted when using the fork. The fork can then be
      easily rotated about the depression 33 and an axis C projecting therefrom
      and containing tine 29a. The depression 33 anchors the fork at one point
      during rotation. Instead of a depression 33, a centering through hole
      could be used instead. The handle 35 of the fork can have a narrow rounded
      portion 37 adjacent the tines 29 to facilitate the twisting of the fork
      with the fingers.
PAR  A major portion of the inner concave edge 39 of the member 9 preferably
      follows part of an imaginary curved line D which follows a cylindrical
      surface whose axis is centered over the depression 33. Edge 39 is only
      slightly farther from depression 33 than the distance between center tine
      29a and the outer edge of outer tines 29b of the fork.
PAR  The member 9 can be made separately and attached by any suitable means such
      as welding to the rim 7 of the bowl 5. Preferably however, the member 9
      forms an integral part of the spoon-type utensil. The utensil 1 thus
      preferably is made by stamping it out, including the bowl 5, handle 3, and
      member 9 in one piece. The bowl 5 is then dished and the member 9 is then
      folded and press-formed to shape the bowl 5. When the member 9 is made
      integral with the rest of the spoon, it must, of necessity, be offset to
      one side of the handle as shown in FIG. 1. If the member 9 is made
      separate from the bowl 5 however, it can be positioned in front of handle
      as shown in FIG. 3.
PAR  The utensils 1 and 27 can be made from suitable metal material.
      Alternatively, they can be made from suitable thermoplastic material.
      Regardless of the material used, the edges 7, 11 defining slot 17 can have
      serrated cutting surfaces 19 instead of sharp cutting surfaces.
PAR  In operation, the right hand holds the fork and the left hand holds the
      spoon. A bunch of strands of spaghetti is picked up with the tines 29 of
      the fork. The tine 31 is positioned in the recess 33 of the spoon. The
      handle 3 (FIG. 1) is held in a tilted position so that the apex of the
      slot 17 is raised in a clockwise direction. The strands are twisted in the
      bowl 5 in a clockwise direction until the desired ball size is obtained.
      Then, the handle 3 of the spoon is brought downwardly so as to rotate the
      cup 5 counterclockwise and consequently to cut the hanging strands with
      the wedged slot 17.
PAR  It should be obvious that a left-handed person would preferably hold the
      fork with his left hand and the spoon with his right hand. In this case,
      the crescent-shaped member 9 would be located over the bowl 5 on the
      opposite side relative to the handle 3.
PAR  Additional embodiments of the invention are also contemplated and consist
      of a tapered slot provided in the bowl of the spoon, the said slot opens
      through the rim of the bowl and tapers down in the direction of the center
      of the bowl. In a preferred alternative embodiment, the slot curves into a
      spiral-shape progressing towards the center of the bowl.
PAR  The additional embodiments illustrated in FIGS. 6 to 11 comprise a handle
      and a bowl wherein the slot is provided in the bowl of the spoon-type
      utensil.
PAR  In FIGS. 6 and 7, a slot 40 is cut into the bowl 42. The slot 40 has a wide
      portion opening in the rim 44 of the bowl 42 and tapers down towards the
      other end 46. The general direction of the slot 40 corresponds to the
      rotation of the fork such as explained in the original disclosure, i.e. as
      illustrated by arrow B in FIG. 6, in a clockwise direction for a
      right-handed person.
PAR  The slot 40 has preferably no sharp angles and accordingly, the end 46 as
      well as the corners 48 and 50 are rounded. The bottom of the bowl is
      provided with a small hole 52 for locating the central tine of the fork.
PAR  Another embodiment of the invention is illustrated in FIGS. 8 and 9 which
      essentially corresponds to the embodiment shown in FIGS. 6 and 7 but
      wherein a part of the rim located between the handle and the slot extends
      over the bowl in a form of a tongue 56. This tongue 56 serves essentially
      the same purpose as the dome 9 shown in FIG. 5 but has a much smaller
      area. It is also intended for curving the stranded food into a ball.
      However, when the tongue 56 is limited to a small size, it will not
      prevent the spoon from being stacked one over the other for packaging
      purposes.
PAR  In FIG. 10, the bowl 60 of the spoon-type utensil is provided with a
      triangular slot 62 which opens on the rim 64 and is tapering substantially
      in the direction of the center 66 of the bowl 60.
PAR  In FIGS. 6 and 7, the slot 40 is provided with cutting edges 41 and 45 so
      that when the spaghetti is rotated with the fork in the direction of the
      arrow B, it will be, when desired, cut by either one or both edges 41 and
      45. The tongue 43 may be slightly raised as seen in FIG. 6 to facilitate
      its purpose of catching the stranded food. This is done by slightly
      pushing the tongue 43 towards the center of the sphere partly identified
      by the bowl. In other words, the bowl having a general radius of
      curvature, the distance of the tongue from the spherical center of the
      bowl will be shorter than the radius of curvature of the bowl. Similarly,
      edges 51 and 55 are cutting edges which have the same purpose as edges 41
      and 45. In the embodiment shown in FIG. 10, the edge 61 of the slot 62 is
      sharpened or serrated for providing the desired cutting surface for the
      strands of food.
PAR  For additional cutting edges and to obtain a more reliable cutting
      operation, the opposite side of the slots shown in FIGS. 6 to 11 are
      generally also sharpened or serrated.
PAR  As particularly stated above for FIGS. 8 and 9, the new embodiments
      illustrated in FIGS. 9 and 10 are particularly useful because they are
      cheaper to produce than the original embodiments and also because they can
      be stacked one over the other within a smaller volume and for permitting
      more effecient packaging.
PAR  FIG. 11 illustrates an embodiment similar to the one shown in FIG. 8 which
      comprises a tongue 76 plus a ledge 77 surrounding the rim of the bowl and
      extending over a part of its periphery. The ledge 77 ends at point 75 to
      free the cutting edge 74.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A spoon-type utensil for use in eating strands of food, the utensil
      having a handle, a dished bowl attached to one end of the handle and an
      elongated tapering slot provided at least partly around the bowl of the
      utensil for cutting strands of food, the said slot opening on the side of
      the rim of the bowl and tapering down in the general direction of the
      handle, at least one of the edges of the said slot being a cutting edge,
      whereby the strands of food while penetrating into the tapering slot are
      gradually applied against the cutting edge to be cut.
NUM  2.
PAR  2. A utensil as claimed in claim 1 having a crescent-shaped member
      overlying a portion of the bowl, one end of the member diverging away from
      the bowl, the convex-shaped edge of the one end providing one of the edges
      of the tapering slot, and a portion of the rim of the bowl adjacent the
      one end, providing the other edge of the slot.
NUM  3.
PAR  3. A utensil as claimed in claim 2, wherein the other end of the member,
      along a portion of its convex-shaped edge, is attached to the rim of the
      bowl.
NUM  4.
PAR  4. A utensil as claimed in claim 3, wherein the member is curved to provide
      a concave surface facing the concave surface of the bowl.
NUM  5.
PAR  5. A utensil as claimed in claim 3, wherein a substantial portion of the
      concave-shaped edge of the member forms an arc of a circle.
NUM  6.
PAR  6. A utensil as claimed in claim 5 including a depression in the concave
      surface of the bowl at a point defining the approximate center of the
      radius generating the concave-shaped edge of the member.
NUM  7.
PAR  7. A utensil as recited in claim 1, wherein the said slot consists
      essentially of a tapered slot provided in the said bowl, the said slot
      opening through the rim of the bowl.
NUM  8.
PAR  8. A utensil as claimed in claim 7, wherein the general longitudinal axis
      of the tapered slot follows a part of a spiraltype line starting from the
      rim of the bowl.
NUM  9.
PAR  9. A utensil as recited in claim 8, wherein the cutting edge of the slot is
      provided on the curve adjacent the center of the bowl.
NUM  10.
PAR  10. A utensil as recited in claim 8, wherein the cutting edge of the slot
      is provided on the curve of the slot distant from the center of the bowl.
NUM  11.
PAR  11. A utensil as recited in claim 7, comprising a covering portion fixed to
      the rim of the bowl between the handle and the edge of the slot adjacent
      said handle and extending over a small part of the spoon.
NUM  12.
PAR  12. A utensil as recited in claim 7, comprising a ledge around the rim of
      the bowl between the said handle and the edge of the slot distant from
      said handle, the said ledge extending over the surface of said bowl.
NUM  13.
PAR  13. A utensil as recited in claim 8, comprising a tongue secured to the rim
      between the handle and the slot and extending at least partly over the
      slot, the distance of the tip of the tongue to the center of the bowl
      being shorter than the general radius of the periphery of the bowl so as
      to facilitate the catching of the strands of food.
NUM  14.
PAR  14. A set of utensils for use in eating strands of food, one utensil having
      a handle, a dished bowl attached to one end of the handle, and an
      elongated tapering slot provided at least partly around the bowl of the
      utensil for cutting strands of food, the said slot opening on the side of
      the rim of the bowl and tapering down in the general direction of the
      handle, at least one of the edges of the said slot being a cutting edge,
      the other utensil having a handle and a plurality of tines extending from
      the handle, the ends of the tines defining a curve substantially
      corresponding to the concave curve of the bowl, the tines being in an odd
      number, the central tine projecting past the surface defining the ends of
      the tines and guiding means at the center of the concave surface of the
      bowl for receiving the tip of the central tine, to locate the other
      utensil in the one utensil.
NUM  15.
PAR  15. A set of utensils as claimed in claim 14, wherein the one utensil has a
      crescent-shaped member overlying one side of the bowl, one end of the
      member diverging from the bowl to form the tapering slot in which strands
      are cut, the concave-shaped edge of the member having a substantial
      portion of its length defining an arc of a circle, the center of which is
      the tine receiving means.
NUM  16.
PAR  16. A set of utensils as claimed in claim 14, wherein said other utensil
      has a handle with a substantially cylindrical portion axially aligned with
      the central tine.
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ABST
PAL  A pliers-type tool for locking around a work piece such as a post and
      slidably mounting a punch which when struck by a hammer will pierce the
      work piece. The tool is especially adapted for embracing and gripping a
      highway delineator or sign post to prevent distortion thereof after the
      post is driven into the ground so that a hole is easily punched in the
      post adjacent ground level and facing traffic for forming a weakened
      fracture zone whereby the post will break at ground level without leaving
      an upstanding segment when impacted by a vehicle and is then fit for reuse
      by driving the broken end into the ground and then using the tool to punch
      a hole in the post at the new ground level thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to hand tools which are easily locked on work pieces
      and support another tool to act on the work piece and more particularly
      deals with vise locking pliers slidably mounting prick punches to pierce
      work pieces gripped by the pliers.
PAR  2. Prior Art
PAR  Adjustable toggle actuated locking pliers or wrenches are known in the
      prior art such as for example in the expired William Petersen U.S. Pat.
      No. 2,417,013 issued Mar. 4, 1947 and the Christian Petersen U.S. Pat. No.
      2,731,932 issued Jan. 24, 1956. Copies of these patents are filed herewith
      from which it will be readily apparent that these prior known locking
      pliers or wrenches only serve to grip or clamp work pieces.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention now provides adjustable locking pliers or wrenches
      carrying other tools, such as a prick punch, to perform an operation on a
      work piece gripped by the pliers or wrench. Specifically, according to
      this invention, the jaws of an adjustable toggle actuated locking pliers
      have opposed semi-cylindrical gripping sleeves extending normal to the
      plane of the hand grips and a tubular housing extends laterally from one
      of the sleeves to slidably guide a prick punch adapted to be struck by a
      hammer to pierce a work piece embraced by the sleeves. The sleeves may be
      knurled or roughened to increase the frictional grip on the work piece and
      the punch may have a tapered piercing end and an adjustable head on the
      striking end to limit the extent of entry of the piercing end into the
      work piece thereby controlling the size of the hole formed in the work
      piece by the punch. The punch may be replaced with punches of variable
      piercing diameter.
PAR  The tools of this invention are especially useful for gripping and
      reinforcing upstanding highway sign or reflector tubular posts against
      deformation while forming a weakened fracture zone therein at ground level
      so that in the event of impact by an on-coming vehicle the post will shear
      at ground level, will not leave a dangerous vehicle damaging above ground
      portion and is available for re-use by driving the sheared off end back
      into the ground and then forming the weakened fracture zone at the new
      ground entering level of the post. In this manner damage to the
      undercarriage of a vehicle and piercing of vehicle gasoline tanks by posts
      which bend over when impacted, is eliminated.
PAR  The adjustable locking pliers have hand grip operated clamping jaws for
      embracing a post forming a surrounding rigid band therearound and an
      adjustable toggle linkage between one of the jaws and a hand grip which
      locks the jaws around the post. The toggle linkage includes a lever which
      is slidably mounted in a hand grip having an integral jaw clamp and an
      adjusting screw threaded through the free end of the hand grip receiving
      the toggle lever provides an adjustable stop for the lever thereby
      determining the locked position of the jaws. When the hand grips are
      squeezed to set the toggle linkage the jaws are locked in work piece
      gripping relation until the toggle lever is depressed from its locked
      position by a release lever carried by the hand grip to which the lever is
      pinned. One of the jaws, preferably the toggle actuated jaw has a tubular
      housing projecting laterally therefrom and a prick punch is slidably
      mounted through this housing presenting an inner tapered punching end to
      the post gripped by the locked jaws and an outer impact head adapted to be
      struck by a hammer to drive the punch into the work piece. An adjustable
      stop nut can be threaded on the outer end of the punch to control the
      extent of penetration of the tapered end of the punch into the work piece
      and thereby control the size of the hole.
PAR  It is then an object of this invention to provide a pliers-type hand tool
      which will lock around a work piece and guide a prick punch for piercing
      the work piece.
PAR  Another object of this invention is to provide an adjustable toggle
      actuated pliers with fragmental cylindrical opposed sleeve jaws for
      surrounding a cylindrical post or pipe and slidably mounting a punch
      adapted to be struck by a hammer to pierce the work piece at the exact
      location determined by the positioning of the pliers on the work piece.
PAR  A further object of this invention is to provide an efficient tool for
      piercing highway delineator and sign posts just above ground level to form
      a fracture zine which will shear the post at ground level when impacted by
      a vehicle.
PAR  Another object of the invention is to increase the safety of highway
      delineator and sign posts by gripping the posts at ground level with a
      locking pliers tool and impacting a prick punch carried by the tool to
      pierce the post in a direction facing oncoming traffic.
PAR  A specific object of the invention is to provide an adjustable toggle
      locked pliers with elongated sleeve jaws normal to the plane of the hand
      grips of the pliers and with one of the jaws slidably mounting a prick
      punch to pierce a work piece surrounded by the jaws.
PAR  Other and further objects of this invention will become apparent to those
      skilled in this art from the following detailed description of the annexed
      sheet of drawings which, by way of a preferred example only, illustrates
      one embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a highway delineator post gripped by a tool
      of this invention at ground level and positioning a prick punch in the
      direction of on-coming traffic for quickly piercing the post to form a
      weakened fracture zone which will shear when the post is impacted by a
      vehicle;
PAR  FIG. 2 is a perspective view of the tool of this invention surrounding a
      tubular work piece shown in cross section;
PAR  FIG. 3 is a fragmentary plan view, with parts in horizontal section of a
      portion of the tool of this invention embracing a tubular work piece;
PAR  FIG. 4 is a front end elevational view of the tool and work piece taken
      along the line IV--IV of FIG. 3.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 the tool 10 of this invention is illustrated as locked on a
      tubular post 11 carrying a reflector 12 alongside a highway 13 and
      anchored in the ground 14 so that a minor portion of the post length is
      underground while the major portion is above ground level. The tube tool
      10 slidably mounts a prick punch 15 and is positioned on the post 11 just
      above the level of the ground 14 with the prick punch 15 extending in the
      direction of on-coming traffic on the highway 13.
PAR  As shown in FIGS. 2 and 3 the tool 10 has a pair of hand grip levers 16 and
      17 in opposed relation in the same plane. The grip lever 17 has an
      intermediate portion pivotally pinned at 19 to one end portion of a toggle
      link 18 and an end portion pivotally pinned at 20 to a jaw 21 which in
      turn is pivotally pinned at 22 to the hand grip lever 16 near one end of
      this lever. The toggle link 18 has a free end 23 slidably retained in a
      U-shaped channel 24 in the end of the hand grip lever 16 remote from the
      pivot pin 22. A threaded pin 25, threaded through a cylindrical end 26 of
      the lever 16 provides an abutment or stop 27 for the link 18. The pin 25
      has a knurled head 28 for ease in manual grasping to rotate the pin and
      adjust the position of the stop end 27.
PAR  The grip lever 17 is U-shaped in cross section providing a longitudinal
      channel receiving the link 18 and also receiving a finger 29 pivotally
      pinned at 30 to the lever 17. The finger 29 is adapted to be depressed to
      engage the end 31 thereof against an intermediate portion of the link 18
      for swinging the lever 17 out of toggle locking position.
PAR  A tension spring 32 anchored in the lever 16 pulls the jaw 21 to an open or
      unlocked position.
PAR  The grip lever 16 fixedly mounts a C-shaped jaw 32 beyond the pin 22. An
      opposing C-shaped jaw 33 is fixedly mounted on the free end of the jaw 21.
PAR  The jaw 32 fixedly mounts a fragmental cylindrical sleeve 34 while the jaw
      33 fixedly mounts an opposing fragmental cylindrical sleeve 35. The
      sleeves 34 and 35 extend normal to the plane of the hand levers 16 and 17
      and may be coextensive in length with the width of the jaws 32 and 33 as
      shown in FIG. 4. The inner peripheries of these sleeves 34 and 35 are
      knurled or otherwise roughened at 36. As shown, the sleeves 34 and 35 are
      sized to surround the post 11 with the roughened inner peripheries 36
      thereof tightly engaging the outer periphery of the post.
PAR  The jaw 33 has a laterally outwardly extending nipple or boss 37 mounting a
      cylindrical tubular housing 38 with an open outer end 39 through which is
      inserted the prick punch 15 having a tapered piercing inner end 40 and a
      head 41 at the opposite end beyond the housing 38. A stop nut 42 is
      threaded on the outer end of the punch 15 under the head 41 to engage the
      outer open end 39 of the housing 38 and limit the penetration of the punch
      into the housing.
PAR  The pointed or tapered end 40 of the punch 15 is slidably guided in the
      housing 38 and extends freely through the nipple 37 and through an
      aperture 43 in the sleeve 35 to engage the post 11. When the head 41 of
      the punch 15 is struck by a hammer, the pointed end 40 of the punch will
      pierce the work piece gripped by the sleeves 34 and 35 forming a hole 44
      through the work piece surrounded by a ferrule or burr 45. The sleeves 34
      and 35 snugly surround and grip the post 11 reinforcing it against
      deformation when pierced by the punch. The stop nut 42 is positioned on
      the punch 15 to engage the open end 39 of the housing 38 to limit the
      penetration of the tapered end 40 of the punch 15 into the post 11 thereby
      determining the size of the hole 44 and preventing the leading end of the
      punch from reaching the portion of the interior of the post 11 lying
      diametrically opposite the hole 44.
PAR  In use, the toggle adjusting pin 25 is positioned so that its stop end 27
      will engage the free end of the toggle link 18 with the sleeves 34 and 35
      tightened around the post 11 just before the link 18 reaches its toggle
      locking position whereupon a further squeezing of the grip lever 17 will
      align the pivot pins 19 and 20 with the end of the link 18 and moving the
      toggle linkage to its locked position. Then the finger 29 may be depressed
      to effect relative movement between the lever 17 and the link 18 to unlock
      the toggle.
PAR  It will, therefore, be appreciated that the tool 10 is easily and quickly
      mounted on and locked to the post 11 at the exact desired position for
      centering the prick punch 15 and that the punch is then struck by a hammer
      to pierce the work piece at the exact location determined by the tool.
      This preferred position for highway posts as described in FIG. 1 is to
      lock the tool around the post immediately above ground level with the
      prick punch extending in the direction to face on-coming traffic on the
      highway 13. From the above descriptions it should thus be clear that this
      invention provides a convenient hand tool serving both as a vise and a
      punch and including an adjustable toggle actuated pliers and a prick punch
      slidably mounted on one of the jaws of the pliers to pierce a work piece
      engaged by the pliers. It will also be understood that the tool provides
      enlarged gripping sleeve jaws configured to intimately surround the work
      piece and reinforce it against distortion during the piercing operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vise and punch tool comprising a pair of hand grip levers, a pair of
      opposed jaw members controlled by said levers, an adjustable toggle
      linkage between one of the jaws and the hand grips locking the jaws around
      the work piece, said jaws having opposed enlarged sleeve portions for
      surrounding and gripping the work piece to prevent distortion thereof, one
      of said jaws having a tubular housing extending laterally therefrom, a
      prick punch slidably mounted in said housing adapted to penetrate a work
      piece surrounded by the jaw sleeves, and means limiting the penetration of
      the punch into the work piece.
NUM  2.
PAR  2. In a tool having a pliers portion with hand grip operated opposed jaws
      and an adjustable toggle linkage between one of the jaws and the hand
      grips locking the jaws around a work piece, the improvements of segmental
      sleeves normal to the plane of the hand grips, sized to conform with and
      embrace a work piece to support it against distortion, a tubular housing
      extending laterally from one of the jaws having its interior communicating
      with the inner periphery of one of the sleeves, and a punch having a
      pointed end extending through said one jaw to pierce a work piece
      enveloped by the jaws and an opposite striking head end to receive a
      hammer blow for forcing the punch into the work piece.
NUM  3.
PAR  3. The tool of claim 1 wherein the sleeves are semi-cylindrical and have
      roughened inner peripheries substantially completely enveloping a tubular
      work piece.
NUM  4.
PAR  4. The tool of claim 1 wherein the prick punch has a tapered leading end
      and a striking trailing end and an adjustable stop member is threaded on
      the striking end to control the penetration of the tapered  end into the
      work piece.
NUM  5.
PAR  5. The tool of claim 2 wherein the jaws of the hand grips have integral
      C-clamps and the sleeves are welded in these clamps.
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ABST
PAL  This device consists primarily of parallel spaced apart bars which through
      brackets, bolt, spring and wingnut fastenings will adjust to adapt to a
      painting canvas, the parallel members having equally spaced apart slot
      means in which will be received thread so as to form grid lines for the
      purpose of copying, enlarging or decreasing photographs, paintings,
      pictures, plans and the like from one area to another.
BSUM
PAR  This invention relates to instruments for enlarging and reducing prints,
      and more particularly to an adjustable grid-lined device.
PAR  It is therefore the principal object of this invention to provide an
      adjustable grid line device which by thread means forming a grid composing
      squares, will serve the purpose for copying, enlarging or decreasing
      photographs, pictures and the like.
PAR  Another object of this invention is to provide an adjustable grid line
      device which will have parallel spaced apart L-shaped members slotted
      along a longitudinal edge to receive the threads that will form the grid
      lines.
PAR  Still another object of this invention is to provide a grid line device of
      the type described which will be secured together to form a slideable bar
      arrangement which will adapt to various sized canvases or other material,
      the opposite sides remaining parallel with each other throughout any of
      the adjustments through the use of spring loaded bolt fasteners receiving
      wing-nut fasteners which will render the frame secure in any desired
      dimension required.
PAR  Other objects of the invention are to provide an adjustable grid line
      device which is simple in design, inexpensive to manufacture, rugged in
      construction, easy to use and efficient in operation.
DRWD
PAR  These and other objects will become readily evident upon a study of the
      following specification together with the accompanying drawing wherein:
PAR  FIG. 1 is a front view of the present invention shown partly broken away
      and in elevation;
PAR  FIG. 2 is a left-hand view of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary perspective view of one of the L-shaped
      members of the device showing how the cords are strung;
PAR  FIG. 4 is an enlarged fragmentary front view showing the spring loaded
      mounting of the device.
DETD
PAR  According to this invention, an adjustable grid line device 10 is shown to
      include parallel spaced apart and L-shaped configurated bars 11 and 12 and
      13 and 14 which form a rectangular frame being adjustably secured to the
      outer peripheral edges of a canvas. All of the bars 11, 12, 13 and 14 are
      provided with equally spaced apart notches 15 on the outer peripheral
      longitudinal edges of the frame formed by the bars 11, 12, 13 and 14. The
      notches 15 receive thread 16 which is strung from bar 11 to bar 12 and
      from bar 13 to bar 14, the result being that a grid form of squares is
      obtained for enlarging or reducing, or copying pages, prints and the like.
      An L-shaped bracket 17 is secured by fasteners 18 within each internal
      corner formed by bars 11, 12, 13 and 14. The brackets 17 are one each,
      fastened fixedly, by means of fasteners 18 to bars 11, 12, 13 and 14 and
      the opposite ends of brackets 17 are free to slideably engage with their
      respective bars. A pair of threaded bolt fasteners 19 receive, each, a
      coil spring 20 and removeably receive a winged-nut fastener 21. Each of
      the bolt fasteners 19 are freely and slideably received within the
      elongated slot 22 of the bars 11, 12, 13 and 14 which enables the frame to
      be expanded or contracted as it is desired to fit various sized canvases.
      The spring 20 upon the bolt fasteners 19 provide tension means for the
      bars 11, 12, 13 and 14.
PAR  It shall be noted that each of the brackets 17 has secured fixedly thereto,
      a pair of spring clips 23 which are parallel spaced apart so as to receive
      the peripheral edges of the canvas within the frame of the device 10.
PAR  It shall be noted further that rather than thread 16, string, fishing line,
      thin wire and so on may be used and the beginning of thread 16 may have a
      knot tied into it and hooked into the first notch 15 to be used. The end
      of the thread after stringing is wrapped around a tack which is pushed
      into the canvas frame to hold thread 16 fast until the device 10 is
      finished with.
PAR  The notches 15 are one-quarter of an inch or more apart and the device may
      be threaded into the desired amount of grid squares.
PAR  In order to adjust the device 10, the winged nut fasteners 21 are loosened
      and the bars 11, 12, 13 and 14 are urged towards or away from each other
      as desired, whereupon the fasteners 21 are then tightened which will hold
      the canvas fast within the spring clips 23.
CLMS
STM  What I now claim is:
NUM  1.
PAR  1. An adjustable grid line device comprising: a frame including two pairs
      of parallel spaced apart bars, each having an L-shaped cross-section and
      each having a plurality of equally spaced apart notches along the edges
      thereof corresponding to the outer peripheral edge of the frame; means for
      adjustably connecting the bars for the expansion and contraction of the
      frame comprising L-shaped brackets each fixedly secured on one outside
      face to one of the bars and means securing each bracket on the other
      outside face to an adjacent bar comprising a bolt fastener, means defining
      an elongated slot in the adjacent bar freely and slideably receptive of
      the bolt, a winged nut fastener engaged with the bolt fastener and spring
      means cooperative with the bolt fastener for urging the bracket against
      the adjacent bar; thread means received in said notches on the oppositely
      opposed bars to form grid lines for the enlarging, reducing or copying of
      pictures; and a pair of parallel spaced apart spring clips receptive of a
      canvas therebetween and fixedly secured to the inside corners of each
      bracket.
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PAL  Farmer's Bulletin No. 1968, U.S. Dept. of Agriculture, Apr. 1945, pp. 1-13.
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ABST
PAL  A plastic pattern form for customized fitting a person, comprising plastic
      sheet material having basic patterns printed thereon with the pattern
      indicating certain reference positions and lines for accurate placement of
      the pattern on the person together with indicated darts and seams
      ordinarily designed to go with the size pattern, and numbers indicating
      possible figure variations from the norm that will require size changes
      within the body of the pattern itself rather than at the seam lines; and a
      method of providing customized fitting utilizing said plastic pattern
      form, which comprises the steps of, attaching tapes to the figure being
      fitted including a chest tape extending around the figure and through the
      underarm areas, a waist tape extending around the waistline and a hip tape
      extending around the hips and through the high round areas of the seat,
      measuring the horizontal and vertical distances from reference points and
      the tapes to indicate distances to seam lines, laying said measurements
      plus standard allowances over the plastic sheet material and indicating
      areas of adjusted seam positions, altering the size of the pattern when
      necessary to correct certain unusual figure measurements so that the
      measured seam will fall close to the indicated probable seam on the
      plastic pattern, placing the pattern over the figure with matched
      reference positions and pinning the plastic to the tape with the darts and
      seams of the pattern pinned to indicate the proper darts and seam lines,
      and marking said seam lines and darts to indicate a customized three
      dimensional fit on the two dimensional plastic patterns, and altering a
      paper pattern selected for making a garment so as to have its seam lines
      and darts correspond with those of the plastic pattern together with style
      allowances, whereby paper patterns may be corrected both internally and at
      the seams in order to indicate the proper cut for customized fitting.
PARN
PAR  This application is a divisional application of my co-pending application
      Ser. No. 832,043, filed June 11, 1969, which application issued May 20,
      1975 as Pat. No. 3,883,955.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a PATTERN FITTING TOOL AND METHOD OF
      CUSTOM FITTING PATTERNS, and more particularly to a pattern fitting tool
      and method of utilizing same which is suitable for correcting paper
      patterns prior to cutting in order to achieve a proper fit.
PAR  The art of dressmaking is well known, and garments are standardized, more
      or less, as to shape and sized from small sizes to large sizes in order to
      provide a range of garments suitable for a variety of different
      individuals. However, individual vary in certain specific areas from the
      standard or normal and standard garments therefore do not provide the
      desired fit. In some cases, the fit is rather close, and reasonably good
      fitting can be achieved simply by seam alteration. However, large
      deviations cannot be properly corrected by seam adjustment and individuals
      with one or more large variations from the norm simply cannot be properly
      fit from standard garments.
PAR  With the advent of dressmaking, the art is exceedingly tempting for
      individuals having such deviations that good fits are not proper from
      standard garments. However, when such individuals purchase and utilize
      patterns, the patterns are standard and tend to lead toward the same
      garment with the same problems as that obtained by standard constructions.
      Once again, the dressmaker will attempt to overcome these variations by
      seam changes, but the seam changes do not provide the desired fit.
PAR  These standard garments are laid out with darts and ease positions together
      with expected seam lines that will provide two dimensional cuts to fit the
      standard three dimensional figure and these standards are exceedingly well
      developed for accurate fitting. However, there has been no effective tool
      for the home dressmaker to provide his or her own standard whereby optimum
      contours are built into the pattern form so as to provide the proper
      conversion from the three dimensional figure to the two dimensional fabric
      pieces desirable for specific individuals having one or more variation
      from the norm.
PAR  In order to assist the home dressmaker, dressmaking forms have been
      developed, and these forms are excellent for indicating the three
      dimensional side of the human figure and assist in indicating the problem
      area. However, the dressmaking form simply illustrates the three
      dimensional contour while the pattern is still a two dimensional
      indication with conversions made according to a standard. Accordingly, a
      proper tool for the home dressmaker is converting from this three
      dimensional figure to be fitted to the two dimensional fabric pieces to be
      cut is still lacking.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the invention to provide a fitting tool whereby a
      conversion from the three dimensional contours of an individual to be fit
      may be converted to the two dimensional pattern pieces to be cut, and in
      which the darts and eases and other assists for correct contours are
      coordinated with the seam lines so as to enable the dressmaker to provide
      the conversion and make a garment having straight seams as well as proper
      contours with a minimum of final alteration.
PAR  In accordance with the invention, this tool comprises a plastic pattern
      form having basic pattern sections printed thereon in accordance with a
      standard, but formed for providing a changeable pattern to be altered to
      fit the figure. The printed pattern comprises a plurality of fixed
      reference points formed to locate the pattern on the person and oriented
      in the proper vertical and horizontal positions, and a plurality of
      correctable markings indicating areas for locating darts and seams. The
      pattern also contains a list of reference numbers that should be checked
      for special figure problems and the pattern size altered in accordance
      with techniques illustrated and explained in a book of directions provided
      with the pattern form in order to readjust the pattern from the standard
      to the desired form.
PAR  In its method form, the invention provides a procedure for utilizing the
      plastic pattern form of this invention and converting from the three
      dimensional figure of the person being fitted directly to the two
      dimensional layout on the paper pattern in order to achieve proper
      cutting. The preferred procedure of the invention comprises the steps of
      cutting each pattern section from the plastic sheet material with the cuts
      being oversized from the indicated probable seam lines, for example a
      typical plastic pattern will have a front bodice, rear bodice, front
      skirt, rear skirt and sleeve. The person to be fitted should preferably
      analyze her figure, note the figure problem numbers applicable to her, and
      mark them so that deviations from the standard in this area will have its
      proper cause indicated.
PAR  Three pieces of elastic tape are then attached to the figure being fitted
      including a chest tape extending circumferentially around the figure and
      through the underarm areas, a waist tape extending circumferentially
      around the waist line, and a hip tape extending circumferentially around
      the hips and through the high areas of the seat. The elastic tape shold be
      marked at center front and back to show pinning and measuring positions
      and the side seam position should also be marked to indicate generally the
      desired straight seam position. A tape, chain or beads are fastened around
      the neck to determine neck base, and the shoulder line from the neck to
      the shoulder is marked directly on the skin of the person being fitted
      with a felt pen.
PAR  Basic measurements are then taken to measure the lengths and widths of
      certain key areas of the figure and these lengths and widths plus standard
      allowances are laid out on the pattern form to indicate certain corrected
      seam line positions. Where the corrected seam line positions are rather
      close to the indicated seam line positions, the figure being fitted has a
      body contour sufficiently close to the standard in all areas that simple
      seam adjustment will be satisfactory. However, very few figures will not
      deviate from the standard in at least one of the various problem areas of
      deviation.
PAR  For example, the length of the bodice may be altered from the reference
      position of the bust simply by having a high bust and requiring the
      pattern to be shortened above the bust and lengthened below the bust.
      Although the overall length would be the same as standard, it is seen that
      the seam lines would either be out of position, or the bust reference
      point would be out of position and thereby destroy the proper fit. In such
      a case, the plastic pattern is simply lenghtened in the necessary location
      and shortened in the other location so as to align the seams and bust
      position in the proper length orientation.
PAR  The measuring procedure is thus utilized to provide lengths, widths and so
      forth on all of the pattern pieces and general deviations or changes in
      dimensions are located in this way. Special problems require special
      pattern alteration and these will be indicated by large deviations of the
      measured from the indicated standard seams in certain areas. In this way,
      the markings noted analytically as mentioned above are confirmed or
      denied. Instructions for enlarging or reducing the pattern so as to
      provide the adjusted darts and seams in the proper position are given in
      the instruction book. In this way, the plastic pattern is adjusted to fit
      contours so that people with unusual figures can have fits of the same
      order of excellence that the mythical person with a standard figure would
      achieve with a standard pattern. After the plastic pattern has been
      initially marked and readjusted as to size so as to approximate the figure
      measured, it is actually put on, pinned to the tape in the proper
      orientation with reference positions matched, and seam lines as they
      actually appear on the figure marked in colored ink or the like.
      similarly, darts are pinned and marked so that exact fitting is achieved
      in the plastic pattern as worn on the person being fitted.
PAR  Since the plastic pattern may be flattened out again in sheet form, and is
      constructed similar to the paper patterns generally utilized, the plastic
      pattern is then used as a guide to alter the size of a selected paper
      pattern. When matching the paper and plastic patterns, style differences
      are added in accordance with conventional procedure, so that seam lines
      can be indicated on the pattern and the fabric cut with the desired seam
      allowances. In this way, the pattern pieces are accurately cut on the
      fabric to provide the final garment with the seam lines of the fabric
      being sufficiently closely matched to the individual that final alteration
      may easily be made in the seams during the usual fitting steps; the final
      alteration being required because of the different characteristics of
      different fabrics.
PAR  From the above description, it is seen that another object of the invention
      is to provide a plastic fitting tool of the character described which is
      especially suitable to fit a human figure when such figure has one or more
      of a number of rather extreme deviations from the standard so that
      standard patterns do not provide the desired fit.
PAR  Still another object of the invention is to provide a plastic fitting tool
      of the character described which will provide an improved fit for figures,
      even when no special fitting problem is present.
PAR  A further object of the invention is to develop a fitting tool and
      procedure for using same in which a person is fitted by the simple
      operations of measuring, marking, and trying on so that preliminary
      adjustments can be made for shaping the pattern tool and final adjustments
      can be made by actual trying on whereby customized fitting is available to
      even the relatively inexperienced home dressmaker.
PAR  Still another object of the invention is to provide a fitting tool and
      method of using same of the character described, in which each side of the
      person being fitted is fitted separately so that even relatively slight
      deviations from side to side such as high shoulders will be properly
      fitted and the problems caused by the usual pattern symmetry eliminated.
      Yet still another object of the invention is the provision of a tool and
      procedure for altering regular selected paper patterns prior to their use
      in cutting material for achieving an excellent custom fit in the garment
      made therefrom.
PAR  Further objects and advantages of the invention will be apparent as the
      specification proceeds and the new and useful features of the PATTERN
      FITTING TOOL AND METHOD OF CUSTOM FITTING PATTERNS using same will be more
      clearly defined in the claims attached hereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred form of the invention is illustrated in the accompanying
      drawings, forming a part of this description, in which:
PAR  FIG. 1 is a plan view illustrating a section of plastic sheet having a
      pattern indicating a front bodice and constructed according to the
      invention;
PAR  FIG. 2, a plan view of a plastic pattern constructed according to the
      invention and showing a front skirt section;
PAR  FIG. 3, a plan view of a back bodice pattern imprinted on a plastic sheet
      in accordance with this invention;
PAR  FIG. 4, a plastic sheet containing a pattern of a back skirt section
      constructed according to the invention;
PAR  FIG. 5, a plan view of a sleeve pattern constructed according to the
      invention and formed for matching the patterns of FIGS. 1 through 4, which
      are also formed for fitting with each other;
PAR  FIG. 6, a typical front view of a human figure indicating certain problem
      fitting areas;
PAR  FIG. 7, a typical back view of a human figure indicating body areas having
      special fitting problems;
PAR  FIG. 8, a plan view showing attachment of the front and back bodice in an
      early procedural step conducted in accordance with the invention;
PAR  FIG. 9, a diagramatic view illustrating the placement of tapes on the human
      figure as seen from the front;
PAR  FIG. 10, a diagramatic view similar to that shown in FIG. 9, but
      illustrating the side position thereof;
PAR  FIG. 11, a diagramatic back view illustrating how measurements are taken in
      accordance with the procedure of the invention;
PAR  FIG. 12, a diagramatic front view further illustrating how measurements are
      taken in accordance with this invention;
PAR  FIG. 13, a diagramatic view illustrating the fitting of the plastic
      patterns of FIGS. 1 through 4 to each other and on the human figure;
PAR  FIG. 14A, a diagramatic view illustrating how the front bodice is fitted
      with a floating dart customized at the chest area;
PAR  FIG. 14B, a view similar to FIG. 14A but illustrating the operation in a
      slightly later stage thereof;
PAR  FIG. 15A, a view showing alteration in the sleeve area of the back bodice
      requiring reconciliation of the sleeve;
PAR  FIG. 15B, a diagramatic view of the sleeve showing the manner in which it
      is reconciled to the back bodice of FIG. 15A;
PAR  FIG. 16A shows an alteration in the side seam of the back bodice requiring
      a corresponding change in the sleeve;
PAR  FIG. 16B, shows the alteration in the sleeve required to reconcile the
      sleeve to the change in back bodice shown in FIG. 16A;
PAR  FIG. 17A shows a side seam decrease on the side seam of the front bodice
      requiring a change of the sleeve seam;
PAR  FIG. 17B, an illustration of the change of the sleeve made to reconcile the
      sleeve with the change shown in FIG. 17A;
PAR  FIG. 18A, shows the back bodice as measured when not reconciled with the
      front bodice;
PAR  FIG. 18B, shows the front bodice which has its seam line changed during
      adjustment of the custom dart along the chest, and illustrates the manner
      of reconciling the side seam and sleeve seam with the back bodice;
PAR  FIG. 19, a view illustrating an alteration of the sleeve wherein the sleeve
      is shortened to reconcile with the front and back bodice;
PAR  FIG. 20, a diagramatic view generally showing how to lengthen or shorten a
      pattern and specifically illustrating a manner of lengthening the waist
      portion of the back bodice;
PAR  FIG. 21, a diagramatic view illustrating how to adjust the width of a
      pattern piece and specifically illustrating an increased width for the
      skirt back;
PAR  FIG. 22, a diagramatic view illustrating how to change the length of a
      sleeve and specifically illustrating an increased length thereof;
PAR  FIG. 23A, a diagramatic illustration of a fitting problem caused by the
      neck being too small, the shoulder being too low, and back too narrow, the
      problem being known as dowager's hump;
PAR  FIG. 23B, a diagramatic illustration of the manner of correcting the
      problem in 23A so that the plastic sheet and paper pattern fitted
      therefrom maintain the proper contours;
PAR  FIG. 24A, a diagramatic illustration of a fitting problem caused by a large
      muscle or heavy flesh at back arm crease;
PAR  FIG. 24B, a diagramatic illustration of the size changes incorporated for
      correcting the problem shown in FIG. 24A;
PAR  FIG. 25A, a diagramatic illustration of the fitting problem caused by
      swayback;
PAR  FIG. 25B, a diagramatic illustration of the corrected pattern sized to
      solve the problem of FIG. 25A;
PAR  FIG. 26A, a view illustrating a combination figure problem where wide back
      and narrow shoulders are combined so that the pattern is too wide at the
      shoulder and too narrow at the broad back;
PAR  FIG. 26B, a figure showing the size changes on the pattern form utilized to
      correct the figure problem of FIG. 26A;
PAR  FIG. 27A, a diagramatic illustration of the front bodice mismatch occurring
      where the figure has a hollow chest and full bust;
PAR  FIG. 27B, a diagramatic view of the pattern correction utilized to correct
      the problem of FIG. 27A;
PAR  FIG. 28, a diagramatic illustration of the corrections utilized to solve
      the problem of gaping neckline;
PAR  FIG. 29A, a diagramatic illustration of areas for changing the pattern
      sizes for the back bodice;
PAR  FIG. 29B, an illustration of increasing the back bodice within the plan
      shown in FIG. 29A in order to broaden the shoulder;
PAR  FIG. 29C, another alteration on the back bodice pattern within the scope of
      FIG. 29A and illustrating a combined broadening of the shoulder and
      underarm;
PAR  FIG. 29D, a figure similar to FIGS. 29B and 29C but in which the shoulders
      are broadened and the underarm and lower back are also broadened;
PAR  FIG. 30, an illustration of the pattern enlargement to accommodate a large
      elbow;
PAR  FIG. 31, an illustration of a pattern enlargement utilized to raise the
      shoulder;
PAR  FIG. 32, an illustration of a pattern enlargement utilized to broaden the
      waist;
PAR  FIG. 33, an illustration of a pattern enlargement utilized to enlarge the
      pattern at the thigh area;
PAR  FIG. 34, a diagramatic view illustrating a method of decreasing the sides
      of the pattern to shorten the center back;
PAR  FIG. 35, a diagramatic view illustrating how the pattern may be decreased
      in area to accommodate narrow shoulders;
PAR  FIG. 36A, an illustration of the front bodice prior to correction for large
      bust;
PAR  FIG. 36B, a view similar to 36A, but showing the correction made to solve a
      large bust problem;
PAR  FIG. 37A, an illustration of enlargement in two directions utilized for
      correcting standard pattern to accommodate for a large seat or tummy;
PAR  FIG. 37B, the view shown in 37A after enlargement to correct the problem
      indicated;
PAR  FIG. 38A illustrates a problem encountered when it is necessary to increase
      to a large extent the broad width of the sleeve;
PAR  FIG. 38B, an illustration of the corrected broad width for solving the
      problem shown in FIG. 38A;
PAR  FIG. 39A an illustration of circular slashes used when a quick spread is
      needed in a short area;
PAR  FIG. 39B, an illustration of the correction achieved by the circular slash
      and spread method of enlargement;
PAR  FIG. 40A, another illustration of a circular slash utilized to accommodate
      broadness at underarm and low underarm;
PAR  FIG. 40B, the pattern shown in FIG. 40A after the indicated correction; and
PAR  FIG. 41, an illustration of an extreme alteration indicating and
      illustrating the use of multiple enlargements.
PAR  While only the preferred form of the invention is shown and described in
      detail, it should be understood that various changes or modifications may
      be made within the scope of the claims attached hereto without departing
      from the spirit of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing in greater detail, and more particularly to FIGS.
      1 through 5, there is shown a plurality of pattern sections each laid out
      on plastic sheet material, and with the pattern sections providing a basic
      cover for one side of a human figure. The other side of the human figure
      is provided simply by taking the same pattern sections and turning them
      over. Thus, FIG. 1 shows a plastic sheet 42 having a front bodice 43
      imprinted thereon, FIG. 2 shows a plastic sheet 42 having a front skirt 44
      imprinted thereon, FIG. 3 shows a plastic sheet 42 having a back bodice 46
      imprinted thereon, FIG. 4 shows a plastic sheet 42 having a back skirt 47
      imprinted thereon, and FIG. 5 shows a plastic sheet 42 having a sleeve 48
      imprinted thereon.
PAR  As here shown, the plastic sheet 42 has been cut along lines 49 so as to
      provide separate pieces for each of the patterns of FIGS. 1 through 5, but
      it will be appreciated that the original article will usually have all of
      the patterns printed on one or two sheets 42. Regardless of how many
      sheets 42 are provided, the patterns should be cut as indicated as in line
      42 so that each piece will be separate, the cut line being sufficiently
      distant from the indicated seam line that proper adjustments of seam may
      be made. In addition, the scraps of plastic that will be provided when the
      sheet 42 is cut may be utilized for enlargement of the pattern, if
      necessary.
PAR  As is apparent from FIGS. 1 through 5, the basic printed patterns have a
      plurality of fixed reference points marked on the pattern and formed to
      locate the pattern on the person and a plurality of correctable markings
      indicating areas for locating darts and seams in accordance with the shape
      of the person being fitted. Thus FIG. 1 contains a fixed reference point
      51 indicating the high round of the bust, FIG. 4 contains a fixed
      reference 52 indicating the high round of the seat, and FIG. 5 indicates a
      fixed reference point 53 indicating the high round of the elbow. In
      addition, vertical and horizontal lines are provided to assist in
      alignment and fixed dart locations are indicated, all of which come within
      the broad form of fixed reference points. The correctable markings include
      the seam lines, actual size of the various darts, and the floating dart 54
      indicated in FIG. 1.
PAR  Referring more particularly to FIG. 1, it is seen that the pattern 43 also
      contains fixed reference lines radiating from the high round of the bust
      51, with vertical line 55 indicating vertical alignment, and providing for
      measurement of vertical distances, horizontal lines 56 and 57 similarly
      indicating alignment and measurement locations to seam, and diagonal line
      58 also indicating a measurement from the fixed reference point 51 to the
      sleeve seam. Pattern 43 also has an indicated seam line 59, which is one
      of the adjustable reference markings, and placed thereon in accordance
      with standard figure measurement in order to provide the most likely
      beginning point for seam lines.
PAR  It should also be noted that the seam lines 59 is incomplete at 60, and
      that side seam 61 and sleeve seam 62 do not come together. These portions
      of the seam line are left out purposely, because the floating dart 54
      should be customized to the particular figure being fitted, and the
      angular orientation of this floating dart line will tend to alter the side
      seam and the sleeve seam in the missing areas. By leaving these areas out,
      the user is forced to customize the dart and fill the seams in during
      fitting, and this provides a better fit.
PAR  FIG. 2 shows a skirt front 44 having vertical reference lines 63 and the
      broadest flat width line 64 extending horizontally for assisting in the
      alteration procedure, together with the conventional darts and eases and
      indicated seam line 66. Similarly, back skirt 47 shown in FIG. 4 contains
      a horizontal line 67 indicating the broadest flat width and extending
      through the fitting reference point 52 indicating the high round of the
      seat. Horizontal lines 64 and 67 are at the same height on the figure and
      utilized for correction as indicated in the description of the procedure
      of this invention. FIG. 4 also contains vertical line 68, and conventional
      darts and eases together with the indicated seam line 69.
PAR  FIG. 3 shows a back bodice having horizontal lines 71 and 72 corresponding
      respectively with horizontal lines 56 and 57 of FIG. 1, i.e. at the same
      height level. FIG. 3 also contains a vertical line 73 together with the
      conventional darts and so forth and indicated seam line 74.
PAR  FIG. 5 shows a sleeve pattern having conventional darts and indicated seam
      line 76, and also width lines 77 and 78 and length line 79 as references
      for measurement and alteration of the pattern.
PAR  As indicated above, the initial seam lines are laid out as a standard, and
      when the person's figure has no unusual configurations, the pattern may be
      used without enlarging or reducing the internal area, but may be sized to
      fit exactly simply by readjusting the seam lines and tailoring the
      customed dart of the front bodice. In such cases, the pattern tool of this
      invention is still quite valuable because it does in fact tailor the darts
      and seams ahead of time so that the dressmaker will be able to proceed
      with confidence and obtain a good fit with a minimum of final alteration.
PAR  However, the plastic patterns of this invention are especially valuable as
      a tool where the user has a figure problem that requires changing of the
      pattern length or width, or enlargement or reduction of an internal area
      in order to fit non-standard lengths. Since the human body contains many
      many measurements, and the indicated seams must be within say about 5/8 of
      an inch from the actual measured seam when fitted at all points, the
      plastic sheet pattern will usually have to be altered. It should be
      appreciated that this 5/8 inch boundary is also arbitrary, and that
      improved tailoring can be achieved when the pattern is altered internally
      to accommodate certain smaller deviations.
PAR  When it comes to simple measurements of length and width, it is relatively
      easy to lengthen or widen, or conversely shorten or narrow the pattern to
      adjust for such gross changes on the pattern. However, a number of common
      figure problems require special alterations, and these figure problems are
      indicated in Table I below under appropriate numerals, which numerals are
      also shown on the patterns in FIGS. 1 through 5.
PAC  TABLE I
PAC  FRONT
PA1  1. large bust
PA1  1a. Long span - bust to arm crease
PA2  Soft tissue - Hollow chest
PA1  2. Large waist or roll above
PA1  3. Large elbow
PA1  4. Protruding hip bone
PA1  5. Large tummy
PA1  6. Heavy forward leg muscle
PA1  7. Broad shoulder . . . square or high shoulder . . . forward shoulder bone
PAC  BACK
PA1  8. protruding shoulder blade - Hi
PA1  9. Protruding shoulder blade - Lo
PA1  9a. Enlarged muscle or heavy flesh at back arm crease
PA1  10. Large waist or roll above
PA1  11. Hi-hip pad
PA1  11a. Sway Back
PA1  12. Heavy thigh
PA1  13. Large seat
PA1  14. Heavy upper arm
PA1  15. Broad shoulder . . . square or high shoulder . . . forward shoulder
      bone
PA1  16. Back curvature. Dowager's hump.
PAR  These reference numerals on the patterns of FIGS. 1 through 5 correspond to
      the similar reference numerals given in FIGS. 6 and 7 as located on the
      human body. In accordance with the invention, an instruction booklet is
      provided which will tell how to alter the patterns, where necessary, in
      order to correct any of these special problems, as well as how to lengthen
      or shorten certain areas of all of the pattern. While the reference
      numerals and instruction book are valuable as an aid, in the usual
      procedure of this invention, the problems will be normally indicated
      simply by following the procedure, and the seams corrected where
      deviations exceed 5/8 of an inch in accordance with the procedures shown
      herein. However, the instruction booklet is a valuable tool as well as the
      pattern forms, because it indicates all of these procedural instructions,
      as well as giving overall information for obtaining excellent custom
      fitting with this method and article of this invention.
PAR  As best seen in FIG. 13, the plastic pieces of FIGS. 1 through 4 are first
      pinned together and located on the human figure 81. The plastic pieces are
      pinned together at the seams and pinned on reference tapes and/or under
      garments of the user so as to properly orient the pattern and accurately
      fix darts and seams. The sleeve of FIG. 5 is also pinned onto the form
      shown in FIG. 13 at a later stage, and the other side is fitted simply by
      turning the pattern inside out and marking the seams and so forth with a
      different colored ink.
PAR  As here shown, no collar pattern is presented, but it will be appreciated
      that the collar could be added, if desired. However, the important collar
      seams for fitting are indicated on the front and back bodice and these
      seams are all that are necessary in altering the pattern to be used. It
      will also be appreciated that all areas of the body are fitted, while
      certain styled garments will not have a close fit in one or more area.
      However, these style changes are simply incorporated by conventional
      dressmaking procedures and need not be described herein, since complete
      fitting measurements are indicated by the invention.
PAR  With the article comprising the main tool of this invention already
      indicated, the method of using the article or more specifically the method
      for fitting patterns to the human figure will not be described along with
      an indication of auxiliary tools provided in the preferred form. The user
      first procures one or more plastic sheets having the patterns indicated in
      FIGS. 1 through 5 for her indicated dress size. At the same time, a book
      of instructions are preferably obtained, although persons well skilled in
      the art would probably be able to make the necessary enlargements or
      deductions without resort to detailed procedural instructions. Since the
      present applicaton has as an object a method suitable for use by the lay
      dressmaker, the detailed procedures are generally needed at least in part.
      In addition, three tapes 82, 83 and 84 (see FIGS. 9 through 12) are cut
      from appropriate lengths of firm elastic 3/4 inch wide for use as anchor
      bands. An adjustable encircling means in the form of a string, tape, chain
      or beads 86 are also provided in order to indicate the neckline so that
      the neck seams can be located.
PAR  With all of the required articles at hand, the user first cuts the plastic
      sheet or sheets apart so that each pattern will be on an individual piece
      of plastic 42 as shown in FIGS. 1 through 5, with 1 inch extra plactic
      beyond indicated seam lines, except for the side seam of the front bodice,
      which should be two inches in order to allow for customizing the floating
      dart. Next the shoulder dart is pinned in back bodice 46, and back bodice
      46 and front bodice 43 joined together along the shoulder seam as
      indicated in FIG. 8. It will be appreciated, that this step could be done
      shomewhat later, and that certain of the steps given in sequence may be
      altered. However, it will also be appreciated that various of the steps
      must be done in the sequence given in order to carry out the procedure of
      the invention. Such procedural variations will be obvious from the entire
      presentation.
PAR  Next the anchoring bands 82, 83 and 84 are located on the figure to be
      fitted, with the user wearing the undergarments expected to be worn under
      the garment to be made. Specifically, band 82 is a chest tape extending
      circumferentially around the figure in the underarm areas as shown, with
      the anchoring being achieved by the elastic nature of the band. However,
      each of these bands could also be pinned to undergarments, if desired.
      Band 83 is a waist tape extending circumferentially around the waist line,
      and band 84 is a hip tape extending circumferentially around the hips and
      through the high round areas of the seat. With the bands in place as shown
      in FIGS. 9 and 10, the front seam locations 87 are marked as shown in FIG.
      9, side seam locations 88 are marked as shown in FIG. 10 and back seam
      locations 89 are marked as shown in FIG. 11. The seams are accurately
      aligned, and the side seam positons are determined by the armpit so that
      the side seam will be placed at the pivot position of the arm and the hip
      and the waist line is attractively divided at the sides.
PAR  The encircling means or beads 86 are then placed around the neck to
      determine the neck base, with the neck line marked and shoulder line
      marked from neck to shoulder using a felt pen and marked on the skin. In
      other words, the shoulder and neck seam is located on the figure being
      fitted in the orientation desired for proper fitting.
PAR  In accordance with the preferred form of the invention, the user will
      measure her figure, and lay out the measurements plus allowance on the
      plastic patterns. These measurements are made from the lower edges of the
      bands 82, 83 and 84 and in the directions indicated by the arrows shown in
      FIGS. 11 and 12. These measurements plus allowances are then laid out on
      the plastic patterns along the horizontal and vertical reference lines
      indicated thereon. The specific measurements plus allowances are shown in
      Table II below, along with the indicated arrows in FIGS. 11 and 12. The
      direction of measurement indicated is also used when pinning the plastic
      sheets as described below.
TBL                TABLE II                                                    
     ______________________________________                                    
     BACK LENGTHS                                                              
     Broad back to shoulder   arrow 91                                         
     Broad back to waistline  arrow 92                                         
     Full hip to waistline    arrow 93                                         
     Full hip to hemline      arrow 94                                         
     FRONT LENGTHS                                                             
     Bust point to shoulder   arrow 96                                         
     Bust point to waistline  arrow 97                                         
     Full hip to waistline*   arrow 98                                         
     Full hip to hemline*     arrow 99                                         
     BACK WIDTHS                                                               
     Upper back-center to armhole                                              
                              arrow 101                                        
     Broad back to underarm + 1/4"                                             
                              arrow 102                                        
     Waistline-center to side + 1/8"                                           
                              arrow 103                                        
     Full hip-center to side + 1/4"                                            
                              arrow 104                                        
     FRONT WIDTHS                                                              
     Center to bust point     arrow 106                                        
     Bust point to arm crease arrow 107                                        
     Waistline-center to side + 1/8"                                           
                              arrow 108                                        
     Full hip-center to side + 1/4"                                            
                              arrow 109                                        
     ______________________________________                                    
      *Use same measurements as back skirt                                     
PAR  In addition to the measurements tabulated above, the measurement along the
      shoulder seam as indicated by arrow 111 of FIG. 11 should also be made and
      the arm measured as follows: The length measurements are simply made by
      measuring the elbow to the shoulder and by measuring the elbow to the
      wrist and noting these length measurements. For the width, however, two
      fingers should be placed under the tape measure and the tape brought
      around the arm in order to prevent measuring too tightly. The full arm is
      measured, and 2 inches added to the measurement (said measurement
      corresponding to line 77 of the pattern on FIG. 5). The elbow is measured
      and 11/2 inch added (this measurement corresponds to line 78 of FIG. 5).
      The wrist is measured and 1 inch added to the wrist (this indicates the
      lower seam of FIG. 5).
PAR  With all the measurements taken and allowances added, the measurements are
      laid out on the patterns printed on the plastic sheet 42. Note it is
      important to measure the lengths up and down from broad widths and
      reference marks and indicate the new seam line by marking. It may be noted
      that only certain seam areas are indicated by this method, but it is
      better not to overmark since these are the accurately located reference
      points and will serve to check the sizes necessary for new seam lines
      prior to the trying on step. Therefore, with these marks in place on the
      patterns of FIGS. 1 through 5, a comparison is made to see if the marks
      deviate very far from the standard seams indicated.
PAR  If the measured marks deviate by more than about 5/8 of an inch from the
      indicated seam line on the pattern, the pattern should be enlarged or
      reduced an amount sufficient so that the reference mark can be laid out
      approximately the same as the seam line. This 5/8 distance is arbitrary,
      and it will be appreciated that where such changes from say 5/8 oversize
      to 5/8 undersize occur rapidly, internal alteration of the plastic pattern
      is also indicated. When it is necessary to enlarge or reduce the length or
      width of any section of any pattern, the changes are made as illustrated
      in FIGS. 20 through 22 and described in greater detail below. If special
      problems of change occur in certain selected areas of the patterns, these
      special problems or pattern changes are corrected by enlarging or reducing
      the pattern as shown in FIGS. 23 through 40 of the drawing and also
      described in greater detail below.
PAR  With the reference markings being sufficiently close to the indicated seam
      lines, either by initialed measurement, or by remeasurement after
      appropriate size changes are made in the pattern, the plastic pieces are
      then fit on to the figure being measured.
PAR  As indicated in FIG. 8, the front and back bodice are first pinned at the
      shoulder seam, pins are also run through the corrected seam lines
      indicated by the measured mark rather than the original seam lines, with
      intermediate positions being pinned in alignment. The front and back skirt
      are pinned to the front and back bodice, with the darts taken in and eases
      adjusted so as to pin the various pieces together along the expected seam
      lines, and the side seam is pinned with the exception of a short section
      of the side seam under the arm. The plastic patterns thus pinned into a
      half dress without sleeve is then slipped on as shown in FIG. 13. The
      plastic is then pinned to the elastic tapes and otherwise attached for
      complete fitting. Some of the back positions are difficult to fit, and
      preferably an assistant will be utilized to assist in accurate location of
      the plastic patterns on the figure.
PAR  The plastic pattern is first pinned to the elastics by pinning the center
      back waist, center front waist, center back hip, center front hip, center
      back top elastic, and center front at chest elastic. Then the center front
      neck is taped and the center back neck is taped, the taping being
      accomplished with Scotch tape and being done to skin or sometimes to an
      undergarment. The shoulder is pinned to the bra strap and the fit is
      completed across the figure and up the side to waist and underarm area.
      The fit is refined by moving the pinned seam lines until the plastic
      sheets fit closely and properly against the body.
PAR  It is important that all of the fixed reference points are properly
      oriented when the plastique is fit, the horizontal lines 56 and 71 on the
      pattern should fall exactly at the lower edge of the chest elastic. For
      example, all of the high rounds must be accurately located, the waistline
      as indicated by the waist seam should fall at the lower edge of the waist
      elastic, and the broad width lines around the hips should fall at the
      lower edge of the hip elastic.
PAR  With the plastic patterns all fit and pinned to the body and at the seams
      with the exception of the side seam under the arm, the floating dart is
      then drawn up as shown in FIGS. 14A and 14B. Specifically, the sheeting
      appears as shown in FIG. 14A, and the user starts about 1 inch away from
      the high round of the bust and works down the dart line to the side seam
      folding out excess plastic so as to create a fold as shown in FIG. 14B.
      The angle of the floating dart printed on bodice front 43 is generally
      right for most people, but the user should try higher and lower dart
      angles so as to locate the best dart angle for her own figure. The bust
      dart should be limited to 11/2 inch pinch out (3 inch full dart width),
      and the chest width grain line should be kept straight. If more than 3
      inch full dart width is taken up, it indicates that a problem such as that
      illustrated in FIG. 27 occurs that should be corrected by reducing some of
      the pattern area. With the floating dart thus customized, it is pinned
      along line 111 as shown in FIG. 14B, and the side seams pinning completed.
PAR  In fitting the plastic patterns to the body, any of the usual fitting
      techniques such as contouring the darts and creating eases may be
      utilized. For example, if the user has hips that jut out suddenly from the
      waist, the darts may be contoured or curved so that they are stitched
      narrower in the center than with the ordinary straight wedge--like dart.
PAR  After the plastic pieces shown in FIG. 13 are completely fitted and the
      custom dart located as shown in FIG. 14, the sleeve remains to be fitted.
      However, prior to fitting the sleeve, it should be reconciled to whatever
      changes were made in the armhole as a result of fitting the front and
      back, and FIGS. 15 through 19 show how the sleeve is reconciled. It will
      be understood also, that these changes are in addition to any changes of
      lengthening or widening that were made as a result of preliminary
      measurements.
PAR  A few rules should be adhered to in fitting sleeves. First of all, the
      underarm curve of the bodice must match the underarm curve of the sleeve
      and 1/4 inch ease must be allowed on the back sleeve to ease into the
      bodice back. The front sleeve should have 1/8 inch more width to ease the
      sleeve into the bodice. In FIG. 15A, there is shown a raise in the back
      bodice 46 as shown by new seam 112. Accordingly, seam 76 of sleeve 48 is
      raised at 113 so as to change the curvature to match the changed curvature
      of the back bodice. In FIG. 16A, back bodice 46 is shown with seam 74
      adjusted at 114, which adjustment was necessary in order to extend the
      back. However, seam 76 of sleeve 48 must similarly be extended and this is
      achieved by adjusting seam 76 at 116. FIG. 17A shows a shortening of front
      bodice 43 from original seam 59 to the dotted line 117 as shown. In order
      to reconcile sleeve 48, a corresponding decrease in seam 76 is provided by
      adjusting to the dotted line 118.
PAR  Assuming that part, all or none of these adjustments were required to
      reconcile the sleeve with the bodice, an adjustment of the armhole may
      also be required because of changes due to customizing the floating dart
      of the front bodice 43. Thus FIGS. 18A and 18B show bodice back 46 and
      bodice front 43 as they may be after customizing the floating dart. As
      there shown, the floating dart has brought seam line 76 down below the
      termination point of the side seam on the back bodice and a fill in of the
      indicated area 119 is necessary in order to bring the armhole back into
      the proper position. This is one of the purposes of the broken indicated
      seam line of the front bodice print as shown in FIG. 1, since failure to
      show the seam line, which will necessarily be determined by the floating
      dart, prevents confusion by the user. Of course, the change in what would
      be standard to the filled in seam 119 requires a shortening of the
      corresponding area of the sleeve, and this shortening is achieved by
      putting a tuck in sleeve 43 as shown in FIG. 19. These examples of changes
      and how same are reconciled do not cover all of the possible changes, but
      cover all changes in general so as to illustrate how all of the necessary
      changes may be made. For example, where additions are shown reductions can
      be achieved in reverse manner and where reductions are shown additions can
      be achieved in reverse manner.
PAR  With the sleeve reconciled and adjusted according to measurements, it too
      is pinned on and the seams carefully fitted by pinning. When doing so, the
      reference marks should be lined including notches, the high round of the
      elbow must be in proper position and the lengths should be checked
      carefully. In addition, the proper allowances should be made at the
      underarm so that the arm has a sufficient action and comfort.
PAR  After the plastic patterns are all fitted carefully pinned, they should be
      removed making sure that the patterns are all pinned together well at the
      seam lines and that all seams and dart lines are accurately indicated.
      Irregularities of the figure will show up quickly and such irregularities
      such a low shoulder or a high hip should be marked in another color for
      reference.
PAR  After the plastic patterns have been removed, the pins are removed, but
      during removal it is necessary to check carefully and make sure everything
      is marked well. The pattern pieces are then laid flat on the table and the
      seams and darts lines are trued-up. If any grain lines or centers are
      crooked they should be straightened out by removing the improper marks
      with polish remover and adding the proper marks with a felt pen. The
      altered sleeve should have the straight relocated by drawing a new line
      from underarm to underarm horizontally. A T-square or right angle should
      be referenced from this line and a new line drawn vertically from the
      sleeve cap to the wrist. No matter what alterations were made to the
      sleeve, this will give a correct straight of grain line. The center seam
      lines on skirts and bodices should also be straightened by placing
      straight edge from the extreme positions and redrawing the center line.
      The plastic patterns are now ready to be used to fit the paper patterns.
      Since the purpose of the plastic patterns is to take a cast of your figure
      and a plastic form, the finished fit should be a blue print for cutting
      the pattern so that any cut pattern will fit the figure to which the
      plastic sheets are adapted within the usual reaction tolerances of the
      fabric used.
PAR  Since the plastic patterns have been converted from a standard to a custom
      fit pattern, when they are used on paper patterns indicating styles and so
      forth, but otherwise standard for the same size, they will differ from the
      paper patterns in accordance with the adjustments and changes made in
      order to provide the proper fit. Accordingly, changes must be made in the
      paper patterns so as to line up the seam lines of the paper patterns with
      those of the plastic pattern seam lines with the usual alterations
      included to account for style change. In altering the paper pattern to
      effect such change, it is usual to simply make the same changes in the
      paper pattern as were made in the plastic pattern, although the paper
      pattern changes may differ, if desired, or where necessary due to styling.
PAR  Accordingly, FIGS. 20 through 40 which show methods of altering the
      internal pattern areas in order to accommodate figure deviations from the
      normal standard. It should be understood that these techniques are
      suitable for alterations in the plastic patterns and for alterations in
      the paper pattern.
PAR  FIGS. 20 through 22 show alterations made for changing the entire length or
      width of the pattern. In such cases, the patterns are enlarged or
      shortened by slashing and spreading or folding with the fold or spread
      being of consistant width throughout in order to maintain the straight of
      grain.
PAR  For example, FIG. 20, shows a lengthening of the bodice by cutting a line
      at 122, spreading the pattern to create space 123, and filling in the
      space by taping additional plastic or paper to the tow spread pieces.
      Shortening, of course, is achieved simply by cutting and overlapping at
      line 122 and taping the overlaped sections together. FIG. 21 shows a
      widening of the skirt by cutting a straight line 124, spreading the
      pattern sections apart in parallel fashion to create space 126, and taping
      a piece to fill in the spread pattern and make a unitary piece. Conversely
      the skirt section of FIG. 21 can be narrowed by cutting and overlapping
      along line 124 and taping the sections together, being careful to retain
      the shortened strip in parallel.
PAR  FIG. 22 shows a method of enlarging sleeve 48 by spreading same. A cut is
      made along line 127 which is parallel to grain line 78, and the pattern
      spread keeping the cut lines parallel and filled in as above. Conversely,
      shortening may be done by folding over as explained above. It will be
      understood that lengthening and widening should be achieved keeping in
      mind reference locations. Thus sleeve 122 may be lengthened above or below
      the high round of the elbow or both and the bodice may be similarly
      likened above or below the high round of the bust or both. In addition, it
      is possible to shorten one of these sections and lengthen the other so as
      to arrive at whatever changes are necessary to standardize the pattern to
      the person being fitted.
PAR  While lengthening and widening or reverse will take care of longer or
      shorter distortions from the normal, most figure problems cause contour
      changes that require special enlarging or reducing of the patterns. In the
      preferred procedure, the user should analyze her figure and indicate these
      probable problems, and the actual measurement and layout will confirm or
      deny such analyses. In addition, the layout will show the figure problems
      that the person may have missed. These figure problems are corrected by
      altering the internal size of the respective pattern to lift, enlarge and
      otherwise retain seams and provide sufficient internal material to retain
      proper contouring. FIG. 23 shows how to correct dowager's hump, the
      problem indicated herein by No. 16 on the pattern and on the figure. It
      requires correction of the bodice back and FIG. 23 shows how to correct a
      paper pattern 128 indicated in dotted lines to fit the plastic patten 46
      already corrected and sized for the individual. The paper is slashed
      vertically along line 129 and horizontally along line 131 and spread so as
      to bring the paper seam lines in registry with the plastic seam lines.
      Additional pieces of paper are taped in the spread areas and the seam
      lines plus styling straightened so that the pattern is now ready for
      cutting.
PAR  FIG. 24 shows how to correct problem 9a caused by a large muscle so that
      the underarm of the pattern is too narrow. When the fitted plastic is
      placed over the paper pattern, paper pattern seam line 132 fails to match
      the corrected seam line 74 of the back bodice. Accordingly, the paper
      pattern should be slashed along a line parallel to the edge thereof and
      spread out in wedge shape manner with each side of the slash showing up at
      lines 133 of FIG. in 24B. The spread out section is then filled in or
      directly pinned to the fabric to be cut.
PAR  FIG. 25 shows problem 11a or sway back. In such a case the skirt center is
      too long from broad width up to the waist and too full through high hip
      areas. In order to bring the paper pattern seam lines in the proper
      registry, slashes are made at lines 134 and 136, and the pattern
      overlapped at these slashes as indicated in FIG. 25B.
PAR  FIG. 26 indicates a combination figure problem caused by a wide back and
      narrow shoulders. The result is that the pattern is too wide at shoulder
      and too narrow at broad back. A slash is made at line 137 as indicated in
      FIG. 26A, and the paper pattern overlapped at 138 and spread at 139. This
      combination overlap and spread provides for the narrower shoulder and
      broader back simultaneously.
PAR  FIG. 27 indicates how to correct for hollow chest and full bust (problem 1a
      in the references). The paper pattern is slashed diagonally through the
      armhole and above the bust round as in line 141 and also slashed
      diagonally from the neck line to the side seam but just short of each seam
      as shown in line 142. The pattern is then overlapped along each line as
      shown in FIG. 27B so as to bring the fitted seam lines in registry and
      leave the style allowance for the pattern. The effect of the slash and
      overlap is to shorten the armhole length and remove excess pattern from
      hollow area.
PAR  FIG. 28 has to do with gaping neckline where there is too much diagonal
      length from the center front to the inner neck point of the shoulder seam.
      A first slash 143 is made from the neck diagonally and the second internal
      slash 144 is made crossways from slash 143 with the second slash stopping
      short of the seams. The pattern is then overlapped as indicated in the
      dotted lines in FIG. 28 so as to shorten the diagonal lengths and bring
      the material in closer to the neck.
PAR  These examples illustrate how certain conventional problems are solved, and
      the techniques illustrated herein for enlarging or reducing pattern areas
      show how further problems can be solved. However, in addition to the
      techniques for solving certain of the conventional problems and increasing
      or decreasing lengths and widths, certain techniques are applicable where
      limited areas of the pattern needs to be enlarged while leaving the other
      areas as is. FIG. 29 shows a series of enlargements from small to larger
      to illustrate the principal for adjusting limited areas throughout a
      range. Conversely, the same principals could be used for reducing the size
      with overlapping techniques.
PAR  Thus FIG. 29A shows indicated slash lines on the bodice which could be
      either the front or back bodice and including diagonal slashes.
      Specifically, vertical slash line 146 is shown together with diagonal
      slash lines 147, 148 and 149. In FIG. 29B, line 147 and the upper portion
      of line 146 is slashed and the open area 151 indicates the spread for the
      purpose of simply broadening the shoulder. FIG. 29C shows a similar
      broadening where diagonal lines 148 is slashed together with the upper
      section of line 146 and area 152 is opened up by spreading. This provides
      for broadening both the shoulder and the underarm. FIG. 29D shows a
      broadening of the shoulder, underarm, and lower back. This change is
      achieved by slashing diagonal line 149 and vertical line 146 above line
      149, and spreading to create the enlarged area 153. FIG. 30 shows a slash
      and spread to add an area 154 to the sleeve and to correct for large
      elbow. FIG. 31 shows a slash and spread on the back to add area 156 and
      raise the shoulder.
PAR  FIG. 32 shows another pair of slashes and spreading utilized to add area
      157 and broaden the waist. FIG. 33 shows a pair of slashes and spread to
      add area 158 to the skirt and accommodate for a large size. In all of
      these cases of slashing and spreading to enlarge, slashing and overlapping
      will achieve the opposite or reduced area effect. For example, FIG. 34
      shows a slash and overlap along line 159 to shorten the center back and
      FIG. 35 shows a slash and overlap along line 161 to narrow the shoulders.
      All of these latter techniques may be classified as alterations by use of
      angle slashes.
PAR  FIG. 36 shows an example of pivot slashes and also indicates a correction
      for problem 1 or large bust. A slash is made along the floating dart line
      54 and a vertical slash 162 is made between the end of the vertical dart
      line and the high round of the bust, but this vertical slash will go
      through the high round area. The plastic sheet is then spread to form area
      163 and area 164 is indicated in FIG. 36B. This broadens the pattern over
      the bust and creates a deeper dart for more bust rise. If necessary,
      redraw the straight of fabric lines to correct distortions. As these pivot
      slashes provide enlarged areas to correct for large bust, the same slashes
      could be used for small busts by simply overlapping.
PAR  FIG. 37 shows the use of cross slashes for extreme problems such as problem
      No. 5 or 13 (large seat or tummy) in either case slash along vertical line
      166 and also provide a cross slash. A cross slash along line 167 is used
      to correct for large tummey, and a cross slash along line 168 is used to
      correct for large seat. FIG. 37B shows added areas 169 and 171 resulting
      from the spread of these cross slashes and providing more material in the
      seat or tummy as required.
PAR  FIG. 38 shows another example of cross slashes used for problem No. 14
      (larger upper arm). Here slashes are made along lines of 172 and 173 as
      indicated in FIG. 38A. Line 172 is spread to provide area 174 as indicated
      in FIG. 38B while line 173 is overlapped. If this alteration brings the
      sleeve cap down too far, the slashes should be retaped and the circular
      slash technique illustrated in FIG. 39 should be used. FIG. 39 shows a way
      of providing a quick spread in a narrow area and it will solve the problem
      where the sleeve cap is too narrow for the arm and length is needed from
      the elbow to the underarm. As shown in FIG. 39A circular slash line 176
      and 177 is made and these are spread to provide areas 178 and 179 as shown
      in FIG. 39B. Circular slashes are also used where the back or front is
      extremely broad at the underarm and the underarm is too low. Thus FIG. 40A
      shows a circular slash 181 and FIG. 40B shows the slash spread out to
      provide increased area 182.
PAR  From these examples, it is seen that the large and small areas of the
      pattern can be altered, and that most any alterations can be made in the
      plastic pattern to bring it into conformity with the figure being fitted.
      It is also seen that similar alterations can be made in any selected paper
      pattern to bring it into conformity with the plastic pattern. Since the
      enlargement or reduction is geometric in nature, a good eye for area
      changes is valuable, but anyone can become skilled at making these
      alterations simply by following the directions and gaining a certain
      amount of practice. Although most of the illustrations are given
      individually, it will be appreciated that all sorts of combinations of
      alterations can be provided, the important objective being to reshape the
      patterns to fit the contours of the body in accordance with the best
      possible fitting relationship. For example, FIG. 41 shows a multiple
      alteration where two slashes 183 and 184 are made to provide two increased
      areas 186 and 187. The enlargements herein are obvious, and conversely
      reductions could be made, if desired.
PAR  From the foregoing description, it is seen that I have provided a valuable
      and complete fitting tool and method of using same whereby people with
      various figure deviations from the norm are able to transfer their fitting
      dimensions both as to size and shape to a plastic pattern tool, which in
      turn may be utilized to adjust paper patterns so as to provide proper cuts
      for excellent customized fitting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of fitting patterns to a human figure, comprising:
PA1  a. attaching tapes to the figure being fitted at the waist and at the high
      around areas of the bust and seat,
PA1  b. marking the front, back and side seam locations on each of said tapes,
PA1  c. measuring front and back lengths between tapes and front and back widths
      between seam locations,
PA1  d. providing a plurality of transparent plastic sheet materials having
      basic clothing pattern sections imprinted thereon, said plastic pattern
      sections having:
PA2  i. indicia showing fixed reference points, some of which indicate the
      location of selected high round areas of the figure and other of which
      locate areas and serve as reference points for enlarging or reducing said
      plastic pattern sections in said areas, and
PA2  ii. correctable reference markings including seam lines and markings
      indicating areas for locating darts,
PA1  e. transferring the measured lengths and widths to the plastic pattern
      sections,
PA1  f. altering the plastic pattern sections in accordance with the measured
      lengths and widths from the figure,
PA1  g. joining plastic pattern sections together in a non-permanent manner to
      form a partial garment and placing it over the figure,
PA1  h. aligning said partial garment of plastic pattern sections to the figure
      by means of said some fixed reference points, enlarging or reducing said
      plastic pattern sections in said areas indicated by said other fixed
      reference points and further adjusting the plastic pattern sections
      relative to each other as required to determine proper dart and seam lines
      for an accurate fit of the figure, and
PA2  i. removing the plastic pattern sections from the figure, separating the
      sections and further marking the sections with the indicated dart and seam
      lines to produce a set of custom-tailored clothing patterns.
NUM  2.
PAR  2. A method of fitting patterns to a figure as defined in claim 1, which
      also comprises:
PA1  a. Overlaying the plastic sheets on a selected paper pattern, adjusting the
      size of the paper pattern in a manner similar to the adjustment made on
      the plastic pattern sections to bring the seam lines of the paper pattern
      in close proximity to the indicated seam lines on the plastic pattern
      sections,
PA1  b. Correcting seam lines of the paper pattern so as to conform with the
      seam lines on the plastic pattern sections, and
PA1  c. Utilizing the paper patterns to cut and sew material in conventional
      fashion to provide a finished garment.
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ABST
PAL  A copying tracer for tracing templates which have hollows or recesses or
      bores, particularly for stamping or nibbling machines, comprises a housing
      with a bore therein with a copying tracer plunger portion slidable in the
      bore which has a lower end which engages the template. The tracer plunger
      is biased by biasing means which act to provide a uniform downward biasing
      pressure on the plunger to engage the lower template engaging end portion
      of the tracer with the template and which is increased when the template
      begins to move downwardly, such as when it enters a recess or a groove, so
      that the movement becomes very rapid. The biasing may be accomplished by a
      spring system which includes one coil spring acting axially along the axis
      of the plunger tracer and an additional spring which is locked when the
      tracer engages the surface of the template but which moves transversely
      and acts against the plunger in a downward component of force after the
      tracer is initially moved downwardly. Another embodiment comprises a fluid
      pressure operated system wherein the plunger is first forced downwardly
      into engagement with the template by a first pressure source acting on the
      plunger which is by-passed partially around the plunger, but which acts
      entirely on the plunger after it is moved initially downwardly.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates in general to the construction of copying tracers
      and, in particular, to a new and useful copying tracer which includes
      means for biasing it into engagement with a template and to increase the
      biasing force and the action movement of the tracer when the tracer enters
      into a groove or recess or bore of the template.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The invention is concerned with a copying tracer, particularly for tracing
      templates, which have hollows, recesses or bores of a type which are used
      with stamping and nibbling machines. Such a tracer includes a device for
      pressing the tracer into contact with the template. As soon as the copying
      tracer reaches a hollow or bore or other depression, it is pressed therein
      by the pressing device. After this occurs, a command signal may be
      released for the stamping or nibbling machine. In such a way, the copying
      tracer which is connected to the coordinate guiding system for the
      workpiece traces the entire template. If, for example, the copying tracer
      or its tracing point engages a bore of the template, the workpiece is
      fixed in its predetermined position through the tracer and the coordinate
      guidance.
PAR  As soon as the point or contact surface of the tracer, which is preferably
      conically formed on its side, engages into a depression, the copying
      tracer is pressed therein. This requires a force. In cases where the
      copying tracer is operated manually, which is usual, the operator is
      subjected to a considerable physical stress. A replacement of the manual
      force by a spring force has the drawback that the characteristic of a
      spring is exactly opposed to the needed effect. The deeper the copying
      tracer or its tracing point engages into a bore, the smaller is the spring
      pressure force. For the centering, however, such an increased force is
      necessary. If the pressing force is chosen very high from the beginning,
      then the template becomes too heavily loaded by the tracer. Unnecessary
      friction losses result from this loading. If the pressing force is too
      small, the tracer, and thereby the workpiece, is centered too slowly, and
      this leads to inaccuracies and is therefore very disadvantageous. A small
      pressing force is not capable of pressing the tracer completely into the
      bore.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a copying tracer which is equipped with a
      switchable or controllable additional presser mechanism and/or a pressure
      booster, includes a tracer having a plunger or piston portion which is
      movable in a bore of a housing. The additional presser and/or the pressure
      booster is put into operation to press the copying tracer on the control
      of a switch or other control signal which is effected by movement of the
      tracer itself. The increased pressure is applied to move the tracer down
      with an increased force. This force must be applied at the time when the
      tracer begins to enter a bore or a depression, and it is necessary, in
      order to increase the entering speed and to accelerate the centering of
      the copying tracer in the bore, to provide for a sufficient contact
      pressure. By providing this additional force for moving the tracer, a
      desirable improved stamping result is achieved.
PAR  In accordance with a further feature of the invention, the additional
      biasing force or pressure on the tracer is effective only at the time the
      copying tracer engages into the bore. In order that the force be
      transmitted at the most advantageous instant, the tracer is constructed as
      a switch or control member for effecting the additional presser or
      pressure force. Thus the switching, coupling or connecting of the
      additional presser and/or pressure booster to the pressing device is
      effected by the motion of the copying tracer or by a member connected
      thereto. This results in a high accuracy of the switching or coupling.
PAR  In accordance with another feature of the invention, the additional presser
      comprises a spring-loaded slider which is movable transversely to the
      copying tracer and which is interlocked with the copying tracer while the
      tracer is at least partly lowered into the depression. After the movement
      occurs, the slider is unlocked and applies a pressure loading of the
      tracer to transmit a downward force thereon to urge the tracer into the
      depression. The construction is such that an initial interlocking of the
      slider prevents it from acting to supply a permanent additional force on
      the tracer, but the downward movement of the tracer is effective to
      automatically release the slider for the supply of the additional pressing
      force for moving the tracer into the bore. The slider may, for example, be
      arranged to move either parallel to, or at an angle to the tracer itself,
      just so long as it acts with a component of force to urge the tracer into
      engagement on the pattern and into the depression thereof.
PAR  In a preferred embodiment, the tracer is actuated by a pressing system
      which is supplied by fluid pressure, and preferably pneumatically.
      However, if compressed air is not provided at the stamping machine, a
      hydraulic, electric or electromagnetic actuation may also be employed.
PAR  In a particularly preferably embodiment of the invention, the pressure
      booster comprises a choke, which is adapted to be shut off or
      pneumatically separated, and it is located in an outlet passage which is
      connected to the pressure cylinder of the pressing device. Thus, the
      pressure cylinder of the pressing device is connected at its one side to a
      supply line, and at its other side to the outlet passage. The choke is
      mounted in the outlet passage and provides a means for the slow escape of
      the air contained in the pressure cylinder. This escaping air is, of
      course, continuously replaced by a new supply of air. Due to the choke,
      only a limited pressure can build up in the pressure cylinder. As soon as
      the choke is shut off by a corresponding command signal, or its connection
      to the pressure cylinder of the pressing device is interrupted, a higher
      pressure may develop in the pressure cylinder causing the desired
      increased contact pressure and the accelerated penetration of the copying
      tracer into the depression. The shutting off of the choke or of the
      connection conduit to the choke is made dependent on the movement of the
      copying tracer entering the bore or depression. Consequently, the increase
      of the contact pressure is obtained by shutting off the choke, and the
      contact pressure is released by opening or connecting the choke.
PAR  Accordingly, it is an object of the invention to provide a copying tracer
      which is movable along the surface of a template and into a bore or
      depression thereof, and which comprises a housing having a bore therein
      with a copying tracer movable in the bore of the housing which has a
      contact surface which is engageable with the template and which includes
      pressure means in said housing acting on said tracer to apply a biasing
      force against the tracer to continuously urge it against the template and
      to apply an increased biasing force against the tracer when the tracer
      itself is intially displaced downwardly below the template surface into a
      depression thereof.
PAR  A further object of the invention is to provide a copying tracer which is
      simple in design, rugged in construction and economical to manufacture.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated preferred embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a vertical sectional view of a copying tracer constructed in
      accordance with the invention;
PAR  FIG. 2 is a vertical section, similar to FIG. 1, of another embodiment of
      the invention; and
PAR  FIGS. 3 and 4 are views similar to FIG. 2 indicating the tracer in advanced
      stages of operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in particular, the invention embodied therein
      comprises a copying tracer, generally designated 50, which includes a
      housing 8, having a bore 7 in which a copying tracer, in the form of a
      plunger 4, is movable. Tracer 4 includes an end portion 3 which terminates
      in a conical tip 2, which has a surface which is maintained in pressure
      engagement with a template 1.
PAR  In accordance with the invention, pressure means are provided in housing 8
      for biasing or forcing tracer 4 in a direction to cause its contact end to
      engage against template 1. Normally, this pressure means includes only a
      spring 5 acting on a top surface 4a to urge the tracer 4 downwardly to
      engage template 1. Tracer 4 includes a collar portion 6 movable thereby
      which rides in an enlarged groove or bore portion 7'. An inner end portion
      of copying tracer 4, which extends above collar 6, carries two coaxially
      projecting pins 9 and 9', but pin 9' is not shown. In accordance with a
      feature of the invention, the pressure means also includes a slider or
      separate force applicator 11 with a forked end with leg portions which
      engage on each side of the tracer 4 and bear with their oblique ends 10
      against the respective pins 9 and 9'. The pressure means also includes a
      spring 12 which applies a biasing force against slider 11 which is
      transmitted through pins 9 in a component force direction which is
      substantially parallel to the axis of the tracer, but only when tracer 4
      is unlocked from the position indicated in FIG. 1.
PAR  In the position shown in FIG. 1, the slider 11 is pressed against collar 6
      of the copying machine, and collar 6 is engaged within a notch 14 of
      slider 11, so that the slider cannot be released until tracer 4 moves
      downwardly below its plane of operation where the end engages on the
      surface of template 1. As soon as the tracer or its end 2 engages a bore
      13 in template 1, the tracer 4 begins to move downwardly to immediately
      disengage collar 6 from notch 14 and to immediately permit sliding
      movement of the slider 11 so as to provide an additional downward biasing
      force on tracer 4. This additional pressure or biasing force acting on
      tracer 4 causes the tracer to be centered in an accelerated manner and
      with a stronger force acting thereon.
PAR  The pressure means, which in FIG. 1 comprises the separately acting spring
      members 5 and 12 in conjunction with tracer 4 and slider 11, may be
      replaced, for example, by a fluid-pressure operated system of the type
      indicated in the embodiment of FIGS. 2 to 4, which includes a tracer,
      generally designated 52, having a housing 8' with a tracer plunger 4'
      slidable in a bore thereof. Tracer plunger 4' includes a widened
      cylindrical portion 16 which operates in an enlarged bore 17 of the
      housing 8'. A compressed air line or other line of fluid pressure 18 is
      connected into the housing 8' through a reversing valve 19 and either
      connecting line 18a and 18b to a respective end 23 or 21 of the piston 16.
      The reversing valve 19 includes a slider 20 which may be positioned as
      indicated in FIG. 2, in which event, the fluid pressure is delivered
      through line 18 to the conduit 18b to the space 21 and the other space 23
      is connected through line 18a and the valve 19 to a discharge line 22.
      Since only line 18 is under pressure, piston 16 and tracer 4 are displaced
      upwardly until collar 24 applies against the bottom of housing 8'. The
      copying tracer may thus be moved without contacting the template 1'.
PAR  If, as shown in FIG. 3, the pressure line 18 is connected to line 18a which
      connects to space 23, the return line 18b is connected to space 21 and
      return conduit 22. This connection is effected by depressing plunger 20
      against the force of a counterspring 25 and this produces a pressure
      acting on the top of piston 16 to urge the tracer 4' downwardly. This
      causes collar 24 to move downwardly below the bottom end of housing 8'.
      This causes tracer 4' to apply against template 1'.
PAR  In accordance with another feature of the invention, the pressure means
      also includes a longitudinal bore 26 through piston 16 and a portion of
      the tracer plunger 4' which terminates in a transverse 27 in an annular
      cut-out of tracer 4' which defines an annular passage or groove 29. This
      tracer passage, including the passage 26, passage 27 and the annular space
      29, is generally designated 28, and it communicates when the tracer 4' is
      on the surface of template 1' with a connecting passage 31 which extends
      into a bore 30 of housing 8' and connects at its outer end to a choke 32.
      The choke 32 is indicated as being adjustable and it is mounted on the
      exterior of housing 8'. Annular passage 29 and outlet passage 31 are
      disposed so that in the position of copying, the tracer shown in FIG. 3,
      will be supplied by a pressure supplied by the pressure means which acts
      as a pressure medium 23 on the top of piston 16 but reduced by the
      escaping of pressure through the combined passage 28 and the outlet
      passage 31 and choke 32 to the atmosphere. The amount of pressure,
      therefore, which acts on the piston 16 in the upper space 23 is dependent
      upon the adjustment of choke 32.
PAR  As soon as the copying tracer 4 enters a bore or hollow 13 of template 1',
      annular groove 29, which is formed in the surface of tracer plunger
      portion 4', moves downwardly below passage 31 so that there is no
      possibility for the air to escape through choke 32. The passage 31 and the
      passage including groove 29 and bore 26 comprise means responsive to
      movement of said tracer to apply the application of a separate force to
      the tracer after it moves downwardly into a template bore 13, or to
      discontinue the separate force when it moves upwardly beyond a
      predetermined position. This results in an increase of pressure acting on
      tracer 4' and an accelerated penetration of the tracer 4' into the bore 13
      of template 1 and the establishment of a stronger contact pressure
      therein. The transverse bore 27 and annular groove 29 may be omitted if a
      direct communication between the end of the passage 28 and the inner
      orifice 34 of outlet passage 31 is provided instead. In this case, of
      course, the copying tracer 4' must be fixed against turning.
PAR  In the embodiments of FIGS. 2 to 4, it is also possible to provide a
      telescopic construction of the tracer plunger 4' or 4. Such a telescopic
      construction is shown in FIG. 1, wherein the lower or tip portion 3 of
      tracer 4 is threaded into the upper plunger portion and it is anchored in
      an adjusted position by a threaded nut 35. This adjustment may be used for
      defining the location of the annular groove 29 in relationship to the
      passage 31.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A copying tracer for tracing templates having depressions, such as
      hollows, recesses, bores, etc., particularly for stamping or nibbling
      machines, comprising a housing having a bore therein, a copying tracer
      movable in the bore of said housing and having an outer template engaging
      end portion, and pressure means in said housing acting on said tracer to
      apply a biasing force against said tracer in a direction to urge the
      template engaging end into engagement with the template, said pressure
      means having a separate force applicator effective to apply an increased
      biasing force against said tracer after said tracer is displaced
      downwardly below the template by a predetermined amount when said tracer
      enters into the depression said tracer including means movable thereby to
      control said separate force applicator such that said separate force is
      applied only after said tracer moves said predetermined amount.
NUM  2.
PAR  2. A copying tracer, according to claim 1, wherein said increased biasing
      force is applied only while said tracer is in the depression.
NUM  3.
PAR  3. A copying tracer, according to claim 1, wherein said tracer includes a
      plunger portion and a conical end portion threaded into said plunger
      portion and being extensible and retractable by the threading.
NUM  4.
PAR  4. A copying tracer for tracing templates having depressions, such as
      hollows, recesses, bores, etc., particularly for stamping or nibbling
      machines, comprising a housing having a bore therein, a copying traver
      movable in the bore of said housing and having an outer template engaging
      end portion, and pressure means in said housing acting on said tracer to
      apply a biasing force against said tracer in a direction to urge the
      template engaging end into engagement with the template and effective to
      apply an increased biasing force against said tracer after said tracer is
      displaced downwardly below the template by a predetermined amount when it
      enters into the depression, said tracer including a plunger portion, said
      pressure means including a spring acting against said plunger portion to
      bias it toward said template, a slider bore defined in said housing in an
      angle to the bore for said tracer plunger portion, a slider movable in
      said slider bore and having an oblique end, said plunger portion having a
      projecting pin portion engaged by the oblique end of said slider, said
      pressure means including a slider spring biasing said slider to engage the
      oblique portion in said pin and to act thereon to move said plunger by an
      additional force in the direction of contact with said template, and means
      on said plunger portion engageable with said slider for locking said
      slider initially until said plunger is displaced and to unlock said slider
      to permit the slider to apply an additional biasing force on said plunger
      portion after said tracer is moved downwardly said predetermined amount.
NUM  5.
PAR  5. A copying tracer for tracing templates having depressions, such as
      hollows, recesses, bores etc., particularly for stamping or nibbling
      machines, comprising a housing having a bore therein, a copying tracer
      movable in the bore of said housing and having an outer template engaging
      end portion, and pressure means in said housing acting on said tracer to
      apply a biasing force against said tracer in a direction to urge the
      template engaging end into engagement with the template and effective to
      apply an increased biasing force against said tracer after said tracer is
      displaced downwardly below the template by a predetermined amount when it
      enters into the depression, said pressure means comprising a fluid
      pressure supply, said tracer having a piston portion, means for connecting
      said fluid pressure supply to the bore of said housing to provide a fluid
      pressure biasing force acting on said piston portion, and means for
      by-passing some of the fluid pressure biasing force acting on said piston
      during the time in which said tracer is engaged with said template but to
      apply all of the biasing force on said tracer after said tracer is moved
      by a predetermined amount.
NUM  6.
PAR  6. A copying tracer, according to claim 5, wherein said fluid pressure
      supply includes a reversing valve connected to the bore on respective
      sides of said piston, a connecting passage through said piston and said
      tracer for bypassing part of the fluid pressure acting on said piston and
      a choke line connected to said passage for regulating the amount of
      pressure which is bypassed from said piston.
NUM  7.
PAR  7. A copying tracer, according to claim 6, wherein said choke is
      adjustable.
NUM  8.
PAR  8. A copying tracer according to claim 6, wherein said piston portion of
      said tracer comprises a double acting pneumatic piston movable in a bore
      of said housing comprising a cylinder, said tracer having a surface
      carried by said piston and movable therewith, said reversing valve
      including means for applying pressure on the opposite surface of said
      piston.
NUM  9.
PAR  9. A copying tracer, according to claim 8, wherein said reversing valve
      includes a slide member, spring means biasing said slide member to one
      position, said slide member being displaceable against said spring means
      to position said reversing valve in an opposite reversed position for the
      reverse flow of fluid from said fluid pressure supply to a respective side
      of said piston.
NUM  10.
PAR  10. A copying tracer, according to claim 9, wherein said passage through
      said piston terminates along the length of said tracer, said tracer
      comprising a plunger portion having an annular groove therein in
      communication with said passage, said choke line including a line located
      in said housing and connected into the bore containing said plunger, said
      line extending substantially in alignment with the annular groove of said
      plunger when the end of said tracer is engaged with said template, but
      being moved out of alignment therewith so as to stop the bypass of
      pressure from the top of the piston when the piston is moved in a
      direction to move the tracer into a recess of the template.
NUM  11.
PAR  11. A copying tracer, according to claim 10, wherein said pressure means is
      adjustable for supplying the initial biasing pressure and for the
      increased biasing force acting on said tracer.
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ABST
PAL  A method and apparatus for the measurement of the distance between two
      points along a circular arc having an unknown radius in which there is a
      measuring signal generated responsive to the distance between the two
      points along a straight line passing through them and a measurement of the
      bending radius of the arc effected on the basis of the distance of a third
      point on the arc from a straight line joining a fourth and fifth point on
      the arc. The apparatus includes a support for the arc of the material
      being measured, a first measuring head for measuring the distance along a
      straight line between the ends of the arc, a second measuring head
      provided with at least three feelers with one of the feelers being mobile
      with regard to the other two, for detecting the arc bending and a
      processing and indicating unit connected with the first and second
      measuring heads to determine the longitudinal development.
BSUM
PAR  This invention relates to a method and relevant apparatus for the indirect
      measurement of the longitudinal development of curved seats or grooves in
      mechanical workpieces. In particular, the invention relates to the
      precision measurement of the length of circular seats for the side seals
      of the rotors of Wankel engines.
PAR  It is known that in the rotors of Wankel engines there are seats for seals
      and that the sealing of the seals is an essential requirement for the good
      working of such engines. Therefore it is indispensable, among other
      things, to check that the seals and the seats have a suitable longitudinal
      development.
PAR  The measurement of the geometrical sizes of mechanical workpieces are
      usually carried out by means of comparators of various types, for instance
      comparators including mobile arms associated with position transducers and
      fitted with feelers which are brought into touch with the workpiece.
PAR  These known comparators are adapted to measure the distance between two
      points according to the straight line passing through them, but they
      cannot indicate the distance between the points according to a
      non-rectilinear joining line. Therefore such comparators cannot check the
      length of the curved seats of the side seals of Wankel rotors in case the
      bending radius of the seats may be different from the theoretical value.
PAR  It is therefore an object of the present invention to provide a method for
      measuring the distance between two points according to a joining circular
      arc of an unknown radius.
PAR  Another object of the present invention is to provide an apparatus to
      embody the method which is adapted to measure precisely and quickly the
      length of pieces, grooves or seats, in particular seats for side seals of
      Wankel rotors, developed according to a circumferential arc of an unknown
      radius.
PAR  According to the present invention, the method for measuring the distance
      between two points according to a joining circular arc of an unknown
      radius, in particular for measuring the developmental length of seats or
      grooves obtained in mechanical workpieces, foresees measuring the distance
      between the two points according to the straight line passing through them
      and measuring the bending radius of the arc. The second measurement being
      effected on the basis of the distance of a third point of said arc from
      the straight line joining a fourth and fifth point of the same arc, the
      development of the latter being obtained by processing the two
      measurements.
PAR  An apparatus for embodying the method, adapted to measure the length of
      seats of grooves developed according to a circumferential arc, includes
      first measuring means to detect the distance, according to a straight
      line, between the ends of the seat and second measuring means formed by a
      base or segment of a known length adapted to cooperate with two points of
      the seat and by a measuring device associated with the base and having a
      moving element adapted to cooperate with another point of the seat. The
      measuring device is adapted to measure the distance of said last point
      from the line joining the other two points. The apparatus further includes
      processing and indicating means adapted to process the output signals of
      the first and second measuring means, to provide the indication of the
      unknown length.
DRWD
PAR  The invention will be described in more detail by reference to the attached
      drawings given by way of a non-limiting example in which equal or
      equivalent parts present the same reference indexes and in which:
PAR  FIG. 1 is a partial side view of a detail of a Wankel rotor illustrating
      the measuring problem and a preferred embodiment of the method according
      to the present invention;
PAR  FIG. 2 is a side view of a device forming a part of the apparatus according
      to a preferred embodiment of the present invention serving to measure the
      distance, according to a straight line, between the ends of a seat for a
      side seal of a Wankel rotor;
PAR  FIG. 3 is a partial sectional side view of another device forming a part of
      the apparatus of FIG. 2 and serving to measure the camber of an arc of the
      seat.
DETD
PAR  With reference to FIG. 1 the method according to the invention allows one
      to measure the distance of the grooves with circular bending 1 obtained in
      a Wankel rotor 2 by the measurement of two quantities; the distance
      between the ends of groove 1 marked by 3 and 4 and the height of the arc
      defined by the two points 5, 6 on the side 8 of the groove, i.e. the
      distance of point 7 from the line joining the two points 5, 6. The
      distance between the two points 5, 6 is kept unchanged for all successive
      measurements, therefore by simply processing the measure of the height it
      is possible to obtain the value of the bending radius of groove 1. Hence,
      with the distance between ends 3 and 4 being known, the length of the arc
      defined by the ends themselves can be easily determined.
PAR  FIG. 2 illustrates a device for measuring the distance between the ends of
      groove 1 obtained in Wankel rotor 2. Only ends 3 and 4 of this groove
      which come to cylindrical hollows 10 and 11 can be seen in the Figure.
PAR  The measuring device includes a support element 12 with which an arm 15 is
      connected through screws 13, 14. With an end of this arm 15 there is
      rigidly connected an element 16 terminating in a cylindrical convex
      section 18 with a radius slightly longer than that of the corresponding
      hollow 11.
PAR  In element 16 is obtained a number of longitudinal slots making its section
      capable of being deformed. In FIG. 2 there is marked by 17 one of these
      slots, whose function is to allow the insertion of element 16 in the
      hollow and to ensure the contact between the relevant walls.
PAR  An element 20, quite similar to element 16, is integral with the other end
      of arm 15.
PAR  In arm 15, at an intermediate position between the connecting part with
      support 12 and the end to which element 20 is fixed, are hole 22 and slot
      23 which reduce its section to a very thin flexible leaf spring to form a
      fulcrum for the end of the arm bearing element 20.
PAR  At the end of arm 15 bearing element 20 there is also integral therewith an
      arm 24 supporting moving armature 25 of an electric position transducer
      26. A fixed armature 27 is supported by an element 28 integral with
      support 12; a spring 29 is interposed between the two elements 24 and 28
      supporting armature 25, 27 of the transducer. The output signal of the
      transducer 26 is brought to a processing and indicating unit 31.
PAR  Transducer 26 is contained in a protection box 32 fixed to support 12; the
      sealing around arm 24 is ensured by a ring-shaped elastic seal 33 fixed
      outside to frame 12 and inside to arm 24 which is capable of being
      deformed following the small displacements of arm 24 itself.
PAR  FIG. 3 shows a device adapted to measure the height of arc 5 - 6 of FIG. 1.
PAR  To make illustration easier the value of the height was magnified.
PAR  Rotor 2 is supported by a support 40 movable in a vertical direction, on
      which it is centered by means of a pivot 41, which cooperates with axial
      hole 42 of the rotor itself, and by means of a bolt 43 that passes through
      walls 44 of a corner groove and ensures the exact angular positioning of
      the rotor.
PAR  In turn, support 40 is supported by a shaft 46 which can slide axially on
      cylindrical guides 47 obtained in a supporting frame 49.
PAR  Rotor 2 is loaded on support 40 while support 40 is in its highest position
      and is locked by bolt 43 in the exact position.
PAR  The measuring device includes a slide 50 sliding relatively to frame 49 on
      a guide 51. An electromagnet 53, when energized, keeps the slide in a
      predetermined position. When electromagnet 53 is de-energized, slide 50
      moves away from this position under the action of spring 54, stretched
      between slide 50 and frame 49.
PAR  A measuring head 56 is mounted on the slide through a bearing 55. The head
      comprises three arms provided with feelers.
PAR  Two arms are stationary with regards to a support 62 which constitutes the
      frame of the head.
PAR  FIG. 3, where the head is represented sectioned along a vertical plane,
      shows only a stationary arm 60 with relevant feeler 67. The other
      stationary arm is parallel to arm 60 and is symmetrical about the cutting
      plane.
PAR  The two feelers 67 define a segment, or base, having a known length, whose
      ends are adapted to cooperate with two points of the groove 1, as it will
      be explained hereinafter.
PAR  On the contrary, the third arm 63, provided with a feeler 69, is free to
      carry out limited rotations, over a plane intermediate with respect to the
      other two arms, about a fulcrum 64 which is also obtained by means of a
      hole and a slot reducing the section of the arm to a thin leaf spring.
PAR  A resilient seal 65 is interposed between arm 63 and front section 66 of
      the head to provide sealing while allowing limited motion to arm 63.
PAR  An armature 70 of an electric position transducer 71 is fixed on moving arm
      63 while another armature 72 is integral with the stationary arms 60. A
      spring 73 urges moving arm 63 toward stationary arms 60.
PAR  A projecting part 74 protrudes from the outer surface of head 56, at the
      end near slide 50, perpendicular to the latter.
PAR  The two opposite faces of projecting part 74 constitute abutment surfaces
      for relevant ends of two springs, symmetrically arranged about the
      projecting part itself, the other ends of the springs cooperating with
      reference elements integral with the slide. Only a reference element 77
      and a spring 75, represented by a dashed line, are visible in FIG. 3.
PAR  Under conditions of rest the two springs 75 keep projecting part 74 in a
      central position with respect to the two reference elements 77 thus
      defining a reference angular position for the whole head 56 (then the
      feeler 69 lies in the plane of the drawing).
PAR  Measurement transducer 71 is connected with processing and indicating unit
      31.
PAR  The operation of the measuring apparatus of FIGS. 2 and 3 is as follows:
PAR  Rotor 2 is loaded and positioned on support 40.
PAR  Then not shown operating means lower axially shaft 46 with support 40
      bringing rotor toward the measuring devices of FIGS. 2 and 3.
PAR  These devices are arranged so that they can simultaneously carry out the
      relevant measurement operations, on the same groove 1 of the rotor.
PAR  The arrangement of the apparatus is such that as rotor 2 reaches the
      measuring devices, hollows 10, 11 (FIG. 2) are exactly aligned with
      elements 16 and 20 and groove 1 is aligned with feelers 67 and 69.
PAR  As the advancement of the rotor goes on, elements 16 and 20 enter the
      relevant hollow, this being made easier by longitudinal slots 17 which
      allow the section of the same elements to fit in that of the hollows.
PAR  In the meanwhile also feelers 67 and 69 are inserted in the groove and at
      this moment the axial lowering of the shaft 46 terminates.
PAR  The measure of the distance between the ends 3, 4 of groove 1 is immediate.
      In fact, since element 16 is stationary with respect to support 12,
      element 20 fits to a distance of ends 3 and 4, larger or smaller than the
      nominal value by slightly rotating about fulcrum 22 in order to enter
      hollow 10. Together with element 20 also arm 24, which is integral with
      it, rotates and in this way armature 25, carried by arm 24, approaches or
      moves away from fixed armature 27.
PAR  The contact between the wall of hollow 11 and element 16 takes place
      approximately in the same section of hollow 11, because element 16 is
      convex. This happens also when the distance between ends 3 and 4 differs
      considerably for the successive grooves.
PAR  The signal provided by transducer 26 reaches unit 31, where the measure can
      be memorized for a time sufficient for the device of FIG. 3 to carry out
      the measure of the arc height.
PAR  With reference to FIG. 3, when rotor 2 stops advancing a suitable signal
      causes de-energization of electromagnet 53 which until then has kept slide
      50 in a determined position such as to render easy the entry of feelers
      67, 69 into groove 1.
PAR  No longer attracted by the electromagnet 53, the slide 50 moves on the
      right, attracted by spring 54, till the two stationary feelers 67 contact
      the internal side 8 of groove 1.
PAR  If initially the contact takes place with only one of the two feelers 67
      the slide 50 keeps on moving and, in the same time, the whole measuring
      head 56 rotates on the bearing 55 pivoting around the contact point,
      between the groove 1 and the first feeler 67, until the second feeler 67
      contacts side 8 of groove 1. At this point, the slide 50 stops and the
      feelers 67 contact steadily rotor 2 under the action of spring 54.
PAR  Then, also feeler 69 is steadily in touch with side 8 owing to the action
      of spring 73 acting on arm 63. Therefore the two stationary feelers 67 are
      in the position indicated, in FIG. 1, by reference characters 5 and 6,
      while the mobile feeler 69 is in the position 7.
PAR  The transducer 71 supplies a signal which depends on the distance of point
      7 from the line joining points 5 and 6, and therefore on the bending
      radius of groove 1.
PAR  Unit 31 processes this signal together with the one dependent on the value
      of the distance between the ends of the groove 1 and supplies, as a final
      indication, the longitudinal development, along the circumference, of the
      groove.
PAR  After carrying out in this way the measurement of groove 1, the
      electromagnet 53 is energized and, overcoming the force of spring 54,
      takes back slide 50 into the initial reference position. Shaft 46 moves
      upwardly with respect to the frame 49 thereby moving away rotor 2 from
      feelers 67, 69.
PAR  The measuring head 56, which has slightly rotated to let both stationary
      feelers touch the side of groove 1, takes again the right angular position
      owing to two springs 75 which have been loaded, one compressed and the
      other lengthened, by the displacement of projecting part 74 integral with
      the head.
PAR  Now the springs 75 force projecting part 74 into a position of rest,
      intermediate with regards to the reference elements 77, as head 56, no
      longer pushed against rotor 2 is free to rotate on bearing 55.
PAR  Thereafter rotor 2 is unlocked from bolt 43, and rotated 120.degree. around
      the pivot 41, presenting in this way to the measuring devices a new
      groove. Later on, rotor 2 is locked again by bolt 43.
PAR  From this moment, all the measuring operations are repeated. By turning
      over the rotor 2 it is possible to measure the grooves of the opposite
      side.
PAR  Several variations may be made in the described embodiments. For example,
      the two measuring devices of FIG. 2 and FIG. 3 may act subsequently, when
      room dimensions make it necessary, and through suitable memory circuits
      the two measures may be processed.
PAR  Instead of making the rotor 2 go adhead towards the measuring devices, the
      latter may be displaced towards the former. With reference to FIGS. 1 and
      3, feeler 69 instead of acting on the symmetry plane of feelers 67, may be
      also positioned on a different plane (parallel to the precedent one and at
      a known distance from it) which may not intersect the segment joining the
      feelers 67.
PAR  Also in this case the two stationary feelers 67 and the mobile one 69
      locate three points of a circumference and therefore it is possible to
      obtain its bending.
PAR  To measure the length of the segment joining the ends of the seat or groove
      a device, different from the one shown in FIG. 2, may also be used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for making geometric measurements on a groove defined in a
      workpiece by two side surfaces having a part-circular profile of unknown
      bending radius, comprising:
PA1  a frame;
PA1  a workpiece support coupled to the frame;
PA1  a slide movable on the frame;
PA1  a measuring head mounted on said slide at a side of the workpiece, the
      measuring head including: an oscillating support mounted on the slide; two
      adjacent feelers fixed to said support, for contacting two points on one
      side of the groove; a third feeler mounted on the support and movable in a
      direction substantially perpendicular to a line passing through said fixed
      feelers, for contacting a third point on said side of the groove; and
      position transducer means coupled to said fixed feelers and movable feeler
      to provide a signal responsive to the distance between the movable feeler
      and said line; means acting on said slide for displacing it in a
      determined direction to bring said fixed and stationary feelers towards
      said side of the groove; and control means coupled to said slide for
      displacing it from a measuring position where said fixed and movable
      feelers contact said side of a groove to a determined rest position for
      the introduction of the stationary and movable feelers into the groove.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said means acting on said
      slide comprises means coupled between the slide and said frame for
      displacing the slide and reaching said measuring position.
NUM  3.
PAR  3. The apparatus according to claim 2, wherein said oscillating support
      comprises a casing pivoted on said slide and reference means adapted to
      define an angular rest position of the oscillating support.
NUM  4.
PAR  4. The apparatus according to claim 3, wherein said workpiece support is
      movable to displace the workpiece towards and away from said measuring
      head.
NUM  5.
PAR  5. An apparatus for the measurement of the longitudinal development between
      the ends of a groove defined in a workpiece by two side surfaces having a
      part-circular profile of unknown bending radius, comprising:
PA1  a frame;
PA1  a support, carried by the frame, for supporting the workpiece;
PA1  a first measuring device arranged at a side of the workpiece, said
      measuring device including: a first measuring element for contacting the
      workpiece at one end of the groove; a second measuring element for
      contacting the workpiece at the other end of the groove; and first
      position transducer means coupled to said elements for providing a signal
      responsive to the distance between the ends of the groove along the
      straight line passing through said ends;
PA1  a slide carried by the frame;
PA1  a second measuring device carried by said slide at a side of the workpiece,
      the second measuring device including: a first member comprised of two
      feelers stationary with respect to each other; a second member comprised
      of a third feeler movable in a transversal direction with respect to the
      line passing through said stationary feelers; an oscillating support,
      carried by said slide, for supporting said first member and second member
      and permitting said stationary and movable feelers to contact three
      relevant points on a side of said groove; and second position transducer
      means coupled to said movable and stationary feeelers to provide a signal
      responsive to the distance between the movable feeler and said line
      passing through the stationary feelers;
PA1  thrusting means coupled between said frame and the slide for displacing the
      slide to bring the stationary and movable feelers towards said side of the
      groove;
PA1  a retracting device coupled to said slide for displacing it to a rest
      position adapted for inserting the stationary and movable feelers into
      said groove; and
PA1  processing means for processing the signals provided by the first and
      second transducer means to obtain the longitudinal development of the
      groove.
NUM  6.
PAR  6. An apparatus for measuring the longitudinal development of seats for
      side seals of a Wankel rotor, comprising:
PA1  a frame;
PA1  a first support, carried by the frame, for positioning and supporting said
      rotor;
PA1  a first measuring head arranged at a side of the rotor, said measuring head
      including two measuring elements for contacting the rotor at the ends of a
      seat for a side seal and a position transducer coupled to said elements
      for providing a signal responsive to the distance of said ends along a
      straight line;
PA1  a slide mounted on the frame;
PA1  a second support pivotally mounted on said slide;
PA1  a second measuring head carried by said second support, said second
      measuring head including: two adjacent contact members fixed to said
      second support, for contacting two points on a side wall of said seat; a
      third contact member movably mounted on the second support for contacting
      a third point on said side wall; and a position transducer coupled to said
      fixed and movable contact members for providing a signal responsive to the
      distance of said third point from the straight line passing through said
      two points; means acting on said slide for displacing it in a determined
      direction to bring said fixed and movable contact members towards said
      side wall of the seat; control means coupled to said slide for displacing
      it from a measuring position where said fixed and movable contact members
      contact said points to a rest position for making easier the introduction
      of the fixed and movable contact members into said seat; and processing
      means for processing said signals provided by said measuring heads to
      obtain the longitudinal development of the seat.
NUM  7.
PAR  7. The apparatus according to claim 6, further comprising reference
      elements coupled to said second support for defining an angular rest
      position of the second support for making easier the introduction of the
      fixed and movable contact members into said seat.
NUM  8.
PAR  8. The apparatus according to claim 7, wherein said first support is
      movable from a position for the loading of the rotor to a measurement
      position.
NUM  9.
PAR  9. The apparatus according to claim 8, wherein said first support comprises
      reference means for selectively positioning the rotor in different
      positions to permit the measurement on the different seats of the rotor by
      said first and second measuring head.
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ABST
PAL  A method and apparatus for locating improperly positioned or bent rolls
      among a set of rolls which define a confined path of travel for a
      workpiece, particularly useful for checking a straight or curved roll-rack
      of a continuous-casting machine. The apparatus may be propelled through
      the path defined by the rolls by any suitable mechanism. For example, as
      applied to a roll-rack, the apparatus may be attached to the upper end of
      a starter bar and propelled with the bar through the rack, or the
      apparatus may be suspended from a hoist and pulled through the rack. The
      apparatus includes a housing and means within the housing for measuring
      the gap between work-engaging faces of the rolls and/or, when used with a
      curved roll-rack, means for measuring the angular relation of adjacent
      bottom rolls. The latter measurement is used in determining whether the
      work-engaging faces lie on arcs of the intended radii. Bent rolls are
      located by observing different measurements when the apparatus is moved in
      opposite directions through the path of travel.
BSUM
PAR  This invention relates to an improved method and apparatus for locating
      improperly positioned or bent rolls among a set of rolls which define a
      confined path of travel for a workpiece. In referring to rolls as
      "improperly positioned", we mean that the gap between the work-engaging
      faces of two rolls of an opposed pair may not be of the proper dimension,
      or that the work-engaging faces may not lie on an intended arc.
PAR  Although our invention is not thus limited, our method and apparatus are
      particularly useful for locating improperly positioned or bent rolls in a
      roll-rack of a continuous-casting machine. A conventional curved or
      straight roll-rack includes a frame and a plurality of opposed pairs of
      rolls journaled in the frame for guiding and confining a casting as its
      core continues to solidify. A curved roll-rack includes top and bottom
      rolls which guide a casting as its direction of travel changes from
      substantially vertical to horizontal. A curved roll-rack usually defines
      an arcuate path of travel of a radius of at least about 30 feet. The gap
      between the work-engaging faces of the roll-pairs depends on the thickness
      of the casting, but seldom is less than about 6 inches. Consequently a
      curved roll-rack is a massive mechanism, yet it is important that its
      rolls all are straight and positioned accurately. The work-engaging faces
      of the top and bottom rolls of each pair should lie accurately on two
      predetermined arcs. In either a straight or curved roll-rack the gaps
      between the work-engaging faces of each roll-pair should be equal within
      small tolerances. Any rolls which are bent or not positioned properly may
      either become overloaded and hence subject to early failure, or else they
      do not effectively confine the casting.
PAR  In most continuous-casting installations the gaps between roll faces are
      measured manually and the rolls are adjusted with shims only while the
      casting machine is down for scheduled maintenance, ideally about one turn
      a week. Measuring and adjusting the roll gaps manually are awkward
      operations, often done inaccurately. An improperly gapped roll-pair may go
      unnoticed until the next scheduled maintenance unless an actual failure
      occurs. As far as we are aware, there has been no satisfactory way of
      locating bent rolls nor of determining whether or not the work-engaging
      faces of a curved roll-rack lie accurately on arcs of the intended radii.
PAR  An object of our invention is to provide an improved method and apparatus,
      particularly useful for continuous-casting machines, for expeditiously
      checking or determining whether rolls which define a confined path of
      travel for a workpiece are positioned properly and for locating any
      improperly positioned or bent rolls.
PAR  A further object is to provide an improved method and apparatus which, as
      applied to a curved roll-rack, enable us both to measure the gaps between
      the work-engaging faces of the roll-pairs and to determine whether these
      faces lie on arcs of the intended radii, or to perform either operation
      independently of the other.
PAR  A further object is to provide an improved method and apparatus for
      accomplishing the foregoing objects, the apparatus of which includes a
      housing movable through the path defined by the work-engaging faces of the
      roll-pairs, said housing carrying gap sensors and/or angle sensors for
      contacting the individual rolls and means for transmitting signals
      indicative of the gap measurements and/or angle measurements.
PAR  A more specific object is to provide an improved method and apparatus for
      accomplishing the last-named object in which the housing can be mounted on
      the starter bar of a continuous-casting machine and propelled with the
      starter bar along the path defined by the work-engaging faces of the
      roll-pairs of a roll-rack.
PAR  A further object is to provide an improved method and apparatus for
      locating bent rolls, as well as improperly positioned rolls, in which bent
      rolls are indicated when the gap measurements differ as the apparatus
      moves in opposite directions through the path defined by the rolls, or
      when the gap between the work-engaging faces of a roll-pair varies
      significantly along the length of the rolls.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic side elevational view of an illustrative form of
      continuous-casting machine with our apparatus installed therein;
PAR  FIG. 2 is a front elevational view of our apparatus with parts broken away;
PAR  FIG. 3 is a side elevational view of our apparatus with parts broken away;
PAR  FIG. 4 is a horizontal section on a larger scale on line IV--IV of FIG. 3;
PAR  FIG. 5 is a simplified wiring diagram of the gap-measuring circuit embodied
      in our apparatus;
PAR  FIG. 6 is an example of a recorded gap measurement obtained with our
      apparatus;
PAR  FIG. 7 is a simplified wiring diagram of the circuit embodied in our
      apparatus for measuring the angles of lines tangent to the work-engaging
      faces of the rolls and thereby determining whether these faces lie on arcs
      of the intended radii; and
PAR  FIG. 8 is an exaggerated diagram illustrating the geometric principles
      involved in using the angle measurement to check the radius of an arc.
DETD
PAC  EXAMPLE OF CONTINUOUS-CASTING MACHINE
PAR  The principles of our invention may be applied generally for locating
      improperly positioned or bent rolls among a set of rolls which define a
      confined path of travel for a workpiece. For illustrative purposes only,
      we shown our invention used with a curved roll-rack of a continous-casting
      machine. The continuous-casting machine illustrated is constructed as
      shown in Bode and Wrhen U.S. Pat. No. 3,735,848 and in Gallucci and Slamar
      U.S. Pat. No. 3,752,210, both of common ownership.
PAR  As shown in FIG. 1, the casting machine illustrated comprises an
      open-ended, water-cooled, vertically oscillating mold 10, a guide
      roll-rack 12, a bending-roll unit 13, a curved roll-rack 14, a
      straightener 15, and a run-out conveyor 16. Liquid metal is poured from a
      tundish 17 into the mold, and a partially solidified casting (not shown)
      emerges continuously from the bottom of the mold and travels successively
      through the other aforementioned components. The machine is equipped with
      a flexible starter bar 18. The casting and starter bar are propelled by
      speed-regulating drive rolls 20 and 20a in the straightener, and by power
      driven pinch rolls in Nos. 1, 2 and 3 auxiliary drives 21, 22 and 23
      respectively, which are located at spaced levels between the guide
      roll-rack 12 and the straightener 15 and are reversible. The other rolls
      are idlers.
PAR  The rolls of the bending-roll unit 13, the curved roll-rack 14, and
      auxiliary drives 21, 22 and 23 are arranged in top and bottom clusters 24
      and 25 of two rolls per cluster. Reference may be made to the
      aforementioned Bode and Wrhen patent for a detailed showing of the cluster
      construction. The work-engaging faces of the rolls of the bottom clusters
      25 are intended to lie on a circular arc, the center of curvature of which
      is indicated at O and the constant radius at R. The gap between the
      work-engaging faces of the top and bottom roll-pairs is indicated at G.
      Again for purposes of illustration only, we assume that the radius R is 30
      feet, the gap G is 7.25 inches, all rolls of the curved roll-rack are 12
      inches in diameter, and the length of the chord between the axes of two
      adjacent rolls in the bottom clusters is 14 inches. The length of the
      chord between the work-engaging faces of the same rolls of course is a
      fraction of an inch smaller.
PAC  CONSTRUCTION OF APPARATUS
PAR  As shown in FIGS. 2 and 3, our apparatus for locating improperly positioned
      or bent rolls comprises a housing 26 formed of metal plates and shaped
      essentially as a rectangular parallelepiped. The housing carries a pair of
      straight parallel smooth-faced relatively fixed runners 27 projecting from
      the outside face of its back wall. The housing contains a pair of base
      members 30 fixed to the inside face of its back wall. Each base member
      carries a respective pair of pivot ears 31 fixed to its mid-portion, and a
      respective pair of fluid-pressure cylinders 32 fixed to its opposite end
      portions. Respective straight parallel smooth-faced extensible runners 33
      are carried by each pair of pivot ears. Runners 33 have slots 34 which
      receive pins 35 mounted in the ears, whereby the runners can pivot or move
      in-and-out with respect to the ears. Cylinders 32 have buttons 36 which
      engage runners 33 and urge the runners outwardly with respect to the
      housing. Tension springs 37 are connected between the end portions of
      runners 33 and base members 30 to hold the runners in contact with buttons
      36. Suitable connections 38 are mounted on the upper end wall of housing
      26 for introducing fluid to cylinders 32. The front wall of the housing
      has a pair of slots 39 through which runners 33 project.
PAR  The lower end wall of housing 26 carries a plurality of downwardly
      projecting hooks 42 adapted to engage a rung 43 at the top of the starter
      bar 18. This is the rung which, at the beginning of a casting operation,
      is used for attaching a chill plate to the starter bar. Preferably lock
      plates 44 are removably bolted to hooks 42 to prevent unintended
      disengagement of the hooks from the rung, but to allow limited freedom of
      movement. The upper end of housing 26 carries a pair of lifting eyes 45.
PAR  When we use the apparatus with a continuous-casting machine of the
      construction shown in FIG. 1, we connect the housing 26 to the top of the
      starter bar 18. We operate the various driven rolls of the casting machine
      to move the housing through the path of travel defined by the rolls of
      both the curved roll-rack 14 and the straight guide roll-rack 12, first
      upwardly and then downwardly, to check the roll positions. The fixed
      runners 27 abut the work-engaging faces of the bottom rolls of the curved
      roll-rack and of the rolls at the left of the guide roll-rack, while the
      extensible runners 33 are urged into abutting relation with the
      work-engaging faces of the top rolls and of the rolls at the right. The
      runners serve to guide the housing as it moves along the path defined by
      the rolls. The straight lengths of the runners are sufficiently short
      that, as the housing moves through the curved roll-rack, the runners
      cannot abut simultaneously the work-engaging faces of more than two top
      rolls and two bottom rolls. In the present example this length is about 23
      inches. Hence whenever the runners abut two rolls each of the curved
      roll-rack, they lie on the chord of the arc on which the work-engaging
      faces of the rolls lie.
PAC  GAP MEASUREMENT
PAR  As best shown in FIGS. 2 and 4, the housing 26 contains a pair of gap
      sensors 48 located near its upper end near its respective side walls for
      measuring the gap near each end of each roll pair. We may include more
      than two gap sensors if we wish to measure gaps at other locations along
      the length of the rolls, for example at the mid-points. The gap sensors
      are all of like construction; hence we describe only one. The gap sensor
      48 includes a tube 49 which is fixed to housing 26 and extends across its
      width. Back and front heads 50 and 51 are mounted within tube 48 for
      relative movement axially of the tube or normal to the direction of travel
      through path defined by the rolls. The tube has fixed stops 52 and 53 near
      its opposite ends for engagement by shoulders 54 and 55 on the heads 50
      and 51 respectively to limit outward movement of the heads. The back head
      50 has a bore 56 within which we mount a tubular fixture 57. A compression
      spring 58 encircles the fixture 57 and bears thereagainst and against the
      front head 51 to urge the two heads apart to the extent permitted by the
      stops 52 and 53. In their fully extended positions the heads 50 and 51
      project slightly beyond the respective fixed and yieldable runners 27 and
      33.
PAR  A transducer 61 is mounted within the bore of the fixture 57. A cooperating
      wiper 62 is mounted on the end of the front head 51 and extends into the
      transducer. The transducer and wiper per se are known items available
      commercially; hence we have not shown nor described them in detail. One
      example of a suitable transducer and wiper combination we have used
      successfully is available from Bournes, Inc., Riverside, California, under
      the designation "D.C. SN 0773-113". Electric leads 63 from the transducer
      extend out the upper end of the housing 26 through a fitting 64 to a
      suitable recorder 65 (shown only schematically in FIG. 5). The recorder
      likewise is a known item available commercially. One example of a suitable
      recorder we have used successfully with our apparatus equipped with two
      gap sensors is available from Soltec Corporation, North Hollywood,
      California under the designation "B-261/LA/RC Flat Bed 2-Pen Recorder". We
      of course use a recorder which has at least as many pens as the number of
      gap sensors in the apparatus. Alternatively the signals may be fed to a
      computer for storage and manipulation.
PAR  As shown schematically in FIG. 5, the gap-measuring circuit includes
      potentiometers 66 embodied in the respective transducers 61, and zero
      potentiometers 67 for the respective transducers connected in parallel
      across lines 68 and 69. The various potentiometers are connected to the
      aforementioned recorder 65, as indicated. We set the zero potentiometers
      so that the recorder reads "zero" when the heads 50 and 51 of each gap
      sensor are spaced apart by a predetermined distance relatively close to
      the proper gap. In the present example we may set the "zero" at 7 inches.
      The zero setting is needed to bring the recorder into the proper scale. As
      we use the apparatus to measure gaps, signals transmitted by the
      transducer potentiometers to the recorder 65 are indicative of differences
      between the actual gap measurement and the zero setting.
PAR  As we move the apparatus through the path defined by the rolls, the heads
      50 and 51 of the gap sensors 48 successively contact the work-engaging
      faces of each roll-pair in turn. As the sensors move beyond each pair of
      work-engaging faces, the heads move outwardly under the action of springs
      58. The voltage signals from the transducers increase in magnitude as the
      heads move closer together. The signal is minimum while the sensors are
      out of contact with rolls and maximum when the heads contact the
      work-engaging faces of the rolls. The maximum signal at each roll-pair is
      representative of the gap. FIG. 6 is representative of the form of
      recording which results. This is an actual recording obtained with our
      apparatus equipped with three gap sensors (one in the middle in addition
      to the two near opposite sides as shown in FIGS. 2 and 3).
PAC  ANGLE MEASUREMENT
PAR  As shown in FIG. 2, the apparatus includes a pair of angle sensors 70
      located inside the opposite side walls of the housing 26 midway of the
      height. Preferably the angle sensors are mounted on separate plates 71
      which underlie the respective side walls of the housing and project from
      the back face of the housing. Springs 72 urge the plates 71 outwardly to
      the extent permitted by stops 73 (FIG. 4). Thus the plates serve as
      additional runners which are spring loaded. The angle sensors per se are
      pendulum devices of a known construction available commercially. One
      example of a suitable device we have used successfully is available from
      Humphrey, Inc., San Diego, California, under the designation "CP
      49-Precision Pendulum Potentiometric Transducer". We have not shown or
      described the device in detail, but FIG. 7 illustrates the principle
      involved. The sensor includes a pendulum 74 and a potentiometer 75 which
      we connect to lines 76 and 77.
PAR  As the housing 26 moves through the roll-rack 14, the roll-engaging edges
      of the spring-loaded runners 71 always lie at the same angle to the
      horizontal as a line tangent to the two bottom rolls abutted by these
      runners. The pendulum 74 always assumes a vertical position. Consequently
      an angle X between the tangent line and the pendulum is the complement of
      the angle which the tangent line makes with the horizontal. The pendulum
      support serves as a wiper for the potentiometer 75, which transmits
      voltage signals to a digital recorder 78. The circuit includes a zero
      potentiometer 79, which in this instance we can set to zero. We can
      calibrate in either direction, but the magnitude of this signal varies
      directly with the size of the angle X. The digital recorder per se is a
      known item available commercially. One example of a suitable digital
      recorder we have used successfully is available from Practical Automation,
      Inc., Shelton, Connecticut, under the designation "PDM-711 21 19,999 NDC
      Printing DVM". Since the angle measurements involve very small increments,
      we require a recorder which affords four-digit resolution or a computer.
PAR  We calculate beforehand the size of angle which a line tangent to each pair
      of adjacent rolls should make with the horizontal. In the present example
      the work-engaging faces of the rolls lie on arcs of constant radii and
      each cluster occupies an arc which measures 4.degree. 22'50". If every
      bottom roll is positioned correctly, the angle which each tangent line
      makes to the horizontal is greater by a uniform increment than the angle
      which the next lower tangent line makes with the horizontal. If our
      apparatus is moved through the curved roll-rack from the lower end up,
      each successive measurement of the horizontal angle should increase by
      this amount from 0.degree. to 90.degree.. Exactly halfway up a curved
      roll-rack of constant radius, the angle should measure 45.degree.. In some
      curved roll-racks the radii of show arcs on which the work-engaging faces
      lie vary along continuous-casting length of the rack, but the proper
      horizontal angle of lines tangent to these faces always can be determined.
PAR  FIG. 8 illustrates the geometric principle involved in using the
      measurement of the angle to determine whether the work-engaging faces of
      the bottom rolls lie on an arc of the intended radius. The figure is much
      exaggerated from the actual scale of a curved roll-rack. FIG. 8 shows two
      successive rolls 80 and 81, the work-engaging faces of which are intended
      to lie on an arc A of radius R. For simplicity we assume that the line T
      tangent to the work-engaging faces of these rolls is intended to lie at an
      angle of 45.degree. to the horizontal, and that the roll 80 already has
      been positioned properly. If the roll 81 is improperly positioned too
      close to the center of curvature O, as indicated in dotted lines in FIG.
      8, the distance between the center of curvature and its work-engaging face
      is the shorter radius R.sub.1. The resulting tangent line T.sub.1 makes a
      greater angle with the horizontal than the desired tangent line T, and the
      complement of this angle measures too low, 35.degree. in FIG. 8.
PAR  In applying the foregoing principle, we known that the line tangent to two
      rolls at the exit end of the curved roll-rack should be horizontal. We
      position these lowermost bottom rolls properly, as with a level. Next we
      use our apparatus to determine whether the succeeding bottom roll up the
      rack is positioned properly, and if necessary correct its position by
      adding or removing shims. In similar fashion we correct the position of
      each bottom roll up the rack, each time relying on the next lower roll
      having already been positioned properly. In the example, we determine the
      angle when the angle sensor reaches a position exactly midway between each
      two clusters and again when it reaches a position exactly midway of each
      cluster. If the bottom rolls are positioned properly and the gaps are
      correct, the top rolls automatically are positioned properly.
PAC  LOCATING BENT ROLLS
PAR  To locate bent rolls, we move our apparatus first in one direction through
      the path defined by the rolls and then in the opposite direction. In the
      continuous-casting machine illustrated, we normally move the apparatus
      first upwardly and then downwardly. The heads 50 and 51 of the gap sensors
      48 can be expected to contact each roll at a different location on its
      circumference on each pass. Consequently bent rolls are indicated whenever
      the gap measurements on the downward pass differ from the measurements on
      the upward pass. If the apparatus has a third gap-sensor at its mid-point
      a bent roll may be indicated by a significant difference between the gap
      measurement at mid point and at the ends without need for a second pass.
PAC  OPERATION
PAR  To summarize the operation of our apparatus, we move the housing 26 along a
      confined path defined by sets of roll-pairs. If the roll-pairs are in a
      roll-rack of a continuous-casting machine which employs a flexible starter
      bar 18, we connect the housing to the upper end of the bar by engaging the
      hooks 42 with the rung 43 of the bar. In other machines (for example, a
      continuous-casting machine equipped with a rigid starter bar) we may
      engage the lifting eyes 45 with a suitable hoisting mechanism and pull the
      housing up the path. Preferably we move the housing up the path and back
      down, measuring the gaps and the angles as the housing moves in both
      directions to locate bent rolls, and also as a check. The measurements
      recorded on the recorder 65 show the gap at each roll-pair. The angular
      measurements obtained on the digital recorder 78 shown whether the
      work-engaging faces of the bottom rolls lie on an arc of the intended
      radius in the example of a curved roll-rack.
PAR  We have illustrated an apparatus which embodies both gap sensors and angle
      sensors. Nevertheless it is apparent we can employ the same principles in
      an apparatus which embodies only gap sensors or only angle sensors without
      the other.
PAR  From the foregoing description it is seen that our invention affords a
      simple advantageous method and apparatus for measuring the gaps between
      the work-engaging faces of rolls which define a confined path of travel
      for a workpiece. The invention also facilitates determining whether these
      faces lie on arcs of the intended radii. Once these determinations have
      been made, it is of course a simple matter to insert or remove shims and
      thus position the rolls correctly. If bent rolls are located, they can be
      replaced.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for locating improperly positioned rolls among a set of
      rolls which are arranged in opposed pairs and have work-engaging faces
      defining a confined path of travel for a workpiece, said apparatus
      comprising a housing movable along said path, means carried by said
      housing at opposite faces thereof for abutting said work-engaging faces
      and guiding said housing, and a plurality of gap sensors carried by said
      housing and including heads supported for relative movement normal to the
      direction of movement of said housing along said path and adapted to
      contact the work-engaging faces of the individual roll-pairs successively
      at a plurality of locations along the length of the rolls, and transducer
      means operatively connected with said heads for transmitting signals
      representative of the measurements of the gaps between the work-engaging
      faces of each roll-pair contacted by said heads.
NUM  2.
PAR  2. An apparatus as defined in claim 1 in which the means for guiding said
      housing includes relatively fixed runners projecting from one face of said
      housing, extensible runners projecting from the opposite face of said
      housing, and means within said housing urging said extensible runners
      outwardly with respect to said housing.
NUM  3.
PAR  3. An apparatus as defined in claim 2 in which said extensible runners are
      supported in said housing for pivotal and in-and-out movement, and the
      means urging said extensible runners outwardly includes fluid-pressure
      cylinders mounted in said housing, means operated by said cylinders
      bearing against said extensible runners, and spring means connected with
      said extensible runners holding them in contact with said cylinder
      operated means.
NUM  4.
PAR  4. An apparatus as defined in claim 1 in which said housing is movable in
      two directions along said path, whereby different gap measurements
      obtained as said housing moves in opposite directions indicate bent rolls.
NUM  5.
PAR  5. An apparatus as defined in claim 1 comprising in addition
      angle-measuring means for transmitting signals representative of the
      angles of lines tangent to the work-engaging faces of adjacent rolls and
      thereby indicating whether the work-engaging faces lie on an arc of a
      predetermined radius.
NUM  6.
PAR  6. An apparatus as defined in claim 5 in which said angle-measuring means
      includes a pendulum device and transducer means operatively connected with
      said pendulum device.
NUM  7.
PAR  7. An apparatus as defined in claim 1 comprising in addition means at one
      end of said housing for attaching said housing to a starter bar of a
      continuous-casting machine.
NUM  8.
PAR  8. An apparatus as defined in claim 7 in which said starter-bar attaching
      means includes a lock which permits limited freedom of movement of said
      housing with respect to the starter bar.
NUM  9.
PAR  9. An apparatus as defined in claim 1 comprising in addition lifting eyes
      at one end of said housing for attaching a hoisting mechanism to pull the
      housing along the path defined by the folls.
NUM  10.
PAR  10. An apparatus for locating improperly positioned rolls in a curbed
      roll-rack, the rolls of which are arranged in opposed pairs and have
      work-engaging faces defining a confined path of travel for a workpiece and
      lying on arcs of predetermined radii, said apparatus comprising a housing
      movable along said path, at least one gap sensor carried by said housing
      for transmitting signals representative of the gap measurement between the
      rolls of the various pairs, and angle-measuring means carried by said
      housing for transmitting signals representative of the angles of lines
      tangent to work-engaging faces of adjacent rolls and thereby indicating
      whether the work-engaging faces lie on arcs of the intended radii.
NUM  11.
PAR  11. An apparatus as defined in claim 10 comprising a plurality of gap
      sensors for transmitting signals representative of the gaps between rolls
      at a plurality of locations along the length of the rolls.
NUM  12.
PAR  12. An apparatus as defined in claim 10 comprising in addition runners
      carried by said housing and projecting from opposite faces thereof for
      abutting the rolls of the opposed pairs and guiding said housing as it
      moves along said path.
NUM  13.
PAR  13. An apparatus as defined in claim 12 in which the runners projecting
      from one face of said housing are fixed relative thereto and the runners
      projecting from the other face of said housing are extensible, and
      comprising in addition means within said housing urging said extensible
      runners outwardly with respect to said housing.
NUM  14.
PAR  14. An apparatus as defined in claim 10 in which said gap sensor includes
      heads supported for relative movement normal to the direction of movement
      of said housing along said path and adapted to contact the work-engaging
      faces of the individual roll-pairs along said path, and transducer means
      operatively connected with said heads.
NUM  15.
PAR  15. An apparatus as defined in claim 10 in which said housing is movable in
      two directions along said path, whereby different gap measurements
      obtained as said housing moves in opposite directions indicate bent rolls.
NUM  16.
PAR  16. An apparatus as defined in claim 10 in which said angle-measuring means
      includes a pendulum device and transducer means operatively connected with
      said pendulum device.
NUM  17.
PAR  17. An apparatus as defined in claim 10 comprising in addition means at one
      end of said housing for attaching said housing to a starter bar of a
      continuous casting machine.
NUM  18.
PAR  18. An apparatus for locating improperly positioned rolls in a curved
      roll-rack in which the rolls are arranged in opposed pairs and have
      work-engaging faces lying on arcs of predetermined radii, said apparatus
      comprising a housing movable through the roll-rack, guide means on said
      housing adapted to abut two adjacent rolls and lie on a line tangent to
      the work-engaging faces thereof, and angle-measuring means in said housing
      for indicating the angle at which said guide means lies and thereby
      indicating whether the work-engaging face of each roll lies on an arc of
      the intended radius.
NUM  19.
PAR  19. An apparatus as defined in claim 18 in which said angle-measuring means
      includes a pendulum device and transducer means operatively connected with
      said pendulum device for transmitting signals representative of the angle.
NUM  20.
PAR  20. An apparatus as defined in claim 18 comprising in addition at least one
      gap sensor mounted in said housing for transmitting signals representative
      of the measurement of the gaps between the rolls of the various
      roll-pairs.
NUM  21.
PAR  21. The combination, with a continuous-casting machine which includes a
      curved roll-rack, a flexible starter bar, and drive means for propelling
      said starter bar through said roll rack, of an apparatus attached to said
      starter bar for locating improperly positioned rolls in said roll rack,
      said apparatus being constructed as defined in claim 1.
NUM  22.
PAR  22. A method of locating improperly positioned rolls among a set of rolls
      which are arranged in opposed pairs and have work-engaging faces defining
      a confined path of travel for a workpiece, said method comprising moving
      an apparatus along said path, transmitting signals from said apparatus
      representative of the measurement of the gap separating the work-engaging
      faces of rolls of each pair in succession at a plurality of locations
      along the length of the rolls during each pass of the apparatus along said
      path, and recording said signals.
NUM  23.
PAR  23. A method as defined in claim 22 comprising the further step of moving
      said apparatus along said path in two directions to obtain signals
      indicative of bent rolls.
NUM  24.
PAR  24. A method as defined in claim 22 in which said set of rolls is a curved
      roll-rack, and said apparatus is attached to a starter bar to be moved
      along said path.
NUM  25.
PAR  25. A method of locating improperly positioned rolls among a set of rolls
      which are arranged in opposed pairs and have work-engaging faces defining
      a confined path of travel for a workpiece, said method comprising moving
      an apparatus along said path, transmitting signals from said apparatus
      representative of the measurement of the gap separating the work-engaging
      faces of rolls of each pair in succession, transmitting signals
      representative of the angles of lines tangent to each adjacent pair of
      work-engaging faces, and recording both the gapmeasurement signals and the
      angle-measurement signals.
NUM  26.
PAR  26. An apparatus for locating improperly gapped rolls among a set of rolls
      arranged in opposed pairs and having work-engaging faces with a gap
      therebetween defining a confined path of travel for a workpiece, said
      apparatus comprising a supporting structure, means carried by said
      structure for contacting the work-engaging faces of each pair of rolls at
      opposite sides of the gap and thereby guiding the structure as it moves
      along said path, a plurality of gap-sensing means carried by said
      structure for measuring the gap between each pair of rolls in succession
      at a plurality of locations along the length of the rolls, and means
      connected with said gap-sensing means for transmitting signals
      representative of the measurements.
NUM  27.
PAR  27. An apparatus as defined in claim 26 comprising in addition means on the
      lower end of said structure for attaching the apparatus to a starter bar
      of a continuous-casting machine enabling the apparatus to be propelled
      with the starter bar through roll-racks of a continuous-casting machine.
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ABST
PAL  An inspection tool having a base positioned and secured on any flat surface
      and manually adjusted with the assistance of visual indicating means so
      that the base and all its associated movable or stationary components are
      in absolute true vertical and horizontal planes relative to the flat
      surface on which they are mounted. The tool is then utilized with its
      visual indicating means for determining the relative squareness,
      angularity, smoothness and other characteristics of the surfaces of the
      object being inspected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to a portable tool removably mounted on or attached
      to a surface plate or any other flat surface for use in visually examining
      the surfaces of the object being inspected for squareness, angularity or
      other characteristics.
PAR  2. Description of the Prior Art
PAR  Many types of tools have been used in the past for examining vertical,
      horizontal and angular surfaces and the height of various objects. Most of
      these tools have been squares, levels, height gauges, protractors, etc.,
      some of which were adjustable. Most of these tools are still used
      extensively, mainly because of their relative inexpensive initial and
      maintenance costs.
PAR  More complicated and expensive devices such as dial test indicators,
      comparators and bench gauges utilize visual, graduated, mechanically or
      electronically operated dials in association with suitable contact points
      for checking the accuracy of the inspected objects. These devices usually
      have the disadvantages of being capable of only checking or examining one
      surface feature of the object without resetting and adjustment of their
      functioning components.
PAR  In view of the disadvantages pointed out above relative to the use of the
      less expensive, small tool variety of devices for checking or inspecting
      the critical aspects of the various surface characteristics of an object
      and the use of the more expensive variety of direct reading, dial equipped
      devices for the same purposes, a new and improved inspection tool or
      device has been provided which is simple in its design and usage,
      comparatively inexpensive to construct and which may be utilized easily
      and successfully by inspectors for visually checking surface
      characteristics of the objects inspected.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a portable
      inspection tool that may be utilized in conjunction with a surface plate
      or flat surface to visually check the various surface characteristics of
      the objects being inspected.
PAR  Another object of this invention is to provide a portable inspection tool
      that may be temporarily, immovably attached to a surface plate or flat
      surface and adjusted with the aid of visual indicating and leveling means
      so that all of its stationary or movable components are always in true
      perpendicular and horizontal planes relative to the flat surface upon
      which it is mounted and to the surfaces of the object being inspected.
PAR  A further object of this invention is to provide a portable inspection tool
      or device having two or more adjustable tramming arms that are equipped
      with dial indicator means having sensitive contact points such that when
      placed in direct contact with any surface of an object being inspected,
      they visually determine the correctness of angularity and other surface
      conditions by a vertical reciprocating motion or a horizontal radial
      motion of the contact points imposed on said surfaces.
PAR  A still further object of this invention is to provide a portable
      inspection tool that is used as a height gauge by simply adjusting one of
      its tramming arms so that its dial indicator contact point is positioned
      at the desired exact height dimension above the level of the surface plate
      on which the device is mounted.
PAR  Further objects and advantages of this invention will become apparent as
      the following description proceeds and the features of novelty which
      characterize the invention will be pointed out with particularity in the
      claims annexed to and forming part of this specification.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the portable inspection tool of this
      invention illustrating one method of mounting and attaching its base
      portion to a flat surface and several of the possible adjustable positions
      of its tramming arms and dial indicator contact points relative to the
      surfaces of objects being inspected (shown in dot-dash lines).
PAR  FIG. 2 is a plan view of the tool shown in FIG. 1 illustrating the
      relationship of its stationary and movable components and indicating the
      possible degree of rotation of its adjustable tramming arms about their
      center or vertical axis of rotation.
PAR  FIG. 3 is an enlarged fragmentary plan view, partly in section, taken on
      the line 3-3 of FIG. 1 illustrating more clearly the normal relationship
      between the stationary and movable tramming heads and other associated
      components when the tool is in position for checking the surfaces of
      various objects.
PAR  FIG. 4 is an enlarged fragmentary sectional plan view taken on the line 4-4
      of FIG. 1 showing the relationship between the vertical tramming posts,
      the lower movable tramming head and the vertically mounted, acme threaded
      shaft that is adapted to reciprocate the lower movable tramming head
      during the surface inspection function of the device and (in dotted lines)
      the possible 330.degree. of rotary travel of the tramming head which is
      utilized for initially tramming in or leveling the device on a surface
      plate or other flat surface.
PAR  FIG. 5 is a vertical sectional fragmentary view taken on line 5--5 of FIG.
      3 illustrating the related association of the stationary tramming head,
      the movable or reciprocating tramming head, the actuating square threaded
      vertical shaft and a rotatable head support member which are used when the
      device is initially being trammed in.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings by characters of reference,
      FIG. 1 illustrates a side elevational view of an inspection tool or device
      10 of this invention comprising a base member 11, cylindrical stationary
      vertical support posts 12 and 13, a top stationary head 14, a lower
      movable tramming head 15, a cylindrical rotatable tramming head 16, a
      movable head activating threaded shaft 17, and two or more adjustable
      tramming arms 18 and 19, the lower sections of which are equipped with
      dial indicators 20 and 21 and dial indicator contact points 22 and 23,
      respectively.
PAR  Base member 11 preferably consists of a heavy metal casting having a
      substantially hollow interior that is formed and machined to present a
      flat horizontal finished bottom surface 24 and a similar finished top
      plateau surface 25. Its outer periphery is provided with a plurality of
      radially extending, equally spaced lugs or bosses 26 that are each
      provided with centrally located, radially spaced drilled and tapped holes
      27 that extend through the thickness of the lugs or bosses and are adapted
      to receive suitable thumb screws 28. The thumb screws are used to tram in
      the base member 11 and post 12 level surface 29 of a surface plate or any
      other flat surface upon which the inspection tool or device 10 is mounted.
PAR  It should be understood that the particular shape and form of the base
      member 11 is not pertinent to the invention, as long as there is provided
      a sufficiently large hollow interior space to allow for movable components
      therein, a flat horizontal finished bottom or base surface 24 extending
      under the lugs or bosses 26, and a flat horizontal top plateau surface 25
      into which the vertical support posts 12 and 13 extend.
PAR  Extending downwardly through the horizontal flat finished top plateau
      surface 25 of the base member 11 and into its top solid ceiling portion 30
      are provided three, longitudinally aligned counterbores 31, 32 and 33,
      respectively, that are spaced a predetermined distance apart according to
      similar sized bores or counterbores in the tramming heads 14 and 15. The
      counterbore 31 is adapted to receive and support in rigid perpendicular
      relationship to the top surface 25 of the base, the bottom end of the
      large cylindrical vertical support post 12 by means of a threaded screw 34
      which extends upwardly through the solid ceiling portion 30 of the base
      into a centrally aligned threaded hole in the bottom flat end of the post.
PAR  The counterbore 33 is of similar depth as the counterbore 31; but is
      considerably smaller in its diameter and has a somewhat greater tolerance
      to provide for the reception of the bottom rounded end of the cylindrical,
      vertical support post 13. Post 13 is provided with a central conical
      depression that allows the post to pivot slightly on a similar conical or
      ball projection, centrally formed in the bottom of the counterbore, so
      that its true perpendicular and parallel relationship with the horizontal
      surface 29 and the large vertical support post 12 can be obtained by the
      adjustment of several set screws 35 which project into a similar sized
      through bore 36 in one end portion of the top fixed stationary head 14.
      The bottom end of the small cylindrical post 13 is also provided with a
      circular groove into which a set screw 37 is adapted to extend to prevent
      vertical movement of the same after the described perpendicular adjustment
      has been performed.
PAR  Directly below and in vertical alignment with the axis of the counterbore
      32 in the horizontal ceiling surface of top solid ceiling portion 30, is
      provided an identical counterbore 32'. These counterbores are joined by a
      central vertical bore 37'. The aligned counterbores 32 and 32' are each
      provided with identical bearings 38 that together with bore 37' are
      adapted to receive and support the lower reduced diameter end portion 39
      of the square threaded vertical shaft 17 on the horizontal surface 25 of
      the base in free rotative relationship therein. Fixed to the bottom end of
      the reduced diameter portion 39 of the threaded shaft 17 is a suitable
      pinion gear 40 that is in constant mesh with a mating worm gear 41 fixed
      on the inner end of a rotatable shaft 42 that is journaled in suitable
      bearings. Shaft 42 extends out through a flat vertical wall portion of the
      base member 11 where it is attached to a crank arm and lever 43 that may
      be utilized to rotate the threaded vertical shaft 17 in either a clockwise
      or counterclockwise direction. This action causes the lower movable
      tramming head 15 to move up or down as required during an inspection
      procedure.
PAR  In order to maintain the selected position of the inspection device on the
      top surface 29 of the surface plate or other level surface, the base
      member 11 is provided with a hold down means which may be either a
      magnetic arrangement or a vacuum device (as shown) which consists of a
      large flexible rubber or vinyl suction cup 44 that has a thick upper crown
      portion 45 and a thin tapered circular bottom edge 46. The suction cup is
      adapted to contact the level surface 29 in sealing relationship and hold a
      vacuum therein when in its "ON" position and to release the vacuum when in
      its "OFF" position, as illustrated in FIGS. 1 and 2 of the drawings. The
      flexible suction cup is activated to assume either relationship by the 180
      degree rotation of a bell crank member 47, the crank portion of which is
      embedded in the thick upper crown portion 45 of the suction cup 44. The
      opposed ends of this crank member are journaled in horizontal drilled
      apertures in the housing of the base member 11, one end of which extends
      beyond the confines of the base where it is provided with an actuating
      lever 48. This suction cup maintains and temporarily attaches the
      inspection device 10 in the desired position and location on the level
      surface 29 for its subsequent use.
PAR  The cylindrical vertical support posts 12 and 13 and the head activating
      threaded shaft 17 are constantly maintained in longitudinal alignment and
      parallel perpendicular relationship to the flat horizontal top plateau
      surface 25 of the base member 11 and to each other by means of the top
      stationary tie bar head 14. Tie in head 14 functions as a removable
      tie-bar for the three vertical members with which it is directly
      associated and rigidly secured to by a plurality of stud bolts 49 at its
      large end and a plurality of set screws 35 at its smaller end. The reduced
      diameter upper end portion 39' of the threaded shaft 17 extends upwardly
      through a clearance bore 50 in tie bar head 14 into the center of a
      suitable bearing 51 which is mounted in a central counterbore 52 in the
      top surface of the stationary tie bar head 14, as shwon in FIGS. 3 and 5
      of the drawings.
PAR  The large diameter cylindrical post 12 is adapted to extend upwardly
      through a close fitting clearance bore 53 centrally located in the large
      circular end of the stationary tie bar head 14 and extends slightly above
      the top surface of the head. The smaller diameter cylindrical post 13 is
      adapted to extend upwardly through the more loosely fitted clearance bore
      36 centrally located in the smaller circular end of the tie bar head, a
      considerable distance to provide for the reception of the cylindrical,
      rotatable trammel head 16. Tie in head 16 has a radially extending support
      arm 16' and the adjustable thumb screw the purpose and function of which
      will be described.
PAR  Stud bolts 49 are long enough to extend through radially spaced clearance
      bores in the large circular end of the stationary tie bar head 14 and into
      mating threaded bores 49' in the large cylindrical post 12 and are adapted
      to be drawn up tightly. Set screws 35 in the smaller circular end of the
      head are to position the smaller cylindrical support post 13 in vertical
      perpendicular aligned relationship with the large support post 12 by the
      tramming head 16.
PAR  It should be noted that the general shape of the stationary tramming head
      or tie bar 14 and the lower movable tramming head 15 are similar in most
      respects. Both have substantially circular, large and small end portions
      and tapered reduced widths at a radially spaced equal distance from the
      vertical axis of the large cylindrical post 12 and the bore 53 in head 14
      through which it extends. The width of the stationary head or tie bar 14
      at this point is somewhat smaller than the respective width of the movable
      tramming head 15 to provide working clearance for the rotatable holding or
      support member 56. The lower vertical end of member 56 is retained in a
      vertical bore 57 in the movable tramming head 15 by a dowel pin 56', the
      other end of which is provided with a flat disc having a ball like bottom
      projection which is adapted to ride in a conical depression formed in the
      flat top surface of the large support post 12 at its center or vertical
      axis 55.
PAR  It also should be noted that the lower movable tramming head 15 must be
      installed in sliding relationship on the vertical posts 12 and 13 and in
      radial pivoted relationship to the large diameter post 12, before the top
      stationary tramming head or tie bar 14 and the rotatable tramming head 16
      can be installed.
PAR  The movable tramming head 15 is provided at its large circular shaped end
      with a central vertical clearance bore 53'. This bore is in exact
      vertical, longitudinal and horizontal alignment with the vertical axis of
      post 12 and bore 53 in the stationary head 14 through which post 12
      extends.
PAR  The smaller semi-circular end portion of head 15 is provided with a
      semi-circular milled out portion 59, the radius of which is somewhat
      larger than the radius of the small vertical post 13 upon which it is
      centered. The sides of milled out portion 59 form the opening or cutout 60
      having integral projecting ears 61 and 61'. The tangent side walls of the
      opening or cutout 60 are formed in parallel radial relationship with the
      imaginary radial center line 62 which is swung from the vertical axis 55
      of the post 12 and the center of the bores 53 and 53'. Thus, when tramming
      head 15 is rotated about vertical axis 55, the small semi-circular end of
      the head and its opening or cutout portion 60 will partially enclose the
      vertical cylindrical outer surface of the small vertical post 13, as shown
      (in solid line) in FIG. 4, or be entirely removed therefrom as indicated
      (by dotted line) in the same figure. This action depends on its direction
      of rotation and when partially enclosing the vertical post 13, this end of
      tramming head 15 is maintained in this relation by means of a pair of
      spring loaded ball ended detents 63. These detents yieldingly contact the
      outer cylindrical surface of post 13 and by the adjustable, preferably
      vinyl, end washer 64 that is attached to a centrally located set screw 65
      threaded into the semi-circular wall of the small end of the tramming head
      15 and snap into partially surrounding, locked radial relationship with
      the vertical post 13 however still allowing for free reciprocating motion
      of the tramming head 15.
PAR  The free reciprocating motion of trammel head 15 is accomplished by the
      clockwise or counterclockwise rotation of shaft 17 which is rotated by
      crank arm and lever 43. To this end the narrow width portion of the head
      is provided with a radial transverse opening 66 on the same side of head
      15 as the above described radial opening 60. Opening 66 has a
      semi-circular bottom end with radially tangent sides that is provided with
      square threads that extend from top to bottom of the head and are adapted
      to mate and mesh with the square threads 17' formed on the vertical shaft
      17 to raise or lower the head when required to perform its inspection
      function.
PAR  The lower movable trammel head 15 is provided with one or more flat sided,
      radially extending, integral support arms 67 and 67' that are preferably
      located in alignment with the longitudinal center line 68 of the heads 14
      and 15 and the vertical posts 12 and 13. Arm 67 is adapted to receive and
      support in pivoted relationship therewith the upper bifurcated end segment
      68 of the adjustable tramming arm 18 as likewise is the radial extending
      arm 16' on the rotatable trammel head 16, which is adapted to receive and
      support the upper end segment 69 of the adjustable tramming arm 19. The
      radial support arm 67' would only be used as an auxiliary member to
      support the upper segment of another adjustable tramming arm (shown in
      dot-dash line) if required or to move the tramming arm 18 to a more
      convenient location.
PAR  The adjustable tramming arm 18 consists of several pivotally associated
      segments including the lower or end segment 70 which is provided with a
      typical well known and commonly used dial indicator 20 that is preferably
      marked in one thousandth (0.001) of an inch graduations, and the usual
      dial indicator contact points 22 or 23 which may be one of two well known
      types. One type actuates the pointer of the indicator to move radially
      away from the "0" graduation upon any angular or arcuate movement that may
      be imparted to the contact point 22 and the other type of contact point 23
      which is associated with the dial indicator 21 on the lower or end segment
      71 of the adjustable tramming arm 19. This latter type actuates the
      pointer of the indicator when any (in or out) reciprocating movement is
      imparted to the contact point to move the indicator pointer radially to
      either side of the "0" graduation on the dial of the indicator. The first
      type of dial indicator contact point 23 is recommended for use when
      inspecting vertical surfaces of an object such as indicated at 72 (in
      dot-dash line) in FIG. 1 of the drawings and the latter type of contact
      point 23 is recommended for use when inspecting horizontal surfaces of
      such an object.
PAC  OPERATION AND USE OF THE INVENTION
PAR  With the various associated components of the inspection tool or device 10
      assembled in their proper relation, the device is made ready for
      performing its function of examining or checking the relative squareness,
      angularity, smoothness and other irregularities of the surfaces of an
      object by the following procedure:
PAR  First a site on the top surface 29 of a surface plate or other
      substantially flat surface which is most convenient to the user or
      inspector is selected for the rigid attachment of the device to the same.
      Then the flexible suction cup 44 is activated to secure the device to the
      surface 29 in the selected location as previously described. The
      adjustable tramming arms 18 and 19 are then arranged so their dial
      indicator contact points 22 and 23 are in yielding contact with the
      surface 29 of the plate and with the pointers of the dial indicators 20
      and 21 positioned at the "0" graduation. The lower movable tramming head
      15 is in its uppermost position with its small semi-circular end portion
      removed from its association with the vertical support post 13. The
      tramming head is then manually rotated in a clockwise to counterclockwise
      direction for approximately 330 degrees with the contact point 22 of the
      dial indicator 20 scribing an imaginary circular line on the surface 29 of
      the plate. At the same time the thumb screws 28 in the base of the
      assembled device is adjusted until the dial indicator pointer remains at
      the "0" graduation through the full (330) degrees of the tramming head and
      contact point 22's rotary travel. This indicates that the assembled
      inspection tool or device 10 is in perfect horizontal, parallel alignment
      with the surface 29 of the plate and that said surface is also perfectly
      level.
PAR  After checking and adjusting the relative relationship between the device
      and the area of the surface plate on which it is mounted, the tramming
      head 15 is returned to its normal operative position. This is desired
      relationship can be double-checked by manually rotating the cylindrical
      tramming head 16 with the attached adjustable tramming arm 19 and the dial
      indicator contact point 23 in contact with the surface 29 of the plate, a
      full 360.degree. about the vertical center of the small cylindrical post
      13 and then adjusting it in the desired perpendicular relationship to the
      post by means of a suitable thumb screw 73 as indicated in FIGS. 1 and 2
      of the drawings.
PAR  When the leveling procedure described above has been accomplished, it is
      only necessary when checking vertical or angular surfaces to move the
      tramming head 15 up or down in a reciprocating motion by means of the
      rotatable crank arm and lever 43. With the indicator contact point 22 in
      yielding contact with the vertical or angular surface being inspected one
      can note the precise movement of the dial indicator pointer relative to
      the "0" graduation on visable the dial.
PAR  The relative squareness, angularity, levelness or other irregularities of
      horizontal surfaces can be inspected or checked in a similar manner by
      arranging the segments of the adjustable tramming arm 19 so that the dial
      indicator contact point 23 is in yielding relation with the substantially
      horizontal surface of the object 72 being examined. By rotating the
      tramming head 16, the adjustable tramming arm 19 with its dial indicator
      contact point will describe an arc back and forth over the surface being
      examined. Again, one may note the precise movement of the dial indicator
      pointer relative to the "0" graduation on the visable dial.
PAR  It is evident from the foregoing disclosure that an inspection tool or
      device has been provided that is capable of being utilized even by a
      novice inspector for visually examining the vertical, horizontal or
      angular surfaces of an object for characteristics other than the normal by
      movement of the proper type of dial indicator contact points over such
      surfaces. It also should be evident and understood that the inspection
      device could readily be used as a height gauge by merely adjusting one of
      the arms 18 or 19 so that the tip of its contact point is positioned at
      the exact vertical height dimension from the level surface 29 of the
      object being checked and passing the object while resting on the surface
      29 under the contact point and visually observing any discrepancy on the
      dial indicator. It also should be understood that each time the tramming
      arms 18 and 19 are adjusted for the purpose of checking a surface by
      either pivoting the segments of the adjustable arms about their pivot
      points the relative longitudinal relationship of the telescoping segments
      of the tramming arms may be adjusted.
PAR  Although but one embodiment of the present invention has been shown and
      described, it should be apparent to those skilled in the art that various
      changes and modifications may be made therein without departing from the
      spirit of the invention or from the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inspection tool for positioning on a level surface and manually
      adjusted so that its base and associated movable and stationary components
      are in vertical and horizontal planes relative to the surface on which it
      is mounted so that the tool may be used for determining the relative
      squareness, angularity and other characteristics of the surface of an
      object being inspected comprising:
PA1  a base member,
PA1  a pair of cylindrical support posts mounted to extend laterally from said
      base member,
PA1  a stationary tie bar fixedly mounted on the upper ends of said support
      posts,
PA1  a first movable tramming head, means mounting said head for sliding and
      rotating movement on one of said pair of support posts, and said head
      having groove means for detechably engaging the other of said pair of
      support posts,
PA1  a second rotating tramming head being mounted on the other of said posts,
PA1  a hearing mounted in said tie bar,
PA1  a moveable head activating shaft mounted on said base and arranged to
      extend substantially parallel with said support posts with its free end
      rotatably mounted in said hearing,
PA1  said shaft being threadedly engageable with said frst movable tramming head
      for causing movement of said first moveable head axially along said
      support posts,
PA2  said first tramming head having a second groove means for detachably
      engaging said shaft,
PA1  a pair of tramming arms one mounted on each of said first and second
      moveable tramming heads, and
PA1  a pair of dial indicators one mounted at the end of each of said tramming
      arms for indicating surface conditions over which they traverse.
NUM  2.
PAR  2. The inspection tool set forth in claim 1 wherein:
PA1  said first movable tramming head is provided with a groove for partially
      encircling said other support post, and
PA1  means for detachably holding said first tramming head to said other support
      post in the groove of said first moveable tramming head.
NUM  3.
PAR  3. The inspection tool set forth in claim wherein:
PA1  said first moveable tramming head when released from said grooves is
      rotatable through an arc of approximately 330.degree..
NUM  4.
PAR  4. The inspection tool set forth in claim 3 in further combination with:
PA1  means for rotating said second moveable tramming head 360.degree. about
      said one of said support posts on which said first moveable tramming head
      is mounted.
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ABST
PAL  Apparatus for determining the load-carrying capability of a hollow pile
      driven into the ground to carry a vertical load. The apparatus measures
      changes in the internal radius (diameter) of the pile at various points
      along its length. The apparatus includes rotatable sensing means which
      enters the pile and senses the internal configuration of the pile in at
      least one predetermined radial direction for at least one predetermined
      level along the length of the pipe pile. The rotable sensing means also
      produces a signal representative of the internal configuration for each
      such predetermined radial direction at each such predetermined level along
      the length of the pile. The apparatus also includes means for rotating the
      rotatable sensing means to the desired radial position, and means for
      moving the rotatable sensing means longitudinally in the pile to the
      desired point along the pile's length.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of The Invention
PAR  This invention relates to means for measuring the overstress in pipe
      pilings and the like, for achieving such at any location in such pipe
      pilings. This invention further relates to means for remotely and
      automatically indicating and recording such measurements.
PAR  2. Prior Art
PAR  U.S. Pat. No. 1,890,607 discloses a depth indicator and inclinometer which
      includes a lower cable and a hermetically sealed shell. A plurality of
      wheels anchored on the shell and contacting the interior of a well casing
      or drill pipe. A travelling tape recording means located in the shell to
      measure the depth.
PAR  U.S. Pat. No. 2,030,244 teaches a calipering device for detecting and
      measuring variations in the inside diameter of a cylindrical tube. Arms
      which are adjusted to engage the side of the wall are mounted on the top
      end of the device. Spring-extended special arms are mounted on the lower
      end of the device. Indicating means are coordinated with the movement of
      the special arms so as to measure such movement and indicate such at above
      ground level. U.S. Pat. No. 2,074,753 teaches a gauge for indicating a
      irregularity in boiler or heater tubes, such irregularity indicating a
      weakened section in the tube. The gauge includes a head which a series of
      plunges slidably mounted through the side thereof in a radial manner. As
      the head travels inside the tube, a maximum degree of in and out movement
      of each of said plungers is electrically indicated at a remote station.
      This is done by means on a contact on the moving plunger meeting a
      positioned contact (one for inwards movement and one for outwards
      movement), which closes the appropriate electrical circuit and indicates a
      pipe deformity (in or out) of a certain magnitude or larger. The head is
      located on a rod and has pre-usage adjustable guides. Also, several guide
      disks are located on the rod.
PAR  U.S. Pat. No. 2,121,614 discloses a cylinder gauge for measuring and
      recording the minimum and maximum internal diameters of cylinders and
      tubes (such as, tubular oil stills). A series of radial floating wheels
      mounted on arms are radially located on each end of the cylinder and serve
      the purpose of aligning the cylinder. A series of radial floating
      recording arms, outwardly pressured, are located in the middle portion of
      the cylinder. A rotably horizontally mounted disc inside of the cylinder
      contains a disc of paper. The disc is mounted on a collar which contains
      ratchet teeth around its diameter. The mechanism allows remote manual
      manipulations that result in on-the-spot recordings of the maximum and
      minimum internal diameter of a tube at a particular location.
PAR  U.S. Pat. No. 2,497,990 teaches an apparatus for logging boreholes. The
      apparatus includes a body upon which are mounted two spring-outwardly
      pressurized arms -- a rotary knife blade mounted on the end of each arm.
      The knife blade pierces the mud layer in the borehole. Curved sections are
      mounted on arms that are outwardly-faced from the body. The arms are
      electrically connected to a surface-located recording galvanometer which
      records the resistance of the particular circuit being measured at that
      time -- this allows measurement of the thickness of the mud cake on the
      hole wall between the two appropriate arms.
PAR  U.S. Pat. No. 2,518,663 teaches a tube calipering and recording device for
      measuring and recording variations in the internal surface wear of pipes
      and the like. The device is completely self-contained and mechanically
      operated and does not require the use of insulated electrical cables
      communicating with the surface -- this means that results cannot be
      obtained until the device is pulled back up to the surface and opened. The
      device contains a plurality of wall feelers that are sequentially
      positioned to by a recording means that is driven by a wheel which
      contacts the tube wall. Only the deepest pit in the tube wall can be
      measured by the devices at a particular depth.
PAR  U.S. Pat. No. 2,527,170 discloses an apparatus for detecting corrosion of a
      casing or tubing -- such corrosion usually occurs on the outside of the
      casing. The corrosion causes a decrease in the thickness of the casing
      wall, which produces a readily distinguishable signal on a recording of a
      magnetic scan. The apparatus has a rotating scanning devise which includes
      a permanent magnet on one end of a rotating arm, a magnetic material on
      the other end and a coil wound around the latter, and has a surface
      located recorder (pen type or galvanometer type). The scanning device is
      driven by a battery-driven motor located in the apparatus. The apparatus
      contains a self-centering arrangement which involves at least three wheels
      on arms that are spring-loaded by a centrally located spring. A
      disadvantage of the apparatus appears to be that the scanning device must
      be rotated with little clearance to the casing wall, which of course means
      that many different apparatus having the appropriate diameter are required
      in order to measure casings having not too wide a difference in internal
      circumferences.
PAR  U.S. Pat. No. 2,578,236 teaches a tubing calipering device which includes
      spring-loaded wheel drive means. Particular means are taught for recording
      the deepest pit in tubing which is located by a rotating arm contacting
      the tubing wall. The device includes a self-contained stylus-chart
      arrangement.
PAR  U.S Pat. No. 2,656,613 teaches an apparatus for calipering well bores -- it
      is used for measurement of bores which may have relatively wide variations
      in measurements. The apparatus utilizes a plurality of arms which follow
      the bore wall. The arms control a strain gauge which sends out a frequency
      which is in direct proporation to the average position of the plurality of
      movable arms. U.S. Pat. No. 2,680,913 discloses a device for determining
      the shape and diameter of well bores. The device contains a plurality of
      releaseable arms that are spring-forced outwardly against the bore wall. A
      clock mechanism to drive a tubular chart affords a stylus record of
      diameter for each arm as the device is removed from the bore.
PAR  U.S. Pat. No. 2,708,316 teaches a calipering and recording device for use
      in tubes. The device has a plurality of wheels that are pressured against
      the bore wall in order to adjust to different diametered bores and to
      prevent rotation of the device during measurement. The device contains a
      series of feelers which contact the bore wall. The feeler movement causes
      reciprocative movement between a stylus and a chart which records in
      effect the feeler value and movement. The device has wheel drive means.
PAR  U.S. Pat. No. 2,719,361 teaches an apparatus for calipering a well bore as
      it is being drilled. The end of the apparatus contains a series of
      retractable outwardly-forced arms. Below the apparatus is the drill bit.
      Along the same lines, see U.S. Pat. No. 2,719,363.
PAR  U.S. Pat. No. 2,815,578 discloses an apparatus, including telemetering
      system, for measuring and recording dimensions, temperature, pressure or
      other variable phsyical conditions in well boreholes. The apparatus
      contains four arms (contacts) which ride on the borehole wall. The
      measurements are made using a particular rotating helical contact, means
      for speed synchronization and surface recording. U.S. Pat. No. 2,973,583
      discloses a tube calipering device which contains two sets of wheels in
      contact with the wall of the tubular conduit. The device has a series of
      spring-loaded arms which engage the wall in order to locate and measure
      irregularities in the wall such as those caused by corrosion or resulting
      from mechanical damage of tubes used in furnaces and the like. The device
      contains some very narrow and specific limiting features.
PAR  U.S. Pat. No. 3,685,158 teaches an apparatus for making measurements in a
      well bore. The apparatus contains at least one pair of specific,
      articulated wall-engaging members.
PAR  Attention is also drawn to U.S. Pat. No. 770,978.
PAR  The prior art does not teach or suggest a device, which can be lowered into
      a driven piling, that detects overstress in a pipe piling.
PAC  BROAD DESCRIPTION OF THE INVENTION
PAR  An object of this invention is to provide an apparatus and a method for
      measuring the overstress in pipe piles, and the like, at any location in
      such pipe piles. A further object is to provide an apparatus and a method
      for remotely and automatically indicating and recording such measurements.
PAR  Another object of this invention is to provide a device and a process for
      measuring and recording the longitudinal and radial position in the pipe
      piling where the diameter is being measured.
PAR  Another object of this invention is to provide an apparatus and process
      whereby a longitudinal profile of the internal wall of a pipe piling can
      be made.
PAR  Another object of this invention is to provide a device which is capable of
      measuring the diameter at any and all positions in a tube.
PAR  Another object of this invention is to provide a device which can be used
      across a fairly wide range of internal diameters (i.e., different
      diametered pipe pilings).
PAR  Another object of this invention is to provide an apparatus and a method
      for measuring with extreme accuracy the internal configuration of a pipe
      piling.
PAR  Another object of this invention is to provide a device which has arms
      which continuously are in pressure contact with the pipe piling wall.
PAR  Another object of this invention is to provide a device which has a
      self-contained drive means.
PAR  Another object of this invention is to provide a device which is capable of
      measuring the diameter of a tube.
PAR  Another object of this invention is to provide a device which is capable of
      ascertaining the longitudinal position in a tube.
PAR  Other objects and advantages will be apparent to one ordinarily skilled in
      the art from the following description, taken in connection with the
      accompanying drawings. This invention achieves such objects and has such
      advantages.
PAR  The apparatus of this invention broadly involves means for measuring the
      internal dimensions of a hollow pipe pile or the like and means for
      correlating such measurements to the stress or overstress in such hollow
      pipe pile or the like.
PAR  This invention involves caliber means to measure overstress in a pipe
      piling in conjunction with remote sensing means, and more narrowly
      involves additional means for lowering and raising the caliber means into
      and out of, respectively, of the pipe piling.
PAR  Apparatus of this invention is useful for developing data from which the
      load-carrying capability of a hollow pile driven into the ground to carry
      a vertical load can be determined. The apparatus measures changes in the
      internal radius (diameter) of the pile at various points along its length.
      The apparatus includes rotatable sensing means which enters the pile and
      senses the internal diameter of the pile in at least one predetermined
      radial direction for at least one predetermined level along the length of
      the pipe pile. The rotatable sensing means also produces a signal
      representative of the internal configuration for such predetermined radial
      direction at each such predetermined level along the length of the pile.
      The apparatus also includes means for rotating the rotatable sensing means
      to the desired radial position, and means for moving the rotatable sensing
      means longitudinally in the pile to the desired point along the pile's
      length.
PAR  An advantage of this invention is that the apparatus does not have to be
      returned to the surface and opened before any of the measured data can be
      obtained. The automatic and continuous recording features of this
      invention allow the instantaneous delivery of data (with correlation of
      its vertical and radial position in the pipe piling) in a recorded and
      visual form to the surface observer.
PAR  The apparatus of this invention travels inside of a pipe piling, checks for
      and measures any overstress, and indicates any such overstress and its
      longitudinal and axial location in such piling. The apparatus of this
      invention has the advantage of remote readings of any such overstress
      (quantitative) and their locations.
PAR  The apparatus measures an overstress at a particular location in the pipe
      piling by meansuring the change in the internal surface of the pipe
      piling.
PAR  As used herein, the term "overstress" is any stress which has resulted in
      the pipe piling being theoretically incapable of handling the intended
      load. (Overstress is stress beyond the critical stress -- there is plastic
      deformation before the critical stress point is reached.) Such
      overstressed conditions include buckling or collapse of the pipe piling,
      but an advantage of the apparatus of this invention is that overstress can
      be detected, since prior laboratory analysis enables predictability of
      pre-buckling and pre-collapse occurrences -- the apparatus of this
      instrument can be used to check these predictions based upon the prior
      laboratory analysis.
PAR  Another advantage of the apparatus of this invention is that its
      measurements can be used as a guide to ascertain if further pipe pilings
      are needed.
PAR  The apparatus of this invention will determine if there has been an
      increase or decrease of the internal diameter of the pipe piling.
      Overstress generally involves a increase in the internal diameter of the
      pipe piling, and such an increase generally occurs until there is a
      buckling or collapse of the pipe. It should be noted that the apparatus of
      this invention can determine not only if overstress has occurred, but can
      determine if any stress has occurred (which is represented by a change in
      the internal diameter of the pipe piling).
PAR  One embodiment of this invention involves caliber means having a hollow
      casing containing a lifting hook for the lowering and raising of the
      caliber means inside of the pilings. Wheels are provided at the
      extremities of the casing to provide wheels to enable continuous contact
      with the wall of the piling. Four of the wheels are fixed permanently; and
      the two remaining wheels are spring loaded such that continuous contact
      with the internal wall of the piling is maintained. A rotating sensing
      device is used which "sees" (detects) variations in internal configuration
      of the piling. The sensing device preferably incorporates a linear
      potentiometer. The measurement method can be done by a phasing circuit to
      null out the measuring or sensing at the base and the extent of
      measurement can be the same for the same loss or gain of diameter. In
      general this embodiment involves measuring the overstress in a driven
      piling by an instrument comprised of caliber means to measure an increase
      or decrease in internal configuration in such piling in conjunction with
      remote sensing means, and additional means for lowering and raising the
      caliber means into and out of, respectively, the piling which measures the
      loss or gain of inside diameter of the piling, such being a measurement of
      the overstress. This embodiment also involves the instrument.
PAR  The process of this invention broadly involves measuring the internal
      diameter of a hollow pipe pile or the like and correlating such
      measurements to the stress or overstress in such hollow pipe pile or the
      like.
PAR  The process of this invention is useful for determining the load-carrying
      capability of a hollow pile, tube, or the like, to carry a load in the
      direction of the longitudinal axis of the hollow pile, tube, or the like.
      The process is normally conducted re pipe pilings which have been driven
      into the earth. The process includes measuring the changes in the internal
      radius (diameter) of the hollow pile, tube or the like, at various points
      along the length thereof and/or around the circumference thereof at
      various positions along the longitudinal axis thereof, and converting such
      measurements of changes in the internal radius of the hollow pile, tube or
      the like, into any overstress values for the points or positions where
      such measurements were made. (There will be no overstress value for an
      internal diameter which has not changed or changed at least certain
      amounts.
PAR  The process of this invention involves the measurement of a pipe piling or
      the like having any initial cross-sectional configuration, although the
      preferred initial cross-sectional configuration is circular, and variation
      of such cross-sectional configurations along the longitudinal axis of the
      pipe piling. Examples of such cross-sectional configurations are circular
      (preferred), oblong, square, rectangular, hexagonal, elliptical, etc.
      Furthermore, the pipe piling need not have a straight longitudinal axis,
      but can have a curved longitudinal axis.
PAR  This invention is not restricted to the measurement of overstress in pipe
      pilings, but can be used to measure the overstress in any pipe in any
      environment. Pipes used to carry fluids, acting as conduits for electrical
      cables, etc., can be measured for overstress, the only proviso being that
      the pipes be cleared of all fluids, cables, etc., before the apparatus of
      this invention is used. Exceptions would be that the apparatus of this
      invention can be used in nitrogen and similar gaseous atmospheres; in
      fact, if properly encased, the apparatus of this invention can be used in
      liquid environments (it is noted that one embodiment of this invention
      provides the apparatus with drive means). The apparatus of this invention
      can be used under pressures which are greater than or less than
      atmospheric pressure. The pipes can be buried in the earth, immersed in
      fresh or sea water, laying on the ground, suspended in the air, etc., and
      can still be measured for overstress by the apparatus of this invention.
      Also, the pipes can be vertically located or at an angle, including
      horizontally located. The apparatus of this invention can be used to
      measure overstress in tubes in nuclear reactors, boilers and the like. The
      apparatus of this invention can be modified for use of measuring
      overstress (and detecting changes in wall profiles) in long distance oil
      and gas pipe lines (cleared of product) by use of radio guidance means and
      radio data transmission means.
PAR  The apparatus of this invention can be miniaturized to measure pipes having
      an inside diameter of less than 10 inches.
PAR  The correlation of the measurements obtained by the apparatus of this
      invention with the overstress that has occured can be done as follows:
      prior to driving, applicant's instrument is inserted into the pipe piling
      and at various pre-determined distances inside the pipe, diameter
      measurements are made with the instrument. These measurements are simply
      distances from the center of applicant's instrument to the face of the
      pipe. After the pile is driven, applicant then inserts his instruments to
      the same predetermined points and repeats the measurement taking. (A
      visual inspection by use of a flashlight is made up so as to give any
      visual indications of stress.) A comparison of the readings from the two
      sets of measurements indicate the change that occured in the internal
      surface of the pile during driving.
PAR  Comparison of the data taken in the two sets of measurements (differences
      between) with previously known data obtained from a university's
      laboratories indicates any actual (and a possible) overstress conditions.
      It is for this that laboratory-produced overstressed charts are obtained
      -- comparison of this chart with the field obtained chart then enable
      applicant to determine if an overstress has occured. Or, in other words, a
      stress-strain curve is obtained by knowing the load, cross-sectional area
      and strain (outside gauges). On the stress strain curve the point at which
      the pile is considered to be overstressed is that point at which the scope
      of the curve goes to zero (point of critical stress). See FIG. 8. This
      point theoretically differs from the traditional yield point (A--A)
      because of the conditions under which piling is considered. A curve of
      .DELTA. .SIGMA. ave. correlated to strain is obtained by calculation. By
      using these two curves, applicant is able to correlate stress to .DELTA.
      .SIGMA. ave. This indicates where the critical stress point is and if it
      has been exceeded.
PAR  After a period of time, corrosion takes its toll on pipe piles, so a
      corrosion factor is necessary. There is a determinable and different
      factor for each period of time which can be applied before or after
      readings in order to correct the readings for the corrosion.
PAR  Typical of driven pipe piles which can be tested for overstress by this
      invention are: a 14 .times. o.375 wall pipe pile; a 123/4  .times. 0.375
      wall pipe pile; a 103/4  .times. 0.500 wall pipe pile; a 103/4  .times.
      0.375 wall pipe pile; a 103/4  .times. 0.250 wall pipe pile; a 103/4
      .times. 0.188 wall pipe pile; a 123/4  .times. 0.500 wall pipe pile; a
      123/4  .times. 0.250 wall pipe pile; a 123/4  .times. 0.188 wall pipe
      pile; a 14 .times. 0.500 wall pipe pile; a 14  .times. 0.250 wall pipe
      pile; and a 14 .times. 0.188 wall pipe pile. The pipe piles are often 60
      to 70 feet in length. By modifying the apparatus of this invention to have
      guide wheels and a measuring wheel which adjust to a tapered hollow pile,
      the apparatus of this invention can be used to determine any gain or loss
      of cross-section in said tapered pile.
PAR  Often overstressing is necessary due to the production-oriented
      contractors, the bearing stratum, hydrostatic buildup during installation,
      etc. This makes it necessary to determine if overstress has occurred and
      to what degree, so that a sufficient (but not wasteful) number of other
      pipe piles can be driven to afford the required support. This invention
      allows major cost savings by the use of smaller wall thicknesses in the
      pipe pilings and/or the use of fewer pipe pilings.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention is described in more detail in the drawing in which:
PAR  FIG. 1 is a sectional elevational view of the pile scanning segment of the
      preferred apparatus of this invention;
PAR  FIG. 2 is a sectional elevational view of the drive segment of the
      preferred apparatus of this invention;
PAR  FIG. 3 is a sectional elevational view of the wench raising and lowering
      segment of the preferred embodiment of this invention;
PAR  FIG. 4 is a wiring diagram of the circuitry of the apparatus of FIGS. 1 to
      11.
PAR  FIG. 5 is a view in cross-section, taken along line 5--5 of FIG. 1;
PAR  FIG. 6 is a view in cross-section, taken along line 6--6 of FIG. 1;
PAR  FIG. 7 is a view in cross-section, taken along line 7--7 of FIG. 1;
PAR  FIG. 8 is a view in cross-section, taken along line 8--8 of FIG. 1;
PAR  FIG. 9 is a view in cross-section, taken along line 9--9 of FIG. 1;
PAR  FIG. 10 is a view in cross-section, taken along line 10--10 of FIG. 2;
PAR  FIG. 11 is a view in cross-section, taken along line 11--11 of FIG. 2;
PAR  FIG. 12 is a simplified circuitry diagram of the measuring means and
      above-surface measuring means;
PAR  FIG. 13 is a front view of the above-surface measuring and recording means;
PAR  FIG. 14 is an elevational view of one embodiment of the pile scanner
      apparatus of this invention;
PAR  FIG. 15 is a top elevational view, taken along lines 15--15 of FIG. 14;
PAR  FIG. 16 is a bottom elevational view, taken along lines 16--16 of FIG. 14;
PAR  FIG. 17 is a graph for finding relative stress with respect to .DELTA.
      .SIGMA. ave.;
PAR  FIG. 18 is a graph of strain v. stress;
PAR  FIG. 19 is a graph of strain vs. .DELTA. .SIGMA. ave.;
PAR  FIG. 20 is a graph of measured increase in radius vs. longitudinal strain
      for a particular compression test.
DETD
PAR  FIGS. 1 to 13 represent the preferred embodiment of the apparatus of this
      invention. Pile scanner 100 is located inside of (hollow) pipe piling 104
      and includes pile scanner unit 108 and drive unit 112 (optional in
      vertical pipe piles). See FIGS. 1 and 2. Preferably pile scanner 104 is
      used without drive unit 112 and raised and lowered by means of eyelet 200
      (see FIG. 5) on top of scanner unit 108 and a fexible steel lifting cable
      (not shown) to the surface. When the apparatus of this invention is used
      in horizontal pipes, drive unit 112 should be used. Segment 226 of pile
      scanner unit 108 includes tubular casing 116, upper cover plate 120 and
      lower cover plate 122. A portion of upper cover plate 120 fits into
      tubular casing 116 and a portion fits over the top rim of tubular casing
      116 -- seal 124 is located between upper cover plate 120 and the top rim
      of tubular casing 116. Seal 124 can be made of any suitable sealant
      material, but preferably is an "O" ring neoprene seal. A portion of lower
      cover plate 122 fits into tubular casing 116 and a portion fits over the
      bottom rim of tubular casing 116 -- seal 126 is located between lower
      cover plate 122 and the bottom rim of tubular casing 116. Seal 120 can be
      made of any suitable sealant material, but preferably is an O ring
      neoprene seal. Segment 226 of pile scanner unit 108 is a completely sealed
      unit which is vapor and liquid impenetrable -- this is preferred so as to
      make sure that vapors and liquids do not foul and cause problems with the
      internal components of pile scanner unit 108. Four L-shaped brackets 128
      are mounted on upper plate 120. When used, unit 112 is attached to pile
      scanner unit by means of brackets 128. Three wheel units 132, 136 and 140
      are mounted on upper plate 120. See FIG. 5. Wheel unit 132 includes rod
      144, U-shaped bracket 148, wheel 152, spring box 156, spring 160 and ring
      (washer) 164 which mounted on rod 144. Spring 160 presses against ring
      164, thereby urging wheel 152 against the internal wall of pipe piling
      104. Rod 144 contains a series of holes 166. Pin 162 fits into one of the
      holes 166 (see FIG. 5), which in turn positions ring 164 on rod 144. This
      allows wheel 152 to be positioned in relation to the external wall of pipe
      piling 104 before pipe scanner 100 is placed into pipe piling 104, and
      also allows an adjustment of the spring tension of spring 160. Wheel units
      136 and 140 each includes rod 146, U-shaped bracket 150, wheel 154 and
      fixed wheel holding block 158. Rods 146 are adjustable within fixed wheel
      holding blocks 158 in order to be able to adjust for various diametered
      pipe pilings. Each fixed wheel block 158 is comprised of two parts which
      form an internal passageway in which rod 146 fits. The three wheel units
      132, 136, and 140, plus the three wheel units 184, 188 and 192 located
      below on top cover plate 196, keep pile scanner 100 centered in pipe
      piling 104. The two fixed wheel units of each set of three wheels are
      fixed at an angle of 90.degree. to each other -- the spring loaded wheel
      unit is at a 135.degree. angle to the two fixed wheel units. The two fixed
      wheel units of each set of wheels are aligned within the same horizontal
      plane. The wheels of each set are rotably mounted parallel to the
      longitudinal axis of pipe scanner 100 or pipe piling 104. Electrical
      connector 168 is part of the electrical circuitry -- electrical connector
      168 is plugged into mating electrical connector 172 (see FIG. 2), which is
      connected by electrical cable 176 to electrical connector 180. In turn,
      electrical connector 180 is connected electrically to surface
      indicating-recording unit 182. . The simplified circuitry of FIG. 12 sets
      out surface unit 182, which is shown (circuitry) in greater detail in FIG.
      4. The control panel for surface unit 182 is shown in FIG. 13.
PAR  Use of a digitalized surface recording unit has a number of obvious
      advantages, but the surface recording unit shown by FIGS. 4 and 12 are
      preferred. A useful digitalized surface recording unit is Model 1230
      Digital Panel Meter in combination with Model 500 Digital Printer, both
      sold by Weston Instruments, Inc., of Newark, N.J.
PAR  Segment 224 of pile scanner unit 108, tubular casing 212, top cover plate
      196 and lower cover plate 228 forms a bottom casing. A portion of top
      cover plate 196 fits into tubular casing 212 and a portion fits over the
      top rim of tubular casing 212 -- seal 216 is located between upper cover
      plate 196 and the top rim of tubular casing 212. Seal 216 can be made of
      any suitable sealant material, but preferably is an O ring neoprene seal.
      A portion of lower cover plate 228 fits into tubular casing 212 and a
      portion fits over the bottom rim of tubular casing 212 -- seal 220 is
      located between lower cover plate 228 and the bottom rim of tubular casing
      212. Seal 220 can be made of any suitable sealant material, but preferably
      is an O ring neoprene seal. Segment 224 is a completely sealed unit which
      is vapor and liquid impenetrable. Four L-shaped brackets 236 are mounted
      on top cover plate 196. The top portions of brackets 236 are mounted on
      the lower end of casing 116, thereby attaching casing 212 to casing 116.
      Wheel units 184, 188 and 192 are, respectively similar to wheel units 132,
      136 and 140. See FIG. 6. Wheel unit 184, includes rod 244, U-shaped
      bracket 248, wheel 252, spring box 256, spring 260 and ring (washer) 264,
      mounted on rod 244. Spring 260 presses against ring 264, thereby urging
      wheel 252 against the internal wall of pipe piling 104. Rod 244 contains a
      series of holes 258. Pin 262 fits into one of the holes 258 (see FIG. 6),
      which in turn positions ring 264 on rod 244. Wheel units 188 and 192 each
      includes rod 246, U-shaped bracket 250, wheel 254 and fixed wheel holding
      block 258. Rods 246 are adjustable within fixed wheel holding blocks 258
      in order to be able to adjust for various diametered pipe piles. Each
      fixed wheel holding block 258 is comprised of two parts which form an
      internal passageway in which a rod 246 fits.
PAR  Rods 244 and 246 can have extension rods attached to the inner ends thereof
      when larger diameter pipe pilings are measured so as to be as long as rods
      144 and 146.
PAR  Part of cable 272, which is connected to electrical connector 168, passes
      through a hole (not shown) in plate 276 and through a hole (not shown) in
      hollow shaft 328 into the center portion of shaft 328. That part of cable
      272 extends down the center portion of shaft 328, part of it exiting out
      hole 330 and connecting with stop solenoids 284, 288, 292, 296, 300, 304,
      and 308 (which are mounted on plate 228) and the remainder thereof exiting
      out of the bottom of shaft 328 as electrical cable 348.
PAR  Plate 276 is mounted on [-shaped brackets 316, which are mounted on bottom
      cover 122. Motor 320 is mounted on plate 276 and electrically connected to
      part of electrical cable 272. Head motor 320 is an A.C. capacitor run,
      constant speed, non-synchronous motor. Shaft 324 of motor 320 is connected
      to hollow shaft 328 via shaft connector 332. Shaft 328 extends through a
      hole (not shown) in bottom cover plate 122, through hole 336 in plate 196,
      and through hole 340 in plate 228; shaft 328 is finally attached to plate
      344. A seal is mounted around shaft 328 every place it exits to the
      outside -- such seals are vapor and liquid impenetrable. There are rubber
      (or similar type of material) seals whereever there are holes exiting to
      the outside of segments 224, 226 and 352.
PAR  While pipe pilings which are driven have their head rim plate-butt welded,
      tapered-plate welded or contain force fitted boots, ruptures and cracks
      occur which cause problems of ground water leakage. Rain water can also
      get into the driven piles. These and other factors make it necessary to
      enclose portions of pile scanner 100 to protect it from liquids (and
      vapors).
PAR  Electrical cable 348 is electrically connected to retraction solenoid 350
      and potentiometer 394. The wires of cable 348 exit out passageways 732.
      Rotable measuring subassembly 352 includes plate 344, cover 356 (which is
      mounted on plate 344 by means of fixed bolt arms 360) and plate 364 (which
      is mounted on fixed bolt arms 360). Solenoid 350 is mounted on plate 364.
      Solenoid 350 includes solenoid shaft 368, solenoid shaft spring 372 (e.g.,
      5 pound tension) and solenoid extension plate 376 (one end of which is
      mounted on the outer end of solenoid shaft 368). See FIG. 9. Solenoid
      extension plate 376 is mounted on its other end on shaft 380 of measuring
      wheel unit 384. Shaft 380 is mounted in passageways in potentiometer
      holding blocks 388 and 392 of potentiometer assembly 394. Each
      potentiometer holding blocks 388 and 392 includes a key hole slot which is
      closed by bolt 602. The key hole slot contains brushings 608, in which
      potentiometer casing 604 is mounted. Potentiometer assembly 394 includes a
      linear position transducer (potentiometer 396), potentiometer casing 604
      and a potentiometer adapter 402. Shaft 382 moves in and out of a
      passageway in linear position tranducer 396, and casing 604 moves outside
      of transducer 396.
PAR  Calibration block 398 is mounted on plate 344 on the axis of shaft 380
      behind potentiometer assembly 394. See FIG. 8. Measuring wheel 728 is
      mounted on the end of shaft 380 and is mounted horizontal to the
      longitudinal axis of pile scanner 100 of pipe piling 104; wheel 728
      contacts the inside wall of pipe piling 104 when solenoid 350 is in the
      inactive position (being forced against the inside wall by solenoid spring
      372). When solenoid 350 is activated, measuring wheel 728 is drawn in
      (overcoming the outward force of solenoid spring 372).
PAR  FIG. 12 is a simplified circuitry drawing of the overstress detection and
      measuring means of the apparatus of FIGS. 1 to 11. The bottom
      potentiometer (see the one in measuring segment 352) is balanced out in
      the galvenometer by the top potentiometer (located on the surface). The
      counter associated with the top potentiometer gives a reading which can be
      correlated with the distance measurement producing the output value of the
      bottom potentiometer -- the reading can be recorded on an appropriate
      recording means such as a Rustak Model 400 Potentiometer Recorder, sold by
      Rustak Inst. Div., Gulton Industries, Inc., of Manchester, N.H.
PAR  Waterproof expandible rubber boot 744 fits around shaft 380 and extension
      plate 376 to make the measuring means 352 water and vapor impenetrable.
PAR  Sensing wheel 728 can have a position which is vertical (parallel) to the
      longitudinal axis of pipe scanner 100 or pipe piling 104 by turning
      sensing wheel 728 to that position before pipe scanner 100 is inserted in
      pipe piling 104. This allows pipe scanner 100 to be used to make a
      longitudinal profile of pipe piling 104. This allows correlation of or
      checking of the location of where each series of radial measurements are
      made, of where rock-- or the like -- caused bulges have occured, of where
      changes in the wall configuration have occured in relation to other places
      in the piling. Sensing wheel 728 can be returned to the vertical position
      (perpendicular to the longitudinal axis of pipe pile 104) when pipe
      scanner 100 is removed from pipe pile 104.
PAR  Shaft 328 (driven by motor 320) rotates (advances) rotable measuring
      subassembly 352. Coordinated with the rotation caused by shaft 328,
      subassembly 352 is rotated. At the start of the cycle, block 600 rests
      against one side of pin 404. Pin 404 is mounted in plate 228. Each of stop
      solenoids 284 to 308 include a solenoid shaft 400 which extends through a
      hole in plate 228. See FIGS. 7 and 8. The seven solenoids 284 to 308, plus
      pin 404, are mounted 45.degree. apart on plate 228.
PAR  When solenoid 284 is inactivated, its solenoid shaft 400 is far enough out
      to stop the rotation of measuring subassembly 352 (by coming in contact
      with block 600). A measurement of the internal diameter of pipe piling 104
      is made and recovered by the above-ground recording system. Solenoid 284
      is activated, its solenoid shaft 404 move upwards; measuring subassembly
      352 rotates 45.degree. until stop block 600 contacts extended solenoid
      shaft 400 of sequentially inactivated solenoid 288. A measurement is taken
      and the sequence is repeated until block 600 of measuring subassembly 352
      finally comes to rest again against stud pin 404. Measuring assembly 352
      is returned to the starting position by reversing the above procedure
      (without taking any measurements). An alternative for reversing measuring
      subassembly 352 is circuit means for activating all of stop solenoids 284
      to 308 (which are suction solenoids) in order to simultaneously raise all
      pins 400. (Scanning device 100 is then positioned at another depth in pipe
      piling 104 to make another set of measurements.)
PAR  Drive unit 112 includes tubular casing 408, top cover 412 and bottom
      covering 416. Plate 428 is mounted on brackets 432, which are mounted on
      bottom cover 416. Plate 436 is mounted on brackets 440, which are mounted
      on plate 428. Electrical connector 180 is mounted on and in top cover 412.
      Electrical cable 176 extends through a hole (not shown) in plate 436,
      through hole 444 in plate 428 and through a hole (not shown) in cover 416.
      Motor 448 is mounted on plate 428. Drive motor 448 is an A.C., capacitor
      run, constant speed, non-synchronous motor. Motor 448 is electrically
      connected to electrical connector 180. Shaf 452 of motor 448 contains
      45.degree. (beveled) gear 456 that meshes with 45.degree. (beveled) gear
      460 mounted on shaft 464. Shaft 464 is rotably mounted in shaft box 468
      (includes brushing 470), which is mounted on plate 428. See FIGS. 2 and
      11. Beveled gear 476 (45.degree.) is mounted on the end of shaft 464 and
      engages 45.degree. (beveled) gear 480, which is mounted on shaft 484.
      Shaft 484 is rotably mounted on L-shaped wheel mounting fixture 472. The
      other angle arm of wheel mounting fixture 472 is adjustable (in and out)
      mounted on the bottom of plate 436. Drive wheel 488 is mounted on shaft
      484 and extends through an opening in casing 408. Drive wheel 488 engages
      the inside wall of pipe piling 104, and is used primarily to move scanner
      device 100 along a horizontal pipe piling 104. Shaft 464 is adjustable in
      its mounting position so that it can be adjusted to engage wheel 488 with
      the inside wall of various diametered pipe piles.
PAR  Wheel unit 492 is mounted on top plate 412. Wheel unit 492 includes rod
      496, U-shaped bracket 500, wheel mounting box 504 and wheel 508. Wheel 508
      contacts the inside wall of pipe piling 104, and helps align pipe scanner
      100 in pipe piling 104. Rod 496 is adjustable in box 504. Wheel 488 is
      mounted at a 90.degree. angle to wheel 508; wheels 488 and 508 are
      aligned, repsectively, in a vertical plane with two of the other fixed
      wheels.
PAR  Drive unit 112 contains lifting ring 512 (it is noted that lifting ring 200
      is present on top plate 124 of pile scanner unit 108). A cable 532 is
      attached to lifting ring 512 and is used to raise and lower pipe scanner
      unit 100 in pipe pile 104. Cable 532 is the main means of raising and
      lowering pipe scanner unit 100. Drive wheel 508 (and drive unit 112) is
      essentially only used to move a pipe scanner unit 100 when a horizontal
      pipe is being measured. Drive wheel 508 can be used to position pipe
      scanner unit 100 in a vertical pipe pile 104 for measurements of the
      internal diameter(s) of pipe pile 104, but this does not usually give an
      accurate longitudinal positioning in a vertical pipe pile 104. Cable 532
      preferably contains a strong flexible steel cable for lifting purposes and
      incorporates an electrical cable connected to electrical connector 180.
      Cable 532 is wound up or unwound on winch spool 516, which is mounted on
      winch plate 520 of winch unit 524. Unit 524 is mounted on pipe piling 104
      by means of C-shaped end 528 of pile clamps 534 that are mounted on the
      bottom of plate 520. Unit 524 also includes cover 536 and reversible motor
      540, which drives spool 516. The electrical cable portion of cable 532
      extends into shaft 544 of spool 516 (via a hole, not shown in spool 516)
      and exits out (548) of rotary joint stand 552 (by means of rotating
      electrical connector 554). Electrical cable 548 is in communication with
      the appropriate power source and recording -- indication system 182 by
      means of electric jack 556. If drive means 112 are not used, then the
      cable is attached to lifting ring 200 and spool 516 (winding and unwinding
      cable 532) is used to position pipe scanner 100 for measurements as well
      as raising and lowering pipe scanner 100 in pipe piling 104. Otherwise the
      description for lifting ring 512 applies to lifting ring 200.
PAR  Use of a digitalized surface recording unit has a number of obvious
      advantages, but the other surface recording unit shown by FIGS. 4 and 12
      is preferred. A useful digitalized surface recording unit is Model 1230
      Digital Panel Meter in combination with Model 500 Digital Printer, both
      sold by Weston Instruments, Inc., of Newark, N.J. (FIG. 13 shows the
      alternative use of the digitalized surface recording unit and the
      galvanameter and counter.)
PAR  For example, head motor 320 can be a 1/50 H.P. Bodine Motor having at 9.4
      rpm, a torque of 40 in.-lbs., is a NCI type and is a 115V AC Cap. Rev.
      OBB. For example, drive motor 448 can be a 1/30 H.P. Bodine Motor having,
      at 28 rpm, a torque of 40 in.-lbs., is a NCI type and is a 115V AC Cap.
      Rev. OBB. For example, winch motor 540 can be a 1/2 H.P. TE/FC split phase
      Dayton gearmotor having the following specifications: F/L rpm, 60; ratio,
      28.6:1 and torque, 480 in./lbs. For example, retract solenoid 348 can a
      size H made by Hi-G Incorporated, Windsor Locks, Conn., which has the
      following specifications: a coil resistance at 25.degree.C. of 0.503 ohms
      at a duty cycle of 10 percent at 6 VDC a response time of 22.5
      milliseconds at a duty cycle of 10 percent; and snap ring diameter of
      0.746. For example, each of stop solenoids 284 to 308 can be a size C made
      by Hi-G Incorporated, Windsor Locks, Conn., which has the following
      specifications: a coil resistance at 25.degree.C of 1.57 ohms at a duty
      cycle of 10 percent at 6VDC; a response time of 10 milliseconds at a duty
      cycle of 10 percent; and a snap ring diameter of 0.0446. The electrical
      connectors can be amphenols.
PAR  The surface recording means can be a potentiometric recorder (preferred) or
      other suitable recording means. The potentiometric recorder can be Model
      400 Potentiometer Recorder made by Rustak Instrument Div. of Gulton
      Industries, Inc., Manchester, N.H.
PAR  FIG. 4 is a self-explanatory wiring diagram of the circuitry of the
      apparatus of FIGS. 1 to 3 and 5 to 11.
PAR  The preferred embodiment of the process of this invention involves the use
      of the preferred embodiment of this invention (as embodied in FIGS. 1 to
      13).
PAR  FIGS. 14 to 16 illustrate another embodiment of this invention. Pipe
      scanner 800 is located inside of (hollow) pipe piling 804. Pipe scanner
      includes elongated tubular casing 808, wheel sets 812 and 816,
      outward-pressured wheel arrangement 820, rotating means 824 and diameter
      scanner 828. Wheel set 812 includes wheel 832 and leg 836, which is
      adjustably mounted to one side of square plate 840, and wheel 844 and leg
      848, which is adjustably mounted to another side of square plate 840. A
      ninety degree placement results. Plate 840 is mounted around casing 808
      (near its top). Wheel set 816 includes wheel 852 and leg 856, which is
      adjustably mounted on one side of square plate 860, plus wheel 864 and leg
      868 which is adjustably mounted on another side of plate 860. A 90.degree.
      placement results. Both sets of wheels are vertically aligned together.
      Outwardpressured wheel arrangement 820 includes arm 872, which is
      pivotally attached to pivot housing 874, i.e., is mounted on casing 808
      below a bottom corner of plate 840, wheel 876, which is rotably mounted on
      the free end of arm 872, spring rest 878, which is mounted on casing 808,
      and curved leaf spring 880. (Spring rest 878 is used in order to get more
      spring tension, but a heavier leaf spring can be used instead). Wheel 876
      is aligned so that it is a vertical plane which splits wheel sets 812 and
      816. This gives stability and alignment to pipe scanner 800. Wheel 876
      engages the wall of pipe pile 804 and is outwardly pressured by curved
      leaf spring 880 (which is attached at one end to pivot housing 874 -- to
      the same location on casing 808 where arm 872 is attached).
PAR  Eye hook 884 is mounted on top of plate 840 and is used to attach a cable
      by which pipe scanner 800 is raised and lowered in pipe pile 804. The
      means for raising and lowering pipe scanner 800 are pieces of rods
      (usually 10 foot in length), one of which is connected to universal joint
      888. Universal joint 888 is connected to hollow casing 824, which extends
      through casing 808 and is rotable therein. The rods extend to the surface.
      The rods are used to turn casing 824 which allows the radial positioning
      of diameter scanner 828. Plate 892 of diameter scanner 828 is attached to
      the lower end of casing 824. Stop block 990 is mounted on the top of plate
      892, and stop block 994 is mounted on the bottom of plate 860. Blocks 990
      and 994 keep the diameter scanner from being turned more than about 360
      degrees.
PAR  Diameter scanner 828 is similar to rotable measuring assembly 352 of the
      preferred embodiment of this invention. The main difference is that
      retraction solenoid 896 is forced into the retraction position by means of
      air pressure. See FIG. 14. Air hose 900 extends from the surface and
      passes down casing 824 to air coupling 904 on solenoid 896 -- the
      pressurized air causes retraction of solenoid shaft 908 in opposition to
      solenoid spring 912. Solenoid 896, which is mounted on the bottom of plate
      892, also includes air valve assembly 916, solenoid extension plate 920
      and solenoid body 924. Solenoid extension plate 920 is urged outwards by
      spring 912. Solenoid extension plate 920 is attached on its other end to
      shaft 924 of wheel unit 928. Shaft 924 is attached to potentiometer casing
      932, which is mounted in passageways of potentiometer holding blocks 936
      and 940 of potentiometer assembly 944. Potentiometer assembly 944 includes
      a linear position transducer (potentiometer), potentiometer casing 932 and
      a potentiometer adapter. Calibration assembly 948 is mounted on plate 892
      on the axis of shaft 924. Measuring wheel 952 is mounted on the end of
      shaft 924 and is horizontal to the longitudinal axis of pipe scanner 800.
      Wheel 952 contacts the inside wall of pipe pile 804 when solenoid 896 is
      in the inactive position (being forced against the inside wall by solenoid
      spring 912).
PAR  A measurement of the internal diameter of the wall is made when wheel 952
      is pressed against the wall of pile 804 (at a desired level therein). The
      measurement is recorded by the above-ground recording system (i.e., a
      strain gauge) which is electrically connected to pipe scanner 800. The
      connecting electric cable can follow the same path as air hose 900.
      Diameter scanner 828 is then manually rotated to another radical position
      and another measurement taken, etc. Then diameter scanner 828 is manually
      rotated back to its starting radial position.
PAR  Pipe scanner 800 can be moved up or down pipe pile 804 for another set of
      measurements at another desired level.
PAR  Casing 824, at both ends of casing 808, is encased in race 980, bearing 984
      and sealing ring 988 (see FIG. 13).
PAR  The top of pipe piling 804 had mounted thereon a top turning guide which
      comprised two C-shaped units which fit around the turn rods -- 45.degree.
      marks were placed on the top turning guide surface so as to help position
      pipe scanner 800.
PAR  Using the apparatus of FIGS. 14 to 16, a compression test was run on pipe
      piles. A series of readings were taken at nine points around the
      circumference at various depths in each pipe piling. The readings were
      taken at 0.degree., 45.degree., 90.degree., 135.degree., 180.degree.,
      225.degree., 270.degree., 315.degree., and 349.degree.. The nine readings
      were added together (.SIGMA.) -- by adding such readings together, it took
      care of the position of the pile scanner (instrument) with respect to the
      center of the pipe. (The center of the instrument is slightly off of the
      center of the pile in most cases, but this is compensated for as shown
      above. For the true radius, the sum of the nine readings is divided by
      nine and a constant is added to the quotient.) An example is
TBL           before                                                           
     depth of (test or    .SIGMA.                                              
     pile     driving)    after       .DELTA..SIGMA.                           
     ______________________________________                                    
     4 ft.    6.941       7.185       0.244                                    
     ______________________________________                                    
PAL  The tests are taken at various depths for each pile and the .DELTA..SIGMA.
      for each longitudinal level (position) in the pile are averaged -- this
      quotient is applied to curves to determine the degree or value of
      overstress in a particular piling. The curves were developed through load
      tests in the laboratory, that is, a pipe was loaded to a certain stress,
      readings were taken, etc., and curves developed. FIG. 17 sets out the
      laboratory curve for finding relative stress with respect to
      .DELTA..SIGMA. ave. The data from sections D, E and F in a pipe piling
      were:
TBL  SECTION D                                                                 
     Stress (psi)                                                              
                Strain (in/in)                                                 
                              .DELTA..SIGMA. avg.                              
     ______________________________________                                    
     42,337     0.001650      0.198                                            
     46,639     0.002890      0.274                                            
     50,137     0.008800      0.321                                            
     SECTION E                                                                 
     Stress (psi)                                                              
                Strain (in/in)                                                 
                              .DELTA..SIGMA. avg.                              
     ______________________________________                                    
     47,599     0.002910      0.254                                            
     49,931     0.008110      0.341                                            
     SECTION F                                                                 
     Stress(psi)                                                               
                Strain (in/in)                                                 
                              .DELTA..SIGMA. avg.                              
                              (from Instrument)                                
     ______________________________________                                    
     37,585     0.000725      0.181                                            
     47,325     0.002870      0.248                                            
     51,029     0.007630      0.363                                            
     ______________________________________                                    
      Note: Strain data obtained from a university report.                     
PAL  Fig. 18 is a graph of strain (in/in) versus stress (ksi) for sections D, E
      and F. The point of critical stress is indicated, and used to locate the
      point of critical stress in FIG. 19. Strain (in/in) is plotted against
      .DELTA..SIGMA. ave (in.) for sections D, E and F. The value of
      .DELTA..SIGMA. ave, for the point of critical stress is 0.310.
PAR  Referring to FIG. 18 of stress vs. strain, the point of critical stress is
      often termed the point of maximum obtainable stress. Line A--A represents
      the yield point where actual plastic deformation starts and is classically
      termed overstress. But hollow columns act differently than the normal
      situtation. So herein, applicant terms overstress as starting at the point
      of critical stress.
PAR  The apparatus of this invention has a center axis which in practice will
      usually not coincide with the center axis of the pipe piling. There would
      be no problem (as a constant could be used to compensate) if the pipe
      piling did not change shape after driving. So the average of a number of
      measurements at different compass points at a particular level in the pipe
      piling must be made before and after driving -- this allows a comparison
      of what in effect is the cross-section of the pipe piling at that level
      before and after driving, the difference being a measurement or indication
      of the overstress (or stress) present in the pipe piling at that level.
PAR  Using the preferred apparatus of FIGS. 1 to 13, a compression test was run
      on a pipe pile (123/4  .times. 0.375). A series of readings were taken at
      nine points around the circumference at various depths in each pipe
      piling. The readings were taken at 0.degree., 45.degree., 90.degree.,
      135.degree., 180.degree., 225.degree., 270.degree., 315.degree. and
      349.degree.. The nine readings were added together (.SIGMA.) -- by adding
      such readings together, it took care of the position of the pile scanner
      (instrument) with respect to the center of the pipe. (The center of the
      instrument is slightly off of the center of the pile in most cases, but
      this is compensated for as shown above. For the true radius, the sum of
      the nine readings is divided by nine and a constant is added to the
      quotient.) For the three measurement levels:
TBL           .SIGMA.before                                                    
     depth of (test or    .SIGMA.                                              
     pile     driving)    after       .DELTA..SIGMA.                           
     ______________________________________                                    
     10 ft.   7.146       6.957       0.189                                    
     20 ft.   7.075       7.012       0.063                                    
     30 ft.   7.036       7.024       0.012                                    
     ______________________________________                                    
PAL  The tests are taken at the three depths in the pile were are averaged
      (.DELTA..SIGMA. ave. = 0.88) -- this quotient is applied to curves to
      determine the degree or value of overstress in a particular piling. The
      curves were developed through load tests in the laboratory, that is, a
      pipe was loaded to a certain stress, readings were taken, etc., and curves
      developed. An example of the curve is FIG. 17 for the aforegoing example
      which sets out the laboratory curve for finding relative stress with
      respect to .DELTA..SIGMA. ave. Using strain data obtained from a
      university report, a curve like FIG. 18 of a graph strain (in/in) versus
      stress (ksi) is prepared. The point of critical stress is indicated, and
      used to locate the point of critical stress in a curve like FIG. 19.
      Strain (in/in) is plotted against .DELTA..SIGMA. ave (in.) The value of
      .DELTA..SIGMA. ave., for the point of critical stress is 0.310. There was
      no overstress since the .DELTA..SIGMA. ave. was 0.88.
PAR  The driving of the pile was done with a Delmag D-30 hammer. After the 40
      foot pile was driven into place (home), it had a load capacity of 115 tons
     .
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for determining the load-carrying capability of a hollow
      pile driven into the ground to carry a load whereby changes in the
      internal surface configuration of said pile at various point along its
      length are measured, comprising: a body member defining a longitudinal
      axis; rotatable sensing means, which is rotatable in relation to said body
      member about said axis, for entering and sensing the distance of a
      straight line extending from the longitudinal axis of said apparatus to
      the internal wall of said pile in any radial direction at any point along
      the length of said pile and for producing a signal representative of the
      distance of said line; means, independent of the longitudinal position of
      said apparatus in said pile, for rotating said rotatable sensing means to
      any desired radial position; and drive means for moving said body member
      longitudinally in said pile to any desired point along the length of said
      pile.
NUM  2.
PAR  2. An apparatus as described in claim 1 wherein said rotatable sensing
      means includes a linear potentiometer for producing the signal
      representative of said distance.
NUM  3.
PAR  3. An apparatus as described in claim 2 wherein said apparatus includes
      means for transmitting said signal representative of said distance to a
      potentiometer recorder, located on the surface, and said potentiometer
      recorder records said signal representative of said distance.
NUM  4.
PAR  4. An apparatus as described in claim 2 wherein said apparatus includes
      means for transmitting said signal representative of said distance to a
      digitalized potentiometer recorder, located on the surface, and said
      digitalized potentiometer recorder records said signal representative of
      said distance.
NUM  5.
PAR  5. An apparatus as described in claim 1 wherein said signal is indicated by
      indicating means located on the surface.
NUM  6.
PAR  6. An apparatus as described in claim 1 wherein said apparatus includes
      means for transmitting said signal representative of said distance to
      recording means, located on the surface, and said recording means records
      said signal representative of said distance.
NUM  7.
PAR  7. An apparatus as described in claim 1 wherein said rotatable sensing
      means is rotatably attached to said body member, and includes a rotatable
      sensing unit which is rotatable in a plane perpendicular to the
      longitudinal axis of said pile, which includes a wheel mounted on the end
      of the shaft of a linear potentiometer, a solenoid connected to said
      shaft, and biasing means, said biasing means engaging said wheel against
      the internal wall of said pile when said solenoid is inactivated, and said
      solenoid acting against said biasing means and disengaging said wheel from
      said internal wall when said solenoid is activated, said linear
      potentiometer producing a signal representative of said distance indicated
      by said wheel engaging the internal wall of said pile.
NUM  8.
PAR  8. An apparatus as described in claim 7 wherein said rotatable sensing unit
      is rotated by means of a motor, mounted on said body member, which turns a
      shaft upon which said rotatable sensing unit is mounted.
NUM  9.
PAR  9. An apparatus as described in claim 8 wherein said drive means for moving
      said rotatable sensing unit includes a motor driven wheel, which engages
      the internal wall of the piling, whereby said rotatable sensing unit is
      moved longitudinally in said pile, said motor driven wheel being mounted
      on said body member.
NUM  10.
PAR  10. An apparatus as described in claim 9 wherein a winch cable is attached
      to said body member, said winch cable being movable by a surface-located
      motor-driven winch.
NUM  11.
PAR  11. An apparatus as described in claim 10 which includes at least two sets
      of wheels mounted on said body member for orienting said longitudinal axis
      of said body substantially on the longitudinal axis of said pile.
NUM  12.
PAR  12. An apparatus as described in claim 11 wherein each set of wheels
      comprises three wheels which engage the interior wall of said pile, one of
      said wheels being outwardly biased and the other two of said wheels being
      adjustable towards and away from said body member so that said rotatable
      sensing means can be used in piles having substantially different internal
      diameters.
NUM  13.
PAR  13. An apparatus for determining the load-carrying capability of a hollow
      pile driven into the ground to carry a load whereby changes in the
      internal configuration of said pile at various points along its length are
      measured, comprising:
PA1  a. a sealed, elongated top casing having a circular cross-section;
PA1  b. a sealed, elongated, bottom casing having a circular cross-section,
      which is attached to top casing (a) by bracket means, there being a space
      between top casing (a) and bottom casing (b);
PA1  c. reversible motor means mounted in top casing (a);
PA1  d. rotatable shaft means extending from motor means (c) through top casing
      (a) and on through bottom casing (b) to a point outside thereof;
PA1  e. a rotatable sensing unit attached to the end of shaft means (d),
      rotatable sensing unit (e) thereby being rotatable in relation to top
      casing (a) and bottom casing (b) and independently of the longitudinal
      position of said apparatus in said pile, such rotatable sensing unit being
      capable of sensing the distance of a straight line extending from the
      longitudinal axis of said apparatus to the internal wall of said pile in
      any radial direction at any point along the length of said pile and for
      producing a signal representative of said distance of said line, the
      rotatable sensing unit comprising:
PA2  i. a linear potentiometer,
PA2  ii. a wheel attached to the end of the shaft of linear potentiometer (i),
      such wheel (ii), when engaging said internal wall of said pile, being an
      indication of said distance from said longitudinal axis of said apparatus
      to said internal wall of said pile,
PA2  iii. a retraction solenoid, the shaft thereof attached to the shaft on
      which wheel (ii) is mounted, and
PA2  iv. biasing means, such biasing means (iv) engaging wheel (ii) against the
      internal wall of said pile when solenoid (iii) is inactivated, and
      solenoid (iii) acting against biasing means (iv) and disengaging wheel
      (ii) from said internal wall of said pile when solenoid (iii) is
      activated, linear potentiometer (i) producing a signal representative of
      said distance indicated by said wheel engaging said internal wall of said
      pile;
PA1  f. two sets of wheels, one such set of wheels mounted on top of casing (a),
      and one such set of wheels mounted on the top of bottom casing (b), such
      two sets of wheels for orienting said apparatus substantially on said
      longitudinal axis of said pile, and each such set of wheels comprising
      three wheels which engage said interior wall of said pile, one of such
      wheels being outwardly biased and the other two said wheels being
      adjustable towards and away from said body member so that said apparatus
      can be used in piles having substantially different internal diameters;
PA1  g. (i) at least one suction solenoid mounted on the bottom wall of casing
      (b), the shaft thereof extending through such wall, (ii) a pin extending
      through the bottom wall of casing (b), and (iii) a block mounted on top of
      rotatable sensing means (e), block (iii) radially positioning said
      rotatable sensing means (e), as said rotatable sensing means (e) rotates,
      by block (iii) contacting the extended shaft of one of suction solenoids
      (i) or pin (ii) by preventing further rotation of rotatable sensing means
      (e) until the shaft of such solenoid (i) is retracted or rotatable sensing
      means (e) is rotatably reversed in direction;
PA1  h. surface-located motorized means for inserting said apparatus into said
      pile, for removing said apparatus from said pile and for raising and
      lowering said apparatus in said pile;
PA1  j. surface-located recording means for recording the signal produced by
      potentiometer (i) which is representative of said distance of said line
      which is indicated by the radial position of said rotatable sensing means
      (e) in said pile; and
PA1  k. means for transmitting said signal which is representative of said
      distance to recording means (j).
NUM  14.
PAR  14. An apparatus as described in claim 13 wherein biasing means (iv) is a
      spring.
NUM  15.
PAR  15. An apparatus as described in claim 13 wherein wheel (ii) is rotatably
      positioned in a plane parallel to said longitudinal axis of said pile.
NUM  16.
PAR  16. An apparatus as described in claim 13 wherein wheel (ii) is rotatably
      positioned in a plane perpendicular to said longitudinal axis of said
      pile.
NUM  17.
PAR  17. An apparatus for determining the load-carrying capability of a hollow
      pile driven into the ground to carry a load whereby changes in the
      internal configuration of said pile at various points along its length are
      measured, comprising:
PA1  a. a sealed, elongated casing having a circular cross-section;
PA1  b. rotatable shaft means extending from a point above casing (a), through
      casing (a) and on through casing (a) to a point below casing (a);
PA1  c. a rotatable sensing unit attached to the end of shaft means (b),
      rotatable sensing unit (e) thereby being rotatable in relation to casing
      (a) and independently of the longitudinal position of said apparatus in
      said pile, such rotatable sensing unit being capable of sensing the
      distance of a straight line extending from the longitudinal axis of said
      apparatus to the internal wall of said pile in any radial direction at any
      point along the length of said pile and for producing a signal
      representative of said distance of said line, the rotatable sensing unit
      comprising:
PA2  i. a linear potentiometer;
PA2  ii. a wheel attached to the end of the shaft of linear potentiometer (i),
      such wheel (ii), when engaging said internal wall of said pile, being an
      indication of said distance from said longitudinal axis of said apparatus
      to said internal wall of said pile,
PA2  iii. A retraction solenoid, the shaft thereof attached to the shaft on
      which wheel (ii) is mounted, and
PA2  iv. biasing means, such biasing means (iv) engaging wheel (ii) against the
      internal wall of said pile when solenoid (iii) is inactivated, and
      solenoid (iii) acting against biasing means (iv) and disengaging wheel
      (ii) from said internal wall of said pile when solenoid (iii) is
      activated, linear potentiometer (i) producing a signal representative of
      said distance indicated by said wheel engaging said internal wall of said
      pile;
PA1  d. three sets of wheels, one such set of wheels (i) mounted on a plate
      mounted on the top of casing (a) on one side thereof, a second such set of
      wheels (ii) mounted on a plate mounted on the bottom of casing (a) on said
      one side thereof, and the third such set of wheels (iii) mounted on casing
      (a) intermediate the two sets of wheels (i) and (ii) and on the opposite
      side of casing (a) from the two sets of wheels (i) and (ii), such three
      sets of wheels for orienting said apparatus substantially on the
      longitudinal axis of said pile, each set of wheels (i) and (ii) comprising
      two wheels which engage the interior wall of said pile, each of such two
      wheels being adjustable towards and away from casing (a) so that said
      apparatus can be used in piles having substantially different internal
      diameter, and said oppositely mounted wheel set (iii) being a wheel
      rotatably mounted on an arm which is pivotally mounted on casing (a), said
      wheel being outwardly biased against said interior wall of said pile by
      means of a leaf spring mounted between said arm and casing (a);
PA1  e. (i) a pin extending through the plate on the bottom of casing (a) and
      (ii) a block mounted on the top of rotatable sensing unit (c), pin (i) and
      block (ii) preventing further rotation of rotatable sensing means (c) when
      they contact each other until rotatable sensing means (e) is rotatably
      reversed in direction;
PA1  f. rod means attached to rotatable shaft means (b) for selectively
      rotationally positioning rotatable sensing means (c) from the surface;
PA1  g. surface-located motorized means for inserting said apparatus into said
      pile, for removing said apparatus from said pile and for raising and
      lowering said apparatus in said pile;
PA1  h. surface-located recording means for recording the signal produced by
      potentiometer (i) which is representative of said distance of said line
      which is indicated by the radial position of rotatable sensing unit (c) in
      said pile;
PA1  j. means for transmitting said signal which is representative of said
      distance to recording means (h).
NUM  18.
PAR  18. An apparatus for determining the internal surface configuration of a
      tube at various points along its length, comprising: a body member
      defining a longitudinal axis; rotatable sensing means, which is rotatable
      in relation to said body member, for entering and sensing the distance of
      a straight line extending from a fixed point on said apparatus to the
      internal wall of said tube in any radial direction at any point along the
      length of said tube and for producing a signal representative of the
      distance of said line; means, independent of the longitudinal position of
      said apparatus in said tube, for rotating said rotatable sensing means to
      any desired radial position; and drive means for moving said body member
      longitudinally in said tube to any desired point along the length of said
      tube.
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ABST
PAL  An aiming bar is inserted through the aiming slit of an aircraft visual
      approach slope indicator housing and secured at its inner end to a cross
      bar in front of a horizontal row of landing lights so that the aiming bar
      assumes the vertical angle of the upwardly directed light beam. A pivot
      bar is mounted on the aiming bar and aligned with an angle plate mounted
      on the aiming bar to indicate the slope of the approach indicator.
PAL  The alignment assembly is calibrated using a T-shaped calibration bar
      positioned in a rigid carrying case. A pin at each end of the T-cross arm
      and at the remote end of the T-leg rests on respective mounting pedestals
      whereby the calibration bar is held in a raised position and leveled by
      adjustment of at least two of the pins to provide a horizontal platform
      for mounting the alignment assembly. The aiming bar is horizontally
      mounted on the T-leg and the pivot bar is set to a horizontal angle plate
      reading. If the pivot bar is level, the operator is assured that the
      alignment assembly is correctly calibrated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The method and apparatus of this invention concern airport landing lights,
      and specifically a method and apparatus for aiming visual approach slope
      indicators which direct a beam of light at approaching aircraft to
      indicate to the pilot whether he is within the appropriate glide path
      which has been predetermined for aircraft approaching the particular
      runway. Such aircraft visual approach slope indicators are spaced
      intermittently along one or both sides of airport runways to aim narrow
      split beams of light, elongated in the horizontal plane, at approaching
      aircraft. Typically, the upper beam segment is white and the lower segment
      is red with the transition zone being pink. The farthest light unit of a
      two unit system, for example, is aligned and positioned so that the bottom
      of the red or lower segment is parallel to the glide path and forms the
      upper limit of the ideal glide path. In such a system, the light unit
      closest to approaching aircraft is aligned and positioned so that the top
      of the white or upper segment is aimed into the glide path and the bottom
      of the white segment is approximately parallel to the glide path and forms
      the lower limit of the ideal glide path. When an aircraft is on the proper
      glide path, the closest unit will appear white to the pilot and the
      farthest will appear red. If the approach is too high, both units will be
      seen as white and a low approach is indicated by both units appearing red.
PAR  Such visual approach slope indicators normally consist of a rectangular
      housing having adjustable legs at each corner so that the correct vertical
      angle of the narrow elongated light beam can be maintained by periodically
      verifying and adjusting the slope of the indicator housings. Previous
      alignment or aiming procedures employed an airplane flying the correct
      glide path as indicated by a person on the ground tracking the airplane.
      When the correct glide path was attained, the pilot would report any
      lights which were not properly visible and adjustments would be made on
      the spot by a third individual on the ground adjusting the legs of the
      various visual approach slope indicators. If the number of required
      adjustments consumed any considerable length of time, the airplane would
      be required to make a number of passes in order to provide the individual
      adjusting the indicator with sufficient time to complete the job. Such a
      procedure is obviously extremely time consuming and expensive in terms of
      personnel and equipment.
PAC  SUMMARY OF THE INVENTION
PAR  An alignment assembly is provided for determining alignment of an aircraft
      visual approach slope indicator where the indicator housing contains at
      least one landing light spaced from an aiming slit. A first linear member
      projecting into the indicator housing through the aiming slit is removably
      secured at its inner end adjacent the center of the landing light. A
      second rigid linear member pivotally mounted on the first member outside
      the indicator housing in a vertical plane parallel to the vertical plane
      of the first member is rotated to extend back towards the housing. Means
      are provided for indicating when the second member is level and further
      means are provided for indicating the acute vertical angle between the
      first member and the rearwardly extending level second member to thereby
      show the slope of the approach indicator.
PAR  In one embodiment of the invention, the free end of the second alignment
      assembly member is clamped to a slotted angle plate so that the top
      surface of the member is aligned with a mark on the plate indicating the
      acute angle between first and second members. This acute angle is the
      vertical angle of the directed light beam. In order to ensure accuracy of
      the alignment assembly, a rigid rectangular portable carrying case
      provides three mounting pedestals for receiving pins extending from the
      two ends of the cross arm and from the remote end of the leg of a T-shaped
      calibration bar. At least two of these pins are adjustable to form an
      adjustable tripod mounted calibration bar, and the T-leg of the
      calibration bar is provided with means for mounting the first linear
      member of the alignment assembly parallel to and above the T-leg. When the
      first member is positioned on the leveled calibration bar, the second
      member is rotated until its top surface indicates a zero angle on the
      plate between the first and second members. If the means for indicating
      the leveled position of the second member show that the second bar lies in
      a horizontal plane, the alignment assembly may be assumed to be accurately
      calibrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may best be understood when considered in light of the
      following detailed description in conjunction with the accompanied
      drawings, wherein:
PAR  FIG. 1 is a perspective view of the prior art aircraft visual approach
      slope indicators positioned at the end of the runway and aligned along
      either side thereof;
PAR  FIG. 2 is a partially sectioned, perspective view of an aircraft visual
      approach slope indicator;
PAR  FIG. 3 is a partially sectioned, perspective view of an aircraft visual
      approach slope indicator with the alignment assembly of this invention
      installed;
PAR  FIG. 4 is a perspective, exploded view of the calibration bar of one
      embodiment of this invention and the alignment assembly ready for
      placement in a carrying case;
PAR  FIG. 5 is a rotated, partially sectioned, perspective of the calibration
      apparatus shown in FIG. 4 as viewed from position 5 in FIG. 4 and as
      assembled for calibration of the alignment assembly; and
PAR  FIG. 6 is an elevational view taken along the line 6--6 of FIG. 5 showing
      the alignment assembly of FIG. 3 mounted on the calibration bar positioned
      on the mounting pedestals in the carrying case.
DETD
PAC  DETAILED DESCRIPTION
PAR  Typical aircraft visual approach slope indicators 12 are shown in FIG. 1
      aligned along each side of the end of the runway 10 in a relatively close
      group which may be observed at a distance by approaching aircraft. As is
      shown in FIGS. 2 and 3, each rectangular indicator housing 14 is supported
      by four adjustable legs 16 so that the aiming slit 18 and row of landing
      lights 20 may be adjusted to position their longitudinal axes in
      horizontal planes. In addition, the indicator housing legs 16 are
      vertically adjustable to direct an elongated narrow beam of light, as
      previously described, from the row of landing lignts 20 through the aiming
      slit 18 at the proper vertical angle.
PAR  A thin channeled cross bar 22, mounted on bulkhead 24, extends parallel to
      the longitudinal axis and in front of the row of landing lights 20 and
      provides a support for engagement by a spring clip 26 secured to the inner
      end of a bar component 32 of an alignment assembly as is shown in FIGS. 3,
      4 and 6 and as will be described in more detail hereafter.
PAR  As may be more clearly seen in FIG. 6, the spring clip 26 consists of a
      rigid plate 30 and a spring metal plate 28 fixed to opposite sides of the
      bottom of a channeled bar 32, called an aiming bar, to form clip jaws
      which grip the top and bottom surfaces of the crossbar when the aiming bar
      32 is inserted through the aiming slit 18. An aperture pad 34 secured to
      the bottom of the aiming bar rests on the lower edge of the slit 18 to
      position the aiming bar at the same angle as the vertical angle of the
      light beam passing from the aiming slit 18.
PAR  A channeled pointer arm or pivot bar 38 is pivotally mounted on a pin 40 at
      the outer end of the aiming bar 32 so that the pointer arm extends
      rearwardly back towards the indicator housing 14. The inner end of the
      pointer arm carries a clamp, such as a threaded bolt 42, shown in FIG. 6,
      extending towards the aiming bar and a wingnut (not shown) adapted to be
      screwed onto the bolt.
PAR  A slotted angle plate 44 fixed to the aiming bar adjacent the pointer arm
      receives the bolt 42 through a plate slot 46, enabling the pointer arm to
      be clamped in various rotated positions by screwing the wingnut down onto
      the opposite side of the angle plate. The angle plate carries angle
      markings 48 alongside the slot which are calibrated to indicate an the
      acute angle formed between the pointer arm and the aiming bar when an
      angle marking is aligned with the top surface of the pointer arm 38. For
      example, FIG. 6 shows the pointer arm and aiming bar aligned in the same
      horizontal plane and in a configuration so that the top surface of the
      pointer arm will be aligned with an angle plate marking indicating a zero
      angle.
PAR  As is shown in FIG. 3, in order to align or aim the light beam, the pointer
      arm 38 is rotated until its top surface is aligned with an angle marking
      corresponding to the vertical angle at which the light beam is desired to
      be directed. The pointer arm is clamped in this position by tightening the
      wingnut onto the bolt 42 against the angle plate 44 and the position of
      the bubble in the level 52 mounted on the top surface of the pointer arm
      is observed. Since the slope of the aiming bar corresponds to the vertical
      angle of the directed light beam, the light beam will be directed at the
      desired vertical angle, as indicated on the angle plate, when the level 52
      shows the pointer arm to be in a horizontal plane or level. In other
      words, the desired vertical angle for the directed light beam is set as
      the angle between the aiming bar and the pointer arm, and this should be
      the same as the vertical angle of the aiming bar. This is achieved by
      adjusting the indicator housing legs 16 until the level 52 indicates the
      pointer arm to be level.
PAR  In order to achieve the desired degree of accuracy, the pointer arm should
      be of sufficient length to ensure that normal tolerances in constructing
      the rigid aiming bar and pointer arm and angle plate, and in machining the
      angle markings, do not produce serious error in reading the indicated
      angle. Thus, the pointer arm in the preferred embodiment of the invention
      is about 28.5 inches in length between the pivot pin 40 and the location
      where the pointer arm intersects the markings 48.
PAR  In order for the alignment assembly to be properly utilized, the aiming bar
      and the pointer arm must be straight, the level 52 true, and the angle
      plate accurate. Since such alignment assemblies typically receive very
      rough treatment, it is not uncommon for the bars or plate to become bent
      or the level broken. To prevent erroneous alignment assembly readings, a
      calibration device is provided which includes a rigid metal carrying case
      60 serving the dual function of providing protection for the alignment
      assembly and calibration bar during transport and providing a rigid base
      on which the calabration bar and alignment assembly may be mounted for
      calibration. Mounting pedestals 62, 64 and 66 secured to the bottom of the
      carrying case retain the calibration bar and alignment assembly in
      position for transport when placed in the carrying case as indicated in
      FIG. 4. More importantly, however, these mounting pedestals provide a
      raised surface for the calibration bar tripod leveling arrangement shown
      in FIG. 5.
PAR  Specifically, calibration bar 70 and the alignment assembly may be stored
      in the carrying case 60, as shown in FIG. 4, by first collapsing the
      alignment assembly on its side so that the aiming bar and pointer arm are
      parallel and then inserting the clip 26 between the pedestals 64 and 66
      while the angle plate 44 rests behind the pedestal 62. The calibration bar
      crossarm 72 bears against the ends of the pedestal flanges 65 and 67 while
      the end of calibration bar leg 74 is maintained between the L-shaped
      flange 68 and the side of the carrying case.
PAR  As may be seen in FIGS. 4-6, the calibration bar is T-shaped, consisting of
      a crossarm 72 fixed to the bottom of the T-leg 74. One end of the crossarm
      is shortened, as may be more clearly seen in FIG. 5. A fixed pin 76 is
      mounted on the shortened crossarm end to provide the pivot point for the
      calibration bar adjustable tripod arrangement. A pin 78, threaded through
      the other crossarm end, and a pin 80, threaded through the remote end of
      the T-leg, provide the two adjustable tripod legs for the calibration bar.
PAR  As may be more clearly seen in FIGS. 5 and 6, a raised flange 84 on top of
      the T-leg receives the aiming bar spring clip 26 and a mounting pad 86
      provides a rest for the aperture pad 34.
PAR  In order to calibrate the alignment assembly, the calibration bar is first
      removed from the carrying case in its inverted position so that the
      alignment assembly may be lifted out. The calibration bar is then rotated
      180.degree. about its longitudinal axis x--x as indicated by the arrow 88
      in FIG. 4. The two leveling pins 78 and 80 are positioned in the
      cup-shaped indentations in the top of the mounting pedestals 62 and 66
      respectively. The fixed pivot pin 76 is seated in the indentation in the
      top of the pedestal 64 to provide a fixed point for the three point
      leveling arrangement.
PAR  The threaded leveling pins 78 and 80 are rotated until the level 90, when
      placed longitudinally and then transversely on the T-leg 74, indicates
      that the calibration bar T-leg 74 is leveled. The level 90 is then removed
      and the alignment assembly mounted on top of the calibration bar T-leg as
      previously described and as shown in FIG. 6. The pointer arm 38 is rotated
      until its top surface is aligned with a mark on the angle plate 44
      indicating a zero angle. The pointer arm is then clamped in the zero
      position and the adjustable level 52, mounted on the pointer arm top
      surface, is adjusted until it indicates that the pointer arm is leveled.
PAR  This invention thus provides a method and apparatus for conveniently
      ensuring that the light beam directed at approaching aircraft is aimed at
      the correct vertical angle. In addition, the operator is provided with a
      method and apparatus with which to field calibrate the alignment assembly
      employed.
PAR  It will be understood that various modifications may be made in the
      described embodiments without departing from the scope of the invention.
      For example, the structural elements employed in the alignment assembly or
      in the calibration bar may be varied.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for adjusting the vertical angle of an aircraft visual approach
      slope indicator, wherein the approach indicator includes a vertically
      adjustable housing containing at least one landing light mounted behind a
      horizontal crossbar across one housing wall to direct light through a
      horizontal aiming slit in the opposite housing wall at an adjustable
      vertical angle towards approaching aircraft, the cross bar being centrally
      aligned between said light and the slit and the angle of the directed
      light being determined by adjustment of the vertical angle of the slope
      indicator housing, comprising the steps of:
PA1  leveling a T-shaped calibration bar, having a T-leg and a cross arm, on an
      adjustable leveling system;
PA1  mounting the first linear bar of an alignment assembly on top of and
      parallel to the calibration bar T-leg, said alignment assembly further
      comprising: a second linear bar pivotally mounted at one end of the first
      bar in a vertical plane parallel to the vertical plane of the first bar,
      said second bar being directed rearwardly back towards the remote end of
      the first bar and carrying clamping means; a slotted angle plate secured
      to the first bar adjacent the free end of the second bar for engagement by
      said clamping means, said angle plate being marked so that the upper
      surface of the second bar is aligned with an indication of the vertical
      angle formed between the first and second bars when the second bar is
      horizontal; and an adjustable level mounted on the upper surface of the
      second bar;
PA1  rotating the second bar to a position parallel to the first bar so that the
      upper surface of the second bar is aligned with a zero angle indication on
      the angle plate;
PA1  adjusting the adjustable level until it indicates a horizontal position;
PA1  removing the alignment assembly from the calibration bar;
PA1  mounting the alignment assembly on the aircraft visual approach slope
      indicator by inserting said remote end of the first bar through the
      indicator housing slit and securing said remote end to said cross bar
      whereby said first bar assumes the vertical angle of the directed light;
PA1  rotating the second bar until its top surface is aligned with an angle
      plate indication corresponding to the desired angle of the directed light;
PA1  securing the second bar in its rotated position by engaging the clamping
      means with the slotted angle plate,
PA1  adjusting the vertical angle of the indicator housing until the level on
      the second bar indicates a horizontal position; and
PA1  removing the alignment assembly from the indicator housing.
NUM  2.
PAR  2. A method for adjusting the vertical angle of an aircraft visual approach
      slope indicator, wherein the approach indicator includes a vertically
      adjustable housing containing at least one landing light mounted behind a
      horizontal crossbar across one housing wall to direct light through a
      horizontal aiming slit in the opposited housing wall at an adjustable
      vertical angle towards approaching aircraft, the crossbar being centrally
      aligned between said light and the slit and the angle of the directed
      light being determined by adjustment of the vertical angle of the slope
      indicator housing, comprising the steps of:
PA1  mounting a T-shaped calibration bar of a calibration assembly on a support;
PA1  leveling said calibration bar by adjusting support pin resting on said
      support;
PA1  said T-shaped calibration bar comprising: a leg and crossarm, a support pin
      mounted at each end of the crossarm, and a third pin mounted on the remote
      end of the T-leg, said T-leg pin and at least one of said crossarm pins
      being adjustable for leveling the calibration bar; said calibration
      assembly further comprising: means for indicating when the calibration bar
      is level; and means for removably mounting an alignment assembly on top of
      and parallel to the calibration bar T-leg;
PA1  mounting an alignment assembly on top of and parallel to the calibration
      bar at the same points and in the same manner as said alignment assembly
      is designed to be mounted on said slop indicator, said alignment assembly
      further comprising:
PA1  a first rigid linear member for projecting into said housing through said
      slit and having means for removably securing its inner end adjacent the
      vertical center of said landing light; a second rigid linear member
      pivotally mounted on said first member in a vertical plane parallel to the
      vertical plane of said first member; means for indicating when the second
      member is horizontal; and means for indicating the vertical pivot angle
      between said first and second members when said second member is
      horizontal to thereby show the slope of said approach indicator;
PA1  rotating the second bar member to a position parallel to the first member;
PA1  adjusting the alignment assembly until a horizontal position is shown by
      said indicating means;
PA1  removing the alignment assembly from the calibration bar;
PA1  mounting the alignment assembly on the aircraft visual approach slope
      indicator by inserting said remote end of the first member through the
      indicator housing slit and securing said first member to said crossbar
      whereby said first member assumes the vertical angle of the directed
      light;
PA1  rotating the second member to form the desired angle of the directed light
      between the first and second members;
PA1  adjusting the vertical angle of the indicator housing until the second
      member is indicated to be in a horizontal position; and
PA1  removing the alignment assembly from the indicator housing.
NUM  3.
PAR  3. A system for determining alignment of an aircraft visual approach slope
      indicator by use of a properly calibrated alignment assembly,
PA1  wherein the approach indicator housing contains at least one landing light
      spaced from an aiming slit,
PA1  and wherein the alignment assembly includes a first rigid linear member for
      projecting into said housing through said slit and having means for
      removably securing its inner end adjacent the vertical center of said
      landing light, a second rigid linear member pivotally mounted on said
      first member in a vertical plane parallel to the vertical plane of said
      first member, means for indicating when the second member is horizontal,
      and means for indicating the vertical pivot angle between said first and
      second members when said second member is horizontal to thereby show the
      slope of said approach indicator, the combination with said alignment
      assembly of calibration means comprising:
PA1  a calibration bar comprising a leg and crossarm, a support mounted at each
      end of the crossarm, and a third support mounted on the remote end of said
      leg, said leg support and at least one of said crossarm supports being
      adjustable for leveling the calibration bar;
PA1  means for indicating when the calibration bar is level; and,
PA1  means for removably mounting said first linear member of the alignment
      assembly on top of and parallel to the calibration bar.
NUM  4.
PAR  4. A system for determining the vertical angle of an aircraft visual
      approach slope indicator by use of a properly calibrated alignment
      assembly,
PA1  wherein the approach indicator includes a vertically adjustable housing
      containing at least one landing light mounted behind a crossbar on one
      housing wall to direct light at an adjustable vertical angle towards
      approaching aircraft through an aiming slit in the opposite housing wall,
      the crossbar being centrally aligned between said light and the slit and
      the adjustable angle being determined by adjustment of the vertical angle
      of the slope indicator housing,
PA1  and wherein the alignment assembly includes a first rigid linear bar for
      projecting into said housing through said slit and having means for
      detachably securing its inner end to said crossbar, whereby said first bar
      assumes the vertical angle of the directed light, a second rigid linear
      bar for location outside the housing pivotally mounted on the outer end of
      said first bar in a vertical plane parallel to the vertical plane of said
      first bar, said second bar being directable rearwardly back towards the
      housing and having clamping means mounted on its rearward end, a slotted
      angle plate secured to the first bar adjacent the rearward end of the
      second bar for engagement by said clamping means passing through the slot
      of said plate, said angle plate being marked so that the upper horizontal
      surface of the second bar is aligned with an indication of the angle
      formed between the first and second bars when the second bar is
      horizontal, and means for indicating when the second bar is horizontal,
      said horizontal indicating means, said first and second bars, and said
      angle plate constituting an alignment assembly, the combination with said
      alignment assembly of calibration means comprising:
PA1  a support member adapted to mount a calibration bar;
PA1  a T-shaped calibration bar comprising a T-leg and crossarm, a pin mounted
      at each end of the crossarm, and a third pin mounted on the remote end of
      the T-leg, said pins being adapted to be positioned on said support member
      and said T-let pin and at least one of said crossarm pins being adjustable
      for leveling the calibration bar;
PA1  means for indicating when the calibration bar is level; and
PA1  means for removably mounting said first linear bar of the alignment
      assembly on top of and parallel to the calibration bar T-leg at the same
      points on said first linear bar and in substantially the same manner as
      said first linear bar is designed to be mounted on said slope indicator.
NUM  5.
PAR  5. An apparatus for determining the vertical angle of an aircraft visual
      approach slope indicator, wherein the approach indicator includes a
      vertically adjustable housing containing at least one landing light
      mounted behind a crossbar on one housing wall to direct light at an
      adjustable vertical angle towards approaching aircraft through an aiming
      slit in the opposite housing wall, the crossbar being centrally aligned
      between said light and the slit and the adjustable angle being determined
      by adjustment of the vertical angle of the slope indicator housing,
      comprising:
PA1  a first rigid linear bar for projecting into said housing through said slit
      and having means for automatically detachably securing the inner end of
      said first bar to said crossbar when the first bar contacts the crossbar,
      whereby said first bar assumes an operative position aligned with the
      vertical angle of the directed light;
PA1  a second rigid linear bar for location outside of the housing when the
      first bar is operatively positioned, said second bar being pivotally
      mounted on the outer end of of said first bar in a vertical plane parallel
      to the vertical plane of said first bar, said second bar being directable
      rearwardly back towards the housing and having clamping means mounted on
      its rearward end;
PA1  a slotted angle plate secured to the first bar adjacent the rearward end of
      the second bar for engagement by said clamping means passing through the
      slot of said plate, said angle plate being marked so that the upper
      horizontal surface of the second bar is aligned with an indication of the
      angle formed between the first and second bars when the second bar is
      horizontal; and,
PA1  means mounted on said second bar for indicating when the second bar is
      horizontal, said horizontal indicating means, said first and second bars,
      and said angle plate constituting an alignment assembly.
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ABST
PAL  A flux valve compass heading repeater system is provided with a
      compensating system which, when connected to a three-legged flux valve,
      provides fully compensated, three-wire output signals of the synchro data
      transmitter type for direct use in apparatus requiring precision
      three-wire heading data. The compensating system includes control circuits
      for generating sine and cosine components of magnetic heading and for
      compensating them for typical compass errors such as those induced by
      changes in operating latitude and two cycle and index errors. Latitude
      compensation is accomplished by a novel proportional automatic gain
      control; two cycle cardinal heading error compensation is accomplished by
      a compensation circuit having only a single manual control, while index
      error compensation is similarly accomplished by a compensation circuit
      requiring only a single manual control.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present application is directly related to copending applications:
PA1  Ser. No. 528,759: "Index Error Correction for Flux Valve Heading Repeater
      System", and
PA1  Ser. No. 528,758: "Two Cycle Compensator for Flux Valve Heading Repeater
      System".
PAL  These applications were filed concurrently in the name of J. R. Erspamer
      and include substantially identical disclosures.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains generally to flux valve compass systems for
      navigable craft and more particularly relates to the compensation of
      undesirable changes or errors in the signal characteristics in flux valve
      data repeater systems, including errors due to variation in the horizontal
      component of the earth's field, index angle errors, and cardinal and
      intercardinal heading errors.
PAR  2. Description of the Prior Art
PAR  When navigating at high latitudes while utilizing flux valve magnetic
      compass systems, difficulty is often experienced because of the decreasing
      strength of the horizontal component of the earth's magnetic field as
      latitude increases. A flux valve type of magnetic compass normally senses
      only the horizontal component of the earth's field, so that, at high
      latitudes, the strength of the sensed horizontal component is
      proportionally lessened, and the compass system experiences decreasing
      sensitivity, resulting in heading information of diminished accuracy.
PAR  Prior art systems have sought to solve this compensation problem of
      providing an input to the compass data repeater substantially independent
      of variations in the strength of the horizontal component of the earth's
      field by controlling the gains of amplifiers or the effective values of
      impedances in the separate channels of the data transmitter system in a
      relatively complex manner, but generally in inverse relation to the signal
      strength as measured at the flux valve itself. Examples of prior
      arrangements are described by D. A. Espen in the U.S. Pat. No. 3,548,284
      for "Synchro Data Transmission Apparatus Having Discrete Gain Changing to
      Compensate for Undesirable Signal Gradient Variations", issued Dec. 15,
      1970, and by J. R. Erspamer and G. W. Snyder in the U.S. Pat. No.
      3,646,537 for an "Automatic Gain Control for an Electromechanical
      Transducer", issued Feb. 29, 1972, both patents being assigned to the
      Sperry Rand Corporation. While these concepts have been useful in
      providing adequate magnetic field compensation in many circumstances, the
      compensating signals compensate only for variation in the horizontal
      magnetic field components, and generally do not additionally correct fully
      for gain changes due to component variations or due to temperature or
      power supply voltage drifts or to component aging. Further, the
      characteristics of the individual gain control elements of the individual
      channels of the data system may vary without proper corrective relative
      adjustments, resulting in the generation of two-cycle transmission errors
      by the gain control stages.
PAR  The improved system disclosed by J. R. Erspamer and G. W. Snyder in the
      U.S. Pat. 3,784,753, issued Jan. 8, 1974 and entitled: "Multiplexed Gain
      Control for a Synchro Data Transmission System", sought more fully to
      overcome these prior art defects by a relatively complex and expensive
      correction circuit. Though it generally overcame such defects, it was
      found that some undesirable two cycle error could be generated in its
      complex automatic gain control stage, and that a simple way was needed for
      identically chaning the gains of channels of the data transmission system,
      but retaining the advantages of the concept of U.S. Pat. No. 3,784,753.
PAR  Prior art systems have additionally sought to provide correction for the
      index angle error in compass data transmission systems by use of networks
      including precision differential synchros or ganged dual potentiometers
      which much track each other with high precision if they are not themselves
      to introduce errors. According to the present invention, the expense of
      obtaining such selected precision potentiometers or synchros is desirably
      eliminated. Cardinal heading error was similarly corrected in prior
      compass data transmission systems by using precision ganged dual
      potentiometers of similar quality and it is found increasingly desirable
      to eliminate costly components and to substitute simpler and less
      expensive networks permitting a single adjustment control for each of
      these corrections and, at the same time, retaining high precision.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides means for correction of undesirable changes
      in signal amplitudes in multiple channel flux valve data repeater systems
      partly by the employment of a simple common automatic gain control in a
      circuit configuration which not only compensates for magnetic field
      strength changes, but also corrects for the effects of other error sources
      without introducing the errors of prior art systems. The shared control
      monitors the data repeater control signals near the inputs to the
      utilization device, rather than merely at the outputs of the flux valve.
      By monitoring the inputs at the utilization device and by using the data
      repeater excitation voltage as a switching reference, the gain control,
      being part of a closed feed back loop, compensates not only for changes in
      operating latitude but also for gain changes caused by variations of
      component parameters and by other effects without itself introducing new
      errors. According to a second aspect of the present invention,
      electrically cross coupled network means provide correction in the sine
      and cosine channels of the flux valve data transmission system for any
      index error angle by the operation of only a single adjustment. A similar
      arrangement, again requiring only one adjustment, is employed for
      correction of the two cycle cardinal heading error. In a modification of
      the latter two compensation devices, the correction signals are in the
      form of direct currents which are applied in the required ratios directly
      back into the flux valve inductive windings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B illustrate, partly in block diagram form, the principal
      elements of the invention and their electrical interconnections.
PAR  FIG. 2 is a portion of FIGS. 1A and 1B showing details of the novel
      automatic gain control circuit.
PAR  FIG. 3 is a detailed circuit diagram of the novel index error angle
      compensator of FIG. 1B.
PAR  FIG. 4 is a detailed circuit diagram of the novel two cycle compensator
      also of FIG. 1B.
PAR  FIG. 5 illustrates an alternative form of the embodiment of FIGS. 1A and
      1B.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1A and 1B, the novel compensated compass system includes a
      magnetic azimuth detector or flux valve 11 which may be of the general
      type disclosed in the M. C. Depp U.S. Pat. No. 2,852,859 for a "Flux Valve
      Compensating System", issued Sept. 23, 1958 and assigned to Sperry Rand
      Corporation. Other details of such flux valve devices are disclosed in the
      D. J. Kesselring U.S. Pat. No. 3,573,610, issued Apr. 6, 1971, in the D.
      J. Kesselring et al. U.S. Pat. No. 3,641,679, issued Feb. 15, 1974, and in
      the U.S. patent application Ser. No. 380,523 for "A Flux Valve Apparatus
      for Sensing Both Horizontal and Vertical Components of an Ambient Magnetic
      Field", filed July 18, 1973, issued as U.S. Pat. No. 3,873,914 Mar. 25,
      1975, and assigned to Sperry Rand Corporation. Flux valve 11 is excited by
      alternating current source 2, which may be a conventional 400 Hz.
      oscillator or signal generator and which is coupled to excitation winding
      12 of the flux valve 11.
PAR  As disclosed in the aforementioned Depp and Kesselring patents, flux valve
      11 has three wye-connected inductive windings 13, 14, and 15 on a
      corresponding wye-shaped core, the winding legs meeting at a common
      grounded terminal F. The terminals of windings 13, 14, and 15 opposite
      terminal F are respectively labelled A, B, and C. Terminals A, B, and C
      may, if desired, be supplied with single cycle compensation signals from a
      single cycle compensator (not shown) of the general type shown in the
      aforementioned U.S. Pat. No. 2,852,859.
PAR  Terminal A of flux valve 11 is connected via a blocking capacitor 16 to one
      winding 20 of a Scott tee transformer 21, while terminals B and C are
      connected via respective blocking capacitors 17 and 18 to the respective
      ends of a second input winding 22 of Scott tee transformer 21. Winding 22
      has a center tap connected to the other end of winding 20.
PAR  As is well known, the signal outputs of windings 13, 14, and 15 have a
      frequency double that applied to excitation winding 12. The frequency
      doubled cosine output of winding 23 of transformer 21 and its frequency
      doubled sine output in winding 27 are connected to current servo loop 31.
      Additionally supplied to current servo loop 31 via lead 29a is the output
      of frequency doubler 29. Since frequency doubler 29 is excited by
      generator 2, its output on lead 29a will have an 800 Hz. frequency and
      serves as a reference signal source for servo 31.
PAR  As described in details in the D. H. Baker, F. H. Kallio U.S. Pat. No.
      3,678,593 for a "Compass System and Components Therefor Having Automatic
      Field Cancellation", issued July 25, 1972 to Sperry Rand Corporation,
      current servo 31 supplies outputs on leads 32 and 33 which are direct
      current signals respectively proportional in amplitude to the sine and
      cosine of craft magnetic heading (H.sub.m sin .psi. and H.sub.m cos .psi.
      ). Accordingly, the horizontal components of the earth's magnetic field
      sensed by the flux value windings 13, 14, and 15 are resolved into sine
      and cosine component values that are then converted by current servo 31
      into proportional direct currents on leads 32 and 33. As taught in the
      aforementioned Baker et al. patent, these direct current components are
      fed back via leads 10 and 10a into windings 13 and 15 of flux valve 11,
      which currents tend to cancel the earth's magnetic field therein. The feed
      back arrangement and its many advantages are discussed in detail in the
      aforementioned U.S. Pat. No. 3,678,593, including closed loop operation
      affording high accuracy outputs in the form of analog direct current
      outputs proportional to the sine and cosine of craft magnetic heading.
PAR  Accordingly, the 800 Hz., three-wire magnetic azimuth information derived
      by the horizontal magnetic field detector or flux valve 11 is converted to
      direct current signals proportional to the sine and cosine of craft
      heading by the cooperation of Scott tee transformer 21 and current servo
      31. The magnitudes of the outputs on leads 32 and 33 are thus a function
      of craft magnetic azimuth or heading and the intensity of the horizontal
      component of the earth's magnetic field. The variation in the magnitude of
      the sine and cosine outputs caused by any change in magnetic field
      strength H.sub.m affects only the output gradient (volts per azimuth
      degree) and does not change the trigonometric relationship of the input
      magnetic heading angle .psi. and the output voltages of current servo 31,
      which may therefore be expressed as follows:
EQU  V.sub.32 = K.sub.1 sin .psi.                               (1)
PAL  and
EQU  V.sub.33 = K.sub.1 cos .psi.                               (2)
PAL  where K.sub.1 allows for the gain of current servo 31 and has dimensions of
      volts per oersted.
PAR  The signals V.sub.32 and V.sub.33 on leads 32 and 33 serve as two inputs to
      the automatic gain control circuit 34, which circuit also receives certain
      fed back signals on leads 56 and 57. As will be further discussed, the fed
      back signals arise at the outputs of buffer amplifiers 52 and 53 after the
      outputs of automatic gain control 34 are processed at least by dual
      channel modulator 45. To understand the operation of the gain control
      circuit 34, the presence of the index error compensator 37 and the
      two-cycle compensator 48 may be ignored for the moment as a matter of
      convenience.
PAR  The final output of the compass system supplied by leads 61, 62, and 63 to
      an aircraft navigation system or other utilization device 64 is usually
      required to be useful in a three-wire synchro data transmitter system and
      to consist of proportional voltages between pairs of such leads, as
      between leads 61 and 62, 62 and 63, 63 and 61. These may nominally be 11.8
      volts, for example, and must be maintained at a constant gradient in the
      interest of meeting required compass accuracy over a wide range of
      horizontal magnetic field strengths H.sub.m. Because the output of flux
      valve 11, and therefore the output of current servo 31, has a gradient
      which is directly proportional in magnitude to the horizontal magnetic
      field strength which, of course, varies with latitude, the automatic gain
      control stage 34 is required to hold the system output signals at leads
      61, 62, and 63 at the desired nominal 11.8 volt leg-to-leg constant
      gradient.
PAR  For this purpose, the direct current outputs on leads 35 and 36 of gain
      control 34 are supplied to the conventional dual channel modulator 45,
      each of the two individual channels of which are supplied by lead 2a with
      the 400 Hz. reference signal output of generator 2. The direct current
      signals on leads 35 and 36 are modulated by the 400 Hz. alternating
      current signal in the conventional manner so that 400 Hz. signals appear
      on leads 46 and 47, proportional respectively to the sine and cosine of
      the magnetic heading of the craft. After individually separate supply to
      buffer amplifiers 52, 53, equally amplified versions of these signals
      appear on leads 54, 55 to which the feed back leads 56 and 57 are
      respectively connected.
PAR  The automatic gain control 34, shown in greater detail in FIG. 2, monitors
      the gradient at the output leads 54, 55 of buffer amplifiers 52, 53,
      respectively, compares the result to a reference voltage level, then
      varies the system gain accordingly by control of the gain of automatic
      gain control circuit 34. If the gradient at the outputs of buffer
      amplifers 52, 53 of FIG. 1A is less than a predetermined level, the
      voltage gain of circuit 34 is increased to bring the output of the buffer
      amplifiers 52, 53 up to the proper level. The output of the buffer
      amplifiers 52, 53 and the voltage gradient is similarly controlled. The
      signal levels at output leads 35, 36 of the automatic gain control 34 are
      ultimately passed through the output Scott tee transformer 60. The outputs
      of transformer 60 are therefore fully independent of any earth's magnetic
      field strength variation. Thus:
EQU  V.sub.35 = K.sub.2 sin .psi.                               (3)
PAL  and:
EQU  V.sub.36 = K.sub.2 cos .psi.                               (4)
PAL  where K.sub.2 is a new proportionality constant.
PAR  Automatic gain control circuit 34 is designed to prevent the introduction
      of any stand-off or unbalance between transmission channels, resulting in
      cyclic errors, into the craft heading output data. The individual gains of
      the sine and cosine channels are now identically controlled and there are
      no off-set voltages induced into the direct current signals representing
      sine and cosine of craft magnetic heading. As is seen in more detail in
      FIG. 2, the direct current signals at leads 32 and 33 are, as before,
      provided by the cooperative action of flux valve 11, Scott tee transformer
      21, and current servo 31, and are respectively proportional in amplitude
      to sin .psi. and cos .psi.. Output lead 32 is coupled in series through
      resistor 75, junction 76, resistor 77 and input lead 35 to one channel of
      the dual modulator 45. At input lead 35 is a capacitor 78 coupled to
      ground and forming a low pass filter with resistor 77. Likewise, the
      second output lead 33 is coupled in series through resistor 79, junction
      80, resistor 81, and input lead 36 to a second channel of dual modulator
      45. At input lead 36 is a capacitor 82 forming a low pass filter with
      resistor 81. Switching or chopper transistors 83 and 84 are respectively
      coupled to ground from junctions 76 and 80 and control current flow
      through their emitter and collector electrodes in accordance with their
      respective base voltages.
PAR  The direct current signals on leads 32 and 33 are chopped by transistors 83
      and 84, respectively and, after smoothing by low pass filters 77-78 and
      81-82, form direct currents that are individually modulated in dual
      channel modulator 45 by the 400 Hz. reference signal on lead 2a. These
      dual channel output voltages are directed by Scott tee transformer 60 as
      three-wire synchro data to a navigation system or other utilization device
      64.
PAR  For purposes of controlling the automatic gain control circuit 34, the same
      400 Hz. modulated output currents on leads 54 and 55 are respectively
      coupled by leads 56 and 57 to a constant amplitude, variable phase circuit
      comprising resistor 95 and capacitor 96 coupled in series with leads 56,
      57 at junction 97. Circuit 95-96 is of the general kind discussed in the
      D. A. Espen U.S. Pat. No. 3,548,284, entitled "Synchro Data Transmission
      Apparatus Having Discrete Gain Changing to Compensate for Undesirable
      Signal Gradient Variation", issued Dec. 15, 1970 and in the D. A. Espen
      U.S. Pat. No. 3,617,863, entitled "Constant Amplitude Variable Phase
      Circuit", issued Nov. 2, 1971, both patents being assigned to Sperry Rand.
      The constant amplitude, variable phase signal found at junction 97 is
      rectified by diode 94 and appears as a variable unipolar voltage at one
      input of a conventional integrating operational amplifier 92 having its
      output coupled by capacitor 91 to its same input. To the second input of
      amplifier 92 is coupled through resistor 93 a stable positive
      unidirectional reference voltage from a suitable source (not shown)
      connected to terminal 98. As shown in the drawing, amplifier 92 and its
      associated circuit act as conventional comparator means for in effect
      comparing the output gradient on leads 54, 55 with the fixed level voltage
      at terminal 98, yielding an integrated output as a function of the
      difference of the two voltage levels at leads 97 and 98.
PAR  The positive signal at the output of device 92 is coupled through resistor
      88 to one input of amplifier 87, to the other input of which is supplied
      at terminal 90a and through resistor 89 the 400 Hz. excitation signal from
      generator 2. Under control of its varying amplitude direct current and
      constant amplitude alternating input currents, circuit 87 acts as a
      conventional variable pulse-width generator for supplying a 400 Hz.
      variable pulse-width signal at junction 74.
PAR  The variable pulse-width signal is coupled in parallel from junction 74
      through the respective resistors 85, 86 to the base electrodes of chopper
      transistors 83 and 84 to control the relation of the conduction to
      non-conduction times of these switching transistors. The transistors 83,
      84 are synchronously conducting at the same time and then are both
      non-conducting for a controlled period of time depending upon the pulse
      width of the output of amplifier 87. As the non-conducting part of the
      cycle is increased in time duration, the total current per cycle passing
      from lead 32 to lead 35, for example, is increased. In other words,
      proportionately less of the current available on lead 32 is dumped to
      ground. In this manner, the voltage between leads 54, 55 is made
      independent of any amplitude variations in the total flux valve data as
      well as amplitude variations resulting from other disturbing factors in
      the signal channels between current servo 31 and buffer amplifiers 52 and
      53. Accordingly, the three-wire output supplied to utilization device 64
      of FIG. 1 by transformer 60 is maintained nominally constant from leg to
      leg, such as at 11.8 volts.
PAR  In the complete system as illustrated in FIG. 1; the outputs V.sub.35 and
      V.sub.36 of the automatic gain control 34 on leads 35 and 36 may be first
      processed by the novel index error angle compensator 37 prior to 400 Hz.
      modulation. For this purpose, the compensation circuit of FIG. 3 is
      employed. The index error angle compensated by circuit 37 is present
      because of the normal difficulty of achieving perfect alignment between
      the aircraft fore-aft axis and the effective electrical fore-aft axis of
      the flux value 11. Accordingly, index angle error compensator 37 is
      provided to permit a manual correction to be made after system
      installation by performing, in essence, the same function as might be
      provided by a relatively expensive servo differential which some prior art
      systems have employed. However, since installation accuracies are usually
      within .+-.10.degree., the compensation function may be accurately
      performed by the relatively inexpensive circuit of FIG. 3 wherein only a
      single potentiometer shaft need be adjusted. It will be apparent that the
      correction is made by the novel compensator herein disclosed to the value
      of angle .psi. when it is still in the trigonometric form of sin .psi. and
      cos .psi. data.
PAR  Accordingly, the apparatus of FIG. 3 accepts two inputs K.sub.2 sin .psi.
      and K.sub.2 cos .psi. and internally generates two values - K.sub.2 .beta.
      cos .psi. and - K.sub.2 .beta. sin .psi.. The K.sub.2 sin .psi. value and
      the - K.sub.2 .beta. cos .psi. value are added according to the well known
      trigonometric identity to form K.sub.2 sin ( .psi. + .beta. ) where .psi.'
      = .psi. + .beta. may be used to represent a corrected value of .psi.. The
      K.sub.2 cos .psi. value and the -K.sub.2 .beta. sin .psi. values are
      similarly added to form K.sub.2 cos (.psi. + .beta.). In accord with the
      teachings of the present invention, the .beta. terms must be identical in
      both the sine and cosine output channels to effect precise compensation;
      the same source for the .beta. term is used in the two channels of the
      circuit.
PAR  In greater detail, the circuit of FIG. 3 has, in operation, negative valued
      direct voltages representing K.sub.2 sin .psi. and K.sub.2 cos .psi. as
      respective inputs on leads 35, 36, and these are respectively supplied
      directly to inputs of conventional unity gain output amplifiers 145 and
      155 at the right side of the figure. The same two direct negative voltages
      are used in the remaining or major part of the circuit to produce
      compensating voltages also for insertion into amplifiers 145, 155. For the
      latter purpose, the -sin .psi. term on lead 35 is coupled through a
      conventional inverting amplifier 103 to the switching transistor 107.
      Amplifier 103 has its output terminal 104 coupled through a resistor 102
      to its input terminal 101 and additionally has a second input terminal
      coupled to ground through resistor 105. The -cos .psi. term on lead 36 is
      coupled directly to switching transistor 109. Transistors 107 and 109 are
      made alternately fully conducting and fully non-conducting so that, first,
      the output of amplifier 103 appears on lead 108a and then, the signal
      passed by switching transistor 109 appears on lead 108 b. Since both of
      the leads 108a and 108b are coupled to the adjustable contact 113a of
      potentiometer 113, it is seen that the signals alternately passed by
      switching transistors 107 and 109 are alternately applied to contact 113a
      for time-sharing purposes in the shared amplifier 120.
PAR  The switching transistors 107 and 109 are made alternately conducting under
      control of a sine wave signal appearing on lead 2b; this signal is
      conveniently obtained from the 400 Hz. generator 2 of FIG. 1A, though
      other regular stable-frequency signals may alternatively be employed. In
      practice, the 400 Hz. cycle signal on lead 2b is applied by lead 106 to
      control the conduction of transistor 107. So that time sharing may be
      employed, the signal on lead 2b is coupled via lead 111, the 180.degree.
      phase shifter 112, and lead 110 to control the operation of switching
      transistor 109.
PAR  In this manner, the signals on leads 35 and 36 are alternately supplied at
      the selected contact point of potentiometer 113, the latter having its
      opposed terminals 113b and 113c coupled to inputs of operational amplifier
      120. The output terminal 121 of amplifier 120 is coupled to its input at
      terminal 113b via resistor 115, and terminal 113c is connected through
      resistor 114 to ground in conventional fashion. The input of amplifier 120
      is thus time shared and its output on terminal 121 is supplied to a second
      pair of switching transistors 122, 123, these transistors being arranged
      for controlling the series signal flow through the respective resistors
      126, 127 to amplifiers 128, 129. The effective gain of amplifier 120 is
      changed according to the setting of the single control 37a, which control
      is manually set in accordance with the known magnitude of the index error
      determined as a result of conventional ground swinging operations.
PAR  Conductivity of switching transistor 122 occurs simultaneously with the
      conductivity of switching transistor 109. In like manner, conductivity of
      switching transistor 123 is made simultaneous with the periods of
      conductivity of switching transistor 107. This operation is accomplished
      by controlling the conductivity of switching transistor 123 according to
      the signal on lead 2b when supplied directly to switching transistor 123
      via lead 125. The desired synchronous operation of switching transistor
      122 is accomplished by providing the 180.degree. phase shifted signal from
      circuit 122 via lead 124 to transistor 122. In this manner, both channels
      of the circuit time share the use of the common amplifier 120, ensuring
      that identical corrections are applied to the two channels; i.e., that the
      amount of the sine term added to the cosine term is identical to the
      amount of the cosine term subtracted in the sine channel. It is further
      observed that adjustment of the single control 37a allows adjustment of
      potentiometer 113 so that both channels are identically set in accord with
      the magnitude of the index error.
PAR  The time shared currents alternately flowing through switching transistors
      122, 123 are alternately supplied to the conventional unity gain
      amplifiers 128, 129, and the respective outputs on the terminals 132, 133
      flow through resistors 141, 150 to the same respective input terminals of
      amplifiers 145, 155, as are connected to the respective leads 35, 36. The
      outputs of amplifiers 145 and 155 may be smoothed by the action of
      appropriate low pass filters so as to remove any 400 Hz. modulation from
      the outputs appearing in the respective output leads 38, 39. In the
      embodiment illustrated, the filters are placed at the inputs of amplifiers
      128 and 129 and comprise resistors 128a, 129a and capacitors 126', 127',
      respectively.
PAR  The mathematical relation expressing the index error as a function of the
      sine and cosine of magnetic heading is:
      ##EQU1##
      where: .psi.' = the compensated output,
PA1  .psi. = the uncorrected input, and
PA1  .beta. = the tangent of the index error.
PAL  Thus, by adjusting the gain of the time shared amplifier 120 in accordance
      with the value of .beta., expression (5) is satisfied as follows. The
      output of amplifier 128 is:
EQU  V.sub.132 = -K.sub.2 .beta. cos .psi.                      (6)
PAL  when transistors 109 and 122 are conducting, and the output of amplifier
      129 is:
EQU  V.sub.133 = -K.sub.2 .beta. sin .psi.                      (7)
PAL  when transistors 107 and 123 are conducting. The addition at amplifier 145
      produces on output:
EQU  V.sub.38 = K.sub.2 (sin .psi. - .beta. cos .psi.)          (8)
PAL  while the addition at amplifier 155 produces an output:
EQU  V.sub.39 = K.sub.2 (cos .psi. + .beta. sin .psi.)          (9)
PAL  or:
EQU  V.sub.38 = K.sub.2 sin .psi.'                              (10)
PAL  and:
EQU  V.sub.39 = K.sub.2 cos .psi.'                              (11)
PAL  These direct current signals are ready for conversion in dual channel
      modulator 45, providing as they do direct current signals in terms of
      .psi.' containing the desired index angle error compensation as set forth
      in equation (5). Thus, the dual channel modulator 45 supplies on its
      output leads 50, 51 400 Hz. signals whose amplitudes are:
EQU  V.sub.46 = K.sub.3 sin .psi.'                              (12)
EQU  V.sub.47 = K.sub.3 cos .psi.'                              (13)
PAL  and these signals serve as inputs to the two cycle error compensator 48.
PAR  Two cycle error in a magnetic field sensor, including the flux valve type
      of sensor disclosed herein, is induced by the presence of a soft iron mass
      or masses in the vicinity of the flux valve which tends to distort the
      earth's ambient magnetic field thereat. As the name implies, the error is
      a sinusoidal error and has two complete cycles within 360.degree. of
      azimuth rotation of the craft. In general, the average location of the
      soft iron mass relative to the flux valve determines the direction of its
      effective vector. For convenience, the two cycle compensation is
      accomplished by effectively breaking down the total vector into orthogonal
      components, one termed the cardinal two cycle error component and the
      other the intercardinal error component. The cardinal two cycle error has
      extremum values at heading angle values 0.degree., 90.degree.,
      180.degree., and 270.degree.. Intercardinal two cycle error, on the other
      hand, has extremum values at 45.degree., 135.degree., 225.degree., and
      315.degree. azimuth values. In the invention of FIG. 4, the latter error
      is readily corrected by placing an adjustable series resistor 199 in the
      feed back path of a.c. amplifier 200 that is excited by lead 46.
      Adjustment of control 48b in accord with data taken during installation
      compass swings then corrects the output at lead 50 in the appropriate
      manner. The intercardinal two cycle heading error is compensated by
      changing the gain balance between the sine and cosine channels supplying
      outputs on the respective leads 50, 51.
PAR  Correction of the cardinal heading error is accomplished by the simple
      circuit of FIG. 4, using a single adjustment 48a  and a common circuit
      stage in a manner minimizing error sources and characterized by
      simplicity. The amount of adjustment of control 48a is also determined by
      the installation ground swinging process. The K.sub.2 sin .psi.' signal on
      lead 46 is supplied via lead 175 through resistors 177 and 180 to the
      respective inputs of differential operational amplifier 188. The value
      K.sub.2 cos .psi.' from lead 47 is added through resistor 178 at terminal
      183 to the K.sub.2 sin .psi.' term; similarly, the term K.sub.2 sin .psi.'
      from lead 46 is added through resistor 180 at terminal 185 to the K.sub.2
      cos .psi.' term. Amplifier 188 has a resistor 187 coupled between its
      output 189 and the input terminal 183 in conventional fashion. A variable
      resistor 186 with an adjustable control 48a is coupled between terminal
      185 and ground. The variable resistor 186 constitutes the single cardinal
      heading error adjustment, its variation affecting the effective gain
      .gamma. of amplifier 188. According to the setting of control 48a, a
      compensating voltage appears at the output 189 of amplifier 188:
EQU  V.sub.189 = -.gamma. (sin .psi.' + cos .psi.')             (14)
PAL  The signal value V.sub.189 is coupled at junction 190 to branching leads
      for supplying this signal through resistors 192, 193 to the inputs of
      respective amplifiers 200 and 201. As noted previously, amplifier 200 has
      a variable resistor 199 coupled between its output 203 and its input lead
      195. The other input to amplifier 200 is connected through resistor 196 to
      ground. A further amplifier 201 is supplied with the signal K.sub.2 cos
      .psi.' from lead 47 through resistor 194 and is similarly provided with a
      resistor 202 connecting its output 204 to its input lead 197. It similarly
      employs a resistor 198 coupled between a second input and ground.
      Amplifiers 200 and 201, through the respective connectors 195 and 197,
      serve as adding and inverting circuits so that the K.sub.2 sin .psi.' term
      on lead 46 has added to it the correction term appearing at terminal 190
      and the summation is found on output lead 50. In a similar manner, the
      K.sub.2 cos .psi.' signal supplied on lead 47 is added to the compensating
      signal on junction 190 by amplifier 201 and its associated circuit, an
      inverted signal being generated on output lead 51. In this manner, the
      voltage V.sub.50 is:
EQU  V.sub.50 = K.sub.4 [sin .psi.' + .gamma. (sin .psi.' + cos .psi.')](15)
PAL  and that on output lead 51 is:
EQU  V.sub.51 = K.sub.4 [cos .psi.' + .gamma. (sin .psi.' + cos .psi.')](16)
PAL  In equations (15) and (16), the new value K.sub.4 may include the effect of
      the adjustment of resistor 199. Thus, the voltage on output lead 50 is sin
      .psi." and the voltage on output lead 51 is cos .psi.", where .psi."
      represents .psi.' corrected both for cardinal and intercardinal heading
      errors. From equations (15) and (16), it is evident that the value of the
      corrected angle .psi." is expressed by the following equation:
      ##EQU2##
      .psi." being the final output heading value components corrected for
      cardinal and intercardinal two cycle errors. It is seen that amplifier
      188, the effective gain .gamma. of which is controlled by the setting of
      the variable potentiometer 186, cooperates in the circuit in generating
      the function .gamma. (sin .psi.' + cos .psi.'), and this function is added
      in the sine and cosine channels by the respective action of amplifiers 200
      and 201 and their associated circuits. It is observed that correction of
      the cardinal heading two cycle error is accomplished by manual operation
      of a single adjustment. Furthermore, the single stage associated with
      amplifier 188 minimizes potential error sources and aids in simplifying
      the adjustment procedure.
PAR  It will be understood that the invention may be employed in alternative
      forms and that the compass system of FIGS. 1A and 1B may be modified
      within the scope of the claims appended hereto, for example, as
      illustrated in FIG. 5. In the embodiment of FIGS. 1A and 1B, the index
      compensation and two cycle error compensation signals are generated from
      the sine and cosine outputs of the current servo 31 and are re-applied
      downstream in the two channels to be summed with their original or
      uncompensated values. In the modification illustrated in FIG. 5, the sine
      and cosine outputs of the current servo 31 are used in essentially the
      same manner to generate the compensating signals as direct curent signals;
      however, the summing of these signals with the original data is
      accomplished directly at the flux valve 11 by feeding back the
      compensating signals as direct currents into the flux valve legs
      themselves so as to, in effect, compensate the output of the flux valve
      itself broadly in accordance with the concept of the above referenced Depp
      U.S. Pat. No. 2,852,859.
PAR  Referring now to FIG. 5, similar reference numerals are used to designate
      elements corresponding to those found in FIGS. 1A through 4; elements not
      found in the latter figures are identified by reference numerals in the
      three hundreds. It will be seen that the embodiment of FIG. 5, like that
      of FIGS. 1A and 1B, employs in serial array a reference signal generator
      2, a flux valve 11, blocking capacitors 16, 17, and 18, an input Scott tee
      transformer 21, a current servo 31, an automatic gain control 34, a dual
      channel modulator 45, power amplifiers 52 and 53, an output Scott tee
      transformer 60, and a utilization device 64. In a manner generally similar
      to that employed in FIG. 1A with respect to current servo leads 10 and
      10a, the respective correction currents are fed to summation points 320,
      321 of FIG. 5 so that they flow through the respective legs of flux valve
      11 to ground, being blocked from flowing into the Scott tee transformer 21
      by capacitors 16, 17, and 18.
PAR  In the lower portion of FIG. 5, the index compensation circuit 37 is
      schematically illustrated. The similarity with the corresponding structure
      of FIG. 3 will be immediately apparent and the simplification of the
      illustration correspondingly apparent. Thus, the sin .psi. and cos .psi.
      direct current signal outputs of the current servo 31 on leads 32, 33,
      respectively, are alternately applied after one is inverted by inverter
      340 to the input of a variable gain amplifier 120a through switch means
      300 corresponding to transistor switches 107, 109 of FIG. 3. The gain of
      amplifier 120a is illustrated schematically as being controlled by an
      adjustment knob 37a corresponding generally to the gain control of
      amplifier 120 of FIG. 3 by knob 37a and potentiometer 113 in accordance
      with the value .beta.. The output of amplifier 120a is similarly
      alternately switched to two branch leads as in FIG. 3 by means of switch
      301 corresponding generally to transistor switches 122, 123 of FIG. 3. The
      control of switches 300 and 301 of FIG. 5 is the same as that of FIG. 3,
      but is illustrated for convenience schematically in FIG. 5 by switch
      control means 302 controlled, for example, by the 400 Hz. source 2. In
      FIG. 3, the outputs of switches 122 and 123 are applied to two branching
      circuits including amplifiers 128 and 129 for modifying or summing with
      the orignal sin .psi. and cos .psi. direct current outputs of the current
      servo 31 through amplifiers 145 and 155. On the other hand, two output
      branches of switch 301 of FIG. 5 are applied correspondingly to control
      direct current flow for supplying compensating currents in the proper
      ratio to the 120.degree. spaced inductor coils 13, 14, and 15 of flux
      valve 11 for effective summing with the original sources of the sin .psi.
      and cos .psi. signals of the current servo 31. In FIG. 5, these direct
      current ratios are determined by the selected resistors 303, 304, and 305,
      in the ratios indicated. The currents from resistors 304 and 305 are
      applied to flux valve winding 15, while that from resistor 303 is supplied
      to flux valve winding 13. If desired, the resistor-capacitor circuits 306
      and 307 may be used to reduce transient effects of switches 300, 301.
PAR  Thus, as in FIG. 3, the apparatus of FIG. 5 serves to provide index error
      compensation through the time sharing of a single amplifier 120a between
      the sin .psi. and cos .psi. channels by alternate operation of the
      switches 300, 301, the gain of the amplifier 120a being controlled by a
      single control element 37a in accordance with the magnitude of the error.
      Such operation insures that the amount of sin .psi. current supplied to
      the flux valve legs 13, 14, 15 and contributing to the cos .psi. output
      channel of current servo 31 is identical to the amount of cos .psi.
      current subtracted from the flux valve legs 13, 14, 15 and contributing to
      the sin .psi. output channel of current servo 31.
PAR  A modification of the cardinal and intercardinal two cycle error
      compensator of the heading repeater system of FIG. 4 is shown in FIG. 5.
      Again, the significant feature of the embodiment resides in the manner in
      which the compensating signals are summed with the primary signals; i.e.,
      at the flux valve 11 rather than at the output of the current servo 31. In
      FIG. 5, for the cardinal two-cycle error compensation, the sin .psi. and
      cos .psi. direct current outputs of current servo 31 on leads 32 and 33
      are summed together in a summing circuit, schematically illustrated at
      310, prior to supply to the input of variable gain amplifier 188a. The
      summing circuit 310 of FIG. 5 corresponds to the summing network 177-180
      of FIG. 4, while the gain of the amplifier 188a is illustrated
      schematically as being varied by the adjustment of knob 48a in accordance
      with the magnitude .gamma. corresponding to the tangent of the desired
      correction. As in FIG. 4, the output of amplifier 188a is coupled through
      branching leads and the respective cooperating resistors 311 and 312 to
      summation circuits 320 and 321. Instead of being added back into the
      uncompensated sin .psi. and cos .psi. channels at amplifiers 200 and 201
      in FIG. 4, the compensation currents are employed in the strengths
      indicated in the drawing of FIG. 5 so as to be fed directly into the
      winding legs 13 and 15 of flux valve 11. The currents are effectively
      summed with the flux valve winding outputs which contribute to the sin
      .psi. and cos .psi. signal outputs of the current servo 31.
PAR  The intercardinal two cycle error compensating signal is similarly applied
      to the flux valve windings. The direct current sin .psi. signal output of
      current servo 31 is applied to variable gain amplifier 199a, the gain of
      which is varied by knob 48b in accordance with the magnitude of the
      required corrections, amplifier 199a of FIG. 5 corresponding to the
      variable impedence 199 and amplifier 200 of FIG. 4. The output of
      amplifier 199a is modified by resistors 313 and 314 in accord with the
      ratios indicated in FIG. 5 for application to the respective summation
      elements 320 and 321 and thus to the windings 13 and 15 of flux valve 11,
      so that the intercardinal two cycle correction signal is effectively
      summed with the flux valve winding outputs contributing to the outputs of
      the current servo 31.
PAR  Thus, in the modification of FIG. 5, the index and two cycle error
      compensation signals are generated from the sin .psi. and cos .psi. direct
      current outputs of the current servo 31 and are then fed back into the
      appropriate flux valve inductor windings in the required ratios so that
      the flux valve output supplied to the current servo 31 is compensated. It
      will be noted in the FIG. 5 embodiment that the feedback compensation
      signals are generated from the current servo outputs prior to the latitude
      compensation automatic gain stage 34. This is desirable because the
      compensating direct current signals supplied to the valve windings are
      essentially associated with the direction of the magnetic field sensed by
      the inductors and in this sense are not related to the latitude gain
      compensation.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than of limitation and that changes within the purview
      of the appended claims may be made without departing from the true scope
      and spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a magnetic compass data transmission system for navigable craft, the
      combination comprising:
PA1  magnetic field detector means including a plurality of inductive windings
      responsive to the direction and magnitude of the earth's magnetic field
      with respect thereto for providing a first plurality of alternating
      signals representative of said earth's magnetic field direction and
      magnitude,
PA1  current servo means responsive to said first plurality of alternating
      signals for generating first and second unidirectional signals
      representative of said earth's magnetic field direction and magnitude,
PA1  gain control means responsive to said first and second unidirectional
      signals for generating third and fourth unidirectional signals
      representative of said earth's magnetic field direction and substantially
      independent of the magnitude thereof, said gain control means including:
PA2  first and second variable conductivity circuits having respective first and
      second conductivity states,
PA2  switching means for causing said first and second separate variable
      conductivity circuits simultaneously to change from one to the other of
      said first and second conductivity states at a controlled duty cycle,
PA2  filter means residing respectively in said first and second variable
      conductivity circuits for smoothing the respective currents flowing
      through said switching means for forming said third and fourth
      unidirectional signals,
PA1  circuit means for separately modulating said third and fourth
      unidirectional signals with a reference alternating signal for forming
      first and second output alternating signals representative of said earth's
      magnetic field direction,
PA1  control means responsive to said first and second output alternating
      signals for control of said gain control means, said control means
      including:
PA2  comparator means for comparing a signal representative of said first and
      second output alternating signals to a reference unidirectional signal,
      and
PA2  variable pulse-width generator means responsive to said comparator means
      for supplying controlled pulse-width modulated signals for controlling
      said controlled duty cycle, and
PA1  utilization means additionally responsive to said first and second output
      alternating signals.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said variable pulse width
      generator means is driven by said reference alternating signal.
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein said detector means is excited
      by said reference alternating signal.
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PAL  A process for kiln drying timber in which heated air is passed over the
      timber, subsequently cooled to dehumidify it, and then reheated and
      recirculated, wherein times are substantially shortened by separating the
      process into two stages, a first stage where the temperature of the air
      passing over the wood is held relatively low, that is between 20.degree.C
      and 30.degree.C, and a second stage in which the temperature is raised to
      between 34.degree.C and 38.degree.C, the changeover from the first stage
      to the second being effected when the moisture content of the wood being
      dried has fallen to between 16 and 25 percent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for kiln drying wood. In known
      drying processes hot air is blown over sawn unseasoned timber in stacks,
      each piece separated from its neighbour by a small spacer strip, and the
      humid air leaving the stacks of timber is dehumidified, reheated and
      recycled over the timber. The time taken for drying is determined by the
      maximum temperature to which the wood can be subjected since cracking,
      warping and splitting occur if the air blown over the wood is too hot.
      Moreover, if the drying process is not properly performed other materials,
      such as resins, tannins and other constituents of the wood can be lost.
      These constituents of the timber are important in imparting to it its
      natural characteristics and resistance to deterioration by natural agents
      such as wind and water.
PAR  In contrast with known drying processes, the present invention seeks to
      provide a process in which, in addition to the extraction of moisture from
      the wood, there is also a stabilization of the wood; this results in
      improved conservation of the form of the pieces of wood subjected to the
      drying process, of the original fibrous and porous structure of the wood
      itself, and finally of the content of resin, tannin and other substances
      which contribute to the natural resistance of the wood to natural agents
      of deterioration.
PAR  With prior art processes and known equipment it often happens in practice
      that the equipment is underutilised because there is only enough wood of
      one kind to partly fill the available space, this results from the fact
      that known processes for drying hard woods require different conditions
      from the known processes for drying soft woods. Even though only partly
      loaded the equipment still takes the same time to complete the process.
      This is evidently uneconomic and irrational. With this invention it has
      been found that it is possible to treat at the same time both a quantity
      of hardwood and a quantity of softwood so that the plant may be completely
      loaded up to its total capacity with wood of various kinds (hard, soft,
      resinous and so on) and to obtain the desired drying effect in a time
      substantially less than that which would be required with prior art
      methods by the kind of wood which takes the longest time to dry.
PAC  OBJECTS OF THE INVENTION
PAR  One object of this invention is to dry wood whilst maintaining
      substantially unchanged its natural properties and resistance against
      atmospheric agents.
PAR  Another object of this invention is to provide a drying process in which
      various kinds of wood may be dried simultaneously and in various
      thicknesses without prejudice to their ultimate stabilization.
PAR  A further object of the invention is to provide a process for drying and
      stabilising wood of any type in a time which is substantially shorter than
      that which the same wood would have needed in a prior art process.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a process for seasoning wood by forced
      drying in which air is circulated around a closed circuit during which it
      is heated, passed in contact with the surfaces of the wood to be dried,
      dehumidified by cooling and then reheated to commence another circuit is
      modified by the improvement wherein the process includes a first stage in
      which the temperature of the air passing over the timber is maintained at
      between 20.degree.C and 30.degree.C until the moisture content of the wood
      has fallen to between 16percent and 25 percent, following which there is a
      second stage in which the temperature of the air passing over the wood is
      raised to between 34.degree.C and 38.degree.C and maintained within this
      range until the moisture content of the wood has fallen to a selected
      level at which drying is considered complete.
PAR  Preferably the temperature of the air in the first stage of the process is
      maintained at between 20.degree.C and 30.degree.C until the moisture
      content of the wood has fallen to between 18 percent and 20 percent.
PAR  The wood moisture content range of 16-25 percent can be referred to as the
      "point of fibre saturation" and has been found to be a critical stage in
      the reduction of wood moisture content, through which the wood must be
      dehydrated relatively slowly to prevent defects such as cracking, warping
      and splitting. In general, the point of fibre saturation will vary
      somewhat from wood to wood, but will be near 20  or 25 percent moisture
      content.
PAR  Advantageously the drying is ended when the moisture content of the wood
      has fallen to between 8  and 12 percent.
DRWD
PAR  Various other features and advantages of the invention will become apparent
      from the following description with reference to the accompanying
      drawings, which is provided purely by way of non-restrictive example.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic section of a plant in which the process of the
      present invention can be performed; and
PAR  FIG. 2 is a diagram showing the variation of the temperature of the air
      flowing over the wood stack as a function of the drying time.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, 10 is a drying chamber containing a stack 12 of wood to be
      dried. Inside the chamber 10 the drying air gains moisture from the wood
      in the stack 12, it then passes through an opening 18 into an air
      conditioning section formed by a structure 14 at one end of the chamber
      10. A fan 16 located at the top of the structure 14 provides for
      circulation of the air, drawing the humid air from the bottom of the
      chamber 10 through the opening 18 and blowing the reconditioned air
      through an inlet opening 20 into the chamber 10.
PAR  The air conditioning plant 14 includes a heat exchanger 22 for cooling the
      humid air drawn in from the chamber 10. On cooling of the air the excess
      moisture is condensed on the plates of the heat exchanger 22 and the
      condensate is discharged, for example, through a collecting channel 24.
      The air thus cooled and de-humidified is then heated by passing it through
      a heat exchanger 26 in the upper part of the structure 14; the heat
      exchanger 26 is maintained at a suitable high temperature such that the
      air blown by the fan 16 through the opening 20 into the chamber 10 has the
      requisite temperature in accordance with the teaching of this invention.
PAR  A more complete description of the plant (diagrammatically illustrated here
      only in its essentials in order to illustrate the process of this
      invention), is described in Italian Pat. No. 720,220 filed on Apr. 10,
      1964 and issued on Nov. 2, 1966.
PAR  Referring now to FIG. 2, the curve A of the temperature is a curve drawn to
      typify the process of this invention. Usually wood to be dried has an
      initial temperature lower than 20.degree.C. Therefore, once the wood is
      loaded into the chamber 10 of FIG. 1, the heater 26 will be switched on
      and the fan 16 operated for an initial time period t necessary to bring
      the wood 12 to a temperature between 20.degree. and 30.degree. C; the
      temperature of the wood may be determined, for example, by a thermometer
      positioned in the lower opening 18 through which air which has traversed
      the stack 12 passes on its way to the air conditioning plant 14. At time
      t, when the wood in the stack 12 has reached a temperature above the
      minimum value at which drying is to take place the heat exchanger 22 is
      turned on so as to commence dehumidifying the air, and the heater 26 is so
      regulated as to keep the temperature in the chamber 10 between the values
      20.degree.C and 30.degree.C.
PAR  Under these conditions, with continuous dehumidification of the circulating
      air, the drying of the wood in the stack 12 commences. This sets up a
      humidity gradient within the thickness of each individual piece of the
      timber due to the removal of moisture from the outer layers by the warm
      dry air coming from the air conditioning plant 14. Eventually, under these
      conditions of temperature (20.degree.C to 30.degree.C) in the chamber 10,
      there will be no tendency for the pores of the wood to close so that the
      flow of moisture from the core of each piece of wood to the perimeter
      thereof encounters no obstacle whatever; this also has the effect that no
      deformations such as warping or splitting occur in the timbers. The
      progress of the drying in this stage of the process can be detected by any
      suitable means; there is available on the market apparatus suitably
      programmed for non-destructive tests (for instance the "AQUA BOY"
      apparatus made by the German firm K.P.M.) by means of which it is possible
      to determine at any time, the percentage by weight of the moisture
      contained in timber.
PAR  In conformity with this invention the first stage of the process is
      terminated when the moisture content of the wood in the stack 12 has
      dropped to between 16  and 25 percent (preferably to between 18and 20
      percent by weight; the heater 26 is then adjusted so as to increase the
      temperature of the air and of the wood in the chamber 10 to a value
      between 34.degree.C and 38.degree.C, and preferably between 34.degree.C
      and 36.degree.C. The end of the first stage is shown at time t' in FIG. 2,
      in which it will be seen that the curve A rises sharply and re-establishes
      itself at a value between 34.degree.C and 36.degree.C. Again, in practice,
      this could be detected and controlled by means of a thermometer placed in
      the opening 18. The time taken from the t' until the temperature is stable
      at the new value (indicated t" in FIG. 2) depends obviously on the volume,
      the type and the variety of the timber in the stack 12, and on the volume
      of air in circulation; in practical cases it has been found that the time
      interval from t' to t" varies between 6 and 12 hours. Drying then proceeds
      under the new conditions established in accordance with stage two of the
      process of the invention until the moisture content in the wood has
      dropped to the desired value, generally below 16 percent and preferably
      between 8  and 12 percent. At this point drying is considered complete.
PAR  The process described above is based on two fundamental considerations.
      Firstly, it is necessary to dry beams boards and other pieces of timber
      through air circulation at moderate temperature, in a manner such as not
      to produce changes in the fibrous and porous original structure of the
      wood, which changes take place if the air temperature is too high.
      However, to complete drying at this safe rate, as with natural seasoning
      without applying forced circulation, would take too long for economic
      practicability. It has now been found that it is possible to reach a state
      of dehydration, at a slow and safe rate, at which the fibrous and porous
      structure of the timber is sufficiently stable to allow an increase in the
      drying temperature for the purpose of expediting the final result and
      obtaining a given degree of dehydration in a time substantially shorter
      than that which would be required if drying were to be continued under the
      conditions of the first stage, without, nevertheless, compromising on the
      stability of the structure of the timber; thus it was found that, in the
      second stage of the process of this invention the temperature could be
      increased up to between 34.degree.C and 38.degree.C without deleteriously
      affecting the stabilisation of the timber attained at the end of the first
      stage.
PAR  The following Table shows by way of example the course of a drying process
      conducted according to the present invention on a stack of freshly sawn
      wood, comprising boards of larch, pine and fir.
TBL  ______________________________________                                    
     Elapsed Time (Hours)                                                      
                    Air temp. Moisture  Relative                               
                              content   humidity                               
                              of wood   of air                                 
     ______________________________________                                    
     FIRST STAGE                                                               
     ______________________________________                                    
     0              24        80        90                                     
     24             25        55        83                                     
     48             25        46        77                                     
     72             26        35        70                                     
     96             26        27        63                                     
     120            27        22        57                                     
     144            28        19        48                                     
     156            29        17        44                                     
     ______________________________________                                    
     SECOND STAGE                                                              
     ______________________________________                                    
     168            34        15        40                                     
     180            35        13        37                                     
     204             35,5     12        30                                     
     224            36        11        25                                     
     ______________________________________                                    
PAL  As will be seen, the wood was dried to 11% moisture content in 9 days, 8
      hours. If, in place of the second stage of the process drying had been
      continued under the conditions of the first stage, in the same time of 9
      days 8 hours the wood would have had a moisture content between 15  and 16
      percent by weight: to reduce the humidity to 11 percent would have taken
      about one week longer.
PAR  By way of comparison, a stack of wood entirely similar in composition to
      the one dealt with in the Table, was subjected to drying at the maximum
      temperature tabulated, that is, 36.degree.C. After 224 hours of treatment
      the wood still had a moisture content of 27 percent. Even if this
      treatment was extended to 30 days it was not possible to reduce the
      moisture content to 11 percent. At the same time the wood became cracked
      and distorted. This illustrates how an elevated temperature, applied too
      rapidly and too soon to green timber, causes occlusion of the pores which
      hinders migration and evaporation of the moisture from the wood, and also
      that such a treatment does not have the required "stabilizing" effect.
PAR  By way of a further example of the process according to this invention, the
      chamber 10 was stacked with wood in the form of sawn boards and beams, of
      both soft woods (Swiss pine, larch, pine, fir) and hard woods (chestnut,
      oak, cherry and plane). Drying was started after the wood had been brought
      to 22.degree.C. After 12 days the moisture content of the wood had dropped
      to 19 percent; the temperature in the chamber 10 at that time was
      28.5.degree.C. During the next 24 hours the temperature was brought up to
      34.degree.C and drying continued for a further 3 days. After this the
      stack was cooled gradually for 6 hours down to ambient temperature. Upon
      inspection it was found that all the pieces of timber in the stack had a
      moisture content between 10  and 12 percent. No board or beam showed any
      splits, distortions or warps. The total drying time (including
      pre-heating) was 17 days.
PAR  It will be appreciated that in the performance of the process of this
      invention the wood to be dried must be stacked, as is normal practice for
      kiln drying of wood, so as to facilitate the circulation of air through
      the stack, and obtain maximum contact of the air with the surfaces of the
      boards or beams of the stack. As is known, this can be achieved by
      inserting between one layer of wood and the next several strips of wood of
      35 - 40 mm in thickness. If the thickness of the spacer strips is greater
      than this the circulation of the air through the stack is improved but the
      arrangement then becomes uneconomical owing to the large volume taken up
      by the stack with respect to the effective volume of wood contained in it.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the forced drying of wood, wherein air is circulated
      around a closed circuit in which the air is heated, passed over the wood
      to be dried, de-humidified by cooling and then re-heated to commence
      another circuit, the improvement comprising the steps of:
PA1  a. a first stage of heating and maintaining the air passing over the wood
      at between 20.degree.C and 30.degree.C until the moisture content of the
      wood has fallen to between 16 and 25 percent by weight; and
PA1  b. a second stage of raising the temperature of the air passing over the
      wood to between 34.degree.C and 38.degree.C and maintaining the air
      passing over the wood at between 34.degree.C and 38.degree.C until the
      moisture level of the wood has fallen to a predetermined level at which
      drying is considered complete.
NUM  2.
PAR  2. A process as in claim 1, wherein the temperature of the air in the first
      stage of the process is maintained at between 20.degree.C and 30.degree.C
      until the moisture content of the wood has fallen to between 18 and 20
      percent.
NUM  3.
PAR  3. A process as in claim 1, wherein the second stage of the process is
      continued until the moisture content of the wood has fallen to between 8
      and 12 percent.
NUM  4.
PAR  4. A process as in claim 2, wherein the second stage of the process is
      continued until the moisture content of the wood has fallen to between 8
      and 12 percent.
NUM  5.
PAR  5. A process as in claim 1, wherein the first stage is preceded by a
      preliminary heat-up stage during which the air is not de-humidified,
      dehumidification being initiated when the temperature of the air passing
      over the wood has reached a value of at least 20.degree.C.
NUM  6.
PAR  6. A process as in claim 1, wherein the first stage amounts to at least
      about half of the time taken for the whole process.
NUM  7.
PAR  7. In a process for the forced drying of wood, wherein air is circulated
      around a closed circuit in which the air is heated, passed over the wood
      to be dried, de-humidified by cooling and then re-heated to commence
      another circuit, the improvement comprising the steps of:
PA1  a. a first stage of heating and maintaing the air passing over the wood at
      between 20.degree.C and 30.degree.C for a period of time until the
      moisture content of the wood has fallen to the point of fibre saturation;
      and
PA1  b. a second stage of raising the temperature of the air passing over the
      wood to above 34.degree.C.
NUM  8.
PAR  8. A process as in claim 7, wherein the first stage is preceded by a
      preliminary heat-up stage during which the air is not de-humidified,
      dehumidification being initiated when the temperature of the air passing
      over the wood has reached a value of at least 20.degree.C.
NUM  9.
PAR  9. A process as in claim 7, wherein the first stage amounts to at least
      about half of the time taken for the whole process.
NUM  10.
PAR  10. A process as in claim 7, wherein in the second stage, the air
      temperature is raised to a value between 34.degree.C and 38.degree.C.
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ABST
PAL  A linen drier for mounting on a wall and in the form of a box equipped with
     eans for blowing warm air in the direction of linen supported on horizontal
      bars. The bars extend longitudinally across the box parallel to the wall.
      The box carries a visor which pivots between an upper position in which it
      allows access to the linen and a lowered position in which it prevents
      access to the linen and at the same time guides the warm air towards the
      linen.
BSUM
PAR  The present invention concerns a drier for linen.
PAR  Linen driers are already known which are in the form of a cupboard
      furnished with means for circulating warm air in the interior of the
      cupboard, in which the linen to be dried is placed.
PAR  These devices are cumbersome so driers that fold onto a wall were designed,
      these being generally in the form of a parallelopiped box which rests
      against the wall in its out-of-use position and is extended
      perpendicularly from the wall in its functional position so that its lower
      part presents a series of horizontal bars extending perpendicularly from
      the wall, this box-enclosure including some means for directing warm air
      onto the linen.
PAR  These devices are nevertheless equally cumbersome, particularly in their
      working position, moreover they do not make for efficient drying of the
      linen, which means for the user that there is a waste of time and an
      excessive consumption of electric current.
PAR  The present invention sets out to remedy the above inconveniences and to
      furnish a folding drier that is less cumbersome and which allows a more
      efficient drying of the linen together with all the advantages which
      accrue.
PAR  The invention has for its object, a linen drier of the wall type,
      comprising a box-enclosure furnished with means to blow warm air in the
      direction of the linen where horizontally disposed bars in the lower part
      of the box support the linen, characterised by the fact that the bars
      extend in the longitudinal direction of the box that is to say parallel to
      the wall, and that the aforesaid box includes a visor pivoting between a
      raised position and a lowered position, the visor being disposed in such a
      fashion that in the raised position it allows access to the horizontal
      bars and in the lowered position it prevents such access and, by its
      interior surface, contributes to the guiding of warm air towards the
      linen.
PAR  This visor can advantageously be made from plastic material, preferably
      transparent.
PAR  Conforming with the invention, the box is preferably in the form of a
      horizontal prism whose cross-section is a sector of a circle, the visor in
      its lowered position merging with the box to complete the section to a
      quarter-circle approximately.
PAR  In one improved and preferred embodiment of the invention, the bars are
      mounted on pivoting supports which allow the bars to be turned from the
      position of use in which they are horizontal, to an inclined position in
      which they extend along the lower face of the box in the form of a prism,
      thus reducing still further the cumbersomeness of the box when folded to
      its out-of-use position. These lateral supports are mounted advantageously
      to pivot on horizontal axis disposed towards the lower part of the box in
      a manner to allow the bars to be folded out of the way into an oblique
      position.
PAR  It is preferably to provide means for displacing the bars in a horizontal
      direction whilst keeping them aligned with the wall in order to make it
      more easy to load them with linen. This can advantageously be done by
      making the bars in the form of grills, the lateral extremities of which
      include means which can slide in the lateral supports for the grills.
PAR  The means for directing warm air onto the linen preferably comprises, a
      grill for the admission of air disposed preferably in the arched upper
      face of the box, one or more fans with their axes horizontal disposed
      under the abovementioned grill wall slightly inclined to the vertical and
      a front wall that is arched to merge with the visor in its lowered
      position, and if necessary some deflectors conveniently placed in the
      interior of the diffuser.
PAR  The current of air warmed by resistances conveniently placed downstream or
      preferably upstream of the fan, near the mouth of the diffuser, is thus
      directed downwards to pass between the pieces of linen suspended
      vertically from the bars.
PAR  By making the drier sufficiently long, the major part of the air circulates
      thus between the linen, only a small part of the air escaping from the two
      extremities and being lost, as compared with what happens in known wall
      driers where an important part of the air escapes in getting away from the
      wall, so much so that, in order to avoid this loss of air, it is necessary
      to provide a curtain or screen that is cumbersome and ugly, which is not
      necessary with the drier of the present invention.
PAR  In one particular embodiment, notably adapted to being manufactured in
      plastic material by injection moulding, the inside of the box of the drier
      includess two wing walls having the general form of a sector of a circle
      and provided at the lower part with a circular bearing and, perpendicular
      to the plane of the sector, a flange furnished with means for fixing
      against the wall of the room, the two said wing-walls having between them
      also a wall that is sensibly vertical and arched to form one wall of the
      diffuser for the fan this wall having at its centre some means of support
      for the fan motor, and in addition an upper wall that is arched and has an
      admission grill for the air. The box also has an anterior deflecting grill
      presenting horizontal deflectors and carried in an inclined fashion on the
      lateral wing-walls, this grill having an inwardly curved wall extending
      towards the interior of the box to form the upper part of the diffuser.
DRWD
PAR  Other advantages and characteristics of the invention will become apparent
      in reading the following description, made as a non-limiting example and
      referring to the annexed drawings in which:
PAR  FIG. 1 shows a perspective view of a drier according to the invention in
      its out-of-use position.
PAR  FIG. 2 shows a cross section of the drier in the same position.
PAR  FIG. 3 shows a cross section of the drier in its functional position.
PAR  FIG. 4 shows a larger view of one of the lateral pivoting supports for the
      bars.
PAR  FIG. 5 shows a side view of one of the lateral wing-walls of the box.
PAR  FIG. 6 shows an open view in elevation of the two wing-walls and the rear
      wall.
PAR  FIG. 7 shows a perspective view of the visor.
PAR  FIG. 8 is a perspective view of the rear wall.
PAR  FIG. 9 is a view of the top of the grill.
PAR  FIG. 10 is a perspective view of the deflector element.
DETD
PAR  Referring particularly to FIG. 1 there is seen a drier according to the
      invention which presents a box of generally prismatic form including one
      upper arched face 1, furnished with a grill for admission of air 2 and
      provided with two lateral wing-walls in the form of a sector of a circle
      3, folded in the box there is a visor made of transparent plastic 4 which
      also has an upper arched surface and two lateral wing-walls in the form of
      a sector of a circle 6. Also there is shown, folded against the inclined
      face of the box, a grill 7 composed of horizontal bars. The external box
      1, with its wing walls 3 contains also an arrangement consisting notably
      of two wing-walls 8 in the form of sectors of a circle, one rear wall 9
      and an element 10 forming a deflecting grill.
PAR  Each of the two internal wing-walls 8 as seen in FIGS. 5 and 6, consists of
      a plate 11 in the general form of a sector of a circle one edge of which
      is inclined and the other edge vertical, and joined to a raised flange 12
      extending perpendicular to plate 11. This flange 12, which is for placing
      against the wall of the room, as seen in FIGS. 2 and 3, has a circular
      hole with an upper cutaway slot 13 for placing over the protruding head of
      a screw inserted in the wall of the room in well-known fashion. Also,
      plate 11 has, near the raised flange 12, two catches 14 and 15, one at its
      upper part and the other more or less at its middle height; the purpose of
      these two catches will be explained later. At the upper part of its
      inclined edge, plate 11 has a protrusion 16. Finally, the lower part of
      the raised flange 12 has an arm 17 extending obliquely downwards, and, a
      certain distance from plate 11, in a geometrical plane parallel to the
      aforesaid plate, below the level of the lower edge of plate 11 and flange
      12, a circular hole 18 serving as a bearing.
PAR  The two internal wing-walls 8 are preferably moulded in one piece with the
      two extremes of the rear wall 9, the shape of which is shown particularly
      in FIGS. 6 and 8. This rear wall 9 has an upper flange 19 which is
      sensibly horizontal and which joins successively a wall 20, which, after a
      step 21 has again a flange 22 which extends towards the room-wall with a
      final step 23.
PAR  Grill 7, supported in its turn by two wing-walls 26 has also the form of a
      sector of a circle with a protrusion 27, and orifice of square section 28
      disposed at the top and a radial prolongation 29 extending from the edge
      opposite to that with protrusion 27. This prolongation 29 has a radial
      slot 30 aligned with a second slot 31, of identical dimensions and located
      near the straight edge of wing-wall 26 that is elongated by the aforesaid
      prolongation 29. When the grill 7 is mounted between the wing-walls
      26these wing-walls extend at the two ends of the grill in geometrical
      planes perpendicular to the grill. It can be seen also that the two slots
      30 and 31 are surrounded by a continuous raised edge which stands in
      relief with regard to the wall 26 itself.
PAR  Grill 7 has the form shown in FIG. 9 and it can be seen that it comprises 6
      longitudinal bars extending parallel to the wall. The first bar 33 and the
      fourth bar 34 are longer than the other bars 35 the ends of which are
      joined by two transverse bars 36 which are fixed to bars 33 and 34. The
      outer ends of bars 33 and 34 each have a roller 37, 38 respectively, able
      to turn on its axle and at the same time being prevented from axial
      movement by means of any convenient classical means. It can be seen that
      the bars 33 and 34 have outer end parts such as 39 and 40 respectively
      which extend beyond the rollers 37, 38, these outer end parts penetrating
      respectively into the slots 31 and 30. When these end parts penetrate thus
      into the slots 31 and 30, the rollers 37, 38, are positioned on the inside
      of the continuous raised edge 32. In this manner in the position shown in
      FIG. 3, in which the prolongation 29 is horizontal, the rollers 37 and 38
      can roll on the upper horizontal face 41 of the lower part of the raised
      edge 32 which thus serves as a rail. The lower face 42 of the upper part
      of raised edge 32 serves to prevent the rollers 37, 38 from moving away
      from this surface 41, the surrounding raised rim 32 thus forming a double
      guide rail for the rollers 37 and 38.
PAR  It will be understood that it is possible to move the grill when it is
      mounted between the two wing-walls 26, from the position shown in full
      lines in FIG. 3, in which roller 37 is disposed against the rear of the
      left part of rim 32 and the position shown in broken lines at 35', in
      which the rollers 38 rest against the rear of the right edge of the rim
      32. In this second position, aligned with the wall of the room, the
      operator can easily load linen upon bars 35, 37 and 38.
PAR  The element forming deflector 10 has a shape shown in FIG. 10. This element
      comprises a first part 42 composed principally of two lateral members 43
      joined by four elements in the form of a venetian blind 44, the two end
      slats of which are joined, the one to a curved extension 45 and the other
      to a bottom plate 46 which terminates in a raised edge 47, the bottom
      plate having a circular raised hollow position 48. The second part of
      element 10 has notably, an arched wall 49 with an upper inclined raised
      edge 50 and two raised edges at the sides, furnished with holes 51.
PAR  It can be seen that in the middle upper part of wall 49 there is a cut-out
      52 the lower part of which has a step 53 extending from the surface of
      wall 49. This cut-out 52 is arranged to co-operate with a tray 54 which is
      situated in the upper middle part of wall 20 of part 9, the two lateral
      side-walls of this tray 54 open at the top, have slots 55 one part of
      which extends at right angles into wall 20.
PAR  Mounting of the drier is effected as follows:
PAR  Part 49 is fixed between the two wing walls 8 which are presented by wall 9
      and is supported by its raised sides 51 between the plates 11 of these two
      wing walls against which it is fixed by means of screws or other
      convenient means of fixation through the holes provided. The lower part of
      element 10 is thus fixed as can be seen in FIGS. 2 and 3, in such a way
      that one of the louvres 44 lies in prolongation of wall 49. There has thus
      been constructed an air diffuser, the section of which is clearly seen in
      FIG. 3, in which the diffuser extends through the whole space between the
      two plates 11. The upper central part of this diffuser is obstructed by
      tray 54 which passes through the cut-out 52, as seen in FIG. 2, the bottom
      of tray 54 resting on step 53, in such a manner that its end 56, furnished
      with convenient orifices (not shown) rests on the raised hollow portion 48
      which is also provided with orifices (not shown).
PAR  Tray 54 receives a motor 57 the shaft of which 58 comes out of the motor on
      one side and the other through slots 55. The motor is fixed in the tray by
      any convenient means (not shown). The motor shaft 58 is geometrically
      aligned with the two holes 59 arranged in the two plates 11, and it is
      thus possible to mount, between hole 59 and the corresponding end of shaft
      58, a fan motor of squirrel-cage shape as shown schematically in FIG. 3 at
      60. It is to be understood that hole 59in which the end of the fan rotor
      60 is mounted could be replaced by a pillow-block bearing in a convenient
      way to support the rotor, the other end of which is mounted on shaft 58.
      In this way, two rotors are mounted, one each side of the motor.
PAR  Furthermore, convenient control means, such as a switch or automatic timer
      are positioned in the housing 48 and are electrically connected to the
      motor 47 and a resistance 24 via passages provided in the bottom of the
      housing and in the bottom plate 56. It will be understood that when the
      two rotors are turned by means of motor 57, a circulation of air is
      created in the interior of the diffuser as represented by the arrows on
      FIG. 3.
PAR  Mounting of the movable elements, that is to say the wing-walls 26 which
      carry grill 7 as well as the visor 4, is made by means of a metal shaft 61
      of square cross-section, having two ends 62 of circular section. The two
      wing-walls 26, carrying between them grill 7, are mounted upon a part of
      the square section of the shaft 61, by means of the holes 28. In turn, the
      visor 5 is mounted on shaft 61 by passing the circular ends 62 of shaft 61
      through the holes 63 provided in the two side-walls 6 of the visor. The
      whole assembly, consisting of shaft 61 carrying by its square section
      part, the wing-walls 26 and the grill 7, and by its circular section --
      the visor 4, can now be mounted in the bearing 18 of the side-walls 8.
PAR  When the shaft 61 is thus mounted in these bearings 18 by its ends 62, the
      two wing-walls 26 which carry the grill, are contained in the spaces
      comprised respectively between the two plates 11 and the two arms 17, so
      that each side-wall 6 of the visor 4 is disposed on the outer side of the
      arm 17 which is nearest to it. Thus it comes about that the visor 64 and
      the side walls 26 cannot be moved axially, but are free to turn about
      shaft 61.
PAR  The assembly thus constituted by the rear wall 9, the diffuser element 10,
      the two fixed lateral side walls 8, shaft 61 the two wing walls 26 with
      their grill 7 and the visor 4, is then fixed in box 1, this fixing in box
      1being made by springing a part 45 of part 10 which surrounds shaft 61
      into a corresponding raised edge of a cross member 65 in the lower part of
      box 1, and then, for fixing the higher part, screws 66 are used across the
      top of box 1 which are screwed into the holes provided in the raised parts
      67 fixed to the upper part of the raised edges 12 of the side walls 8. It
      then only remains to suspend the drier against a wall and make the
      electrical connection by any convenient means (not shown).
PAR  To bring the drier according to the invention into use from the folded
      position shown in FIG. 2, the user must exert a downward pull on the bars
      of the grill 7, thus making the two side walls 26 which support the grill,
      pivot downwards when the two side walls by this pull are caused to free
      the protrusions 27 from the catches 15. From the folded position of the
      grill, the user then pulls the grill out from the wall, sliding it out
      between the side wall 26 and bringing it to the position shown at 35'
      allowing the loading of linen on the bars. After loading the linen thus,
      the grill is pushed towards the wall bringing it to the position shown in
      full lines in FIG. 3. After that, the user pulls on the visor 4 in order
      to make it come down, by this action releasing an edge of the visor 68
      from being held by catches 14. After having thus swung the visor down, the
      user can switch on the motor 57 or start the automatic timer (not shown)
      which is in housing 48 and has thus become accessible.
PAR  In this lowered position, the air drawn in through grill 2 by the two fans
      60, is warmed by the electrical resistance elements 24 which may be
      conveniently situated in the diffuser before of after the fans, and is
      blown into the diffuser constituted by walls 9, 10 and plates 11.
PAR  The air, suitably directed by the two intermediary elements 44 then blows
      into the interior of the visor from whence it departs by the grill 7 and
      passes then between the pieces of linen suspended from the bars of the
      grill.
PAR  After drying, the user lifts visor 4 by rotating it until it catches its
      edge 68 in the catches 14, and then activates the switch or automatic
      timer in housing 48 in order to stop the motor and shut off the heating
      resistances, after which he pulls the grill to position 35' in order to
      take out the linen he then pushes in the grill and rotates it upwards in
      order to engage the protrusions 27 with catches 15 and returns all to the
      folded position as shown in FIG. 2.
PAR  Different electrical safety measures can be provided. In particular, a
      general switch, such as a micro switch, could be provided to be activated
      by protrusion 68 of the visor 5 when the latter is brought to the position
      shown in FIG. 3. Whenever the visor is lifted, the electric current would
      be cut.
PAR  Two transversal deflectors, parallel to wall 8 can be provided in diffuser
      9 in order to direct part of the air under part 54.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Linen drier adapted to be mounted on a wall, said drier comprising a box
      having one side adapted to lie against said wall and being equipped with
      means for producing a current of hot air, a visor mounted to pivot about
      an axis parallel to said one side between a retracted position adjacent
      the top of said box and an extended and lowered position in which it
      projects further away from said box, two supports mounted to pivot
      independently of said visor about an axis parallel to said one side
      between a retracted position lying mainly within said box and a lower
      position lying mainly outside said box, said supports being positioned
      inside said visor and carrying a set of wires which are parallel to said
      one side of said box, said visor permitting access to said wires when said
      supports are in their extended position and said visor is in its retracted
      position and guiding said current of air toward said wires when both visor
      and supports are in their extended positions.
NUM  2.
PAR  2. Drier as claimed in claim 1, in which said visor is mounted to telescope
      into said box beneath the upper part thereof, and comprises a
      part-cylindrical portion parallel to its axis and two end walls transverse
      to that axis supporting said part-cylindrical portion, while said box is
      provided with guide members parallel to and closely adjacent said end
      members, said guide members being positioned between said end members.
NUM  3.
PAR  3. Drier according to claim 1, in which the visor is made of transparent
      material.
NUM  4.
PAR  4. Drier according to claim 1, in which the box is in the form of a
      horizontal prism, the cross section of which is a sector of a circle, the
      visor in lowered position completing the said sector to a quarter circle.
NUM  5.
PAR  5. Drier according to claim 1 which includes means for displacing the bars
      horizontally by bringing them away transversely from the wall in order to
      facilitate loading them.
NUM  6.
PAR  6. Drier according to claim 5, in which the said bars constitute a grill
      the two lateral extremities of which comprise means which can slide in the
      lateral supports of the bars.
NUM  7.
PAR  7. Drier according to claim 1, in which the means for producing a current
      of warm air comprise a grill for admission of air disposed in the upper
      face of the box, at least one fan with its axis horizontally disposed
      under said grill and a diffuser having a rear wall slightly inclined to
      the vertical and a forward arched wall which joins substantially with the
      visor in its lowered position.
NUM  8.
PAR  8. Drier according to claim 7, in which the said diffuser includes
      deflectors for guiding air which are disposed in the direction of the
      anterior face of the drier.
NUM  9.
PAR  9. Drier according to claim 7, in which the drier box includes two lateral
      wing-walls having the general form of a sector of a circle having at their
      lower part a circular bearing and perpendicular to the plane of the sector
      of the circle, a flange furnished with means for attaching it to the wall
      of the room, the said two wing-walls supporting said rear wall as well as
      said arched wall, which terminates in a deflecting grill forming the lower
      face of the box.
NUM  10.
PAR  10. Drier according to claim 9, in which the said bearing is carried by an
      arm extending parallel to and a certain distance from the circular arc of
      the wing-wall.
NUM  11.
PAR  11. Drier according to 5 in which the said supports for the bars are
      constituted by movable wing-walls in the form of a sector of a circle and
      having a radial elongated portion furnished with means for guiding the
      bars.
NUM  12.
PAR  12. Drier according to claim 11, in which the said guiding means consist of
      a double raised portion forming a guide rail for rollers supported on the
      ends of the grill constituted by the bars.
NUM  13.
PAR  13. Drier according to claim 11, in which the said bar supports have a
      protrusion which can co-operate with a holding catch carried by the fixed
      wing-wall on the inside of the box.
NUM  14.
PAR  14. Drier according to claim 7 and, in which the said rear wall has a tray
      extending from the upper part of said wall transversely with respect to
      said wall and being furnished with means for supporting a motor for
      driving the fan.
NUM  15.
PAR  15. Drier according to claim 14, in which the lower part of said tray rests
      against the end of a hollow raised portion made in the lower wall of the
      drier box, the said hollow raised portion housing the means for
      electrically activating the drier.
NUM  16.
PAR  16. Drier according to claim 9, in which the said wing-walls carry at their
      upper part a catch co-operating with a raised edge of the upper part of
      the visor in order to hold the visor in its upper position.
NUM  17.
PAR  17. Drier according to claim 9 and, in which the said arms are disposed
      outside the diffuser, that the said wing-wall supports of the bars are
      held respectively between the arms and the fixed side walls and that the
      visor presents two lateral side walls extending one side and the other, to
      the outside of the said two arms, said sidewalls supporting the grill and
      the lateral sidewalls of the visor being supported by a single shaft
      mounted on the bearings carried by said arms.
NUM  18.
PAR  18. Drier according to claim 17, in which the said shaft has one part of
      square cross section on which are mounted the said bar supports by holes
      of corresponding square section.
NUM  19.
PAR  19. Drier according to claim 1, including a switch which cuts off the
      current when the visor is raised.
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ABST
PAL  This dryer unit includes a housing having an inclined belt conveyor
      assembly mounted therein for transporting a previously washed printing
      plate through a drying system. The continuous belt is formed from an open
      mesh material to facilitate the circulation of drying air through the belt
      and over and above the plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to dryer units for printing plates and in
      particular to a unit having an inclined belt conveyor for passing a
      previously washed plate through a drying system.
PAR  Printing plates which have been treated with an etchant must first be
      washed and then, in order to expedite the processing, dried and cured. The
      plates are wet over both the front and rear surfaces following the wash
      process and in consequence it is necessary to dry both surfaces before
      stacking ready for use. Obviously, it is an advantage to have the drying
      process completed as quickly as possible. Unfortunately, although it is a
      relatively simple matter to subject an exposed front face to a drying
      process the drying of the rear face is more difficult, unless some sort of
      holding device is provided to either turn or suspend the plate, because of
      the problem of exposing both sides of the plate at the same time.
PAR  The present dryer overcomes this problem in a manner not disclosed by the
      known prior art.
PAC  SUMMARY OF THE INVENTION
PAR  This dryer unit provides a means of rapidly and evenly drying a previously
      washed printing plate by subjecting both sides of the plate to the drying
      action of heated air at the same time without removing the plate from the
      carrying surface.
PAR  It is an important object of this invention to provide a dryer housing
      having a conveyor assembly mounted therewithin for passing the plate
      through a drying system.
PAR  Another object is to provide a conveyor assembly having a transversely
      inclined conveyor belt of perforate material and to provide means of
      circulating air through said material.
PAR  Yet another object is to provide a drying means which includes a blower
      having an elongate nozzle disposed to blow heated air across the belt and
      into an outlet vent which is disposed above the blower and on the opposite
      side of the belt.
PAR  Still another object is to provide a drying means and a curing means to
      complete polymerization of the plastic workpiece which includes a
      plurality of ultraviolet lamps disposed in a substantially parallel plane
      above the inclined upper face of the belt to direct radiation
      perpendicularly onto said belt.
PAR  It is an object to provide a blower having a transverse angle of
      inclination to the horizontal less than the inclination of the belt.
PAR  An important object is to provide a continuous belt formed from opposed
      chains interconnected by a plurality of transverse rods and wire mesh
      layers disposed above and below said rods.
PAR  It is another object to provide a dryer housing with a continuous flow of
      hot air to move the heavy moisture laden air from the printing plate and
      vent it out of the housing as fast as possible.
PAR  It is an object to provide a dryer housing including entrance and exit
      openings, the exit opening being provided with a flapper to permit the
      belt conveyor to extend outwardly of said opening the flapper facilitating
      the evacuation of moisture laden air out the vent of the dryer.
PAR  An important object is to provide a dryer which is relatively inexpensive
      to manufacture and extremely efficient and simple to operate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a combination washer and dryer in
      somewhat schematic form which utilizes the dryer unit;
PAR  FIG. 2 is a sectional plan view taken on line 2--2 of FIG. 1 with the
      collector and conveyor assembly side supports omitted for clarity;
PAR  FIG. 3 is an end view of the washer unit with the housing end wall
      partially removed;
PAR  FIG. 4 is an end view of the dryer unit taken on line 3--3 of FIG. 1 with
      the housing end wall partially removed;
PAR  FIG. 5 is an enlarged fragmentary plan view of the washer and dryer
      conveyor assemblies taken on a plane corresponding to lines 5--5 and
      5'--5' of FIGS. 3 and 4;
PAR  FIG. 6 is a fragmentary sectional elevational view taken on line 6--6 of
      FIG. 5;
PAR  FIG. 7 is a fragmentary sectional view taken on line 7--7 of FIG. 6;
PAR  FIG. 8 is an enlarged fragmentary sectional view taken on line 8--8 of FIG.
      6;
PAR  FIG. 9 is a fragmentary sectional view taken on line 9--9 of FIG. 6; and
PAR  FIG. 10 is an enlarged fragmentary sectional view taken on line 10--10 of
      FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now by characters of reference to the drawings and first to FIGS.
      1 and 2 it will be understood that the combination washer and dryer
      includes a washer unit 10 and a dryer unit 11 and that said units are
      disposed in end-to-end relation and are seated upon a common base 12. Each
      of the units 10 and 11 includes a belt conveyor assembly, indicated
      respectively by numerals 20 and 34 which together provide a means of
      transporting a workpiece W through the washer and dryer combination. The
      combination unit is particularly adapted to process photosensitive plastic
      printing plates, which must be first thoroughly washed free of etchant
      material and then dried and cured to complete polymerization. For
      simplicity the details of the sealing and mounting of the belt conveyor
      assemblies are omitted in FIGS. 1 and 2, which are somewhat schematic in
      form, and will be described below with reference to FIGS. 5 and 6.
PAR  As shown in FIG. 2 the washer units 10 includes a housing 13 having opposed
      end walls 14 and 15 having openings 16 and 17 respectively. The inclined
      belt conveyor assembly 20 which is housed within the washer housing 13 is
      inclined at an angle of about 45.degree. in the preferred embodiment and
      includes opposed end portions 21 and 22 extending outwardly of the
      housing, through the openings 16 and 17 respectively, and an intermediate
      portion 23 which extends between said end portions 21 and 22.
PAR  As shown in FIG. 3 the washer housing 13 is provided with a lid 24 having a
      spray grid assembly 25 eccentrically mounted thereto, said spray grid
      assembly being connected to a water supply assembly 26 by means of a
      flexible hose 27. The spray grid assembly 25 provides a moving spray plane
      substantially parallel to the inclined belt conveyor assembly 20 to direct
      water onto the upper surface of an inperforate continuous belt 28.
PAR  The dryer unit 11 includes a housing 29 having opposed end walls 30 and 31
      providing openings 32 and 33 respectively. The belt conveyor assembly 34,
      which is housed within the dryer housing 29, is inclined at substantially
      the same angle as the washer unit belt conveyor assembly 20 and includes
      opposed end portion 35 terminating inwardly of the housing 29; end portion
      36 extending outwardly of said housing through the opening 33 and an
      intermediate portion 37 extending between said end portions 35 and 36.
      Importantly, the opening 32 in the dryer housing end wall 30 receives the
      washer conveyor end portion 22 therethrough. This structural arrangement
      of parts provides that a workpiece W deposited on the right hand conveyor
      end portion 21 can be passed through the washer and dryer combination and
      delivered into a collector device 50 provided at the left hand conveyor
      end portion 36. It will be understood that the belt conveyor assemblies 20
      and 34 are aligned to provide upper belt surfaces in substantially the
      same plane, and that the dryer unit conveyor end portion 35 is
      sufficiently close to washer unit conveyor end portion 22 so that the
      workpiece W can readily be transferred from one belt assembly to the
      other.
PAR  As shown in FIG. 4 the dryer housing 29 includes a lid 40 having an
      ultraviolet lamp assembly 41 attached thereto in substantially parallel
      relation to the inclined dryer belt conveyor assembly 34 to direct
      radiation onto the upper surface of a perforate continuous belt 42. In
      addition to the ultraviolet lamp assembly 41 the drying of the workpiece W
      is expedited by means of a blower assembly, generally indicated by numeral
      38, which includes a blower 39 directed to supply heated air across the
      upper portion of said belt 42.
PAR  The structural arrangement of the various components of the device, as
      shown in FIGS. 5-10, will now be described more specifically.
PAR  The washer belt conveyor assembly 20 includes a pair of end rolls 43 and 44
      carried in journal relation between a pair of opposed, longitudinally
      disposed side support arms 45 mounted to end walls 14 and 15. End roll 44
      provides a drive roll and includes a pair of sprockets 46 and 47 at the
      lower outer end. Sprocket 46 is connected by means of a chain 51 to a
      drive sprocket 52 attached to the shaft of a drive motor 53, which is
      mounted to the washer housing 13 as by a support bracket 54. The washer
      conveyor belt 28, in the preferred embodiment, is of an imperforate,
      elastomeric material and includes transverse strips 55 which separate the
      belt surface into sections each receiving a standard size of workpiece
      printing plate W. Intermediate, relatively short stop strips 57 are
      provided which act to retain the workpiece W on the belt 28. The upper
      edge of the belt 28 is overlapped by a sealing element 60 carried by the
      longitudinal support 45, which has the effect of precluding the entry of
      water to the underside of the belt 28.
PAR  The washer unit end wall openings 16 and 17 are sealed to preclude the
      escape of water from the washer housing 13. In the case of opening 16, the
      seal is provided by a pair of sealing strips 61 attached above the upper
      margin of the opening 16 by means of a transverse support channel 62. In
      the free condition the strips hang substantially vertically; however, as
      clearly shown in FIG. 6, when the washer belt conveyor assembly 20 is
      installed and operating, the sealing strips 61 provide flaps overlapping
      the belt 28 to preclude the escape of water from the opening 16, a dead
      zone being effectively provided between the strips 61. Similar sealing
      strips 61 are provided for opening 17, in this case a pair of channels 62
      being provided for the two strips 61 and, in addition, an exterior strip
      63 being provided which acts as a wiper seal and removes excess water from
      the surface of the belt 28. All of the transverse strips 61 and 63 are
      attached to their associated channels 62 and housing end walls 14 and 15
      as by fasteners.
PAR  The dryer unit belt conveyor assembly 34, as will be readily understood
      from FIG. 6, includes a pair of end shafts 65 and 66 carried in journal
      relation between a pair of longitudinally disposed side support arms 67.
      In the vicinity of dryer housing end wall opening 33, the side supports 67
      are carried by the dryer housing end wall 31. At the other end, said side
      supports 67 are carried by brackets, such as that indicated typically by
      numeral 70, attached to the dryer housing 29. As clearly shown in FIG. 6
      the drive for the dryer belt conveyor assembly 34 is provided by a chain
      take-off from the washer belt conveyor assembly 20. The chain, indicated
      by numeral 71 extends between sprocket 46 of the washer conveyor roller 44
      adjacent the dryer conveyor shaft 65 and a sprocket 72 which is provided
      at the outer end of the shaft 65.
PAR  The dryer conveyor shafts 65 and 66 each include a pair of spaced end
      sprockets 73 interconnected by opposed longitudinally extending chains 74.
      The two chains 74 are connected at spaced intervals along their length by
      transverse rods 75 which, in the embodiment shown, extend between and
      connect every eighth link and provide a mounting means for the perforate
      belt 42. This belt 42 is of a double thickness, open mesh material as
      illustrated in FIGS. 7 and 8. At the lower, longitudinal edge of the belt
      42, stops 76 are provided, connected to every other link, which act to
      retain the workpiece W on said mesh belt 42. A flapper element 77 of
      elastomeric or similar plastic material is provided to seal the dryer unit
      end wall opening 33 above the mesh belt 42.
PAR  The washer unit spray grid assembly 25 is best shown in FIG. 3. It will be
      understood that this assembly is suspended from four shafts 80 depending
      from each of four corners of a drive compartment generally indicated by
      numeral 81. The shafts 80 are connected to a drive means (not shown)
      within the drive compartment 81 and each includes an eccentric connection
      82 at its lower end for mounting an associated pivot shaft 83, said shafts
      83 being collectively fixedly attached to the spray grid assembly 25.
      These eccentric connections cause shafts 83 to orbit about the rotational
      axes of the shafts 80 to provide a moving spray plane. The spray grid
      assembly 25 is formed from a generally H-configuration of piping which
      includes a pair of opposed header arms 84 interconnected by a transverse
      water supply pipe 85. The supply pipe 85 includes an offset portion 86
      which is connected to the water supply assembly 26 by means of the
      flexible hose 27. The headers 84 are interconnected by a plurality of
      transverse secondary pipes 87 to each of which is attached a plurality of
      spray nozzles 88.
PAR  The drying and curing system of the dryer unit 11, which is best shown in
      FIG. 4 consists of two component parts in the preferred embodiment. One of
      these parts is the ultraviolet lamp assembly 41, which effectuates curing
      by ultraviolet radiation, and the other is the blower assembly 38 which
      effectuates drying by hot air. The ultraviolet lamp assembly 41 includes a
      rectangular panel 92 mounting a plurality of ultraviolet lamps 93. The
      panel 92 is provided with two pairs of spaced brackets 94 attached in
      telescopically adjustable relation to associated brackets 95 depending
      from the dryer lid 40. The lamps 93 are positioned so that the radiation
      therefrom is directed onto the workpieces W as said workpieces are moved
      through the dryer housing 29 by the conveyor belt 42. The blower assembly
      38 includes a heater 96 connected by ductwork 97 to the blower 39. The
      blower 39 provides an elongate nozzle 100 having an orifice extending
      along a substantial portion of the length of the upper face of the mesh
      conveyor belt 42. Importantly, as clearly shown in FIGS. 4 and 8, the
      nozzle 100 directs a stream of heated air which flows across both the
      front and back of the workpiece W. Heated air tends to rise and in the
      preferred embodiment the angle of the blower nozzle 100 is slightly less
      than the angle of inclination of the belt 42 and air is directed up both
      sides of the workpiece W through the mesh of the belt 42. Moisture
      saturated air is evacuated through a vent 101 located in the top of the
      dryer housing above the belt 42 at the far side of said belt.
PAR  It is thought that the functional advantages and structural features of
      this combined washer and dryer have become fully apparent from the
      foregoing description of parts but from completeness of disclosure the
      installation and operation of the device will be briefly described.
PAR  As shown particularly in FIG. 1 the base 12 is provided with guide rails 18
      which facilitate alignment of the washer and dryer units 10 and 11. The
      washer unit 10 is installed first and the dryer unit 11 is installed by
      pushing it along the rails 18 until the adjacent washer and dryer housing
      end walls 15 and 30 respectively are engaged. When the adjacent end walls
      15 and 30 of the washer and dryer units 10 and 11 respectively, are
      engaged, the projecting left hand end portion 22 of the washer belt
      conveyor assembly 20 is received within the opening 32 of the dryer
      housing end wall 30. The washer and dryer units 10 and 11 are then
      connected together as by fasteners (not shown), and collector 50 installed
      at the left hand end of the dryer unit 11 by attachment to the outstanding
      portion of the conveyor supports 67, and to an outstanding bracket 48
      connected to the dryer end wall 31.
PAR  After installation, as clearly shown by FIGS. 1 and 2, the left hand end
      portion 22 of the washer belt conveyor assembly 20 projecting into the
      dryer housing is closely adjacent to the right hand end portion 35 of the
      dryer belt conveyor assembly 34. The receiving end portion 21 of the
      washer belt conveyor assembly 20 and the discharge end 36 of the dryer
      belt conveyor assembly 34 project outwardly of their respective housings.
      Thus, a workpiece W deposited on the right hand end portion 21 of the belt
      conveyor 20 is passed from one end to the other of the combined unit under
      continuous movement. As shown in FIG. 6 the upper surfaces of the conveyor
      belts 26 and 42 are in substantially the same plane. The diameter of the
      dryer conveyor sprockets 73 is substantially greater than the diameter of
      the washer conveyor rollers 43 and 44 to provide the comparatively large
      curvature which is desirable to facilitate movement of the double
      thickness mesh belt 42 around the sprockets 73. The drive for the dryer
      belt conveyor assembly 34 is provided by a chain 71 connected between the
      dryer conveyor sprocket 72 on the shaft 65 and the washer conveyor
      sprocket 46 on the adjacent washer conveyor roller 44. The sprockets 46
      and 72 are sized so that the speeds of the upper surface of the belts 42
      and 28 are substantially the same and together with the chain 71
      constitute a drive connection means.
PAR  It will be understood that when the spray grid assembly 25 is operating a
      moving bank of spray nozzles, disposed in a plane spaced in parallel
      relation from the conveyor belt 28, is directed onto said belt. Water is
      precluded from escaping from the openings 16 and 17 at opposite ends of
      the washer housing 13 by transverse seals 61 provided interiorly of the
      housing adjacent each opening. The seals 61 are flexible and are raised
      slightly by the transverse strips 55 as they pass through the openings 16
      and into the washer unit 10. A workpiece W which is retained upon the
      inclined face of the belt 28 by intermediate stops 57, passes into the
      washer housing 13 via sealed opening 16 and is subjected to a moving spray
      from the spray grid assembly 25 as it passes through said housing before
      exiting from the washer housing via sealed opening 17. As the workpiece W
      passes into the dryer unit housing 29 via the end opening 32 in the dryer
      unit end wall 30, the wiper seal 63 removes excess water from the
      workpiece. Because of the substantial alignment between the conveyor belts
      28 and 42 and the relatively close proximity of said belts, the workpiece
      W is transferred readily from one belt to the other. While progressing
      through the dryer housing the workpiece W, which is retained on the mesh
      belt 42 by stops 76, is subjected to perpendicularly directed radiant
      ultraviolet energy from the lamp assembly 41 which facilitates curing and
      drying of the workpiece W and to a stream of hot air blown across the
      upper part of the belt 42 by the relatively narrow, lengthwise elongated
      orifice of the blower nozzle 100 to flow over both sides of the workpiece
      W which facilitates drying of said workpiece. The workpiece W then passes
      out of the dryer housing by way of the opening 33 which is provided with a
      flapper 77 to substantially facilitate evacuation of moisture laden air
      from the vent 101 rather than the opening 33.
PAR  After passing through the dryer housing 29 the workpiece W is deposited by
      the belt 42 into the collector 52 in a substantially dry and cured
      condition, the collector being adapted to retain and stack workpieces
      until collected.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A dryer unit for printing plates comprising:
PA1  a. a housing having opposed ends,
PA1  b. a belt conveyor assembly mounted to the housing and including a
      continuous movable belt having a perforate flat upper surface inclined in
      a direction transverse to the direction of motion, the belt carrying a
      printing plate flat on its upper surface at least part of the distance
      between opposed housing ends,
PA1  c. drying means mounted within the housing for circulating air above and
      below the perforate upper belt surface to dry both faces of the plate, the
      drying means including a blower having an elongate nozzle orifice disposed
      adjacent the lower side and substantially in the plane of the perforate
      flat upper surface of the belt, and disposed to blow heated air upwardly
      across the flat printing plate and both above and below the perforate flat
      upper belt surface, and
PA1  d. the housing including an outlet vent disposed above the nozzle orifice
      and adjacent the opposite upper side of the perforate flat upper belt
      surface.
NUM  2.
PAR  2. A dryer unit as defined in claim 1, in which:
PA1  e. the nozzle orifice is disposed to blow the heated air in a path at a
      transverse angle of inclination to the horizontal less than the
      inclination of the flat upper belt surface and printing plate thereon, the
      air passing through the perforate upper belt surface and over the
      underside of the plate.
NUM  3.
PAR  3. A dryer unit as defined in claim 1, in which:
PA1  e. the continuous belt is of mesh construction to allow heated air to flow
      therethrough upwardly over the underside of the printing plate carried
      thereon.
NUM  4.
PAR  4. A dryer unit as defined in claim 3, in which:
PA1  f. the mesh construction of the continuous belt is formed from opposed
      chains interconnected by a plurality of transverse rods and wire mesh
      layers disposed above and below said rods.
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PAL  A chamber seal is provided, which accommodates the entry into and exit from
      a processing chamber for a web of fabric. The seal serves to minimize the
      flow of gases into or out of the chamber, while at the same time
      minimizing frictional drag on the fabric, so that the fabric may be
      processed without excessive tension. The invention is especially useful in
      connection with processing of fabrics with liquid ammonia.
PAL  The low pressure seal includes a guide member which engages and guides one
      surface of the fabric. The opposite surface of the fabric is contacted by
      a thin, flexible web of low friction material, such as Teflon-impregnated
      glass fiber cloth. The sealing web, which is highly flexible and
      conformable, is urged into contact with the fabric by means of a slightly
      compressed resilient tubular element, which is supported opposite the
      fabric guide. To advantage, the resilient element is not inflated, but
      provides the desired low pressure sealing force by reason of a slight
      deformation. The low friction web material is free of the resilient
      element and, in some cases, is movable relative thereto, in order to
      provide a renewed surface. In some cases, a single web of low friction
      sealing material may provide a plurality of sealing surfaces at a
      plurality of openings.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In the processing of fabrics with liquid ammonia, a web of the fabric is
      directed into a closed chamber, in which the fabric is contacted by the
      liquid ammonia. Typically, this may be accomplished by directing the
      fabric web into a trough containing liquid ammonia and then conveying the
      fabric under controlled conditions while the fabric remains saturated with
      the ammonia. The primary treatment chamber is, in such cases, saturated
      with ammonia vapor.
PAR  Because of the poisonous and unpleasant nature of the ammonia vapors, it is
      desirable to maintain the interior of the treating chamber at a slightly
      negative pressure relative to the ambient, so that leakage out of the
      chamber is avoided or minimized. At the same time, it is desirable to
      avoid leakage into the chamber of excessive atmospheric air. Excessive
      influx of air can introduce undesirable amounts of moisture, which can
      interfere significantly with ammonia recovery procedures. Likewise, too
      much air in the system can be detrimental.
PAR  The present invention provides simple yet highly reliable and effective
      means for sealing the entrance and discharge openings of a liquid ammonia
      or similar treatment chamber. Importantly, the new sealing arrangement
      provides for effective sealing of the entry and discharge openings of the
      chamber without resulting in excessive frictional drag on the fabric being
      conveyed therethrough. The latter can be an important consideration in the
      processing of knitted fabrics, for example, where it is desired to
      carefully limit and control fabric tensions during the processing.
PAR  In the pressure seal of the invention, opposite surfaces of the fabric are
      maintained in sliding contact with effectively stationary surfaces of the
      seal. On one side, the seal can be formed by a rigid guide member. On the
      opposite side, the seal is formed by a thin, highly flexible web of low
      friction material, such as Teflon-impregnated glass fiber cloth. This
      thin, flexible material is urged lightly against the fabric by a
      deformable resilient member. The construction of the seal is such as to
      provide highly effective closure of the chamber while at the same time
      maintaining frictional drag on the fabric at a practical minimum and also
      highly uniform across the width of the fabric.
PAR  In accordance with one aspect of the invention, the flexible low friction
      web material is movably mounted, enabling it to be shifted from time to
      time to bring a new surface area into operative position as may be
      necessary to compensate for wear.
PAR  In a typical processing chamber, the entrance and exit openings may
      incorporate double seals, with an intervening zone between the interior
      and exterior of the treatment chamber. In such cases, a pair of sealing
      assemblies may be utilized in conjunction with a single length of the low
      friction web material, for convenience and greater simplicity.
DRWD
PAR  For a more complete understanding of the above and other features of the
      invention, reference should be made to the following detailed description
      of a preferred embodiment, and to the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified schematic representation of a liquid ammonia
      processing chamber incorporating the improved low pressure seal of the
      invention.
PAR  FIG. 2 is a greatly enlarged, cross-sectional view of an entrance or exit
      opening of the processing chamber of FIG. 1, illustrating the utilization
      therein of the new sealing arrangement.
PAR  FIG. 3 is an enlarged, fragmentary, cross-sectional view, as generally
      taken on line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the reference numeral 10, designates a
      representative treatment chamber for carrying out a liquid ammonia
      treatment process on a fabric web 11. The fabric is conveyed into the
      chamber through an entrance opening, generally designated by the numeral
      12 and, within the chamber, is guided through a processing trough 13,
      containing liquid ammonia. After a short period provided for the ammonia
      reactions to take place, the fabric may be directed onto dryer drums 14,
      15, to drive off the ammonia, and out through a chamber discharge opening
      16, which also constitutes the entrance to a steam chamber 17. The steam
      chamber has a discharge opening 18 from which the fabric web emerges and
      is conveyed away to be further processed.
PAR  As reflected in FIG. 2, the entry or discharge openings 12, 16, 18,
      advantageously are arranged to provide a gas lock, to minimize escape of
      ammonia vapors from the treatment chamber 10 and also to minimize ingress
      of ambient air into the chamber. To this end, the chamber 10 is provided,
      at least in the area of the openings 12, 16, 18, with spaced walls 19, 20.
      In the specific illustration of FIG. 2, the area to the left of the outer
      wall 19 represents the ambient atmosphere, and the area to the right of
      the inner wall 20 represents the ammonia atmosphere within the treatment
      chamber. The area 21 in between forms the desired gas lock.
PAR  In a typical liquid ammonia treatment system, the interior of the chamber
      may be maintained at a negative pressure, relative to ambient, of about
      0.5 inch H.sub.2 O. The gas lock area 21, in such case, may be maintained
      at a negative pressure of about 0.75 inch H.sub.2 O. This provides for a
      limited leakage of ammonia vapors from the processing chamber into the gas
      lock chamber 21, because of the slightly more negative pressure therein.
      Air leakage from the ambient will tend to be restricted to the gas lock
      chamber, minimizing the entry of air into the interior of the main
      treatment chamber. The entry of air into the main treatment chamber cannot
      be precluded altogether, of course, inasmuch as some quantities of air are
      contained in the interstices of the fabric itself. Thus, in a continuous
      process even under theoretically ideal conditions, some air will enter the
      main chamber. Suitable means (not shown) are provided to exhaust the gas
      lock chamber 21, so that the ammonia vapors therein are constantly
      conveyed away for recovery or disposal.
PAR  In the illustrated arrangement, each of the chamber walls 19, 20, is
      provided with an elongated, narrow opening 22, 23 of suitable width to
      receive a fabric web 11 of maximum intended width. In a typical
      installation, the openings 22, 23 will be horizontal.
PAR  Secured to the walls 19, 20, adjacent and below the respective openings 22,
      23, are fabric guide members 24, 25. To advantage, the guide members are
      formed of stainless steel sheet material, shaped to provide a horizontal
      guide platform section 26, a depending outer lip 27 and a downwardly
      extending inner panel section 28. The respective guide members 24, 25, are
      of a suitable length to extend across the full width of the openings 22,
      23, and desirably somewhat beyond on each end, as reflected in FIG. 3.
PAR  The panel portions 28 of the guide members are provided with vertically
      elongated slots 29, at spaced locations across the width of the guide
      members, which receive studs 30, welded or otherwise secured to the
      respective chamber walls 19, 20. The arrangement is such that the guide
      members 24, 25 may be secured with limited vertical adjustability to the
      respective chamber walls, by means of nuts 31. Resilient gasket elements
      32, desirably may be interposed between the guide members 24, 25 and the
      chamber walls for improved sealing.
PAR  As reflected in FIG. 2, the guide members 24, 25 are adjusted and secured
      to the walls 19, 20 in a position such that their platform sections 26 lie
      generally in a horizontal plane, slightly above the lower edges of the
      wall openings. Desirably, the platform sections will be arranged to lie in
      a common plane; however, that is not strictly necessary in view of the
      flexible nature of the fabric web.
PAR  Secured to the walls 19, 20, above the elongated openings 22, 23, are
      mounting brackets 33, 34. These may be secured by studs 35 and nuts 36,
      with slotted openings providing limited vertical adjustability. Resilient
      gasket means 37 is interposed between the brackets 33, 34 and the adjacent
      chamber walls.
PAR  In accordance with the invention, there are secured to the lower flanges 38
      of the respective brackets 33, 34 elongated, resilient compression
      elements 39, 40. To advantage, these compression elements are formed of
      elongated tube-like sections of rubber or similar elastic material, which
      extend along the openings 22, 23, for the full width thereof and slightly
      beyond the ends of the openings. As reflected in FIG. 2, the tubular
      elements 39, 40 are positioned closely adjacent the surfaces of the
      chamber walls 19, 20, enabling the end extremities of these resilient
      elements to be utilized for sealing the end regions of the openings, as
      will be more fully described. The resilient compression elements 39, 40
      are of relatively thin walled construction, and thus are readily
      deformable under radial compression. As reflected in FIG. 2, the
      compression elements 39, 40 are secured to the brackets 33, 34 by bolts
      41, which extend through the sealing elements and engage elongated
      clamping strips 42 extending therethrough.
PAR  As a significant feature of the invention, there is interposed between the
      lower surfaces of the resilient compression elements 39, 40 and the guide
      members 24, 25 a thin, highly flexible web 43 of a low friction material.
      Desirably, the web 43 may be a material such as glass fiber cloth, which
      has been impregnated with a low friction materil such as Teflon
      (polytetrafluoroethylene). The web 43 extends substantially across the
      full width of the openings 22, 23, and is at least as wide, desirably
      somewhat wider, than the maximum width of web material 11 to be
      accommodated.
PAR  As shown in FIG. 2, the fabric web 11 enters or exits from the processing
      chamber by passing between the guide members 24, 25 and the low friction
      web material 43. The initial vertical adjustment of the respective guide
      members 24, 25 and the mounting brackets 33, 34 is such that, with the
      fabric 11 supported by the guide members 24, 25, the resilient pressure
      elements 39, 40 are at least slightly deformed and compressed, and thereby
      serve to lightly press the low friction web material 43 against the fabric
      11. The web material 43 is substantially impermeable and thus forms an
      effective gas seal between the compression members 39, 40, and the
      respective opposing guide members 24, 25. In this respect, it will be
      understood that sealing pressure is derived from elastic deformation of
      the elements 39, 40, under compression, rather than, for example, by
      internally inflating the pressure members, because the former procedure
      provides for more delicate control of pressures on the fabric (and thus
      lengthwise tensions), while at the same time providing for adequate and
      effective sealing.
PAR  Adjacent the ends of the wall openings 22, 23, shaping blocks 53 are
      inserted in the ends of the compression elements 39, 40, to effect a
      transition in the shape of the elastic elements and enable them to
      effectively seal the openings at their ends.
PAR  In one advantageous form of the invention, a single, continuous web of the
      low friction material 43 extends through both of the wall openings 22, 23
      and cooperates with both of the compression elements 39, 40. In addition,
      since the low friction web material 43 is subject to wear with continued
      usage, arrangements are provided to accommodate repositioning of the web
      43 from time to time, to bring fresh surface areas into the regions of
      contact, underneath the compression elements 39, 40. To advantage, the
      repositioning of the low friction web material 43 may be accomplished by
      providing a supply reel 44 of the material, carried by the bracket 34
      within the treatment chamber 10, and a take up reel 45 secured to the
      bracket 33 on the outside of the chamber. The supply reel 44 may be held
      normally nonrotatable, as by means of a brake device 46, while the take up
      reel 45 may be controllably movable by any suitable means, such as a worm
      gear 47 and crank 48. As limited areas of the low friction web material
      become worn, the take up reel may be advanced slightly, to bring new areas
      underneath the respective compression elements 39, 40, as will be readily
      understood.
PAR  When using a single length of web material to provide low friction sealing
      at both of the openings 22, 23, it may be desirable to provide a guide bar
      49, within the gas lock chamber 21, to divert the sealing web 43 away from
      the fabric 11 in the region between the two compression elements 39, 40,
      to both minimize wear on the sealing web 43 and reduce drag on the fabric
      11.
PAR  The chamber seal of the invention, although of a highly simplified and
      economical nature has proven to be uniquely effective in practice. The
      seal effectively limits the undesired flow of gases at the chamber
      openings, but at the same time maintains drag on the fabric 11 at a
      minimum practical level, to minimize fabric tensions and distortions
      during processing. In its most elementary form, the seal utilizes a
      non-inflated, elastically distortable compression element of rubber or
      similar elastic material, in conjunction with an interposed low friction
      contact surface, in the form of a thin, flexible low friction web. Fabric
      enters the seal by passing between a fixed guide member and the low
      friction web material, with the latter being pressed lightly against the
      fabric to form the desired seal, while maintaining a low friction contact
      with the fabric to permit its movement in the absence of excessive
      tension.
PAR  In a typical liquid ammonia processing chamber, double seals are employed
      at some or all of the chamber openings, in which case it is both
      convenient and advantageous to utilize a single length of the flexible,
      low friction web material in conjunction with a pair of adjacent seals. In
      all cases, the flexible sealing web is secured in a manner to permit it to
      be moved longitudinally from time to time, to bring fresh surface areas
      underneath the compression elements, as the areas in use become worn. A
      substantially continuous supply and take up arrangement may be utilized
      for this purpose.
PAR  It should be understood, of course, that the specific form of the invention
      herein illustrated and described, is intended to be representative only,
      as certain changes may be made therein without departing from the clear
      teachings of the disclosure. Accordingly, reference should be made to the
      following appended claims in determining the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A low-friction, low pressure seal for use in combination with a
      processing chamber for the continuous liquid ammonia processing of
      fabrics, wherein the chamber is maintained at a slight negative pressure
      in relation to the surrounding ambient and wherein the fabric is conveyed
      through the chamber with minimum tension applied at the seal, wherein the
      seal comprises and is characterized by
PA1  a. means forming a smooth stationary rigid guide member mounted in the
      region of the chamber opening, for engaging, guiding and supporting one
      surface of the fabric web as it passes through the opening,
PA1  b. said guide member extending across the full width of the opening,
PA1  c. a stationary seal support mounted in spaced, parallel relation to said
      guide member and defining therewith a web passageway associated with said
      chamber opening,
PA1  d. an elongated, resilient, hollow, deformable sealing member carried by
      said stationary seal support and extending toward said guide member,
PA1  e. said deformable sealing member extending across the full width of said
      opening,
PA1  f. a thin, flexible, web-like section of low friction material secured in
      normally stationary manner in a region spaced from said deformable sealing
      member and extending between said sealing member and said rigid guide
      member,
PA1  g. said web-like section being urged lightly toward said guide member by
      said sealing member,
PA1  h. said resilient sealing member being maintained free of internal
      inflation pressures, whereby sealing pressures applied by said sealing
      member are derived exclusively by limited elastic deformation of said
      sealing element, whereby said fabric can be advanced with a minimum of
      tension resulting from said seal, and
PA1  i. said low pressure seal being adapted for the low resistance passage of a
      fabric web between and in sealed relation with said guide member and said
      section of low friction material.
NUM  2.
PAR  2. A low-friction, low pressure seal according to claim 1, further
      characterized by
PA1  a. said chamber having spaced inner and outer walls and having spaced
      openings therein forming a double sealed passage into or out of the
      chamber.
PA1  b. the region between said walls being maintained at a slightly more
      negative pressure than the interior of said chamber,
PA1  c. a seal, as specified in claim 1, being provided for each of said spaced
      openings, and
PA1  d. a single section of thin, flexible sheet-like low-friction material
      extending through said passage, spanning the space between said walls, and
      forming part of each of said seals.
NUM  3.
PAR  3. A low-friction, low pressure seal according to claim 2, further
      characterized by
PA1  a. said section of low friction material being movable through the passage
      to permit unworn areas to be brought into operative position as needed,
PA1  b. means mounted on said chamber and engaging said low-friction material
      for advancing said material through said passage.
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ABST
PAL  A practice board for contract bridge games is disclosed wherein one
      embodiment includes a rectangular sheet and another embodiment includes a
      circular sheet, each of which have indicia marked thereon and arranged in
      accordance with a predetermined contract bridge game, the indicia
      including four sets of first indicia showing the cards of each player's
      hand and being arranged such that one of the cards of each of the player's
      hands is eliminated each trick, second indicia showing cards to be played
      by each player on respective tricks, the first and second indicia being
      arranged in rows, trick by trick, representing 13 tricks, four sets of
      third indicia each of which shows bids by the corresponding player at
      respective rounds of bidding in a row, and two sets of fourth indicia each
      of which shows the number of tricks won by the corresponding partnership
      on the preceding tricks; cover member overlying the sheet and being
      provided with apertures formed therein corresponding to the indicia on the
      sheet and through which the indicia on each single trick can be seen, the
      apertures consisting of first, second, third and fourth sets of indicia on
      the sheet, the sheet being slidably mounted to slide or rotate relative to
      the cover at the end of each trick.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS:
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      278,458, filed Aug. 7, 1972 issued Mar. 19, 1974 as U.S. Pat. No.
      3,797,128.
BSUM
PAR  This invention relates to a practice board for contract bridge games, and
      more particularly, to a board for practicing on records of predetermined
      or celebrated contract bridge games by pursuing the games according to the
      progress thereof.
PAR  It is an object of the present invention to provide a practice board for
      contract bridge games whereby various different records of contract bridge
      games can be practiced by simply exchanging sheets having the game records
      marked thereon.
PAR  It is another object of the present invention to provide a practice board
      of the type above-described wherein a user can function either as the
      declarer or the defenders as any of the four players, North, East, South
      and West in practicing even on one sheet of a game.
PAR  It is a further object of the present invention to provide a practice board
      of the type described which is so constructed that a sheet having a game
      record marked thereon can be easily and securely shifted or rotated
      relative to a cover member.
PAR  It is a still further object of the present invention to provide a practice
      board of the type described which is made handy, simple in structure and
      manufactured at a low cost.
PAR  Essentially, according to the present invention, there is provided a
      practice board for contract bridge games which comprises a sheet having
      indicia marked thereon and arranged in accordance with a predetermined
      contract bridge game; a cover member overlying the sheet and having
      apertures formed therein corresponding to said indicia on the sheet and
      through which the indicia on each single trick can be seen, said sheet
      being arranged to be slidingly shifted or rotated relative to said cover
      member at the end of the tricks; and a base member slidably holding said
      sheet in cooperation with said cover member.
DRWD
PAR  Various further and specific objects, features and advantages of the
      invention will be made apparent from the following description of
      particular embodiments of the invention taken in connection with
      accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a sheet having card indicia marked thereon in
      accordance with a predetermined or celebrated bridge hand to be employed
      in a practice board of one embodiment of this invention;
PAR  FIG. 2 is a plan view of a cover member for the embodiment shown in FIG. 1;
PAR  FIG. 3 is a plan view of a practice board in an assembled state, certain
      parts of which are broken away to show the construction more clearly;
PAR  FIG. 4 shows a side elevation of FIG. 3;
PAR  FIG. 5 is an enlarged plan view of another embodiment of the invention
      showing a part of a rack and a spring construction slidably supporting the
      sheet;
PAR  FIG. 6 is a further embodiment of the invention showing another
      construction for supporting the sheet;
PAR  FIG. 7 is a plan view of a sheet having card indicia marked thereon in
      accordance with a predetermined or celebrated bridge hand to be employed
      in a circular embodiment of this invention; and
PAR  FIG. 8 is a plan view of a cover member for the circular embodiment shown
      in FIG. 7.
DETD
PAR  Referring to FIGS. 1 - 3, character A represents a sheet having indicia
      arranged thereon in accordance with a contract bridge game. The sheet A
      has four sets of first indicia 1 each showing the cards held by the
      corresponding player of North, East, South and West and second indicia 2
      each showing the cards to be played by the corresponding player on
      respective tricks, two sets of fourth indicia 3 each showing the number of
      tricks won by the corresponding partnership on the preceding tricks and
      four sets of third indicia 4 each showing bids of the corresponding player
      at respective rounds of bidding. Fifth indicia 5 showing the order of the
      tricks and sixth indicia 6 showing the dealer are further provided.
PAR  Character B represents a cover member formed of cardboard, metal or similar
      material and having a number of sets of apertures through which the
      indicia on the sheet A on each one of the thirteen tricks can be seen when
      the cover member B is placed over the sheet A as shown in FIG. 3. The
      predetermined or celebrated game can be practiced by sliding the sheet A
      beneath the cover member B downward or toward the user trick by trick in
      order.
PAR  The cover member B has four sets of a first aperture 7 through which the
      indicia 1 showing the hand can be read, and a second aperture 8 through
      which the second indicia 2 showing the playing card can be read, two sets
      of a fourth aperture 9 through which the fourth indicia 3 showing the
      number of tricks won can be read and four sets of a third aperture 10
      through which the third indicia 4 showing the bids can be read. An
      aperture 11 through which the indicia 5 showing the order of the tricks
      can be read and aperture 12 through which the dealer of the indicia 6 can
      be read are further provided. Numeral 1 in the indicia 5 means the trick
      No. 1.
PAR  In proceeding with the game, the sheet A is first set so that the numeral 1
      appears through the aperture 11 of the cover member B. At this moment,
      through the apertures 7N, 7E, 7S and 7W there are indicated the cards in
      hand of the respective players which are arranged suit by suit. Through
      the apertures 10N, 10E, 10S and 10W can be seen the bids at respective
      rounds of bidding. Slidable or other movable lids 13 are mounted on the
      cover member B to cover the apertures 10N, 10E, 10S and 10W in a manner
      that the apertures can be opened in order to show the bids at the first,
      second and succeeding rounds. Similar lids (not shown) are mounted on the
      apertures 7N, 7E, 7S and 7W and the apertures 8N, 8E, 8S and 8W whereby
      the cards can be read only when the apertures are open.
PAR  If the user is South, the aperture 7S is arranged to open leaving the
      remaining three sets of the cards covered with said lids. The thirteen
      cards now shown in the aperture 7S are the hand of South. Since the dealer
      is North in this game as shown by the indicia 6, the aperture 10N is first
      opened by a space corresponding to one round to show that North's first
      bid is one club. Then, the aperture 10E is opened to learn that East
      overcalls with one spade. It is now the user's turn of bidding. While the
      aperture 10S is kept closed, the user can sufficiently study to bid on the
      exposed hand shown through the aperture 7S. Then, he may compare his bid
      with the correct bid of the indicia 4S by moving the lid 13S to open the
      aperture 10S by one round of bidding. If his bid is different from that
      indicated by the indicia 4S, he may examine the reason why he has made the
      different bid.
PAR  Then the aperture 10W is opened to learn West's bid. At the second round of
      bidding, the apertures 10N and 10E are further opened in order to show
      North's and South's second bids. The user's own bid is studied on his
      exposed hand and then, the aperture 10S is further opened to show his bid
      at the second round. In this game record, the opener is North and the
      contract is 4 spades of West whereby the declarer is East who bids the
      suit before West does.
PAR  The apertures 10N-10W are all closed and now the play begins.
PAR  Since the declarer is East, the opening lead is made by South, selecting
      one card from the thirteen cards shown through the aperture 7S. The
      opening lead is predetermined as the ten of clubs. However, while the
      aperture 8S is kept closed, the user may fully think over his hand as to
      which card he should lead. After the card to lead is decided, the aperture
      8S is opened to know the correct opening lead. Confirmation or examination
      of his play follows in a similar manner to bidding.
PAR  Since West is the dummy, West's hand is exposed by opening the aperture 7W
      which is kept open all through the deal. Then the aperture 8W is opened to
      see which card of the dummy is played by the declarer. The apertures 8N
      and 8E are successively opened and all the four cards from respective
      players are shown. In this game, East wins the trick with the ace of
      clubs.
PAR  Then, the sheet is slidingly pulled downward or toward the user, after the
      apertures 8N-8W are all closed, to show No. 2 of the indicia 5 through the
      aperture 11. The twelve cards left in the respective hands are shown
      through the apertures 7N-7W though covered with the lids except 7W. It is
      shown through the aperture 9W that the declarer's side won the previous
      trick and has already gained one trick. The aperture 8E is opened to see
      the card which East leads. A card is selected from the twelve cards in
      South's hand shown through the aperture 7S, and confirmation or
      examination follows by opening the aperture 8S. Thereafter, the apertures
      8W and 8N are open to see the winner of the second trick.
PAR  The apertures 8N-8W are all closed and the sheet is further pulled to show
      No. 3 through the aperture 11. Thus, in the same manner, the play is
      repeated until the thirteenth trick is over. In the game record indicated
      on the sheet of FIG. 1, the declarer wins ten tricks and his contract of
      four spades has been just made.
PAR  Though the user is supposed to be South in the above description, he may be
      any of the four players in practicing on the present practice board. In
      any case, the user can see only his hand and the dummy. The apertures of
      the other two players are kept closed except the apertures 8.
PAR  Referring to FIGS. 3-5, numeral 20 represents a base member formed
      integrally with the cover member B or rigidly fixed thereto. A support
      member 21 having a step 22 which forms a recess inside for firmly holding
      the sheet A is slidably provided in a room between the cover member B and
      the base member 20. For detaching the sheet A from the support member 21,
      in the recess of the member 21 may be formed a hole through which a finger
      can push out the sheet A from the back. The support member 21 may be of
      such construction that both ends thereof are folded inward to hold the
      sheet A in the folded portions. In this case, the sheet A may be slightly
      larger in width than the support member 21 thereby to enable the sheet A
      to be securely held by a flexural rigidity thereof against the side
      portions 23 of the support member 21.
PAR  Each side portion 23 is formed with a rack 24 along the outer end thereof
      in engagement with a pinion 25 which is rotatably provided on each side
      portion of the base member 20 at an adequate position, preferably in the
      lower portion. Said pinion 25 is so attached to the base member 20 as
      shown in FIG. 3 that a portion thereof slightly projects from the outer
      end of the base member 20 and can be rotated by a finger. The support
      member 21 can slidingly move relative to the base member 20 with rotation
      of the pinion 25, permitting the shift of the sheet A relative to the
      cover member B in accordance with the progress of the tricks. With such a
      construction having the racks and pinions, the sheet A can be reliably
      shifted and a precise adjustment is made possible.
PAR  In the base member 20 may be formed apertures corresponding to those
      apertures in the cover member B to provide particular explanations and
      instructions of the play or reference to pages of a manual thereby to
      enhance effects of the practice.
PAR  Referring to FIG. 5, there is shown a modification of the above structure
      in which a saw-toothed rack 26 is formed along an inner end of each side
      portion of the base member 20 in resilient engagement with a leaf spring
      28 which is attached to the support member 21 in a cut-out portion 27
      formed in each side portion thereof. With such a construction as above
      described, the sheet A can be securely shifted at every stage of the game.
PAR  Referring to FIG. 6, there is shown a further embodiment having a different
      construction of the practice board. The base member 29 is provided with at
      least one guide rail 30 which is projectingly formed inside in either or
      each side portion preferably in a lower half portion of the base member
      29. The sheet A has slits 31 corresponding to said guide rails 30 which
      are slidably fitted in said slits thereby allowing the sheet A to easily
      slide. In this embodiment, the cover member B is simply hinged by a hinge
      32 to the base member 29 and, therefore, the present embodiment can be
      manufactured at a low cost.
PAR  Referring to FIGS. 7 and 8, character C represents a sheet having indicia
      arranged thereon in accordance with a contract bridge game. The sheet C
      has four sets of first indicia 21 each showing the cards held by the
      corresponding player of North, East, South and West and second indicia 22
      each showing the cards to be played by the corresponding player on
      respective tricks, two sets of fourth indicia 23 each showing the number
      of tricks won by the corresponding partnership on the preceding tricks and
      four sets of third indicia 24 each showing bids of the corresponding
      player at respective rounds of bidding. Fifth indicia 25 showing the order
      of the tricks and sixth indicia 20 showing the dealer are further
      provided.
PAR  Character D represents a cover member formed of cardboard, metal or similar
      material and having a number of sets of apertures through which the
      indicia on the sheet C on each one of the thirteen tricks can be seen when
      the cover member D is placed over the sheet C. The predetermined or
      celebrated game can be practiced by slidingly rotating the sheet C beneath
      the cover member D trick by trick in order.
PAR  The cover member D has four sets of a first aperture 26 through which the
      indicia 21 showing the hand can be read, four sets of a second aperture 27
      through which the second indicia 22 showing the playing card can be read,
      two sets of a fourth aperture 28 through which the fourth indicia 23
      showing the number of tricks won can be read and four sets of a third
      aperture 29 through which the third indicia 24 showing the bids can be
      read. An aperture 30 through which the indicia 25 showing the order of the
      tricks can be read and aperture 31 through which the indicia of the dealer
      20 can be read are further provided. Numeral 1 in the indicia 25 means the
      trick No. 1.
PAR  This embodiment of the game proceeds in a manner similar to that of the
      previous embodiment. The sheet C is first set so that the numeral 1
      appears through the aperture 30 of the cover member C. At this moment,
      through the apertures 26 there are indicated the cards in hand of the
      respective players which are arranged suit by suit. Through the apertures
      29 can be seen the bids at respective rounds of bidding. Slidable or other
      movable lids (not shown) are mounted on the cover member D to cover the
      apertures 29 in a manner that the apertures can be opened in order to show
      the bids at the first, second and succeeding rounds. Similar lids (not
      shown) are mounted on the apertures 26 and the apertures 27 whereby the
      cards can be read only when the apertures are open.
PAR  The game opens by bidding as in the previous embodiment. In the particular
      game illustrated in FIGS. 7 and 8 the opener is North, the contract is
      West's 4 spades and the declarer is East.
PAR  The opening lead is made by South, selecting one card from the thirteen
      cards shown through the aperture 26S. The opening lead is predetermined as
      the ten of clubs. However, while the aperture 27S is kept closed, the user
      may fully think over his hand as to which card he should lead. After the
      card to lead is decided, the aperture 27S is opened to know the correct
      opening lead. Confirmation or examination of his play follows in a similar
      manner to bidding.
PAR  Since West is the dummy, West's hand is exposed by opening the aperture 26W
      which is kept open all through the deal. Then the aperture 27W is opened
      to see which card of the dummy is played by the declarer. The apertures
      27N and 27E are successively opened and all the four cards from respective
      players are shown. In this game, East wins the trick with the ace of
      clubs.
PAR  Then, the sheet C is slidingly rotated counterclockwise beneath cover
      member D, after the apertures 27 are all closed, to show No. 2 of the
      indicia 25 through the aperture 30. The twelve cards left in the
      respective hands are shown through the apertures 26 though covered with
      the lids except 26W. It is shown through the aperture 28E that the
      declarer's side won the previous trick and has already gained one trick.
      The aperture 27E is opened to see the card which East leads. A card is
      selected from the twelve cards in South's hand shown through the aperture
      26S, and confirmation or examination follows by opening the aperture 27S.
      Thereafter, the apertures 27W and 27N are opened to see the winner of the
      second trick.
PAR  The apertures 27 are all closed and the sheet is further rotated to show
      No. 3 through the aperture 30. Thus, in the same manner, the play is
      repeated until the thirteenth trick is over. In the game record indicated
      on the sheet of FIG. 7, the declarer wins ten tricks and his contract of
      four spades has been just made.
PAR  While a few embodiments of the invention have been illustrated and
      described in detail, it is to be clearly understood that the invention
      shall not be limited thereto and may have other embodiments within the
      spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A practice board for contract bridge, comprising a circular sheet having
      indicia marked thereon and arranged in accordance with a predetermined
      contract bridge game, said indicia including four sets of first indicia
      showing the cards of each player's hand and being arranged such that one
      of said cards for each of said player's hand is eliminated each trick,
      second indicia showing cards to be played by each player on respective
      tricks, said first and second indicia being arranged in rows, trick by
      trick, representing thirteen tricks, four sets of third indicia, each of
      said four sets of third indicia showing bids of the corresponding player
      at respective rounds of bidding in a row; a circular cover member
      overlying said sheet and being provided with apertures formed therein
      corresponding to said sets of indicia on said sheet and through which said
      indicia on each single trick can be seen, said apertures comprising first,
      second and third apertures corresponding to said first, second and third
      sets of indicia of said sheet, said first and second apertures being of a
      width sufficient to show the indicia of a single trick, said third
      aperture being arranged to said third indicia when the remaining apertures
      show the indicia on the first trick; and means permitting said sheet to be
      rotated relative to said cover at the end of each trick.
NUM  2.
PAR  2. A practice board as in claim 1, including manually operable lids
      positioned on said cover member at said first and second apertures.
NUM  3.
PAR  3. A practice board as in claim 1, wherein said circular sheet having
      indicia marked thereon, further includes two sets of fourth indicia each
      of which shows the number of tricks won by the corresponding partnership
      on the preceding tricks; and said circular cover member comprising fourth
      apertures corresponding to said fourth sets of indicia.
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ABST
PAL  A board apparatus that is comprised of a plurality of diverse game sets,
      each game set containing a plurality of game board units; each embodying a
      game board, with a peripheral area containing a closed rectangular path
      constituting a continuous playing course; playing tokens which are
      advanced by dice; the squares comprising the playing course are
      individually identified by color and arranged in a repeated color
      sequence, the color indicating that the player is to respond to a
      question, command, symbol, or name on the top card from a specific set of
      cards, and the course is interrupted by squares which indicate a
      forfeiture of turn. Each game board contains an enclosed central area
      which is designed to help the players with responses. The enclosed central
      area contains printed matter, pictures, diagrams, and other subject
      matter. Each game board unit contains a plurality of card sets placed
      between the peripheral area and the enclosed central area of the game
      board, each set of cards relating to either a specific area of the subject
      of the game board or a specific area of the enclosed central area of the
      game board. Each card, within a set of cards, is marked with the same
      color, corresponding to a color on the playing course. Each card in each
      set of cards contains a plurality of questions, commands, symbols, and/or
      names in any combinations on the face side and the corresponding responses
      on the reverse side of the card.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This game is designed to be completely tutorial within the structure of the
      game and needs no supervision. Tutorial means each player begins study
      where he needs to, proceeds to learn material at his own speed, and learns
      as much as he is capable of learning. Also, tutorial means, in this game,
      a diverse group can learn at the same time as individuals.
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PAR  Tutorial Game is a developmental procedure and has set rules designed to
      create a tutorial system of learning by creating levels of study. The game
      is divided into diverse game sets, each devoted to a subject. Each game
      set is divided into game board units, each dealing with diverse areas of
      the game set subject. Each game board unit is composed of a game board,
      chance moves (dice), tokens, and card sets. The card sets are composed of
      cards divided equally into a given number of sets. Each card contains
      question levels, and the question levels are in a progression, this
      progression creating levels of study. There are three types of
      progression: horizontal, vertical, and horizontal-vertical. This
      progression leads to levels of study, from three to twelve in each game
      set. A level of study contains like ability units of subject matter. Each
      succeeding level of study builds upon skills, concepts, methods,
      observations, vocabulary words, and/or facts learned in the preceding
      level or levels and prepares the player for the next level. Players soon
      find the level of study that corresponds to their ability and proceed from
      that level of study through the game board units and through the question
      levels at their own rate of learning. Boredom and desire to learn keep the
      player moving forward through the game set. Failure keeps the player from
      moving too fast. The competition provides a motive for disinterested
      players. Players who learn slowly can get the necessary practice by
      playing the same game board unit at the same question level over and over,
      while players who learn fast can go rapidly from level of study to level
      of study. Players can be paired by personality, regardless of ability or
      age, due to the different levels of study within the same game board unit,
      each player having equal opportunity to win.
DRWD
PAC  DETAIL OF THE INVENTION
PAR  With the above description in mind, this invention can be more clearly
      understood when read in conjunction with the attached drawings wherein:
PAR  FIG. 1 is a representative view of a game board at 4;
PAR  FIG. 2 is a representative view of one card each from the plurality of card
      sets that belong to the same game board unit as the game board shown at 4
      in FIG. 1;
PAR  FIG. 3 is a representative view of four cards from the same set of cards
      that belong to the same game board unit as the game board shown at 4 in
      FIG. 1;
PAR  FIG. 4 is a representative view of the lower left hand corner of a
      different game board at 4, in the game set Study Skills;
PAR  FIG. 5 is a representative view of the upper left hand corner of one game
      board at 4, in the game set Arithmetic;
PAR  FIG. 6 is a representative view of the faces of three cards from a game
      board unit, the game board being shown at 4 in FIG. 5;
PAR  FIG. 7 is a representative view of the face of one card from a different
      game board unit in the game set Arithmetic;
PAR  FIG. 8 is a representative view of one means of determining chance moves;
PAR  FIG. 9 is a representative view of a possible form of the tokens;
PAR  FIG. 10 is a representative view of the enclosed central area of a game
      board at 4;
PAR  FIG. 11 is a representative view of one card each from the plurality of
      card sets that belong to the same game board unit as the game board shown
      at 4 in FIG. 10.
DETD
PAR  Referring now in greater detail to the drawings wherein like reference
      numerals refer to like parts throughout the different figures, this game,
      called "Tutorial Game," is a number of diverse game sets, each covering
      different subjects, each being played by the same system of play or set
      rules, and each being developed using the same procedure. Under the game
      framework of Tutorial Game, there can be a series of game board units
      dealing with the subject science and called the game set Science, or there
      can be a series of game board units dealing with the subject European
      history and called the game set European History, or there can be a series
      of game board units dealing with almost any subject.
PAR  Each game set, whether Arithmetic, Science, History, or other, can be a
      series of diverse game board units. A game board unit consists of a game
      board, a representative view being shown at 4 in FIG. 1; card sets, marked
      with the same letter as the letter at 3 on board 4 in FIG. 1, members
      being represented in FIG. 2, a method of chance placement on the playing
      course being represented by FIG. 8; and tokens, that stand for the players
      on the game board, being represented by FIG. 9. FIG. 1 at 4 is a
      representative view of game board A from the game board unit A in the game
      set Study Skills. This game board unit can cover the following diverse
      areas of the subject study skills, bar graphs, single line graph,
      calendar, table of contents, weather map, town map, land elevation map,
      circle graph, card catalog, and Dewey Decimal System. FIG. 4 at 4 is a
      partial representative view of game board B from the game board unit B in
      the game set Study Skills. This game board unit can cover the following
      areas of the subject study skills: encyclopedia, index, time, dictionary,
      exploration map, acquisition map, multiple line graphs, rainfall map, and
      world map. Game board units C and D in the game set Study Skills (not
      illustrated) also embody diverse areas of the subject study skills. No
      game board unit in any one game set should cover the exact same area of
      the subject as any other game board unit in that game set.
PAR  The game board units in a game set can succeed in any given order. In the
      game set Study Skills, game board unit A is no more first than is game
      board unit C. The game board units are lettered solely to distinguish
      between them. In the game set Arithmetic, one game board unit does come
      first but is it distinguished from the other game board units in the game
      set by being called "Starter Set".
PAR  The game board units in a game set are connected to each other by a
      relationship. Part of the relationship is the subject matter covered, all
      game board units in the game set Study Skills dealing with some area of
      that subject; but the horizontal and horizontal-vertical progressions of
      questions (for clarity, questions, commands, symbols, or names, henceforth
      will be called questions, except as important distinctions are needed)
      also cause a relationship. In any given game set, at any given question
      level, the player can and should play all game board units because the
      questions are dependent upon the question progression. Only in cases of
      past uneven learning or very high intelligence should a player be allowed
      to use different question levels on different game board units within the
      same game set. This point cannot be over emphasized because of the
      delicate nature of the question progression. This progression makes it
      possible for players to be paired by personality rather than ability. That
      is, players that get along together or are friends can play with each
      other even if their abilities are quite different. Or players can play
      with anyone they wish. A player that learns slowly can play a given game
      board unit at question level 1 with a player that learns more rapidly who
      is playing the same game board unit at question level 2 or 5 or any other
      level. Either player has the same chance of winning the contest. Also, a
      player who learns slowly can profit by hearing the advanced player answer
      (terms "answer" and "response" being used interchangeably) his questions.
PAR  All of the game board units in any given game set can be used at the same
      time. A player at any given question level can play any game board unit in
      the game set. The player does not need to play the game board units in any
      given order, excepting Arithmetic. Nor does the player need to play any
      game board unit to the exclusion of any other game board unit. In other
      words, anytime the player plays he can play any game board unit he wishes
      or is assigned to play, at his question level. All or some of the game
      board units in a game set can be played at the same time by different
      groups of players. Also, all or some of the game board units in any game
      sets can be played at the same time by different groups of players.
      Players may be at different question levels in different game sets. Each
      game board unit has a winner at the end of play.
PAR  Each and every game board unit contains a game board. A game board is a
      flat surface made of any material, a representative view being at 4 in
      FIG. 1 and partial representative views being at 4 in FIGS. 4, 5, and 10.
      The boards contain printed matter as at 5 in FIG. 1, pictures as at 6 in
      FIG. 1, maps as at 25 in FIG. 10, diagrams as at 7 in FIG. 1, and/or
      subject matter as at 8 in FIG. 1; and are used in the playing of a game.
      The game boards in this game are designed for two important functions.
      First, the game board contains the system of play. Around the peripheral
      area is a closed rectangular path constituting a continuous playing
      course, starting at 9 in FIG. 1 and continuing clockwise through 9
      continuously. The squares comprising the playing course at 10 are
      individually identified by color at 11, and arranged in a repeated color
      sequence at 11, 12, 13, 14, 11, . . . ; and interrupted by squares
      indicating a forfeiture of turn at 15, the colors indicating that the
      player is to respond to a question on the top card from a specific set of
      cards. Players landing, by chance, upon square 10 marked with color 11
      would answer their level question from the top card in the set of cards
      located at 16 in that game board unit because the square and the card set
      have the same color coding; players landing upon 12 answer their level
      question from the top card in the set of cards located at 17 in that game
      board unit; players landing at 13 answer their level question from the top
      card in the set of cards located at 18 in that game board unit; players
      landing at 14 answer their level question from the top card in the set of
      cards located at 19 in that game board unit; and players landing at 15
      cannot answer any questions.
PAR  Second, the game board is designed to show answers to questions. At 20 in
      FIG. 2, card face 1, "What month is this bar graph about?", the answer can
      be determined by looking at 21 in FIG. 1. Methods of determining answers
      to questions, e.g., at 22 in FIG. 6, card face 1, "Find the area.", the
      answer can be determined by using the equation at 23 in FIG. 5; questions
      to be answered at 24 in FIG. 5, "What is the area of 9?"; general over-all
      concepts about the subject, "The United States lies between two oceans.",
      at 25 in FIG. 10; and/or pictures which help supply answers to questions
      or create over-all impressions about the subject, "Alaska and Hawaii are
      not part of the continental United States.", at 26 in FIG. 10. The game
      board can supply answers to questions in other game board units in the
      same game set, e.g., at 27 in FIG. 7, "How many square inches in a square
      foot?" appears on game board C as shown at 50 in FIG. 5, and is asked in
      question form on a card belonging to game board A at 27 in FIG. 7. Also,
      the game board is designed to attract players through color, size, and/or
      spacing and arrangement.
PAR  Each and every game board unit contains a method of chance placement on the
      playing course. Dice are shown in FIG. 8, but any method of chance
      placement can be used.
PAR  Each and every game board unit contains tokens, represented in FIG. 9,
      which represent the players on the playing course, each token being easily
      identified by a different color or shape from all other tokens on the game
      board.
PAR  Each and every game board unit contains sets of cards. A card is a flat
      surface which has printing on one or both sides and is designed to be used
      as part of a game apparatus. The cards in this game are located under the
      subject they cover in from three to four card sets, and are placed in the
      card area at 16, 17, 18, and possibly at 19, in FIG. 1; or the card sets
      are located according to subject matter in from three to four sets of
      cards, and are placed in the card area at 36, 37, 38, and possibly at 38a
      (a fourth area not illustrated), in FIG. 10. The number of cards per game
      board unit depends upon the curriculum and the nature of the subject.
PAR  Curriculum emphasis is controlled by the number of game board units in a
      game set, the number of cards in a game board unit, the number of
      questions in a subject area, and/or the size of the game board space
      devoted to the subject. These factors can differ considerably from one
      game set to another and from one game board unit to another within the
      game set.
PAR  Also, the number of cards depends upon the nature of the subject. If it is
      desirable for the players to memorize answers, then only a few cards
      containing only a few question levels should go with that game board unit.
      The game board unit represented by the game board at 4 in FIG. 10 contains
      only seventeen cards in each of three sets, for a total of fifty-one cards
      or one hundred and fifty-three questions. If it is undesirable for players
      to memorize answers and desirable for them to learn skills and/or
      processes instead, then large but manageable amounts of cards are needed
      in that game board unit, with many question levels on each card. The game
      board unit represented by the game board shown at 4 in FIG. 1 contains
      twenty-five cards in each of four sets of cards, for a total of one
      hundred cards or three hundred questions. The game board unit represented
      by the partial game board at 4 in FIG. 5 contains 25 cards in each of four
      sets of cards, for a total of 100 cards or 600 questions.
PAR  All cards in a game board unit are color coded. Each card, within a set of
      cards, is marked with the same color, corresponding to a color on the
      playing course. Each set of cards is marked with a different color to
      distinguish it from the other sets of cards. There are two types of color
      coded cards, depending upon the nature of the subject for any particular
      game board unit. Most often cards are colored to match the game board area
      dealing with the same subject, cards at 31 in FIGS. 2 and 3 belonging in a
      set of cards in area 19 on the game board 4 in FIG. 1; these cards contain
      questions covering bar graphs and line graphs, the game board area just
      above the card set. The card set at 18 in FIG. 1 contains questions
      covering bar graph, calendar, and table of contents. The card set at 17 in
      FIG. 1 contains questions covering weather map, circle graph, and town
      map. The card set at 16 in FIG. 1 contains questions covering library,
      Dewey Decimal System, and land elevation map. A few questions will be on
      cards that are not directly below their subject area on the game board.
      This is necessary for review and curriculum emphasis. (See 32 in FIG. 2
      and FIG. 6). This type of color coded card contains a symbol in front of
      almost all questions. The symbol tells the player what area of the game
      board to refer to when looking for the answer or the method of arriving at
      the answer. Some cards have a circled numeral next to the symbol as at 49
      in FIG. 6, this circled numeral telling the player where to look in the
      symboled area. Some questions simply have "Extra", as at 27 in FIG. 7,
      written before them, this means there is no game board area to help the
      player. These questions are review or curriculum emphasis questions.
PAR  In the game board units in some game sets, the cards are color coded and
      placed on the game board according to a division of the subject matter of
      the game board unit. In FIG. 11, the card at 33 covers the subject
      division "geography-climate" and goes in area 36 on the game board at 4 in
      FIG. 10; the card at 34 covers the subject division "states" and goes in
      area 37 on the game board at 4 in FIG. 10; and the card at 35 covers the
      subject division "capitals" and goes in area 38 on the game board 4 in
      FIG. 10. The cards shown at 33, 34, and 35 in FIG. 11 are representative
      of the card sets that are placed on a game board according to the subject
      division covered. These cards are not below the subject area on the game
      board.
PAR  All color coded cards in all game board units, in all game sets, contain
      from one to six questions in any combinations on one side of the card as
      at 39, 40, and 41 in FIG. 2; and at 39, 40, 41, 42, 43, and 44 in FIG. 6;
      and the corresponding responses on the reverse side of the same card, as
      illustrated by response 45 for question 39, response 46 for question 40,
      and response 47 for question 41, in FIG. 2. All of these questions are
      color coded, and all symbols in front of the questions are color coded.
      Question level one, at 39 on card 28 at 1 in FIG. 2, is printed in green
      ink, as is the associated symbol. The response at 45 on the reverse side
      of card 28 at 2 in FIG. 2 is likewise printed in green ink, as is the
      associated symbol. Question level two, at 40 on card 28 at 1 in FIG. 2, is
      printed in tan ink as is the associated symbol. The response at 46 on the
      reverse side of card 28 at 2 in FIG. 2 is likewise printed in tan ink, as
      is the associated symbol. Question level three, at 41 on card 28 at 1 in
      FIG. 2 is printed in violet ink, as is the associated symbol. The response
      at 47 on the reverse side of card 28 at 2 in FIG. 2 is likewise printed in
      violet ink, as is the associated symbol. The word "Extra"  is always
      printed in the ink color for that particular question level. Not only are
      all symbols that direct the player to a game board area color coded, and
      the printing color coded for each question, but any symbols that are part
      of a question are also color coded, as at 39 at 1 in FIG. 11, the state of
      New York being colored green for a question on level one, while the river
      is colored blue. Questions which take the form of symbols as at 54 in card
      34 at 1 in FIG. 11, are also color coded, green in this instance because
      it is question level one. Questions which take the form of commands, as at
      53 on card 30 at 1 in FIG. 2, are also color coded, green in this instance
      because it is question level one. Questions which take the form of a name,
      as at 55 in card 35 at 1 in FIG. 11, are also color coded, green in this
      instance because it is question level one. Any color can be used to denote
      the different question levels as long as the levels can be distinguished
      one from another.
PAR  The questions contained on the cards are in progression horizontally,
      vertically, and horizontally-vertically. This progression, or moving
      forward in a continuous and connected series of steps, is determined by
      difficulty of the material, time sequence, dependency of knowledge built
      upon knowledge, nature or character of facts, and/or nature of the process
      being learned, and it creates levels of study. Levels of study are like
      ability units of study. These levels of study are least difficult from
      game board unit to game board unit within the same question level, called
      horizontal progression. The question at 27 in FIG. 7 on game board unit A
      is in horizontal progression with the question at 48 in FIG. 6 on game
      board unit C. The levels of study within a game board unit, in different
      question levels, called vertical progression, are more difficult. The
      question at 39 in FIG. 6 is in vertical progression with the question at
      40 in FIG. 6, and with all other questions on that particular subject area
      in more difficult question levels on that game board unit. The most
      difficult levels of study are in horizontal-vertical progression. This
      progression is in different game board units in different question levels
      within the same game set. A question level in one game board unit prepares
      the player for a later question level in another game board unit. The
      question at 49 in FIG. 6 is in horizontal-vertical progression with the
      question at 27 in FIG. 7. It is absolutely necessary that players be or
      become proficient at each question level before progressing to the next
      level. Levels of study in the same question level can be moved through by
      the players at any time because the questions are not that much more
      difficult. These levels of study within question levels do teach
      considerable skills, processes, and facts, but the degree of difficulty is
      controlled by the information contained on the game board. No question
      progression exists between game sets.
PAR  The responses contained on the reverse side of the card are for the most
      part perfectly normal responses to questions; however, two types are
      treated differently in this game. The response at 51 in card 29 at 2 in
      FIG. 2 is considered correct if only the portion out of the parentheses is
      given. The player may include the part in the parentheses if he so
      chooses. The response at 46 in card 33 at 2 in FIG. 11 is considered
      correct if only one state is named. The player may include more than one
      state if he so chooses.
PAR  This game contains a success factor. The success factor is the proportion
      of questions a player can answer correctly as opposed to the number of
      questions the player cannot answer correctly. A normal success factor
      ratio is two to one, that is, two questions the player can answer
      correctly when they are presented as opposed to one question that the
      player cannot answer correctly when it is presented and must learn the
      answer for from the answer on the reverse side of the card. With this
      ratio the player feels he is succeeding and wants to play the game over
      and over again. This success ratio does not need to remain the same for
      all game board units or for all game sets. To assure a player's success,
      five techniques are used: questions are written so that the answer is
      obviously yes, as at 39 in card 28 at 1 in FIG. 2, the player can see the
      answer on the game board as at 50 (top entry in area 7) in FIG. 5 and
      learns by repetition at 49 in FIG. 6, the player can see the process on
      the game board, at 23 in FIG. 5, by which to compute the answer and learns
      by practice at 22 in FIG. 6, the player is asked questions from a
      preceding question level or levels but not necessarily from the same game
      board unit, as at 27 in FIG. 7, and/or the player is asked to answer a
      question the answer for which was contained either in the answer to
      another question, as at 51 on card 29 at 2 in FIG. 2 and the question at
      32 on card 31 at 1 in FIG. 2, or in another question at 39 on card 28 at 1
      in FIG. 2 and the question at 52 on card 31 at 1 in FIG. 3. When the
      subject matter is such that it is desirable for a player to learn by
      memory, then the question is asked so that the player cannot see the
      answer or see how to arrive at the answer, as at 53 on card 30 at 1 in
      FIG. 2. The player must know the answer or learn the answer from the
      reverse side of the card. If the subject matter is such that it is
      desirable for the player to learn a study skill, an observation skill, or
      a computation process, then the answer is on the game board or the process
      for determining the answer is on the game board.
PAR  This game contains an excuse for losing factor. The excuse for losing
      factor is a means by which a player, who is successful because of the
      success factor, can explain to himself and others why someone else earned
      more cards and won the contest. This factor enables the player to play the
      game board unit again and again even though someone else wins most of the
      time. On each game board, a certain per cent of the color coded squares
      are black, as at 15 in FIG. 1. When the player, by chance, lands on a
      square that is connected with a black color he cannot answer any question.
      Therefore, if he loses the contest he can say it was because he landed on
      too many black squares.
PAR  The game board units in the game sets called Tutorial Game are as simple to
      play as they are complicated to create.
PAR  Two or more players obtain a game board unit, and place it on any flat
      surface. They place the card sets in their respective color dominated
      areas. Only the face of the top card is visible in each set of cards.
PAR  Each player selects his token and places it upon "start" at 9 in FIG. 1.
PAR  Each player selects his question level. A beginning player would select
      question level one or green, as at 39 in 1 in FIG. 2. A player who is
      proficient at question level one, or green, would select question level
      two, or tan, as at 40 in 1 in FIG. 2. A player who is proficient at
      question level two, or tan, would select question level three, or violet,
      as at 41 in FIG. 2. These examples are only representative. If more than
      three question levels exist in a game, as shown in FIG. 6, the player
      chooses his question level using the above described method. No player may
      change question levels during play.
PAR  Since the playing course around the peripheral area is without a terminal
      point, the players must decide upon a time limit: one class period, three
      rounds of the game board playing course, first player to earn twenty-five
      cards, when one card set is depleted, or any agreed upon limit. Play may
      also terminate at any time upon mutual consent of the players.
PAR  After the card sets have been placed in the appropriate card area, each
      player has selected his token and placed it upon "start," each player has
      selected his question level, and a time limit has been set, each player
      throws a die or dice, or uses any method of determining chance placement
      on the playing course. The player with the highest number goes first. In
      case of a tie, players throw a die or dice again. The player who goes
      first throws the die or dice again and moves his token the dictated number
      of spaces.
PAR  Should the player throw a six, he moves his token six squares to 13 in FIG.
      1. The color coded space at 13 in FIG. 1 dictates that the player must
      answer his question level on the top card of the set of cards located at
      18 in FIG. 1. After the question has been answered, the player turns the
      card to the reverse side 2 in FIG. 2, and checks the correct answer. If
      the player's answer is correct, the player removes the card from the set
      and retains it until the end of play. If the player's answer is incorrect,
      the card is placed under the other cards in its set of cards. Parts of the
      answer in parentheses do not count. The answer is correct if only the part
      out of parentheses is given. But the player may give the complete answer
      if he wishes. Answers containing the word "or" are considered correct if
      only one of the alternatives is given by the player.
PAR  After the other player or players have taken their turns as described
      above, this player roles the die or dice again and, commencing from square
      13 in FIG. 1, moves the number of squares dictated by the dice. Each
      player in turn proceeds around the playing course in this manner. Moves
      rotate clockwise among the players.
PAR  If player lands on a square with black, as at 15 in FIG. 1, he does not get
      to answer any question. He must forfeit this turn and wait until his next
      turn to answer a question or make a response.
PAR  If any card set should become depleted before the game terminates, a player
      landing on a square with that color code can choose a card from any other
      card set.
PAR  No player can touch the cards or card sets until the question is answered.
PAR  The player with the most cards at the end of play wins.
PAR  A variation of the game is to have the players answer two or more of the
      questions on the card, in order to earn it. This is a good review.
PAR  From this detailed description, it is apparent that the individual game
      board units can have many variations within the structure of the diverse
      game sets, collectively known as Tutorial Game. It must be understood
      that, although specific terms are employed in this description, they are
      used as descriptive and general in nature, and in no way limit this
      invention. The scope of this invention is to be determined solely by the
      claims as set forth below.
CLMS
STM  I claim:
NUM  1.
PAR  1. A game apparatus that embodies, in combination, a game board containing
      printed matter, pictures, maps, diagrams, and/or other subject matter
      designed to help players with responses, wherein some responses and/or
      methods of arriving at some responses are contained on said game board;
      cards that primarily contain any combinations of a question, questions, a
      command, commands, a symbol, symbols, a name, and/or names on one side of
      the card, with the matching and required answer, answers, statement,
      statements, word, words, name, and/or names on the reverse side of the
      same card, the questions, etc., and answers, etc., on said cards being at
      least in part related to the printed matter on said game board.
NUM  2.
PAR  2. A game apparatus that embodies a game board, with a peripheral area
      containing a closed rectangular path constituting a continuous playing
      course; playing tokens; the squares comprising the playing course being
      individually identified and arranged in a repeated sequence, the
      identification indicating that the player is to respond by supplying the
      required answer, statement, word, and/or name to a question, command,
      symbol, and/or name on the top card from a specific set of cards, and the
      course being interrupted by squares which indicate a forfeiture of turn;
      the game board embodying an enclosed central area which is designed to
      help the player with responses and containing printed matter, pictures,
      diagrams, and other subject matter; the game apparatus embodying a
      plurality of card sets placed between the peripheral area and the enclosed
      central area of the game board, each card within a set of cards being
      marked with the same identification, corresponding to an identification on
      the playing course, each set of cards being marked with a different
      identification to distinguish it from the other sets of cards; the
      questions, commands, symbols, and/or names on the cards forming a
      progression from least difficult to most difficult within the game board
      unit; the matching and required response or responses being located on the
      reverse side of the same card.
NUM  3.
PAR  3. A game apparatus that embodies a plurality of diverse game board units,
      each embodying the features recited in claim 2 for a single game board
      unit; the questions, commands, symbols, and/or names on the cards forming
      a progression from least difficult to most difficult within at least some
      of the game board units that comprise the game apparatus.
NUM  4.
PAR  4. A game apparatus that embodies diverse game sets, each embodying a
      plurality of diverse game board units in accordance with claim 3, wherein
      each game set is limited to one subject but all game sets are designed
      using the same system.
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ABST
PAL  This disclosure is for an Audio-Visual training device having both a
      projectable film tape and an audio tape with control indicia on the audio
      tape in addition to recorded audio messages. The tape indicia are used to
      control a small processor which governs both tape and film movement. A
      keyboard on the device is used to enter replies to queries to a user from
      the tape and film and the processor will determine both tape and film
      movement in response to the answer to a query. The system is capable of
      multiway branching to present to the viewer the proper information
      pertaining to his answer. Several counters are available to count trials,
      correct or incorrect responses, etc., and to control tape and film
      movement in accordance with the counter readings. A proctor light may be
      turned on to call for personal assistance and to lock up the machine when
      a student is in trouble and the program does not have the proper branch to
      clear up the difficulty.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  The goal of efficient and effective unattended audio-visual education has
      been present for a long time but has been unobtainable due to the required
      provisions needed to accommodate the different possible responses to
      queries. Many devices which provide coordinated audio and visual
      presentations are available in the prior art and some even provide limited
      audio branching in response to a student's answer, e.g., one sound track
      for a correct answer and another track for an incorrect response. However,
      no educational devices have been available, except perhaps as terminals
      connected to large expensive computers, which provide coordinated audio
      and visual programs for a subject with separate programs for any likely
      response and/or with corrective routines for any incorrect response.
PAR  The present invention is embodied in a self-contained audio-visual
      instruction device having both an audio tape and an indexible film
      projector with coordinated materials, a display panel on which a student's
      reply may be assembled before it is tested and a student's keyboard to
      enter data into the controls for the device. The audio tape contains
      information channels which control movement of film to enable changes
      during an audio message, or a movable display synchronized with the audio.
      The audio tape also contains control information which can enable a
      control mechanism to stop the tape and await a student's response. After a
      response, the control information is used to continue instructions in one
      of up to five different branches as determined by the student's answer. An
      answer can be entered by use of one of five multiple choice keys, by one
      of the keys of an alpha-numeric keyboard or by a sequence of key
      operations which can be assembled and indicated on a display panel.
PAR  It is then an object of this invention to provide an educational device
      which is capable of wider utility and more comprehensive training than
      devices presently available.
PAR  It is another object of the invention to devise an educational aid which is
      flexible in that it provides many alternate paths from any query in
      accordance with the learning level and ability of the student.
PAR  Still another object is to provide a combined audio tape -- visual film
      instructional device wherein the presentation of a visual sequence of
      frames is under control of data recorded on the audio tape in synchronism
      with the audible information thereon.
PAR  A further object is to provide an educational device with a display panel
      on which may be displayed a multi-character response entered from an
      attached keyboard in response to a selected instruction.
PAR  A still further object is the development of an audio-visual device in
      which the movement of the audio and visual record carriers is under
      control of a central logic area.
PAR  Another object is to provide such a central logic area with counters
      synchronized with the movement of the audio and visual carriers to
      maintain a record of the present status of such record carriers.
PAR  Still another object is the provision of logic control information in one
      of said records along with the recorded information with such logic
      control information being transferred into the logic control mechanism for
      selective control thereof in accordance with the responses to be entered
      from the control keyboard.
PAR  A still further object is to develop a visual display device synchronized
      with an audio message by the use of display control information recorded
      along with the audio message and in which further device control
      information and signals are also recorded with the audio message.
DRWD
PAR  Other objects and features of the invention will be apparent in the
      following description and appended drawings of a preferred embodiment of
      our invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the exterior of the preferred embodiment of
      the invention.
PAR  FIG. 3 is a top view of the interior of the embodiment showing the optical
      projection path from the film cartridge to the screen.
PAR  FIG. 3 is a block diagram of the components of the invention.
PAR  FIG. 4 is a schematic diagram showing the connections of the integrated
      circuit units of the control electronics.
PAR  FIG. 5 is a schematic diagram of the clock timing and phase timing pulse
      generators.
PAR  FIG. 6 is a connection diagram for the motion controls for the audio tape
      cartridges.
PAR  FIG. 7 is a similar diagram for the optical film drive.
PAR  FIG. 8 is the dimming control over the projector lamp.
PAR  FIG. 9 is a diagram of the audio tape read-out controls.
PAR  FIG. 10 is a side view of the projectable film part of the tape cassette.
PAR  FIG. 11 is an end view of the cassette showing the relation of the visual
      and audio tape sections.
DETD
PAC  GENERAL DESCRIPTION
PAR  The preferred embodiment of our invention as set out in the appended
      drawings is a combined audio-visual unit having an audio tape and a
      projectable film with an independent forward-reverse drive for each. The
      audio part has a recording tape with some channels having audio statements
      recorded thereon and other channels with digital recordings to indicate
      the start and end of each of the audio statements and to control movement
      of the film. The drive capstans for this tape can be controlled to move
      the tape forward or back at high speed to a selected message and then
      forwardly at a slow speed to read out the message. The visual film tape
      has sprocket holes and is driven by a stepper motor in either direction at
      any of several speeds. In a forward direction, a speed can be selected for
      single frame showing, animation at about 6 frames per second, motion at
      about 3 times that speed and lip synchronized motion at about 4 times the
      animation speed. In addition, there is a high speed forward and reverse
      drive to bring the film to a selected starting point.
PAR  A keyboard is provided to enter data and responses to queries and the
      keyboard entry is displayed on a small gas panel matrix unit. Counters are
      provided internally to keep a record of a user's progress in using the
      device. The frames of the visual tape are projected onto a screen and the
      audio messages are presented to the user over an audio system, usually a
      set of headphones for privacy although a loud speaker could be used. The
      user's responses on the keyboard are analyzed by a logic unit which keeps
      track of the present location of both the audio and visual tapes and can
      be set to activate a proctor call signal and halt further system operation
      when error limits are reached or the user wants assistance. The logic
      system can also store digital data recorded on the audio tape and,
      depending on the keys operated by the user in response to the audio or
      visual presentations, can control movement of both tapes to new starting
      points thereby giving program branching capability. The digital data
      recordings on the audio tape are also used to activate the logic system
      when the visual tape is to be advanced to the next frame.
PAR  More specifically, referring to FIG. 1, a cabinet 1 has a viewing screen 2
      in a bezel 3 on its front surface. An alpha-numeric display panel 4 is
      mounted below bezel 3 and can be used to display up to 16 alpha-numeric
      characters. As described herein, the display is a so-called gas panel
      having a matrix of discharge points for each character display. The
      cabinet 1 also has an opening 5 to receive a double tape cassette 6
      containing the visual and audio material and control signals. A base 10
      below cabinet 1 has a sloping upper front face which contains a
      conventional type keyboard 11 having numeral and alphabet keys,
      punctuation and some control keys. Base 10 also contains the electronic
      logic circuits for controlling the optical projector and the tape
      movements of both of the cassette tapes.
PAR  The optical path for projection from the cassette 6 is shown in FIG. 2 and
      includes a mirror 12 near the back of cabinet 1. A projection lamp 13 with
      appropriate condensing lenses and a shutter is mounted in cabinet 1 at the
      right side of cassette 6 and projects light through an opening 16, see
      FIG. 10, in the side of cassette 6 onto a mirror 17 in the cassette and
      then through a film 18 in the cassette. The light from the film then goes
      to a lens system, diagrammatically indicated at 19, which focuses the
      light via mirror 12, FIG. 2, onto screen 2. The audio tape 20 in the other
      half of cassette 6 is a commercial unit and is driven by a conventional
      capstan and motor drive mechanism indicated at 21 in FIG. 10. The tape is
      sensed by a conventional read head 22 mounted in the drive mechanism 21.
      The tape can be driven in either direction at a high speed and at a low
      speed in a reading direction, all speeds being selected under control of
      logic signals and a solenoid as will be more completely described later.
PAR  The cassette 6 is a double unit in which the film part 25, FIG. 10, is a
      modified commercial unit. The film strip 18 is wound on two arbors 27 and
      28 and around two idler pulleys 30 and 31 rotatable in brackets 32 and 33.
      The brackets 32 and 33 are pivoted on pins 35 and 36, and are spring urged
      counter clockwise and clockwise respectively. The film 18 passes from one
      arbor, say 27, over pulley 30 and across a backing plate 38, where it is
      engaged by the sprocket teeth of a reversible stepping motor drive
      indicated generally at 39. The drive unit 39 has aligning pins 40
      engagable in holes of plate 38 to align the cassette and one of which
      will, when the cassette is in position, disengage the tooth of a latch 41
      from engagement with a sprocket hole of the film. The film then passes
      over a flanged roller 43 and across a film gate carrying the mirror 17 to
      the other idler 31 and to the other arbor 28. The film is driven in either
      direction by motor 39 which pulls it off one arbor and it is kept wound on
      the take-up arbor by a flexible band 45 which goes around roller 43 into
      contact with the film wound on both arbors 27 and 28 and then around two
      rollers 46 and 47. The unwinding of film 18 from one arbor will drive the
      band 45 which will drive the film 18 wound on the other arbor to take up
      an equal amount of tape. The audio part of the cassette is unmodified from
      the commercial embodiment and lacks the drive openings and the mirror
      parts, and uses instead a capstan driver 21 which engages roller 43 to
      drive the tape in one or the other direction. The audio part also uses
      tape guides similar to idler rollers 30 and 31, but fixed in the cassette
      rather than being spring pressed.
PAC  ELECTRONIC LOGIC UNIT
PAR  The electronic controls for the above-described hardware are located in the
      base section 10 and since their physical embodiment is of no patentable
      importance, have not been shown physically. The controls have the function
      of moving the visual film and audio tapes for projection and reading
      respectively. The film is only projectable and has no control function.
      However, the individual film frames are counted in an electronic counter
      so that the controls are always aware of the position of the film. On the
      audio tape, the messages are arranged in serial fashion on each of three
      parallel channels. Associated with each of the three parallel channels is
      another channel on which there is stored digital characters. These digital
      characters control film stepping so that it is coordinated with the audio
      messages; start an internal interval timer stepping at a predetermined
      rate; electronically unlocks the keyboard for use, and signal the logic
      unit when a particular audio message is finished. Another channel has tone
      bursts of a predetermined frequency to be used by the logic unit in
      keeping track of tape position at all times. A selection of one of the
      three channel pairs for playing is obtained via a displacement address
      that is part of the digital block data read into a buffer storage. One
      channel contains all of the digital data blocks for all three channel
      pairs.
PAR  In operation, when a cassette is inserted, the controls first run both film
      and tape backwards until an initial position is reached on each.
      Thereafter, the audio tape is started in motion, and the projection lamp
      is activated. The digital character channel will cause film movement and
      display of the visual images on the film as the audio tape is being
      reproduced and an associated control data block will be stored in a buffer
      register. At the end of the message, it is expected that the controls will
      stop both film and tape and await an action by the user, e.g., operation
      of one or more keys of keyboard 11. The storage buffer is in the nature of
      a shift register and will have a variable number of different instructions
      stored therein from the tape and depending on the data entered from the
      keyboard, one of these instructions will be performed. The instructions
      will usually be to advance or return either or both tape and film to a
      definite message number and film number and will then start the unit for
      another message and/or display.
PAR  The keyboard 11 is the user's response mechanism. The keyboard has the
      facility for generating a response to questions by operation of one of
      five multiple choice buttons and also has an alpha-numeric response
      capability for one or more characters of response. For single character
      answers, as well as for multiple character applications, such as spelling
      or arithmetic answers, the total response is entered on the keys and is
      displayed on display 4. When the user is satisfied that the answer is the
      way he wants it, he operates the key "START" of the keyboard to terminate
      the entry and allow the system to check the answer given by comparing it
      with all permissible answers.
PAR  The logic system also contains a group of counters which allows the
      checking of a response and controls adaptive branching as a function of
      the response. There are five displayable program counters, all of which
      can be individually incremented and/or reset and tested at any time to
      establish a branching scheme. For example, a test of 10 questions may be
      given with each correct answer causing an incrementing of counter 4 and
      incorrect answers incrementing counter 5. At the end of the test, counter
      4 is compared with an acceptable number, say 7, and a high, low, or equal
      decision is made. Equal and high may allow continuation, but a low reading
      will cause counter 5 to be looked at to see how many incorrect answers
      were given and determine whether a loop back through the questions will be
      a sufficient remedy or whether there are too many skipped questions, in
      which case, a different entry point may be branched to. Alternatively,
      counter 5 may be used to count the number of passes through the test and
      be used to set a proctor call light after a limit is reached.
PAC  DETAILED DESCRIPTION
PAR  The overall cooperation of the electronics section is shown in FIG. 3
      wherein the keyboard 11 is directly connected to the display control 50 to
      enable proper entering of data into and clearing of the 16 character
      display 4. The data from keyboard 11 also goes to a display memory 51 for
      storage and to the clocking and control section 52 which will use the
      entered data to determine branching and other control actions. An
      oscillator 55 provides the clocking control with a source of timing
      information. A tape control 56 determines the motions needed for the tape
      transport unit 57 to present the desired part of the audio tape 20 for
      reading. The digital part of the data from tape 20 is stored in a set of
      buffer registers in buffer storage 58. For the control of film 16, a film
      control 60 is connected to clocking control 52 and issues instructions to
      the film motor drive 39. Both tape control 56 and film control 60 can be
      set to transfer the present tape and/or film position to the audio address
      and visual address registers 61 and 62 for showing on display 4. The
      control unit 52 also has control over the 5 programmable counters 63 and
      can have them presented on display 4.
PAR  FIG. 4 shows the control circuitry wherein a serial data input from one
      track of the audio tape is received on an input line 70 and is stored in a
      random access buffer storage 71 to form a variable control program for the
      system. Each time an audio message is played, the digital data block
      associated with that message is automatically read into the buffer store
      71 to overlay previously stored data to form a new set of data in storage.
      The data received over line 70 is checked for validity in a cyclic
      redundancy checker 74 which provides a signal on the valid data output
      line so long as data blocks which include a redundancy check part are
      received without errors. conventionally, such checkers use shift registers
      with data feedback connections to receive and shift input data signals.
      One word of those stored in buffer store 71 is selected for storage in a
      buffer store register 75 by address register 72 which is normally
      incremented by timing pulses on a line 73 but may also be selectively
      altered under control of the next control address field register 75A of
      store register 75 when program branching is to be performed. Another
      portion 75B of storage register 75 holds the operation code field part of
      the active program instruction word and this code will be decoded in
      decoder 76 into a signal on one of the 16 op code lines 77 to control
      system operation. The decoder 76 also controls the buffer store address
      register to indicate whether the address register should be incremented at
      the end of an operation or should be reloaded with the next control
      address from register 75A.
PAR  If the particular operation being performed may result in a branch to one
      of several instruction words in buffer store 71 as determined by the
      high-low-equal condition of a main compare circuit 78, the instruction
      code from decoder 76 will gate with the output of compare 78 to determine
      the order or orders of address register 72 which are to be incremented.
      Comparison in the compare 78 will be between the compare field part 75C of
      the buffer store register 75, or one of the programmable counters 63 on
      one hand with a value in the keyboard register 79, with a value in the
      display memory 51 or with one of the programmable counters 63 or the
      interval timer on the other hand. The selection of the factors to be
      compared is by gating in the selected inputs to multiplexors 81 and 82
      which feed the two inputs of compare 78 under control of the outputs of
      the op code decoder 76 and the timing pulses on line 73. An interval timer
      85 may be provided to limit the time allowed for responses and is
      connected to the multiplexor 82 for actual time used comparisons and to
      buffer store register 72 to cause branching to a new program routine if a
      set time limit is exceeded. The interval timer is reset by reloading a new
      number as a result of a special bit being on in those instructions
      allowing timer use. The data for timer load is obtained from the compare
      field buffer store register 75C.
PAR  The display unit 4 is a commercial gas panel display unit having the
      capacity for displaying 16 alpha-numeric characters. It is controlled to
      show data by the display multiplexor 86 which is set by the op codes
      decoded from decoder 76 to present the data representing the display
      memory 51 holding data entered from keyboard 79, the data for all of the
      programmable counters 63, the address of the present block of the audio
      records, from lines 87 or the present film number of the visual display
      from lines 88. The data in display memory 51 is translated in data
      translator 89 before it is passed to multiplexor 86. The display control
      counter and sequential logic 90 are controlled by timing pulses on line 93
      by the keyboard strobe, line 91 and by op codes from decoder 76 to provide
      a scan sequence to the display 4; to sequentially enter keyboard
      characters into the proper ordinal position, and to address the display
      memory when a string analysis is required on a constructed keyboard
      response.
PAR  The components represented by the blocks of FIG. 4 are mainly commercial
      units manufactured by independent manufacturers and available on the open
      market. The components used in one embodiment of the invention were:
TBL  Texas Instruments Co.                                                     
      Part Number   Components                                                 
     ______________________________________                                    
     SN 7475        Registers 79, 75A, 75B, 75C                                
     SN 7485        Main Compare 78                                            
     SN 7486        Cycle Redundancy                                           
     SN 74164        Checker 74                                                
     SN 7489        A/N Display Memory 51                                      
     SN 7493        Interval Timer 85                                          
     SN 74151       Multiplexors 81, 82,                                       
     SN 74157        86                                                        
     SN 74155       Op Code Decoder 76                                         
     SN 74196       Programmable Counters 63                                   
     SN 74197       Buffer Store Address Register 72                           
     Burrough's Corp.                                                          
      SSD 1000-0030 Display 4                                                  
     Intel Corp 1601                                                           
                    Data Translator 89                                         
     U.S. Pat. No.                                                             
     3,582,892      Buffer Store 71                                            
      Juliusberger et al,                                                      
      June 1, 1971                                                             
     ______________________________________                                    
PAC  TIMING CIRCUITS
PAR  The circuit for generating the clock timing and phase timing pulses for the
      display system is shown in FIG. 5 and comprises a main oscillator 95 which
      drives a binary trigger 96 generating a square wave output at one-half the
      oscillator frequency. The output of binary trigger 96 operates a decade
      counter 98 which resets itself after every ten counts and whose output
      drives a BCD to decimal decoder 99 to provide the ten PO-P9 phase timing
      pulses. The longer clock pulses are generated by a three bit binary
      counter 100 which is supplied pulses from the output of decade counter 98
      and resets itself every six input pulses. A clock decoder 101 senses the
      settings of counter 100 and generates sequential pulses on the clock
      timing output lines.
PAR  In the preferred embodiment, the circuit blocks are commercially available
      units sold by the Texas Instruments Co. and are:
TBL  Circuit Block         TI Part No.                                         
     ______________________________________                                    
     Oscillator 95         SN 74123                                            
     Trigger 96            SN 7496                                             
     Decade Counter 98     SN 7490                                             
     Decimal Decoder 99    SN 7442                                             
     Binary Counter 100    SN 7492                                             
     Clock Decoder 101     SN 74155                                            
     ______________________________________                                    
PAC  AUDIO CIRCUITS
PAR  FIG. 6 shows the interconnections for controlling the motion of the audio
      tape 20 in cassette 6. The base address tape head 110 receives tone burst
      pulses from the audio tape 20 and passes the signal to amplifier 111. The
      level of the signal from amplifier 111 is detected and shaped by a Schmitt
      trigger circuit 112 which pulses a current audio address counter 113. The
      circuits are effective in either direction of tape motion and at any tape
      speed to provide incrementing or decrementing signals to the counter 113
      so that the location of the audio tape may be kept current.
PAR  Counter 113 is set to count up or down by means of a mode input control
      line 114. The signal on this input line is generated by the state of the
      address compare circuits 120. If the compare between the address stored in
      the buffer store register audio address field 75D and the current audio
      address in counter 113 is high, then the count mode of counter 113 is set
      to increment or decrement the value in counter 113 to approach the desired
      value stored in the buffer store audio address field 75D.
PAR  The audio address field of the buffer store register 75D may be set from
      the buffer store 71 as an instruction word is read therefrom or it may be
      set to an audio address presented on lines 115 from the data translator 89
      (FIG. 4) to represent a keyboard data input. The op codes decoded by
      decoder 76 (FIG. 4) and the load audio address timing signal presented
      from the sequential logic circuits 90 over line 117 determine when an
      audio address is to be loaded from lines 115 into register 75D. The
      address compare 120 will compare the settings of register 75D with the
      current audio address counter 113 to indicate on lines 121 and 122 whether
      the address in register 75D is higher or lower than that in counter 113
      which will indicate the direction the tape should be moved to present the
      next programmed audio message.
PAR  The audio tape is initialized at its starting position by the tape
      initialize circuits 125 which are activated by the start signal on line
      126 and a clock timing signal to start a restoration of the tape 20 to its
      fully wound position with a resetting of counter 113 to a zero value. A
      lockout logic circuit 127 receives the initialize signal from intializer
      125 on line 128, the high and low signals on lines 121 and 122 and a stop
      signal from stop unit 129 together with the clock timing signal to
      determine the direction and speed of motion of tape 20. Stop unit 129 is a
      detector to look for a particular bit combination on the digital character
      channel of the tape and then stop tape feed pending further control over
      logic 127. The output of logic 127 is instructions for fast tape movement,
      either forward or reverse and for slow forward speed. These instructions,
      slow play (SP), fast forward (FF), and fast reverse (FR), are received in
      the digital to analog converter 130 for conversion into analog signals
      which are applied to ramp generator 131 to control the voltages applied by
      motor drive 132 to the commercial tape cartridge transport 133. The SP
      signal from logic 127 is also applied to solenoid 138 which engages the
      turning capstan drive shaft 139 of drive 21, FIG. 10, with the tape 20.
      The tape cartridge transport 133 also contains tape end sensing devices
      such as contacts closed by conductive parts of the audio tape 20 at the
      start and finish of the recorded material on the tape or photo detectors
      to sense a clear leader tape section. The beginning and end of tape
      signals are transferred over a line 140 to the initialize unit to indicate
      to it that a tape has been initialized and that the return drive action
      can be terminated.
PAR  The commercial units used in the logic blocks of FIG. 6 are as follows.
TBL  ______________________________________                                    
     Amplifier 111 Texas Instrument Co. SN 72747 with                          
                   discrete resistors and capacitors.                          
     Schmitt Trigger 112                                                       
                   TI Co. SN 72747, SN 7413, SN 7400,                          
                   SN 7402, SN 7404.                                           
     Address Counter 113                                                       
                   TI Co. SN 74190                                             
     Address Compare 120                                                       
                   TI Co. SN 7485                                              
     Buffer Store  TI Co. SN 7475, SN 74157                                    
     Register 75D                                                              
     Tape Initialize 125                                                       
                   TI Co. SN 7400, SN 7402, SN 7404                            
     Lockout Logic 127                                                         
                   TI Co. SN 7400, SN 7402, SN 7404                            
     D/A Converter 130                                                         
                   TI Co. SN 7405, SN 72747 with dis-                          
                   crete resistors                                             
     Ramp Generator 131                                                        
                   TI Co. SN 72747 with discrete re-                           
                   sistors and capacitors                                      
     Motor Drive 132                                                           
                   TI Co. SN 7274 with discrete re-                            
                   sistors and capacitors and power                            
                   transistors                                                 
     Stop Unit 129 SN7430                                                      
     Solenoid 138, Added parts to make 133 work                                
     Capstan Drive 139                                                         
                   properly at slow speeds                                     
     Cartridge Drive 133                                                       
                   3M Co. Model DCD-3                                          
     ______________________________________                                    
PAC  FILM CONTROLS
PAR  The motion controls for the visual film 18 in cassette 6 are shown in FIG.
      7. The film drive 39, FIG. 10, uses a conventional stepping motor 150
      energized by a driver circuit 151 which is in turn controlled by a drive
      generator 152 settable for forward or reverse film movement by signals on
      lines 153 and 154 respectively. A DC motor 157 drives a rotating shutter
      158 to block off the light from lamp 13 to the film 18, FIG. 1, during the
      time the film 18 is moving. The shutter carries a magnet which passes by a
      sensor 159 to indicate the start of the light cut off period of shutter
      rotation.
PAR  A synchronizing circuit 160 receives signals from sensor 159 to initiate
      film movement when required and is also controlled by a single cycle
      switch over line 161 to enable manually controlled film movement. The sync
      circuit is also controlled for automatic movement by special characters
      written on the digital character channel of audio tape 20, the characters
      being decoded by a decoder 162 to signal the sync circuits 160.
PAR  The film 18 may also be controlled for movement to any selected frame by
      other inputs to sync circuit 160. At the start of a user's session, a
      signal on the start line 126 with a timing signal will set the film
      initialize circuit 164 to call for a high speed reverse movement of film
      18 and this setting will stay until a sensor 165 detects that film 18 is
      at its frame one.
PAR  Control over the film 18 during use of the unit is effected by the visual
      address part 75E of the buffer store register which can be set from the
      keyboard display memory 51 and translator 89 over lines 115 or from a
      selected word in buffer storage 71 to indicate a desired visual frame. The
      actual frame position of film 18 is indicated by a counter 168 which can
      be incremented or decremented by frame signals from the sync circuits 160
      over leads 169 and can be reset to 0 by the initialization circuits 164 at
      the start of a user's session. A compare circuit 170 receives the settings
      of register 75E and of counter 168 and depending on the high or low output
      signal on lines 171 and 172 respectively, the sync circuits will be set
      for forward or reverse motion of the film 18. Film motion can be anything
      from a single frame at a time to 24 frames per second. Frame stepping in
      instruction delivery mode is solely dependent on the number of and rate of
      frame advance characters written on the digital character channel
      associated with each audio message channel of tape 20. When high speed
      film motion is required, the sync circuits 160 will move the film at a one
      for one shutter speed. In such high speed movement, it is desirable to
      prevent projection to screen 2 and this is performed by the projection
      lamp dousing control in FIG. 8. The projection lamp 13 is driven from a
      power source through a silicon controlled rectifier 175 which is fired by
      a single shot 176 driven at the power line frequency. The single shot 176
      provides a lower than 100% duty cycle to the SCR gate which in turn
      reduces lamp voltage and brightness. When the lamp is to be doused, a
      control signal on line 177 from a clock timing pulser 178 will deactivate
      the single shot 176 and reduce lamp 13, brightness to where an image is
      not visible on screen 2.
PAR  The commercial units used in the blocks of FIGS. 7 and 8 are as follows:
TBL  ______________________________________                                    
     Stepping Motor 150                                                        
                     Hayden Co. Cat. No.                                       
                     9904-112-05001                                            
     Stepping Motor Drive 151                                                  
                     Hayden Co. Cat. No.                                       
                     9904-131-03003                                            
     Drive Generator 152                                                       
                     TI Co. No. SN 7493                                        
     Magnet Sensor 159                                                         
                     Electro Co. No. 58388                                     
     Sync Circuits 160                                                         
                     TI Co. Nos. SN 7400, SN 7402,                             
                     SN 7404, SN 7474                                          
     Decoder 162     TI Co. SN 7430                                            
     Buffer Register 75E                                                       
                     TI Co. Nos. SN 7475, SN 74157                             
     Compare 170     TI Co. No. SN 7485                                        
     Counter 168     TI Co. No. SN 74190                                       
     Initialize Circuits 164                                                   
                     TI Co. Nos. SN 7400, SN 7402,                             
                     SN 7404                                                   
     Film Sensor 165 TI Co. No. L138                                           
     Single Shot (FIG. 8) 176                                                  
                     TI Co. No. SN 74123                                       
     ______________________________________                                    
PAC  AUDIO TRACK SELECTION
PAR  The audio tape 20 is sufficiently wide to accommodate three sets of
      recorded messages on tape 20. The selection of the active tape track is
      controlled by the track field part 75E of the buffer storage register and
      this field is decoded by a decoder 180 to put track select signals on
      leads 181 and 182. There are two electronic switches 183 for digital data
      and 184 for audio data, each to select one pair of the three digital or
      three audio tracks. These switches are conventional circuits formed of a
      transistor for each of the input lines with the three transistors for the
      same type of track having a common load and with the transistors for the
      tracks which are to be inactive biased by the signals on lines 181 and 182
      to a non-conductive condition. The switches 183 and 184 receive all of the
      digital and audio signals respectively and pass the selected signals onto
      amplifiers 185 and 186. The digital data from amplifier 185 is passed to
      the data decoder part 187 of the audio tape drive 133 which is responsive
      to special characters and sends the detected ones to the special character
      decode circuits for program use. The special characters detected are: 1 )
      Stop Audio -- sent to stop circuits 129, FIG. 6; 2)Forward Frame Advance
      -- to circuits 162, FIG. 7; 3)Reverse Frame Advance -- to circuits 162,
      FIG. 7; 4) Enable Keyboard -- to keyboard 79, FIG. 4; 5) Start Timer -- to
      timer 85, FIG. 4. For the audio tracks, the message on the track selected
      by switch 184 and amplified by amplifier 186 is passed through power
      amplifiers 188 to a speaker or ear phones 189 for presentation to the
      user.
PAR  The commercial components used for the logic blocks of FIG. 9 are:
TBL  Logic Block      Component                                                
     ______________________________________                                    
     Store Register 78F                                                        
                      TI Co. No. Sn 7475                                       
     Decoder 180      TI Co. Nos. SN 7408, SN 7404                             
     Amplifiers 185, 186                                                       
                      TI Co. No. SN 72747                                      
     ______________________________________                                    
PAC  OPERATION OF THE SYSTEM
PAR  To operate the system, a user will select a cassette for the subject to be
      studied and will insert it into the opening 5 of casing 1. Depression of
      the START key will rewind both tape and film to the start positions and
      will then advance both to frame 1 and start feeding of the audio tape. The
      film will be advanced as required by the digital signals on the audio
      tape. At the end of any audio message block, the tapes can be stopped with
      a specific image on the screen and some reply required. A reply can be put
      in by operation of one of the 5 answer keys or by operation of keys of the
      keyboard to set a plurality of characters into the display 4. An operation
      of the START key will now restart operation of the unit and depending upon
      a comparison of the student's reply with a correct reply, the program will
      continue on or will branch to a new audio and/or visual address for
      continuation of the subject or remedial action as set out by the
      programmer.
PAR  There are a plurality of op codes which have been defined and implemented
      in the device. Four instructions are "Branch on Response " with 5-way,
      4-way, 3-way, and 2-way branches depending upon the number of response
      keys which are allowed to be active. In each instruction, the system halts
      until a response key is operated, the instruction address is then updated
      by the number of the operated key, the instruction word at that updated
      address is brought into the buffer storage register 75 and the system
      starts up again to move the tape and film to new locations and continue
      operations. A "Branch Unconditional " instruction will update the
      instruction address to branch a new instruction word at the completion of
      the audio segment. The "Branch on Compare & Return" will compare the
      response character from the keyboard with the character set in the
      instruction word register 75 to branch to the next instruction for a wrong
      answer or to a new instruction address in register 75 for a correct
      response.
PAR  The four "Branch on Compare " instructions are similar to the above "Branch
      on Response " instructions except that the branch is to a new instruction
      address for a correct answer which compares with that in the register 75C
      or to the same new instruction address plus 1, 2, 3, or 4 respectively due
      to operation of a corresponding answer key. The "Proctor Call and Branch"
      instruction is used when the student has become so confused that he
      requires special attention. At this instruction, the system turns on the
      light to call the proctor and stops. When the proctor starts the system by
      a key, the operation starts at a new instruction address to inform the
      proctor what is wrong or what remedial action is needed.
PAR  The two instructions "Compare Right (or Left) Chain " are used to compare a
      sequence of characters entered from the keyboard into the display with
      characters stored in a chain of instruction words. The display characters
      will be compared starting from the right or left with the correct
      characters set in the successive instruction words. Any incorrect
      comparison will branch to a new instruction location which may contain
      another character for comparison with the display character. These
      instructions are useful where different forms of an answer, e.g., A.
      Lincoln or Abe Lincoln or Pres. Lincoln etc., are equally acceptable.
PAR  "Compare Program Counter " will compare the addressed program counter with
      a value in the compare field of register 75. The address register may be
      incremented by zero, one, or two depending upon a low, equal, or high
      result of the comparison. The "Transfer, Reset" and "Transfer, Increment"
      op codes are for program counter control and will reset or increment one
      or both of the program counters.
PAR  It should be noted that in each instruction there is a next control address
      field and the first step in each operation is to replace the present
      instruction address with the next instruction address from the instruction
      word. This abililty to step to a new instruction at any address of the
      buffer storage performance of the instruction gives a wide range of
      branching ability and also the op codes contain film drive instructions
      which permit the film to be driven one step at each occurrence of a
      control indicia on the audio tape, or to be driven at one fourth, three
      fourths, or one times the speed of operation of the film shutter 158.
      Generally, each op code will control the selection of a new tape location
      for both tapes and will then allow the audio tape message to be presented
      as soon as both tapes are present at their commanded index positions.
PAR  The above description of a preferred embodiment of the invention is
      specifically detailed to enable a complete specification of the embodiment
      and is not to be taken as limiting the range of equivalents as many
      variations in components are possible without affecting the basic
      functions and operations of the overall system. The scope of the present
      invention is set out in the appended claims and not by the specific
      features of the preferred embodiment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An audio-visual device of the type described having a film tape with
      projectable images thereon, projector devices, a film drive, and a counter
      selectively energizable by said film drive to maintain a count indicative
      of the film image at the projecting position of the projector device, an
      audio tape having a plurality of separate messages thereon in one or more
      channels, said tape also including at least one channel having indicia
      indicating the start of each message and a following block of device
      control information for each message, a read head for each channel  of
      said audio tape, an audio tape drive and a second counter selectively
      energizable under control of said start of message indicia to maintain a
      count indicating the identification of the audio message present at the
      read head, a pair of settable indicators, one for each tape and each to
      indicate a desired tape position of the associated tape, two comparators,
      one for each tape, to compare the desired tape position for the
      corresponding tape with a present tape position, a drive controller for
      each tape, each drive controller energized by its related comparator to
      actuate its tape drive in a direction to move the associated tape toward
      the desired position, a control data storage device connected to said read
      head for the control information channel to retain device control
      information as read from said audio tape, a plurality of user selectable
      response devices, means under control of said response devices to cause
      transfer of related device control information action from said
      information storage device to said settable indicators thereby causing
      movement of either or both of said tapes to response dependent positions
      and
PA1  a character display service, a character storage means, character entry
      devices selectively operable by a user to enter character indicia into
      said character storage means for control of said display device, a start
      key and circuits controlled by said start key to successively compare
      character indicia stored in said storage means with character indicia in
      said device control information stored in said control data storage
      device.
NUM  2.
PAR  2. An audio-visual device as set out in claim 1, and including therein an
      additional group of selectably operable counters, means controlled by
      certain of said response devices when operated to actuate said counters,
      and a switching multiplexer under control of said transferred device
      control information to transfer character representations from said
      selectably operable counters, or from said first and second counters to
      said character display device.
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PAL  The driver training aid comprises a base, a steering wheel and steering
      gear of the type found in actual motor vehicles and a variable resistance
      spring assembly providing simulated resistance of the type encountered
      over the travel of an actual steering assembly. The variable resistance
      spring assembly comprises the spring arm fastened at one of its terminal
      ends to the worm gear shaft of the steering gear, an arcuately spring
      carringing rod fastened at its terminal ends to the gear housing with the
      geometrical center thereof being congruent with the center line of the
      worm gear shaft, and a spring slidably carried on and having its terminal
      ends secured to the spring carrying rod. As the steering gear reaches the
      extreme of its travel, the spring assembly is operable to apply increasing
      pressure to simulate pressures and resistance found in operational
      steering gears.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to motor vehicle training aids and
      simulators, and more particularly to improvements to the steering wheel
      assembly of a motor vehicle training simulator.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A variety of devices for simulating the steering wheel have been offered
      which purport to have the same frictional resistance as in actual motor
      vehicles. These have conventionally comprised complex assemblies of brake
      shoes fastened about a shaft to which a conventional steering wheel is
      fastened. One such device is found in U.S. Pat. No. 3,647,210 and
      comprises a steering wheel connected by a friction spindle to a brake
      which is manually adjustable to vary friction resistance to rotation of
      the steering wheel encountered by a user of the device. The rotation of
      the spindle is transmitted to the brake through a torque transmission
      spring. The intended purpose of the brake is to provide an oscillating or
      kick-back effect when the wheel is rotated. Unfortunately, the spring does
      not usually behave in the manner of a steering wheel wherein resistance is
      maintained so long as a rotational force is applied to the wheel, but
      springs a goodly proportion of the distance back to the original position.
      Thus, the device has the effect of an oscillating top rather than a
      steering device which encounters increased resistance at a given number of
      rotations corresponding to the extremes of travel of a steering assembly.
PAR  Accordingly, it is an object of the present invention to provide a driver
      training aid having a variable resistance spring assembly which employs
      the basic steering mechanism provided in actual motor vehicles, and that
      said variable resistance means approximates the varied resistance
      encountered by an actual steering assembly as it approaches extremes of
      its travel.
PAR  It is another important object of this invention that the variable
      resistance spring assembly employed herein be of extremely simple
      construction which is complementary to a steering gear of the type
      conventionally provided in actual motor vehicles.
PAR  It is still another object of this invention that the aforesaid spring
      assembly be of compact construction which may be employed in a demountable
      base as well as in a console.
PAR  These and other objects shall become apparent from the description
      following, it being understood that modifications may be made without
      affecting the teachings of the invention here set out.
PAC  SUMMARY OF THE INVENTION
PAR  The driver training aid comprises a base, a steering wheel and steering
      gear of the type found in actual motor vehicles and a variable resistance
      spring assembly providing simulated resistance of the type encountered
      over the travel of an actual steering assembly.
PAR  A more thorough and comprehensive understanding may be had from the
      detailed description of the preferred embodiment when read in connection
      with the drawings forming a part of this specification.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the driver training aid of this invention.
PAR  FIG. 2 is a side elevational view of the apparatus of the FIG. 1.
PAR  FIG. 3 is a fragmentary side-elevational view of the variable tension
      spring assembly of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and more particularly to the FIGS. 1 and 2,
      the driver training aid of this invention is shown to advantage and
      generally identified by the numeral 10. The training aid 10 comprises a
      base 11, a steering assembly 12 and a variable tension spring assembly 13.
      The base assembly 11 comprises a pedestal 14 and the steering assembly
      housing 15 which issues upwardly from the pedestal 14 in the manner of a
      vehicle dashboard. Pedestal 14 may be demountably secured to a second
      pedestal or table (not shown) by means of a compression clamp 14'.
PAR  The steering assembly 12 employs a conventional steering wheel 16 and a
      steering gear 17 as might be found on a motor vehicle. The wheel 16 is
      secured to the sector shaft 18 of the gear box 17, thus providing the same
      type of mechanical cooperation as is found in an actual vehicle. The
      steering gear 17, thus provided with the wheel 16, is mounted into the
      housing 15 of the base 11 with the face of the steering wheel 16 disposed
      at approximately 30.degree. to the vertical. An electric turn signal
      handle 19 may be mounted to the steering assembly 12 with activational
      electric relays (not shown), and a column-type gear shift handle 20 may be
      mounted to the steering assembly 12 adjacent to the wheel 16 in the manner
      associated with actual steering column control clusters.
PAR  The spring assembly 13 provides variable resistance to the steering
      assembly 12 simulating the variable resistance encountered by an actual
      steering assembly over its turning range. The spring assembly includes a
      spring arm 21, a spring 25 and a spring carrying rod 22. As is shown more
      clearly in the FIG. 3, the spring arm 21 is fastened at one of its
      terminal ends to the capston provided by the worm shaft 23 typically
      provided in the steering assembly 12. It may be seen that, as the worm
      gear shaft 23 is normally disposed transversely with respect to the main
      shaft 18, the arcuately shaped spring carrying rod 22 is normally mounted
      on the housing 15 with its geometrical center congruent with the center of
      the worm gear shaft 23. The spring carrying rod 22 is an arcuate shaft
      fastened at its terminal ends to the housing 15. The spring 25 is carried
      about the rod 22 and secured in a predetermined juxtaposition by stops 24
      fastened at predetermined locations on the rod 22. The terminal end of the
      arm 21 opposite that connected to the worm gear shaft 23 is fastened
      approximately midway in the spring 25. It may be seen that it may be
      necessary to provide a bend, or dog leg, in the arm 21 to properly contact
      and follow the spring 25 mounted on the rod 22. It has been found to
      advantage to dress the rod 22 to provide substantially frictionless travel
      for the spring 25 over the rod 22.
PAR  In operation, the steering wheel 16 is addressed and manipulated by the
      student in the manner of actual steering wheels found in motor vehicles.
      As the worm gear shaft 23 rotates and thus actuates the arm 21 toward one
      of the extremes of the rod 22, the spring 25 is compressed to provide
      greater resistence or counter-urging force to the arm 21, shaft 23 and
      assembly 12. The spring constant of the spring 25 may be chosen to best
      approximate the resistance characteristic found in an actual vehicle.
PAR  Having thus described in detail a preferred apparatus which embodies the
      concepts and principles of the invention and which accomplishes the
      various objects, purposes and aims thereof, it is to be appreciated and
      will be apparent to those skilled in the art that many physical changes
      could be made in the appartus without altering the inventive concepts and
      principles embodied therein. Hence, it is intended that the scope of the
      invention be limited only to the extent indicated in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A driver training aid, comprising:
PA1  a base having an upstanding houseing;
PA1  a steering assembly comprising a worm gear shaft a steering wheel and a
      steering assembly having a sector shaft fastened to said steering wheel to
      provide substantially the same mechanical cooperation as is found in an
      actual steering wheel and steering gear, said steering assembly being
      mounted in said housing with the face of said steering wheel mounted at
      predetermined acute angle to the vertical; and
PA1  a variable resistance spring assembly comprising a spring arm fastened at
      one of its terminal ends to the worm gear shaft of said steering gear
      assembly, an arcuately shaped spring carring rod being substantially in a
      plane disposed perpendicularly to said worm gear shaft and fastened at its
      terminal ends to said housing with the geometrical center thereof being
      congruent with the center line of said worm gear shaft, and a spring being
      substantially coextensive with and being slidably carried on and having
      its ends secured to said spring carrying rod, the terminal end of said
      spring arm opposite the end connected to said worm gear shaft being
      fastened to the spring substantially midway of the length of said spring.
NUM  2.
PAR  2. The apparatus of claim 1 wherein a pedestal is provided to support said
      housing, said pedestal being demountably secured to a table.
NUM  3.
PAR  3. The apparatus of claim 1 wherein an electric turn signal handle assembly
      and a column-type gear shift handle are mounted on said sector shaft of
      said steering gear assembly, adjacent said steering wheel.
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ABST
PAL  A color coded molecular model assembly kit is provided for representing
      organic molecular structures and shapes comprising two basic and
      complementary construction units capable of being interlocked. The first
      basic construction units are color coded plastic tubes of three different
      lengths such that when coupled to two of said second basic construction
      units the distances between the centers of the coupling means represent
      1.36 Angstroms, 1.54 Angstroms and 1.81 Angstroms respectively and
      represent the bonds between adjacent atoms. The second basic construction
      units are color coded coupling means for said tubes according to the
      valency of the atoms to be joined, the center of said coupling means
      representing atom conters, said coupling means having radial arms
      substantially located on the surface of a sphere with the center of the
      coupling unit being the center of the sphere. Said coupling units are made
      of plastic and are of two types, one type adapted for planar-trigonal
      coupling of three said tubes separated by angles of about 120.degree. and
      the other type adapted for tetrahedral coupling of four said tubes
      separated by angles of about 109.degree.. Said first and second
      construction units are capable of being joined together and held immobile
      by friction by having said radial arms and/or the cavities of said tubes
      tapered so that skeletal models of complex organic macromolecules may be
      assembled such that the distance between the centers of two directly
      connected coupling means represents the distance between joined atoms.
PARN
PAR  This application is a continuation-in-part of copending Ser. No. 369,097
      filed June 11, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to novel color coded skeletal
      models empolyed for representing the structures of organic compounds,
      especially the complex structures of bio-organic molecules. More
      particularly, it relates to inexpensive kits containing components which
      may be easily assembled into models of entire enzymes in which the
      internal envelope of the specificity cavity is clearly visible and defined
      with sufficient accuracy to be fitted with a Corey-Pauling-Koltun space
      filling model of a substrate or inhibitor of the enzyme.
PAR  Molecular models have been made for over a hundred years and the prior art
      shows numerous examples of kits for assembling molecular models. While
      they all have their uses, there still remains a great need for a kit
      capable of being used to build models of extremely complex structures
      (such as bio-organic molecules) which contains the attributes of a) low
      cost; b) ease of assembly; c) accuracy of assembled macromolecule; d)
      definition of shapes of surface areas and cavities of assembled
      macromolecule; and e) identification of individual atoms throughout an
      entire macromolecule.
PAR  The present invention provides the attributes described above especially
      when used in conjunction with the well known Corey-Pauling-Koltun space
      filling models. Use of the components described in detail in the
      specifications below makes it possible to represent and study the
      interactions between an enzyme and its substrate or inhibitor in a
      convenient and clear manner that has not been available heretofore.
PAC  SUMMARY OF THE INVENTION
PAR  IN applicant's study of model building it was very surprising to find that
      the exacting specifications provided in the conventional, more expensive
      models are in fact, unnecessary for the construction of useful skeletal
      models of complex bio-organic compounds. THus it was found by experiment
      and actual construction of models of enzymes that useful and sufficiently
      accurate skeletal models depicting every atom of entire enzymes can be
      built with only three different lengths of interconnecting plastic
      tubesrepresenting bonds rather than having precise lengths which either
      must be cut individually or supplied in a wide variety of sizes.
      Furthermore, it was found that useful models of bio-organic macromolecules
      can be constructed using plastic tubes with only three types of coupling
      means providing bivalent, planar-trigonal and tetrahedral arrangements of
      bonds rather that the larger number of precisely oriented coupling means
      of most conventional skeletal model building kits. The present invention
      provides model building components consisting of three lengths of plastic
      tubes representing interatomic bonds and three types of coupling means
      representing atom centers, said coupling means having radial arms for
      precisely positioning said tubes in bivalent, planar-trigonal or
      tetrahedral arrangements.
PAR  The present invention also provides a simple and novel means of forming
      rigid, permanent bonds between the tubes and the radial arms of the
      coupling means by having the radial arms or the coupling means and/or the
      internal cavities of the tubes tapered so that a strong frictional bond is
      formed when a tube is pressed firmly onto the radial arm of a coupling
      means. This provision now makes the building of complex models a simple
      and convenient operation.
PAR  Furthermore, the present invention provides color coded skeletal models
      with a scale of 12.5 mm per Angstrom which are complementary to the color
      coded space filling models of Corey-Pauling-Koltun. The many advantages of
      complementary skeletal and space filling models have never been adequately
      described because such complementary models of satisfactory design have
      not been available heretofore. Studies of the interactions of bio-organic
      molecules can now be performed in a new and useful manner. For instance,
      the skeletal model of the active site of an enzyme can be fitted with the
      complementary space filling model of the substrate or inhibitor. In this
      manner polar and non-polar interactions can be seen readily. The models of
      the present invention when used in conjunction with the
      Corey-Pauling-Koltun models will also facilitate the study of
      antibody-antigen interactions and the interaction of drug molecules with
      receptor sites.
PAR  The present invention also provides simple and inexpensive components,
      pre-cut to the proper dimensions so that enzyme model building can be
      carried out, not only by the professional scientist, but by students as
      well. The components of the present invention are small, light, color
      coded and easily assembled. Although they may be easily disassembled,
      provision has been made such that they may be bonded permanently together
      so that entire enzyme models may be constructed. The models of large
      bio-organic macromolecules constructed according to this invention may be
      supported on only three or four posts which serve to lift the model from
      the surface of the table on which it rests. The invention also provides a
      simplified construction technique for models of polypeptides which makes
      model building of enzymes an exciting and interesting exercise available
      even to high school students. The completed models of even complex
      bio-organic molecules such as proteins when constructed with the
      components of the present invention acording to the process described
      herein are easily understood from line drawings available in the
      scientific literature. The colorful models of this invention are so
      aesthetically pleasing that they may be regarded as works of modern art.
PAR  These provisions are realized by a plurality of construction units
      consisting of three different lengths of color coded interconnecting
      plastic tubes representing bonds and only two types of coupling means
      representing atom centers made of plastic and consisting of spherical core
      having radial arms sized to receive, to frictionally retain and to
      precisely position said tubes in planar trigonal and tetrahedral
      arrangements. A third coupling unit is made of metal and is adapted for
      bivalent coupling of two tubes linearly or at an angle as desired. The
      provision for making rigid bonds which is required for building models of
      organic macromolecules is achieved by having the radial arms of the
      coupling means and/or the cavities of the tubes tapered so that a tight,
      permanent bond is provided when a plastic tube is pressed firmly onto the
      radial arm as described in the specifications below.
DRWD
     Additional features and advantages of the invention will become apparent
      during the course of the following specifications and description of the
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a through 1s are elevational views of the connecting tubes.
PAR  FIGS. 2a through 2c are isometric views of the coupling means representing
      atom centers.
PAR  FIG. 3 is a cross-sectional view along line 5--5 of two of the coupling
      means of FIG. 2b showing two planar trigonal atom centers and a connecting
      tube.
PAR  FIG. 4 is a cross-sectional view of a tube of medium length.
PAR  FIG. 5. is a cross-sectional view of a long tube.
PAR  FIG. 6 is an isometric view of a planar peptide bond.
PAR  FIG. 7 is an isometric view of a hydrogen bond between a carbonyl oxygen
      and an amino hydrogen.
PAR  FIG. 8 is an isometric view of an imidazole group.
PAR  FIG. 9 is an isometric view of a peptide unit which illustrates the
      measurement of one of the rotational angles.
PAR  FIG. 10 is a different isometric view of the peptide unit of FIG. 9 which
      illustrates the measurement of the second rotational angle.
PAR  FIG. 11 is an isometric view of an ammonium group, one nitrogen-hydrogen
      bond of which is fitted with a Corey-Pauling-Koltun space filling model of
      a hydrogen atom representing the van der Vaals' envelope.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In the preferred embodiment of the invention the bonds between the atoms
      are represented by construction units consisting of color coded plastic
      tubes as illustrated in detail in FIGS. 1a through 1s. The tubes are of
      three precut lengths. The shorter tubes in FIGS. 1a  through 1g are 0.49
      inches (12.5 mm) long such that when coupled to two of the coupling means
      representing atom centers, the distance between the centers of the
      coupling means is 0.67 inches (17.0mm) representing an interatomic
      distance of 1.36 Angstroms. The tubes of medium length, FIGS. 1h through
      1o are 0.57 inches (14.5 mm) long, providing a distance of 0.76 inches
      (19.3 mm) representing 1.54 Angstroms between coupled atom centers and the
      long tubes, FIGS. 1p through 1s are 0.84 inches (21.7 mm) long providing a
      distance of 0.89 inches (22.6 mm) representing 1.81 Angstroms between
      coupled atom centers. The scale used is 12.5 mm or 0.492 inches represents
      1.00 Angstrom.
PAR  The color code of the connecting tubes and atom centers is illustrated in
      the drawings as follows: black is heavily cross hatched and represents
      carbon as in FIG. 1a; blue is diagonally hatched and represents nitrogen
      as in FIG. 1e; red is vertically hatched and represents oxygen as in FIG.
      1d; pale green is lightly stipled and represents fluorine as in FIG. 1g;
      yellow is diagonally hatched with dotted lines and represents sulfur or
      phosphorus as in FIG. 1o; green is heavily stipled and represents chlorine
      as in FIG. 1n; brown is lightly cross hatched and represents bromine as in
      FIG. 1p; violet is closely diagonally hatched and represents iodine as in
      FIG. 1q; white is not marked.
PAR  FIG. 1a represents the bond joining two unsaturated carbon atoms such as in
      ethylene or in a benzene ring; FIG. 1b represents the bond joining
      unsaturated carbon and nitrogen atoms such as in a pyridine ring or the
      bond linking the nitrogen atom and the carbonyl carbon atom of an amide
      group; FIG. 1c represents a carbonyl group; FIG. 1d represents the van der
      Vaals radius of an oxygen atom and is used for hydrogen bonds to oxygen;
      FIG. 1e represents the van der Vaals radius of a nitrogen atom and is used
      for hydrogen bonds to nitrogen; FIG. 1f represents a nitrogen-oxygen bond
      and is used for nitro groups or an oxime group; FIG. 1g represents a
      carbon-fluorine bond; FIG. 1h is for an aliphatic carbon-carbon bond; FIG.
      1i represents the bond between single bonded carbon and nitrogen atoms;
      FIG. 1j represents the carbon-hydrogen bond; FIG. 1k represents the
      nitrogen-hydrogen bond; FIG. 1l represents a sulfur-hydrogen or a
      phosphorus-hydrogen bond; FIG. 1m represents a hydroxyl group; FIG. 1n
      represents the bond between carbon and chlorine; FIG. 1o represents the
      bond between sulfur and oxygen or the bond between phosphorus and oxygen;
      FIG. 1p represents a bond between carbon and bromine; FIG. 1q represents
      the bond between carbon and iodine; FIG. 1r represents the bond between
      carbon and sulfur and FIG. 1s represents a disulfide bond.
PAR  It is apparent that for single valence atoms such as hydrogen there is no
      coupling means to represent the center of the hydrogen atom. In such cases
      the end of the tube represents the center of the single valence atom.
      Since the construction units of this invention are used to represent the
      skeleton of a molecule it is also apparent that the distance between
      hydrogen and carbon, nitrogen, oxygen or sulfur is not critical and each
      of these bonds is therefore or the same, convenient length. For a hydrogen
      bond to oxygen, (see below in FIG. 7), the distance to the center of the
      hydrogen atom does become critical. The somewhat longer bonds to hydrogen
      of FIG. 1k through 1m are compensated for by the shorter length of the van
      der Vaals oxygen of FIG. 1d.
PAR  The connecting tubes illustrated in FIGS. 1a through 1s are made of colored
      plastic sized to receive and frictionally retain the radial arms of the
      coupling means representing atom centers as described in detail below.
      When the tubes are of two colors one end of the tube is of one solid color
      extending to midway between the ends of the tube for the short and medium
      length tubes. For the long tubes in FIGS. 1p through 1r the length of the
      black band of color is 0.28 inches (7.1 mm). In each case the other end of
      the tube is of the second solid color. Tubes with tapered cavities (see
      description below) are made of injection molded plastic that is of one
      solid color. When the finished tube is of two colors, the second color may
      be applied with paint. However, since the painting of such short tubes
      involves considerable labor and is expensive it is an object of this
      invention to provide a means whereby the tubes may be colored in an
      inexpensive manner. This is achieved by the use of thin sleeves of colored
      plastic the internal diameter of which is such that the sleeve may be
      fitted neatly over the tube. The length of the colored sleeve is
      approximately 0.28 inches (7.1 mm) and sleeves of the same length are used
      for tubes of all three different lengths. The color code used in this
      invention is the same as in the Corey-Pauling-Koltun space filling models.
PAR  FIGS. 2a, 2b and 2c show three different embodiments of construction units
      consisting of coupling means for the tubes illustrated in FIG. 1. The
      coupling means of FIGS. 2a and 2b are made of plastic while the coupling
      means of FIG. 2c may be made of a bendable metal such as aluminum. Each of
      the coupling means of FIG. 2a and FIG. 2b is a small sphere 30 on the
      surface of which are attached tapered arms 11 extending radially from the
      surface of the sphere. The arms are sized to receive and frictionally
      retain the tubes of FIG. 1. Their length is just slightly less than the
      depth of the internal cavity of the shorter tubes of FIG. 1a to g (see
      FIG. 3). In FIG. 2a the coupling unit has four arms 11 distributed over
      the surface of the sphere 30a in a tetrahedral pattern such that the
      angles between any two arms is slightly larger than 109.degree.. In FIG.
      2b there are three arms 11 extending over the surface of the sphere 30b in
      a Y shaped trigonal, planar arrangement such that the angle between
      adjacent arms is 120.degree.. In FIG. 2c there are two arms 11 extending
      linearly 180.degree. from each other about the central ring shaped
      representation of the atom center 30c.
PAR  FIG. 3 is a cross-sectional view of the assembled relationship of two of
      the coupling means of FIG. 2b and a connecting tube 50a of FIG. 1. The
      tapered arm 11 fits tightly into the tapered cavity of one end of the tube
      50a. The taper of the radial arm 11 of the coupling means is such that the
      thickness of the arm at its base 19 is slightly larger than the thickness
      20 at the tip of the arm. The thickness 19 is approximately 0.120 inches
      (3.1 mm) and the length 28 of the arm is approximately 0.20 inches (5.08
      mm). The tapered cavity of the tube is such that its width 18 at the
      opening is slightly larger than the width 17 near the bottom of the
      cavity. The width 18 may be slightly less than the thickness 19 at the
      base of the arm so that the plastic is squeezed as the arm is pressed into
      the cavity to make a tight connection. Although optimum bond strength is
      provided when both the arm 11 and the cavity of the tube are tapered, this
      invention also encompasses the possibility that either the cavity of the
      tube is a cylinder and the arm 11 of the coupling means is tapered or the
      arm 11 of the coupling means has a cylindrical shape and the cavity of the
      tube is tapered. The opening of the tube has an additional bevel 40 to
      allow it to fit neatly against the spherical center 30b of the coupling
      means. The cavities at either end of the tube do not meet but there is a
      wall 25 at the center of the tube to provide additional strength. The
      radius 15 of the spherical center 30b of the coupling means is
      approximately 0.120 inches (3.1 mm) and the distance between the centers
      of the joined atoms 14a is 0.67 inches (17.0 mm) representing 1.36
      Angstroms. Tube 50a is a short tube of FIG. 1a with a length 16a of 0.49
      inches (12.5 mm).
PAR  FIG. 4 is a cross-sectional view of a medium length tube of FIG. 1h. The
      length of 16h is 0.570 inches (14.5 mm). The bevel 40 allows the tube to
      fit neatly against the sphere 30a or 30b of a coupling means. The cavity
      is tapered so that the width 18 at the entrance is slightly larger than
      the width 17 near the bottom of the cavity. The depth of the cavity is
      slightly longer than the length 28 of the arm 11 of a coupling means. The
      dimensions of the cavity are such that when the arm 11 of a coupling means
      is pressed firmly into the cavity of the tube, a tight, rigid bond is
      formed between the tube and the coupling means. This frictional bond is an
      important aspect of the present invention. The wall 26 is thicker than the
      wall 25 of the shorter tube of FIG. 3 to provide additional strength.
PAR  FIG. 5 is a cross-sectional view of a long tube of FIG. 1p. The length of
      the tube 16p is 0.840 inches (21.3 mm). The bevel 40 is similar to that of
      FIG. 4. The cavity is tapered with dimensions 17 and 18 such that when the
      arm 11 of a coupling means is pressed firmly into the cavity of the tube a
      strong, frictional bond is formed between the two components. The wall 27
      is thicker than the wall 26 of a medium length tube so that unnecessary
      plastic is not consumed during the manufacturing operation.
PAR  Using the scale of 0.49 inches (12.5 mm) per Angstrom, the distance between
      the centers of coupling means 30a or 30b when joined to the ends of a
      medium length tube is 0.76 inches (19.2 mm) representing 1.54 Angstroms.
      When a long tube is used the distance between the centers of the coupling
      means is 0.89 inches (22.6 mm) representing a distance of 1.81 Angstroms
      between adjacent atoms.
PAR  One of the objects of this invention is to provide skeletal model building
      components that may be used in conjunction with the well known
      Corey-Pauling-Koltum space filling models and such complementary use is
      possible when the tubes and coupling means are manufactured with the
      dimensions described above. However, skeletal models of a larger scale may
      be required for some purposes and these may be built using the components
      of this invention if certain dimensions of the components are changed.
      Thus, the tubes of FIG. 1 may be made longer so that the lengths 16a, 16h,
      and 16p of FIGS. 3, 4 and 5 respectively are 0.89 inches (22.6 mm), 1.03
      inches (26.7 mm) and 1.24 inches (31.5 mm) respectively such that the
      distances between the coupled atom centers are 1.07 inches (27.2 mm), 1.21
      inches (30.8 mm) and 1.43 inches (36.2 mm) and represent 1.36 Angstroms,
      1.54 Angstroms and 1.81 Angstroms respectively. The other dimensions are
      as described above and the completed models will have a scale of 0.78
      inches (20 mm) per Angstrom. It will be apparent to those skilled in the
      art that other changes may be made in the dimensions to provide skeletal
      models of larger or smaller scale than exemplified in these
      specifications.
PAR  Since it is one of the objects of this invention to provide skeletal model
      building components that may be used to construct models of complex
      bio-organic macromolecules, the components must not only be held from
      coming apart, they must also be held so that rotation about a tube or bond
      is prevented, so that the complex structures will be held in position and
      prevented from collapsing. The provision of plastic coupling means and
      plastic tubes the arms and/or cavities respectively of which are tapered
      accomplishes this objective in a simple and convenient manner without the
      disadvantages of using glue or cement which must first be applied and
      which requires a length of time to harden.
PAR  It is a further object of this invention to provide skeletal models with a
      color code such that every atom of the molecule is immediately
      recognizable. Other model building kits have either the bonds color coded
      or the atom centers color coded, but the advantages of ease of recognition
      and aesthetic beauty which is provided by having both the atom centers and
      the bonds color coded has not been realized heretofore.
PAR  FIG. 1 is drawn actual size, but FIGS. 2 through 5 are drawn with a scale
      larger than actual size. FIG. 6 is drawn to approximately the actual size
      of an assembled group of construction units. FIGS. 6, 7 and 8 illustrate
      models of organic groups assembled in accordance with this invention. FIG.
      6 illustrates the construction of a trans, planar peptide bond such as is
      found as a repeating unit in the assembled models of proteins and
      polypeptides. The figure shows five tubes of FIG. 1 and the spherical
      portions 30b of two planar, trigonal coupling means of FIG. 2b. The colors
      of the respective atoms are represented by appropiate hatching, i.e.,
      cross-hatched areas are black and represent carbon, diagonally hatched
      areas are blue and represent nitrogen, vertically hatched areas are red
      and represent oxygen and the unhatched area represents hydrogen. The
      cross-hatched spherical coupling means 30b represents the carbonyl carbon
      atom and the diagonally hatched spherical coupling means 30b represents
      the planar nitrogen atom of the amide group. The five connecting tubes
      50h, 50c, 50b, 50k, and 50i represent respectively the carbon-carbon,
      carbonyl, carbon-nitrogen, nitrogen-hydrogen and nitrogen-carbon bonds of
      the peptide unit. The bond between the carbonyl group and the amino group,
      50b, is shorter than the nitrogen-carbon bond 50i or the carbon-carbon
      bond 50h, as is required for an accurate representation of a peptide unit.
      These three bonds are the only ones whose length is critical in the
      construction of the main chain of even the most complex polypeptide model.
      The whole arrangement of the model of a peptide bond shown in FIG. 6 is
      rigid and the centers of all of the atoms of which it is composed lie in
      the single plane 19 as shown in the drawing.
PAR  FIG. 7 is an enlarged view of the model of a hydrogen bond between a
      carbonyl oxygen and an amino hydrogen. The carbonyl group is represented
      by the color coded black and red connecting tube 50c and the red tube 50d
      which make an angle of 120.degree. with one another. This is achieved by
      using the coupling means of FIG. 3b and removing one of the arms 11 of
      said coupling means. The center of the oxygen atom of the carbonyl group
      is represented by the spherical portion 30b. The nitrogen-hydrogen bond is
      represented by the blue and white tube 50k which is connected to van der
      Vaals radius 50d of the oxygen atom by the linear coupling means 30c.
PAR  Models of other angular arrangements of hydrogen bonds are made by
      substituting one or another of the coupling means for 30b and 30c. Thus,
      both may be linear by using two linear coupling units 30c or both may be
      angular by using the coupling units 30a and/or 30b and removing the unused
      valence arms 11. It has been found by experiment that the length of the
      tube required for hydrogen bond construction is adequately represented by
      the single length described above for FIG. 1k, 1l and 1m. A continuous
      range of angular possibilities is provided for construction of hydrogen
      bonds by having the coupling means of FIG. 2c made of aluminum which can
      be bent to any desired angle.
PAR  FIG. 8 illustrates the use of tubes of FIG. 1 and coupling means FIG. 2b
      for the construction of the model of an imidazole ring. In this instance
      the ring is five membered and the plastic components bend to provide the
      slightly smaller angles of a planar five membered ring as shown in the
      drawing. In the drawing the hatching representing the color code has been
      omitted for the sake of clarity but the tubes 50h, 50j, 50k, 50a and 50b,
      represent, respectively, an aliphatic carbon-carbon, carbon-hydrogen,
      nitrogen-hydrogen, aromatic carbon-carbon and aromatic carbon-nitrogen
      bonds. The spheres 30b represent carbon and nitrogen atoms. Since one of
      the nitrogen atoms of the imidazole is bonded to only two atoms one of the
      arms of the sphere 30b (facing the viewer in FIG. 8) is removed.
PAR  It will be apparent that the construction of models of organic compounds
      using the construction units of this invention is not limited in any way
      by the few examples chosen to illustrate the invention. In fact the
      construction units of this invention can be used alike for models of
      simple and complex organic compounds. They may be disassembled by the
      application of force to pull the components apart or they may be bonded
      permanently in an unobtrusive manner as is required for models of proteins
      and enzymes.
PAR  In FIG. 9 are shown seven connecting tubes of FIG. 1 representing bonds and
      three coupling means of FIG. 2 representing atom centers arranged to form
      a peptide unit. To form the backbone of a polypeptide chain a series of
      such peptide units is connected together, head to tail to form trans,
      planar peptide bonds as in FIG. 6. The connecting tubes 50c, 50b, 50h,
      50j, 50i, and 50k represent, respectively, the carbonyl group, the
      carbon-nitrogen amide bond, carbon-carbon bonds (one connecting atoms in
      the main chain and one to be connected to a side chain), the
      carbon-hydrogen bond of the alpha carbon atom, the carbon-nitrogen bond,
      and the nitrogen-hydrogen bond. The two coupling means 30b will each form
      part of the trans, planar peptide bond while the alph carbon atom of the
      amino acid of the peptide unit is represented by the coupling means 30a.
PAR  The scientific literature teaches that skeletal models of polypeptides can
      be constructed using only the rotational angle about the nitrogen-alpha
      carbon bond and the rotational angle about the bond joining the alpha
      carbon and the carbonyl group. This is true because all of the peptide
      bonds are trans and planar.
PAR  FIG. 9 shows the measurement of the rotational angle 22 about the
      nitrogen-alpha carbon bond 50i. The plane of the amino group consisting of
      tubes 50k, 50i and coupling means 30b is represented by 21. The amino
      group is placed so that the nitrogen-hydrogen bond 50k points toward the
      origin of the angle 22 to be measured. A conventional protractor is used
      to measure the rotational angle 22 between this plane and the bond 50h
      between the coupling means 30a and 30b. The desired angle 22 is obtained
      by rotating the carbonyl carbon coupling means 30b about the connecting
      tube 50i with the tube 50i attached loosely to the arm of 30a. The tube
      50i is then pressed firmly onto the arm of 30a to fix the angle
      permanently.
PAR  FIG. 10 shows the measurement of the second rotational angle 23 of the
      peptide unit of FIG. 9. In this case the rotational angle 23 is about the
      bond joining the alpha carbon atom 30a and the carbonyl carbon 30b which
      in FIG. 10 is immediately behind 30a and hidden from view. The plane of
      the amide group is represented in this view by the carbonyl carbon 50c,
      the alpha carbon atom 30a and the carbon-nitrogen bond 50b. The oxygen of
      the carbonyl group 50c points toward the origin of the angle to be
      measured which is between the plane of 50c, 30a, and 50b and the bond 50i
      between the alpha carbon atom 30a and the amino nitrogen 30b. A
      conventional protractor is used and the coupling means 30a with its
      attached bonds 50j, 50h and 50i is rotated until the desired angle is
      obtained. This angle is measured with the tube 50h loosely attached to the
      arm of 30a  and the components are then pressed firmly together to fix the
      angle permanently. Two peptide units such as in FIGS. 9 and 10 are then
      connected together in such a manner that the nitrogen-hydrogen bond 50k of
      FIG. 10 is trans and planar to the carbonyl group 50c of FIG. 9 as shown
      in FIG. 6. This is achieved by inserting the arm 11 of the amine group of
      FIG. 10 into the tube 50c of the peptide unit of FIG. 9 and pressing it in
      place in proper position.
PAR  Individual peptide units such as that shown in FIG. 9 may be identified by
      numbers on white adhesive tape wrapped around the white end of a
      connecting tube 50j attached to the alpha carbon atom. The main
      polypeptide chain of a protein or enzyme is constructed by connecting
      peptide units in numerical sequence.
PAR  Additional features such as hydrogen bonds give support to the polypeptide
      chain. Furthermore the chain may be suspended on temporary supports unitl
      such interconnections are formed. The complete enzyme model may be
      supported on three or four rods of clear plastic by positioning these
      support rods under appropiate alpha carbon atoms.
PAR  When the backbone chain of a polypeptide model is completed the side chains
      are built of the appropiate connecting tubes and coupling means
      representing atom centers and attached to the alpha carbon connecting
      tubes 50h of FIG. 10. The conformation of the side chains may be fixed
      with permanent bonds by pressing the units firmly together after first
      measuring the appropiate rotational angles about the bonds joing the
      individual atoms. Such angles are supplied in the scientific literature
      for a number of enzymes. The entire model of a complete enzyme is highly
      colored and completely visible even to its interior. It is aesthetically
      pleasing as a work of modern art.
PAR  It is readily apparent that the skeletal models of the present invention
      may be used not only for building models of proteins but also of
      polysaccharides, nucleic acids and all manner of smaller organic
      compounds. While the preferred embodiments of the invention have been
      illustrated it is obvious that numerous additions and changes may be made
      without departing from the spirit and scope of the invention. For example,
      the entire assembly of components may be supplied as a kit with a set of
      instructions and sold as a model building toy. In addition the models of
      enzymes and receptor sites may be prefabricated using the components of
      this invention and sold as complete units available to students for the
      study of enzyme structure and mechanism.
PAR  When used in conjunction with the Corey-Pauling-Koltun space filling models
      numerous advantages of the complementary design of the skeletal models of
      the present invention become apparent. For instance, a hole may be drilled
      in the connecting bond of the hemisphere representing the volume of a
      hydrogen atom in the Cory-Pauling-Koltun models. The hemispheres may then
      be affixed over the tubes representing the hydrogen atoms of the skeletal
      model of an enzyme and the surface of the model will resemble the surface
      of a space filling model of the enzyme.
PAR  FIG. 11 illustrates how the Corey-Pauling-Koltun van der Vaals space
      filling envelope 24 which is commercially available can be made to fit
      over one of the connecting tubes 50k representing nitrogen-hydrogen bonds
      of an ammonium group. In this drawing the center of the nitrogen atom is
      represented by the center of the sphere of the coupling means 30a and the
      carbon-nitrogen bond is represented by the connecting tube 50i.
PAR  When the construction units of this invention are assembled into the
      skeletal model of an enzyme having a specificity cavity the connecting
      tubes representing bonds to hydrogen atoms which lie on the internal
      surface of the specificity cavity may be fitted with Corey-Pauling-Koltun
      van der Vaals space filling envelopes 24 as in FIG. 11. In this way the
      internal envelope of the specificty cavity becomes clearly visible and
      defined with sufficient accuracy to be fitted with a Corey-Pauling-Koltun
      space filling model of a substrate or inhibitor of the enzyme. It will be
      apparent that the molecular model assembly kit of this invention thus
      opens the door for studies of complementary bio-organic molecules which
      were not possible heretofore. The use of the models of this invention will
      facilitate the study of antibody-antigen interaction and of drug-receptor
      complexes. THe inexpensive nature of the components and the ease of
      assembly will also be an advantage in the study of models of synthetic
      polymers. It will also be apparent that students will find models of great
      assistance in the study of the structures of smaller organic molecules.
PAR  It will be apparent to those skilled in the art that numerous varients are
      possible in the actual shape and design of the basic construction units of
      this invention. For example, the ends of the arms of the coupling means of
      FIG. 2 may be rounded and/or the bottom of the cavities of the tubes of
      FIG. 1 may be flat as shown in FIG. 3 or rounded. Thus, while preferred
      features have been described in this specification it is apparent that
      deletions, changes and additions may be made without departing from the
      spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color coded molecular model assembly kit for representing complex
      organic macromolecular structures and shapes, comprising two basic and
      complementary construction units capable of being interlocked, said first
      basic construction units being color coded tubes to represent at least the
      major part of the bonds of joined atoms or organic molecules consisting of
      three different lengths of said tubes; said lengths being such that when
      coupled to two of said second basic construction units the distances
      between the centers of the coupling means represent and are substantially
      proportional to 1.36 Angstroms, 1.54 Angstroms and 1.81 Angstroms
      respectively and said second basic construction units being color coded
      coupling means for said first construction units according to the valency
      of each said atom and centers of said coupling means representing atom
      centers, said coupling means having radial arms for precisely positioning
      said tubes, said radial arms being rods substantially located on the
      surface of a sphere with the center of the coupling unit being the center
      of the sphere, wherein said first and second construction units are made
      of plastic and are capable of being joined together and held immobile by
      friction by having said radial arms and/or the cavities of said tubes
      tapered so that a rigid bond is formed when said tube is pressed firmly
      onto the arm of said coupling means so that models of complex organic
      macromolecules may be constructed such that the distance between the
      centers of two coupling means represents and is substantially proportional
      to the distance between joined atoms, at least one type of said coupling
      means adapted for planartrigonal coupling of three said tubes separated by
      angles of about 120.degree. and/or adapted for tetrahedral coupling of
      four said tubes separated by angles of about 109.degree..
NUM  2.
PAR  2. The kit of claim 1 wherein said first and second construction units are
      made of plastic and are capable of being joined together and held immobile
      by friction by having said radical arms and the cavities of said tubes
      tapered so that a rigid bond is formed when said tube is pressed firmly
      onto the arm of said coupling means.
NUM  3.
PAR  3. The kit of claim 1 wherein said first and second construction units are
      made of plastic and are capable of being joined together and held immobile
      by friction by having said radial arms tapered so that a rigid bond is
      formed when said tube is pressed firmly onto the arm of said coupling
      means.
NUM  4.
PAR  4. The kit of claim 1 wherein said first and second construction units are
      made of plastic and are capable of being joined together and held immobile
      by friction by having the cavities of said tubes tapered so that a rigid
      bond is formed when said tube is pressed firmly onto the arm of said
      coupling means.
NUM  5.
PAR  5. The kit of claim 1 wherein a scale of 0.49 inches (12.5 mm) representing
      1.00 Angstrom is used and the lengths of said tubes are such that when
      coupled to two of said second construction units the distances between the
      centers of the coupling means are approximately 0.67 inches (17.0 mm),
      0.76 inches (19.2 mm) and 0.89 inches (22.6 mm) respectively.
NUM  6.
PAR  6. The kit of claim 1 wherein a scale of 0.79 inches (20.0 mm) representing
      1.00 Angstrom is used and the lengths of said tubes are such that when
      coupled to two of said second construction units the distances between the
      centers of the coupling means are approximately 1.07 inches (27.2 mm),
      1.21 inches (30.8 mm) and 1.43 inches (36.2 mm) respectively.
NUM  7.
PAR  7. The kit of claim 1 wherein tubes of said first length are color coded to
      indicate bonds as follows: black for C--C (aromatic), black-blue for C--N
      (aromatic or amide), black-red for C=O (carbonyl) and C--O (ether), red
      for oxygen (van der Vaals), blue for nitrogen (van der Vaals), black-pale
      green for C--F, and blue-red for N--O; tubes of said second length are
      color coded to indicate bonds as follows: black for C--C (aliphatic),
      black-blue for C--N (single bond), black-white for C--H, blue-white for
      N--H, red-white for O--H, black-green for C--Cl, yellow-red for P--O or
      S--O and yellow-white for S--H; and tubes of said third length are color
      coded to indicate bonds as follows: black-brown for C--Br, black-violet
      for C--I, black-yellow for C--S and yellow for S--S; and said coupling
      means are color coded as follows: black for carbon, blue for nitrogen, red
      for oxygen and yellow for sulfur or phosphorus.
NUM  8.
PAR  8. The kit of claim 7 wherein said color code is created by the use of
      paint on said colored plastic tubes.
NUM  9.
PAR  9. The kit of claim 7 whereing said color code is created by having the
      plastic tubes of one color and by the additional use of sleeves of thin
      colored plastic with an internal diameter such that the sleeve fits neatly
      over the tube that is to be provided with a second color.
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ABST
PAL  A ski boot, integrally molded from polymeric material, has a base or bottom
      portion and a leg or top portion interconnected at the heel by a flexible
      link which is corrugated and therefore extensible over the major part of
      its width. Lateral flaps on the leg and on the base carry coating snap
      fasteners which interengage on a horizontal pivotal axis in the region of
      the ankle, the extensible link being substantially tangent to an imaginary
      circle centered on that axis.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a ski boot molded from polymeric sheet
      material.
PAC  BACKGROUND OF THE INVENTION
PAR  It has already been proposed to make such molded ski boots in two parts,
      i.e. a top portion or shank and a bottom portion or base, which are
      produced in separate molding operations and are assembled with the aid of
      snap fasteners giving these portions limited independent mobility against
      the force of an elastic linkage interconnecting the two portions, this
      linkage determining the normal position of the shank (usually slightly
      inclined to the vertical) with reference to the base.
PAR  The separate molding operations and the subsequent assembly of these
      portions considerably increase the manufacturing costs of such boots
      compared with boots of the so-called monoblock type made in one piece. The
      latter, on the other hand, are not nearly as comfortable in use and
      greatly restrict the mobility of the foot at the ankle. Such restriction
      of mobility is a serious drawback to a skier since it impedes his control
      of the runners.
PAC  OBJECT OF THE INVENTION
PAR  The object of my present invention, therefore, is to provide an improved
      ski boot which avoids the aforestated drawbacks and combines the
      advantages of the above-mentioned two-part and unitary molded boots.
PAC  SUMMARY OF THE INVENTION
PAR  This object is realized, pursuant to my present invention, by the provision
      of an integrally molded body of polymeric sheet material (e.g. a
      polycarbonate) whose top and bottom portions are interconnected at the
      heel end of the base and are further provided with overlapping lateral
      flaps carrying mating fastener halves which are positioned on a horizontal
      axis in the vicinity of the ankle upon mutual interengagement, the
      connection between the two portions including a vertically extensible part
      of the integral body.
PAR  Pursuant to a more particular feature of my invention, the extensible part
      is substantially tangent to an imaginary circle centered on the axis of
      the engaged fasteners in a vertical midplane of the boot.
PAR  This extensible part may be produced in a variety of ways, with or without
      a break in the continuity of the sheet material. I prefer, however, to
      preserve this continuity by merely distending rather than slitting that
      part, either after the molding process or in the course thereof. A
      particularly advantageous shape is a series of horizontal accordion pleats
      which can be formed in the mold and which may merge solidly into a pair of
      narrow bridges, also integral with the molded body, whose extensibility is
      substantially more limited than that of the accordion-pleated sheet
      section.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a side-elevational view of a ski boot embodying my invention;
PAR  FIG. 2 is a rear view of the boot shown in FIG. 1; and
PAR  FIG. 3 is a perspective front view of the boot.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in the drawing, a ski boot 1 comprises a base portion 2 and a
      shank portion 3 integrally molded from sheet material, the two portions
      being interconnected at the heel of the boot but being otherwise
      disjointed. Base portion 2 comprises a sole 9 and an upper or vamp 10 with
      tow end 11 and heel end 12, the vamp 10 being provided with a pair of
      rearwardly extending lateral flaps 13 and 13' bearing respective male
      fastener halves 6 and 6' at their extremities. Complementary female
      fastener halves 5 and 5' are mounted on depending lobes 14, 14' of a pair
      of forwardly extending lateral flaps 4 and 4' of shank portion 3. The two
      pairs of fastener halves, when in engagement as shown in FIG. 1, are
      centered on a horizontal axis X (see also FIG. 2) constituting the center
      of curvature of an imaginary circle C to which the centerline Y of the
      molded body (extending upwardly from the heel end 12 in the midplane of
      the last) is substantially tangent in the region of an accordion-pleated
      sheet section 7 located at the junction of bottom and top portions 2 and
      3. The pleated part 7, flanked by two narrow bridges 8 and 8', is of
      generally rectangular shape when viewed from behind as in FIG. 2, with the
      major edges of the rectangle horizontally disposed. Actually, however, the
      area occupied by the vertically extensible sheet section 7 is not plane
      but is rearwardly convex, being curved about centerline Y so that the
      bridges 8 and 8' lie on the sides of the boot, close to the free ends of
      the rearwardly extending flaps 13 and 13' in the working position
      illustrated in FIG. 1. Thus, the relatively unextensible bridges 8 and 8'
      do not materially impede the mobility of shank 3 with reference to base 2,
      particularly the ability of that shank to tilt forwardly and backwardly
      from the position of FIG. 1.
PAR  The generally vertical minor edges of the pleated sheet section 7 have a
      serrated profile, as seen in FIG. 1, along which the pleats merge solidly
      and without discontinuity into the surrounding sheet material. Thus, no
      moisture or dust can penetrate into the interior of the boot at these
      points.
PAR  The free ends of the forwardly extending flaps 4 and 4' of shank 3 may be
      provided with additional fastener means not shown, such as buttons or a
      buckle, to hold them together above the instep of the foot.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ski boot comprising an integral body of polymeric sheet material
      including a bottom portion with a toe end and a heel end and further
      including a top portion connected with said bottom portion at said heel
      end by a pair of substantially inextensible lateral bridges and by a
      vertically extensible part flanked by said bridges, said top portion being
      provided with a pair of first lateral flaps extending forwardly from the
      region of said bridges, said bottom portion being provided with rearwardly
      extending second lateral flaps overlapped by said first flaps, said first
      and second flaps carrying mating fastener halves positioned on a
      horizontal axis in the region of the ankle upon mutual interengagement,
      said axis lying forwardly of said bridges.
NUM  2.
PAR  2. A ski boot as defined in claim 1 wherein said extensible part is
      substantially tangent to an imaginary circle centered on said axis in a
      vertical midplane.
NUM  3.
PAR  3. A ski boot as defined in claim 1 wherein said extensible part comprises
      a horizontally accordion-pleated sheet section merging solidly into said
      bridges.
NUM  4.
PAR  4. A ski boot as defined in claim 1 wherein said forwardly extending flaps
      have depending lobes carrying their respective fastener halves.
NUM  5.
PAR  5. A ski boot as defined in claim 1 wherein said extensible part occupies a
      rearwardly convex area of generally rectangular outline.
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ABST
PAL  This invention relates to an ice hockey shoe with an outer shell of a
      relatively hard synthetic resin and an inner shoe made of a relatively
      soft synthetic resin, and with a blade support attached to the outer sole.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The production of a shoe shank with the use of a relatively hard and rugged
      synthetic resin is of special advantage in all those cases where there is
      a need for a firm hold of the foot in the shoe, a protection of the foot
      from external influences and/or a special wear resistance of the shoe
      shank. In the areas close to the ski boot art, a large number of designs
      have become known wherein the outer shell is, in all cases, fashioned so
      that it follows the outline of the foot only extremely vaguely. The
      adaptation to the shape of the individual parts of the foot is
      accomplished by the inner shoe arranged between the foot and the inner
      wall of the outer shell and/or by more or less firm filler materials
      disposed between the outer wall of the inner shoe and the inner wall of
      the outer shell. This requires disadvantageously a relatively high
      expenditure in material and thus additional weight; the hold of the foot
      with respect to the outer shell is not at an optimum and/or must be
      established by lever-transmitted locks whereby the shank in the locking
      zone exerts considerable pressure on the foot, leading to disturbances in
      blood circulation. In order to permit a foot movement promoting
      circulation, inter alia, multipartite shank arrangements have been
      suggested which, in addition to other disadvantages, causes the shank to
      be more expensive.
PAR  The present invention is to provide an ice hockey boot of the type
      mentioned in the foregoing which ensures, with a low weight and low
      expenditure in material, a maximally firm hold of the boot at the foot.
PAR  This object is attained, according to this invention, by providing that the
      outer shell is fashioned in adaptation to the configuration of the foot in
      the joint zone, in the ankle zone, and in the heel zone, especially with
      regard to the recess above the heel region in the zone of the Achilles
      tendon, and is made of one piece.
PAR  By the adaptation of the shape of the outer shell to the contour of the
      foot form in the aforementioned zones, the foot receives a particularly
      good hold, since already the outer shell rests without displacement on the
      bulges and recesses of the foot in the closed condition. The inner shoe
      can be fashioned with a wall thickness which is the same almost
      throughout; only in especially sensitive areas, a somewhat thicker wall
      can be chosen for padding purposes. In a particularly preferred
      embodiment, the inner shoe of the arrangement is also adapted to the shape
      of the foot in the joint region, in the ankle zone, and in the heel zone,
      especially with respect to the constriction above the heel zone in the
      region of the Achilles tendon.
PAR  Another preferred embodiment provides that the outer shell is fashioned
      with a decreasing wall thickness toward the marginal regions -- especially
      toward the edge zones of the opening for the top of the foot. In this area
      of the edge of the opening for the top of the foot, the outer shell is
      preferably provided with perforations to receive shoelaces. Furthermore,
      the outer shell can have openings for shoelaces in the shank-protecting
      portion which is extended above the Achilles tendon zone.
PAR  In an especially preferred embodiment of this invention, the sole zone of
      the outer shell is fashioned to be reinforced, especially thickened, so
      that the blade support is attached exclusively to this reinforced sole
      region, especially by means of rivets.
PAR  A tongue arranged between the outer shell and the inner shoe is preferably
      formed integrally at the inner shoe and extends, in the condition ready
      for use, from the outside over the zones of the inner shoe covering the
      top foot surface. Thus, the tongue advantageously consists of the softer
      material used for the inner shoe and serves as a padding with respect to
      the lacing. For this purpose, the tongue can have a thicker wall as
      compared to the transition zone to the shank, in the region of the top
      surface of the foot (dorsum pedis). Due to the feature that the zones of
      the inner shoe covering the top surface of the foot extend along their
      edges toward the outside, any moisture entering through the top opening of
      the outer shell does not penetrate to the interior of the inner shoe.
PAR  In a further preferred embodiment, the inner shoe is covered by a fabric on
      the inside. Preferably, a lining for the foot is incorporated into the
      inner shoe.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be explained in greater detail below with reference to
      the example illustrated in the drawings, to wit:
PAR  FIG. 1 shows a perspective view of an ice hockey boot constructed in
      accordance with a preferred embodiment of the invention;
PAR  FIG. 2 shows an approximately vertical section along line II--II of FIG. 1;
PAR  FIG. 3 shows a vertical section along line III--III of FIG. 1, with the
      inner shoe removed for clarity of presentation; and
PAR  FIG. 4 shows a perspective view of the inner shoe of the preferred
      embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The embodiment of the invention shown in the drawing is provided with an
      integrally molded, preferably injection-molded, outer shell 1 into which
      is inserted a likewise integrally formed inner shoe 2. The inner shoe 2 is
      provided with a tongue 3 which -- as can be seen from FIG. 1 -- extends
      with its lateral zones between the associated edge zones of the outer
      shell and the inner shoe at the opening for the top of the foot.
PAR  The inner shoe 2 and the outer shell 1 are also fashioned so that they are
      adapted to the shape of the foot in individual regions, such as the joint
      zone 4, the ankle zone 5, and the heel zone 6, as well as the zone of the
      Achilles tendon, denoted by 7. Thus, also the outer shell follows the
      contour of the foot in this area and accordingly ensures a good fit of the
      shoe on the foot without it being necessary for the inner shoe 2 to effect
      the adaptation between the outer shell and the foot. Therefore, the inner
      shoe can be fashioned in total with an approximately uniform wall
      thickness, making it possible to provide a padding which remains the same
      over the entire shank region. This padding can be thin-walled, because due
      to the adapted configuration of the outer shell there are no localized
      zones of increased pressure. Only in those areas where, because of a
      special sensitivity of the foot, a thicker padding is desirable, as in the
      zone of the Achilles tendon, the wall thickness of the inner shoe shank
      can be chosen to be somewhat thicker.
PAR  Perforations 9 are provided in the areas 8 of the outer shell for the top
      of the foot, which perforations are intended for shoelaces. The wall
      thickness of the outer shell is selected to be smaller in this zone than,
      for example, in the lateral regions of the shank. This makes it possible
      to bring the shank into close contact with the foot with the aid of the
      lacing. The lacing engages, by way of the relatively narrow spacing of the
      perforations, in a good distribution over the entire edge of the opening
      for the top of the foot, and therefore ensures even with a minor wall
      thickness a uniformly flush contact of the outer shell in the zone of the
      top of the foot, with a correspondingly satisfactory pressure
      distribution.
PAR  As can be seen from FIG. 4, the inner shoe is also fashioned so that it
      tapers smoothly in its zones 10 around the opening for the top of the foot
      and along the lateral zones of the tongue 3, to prevent pressure edges,
      thus promoting a good pressure distribution. The tongue 3 is fashioned to
      be thicker than the shank wall thickness of the inner shoe 2, in order to
      absorb the lacing pressure in its zone 11 on top of the foot; in
      particular, however, the tongue is fashioned to be thicker than the wall
      thickness in the transition zone 12 between the shank of the inner shoe
      and the tongue 3 formed integrally therewith. In the in-use condition of
      the shoe, by the way, the tongue 3 extends laterally over the edge zones
      10 for the top of the foot in the inner shoe 2, whereas the tongue extends
      underneath the zones 8 for the top of the foot in the outer shell 1. Any
      moisture entering through the opening for the top of the foot in the outer
      shank and through the perforations 9 in the edge zones for the top of the
      foot is conducted away via the edge regions of the tongue 3 to the outer
      surface of the inner shoe shank.
PAR  FIGS. 2 and 3 show that a blade support 13, to which a skate blade 14 is
      attached, is mounted with the aid of rivet connections 15 directly and
      exclusively in the sole region 16 of the outer shell 1. The sole region 16
      of the outer shell 1 is made to be thicker for this purpose than the
      remaining laterally adjacent shank portion. Thus, no special means are
      required, such as insert soles of a specific, reinforced material or the
      like, to firmly attach the blade support to the outer shell.
PAR  As shown particularly in FIG. 2 -- which also clearly illustrates the
      adapted configuration of outer shell and inner shoe in the ankle zone 5,
      in the heel zone 6, and in the interposed zone of the Achilles tendon --
      there are no specially projecting or localized thickened portions or
      thinner zones of the wall of the inner shoe. Rather, the latter has the
      same wall thickness in its lateral shank region and in the sole area; the
      inner shoe has only a slightly thickened zone in the upper shank edge
      region and/or in the edge region for the top of the foot, as likewise
      shown in a somewhat exaggerated manner in FIG. 2. In a practical
      embodiment, the wall thickness in the sole zone and in the lower lateral
      region of the inner shoe is 4.5 mm., while the wall increases in thickness
      toward the edges to 5 mm. and then again tapers off in the immediate edge
      zone along the lines of a rounded area and/or smoothly tapers out in the
      edge zone for the top of the foot. In the region of the Achilles tendon,
      the wall thickness can be selected to be larger. The outer shell of this
      embodiment was chosen to be more than 6 mm. in thickness in the sole
      region, while it was selected to be about three-fourths as thick in the
      upper zone and in the lateral zone of the front of the shoe. The remaining
      shank has wall thicknesses of between 4 and 3.5 mm. Of course, this
      depends to a great extent on the synthetic resins employed in each
      particular case; deviations are possible.
PAR  On the inside of the inner shoe, a fabric is provided which, on the one
      hand, prevents abrasion of the synthetic resin and, on the other hand,
      facilitates the insertion of the foot into the shoe; this is not shown in
      detail. The inner shoe has a foot lining which is merely indicated in
      priciple in FIG. 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. Ice hockey boot with a one piece outer shell of a relatively hard
      synthetic resin and an inner shoe of a relatively soft synthetic resin and
      with a blade support mounted to the sole of the outer shell, characterized
      in that the outer shell is fashioned to be adapted to the shape of the
      foot in the joint zone, in the ankle zone, in the heel zone, and with
      respect to the constriction above the heel zone in the Achilles tendon
      zone.
NUM  2.
PAR  2. Boot according to claim 1, characterized in that also the inner shoe is
      fashioned to be adapted to the shape of the foot in the joint zone, in the
      ankle zone, and in the heel zone, especially with respect to the
      constriction above the heel zone in the Achilles tendon zone.
NUM  3.
PAR  3. Boot according to claim 1, characterized in that the outer shell is
      formed with a wall thickness which decreases toward the top edge zones --
      especially toward the edge zones of the opening for the top of the foot.
NUM  4.
PAR  4. Boot according to claim 1, wherein the sole region of the outer shell is
      reinforced by being thicker than the laterally adjacent shank portion of
      the outer shell and the blade support is mounted exclusively to the
      reinforced sole region.
NUM  5.
PAR  5. Boot according to claim 1, characterized in that the outer shell has
      perforations for the insertion of shoelaces in the edge zone of the
      opening for the top of the foot.
NUM  6.
PAR  6. Boot according to claim 1, characterized in that the outer shell has
      lateral lacing openings in the impact-protective portion conventionally
      extended to above the zone of the Achilles tendon.
NUM  7.
PAR  7. Boot according to claim 1 with a tongue between the outer shell and the
      inner shoe is formed integrally with the inner shoe and is disposed, in
      the in-use condition, so that it overlaps the edge zones of the opening
      for the top of the foot in the inner shoe from the outside.
NUM  8.
PAR  8. Boot according to claim 7, characterized in that the tongue is fashioned
      with a larger wall thickness with respect to the transition zone to the
      shank of the inner shoe in the zone of the top of the foot.
NUM  9.
PAR  9. Boot according to claim 7, characterized in that the inside of the inner
      shoe is covered by a fabric.
NUM  10.
PAR  10. Boot according to claim 8, characterized in that a foot lining is
      incorporated into the inner shoe.
NUM  11.
PAR  11. Boot according to claim 1, characterized in that the wall thickness of
      the sole of the outer shell is larger by about one-fourth than the wall
      thickness of the adjacent shank portions.
NUM  12.
PAR  12. Boot according to claim 1, characterized in that the wall thickness of
      the sole region of the inner shoe is equal to the wall thickness in the
      adjoining shank portion.
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ABST
PAL  A plurality of elongated opaque holders with elongated openings therein are
      removably connected together at their longitudinal edges by light
      excluding joints, there being a light source behind the interconnected
      holders. Opaque strips bearing translucent indicia are removably connected
      to the holders over the openings. The indicia may specify items of
      merchandise. Pre-curled plastic film tapes bearing numbers are movably
      mounted at one end of each opaque strip to display the price for the item.
      The pre-curled tapes are mounted behind holder portions having window
      openings through which the numbers are visible and through which the
      pre-curled tapes can be manually contacted to conveniently change the
      prices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to point of purchase price displays such as used in
      restaurants, stores, service establishments, and the like. The principal
      object is to provide a display which permits passage of light from a
      common source only through the transparent or translucent letters or
      numerals, which is flexible both with regard to the number of items which
      can be displayed and the price that is displayed for each item, and which
      is relatively simple and inexpensive to manufacture. Other objects and
      advantages of the invention will be apparent to those skilled in the art
      from the description herein.
PAC  SUMMARY OF THE INVENTION
PAR  A display covering a desired number of items to be listed is made by
      removably connecting a plurality of elongated opaque holders together at
      their longitudinal edges by the use of light excluding connections which
      block the passage of light from a common source therebehind through the
      connections between the holders. Each holder has at least one elongated
      opening therein and removable opaque strips bearing translucent indicia
      are attached to the holders over the elongated openings. A holder portion
      carrying precurled plastic film tapes is located beyond the end of each
      opaque strip. The indicia on the tapes is visible through window openings
      in the holder portion. The tapes are movably supported in side-by-side
      relationship on a separately formed support member having registration
      means which interact with registration means on the holder to register the
      numerals on the tapes with the window openings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end elevational view of one embodiment of the invention, part
      being broken away and shown in section.
PAR  FIG. 2 is an enlarged front elevational view showing two interconnected
      indicia-bearing double holders used in the embodiment of FIG. 1.
PAR  FIG. 3 is an enlarged rear elevational view of the two double strips shown
      in FIG. 2.
PAR  FIG. 4 is a top edge view of the display shown in FIG. 2.
PAR  FIG. 5 is a cross-sectional view taken on the line 5--5 of FIG. 2.
PAR  FIG. 6 is a fragmentary cross-sectional view taken on the line 6--6 of FIG.
      2.
PAR  FIG. 7 is a fragmentary longitudinal sectional view taken on the line 7--7
      of FIG. 2.
PAR  FIG. 8 is a fragmentary longitudinal sectional view taken on the line 8--8
      of FIG. 2.
PAR  FIG. 9 is a fragmentary cross-sectional view taken on the line 9--9 of FIG.
      2.
PAR  FIG. 10 is a fragmentary longitudinal sectional view taken on the line
      10--10 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the preferred form of the invention has a plurality of
      interconnected opaque plastic holders 10 which are clamped behind an open
      rectangular frame 12 by clamps 14. Frame 12 is removably attached by
      conventional means to the front of the light box 16 which contains a
      common source of light such as fluorescent lamps 18. Frame 12 is
      preferably tilted at a small angle to the vertical so that the indicia on
      the display can be more easily read by someone standing below a
      wall-mounted display. While this display is commonly used with a light
      box, it is possible to mount the frame in front of a window and to use
      natural light as the common source.
PAR  As shown in FIGS. 2 and 3, each of the opaque holders 10 is preferably a
      double, and has two elongated openings 20 therein which are identical in
      size and are positioned one above the other. Opaque plastic strips 22
      bearing translucent indicia 24 are attached to holders 10 over each
      opening 20 by the use of cement, heat sealing, ultrasonic welding, or any
      other suitable fastening technique. Horizontal ribs 26 (FIG. 5) project
      outwardly from the front surface of holders 10 and act as guides and edge
      supports for menu strips 22. As shown in FIG. 5, the distance between ribs
      26 is only slightly greater than the height of strips 22 so that they will
      fit snugly between flanges 26.
PAR  The top longitudinal edge of each holder 10 is molded to provide a
      rearwardly-offset U-shaped interlocking element 28 (FIG. 5) which forms a
      horizontal groove 30, and the bottom longitudinal edge of each holder 10
      has a rearwardly projecting flange 32 forming a tongue for a tongue and
      groove connection with a groove 30, and which is dimensioned to interlock
      with groove 30 and to thus effectively block the passage of light at the
      connection between adjacent holders 10. A plurality of cylindrical,
      rearwardly-projecting bosses 34 (FIGS. 3 and 6) are spaced along the inner
      side of the flange 32 and are tapped to receive screws 36 (FIG. 6) which
      extend through holes 38 (FIGS. 3 and 6) in grooved portion 28 to lock the
      adjacent holders 10 together. Curved bulges 40 (FIG. 6) are formed on
      grooved portions 28 and are positioned to accommodate portions of the
      bosses 34 as shown in FIGS. 5 and 6 to accurately align the holders 10 one
      above the other as shown in FIGS. 1, 2 and 5. Openings 42 (FIG. 3) are
      formed in each flange 32 adjacent bosses 34 to allow room for the bosses
      34.
PAR  Although each opaque holder 10 in this embodiment has two elongated
      openings 20 therein and two indicia-bearing strips 22 mounted thereover,
      it will be apparent that each holder 10 could contain only one opening 20
      if desired, or more than two openings 20. The holders 10 are preferably
      injection molded of a suitable thermoplastic resin, and the number of
      openings 20 employed for each holder 10 will depend on the desired
      flexibility in the number of indicia-bearing strips on each display and on
      the size that can be accommodated by the injection molding machine.
      However, the same tongue 32 and groove 30, and the same bosses 34 and
      bulges 40 can be used to interconnect strips 10 regardless of the number
      of menu strip openings 20 therein.
PAR  As best shown in FIG. 2, the translucent indicia 24 are dimensioned and
      positioned to fit within the boundaries of openings 20 so that they will
      be illuminated from the rear by light from fluorescent lamps 18. In this
      particular embodiment, indicia 24 constitute the names of food items for
      sale in a restaurant. If desired, the prices of the named food items could
      also be marked as translucent indicia on opaque panels 22. However, for
      greater convenience in changing the prices without changing panels 22, a
      special variable indicia price unit 44 is located at the right-hand end of
      each holder 10 as described below.
PAR  As shown in FIGS. 2 and 3, each variable indicia price unit 44 is
      preferably separately formed and has an elongated frame portion or holder
      46 in which six window openings 48 are provided, three in a row, one row
      on top of the other, to display the price for each item marked on the
      strips 22. The holder has a front (where the numeral 46 is applied in FIG.
      9) and has an opposite side or rear. The left-hand end of each frame 46 is
      offset inwardly as shown at 50 in FIG. 8, and contains threaded holes 52
      for receiving flat head machine screws 54 that extend through countersunk
      holes 56 in the right-hand end of holder 10 to connect frames 46 thereto.
      The upper and lower longitudinal edges of frames 46 have like flanges,
      forming tongues 32 and like grooves 30, bosses 34, and bulges 40, as
      described above for holders 10, and are connected together by screws 36 in
      the same manner as holders 10. Accordingly, the frames 46 can be
      considered as extensions of holders 10, but could be integral therewith if
      desired.
PAR  A translucent plastic U-shaped tape support member 58 (FIG. 9) which spans
      all three window openings 48 of one row (FIG. 10) is attached behind each
      row of window openings 48 to support three opaque, pre-curled, flexible
      plastic tapes 60 (FIG. 9) which have translucent digits 61 from 0 to 9
      marked thereon (FIG. 2). Each U-shaped tape support member 58 has a curved
      tape-supporting face 59 as shown in FIG. 9 opposite portions of which form
      tape-guiding portions and in the illustrated embodiment these tape-guiding
      portions include rearwardly-projecting flanges 62 (FIG. 9) which hold the
      curled ends 64 of flexible plastic tapes 60 apart to permit light to pass
      through the face of U-shaped support member 58 and through the translucent
      digits 61 on tapes 60. In FIG. 9 the two adjacent tape-guiding portions 62
      provide a common tape slot therebetween (where the broken lead line for
      the numeral 60 extends). The lateral margin of each window opening 48 is
      somewhat convex as at 49 (FIG. 9) to match but be spaced slightly from the
      curvature of the tape-supporting face 59 of the member 58 and provide
      tape-guiding grooves for the lateral edges of the tape. The convexity 49
      causes upper and lower portions of the margin of each window opening to be
      curved inwardly beyond the rear face of the frame 44 and such marginal
      portions of two adjacent window openings provide transverse grooves 67
      therebetween, one groove between each pair of window openings. Transverse
      guide ribs 66 (FIG. 10) project inwardly from the outer face of each
      support member, as shown in FIGS. 9 and 10, so that there is one guide rib
      66 for each of the transverse grooves 67. This engagement between the ribs
      66 and the grooves 67 insures centering of the tapes behind their
      respective window openings and provides means for firmly connecting the
      support members behind the frame, such connection being by use of plastic
      cement, by heat sealing, or by ultrasonic welding. Peripheral flanges 68
      extend inwardly from the entire periphery of each window opening 48 to
      prevent the tapes 60 from buckling and to prevent vandals from grasping
      the edges of tapes 60 and pulling them out of the display. Each window
      opening also has oppositely-disposed transverse margins (where the numeral
      68 is applied in FIG. 9) which are adjacent but spaced slightly from the
      tape-guiding portion 62 of the tape support to provide transverse slots.
      These slots serve as guides for guiding the tapes when the latter are
      being moved to change the indicia.
PAR  Each of the tape support members 58 has laterally-projecting end flanges 70
      (FIG. 10) which are cemented, heat sealed, or ultrasonically welded to the
      rear face of frames 46. Registration holes 72 are formed in flanges 70 and
      are positioned to engage registration bosses 74 which project from the
      rear surface of frame 46 to register flexible plastic tapes 60 with their
      respective window openings 48.
PAR  The digits 61 which appear within window openings 48 can be easily changed
      by pressing a finger or thumb against the exposed surface of flexible tape
      60 within a window opening 48 and moving tape 60 up or down until the
      desired digit 61 appears within window opening 48.
PAR  Various changes and modifications may be made without departing from the
      spirit of the invention, and all of such changes are contemplated as may
      come within the scope of the claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a display an opaque generally planar holder of finite thickness
      adapted to be positioned in front of a source of light, said holder having
      a front and having at least one window opening, said window opening having
      a pair of oppositely-disposed lateral margins which are convexly curved
      toward the front of the holder, and each window having another pair of
      margins which extend generally transversely of said lateral margins, a
      tape support subjacent said window opening and at least co-extensive
      therewith and including a curved tape-supporting face of
      light-transmitting material matingly curved with respect to the convexly
      curved lateral margins of the window opening, and said tape support having
      oppositely-disposed guiding portions subjacent said transverse window
      margins, means mounting said tape support in position while leaving curved
      tape-guiding grooves between the curved face of the tape support and the
      convexly curved lateral window opening margins, and also providing
      tape-guiding slots between said oppositely-disposed guiding portions of
      said tape support and said transverse margins of said window opening
      through which tape is guided for movement, and a pre-curled tape having a
      display portion with light-transmitting indicia supported on said curved
      face of the tape support of said window opening, with the natural
      curvature of the tape maintained in a position to conform to the curvature
      of said curved face of said tape support and to the curvature of said
      lateral window opening margins, said tape having a curl at each end, the
      oppositely-disposed guiding portions of the tape support being each
      engaged with one of said end curls, said end tape curls being supported in
      spaced relationship so that the indicia on the curved face of the tape
      support is exposed to the source of light, the lateral margins of said
      tape being overlapped by said convexly curved lateral margins of said
      window opening whereby the tape is shiftable by a finger inserted through
      a window from the front of the display while the edges of the tape are
      inaccessible for grasping.
NUM  2.
PAR  2. A display as claimed in claim 1 in which the convexly curved lateral
      margins of said window opening have portions which curve inwardly beyond
      the rear of the holder.
NUM  3.
PAR  3. A display as claimed in claim 1 in which there are two windows
      positioned one above the other with their transverse margins in alignment,
      and in which there is a tape support for each window, and in which a
      guiding portion of one tape support is adjacent and parallel and spaced
      somewhat from an adjacent guiding portion of the other tape support to
      provide a common guiding slot therebetween for portions of both of the
      tapes.
NUM  4.
PAR  4. A display as claimed in claim 3 in which there are two rows of windows
      positioned one above the other with the transverse margins of one row in
      alignment with the transverse margins of the other row, and in which there
      is a tape support for each row of windows, and in which guiding portions
      of one tape support are adjacent and parallel and spaced somewhat from
      adjacent guiding portions of the other tape support to provide common
      guiding slots therebetween for portions of the tapes of both rows.
NUM  5.
PAR  5. In a display an opaque generally planar holder of finite thickness
      adapted to be positioned in front of a source of light, said holder having
      a front and a rear and having a laterally-extending row of discrete window
      openings, each window opening having a pair of oppositely-disposed lateral
      margins which are convexly curved toward the front of the holder, and each
      window having another pair of margins which extend generally transversely
      of said lateral margins, a unitary tape support extending subjacent said
      lateral row of window openings and at least co-extensive therewith, each
      tape support including curved tape-supporting faces of light-transmitting
      material matingly curved with respect to the convexly curved lateral
      margins of the window openings, and said tape support having
      oppositely-disposed guiding portions behind the transverse window margins,
      means mounting said tape support in position while leaving curved
      tape-guiding grooves between the curved faces of the tape support and the
      convexly curved lateral window opening margins and also providing
      tape-guiding grooves between said oppositely-disposed guiding portions of
      said tape support and the transverse margins of the window opening through
      which the tape is guided for movement, and a pre-curled tape having a
      display portion with light-transmitting indicia supported on one of said
      curved tape-supporting faces within each window opening, with the natural
      curvature of the tape maintained in a position to conform to the curvature
      of the tape-supporting face and to the curvature of said lateral window
      opening margins, each tape having a curl at each end, the
      oppositely-disposed guiding portions of the tape support being each
      engaged with one of said tape curls, said tape curls being supported in
      spaced relationship so that the indicia on the curved tape-supporting
      faces are exposed to the source of light, the lateral margins of each tape
      being overlapped by said convexly curved lateral margins of its window
      opening whereby each tape is shiftable by a finger inserted through a
      window from the front of the display while the edges of the tape are
      inaccessible for grasping.
NUM  6.
PAR  6. A display as claimed in claim 5 in which the convexly curved lateral
      margins of each window opening have portions which curve inwardly beyond
      the rear of the holder.
NUM  7.
PAR  7. A display as claimed in claim 6 in which said marginal portions of a
      window opening which curve inwardly beyond the rear of the holder are
      spaced laterally from like marginal portions of an adjacent window opening
      to provide a groove therebetween, and in which the tape support has ribs
      engaged with said grooves to align the tapes with the windows.
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ABST
PAL  A filing system using one or more sets of specially designed clips which
      may serve both to fasten materials together in the file and to provide a
      readily visible means of identifying different files is described. Each
      clip includes a front indicium member having the shape of a letter,
      numeral or other reference character, and a rear opposing member of
      suitable configuration, the two members cooperating to fasten together
      papers, cards, or other materials inserted between them. At the same time,
      the papers thereby fastened serve as a screen to hide the rear opposing
      member and provide a background which enhances the visibility of the front
      indicium member.
PARN
PAR  This is a continuation of application Ser. No. 317,052, filed Dec. 20,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to systems for filing and indexing cards, papers, and
      similar documentary materials, and more specifically, relates both to
      clips and other fastening means for attaching such materials into
      segregated files, and to index tabs, spotters, and other means for
      locating particular files in filing systems.
PAR  2. Description of the Prior Art
PAR  Devices of various types for fastening papers, cards, and other documentary
      materials are old, including many varieties of paper clips both metal and
      plastic of various configurations. Spotters, index tabs, and other means
      for marking and identifying particular files are also known to be old.
PAR  In a few instances, clips and fastening devices which combine the function
      of fastening papers or cards and the function of providing a marked tab or
      other means for displaying a reference symbol for locating particular
      files have been proposed. Such devices have typically provided for a
      marking to be embossed, glued or otherwise added to a solid surface of the
      clip used to fasten papers. A marked sleeve designed to fit over an
      ordinary paper clip has also been previously described, thus permitting a
      portion of the paper clip to protrude and display the indicia on the
      sleeve, and the remainder of the clip, not covered by the sleeve, to hold
      the papers together.
PAR  Inasmuch as paper clips and similar fastening devices are typically small
      and inexpensive, previous proposals for affixing indicia to them usually
      contemplate only indicia of small size, a limitation which naturally
      detracts from the visibility of such markings and their usefulness as a
      means for indentifying and quickly locating files. To the extent an
      indicium is made larger, the surface upon which it is displayed, which
      does not contribute to the fastening function, must also be made larger,
      resulting in added cost and material waste, generally without increasing
      the capacity of the fastener. In the case of the sleeve designed to fit
      over a paper clip, increasing the size of the sleeve actually decreases
      the portion of the clip available to hold papers together.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a principal object of this invention to provide a filing
      system for papers, cards and similar documentary materials which includes
      a set of inexpensive clips serving both to fasten such materials into
      segregated groups in the file and to provide large and easily readable
      indicia for quickly identifying and locating different files.
PAR  A further object of the invention is to provide a set of combined indexing
      and fastening clips for a filing system.
PAR  Still a further object of the present invention is to provide a set of
      combined indexing and fastening clips for filing systems which, because
      they employ a small amount of material, are inexpensive to manufacture,
      but nevertheless provide large and easily readable indicia for quick
      identification of the materials fastened by each clip.
PAR  These and other objects of the present invention are accomplished by the
      design and use in a filing system of one or more sets of combination
      indexing and fastening clips. Each clip in the set has a front indicium
      member which is formed or molded into the shape of a particular letter,
      numeral, or other reference character, and a rear opposing member which
      can be of any convenient configuration. The two opposing members are
      designed to lie either in the same plane or in approximately parallel
      planes in close proximity to each other when the clip is not in use, and
      are flexibly attached to each other at one or more resilient junction
      points near one edge, preferably the top, of the reference character. The
      flexible and resilient attachment permits the two opposing members to be
      separated sufficiently to permit the insertion of papers or cards between
      them up to the point or points of attachment, and, after release, urges
      them together towards their original position to bind the papers or cards
      together. At the same time, the papers or cards thus bound in the clip
      hide the rear opposing member and serve as a background against which the
      reference character of the front indicium member is prominently visible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a file with portions cut away to illustrate
      the use and appearance of the combination indexing and fastening clips in
      a filing system in accordance with the invention.
PAR  FIG. 2 is an elevational view of a combination indexing and fastening clip
      constructed in accordance with one embodiment of the invention.
PAR  FIG. 3 is a perspective view of a combination indexing and fastening clip
      constructed in accordance with an alternative embodiment of the invention.
PAR  FIG. 4 is an elevational view of a combination indexing and fastening clip
      constructed in accordance with an alternative embodiment of the invention.
PAR  FIG. 5 is an elevational view of combination indexing and fastening clips
      constructed in accordance with alternative embodiments of the invention.
PAR  FIG. 6 is an elevational view of combination indexing and fastening clips
      constructed in accordance with alternative embodiments of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention contemplates a filing system for papers, cards, and similar
      documentary materials which utilizes one or more sets of specially
      designed combination indexing and fastening clips, as shown generally at
      10 in FIG. 1. Each clip includes a front indicium member, 11, and a rear
      opposing member, 12, the two members lying in the same or nearly the same
      plane, and being attached at one or more flexible and resilient junction
      points, 13.
PAR  The flexibility of the attachment permits the two members, 11 and 12, to be
      slightly separated except at the junction point, 13, to permit insertion
      of papers, cards, or other documentary materials to be fastened between
      the two members, 11 and 12. The resiliency at the junction points, 13,
      then urges the two members, 11 and 12, together toward their original
      position, thus binding the materials between them.
PAR  In the preferred embodiment, the two members, 11 and 12, are designed to
      lie in the same plane as shown in FIGS. 2 and 4. This design has the
      advantage of permitting the clips to be cut from sheet material, or in the
      case of plastics, to be injection molded in a simple mold. In the
      alternative, the two members, 11 and 12, can lie in nearly parallel planes
      disposed in close proximity to each other, as shown in FIG. 3. The design
      of FIG. 3 is equally useful in a filing system, but the clips may not be
      as economical to manufacture.
PAR  The front indicium member, 11, of each clip in a set is formed or molded in
      the shape of a letter, numeral, or other suitable reference character,
      each clip in a given set having its front indicium member in the shape of
      a different character. It is thus apparent that when the clip is used to
      bind papers or cards in a file, the front indicium member, 11, in addition
      to cooperating with the rear opposing member, 12, to fasten the cards or
      papers, serves as a means for quickly locating and identifying the cards
      or papers fastened.
PAR  The visibility of the particular reference character of each clip is
      specifically enhanced by the papers bound, which serve as a background for
      the front indicium member, 11, and as a screen to hide the rear opposing
      member, 12. Files in the system thus have the appearance of the files
      shown in FIG. 1.
PAR  The rear opposing member, 12, can be of any suitable configuration, such as
      the closed polygon shown in FIGS. 2 or 3, a loop, or an open configuration
      such as the hook shown in FIG. 4. Further examples are shown in FIGS. 5
      and 6. In the preferred embodiment, wherein the two members, 11 and 12,
      lie in the same plane, however, it will be appreciated that the rear
      opposing member, 12, for any particular indicium must be designed not to
      intersect the front member 11 comprising that indicium.
PAR  The junction point or points, 13, are located at one edge of the reference
      character to permit full utilization of the front indicium member, 11, in
      both its indexing and fastening function, by thus permitting the insertion
      of papers or cards all the way into the clip up to the junction points,
      13. Preferably, the junction points, 13, are located at the top of the
      reference character, as shown in FIGS. 2 and 3, although, where it is
      desired to fasten papers on the side, clips can be designed with the
      junction point or points at one side, as shown in FIG. 4, or on the other
      side.
PAR  It will be appreciated that the front indicium member, 11, being in the
      shape of a suitable letter, numeral, or other reference character,
      provides a far more visible and striking means of quickly identifying the
      file than a flat surface with an indicium merely drawn or embossed
      thereon, while at the same time utilizing considerably less material than
      a flat surface large enough to display an indicium of the same size.
PAR  Moreover the clips can be made of brightly colored materials to further
      enhance the visibility of the reference characters in contrast to the
      ordinary white or subdued colors of documentary materials. In addition,
      different colored sets can be combined in a more extensive filing system
      to increase the variety of reference characters. It will be appreciated
      that where the color of the clip is different than that of the papers
      being fastened, a contrast is provided between indicium and background
      without the expense of coloring indicia differently from the background on
      which they might be embossed.
PAR  The flexibility of paper permits the papers bound in the clip to be
      depressed along the irregular configuration or openings of the front
      indicium member, 11, in one direction, while simultaneously being
      depressed along the configuration of the rear opposing member, 12, in the
      opposite direction. It is thus apparent that a clip desiged in accordance
      with the invention tends to create an irregular pattern of slight wrinkles
      in the paper which provides a stronger gripping action than a clip with a
      flat surface having an indicium embossed thereon, which is more likely to
      slip off.
PAR  In further embodiments of the invention, illustrated in FIGS. 5 and 6, the
      clips have been designed to achieve the indexing and filing legibly, and
      with grace and beauty.
PAR  The particular embodiments described herein are by way of illustration
      only. Other designs, modifications, and embodiments of the invention will
      undoubtedly suggest themselves to those skilled in the art and still be
      within the scope of the invention, which is limited only by the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A filing system comprising a plurality of combination indexing and
      fastening clips, each clip having a front indicium member and a rear
      opposing member attached to the front indicium member at the top thereof,
      the rear opposing member lying in substantially the same plane as the
      front indicium member and having a configuration surrounding and enclosing
      the sides and bottom of the front indicium member in non-intersecting
      relationship thereto, the front indicium member having a shape consisting
      of a particular reference character defined by the front indicium member
      of each clip in the set being readily distinguishable from the reference
      character defined by every other clip in the set, the rear opposing member
      having a torsionally resilient portion at the top thereof, said
      torsionally resilient portion being biased to hold the front indicium
      member and the rear opposing member in substantially the same plane and
      having two aligned bar-shaped elements each extending across a portion of
      the top of the front indicium member, the front indicium member being
      attached to the rear opposing member by two connecting arms each extending
      from the top of the reference character to one of said bar-shaped
      elements, whereby any separation of the planes of the front indicium
      member and the rear opposing member rotates the connecting arms and twists
      the torsionally resilient bar-shaped elements thereby giving rise to a
      resilient opposing force which tends to realign the front indicium member
      and the rear opposing member in substantially the same plane, and whereby
      when documentary materials are inserted between the front indicium member
      and the rear opposing member, the torsionally resilient portions of the
      rear opposing member bias the front indicium member and the rear opposing
      member toward substantially the same plane thereby securely binding the
      documentary materials therebetween.
NUM  2.
PAR  2. The filing system of claim 1 wherein the shape of the particular
      reference character of each clip is the shape of a letter of the alphabet.
NUM  3.
PAR  3. The filing system of claim 1 wherein the shape of the particular
      reference character of each clip is the shape of a numeral.
NUM  4.
PAR  4. The filing system of claim 1 wherein the shape of the particular
      reference character of each clip is the shape of a combination of symbols
      selected from the group consisting of letters of the alphabet, numerals,
      punctuation marks, mathematical symbols, Greek letters and scientific
      symbols.
NUM  5.
PAR  5. The filing system of claim 1 wherein the shape of the particular
      reference character of each clip is the shape of a reference symbol
      selected from the group consisting of punctuation marks, mathematical
      symbols, Greek letters and scientific symbols.
NUM  6.
PAR  6. A combination indexing and fastening clip for use in a filing system
      comprising a front indicium member, a rear opposing member, the front
      indicium member having the shape of a particular reference character, the
      rear opposing member lying in substantially the same plane as the front
      indicium member and having a configuration surrounding and enclosing the
      opposing sides of the front indicium member in non-intersecting
      relationship thereto, and torsionally resilient attachment means for
      attaching the front indicium member to the rear opposing member at the top
      of the reference character, said means being biased to hold the front
      indicium member and the rear opposing member in substantially the same
      plane, and said means including a torsionally resilient portion of the
      rear opposing member at the top thereof and one or more connecting arms
      extending from the top of the reference character to the torsionally
      resilient portion of the rear opposing member, whereby when documentary
      materials are inserted between the front indicium member and the rear
      opposing member the torsionally resilient attachment means biases the
      front indicium member and the rear opposing member toward substantially
      the same plane thereby securely binding the documentary materials
      therebetween.
NUM  7.
PAR  7. A combination indexing and fastening clip for use in a filing system
      comprising a front indicium member, a rear opposing member, the front
      indicium member having the shape of a particular reference character which
      is a letter of the alphabet, the rear opposing member lying in
      substantially the same plane as the front indicium member and having a
      configuration surrounding and enclosing the opposing sides of the front
      indicium member in non-intersecting relationship thereto, and torsionally
      resilient attachment means for attaching the front indicium member to the
      rear opposing member at the top of the reference character, said means
      being biased to hold the front indicium member and the rear opposing
      member in substantially the same plane, whereby when documentary materials
      are inserted between the front indicium member and the rear opposing
      member the torsionally resilient attachment means biases the front
      indicium member and the rear opposing member toward substantially the same
      plane thereby securely binding the documentary materials therebetween.
NUM  8.
PAR  8. A combination indexing and fastening clip for use in a filing system
      comprising a front indicium member, a rear opposing member, the front
      indicium member having the shape of a particular reference character which
      is a numeral, the rear opposing member lying in substantially the same
      plane as the front indicium member and having a configuration surrounding
      and enclosing the opposing sides of the front indicium member in
      non-intersecting relationship thereto, and torsionally resilient
      attachment means for attaching the front indicium member to the rear
      opposing member at the top of the reference character, said means being
      biased to hold the front indicium member and the rear opposing member in
      substantially the same plane, whereby when documentary materials are
      inserted between the front indicium member and the rear opposing member
      the torsionally resilient attachment means biases the front indicium
      member and the rear opposing member toward substantially the same plane
      thereby securely binding the documentary materials therebetween.
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PAL  A dial suitable for calculations, demonstrations, teaching and amusements
      is composed of a front disc, a rear disc and an inner disc rotatable
      relatively to the other two discs and having indicia visible through a
      window provided in the front disc and possibly the rear disc. According to
      the method of the present invention the rotation of the inner disc is made
      possible by cutting a central circle in the inner disc which, however, is
      connected to it by thin tabs, gluing the central circle to the front and
      rear discs and then breaking all the tabs by turning the inner disc.
      According to another feature, all three discs are initially cut from a
      single sheet and joined by strips which are folded when the discs are
      assembled. The fold connected to the rear disc may be extended to form a
      sheet which may be conveniently glued or stapled inside or outside a
      magazine or book to form an integral part of the publication. According to
      a further embodiment two such dials may be joined by a folded sheet
      portion.
PARN
PAR  This is a continuation, of application Ser. No. 150,538 filed June 7, 1971,
      now U.S. Pat. No. 3,820,263 which was, in turn, a continuation in part of
      application Ser. No. 795,305 filed Jan. 30, 1969 which latter application
      is now U.S. Pat. No. 3,604,134.
BSUM
PAC  DESCRIPTION OF THE INVENTION:
PAR  This invention relates to dials and methods of making them.
PAR  Dials now in general use consist as a rule of three superposed discs with
      the inner disc being rotatable relatively to the outer and inner discs.
      The outer disc usually contains several windows, while the inner disc has
      inscriptions, drawings, numerals and the like which can be made visible
      through the windows by turning the inner disc. The inner disc is often
      made larger than the outer disc and its outer edges may carry indicia
      corresponding to indications upon the outer disc.
PAR  Practical experience has shown that the manufacture of such dials,
      particularly on a large scale, presents various problems. While,
      obviously, pins or pivots can be used to provide the rotation of the inner
      disc, their application is time consuming. Furthermore, in many instances
      it is desired that the dials should have flat outer and inner surfaces.
      This is particularly important when dials are to be used in books,
      magazines or other publications. In recent years authors and publishers of
      various books and magazines wanted to use dials as illustrations of the
      subject matter of a book or as an advertisement. Such dials, however, must
      be completely flat so as not to damage adjacent pages or covers.
PAR  An object of the present invention is to improve existing dials and methods
      of making them.
PAR  Other objects will become apparent in the course of the following
      specification.
PAR  In the accomplishment of the objectives of the present invention it was
      found desirable to cut, stamp or otherwise make a dial from a single sheet
      by providing two circular shapes which will later form the outer and rear
      discs and which are joined by strips at right angles to each other to a
      circular shape which will be the inner disc. The last mentioned circular
      shape can have an angular extension located in line with the future outer
      disc and suitable for attachment to the binding of a book or magazine. A
      round slot of suitable size is cut in the center of the inner disc. To
      prevent this center piece from falling off the round slot is interrupted
      by tabs which join the central piece to the rest of the inner disc. After
      the strips have been folded so that the discs are superposed, both
      surfaces of the central piece are coated with a suitable glue and then the
      discs are pressed together. Thereafter a slight turning of the inner disc
      will suffice to tear the tabs, so that the inner disc will be rotatable
      between the outer and rear discs. Obviously before the discs are assembled
      they will be provided with the desired printing and the outer disc and
      possibly the rear disc will be provided with windows through which parts
      of the printing upon the inner disc will be visible.
PAR  In some instances it may be desirable to have two dials located one next to
      the other or separated by some printed sheets of a publication. In that
      case it is advisable to cut the two dials out of two sheets and then join
      their angular extensions by glue or other suitable means. Obviously the
      joining should be carried out in such manner that after folding the
      circular shapes will be located one on top of the other.
PAR  The invention will appear more clearly from the following detailed
      description when taken in connection with the accompanying drawing showing
      by way of example only, preferred embodiments of the inventive idea.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a plan view showing a cut sheet provided with circular shapes to
      be used as discs.
PAR  FIG. 2 is a plan view showing the assembled dial.
PAR  FIG. 3 is a plan view showing a somewhat different dial.
PAR  FIG. 4 is a section along the line IV--IV of FIG. 3.
DETD
PAR  FIG. 1 shows the outlines of a dial which have been cut, stamped or shaped
      in any other way from a sheet of thin cardboard, a plastic sheet or any
      other suitable material. Before or after the cutting the sheet is provided
      with the desired printing, inscriptions or the like (not shown).
PAR  The cut out sheet includes an outer disc 10, an inner disc 11 and a rear
      disc 12. A narrow strip 18 joins the outer disc 10 with the rear disc 12
      and a narrow strip 19 joins the rear disc 12 with the inner disc 11. When
      the discs were cut the circumferential portion 20 of the disc 10 facing
      the strip 18 was cut by small slits interrupted by tabs extending between
      the slits. Thus while the disc 10 is still of one piece with the strip 18
      it can be easily separated from the strip for reasons which will be
      explained in detail hereinafter.
PAR  The strip 18 has a fold 21 located substantially in the middle of the strip
      and also consisting of small slits interrupted by tabs.
PAR  The discs 10 and 12 are provided with suitable windows 13 and 22,
      respectively, through which printing upon the inner disc 11 may be
      examined. In the example illustrated the windows 13 and 22 overlap each
      other when the dial is folded in the manner shown in FIG. 2. Obviously the
      windows may be differently located and their shape and arrangement may be
      varied depending upon individual requirements.
PAR  The disc 12 has a circumferential portion 23 facing the strip 18 which is
      also cut by slits interrupted by tabs. The circumferential portion 24 of
      the disc 12 facing the strip 19 is also cut by slits interrupted by tabs.
PAR  The illustrated construction includes a large rectangular piece 25
      connected with the disc 12 by a circumferential disc portion 26 also
      consisting of slits interrupted by tabs.
PAR  The strip 19 is provided with an intermediate fold 27 consisting of slits
      interrupted by tabs.
PAR  In the example illustrated the inner disc 11 has a somewhat larger diameter
      than the discs 10 and 12, so that when the dial is folded (FIG. 2) the
      disc 11 can be conveniently rotated.
PAR  The disc 11 has a circumferential portion 28 joining the strip 19 and
      consisting of slits interrupted by tabs. Furthermore, the disc 11 has a
      central round portion 16 separated from the rest of the disc by slits and
      tabs.
PAR  When the sheet shown in FIG. 1 is being assembled, the operator will first
      bend lightly the inner disc 11 along the fold 27 over the disc 12 and then
      the disc 10 will be lightly bent over the disc 11. Both surfaces of the
      central portion 16 are coated with layers of any suitable glue. The
      coating is facilitated by the fact that the limits of the central portion
      16 are clearly visible due to the provision of the slits. Then the three
      discs 10, 11 and 12 are firmly pressed together until the glue solidifies
      and firmly connects the central portion 16 with the adjacent inner
      surfaces of the discs 10 and 12.
PAR  In many instances it may be found more convenient to apply the glue to both
      surfaces of the portion 16 before the discs are bent one over the other,
      and/or to apply the glue to the corresponding inner central portions of
      the discs 10 and 12.
PAR  The folded dial is shown in FIG. 2. The user turns lightly the inner disc
      11 and then the tabs joining the central portion 16 with the rest of the
      disc 11 will break off and the disc 11 will easily rotate around the
      central piece 16 which will be firmly glued to the discs 10 and 12.
PAR  The dial is then ready for use.
PAR  At the present time on many occasions dials of the described type are used
      as inserts in weekly or monthly magazines or even books. These dials may
      consist of advertisements carried by a magazine. In text books they may
      constitute means presenting a certain subject, certain formulae or
      calculations to the pupils. On other occasions they may simply constitute
      media presenting interesting or amusing information in compound form.
PAR  In the illustrated embodiment the piece, strip or sheet 25 serves to attach
      the dial to the back of a book or magazine. The piece 25 may be easily
      fixed to the back along will all the other pages of the book or magazine;
      it may be of such length that the dial will be located in the middle of
      the page area. The strips 18 and 19 will facilitate location of the dial
      for a user who is going over the pages of the book.
PAR  Assembly of a book or magazine often makes it necessary to place the strip
      25 across the fold of the pages. To facilitate this the strip 25 is
      provided with a fold 29 which can be placed over the fold of the pages.
PAR  In some cases the book or magazine requires two dials. Then the two dials
      can be made separately and then joined to each other by bending a portion
      of the strip 25 located between its outer edge and the fold 29 and gluing
      the portion to the strip 25 of the second dial. The two interconnected
      dials which are thus formed can be used as a separate piece or can be a
      part of a magazine or book. The binding can be so arranged that the two
      dials are located next to each other or are separated by intervening
      pages.
PAR  Instead of locating two dials one over the other it is also possible to
      place several dials one next to the other. In that case the strip 25 will
      be eliminated while the fold 29 could be used to join the dials to a
      transverse holding piece (not shown).
PAR  Another possibility is to attach the rear discs of several dials to a
      single supporting sheet.
PAR  In a different construction, the front discs of several dials located side
      by side could be replaced by a single sheet glued to the central circles
      of the inner sheets and provided with windows through which inscriptions
      upon the inner sheets would be visible.
PAR  Obviously, the dial may be made as an independent separate article without
      the strips 18, 19 or 25. Such dial is illustrated in FIGS. 3 and 4,
      similar parts having been provided with the same numerals.
PAR  The dial of FIGS. 3 and 4 is preferably made by cutting out separately the
      three discs 10, 11 and 12, providing the inner disc 11 with a partly cut
      central portion 16, applying layers of glue 17 to opposite surfaces of the
      central portion and then pressing the three discs together until the glue
      solidifies and firmly connects the central portion 16 with the adjacent
      surfaces of the discs 10 and 12.
PAR  The dial of FIGS. 3 and 4 has a window 13 of a somewhat different shape
      than that shown in FIGS. 1 and 2. Furthermore, the rear disc 12 is shown
      as being somewhat larger than the front disc 10, although of course, the
      inner disc 11 must be larger than both discs 10 and 12. Otherwise the
      construction and operation of both dials essentially the same.
PAR  If desired, the central portions of the outer and rear discs 10 and 12
      corresponding to the central portion 16 may be somewhat depressed, so that
      the outer portions of these discs will be more outstanding. This
      construction (not shown) has the advantage that the inner disc 11 will be
      somewhat spaced from the discs 10 and 12 and can be conveniently rotated
      without any friction.
PAR  In some instances the rear disc 12 can be replaced by a small cover or it
      can be eliminated entirely, so that the dial will consist only of the
      front disc 10 and the inner disc 11. However, such construction was found
      to be not as effective as the one consisting of three discs.
PAR  The glue used for joining the central portion of the inner disc may be
      replaced by heat sealing or other suitable means.
PAR  Other changes may be made in the illustrated constructions within the scope
      of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of making a device having relatively movable parts, said
      method comprising: providing at least first and second sheets, forming at
      least one perforation within said first sheet thereby defining a
      substantially completely enclosed formed section having at least one
      discontinuity within the periphery thereof, superposing said first and
      second sheets so that said formed section in said first sheet overlies
      said second sheet, adhering one side of said formed section to one side of
      said second sheet, whereby manipulation of said first and second sheets
      relative to one another shears said discontinuity thereby separating said
      formed section from said first sheet, said forming of said perforation
      including defining said formed section so that said first sheet is capable
      of movement relative to said formed section fixed to said second sheet.
NUM  2.
PAR  2. The method according to claim 1, including providing a third sheet,
      superposing said first, second and third sheets so that said formed
      section in said first sheet confronts adjacent facing sides of said second
      and third sheets, adhering both sides of said formed section to said
      second and third sheets respectively thereby fastening said second and
      third sheets to opposite sides of said formed section, whereby
      manipulation of said first sheet relative to said second and third sheets
      shears said discontinuity thereby freeing said formed section from said
      first sheet, retaining said second and third sheets fixed to said formed
      section, said first sheet being thereby capable of movement relative to
      said formed section fixed to said second and third sheets.
NUM  3.
PAR  3. The method in accordance with claim 2 including initially locating said
      first, second and third sheets in one plane, said first, second and third
      sheets being joined to one another by two strips, folding said sheets
      respectively along said strips in a manner to superpose said three sheets
      one on top of the other.
NUM  4.
PAR  4. The method in accordance with claim 2, including providing an outer
      strip on said first sheet for attaching said device to a publication.
NUM  5.
PAR  5. A relatively movable device comprising: a first sheet and a second
      sheet; said first sheet being superposed with respect to said second
      sheet; said first sheet having at least one perforation therein contiguous
      at least one frangible discontinuity; said perforation in combination with
      said frangible discontinuity defining a discontinuous section; means
      adhering to one side of said discontinuous section within one side of said
      second sheet; said frangible discontinuity including means being
      constructed and arranged to shear upon manipulation of said first sheet
      relative to said second sheet, thereby forming a continuous section from
      said discontinuous section; said continuous section and said first sheet
      including means being constructed and arranged so that said continuous
      section permits relative movement of said first sheet with respect to said
      second sheet and with respect to said continuous section affixed to said
      second sheet upon said frangible discontinuity being sheared.
NUM  6.
PAR  6. A device according to claim 5 including a third sheet, means adhering
      respective sides of said discontinuous section to facing sides of said
      second and third sheets respectively, said discontinuous section including
      means being constructed and arranged to shear upon the manipulation of
      said first sheet relative to said second and third sheets, thereby forming
      a continuous section, said first sheet thereby being capable of movement
      relative to said continuous section fixed to said second and third sheets.
NUM  7.
PAR  7. A device according to claim 6, said first sheet carrying inscriptions
      thereon, said second sheet having at least one opening therein constructed
      and arranged so that said inscriptions are visible through said opening in
      said second sheet.
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ABST
PAL  A page-turner for books contains a page-turning roller which can be moved
      from one side of the open book to the other, and which can also be rotated
      in the desired direction. The unturned pages of the book are kept in
      position by means of two page retainers.
BSUM
PAR  The present invention relates to a page-turner for a publication, such as a
      book or a magazine, the covers of which are clamped on a support arranged
      on a frame, the pages being turned by a page-turning roller from one side
      of the open book to the other.
PAR  Those page-turners of the type mentioned which are considered most suitable
      for their purpose are unsatisfactory in that, for example, the pages
      cannot be turned both forwards and backwards. It has also been difficult
      to keep the sides of the book quite flat and thus easily read.
PAR  The present invention primarily eliminates these drawbacks with
      page-turners, since the page-turning roller can be rotated in one
      direction or the other and can be moved from one side of the support to
      the other, while pressing down the pages of the book not being turned with
      the help of two page retainers arranged in connection with the
      page-turning roller.
DRWD
PAR  One embodiment of the invention will be described in detail in the
      following with reference to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a pageturner according to the invention
      seen from the side, the page-turner comprising a frame, a support and a
      page-turning roller and page retainer arrangement arranged in a pivotable
      guide and drive means;
PAR  FIG. 2 is a perspective view of the pageturner of FIG. 1 seen from the
      front with the page-turning roller and page retainer arrangement in a
      raised position, a lower support piece of the support being omitted in
      order to better show the design of the book support;
PAR  FIGS. 3 and 4 are a schematic front view and a schematic view from above,
      respectively, of a drive and guide means for the page-turning roller and
      page retainer arrangement illustrating how said arrangement is suspended
      by means of a carriage having one end of the page-turning roller
      journalled therein and how said carriage is displaceable and said roller
      is rotatable;
PAR  FIG. 5 is a schematic sectional view, taken along the line V-VI in FIG. 3
      and further illustrating how said end of the page-turning roller is
      arranged and driven;
PAR  FIG. 6 is an enlarged partial longitudinal sectional view through the
      page-turning roller and page retainer arrangement and its guide and drive
      means illustrating the details at the two ends of said arrangement, the
      view being taken when said arrangement is in a neutral position and
      perpendicularly to said guide and drive means as indicated by lines VI--VI
      in FIG. 7, springs for the page retainers being omitted for the sake of
      clarity;
PAR  FIG. 7 is an enlarged cross sectional view through the page-turning roller
      and page retainer arrangement taken along lines VII--VII in FIG. 6, the
      view also illustrating how the springs for the page retainers are
      arranged;
PAR  FIG. 8 is a cross sectional view through the page-turning roller and page
      retainer arrangement of FIGS. 6 and 7 when displaced to the right into a
      position for turning pages from the right-hand side of an open book placed
      in the page-turner; and
PAR  FIGS. 9 and 10, finally, are very schematic side views of the page-turner
      according to the invention, in which the page-turning roller and page
      retainer arrangement is represented by the page-turning roller and which
      illustrate how the page-turning roller and page retainer arrangement and
      the support are pivotable about horizontal axes so as to compensate for
      varying thickness when a book is read.
DETD
PAR  The page-turner according to the invention is intended to be of help to
      handicapped people in order to turn the pages in books and magazines. It
      is not well suited for use with larger papers, such as daily newspapers.
      The page-turner is operated by a switch which can be used even by
      extremely handicapped people.
PAR  Referring now to FIGS. 1 and 2, the pageturner comprises a frame 1 of bent
      tubing. On the under side of the frame the tubing is bent to form feet 2,
      3 so that the page-turner can be placed on a reading table. The feet 2, 3
      are bent to form hooks so that the page-turner can be hung on the edge of
      a reading table, for example if the table is inclined for reading in bed.
PAR  On the frame 1 is a support 4 for a book or magazine to be read with the
      help of the page-turner. The support 4 is pivotable with respect to the
      frame 1, about a horizontal axis by means of journalled shafts 5
      protruding from the support 4 on either side thereof. As is indicated in
      FIGS. 1 and 2, the protruding ends of shafts 5 are supported in U-shaped
      brackets 6, open at the top and projecting from the frame 4. The ends of
      shafts 5 are threaded to fit threadings in knobs 7 to lock the support 4
      against the brackets 6 in a desired height position. The horizontal axis
      passes through the centre of gravity of the support 4 at right angles to a
      page-turning roller 8 with which the pages shall be turned from one side
      to the other in the book.
PAR  The page-turning roller 8 is rotatably and displaceably arranged in a guide
      and drive means 50 extending along the upper edge of the support, as will
      be more fully described later on. The guide and drive means 50 is
      pivotable about a horizontal axis, parallel to the horizontal axis of the
      support 4, by means of pivots 9 arranged in either side of the guide means
      above the book. The pivots 9 are arranged in brackets 51, 52 projecting
      from the frame 1. Thus, the page-turning roller 8 can be swung up from the
      support 4 about the horizontal axis, as shown in FIG. 2. When the knobs 7
      have been loosened, the basic distance between the page-turning roller 8
      and the support 4 can be altered to suit the thickness of the book to be
      read. The thicker the books to be read with the help of the page-turner,
      the more the support 4 must be lowered with respect to the frame 1, that
      is lowered in the U-shaped brackets 6.
PAR  During the reading of the book the thickness of the pages not yet turned
      decreases and the thickness of the pages already turned increases. Thus,
      the page-turning roller 8 will meet various thickness during page-turning.
      This various thickness is automatically compensated for due to the fact
      that both the page-turning roller 8 and the support 4 are pivotable about
      separate horizontal axes. This ability of compensation is schematically
      illustrated in FIGS. 9 and 10.
PAR  The central part 10 of the support 4, located beneath the page-turning
      roller 8 is curved slightly downwards. This is in order to facilitate
      turning the pages. In order to keep a book in position on the support 4,
      two book retainers 11, 12 are provided on the support 4. The book
      retainers 11, 12 are pivotably arranged at the side edges of the support
      4. By means of springs, not shown in th drawings, said retainers 11, 12
      are pressed down against the support 4 to hold the covers of the book
      placed on the support 4.
PAR  Furthermore, the upper and lower edges of the support 4 are provided with
      protruding edge pieces 13 and 14. The lower support piece 13 provides an
      edge against which the lower edge of a book placed on the support 4 can
      rest when the page-turner is suspended in a vertical position. The upper
      support piece 14 guides the page-turning roller 8 to a certain extent
      during its lateral displacement.
PAR  The page-turning arrangement of the page-turner comprises the page-turning
      roller 8 and transparent page retainers 15, 16 arranged in conjunction
      therewith and preferably made of plexiglass, as well as drive and guide
      means for the page retainers, which will be described later on in
      connection with FIGS. 6-8. As shown in FIG. 2, the complete page-turning
      arrangement can be raised like a lid with respect to the frame 1 and
      support 4 so that a book can be easily inserted in the page-turner or
      removed.
PAR  Referring now to FIGS. 3-5, in the page-turning arrangement the upper end
      of the page-turning roller 8 is rotatably journalled in a carriage 17.
      This is displaceable along a guide rail 18 of said guide and drive means
      50 which has a rectangular profile. The carriage is designed as a
      rectangular profile slidable in the rectangular profile of the guide rail
      18, the end of the page-turning roller 8 fitting into said carriage. A
      toothed wheel 19 is fitted at the end of the pageturning roller 8 and
      engages with one section of a movable chain 20 to rotate the page-turning
      roller 8 in one direction or the other. In order to displace the carriage
      17 and thus the page-turning roller 8 in one direction or the other along
      the guide rail 18, one section of a movable tension chain 21 is secured to
      the carriage 17.
PAR  The guide rail 18 in the form of a rectangular section extends along the
      entire upper edge of the support 4 together with a chain tube 22 also in
      the form of a rectangular section, parallel with the guide rail 18 and
      joined to this, in which the other sections of tension chain 21 and chain
      20 are located. At each end of the guide rail 18, outside the support 4,
      are electric motors 23 and 24 to drive the tension chain 21 for
      displacement of the carriage 17 and the page-turning roller 8 and to drive
      the chain 20 for rotation of the page-turning roller 8, respectively.
      Thus, tension chain 21 runs from carriage 17, around a driving wheel 25,
      connected by a reduction gear to the electric motor 23, at the end of the
      guide rail 18, a tension wheel 26 applied at the other end of the guide
      rail 18 and back to carriage 17. Driving chain 20 runs in a closed loop
      between a second driving wheel 27, which is connected by a reduction gear
      to the second electric motor, at the other end of guide rail 18, and a
      tension wheel 29 arranged at said first end of the guide rail 18, the
      lower section of chain 20 being in engagement with the toothed wheel 19
      fixed on the end of page-turning roller 8.
PAR  The page-turning roller 8 is in the form of a rod, covered by a rubber
      sheath 30 on the part extending above the support 4, the diameter of the
      rod being the same as the diameter of the toothed wheel 19 by which the
      page-turning roller 8 is rotated. When carriage 17 and thus page-turning
      roller 8 is pulled by the tension chain 21 to one side over the support 4,
      the driving chain 20 remains stationary so that the toothed wheel 19 at
      the end of the page-turning roller 8 rolls on the driving chain 20. The
      pageturning roller 8 thus rolls over the pages of the book when it is
      pulled from one side of the book to the other.
PAR  To prevent the open book from closing by accident, particularly when the
      page-turner is in a vertical position on reading table, and to prevent
      more than the desired number of pages from being turned, the page
      retainers 15 and 16 are arranged in the page-turning arrangement. As sown
      in FIGS. 6-8, the page retainers 15 and 16 are connected by hinges 31 and
      are held pivotably pressed against a tubular shaft 32 and against the book
      by springs 36, on each side of the tubular shaft 32 attached to the page
      retainers 15 and 16, Said springs 36 are in contact with the side of the
      tubular shaft 32 which is opposite to the page retainers 15, 16. Said
      shaft 32 is arranged parallel to the page-turning roller 8, about 55 mm
      above the roller, and is attached to an arm 33 which, by means of a socket
      34, is pivotably coupled to a pin 35 projecting from the carriage 17
      through a slot in the guide rail 18 and carrying the journalled
      page-turning roller 8.
PAR  In the tubular shaft 32 an which the page retainers 15 and 16 are arranged
      is a rod 44 at the outer end of which is a second arm 45 pivotably
      connected to the outer end of the pageturning roller 8, in order to guide
      the shaft 32 in its movements.
PAR  When the carriage 17 is displaced by the electric motor 23 and the tension
      chain 21 to the righthand side of the support 4, the arm 33 is swung down
      towards the support by a pin 37 projecting from the chain tube 22. The arm
      33 is also provided with a pin 46 which is guided by a slot-shaped guide
      47, protruding from the guide rail 18, when the arm 33 is pivoted from and
      to its neutral position. The shaft 32 is then pressed against the side of
      the book by a tension spring 38 stretched between the ends of the carriage
      17 and passing over a pulley 39 secured on the arm 33 below the tube 32.
      When the page-turning roller 8 has reached a suitable position for turning
      the pages, the electric motor 23 controlling the displacement of carriage
      17 and roller 8 is disconnected and the electric motor 24 for the rotary
      movement of the roller 8 is started. The page-turning roller 8 is rotated
      clockwise, whereupon one page of the book is fed to the left so far that
      is becomes disengaged from the roller 8 and comes to rest on the upper
      side of the roller 8. If desired, several pages can now be turned in this
      position. The shaft 32 is in that case kept pressed against the pages
      along their attachment at the spine of the book. When the rotary movement
      of the page-turning roller 8 has been stopped, the carriage 17 is
      displaced to the left and stopped on the lefthand side of the book. The
      pages which have been leafed up are then turned over from the right to the
      lefthand side of the book. The carriage 17 may then be moved back to the
      righthand side of the book to turn more pages when desired. The pages of
      the lefthand side of the book are turned in a corresponding manner.
PAR  While leafing through the book, the righthand page retainer 16 is kept in a
      raised position by a guide wheel 41 rotatably journalled in a holder 40
      which protrudes from the carriage 17 so that the page retainer 16 does not
      impede the pages being turned. The guide wheel 41 is in contact with a
      guide plate 42 secured to the under side of the page retainer 16 on the
      edge facing the carriage 17 and projecting from the page retainer in an
      end piece 43 a little way down on the page retainer 16.
PAR  When reading, the page-turning roller 8 is placed in the middle of the book
      or slightly over on the side which is not being read. The page-turning
      roller can be displaced and rotated by means of the electric motors 23 and
      24, respectively, which are designed to run on batteries. The switches
      required for the various movements can be operated by means of a lever
      which can be moved into four different positions, for example forwards and
      backwards for travelling movement and to right and left for rotary
      movements. The switches may be placed in a special box located
      conventiently for use. As an alternative, switches may be used which are
      controlled by sucking or blowing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A page-turner for turning the pages of an open publication having a
      spine and front and back covers, the page-turner comprising:
PA1  a frame;
PA1  a support for supporting an open publication;
PA1  first means for carrying said support on said frame;
PA1  second means for clamping the covers of such open publication on said
      support;
PA1  a rotatable page-turning roller having an axis extending in a first
      direction substantially parallel to the spine of such publication when the
      publication is supported by said support;
PA1  third means coupled to said frame for carrying said page-turning roller
      over said support and for selectively displacing said page-turning roller
      from one side of the support to the other in a second direction
      substantially perpendicular to said first direction;
PA1  fourth means for selectively rotating said page-turning roller in a desired
      direction of the two possible rotational directions;
PA1  fifth means for bringing said page-turning roller into contact with the
      pages of such open publication;
PA1  sixth means for pressing down the pages of such open publication not being
      turned, said sixth means including two page-retainers arranged in
      conjunction with the page-turning roller; and
PA1  seventh means for operating said third, fourth and fifth means to
      sequentially bring said page-turning into engagement with a page to be
      turned, selectively rotate said page-turning roller so that at least said
      page to be turned is brought up on the page-turning roller, and displace
      said page-turning roller to the opposite side of the open publication,
      whereby said page is turned.
NUM  2.
PAR  2. A page-turner according to claim 1, wherein said third means includes
PA1  a guide rail extending in a direction perpendicular to said first
      direction;
PA1  means for suspending said guide rail in said frame so that said guide rail
      is pivotable about an axis substantially parallel to the direction of
      displacement of the page-turning roller;
PA1  a carriage displaceable along said guide rail; and
PA1  means for rotatably suspending the pageturning roller in said carriage.
NUM  3.
PAR  3. A page-turner according to claim 2, wherein said sixth means further
      include a shaft extending in parallel with the page-turning roller, a
      first arm for pivotably coupling said shaft to the carriage, a second arm
      pivotably attached to the page-turning roller and connected to said shaft,
      means for spring-fitting said page-retainers on the shaft, and means for
      pivoting said first arm and thus said shaft in a direction towards one
      side of the support when the carriage is displaced from a neutral position
      in a direction towards the other side of the support.
NUM  4.
PAR  4. A page-turner according to claim 3, wherein fixed guide means are
      provided for pressing down, when the carriage is displaced, said first arm
      and thus said shaft and one of the page retainers towards the open
      publication with the help of a tension spring.
NUM  5.
PAR  5. A page-turner according to claim 4, wherein said tension spring is
      secured to the ends of the carriage and runs over a pulley wheel attached
      to said first arm.
NUM  6.
PAR  6. A page-turner according to claim 4, wherein the other page retainer is
      restrained from contact with the publication by means of a guide wheel in
      a holder protruding over the roller from the carriage, said guide wheel
      cooperating with a guide plate arranged on the under side of said page
      retainer.
NUM  7.
PAR  7. A page-turner according to claim 3, wherein spring means are provided
      for pressing the page retainers towards the open publication, said spring
      means being attached to the retainers and passing over said shaft.
NUM  8.
PAR  8. A page-turner according to claim 2, wherein said third means further
      include a first electric motor arranged at one end of the guide rail and
      first driving means coupled between said first electric motor and said
      carriage for transferring rotational movement generated by said first
      electric motor into said displacement of the carriage along the guide
      rail.
NUM  9.
PAR  9. A page-turner according to claim 8, wherein said fourth means includes a
      second electric motor arranged at the other end of the guide rail and
      second driving means coupled between said second electric motor and said
      means for rotatably suspending the page-turning roller in the carriage for
      transferring rotational movement generated by said second electric motor
      into rotational movement of the page-turning roller.
NUM  10.
PAR  10. A page-turner according to claim 9, wherein the second driving means
      includes a closed loop chain extending along the guide rail and driven by
      the second electric motor, and a toothed wheel secured to said means for
      rotatably suspending the page-turning roller in the carriage and in
      engagement with said closed loop chain, so that said toothed wheel can
      roll on said closed loop chain when the carriage is displaced along the
      guide rail.
NUM  11.
PAR  11. A page-turner according to claim 1, wherein said first means include
      journal means for carrying the support so that the support is pivotable
      with respect to the frame around an axis which is substantially
      perpendicular to said first direction and passes approximately through the
      center of gravity of the support.
NUM  12.
PAR  12. A page-turner according to claim 1, wherein the central part of the
      support below the page-turning roller is curved slightly downwards.
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ABST
PAL  The lettering guide name card has a flat printed area and an area covered
      by releasable adhesive-mounted parallel strips. Some of the strips are
      removed to provide lettering spaces, and the remaining strips provide
      guidelines for lettering.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The situations in which hand lettering is required are myriad.
PAR  In many cases no guides are provided, resulting in inferior, difficult to
      read, or disfiguring lettering. In some cases light guidelines are
      provided, resulting in a distraction from the general appearance of the
      article. In other cases complex separate apparatus is used to provide
      neatly guided letters. All of the known systems and devices have
      drawbacks, and it is fair to state that no satisfactory system for
      providing lettering guides has been devised.
PAR  One of the most common situations in which hand lettering is required is in
      the lettering of name tags for use in business, fraternal or social
      gatherings. The difficulty of creating good-looking lettering on name tags
      is well recognized by all who attend such gatherings.
PAR  Before preparing an application, a search was caused to be made in the
      United States Patent Office for lettering guides in class 35 teaching,
      subclasses 36, 37 and 26, in Class 33, drafting equipment, in Class 283,
      printed matter, subclasses 45 and 46 and in Class 40, sign exhibiting. We
      checked our search and results with Patent Office Examiner-experts Grieb
      and Haroian.
PAR  Examples of the closest U.S. Pats. that were found are Nos. 3,638,332;
      3,514,874; 2,806,299; 1,253,758; 3,084,455. No suggestion of the present
      invention was found.
PAR  U.S. Pat. No. 3,638,332 is an example of the closest embodiment that was
      found. Colored lines guide letters. Neither that patent nor any other
      patent suggests peelable strips.
PAR  U.S. Pat. Nos. 3,514,874, 2,806,299 and 1,253,758 describe underpaper fixed
      guides, lines, slots or crosswires.
PAR  Adhesive materials are used in U.S. Pat. No. 3,084,455, but they do not
      have the function of the peelable lettering guide strips of the present
      invention.
PAR  Other examples of lettering guides are found in Class 33, Class 35, Class
      40 and Class 283 of the Official Classification of Patents in the United
      States Patent Office.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the drawbacks and deficiencies of the prior
      art and provides a unique solution to problems of lettering.
PAR  Briefly, the present invention is a lettering guide with a series of
      parallel peelable strips. The invention is disclosed in one embodiment
      herein in its use on a name card. The invention has many other uses
      wherever lettering is required. For example on engineering drawings, among
      the many other uses. The invention is useful also as a straight edge to
      guide lettering tools or drawing tools such as triangles and templates. In
      the latter embodiment of the invention, parallel peelable strips are
      provided along a bottom or side edge of a plate, and the strips are used
      as guides before peeling the strips off at the end of the drawing and
      lettering operations.
PAR  In the embodiment of the invention disclosed herein by way of example, the
      parallel peelable strips are mounted on a lower area of a front face of a
      name tag identification card. An upper area of the identification card is
      left devoid of strips for receiving permanent general lettering. The card
      may be of any type that is normally used for name tags such as cards with
      an extended lower portion for inserting in a pocket of a user to expose
      the upper portion bearing the name, or a flat card to be inserted in a
      carrier such as a plastic sleeve with a pin on its back, or the more
      widely used flat card with adhesive on its back face and peelable release
      strips covering the adhesive until they are removed to expose the adhesive
      for attachment to the clothing of a user.
PAR  The inadequancies of hand lettered labels have been apparent for several
      years. Store bin identifications, product names, and package markings are
      often too small and sloppy. Simple personal identification tags are often
      poorly done because the person doing the job has no time or talent for the
      task. The present invention makes it possible for anyone to do reasonably
      neat, accurate lettering or simple drafting the first try at negligible
      cost on almost any smooth surface using any writing instrument.
PAR  The invention consists of lightly gummed masking paper or plastic film
      which comes in rolls or sheets, on a release paper or film, and which is
      pre-slit at 1/8 inch, 1/4 inch, or whatever interval is desired. It is
      applied to a smooth surface as the release paper or film is peeled off.
      Then some of the individual strips are removed, wherever hand lettering
      1/8 inch, 1/4 inch or other size in multiples of the strip size is
      desired. The strips which are not removed serve as masks and guides. When
      the lettering is complete, the balance of the masking strips are removed.
      The finished job is straight and sharp at top and bottom, and the letters
      are of perfectly equal height.
PAR  In one form of the invention the faces of the strips are smooth or coated,
      and release paper or film is not necessary when the strips are rolled or
      layered before use.
PAR  The lightly gummed masking paper or plastic film can be slit and applied to
      card stock, label stock, or sign board and then fabricated into package
      labels, ID tags, store sign stock, and so forth. Pre-slit masking material
      on a release paper can be offered in sheets or rolls. In this form it can
      be applied directly to the surface to be lettered, such as furniture,
      machinery or equipment.
PAR  In another embodiment of the invention, the strips are placed on an object
      and letters are placed on the strips, using the fine slits as guides. The
      nonlettered strips may be removed, removing any excessive strokes or ink
      and leaving perfectly aligned letters on the lettered strips.
PAR  One object of this invention is the provision of parallel strips of lightly
      gummed masking paper or film for attaching to objects to be lettered,
      whereby neat and even lettering may be accomplished.
PAR  Another object of the invention is to provide rolls or sheets of lightly
      gummed slit parallel strips for attachment to objects to be lettered.
PAR  Another object of this invention is the provision of lettering or drawing
      guides in lightly gummed slit parallel strips for attachment to objects.
PAR  Another object of the invention is the provision of lettering apparatus
      comprising a flat stock plate having a series of parallel individually
      peelable strips mounted on the plate, and a releasable bonding means
      connected to the strips on sides thereof adjacent the plate for holding
      the strips on the plate and for permitting the strips to be pulled from
      the plate and for leaving adjacent strips on the plate to form guides for
      lettering on the plate.
PAR  The invention has as another object the provision of releasable strips
      mounted adjacent each other on a portion of a plate.
PAR  A further object of the invention is the provision of a name tag with a
      space on an upper portion of a front face which is devoid of strips for
      receiving printed letters, and with parallel strips mounted on a lower
      portion of the front face, whereby some of the strips may be removed to
      provide spaces for receiving lettering of names with the remaining strips
      providing guidelines for the lettering.
PAR  These and other and further objects and features of the invention are
      apparent in the disclosure which includes the specification with the
      claims and the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of a name tag on which an embodiment of the
      present invention is disclosed.
PAR  FIG. 2 is a front elevation of the name tag shown in FIG. 1 from which some
      strips have been partially removed to expose areas for receiving lettering
      and on which some strips remain to provide lettering guides.
PAR  FIG. 3 is an elevation of the name tag shown in FIG. 2 in which all strips
      have been removed, completing the name tag.
PAR  FIG. 4 is a side view of the name tag shown in FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1, a lettering guide apparatus is generally referred to
      by the numeral 1. The apparatus has a stock plate 2 which in this case is
      formed of a general card stock. An upper area 3 on the front face of the
      card stock is left plain to receive permanent printed letters of general
      statements or identification. A lower area of the front face has a
      plurality of parallel peelable strips generally indicated by the numeral
      4. Some of the strips 4 are removed to provide lettering areas, and the
      edges of the remaining strips 4 provide guides for lettering.
PAR  As shown in FIG. 2, sequential strips and areas which they cover are
      numbered sequentially with the numerals 5, 6, 7, 8, 9, 10, 11 and 12.
      Strips 5 and 6 remain on the card, and the strip in area 7 has been
      removed to provide a space for lettering. The lower edge of strip 6 acts
      as an upper lettering guide. Strips have been removed from parallel areas
      9 and 10 to provide a space for large letters. Strip 8 remains in place,
      and its upper edge provides a lower guide for lettering on area 7. The
      lower edge of strip 8 provides an upper guide for lettering on areas 9 and
      10. Strips 11 and 12 are left in place, and the upper edge of strip 11
      provides a lower guide for letters in areas 9 and 10.
PAR  As shown in FIG. 2, the card has been lettered, with the wearer's name 14
      and 16 being lettered in the spaces provided. Where parts of the letters
      such as the lower portion of the right leg of the last A in the first word
      14 and the lower leg of the K in word 16 have been extended beyond the
      guides, those erroneously extended parts are removed when the remainder of
      the strips are removed.
PAR  FIG. 3 shows all of the card 2 from which all of the strips have been
      removed to leave the neatly guided letterings 14 and 16.
PAR  FIG. 4 is a side view of the lettering apparatus in which strip 7'has been
      slightly lifted.
PAR  While the invention has been described with reference to a specific
      embodiment, it will be obvious to those skilled in the art that
      modifications and variations of the invention may be made without
      departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Lettering apparatus comprising a flat card stock lettering plate having
      a series of parallel individually peelable disposable strips mounted on
      the plate, and a releasable bonding means connected to the strips on sides
      thereof adjacent the plate for holding the strips on the plate and for
      permitting selected strips to be pulled from the plate and for leaving
      remaining strips on the plate, and surface discontinuities formed between
      the plate and strips remaining on the plate, whereby the surface
      discontinuities form guides for lettering on the plate, wherein a first
      space on a front face of the plate is devoid of the peelable, disposable
      strips and wherein the peelable, disposable strips are mounted adjacent
      each other on a second portion of the front face of the plate.
NUM  2.
PAR  2. The lettering apparatus of claim 1 wherein the plate is a card stock
      name tag, and wherein the strips are mounted on a portion of a front face
      of the name tag.
NUM  3.
PAR  3. The lettering apparatus of claim 2 wherein the card stock name tag has
      an adhesive on a rear face opposite the strips for fixing to clothing of a
      user and has a release sheet on the adhesive for protecting the adhesive
      until the name tag is readied for mounting on the clothing of a user.
NUM  4.
PAR  4. The lettering apparatus of claim 2 wherein the card stock name tag has a
      space on an upper portion of a front face which is devoid of strips for
      receiving printed letters, and wherein the parallel strips are mounted on
      a lower portion of the front face, whereby some of the strips may be
      removed to provide spaces for receiving lettering of names with the
      remaining strips providing guidelines for the lettering.
NUM  5.
PAR  5. Lettering guide apparatus comprising a relatively rigid lettering plate
      name card, a series of relatively flexible parallel individually peelable
      disposable strips joined in sheets comprised of a plurality of said strips
      on a front face of the card for mounting on the lettering plate name card
      and releasable bonding means connected to backs of the strips on sides
      thereof adjacent the lettering plate name card for holding the strips on
      said name card and for permitting selected strips to be pulled from the
      lettering plate name card and for leaving remaining strips on the
      lettering plate name card, thereby creating surface discontinuities
      between the lettering plate name card and strips remaining on the
      lettering plate name card, whereby the surface discontinuities form guides
      for lettering on the lettering plate name card, adhesive means on the back
      of the name card, and a releasable sheet mounted adjacent the adhesive
      means on the back of the name card.
NUM  6.
PAR  6. The lettering guide apparatus of claim 5 wherein the object is a name
      card with the peelable strips on a front face of the card, and further
      comprising adhesive means on the back of the name card, a releasable sheet
      mounted adjacent the adhesive means on the back of the name card.
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PAL  A firearm having a launching tube the rear portion which is surrounded by a
      forestock serving as support for the launching tube. The forestock is
      formed of two parts which are removable independently of each other. One
      part is a lower housing which serves as support for certain firing
      mechanisms, such as the trigger mechanism. The lower housing is fastened
      by screws to the launching tube and breech housing of the firearm. The
      other part is an upper hood which protects accessory mechanisms present in
      the upper region of the firearm, such as sighting and recocking devices.
      The upper hood is fastened by screws to the launching tube.
BSUM
PAR  The present invention relates to firearms, and particularly to automatic
      firearms, comprising a launching tube borne by a mount (called
      "forestock") surrounding the entire rear portion of the said launching
      tube and serving as support for certain accessory mechanisms (trigger
      system, recocking device, sling rings, for instance), the said mount being
      extended towards the rear by a buttstock in the case of a firearm which is
      to be fired from the shoulder by the marksman.
PAR  Although the invention may be applied to firearms of all calibers, its
      application seems to be of more particular interest in the case of
      firearms of small caliber, particularly firearms of the portable type
      which are capable of being fired from the shoulder by the marksman, which
      is true of assault rifles and machine pistols in particular.
PAR  The object of the present invention is to provide a firearm with a
      forestock, the forestock of which can be easily dissociated from the
      active parts of the firearm (tube and breech mechanism).
PAR  Another object of the invention is to provide a portable firearm with a
      forestock which can be conveniently transported.
PAR  Still another object of the invention is to provide a firearm with a
      forestock, some of the accessory parts of which (in particular sighting
      and recocking members) are effectively protected against possible blows
      from the outside.
PAR  Still another object of the invention is to provide a firearm with a
      forestock which lends itself to effective instinctive rapid sighting
      without the marksman having to have recourse to the normal sighting
      devices with which the firearm is provided.
PAR  The firearm in accordance with the invention is a firearm (generally
      automatic and in particular of a portable type with buttstock adapted to
      be brought to the shoulder) comprising a launching tube the rear portion
      of which is surrounded by a forestock serving as support for said
      launching tube, the said firearm being characterized by the fact that its
      forestock is formed essentially of two separate parts which are removable
      independently of each other, namely:
PAR  ON THE ONE HAND, A LOWER PART, HEREINAFTER CALLED "HOUSING" SERVING AS
      SUPPORT FOR CERTAIN SECONDARY MECHANISMS OF INTEREST TO FIRING,
      PARTICULARLY THE TRIGGER MECHANISM FOR THE FIREARM, THE HOUSING BEING
      PREFERABLY FASTENED BY REMOVABLE ATTACHING MEANS TO THE LAUNCHING TUBE AND
      TO THE BREECH HOUSING OF THE FIREARM,
PAR  AND, ON THE OTHER HAND, AN UPPER PORTION, HEREINAFTER CALLED "HOOD",
      ADAPTED TO PROTECT THE ACCESSORY MECHANISMS PRESENT IN THE UPPER REGION OF
      THE FIREARM, AND IN PARTICULAR SIGHTING AND RECOCKING DEVICES, THE SAID
      HOOD BEING PREFERABLY SECURED BY REMOVABLE ATTACHING MEANS TO THE SAID
      LAUNCHING TUBE.
PAR  As a result of this arrangement, the marksman will have the possibility:
PAR  either of having access to these secondary mechanisms which are located in
      the upper region of the firearm by seizing the said firearm by the housing
      of the forestock which has remained in place and removing the hood from
      said forestock,
PAR  or of removing the housing from the forestock in order to have access to
      the annexed mechanisms borne by the said housing, while leaving the hood
      of the forestock in place, it then continuing to play its protective role.
PAR  Preferably, in the case of a portable firearm, the hood of the forestock of
      the firearm is arranged in such a manner as to constitute a carrying
      handle enabling the marksman to carry the weapon.
PAR  Furthermore, the hood of the forestock of the firearm preferably comprises
      at its upper portion a channel which is open towards the top and parallel
      to the axis of the tube of the firearm, the said channel defining a sort
      of "sighting channel", which is less precise, of course, than the line of
      sight determined by the sighting means of the firearm, but nevertheless
      permitting a rough sighting under circumstances in which the marksman must
      act very rapidly by a practically instinctive reflex.
PAR  If it is desired, as is obviously advantageous, that the hood of the
      forestock of the firearm can at the same time protect the sighting devices
      of the firearm, act as carrying handle and have at its upper part a
      channel forming the sighting channel, the hood can advantageously be
      provided with:
PAR  a longitudinal base in the form of an inverted channel, adapted to fit over
      the upper portion of the firearm proper at the rear region of the
      launching tube,
PAR  two hoops forming a carrying handle, extending above the said base parallel
      to the longitudinal plane of symmetry of the hood in question, these two
      hoops each comprising two end uprights (a front upright and a rear
      upright) connected by a flat upper strip directed vertically and extending
      parallel to the axis of the launching tube,
PAR  and a transverse partition connecting, over at least the major portion of
      their length, the lower edges of the flat upper strips of the two hoops,
      the said transverse partition defining with the said upper strips a
      channel open towards the top which forms a sighting channel.
PAR  When the sighting device of the firearm comprises a rear member such as a
      peephole and a front member such as a front sight, the supports of the
      said rear and front members can then advantageously be housed between the
      rear and front uprights respectively of the two handle-forming hoops, the
      said uprights protecting the supports in question and the corresponding
      sighting members from accidentally having their adjustment changed.
PAR  It should be noted that this latter arrangement makes it possible to use
      relatively high, stationary sighting-member supports (in contradistinction
      to swingable sighting-member supports) which have the advantage of being
      always ready for use without any prior manipulation, the supports being
      preferably fastened directly on the working parts of the firearm.
PAR  One can then advantageously have the transverse partition connecting the
      two hoops extend over the entire length of the upper strips of said hoops
      and extend the said partition, to the front and the rear, by two vertical
      partitions, one of which connects the front edges of the rear uprights
      together and the other of which connects the rear edges of the front
      upright together. In this way two vertical channels are established which
      are open towards the rear and towards the front respectively, and connect
      with the two ends of the upper sighting channel.
PAR  When the firearm comprises a recocking member which protrudes above the
      rear portion of the launching tube, the said member may advantageously, in
      the event that the hood of the forestock of the firearm has a base on
      which there are hoops, extend in height beyond the upper wall of the said
      base, passing through a longitudinal opening provided for this purpose in
      the said upper wall, the said cocking member being thus free to slide
      while being protected against accidental blows by the said hoops.
PAR  When the firearm is to be able to be used for the firing of anti-personnel
      grenades with curved fire (such a use then taking place by aiming the
      weapon at a height of about 45.degree. with its trigger directed toward
      the marksman, that is to say, with its super-structures directed towards
      the ground) and when the forestock of the same firearm comprises a hood
      with hoops, one can advantageously provide the firearm in question with at
      least one grenade-launching sighting system comprising a front sight borne
      by one of the hoops of the said hood and a peephole borne laterally (on
      the side of the hoop bearing the front sight) by the housing of the said
      forestock, the line of sight determined by the front sight and said
      peephole forming, at least approximately, an angle of about 45.degree.
      with the axis of the launching tube.
PAR  If necessary the continuity of the grenade-launching line of sight defined
      by the front sight and the peephole can be assured, at the level of the
      base of the hood, by an opening provided in the floor of a lateral recess
      provided in the side wall of the said hood located on the front-sight
      side.
PAR  Finally, mention should be made that the two component parts of the
      forestock of the forearm (housing and hood) can advantageously be formed
      of a molded synthetic material, and advantageously of a laminated material
      having a base of fibers and of synthetic resin.
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PAR  In order to illustrate the various arrangements which have just been
      mentioned, a preferred (but in no way limitative) embodiment of the
      invention will now be described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 shows diagrammatically in perspective, and with its forestock shown
      in removed position, an assault rifle developed in accordance with the
      invention,
PAR  FIG. 2 shows, under the same conditions, the said assault rifle with its
      forestock mounted,
PAR  FIG. 3 shows, in end view, the sighting device of this assault rifle,
PAR  FIG. 4 shows schematically the said assult rifle in position of firing for
      the launching of grenades, and
PAR  FIG. 5, finally, is a partial side view on a larger scale of the said
      assault rifle shown in this same position of firing for the launching of
      grenades.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The automatic firearm shown in forestock-removed view in FIG. 1 and in
      forestock-mounted view in FIG. 2 is an assault rifle comprising a
      launching tube 1 the rear portion of which is surrounded by a forestock 2
      serving as support for the tube 1. The forestock 2 is extended towards the
      rear by a buttstock 3 which the marksman can bring to his shoulder.
PAR  In accordance with the invention, the forestock 2 of this weapon is formed
      of two separate parts which are removable independently of each other,
      namely:
PAR  on the one hand, a lower housing 2a serving as support for the trigger
      mechanism 4 of the weapon, the trigger 4a proper, and a pistol grip 5,
PAR  and, on the other hand, an upper hood 2b adapted to protect a recocking
      level 6 controlling a recocking rod 7 and sighting members such as a
      peephole 8 borne by a support 9 and a front sight 10 borne by a support
      11, the said supports 9 and 11 being firmly connected to the launching
      tube 1 and extending vertically up from said tube 1.
PAR  The housing 2a is fastened removably on the one hand towards the front to
      the launching tube 1 by two screws 12 adapted to be screwed into a
      threaded transverse rod 13 rigidly connected with said tube 1, and on the
      other hand towards the rear to the support 14 of the breech mechanism by a
      screw 15, the said support 14 being rigidly connected with the buttstock 3
      of the weapon.
PAR  As for the hood 2b, it is fastened removably to the launching tube 1 on the
      one hand by the engagement, in a case 16 borne by said hood, of a stud 17
      which is rigidly connected with the tube 1, and on the other hand by the
      engagement of an elastic locking pin 18 in facing orifices 19 and 20
      provided in the side walls of the hood 2b and in the base of the support 9
      of the peephole 8 respectively (which support is rigidly connected with
      the launching tube 1).
PAR  The hood 2b comprises essentially:
PAR  a longitudinal base adapted to fit over the upper portion of the weapon
      proper at the rear region of the tube 1. The base, which constitutes the
      main element of the hood, being indicated for this reason in FIGS. 1 and 2
      by the reference number 2b which up to now designated the entire hood,
PAR  two hoops 21 forming a carrying handle, extending above the base and each
      comprising a front upright 21a and a rear upright 21b connected by an
      upper strip 21c parallel to the tube 1, the said uprights and the said
      strip being formed of a single flat piece whose plane is directed
      vertically,
PAR  and a transverse partition 21d connecting the lower edges of the bars 21c
      and having at its two ends extensions 21e (one of which is visible in FIG.
      3) which are bent back at a right angle and connect the uprights of the
      same nature (front or rear) of the two hoops 21.
PAR  The transverse partition 21d and the strips 21c define a sighting channel C
      into which the peephole 8 and the front sight 10 protrude, as can be noted
      from FIG. 3, the support 9 of the said peephole being protected laterally
      by the two rear uprights 21b and towards the front by the rear extension
      21e, while the support 11 of the front sight 10 is protected laterally by
      the two front uprights 21a and towards the rear by the front extension
      21e.
PAR  A longitudinal opening 22 is provided in the upper wall of the base of the
      hood 2b for the passage of the recocking lever 6 which is thus protected
      by the two hoops 21 and the transverse partition 21d.
PAR  In FIG. 4 (in which the same reference numbers designate the same parts as
      in FIGS. 1 to 3) the assault rifle is shown in mortar-firing position. The
      rifle is inclined approximately 45.degree. with its housing 2a turned
      towards the marksman, the buttstock 3 resting on the ground.
PAR  The assault rifle in question is provided, for the firing of mortars, and
      as shown in greater detail in FIG. 5, with a special sighting system which
      comprises:
PAR  a front sight 23 borne by the outer wall of the front end of one of the
      strips 21c,
PAR  a peephole 24 provided in the floor of the housing 2a on the same side as
      the front sight 23, and an opening 25 provided in the floor of a lateral
      recess 26 provided in the side wall of the hood 2b located on the same
      side as the front sight 23, the said opening making it possible to
      establish continuity of the line of sight V defined by the front sight 23
      and the peephole 24, as clearly visible in FIG. 5.
PAR  Finally, it should be pointed out that the housing 2a, the hood 2b and the
      buttstock 3 are formed of a laminated material having a base of fibers and
      synthetic resin.
PAR  As goes without saying, and as furthermore is evident already from the
      foregoing, the invention is in no way limited to that one of its methods
      of application, nor to those of the embodiments of its various parts which
      have been more particularly indicated; rather, it covers all variants.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A firearm comprising:
PA1  a breech housing,
PA1  a launching tube,
PA1  a forestock, said forestock surrounding the rear portion of said launching
      tube, said forestock comprising:
PA1  a lower housing portion for supporting firing mechanisms, said housing
      portion being fastened by removable fastening means to the launching tube
      and to the breech housing,
PA1  an upper hood portion for protecting mechanisms in the upper region of the
      firearm, said hood portion being fastened by removable fastening means to
      said launching tube, said hood portion comprising:
PA2  a longitudinal base in the form of an inverted channel adapted to come over
      the upper portion of the firearm near the rear region of the launching
      tube,
PA2  two hoops forming a carrying handle permitting a marksman to carry the
      firearm, said hoops extending above said base and the two hoops each
      comprising a front upright and a rear upright connected together by a flat
      upper strip which is directed vertically and extends parallel to the axis
      of the launching tube, and
PA2  a transverse partition connecting the lower edges of the upper strips of
      the two hoops at least over the major portion of their length, said
      transverse partition together with the upper strips defining a channel
      which is open towards the top, is parallel to the axis of the tube, and
      forms a sighting channel, and
PA1  said upper portion and said lower portion are two separate parts which are
      removable independently of each other.
NUM  2.
PAR  2. A firearm as claimed in claim 1, further comprising a sighting device
      comprising a rear peephole and a front sight, said peephole having a
      support, said front sight having a support, the support of the peephole
      being housed between the rear uprights of the hoops of the hood portion,
      the support of the front sight being housing between the front uprights of
      said hoops, and said supports being mounted in fixed position and said
      peephole and said front sight protruding into the sighting channel.
NUM  3.
PAR  3. A firearm as claimed in claim 2, wherein:
PA1  the transverse partition connecting the two hoops of the hood portion
      extends over the entire length of the upper strips of said hoops and is
      extended, at the front and the rear, by two vertical partitions which
      connect together the two front uprights and the two rear uprights
      respectively.
NUM  4.
PAR  4. A firearm as claimed in claim 3 further comprising, a recocking member
      protruding above the rear portion of the tube,
PA1  said member protruding above the base of the hood portion of the forestock,
      and
PA1  said base has a longitudinal opening permitting the passage and sliding of
      said recocking member.
NUM  5.
PAR  5. A firearm as claimed in claim 4 wherein:
PA1  the lower housing portion and the upper hood portion of the forestock are
      made of a molded synthetic material.
NUM  6.
PAR  6. A firearm as claimed in claim 5 wherein:
PA1  said material is a laminated material having a base of fibers and synthetic
      resin.
NUM  7.
PAR  7. A firearm as claimed in claim 1 comprising a sighting device for the
      launching of grenades,
PA1  said sighting device comprising a front sight borne by one of the hoops of
      the hood portion of the forestock and a peephole borne laterally by the
      housing portion of said forestock,
PA1  and the line of sight is defined by said front sight and said peephole
      forming, at least approximately, an angle of the order of 45.degree. with
      the axis of the launching tube.
NUM  8.
PAR  8. A firearm as claimed in claim 7 comprising:
PA1  a recess in the side wall of the base of said hood portion on the same side
      as said front sight,
PA1  a floor in said recess, and an opening in said floor for assuring the
      continuity of the line of sight defined by the front sight and the
      peephole.
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ABST
PAL  A device for rapidly emptying a cartridge magazine of the type which feeds
      alternately from a right and a left feed lip. The top-most cartridge in
      the magazine is disengaged from the feed lip by slightly depressing the
      other cartridges in the magazine. The top cartridge can then fall out. The
      process is repeated as each cartridge reaches the top. The last cartridge
      is disengaged by slightly depressing the follower.
BSUM
PAR  The detachable magazine has become the predominant type for modern firearms
      and particularly for military firearms. The most commonly used type holds
      the cartridges in a stack consisting of two staggered rows. The term stack
      is appropriate because the cartridges move toward the feeding positions as
      a group. At the feeding positions are curved retaining lips, commonly
      known as feed lips. There are two such lips, which alternate in retaining
      the top cartridge in a feeding position ready for ramming into the barrel.
      The distance between the lips is greater than the diameter of the
      cartridge, so the magazine can readily be filled by pressing cartridges
      through the space between the lips, whereupon they take up the described
      stack formation with the topmost cartridge engaging one of the lips. The
      entire stack is pushed toward the lips by the cartridge follower, which is
      acted on by the compressed magazine spring.
PAR  Enormous quantities of magazines are in use today. In military forces each
      user carries several extra magazines for his firearm. Experience has shown
      that these extra magazines and those carried in the firearm itself are
      sometimes exposed to sand, dust, and other foreign matter, which can
      adhere to the cartridges and cause malfunctioning of the firearm.
PAR  The obvious remedy is to clean the magazines and cartridges as soon as
      convenient after exposure to foreign matter. The cartridges can be removed
      from the magazine by hand but this is a relatively slow operation and is
      somewhat of an inconvenience. A quicker and easier method of emptying
      magazines would encourage the user to perform cleaning whenever necessary.
PAR  In consideration of the foregoing the principal object of this invention is
      to provide a magazine emptying device.
PAR  Another object is to provide a magazine emptying device which may be
      mounted on a firearm, or on accessories for a firearm.
DRWD
PAR  These and other objects of the present invention will be apparent upon
      reference to the following specification, taken in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a cross-section of the feed end of a typical magazine with
      cartridges therein.
PAR  FIG. 2 is a similar to FIG. 1 but an emptying device is partly inserted
      into the magazine.
PAR  FIG. 3 is similar to FIG. 2 but the emptying device is fully inserted and
      the top-most cartridge has been dropped out of the magazine.
PAR  FIG. 4 shows the effect of moving the emptying device while it is fully
      inserted into the magazine.
PAR  FIG. 5 shows a partial view of a firearm having magazine emptying devices
      affixed thereto.
PAR  FIG. 6 shows a firearm sling buckle having a magazine emptying device
      affixed thereto.
PAR  FIG. 7 shows a bayonet scabbard having a magazine emptying device affixed
      thereto.
PAR  FIG. 8 shows a bayonet having a magazine emptying device affixed thereto.
PAR  FIG. 9 shows a firearm bipod having a magazine emptying device affixed
      thereto.
PAR  FIG. 10 shows a cartridge clip having a magazine emptying device affixed
      thereto.
PAR  FIG. 11 shows a clip guide having a magazine emptying device affixed
      thereto.
PAR  FIG. 12 shows a firearm tool having a magazine emptying device affixed
      thereto.
DETD
PAR  Referring now to the drawings in detail, FIG. 1 shows a portion of a
      cartridge magazine having a casing 5, lips 6 and 7, and a follower 8 which
      is pushed toward the lips by spring 9. Also within the casing are
      cartridges 1, 2, 3, and 4. Cartridge 4 is engaged with lip 7 in the
      well-known manner as a result of the thrust of the spring against the
      follower and the stack of cartridges.
PAR  FIG. 2 shows the magazine and cartridges in the same condition as FIG. 1,
      but a stud 10 has been inserted between lips 6 and 7 and is contacting
      cartridge 3. The stud is fixed on a mounting plate 11 which may be
      independent, or may be part of a firearm or firearm accessory. It will be
      noted in FIG. 2 that there is a slight gap between surface 12 of plate 11
      and lips 6 and 7.
PAR  In FIG. 3 the gap has been closed by exerting thrust on the magazine toward
      the stud. (The same effect can be produced by thrusting the stud into the
      magazine.) This displaces the stack of cartridges away from the lips so
      that cartridge 4 is no longer engaged by friction against lip 7. The
      magazine being held in a proper position, the cartridge can then slide out
      under the influence of gravity.
PAR  Assuming the stud to be fixed, the magazine is now moved to the left, and
      the stack of cartridges will move toward the lips until cartridge 2
      contacts stud 10 as shown in FIG. 4. In this condition cartridge 3 is no
      longer retained by friction against lip 6 and has fallen out.
PAR   This procedure is repeated for each cartridge, the only difference being
      that as the last cartridge slides out, stud 10 will be depressing follower
      8. Of course the dimensions of stud 10 must be so chosen that it can
      depress the stack only slightly, to release one cartridge. Surface 12 of
      plate 11 sets a limit on such displacement of the stack when it contacts
      the lips of the magazine.
PAR  The length of the stud, parallel to the longitudinal axis of the cartridges
      in the magazine, should be so chosen as to be suitable for exerting thrust
      on a sufficient portion of the length of the second cartridge to maintain
      the equilibrium of the stack against the thrust of the spring. The length
      may vary for different cartridges, or different magazines. In FIG. 5 it
      may be noted that stud 19 is shown approximately one half the
      front-to-rear dimension of magazine 16, which is approximately the length
      of the contained cartridges. In actual practice it has been found that
      studs as short as one third or even one fourth of the length of the
      cartridge can be used in some cases. The width of the stud relative to the
      diameter of the cartridge can also vary. It is not intended to limit the
      disclosure to any particular dimension relative to the size of a cartridge
      or a magazine.
PAR  FIG. 5 shows a portion of a firearm having a receiver 13, a firing grip 14,
      a magazine housing 15, and a magazine 16 inserted in said housing. FIG. 5
      is not intended to represent any particular model of firearm.
PAR  Protruding from grip 14 is stud 17. The lower surface 18 of the grip can
      serve to limit the insertion of the stud into a magazine in the manner
      described hereinbefore.
PAR  It is not necessary to mount the stud at any certain position on the
      firearm. Several possibilities can be suggested. For example stud 19 can
      protrude from below magazine 16, with the lower surface 20 of the magazine
      serving as a limit in the manner previously described for surface 18. In
      this instance one magazine, with stud, could be used to empty another
      magazine.
PAR  Various other possibilities can be suggested for mounting the stud so as to
      be always conveniently available. FIG. 6 shows a stud 21, fixed on rib 22
      of buckle 23, which is intended for use with the sling of a firearm. The
      surface of buckle 23 serves as a limit for insertion of the stud into a
      magazine.
PAR  An emptying device as shown in FIG. 2, 3, and 4 could be made as a separate
      item and carried in the hollow space 24 indicated by the broken lines on
      grip 14 in FIG. 5. Another possibility would be to make stud 17
      detachable, or retractable, for storage in the said space 24.
PAR  FIG. 7 shows an emptying device mounted on a bayonet scabbard. The scabbard
      has a belt loop 25 and a sheath 26. Fixed on the flat surface of the
      sheath is stud 27 which is used as an emptying device, while the surface
      of the sheath limits insertion of the stud into a magazine.
PAR  FIG. 8 shows a bayonet having a blade 28, a guard 29, and a grip 30.
      Protruding from the base of the grip is stud 31 which serves as an
      emptying device, while surface 32 of the grip serves to limit insertion of
      the stud into a magazine. An alternate location for the stud could be on
      guard 29.
PAR  FIG. 9 shows a bipod having legs 33 and 33a and a collar 34 for supporting
      a firearm. Stud 35 protruding from the side of the collar can serve as an
      emptying device while surface 36 of the collar can limit insertion of the
      stud into a magazine.
PAR  FIG. 10 shows the back of a cartridge clip 37 having stud 38 affixed
      thereto. The surface of the clip can limit insertion of the stud into a
      magazine.
PAR  FIG. 11 shows the back of a clip guide 39 with stud 40 affixed thereto. The
      surface of the guide can limit insertion of the stud into a magazine.
PAR  FIG. 12 shows a firearm tool 41 having wrench slots 42 and 43, and a
      screwdriver end 44. Mounted on the flat surface of the tool is a stud 45
      which can serve as an emptying devicej while the flat surface of tool
      limits insertion of the stud into a magazine.
PAR  There is thus disclosed a simple emptying device which can be mounted on
      firearms or their accessories. The illustrations are exemplary only and
      should not be considered as limiting the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A magazine emptying device comprising: mounting means having a stud
      fixed integrally thereto, said stud being inserted into a feed mouth of a
      magazine and positionally adapted for exerting thrust against a cartridge
      in said magazine adjacent to the cartridge nearest said feed mouth; and
      means to limit insertion of said stud into said feed mouth.
NUM  2.
PAR  2. A magazine emptying device as set forth in claim 1 further characterized
      by said mounting means comprising a surface of a firearm.
NUM  3.
PAR  3. A magazine emptying device as set forth in claim 1 further characterized
      by said mounting means comprising part of a bayonet.
NUM  4.
PAR  4. A magazine emptying device as set forth in claim 1 further characterized
      by said mounting means comprising part of a scabbard.
NUM  5.
PAR  5. A magazine emptying device as set forth in claim 1 further characterized
      by said mounting means comprising a cartridge clip.
NUM  6.
PAR  6. A magazine emptying device as set forth in claim 1 further characterized
      by said mounting means comprising a clip guide.
NUM  7.
PAR  7. A magazine emptying device as set forth in claim 1 further characterized
      by said mounting means comprising a bipod.
NUM  8.
PAR  8. A magazine emptying device as set forth in claim 1 further characterized
      by said mounting means comprising a sling buckle.
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PAL  A fowl decoy having an inverted U-shaped body with open front and rear
      ends. A head is releasably connected to the top of the front of the body
      with a projection located in an opening. A downwardly directed leg is
      releasably connected to the midsection of the body to support the body in
      a field. The body has a second opening accommodating the upper end of the
      leg. Flotation means attached to the sides of the body enables the decoy
      to be used on water.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION:
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      414,918, filed Nov. 12, 1973 now abandoned.
PAC  BACKGROUND OF INVENTION:
PAR  1. Field of the Invention
PAR  The present invention relates to a decoy to attract wild game. More
      particularly, the invention is directed to a fowl decoy, as a duck or
      goose, used by sportsmen to attract the attention of wild fowl and entice
      them to alight on land or water.
PAR  2. Prior Art
PAR  Fowl decoys are conventionally one-piece head and body construction of
      wood, plastic or paper simulating the design and color of fowl, as wild
      ducks and geese. Attempts have been made to make a decoy in several parts
      to facilitate storage and transportation of the decoy. Strater et al. in
      1874 in U.S. Pat. No. 156,239 and Hurd in 1923 in U.S. Pat. No. 1,447,474
      show decoys having shell bodies carrying heads which can be separated from
      the bodies. Supporting decoy bodies on an upright leg is disclosed in U.S.
      Pat. No. 957,750 and U.S. Pat. No. 1,062,713.
PAC  SUMMARY OF INVENTION
PAR  The invention is a decoy that simulates the shape and action of a fowl, as
      a wild duck, goose or the like. The decoy has a body simulating the body
      of the fowl. The body is shaped in a generally inverted U-shaped member
      which has open front and rear ends. The body acts as a vane or rudder in
      the wind so that the decoy will turn or face the wind in accordance with
      the natural instinct of wild fowl. Head means simulating the head of a
      fowl is releasably connected to the body. Coacting means on the body and
      head means releasably connect the head means to the body. The coacting
      means is a tongue and groove structural arrangement which can take the
      form of a keyhole slot in the body and a projection on the head means. The
      projection has a groove engaging the edge of the body forming the keyhole
      slot. In another form, the coacting means has a threaded projection
      cooperating with a flexible foam washer to securely hold the head means on
      the body. The coacting means can be a pair of movable legs which abut
      against the body to hold the head assembly on the body. The decoy is
      usable in a field with an upright leg. The upright leg has a groove
      accommodating the edges of the body forming an opening to releasably
      attach the leg to the body. Flotation members attached to the body insure
      that the body will float on water.
PAR  An object of the invention is to provide a decoy with a body that can be
      manufactured at a low cost, easily set up and taken apart and nested for
      storage and transportation. A further object of the invention is to
      provide a decoy with a body construction which is responsive to the
      movement of the wind so that the decoy will face into or align itself with
      the wind in accordance with the natural instincts of wild fowl. Another
      object of the invention is to provide a decoy that can be used in the
      field or on water and has interchangeable parts. Yet another object of the
      invention is to provide a decoy with a body and head assembly that has
      coacting releasable structure that firmly holds the head in a fixed
      position on the body. A further object of the invention is to provide a
      decoy with structure which connects the head and body that has means for
      anchoring the decoy when used on a body of water.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a fowl decoy of the invention;
PAR  FIG. 2 is a top plan view of the fowl decoy of FIG. 1;
PAR  FIG. 3 is a bottom plan view of the fowl decoy of FIG. 1;
PAR  FIG. 4 is a front elevational view of the fowl decoy of FIG. 1;
PAR  FIG. 5 is a rear relevational view of the fowl decoy of FIG. 1;
PAR  FIG. 6 is an enlarged sectional view taken along the line 6--6 of FIG. 3;
PAR  FIG. 7 is an enlarged sectional view taken along the line 7--7 of FIG. 3;
PAR  FIG. 8 is a fragmentary view of a fowl decoy equipped with a water
      flotation assembly;
PAR  FIG. 9 is an enlarged sectional view taken along the line 9--9 of FIG. 8;
PAR  FIG. 10 is a sectional view similar to FIG. 9 showing a modification of the
      flotation structure for the fowl decoy of FIG. 1;
PAR  FIG. 11 is a side elevational view of a fowl decoy of the invention
      floating on a body of water;
PAR  FIG. 12 is an enlarged sectional view taken along the line 12--12 of FIG.
      11;
PAR  FIG. 13 is an enlarged sectional view taken along the line 13--13 of FIG.
      12;
PAR  FIG. 14 is a fragmentary elevational view, partly sectioned, of a support
      used to hold the decoy in a field position;
PAR  FIG. 15 is a modification of the holding structure retaining the head
      assembly on the decoy body for the fowl decoy of the invention; and
PAR  FIG. 16 is a sectional view taken along line 16--16 of FIG. 15.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-5, there is shown a water fowl decoy indicated
      generally at 10 in the general outline of a duck. The decoy 10 can also
      have the shape of other fowl, as geese or other birds. Decoy 10 has a
      one-piece body indicated generally at 11 having a generally inverted
      U-shape. Body 11 is a one-piece member formed from construction material
      as wood, compressed paper, plastic, rubber, sheet metal and the like. Body
      11 has a central longitudinal back 12 terminating in a slightly upwardly
      directed tail 13. Integral with the back 12 are downwardly and outwardly
      curved sides 14 and 16. As shown in FIGS. 2 and 3, sides 14 and 16 have
      upwardly and inwardly tapered rear edges 17 and 18. The rear of the body
      11 has an opening 19 permitting air to flow through the body between the
      sides 14 and 16.
PAR  The sides 14 and 16 have upwardly curved front edges 21 and 22 forming the
      breast outline of the decoy. The space between the curved front edges 21
      and 22 provides a front opening 23 whereby moving air can flow through the
      decoy. The sides 14 and 16, having linear shapes, provide vanes for
      aligning the decoy with the moving air. This assures that the decoy will
      be positioned into the wind.
PAR  A head assembly indicated generally at 24 is releasably attached to the
      forward portion of the back 12. Head assembly 24 has a fowl-shaped head 26
      carrying a forwardly extended bill 27. Integral with the head is a
      downwardly directed neck 28. The head, bill and neck are formed from an
      expanded foam material, as polystyrene. Other materials, as wood, metal,
      paper and plastic, can be used to form the head, bill and neck. The neck
      has a generally flat bottom surface 29 located in tight surface engagement
      with back 12 so that the angular position of the head on the body can be
      changed and remains in the changed position. This holding action of the
      surface 29 on body 11 is achieved in all positions of the head assembly
      24. In other words, the head assembly 24 can be turned 360.degree.
      relative to the body without releasing the head assembly 24 from the body
      and the head assembly 24 will remain in its changed position as the
      surface 29 is in tight frictional engagement with the top of body 11.
PAR  As shown in FIG. 7, a downwardly directed member or projection indicated
      generally at 31 is secured to the neck 28. Projection 31 has a part 32
      embedded in a bore or recess in the bottom of neck 28 to firmly attach the
      projection 31 to the neck 28. The projection 31 extends through a keyhole
      opening 33 in the back 12. The keyhole opening 33 has an enlarged circular
      portion open to an elongated linear portion which is defined with a
      continuous edge 36. The projection 31 has a groove 34 having a width to
      accommodate the thickness of the back 12. The groove 34 has a depth
      sufficient to permit the projection 31 to move into the slot portion of
      the keyhole opening. The edge portions located in the groove 34 connect
      the projection to the back 12.
PAR  The head assembly 24 can be rotated about a generally upright axis to
      thereby angularly position the head with respect to the body. As shown in
      FIGS. 1-5, the head is longitudinally aligned with the longitudinal axis
      of the body. The head assembly 24 can be rotated about a generally upright
      axis so that the bill 27 is at an angle with respect to the longitudinal
      axis of the body. The head assembly 224 can be provided with an elongated
      and downwardly curved neck known as a "feeder neck." Bill 27 would be
      directed toward the supporting surface, or water, to simulate a feeding
      waterfowl.
PAR  The body 11 is supported above the surface of the ground with a generally
      upright support or leg 37. The lower end 38 of the leg has a point to
      facilitate penetration into the ground. The upper end 39 of leg 37 extends
      through a keyhole opening 41 in the central portion of the back 12. They
      keyhole opening 41 has a circular portion and a forwardly directed slot.
      The back has a continuous edge 42 forming the keyhole opening. The upper
      end 39 of the leg has a groove 43 to accommodate the side edges 42 of the
      slot. The end 39 of the leg can prevent rotation of the body. The slot 43
      can be continuous or circular whereby the body can rotate about the
      upright axis of the leg 37.
PAR  Referring to FIGS. 8 and 9, a flotation assembly indicated generally at 44
      is attached to the lower edge of side 16. It is understood that side 14
      has a similar flotation assembly whereby the body can float in water.
      Flotation assembly 44 comprises a pair of generally U-shaped clips 46 and
      47 that are positioned over the lower portions of side 16. Each clip has a
      slight indentation 48 which provides an inwardly directed projection or
      nipple that fits into a hole 49 in side 16. As shown in FIGS. 2 and 3,
      side walls 14 and 16 each have two holes 49 for accommodating the clips of
      the flotation assembly. An elongated strip of buoyant material 51 is
      secured to the inside portions of the clips 46 and 47 with adhesive 52 or
      other suitable attaching means. Member 51 extends along the inside of side
      16 and has a length substantially equal to the side. The member 51 can be
      a foamed plastic, such as polystyrene or polyurethane, wood or like
      floatable materials.
PAR  Referring to FIG. 10, there is shown a modification of the flotation
      assembly for supporting the body on a body of water. The flotation
      assembly comprises an elongated floating member 53 secured to the inside
      of side 16. Member 53 can be foamed plastic material attached to side 16
      with an adhesive 54. Rivets, bolts or other fastening can also be used to
      attach member 53 to side 16. Member 53 can extend the full length of sides
      14 and 16.
PAR  In use, the water fowl decoy is arranged in a field by inserting the leg 37
      into the ground. The upper end of the leg is inserted through keyhole
      opening 41. The back 12 is aligned with groove 43 wherein the leg 37 is
      moved into the slot portion of the keyhole opening and thereby connects
      the body of the leg. The head assembly 24 is attached to the body by
      inserting the projections 31 through the large or round portions of
      keyhole opening 33. The projection 31 is then linearly moved back into the
      slot portion of the opening with the groove 34 aligned with the back 12.
      This positions the bottom surface 29 in firm engagement with the top of
      back 12 and connects the head assembly 24 to the back 12. The head
      assembly 24 can be rotated about a generally upright axis of projection 31
      to angularly orient the head relative to the body as desired.
PAR  When the decoy is used on water, leg 37 is not attached to the body. A
      flotation assembly 44 is attached to each side 14 and 16. This is
      accomplished by placing clips 46 and 47 over the bottom portions of the
      side wall with the identations 48 in alignment with the holes 49. The
      elongated floatable member 51 is located adjacent the inside of sides 14
      and 16 where they do not interfere with the outside appearance of the
      decoy which may detract the wild waterfowl. The waterfowl decoy can be
      anchored with an anchor line. The anchor line can have a connector which
      can fit into the keyhole opening 33 and attach to the back 12. The
      anchoring of body 11 at its forward portion will permit the body to align
      itself into the wind to follow the natural position of a waterfowl on
      water.
PAR  Body 11 equipped with a floating material, as shown in FIG. 10, is usable
      on water without any special attachments. Leg 37 is not attached to the
      body. The anchor means is used to anchor the decoy in the body. An
      anchoring means, as described with respect to FIGS. 8 and 9, can be used
      to anchor the body having the flotation material of FIG. 10.
PAR  Referring to FIG. 11, there is shown a water fowl decoy indicated generally
      at 100, floating on a body of water 110, as a lake, pond, stream or the
      like. The decoy 100 has the shape of a goose, having a feeder head. Other
      shapes of fowl, as ducks, birds and other types, can be used.
PAR  Decoy 100 has a one-piece shell type body indicated generally at 111. Body
      111 has a generally inverted U-shape and can be formed from construction
      material, as wood, compressed paper, plastic, rubber, sheet metal or the
      like. Body 111 has an elongated longitudinal back 112 terminating in an
      upwardly and outwardly directed tail 113. Integral with the back 112 are
      downwardly and outwardly curved sides 114 and 115. Each side 114 and 115
      has a rearwardly directed wing ornamentation 116. Sides 114 and 115 have
      upwardly curved rear edges 117 providing the back outline of the decoy.
      The breast of the decoy is formed by upwardly curved convex front edges
      121. Edges 117 and 121 form the inlet and outlet openings to the
      passageway 118 which extends longitudinally through body 111. Passageway
      118 is of sufficient size to permit air to flow through the decoy. Sides
      114 and 115 have linear, generally flat shapes and provide vanes for
      aligning the decoy in the direction of movement of the air as the air
      flows through the passageway 118. This insures that the decoy 100 will be
      positioned into the wind like a natural waterfowl.
PAR  A head assembly indicated generally at 124 is releasably mounted on the
      forward portion of the back 112 of the body 111. Head assembly 124, as
      shown in FIG. 11, has a goose head 126 attached to an elongated curved
      neck 127. As shown in FIG. 12, the neck 127 is a two-piece shell structure
      127A and 127B. The shell structures 127A and 127B are secured together
      with suitable bonding material or adhesive at their adjacent edges to form
      an elongated hollow neck. The head 126 can also be a shell type structure
      that is secured together to form head 126. Referring to FIG. 13, head
      assembly 124 has a generally flat annular surface 128 located in tight
      surface engagement with the top of back 112. A connector or projection
      member indicated generally at 129 is operative to releasably mount the
      head assembly 124 on back 112. The connector 129 has a base 131 that is
      attached to the end of the neck 127. The end of neck 127 has a large
      annular surface 128 and end structure for mounting base 131 to theneck
      127. This can be accomplished with adhesive material or with suitable
      fastening means, such as rivets or the like.
PAR  Connector 129 has a threaded neck 132 joined to a downwardly converging
      tapered head 133. A ring 134 is integral with the end of head 133. Ring
      134 has an eye 136. As shown in FIG. 11, an elongated flexible member 141,
      as a cord or line, is attached to ring 134 and to an anchor 142. Connector
      129 performs the additional function of providing a means for attaching
      the anchor to the decoy at the front of the decoy so that the anchoring of
      the decoy will not interfere with the heading of the decoy into the wind.
PAR  As shown in FIG. 13, the threaded neck 132 projects through hole 137 in the
      back 112. An annular holder or nut member 138 surrounds the neck 132 and
      cooperates with the threads thereon to securely mount the neck 127 on the
      back 112. Nut member 138 is a foamed plastic member having a hole aligned
      with hole 137. The hole in the nut member 138 is smaller than hole 137
      whereby the threads of neck 132 firmly engage the nut member. Other
      materials including rigid materials, as metal, wood and the like, can be
      used for the nut member 138. An adhesive 139 or other suitable bonding
      material is used to secure the nut member 138 to the bottom of back 112.
      Other types of fastening means, as nuts and bolts or rivets, can be used
      to attach the nut member 138 to back 112. The nut member 138 can be an
      integral extension of back 112 which is formed into the back during
      molding of the body 111.
PAR  Referring to FIG. 12, body 111 is supported on the surface of the water 110
      with a flotation means indicated generally at 143. The flotation means are
      attached to the forward and rearward sections of the sides 114 and 115 so
      that body 111 is level on the water 110. The flotation means 143 comprise
      a transverse foamed plastic member 144 located between sides 114 and 115.
      Generally inverted U-shaped clips 146 and 147 are attached to opposite
      ends of member 144. The clips have a width so that they snap onto the
      lower edges of sides 114 and 115. The outer portion of each clip has an
      inwardly directed indentation 148 which extends into a hole 149 in the
      sides 114 and 115. The U-shaped clip structure is shown in detail in FIG.
      9. The clips can be readily removed from the body 111 to facilitate
      stacking a plurality of bodies to minimize storage and transportation
      space.
PAR  Referring to FIG. 14, there is shown an upright support or leg attached to
      the midportion of body back 112. The stake 151 is used to support the body
      on the ground when the decoy is in field use. The stake has a pointed
      lower end 152 and a threaded upper end 153. The stake can be made of
      metal, wood, plastic, or similar rigid materials. The body has an enlarged
      portion or nut member 154 having an opening 156. The threaded upper end
      153 cooperates with the nut member 154 to attach the stake 151 to the body
      111. The nut member 154 can be replaced with an integral hub or boss on
      the inside of body 111. Other types of connections can be used to attach
      the support or stake 151 to the midportion of body 111. A keyhole slot
      structure shown in FIGS. 3 and 6 can be used to attach stake 151 to the
      body back 112.
PAR  Referring to FIGS. 15 and 16, there is shown a modification of the coacting
      means indicated generally at 200 for mounting a fowl head assembly 201 to
      aa fowl body 202. Head assembly 201 can have the shape of head assembly
      124 or head assembly 24. Body 202 has the stucture of body 111, including
      a back section 203 having a circular hole 204. Head assembly 201 has a
      neck section 206 having an annular bottom surface 207 positioned in tight
      frictional engagement with the top of back section 203. This position is
      maintained by coacting means 200 in all angular positions of the head
      asembly 201 on body 202.
PAR  Coacting means 200 includes a projection, pin, or connector 208 having a
      base 209 attached to neck section 206 with adhesive, glue or fasteners, as
      rivets, bolts and the like. Pin 208 extends through hole 204 and has a
      cone-shaped or tapered lower end 211 carrying an eye member 212. An anchor
      line or cord 213 is attached to eye member 212. Cord 213 can be attached
      to an anchor similar to anchor 142 shown in FIG. 11.
PAR  Holding means indicated generally at 214 are mounted on pin 208 and engage
      the inside of body 202 to hold the head assembly 201 on the body 202.
      Holding means 214 has a pair of legs or clip members 216 and 217 having a
      base 218 and inwardly projected feet or flanges 219 and 220. As shown in
      FIG. 16, legs 216 and 217 are located adjacent opposite sides of pin 208.
      Base 218 extends through the lower end of pin 208 and can be embedded
      therein or located within a transverse passage in pin 208. Legs 216 and
      217 are flexible spring members. Legs 216 and 217 may be formed from metal
      and other flexible spring material. The feet 219 and 220 are in engagement
      with the back section 203 of body 202 so that legs 216 and 217 bias the
      neck surface 207 in engagement with back section 203.
PAR  Pin 208 has recesses or holes 221 and 222 for receiving feet 219 and 220
      respectively. Feet 216 and 217 are biased or moved inwardly adjacent pin
      208 so that the pin 208 and feet 216 and 217 can be extracted from hole
      204. This removes the head assembly 201 from body 202. Head assembly 201
      is mounted on body 202 by moving pin 208 through hole 204. Legs 216 and
      217 are moved toward pin 208 with feet 219 and 220 extending into recesses
      221 and 222. As soon as feet 219 and 220 pass through hole 204, legs 216
      and 217 spring outwardly moving feet 219 and 220 into engagement with the
      inside wall of back section 203. The sides of pin 208 can be provided with
      vertical grooves to accommodate legs 216 and 217 so that the pin 208 and
      legs 216 and 217 can be moved through hole 204. A soft rubber or plastic
      washer can be interposed between the feet 219 and 220 to hold surface 207
      in firm engagement with back section 203.
PAR  The decoy has been described with respect to preferred embodiments thereof.
      It is understood that changes and modifications may be made by those
      skilled in the art without departing from the invention. For example, the
      body 11 can vary in size and shape to simulate various types of fowl. The
      body can be made of structural materials, including but not limited to
      wood, metal, plastic, rubber, paper, cardboard and the like. Head assembly
      24 can have various shapes including the feeding shape, nesting shape or
      sleeping shape. The head assembly can be made of various materials such as
      foamed plastic, rigid plastic, wood, metal, paper or the like. The
      coacting releasable connection between the head assembly and body can
      include a screw and washer to tighten the head to the body. A wire spring
      can be used to hold the head on the body. Also, the body can have a
      projection which fits into a hole in the head. The projection 32 can be an
      integral part of the head and form the projection which fits through the
      hole in the body. The projection has a groove to accommodate the edge of
      the body forming the hole. The projection can be two or more spaced parts
      which can be moved together to enable the projection to fit through a hole
      in the body. The head assembly and body can be decorated with various
      color combinations to simulate the colors of wild waterfowl.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A decoy comprising: body means simulating the body of a fowl, said body
      means comprising an inverted generally U-shaped member having a back
      section, downwardly directed sides joined to the back section, and a
      longitudinal passage through said member with open forward and rear ends
      whereby fluids can flow through said body means to orient the body means
      with the direction of the flow on the fluids, head means simulating the
      head of a fowl releasably connected to said member, and coacting means on
      said member and head means to releasably attach the head means to the
      member, said coacting means including first means on said head means to
      permit rotation of the head means about an upright axis, and second means
      on the member accommodating the first means to hold the head means in
      assembled relation with the member and permit said rotation of the head
      means, said second means including an opening in the back section, said
      first means including projection means on said head means extended through
      said opening, and means cooperating with the projection means and back
      section to hole the bottom surface of the head means in firm surface
      engagement with the back section, said means cooperating with the
      projection means and back section including a plurality of leg members
      mounted on the projecton means and engageable with the back section, said
      leg members having inwardly directed feet engageable with the back
      section, said projection means having recesses to accommodate the feet
      whereby the projection means and leg members can be inserted through said
      opening in the back section.
NUM  2.
PAR  2. The decoy of claim 1 wherein: the plurality of leg members are a pair of
      yieldable spring members.
NUM  3.
PAR  3. The decoy of claim 2 wherein: the spring members have a common base
      extended through the projection means.
NUM  4.
PAR  4. The decoy of claim 1 wherein: the leg members are yieldable spring
      members.
NUM  5.
PAR  5. The decoy of claim 1 including: anchor means to anchor the decoy in a
      body of water, and cord means connecting the anchor means to the first
      means of the coacting means.
NUM  6.
PAR  6. The decoy of claim 1 including: leg means releasably attached to the
      body means to support the body above a surface, and coacting means on said
      body means and leg means to releasably attach the leg means to the body
      means.
NUM  7.
PAR  7. The decoy of claim 1 including: flotation means attached to the sides to
      float the decoy on water.
NUM  8.
PAR  8. The decoy of claim 7 wherein: the flotation means includes clip means
      releasably connected to said sides.
NUM  9.
PAR  9. The decoy of claim 7 wherein: the flotation means includes elongated
      plastic foam members extended along said sides of the body means.
NUM  10.
PAR  10. A decoy comprising: body means simulating the body of a fowl, said body
      means having a member having a back section and downwardly directed sides
      joined to the back section, head means simulating the head of a fowl
      releasably connected to said member, and coacting means on said member and
      head means to releasably attach the head means to the member, said
      coacting means including first means on said head means to permit rotation
      of the head means about an upright axis, and second means on the member
      accommodating the first means to hold the head means in assembled relation
      with the member and permit said rotation of the head means, said second
      means including an opening in the back section, said first means including
      projection means on said head means extended through said opening, and
      means cooperating with the projection means and back section to hold the
      bottom surface of the head means in firm surface engagement with the back
      section, said means cooperating with the projection means and back section
      including a plurality of leg members mounted on the projecton means and
      engageable with the back section, said leg members having inwardly
      directed feet engageable with the back section, said projection means
      having recesses to accommodate the feet whereby the projection means and
      leg members can be inserted through said opening in the back section.
NUM  11.
PAR  11. The decoy of claim 10 wherein: the plurality of leg members are a pair
      of yieldable spring members.
NUM  12.
PAR  12. The decoy of claim 11 wherein: the members have a common base extended
      through the projection means.
NUM  13.
PAR  13. The decoy of claim 10 wherein: the leg members are yieldable spring
      members.
NUM  14.
PAR  14. The decoy of claim 10 including: anchor means to anchor the decoy in a
      body of water, and cord means connecting the anchor means to the first
      means of the coacting means.
NUM  15.
PAR  15. The decoy of claim 10 including: flotation means attached to the sides
      to float the decoy on water.
NUM  16.
PAR  16. The decoy of claim 15 wherein: the flotation means includes clip means
      releasably connected to said sides.
NUM  17.
PAR  17. The decoy of claim 10 wherein: the member of the body means is an
      inverted generally U-shaped sheet member.
NUM  18.
PAR  18. The decoy of claim 10 wherein: the member of the body means is an
      inverted U-shaped member having an open forward end and an open rear end
      whereby air can flow through said body means.
NUM  19.
PAR  19. A decoy comprising: a body member simulating the body of a creature,
      said body member having a back section and downwardly directed sides
      joined to the back section, head means simulating the head of the creature
      releasably connected to said member, and coacting means on said member and
      head means to releasably attach the head means to the member, said
      coacting means including first means on said head means to permit rotation
      of the head means about an upright axis, and second means on the member
      accommodating the first member to hold the head means in assembled
      relation with the member and permit said rotation of the head means, said
      second means including an opening in the back section, said first means
      including projection means on said head means extended through said
      opening, and means cooperating with the projecton means and back section
      to hold the bottom surface of the head means in surface engagement with
      the back section, said means cooperating with the projection means and
      back section including at least one leg member mounted on the projection
      means and engageable with the back section, said leg member having an
      inwardly directed foot engageable with the back section, said projection
      means having a recess to accommodate the foot whereby the projection means
      and leg member can be inserted through said opening in the back section.
NUM  20.
PAR  20. The decoy of claim 19 wherein: the leg member is a yieldable spring
      member.
NUM  21.
PAR  21. The decoy of claim 20 wherein: the spring member has a base extended
      through the projection means.
NUM  22.
PAR  22. The decoy of claim 19 including; anchor means to anchor the decoy in a
      body of water, and cord means connected to the anchor means and to the
      first means of the coacting means.
NUM  23.
PAR  23. The decoy of claim 19 including: flotation means attached to the sides
      to float the decoy on water.
NUM  24.
PAR  24. The decoy of claim 23 wherein: the flotation means includes clip means
      releasably connected to the sides of the member.
NUM  25.
PAR  25. The decoy of claim 19 wherein: the body member is an inverted generally
      U-shaped sheet member.
NUM  26.
PAR  26. The decoy of claim 19 wherein: the body member is an inverted U-shaped
      member having an open forward end and an open rear end whereby air can
      flow through said body member.
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ABST
PAL  An extensible rollup device comprises an elongated resiliently flexible
      tape body having a transversely arched bias which maintains the body
      relatively stiffly extended until bias at one terminal portion is
      overcome, such terminal portion provided with a utility element which
      avoids interferring with extensibility and is adapted to be rolled up in
      the device. The utility element may comprise a hook, a claw, weight,
      banner, etc. At its opposite terminal portion the body may have a handle.
      Rollup sensitivity control, rollup timing delay and rollup stop are
      provided.
BSUM
PAR  This invention relates to extensible tape devices, and is more particularly
      concerned with utilizing rollup tape of the resiliently flexible type
      having a transversely arched bias and provided on one terminal with a
      utility element and a handle area at its opposite terminal.
PAR  The use of extensible rollup tapes as collapsible rulers is well known.
      Telescopic and foldable rod-like members for various purposes as well
      known.
PAR  A principle aim of the present invention is to provide an extensible rollup
      device in which the advantages of rollup compactness and simplicity of
      construction of rollup tape are adapted for various utilitarian functions
      requiring a rod-like extension in use.
PAR  It is, accordingly, an important object of the present invention to provide
      a new and improved extensible device provided with utility means at one
      terminal and handle means at the opposite terminal.
PAR  Another object of the invention is to provide a new and improved rollup
      tape device adapted for numerous and varied utilitarian functions.
PAR  A further object of the invention is to provide a new and improved handle
      means for an extensible rollup tape device.
PAR  Still another object of the invention is to provide a new and improved
      rollup tape device with rollup sensitivity control means.
PAR  Yet another object of the invention is to provide a new and improved rollup
      tape device having novel rollup timing means.
PAR  A still further object of the invention is to provide new and improved
      rollup stop means for a rollup tape device.
PAR  According to features of the invention there is provided an extensible
      rollup device comprising an elongated resiliently flexible tape body
      having a normal rollup bias, and a transversely arching bias for retaining
      the body selectively extended in opposition to the rollup bias. Rollup of
      the extended body is triggered by relatively flattening a terminal portion
      of the extended tape to overcome the arching bias. A utility element is
      carried on the terminal portion of the body, in noninterfering relation to
      functioning of the rollup bias and the arching bias, and adapted to be
      rolled up within the tape.
PAR  Another feature of the invention resides in providing a new and improved
      handle structure for extensible rollup tape devices.
PAR  A further feature of the invention resides in providing new and improved
      rollup sensitivity control means in extensible rollup tape devices.
PAR  A yet further feature of the invention resides in providing rollup timing
      or delay means for extensible rollup tape devices.
PAR  An additional feature of the invention resides in providing new and
      improved rollup stop means for extensible rollup tape devices.
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PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of some preferred embodiments
      thereof, taken in conjunction with the accompanying drawings although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts embodied in the disclosure, and in
      which:
PAR  FIG. 1 is an isometric view of one form of the device embodying features of
      the invention;
PAR  FIG. 2 is an enlarged sectional detail view taken substantially along the
      line II--II of FIG. 1;
PAR  FIG. 3 is an enlarged sectional detail view taken substantially along the
      line III--III of FIG. 1;
PAR  FIG. 4 is an enlarged sectional detail view taken substantially along the
      line IV--IV of FIG. 1;
PAR  FIG. 5 is an isometric view of a modification of the device;
PAR  FIG. 6 is an enlarged fragmentary side elevational view of the head
      terminal end portion of the device of FIG. 5;
PAR  FIG. 7 is a fragmentary isometric view of another modification of the
      device;
PAR  FIG. 8 is a fragmentary isometric view of the head terminal portion of a
      further modification of the device;
PAR  FIG. 9 is a side elevational view of the device of FIG. 8 demonstrating one
      particular utility thereof;
PAR  FIG. 10 is another view of the device of FIG. 8 showing a further utility
      thereof;
PAR  FIG. 11 is is an isometric view showing yet another modification of the
      device;
PAR  FIG. 12 is an enlarged transverse sectional detail view taken substantially
      along the line XII--XII of FIG. 11; and
PAR  FIG. 13 is a plan view of still another modification.
DETD
PAR  In FIG. 1 there is depicted a representative extensible rollup device 15
      embodying features of the invention and including an elongated resiliently
      flexible tape body 17 of suitable length and width for the intended
      purpose, having a normal rollup bias and a transversely arched holding
      bias when straightened out so that it can be rolled up into a compact roll
      as shown in dash outline, and can be extended into a straight bar-like
      form as shown in full outline. Rollup of the extended body 17 is adapted
      to be triggered by relatively flattening a terminal portion of the
      extended tape to overcome the arching bias. The rollup bias is then
      automatically effective to rollup the body 17 into a compact helical roll
      form. Any suitable material having the required spring characteristics may
      be used. Spring metal may be preferred for reasons of economy.
PAR  Carried on one terminal portion of the body 17 and what may be termed the
      head end portion, is a utility element 18 which may be a separately formed
      piece attached to the body 17 or, as shown, an extension integral in one
      piece from the terminal head portion of the body. In this instance, the
      element 18 comprises a hook which is sufficiently narrow and so located on
      the longitudinal center of the body at juncture with the body to avoid
      interfering with functioning of the arching bias, and of a small enough
      diameter to avoid interfering with functioning of the rollup bias so that
      the hook 18 is adapted to be rolled up within the tape but will extend
      effectively from the head end of the tape when the body 17 is extended.
      This hook element 18 may be utilized for any preferred function such as a
      grab hook or finger or to have something attached thereto, being for the
      latter purpose provided adjacent to its distal end or tip with a suitable
      hole 19. The element 18 may be turned in either direction as shown in full
      and dash outline in FIG. 1, and may serve as an effective trip or trigger
      lever in either position to initiate rollup of the body 17.
PAR  At its opposite terminal end portion, the body 17 serves as a handle 20
      which can be grasped for manipulating the device. To facilitate grasping
      the handle portion 20, it is desirably provided with means providing a
      handle cover 21, in a preferred form comprising an elastic tape such as an
      elastomeric electrician's tape wrapped spiral fashion onto the handle
      portion. While the elastic tape handle wrapping 21 will hold the handle
      portion 20 throughout its length against normal tendency toward snapping
      from the elongated arching bias mode into the rollup mode, when it is
      desired to roll the handle portion onto the rolled up remainder of the
      body 17 that can be effected by stretching of the wrapping 21 as indicated
      in dash outline in FIG. 4 so that the handle portion 20 can go into the
      rollup mode and be wound onto the wound up or coiled body 17, as indicated
      in dash outline in FIG. 1.
PAR  Means are provided for controlling sensitivity of the body 17 to transition
      from the arching bias mode to the rollup bias mode. In a desirable form
      this comprises an arching tension control or modulator member 22 of
      substantially rigid structure and conveniently comprising an arched metal
      band of a length to extend across the body 17 and having return bent or
      looped terminals 23 (FIG. 2) at its opposite ends and directed toward one
      another in spaced opposition. The radius of the member 22 and the spacing
      of the retaining terminals 23 from the body of the member are such that
      the body 17 can be received within the member 22 in fully biased
      transversely arched relation, and the spacing between the insides of the
      loops defined by the underturned terminals 23 in such that the tape body
      17 can flatten out completely for rollup when desired. Control over the
      sensitivity of the body 17 to translation from the arching bias mode to
      the rollup bias mode is effected by means carried by the member 22,
      conveniently in the form of a pressure applying screw 24 threadedly
      mounted centrally in the body of the member 22 and adapted to be adjusted
      for pressing against the tape body 17 in opposition to its transverse
      arching bias to any incremental degree desired within a range from maximum
      resistance to translation from the arching bias mode to extreme
      sensitivity wherein even a slight counterforce on the head terminal
      portion of the body will cause it to snap into the rollup mode. In FIG. 2
      the maximum resistance to translation is indicated by a full line showing
      and adjusted more sensitive relationship attained by adjustment of the set
      screw 24 is indicated in dash outline. By adjusting the position of the
      sensitivity control member longitudinally along the head terminal portion
      of the body 17, sensitivity to pressure applied through the element 18 can
      be adjusted throughout a wide range.
PAR  Means are provided for controlling the extent of rollup of the body 17
      relative to the handle portion 20. Herein such means comprise a
      constrictor 25 (FIGS. 1 and 3) in the form of a rigid band conforming in
      arched shape to the maximum arched bias of the body 17 and having
      underturned terminals 27 providing respective opposed loops 28 within
      which the edges of the tape body 17 are engaged to hold the tape against
      flattening and thereby maintaining the arching bias at the point of
      engagement of the member 25 with the body 17. Thus by having the
      constrictor 25 adjacent to the handle portion 20, rollup of the body 17
      will be stopped at the constrictor. However, because the constrictor is in
      the form of a narrow band, the handle 20 can be wound onto the rolled up
      body 17 stopped at the constrictor 25. By shifting the constrictor 25
      longitudinally along the body 17, the point at which rollup is to be
      stopped can be selected. For a short rollup the constrictor 25 will be
      shifted toward the head end of the body 17. For a longer rollup the
      constrictor 25 can be shifted closer to the handle portion 20.
PAR  On reference to FIGS. 5 and 6, an adaptation of the device 15 for use as a
      fishing aid is demonstrated. For this purpose, a fishing line 29 is
      anchored at one end to the constrictor stop 25 as by means of an anchoring
      eye 30 on the stop member. Thence the fish line extends forwardly and is
      threaded reversely through the hole 19 in the terminal hook 18 and then
      passes through an eye member 31 secured to the body 17 on the longitudinal
      center thereof, a hole 32 (FIG. 1) being provided for this purpose spaced
      a suitable distance rearwardly from the hook element 18. From the eye 31,
      the line 29 extends forwardly past the hook 18 and is provided at its
      distal end with means such as a fishhook 33 and at a suitable point above
      the fishhook with a float 34. Fishing is accomplished in the usual manner
      using the device 15 as a fishpole, either holding the handle portion 20 in
      hand or setting it in a holder. When a fish strikes it on the fishhook 33,
      tension on the line 29 is felt at the tip of the trip level 18 which is
      pulled inwardly and acts as a trigger to initiate rollup of the body 17
      first relaxing the line as the lever 18 retreats toward the eye 31 and
      then after a short time interval jerking the line and setting the
      fishhook. Sensitivity of the trigger action can be controlled by means of
      the arching tension modulator 22. A similar but shorter timed snap release
      and hook setting jerk action may be attained by securing the fish line 29
      to the tip portion of the reversely turned trip lever 18 as shown in dash
      line in FIG. 6, wherein outward pull on the line by a striking fish trips
      the lever and triggers rollup, momentarily relaxing the line as the lever
      18 swings outwardly and then jerking the line as the lever snaps into the
      rollup.
PAR  For fishing convenience, where it is desired to have a more rigid pole
      arrangement for handling purposes, and relying on the rollup device
      primarily as a strike sensitive hook setting medium, the arrangement shown
      in FIG. 7 may be employed. This comprises a device 35 including an
      elongated resiliently flexible tape body 37 having on its head end a fish
      line actuated trigger arrangement the same as described for the device 15
      in FIGS. 5 and 6, but provided on its rear terminal portion with an
      integral ferrule-like structure 38 by which the device is attached as an
      extension on a pole 39. In this instance a fish line 40 extends through
      guide eyes 41 and 42 on the body 37 to a desired point on the pole 39 such
      as a reel or anchor (not shown). Similarly as described with respect to
      the device in FIGS. 5 and 6, a strike triggers the device 35 to snap from
      the extended mode to the rollup mode, thereby setting the hook.
PAR  In FIGS. 8, 9 and 10, an arrangement is exemplified wherein an elongated
      resiliently flexible tape body 43 having the same characteristics as the
      body 17 is provided with a utility element in the form of a claw structure
      44 adapted to receive a ball shaped member 45 such as a golfball. For this
      purpose, the claw structure 44 comprises one part 47 with three integral
      cooperatively arranged curved fingers comprising a pair of opposed fingers
      48 and an intermediate finger 49. Attachment of the claw 44 to the head
      terminal portion of the body 33 is by means of a bolt 50 adapted to secure
      the member 47 in any swivelly adjusted position desired on the convex side
      of the body 43 at its longitudinal center without interfering with arching
      or rollup bias of the body. A fourth claw finger 51 is secured in assembly
      with the member 47 by means of the bolt 50. Through this arrangement, the
      claw fingers 48, 49 and 51 can cooperate to provide a cage for retaining
      the ball member 45 therein as a weight. Thereby the device may be employed
      as a yo yo-like, snap-out and snap-back toy.
PAR  Means may be provided equipping the device to serve as a cap firing
      percussion device or noise maker. For this purpose the finger 49 is
      provided with an outturned reverse bent gripper flange 52 so that an
      explosive powder cap 53 inserted within the jaw provided by the flange 52
      can be detonated by striking the flange 52 against a surface S (FIG. 9)
      with the ball 45 providing a weight affording the necessary detonating
      thrust when the detonator strikes the surface S.
PAR  To permit use of the device as a golfball retriever, as shown in FIG. 10,
      the finger 51 is turned into the claw into nested relation within the
      finger 49, whereby the claw fingers 48 provide an opening through which
      the golfball 45 can be received into the claw. In order to facilitate
      entry of the golfball into the claw, the leading edges of the fingers 48
      are relieved as shown at 54, and the fingers 48 are biased resiliently
      toward one another with a clearance slightly undersize relative to the
      diameter of the ball 45. Thereby, with the opening into the claw provided
      between the fingers 48, as shown in FIG. 10, thrusting of the device
      axially toward the golfball 45 will receive the golfball in the claw so
      that the ball can then be lifted, as for example by causing the body 43 to
      translate into the rollup mode from the extended mode. Thereby the device
      can serve as a golfball retriever from waterholes, or as a retriever and
      pick up for persons having difficulty in stooping over to pick up a ball
      from the ground. By virtue of its capability of rolling into a compact
      unit, the device can be easily stored in a golfbag or carried in the
      user's pocket.
PAR  Having reference to FIG. 11, a device 55 according to features of the
      invention has an elongated resiliently flexible tape body 57 having a
      normal rollup bias, and a transversely arching bias for retaining the body
      selectively extended in opposition to the rollup bias and which is adapted
      to be manipulated from a rolled up condition into an extended condition
      wherein a utility element 58 attached to its head terminal end is fully
      extended from the opposite or handle terminal end. In this instance the
      element 58 may be merely a weight to facilitate selective extension of the
      device 55 from its rolled up condition. In this instance, as in each of
      the other forms of the device described, the element 58 is carried by the
      terminal of the body 57 on the convex side so that in the rollup mode the
      element 58 is rolled up within the body. In order to improve a yo-yo
      action for the device 55, rollup sensitivity control means are desirably
      provided in the form of side edge resiliently flexible binding 59 (FIGS.
      11 and 12) which is desirably in the form of elastomeric tape secured as
      by means of adhesive bonding along each longitudinal margin of the body 57
      but leaving the major extend of the body free. Thereby the arching bias of
      the body is uneffected, but the rollup bias is controlled and modulated to
      be at a slower rate than where the body 57 is free from the modulating
      means. By having the modulating tape 59 along the entire length of the
      body 57, a uniformly modulated slowing of the rollup action is attained.
      Such action can be modified by the width of the modulating tape 59 and the
      length along with the tape is applied to the body 57. For example, if the
      modulating tapes 59 are applied to only the rear half of the body 57, then
      there will be a rapid initial rollup action with slow down as the rollup
      reaches and includes the modulating tape 59. By varying the width and
      thickness of the modulating tape 59, numerous and varied actions can be
      attained. By proper selection of the material, weight and extend of
      coverage of the margins of the body 57 timed rollup is attainable. By
      utilizing a binding such as the handle wrap binder 21 at any point along
      the body of the device or throughout any length thereof, timing control of
      rollup can be even more effectively attained.
PAR  In FIG. 13 is exemplified another use for the present invention, comprising
      a device 60 provided with an elongated resiliently flexible tape body 61
      having a normal rollup bias, and a transversely arching bias for retaining
      the body selectively extending in opposition to the rollup bias and
      serving in extended mode as a standard for a banner 62, convenient for
      mobile advertising displays, athletic contest demonstrations, cheerleader
      accessory, convention and street demonstration placard device, etc. In a
      simple construction, the placard 62 comprises a suitable size sheet member
      such as paper carrying a desired inscription on either or both sides
      thereof and may have a light weight headbar 63 on its upper end with which
      a utility element central tab extension 64 on the head terminal of the
      body 61 is retainingly engaged, and means such as a slot 65 in the
      opposite or lower end portion of the placard 62 being provided for
      engagement therethrough of the body 61. The body 61 may be as long as
      desired for convenience in hoisting the placard 62 and may be provided
      with a handle similar to the handle portion 20 of FIG. 1 for convenient
      handling, rollup modulating means such as the edge strips 59 of FIG. 11,
      or the like. By virtue of the selectively extensible rollup body 61, the
      placard 62 can be conveniently rolled as indicated in dash outline for
      convenient handling in collapsed form and for storage, can be quickly and
      easily erected, and can be quickly and easily rerolled, as desired, by
      simply extending the body 61 or permitting it to roll up.
PAR  It will be understood that variations and modifications may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An extensible rollup device, comprising:
PA1  an elongated resiliently flexible tape body having a normal rollup bias,
      and a transversely arching bias for retaining the body selectively
      extended in opposition to said rollup bias;
PA1  rollup of the extended body being triggered by relatively flattening a
      terminal portion thereof to overcome the arching bias; and
PA1  a utility element carried on said terminal portion, in noninterfering
      relation to functioning of said rollup bias or said arching bias, and
      adapted to be rolled up within the tape.
NUM  2.
PAR  2. A device according to claim 1, wherein the opposite end portion of said
      body provides a manipulating handle.
NUM  3.
PAR  3. A device according to claim 2, wherein said handle has a wrap of rollup
      resisting material.
NUM  4.
PAR  4. A device according to claim 1, wherein the opposite terminal portion of
      said body has means receptive of a rod member.
NUM  5.
PAR  5. A device according to claim 1, wherein said body has means along at
      least a portion of its edge for modulating rollup.
NUM  6.
PAR  6. A devide according to claim 1, including rollup sensitivity controlling
      means carried by said body adjacent to said utility element.
NUM  7.
PAR  7. A device according to claim 1, including rollup stop means carried by
      said body intermediate its ends.
NUM  8.
PAR  8. A device according to claim 1, wherein said utility element comprises an
      integral extension from said terminal portion, said extension being
      substantialy narrower than the width of the body and providing a trip
      lever for initiating rollup.
NUM  9.
PAR  9. A device according to claim 1, provided with means adapting the device
      to serve as a fishing accessory, said utility element providing a trip
      lever for triggering rollup in response to fish line tension.
NUM  10.
PAR  10. A device according to claim 9, including fish line guide eye means
      carried by said body spaced from said utility element.
NUM  11.
PAR  11. A device according to claim 9, wherein said utility element comprises a
      lever extension turned relative to the face plane of the extended body and
      having a tip provided with means for connection with a fish line for
      trigger-responsiveness of the lever to fish line tension.
NUM  12.
PAR  12. A device according to claim 1, wherein said utility element comprises a
      structure formed separately from said body and attached to said terminal
      portion.
NUM  13.
PAR  13. A device according to claim 12, wherein said structure comprises a ball
      retainer.
NUM  14.
PAR  14. A device according to claim 1, wherein said utility element comprises a
      percussion instrument.
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PAL  An improved fish hook and assembly comprising a line for connection to a
      fishing reel and line, a leader element forming a line having a loop
      connecting the end of the line and a hook at its other end, and having a
      sink weight identity element connected at an intermediate point thereof, a
      weight leader having a loop end means at one end and being threaded onto
      the leader element between the sink weight identity element and its loop,
      a sleeve of essentially plastic material having a weight element at one
      end and a slot extending throughout the other end for receiving therein a
      hook when baited, together with a length of the weight leader and the
      leader element, and a distal end of the weight leader passing through an
      aperture at the bottom of the sleeve.
PARN
PAC  CROSS REFERENCE TO PRIOR ART
PAR  The present invention is an improvement over the following patents of
      interest:
TBL  Cordry             2,292,743                                              
     Burrous            2,475,736                                              
     Eguchi             2,260,705                                              
     Colbert            3,200,531                                              
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is an improvement in fish hook and assembly elements
      of that allowed a baited hook to drop to the bottom of the body of water
      being fished, without the bait on the hook being made available to fish,
      minnows, and the like that are intermediate the water surface and the area
      to be finally used for fishing. More particularly, the invention relates
      to an apparatus to provide simple, convenient, economical and effective
      means whereby a fisher can lower his baited hook to the bottom of the
      water of the bay and then cause his baited hook to be released from a
      sleeve while at the bottom, or to release the hook from the sleeve at any
      desired depth by marking his line so that his baited hook escapes bait
      stealing fish while the baited hook is on the way down to the bottom of
      the water, and thus permits the entire bait on the hook to be presented to
      the fish being sought after.
PAC  FIELD OF THE INVENTION
PAR  The invention comprises a plastic pipe or sleeve having a slot or aperture
      therein for receiving a baited hook and the attending weight line and the
      line carrying the hook, a weight in the bottom of the sleeve, so that the
      baited hook is dropped through the upper portion of a water body, so that
      the baited hook is removed from the sleeve when it reaches the area sought
      to be fished.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The prior art references cited above do not show the details, manner, and
      results that are accomplished by the new and unobvious structural
      combination of elements of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide novel, improved and
      uniquely unobvious structures for aiding the catch of snappers by using
      protectively baited hooks so that fish such as trigger fish, spade fish,
      and the like are not able to get at the baited hook before it reaches the
      bottom where the most of the snappers feed.
PAR  It is a further and additional object of the present invention to provide a
      device which may be lowered in the body of water until the sleeve
      container enclosing the baited hook is felt to touch the bottom of the
      water body, and then a slight jerk is given on the line so that the baited
      hook is released from the sleeve container and ready for fishing. A
      further object of the invention is to provide apparatus so that one may
      fish at a certain depth; when a mark on the line indicating the depth
      desired to be fished is reached, and the container with a baited hook on a
      line is lowered to that mark, the line is given a slight jerk and the
      baited hook is released from the container for fishing at that depth
      without loss of the bait.
PAR  A further object of the present invention is to provide a sleeve and
      container for a baited hook and the leader elements for the hook and the
      sinker so that a rubber band may be attached and secured about the sleeve
      for securing the leaders onto the sleeve until the step of slightly
      jerking the line is made, as described above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages of the invention will become
      apparent upon full consideration of the following detailed description and
      accompanying drawings in which:
PAR  FIG. 1 is a broken away elevation view of the improved fish hook and
      assembly according to a preferred and best mode of the present invention
      in which the hook is disposed within a sleeve of plastic material while it
      is lowered into the water until it reaches the bottom; and
PAR  FIG. 2 is a similar scaled and broken away side view of the sleeve showing
      the hook removed from the sleeve.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is shown an improved fish hook and
      assembly arrangement 10 in which there is a line 12 for connection to a
      fishing reel and line, a leader 14 forming a line having a loop 16 at one
      end for connection and being secured to the end of the line 12 and having
      a hook 18 at its other end. The hook 18 may be adapted for baits secured
      and hooked thereon in the usual manner. The line 12 has secured to it a
      weight leader 20 having a loop end means 22 disposed on the leader element
      between its loop and its sink weight identity element 24, the loop end
      means so constructed and sized to stop at the sink weight identity
      element. The sink weight identity element 24 is enclosed in a sleeve 26 of
      essentially plastic material so that the weight element is at one end
      thereon and throughout the other end of the sleeve is a slot 28 extending
      throughout and along the surface of the sleeve 26 and being constructed
      and arranged sufficiently large to receive the ingress and egress of the
      baited hook 18 together with a definite length of the weight leader 20.
PAR  There is an aperture 32 in the weighted end of the sleeve and in the distal
      end of the weight leader passing through the aperture and terminating in a
      cript sleeve 34. The weight leader 20 thus may pass readily through the
      weighted identity element 24.
PAR  It is noted that for best operation and functioning of the invention, that
      the sink weight element 24 should fill a substantial portion of the sleeve
      26. The sleeve 26 may be of plastic or of a metal that is resistent to
      corrosion and deterioration when exposed to water.
PAR  It is within the purview of the present invention to provide that when the
      leader 14 and the weighted leader 20 are disposed within the sleeve, that
      these are retained within the sleeve while being lowered through the water
      by means of retention such as a rubber band wrapped around the sleeve such
      as rubber band means 38.
PAR  It is seen that by the means of the present invention the baited hook may
      be lowered until it is felt to touch the bottom of the water area and then
      a slight jerk is given so that the biated hook is released from the sleeve
      and it is ready for fishing at that given depth for where snappers feed.
      In this way trigger fish, spade fish, and other fish which are not sought
      to be caught will not be able to empty the hook of the bait and the baited
      hook will be able to reach the bottom where most of the snappers are found
      to feed. The rubber band may be either lost in the jerk applied to the
      line or it may be disposed so that it will be retained in loose fashion on
      the sleeve or on the leader.
PAR  Additional embodiments of the invention in this specification will occur to
      others and, therefore, it is intended that the scope of the invention be
      limited only by the appended claims and not by the embodiments described
      hereinabove. Accordingly, reference should be made to the following claims
      in determining the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved fish hook and assembly comprising
PA1  a line for connection to a fishing reel and line,
PA1  a leader element forming a line having a loop for connection and being
      secured to the end of the line at one of its ends and having a hook at its
      other end and having a sink weight (leader) connected at an intermediate
      point of the leader element,
PA1  a weight leader having a loop end means disposed on said leader element
      between its loop and its weight identity element, said loop end means so
      sized to stop at the weight identity element,
PA1  a sleeve of essentially plastic metal material having a weight element at
      one end,
PA1  a slot extending along the exterior surface of said sleeve and sufficiently
      large to receive the ingress and egress of said hook when baited and a
      length of said weight leader and said leader element,
PA1  an aperture in the weighted end of said sleeve,
PA1  and the distal end of said weight leader passing through said aperture and
      terminating in a crimped sleeve,
PA1  said weight element filling a substantial portion of said sleeve,
PA1  said weight leader and said leader element being retained within said
      sleeve by a rubber band.
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PAL  A fish line holder comprising a housing having an internal cavity with a
      pair of parallel tapering walls into which a wedge is fitted. The wedge
      has a plurality of rollers along one edge, and a spring which forces it
      toward the narrow end of the tapering cavity. There is an opening at the
      small end of the housing, leading into the cavity into which can be
      positioned a fishing line or cord, usually a monofiliment line. After the
      cord is inserted in the space between the wedge and the wall of the
      cavity, the force of the spring pressing the wedge makes it possible to
      grip the cord. A release rod is inserted in the side of the wedge, which
      extends to the outside of the housing through a slot which is parallel to
      the internal surface on which the rollers run. Pressure on the release rod
      forces it back against the spring toward the large end of the cavity, thus
      releasing the grip of the wedge on the cord. Various terminations of the
      housings at the end opposite said opening can be provided such as a screw,
      hook, swivel or other means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies primarily in the field of fishing devices, or in the
      field of devices for fishermen, although it may be used in other fields of
      endeavor where small diameter flexible cords or wires are used. This
      device provides a simple and rapid method of grasping the end of a line or
      cord, obviating the need of tying a knot in such a line or cord.
PAR  In the use of fish lines and other small diameter cords, to attach an
      applicance such as lures, hooks or other tackle to the cord, it is
      necessary to thread the cord through a loop or opening in the appliance
      and to tie a knot in the end of the cord. With very small cords it is
      difficult to make such knots, particularly under field conditions.
      Therefore, this device is of considerable value in making quick
      connections between a cord and a device.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of this invention to provide a small lightweight
      device which can be attached to a fixture such as lures, hooks or other
      tackle for fishing or for quickly removably attaching cords to other
      devices.
PAR  The line holder of this invention comprises an elongated housing, which may
      be of generally tapering construction. The interior cavity of the housing
      is of rectangular cross-section. There are two parallel walls of selected
      spacing. The other two walls are at right angles to the first pair of
      parallel walls, but are not parallel to each other, but taper from one end
      of the housing toward the other end. There is a wedge inserted into this
      cavity, the wedge being of a thickness slightly less than the space
      between the parallel walls. The wedge is of the same angle of taper as the
      cavity. Means are provided along one edge of the wedge to provide a
      plurality of rollers which are adapted to freely roll along one of the
      tapering walls of the cavity. The second edge of the wedge is parallel to
      the second tapering wall of the cavity. Spring means are provided for
      urging the tapered wedge to the small end, where the second edge of the
      wedge makes contact with the second tapering wall of the cavity. Means are
      provided, such as by a release rod, to pull back the wedge toward the
      larger end of the cavity, thus creating a space between the second edge of
      the wedge and the second tapering wall. A string or cord of small diameter
      can be inserted through the open small end of the cavity into the space
      between the second edge of the wedge and the second tapering wall. When
      the release rod is released the spring forces the wedge toward the small
      end, securely compressing the cord or rod between the second edge of the
      wedge and the tapering wall and securely holding the cord or rod or wire
      to the housing.
PAR  At the large end of the housing there is a plug which forms a wall to close
      the cavity. Means are provided to hold this plug in the end of the
      housing. The plug may have attached to it a solid wire extension or a
      hook, clip, screw or other fastening means. Alternatively, a wire or small
      rod with a head may be positioned in a bored out portion of the plug so as
      to rotate in the header and act as a swivel connection.
PAR  Alternate means of retracting the tapered wedge are provided by means of a
      small gear wheel inserted into a machined cavity in the wall of the
      housing. The small gear wheel engages on its inner side, a rack cut into a
      sidewall of the wedge. The opposite side of the gear extends beyond the
      outer surface of the housing. By moving the finger across the outer
      surface of the gear it can be rotated about a short axle pressed into the
      housing, to move the wedge inwardly or outwardly in the tapered cavity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of this invention and a better
      understanding of the principles and details of the invention will be
      evident from the following description taken in conjunction with the
      appended drawings, in which:
PAR  FIGS. 1, 2 and 3 illustrate respectively an outside view of the device of
      this invention, a cross-section parallel to the plane of the wedge and a
      cross-section transverse to the axis of the housing.
PAR  FIGS. 4, 5, 6, 7 and 8 indicate variations of the manner of use of the
      device of this invention.
PAR  FIGS. 9, 10, 11 and 12 illustrate further uses of the device of this
      invention in conjunction with various types of fishermen's tackle.
PAR  FIGS. 13 and 14 illustrate two views of the device of this invention having
      an alternate means of externally controlling the position of the wedge
      inside of the housing.
PAR  FIG. 15 shows an alternate arrangement of the tapered wedge in which the
      surface which engages the cord is irregular to insure increased frictional
      contact with the cord.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and in particular to FIGS. 1, 2 and 3, there
      is shown an outside view, partly in dashed line, of one embodiment of this
      invention. The overall view of the fish line holder is indicated generally
      by the numeral 10. It comprises a circular housing which may be tapered
      and have a small end 12 and a large end 13. There is an internal space or
      cavity 11, inside of the housing which has a rectangular cross section as
      clearly shown in FIG. 3. There are two parallel walls 32A and 34A and
      there are two tapering walls 20 and 22. The small end 12 of the housing
      has an opening 21. The large end of the housing is closed by a plug 14
      which fits into a circular cut in the end of the housing of diameter
      comparable to that of the flange 15 of the plug. The plug 14 may have an
      extension in the form of a screw such as indicated in FIG. 7 or extensions
      in other desired forms. Preferably, it has a central opening 19 and a
      counter bore 16 so that a rod 17 with head 18 can be inserted into the
      opening 19, which will act as a swivel in the plug 14.
PAR  Inside of the internal space or cavity 11 is a tapered wedge 24 which has a
      taper between its two surfaces 30 and 28 which is of the same angle as the
      tapered walls 20 and 22 of the cavity. The wall 28 is adapted to roll on a
      plurality of rollers 26 or its wall may be an extension of the parallel
      wall 28A. The wedge can be moved from the large end toward the small end
      of the cavity. Eventually it will reach a point where the rollers contact
      the wall 22 and the surface 30 of the wedge contacts the surface 20 of the
      cavity. The wedge has a release or retrieval means, by which it can be
      moved from the small end to the large end. One form of release means
      comprises a rod 34 which is inserted into the side of the wedge. The rod
      34 extends to the outside of the housing through a slot 36 which is
      parallel to the surface 22 of the cavity. Thus, by grasping the rod 34 the
      wedge can be moved longitudinally inside of the cavity. A compression
      spring 40 is placed in the cavity between the wedge and the plug 14, so
      that the wedge is continually urged toward the small end of the cavity.
      After the wedge and rollers are inserted into the cavity the spring is
      placed in position and the plug is positioned into the counter bore at the
      end of the housing. Then the end of the housing is spun over the plug 14,
      grasping the flange 15 and locking the plug in place.
PAR  If a rod or cord 38 (most commonly in the form of a monofiliment line) is
      now inserted into the opening 21 in the small end 12, the cord or rod will
      move into the space 29 between the surfaces 30 and 20 into the position
      shown in FIGS. 2 and 3. The spring 40 will exert a force tending to drive
      the wedge to the left and it will securely grasp the cord or rod or wire
      38 and prevent its removal. It will be clear that after the cord is wedged
      into the space 11, between surfaces 30 and 20, any force tending to pull
      the cord out will cause the wedge to be moved to the left and will more
      securely clamp the cord.
PAR  As shown in FIG. 15, it is desirable to provide a roughened finish on the
      surface 30', so as to provide irregular convolutions that will dig into
      and hold the cord 38, so that as a tensile force is applied it will
      securely lock the cord to the wedge and cause the wedge to close even
      tighter, as the cord 38 is pulled. If desired, a flat surface 32 can be
      machined on the side of the housing so that the release rod 34 will
      project beyond the surface 32 so that it can be grasped and pulled back to
      release the rod or cord 38.
PAR  Referring now to FIGS. 4, 5, 6, 7 and 8, there are various configurations
      of the housing indicated in FIGS. 1, 2 and 3. Each of these housings are
      similar in internal construction to the drawings of FIGS. 1, 2 and 3.
      However, the rod 17 which is swiveled by its head 18 into the header 14
      can be of various designs providing an opening through which a spring clip
      or snap swivel 44 can be inserted so that a fish line inserted into the
      holder 10 can rotate with respect to the snap connector 44.
PAR  It will be obvious, because of the tapered nature of the wedge that cords
      or rods of various diameters can be inserted into and locked in position
      in the space 29. However, because of the limited range of longitudinal
      motion of the wedge it may be necessary to have holders designed with
      different size wedges for different ranges of size of cords.
PAR  FIG. 5 illustrates the use of two holders, back to back. These can be
      rigidly connected, or they can be rotatable, or swiveled, with respect to
      each other. Instead of having the two holders 10A and 10B rigidly fastened
      together they can be separated by a short length of rod 17 swiveling on
      one or both of the housings 10A and 10B or the rod 17 can be flexible.
PAR  FIG. 6 indicates a model in which the rod 16 is in the form of an open hook
      to which can be attached to another device and the hook closed. This
      provides an easy fastening between the holder and the device.
PAR  FIG. 7 indicates the construction in which the header 14 includes as an
      integral part a rod-like tapering screw 48 for attachment to a device.
      FIG. 8 indicates still another embodiment in which the rod 17 is of a long
      form, to which can be attached a device such as that indicated in FIG. 12.
PAR  FIGS. 9, 10, 11 and 12 illustrate the use of the embodiments of FIGS. 4, 6,
      7 and 8 respectively and need no further explanation.
PAR  Referring now to FIGS. 13 and 14, there is shown another embodiment having
      a different type of release means than the rod 34. This is in the form of
      a gear wheel 62 which is positioned in an opening of rectangular shape
      having walls 56. There is a cross opening, with walls 58 into which a
      short shaft can be pressed. There is clearance between the gear and its
      walls 56, but the shaft 60 is a tight press fit into its opening 58. The
      gear is adapted to run freely on the shaft 60. The plane of the gear is
      parallel to the internal surface 22 of the cavity.
PAR  On the wall of the wedge there is cut a rack 64, with which the gear wheel
      62 can mesh. The outer diameter of the gear 62 is such that a portion 66
      projects out beyond the outer surface of the housing, so that by movement
      of a finger across the tips 66 the gear wheel 62 it can be rotated about
      the shaft 60 and by engaging the rack 64 with the teeth of the gear the
      wedge can be moved longitudinally within the housing. This is equivalent
      to the use of the rod 34 operating in the slot 36 but appears to offer
      additional advantages.
PAR  While the device has been described as an adjunct to fishermen's tackle of
      various types and for use with small diameter fishing line, etc., this is
      by no means a limiting use and it can be utilized in many types of
      applications where a quick connection is desired between a rod or cord or
      wire to an attachment. The simple release control provides immediate
      disengagment and engagement between the cords and the holder.
PAR  On wall 22 of the internal cavity is desired to be of low coefficient of
      friction with the wedge surface 28A or the rollers 26. This can
      conveniently be done by coating these surfaces with Teflon or similar
      material as is well known in the art. The other walls 30 of the wedge and
      20 of the cavity are desired to be roughened or have a high coefficient of
      friction. There are many ways in which this can be done as is well known
      in the art.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A quick grasp and release line holder comprising:
PA1  a housing having an integral cavity, the cavity being defined by a
      rectangular cross section formed of first and second parallel side walls
      and a top and bottom which are tapered towards each other with a selected
      angle therebetween, the small end of said cavity opening to the oustide of
      said housing, the housing having a slot opening therein parallel the
      cavity bottom surface, the opening intersecting one of said side walls;
PA1  a tapered wedge inside said cavity, said wedge having parallel side
      surfaces spaced apart by a dimension less than the spacing between said
      first and second side walls of said cavity, and tapered top and bottom
      edges, the angle of taper of the edges being the same as the angle of
      taper of said top and bottom cavity walls;
PA1  spring means urging said wedge toward the small end of said cavity; and
PA1  a member connected to one side of said wedge extending through said housing
      side opening to retract said wedge against the force of said spring toward
      the large end of said cavity to permit the insertion of a line through the
      open end of said housing and between said cavity top surface and said
      wedge top edge.
NUM  2.
PAR  2. The holder as in claim 1 including means to fasten the end of said
      housing opposite to said open end to a selected device.
NUM  3.
PAR  3. The holder as in claim 2 in which said means to fasten includes swivel
      means.
NUM  4.
PAR  4. The holder as in claim 1 in which one of said top surface of said wedge
      and said top surface of said cavity is roughened to provide a high
      coefficient of friction to securely grasp a fishline inserted
      therebetween.
NUM  5.
PAR  5. A holder according to claim 1 including a plurality of rollers
      positioned between said wedge bottom edge and said cavity bottom surface.
NUM  6.
PAR  6. The holder as in claim 1 including a second holder, and means to attach
      said two holders together at the ends opposite to their open ends.
NUM  7.
PAR  7. The holder as in claim 6 in which said two holders are rigidly attached
      together.
NUM  8.
PAR  8. The holder as in claim 6 in which said two holders are rotatably
      attached together.
NUM  9.
PAR  9. The holder as in claim 1 in which said housing is externally tapered in
      toward the open end of said cavity.
NUM  10.
PAR  10. A quick grasp and release liner holder comprising:
PA1  a housing having an integral cavity, the cavity being defined by a
      rectangular cross section formed of first and second parallel side walls
      and a top and bottom which are tapered towards each other with a selected
      angle therebetween, the small end of said cavity opening to the outside of
      said housing, the housing having a side opening therein intersecting said
      first cavity side wall;
PA1  a tapered wedge inside said cavity, said wedge having parallel side
      surfaces spaced apart by a dimension less than the spacing between said
      first and second side walls of said cavity, and tapered top and bottom
      edges, the angle of taper of the edges being the same as the angle of
      taper of said top and bottom cavity walls, the side surface of the wedge
      facing said first cavity side wall having rack means thereon;
PA1  spring means to urge said wedge toward the small end of said cavity; and
PA1  a rotatable gear means in said housing side opening engaging said rack
      means to retract said wedge against the force of said spring toward the
      large end of said cavity to permit the insertion of a line through the
      open end of said housing and between said cavity top surface and said
      wedge top edge.
NUM  11.
PAR  11. The holder as in claim 10 including means to fasten the end of said
      housing opposite to said open end to a selected device.
NUM  12.
PAR  12. The holder as in claim 10 in which said means to fasten includes swivel
      means.
NUM  13.
PAR  13. The holder as in claim 10 including a second holder, and means to
      attach said two holders together at the ends opposite to their open ends.
NUM  14.
PAR  14. The holder as in claim 13 in which said two holders are rigidly
      attached together.
NUM  15.
PAR  15. The holder as in claim 13 in which said two holders are rotatably
      attached together.
NUM  16.
PAR  16. The holder as in claim 10 in which said housing is externally tapered
      in toward the open end of said cavity.
NUM  17.
PAR  17. The holder as in claim 10 in which one of said top surfaces of said
      wedge and said top surface of said cavity is roughened to provide a high
      coefficient of friction to securely grasp a fishline inserted
      therebetween.
NUM  18.
PAR  18. A holder according to claim 10 including a plurality of rollers
      positioned between said wedge bottom edge and said cavity bottom surface.
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ABST
PAL  Release means providing separation of a fishing sinker from remaining
      fishing gear upon a fish strike. A wire member engages, at its forward
      end, first and second eyelets of a fishing line attachment. Disposed
      between the eyelets and supported by the forward end of the wire member is
      a sinker line. Tensioning of the wire member during a fish strike, results
      in partial retraction of the wire member through the eyelets to release
      the sinker line. The wire member is of looped configuration and shaped so
      as to retain its position relative to the eyelets against all forces
      exerted thereon other than a tensioning force resulting from a fish
      strike. A modified form of wire member is reinforced intermediate its
      ends.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to fishing gear and specifically to
      gear incorporating means for sinker release upon a fish strike.
PAR  Known in the prior art are various types of fishing gear which provide for
      sinker release upon sudden tensioning of the fishing line or leader. The
      primary advantage of such arrangements is that the ensuing contest with
      the fish is not detracted from by the weight of a sinker. Examples of
      fishing gear providing for release of a submerged sinker are found in the
      following U.S. Pat. Nos. 3,081,574; 3,195,262; 3,218,751; and 3,605,319.
PAR  To the extent of present knowledge, none of the prior art arrangements are
      currently in wide use for one reason or another. Certain drawbacks are
      noted in one or more of the prior art arrangements, such drawbacks
      including the requirement that the sinker be of a specific configuration
      necessitating costly molding operations; the release means for the sinker
      is incapable of withstanding severe dynamic forces encountered in casting
      of a lure; complex wire configurations susceptible to snagging underwater
      obstructions or entanglement with the line as well as being costly to
      manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied within sinker release means including a
      fishing line attachment and a wire member which cooperate to retain a
      sinker until a fish strike, at which time relative movement between the
      line attachment and wire member serves to release the sinker.
PAR  Most sportsmen consider it highly desirable that the playing of a hooked
      fish be unhindered by sinker weight both for reasons of enjoyment as well
      as to avoid possible overstressing of the fishing gear. A configured wire
      member of the present arrangement in combination with a line attachment,
      shown as a three-way swivel, serve to releaseably attach a sinker line.
      The wire member is uniquely shaped so as to retain the fishing line
      attachment and the sinker attaching line against lengthwise movement along
      the wire member until a strike at which time the flexible nature of the
      wire permits shifting of the attachment therealong for sinker release.
      Conversely, in instances where the sinker is snagged on an underwater
      obstruction, the fishing line may be tensioned for sinker unsnagging
      purposes. In instances where the sinker cannot be unsnagged, the use of a
      lighter test sinker line will permit sinker separation to permit
      subsequent retrieval of the remaining fishing gear.
PAR  Important objects of the present invention fishing gear include the
      provision of: release means for a sinker actuated by the strike of a fish;
      release means operable in two stages to prevent undesired release when the
      lure is only "mouthed" by the fish; release means utilizing low cost
      components one of which is uniquely configured to accomplish present
      purposes; release means usable both with scrap metal weights as well as
      with costlier conventional lead weights; release means equally suitable
      for use in trolling, casting and still fishing in various bodies of water
      for a wide variety of game fish; release means permitting the fisherman to
      exert severe forces on the fishing line during sinker unsnagging efforts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing:
PAR  FIG. 1 is a side elevational view of the present release means shown in
      sinker retaining configuration,
PAR  FIG. 2 is a view similar to FIG. 1 subsequent to a fish strike but prior to
      sinker release,
PAR  FIG. 3 is a view similar to FIGS. 1 and 2 with sinker release being
      accomplished by partial disengagement of a line attachment from a wire
      component, and
PAR  FIG. 4 is a side elevational view of a modified form of the wire member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continuing reference to the accompanying drawing wherein applied
      reference numerals indicate parts similarly identified in the following
      specification, the reference numeral 1 indicates a fishing line which may
      be of any type and test best suited to the type of fishing. Line 1 may be
      considered either a trolling line or a casting line as the present
      invention is equally adaptable to all conventional types of sport fishing.
PAR  Indicated at 2 is a line attachment shown as a threeway swivel of the
      barrel type having one eyelet at 3 in attachment with line 1. Remaining
      eyelets 4 and 5, hereinafter termed first and second eyelets, are in
      engagement with the forward portion of a flexible wire member 6. Wire
      member 6 is normally less than one foot in length and terminates
      rearwardly in an eye 10 to receive a leader 8 with attachment being via a
      two-eye, barrel swivel 9. A leader 8, at its unseen end, is attached to a
      lure or bait with the length, test, lure and bait all being determined, of
      course, by the type of fishing being done.
PAR  With further attention to wire member 6, the forward portion comprises loop
      runs at 6A and 6B constituting a loop configuration. The transverse
      dimension of the loop configuration is somewhat greater than the inner
      diameter of first eyelet 4 for purposes later elaborated. The loop is
      closed intermediate its ends by bend 6C in close proximity to loop run 6A
      such closure constituting a yieldable stop for second eyelet 5. Passage of
      eyelet 5 past said closure at 6C takes place only upon a sudden pull on
      wire 6 such as that exerted by a striking fish.
PAR  Sinker attachment means in the form of a sinker line is indicated at 7,
      looped at 7A to releaseably attach a sinker S. With attention to FIG. 2,
      sinker line 7 normally remains in place on wire 6 trapped intermediate
      eyelets 4 and 5. Travel of said loop configuration rearwardly through
      eyelets 4 and 5 occurs during a fish strike. Such travel of the loop
      configuration is initially resisted by the constraining action of closure
      6C. Subsequent resistance is by reason of the transverse loop dimension
      being such to resist passage of first eyelet 4. Should the fish not remain
      hooked after the initial strike, sinker line 7 will not be released as per
      the FIG. 2 position. Assuming the fish remains hooked, further resistance
      by the fish causes the wire loop to eventually be withdrawn entirely from
      first eyelet 4 at which time sinker line loop 7A is released as per the
      FIG. 3 view. With the sinker line released, the action of the fish, as
      aforesaid, will be unencumbered and further the tackle and gear will not
      be subject to the added stress of the sinker weight.
PAR  In instances where the sinker S is snagged, a strong pull may be exerted
      for dislodgement purposes by reason of the pull forces being transmitted,
      substantially in a straight line, through line attachment 2, eyelet 4
      thereof and sinker attachment line 7 with relative movement between wire
      member 6 and said attachment line.
PAR  In FIG. 4 I show a modified form of wire member wherein like components are
      identified by prime reference numerals. A reinforcing wire member 11
      extends in substantially parallel relationship to main wire member 6' to
      contribute added rigidity to said main wire member. This latter form of
      the wire member is particularly suited to resist bending loads encountered
      during casting of a lure.
PAR  While I have shown but one embodiment of the invention it will be apparent
      to those skilled in the art that the invention may be embodied still
      otherwise without departing from the spirit and scope of the invention.
CLMS
STM  Having thus described the invention what is desired to be secured under a
      Letters Patent is:
NUM  1.
PAR  1. Sinker release means for fishing gear, said means including,
PA1  an attachment for securement to a fishing line, said attachment including
      first and second eyelets,
PA1  a flexible wire member interconnecting said line attachment with a length
      of leader ahead of a lure, said wire member of elongate loop configuration
      adjacent its forward end and thereat engaged with said eyelets and adapted
      to detachably support sinker attachment means, and
PA1  said first and second eyelets normally confining said sinker attachment
      means on said wire member, said wire member displaceable rearwardly
      relative to said eyelets upon a fish striking the lure whereby said sinker
      attachment means is released from said wire member.
NUM  2.
PAR  2. The sinker release means claimed in claim 1 wherein said second eyelet
      passes through said loop configuration.
NUM  3.
PAR  3. The sinker release means claimed in claim 2 wherein said second eyelet
      normally retains said wire member in place by contact with a closed
      portion of the loop, said closed portion of the loop yieldable upon a
      force being exerted lengthwise on said wire member during a fish strike to
      permit retraction of said wire member through the eyelets to release said
      sinker attachment means.
NUM  4.
PAR  4. The sinker release means claimed in claim 3 wherein said first eyelet
      encompasses said loop configuration of the wire member.
NUM  5.
PAR  5. The sinker release means claimed in claim 4 wherein said loop
      configuration is of a greater transverse dimension than the inside
      diameter of said first eyelet whereby the first eyelet yieldably resists
      rearward retraction of said wire member during a fish strike.
NUM  6.
PAR  6. The sinker release means claimed in claim 1 wherein said line attachment
      is a three-way swivel.
NUM  7.
PAR  7. The sinker release means claimed in claim 6 wherein said elongate loop
      configuration includes an intermediate closed portion, said first and
      second eyelets normally disposed on opposite sides of said closed portion.
NUM  8.
PAR  8. The sinker release means claimed in claim 7 wherein said second eyelet
      is slidably entrained on one run of the elongate loop configuration and is
      normally in restraining contact with said closed portion of the loop
      configuration to hold the wire member against all forces exerted thereon
      other than those resulting from a fish strike.
NUM  9.
PAR  9. The sinker release means claimed in claim 8 wherein said first eyelet
      extends transversely about said loop configuration of the wire member.
NUM  10.
PAR  10. The sinker release means claimed in claim 9 wherein said loop
      configuration is of a greater transverse dimension than the inside
      diameter of said first eyelet whereby the first eyelet yieldably resists
      rearward retraction of said wire member during a fish strike.
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ABST
PAL  An animal trap, using two jaws that are generally U-shaped and pivoted to
      the upturned ends of a base plate is characterized by having the animal
      engaging base portions of the jaws generally circular in cross section and
      the leg portions flattened to provide wedge members that hold the circular
      base portions spaced apart when the trap is closed, spring means for
      closing the jaws comprises two like leaf springs. Each leaf spring is of
      V-shape and has a lower circular end hole to receive the upturned end of
      the base plate, and a second circular end hole for sliding over the leg
      portions as the spring spreads. The spring leaf is cupped around the
      second circular end hole and widened substantially in the general
      longitudinal direction of the spring to provide a cam that can be placed
      directly under the jaw legs when the spring is turned crosswise with
      respect to the base plate to provide increased leverage on the jaws at the
      initial lift thereof from open position. The base plate carries a movable
      trigger support for the trap pan, operable to hold the pan raised and the
      jaws open.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The spring pressed jaw animal traps have been in use since before 1900 and
      over the years have remained generally the same. They embody a pair of
      generally U-shaped jaws of strong construction with the leg portions of
      the jaws having tip portions turned outwardly endwise in the jaw planes to
      provide pintles that are seated in spaced apart holes in upturned end
      portions of a base plate that also supports the pan and the latch by which
      one of the jaws is held open.
PAR  A novelty search of the prior patents disclosed U.S. Pat. No. 716,255 to
      Leonard using the structure just described wherein the jaws are closed by
      a single leaf spring of V-shape. Also in U.S. Pat. No. 1,337,149 to Nelson
      and Boode, a similar trap is shown embodying two V-shaped springs for
      lifting the jaws. These springs have holes in both ends and the metal
      around the holes is cupped so that greater leverage may be had at the
      beginning of the lift of the jaws by the springs. Another kind of jaw
      lifting spring is provided with a flaring shape 10 around the jaw opening
      11 in the U.S. Pat. No. 1,430,242 to Mullen.
PAR  The U.S. Pat. No. 2,333,828 uses coiled spring means to lift the jaws and
      the jaw engaging tubes 47 are flat topped to support the jaws in open
      position.
PAR  In all of these spring closed leg catching jaw traps, it has been a problem
      to so construct the trap as to securely hold the leg of the animal and not
      break or cut off the leg. Padding of the jaws with resilient leg engaging
      pads is disclosed in the U.S. Patent to Briddell, No. 2,146,464, also in
      the Maddox U.S. Pat. No. 1,825,193 and the O'Neil U.S. Pat. No. 2,316,970.
      In these patents as in all of the patents discussed herein, the leg
      engaging faces of the jaws are flat with corners at both edges of the flat
      face. Such a jaw face is apt to lead to chewing by the animal at these
      corners. If the face is a rubber or other yielding material, the material
      and the leg is chewed off at the corner and a crippled animal is returned
      to the wild.
PAC  PURPOSE OF THE INVENTION
PAR  The applicant traps predator animals such as coyotes to keep them from
      destroying such domestic animals as lambs, pigs, calves and colts. These
      predators also need to be kept in check to avoid the losses they cause
      among wild birds. The basic purpose of this invention is to improve the
      ability of the trap to catch a leg of the animal and hold it securely with
      the minimum damage to the leg.
PAR  Specifically, it is a purpose of the invention to provide, in combination,
      improved round cushion jaw portions for contacting the leg of the animal
      and leaf spring-jaw cam elements cooperating through angular adjustment of
      the spring to vary the initial lift capacity of the spring on the jaw
      while keeping the space within the jaw area of maximum size to receive the
      animal foot.
PAR  Another more specific object of the invention is to improve the
      pan-trigger-jaw mount on the trap base plate to keep the trigger and base
      plate within the area surrounded by the jaws when opened and to prevent
      the trigger from lifting the animal foot when the trigger is released.
PAR  Another object of the invention is to provide means for limiting the
      closing of the jaws together a limited amount so as to prevent the cutting
      of the leg tendons of the animal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of my trap in open position with the spring jaws
      thereof aligned endwise as they are when setting the trap;
PAR  FIG. 2 is a side view of the trap with the jaws in tripped position;
PAR  FIG. 3 is a top view of the trap, as it appears before setting, with the
      springs aligned endwise for being compressed;
PAR  FIG. 4 is a plan view of the trap in set position with the spring jaws
      turned crosswise into nearly parallelism with each other to bring the lift
      cams thereon into position to exert maximum lift on the jaws;
PAR  FIG. 5 is an enlarged sectional view on the line 5--5 of FIG. 4;
PAR  FIG. 6 is an enlarged fragmentary sectional view on the line 6--6 of FIG.
      4;
PAR  FIG. 7 is an enlarged fragmentary sectional view taken substantially on the
      line 7--7 of FIG. 3;
PAR  FIG. 8 is a sectional view on the line 8--8 of FIG. 7;
PAR  FIG. 9 is an enlarged sectional view on the line 9--9 of FIG. 3;
PAR  FIG. 10 is an enlarged sectional view on the line 10--10 of FIG. 2.
PAR  FIG. 11 is an enlarged top view of a modified set of jaws;
PAR  FIG. 12 is an enlarged top view of another modified set of jaws.
DETD
PAC  GENERAL DESCRIPTION
PAR  The invention as shown in the drawings includes a base plate 1 which may be
      of any suitable metal, usually of steel. This plate 1 is shown with two
      narrow upturned ends 2 and 3 and with a widened central portion 4. The end
      portions 2 and 3 are apertured with two pintle apertures 5 in each end.
      The base plate 1 also has two apertures 6 in the central portion to
      receive bolts 7 (see FIG. 6) that mount a pan carrying mount 8. The mount
      8 is a bar slotted at 9 for the bolts 7. Nuts 10 and washers 11 are used
      to clamp the mount 8 in the desired adjusted position on the base plate 1.
      The adjustment offered by the foregoing parts is needed to position a pan
      12 that has its pivot pin 13 journalled in two upturned tips 14 on one end
      of the bar 8. The pan 12 has a triggered portion 15 which engages a rib 16
      on one of the jaws 17 and 18 of the trap. The pivot pin 13 is centered in
      an extension 15a of the trigger portion 15 and preferably rotatably
      mounted in the portion 15a and fixed in the tips 14. The extension 15a and
      lips 14 keep the jaw from rocking sidewise.
PAR  The jaws 17 and 18 are alike. Each jaw has a base portion 19 which is
      circular in cross section and is bowed slightly. At the ends of the base
      portion 19 are leg portions 20 and 21 having out turned pintles 22 and 23
      to seat in the apertures 5 in the upturned ends 2 and 3 of the base plate
      1. The base portion 19 of each jaw has a covering 24 thereon. This
      covering is resilient and preferably is made of a tough natural or a
      synthetic rubber such as neoprene and bonded to the jaw metal. The spacing
      of the pintle apertures 5 is such that when the jaws are pressed together
      the coverings 24 on the base portions are in contact. Each jaw 17 or 18
      has one of its leg portions 20 flattened to provide upwardly diverging
      edges 20a and 20b. The other leg portion 21 of that jaw is flattened so as
      to provide an edge 21a diverging upwardly out of the plane of the jaw. The
      opposite edge 21b is parallel to the plane of the jaw.
PAR  In putting the jaws 17 and 18 on the base plate 1, they are so arranged
      that the leg portion 20 of the jaw 17 is alongside the leg portion 21 of
      the jaw 18 and the leg portion 21 of the jaw 17 is alongside the leg
      portion 20 of the jaw 18 with the edges 21b abutting the edges 20b to
      space the jaws slightly when the pintles are in the pintle apertures and
      the jaws are parallel. This is illustrated in FIGS. 7 and 9 of the
      drawings. This arrangement is of advantage in preventing the jaws from
      cutting the tendons in the animals leg by the metal of the jaws. The
      spacing of the base portions 19 of the jaws from each other preferably is
      such that the coverings 24 engage each other when the jaws are closed with
      no animal leg or foot between them.
PAR  The spring means for pressing the jaws toward each other and holding the
      animal's leg therebetween comprises two V-shaped leaf springs 25 and 26.
      Each leaf spring has one end 27 provided with an aperture 28 which
      receives one of the upturned ends 2 or 3 of the base plate 1. The other
      end 29 of each spring has an aperture 30 therein which is above the
      aperture 28 and moves upwardly around the leg portions 20 and 21 to urge
      the jaws 17 and 18 toward each other when the trigger portion 15 releases
      the rib 16 on the jaw that is held down.
PAR  The end 29 of the spring comprises a cam portion 31 around the aperture 30
      that is shaped as indicated best in FIGS. 3, 4, 7 and 8 to have extended
      raised rounded tips 32 and 33 directly opposite each other and much
      narrower sides 34 and 35 which complete the encirclement of the aperture
      30.
PAR  In setting a trap of this character it is customary for the trapper to
      extend the springs 25 and 26 endwise in line as shown in FIG. 3 of the
      drawings. By placing the base plate 1 on his leg just above the knee the
      trapper can press down on the springs 25 and 26 to force the ends 27 and
      29 both onto the ends 2 and 3 of the base plate 1 and thus free the jaw
      portions 20 and 21 from the springs and allow the jaws to fall into the
      open position illustrated in FIGS. 1, 4 and 5. Then he can use a finger to
      raise the pan 12 until the trigger portion 15 overlies the rib 16 on the
      adjacent jaw 17. He can then let the upper end 29 of one spring rise until
      its side 34 lifts the jaw 17 against the trigger portion 15 and thus holds
      the pan 12 in raised or "set" position. It is customary then to swing the
      springs 25 and 26 from their position shown in FIG. 1 to their position
      shown in FIG. 4 to give greater stability to the trap and to reduce the
      area which needs to be camouflaged. In this FIG. 4 position the cam tips
      32 and 33 are placed directly under the leg portions 20 and 21 and provide
      the greatest leverage for the spring force to lift the legs.
PAR  The relation just described between the spring cam portions 31 and the jaws
      17 and 18 provides this trap with a strong leverage on the jaws at the
      beginning of the lift action of the springs. As shown in FIG. 4 the tips
      32 and 33 extend out almost halfway from the pivots of the jaws in the
      upturned ends to the points where the leg portions join the base portions
      of the jaws. Also, since the sides 34 and 35 can be quite narrow as shown
      in FIGS. 4 and 7, they do not block the area between the pan 12 and the
      upturned ends 2 and 3 of the base plate 1 as would be the case if the cam
      portions 31 were circular. The maximum spring pressure on the jaws at the
      open position of the jaws speeds the jaws quickly upward to catch the
      animal's leg before he can withdraw it. I have found fewer "toe" catches
      with this trap than with the present commercially available traps.
PAR  The pan and trigger arrangement illustrated best in FIGS. 6 and 10
      cooperates with the quick opening jaws to further insure fewer toe
      catches. There is no swinging trigger lever such as is found on the
      commercially available traps and shown in such patents as Leonard 716,255,
       Sloan 1,056,714, Colbertson 2,201,307, Maddox 1,825,193, McMullen
      1,430,242, Nelson et al. 1,337,149, Briddell 2,146,464, Rupp 794,684 and
      Taylor 2,333,828. The closest prior device to applicant's means of
      latching the jaw down that applicant is aware of is found in O'Neal U.S.
      Pat. No. 2,316,970, but his device appears to raise the pan 34 to an
      undesirable height in order to secure the jaw. Applicant's trap provides
      the means (bar 8 mounted for endwise movement on the base plate, 1 and the
      rib 16) to set the pan at the level of the open jaws.
PAR  FIGS. 11 and 12 show modified jaws designed to minimize damage to the
      trapped animals without a covering material as described above. The jaws
      17a and 18a in FIG. 11 have intermeshing rounded teeth 40 staggered along
      their lengths. They remain spaced apart a minimum distance due to the
      abutting edges 20b and 21b as described above. Opposed teeth 41 on jaws
      17b and 18b in FIG. 12 form a series of enclosed pockets which can receive
      the leg bones of an animal without severing the leg or adjacent tendons.
PAR  The invention for which exclusive right is requested by this application is
      defined as follows.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an animal trap of the type having two U-shaped jaws with downturned
      legs and having a base plate with two upturned ends with apertures therein
      for mounting lower ends of the downturned legs for pivotal movement about
      parallel horizontal axes between horizontal coplanar open set positions
      and vertical abutting closed positions, an improvement comprising:
PA1  a pan mount secured to the base plate:
PA1  a pan pivotably mounted to the pan mount about an axis parallel to the axes
      of said jaws;
PA1  a protruding rib on one of the jaws, said rib extending inwardly toward the
      remaining jaw when the jaws are in their open positions;
PA1  trigger notch means formed on the pan protruding outward toward said one
      jaw for engagement with the rib when the jaws are in an open set condition
      with said one jaw located alongside said pan for holding the jaws in their
      open positions until a downward force is applied against the pan;
PA1  spring means for urging the jaws toward a closed condition comprising a
      V-shaped leaf spring having top and bottom leaves with holes at opposite
      spring ends to receive one upturned end of the base plate and the jaw legs
      pivoted thereto;
PA1  wherein the upper leaf includes an oblong upturned cam surface surrounding
      the hole that receives the jaw legs, the cam surface being longitudinally
      oriented parallel to the length of the leaf spring with opposed raised cam
      tips spaced longitudinally and equidistant from the hole; and
PA1  lower cam sides joining the cam tips having longitudinal edges spaced
      transversely apart relative to the length of the leaf spring by a distance
      less than the distance between the cam tips, whereby the cam tips are
      positioned under the jaw legs with the lower cam sides projecting toward
      the pan when the leaf spring is oriented transverse to the pivot axes of
      the jaws.
NUM  2.
PAR  2. The invention defined in claim 1 wherein the pan mount comprises a bar
      with a trigger and pan support provided at one end of the bar; and
PA1  releasable means adjustably mounting the bar to the base plate for
      adjusting the point of engagement between the rib and the trigger notch by
      varying the location of the pan mount with respect to the base plate in a
      direction transverse to the pivot axes of the jaws.
NUM  3.
PAR  3. The invention defined in claim 1 wherein the base portions of the
      U-shaped jaws are circular in cross section;
PA1  the legs of said jaws provide wedge members holding the circular base
      portions from contact with each other when the jaws are forced together by
      said spring means;
PA1  the jaws being alike in shape and reversed end for end to face the wedge
      members toward each other.
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ABST
PAL  A crab or fish trap being made of a pair of cooperating mating halves
      pivotally joined together, each half generally being of a triangular
      prismatic shape and made of a mesh material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various types of crab or fish traps have been proposed in the prior art
      over the years. Such traps usually comprise two sections hinged so that
      they can be disposed in an open position and then closed when the crab or
      fish has entered the space between the two halves. Their general
      configuration has been spherical such as in U.S. Pat. No. 237,231, dated
      Feb. 1, 1881; clam shell-shaped such as in U.S. Pat. No. 708,380, dated
      Sept. 2, 1902; or any one of a number of other odd shapes such as in U.S.
      Pat. No. 1,161,186, dated Nov. 23, 1915, or U.S. Pat. No. 113,292, dated
      Apr. 4, 1971. Furthermore, regardless of shape, such traps are often made
      in a collapsable manner such as U.S. Pat. Nos. 1,262,507, dated Apr. 9,
      1918, 2,603,031, dated July 15, 1952, or 3,553,881, dated Jan. 12, 1971.
      Each of these constructions suffers from one or more disadvantages in use.
      The prime disadvantage of most of these prior art traps is that it is slow
      and difficult to close and, because of this, the fish or crab within the
      trap may escape before its means of egress is closed off. Furthermore,
      traps such as that shown in Hammond Pat. No. 113,292 dated Apr. 4, 1871,
      are top heavy and relatively unstable so that when they are set they tend
      to land on one side or another without opening. In this regard, it should
      be kept in mind that the usual method of setting these traps is merely to
      throw the trap over board from a boat and allow it to settle to the bottom
      of the body of water where, hopefully, when it lands it will land in an
      upright position and open.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore, a primary object of the present invention to provide a
      crab or fish trap which is free of the aforementioned and other such
      disadvantages.
PAR  It is another object of the present invention to provide a crab or fish
      trap which is stable and will always set in an upright position.
PAR  It is still another object of the present invention to provide a crab or
      fish trap which will move from the opened to the closed position quickly
      and easily without allowing crabs or fish to escape.
PAR  It is yet another object of the present invention to provide a crab or fish
      trap which is easily and inexpensively manufactured.
PAR  It is a further object of the present invention to provide a crab or fish
      trap which is easily set and easily retrieved.
PAR  Consistent with the foregoing objects, the crab or fish trap of the present
      invention comprises a pair of complementary compartment half members, each
      said member comprising a mesh structure generally defining a triangular
      prism having a base, two opposed triangular end faces, a rear face, and an
      open front face, said front and rear faces being substantially larger than
      said base; hinge means joining said members at the edge joining said base
      and said front face such that when the trap is in a closed position the
      respective front faces are juxtaposed in a mating relationship to thereby
      form an enclosed compartment, and when the trap is in an open position
      said bases of said compartment half members form a substantially planar
      trap base and said front faces are spaced apart to allow ingress of a crab
      or fish; and means for moving said members to the opened or closed
      positions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be better understood and objects other than those set
      forth above will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a perspective view of the trap of the present invention in the
      closed position;
PAR  FIG. 2 is a vertical elevation of the trap of the present invention in the
      opened position; and
PAR  FIG. 3 is a vertical elevation of the trap of FIG. 2 in another embodiment.
PAR  Like reference characters refer to like parts throughout the several views
      of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Considering the crab or fish trap of the present invention in its broadest
      concept, it comprises a pair of complementary compartment half members,
      hinge means joining the members, and means for opening and closing the
      trap. Each of the compartment half members comprises a mesh structure
      generally defining an essentially triangular prism having a base, two
      opposed essentially triangular end faces, a rear face, and an open front
      face, with the front and rear faces being substantially larger than the
      base. The hinge means joins the two members at the edge joining the base
      and the front face so that the front faces will juxtapose in a mating
      relationship when the trap is closed. Yet, when the trap is open, the
      bases of the two members form a substantially planar trap base with the
      front faces being spaced apart. In a preferred embodiment, the triangular
      prismatic shape is truncated so that a top face is also provided.
PAR  In the most preferred embodiment, the end faces are angled slightly
      inwardly so that it could be said that each compartment half member
      defines a truncated oblique rectangular pyramid. Turning now to FIGS. 1
      and 2, it will be seen that the crab or fish trap in the most preferred
      embodiment, generally designated by the numeral 10, comprises a pair of
      compartment half members 12 and 14. Each compartment half member 12 and 14
      comprises a mesh structure generally defining a truncated oblique
      rectangular pyramid having a trapezoidal base 16, two opposed trapezoidal
      end faces 18 and 20, a trapezoidal rear face 22, an open trapezoidal front
      face 24, and a frustum defining a trapezoidal top face 26. As can be seen,
      front and rear faces 22 and 24 are substantially larger than base 16.
      Hinge means 28 joins the two members 12 and 14, the hinge means 28 running
      transversely across the edge joining base 16 and front face 24. Thus, it
      will be appreciated that due to this novel construction, when the trap 10
      is set it will automatically open and land in the position shown in FIG. 2
      with the two bases 16 forming a substantially planar trap base generally
      designated as 30. The rear faces 22 will stand upwardly and outwardly so
      that an open area shown at 32 will be provided for ingress of the fish or
      crab. In the case of crab or bottom fish such as flounder, it will be
      appreciated that the fish or crab will remain at the bottom of the trap so
      that when the trap is closed the area separating the front faces 24 at the
      lower end thereof will be immediately shortened and closed since it has a
      very short distance to travel and the fish or crab will not be able to
      scuttle out. When the trap is closed, the open front faces 24 will
      juxtapose and mate as shown at 32'. The two compartment half members 12
      and 14 then form an enclosed compartment entrapping the fish or crab. It
      will also be appreciated that a large volume is defined by that part of
      the trap 10 lying below the plane passing through the edges 36 where the
      bases 16 and rear faces 22 meet. This provides for the greater trapping
      capability and quick closing of the trap as well as for the sure opening
      and placement of the trap since the center of gravity is relatively low.
      The means for closing the trap comprises a pair of ring members 38 and 40
      located at the top of each of the compartment half members and a line 42
      arranged in such a way that when the line is pulled, the two compartment
      half members will come together. As shown in FIG. 2, this is accomplished
      by fixedly securing line 42 to ring member 38 simply by tying a knot 44,
      and allowing line 42 to slide freely through loop 40. Thus, when line 42
      is pulled from the surface, it will slide through ring 40 and bring the
      two compartment half members 12 and 14 together as they are lifted. Of
      course, a float 46 is secured to the opposite end of line 42 to act as a
      buoy. Also, means for holding bait within the trap could comprise a slide
      48 freely moving on line 42 and a leader 50 depending from slide 48. A
      hook or other suitable bait-holding means is secured to the lower end of
      the leader 50.
PAR  Trap 10 may be fabricated of any suitable material and, in its most basic
      form, could comprise a frame with a mesh attached thereto. In the
      preferred form, however, the trap 10 is fabricated of any suitable plastic
      such as polyethylene, polypropylene, polystyrene, polyvinylchloride, or
      the like and is made by any of the well-known molding or extrusion
      methods. Thus, the frame and the mesh are integral. Furthermore, the hinge
      means 28 can be molded integrally with the body of the trap 10 or can be
      applied separately. Furthermore, in the most preferred embodiment, a pair
      of lead weights 52 are provided in order to overcome the natural buoyancy
      of the trap and allow it to rapidly sink to the bottom of the body of
      water. The lead weights 52 also ensure rapid opening of the trap when it
      is set and ensure that the trap cannot be tipped over.
PAR  Attention is now directed to FIG. 3 wherein the trap 10 is shown with
      floats 54 affixed to the upper portion of the trap so that the trap, when
      set, will float just below the surface of the water in the open position
      and will, therefore, be suitable for trapping fish of a type that swim
      near the surface of the water.
PAR  Alternate means for closing the trap can include, for example, a line 56
      shown in phantom in FIG. 2 freely sliding through both loops 38 and 40 and
      forming a closed loop with one end of line 56 knotted at 58 about the main
      portion of the line. Thus, when the line 58 is pulled upwardly, the trap
      will close and rise at the same time.
PAR  Still another embodiment which is not illustrated is the use of this trap
      as a chumpot, this being accomplished merely by using a fine mesh to
      enclose the trap rather than the coarse mesh which would ordinarily be
      used for catching crabs or larger fish.
PAR  It should be apparent from the foregoing detailed description that the
      objects set forth hereinabove have been successfully achieved. Moreover,
      while there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims.  Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A crab or fish trap comprising a pair of compartment half members, each
      said member comprising a mesh structure generally defining a truncated
      oblique rectangular pyramid having a trapezoidal base, two opposed
      trapezoidal end faces, a trapezoidal rear face, an open trapezoidal front
      face, and a frustum defining a trapezoidal top face, said front and rear
      faces being substantially larger than said base; hinge means joining said
      members at the edge joining said base and said front face such that when
      said trap is in a closed position the respective front faces are
      juxtaposed in a mating relationship to thereby form an enclosed
      compartment, and when said trap is in an open position said bases of said
      compartment half members form a substantially planar trap base and said
      front faces are spaced apart to allow ingress of a crab or fish; and means
      for moving said members to the opened or closed positions.
NUM  2.
PAR  2. A trap as defined in claim 1, further comprising weights secured to each
      said compartment half member at the edge joining said rear face and said
      base.
NUM  3.
PAR  3. A trap as defined in claim 1, further including means for holding bait
      within the area between said front faces.
NUM  4.
PAR  4. A trap as defined in claim 1, wherein means for moving said members
      comprises a ring at the top of each compartment half member and a line
      cooperating with said rings to thereby close said trap when said line is
      pulled.
NUM  5.
PAR  5. A trap as defined in claim 1, further comprising a plurality of floats
      affixed to the top of each compartment half member to thereby enable said
      trap to float near the surface of a body of water.
NUM  6.
PAR  6. A trap as defined in claim 1, wherein said mesh is of a fine gauge.
PATN
WKU  039395987
SRC  5
APN  5433568
APT  1
ART  333
APD  19750123
TTL  Orthodontic positioner with overbite or open bite correcting or relapse
      inhibiting capability
ISD  19760224
NCL  14
ECL  1
EXA  Lever; J. Q.
EXP  Mancene; Louis G.
NDR  2
NFG  13
INVT
NAM  Bergersen; Earl O.
STR  950 Linden Ave.
CTY  Winnetka
STA  IL
ZIP  60093
CLAS
OCL   32 14B
EDF  2
ICL  A61C  700
FSC   32
FSS  14 A;14 R;14 B;14 E
FSC  128
FSS  136
UREF
PNO  2467432
ISD  19490400
NAM  Kesling
OCL   32 14B
UREF
PNO  3478742
ISD  19691100
NAM  Bohlmann
OCL   32 14R
UREF
PNO  3848335
ISD  19741100
NAM  Bergersen
OCL   32 14B
FREF
PNO  897,464
ISD  19720400
CNT  CA
OCL   32 14B
LREP
FRM  Larson, Taylor and Hinds
ABST
PAL  In an orthodontic tooth positioning appliance of the type wherein all teeth
      normally engage the isthmus of the tooth receiving troughs substantially
      concurrently, the thickness of the isthmus is either (a) increased at the
      anterior teeth, relative to the thickness at the posterior teeth, for
      correcting or preventing relapse of a correction for overbite or (b)
      decreased at the anterior teeth, relative to the thickness at the
      posterior teeth to correct for or prevent relapse of a correction for open
      bite.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This Invention relates to tooth positioning appliances, and in particular
      it relates to an adaptation of such an appliance for the correction of or
      retention of a correction for overbite or open bite conditions.
PAR  In the field of orthodontics, conventional orthodontic devices such as
      bands or the like are often used for straightening teeth to bring them to
      a predetermined position of proper or close to proper occlusion. To bring
      the teeth into a final position of desired orientation in the mouth, the
      orthodontist will often use a tooth positioner. One type of positioner
      which is custom made for each individual patient is illustrated in the
      Kesling U.S. Pat. No. 2,467,432. Another type of positioner which is
      preformed in a limited number of sizes, and wherein the patient is fitted
      with the correct one of the limited number of sizes is shown in my
      Canadian Pat. No. 897,464, issued Apr. 11, 1972.
PAR  In the manufacture of both custom and preformed positioners, the present
      practice is to make the positioners so that as the teeth approach their
      desired position and the patient occludes his teeth into the positioner,
      all of the occlusal surfaces of the complete dentition tough the isthmus
      of the positioner substantially concurrently. A slight variation of this
      involves a protective feature built into the preformed positioners
      wherein, in order to compensate for varying free-way spaces (the space
      between the posterior maxillary and mandibular occlusal surfaces during a
      person's normal rest position) the positioners were designed such that the
      occlusal surfaces of the anterior teeth would tough the isthmus of the
      positioner one half millimeter prior to the occlusal surfaces of the
      posterior teeth.
PAR  While these positioners perform their intended functions satisfactorily, it
      has been found that they cause increases in vertical overbite, i.e. the
      excess downward extension of the maxillary anterior teeth over the
      mandibular anterior teeth, and encourage relapse of corrected overbites.
      This represents a significant disadvantage since overbite is the most
      difficult characteristic to treat orthodontically and to retain, and
      because overbite is probably the most important cause of periodontal
      degeneration in the adult dentition and cannot be successfully corrected
      in the adult stage. Clearly then, if overbite could be corrected and
      properly retained in the growing child, it would be a very significant
      service to the future health of that child's dentition.
PAR  Hence, there exists a need for improvements in the art relating to
      orthodontic positioners for effectively dealing with overbite problems.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is a purpose of the present invention to provide an improved
      orthodontic positioning appliance which overcomes the above described
      problems in the prior art.
PAR  This purpose of the present invention is achieved by altering the
      estabished philosophy that all occlusal surfaces should tough at
      substantially the same time, and instead purposely creating premature
      occlusal contact of certain groups of teeth relative to other groups of
      teeth. This stimulates depression, i.e. movement into the gum, of the
      prematurely contacting teeth but not of the remaining, subsequently
      contacting teeth.
PAR  To correct for overbite, the thickness of the isthmus extending between the
      labial-buccal and lingual flanges is varied from that thickness wherein
      all occlusal surfaces contact substantially concurrently such that the
      thickness is increased in the area of the anterior teeth relative to the
      area of the posterior teeth on both sides so that the anterior teeth
      contact the isthmus first whereby a depressive force urges the anterior
      teeth into the gum as the patient attempts to continue to occlude his
      teeth until the posterior teeth in fact engage. This variation of the
      isthmus thickness can be accomplished either by reducing the thickness in
      the area of the posterior teeth or increasing the thickness in the area of
      the anterior teeth. However, in view of the fact that the isthmus is
      already quite thin in the area of the posterior teeth (for example, 1.5
      mm) it might often be inadvisable to further reduce the thickness at this
      location so that it would be preferable to effect this variation by
      increasing the thickness of the isthmus at the anterior teeth. It has been
      found that an increase in the thickness at the anterior region relative to
      the posterior region as compared with the normal concurrent occlusion
      design would optimally be between 1 and 2 mm, thereby causing the anterior
      teeth to be depressed 1 to 2 mm before contact of the posterior teeth is
      possible. The principles of the invention are applicable for either the
      maxillary or the mandibular teeth and the invention can be carried out in
      the upper trough and/or the lower trough of a positioner having such an
      upper and lower trough or in the single trough of a maxillary-only or
      mandibular-only trough positioner.
PAR  The basic concept of the present invention can be extended to correct for
      open bite and/or retain a previous correction for open bite. Open bite is
      essentially the opposite of overbite. In this condition the maxillary
      anterior teeth do not extend downwardly over the front surfaces of the
      mandibular anterior teeth by a sufficient amount. In accordance with the
      present invention, such open bite can be corrected and/or a previous
      correction for open bite can be retained by simply reversing the variation
      made for overbite. In this case the thickness of the isthmus would be
      increased in the posterior region relative to the anterior region as
      compared to the thickness of the isthmus when all teeth engage the isthmus
      substantially concurrently. This would have the effect of exerting
      depressive forces on the prematurely contacting posterior teeth as the
      patient attempts to continue occluding the anterior teeth after initial
      occluding engagement of the posterior teeth. The effect of successful
      depression of the posterior teeth would of course be that the maxillary
      anterior teeth could then move farther down over the mandibular anterior
      teeth before occlusion of the posterior teeth, thereby effecting a
      correction of open bite. As with the overbite correction, the increase in
      thickness would optimally cause a premature contacting (in this case of
      the posterior teeth) of between 1 and 2 mm. In all other respects, the
      features described above with respect to overbite correction would apply
      as well to open bite correction.
PAR  Thus, it is a purpose of the present invention to provide a new and
      improved orthodontic positioner which will either correct for or prevent a
      relapse of a previous correction for overbite and/or open bite.
PAR  It is still another object of this invention to provide an orthodontic
      positioner of the type described in which the thickness of the isthmus is
      varied from the thickness at which all teeth would occlude substantially
      concurrently such that the anterior teeth engage prior to the posterior
      teeth for exerting a depressive force against the anterior teeth so as to
      correct for and/or prevent a relapse of a previous correction for
      overbite.
PAR  It is still another object of this invention to provide an orthodontic
      positioner wherein the thickness of the isthmus is varied from that
      thickness at which all teeth would occlude substantially concurrently such
      that the thickness is increased in the area of the posterior teeth
      relative to the thickness in the area of the anterior teeth so that the
      posterior teeth will contact the isthmus prior to the anterior teeth, to
      thereby cause a depressive force against the posterior teeth to thus
      correct or prevent a relapse of a previous correction for open bite.
PAR  These and other objects of the present invention will become apparent from
      the detailed description to follow, together with the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  There follows a detailed description of preferred embodiments of the
      present invention which are to be read together with the accompanying
      drawings which are provided solely for purposes of illustration and
      wherein:
PAR  FIG. 1 is a perspective view, partially in full outline and partially in
      dotted outline showing an orthodontic positioner of the type with which
      the present invention is concerned.
PAR  FIG. 2A is an enlarged sectional view taken along line 2A--2A of FIG. 1 and
      showing the central incisor teeth of a human mouth in place in the
      positioner.
PAR  FIG. 2B is an enlarged sectional view taken along line 2B--2B of FIG. 1 and
      showing molars of a human mouth in place within the positioner.
PAR  FIGS. 3A and 3B are sectional views similar to FIGS. 2A and 2B,
      respectively, and showing the adaptation of the positioner for treating
      overbite.
PAR  FIGS. 4A and 4B are sectional views similar to FIGS. 2A and 2B but showing
      the adaptation of the positioner for treating open bite.
PAR  FIG. 5 is a perspective view similar to FIG. 1 but showing an orthodontic
      positioner for use with the maxillary teeth only.
PAR  FIG. 6A is a sectional view taken along line 6A--6A of FIG. 5, and showing
      the central incisor teeth in place relative to the positioner.
PAR  FIG. 6B is a sectional view taken along line 6B--6B of FIG. 5 and showing
      the molars of a human mouth in place with respect to the positioner.
PAR  FIG. 7 is a perspective view similar to FIG. 1 but showing a positioner for
      use only with the mandibular teeth.
PAR  FIG. 8A is a sectional view taken along 8A--8A of FIG. 7 and showing the
      central incisor teeth of a human mouth in place with respect to the
      positioner.
PAR  FIG. 8B is a cross-sectional view taken along 8B--8B of FIG. 7 and showing
      the molars of a human mouth in place with respect to the positioner.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the figures, like elements represent like numerals through
      out the several views.
PAR  Referring to FIG. 1, the positioner as shown herein includes an upper
      trough 11 for receiving the maxillary teeth and a lower trough 12 for
      receiving the mandibular teeth. The troughs are formed generally by
      labial-buccal flange 13 and lingual flange 14, these flanges being
      connected by an isthmus portion which interconnects the same. Both the
      upper and lower troughs are provided with tooth receiving depressions or
      sockets, the upper sockets being designated 15a through 15g from the right
      central incisor through to the last molar, respectively. The lower teeth,
      where visible are designated as 16 and carry the corresponding subscript a
      through g. Reference may be had to above mentioned patents for further
      details of either the custom or the preformed positioner.
PAR  FIGS. 2A and 2B as well as FIGS. 3A and 3B illustrates the adaptation of
      the positioner of FIG. 1 to correct for overbite and/or prevent relapse of
      a previous correction for overbite. As illustrated in solid lines in FIGS.
      1, 2A and 2B, the positioner is of the previous construction whereby all
      teeth contact the positioner substantially concurrently upon occlusion of
      the teeth. However, to correct for overbite, it is desirable that the
      anterior teeth engage the isthmus before the posterior teeth. This
      modification can be effected by either making the isthmus thicker in the
      area of the anterior teeth, making it thinner in the area of the posterior
      teeth or effecting any combination of these. These two modifications are
      shown in the dotted lines referred to by the letter A in FIGS. 2A and 2B.
      FIGS. 3A and 3B then illustrate the positioner of FIGS. 1, 2A and 2B with
      the modified isthmus according to the dotted lines A of FIGS. 2A and 2B.
      FIGS. 3A and 3B are now intended to represent the position of the teeth at
      the same point in time, namely that point during occlusion when the edge
      of the central incisor 17 engages the isthmus in depression 15a. In this
      particular embodiment the lower depressions have not been changed so that
      at the point illustrated in FIGS. 3A and 3B, the illustrated lower teeth
      19 and 20 will have moved completely into their respective depressions and
      only the posterior maxillary teeth will have failed to contact the isthmus
      in their respective sockets as shown for the tooth 18 in FIG. 3B. As the
      patient attempts to complete occlusion of the posterior teeth, the incisal
      edge of tooth 17 will simply react against the isthmus in depression 15a
      causing an upward depression force indicated by the arrow D tending to
      urge the tooth 17 into the gum.
PAR  To illustrate the modification to correct for open bite references made to
      FIGS. 2A, 2B, 4A and 4B. In this case the positioner of FIGS. 1, 2A and 2B
      is modified so as to increase the thickness of the isthmus at the
      posterior teeth or decrease the thickness of the isthmus at the anterior
      teeth, or any combination thereof, such that the posterior teeth contact
      the isthmus before the anterior teeth. These possible combinations are
      shown by the dotted lines B in FIGS. 2A and 2B. FIGS. 4A and 4B illustrate
      the positioner of FIG. 1 modified according to both of these dotted lines
      B of FIGS. 2A and 2B. As in the case of FIGS. 3A and 3B, FIGS. 4A and 4B
      illustrate a common point in time in the occlusion of teeth. As is evident
      from FIGS. 4A and 4B, a point is reached at which the maxillary molar 18
      has moved into its socket, as have all of the lower teeth as represented
      by the teeth 19 and 20 in figures. However, the maxillary anterior teeth,
      as represented by the tooth 17 have not yet reached the bottom of their
      respective sockets. Hence, as the patient attempts to complete the
      occlusion to move the anterior maxillary teeth to the bottom of their
      respective sockets, the isthmus below the maxillary posterior teeth, as
      presented by the tooth 18, will react against the isthmus, causing an
      upward depressive force represented by the arrow E, tending to urge the
      posterior teeth up into the gum.
PAR  In the description of the invention with respect to FIGS. 1 through 4,
      there has been illustrated a positioner having both an upper trough and a
      lower trough for receiving both the maxillary and mandibular teeth.
      Further, in this illustrated embodiment, the modification of the present
      invention has been made only with respect to the upper teeth. However, the
      principles of the present invention are equally applicable to the lower
      teeth. Hence, in practice the above described modification of the basic
      positioner could be made to the lower portion of the positioner either in
      combination with a modification to the upper portion or completely in lieu
      thereof, i.e. for purposes of effecting selective depressive forces on
      only the lower teeth. Since the application of the present invention to
      the lower teeth would be the same in principle as applied to the lower
      teeth but simply the reverse thereof, a detailed description of this type
      of modification has been omitted for purposes of brevity.
PAR  The present invention is also applicable to positioners having only an
      upper trough or only a lower trough. A positioner having only an upper
      trough is shown in FIG. 5 and sectional views 6A and 6B. The positioner 30
      shown therein includes an upper trough and an isthmus formed between
      labial-buccal flange 13' and lingual flange 14', and the sockets shown
      therein are similar to the sockets 15 in FIG. 1. In this case, in place of
      a lowr trough, the bottom of the isthmus is defined by a lower edge 31.
      FIGS. 6A and 6B illustrate the two dotted lines A, either of which or any
      combination of which could be utilized to modify the isthmus to correct
      for overbite or prevent a relapse of a previous overite correction in
      precisely the same manner as described above with respect to FIGS. 3A and
      3B, and the dotted lines B represent modification lines for correcting for
      open bite or preventing relapse of a previous open bite correction in
      precisely the same manner as illustrated and described above with respect
      to FIGS. 4A and 4B.
PAR  FIGS. 7, 8A and 8B illustrate a mandibular positioner 40 having a lower
      trough and an isthmus formed between labial-buccal flange 13" and a
      lingual flange 14" and forming an upper edge 41. This positioner is
      similar in all respects but of course the reverse of that shown in FIGS.
      5, 6A and 6B. As in those figures, the dotted lines A represent
      modifications for treating overbite and the dotted lines B represent
      modifications for treating for open bite.
PAR  Although the invention has been described in considerable detail with
      respect to preferred embodiments thereof, it will be apparent that the
      invention is capable of numerous modifications and variations apparent to
      those skilled in the art, without departing from the spirit and scope of
      the invention, as defined in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An orthodontic tooth positioning appliance which is generally U-shaped
      in plan view and which includes at least one tooth receiving trough of a
      size and shape for positioning at least one row of a patient's upper and
      lower row of teeth, said trough being defined by lingual and labial-buccal
      flanges and including an isthmus interconnecting said flanges,
PA1  the thickness of the isthmus being such that as the side thereof opposite
      the trough rests against the occlusal surfaces of the row other than said
      one row, the anterior teeth of said one row engage the isthmus before the
      posterior teeth of said one row to exert a force against the anterior
      teeth depressing them into the gum to correct for overbite or to retain a
      previous overbite correction as the posterior teeth complete their
      movement towards engagement with the isthmus.
NUM  2.
PAR  2. An orthodontic appliance according to claim 1, in which the thickness of
      the isthmus at the anterior teeth is one to two millimeters greater than
      the thickness would be for the anterior and posterior teeth of said row to
      engage the isthmus concurrently.
NUM  3.
PAR  3. An orthodontic appliance according to claim 1, wherein the appliance
      includes only a single trough for treating the maxillary teeth.
NUM  4.
PAR  4. An orthodontic appliance according to claim 1, wherein the appliance
      includes only a single trough for treating the mandibular teeth.
NUM  5.
PAR  5. An orthodontic appliance according to claim 1, wherein the appliance
      includes both an upper trough and a lower trough for receiving both the
      maxillary teeth and the mandibular teeth.
NUM  6.
PAR  6. An orthodontic appliance according to claim 1, wherein the appliance is
      a preformed appliance constructed for fitting a plurality of different
      patients within a given size range.
NUM  7.
PAR  7. An orthodontic appliance according to claim 1, wherein the appliance is
      a custom made appliance, custom made for a specific patient.
NUM  8.
PAR  8. An orthodontic tooth positioning appliance which is generally U-shaped
      in plan view and which includes at least one tooth receiving trough of a
      size and shape for positioning at least one row of a patient's upper and
      lower row of teeth, said trough being defined by lingual and labial-buccal
      flanges and having an isthmus interconnecting said flanges,
PA1  the thickness of the isthmus being such that as the side thereof opposite
      the trough rests against the occlusal surfaces of the row other than said
      one row, the posterior teeth of said one row engage th isthmus before the
      anterior teeth of said one row to exert a force against the posterior
      teeth depressing them into the gum to correct for open bite or to retain a
      previous open bite correction as the anterior teeth complete their
      movement towards engagement with the isthmus.
NUM  9.
PAR  9. An orthodontic appliance according to claim 8, in which the thickness of
      the isthmus at the posterior teeth is 1 to 2 millimeters greater than the
      thickness would be for the anterior and posterior teeth of said row to
      engage the isthmus concurrently.
NUM  10.
PAR  10. An orthodontic appliance according to claim 8, wherein the appliance
      includes only a single trough for treating the maxillary teeth.
NUM  11.
PAR  11. An orthodontic appliance according to claim 8, wherein the appliance
      includes only a single trough for treating the mandibular teeth.
NUM  12.
PAR  12. An orthodontic appliance according to claim 8, wherein the appliance
      includes both an upper trough and a lower trough for receiving both the
      maxillary teeth and the mandibular teeth.
NUM  13.
PAR  13. An orthodontic appliance according to claim 8, wherein the appliance is
      a preformed appliance constructed for fitting a plurality of different
      patients within a given size range.
NUM  14.
PAR  14. An orthodontic appliance according to claim 8, wherein the appliance is
      a custom made appliance, custom made for a specific patient.
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PAL  A tooth polishing device wherein a polishing tool is secured to a power
      drive assembly and the power drive assembly is pivotably mounted in a
      casing for rotational movement within the casing. A power supply means
      includes a switch and is coupled to the power drive assembly for supplying
      electrical power thereto. The switch includes a biasing means, for
      example, a leaf spring contact, biasing the power drive means to one
      rotational position within the casing. The switch is open when the power
      drive is in the one position and is closed when the power drive means is
      moved rotationally to a second position. The spring contact is mounted on
      the motor of the power drive assembly and bears against the bottom portion
      of the casing. The casing is sealed, and is provided with a battery for
      operating the power supply assembly. Recharging contacts are provided in
      the casing for recharging the battery when the polishing device is not in
      use. The battery and power supply are mounted in tandem within the casing
      which is elongated in shape to facilitate holding and operation of the
      polishing device. A novel gear reducer is provided in the power drive
      assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to polishing devices of a type used for polishing
      teeth. In one of its aspects, the invention relates to a polishing device
      which can be operated by use, i.e., in the normal course of use of the
      device, or can be operated by a manual switch.
PAR  In still another of its aspects, the invention relates to a sealed battery
      operated polishing device which can be recharged for long life.
PAR  2. State of the Prior Art
PAR  In U.S. Pat. No. 3,675,330 to Drapen and Henry, there is disclosed and
      claimed a tooth polishing device wherein a polishing element is rotatably
      driven by a motor assembly. In one embodiment, the motor is mounted within
      a casing which is pivotably mounted within a second casing. A switch is
      provided within the second casing and bears against the first casing so
      that when the casing is rotated, as by pressure on the polishing element,
      the switch is closed to supply electrical current to the motor. A spring
      between the second casing and the first casing biases the first casing
      into a position at which the switch is open. The polishing element in the
      second embodiment is provided at right angles to the axis of the motor
      drive mechanism so that pressure upon the polishing element in the normal
      course of operation will operate the switch.
PAR  Dayton et al. in U.S. Pat. No. 3,106,732 disclose a work actuated rotary
      brush in which pressure on the brush itself operates the power drive for
      the brush. In one embodiment, the motor is axially slidable within the
      casing to operate a switch. In another embodiment, the brush is at right
      angles to the drive mechanism and the brush is connected to the drive
      mechanism through a clutch which is engaged by pressure on the brush. In
      still another embodiment, a pair of batteries is electrically connected in
      tandem to the motor within the casing.
PAR  Dayton et al. in U.S. Pat. No. 3,220,039 discloses still another type of
      motor driven tooth brush wherein the brush is at right angles to the
      handle and drive shaft for the brush. The casing is constructed in much
      the same fashion as a flashlight with a motor and drive shaft in a front
      portion of the casing and a battery at a rear portion of the casing. An
      axially slidable switch completes the circuit between the battery and the
      motor to operate the rotary brush. The ends of the casing are closed by
      removable caps for assembly and so that the battery and other working
      parts of the implement can be replaced.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, an improved polishing device employs a sealed
      casing to prevent water and other materials from seeping into the casing
      during operation of the device and from corroding the electrical contacts
      and other electrical components of the device. The polishing device
      according to the invention is easily assembled from a number of parts
      which snap-fit together, eliminating expensive assembly operations. The
      device also provides a simple manual switch to operate the power supply
      assembly or the assembly can be operated by pressure on the polishing
      implement. A battery is sealed into the casing in tandem with the motor so
      that there is an elongated casing to facilitate handling and use of the
      device. Rechargeable contacts are provided on the casing for recharging
      the battery without removal from the casing.
PAR  In the improved polishing device, a polishing tool is secured to a power
      drive means and the power drive means is pivotably mounted within a casing
      for movement between first and second positions within the casing. Power
      supply means, including a switch, are coupled to the power drive means for
      supplying electrical power thereto. The switch includes means for biasing
      the power drive means to the first position wherein said switch is open.
      Movement of the power drive means to the second position within the casing
      closes the switch for supply of power to the power drive means.
PAR  The polishing tool is desirably of the type which is at right angles to the
      shaft of the drive means. The polishing tool is indexed with the power
      drive means so that pressure on the polishing tool will force the power
      drive assembly from the first position to the second position within the
      casing as pressure is applied to the tool, thereby closing the switch.
PAR  The switch is preferably a leaf spring type and is mounted directly on the
      power drive assembly so that a portion of the leaf spring bears against
      the casing. The leaf spring flexes upon rotation of the power drive means
      and is forced in contact with a fixed contact member on the power drive
      assembly.
PAR  The power drive means is composed of a plurality of parts which are indexed
      and snap-fit together into a rigid assembly so that the entire assembly
      moves as a unit. A flexible sealing gasket is provided between the casing
      and the power drive means so that the casing is completely sealed, yet the
      power drive means is movable with respect to the casing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a side elevational view in section of a tooth polishing device
      according to the invention;
PAR  FIG. 2 is a sectional view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 1;
PAR  FIG. 4 is a partial sectional view seen along lines 4--4 of FIG. 1;
PAR  FIG. 5 is a partial sectional view taken along lines 5--5 of FIG. 1; and
PAR  FIG. 6 is an exploded view of the tooth polishing device;
PAR  FIG. 7 is a view similar to FIG. 1 of a modified form of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and to FIGS. 1, 2 and 6 in particular, there
      is shown a tooth polishing device having a polishing cup 18 secured to a
      polishing head 20. A drive rod 22 projects rearwardly from the polishing
      head 20. Such polishing heads are well known devices which are
      conventionally used on professional dental equipment found in dentists'
      offices. Such polishing heads 20 have bevel gears (not shown) at the
      forward portion which are connected to the drive rod 22 to drive the cup
      18 about an axis perpendicular to the axis of the drive rod 22 in
      conventional fashion. The drive rod 22 is conventionally provided with a
      lower rectangularly shaped end 23 for engagement with a driving mechanism.
      As illustrated in FIGS. 1 and 2, the polishing head 20 is provided with an
      annular bottom portion 24.
PAR  The polishing head is mounted on a rigid power drive assembly which
      includes coupling 26, pivot members 38, bearing housing 46 and motor 54.
      The power is supplied to the drive rod 22 from the drive shaft 60 of the
      motor 54, through a drive chain which includes a drive gear 62, drive
      connection 64 and coupler 72. The entire power drive assembly and drive
      chain pivot as a unit within the casing 16.
PAR  The tubular coupling 26 mounts the annular bottom 24 of the polishing head
      20 through a friction fit. To this end, the coupling 26 has a reduced
      forward section 28 in which an O-ring seal 30 is provided. The O-ring seal
      30 seals the joint between the coupling 26 and the polishing head 20.
PAR  The coupling 26 has a pair of fingers 34 (seen best in FIG. 6) with
      enlarged lower ends 36 having outwardly tapering surfaces. The annular
      pivot member 38 is snap-fit into engagement with the coupling 26 through
      the fingers 34 as illustrated in FIGS. 1 and 2. The lower end of the pivot
      member 38 has outer tapering surfaces 39 at the inner diameter thereof,
      with the tapered surfaces 39 complementing the outwardly tapering surfaces
      of the enlarged lower end 36. Thus, the coupling 26 is retained on the
      annular pivot member 38 through the fingers 34.
PAR  A pair of pivot pins 40 project laterally outwardly from the pivot member
      38 to pivotably support the power unit in the casing in a manner which
      will be described later. The lower portion of the annular pivot member 38
      has a connecting annulus 42 with radially projecting tabs 34. The bearing
      housing 46 has indentations 48 at an upper portion which engage the tabs
      44 so that the bearing housing 46 snap-fits into engagement with the pivot
      member 38. The bearing housing 46 has a central bearing member 50 provided
      with an axial opening extending therethrough for the drive chain. At the
      lower portion, the bearing housing 46 has radial tabs 52 for snap-fit
      engagement with the motor 54.
PAR  A front mounting plate 56 is secured to the motor 54 and is provided with
      three spaced connected projections 58, each of which has an indentation 59
      for engagement with the radial tabs 52 of the bearing housing 46. As seen
      in FIG. 6, the bearing housing 46 has a centering slot 47 at a rear
      portion thereof for engagement with a centering projection 57 on the front
      mounting plate 56 so that precise alignment is maintained between the
      bearing housing 46 and the mounting plate 56. In a similar manner, the
      bearing housing 46 is provided with a raised lug 49 at a front portion
      thereof for engagement with a slot 41 in the pivot member 38. In this
      manner, the position of the motor 54 with respect to the pivot member 38
      is assured during assembly.
PAR  The drive shaft 60 extending from a front portion of the motor mounts the
      stepped drive gear 62 and is provided with teeth which drivingly engage
      the same. Internal teeth (not shown) on the interior surface of the
      stepped drive gear 62 can be provided to engage the exterior teeth on the
      drive shaft 60.
PAR  A drive connector 64 has an annular bottom portion 66 with a geared
      internal surface 68. The drive gear 62 drivingly engages the geared inner
      surface 68 of the drive connection 64 as seen in FIG. 1. The relatively
      large surface 68 provides a speed reducer for the drive chain. A square
      upper end 70 is provided at the forward portion of the drive connector 64.
      A coupler 72 fits on the square upper end 70 and provides a socket for the
      lower formed end 23 of the polishing head drive rod 22. Thus, the
      polishing head 18 is driven by the motor 54 through drive shaft 60,
      stepped gear 62, drive connection 64, coupler 72 and drive rod 22.
PAR  Reference is now made to FIG. 3 for a description of the switch used to
      operate the motor. The switch comprises a pair of poles 76 and 78 which
      are electrically connected respectively to a spring contact 80 and a fixed
      contact 82. In normal position, illustrated in FIG. 1, the spring contact
      80 is separated from the fixed contact 82 with the bottom of the spring
      contact 80 resting on the bottom of the casing 16. The spring contact 80
      is made from a resilient, conductive material and provides the spring
      which biases the drive assembly upwardly as viewed in FIGS. 1 and 3. Thus,
      when the motor 54 is forced downwardly, the fixed contact 82 is brought
      down into contact with the spring contact 80, thereby completing the
      electrical circuit for the motor. Power is thereafter supplied to the
      motor to rotate the polishing cup 18.
PAR  Referring again to FIGS. 1 and 2, the casing 16 can be formed in halves 94
      and 96 which are substantially symmetrical about the parting line between
      the two halves. Sockets 98 and 100 are formed in the forward portions of
      the casing havles 94 and 96 respectively and mount the pivot pins 40 of
      the pivot member 38. An external groove 102 is formed in a front part of
      the casing havles 94 and 96 for retaining a tapered annular rubber gasket
      104. To this end, the gasket 104 has a slightly oversized radial
      protuberance 106 which fits into the external groove 102. The forward
      portion of the gasket 104 sealingly abuts the peripheral abutment 32 of
      the coupling 26. Further, an inner sealing rim 107 is provided on the
      rubber gasket 104 for sealingly engaging the forward portion of the pivot
      member 38. Thus, a seal is maintained between the forward portions of the
      casing halves 94 and 96 and the coupling 26 and the pivot member 38.
      Because of the flexible nature of the rubber gasket 104, the seal is
      maintained between the casing and the coupling 26 as the coupling 26
      rotates with respect to the casing 16.
PAR  A battery 116 is mounted behind the motor. To this end, the rear portions
      of the casing havles 94 and 96 have radial positioning lugs 108, a front
      positioning lug 110, a bottom positioning lug 114, and a rear positioning
      lug 112. The battery 116 is connected electrically to the poles 76 and 78
      through leads 116a and 116b which extend from terminals 118 and 119
      respectively.
PAR  At the rear-most portion of the casing havles 94 and 96, lateral openings
      120 are provided for recharging contacts 124. Radial positioning lugs 122
      extend inwardly from the sides of the casing havles 94 and 96 and retain
      the recharging contacts 124 in position. To this end, slots 126 having
      retaining lugs 127 in the recharging contacts 124 are provided. The
      positioning lugs 122 extend through the slots 126 and the retaining lugs
      127 frictionally engage and grip the positioning lugs 122. Leads 124a and
      124b extend from respective recharging contacts 124 to terminals 118 and
      119 of the battery 116.
PAR  Referring now specifically to FIGS. 1 and 5, a manual actuator is shown for
      manually turning the motor on so that it runs continuously, if desired,
      with or without pressure on the polishing cup 18. A knob 130 is provided
      in opening 128 in the forward portion of the casing havles 94 and 96. A
      knob 130 is provided in opening 128 in the forward portion of the casing
      havles 94 and 96. An O-ring seal 136 provides a seal between the casing
      havles 94 and 96 and the knob 130. An actuator 132 having a downward
      projection 134 is secured to the bottom of the knob 130. As seen in FIG.
      5, when the motor is in the position illustrated in FIGS. 1 and 2, the
      projection 134 will lie to one side of the bearing housing 46. As the knob
      130 is rotated about its axis, the downward projection 134 bears against
      the bearing housing 46 to force the motor 54 downwardly as viewed in FIG.
      1, thereby forcing the fixed contact 82 into electrical engagement with
      the spring contact 80. In this position, the knob 130 will be held by
      friction so that the power drive assembly is locked in the energized
      position.
PAR  When the parts have been assembled in the manner illustrated, the casing
      halves are welded together to seal the casing shut. The entire unit is
      thus sealed against water, dirt, etc. The battery 116 is standard 1.25
      volt battery which is of the rechargeable type. The battery is recharged
      through the recharging contacts 124. Recharging current is applied to the
      contacts 124 by a battery recharging circuit (not shown). Such recharging
      circuits are well known.
PAR  The motor 54 is a standard DC motor, for example, a 1.5 volt motor.
      Desirably the motor is of the "stall" type such that the motor will cease
      operation when a predetermined resistance torque is applied to the output
      shaft. Thus, if an excessive amount of pressure is applied to the teeth by
      the polishing cup 18, the motor will stop and polishing will be
      discontinued.
PAR  In operation, the motor 54 is actuated to rotate the polishing cup 18
      either by applying upward force on the cup 18 as viewed in FIG. 2, (as
      would be common in an ordinary polishing operation) or by turning the knob
      130 in the manner described above. In either case, the motor 54, being
      secured to the pivot members 38 through the bearing housing 46 and the
      front mounting plate 58, will pivot downwardly within the casing 16 about
      the pivot pins 40 of the pivot member 38. This downward movement will
      cause the fixed contact 82 to come into electrical engagement with the
      spring contact 80 to thereby complete the electrical circuit between the
      battery 116 and the motor 54. Thus, the motor, having electrical power
      supplied thereto, will drive the drive shaft 60, the stepped drive gear
      62, the drive connection 64, the drive rod 22, and the cup 18. After the
      polishing operation is complete, and pressure is released on the cup 18
      (or the knob 130 is returned to its initial position), the motor 54 will
      be forced upwardly back into the position illustrated in FIG. 1 by the
      spring contact 80 which bears against the bottom surface of the casing 16.
      Thus, the electrical connection between the spring contact 80 and fixed
      contact 82 will be broken, thereby cutting off the supply of current to
      the motor 54.
PAR  In FIG. 7, like numerals have been used to designate like parts. In FIG. 7,
      the polishing device is substantially the same as shown in FIGS. 1-6
      except that the battery of the first embodiment has been replaced by a
      rectifying diode circuit 140 and a cord 142 for supply of 110 volts AC.
      The rectifying diode circuit is mounted on holders 144 which are molded
      into the casing 16. The motor 54a is a 110 volt DC motor.
PAR  The polishing device according to the invention provides a compact sealed
      unit made inexpensively from snap-fit plastic parts which can be easily
      and quickly assembled. The parts themselves are inexpensively manufactured
      from plastic materials, such as polyvinylchloride, polyethylene,
      polypropylene, and the like. For example, except for the motor 54, battery
      116 and electrical components, and the polishing head 20, all parts can be
      made from molded plastic or rubber. In order to add strength to the drive
      mechanism, the coupler 22 can be made of metal.
PAR  The polishing device has a sealed casing yet provides for relative movement
      between the casing and the drive mechanism so that the drive mechanism can
      be actuated by appropriate pressure on the polishing cup 18. Further, the
      polishing device according to the invention provides an alternate mode of
      operation, namely one in which the polishing head is operated
      automatically when pressure is applied to the polishing cup 18 and one
      which can be operated manually so that the device is continuously operated
      regardless of the pressure on the polishing cup 18.
PAR  The invention also provides a novel speed reducer so that the polishing cup
      does not build up excessive friction. The novel speed reducer is
      conveniently mounted coaxially with a bearing support which is a part of
      the power drive assembly.
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure, the drawings, and appended claims without departing
      from the spirit of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a tooth polishing device wherein a polishing tool is secured to a
      power drive means and said power drive means is pivotably mounted in a
      casing for movement between first and second positions within said casing;
      and power supply means, including a switch, are coupled to said power
      drive means for supplying electrical power thereto; the improvement which
      comprises:
PA1  said switch means includes a leaf spring made of a resilient electrically
      conductive material, said leaf spring mounted at one end to said power
      drive means and having a free end bearing against said casing, said leaf
      spring being positioned on said power drive means to bias said power drive
      means to said first position, said switch means being open when said power
      drive means is in said first position and being closed when said power
      drive means is moved to said second position.
NUM  2.
PAR  2. A tooth polishing device according to claim 1 wherein said power supply
      means includes a battery mounted in said casing, and further comprising
      recharging contacts in said casing and electrically connected to said
      battery for recharging said battery when a recharging potential is applied
      to said contacts.
NUM  3.
PAR  3. A tooth polishing device according to claim 2 wherein said casing is
      elongated and said battery is mounted in tandem with said power drive
      means.
NUM  4.
PAR  4. A tooth polishing device according to claim 1 wherein said casing is
      sealed and said power drive means extend out from one end of said casing;
      and further comprising flexible sealing means between said casing and said
      power drive means to seal the joint between said casing and said power
      drive means.
NUM  5.
PAR  5. A tooth polishing device according to claim 4 wherein said flexible
      sealing means is an annular rubber gasket in sealing relationship at one
      end with said casing and in sealing relationship at the other end with
      said power drive means.
NUM  6.
PAR  6. A tooth polishing device according to claim 1 wherein said polishing
      tool is removably secured to said power drive means.
NUM  7.
PAR  7. A tooth polishing device according to claim 1 and further comprising a
      manually actuatable means mounted on said casing for moving said power
      drive means from said first position to said second position, and means
      for locking said power drive means in said second position.
NUM  8.
PAR  8. A tooth polishing device according to claim 7 wherein said manually
      actuatable means includes a knob rotatably mounted in sealed relationship
      in said casing.
NUM  9.
PAR  9. A tooth polishing device according to claim 1 wherein said power drive
      means includes a speed reducer and a bearing housing rotatably supporting
      said speed reducer.
NUM  10.
PAR  10. A tooth polishing device according to claim 1 wherein said power drive
      means includes mounting means for said polishing tool, pivot means
      pivotably mounted in said casing, bearing means mounting a speed reducer
      gear, and means for securing said mounting means, pivot means, bearing
      means, and said motor rigidly together in snap-fit relationship.
NUM  11.
PAR  11. A tooth polishing device according to claim 10 and further comprising
      means for indexing each of said pivot means, bearing means and motor with
      respect to each other so that each has a predetermined relationship to the
      other.
NUM  12.
PAR  12. A tooth polishing device according to claim 1 wherein said power drive
      means is biased solely by said leaf spring to said first position.
NUM  13.
PAR  13. In a tooth polishing device wherein a polishing tool is secured to a
      power drive means and said powder drive means is pivotably mounted in a
      casing for movement between first and second positions within said casing
      and including a motor; and power supply means, including a switch, are
      coupled to said power drive means for supplying electrical power thereto;
      the improvement comprising:
PA1  said power drive means including a speed reducer gear and bearing means
      rotatably mounting said speed reducer gear; said speed reducer gear
      comprises an annular gear member with gear teeth on the inner surface
      thereof and an output shaft journalled in said bearing means, said bearing
      means surrounding said annular gear member and attached to said motor, and
      said motor having a geared output shaft of substantially smaller diameter
      than the speed reducer gear, said output shaft engaging the teeth of the
      speed reducer gear, whereby said motor, gear reducer means and bearing
      means pivot within said casing as a unit.
NUM  14.
PAR  14. A tooth polishing device comprising in combination:
PA1  a polishing tool;
PA1  a power drive means mounting said polishing tool for rotation to effect
      polishing action;
PA1  a sealed elongated casing housing said power drive means with said power
      drive means extending from one end of said casing;
PA1  means pivotably mounting said power drive means within said casing;
PA1  means sealing the joint between said power drive means and said casing;
PA1  a battery mounted in said sealed casing;
PA1  means electrically coupling said battery to said power drive means to apply
      electrical power thereto for operation of said polishing tool, said
      coupling means including switch means for opening and closing said
      electrical coupling means upon pivotable movement of said power drive
      means within said casing; and
PA1  recharging contacts on said casing and electrically coupled to said
      battery;
PA1  whereby said battery may be recharged while it is in said sealed casing.
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ABST
PAL  A take-apart wooden toy which, when assembled, variably resembles any of a
      number of different devices. Such toy comprises a kit, having a number of
      interchangeable parts and common characteristics, designed to be taken
      apart and assembled by a young child and including the following common
      parts: at least one body member with circular apertures or threaded
      sockets which defines the assembled toy's shape and character; standard
      bolts or studs with threaded portions on both ends thereof and a smooth
      portion in between; standard nuts for mating with the bolts; and a
      plurality of accessory members of different types for further defining the
      shape of the assembled device. The accessory members may include axle
      members and standard wheels which fit rotatably on the bolts, and
      elongated bar members which fit loosely on the bolts or studs. All of the
      parts preferably are made of wood and each of the bolts has the same
      diameter and the same size thread for engaging either the wooden nuts or
      threaded sockets in the body member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to take-apart toys, particularly wooden toys which
      may be variably assembled to resemble a variety of different devices such
      as a cart, truck, locomotive, airplane, motorcycle and the like.
PAR  It has been recognized by the Applicant that while the tendency of children
      to disassemble their toys is ordinarily destructive, this propensity can
      be utilized constructively to provide both education and entertainment for
      a child through the use of toys naturally suitable for disassembly and
      reassembly. Although other people have recognized the same possibility and
      have accordingly designed take-apart toys to achieve these goals, none of
      the prior art toys provides the combination of simplicity, definition of
      form, and versatility recognized by the Applicant as needed.
PAR  Hickling U.S. Pats. 2,332,718 and 2,360,030 disclose a take-apart, wooden
      toy train held together by means of pins completely threaded throughout
      their length and nuts for engaging the pins. Similarly, the wheels of the
      train are secured to the body by threaded axles and associated nuts.
      However, the structure of the toy disclosed in Hickling is specifically
      designed to resemble a train and there is no suggestion that the parts
      thereof would be interchangeable with toys resembling a variety of other
      devices; thus the educational value of the Hickling toys is limited in
      this respect. In particular the threaded axles of Hickling are not
      detachable and the completely threaded pins have limited application since
      their central portions are not smooth, thereby limiting the versatility
      and interchangeability of the parts.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the deficiencies of present take-apart toys, there is a need for
      such a toy employing some common, universally interchangeable parts which
      may be joined with other non-universal special parts to resemble a variety
      of different devices, wherein the form of the device resembled is
      realistically defined, yet the toy is simple in design for easy
      manipulation and understanding by a very young child. The present
      invention achieves this goal and overcomes the drawbacks of the
      aforementioned prior art toys by providing a toy utilizing a number of
      standard interchangeable parts in conjunction with one or more unique
      non-universal principal body members, each of the latter defining the
      basic character and form of a different particular device.
PAR  Such toy, depending upon how assembled, resembles one of a variety of
      devices such as a cart, truck, locomotive, airplane, motorcycle, etc.; all
      such toys have universally interchangeable parts and common
      characteristics; and they all are designed to be taken apart and assembled
      by a very young child. The toy includes at least one non-universal
      principal body member with circular apertures or threaded sockets,
      standard bolts or studs with threaded portions on both ends thereof,
      standard nuts for mating with the bolts, and various interchangeable,
      universal accessory members. The accessory members include axle members
      and wheels which fit rotatably on the bolts, and elongated bar members
      which fit loosely on the bolts or studs.
PAR  The bolts, bar members, and wheels may each be provided in sets of
      different standard sizes which facilitates the interchangeability of such
      parts between various assembled devices. The diameter and thread of each
      bolt are each identical. Each of the elongated bar members has a
      non-threaded circular aperture in each end thereof, the size of the
      aperture being slightly larger than the diameter of the bolts so that the
      bolts fit loosely therein. Similarly, the wheels have a central circular
      aperture the size of which is such that the wheels fit loosely and
      rotatably on the bolts. The difference between the various sizes of bolts
      and bar members is in their length, and the difference between the various
      size wheels is in their diameter. The flexibility in function of the bolts
      is aided by their non-threaded, smooth central portions which can be used
      to resemble a cart stake airplane wing support or other structural member,
      and which provides a bearing surface for a rotating wheel.
PAR  All of the parts of the toy are held together by the standard bolts which
      engage a standard nut or a threaded socket in the principal body member
      unique to the toy. This singular, simple fitting makes the toy easy to use
      by a very young child, yet it is similar to the nut and bolt-type fittings
      used in the devices which the toys resemble. Consistent therewith, all of
      the parts are preferably relatively large and simple in design, for
      example the nuts should be square, so that they are easy to handle and
      understand by a very young child. Also the parts should preferably be made
      of wood so that they are solid yet somewhat lightweight and durable.
PAR  It is therefore a principal object of this invention to provide a new and
      improved take-apart toy which can be disassembled and reassembled by a
      very young child for entertainment and educational purposes.
PAR  It is a further object of the present invention to provide such a
      take-apart toy which may be variably assembled to resemble realistically a
      plurality of different devices and which employs some universally
      interchangeable parts applicable to any of several of the different
      devices.
PAR  It is yet another object of the present invention to provide such a
      take-apart toy having one or more special non-interchangeable principal
      body members clearly defining the shape and character of each device to be
      resembled, such principal body members being adapted for use in
      combination with the universally interchangeable parts.
PAR  The foregoing and other objects, features, and advantages of the invention
      will be more readily understood upon consideration of the following
      detailed description of the invention, taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of a cart embodiment of the present invention.
PAR  FIG. 2 is an exploded view of a truck embodiment of the present invention.
PAR  FIG. 3 is an exploded view of a locomotive embodiment of the present
      invention.
PAR  FIG. 4 is an exploded view of an airplane embodiment the present invention.
PAR  FIG. 5 is a perspective view of a truck and trailer embodiment of the
      present invention.
PAR  FIG. 6 is a perspective view of a tractor embodiment of the present
      invention.
PAR  FIG. 7 is a perspective view of a caboose embodiment of the present
      invention.
PAR  FIG. 8 is a perspective view of a motorcycle embodiment of the present
      invention.
PAR  FIG. 9 is a perspective view of a lawn chair embodiment of the present
      invention.
PAR  FIG. 10 is a perspective view of a lawn chair embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The toy described herein comprises a kit of a set of parts, some of which
      are common to all of the different assembled embodiments possible, and
      others of which are included in only some of the embodiments. In addition,
      all of the different assembled embodiments include at least one principal
      body member which defines the nature of the device which the particular
      embodiment is intended to resemble by providing it with a basic shape. For
      example, referring to FIG. 1, the basic shape of the cart toy 10 is
      defined by the platform-like rectangular base 12. However, the toy also
      includes several standard universal bolts 14 having separate threads at
      each end thereof with a smooth portion in between, and a number of
      standard universal nuts 16, preferably square, for fastening on the ends
      of the bolts. (For purposes of explanation a numeric symbol herein refers
      to any one of a type of part, whereas an alphanumeric symbol refers to a
      specific one of the group of parts referred to by the numeric portion of
      the symbol.) For the sake of simplicity the outside diameter of the
      threaded diameter of the threaded portions of the bolts is the same as the
      diameter of the non-threaded portion. These three parts, that is, a
      principal body member, one or more standard bolts and one or more standard
      nuts are common to all of the toys described herein. The cart toy also
      includes axle members 18, wheels 20, and elongated bar members 22, having
      non-threaded circular apertures 24 disposed in each end thereof, each of
      which are common to several of the toys. Although some elongated bar
      members may be slightly modified for a particular toy, they generally are
      relatively long and thin, in the shape of a right rectangular prism, each
      of the faces of the prism forming a right angle at its intersection with
      another. All of the toys are assembled by insertion of the bolts in either
      non-threaded apertures 24 or circular apertures 26 having interior
      threads, the non-threaded apertures being of a size for loosely receiving
      the bolts and the other apertures being threaded for matingly receiving
      the threaded ends of the bolts, and by securing the parts together with
      standard nuts screwed onto the ends of the bolts. It should be recognized
      that the standard bolts, elongated bar members and wheels are to be made
      in various standard sizes and shapes for serving a variety of purposes and
      that the threads of all the various threaded parts are identical. Since
      the size required of any standard part will depend upon its particular use
      and is not generally critical to the novelty of this invention, no
      distinction is made herein as to the dimensions of the parts except where
      the dimensions are peculiarly important to the particular toy.
PAR  Turning now specifically to the cart toy 10 shown in FIG. 1, the shape of
      the toy is further defined by two bolts 14a matingly inserted in a
      corresponding pair of threaded apertures 26a adjacent the sides and front
      end A of the base 12 thereby representing upright posts or stakes.
      Similarly, another pair of bolts 14b are inserted in a corresponding pair
      of threaded apertures 26b adjacent the sides and rear end B of the base.
      The bolts 14a-b are spaced apart a longitudinal distance such that bar
      members 22a will fit loosely over two bolts 14a and 14b adjacent the same
      side. Similarly, the bolts of each pair 14a-b are spaced apart a lateral
      distance such that bar members 22b will fit loosely over them. A further
      pair of bar members 22c may be placed on the bolts 14a-b after the bar
      members 22b have been placed thereon if desired. Standard nuts 16a are
      placed on the upper end of each bolt 14a-b to retain the bar members 22a-c
      thereon. Thus, the side walls of the cart are defined by the bar members,
      bolts and nuts attached to the base.
PAR  In order to provide a set of front wheels for turning the cart, an axle
      member 18a having a non-threaded aperture 24a placed through the top
      thereof adjacent each end, a threaded aperture 26c centrally placed
      through the top thereof, and threaded apertures 26d placed in each end
      thereof is attached to the underside of the base 12 by a completely
      threaded bolt 28, having the standard diameter and thread size, which is
      matingly inserted in the axle's threaded aperture 26c and fixedly secured
      to the axle by a standard nut 16b. The bolt 28 extends through a
      non-threaded aperture 24b centrally disposed adjacent the front end of the
      base 12 and is inserted in the end of a bar member 22d serving as a
      leading coupling or handle above the base 12 and fixedly sandwiched
      between a pair of nuts 16c tightened against the bar member for turning
      the axle 18a and steering the cart 10. A pair of wheels 20a are attached
      to each end of the axle 18a by bolts 14 c matingly inserted in the ends of
      the axle and secured by standard nuts 16d.
PAR  In addition, a fixed axle member 18b having two non-threaded apertures 24c
      placed through its top, one adjacent each end, one non-threaded aperture
      24d centered, and a threaded aperture 26e placed in each end thereof, is
      attached to the underside of the base 12 near the rear end B by a pair of
      bolts 14d inserted through the threaded apertures 24c from the underside
      of base 12 into the rearmost threaded apertures 26b and secured by
      standard nuts 16dd. A pair of wheels 20b are attached to each end of axle
      member 18b by bolts 14e, and secured by a standard nut 16e.
PAR  In order to provide a rear hitch for connecting the leading coupling of one
      cart to the rear of another, a threaded aperture 26f is centrally placed
      adjacent the rear end B of base 12. A bar member 22dd, which serves as the
      leading coupling or handle of another cart in a series of carts, is
      pivotally attached to the rear of the cart by a bolt 14f matingly inserted
      in the aperture 26f and the bar member 22dd is secured by a nut 16f.
PAR  Referring to FIG. 2, the take-apart truck embodiment 30 utilizes the same
      base 12 as a principal body member and axle members 18a-b accompanied by
      wheels 20a-b attached thereto as the cart toy 10. However, a cab 32 is
      attached to the top of base plate 12 by a pair of bolts 14g placed through
      non-threaded apertures 24e and inserted into the threaded apertures 26b
      and secured by a pair of nuts 16g as an additional principal body member
      for defining the shape and nature of the toy.
PAR  While the front end A of the base 12 is also the front end of the cart toy
      10, in this case the front end of the truck toy is the rear end B of the
      base 12. Accordingly, in order to provide a turning front axle for guiding
      the truck toy, the axle member 18b is pivotally attached to the underside
      of the base 12 by a bolt 14h inserted into the threaded aperture 26f
      adjacent the rear end B of the base 12 and through the non-threaded
      aperture 24d of the axle member and secured by a standard nut. In this
      manner the axle 18b is mounted to rotate freely on the bolt.
PAR  On the other hand, the axle member 18a is now attached to the underside of
      the base 12 by a pair of bolts 14i inserted through its non-threaded
      apertures 24a (see FIG. 1) and from the underside into the threaded
      apertures 26a in the base 12. In addition, if desired, a pair of bar
      members 22e may be attached to the base of the truck by a pair of bolts
      14j inserted from the top into the threaded apertures 26a. Also, another
      assembled toy may be attached for pulling by a bolt placed in the
      nonthreaded aperture 24b in base 12; for example, the cart toy 10 may be
      attached by its leading coupling, bar member 22d (see FIG. 1).
PAR  Turning now to FIG. 3, the locomotive toy 34 also utilizes base 12 as a
      principal body member with a number of associated parts attached thereto.
      A cab and boiler member 36 and a cowcatcher 38 are attached to base 12 as
      additional principal body members giving the toy the shape of a
      locomotive; and, as with the truck toy, the front end of the locomotive is
      the rear end B of base 12.
PAR  The cab and boiler member 36 is attached to the top of base 12 by a bolt
      14k inserted through a non-threaded aperture 24f in the top of the cab and
      boiler member and into the threaded aperture 26f adjacent the rear end B
      of base 12. A standard nut 16h secures the cab and boiler member to the
      base. The cowcatcher 38 is attached indirectly to base 12 through a dual
      axle 40. The cowcatcher is attached to the front of the dual axle by a
      bolt 14kk inserted in a threaded aperture 26g in the dual axle, and
      secured by a nut. The dual axle is in turn attached to the base 12 by a
      pair of bolts 14m inserted through a corresponding pair of non-threaded
      apertures 24h and into the threaded apertures 26b in the base 12.
PAR  As a representation of guide wheels, a pair of wheels 20c are attached to
      each side of the dual axle 40 by a respective pair of bolts matingly
      inserted in threaded apertures 26h and secured by standard nuts. A bar
      member 22f is attached between the two wheels of each respective pair.
      This dual axle having two pairs of wheels is common to several of the toys
      disclosed herein. Drive wheels are represented by two wheels 20d attached
      to the rear of the locomotive by an axle member 18c. As with the cart and
      the truck the wheels are rotatably attached to the ends of the axle member
      18c by bolts and nuts, and the axle member is attached to the base 12 by
      bolts which are inserted through non-threaded apertures 24i adjacent the
      ends thereof and inserted into the threaded apertures 26a in base 12. This
      axle also serves to prevent the cab and boiler member 36 from rotating
      about the bolt 14k by which it is mounted.
PAR  In contrast to the previously described toys, the airplane embodiment 42
      shown in FIG. 4, utilizes a fuselage 44 as its principal body member. It
      also utilizes slightly modified elongated bar members in the form of a
      pair of wings 46a and 46b attached respectively to the top and bottom of
      the fuselage by respective pairs of bolts. Furthermore, it utilizes a
      slightly different kind of axle member in the form of a pair of wheel
      supports 48a and 48b simulating landing gears attached to the underside of
      the bottom wing 46b by threaded portions 50 matingly inserted in the
      threaded apertures 26i. The wheel supports include threaded apertures 26j
      in their sides for attachment of respective wheels 20e.
PAR  The toy's resemblance to an airplane is further enhanced by a propeller 52
      rotatably attached to the front of the fuselage by a standard bolt
      inserted in a threaded aperture 26k, and two pairs of bolts 14n are
      disposed between the non-threaded apertures 24j at the ends thereof and
      secured by standard nuts, representing wing supports. Finally, a wheel 20f
      is attached to the tail 54 of the plane toy in a fork-like slot 56 by a
      standard bolt and a pair of standard nuts.
PAR  The truck and trailer embodiment 58, shown in FIG. 5, basically comprises a
      modified truck toy 30 (see FIG. 2) with a trailer attached. In this case
      the truck toy utilizes a dual axle 40a attached to its rear rather than
      the single axle as shown in FIG. 2. The trailer comprises a trailer body
      60 having a pair of dual axles 40b attached to the bottom thereof and
      being pivotally attached to the rear of the truck 30 by a standard bolt
      14nn. Alternatively the truck and trailer can be converted to a fire
      engine by adding the ladder 62.
PAR  The tractor embodiment 64 shown in FIG. 6 basically comprises a tractor
      body 66 having a blade 68 attached to the front thereof by a pair of
      standard elongated bar members 22g and standard nuts and bolts. The
      tractor is supported by two pairs of wheels 20g and 20h mounted
      respectively on axle members 18d and 18e attached to the body 66. The axle
      member 18e is attached to the top rear of the tractor body and a seat 70
      may be attached thereto. Alternatively, a dual axle 40 may be attached to
      the rear of the tractor to simulate a crawler-type tractor.
PAR  In FIG. 7 the railroad caboose embodiment 72 utilizes an interior
      compartment member 72 sandwiched between two slightly modified elongated
      bar members 76a-b to define its basic shape. In this case, as with the
      airplane toy, the elongated bar members 76 are relatively wider than in
      most of the other toys in order to simulate the top and bottom of a
      caboose and non-threaded apertures 24 are included at points other than
      the ends. Also an observation member 78 is attached to the top of the
      caboose and a pair of dual axles 40c along with wheels are attached to the
      bottom.
PAR  Referring now to FIG. 8, the principal body member of the motorcycle
      embodiment 80 is a frame 82. In this case a unique pair of front axle
      members 84 attached to the frame 82 also serve as supports for the bolt
      14p which simulates handle bars. A pair of elongated bar members serve a
      dual function as rear axle members 86. In addition, a pair of elongated
      bar members 22gg are affixed between the two wheels 20i and 20j supported
      respectively by the front and rear axle members through which bolts 14pp
      and 14q are placed.
PAR  Similarly, the axle members 18f of the lawn mower embodiment 88 shown in
      FIG. 9 are somewhat different in that they form a fork-like support for a
      pair of wheels 20k and a blade-simulating principal body member, cylinder
      90. Each axle 18f comprises a bar-like member with bends at each end so
      that they may be joined closely together at one end yet are wide apart at
      the other end while both ends of each bar remain parallel to the
      respective ends of the other bar thereby producing a fork within which the
      cylinder 90 may be held. An elongate bar member 22h which supports a pair
      of bolts 14s simulating a handle is attached to the narrow end of the fork
      where the two axle members are joined, and the wheels 20k and cylinder 90
      are rotatably attached to the wide end of the fork by a standard bolt 14t.
PAR  Turning now to FIG. 10, the principal body members of the lawn chain 92 are
      a pair of elongated back members 94 having three non-threaded apertures
      24k and one threaded aperture 26m disposed therein, and a pair of
      elongated front members 96 having three non-threaded apertures 24k
      disposed therein. Each front member crosses a back member at a common
      non-threaded aperture 24k and they are attached to one another at their
      crossing point by standard nuts and bolts. Also, they are joined together
      at their lower ends by a standard elongate bar member 22i. In order to
      form a chair frame the two pairs of crossed front and back members are
      held parallel to one another by a standard bolt 14u matingly inserted in
      the threaded apertures 26m and secured thereto by standard nuts 16i. A
      pair of additional bolts 14v provide support for a seat cover.
PAR  The terms and expressions which have been employed in the foregoing
      abstract and specification are used therein as terms of description and
      not of limitation, and there is no intention in the use of such terms and
      expressions, of excluding equivalents of the features shown and described
      or portions thereof, it being recognized that the scope of the invention
      is defined and limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A take-apart toy whose parts may be assembled to resemble one or more
      particular devices, comprising:
PA1  a. a rectangular base having a pair of threaded circular side apertures
      extending through said base along each side thereof and a circular
      aperture extending through said base adjacent each end thereof, one said
      end aperture having interior threads;
PA1  b. a plurality of round bolts, each of a sufficiently small diameter for
      insertion into at least one said circular apertures in said rectangular
      base, said bolts having two separate sets of threads each disposed at the
      respective ends thereof and a smooth surface portion disposed
      therebetween, the outside diameter of the threaded portions of said bolts
      being substantially equal to the diameter of the smooth portion and the
      threads of said bolts being matingly matched to the threads of said
      threaded apertures in said rectangular base, the end aperture in said base
      opposite said threaded end aperture being of sufficient size for slidably
      accepting one of said bolts;
PA1  c. a plurality of nuts having interior threads for mating with the threads
      of said bolts;
PA1  d. a plurality of wheels each having a circular aperture of a diameter
      larger than the diameter of said bolts formed at its center for rotatably
      mounting said wheels on said bolts; and
PA1  e. multiple elongate axle members for attachment to said rectangular base
      to support said wheels, each said axle member having threaded apertures
      formed longitudinally at each end thereof for mating with the threads of
      one of said bolts and multiple longitudinally spaced apertures extending
      transversely through said elongate member each of a diameter larger than
      that of said bolts for slidably accepting said bolts, the longitudinal
      spacing between said transverse apertures in said axle members being equal
      to the side-to-side spacing between said two pairs of side apertures in
      said rectangular base to permit said respective apertures to align with
      one another.
NUM  2.
PAR  2. The take-apart toy of claim 1 wherein a first one of said axle members
      has a threaded aperture formed at its midpoint for mating with the threads
      of said bolts, and a second one of said axle members has a circular
      aperture formed at its midpoint of suitable size for slidably receiving
      one of said bolts.
NUM  3.
PAR  3. The take-apart toy of claim 1 further comprising a member having the
      shape of a truck cab and having apertures extending vertically through the
      sides thereof with a side-to-side spacing equal to that between said two
      pairs of side apertures in said rectangular base, so as to permit said
      respective apertures to align with one another.
NUM  4.
PAR  4. The take-apart toy of claim 1 further comprising a plurality of elongate
      bar members each having a circular aperture formed transversely through
      each end thereof of a diameter larger than said bolts for slidably
      accepting said bolts, the longitudinal spacing between said apertures in
      at least some of said bar members being equal to the side-to-side spacing
      between said two pairs of side apertures in said rectangular base.
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ABST
PAL  A toy which may be spun about on a flat surface and which is intended to be
      activated by a sharp pointed rod or pencil. The toy is characterized by a
      disklike body having a circular rim which is disposed on the bottom
      thereof and runningly engages the flat surface as the toy is caused to be
      activated. An upwardly directed concentrically disposed socket is included
      for guidingly receiving the sharp end of the rod. A downwardly directed
      intermittent force suitably applied to the rod causes the toy to wobble
      about indefinitely on the flat surface, i.e., subsequent to the toy's
      first having been manually started to wobble. Weight may be added to the
      toy adjacent the periphery thereof to facilitate the wobble spinning
      action.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention pertains to the field of spinning toys.
PAR  2. Description of the Prior Art:
PAR  A preliminary patentability search revealed the following U.S. Patents:
      Schwartz Pat. No. 476,825; Graves Pat. No. 1,952,547; and Quinones Pat.
      No. 3,077,051. None of the above patents show or suggest applicant's
      device. It should be pointed out that the '825 patent pertains to a
      spinning toy that may be revolved on the tip of a stick and includes a
      disk having a concentrically disposed conical socket and an outwardly
      flaring flange. However, the socket is downwardly directed, and the flange
      is adjacent the concentric socket.
PAR  The spinning toy of the '051 patent is also provided with a downwardly
      directed socket, i.e., when the device is used as a spinning toy as shown
      in FIG. 2 of the drawing. The device of the '051 patent is provided with
      an upwardly directed projection having a slot for receiving a nameplate.
      The device is further disclosed in use as a toy boat in which the
      hemispherical member is inverted and the nameplate becomes a rudder. In
      this form of the invention, an upstanding stick is positioned in the
      socket and has a sail attached thereto.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed toward providing a toy which may be spun
      about on a flat surface and which is intended to be activated by a sharp
      pointed rod or pencil. The toy is characterized by a disklike body having
      a circular rim which is disposed on the bottom thereof and runningly
      engages the flat surface as the toy is caused to be activated. An upwardly
      directed concentrically disposed protuberance having a conical shaped
      socket provided therein is included for guidingly receiving the sharp end
      of the rod. The toy may be forced to wobble about indefinitely on the flat
      surface by applying a downwardly directed intermittent force along the
      longitudinal axis of the rod, i.e., subsequent to the toy's first having
      been manually started to wobble. The wobble action of the toy can best be
      described by comparing it to the unstable spinning motion of a coin as it
      vacillates while slowing down after having been spun about on its edge,
      i.e., the plane of the coin being neither horizontal nor vertical. Weight
      preferably is added to the toy adjacent the periphery thereof to
      facilitate sustaining the wobble spinning action. Additionally, a
      downwardly directed hub preferably is included which is fixedly attached
      to the body for converting a substantially stable spinning movement of the
      toy to the wobble unstable spinning movement. In other words, the hub
      extends below the circular rim and spinning the toy while supported by the
      hub results in the toy's tilting slightly which engages the rim with the
      flat surface. Thus, the rim, having more linear velocity, runningly
      engages the flat surface, causing the toy to quickly assume the wobble
      spinning movement as the hub becomes totally disengaged therefrom, i. e.,
      the major plane of the toy being neither horizontally nor vertically
      disposed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view of the toy of the present invention.
PAR  FIG. 2 is a sectional view taken as on the line II--II of FIG. 1.
PAR  FIG. 3 is a view similar to FIG. 2 showing a pointed rod suitably engaging
      the toy and the rod and toy being phantomized to depict the wobbling
      action of the toy and the displacement of the rod.
PAR  FIG. 4 is substantially an inverted view of FIG. 3 and shows another use
      for the toy and rod.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The spinning toy 11 of the present invention is intended to be spun about
      on a planar surface as at 13 and may be activated by an elongated rod 15
      having a sharp pointed end 17. The elongated rod 15 may optionally be a
      sharpened pencil, and when the term "rod" is used herein, it is deemed
      also to include a sharpened pencil or the like. The toy includes a
      disklike body 19 which has a circular rim 21 for engaging the planar
      surface 13 as the toy is actuated. From FIG. 2 of the drawings, it may be
      seen that the rim 21 is disposed on the bottom of the body 19 and defines
      the perimeter thereof. Also included is an upwardly directed
      concentrically disposed protuberance 22 having a conical shaped socket 23
      provided therein for guidingly receiving the sharp pointed end of the rod
      15. The rod 15 is suitably used to cause an acceleration of a wobble
      spinning movement of the toy 11, i.e., an intermittent downwardly directed
      force is applied to the rod 15 along the longitudinal axis thereof. More
      specifically, the acceleration is attributable to the following steps:
      First, placing the toy 11 upon the planar surface 13 with the conical
      socket 23 facing upward. Second, manually spinning the toy 11 with the rim
      21 engaging the planar surface in a wobble unstable manner, i.e., similar
      to the familiar spinning or wobble movement of a coin as above described.
      Third, inserting the pointed end 17 of the rod 15 into the conical socket
      23. Fourth, applying an intermittent gentle downwardly directed force
      along the longitudinal axis of the rod 15.
PAR  Additionally, the toy includes a flangelike ring member 25 defining the
      perimeter of the toy 11 and establishing the rim 21. Also included is a
      disk member 27 which fills in the otherwise open center of the ring 25 and
      is fixedly attached thereto. The disk member 27 is disposed substantially
      intermediate the width of the flangelike ring member 25 establishing
      upwardly and downwardly directed flange portions 29, 31, i.e., the
      circular rim 21 being the lowermost portion of the downwardly directed
      flange portion 31. It should be understood that the upwardly directed
      protuberance 22 is fixedly attached to the disk member 27 centrally
      thereof. Additionally, the flange portion 29 is superjacent the rim 21 and
      extends upwardly a predetermined distance above point 33 which is the
      lowest point of the conical socket 23.
PAR  The toy 11 preferably includes weight means 35 for enabling the toy 11 to
      be forced to wobble about indefinitely while the intermittent force is
      sustained. The weight means 35 is attached to the flange portion 29
      adjacent the uppermost edge thereof as clearly shown in FIG. 2 of the
      drawing, and preferably extends completely around the flange portion 29.
      In other words, the weight means 35 facilitates sustaining the wobble
      spinning action for a prolonged period of time, i.e., presumably due to
      the inertia contributed therewith. However, it should be pointed out that
      a certain amount of skill is required to master the above-mentioned
      actuation sequence. Therefore, persons of all ages can derive excitement
      from the toy 11.
PAR  The toy 11 preferably includes hub means 37 remotely disposed from the
      protuberance 22 as shown in FIG. 2 of the drawings. The hub means 37 is
      fixedly attached to the body 19 for the purpose of converting a
      substantially stable spinning movement of the toy 11 to the wobble
      unstalbe spinning movement thereof. From FIG. 3 of the drawings, it may be
      seen that the hub means 37 extends below the rim 21 and initially supports
      the toy 11, i.e., while it is spinning in a substantially stable manner.
      The slight tilting movement of the toy 11, which is inevitable, engages
      the rim 21 with the planar surface 13 which causes the toy 11 to quickly
      assume the wobble spinning movement with the rim 21 runningly engaging the
      planar surface 13 as the hub means 37 becomes totally disengaged
      therefrom. The toy 11 is phantomized in FIG. 3 of the drawing in a wobble
      spinning movement and is depicted in only two of the infinite positions
      assumed which are character referenced therein by the numerals 11' and
      11". In other words, from FIG. 3 of the drawing, it may clearly be seen
      that the toy 11 is neither horizontal nor vertical when assuming the
      wobble spinning movement 11', 11". Additionally, the displacement of the
      rod is depicted in phantom and is character referenced therein by the
      numeral 15', i.e., the rod is urged up and down at a frequency which
      corresponds to the wobble movement of the toy 11 and with a downwardly
      directed force which by trial and error proves to be sufficient.
PAR  The toy 11 preferably is integrally formed from a resilient plastic
      substance for improving the response thereof for the wobble spinning
      movement. Additionally, the plastic substance defining the socket 33
      provides lubrication or minimizes the friction between the rod 15 and the
      protuberance 22. In this regard, it may be desirable that the elongated
      rod 15 consists of a pencil having the carbon lead thereof sharply pointed
      which also minimizes the friction between the rod 15 and the protuberance.
PAR  From FIG. 4 of the drawing, it may be seen that an alternate use of the toy
      11 and the rod 15 is herein disclosed. More specifically, the toy 11 is
      inverted and while holding the rod 15 in one hand, the toy 11 is placed
      thereon, i.e., the rod 15 being received in the socket 23. Thence, the toy
      11 may be gripped by the hub means 37 and twirled so as to rotate about
      the longitudinal axis of the rod 15 and in a stable spinning movement,
      somewhat like a gyroscope.
PAR  Although the invention has been described and illustrated with respect to a
      preferred embodiment thereof, it is to be understood that it is not to be
      so limited since changes and modifications may be made therein which are
      within the full intended scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spinning toy for spinning on a planar surface and for actuation by an
      elongated rod having a sharp pointed end, said toy comprising a disklike
      body having a circular rim for engaging the planar surface, said rim being
      disposed on the bottom of said body and defining the perimeter thereof,
      and an upwardly directed concentrically disposed protuberance having an
      upwardly opening conical shaped socket provided therein for guidingly
      receiving the sharp pointed end of said rod to cause an acceleration of a
      wobble spinning movement of said toy by an intermittent downwardly
      directed force being applied along the longitudinal axis of said rod.
NUM  2.
PAR  2. A spinning toy for spinning on a planar surface and for actuation by an
      elongated rod having a sharp pointed end, said toy comprising a disklike
      body having a circular rim for engaging the planar surface, said rim being
      disposed on the bottom of said body and defining the perimeter thereof, an
      upwardly directed concentrically disposed protuberance having a conical
      shaped socket provided therein for guidingly receiving the sharp pointed
      end of said rod to cause an acceleration of a wobble spinning movement of
      said toy by an intermittent downwardly directed force being applied along
      the longitudinal axis of said rod, an upwardly directly circular flange
      portion fixedly attached to said body with said flange portion being
      superjacent said rim and extending upwardly a predetermined distance above
      the lowest point of said conical socket, and weight means for enabling
      said toy to be forced to wobble about indefinitely while said intermittent
      force is sustained, said weight means being attached to said flange
      portion adjacent the uppermost edge thereof.
NUM  3.
PAR  3. A spinning toy for spinning on a planar surface and for actuation by an
      elongated rod having a sharp pointed end, said toy comprising a disklike
      body having a circular rim for engaging the planar surface, said rim being
      disposed on the bottom of said body and defining the perimeter thereof, an
      upwardly directed concentrically disposed protuberance having a conical
      shaped socket provided therein for guidingly receiving the sharp pointed
      end of said rod to cause an acceleration of a wobble spinning movement of
      said toy by an intermittent downwardly directed force being applied along
      the longitudinal axis of said rod, and hub means remotely disposed from
      said protuberance and being fixedly attached to said body for converting a
      substantially stable spinning movement of said toy to the wobble unstable
      spinning movement thereof, said hub means extending below said rim and
      initially supporting said substantially stable spinning toy until the
      slightest tilting movement of said toy causes said rim to be engaged with
      the planar surface which causes the toy to quickly assume the wobble
      spinning movement with said rim runningly engaging the planar surface as
      said hub means becomes totally disengaged therefrom.
NUM  4.
PAR  4. A spinning toy for spinning on a planar surface and for actuation by an
      elongated rod having a sharp pointed end, said toy comprising a disklike
      body having a circular rim for engaging the planar surface, said rim being
      disposed on the bottom of said body and defining the perimeter thereof, an
      upwardly directed concentrically disposed protuberance having a conical
      shaped socket provided therein for guidingly receiving the sharp pointed
      end of said rod to cause an acceleration of wobble spinning movement of
      said toy by an intermittent downwardly directed force being applied along
      the longitudinal axis of said rod, an upwardly directed circular flange
      portion fixedly attached to said body with said flange portion being
      superjacent said rim and extending upwardly a predetermined distance above
      the lowest point of said conical socket, and weight means for enabling
      said toy to be forced to wobble about indefinintely while said
      intermittent force is sustained, said weight means being attached to said
      flange portion adjacent the uppermost edge thereof and said body being
      formed from a resilient plastic substance for improving the response
      thereof.
NUM  5.
PAR  5. A spinning toy for spinning on a planar surface and for actuation by an
      elongated rod having a sharp pointed end, said toy comprising a disklike
      body having a circular rim for runningly engaging the planar surface, said
      rim being disposed on the bottom of said body and defining the perimeter
      thereof, an upwardly directed concentrically disposed protuberance having
      an upwardly opening conical shaped socket provided therein for guidingly
      receiving the sharp pointed end of said rod to cause an acceleration of a
      wobble spinning movement of said toy by an intermittent downwardly
      directed force being applied along the longitudinal axis of said rod, and
      weight means attached to said disklike body for enabling said toy to be
      forced to wobble about indefinitely while said intermittent force is
      sustained.
NUM  6.
PAR  6. A spinning toy for spinning on a planar surface and for actuation by an
      elongated rod having a sharp pointed end, said toy comprising a flangelike
      ring member defining the perimeter of said toy; a disk member enclosing
      said ring member and being fixedly attached thereto with said disk member
      being disposed substantially midway the width of said flangelike ring
      member thus establishing, with respect to said disk member, upwardly and
      downwardly directed flange portions of said flangelike ring member; the
      lowermost peripheral portion of said downwardly directed flange portion
      including a circular rim for runningly engaging the planar surface, and an
      upwardly directed concentrically disposed protuberance fixedly attached to
      said disk member and having an upwardly opening conical shaped socket
      provided therein for guidingly receiving the sharp pointed end of said rod
      to cause an acceleration of a wobble spinning movement of said toy by an
      intermittent downwardly directed force being applied along the
      longitudinal axis of said rod.
NUM  7.
PAR  7. The toy of claim 6 in which is included weight means for enabling said
      toy to be forced to wobble about indefinitely while said intermittent
      force is sustained, said weight means being attached to said flangelike
      ring member.
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ABST
PAL  A hand propelled circular air glider or flying saucer type aerodynamic toy.
      The toy includes a solid upper disc portion and a concentric,
      substantially larger lower annular disc portion having an aperture therein
      approximately equal to the diameter of the upper disc portion. The upper
      disc portion and lower annular portion are disposed generally parallel and
      are connected together by a plurality of radially directed, generally
      trapezoidal, evenly spaced fins. A depending, short cylindrical flange
      circumscribes the outer perimeter of the lower annular portion to
      stabilize the flight of the toy as it precesses through a gaseous medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to aerodynamic toys to be thrown through the air
      and, in particular, to an improved flying saucer type toy having greater
      stability during flight.
PAR  2. Description of the Prior Art
PAR  In the past, aerodynamic toys resembling flying saucers have become quite
      popular as throwable gliding toy implements. In the usual embodiment, the
      toy is made of a plastic material, or the like, in the shape of a saucer
      having a depending rim located around the lower outer marginal edge to
      facilitate gripping by the user. The rim curves downwardly from the saucer
      and has a configuration such that the implement, when viewed in elevation,
      approximates the shape of an air foil. Throwing is usually accomplished
      with a wrist snapping motion whereby momentum and a spinning motion is
      imparted to the toy to cause it to fly or glide through the air. Its
      appeal as a toy usually resides in the fact that it exhibits definite
      aerodynamic characteristics and can be made to do a number of various
      maneuvers depending upon the skill of the user.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a new and improved flying
      saucer type aerodynamic toy or circular glider having improved flight
      characteristics.
PAR  The aerodynamic toy of the present invention includes an upper central disc
      portion which is connected in a transverse spaced relationship to a lower,
      larger annular disc portion by a plurality of generally perpendicular,
      equally spaced radial ribs. The disc portions are concentric and an
      aperture, approximately the same diameter as the upper disc portion, is
      provided in the center of the lower disc portion. A depending, cylindrical
      flange is provided around the outside perimeter of the lower disc portion
      to facilitate gripping by the hand of the user.
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed description taken in connection with the
      accompanying drawings.
DRWD
PAC   BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the aerodynamic toy of the present
      invention;
PAR  FIG. 2 is a top plan view, on an enlarged scale, of the aerodynamic toy of
      FIG. 1;
PAR  FIG. 3 is a bottom plan view, similar to FIG. 2, of the toy of the present
      invention; and
PAR  FIG. 4 is a fragmented, vertical section of the toy, taken generally along
      the line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a perspective view of the
      aerodynamic toy, generally designated 10, of the present invention. The
      toy 10 includes an upper central disc portion 12 and a concentric,
      substantially larger, lower disc or annular ring portion 14. The annular
      ring portion 14 includes an aperture 16 in the center thereof which is
      approximately equal in diameter to the diameter of the upper disc portion
      12. A generally cylindrical, depending marginal flange 18 is provided
      about the perimeter of the annular ring portion 14 to facilitate gripping
      of the toy 10 by the hand of the user and also to assist in flight, as
      will be described in detail hereinafter.
PAR  A plurality of generally trapezoidal fins 20 interconnect the upper disc
      portion 12 and the lower annular ring portion 14 to maintain the relative
      portions in a parallel, spaced relationship. The fins 20 are radially
      directed and equally spaced around the circumference of the toy 10. Air
      passages thus are provided between the fins, between the spaced upper disc
      portion 12 and lower annular ring portion 14.
PAR  In practice, it has been found that when the toy is thrown in a spinning
      propulsion such that the discs 12 and 14 are approximately horizontal with
      respect to the ground, it displays definite aerodynamic properties and
      tends to "fly" or glide in the direction of propelled travel at the time
      it leaves the hand of the user and is sustained in very stable flight in a
      given direction throughout the flight. It is believed that the toy has
      improved flight characteristics because of the aerodynamic lift, for one
      thing, generated as the toy precesses along its course. The improved
      flight characteristics of the toy, i.e., stability and controlled flight,
      is believed to be due to a combined effect of the following aerodynamic
      principles. An aerodynamic lift is generated on the toy because of a lower
      air pressure on the top of the ring portion 14 relative to that on the
      bottom of the ring portion. This lower pressure on the top of the ring
      portion is believed to be generated by air passing across the top of the
      ring portion through the passageways between the ribs 20 and between the
      upper disc portion 12 and the lower ring portion 14.
PAR  In conventional flying saucer type toys, the arcuate or curved upper
      surface causes the air to travel a greater distance across the top of the
      object than the bottom of the object thus generating a lower pressure on
      the top to generate the lift. While this effect undoubtedly contributes to
      a portion of the lift exerted on the toy of the present invention, it is
      also believed that the ribs perform a function similar to that function
      performed by the vanes in an axial fan or blower. Mainly, the ribs cause
      air in the interior region thereof to rotate with the body and thus to be
      expelled radially by centrifugal forces. As the air is expelled between
      the ribs it passes over the top surface of the lower annular ring portion
      14 at a relatively rapid rate thus causing a low pressure area above the
      lower ring portion whereby the lift is generated.
PAR  The depending peripheral flange 18 about the ring portion also creates air
      resistance to any diametric rotation of the toy during flight.
PAR  These improved flight characteristics, in particular the increased
      stability under high speed flight, is highly desirable since slight
      mistakes in the execution of a throw of known flying saucer type toys tend
      to be exaggerated in flight and thus drive the toy wildly off course.
PAR  The foregoing detailed description has been given for clearness of
      understanding only and no unnecessary limitations should be understood
      therefrom as some modifications will be obvious to those skilled in the
      art.
CLMS
STM  We claim:
NUM  1.
PAR  1. An aerodynamic toy, comprising:
PA1  a generally circular upper disc portion;
PA1  a lower annular ring portion concentric with said upper disc portion, with
      a central aperture therethrough; and
PA1  angularly spaced support means connecting said upper disc portion and said
      lower ring portion in a parallel, spaced relation providing air passage
      means through said aperture and the spaced support means and between the
      upper disc portion and lower annular ring portion, and whereby precession
      of the toy through the air will impart lift to the toy.
NUM  2.
PAR  2. The aerodynamic toy of claim 1 wherein the central aperture in the lower
      annular ring portion is approximately equal to the diameter of the upper
      disc portion.
NUM  3.
PAR  3. The aerodynamic toy of claim 1 wherein said lower annular ring portion
      includes a generally perpendicular, depending flange around the outer
      perimeter thereof.
NUM  4.
PAR  4. The aerodynamic toy of claim 1 wherein said angularly spaced support
      means includes at least one generally radially directed fin.
NUM  5.
PAR  5. The aerodynamic toy of claim 4 wherein the support means includes a
      plurality of equally spaced radially directed fins.
NUM  6.
PAR  6. The aerodynamic toy of claim 5 wherein the fins are generally
      trapezoidal.
NUM  7.
PAR  7. An aerodynamic toy, comprising:
PA1  a generally circular upper disc portion;
PA1  a lower annular ring portion concentric with said upper disc portion and
      having a diameter substantially larger than said upper disc portion;
PA1  a central circular aperture in said lower annular ring portion, having a
      diameter approximately equal to the diameter of said upper disc portion;
PA1  a generally perpendicular, depending flange about the periphery of said
      lower annular ring portion; and
PA1  a plurality of equally spaced, radially directed fins connected between the
      upper disc portion and the lower disc portion to maintain said discs in a
      parallel, spaced relation providing air passage means through said
      aperture and the spaced support means and between the upper disc portion
      and lower annular ring portion, and whereby precession of the toy through
      the air will impart lift to the toy.
NUM  8.
PAR  8. The aerodynamic toy of claim 7 wherein the fins are generally
      trapezoidal.
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ABST
PAL  A wheel game is used by a player as a form of amusement. The wheel game
      includes a two sectional telescoping control stick and a wheel having a
      center hub and outer rim, wherein the outer rim is joined to the center
      hub by a plurality of flat spoke members. The control stick is applied
      tangentially to the outside periphery of the outer rim of the wheel
      causing the wheel to rotate in a vertical plane and be rolled across a
      horizontal plane. The center hub is made hollow to form a central chamber
      and having a side aperture for insertion and removal of a plurality of
      solid elements. The solid elements are instrumental in generating noise as
      a result of their striking the walls of the chamber when the wheel is
      rolled. The side aperture is provided with screw threads and a screw
      threaded cap for retaining the elements in the chamber.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a unique and novel improvement in a wheel game used
      as a means of amusement of a player.
PAR  It is known from U.S. Patents: Nos. 2,979,860; 3,003,766; 3,242,612; and
      3,464,149 that hoop rolling games have been employed, but these
      aforementioned patents involved: hoops, wherein vertical alignment is
      difficult, as well as control sticks of one given length.
PAR  Accordingly, it is an object of my present invention to provide a wheel
      game, wherein the construction of the wheel member allows easier vertical
      alignment and maintaining of such vertical alignment during the rolling of
      the wheel.
PAR  A further object of my present invention is to provide a means of
      generating noise during the rolling operation of the wheel.
PAR  Another object of my present invention is to provide a control stick which
      can be expanded or contracted in length for various size players.
PAR  An advantage of my present invention is that it provides a wheel game,
      wherein the circular member has better vertical balance.
PAR  Briefly, my present invention comprises a wheel having a center hub and an
      outer circular rim, wherein said outer rim is joined to said center hub by
      a plurality of flat spoke members. The control stick comprises a handle
      section telescopically communicating with a elongated cylindrical section.
      A flat bar member is affixed to the free outer end of the elongated
      cylindrical section, wherein the flat bar member engages an outside
      periphery of the outer rim of the wheel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a front view of the wheel of the invention;
PAR  FIG. 2 illustrates a side view of the control stick of the invention;
PAR  FIG. 3 illustrates a side cross sectional view of the invention;
PAR  FIG. 4 illustrates a front elevated view of the control stick of the
      invention; and
PAR  FIG. 5 illustrates a front elevated view of the invention in use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 5
      shows a wheel game 10, wherein a wheel 11 is rolled along a horizontal
      plane by a player using a control stick 12. The player employs the control
      stick 12 to apply a substantially tangential force to an outside periphery
      13 of the wheel 11 causing the wheel 11 to rotate in a vertical plane. As
      the player applies a pushing force to the control stick 12, the wheel 11
      is rolled along the horizontal plane. FIGS. 1, 3 show the wheel 11, which
      comprises a center hub 14 joined to a circular outer rim 15 by a plurality
      of flat spoke members 16. The diameter of the wheel 11 is substantially at
      least ten to twelve inches. The outside periphery 13 of the outer rim 15
      is substantially at least one half inch wide. The center hub 14 of the
      wheel 11 as well as the width of the outside periphery 13 of the outer rim
      15 of the wheel 11 provide a positive means of maintaining a substantially
      vertical alignment of the rotating wheel 11 which has been a major
      difficulty of the hoops of the aforementioned patents. The center hub 14
      of the wheel contains a hollow interior chamber 17 with a lateral screw
      cap face 18. Various solid elements 19 introduced within chamber 17
      produce a plurality of noises as an added means of amusement during a
      rolling operations of the wheel 11.
PAR  FIGS. 2-4 show a control stick 12 used to apply the tangential force to the
      outside periphery 13 of the wheel 11. The control stick 12 comprises an
      elongated cylinder shaped handle section 20 telescopically communicating
      with an elongated cylindrical section 21, wherein the total length of the
      control stick 12 is at least twenty four inches long. A flat bar member 22
      is joined onto the outside longitudinal periphery 23 at a free end 24 of
      section 21,  wherein member 22 and section 21 are described as a T shaped
      configuration. The flat outside surface 25 of member 22 engages the
      outside periphery 13 of the outer rim 15 of the wheel 11.
PAR  Hence obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as an illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A noise generating wheel game, which comprises:
PA1  a. a wheel having a center hub, an outer circular rim, and a plurality of
      spoke members joining said center hub to said outer circular rim, said
      center hub having a hollow interior chamber therein;
PA1  b. a lateral screw cap face affixed to said center hub for closing said
      hollow interior chamber;
PA1  c. a control stick for engaging tangentially said rim to roll said wheel on
      the ground; and
PA1  d. a plurality of solid elements removably contained in said hollow
      interior chamber, said solid elements striking the walls of said interior
      chamber within said center hub to generate said noise as said wheel rolls
      on said ground.
NUM  2.
PAR  2. A wheel game according to claim 1, wherein said control stick comprises:
PA1  a. a handle section;
PA1  b. an elongated cylinder section which telescopically engages, said handle
      section; and
PA1  c. a flat bar member affixed to a free end of said elongated cylinder
      section for engaging said rim of said wheel.
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ABST
PAL  The exchangeable-dressing doll comprising an exchangeable-dressing doll
      body having some degree of stereoscopic appearance and reality which is
      soft and smooth to the touch and usable safely as a toy for young
      children, and exchangeable parts therefor which are freely detachable
      including clothes, shoes, gloves, wigs and the like. The doll has a
      freedom to flex at optional parts of the body such as parts corresponding
      to the articulations of the limb, trunk, neck or the like, and at least
      the limb can be caused to take any simulated forms fitting to various
      actions of the body found in the daily life.
BSUM
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  The present invention is related to a doll body made of synthetic resin and
      to exchangeable parts therefor attached thereto which is freely
      detachable, including clothes, shoes, gloves, hats, wigs and the like, to
      be used by girls in their dress exchanging play.
PAR  Conventionally, there have been the said type of dolls made of cardboard
      for the dress exchanging play from of old and, currently, dolls molded to
      the shape of human body has been provided by using soft synthetic rubber.
      However, since the former type of doll is apt to be turned down and broken
      easily, it is impossible to cause the doll to take optional attitudes, in
      spite of its inexpensiveness. The latter type has a sufficient strength to
      permit it to take various attitudes, but the said latter type of doll is
      too expensive. Therefore, it costs too much to get an enough set of
      various kinds of dolls to satisfy children and, accordingly, quite
      undesirable from an educational point of view, the state being far from
      satisfiable.
PAR  The exchangeable-dressing doll according to the present invention is
      provided inside the body with freely flexible wires which permit the doll
      to take optional attitudes. Further, according to the present invention,
      since a soft and flexible foam sheet of thermoplastic synthetic resin is
      packed in the said body in such a manner that the said foam sheets forms a
      weld layer at the contour of the said body along therewith, the body is
      made totally in a swellingly protuberant form and the said weld layer
      constitutes a further solid contour as compared with those in the prior
      art.
PAR  Accordingly, an object of the present invention is to provide an
      exchangeable-dressing doll which can be manufactured inexpensively, in
      which the body can flex at optional parts such as limb, neck and trunk so
      that the doll can freely take fitting attitudes to the various attitudes.
PAR  A further object of the present invention is to provide an
      exchangeable-dressing doll which can be manufactured readily and used
      safely as a toy for children, in which the body of the said doll has some
      degree of stereoscopic appearance and reality as well as a soft and smooth
      touch.
PAR  Another object of the present invention is to provide a
      exchangeable-dressing doll having a sufficient toughness to stand violent
      and repeated uses by children, in which the clothes can be exchanged
      readily.
PAR  Still another object of the present invention is to provide an
      exchangeable-dressing doll which permits children to fully enjoy the
      modeling of his own dream and imagination and in which a remarkably wide
      range of exchangeable can be optionally put on the body of the said doll.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a front view of the body of the exchangeable-dressing doll
      according to the present invention;
PAR  FIG. 2 is a rear view of the said body;
PAR  FIG. 3 is a enlarged cross section of the trunk of the said body cut along
      the line III -- III in FIG. 1;
PAR  FIG. 4 is a section showing major parts of the manufacturing process of the
      said body;
PAR  FIG. 5 is a front view of a preferred embodiment of the dress constituting
      one of exchangeable parts according to the present invention;
PAR  FIG. 6 is a rear view of the said dress;
PAR  FIG. 7 is a broken-down illustration showing the back of the rear body
      sheet;
PAR  FIG. 8 is a section cut along the line IV -- IV in FIG. 6;
PAR  FIG. 9 is a front view of another embodiment of the dress constituting one
      of exchangeable parts;
PAR  FIG. 10 is a front view of the hat constituting one of exchangeable parts;
      and
PAR  FIG. 11 is an oblique view showing the back of the book constituting one of
      exchangeable parts.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  As shown in FIG. 1, the body of the doll according to the present invention
      has its front sheet 2 of flexible thermoplastic synthetic resin such as
      soft polyvinyl chrolide sheet having a contour 1 similar to the front
      contour of the whole human body and its rear sheet 4 of the same material
      as the said front sheet having a contour completely symmetric to the said
      contour 1 welded along the overall contour line 5 thereof to form an
      integral body.
PAR  The pattern 6 of the head and the pattern 6 of the front side of the head
      such as eyes, ears, mouth and the like are printed on the portion of the
      said front sheet 2 corresponding to the position of the head. Patterns of
      fingers of hands and feet 7 and 8 are also printed on the said front
      sheet. Similarly, the pattern of the back of the head 9 and patterns 10
      and 11 of fingers of hands and feet are printed on the said rear sheet 4.
PAR  Thus, since the patterns of the body of the doll according to the present
      invention are made all in printed forms, dolls having either a male or
      female appearances can be manufactured both quite readily by changing the
      pattern of the front side of the doll's head.
PAR  As shown in FIG. 3, soft and flexible 12 of thermoplastic synthetic resin
      are packed in-between the said front sheet 2 and rear sheet 4, the whole
      outer peripheral portion 13 of the said foam sheet 12 forming a weld layer
      14 together with the whole contour portions 1 and 3 of the said back and
      rear sheets 2 and 4 and with the inner peripheral portion adjacent
      thereto.
PAR  The said weld layer 14 is formed by the action of compression exerted by
      metallic molds comprising an upper mold 15 and a lower mold 16 and by high
      frequency dielectric heating.
PAR  That is to say, the said upper mold 15 is formed with a chain of fusing
      knife 17 in coincidence with the contour 1 of the front sheet 2 in such a
      manner that the knife edge face 18 thereof is inclined from the inside of
      the pattern toward the tip thereof. While, the lower mold 16 is formed
      with a flat knife 19 in coincidence with the said fusing knife 17 in such
      a manner that the inner edge 20 thereof is placed at a position displaced
      by a width of A from the knife edge 21 of the knife edge face 18 toward
      the inside of the pattern. In this case, a mold releasing paper is stuck
      on the upper face of the said flat knife 19 beforehand.
PAR  The rear sheet 4 is placed on the said lower mold 16 upside down by
      coinciding the flat knife 19 with the position of the pattern and, then,
      the foam sheet 12 is placed on the said rear sheet. Further, the front
      sheet 2 is placed thereon upward by coinciding the position of the pattern
      with the flat knife 19. Then, the upper mold 15 is lowered in coincidence
      with the position of the pattern. The respective sheets thus overlapped
      are compressed together and heated simultaneously by high frequency
      dielectric heating through the upper and lower molds used as the
      electrodes therefor.
PAR  As the knife edge 21 of the fusing knife 17 fuses the respective sheets 22
      to reach the mold releasing paper, the front and the rear sheets 2, 4 and
      the foam sheet 12 are fused along the contours 1 and 3 and those portions
      of the front and rear sheets 2, 4 and the foam sheet squeezed between the
      inclined knife edge face 18 and the flat knife 19 corresponding to the
      length of the said width A are melted and welded together to form an
      integral weld layer 14 in the vicinity of the knife edge 21.
PAR  After cutting off the current through the upper and lower molds, the molds
      are cooled and released to obtain the doll having a construction as shown
      in the drawings.
PAR  The sticked portion of the doll thus formed through the weld layer has an
      extremely high exfoliation strength that prevents the doll from being
      damaged even by any violent handling. Further, the doll thus formed is
      provided with a sufficient buoyancy so that the doll does not sink under
      the water surface, even when used in bathing.
PAR  A cutout 23 is provided on the back, for example of the doll thus formed
      through the above-mentioned process and wires 24 and 25 such as resin
      coated copper or iron wires are penetrated from the said cutout through
      the layer of the said foam sheet 12 to the tips of the feet, preferably to
      the finger tips. Similarly, wires 26 and 27 are inserted in the body from
      the shoulders to the tips of the hands, preferably to the finger tips of
      the hands. In the preferred embodiment as shown in the drawings, a wire 28
      is inserted in the body to reach the vertex through the neck.
PAR  After inserting the said respective wires in the body, a small piece 32
      functioning also as a name plate is attached on the said cutout 23 to seal
      the said cutout, thus completing the doll according to the present
      invention.
PAR  The respective wire are inserted from the shoulder back portion of the body
      in the preferred embodiment as shown in the drawings. However, it should
      be noted that the location of the said cutout is not limited to the
      shoulder back portion.
PAR  Also as to the position along which wires are penetrated, wires may be
      inserted between the rear sheet 4 and the foam sheet 12 as indicated by
      the chain lines 29 and 30 in FIG. 3, without penetrating the layer of the
      foam sheet 12.
PAR  By the action of the freely flexible wires thus inserted, optional parts of
      the doll, such as the limb, neck, trunk and like are permited to flex
      freely and to hold the attitude then taken. Therefore, children can enjoy
      the play by causing the doll to take various attitudes freely fitting to
      the respective corresponding behaviors of a person and maintaining the
      attitudes thus taken for a time, or by returning the doll to the original
      attitude thereof, thus repeating the flexing actions.
PAR  Further, since the doll according to the present invention is made of soft
      and flexible synthetic resin, children can change even a rather tight
      dress surely and readily by freely flexing various parts of the doll
      without damaging the doll and even those exchangeable parts which are put
      on from above and not having an opened edge of joint type can be exchanged
      freely.
PAR  Further, since the body of the doll is provided with cuts between the
      respective hand fingers, various accessories such as handy bag, ornaments
      and the like are optionally put and held between the fingers and children
      can enjoy a doll remarkably abundant in the reality.
PAR  FIG. 5 is a front view showing a preferred embodiment of a dress 101
      constituting one of the exchangeable parts, such as clothes, shoes,
      gloves, hats and the like. FIG. 6 being a rear view thereof. Optional
      colour and design 103 are printed or dyed on the external surface of the
      front sheet comprising a flexible sheet of soft polyvinyl chloride, cloth,
      paper or the like. Similarly, optional colour and designs 106, 107 are
      printed or dyed on the external surfaces of the right back sheet 104 and
      the left back sheet 105 each comprising a soft sheet of the same quality
      as the front sheet.
PAR  The said front sheet 102 and the said right and left back sheets 104, 105
      are stuck together at the contour portions 112, 113, 114 and 115,
      excepting the neck cutout 108, sleeve band 109, skirt 110 and back joint
      portion 111 of the rear body respectively constituting an opened edge for
      changing clothes.
PAR  In the preferred embodiment as shown in the drawings, the back joint
      portion 111 is constructed a butt joint between the right and left sheets
      104 and 105 ranging from the neck cutout 108 to the skirt 110. However,
      the present invention is not limited to such a construction.
PAR  If thermoplastic synthetic resin sheets such as soft polyvinyl chloride
      sheets are used, the said contour portions 112, 113, 114 and 115 can be
      welded integrally and, therefore, products having remarkably high
      exfoliation strength at the contour portions can be produced.
PAR  As shown in FIG. 7, coating zones 116 and 117 of organic solvent of the
      same quality as that mixed in the printing ink used to print the said
      colour and design are formed on the back of the said right and left rear
      sheets 104, 105, excepting those portions corresponding to the contour
      portions 112, 113, 114 and 115 to be welded. The said coating zones have a
      function to prevent the front and rear sheet from tending to be turned up
      toward the printing side, as usual in the prior art, along with the
      evaporation and drying of organic solvent contained in the printing ink
      applied on the external surface. This is resulted from the provision of
      zones coated by organic solvent of the same quality as that used in the
      printing ink or coating agent containing the said organic solvent as the
      main component thereof on the back of portions at least in the vicinity of
      the opened edge portions for the cloth exchanging. That is to say, the
      action of the said portions to bend and turn up backward is balanced and
      cancelled out with the action of the said printing ink tending to bend and
      turn up the said portions toward the printing surface. As the result, the
      said portions in the vicinity of the said opened edges including the edges
      118, 119 of the back joint portion 111 are prevented from being turned up
      and located substantially in the same plane as the right and left rear
      sheets 104 and 105.
PAR  Accordingly, the said dress according to the present invention looks neat
      and does not cause any unexpected separation, thus further improving
      children's interest in the doll.
PAR  Also, the said coated zones 116, 117 may be provided on the front sheet so
      that the whole exchangeable parts may be held always in rather flat
      shapes. When the said contour portions are to be welded immediately after
      the formation of the said coated portions, the latters should be formed by
      avoiding the said contour portions.
PAR  The coating agent to be applied on the said coated zones 116, 117 may
      comprise the said organic solvent, or other coating agent to which any
      appropriate additives such as pigments are added may be used.
PAR  It is preferable that the said coated zones 116, 117 include the cutout
      edges of opened edge portions such as the said neck cutout 108, sleeve
      band 109, skirt and back joint portion of the rear body and the vicinity
      thereof. However, in relatively narrower portions such as neck cutout 108
      and sleeve band 109, that is to say, if the interval between the welds at
      the ends of such a coated zone, the said coated zone may be located at any
      appropriate positions spaced apart from the said vicinity of the opened
      edge portions.
PAR  Further, if any complicated shapes are contained, the said coated zones may
      be provided only at those positions close to the end edges of the opened
      edge portions, as indicated by the signs A and B in FIG. 7.
PAR  Hereinbefore, we have described one preferred embodiment of the
      exchangeable parts according to the present invention in terms of a dress.
      However, it should be noted that the exchangeable parts according to the
      present invention may comprise any appropriate parts including hats, wigs,
      shoes, shawls and the like, not limiting only to dresses.
PAR  In a dress as shown in FIG. 9, a cutout 120 is provided for permitting the
      insertion of accessories such as a brooch or an artificial flower for an
      ornamental purpose. In FIG. 10, a cutout 120 provided on the side of the
      hat permits to put on accessories for the hat such as a feather or an
      artificial flower. The book shown in FIG. 11 is provided at its central
      portion a cutout 121 for the insertion of hand fingers of the doll body,
      thereby permitting the child to enjoy various reading attitudes of doll by
      fitting the said cutout to the hand fingers of the doll.
PAR  As fully described hereinbefore, it will be understood that children can
      fully satisfy their own creative will by freely using the said various
      exchangeable parts and, thus, the exchangeable-dressing doll according to
      the present invention can be highly effective educational also from the
      view point of the culture of sentiments.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An exchangeable-dressing doll comprising:
PA1  a body of the said exchangeable-dressing doll characterized in that a front
      sheet of flexible thermoplastic synthetic resin having a contour simulated
      to the front contour of the whole human body and a rear sheet of the same
      quality as the said front sheet having a contour symmetric thereto are
      welded together along the whole contour line, a flexible foam sheet of
      thermoplastic synthetic resin packed in and between the said two sheets,
      the peripheral portions of the foam sheet adjacent to the weld forming a
      weld layer together with the whole peripheral portions of the contours of
      the said front and rear sheets and with the inner peripheral portions
      adjacent thereto, wires free to flex being inserted in and between at
      least those portions of the said two sheets which correspond to the limbs
      of the said doll, and that the pattern of the front side of the head part
      including the face is printed at least on that portion of the said front
      sheet corresponding to the head of the doll, while the pattern of the rear
      side of the head part is printed at least on that portion of the said rear
      sheet corresponding to the head of the said doll, and
PA1  freely detachable exchangeable-dressing parts for the said
      exchangeable-dressing doll including clothes, shoes, gloves, hats, wigs
      and the like and being so formed that front and rear flexible sheets with
      colors, designs, etc. dyed or printed on their external surfaces are
      integrally stuck at contour portions except opening portions for the dress
      exchanging.
NUM  2.
PAR  2. An exchangeable-dressing doll according to the claim 1, wherein cutouts
      are provided between hand fingers of the said doll so that the body of the
      said doll can hold a handy bag and other accessories by utilizing the said
      cutouts.
NUM  3.
PAR  3. An exchangeable-dressing doll according to the claim 1, wherein
      accessories and other exchangeable parts are provided with a cutout for
      the insertion of hand fingers of the said doll body.
NUM  4.
PAR  4. An exchangeable-dressing doll according to the claim 1, wherein the said
      exchangeable parts are made of cloth or paper.
NUM  5.
PAR  5. An exchangeable-dressing doll according to the claim 1, wherein the said
      exchangeable parts are made of thermoplastic synthetic resin.
NUM  6.
PAR  6. An exchangeable-dressing doll according to the claim 1, wherein the said
      exchangeable parts are provided with a cutout for the insertion of
      accessories.
NUM  7.
PAR  7. An exchangeable-dressing doll according to the claim 5, wherein stuck
      contour portions of the said exchangeable parts are welded.
NUM  8.
PAR  8. An exchangeable-dressing doll according to the claim 5, wherein coated
      zones coated with an organic solvent of the same quality as that of the
      ink used in the said printing or other coating agents containing the said
      organic solvent as the main component thereof are formed on the backs of
      at least those portions of the said exchangeable parts in the vicinity of
      the said opened cutout edge portions.
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ABST
PAL  The invention comprises a toy or model vehicle having ground wheels, of
      which at least one is formed with a cam or lobe that cooperates with a
      pivotable or reciprocable member mounted in the vehicle, or with an
      intermediate member transmitting such motion, whereby such items as
      simulated engine pistons, toy figures of beasts and men, gun turrets and
      so on may be given movement during travel of the vehicle over a surface.
BSUM
PAR  This invention relates to toy or model vehicles, particularly unpowered toy
      or model vehicles.
PAR  It is an object of the invention to increase the novelty and interest of
      such vehicles by providing them with parts that reciprocate or rotate
      relative to the chassis of the vehicle.
PAR  According to the invention there is provided a toy or model vehicle in
      which at least one of the wheels is formed with an integral, eccentric
      lobe or cam co-acting with a member to be reciprocated or rotated, or with
      an intermediate member transmitting the motion.
PAR  The member may be pivoted to the chassis, in which case it reciprocates
      through an arc above the pivot, or it may be rotatably supported on the
      chassis, in which case it either rotates or pivots about an axis, or the
      member may be reciprocated rectilinearly. The member may be made in the
      form of a simulated engine in the car, the driver of the car or similar
      application. The device can also be used to reproduce some of the
      functions of a real car, such as reciprocation of the pistons, (in
      combination with a transparent cylinder block) or the operation of
      windscreen wipers.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be directed, by way of example,
      to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view, partly broken away, of a toy or model vehicle
      according to the invention,
PAR  FIG. 2 is a perspective view of a wheel of the vehicle of FIG. 1,
PAR  FIG. 3 is a perspective view, partly broken away, of another embodiment of
      a toy or model vehicle according to the invention,
PAR  FIG. 4 is a perspective view, partly broken away, of yet another embodiment
      of a toy or model vehicle according to the invention,
PAR  FIG. 5 is a perspective view, partly broken away, of a further embodiment
      of a toy or model vehicle according to the invention,
PAR  FIG. 6 is a perspective view of a part of the vehicle of FIG. 5,
PAR  FIG. 7 is a perspective view, partly broken away, of another embodiment of
      the toy or model vehicle according to the invention,
PAR  FIG. 8 is a perspective view, partly broken away, of a further embodiment
      of a toy or model vehicle according to the invention, and
PAR  FIG. 9 is a perspective view of yet another embodiment of toy or model
      vehicle according to the invention.
DETD
PAR  Referring to the drawings, FIG. 1 shows a toy or model vehicle consisting
      essentially of a body 1, rear ground wheels 2 (of which only one is
      visible) and front ground wheels 3 and axles 4 on which the ground wheels
      are rotatably supported. The axles 4 are preferably of a small gauge steel
      wire, in order that the free-running properties of the vehicle may be
      increased as far as possible by the reduction of friction in the wheel
      bearings. The vehicle may be provided with suspension arrangements
      allowing resiliently opposed movement of the wheels relative to the
      chassis. Other optional accessories such as window mouldings, opening
      doors, boots and the like may be provided, all of which are well known in
      the art.
PAR  The wheels 2 and 3 are moulded in a synthetic plastics material. At least
      one of the front wheels 3 is provided with an eccentric cam or lobe formed
      on that side of the wheel adjacent the chassis, that is, pointing towards
      the vehicle. In this case, the cam or lobe is in the form of a pin 5
      moulded on the wheel. The wheel is shown in section in FIG. 1, and is also
      illustrated in FIG. 2.
PAR  The bonnet of the toy or model vehicle is left as an aperture. Through this
      aperture projects a simulated engine moulding 6. The rear end of the
      moulding is pivoted in the body 1 by means of an integrally moulded pair
      of stub shafts 7, only one of which is shown in the drawing. The front end
      of the engine moulding rests either on the body 1 or on the lobe 5 of the
      wheel 3.
PAR  As the toy moves over a surface, the wheels rotate and the lobe 5 causes
      the engine moulding 6 to reciprocate pivotably in the direction
      illustrated by the arrows 8.
PAR  If only one of the front ground wheels 3 is provided with a lobe 5, both
      wheels will be freely rotatable on the shaft 4, as this reduces the
      friction in the bearings. However, if both wheels 3 are provided with a
      lobe 5 the wheels may be fixed on the axle 4. The lobes 5 may either be in
      phase of 180.degree. rotated from each other, the first case causing both
      lobes to raise the engine moulding 6, which is thus better balanced,
      whereas the second arrangement means that the engine is raised twice in
      every cycle instead of resting on the body 1 through the half-cycle in
      which the lobes are below the axle 4.
PAR  A second embodiment of the invention is described with reference to FIG. 3
      of the drawings. The toy or model vehicle illustrated consists, as in the
      previous embodiment, of the body 1, a pair of rear ground wheels 2, a pair
      of front ground wheels 3 and two axles 4. In this case, both front wheels
      3 are provided with lobes 5. They may be fixed to the axle 4 such that the
      lobes are spaced by 180.degree..
PAR  A moulding 9 is provided that simulates the cylinder block and head of the
      engine. It is moulded in a transparent plastics material and secured to
      the body 1 so as to project through the bonnet threreof. It is provided
      with a number of downwardly extending cylinders 10 that are open at the
      bottom. In this case there are four in line, but there could be more or
      less as desired, and a V-configuration is possible.
PAR  The imitation engine is provided with piston mouldings 11 and 12, each of
      which consists of a base having two cylindrical pistons upstanding
      therefrom. The mouldings are so arranged that, in the example illustrated,
      the pistons of moulding 11 extend into the first and third cylinders 10,
      whereas those of moulding 12 extend into the second and fourth cylinders.
      As the toy or model vehicle is moved over a surface, the front wheels 3
      will be caused to rotate. One of the lobes 5 will then push its respective
      moulding upwardly, causing the pistons attached thereto to rise in their
      cylinders. These pistons will then drop and the other pistons will then
      rise, assuming that the lobes 5 are 180.degree. out of phase. The lobes 5
      could be fixed in that relationship, but this obviously adds to the
      expense of the toy. As the moulding 9 is transparent, the movement of the
      pistons is visible from the exterior. The moulding of the pistons in pairs
      gives the correct firing order effect of a real engine.
PAR  Referring to FIG. 4, the toy or model vehicle shown therein is exactly
      similar to the vehicle in the previous embodiments, except that the engine
      moulding is constituted by a moulding 13 which has two stub shafts 14
      located co-axially with the vehicle. The moulding 13 may rock transversely
      of the car under the influence of the lobes 5 on the front wheel 3 of the
      vehicle, in an analogous manner to the motion of the moulding 6 of FIG. 1.
      The moulding 13 may be pivoted at its centre, as shown, and be rocked in
      both directions, as shown by the arrows 15, or may be pivoted at one side,
      in which case only one of the front wheels 3 will be provided with a lobe,
      and the engine will return to its rest position under its own weight.
PAR  Referring to FIG. 5, the toy or model vehicle illustrated has a body 15,
      front ground wheels 16 and rear ground wheels 17, the ground wheels being
      rotatable on axles 18. Each rear wheel 16 is formed with a lobe
      constituted by a pin 19 extending from the outer rim thereof.
PAR  The rear of the vehicle is formed with a backwardly extending cowl 20 that
      is shaped to enclose partially a pair of simulated turbine fans or
      impellers 21, one of which is shown in FIG. 6. Each impeller 21 is
      integrally moulded with a shaft 22 that extends through a bore in the rear
      wall of the body 15. Each impeller is thus rotatable in the body 1.
PAR  A pinion 23 having a plurality of fairly widelyspaced pins 24 formed on its
      face is integrally moulded with the impeller 21 and the shaft 22.
PAR  When the impellers are mounted in the body 15, and the vehicle is pushed
      across a surface, the lobe 19 in each case will interfere with one of the
      pins 15 and the simulated turbines will rotate. The rear wall of the body
      15 may be painted black in order to give the impression that the vehicle
      is being driven by air moved by the turbine blades through ducts in the
      vehicle.
PAR  Referring to FIG. 7, the toy or model vehicle shown is, in this case, a
      truck. It comprises a body 25, front wheels 26, rear wheels 27 and axles
      28.
PAR  As in the previous embodiments, one of the rear wheels 27 is provided with
      a lobe constituted by a pin 29. In this case, however, only one of the
      wheels is so provided.
PAR  A large diameter disc 30 is rotatably supported in a horizontal position in
      the floor of the body 25 by a flange extending from its outer edge. The
      disc 30 has moulded on its lower periphery a series of downwardly
      extending pins 31.
PAR  When the vehicle is pushed over a surface, the pin 29 interferes with the
      series of pins 31, so causing the disc 30 to index about its vertical
      axis. This movement may be used to cause rotation of a figure or part
      located on the disc. If the truck is made with a roof, then such items as
      imitation radar scanners, miniature advertising signs and so on can be
      mounted for rotation on the roof, connected to the disc 30 by an
      integrally moulded spindle.
PAR  Referring to FIG. 8, the vehicle illustrated therein is an armoured car. As
      in the previous embodiments, the vehicle comprises a body 32, front wheels
      33, rear wheels 34, and an axle 35. Also as in the previous embodiments,
      one of the wheels 34 is provided with a lobe 36. A disc 37 having a series
      of downwardly depending pegs on its edge is rotatably mounted in a
      horizontal plane in the vehicle. The upper face of the disc 37 is provided
      with a pinion 38 of a reduced diameter. The pinion 38 meshes with a gear
      39 of a larger diameter. The gear 39 has formed on its upper surface two
      pins 40 and 41, the pin 40 being relatively near the axis of rotation of
      the gear 39, and the pin 41 being relatively near the edge of the gear.
      The two pins are also angularly spaced about the axis of rotation.
PAR  A simulated gun turret 42 is rotatably supported on the body 32. On the
      axis of rotation there is located a downwardly extending fin 43. It will
      be seen from the drawing that one half of the fin 43 extends from the axis
      of rotation of the turret 42 towards the front of the vehicle and into the
      locus of movement of the pin 41. The other half of the fin 43 extends
      rearwardly into the locus of movement of the pin 40. The loci
      above-mentioned pass on opposite sides of the axis of rotation of the
      turret 42. It will be seen that as the pin 41 moves past the axis of
      rotation of the turret 42 it will push the fin 43 and thus rotate the
      turret 42 until the fin 43 is pushed out of the way and the pin 41 is free
      to continue its rotation. The pin 40 will then abut against the other half
      of the fin 43, and, as it is moving in the same direction but on the
      opposite side of the axis of rotation of the turret 42, the turret will be
      rotated in the opposite direction to that movement caused by the pin 41.
      The general directions of movement of the mechanism are indicated by the
      arrows 44.
PAR  Referring to FIG. 9, the vehicle illustrated therein is a field command
      car. As before, the vehicle consists of a body 45, front wheels 46, rear
      wheels 47 and 48, and an axle 49 on which the rear wheels are rotatably
      supported. As before, the rear wheel 47 has an inwardly facing pin moulded
      to its periphery, which pin, during rotation, interferes with a series of
      downwardly depending pegs formed on the lower surface of a disc 50 that is
      rotatably supported in a horizontal position in the body 45. The upper
      surface of the disc 50 is formed with the cam and pin of a standard Geneva
      Wheel stepping mechanism. The Geneva Wheel itself is rotatably supported
      adjacent the disc 50. The Geneva Wheel 51 is integrally moulded with the
      part to which a stepping movement is imparted which projects through the
      roof of the vehicle. In this case, the part is the figure of a staff
      officer with binoculars, the figure being given periodic movements of
      90.degree. in order to "scan" the horizon.
PAR  It is also envisaged to use the reciprocatory or rotary drive according to
      the present invention for such items as toy drivers, windscreen wipers and
      so on. While embodiments describing front and rear drives only have been
      described, it will be obvious that a vehicle could have a moulding being
      moved by both front and rear wheels, or the rear wheels could drive one
      movement and the front wheels another. A further alternative is to use one
      wheel for each of four mechanisms. Toy motor cars have been illustrated,
      but the invention is equally well applicable to most toy or model vehicles
      in which it is desired to add interest by providing a subsidiary part with
      a bobbing, reciprocating or rotary movement.
CLMS
STM  I claim:
NUM  1.
PAR  1. A toy vehicle having wheels and axles freely and independently rotatable
      in either direction; an eccentric pin formed integrally with at least one
      of said wheels; a member on said vehicle and movable relative to the rest
      of the vehicle, said pin transmitting motion to said member, said member
      comprising a simulated engine moulding pivotably secured to the body of
      the toy and engaged by said pin, said pin rocking the engine during
      movement of the toy.
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ABST
PAL  A mulch comprises a paper sheet covered substantially completely on one
      side thereof with a water-impervious material and treated at marginal
      regions only of the opposite side thereof with a water-insoluble
      fungicide. The marginal regions of the mulch may be treated as the mulch
      is fed from a supply roll and laid upon the ground, with the
      water-impervious side facing downward. The treated marginal regions are
      covered with soil to anchor the mulch and to provide a long-term mulch
      without substantial deterioration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to mulches and to methods of manufacturing and
      utilizing the same.
PAR  Paper mulches are well known. See, for example, U.S. Pat. Nos. 1,846,185;
      2,685,150; 1,803,838; and 1,844,051. It has heretofore been proposed to
      render the paper mulch waterproof and fungus-resistant by completely
      coating the paper sheet with suitable fungicide and waterproofing
      materials. As taught by U.S. Pat. No. 3,493,464, for example, it has also
      been proposed to produce a fungus-resistant or mold-proof mulch paper by
      adding suitable materials to the pulp slurry from which the paper is made.
      The manufacture of all such mulch papers is rather expensive, however,
      hindering widespread utilization of the mulches.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, it has been discovered that a
      highly satisfactory fungus-resistant or mold-proof mulch paper may be
      produced by coating or covering one side only of a paper sheet with a
      water-impervious material and by coating marginal regions only of the
      opposite side of the sheet with a water-insoluble fungicide. The treating
      of the marginal regions may occur as the sheet is fed from a supply roll
      and laid upon the ground with the waterproof side against the ground. Then
      only the treated marginal regions are covered with soil to hold the sheet
      against the ground for long periods without substantial deterioration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described in conjunction with the
      accompanying drawings, which illustrate preferred and exemplary
      embodiments, and wherein:
PAR  FIG. 1 is a perspective view of a mulch in accordance with the invention;
PAR  FIG. 2 is a diagrammatic view illustrating the treating of marginal regions
      of the mulch as the mulch is fed from a supply roll and laid upon the
      ground; and
PAR  FIG. 3 is a perspective view illustrating the manner in which the mulch is
      held down on the ground.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, and initially to FIG. 1 thereof, a mulch 10 of
      the invention comprises a paper sheet 12, which may be ordinary 60 pound
      kraft paper, for example, substantially completely covered at one side
      thereof with a water-impervious material 14. This may be accomplished, for
      example, by coating or laminating one side of the paper sheet with
      polyethylene, wax, polyvinyl acetate, Saran, or the like, each of which
      may form a plastic layer on one side of sheet 12. At the opposite side of
      the paper sheet the paper is treated, at marginal regions 16 and 18 only,
      with a water-insoluble fungicide, which may comprise a solution of 99
      parts diesel oil and 1 part pentachlorophenol, for example, producing a
      residual concentration of pentachlorophenol in the treated marginal
      regions of approximately 0.25% to 2%. Other suitable fungicides include
      0.25 to 2% orthophenylphenol, 0.05 to 0.5% copper - 8 - quinolinolate,
      0.05 to 2% metallic salt (i.e., copper, zinc, aluminum, cobalt, manganese,
      nickel, iron) of dimethyldithiocarbamic acid and mercaptobenzothiozole.
      Other metallic chelates of hydroxyquinoline may also be used. The
      diluent-carrier may be fuel oil or isopropyl alcohol, for example.
PAR  As shown in FIG. 2, the marginal regions 16 and 18, which are spaced from
      the longitudinal edges 20 and 22 of the paper sheet, may be treated as the
      mulch is fed from a supply roll 24, and laid upon the ground with the
      waterproof side 14 in contact with the ground (although the treatment may
      be carried out before the paper is rolled). It is well known to feed mulch
      paper or the like to the ground from a moving vehicle (diagrammatically
      shown by the vehicle frame 25), and it is also well known to coordinate
      with the paper mulch delivery other operations, such as paper slitting for
      plant openings and the transfer of soil or earth to the edges of the paper
      to retain the mulch upon the ground.
PAR  The marginal region treatment apparatus may comprise any suitable apparatus
      for coating the selected regions of the sheet. Diagrammatically such
      apparatus is represented by liquid feed tanks 26 and by applicators 28
      (such as sponges or spray heads). Other suitable coating apparatus, such
      as the type employing cooperating padding rolls, pressure rollers, and
      metering rolls or doctor blades, may be employed, as will be apparent to
      those skilled in the art.
PAR  As or after the mulch is applied to the ground 27, as shown in FIG. 3, the
      treated marginal regions 16 and 18 are covered with soil 30 or the like to
      retain the mulch upon the ground. It has been discovered that maximum
      deterioration of untreated paper occurs at the soil/air/paper interface,
      becoming significantly less severe below the surface of the soil. Hence,
      by treating the paper sheet at the marginal regions covered by the soil
      and slightly beyond such regions, minimal deterioration occurs for
      prolonged periods of time (at least one growing season). The regions
      immediately adjacent to the longitudinal edges need not be treated,
      because the soil need not cover such regions. In addition, the invention
      is much less expensive than prior art fungus-resistant or mold-proof
      mulches which are treated uniformly throughout the mulch.
PAR  While preferred embodiments of the invention have been shown and described,
      it will be apparent to those skilled in the art that changes can be made
      in these embodiments without departing from the principles and spirit of
      the invention, the scope of which is defined in the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. An improved mulch comprising a sheet of paper substantially completely
      covered at one side thereof with a water-impervious material and coated at
      the opposite side thereof, only at marginal regions including planar side
      surfaces along opposite edges of the sheet, with a water-insoluble
      fungicide.
NUM  2.
PAR  2. A mulch in accordance with claim 1, wherein said marginal regions are
      spaced from said edges.
NUM  3.
PAR  3. A mulch in accordance with claim 1, wherein said water-impervious
      material is a plastic layer.
NUM  4.
PAR  4. A method of manufacturing a mulch, which comprises covering one side of
      a sheet of paper with a water-impervious material, and coating marginal
      regions only of the opposite side, including planar side surfaces adjacent
      to opposite edges of the sheet, with a water-insoluble fungicide.
NUM  5.
PAR  5. A method in accordance with claim 4, wherein the said marginal regions
      are spaced from said edges.
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ABST
PAL  A collapsible terrarium assembly which is inflatable to assume a desired
      configuration for transparently housing a potted plant or other article to
      be protectively enclosed. The structure is constituted by a disc-like base
      and a dome attachable thereto. The dome is formed by an open, flexible
      plastic envelope whose rim is secured to a coupling ring which is joinable
      to the base to form a hermetically-sealed enclosure, the envelope
      including a valve for inflating the dome.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates generally to terrarium structures, and more
      particularly to a collapsible terrarium which is inflatable to assume a
      desired configuration.
PAR  A terrarium is fully enclosed, small container wholly or predominantly made
      of glass or clear plastic material, the terrarium being adapted for the
      indoor cultivation of moisture-loving plants. The earliest form, known as
      a Wardian case, was invented by an English botanist in the 19th century,
      the case being constituted by a box-like glass dome fitted over a metal,
      earthenware or wooden base serving as a pot for growing living plants.
      Normally, moisture from an exposed plant is dissipated into the atmosphere
      through transpiration, so that the plant must be watered at frequent
      intervals, but in a terrarium the loss of moisture is slight and it is not
      necessary to replenish the water except occasionally.
PAR  Because of the growing popularity of terrariums, they are now commercially
      available in rigid plastic form. The terrarium consists of a plastic base
      having a pot formation for receiving plant soil and a plastic dome or
      shell which fits over the base. Plastic terrariums come in a range of
      sizes, and the larger ones are not only fairly expensive, but because of
      their size they are not easily stored when not in use, particularly in a
      small apartment dwelling.
PAR  Moreover, since in a standard terrarium the plant is grown in soil held in
      the base, one cannot readily change the plant or shift it to another
      setting, for the plant must be dug out of the soil.
PAC  SUMMARY OF INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide a terrarium which makes use of a collapsible, clear, flexible
      plastic dome mountable on a flat base to create a hermetically-sealed
      enclosure, the dome being inflatable to assume a desired configuration.
PAR  The significant advantage of the invention is that the terrarium in its
      collapsed state is substantially flat and may be inexpensively shipped in
      a compact box or stored in a small space.
PAR  More particularly, it is an object of this invention to provide a terrarium
      which may be readily dismantled or assembled, whereby a potted plant may
      be installed within the terrarium or removed therefrom without difficulty.
PAR  Also an object of the invention is to provide a terrarium structure which
      may be manufactured and sold at low cost, even in relatively large sizes.
PAR  While the invention will be desribed as a plant terrarium, it will be
      appreciated that the same structure may be used for other useful purposes,
      for it can function effectively as a bell jar to enclose stuffed animals,
      delicate porcelain objets d'art and other viewable objects that require
      protection against handling.
PAR  Briefly stated, these objects are attained in a terrarium structure
      comprising a disc-like base and a collapsible dome attached to the base
      and constituted by a coupling ring secured to the rim of an open envelope
      formed of clear flexible plastic material having a valve mounted thereon.
      The underside of the ring has an annular gasket secured thereon which,
      when the ring is attached to the base, engages a matching gasket secured
      to the face of the base. The ring is provided with circumferentially
      spaced snap fastener elements which engage complementary elements on the
      periphery of the base, whereby to assemble the terrarium, the ring of the
      dome is simply pressed onto the base.
DRWD
PAC  OUTLINE OF DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a perspective view of a terrarium in accordance with the
      invention;
PAR  FIG. 2 is a cross sectional view of the device;
PAR  FIG. 3 is a plan view of the base of the terrarium;
PAR  FIG. 4 is a plan view of the coupling ring of the terrarium; and
PAR  FIG. 5 is a detail showing like elements of the snap fastener.
DETD
PAC  DESCRIPTION OF INVENTION
PAR  Referring now to the drawings and more particularly to FIGS. 1 and 2, a
      terrarium in accordance with the invention comprises a disc-shaped base 10
      and an inflatable, dome-shaped envelope 11 whose rim or mouth is bonded to
      a coupling ring 12.
PAR  Base 10, which is made from a suitable rigid plastic material such as
      acrylic paneling, is raised slightly above ground level by short feet 13
      secured to the underside thereof. Attached to the face of base 10, as
      shown in FIG. 3, is an annular gasket 14 of a suitable sealing material
      such as rubber. Attached to the underside of coupling ring 12, as shown in
      FIG. 4, is a matching gasket 15 so that when the ring is pressed against
      the base the two gaskets mate and the interior of the dome is hermetically
      sealed. The ring may be formed of the same plastic material as the base.
PAR  Envelope 11 is fabricated of a transparent, flexible plastic film material
      such as polyvinyl chloride, "Mylar" or any other suitable clear plastic
      which is impermeable to air. The envelope is provided with a football
      valve 16, a tire valve or any other unidirectional valve for inflating the
      envelope by means such as a hand-operated tire pump. Installed on the base
      within the terrarium is a potted plant 17 or any article to be
      protectively displayed.
PAR  In order to removably attach the coupling ring to the base, ring 12 is
      provided along its periphery with a series of circumferentially-spaced
      flexible fingers 17 which project downwardly from the ring. As best seen
      in FIG. 5, each finger terminates in a slanted tooth 17A. The fingers on
      the ring cooperate with a series of projecting ledges 18 formed on the
      periphery of base 10, each ledge having a recess 18A adapted to
      accommodate a finger, such that when the ring is pressed down, the
      inclined edge of the tooth 17A is deflected outwardly by the recess of the
      ledge until the tooth falls below the ledge at which point it snaps back
      to latch the ring to the base. To disconnect the ring from the base, one
      simply pulls out the fingers.
PAR  Thus in assembling the terrarium, one sets base 10 at a selected site, such
      as on a table adjacent a window having good sunlight. The watered plant 17
      is placed on the base, the plant being then covered by envelope 11 whose
      coupling ring 12 is pressed down on the base to cause the fingers to latch
      onto the ledges. Then the dome is blown up by a suitable pump so that it
      assumes its proper configuration. It will be appreciated that the envelope
      may be made to assume other forms such as cylinders, hemispheres or any
      other shape appropriate to the article to be placed in the terrarium.
PAR  While there has been shown and described a preferred embodiment of a
      terrarium in accordance with the invention, it will be appreciated that
      many changes and modifications may be made therein without, however,
      departing from the essential spirit thereof.
PAR  Thus, though the terrarium has been described as a plant housing, it is
      suitable also for the cultivation of seeds, for it provides a protective
      environment for this purpose. Another useful function of a terrarium in
      accordance with the invention is for the long-haul transportation of
      plants. On an extended trip, the inflated terrarium protects the plants
      and reduces the amount of care that is needed to maintain their health,
      whereas on the return trip the terrarium is deflated to save space. The
      advantages of a collapsible terrarium over structures heretofore used for
      the transportation of plants are obvious.
PAR  While the base of the terrarium assembly has been described as being made
      of plastic, it can also be made in a variety of other materials, such as
      aluminum, at a practical cost and weight. There is virtually no limitation
      on the size of the inflatable terrarium and it may in practice be
      structured to function as a low cost, sizeable greenhouse for enclosing a
      large number of plants. And while the terrarium has been described as
      being pump-inflated, it is to be understood that it may, particularly in
      small sizes, be mouth-inflated.
CLMS
STM  I claim:
NUM  1.
PAR  1. A inflatable and deflatable collapsible closed terrarium assembly which
      can be inflated to assume a desired configuration for housing a potted
      plant or other watered article to be protectively enclosed, said assembly
      comprising a disc-like base and a dome attachable thereto, said dome being
      formed of a flexible, non-selfsupporting clear plastic film envelope
      having an open mouth, a coupling ring secured to the mouth of the envelope
      and sealably joinable to the base to form a hermetically-sealed enclosure
      enveloping said plant or other article to prevent evaporation therefrom,
      and a valve mounted on the envelope for selectively inflating said
      envelope to assume said configuration and deflating said envelope to a
      collapsed condition.
NUM  2.
PAR  2. A terrarium as set forth in claim 1, wherein said envelope is formed of
      polyvinyl chloride.
NUM  3.
PAR  3. A terrarium as set forth in claim 1, wherein said base and said coupling
      ring are provided with matching annular gaskets.
NUM  4.
PAR  4. A terrarium as set forth in claim 1, wherein said base and said ring are
      provided with complementary fastening elements.
NUM  5.
PAR  5. A terrarium as set forth in claim 4, wherein each fastening element is
      constituted by a downwardly projecting spring finger secured to the
      periphery of said ring and a recessed ledge secured to the periphery of
      said base, said finger passing through said recess and engaging said
      ledge.
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PAL  A generally C-shaped fixture clip and a retainer hold the weather strip
      tight against the pane of a closed window of a hard top car without
      preventing opening of the door with the window closed.
BSUM
PAR  The present invention relates in general to a window construction, and
      particularly to a window shielding and fixing construction for use in an
      automotive body. More specifically, this invention is concerned with the
      improvement in or relating to clip means for fixing a weather strip at the
      upper edge portion of a door opening of a hard top automotive body so as
      to positively shield and hold a window pane against rainstorms, etc., when
      closed, and from laterally outward movements during high speed running
      caused by pressure difference inside and outside of the cabin.
PAR  In general, an automotive body construction G like a hard top as
      diagrammatically shown in FIG. 1, there is no door sash in the upper edge
      portion of the door D for an appearance reason. As shown in cross section
      in FIG. 2, the upper edge portion of a door window pane 10 contacts
      tightly with a door weather strip 12 fixed in position on the outer panel
      14 of a roof side rail G' of the uppermost edge of the door opening by
      using screws 16 through a fixture or retainer 18, so that such engaging
      components serve all together to prevent positively water during
      rainstorms or washing, dust, or the like from entering the cabin or inside
      A of the body. With such an automotive door and window construction, when
      an automobile is operated at high speeds with the door window pane 10 kept
      closed, the window pane 10 is subject to above atmospheric pressure inside
      A, and since the leading edge portion of the window pane 10 is not firmly
      supported by the strip 12, it is likely to move toward the outdoor side B
      as indicated by a dotted line in FIG. 2 and consequently, air within the
      cabin space or indoor side A escapes to the outdoor side B through a
      narrow gap formed between the window pane 10 and the door weather strip 16
      as indicated by the arrow Z, thus resulting in the problem of air leakage
      sounds or mechanical vibrations of the window pane during high speed
      driving.
PAR  In addition, when the door D is closed with the window pane 10 raised to
      its uppermost position, the window pane 10 is caused to hit against the
      door weather strip 16 in a position indicated by a dash-and-dot line in
      FIG. 2, thereafter it is set back to a position indicated by a solid line
      due to the resilient nature of the weather strip 16. Now, when the window
      pane 10 is raised from its open position while the door is closed, as it
      nears the uppermost or fully closed position to abut the weather strip 16
      at a position indicated by the dash-and-dot line, the window pane 10
      encroaches into or interferes with the weather stripp 16 or causes the
      weather strip to be deformed or turned away from its normal shape due to
      its resilient character, so that the weather strip may not provide proper
      sealing.
PAR  It is therefore a primary object of this invention to provide an improved
      weather strip fixture on the roof side rail to positively guide a window
      pane against a weather strip of the upper edge portion in such fashion
      that the fixture prevents the window pane from being biased laterally
      outwardly due to above atmospheric pressure in the cabin during high speed
      running, thus preventing air leaking sounds from occurring through a gap
      between the weather strip and the leading edge of the window pane.
PAR  It is another object of this invention to provide an improved weather strip
      fixture to initially cause a window pane to be guided to a correct closed
      position toward the outdoor side while wound up by a window pane
      regulator, so as to prevent a weather strip from being deformed or loosing
      its normal shape by the leading edge of the window pane due to the
      resilient character of the weather strip, thus affording the weather strip
      to properly engage with the window pane and provide positive sealing to
      guarantee the weather strip a long service life.
PAR  It is still another object of this invention to provide an improved weather
      strip fixture of one-piece pressed construction which can be manufactured
      more economically than the conventional separate type fixtures.
PAR  It is a still further object of this invention to provide an improved
      weather strip fixture which may rationalize the assembly processes in such
      a manner that elements are preassembled with a retainer and screws as a
      unitized subassembly ready for immediate mounting on the roof side rail.
DRWD
PAR  The nature, principle, and details of the present invention, as well as
      further objects and advantages thereof, will become more apparent from the
      following detailed description with respect to preferred embodiments of
      the invention when read in conjunction with the accompanying drawings,
      where like parts are designated with like reference numerals and in which:
PAR  FIG. 1 is a diagrammatic side view of a hard top style automobile;
PAR  FIG. 2 is a cross section view, taken along the plane designated by line
      II--II in FIG. 1, showing the conventional construction of a weather strip
      fixture and described above;
PAR  FIG. 3 is a cross section view, likewise taken along the plane designated
      by line II--II in FIG. 1, showing the construction of an improved weather
      strip fixture according to this invention as the first preferred
      embodiment thereof;
PAR  FIG. 4 is a perspective view of the weather strip fixture of FIG. 3;
PAR  FIG. 5 is a cross section view similar to FIG. 3 showing the construction
      of a second preferred embodiment of this invention; and
PAR  FIG. 6 is a perspective view of the weather strip fixture of FIG. 5.
DETD
PAR  Referring now to FIGS. 3 and 4, there are shown, in cross section, a window
      pane 10, a weather strip 12, an outer panel 14 of a roof side rail which
      is the upper edge portion of a door opening and on which strip 12 is
      fixed, a screw 16, and a weather strip fixture or retainer 18 (hereinafter
      referred to as a retainer). The weather strip 12 forms an outer lip
      portion 12a for abutting the window pane 10 on the outdoor side B thereof
      and an inner lip portion 12b for abutting the window pane 10 on the indoor
      side A thereof. The weather strip retainer 18 is adapted to rigidly hold
      the weather strip 12 in the channel thereof formed by stamping or the like
      in a generally C-letter shape, and is secured in position through a dust
      proof seal pad 20 by using screws 16 on the surface of the outdoor panel
      14 of the roof side rail, which constitutes a part of the upper edge
      portion of the door opening of the body. There is further provided a
      fixture aid or clip 22 according to this invention formed in one piece of
      sheet metal in generally C-letter shape, profile having holding portions
      22a and 22b which are respectively covered with an abutting member 24 made
      of synthetic resin, rubber, etc. There is interposed the clip 22, at least
      one, between the weather strip 12 and the weather strip retainer 18, and
      this clip is secured in position on the roof side rail outer panel 14
      together with the weather strip retainer 18 by screwing the screws 16
      through openings 22c. The holding portion 22a surrounds or wraps around
      the outer lip portion 12a on the exterior surface thereof, and the holding
      portion 22b wraps around the inner lip portion 12b in the same manner.
PAR  With such an arrangement of components of the door window according to this
      invention, where the door is closed with its window pane also closed (in a
      position indicated in solid lines in FIG. 3), the holding portion 22a of
      the clip 22 contacts or abuts through the member 24 the exterior leading
      edge portion of the window pane 10 together with the outer lip 12a of the
      weather strip 12. When the door is opened with the window pane closed or
      in raised up position, the top edge of the window pane moves in the
      direction indicated by the arrow W. With a partly opened automotive door,
      the holding portion 22a may afford suitable deformation within its limit
      of elasticity to allow passing-by movement of the window pane.
PAR  In this description of the first preferred embodiment of this invention, it
      has been described that the clip 22 is made of sheet metal, however, it is
      of course possible to produce the entire clip member by using
      thermoplastic synthetic resins, and in this case the abutting member 24
      can be formed integrally with the holding portions 22a and 22b so that the
      finger portions may contact immediately with the leading edge of the
      window pane.
PAR  Referring now to FIGS. 5 and 6, there is shown a second preferred
      embodiment of a weather strip fixture of this invention, in which the
      difference from the first embodiment of this invention shown in FIGS. 3
      and 4 is such that the leading edge of the holding portion 22'a abutting
      the upper edge portion of the window pane 10 on the outdoor side B thereof
      is curved laterally outwardly to the cross section as shown in FIG. 5
      instead of the cross sectional shape of FIG. 3 surrounding the outer
      circumference of the outer lip 12a so that the curved surface of the
      holding portion may abut the leading edge of the window pane on the
      outdoor side B, while the inner lip portion of the weather strip retainer
      18' is extended to an extent along the outer surface of the clip 22' so
      that it may share the retension of the window pane 10 with the clip 22' on
      the indoor side A. In such an arrangement, the window pane 10 is duly
      sustained in a fully closed position by immediate contact between the
      window pane and the curved holding portion 22'a so that the window pane is
      prevented from being moved toward the outdoor side B due to pressure
      differences inside and outside during high speed driving. On the other
      hand, on the indoor side A of the cabin, the window pane 10 is positively
      guided by the resilient movement of the weather strip backed by the
      holding portion 22'b toward the outdoor side B from its originally
      undowelled position when the pane is in its closed position.
PAR  In summary, the advantageous effects and function attained from the use, in
      combination, of such components in the weather strip retainer for use in
      an automotive body construction are as follows:
PAR  1. When an automobile is operated with a door window pane left in a fully
      closed position, the window pane is positively fixed to a weather strip at
      the upper edge portion of the door so that the pane is prevented from
      being forced outwardly due to high pressure created in the cabin during
      high speed driving, thus preventing leaking air sounds through a gap
      between the weather strip and the leading edge of the window pane.
PAR  2. When the window pane is raised up to its fully closed position with the
      door closed, the window pane is initially guided to a properly closed
      position toward the outdoor side while moved upwardly, so as to prevent
      the weather strip from being deformed by the leading edge of the window
      pane as it is being raised to a closed position due to the resilient
      character of the weather strip thus affording the weather strip to
      properly engage with the window pane and provide positive sealing, so that
      the weather strip is made serviceable for a long time of use.
PAR  3. By virtue of the integral construction of the weather strip retainer
      according to this invention, it may be manufactured economically in
      comparison with the conventional separate type retainer.
PAR  4. By virtue of advantageous construction of the weather strip of this
      invention permitting subassembly of related components thereof prior to
      the assembly procedures to an automotive door opening, the assembly
      processes may be substantially rationalized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A window pane fixing and sealing device for an automotive door window
      pane having a lowered, window open position and a raised, window closing
      position, comprising a weatherstrip with an outboard lip and an inboard
      lip contiguous to one another, said inboard lip having a bulbous bottom
      portion and an upwardly directed end portion; a clip surrounding
      substantially the whole contour of the weatherstrip, said clip having a
      first leg extending around the outboard lip and bearing on the upper edge
      of the window pane in its window closing position to hold the window pane
      preventing it from shifting outboard, and a second leg extending around
      the inboard lip excluding the end portion, wherein said inboard lip and
      said second leg of the clip are so located and configured that the upper
      edge of the window pane is guided successively along said second leg
      portion engaging the bulbous bottom portion and along said end portion of
      the inboard lip and is then correctly located between the inboard and
      outboard lips while moving from the window open position to the window
      closing position; and a retaining means for fixing the weatherstrip to an
      upper edge portion of a door opening of an automotive body and surrounding
      a part of said clip.
NUM  2.
PAR  2. A device as in claim 1, in which an end portion of the outboard lip
      forms a bulbous projection and in which said first leg of the clip is
      shaped in an arc matching the bulbous pro-jection of the outboard lip.
NUM  3.
PAR  3. A device as in claim 2, in which an end portion of the first leg and an
      end portion of the second leg engaging the bulbous bottom portion are
      respectively coated with resilient coatings.
NUM  4.
PAR  4. A device as in claim 2, in which said clip is integrally formed of a
      synthetic resin.
NUM  5.
PAR  5. A device as in claim 1, in which said first leg forms an extension
      extending apart from the outboard lip to form an arc, an end of said
      extension being secured to the retaining means.
NUM  6.
PAR  6. A device as in claim 5, in which said extension of the first leg and an
      end portion of the second leg engaging the bulbous bottom portion are
      respectively coated with resilient coatings.
NUM  7.
PAR  7. A device as in claim 5, in which said clip is integrally formed of a
      synthetic resin.
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ABST
PAL  A grinding machine for grinding surfaces of workpieces supported on a frame
      comprises a first slide mounted on the frame for reciprocating movements
      along a fixed length path toward and away from the workpieces, the first
      slide supporting a second slide which carries grinding wheels. The second
      slide is adjustably mounted on the first slide for movements with the
      latter so as to effect movement of the grinding wheels into and out of
      engagement with the workpieces and for movements relative to the frst
      slide so as to compensate for erosion of the grinding wheels caused by
      grinding or dressing operations. The machine includes dressing tools for
      the grinding wheels and which are operable in timed relation to the
      reciprocating movements of the slides to effect dressing of the grinding
      wheels.
BSUM
PAR  The invention disclosed herein relates to a machine tool such as a grinding
      machine that is especially adapted for the precision grinding of
      workpieces and which automatically compensates for erosion or wear of the
      grinding wheels due to grinding operations and dressing of the wheels.
PAR  An automatic grinding machine capable of high production and precision
      grinding operation should embody such characteristics as rapid travel
      speeds toward and away from a workpiece prior to and following the
      grinding operation, respectively, and a rigidly controlled rate of feed of
      the grinding wheel to the workpiece during the grinding operation. The
      rate of feed of the grinding wheel to the workpiece should be adjustable
      so as to enable the machine to be adaptable to the grinding of many
      different kinds of workpieces. In addition, such a machine should be
      capable of use with different kinds of griding wheels composed of
      materials having differing degrees of hardness, and still be capable of
      automatically compensating for erosion of the materials of such wheels.
PAR  Automatic grinding machinery also should be easily adjustable for the
      grinding of different kinds of workpieces and should have its various
      movements easily synchronized and in such a manner as to avoid inadvertent
      unsynchronization. Moreover, automatic grinding machinery should have
      means for indicating the necessity of changing a worn grinding wheel and
      be capable of effecting substitution of worn wheels with fresh wheels
      without the necessity of having to undertake laborious and time-consuming
      set-up operations each time worn wheels must be replaced.
PAR  Various kinds of automatic or semi-automatic grinding machines have been
      proposed, and most, if not all, of them are operated hydraulically. One of
      the major disadvantages of hydraulically operated grinding machines is
      that the operating characteristics of such machines vary in accordance
      with fluctuations in hydraulic pressures. Moreover, variations in the
      viscosity of hydraulic fluid because of temperature changes also adversely
      affect operation of such grinding machines. In those machines which depend
      fully upon hydraulic operating mechanisms, or partly upon hydraulic
      mechanisms and cam mechanisms, it is extremely difficult to maintain
      synchronization of the movable parts of the machines. Such difficulty is
      encountered because of pressure and viscosity changes affecting the
      hydraulic fluid.
PAR  An object of this invention is to provide an automatic grinding machine
      which overcomes the disadvantages of the previously known machines for
      similar purposes.
PAR  Another object of the invention is to provide an automatic grinding machine
      wherein the approach of a grinding wheel, the feed of the grinding wheel
      to the workpiece, the dressing of the grinding wheel, and the withdrawal
      of the grinding wheel from the workpiece are fully and automatically
      synchronized.
PAR  A further object of the invention is to provide a grinding machine of the
      character described and in which erosion of the grinding wheel due to
      grinding and dressing operations is compensated for automatically.
DRWD
PAR  Other objects and advantages of the invention will be pointed out
      specifically or will become apparent from the following description when
      it is considered in conjunction with the appended claims and the
      accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary, front elevational view of a grinding machine
      constructed in accordance with the invention, the workpiece supporting
      means and the grinding apparatus being shown in phantom lines for purposes
      of clarity;
PAR  FIG. 2 is a top plan view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is an enlarged, sectional view on the line 3--3 of FIG. 1 and
      illustrating the parts of the apparatus in one position of adjustment;
PAR  FIG. 3A is a view similar to FIG. 3, but illustrating the parts of the
      apparatus in another position of adjustment;
PAR  FIG. 4 is an enlarged, sectional view taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary view of a portion of the apparatus as viewed along
      the lines 5--5 of FIG. 2;
PAR  FIG. 6 is a plan view of a portion of the apparatus shown in FIG. 2,
      certain parts being shown in section;
PAR  FIG. 7 is a diagrammatic view of driving and control apparatus according to
      the invention; and
PAR  FIG. 8 is a diagram illustrating the timing cycle of the several cams
      incorporated in the machine.
DETD
PAR  A grinding machine constructed in accordance with the disclosed embodiment
      of the invention comprises a frame 1 having a base 2 in which is journaled
      a pair of spaced apart spindles 3 that are adapted to be rotated by
      electric motors (not shown). Each spindle is fitted with a workpiece
      supporting chuck 4 of conventional construction, each of which is adapted
      to support a workpiece W having an upper surface S which is to be ground.
      The frame 1 also includes an upstanding head or block 5 which is supported
      on the base 2, and spanning the upper end of the block is a header 5a.
PAR  As is best shown in FIG. 2, the front face of the block 5 is provided with
      ways 6 between which is accommodated a main or first slide 7 guided for
      vertical reciprocating movements by bearing assemblies 8. The block 5 also
      is provided with ways 9 between which a compensator or second slide 10 is
      guided for vertical reciprocating movements by bearing assemblies 11. The
      compensator slide 10 partially overlies the main slide 7 and has bolted or
      otherwise suitably secured to its front surface a pair of electric motors
      12 within which are journaled rotatable spindles 13 to the free ends of
      which are removably secured tools such as grinding wheels 14 of
      conventional construction. The grinding wheels 14 are so oriented on the
      slide 10 that their lower surfaces 15 overlie and are engageable with the
      surfaces S of the workpieces W.
PAR  A pair of grinding wheel dressing assemblies 20 is mounted at opposite
      sides of the block 5 for the purpose of effecting dressing of the surfaces
      15 of the grinding wheels 14. Each dresser assembly includes a
      substantially L-shaped holder 21 at the free end of which is fixed an
      upstanding dressing tool 22. The opposite end of each holder 21 is fixed
      to a rotary arm 23 which is journaled adjacent its lower end in a bearing
      assembly 24 and at its upper end in a bearing assembly 25, the assemblies
      24 and 25 being fixed to the block 5. To the upper end of each rod 23 is
      fixed one end of a crank arm 26, the opposite end of which is pivoted to
      one end of a link 27. The other end of the link 27 is pivoted to one end
      of an arm 28, the opposite end of which is fixed to a rock shaft 29 that
      is journaled adjacent its opposite ends in bearing houses 30 and 31 (FIG.
      5).
PAR  To each rock shaft 29 is fixed one end of a crank arm 32 the opposite end
      of which is notched to receive a pin 33 carried by a reciprocable arm 34
      which slidably extends through an opening in a wall portion 35 of the
      block 5. Reciprocating movements of the arms 34 in a manner subsequently
      to be described will effect swinging movements of each of the dressing
      tool holders 21 from a retracted position as shown in FIG. 2 to a wheel
      dressing position as shown in FIG. 6, and return.
PAR  A torsion spring 36 (FIG. 5) encircling each of the rock shafts 29 exerts a
      force on the latter urging the tool holders 21 toward the retracted
      positions shown in FIG. 2.
PAR  The main slide 7 and the compensator slide 10 are adapted to occupy an
      initial position in which the lower surfaces 15 of the grinding wheels 14
      lie in a horizontal plane p-1, as shown in FIG. 1. In the initial position
      of the slides there is sufficient space between the chucks 4 and the
      grinding wheels 14 to enable the workpieces W to be fitted to and removed
      from the chucks. The slides 7 and 10 are adapted to be driven conjointly
      from the initial position shown in FIG. 1 to a second position in which
      the lower surfaces of the grinding wheels lie in a horizontal plane P-2
      located a predetermined, fixed distance above the surfaces S of the
      workpieces. The drive means for effecting such movement of the slides is
      best illustrated in FIG. 3, 3A, and 7 and is designated generally by the
      reference character 40.
PAR  The drive means 40 comprises a variable speed electric motor 41 having an
      output shaft 42 to which is fixed a worm 43. The worm drives a gear
      reduction unit 44 the output of which is connected to a gear 45 that is
      fixed on a camshaft 46. Fixed on the camshaft is a plurality of cams one
      of which comprises a driving cam 47 for the main slide 7. As is best shown
      in FIG. 3, the camshaft 46 is journaled for rotation about an axis a in
      bearing assemblies 48 and 49 supported by frame members 50 and 51 forming
      part of the structure of the block 5.
PAR  Adjustable drive transmitting means 52 (FIGS. 3, 3A) couples the drive
      means 40 to the slides 7 and 10 and comprises a cam follower 53 that
      engages the periphery of the main slide drive cam 47 and is journaled on
      an axle 54 fixed at one end of a carrier 55 which is slidably accommodated
      in a socket 56 formed in the main slide 7. A headed bolt 57 extends
      through the carrier 55 and is threaded into an opening at the base of the
      socket 56 so as to prevent inadvertent removal of the carrier from the
      socket, but the carrier is capable of limited sliding movement within the
      socket to provide for lost motion between the slide 7 and the cam 47. A
      spring 58 is interposed between the base of the socket 56 and the adjacent
      end of the carrier 55 to provide lost motion for a purpose presently to
      explained.
PAR  The drive transmitting means 52 also includes relatively rotatable members
      including a housing 59 that is journaled by bearings 60 for rotation in an
      open ended chamber 61 formed in the slide 7. The bearing assemblies 60
      permit rotation of the housing 59, but prevent movement of the latter
      axially of the chamber. Fixed within the housing 59 is a pair of
      conventional ball nuts 62 through which extends a non-rotatable shaft 63
      having a helical thread or groove 64 extending over a major portion of its
      length. The ball nuts 62 contain recirculating balls (not shown) which are
      received in the groove 64, as is conventional. To the lower end of the
      shaft 63 is bolted or otherwise fixed a hanger arm 65 which, in turn, is
      bolted to the upper end of the compensator slide 10.
PAR  The construction and arrangement of the drive transmitting means 52 as thus
      far described are such that the slide 7 is supported on the periphery of
      the cam 47 via the follower roller 53. Thus, as the cam 47 rotates, the
      slide 7, and consequently the slide 10, will move vertically in accordance
      with changes in the contour of the periphery of the cam 47. The length of
      the path of vertical movement of the slides corresponds to the distance
      between the levels of the planes P-1 and P-2.
PAR  Means 68 is provided for adjusting the drive transmitting means 52 and
      comprises a reversible, electric stepping motor 69 of known construction
      coupled to a speed reduction unit 70 that is fixed to the main slide 7.
      The output of the unit 70 includes a worm (not shown) in mesh with a worm
      gear 71 which is keyed as at 72 (FIG. 3) to a sleeve 73 constituting an
      integral part of the housing 59 and encircling the shaft 63. Operation of
      the motor 69 in one direction or the other will effect conjoint rotation
      in a corresponding direction of the housing 59 and the ball nuts 62. Since
      the shaft 63 cannot rotate and since the housing 59 cannot move
      vertically, the rotation of the ball nuts 62 will effect longitudinal
      movement in one direction or the other of the shaft 63, depending upon the
      direction of rotation of the motor 69, so as to effect vertical adjustment
      of the compensator slide 10 relative to the main slide 7.
PAR  Fixed to the top of the main slide 7 and adjacent the shaft 63 is a bracket
      75 having a plate 76 which straddles the shaft 63. At the upper end of the
      shaft 63 is a block 77 which functions as a safety stop 7 and which is
      engageable with the plate 76 so as to limit downward movement of the
      compensator slide 10 relative to the main slide 7. The bracket 75 also
      supports a pair of switch housings 78 and 79 within which are switches
      (not shown) connected in the circuit of the motor 69 and which are adapted
      to be operated by arms 80 and 81, respectively. The arms 80 and 81 are
      adapted to engage adjustable stops 82 and 83, respectively, which are
      threadedly mounted on a correspondingly threaded extension or rod 84a of
      the shaft 63. The purpose and operation of the parts 78 - 84 will be
      explained subsequently.
PAR  A grinding machine according to the invention includes feed means 84 (FIG.
      3 and 4) for feeding the slides 7 and 10 conjointly, and consequently the
      grinding wheels 14, from the level of the plane P-2 toward and into
      engagement with the workpieces W and for returning the slides and grinding
      wheels to the level of the plane P-2 following a grinding operation. The
      feed means 84 comprises a channel-shaped base 85 that is fixed to a shelf
      86 forming part of the block 5 and within which is mounted a horizontally
      reciprocable slide 87 and a guide 88. Between the slide 87 and the guide
      88 are bearings 89. The slide 87 is slotted for the accommodation of a
      sine bar 90 which is fulcrumed at one end on a cylindrical bar 91 and
      which carries at its other end an adjusting screw 92 which bears against
      the slide 87. By manipulation of the screw 92 the sine bar 90 may be
      adjusted to any one of a number of different inclinations.
PAR  Overlying the base 85 and fixed thereto is a cover 93 within which is
      received a vertically adjustable carrier 94 having an axle 95 on which is
      journaled a wheel 96. The carrier 94 is constantly urged toward the sine
      bar 90 by a spring 97. The cover 93 has an opening through which projects
      an upstanding, movement interrupter leg 98 forming part of the carrier 94.
      The leg 98 lies in the path of vertical movement of a stop member 99 that
      is carried by a flange 100 of the main slide 7 and is operable to
      interrupt downward movement of the latter at the level of the plane P-2.
PAR  The feed means 84 is operated by the drive means 40 and is coupled to the
      latter by operating means 105 (FIG. 4). The operating means comprises a
      lever 106 that is pivoted between its ends by a stud 107 fixed on the
      block 5. At the upper end of the lever 106 is journaled a roller 108
      which bears against a hardened stud 109 carried by the slide 87 and is
      maintained in snug engagement therewith by a keeper 110 that also is fixed
      to the slide 87. The opposite end of the lever 106 carries a rotatable cam
      follower 111 which is accommodated in a cam groove 112 formed in one face
      of a feed cam 113 that is fixed to the camshaft 46. The contour of the cam
      groove 112 is such that rotation of the feed cam 113 effects rocking
      movement of the lever 106 which, in turn, effects reciprocation of the
      slide 87 between the full line and chain line positions shown in FIG. 4.
      The effect of such reciprocation of the slide 87 will be explained
      hereinafter.
PAR  Dressing tool operating means 115 (FIGS. 2 and 6) for effecting joint
      operation of the dressing tools 22 in the manner previously described
      comprises a pair of confronting cams 116 fixed on the camshaft 46, the
      cams having identical cam grooves 118 (FIG. 3), formed in their
      confronting surfaces. The slide bar 34 for the right-hand dressing tool
      22, as viewed in FIG. 2, carries at its free end a rotatable follower 120
      which is accommodated in the groove 118 of one cam 116 and the slide bar
      34 associated with the left-hand dressing tool carries at its free end a
      similar follower 121 that is accommodated in the groove 118 of the other
      cam 116. The slide bars 34 for the left-hand and right-hand dressing tools
      extend on opposite sides of the axis of rotation of the camshaft 46.
      Consequently, the contours of the cam grooves 118, although identical, are
      180.degree. out of phase with one another. Thus, upon rotation of the cams
      116, the dressing tool holders 21 will be rocked simultaneously, but in
      different directions.
PAR  Apparatus for controlling the operation of the moving parts of the machine
      is designated generally by the reference character 124 (FIGS. 2 and 7) and
      comprises a housing 125 into which extends a rotary camshaft 126 that is
      adjustably coupled by a known coupler 127 to the camshaft 46. Mounted in
      the housing 125 is a number of limit switches S-1 to S-5, diagrammatically
      indicated in FIG. 2, which are adapted to be opened and closed by cams
      (not shown) mounted on the shaft 126. The control apparatus 124 is
      conventional and may correspond to any one of a number of rotating cam
      limit switch assemblies such as are manufactured by Gemco Electric
      Company, Clawson, Mich.
PAR  The control apparatus 124 in the disclosed embodiment utilizes a housing
      125 having five limit switches S-1 to S-5 and a corresponding number of
      operating cams. The switch S-1 is connected to the motors for the
      workpiece spindles 3 so as to start and stop their rotation, and switches
      S-2 to S-5 are connected in the circuit of the drive motor 41. The control
      means 124 also includes within the housing 125 an adjustment wheel 128
      which enables relative rotation of the camshaft 126 and the camshaft 46 so
      as to permit the switch operating cams to be synchronized with the cams on
      the camshaft 46.
PAR  To condition the apparatus for operation the camshaft 46 will be provided
      with a set of cams appropriate to the workpieces to be ground, the
      grinding wheel spindles 13 will be equipped with appropriate grinding
      wheels 14, the compensator slide 10 will be adjusted relatively to the
      main slide 7 so that the compensator slide, together with the grinding
      wheels supported thereby, initially is located at a selected distance
      above the surfaces S of the workpieces W to be ground. The initial
      position of the slide 7 is fixed by the engagement of stops 126a and 127a
      (FIG. 3) carried by the header 5a and the flange 100, respectively. The
      maximum radius of the cam 47 is somewhat in excess of the actual distance
      between the axis of rotation a of the cam and the stop 126a, but such
      excess is compensated for by compression of the spring 58 and consequent
      lost motion between the follower 53 and the slide 7. The initial position
      of the slide 10 is determined by adjustment of the stop 83 along the
      threaded rod 84a so as to engage the switch arm 81.
PAR  Following location of the slides in the initial position, the stop 82 will
      be adjusted so that it will engage the switch actuating arm 80 when the
      grinding wheels 14 have been eroded to the point where they should be
      replaced. The inclination of the sine bar 90 also will be adjusted so as
      to enable the slides 7 and 10 to move conjointly from the level of the
      plane P-2 toward the workpieces a distance sufficient to permit the
      grinding wheels to engage and effect the proper grinding of the
      workpieces.
PAR  Following the foregoing conditioning operations the motors 12 may be
      started so as to rotate the grinding wheels continuously. Workpieces W
      then may be mounted in the chucks 4 in preparation for a grinding cycle
      which will be described with reference to the timing diagrams shown in
      FIG. 8.
PAR  The grinding cycle is commenced by starting of the drive motor 41. The
      drive motor is started by closing of a switch (not shown). Operation of
      the motor 41 will effect rotation of the camshaft 46 and the cams mounted
      thereon. As the driving cam 47 commences to rotate the cam follower 53
      will follow a relatively steep contour 130 (FIG. 8) of the cam 47 so as to
      lower the slides 7 and 10 conjointly at a relatively rapid pace a distance
      corresponding to the spacing between the planes P-1 and P-2. As is
      indicated in the timing diagram, movement of the slides 7 and 10 to the
      level of the plane P-2 requires about 60.degree. of rotation of the cam
      47. When the camshaft 46 has rotated through about 25 degrees, the switch
      S-1 will close so as to commence rotation of the workpiece spindles 3 and
      the workpiece W carried thereby. When the slides reach the level of the
      plane P-2, following about 60.degree. rotation of the camshaft 46, the
      switch S-2 will be closed so as to effect rotation of the camshaft 46 at a
      speed corresponding to the rate at which the grinding wheels are to be fed
      to the workpieces.
PAR  When the slides 7 and 10 have been lowered to the level of the plane P-2,
      the leg 98 of the feed means 84 will be engaged by the stop 99 so as to
      interrupt further downward movement of the slide 7. The cam 47 has a dwell
      contour 131 on its periphery the radius of which is less than the distance
      from the axis a of the cam to the follower 53 so as to provide a gap g
      (FIG. 3A) between the latter and the cam 47. The slide 7, therefore, and
      consequently the slide 10, is supported solely by the engagement of the
      stop 99 with the leg 98 at the level of the plane P-2. Upon continued
      rotation of the camshaft 46 through 60.degree., a rise 132 in the cam
      groove 112 of the feed cam 113 commences clockwise rocking of the lever
      106 (as viewed in FIG. 4) so as to effect movement of the slide 87 to the
      right. As the slide 87 moves to the right, the inclined surface of the
      sine bar 90 removes the support for the flange 100 of the slide 7, thereby
      enabling further downward movement of the slides 7 and 10 as permitted by
      the gap g and thus effect movement of the grinding wheels 14 from the
      level of the plane P-2 toward and into engagement with the workpieces W.
      The actual vertical distance traversed by the slides 7 and 10 as a result
      of operation of the feed means 84 depends upon the length of the stroke of
      the slide 87 and the inclination of the sine bar 90. In the disclosed
      embodiment as shown by the timing diagram for the feed cam 113 in FIG. 8,
      the stroke length of the slide 87 is about two inches. A typical
      inclination of the sine bar 90 may be such that, for a stroke of two
      inches of the slide 87, the vertical movement of the slide 7 may be about
      0.020 inch, but such distance may be varied by adjustment of the adjusting
      screw 92.
PAR  By the time the camshaft 46 has rotated through about 160.degree., the
      groove 112 in the feed cam 113 forms a dwell surface 133 so as to maintain
      the grinding wheels 14 at a fixed level and in engagement with the
      workpieces W. At about this time the switch S-3 also will be closed so to
      effect rotation of the camshaft 46 at a relatively slow spark-out speed.
PAR  Continued rotation of the camshaft 46 through 220.degree. causes the switch
      S-3 to open, whereupon the rotation of the camshaft 46 resumes its normal
      speed. Simultaneously, the groove 112 in the cam 113 forms a surface 134
      which acts on the feed lever 106 to return the slide 87 toward the
      position shown in FIG. 4, thereby enabling the sine bar 90 to raise the
      slides 7 and 10 conjointly to the level of the plane P-2. The cam surface
      134 is steeper than the cam surface 132. Consequently, return movement of
      the slides away from the workpieces toward the level of the plane P-2
      occurs more quickly than does the movement of the slides from that level
      toward the workpieces.
PAR  By the time the camshaft 46 has rotated through 220.degree., a return
      surface 135 on the cam 47 effects simultaneous movement of the slides 7
      and 10 toward their original position as determined by a dwell surface 136
      on the cam 47.
PAR  After the slides commence their movement away from the workpieces, and
      preferably after about 240.degree. of rotation of the camshaft 46, the
      switch S-1 is opened. The rotation of the workpiece spindles then stop
      enabling fresh workpieces to be substituted for those which have been
      ground.
PAR  Shortly after the slides 7 and 10 commence their movement away from the
      workpieces, the switch S-4 is operated so as to deliver a series of pulses
      to the adjusting motor 69 and effect rotation of the latter in such
      direction as to cause relative rotation of the housing 59 and the grooved
      shaft 63 in such direction as to lower the slide 10 relatively to the
      slide 7. In the timing diagram disclosed in FIG. 8, the switch S-4 is
      closed when the camshaft 46 has rotated through 230.degree. and remains
      closed until the camshaft is rotated through 300.degree., but the time
      during which the switch S-4 is closed may be varied by changing the cam
      which actuates the switch S-4. The switch S-4 should remain closed for a
      period of time necessary to enable operation of the adjusting motor 69 for
      a period long enough to cause the slide 10 to move downwardly relatively
      to the slide 7 a distance slightly greater than the thickness of the
      material that has been eroded from the grinding wheels 14 as a result of
      their grinding operation. As a consequence, once the slide 7 has been
      returned to its initial position in which the stops 126a and 127a are
      engaged, and is maintained in that position by a dwell surface 136 on the
      cam 47, the slide 10 will be in an adjusted position in which the lower
      surfaces 15 of the grinding wheels 14 will lie in a plane slightly below
      the level of the plane P-1.
PAR   When the camshaft 46 has rotated through about 280.degree., i.e., prior to
      the full return of the slide 7 to its initial position, the grooves 118 in
      the dresser cams 116 have rise surfaces 137 which act on the respective
      slides 34 to commence swinging of the dressing tool holders 21 toward
      their associated grinding wheels 14. By the time the camshaft 46 has
      approached 320.degree. of rotation, the downward adjustment of the
      compensator slide 10 will have been completed and the main slide 7 will
      have been returned to its initial position. By this time the rise surfaces
      137 of the dresser cam grooves 118 will have caused the dresser tool
      holders 21 to traverse the radial width of the grinding wheels 14,
      whereupon a return surface 138 of the cam grooves 118 acts on the
      respective slide bars 34 to swing the tool holders 21 back to their
      initial positions, thus causing the dressing tools 22 to retraverse the
      grinding wheels and dress their surfaces at a level corresponding to that
      of the plane P-1.
PAR  By the time the camshaft 46 has rotated through about 345.degree., the
      switch S-5 will close so as to condition the machine for another cycle of
      operation.
PAR  The foregoing operation of the machine is repetitive. Thus, after each
      grinding operation, the main slide 7 is returned to its initial or
      original position, but the compensator slide 10 is adjusted downwardly
      relatively to the main slide 7 and the grinding wheels 14 are dressed so
      that, at the beginning of each new cycle of operation, the lower surfaces
      15 of the grinding wheels 14 are at the same distance above the surfaces S
      of the workpieces to be ground, even though the slide 10 itself is at a
      lower level.
PAR  Each time the slide 10 is adjusted downwardly, the stop 82 at the upper end
      of the rod 84 is moved closer to the switch operating arm 80. Eventually
      the stop 82 will engage the operating arm 80, thereby operating the switch
      within the housing 78. This switch is connected in the circuit of the
      adjusting motor 69 in such manner as to effect continuous rotation of the
      latter in a direction to raise the slide 10 relatively to the slide 7
      until such time as the stop 83 engages the operating arm 81 for the switch
      in the casing 79. This switch also is connected in the circuit of the
      motor 69 so that, upon engagement of the arm 81 by the stop 83, the
      reverse rotation of the motor 69 will cease. The upward movement of the
      slide 10 will signal the need for replacing the worn wheels 14 with new
      ones corresponding to the original wheels.
PAR  The continuous operation of the adjusting motor 69 in a direction to move
      the compensator slide 10 upwardly relatively to the slide 7 is
      advantageous since it constitutes, in effect, a rapid return of the slide
      10 to a precise initial position, as determined by the stop 83, in which
      fresh grinding wheels may be substituted for worn wheels. The precise
      positioning of the compensator slide 10 makes it unnecessary to perform
      time-consuming set-up or adjustment operations each time worn grinding
      wheels are replaced.
PAR  The disclosed embodiment is representative of a presently preferred form of
      the invention, but is intended to be illustrative rather than definitive
      thereof. The invention is defined in the claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A grinding machine construction comprising a frame; workpiece supporting
      means carried by said frame; a first slide; means guiding said first slide
      for reciprocating movements along a path between first and second
      positions remote from and adjacent said workpiece supporting means,
      respectively; drive means coupled to said first slide for reciprocating
      the latter; a second slide; grinding means carried by said second slide
      and having a surface engageable with a workpiece supported by said
      workpiece supporting means; adjustable means coupling said first and
      second slides for reciprocating the latter conjointly with said first
      slide between a first position remote from said workpiece supporting means
      to a second position adjacent said workpiece supporting means and in which
      second position said surface of said grinding means is at a predetermined
      distance from said workpiece supporting means; and means for adjusting
      said adjustable means to effect movement of said second slide relative to
      said first slide in a direction toward said workpiece supporting means an
      amount to compensate for wear of said grinding means and thereby maintain
      said predetermined distance constant regardless of wear of said grinding
      means.
NUM  2.
PAR  2. A machine tool construction comprising frame means; workpiece supporting
      means carried by said frame means; slide means carried by said frame means
      for movement toward said workpiece supporting means from a first position
      spaced from said workpiece supporting means to a second position less
      spaced from said workpiece supporting means, and return; tool support
      means; means mounting said tool support means on said slide means for
      movements with the latter and for movements relative to said slide means
      toward and away from said workpiece supporting means; movable means
      carried by said frame means in the path of movement of said slide means in
      a direction toward said workpiece supporting means for interrupting such
      movement of said slide means when it reaches said second position; drive
      means for moving said slide means between said positions; and means
      coupling said drive means and said movable interrupting means for moving
      the latter in a direction to enable further movement of said slide means
      toward said workpiece supporting means from said second position.
NUM  3.
PAR  3. A construction according to claim 2 including operating means coupled to
      said tool support means for moving the latter relative to said slide means
      toward and away from said workpiece supporting means.
NUM  4.
PAR  4. A construction according to claim 2 including operating means coupled to
      said tool support means for moving the latter toward said workpiece
      supporting means in successive increments relative to said slide means.
NUM  5.
PAR  5. A construction according to claim 4 including means coupling said drive
      means to said operating means for operating the latter.
NUM  6.
PAR  6. A construction according to claim 5 wherein the means coupling said
      drive means to said operating means is operative during the return of said
      slide means toward said first position.
NUM  7.
PAR  7. A construction according to claim 2 including means for treating a tool
      mounted on said tool support means; and means mounting said treating means
      on said frame means for movements into and out of engagement with such
      tool.
NUM  8.
PAR  8. A construction according to claim 7 including means coupling said drive
      means and said tool treating means for moving the latter.
NUM  9.
PAR  9. A construction according to claim 2 wherein said drive means includes a
      rotatable cam and cam follower means carried by said slide and engageable
      with said cam.
NUM  10.
PAR  10. A construction according to claim 2 wherein said tool support mounting
      means comprises relatively rotatable members; and operating means coupling
      said drive means and said members for effecting relative rotation thereof.
NUM  11.
PAR  11. A grinding machine construction comprising frame means; workpiece
      supporting means carried by said frame means; slide means; support means
      for a tool composed of erodable material; means mounting said support
      means on said slide means for movements with the latter in a direction
      toward said workpiece supporting means and for movements relative to said
      slide means in said direction; means mounting said slide means on said
      frame means for movement in said direction from a first position in which
      a surface of said tool is spaced from said workpiece supporting means to a
      second position in which said surface is less spaced from said workpiece
      supporting means and is located a predetermined distance from a workpiece
      supported by said workpiece supporting means; drive means; drive
      transmitting means coupling said drive means and said slide means for
      moving the latter between said positions; operating means for moving said
      tool support means relative to said slide means toward said workpiece
      support means; and means for operating said operating means to vary the
      location of said tool support means by an amount such that said
      predetermined distance is substantially constant regardless of erosion of
      the surface of such grinding wheel.
NUM  12.
PAR  12. A construction according to claim 11 including feed means for feeding
      said slide means from said second position toward said workpiece
      supporting means, and means coupling said drive means to said feed means
      for operating the latter.
NUM  13.
PAR  13. A construction according to claim 12 wherein said feed means comprises
      an adjustable sine bar.
NUM  14.
PAR  14. A construction according to claim 11 including tool dressing means,
      means mounting said dressing means on said frame means for movements in
      directions toward and away from a tool supported on said tool support
      means, and means for moving said dressing means in timed relation to the
      movement of said tool support means to enable dressing of such tool.
NUM  15.
PAR  15. A construction according to claim 14 including means coupling said
      drive means to the means for moving said dressing means.
NUM  16.
PAR  16. A construction according to claim 11 wherein said operating means
      includes relatively rotatable members and wherein the means for operating
      said operating means is connected to one of said members for effecting
      relative rotation of said members.
NUM  17.
PAR  17. A machine tool construction comprising a frame; means carried by said
      frame for supporting a workpiece; a first slide mounted on said frame for
      reciprocating movements in directions toward and away from said workpiece
      supporting means; a second slide for supporting a tool adapted to engage a
      workpiece supported by said workpiece supporting means; means mounting
      said second slide for movements with said first slide and for adjustment
      in said directions relative to said first slide; means for adjusting said
      second slide relative to said first slide; drive means; drive transmitting
      means coupling said drive means to said first slide for reciprocating the
      latter; and means coupling said adjusting means and said drive means for
      operating said adjusting means in timed relation to the movements of said
      first slide.
NUM  18.
PAR  18. A construction according to claim 17 wherein said mounting means
      comprises relatively rotatable members operable in one direction of
      relative rotation to move said second slide in one direction relative to
      said first slide and operable in the opposite direction of relative
      rotation to move said second slide in the opposite direction relative to
      said first slide.
NUM  19.
PAR  19. A construction set forth in claim 18 wherein one of said members is
      fixed to said second slide and the other of said members is rotatably
      supported by said first slide.
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ABST
PAL  Apparatus and method for abrading or grinding a workpiece with great
      accuracy. An abrasive support unit is mounted on a vertical column for
      vertical and horizontal movement. The abrasive support unit is driven
      automatically along a linear horizontal path and transversely thereof
      while being driven rotationally. The abrasive support unit has an abrasive
      mounted thereon on a universal element that provides for universal
      movement of the abrasive. Servo means are provided for applying the
      abrasive support unit to the workpiece at a preset pressure. A detector in
      the form of a differential transformer detects variations in the pressure
      of application, due to variations in the uneveness of the workpiece, and
      develops a feedback input to the servo means for applying the abrasive
      support unit at the preset pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hitherto, grinding of the surface of work has been accomplished manually.
      In recent years, grinding has been accomplished employing devices with a
      hydraulic self-profiling mechanism. However, such devices are not fully
      automated. Particularly, if it becomes necessary to correct the grinding
      pressure immediately and accurately in conformity with changes in the
      eveness of the surface being ground, correction of the pressure by the
      hydraulic mechanism only cannot provide an appropriate pressure just in
      time because of the lag between the time when changes in the surface
      condition are detected and the time when correction has been finished.
      During this period of time, the abrasives supporting unit is moved away,
      and therefore the grinding pressure becomes too high or too low for a new
      surface to be ground, thus resulting in a decrease of grinding accuracy.
PAR  To eliminate the above-mentioned drawback, the provides a device which can
      ensure an effect which could not have been expected from conventional
      devices. Namely, the device according to this invention can assure high
      grinding accuracy by correcting the grinding pressure to an appropriate
      value automatically while grinding is being performed in conformity with
      the uneveness and curving of the surface of the work.
PAC  SUMMARY OF THE INVENTION
PAR  A first object of the invention is to provide a grinding device in which
      reciprocating motion of the abrasives supporting unit is completely
      automated by the combined use of electrical circuits and a hydraulic
      mechanism.
PAR  A second object of the invention is to provide a device in which the
      abrasives supporting unit is set to an appropriate grinding pressure (a
      set grinding pressure) in advance and the actual grinding pressure
      developed by changes in the conditions of the portion being ground is
      detected during grinding and is corrected immediately to the set pressure,
      thus grinding the portion requiring the corrected grinding pressure under
      the most appropriate grinding pressure.
PAR  A third object of this invention is to provide a device in which the
      abrasives supporting unit is rotatable and freely inclinable, thus further
      improving the grinding accuracy and facilitating grinding so as to meet a
      wide variety of curved surface to be ground.
PAR  A fourth object of this invention is to provide a method of grinding the
      surface of metallic molds to be used for press forming or of products with
      a high accuracy employing the above-described device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a front view of a first embodiment of a device embodying this
      invention;
PAR  FIG. 2 is a plan view of the device shown in FIG. 1;
PAR  FIG. 3 is an enlarged sectional view, partly broken away, of a portion, of
      the device in FIG. 1, where the cross rail and the arm are installed;
PAR  FIG. 4 is an enlarged view of a differential transformer and grinding unit
      of the first embodiment;
PAR  FIG. 5 is an enlarged sectional view illustrating a second embodiment of
      the differential transformer and gringing unit;
PAR  FIG. 6 is an enlarged sectional view taken along the section line A--A of
      FIG. 5;
PAR  FIG. 7 is an explanatory view of the control circuit of the first
      embodiment;
PAR  FIG. 8 is a front view of the third embodiment of the invention;
PAR  FIG. 9 is a side view of a portion of the third embodiment where a cross
      rail and an arm are installed;
PAR  FIG. 10 is an enlarged sectional view of the load detector and grinding
      unit of the third embodiment; and
PAR  FIG. 11 is an explanatory view of the control circuit of the embodiment
      shown in FIGS. 8 through 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  To illustrate this invention in more detail, the construction and operation
      of three preferred embodiments will be described hereinbelow with
      reference to the accompanying drawings. The first embodiment of the device
      for automatically grinding metallic molds and products according to this
      invention comprises a base 1, a column with a column sleeve 2 which is
      installed vertically on the base 1, and a vertical screw 5 which is
      provided in parallel with the column sleeve 2 and is rotated through a
      speed reducer 4 of a motor 3. The column 2 is provided with a cross rail
      support 6 which moves up and down with the rotation of the vertical screw
      5. The cross rail support 6 is provided with a cross rail 7 which is
      projecting horizontally therefrom. Further, the cross rail support 6 is
      provided with rods 8 at both sides thereof. A head 9 which slides along
      the cross rail 7 is supported by the rods 8. A horizontal screw 11 which
      is rotated by a stepless variator 10 to slide the head 9 back and forth is
      installed in such a manner that it extends from the cross rail support 6
      to the end of the cross rail 7. Cams 13 are provided at the both ends of a
      guide bar 12 to limit the range of reciprocating motion of the head 9 by
      changing the rotational direction of the horizontal screw 11. Limit
      switches 14 which are brought into contact with the cams 13 are provided
      on the top of the head 9 at one side thereof. Below the limit switches 14,
      a case 16 is supported by a shaft 15 in a direction at right angles to the
      cross rail 7. The rear end of the case 16 is supported through a joint 20
      at the lower end of a piston rod 19 of a servo cylinder 18 which is in
      turn supported at another side of the head 9 in such a manner that it is
      freely inclined. The servo cylinder 18 is provided with a servo valve 21.
      An arm 22 is slidably inserted into said case 16. Further, a hydraulic
      cylinder 24 connected to the case 16 through a joint 23 is provided. The
      arm 22 is provided with a cam 25 to limit the movement of a hydraulic
      cylinder shaft 26 to the left or right, that is, the sliding distance of
      the arm 22. Moreover, the case 16 is provided with limit switches 27, 27
      which are freely movable.
PAR  Next, the construction of the grinding unit will be described hereinbelow
      with reference to FIG. 4. A shaft 30 is inserted slidably through a ball
      spline 29 into a case 28 fixed to the end of the arm 22. A motor case 32
      is fixed through a shank 31 which is inserted into the lower end of the
      shaft 30. The motor case 32 has a hydraulic motor 33 therein. The
      hydraulic motor 33 is connected to a hydraulic unit 34 through a hydraulic
      pipe 33a. A delivery shaft 35 is inserted into an output shaft 33b
      protruding downward and is fixed by a screw 36. An universal joint 38 is
      secured to the lower end of the delivery shaft 35 by a bolt 37. An
      abrasives supporting member 40 is fixed to the universal joint 38 by means
      of rotation transfer pins 39. Rotation transfer bars 42 having long holes
      41 into which the rotation transfer pins 39 are loosely fitted and whose
      lower ends are open are fixed to the delivery shaft 35 in the symmetrical
      positions. The abrasive supporting member 40 is provided with a slot 43 in
      a position facing the rotation transfer bar 42. An elastic member 44 made
      of rubber, sponge or the like is attached to the bottom of the supporting
      member 40. A sand paper 45 which is abrasives is glued to said elastic
      member 44. Furthermore, a lower bearing 46 is provided on the top of the
      shaft 30. Above said lower 46, an upper bearing 48 is fixed to the case 28
      through a spring 47 which is elastic in the vertical direction. A
      differential transformer 49 is provided on the upper bearing 48. The
      differential transformer 49 consists of a primary coil 50a, a secondary
      coil 50b and a core 51. The lower end of the core 51 is fixed to the lower
      bearing 46 so that it is moved up and down together with the shaft 30, but
      the upper portion thereof is inserted into the coil 50.
PAR  FIG. 5 illustrates the second embodiment in which the hydraulic motor 33
      coupled with the grinding unit is directly connected to the core 51. A box
      66 having slide ball bearings 65 is vertically slidably inserted into the
      case 28 provided at the end of the arm 22. The motor case 32 is installed
      in said box 66. The upper side of the motor case 32 is connected to the
      lower end of the core 51 and is also fixed to the lower bearing 46.
PAR  The control mechanism for correcting the actual grinding pressure
      encountered in the abrasive supporting member 40 during grinding to the
      preset grinding pressure is described below. A load control provided
      within a pendant box 52, a servo amplifier 55 provided in an electric
      control device box 54, the servo valve 21 attached to the servo cylinder
      18 and the servo cylinder 18 are successively connected as shown in FIG.
      7. The lower end of the piston rod 19 is supported at the rear of the case
      16 through the joint 20, thus forming the setting circuit. The terminals
      of the primary and secondary coils 50a and 50b of the differential
      transformer 49 are connected to the servo amplifier 55. A circuit is
      incorporated between the servo amplifier 55 and the servo valve 21.
PAR  In the accompanying drawings, the reference numeral 56 indicates a key
      which is provided between the outer surface of the column 2 and the cross
      rail support 6 in the vertical direction. The reference numeral 57
      designates a pendant box supporting member; 58, a hydraulic pipe; and 59,
      a counter provided in the pendant box 52. The counter 59 is adapted to
      count the number of grindings in conjunction with the limit switch 14
      provided on the cross rail 7. The reference numeral 60 designates, see
      FIG. 3, a feed oil unit for the horizontal screw 11; 61 and 62, bellows
      provided at the outer ends of the case 16 and the hydraulic cylinder 24 to
      prevent grinding chips from adhering to the arm 22 and the hydraulic
      cylinder 24; and 63, bellows covering the piston rod 19 from above and
      below the supporting cylinder 18. The reference numeral 64 indicates a
      manifold of the hydraulic pipe.
PAR  The operation of the device embodying this invention will be described
      hereinbelow with reference to the second embodiment illustrated in FIGS. 1
      through 7. When each starting button provided in the pendant box 52 is
      depressed, the rotation of the motor 3 is transmitted through the final
      reduction gear or speed reducer 4 to the vertical screw 5, as a result of
      which the cross rail support 6 is lifted or lowered along the column 2.
      The abrasives supporting member 40 is adjusted to the height of the
      surface to be ground. The horizontal screw 11 is put into rotation by the
      action of the stepless variator 10, thereby to slide the head 9 along the
      cross rail 7. When the limit switches, 14, 14 provided on the head 9 are
      brought into contact with the cams 13 on the cross rail 7 which have been
      preset to the specified position at the time of preparations for
      operation, the stepless variator 10 and the horizontal screw 11 are
      reversed by the action of the limit switches 14, 14. Thus, the head 9
      automatically performs repeated sliding motion. Further, the hydraulic
      cylinder 24 is put into operation by the action of the hydraulic unit 34,
      thus causing the arm 22 to slide in the case 16 by means of the joint 23
      connecting the hydraulic cylinder shaft 26 and the arm 22. Moreover, the
      cam 25 installed on the arm 22 is brought into contact with one of the
      limit switches 27 which are provided at the left and right ends of the
      case 16 and are preset to the specified positions at the time of
      preparations for operation. Thus, the hydraulic cylinder shaft 26 and the
      arm 22 being interlocked with limit switches are caused to make
      reciprocating motion in the cross direction. The abrasives supporting
      member 40 automatically performs repeated motion in the direction (cross
      direction) at right angles to the sliding direction along the cross rail
      and performs reciprocating motion in the longitudinal and cross directions
      with respect to the entire surface to be ground. At the same time, the
      hydraulic motor 33 is operated by means of the hydraulic unit 34, and the
      delivery shaft 35 and the rotation transfer bar 42 fixed to said delivery
      shaft 35 are rotated with the rotation of the output shaft 33b.
      Simultaneously, the abrasives supporting member 40 provided on the
      universal joint 38 is rotated by means of the rotation transfer pins 39
      loosely fitted in the long holes 41 of said rotation transfer bars 42.
      Thus, the sand paper 45 which is abrasives is rotated to grind the work.
      Since the rotation transfer bars 42, universal joint 38 and the rotation
      transfer pins 39 fixing the abrasives supporting member 40 are loosely
      fitted into the long holes 41 provided in the rotation transfer bars 42,
      the abrasives supporting member 40 can be inclined in any direction under
      the rotating condition. The sand paper 45 fixed to the elastic member 44
      of the abrasives supporting member 40 performs grinding with the grinding
      pressure which has been preset by operating the load volume 53 in
      conformity with the material of the work to be ground, finishing accuracy
      and the grinding speeds of the head and hydraulic cylinder. However, this
      set grinding pressure is applied to the servo amplifier 55 in the form of
      an electric signal (voltage signal) and is transmitted as a physical
      pressure to the sand paper 45 through the servo valve 21, servo cylinder
      18 and spring 47. If the uneveness of the surface to be ground is changed
      and the actual grinding pressure of the sand paper 45 is changed
      accordingly, minor changes in load to be caused in the sand paper 45 due
      to changes in the surface being ground are transmitted through the shank
      31 to the shaft 30 which is raised and lowered in the ball spline 29. With
      this movement, the core 51 connected to the lower spring bearing 46 is
      raised or lowered in the primary and secondary coils 50a and 50b. Changes
      in voltage to be caused with changes in the position of the core 51 are
      transmitted to the input side of the servo amplifier 55, thus detecting
      changes in the actual grinding pressure. The difference between the
      changed voltage and the set voltage is amplified by the servo amplifier 55
      to operate the servo valve 21. The oil flow controlled by the servo valve
      21 serves to drive the servo cylinder 18. With driving of the servo
      cylinder 18, the case 16 being supported at the lower end of the piston
      rod 19 by the joint 20 is inclined in the range of angle .theta. with the
      shaft 15 as the fulcrum. At the same time, the arm 22 is also inclined.
      Accordingly, the contact of the sand paper 45 with the surface to be
      ground is adjusted from an actual grinding pressure to the appropriate set
      grinding pressure.
PAR  In the construction as shown in the second embodiment where the core 51 of
      the differential transformer 49 is directly connected with the hydraulic
      motor 33, the abrasives supporting member 40 is rotated with the rotation
      of the hydraulic motor 33, thereby to perform grinding. Concerning the
      changes in the actual grinding pressure to be encountered during the
      grinding process, the core 51 directly coupled to the hydraulic motor
      which is moved up and down in accordance with said changes is caused to
      move in the differential transformer 49 vertically. Changes in the voltage
      of the transformer are transmitted to the input side of the servo
      amplifier 55, thus detecting changes in the actual grinding pressure.
PAR  The third embodiment in which the actual grinding pressure developed in the
      grinding unit is detected by means of the load detector illustrated in
      FIGS. 8 through 10 and is corrected to the set grinding pressure will be
      described herein below. However, the description of said third embodiment
      will be limited to those portions whose construction is different from
      that of the first and second embodiments. In this embodiment, the servo
      cylinder 18 is provided with the servo valve 21 and a potentionmeter 67.
PAR  In the grinding unit of the third embodiment, the shaft 30 is inserted
      vertically slidably through the ball spline 29 in the case 28 fixed at the
      end of the arm 22 as illustrated in FIG. 10. A joint case 69 is provided
      at the lower end of the shaft 30 through a lower plate 68. The joint case
      69 rotatably supports the universal joint 38 on which the abrasives
      supporting member 40 is fixed. The lower spring bearing 46 is provided at
      the upper end of the shaft 30. Above the lower spring bearing 46, the
      upper spring bearing 48 is placed by way of the spring 47 which is elastic
      in the outer vertical direction. A load detector 70 which comes into
      contact with the upper spring bearing 48 is fixed to a case 71 which is
      installed on the case 28.
PAR  Next, the control mechanism adapted to set the grinding pressure and to
      correct the actual grinding pressure to the set pressure will be
      described. Referring now to FIG. 11, the load volume 53 installed in the
      pendant box 52, the servo amplifier 55 installed in the electric control
      device box 54, the servo valve 21 attached to the servo cylinder 18 and
      the servo cylinder 18 are connected successively. The lower end of the
      piston rod 19 is supported at the rear of the case 16 through the joint
      20, thus forming the setting circuit. Further, the potentiometer 67 is
      provided between the input side of the servo amplifier 55 and the output
      side of the servo cylinder 18, thereby to form the adjusting circuit.
      Moreover, one end of a strain amplifier 72 located in the electric control
      device box 54 is connected to the output side of the load volume 53 and
      another end thereof is connected to the output side of the load detector
      70, thus forming the detecting circuit for detecting the actual grinding
      pressure encountered in the abrasives during the grinding operation.
PAR  In the accompanying drawings, the reference numeral 73 designates a
      rotation stop plate whose lower end is fixed to the abrasives supporting
      members 40. A stud 75 projecting from the joint case 69 is loosely fitted
      into a long slot 74 provided in the upper portion of the plate 73.
PAR  The operation of the third embodiment illustrated in FIGS. 8 through 11
      will be described. When each starting pushbutton provided in the pendant
      box 52 is depressed, the rotation of the motor 3 is transmitted through
      the final reduction gear 4 to the vertical screw 5. With this rotation,
      the cross rail bar 6 is raised or lowered along the column 2 and the
      abrasives 45 are adjusted to the height of the surface of the mold to be
      ground so as to be compatible with the set grinding pressure. The
      horizontal screw 11 is rotated by the action of the stepless variator 10
      to slide the head 9 along the cross rail 7. When the cam 13 provided on
      the head 9 is brought into contact with the limit switches 14 on the cross
      rail 7, the stepless variator 10 and the horizontal screw 11 are reversed
      by the action of the limit switches 14. Thus, the head 9 automatically
      performs repeated sliding motion in the longitudinal direction. Further,
      the hydraulic cylinder 24 is actuated by the operation of the hydraulic
      unit 34. With the actuation of the hydraulic cylinder 24, the arm 22 is
      caused to slide in the case 16. When the cam 25 of the joint 23 connecting
      the hydraulic cylinder shaft 26 and the arm 22 is brought into contact
      with one of the limit switches 27 provided at the both sides of the case
      16, the hydraulic cylinder shaft 26 and the arm 22 connected with the
      limit switches are caused to make reciprocating motion in the cross
      direction. The abrasives 45 automatically perform repeated motion in the
      direction (cross direction) at right angles to the sliding direction along
      the cross rail 7, thus performing the reciprocating motions in the
      longitudinal and cross directions with respect to the entire surface to be
      ground. The abrasives supporting member 40 is rotatably installed through
      the universal joint 38. Accordingly, if the surface to be ground is
      curved, the abrasives supporting member 40 is within the range of certain
      angles with respect to the curved surface, thus performing grinding
      freely. If chatter of the abrasives is caused during grinding, the spring
      47 acts to absorb it.
PAR  On the other hand, the abrasives 45 fixed on the abrasives supporting
      member 40 perform grinding with a set grinding pressure which has been set
      by operating the load volume 53 in conformity with the material of the
      abrasives, the material of the work to be ground, the required finishing
      accuracy and the grinding speeds of the head and the hydraulic cylinder.
      This set grinding pressure is applied to the control device of the servo
      amplifier 55 and the strain amplifier 72 in the form of an electric signal
      (voltage signal). Minor vertical movement of the abrasives 45 to be caused
      with changes in the conditions of the surface being ground is transmitted
      to the shaft 30 through the joint case 69. With the vertical motion of the
      shaft 30 in the ball spline 29, the lower spring bearing 46 is raised or
      lowered and the motion thereof is transmitted to the load detector 70
      through the spring on the lower spring bearing 46 and the upper spring
      bearing 48. As a result, changes in the actual grinding pressure are
      detected.
PAR  The difference between the changed voltage and the set voltage is amplified
      by the strain amplifier 72 and the servo amplifier 55 to operate the servo
      valve 21. Thus, the servo cylinder 18 is driven by the oil flow controlled
      by the servo valve 21. With driving of the servo cylinder 18, the case 16
      being supported by the joint 20 at the lower end of the piston rod 19 is
      inclined within a certain angle (.theta.) with the shaft 15 as the
      fulcrum. At the same time, the arm 22 is also inclined. Consequently, the
      contact of the abrasives 45 with the surface to be ground is adjusted from
      the actual grinding pressure to a pressure which is close to the set
      grinding pressure. Since the abrasives 45 are always caused to make
      reciprocating motion by the rotation of the horizontal screw 11 or by the
      action of the hydraulic cylinder 24, adjustment of the actual grinding
      pressure in accordance with changes in the condition of the surface being
      ground may not be carried out quickly in some cases. In such cases,
      however, the potentiometer 67 installed between the input side of the
      servo amplifier 55 and the servo cylinder 18 is actuated as a detector for
      feedback of the standard type loop to improve the stability and accuracy
      of the control system, thus adjusting the actual grinding pressure to the
      set grinding pressure instantly and appropriately.
PAR  The advantages to be derived by this invention are as follows. According to
      this invention, the grinding unit performs a grinding operation with an
      appropriate grinding pressure which has been set in advance. If there are
      minor changes in the eveness or curving of the surface being ground, an
      actual grinding pressure which is different from the set grinding pressure
      is developed in the abrasives supporting member. However, this actual
      grinding pressure is corrected to the set grinding pressure instantly and
      automatically.
PAR  Consequently, the surface of the work can be always ground appropriately
      and uniformly under the appropriate set grinding pressure. As automatic
      grinding of the entire surface is ensured by the automatic reciprocating
      motion of the head supporting the grinding unit thereon in the
      longitudinal direction and the automatic reciprocating motion of the arm
      supported by said head in the cross direction, much labor can be saved.
PAR  If the surface is curved, grinding along the curved surface can be ensured
      by the inclination of the arm and the abrasives supporting member. A high
      degree of finishing is assured by the rotation of the abrasives supporting
      member.
PAR  In the first embodiment, a differential transformer is used for detection
      of the actual grinding pressure in the grinding unit, thus resulting in
      the reduction of the manufacturing cost.
PAR  Furthermore, the grinding pressure can be selected, depending on the types
      of molds, products and abrasives. The grinding area can be changed by the
      use of limit switches, and the grinding speed can be freely selected.
      Accordingly, it is possible to grind a wide variety of molds or products.
PAR  Furthermore, grinding operation can be carried out continuously by
      preparing another mold beforehand in the range of the horizontal rotation
      of the cross rail. Accordingly, time loss associated with preparations
      which has been inevitable in conventional methods can be eliminated.
      Moreover, the number of grinding required at the time of preparations for
      obtaining the desired finishing accuracy can be set by means of the
      counter provided in conjunction with the limit switches located on the
      cross rail, and grinding can be stopped automatically when the specified
      number of grinding has been achieved, thus resulting in a further saving
      of labor. In addition to the saving of labor by automation of the grinding
      operation, an operating efficiency which is 10 to 15 times higher than
      that of conventional methods can be expected.
PAR  It is to be understood that many other modifications and variations of
      details of the construction of the device for grinding metallic molds and
      products automatically according to this invention are within the scope of
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for grinding metallic molds and workpieces automatically
      comprising, a column, a cross rail support movably mounted on said column
      and movable in a vertical direction, a cross rail projecting from said
      cross rail support in the horizontal direction, a head mounted on said
      cross rail movable automatically in the longitudinal direction of said
      cross rail, an arm slidable in a direction at right angles to said cross
      rail and supported by said head so that it can be freely inclined, a case
      fixed at the end of said arm, a ball spline in said case, a shaft in said
      case mounted on said ball spline and freely raised and lowered, a
      differential transformer having a core connected to the top of said shaft,
      a hydraulic motor directly coupled to the bottom of said shaft and having
      an output shaft, a universal joint installed on the output shaft of said
      hydraulic motor, a delivery shaft having rotation transfer bars mounting
      said universal joint on said output shaft, an abrasives supporting unit
      having rotation transfer pins on said universal joint, said rotation
      transfer bars having a long hole for inserting said rotation transfer pin
      loosely therein, an elastic member on said abrasives supporting unit,
      abrasives fixed to said elastic member, a load setting means for setting a
      specific grinding pressure applied to said abrasives, a servo mechanism
      movable vertically in accordance with voltage difference resulting from a
      difference between the actual grinding pressure detected by said
      differential transformer during grinding operation and the set grinding
      pressure, and a servo cylinder having a piston rod on said head for
      inclining said arm.
NUM  2.
PAR  2. Apparatus for grinding metallic workpieces comprising, a vertical
      column, an abrasive support unit, means supporting said abrasive support
      unit for movement vertically on said column and for horizontal movement
      relative thereto, said abrasive support unit having an elastic and
      deformable element mounted thereon for universal movement, means mounting
      said elastic and deformable element for universal movement on said
      abrasive support unit, abrasive means mounted on said elastic and
      deformable element for abrading a workpiece, means to automatically drive
      said abrasive support unit along a linear path and transversely thereof
      while abrading said workpiece including means driving said abrasive
      support unit rotationally, servo means for presetting a selected pressure
      said abrasive support unit will apply on said workpiece while abrading it,
      detection means comprising differential means connected to said abrasive
      support unit for detecting variations of the actual pressure applied
      during said abrading and coactive with said servo means for correcting the
      actual pressure to substantially the preset pressure in conjunction with
      said servo means, said differential means comprising a differential
      transformer having a core connected to said abrasive support unit, and
      means to develop a feedback signal applied to said servo means in
      dependence upon uneveness of the workpiece being abraded.
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ABST
PAL  Apparatus for feeding workpieces through a machine employing a workpiece
      guide and at least one sensor for determining the dimensions of the
      workpiece. The workpiece guide applies pressure to the workpiece in
      accordance with the dimensions of the workpiece as determined by the
      sensor which includes one or more vertical or arcuate sensing members
      contacting the workpieces and moving in accordance with the dimensions
      thereof. Switches for controlling a driving motor of the workpiece guide
      are actuated by control cams responsive to the movements of the sensor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a workpiece feeding apparatus, especially for
      machining equipment in a continuous operation by moving a workpiece
      through a feeding channel which includes adjustably supported workpiece
      guide means.
PAR  Large machines for production working of the surfaces of wood and wood
      material boards, veneered panels, polyester varnish coatings, felt and
      foam rubber workpieces, metals, and cast or natural stone slabs are
      well-known. The workpiece moves or is moved on conveying means through
      these machines whereby guide means such as pressure feed rollers press on
      the top surface of the workpiece while its downwardly facing surface is
      being worked as is the case, for example, in conventional so called bottom
      sanding machines, especially of the wide belt type. If the workpiece is
      being worked on its top surface pressure is applied by a support table,
      usually in the form of a conveyer, as is the case in so called top sanding
      machines, wherein pressure bars or counter pressure rollers arranged
      adjacent to the machining station form together with the conveyer table
      the necessary guide means for the workpiece.
PAR  If the workpieces are to move through their feeding channel of the
      apparatus without trouble, the guide means or at least a portion of the
      guide means must be adjusted for variations in the dimensions of the
      workpieces, especially with regard to workpiece thickness in order to
      provide the pressure with which the workpiece must be forced against the
      tool such as a wide width sanding belt. Adjustments by known manual or
      servomotor means involve moving either the guide or working components
      perpendicularly relative to the workpiece. Such prior art adjustment
      means, however, require that an operator first ascertains the thickness of
      the workpiece, for example, by means of a caliper rule or a dial gauge
      before he can go ahead with the adjustment. This procedure is not only
      time consuming but also subject to measuring errors. Thus, the rate of
      rejections is particularly high when the workpiece dimensions change
      frequently.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the above, it is the aim of the invention to achieve the
      following objects singly or in combination:
PAR  TO PROVIDE AN APPARATUS FOR AUTOMATICALLY DETERMINING THE DIMENSIONS OF THE
      WORKPIECE AND TO CONTROL THE PRESSURE APPLIED TO THE WORKPIECE ALSO
      AUTOMATICALLY IN RESPONSE TO THE DIMENSIONS OF THE WORKPIECE;
PAR  TO PROVIDE AN APPARATUS OF THE TYPE HERE DESCRIBED WHICH OPERATES SAFELY
      AND ACCURATELY EVEN UNDER DIFFICULT WORKING CONDITIONS;
PAR  TO PROVIDE AN APPARATUS FOR AUTOMATICALLY VARYING THE HEIGHT OF A FEEDING
      CHANNEL IN RESPONSE TO THE THICKNESS OF THE WORKPIECE PASSING THROUGH SAID
      WORKPIECE FEEDING CHANNEL;
PAR  TO PROVIDE MEANS FOR CONTROLLING THE SPEED OF CHANNEL HEIGHT ADJUSTMENT,
      WHEREBY THE ADJUSTMENT SPEED IS REDUCED AS THE WORKPIECE GUIDE MEANS COME
      CLOSE TO THE REQUIRED POSITION;
PAR  TO ADJUST THE HEIGHT OF THE FEEDING CHANNEL TO DIFFERENT VALUES, EVEN FOR
      ONE AND THE SAME WORKPIECE THICKNESS IN ORDER TO VARY THE PRESSURE APPLIED
      TO THE WORKPIECE;
PAR  TO PROVIDE MEANS FOR PREVENTING ADDITIONAL CHANGES IN THE POSITION OF THE
      WORKPIECE GUIDE MEANS DURING THE PASSAGE OF THE WORKPIECE THROUGH THE
      FEEDING CHANNEL ONCE THE ADJUSTMENT FOR THAT PARTICULAR WORKPIECE HAS BEEN
      MADE; AND
PAR  TO KEEP THE CHANNEL FORMING WORKPIECE GUIDE MEANS IN THE ADJUSTED POSITION
      UNTIL THE ENTIRE LENGTH OF A WORKPIECE HAS PASSED THROUGH THE CHANNEL,
      WHEREBY THE CHANNEL HEIGHT ADJUSTMENT DOES NOT RESPOND TO THICKNESS
      VARIATIONS ALONG THE LENGTH OF ONE AND THE SAME WORKPIECE.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a workpiece feeding apparatus, especially for
      workpiece machining equipment comprising a sensor for determining the
      dimensions of the workpiece. Control means responsive to the sensor
      operate drive means of an adjustably supported feeding channel forming
      guide means. The control means comprise, for example, sensor operated cam
      means and switching means associated with the guide means and operated by
      the cam means. The switching means and cam means cooperate to control a
      servomotor driving the guide means in accordance with the dimensions,
      especially the thickness of the workpiece as determined by the sensor. The
      sensor comprises one or more sensing members contacting the workpieces
      whereby the movement of the sensing members is proportional to the
      dimensions of the workpiece such as its thickness. By adjustably mounting
      at least one of the control means, for example the switching means, on the
      workpiece guide means it is possible to vary the pressure of the guide
      means on the workpiece, even though, the dimension remains the same. After
      adjustment, said one control means is locked or secured in the newly
      adjusted position, for example by a set screw or by a selflocking
      adjusting mechanism. The control means preferably comprise means for
      switching the servomotor to slower speeds so that the guide means may inch
      up to a required position.
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PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described, by way of example, with reference to the accompanying drawings,
      wherein:
PAR  FIG. 1 shows an elevation view, partially in section, of a bottom sanding,
      wide belt sander incorporating this invention;
PAR  FIG. 2 shows the sensor, the control means and the workpiece guide means of
      the apparatus of FIG. 1 in greater detail;
PAR  FIG. 3 shows a sectional view along section line III--III in FIG. 2;
PAR  FIG. 4 shows a sectional view along section line IV--IV in FIG. 3;
PAR  FIG. 5 shows a view similar to FIG. 2 but illustrating another embodiment
      of the sensor and control means according to the invention;
PAR  FIG. 6 shows a rear view of the embodiment shown in FIG. 5;
PAR  FIG. 7 illustrates an elevational view of yet another embodiment of the
      sensor and control means according to the invention;
PAR  FIG. 8 shows a partial electrical circuit diagram, especially useful for
      the embodiment shown in FIG. 7;
PAR  FIG. 9 shows an electrical circuit diagram of the drive means employed
      especially in FIG. 7; and
PAR  FIG. 10 shows an elevational view of a top sanding machine of the wide belt
      type according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
PAR  FIG. 1 illustrates a bottom-sanding, wide belt sander having a base or
      housing 1 in which a contact roller 2 and a drive roller 3, surrounded by
      a sanding belt 8, are mounted for rotation. The drive roller 3 is driven
      by means not shown. A table 5 supports a workpiece 4 so that the underside
      of the workpiece contacts the sanding belt 8. Conveyer rollers 7 project
      slightly above the surface 6 of the support table 5.
PAR  A workpiece guide means 11 for applying pressure to a workpiece 4 to press
      it against the sanding belt 8 is mounted for vertical movement in an upper
      frame 10. Rollers 12 are mounted to the underside of the guide means 11
      for engaging a workpiece 4. The guide means 11 can be either raised or
      lowered, for example by means of screws 15, driven by a servomotor 14
      through chain drives 14'.
PAR  Sensing means such as a sensor 9 for determining the dimensions of the
      workpiece 4 by contacting the workpiece is mounted for vertical sliding
      movement on the front wall 17 of the upper frame 10 in respective aperture
      lugs. The sensor 9 comprises a vertically moving shaft or rod 18, and a
      shoe 19 secured to the free end of the rod 18 and capable of being lifted
      by a workpiece 4. A collar 18' connected to the upper end of the rod 18,
      provides a means for adjusting the maximum downward movement of the rod 18
      and thus the distance between the support surface 6 of the feeding table 5
      and shoe 19. A plate or bracket 20, fastened to the rod 18 and if desired
      adjustable in its position along the rod 18, for example by a set screw,
      supports control means in the form of oppositely extending contact or
      switch actuating arms 21 and 22 best seen in FIGS. 2, 3, and 4. The lower
      end of arm 22 is bevelled at 22' as shown in FIG. 4. The upper end of arm
      21 is bevelled at 21' as shown in FIG. 2.
PAR  The control means further comprise switching means 25 and 26 and respective
      switch actuator means 27 and 28 arranged for cooperation with said arms 21
      and 22. A plate 24 is slidably mounted in a side 23 of the tool guide
      means 11. By manually adjusting turning screw 29, the plate 24 and thus
      the position of the switch actuator or cam follower means 27 and 28 may be
      moved vertically up and down. The arms 21 and 22 as well as the switching
      means 25, 26 and switch actuator means may be considered to form a first
      control unit. The adjustment screw may be self-locking to hold the plate
      24 in its adjusted position.
PAR  The operation of this apparatus will now be described with reference to
      FIGS. 2 to 4. Before a workpiece 4 reaches the sensor 9, the elements
      which are movable up and down are in their lowermost position as shown by
      dash-dotted lines in FIG. 2. In this lowermost position the switch
      actuators or cam followers 27 and 28 are positioned opposite the
      respective bevel edges 21' and 22', whereby the switches 25 and 26 are
      inoperative, (open) as seen in FIG. 8. When switches 25 and 26 are
      inoperative, servomotor 14 is not energized. Hence the guide means 11 is
      halted at its lowest position. In this condition, the plane defined by the
      presser guide rollers 12 of the guide means 11 is somewhat lower by a
      distance a, than the contact surface 16 of the sensing shoe 19.
PAR  If now a workpiece 4 is moved manually toward the sanding belt 8, the shoe
      19 is lifted a distance b corresponding to the thickness of a workpiece.
      The lifting shoe 9 moves rod 18 in an upward direction by the same
      distance b. Since arms 21 and 22 are connected to shaft 18 through member
      20, these arms move correspondingly vertically upward. During this upward
      movement of the sensor 9 and the arms 21 and 22 only cam follower 27 is
      actuated by arm 21 as arm 22 is positioned to move away from cam 28 during
      upward movement. Actuation of cam follower 27 by arm 21 places switch 25
      in an operative position thereby energizing servomotor 14, whereby the
      guide means 11 are adjusted upwardly. During this upward movement of the
      guide means 11, the switch 25 also moves upwardly until cam follower 27
      reaches a position where it is no longer contacted by arm 21, but where it
      is opposite bevelled edge 21', whereby switch 25 will return to its
      inoperative position. Thus, servomotor 14 is again de-energized and in
      turn will stop so that the rollers 12 extend again a distance a below
      surface 16 of shoe 19. Accordingly, a distance c which is less than the
      width b of the workpiece, exists between the rollers 12 and the support
      surface 6 of the table 5. Hence, the revolving, elastic rollers 12 can
      press the workpiece 4 with a predetermined contact force to push the
      workpiece over the sanding belt 8, whereby the latter is sanding the
      underside of workpiece 4.
PAR  After workpiece 4 has entirely passed the sensor 9, shoe 19 drops either by
      its own weight or by spring action, and this in turn moves shaft 18
      downwardly. Since arms 21 and 22 are fastened to shaft 18 through member
      20, they also move downwardly. During this downward movement only cam
      follower 28 is actuated by arm 22 since arm 21 is positioned to move away
      from cam follower 27 during these downward movements. Actuation of cam
      follower 28 by arm 22 closes switch 26 thereby energizing servomotor 14 to
      drive guide means 11 downwardly. This downward movement continues until
      the cam follower 28 drops into bevel 22' whereby the motor 14 is switched
      off. At this point all the elements again take up their dash-dotted lowest
      position.
PAR  During operation of this machine, it is normally to be expected that
      workpieces having different thicknesses b will be fed through the machine.
      However, it is an advantage of the invention that the guide means 11 will
      be moved to the correct position for any normal workpiece thickness b.
PAR  For practical reasons, it is useful to vary the contact force of the
      pressure rollers 12 on the workpiece 4. This may easily be done by turning
      the adjusting screw 29. Thus, if plate 24 is shifted upwardly, cam
      follower 28 is contacted by arm 22 thereby closing switch 26 and
      energizing servomotor 14, whereby guide means 11 and therefore rollers 12
      are moved downwardly until cam 28 reaches a position wherein it no longer
      contacts the arm 22. This results in increasing the spacing a and thus the
      pressure of the rollers 12 on the workpiece 4. When plate 24 is shifted
      downwardly by turning adjusting screw 29, cam follower 27 is contacted by
      arm 21 thereby placing switch 25 in an operating position and energizing
      servomotor 14, whereby the guide means 11 and therefore rollers 12 are
      moved upwardly until cam follower 27 reaches a position wherein it no
      longer contacts arm 21. This decreases the pressure of the guide rollers
      12 on the workpiece 4.
PAR  For achieving greater accuracy in adjusting the pressure guide means 11,
      further cam follower and switching means may be used to operate the
      servomotor in an inching or creep feeding manner just prior to the time
      when the guide means 11 reach the final working position. Further accuracy
      may be accomplished by utilizing a so called brake motor as the servomotor
      14.
PAR  FIGS. 5 and 6 illustrate another embodiment of the invention employing a
      sensing means 35 comprising at least one, preferably two levers 36
      journaled on an axle 34, which in turn is mounted on the front wall 17 of
      the upper frame or housing 10. The free ends of the levers 36 are
      connected to each other by a sensing plate 37 having a length
      corresponding substantially to the width of the support table 5. In
      addition to its own weight a suitable spring means may force the plate 37
      against a workpiece 4. Another axle 38 is mounted in the frame 10. A
      control segment 39 and a lever 40 are journaled or pivoted to said axle 38
      with a spacing therebetween and independent of each other. The free end
      40' of the lever 40 rides on the guide means 11 so that the vertical
      movement of guide means 11 is translated by the movement of lever 40 into
      a circular motion. The control segment 39 and either one of levers 36 are
      pivotally connected to each other by bar 41. The arrangement comprising
      the lever 36, the bar 41, and the control segment 39 forms substantially a
      parallelogram, one side of which is an imaginary line extending from the
      contact point between the plate 37 and the workpiece 4 to the contact
      point between the lever 40 and the guide means 11.
PAR  The control segment 39 carries on its side facing the lever 40 curved cam
      sections 42 and 43, radially offset from each other. The control lever 40
      has mounted on its side facing segment 39 switches 44 and 45 with cam
      followers 46 and 47 respectively. The cam followers 46 and 47 are
      positioned to cooperate with the cam sections 42 and 43 respectively.
PAR  The operation of this second embodiment is analogous to that of the first
      embodiment shown in FIGS. 1 to 4. Before a workpiece 4 reaches the sensing
      means 35, the lever 36 will extend substantially vertically. The lever 40
      will be positioned so that the cam followers 46 and 47 will not contact
      their respective cam sections 42 and 43. Hence, the switches 44 and 45
      will be in their inoperative positions and the servomotor 14 will be
      de-energized whereby the guide means 11 will be at its lowest position.
PAR  If now a workpiece 4 is moved toward the sanding belt 8, the sensing plate
      37 and therefore lever 36 are moved along an upward arc. Since segment 39
      is connected to lever 36 by bar 41, it likewise will swing upwards along a
      similar arc. During this upward movement of the lever 36, the lever 40 is
      stationary. The respective relative movement causes cam follower 47 to
      ride on cam section 43 whereby the switch 45 is actuated to energize the
      servomotor 14, which in turn drives guide means 11 upwardly. Upward
      movement of the guide means 11 results in swinging lever 40 upwardly
      traversing an arc similar to that of segment 39. Therefore, cam follower
      47 moving along section 43 will return to its initial position
      substantially along the bisecting axis of the segment 39. At this position
      switch 45 is opened and servomotor 14 is thereby stopped, halting further
      movement of guide means 11.
PAR  After the workpiece 4 has entirely cleared the sensing means 35, the lever
      36 and the segment 39 will move along a descending arc. Since lever 40
      remains stationary, there is relative movement and thus contact between
      cam follower 46 and cam section 42 which closes switch 44 thereby
      energizing servomotor 14, which in turn drive the guide means 11 in a
      descending direction. This downward movement of the guide means 11 swings
      lever 40 along a descending arc similar to that traversed by segment 39.
      Therefore, the cam follower 46 moving along the section 42 will return to
      its initial position at the bisecting axis of the segment 39. At this
      position switch 44 is opened thereby de-energizing servomotor 14 and
      stopping the guide means.
PAR  FIG. 7 illustrates a third embodiment employing additional sensing and
      control means. A first sensing means 51 comprises a hollow tube 52 mounted
      for vertical movement, a shoe 19 connected to the lower end of tube 52,
      and a collar 55 secured to the upper end of the tube 52 which operates
      substantially as described in the preceding paragraphs relating to FIGS. 1
      to 4. The collar 55 just as collar 18' determines, as described, the
      spacing between the contact or sensing surface 16 of the shoe 19 and the
      top surface 6 of the feeding table 5.
PAR  A second sensing means 57 is movably mounted within the hollow tube 52 and
      comprises a sensing rod 58, and a ball or roller 59 pivotally mounted to
      the lower end of rod 58. A collar 60 is mounted to the upper end of the
      rod 58. The collar 60 may rest on a bushing fixed within tube 52 through
      which rod 58 slides. When the collar 60 rests on said bushing, the ball or
      roller 59 is in its lowest position thereby projecting slightly below the
      shoe 19. Here again, a predetermined distance between the lower tip of the
      sensing rod 58 and the surface 6 is established when the collar 60 rests
      on the bushing tube 52. A second control switch 53, actuated by the rod
      58, is mounted on the collar 55. The rod 58 and the switch 53 form the
      switching control means 50. The other switching control means are the same
      as in FIGS. 1 to 4.
PAR  A third control switch 62 is mounted in the support table 5 in front of the
      contact roller 2 at a distance from the sensing roller 59 which is less
      than the length of the shortest workpiece to be machined. The switch 62 is
      actuated by a cam 63 projecting above support surface 6 so as to be
      contacted by a workpiece 4. The switch 62 and the cam 63 form a further
      switching control means 64.
PAR  The operation of the third embodiment of the invention will now be
      described with reference to FIGS. 7 to 9. Before workpiece 4 reaches the
      first sensing means 51, the shoe 19, roller 59 and rollers 12 are in their
      lowest position illustrated by dash-dotted lines in FIG. 7.
PAR  The electrical diagram of FIG. 9 is applicable to FIGS. 1 to 7 showing the
      servomotor 14 can be energized by closing the normally open contacts of
      contactor or switching relay 68, whereby this relay 68 is controlled by
      switches 25 and 26 arranged in respective conventional relay control
      circuit means.
PAR  FIG. 8 which relates to the embodiment of FIG. 7 illustrates a partial
      circuit diagram for the present control means. One terminal of the relay
      68 is directly connected to a power supply source (not shown). The other
      terminal of the relay 68 is connected to the second terminal of the power
      supply through a relay control circuit 65 including a series arrangement
      of switches and contacts; namely the normally closed contact 71 of a
      relay, not shown, but actuated by the third control switch 62, the
      normally open second control switch 53, the normally closed contact 66 of
      a switching relay 67 which is initially energized by the relay 68 and the
      normally open first control switch 25, previously described. The normally
      closed contact 66 is connected in parallel to a normally open contact 74
      of the relay 68. A further normally open contact 61 of relay 68 closes an
      energizing circuit 70 for the relay 67. With the closing of the control
      switches 25 and 53 an upward movement of the guide means 11 is initiated
      since the relay 68 is energized thereby closing the contacts 61 and 74. A
      downward movement of the guide means 11 involves the same functions except
      it is initiated by the closing of switch 26.
PAR  As a workpiece 4 moves toward the sanding belt 8, shoe 19 is lifted, and as
      previously discussed, thereby lifting the hollow shaft 52 of the first
      sensing means 51. Since arms 21 and 22 are coupled to shaft 52, switch 25
      is closed. However, the servomotor 14 is not energized until workpiece 4
      contacts the sensing roller 59 thereby closing the switch 53 through rod
      57. When this occurs, the relay 68 is energized and closes its contacts 73
      to energize the servomotor 14 and to drive the guide means 11 upwardly. As
      mentioned, energizing of the relay 68 also closes the contact 74 to bypass
      the contact 66, and to close the contact 61 thereby energizing the relay
      67. The energizing of the relay 67 has no effect on relay 68 even though
      the contact 66 is opened due to the holding circuit closed by the contact
      74. Hence, motor 14 keeps running. Similarly, once relay 67 is energized,
      operating relay 68 will have no effect on relay 67 because its contact 69
      has established a holding circuit for relay 67.
PAR  When the guide means 11 have been moved upwardly to the required position
      as previously described, switch 25 is opened thereby de-energizing relay
      68 and hence the servomotor 14, whereby the guide means 11 stop. However,
      relay 67 will be kept energized during the machining through its holding
      contact 69 until the second switch 53 is opened in response to the
      workpiece passing the roller 59 at the end of rod 57. With that relay 67
      is de-energized and returns to its initial condition with the closing of
      the contact 66 and the opening of the contact 69.
PAR  Thus the return of the first sensing means 51 to its lowest position can
      not influence the relay 68 and restart the motor 14, because switch 25 and
      53 as well as contact 69 are opened.
PAR  Not until a further workpiece 4 is moved toward the sanding belt 8 and
      lifts the shoe 19 and the sensing roller 59 a restarting of the motor 14
      and adjusting of the guide means 11 to the workpiece dimension will be
      possible. On the other hand, the contact 66 is held open during the
      machining and the motor 14 cannot be restarted during the machining. This
      is an important feature of the invention because the surface of any
      workpiece may comprise waves or even steps in the direction of feeding
      movement, which waves or steps cannot affect the machining operation as
      long as contact 66 is held open and contact 74 is open. The control
      circuit is returned to its initial condition with the opening of the
      switch 53 which de-energizes relay 67 and again closes contact 66.
PAR  The third control switch 62 assures that the guide means 11 is held at the
      proper position for each workpiece until the entire length of a workpiece
      has passed through the feeding channel. When workpiece 4 contacts the cam
      63, the switch 62 is operated to open the contact 71. Hence, relay 68
      cannot be energized until workpiece 4 has entirely cleared cam 63, at
      which time switch 62 is released, resulting in the closing of contact 71.
PAR  To allow the cycle initiated by a new workpiece to start only after the
      preceding workpiece has completely cleared the feeding channel it is
      preferable to provide a timing device with adjustable delays for the
      closing of the contact 71 after actuating the switch 62. Thus, the contact
      71 may be, for example, a time delay closing (TDC) contact. Alternately,
      another switch may be employed behind the last presser roller 12 to close
      contact 71. This result can also be implemented if the relay for actuating
      the contact 71 is energized by the switch 53 after a time delay determined
      by the feed advance speed. Incidentally, the contact 66 should preferably
      be a time delay opening contact (TDO).
PAR  FIG. 10 shows a top sanding wide belt sander employing a support table 76
      having a feed belt 77. The table frame 78 is supported on adjustable
      mounting columns 79 and movable by hydraulically driven piston cylinder
      means 80. A sensor 81 having control switching means 82 similar to those
      described is used. The control means control the piston cylinder means 80
      through a control valve 83.
PAR  In the above described embodiments mechanical sensing means have been used
      primarily because such devices work satisfactorily in dust laden
      environments. However, the invention may also be embodied by using other
      sensing means such as optical, pneumatic, hydraulic, electrical or
      acoustical sensors for controlling the servomotor 14. Likewise, rollers 12
      and/or the contact roller 2 may be replaced by a sliding shoe arrangement.
      The invention is also suitable for feeding sheet materials to a working
      station. Furthermore, the guide means 11 could be modified to carry the
      working tools thereby controlling the contact between the tools and the
      workpiece.
PAR  Although the invention has been described with reference to specific
      example embodiments, it is to be understood, that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for feeding a workpiece through a machine comprising
      conveyor means movably supporting a workpiece, sensing means arranged
      proximate to said conveyor means for contacting said workpiece to
      determine at least one dimension of said workpiece, first control means
      coupled to said sensing means and responsive to said sensing means,
      workpiece guiding means arranged in said machine at a level above said
      conveyor means and adjacent to said sensing means, said workpiece guiding
      means comprising drive means for moving said workpiece guiding means
      relative to said workpiece, and second control means coupled to said
      workpiece guiding means for cooperation with said first control means for
      controlling said drive means and thus the movement of said workpiece
      guiding means in accordance with the dimension of said workpiece as
      determined by said sensing means.
NUM  2.
PAR  2. In a workpiece feeding apparatus, especially for machining equipment
      including adjustable workpiece feeding means, drive means operatively
      connected to said workpiece feeding means, as well as workpiece dimension
      sensing means and control means responsive to said workpiece dimension
      sensing means, said control means being operatively connected to said
      drive means to adjust said workpiece feeding means to a workpiece
      dimension representing position in response to said workpiece dimension
      sensing means, the improvement wherein said workpiece feeding means
      comprise adjustable workpiece guide means, said control means comprising
      first switch means operatively arranged to respond to said workpiece
      dimension sensing means when the latter move in a given direction, and
      second switch means operatively arranged to respond to said workpiece
      dimension sensing means when the latter move opposite to said given
      direction, said first and second switch means being operatively connected
      to said drive means for energizing the drive means to move said adjustable
      workpiece guide means directly into and out of its work position whereby
      direction reversal of the movement of the workpiece guide means on its way
      into the working position is avoided.
NUM  3.
PAR  3. The apparatus according to claim 2, wherein said first switch means
      comprise first switch actuator means and a first switch member, said
      second switch means comprising second switch actuator means and a second
      switch member, said apparatus further comprising support means securing
      said first and second switch members to said adjustable workpiece guide
      means, said first and second switch actuating means being secured to said
      workpiece dimension sensing means for respectively actuating said switch
      members in response to movement of said workpiece dimension sensing means.
NUM  4.
PAR  4. The apparatus according to claim 3, wherein said first and second switch
      actuator means comprise respective actuating cam elements arranged so that
      one cam element is effective when the workpiece dimension sensing means
      moves in one direction while the other cam element is effective when the
      workpiece dimension sensing means moves in the opposite direction, whereby
      said drive means for adjusting the position of said workpiece guide means
      is controlled by said cam elements to move the workpiece guide means
      directly into and out of the working position.
NUM  5.
PAR  5. The apparatus according to calim 2, wherein said workpiece feeding means
      further include a feeding table, said workpiece dimension sensing means
      comprising sensing lever means, means journaling said sensing lever means
      in said apparatus in a position parallel to said feeding table, said first
      and second switch means of said control means comprising first and second
      switch members connected to energize and de-energize said drive means and
      first and second switch actuator means operatively associated with said
      sensing lever means for actuating said first and second switch means in
      response to tilting of said sensing lever means about said journaling
      means.
NUM  6.
PAR  6. The apparatus according to claim 5, wherein said control means comprise
      a control segment carrying said first and second switch actuator means,
      first means pivoting said control segment in said apparatus, connecting
      bar means pivotally linking said sensing lever means and said control
      segment, said control means further comprising a support bar carrying said
      first and second switch means, second means pivoting one end of said
      support bar in said apparatus, said support bar having a free end riding
      on said workpiece guide means, said support bar being arranged to locate
      said switching means for cooperation with said control segment.
NUM  7.
PAR  7. The apparatus according to claim 2, wherein said first and second switch
      means of said control means comprise separate support means and means for
      adjusting the position of at least one switch means relative to its
      respective support means, whereby the pressure of said adjustable
      workpiece guide means on said workpiece may be varied.
NUM  8.
PAR  8. The apparatus according to claim 2, wherein said workpiece dimension
      sensing means comprise first sensing means and second sensing means, said
      control means comprising control circuit means for said drive means, said
      first and second switch means including first, second and third switch
      members, arranged in said control circuit means for energizing and
      de-energizing said drive means, said first and second switch means of said
      control means further comprising first, and second switch actuator means
      arranged to control said first and second switch members in response to
      said first sensing means, and third switch actuator means arranged to
      control said third switch member in response to said second sensing means.
NUM  9.
PAR  9. The apparatus according to claim 8, wherein said first and third switch
      members comprise respective contacts operated through the first and second
      sensing means, said contacts being arranged in series with each other in
      said control circuit means.
NUM  10.
PAR  10. The apparatus according to claim 8, wherein said first sensing means
      comprise a hollow tube and means slidably mounting said hollow tube in
      said apparatus so that one of its ends contacts a workpiece, said second
      sensing means comprising a sensing rod and means slidably mounting said
      sensing rod inside said hollow tube, said sensing rod having a lower free
      end protruding from said hollow tube into contact with said workpiece,
      said first switch actuator means being secured to said hollow tube, said
      first switch member comprising first contact means carried by said
      workpiece guide means for actuation by said first switch actuator means,
      said second switch member comprising second contact means secured to the
      workpiece guide means for actuation by said second switch actuator means,
      said third switch member comprising third contact means secured to the
      hollow tube at its top for actuation by said sensing rod, said first,
      second and third contact means being arranged in series with each other.
NUM  11.
PAR  11. The apparatus according to claim 2, wherein said control means comprise
      a control circuit for said drive means, said first and second switch means
      comprising respective switch members arranged in said control circuit for
      actuating said drive means, said control means further comprising first
      and second switch actuator means responsive to said sensing means and
      arranged for actuating said first and second switch members, further
      switch means connected in series in said control circuit between said
      first and second switch members, said further switch means comprising
      means responsive to said first switch actuator means for operating said
      second switch means into a circuit interrupting state, and further
      responsive to said second switch actuator means for actuating said second
      switch means back into a circuit closing rest position.
NUM  12.
PAR  12. The apparatus according to claim 11, further comprising third switch
      means in said control circuit responsive to said second switch actuator
      means, said third switch means comprising time delay means for delaying
      the control action of the second switch actuator means.
NUM  13.
PAR  13. The apparatus according to claim 11, wherein said control means
      comprise third switch control means located adjacent to said tool means
      and operable by a workpiece, and third switch means arranged in said
      control circuit and responsive to said third switch control means for
      actuating said third switch means into a circuit interrupting state.
NUM  14.
PAR  14. The aparatus according to claim 13, wherein said third switch means
      comprise time delay means for delaying the control action of the third
      switch control means.
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ABST
PAL  The disclosure illustrates a grinding wheel that is reinforced by a length
      of wire positioned on the side faces of the wheel in a spiral pattern
      beginning adjacent the inner diameter with successive turns progressively
      radially outward alongside the wheel. The wire is bonded to the wheel by
      an epoxy resin.
BSUM
PAR  The present invention relates to grinding wheels and more particularly to
      reinforced grinding wheels.
PAR  In order to provide a more efficient cutting process the cutting speeds of
      grinding wheels have been increased in recent years. These increases in
      speed in some cases create a centrifugal force field on the grinding wheel
      material that exceeds its inherent capacity to resist. This problem is
      particularly evident in those types of grinding wheels having a relatively
      large inner diameter. In this type of wheel a substantial stress
      concentration is built up near this inner diameter.
PAR  In the past it has been proposed to reinforce the inner diameter by
      cementing a steel ring to the sides of the grinding wheel adjacent the
      inner diameter. While this approach is generally quite effective in
      reinforcing the wheel, it does not conform to the irregularities of the
      wheel. In addition, it results in quite a bit of scrap material during its
      manufacture, i.e., the scrap resulting from the formation of the hole for
      the inner diameter of the wheel.
PAR  Therefore it is an object of the present invention to efficiently and
      economically reinforce a grinding wheel of the above general type.
PAR  These ends are achieved by a reinforced grinding wheel which has a length
      of wire positioned on at least one of the side faces of the wheel in a
      spiral pattern beginning adjacent the inner diameter. Successive turns of
      the wire substantially abut one another and are positioned progressively
      radially outward with respect to the side face of the wheel. The wires are
      bonded to the side wall of the wheel so that the wheel is reinforced.
DRWD
     The above and other related objects and features of the present invention
      will be apparent from a reading of the description of the disclosure shown
      in the accompanying drawing and the novelty thereof pointed out in the
      appended claims.
PAR  In the drawing:
PAR  FIG. 1 is a side view of a reinforced grinding wheel embodying the present
      invention;
PAR  FIG. 2 is a greatly enlarged fragmentary view of the grinding wheel of FIG.
      1 taken on lines 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of a reinforced grinding wheel employing a
      different embodiment of the present invention; and
PAR  FIG. 4 is a fragmentary cross-sectional view of a reinforced grinding wheel
      showing still another embodiment of the present invention.
DETD
     A length of wire 20 is positioned on the side faces 14 and 16 of wheel 10
      in a spiral pattern. The spiral pattern begins adjacent the inner diameter
      18 and the successive turns of the spiral pattern substantially abut one
      another and are positioned progressively radially outward with respect to
      the side faces 14 and 16 of wheel 10. The radial extent of the spiral
      pattern of wire may be varied to suit the particular reinforcing
      requirements of the wheel, as is apparent to those skilled in the art. The
      wire 20 may be suitably fastened at 22 where the length of wire begins at
      the inner diameter 18 and at 24 where the wire ends at the outer periphery
      of the pattern of wire. In addition, adjacent turns may be fastened at
      suitable locations in the spiral pattern to facilitate handling.
PAR  The wire is bonded to the wheel by a suitable adhesive 26. Preferably the
      adhesive is a reinforced epoxy adhesive that cures at room temperature. An
      example of such an adhesive would be a resin known as Epotuf 37-140 with a
      hardener known as Epotuf 37-164 and the resin would be reinforced with
      Wollastonite. The Epotuf compounds are avaiable from Reichhold Chemicals,
      Inc., Azusa, Calif.
PAR  Preferably the wire is formed from steel wire having a circular cross
      section that is rolled to produce an elongated generally oval section, as
      shown particularly in FIG. 2. This type of arrangement enables substantial
      contact between the adjacent turns of the spiral and, in addition,
      produces a greatly increased bonding area between the surface of the wheel
      and the wire. As can be seen in FIG. 2, the curved sides of the wire 20
      abut the side faces 16 and 14 of the wheel to produce annular recesses
      that provide a much greater contact area for the adhesive 26 than would be
      produced, for example, with a flat plate. The wire 20 may be formed from a
      low carbon steel wire that is rolled to produce the generally oval shape.
      An example of a typical forming operation would be 16 gauge round wire
      with a diameter of 0.0625 inches rolled to a thickness of 0.040 inches.
      The cold working during the rolling operation produces an increase in the
      tensile strength of wire thereby enhancing its ability to reinforce the
      wheel.
PAR  From some applications the thickness of the grinding wheel cannot be
      increased because of limitations on mounting apparatus. For this
      application the embodiment of FIG. 3 is utilized. A grinding wheel 30
      having a peripheral grinding surface 32 has side faces 34 and 36. Side
      faces 34 and 36 have generally annular recesses 38 adn 40 extending from
      an inner hole 42 in the wheel 30. Lengths of wires 44 are positioned in
      the recesses 38 and 40 in a spiral pattern substantially similar to the
      wire of the embodiment shown in FIG. 1. The wires are bonded to the wheel
      by a suitable adhesive 48 to reinforce the inner diameter.
PAR  The flattened wire can be used to effectively reinforce grinding wheels
      with tapered side faces, as shown in FIG. 4. A grinding wheel 50 has
      tapered side faces 52 extending from an inner diameter 54. A length of
      flattened wire 56 is positioned on the side face 52 in a spiral pattern
      substantially similar to the wire of the embodiment shown in FIG. 1. A
      suitable adhesive 58 bonds the wire 56 to the side face 52.
PAR  It should be noted that the turns of flattened wire can be displaced
      laterally relative to one another and still provide an effective support.
      It should be apparent to those skilled in the art that the degree of taper
      of the side face with which the wire can effectively be used is a function
      of the wire thickness and width.
PAR  The above general arrangements provide a highly effective reinforcement of
      the inner diameter of a grinding wheel. Since the turns of the wire
      generally simply abut one another during assembly, they can more readily
      conform to surface irregularities of the grinding wheel, or to a tapered
      side face, than a flat steel plate. However, once the turns of the wire
      have been bonded to each other and to the side face of the wheel, they
      provide a very effective reinforcement of the wheel. It should be noted
      that the spiral pattern of wire is formed by a given length of wire and
      that there is substantially no waste compared to the stamping out of a
      steel ring. This greatly minimizes the cost of manufacturing the spiral
      wire.
PAR  The above arrangements, while much less expensive to produce, enable a much
      greater reinforcement of the wheel than for a steel plate of the same
      weight. The reason for this is that the spiral wire arrangement has a
      greater circumferential strength than an equal weight steel ring due to
      the higher inherent tensile strength of the wire. In addition, the
      increased bonding area enables a much greater area over which the tensile
      forces are transferred between the wheel and the wire. The arrangement of
      FIG. 3, while producing no increase in the thickness of the wheel, has
      almost the strength of the arrangement of FIGS. 1 and 2 in which the wire
      is placed on the face of the wheel. This is because the adhesive bonds the
      wire to the entire surface area of the recesses and enables an efficient
      transfer of stresses.
PAR  While the preferred embodiment of the present invention has been described
      above, it should be apparent that other modifications may be employed by
      those skilled in the art without departing from the spirit and scope of
      the present invention.
CLMS
STM  What is claimed as novel and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A reinforced grinding wheel comprising:
PA1  an abrasive grinding wheel having an inner diameter and a pair of side
      faces;
PA1  a length of wire positioned on at least one of the side faces of said wheel
      in a spiral pattern beginning adjacent the inner diameter and having
      successive turns substantially abutting one another and positioned
      progressively radially outward with respect to the side face of said
      wheel; and
PA1  means for bonding the wire to the side wall of the wheel whereby the wheel
      is reinforced.
NUM  2.
PAR  2. A reinforced grinding wheel as in claim 1 wherein said wire is formed
      from circular cross-section wire rolled to an elongated oval shape having
      the elongations in an axial direction relative to the side face of said
      wheel.
NUM  3.
PAR  3. A reinforced grinding wheel as in claim 1 wherein said wire is
      positioned on both of the side faces of said wheel.
NUM  4.
PAR  4. A reinforced grinding wheel as in claim 3 wherein said abrasive grinding
      wheel has an annular recess adjacent the inner diameter and said wire is
      positioned in said recess.
NUM  5.
PAR  5. A reinforced grinding wheel as in claim 1 wherein said bonding means
      comprises a room temperature curing epoxy adhesive.
NUM  6.
PAR  6. A reinforced grinding wheel as in claim 1 wherein said side faces are
      tapered.
NUM  7.
PAR  7. A reinforced grinding wheel as in claim 6 wherein said wire has a
      generally elongated oval cross-sectional shape with the elongations
      extending in an axial direction.
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ABST
PAL  The treatment of hard surfaces by impacts of fine hard granules continually
      bombarded against them, as for peening, brightening, texturizing,
      compacting, reforming and/or cleaning adhesions from plates and other
      articles of steel, aluminum, or hard plastics, is accomplished with
      extraordinary effectiveness, yet with minimal loss of the blasting
      material due to breakdown, by providing and utilizing for the treatments
      selectively sized fractions, having for example 60-100 mesh, 100-200 mesh
      and 200-325 mesh grain sizes, of the rounded oblong grains, having a
      specific gravity of about 4.7, of a mass of refined zircon sand.
BSUM
PAR  This invention relates to a material and process for the treatment of hard
      surfaces by impacts and, more particularly, for peening, brightening,
      texturizing, compacting, reforming and/or removing burrs, scale or other
      adhesions from the surfaces of articles, made of metals, ceramics,
      refractory materials, or hard plastics, by bombardment of them with fine
      grains of the material hurled against them at high velocity.
PAR  This manner of treatment of hard surfaces is analogous to sand blasting in
      that hard grains are hurled against a hard work surface by a blasting
      apparatus utilizing a jet of compressed air or other suitable fluid, such
      as a liquid or a gas or vapor, or utilizing centrifugal force, for
      propulsion of the granular material. In impacting processes for the
      treatment of finished hard articles, or for improving the structure of
      hard surfaces, it is important to utilize a fine hard material which,
      unlike common sand and other truly abrasive grits, will not cut into the
      surface structure of the impacted work pieces.
PAR  Among the many materials which have been proposed for use in such processes
      are microscopic glass beads, hard nutshell granules, extra-fine grades of
      silica sand and spherical particles of zirconia (ZrO.sub.2) or of mixed
      zirconia and silica. Microscopic glass beads have largely supplanted the
      other materials known for such use. These beads have sizes selected within
      close limits which desirably differ for different types of work, or for
      surfaces to be treated that have different hardnesses, but which in
      general are within the range of from about 0.0005 inch up to about 0.05
      inch in bead diameters.
PAR  Microscopic glass beads, however, have a limited capacity to apply kinetic
      energy to the impacted surfaces, and they are troublesome and costly in
      use because they tend to break down and thus to lose effectiveness under
      the shocks of the continual impacts at high velocity. Consequently,
      various expedients have been proposed for either inhibiting the break-down
      tendency of the beads or alleviating troubles that result. For instance:
      According to U.S. Pat. No. 3,019,522, the glass beads are propelled in
      suspension in a liquid carrier. According to U.S. Pat. No. 3,225,495, they
      are pre-coated with a thin layer of a cured thermosetting resin to inhibit
      breakdown. According to U.S. Pat. No. 3,425,250, special equipment is
      provided for removing broken beads and glass dust from the mass of beads
      supplied to the blasting apparatus.
PAR  The principal object of the present invention is to provide a material and
      a process utilizing it for the high velocity impact treatment of hard
      surfaces, by which the required treatments may be effected, and by which
      improved peening, brightening, texturizing, compacting, reforming and/or
      cleaning effects may be obtained, with avoidance of much of the
      inefficiency that attends the use of glass beads and of other known
      impacting materials.
PAR  It has been discovered that this object can be attained by providing for
      and utilizing in the impact treatment selectively sized fine grains of
      refined zircon sand. This particular material has been found to possess a
      distinctive combination of properties, including rounded oblong grain
      configurations, high density, great hardness and excellent break-down
      resistance, which enable it to be used with extraordinary effectiveness as
      a surface impacting agent.
PAR  Zircon sand in its naturally occurring condition is not satisfactory for
      the purposes of the invention. It can be made satisfactory, however, by
      concentrating it away from other minerals with which it occurs in nature,
      as by screening, air tabling, flotation and other separation processes,
      and then refining the concentrate by washing it, treating it with sulfuric
      acid or roasting it to rid the grains of objectionable foreign matter.
      Then a suitably sized collection or fraction of the substantially pure
      zircon sand grains is obtained, for example by selective screening
      operations, from the resulting mass of refined zircon sand.
PAR  The range of zircon sand grain sizes to be employed for optimum impacting
      effects depends upon the particular work being performed and the hardness
      qualities of the surface of the work piece. Thus, for some purposes, such
      as for peening very hard steel surfaces, the zircon sand grains may have
      sieve sizes (U.S. standard) ranging from minus 60 mesh or minus 70 mesh to
      plus 100 mesh, while for other purposes, such as for peening or
      texturizing relatively soft metal surfaces, such as surfaces of aluminum
      plates or sheets, extremely fine zircon sand grains in the sieve size
      range of minus 200 to plus 325 mesh are especially advantageous. Further,
      for many purposes of the invention the most advantageous sizes of the
      zircon sand grain may be those which will pass through a 100 mesh sieve
      and be retained on a 200 mesh sieve, and for special uses these may be
      classified into still narrower fractions such, for example, as -100 to
      +140 mesh sizes and -140 to +200 mesh sizes. The corresponding grain
      widths extend from 0.0059 inch, or 0.149 mm., to 0.0029 inch or 0.074 mm.
      for the -100 to +200 mesh range, while the grain widths corresponding to
      the very fine -200 to +325 mesh range extend from the size last stated to
      0.0017 inch or 0.044 mm.
PAR  Zircon sand is a naturally occurring form of the mineral zircon, the
      zirconium orthosilicate, ZrSiO.sub.4. The known deposits of it have been
      found principally in certain beach areas in the states of Florida and
      Georgia and in Australia, Greenland, Uruguay, Brazil and Canada. The
      grains of this sand are generally quite fine in size and are
      extraordinarily hard and tough, having a Moh's hardness of about 7.5 which
      is about 15  to 45 percent greater than the Moh's hardness measurements of
      the glass beads most commonly used for impact treatment. Although they are
      not spherical, zircon sand grains have a characteristic rounded oblong
      configuration with smoothly rounded convex edges and end contours and
      remarkably few sharp edges. This form enables them to act in some respects
      like spherical granules when they are hurled at a high velocity against
      surfaces to be treated. In addition, they posses a very high density,
      having a specific gravity which is greater even than the specific gravity
      of 4.49 possessed by specialty beads of leaded glass and is nearly twice
      the specific gravity of 3.48 possessed by the glass beads, made of
      (standard soda lime) crown glass, most commonly used for impact treatment.
PAR  It has been found that the fine zircon sand grains can be employed with
      extraordinary effectiveness for peening, brightening, texturizing and/or
      removing adhesions from hard surfaces such as metal surfaces by
      bombardment of the grains against the work pieces. For a given blasting
      velocity these grains exert a far greater impacting force than do
      similarly sized crown glass beads, while their rounded contours
      accompanied by very few sharp edges enable this force to be exerted
      without objectionable cutting or tearing of the impacted surface. Also,
      due to their great hardness and structural density, the impacting zircon
      sand grains transmit their kinetic energy efficiently to the work piece
      with relatively little dissipation of the energy through elastic
      deformation of the granules, and their resistance to break-down or
      fracture and wear is so great that they can be kept in efficient use for
      extraordinarily long periods of service.
PAR  By virtue of those combined properties, the treatment of metal surfaces by
      high velocity bombardment of them with extremely fine sizes of zircon sand
      grains, such as sizes in the -200 to +325 mesh range, offers exceptional
      advantages over the use of correspondingly sized glass beads or of any
      other known non-metallic impacting material.
PAR  The fine zircon sand grains provide still other advantages over the use of
      glass beads by virtue of their properties of thermal stability and
      chemical inertness. They remain solid at temperatures up to 1500.degree.
      C. They have such a low coefficient of thermal expansion, which is less
      than that of fused quartz, that they can be used effectively for impact
      treatments at any atmospheric temperature, including subfreezing
      temperatures, and even at highly elevated temperatures; whereas glass
      beads soften at corresponding elevated temperatures and become embrittled
      at low temperatures. Also, they are highly inert to the chemical
      influences of water, of organic liquids and solvents, and of most acids
      and alkalis, so that they can be used without impairment under great
      varieties of working conditions. Still further, the use of them does not
      present the health hazards to workmen which are involved in the use of
      glass beads.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is a schematic illustration of an air blasting nozzle 1 being used
      for the projection of a stream 2 of fine zircon sand grains at a high
      velocity against the surface of an aluminum plate 3. A portion 4 of the
      original, untreated metal surface is shown as having a specular sheen such
      as that which results from the extrusion of aluminum, which is desirably
      to be altered by the impact treatment, and a portion 5 of the metal
      surface has an evenly texturized condition of high integrated reflectance
      quality imparted to it by the impacts of very fine zircon sand grains.
PAR  FIG. 2 is a greatly enlarged (62.5.times.), hand drawn illustration of the
      grains of a typical sample of washed and roasted Georgia zircon sand
      fractionated by screening to fine grain sizes in the range of -100 mesh to
      +200 mesh, as prepared for use according to the invention. The scale line
      drawn on this figure represents a distance of 0.008 in., which
      approximately corresponds to the length of many of the zircon sand grains
      but is greatly in excess of their width.
DETD
PAR  For the preparation of the required material, a mass of zircon sand
      concentrated away from other minerals naturally occurring with the sand
      may be washed with water to remove water soluble foreign matter and then,
      before being screened to the required size range or ranges, may be roasted
      at a temperature sufficiently high to burn off organic foreign matter
      remaining on or among the zircon sand grains. The roasting temperature
      should be in the range of 300.degree. to 800.degree. C.
PAR  The effectiveness of the invention for imparting surface texture to
      aluminum metal plates, as compared with the use of glass beads air blasted
      against the work piece in the same manner for the same purpose, has been
      demonstrated by tests in which the undulations produced in the
      impact-treated aluminum surfaces were measured by use of a Proficorder.
      Three aluminum plates were blasted with each impacting material for three
      different periods of time, namely, 5 seconds, 10 seconds and 15 seconds,
      and the depths of the surface undulations produced were measured and
      averaged to obtain comparative data. The results were as shown in Table I
      below. The magnitude of the average undulus index indicates the relative
      depth of the surface undulations produced by the treatment and thus is an
      indication of the extent of reduction of the specular sheen, or glare
      quality, of the surfaces treated.
TBL                TABLE I                                                     
     ______________________________________                                    
     Impact Treatment (Texturizing)                                            
     of Aluminum Plates                                                        
                       Proficorder                                             
                       Undulus Index                                           
     Impacting Material                                                        
                       (Average)                                               
     ______________________________________                                    
     TR-132 Glass beads                                                        
                       2.53                                                    
     -200 to +325 mesh                                                         
     TR-131 Zircon sand                                                        
                       4.13                                                    
     -200 to +325 mesh                                                         
     TR-133 Glass beads                                                        
                       3.70                                                    
     -100 to +200 mesh                                                         
     TR-120 Zircon sand                                                        
                       4.50                                                    
     -100 to +200 mesh                                                         
     ______________________________________                                    
PAR  Another attribute of the treatment with fine zircon sand as herein
      disclosed is that it at least equals, and in many cases, excels, the
      performance of glass beads in regard to the overall luster or brightness
      of the impacted, texturized metal surfaces. This effect is illustrated by
      "Color Eye" evaluations of the brightness, or integrated reflectance
      values from all angles, of the treated aluminum surfaces referred to in
      Table I; also by like evaluations of surfaces of steel plates after they
      were impacted with the same materials in the same manner though by longer
      intervals of blasting.
PAR  Table II below shows the data obtained by these evaluations. The values
      relate to a standard reflectance of 100 exhibited by magnesium oxide. For
      comparison, this table also shows data from like evaluations of the
      integrated reflectance values of corresponding metal surfaces treated in
      the same manner with two commonly used blasting abrasives, namely, a
      commercial alumina of very fine particle size and a fine "00" grade of
      high purity silica sand. These latter abrasives, however, break down so
      rapidly under high velocity impacts against hard surfaces that they would
      not be commercially suitable for the purposes of the present invention
      even if they were comparable to glass beads in effectiveness.
TBL                TABLE II                                                    
     ______________________________________                                    
     A.  Impacted Aluminum                                                     
                         Integrated Reflectance                                
         Plates (6061 T-6 Al)                                                  
                         (By "Color Eye")                                      
         Impacting Material                                                    
                         Blasting Time                                         
                   5 sec.  10 sec.   15 sec.                                   
     ______________________________________                                    
         Alumina T-61    29.6      32.3    35.0                                
         Blasting sand   47.9      42.5    43.7                                
         (Waldron 00 grade)                                                    
         -200 to +325 mesh                                                     
         Glass beads (MS-M)                                                    
                         52.6      48.7    47.6                                
         -100 to +200 mesh                                                     
         Zircon sand (Tr-120)                                                  
                         55.3      51.6    53.6                                
         -100 to +200 mesh                                                     
         Glass beads (MS-L)                                                    
                         57.7      57.5    51.0                                
         -200 to +325 mesh                                                     
         Zircon sand (TR-131)                                                  
                         60.5      58.3    59.7                                
         -200 to +325 mesh                                                     
     B.  Impacted Steel Plates                                                 
         (MS-1045, Rockwell                                                    
         hardness 95)    30 sec.   60 sec. 2 min.                              
         Alumina T-61    13.2      13.3    14.8                                
         Blasting sand   24.1      20.2    21.4                                
         (Waldron 00 grade)                                                    
         Glass beads (MS-M)                                                    
                         18.3      20.6    22.7                                
         -100 to +200 mesh                                                     
         Zircon sand (TR-120)                                                  
                         28.3      31.6    31.9                                
         -100 to +200 mesh                                                     
         Glass beads (MS-L)                                                    
                         18.3      19.4    20.3                                
         -200 to +325 mesh                                                     
         Zircon sand (TR-131)                                                  
                         30.5      30.3    31.3                                
         -200 to +325 mesh                                                     
     ______________________________________                                    
PAR  The aluminum and the steel plate surfaces impacted with the fine alumina
      abrasive were dull and dark grey in color. Those impacted with the fine
      silica blasting sand were much lighter and in the case of steel compared
      well with those impacted with glass beads; but they were considerably
      inferior to the latter in the case of aluminum. The greatest overall
      reflectance values, or brightness, was produced for both metals by the
      treatments with zircon sand, as was particularly evident from inspection
      of the treated steel plates and in the case of the aluminum plates
      impacted with the extremely fine (200/325 mesh) fraction of zircon sand.
PAR  A most important attribute of the present impacting material is found in
      the fact that the fine grains of refined zircon sand will exert an
      impacting force, or kinetic energy, approximately twice as great as that
      obtained from crown glass beads of the same size at the same blasting
      velocity, yet, even with this extra-ordinarily great impacting force, the
      zircon sand grains exhibit a breakdown resistance, or wear life,
      significantly superior to that of glass beads.
PAR  Table III below shows the results of wear life tests in which the same
      weighed quantities of three different materials were used, each for a
      specified period of time and under the same conditions as the others, for
      blasting the surface of a plate of mild steel, having a Rockwell B scale
      hardness of 91-94, after which the amount of each material broken down to
      sizes smaller than 325 mesh sieve size was determined as a percentage of
      the original weight of the material used. The three materials, namely, (1)
      a blasting sand of Waldron 00 grade, (2) glass beads of grade MS-L
      produced by Microbeads Division of Cataphote Corporation, and (3) a -200
      to +325 mesh fraction of refined Georgia zircon sand, were each composed
      of grain in the -200 to +325 mesh size range.
PAR  The tests were conducted in a Ruemelin demonstration blasting cabinet
      measuring 18 .times. 24 .times. 13 inches in size, which was equipped with
      a vacuum type dust collector and with a 3/8 .times. 2 inches blasting
      nozzle having a 3/16 inch jet orifice. The nozzle was positioned 3 inches
      away from the surface of the steel plate, at an angle of 60.degree.
      thereto. Tests were conducted at nozzle pressures of 50 p.s.i., 75 p.s.i.
      and 100 p.s.i., and for periods of 1 minute, 3 minutes and 5 minutes with
      each material. After each test period, blasting was discontinued and the
      portions of the material remaining in the cabinet and in the dust
      collector were collected and screened to separate the content of -325 mesh
      particles. This was weighed to determine the extent of breakdown.
      Screening was effected by use of a Ro-tap screening machine. The resulting
      wear-life test data are as follows:
TBL                                    TABLE III                               
     __________________________________________________________________________
                  Percent Breakdown After Specified Blasting Period            
     Nozzle Blasting                                                           
                  Blasting Sand                                                
                              Glass Microbeads                                 
                                         Zircon Sand                           
     Pressure                                                                  
            Time  -200 to +325 mesh                                            
                              MS-L       -200 to +325 mesh                     
     __________________________________________________________________________
     50 psi 1 min.                                                             
                  16.30%      4.52%      1.60%                                 
            3 min.                                                             
                  17.00%      4.92%      3.18%                                 
            5 min.                                                             
                  21.90%      4.72%      5.34%                                 
     75 psi 1 min.                                                             
                  16.00%      5.37%      1.82%                                 
            3 min.                                                             
                  27.60%      6.62%      4.96%                                 
            5 min.                                                             
                  38.30%      7.07%      6.88%                                 
     100 psi                                                                   
            1 min.                                                             
                  30.60%      3.56%      1.76%                                 
            3 min.                                                             
                  45.20%      6.25%      5.37%                                 
            5 min.                                                             
                  not determined                                               
                              8.00%      8.32%                                 
     __________________________________________________________________________
PAR  Since the same weighed quantities of the impacting materials were used in
      the above tests, namely, 2,000 grams for each test, the volume of the
      zircon sand grains subjected to the tests was much smaller than the volume
      of the glass beads subjected thereto and, accordingly, the individual
      grains of the zircon sand were subjected, especially in the longer test
      periods, to far more numerous impacts than the individual glass beads.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process of treating hard surfaces by impact which comprises
      continually bombarding them with selectively sized fine hard granules
      hurled against them at high velocity, the improvement wherein said
      granules are a selectively sized fraction of the grains of a mass of
      refined zircon sand, said grains having rounded oblong configurations and
      having a specific gravity of about 4.7 and their sizes being within the
      range of from -60 mesh to +325 mesh sieve sizes.
NUM  2.
PAR  2. A process according to claim 1, said surfaces being of steel and the
      sizes of said grains being in the range of from -60 mesh to +100 mesh
      sieve sizes.
NUM  3.
PAR  3. A process according to claim 1, said surfaces being of metal and the
      sizes of said grains being in the range of from -100 to +200 mesh sieve
      sizes.
NUM  4.
PAR  4. A process according to claim 1, said surfaces being of metal and the
      sizes of said grains being in the range of from -200 to +325 mesh sieve
      sizes.
NUM  5.
PAR  5. A process according to claim 1, said surfaces being of aluminum and the
      sizes of said grains being in the range of from -200 to +325 mesh sieve
      sizes.
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ABST
PAL  A loading dock seal embodying an inflatable member disposed in overlying
      relation to a resilient, compressible pad member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to loading dock seals, and more particularly, to
      loading dock seals of the inflatable type.
PAR  It is a primary object of the present invention to afford a novel loading
      dock seal. Another object is to afford a novel loading dock seal of the
      inflatable type.
PAR  Loading dock seals of the inflatable type have been heretofore known in the
      art being shown, for example, in U.S. Pat. Nos. 3,303,615, 3,391,502,
      3,391,503 and 3,714,745, issued to Larry O'Neal, and in U.S. Pat. No.
      2,634,589, issued to Broadus Wilson et al. However, inflatable loading
      dock seals heretofore known in the art have commonly had several
      disadvantages, such as, for example, being large and bulky in size;
      requiring excessive amounts of material in the construction thereof; being
      difficult to install; being difficult to repair or replace; being subject
      to excessive drooping or sagging when in deflated condition; not affording
      an effective seal when in deflated condition; being complicated in
      construction and operation; or, being difficult and expensive to
      manufacture, and the like. It is an important object of the present
      invention to overcome such difficulties.
PAR  Another object of the present invention is to afford a novel loading dock
      seal of the inflatable type which can be quickly and easily installed in a
      novel and expeditious manner.
PAR  Yet another object is to afford a novel loading dock seal of the inflatable
      type wherein separate individual sections may be quickly and easily
      removed and replaced in the event of damage thereto or the malfunction
      thereof.
PAR  A further object of the present invention is to afford a novel loading dock
      seal of the inflatable type wherein the various portions thereof may be
      connected together in a novel and expeditious manner for the passage of
      air therebetween.
PAR  Another object of the present invention is to afford a novel loading dock
      seal of the inflatable type which affords effective sealing engagement
      between a truck and a warehouse doorway, even when the seal is in deflated
      condition.
PAR  An object ancillary to the foregoing is to afford a novel loading dock seal
      of the inflatable type which embodies a resilient pad constituted and
      arranged therein in a novel and expeditious manner effective to afford
      effective sealing engagement between such a truck and the seal, when the
      seal is in deflated condition.
PAR  Another object of the present invention is to afford a novel loading dock
      seal of the aforementioned type which is practical and efficient
      operation, and which may be readily and economically produced
      commercially.
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims and are illustrated in the
      accompanying drawings which, by way of illustration, show the preferred
      embodiment of the present invention and the principles thereof and what we
      now consider to be the best mode in which we have contemplated applying
      these principles. Other embodiments of the invention embodying the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art without departing from the present
      invention and the purview of the appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a front perspective view of a loading dock seal embodying the
      principles of the present invention, showing the seal mounted on a
      warehouse doorway;
PAR  FIG. 2 is a top plan view of the seal shown in FIG. 1, with certain parts
      broken away to show underlying parts;
PAR  FIG. 3 is a detail sectional view taken substantially along the line 3--3
      in FIG. 1.
PAR  FIG. 4 is a sectional view taken substantially along the line 4--4 in FIG.
      2;
PAR  FIG. 5 is an exploded, perspective view of the loading dock seal shown in
      FIG. 1;
PAR  FIG. 6 is a view similar to FIG. 3, but showing the loading dock seal in
      deflated condition;
PAR  FIG. 7 is a view similar to FIG. 4, but showing the loading dock seal in
      deflated condition; and
PAR  FIG. 8 is a fragmentary, sectional view taken substantially along the line
      8--8 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT SHOWN HEREIN
PAR  A loading dock seal 1, embodying the principles of the present invention,
      is shown in the drawings to illustrate the presently preferred embodiment
      of the present invention.
PAR  The loading dock seal 1, embodies, in general, two side sections 2 and 3,
      and a head section or top section 4, FIG. 1. The side sections 2 and 3 are
      adapted to be mounted on a warehouse wall 5, or the like, adjacent to
      respective lateral sides of a doorway 6 therein, and the head section 4 is
      adapted to be mounted on the wall 5 in position to extend across the top
      of the doorway 6 between the upper end portions of the side sections 2 and
      3, as shown in FIG. 1.
PAR  The side sections 2 and 3 are identical in construction, except that they
      are mirror images of each other. Each embodies an elongated, substantially
      flat mounting plate or backing member 7, FIG. 3, which may be made of any
      suitable material, such as, for example, steel or wood. An elongated,
      resilient, compressible pad member 8 is mounted on an inner or front face
      9 of the backing member 7 in covering relation thereto. The pads 8, may be
      made of any suitable material, such as, for example, any suitable natural
      or synthetic, compressible, resilient resin or polymer, our preferred
      material being a foamed polyether or polyester. Preferably, the pad 8 is
      adhesively secured to the face 9 of the backing member 7 by a suitable
      adhesive, such as, for example, an epoxy resin or the like.
PAR  Each of the side sections 2 and 3 also embodies an elongated inflatable
      member 10 having an elongated tubular body portion 11, FIGS. 1 and 3,
      having end caps 12 and 13 mounted on the upper and lower end portions
      thereof. The caps 12 and 13 completely cover the respective ends of the
      tubular body member 11, and are secured thereto by suitable means such as
      stitching, not shown. The body members 11 and the end caps 12 and 13
      preferably are made of a suitable, substantially air-impervious material,
      such as, for example, rubber impregnated nylon fabric, or the like, and
      the lower ends of the body members 11, preferably, are cut on an upwardly
      and forwardly sloping angle, FIG. 8, so as to reduce the amount that the
      latter hangs down in deflated condition.
PAR  Each of the inflatable members 10 also embodies two securing members, in
      the form of two elongated, substantially parallel, spaced flaps 14 and 15,
      which extend from one side of the respective body member 11, FIG. 3. The
      flaps 14 and 15 may be made of the same material as that of the body
      member 11 and the end caps 12 and 13, and are secured to the body member
      11 by a suitable means such as, for example, stitching, not shown. The
      flaps 14 and 15 are secured to respective opposite longitudinal edges of
      the backing member 7 in the respective side section 2 or 3 by suitable
      means, such as, for example, nails or screws, not shown, and preferably
      are of such length that, when so secured to the backing member 7, the
      tubular member 11 is held in firm engagement with the front face 16 of the
      pad 8 remote from the backing member 7.
PAR  The head section 4 is similar in construction to the side sections 2 and 3,
      FIG. 4. It embodies an elongated, substantially flat backing member or
      mounting plate 17 having an elongated, resilient, compressible pad member
      18 adhesively secured to the front or inner face 19 thereof by suitable
      adhesive, such as for example, the aforementioned epoxy resin. Like the
      side sections 2 and 3, the head section 4 embodies an inflatable member
      20, which includes a tubular body portion 21. However, unlike the tubular
      body portions 11 of the side sections 2 and 3, which, preferably are
      substantially round in transverse cross-section when in inflated
      condition, FIG. 3, the tubular body portion 21 of the head section 4
      preferably has what may be considered as substantially a tear-drop
      transverse cross-sectional shape when inflated condition, the main body
      portion 22 thereof curving forwardly and downwardly from the front face 23
      of the pad 18, which is remote from the backing member 17, FIG. 4.
PAR  Like the inflatable members 10, the inflatable member 20 has two flaps 24
      and 25 extending from the tubular body portion 21 thereof in substantially
      parallel spaced relation to each other. In the assembled head section 4,
      the flap 24 is secured to the top edge of the backing member 17 and the
      flap 25 is secured to the lower edge of the backing member 17 by suitable
      fastening means such as, for example, nails or screws, not shown. Also,
      like the tubular body members 11, the tubular body member 21 has two end
      caps 26 and 27, FIG. 2, secured to the respective opposite ends thereof by
      suitable means, such as, for example, stitching, not shown, each of the
      caps 26 and 27 having a flap 28 extending rearwardly therefrom in covering
      relation to the adjacent end of the pad 18 and secured to the adjacent end
      edge of the backing member 17 by suitable means such as, for example,
      nails or screws, not shown.
PAR  Each of the side sections 2 and 3 has an opening, in the form of a recess
      29, formed in the front inner edge portion of the upper portion of the pad
      member 8 thereof, which is disposed adjacent to the head section 4, FIG.
      2. An opening 30 is formed in the tubular body member 11 adjacent to and
      in communication with the recess 29 in each of the side sections 2 and 3.
      Another opening 31 is formed in the inner flap 15 of the inflatable member
      10 on each of the side sections 2 and 3 in communication with the
      aforementioned recess 29 in that side section.
PAR  Similarly, the head section 4 has an opening 32 and 33, respectively,
      formed in the respective flaps 28 disposed at the opposite ends thereof.
      The openings 32 and 33 are so positioned in the inflatable member 20 that,
      when the head section 4 and the side sections 2 and 3 are disposed in
      assembled relation to each other, as shown in FIG. 1, the openings 32 and
      33 are disposed in aligned communication with the openings 31 in the side
      sections 2 and 3, respectively. Openings, in the form of recesses 34 and
      35, are formed in the front edge portions of the respective opposite ends
      of the pad 18 of the head section 4 in position to be disposed in
      communication with the openings 32 and 33, respectively. Other openings 36
      and 37 are formed in the respective opposite end portions of the tubular
      member 21 in position to be disposed in communication with the recesses 34
      and 35, respectively.
PAR  In the preferred form of loading dock seal shown in the drawings, a
      securing member or fastening member 38, in the form of an elongated,
      substantially rectangular-shaped strip, is mounted on and secured to the
      outer face of the inner flap 15 of each of the respective side sections 2
      and 3 in closely adjacent relation to the marginal edges of the openings
      31 therethrough, FIG. 2 and 5. Two other fastening members 39, which are
      similar in size and shape to the fastening members 38, are mounted on the
      outer face of the respective flaps 28 on the ends of the head section 4,
      FIGS. 2 and 5. The fastening members 39 are disposed in such position on
      the head section 4 that each of them is disposed in laterally, parallel,
      juxtaposition to a respective one of the fastening members 38 when the
      head section 4 and the side sections 2 and 3 are disposed in the
      aforementioned, normal assembled position, FIG. 1.
PAR  The fastening members 38 and 39 are of the type which, when they are
      pressed into engagement with each other, firmly but releasably adhere to
      each other to afford a strong connection for holding the openings 32 and
      33 in the opposite ends of the head section 4 in operable communication
      with the adjacent opening 31 in the side sections 2 and 3, respectively,
      for the passage of air therethrough, but with the connection being such
      that it may be readily torn apart, manually, when it is desired to release
      the head section 4 from either one or both of the side sections 2 or 3,
      such as, for example, if it is desired to remove and replace one or more
      of the sections 2-4. The members 38 and 39 preferably are strips of
      fastening material of the type readily available on the market under the
      trademark "Velcro," wherein the face of one of the complimentary strips 38
      and 39, which faces toward the other complimentary strip 39 or 38,
      respectively, constitutes a brushed suitable material such as nylon, or
      the like, to present a fuzzy face, and the other of the respective
      complimentary strips 39 or 38 has a face embodying a plurality of small
      hooks formed from nylon, or the like, with the hooks operable to
      releasably engage in, and thereby adhere to the fuzzy face of the
      respective complimentary strip. However, the fastening members 38 and 39
      may be of other suitable material, such as, for example, suitable
      pressure-sensitive adhesive material, commonly available on the market
      which may be repeatedly adhered to and released from each other.
PAR  A flexible coupling or nozzle 40, which may be made of any suitable,
      substantially air-impervious material, such as, for example, the
      aforementioned rubber-impregnated nylon fabric, or the like, is secured to
      the laterally outer face of the side pad 3 by any suitable means, such as,
      for example, stitching it to the flap 14 and the adjacent portion of the
      tubular body member 11 of the inflatable member 10 in the side section 3,
      FIG. 2. The coupling 40 is thus secured to the side section 3 in
      communication with an opening 41 which is formed in the inflatable member
      10 and extends across a front edge portion of the pad 8 and a rear edge
      portion of the tubular member 11 of the pad 3. An opening, in the form of
      a recess 42, is formed in the aforementioned front edge portion of the pad
      8 in the side section 3 in communication with the opening 41, and an
      opening 43 is formed in the tubular body member 11 in communication with
      the opening 42, so that air passing inwardly through the coupling 40 may
      flow freely into the tubular body member 11 of the side section 3, for a
      purpose which will be discussed in greater detail presently.
PAR  The loading dock seal 1 may be mounted in any suitable manner on a
      warehouse wall, such as the wall 5, but, preferably, the head section 4 is
      first secured in position on the warehouse wall 5 by suitable means such
      as suitable mounting brackets 44, FIGS. 1 and 4, and the side sections 2
      and 3 are then moved into the proper position relative to the head section
      4, and, likewise, secured to the outer face of the warehouse wall 5 by
      suitable means such as mounting brackets 45. During the positioning of the
      side sections 2 and 3 relative to the head section 4, the fastening
      members 38 thereon may be manually pressed into operative engagement with
      the adjacent fastening members 39 on the head section 4, to thus
      innerconnect the head section 4 and the side sections 2 and 3 for the
      passage of air therebetween, for a purpose which will be discussed in
      greater detail presently.
PAR  After the sections 2-4 have thus been mounted on the wall 5 in
      interconnected relation to each other, the free end of the coupling 40 may
      then be secured to a suitable source of air, such as an air line 46
      mounted in the warehouse wall 5 and connected to a suitable source of low
      pressure air, not shown, FIG. 2. As will be appreciated by those skilled
      in the art, the air line 46 is shown herein merely by way of illustration,
      and not by way of limitation, and other suitable sources of air supply
      such as, for example, a low pressure blower mounted on the outer or inner
      face of the warehouse wall 5 may be substituted therefore without
      departing from the purview of the broader aspects of the present
      invention. A suitable air vent, not shown, is embodied in the source of
      air supply, such as the air line 46, so that when air is not being fed
      from the supply line 46 through the coupling 40 into the loading dock seal
      1, the air in the loading dock seal 1 is free to escape through the
      coupling 40 and the source of air supply to the atmosphere.
PAR  With the loading dock seal 1 constructed in the aforementioned manner, when
      it is mounted in operative position on the warehouse wall 5 around the
      doorway 6, and air is not being fed through the coupling 40 into the
      loading dock seal 1, the inflatable member 20 of the head section 4 is
      disposed in deflated, collapsed position, as shown in FIG. 7, wherein it
      hangs downwardly from the front face of the pad 18 in the manner of a head
      curtain; and the inflatable members 10 of the side sections 2 and 3 are
      disposed in collapsed, substantially flat, deflated position, as shown in
      FIG. 6, wherein they may be readily pressed inwardly against the
      respective foam pads 8.
PAR  In the preferred form of the loading dock seal 1, shown in the drawings,
      suitable resilient cords 47, such as, for example, elastic cords of the
      type known in the art as Bungee cords, are secured to the central portions
      of the lower end caps 13 on the side sections 2 and 3, and extend upwardly
      therefrom and are secured at their upper ends to the front face of the pad
      8 by suitable means, such as, for example, nails or screws, not shown,
      inserted into the respective backing members 7. The cords 47 are of such
      length that, when the side pads 2 and 3 are in collapsed, deflated
      condition, the cords 47 are effective to support the lower end portions of
      the side sections 2 and 3 in such position that they do not hang
      downwardly a substantial amount. With this construction, it may be
      effectively assured that the side sections 2 and 3, when deflated, will
      not hang downwardly in front of projections disposed therebelow, such as,
      for example, the bumpers 48, and, thus, the side sections 2 and 3 will not
      be squeezed between such projections, as the bumpers 48, and a truck which
      may be backed into engagement therewith, when the loading dock seal 1 is
      in deflated condition.
PAR  If desired, a suitable small vent 49 may be mounted in the bottom of the
      tubular body member 11 of each of the side sections 2 and 3 to afford
      drainage for condensation, which may form therein, so as to insure that
      such condensation will not accumulate in the loading dock seal 1.
PAR  In the operation of the loading dock seal 1, the inflatable members 10 and
      20, normally, are maintained in deflated condition when not in use. When
      it is desired to inflate the latter, low pressure air may be fed from the
      source of air supply, such as the pipe 46, through the coupling 40 and the
      openings 41-43, FIG. 2, into the tubular body member 11 of the side pad 3.
      The air is effective to inflate the tubular body member 11 of the side pad
      3, and during the inflation thereof a part of the air being fed from the
      coupling 40 passes from the tubular body member 11 of the side section 3,
      FIG. 2, into the opening 33 in the head section 4, from which it flows
      through the openings 35 and 37 into the inflatable member 20 of the head
      section 4 to commence the inflation of the tubular member 21 thereof.
      During the inflation of the tubular member 21 of the head section 4, part
      of the air flowing thereinto flows through the openings 36, 34 and 32
      therein, FIG. 2, into the opening 31 in the inflatable member 10 of the
      side section 2, from which it flows through the openings 29 and 30 into
      the tubular body member 11 of the side section 2 and initiates inflation
      of the latter. Normally, with the coupling 40 attached to the side section
      3 in the aforementioned manner, the latter tends to substantially, fully
      inflate prior to the other sections 2 and 4, with the head section 4 and
      then the side section 2 successively becoming fully inflated. As will be
      appreciated by those skilled in the art, the coupling 40 is shown
      connected to the side section 3 merely by way of illustration and not by
      way of limitation, and the coupling 40 may be connected to other suitable
      portions of the seal 1, such as, for example, to the side section 2,
      without departing from the purview of the broader aspects of the present
      invention.
PAR  Because of the low pressure of the air fed into the inflatable members 10
      and 20 during periods of use, wherein the inflatable members 10 and 20 are
      inflated, the tubular body members 11 and 21 are readily compressible, so
      that when a truck backs into operative engagement with the inflated
      loading dock seal 1, the tubular members 11 are compressed thereby and are
      effective to wrap around the read edge portions of the side walls of the
      truck in good sealing relation thereto, and the tubular member 21 is
      compressed by and is effective to wrap around the rear edge portion of the
      top of the truck in good sealing relation thereto.
PAR  If desired, in the operation of the loading dock seal 1, instead of
      inflating the members 10 or 20 before engagement thereby with a truck, a
      truck may be backed into engagement with, or in closely adjacent relation
      to, the sections 2-4 while the inflatable members 10 and 20 thereof are in
      deflated condition, and air may subsequently be fed through the coupling
      40 into the inflatable members 10 and 11 to inflate the latter and thus
      cause them to move outwardly into the aforementioned sealing engagement
      with the adjacent rear edge portions of the truck.
PAR  One of the important features of the present invention is the embodiment of
      the resilient pads 8 and 18 in the side sections 2 and 3 and the head
      section 4, respectively. In the preferred form of the loading dock seal 1,
      the pads 8 and 18 are of such thickness that they project outwardly from
      the wall of a warehouse a minor portion of the entire outward projection
      of the inflated loading dock seal 1, while still projecting outwardly a
      sufficient distance that if a truck is backed into engagement with a
      loading dock seal 1, while the latter is in deflated condition, the rear
      edge of the truck will effectively sealingly compress the pads 8 and 18
      prior to the truck engaging other projections, such as the bumpers 48,
      mounted on the warehouse to limit the movement of such a truck toward the
      warehouse. For example, in a loading dock seal 1, wherein the overall
      projection of the seal 1 from a warehouse wall is 22 inches, and the
      thickness of the backing members 7 and 17 is 2 inches, and bumpers, such
      as the bumpers 48, which are mounted on the warehouse 4 inches outwardly
      therefrom, the pads 8 and 18 preferably are not substantially less than 4
      inches thick and not substantially greater than 8 inches thick, and
      preferably are in the nature of 6 inches thick. With such construction, it
      will be seen that a truck backed into the deflated loading dock seal 1 may
      effectively sealingly compress the pads 8 and 18, and cause the latter to
      wrap around the rear edge portions of the truck.
PAR  Also, it will be seen that, with such construction, the tubular members 10
      and 20, which are the inflatable portions of the loading dock seal 1, may
      be of considerably smaller size then would be true if the pads 8 and 18
      were not embodied in the seal 1, while still affording the same projection
      from the warehouse wall 5, so that there is a smaller amount of inflatable
      material, which, when deflated, tends to droop or sag downwardly, afforded
      in the loading dock seal 1 than would be true if the aforementioned
      projection from the warehouse wall was afforded only by an inflatable
      member, without the pads 8 and 18 embodied therein.
PAR  From the foregoing it will be seen that the present invention affords a
      novel loading dock seal of the inflatable type.
PAR  Also, it will be seen that the present invention affords a novel loading
      dock seal of the aforementioned type which affords effective sealing
      engagement with a truck backed thereagainst, irrespective of whether the
      seal is in inflated or deflated condition.
PAR  Further, it will be seen that the present invention affords a novel loading
      dock seal of the inflatable type wherein the inflatable portion thereof
      may be relatively small in size, while affording effective sealing
      engagement with a truck backed thereagainst.
PAR  Also, it will be seen that the present invention affords a novel loading
      dock seal of the type which embodies inflatable head and side sections,
      and wherein the various sections thereof are constituted and arranged in a
      novel and expeditious manner such that each of the sections may be quickly
      and easily, individually removed and replaced without disturbing any of
      the other sections.
PAR  In addition, it will be seen that the present invention affords a novel
      loading dock seal of the inflatable type which is practical and efficient
      in operation and which may be readily and economically produced
      commercially.
PAR  Thus, while we have illustrated and described the preferred embodiment of
      our invention, it is to be understood that this is capable of variation
      and modification, and we therefore, do not wish to be limited to the
      precise detail set forth, but desire to avail ourselves of such changes
      and alterations as fall within the purview of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a loading dock seal of the type to sealingly engage a truck disposed
      in loading and unloading position relative to a doorway in a warehouse
      wall,
PA1  a. an elongated section, and
PA1  b. means for securing said section on such a wall in position to extend
      along such a doorway in position to so engage such a truck
PA1  c. said section comprising
PA2  1. an elongated backing member adapted to be mounted on such a wall with
      one side thereof disposed in facing relation to said wall,
PA2  2. an elongated compressible resilient pad mounted on the side of said
      backing member remote from said one side, and
PA2  3. an inflatable member
PA3  a. secured to said backing member by means disposed exteriorly of said pad,
      and
PA3  b. projecting outwardly from the side of said pad remote from said backing
      member,
PA1  d. said pad being secured to said second mentioned side of said backing
      member in substantially covering relation thereto,
PA1  e. said inflatable member comprising a tubular portion having two spaced
      securing means extending therefrom, and
PA1  f. said securing means being secured to respective opposite edge portions
      of said backing member in position to support said tubular portion in
      overlying juxtaposition to said side of said pad remote from said backing
      member.
NUM  2.
PAR  2. A loading dock seal for mounting on a wall having a doorway therein,
      said seal comprising
PA1  a. an elongated head section,
PA1  b. two elongated side sections,
PA1  c. each of said sections comprising
PAR  1. an elongated resilient pad having one face adapted to be disposed in
      facing relation to such a wall, and
PA2  2. an inflatable member
PA3  a. mounted on the face of said pad remote from said one face, and
PA3  b. projecting outwardly therefrom in a direction perpendicular to said one
      face, and
PA1  d. means directly connected to said inflatable member exteriorly of said
      pad and securable to such a wall for supporting respective ones of said
      sections in position to extend along respective sides of said doorway in
      such a wall with said one face of said pad of each of said sections being
      disposed in said facing relation to said wall
NUM  3.
PAR  3. A loading dock seal as defined in claim 2, and in which
PA1  a. each of said sections includes a backing plate mounted on said one face
      of said pad.
NUM  4.
PAR  4. A loading dock seal as defined in claim 3, and in which
PA1  a. said inflatable members comprise tubular body portions, and
PA1  b. said means for supporting said sections comprise spaced securing members
      projecting from the exterior of said body portions, and
PA1  c. said securing members are secured to respective opposite edge portions
      of respective ones of said backing plates in position to support said
      tubular body portions in position to dispose the exteriors thereof in
      overlying covering relation to respective ones of said pads.
NUM  5.
PAR  5. A loading dock seal as defined in claim 3, and in which
PA1  a. each of said inflatable members comprises a tubular body portion mounted
      on the face of said pad remote from said backing plate.
NUM  6.
PAR  6. A loading dock seal as defined in claim 3, and which includes
PA1  a. means for interconnecting said inflatable members for the passage of air
      therebetween.
NUM  7.
PAR  7. A loading dock seal as defined in claim 6, and in which
PA1  a. said means for interconnecting comprise
PA2  1. openings in said pads for feeding air between adjacent ones of said
      sections, and
PA2  2. openings between said pads and said inflatable members in respective
      ones of said sections for feeding air therebetween.
NUM  8.
PAR  8. A loading dock shelter as defined in claim 7 and in which
PA1  a. said means for interconnecting comprise
PA2  1. means disposed around said first mentioned openings for releasably and
      repeatedly securing the latter in operable communication with each other
      for the passage of air therebetween.
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ABST
PAL  A foldable construction element for forming roof constructions or buildings
      is described. The foldable element may consist of a polygonal sheet of
      paper, cardboard, plastic, or other suitable material which is provided
      with fold-lines in selected areas thereof. The sheet of material is
      selectively folded along the fold-lines to form a roof construction or
      building structure of a desired shape. The folded structure may be
      reinforced by a coating or layer of any suitable material to provide added
      structural strength to the final construction. Many shapes of the
      fold-lines, relative, sizes, and orientations can be chosen to form
      buildings or roof constructions of selected shapes. Methods are described
      for the controlled folding of the construction elements for either on or
      off site assembly of the building or roof construction. Foundation systems
      are also described for use with the folded construction elements.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to a foldable construction element for
      forming a roof or building construction. More specifically, the present
      invention relates to a foldable construction element and a method for
      folding said element into a desired shape suitable for use as a building
      or roof construction.
PAR  2. Description of Prior Art
PAR  Foldable construction elements for forming buildings are known in the prior
      art which consist of a plurality of foldable subelements which are secured
      together to form a building. These subelements must be secured together by
      adhesives, bolts, screws or other suitable fastening means. Construction
      elements of this type are disclosed in U.S. Pat. Nos. 3,407,546;
      3,427,767; and 3,443,344.
PAR  The prior art foldable construction elements described above suffer from
      the disadvantage that more than one foldable element must be used to
      create a building structure and, therefore, these elements must be coupled
      together. Accordingly, the state of the art has a need for a foldable
      building construction which may be formed from a single foldable element.
PAC  SUMMARY OF INVENTION
PAR  Accordingly, it is an object of the present invention to provide a roof or
      building construction which may be formed from a single polygonal sheet of
      material.
PAR  It is another object of the present invention to provide roof or building
      constructions of aesthetically appealing shapes and designs.
PAR  It is still another object of the present invention to provide a roof or
      building construction which can be quickly and efficiently formed at
      building sites with a minimum amount of labor.
PAR  It is a further object of the present invention to provide an inexpensive
      roof or building construction having improved strucutral strength.
PAR  It is still a further object of the present invention to provide foundation
      means suitable for use with the roof or building construction of the
      present invention.
PAR  It is yet another object of the present invention to provide methods for
      erecting said roof or building constructions on said suitable foundations.
PAR  The objects of the present invention are fulfilled by providing a polygonal
      sheet of material having score or fold-lines formed therein of selected
      shapes and at selected locations to facilitate the formation of a roof or
      building construction of a desired shape when said sheet is selectively
      folded along said fold-lines. The polygonal sheet of the present invention
      contains along at least one edge thereof two parallel arc-shaped
      fold-lines which enclose an intermediate area of said sheet along said
      edge. In the preferred embodiments of the present invention the fold-lines
      are either circular, elliptic, or formed as Gothic arcs.
PAR  In the first and second embodiments of the present invention the polygonal
      sheet is either a rectangle or a square, respectively. In these
      embodiments a apair of substantially parallel arc-shaped fold-lines are
      provided along each edge for intersection therewith. The fold-lines are
      substantially semi-circular in shape and symetrically spaced with respect
      to the corners of the rectangle or square. The semicircular fold-lines
      intersect the edges of the sheet at points adjacent the corners of the
      sheet and the points closest to the corners are connected by straight
      fold-lines across said corners. By grasping the corners and constraining
      them inwardly along the diagonals of the rectangle or square an
      aesthetically pleasing bowl-shaped roof or building structure can be
      formed. The corners could also be pulled inwardly by a suitable cable and
      winch system.
PAR  It has been discovered that a particularly suitable structure can be formed
      if the distance between the two parallel fold-lines of each set is 0.05
      times the length of the shorter edge of the rectangle or one of the edges
      of the square. The length of each intermediate section along each edge
      enclosed by the outer circular fold-lines is chosen to be approximately
      0.7 times the length of the respective edge.
PAR  In a third embodiment of the present invention an elongated bowl-shaped
      structure can be formed by providing on each of the longer edges of a
      rectangular sheet four circular fold-lines. The two intermediate
      fold-lines of each set of four are substantially concentric or parallel
      with each other. Such is also the case with the inner and outer fold-lines
      of each set of four. However, the intermediate fold-lines are formed from
      circles having a lesser radius than the radius of the circle from which
      the inner and outer fold-lines are formed. The outer fold-line of each set
      of four may intersect the opposite short edges of the rectangular sheet.
      The elongated bowl-shaped structure can be formed by bending the sheet
      along the circular fold-lines in opposite directions beginning at the long
      edges of the rectangle. This facilitates the formation of an elongated
      bowl-shaped structure wherein the elongated sides are substantially
      stair-stepped.
PAR  In a fourth embodiment of the present invention a continuous or elongated
      web of sheet material may be provided with a repeating pattern of
      fold-lines thereon which define a plurality of repeating like sections.
      Accordingly, a roof construction of any desired length may be chosen by
      cutting the sheet to a predetermined length to thereby include a desired
      number of like sections.
PAR  The polygonal sheet for use with the present invention may consist of any
      suitable type of paper, cardboard, or plastic. If paper is used, said
      paper may be made with an aceteline solvent so as to be waterproof. Also,
      if desired the paper may be fabricated from fiberglass fibers. The ideal
      paper would be a white glass-filled high quality paper.
PAR  The paper of the present invention could comprise part of a laminated
      structure. For example two layers of paper could be provided with a
      reinforcing metal foil sandwiched in between. The paper could be secured
      to the metal foil by layers of vulcanizing rubber. The metal foil could
      either be continuous or it could be provided with perforations to decrease
      the weight and form a better bond with the rubber.
PAR  In another embodiment the metal foil of the laminate could be replaced by a
      metal screed formed of woven steel cable.
PAR  In still another embodiment the metal foil in the laminate could be
      replaced by a flexible plastic material which could either be a continuous
      or perforated sheet.
PAR  In yet another embodiment the rubber layers of the laminate could be
      eliminated and the perforated metal foil or steel cable screen could be
      pressed into the paper layers to form a direct paper-to-metal bond.
PAR  Numerous different foundation constructions could be used for supporting
      the roof or building construction once it has been erected. The only
      essential feature of the foundation construction is that means be provided
      for securing the lower edges against movement in a horizontal plane once
      the structure has been erected.
PAR  The folded construction element of the present invention can be used either
      as a roof construction or as the main structure of a building per se. If
      used as a roof construction the folded element may be secured by suitable
      means to the top of the building walls. If used as the main structure of
      the building, the folded element can be directly secured to the building
      foundation.
PAR  The folded construction element can be used without further treatment as a
      temporary structure. However, to provide added structural strength and
      longer life, the structure can be coated with concrete, plastic, fiber
      glass, or any other suitable material once the element is folded into the
      desired shape.
PAR  The fold-lines in sheets of the present invention may be formed by
      punching, scoring, pressing or any other suitable means to provide
      weakened lines in the surface of said sheet.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Other objects of the present invention and the attendant advantages thereof
      will become more apparent with reference to the following description of
      the drawings wherein:
PAR  FIG. 1 is a plan view of a rectangular sheet according to the invention
      before folding;
PAR  FIG. 2 is a top plan view of the same sheet after folding;
PAR  FIG. 3 is a side elevation of the folded sheet of FIG. 2;
PAR  FIG. 4 is a plan view of a square-shaped sheet according to the invention;
PAR  FIG. 5 is a top plan view of the sheet of FIG. 4 after folding;
PAR  FIG. 6 is a side elevation of the folded structure of FIG. 4;
PAR  FIG. 7 is a plan view of a further embodiment of a sheet according to the
      invention before folding;
PAR  FIG. 8 shows the sheet of FIG. 7 after folding;
PAR  FIG. 9 is a side elevation of the folded structure of FIG. 8;
PAR  FIG. 10 is a plan view of an unfolded sheet in form of an endless-web;
PAR  FIG. 11 illustrates in diagromatic form a system and method for erecting
      the construction elements of FIGS. 1 to 6;
PAR  FIGS. 12 and 13 illustrate forms of foundation means suitable for use with
      the construction elements of the present invention; and
PAR  FIGS. 14 to 16 illustrate various forms of laminates suitable for use with
      the present invention.
DETD
PAR  Referring to FIGS. 1, 2 and 3, a first embodiment of the invention is
      described.
PAR  FIG. 1 shows a rectangular flat sheet formed from plastic material,
      cardboard, or a suitable laminate to be described hereinafter including
      several fold-lines. The sheet comprises two longer edges, 1, 2 and two
      shorter edges 3, 4. These edges are intersected by two substantially
      parallel, arc-shaped fold-lines extending toward the central portion of
      the sheet. The fold-lines 5, 6; 7, 8; 9, 10; 11, 12 are formed by circular
      lines. As illustrated in FIG. 1, the fold-lines 9, 10; 11, 12 are formed
      by complete semi-circles, while fold-lines 5, 6; 7, 8 are formed by
      circular arcs which are not complete semi-circles. The points of
      intersection of the edges 1, 2, 3, 4 with the outer fold-lines 6, 8, 10,
      12 are connected across the four corners of the sheet by straight
      fold-liines 13, 14, 15, 16. The corners 17, 18, 19, 20 formed by these
      fold-lines may be separated or used as tongues to fix the roof at the four
      corners as will become more fully apparent hereinafter.
PAR  A sheet of this kind may be prepared from endless or plate-shaped material
      in a simple manner by punching the fold-lines 5 to 16 by one punching step
      to form weakened lines. The element according to the invention is thus
      ready for use without needing further working steps.
PAR  In a preferred embodiment fold-lines 5, 7, 9, 11 and 13 to 16 are punched
      or cut on the underside of the rectangular sheet and fold-lines 6, 8, 10
      and 12 are punched or cut on the upper side of the sheet to facilitate the
      bending of the sheet along these fold-lines in preferred directions to be
      described hereinafter.
PAR  To form the bowl-shaped structure of FIGS. 2 and 3 the rectangular sheet of
      FIG. 1 is grasped at the four corners 17, 18, 19, 20 and the corners are
      pushed inwardly in a horizontal plane along the diagonals of the
      rectangle. That is corners 17 and 19 are pushed toward each other and
      corners 18 and 20 are pushed toward each other in a like manner. Thus, the
      area 21 between the outer fold-lines 6, 8, 10, 12 rises to form a dome
      substantially in the shape of a central I-beam. As area 21 reises as
      described above, the areas 22, 23, 24, 25 between the respective
      fold-lines tend to become folded downwardly along fold-lines 6, 8, 10, 12
      which are punched in the top of the sheet, and areas 26, 27, 28, 29 inside
      the inner fold-lines 5, 7, 9, 11 tend to become folded upwardly along
      fold-lines 5, 7, 9, 11, which are punched in the bottom of the sheet.
      Corner sections 17 to 20 are of course folded upwardly along fold lines 13
      to 16, which are punched on the underside of the sheet.
PAR  The folding of the sheet of FIG. 1 may be performed by a cable and winch
      system to be described hereinafter with respect to FIG. 11. Some
      supervision or assistance might be necessary to the folding operation to
      assure that all folding of the respective sections about the fold-lines is
      performed in the proper directions without the formation of kinks or extra
      folds in the section. Accordingly, it may be necessary to smooth out said
      kinks or folds by suitable means as corners 18 to 20 are constrained
      inwardly.
PAR  As shown in the side elevational view of FIG. 3, the curvature of area 28
      forms an opening in which a window or door could be mounted.
PAR  A second embodiment of the present invention is illustrated in FIGS. 4 to 6
      wherein the polygonal sheet comprises a square having four equal edges 30,
      31, 32, 33. Each of the edges is intersected by a pair of substantially
      parallel semicircular fold-lines 34, 35; 38, 39; 36, 37; 40, 41,
      respectively. The points of intersection of outer fold-lines 35, 37, 39,
      41 are interconnected across the corners of the square by straight
      fold-lines 42 to 45 to define corner sections 46 to 49.
PAR  In a preferred embodiment fold-lines 34, 36, 38, 40, and 42 to 45 are
      punched or cut on the top side of the sheet to facilitate the bending of
      the sheet in preferred directions as corners 46 to 49 are constrained
      inwardly along the diagonals of the square.
PAR  To erect the bowl-shaped structure of FIGS. 5 and 6 the four corners 46,
      47, 48, 49 are moved inwardly in the direction of the middle of the sheet.
      Thus the area 50 inside the fold-lines 35, 37, 39, 41 reises up. Folding
      of the remaining areas follows in the same way as with the embodiment of
      FIGS. 1 to 3 and thus is only described with reference to the side 32. The
      area 51 between the fold-lines 36 and 37 is folded down in comparison with
      the area 50 along the fold-line 37, and the area 52 is folded up along the
      fold-line 36 compared with the area 51. Thus the area 52 forms a kind of
      arch which may be used as opening for windows and doors.
PAR  FIG. 5 shows this square sheet element in the erected position after
      folding in plan view.
PAR  FIG. 6 is side elevation of this erected bowl seen from the right side in
      FIG. 5 which illustrates that the area 52 forms a useful opening for
      windows or doors.
PAR  A third embodiment of the invention is shown in FIGS. 7, 8 and 9. In this
      case the sheet is rectangular and the fold-lines extend along the two
      longer edges 53 and 54 of the rectangle. This embodiment is particularly
      useful to form elongated roof constructions.
PAR  The two longer edges 53, 54 are each bordered by four fold-lines 57, 58,
      59, 60; 61, 62, 63, 64. These fold-lines are formed by comparatively short
      circular sections and thus the roof is stretched in the direction of the
      short edges 55, 56. As shown in the drawings the two intermediate
      fold-lines 58, 59 and 62, 63 of the two groups of fold-lines are
      substantially parallel and concentric, while the inner and outer
      fold-lines 57, 60 and 61, 64 have a larger radius, but are substantially
      parallel with each other. In this embodiment as shown in the drawings the
      outer fold-lines 60, 64 intersect the short edges 55, 56 of the rectangle.
PAR  In a preferred embodiment to facilitate the bending of the respective
      sections bordered by the fold-lines of FIG. 7 in the proper directions,
      the fold-lines are alternately punched or cut on opposite sides of the
      rectangular sheet. That is fold-lines 57, 59, 61, 63 are punched or cut on
      the underside of the sheet and the fold-lines 58, 60, 62, and 64 are
      punched or cut on the top side thereof.
PAR  The roof construction according to FIGS. 8 and 9 is formed by erecting this
      sheet. For this purpose the longer sides 53 and 54 are pushed toward the
      middle of the sheet. It is necessary to watch that the folding of the
      respective sections occurs alternate directions thus forming a step-shaped
      construction. In comparison with the upper area 65 the areas 66 and 67 are
      folded down along the fold-lines 60 and 64. The areas 68 and 69 are folded
      up along the fold-lines 59 and 63 i.e. they are folded in a substantially
      horizontal plane. The areas 70 and 71 are folded down along the fold-lines
      58 and 62 and the areas 72 and 73 are folded up along the fold-lines 57
      and 61. By these fold-lines the roof construction is substantially
      stabilized. By this folding process the shorter sides 55 and 56 of the
      rectangle define arc-shaped openings to provide openings for doors or
      windows.
PAR  FIG. 8 shows the plane sheet of FIG. 7 after folding. In this top view only
      the areas 65, 68, 69 and 72, 73 may be seen, while the areas 66, 67 and
      70, 71 are perpendicular to the plane of FIG. 8.
PAR  FIG. 9 shows a side elevation of the construction according to FIG. 8 seen
      from the right side in this figure. The same fold-lines are provided with
      the same reference numbers.
PAR  FIG. 10 illustrates an endless web according to a fourth embodiment of the
      present invention which may be prepared by adding several sheets according
      to FIG. 1 and amending the fold-lines to some extent. By this endless web
      roof constructions of any desired length may be formed, if the web
      according to FIG. 10 is pushed together in the longitudinal direction.
PAR  As illustrated in FIG. 10 an endless rectangular web or sheet of material
      is provided with a repeating pattern thereon. A complete pattern or
      section is illustrated with numerals in FIG. 10 symmetrically disposed
      about a transverse center line 84 which intersects edges 74, 75. A single
      pattern or section includes a pair of arcs 85, 86 and 87, 88 on opposite
      sides of center line 84. The arcs intersect center line 84 at points 90
      and 92 to define an elliptical central area 94 and the extension of the
      arcs past points 90 and 93 intersect edges 74, 75 to form side areas 96,
      98. The single pattern or section further includes a pair of Gothic shaped
      arcs along each edge 74, 75, the Gothic arcs of each pair being
      symmetrically disposed with respect to center line 84 on opposite sides of
      elliptical area 94. The pairs of Gothic arcs are also aligned in the
      transverse direction of the sheet. The Gothic arcs are defined by pairs of
      fold-lines 76, 77; 78, 79; 80, 81; and 82, 83. The areas between the above
      Gothic arcs and edges 74, 75 are designated 100, 102, 104, 106,
      respectively, while the areas between the pairs of arcs are designated
      108. The pattern or section then repeats or continues along the sheet in a
      like manner.
PAR  To form a roof from this web a thrust is necessary along the edges 74, 75
      and in longitudinal direction of the web. Thus the sheet is folded as
      basically explained above. For example the area 108 along the fold-line 77
      is folded down and the area 102 along the fold-line 76 is folded up.
      Furthermore the area 110 along the inner fold-line 86 it is folded down
      and the area 94 along the fold-line 85 parallel with the fold-line 86 it
      is folded up, thus a stabilizing small intermediate area is formed. The
      areas 112 between the ellipses are folded up.
PAR  The endless web of FIG. 10 can be cut along any center line passing through
      areas 92, 98 located on edges 74, 75 respectively to select a roof
      construction of a predetermined length.
PAR  FIG. 11 illustrates in diagrammatic form a system for erecting the
      construction elements of FIGS. 1 to 6 as a building on a foundation
      generally designated 120. Foundation 120 may comprise a concrete slab or
      merely a rectangular section of ground. A plurality of triangular corner
      brackets 122 for receiving the corners of the foldable elements of either
      FIGS. 1 or 4 are provided. Since the foundation 120 is rectangular, let us
      assume for the purpose of illustration that the corners 17 to 20 of the
      rectangular element of FIG. 1 are to be inserted in the corner brackets
      122. Corner brackets 122 may comprise two triangular sheets of metal
      joined along two sides with the third side open to define a slot for
      receiving corners 17 to 20 of the foldable element of FIG. 1. A plurality
      of cables are secured to each of the corners 122A, 122B, 122C of the
      brackets. Corners 122A, 122B, 122C may be reinforced to add structural
      strength to brackets 122 and cables 124 are secured to these reinforced
      areas. Cables 124 are secured at the opposite ends thereof to a centrally
      located winch 126. Cables 124 may comprise braided steel or nylon.
PAR  In operation corners 17 to 20 of the element of FIG. 1 are placed in
      brackets 122 or the cables and winch 126 is actuated. Winch 126 winds and
      pulls cables 124 inwardly and in so doing pulls brackets 122 inwardly
      along the diagonals of rectangular foundation 120. This causes the
      construction element of FIG. 1 to be erected into the bowl-shaped
      structure of FIGS. 2 and 3. Once the bowl-shaped structure is formed
      brackets 122 may be secured to foundation 120 and cables 124 can be
      removed. However, in the alternative cables 124 and winch 126 can be
      locked in place and set in concrete to provide permanent structural
      strength for the building.
PAR  FIGS. 12 and 13 illustrate other forms of foundation means suitable for use
      with the present invention.
PAR  As shown in FIG. 12 the foundation may consist of a rigid base plate, 130
      fabricated from metal, plastic, or any other suitable material. A
      plurality of slits 131 to 134 may be provided therein to receive the
      corners 17 to 20 of the rectangular construction element of FIG. 1. The
      slits 131 to 134 define a rectangular area which is smaller then that of
      the sheet of FIG. 1. Accordingly, when corners 17 to 20 are inserted into
      slits 131 to 134 the element of FIG. 1 pops-up to form the bowl-shaped
      structure of FIGS. 2 and 3.
PAR  As shown in FIG. 13 the foundation may also take the form of a concrete
      slab 140 having in inner curb or ridge formed thereon. In operation the
      corners 17 to 20 of the element of FIG. 1 are constrained inwardly and
      secured inside of curb 142 thus forming the bowl-shaped construction of
      FIGS. 2 and 3. Curb 142 provides structural strength to the base of the
      resulting bowl-shaped construction by preventing any outward movement of
      corners 17 to 20. Curb 142 may also be rectangular or any other desired
      shape.
PAR  FIGS. 14 to 16 illustrate various forms of a laminate which may be used for
      the polygonal sheets of the present invention.
PAR  Referring to FIG. 14 there is illustrated a laminate generally designated
      150 including outer paper layers 152A, 152B having sandwiched therebetween
      a metal foil 154. Metal foil 154 may be bonded to paper layers 152A, 152B
      by vulcanizing rubber layers 156A, 156B, respectively. Rubber layers 156A,
      156B may of course be replaced by any suitable flexible adhesive means. As
      shown at 158, 160 fold-lines may be scored or punched on either surface of
      the laminate through either paper face but not into the central region of
      the laminate. Accordingly, laminate 150 may be folded about the flexible
      interior layers of the laminate.
PAR  As shown in FIG. 15 the metal foil 154 may be perforated to decrease the
      weight thereof. In this embodiment rubber layers 156A, 156B may be
      eliminated by pressing foil 154 with its perforations directly into paper
      layers 152A, 152B thus forming a direct paper to metal bond.
PAR  As illustrated in FIG. 16 metal foil 154 may be replaced by a woven steel
      screen 162. Of course any other suitable material may be used in place of
      foil 154. For example a perforated flexible plastic sheet could be
      employed.
PAR  The apparatus, articles, and methods described herein could be modified by
      one of ordinary skill in the art without departing from the spirit and
      scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A foldable construction element for forming a roof construction,
      comprising
PA1  a. a plane four-sided polygonal sheet containing at least four sets of fold
      lines associated with the edges of said sheet, respectively, thereby to
      cause each of the edges of said sheet to be intersected by at least one of
      said sets of fold lines;
PA1  b. each of said fold-lines of said set defining a curve which extends from
      a first point of intersection with the associated edge inwardly toward a
      central region of said sheet and back to a second point of intersection on
      said associated edge, whereby upon selective folding of the sheet along
      the fold lines, a three-dimensional structural body of desired
      configuration is obtained.
NUM  2.
PAR  2. The foldable construction element of claim 1 wherein said fold-lines are
      circular.
NUM  3.
PAR  3. The foldable construction element of claim 1 wherein said fold-lines are
      elliptic.
NUM  4.
PAR  4. The foldable construction element of claim 1 wherein said fold-lines are
      in the shape of Gothic arcs.
NUM  5.
PAR  5. The foldable construction elements of claim 1 wherein each of said sets
      of fold-lines are symmetrically disposed along each of said edges and the
      outermost points of intersection of said fold-lines of each set with said
      edges are connected across the corners of said rectangle with straight
      fold-lines.
NUM  6.
PAR  6. The foldable construction element of claim 5 wherein each of said sets
      of fold-lines comprise two concentric semicircular arcs.
NUM  7.
PAR  7. The foldable construction element of claim 6 wherein the distance
      between the respective fold-lines of each set is approximately 0.05 times
      the length of the shorter edge of the rectangle and the distance between
      said outermost points of intersection of the fold-lines along a given edge
      is 0.7 times the length of said given edge.
NUM  8.
PAR  8. The foldable construction element of claim 7 wherein the fold-line of
      each set which is within the other fold-line of said set is formed on the
      bottom side of said polygonal sheet and the outer fold-line of each set is
      formed on the top side of said sheet, whereby said sheet is foldable in
      opposite directions along the respective fold-lines of each set.
NUM  9.
PAR  9. The foldable construction-element of claim 8 wherein said straight
      fold-lines across the corners of said rectangle are formed on the bottom
      side of said sheet.
NUM  10.
PAR  10. The foldable construction element of claim 1 wherein said polygonal
      sheet is a square.
NUM  11.
PAR  11. The foldable construction element of claim 10 wherein each of said sets
      of fold-lines are symmetrically disposed along each of said edges and the
      outermost points of intersection of said fold-lines of each set with said
      edges are connected across the corners of said square with straight
      fold-lines.
NUM  12.
PAR  12. The foldable construction element of claim 11, wherein each of said
      sets of fold-lines comprise two concentric semi circular arcs.
NUM  13.
PAR  13. The foldable construction element of claim 12, wherein the distance
      between the respective fold-lines of each set is approximately 0.05 times
      the edge of the square and the distance between said outermost points of
      intersection of the fold-lines along a given edge is 0.7 times the length
      of said given edge.
NUM  14.
PAR  14. The foldable construction element of claim 13 wherein the fold-line of
      each set which is within the other fold-line of said set is formed on the
      bottom side of said polygonal sheet and the outer fold-line of each set is
      formed on the top side of said sheet, whereby said sheet is foldable in
      opposite directions along the respective fold-lines of each set.
NUM  15.
PAR  15. The foldable construction element of claim 14 wherein said straight
      fold-lines across the corners of said rectangle are formed on the bottom
      side of said sheet.
NUM  16.
PAR  16. The foldable construction element of claim 1 wherein said polygonal
      sheet comprises an endless web having a repeating pattern of fold-lines
      thereon, said repeating pattern including in alternation an elliptical
      pattern of fold-lines symmetrically disposed with respect to the edges of
      said web and a pair of Gothic arc patterns disposed in alignment with each
      other on opposite edges of said web, the apices of said Gothic arcs
      pointing inwardly of the edges of said web, said Gothic arcs beginning and
      ending on the respective edges of said web.
NUM  17.
PAR  17. The foldable construction of claim 16 wherein each of said elliptical
      and Gothic arc patterns consists of two spaced and substantially parallel
      fold-lines.
NUM  18.
PAR  18. The foldable construction element of claim 1 wherein said polygonal
      sheet is formed from paper.
NUM  19.
PAR  19. The foldable construction element of claim 1 wherein said polygonal
      sheet is formed from cardboard.
NUM  20.
PAR  20. The foldable construction element of claim 1 wherein said polygonal
      sheet comprises a laminate including first and second paper layers and a
      flexible inner layer.
NUM  21.
PAR  21. The foldable construction element of claim 20 wherein said flexible
      inner layer comprises a perforated metal foil bonded directly to said
      paper layers.
NUM  22.
PAR  22. The foldable construction element of claim 20 wherein said flexible
      inner layer comprises metal bonded to said first and second paper layers
      by rubber.
NUM  23.
PAR  23. The foldable construction element of claim 22 wherein said metal is a
      continuous foil.
NUM  24.
PAR  24. The foldable construction element of claim 22 wherein said metal is a
      perforated metal foil.
NUM  25.
PAR  25. The foldable construction element of claim 22 wherein said flexible
      inner layer is woven steel screen.
NUM  26.
PAR  26. The foldable construction element of claim 20 wherein said flexible
      inner layer is plastic.
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ABST
PAL  A rain water run-off disperser comprising mounting means, and multiple
      fixed deflecting surfaces spaced below a roof edge of a building in the
      path of water falling therefrom and preferably inclined downwardly and
      outwardly from said building, said deflecting surfaces deflecting water
      away from said building and breaking up the same into a relatively fine
      and dispersed shower of drops.
PARN
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 382,758, filed July 26, 1973, now abandoned entitled RAIN WATER
      RUN-OFF DISPERSER.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the controlled dispersion of rain water
      run-off from buildings. In particular, this invention provides means for
      the dispersal of the substantially planar run-off from roof edges,
      eliminating the undesirable effects of said run-off, and thereby
      alleviating the need for gutters.
PAR  2. Description of the Prior Art
PAR  Hitherto, rain water run-off from building roofs has been controlled by
      installation of gutters or by simply letting the run-off fall to ground
      level in an unimpeded manner.
PAR  Gutters generally provide means for conducting water run-off to a
      downspout, which discharges into a localized region at ground level. While
      this is satisfactory in many instances, nevertheless maintenance of free
      flow in gutters can be time-consuming and expensive because of leaves, ice
      formation, and deterioration requiring replacement. Consequently, many
      homeowners simply omit gutters from their dwellings.
PAR  Without gutters, rain water runs off the roof edges in a substantially
      planar manner and, being unimpeded in its downward fall, is accelerated by
      gravity to a high velocity. In conjunction with the planar nature of the
      run-off, the high velocity at impact with the ground below is sufficient
      to cause the formation of a small trench in the ground immediately below
      the roof line. This erosive effect is unsightly, and may even be damaging
      to desired landscaping, flower beds, bushes, etc. In addition, the
      resultant splashing can transport soil particles to vertical building
      surfaces, whereupon they adhere to cause further unsightly conditions.
      Such a situation can be partially alleviated by installation of suitable
      capturing and drainage means at ground level, for example, brick or cement
      troughs, or inverted roofing tiles. However, this can be impractical
      because of improper slopes, flower or bush arrangements.
PAC  SUMMARY OF THE INVENTION
PAR  Principal objects of this invention are to provide run-off water dispersal
      means: eliminating the need for gutters and at the same time avoiding the
      deleterious effects of unimpeded run-off; which are not susceptible to the
      accumulation of leaves or other matter; which are simpler and less costly
      to install than gutters; and which will solve the run-off problem while
      adaptable to many different types of dwellings and roof designs.
PAR  According to the invention deflective means are provided such that water
      run-off, upon arrival at ground level, is dispersed in a random pattern of
      small droplets. In general, this invention features non water-collecting
      means for mounting a disperser in a position horizontally aligned a
      limited spaced distance below the edge of a roof and a substantial
      distance above the ground in the path of water falling therefrom. The
      disperser connected to the mounting means comprises an elongated structure
      for positioning beneath the roof edge and having a width sufficient to
      intercept the path of the falling water. The disperser structure defines a
      multiplicity of separate paths to separate and disperse water falling
      thereon into a shower of water over an extended area of the ground. In
      preferred embodiments such means comprise a plurality of apertures
      provided across the width of the disperser and deflecting surfaces at the
      apertures connected by width-wise structural and spacing elements so as to
      maintain fixed inclination downward and outward from a building thereby to
      disperse water in a direction downwardly away from the building to which
      the disperser is attached. In preferred embodiments the mounting means are
      detachable from the disperser and the disperser is inclined slightly
      downwardly away from the building as well.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of this invention will be apparent
      to those skilled in the art from the following detailed description of
      preferred embodiments thereof taken together with the accompanying
      drawings, in which:
PAR  FIG. 1 is a sectional end view of a disperser according to the invention
      mounted on a house below a roof edge thereof;
PAR  FIG. 2 is an enlarged, fragmentary plan view of the disperser taken along
      the line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary, isometric, exploded view of the disperser and its
      mounting bracket;
PAR  FIG. 4 is an enlarged view similar to that of FIG. 1 of the mounted
      disperser, in section along the line 4--4 of FIG. 2;
PAR  FIG. 5 is a fragmentary, isometric view of an alternate embodiment of the
      disperser including integral mounting means and a heating cable;
PAR  FIGS. 6 and 7 are fragmentary, isometric, exploded views of alternate
      embodiments of the disperser and alternate bracket mounting means
      therefor;
PAR  FIG. 8 is a view similar to that of FIG. 4 illustrating yet another
      embodiment of the invention in association with rain run-off guide means.
PAR  FIG. 9 is a fragmentary, isometric view of another embodiment of the
      disperser including bracket mounting means therefor;
PAR  FIG. 10 is a sectional view taken along the line 10--10 of FIG. 9;
PAR  FIG. 11 is an end view of the disperser illustrated in FIG. 9 showing the
      bracket mounting means and disperser combination in more detail;
PAR  FIG. 12 is a fragmentary isometric exploded view of a transverse spacing
      structural element and a longitudinal member of the embodiment of FIG. 9;
      and
PAR  FIG. 13 is a fragmentary isometric exploded view of another means of
      retaining transversely the longitudinal members of the embodiment in FIG.
      9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 of the drawings, a disperser 18 is attached to the side
      of a building 10 on vertical facia board 12 below the edge 16 of roof 14.
      The disperser 18 is positioned adjacent the base of facia board 12 spacing
      it below roof edge 16 a limited distance in the path of water falling
      therefrom and, as shown, spacing it substantially above the ground.
PAR  Disperser 18 includes mounting means 20 having a vertical base 22
      positioned against facia board 12 and secured thereto by screws 24, best
      shown in FIGS. 2 and 4. In the embodiment illustrated in FIGS. 1-4,
      mounting means 20 comprises a plurality of mounting brackets (one only is
      illustrated) having, in addition to bases 22, support arms 26 extending
      outwardly from bases 22 in a generally horizontal direction. Arms 26 each
      include an upper straight supporting edge 28 set at a slight angle
      downwardly from the horizontal, about 10.degree., in a direction outwardly
      from base 22 and include a pair of spaced edges 30, 32 at right angles to
      straight support edge 28.
PAR  Disperser 18 also includes a planar member 34 including generally planar,
      upwardly directed intercepting surface 36 elongated in its dimension
      parallel to building 10. Planar member 34 is positioned with the elongated
      dimension of intercepting surface 36 horizontally aligned with roof edge
      16. Intercepting surface 36 extends widthwise, away from board 12, a
      distance into and intercepting the path of water falling from roof edge
      16. Member 34 is supported on support edges 28 of mounting means arms 26.
      Thus, intercepting surface 36 is angled downwardly away from building 10.
      Spaced flanges 38, 40 on the elongated outer and inner edges of support
      surface 36 frictionally engage edges 30, 32 of arms 26 to retain member 34
      in place, see FIG. 3. Supplemental fasteners, not shown, may additionally
      be employed to retain member 34 on arms 26, if desired.
PAR  Intercepting surface 36 is interrupted by a plurality of apertures 42
      interrupting the width of surface 36 in cross section best shown in FIGS.
      3 and 4. Deflecting surfaces 44, louvers in the illustrated embodiment,
      are connected to intercepting surface 36 at each aperture 42. The
      apertures 42 and deflecting surfaces 44 are elongated in the same
      direction as intercepting surface 36. The deflecting surfaces 44 are
      inclined downwardly in one direction from intercepting surface 36, at an
      angle of about 35.degree. in the preferred embodiment, the deflecting
      surfaces 44 connected to the side of apertures 42 adjacent mounting means
      20 defining channels directed downwardly, at an angle of about 45.degree.
      from the horizontal, and outwardly from building 10. Sets of louvers 44
      are interrupted by narrow widthwise extending portions of intercepting
      surface 36 to provide structural integrity to the member 34 and to receive
      and locate arms 26 therebetween, preventing transverse dislocation
      thereof.
PAR  In FIG. 5 is illustrated an alternate embodiment in which the mounting
      means 20 comprises an integral upturned flange 46 of disperser 18. Flanges
      38, 40 of the embodiment of FIGS. 1-4, are unnecessary and are omitted in
      this embodiment. In this embodiment a heating cable 47 to melt ice or snow
      is shown secured to the disperser 18 against the intercepting surface 36
      by a tab 48 in flange 46 and the disperser is made of conductive material,
      e.g. aluminum.
PAR  In FIG. 6 is illustrated an alternate mounting means 20, comprising a
      bracket 50 having a vertical portion 52 for connection to a facia board,
      an integral support arm 54 having an upwardly and forwardly extending
      first tab 56 thereon and a leg 58 at the end thereof remote from vertical
      portion 52 with a second tab 60 facing downwardly and toward vertical
      portion 52. The inner edge 35 of member 34 fits under first tab 56, which
      locates the inner edge, and leg 58 is received in an aperture 62 in
      primary surface 36, second tab 60 locking over primary surface 36.
PAR  In FIG. 7 yet another alternate mounting means 20 is illustrated,
      comprising a bracket 70 in which the support arm 72 is divided into three
      segments 74, 76, 78, the middle element 76 spaced slightly above elements
      74, 78 to frictionally receive and engage member 34 therebetween.
PAR  In FIG. 8, disperser 18 is shown in combination with rain guide 80 which
      may be integral therewith, as illustrated or which may be separate. Guide
      80 comprises an arcuate surface 82 abutting roof 14 at edge 16, roof 14
      essentially tangent to the arc of surface 82. Surface 82 curves downwardly
      from roof edge 16 as a curved extension of roof 14 and terminates over
      disperser 18. Water from roof 14 will follow the curved surface 82 of
      guide 80 to fall upon disperser 18 in a more controlled fashion than if
      permitted to follow a trajectory from roof edge 16.
PAR  In FIG. 9 is illustrated an embodiment, presently preferred, of a disperser
      comprising longitudinal, parallel stringers 84, positioned and retained by
      structural supporting elements 86 which run transverse to the stringers
      84. Typical mounting means is shown as the bracket 88 which is attached to
      the facia by screws through holes as shown. In practice, stringers 84
      preferably consist of aluminum strips 0.600 inch wide, 0.032 inch thick,
      and 6 feet long. However, these are stated as preferred dimensions, but
      other values can serve as well within the spirit of this invention.
PAR  As shown in FIG. 10, stringers 84 are supported by, and bonded to, tabs 90,
      said tabs being integral parts of transverse element 86. In preferred
      embodiments stringers 84 and tabs 90 are bonded by resistance or
      ultrasonic welding means, but other means such as epoxy may also be used.
PAR  In FIG. 11 is shown an end view of the bracket 88 supporting disperser
      stringers 84 on bearing surface 94 by means of the inherent rigidity of
      the disperser assembly. Preferably, end tab 96 engages a stringer other
      than the leading stringer 106, the second stringer being shown engaged by
      said end tab as an example, impeding forward and upward movement of said
      engaged stringer; the most rearward stringer 107 lies along inclined
      surface 98, thereby being impeded in rearward movement, and being engaged
      by lip 92 is thus impeded from upward movement as well. As a consequence,
      the disperser assembly, by virtue of its rigidity, is advantageously
      locked into position. The mounting means illustrated allows a disperser
      assembly to be snapped into, and unsnapped from, its mounted position by
      application of force transversely to the stringers at or near the mounting
      point, said application of force causing transverse flexure of the
      stringers sufficient to allow passage of stringer 107 past lip 92 after
      previous engagement by tab 96 such that, upon release of said force
      element 107 is forcibly retained by said lip, thereby effecting
      advantageous restraint of the entire disperser assembly.
PAR  FIG. 12 illustrates the preferred structure assembly of supporting element
      86 and a stringer 84. Tabs 90 are typically cut from element 86 and bent
      at right angles as shown providing surface portions 102 suitable for
      bonding stringers 84 thereto. In preferred embodiments stringers 84 are
      slotted, a typical slot 100 being shown, to engage the adjacent leading
      wall 103 when assembled on a tab 90, thereby providing advantageous
      compactness to the disperser assembly. The leading tab 104 preferably
      engages corresponding leading stringer 106, shown in FIGS. 10 and 11, such
      that said leading stringer need not be slotted, being held solely by its
      bond to said tab 104, thereby presenting a preferred continuous appearance
      as illustrated in FIG. 9.
PAR  FIG. 13 illustrates another embodiment of a structural supporting element
      in two parts 108, 109 associated with the disperser assembly of FIG. 9. In
      this embodiment two identical members 108 and 109 are used in opposing
      fashion, element 109 being element 108 rotated 180.degree., the while
      remaining substantially parallel to the latter. Members 108 and 109
      contain slots 110, 111 positioned so as to receive stringers, typically
      shown as 112. Slots 110 and 111 are positioned opposite each other and
      engage corresponding stringer slots 113 and 114, respectively, upon mutual
      and opposing closure, said closure being touching and substantially
      parallel contact of 108 and 109. Stringer 112 is thereby mechanically
      retained between 108 and 109 by aforesaid slotting means, said elements
      108 and 109 being bonded together by welding, crimping, or epoxy means.
      Leading and trailing stringers, 106 and 107, respectively, are bonded to
      tabs 104 and 105 integrally formed from members 108, 109 to complete the
      assembly.
PAR  In use, mounting means 20 or 88 are secured to facia board 12 to position
      members 34 or 84 a limited spaced distance below roof edge 16. Rain water
      run-off from roof 14 falls freely from roof edge 16 to members 34 or 84
      and deflecting surfaces 44 or 84. The force of impact of the stream with
      surfaces 44 or 84 causes the stream to be broken up. Some splashing may
      occur causing a random dispersal of some water over the disperser outer
      edge. A major portion of the water, however, passes through the apertures
      between surfaces 44 or 84 in a multiplicity of separate paths outwardly
      away from building 10. Thus, the initial stream of water from roof 14 is
      separated and directed by such means away from the building to fall in a
      shower of separate sprays in a random dispersal pattern on the ground over
      an extended area. The dispersal effect is enhanced as adjacent sprays from
      deflectors 44 or from elements 84 typically collide with each other from
      time to time. The deleterious effects of water falling directly to the
      ground from roof edge 16 are avoided without the necessity of employing
      gutters with their several disadvantages.
PAR  Other embodiments of this invention will occur to those skilled in the art
      which are within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rain water run-off disperser capable of intercepting the consolidated
      flow of water run-off from a roof of a building and, without collection,
      dispersing it in a non-erosive shower of water over an extended area of
      ground, said disperser comprising a disperser structure adapted for
      mounting in a position horizontally aligned with and spaced a distance
      below the edge of a roof and a substantial distance above the ground in
      the path of water falling from said roof, said disperser structure being
      elongated and of width sufficient to intercept the path of the falling
      water, said disperser structure defining a multiplicity of separate paths
      constructed to separate into a dispersed shower downwardly the
      consolidated flow of water run-off intercepted by said disperser structure
      and cooperative non-collecting mounting means for said disperser
      structure, capable of supporting said disperser structure in said position
      without impeding the flow of water to and through said disperser structure
      in shower to the ground.
NUM  2.
PAR  2. The disperser claimed in claim 1 in which said disperser structure
      defining a multiplicity of separate paths comprises a plurality of
      apertures extending downwardly through said structure and distributed
      across the width thereof, said width in cross-section interrupted by a
      plurality of said apertures, and a plurality of deflecting surfaces at
      said apertures and inclined in a direction downwardly to disperse said
      falling water in said shower outwardly and away from said building.
NUM  3.
PAR  3. The disperser claimed in claim 2 in which said apertures and said
      deflecting surfaces are elongated in the direction of elongation of said
      disperser structure.
NUM  4.
PAR  4. The disperser claimed in claim 1 including a heating cable on said
      disperser structure.
NUM  5.
PAR  5. The disperser claimed in claim 1 including, in combination, a guide
      member for disposition against said roof edge comprising an arcuate
      surface tangent to said roof curved downwardly away from said roof edge
      toward and terminating in a position spaced above said disperser.
NUM  6.
PAR  6. The disperser claimed in claim 1 mounted on a building, said disperser
      spaced a limited spaced distance below said roof edge substantially above
      the ground and horizontally aligned below said roof edge in the path of
      water falling therefrom.
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ABST
PAL  A metal holder for disposing a guide structure on a concrete foundation,
      the holder having a top part in the form of an open housing which serves
      for lateral retention of the guide structure and in which fastening means
      can engage, the housing being provided with anchoring parts at the
      underside, wherein the housing is provided with a metal baseplate disposed
      in a plastic mortar panel which adjoins all round the housing by a
      horizontal top surface and which adjoins a layer of plastic mortar on the
      underside, said layer of plastic mortar completely surrounding the
      anchoring parts of the housing.
BSUM
PAR  This invention relates to ametal holder for disposing a guide structure on
      a concrete foundation, the holder having a top part in the form of an open
      housing which serves for lateral retention of the guide structure and in
      which fastening means can engage, the housing being provided with
      anchoring parts at the underside. To obtain the required electrical
      insulation in relation to the concrete, holders of this kind are insulated
      from the concrete by a layer of plastic mortar. The holders were hitherto
      disposed in the concrete by leaving a recess open therein, such recess
      subsequently being filled with liquid plastic mortar. The holder is
      pressed into the plastic mortar before the plastic mortar has set. When it
      has set the holder is immovably located in the concrete by way of the
      plastic mortar. The disadvantage of this process is that first the
      concrete product must be made and then time is required until the concrete
      product sets sufficiently. In a second stage of the process, the concrete
      products then have to be provided with the holders. Consequently, a large
      number of concrete blocks have to be kept in stock, and this is a
      disadvantage in view of the available space. The object of the invention
      is to provide a holder which permits much simpler production.
PAR  According to the invention, the housing is provided with a metal baseplate
      disposed in a plastic mortar panel which adjoins all round the housing by
      a horizontal top surface and which adjoins a layer of plastic mortar on
      the underside, said layer of plastic mortar completely surrounding the
      anchoring parts of the housing. The holder can now be provided with a
      plastic mortar lining beforehand in the manner described. During
      concreting, the holder can be disposed in the jig, so that during the
      relatively long time required for the concrete to set the holder is also
      secured. Thus the holder is anchored in the concrete as soon as the
      concrete product is ready. Only the relatively small holders with the
      plastic lining now have to be kept in stock.
PAR  According to the invention, in a holder in which the anchoring parts of the
      housing are formed by two spaced feet, the layer of plastic mortar
      disposed on the inside of the feet leaves a narrower opening between the
      feet in the region of the ends than in the region of the housing. When the
      holder is concreted, a reinforcing bar may be disposed between the feet.
      Since the opening between the feet is narrower in the end zone, very good
      anchoring of the holder around the reinforcement is obtained.
PAR  According to the invention, the housing may have side surfaces which point
      towards one another from the baseplate. In this way it is possible to
      dispose the plastic mortar simply. The holder can then be disposed upside
      down in a mould, the housing projecting outwardly through an opening in
      the mould wall. The housing baseplate then adjoins the edges of the
      opening. Consequently, the housing is not covered with plastic. A core
      then must be disposed between the feet and is removed laterally after the
      holder has been removed from the mould.
PAR  The invention also relates to a method of securing the holders of the
      above-described kind in concrete blocks. According to the invention the
      concrete blocks are concreted in a mould in which one or more holders are
      disposed, which holders project outwardly with the housing through an
      opening in the formwork wall on which the top surface of the blocks is
      formed, the opening being sealed around the housing by the plastic mortar
      panel.
DRWD
PAR  The invention is described in detail below with reference to an exemplified
      embodiment illustrated in the drawing wherein:
PAR  FIG. 1 shows a mould for casting a holder in plastic mortar with a finished
      product.
PAR  FIG. 2 is a plan view and partial section of the mould shown in FIG. 1,
PAR  FIG. 3 is a section of a mould for concreting the holder according to the
      invention,
PAR  FIG. 4 is a mould corresponding to the mould shown in FIG. 1, but with a
      different construction of the metal holders.
PAR  FIG. 5 is a diagrammatic perspective view of a concrete block with holders
      for fastening a railway rail, which is also shown.
DETD
PAR  Referring to FIG. 5, two metal holders 2 and 3 are secured in a concrete
      block 1 and their housing projecting beyond the concrete serves for
      lateral retention of a rail 4, which is also secured to the block 1 by
      means of elastic clamps 5 and 6 which engage by one end in the open side
      of the holders 2 and 3 and by the other end on the foot of the rail 4. The
      anchoring parts of the holders 2 and 3 project into layers of plastic
      mortar 7 and 8 which are disposed in the concrete of the block 1. The
      holder shown in FIG. 1 has an open housing 9 which is provided with a
      metal baseplate 10 which projects into the opening 11 of a baseplate 12 of
      a mould. Side parts 13 and 14 are provided on the baseplate 12, part 14
      being shown next to the mould in FIG. 2 by a dotted line. The anchoring
      parts 15 of the holder project freely into the mould. The mould is filled
      with plastic mortar 16 from above. The shape of the baseplate 12 results
      in a plastic panel 17 which adjoins the housing of the holder 9 by a
      horizontal surface 18. The anchoring parts 15 are completely surrounded by
      the plastic mortar and the same applies to the housing baseplate. As will
      be seen in FIG. 2, the side parts 13 and 14 can be removed laterally,
      while the holder provided with plastic can be removed upwardly from the
      baseplate in view of the fact that the housing tapers away from the
      baseplate.
PAR  To dispose the holder in a concrete block 19, the holder is placed in a
      mould consisting of vertical formwork walls 20 and a horizontal formwork
      wall 21. The top surface of the concrete block is formed at the wall 21.
      The latter has an aperture 22 with an abutment surface for the horizontal
      surface 18 of the plastic mortar panel 17. The aperture 22 is closed as a
      result. The concrete for the block 19 is then introduced into the formwork
      and after the concrete has set the holder is disposed in the concrete
      block 19. The formwork walls can then be removed. Where the holders and
      concrete blocks are made in this way, all that has to be stocked is the
      holders provided with plastic, and the holders are also secured
      immediately after the blocks are made. They can therefore be taken away
      immediately. As will be seen from FIGS. 1 and 3, the opening between the
      anchoring parts 15 after the plastic has been put in position is smaller
      in the end zone than in the housing zone. The facing surfaces of the
      plastic layer of the anchoring parts thus point towards one another in the
      direction of the ends. A reinforcing rod 23 can extend between the
      anchoring parts 15 in the block. Since the facing surfaces of the plastic
      layer of the anchoring parts point towards one another in the direction of
      the ends, perfect anchoring of the holder around the reinforcement 23 is
      obtained. As can be seen from FIG. 5, the metal of the holders 2 and 3
      cannot come into contact with the concrete anywhere. Very good electrical
      insulation is obtained as a result. The rail is placed on an insulating
      layer 24 so that the entire guide structure is insulated from the
      concrete.
PAR  In the embodiment of the metal holder 24 according to FIG. 4 the housing 25
      has a continuous arcuate opening 26. The side of the limbs of the clamp
      guided in the opening 26 are preferably bevelled to ensure better abutment
      against the wall of the opening 26.
PAR  Otherwise the metal holder 24 is constructed in exactly the same way as the
      holder shown in FIGS. 1-3.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A metal holder for disposing a guide structure on a concrete foundation,
      the holder having a top part in the form of an open housing which serves
      for lateral retention of the guide structure and in which fastening means
      can engage, the housing being provided with anchoring parts at the
      underside, characterised in that the housing is provided with a metal
      baseplate disposed in a plastic mortar panel which adjoins all round the
      housing by a horizontal top surface and which adjoins a layer of plastic
      mortar on the underside, said layer of plastic mortar completely
      surrounding the anchoring parts of the housing.
NUM  2.
PAR  2. A metal holder according to claim 1, in which the anchoring parts of the
      housing are formed by two spaced feet, characterised in that the layer of
      plastic mortar disposed on the inside of the feet leaves a narrower
      opening between the feet in the region of the ends than in the region of
      the housing.
NUM  3.
PAR  3. A metal holder according to claim 1, characterised in that the housing
      has side surfaces which point towards one another from the baseplate.
NUM  4.
PAR  4. A rail anchoring assembly comprising, in combination:
PA1  a metal holder having a horizontal baseplate portion provided with
      anchoring means depending therefrom and surrmounted by a housing portion,
      the housing portion being adapted to receive fastening means for clamping
      a rail to a concrete tie; and
PA1  electrical insulation means for insulating between said metal holder and a
      concrete tie, said insulation means being in the form of a mass of plastic
      mortar completely enclosing said anchoring means and surrounding a lower
      part of said baseplate portion adjacent said anchoring means, said
      insulating means presenting a horizontal top surface above which an upper
      part of said baseplate portion and the entirety of said housing portion
      project, said top surface completely surrounding said baseplate portion.
NUM  5.
PAR  5. A rail anchoring assembly as defined in claim 4 wherein said anchoring
      means is in the form of spaced legs connected to and depending from said
      baseplate portion, said insulating means enclosing said legs to present a
      bifurcation which is narrower in a region remote from said baseplate
      portion.
NUM  6.
PAR  6. A rail anchoring assembly as defined in claim 5 wherein said bifurcation
      narrows progressively.
NUM  7.
PAR  7. A rail anchoring assembly as defined in claim 4 in combination with a
      concrete tie, said anchoring assembly being partially embedded in said tie
      such that said top surface projects above said tie.
NUM  8.
PAR  8. A rail anchoring assembly as defined in claim 4 wherein that portion of
      said plastic mortar which surrounds said lower part of the baseplate
      portion presents vertically extending opposite side surfaces, and in
      combination with a concrete tie, said anchoring assembly being partically
      embedded within said tie such that at least portions of said opposite side
      surfaces are enclosed by said tie.
NUM  9.
PAR  9. A rail anchoring assembly as defined in claim 8 wherein said opposite
      side surfaces are beveled to taper upwardly and inwardly.
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ABST
PAL  Foundation assemblies for buildings comprising sill means and a wall plate
      connected thereto. The wall plate serves to support a plurality of
      elongated half-stud members on which vertical wall panels are mounted.
PAL  In one embodiment of the invention, the sill plate is mounted directly on
      and connected to a concrete foundation element and comprises a sill plate
      and a sill locking plate. A flanged stud-tie plate is interposed between
      the sill locking plate and the wall plate and serves to expedite the
      mounting of the stud members.
PAL  In a further embodiment of the invention, the sill means is mounted on a
      vertically extending pier for supporting the sill plate and associated
      structure above the ground. In this embodiment, the sill means comprises a
      sill plate, a sill locking plate and a beam support angle having a portion
      connected to the pier and the sill plate for supporting the beam of a
      floor support assembly.
PAL  In another embodiment of this invention, the sill means is mounted directly
      on the ground and includes a channel-like mud sill and a mud plate adapted
      to be staked to the ground and having a resilient portion for urging the
      mud sill into secure engagement with the ground.
PAL  In still another embodiment of this invention, a corner bracket is provided
      for interconnecting two sill means and associated structural components to
      form a corner of the foundation assembly.
PAL  In yet another embodiment of this invention, a hollow floor support beam of
      a floor support assembly is mounted above the ground on a vertically
      extending pier. The pier is connected to the floor support assembly via a
      pair of interconnected beam support angles.
PARN
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 160,018 filed on July 6, 1971 and entitled "Modular Building" and now
      abandoned which is in turn a continuation-in-part of application Ser. No.
      85,533 filed on Oct. 30, 1970 and entitled "Building Structures".
BSUM
PAR  The present invention relates generally to buildings and more particularly
      to building systems including the use of standardized foundation
      assemblies.
PAR  A large number of prefabricated and modular housing systems have been
      formulated over the years, but for various reasons, there has been little
      acceptance or success with such systems.
PAR  The prefabricated systems which have been presented for commerical use are
      generally comprised of a large number of components that are usually not
      standardized, and therefore must be constructed by skilled craftsman with
      careful attention to plans.
PAR  Furthermore, such systems have generally been unattractive in appearance,
      such that any saving in cost has not been proved to be an incentive to the
      adoption of such systems, particularly in low and middle cost housing.
PAR  As the shortage of housing grows, the need has deepened for an effective
      modular building that can easily be constructed by unskilled workman with
      standardized components and at low cost.
PAR  In the above mentioned application Ser. No. 160,018, there is disclosed and
      claimed novelmetal studs which are standardized and can be readily
      fabricated from roll steel stock when needed. The standardized studs
      eliminate the need for a large inventory of parts, which heretofore has
      been required of prior art housing systems. Furthermore, the studs are so
      configured as to enable a large number of parts, such as wall panels, to
      be readily connected without special tools by relatively unskilled labor
      and without the use of nails or threaded fastening means. Further still,
      the joints between the panels connected by the studs are not exposed and
      do not require spackling, tape or other retaining means. In addition to
      the above noted features, the stud also includes openings to permit the
      assembly of electrical wiring, piping, heating and ventilating ducts
      therethrough.
PAR  As disclosed, the studs basically comprise a pair of half-stud members held
      together by rotating clamps. The half-stud members are preferably of
      identical construction, each including a first longer wall and a second
      shorter wall, the first and second walls run generally parallel to each
      other and are connected by a bridging section. Each wall terminates in a
      free edge tab portion.
PAR  The two half-stud members are disposed against each other in such a way
      that the longer first wall of each halfstud member is immediately adjacent
      the other, such that the respective tabs of the first and second parallel
      walls extend away from each other. A vinyl separator is interposed between
      the adjacent first parallel walls and possesses an exterior seal at one
      end and an interior seal at the other end.
PAR  The walls are erected by providing an exterior panel having longitudinal
      grooves formed in the interior surface adjacent each vertical edge. A
      half-stud member is attached to the panel at each vertical edge with the
      tab of the second parallel wall of the first half-stud member being
      received in the longitudinal groove of the panel. The exterior panel with
      its half-sutds is then so positioned with respect to a previously erected
      wall panel (which already has a half-stud associated therewith) so that
      the half-stud of the previously erected wall panel and the nearest
      half-stud of the panel about to be erected, may be secured together to
      rotating clamps after a vinyl separator has been interposed between the
      first parallel walls of the two half-studs.
PAR  A novel spring clip is provided to enable a halfstud member to be simply
      and securely fastened to a horizontal wall plate. The clip also has other
      fastening functions, one of which being to secure the half-stud members to
      a supporting brace.
PAR  The clip essentially comprises a body portion from which a tab portion
      extends at one end thereof, with the spring finger extending from the
      other end of the body portion. The clip is adapted to snap into a pair of
      slots that exist in adjacent walls that are to be secured together. To
      that end, the tab portion of the clip is simply slipped into one of the
      slot pairs and the spring finger is passed through the other slot pairs
      and allowed to move in a locking position.
PAR  In co-pending application Ser. No. 339,796, filed on Mar. 9, 1973, now Pat.
      No. 3,867,802 whose disclosure is incorporated herein, there is disclosed
      a floor support assembly for modular building systems. The floor support
      assembly is formed of standardized parts which can be fabricated when
      needed, can be put together by relatively unskilled workman without
      special tools and can be used to serve as heating and/or cooling ductwork.
PAR  The floor support assembly comprises a joist, a beam having a
      joist-supporting ledge and a locking clip for connecting the joist to the
      beam. The joist includes an elongated bottom wall portion and a pair of
      slide walls projecting along the length of the bottom wall and at an angle
      thereto so as to form a generally V-shaped member. Each side wall of the
      joist includes a ledge extending therealong. The ledges are coplanar and
      are adapted to be received within respective grooves in a floor panel to
      support the floor panel thereon.
PAR  The joist itself is supported at its end by the ledge of the beam and is
      connected to the beam by the clip.
PAR  The clip includes an elongated body portion, a short leg and a long leg
      projecting laterally from opposed ends of the body portion and in opposite
      direction thereto. The long leg terminates in a projecting ear. The short
      leg of the clip extends through an opening in the bottom wall of the joist
      adjacent the end and an aligned opening in the ledge disposed thereunder.
      The long leg of the clip extends through an opening in the side wall of
      the joist's flange with the projecting ear thereon extending into an
      opening in the beam.
PAR  The beam includes a flanged portion for connection to a similar beam to
      form a hollow beam section which not only serves as a support for other
      floor joists, but also serves as a heating and/or cooling duct.
PAR  Heretofore, various foundation assemblies for modular building systems have
      been proposed, but such assemblies have suffered from various
      deficiencies, such as for example, they require large inventory of
      specially fabricated parts, they are complex, they require skilled workman
      or special tools for assembly and are relatively expensive.
PAR  It is a general object of this invention to provide foundation assemblies
      which overcome the above described disadvantages of prior art foundation
      assemblies.
PAR  It is a further object of this invention to provide novel foundation
      assemblies formed of standardized components which can be fabricated when
      needed, and can be readily assembled by relatively unskilled workman
      without special tools.
PAR  It is a further object of this invention to provide a foundation assembly
      composed of standardized components and adapted for mounting a building
      structure directly upon a concrete foundation.
PAR  It is yet a further object of this invention to provide a foundation
      assembly composed of standardized components and adapted for mounting a
      building structure on piers above the ground.
PAR  It is still a further object of this invention to provide a foundation
      assembly composed of standardized components and adapted for mounting a
      building structure directly on the ground.
PAR  These and other objects of this invention are achieved by providing a
      foundation assembly for a building. The assembly comprises still means and
      a wall plate connected to the sill means. The wall plate comprises a first
      longer wall disposed generally parallel to and immediately adjacent to the
      sill means and a second shorter wall. The first and second walls of the
      wall plate run generally parallel to one another and are connected by a
      bridging section. Each wall of the wall plate terminates in a vertical
      free edge tab which defines a space therebetween into which the edge of a
      vertical wall panel is disposed.
PAR  In one embodiment of the invention, the sill means is mounted directly on
      and is connected to a concrete foundation element.
PAR  In another embodiment of the invention, the sill means is mounted above the
      ground on a vertically extending pier.
PAR  In yet another embodiment of this invention, the sill means is mounted
      directly on and is connected to the ground.
PAR  In still another embodiment of the invention, a corner assembly is provided
      for connecting two sill means and the components associated therewith to
      form a building foundation corner.
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
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PAR  FIG. 1 is a perspective view, partially in section, of one embodiment of a
      foundation assembly in accordance with this invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view of another embodiment of a foundation assembly
      in accordance with this invention;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is an enlarged sectional view taken along line 5--5 of FIG. 2;
PAR  FIG. 6 is another embodiment of a foundation assembly in accordance with
      this invention;
PAR  FIG. 7 is an enlarged sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is an enlarged sectional view taken along line 8--8 of FIG. 6;
PAR  FIG. 9 is a perspective view, partially in section, of another embodiment
      of a foundation assembly in accordance with this invention;
PAR  FIG. 10 is an enlarged, exploded perspective view of a portion of the
      assembly shown in FIG. 6;
PAR  FIG. 11 is a perspective view, partially in section, of another embodiment
      of a foundation assembly in accordance with this invention;
PAR  FIG. 12 is an enlarged sectional view taken along line 12--12 of FIG. 11;
PAR  FIG. 13 is a perspective view, partially in section, of a foundation
      assembly corner in accordance with this invention;
PAR  FIG. 14 is an exploded perspective view of a portion of the assembly shown
      in FIG. 13; and
PAR  FIG. 15 is an enlarged sectional view taken along line 15--15 of FIG. 13.
DETD
PAR  Referring now in greater detail to the various figures of the drawing
      wherein like reference characters refer to like parts, a building
      foundation assembly in accordance with one aspect of this invention is
      shown generally at 20 in FIG. 1.
PAR  Assembly 20 basically comprises a sill assembly 22 which is mounted
      directly on a concrete foundation 24 of a building structure and which
      supports a wall plate 26 thereon. The wall plate is in turn adapted to
      support vertical half-studs member 27 (see FIG. 2), like those disclosed
      in the above noted co-pending application Ser. Nos. 85,533 and 160,018.
      Two half-studs are interconnected together to form a vertical stud to
      which wall panels are connected.
PAR  The sill assembly comprises a sill plate 28 and a sill locking plate 30. A
      stud-tie plate is connected to the sill assembly and serves as a means for
      connecting the half-studs to the wall plate.
PAR  In accordance with a preferred aspect of this invention, the individual
      components forming foundation assembly 20 are formed of roll steel stock,
      such as 20 gauge roll steel stock, and can be readily fabricated when
      needed.
PAR  This feature is of considerable importance in the housing construction
      industry where heretofore the maintenance of large inventories was
      required in order to permit the construction of buildings from
      standard-type parts. Needless to say, such large parts inventories result
      in increased overall building costs due to the increased storage and
      handling costs attendant with such inventories. Furthermore, by
      eliminating large inventories, the problem of having surplus parts left
      over once the building is completed, is minimized, if not eliminated.
PAR  As can be seen in FIGS. 1 and 2, the sill plate 28 is a three-sided or
      generally C-shaped member and comprises a base 34 and a pair of walls 36
      and 38 projecting upward normally therefrom. Wall 38 is of shorter height
      than wall 36 and terminates at its free end in a free edge tab 40 which
      projects inward and normal to the plane of wall 38. The free end of wall
      36 is bent back over itself into a generally rectangular shape to form a
      short, thick ledge 42. The ledge 42 is hollow and terminates at its end in
      a downwardly extending stop 44.
PAR  The wall 38 of the sill plate 28 includes a plurality of aligned
      longitudinal slots (not shown). The bridging section 52 of the sill
      locking plate also includes a plurality of aligned longitudinal slots (not
      shown) as well as a plurality of transverse slots (not shown). The
      longitudinal slots in the sill plate and the sill locking plate serve as
      means for effecting the connection of those plates to one another to
      thereby complete the sill assembly. To that end, plural spring clips 45,
      like that described in above noted application Ser. No. 160,018 are
      inserted in associated aligned slots. The clips 45 are constructed of
      spring steel and, as can be seen in FIG. 5, essentially comprise a body
      portion 47 from which a tab portion 49 extends at one end thereof with a
      spring finger 51 extending at the other end of the body portion. The
      spring finger is essentially V-shaped and consists of an intermediate web
      53 terminating in a free tab 55 which can be resiliently urged towards and
      away from the intermediate web 53.
PAR  The insertion of the clip 45 in the aligned longitudinal slots is
      accomplished by slipping the tab portion into a sill plate slot. The clip
      is then rotated toward the aligned sill locking plate slot and the spring
      finger is inserted therein. This causes the spring finger to be
      compressed. When the free tab 55 of the spring finger 51 clears through
      the sill locking plate slot, the free tab immediately springs away from
      the intermediate web to return to its original position and thereby lock
      the clip in place.
PAR  The sill locking plate 30 is of the same shape as the half-stud members
      shown and described in application Ser. No. 160,018 and comprises a first
      longer wall 46 and a second shorter wall 48, with the walls 46 and 48
      being generally parallel to each other and possessing longitudinal crimps
      50 for locking and strengthening purposes. The walls 46 and 48 are joined
      together by bridging section 52 and terminate in free edge tabs 54 and 56,
      respectively, which define a space therebetween.
PAR  The sill locking plate is connected to the sill plate to form the sill
      assembly 22 by inserting the ledge 42 of the sill plate into the space
      between the free edge tabs 54 and 56 of the sill locking plate such that a
      portion of the short wall 48 of the sill locking plate rests on tab 40 and
      tab 56 abuts stop 44.
PAR  The wall plate 26 is of identical construction to the sill locking plate 30
      and thus the component portions of the wall plate have the same reference
      numerals as the corresponding portions of the sill locking plate.
PAR  From FIGS. 1 and 2, it will be seen that the wall plate 26 is mounted on
      the sill plate 30 with the longer wall 46 thereof disposed on top of the
      corresponding wall of the sill locking plate. A vinyl separator 58, of
      generally T-shaped cross section is interposed between the adjacent longer
      wall in an abutting relationship therewith, to provide a weatherproof seal
      between the wall plate and the sill assembly.
PAR  The stud-tie plate 32 is an elongated member comprising a base portion 60
      and a flanged portion 62 projecting normally therefrom. The base portion
      includes an opening (not shown) and a longitudinal crimp 64 for locking
      and strengthening purposes. The flanged portion 62 includes a plurality of
      transverse slots 66 for connecting the vertical half-stud members thereto.
PAR  The wall plate 26 and sill locking plate 30, together with the interposed
      vinyl separator 58 and the base 60 of the stud-tie plate 32 are secured
      together by means of rotating clamps 68 like that shown and described in
      application Ser. No. 160,018. The clamps 68 are basically U-shaped and are
      comprised of a base 70 and a pair of legs 72. The rotating clamp 68 is
      inserted through aligned slots 74 in the walls of the wall plate and the
      sill locking plate and the interposed flange of the stud-tie plate. The
      slots 74 have enlarged central portions 76 (see FIG. 4) so that the legs
      72 of the clamp 68 are in actual contact with a crimp 50 in each of the
      shorter walls 48 of the wall plate and sill locking plate.
PAR  The insertion of the rotating clamp 68 is usually done in such a manner
      that the legs 72 are passed through the narrow portions of the slot 74 in
      each of the walls 46 and 48. The clamp 68 is then rotated about base 70 so
      that its legs are rotated away from the slot. The legs are so dimensioned
      and spaced with respect to each other as to be separated by a distance
      slightly less than the distance between convex crimps 50 in the parallel
      short walls 48 of the wall plate and sill locking plate. Thus, as the
      clamp 68 is rotated as described above, the legs 72 exert an inward force
      upon by the shorter walls 48, thereby firmly uniting wall plate 26 and
      sill locking plate 30 along with the interposed vinyl separator 58 and the
      base 60 of the stud-tie plate 32.
PAR  In actual practice, it is preferred that two rotating clamps 68 be used for
      each connection.
PAR  The sill assembly 22 is mounted directly on a concrete foundation 24 and is
      connected thereto via releasable fastening means 78. The concrete
      foundation may have a base with side walls projecting therefrom, as is the
      case in the embodiment of FIGS. 1 and 2, or may merely be a flat pad, as
      is the case in the embodiment of FIG. 3. Preferably, the releasable
      fastening means 78 comprise an elongated tie bolt 80 extending through a
      hole in the foundation 24 and having a threaded end 82 extending through a
      hole (not shown) in the base 34 of the sill plate. A nut 84 and associated
      washer 86 is screwed onto the threaded end of the tie bolt. A layer of
      mortar 88 is interposed between the foundation and the base 34 of the sill
      assembly to complete the securement of the sill assembly to the
      foundation.
PAR  The lower ends of the wall-supporting half-studs 27 are disposed on the
      short wall 48 of the wall plate 26 and are connected thereto via the
      stud-tie plate 32. To that end, the flange 62 of the stud-tie plate
      includes a plurality of longitudinally aligned, transverse slots 90 (see
      FIG. 1) which align with respective longitudinal slots in the lower end of
      the bridging section 52 of the half-studs 27. Locking clips 45 are
      inserted through the aligned slots in the same manner as previously
      described to complete the connection of the studs to the wall plate.
PAR  The exterior walls of the building structure comprise plural vertical
      panels 92, preferably formed of plywood. The panels include a lower edge
      portion having a longitudinal groove 94 in the inner face thereof. The
      groove 94 serves as a means for effecting the mounting of the panel to the
      sill assembly 22 and the associated vertical half-stud 27. To that end, as
      can be seen in FIG. 2, the wall panel 92 is disposed in such a manner that
      the lower edge portion thereof is disposed within the space defined
      between the free edge tabs 54 and 56 of the wall plate 26, with the free
      edge tab 56 thereof being disposed within groove 94 in the wall panel. The
      panel is connected to the half-stud 27 in the same manner as described in
      application Ser. No. 160,018.
PAR  The floor 96 of the building structure is supported by the floor support
      assembly disclosed in application Ser. No. 339,796. As previously noted,
      the floor support assembly basically comprises a ledge beam 98 (see FIG.
      1) and a floor joist 100 (see FIG. 2) supported on the ledge beam and
      connected thereto by a locking clip 101 (see FIG. 9).
PAR  As can be seen in FIGS. 1 and 2, the ledge beam 98 is an elongated member
      and includes a normally projecting lower ledge 102 which serves as the
      means for supporting the joist 100 thereon. The bottom of the ledge beam
      terminates in a lower flange 104 having a plurality of slots 106 therein
      (see FIG. 6). The beam also includes an upper ledge 108 which is parallel
      to the lower ledge 102 and extends in the opposite direction thereto. The
      upper ledge aids the joist in supporting a floor panel of the floor 96 and
      terminates in an upper flange 110 having a plurality of transverse slots
      112 therein. The upper flange is coplanar with the lower flange.
PAR  The floor support assembly is mounted on the foundation assembly 20 by
      connecting the upper flange of the ledge beam to the sill assembly 22 and
      the lower flange of the ledge beam to the foundation 24. To that end,
      plural locking clips 45 are inserted through slots 112 in the upper flange
      of the ledge beam and through aligned transverse slots (not shown) in the
      bridging section 52 of the sill locking plate 30. The lower flange of the
      ledge beam is connected to the foundation 24 via a beam mounting angle
      114. The beam mounting angle is of identical construction as the stud-tie
      plate 32 and includes a base portion 60 and a flanged portion 62
      projecting normally therefrom. The base portion is disposed on the
      foundation and includes an opening through which the threaded end 82 of a
      tie rod 80 extends. A nut 84 and associated washer 86 are screwed onto the
      threaded end 82 of the tie rod to securely connect the base of the beam
      mounting angle 114 to the foundation 24. The flange of the beam mounting
      angle 114 includes a plurality of longitudinally aligned transverse slots
      90. The slots 90 align with slots 106 in the lower flange of the ledge
      beam 98. A plurality of locking clips are inserted in the aligned slots 90
      and 112 to secure the ledge beam to the beam mounting angle and thus to
      the foundation.
PAR  By mounting the floor support assembly on the foundation assembly 20 as
      shown in FIGS. 1 and 2 and by mounting the foundation assembly on the
      vertical wall of a concrete foundation, a basement or a crawl-space is
      provided in the building structure between the pad of the foundation and
      the floor support assembly.
PAR  In FIG. 3 there is shown the manner in which a foundation assembly in
      accordance with this invention is mounted on a flat foundation pad to form
      a building structure not having a basement or a crawl-space. As can be
      seen therein, the sill assembly 20 and associated components are mounted
      within a recess 116 in a flat concrete foundation pad 118. The sill
      assembly 22, the wall plate 26 and associated wall panel mounting
      components are arranged and connected to one another and to the pad in the
      same manner as that shown in FIGS. 1 and 2. The panels forming the floor
      96 of the building structure are mounted directly on the concrete pad,
      thereby obviating the need for the floor support assembly and the
      associated components shown in FIG. 1.
PAR  In FIG. 6 there is shown another foundation assembly 120 in accordance with
      this invention. Assembly 120 is designed for supporting a building
      structure above the ground on piers or posts. As can be seen, assembly 120
      basically comprises a sill assembly 122 which is mounted above the ground
      on a vertically extending pier or post 124. Like the sill assembly 22 in
      the foundation assembly 20, the sill assembly 122 in foundation assembly
      120 is adapted for mounting and supporting thereon a wall plate 26 and
      associated panel-mounting half-stud members 27. Furthermore, foundation
      assembly 120 is adapted for supporting a floor support assembly thereon.
PAR  In accordance with the preferred aspect of this invention, the individual
      components forming foundation assembly 120 are formed of roll steel stock,
      such as 20 gauge roll steel stock, and can be readily fabricated when
      needed.
PAR  As can be seen in FIGS. 6 and 7, the sill assembly 122 basically comprises
      a sill plate 28, a sill locking plate 30, both of which being identical to
      the corresponding plates of assembly 22, and a beam support angle 126. The
      sill locking plate is connected to the sill plate by inserting the ledge
      42 of the sill plate into the space between the tabs 54 and 56 of the sill
      locking plate with a portion of the short wall 48 of the sill locking
      plate resting on tab 40 and with free edge tab 56 abutting stop 44. A
      plurality of spring clips 45 are inserted in associated aligned slots in
      the sill plate and the sill locking plate to complete the connection
      therebetween.
PAR  A generally T-shaped vinyl separator 58 and the base 60 of a stud-tie plate
      32 are interposed between the longer wall of the sill locking plate and
      the corresponding wall of the wall plate and the plates are connected
      together via rotatable clamp 68.
PAR  The beam support angle is an elongated member and comprises a base portion
      128 and a flanged portion 130 projecting normally therefrom. The base
      portion includes two longitudinal rows of transversely extending slots
      132. The slots 132 are aligned with similar slots (not shown) in the base
      34 of the sill plate 28 and serve as the means for connecting the beam
      support angle to the sill plate and for mounting the sill assembly on the
      pier 124 in a manner to be described in detail later.
PAR  The flange 130 of the beam support angle terminates at its free edge in a
      groove 134 (FIG. 7) which is formed by bending the free edge back over
      itself. A plurality of longitudinally aligned transverse slots 136 are
      provided in the flange 130 adjacent the free edge groove 134.
PAR  The free edge groove 134 and the slots 136 in the associated flange serve
      as the means for supporting the ledge beam 90 of a floor support assembly.
      To that end, the lower flange 104 of the ledge beam 98 is disposed within
      the groove 134 in the beam support angle with the slots in the beam
      aligned with the slots 136 of the beam support angle. A plurality of
      locking clips 145 are inserted in the aligned slots to complete the
      connection therebetween. The upper flange 106 is connected to the sill
      locking plate in the same manner as that described with reference to the
      foundation assembly 20.
PAR  The construction of pier 124 can best be seen in FIGS. 8 and 10. As can be
      seen, pier 124 comprises a pair of identical elongated channel-like
      members 138. Each member includes a base 140 and a pair of side walls 142
      projecting therefrom. The side walls each terminate in a tab 144
      projecting normally to the plane thereof and toward one another. The
      channel-like members 138 are disposed adjacent each other with the tabs of
      the side wall of one member aligned with the corresponding tabs of the
      side walls of the other member.
PAR  A pair of angle brackets 146 are provided to aid in the connection of the
      channel-like members 138 to one another and to connect the pier 134 formed
      thereby to either a sill assembly or to a concrete foundation element such
      as a pier footing. The angle brackets are identical and each comprises a
      base portion 148 and a flanged portion 150 extending normally therefrom.
      Each flange includes a pair of ears 152 which are bent out of the plane of
      the flange and which lie in a common plane parallel to the plane of the
      flange. Each ear and the flange from which it is offset define a space
      therebetween into which a respective tab of one of the channel-like
      members 138 is disposed to connect the angle bracket thereto.
PAR  An elongated groove 154 is provided in the free edge of the flange at its
      midpoint. An anchor hole 156 is provided slightly above the groove 154 for
      purposes to be described later. A pair of projections or tabs 158 extend
      from the free edge of the angle bracket's base. The tabs serve as the
      means for connecting the brackets to other structural members such as the
      beam support angle 126 and the sill assembly 122.
PAR  A mounting hole 159 is provided in the midsection of the base of each angle
      bracket and serves as a means for mounting the bracket on a concrete
      foundation element, such as footing 160.
PAR  As can be seen in FIG. 8, the lower end of pier 124 is held together in the
      following manner: A pair of angle brackets 146 are mounted abutting to one
      another on a concrete footing 160 and each is connected thereto via a bolt
      162 and associated nut 164 extending through the mounting hole 156 in the
      base of the bracket. The tab of each side wall of each channel-like member
      is disposed within the space defined between the associated ear 152 and
      the flange 150 from which it is offset.
PAR  By virtue of the securement of the angle bracket to the concrete footing,
      the channel-like members forming the pier are precluded from separating
      laterally. An anchor hole 166 is provided in the base of each channel-like
      member. The anchor holes are aligned with the holes 156 in the bracket's
      flange and an anchor bolt (not shown) extends therethrough to preclude the
      tabs of the channel-like members from sliding longitudinally with respect
      to the brackets and thereby secures the brackets to the pier 124.
PAR  The upper end of the pier 124 is held together in the following manner: A
      pair of angle brackets 146 are mounted on the respective upper ends of the
      pier with the tabs of the pier's channel-like members disposed within the
      space defined between the ears and flanges from which the ears are offset.
      An anchor bolt (not shown) extends through anchor holes 166 in the base of
      the channel-like member adjacent the upper end thereof and through the
      aligned holes 156 in the pair of angle brackets. This secures the brackets
      to the pier 134 at the upper end thereof.
PAR  The tabs 158 at the edge of the base of each angle bracket extend through
      the slots 132 in the beam support angle 126 and the aligned slots (not
      shown) in the base 34 of the sill plate 28. Once extended through the
      aligned slots, the tabs 158 are bent downward toward the base of the sill
      plate to effect the securement of the sill assembly 122 to the pier 134.
PAR  FIG. 9 shows the direct mounting of a pair of floor support assemblies on a
      vertical pier 124 without utilizing the foundation assembly 120 shown in
      FIGS. 6 and 7.
PAR  As can be seen, two ledge beams 98 are connected together at their upper
      flanges 110 by a generally U-shaped elongated beam spacer 168. The beam
      spacer includes a pair of side walls 160, each of which terminates in a
      flanged edge forming a channel 172 therein. The channels 172 are adapted
      for receiving and holding the upper flange 110 of a ledge beam 98. The
      beam spacers include a plurality of transverse slots 174 in the side walls
      170.
PAR  When the beam's flanges are disposed within the associated channels 172 in
      the interposed beam spacer 170, with the slots 112 therein aligned with
      the slots 174 in the beam spacer, a plurality of clips 145 are inserted
      into the aligned slots to secure the beams together.
PAR  The lower edge of the two ledge beams 98 are connected together and are
      connected to the top of a pier 124 via a pair of interconnected beam
      support angles 126. The pier 124 and the individual beam support angles
      126 are constructed in the same manner as previously described.
PAR  As can be seen, the beam support angles are placed on top of one another
      with their base portions 128 abutting one another and with the slots 132
      therein aligned. When arranged in this manner, the beam support angles
      form a generally U-shaped member having a pair of side walls, each of
      which terminates in a flanged edge forming a channel or groove 134
      therein. Each channel is adapted for receiving and holding the lower
      flange 104 of a ledge beam with the slots 106 therein aligned with the
      slots 136 in the beam support angle. A plurality of locking clips 45 are
      provided in the aligned slots to connect the ledge beam to the beam
      support angle.
PAR  The interconnected beam support angles are mounted on the top of the pier
      124 and are connected thereto via the tabs 158 of the angle brackets 146
      extending through the aligned slots 132 in the same manner as described
      with reference to FIG. 6.
PAR  In FIG. 11 there is shown another foundation assembly 176 in accordance
      with this invention. The assembly 176 is adapted to be mounted directly on
      the ground without the use of any concrete foundation.
PAR  As can be seen, assembly 176 basically comprises a mud sill 178 which is
      formed as an elongated channel-like member having a base portion 180 and a
      pair of side walls 182 and 184, respectively, projecting therefrom. The
      side wall 182 terminates in a free edge tab 186 extending normally to the
      plane of the side wall. Tab 186 is adapted to be disposed directly on the
      ground 188. The other side wall 184 terminates at its free edge in a
      groove 190 formed by the side wall being bent back over itself. Slots (not
      shown) each having an enlarged central opening are provided in the base of
      the mud sill for receipt of a rotatable clamp 68. Insulation 196, such as
      polyurethane foam, is disposed within the mud sill between the base and
      the ground 188.
PAR  The mud sill is secured in place on the ground by a mud plate 198. The mud
      plate comprises a flat base 200 disposed on the ground and an extension
      202 of the base bent back over itself at a bend line and disposed at a
      slight angle to the base 200. The extension 202 of the base is resilient
      and adapted to flex about the baseline. The extension terminates at its
      free end in a locking groove 204 having a downward extending outer wall
      206.
PAR  The mud plate is disposed such that its base extends under the side wall
      184 with the outer wall 206 of the locking groove disposed within the
      groove 190 therein and with the outer edge of the side wall disposed
      within groove 204.
PAR  A pair of aligned holes 208 are provided in the base and the base extension
      of the mud sill. A stake, such as a pipe 210, is disposed within the
      aligned holes and is hammered into the ground, whereupon the top edge of
      the stake deforms to form an enlarged head. Upon a stake being driven
      fully into the ground, the enlarged head thereof abuts the portion of the
      base extension contiguous with the hole therein, thereby causing the
      extension to flex downward and to apply a force through the interlocked
      grooves to the mud sill. This action holds the mud sill securely in place.
PAR  A wall plate 26, like that previously described, is connected to the mud
      sill by disposing its long wall 46 on the base 200 of the mud sill with
      the slots 74 in the wall plate aligned with the slots (not shown) in the
      mud sill. Rotating clamps 68 are inserted in the aligned slots to effect
      the securement of the wall plate to the mud sill.
PAR  Vertical wall panels 92 are supported on the wall plate by disposing the
      lower edge of the wall panel within the space defined between the free
      edge tabs 54 and 56 of the wall plate and with the free edge tab 56
      disposed within groove 94 in the wall panel. Half-studs (not shown) like
      those described previously are mounted in the wall plate and serve to
      support the wall panel vertically.
PAR  In FIG. 13 there is shown the corner of a building structure wherein two
      foundation assemblies 20 (only one of which can be seen), forming the
      support for a pair of mutually perpendicular walls 92, are interconnected
      by a sill corner bracket 212. The sill corner bracket also serves to
      support a corner section 214, which is constructed in a manner as
      disclosed in application Ser. No. 160,018 and which in turn serves to
      interconnect a half-stud 27 supporting one wall panel and a corresponding
      half-stud supporting the other panel.
PAR  Each foundation assembly and the structural components supported thereby
      and associated therewith is constructed and arranged in the same manner as
      that described with reference to FIGS. 1 and 2.
PAR  In the exploded respective view of FIG. 14, there is shown the details of
      the sill corner bracket 212. As can be seen, the sill corner bracket
      comprises a pair of perpendicular outer walls 216 and 218. Each wall
      includes a side from which a generally C-shaped extension 220 is offset.
      The extension comprises three flanged inserts, a short-walled, horizontal
      top insert 222, a long-walled, vertical side insert 224 and a long-walled
      horizontal bottom insert 226. The inserts serve as the means for
      connecting the sill plate of the sill assembly to the corner bracket. To
      that end, the top insert 222 is adapted to be frictionally disposed within
      the hollow portion of the short, thick ledge 42 of the adjacent sill plate
      28. The side insert 224 is adapted to be frictionally disposed within the
      sill plate and abutting the inner surface of the side wall 36 thereof. The
      bottom insert 226 is also adapted to be frictionally disposed within the
      sill plate but in abuttment with the inner surface of the base 34 thereof.
PAR  The flanged insert 224 is offset from the plane of the outer wall from
      which it extends by a sufficient distance such that when inserted as
      described above, the outer wall 216 of the sill corner bracket is flush
      with the outer surface of the side wall 36 of the sill plate, while the
      other outer wall 218 of the sill corner bracket is flush with the outer
      surface of the side wall 36 of the other sill plate.
PAR  Each wall 216 and 218 includes a top side from which a vertical insert 228
      extends. The inserts 228 are offset from the plane of the walls and serve
      as the means for connecting the corner section 214 to the sill corner
      bracket 212.
PAR  As can be seen in FIGS. 13 and 15, the corner section 214 comprises a
      corner plate 230 and a corner locking plate 232. The corner locking plate
      232 is identical in construction to the sill locking plate and thus its
      component portions are numbered the same as are the corresponding portions
      of the sill locking plate. The corner plate 230 is a three-sided or
      generally C-shaped member similar to the sill plate 28 and comprises two
      perpendicular outer walls 234 and 236. Wall 234 includes a long tab 238
      projecting normally therefrom. The free edge of the other wall 236 is bent
      back over itself into a generally rectangular shape to form a short, thick
      ledge 240. The ledge 240 is hollow and terminates at its end at an inward
      extending stop 242.
PAR  The corner locking plate 232 is connected to the corner plate 230 to form
      the corner section by inserting the ledge 240 of the sill plate into the
      space between the free edge tabs 54 and 56 of the corner locking plate,
      such that the tab 56 abuts stop 242 and the bridging section 52 abuts an
      end portion of the long tab 238.
PAR  As can be seen in FIGS. 13 and 15, the long wall 46 of a half-stud 27
      supporting one wall panel 92 is immediately adjacent to the long tab 238
      of the corner plate with a T-shaped vinyl separator 58 interposed
      therebetween. The long tab 238 includes slot 74 therein to enable
      rotatable clamps 68 to be inserted therein and through aligned slots in
      the half-stud 27 to secure the half-stud to the corner section. Similarly,
      the long wall of the half-stud 27 supporting the mutually perpendicular
      wall panel 92 is disposed immediately adjacent to the long wall 46 of the
      corner locking plate 232 with a T-shaped vinyl separator 58 interposed
      therebetween. Rotatable clamps are inserted in aligned slots in the
      half-stud and corner locking plate to secure the half-stud to the corner
      section.
PAR  The corner section 214 is connected to the corner bracket by inserting the
      vertical inserts 228 of the latter into the corner plate 230 of the
      former. For example, as can be seen in FIG. 14, one vertical insert 228 is
      adapted to be frictionally disposed within the corner plate 230 and
      abutting the inner surface of wall 236. The other insert 228 is also
      adapted to be frictionally disposed within the corner plate 230 but
      abutting the inner surface of wall 234. The inserts 228 are offset from
      the plane of the walls from which they extend by the same distance that
      the flanged insert 224 is offset from the wall from which it extends, such
      that the walls 216 and 218 of the sill corner bracket are flush with the
      walls 236 and 234, respectively, of the corner plate 230.
PAR  As should be appreciated from the foregoing description, the foundation
      assemblies in accordance with this invention are relatively simple and
      inexpensive, can be fabricated when needed and can be readily assembled
      and locked in place utilizing simple clips without skilled labor and
      without special tools. All of the above features make the foundation
      assemblies ideal building components for producing low cost, yet
      attractive buildings of various overall designs.
PAR  Without further elaboration, the foregoing will so fully illustrate our
      invention that others may, by applying current or future knowledge,
      readily adapt the same for use under various conditions of service.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. A foundation assembly for a building including a concrete foundation and
      a vertical wall panel having an edge, said assembly comprising a sill
      plate and a sill locking plate mounted on the sill plate, said sill
      locking plate comprising a first longer wall and a second shorter wall,
      said walls running generally parallel to one another and connected by a
      bridging section, each wall terminating in a free edge tab which defines a
      space therebetween, said sill plate comprising a base having a first and a
      second wall projecting upward therefrom, said first wall including a
      portion disposed between said free edge tabs of the sill locking plate and
      supporting said sill locking plate thereon, said second wall abutting a
      portion of the short wall of said sill locking plate and supporting said
      sill locking plate thereon, securement means for mounting said sill plate
      directly on said foundation and for securing it in place and a wall plate
      connected to said sill locking plate by rotating clamp means, said wall
      plate comprising a first longer wall disposed generally parallel to and
      immediately adjacent said first longer wall of sill locking plate and a
      second shorter wall, the first and second walls running generally parallel
      to one another and connected by a bridging section, each wall terminating
      in a vertical free edge tab which defines a space therebetween into which
      the edge of a vertical wall panel is disposed.
NUM  2.
PAR  2. The assembly of claim 1 additionally comprising a stud-tie plate
      including a base portion interposed between the sill locking plate and the
      wall plate and a vertically extending flange, said flange being adapted to
      be connected to a vertically disposed wall stud.
NUM  3.
PAR  3. A foundation assembly for a building including a concrete foundation and
      a vertical wall panel having an edge, said assembly comprising sill means
      mounted directly on and connected to said concrete foundation and a wall
      plate connected to said sill means, said sill means including a sill plate
      and a sill locking plate, said wall plate comprising a first longer wall
      disposed generally parallel to and immediately adjacent said sill locking
      plate and a second shorter wall, the first and second walls running
      generally parallel to one another and connected by a bridging section,
      each wall terminating in a vertical free edge tab which defines a space
      therebetween into which the edge of a vertical wall panel is disposed,
      said sill locking plate comprising a first longer wall and a second
      shorter wall, the first and second walls running generally parallel to one
      another and connected by a bridging section, each wall terminating in a
      free edge tab defining a space therebetween and wherein said sill plate
      comprises a first and second vertical wall projecting from a base, said
      first wall terminating in a short and thick ledge which is disposed within
      the space defined by the free edge tabs of the sill locking plate and said
      second wall terminating in a normally projecting tab abutting a portion of
      the shorter wall of the sill locking plate.
NUM  4.
PAR  4. The assembly of claim 3 wherein said longer walls of said sill locking
      plate and said wall plate are disposed immediately adjacent to one another
      and are connected thereto.
NUM  5.
PAR  5. The assembly of claim 4 wherein a vinyl separator is interposed between
      the adjacent longer walls of the locking plate and the wall plate.
NUM  6.
PAR  6. The assembly of claim 5 additionally comprising a stud tie plate
      including a base portion interposed between the adjacent longer walls of
      the locking plate and the wall plate and a vertically extending flange,
      said flange being adapted to be connected to a vertically disposed wall
      stud.
NUM  7.
PAR  7. A foundation assembly for a building including a concrete foundation and
      a vertical wall panel having an edge, said assembly comprising first sill
      means, second sill means disposed normally to said first sill means and a
      sill corner bracket for connecting said first sills means to said second
      sill means, each of said sill means comprising a sill plate having a first
      wall, and a sill locking plate mounted on said sill plate, securment means
      for mounting said sill plate directly on said foundation and for securing
      it in place and a wall plate connected to said sill locking plate by
      rotating clamp means, said wall plate comprising a first longer wall
      disposed generally parallel to and immediately adjacent said first longer
      wall of said sill locking plate and a second shorter wall, the first and
      second walls running generally parallel to one another and connected by a
      bridging section, each wall terminating in a vertical free edge tab which
      defines a space therebetween into which the edge of a vertical wall panel
      is disposed, said sill corner bracket includes a first wall portion and a
      perpendicular second wall portion, said first wall portion terminating at
      one side thereof in an offset flanged insert for insertion in and
      frictional engagement within the sill plate of the first sill means such
      that the first wall of the sill corner bracket is flush with the first
      wall of the first sill mean's sill plate, said second wall portion of the
      sill corner bracket terminating at one side thereof in an offset flanged
      insert for insertion in and frictional engagement with the sill plate of
      the second sill means such that the second wall of the sill corner bracket
      is flush with the first wall of the second sill mean's sill plate, said
      first and second wall portions of the sill corner bracket terminating at
      their upper edge in offset flanged inserts for insertion in and frictional
      engagement within a corner section, said corner section being disposed
      vertically and comprising a corner plate having two perpendicular outer
      walls, one of said walls including a long tab projecting inward normally
      therefrom, the other of said walls including a short and thick ledge
      projecting inward normally therefrom, and a corner locking plate, the
      corner locking plate comprising a first longer wall and a second shorter
      wall, the first and second walls running generally parallel to one another
      and connected by a bridging section, each wall terminating in a free edge
      tab which defines a space therebetween into which the short and thick
      ledge of the corner plate projects, with the bridging section of the
      corner locking plate abutting a portion of the long tab of the corner
      plate.
NUM  8.
PAR  8. The assembly of claim 7 wherein a first vertical half-stud member is
      connected to the long tab of the corner plate and wherein a second
      vertical half-stud member is connected to the long wall of the corner
      locking plate.
NUM  9.
PAR  9. The assembly of claim 8 wherein said half-studs each comprise a first
      longer wall and a second shorter wall, the first and second walls running
      generally parallel to one another and connected by a bridging section,
      each wall terminating in a free edge tab.
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ABST
PAL  A portion of a clip fits into the cavity of a hollow core panel and another
      portion is attached to a structural wall. The portion inside the cavity
      has normally tapered opposed walls which are straightened, upon insertion
      into the cavity, to form parallel walls engaging the interior panel
      surfaces forming the cavity, thus providing a secure fit.
PARN
PAR  This is a continuation of application Ser. No. 166,237, filed July 26,
      1971, now abandoned; which is a continuation of application Ser. No.
      846,830, filed Aug. 1, 1969, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates broadly to means for securing facing panels to a
      building. In particular, it relates to the mechanical fastening of hollow
      core panels to a building structure, with the fastening means being hidden
      from view.
PAR  Hollow core panels are finding increasing use as architectural panels.
      Often formed of cast concrete or extruded cement, their exposed faces can
      be textured to resemble bulky stone panels or provided with ribs or other
      types of surface treatment to give a highly pleasing architectural effect.
      The benefit of the hollow construction is that it enables the panels to
      have a desirable bulky appearance and adequate strength without being too
      heavy to be readily handled and installed.
PAR  The main problem to be overcome with such a panel is the difficulty of
      securely and rapidly attaching it to a building wall so that no fasteners
      are visible. Since the time required for installation is a major item in
      the cost of a structure, it is highly important that workmen be able to
      simply and easily install the panels.
PAC  OBJECTS OF THE INVENTION
PAR  The main object of the invention is to provide a simple panel securing
      arrangement which securely holds a hollow panel to a structural wall and
      which permits rapid installation.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing object is met by the fastening arrangement of this invention
      which comprises a clip that has a cup portion inserted in the cavity of a
      hollow core panel adjacent the horizontal edge of the panel, and an arm
      extending from the cup portion which is attached to the structural wall.
      The cup portion of the clip is formed by two oppositely facing side walls
      which engage the interior panel wall surfaces forming the cavity, and a
      bottom wall connecting the ends of the side walls remote from the
      horizontal edge of the panel. The side walls of the cup portion, at least
      adjacent the horizontal edge of the panel, are biased toward and into
      engagement with the interior wall surfaces to hold the panel securely in
      place.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  The nature of the invention will be more fully understood and other objects
      may become apparent when the following detailed description is considered
      in connection with the accompanying drawing, wherein:
PAR  FIG. 1 is a pictorial representation of a fastening clip of the invention
      and a partial pictorial representation of an illustrative panel with which
      the clip can be used;
PAR  FIG. 2 is a sectional view of the clip of FIG. 1 shown as having aligned
      holes for receiving a fastener;
PAR  FIG. 3 is a partial cross-sectional view of a panel held in place by a
      clip;
PAR  FIG. 4 is a sectional view of a modified clip; and
PAR  FIG. 5 is a view similar to that of FIG. 3, but showing a further modified
      arrangement.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, a clip 10 is shown adjacent a hollow core panel 12
      having faces 14 and 16 connected by webs 18. The panel is illustrated as
      an extruded cementitious panel, although obviously the panel can take
      other specific shapes and be formed by other methods. The clip 10 is for
      the purpose of engaging the hollow core portion of the panel, without
      being visible in the final installation, and securing it to the face of a
      structural wall.
PAR  As shown in FIG. 2, the clip is comprised of an integral strip bent across
      its width at several locations to form a cup-like configuration 20 and an
      upper lateral extension 22. Forming the cup-like configuration are side
      walls 24 and 26 connected at their lower extremities by bottom wall 28.
      Extending laterally from the upper extremity of side wall 24 is arm 30,
      and overlying arm 30 is arm 32 which extends laterally from the upper
      extremity of the far side wall 26, both of which arms together form the
      extension 22. The side walls 24 and 26 converge slightly toward the bottom
      wall 28 to permit the cup portion to be readily inserted into the cavity
      of a hollow core panel. If desired, apertures may be formed in the arms
      forming the extension 22 for receiving a bolt or other fastener. The
      dotted lines at 34 in arm 32 indicate a slot and the dotted lines at 36
      indicate a circular aperture. When apertures are provided the slot is
      necessary for alignment purposes because the arms slide relative to each
      other when the cup portion of the clip is inserted into a hollow panel the
      inside thickness of which is slightly less than the width of the upper
      extremity of the cup portion 20. The arm 30 in such case moves toward the
      left and the arm 32 moves toward the right, when viewed as in FIG. 2.
PAR  FIG. 3 shows the clip 10 attached to a structural wall 38 by bolt 40 and
      holding the panel 12 in place against the wall. The cup portion of the
      clip is fitted in the hollow core of the panel, the inside width of which
      is slightly less than the width of the upper or widest part of the cup
      portion, resulting in a force fit. This tapered clip construction
      simplifies the insertion of the clip into the hollow core of the panel,
      the narrower leading edge of the cup portion guiding the movement of the
      clip, and provides a secure connection between the panel and the
      structural wall. The force fit does not permit relative sideward movement
      between the panel and the installed clip.
PAR  A modified clip 42, shown in FIG. 4, has an arm 44 and a cup portion 46 but
      does not have an arm corresponding to arm 32 of clip 10. With this
      arrangement the clip performs the same function as clip 10 but is less
      costly due to the absence of a second lateral arm. This would not be used
      where maximum holding power is required because the construction is not as
      sturdy as the clip 10. As illustrated, arm 44 does not have an aperture
      for receiving a fastener. In such case a rivet or other propelled fastener
      would be used to pierce both the clip arm and the structural wall. It
      should be understood that a solid arm or lateral extension can also be
      provided with the embodiment of clip 10.
PAR  Another embodiment is shown in FIG. 5 wherein the panel 48 extends above
      the structural wall 50. The clip 52 is similar to the clip 42 of FIG. 4,
      but the arm 54 of the clip is comprised of three sections. Section 56
      extends from the cup portion in the usual manner and is connected to the
      parallel, displaced section 58 by section 60 which extends from the far
      extremity of section 56 to the near extremity of section 58 at generally
      right angles to both.
PAR  The clip can be formed of any suitable strong material which permits the
      tapered wall construction of the cup section to be forced inwardly to
      assume a parallel wall construction and thus exert an outward biasing
      force tending to move the walls back to their original tapered or
      converging position. An example is an 18 gauge steel strip bent at
      suitable locations to form the configurations shown in the drawing. It
      should be understood that the clip can be inserted either at the top or
      bottom of the hollow panel, whichever is most convenient, depending upon
      the construction of the structural wall.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a facing panel installation in which a hollow core panel is attached
      to a building structure, the panel having an opening extending
      substantially throughout the vertical extent of the panel, the improvement
      comprising:
PA1  a. a clip having a cup portion inserted in said opening of the hollow core
      panel adjacent a horizontal edge of the panel,
PA1  b. the cup portion having two oppositely facing side walls, each of which
      engages one of the interior panel wall surfaces forming the opening, and a
      bottom wall connecting the ends of the side walls remote from the
      horizontal edge of the panel,
PA1  c. the cup portion of the clip normally being of tapered shape with the
      ends of the side walls remote from the bottom wall being spaced farther
      apart than the ends of the side walls connected to the bottom wall, and
      the distance between the interior panel wall surfaces forming the opening
      being slightly less than the maximum spacing of the side walls of the cup
      portion in normal unstressed condition, whereby the said ends of the side
      walls remote from the bottom wall are forced toward each other by the
      interior panel wall surfaces upon insertion of the cup portion into the
      opening of the hollow core panel,
PA1  d. extension means connected to the other ends of the side walls of the cup
      portion of the clip and attached to the structural wall, said extension
      means comprising two laterally extending arms connected to the side walls
      of the cup portion of said clip, and
PA1  e. the side walls of the cup portion, at least adjacent to the horizontal
      edge of the panel, being biased away from each other toward and into
      engagement with the interior wall surfaces forming the opening of the
      hollow core panel.
NUM  2.
PAR  2. A facing panel installation as recited in claim 1, wherein the extension
      means is attached to the building structure by fastening means extending
      through apertures in the extension.
NUM  3.
PAR  3. A facing panel installation as recited in claim 1, wherein each of said
      walls and extensions comprising said clip is substantially wider than it
      is thick.
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ABST
PAL  A panel-holding strip or sash of extruded plastic composition which
      includes a pair of opposed channel-forming webs connected by an integral
      longitudinally coextensive, flexible bight or hinge web; the
      channel-forming webs being relatively movable in the manner of a book
      cover between a first open position in which the webs are disposed in
      angular relation to admit the edge portion of a panel or pane therebetween
      and a second, closed position in which the webs are frictionally
      interlocked in channel-forming configuration to hold the edge portion of a
      panel or pane therebetween; each of the channel-forming webs being formed
      on their opposing inner surfaces with a first set of relatively engageable
      and interlocking ribs to frictionally and releasably hold the webs in
      their closed, channel-defining position and a second set of relatively
      flexible ribs arranged to frictionally grip and seal the edge portion of a
      panel or pane positioned between the channel-forming webs of the strip or
      sash.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to panel-holding or framing strips,
      and more particularly to extruded plastic channel-forming strips of the
      type used as storm sash, picture frames, glazing strips, and similar
      panel-edging strips.
PAR  The prior art contains numerous different forms and constructions of metal
      and plastic channels, panel-edging or framing strips and window sash, both
      molded and extruded. Typical examples of these prior art panel-framing
      and/or glazing strips are shown and described in the previously issued
      U.S. Pats. Nos. 3,363,390 to Crane et al; 3,379,237 to Worthington;
      3,455,080 to Meadows and 3,729,045 to MacDonald, which patents are
      believed to represent the closest known art relative to this invention.
      However, while the panel-framing and screen and window sash strips shown
      in the aforementioned prior art patents are satisfactory for their
      intended end uses, they have relatively limited usage and lack certain
      functional and constructional features which are embodied in the
      panel-holding strip of this invention.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The present invention provides an extruded, one-piece, plastic
      panel-holding strip of generally channel-shaped cross-section which
      features a flexible hinge web or bight connecting the opposed side walls
      or webs of the channel for hinging movement between open and closed
      positions with respect to an outer edge of a panel to be supported by the
      strip, and wherein opposed sets of relatively engageable ribs are formed
      on the inner surfaces of the channel-forming side walls of the strip and
      arranged to provide an interfitting, snap-type locking arrangement between
      the hingedly connected channel-forming webs.
PAR  The primary object of this invention is to provide a comparatively
      inexpensive extruded plastic channel strip which lends itself particularly
      for use as a supporting border frame or sash for an interiorly mounted
      storm window pane, and which is so constructed as to permit the channel
      strip to be adhesively applied to an interior window of a home or other
      building, and to be hingedly opened to permit the storm window pane or
      light to be removed from the strip and the window frame for cleaning or
      storage.
PAR  Another object is to provide a panel-holding strip or border frame member
      which comprises a single piece, dual durometer, extruded plastic channel
      having substantially rigid side webs connected by a flexible hinge bight
      which permits the side webs to be hinged or pivoted so as to open or close
      the channel, and wherein the inner surfaces of the side webs are formed
      with integral, snap-locking ribs which may be relatively engaged to hold
      the side webs of the channel in closed position around the edge of a panel
      or window pane.
PAR  A further object is to provide an extruded plastic framing strip having
      opposite, hingedly connected side webs formed with sets of longitudinally
      coextensive locking ribs which permit the strip to be either folded on
      itself and snap-locked in single channel-forming configuration, or
      interlocked with one or more additional, identically constructed strips to
      form a plurality of parallel or angularly related panel-holding channels.
PAR  These and other objects and advantages of the invention will become more
      readily apparent from the following description and the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a fragmented vertical sectional view taken through a window frame
      equipped with an interior storm or draft-preventing window which comprises
      panel-holding strips according to this invention;
PAR  FIG. 2 is a fragmentary horizontal sectional view taken through the window
      frame and the interior draft-preventing window along a plane indicated by
      the line 2--2 of FIG. 1;
PAR  FIGS. 3, 4, and 5 are detailed horizontal sectional views showing two of
      the present panel-holding strips interconnected to form a mullion and/or a
      double panel-holding frame; and
PAR  FIG. 6 is a horizontal sectional view showing six of the present
      panel-holding strips interconnected to form an apex frame for six
      angularly disposed panels.
PAR  FIG. 7 is a broken perspective view of the panel-holding strip in its
      closed channel-forming position; and
PAR  FIG. 8 is a similar view of the panel-holding strip in a flat, open
      position.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 illustrate the present extruded plastic panel-holding strips
      10a, 10b and 10c used as a border frame or sash for an inside or
      interiorly positioned storm or draft-preventing panel, pane, or light 11.
      In FIGS. 1 and 2, reference numeral 12 designates a conventional
      rectangular window opening defined by a pair of upright side frame members
      13 and 14, a horizontal, upper headpiece 15, and a horizontal interior
      sill 16. Each of the sash strips 10a, 10b and 10c are cut to desired
      lengths and are adhesively secured by a longitudinally coextensive,
      pressure sensitive adhesive strip 17 to the inside or interior surfaces of
      the headpiece 14 and side members 13 and 14 of the conventional wood,
      metal, or plastic window frame.
PAR  Advantageously, the strips 10a, 10b and 10c may be first applied to the
      upper and opposite side edges of the storm pane 11 before they are pressed
      into adhesive contact with the interior surfaces of the headpiece 15 and
      side members 13 and 14 of the window frame. The lower edge portion 18 of
      the pane 11 is frictionally fitted into the channel portion 19 of a
      conventional extruded plastic foot strip 20 which extends transversely
      across the window opening 12 and which is formed with a plurality of
      integral, flexible weather sealing ribs or webs 21 which are pressed
      against the upper surface of the window sill 16. In buildings having flush
      window openings with no interior sill, the foot strip 20 is replaced by
      one of the present panel holding strips of a length corresponding to the
      length of the strip 10a, and which is adhesively secured to the window
      frame or wall immediately below the window opening.
PAR  In the positions shown in FIGS. 1 and 2, the pane or light 11 is
      effectively supported and weather sealed on all four sides of the window
      opening 12 by the present panel-holding strips 10a, 10b and 10c and the
      foot strip 20, and thus provides an efficient interiorly mounted storm
      window or auxiliary thermal draft shield which is in addition to the
      regular window, not shown, which occupies the window opening 12. While the
      panel-holding strips 10a, 10b and 10c may be detached from the adjacent
      surfaces of the window frame by prying or peeling the adhesive strips 17
      therefrom, this is usually unnecessary since the pane or light 11 and the
      foot strip 20 may be easily removed from the window opening simply by
      opening the strips 10a, 10b and 10c, as indicated by broken lines in FIG.
      1, and lifting the pane 11 and its foot strip 20 free of the strips 10a,
      10b and 10c and the window opening. Thus, the auxiliary panes or lights 11
      may be readily removed from the window frame and stored during warm
      weather and may be easily replaced in the strips 10a, 10b and 10c when
      needed.
PAR  With particular reference to FIGS. 7 and 8 of the drawings, it will be seen
      that the present panel-holding strip 10 takes the form of an elongated
      rectangular, one-piece body of synthetic resin (plastic) composition.
      Preferably, the strips are extruded from a dual durometer plastic, such a
      polyvinyl chloride, to provide a pair of opposed, rigid, channel-forming
      side walls or webs 25 and 26 which are joined along one longitudinal edge
      thereof by an integral, longitudinally coextensive, flexible hinge web 27.
      The hinge web 27 connects the opposite side walls 25 and 26 of the strip
      for hinging or pivotal swinging movement between a substantially flat,
      open position, as illustrated in FIG. 8, and a closed, channel-defining
      position as illustrated in FIGS. 1, 2, and 7. In this respect, the present
      panel-holding strip resembles the outer cover of a hardback book.
PAR  Each of the side walls 25 and 26 of the strip are formed adjacent the hinge
      web 27 and on their inner surfaces with sets or pairs of parallel,
      longitudinally coextensive locking ribs 28 and 29 respectively. The ribs
      28 are spaced slightly closer apart than are the ribs 29, and each of the
      ribs 28 and 29 are formed along their outer edges with shouldered or
      barbed heads or beads 30. Thus, when the side walls 25 and 26 of the strip
      are folded or swung to a closed, channel-defining position (FIGS. 1, 2,
      and 7) the set of ribs 28 move between the set of ribs 29 and the barbed
      beads 30 of the ribs provide a snap-type interlock for releasably holding
      the opposite side walls 25 and 26 in relatively closely spaced apart,
      channel-forming relation. The side walls 25 and 26 of the strip are also
      formed on their inner surfaces, adjacent their free longitudinal edges,
      with sets or pairs of inwardly projecting, longitudinally coextensive and
      flexible panel-sealing and gripping ribs 31 and 32 respectively. The ribs
      31 project obliquely inwardly of the channel formed between the side walls
      25 and 26 of the strip, while the opposite ribs 32 project generally
      perpendicularly into the channel to provide a pair of rounded, cushion
      surfaces for the edge of the panel or pane 11 occupying the channel. Thus,
      the ribs 31 are arranged to be flexed angularly inwardly of the channel
      defined between the side walls 25 and 26 when brought into contact with
      the marginal edge of the panel or pane 11 and tenaciously resist outward
      displacement or removal of the pane 11 from the channel of the strip.
PAR  Uniquely, the locking ribs 28 and 29 serve not only to frictionally snap
      lock a single strip 10 in its folded, channel-forming configuration, but
      also provide a snap-locking means for releasably connecting two or more of
      such strips in multiple channel-forming order. FIGS. 3-6 illustrate the
      versatility of the present panel-holding strips in providing various
      different configurations or types of multiple channel, panel-holding
      edging members.
PAR  FIG. 3 illustrates two of the strips 10 interlocked in relatively flat,
      parallel relationship by the ribs 28 and 29, so as to provide a mullion or
      double channel frame between a pair of coplanar panels or panes 34 and 35.
PAR  FIG. 4 shows the same two strips 10 interconnected as in FIG. 3, but folded
      along their hinge webs 27 to form a right angular hinge-type corner strip
      between two perpendicularly related panels or panes 34a and 35a.
PAR  FIG. 5 illustrates the two interconnected strips 10 of FIGS. 3 and 4 folded
      along their flexible hinge webs 27 to form a double channel arrangement to
      receive and hold two, relatively spaced apart, parallel panels or sheets
      34b and 35b. The arrangement of the strips, as shown in FIG. 5, is
      particularly useful in providing a dual panel-holding sash, such as might
      be used for a double pane storm window, or a combination storm pane and
      screen window.
PAR  FIG. 6 shows an arrangement in which six of the panel-holding strips 10 are
      interlocked to receive and support six angularly related panels 36, 37,
      38, 39, 40 and 41, such as might be used to form the vertically arranged
      walls of a multicompartment display booth or carol.
PAR  It should be understood that the present panel-holding strip is not
      restricted in its use to a sash strip for holding or framing window panes,
      but may be used generally as a frame member to receive and hold a marginal
      edge portion of numerous different types of rigid, semi-rigid, or flexible
      panels or sheets, such as: loose leaf paper, paper board, metal wire
      screens, photographs, posters, bulletin boards, mirrors, etc. In this
      regard, the relatively close spacing between the panel-gripping ribs 31
      and 32, coupled with their flexibility, readily adapts the strips to
      receive and hold panels or sheets of varying thickness.
PAR  It will, therefore, be apparent that the present invention provides a
      hightly versatile and efficient, foldable panel-holding strip which is
      characterized by its ability to be folded on itself and releasably locked
      to provide a single channel, border frame strip for a single panel or
      sheet, or interlocked with one or more identical strips to form plural
      channels to receive and hold a plurality of panels or sheets disposed in
      various angular relation to one another.
PAR  While a preferred embodiment of the invention has been shown and described
      in detail, it will be understood that various modifications in details of
      construction and design are possible without departing from the spirit of
      the invention or the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A panel-holding strip comprising an elongated, one-piece body of dual
      durometer, extruded plastic composition, said body including a pair of
      opposed, longitudinally coextensive, generally flat rectangular, rigid,
      channel-forming webs connected along adjacent longitudinal edges thereof
      by an intergral, flexible hinge web, said channel-forming webs being
      movable between an angularly related open position and a closed,
      channel-defining position in which said channel-forming webs are disposed
      in relatively closely spaced apart parallel relation, and each of said
      channel-forming webs having an inner surface which includes sets of
      longitudinally coextensive, transversely spaced apart, parallel, inwardly
      projecting ribs, one set of the ribs on one of said channel-forming webs
      being arranged to frictionally interlock with a set of ribs on the other
      of said channel-forming webs to releaseably hold said channel-forming webs
      in their closed, channel-defining position, and other sets of the ribs on
      each of said channel-forming webs being flexible and being arranged in
      spaced opposition to one another to frictionally grip and seal the edge of
      a panel inserted between said channel-forming webs when they occupy their
      closed, channel-defining position.
NUM  2.
PAR  2. A panel-holding strip according to claim 1 which further includes an
      adhesive strip carried on the outer surface of one of the channel-forming
      webs of said body for adhesively securing said panel-holding strip to a
      supporting surface.
NUM  3.
PAR  3. A panel-holding strip according to claim 1, wherein the frictionally
      interlocking ribs of one of said channel-forming webs are spaced
      transversely farther apart than the complemental interlocking ribs of the
      other of said channel-forming webs.
NUM  4.
PAR  4. A panel-holding strip according to claim 1, in combination with a
      transparent plastic sheet having an edge portion thereof held between the
      flexible ribs of said channel-forming webs.
NUM  5.
PAR  5. A panel-holding strip according to claim 3, wherein the frictionally
      interlocking ribs of each of said channel-forming webs terminate in
      hook-shaped beads.
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ABST
PAL  Piles of sheets printed with numbered banknotes are cut into bundles, and
      the bundles are stacked in magazines of a rotary-drum bundle collector to
      form packets in which the notes are sequentially numbered, these packets
      being wrapped and then arranged in a serial ordinator. During delivery to
      the collector, bundles containing previously marked spoil notes are
      detected and deviated. The spoil notes are replaced at a substitution
      station and the bundles remade. Dummy bundles are inserted in gaps left in
      the delivery line, so as to maintain the correct sequence in the
      collector, and are removed at the collector output and replaced by the
      respective remade bundles.
BSUM
PAR  The invention relates to the processing of piles each formed of a constant
      number of sheets each printed with N numbered security papers such as
      banknotes, in which the numbering of the security papers at like positions
      of the successive sheets of each pile and of the successive piles is in an
      uninterrupted sequence, and on which sheets some of the security papers
      may bear control marks recording imperfections, into bundles of security
      papers each having said constant number of security papers in sequential
      order and arranged in packets of sequentially numbered bundles in which
      said imperfect security papers are replaced by perfect ones.
PAR  Freshly printed sheets banknotes and similar security papers are manually
      visually controlled for the presence of printing errors or dirt marks,
      each imperfect banknote being marked for example by means of a special
      graphite pencil to enable the detection and removal of the imperfect
      banknote at a later stage. The visually controlled sheets of banknotes,
      possibly bearing some of these special marks, must then be cut into
      individual banknotes. This cutting is carried out with piles of sheets to
      form bundles of stacked banknotes, and by appropriately numbering the
      sheets each bundle is arranged to have successively numbered banknotes;
      adjacent bundles of each pile do not follow in numerical sequence, but the
      bundles each cut from a given position on the successive piles of sheets
      follow on. Consequently, the bundles, which are usually banded, of the
      successively cut piles of sheets must be sorted into packets wherein the
      banknotes, arranged in bundles, are sequentially numbered according to a
      given serial.
PAR  For example, a numbering machine may deliver piles each of one hundred
      sheets which are cut into bundles each of one hundred banknotes which,
      after banding, are arranged in packets of ten bundles each having one
      thousand sequentially numbered banknotes. When for example the number of
      serials per sheet is twenty-four (i.e. there are 24 banknotes per sheet,
      arranged for example in six rows of four columns), the arrangement into
      packets of ten bundles requires piling of the first, 25th, 49th . . . etc
      . . . bundles; the second, 26th, 50th . . . etc . . . bundles; and so on,
      to ensure that each packet has one thousand banknotes numbered in perfect
      sequence and each belonging to a given series of a thousand banknotes.
PAR  For example, all of the banknotes on a sheet may have the same numbering in
      the final three digits of the number whereas the various banknotes on a
      sheet may be differentiated by their different serial designations, for
      example by providing differently numbered tens of thousands, or even
      higher numerotations.
PAR  In automated or semi-automated lines for processing such freshly printed
      and numbered sheets of banknotes, there is thus a problem of automatically
      providing the required sorting of the cut and banded bundles while
      ensuring that any imperfect bank-notes in the bundles are replaced by
      perfect and numbered banknotes, without disturbing the automation of said
      sorting and the formation of packets.
PAR  The invention therefore provides an installation for processing piles of
      numbered sheets into packets of bundles as set out above, comprising:
PAR  means for receiving a pile of sheets and cutting the pile into N bundles of
      security papers;
PAR  means for conveying the bundles of each successively cut pile in a given
      order along a first path;
PAR  a detector for detecting the presence in a bundle along said first path of
      at least one marked imperfect security paper;
PAR  means responsive to said detector for deviating from said first path said
      bundles including imperfect security papers;
PAR  means for placing dummy bundles each in the place in said first path
      formerly occupied by a deviated bundle;
PAR  a bundle collecting device including N individual magazines for receiving
      respective ones of the N bundles formed from each pile of sheets, and the
      respective dummy bundles, at the end of said first path to form N packets
      of a given number of bundles from a given number of piles;
PAR  means for conveying the packets of bundles from said collecting device
      along a second path to a packet wrapping device;
PAR  a substitution station for receiving said deviated bundles and treating
      them to remove imperfect security papers and replace them by perfect
      numbered security papers, and reform the bundle in the correct order;
PAR  and at least one bundle replacement station located before said packet
      wrapping device where said dummy bundles are removed from the at least
      partly formed packets and replaced by the respective reformed bundles
      delivered by said substitution station.
PAR  By means of this installation, in each of the magazines of the collecting
      device there are thus formed packets of bundles in the correct numerical
      sequence, and the time taken for passage of the bundles through the
      collecting device is employed to substitute, with perfect banknotes, any
      imperfect banknotes (or other security papers) in the bundles which are
      deviated from the normal conveying line before delivery to the collecting
      device. The reformed bundles are then only reintroduced into the normal
      conveying line during formation of the packets in the collecting device,
      or downstrean of the collecting device after formation of the packets. The
      substitution of dummy bundles in the places left vacant by the deviated
      bundles enables automated sorting to be carried out in the bundle
      collecting device without interruption and without disruption of the
      correct sequence. The collecting device advantageously consists of two
      like drums each having N magazines at its periphery, one of the drums
      being loaded during a slow rotation thereof until all of its magazines are
      filled, whereas during the same time the other previously-loaded magazine
      is rotated step-by-step and is unloaded by expulsion of the packets of
      bundles from the magazines to, for example, a conveyor belt moving them
      along the second path.
PAR  The invention also concerns a method of processing piles of sheets printed
      with security paper into packets of bundles.
DRWD
PAR  The invention will now be described in detail, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic overall plan view of an installation according to the
      invention;
PAR  FIG. 2 is a schematic plan view of a distribution head as well as a bundle
      collecting device formed of two like drums;
PAR  FIG. 3 is a schematic cross-section of the distribution head of FIG. 2,
      shown on an enlarged scale;
PAR  FIG. 4 is a schematic cross-section of the two drums of FIG. 2, one of
      these drums being empty at the beginning of a loading operation, and the
      other being fully loaded;
PAR  FIG. 5 is a schematic axial cross-section through one of the drums, shown
      on an enlarged scale;
PAR  FIG. 6 is a partial plan view of a drum, in cross-section along line VI--VI
      of FIG. 5; and
PAR  FIG. 7 schematically shows an extension to the installation by the
      adjunction of a sheet numbering machine.
DETD
PAR  The installation of FIG. 1 is for the processing of sheets already printed
      with numbered banknotes, which are supplied to an input A of a cutting
      machine, in piles 1 each of 100 sheets. In the example considered, each
      sheet carries 24 printed banknotes arranged in four columns and six rows.
      The banknotes in a pile 1 of sheets each belong to a determined serial and
      are sequentially numbered within this serial. During a preliminary
      inspection of the sheets, defective or maculated banknotes are marked by
      means such that when bundles of the banknotes later pass a detector G, the
      detector responds to these marks.
PAR  The piles 1 of sheets are delivered to a first cutting unit C1 where the
      left-hand edges, looking in the direction of feed, of the piles are
      trimmed. Next, the piles 1 are delivered to an angular counting station D,
      where the number of sheets is automatically counted to check that each
      pile 1 contains one hundred sheets. After a change in their direction of
      feed by 90.degree., the piles 1 are delivered to a second cutting unit C2
      which, after trimming the leading edge of each pile 1, cuts the pile of
      sheets into four strips 2 each of width corresponding to the length of a
      banknote, each strip in the pile having six banknotes in a row. At a third
      cutting unit C3, the left hand edges of the piled strips 2, looking in the
      direction of feed, are trimmed. After a further change of 90.degree. in
      the direction of feed, the strips 2 are delivered to a fourth cutting unit
      C4 where the forward edge of each pile of strips 2 is firstly trimmed, and
      then the strips are cut into bundles 3 each containing one hundred cut
      banknotes.
PAR  After leaving cutting unit C4, the separate bundles 3 continue along
      conveyor path 90 where, after a change of direction of 90.degree., they
      are each banded in a banding unit E, and the bands imprinted in a printing
      unit F.
PAR  The banded bundles 4 pass by a detector G which scans them and detects the
      presence of one or several marked spoil notes in any bundle 4 and emits a
      corresponding actuating signal to a mechanical deviating device H where
      the bundles 4, after a further change of 90.degree. in the feed direction,
      pass after a given time interval. The device H diverts every bundle 4 with
      one or more spoil notes onto a special conveyor belt 95. The detector G
      may for example be a capacitative or inductive detector reacting to the
      dielectric or inductive properties of the marking substance applied to the
      spoil notes. However, it is possible to use detectors reacting to
      different criteria of appropriate marking substances.
PAR  In the following description, it is firstly supposed that there are no
      bundles with spoil notes, and consequently no interruption in the
      succession of bundles. At a station J, the successive bundles are
      alternately turned by 90.degree. to the right and to the left; this
      ensures that intaglio printed notes, or notes which contain a watermark,
      for example, will not be detrimental to uniformity of the heights of the
      packets formed later on.
PAR  The bundles 4 are then fed from conveyor path 90, by means of a
      distribution head L and two conveyors 91, which will be described later
      with reference to FIGS. 2 and 3, to a collection device formed of two like
      bundle collecting drums M1, M2, which will be described later with
      reference to FIGS. 4 and 6. The bundles 4 are supplied by distribution
      head L, so that when one of the bundle drums is filled, the following
      bundles are switched without interruption to the other drum until this is
      filled in turn, and so on. In this way, the filled drum can discharge
      while the other is being filled. Each drum has, uniformly spaced about its
      periphery, as many banknote magazines as there are printed banknotes per
      sheet, i.e. twenty four magazines in the example under consideration. The
      24 bundles 4 from one and the same pile 1 of sheets are thus placed in
      respective successive ones of the twenty four magazines of one of the
      drums. Each drum rotates so that the bundles 4, from successive pile 1 of
      sheets, and which correspond to a given banknote position on the sheets,
      are all stacked in one given magazine of a drum. For example, in each
      magazine 10 bundles 4 of banknotes are stacked to form a packet in which
      the notes all originate from a given position on the 10 successive piles
      of sheets, and hence have the same serial number. Since in the numbering
      machine, the same positions of successive sheets are numbered
      consecutively, the banknotes of all the bundles and packets of bundles are
      numbered sequentially.
PAR  After filling all the magazines of one drum, these packets 80 of notes are
      discharged one-by-one from each magazine onto a conveyor belt 92 which
      delivers them onto a further conveyor belt 93. A counter W at the point of
      convergence of belts 92 and 93 effects a count to ensure that each packet
      80 contains a thousand notes. The packets 80, each formed of ten bundles
      of a hundred banknotes, are then banded at a banding station O and the
      packet bands are imprinted by a printer P. The banded packets are then
      tumbled from their upstanding position to lay flat and are each wrapped in
      a sheet of heat-shrinkable plastics material at a station Q, then passed
      through a shrink tunnel where the wrap sheets are heat shrunk to tightly
      enclose all faces of the packets. The wrapped packets 81 are then fed
      one-by-one onto a conveyor belt 94 of a serial ordinator R, this belt
      having a capacity corresponding to the number of serials (notes) contained
      in the printed sheets; for example, it is able to receive 24 packets. When
      the entire length of belt 94 is fully loaded with packets, the entire row
      of packets is automatically discharged sideways, as indicated by the
      arrow, by a register bar 96. By means of adjustable transverse guide
      rails, these rows of packets are separated so that the transverse columns
      of packets of the same serial are clearly separated from the adjacent
      columns of packets of other serials, thus ensuring that all the packets
      belonging to the same serial are always automatically discharged in the
      same column. The individual packets then slide by their own weight down a
      slope towards a delivery where they may be directly packed into boxes.
PAR  The described installation hence enables automatic processing of the sheets
      leaving the numbering device up to wrapping of packets each containing, in
      the given example, a thousand banknotes in number and serial sequence,
      formed as 10 bundles each of 100 banknotes, and arrangement of the wrapped
      packets whereby packets of the same serial are clearly separated from
      packet of another serial.
PAR  In the following example, we will consider the case in which there is at
      least one spoil note on a sheet, and a bundle 4 containing one or more
      spoil notes is detected by detector G, the position of the spoil note(s)
      in the bundle being of no importance. This bundle 4 is diverted from the
      normal conveyor line by deviating device H onto conveyor belt 95 which
      delivers it towards a semi-automatic substitution station S. After removal
      of the band, the hundred banknotes of the bundle are automatically passed
      one-by-one under a detector which scans them and identifies each spoil
      note, which is replaced by a perfect note from a separate magazine, and
      the bundle is remade with the banknotes in the same correct sequence. Each
      replacement note thus occupies the place left vacant in the bundle by the
      removed spoil note. The replacement note may come from a "star" series, or
      is printed with the appropriate number by a small numbering machine, so
      that the reformed bundle has the correct numerical sequence.
PAR  For the purpose of control, the removed spoil notes and the inserted
      replacement notes are counted and recorded, preferably automatically. When
      the replacement notes bear the numbers of a special star series, a printed
      control sheet is provided for each reformed 100-note bundle to record the
      number of replacement notes in the bundle as well as the serial number of
      the replacement notes and of the removed spoil notes.
PAR  The reformed bundles leaving substitution station S are rebanded in a
      banding machine T, for example using pre-printed bands, then controlled by
      a detector U, similar to detector G, to ensure that all of the spoil notes
      have been replaced, and in a note counter V which checks whether the
      bundles are complete. The controlled, reformed bundles 4b are then
      delivered by a conveyor belt 97, which passes over belt 93 in the
      proximity of the output of drums M1, M2 where two operators at stations N1
      and N2 take the reformed bundles 4b from belt 97 and insert them manually
      into their respective position -- the identification of which will be
      explained further on -- in the packets of bundles. This insertion may
      advantageously take place in the individual magazines of drums M1 and M2
      during formation of the packets of bundles, where the reformed bundles 4b
      are simply inserted at the top of the packet being formed.
PAR  During substitution of the spoil notes by perfect ones at substitution
      station S, and the subsequent reforming and control operations, the
      processing of bundles containing no spoil notes continues without
      interruption on the main conveyor path between device H and the drums M1,
      M2. To achieve this, and to enable replacement of the reformed bundles in
      the correct position, each gap in the line of bundles along the conveyor
      path created by the diversion of a bundle 4 containing one or more spoil
      notes is automatically filled by the insertion of a dummy bundle 4a formed
      by a block having the same size as the regular 100-note bundles.
      Introduction of the dummy bundles 4a for example takes place at a
      replacement station K, situated before the distribution head L, and
      controlled by detector G. By the insertion of these dummy bundles, the
      correct sequence of introduction of the bundles in the magazines of drums
      M1, M2 is maintained without perturbation. Alternatively, this replacement
      station could be formed by a magazine K' disposed centrally above the
      distribution head L, where the dummy bundles are allowed to drop into the
      gaps. The dummy bundles preferably have a distinctive colour and are
      sequentially numbered on a face which will remain visible in a formed
      packet, which enables them to be extracted from the packets being formed
      in the magazines of drums M1, M2 and replaced by the corresponding remade
      bundles 4b whose places they had occupied. This substitution is for
      example manually carried out by operators at stations N1, N2. At the
      delivery of drums M1, M2, counter W controls whether all of the packets
      are complete. A supplementary detector X, similar to detector G is placed
      along an initial section of belt 93, before banding station O, to detect
      and signal the presence of a dummy bundle which may inadvertently have
      been left in a packet.
PAR  Supposing that at a normal operating speed 24 100-note bundles (i.e. 2400
      banknotes) are treated per minute, the time required to fill or empty one
      of drums M1, M2 with a total of 240 bundles take about 10 minutes, so that
      about 10 minutes are available for the substitution of spoil notes, and
      reforming and controlling the bundles diverted by device H before
      reintegrating them in the main flow line. This time interval is in general
      sufficient for the described substitution. If it becomes necessary to
      remove and replace a high number of spoil notes in a short time, the speed
      of operation of the installation could if necessary be momentaneously
      slowed, or it would be possible to provide a second substitution station
      in parallel.
PAR  Alternatively, replacement of the reformed bundles could be carried out on
      belt 92 before passage by the counter W and detector X.
PAR  Reference is now made to FIGS. 2 and 3 showing the distribution head, and
      FIGS. 4 to 6 showing the bundle collecting drums M1, M2. The banded
      bundles 4 from conveyor path 90 arrive on a distribution table 5 (FIG. 3)
      disposed transverse to the previous feed direction. Under table 5 are
      disposed two pivoted levers 6 and 7 whose respective upper ends 10 and 11
      form deviating fingers. According to whether the bundles 4 must be
      delivered to drum M1 or M2, a respective lever 6 or 7 is actuated by a cam
      15 whereas the other lever is locked, by an electromagnetic bolt 12 or 13,
      in a neutral position in which the end 10 or 11 of the lever remains below
      the surface of table 5. In the example shown in FIG. 3, lever 6 is
      reciprocated by cam 15 and its end 10 pushes each bundle 4 onto table 5
      and under a conveying chain 16 carrying pointed registers 16a which drive
      the bundles 4 in the direction of the arrow up to the edge 14 of the table
      from where they drop or slide down a slope into one of the magazines 18 of
      drum M1. As long as the lever 6 is actuated, i.e. unlocked, the other
      lever 7 is locked in its neutral position by the bolt 12 in its locking
      position. On the other side of the lever system and in alignment with
      chain 16 is a like conveyor chain 17 supplied by lever 7 to deliver the
      bundles to drum M2. Switching of the locks 12 and 13 is controlled by an
      electronic counter, not shown, each time the number of bundles 4 to
      completely fill one of the drums has been reached.
PAR  As shown in FIG. 2, the chains 16, 17 may advantageously be pivotally
      mounted about vertical axes 19, 20 whereby, under the action of
      compressed-air cylinders 21, 22 whose pistons are pivoted to the chain
      carrier, the chains can be swung away from the corresponding drums to
      facilitate access to the drums for maintenance and repair.
PAR  The drums M1, M2 are identical and each comprise, as shown in FIGS. 4 and
      5, a base 23 supporting a central column 24 about which the drum body is
      rotatably guided. This drum body consists principally of a rotary
      dish-like base plate 25, peripheral support posts 30 extended radially
      outwardly by vertical walls 31 defining the individual compartments or
      magazines 18, and an upper plate 32. The drum body is rotatably suspended,
      by its upper plate 32, from an upper pivot 33 on column 24 by means of a
      roller bearing 34. The base plate 25 is rotatably mounted on the foot of
      column 24 by means of a ball bearing 29 and carries, disposed inside base
      23, a toothed wheel 26 meshing with a wormscrew 28 integral with a shaft
      27 (FIG. 4) driven by a motor (not shown) to rotate the drum.
PAR  The upright magazines 18 are open at their upper ends as well as on their
      inner and outer faces, and each comprise a mobile support plate 42
      engaging between the posts 30 and walls 31 of the magazine. Plates 42 are
      fixed on a common ring 43 carried by three equispaced upright screws 35
      engaging in corresponding threaded bores in ring 43. Screws 35 are
      rotatably mounted in bearings 36, 37 fixed respectively to plates 32 and
      25. At their upper ends, the screws 35 have chainwheels 39 connected by an
      endless chain 40 passing about a central chainwheel 41. The chainwheel 41
      is tightly fitted on a crown 44 rotatably mounted under roller bearing 34
      by means of a ball bearing in the lower part of pivot 33; crown 44 further
      carries a toothed wheel 45 disposed coaxial to and under chainwheel 41.
      Wheel 45 meshes with a pinion 46 keyed on a shaft 47 of a motor 48 secured
      on the column 24 by a bracket 49. During filling of the drum, motor 48 is
      stopped so that chainwheel 41 and chain 40 remain at rest. Upon rotation
      of the drum, the chainwheels 39 roll along the stationary chain 40 so that
      the screws 35 turn to lower the plates 42. The transmission ratio is such
      that for each rotation of the drum, the plates 42 move down by a distance
      equal to the thickness of one bundle 4 of notes, so that the height of the
      fall of the bundles 4 onto the packets being formed in the magazines 18
      always remains the same.
PAR  Before starting to fill a drum, the plates 42 are at the upper end-of-path
      position shown in dashed lines on FIG. 5, and shown for drum M1 in FIG. 4;
      this position is chosen so that the height of fall from the edge 14 (FIG.
      3) of table 5, or from the end of the slope connected to edge 14, onto
      plate 42 is sufficiently small to avoid any bouncing of the bundles 4
      falling into the magazines, and hence being incorrectly positioned, or
      jammed.
PAR  The drum peripheral speed is synchronized with the speed of conveying
      chains 16 and 17 so that the successively delivered bundles 4 drop into
      successive magazines 18. The speed of lowering of plates 42 is
      proportional to the number of turns of the drum, and hence is directly
      dependent on the operating speed of the entire installation, which can be
      adjusted to suit the operating conditions. The number of magazines 18 of
      each drum corresponds to the number of positions of the security papers,
      i.e. the number of serials, per sheet, namely twenty-four in the given
      example.
PAR  When one drum is completely filled, the plates 42 reach the lower position
      shown in full lines in FIG. 5, and for drum M2 in FIG. 4, and while the
      following bundles 4 are fed towards the other drum by means of the lever
      system of distribution head L, the filled drum is uncoupled from the
      driving shaft 27 or the driving motor is switched off, for example by
      means of an end-of-path switch, not shown, actuated when a plate 42 or
      ring 43 reaches the lower position. Successive unloading of the magazines
      18 of the loaded drum then takes place by means of an axial pusher 50
      disposed within the drum and fixed on piston rod 51 of a hydraulic or
      pneumatic jack 52 fixed on column 24.
PAR  Pusher 50 faces conveyor belt 92 (FIG. 1), and has a height corresponding
      to that of a packet of bundles in a magazine 18; in operation, it pushes
      the packet from the magazine 18 facing belt 92 onto this belt, which then
      delivers it towards conveyor belt 93. To discharge a fully loaded drum,
      the drum is rotated step-by-step by a motor, not shown, so that each
      successive magazine 18 stops facing belt 92 and the packet therein is
      removed by pusher 50. Naturally, two conveyor belts 92 are provided for
      the respective drums M1, M2; they are disposed on either side of an end of
      belt 93 and are driven in opposite directions. Once one drum has been
      unloaded, motor 48 is switched on; this drives, via pinion 46 and toothed
      wheel 45, chainwheel 41 and chain 40. The drum is stationary, and screws
      35 are driven in the direction to raise ring 43 and plates 42. When ring
      43 reaches the upper position, the motor 48, preferably under the control
      of an end-of-path switch, is stopped and braked. The drum is thus once
      more in its initial state ready to receive a further load of bundles from
      the distribution head L. Hence, each time one drum is filled, the other is
      emptied, the loading time being sufficient for emptying of the other drum
      and replacement of its ring 43 in the upper position. The openings along
      the inner faces of the magazines 18, defined by posts 30, are of
      sufficient width to allow the passage of pusher 50, but less than the
      width of bundles 4 which bear against posts 30. To prevent bundles from
      falling out of the open outer face of magazines 18, a fixed outer grid 53
      is provided surrounding each drum and at least partially closing-off the
      open outer face of the magazines. These grids 53 have openings 54 facing
      conveyor belts 92 to allow the removal of packets, and further openings at
      the location of stations N1, N2.
PAR  The installation may, as previously mentioned with reference to FIG. 1, be
      independent of a principal numbering machine, in which case piles of
      already numbered sheets are manually delivered to the input A of the
      installation, or it is possible to connect the input of the cutting unit
      C1 to a numbering machine with a device for automatically delivering piles
      of printed and numbered sheets along a conveyor belt feeding them to the
      said input. In the latter case, the automatic processing of the sheets
      (inspected but not numbered) begins at the input of the numbering machine,
      whereby the processing is rationalized and security improved.
PAR  An example of this optional extension to the installation is schematically
      shown in FIG. 7. The printed but un-numbered sheets of security papers, on
      which possible printing errors have been marked as described earlier, are
      delivered one-by-one by means of a conventional sheet feeder 100 to a
      numbering machine 101. In this numbering machine, different positions or
      serials of successive sheets are numbered in perfect sequence. The
      numbering mechanism of machine 101 advances by one step upon each
      revolution of a numbering cylinder, in known manner.
PAR  A known chain drive device grips the sheets at the output of machine 101
      and conveys them successively as indicated by the arrow to location 1a
      where the sheets are released and fall to form a pile on table 103. When
      one hundred sheets have been piled, the following hundred sheets are piled
      at location 1b downstream of location 1a. While a pile is being formed at
      1b, the finished pile at 1a is pushed sideways by a pile shifter 102 onto
      a conveyor 105. Advantageously, the table 103 is lowered, at least when a
      pile is finished, so that the finished pile is out of the path of the
      chain drive device. When the following pile of sheets at location 1b is
      completed, the delivery of sheets is once more automatically switched to
      the cleared location 1a, and the pile at location 1b is pushed sideways
      onto conveyor 105 by shifter 102. The piles 1 of sheets are delivered by
      conveyor 105 to post 106 where they are automatically aligned and
      thereafter fed to the first cutting unit C1. The following operational
      posts of the installation correspond to those of FIG. 1.
PAR  Before the piles 1 reach the first cutting unit, an operator beside
      conveyor 105 may control the number printed on the uppermost sheet of the
      pile, since these sheets must have specific numbers.
PAR  The numbering machine 101 preferably includes conventional control devices
      which check the successive actuation of all of the numbering members after
      each revolution of the numbering cylinder. In case of a fault, a signal is
      delivered to place the number printing cylinder out of action before it
      prints with an incorrectly set number. In this manner, any numbering error
      is avoided, and the sheet in question moves along without being numbered
      and is extracted. Simultaneously, when a fault has been detected, the
      advance of all of the numbering members of the numbering machine is
      stopped during one revolution, to ensure numbering of the following sheets
      in perfect sequence. A numbering machine provided with such automatic
      number control means may, as indicated in dotted-dashed lines, have a
      location 104 situated in extension of table 103 and on which the
      unnumbered sheets, eliminated because of a fault in the numbering members,
      are placed. These sheets may thus be eliminated simply without it being
      necessary to stop the entire installation.
PAR  The described installation can be designed to process sheets of various
      formats; the smallest possible format is designated by 1' on FIG. 7. The
      installation may also be adapted for various numbers N of security papers,
      or "serials", in which case drums M1, M2 with the corresponding number of
      magazines should be used, and if necessary their speed of rotation should
      be adjusted.
PAR  To this end, interchangeable drums or magazines could be employed so that,
      according to the requirements, an appropriate number N of magazines
      regularly spaced about the periphery of the drum may be chosen, and the
      rotational speed of the drums appropriately set.
PAR  The invention, in its broadest aspect, is not limited to the described
      arrangement of the cutting members nor to the described arrangement of the
      distribution head and the magazine drums, but can englobe diverse
      variations thereof. Likewise, the number of bundles forming a packet may
      vary within large limits, as well as the number of sheets per pile i.e.
      the number of security papers per bundle which need not be 100, but could
      for example be only 50.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An installation for processing piles each formed of a constant number of
      sheets each printed with N numbered security papers such as banknotes, in
      which the numbering of the security papers at like positions of the
      successive sheets of each pile and of the successive piles is in an
      uninterrupted sequence, and on which sheets some of the security papers
      may bear control marks recording imperfections, into bundles of security
      papers each having said constant number of security papers in sequential
      order and arranged in packets of sequentially numbered bundles, in which
      said imperfect security papers are replaced by perfect ones, comprising:
PA1  means for receiving a pile of sheets and cutting the pile into N bundles of
      security papers;
PA1  means for conveying the bundles of each successively cut pile in a given
      order along a first path;
PA1  a detector for detecting the presence in a bundle along said first path of
      at least one marked imperfect security paper;
PA1  means responsive to said detector for deviating from said first path said
      bundles including imperfect security papers;
PA1  means for placing dummy bundles each in the place in said first path
      formerly occupied by a deviated bundle;
PA1  a bundle collecting device including N individual magazines for receiving
      respective ones of the N bundles formed from each pile of sheets, and the
      respective replaced dummy bundles, at the end of said first path to form N
      packets of a given number of bundles from a given number of piles;
PA1  means for conveying the packets of bundles from said collecting device
      along a second path to a packet wrapping device;
PA1  a substitution station for receiving said deviated bundles and treating
      them to remove imperfect security papers and replace them by perfect
      numbered security papers, and reform the bundles in the correct order;
PA1  and at least one bundle replacement station located before said packet
      wrapping device where said dummy bundles are removed from the at least
      partly formed packets and replaced by the respective reformed bundles
      delivered by said substitution station.
NUM  2.
PAR  2. An installation according to claim 1, in which the bundle replacement
      station comprises magazines of said collector.
NUM  3.
PAR  3. An installation according to claim 1, in which said substitution station
      includes means for automatically passing the individual security papers of
      a deviated bundle one-by-one past a second detector.
NUM  4.
PAR  4. An installation according to claim 1, comprising first means on said
      first path before said deviating means for banding the bundles with
      printed bands, second means in the substitution station for banding the
      reformed bundles with printed bands, and third means between said bundle
      replacement station and said packet wrapping device for banding the
      packets with printed bands.
NUM  5.
PAR  5. An installation according to claim 1, in which said packet wrapping
      device includes means for placing each packet in a sheet of heat
      shrinkable material, and a heating tunnel for shrinking said sheets onto
      the packets.
NUM  6.
PAR  6. An installation according to claim 1, comprising after said packet
      wrapping device a serial ordinator for receiving rows of N packets with
      the packets of security papers cut from like positions on the sheets
      aligned in transverse columns.
NUM  7.
PAR  7. An installation according to claim 2, in which said collector includes
      at least one rotary drum having said N individual magazines arranged at
      its periphery, and comprising means for driving the drum in synchronism
      with the delivery of bundles along said first path to receive successive
      bundles one-by-one in successive magazines.
NUM  8.
PAR  8. An installation according to claim 7, in which said magazines extend
      vertically and each include a vertically movable support plate, and
      comprising means for lowering the support plates of the magazines at a
      rate proportional to the speed of rotation of the drum and corresponding
      at least approximately to the thickness of one bundle per revolution of
      the drum.
NUM  9.
PAR  9. An installation according to claim 8, in which the support plates of the
      drum are secured on a common ring supported on vertical screws rotatably
      mounted on a frame of the drum, each screw carrying a chainwheel, these
      chainwheels being kinematically connected by an endless chain passing
      about a further chainwheel, and comprising means for selectively locking
      and driving said further chainwheel whereby, when said further chainwheel
      is locked and the drum rotated in its direction of operation, said screws
      are rotated by coaction of their chainwheels with the stationary chain in
      a direction to lower said ring, and when the drum is stopped said further
      chainwheel may be driven to raise said ring.
NUM  10.
PAR  10. An installation according to claim 9, in which said further chainwheel
      is rotatably mounted on a fixed shaft and is kinematically connected to a
      toothed wheel meshing with a driving pinion of a motor.
NUM  11.
PAR  11. An installation according to claim 8, comprising end-of-path switches
      actuated when said support plates reach extreme upper and lower positions.
NUM  12.
PAR  12. An installation according to claim 7, comprising two like drums, and in
      which said first path terminates with a distribution head for alternately
      delivering bundles to fill one drum and then to the other drum, each drum
      being associated with a bundle replacement station at a given angular
      position of the magazines thereof.
NUM  13.
PAR  13. An installation according to claim 12, in which said distribution head
      includes two conveying chains for delivering bundles to respective drums,
      and means for feeding bundles to a selected conveying chain.
NUM  14.
PAR  14. An installation according to claim 12, in which each drum includes a
      radial pusher for removing packets of bundles from successive magazines of
      a filled drum facing a take-up conveyor when the drum is stopped during a
      step-by-step rotation thereof.
NUM  15.
PAR  15. An installation according to claim 12, comprising a conveyor belt for
      conveying reformed bundles from said substitution station to towards said
      bundle replacement stations.
NUM  16.
PAR  16. An installation according to claim 1, comprising a numbering machine
      with means for delivering numbered sheets in piles of a constant number of
      sheets along a given direction alternately to two locations, and means for
      moving a completed pile, during formation of another pile, laterally of
      said direction onto means for conveying the piles to said receiving and
      cutting means.
NUM  17.
PAR  17. An installation according to claim 1, in which said cutting means
      comprises four cutting units disposed along three conveying sections
      disposed perpendicular to one another, namely a first cutting unit on the
      first conveying section for trimming a first edge of a pile of sheets
      parallel to the direction of feed along said first conveying section, a
      second cutting unit on the second conveying section for trimming a second
      edge of the pile of sheets opposite said first edge and cutting the pile
      of sheets into strips, a third cutting unit on said second conveying
      section for trimming a third edge of said strips parallel to the direction
      of feed along said second conveying section, and a fourth cutting unit on
      the third conveying section for trimming a fourth edge of said strips
      opposite said third edge and cutting said strips into bundles.
NUM  18.
PAR  18. An installation according to claim 1, comprising, between said bundle
      replacement station and said package wrapping device, packet control means
      comprising means for detecting the presence of dummy bundles in the
      packets.
NUM  19.
PAR  19. A method of processing piles each formed of a constant number of sheets
      each printed with N numbered security papers such as banknotes, in which
      the numbering of the security papers at like positions of the successive
      sheets of each pile and of the successive piles is in an uninterrupted
      sequence, and on which sheets some of the security papers may bear control
      marks recording imperfections, into bundles of security papers each having
      said constant number of security papers in sequential order and arranged
      in packets of sequentially numbered bundles in which said imperfect
      security papers are replaced by perfect ones, comprising:
PA1  cutting each pile into N bundles of security papers;
PA1  conveying the bundles of each successively cut pile in given order along a
      first path;
PA1  detecting the presence in a bundle along said first path of at least one
      marked imperfect security paper;
PA1  deviating from said first path said bundles including imperfect security
      papers;
PA1  placing dummy bundles each in the place in said first path formerly
      occupied by a deviated bundle;
PA1  individually collecting respective ones of the N bundles formed from each
      pile of sheets, and the respective replaced dummy bundles, at the end of
      said first path to form N packets of a given number of bundles from a
      given number of piles;
PA1  conveying the packets of bundles along a second path and wrapping the
      packets;
PA1  treating said deviated bundles to remove imperfect security papers and
      replace them by perfect numbered security papers, and reform the bundles
      in the correct order;
PA1  and, before wrapping the packets, removing said dummy bundles from the at
      least partly formed packets and replacing them by the respective reformed
      bundles.
NUM  20.
PAR  20. A method according to claim 19, in which the bundles are collected and
      stacked by placing the bundles delivered successively to the end of the
      first path into successive magazines of a drum rotated in synchronization
      with the delivery of the bundles, and the dummy bundles are each removed
      from the top of a stack of bundles in a magazine and replaced at the top
      of the stack by the respective reformed bundle at a given angular location
      of the magazine.
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ABST
PAL  The apparatus of this invention axially compresses radially self-sustaining
      tubular duct for packaging in a container which is substantially shorter
      than the fully extended length of the duct. The duct passes between power
      operated conveyors applying tractive force to opposite sides of the duct
      and is positively driven to be axially compressed longitudinally into the
      container, the container being positioned in downstream adjacent relation
      to the power operated conveyors. A vacuum device is provided to exhaust
      air from within the duct to provide a partial vacuum therein while the
      duct is longitudinally compressed for packaging within its container. This
      invention also set forth a method of packaging tubular duct by conveying
      the duct into a container, sealing the duct and exhausting air from the
      sealed duct while driving the trailing end of the sealed duct into the
      container under partial vacuum.
BSUM
PAR  This invention generally relates to tubular duct making machines of the
      type disclosed in U.S. patent application Ser. No. 521,657 entitled
      "Machine for Manufacturing Insulated Duct" filed Nov. 7, 1975 in the names
      of William E. Rejeski and Norman J. Perusse and assigned to the assignee
      of this invention. More particularly, this invention concerns a packaging
      apparatus usable with the machine of the referenced application and a
      method of packaging flexible insulating duct of predetermined length.
PAR  A primary object of this invention is to provide a new and improved
      apparatus for vacuum packaging tubular duct.
PAR  Another object of this invention is to provide an apparatus of the above
      described type which is power operated and which readily compresses
      flexible insulating duct to a length substantially less than its normal
      fully extended length for ease in handling and shipping.
PAR  A further object of this invention is to provide such an apparatus which is
      of a simplified economical construction and which is quick and easy to set
      up for packaging duct of various diameter sizes.
PAR  Still another object of this invention is to provide a new and improved
      method of vacuum packaging tubular duct.
PAR  A further object of this invention is to provide a new and improved method
      of packaging tubular duct which not only provides a rapid method of
      quickly and easily compressing duct into a container having a length
      substantially less than the normal fully extended length of the duct, but
      minimizes the manual handling normally associated with conventional
      packaging techniques.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
PAR  A better understanding of this invention will be obtained from the
      following detailed description and the accompanying drawings of an
      illustrative application of the invention.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view schematically showing a duct making machine
      with which the apparatus and method of this invention may be used;
PAR  FIG. 2 is a side elevational view, partly broken away and partly in
      section, showing the apparatus of this invention;
PAR  FIG. 3 is an enlarged end view, partly broken away and partly in section,
      showing part of a pulley and belt conveyor utilized in the apparatus of
      FIG. 2; and
PAR  FIG. 4 is an enlarged plan view, partly broken away and partly in section,
      showing a duct guide member used in the apparatus of FIG. 2.
DETD
PAR  Referring to the drawings in detail, an apparatus 10 is shown for vacuum
      packaging tubular flexible insulating duct 12. The duct 12 is of an
      elongated type fully described and shown in U.S. patent application Ser.
      No. 515,055 William E. Rejeski, filed Oct. 15, 1974 and entitled "Method
      of Forming a Tubular Joint and the Product Formed Thereby" and assigned to
      the assignee of this invention. As described in this referenced patent
      application, the duct 12 is of an axially compressible but radially
      self-sustaining type which includes a central core 13, e.g., with a
      helical wire covered by a fabric, and a surrounding insulating material
      such as fiber glass wool 14 which is covered by an appropriate thin film
      material such as polyester or other suitable imperforate material such as
      plastic or paper to provide an outer casing 16 serving as a vapor barrier.
PAR  The duct 12 is formed into tubular shape of a continuous length and may be
      cut to a desired predetermined length. A machine for making the duct 12 is
      fully illustrated and described in the first referenced Rejeski et al.
      patent application Ser. No. 521,657. As best seen in FIG. 1, the outer
      vapor barrier casing 16 is drawn from a roll 18 directly about a sheet
      forming collar or so-called "sailor's" collar 20 adjacent a heat sealer
      22. The sailor's collar 20 acts to continuously form the casing 16 into a
      tubular configuration as the casing 16 is drawn over the outside surface
      of the collar 20 and then inverted over the lip of the sailor's collar 20
      as the film casing 16 is drawn into the machine along the inside surface
      of collar 20.
PAR  It is to be understood that the heat sealer 22 has suitable drive means,
      not shown, for engaging and driving opposed longitudinally extending free
      edges, not shown, of the casing 16, thereby to assist in drawing the
      insulation 14 and core 13 into the machine to be formed into tubular duct
      upon the free edges of the surrounding casing 16 being formed within the
      heat sealer 22 into a longitudinally extending joint along the uppermost
      surface of the duct. As fully described in the referenced Rejeski et al.
      patent application, Ser. No. 521,657, the insulation 14 is drawn through a
      sheet forming station or so-called "horse's" collar 24 coaxially aligned
      upstream of collar 20. As the insulation 14 passes through collar 24, the
      insulation 14 is formed in a configuration having a generally U-shaped
      cross-section before entry into the collar 20 where the insulation is
      further shaped into a completely tubular wrap about tubular core 13 before
      emerging from sailor's collar 20 surrounded by casing 16 which is also
      shaped by the collar 20 into tubular form about insulation 14.
PAR  The core 13 is deposited onto the insulation 14 to be carried thereby into
      the machine as the surrounding casing 16 is drawn through by the drive
      means, not shown, of heat sealer 22 and the cooperating upper and lower
      power operated belt conveyors 26 and 28. For depositing the core 13 onto
      insulation 14, a loading tube 30 is provided with a discharge opening in
      coaxially aligned upstream relation to collars 24 and 20. The nature of
      the loading tube 30 and its function is fully illustrated and described in
      U.S. patent application Ser. No. 523,213 of Norman J. Perusse, filed Nov.
      13, 1974 entitled "Apparatus for Feeding Core Material" and assigned to
      the assignee of this invention. It will suffice to understand that loading
      tube 30 is located to readily dispense core 13 onto insulation 14 such
      that insulation 14 and core 13 are fed in synchronism through forming
      collars 24 and 20 to concentrically wrap insulation 14 and casing 16 about
      core 13 to form the tubular duct 12.
PAR  Upper conveyor 26 acts jointly with lower conveyor 28 to provide continuous
      uniform control over duct 12 emerging from heat sealer 22 and to feed duct
      12 past a saw 32 of a downstream cutting unit 34 onto yet another power
      operated conveyor 36 positioned downstream of cutting unit 34, the
      conveyor 36 being aligned with lower conveyor 28 at a corresponding level
      to smoothly receive duct 12 as it moves past cutting unit 34.
PAR  As the finished, sealed duct 12 is fed through cutting unit 34, duct 12 in
      its fully extended length is driven by conveyor 36 to be conveyed
      lengthwise along a linear path of movement, extending axially of the duct
      12, toward a packaging platform 38 at a downstream discharge end of
      conveyor 36. As shown in FIG. 2, conveyor 36 may be a conventional endless
      belt operated by a chain drive 39 connected between a sprocket 40 on one
      of the conveyor shafts 42, 42 and output shaft 44 of a motor 46.
PAR  Conveyor 36 preferably is provided with adjustable duct guide means or side
      rails such as at 48 supported on adjustable mounting brackets shown at 50
      and 52 which will be understood to be secured to each side of a conveyor
      supporting table or frame 54. The brackets 50, 52 are shown at an upstream
      end of frame 54, but it also will be understood that other brackets are
      located at 56 and 58 on frame 54 for supporting the side rails 48.
      Brackets 50, 52 are each provided with suitable clamps 60, best seen in
      FIG. 4, for selective height and width adjustment for providing continuous
      guidance to the duct 12 emerging from the upstream duct forming machine.
      As shown in FIG. 4, each bracket 60 receives a horizontally extending rod
      62 projecting laterally outwardly relative to frame 54 to be clamped
      within brackets 50, 52 for selected lateral positioning of rail 48 upon
      similar adjustment of a vertical rod 64 to a desired height. A pair of
      L-shaped set screws 66, 68 releasably secure rods 62, 62 of brackets 50,
      52 to vertical rod 64 once the side rail 48 is located at a desired height
      and lateral position relative to the conveyor 36 for the size duct to be
      conveyed.
PAR  As the leading end of duct 12 approaches the downstream discharge end of
      conveyor 36, the upper surface of duct 12 engages a power duct puller 70.
      Specifically, power duct puller 70 includes an auxiliary or second power
      operated conveyor comprising a plurality of endless belts 72 trained over
      pulleys 74, 76 and 78 mounted on shafts 80, 82 and 84 rotatably supported
      on a frame or carriage 86. Two pulleys 74, 78 are shown in spaced parallel
      relation on shafts 80, 84 contained in a common horizontal plane, and the
      third pulley 76 is disposed between pulleys 74 and 78 in an offset raised
      position. A belt drive 88 is provided from motor 90 to shaft 80 for power
      operating the conveyor belts. The carriage 86 is supported for vertical
      sliding movement on a pair of spaced vertical rods 92, 92 fixed to frame
      54 and an upper cross bar 94 with the pulley supporting carriage 86 being
      drivingly connected to a lead screw 96. For selectively adjusting the
      height of the carriage 86 and thus the powered belt conveyor 70, the lead
      screw 96 vertically extends upwardly from its connection to the carriage
      86 through the fixed cross bar 94 to which the lead screw 96 is threadably
      connected for selectively raising and lowering the carriage 86 relative to
      lower belt conveyor 36 upon manual operation of a hand wheel 98. To
      effectively provide a positive tractive force for controlling the
      discharge of the duct from the conveyors 36 and 72, the overlying belts 72
      are trained over pulleys 74 and 78 which are preferably formed with
      central portions of a diameter less than the opposite end portions (FIG.
      3) to positively grip the upper arcuate surface of duct 12.
PAR  The carriage 86 overlies the discharge end of the conveyor 36 which is
      adjacent a fixed table 100 providing a package platform 103 having a
      height corresponding to that of the upper belt of conveyor 36 for
      supporting a packaging container or box 102 suitably dimensioned to
      receive a length of duct 12. The table 100 has a fixture 104 secured at
      its downstream end for mounting a vacuum nozzle 106 at a selected height
      to conform to the size box within which duct 12 is to be received, the
      vacuum nozzle 106 being of predetermined size to overlie an end opening
      108 of the box 102. The nozzle 106 is connected by hose 110 to a vacuum
      source which can be of a conventional type such as the illustrated
      cannister 112 which will be understood to be connected to a suitable
      source of electrical power, not shown. Fixture 104 is adjustable to permit
      the use of boxes of varying size for receiving duct 12 of different
      diameters. Accordingly, the fixture 104 is releasably secured to table 100
      by a conventional fastener 114 at a selected height depending on the size
      of box designed to receive the duct.
PAR  By virtue of the above described construction, the leading end of finished
      duct upon entering the duct puller 70 is positively gripped on opposite
      diametrical sides by conveyors 36 and 72 to be propelled past the
      discharge end of the conveyor 36 in a radially self-sustained form due to
      the duct reinforcing core 13, while the conveyors 36 and 72 effectively
      control aligned entry of the duct into an open entry end 116 of the box
      102.
PAR  Significantly improved duct compression and controlled rapid packaging is
      achieved by sealing the duct 12 and exhausting air from the sealed duct 12
      to produce a partial vacuum in the duct while continuing to positively
      drive the trailing end of duct 12 into the box 102. That is, the vacuum to
      be applied to assist packaging the duct 12 may be effected by having
      conveyors 36 and 72 drive duct 12 into position within box 102 to seat
      against the downstream box end, thereby to seal the leading end of the
      duct 12. The trailing end of duct 12 is sealed by any suitable box-end
      seal or closure, such as the flat piece of cardboard 118 which, with the
      vacuum applied, will be retained in position under atmospheric pressure
      due to the partial vacuum within the duct 12. As seen in FIG. 2, the
      apertured downstream box end is seated against the vacuum nozzle 106 which
      may be formed of a suitable resilient material such as a foam rubber or
      plastic which serves to effect a tight seal between the nozzle 106 and the
      box end surrounding the opening 108. As the trailing end of sealed duct 12
      passes between conveyors 36 and 72, the end closure 118 is normally
      maintained in position to hold the partial vacuum since the duct
      insulation and casing normally overlap the reinforcing core 13 (as
      described in the referenced Rejeski et al. patent application Ser. No.
      521,657) to result in a slightly flattened closed end of duct 12 which
      passes through the conveyors 36 and 72 with the end closure 118 in
      position.
PAR  Accordingly, the above described structure and method provides a uniformly
      controlled feed of each finished length of duct into an individual box 102
      under the influence of the vacuum assist and powered duct puller 70. The
      duct 12 just before entry into its box 102 is in a fully extended
      condition and positively gripped between the conveyors 36 and 72 to insure
      that there is no undesired rotation of the duct 12 about its axially
      extending path of travel nor any undesired deviation radially from its
      axial path of movement. An apparatus of the above described type is
      economical to make and is quick and easy to set up for a variety of duct
      of different diameter size, as well as being facile to adjust to provide a
      selected compressive force controlling entry of duct 12 into its box 102
      for packaging. The described lead screw adjustment permits an operator to
      selectively tailor the compressive force on the upper side of the flexible
      duct to insure controlled entry of the duct into the container without any
      tendency whatsoever for undesired buckling of the sealed duct under vacuum
      assist. After the duct 12 has entirely passed the conveyors 36 and 72, the
      trailing duct end may be manually manipulated into the box 102, and the
      end of the box is then closed with the duct packaged in compressed
      condition within its container. This apparatus has been found to work
      satisfactorily for compressing 25 foot lengths of duct into containers
      having a length of about 5.5 feet, providing significantly improved ease
      in handling and shipping.
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosure can be
      made without departing from the teachings of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. For use with tubular duct axially compressible along its longitudinal
      axis, a packaging apparatus for longitudinally compressing and packaging
      separate lengths of duct into individual containers of substantially
      shorter length that each fully extended length of duct, the apparatus
      comprising a container having an open entry end for receiving the duct and
      an opposite closed end providing a seat for leading end of the duct, the
      closed end of the container having an opening for communicating with the
      interior of the duct when its leading end is seated against the closed end
      of the container, duct closure means for closing a trailing end of the
      duct, and vacuum means for exhausting air from the duct through said
      opening in the closed end of the container when the leading end of the
      duct is seated and sealed against the closed end of the container and the
      trailing end of the duct is sealed by the duct closure means to effect
      compression packaging of the duct within its container under partial
      vacuum.
NUM  2.
PAR  2. The packaging apparatus of claim 1 wherein the vacuum means including a
      nozzle engageable with said closed end of the container to exhaust air
      through said opening therein from the duct upon its leading end being
      seated and sealed against said closed end of the container.
NUM  3.
PAR  3. The packaging apparatus of claim 1 further including a container
      supporting device for supporting the container for each length of duct to
      be packaged with the container having its open entry end aligned with the
      path of duct movement for receiving the duct, and wherein the vacuum means
      has a nozzle attachable to the container supporting device in alignment
      with the duct and providing a seat for the opposite apertured end of the
      container for producing said partial vacuum within the duct.
NUM  4.
PAR  4. For use with radially self-sustaining tubular duct axially compressible
      along its longitudinal axis, a packaging apparatus for longitudinally
      compressing and packaging separate lengths of duct into individual
      containers of substantially shorter length than each fully extended length
      of duct, the apparatus comprising a power operated conveyor for conveying
      duct lengthwise along a linear path of movement extending axially of the
      duct and into an aligned, open entry end of a container at aa discharge
      end of the conveyor, vacuum means for exhausting air from the duct, and a
      second power operated conveyor in overlying parallel relation to the first
      conveyor adjacent its discharge end, the first and second conveyors being
      engageable with opposite sides of the tubular duct and providing a
      positive drive controlling entry of the duct into its container, the first
      and second conveyors cooperating with the vacuum means in longitudinally
      compressing and packaging the duct within its container under partial
      vacuum.
NUM  5.
PAR  5. The packaging apparatus of claim 4 further including a frame, the first
      and second conveyors being power operated endless belt conveyors mounted
      on the frame, the second conveyor being supported on the frame in
      overlying relation to the first conveyor for movement toward and away from
      the first conveyor, and adjustment means for selectively adjusting the
      height of the second conveyor relative to the first conveyor for applying
      a desired tractive force for discharging duct into its container.
NUM  6.
PAR  6. The packaging apparatus of claim 4 further including a container
      supporting device at a discharge end of the first conveyor for supporting
      a container for each length of duct to be packaged with the container
      having its open entry end aligned with the path of duct movement for
      receiving the duct, the container having an opposite apertured end, the
      vacuum means including a nozzle mountable on the container supporting
      device in alignment with the path of duct movement and engageable with the
      apertured end of the container for producing a partial vacuum within the
      duct upon closing an exposed trailing end of the duct after its leading
      end is received within its container.
NUM  7.
PAR  7. The packaging apparatus of claim 4 further including a frame, the first
      and second conveyors being power operated endless belts operably mounted
      on the frame in opposed parallel relation to one another, the second
      conveyor being mounted on the frame for selective height adjustment
      relative to the first conveyor, duct guide means mounted on the frame on
      opposite lateral sides of the path of movement of the duct and engageable
      with opposite lateral sides of the duct supported on the first conveyor,
      the duct guide means being adjustable for duct of different diameter size,
      a packaging platform at the discharge end of the first and second
      conveyors, the packaging platform and the first belt conveyor having
      horizontally aligned work supporting surfaces, the vacuum means having a
      nozzle attachable to the container, and mounting means for releasably
      securing the nozzle to the packaging platform at a selected height for
      attachment to containers of different size accommodating duct of different
      diameter.
NUM  8.
PAR  8. A method of packaging tubular duct, which is longitudinally
      compressible, into a container of reduced length relative to the duct and
      comprising the steps of conveying a leading end of fully extended duct
      into an open entry end of a container, seating a leading end of the duct
      against a closed end of the container opposite its open entry end to
      effect a seal between the leading end of the duct and the closed end of
      the container, exhausting air from the interior of the duct which is
      sealed at its leading end to produce a partial vacuum within the duct, and
      driving the trailing end of the duct into the container under partial
      vacuum.
NUM  9.
PAR  9. The method of claim 8 wherein the driving step is effected by applying a
      tractive force on diametrically opposed sides of the duct adjacent the
      entry end of the container.
NUM  10.
PAR  10. The method of claim 8 wherein the conveying and driving steps are both
      effected by applying a tractive force on diametrically opposed sides of
      the duct adjacent the entry end of the container to effect controlled
      alignment and entry of the duct into the container to insure that the
      tubular duct is compressed uniformly about its longitudinal axis.
NUM  11.
PAR  11. The method of claim 8 including the further step of sealing the open
      entry end of the container after the duct in its entirety has been
      compressed into its container.
NUM  12.
PAR  12. The method of claim 8 including the further step of applying an end
      closure to an open trailing end of the duct, and wherein the step of
      exhausting air from the duct is effected after the leading end of the duct
      is received in the container and seated against its closed end with the
      end closure applied to the open trailing end of the duct while a vacuum
      nozzle is exhausting air from the interior of the duct through an aperture
      in the closed end of the container.
NUM  13.
PAR  13. For use with tubular duct axially compressible along its longitudinal
      axis, a packaging apparatus for longitudinally compressing and packaging
      separate lengths of duct into individual containers of substantially
      shorter length than each fully extended length of duct, the apparatus
      comprising a container having an open entry end for receiving the duct and
      an opposite end for providing a seat for a leading end of the duct, vacuum
      means for exhausting air from the duct upon its leading end being received
      within the open entry end of the container and temporarily closing the
      trailing end of the duct to effect compression packaging of the duct
      within its container under partial vacuum, a power operated conveyor for
      conveying duct lengthwise along a linear path of movement extending
      axially of the duct and aligned with said open entry end of the container
      at a discharge end of the conveyor, and a second power operated conveyor
      in overlying parallel relation to the first conveyor adjacent its
      discharge end, the first and second conveyors being engageable with
      opposite sides of the tubular duct and providing a positive drive
      controlling entry of the duct into its container.
NUM  14.
PAR  14. A method of packaging tubular duct, which is longitudinally
      compressible, into a container of reduced length relative to the duct and
      comprising the steps of conveying a leading end of fully extended duct
      into an open entry end of a container, exhausting air from the duct to
      produce a partial vacuum within the duct after the leading end of the duct
      is received in the container and an end closure is temporarily applied to
      an open trailing end of the duct while a vacuum nozzle is exhausting air
      from an apertured end of the container opposite its entry end, and driving
      the trailing end of the duct into the container under partial vacuum.
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ABST
PAL  There is disclosed herein a method for collecting blood plasma in plastic
      bottles wherein the blood plasma can be stored for periods of time and can
      then be utilized in obtaining blood fractions therefrom. The method
      includes the concept of filling a previously sterilized and hermetically
      sealed bottle with blood plasma. The bottle, after filling, is sealed at
      the neck portion thereof by means of heat sealing. The portion of the
      bottle above the heat seal is severed. Thereafter, the filled bottle is
      frozen and transported to the site for use. The bottle containing the
      plasma is then thawed and conveyed to a plasma removing device. The plasma
      is removed by severing a portion of the bottom of the plastic bottle,
      thereby permitting the liquefied plasma to flow therefrom into a
      collection vat. The bottle in which the plasma is collected and stored has
      a unique configuration in that it is a blow-molded bottle having a cap
      thereon which is produced integrally with the bottle so that it is always
      in a sterile condition. In one embodiment, the cap is broken from the top
      of the bottle, thereby exposing a mouth having a threaded configuration
      thereabout so that a cap may be screwed thereon. The cap has means for
      venting and for introduction of a probe through which the plasma is
      conveyed into the bottle. In another embodiment, the top of the bottle
      terminates in a membrane suitable for piercing with a probe and a venting
      arrangement is included, whereby the plasma can be charged into the
      plastic bottle. Below the mouth, there is a flattened neck portion
      providing an area at which a heat sealing means can be applied to further
      compress into abutment the neck and to heat seal same in that condition.
      The upper portion of the mouth carrying member can be severed from the
      bottle.
PARN
PAR  This is a continuation of application Ser. No. 427,197, filed Dec. 21,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Much progress has been made in the handling of plasma and whole blood
      obtained from human donors. Especially, considerable activity has been
      generated with respect to the collection of plasma which has a
      considerably longer shelf life than whole blood. Whole blood is collected
      by conventional means well known in the art. The plasma is removed from
      the whole blood by centrifugation, again, by employing conventional
      devices. As an aside, new concepts include the removal of the cells from
      plasma through centrifugation and the reintroduction of the cells to the
      donor, thereby permitting the donor to recoup a good portion of that which
      has been donated. In that way the donor may give blood on more occasions
      than would heretofore be possible.
PAR  The need for the reintroduction of blood cells to the donor has become
      extremely important in view of the paucity of blood that is available.
      Secondly, there has been a considerable increase in the need for plasma in
      view of the beneficial fractions that may be obtained therefrom through
      various sophisticated processes. Blood plasma is collected at many areas
      throughout the world for use in central laboratories that may be located
      quite remote from the site of collection. Consequently, the plasma, having
      an already long shelf life, is further enhanced in being able to be
      frozen. The plasma is shipped in the frozen state to the laboratory at
      which the plasma is thawed and fractionated by well known methods such as
      described, for example, in U.S. Pat. Nos. 3,560,475; 3,631,018; 3,682,881;
      and 3,763,135.
PAR  In order to provide sterility at the collection point and to retain the
      plasma in separated noncommingled condition, it is desirable to collect
      the plasma in separate bottles containing approximately 1 quart of plasma
      and to freeze the plasma in such bottles until they are thawed. The
      bottles are then opened and the plasma is dumped into a single collection
      vat. Ordinary use of bottles provides unsterile conditions at the site of
      collection. In many instances, blood is collected in an open system in
      which the liklihood of bacterial contamination exists throughout the
      bottle and it therefore is necessary to autoclave or gas sterilize the
      entire bottle and its contents. In other cases, the bottles merely have a
      cap which has been screwed on to the mouth of the bottle and the bottles
      then must be opened prior to filling. It has been found on occasion that
      bacteria may be harbored on the thread of the bottle or under the
      underside of the cap. In order to avoid such contamination, the mouth of
      the bottle must be sterilized prior to use.
PAR  The U.S. government has promulgated regulations that require plasma
      collection bottles to be in a sterile condition, even though the plasma
      subsequently will be treated in a manner that will certainly insure
      sterility. Accordingly, the plasma collection bottle included in the
      present concept is blow-molded with an integrally formed cap under
      sterilizing conditions.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an ingenious plasma collection system and a
      bottle for use in connection therewith. The bottle is manufactured by
      blow-molding techniques from thermoplastic resins suitable for
      blow-molding such as the polyolefin resins, for example, polyethylene or
      polypropylene, and other materials which are compatible with plasma. U.S.
      Pat. Nos. 3,597,793; 3,730,372; and U.S. Pat. No. Re. 27,155; and British
      Pat. No. 1,318,030 illustrate blow-molding apparatus which can be adapted
      for blow-molding and heat sealing the bottle. Said patents are
      incorporated herein by reference. The bottle has an essentially
      cylindrical configuration with a neck portion that is not cylindrical but
      has been flattened to a considerable degree. Above the neck is what can be
      termed a mouth portion which in one embodiment has a pierceable membrane.
      In another embodiment the mouth portion has a threaded area and a
      breakaway cap positioned thereon.
PAR  In both embodiments, the thermoplastic bottle is sterile blow-molded and
      hermetically sealed in a single operation whereby there is no
      contamination of the inside of the bottle due to the conditions employed
      during the blow-molding and heat sealing of the bottle. These conditions
      include the high temperature of the resin during molding; steam
      sterilization of the blow lines; use of filtered air or sterilizing gas
      during blow-molding; and provision of a bottle configuration adapted to
      heat sealing after filling with plasma. The bottle so formed can then be
      transported to the situs of a blood collection room anywhere in the world.
      In one embodiment the cap is broken away from the mouth and a second cap
      is attached thereto which has been previously packaged and maintained in a
      sterile condition. The new cap possesses an area for venting containing a
      plug of a fibrous filter material and an area through which a plastic
      spike or a sharpened hypodermic-like needle can be plunged wherein the
      proximal end has a flexible conduit attached thereto which has been
      previously attached to a source of plasma. The plasma is pumped from the
      source into the thermoplastic bottle. Thereafter, the bottle is subjected
      at the flattened neck portion thereof to compression and heating, whereby
      the flat portion is further compressed into touching relationship. The
      part above the heat sealed area containing the puncture spike or needle
      then can be severed as desired. The plasma filled bottle is subsequently
      frozen, after which it can be transported to the place for further
      collection. The plasma in the bottle is then thawed prior to emptying the
      contents therefrom.
PAR  For ease of removal of the contents, the filled bottles are positioned on a
      conveyor so that they can be transported to a position where a cutting
      device severs a portion of the bottom of the bottle thereby permitting the
      liquefied plasma to flow therefrom under the aegis of gravity into a
      central collection vessel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the thermoplastic
      blow-molded bottle of the present invention.
PAR  FIG. 2 is one side view of the bottle of FIG. 1.
PAR  FIG. 3 is another side view of the bottle of FIG. 1.
PAR  FIG. 4 is a top view of the bottle of FIG. 1.
PAR  FIG. 5 is a bottom view of the bottle of FIG. 1.
PAR  FIG. 6 is a perspective fragmentary view of another embodiment of the
      bottle of the present invention.
PAR  FIG. 7 is a perspective view illustrating the removal of the cap from the
      embodiment shown in FIG. 6.
PAR  FIG. 8 is a perspective view of a screw-on cap having a suitable vent and
      two capped ports therein.
PAR  FIG. 9 is a perpective view of the bottle of the present invention having a
      screw cap thereon and a conduit having at one end a plastic spike thrusted
      therethrough and wherein the conduit at the other end is secured to a
      source of plasma, said source being in a press for expressing the plasma
      therefrom.
PAR  FIG. 10 is a cross-sectional view of the neck portion of the bottle of the
      present invention.
PAR  FIG. 11 is the same view as in FIG. 10 wherein means is included to
      compress and heat seal said neck portion.
PAR  FIG. 12 is a similar view as FIGS. 10 and 11 but wherein a cutting device
      is employed to sever the bottle through said heat sealed and compressed
      neck portion.
PAR  FIG. 13 is a perspective view after the severing step.
PAR  FIG. 14 is a perspective view of a conveyor system and one embodiment of a
      cutting means for severing through the bottom portion of the thermoplastic
      bottle and a collection vessel in association therewith.
PAR  FIG. 15 is a cross-sectional view taken along line 15--15 of FIG. 14.
PAR  FIG. 17 is a perspective view of the use of the bottle shown in FIG. 1
      wherein the plastic spike is seen to be plunged into the pierceable
      membrane and the spike has attached at the other end thereof a flexible
      conduit.
PAR  FIG. 18 is a flow diagram showing the steps of the method of the present
      invention.
PAR  FIG. 19 is a perspective view of a bottle holding means and a thermoplastic
      bottle held in an upside down position.
PAR  FIG. 20 is a perspective view of another embodiment of a cutting means for
      severing through the bottom of the thermoplastic bottle held in the bottle
      holder of FIG. 19.
PAR  FIG. 21 is a perspective view of the severed bottle being inverted to dump
      plasma into a collection vessel.
PAR  FIG. 22 is a perspective view of the severed bottle of FIG. 21 held
      inverted until all the plasma has been dumped.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to an ingenious method for collecting plasma
      and, especially, the bottle which is to be used to store the plasma during
      the transportation thereof from the collection site to the laboratory for
      utilization. With regard thereto, attention is directed to FIGS. 1-5 for
      further understanding the bottle of the present invention.
PAR  The bottle is shown generally by reference numeral 11. The bottle 11 has a
      body 12 having a cylindrical configuration. The bottle has a converging
      shoulder portion 13 at the upper end thereof. The shoulder portion is
      flattened at neck 14 to produce a constriction area of a flattened
      configuration. The portion above the flattened area widens and terminates
      in a cylindrical upper portion 15 to which a widened portion 16 is
      integral. The top of the bottle terminates in a pierceable membrane 17.
      The bottom 19 of the bottle has depending semi-annular members 18 which is
      somewhat dictated for construction purposes in order to obtain strength as
      a result of the type of mold being used.
PAR  From FIGS. 6 and 7, it will be appreciated that the bottle in this
      embodiment of the present invention has a somewhat different configuration
      than the embodiment of FIGS. 1 to 5 above the flattened neck portion 14
      where it has become wider again. Instead of having the cylindrical portion
      15, the embodiment of FIGS. 6 and 7 possesses a cylindrical portion 21
      having screw threads 22 thereon. Again, a widened portion is included as
      identified by reference numeral 23. This portion constitutes a cap which
      can be broken away as is seen from FIG. 7 to reveal an open mouth 24.
      Inasmuch as this embodiment has screw threads 22, it will be seen that a
      screw cap can be affixed thereto after said cap is broken away.
      Accordingly, attention is now directed to FIG. 8 which illustrates a screw
      cap 26 having a top 27 and a depending skirt 28 having a plurality of
      knurls thereon to facilitate gripping thereof. Not shown are the screw
      threads for mating with the screw threads 22 on the bottle of the
      embodiment shown in FIGS. 6 and 7. The screw threads are located
      internally with respect to skirt 28. At the top of the cap 26 there is a
      short tubular extension 29 which is open at one end but is capped with a
      plastic or rubber cap 39. After removal of cap 30, a plastic spike or
      metal needle can be plunged through tubular extension 29. Additionally, a
      vent 31 is positioned at the top 27 so that air can be expelled from the
      bottle as the bottle is filled through cap 30.
PAR  In order to illustrate the filling technique to be utilized in conjunction
      with the present invention, plasma is collected or charged into a flexible
      thermoplastic bag 40 which is mounted between a fixed upright wall 41 and
      a hinged second wall 42 of a plasma extractor 48. The hinged wall 42 is
      hinged at 43 and has a lever 44 so that between the fixed wall and the
      hinged wall the thermoplastic bag 40 containing the plasma is squeezed
      therebetween. The plasma is flowed through flexible conduit 45 in the
      direction of the thermoplastic bottle 11. Prior to the squeezing, cap 30
      is removed and a plastic spike 46 is plunged through tubular extension 29.
      The spike can also be a metal needle of the hypodermic type so that it is
      sharpened with a bevel at one end in a conventional manner and the other
      end is affixed to the conduit 45. A radially extending flange 47 is
      utilized to facilitate gripping. When the conduit has been suitably
      connected to the bottle 11 the lever 44 is pushed upwardly, thereby
      squeezing hinged wall 42 against the outer surface of thermoplastic bag
      40, and thus extracting out the plasma into the bottle 11. A second unit
      plasma collected in a thermoplastic bag 40 can be similarly extracted and
      transferred to bottle 11 with another such transfer set with a spike
      plunged through the second tubular extension 29.
PAR  After the bottle has been suitably filled, it is positioned in a manner so
      that the flattened neck portion 14 has one side thereof in abutment with
      heat sealing bars 50 and 51, one of which is shown as a fixed member 50
      and the other as a movable member 51 at the other side thereof. The
      members 50 and 51 are suitably heated as by electric resistance means (not
      shown). The heated members soften the thermoplastic material of the
      flattened portion 14 of the neck so that as lateral pressure is applied to
      member 51 to move it in the direction shown by the arrow, that is, towards
      member 50, the flattened portion 14 of the neck will be further compressed
      and crushed. It can be readily seen from FIG. 11, that the neck has been
      completely collapsed so that the internal surfaces thereof are in
      abutment; and because they have been heated, they will now become heat
      sealed together.
PAR  Thereafter, the bottle is severed at flattened neck portion 14 such as by
      shearing or cutting. This is illustrated in FIG. 12 wherein blade 53 of a
      cutting tool is positioned against one side of the collapsed and heat
      sealed neck and blade 54 of the cutting tool is at the other side thereof.
      By closing the blades of the cutting tool, the upper portion of the bottle
      is severed from the remaining main body as can be seen from FIG. 13 which
      is a perspective view showing the fact that the top of the bottle has been
      severed.
PAR  After the top has been severed as indicated heretofore, the thermoplastic
      bottle containing the plasma is subjected to a quick freezing step so that
      the plasma therein is frozen. By employing a thermoplastic bottle, the
      plasma does not cause an untoward expansion such as would burst a
      conventional glass bottle. Moreover, the bottle is preferably only
      partially filled, such as about one-half filled, to allow for plasma
      expansion. The frozen plasma is then transported to the laboratory for
      utilization as desired at a time remote in time from the period of
      collection.
PAR  When it is desired to utilize the plasma and to remove the contents from
      the thermoplastic bottle, the plasma is permitted to become thawed by
      conventional methods and means. When it has become suitably thawed, it can
      be fed along with a number of other such thermoplastic bottles to a
      conveyor system which can be a belt conveyor system as illustrated by FIG.
      14. In the embodiment shown in FIG. 14, the thermoplastic bottles
      containing plasma are moved in the direction of a cutting tool while the
      thermoplastic bottles containing the plasma are in a slightly inclined
      position. The belt is shown by FIG. 17 and the cutting tool is a circular
      device 61 which is powered by a suitable motor means 62. Hold down rods 63
      are positioned so that the cutting tool 61 can penetrate the cylindrical
      portion of the bottle near the bottom thereof as is more fully understood
      from FIG. 15.
PAR  Inasmuch as the cutting tool 61 desirably is extremely thin and sharp so
      that none of the thermoplastic material is severed therefrom as shavings,
      the slit under ordinary conditions will be very thin so that it is
      desirable to open up the cut to more efficaciously permit the removal of
      the plasma. Accordingly, as the thermoplastic bottles are transported
      after the cutting stage, a cam surface 64 is provided which is designed to
      move the bottom portion that has been severed into a more horizontal
      condition while the hold down means 63 maintain the bottle in the inclined
      position taken in conjuction with the moving belt 60. By opening up the
      bottle in the manner shown in FIG. 16, the plasma 65 is permitted to drop
      out of the bottle into a collection vessel 66 from which the plasma is
      commingled with a plurality of plasma collected from many thermoplastic
      bottles of the same type with which the present invention is concerned.
PAR  Another embodiment for cutting the thermoplastic bottle and removing the
      contents is illustrated in FIGS. 19 to 22. In this embodiment, the bottle
      is held vertically upside down in fingers 73 of holder 74. The bottle is
      then fed through band saw 75 whereby the bottom (which appears at the top
      in the upside down position) is cut off. The bottle is then carried to a
      position above a collection vessel and inverted in the direction of the
      arrow as shown in FIG. 21, whereby the entire plasma contents are dumped
      into the collection vessel as shown in FIG. 22.
PAR  As was stated in the above, another embodiment of the present invention
      concerns a bottle of the thermoplastic type constructed in the same manner
      as above. Accordingly, attention is directed to FIG. 17 to show the use of
      the bottle as a receptacle for plasma. FIG. 17 shows a bottle having a
      configuration of the type shown by FIGS. 1-5. The pierceable membrane 17
      is seen to about to be plunged therethrough by means of a plastic spike 68
      which can also be, as stated herein before, a metal hypodermic needle. The
      plastic spike 68 has an outwardly radiating flange of an annular
      configuration 69 so that it can be easily gripped. The proximal end of the
      spike has a conduit 70 attached thereto whose end terminates at a source
      of plasma such as shown in FIG. 9. The arrow indicates the fact that the
      spike 68 is about to be plunged into the pierceable membrane 17.
      Additionally, the pierceable membrane already has been punctured with a
      short sterile tube 71 having a sterile fibrous plug 72 therein. The tube
      71 acts as a venting means so that the air captured in the thermoplastic
      bottle can be vented to the atmosphere as the plasma is pumped therein.
PAR  In the foregoing, considerable attention has been directed to the
      embodiments of the thermoplastic bottle which include the concept of a
      method for collecting and storing plasma. With special reference to the
      method of the present invention as herein disclosed, attention is
      specifically called to FIG. 18 for a diagrammatic flow diagram to show the
      manner in which the thermoplastic bottle is used in the collection of
      plasma. It will be seen that as an initial step after the thermoplastic
      bottle has been attached to a source of plasma, the thermoplastic bottle
      is filled with plasma. As a next step, the neck portion which has been
      previously flattened is sealed. The portion of the bottle above the heat
      sealed area is then severed by suitable means as has been heretofore
      discussed. Thereafter, the contents in the thermoplastic bottle are
      heretofore discussed. Thereafter, the contents in the thermoplastic bottle
      are subjected to freezing temperatures in order to freeze the plasma.
      After freezing, the thermoplastic bottle containing the plasma can be
      transported in the frozen state or can be stored as desired. Prior to
      emptying of the thermoplastic bottle, the plasma is stored in a suitable
      and conventional manner. As a further step in the method of carrying out
      the present invention, the bottom portion of the thermoplastic bottle can
      be cut in order to provide an opening from which the plasma can be
      obtained which is then collected in a suitable vessel from which the
      plasma can be removed for fractionating purposes as desired.
PAR  It will be appreciated that the present invention is not limited to the
      specific examples set forth above and that various other examples and
      modifications of the foregoing examples will be apparent to the person
      skilled in the art after reading the foregoing specification without
      departing from the spirit and scope of the invention. All such further
      examples and modifications thereof are inclined within the scope of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of sterile collecting blood plasma for use in blood
      fractionation procedures comprising providing ingress through the top of a
      thermoplastic bottle, with a sharpened cannula at the distal end of a
      tubular means, said thermoplastic bottle having been sterile blow-molded
      and hermetically sealed without a port and with a flattened constricted
      neck portion, the proximal end of said means being connected to a blood
      plasma donor set, introducing a quantity of blood plasma from said blood
      plasma donor set through said tubular means into said thermoplastic
      bottle, further flattening said flattened constricted neck portion whereby
      the inner surfaces of the oppositely disposed flattened constricted neck
      portion sealingly abut, simultaneously applying heat to said flattened
      neck portion whereby the said abutting surfaces adhere to one another, and
      thereafter freezing and thawing said collected blood plasma and
      transferring into larger containers by cutting open said thermoplastic
      bottle substantially near the bottom portion and pouring said blood plasma
      therefrom.
NUM  2.
PAR  2. The method of claim 1 including the steps of breaking off the uppermost
      portion of the constricted neck to provide an opening to the inside of the
      bottle, affixing a cap to said opening, and then obtaining egress through
      a port in said cap by means of a sharpened cannula attached to said
      tubular means which is plunged through said port.
NUM  3.
PAR  3. The method of claim 2 including the step after the said inner surfaces
      have been adhered together under the aegis of heat of severing that
      portion of the neck above the said surfaces that have been adhered
      together.
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ABST
PAL  A process and apparatus for packaging articles, particularly fresh meat
      pieces, in a substantially gas impermeable flexible container. In the
      packaging of fresh meat, the process enables the meat to be held for
      extended periods of time, and yet the natural color of fresh meat is
      maintained and the bacteria growth does not exceed limits which would
      cause the meat to be considered inedible. The fresh meat is first placed
      in an open, substantially gas impermeable flexible container. Hollow
      passage defining means are inserted through the open portion of the
      flexible container, and while the top is being temporarily sealed, the
      container is vacuumized for removing substantially all the air and oxygen
      therefrom. After the air is removed, carbon dioxide is added to the
      container, the concentration of the carbon dioxide being such as to avoid
      significant bacterial growth on or in the meat over extended periods of
      time, while avoiding discoloration of the meat. Thereafter, the passage
      defining means are removed from the container, and the container is
      sealed, preferably by heat sealing, to prevent the egress of carbon
      dioxide therefrom and the ingress of air thereinto.
PARN
PAR  This is a continuation of Application Serial No. 364,305, filed May 29,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION FIELD OF THE INVENTION and DESCRIPTION OF THE
      PRIOR ART
PAR  This invention relates to an apparatus and process for packaging articles,
      particularly of the type which are adversely affected by oxygen, in
      substantially oxygen-free, gas containing flexible containers, and it more
      specifically relates to an apparatus and process for packaging fresh meat
      pieces, such as fresh red meat, in flexible containers wherein the meat
      may be held for extended periods of time without having the bacteria
      levels on or in the meat exceed acceptable limits and without having a
      significant adverse effect on the desired color of the fresh meat.
PAR  It is well known that there are a great number of materials that are
      adversely affected by the atmosphere, particularly humidity conditions and
      the oxygen therein. Such materials include metals, such as precious
      metals, which undesirably oxidize in air, and a great variety of food
      products, such as fresh fruits and vegetables, nuts, crackers, cured
      meats, fresh meats, including poultry, beef, pork, veal, and lamb, and
      like products.
PAR  In the case of food products, the oxygen and humidity conditions have
      undesired effects on the food. Particularly in the case of meat, the
      oxygen in the air supports the growth of bacteria on the surface of the
      meat, in particular, and the bacteria growth can increase to such a point
      that the meat becomes "spoiled" and/or the fat becomes rancid. There are
      many machines and processes known for packaging products, such as fresh
      and cured meats, in a wide variety of vacuumized, gas flushed, and/or
      sealed containers of various types. Canning, for example, is a well known
      technique for preserving food products. In order to preserve meat, various
      curing and preserving techniques have been used to preserve the meat over
      extended periods. Well known packaging techniques, primarily for consumer
      purchase include placing the products in flexible bags or containers.
      Also, vacuumizing the container to substantially eliminate bacteria growth
      supporting oxygen is well known. Gas flushing with preserving gases, as
      carbon dioxide, is also known. It is common to heat seal the thus
      vacuumized or gas flushed container containing sliced bacon, wieners, or
      the like. In essence, the preservation of foodstuffs, including fresh and
      cured meats, for extended periods of time is a well known and well
      developed art.
PAR  With particular emphasis on the preservation of fresh red meat, the storage
      problem has two stages. First, the meat must be properly preserved from
      the time the animal is processed and shipped from a packing plant to the
      ultimate user, such as a butcher shop or a restaurant. Although one
      preserving technique is to freeze the meat, probably most of the meat sold
      through butcher shops and consumed in restaurants is fresh meat, not
      previously frozen. Freezing is considered to have certain disadvantages in
      that the color and taste are often considered to be adversely affected by
      freezing. Additionally, freezing fresh meat is generally considered to be
      an expensive operation, requiring expensive freezing and storage equipment
      and also requiring considerable use of energy during freezing and during
      storage. Thus, meat which is shipped from a packing plant is more
      conventionally preserved, by refrigeration, at above freezing
      temperatures, as about 35.degree.-50.degree.  F., until the food is
      prepared for serving, as in a restaurant, or until the meat is prepared
      for consumer purchase, as in a butcher shop.
PAR  Most of the meat shipped in bulk from a packing plant is preserved by
      refrigerating temperatures and not by absence of oxygen. The meat is
      preserved in this way so the bacteria level on or in the meat or poultry
      does not exceed levels which would be injurious to human health. Some of
      the injurious bacteria are aerobic, that is, air or oxygen is required for
      growth. The absence of oxygen, however, is generally considered to
      actually cause discoloration of fresh red meat product and this also is an
      undesirable result. Some reseachers have also considered that excessive
      concentrations of carbon dioxide cause greying or darkening of the meat,
      even after relatively short periods of time. Thus, fresh red meat presents
      two particularly difficult problems for packaging thereof, that is,
      excessive bacteria growth and meat discoloration.
PAR  The bacteria growth and discoloration problems are even more pronounced
      when retail butcher shops and restaurants "age" their meat for a
      sufficient period of time to permit the natural enzymes of beef to break
      down the cells or connective tissue until the beef is particularly tender
      and palatable. It is generally considered that such natural aging of beef
      for extended periods of time is highly preferable over artificial
      tenderization procedures, such as injection with various proteolytic
      enzymes. One significant problem with natural aging of beef is that the
      meat ordinarily, even under refrigeration, has considerable discoloration
      and bacteria or mold growth on the exposed surfaces of the meat. This is
      because the "aging" normally takes place in a refrigerated,
      oxygen-containing room or cooler, resulting in bacteria growth. Before the
      meat can be consumed, the butcher trims off not only the mold, but also a
      considerable portion of the meat adjacent the mold growth. As a result,
      there is a considerable loss in the amount of meat which can be consumed,
      as compared to the original cut. This leads to excessive prices for such
      meat for the consumer.
PAR  Although various techniques, including vacuum packaging, have been used at
      the retail level for preserving smaller amounts of meat, as for consumer
      packages of meat, bulk shipments of fresh poultry and meat have generally
      not involved vacuum packaging of the product. Generally, large bulk
      shipments of beef or pork have been in refrigerated vehicles. Some prior
      art has also suggested the inclusion of an atmosphere of gases, such as
      carbon dioxide, nitrogen, or the like. A significant disadvantage of
      maintaining a controlled gaseous atmosphere in a storage compartment, as
      in a butcher's cooler or in a vehicle, is that the controls for
      maintaining the compartment at the desired conditions of gas level,
      temperature, and humidity, for example, can be quite expensive and
      complex. Large pieces of fresh meat have also been packaged in vacuumized
      packages. For example, beef rib sections have been packaged in such a way.
      One quite well known system includes placing individual meat pieces into a
      flexible plastic bag, the bag is vacuumized and then a wire clip is placed
      around the gathered end of the bag. One of the disadvantages of this
      system is that, with the clipping arrangement, it is difficult to maintain
      a vacuum because the bag is only gathered and the vacuum is lost
      therethrough. Additionally, the system is principally adapted for
      packaging individual meat pieces and does not adapt to packaging of larger
      meat pieces or to bulk packaging a plurality of relatively large pieces of
      meat. In the case of vacuumized bags, the bag is generally taut and
      subject to splitting or breakage, thereby losing the vacuum and making the
      meat therein susceptible to undue bacteria growth.
PAR  The known equipment often requires some skill in operation. Such equipment
      also requires considerable floor space and usually requires a heated
      tunnel for shrinking the bag around the packaged product. Such heat
      tunnels are generally placed in a refrigerated room, causing additional
      undesirable expenses for maintaining the refrigerated room at the desired
      temperature, to offset heat from the heat tunnel, and at the same time,
      expenses are required for heating the heat tunnel to the desired level to
      offset the temperature of the refrigerated room. Also, in the separate
      packaging of individual meat pieces, there is a significant disadvantage
      in that labor expenses are high because each single piece requires a
      separate vacuumizing and sealing operation. Individual handling of each
      meat piece during packaging is clearly time and labor consuming and
      therefore undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an important object of this invention to provide an
      improved apparatus and process for the packaging of articles in
      substantially oxygen-free packages, preferably containing gases which
      enhance the preservation of the articles being packaged.
PAR  It is also an object of this invention to provide an improved process and
      apparatus for packaging fresh red meat in such a way as to greatly enhance
      the shelf life thereof without significant adverse discoloration thereof.
PAR  It is a further important object of this invention to provide an improved
      packaging process and apparatus useful for the practice thereof wherein
      fresh red meat and/or poultry is bulk packed in a vacuumized flexible
      container containing suitable gases for retarding the growth of bacteria,
      avoiding undesirable discoloration, and enhancing the shelf life of the
      packaged meat.
PAR  It is yet another important object of this invention to provide an improved
      packaging process and apparatus for the practice thereof wherein fresh red
      meat, in particular, even after extended periods of time, has an extremely
      low bacteria level, far lower than acceptable standards, and yet the color
      of the meat is substantially unaffected by extended storage periods.
PAR  It is still a further object of this invention to provide an improved
      process and apparatus for the practice thereof wherein fresh beef is
      ultimately packaged in a flexible container substantially free of oxygen,
      and containing preserving gases, preferably carbon dioxide, wherein the
      bacteria level is low, the color is substantially unaffected and the
      tenderization in increased for extended periods of time.
PAR  It is still another important object of this invention to provide a process
      and apparatus for the packaging of fresh meat wherein trimming losses are
      negligible after the meat is naturally aged and thereby tenderized.
PAR  It is also another object of this invention to provide a unique process and
      apparatus for bulk packaging multiple pieces of meat in large, heat
      sealed, vacuumized, flexible containers located within supporting rigid
      outer containers wherein the packaged meat is maintained in a
      substantially oxygen free, controlled, meat preserving atmosphere.
PAR  It is yet another object of this invention to provide an improved apparatus
      for packaging meat for extended periods of time at above freezing,
      refrigerating temperatures, wherein the apparatus is characterized by
      requiring only a relatively small amount of floor space and yet has a high
      production capacity.
PAR  It is still a further object of this invention to provide a simplified
      apparatus for packaging meat for an extended shelf life wherein the
      apparatus is characterized by its simplicity in operation, requiring
      little skill from the operator.
PAR  It is yet a further object of the invention to provide an improved
      packaging process for eliminating excessive costs and disadvantages of
      packaging articles in individual containers by bulk packaging such
      articles, thereby effecting significant labor savings.
PAR  It is still another object of this invention to provide a meat packaging
      apparatus and process wherein no energy is required for freezing the meat
      or for heating the package during processing.
PAR  It is also a further object of this invention to provide a meat package
      which preserves meat for extended periods of time without undue bacteria
      growth and without adverse effect on the color of the stored meat,
      particularly red beef.
PAR  It is still a further object of this invention to provide apparatus for
      packaging a variety of articles in a flexible container wherein the
      apparatus is characterized by a plurality of individually unique and
      highly effective mechanisms which cooperate to provide a highly unique
      packaging machine.
PAR  Further purposes and objects of this invention will appear as the
      specification proceeds.
PAR  The foregoing objects are accomplished by providing a process and apparatus
      for packaging articles, particularly, fresh meat pieces, in a
      substantially gas impermeable container having an open end. The apparatus
      includes a frame for supporting the flexible container within a rigid
      outer container, the articles being packaged being contained within the
      flexible container. A vacuum manifold is provided for releasably gripping
      the open end of the container on opposite sides thereof. Tubular or hollow
      members, defining passage means, are provided and controls are provided
      for inserting the passage defining tubular members into and out of the
      flexible container. After the tubular members are inserted into the
      container, the flexible container is sealed temporarily, along the
      gripping means, along its open end, while the passage means are in the
      container. Control means are provided for vacuumizing the container and
      thereafter adding an oxygen-free, preserving gas preferably carbon
      dioxide, thereinto through the passage means while the container is being
      temporarily sealed. Particularly, in the case of fresh beef products, the
      carbon dioxide concentration is such as to avoid meat discoloration. Means
      are provided for removing the passage means, after vacuumizing and after
      adding gas, without breaking the seal. After the passage means are removed
      from the flexible container, the container is permanently sealed, as by
      heat sealing, along the open end of the flexible container.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Particular embodiments of the present invention are illustrated in the
      accompanying drawings wherein:
PAR  FIG. 1 is a front elevational view of one preferred embodiment of apparatus
      useful for practicing our novel packaging process;
PAR  FIG. 2 is an elevational view of one end of the embodiment of FIG. 1;
PAR  FIG. 3 is a rear elevational view of the apparatus of FIG. 1;
PAR  FIG. 4 is an elevational view of the other end of the embodiment of FIGS. 1
      and 3;
PAR  FIG. 5 is an enlarged, partially sectioned view showing the apparatus of
      FIGS. 1 - 4, prior to the time that the flexible container, used in our
      process, is vacuumized and sealed;
PAR  FIG. 6 is a view similar to FIG. 5 with the passage defining means
      positioned within the flexible container for vacuumizing and addition of
      gas thereto;
PAR  FIG. 7 is a partially broken, sectional view taken along the line 7--7 of
      FIG. 5, particularly showing the manifold members used for holding the
      open end of the flexible container;
PAR  FIG. 8 is an enlarged sectional view taken along the line 8--8 of FIG. 7,
      showing the flexible container holding means in a closed position and with
      mechanical bag clamping means shown in the inoperative position;
PAR  FIG. 9 is a fragmentary, detailed view showing the bag clamping means in
      the operative position;
PAR  FIG. 10 is an enlarged detailed, fragmentary sectional view taken along the
      line 10--10 of FIG. 1;
PAR  FIG. 11 is a detailed view showing limit switches mounted on the passage
      defining means, which switches are useful in the sequencing of the
      apparatus;
PAR  FIG. 12 is a detailed, fragmentary view showing the start position, before
      commencing the vacuumizing, gas filling and sealing of the flexible
      container used in our packaging process;
PAR  FIG. 13 is a view similar to FIG. 12, showing the front manifold in the
      lowered position;
PAR  FIG. 14 is a view similar to FIGS. 12 and 13, with the rear manifold moved
      into the forward position for grasping the open upper end of the
      container;
PAR  FIG. 15 illustrates the next step in the sequencing operation of the
      apparatus wherein the rear manifold is moved rearwardly and the passage
      defining or snorkel means are inserted into the flexible container;
PAR  FIG. 16 is a view, similar to FIGS. 12-15, wherein the front and rear
      manifolds temporarily seal the upper end of the flexible container as the
      passage defining means is inserted into the flexible container for
      vacuumizing and adding gas to the flexible container;
PAR  FIG. 17 is a view, similar to FIGS. 12-16, again showing the next operating
      step, wherein the passage defining or snorkel means are removed from the
      flexible container, following vacuumizing and addition of gas, and during
      the heat sealing of the flexible container;
PAR  FIG. 18 is a view, similar to FIGS. 12-17 following the heat sealing and
      showing completion of the sequencing of the apparatus and thereby
      completion of the packaging operation;
PAR  FIG. 19 is an end view of the snorkel or passage means used for vacuumizing
      and adding gas to the flexible container;
PAR  FIG. 20 is a fragmentary end view of the embodiment of FIG. 19;
PAR  FIG. 21 is a pneumatic flow diagram for the mechanism shown in FIGS. 1 -
      20;
PAR  FIG. 21A is an electrical schematic diagram of the electrical controls used
      in the sequencing of the apparatus;
PAR  FIG. 21B is another electrical schematic diagram showing the motor controls
      for a vacuum pump; and heat sealer heating element;
PAR  FIG. 22 is a side elevational, partially sectional view of another and
      preferred embodiment of apparatus useful for practicing our process;
PAR  FIG. 23 is a fragmentary, sectional view taken along the line 23--23 of
      FIG. 22;
PAR  FIG. 24 is a plan view of a flexible container or bag having two completely
      separate but separable product containing sections;
PAR  FIG. 25 is a front elevational view of the apparatus embodied in FIG. 22
      during processing and using the double bag of FIG. 24;
PAR  FIG. 26 is a view similar to FIG. 25 at the time the bag gripping manifolds
      hold the upper end of the bag in the open position for receiving the
      snorkel therein;
PAR  FIG. 27 is a detailed view showing a preferred form of mechanical bag
      clamping means in the inoperative position;
PAR  FIG. 28 is a plan view of the bag clamping means embodied in FIG. 27 in the
      operative position; and
PAR  FIG. 29 is a front elevational view of the embodiment of FIG. 22 wherein
      the snorkels are shown in the operative position in a double bag
      container, particularly illustrating the feature of positioning the
      snorkels at different levels in the preferred embodiment.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 - 20, one preferred apparatus, generally 50, useful
      for practicing our packaging process is shown. The apparatus 50 generally
      includes a package support frame, generally 52, a bag gripping assembly,
      generally 54, a vacuumizing and gas adding assembly, generally 56, and a
      heat sealing assembly, generally 58. The apparatus 50 may be used for
      packaging a large variety of articles, particularly those articles which
      are commonly adversely affected by the atmosphere, such as metals,
      including precious metals, fruits, vegetables, nuts, crackers, cookies,
      bread, and the like, because of, for example, humidity conditions and
      oxygen. For purposes of simplicity, it is to be understood that our
      process and the apparatus 50, described herein, useful for practicing our
      process, will specifically describe the packaging of fresh meats, such as
      fresh poultry, fresh veal, fresh pork, fresh lamb and fresh beef, such
      packaging being one of the principal and most important uses of our
      process and apparatus. More specifically, the description will hereinafter
      generally refer to the packaging and processing of fresh cut beef. Also
      although the invention here in is particularly useful for bulk packaging a
      plurality of meat pieces, in a single package or container, it is to be
      understood that the apparatus and process is also very useful for the
      packaging of single articles, such as large pieces of beef, as block beef,
      in a single container.
PAR  In the packaging of meat pieces M, as seen in FIGS. 5 and 6, for example,
      the meat M is contained within a flexible container C. In turn, the
      flexible container C is contained within a self supporting, rigid outer
      container or corrugated box B. The structure of the flexible container C
      is considered important in the process, and certain requirements,
      particularly for the packaging of fresh red meat, are called for. Although
      a variety of low gas permeable, heat sealable flexible containers are
      useful in our process, one preferred bag or flexible container C comprises
      a laminated, flexible, substantially flat, double paneled, plastic
      container, having an open upper end and three heat sealed sides. The
      lamination of each panel comprises nylon bonded to Surlyn (DuPont
      trademark), such a lamination being widely used in the meat industry for
      storage of meat. This material has the desirable property of low air or
      gas permeability and is also heat sealable regardless of the presence of
      blood or fat at the heat seal area. In this lamination, the nylon layer is
      on the exterior and the Surlyn layer is on the interior so that the heat
      seal is between the abutting surfaces of the Surlyn panels. In one
      specific example of this product, the nylon layer has a thickness of about
      0.0177 inches and the thickness of the Surlyn layer is in the range of 2
      to 4 mils.
PAR  Another flexible container which has been found to be quite satisfactory is
      sold under the trademark Maraflex Z 284-400 Freshtuff Primal Meat Bag.
      This product is available from the American Can Company. The oxygen
      barrier properties of the material are approximately 5 - 8
      milliliters/meter squared for 24 hours at 73.degree. F. and 50 percent
      relative humidity. The water permeability rate is approximately 2.5 grams
      per meter squared for twenty-four hours at 100.degree. F. and 90 percent
      relative humidity. Containers made from this product are also heat
      sealable, even in the presence of fat or blood. A bag having a flat
      dimension of about 32 inches .times. 41 inches has been found to be
      suitable for packaging about 50 - 80 pounds for fresh meat. The size of
      the bag is, of course, variable over a wide range.
PAR  The container B is desirably made from a conventional collapsible
      corrugated box of a selected size. One of the advantages of our process is
      that, with the use of the flexible containers C, the box B does not
      require any special interior coating. This is in contrast to prior art
      corrugated containers which have been used for shipping and storage of
      meat cuts wherein a coated interior was required and also such containers
      were not reuseable. Since the flexible container C is in contact with the
      meat in the applicant's invention, the box B not only does not need an
      internal moisture-proof coating, but it is also possible to reuse the box
      B because the meat does not contact the interior. Avoidance of the
      interior coating and ability to reuse represent a considerable saving over
      the meat packaging techniques using coated containers.
PAR  Referring to FIGS. 1 - 4, the apparatus 50 includes a main frame, generally
      60, located above, below and to the rear of the package frame section 52.
      The frame 60 supports the package frame 52, the bag gripping section 54,
      the vacuum assembly 56, and the heat sealing assembly 58. The frame 60
      includes a rear cabinet or frame, generally 62, and an overhead frame
      assembly, generally 64. The apparatus 50 is movably supported by four
      caster wheels 66 mounted on the lower or base portion of the frame 60.
PAR  The main frame 60 includes a welded base portion 68 which is constructed of
      hollow tubular frame members formed in a generally rectangular shape. The
      frame base 68 includes a pair of end pieces 70 and spaced front and rear
      sections 72 and 74. An intermediate tubular frame section 76 is positioned
      substantially parallel and intermediate the frame section 72 and 74, with
      the opposite ends of the frame section 76 rigidly secured, as by welding,
      to the inner faces of the opposite frame ends 70. The main frame 60
      includes an upright frame section 78 which extends upwardly from and is
      fixed to the base 68 and provides rigid support for the overhead frame
      section 64, as well as for the rear frame section or cabinet 62. The base
      68 also includes a pair of longitudinal, spaced end frame sections 80
      which project upwardly from the base 68 and rigidly interconnect with the
      upright section 78. A pair of spaced, frontwardly projecting transverse
      frame sections 82 also project upwardly from the base 68 and interconnect
      with the upright frame sections 78. The frame sections 80 and 82 assist in
      rigidly supporting the upright frame section 78 and thereby the overhead
      frame 64 in a substantially rigid or fixed condition.
PAR  The package frame 52 is vertically movable relative to the main frame 60.
      The box B containing the meat M is supported on the package frame 52 and
      specifically rests on a longitudinally positioned roller conveyor assembly
      84. The conveyor assembly 84 includes a longitudinally elongated frame 86
      having side members 88 which rotatably carry a plurality of transversely
      positioned roller members 90 which support the box B and its contents.
PAR  The vertical level of the conveyor frame 86 is adjustable by an adjusting
      assembly, generally 92. The assembly 92 includes a pair of crossing
      members 94 which are pivotally interconnected at 96. The upper end of one
      cross member 94 is pivotally connected to the upper portion of one side 88
      of the conveyor frame 86 while the lower end of the other cross member 94
      is pivotally interconnected to the base 68 at 98. The lower end of the
      cross member 94 which is pivotally connected to the side 88 of the frame
      86 includes a transverse support 100 which is slidably mounted on the
      upper portions of the front frame section 72 and of the intermediate frame
      section 76 of the base 68. A longitudinally elongated threaded member 102
      is rotatably mounted on the underside of the frame 86. A threaded nut 104
      threadably engages the threaded member 102. The upper end of the cross
      member 94, which is pivoted to the base 68, is also pivotally connected to
      the nut 104. A handle 106 is rigidly secured to the threaded member 102.
      When the handle 106 is rotated, the non-rotatably mounted thread member
      104 is longitudinally and selectively moved in forward or reverse
      directions along the elongated threaded member 102. With this movement,
      the crossing members 94 create a scissors type of action to vertically
      raise or lower the conveyor assembly 84 to the desired level.
PAR  Referring particularly to FIG. 3, the rear frame section or cabinet 62 is
      rigidly interconnected to the main upright frame section 78. The rear
      frame section 62 includes a pair of upright, side cabinets 108 and 110 for
      enclosing a pressurized carbon dioxide tank 112, on one side of the frame
      60, and a pressurized nitrogen tank 114, on the opposite side of the frame
      60. An intermediate lower cabinet 116 contains a pair of pressure
      accumulators 118 and 120 on opposite sides. One accumulator 118 is for
      accumulating pressurized carbon dioxide therein and the other accumulator
      120 is for storing pressurized nitrogen therein. The purpose of the carbon
      dioxide tank 112 and accumulator 118 as well as the purpose of the
      nitrogen tank 114 and nitrogen accumulator 120 will be hereinafter
      described in greater detail.
PAR  The base 68 also supports a laterally positioned lower cabinet 122 which
      contains a vacuum pump 124. The purpose and operation of the vacuum pump
      124 will also be hereinafter described in greater detail. Again, referring
      in particular to FIGS. 1 - 4, the overhead frame assembly 64 is generally
      positioned over the conveyor assembly 84 and over the base 68. The open
      space between the conveyor assembly 84 and the overhead frame 64 is
      provided for receiving the box B with its contents therein. This basic
      geometry of the apparatus 50 is important in packaging articles in large
      quantities in relatively heavy packages as it supports such packages in a
      position suitable for vacuumizing and/or gas addition, and heat sealing
      operations performed by the apparatus.
PAR  The overhead frame 64 generally includes a front welded frame section 126,
      a rear welded frame section 128, and a pair of opposed side welded frame
      sections 130. The frame sections 126, 128 and 130 are each comprised of a
      plurality of longitudinal, transverse, and upright frame members which are
      welded together to form the rigid overhead support frame 64.
PAR  The various frames and cabinets, as shown and described, in the case of
      meat processing are constructed of stainless steel panels and frame
      members so as to be readily washed down after use. Similarly, all motors,
      electric controls, and the like, are waterproof or splash proof for the
      same reasons.
PAR  Referring particularly to FIGS. 5, 6 and 7, the bag gripping section 54 is
      shown most clearly. The bag gripping section 54 includes an elongated
      front manifold, generally 132, and an elongated rear manifold, generally
      134, which cooperates with the front manifold 132 to hold the open upper
      end of the flexible container C in the desired position during the
      vacuumizing, gas filling, and heat sealing of the flexible container C.
      Both the front manifold 132 and the rear manifold 134 are substantially
      parallel with each other and have their longitudinal axes aligned with the
      longitudinal axis of the machine 50 itself. The front manifold 132 is
      movable in a substantially vertical direction while the rear manifold 134
      is movable in a substantially horizontal direction in a manner to be
      hereinafter described.
PAR  The front manifold 132 includes an elonagated, rigid support section 136
      having longitudinal, interconnected passageways 138 located internally and
      extending for the entire internal length thereof. Passageways 138
      interconnect with each of a plurality of inwardly facing openings 140
      which extend substantially along the upper and lower portions of the
      inwardly facing wall of the elongated support section 136 of the front
      manifold 132. The upper and lower walls of the openings 140 are vertically
      spaced from each other and are substantially parallel with each other. The
      inwardly facing wall of the front manifold 132 has elongated upper and
      lower flexible sealing pads 142 adhesively, but replaceably bonded
      thereto. The pads 142 each include pad openings 144 which are in
      substantial alignment with the openings 140 in the metal support section
      136. The openings 140 in the support section 136, the pad openings 144,
      and the passageways 138 define a manifold which interconnects with a
      flexible hose 146 which selectively communicates with a vacuum from the
      vacuum pump 124.
PAR  Intermediate the pads 142, there is provided an elongated, flexible heat
      seal back-up pad 148 which, like the pads 142, is adhesively but
      replaceably bonded to the inwardly facing wall of the front manifold 132.
      The back up pad 148 is flexible to substantially the same degree as the
      sealing pads 142. The purpose of the flexibility for the back up pad 148
      and for the sealing pads 142 will be described hereinafter in greater
      detail.
PAR  The front manifold 132 is movably supported in a horizontal position and
      for vertical movement by a pair of laterally spaced, fixed, upright guide
      rods 150 which are rigidly mounted to the front portion 126 of the
      overhead frame 64. Each of the guide rods 150 is rigidly held in a
      vertical position by spaced lower and upper supports 154. As seen best,
      for example, in FIG. 8, a support assembly 156 is rigidly secured to the
      front face or front wall at each end of the front manifold 132 and is
      slidably received by each of the guide rods 150 to thereby guidably
      support the front manifold 132, in a substantially horizontal position,
      for vertical, reciprocal movement. Each bearing support 156 preferably
      uses two ball bushings to better assure the appropriate level movement of
      the manifold 132. Ball bushings, sold under the trademark Thompson, have
      been found to be particularly satisfactory.
PAR  The vertical, reciprocal movement is imparted to the front manifold 132 by
      an air cylinder assembly, generally 158. The air cylinder assembly 158 is
      secured at its cylinder end to a support bracket 160 which is fixedly
      secured to the front portion of the overhead frame 64, as seen best in
      FIGS. 1 and 7. Because of slight angular out of vertical movement of the
      cylinder assembly 158 during operation thereof, a pivot connection 162, is
      provided between the assembly 158 and the bracket 160. A support member
      164 is rigidly mounted centrally of the front portion of the front
      manifold 132 and a piston rod 166 of the air cylinder assembly 158 is
      pivotally secured thereto by a pin 168 to permit slight relative movement
      therebetween. At the appropriate signal, to be hereinafter described, the
      air cylinder 158 is activated by air pressure to selectively reciprocate
      the front manifold 132 downwardly or upwardly, as needed.
PAR  The rear manifold 134, as disclosed previously, is selectively reciprocally
      movable forwardly and rearwardly. The rear manifold 134 includes an
      elongated, rigid support section 170 which is substantially parallel and
      alignable with the front manifold 132. The opposite ends of the support
      section 170 include support brackets 172, as seen best in FIGS. 5 - 7,
      rigidly mounted thereon. The support brackets 172 are rigidly secured to
      the outer faces of the support section 170 by bolts 174. The support
      section includes internal passageways 176 which extend for substantially
      the entire length of the support section 170. The passageways 176
      interconnect with a plurality of frontwardly opening openings 178, which
      extend through the spaced upper portion 180 and lower portion 182 of the
      elongated support section 170. A hollow space 184 is defined between the
      spaced upper and lower sections 180 and 182.
PAR  Upper and lower pads 186 are adhesively, but replaceably bonded to the
      outer face of the elongated support section 170 and are constructed of the
      same flexible material and in a manner similar to the flexible pads 142
      which are similarly bonded to the front manifold 132. The pads 142 and 186
      are made of foamed rubber. The pads 186 are bonded to both the upper and
      lower sections 180 and 182. Pad openings 188 are provided in the pads 186
      and are in alignment with the openings 178 in the support section 172. The
      pad openings 188, the openings 178, and the passageway 176 define a
      manifold which interconnects with a flexible hose 190 which selectively
      interconnects to the vacuum pump 124. In order that the manifolds 132 and
      134 properly grip the flexible bag C, the pad openings 188 are laterally
      and vertically offset from the pad openings in the front manifold.
PAR  The rear manifold 134 is mounted for substantially horizontal movement by
      two pairs of spaced pivot arms 192 which are pivotally secured to each of
      the end support brackets 172. The lower ends of the arms 192 are each
      pivotally secured at 196 to the brackets 172, while the upper ends of the
      arms 192 are pivotally secured at 194 to transverse side sections 130 of
      the overhead frame 64. With this support arrangement, the rear manifold
      134 is movably supported in forward and reverse directions, while the
      outer faces of the upper and lower pads 186 remain in a substantially
      vertical or upright position so as to properly align with the front
      manifold 132 to grip a flexible container C, as will be hereinafter
      described.
PAR  Referring to FIG. 6, when the front manifold 132 is in the lowered
      position, and when the rear manifold 134 is in the forward position, the
      manifolds 132 and 134 cooperate to positively hold the open upper end of
      the flexible container C in a closed position. The manner of accomplishing
      this will be described hereinafter in greater detail. Vacuum is
      selectively applied by the vacuum pump 124 to the openings 188 in the rear
      manifold 134, the bag or container C being held in place initially by such
      vacuum. More specifically, the side of the container C adjacent the rear
      manifold 134 is initially held in place against the pad openings 188 by
      vacuum in the manifold 134. In order to positively hold the front panel of
      the container C, after manual positioning and after the rear panel is held
      by vacuum against the rear manifold 134, referring to FIGS. 8 and 9, a
      mechanical bag clamp, generally 198 is provided for positively gripping
      the upper ends of both panels of the flexible container C against the
      upper pad 186 of the rear manifold 134.
PAR  The bag clamp assembly 198 includes an air cylinder assembly 200 which is
      pivotally secured by a pivot member 202 to a support arm 204. The support
      arm 204 is rigidly secured to the support section 170 of the rear manifold
      134. A piston rod 206 of the air cylinder 200 is pivotally connected at
      208 to an arm 210 which, in turn, is rigidly secured to one half of a
      hinge clamp 212. The other half of the hinge clamp 212 is rigidly secured
      to the support section 170, as best seen in FIGS. 8 and 9. When the air
      cylinder 200 is activated, the rod 206 moves from the position of FIG. 8
      to that of FIG. 9 so as to pivot the hinge clamp 212 to the position of
      FIG. 9, and positively hold both sides of the upper end of the container C
      against the pad 186 until such time as the rear manifold 134 and front
      manifold 132 move into proximate relationship, as shown in FIG. 6.
PAR  It is also important, as seen best in FIG. 8, that in the closed position,
      the passage or openings 140 in the front manifold 132 are to be offset, as
      discussed above, from the openings 188 in the rear manifold 134 so that
      the vacuum applied against the opposite panels of the upper end of the
      container C are not in direct opposition. If the passages or openings 140
      and 170 are in direct alignment, the front panel of the bag or container C
      is not under the proper influence of the vacuum in the front manifold 132.
PAR  Referring to FIGS. 5 and 6, the desired forward and reverse movement is
      imparted to the rear manifold 134 by an air cylinder assembly 214. The
      cylinder end of the cylinder assembly 214 is pivotally secured at 216 to a
      bracket 218 which is rigidly secured, as seen in FIG. 7, to the central
      portion of a longitudinal frame member of the rear section 128 of the
      overhead frame assembly 64. The piston rod 220 of the cylinder assembly
      214 is pivotally secured at a pivot pin 222 to a crank arm 224. The crank
      arm 224 is, at its central portion, pivotally secured to a bracket 226
      which is fixedly secured to the rear of the rear manifold 134. The lower
      end of the crank arm 224 is pivoted to a link 228 at a pivot connection
      230. The link 228, in turn, is pivotally secured at 232 to a bracket 234
      which is fixed to the central portion of the same frame member which
      carries the bracket 218. As seen in FIG. 6, when the air cylinder assembly
      214 is activated, the piston rod 220 moves outwardly and pivots the crank
      arm 224, thereby moving the rear manifold 134 to the full forward position
      for positively gripping the open upper end of the flexible container C in
      a fixed position between the manifolds for the operation of the machine
      50. The link 228, in the position shown in FIG. 6 is in axial alignment
      with the lower section of the arm 224 to thereby act as a clamp to
      positively clamp the rear manifold 134 in the full forward position
      against the front manifold 132.
PAR  As seen best in FIG. 6, the vacuumizing and gas adding assembly 56 is
      inserted into the flexible container C for the desired vacuumizing thereof
      and gas addition thereto. The assembly 56 is best shown in FIGS. 1 and
      5-7, and includes a pair of laterally spaced, upright air cylinder
      assemblies 236. Each of the air cylinder assemblies 236 is of
      substantially the same construction, so reference will generally be made
      to only one of the air cylinder assemblies 236. Each air cylinder assembly
      236 is pivotally secured at 238 to a support bracket 240 which is rigidly
      secured to the inner face of the front frame section 126 of the overhead
      frame 64. Each of the cylinder assemblies 236 is located substantially
      equidistantly from the upright, central axis of the apparatus, as seen
      best in FIG. 1. Each cylinder assembly 236 includes a downwardly extending
      piston rod 242. The lower end of each cylinder wall of the air cylinder
      236 is rigidly interconnected to an angle member 244, to interconnect to
      the lower ends of each of the cylinder assemblies 236.
PAR  Each end of each piston rod member 242 is rigidly connected to a hollow
      snorkel member 246. Each snorkel member 246 includes an enlarged upper
      flange 248 having a passageway (not shown) therein interconnected to a
      flexible hose 250, which selectively interconnects, by suitable valves, to
      a vacuum or to a gas, as will be hereinafter described. A downwardly
      extending, elongated, substantially flattened hollow member 252 projects
      downwardly from the flange 248 and a passasgeway 254 is defined therein.
      The passageway 254 interconnects with the passageway in the flange 248.
PAR  Referring particularly to FIGS. 19 and 20, the passageway 254 terminates
      with an open bottom and substantially longitudinal upright slots 256
      adjacent the open bottom. The air cylinder assembly 236 is constructed to
      permit at least the open bottom portions of the hollow members 252,
      including the slots 256, to project into the interior of the flexible
      container C so as to properly draw a vacuum therefrom or to add the
      desired gas thereto.
PAR  In order to properly aling each snorkel assembly 246 within the flexible
      container C and between the gripping manifolds 132 and 134, a snorkel
      positioning assembly, generally 258, is provided. The positioning assembly
      258 includes a rigid stopl member 260 having an upwardly projecting flange
      262, the stop 260 being rigidly secured to the upper face of the rear
      manifold 134. The positioning assembly 258 further includes an adjustable
      stop member 260 which is rigidly secured to the overhead frame 64 which
      projects forwardly therefrom. A forwardly projecting flange 266 has an
      adjustable threaded stop 268 on a rear upright flange 270 and an
      adjustable threaded stop 272 on a front upright flange. The angle member
      244, secured to the air cylinder assembly 236, has a support 274 mounted
      thereon. The support 274 has a rear downwardly projecting flange 276 and a
      front downwardly projecting flange 278 spaced from the rear flange 276.
      The rear flange 276 is positioned intermediate the threaded stops 268 and
      272.
PAR  As best seen in FIG. 5, when the rear manifold 134 is in the full back
      position, the rear flange 276 on the support 274, secured to the air
      cylinder assembly 236, engages the rear stop 270. When the rear manifold
      134 is moved to the full forward position, as seen best in FIG. 6, the
      flange 262 of the stop 260 moves away from engagement with the front
      flange 278, and the rear flange 276 on the support 274 engages the front
      threaded stop 268 so as to properly align the snorkel assembly 246 above
      the open upper end of the flexible container C and intermediate the
      manifolds 132 and 134. The air cylinder assembly 236 moves forwardly, as
      the flange 262 on the rear manifold 134 engages the angle member 244 to
      push the vacuumizing assembly 56 to the forward position. The positioning
      assembly 258 assures that the snorkels 246, which pivot about the pivot
      point 238, are properly positioned at all times relative to the
      substantially horizontally movable rear manifold, particularly for
      insertion into the flexible container C.
PAR  Referring to FIGS. 5 - 7, the heat sealing assembly 58 includes a heating
      member comprising a tubular heating rod 282 positioned centrally therein.
      The heat bar 280, preferably of aluminum of heat transfer purposes, is
      movable from a rear position, as shown in FIG. 5, within the hollow
      portion 184 of the rear manifold 134 to a full forward, heat sealing
      position as seen in FIG. 17. The heat seal bar 280 is then in alignment
      with the heat seal back up pad 148 positioned on the front manifold 132.
PAR  The heat seal bar 280 is movable relative to the rear manifold 134 by a
      pair of air cylinder members 284. Each of the air cylinder 284 is rigidly
      mounted, as best seen in FIG. 7, on the rear wall of the rear manifold
      128. Preferably, a threaded connection 286 is provided therebetween.
      Moveable piston rods 288 are rigidly interconnected at spaced positions to
      the heat seal member 280.
PAR  Each of the cylinders 284 is positioned substantially equidistantly on
      opposite sides of the central upright axis of the apparatus 50, as best
      seen in FIG. 7. When air pressure is applied to the cylinders 284, the
      heat bar 280 selectively moves forwardly or rearwardly to or from the heat
      sealing operation, as will be described hereinafter in greater detail.
      When in the full forward, heat sealing position, the rear manifold 134
      through the link 228 and arm 224, is clamped against the manifold 134 to
      offset the force of the air cylinders 284.
PAR  Apparatus 300 embodied in FIGS. 22-28 is of similar construction to that of
      the apparatus 50 of FIGS. 1 - 20. The apparatus 300, like the apparatus
      50, includes a package support frame, generally 302, a bag gripping
      section, generally 304, a vacuumizing and gas adding assembly, generally
      306, and a heat sealing assembly, generally 308. The apparatus 300
      includes several preferred structural and operative advantages to be
      hereinafter described.
PAR  As in the embodiment of FIGS. 1 - 20, the articles to be packaged, as meat
      pieces M, are placed within a flexible container D. The flexible container
      D as shown most clearly in FIGS. 24 and 25, is desirably constructed of
      the same heat sealable, gas impermeable material as the container C. The
      flexible container D is also substantially planar as seen in FIG. 24 and
      includes a sealed bottom 310 and sealed sides 312. The seals 310 and 312
      are preferably heat seals. An intermediate seal section 314, which may be
      a single, relatively wide seal or two, separate but closely positioned
      seals, is positioned between the sides 312 to thereby define a pair of
      completely separate bag sections 316 having open upper ends. The bag D,
      preferably includes serration 318 centrally of the intermediate seal 314
      to define not only separate, but separable bag sections. As will
      hereinafter described, the bag D, having the sections 316, may be
      advantageously used, for example, by lower volume butcher shops or
      restaurants, since the double section bag D permits one section to be
      separated from the other section and the contents therein used while the
      other bag sections is not disturbed and may be held for even longer
      periods of time without affecting the controlled interior thereof and
      exposing the interior to the atmosphere.
PAR  In describing the embodiment of FIGS. 22-29, reference will be made
      specifically to the storage of meat pieces M within the double section bag
      D, as best seen in FIGS. 25 and 29. The apparatus 300 operates in
      substantially the same way as the apparatus 50, and the frame 302 is of
      substantially the same construction and includes an upright support frame
      320 to which an overhead frame 322 is rigidly secured. Also, the bag
      support frame 302 is of substantially the same construction as the
      conveyor assembly 84 of the embodiment 50.
PAR  The bag gripping section 304 includes a vertically reciprocal front
      manifold 324 and a forwardly and rearwardly movable rear manifold 326. The
      opposite ends of the front manifold 324 are each guidably supported for
      vertical movement by bearing members (not shown) mounted at each end
      thereof having the same construction as the embodiment 50. As in the
      embodiment 50, the bearings are slidably guided by fixed upright rods (not
      shown) which are fixed to the support frame 322. The desired vertical
      reciprocal movement is imparted to the front manifold 324 by an air
      cylinder assembly 332.
PAR  The air cylinder assembly 332 is pivotally secured at 334 to the support
      frame 332 while the piston rod 336 thereof is rigidly secured at its outer
      end to a support bracket 338 which is fixedly secured to the central
      portion of the front manifold 324. Passageway 340 are provided in the
      front manifold 324 and the passageways 340 communicate with vacuum
      openings 324 in spaced upper and lower flexible sealing pads 344 on the
      front manifold 324. A flexible heat seal back up 346 is positioned
      intermediate the sealing pads 344.
PAR  The rear manifold 326 is guidabaly supported for forward and rearward
      movement by a pair of substantially upright pivot arms 348, pivotally
      secured at their upper ends to the overhead support frame 322. The lower
      ends of the pivot arms 348 are pivoted to a pair of brackets 350, which
      are secured to the opposite ends of the rear manifold 326.
PAR  The motive force for moving the rear manifold 326 to the forward position
      is of somewhat different construction from the assembly used for the
      apparatus 50. An air cylinder 352 is positioned in a substantially
      vertical position and is pivotally secured, generally above the rear
      manifold 326, at a pivot connection 353 with the overhead frame 322. The
      piston rod 356 of the air cylinder assembly 352 is pivotally secured to a
      toggle linkage 358. The toggle linkage 358 includes a front link 360 and a
      rear link 362. As seen in FIG. 23, two toggle linkages are used and
      interconnected to a tie bar 363. Each rear link 362 is pivotally secured
      at its rear end to a bracket 364 which is fixed to the upright frame 320
      and at its forward end to the tie bar 363. The front link 360 is also
      pivotally secured to the tie bar 363 along the same axis as the rear link
      362 while the forward end thereof is pivotally secured to a bracket 366
      which is rigidly secured to the rear wall of the rear manifold 326.
PAR  The rod 356 is rigidly secured to the central portion of the bar 363. As
      seen in FIG. 22, when the air cylinder 352 is activated, the links 360 and
      362 of the toggle mechanism 358 are movable into substantially axial
      alignment with each other to thereby positively clamp the rear manifold
      326 against the front manifold 324, as in the embodiment 50. The rear
      manifold 326, as seen in FIG. 22, also includes upper and lower flexible
      sealing pads 368 which generally align with the vertically spaced sealing
      pads 344 on the front manifold 324. A hollow space 370 is defined in the
      rear manifold 326 between the spaced sealing pads 368.
PAR  The bag clamping mechanism, generally 372, for the embodiment 300 is
      somewhat different from the bag clamping mechanism used in the apparatus
      50. Referring to FIGS. 27 and 28, a pair of bag clamping mechanisms 372
      are laterally spaced along the rear manifold 326 and operate to
      mechanically hold or clamp the upper edges of the bag D in a fixed
      position against the upper sealing pads 368 after the bag D has been
      manually positioned and before the bag D is under control of the vacuum
      provided in the manifolds 324 and 326. Each bag clamping mechanism 372
      includes an air cylinder assembly 374, which is pivotally secured, at its
      cylinder end, to a pivot member 376 which, in turn, is secured to a
      support bracket 378. The bracket 378 is rigidly secured to the rear wall
      of the rear manifold 326. A piston rod 380 of the air cylinder 374 is
      pivotally secured at 382 to a clamping plate 384. The clamping plate 384
      is pivotally secured to a bracket 386 at a pivot connection 388, and the
      clamp plate 384 includes a downwardly extending portion which is movable
      into position against the bag D to hold the upper edges of the bag D
      against the upper sealing pad 368 of the rear manifold 326. As with the
      embodiment 50, the bag clamps 372 act to hold the front bag panel in
      place, the rear bag panel being under the influence of the vacuum in the
      rear manifold 326.
PAR  The vacuumizing and gas addition assembly 306 of the apparatus 300 has
      significant advantages over that of the apparatus 50. The assembly 306
      includes an upright air cylinder assembly, generally 390. As best seen in
      FIG. 29, the air cylinder assembly 390 is pivotally carried by a support
      392 at a pivot connection 394. The support 392 is fixedly secured to the
      front of the overhead frame assembly 322. The lower end of the air
      cylinder assembly 390 is rigidly secured to a cross support 396 at a
      central portion thereof. In order to provide stability for the cross
      support 396, the opposite ends thereof, with the air cylinder assembly 390
      positioned substantially intermediate thereof, have a pair of upright
      support rods 398 secured thereto. The rods 398 are pivotally secured at
      their upper ends to pivot connections 400 by a pair of support brackets
      402 which are secured to the overhead frame 322. The pivot connections 400
      are coaxial with the pivot connection 394 for the upper end of the air
      cylinder assembly 390. The lower ends of the rods 398 are rigidly secured
      to the opposite ends of the cross support 396. The rods 398, cross support
      396, and wall portion of the air cylinder 390 generally define a pivoted
      frame.
PAR  The lower end of a piston rod 404 of the cylinder 390 is rigidly secured to
      a cross plate 406 which is positioned below and substantially parallel to
      the cross support 396. The cross plate 406, as seen in FIG. 29, is
      reciprocal between raised and lowered positions.
PAR  The cross plate 406 has laterally spaced apertures therein for vertically
      slidably carrying a pair of snorkel assemblies, generally 408, at the
      opposite ends thereof. Each snorkel assembly 408 projects downwardly and
      includes a substantially flattened hollow portion 410 having an upper
      flange 412 unitarily fixed thereon. Each flange 412 includes a passageway
      (not shown) therein which communicates with a central hollow passageway in
      the hollow member 410. The passageways in the flanges sealably
      interconnect with a flexible hose (not shown) or the like for selective
      communication with a vacuum source or pressurized gas.
PAR  In order to properly guide the snorkel assemblies 408 for upward and
      downward movement, the upper side of the flanges 412 each have a guide rod
      416 fixed thereto and projecting upwardly therefrom in substantial
      alignment with the upright axis of the hollow member 410. Each guide rod
      416 is slidably received by a bearing member 418 which is rigidly secured
      to the upper side of the cross plate 396, in a position intermediate the
      air cylinder assembly 390 and one of the support rods 398, in closer
      proximity to the rod 398. The upper end of each guide rod 416 includes a
      stop or positioning flange 420 which is rigidly secured thereto.
PAR  As seen, the snorkel assemblies 408 are vertically and slidably carried by
      the cross plate 406 and are insertable into the flexible container D. When
      the lower end of the hollow portion 410 of the snorkel engages a meat
      piece M, that snorkel 408 stops its downward descent. As indicated best in
      FIG. 29, even though one of the snorkel assemblies 408 stops, the other
      snorkel assembly 408 continues its downward movement until it also engages
      a meat piece M stored within the container D. The arrangement is
      considered to have significant advantages of the snorkel assembly used in
      the embodiment of apparatus 50 for better assuring proper evacuation. In
      the snorkel assembly 408, the flexible bag D, during evacuation, is far
      less likely to collapse around the vacuum openings 422 provided in the
      hollow members 410 because these openings are further away from adjacent
      bag panels which are likely to collapse. In this way, the desired vacuum
      in the flexible containers is more readily attainable to substantially
      remove all the air therefrom.
PAR  The apparatus 300 also includes a snorkel positioning assembly, generally
      424, for properly aligning the snorkel assemblies 408 relative to the rear
      manifold, at all times, particularly for insertion and withdrawal of the
      assemblies into the container D. The positioning assembly 424 provides a
      more positive snorkel positioning and is preferred over the positioning
      assembly 258 used in the embodiment 50. The positioning assembly 424
      includes a generally upright rod 426 which is rigidly mounted in a
      vertical position on the upper wall of the rear manifold 326. The upper
      end of the upright rod 426 is pivotally secured to an arm 428 at a pivot
      connection 430. The pivot connection 430 also pivotally interconnects with
      a linkage having a front link 432 and a rear link 434. The front link 432
      and rear link 434 are positioned in a generally upwardly angled direction.
      The rear link 434 is pivoted at its rear end to a bracket 436 secured to
      the overhead frame 322. The front link 432 is pivoted at its rear end to a
      support bracket 438 which is mounted on the underside of the cross support
      396.
PAR  When the rear manifold 326 is moved to the full forward position, as seen
      in FIG. 22, the upright rod 426 also moves forwardly thereby pivoting the
      arm 428. The arm 428 pivots the links 432 and 434 into axial alignment as
      seen in FIG. 22, to thereby positively position the snorkel assemblies 408
      at the required location above the opening between the manifolds 324 and
      326, which initially hold the bag D open, for insertion and withdrawal of
      the snorkel assemblies 408 into and from the bag D.
PAR  The heat sealing assembly 308 for the apparatus 300 has substantially the
      structure as the heat sealing assembly for the embodiment 50. Therefore,
      the heat sealing assembly 308 will not be described other than by
      reference to the embodiment 50.
PAC  OPERATION
PAR  The operation of both embodiments of our packaging apparatus, described
      above, that is, the apparatus 50, illustrated in FIGS. 1- 20, and the
      embodiment 300 illustrated in FIGS. 22-29, will be described in
      conjunction with a description of our packaging process. For purposes of
      simplicity in description of the operation, reference will more generally
      be made to the apparatus 50 embodied in FIGS. 1-20. At times in this
      description, where there is a significant difference in operation as
      between the two embodiments, reference will be specifically made to the
      apparatus 300 embodied in FIGS. 22-29. Also, in describing the sequencing
      of the equipment, the various controls used will be described and
      reference will be made to the pneumatic flow diagram of FIG. 21 and the
      electric diagrams of FIGS. 21A and 21B. Also, various limit switches, not
      previously described, will be located and discussed in describing the
      operation and the paackaging process.
PAR  Referring first to FIGS. 1, 2, and 5, the operator of the apparatus 50
      first places a flexible container C (or double section flexible container
      D) into an open, substantially rigid box B. Generally, at a separate
      station, the product to be packaged, as meat pieces M, are packed or
      placed, as seen in FIG. 5, in the flexible container C or D. When the
      desired quantity of meat has been placed into the flexible bag, the box B
      and its contents are transferred to the packaging apparatus and placed on
      the conveyor assembly 84. The box is moved along its longitudinal axis
      into a position where its opposite ends are substantially equally spaced
      inwardly from the opposite ends of the front and rear manifolds 132 and
      134. The height of the assembly 34 will have been previously adjusted to
      the desired level.
PAR  When the box B is thus positioned, the open end of the flexible container C
      is in position to have the upper edges of the flexible container C held
      against the vacuum openings 188, in the pads 186, in the frontwardly
      facing rear manifold 134. Preferably, the machine frame 60 includes a rear
      flap hold down bar 440 and side flap hold down bar 442 to assist in
      keeping the rear and end flaps of the box B out of the operator's way
      during operation of the machine 50 or 300.
PAR  At this time, the operator grasps the panels of the bag C or D along its
      seams and along its open upper end and then manually stretches the upper
      ends of the panels into a substantially wrinkle-free condition, while the
      upper edges of the sides are positioned in substantial alignment with each
      other. A vacuum is then being applied to the openings 188 through the
      passageway 176 and through a hose 190 which is selectively interconnected
      with vacuum from the vacuum pump 124. The vacuum pump 124 desirably
      operates at a vacuum of about 25-29 inches Hg and this vacuum acts to hold
      the rear panel of the bag C or D in a substantially wrinkle-free, open
      condition against these vacuum openings 188. Atmospheric pressure acts
      against the rear panel of the flexible bag C or D along the vacuum
      openings 188 in both the upper and lower pads 186 of the rear manifold
      134. The operator has a clear view of the rear manifold 134 because the
      front manifold is in a raised position and also the height of the rear
      manifold 134 is at substantially eye level.
PAR  Although the upper edges of the bag C or D are desirably positioned in a
      substantially horizontal position, slight misalignment is not detrimental
      to the operation. In this regard, it is more important for the opposite
      panels of the bag to be in such a position as to assure heat sealing
      thereof by the heat seal bar 280, which operation will be hereinafter
      described in greater detail. Three longitudinally spaced bag stops 183 are
      preferably mounted on the rear manifold 134 to assist the operator in
      properly initially positioning the bag C.
PAR  Referring to FIG. 12, the start of the automatic sequencing operation is
      shown. As shown, the heat sealing bar 280 is in the back or retracted
      position, the snorkels 246 are in the raised position, and the front
      manifold 132 is in the up position.
PAR  Once the operator has positioned the bag C or D in the described manner
      against the rear manifold, little further skill is required from the
      operator, as will be described. This is considered an important feature
      because of significant reduction in human error. When the bag C is
      manually held against the pad openings 188 in the rear manifold 134,
      referring to FIG. 21, vacuum switch 443 senses an increase in the vacuum
      in the vacuum lines because the openings 188 are closed to the atmosphere.
      When the switch 443 senses that a vacuum of about 15-18 inches Hg is
      reached, the bag clamp solenoid valve 444 is energized, as shown in FIG.
      21, to permit pressurized air, at normal plant air pressure, to pass to
      both of the bag clamp air cylinders 200 of the embodiment 50, or in the
      embodiment 300, to the air cylinders 374. (In this description, the coil
      of each solenoid valve and the valve itself will be given the same
      reference number, for purposes of simplicity.) When this occurs, the bag
      clamping mechanisms 198 (or 372) are activated to mechanically clamp both
      panels and particularly the front panel of the bag C or D against the rear
      manifold, as best seen in FIGS. 8 and 9, for the embodiment 50 and in
      FIGS. 27 and 28, for the embodiment 300. After the bag clamps have been
      activated, in addition to their mechanical clamping function, their
      activation is a signal that the bag is properly positioned and sequencing
      may commence. Thereafter, the operator moves his hands out of the way of
      the manifolds and the manually operated switch 446, as seen in FIGS. 1 and
      21A, is activated. From this time on, the entire sequencing operation for
      the equipment is completely automatic and little further manual skill is
      required. One of the few instances where assistance of the operator is
      called for is when the bag C appears to have air pockets, and may require
      the operator to manually move the bag panels to substantially eliminate
      the air pockets; even this is generally found only in the embodiment 50,
      and not in the embodiment 300.
PAR  Activation of the manual switch 446 performs several functions. First, the
      closing of switch 446 activates the front manifold solenoid valve 448,
      which, in turn, energizes the drive cylinder assembly 158, to permit
      pressurized air to enter the cylinder 158 and cause the front manifold 132
      to move downwardly, as indicated in FIG. 12. The manual switch 446 further
      activates a relay 449, seen in FIG. 21A, the purpose of which will be
      hereinafter described.
PAR  As seen best in FIG. 10, a limit switch 450, mounted on the overhead frame
      64, is positioned to be activated by a tripper 451 which is rigidly
      mounted on the overhead frame 64. When this occurs, the front manifold 132
      is in the full down position and is generally horizontally aligned with
      the rear manifold 134, as seen in FIG. 13. The normally closed switch 450
      is opened when the front manifold 132 is down, to thereby de-activate the
      bag clamps to move them out of the way when the rear manifold 134 is moved
      towards the front manifold 132.
PAR  Referring to FIG. 14, while the snorkels 246 are still in the up position,
      the rear manifold 134 is moved forwardly, like the de-activation of the
      bag clamps, when the limit switch 450 has been activated. The limit switch
      450 also activates a rear manifold solenoid valve 452 through time delay
      switch 452A, as seen in FIGS. 21 and 21A, which permits pressurized air to
      be applied to the drive cylinder 214 to move the rear manifold 134
      forwardly, as shown. As seen in FIG. 21A, when the limit switch 450 is
      closed, circuits controlled by a time delay relay 454 are affected. First,
      a switch 455 is activated to energize the vacuum solenoid 456 to apply
      vacuum to the front manifold. When the misaligned pad openings 144 and 188
      in the front and rear manifolds 132 and 134 engage opposite sides of the
      bag C by means of vacuum in both manifolds, the front section of the bag C
      is under control of the front manifold 132 while the rear section or panel
      of the bag C is under control of the rear manifold 134.
PAR  When the delay switch 452A of the relay 452 times out, the valve closes and
      the cylinder 214 reverses movement to move the rear manifold 134
      rearwardly, as indicated in FIG. 15, while the bag is opened because each
      bag panel is under the control of the vacuumized front and rear manifolds
      132 and 134. When the rear manifold 134 reaches the full back position, a
      limit switch 457 is contacted. The snorkel solenoid valve 458, as seen in
      FIGS. 21 and 21A is energized to cause pressurized air to be applied to
      the snorkel cylinders 236 for moving the snorkels 246 downwardly into the
      bag C, which is opened below the snorkels.
PAR  The snorkel positioning assembly 258 (or 424) maintains the snorkels in a
      pre-determined position relative to the rear manifold. The assembly 258
      (or 424) is mounted on the rear manifold and pivots the snorkel assembly
      in response to forward and reverse movement of the rear manifold. This
      positioning is particularly important in positioning the bottom of the
      snorkels 246 in aligned relationship with the open bag. The snorkels are
      positioned substantially intermediate the manifolds 132 and 134 and
      thereby centrally of the open portion of the bag.
PAR  The snorkels 246 enter the open upper end of the bag C, as generally shown
      in FIG. 15, while the rear manifold 134 is spaced back from the frost
      manifold 132. In the embodiment 50, of FIGS. 1-20, the bottoms of the
      snorkels 246 are positioned to a predetermined level in the bag C, but
      below the manifolds 132 and 134. The open portions in the bottoms of the
      snorkels must be completely within the bag C. The vacuum openings of the
      snorkels sometimes are closed by the bag panels and the operator may have
      to manually pull the bag panels from the vacuum openings in order to
      obtain a proper vacuum level.
PAR  In the embodiment of FIGS. 22-29, and as seen best in FIG. 29, the snorkels
      "float" or move to a level where the bottoms of the snorkels 408 actually
      engage the surface of the meat pieces M. The cylinder 390 moves the cross
      plate 406 downwardly and the cross plate 406 carries the snorkel members
      408 downwardly. The snorkel flanges 412 rest on the cross plate 406. When
      the bottom of the hollow member 410 strikes the meat M within the
      container D, further downward movement of that snorkel is stopped even
      though the cross plate 406 continues its downward descent, together with
      the other snorkel 408. The other snorkel continues until it also strikes a
      meat piece. Thus, the hollow members 410 of the snorkel assemblies 408
      extend downwardly into the flexible container to different levels, closer
      to the meat, thereby providing better assurance that the desired vacuum
      level will be reached without manipulation of the bag.
PAR  During the downward descent of the snorkel assemblies, the spacing of the
      snorkels from the front and rear manifolds is determined, in the apparatus
      50, by the snorkel positioning assembly 258 and, in the embodiment 300, by
      the positioning assembly 424.
PAR  Referring to FIG. 11, a trip arm 461 on the snorkel assembly 246 strikes
      the arm 462 on a limit switch 464, mounted on top of the rear manifold
      134, for signaling when the snorkels 246 are in the down position. When
      the switch 464 is so energized, it opens a circuit to de-energize the
      relay 454 and closes a circuit to energize the coil of a solenoid 466 and
      open the interior of the snorkels 246 to vacuum, as seen in FIGS. 21 and
      21A.
PAR  When the relay 454 has been de-energized, the normally closed delay switch
      454A closes and the solenoid valve 452 is energized again, to move the
      rear manifold forwardly.
PAR  When the rear manifold moves forward, the limit switch 457 changes
      circuits, as seen in FIG. 21A, to de-energize solenoid 456 and energize
      solenoid 460, and thereby cut vacuum to both manifolds 132 and 134. As
      there is only a fraction of a second involved, residual vacuum holds the
      bag in place until the manifolds are clamped together. Because the pads on
      the manifolds are flexible, the interior of the bag C is sealed from the
      atmosphere. The snorkels 246 are in sealing engagement with the bag panels
      which form around the hollow, passage defining portions of the snorkels.
      When the container C is effectively sealed from the atmosphere, air is
      drawn from the container C through the snorkels 246 to remove
      substantially all the air therefrom and create a vacuum therein. A
      suitable vacuum level is considered to be in the range of about 25-29
      inches Hg. When the solenoid valve 468, as seen in FIGS. 21 and 21A,
      detects a vacuum in the desired range of about 25-29 inches Hg, vacuum
      switch 468 closes. The switch 470 having been closed previously by the
      relay 449, and the closed vacuum switch 468 cause the coils of the
      nitrogen solenoid valve 472 and of the carbon dioxide solenoid valve 474
      to be energized. The vacuum switch 470 also energizes a relay 476 which,
      in turn, opens the switch 478 and cuts vacuum to the snorkels. With the
      vacuum cut, a pre-determined quantity of carbon dioxide and nitrogen in
      the accumulators 118 and 120 are charged into the evacuated bag C or D.
PAR  The amount of carbon dioxide and nitrogen added to the container may vary
      over a wide range, depending on the material and amount thereof being
      packaged, and the size of the bag and its closed volume. In practice, the
      accumulators are capable of receiving a measured volume of gas at a
      preselected pressure. Simply by changing the pressure level, the amount of
      gas which is added to the bag can vary. In one example, 414 cubic inches
      of nitrogen and 414 cubic inches of carbon dioxide are added to the bag C
      per 75 pounds of beef; this provides a 50 percent concentration of carbon
      dioxide in the bag. Depending on the various parameters, the added gas can
      vary over a wide range, as 2-10 cubic inches per pound of meat product for
      each of the gases.
PAR  Although the nitrogen is not considered to have any significant preserving
      effect on the meat, it is believed that the nitrogen functions to reduce
      the concentration of the carbon dioxide. If the concentration of carbon
      dioxide is at too high a level, the meat, as beef, begins to turn gray or
      darken, an undesirable condition. Thus, the nitrogen, basically an inert
      gas, serves the important function of providing a concentration of carbon
      dioxide at such a level that the meat does not darken from exposure to
      carbon dioxide over extended periods of time. It is considered an
      important feature of the process to maintain the natural color of the
      fresh red meat, even over extended periods of time, as for 30 to 45 days.
PAR  Carbon dioxide is important in reducing bacteria growth. Bacteria is
      generally always present on the surface of meat. In order to reduce the
      growth of aerobic bacteria, air is first removed, and then, in order to
      inhibit the growth of the aerobic bacteria, carbon dioxide is added.
      Carbon dioxide also has the important effect of reducing or inhibiting the
      growth of anaerobic bacteria. Although vacuumizing is important for
      greatly reducing the amount of enclosed air, residual air is generally
      present in the bag and without the carbon dioxide, aerobic bacteria, as
      well as anaerobic bacteria, can grow over extended periods of time. Such
      growth could be detrimental and cause the bacteria level to increase
      beyond acceptable limits when the apparatus 50 (or 300) is used in the
      packaging of food products, as fresh meat. For these reasons, carbon
      dioxide, at appropriate concentrations, is important.
PAR  It is also important in the process that, after vacuumizing, the pressure
      in the flexible container is at substantially atmospheric pressure, or
      slightly below. In the case of a vacuumized container C, the bag is
      normally tight against the meat. Particularly in large bulk packaging of
      products, as 50-100 pound packages, a condition at which the bag C is taut
      makes the bag susceptible to breakage. Also, if the gas pressure within
      the container C or D exceeds atmospheric pressure, the bag can actually
      expand and become stretched. A bag that is expanded from pressure in
      excess of atmospheric is also considered undesirable and susceptible to
      breakage during handling. Thus, the container C should be in a
      substantially relaxed condition, after complete processing, so as to be
      less susceptible to breakage, as opposed to a flexible bag which is
      vacuumized or which is expanded from pressure therein.
PAR  The vacuum switch 468, when closed, energizes the time delay relay 476, as
      previously described. The relay 476 includes a delay switch 480 which
      opens after a time delay sufficient to assure that the desired gases have
      been added to the bag. Opening switch 480 de-energizes the coil of the
      solenoid 458, to cause the snorkels 246 to move upwardly and out of the
      bag C. A delay switch 482 of the relay 476 also opens to de-energize
      solenoids 472 and 474 and close off the accumulators to the snorkels and
      open them to be charged with the desired volume of gases from the carbon
      dioxide and nitrogen tanks. The pressure regulators 484 control the
      pressure and thereby volume of gases added to the respective accumulators.
PAR  As seen in FIG. 17, the manifolds 132 and 134 remain in sealing
      relationship with the sides of the bag C so that during the withdrawal of
      the snorkels 246, the sealing of the open upper end of the bag C is
      substantially unaffected because of the double, rear flexible sealing pads
      and the gaseous atmosphere therein remains substantially the same. Also,
      since the gas in the container C or D is at substantially the same
      pressure as the atmomsphere, there is no tendency either for air to enter
      the bag or for the gas to leave the container C.
PAR  When the snorkels 246 have reached their full up position, limit switches
      486 are held in a closed position. A delay relay 488 is energized by the
      closing of the limit switches 486. Also, this energizes the heat seal bar
      solenoid valve 492 to cause pressurized air to operate the air cylinders
      284 to move the heat bar 280 forwardly to the heat sealing position. The
      bar 284 heats the adjacent bag panels to provide the heat seal 494 on the
      bags C or D. The relay 488 also includes a delay switch 496 which is timed
      to open when the desired amount of heating has occured. The opening of
      this switch de-energizes the solenoid 492 and the heat seal bar 280
      retracts.
PAR  At this time, the entire vacuumizing, gas adding and heat sealing cycle
      having a variable duration, as about 15-25 seconds, is complete and the
      front manifold 132 returns to the up or start position. When the front
      manifold 132 moves upwardly, the limit switch 450 opens and the rear
      manifold 134 moves rearwardly because the solenoid valve 452 is
      de-energized. The bag C and box B are moved away from the machine for
      sealing of the flaps and the machine is ready for a new cycle.
PAR  In the foregoing description, it is to be understood that only the more
      important aspects of the sequencing have been described, and there may be
      other sequencing operations occurring which are not herein described, but
      which are schematically shown.
PAR  Preferably, a water supply 495 may be provided for flushing the various
      lines with water, as seen in FIG. 21. When the switch 496 is manually
      closed, the solenoid valve 498 is energized causing rinse water to clean
      the lines.
PAR  Referring to FIG. 21B, the electrical schematic for the vacuum pump motor
      500 is shown. The fusing and grounding thereof is shown. The lines 502 and
      504 are the same as lines 502 and 504 in the electrical schematic of FIG.
      21A.
PAR  The thus processed packaged meat may be stored at refrigrating temperatures
      as about 35.degree.-50.degree. F. for periods of time as much as 45 days
      without adversely affecting the fresh red color of the fresh meat and
      without unduly increasing the bacteria count, whether aerobic or anaerobic
      bacteria are involved, beyond acceptable levels for human consumption.
PAR  One important result of the process is that the packaged meat product
      permits natural tenderization to occur without mold growth. As an example,
      a beef rib, packaged as above, may be stored at a temperature of about
      41.degree. F. for fifteen to thirty days and the meat is tender and tasty.
      The aging or tenderization time can be significantly decreased by storing
      the meat at a higher temperature, as about 50.degree.-59.degree. F., for 3
      to 5 days, while retaining the red color of the meat and maintaining a low
      bacteria count. Even after opening the package, the shelf life of the meat
      in a normal atmosphere and at 36.degree. F. is approximately 10 days.
PAR  While in the foregoing, there has been provided a detailed description of
      particular embodiments of the present invention, it is to be understood
      that all equivalents obvious to those having skill in the art are to be
      included within the scope of the invention as claimed.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Apparatus for packaging articles in a substantially gas impermeable
      flexible container having an open end, said apparatus comprising, in
      combination, means for supporting said flexible container with said
      articles therein in a substantially fixed position relative to said
      apparatus, means for releasably gripping said container on opposite sides
      thereof along said open end, means for moving said gripping means between
      open and closed positions while carrying said container sides, passage
      defining means, means for moving said passage defining means into and out
      of said container, means for temporarily sealing said flexible container
      along said gripping means whether said passage means is in or out of said
      container, said temporary sealing means being carried by said gripping
      means, means for selectively vacuumizing and adding a gas into said
      container through said passage defining means while said container is
      temporarily sealed, said temporary sealing means maintaining said
      container in said temporarily sealed condition as said passage defining
      means is being moved out of said container, and means for effecting a
      self-sustaining seal of the sides of said container after said passage
      defining means is out of said container for maintaining said gas in said
      container and while said temporary sealing means continues to maintain
      said container in a sealed condition.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said supporting means is positioned
      below said gripping means and below said passage defining means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said supporting means is vertically
      adjustable so that the vertical position of said packaged articles may be
      adjusted relative to said passage defining means.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said releasable gripping means
      comprises a pair of horizontally positioned, elongated members for
      controllably gripping opposite sides of said flexible container while said
      sides are in a substantially flattened, wrinkle-free condition.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said elongated members comprise spaced
      vacuum manifolds having a plurality of vacuum openings therein, and means
      are provided for supplying vacuum to said openings for holding the
      opposite sides of said bag in the open condition at selected times.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said vacuum openings are misaligned
      with each other so that both of said manifolds grasp the opposite sides.
NUM  7.
PAR  7. The apparatus of claim 4 wherein said temporary sealing means comprise
      flexible sealing members positioned on said elongated members and in
      opposition to each other, said flexible sealing members being capable of
      sealing around said passage defining means when said passage defining
      means are in said container and when said elongated members are in the
      gripping condition.
NUM  8.
PAR  8. The apparatus of claim 5 wherein said temporary sealing means are
      mounted on said vacuum manifolds and include spaced upper and lower
      flexible sealing pads capable of sealing around said passage defining
      means when said manifolds are in the closed, gripping condition.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said gripping means includes a pair of
      spaced, substantially horizontal, elongated members, each of said members
      receiving one side panel of said fiexible container, and means are
      provided for moving said elongated members into and out of a container
      closing position.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said elongated members comprise vacuum
      manifolds having a plurality of vacuum openings therein, means for
      selectively supplying vacuum to said openings, said temporary sealing
      means comprise flexible sealing members mounted on said elongated members
      for sealably closing said flexible container both when said passage
      defining means are in said container and when said passage defining means
      are out of said container.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said seal effecting means comprise
      heat sealing means and are contained within said elongated members.
NUM  12.
PAR  12. The apparatus of claim 10 wherein said seal effecting means comprise
      heat sealing means and are contained within said vacuum manifolds.
NUM  13.
PAR  13. The apparatus of claim 1 wherein said passage defining means comprises
      substantially upright, hollow members having passages defined therein and
      control means are provided for selectively operating said inserting means
      for moving said hollow members into and out of said container at
      pre-selected intervals.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said hollow passage defining members
      are substantially flattened with a hollow interior, and said temporary
      sealing means comprises flexible sealing means mounted on said gripping
      means for sealably engaging said passage defining means to close the
      interior of said container to the atmosphere.
NUM  15.
PAR  15. The apparatus of claim 1 wherein said inserting means comprises drive
      means for operating said inserting means for moving said passage defining
      means in and out of said container, control means for operating said drive
      means, and means for positioning said passage defining means relative to
      said gripping means for movement of said passage defining means in and out
      of said container.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said positioning means includes air
      cylinder means, said inserting means includes air cylinder means, both of
      said air cylinders being operated by control means for sequencing the
      operation thereof at pre-selected intervals.
NUM  17.
PAR  17. The apparatus of claim 1 wherein said vacuumizing and gas adding means
      includes a vacuum source and a gas source, and control means are provided
      for sequencing said apparatus to first vacuumize said container and
      thereafter adding said gas thereinto.
NUM  18.
PAR  18. The apparatus of claim 1 wherein said heat sealing means includes an
      elongated heat sealing bar and a spaced heat seal back up member, said
      heat sealing bar and said back up means being mounted on said releasable
      gripping means.
NUM  19.
PAR  19. The apparatus of claim 1 wherein said releasable gripping means
      comprise substantially horizontally spaced vacuum manifold members, and
      said heat sealing means comprises a heat sealing bar in one of said
      manifolds and a back up means in the other of said manifolds, and means
      are provided for moving said heat sealing means against said back up means
      with the side panels of said flexible container being positioned
      therebetween for receiving a heat seal thereon.
NUM  20.
PAR  20. The apparatus of claim 1 wherein control means are provided for
      operating said moving means for moving said passage defining means in and
      out of said flexible container.
NUM  21.
PAR  21. The apparatus of claim 1 including means for clamping the upper ends of
      both panels of said flexible containers together before said releasable
      gripping means have control over both of said panels.
NUM  22.
PAR  22. The apparatus of claim 21 wherein said releasable gripping means
      comprises spaced vacuum manifold means and said bag clamping means are
      mounted on only one of said manifolds.
NUM  23.
PAR  23. The apparatus of claim 1 wherein said inserting means moves said
      passage defining means to a preselected level in said flexible container.
NUM  24.
PAR  24. The apparatus of claim 1 wherein said inserting means includes means
      for moving said passage defining means to a level determined by the level
      of said articles within said container.
NUM  25.
PAR  25. The apparatus of claim 24 wherein the descent of said passage defining
      means into said container is stopped, while said inserting means continues
      its descent.
NUM  26.
PAR  26. The apparatus of claim 25 including a plurality of said passage
      defining means, each of which is moveable to a different level as
      determined by the level of the articles being packaged and positioned
      below each of said passage defining means.
NUM  27.
PAR  27. The apparatus of claim 1 including means for continually positioning
      said passage defining means in aligned relationship with said open end to
      thereby assure proper movement of said passage defining means into said
      container.
NUM  28.
PAR  28. The apparatus of claim 27 wherein said positioning means is mounted on
      said releasable gripping means.
NUM  29.
PAR  29. The apparatus of claim 1 wherein said temporary sealing means defines
      first and second spaced apart seals so that as said passage defining means
      is moved out of said container and past said first temporary seal, said
      first seal assures maintenance of said temporary seal.
NUM  30.
PAR  30. The apparatus of claim 29 wherein said permanent sealing means is a
      heat sealing means and is positioned intermediate said spaced temporary
      seals.
NUM  31.
PAR  31. Apparatus for packaging articles in a substantially gas impermeable
      flexible container having an open end, said apparatus comprising, in
      combination, means for supporting said flexible container with said
      articles therein, means for releasably gripping said container on opposite
      sides thereof along said open end, passage defining means, means for
      inserting said passage defining means into and out of said container,
      means for temporarily sealing said flexible container along said gripping
      means whether said passage means is in or out of said container, means for
      first vacuumizing said container and thereafter adding a gas thereto
      through said passage means while said container is temporarily sealed,
      means for effecting a self-sustaining seal for said container after said
      passage means is moved from said container, and control means, said
      control means including manually operated means and automatic sequencing
      means, said manual means commencing the operation of said sequencing
      means, and said sequencing means thereafter operates said gripping means,
      said inserting means, said vacuumizing and gas adding means, and said
      sealing means without further manual operation.
NUM  32.
PAR  32. The apparatus of claim 31 wherein supporting means is positioned below
      said gripping means and below said passage defining means.
NUM  33.
PAR  33. The apparatus of claim 31 wherein said supporting means is vertically
      adjustable so that the vertical position of said packaged articles may be
      adjusted relative to said passage defining means.
NUM  34.
PAR  34. The apparatus of claim 31 wherein said releasable gripping means
      comprises a pair of horizontally positioned, elongated members for
      controllably grasping opposite sides of said flexible container while said
      sides are in a substantially flattened, wrinkle-free condition.
NUM  35.
PAR  35. The apparatus of claim 34 wherein said elongated members comprise
      spaced vacuum manifolds having a plurality of vacuum openings therein, and
      means are provided for supplying vacuum to said openings for holding the
      opposite sides of said bag in the open condition at selected times.
NUM  36.
PAR  36. The apparatus of claim 25 wherein said vacuum openings are misaligned
      with each other so that both of said manifolds grasp the opposite sides.
NUM  37.
PAR  37. The apparatus of claim 34 wherein said temporary sealing means comprise
      flexible sealing means positioned on said elongated members and in
      opposition to each other, said flexible sealing members being capable of
      sealing around said passage defining means when said passage defining
      means are in said container and when said elongated members are in the
      gripping condition.
NUM  38.
PAR  38. The apparatus of claim 35 wherein said temporary sealing means are
      mounted on said vacuum manifolds and include spaced upper and lower
      flexible sealing pads capable of sealing around said passage defining
      means when said manifolds are in the closed, gripping condition.
NUM  39.
PAR  39. The apparatus of claim 31 wherein said gripping means includes a pair
      of spaced, substantially horizontal elongated members, each of said
      members receiving one side panel of said flexible container, and means are
      provided for moving said elongated members into and out of a container
      closing position.
NUM  40.
PAR  40. The apparatus of claim 39 wherein said seal effecting means comprise
      heat sealing means and said elongated member comprise vacuum manifolds
      having a plurality of vacuum openings therein, means for selectively
      supplying vacuum to said openings, said temporary sealing means comprises
      flexible sealing members mounted on said elongated members for sealably
      closing said flexible container both when said passage defining means are
      in said container and when said passage defining means are out of said
      container.
NUM  41.
PAR  41. The apparatus of claim 39 wherein said seal effecting means comprise
      heat sealing means which are contained within said elongated members.
NUM  42.
PAR  42. The apparatus of claim 40 wherein said heat sealing means are contained
      within said vacuum manifolds.
NUM  43.
PAR  43. The apparatus of claim 31 wherein said passage defining means comprises
      substantially upright, hollow members having passages defined therein and
      control means are provided for selectively operating said inserting means
      for moving said hollow members into and out of said container at
      preselected intervals.
NUM  44.
PAR  44. The apparatus of claim 43 wherein said hollow passage defining members
      are substantially flattened with a hollow interior, and said temporary
      sealing means comprise flexible sealing means mounted on said gripping
      means for sealably engaging said passage means to close the interior of
      said container to the atmosphere.
NUM  45.
PAR  45. The apparatus of claim 31 wherein said inserting means comprises drive
      means for operating said inserting means for moving said passage defining
      means in and out of said container, control means for operating said drive
      means, and means for positioning said passage defining means relative to
      said gripping means for movement of said passage defining means in and out
      of said container.
NUM  46.
PAR  46. The apparatus of claim 45 wherein said positioning means includes air
      cylinder means, said inserting means includes air cylinder means, both of
      said air cylinders being operated by control means for sequencing the
      operation thereof at pre-selected intervals.
NUM  47.
PAR  47. The apparatus of claim 31 wherein said vacuumizing and gas adding means
      includes a vacuum source and a gas source, and control means are provided
      for sequencing said apparatus to first vacuumize said container and
      thereafter add said gas thereinto.
NUM  48.
PAR  48. The apparatus of claim 31 wherein said seal efffecting means comprise
      heat sealing means which include an elongated heat sealing bar and a
      spaced heat seal back up member, said heat sealing bar and said back up
      means being mounted on said releasable gripping means.
NUM  49.
PAR  49. The apparatus of claim 31 wherein said releasable gripping means
      comprises substantially horizontally spaced vacuum manifold members, and
      wherein said seal effecting means comprise heat sealing means which
      comprise a heat sealing bar in one of said manifolds, and a back up means
      in the other of said manifolds, and means are provided for moving said
      heat sealing means against said back up means with the side panels of said
      flexible container being positioned therebetween for receiving a heat seal
      thereon.
NUM  50.
PAR  50. The apparatus of claim 49 wherein control means are provided for
      operating said moving means for moving said passage defining means in and
      out of said flexible container.
NUM  51.
PAR  51. The apparatus of claim 31 including means for clamping the upper ends
      of both panels of said flexible container together before said releasable
      gripping means have control over both of said panels.
NUM  52.
PAR  52. The apparatus of claim 51 wherein said releasable gripping means
      comprises spaced vacuum manifold means and said bag clamping means are
      mounted on only one of said manifolds.
NUM  53.
PAR  53. The apparatus of claim 31 wherein said releasable gripping means
      comprises spaced vacuum manifolds, said control means comprises a vacuum
      switch operative when the vacuum of said manifold with said bag panel
      thereagainst is at a preselected level, flexible container clamping means
      responsive to said vacuum switch means are provided for temporarily
      clamping the upper side of both sides of said bag, and said manual means
      comprises a manual switch for commencing the operation of the said
      sequencing means.
NUM  54.
PAR  54. The apparatus of claim 31 wherein said container gripping means
      includes an elongated front vacuum manifold and an elongated rear
      manifold, said elongated front manifold being movable from a raised
      position to a lowered position as said manual means commences the
      operation of said sequencing means, and limit switch means detect when
      said front manifold means is in the lowered position.
NUM  55.
PAR  55. The apparatus of claim 54 including drive means for moving said rear
      manifold forwardly and clamping said rear manifold against said front
      manifold with said flexible container secured thereto, and said last
      mentioned drive means being responsive to said limit switch for indicating
      that said front manifold is in the down position.
NUM  56.
PAR  56. The apparatus of claim 55 including switch means indicating that said
      rear manifold is in the forward position and vacuum means in said front
      and rear manifold operatively grip each of said panels, and said switch
      means operate said drive means to return said rear manifold to the
      rearward positon so that said bag is held in the open condition by said
      manifolds, with said flexible panels spaced away from each other.
NUM  57.
PAR  57. The apparatus of claim 56 including switch means for indicating said
      rear manifold is in the back position, and drive means responsive to said
      last mentioned switch means are provided for moving said passage defining
      means downwardly for insertion into said flexible container.
NUM  58.
PAR  58. The apparatus of claim 57 wherein said vacuumizing means creates a
      vacuum at a preselected level in said container, a vacuum switch is
      responsive to said preselected level for shutting said vacuum to said
      passage defining means, and control means are provided for adding said
      oxygen free gas into said container through said passage defining means
      after said vacuum is shut.
NUM  59.
PAR  59. The apparatus of claim 58 including switch means for detecting the
      completion of gas addition into said flexible container, and drive means
      responsive to said switch means are provided for raising said hollow
      passage defining means out of said container, while said container remains
      in the sealed condition and drive means also responsive to said switch
      means for operating said seal effecting means for sealing said flexible
      container.
NUM  60.
PAR  60. The apparatus of claim 59 including switch means for detecting the end
      of said sealing operation and for returning the rear manifold to the
      rearward position, said front manifold to the raised position, and said
      sealing means to the retracted position to complete the cycle of
      operation.
NUM  61.
PAR  61. Apparatus for bulk packaging a plurality of articles in a flexible
      container having an open end, said apparatus comprising, in combination,
      means for supporting said flexible container with said articles therein in
      a substantially fixed position relative to said apparatus, laterally
      spaced means for releasably gripping said container on opposite sides
      thereof along said open end, passages defining means, means for
      positioning said passage defining means in an aligned position relative to
      the open end of said container, means for moving said passage defining
      means into and out of said container, means carried by said gripping means
      for temporarily sealing said flexible container along its open end whether
      said passage means is in or out of said container, means for creating a
      controlled interior for said container through said passage means while
      said container is temporarily sealed by said sealing means, and means
      carried by said gripping means for self-sustainingly sealing said
      container along its open end after said passage defining means is out of
      said container.
NUM  62.
PAR  62. The apparatus of claim 61 wherein said releasable gripping means
      comprises a pair of horizontally positioned, elongated members for
      controllably gripping opposite sides of said flexible container while said
      sides are in a substantially flattened wrinkle-free condition.
NUM  63.
PAR  63. The apparatus of claim 61 wherein said gripping means includes a pair
      of spaced, substantially horizontal elongated members, each of said
      members receiving one side panel of said flexible container, and means are
      provided for moving said elongated members into and out of a container
      closing position.
NUM  64.
PAR  64. The apparatus of claim 61 wherein said passage defining means comprises
      substantially upright, hollow members having passages defined therein and
      control means are provided for selectively operating said inserting means
      for moving said hollow members into and out of said container at
      preselected intervals.
NUM  65.
PAR  65. A mechanism for positioning a snorkel member in a flexible container,
      said mechanism comprising, in combination, first and second manifolds,
      vacuum means in said manifolds for gripping the opposite sides of said
      flexible container, means for moving said manifolds and thereby said sides
      of said container between open and closed positions, snorkel means, means
      for moving said snorkel means in the same direction as said manifold, and
      means for aligning said snorkel means with the opening between said
      manifolds thereby with the opened container for insertion of said snorkel
      means into said container.
NUM  66.
PAR  66. The mechanism of claim 65 wherein said first manifold is movable
      between aligned and misaligned positions relative to said second manifold,
      and said aligning means is mounted on said second manifold.
NUM  67.
PAR  67. The mechanism of claim 65 including flexible sealing means mounted on
      said manifolds for seaing said container and sealing around said snorkel
      means when said snorkel means are inserted into said container.
NUM  68.
PAR  68. The mechanism of claim 66 including heat seal means carried on said
      manifolds for providing a heat seal for said container.
NUM  69.
PAR  69. The mechanism of claim 66 including means for vacuumizing said
      container through said snorkel means.
NUM  70.
PAR  70. The mechanism of claim 66 including means for controlling the addition
      of gas into said container through said snorkel means.
NUM  71.
PAR  71. The apparatus of claim 66 wherein said aligning means positions and
      snorkel means substantially intermediate said manifolds in the open
      position to assure proper insertion of said snorkel means into said
      container.
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ABST
PAL  A device for printing and feeding covers to containers, comprises arranged
      above a conveyor for containers, rotary devices for picking up covers from
      a supply or stack, and presenting them to a printing device, and for
      applying the printed covers to the containers with the printed side
      visible. The rotary devices each comprise a plurality of arms extending
      from a hub tipped with suction pads. The first device picks up the covers
      from the supply, acts as an anvil for the printing device, and presents
      the cover to the second device with the printed side upwardly directed, so
      that the second device can deposit the covers on the containers, printed
      side up.
BSUM
PAR  The present invention concerns a device by which covers, more particularly
      foil covers can be simply and reliably printed on their visible side and
      applied to containers with the printed visible side upwards.
PAR  The device is simple and economical to design and automatically conveys the
      covers from a feeding mechanism to the containers, said covers being held
      in such a position that they can be printed on their visible side and
      secured on the containers with their printed visible side upwards.
PAR  The mode of operation of the device is also rational.
PAR  An object of the present invention is to make it possible to provide the
      covers in any desired position on their entire visible surface with a
      clearly visible sign or mark, said sign or mark and the movement of the
      cover being effected without damage.
PAR  According to the present invention a device for printing and feeding covers
      to containers is characterised in that, a rotating pick-up is provided,
      above a conveyor moving the containers, the pick-up being fitted with a
      plurality of suction heads for removing the covers from a magazine by
      their sides opposed to their visible sides and keeping them in a
      predetermined direction of rotation, a printing device printing the covers
      on their visible side is associated with this pick-up and the pick-up is
      provided, in the direction of rotation behind the printing device, with a
      rotating turning over device provided with a plurality of suction heads
      for engaging the printed covers on their visible side and receiving them
      from the pick-up, keeping them in a certain direction of rotation and then
      disposing them on the containers.
PAR  The pick-up and turning over device with its suction heads is constructed
      as a turnstile or revolving star rotating about a horizontal shaft.
PAR  The magazine may be provided on one side and the turning device on the
      other side, of the pick-up, the turning device and magazine being
      diagonally opposed; the printing device may be arranged between the
      magazine and the turning device.
PAR  It is preferable to convey the covers from the magazine along an S shaped
      path by the pick-up and the turning device until they are deposited on the
      containers, and to arrange the area of transfer of the covers from the
      pick-up to the turning device oppositely to the magazine.
PAR  The shaft of the pick-up may be provided with several, preferably four,
      suction heads telescopically displaceable in a radial direction and the
      turning device may have a plurality of suction heads preferably six,
      arranged radially and stationary.
PAR  Each suction head of the pick-up and turning device, untwistably connected
      to the shaft, has a suction channel which extends towards the shaft and is
      extended in its own channel running in the longitudinal direction of the
      shaft and connected, with the interposition of a vacuum control device, to
      a vacuum producer or ventilation means provided for each device.
PAR  The telescopically displaceable suction heads of the pick-up are displaced
      radially outwardly into the magazine extracting position and the cover
      transfer position by means of a cam plate and control levers co-operating
      therewith.
PAR  The shafts of the pick-up and turning device are connected to a common
      drive and provided to rotate synchronously; both the cam plate and the
      printing device which is formed by an inked ribbon and a printing stamp,
      are driven by the same drive by way of gearwheel and/or contact drive.
PAR  The scope of protection of the present invention extends not only to the
      features of the individual claims but also to the combination thereof.
PAR  The device of the present invention makes it possible, in a simple, and
      reliable manner, to convey and print covers, more particularly foil
      covers, said covers being automatically removed from a magazine, moved
      past a printing station and subsequently deposited on containers for
      sealing said containrs.
PAR  The covers are provided on their visible side with a printed sign or the
      like and deposited on the containers with this printed sign visible
      upwards. Printing can be carried out in any position on the entire visible
      surface of the covers and is effected without damage.
PAR  In addition, the device moves the thin covers from the magazine to the
      containers without damage so that they are not adversely affected in their
      subsequent sealing position.
PAR  The printed marking or the like gives a perfectly legible indication on the
      covers.
PAR  The device is simple and economical to construct and operates
      automatically, the cover being moved by individual parts of the device in
      a favourable position of its visible side for the printing operation and
      for depositing on the container.
PAR  The device also operates rationally and makes it possible to effect the
      printing and conveying of the covers economically.
PAR  The device is particularly suitable for use with filling and packaging
      machines in the provisions trade, as also for milk products and can be
      inserted and arranged as a unit in such a machine.
DRWD
PAR  A preferred embodiment of the present invention is illustrated by way of
      example in the accompanying drawings in which:
PAR  FIG. 1 is a schematic side view of a filling and packing machine comprising
      a device for the printing and feeding of covers to containers according to
      the invention;
PAR  FIG. 2 is a side view of the printing and feeding device incorporating a
      cover magazine, a pick-up, a printing device and turning device;
PAR  FIG. 3 is a side view, partly in cross-section of the printing and feeding
      device;
PAR  FIG. 4 is a side view, in partial cross-section of the drive of the
      printing and feeding device;
PAR  FIG. 5 is a front view of the printing and feeding device in cross-section
      and shown partially displaced relatively to the parts of the apparatus;
PAR  FIG. 6 is a front view in partial cross-section to two suction heads of the
      printing and feeding device, as also of the driving and control means.
DETD
PAR  A device, according to the present invention, for the printing and feeding
      of covers 10, such as foil covers, (thin cover discs) on containers 11,
      such as beakers, cups or the like, said device being arraged on a filling
      and packing maching, for example for the provisions trade, is provided at
      the top with a conveyor 12, such as an endless rotating belt, chain or the
      like, for moving the containers 11, a rotating pick-up provided with a
      plurality of suction heads 13 and removing by its suction heads 13, the
      covers 10 by the side opposed to their visible side from a magazine 15,
      and retaining the covers 10 through a predetermined zone of rotation. This
      pick-up 14 is associated with a printing device 16 printing the covers 10
      on their visible side and providing the visible side of the covers with a
      mark or the like.
PAR  A rotating turning-over device 18, comprising several suction heads 17, is
      also associated with the pick-up 14 behind the printing mechanism 16 in
      the direction of rotation. This device 18 together with its suction heads
      17 engages the visible side of the printed covers 10, receiving them from
      the pick-up 14, retains them through a predetermined angle of rotation and
      then deposits them on the containers 11.
PAR  Each cover 10 is preferably moved over an S-shaped path from the magazine
      15 to the containers 11, the covers 10 being turned over due to the
      S-formation of this path, said covers being provided on their visible side
      with printed matter and deposited on the containers 11 with their visible
      side lying upwardly (outwardly). The turning device 18 and magazine 15 are
      disposed oppositely to each other on two sides of the pick-up 14, the
      magazine 15 being arranged above the pick-up 14 and the turning device 18
      below it both members 15 and 18 are preferably located diagonally
      oppositely to each other. The printing device 16 extends between the two
      members 15 and 18 and is provided in a lower side portion of the pick-up
      14.
PAR  The pick-up 14 and the turning device 18 are preferably formed by
      turnstiles or revolving stars and each device, 14, 18 is rotatable about a
      horizontal axis (shaft) 19, 20; both shafts 19, 20 are parallel to each
      other and extend with their longitudinal direction transversely (at right
      angles) to the direction of movement of the receiving containers. The
      pick-up 14 is provided on a bearing body 21 mounted rigidly on the shaft
      19, with several, for example, four radially outwardly extending and
      telescopic suction heads 13, each of which picks up a cover 10 in
      succession from the magazine 15, moves it past the printing device 16 for
      printing and after an angle of displacement of approximately 180.degree.
      (a half rotation of the shaft 19) returns it to the turning device 18.
      Each suction head 13 comprises a base part 13a secured to the bearing body
      21, and a cup or tub-shaped member 13b secured displaceably thereto in a
      radial direction.
PAR  The turning device 18 is provided on a bearing body 22, rigidly mounted on
      the shaft 20, with several, for example, six suction heads 17 which are
      arranged radially around the shaft 20 and are themselves rigid (not
      telescopically displaceable). In the transfer area indicated by the
      reference numeral 23 in FIGS. 2 and 3, these suction heads 17 receive
      respective covers 10 from a suction head 13 of the pick-up 14, engage the
      cover 10 on its printed visible side and move it in an angle of more than
      180.degree. (more than a half rotation of the shaft) to the containers 11
      suspended from the conveyor 12. The direction of rotation of the two
      device 14 and 18 is opposite to each other, so that the S-shaped path of
      the covers 10 is produced -- the directions of rotation are indicated by
      arrows in FIG. 2 and 3.
PAR  However, it is possible to allow both devices 14, 18 to operate with the
      same direction of rotation, the turning device 18 guiding the cover
      downwardly to the containers 11 over a path of less than 180.degree. after
      the transfer of the cover 10 in the area 23; in this case each cover 10
      would be guided over a W-shaped path.
PAR  All the suction heads 13, 17 are subjected to a vacuum during the movement
      of the covers 10 and retain said covers 10 by this vacuum.
PAR  All the suction heads 13 of the pick-up 14 and all the suction heads 17 of
      the turning device are connected during the movement of their covers to
      vacuum producers 24, 25 which are connected through respective lines 26,
      27 to vacuum control devices 28, 29 each of which is coupled to the shafts
      19, 20.
PAR  Both vacuum control devices 28, 29 are identically constructed and operate
      identically.
PAR  Extending from each suction head 13, 17 as far as the shafts 19, 20 are
      suction channels 30 and 31 which are connected to their own feed channels
      32 and 33 extending in the longitudinal direction of the shafts 19, 20.
PAR  The vacuum control device 28, 29 is provided with a stationary part 34, 35
      and a rotating part 36, 37 rigidly connected to the shaft 19, 20. The line
      26, 27 is connected to the stationary part 34, 35 and communicates with a
      groove 38, 39 extending in a divided (or pitch) circle around the shaft
      19, 20 in the stationary part 34, 35 -- this groove 38 is located at one
      end near the magazine 15 and at its other end with a clearance from the
      transfer area, so that it assumes an angle of less than 180.degree. in the
      part 34. The groove 39 begins with one end in the transfer area 23 and it
      other end is located near the position where the cover 10 is to be handed
      over again -- this groove 39 assumes an angle of more than 180.degree. in
      the part 35.
PAR  A ventilation channel 40, 41 is provided with a clearance from the
      particular level end of the groove 38, 39 (viewed in the direction of
      rotation), in the stationary part 34, 35. Each channel 32, 33 of the shaft
      19, 20 communicates with an angled channel 42, 43 in the part 36, 37,
      connected to the shaft 19, 20, and this angled channel 42, 43 represents a
      vacuum connection with the groove 38, 39 and with the ventilation channel
      40, 41. The channels 32, 30 and 33, 31 are subjected to vacuum over the
      path along which the channel 42, 43 extends in the region of the groove
      38, 39 and when the channel 42, 43 extends into the area of the
      ventilation bore 40, 41, the vacuum is cancelled.
PAR  The pick-up 14 and the turning device 18 are each preferably provided with
      two adjacently spaced and simultaneously operating suction heads 13, 17,
      so that two covers 10 can always be simultaneously conveyed, printed,
      turned and deposited.
PAR  Hence four pairs of suction heads 13 are arranged in cross formation on the
      pick-up 14, and six pairs of suction heads 17 are arranged in star shaped
      formation on the turning device 18.
PAR  Both adjacent suction heads 13 communicate through a transverse channel 44
      with both their suction passages 30 and a conduit 45 extends from this
      transverse channel 44 to the channel 32 in the shaft 19.
PAR  The channels 33 are extended as channel 33a in the shaft 20 by means of the
      two adjacent heads 17 and, from the extended channel 33a the suction
      channel 31 extends to the head 17. It is within the scope of this
      invention to provide each device 14, 18 with three or more adjacent
      suction heads 13, 17, so that more than two covers 10 can be moved
      simulataneously.
PAR  A control disc 46 is arranged around the shaft 19 with a clearance from the
      suction head 13. The disc 46 comprises a cam plate 47 which is used for
      pushing apart and together the suction heads 13 disposed oppositely to
      each other and located near the magazine 15 and the transfer area 23, so
      that one suction head 13 can be moved into the magazine 15 for picking up
      a cover 10 and the other suction head 13 radially outwardly for
      transferring a cover 10 to a suction head 17 of the turning device 18.
PAR  The control path 47 is composed of two relatively oppositely disposed parts
      47a extending in a divided circle with the same clearance around the shaft
      19. The track components 47a retain the suction heads 13 in the retracted
      position and hold together two components 47b which project in an arc
      outwardly over the parts 47a, extend with the same clearance from the
      shaft 19 but with a greater clearance from the shaft 19 than the
      components 47a. The track components 47b effect the outward radial
      movement of the heads 13.
PAR  A control lever 48 is provided at one end to pivot about a shaft 49
      extending parallel to the shaft 19 on both sides of said shaft 19 and at
      it other end engages in the cam plate 47 by a guide member 50, preferably
      a roller.
PAR  Two actuating levers 51, provided with a clearance from each other and
      rigidly connected to the shaft 49 are mounted at one end on said shaft 49
      and at their other end carry an actuating member 52, preferably a roller,
      which co-operates with an arcuate guide path 53 of each suction head 13
      from time to time.
PAR  When the suction head 13 or the two suction heads 13 forming a pair come
      into the area of the magazine 15, the roller 52 of the actuating lever 51
      associated with each suction head 13 engages in the guide track 53 of the
      suction head and radially pushes out and then pushes in the suction head
      13 during the pivoting of the lever, dependently on the control lever 48.
      When the suction head 13 or the two suction heads 13 forming a pair comes
      in to the transfer area 23, the lever 51 associated with each of the two
      suction heads 13 again engages by its roller 52 in the guide track 53 of
      the suction heads and displaces said suction heads 13 radially outwardly
      and then again radially inwardly. Both control levers 48 are rigidly
      connected to the shaft 49 and they receive their total movement from the
      cam plate 47. Since the levers 51 are also rigidly connected to the shaft
      49 they have to execute a pivotal movement even if the lever 48 makes a
      pivotal movement.
PAR  Each of the two control levers 48 simultaneously operates two actuating
      levers 51 which then radially displace a pair of suction heads 13. Due to
      the cam plate 47, both control levers 48 alway pivot in opposite
      directions, i.e., either both outwardly, or both inwardly. The two opposed
      portions of track 47b effect the pivoting of the levers 48 away from each
      other and towards each other again and the movement of the suction heads
      13 outwardly and inwardly, and the two opposed portions of track 47a
      effect the stopping of the control levers 48 after the pushing in of the
      suction head 13 during the pivoting process.
PAR  Another guide track 54 is also provided around the shaft 19. It is
      stationary and retains the suction heads 13 in the retracted position
      during the movement between the magazine and the transfer area 23 and
      transfer 23 and magazine 15.
PAR  For this purpose the guide track 54 is provided at two opposed points in
      the region of the magazine 15 and transfer area 23 with respective
      insertion slots 55 through which each retracted suction head 13 is moved
      into the path 54 by a retaining member 56, preferably a roller, this
      roller 56 is supported against the inner surface of the circular guide
      track 54 and extends again out of the other slot 55. This guide track 54
      is connected to a bearing of a housing wall 58 or to a supporting yoke 58a
      mounted on the housing wall 58, rotatably receiving the shaft 19; the
      housing wall 58 and supporting yoke 58a receive the two shafts 49 for
      rotation.
PAR  The drive for the shafts 19, 20 and the control disc 46 is provided between
      two walls 58 of a gear casing and on one side of the casing 58 the vacuum
      producers 24, 25 extend out of said casing and, on the other side of the
      casing 58, are disposed the suction heads 13, 17. A drive shaft 60,
      continuously rotated by a drive 59, rigidly supports a driver disc 61
      which is provided on one side with at least two drivers 62 displaced
      through 180.degree. relatively to each other in the direction of rotation
      and co-operating as a stepping drive with a Maltese cross 63 which is
      rigidly secured to the shaft 19, and drives the shaft 19 synchronously,
      preferably with an operative time/inoperative time of 1 : 1.
PAR  The shaft 60 is provided with a gearwheel 64 meshing with a gearwheel 65,
      which is mounted to rotate on the shaft 19 and is not in driving
      engagement with said shaft 19 on which the cam plate 46 is secured, and is
      driven by the gearwheel 65 for actuating the control lever.
PAR  A gearwheel 66 is rigidly mounted on the shaft 19 and meshes, for driving
      the turning device 18, with a gearwheel 67 provided on the shaft 20. Both
      spur gears 66, 67 produce a transmission ratio in the drive from the shaft
      19 to the shaft 20, for example a ratio of 4-6. The shaft 19 also provides
      the drive for the printing mechanism 16 formed for example by an inked
      ribbon 68 and a printing stamp. The ribbon 68 unwinds from a roller 68a
      and winds onto a second roller 68b again. At the same time, one of the two
      rollers 68a or 68b is driven from the shaft 19 to the ribbon feed by way
      of a contact and/or gearwheel drive 70.
PAR  The receiving, conveying, printing and depositing of the covers 10 is
      effected as follows:
PAR  The shaft 19 receives its rotation through the drive 59, 60, 61, 62, 63 and
      the shaft 20 receives its rotation from said shaft 19 through the drive
      66, 67. At the same time, the control disc 46 is rotated by the shaft 60
      by way of the drive 64, 65, the two levers 48 receiving through the disc
      46 their pivoting control movement which they transmit to both the levers
      51 in driving engagement with the levers 48 by way of the shafts 49.
PAR  The covers 10 are stored one above the other in layers in the magazine 15,
      with their visible side facing upwardly.
PAR  In FIGS. 3 and 5 of the drawings, the levers 51, 48 are shown in the
      position for receiving and transferring the covers. The suction head 13
      extended during its inoperative period by the lever 51 communicates in
      this receiving position, through its channel 30, the channel 32 and the
      channel 42, with the groove 38 and is thus subjected to vacuum. The
      suction head 13 then picks up a cover 10 by its from for the magazine 15.
      The suction head 14 is returned to its starting position by the continuous
      rotating cam plate 47, i.e. out of the portion of track 47b moving the
      suction head 13 outwardly and into the portion 47a drawing it inwardly and
      thereby extracts a cover 10 from the magazine 15. At the same time, the
      suction head 13 with its roller 56 passes through the slot 55 into the
      guide track 54 and is kept in contact therewith on its inner side by its
      roller 56. As it is rotated in the direction of the arrow (FIG. 3.) the
      vacuum connection 30, 32, 42 of the suction head is now in continuous
      communication with the groove 38 so that the vacuum holding the cover 10
      on the suction head 13 is maintained.
PAR  The cover 10 is then moved towards the printing station 16 and, in the
      resultant resting period determined by the Maltese cross 63, is printed by
      the inked ribbon 68 and the printing stamp 69, this printing operation
      being effected on the visible side of the cover 10.
PAR  During the next resting period the suction head 13 has reached the transfer
      area 23; at the same time the suction head 13 is moved outwardly again by
      the lever 48 which has moved into the area 47b of the cam plate and, with
      its roller 56, out of the slot 55 in the guide track 54.
PAR  The groove 38 ends in this position and the bore 42 remains subjected to
      vacuum as it continues to move to the v-ventilation bore 40. However, when
      the bore 42 reaches the ventilation bore 40, the vacuum connection 42, 32,
      30 of the suction head 13 is ventilated. In this position a suction head
      13 of the turning device 18 is disposed just opposite the ventilated
      suction head 13 and receives the cover 10 from the said suction head 13.
      The suction head 17 receiving the cover 10 is disposed with its channel
      31, 33 and 43 in the region of the groove 39 and is thus subjected to
      vacuum, so that the cover 10 is held by suction against the suction head
      17.
PAR  This suction head 17 grips the cover 10 on its visible side provided with
      printed matter and moves it in the direction of the arrow (FIG. 3) in a
      divided or pitch circle downwardly to the conveyor belt 13. In the final
      operating period the groove 39 terminates before the delivery of the cover
      10 to a container 11 and the suction head 17 moves shortly thereafter with
      its channel 43, 33, 31 into the ventilating bore 41 and is ventilated.
PAR  This cancels the vacuum and the cover 10 drops from the suction head 17
      onto a container 11. The inoperative position of the suction head 17 in
      the delivery position must have a certain lead "X", so that, in the
      vertical position of the suction head 17, synchronism with the
      continuously driven conveyor belt 12 is ensured during the transfer of the
      cover 10 (FIG. 3). This lead is unnecessary if the conveyor belt 12 is
      driven intermittently.
PAR  Each suction head 13 is moved outwardly in the region of the magazine 15
      for receiving a cover 10 from the magazine 15 and in the opposite transfer
      area 23 for depositing the printed cover 10 on the suction head 17 of the
      turning device 18, by the co-operating pair of levers or the three levers
      48, 51 disposed on a shaft 49 and held within the guide circle 54 and
      between these two outwardly moved positions.
PAR  The pick-up 14 and the turning device 18 operate synchronously and
      dependently on each other, for example, the pick-up 14 executes four
      strokes with one rotation and the turning device 18 six strokes with one
      rotation. However, this is dependent on the number of suction heads 13, 17
      in both devices 14, 18, the ratio of which determines the strokes.
PAR  The device of the present invention may be used more particularly for the
      feeding and printing of covers 10 which are provided with a filling date
      or a date by which the contents must be consumed, the price or the like.
      In addition, the covers 10 are provded for the closing of beakers, (tubs)
      cups or the like which receive a milk product such as yoghurt, cream
      cheese or the like. However, covers 10 may also be printed and applied to
      containers 11 which receive any other type of filling.
PAR  As shown in FIG. 1, this device is arranged on a filling and packing
      machine which is provided in a machine bed 71 with the conveyor belt 12
      and, arranged in succession in the direction of movement of the belt, for
      example, with a container feed mechanism 72, one or more filling devices
      73, such as a fruit and milk feeding system, then the device of the
      present invention and, finally, a cover welding device 74. An expelling
      device 75, such as an upwardly inclined expelling belt, is provided behind
      the cover welding device 74 in the area of the conveyor belt 12, said
      expelling belt forcing the filled and sealed containers upwardly out of
      the holders of the conveyor belt 12.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for printing and feeding covers to containers, characterised in
      that a rotating pick-up is provided above a conveyor for moving the
      containers and provided with a plurality of suction heads for taking the
      covers from a magazine by their side opposed to the visible side, and
      keeping them on a certain path of rotation, a printing mechanism printing
      the covers on their visible side, being associated with this pick-up, and
      a rotating turning device, provided with several suction heads for
      engaging the printed covers by their visible side and receiving them from
      the pick-up, keeping them in a certain path of rotation and then
      depositing them on the containers, is provided for the pick-up in the
      direction of rotation behind the printing mechanism.
NUM  2.
PAR  2. Device according to claim 1, characterised in that the pick-up and the
      turning device with their suction heads form in each case a turnstile or a
      revolving star rotating about a horizontal shaft and, at the same time,
      the pick-up is provided on its shaft with several, preferably four suction
      heads telescopically displaceable in a radial direction, and the turning
      device comprises on its shaft several, preferably six, radially disposed
      and stationary suction heads.
NUM  3.
PAR  3. Device according to claim 2, characterised in that the magazine is
      arranged on one side and the turning device on the other side of the
      pick-up and the turning device and the magazine are diagonally opposed to
      each other and the printing mechanism is arranged between the magazine and
      turning device.
NUM  4.
PAR  4. Device according to claim 3, characterised in that the covers are
      transportable from the magazine until they are disposed on the containers
      by the pick-up and the turning device over an S-shaped path and the area
      of transfer of the covers from the pick-up to the turning device is
      provided opposite to the magazine.
NUM  5.
PAR  5. Device according to claim 4, characterised in that each suction head of
      the pick-up and the turning device rigidly connected to the shaft has a
      suction channel leading towards the shaft and continuing in its own
      channel extending in the longitudinal direction of the shaft, said channel
      communicating, with the interposition of a vacuum control device with a
      vacuum producer provided for each device.
NUM  6.
PAR  6. Device according to claim 5, characterised in that the pick-up and the
      turning device are each associated with a vacuum control device through a
      pipeline to the vacuum producer said control device having a stationary
      part and a rotatable part rigidly connected to the shaft, a vacuum groove
      connected to the pipeline and a ventilating terminal provided with a
      clearance therefrom being arranged in the stationary part, and a channel
      running in the extension of each shaft channel and alternately connectable
      with the vacuum groove and with the ventilation channel are provided in
      the rotatable part.
NUM  7.
PAR  7. Device according to claim 6, characterised in that the vacuum groove
      extends curved in the form of a divided circle in the stationary part of
      the two vacuum control devices and assumes an angle of approximately
      180.degree. and is provided in the direction of rotation of the suction
      heads with a clearance behind the vacuum groove of the ventilation channel
      emerging from the stationary part.
NUM  8.
PAR  8. Device according to claim 7, characterised in that the telescopically
      displaceable suction heads of the pick-up are radially outwardly
      displaceable into the magazine extraction position and the cover transfer
      position by means of a control disc and control levers co-operating
      therewith.
NUM  9.
PAR  9. Device according to claim 8, characterised in that the control disc is
      provided to rotate about the shaft of the pick-up and has a cam track
      which is formed by a groove and, near the magazine and the transfer area
      has portions extending outwardly in an arc in opposite directions, said
      portions which merge with each other into two portions opposed to each
      other and extending with the same clearance from the shaft, but with a
      smaller clearance from said shaft than the portion.
NUM  10.
PAR  10. Device according to claim 9, characterised in that on each side of the
      shaft a control lever, rigidly connected to a pivot axis, is provided
      which engages by a control member, preferably a roller, in the cam track
      and an actuating lever also untwistably connected to the pivot axis is
      mounted with a clearance from the control lever, said actuating lever
      having an actuating member, preferably a roller, for the telescopic
      displacement of the suction heads, engaging in a cam track of each suction
      head.
NUM  11.
PAR  11. Device according to claim 10, characterised in that a stationary,
      circular guide track is provided around the shaft of the pick-up and has,
      near the magazine and in the transfer area, a slot through which, during
      the radial displacement of the suction head in the direction of the shaft,
      a retaining member, preferably a roller, is moved positively guiding the
      suction head in its pushed-in position along the guide path.
NUM  12.
PAR  12. Device according to claim 11, characterised in that the two shafts are
      connected to and synchronously rotated by a common drive and at the same
      time both shafts are rotatably mounted in a gear casing and on one side of
      the casing, outside thereof, the suction heads are provided and, on the
      other side of the casing outside thereof the vacuum control devices are
      provided.
NUM  13.
PAR  13. Device according to claim 12, characterised in that the gear casing
      contains a rotatable drive shaft connected to the drive and provided with
      a plate-shaped disc having at least two drivers, said disc co-operating
      with its drivers with a Maltese cross for the shaft drive, mounted on the
      shaft of the pick-up that a gearwheel is non-rotatably mounted on the
      shaft and, for driving the shaft of the turning device, meshes with a
      gearwheel mounted on the shaft, and that the control disc is mounted on a
      gearwheel which is rotatable about the shaft of the pick-up and meshes
      with a gearwheel untwistably secured to the drive shaft.
NUM  14.
PAR  14. Device according to claim 13, characterised in that the printing
      mechanism is formed by an inked ribbon winding and unwinding on two
      rollers and by a printing stamp co-operating with the inked ribbon and at
      the same time an inked ribbon roller is coupled through a gearwheel and/or
      contact drive with the shaft of the pick-up or the drive shaft.
NUM  15.
PAR  15. Device according to claim 14, characterised in that two or more suction
      heads are provided adjacently to each other on the shafts and the suction
      channels of which communicate through connecting lines with the associated
      shaft channels, an actuating lever being associated with each of the
      suction heads arranged adjacently to each other in pairs and the actuating
      levers are secured to the common shaft rotated backward and forwards by
      the control lever.
NUM  16.
PAR  16. Device according to claim 15, characterised in that said device is
      arranged on a filling and packing machine which is provided, above a
      conveyor belt as conveying means, in the direction of travel, and in
      succession, with a container feed device, with one or more filling
      devices, the printing and feeding mechanism, a cover welding device and,
      near the conveyor belt, behind the cover welding device, has a device,
      such as an inclined conveyor belt, expelling the filled and sealed
      containers from the conveyor belt.
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ABST
PAL  The machine includes an endless conveyor having receptacles for holding the
      vials and the conveyor can be indexed through a multiple number of pitches
      of the receptacles. Needles and syringes are provided for filling the
      vials held on the conveyor and, downstream of the needles, there are
      provided burners and pinch devices which serve to seal the filled vials
      while they are being rotated by pairs of friction wheels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a machine for automatic filling and sealing of
      glass vials.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there are provided, in a machine for
      filling and sealing glass vials, endless conveyor means comprising a
      plurality of receptacles for the vials so arranged that the vials are
      accommodated in an upright position, and means for indexing the conveyor
      means through a multiple number of pitches of the receptacles, means for
      feeding to the conveyor means a plurality of vials simultaneously, means
      for filling the vials with a liquid, comprising a plurality of syringes
      and a plurality of needles communicating with the syringes, sealing means
      comprising a plurality of burners and a plurality of pinch means, the
      burners and pinch means being disposed at contiguous sealing stations
      along the length of the conveyor means whereby a plurality of vials can be
      sealed simultaneously, and means to rotate the vials during the sealing
      operations, the rotating means comprising pairs of friction wheels and
      means for moving the wheels of each pair towards and away from one
      another, and drive means of the machine including control cams for the
      individual said means.
PAR  The machine may in practice include a lower casing with the endless
      conveyor means, the vial rotating means and the vial supply and discharge
      means and a structure overlying the lower casing and adjustable in its
      height, with control means for the filling and sealing and drive means
      with members contained in the lower casing. At a multiple station upstream
      of the filling stations a plurality of movable needles, may be provided
      which are similar to the filling needles, for supplying an inert gas for
      washing the insides of the vials, so as to avoid the presence of a
      chemically active atmosphere in the vials during the filling stage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One embodiment and a modification of a machine for filling and sealing
      glass vials will now be described, by way of example, with reference to
      the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a front view of the machine;
PAR  FIGS. 2 and 3 are respectively a side view and a plan view, partially in
      section, of the machine of FIG. 1;
PAR  FIGS. 4 and 5 show respectively a loading unit of the machine in
      longitudinal, vertical section and in plan view;
PAR  FIG. 6 is a vertical section of a detail of a discharge mechanism of the
      machine;
PAR  FIGS. 7 and 8 are respectively a plan view of an endless conveying means
      and a cross-section, of one of the drive pinions of the conveying means;
PAR  FIG. 9 is a vertical section showing control members contained in a movable
      casing overlying a lower casing of the machine;
PAR  FIGS. 10, 11 and 12 show a device for the rotation of the vials at a
      sealing stage respectively in horizontal section, in vertical
      cross-section and in fragmentary side view;
PAR  FIGS. 13 and 14 show sections of a pinch device of the machine for the
      removal of the necks of vials at the sealing station;
PAR  FIGS. 15 and 16 show sections of intake and delivery valves communicating
      with filling needles of the machine;
PAR  FIG. 17 shows a detail of a drive system interconnecting mechanisms of the
      lower and upper casings of the machine;
PAR  FIG. 18 shows a further detail of the drive system of FIG. 17;
PAR  FIG. 19 shows operational members of a collection tray for the vial necks
      removed at the sealing station;
PAR  FIGS. 20, 21 and 22 illustrate a drive mechanism of filling needles and of
      the vial centering means at a filling station of the machine;
PAR  FIG. 23 illustrates control means of the filling needles;
PAR  FIGS. 24 and 25 are respectively an axial and cross-section of a pair of
      cams with the means for the adjustment thereof for the control of plungers
      of the needles, these plungers serving to cause a brief intake by the
      needles at the end of the delivery stroke;
PAR  FIGS. 26 and 27 are respectively a lateral view and a plan view, partially
      in section, of a modified machine, which provides for scavenging the
      interior of the vials with an inert gas; and
PAR  FIG. 28 is a cross-section on line XXVIII--XXVIII of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A stationary casing 1 carries an endless conveyor 2 built up from
      containers or other receptacles 3 for the vials secured to an inextensible
      belt 4 with gear-like teeth. The conveyor is driven by a wheel 5 actuated
      by a maltese cross type tripping feed device, which includes the maltese
      cross unit 6 and a continuous motion wheel 7 provided with a pin 7A which
      is inserted in the recesses of the maltese cross device. The maltese cross
      device drives the wheel 5 so that the conveyor 2 is indexed every time by
      a length equal to six inter-spaces between the receptacles 3, that is a
      length equal to six pitches between the receptacles.
PAR  A device for rotating the vials is provided at a sealing station. This
      device includes a box 8 (FIG. 3) with a pair of gears 9 driven by a pulley
      10 in turn driven by an independent small electric motor 11. Two
      oscillatory units are carried on the box 8 each formed by members 12, 13,
      14 (FIGS. 10, 11, 12) constituting hollow shafts capable of angular
      movements about the axis of the gear wheels 9. Geared shafts (or
      worm-shafts) 15 which extend within the members 12, 13, 14 are integral
      with the gear wheels 9. The members 13 (six in each of the oscillatory
      units) are each provided with an upwardly-extending extension 13a, in
      which the shafts 16 are housed, which carry external friction rollers 17.
      The extensions 13a are inclined with respect of one another so that the
      diameters are substantially aligned but the shafts 16 are relatively
      inclined to one another. The shafts 16 terminate at skew gear wheels and
      are driven by the worm shafts 15 fast with the gear wheels 9. The inclined
      arrangement of the rollers 17 is such that, when the vial in the sealing
      position is pressed by the two rollers, the latter, besides imposing the
      required rotation, tend to retain the vial on the conveyor 2. The two
      units are simultaneously moved to separate or bring together the rollers
      17 by means of tappets 18 actuated by the cam 19 (FIG. 3). The two units
      are lubricated in a closed cycle from the reservoirs 20.
PAR  Above the casing 1, an upper casing 21 is mounted, which is adjustable for
      height by means of a handwheel 22, a gear wheel 23, a shaft 23A and racks
      24 mounted in casing 1.
PAR  A motor M, fixed to the lower casing 1, actuates through a belt a pulley
      25, mounted on a worm shaft 25A (FIG. 18). This shaft 25A simultaneously
      drives a worm wheel 26A and, a worm wheel 26B which, by means of a splined
      shaft 27, transmits power to various parts of the machine, including the
      cam 19, (FIG. 3).
PAR  A filling device R includes a stirrup carrying a group of syringes to which
      the liquid delivery tubes to the needles are fixed. Reciprocating motion
      is imparted to the syringes by a group of levers 28 (FIG. 2) controlled by
      a sector member 29 (FIG. 23) which allows the lever 28 to slide along a
      channel thereof, so as to adjust the stroke of the plungers of the
      syringes S by means of a stop movable along the arcuate track of the
      sector member. The whole mechanism is driven by a cam 30 (FIG. 9), carried
      by the main shaft 27 journalled in the casing 21.
PAR  The flow of the liquid from the syringes to the vials is adjustable by a
      valve system. This system includes oscillatory levers 31 and 32 (FIG. 16)
      resiliently mounted on a shaft 33 which is driven by a lever 34 from an
      adjustable cam unit 35, (FIGS. 24 and 25). The oscillating levers 31 close
      a flexible intake tube 36 when the plungers of the syringes S rise
      upwardly and then inject the liquid into the vials. Subsequently, when the
      plungers return and the intake begins, the lever 32 closes a flexible
      delivery tube 37 and the lever 31 immediately opens the intake tube 36. It
      is essential that often one must have a small intake from the liquid
      delivery tubes to the needles, so as to avoid the dripping of the liquid
      remaining in the tubes. For this purpose, two cams are provided, the
      profile of which is variable by translation of one of them relative to the
      other. One cam 35A is fixed too the shaft 27A and the other cam 35B is
      free on the drive shaft 27A and is adjustable by mechanism including a
      gear 35C fixed on the main shaft 27A and meshing with a pinion 35E which
      in turn moves a pinion 35F meshing with a gear 35G secured to the cam 35B.
      This mechanism allows the cam 35B to be displaced with respect to the
      other cam 35A, so as to obtain different profiles even with the machine in
      motion, by means of a knob 39 fixed to a rod 38, secured in turn to a part
      of the above described mechanism.
PAR  It may occur that a vial is not presented at the filling needles, and it is
      essential that, if so, the liquid should not be injected. A centering
      device DC is therefore provided. When six vials are located at the filling
      station six feelers 40 (FIGS. 1, 21 and 22) fixed to corresponding slides
      41, independent of one another, retractable by a cam 42 and arranged to be
      advanced by biasing springs, serve to center the vials with respect to the
      filling needles, in cooperation with a bar 40A. If one of the feelers 40
      does not contact its corresponding vial, it advances further in relation
      to the other thereby actuating, with a corresponding linear cam 41A, a
      tappet 43 which, with the aid of a rod 43A, closes the delivery valve 32
      and opens the intake valve 31 so that the liquid returns to its reservoir
      (not shown) independently of the liquid flow control operated by the shaft
      33.
PAR  The product is injected into the vials by means of the six needles 44
      mounted on a slide 45 (FIG. 20) guided for substantially vertical movement
      and operated by a cam 46 of the shaft 27A (FIG. 9), so as to lower the
      needles whenever a batch of vials is located at the filling station.
PAR  The closure of the necks of the vials is effected by six gas burners 47A
      (FIGS. 19 and 28) operable continuously and which are lowered towards the
      vials to the sealing points of the vials when the latter are stationary.
      The burners are fixed to a pivotal support 47 operated by levers 48, 49
      and by a variable length profile cam 50. This cam 50 enables the sealing
      time to be varied by moving the lever 49 along its profile, while by
      rotating the lever 48 on its own pivot axis, the sealing point height is
      varied.
PAR  During the sealing the vials are rotated by the above described device,
      while six pincers 51 which are open and carried by a vertical slide 51A
      (FIG. 9), are lowered by a cam 52 and by an arm 52A, to arrive in
      proximity to the sealing point. Subsequently the pincers are closed by a
      cam 53, this action causing the necks to be engaged above the sealing
      point, and then rise upwardly, thereby tearing the necks at the point
      where they have been fused by the burners. Immediately thereafter a plate
      54 (FIG. 19) fixed to a slide 55 and operated by a cam 56, advances below
      the pincers. The latter, after retraction upwardly are opened and drop the
      severed neck portions on the plate 54. These neck portions will fall into
      an appropriate container located behind the machine. Simultaneously the
      gas burners 47A are moved away from the vials.
PAR  The opening of the pincers is effected by a rod 57 (FIG. 13) actuated by a
      tappet 53A of a cam 53 and carrying at one end a worm 57A which meshes
      with a worm wheel 58 which extends the entire length of the body of the
      pincers and which in turn meshes with a gear 59, one for each pincer,
      which actuates the arms 60 of the pincers 51 pivoted at 61.
PAR  The vials are fed to the machine by a loading device 62 (FIGS. 4 and 5)
      having a double inclined plane grid 62A and with the bars of a fixed grid
      and those of the other grid movable similarly to a so-called "pilgrim
      pace". At the lower end of the grid 62A the vials are distributed by
      blades 63 arranged in two groups having a reciprocating unphased motion,
      as they are secured to slides 67 driven by a cam 64, through a linkage
      64A, 64B, 64C and 64E.
PAR  The loading of the conveyor is effected by expelling units 65, secured to a
      slide 68 actuated by a cam 66, through an arm 66A, a shaft 66B and a
      linkage 66C. The expelling units 65 urge the vials onto the top of the
      respective containers or receptacles 3 of the conveyor, when they reach
      the loading position. The vials then drop down into the containers, the
      ends of the expelling rods being chamfered to prevent the overturning of
      the vials outwardly. Small chains 65A, located above the conveyor 1,
      prevent the vials from being moved horizontally when they drop into the
      containers 3.
PAR  A discharge device 69 (FIG. 6) for discharging the vials from the conveyor
      includes expelling devices 70 secured to a slide 70A actuated by a cam 71.
      A plate 72, actuated by a cam 73 through oscillatory arms 73A, serves to
      collect the vials and place them on a discharge plane 75 and to translate
      them laterally after raising by the expelling units 70.
PAR  The machine may be modified as shown in FIGS. 26 and 27 to fill the vials
      under an inert gas. Twelve needles are provided, of which the first six,
      101, serve for the injection of the inert gas, for instance, nitrogen,
      into the vials, so as to create in the vials an atmosphere, which does not
      give rise to any chemical reaction when contacting the product. The gas
      flow can be adjusted with the aid of flowmeters 102. The other six needles
      103, actuated by the same lever as the cam needles 101, serve to inject
      the product. The machine comprises twelve sealing tips, of which the first
      six indicated at 104 are intended for the pre-heating of the necks of the
      vials. By this means, excessive heating by the other six burners 105 which
      effect the sealing and which could burn the glass is avoided. At the
      stations at which the twelve burners 105 are located, a 12-position
      rotational device is provided for the vials which is similar to the one
      already described in relation to the main embodiment.
PAR  The machine is intended to achieve a high production rate, the filling and
      the sealing and every other operation being simultaneously effected for a
      number of vials.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for filling and sealing glass vials comprising, in
      combination, a frame having an upper support surface; endless conveyor
      means operable to receive the vials and to move the vials along said
      support surface; said endless conveyor means comprising an endless gear
      belt having secured thereto, in adjacent relation, a plurality of
      receptacles adapted to have the vials inserted thereinto from above for
      resting on said support surface, said receptacles maintaining the vials in
      an upright orientation during travel of the vials along said support
      surface; indexing means operatively connected to said conveyor means and
      operable to step said endless belt and said receptacles, cyclically and
      repetitively, so a distance equal to the length of said endless belt
      spanned by a plurality of said vials; feeding means positioned at a
      feeding station adjacent said conveyor means and operable, cyclically and
      repetitively, to feed, into said receptacles, a plurality of vials
      simultaneously, the plurality of vials being equal to the number of vials
      in said length span; filling means positioned adjacent said conveyor means
      downstream of said feeding means in the direction of movement of said
      endless belt, for filling the vials with a liquid; said filling means
      comprising a plurality of syringes equal in number to said plurality of
      vials fed simultaneously by said feeding means and a plurality of needles,
      equal in number to said plurality of syringes, each communicating with a
      respective syringe; sealing means positioned adjacent said conveyor means
      downstream from said filling means in the direction of movement of said
      endless belt; said sealing means comprising a plurality of burners equal
      in number to the number of vials fed simultaneously to said receptacles by
      said feeding means, and a plurality of pinch means, equal in number to the
      number of said burners; said burners and the respective associated pinch
      means being disposed at contiguous sealing stations along the length of
      said conveyor means whereby the plurality of vials can be sealed
      simultaneously; rotating means at said sealing means operable, during the
      sealing operation, to engage and rotate the plurality of vials being
      simultanously sealed; discharge means positioned adjacent said conveyor
      means downstream of said sealing means in the direction of movement of
      said endless belt and operable to remove, from said conveyor means, the
      filled and sealed vials; and drive means mounted in said frame and
      including respective control cams for said indexing, feeding, filling,
      sealing, rotating and discharge means.
NUM  2.
PAR  2. A machine according to claim 1, in which said frame includes a lower
      casing supporting said conveyor means, feeding means, discharge means and
      rotating means, and an upper casing mounted on said lower casing and
      adjustable for height above said lower casing support surface; control
      means for the filling and sealing means mounted in said upper casing; said
      drive means being mounted in said upper casing; and driving elements
      connecting said drive means to the components supported by said lower
      casing.
NUM  3.
PAR  3. A machine according to claim 1, comprising, at a multiple station
      upstream of the filling means,
PA1  a plurality of movable needles for scavenging the insides of the vials with
      an inert gas so as to avoid the presence of a chemically-active atmosphere
      within the vials at the filling stage.
NUM  4.
PAR  4. A machine according to claim 1, comprising, for each syringe, and its
      associated needle, a valve system including an intake tube of resilient
      material, an outlet tube of resilient material, said intake and outlet
      tubes being connected to said syringes, respective arms operable to pinch
      said tube selectively to cut off and to permit flow therethrough, and the
      single control member connected to said arms and oscillatable to actuate
      said arms; centering element, equal in number to said plurality of vials,
      positioned adjacent said filling means to center the valves relative to
      the respective syringes and needles; said centering elements being
      projected to detect the presence or absence of a vial of said plurality of
      vials in centered relation with the associated needle and syringe; and
      means, including respective resilient couplings associated with each
      safety device and operatively connected to said valve system, said
      last-named means, in the absence of a valve centered with respect to the
      associated needle and syringe, opening the associated intake tube so that
      no liquid is delivered to the associated needle.
NUM  5.
PAR  5. A machine according to claim 4, comprising an adjustable cam serving to
      actuate the said single control member, and
PA1  means for matching the control member to a part of the profile of the
      adjustable cam.
NUM  6.
PAR  6. A machine according to claim 1, in which said rotating means comprises
      pairs of oscillatory units equal in number to said plurality of vials and
      each operable to rotate a respective vial; each oscillatory unit including
      a friction wheel secured to a drive shaft; driving means operable to
      continuously rotate all of said driving shafts; the respective driving
      shafts of each pair of oscillatory units, when the associated friction
      wheels are engaged with a vial, diverging outwardly whereby, as a result
      of the mutual inclination of said driving shafts, the associated valve is
      urged into its receptacle during sealing of the vial.
NUM  7.
PAR  7. A machine according to claim 1, including means supporting said sealing
      burners for oscillation about a substantially horizontal axis; an arm
      mounted for oscillation and movable parallel to the oscillation axis of
      said sealing burners; and a rotary cam having different profiles at
      successive axial locations therealong; said oscillatable arm being
      selectively engageable with a respective profile of said rotary cam.
NUM  8.
PAR  8. A machine according to claim 1, including a plurality of pincers, equal
      in number to said plurality of vials, positioned adjacent said sealing
      means; and means operable, subsequent to simultaneous sealing of said
      plurality of vials, to engage said pincers with the necks of the
      respective vials to sever the necks from the vials above the seals of the
      vials.
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PAL  The invention provides a machine for capping containers with closures made
      of heat shrinkable film and includes a film feeding mechanism, a film
      cutting mechanism, and a film shrinking head which is adapted to
      accommodate containers of different sizes. The film shrinking head
      comprises two elongate and opposed flexible heated members which are bowed
      away from one another so as to provide a space for introduction of a
      container and a sheet of heat shrinkable film that overlies the container,
      and means for drawing the two heated members and thereby the margins of
      the sheet of film tight against the rim of the container so as to cause
      the film to shrink and form a tight closure on the container.
BSUM
PAR  This invention relates to apparatus for capping and sealing containers
      using heat shrinkable plastic materials.
PAR  Previously efforts have been made to provide machines which may be
      conveniently used in drive-in eating establishments and commissaries to
      cap containers for hot and cold food using heat shrinkable plastic
      materials. Such machines are based on the principle that if a sheet of
      heat shrinkable plastic material of appropriate size is placed over the
      mouth of a container and bent so as to form a skirt around the periphery
      of the container, on application of heat the material will shrink around
      the rim of the container to form a tight closure or cover. The closure
      will tightly conform to the shape of the container, be it round, oval,
      rectangular or any other shape.
PAR  Although various machines have been designed for such purposes, they have
      suffered from a number of limitations including high cost, undue
      complexity, inability to handle different size containers, and
      unreliability.
PAR  Accordingly, the primary object of the present invention is to provide a
      new and improved apparatus for quickly capping and sealing containers
      using heat shrinkable plastic materials.
PAR  Another object of the invention is to provide a new method and apparatus
      for applying heat around the periphery of a container during formation of
      a closure by heat shrinkage of a heat shrinkable material.
PAR  A further object is to provide a new apparatus for capping containers with
      closures made from heat shrinkable film which is simple to manufacture,
      can be made at a reasonable cost, is reliable, can accommodate different
      size containers, and minimizes the factor of human error in operation as
      well as possible injury to the operator.
PAR  Another object is to provide a machine for applying a closure to a
      container and for forming an opening in the closure for insertion of a
      drinking straw.
PAR  Still another object is to provide an apparatus for capping containers with
      heat shrinkable film wherein the film is dispensed from a supply roll and
      cut into sheets which are used to make individual closures.
PAR  A more particular object of the invention is to provide a new and improved
      means for cutting a web of heat shrinkable plastic film into sheets for
      use in forming closures for containers.
PAR  The foregoing objects, and other objects hereinafter described or rendered
      obvious, are achieved by providing a capping machine which in its
      preferred embodiment includes a film shrinking head which comprises an
      elongate, flexible heating belt that is folded on itself so as to form two
      opposed portions, means for gripping said two opposed belt portions at one
      end thereof, means for gripping said two opposed portions at the other end
      thereof, means for moving the opposite ends of said belt portions toward
      and away from one another whereby to cause said belt portions to assume a
      curved configuration when said opposite ends are brought together, and
      means for supplying electric power to said belt whereby to provide heat
      for producing heat shrinkage of a plastic film. The machine further
      includes an access opening whereby a container to be capped may be
      inserted between the opposed belt portions, means for feeding a web of
      heat shrinkable plastic film from a supply roll, and means for severing
      said web into individual sheets which are disposed in a position to be
      intercepted by the container as the latter is inserted between the two
      opposed portions of the belt.
DRWD
PAR  Other features and advantages of the present invention are described in or
      rendered obvious by the following detailed specification which is to be
      considered together with the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view showing the front and one side of a container
      capping machine constructed in accordance with the present invention;
PAR  FIG. 2 is a sectional view in front elevation of the same machine, with the
      front panel and certain other parts removed;
PAR  FIG. 3 is an enlarged fragmentary sectional view taken substantially along
      line 3--3 of FIG. 2 and illustrating certain features of the film
      shrinking head;
PAR  FIG. 4 is an enlarged plan view of the film shrinking head dissociated from
      the machine;
PAR  FIG. 5 is an enlarged side elevation, partly in section, of the film
      shrinking head taken along line 5--5 of FIG. 2;
PAR  FIG. 6 is a perspective rear view of the same machine with a portion of the
      rear cover panel removed;
PAR  FIG. 7 is a sectional view taken substantially along line 7--7 of FIG. 6.
PAR  FIG 8 is an enlarged perspective view of a portion of the film feeding
      mechanism;
PAR  FIG. 9 is an enlarged fragmentary view in rear elevation of the knife
      mechanism;
PAR  FIG. 10 illustrates the electrical system; and
PAR  FIGS. 11A-D illustrate operation of the knife mechanism.
DETD
PAR  Machines constructed in accordance with this invention may utilize a
      variety of heat shrinkable thermoplastic films to provide closures for
      containers. The films may be clear, tinted or opaque, as desired. By way
      of example, the films may be made of polyolefins such as polyethylene,
      polypropylene and the like, vinyl chloride and vinylidene chloride
      polymers, polyamides such as nylon and the like, rubber hydrochloride,
      heat shrinkable polyesters such as polyethylene terephthalate, and
      polystyrene. The film materials may be homopolymers, copolymers,
      terpolymers and block polymers and the films also may be laminates. The
      selection of film shrinkability, shrinkage temperature, strength and
      opacity will be dictated primarily by the nature of the container
      material, the contents of the containers and attendant handling, shipping
      and storing requirements. For a more extended disclosure of the type of
      film that may be used and its heating requirements reference is made to
      U.S. Pat. Nos. 3,491,510, 3,274,302, 3,354,604, 3,427,789, 3,214,882,
      2,904,943 and the patents and publications mentioned therein.
PAR  Referring now to FIG. 1, the illustrated machine comprises a housing having
      a front wall 2, opposite side walls 4 and 6, and removable top and rear
      panels 8 and 10. The front panel is provided with a relatively large
      rectangular opening 14 which serves as an access hole whereby a cup or
      other container to be capped may be brought up into engagement with a
      sheet of heat shrinkable plastic film and the film shrinking head 210
      hereinafter described.
PAR  Referring now to FIGS. 2 and 6-8, a supply roll 16 of heat shrinkable film
      17 is supported within the housing on a pair of support bars 18 which are
      rotatably anchored to the side walls 4 and 6 of the housing. A pair of
      guides 20 are mounted on the forward rod 18 for the purpose of maintaining
      the supply roll 16 alinged with the film feeding mechanism hereinafter
      described.
PAR  The film 17 passes upwardly along the rear side of the housing under the
      influence of the feeding mechanism. The film passes behind a guide rod 22
      and around rollers 24 which are rotatably mounted on a shaft 26. Shaft 26
      and rod 22 are attached at their ends to a pair of bars 28 and 30 of
      channel shaped cross-section. Rod 22 is preferably rotatable on its
      longitudinal axis. A U-shaped support plate 32 is supported by the
      housing, the support plate comprising a front vertically-extending section
      34 and opposite side sections 36 and 38 which extend along and are secured
      to side walls 4 and 6.
PAR  Each of the side sections 36 and 38 carries a pair of studs 40 for
      supporting bars 28 and 30, the outer sides of the latter having elongate
      slots 42 to accommodate the studs. The ends of studs 40 have a reduced
      diameter and are threaded to receive nuts 44 for securing bars 28 and 30.
      As is obvious, the elongate slots 42 permit a limited adjustment
      vertically of bars 28 and 30.
PAR  The feeding mechanism for transporting the film from the supply roll 16
      comprises a rotatable shaft 46 which is journalled at its opposite ends in
      two identical bearing blocks 48 (only one of which is shown) which are
      affixed to mounting plates 50 (only one of which is shown) that are
      located close to but spaced from side walls 4 and 6.
PAR  Each of the mounting plates 50 is secured by a pair of vertical guide
      members 52 and 54, the latter having grooves to slidably accommodate the
      front and rear vertical edges respectively of the associated plate 50 as
      shown in FIGS. 6-8. The vertical guide members 52 and 54 that are adjacent
      to side wall 6 are secured to side sections 38 of support plate 32, and
      the other pair of like guide members (of which only a part of guide 54 is
      shown in FIG. 6) that are adjacent to side wall 4 are secured to side
      section 36 of support plate 32. The upper end of each rear guide member 54
      is notched as shown at 56 to accommodate aa rearwardly extending arm 58
      attached to the associated mounting plate 50, and is also provided with a
      vertically elongate hole 60 to accommodate a screw 62 that is screwed into
      a tapped hole in arm 58. Holes 60 allow the plates 50 to be adjusted
      vertically and screws 62 coact with rear guides 54 and arms 58 to
      releasably secure plates 50 against movement vertically. Mounted on shaft
      46 are a plurality of feed rolls 64 with hubs 66. Set screws 68 (see FIG.
      8) in hubs 66 lock feed rolls 64 to shaft 46. Rolls 64 are preferably made
      of a material that has a high friction coefficient and/or its periphery
      may be knurled to improve the gripping action on film 17. A cam 70 is
      mounted on shaft 46 at the end nearest to side wall 6. Cam 70 has a
      generally circular periphery except for a short section which is recessed
      and curved as shown at 72. Mounted on and affixed to shaft 46 between cam
      70 and the adjacent bearing block 48 is a sprocket 74. The latter is
      engaged by a toothed belt 76 which runs over and engages a second like
      sprocket 78 (FIG. 7) which is attached to a channel shaped bracket 82
      affixed to the adjacent mounting plate 50. Operation of motor 80 will
      cause shaft 46 (and thus rolls 64) to rotate in a counterclockwise
      direction as viewed in FIG. 7.
PAR  Located below the shaft 46 in contact with rolls 64 is a shaft 84. The
      opposite ends of the shaft 84 reside in semi-circular slots 86 formed in
      the upper side of bearing blocks 88 (only one of which is shown) which are
      disposed within and guided by channel members 90 that are affixed to
      mounting plates 50. Each of these channel members is provided with a
      bottom end tab 92 for the purpose of restraining one end of a compression
      spring 94 which engages the under surface of the associated block 88 and
      urges the block to force shaft 84 up into engagement with the rolls 64.
      Blocks 88 are made of a material having a low friction coefficient, e.g.
      Teflon, whereby to facilitate rotation of shaft 84 on its axis. Thus, as
      will be obvious to persons skilled in the art, shaft 84 functions as an
      idler roll which can rotate under the influence of rollers 64.
PAR  Referring now to FIGS. 6, 7 and 8, the hubs 66 of rolls 64 have a smaller
      diameter than the rolls per se in order to provide space to accommodate
      several fingers 96 which are disposed just above shaft 84. Commending at
      their front ends and continuing rearwardly for about half of their length,
      fingers 96 have a curved configuration in cross-section, as shown in FIGS.
      6-8. The remainder of each finger 96 is flat as shown at 98 in FIG. 7.
      Formed integral with each finger at its rear end is an arm 100 which is
      flat and extends at a right angle to the flat portion 98. The rear end of
      each arm 100 has a hole to accommodate shaft 26 and is sandwiched between
      a pair of the rollers 24 as shown in FIG. 6. The rollers 24 are restrained
      against movement by two collars 102 which are mounted on and secured to
      rod 26. As is apparent for the foregoing description, the plastic heat
      shrinkable film 17 overlies arms 100 and fingers 96 and extends between
      the rolls 64 and shaft 84. Thus, the film is frictionally gripped by rolls
      64 and shaft 84, with the result that when motor 80 is operating, the film
      will be pulled from supply roll 16 and transported along the path
      previously indicated by the rolls 64 acting together with the shaft 84.
      The function of the curved forward sections of fingers 96 is to cause the
      film to be gathered up in the spaces between rolls 64 so as to corrugate
      the film and thereby give it enough stiffness to move straight through the
      knife mechanism hereinafter described to a selected position below the
      film shrinking head.
PAR  Motor 80 is a brake gear motor, e.g. of the type having a magnetic brake or
      a cone-type friction brake. Such motors are well known and are available,
      for example, from Dayton Electric Mfg. Co. of Chicago, Ill. Accordingly,
      although not shown, it is to be understood that motor 80 includes a brake
      which is automatically engaged when the motor is deenergized and
      automatically disengaged when the motor is energized. Preferably but not
      necessarily, motor 80 is of the shaded pole type. Operation of the motor
      is controlled by a switch 104 which is mounted to a bracket 106 that is
      affixed to a flange 108 on the upper end of the mounting plate 50 that is
      nearest to side wall 6. Switch 104 is normally off and comprises a spring
      biased actuating arm 110 provided with a roller 112 that rides on cam 70.
      Switch 104 is open when roller 112 engages the recessed portion of cam 70
      and is held closed by cam 70 so long as roller 112 is riding on the
      remainder of the peripheral surface of the cam.
PAR  Turning now to FIGS. 1, 2 and 7, means are provided for defining a
      compartment into which a container to be capped is introduced by the user
      via access opening 14. Such means comprise a receptacle that consists of a
      rear wall 114, two opposite side walls 116 (only one of which is shown), a
      bottom wall 118, and a top wall 120. Bottom wall 118 rests on and is
      reinforced by a horizontal plate 122 that is secured to the front wall 2
      of the housing and also to the front section 34 of support plate 32. The
      rear wall 114 of the receptacle engages a strap 124 that is secured by
      screws 126 to the front section 34 of support plate 32. The ends of strap
      124 are bent to form arms 128 that embrace the side walls 116 of the
      container receptacle and have tapped holes to receive screws 130 which
      extend through side walls 116 and function to receive the receptacle in
      place. The upper wall 120 of the container receptacle is provided with a
      relatively large opening 132 through which a container 134 may be brought
      up against the film shrinking head. In order to cap a container, it is
      necessary that a piece of film 17 be positioned to intercept the container
      134 as it is raised up into the film shrinking head. Accordingly, a pair
      of bars 135 are affixed to the inner surfaces of the side walls 116 of the
      receptacle, the bars being L-shaped in cross-section so as to provide
      ledges 137 which function as supports for the piece of film.
PAR  Actuation of motor 80 of the film feeding mechanism may be caused
      automatically or by manual operation of a control switch. For automatic
      operation, an electric eye is employed which comprises a light source 136
      mounted on a bracket 138 affixed to side wall 4 and a light detector 140
      mounted on a bracket 142 affixed to side wall 6. Light source 136 and
      detector 140 are located between the side wall 116 of the container
      receptacle and openings 144 are provided in side walls 116 and bars 135
      whereby light may travel from light source 136 to detector 140. The light
      source and detector are located so that the light beam will be interrupted
      by a container when the container is inserted in the receptacle.
PAR  Turning now to FIGS. 2, 6, 7 and 9, a knife mechanism is provided for
      severing film 17 forwardly of feed rolls 64 so as to provide a piece of
      film which can be used to form a closure for a container 134. The knife
      mechanism comprises a pair of spaced vertical guide plates 146 which are
      affixed to the rear side of the front section 34 of support plate 32.
      Guide plates 146 are undercut along one edge so as to provide channels or
      grooves for slidably receiving a pair of flat rails 148 which form part of
      a knife blade carriage 150. The latter also comprises a pair of side
      members 152 which are integral with rails 148, and a cross-arm in the form
      of a channel member 154 which is attached to rails 148 and members 152
      adjacent their bottom ends. Connected to and extending between the upper
      ends of side members 152 is another cross arm 156. Secured to cross arm
      156 is a knife blade 158 having a scalloped knife edge 160. Knife blade
      158 is clamped to cross-arm 156 by a retainer plate 162 and screws 164.
      Also clamped between cross arm 156 and retainer plate 162 is a flexible
      blade 166 which is preferably made of an elastomer and is formed so that a
      lower portion thereof is inclined so as to extend downwardly and forwardly
      away from knife blade 158 as shown at 168 in FIG. 7.
PAR  Still referring to FIGS. 2, 6, and 7, an angle iron 170 with a vertical
      section 172 and a horizontal section 174 extends along and over the upper
      edge of the forward section 34 of support plate 32 and its vertical
      section is provided with two slots 176 to accommodate the shanks of screws
      178 which are received in tapped holes in support plate 32. Slots 176
      allow the height of the angle iron to be adjusted and screws 178 serve to
      lock it to support plate 32. Associated with angle iron 170 is a second
      angle iron comprising a vertical section 180 and a horizontal section 182.
      Horizontal section 182 overlies and is welded to the horizontal section
      174 of angle iron 170, while its vertical section 180 extends down behind
      and spaced from the forward section 34 of support plate 32. Attached to
      the vertical angle iron section 180 is an elongate bar 184 which has an
      offset portion 186 so as to define a channel between it and angle iron
      section 180 to accommodate knife blade 158 when the knife blade is moved
      down during a film cutting operation. Bar 184 is formed with a rearwardly
      extending flange 188 at its upper edge which functions to support the
      forward ends of fingers 96 as shown in FIG. 7.
PAR  Movement of knife blade carriage 150 is achieved by operation of a motor
      190 which is attached to a U-shaped bracket 192 attached to the rear side
      of the front section 34 of support plate 32. Motor 190 has an output shaft
      194 to which one end of a crank arm 196 is affixed. Attached to the other
      end of crank arm 196 is a stub shaft 198 carrying a roller 200 which ends
      into the open space of channel member 154. Motor 190 preferably is a brake
      gear motor like motor 80. When motor 190 is energized, crank arm 196 will
      rotate and consequently the roller 200 will cause the knife blade carriage
      to move up and down. Operation of motor 190 is controlled by a switch 202
      that is afixed to the rear side of the front section 34 of support plate
      32. Switch 202 is a normally closed push-button switch and its push-button
      204 extends through an oversized hole in bracket 192 in position to be
      engaged and depressed by a generally U-shaped member 206 affixed to the
      upper side of channel member 154 when the carriage 150 reaches the upper
      end of its stroke. Switch 202 opens when its push-button is depressed.
PAR  Turning now to FIGS. 3, 4, 5 and 7, the film shrinking head is identified
      generally by the numeral 210. This head is mounted to the cover panel 8
      and comprises three plates 212, 224 and 228 which are secured in spaced
      relation to each other by four standoffs, each standoff comprising a screw
      214, a relatively long hollow cylindrical spacer 216, a relatively short
      hollow cylindrical spacer 218, and a nut 220. Plate 212 is made of metal
      and is provided with a large circular opening 222 which is approximately
      the same size as the opening 132 in the upper wall of the container
      receptacle. Plate 224 is made of a material which is a relatively poor
      heat conductor. Preferably, plate 224 is made of a high temperature
      plastic material, such as a phenolic composition, and is provided with a
      plurality of holes as shown at 226 (FIG. 3) for permitting passage of hot
      air. Plate 228 is preferably made of metal and affixed to its upper side
      along opposite side edges are two guides 230 and 232. These guides are
      provided with holes through which the screws 214 extend and are engaged by
      the nuts 220 as shown in FIG. 5. Guides 230 and 232 are provided with
      grooves on their inner edges to accommodate two slides 234 and 236.
      Additionally, two other guides 238 and 240 are attached to the upper side
      of plate 228 in parallel spaced relation to the guides 230 and 232. Guides
      238 and 240 are provided with grooves similar to those in guides 230 and
      232 for receiving a longitudinal edge of the associated slide 234 or 236.
      Slides 234 and 236 are supported by guides 230, 232, 238 and 240 in spaced
      relation to plate 228, as seen in FIG. 5.
PAR  The slides 234 and 236 are essentially U-shaped, each comprising an
      elongate main section 242 and parallel end arms 244 and 246. As seen in
      FIG. 5, the slides are mounted so that their end arms extend toward one
      another. Mounted on the main portions 242 of slides 234 and 236 are
      elongate gear racks 248 and 250 respectively. These gear racks extend
      lengthwise of the slides, with their teeth facing but vertically spaced
      from the guides 238 and 240.
PAR  The plates 224 and 228 are notched at two of their opposite edges, as shwon
      at 252 and 254 respectively in FIGS. 3 and 4. The notches in plate 228 are
      aligned with the corresponding notches in plate 224. The purpose of these
      notches is to avoid interference between plates 224 and 228 on the one
      hand and the two pairs of guide pins 256 and 258 carried by the two slides
      on the other hand. The guide pins 256 and 258 are attached to the
      undersides of the slides by screws 260 as shown in FIG. 4. The guide pins
      256 and 258 are attached to the ends of the arms 246 and 244 respectively
      of slides 234 and 236 respectively.
PAR  Affixed to the arms 224 and 246 of slides 234 and 236 respectively are like
      bracket member 262. Bracket members 262 are flat plates bent to form a
      flange 264 which is attached to the arm of the associated slide, and a
      second flange 266 which is formed with a upturned lip 268. Positioned
      between the flanges 264 and 266 of each bracket member is a pressure plate
      270. Pressure plate 270 has a hole to receive a screw 272 which is screwed
      into a tapped hole in bracket member 262. Additionally, the lip 268 of
      each bracket member 262 is provided with a threaded hole for receiving a
      second screw 274 which engages the pressure plate 270. The purpose of the
      bracket plates 262 and pressure plates 270 is to secure a heating belt
      asembly.
PAR  As seen in FIGS. 2-5 and 7, the heating belt is essentially a one-piece
      belt 276 which is folded on itself as shown at 278 so as to form two
      discrete belt portions 280 and 282. The folded portion of the belt extends
      between the bracket 262 and pressure plate 270 carried by slide 234, while
      the opposite ends of the belts are brought together and positioned between
      the bracket 262 and the pressure plate 270 carried by slide 236. Three
      flat electrically insulated members 284 are associated with each bracket
      member 262, with one member 284 being disposed between the two folded belt
      portions and the other two being disposed between the belt and bracket 262
      and pressure plate 270. Screws 272 and 274 extend through holes in
      insulators 284 and are adjusted so that the belt and insulators are
      clamped tight between bracket 262 and pressure plate 270.
PAR  The belt 276 is essentially a flexible high temperature electrically
      insulated heat resistant heating tape which embodies an insulated
      electrical resistance heating element. By way of example, the belt 276 may
      consist of finely stranded electrical resistance wires insulated with
      braided glass fibers and knitted into a flat tape with glass yarns, and as
      an optional measure, such a flat tape may be insulated with a braided
      glass yarn covering or a silicone rubber sheathing. Heating tapes of the
      foregoing type are well known and are made, for example, by Briscoe
      Manufacturing Company, P.O. Box 628, Columbus, Ohio. Still other forms of
      electrical heating tapes may be used as the belt 276. Thus, for example,
      they may consist of polytetrafluoroethylene coated resistance wire encased
      in a thin, flat woven cover of fiberglass. Regardless of what form of
      electrical heating belt is used, its electrical resistance heating
      element(s) is provided with terminal lead wires 288 for coupling it by
      suitable means (not shown) to a source of electric power. The two portions
      280 and 282 of the belt 274 are disposed between the guide pins 256 and
      258 as shown in FIG. 3 with the result that if the slides 234 and 236 are
      moved lengthwise of guides 230, 232, 238 and 240, the guide pins 256 and
      258 will move along the belt portions 280 and 282.
PAR  The two slides 234 and 236 are movable lengthwise of the associated guides
      by coaction of the racks 248 and 250 with a drive gear 290 that is formed
      with an enlarged hub 292. Gear 290 is disposed above and is spaced from
      plate 228 by an annular spacer 294. Attached to the upper end of hub 292
      is a lever arm 296. Screws 298 secure the lever arm to hub 292.
PAR  Rotation of gear 290 by lever 296 is achieved via a handle 300 which
      extends through a slot 302 in the front panel 2. Handle 300 is provided
      with a bent end portion 304 that extends through a hole in lever 296 which
      is large enough to allow the handle to pivot relative to the lever. Handle
      300 has a flange 306 which engages the lever and is retained in the lever
      by an annular spacer 308 and a nut 310 that is screwed onto a screw thread
      formed on its end portion 304. Pivotally mounted on end portion 304
      between spacer 308 and nut 310 is a small lever 312, and attached to one
      end of lever 312 is a tension spring 314. The opposite end of spring 314
      is attached to lever 296 so as to urge handle 300 to pivot
      counterclockwise relative to lever 296 (as viewed in FIG. 4).
      Additionally, lever 296 is provided with an upturned stop extension 216
      which projects up alongside the handle and limits the extent to which
      spring 314 can cause it to pivot relative to lever 296.
PAR  Gear hub 292 and gear spacer 294 are coupled to plate 228 by a hollow shaft
      320 that extends through a center hole in plate 228 and is provided with
      an enlarged head 322. The upper end of shaft 320 is threaded to
      accommodate a first nut 324 which engages the end of hub 320 so as to
      rotatably lock the shaft to the hub. The upper end of shaft 320 extends
      through a hole in a bracket plate 236 and is secured to the latter by a
      second nut 328. As seen in FIGS. 2, 5 and 7, bracket plate 326 is
      generally U-shaped and has flat ears 330 which are secured to cover panel
      8 by screws 332 and nuts 334. Also secured to the cover panel 8 by means
      of screws 332 and nuts 324 is a fixed stop, members 336 and 337, which is
      arranged to engage the extension 316 of lever 296.
PAR  Mounted within the hollow shaft 320 is a cylindrical plunger 338. The
      plunger extends through an aperture in the cover panel 8, the aperture
      being provided with an annular grommet 340 which acts as a bumper for the
      enlarged head 342 on the upper end of the plunger. Surrounding the plunger
      328 is a compression spring 344, one end of which engages the head 342 of
      the plunger and the other end of which was seated within the nut 328 and
      engages the upper end of shaft 320. The bottom end of plunger 338 is
      formed with a sharp point 346. The length of the plunger 338 is such that
      the point 346 is retracted within the hollow shaft 320 when the spring 344
      holds the plunger in the elevated position shown in FIG. 7. As the plunger
      is depressed far enough for its head to engage grommet 340, the point 346
      will move down far enough to puncture a closure formed on a container 134
      positioned as shown within the sealing head. In this connection it is to
      be noted that the plate 224 is provided with a center aperture 348 which
      is large enough to accommodate the plunger when the latter is depressed.
PAR  The sealing head is held against rotation on the axis of shaft 320 by
      virtue of engagement of the front edges of its plates 212, 224, and 228
      with the front panel 2, as shown in FIG. 7. The spring 314 acts to urge
      lever 296 in a counterclockwise direction (as viewed in FIG. 4), and holds
      the vertical extension 316 of the lever against stop member 336. When
      lever 296 is in the limit position shown in FIG. 4, the slides are
      positioned as shown in FIG. 3 and the belt portions 280 and 282 are bowed
      away from one another in the manner illustrated in FIG. 3. This bowing out
      is due to the fact that the belt is resilient and its overall length
      between the two bracket members 262 is substantially greater than the
      distance between the two bracket members.
PAR  If the handle 300 is now moved to the left, i.e., clockwise as seen in FIG.
      4, the lever 296 will move in the same direction. When this occurs, slides
      234 and 236 will move so as to increase the distance between the two
      brackets 262, whereby the bowed portions of the heating belt will be urged
      to unbow and move closer to one another along their lengths. At the same
      time, the guide pins move along the belt portions 280 and 282 toward one
      another so as to decrease the length of the bowed sections and maintain
      the bow in each belt symmetrical with respect to the center of the cap
      aperture 222 in plate 212. Handle 300 will remain aligned with the
      projection 316 on lever 296 until the force required to rotate lever 296
      clockwise exceeds the force of spring 314, in which case handle 300 will
      commence to pivot clockwise (as viewed in FIG. 4) with respect to lever
      296. The relative pivotal action of handle 300 will occur when the belt
      portions 280 and 282 engage a container 134 during a capping operation and
      will also occur if the lever 296 has moved far enough for the arms 244 of
      slide 236 and arm 246 of slide 234 to engage the ends of guides 238 and
      240. When the handle is released, the spring 314 will urge the lever 296
      clockwise back to its original position against stop 336. It is to be
      understood that the length of the heating belt is such that the length of
      the portions 280 and 282 is greater than the distance between the two belt
      brackets 262 when the slides are moved together far enough to engage the
      ends of the guides 238 and 240. Accordingly, the belt portions 280 and 282
      will still be bowed relative to one another in all allowable portions of
      slides 236 and 238.
PAR  Provision may be made for automatic or selective operation of the film
      feeding and film cutting mechanisms and also for means to appraise the
      user of the state of the heating element. Accordingly, referring now to
      FIGS. 1, 2 and 6-9, the illustrated machine comprises a pair of
      push-button switches 348 and 350 which are mounted to front panel 2 and
      are connected into the power circuits of film feed motor 80 and the knife
      mechanism motor 190. Additionally, an On-Off push-button power switch 352
      and a two position mode control toggle switch 354 are mounted to side
      panel 6. A rheostat (i.e., a variable resistor) 356 and a light 358 are
      mounted to the side panel 6. A power cord 360 is provided to connect the
      electrical circuits of the machine to a source of a.c. electrical power.
      Switches 348 and 350 are of the type that are normally open and close only
      when their push-buttons are depressed. Swtich 352 is of the type which
      changes states when its push-button is depressed and maintains its state
      until its push-button is again depressed. Light 358 is connected so as to
      be illuminated when switch 352 is closed.
PAR  Referring now to FIG. 10, line cord 362 is connected to terminals 364 and
      366. Terminal 364 is connected to terminal 366 via power switch 352 and
      light 358. Connected in parallel with light 358 is rheostat 356 and the
      electrical resistance element of heater belt 276. Also connected in
      parallel with light 358 is switch 348, a relay 368 and motor 80. Switch
      104 is connected across switch 348. Also connected in parallel with light
      358 is switch 350, a relay 370 and motor 190. Switch 202 is connected
      across switch 350. Connected in parallel across switches 348 and 350 is
      switch 354 and an electronic pulse generator 372 which is connected so as
      to respond to photodetector 140. The pulse generator has two output lines
      which are connected to relays 368 and 370 and is adapted to produce a
      current pulse to set relay 370 when the light beam from light source 130
      is interrupted by a container to be capped and to produce another current
      pulse to set relay 368 when the container is moved out of the way of the
      light beam. The light source 136 is connected between terminals 364 and
      366 via switches 352 and 354.
PAR  Operation of the machine will now be described with power switch 352 closed
      and switch 354 in the open or "manual" position. First the user closes
      switch 348. When this occurs, relay 368 is set to provide power to motor
      80, whereupon the latter begins to operate. As soon as shaft 46 begins to
      rotate, switch 104 will close to keep relay 368 set even through switch
      348 is released and allowed to reopen. Motor 80 will turn shaft 46 one
      revolution and will stop when cam 70 reopens switch 104. The single
      revolution of motor 80 is sufficient to feed the film 17 far enough for
      its forward end to overlie the front edges of ledges 137. After motor 80
      has stopped, the operator closes switch 350. This sets relay 370 to
      provide power to motor 190. Operation of motor 190 causes crank arm 196 to
      reciprocate the knife assembly carriage between the elevated at-rest
      position shown in FIG. 7 and a second lower position wherein knife blade
      158 projects into the channel formed by angle iron section 180 and offset
      portion 186 of bar 184 (see FIG. 11D). Almost as soon as the knife
      carriage starts moving downward, bumper member 206 moves away from switch
      202, thus allowing the switch to close and keep relay 370 set even though
      switch 350 is released and allowed to reopen.
PAR  On the downward stroke of the knife carriage, the knife bladd 158 pierces
      and severs the portion of film 17 that extends between angle iron section
      182 and flange 188 of bar 184. As the knife carriage moves up again and
      approaches its original elevated at-rest position, bumper member 206 will
      re-engage and thereby reopen switch 202, shutting off motor 190 and
      stopping the knife carriage. A container may now be capped with the piece
      of film that has been cut and which is now supported on ledges 137.
PAR  FIGS. 11A-D illustrate how severing of the film is accomplished by knife
      blade 158. The film severing operation requires that tension be maintained
      on the film as it is cut. The drive rolls 64 cooperate with shaft 84 to
      lock the supply end of film 17, while the flexible blade 166 acts to
      retain the forward end of the film as cutting is accomplished. As shown in
      FIG. 11B, as the knife carriage moves downward, flexible blade 166 engages
      the film just above angle iron section 182 and then, by virtue of its
      inclined angle and its downward movement, blade 166 subjects the film to
      both a vertical vector clamping force and a horizontal vector tensioning
      force. Stated another way, blade 166 simultaneously presses the film down
      against angle iron section 182 and urges the film forward away from rolls
      64, thereby removing any slack in the film (e.g., due to bending under its
      own weight as shown in FIG. 11A) and also compensating for any film
      stretch capability and any tension relaxation that might be caused by any
      play in the feed roll mechanism. Maintaining adequate tension in the film
      is necessary to prevent incomplete cutting of the film by knife blade 158,
      especially if the knife blade has become dulled by excessive use. FIG. 11B
      shows the relative positions of knife blade 158 and the flexible squeegee
      blade 166 as the knife blade begins to act through the film. The cutting
      action is initiated by the several points on the scalloped edge of the
      knife which serve to pierce the film. The squeegee continues to flex as
      the knife moves down and maintains the film under tension even though some
      relaxation of the film may tend to occur as it is being pierced (FIG.
      11C). The friction force exerted by the squeegee on the film is enough to
      prevent it from slipping even when the knife blade is so dull that an
      excessive pressure is required to cause the knife to pierce the film. FIG.
      11D shows the knife blade at the end of its down stroke and also helps
      illustrate a further function of flexible blade 166. When the knife blade
      has fully severed the film and begins to move up again, the squeegee blade
      166 keeps the cut piece of film clamped against shelf 182 until the knife
      has moved back above it, thereby preventing the knife blade from carrying
      the cut piece of film upward as may occur, for example, if the knife blade
      has become sticky due to accumulation of foreign matter or as a result of
      static electricity.
PAR  Automatic operation of the film cutting and feeding mechanisms is effected
      by placing switch 354 in the closed position, whereby to enable the pulse
      generator to respond to the output of photodetector 140. For operation in
      the automatic mode, it is essential that the film extend forward over and
      be supported by the ledges 137 which may be accomplished by closing switch
      348 as previously described. If now a container to be capped is inserted
      into the machine via the access opening 14 and moved up against the
      portion of the film resting on ledges 137, the light beam from light
      source 136 will be interrupted, whereupon the output of the photodetector
      will cause pulse generator 372 to momentarily set relay 370 and thereby
      turn on knife mechanism motor 190. The pulse output from generator 372 is
      long enough to keep the relay 370 in the set position until switch 202 is
      closed as a result of downward movement of the knife carriage, whereupon
      the relay 370 is maintained in its set condition via switch 202. The knife
      mechanism motor 190 will complete one cycle of revolution as previously
      described and will turn off when switch 202 is reopened. Thereupon a user
      may effect capping of the container with the severed piece of film in the
      manner hereinafter described. When the capping operation is completed and
      the capped container is pulled down from the film shrinking head, the
      light beam will again impinge on detector 140. When this occurs, the
      output from the detector 140 will cause the pulse generator 372 to produce
      another pulse to set relay 368, thereby actuating motor 80. The current
      pulse from generator 372 is long enough to maintain relay 368 set until
      switch 104 is closed by operation of cam 70, whereupon the relay 368 is
      maintained in its set condition by switch 104 to allow motor 80 to
      complete a full cycle of revolution. Motor 80 will stop when switch 104 is
      reopened by cam 70. This cycle of operation of motors 190 and 80 will be
      repeated when another cup is inserted in the machine. Pulse generator 372
      is rendered inoperative when switch 354 is moved to its open or manual
      position.
PAR  The capping operation is executed by movement of handle 300. Assuming that
      a sheet of film has been severed from the web by operation of the knife
      mechanism and is supported on the ledges 137, the operator engages the
      underside of the sheet of film with a container to be capped and raises
      the container up into the film shrinking head via the opening 222. The
      sheet of film resting on ledges 137 is engaged and carried upward by the
      open end of the container through the opening 222 and between the bowed
      portions 280 and 282 of the heating belt far enough for it to engage the
      perforated plate 224. The sheet of film is substantially square in shape
      and its side dimensions exceed the diameter of aperture 222, with the
      result that the marginal portions of the sheet of film will be forced by
      plate 224 to be draped down over the rim of the container as it is moved
      through the aperture 222. With the container and film so positioned, the
      operator then moves the handle 300 to the left (as seen in FIG. 1), far
      enough for the bowed portions of the heated belt to draw the film around
      the rim of the container, in the manner illustrated in dotted lines in
      FIG. 3. The belt is held in engagement with the container and film for a
      period of time, usually in the order of two seconds, sufficient for the
      applied heat to cause the marginal portions of the film to shrink tight
      around the rim of the cup. Additional shrinking of the portion of the film
      that extends across the end of the cup is accomplished by heat received
      from plate 224 and also from conduction from the heated belt, but this
      shrinkage is substantially less than the shrinkage which occurs at the rim
      of the cup since the temperature of the plate 224 is less than that of the
      heated belt. Thereafter the handle 300 is moved back to is original
      position to release the capped container and the latter is then withdrawn
      from the machine. If desired, the closure formed by the heat shrinking
      film may be punctured so as to permit introduction of a drinking straw.
      This is accomplished after the capping operation has been completed and
      before the container is withdrawn from the film shrinking head. The
      closure is punctured by depressing the plunger 340. The sharp end 346 on
      the plunger is preferably elongate in one direction ahd has a razor edge
      so that the puncture is actually a short slit, preferably about one-fourth
      inch in length. It has been found that this form of puncture will not leak
      liquid (or else, only very slowly) from the container if the container is
      accidentally tipped on its side or upside down. Nevertheless, the puncture
      facilitates introduction of a drinking straw into the container.
PAR  Obviously the above-described invention is susceptible of a number of
      modifications. Thus, for example, the heating belt 276 may actually
      comprise two discrete heating belts which are disposed in confronting
      relation and have their corresponding ends clamped in the bracket members
      262, with the heating elements of the two belts being connected, either in
      series or in parallel as preferred, to the source of electric power. Thus
      in the appended claims, the requirement of two belts or two electrically
      heatable flexible members is intended to denote two sections of a single
      belt or to discrete belts. It is also appreciated that other means may be
      employed for controlling operation of the film feeding and film cutting
      mechanisms, e.g., the motors 80 and 190 and the switches 104 and 202 could
      be replaced by electric motors that are provided with single revolution
      clutches.
PAR  The principal advantage of the invention is that it is adapted to apply
      tight, substantially non-leaking closures made of heat shrinking film to
      containers of different sizes, since the bowed portions of the heated belt
      can be drawn together as required to engage different size containers. A
      further advantage of the invention is that the knife mechanism and the
      film shrinking head form separate subassemblies and, therefore, can be
      individually removed from the machine to facilitate inspection and repair.
      Another advantage is that the knife mechanism is simple yet is capable of
      rapidly and neatly severing the film. Still another advantage is that edge
      portions of the piece of film that has been heat shrunk to form a closure
      extend down along the side of the capped container and thus can function
      as a tab whereby the closure can be torn off of the container. Still other
      advantages will be obvious to persons skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for capping the end of a container with a closure formed from
      a sheet of heat shrinkable plastic film comprising:
PA1  a film shrinking head which includes a pair of flexible electrically
      heatable members, first means for holding said members at one end thereof,
      second means for holding said members at the opposite end thereof, and
      bidirectionally movable means coupled to said first and second means for
      selectively moving said first and second means in a first direction
      whereby said members are caused to bow away from one another intermediate
      their ends so as to provide a space for insertion of a container or in a
      second direction whereby to draw said members closer together intermediate
      their ends;
PA1  sheet supporting means for supporting a sheet of heat shrinkable film below
      said members in a position to be engaged and raised by a container to be
      capped when the container is moved up between the two members;
PA1  means located between said members and said sheet supporting means for
      causing portions of said sheet to fold down over the rim of the container
      as the container is moved up between said two members; and
PA1  means for operating said bidirectionally movable means so as to cause said
      members to be drawn together around the rim of the container whereby heat
      from said members will cause said sheet to shrink tight about the rim of
      the container.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said bidirectionally movable
      means comprises first and second arms secured to said first and second
      means respectively, and movable means coupled to said arms for selectively
      causing said arms to move said first and second means in said first or
      second directions.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said arms extend parallel to one
      another.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein said movable means comprises a
      rotatable gear, and further wherein said film shrinking head includes gear
      racks connected to said arms and engaged by said gear.
NUM  5.
PAR  5. Apparatus according to claim 1 further including spring means for
      biasing said first and second means against movement in said second
      direction.
NUM  6.
PAR  6. Apparatus according to claim 1 further including selectively operable
      means for puncturing said sheet after it has been shrunk tight onto said
      container, said selectively operable means comprising a puncture tool,
      means mounting said puncture tool for reciprocal movement into and out of
      the space between said belts, and means for holding said puncture tool out
      of said space.
NUM  7.
PAR  7. Apparatus according to claim 6 comprising a support for said film
      shrinking head, said support and said puncture tool mounting means being
      connected to one another.
NUM  8.
PAR  8. Apparatus according to claim 1 further including selectively operable
      means for feeding a continuous web of said film onto said sheet supporting
      means, and knife means for cutting said web so as to produce a sheet of
      said film.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said knife means is located close
      to said sheet supporting means and comprises a knife blade located above
      the level of said sheet supporting means, and means for moving said knife
      blade down through and then up away from said web whereby to sever said
      sheet from said web.
NUM  10.
PAR  10. Apparatus according to claim 9 further including means for holding said
      web taut as it is engaged by said knife blade.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein said web holding means
      comprises means connected to said knife means for engaging said web
      adjacent to said sheet supporting means as said web is engaged by said
      knife means and for releasing the cut sheet as said knife is moved up away
      from said web.
NUM  12.
PAR  12. Apparatus according to claim 10 wherein said web holding means
      comprises at least one part of said web feeding means.
NUM  13.
PAR  13. Apparatus according to claim 8 wherein said web feeding means comprises
      first and second roller means for tightly engaging opposite sides of said
      web, and drive means for rotating said first roller means in a direction
      to advance said web toward said sheet supporting means.
NUM  14.
PAR  14. Apparatus according to claim 13 further including means for actuating
      said drive means and means for terminating operation of said drive means
      after said first roller means has turned through substantially a single
      revolution.
NUM  15.
PAR  15. Apparatus according to claim 13 wherein said first roller means
      comprises a plurality of drive rollers mounted side by side on a common
      shaft, and further including finger members interposed between said drive
      rollers and between said web and said second roller means for gathering
      and corrugating said web.
NUM  16.
PAR  16. Apparatus according to claim 1 wherein said two members are portions of
      a single belt.
NUM  17.
PAR  17. Apparatus according to claim 1 wherein said two members constitute two
      discrete belts.
NUM  18.
PAR  18. Apparatus for heat shrinking a sheet of heat shrinkable plastic film
      onto a container so as to form a closure for said container comprising:
PA1  first and second flexible heatable members;
PA1  first means for gripping said first and second members together at one end
      thereof;
PA1  second means for gripping said first and second members together at the end
      opposite said one end thereof; and
PA1  bidirectionally movable means coupled to said first and second means for
      moving said first and second means so as to selectively cause said members
      to (a) flex in a first direction and move away from one another
      intermediate their opposite ends so as to provide a space therebetween for
      insertion of a sheet of heat shrinkable film and a container to be capped
      with said film or (b) flex in a second opposite direction and move closer
      to one another intermediate said opposite ends so as to press portions of
      said sheet against said container.
NUM  19.
PAR  19. Apparatus according to claim 18 wherein each of said heatable members
      comprises an electrical resistance heating element.
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ABST
PAL  A method is provided of making a bag including the steps of:
PA1  Expanding tubular plastic netting in continuous rope form into an elongated
      sleeve with an open end;
PA1  Positioning a first bottom closure strip across a first part of such
      sleeve;
PA1  Positioning a second bottom closure strip across a second part of such
      sleeve and aligned with such first strip;
PA1  At least one of the strips having an adhesive coating on its inner surface
      and such strips being arranged to extend substantially from one edge of
      the sleeve to the other edge; and,
PA1  Adhering the first and second strips together through open meshes of such
      netting thereby to form a bag having a closed end and an open end.
PAL  In forming a closure for such a bag the method preferably includes the
      steps of:
PA1  Expanding such tubular netting in the cross-machine direction;
PA1  Gathering such expanded netting in rucked form;
PA1  Expanding a portion of such rucked netting in the machine direction into an
      elongated sleeve; and
PA1  Applying closure members across such sleeve thereby forming a closure for
      the bag.
PAL  A method also is provided of making a package using a bag as described
      above including the further steps of:
PA1  Severing the sleeve adjacent to the closure to make a bag;
PA1  Inserting an article or articles into the open end of the bag; and
PA1  Closing the open end of the open end of such bag to form such package.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is a bag and package making method and apparatus and, more
      particularly, is directed to a novel method of forming a closure across a
      sleeve formed by expanding a tubular plastic netting in rope form in a
      cross-machine direction; by rucking such expanded netting; and, by
      expanding a portion of such rucked netting in the machine direction.
PAR  2. Description of the Prior Art
PAR  Bag and package making apparatus and methods of this general type are old.
PAR  It is known, for example, as exemplified in U.S. Pat. No. 3,726,060 to
      McMillan, to package a product in a flexible tubular casing, which may be
      in the form of a plastic material, a tubular knitted material or other
      suitable flexible material and in which the casing is gathered or shirred
      onto a sleeve-like member and moved from the sleeve-like member along the
      outer surface of a support member and then inwardly of an opening therein
      whereby a continuous supply of tubular casing is provided for packaging
      items, such as hams, fed sequentially through such opening. A new supply
      of casing is required when the casing on the sleeve-like member runs out.
      Clips are provided for closing the casing adjacent both ends of the
      product to form the package.
PAR  U.S. Pat. No. 3,719,022 to Cherio et al. teaches a device for filling food
      stuff into netted containers which comprises a filler tube centrally
      positioned on a supporting frame, the tube being telescopically mounted
      and having thereabout a continuously fed and gathered netting which, as
      the ram of the tube extrudes the food stuff therefrom, disengages itself
      from the tube and becomes uniformly filled with the extrudate food stuff.
PAR  U.S. Pat. No. 3,380,220 to Jennings et al. discloses a tree packaging
      method including the steps of placing a supply of tubular material upon
      the exterior surface of a tubular element and intermittently drawing such
      material from this surface and into such tubular element for the purpose
      of enclosing a tree being passed therethrough. The tree movement draws the
      tubular material from the tubular element so that it will automatically
      encircle or enclose the tree. When the supply of tubular material on the
      tubular element is exhausted, the empty tubular element is moved to a
      loading station where a new supply of material is placed on it.
PAR  Other patents of interest are U.S. Pat. No. 231,270 to Case which shows a
      machine for rolling tubular fabrics, U.S. Pat. No. 3,257,915 to Cartier et
      al. which shows a bag forming machine, and U.S. Department of Agriculture
      bulletin ARS-S-18 of July 1973, entitled "Automatic Produce-Bagging
      Machine that uses Factory-Roll Polyethylene Net Tubing", which shows a
      machine that makes a package from tubular netting, such package having
      gathered and stabled top and bottom closures.
PAR  In the apparatus and methods described in these patents and bulletin, as in
      other apparatus and methods of the known prior art, the bag and package
      making operations are either not continuous, require additional steps or
      parts, or do not provide the total, practical, utility found in the bag
      and package making methods of this invention, as will become apparent.
PAC  SUMMARY OF THE INVENTION
PAR  The bag and package making apparatus of this invention is continuous in
      operation and is capable of making, in line, a package using a tubular
      plastic netting in rope form.
PAR  This rope of netting is expanded into an elongated sleeve and, as one step
      in making a bag, a closure is applied across such expanded sleeve. At the
      time the closure is applied the sleeve is relaxed, with no machine or
      cross-machine direction forces acting upon it. This is made possible, in
      part, by the provision of a rucked supply of expanded netting at a
      location prior to the closure station and the withdrawing of only a
      portion of this rucked supply to the closure station whereby the remaining
      rucked netting assures that no machine direction forces are placed upon
      the sleeve as the closure is applied. This is an important aspect of this
      invention.
PAR  A bag is made using the apparatus and method of this invention by severing
      the expanded sleeve after a closure has been provided, after which
      articles, such as oranges, are inserted into the open end of the bag to
      fill it. Then an open end is closed to form the package.
PAR  Such package is made continuously and in line on the package making
      apparatus. There is no need, for example, to stop the apparatus to provide
      additional rucked netting at an intermediate station because in the
      apparatus of this invention this rucked supply is continuously formed from
      a rope of the netting by appropriate means.
PAR  Further, by using the apparatus of this invention it is possible to close a
      sleeve formed of tubular netting by adhering strips to each other through
      the open mesh of the netting and to the netting itself, in forming a bag
      closure, for example, either top or bottom.
PAR  Other means also are provided to sever this sleeve with its closure to make
      a bag; to open the open end of this bag; to insert an article or articles
      into it; and to close such open end, all in line, in making an attractive
      package of great utility in the bag and package making arts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view of an apparatus of this invention showing one
      side thereof, with parts (such as parts of the closure applying station or
      means) omitted for clarity.
PAR  FIG. 2 is a cross-sectional view taken along lines 2--2 of FIG. 1 showing
      means for gathering the netting in rucked form.
PAR  FIG. 3 is a plan view of the apparatus with parts broken away and others
      omitted for clarity.
PAR  FIG. 4 is a partial elevational view showing the other side of the
      apparatus shown in FIG. 1.
PAR  FIG. 5 is a schematic cross-sectional view of parts of such apparatus,
      taken along lines 5--5 of FIG. 3, including means for expanding tubular
      netting (from rope form) in the cross-machine direction; means for
      gathering such expanded netting in rucked form; means for expanding such
      rucked netting in the machine direction into an elongated sleeve; means
      for applying closure parts or strips across such elongated sleeve thereby
      to form a closure; and means for severing such sleeve thereby to make a
      bag having a closed end and an open end.
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 3, showing
      the sleeve severing means, the sleeve or bag closure means and means for
      conveying a bag (made by severing the sleeve after a closure has been
      applied) toward and to the next-in-line work station of the apparatus.
PAR  FIG. 7 is a transverse cross-sectional view taken along line 7--7 of FIG.
      3, showing, in open position, the means for applying the closure members
      across the elongated sleeve.
PAR  FIG. 8 is a transverse cross-sectional view taken along lines 7--7 of FIG.
      3, showing the same closure means, as in FIG. 7, in its closed position.
PAR  FIG. 9 is a cross-sectional view, taken along lines 9--9 of FIG. 3, showing
      means for forming the closure strips and for moving such formed strips
      into vacuum-controlled guideblocks whereat such strips are in position to
      be applied across the elongated sleeve to form a closure.
PAR  FIG. 10 is a schematic view, taken along lines 10--10 of FIG. 9, showing
      the vacuum-control guideblocks having the closure strips or members
      positioned therein.
PAR  FIG. 11 is a schematic view, taken along lines 11--11 of FIG. 9, showing
      means for severing the closure strips from their supply source whereby to
      form such closure strips.
PAR  FIG. 12 is a schematic side view of drive means for the sleeve severing
      means.
PAR  FIG. 13 is a partial schematic elevational view, taken along line 13--13 of
      FIG. 3, showing the drive mechanism for the means for moving the bag after
      it is made by the severing operation.
PAR  FIG. 14 is a cross-sectional schematic view, taken along lines 14--14 of
      FIG. 13, showing the configuration of barbs for opening a bag severed from
      the sleeve and for conveying such bag to the next work station.
PAR  FIG. 15 is a schematic view, taken along lines 15--15 of FIG. 4, showing
      vertical oscillation means aligning individual bags prior to closing the
      open end thereof.
PAR  FIG. 16 shows means for laterally displacing the bag expanding units during
      successive apparatus cycles, taken along line 16--16 of FIG. 4.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This invention is a bag and package making method and apparatus.
PAR  In its broadest sense, such invention is also a method of forming a closure
      for a bag made using plastic netting in continuous rope form unwound from
      a reel, in a continuous repetitive manner, and includes the steps of:
PA1  expanding such netting into an elongated sleeve, and
PA1  applying a flat elongated strip across such sleeve thereby forming a
      closure (either top or bottom) for such bag.
PAR  Preferably this method further includes the steps of:
PA1  expanding such netting in the cross-machine direction;
PA1  gathering such expanded netting in rucked form;
PA1  expanding a portion of such rucked netting in the machine direction into an
      elongated sleeve; and
PA1  applying closure members across such sleeve thereby forming the closure for
      such bag.
PAR  Preferably such closure members are adhered together through open meshes of
      such netting.
PAR  In making the bag, the expanded sleeve preferably is severed adjacent the
      closure thereby to make a bag having a closed end and an open end.
PAR  In making a package made using this type bag the method steps of this
      invention preferably include:
PA1  expanding such netting into an elongated sleeve having an open end and
      substantially flat first and second sleeve parts, one atop the other;
PA1  positioning a first strip across such sleeve and adjacent to the outer
      surface of such first sleeve part;
PA1  positioning a second strip across such sleeve and adjacent to the outer
      surface of such second sleeve part and aligned with the first strip;
PA1  at least one of such strips having an adhesive coating on its inner surface
      and such strips being positioned to extend substantially from one edge of
      such sleeve to the other edge;
PA1  adhering such first and second strips together through open meshes of such
      sleeve thereby to form a bottom closure for such bag;
PA1  severing such sleeve adjacent such bottom closure to make such bag;
PA1  inserting articles into such open end of such bag; and
PA1  closing such open end of such bag to form a package.
PAR  In other embodiments, this invention is an apparatus suitable for the
      practice of the bag, or sleeve, closure forming and bag and package making
      methods of this invention.
PAR  Briefly described, the apparatus for making bags includes:
PA1  means for storing a supply of tubular plastic netting in continuous rope
      form;
PA1  means for expanding such netting into an elongated sleeve;
PA1  means for applying flat elongated strips across such sleeve to form a
      closed end, and
PA1  means for severing part of such sleeve including such closed end from the
      remainder of such sleeve to form a bag having a closed end spaced from an
      open end.
PAR  In somewhat greater detail an apparatus for making a package made using
      such bags made using this tubular plastic netting comprises, in
      combination and operably connected together:
PA1  means for storing a supply of such netting in continuous rope form;
PA1  means for expanding the netting in the cross-machine direction;
PA1  means for gathering this expanded netting in rucked form;
PA1  means for expanding such rucked netting in the machine direction into an
      elongated sleeve having substantially flat first and second sleeve parts,
      one atop the other;
PA1  means for positioning a first strip across the expanded sleeve and adjacent
      to the outer surface of the first sleeve part;
PA1  means for positioning a second strip across the sleeve and adjacent to the
      outer surface of the second sleeve part and aligned with the first strip;
PA1  at least one of the strips having an adhesive coating on its inner surface
      and such strips being positioned to extend substantially from one edge of
      the sleeve to the other edge;
PA1  means for adhering the first and second strips together through open meshes
      of the sleeve thereby to form a bottom closure for the bag;
PA1  means for severing the sleeve to make such bag having a bottom closure and
      an open end;
PA1  means for inserting articles into the open end of such bag; and
PA1  means for closing such open end of such bag to form the package.
PAR  The details of the parts and operation of this apparatus may be more
      clearly understood by reference to the drawing and to the following
      description thereof.
PAR  As best seen in FIGS. 1, 3 and 4, the basic parts of such packaging making
      apparatus consist of:
PA1  means 100 for storing a supply of plastic tubular netting N in continuous
      rope form;
PA1  means 200 for expanding such netting in the cross-machine direction;
PA1  means 300 for gathering such expanded netting in rucked form;
PA1  means 400 for expanding such rucked netting in the machine direction into
      an elongated sleeve;
PA1  means 500 for applying closure members across the expanded sleeve to form a
      closed end;
PA1  means 600 for severing part of the sleeve including such closed end from
      the remainder of the sleeve to make a bag having an open end;
PA1  means 700 for inserting articles into such open end of the bag; and
PA1  means 800 for closing such open end of the bag to form a package.
PAR  These apparatus parts are operatively connected together, in line, thus
      connected, provide a novel means capable of forming closures and making
      bags and packages in a continuous, useful, manner.
PAR  These, and other, parts of the apparatus will now be described in greater
      detail.
PAC  Netting
PAR  The apparatus of this invention in one of its prime aspects makes a bag
      starting with tubular plastic netting of the type shown in U.S. Pat. No.
      2,919,467 to Mercer. Such tubular netting, as made by known techniques, is
      generally wound onto an appropriate roll or reel in continuous rope form
      and there stored ready for use. The apparatus of this invention is
      specifically adapted to take this rope of continuous netting as a starting
      material and to make a bag and then a package, using such netting.
PAC  Rope Storage and Unwind Means
PAR  The elements of the means 100 for storing the rope of continuous tubular
      netting N and the means for unwinding it and moving it to the next work
      station are best shown in FIGS. 1, 3 and 4. Such netting N in the form of
      an endless rope is contained in a ball warp 10. The ball warp 10 is shaft
      mounted and rotates freely on cam follower idlers 11 and 12. The netting
      is withdrawn from the ball warp 10 by use of rope moving means 13 and is
      moved to a weigh scale 14 through the nip region formed by a driven
      V-pulley 15 and a shaped rubber idler 16. The V-pulley is driven by drive
      motor 17 via its belt drive 18 and associated pulleys. The drive motor 17
      is actuated by a limit switch 19 mounted beneath the weigh scale 14 which
      pivots from a fulcrum point 20. The drive motor 17 operates until the rope
      moving means 13 deposits a predetermined weight of netting on the weigh
      scale 14 at which time the motor is deactivated. The limp netting on the
      weigh scale 14 is then moved, as needed by the apparatus, through guide 21
      and into operative relationship with the means 200 for expanding the rope
      of netting in the cross-machine direction.
PAC  Cross-Machine Direction Expanding Means
PAR  The means 200 for expanding the rope of netting N in the cross machine
      direction is best shown in FIGS. 2, 3, and 5, and generally comprises a
      netting expander plate 22 having a rounded entrance 23, positioning
      rollers 24 and 25 and a protruding centering bar 26. Such plate 22 is
      physically located adjacent and within the nip regions of nip rolls 27, 28
      and 29, 30 and is maintained in a substantially horizontal position by the
      alignment of these nip regions and is held in machine direction alignment
      by the positioning rollers 24 and 25 and by the protruding centering bar
      26 which rides in a centered groove, not shown, in the nip roll 27.
PAC  Rucking Means
PAR  After the netting N passes over the cross-machine direction expander plate
      22 and through the nip rolls 27 and 28 it is gathered in rucked form as
      shown at 31 by overfeed techniques known to the art using means 300 and
      including the driven nip rolls 27, 28 and 29, 30. The amount of expanded
      netting kept in inventory in rucked form is dependent upon the setting of
      finger 32 of a detector switch 33. The detector switch 33 controls the
      operation of the drive for such nip rolls. The netting in rucked form 31
      is then expanded in the machine direction, by means 400, into an elongated
      sleeve, designated S, as will now be explained.
PAC  Machine Direction Expanding Means
PAR  The means 400 for expanding the rucked netting in the machine direction and
      into an elongated sleeve includes a rearmost portion 34 of the netting
      expander plate 22 and means for moving such netting in machine direction
      and over this portion of the expander plate as will be further described
      hereinafter in connection with the bag-length advancing means. As the
      rucked netting is moved over this portion of the plate by such advancing
      means or moving means it forms the elongated sleeve S (the length of which
      is defined by the rucked netting on one end and the exit of the plate 22
      on the other, open end) that is longer than a given bag made using the
      apparatus of this invention, for reasons further to be explained.
PAC  Bag-Length Advancing Means
PAR  The bag-length, advancing means, best shown in FIGS. 1, 3 and 5, comprises
      a lower guide plate 35, an upper guide plate 36, an actuating lug 37, a
      spring 38, a carrier lug 39 and a stepping drive chain 40. The lower guide
      plate 35 and the upper guide plate 36 are secured together and operate in
      unison in the machine direction in tracks, not shown, located toward the
      sides of the apparatus. The tubular netting is expanded by the plate 22
      and is advanced between the lower and upper guide plates 35 and 36 to form
      the sleeve S. Barbs are located on the leading edges of the two guide
      plates so that the plates will advance the tubular netting in the machine
      direction when the plates are moved but will not engage the tubular
      netting when operating in the reverse direction. The barbs thus will
      advance the tubular netting in one direction only. This is accomplished
      when the stepping drive chain 40 is advanced a distance sufficient to
      advance the open end of the tubular netting beyond the closure applying
      means 500, as will be explained. In this advanced position of the open end
      of the tubular netting the upper and lower layers or parts of the
      collapsed netting are separated from each other since the tubular netting
      is advanced, in sleeve form, while it surrounds the netting expander plate
      22. The upper layer of the collapsed netting is grasped at this time by
      the bag opening and advancing mechanism so that a bag length L of tubular
      netting is advanced in preparation for fabrication of a bag.
PAR  The advancement of the chain 40 advances the carrier lug 39 which is
      secured to one of the links of stepping drive chain 40. The carrier lug
      39, in turn, advances the actuating lug 37 which is secured to the unified
      pair of guide plates 35 and 36. The barbs on the advancing guide plates
      advance the tubular netting material a like distance. When the carrier lug
      39 advances the actuating lug 37 as far as it can the spring 38 causes the
      unified pair of guide plates 35 and 36 to return to their at-rest position
      in preparation for withdrawing more netting from the netting in rucked
      form as shown at 31.
PAR  It is seen then that the sequence of steps resulting in the forming of the
      bag-length L of netting and the positioning of it in operative
      relationship with the closure means whereby a closure may be applied
      across it includes the following key steps:
PA1  expanding the tubular plastic netting N in continuous rope form in the
      machine direction;
PA1  gathering such expanded netting in rucked form 31;
PA1  expanding a portion of such rucked netting in the machine direction and
      into an elongated sleeve S; and,
PA1  moving or advancing a portion, or bag-length L, of this elongated sleeve
      into operative relationship with the closure applying means 500.
PAR  As best seen in FIG. 5 in this position the bag-length L of netting, has an
      upper or first part and a lower and second part, is collapsed, but open,
      has its open end beyond the closure station and is advanced beyond and is
      clear of the plate 22, with its only support coming from the means for
      moving the netting into this position, not shown in this figure. In this
      collapsed, open state, with no forces acting on the bag-length portion L
      except those holding it in this closure applying position such bag-length
      portion L is ready to be made into a bag, as will now be explained.
PAC  Closure Applying Means
PAR  The means 500 for applying closure members or strips across the bag-length
      elongated sleeve portion L of netting is best shown in FIGS. 3, 4, 5, 6,
      7, 8, 9, 10 and 11. The closure strips supplied to the closure applying
      means come from two rolls 41 and 42, as shown in FIGS. 7 and 8. The
      material from these rolls is passed around idler rolls 43 and 44 and then
      into the closure station of the apparatus by use of indexing rolls 45 and
      46. These rolls have peripheral pin projections, not shown, which engage a
      line of perforations in the tape material so that a definite length of
      material is measured and moved to the closure station during each
      operating cycle of the apparatus. The material passes transversely above
      and below the bag-length L of netting as shown in FIG. 7. The upper and
      lower material stock 47 and 48 from the rolls 41 and 42 have
      heat-activatable coatings on their sides that face the netting. The
      indexing rolls 45 and 46 meter the predetermined lengths of material stock
      47 and 48 to the closure applying means via guide slots such as 49 and 50.
      The lower material stock 48 is held against the surface 51 of the lower
      platen 52 by vacuum by use of vacuum ports 53 and vacuum channel 54.
PAR  The predetermined lengths of the closure material stock are severed, to
      form closure strips 47' and 48', as shown in FIG. 10, by upper serrated
      knife 55 and lower serrated knife 56 which are actuated by cylinder rod 57
      as shown in FIGS. 9 and 11. The cylinder rod 57 is actuated by pneumatic
      cylinder 58 which is sequentially timed to actuate after the material
      stock is transversely advanced across the collapsed tubular netting.
PAR  The heat activatable coating on the closure strips 47' and 48' is softened
      by the heated surfaces of the lower platen 52 and upper platen 59. These
      platens are heated by the tubular electrical heaters, such as 60 and 61.
      The heat activated inner surfaces of the closure strips are brought
      together with the tubular netting between when the closure applying means
      500 is actuated so that the lower platen 52 is brought into close
      proximity with the upper platen 59. The surfaces of these platens never
      touch because of the presence of the two strips of material stock and the
      collapsed tubular netting between such platens at the time of forming the
      closure. The upper and lower strips 47' and 48' are adhered to each other
      via the interstices of the netting so as to form a transverse closure
      bonded to and closing the upper and lower parts of the netting. This
      action forms a bag which has an open end and a closed end spaced from the
      open end.
PAR  The act of moving the lower platen 52 into a cooperative sealing
      association with the upper platen 59 is brought about by actuating
      pneumatic cylinder 62 which, in turn, actuates mechanical linkages 63 and
      64, all as shown in FIGS. 7 and 8. Immediately subsequent to this action
      pneumatic cylinder 65 is actuated. The operating piston rod of pneumatic
      cylinder 65 is connected to rack 66 shown in FIGS. 7, 8 and 12. Rack 66
      drives a spur gear, not shown, which actuates chain drive 67. This drive,
      in turn, operates sprocket 68 that drives chain 69. Flying knife 70 is
      physically attached to chain 69. This knife traverses the tubular netting
      adjacent to the newly applied closure strips and severs the newly made bag
      from the sleeve S. The relative positions of the flying knife 70 and the
      platens at the beginning of the bag severing sequence are shown in FIG. 6.
PAC  Bag Opening and Netting Advancing Means
PAR  The bag opening and netting advancing means advances bag-length portions of
      the tubular netting through the apparatus in sequential operation and
      presents the formed open-ended bags having a bottom closure so that such
      bags can be loaded by hand or loaded by use of a separate loading means
      such as the means 700 for inserting articles into the open end of the bag
      after which the bag is closed by means 800 to form a package.
PAR  Details of the bag opening and netting advancing means are shown in FIGS.
      4, 6, 13, and 14. As best shown in FIGS. 13 and 14 this means mainly
      comprises parallel chains 71 and 72, sprockets such as 73, crossbar 74 and
      crossbar barbs 75. The crossbar 74 is physically attached to opposing
      links of chains 71 and 72 and is driven by these chains in synchronism
      with the operation of the bag-length feed means, the closure applying
      means 500 and the sleeve severing means 600.
PAR  The drive is timed so that the barbs 75 are positioned to engage the upper
      layer of the tubular netting when such netting is advanced beyond the
      position of the closure applying means by the bag-length feed means. After
      the engagement of the barbs with the open end of the tubular netting the
      netting is advanced one bag length by exerting a pulling force on the
      upper layer of the netting only so as to keep the open end of such netting
      in an opened configuration. The ending of this cycle occurs when the open
      end is along a path such as 76 shown in FIGS. 4 and 13. After the ending
      of the cycle the previously-described closure applying and severing
      operations occur so that a netting bag is formed with an open end held in
      position for insertion of an article in a filling operation.
PAC  The Package Forming Means
PAR  The package forming means of the apparatus of this invention comprises the
      article inserting means 700 and the bag closing means 800. These are best
      shown in FIGS. 1, 3, 4, 6, 15 and 16.
PAR  The article inserting means 700 can be most any type of conventional
      weigh-and-feed system that transfers weighed or metered product into a
      tube, or chute, from a source of supply. Illustrated in the cited figures
      is a dual chute system having a first discharge chute 77 and a second
      discharge chute 78. Each chute has a pair of bag-expanding fingers such as
      operating bag expanding finger 79 and fixed bag expanding finger 80. Each
      discharge chute is transversely operable from a position along the
      centerline of the netting bag to its own respective side of the apparatus
      as shown in FIG. 3 and FIG. 16. FIGS. 4 and 16 show a simple linkage used
      to transversely move each chute from its centerline position to the
      position wherein it transfers the loaded bag to an exit conveyor such as
      81. When the chute is in its centerline position its operating bag
      expanding finger closes as shown in FIG. 3 permitting the bag opening and
      advancing means to advance the bag around and up the chute. At this time
      the operating bag expanding finger opens and product is discharged from a
      weighing or metering device into the chute opening and down the chute into
      the netting bag. Vibrating guide 82, shown in FIGS. 4 and 6, assists in
      loading the product into the tubular netting bag by vertically oscillating
      the bag as it is loaded via the discharge chute.
PAR  The loaded bag is then transferred to the bag closing means 800, such as a
      stapling machine, band crimping machine or plastic closure applying
      machine as shown in FIGS. 3 and 4. The completed packages are then removed
      from the apparatus by package conveyor 83.
PAC  Operation
PAR  In brief review, the apparatus of this invention is capable of forming a
      closure for a bag made from plastic netting N in continuous rope form
      unwound from a reel, in a continuous repetitive manner, in an improved
      manner including the steps of:
PA1  expanding such netting N into elongated sleeve S with an open end, and
PA1  applying a flat elongated strip across such sleeve S thereby forming a
      closure for such bag.
PAR  Such apparatus is further capable of:
PA1  expanding such netting N in the cross-machine direction;
PA1  gathering such expanded netting in rucked form 31;
PA1  expanding a portion of such rucked netting in the machine direction into
      the elongated sleeve S; and
PA1  applying closure members across such sleeve thereby forming a closure for
      such bag.
PAR  The closure members are adhered together through open meshes of such
      netting N.
PAR  The apparatus further is capable of
PA1  expanding the tubular plastic netting N in continuous rope form into an
      elongated sleeve S with an open end;
PA1  positioning a first bottom closure strip 48' across a first part of such
      sleeve S;
PA1  positioning a second bottom closure strip 47' across a second part of such
      sleeve S and aligned with such first strip 47';
PA1  one of such strips having an adhesive coating on its inner surface and such
      strips being arranged to extend substantially from one edge of such sleeve
      to the other edge; and,
PA1  adhering such first and second strips 47 and 48' together through open
      meshes of such netting thereby to form a bag having a closed end and an
      open end.
PAR  And, such apparatus is capable of
PA1  severing such sleeve adjacent such bottom closure to such bag;
PA1  inserting articles into such open end of such bag; and
PA1  closing such open end of such bag to form a package.
PAR  And, lastly, in making bags according to and using the apparatus this
      invention it is particularly important that the tubular netting N in rope
      form be expanded in the cross-machine direction, then rucked to form a
      supply of rucked netting 31 on which no machine direction forces act,
      prior to expanding a portion of this rucked netting in the machine
      direction whereby to position it to proper relationship to the closure
      means 500 which then is actuated to apply the closure strips 47' and 48'
      to and across the thus expanded netting to form the closure. Since only a
      portion of the rucked netting is expanded in the machine direction, still
      leaving other portions of the rucked netting at the supply area, there are
      no problem forces, particularly machine direction or tension forces,
      acting on such expanded portion of the netting during the application of
      the closure strips.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of forming in-line on a package-making machine a closure for
      a package using tubular plastic open-mesh netting in continuous rope form
      unwound from a reel, in a continuous repetitive manner, an improvement
      including the steps of:
PA1  expanding such netting in the cross-machine direction;
PA1  gathering such expanded netting in rucked form;
PA1  expanding a portion of such rucked netting in the machine direction and
      into an elongated sleeve;
PA1  moving a portion of this elongated sleeve while maintained in the expanded
      state into operative relationship with a closure applying means; and
PA1  applying a closure across such portion of this expanded sleeve while
      holding such portion of the sleeve in such operative relationship with
      such closure applying means, thereby forming a closure for such package.
NUM  2.
PAR  2. In a method of making a package continuously and in-line on a
      package-making machine, an improvement including the steps of:
PA1  moving, in an intermittent manner, determined lengths of tubular
      thermoplastic open-mesh netting from a ball warp to a spreading device;
PA1  spreading the netting as it is moved from the ball warp by internal means;
PA1  rucking a supply of the spread-open netting around a mandrel;
PA1  moving, on demand, sufficient netting, while maintained in the spread-open
      state, from and connected to the supply of rucked netting to make the
      package; and
PA1  applying a closure across the netting while holding it in its spread-open
      state thereby forming a closure for the package.
NUM  3.
PAR  3. An apparatus for use in continuously packaging in-line a product in
      tubular thermoplastic netting comprising:
PA1  an unwind mechanism for holding a supply of continuous-length tubular
      netting in rope form on a ball warp,
PA1  means for moving the netting from the unwind mechanism around an internal
      expanding device and onto a part thereof for storing the netting in rucked
      form;
PA1  said expanding device and said unwind mechanism being located in-line on
      the apparatus,
PA1  means for expanding the rucked netting in the machine direction and for
      intermittently moving such expanded netting, while maintained in the
      expanded state, to a bag forming mechanism having means for applying a
      label across the thus expanded netting at bag length intervals and
PA1  means to sever the bag length of netting having a label from the remainder
      of the continuous-length thermoplastic netting to form a bag closed at one
      end by the label and open at the opposite end.
NUM  4.
PAR  4. An apparatus for making a package using tubular open-mesh plastic
      netting comprising, in combination, in-line and operably connected
      together:
PA1  means for storing a supply of such netting in continuous rope form;
PA1  means for expanding such netting in the cross-machine direction;
PA1  means for gathering such expanded netting in rucked form;
PA1  means for a moving portion of such rucked netting in the machine direction
      and maintaining it as an expanded sleeve having substantially flat first
      and second sleeve parts, one atop the other;
PA1  means for positioning a first strip across such expanded sleeve and
      adjacent to the outer surface of such first sleeve part;
PA1  means for positioning a second strip across such expanded sleeve and
      adjacent to the outer surface of such second sleeve part and aligned with
      the first strip;
PA1  at least one of such strips having an adhesive coating on its inner surface
      and such strips being positioned to extend substantially from one edge of
      such elongated sleeve to the other edge;
PA1  means for adhering such first and second strips together through the open
      meshes of such expanded sleeve while holding it in its expanded state
      thereby to form a bottom closure for such package;
PA1  means for severing such sleeve to make a bag having a bottom closure,
      expanded first and second sleeve parts, and an open end;
PA1  means for inserting articles into such open end of such bag; and
PA1  means for closing such open end of such bag to form the package.
NUM  5.
PAR  5. An apparatus for making a package using open-mesh plastic netting in
      continuous rope form including in combination and in-line:
PA1  means for expanding such netting in the cross-machine direction;
PA1  means for gathering such expanded netting in rucked form;
PA1  means for expanding a portion of such rucked netting in the machine
      direction and into an elongated sleeve having an open end and
      substantially flat first and second sleeve parts, one atop the other;
PA1  means for moving a portion of this elongated sleeve while maintained in the
      expanded state into operative relationship with a closure applying means;
PA1  means for holding such portion of the expanded sleeve in such operative
      relationship with such closure applying means;
PA1  means for positioning a first strip across such portion of the sleeve and
      adjacent to the outer surface of such first sleeve part;
PA1  means for positioning a second strip across such portion of the sleeve and
      adjacent to the outer surface of such second sleeve part and aligned with
      the first strip;
PA1  at least one of such strips having an adhesive coating on its inner surface
      and such strips positioned to extend substantially from one edge of such
      sleeve to the other edge;
PA1  means for adhering such first and second strips together through the open
      meshes of such portion of the sleeve while such portion of such expanded
      sleeve is held in such operative relationship with such closure means
      thereby to form a bottom closure for such package;
PA1  means for severing such sleeve adjacent such bottom closure to make a bag;
PA1  means for inserting articles into such open end of such bag; and
PA1  means for closing such open end of such bag to form the package.
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ABST
PAL  The invention relates to a beating mechanism for grape-gathering
      operations.
PAL  Two beaters (5) and (6), disposed opposite each other, and constituded by
      whips (8), are imparted transverse motions defined by the throws of two
      cam members (10) and (17) of a beating mechanism. The motions, which have
      identical periods, differ in phase on two opposite beaters. The mean
      spacing between the points (9) is at a maximum; said spacing varies
      according to a law, in order to avoid breaking the branches, while
      ensuring that the grapes are duly taken down.
BSUM
PAC  FIELD OF INVENTION
PAR  The invention relates to a beating mechanism for gathering grapes, and to
      the beater kinematics.
PAC  DESCRIPTION OF PRIOR ART
PAR  The grape-gathering machines of known type are provided with two series of
      beater members disposed on either side of the row of vines concerned. When
      the machine moves forward, the beater supporting plates are imparted a
      transverse motion to transmit to the grapes a speed which, at the end of
      the motion, generates a force which tears the clusters of grapes away from
      the vine. Most of times, the beater members comprise whips constituted by
      vertical rows of horizontal rods, each of said rods being fixed to a
      supporting plate, while its free end or point acts upon the vine for
      taking off the grapes. In the beater devices of the known machines, the
      spacing between two opposite points remains substantially constant during
      the whole motion of the beater members. Such devices have the following
      drawbacks:
PAR  THE ADJUSTMENT OF THE SPACING IS DIFFICULT WHEN PASSING FROM ONE ROW OF
      VINES TO ANOTHER;
PAR  WHEN THE POINTS OF THE RODS ARE VERY CLOSE TO EACH OTHER, THE TRANSVERSE
      SPEED GAINED BY THE GRAPES IS NEARLY EQUAL TO THAT OF THE BEATER MEMBER,
      AND GENERATES A TEARING FORCE WHICH DULY DETACHES THE GRAPES BUT MANY
      LEAVES AS WELL, WHILE, WHEN THE MACHINE MOVES FORWARD, THE RODS OF THE
      BEATER MEMBER PLUCK OFF THE LEAVES AND BREAK THE SHOOTS;
PAR  WHEN THE SPACING BETWEEN THE POINTS IS LARGE, THE VINE IS SUBJECTED TO
      FEWER INJURIES, BUT THE FOLIAGE DAMPS THE TEARING FORCE SUBSTANTIALLY AT
      THE END OF THE MOTION, SO THAT THE PERCENTAGE OF CLUSTERS DETACHED BECOMES
      LOW.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a beating device which ensures a
      variable spacing between the points of the rods of the beater member
      during the motion of the machine. Said device is adapted, besides, to be
      fitted to the machines of known types.
PAR  A device according to the invention includes at least two beaters disposed
      opposite each other on either side of a row of vines, each beater
      constituted by a series of vertically superposed horizontal rods or whips,
      one of the ends of each rod being integral with a whip-carrying plate
      while the other end directed towards the row of vines if free. Each beater
      is integral with a bearing in which a first eccentric having a vertical
      axis runs. Said beater is linked to one end of a connecting rod in which a
      second eccentric having a vertical axis runs, so that the vertical
      whip-carrying plate of the beater moves in a horizontal motion of
      translation and rotation, the speed of which is variable, and which is out
      of step with respect to the similar motion of the beater disposed
      oppositely on the other side of the row of vines. The spacing between a
      point on a beater and an opposite point on the other beater at a maximum
      during the major portion of the motion, while it decreases at a high speed
      at the end of each transverse motion.
PAR  According to another feature of the invention, the first eccentric has a
      diameter equal to half that of the second eccentric and is rotated at
      twice the speed and in the same direction as the second eccentric.
PAR  According to another feature of the invention, the eccentrics are rotated
      at a constant speed, so that the operating cycle is divided into four
      stages:
PAR  a quarter of a period during which the beater does not rotate;
PAR  a quarter of a period during which the beater acts as an accelerator at a
      high speed, owing to the opposite motions of the eccentrics;
PAR  a third quarter of a period during back the beater comes back towards its
      initial position very quickly, while moving away from the row of vine
      stocks;
PAR  a fourth quarter of a period during which the beater does not rotate and
      acts as a stopper in regard to the opposite beater.
PAR  According to the invention, the eccentrics of the two opposite beaters are
      identical with one another, while the motions thereof differ by half a
      period, so that each beater acts in turn as an accelerator or as a
      stopper, while the opposite beater is in turn a stopper or an accelerator.
      A modification consists in connecting the two beaters each to two
      eccentrics, in which the strokes of one of the eccentrics are less than
      the strokes of the corresponding eccentrics of the opposite beater.
PAR  The amplitude of the translation of the first eccentric is slightly greater
      than half the amplitude of the translation of the second eccentric, so
      that the horizontal transverse motion of a beater always takes place in
      four stages. The translatory motions are accompanied by a slight rotation
      of the beaters. The movements of the beaters are out of step with respect
      to each other, and may be symmetrical or asymmetrical with respect to the
      row of vines, depending on whether it is desired to collect the clusters
      of grapes on both sides of the plants or on one side only.
PAR  The periods of the motions of the two beaters disposed opposite each other
      are identical, both when the device is symmetrical and when it is
      asymmetrical.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawing, which is given by way of a non-limiting example,
      will allow understanding the features of the invention more clearly.
PAR  FIG. 1 is a diagrammatic side elevation of a grape-gathering machine to
      which a beating device according to the invention can be fitted.
PAR  FIG. 2 is a front view of the machine illustrated in FIG. 1.
PAR  FIGS. 3 to 7 illustrate the transverse motion of two beaters opposite to
      each other, which are symmetrical with respect to a row of vines.
PAR  FIG. 8 is a graph showing the motions of the beaters, and the difference in
      step of said motions.
PAR  FIG. 9 is a graph showing the difference in step of two beaters mounted
      asymmetrically.
PAR  FIG. 10 shows the mounting of the beaters performing the motions
      illustrated in FIG. 9.
PAR  FIG. 11 is a graph showing the motions of the two symmetrical beaters, and
      the difference in step of said motions.
PAR  FIG. 12 is a fragmentary view of symmetrical embodiment for obtaining the
      motions illustrated on FIG. 11.
PAR  FIG. 13 is a graph showing the motions of two opposite asymmetrical
      beaters, and the difference in step of said motions.
PAR  FIG. 14 is a fragmentary view of asymmetrical embodiment for obtaining the
      motions illustrated on FIG. 13.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 show a grape-gathering machine of a known type. On such a
      machine, the motion of the beaters 5 and 6, disposed on either side of the
      row of vine stocks 3, is modified by fitting beating mechanisms 1 and 2
      according to the invention. For instance, said machine includes only one
      tunnel or channel 4 on the outside of said row of vine stocks 3. Inside
      said channel the beaters 5 and 6 are imparted a transverse motion with
      transmits an acceleration and a speed to the plants; the speed gained by
      the grapes generates a tearing force when one of the beaters stops the
      plant accelerated by the opposite beater.
PAR  A beater 5 includes a vertical whip-carrying plate 7, to which the rear
      ends of rods 8 are fixed, said rods or whips 8 being horizontal, flexible,
      and tapering, and having their front ends or points 9 unsupported. The
      whip-carrying plate 7 is integral with a crankpin 42 inside which a first
      eccentric 10 rotates, said eccentric being integral with a vertical
      spindle 12. The plate 7 is, also connected to a lever 11 linked by a pin
      15 to the small end of a connecting rod 16. A second eccentric 17 integral
      with a vertical rotary spindle 18 runs inside the big end of said
      connecting rod 16 (FIG. 3). An identical device is oppositely mounted on
      the other side of the row of vine stocks. Known systems (not shown) ensure
      the rotation of the eccentrics 10 and 17 and the vertical off-set spindles
      12 and 18, respectively, in a manner such that the angular speed of the
      eccentric 10 is twice the angular speed of the eccentric 17, said rotation
      being in the same direction (clockwise, for instance). The rotation of the
      eccentric 17 with the vertical spindle 18 imparts to the big end of the
      connecting rod 16 a translatory motion along an arcuate path. The
      amplitude 19 of said translation in a direction parallel to the row of
      vine stocks is equal to twice the distance between the vertical spindle 18
      and the centre 44 of the big end of the connecting rod. Said amplitude
      represents the maximum longitudinal stroke of the big end of the
      connecting rod, said stroke being effected while the eccentric performs a
      rotation by 180.degree..
PAR  The longitudinal stroke 13 of the crankpin 42 is one half that of first
      eccentric 10. The motion of the opposite beater is ensured through a
      rotation of the ecentrics in a reverse direction (arrows 21 and 22, FIG.
      3).
PAR  This arrangement makes it possible to actuate the whip-carrying plate 7
      from the starting position as shown in FIG. 3. The combination of the
      speeds of displacement and of the length of the strokes of the eccentrics
      during a cycle allows the plates 7, and, therefore, the whips 8 to
      operate, according to the four following stages:
PAR  a. at the beginning of the motion (FIG. 4), the beater is at rest. The
      eccentrics 17 and 10 drive the connecting rod 16 and the lever 11 in the
      same direction, parallel to the vine stocks (arrow 23), by the same
      length, which is equal to half the longirudinal stroke of the eccentric
      17, that is, the whole stroke of the eccentric 10. The beater 7 undergoes
      a translation and passes from the initial position 24 to the final
      position 25 (FIG. 5).
PAR  b. from the time illustrated in FIG. 5, the boss of the rotating eccentric
      10 drives the crank-pin 42 in the opposite direction, and the plate 7 has
      its direction modified, while the big end of the connecting rod 16
      proceeds in the same direction as in the previous stage (arrows 23 and 26,
      FIG. 6). The beater 5 comes closer to the vine stocks with a maximum
      acceleration (arrow 27): it passes from the initial position 25 to the
      final position 28 (FIG. 6) while acting as an accelerator.
PAR  c. during the third stage, the crank-pin 42 and the big end of the
      connecting rod 16 undergo translations reverse to that which they were
      undergoing in the previous stage. The beater 8 moves quickly away from the
      foliage in the direction of the arrow 29. It passes from the initial
      position 28 to the final position as shown in FIG. 7.
PAR  d. during the fourth stage of the cycle, the crank-pin and the connecting
      rod move by the same length, in the same direction 26. The beater
      undergoes a new translation, without any rotation. It acts then as a
      stopper towards the opposite beater which is now the accelerator (FIG. 4).
PAR  Each beater acts in combination with an opposite beater which is subjected
      to the same motions from the same mechanism. The amplitude and the period
      of the transverse motions of a beater 5 and an opposite beater 6 are
      illustrated in full lines and in broken lines, respectively, in FIG. 8.
      Said Figure shows the symmetry of the system and the difference in phase
      of the motions, said difference ensuring a variation in the spacing
      between the points of the beaters. The various positions 25, 28, 30 and 24
      are shown in the graph of the motion of the beater 5. The corresponding
      positions of the beater 6 are out of step by half a period (25a, 28a, 30a,
      24a).
PAR  FIGS. 9 and 10 illustrate a beating device, the motions of which are
      asymmetrical. Here, the ratios of the eccentricities and the speeds of
      rotation of the eccentrics of the beater 5 remain the same as those of the
      eccentrics of the beater 6, that is, in a ratio equal to one to one half.
      However, the beater 5 acts preponderantly as an accelerator beater, while
      the beater 6 acts preponderantly as a stopper beater. To this end, in the
      direction parallel to the row of vines, the strokes of the eccentrics 31
      and 32 of the stopper 6 are less than the strokes of the eccentrics 10 and
      17 of the accelerator 5, so that the amplitude L1 of the transverse motion
      of 6 is lower than the amplitude L2 of the transverse motion of 5, as
      shown in the graph of FIG. 9.
PAR  FIG. 12 shows symmetrical beaters which pivot about eccentrics arranged in
      a manner such that the stroke of the larger one is slightly lower than
      twice the stroke of the smaller one. The beaters 5 and 6 are still out of
      step with each other by half a period. Moreover, their translatory motion
      is accompanied by a slight rotation, as shown on the graph in FIG. 11.
PAR  During the accelerating motion of the beater 6, that is, between the points
      35 and 36 of the curve in broken lines in FIG. 11, the stopper beaters 5
      are imparted a slight rotation which brings them back towards the beaters
      6 (which path is illustrated by the full line 35-37). During a very short
      time, illustrated by the area 38 (FIG. 11), the spacing between the
      opposed points is very narrow. When the beaters 5 and 6 are moved apart,
      the rotation accompanying the translation increases said spacing (FIG.
      11).
PAR  FIGS. 13 and 14 illustrate an asymmetrical beating system. The accelerator
      beaters 5 are imparted a transverse motion the amplitude of which is
      higher than that of the motion of the stopper beaters 6. The eccentrics 17
      and 32 are combined with eccentrics 40 and 41, respectively. The
      longitudinal stroke of 40 is slightly greater than half the longitudinal
      stroke of 17, and so is the ratio between the strokes of 41 and 32. A
      motion is thus obtained during which the translation of the beaters is
      accompanied by a slight rotation which facilitates the opening of the
      spacing between points, on the one hand, when the machines moves forward,
      and the impact at the time the clusters of grapes are accelerated on the
      other hand.
PAR  It will be noted that, in all cases, each beater has the same period of
      motion as the beater opposite it. The various modifications act only on
      the preferential or not preferential function of the beaters in a row, and
      on the shape of the motions thereof.
PAR  Any known structure may be utilized to drive the eccentrics, such as the
      hydraulic system shown in applicant's copending application Ser. No.
      368,787. This drive structure per se forms no part of this invention.
PAR  This double cam mechanism allows, during the operation of the
      grape-gathering machine, varying the spacing between the points of the
      beating whips, with a minimum spacing obtained at the time the motion is
      ending, that is, when a reduction of said spacing is essential for tearing
      off the grapes. During the remainder of the motion, the spacing between
      two opposite beaters is higher than that obtained by means of the
      conventional devices.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a mobile grape gathering machine of the type wherein a generally
      inverted U-shaped structure passes over at least one row of vine stocks,
      said structure having at least two beating devices with a plurality of
      flexible rods emanating therefrom to beat or shake the vine stocks to
      remove the graps therefrom, mounted within said said inverted U-shape, the
      improvement wherein each beater mechanism comprises:
PA1  a. a rod carrying plate to which is affixed one end of each of the
      plurality of flexible rods, said rod carrying plate having an integral
      crank pin extension with a first circular opening therethrough,
PA1  b. a lever having a first end rigidly affixed to said rod carrying plate
      and a second end,
PA1  c. a connecting rod having a first end pivotally attached to said second
      end of said lever, and a second end having an integral enlarged portion
      with a second circular opening therethrough,
PA1  d. a first spindle pivotally attached to said inverted U-shaped structure,
PA1  e. a first eccentric rigidly affixed to said first spindle and rotatably
      mounted within said first circular opening,
PA1  f. a second spindle pivotally attached to said inverted U-shaped structure,
PA1  g. a second eccentric rotatably mounted within said second circular
      opening, and
PA1  h. means to rotate said first and second eccentrics, in the same direction
      to cause said rod carrying plate to translate along a curved path with
      respect to said U-shaped structure.
NUM  2.
PAR  2. The improved beater mechanism of claim 1 wherein the diameters of the
      first and second eccentrics of one beating device are less than the
      diameters of the corresponding eccentrics of the other beating device.
NUM  3.
PAR  3. The improved beating mechanism of claim 1 wherein the first eccentric is
      rotated at twice the speed of said second eccentric.
NUM  4.
PAR  4. The improved beating mechanism of claim 3 wherein the eccentricity of
      said first eccentric is one half the eccentricity of said second
      eccentric.
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ABST
PAL  A crop-feed arrangement for a hay baler displaced along a swath is provided
      with a pickup drum whose tines elevate the crop material from the ground
      and dispose it in a trough extending transversely of the direction of
      advance of the baler. An auxiliary feed device is provided above the
      pickup drum and is angularly oscillatable, while being provided with
      independently elastically suspended pushers, for feeding the crop material
      into the trough in which a transverse-feed mechanism, e.g. a fork
      describing a kidney-shaped pattern of motion advances the crop material
      into the lateral opening of the press channel. The ram compacts the crop
      material in this channel which extends in the travel direction, whereupon
      the bale is tied and the finished bale ejected at the rearward end of the
      channel.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a crop-material feed arrangement for a
      baler and, more particularly, to a baler for crop materials, such as hay,
      having a pickup drum and a press channel extending transversely to one
      another.
PAC  BACKGROUND OF THE INVENTION
PAR  A hay baler or a baler for other crop materials generally comprises a
      vehicle structure or housing movable in a direction of advance along a
      swath of mown crop material which has previously been raked or tedded to
      form hay or which may be displaced across a field to pick up crop material
      such as straw discharged from a reaper, combine or the like.
PAR  Conventional hay balers may have a press channel extending in the direction
      of travel of the vehicle and provided with a ram or plunger adapted to
      compact crop material feed in this channel into a bale of a standard size.
      When the compacted material has reached this size, needles or other tying
      means knot a twine or wire about the compacted mass to form the bale
      which, as a further mass of crop material is advanced through the press
      channel, is ejected in the rearward discharge end of the channel. SInce
      the ram and tying mechanism operate substantially periodically or
      intermittently, a transverse-feed mechanism may be provided to introduce
      crop material into a lateral opening of the baling channel in a retracted
      position of the ram. After this mechanism has moved out of the path of the
      ram, the latter becomes effective to compact the freshly introduced crop
      material against the previously formed bale. The transverse-feed mechanism
      thus operates synchronously with, but in phase-shifted relationship to,
      the press ram and both may be provided with a common drive.
PAR  The transverse-feed mechanism may include a trough or the like extending
      transversely of the press channel and, therefore, generally transverse to
      the direction of movement of the baler travel direction and may be
      provided with a feed fork or the like describing an elliptical or
      kidney-shaped motion whereby the fork sweeps close to the bottom of the
      trough in the direction of the press channel, elevates its tined at the
      end of their travel ends to lift the crop material into the press channel
      through the aforementioned lateral opening and then retracts rearwardly at
      some distance above the floor of the trough so that crop material can
      continuously feed into the trough during the feed and return strokes of
      the mechanism.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      crop-feed mechanism for a hay baler whereby earlier disadvantages can be
      obviated.
PAR  It is still another object of the invention to provide a hay baler having
      an improved crop-feed mechanism which provides a high degree of
      pre-compaction and more efficient advance of crop material than has been
      obtained heretofore.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects and others which will become apparent hereinafter are
      attained, in accordance with the present invention, in a crop-feed
      arrangement for a hay baler displaceable along a swath of a field crop and
      which comprises, in addition to a pickup drum rotatable about an axis
      transverse to the direction of displacement of the body of the baler, an
      auxiliary feed device above the pickup drum which is angularly
      oscillatable for pushing the crop material into a transverse-feed trough
      and having a longer duty cycle (ratio of effective crop advance time to
      the period of oscillation or to the return time) and therefore a faster
      return time than feed time.
PAR  The basic baler structure may have the configuration described earlier,
      i.e. can include a housing or a chassis displaceable on wheels along the
      ground and towed by a tractor or other vehicle, although a self-propelled
      arrangement need not be excluded.
PAR  The chassis or housing is provided (preferably at one side) with a
      rearwardly extending press channel or baling chamber in which the ram or
      plunger of the baler is reciprocal by a drive means connected to a prime
      mover on the implement chassis (e.g. an engine) or to the power takeoff of
      the towing tractor, for compaction of crop material within this channel
      against a previously formed bale therewithin or against the retarding
      forces of friction between the crop material and the channel wall. The
      baling channel is generally provided, in addition, with baling needles or
      the like adapted to sling baling twine or wire around the bale during its
      formation and a knotting mechanism for tieing the cord or wire around the
      bale. The mechanism for slinging the twine or wire around the bale for
      knotting the ties and even the ram may be of conventional construction
      well known per se.
PAR  According to a feature of the invention, the press channel is provided with
      a lateral opening communicating with a transverse-feed trough which may
      extend the full width of the swath at the throat of the intake portion of
      the housing in which the pickup drum is disposed. The transverse-feed
      trough thus extends transversely (generally horizontally) to the direction
      of displacement of the implement and generally perpendicularly to the
      press channel, but parallel to the axis of the pickup drum. A
      transverse-feed mechanism, also known per se, may be displaceable along
      the feed trough to carry the gathered crop material into the press channel
      through the aforementioned opening. While any conventional transverse-feed
      mechanism, e.g. auger, belt or plunger, may be used for this purpose, it
      is preferred to employ a plurality of forks swingable in a circular or
      elliptical pattern of movement in a substantially vertical plane parallel
      to the axis of the pickup drum and perpendicular to the press channel for
      sweeping the crop material along the trough and lifting it into the press
      channel through the opening therein.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become apparent
      from the following description, reference being made to the accompanying
      drawing in which:
PAR  FIG. 1 is a top-plan view of a first embodiment of the apparatus according
      to the present invention: and
PAR  FIG. 2 is a side-sectional view taken along line II--II of FIG. 1, drawn to
      an enlarged scale.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIGS. 1 and 2 the apparatus according to the present invention
      has a housing 42 adapted to ride along the ground behind a tractor 44 in a
      transport direction D. The housing has an outrigger arm 17 defining a
      forwardly open throat 45 in which a pickup drum 1 having tines 25 is
      rotatable about a transverse axis A (FIG. 2).
PAR  Above and in back of the drum 1 there is a pusher unit 3 which, as will be
      described below, picks crop material from between the tines 25 and pushes
      it back through an opening 10 into a transverse trough or channel 9 whose
      end opens into a baling chamber 15. A transverse feeder 4 in the trough 9
      advances the crop into the chamber 15 where it is formed into tied-up
      bales by a mechanism 43 known per se and, therefore, shown diagramatically
      is a block. The transverse feed 4 comprises at least one fork (FIG. 2)
      having a plurality of teeth or tines 29 which describe a linear,
      elliptical, kidney-shaped or circular path in the lower arc of which they
      move toward the chamber 15 so as to push the crop in that direction (see
      U.S. Pat. NO. 3,351,002).
PAR  The pusher unit 3 comprises a plurality of equispaced sheet-metal blades 5
      each having a hub through which a shaft 2 parallel to the drum axis
      passes. A shaft 11 also extends parallel to the axis A, and therefore lies
      perpendicular to the transport direction D and parallel to the trough 9.
      At each end the shaft 11 is provided with a crank arm 12 connected to
      another parallel crank arm 12' by respective pins 13 and 13' parallel to
      the shaft 12. At one end the arm 12' is pivoted in a bearing 16' in the
      wall of the outrigger arm 17 and at the other end in a bearing 16 in the
      wall 14 of the chamber 15.
PAR  The tractor 44 has a power takeoff 46 connected to a first transmission 18
      connected in turn through a chain 19 to a second transmission 20 having a
      first output shaft 21 connected through the bearing 16 to one end of the
      crankshaft 11 and a second output shaft 22 that is coupled with the
      transverse feed 4. The other end of the shaft 11 is connected via chain 23
      and drive wheels 24 to the drum 1 so as to rotate this element also, in a
      clockwise direction as shown in FIG. 2. The shaft 11 simultaneously is
      rotated in a counter-clockwise direction.
PAR  The crankpins 13 and 13' are removable and each carry a roller 27' which
      rides in a track 26' (FIG. 2) formed in respective arms 6 and 6' which are
      pivoted in respective bearings 7 and 7' about a common axis A' above and
      behind the shaft 11 and about directly above the opening 10. The ends of
      the arms 6 and 6' are closed by screwed-on endpieces 28 so that as the
      crank-shaft rotates these arms oscillate back and forth like a crankslide.
      The shaft 2 passes through the blades 5 and is connected to the arms 6, 6'
      so that, as these arms are oscillated, all of the blades 5 move in unison.
      The blades 5 may be resiliently mounted or provided with springs as
      described below. A plate 31 spanning the throat 45 is formed with a
      plurality of slots 30 in which the blades 5 are received so that these
      blades will be cleared of crop on their return (clockwise oscillation)
      stroke. A reinforcing member 32 at the under edge of the semicylindrical
      plate 31 protects this element from damage. The effective ends of the
      blades continuously protrude through the slots 30 of plate 31, which runs
      parallel to the path of the blades, serving to prevent entry of crop
      material into the blade drive mechanism.
PAR  As the apparatus is drawn along behind the tractor 44 the tines 25 of the
      drum 1 pick cut or piled crop up of the ground and carry it upwardly. The
      oscillating blades 5, which are phase shifted by about 180.degree.with
      respect to fork 29, as they move from the solid line position of FIG. 2 to
      the dot-dash line position pick the crop out from between the tines or
      move at the speed thereof and assist in moving the crop material back
      toward the opening 10, hence into the channel 9. The teeth 29 entrain the
      crop along the channel and into the chamber 15 where it is formed into
      bales. Plate 31 is mounted upon the longitudinal support 8 for the
      transverse-feed mechanism and upon the frame member 32 of the housing.
PAR  Since the crankpins 13 and 13' lie between the axis A' and the pusher
      blades 5, these blades will be displaced more rapidly on their return
      stroke than on their working stroke.  On counterclockwise rotation of pin
      13 from point X to Y, the pin lies between the axis A" of the shaft 11 and
      the axis A', so that the arm 6' is being operated as a third-class lever
      for the return stroke. As the pin rotates from point Y to point X,
      however, the lever arm is shorter, or the fulerum is moved considerably
      toward the working end of the lever. Thus the arm 6' will move more slowly
      during the downward working stroke than during the upward return stroke,
      here only half as fast. In this manner, the crop is less likely to be
      damaged. The pushers 5 have the configurations of cornicopias with the
      base forming the active face and lying in a plane parallel to the axis A.
      In their lower dead center positions, the blades 5 have a height (seen in
      side view) which is approximately half that of the opening 10 and overlies
      half this opening. The tapered leading end projects in this position into
      trough 9 (see FIG. 2, dot-dash lines).
CLMS
STM  We claim:
NUM  1.
PAR  1. A baling apparatus comprising:
PA1  a housing displaceable along the ground in a travel direction;
PA1  a pickup drum at the front of said housing and rotatable about an axis
      transverse to said direction;
PA1  means forming a channel in said housing extending transverse to said
      direction in back of said drum all along the latter;
PA1  means forming a baling chamber extending in said direction on said housing
      at one end of said channel and along a side of said drum;
PA1  drive means on said housing for rotating said drum and thereby lifting crop
      off the ground and displacing the crop back toward said channel;
PA1  an oscillatable shaft member on said housing extending transversely to said
      direction above said drum and said channel;
PA1  a plurality of pusher elements on said member displaceable from said drum
      to said channel;
PA1  torsion spring means between each element and said shaft member for
      yieldably resisting uneven displacement of each element relative to said
      shaft member;
PA1  eccentric means operable by said drive means and coupling means connecting
      said eccentric means to said member for oscillating said elements at a
      relatively slow rate to displace said crop from said drum into said
      channel and at a relatively rapid rate away from said channel;
PA1  a rod extending along said member and engageable with said elements for
      retaining same against the force of said spring means;
PA1  means in said channel and mounted on said housing for displacing crop
      therealong into said chamber; and
PA1  means in said chamber and mounted on said housing for forming bales of said
      crop.
PATN
WKU  039396312
SRC  5
APN  4760204
APT  1
ART  333
APD  19740603
TTL  Hay roll forming machine
ISD  19760224
NCL  6
ECL  1
EXP  Kinsey; Russell R.
NDR  3
NFG  7
INVT
NAM  Blanshine; Allison W.
CTY  Lititz
STA  PA
ASSG
NAM  Sperry Rand Corporation
CTY  New Holland
STA  PA
COD  02
CLAS
OCL   56341
XCL  100 88
EDF  2
ICL  A01D 3900
FSC   56
FSS  341;1;16.4
FSC  100
FSS  88
UREF
PNO  3815345
ISD  19740600
NAM  Mast et al.
OCL   56341
LREP
FR2  Flanagan; John R.
FR2  Seemar; Frank A.
FR2  Brown; Joseph A.
ABST
PAL  A machine to form compact rolls of hay of substantial size by picking up a
      swath or windrow of hay and the like from a field, engage it by
      cooperating upper and lower endless flexible aprons driven in suitable
      directions to coil the hay into a compact roll while supported upon floor
      means mounted stationarily in the bottom of the machine to effect baling
      of all the hay without loss upon the ground. As the roll type bale of hay
      increases in diameter, the upper apron engages the upper portion thereof
      and applies constant unit pressure thereon to produce substantially
      uniform density throughout the roll regardless of diameter thereof.
      Tension spring means are used to produce the pressure applied to the roll
      by the upper apron to effect such constant unit pressure upon the roll.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For many years, it has been customary to harvest forage crops, such as
      various kinds of hay and leaf-type forage plants by mowing the same in a
      field, letting them lie for several days to dry, forming the cut and at
      least partially dryed crop into windrows, and passing a hay-baling machine
      over and along such windrows to form the crop into rectangular bales which
      are secured by passing one or more tying strands around the bale. The
      bales then are picked up by various means and are taken to a barn or
      similar building in which piles of such bales are stored until used. In
      recent years, it has been found that if hay and similar forage crops are
      formed into a large, compact roll by various types of machines, the
      cylindrical formation of the roll tends to provide self-shedding of rain
      and other inclement weather substances if the roll is left lying in a
      field or feed lot where cattle and other herbivorous animals may feed upon
      it, without requiring the roll to be taken to a storage shed.
PAR  Large rolls of forage crops of the type described frequently are of the
      order of 4 or 5 feet in diameter and 6 or 8 feet long. Rolls of this size
      may weigh as much as over a ton. If they are to be moved, following the
      formation thereof, special types of equipment must be used. The present
      invention is concerned with the formation of compact rolls of forage
      material, such as hay, and the details thereof are set forth hereinafter.
PAR  Forming compact, large rolls of hay has engaged the attention of various
      inventors heretofore. Several different principles have been utilized in
      the inventions thus produced. One type forms a roll or coil of hay and the
      like by initiating the formation of such roll by suitable mechanism and
      continue to roll a swath or windrow of the hay while supported upon the
      ground. Examples of such mechanisms are shown in prior U.S. Pat. No.
      3,110,145, to Avery, dated Nov. 12, 1963.   Another such machine comprises
      the subject matter of U.S. Pat. No. 3,650,100, to Swan, dated Mar. 21,
      1972. One of the principle difficulties resulting from this method of
      forming rolls of hay is that a certain amount of the hay remains upon the
      field without being included in the roll of hay, such as the fines.
      Further, dirt, clods of earth, stones and the like also can be picked up
      by the roll and this is undesirable under certain circumstances.
PAR  A second principle method of forming rolls of the type referred to
      comprises a machine in which a swath or windrow of the crop is picked up
      from the field and directed onto a supporting conveyor or the like while
      the same is formed into a coil or roll of the forage crop and is out of
      contact with the ground, thus resulting in the formation of a cleaner type
      of roll or coil of hay, as well as the same including most if not all of
      the fines of the crop, thus minimizing waste. One example of a prior
      machine for forming a coil or roll of hay is illustrated in U.S. Pat. No.
      3,665,690, to Wenger, dated May 30, 1972. The particular design of the of
      the machine shown in said patent offers a certain amount of friction
      between the roll and the supporting frame of the machine, which is
      undesirable, and another undesirable feature is that the coil of hay is
      formed upon a core member rather than being a free-form of roll which has
      no core or mandrel. The foregoing objectionable features are obviated in
      the design of machine comprising the present invention and a substantial
      number of improvements in the art of forming large sizes of compact rolls
      of hay and other forage crops are provided in said machine, details of
      which are described hereinafter.
PAR  An even more recent U.S. Pat. No. 3,722,197 to Vermeer, issued Mar. 27,
      1973, discloses a machine to form crop material into coiled rolls by
      employing a lower belt conveyor comprising a series of belts of
      textile-type material spaced transversely apart between opposite sides of
      the machine. An upper set of belts which also are spaced apart between
      opposite sides of the machine are supported for arrangement between an
      initial contracted configuration and an expanded operative position, the
      belts in the expanded position extending around the upper portion of the
      roll of crop material, and hydraulic means exert predetermined, fixed
      pressure upon said belts at all times while expanding. Therefore, such
      pressure does not increase as the size of the roll increases, but remains
      constant, whereby as the circumference of the roll increases, the unit
      pressure, areawise, exerted upon the roll decreases and results in less
      density in the outer portions of the final roll of product and it is in
      regard to this feature in particular that the present invention is an
      improvement as described hereinafter. Also, the belts of both kinds of
      said patent structure stretch during use and require tightening from time
      to time. Further, the belts run in the same directions as that in which
      the roll rotates and thus do not provide as much frictional engagement
      with the roll as other means would afford to prevent slippage between the
      belts and the roll.
PAR  The present invention comprises a portion of an entire roll-forming machine
      of which various sections and parts were invented by various inventors,
      including the inventor who developed the instant portion of the entire
      machine, and comprising the subject matter of additional related
      applications covering such features and assigned to the assignee of the
      present invention. In order to provide a complete understanding of the
      entire machine, or at least the major portion in which the present
      invention is included, a description of a substantial portion of the
      entire machine is set forth hereinafter but in which the present invention
      is described in particular.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principle object of the present invention to provide a machine
      for forming a compact roll of hay or similar forage crop of substantial
      diameter and length by providing means to pick up a swath or windrow of
      such crop by suitable means and feed it to a space between a flexible,
      endless lower apron movable relative to a bottom panel or floor, fixedly
      supported in the lower portion of the machine, and the lower course of an
      upper flexible apron in a manner to initiate the formation of a coil of
      said forage crop and continue to coil the same by rearward movement of the
      upper course of the lower apron and forward movement of the lower course
      of the upper apron, the upper apron being supported by an upper frame upon
      which it is guided around a series of rotatable idlers in such manner that
      the upper course of the upper apron is contracted into a circuitously
      disposed condition, initially, at least partially within the space in the
      machine within which the roll of hay or other crop gradually expands in
      size, and the machine also very importantly includes pressure control
      means which causes the upper apron to exert a substantially constant unit
      pressure upon the upper portion of the roll of hay or crop being formed
      while the same increases in diameter and during which expansion of the
      roll, the lower course of the uppr apron extends and expands around the
      upper surface of the roll being formed, such expansion occuring against
      the action of take-up mechanism which is acted upon by said spring means
      in a manner to effect said uniform, constant unit pressure upon the roll.
PAR  It is another object of the invention to provide said pressure control
      means for the upper apron in the form of relatively powerful tension
      springs at least one of said springs being mounted at each side of the
      machine, and as said size of the roll expands and the upper apron is
      extended around the upper portion thereof, said springs are extended and
      increase the force exerted thereby progressively upon the extending apron.
PAR  It is still another object of the invention, ancillary to the foregoing
      object, to support said rotatable idlers upon oppositely extending arms
      which are similar at opposite sides of the machine and are supported for
      rotation upon a preferably fixed axis as the size of a roll of crop
      material expands in size to permit the upper apron to expand from its
      initially contracted condition and extend around the upper portion of said
      roll, such rotation of said arms being resisted by said aforementioned
      spring means.
PAR  It is a further object of the invention to connect one end of each of said
      aforementioned springs to brackets carried by said upper frame of the
      machine, and the opposite ends of said springs are connected to cables
      which extend around cam means which are connected to said above mentioned
      rotatable arms which, when rotated incident to expansion of said upper
      apron, cause said cam means to rotate in a direction to extend said
      springs and therefore increase the force exerted thereby upon said upper
      apron and, correspondingly, increasingly upon the increasing peripheral
      area of the roll of crop material but the size and strength of said
      springs being selected to provide substantially constant unit pressure,
      areawise, upon the roll and thus provide substantially uniform density
      throughout the roll.
PAR  Details of the foregoing objects and of the invention, as well as other
      objects thereof, are setforth in the following specification and
      illustrated in the accompanying drawings comprising apart thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a hay roll forming machine embodying the
      principles of the present invention and showing the various parts thereof
      in the position thereof for starting the formation of a hay roll, the
      upper apron being illustrated in compact or contracted position.
PAR  FIG. 2 is a view similar to FIG. 1 but showing the parts of the machine
      positioned substantially at the conclusion of forming a maximum size of
      hay roll.
PAR  FIG. 3 is a side elevation of the machine with the parts thereof
      illustrated in discharge position.
PAR  FIG. 4 is a fragmentary end view of a portion of the machine as seen on the
      line 4--4 of FIG. 3.
PAR  FIG. 5 is a fragmentary side elevation of the portion of the machine shown
      in FIG. 4.
PAR  FIG. 6 is a fragmentary side elevation showing, on a scale larger than in
      the preceding figures, portions of the drive mechanism and control means
      incorporated therewith.
PAR  FIG. 7 is a fragmentary front elevational view taken in the direction of
      arrows 7 on FIG. 6.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1-3, the machine illustrated therein comprises a base
      frame 10 which has similar side arrangements of structural members fixedly
      connected together, such as by welding or the like. Each side of said
      frame comprises a bottom horizontal member 12. The forward end thereof is
      connected to a vertical member 14 of substantial height. Also, extending
      perpendicularly to the junction of members 12 and 14 is a cross member 16,
      the adjacent end of which is fixedly connected to the junction of members
      12 and 14. A short frame member 18 extends upwardly from the rearward
      portion of bottom member 12 and the upper end thereof is connected to one
      end of an upwardly and forwardly extending angular brace member 20 which
      is connected at it's upper end to the upper end of vertical member 14.
      Extending forwardly from the front face of member 14 at each side of the
      machine is an A-frame consisting of angularly related members 22 and 24,
      the rearward ends of which are fixed to the front face of vertical member
      14 and the forward ends thereof are connected together and also are
      attached to polygonal plates 26, said plates also being fixed to and
      covering the outer ends of a horizontal cross member 28. The various frame
      members thus far described, which comprise the base frame 10, may be
      formed from heavy structural tubing, channels, or any other appropriate
      structural form commonly employed in framing of the type described.
PAR  An auxiliary or upper frame 30 also is provided which consists of side
      frames composed of a straight frame member 52, the ends of which are
      connected to the opposite ends of an arcuate frame member 34. The
      uppermost portion of each side frame member is pivotally connected at 36
      to a suitable bearing fixed to the upper end of vertical frame member 14
      of the base frame, as clearly shown in FIGS. 1-3. A suitable cross frame
      member 38 also extends between the upper ends of angular brace members 20
      of frame 10 and thereby stabilizes the connection of the upper frame 30 at
      opposite sides thereof by the pivotal connections 36 to the uppermost end
      of the base frame 10. The upper end of base frame 10 also if surther
      stablized transversely by means of another cross tube 40, or similar
      horizontal bracing member which extends between bearing brackets 42 which
      are connected to the front faces of the vertical frame members 14 such as
      by welding.
PAR  The lower rearward end of upper frame 30, as viewed in FIGS. 1 and 2, also
      has a cross frame member 44 extending between the opposite side frame
      means compsoed of members 32 and 34.
PAR  Upper frame 30 is moved between it's lower, operative position such as
      shown in FIGS. 1 and 2, and its extended, or discharge position, as shown
      in FIG. 3, by means of a pair of hydraulic cylinder and piston units 46,
      the opposite ends of which respectively are connected to the members 22
      and 32 of base frame 10 and upper frame 30, intermediately of the ends
      thereof, as shown in FIGS. 1-3. Suitable hydraulic lines, of conventional
      type, not shown, are connected to opposite ends of the cylinder of each
      unit 46 and said units at opposite sides of the frame operate
      simultaneously under all circumstances.
PAR  As will be seen from FIGS. 1-3, the base frame 10 has a pair of
      conventional wheels 48 connected thereto at opposite sides of the frame,
      by any suitable axle means, not shown but of appropriate conventional
      type, in order that the hay roll forming machine comprising the present
      invention may be drawn by a tractor or other similar implement over a
      field for purposes of forming a roll of hay or similar forage material.
      Referring to FIG. 6, the forward end of the machine has an appropriate
      gear box 50 interconnected to suitable transverse supporting means,
      including the cross member 28 for example. The gear box is driven by a
      shaft 52 which is connectable to the driven end of a power take-off
      (p.t.o.) provided on and extending rearwardly from a suitable tractor unit
      or equivalent power mechanism. A power output shaft 54 extends from the
      gear box 50 to one side of the machine as viewed in FIGS. 1-3 and 6.
PAR  Extending forwardly from the front end of base frame 10 is a pick-up header
      unit 56 of a type adapted to engage, elevate and rearwardly feed a swath
      or windrow of forage material in at least semi-dried condition from lying
      in a field. A fragmentary illustration of the forward portion of the
      header 56 is shown in FIG. 7. It comprises a drum having a series of
      transversely spaced, circular slots 58 therein, through which a series of
      spring fingers, not shown, but of conventional agricultural nature, extend
      for purposes of picking up a swath or windrow 60 of at least semi-dried
      forage material, as shown in FIG. 6, for purposes of moving the same to
      the entrance end of the machine. Said spring fingers are driven by a shaft
      62, in clockwise direction, by means to be described, for purposes of
      elevating and feeding the material between a pair of compressing rollers
      64 and 66, for purposes of leveling and preferably somewhat spreading
      transversely the swath or windrow which passes there between.
PAR  The flattened and somewhat spread material then passes to the entrance end
      of the lower apron which extends around driven roller 68, which is
      supported upon a shaft extending between bearings 69 respectively mounted
      upon the members 24 at opposite sides of the base frame 10, as clearly
      shown in FIG. 6. The compressing rollers 64 and 66 also are supported upon
      two transverse shafts, the opposite ends of which respectively are
      supported in suitable bearings which also are mounted upon the members 24
      of the base frame at opposite sides of the machine, as best shown in FIG.
      6.
PAR  The lower apron propelling means preferably comprises a series of endless,
      flexible chains 70, link type, which are transversely spaced apart even
      distances and respectively extend around sprocket gears 72 which are
      mounted upon shafts 74 at the forward end of the bottom or floor 76 and
      circular guide surfaces at the rearward end thereof on transverse
      supporting tube 83. The floor is fixedly connected to the base frame 10
      and is rendered rigid by a series of transversely extending bars 78, the
      opposite ends of which are suitably interconnected to the bottom
      horizontal members 12 of base frame 10 for example. The upper courses of
      the chains 70 preferably slide within suitable guide channels fixed to the
      upper surface of the bottom 76 and are sufficient to guide the chains
      accurately in spaced relationship.
PAR  Referring to FIGS. 1 and 2, it also will be seen that the alternate links
      of the chain 70 have what is termed aggressive lugs or blades 80 connected
      thereto. In view of the fact that the upper courses of the chains 70 move
      in the direction of the arrows shown in FIG. 1, it will be seen that the
      forward edge of the lugs or blades 80 extends substantially
      perpendicularly to the axis of the chain, and the upper edges of each lug
      or blade slopes rearward and downward. Such arrangement not only
      facilitates rotary movement of a roll of hay or the like in
      counterclockwise direction as viewed in FIGS. 1-3, but such engagement of
      the perpendicular forward edges of the lugs or blades 80 with the roll
      tends to dispose the stems and fibers of the forage material substantially
      circumferential, whereby there is a substantial tendency for the completed
      roll to shed rain and other inclement weather substances when lying in a
      field for example. Other details of the function of the lower apron and
      the discharge end of the bottom 76 are setforth hereinafter.
PAR  The upper frame 30 and certain guide rolls and sprockets which augment the
      same support the upper apron 82, which is shown in outline form in FIGS.
      1-3. Said apron preferably comprises a pair of endless, flexible link-type
      chains 84, fragmentary examples of which are shown in FIGS. 4 and 15. At
      longitudinally spaced intervals of suitable dimension, such as of the
      order of 8 or 10 inches, a series of bars 86 extend between said chains
      for substantially the full width of the machine. Fragmentary examples of
      such bars are shown in FIG. 7. In cross section, the bars may be square or
      any other suitable geometric shape, such as cylindrical, for purposes of
      offering resistance to bending of the bars, especially when engaging the
      periphery of a roll of hay 88, an example of which is shown in exemplary
      manner in FIG. 2. The upper apron 82 is supported upon various guide rolls
      and sprockets, and the edges of guide bars, as follows.
PAR  Referring to FIGs. 4 and 5 in particular, it will be seen that, adjacent
      each side of upper frame 30, and spaced inwardly thereform, is an arcuate
      bar 90 which is appropriately connected to the arcuate frame member 34 at
      each side of the upper frame 30 by suitable brackets 92 and 94
      respectively fixed to members 34 and bars 90, and bolted together as shown
      in FIGS. 4 and 5. The opposite edges of the arcuate bars 90 are rounded to
      strengthen the same and also minimize wear. The outer edge 96 is convex,
      and the inner edge 98 thereof is concave. Referring to FIGS. 1-3, the
      arcuate bars 90 are not shown but it will be understood that the same
      conform generally to the shape of the arcuate frame members 34 and the
      upper course of the chains 84 of upper apron 82 slideably engages the
      convex edge 96 of each of the arcuate guide bars 90.
PAR  At each side of the upper frame 30, adjacent opposite ends thereof,
      suitable guide sprockets 100 and 102 respectively are supported by
      clevises which are connected to the opposite ends of the arcuate member 34
      at each side of the frame. Affixed to ends of shaft 104, which is
      supported in bearing brackets 42 adjacent the upper end of vertical frame
      members 14, are pairs of oppositely extending arms 106 and 108. Said arms
      respectively comprise take-up and expansion means for the upper apron 32
      and operate as a pivoted supplemental frame. The ends of said arms support
      rotatable guide sprockets 110 and 112 adjacent the opposite ends of the
      arms and the chains 84 of the upper apron 82 extend there-around in the
      manner in FIGS. 1-3. Lastly, a driving sprocket 114 is provided at each
      side of the main frame and connected to a driven shaft 116 that is
      supported in appropriate bearings fixed relative to the main frame 10. The
      chains 84 of the upper apron 82 also extend around said driving sprockets.
      The lower course of the upper apron 82 also slideably extends over the
      upper curved surface of movably mounted auxiliary guide members 118,
      details of which are best shown in FIGS. 1-3, and are described
      hereinafter.
PAR  The pick-up header unit 56 is pivotally supported at its rearward end upon
      a shaft 120 which is rotatably supported at its opposite ends in bearings
      122 connected to frame members 24 at opposite sides of the machine. The
      forward end of the pick-up header unit 56 is yieldably restrained against
      downward movement by a pair of springs 124 respectively connected at one
      end to the cross member 28 of the frame of the machine and, at the other
      end, being connected to end plates on the header 56 at opposite ends
      thereof. if desired, auxiliary wheels, not shown, may be rotatably mounted
      at opposite ends of the header unit 56 for engagement with the ground.
PAR  Upper compression roll 64 is supported by a shaft 126, the opposite ends of
      which are rotatable in bearings formed in arms 128, best shown in FIG. 6,
      the rearward end of said arms being supported upon pivot shafts 130
      mounted in bearing brackets 132 which are fixed to vertical frame members
      14. The opposite ends of arms 128 respectively at the opposite sides of
      the machine have clevises 134 connected thereto and a rod 136 extends
      upward from each clevis and is surrounded by a compression spring 138
      which extends between each clevis 134 and a bracket 140 which is connected
      to a side plate 142 on each side of the machine.
PAC  DRIVE MECHANISM
PAR  As setforth above, power for the machine is derived from a p.t.o. of a
      tractor or the like, which is connected to shaft 52. Power output shaft 54
      has a sprocket gear 144 connected to the outer end thereof as shown in
      FIGS. 6 and 7. Shaft 154 also extends beyond the outer end of sprocket
      gear 144 and has a large multiple sheave 146 fixed thereto. A sprocket
      chain 148 extends around sprocket gear 144 which comprises a driving
      sprocket. Chain 148, which is driven by sprocket gear 144 extends around
      idler sprocket gear 150 which is supported in a bearing on frame member
      14. Chain 148 then extends around sprocket gear 152, another sprocket gear
      154, and a further sprocket gear 156, from which the chain extends to the
      driving sprocket gear 144. Accordingly, all of the moving elements of the
      machine, with the exception of upper apron 82, are driven by the sprocket
      chain 148.
PAR  Another sprocket gear 158, of smaller diameter than sprocket gear 152, is
      fixed to one end of pivot shaft 130 for support thereby and a driven
      sprocket gear 160 is fixed to sahft 126 of the upper compression roller 64
      to drive the same by means of a sprocket chain 162 which extends around
      the sprocket gears 158 and 160. The various vertical planes within which
      the paris of driving and driven sprocket gears are located are best
      illustrated in FIG. 7.
PAR  Sprocket gear 156 is a driving gear for the smaller sprocket gear 164 which
      is connected to shaft 120 and is in the same plane as the larger driven
      sprocket gear 166. Sprocket chain 168 extends around the gears 164 and 166
      and thereby effecting rotation of shaft 62 which drives the pickup fingers
      of the header unit 56 which operate within the circular slots 58 thereof.
PAR  The power output shaft 54 also supplies the power for driving the upper
      apron 32. This is accomplished by the multiple sheave 146 which is
      connected to the outer end of shaft 54, as indicated above, and a driven
      multiple sheave 170. A series of V-belts 172 extend around the multiple
      sheaves 146 and 170 in a loose condition, whereby the same comprise part
      of what may be considered a clutch arrangement. Multiple belt-tightening
      sheaves 174 are supported rotatably on the outer end of arm 176 which is
      pivoted at 178 to a bracket plate 180. A tension spring 182 is mounted in
      a manner to normally elevate the tightening sheaves 174 to inoperative
      position.
PAR  The important purpose of the present invention is to stop the movement of
      upper apron 82 when the upper frame 30 is moved to the elevated, discharge
      position thereof shown in FIG. 3. When this occurs, however, the lower
      apron comprising the chains 70 continues to move in a direction to expel
      the completed roll 88 of hay or the like from the machine. Such contined
      movement of the lower apron is effected by driven sprocket 154 which is
      connected to the outer end of the shaft which supports the sprocket gears
      72 for the chains 70.
PAR  Operation of such clutch mechanism is effected by the position of the
      tightening sheaves 174 with respect to the belts 172. Movement of the arm
      176 in a direction to cause the sheaves 182 to tighten the belts 172 is
      effected by a cable 184, one end of which is fixed to eyelet 186 on the
      forward end of lever 176 and the opposite end of the cable is connected to
      a short arm 188 which projects outwardly from the frame member 32 of upper
      frame 30, as best shown in FIGS. 1 and 3. If desired, a spring 190 of
      predetermined tension strength is connected between said other end of
      cable 184 and the arm 188, as shown in FIG. 3.
PAR  By comparing FIGS. 1 and 3, it will be seen that in FIG. 1, the cable 184
      is under tension by reason of the position of arm 188 on upper frame 30,
      whereby the tightening sheaves 174 are in tightening engagement with the
      belts 172 and thereby cause driving of the driven sheaves 170 by the
      driving sheaves 146, thus moving the upper apron 82 at a predetermined
      speed which, under preferred conditions, is slightly slower than the
      surface speed of the chains 70 of the lower apron. By way of example, it
      has been found that the difference of about 5 percent is highly useful,
      whereby there is a tendency for the slightly faster moving lower apron
      chains 70 to urge the roll toward the discharge end of the machine but the
      position of the rearward end of the upper frame 30 and apron 82 during the
      formation of the roll insures no possibility for the roll to discharge
      from the machine prematurely. As shown in FIG. 3, when the upper frame 30
      is elevated to discharge position, the cable 184 goes slack and the spring
      182 raises the tightening sheaves 174 to idle position, thus stopping the
      movement of the upper apron 82.
PAC  UPPER APRON EXPANDING MECHANISM
PAR  Reference is made to FIGS. 1 and 2 in which the starting and final
      positions of the upper apron 82 are illustrated to best advantage. When a
      roll of hay or the like is first initiated, the swath or windrow 60 of the
      material is delivered to the forward end of the lower apron comprising the
      chains 70. Referring to FIG. 1, it will be seen that the initial position
      of the lower course of the upper apron 82 extends over the auxiliary guide
      members 188 at opposite sides of the inner surfaces of the side plates 192
      of the machine which extend between and are fixed to the vertical frame
      member 14, diagonal brace members 20, frame members 18 and horizontal
      bottom members 12, as well as between the angularly disposed frame members
      22 and 24.
PAR  There also are additional side plates 194 which extend across the major
      portion of the space defined by the frame members 32 and 34 of upper frame
      30. Such side plates 192 and 194 confine the opposite ends of the roll 88
      of hay or the like while it is being formed. From FIG. 1, it will be seen
      that the initial part of the roll of hay or the like which is being
      formed, occurs in a wedge shaped space 196 which is narrower at the
      forward end than the rearward end and is defined at the top by the lower
      straight course of the upper apron 82 between sprockets 114 and auxiliary
      guide members 118, and the upper course of the lower apron comprising
      chains 70. The shape of this space greatly facilitates the commencement of
      the rolling of the material, especially the narrower entrance end of the
      space 196, such rolling of the material occuring by virtue of the opposite
      directions in which the lower course of upper apron 82 and the chains 70
      move as illustrated by direction arrows shown in FIG. 1. When this occurs,
      the upper apron 82 is in an N-shaped, compactly contracted position. In
      this position, it will be seen that a substantial length of the apron
      which extends from sprockets 110, down and around sprockets 112 and up to
      sprockets 102 is disposed at least somewhat within the space ultimately
      occupied by the roll 88 of material which is confined by the circular
      configuration of the lower course of the upper apron 82, as illustrated in
      FIG. 2.
PAR  Movement of the upper apron 82 between the contracted, starting position
      shown in FIG. 1 and the expanded, final position shown in FIG. 2 is under
      direct influence of pressure control mechanism connected to the opposite
      ends of shaft 104 upon which ends the arms 106 and 108 are fixed, and this
      control mechanism comprises the principal feature of novelty of this
      particular invention which especially comprises an improvement over the
      structure comprising the subject matter of said aforementioned U.S. Pat.
      No. 3,722,197 to Vermeer in which constant force hydraulic means are
      employed to provide tension in the upper belts, whereby as the belts are
      extended around a roll of increasing size, the unit compressive force
      applied thereto progressively decreases and uniform density of the roll is
      not possible. Such control mechanism comprises a pair of similar cam
      plates 198 that respectively are fixed to the opposite ends of shaft 104
      and extend radially therefrom. A cable 200 is connected at one end to a
      pin 202 on the cam plates 198. From there, the cable extends around a
      guide pulley 204 which is supported on a bracket arm 206 that is fixed to
      the upper end of vertical frame 14.
PAR  It will be understood that each of the members 14, at opposite sides of the
      machine, support a bracket arm 206 and guide pulley 204, as well as there
      being a cable 200 at each side of the machine. The other end of cable 200
      is connected to one end of a very strong tension spring 208, the opposite
      end of said spring being anchored to a pin 210 on frame member 18 at each
      side of the machine. As the roll of crop material increases in diameter
      and the upper apron is caused to expand by such increase in diameter while
      the apron exerts compression forces upon such roll continuously during its
      increase in size, the springs 208 will be gradually extended and thus
      increase the tension force thereof. The size of the springs is selected so
      as to cause the lower course of upper apron 82 to exert substantially
      constant unit pressure, areawise, upon a coiled roll of hay or the like
      while it is increasing in size so that substantially uniform density is
      produced in said roll throughout the entire roll.
PAR  The foregoing constant unit pressure on the roll results from the fact that
      the lower course of upper apron 82 which is between sprockets 114 and
      guide members 118 will gradually be raised by the roll as its diameter
      increases, with the result that the lower course of said apron will be
      lifted from the auxiliary guide members 118. As described hereinafter,
      said auxiliary guide members will be retracted into accommodating spaces
      in the side plates of the machine so as not to interfere with the movement
      of the ends of the roll 88 of hay and the like which is being formed.
      Also, such upward movement of the lower course of the apron 88 will
      require an extension of the amount of such lower course which is in
      engagement with the upper surface of the roll 88 of material.
PAR  Such expansion in said lower course is provided by counter-clockwise
      rotation of the arms 106 and 108, as viewed in FIGS. 1 and 2 but said
      rotation is resisted by the springs 208 at opposite sides of the machine
      and this results in said springs extending said increasing force to a
      greater area of the upper apron which extends around an increasing
      circumferential area of the upper portion of the roll to provide
      substantially constant unit pressure upon said roll and the force thereof
      progressively increasing with the application being applied to the roll 88
      to render it compact, but having substantially uniform density throughout.
PAR  Also, when the lower course of the upper apron 82 has reached its maximum
      expanded position, as illustrated in FIG. 2, the chains of said lower
      course will ride upon the concave edges of the arcuate guide bars 90
      respectively fixed to the arcuate frame members 34 of upper frame 30,
      whereby said lower course of the upper apron will in no way interfere with
      the movement of the upper course of said apron, as can be clearly seen
      from FIG. 2 which is the position in which the upper and lower courses
      thereof will approach each other most closely.
PAR  Due to the tension continuously exerted by the springs 208 upon the arms
      106 and 108 and especially upon the guide sprockets 110 and 112
      respectively carried thereby, engagement of the chains of the upper apron
      82 with the various guide sprockets for the same will be maintained at all
      times. Further, due to the fact that the chains at opposite sides of the
      upper apron 82 will mesh with the driving sprockets 114 respectively fixed
      to the opposite ends of shaft 116, there will be no tendency for variation
      occuring in the movement of the chains at opposite ends of the upper apron
      and thus the bars 86 of the upper apron will be maintained constantly
      parallel to the axes of the various shafts extending between opposite
      sides of the machine.
PAR  It also will be seen especially from FIGS. 1 and 2 that even though there
      is the possibility for the upper apron 82 to expand around a relatively
      large diameter of roll 88 of material, such as of the order of as much as
      6 or 7 feet, it will be seen that at no time is the upper apron disposed
      in any outwardly extending position of great extent, whereby the
      disposition of said upper apron is substantially compact at all times.
PAC  DISCHARGE OPERATIONS
PAR  When the roll 88 of hay or the like has reached either a desired or maximum
      diameter capable of being formed by the machine, the operator of the
      tractor actuates a valve, not shown, to introduce fluid by conventional
      means to one end of the cylinder units 46 and thus effect raising of the
      upper frame 30 from the position shown in FIGS. 1 and 2 to the discharge
      position shown in FIG. 3. As described above, such movement releases the
      tightening sheaves 174 from the belts 172 and thus disconnects driving
      power from the upper apron 82. However, rearward movement of the upper
      courses of the chains 70 comprising the lower apron continues from the
      driving imparted to shaft 74 by sprocket gear 154. On alternate successive
      links of the chains 70, lugs or blades, not shown, are provided to effect
      positive engagement between the chains 70 and the lower surface of the
      roll 88 of the material being formed into a roll. During such formation,
      the roll will be rotated in the direction of the arrow illustrated in
      exemplary manner in FIG. 3. The shape of the lugs or teeth are such as to
      provide positive, aggressive engagement with the roll 88. Not only is the
      function of the lugs to firmly and aggressively engage the lower surface
      of the roll 88 of material but the concentrated engagement of all of the
      lugs on all of the chains 70 with the lower surface of the roll 88 results
      in orientation of the stems and fibers of the agriculture forage crops
      being formed into the roll so that the same extend circumferentially
      throughout the roll and, when the roll is left in a field for feeding of
      stock or the like, such rolls have a substantial tendency to shed rain and
      other inclement weather substances in a highly satisfactory manner.
PAR  From the foregoing, it will be seen that the present invention provides a
      highly versatile machine for forming large sizes of compact rolls of
      agriculture forage material such as hay and other cimilar crops but the
      invention provides substantially uniform density throughout the roll. The
      rolls are formed while out of contact with the ground, thus minimizing
      waste of the material being harvested and also keeping the rolls in clean
      condition and relatively free from dirt, stones and other undesirable
      material which may occur in fields from which the crop is being harvested.
      All moving elements of the machine are power driven in a manner which
      achieves maximum efficiency. Further, driving of the upper apron is
      discontinued when the upper frame 30 is elevated, thus making the power
      required to drive it available to drive the lower apron when discharging a
      completed, heavy roll of material from the machine.
PAR  While the invention has been described and illustrated in its several
      preferred embodiments, it should be understood that the invention is not
      to be limited to the precise details herein illustrated and described
      since the same may be carried out in other ways falling within the scope
      of the invention as illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for forming a roll of crop material, comprising in
      combination:
PA1  a. a mobile frame adapted to travel across a field;
PA1  b. material delivery means supported by said frame;
PA1  c. endless flexible means mounted upon said frame above said delivery
      means;
PA1  d. said delivery means together with said endless flexible means defining a
      roll forming region therebetween spaced above the field and extending
      between opposite sides of said frame;
PA1  e. means on said frame to drive at least a portion of said delivery means
      in a predetermined direction to deliver crop material from the field to
      said roll forming region and also drive said endless flexible means for
      movement in a direction opposite to that of said portion of said delivery
      means, said endless flexible means engaging a circumferential area of a
      roll of crop material when said roll is being formed within said
      roll-forming region;
PA1  f. positioning means movably mounted by said frame and engaged with said
      endless flexible means; and
PA1  g. spring means supported by said frame and interconnected to said
      positioning means for imposing a pulling force thereon which normally
      disposes the same in a first position which in turn disposes said endless
      flexible means in a contracted position, said spring means being capable
      of progressively yielding under the imposition of a progressively
      increasing reverse pulling force thereon, said spring means so yielding
      when such reverse force is imposed thereon by said endless flexible means
      through said positioning means as said flexible means expands from its
      contracted position and said positioning means moves away from its first
      position due to engagement of said endless flexible means with increasing
      circumferential areas of the roll as the diameter thereof increases during
      forming of the roll at said roll-forming region, said spring means in so
      yielding due to such increasing reverse pulling force being imposed
      thereon causing a substantially uniform pressure to be exerted upon said
      roll within said roll-forming region by said endless flexible means as
      increasing circumferential areas of said roll are engaged by said endless
      flexible means to thereby produce a roll of crop material having
      substantially uniform density throughout said roll.
NUM  2.
PAR  2. The machine according to claim 1 wherein:
PA1  said positioning means comprises arms pivotally supported by said frame and
      movable about an axis extending in transverse relationship to said frame
      and means on said arms spaced from said axis and engaged with said endless
      flexible means to position the same relative to said roll of material so
      as to exert pressure thereon; and
PA1  said spring means is interconnected to said arms.
NUM  3.
PAR  3. The machine according to claim 2, wherein:
PA1  said arms are positioned respectively adjacent opposite sides of said
      frame; and
PA1  said spring means also is mounted respectively adjacent each of said
      opposite sides of said frame and interconnected to said arms.
NUM  4.
PAR  4. The machine according to claim 1, wherein
PA1  said spring means comprises:
PA2  one or more elongated springs;
PA2  anchor means connected to said frame; and
PA2  means connecting one end of said springs to said anchor means, the opposite
      end of said springs being interconnected to said positioning means.
NUM  5.
PAR  5. The machine according to claim 4, wherein:
PA1  said positioning means comprises arms positioned respectively adjacent
      opposite sides of said frame, said arms being pivotally supported by said
      frame and movable about an axis extending in transverse relationship to
      said frame, and means on said arms spaced from said axis and engaged with
      said endless flexible means to position the same relative to said roll of
      material; and
PA1  said springs are tension springs of substantially equal strength
      respectively positioned at opposite sides of said frame and operable to
      exert substantially equal force upon said endless flexible means through
      said positoning means.
NUM  6.
PAR  6. The machine according to claim 5, wherein said spring means further
      comprises flexible means interconnecting said tension springs to said
      arms.
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ABST
PAL  Producing effect yarns using the false twist principle by varying the twist
      density in the heater zone to alter the degree of bulk and thus the
      texture along the length of the finished yarn.
BSUM
PAR  The present invention relates to a process for the production of an effect
      yar. An effect yarn is a textured yarn in which the degree of texturising
      varies along the length of the yarn.
PAR  Textured yarn can be produced in several ways, one of which consists of
      imparting a false twist to the yarn. A false twist is achieved by first
      passing a moving yarn through a region where it is heated to above the
      second order transition temperature of the materials from which the yarn
      is made, subsequently cooling the yarn and then twisting the cooled yarn.
      The twist imparted to the yarn runs back along the yarn in the opposite
      direction to that in which the yarn is travelling into the heating zone
      where the heat sets the yarn in its twisted form. After the yarn has
      passed through the twisting device it untwists so that the untwisting of
      the yarn which has been set in its twisted state results in a texturised
      yarn.
PAR  The bulk in the finally texturised yarn is mainly dependent on the twist
      density of the yarn in the heating zone. By twist density we mean the
      number of twists per unit length in the yarn. Twist density is controlled
      by the nature and physical properties of the yarn supplied, i.e. its
      chemical type, title, number of filaments in the cross section and by the
      physical properties of the filaments, and also by the imposed processing
      conditions, namely yarn speed, twisting speed, time and temperature of
      heating and cooling and by frictional forces in the twisting device.
PAR  The present invention relates to producing an effect yarn wherein the
      texturising in imparted by the false twist principle.
PAR  According to the present invention we provide a process for the production
      of an effect yarn as hereinbefore described wherein a continuously moving
      yarn passes through a zone where it is heated to a temperature above its
      second order transition temperature, then through a cooling zone and is
      then twisted whereby the twist inserted runs back into the heating zone
      characterised in that the degree of twist set by the heating zone is
      varied to produce a yarn having a varying degree of bulk along its length.
PAR  The degree of twist set by the heating zone may be varied either by varying
      the amount of heating or the amount of twist in the zone. For example, if
      the twist is imparted to the yarn by means of a friction twist bush the
      arc of the contact between the bush and the yarn may be varied to vary the
      degree of twist. Alternatively the yarn may be moved towards and away from
      the heater to vary the amount by which the yarn is heated and thus the
      extent to which the twist is set in the yarn. Our preferred method is
      however to provide a twist damming element which is adjustable to vary the
      extent to which the twist is dammed. The twist damming element may be
      positioned either side of the heating zone, for example it may be
      positioned between the heating zone and the twisting zone providing it
      acts on the yarn when it is at a temperature below its second order
      transition temperature. This is our preferred method of operation although
      the damming element may act on the yarn before it reaches the heater so
      that it may be varied to vary the extent to which the twist can bleed back
      beyond the heater.
PAR  It is known that when a yarn is twisted, the twist will run along the
      length of the yarn but the twist may be prevented from running if a
      constriction such as a dramatic change in direction is provided in the
      yarn path. This phenomenon is known as twist damming. Thus in our
      preferred method of operation we have found that the degree of twist
      damming in a moving yarn can be controlled and if this discovery is
      applied to the texturising of yarn by the false twist principle, the twist
      in the heating zone may be varied and an effect yarn thereby produced.
PAR  The yarn used in the process of the present invention may by any
      thermoplastic synthetic yarn which when heated to above its second order
      transition temperature while in its twisted state becomes set in its
      twisted configuration. The techniques of the present invention may be
      applied to drawn yarn, to processes in which the yarn is drawn and twisted
      simultaneously and to processes in which the yarn is twisted immediately
      after drawing. The present invention is particularly useful in the
      production of effect yarns from nylon 6, nylon 6:6, polyacrylonitrile and
      polyesters.
PAR  The yarn may be fed directly from the feed roll through the heater zone
      which in certain embodiments of the invention is also the zone where the
      yarn is drawn. The heater zone may be the same as the heater zone used in
      conventional false twisting processes and a standard type of plate heater
      is particularly convenient. Similarly the cooling zone which is necessary
      to ensure that the yarn is cold when it is twisted may be a cooling zone
      of the type generally used in conventional false twist processes. It may
      be necessary to provide cooling plates which direct cold air onto the yarn
      but generally we find that the distance the yarn must travel between the
      heater and the twist device is sufficient to cool the yarn.
PAR  The yarn is generally cold when twisted and may be twisted by any suitable
      form of twisting device, in particular the twist bushes such as those
      described in British Patents 797,051 and 801,335; British Patent 1,197,703
      or, as is preferred, the device described in our own copending application
      Ser. No. 232,375 filed Mar. 7, 1972 and now U.S. Pat. No. 3,802,175 are
      especially useful.
PAR  As previously mentioned our preferred method employs a twist damming
      element positioned anywhere between the heater zone and the twisting
      device at a position where the temperature of the yarn is below its second
      order transition temperature, preferably at least 20.degree. C. below this
      temperature when it passes through the device. In this embodiment the
      twist damming element should apply a constraint to the yarn whilst
      allowing the yarn to travel. In addition the element should be readily
      adjustable to vary the constraint on the yarn without interrupting the
      travel of the yarn. The twist damming element may conveniently be a yarn
      guide which may be moved to alter the constraints placed upon the yarn,
      for example it may consist of two rollers around which the yarn passes and
      a yarn guide between the rollers, the position of the yarn guide being
      adjustable so as to vary the amount by which it is necessary for the
      direction of the yarn path to change as it passes around the rollers.
      Alternatively, the twist damming element may be an arm which bears against
      the yarn and is pivoted to allow the force of the arm against the yarn to
      be increased or decreased as is required. Thus the force may be varied
      without stopping the yarn and thus the twist density in the heating zone
      may be varied while the yarn is travelling, thus giving rise to a
      variation in the textured effect in the finished yarn.
PAR  The means that is used to control the degree of twist in the heating zone
      may be operated in any suitable manner depending on the effect required in
      the yarn. For instance, the position of the twist damming element, the
      extent to which the yarn bears against a friction twist bush, or the
      distance between the twisted yarn and the heater may be controlled by a
      signal which may be emitted according to a predetermined time cycle to
      produce a yarn having any required variation in texturising. For example,
      when a twist damming device consisting of two rollers and a yarn guide as
      described above is used, the position of the yarn guide relative to the
      two rollers may be regularly varied to give a regular variation in the
      constraint placed upon the yarn by the twist damming device.
DRWD
PAR  A preferred embodiment of the present invention is illustrated but in no
      way limited by reference to the accompanying drawings in which FIG. 1 is a
      diagrammatic illustration of one embodiment of the present invention.
PAR  FIG. 2 is an enlarged and more detailed view of the twist damming element
      shown in FIG. 1, and
PAR  FIG. 3 is a diagrammatic illustration of an alternative form of twist
      damming element.
DETD
PAR  FIG. 1 is a schematic illustration of a process for producing effect yarn.
      In this process the yarn 1 is withdrawn from the feed roll 2, carried over
      the heater 3 where it is heated to the twist setting temperature; the yarn
      then cools as it runs from the heater into a twist damming element 4. The
      twist damming element consists of idler rollers 5 and 6 and a yarn guide
      7, rollers 5 and 6 are in fixed positions whereas guide 7 may be moved up
      and down in the manner shown by the arrows. After passage through the
      twist damming element, the yarn passes to the twist unit 8 which consists
      of a circular friction bush 9 which is rotated about the axis 10 so that
      the frictional contact between the rotating bush and the yarn imparts a
      twist to the yarn. The yarn is held against the friction bush by means of
      the yarn guide element 11 which is itself free to rotate as the yarn
      passes around it. Finally the yarn is wound up on the take off roll 12.
PAR  FIG. 2 shows the twist damming element 4 in more detail and shows the
      rollers 5 and 6 mounted on a support plate 13 by means of shafts 14 and 15
      respectively. The rollers 5 and 6 are free to rotate on the ball races 21
      and 22. The yarn guide element 7 acts as a damming element as there is a
      dramatic change in yarn direction as it passes around the guide, thus
      damming the run of the twist. Guide 16 is mounted on the shaft 17 which
      passes through the channel 19 formed in the plate 14. The shaft 17 is held
      firm by virtue of the nut 18 and the washer 20 positioned behind the
      plate. The shaft is however free to move up and down within the channel 19
      thus altering the angle through which the yarn is forced to turn about the
      guide 16 and thus varying the twist damming effect according to the
      position of the shaft.
PAR  Thus in operation of the process twist is imparted to the yarn by the twist
      bush and passes back along the yarn until it reaches the twist damming
      unit. The position of the guide 7 controls the amount of constraint on the
      yarn and thus the amount of twist which passes back into the heating zone
      to become set in the yarn. Any twist that is prevented from passing the
      guide 7 is lost when the yarn passes the twisting device.
PAR  Accordingly by moving guide 7 up and down at a predetermined speed, yarn
      will be produced which is textured to a varying extent along the length of
      the yarn. The frequency of the variations along the yarn will depend upon
      the speed at which the guide 7 is moved up and down and the speed at which
      the yarn is travelling.
PAR  FIG. 3 is a diagrammatic illustration of an alternative form of twist
      damming element. The element 4 of FIG. 1 is replaced by a single roll 23
      and a lever arm 24 which is pivoted about the axis 25. Thus by oscillating
      the arm 24 in the manner shown by the arrow 26, the angle through which
      the yarn path is forced to turn by the arm and thus the extent the twist
      is dammed by the arm may be varied. The twist device and take up units are
      not shown in FIG. 2 but they may be identical with the system shown in
      FIG. 1 and the principle by which the two systems operate is the same.
PAR  The present invention is further illustrated by reference to the following
      examples.
PAC  Example 1
PAR  Drawn nylon 6:6 yarn was fed first over a feed roll, then in close contact
      with a 1.50 m. long plate heater. The yarn was subsequently passed through
      a device of the type illustrated in FIG. 1 and 2, the yarn guide 8 being
      in a position such that no deflection of the yarn occurred. Following
      this, the yarn was passed over guides through a 1.0 m. long cooling zone
      to a false twist device, and finally over a second roll to a wind up. The
      twist applied by the false twisting device was imparted to the yarn and
      was present in that part of the yarn which was heated to the thermoplastic
      region. Detwisting occurred after the yarn had passed through the false
      twist device.
PAC  Example 2
PAR  Example 1 was repeated with the yarn guide of the device illustrated in
      FIGS. 1 and 2 in a position such that a large deflection of the yarn took
      place.
PAC  Example 3
PAR  Example 1 was repeated with a different nylon yarn.
PAC  Example 4
PAR  Example 2 was repeated with the same nylon yarn as used in Example 3.
PAR  The results of Examples 1 to 4 are summarised in the following table:
     Example                                                                   
          Yarn Type    Twist in yarn in                                        
                                Twist inserted                                 
          (Drawn Decitex)                                                      
                       the heating zone                                        
                                in yarn by false                               
                       (turns/meter)                                           
                                twist device                                   
                                (turns/meter)                                  
     __________________________________________________________________________
     1    Nylon 6:6                                                            
                  78 dtex                                                      
                       2,503    4,273                                          
     2    Nylon 6:6                                                            
                  78 dtex                                                      
                        620     3,060                                          
     3    Nylon 6:6                                                            
                 110 dtex                                                      
                       1,663    2,793                                          
     4    Nylon 6:6                                                            
                 110 dtex                                                      
                         10     2,710                                          
     __________________________________________________________________________
PAR  Thus it can readily be seen that by varying the position of the yarn guide
      8 the amount of twist which is fed back to the heating zone and the level
      of twist inserted by the false twist unit may be varied.
PAC  Example 5
PAR  Using the same conditions as in Example 1 the yarn guide was caused to move
      by an external signal at a frequency of about 1 complete cycle per sec.,
      thus having the effect of alternating conditions of Examples 1 and 2.
PAC  Example 6
PAR  Example 5 was repeated using the conditions of Examples 3 and 4.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the production of a continuously textured effect yarn
      wherein a yarn is continuously false twist textured, said process
      comprising forwarding a yarn to be textured from feed means sequentially
      through a heated zone wherein it is heated to a temperature above its
      second order transition temperature, a cooling zone, and a false twisting
      zone to a takeup zone, wherein the twist imposed in the false twisting
      zone runs back into the heating zone, the improvement which comprises
      periodically reducing the twist set in the yarn to corresponding vary the
      degree of bulk along the length of said yarn at constant yarn and twisting
      speed.
NUM  2.
PAR  2. The process of claim 1, wherein the twist set is varied by varying the
      amount by which the yarn is heated in the heated zone.
NUM  3.
PAR  3. The process of claim 1, wherein the twist set is varied by varying the
      amount of twist which is allowed to run back into the heating zone.
NUM  4.
PAR  4. The process of claim 3 wherein the twist density of the yarn in the
      heating zone is reduced relative to the twist inserted by a factor of at
      least about 1:5.
NUM  5.
PAR  5. The process of claim 4, wherein said twist density is continuously
      varied between maximum and minimum values over a period of about 1 cycle
      per second.
NUM  6.
PAR  6. A process according to claim 1 in which the yarn is drawn while it is
      being twisted.
NUM  7.
PAR  7. A process according to claim 1 in which the yarn is twisted immediately
      after it has been drawn.
NUM  8.
PAR  8. A process according to claim 1 in which the yarn is a polyamide yarn.
NUM  9.
PAR  9. A process according to claim 1 in which the yarn is a polyester yarn.
NUM  10.
PAR  10. In an apparatus for the production of continuously textured effect
      yarns comprising yarn feed means, means for heating the yarn to a
      temperature above its second order transition temperature, means for false
      twisting comprising a friction twist bush which bears against the yarn,
      and takeup means, the improvement constituting means for periodically
      reducing the twist set in the yarn, said means comprising a yarn guide for
      altering the arc of contact between the twist bush and the yarn.
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ABST
PAL  In a textile yarn processing machine, such as a twister, spinning frame or
      the like, having a plurality of spindle assemblies positioned in
      side-by-side relationship thereon for the processing of yarn, control
      devices operatively connected with each of the spindle assemblies for
      selectively stopping and starting operation of the respective spindle
      assemblies, and a yarn knotter mechanism for being selectively positioned
      in front of each spindle assembly in the event of a broken or otherwise
      separated yarn therein for knotting together the two ends of the separated
      yarn when the spindle is stopped by the control devices and including
      selectively actuatable mechanisms for operating the knotter mechanism for
      the knotting operation, the following improvement is provided. Mechanisms
      are operatively connected with the operating devices of the knotter
      mechanism and the spindle stopping and starting control mechanisms and are
      responsive to actuation of the operating devices of the knotter mechanism
      for actuating the control mechanisms to start operation of the spindle
      assembly for the processing of yarn, thereby reducing lost operating time
      due to the yarn separation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the improvement of means operatively connected
      with operating devices of a yarn knotter mechanism and spindle assembly
      stopping and starting control devices of a textile yarn processing machine
      and which are responsive to actuation of the operating devices of the
      knotter mechanism for actuating the control devices to start operation of
      the spindle assemblies for the processing of yarn, thereby reducing lost
      operating time due to the yarn separation.
PAR  In U.S. Pat. No. 3,820,315, issued June 28, 1974, and U.S. Pat. application
      Ser. No. 376,742, filed July 5, 1973, both of which are assigned to the
      assignee of the present invention, the improved combination of a textile
      yarn processing machine, such as a twister, spinning frame or the like,
      having a plurality of spindle assemblies positioned in side-by-side
      relationship for the processing of yarn and a manually operated portable
      yarn knotter mechanism for knotting together two ends of broken or
      otherwise separated yarn at selected spindle assembly locations with a
      holder device mounted stationary on the yarn processing machine in front
      of each spindle assembly for releasably receiving and mounting the yarn
      knotter mechanism for a yarn knotting operation at the selected spindle
      assembly, was set forth. These arrangements eliminated the previous
      conventional practice of an operator holding a portable yarn knotter
      mechanism and allowing the operator freedom for performing other tasks at
      the yarn processing machine. These previously set forth arrangements also
      included control means operatively connected with each of the spindle
      assemblies for selectively stopping and starting operation of the
      respective spindle assemblies and actuating means connected therewith and
      responsive to reception and mounting of the yarn knotter mechanism in the
      respective holders for actuating the control means to stop operation of
      the respective spindle assemblies for a yarn knotting operation.
PAR  It has also been proposed to provide the improved combination of a textile
      yarn processing machine, such as a twister, spinning frame or the like,
      having a plurality of spindle assemblies positioned in side-by-side
      relationship for the processing of yarn, control means for selectively
      stopping and starting operation of the respective spindle assemblies, a
      yarn knotter mechanism for knotting together two ends of broken or
      otherwise separated yarn at selected spindle assembly locations in the
      event of a broken or otherwise separated yarn and including selectively
      actuatable means for selectively operating yarn knotter mechanisms for the
      knotting operation, and a carriage movably mounted on the yarn processing
      machine in front of the spindle assemblies and carrying the yarn knotter
      mechanism for positioning of the yarn knotter mechanism in the desired
      knotting location in front of the selected spindle assembly for a yarn
      knotting operation when the spindle assembly is stopped by the control
      means. Examples of such arrangements are set forth in U.S. Pat. Nos.
      3,842,577 and 3,842,580, both issued Oct. 22, 1974, and both of which are
      assigned to the assignee of the present invention. These arrangements also
      eliminate the previous conventional practice of an operator holding a
      portable yarn knotter mechanism and allowing the operator freedom for
      performing other tasks at the yarn processing machine.
PAR  However, with all of the above described arrangements, there is a
      considerable amount of lost operating time following the knotting
      operation and before the selected spindle assembly is again restarted by
      the control mechanism thereof. Accordingly, yarn production and processing
      time is lost and the machines are not operated as efficiently as possible.
PAC  BRIEF SUMMAY OF THE INVENTION
PAR  Accordingly, it is the object of this invention to eliminate or reduce the
      above described lost operating time inherent in the previously proposed,
      above described arrangements of yarn knotting mechanisms in textile yarn
      processing machines and to provide an improvement in such machines in
      which the spindle assemblies will be restarted as soon as possible.
PAR  It has been found by this invention that the above object may be
      accomplished by providing, in a textile yarn processing machine, such as a
      twister, spinning frame or the like, having a plurality of spindle
      assemblies positioned in side-by-side relationship thereon for processing
      of yarn, control means operatively connected with each of the spindle
      assemblies for selectively stopping and starting operation of the
      respective spindle assemblies, and a yarn knotter mechanism for being
      selectively positioned in front of each spindle assembly in the event of a
      broken or otherwise separated yarn therein for knotting together the two
      ends of the separated yarn when the spindle assembly is stopped by the
      control means and including selectively actuatable means for operating the
      knotter mechanism for the knotter operation, the following improvements.
      Means are operatively connected with the operating means of the knotter
      mechanism and with the spindle stopping and starting control means and are
      responsive to actuation of the operating means of the knotter mechanism
      for actuating the control means to start operation of the spindle assembly
      for the processing of yarn, thereby reducing lost operating time due to
      the yarn separation.
PAR  Specific features of the above improvement will be further set forth in the
      description of the preferred embodiments to follow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Some of the objects and advantages of this invention having been stated,
      other objects and advantages will appear as the description proceeds, when
      taken in conjunction with the accompanying drawings, in which
PAR  FIG. 1 is a perspective view of a first embodiment of this invention
      illustrating a portion of a two-for-one twister yarn processing machine
      showing two full spindle assembly stations and a cross-section through a
      third spindle assembly station with a yarn knotter mechanism inserted into
      a holder mechanism of the central spindle assembly station;
PAR  FIG. 2 is an enlarged, partial, vertical sectional view generally taken
      through the central spindle assembly of FIG. 1;
PAR  FIG. 3 is an enlarged, partial, front elevational view of the central
      spindle assembly of FIG. 1;
PAR  FIG. 4 is a perspective view of a second embodiment of this invention
      illustrating a portion of a two-for-one twister yarn processing machine
      showing two full spindle assembly stations and a cross-section through a
      third spindle assembly station with a yarn knotter mechanism inserted into
      a holder mechanism of the central spindle assembly station;
PAR  FIG. 5 is an enlarged, partial, vertical sectional view generally taken
      through the central spindle assembly of FIG. 4;
PAR  FIG. 6 is an enlarged, partial, front elevational view of the central
      spindle assembly of FIG. 4;
PAR  FIG. 7 is a partial, vertical sectional view taken generally through a
      spindle assembly of a third embodiment according to this invention;
PAR  FIG. 8 is an enlarged perspective view of the knotting mechanism of FIG. 7
      and illustrating the separated ends of yarn laid therein for a knotting
      operation; and
PAR  FIG. 9 is a partial cross-sectional view taken through a portion of the
      apparatus illustrated in FIG. 7.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, there is shown in FIGS. 1-3 a first
      embodiment, in FIGS. 4-6 a second embodiment, and in FIGS. 7-9 a third
      embodiment in accordance with this invention. In all three of these
      embodiments, as set forth in the drawings and specific description to
      follow, the present invention will be described and related to a
      two-for-one twister which is the preferred yarn processing machine
      utilizing the improvements of this invention; however, it is to be
      understood that the improvements of this invention could also be utilized
      on other yarn processing machines. Further, a full illustration and
      description of the entire two-for-one twister yarn processing machine is
      not given herein and is not believed necessary for an understanding of the
      present invention, the operation and structure of such a two-for-one yarn
      twister being well understood by those with ordinary skill in the art.
PAR  Referring now to all three embodiments of the present invention, there is
      shown spindle assemblies, generally indicated at 10, and which are
      generally of the same construction for all three embodiments and which
      will be described and designated by like reference numerals. Each of the
      spindle assemblies 10, which are conventionally mounted in side-by-side
      relationship in a two-for-one yarn twister comprises a rotatably driven
      rotor mechanism, generally indicated at 11. The rotor mechanism 11
      comprises a whorl 12 suitably rotatably mounted on the twister frame 13
      and rotated by a continuous drive belt 14. The rotor mechanism 11 further
      includes a horizontally extending reserve disc device 16 secured to the
      whorl 12 for being driven thereby and a generally vertically extending
      hollow axle 17 defining a vertically extending yarn passageway 20.
PAR  Each spindle assembly 10 further includes a carrier mechanism 25 for
      carrying a hollow package P of yarn Y and being rotatably mounted on the
      rotor mechanism 11 so that the rotor mechanism may rotate relative
      thereto. The carrier mechanism 25 comprises generally a basket device 26
      which surrounds the package P of yarn Y and is rotatably mounted by
      bearings 27 so that the hollow axle 17 may rotate relative thereto. The
      carrier mechanism 25 may further include a hollow yarn package carrier 28
      rotatably mounted by suitable bearings, so that the hollow axle 17 may
      rotate relative thereto, and supported on the basket device 26. The hollow
      yarn carrier 28 may include a yarn entry tube 30.
PAR  The spindle assembly 10 further includes a balloon limitor device 33
      surrounding the basket device 26. A yarn guide eyelet 40 is positioned
      above and in axial alignment with  pg,8 the hollow axle 17 and the yarn
      entry tube 30. There is further provided a pre-take-up roll 42, a yarn
      traversing mechanism 43, and a package roll 44 upon which the yarn Y is
      wound after being processed or twisted by the spindle assembly 10. The
      package roll 44 is rotated by a friction drive roll 45.
PAR  The twister may also include a suitable housing, generally indicated at 65,
      surrounding the front and rear and extending between each spindle assembly
      10 and generally around the balloon limitor devices 33. These housings 65
      may also include suitable shields 66 extending between each balloon
      limitor device 33.
PAR  With the above described mechanism, the yarn Y passes from the passage P
      and is threaded through the yarn entry tube 30, through the yarn
      passageway 20 of the hollow axle 17 and the reserve disc 16 and out of the
      reserve disc 16. The yarn Y then passes upwardly between the basket device
      26 and the balloon limitor 33 to form a balloon of yarn. The yarn Y is
      then threaded through the yarn guide eyelet 40, over pre-take-up roll 42
      and is traversed by traversing mechanism 43 onto the package roll 44 to
      complete its travel through the spindle assembly 10. As is well understood
      by those with ordinary skill in the art, a two-for-one twist is inserted
      in the yarn during the above noted path of travel.
PAR  Each of the spindle assemblies 10 include control means operatively
      connected therewith for selectively stopping and starting operation of the
      respective spindle assemblies. These control means may be in the form of
      devices for stopping rotation of the spindle assembly and for positioning
      the spindle assembly in the desired threading position, as set forth in
      U.S. Pat. No. 3,805,507, issued Apr. 23, 1974, and devices for stopping
      and controlling operation of the friction drive roll 45 in accordance with
      U.S. Pat. No. 3,565,356, issued Feb. 23, 1971, both of which are assigned
      to the assignee of the present invention. The control mechanisms of both
      of these prior U.S. patents include, inter alia, electrical and mechanical
      control systems for stopping operation of the spindle assembly and the
      spindle assembly and the take-up mechanism in predetermined positions when
      piecing or knotting broken yarns or doffing and starting up is required.
      Complete details of these control mechanisms are not illustrated in the
      description of the three embodiments of the present invention and are not
      believed to be necessary for a complete understanding of the present
      invention, reference being made to the above two prior U.S. patents of the
      assignee of the present invention for a complete understanding of these
      control means.
PAR  If during the travel of the yarn, as noted above, the yarn Y breaks or a
      new supply package P of yarn Y is placed in the spindle assembly 10, two
      separated ends of yarn Y are formed which must be knotted or pieced
      together for continued operation of the spindle assembly 10. When the yarn
      Y passing through a spindle assembly 10 is thus broken or otherwise
      separated, the separated ends are so positioned that one separated end
      extends downwardly from the eyelet 40 and the other separated end of yarn
      Y extends upwardly from between the basket device 26 and the balloon
      limitor device 33. Conventionally, a portable, manually operated knotter
      mechanism would be brought into position for receiving the two separated
      ends of yarn Y and knotting them together.
PAR  Referring now to the first embodiment of this invention, illustrated in
      FIGS. 1-3, there are provided holder devices, generally indicated at 70,
      mounted stationary on the housing 65 of the twister in front of each
      spindle assembly, as shown particularly in FIG. 1, for releasably mounting
      a portable, manually operated, knotter mechanism 60 at the desired
      knotting location in front of the spindle assemblies 10 for knotting
      operations. The yarn knotter mechanism 60 is of conventional, commercially
      available design and its operation for knotting two separated ends of yarn
      is well understood by those with ordinary skill in the art and does not
      require detailed explanation herein for an understanding of the present
      invention. Also, the arrangement of knotter mechanism 60 and the holder
      mechanism 70 of this embodiment of FIGS. 1-3 are set forth in the above
      mentioned U.S. patent application Ser. No. 376,742, filed July 5, 1973,
      and assigned to the assignee of the present invention and full details of
      the construction and operation thereof may be had by reference to this
      patent application.
PAR  Generally, the holder mechanism 70 comprises a generally rectangular,
      hollow, female receptacle 71, having an aperture 72 extending from the
      upper end thereof to the bottom end thereof, and mounted on the housing
      65. For cooperation with the female receptacle 71, the yarn knotter
      mechanism 60 is provided with a male member 74 in the form of an angled
      outwardly extending arm which is secured at one end to the knotter
      mechanism 60 and which has an outer free end for extension into and
      reception by the female receptacle 71. Thus, as may be seen particularly
      in FIGS. 1 and 2, the yarn knotter mechanism 60 is positioned at the
      desired or convenient knotting location in front of the selected spindle
      assembly 10 when the yarn Y is broken or otherwise separated and requires
      piecing together or knotting.
PAR  As mentioned above, the knotting mechanism 60 is of a conventional,
      commercially available design for receiving two separated ends of yarn Y
      and for knotting them together. Broadly, the yarn Y coming from the supply
      package P and up between the basket device 26 and the balloon limitor
      device 33 is grasped by the operator and inserted into slit 78 of the
      knotter mechanism 60. The other separated yarn end Y extending down from
      the take-up roll is grasped by the operator and looped about a swingable
      hook 79 located on the back or inside of the knotter mechanism 60 (see
      FIG. 2) and is then inserted into slit 80 of the knotter mechanism 60. The
      two yarn ends are not ready for knotting by the knotter mechanism 60 and
      they may be held taut or under tension by the operator while the operator
      pushes a manually operatable, operating device 81 of the knotter mechanism
      60 for effecting knotting of the two separated yarn ends in a manner well
      understood by those with ordinary skill in the art. The knotted or pieced
      together yarn may now be removed from the knotter mechanism 60 and normal
      yarn processing of the spindle assembly 10 resumed.
PAR  As disclosed in the above U.S. pat application Ser. No. 376,742, the holder
      mechanism 70 preferably includes an actuating means 95 in the form of a
      mechanical or electrical actuator and, as herein illustrated and
      described, comprises a switch controlled by a vertically directed,
      upwardly biased plunger member 96 which is positioned below the passageway
      or aperture 72 in the female receptacle 71 for engagement and depressing
      by the male member 74 of the knotter mechanism 60 when it is positioned in
      the holder 70. The plunger 86 will move back to its original position when
      the male member 74 of the knotter mechanism is removed from the female
      receptacle 71 of the holder mechanism 70.
PAR  The actuating switch 95 is operatively patent with the respective control
      mechanisms of the above identified U.S. Pat. Nos. 3,805,507 and 3,565,356
      and is responsive to reception and mounting of the yarn knotter mechanism
      60 in the holder member 70 for actuating those control mechanisms to stop
      operation of the respective spindle assembly 10 for a knotting operation
      and is responsive to removal of the yarn knotter mechanism 60 from the
      respective holder member 70 for actuating those control mechanisms to
      start operation of the respective spindle for yarn processing operations.
PAR  In accordance with the present invention and to reduce lost operating time
      due to yarn separation which is occasioned by the delay following a yarn
      knotting operation and removal of the knotting mechanism 60 from the
      holder 70 for actuating the actuator switch 95 to actuate the control
      mechanisms for starting operation of the respective spindle assembly 10,
      there is provided means operatively connected with and responsive to
      actuation of the operating device 81 of the knotter mechanism 60 for
      disengaging the plunger member 96 of the switch mechanism 95 from the male
      member 74 of the knotter mechanism 60 for actuating the control mechanisms
      to start operation of the spindle assembly 10 for the processing of yarn.
PAR  This means comprises a plunger member 96 in the form of a two-piece plunger
      96a, 96b being pivotally mounted at 98 to each other. This improved means
      further includes an extension 81a of the manually pushable operating
      device 81 of the knotter mechanism 60 which extends outwardly from the
      other side of the knotter mechanism 60, so that when the operating device
      81 is pushed by an operator for actuating the knotter mechanism 60, the
      extension 81a will engage the member 96a of the plunger 96 and pivot the
      same way from engagement by the male member 74 of the knotter mechanism 60
      so that the plunger mechanism 96 will rise under the influence of its bias
      to place the switch mechanism 95 in the spindle start condition for
      actuating the control mechanisms of the spindle assembly for starting
      operation thereof. The delay in start-up of operation of the spindle
      assembly 10 in response to actuation of the control mechanisms thereof to
      the spindle start position will equal the time required for performing a
      knotting operation by the knotter mechanism 60. Accordingly, no lost
      operating time after the knotting operation has been completed will be
      incurred by this operation.
PAR  Referring now to the second embodiment of this invention, as illustrated in
      FIGS. 4-6, spindle assemblies 10, of the above described construction, are
      also mounted in side-by-side position along a two-for-one twister yarn
      processing machine in the manner described above. In accordance with above
      mentioned U.S. Pat. No. 3,820,315, issued June 28, 1974, and assigned to
      the assignee of the present invention, each spindle assembly 10 includes a
      holder device 170 mounted stationary on the housing 65 of the twister in
      front of each spindle assembly 10, as shown particularly in FIG. 4, for
      releasably receiving and mounting a similar yarn knotter mechanism 60 at
      the desired knotting location in front of the spindle assembly 10 and
      generally at the top of the balloon restraining device 33 for knotting
      operation.
PAR  The yarn knotter mechanism 60 of this second embodiment of FIGS. 3-5 is
      generally of the same construction as the yarn knotter mechanism 60 of the
      first embodiment of this invention of FIGS. 1-3, except that the knotter
      mechanism 60 of this embodiment of FIGS. 4-6 further includes a hood
      member 194 mounted generally around and over the top portion of the
      knotter mechanism 60 and defines a passageway therethrough, for purposes
      to be described below, and an open mouth portion 196 extending over the
      top of the knotter mechanism 60 for receiving the broken or otherwise
      separated yarn ends. Further details of this hood construction may be had
      by reference to the above mentioned U.S. Pat. No. 3,820,315 and form no
      part of the present invention.
PAR  The holder devices 170 of this embodiment comprise a common generally
      horizontally extending conduit 172 carried by generally U-shaped yoke
      members 173 which are carried by the housing 65 of the twister. The
      conduit 172 extends along the front of each spindle assembly 10 and is
      connected with a suitable source of suction to create a negative air
      stream therethrough. The holder device 170 further includes a hollow
      female receptacle 175 secured to the top of the conduit 172 and forming a
      passageway 176 therein having open bottom and top ends. The bottom end of
      each of the passageways 176 of the female receptacles 175 mates with
      apertures in the top of the conduit 172 so that a negative air stream or
      suction is created through the passageways 176.
PAR  The open end of the passageway 176 of the female receptacle 175 is normally
      closed by a pair of pivoted, biased closure members 178. Each of the
      closure members 178 comprises an arm 179 pivoted at 180 on the female
      receptacle 175 and has an enlarged portion 181 on the other end thereof
      which mates with the enlarged portion 181 on the other closure member 178
      to close the upper end of the passageway 176 of the female receptacle 175.
      The closure members 178 are biased in the closed position by an extension
      182 of the arm 179 being in contact with a spring plunger member 184
      carried in a recess in yoke member 173 for biasing the closure members 178
      into mating covering position over the passageway 176.
PAR  For cooperating with the female receptacle 175, the knotter mechanism 60 of
      this embodiment of FIGS. 4-6 further includes a hollow male member 190
      forming a portion of or an extension of the hood 95 around the knotter
      mechanism 60 and extends below the knotter mechanism 60. The male member
      190 includes internally thereof a passageway having an open bottom and top
      and is configured and constructed for reception by and within the
      passageway 176 of the female receptacle 175 for mounting the knotter
      mechanism 60 in the respective holder means 170 and for placing the bottom
      end of the knotter mechanism passageway in mating communication with the
      female receptacle passageway 176 for creating a negative air flow through
      the male member 190 and through the hood portion 194.
PAR  Accordingly, as further described in the above-identified U.S. Pat. No.
      3,820,315, when the yarn Y becomes broken or otherwise separated at a
      particular spindle assembly station 10, the separated ends of yarn Y will
      be placed at the opening 196 to the hood portion 194 of the knotter
      mechanism 60 and will be sucked therein and threaded through the knotter
      mechanism 60 by action of the suction conduits, described above, for
      automatic threading of the knotter mechanism 60. The knotter mechanism 60
      is then actuated by a manually pushable operating device 81, as described
      above in connection with the knotting mechanism 60 of the first embodiment
      of this invention in FIGS. 1-3.
PAR  The holder mechanism 170 further includes actuating means 210 suitably
      operatively connected with the spindle assembly control means, described
      above and in prior U.S. Pat. Nos. 3,805,507 and 3,565,356. The actuating
      means 210 may be in the form of a biased push button switch 211 which is
      engaged by an extension rod 212 of one of the spring plunger members 184
      so that when the respective closure member 178 is opened, the rod 212 will
      engage the switch 211 for actuating the control mechanisms of the
      respective spindle assembly 10 to stop operation thereof.
PAR  In accordance with the present invention and to reduce lost operating time
      due to yarn separation which is occasioned by the lost time required to
      remove the knotting mechanism 60 from the holder 170 for purposes of
      allowing the switch 211 to be disengaged by the rod 212 so that the
      actuating mechanism 210 may be switched to the spindle start position,
      there is provided means operatively connected and responsive to actuation
      of the knotter mechanism operating device 81 for disengaging the rod 212
      and the push button switch 211 for allowing the switch 211 to be moved to
      the spindle start position thereof for allowing the control mechanisms of
      the spindle assembly 10 to start operation thereof.
PAR  In this second embodiment of FIGS. 4-6, this means comprises mounting of
      the push button switch 211 on a bracket 215 which is pivotally mounted
      about a spring biased stub shaft 216 so as to be swingable against the
      bias of the spring of the shaft 216 out of contact with the rod 212 of the
      plunger mechanism 184. This is accomplished by a lever arm 218 pivotally
      mounted about the pivot 180 and having an upper portion thereof for
      engagement by the extension 81a of the knotter mechanism operating member
      81 and the lower end thereof connected to the bracket 215 at a pivot 220
      so that when the knotter operating member 81 is manually pushed by an
      operator, the extension 81a will move the lever 218 to pivot the bracket
      215 and switch 211 out of engagement with the rod 212 so that the switch
      211 may be moved to its spindle start position for starting operation of
      the spindle assembly 10. The delay in start-up of operation of the spindle
      assembly 10 in response to actuation of the control mechanisms thereof to
      the spindle start position will equal the time required for performing a
      knotting operation by the knotter mechanism 60. Accordingly, no lost
      operation time after the knotting operation has been completed will be
      incurred by this operation.
PAR  Referring now to the third embodiment of this invention, as illustrated in
      FIGS. 7-9, there are also provided spindle assemblies 10, of the same
      general construction as described above with respect to the first two
      embodiments of this invention, which are also mounted in side-by-side
      position (not shown) along a two-for-one twister yarn processing machine.
      In this embodiment, carriage means, generally indicated at 300, is movably
      mounted on the yarn processing machine in front of the spindle assemblies
      10 and carries the yarn knotter mechanism 60, of the same general,
      conventional and commercially available design as discussed above with
      respect to the first two embodiments of this invention, for positioning
      the knotter mechanism 60 at the desired knotting location in front of a
      selected spindle assembly 10 for a yarn knotting operation when the
      spindle assembly 10 is stopped by the control mechanism thereof in
      accordance with the above mentioned U.S. Pat. Nos. 3,805,507 and
      3,565,356. For operating said control means, a yarn feeler device 302 is
      provided which will sense a broken or otherwise separated yarn Y and
      actuate the spindle control mechanisms for stopping operation thereof.
      Such a yarn feeler device may also be utilized in conjunction with the
      first two embodiments of this invention, described above.
PAR  In U.S. Pat. No. 3,842,577, issued Oct. 22, 1974, and assigned to the
      assignee of the present invention, a service carriage mechanism for
      carrying a yarn knotter mechanism is disclosed and described therein and
      reference may be had thereto for complete details of the construction and
      operation of the service carriage mechanism 300 shown herein. Broadly, the
      carriage mechanism 300 is supported by wheels 304 on a longitudinally
      extending rail 305 carried by the yarn processing machine. The carriage
      300 is further supported by a U-shaped frame member 306 into which a
      guiding member 307 extends from the carriage 300. Thus, the carriage
      mechanism 300 and the yarn knotter mechanism 60 supported thereon are
      mounted for longitudinal movement along the front of the spindle
      assemblies 10 of the yarn processing machine for being positioned at a
      selected spindle assembly 10 for knotting together of the broken or
      otherwise separated yarn Y, as discussed above.
PAR  For mounting the knotter mechanism 60 on the carriage mechanism 300, the
      carriage mechanism 300 includes an upstanding portion 310 which includes
      ribs 311 on the upper end thereof which run generally horizontally and
      project outwardly on the inside and outside of the upstanding portion 310,
      as shown particularly in FIGS. 8 and 9. The knotter mechanism 60 includes
      a generally U-shaped bracket 315 secured to the bottom thereof and
      extending downwardly from the knotter mechanism 60 for being pushed over
      the ribs 311 of the upstanding portion 310 of the carriage mechanism 300.
      One side of the U-shaped bracket 315 includes a spring biased plunger
      mechanism 316 having an inwardly projecting portion for fitting under the
      outwardly extending rib 311 for maintaining the knotter mechanism in
      position on the upstanding portion 310 of the carriage mechanism 300,
      while allowing removal of the knotter mechanism 60 from the carriage
      mechanism 300 by manually pulling the plunger mechanism 316 outwardly to
      release its engagement with the rib 311 so that the knotter mechanism 60
      may be manually removed from the carriage mechanism 300.
PAR  The knotter mechanism 60 of this third embodiment of FIGS. 7-9 may be
      manually operated by an operating device, as described above in
      conjunction with the first two embodiments of this invention, or may be
      driven by a pulley and drive belt arrangement connected to a drive shaft
      320, as disclosed and described in U.S. Pat. No. 3,838,875, issued Oct. 1,
      1974, and assigned to the assignee of the present invention. The specific
      details of this drive mechanism do not form part of the present invention
      and will not be described herein and reference may be had to the above
      noted patent for a full disclosure thereof.
PAR  In accordance with the present invention, means are operatively connected
      with the operating means of the knotter mechanism 60 and with the spindle
      stopping and starting control means and are responsive to actuation of the
      operating means of the knotter mechanism for actuating the control means
      to start operation of the spindle assembly for the processing of yarn Y,
      thereby reducing lost operating time due to yarn separation.
PAR  In accordance with this third embodiment of the present invention, this
      improved actuating means may be in the form of a biased push button switch
      330 mounted in the upstanding portion 301 of the carriage mechanism 300
      and a tripping pin 331 also suitably carried by the upstanding portion 310
      of the carriage mechanism 300 and having a spring 332 therearound for
      biasing thereof in an upwardly extending position so that when the
      tripping pin 331 is pushed down against its bias it will engage the switch
      330 for actuating the control mechanisms of the spindle assembly 10 to
      start operation thereof after a knotting operation.
PAR  Cooperating with the tripping pin 331 is a plunger device 335 carried by
      the knotting mechanism 60 and operatively connected with the operating
      shaft 320 thereof so that when the operating shaft 320 is rotated for
      actuating the knotter mechanism 60, the plunger 335 will be depressed to
      engage the spring biased tripping pin 331 to push the pin downwardly for
      engagement with the switch 330 for actuating the spindle stopping and
      starting control mechanisms to start operation of the spindle assembly 10.
PAR  Thus, when a particular spindle asembly 10 of the yarn processing machine
      has a broken or otherwise separated yarn end, the yarn feeler 302 will
      sense this broken end and stop operation of the spindle assembly 10 for a
      knotting operation. The knotting mechanism 60 will be brought into
      location in front of this spindle assembly 10 by the carriage mechanism
      300 and the separated yarn ends will be inserted into the knotter
      mechanism 60 in the manner described above. The knotting mechanism 60 will
      then be operated by the operating means thereof through a suitable driver
      for the operating shaft 320. This operation of the knotting mechanism 60
      will cause the plunger 335 to be depressed which will depress the tripping
      pin 331 and engaging the switch 330 which is operatively connected with
      the spindle assembly starting and stopping control mechanisms for
      actuating these control mechanisms to the spindle start condition thereof
      for again starting operation of the spindle assembly 10. The delay in
      start-up of the operation of the spindle assembly 10 in response to
      actuation of the control mechanisms thereof to the spindle start position
      will equal the time required for performing the knotting operation by the
      knotter mechanism 60. Accordingly, no lost operating time after the
      knotting operation has been completed will be incurred by this operation.
PAR  Therefore, this invention has provided a construction for reducing the lost
      operating time of a spindle assembly of a textile yarn processing machine
      following a knotting operation and before the spindle assembly can again
      be started up. Three specific preferred embodiments have been disclosed
      and it is apparent that features of each may be used in other general
      arrangements without departing from the present invention.
PAR  In the drawings and specification there have been set forth preferred
      embodiments of the invention and, although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a textile yarn processing machine, such as a twister, spinning frame
      or the like, having a plurality of spindle assemblies positioned in
      side-by-side relationship thereon for processing of yarn, control means
      operatively connected with each of said spindle assemblies for selectively
      stopping and starting operation of said respective spindle assemblies, and
      a yarn knotter mechanism for being selectively positioned in front of each
      spindle assembly in the event of a broken or otherwise separated yarn
      therein for knotting together the two ends of the separated yarn when said
      spindle assembly is stopped by said control means and including
      selectively actuatable means for operating said knotter mechanism for the
      knotting operation; the improvement of
PA1  means operatively connected with said operating means of said knotter
      mechanism and said spindle assembly stopping and starting control means
      and being responsive to actuation of said operating means of said knotter
      mechanism for actuating said control means to start operation of said
      spindle assembly for the processing of yarn, thereby reducing lost
      operating time due to the yarn separation.
NUM  2.
PAR  2. In a textile yarn processing machine, such as a twister, spinning frame
      or the like, having a plurality of spindle assemblies positioned in
      side-by-side relationship thereon for processing of yarn, control means
      operatively connected with each of said spindle assemblies for selectively
      stopping and starting operation of said respective spindle assemblies, a
      yarn knotter mechanism for knotting together two ends of broken or
      otherwise separated yarn at selected spindle assembly locations in the
      event of a broken or otherwise separated yarn and including selectively
      actuatable means for operating said knotter mechanism for the knotting
      operation, holder means mounted on said yarn processing machine in front
      of each of said spindle assemblies for releasably receiving and mounting
      said yarn knotter mechanism at the desired knotting location in front of
      said selected spindle assemblies for a yarn knotting operation, and
      actuating means operatively connected with said respective control means
      and being responsive to reception and mounting of said yarn knotter
      mechanism in said respective holder means for actuating said control means
      to stop operation of said respective spindle assembly means for a yarn
      knotting operation; the improvement of:
PA1  means operatively connected with said operating means of said knotting
      mechanism and said spindle stopping and starting control means and being
      responsive to actuation of said operating means of said knotter mechanism
      for actuating said control means to start operation of said spindle
      assembly for the processing of yarn, thereby reducing lost operating time
      due to yarn separation.
NUM  3.
PAR  3. In a textile yarn processing machine, such as a twister, spinning frame
      or the like, having a plurality of spindle assemblies positioned in
      side-by-side relationship thereon for processing of yarn, control means
      operatively connected with each of said spindle assemblies for selectively
      stopping and starting operation of said respective spindle assemblies, a
      yarn knotter mechanism for knotting together two ends of broken or
      otherwise separated yarn at selected spindle assembly locations in the
      event of a broken or otherwise separated yarn and including manually
      operated, selectively actuatable means for selectively operating said
      knotter mechanism for the knotting operation, holder means mounted on said
      yarn processing machine in front of each of said spindle assemblies for
      releasably receiving and mounting said yarn knotter mechanism at the
      desired knotting location in front of said selected spindle assemblies for
      a yarn knotting operation, and switch means carried by said holder means
      and operatively connected with said respective control means and switch
      actuating means carried by said holder means and responsive to reception
      and mounting of said yarn knotter mechanism in said respective holder
      means for engaging and actuating said switch means for actuating said
      control means to stop operation of said respective spindle assembly means
      for a yarn knotting operation; the improvement of:
PA1  means operatively connected to and being responsive to actuation of said
      operating means of said knotter mechanism for disengaging said switch
      actuating means and said switch means for actuating said control means to
      start operation of said spindle assembly for the processing of yarn,
      thereby reducing lost operating time due to yarn separation.
NUM  4.
PAR  4. In a textile yarn processing machine, set forth in claim 3, in which
PA1  said knotter mechanism includes a downwardly extending member extending
      into and downwardly through said holder means when said knotter mechanism
      is placed in said holder means,
PA1  said switch actuating means comprises a medially pivoted, two-piece lever
      means connected at one end to said switch means and extending upwardly
      therefrom for being engaged and depressed by said downwardly extending
      member of said knotter mechanism when said knotter mechanism is placed in
      said holder means for actuating said switch means for actuating said
      spindle assembly control means to stop operation of said respective
      spindle assembly for a yarn knotting operation, and
PA1  said means for disengaging said switch actuating means and said switch
      means comprises an extension member forming a part of said knotter
      mechanism operating means for engaging said lever means when said knotter
      mechanism operating means is actuated for moving said lever means out of
      engagement with said downwardly extending portion of said knotter
      mechanism for actuating said switch means to the spindle start condition
      thereof for actuating said spindle assembly control means to start
      operation of said spindle assembly for the processing of yarn.
NUM  5.
PAR  5. In a textile yarn processing machine, as set forth in claim 3, in which
PA1  said holder means includes swingable arm means swingable from a closed
      position to an open position when said knotter mechanism is inserted into
      said holder means,
PA1  said switch actuating means comprises plunger means carried by said holder
      means and positioned for engagement by said swingable arm means for
      contacting said switch means when said swingable arm means is in the open
      position thereof to actuate said switch means for actuating said spindle
      assembly control means to stop operation of said respective spindle
      assembly, and
PA1  said means for disengaging said switch actuating means and said switch
      comprises means mounting said switch means for pivotal swinging movement
      out of engagement with said plunger means, and lever arm means carried by
      said holder means and having one end thereof secured to said switch means
      for effecting pivotal movement thereof, and an extension member forming a
      part of said knotter mechanism operating means for movement when said
      knotter mechanism operating means is actuated for engaging said lever
      means for moving said lever means to swing said switch means out of
      engagement with said plunger means for actuating said switch means to the
      spindle start condition thereof for actuating said spindle assembly
      control means for starting operation of said spindle assembly for the
      processing of yarn.
NUM  6.
PAR  6. In a textile yarn processing machine, such as a twister, spinning frame
      or the like, having a plurality of spindle assemblies positioned in
      side-by-side relationship thereon for processing of yarn, control means
      operatively connected with each of said spindle assemblies for selectively
      stopping and starting operation of said respective spindle assemblies, a
      yarn knotter mechanism for knotting together two ends of broken or
      otherwise separated yarn at selected spindle assembly locations in the
      event of a broken or otherwise separated yarn and including selectively
      actuatable means for operating said knotter mechanism for the knotting
      operation, and carriage means movably mounted on said yarn processing
      machine in front of said spindle assemblies and carrying said yarn knotter
      mechanism for positioning said knotter mechanism at the desired knotting
      location in front of said selected spindle assembly for a yarn knotting
      operation when said spindle assembly is stopped by said control means; the
      improvement of:
PA1  means operatively connected with said operating means of said knotting
      mechanism and said spindle assembly stopping and starting control means
      and being responsive to actuation of said operating means of said knotter
      mechanism for actuating said control means to start operation of said
      spindle assembly for the processing of yarn, thereby reducing lost
      operating time due to yarn separation.
NUM  7.
PAR  7. In a textile yarn processing machine, as set forth in claim 6, in which
      said means operatively connected when said operating means of said knotter
      mechanism and said spindle assembly stopping and starting control means
      comprises.
PA1  switch means carried by said carriage mechanism and operatively connected
      with said spindle assembly control means, and
PA1  plunger means connected with said knotter mechanism operating means and
      operatively associated with said switch means for actuating said switch
      means when said knotter mechanism operating means is actuated for
      actuating said spindle assembly control means for starting operation of
      said spindle assembly for the processing of yarn.
PATN
WKU  039396347
SRC  5
APN  4305132
APT  1
ART  244
APD  19740103
TTL  Empty bobbin supply device
ISD  19760224
NCL  15
ECL  1
EXP  Petrakes; John
NDR  3
NFG  11
INVT
NAM  Yoshizawa; Toshio
CTY  Chiryu
CNT  JA
INVT
NAM  Yamada; Yasuo
CTY  Kariya
CNT  JA
INVT
NAM  Taniguchi; Toshinori
CTY  Kariya
CNT  JA
INVT
NAM  Kose; Tatsuo
CTY  Wakayama
CNT  JA
INVT
NAM  Ohchi; Kazuo
CTY  Wakayama
CNT  JA
INVT
NAM  Hori; Kiyokazu
CTY  Sabae
CNT  JA
ASSG
NAM  Kabushiki Kaisha Toyoda Jidoshokki Seisakusho
CTY  Kariya
CNT  JA
COD  03
ASSG
NAM  Daiwa Boseki Kabushiki Kaisha
CTY  Osaka
CNT  JA
COD  03
CLAS
OCL   57 53
XCL   57 52
XCL  242 355A
EDF  2
ICL  D01H  910
FSC   57
FSS  52-54;34 R;58.89-58.95
FSC  242
FSS  35.5 A;35.5 R;35.6 R
UREF
PNO  3154909
ISD  19641100
NAM  Urano et al.
OCL   57 52
UREF
PNO  3307340
ISD  19670300
NAM  Nishii et al.
OCL   57 53
UREF
PNO  3318078
ISD  19670500
NAM  Bahnson, Jr. et al.
OCL   57 53
UREF
PNO  3328948
ISD  19670700
NAM  DuBuis et al.
OCL   57 53
UREF
PNO  3344594
ISD  19671000
NAM  Takemura et al.
OCL   57 53
UREF
PNO  3447297
ISD  19690600
NAM  DuBuis et al.
OCL   57 53
UREF
PNO  3791126
ISD  19740200
NAM  Kose et al.
OCL   57 53
LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  An empty bobbin supply device for use in a doffing machine which travels in
      front of spinning units and is adapted for doffing a cheese and donning an
      empty bobbin in place thereof. This empty bobbin supply device has a
      reserve box, a reserve conveyor and a horizontal transfer conveyor, which
      are all positioned substantially in a vertical direction. An empty bobbin
      comes downwardly by gravity from the reserve box and is received between
      transfer plates of the reserve conveyor. The bobbin is then transferred
      downwardly by the circulating reserve conveyor, and in the absence of a
      bobbin on the horizontal transfer conveyor, the bobbin is delivered
      therefrom, while when a bobbin is present on the transfer conveyor, the
      bobbin remains on the reserve conveyor. The terminal of the horizontal
      transfer conveyor serves as a stand-by position for an empty bobbin in the
      doffing portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an empty bobbin supply device for use in an
      automatic doffing and donning machine in a spinning machine, and more
      particularly to an empty bobbin supply device for supplying empty bobbins,
      commensurate to the doffing operation, with a required position for
      donning means which travels in front of a plurality of spinning units for
      doffing a fully wound cheese and donning or mounting an empty or
      replacement bobbin in place thereof.
PAR  2. Description of the Prior Art
PAR  Hitherto, an automatic doffing machine has been known, which travels in
      front of a plurality of spinning units in a spinning machine for doffing a
      fully wound cheese from the respective spinning unit and donning or
      mounting an empty bobbin in place thereof. The doffing machine of the type
      described consists of a doffing mechanism adapted to remove a fully wound
      cheese from a winding position, a donning mechanism adapted to mount an
      empty bobbin in the winding position, a mechanism adapted to receive a
      cheese from the doffing mechanism and a supply mechanism adapted to supply
      an empty bobbin to the donning mechanism. However, for a continuous
      doffing operation by the doffing machine, it is mandatory that the doffing
      machine itself have a plurality of empty bobbins therein and travel in
      front of the spinning units, and that the size of the aforesaid doffing
      machine should be a minimum.
PAR  On the other hand, the empty bobbin supply mechanism consists of a box
      adapted to contain a plurality of empty bobbins therein and means for
      separately taking out the empty bobbins from the aforesaid box and for
      transferring same to a position required for the donning mechanism.
      However, such an empty bobbin supply mechanism suffers from disadvantages
      in that the mechanism has to have a large size, coupled with the
      complication of the construction of the means for taking out the empty
      bobbins from the box and for transferring same to a required position. For
      instance, according to U.S. Pat. No. 3,307,340, there is disclosed a
      device in which a box containing empty bobbins therein is placed under a
      donning mechanism, and the bobbins are taken out from the box by using a
      conveyor having receptacles to transfer same to the donning mechanism.
      However, this still suffers from disadvantages, such as the use of an
      excessively long conveyor and the need to provide an excessive amount of
      power to drive the device. Particularly, with this device, the bobbins
      which have been transferred by the aforesaid conveyor are directly
      supplied to the donning mechanism, so that the conveyor for taking out
      bobbins can operate in synchronism with the donning mechanism, and on the
      other hand, in the case of a failure of a satisfactory operation for
      taking the bobbins out of the box, the supply of bobbins to the
      corresponding spinning unit will be interrupted.
PAR  As is apparent from the foregoing, the conventional devices have drawbacks
      in that they are complicated in construction, large in size, costly and
      particularly inconvenient for use in a doffing machine of the type which
      travels in a suspended fashion from the top rail of the spinning machine,
      rather than travelling on the floor.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an principal object of the invention to provide an empty
      bobbin supply device having a simple construction, which supplies empty
      bobbins from a magazine box to a bobbin donning or mounting mechanism in
      cooperation with a continuous doffing operation.
PAR  It is another object of the invention to provide an empty bobbin supply
      device which renders the shifting of bobbins from a box to a transferring
      means smooth and is compact in construction, while obviating the need to
      bring the bobbin transferring operation from a reserve box to a bobbin
      donning or mounting mechanism into synchronism with the doffing operation,
      by providing a reserve box containing empty bobbins therein, a reserve
      conveyor which has transfer plates for transferring the bobbins and
      communicates with the reserve box, and a transfer means for transferring
      empty bobbins to the bobbin donning or mounting mechanism, all of which
      are arranged in a substantially vertical direction in the order described.
PAR  It is a further object of the invention to provide an empty bobbin supply
      device, in which, in addition to the vertical arrangement of the aforesaid
      mechanisms or components, the reserve box is mounted in an inclined
      position to thereby take advantage of available space, thereby increasing
      the capacity of the box receiving bobbins, while casusing the empty
      bobbins to roll downwardly by their gravity along the inclined surface of
      the reserve box, thus precluding the empty bobbins from remaining therein.
PAR  It is a still further object of the invention to provide an empty bobbin
      supply device which will prevent the so-called bridge phenomenon of the
      empty bobbins within the reserve box by causing the transfer plates of the
      circulating reserve conveyor to intermittently abut the bobbins in the
      lowermost layer within the reserve box for the purpose of imparting
      vibration to the empty bobbins held within the reserve box.
PAR  It is a still further object of the invention to provide an empty bobbin
      supply device, in which the reserve boxes and reserve conveyors are
      arranged in a plurality of rows and there is provided a control means
      adapted to switch the delivery of the empty bobbins which are to be
      delivered from the rserve conveyor one way or another, whereby a great
      amount of empty bobbins may be stored or contained therein and a cycle for
      supplying the empty bobbins may be extended to a great extent.
PAR  According to the present invention, there is provided an empty bobbin
      supply device for use in an automatic doffing machine which travels in
      front of a plurality of spinning units for doffing a fully wound cheese
      and donning an empty bobbin in place thereof, said empty bobbin supply
      device comprising: means for containing empty bobbins therein and having
      an opening in its bottom; an endless conveyor means located under said
      opening of said bobbin-containing means and adapted to carry empty bobbins
      separately thereon and transfer said bobbins by the circulating movement
      thereof; and a transfer means located under said conveyor means and
      adapted to receive bobbins comming down from said conveyor, in the absence
      of a bobbin on the transfer means, and transfer the bobbins to the donning
      mechanism.
PAR  The detailed construction and other characteristic features of the device
      according to the present invention are hereinafter described in detail
      with reference to the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side view of an open end spinning frame provided with
      an empty bobbin supply device of the present invention;
PAR  FIG. 2 is a plan view showing, in its entirety, the open end spinning frame
      provided with an empty bobbin supply device of the present invention;
PAR  FIG. 3 is a plan view of a doffing machine;
PAR  FIG. 4 is a cross-sectional side view illustrating a doffing portion of the
      doffing machine, and a spinning unit;
PAR  FIG. 5 is a cross-sectional side view of an empty bobbin supply device
      according to the present invention;
PAR  FIG. 6 is a cross-sectional plan view of the device of FIG. 5;
PAR  FIG. 7 is a cross-sectional plan view of a bobbin control mechanism as
      shown in FIGS. 5 and 6;
PAR  FIG. 8 is an enlarged, partial view illustrating the relationship of a
      reserve conveyor to bobbins in the vicinity of any inlet as shown in FIG.
      5;
PAR  FIG. 9 is an enlarged, partial view illustrating the relationship of a
      temporary retaining member to bobbins in a bent portion of the reserve
      conveyor;
PAR  FIG. 10 is an enlarged, partial view showing the relationship of the
      bobbins to a guide roller in a drop-opening as shown in FIG. 5; and
PAR  FIG. 11 is a plan view of FIG. 10.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, an open ended spinning machine 7 is provided with
      a feed roller, combing mechanism, rotary chamber, yarn draft mechanism and
      the like, and above this is a draft roller 2 for a spun yarn supplying
      yarn 4 to a grooved winding drum. A bobbin holder 5 resiliently mounts a
      bobbin against the grooved winding drum 3 for the formation of the yarn
      cheese 6. A plurality of spinning units are arranged on the machine 7 in a
      known manner.
PAR  As has been described earlier, the present invention is associated with a
      doffing and donning machine which travels along the front face of the
      open-end spinning machine of the type described for doffing the cheese 6
      wound to a required size and donning an empty bobbin in place thereof,
      without interruption.
PAR  As shown in FIGS. 2 and 3, the doffing machine 9 consists of a doffing
      portion 13 incorporating doffing and donning mechanisms therein and a
      bobbin supply portion 14 provided adjacent to the side of the doffing
      portion 13, said doffing machine 9 being suspended from a rail 10 by
      rollers 11, which rail is provided above the spinning machine 7, and
      adapted to travel by means of a driving roller 12. When a fully wound
      cheese is prepared, the holder 5 is rotated upwardly by cam means provided
      in the doffing portion 13, the cheese 6 is thereby demounted from the
      winding drum 3, and the bobbin holder 5 is opened, whereby the cheese 6
      thus released is received on receiving dish 16 of the rotary doffer 15
      which has been rotated into position, thus doffing the cheese 6 (refer to
      FIGS. 3 and 4). In synchronism therewith, a supply arm 19 having a nipper
      18 grasping an empty bobbin therebetween is rotated upwardly to thereby
      position the bobbin 8 within the rotational locus of a catcher 20 provided
      on the rotary doffer for supplying the bobbin 8 to the catcher 20 which
      has been rotated in position, after which the catcher 20 is further
      rotated to shift the bobbin 8 into position in the holder 5. Then, the
      holder 5 is closed to hold the bobbin 8 therein, whereby the bobbin is
      removed from the catcher 20. Then, the holder 5 is further rotated
      downwardly, and thus the bobbin 8 is rotated in contact with the winding
      drum 3, thus re-starting the winding operation. The cheese 6 thus doffed
      is transferred to the end of the frame by means of a conveyor located in
      the rear of the rotary doffer 15 or introduced into the doffing machine
      for further transfer to a desired position.
PAR  The bobbin supply portion 14 of the present invention for supplying bobbin
      8 to the aforesaid bobbin supply arm 19 has a construction which will be
      described below.
PAR  In FIGS. 5 and 6, provided inside a casing 21 of the bobbin supply portion
      14, which casing is attached to the side of the doffing portion 13 and has
      a bottom communicating therewith, are two parallel endless conveyors 24,
      on which there are provided a plurality of transfer plates 23 on the outer
      circumference of a chain 22 at a spacing at least greater than the
      diameter of bobbins, said conveyors being adapted to effect a circulating
      movement. More particularly, chain wheels 29, 30 and 31 are supported on
      shafts 26, 27, 28 on supporting plates 25 and 25', while two chains 22 are
      engaged around the chain wheels 29, 30 and 31 in the form of a triangle,
      and there are provided a plurality of plates 32 (FIG. 8) the ends of which
      are affixed to the chain 22. Transfer plates 23 are attached to certain of
      the plates 32. According to the embodiment shown, a gear 33 journaled on
      the shaft 26 meshes with a gear 35 of a motor 34, and the reserve conveyor
      is driven from the chain wheel 29. Shown at 36 and 37 are guide plates
      defining a passage along which an empty bobbin is shifted, said guide
      plates extending along the outer circumference of the reserve conveyor 24
      and being secured by brackets 38 and 39 to the casing 21, while having
      inlets 40 and 40' and drop-opening 41 and 41' at the upper and lower ends
      thereof, respcetively. Furthermore, the side face of the reserve conveyor
      24 is covered with an annular guide plate 42 affixed to the guide plates
      36 and 37 and extending to the midpoint of the length of the transfer
      plate 23, thereby precluding the axial displacement of the bobbins.
PAR  On the other hand, the upper face of the casing 21 is closed with a
      partition wall 43 having two openings in register with the inlets 40 and
      40'  in the guide plates 36 and 37, said plate 43 being inclined parallel
      with the upper side of the reserve conveyor 24 and having removably
      mounted thereon reserve boxes 44 and 44' which contain empty bobbins 8
      therein. The inner width of the reserve boxes 44 and 44' is somewhat
      greater than the length of the bobbin 8, and the boxes 44 and 44' are
      located on the plate 43, being locked by stoppers 45. As has been referred
      to earlier, the partition plate 43 is inclined such that the reserve boxes
      44 and 44' will be located in an inclined position, as shown in FIGS. 1
      and 4, in the space defined by the upper side 7a of the frame of the
      spinning machine 7, rail 10 and rail supporting frame 10a. Such
      arrangement of the reserve boxes 44 and 44' is the most reasonable and
      efficient utilization of the locations of the reserve boxes 44 and 44',
      taking advantage of the upper space of the various types of existing
      spinning machines, within the small space provided in the doffing portion
      13. This further increases the capacity of the reserve boxes containing
      empty bobbins therein as compared with those placed vertically. In
      addition to such efficiencies, the bobbins placed on the partition plate
      43 move along the plate 43 by gravity toward the inlets 40 and 40', thus
      precluding the bobbins from remaining within the reserve boxes 44 and 44'.
PAR  Provided under the drop-openings 41 and 41' on the lower side of the
      reserve conveyor 24 is a horizontal transfer conveyor 46 extending to the
      doffing portion 13. The horizontal transfer conveyor 46 is trained around
      pulleys 48 and 48' supported for rotation on brackets 47 and 47' spaced a
      given distance from each other and the conveyor 46 is driven by drive
      means not shown. Provided on the opposite sides of and above the conveyor
      46 are guide pieces 49 and 49' opposed to each other, which define a
      guiding passage for the bobbins from the drop-openings 41 and 41' to the
      conveyor 46, while preventing the dropping of the bobbins 8 from the
      passage during the transfer thereof due to the circulating movement of the
      conveyor 46.
PAR  Provided in the vicinity of the terminal of the conveyor 46 is an arresting
      piece 50 which arrests the bobbins that have been transferred by the
      conveyor 46 thereto, thereby bringing the bobbins to a stand-by position
      until taken up by the bobbin supply arm 19. In addition, in the vicinity
      of the terminal of the conveyor 46, there is an angle-like horizontal
      member 51 extending upwardly from the floor surface of the casing 21 to
      support the upper run to the conveyor 46. When the bobbin 8 in the
      stand-by position is grasped by the catcher 20 of the bobbin supply arm
      19, the upper portion of the horizontal transfer conveyor 46 tends to be
      deflected downwardly under the load exerted from above, but such a
      deflection is prevented by the aforesaid horizontal member 51, whereby
      positive grasping of the bobbin by the catcher 20 is achieved, and there
      is no adverse effect on the succeeding bobbins.
PAR  In FIGS. 5 and 7, a control means 52 is provided somewhat below the guide
      plate 37 of the reserve conveyor 24, said control means consisting of two
      sector-shaped control plates 55 and 56 as shown in FIG. 7 driven by a
      shaft 54 of a motor 53 so as to rotate in either the clockwise or
      counterclockwise direction in a horizontal plane. The control 52 means is
      controlled and operated by the motor 53 so that the one control plate is
      rotated to close the drop-opening 41, the other control plate 56 is
      rotated to leave the drop-opening 41' open to permit bobbins 8 to be
      dropped therethrough. Thus, the controlled switching over of the
      rotational direction of the control means 52 determines from which reserve
      conveyor 24 the bobbin 8 is to be supplied.
PAR  As shown in FIG. 9, provided in the vicinity of the reserve conveyor 24
      close to the inlets 40 and 40' in the partition plate 43 on the side
      thereof toward which conveyor is moving is a temporary retaining member 57
      in the form of plate spring, one end of which is affixed to the guide
      plate 37 and which projects within the path of the bobbin 8, such that due
      to the movement of the reserve conveyor 24, the member 57 will be
      deflected as shown by the phantom line, being urged by the bobbins or
      transfer plates 23 out of the path of the bobbins 8 and the transfer
      plates 23. In addition, shown at 58 in FIG. 5 is a guide roller which is
      rotatably supported on the lower edge portion of the guide plate 36, said
      guide roller being positioned so as to contact the bobbins carried on the
      reserve conveyor 24.
PAR  In the operation of the empty bobbin supply device of the invention, the
      reserve boxes 44 and 44' containing a sufficient amount of bobbins 8 are
      mounted, as shown in FIG. 5, on the partition plate 43, with the openings
      thereof facing downwards. The chain 22 is driven by the motor 34 through
      gears 35 and 33, shaft 26 and chain wheel 29 to thereby circulate the
      reserve conveyor in the direction of the arrow. In this respect, however,
      when a bobbin 8 is not present between the transfer plates 23 on the
      reserve conveyor 24, then the bobbins 8 within the reserve boxes 44 and
      44' will be dropped through inlets 40 and 40' into the spaces between the
      transfer plates 23 and the bobbins will be transferred by the reserve
      conveyor 24. On the other hand, when a bobbin 8 is present between the
      transfer plates 23 then the bobbins in the lowermost layer within the
      reserve boxes 44 and 44' will abut the bobbins 8 between te transfer
      plates 23, rather than dropping into the spaces between the transfer
      plates 23. In this case, empty bobbins are present on the upper run of the
      reserve conveyor 24 at all times, being fed by gravity through the
      passages 40 and 40' from the reserve boxes 44 and 44'. Since the transfer
      plates 23 are slightly longer than the diameter of the bobbins 8 and the
      space between the plates is also slightly longer than the bobbin diameter,
      as shown in FIG. 8, the bobbins in the lowermost layer within the reserve
      boxes 44 and 44' move up and down by distance or amplitude corresponding
      to the difference (h) between the height of the bobbin held between the
      transfer plates 23 and that of the transfer plate 23, thereby imparting
      intermittent movements to the bobbins in a slant direction. Accordingly,
      such movements positively cause the movements of all the bobbins 8 within
      reserve boxes, thus preventing the so-called bridge phenomenon created due
      to the balance in forces on the bobbins which are piled one on top of the
      other within the boxes.
PAR  In addition, in the bent portion of the reserve conveyor 24 where the
      conveyor runs around the chain wheel 29, as is clear from FIGS. 4 and 9,
      the space between the tops of the transfer plates 23 will be increased,
      and thereby there will be provided an excessive spacing between transfer
      plates 23, such that the bobbins on the conveyor 24 will move to some
      extent due to the load of the bobbins within the reserve boxes 44 and 44',
      and then the bobbins in the upper level will drop into the space formed in
      the rear thereof, thus resulting in the bobbins 8 being held between the
      upper edge of the guide plate 37 and the transfer plate 23. However,
      according to the present invention, even if the speed of the transfer
      plate 23 is increased at the bent portion of the conveyor 24 and the
      spacing between the transfer plates 23 is also increased, a bobbin 8 will
      be held under the inlets 40 and 40' by means of the temporary retaining
      member 57, thereby precluding the bobbins in the upper level from
      dropping. When the succeeding transfer plate 23 pushes the bobbin 8 due to
      the circulating movement of the reserve conveyor 24, the temporary
      retaining member 57 will be deflected to the position shown by phantom
      line and retracted from the path of the bobbins 8.
PAR  As can be readily understood from the foregoing description, the aforesaid
      temporary retaining member 57 should not necessarily be limited to a
      member such as a plate spring, but may be made of any flexible materials
      such as felt, sponge or the like, which protrudes into the path of the
      bobbins and is affixed to the inner surface of the guide plate 37, as long
      as it presents a certain amount of resistance to the movement of the
      bobbins carried between the transfer plates 23 and temporarily prevents
      the advancing movement thereof in the advancing direction.
PAR  The bobbins move downwards by gravity past the bent portion of the reserve
      conveyor 24 which extends around the chain wheel 29 being restrained by
      the preceding transfer plate 23, and will rest on the guide plate 37 and
      will further move past the bent portion where the conveyor extends around
      the chain wheel 30, and are then pushed by the succeeding transfer plates
      23 to move in a horizontal direction. When a bobbin 8 on one of the
      reserve conveyors 24 reaches the drop-opening 41 or 41', if the control
      means 52 has been positioned to move the control plates 55 or 56 for that
      conveyor so that it is retracted away from the drop-opening, the bobbin is
      dropped from the one reserve conveyor 24 and is positioned on the
      horizontal transfer conveyor 46.
PAR  During the operation of the doffing machine, the horizontal transfer
      conveyor 46 is driven at all times, and the bobbins 8 placed on the
      conveyor are guided by the guide pieces 49 and 49' in a line-contact
      relation with the conveyor 46 and so as not to come off the conveyor 46
      moving in the direction of the arrow until they abut the arresting piece
      50 at the end of the conveyor and stop thereat, i.e., in the stand-by
      position for the picking-up operation by the catcher 20 of the bobbin
      supply arm 19. In this condition the bobbins in the stand-by position are
      maintained in a line-contact relation with the horizontal transfer
      conveyor 46, while slipping thereon and being urged against the arresting
      piece 50 due to the frictional force created by the conveyor 46.
      Accordingly, the bobbins 8 are maintained in the stand-by position in an
      optimum position and attitude, despite the doffing machine being moved in
      front of the spinning units and undergoing vibration. This ensures a
      positive bobbin grasping action of the catcher 20.
PAR  When the horizontal transfer conveyor 46 is full of bobbins 8, a bobbin 8
      reaching the drop-opening 41 of the guide plates 36 and 37, as shown in
      FIGS. 10 and 11, is prevented from dropping by the bobbin 8 positioned on
      the conveyer 46 and it is then transferred upwardly by being urged by the
      transfer plate 23 along the circulating path of the reserve conveyor, thus
      repeating the circulating movement.
PAR  The guide roller 58 which is rotatable and provided in each of the
      drop-openings 41 and 41' abuts the bobbin 8 which is being transferred
      toward the aforesaid drop-openings 41, 41' and rotates to positively guide
      the bobbin 8 onto the horizontal transfer conveyor 46 or toward the guide
      plate 36, thus assisting in shifting of the bobbins in both directions at
      that point, so that the bobbin is prevented from being held between the
      transfer plate 23 on the reserve conveyor 24 and the edge portions of the
      drop openings 41 and 41', thereby permitting a continuous operation of the
      reserve conveyor 24.
PAR  As the doffing operation prceeds, when the bobbins within the reserve box
      located on one side and on the reserve conveyor 24 are all used, then the
      motor 34 will be started by means of a manual switch or some appropriate
      detecting means, thereby rotating the control means 52 to displace the
      control plate 56, thus causing the empty bobbins to be supplied from the
      other reserve box 44'. After such a switch-over operation, the empty
      reserve box is replaced by another reserve box filled with bobbins.
      However, it should be noted that such a replacement may be carried out at
      any time, either when the reserve box becomes empty or when the both
      reserve boxes become empty. In passing, in the aforesaid embodiment, the
      reserve boxes 44 and 44' are so designed that they can be replaced
      individually, but they may be replaced in an integral relation. In this
      case, however, both reserve boxes can be supplied with empty bobbins only
      when both become empty. However, the operation of the doffing machine 9
      need not be interrrupted, since a considerable number of empty bobbins
      still remain on the reserve conveyor 24.
PAR  In addition to this, according to the bobbin supply device of the present
      invention, the bobbins 8 are stored on the reserve conveyor 24 at all
      times, and only when a bobbin 8 is not present on the horizontal transfer
      conveyor 46 is the reserve conveyor 24 automatically supplied with
      bobbins, such that the transferring operations of the reserve conveyor as
      well as the horizontal transfer conveyor 46 need not be in synchronism
      with the doffing operation in the doffing portion, nor the operations of
      the two conveyors 24 and 46.
PAR  It will be understood that the above description is merely illustrative of
      the preferred embodiments of the invention. Additional modifications and
      improvements can be readily anticipated by those skilled in the art from
      the present disclosure and such modifications and improvements may fairly
      be presumed to be within the scope and purview of the invention as defined
      by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An empty bobbin supply device for use in an automatic doffing machine
      which travels in front of a plurality of spinning units for doffing fully
      wound cheeses by means of a doffing mechanism and donning empty bobbins in
      place thereof by means of a donning mechanism, comprising:
PA1  bobbin containing means for containing empty bobbins and having an opening
      in the bottom thereof;
PA1  endless conveyor means located in a position under the bottom of said
      bobbin containing means for separately carrying thereon empty bobbins
      moving down through the opening of said bobbin containing means and
      transferring the carried empty bobbins substantially downwardly; and
PA1  transfer means located in a position below the lower run of said conveyor
      means for receiving the bobbins coming down from said conveyor means in
      the absence of a bobbin on said transfer means and transferring the
      bobbins to the donning mechanism while remaining at a level below the
      lower run of said conveyor means.
NUM  2.
PAR  2. An empty bobbin supply device as set forth in claim 1, wherein said
      bobbin containing means consists of removable boxes having bottom surfaces
      which have said opening therein inclined toward the spinning units.
NUM  3.
PAR  3. An empty bobbin supply device as set forth in claim 1, wherein said
      bobbin containing means is located on the side of a doffing and donning
      mechanism and contains bobbins in positions with their longitudinal axes
      in parallel to the length of the frame with the spinning units thereon.
NUM  4.
PAR  4. An empty bobbin supply device for use in an automatic doffing machine
      which travels in front of a plurality of spinning units for doffing a
      fully wound cheese by means of a doffing mechanism and donning empty
      bobbins in place thereof by means of a donning mechanism, comprising:
PA1  a reserve box for containing empty bobbins and having an opening in the
      bottom thereof adapted to pass said empty bobbins therethrough;
PA1  an endless reserve conveyor located under the opening of said reserve box
      and having a plurality of transfer plates on the circumference thereof
      spaced at intervals greater than the diameter of the bobbins, said
      transfer plates protruding outwardly therefrom, said reserve conveyor
      receiving between said transfer plates the bobbins which come down from
      said reserve box and transferring said bobbins along the circumference
      thereof; and
PA1  transfer means located under said reserve conveyor and in a position spaced
      downwardly from said reserve conveyor a distance at least equal to the
      diameter of a bobbin and receiving bobbins from the lower run of said
      reserve conveyor and transferrring same to a bobbin donning mechanism at a
      level below the lower run of said reserve conveyor.
NUM  5.
PAR  5. An empty bobbin supply device as set forth in claim 4, further
      comprising a second reserve box and a second reserve conveyor arranged
      side by side with said firstmentioned reserve box in a directing parallel
      to the direction of movement of said transfer means, and a control means
      between the first and second reserve conveyors and said transfer means for
      permitting delivery of bobbins from the lower run of one or the other
      reserve conveyor to the transfer means.
NUM  6.
PAR  6. An empty bobbin supply device as set forth in claim 5, wherein each
      reserve conveyor has a guide plate therearound with an opening along the
      lower run which permits the passage of bobbins to said transfer means, and
      said control means consists of two sector-shaped control plates for
      closing the openings in said reserve conveyor guide plates, said control
      plates being pivotally mounted between the two reserve conveyors, and a
      drive means coupled to said control plates for rotating said control
      plates.
NUM  7.
PAR  7. an empty bobbin supply device as set forth in claim 4, wherein said
      reserve conveyor has the upper run facing said opening inclined at an
      angle toward the spinning units and has a partition plate above said
      reserve conveyor and inclined parallel to the upper run of said conveyor,
      said partition plate having an inlet opening corresponding to the opening
      in said reserve box for dropping the bobbins therethrough, said inlet
      facing the upper run of said conveyor.
NUM  8.
PAR  8. An empty bobbin supply device as set forth in claim 7, wherein the
      transfer plates of said reserve conveyor have a height somewhat greater
      than the diameter of a bobbin, and the outer circumference of said reserve
      conveyor has a guide plate therearound having an opening which permits the
      passage of the bobbins to said transfer means.
NUM  9.
PAR  9. An empty bobbin supply device as set forth in claim 8, further
      comprising a temporary retaining means in said reserve conveyor a position
      along said reserve conveyor just past the opening of said reserve box in
      the direction of movement of said reserve conveyor, said retaining means
      engaging a bobbin on the reserve conveyor and being retracted out of the
      path of the transfer plates as the transfer plates move.
NUM  10.
PAR  10. An empty bobbin supply device as set forth in claim 9, wherein said
      temporary retaining means is a resilient plate member having the base
      portion thereof affixed to the edge of the opening in said guide plate at
      the reserve box.
NUM  11.
PAR  11. An empty bobbin supply device as set forth in claim 8, wherein said
      transfer means is spaced a distance from said guide plate, said distance
      being greater than the diameter of a bobbin.
NUM  12.
PAR  12. An empty bobbin supply device as set forth in claim 11, wherein said
      transfer means consists of a continuously driven endless transfer
      conveyor, an arresting means for engaging a bobbin at the end of said
      conveyor remote from said reserve conveyor and a guide means along the
      sides of said transfer conveyor for guiding bobbins along said conveyor.
NUM  13.
PAR  13. An empty bobbin supply device as set forth in claim 12, further
      comprising support means for supporting the upper run of said transfer
      conveyor from below at said end of said transfer conveyor.
NUM  14.
PAR  14. An empty bobbin supply device as set forth in claim 13, wherein said
      support means consists of a channel member having a horizontal member
      supporting the upper run of said transfer conveyor from below.
NUM  15.
PAR  15. An empty bobbin supply device as set forth in claim 8, wherein said
      guide plate has a roller mounted in the opening thereof for rotating in
      abutting relation with bobbins, said roller being on the side of said
      opening toward which the lower run of said reserve conveyor is moving.
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ABST
PAL  A ballon limiter in a textile machine with wetting means to supply a liquid
      for treatment of a ballooning thread in its limited path therethrough, the
      wetting means including a holder fastened over flow openings in the
      balloon limiter wall, a casing mounted in the holder and containing at
      least one insert of absorbent material which is impregnated with the
      treatment liquid and which is provided with projections extending through
      the flow openings in the balloon limiter wall for direct contact with the
      ballooning thread, and clamping means to releasably fasten the casing in
      the holder over the flow openings.
BSUM
PAR  In the operation of textile machines, it is common to form a thread or yarn
      balloon below or following a thread guide eyelet, the balloon being
      elongated in the direction of the spindle axis or extending around the
      spindle axis in a symmetrical manner. The so-called "balloon" describes
      the circular pattern or rotating path of the thread as it is drawn off
      through the guide eyelet or any similar guide means.
PAR  For a number of reasons, it is desirable to keep the diameter of the thread
      balloon as small as possible. A smaller balloon diameter permits the parts
      of the machine to be reduced in size and also makes it possible to lower
      the tension on the thread, such tension becoming a very serious problem if
      the balloon diameter is too large. It is therefore conventional in
      commercial textile machines to use ring- or cup-shaped balloon limiters in
      order to restrict the diameter of each thread balloon. However, highly
      undesirable effects arise due to the rubbing and friction between the
      thread and the contacting surfaces of the ring or cup wall over which the
      thread continuously runs. For example, such frictional contact increases
      the tensions on the thread or yarn and can cause serious reduction in the
      tensile strength of the product. Such a disadvantage is especially
      noticeable in the treatment or processing of fibrous yarns of cotton or
      wool and also mixed yarns of natural and synthetic fibers such as
      wool/polyester yarns. Small projecting fiber ends can break off and be
      whirled or blown around the room by the air stream produced by the rapidly
      rotating balloon. The resulting fibrous particles finally deposit in a
      troublesome manner on the machine elements as well as on the thread or
      yarn so as to unfavorably influence the quality of the final product.
      Moreover, the thread being abraded along the inner surface of the mantle
      or cylindrical walls of the balloon limiter discharges or unloads dyestuff
      and oligomers so as to form a crust or similar solid deposit on the inner
      wall surfaces. Aside from reducing the rotary speed of the spindle and its
      balloon, these crust-like deposits cause damage to the thread or yarn.
PAR  In order to meet and attempt to overcome these difficulties, it has already
      been suggested that the balloon limiter be provided with a storage
      container for a wetting agent which can be used to wet the thread in its
      passage through the balloon limiter. See German Auslegeschrift (DAS)
      1,510,521. As passages or fluid connections for the wetting agent to flow
      from the storage container arranged on the outer circumference of the
      balloon limiter wall or mantle into its interior wall surfaces, there are
      provided small slots, fine bores or hair-thin gaps. Since these relatively
      fine liquid passages or channels in the metal wall of the mantle wall
      become clogged with fiber rubbings or so-called "fiber dust" over a period
      of time, it is important to periodically clean this wetting device. In
      most cases, it is necessary to dismantle the balloon limiter together with
      the wetting device from the rest of the textile machine. The operation of
      the machine must always be discontinued at the thread treating position or
      unit being cleaned. This work is costly in time and personnel and cannot
      always be attended to by available service personnel.
PAR  Depending upon the particular type of textile machine, such cleaning may
      also require several neighboring or simultaneously operated spinning or
      twisting spindles to be shut down at the same time. For wetting systems in
      which dosing and feed devices are provided to supply the storage container
      on the balloon limiter, there are circumstances under which the entire
      textile machine must be taken out of operation. Thus, the operation of
      balloon limiters equipped with wetting devices has not been very
      satisfactory and does not permit continuous trouble-free operation in
      commercial practice.
PAR  One object of the present invention is to provide a balloon limiter of the
      type described above equipped with a wetting device or liquid feed means
      which may be effectively cleaned or replaced without dismantling or even
      partially disassembling the balloon limiter itself, i.e. the wall portions
      which are in running or limiting contact with the thread balloon. It is
      also an object to permit the continuous undisturbed operation of the other
      working positions of the same machine, during cleaning, and even to permit
      at least partial cleaning of a balloon limiter without taking it out of
      operation.
DRWD
PAR  These objects and their advantages will become more apparent from a careful
      consideration of the following detailed disclosure of the invention and
      the particular embodiments thereof illustrated in the accompanying drawing
      in which:
PAR  FIG. 1 is a longitudinal section on the axis of a cup-shaped or pot-type of
      balloon limiter constructed in accordance with the invention with special
      wetting means in combination therewith;
PAR  FIG. 2 is a transverse cross-sectional view taken on line A--A of FIG. 1
      through the balloon limiter and its wetting means;
PAR  FIG. 3 is a longitudinal section through another embodiment of a wetting
      means of the invention on the wall of the balloon limiter, part of which
      is omitted where otherwise similar to FIG. 1;
PAR  FIG. 4 is a longitudinal section through still another embodiment of the
      wetting means of the invention in a view otherwise similar to both FIGS. 1
      and 3; and
PAR  FIG. 5 is a partial sectional view of yet another embodiment of the wetting
      means.
DETD
PAR  As illustrated in the drawings and discussed more fully in the following
      detailed specification, the present invention is generally directed to a
      textile machine having a balloon limiter of circular cross-section with
      wetting means to supply a liquid for treatment of a thread conducted
      through the balloon limiter. The wetting means including a casing which
      contains at least one liquid impregnated insert arranged over openings in
      the wall of the balloon limiter to permit a flow of the treatment liquid
      from the impregnated insert into the interior of the balloon limiter.
PAR  The improvement in this apparatus, in accordance with the invention,
      includes a holder arranged on the outer circumference of the balloon
      limiter wall and adapted to hold or mount the casing, clamping means to
      releasably fasten the casing in this holder, and at least one absorbent
      insert within the casing for transmitting the treatment liquid into the
      balloon limiter interior, this at least one insert including projections
      thereon extending through the flow openings in the balloon limiter wall
      for direct contact with the thread being conducted therethrough. This
      direct contact can occur tangentially to the thread path of balloon
      pattern or else the projections can extend slightly in this thread path or
      balloon pattern.
PAR  While the casing with a suitable absorbent insert or preferably a plurality
      of layered inserts can be removably mounted in the holder, it should be
      constructed and fastened by the clamping means so that it completely
      encloses or encases at least one insert in a liquid tight manner, i.e. on
      all sides except over the flow openings in the balloon limiter wall. Thus,
      the casing is tightly fastened, i.e. clamped or braced, between the holder
      and the outer circumference of the balloon limiter wall so as to form a
      liquid seal around the perimeter of the flow openings in the balloon
      limiter wall. Such a liquid seal between this wall and the side members of
      the casing can be accomplished by a gasket or any other suitable sealing
      means.
PAR  The clamping means can be provided in accordance with a number of different
      embodiments of the invention as discussed in greater detail below, for
      example using at least one clamping cam fastened onto a locking rod and
      mounted to lockingly press the casing into its liquid tight or sealed
      position between the holder and the outer circumference of the balloon
      limiter wall. The clamping means may also be constructed as a wedge braced
      or supported on one face by a wedge-shaped portion of the holder with
      means to releasably tighten the two wedges by drawing them together in
      axial direction, thereby expanding their effective width or thickness in
      radial direction. The two co-acting wedges are preferably formed by the
      back wall of the casing as one wedge and most advantageously by an axially
      slidable wall of the holder as the other wedge. Yet another clamping means
      can be provided by a leaf spring or other suitable spring means introduced
      between an outer cover wall of the holder and the back wall of the casing
      to releasably press or clamp the casing in place.
PAR  The present invention also preferably includes feed means to supply liquid
      to the absorbent inserts in the casing, i.e. a wick of an absorbent
      material similar to at least one of the inserts in the casing. It is
      especially useful to have one insert layer of a number of inserts in the
      casing serve as a wick leading out of the casing into a suitable liquid
      supply conduit.
PAR  In some instances, it will be desirable to arrange at least two or even
      more holders to hold a corresponding number of separate wetting means on
      the outer circumference of each balloon limiter. This permits one to
      always keep the balloon limiter in operation even though one wetting means
      is taken out of operation. For example, the wetting device 4 shown in
      FIGS. 1 and 2 may be duplicated on the opposite side of the balloon
      limiter 1 over another set of openings in the wall 2. It is also feasible,
      of course, to arrange these wetting devices one above the other or
      side-by-side on the outer circumference of the balloon limiter, preferably
      with a separate valve V controlling the liquid supply to each wetting
      device.
PAR  As will be seen in detail in FIGS. 1 and 2, the balloon limiter 1 has a
      pot-like shape with a cylindrical upper wall 2 tapering conically inwardly
      at the bottom, e.g. to approximately follow the thread balloon pattern. By
      means of machine screws 3 or the like, the wetting device 4 is fastened
      onto the outer circumference of the wall 2. This wetting device
      essentially includes the holder 5 and the inner casing member 6 which
      receives the inset layers of two inserts 7 and 8 as well as an insert
      consisting essentially of the projections 9 which are preferably made of
      felt. As shown in FIG. 1, these projections 9 extend slightly beyond the
      inner surface of the wall 2 through the circumferential slots 10 into the
      interior of the balloon limiter 1. On the other hand, as shown in FIG. 5,
      the projections 9' may also be constructed of a porous sintered metal as
      the absorbent material of this innermost insert and mounted on an
      absorbent or similarly porous but flexible backing member 9" so that the
      crown of each projection is even with the inner surface of the limiter
      wall 2, i.e. to be in tangential running contact with the thread balloon
      limited by this wall 2. Such a crowned or slightly bowed or convex
      projecting insert 9' is especially desirable if this insert is a
      relatively hard and inflexible absorbent material which might tend to
      damage the thread or yarn. A felt or similar flexible fibrous insert may
      have any suitable shape fitting into the slots or openings 10.
PAR  As indicated in FIGS. 1 and 2, the prism-shaped felt projections 9 extend
      at their crown or apex by a distance of not more than about 1 millimeter
      into the circular interior of the balloon limiter 1, i.e. with reference
      to the inner diameter of the cylindrical wall 2.
PAR  The prism-shaped felt projections 9 or sintered metal inserts 9' (FIG. 5)
      and their slots 10 are arranged parallel to one another in the wall 2 on
      planes perpendicular to the balloon limiter axis. The number of inserts
      and their respective slots depends upon the height of the pot-like balloon
      limiter 1 or upon the length over which the thread balloon moves in at
      least occasional running contact with the balloon limiter wall 2.
PAR  An important element or assembly of the wetting device according to the
      invention is the clamping means which permits the casing 6 containing
      inserts 7 and 8 to be releasably fastened or clamped in place in direct
      contact with inserts 9 over the openings 10. The casing 6 is thus
      removable from the holder 5 but can be fixed in place during normal
      operation.
PAR  As illustrated in FIGS. 1 and 2, the clamping means includes the locking
      pin or rod 11 which is supported by bores 14 and turnable in the casing 6
      by means of the handle 11a in order to rotate the eccentric clamping cam
      12 from an open position where the casing is axially movable or slidable
      in holder 5 to the closed or locked position shown in the illustrated
      embodiment. The locking finger 13 at one end of rod 11 passes through a
      cutout 15 in the holder 5 to be tensioned in locking position as shown on
      the side wall of the holder or by locking with any other suitable
      arrangement to prevent the release of cam 12 during operation of the
      textile machine.
PAR  Such clamping means are not only advantageous in providing a quick release
      and locking mechanism for rapid interchange of the locked parts but in
      addition serve to ensure a liquid tight closure or connection of the
      interchanged parts especially casing 6, with the balloon limiter wall 2. A
      sealing strip or packing cord 21 can be provided in the wall contacting
      surfaces of the casing 6 to achieve a completely liquid tight sealing on
      the wall 2. A rubber O-ring or the like may also be used as this sealing
      strip to provide an elastic or resilient joint which need not be replaced
      after each removal of the casing. These and similar conventional sealing
      means can be readily adopted for purposes of achieving a liquid tight
      casing around the liquid impregnated inserts externally of the balloon
      limiter 1.
PAR  In order to supply liquid to the wetting device when it is locked in place,
      the feed bore or inlet channel 16 contains a wick 17 which can be held by
      the transverse pin 18 in the short feed pipe or nipple 19 to prevent
      movement of the wick in axial direction. Connected to the nipple 19 on the
      holder 5 is a flexible, tubular feed conduit 20, for example a transparent
      plastic tube or the like which can be stretched in diameter to fit tightly
      on the nipple 19.
PAR  The wick 17 extends into a main feed line (indicated schematically) which
      supplies the treatment liquid used as a wetting agent for the yarn, e.g.
      water, a finishing preparation, lubricant or other liquid as commonly
      required for threads, yarns or the like. This main feed line can also be
      connected to a main supply vessel or manifold containing the liquid used
      for servicing a large number of individual wetting devices on individual
      balloon limiters of the same textile machine or even on different
      machines, e.g. typical spinning and twisting machines and especially
      two-for-one twisting machines.
PAR  The wick 17 terminates upon entry into the holder 5. However, the wick
      extends sufficiently far into the holder bore 16 so that it comes into
      liquid transmitting contact with the absorbent insert 7 and is placed
      thereagainst under some degree of pressure due to the application of the
      locking finger 13 on the lower end wall of holder 5, thereby drawing the
      casing 6 up tightly against this end wall. The resulting pressure is also
      sufficient to create a liquid tight seal between the casing 6 and the
      holder 5 at this feed entry point. The liquid entering via wick 17 flows
      through the intermediate layers 7 and 8 of liquid absorbent material and
      then radially inwardly of the balloon limiter wall 2 through openings or
      slots 10 by means of the prism-shaped absorbent members 9 projecting very
      slightly into the interior of the balloon limiter.
PAR  The rotating balloon of the thread or yarn takes up the liquid at a steady
      rate from the projections 9 so that it is not necessary to force the flow
      of liquid through the wetting device. Instead, there is natural capillary
      or equalizing effect in the absorbent layers and feed wick which provides
      a natural flow of liquid at about the same rate at which it is consumed.
      If desired, some pressure can be exerted through the feed liquid to
      increase the rate of flow but this is not ordinarily required. As
      absorbent material for the liquid impregnated wick and the various inserts
      in the casing, it is possible to use a porous sintered metal but it is
      especially preferable to use a felt or fibrous web or mat which readily
      takes up the liquid and transmits it through the wetting device.
PAR  In order to interchange the inserts 7, 8, 9, the casing 6 is removed from
      the holder 5 by rotating the locking rod 11 with the help of the handle
      11a through an angle of about 90.degree. so that the clamping cam 12 comes
      free from the back wall of the holder 5 and also so that the locking
      finger 13 is released from the lower end wall of the holder 5. The casing
      6 together with its contents can be drawn off out of the holder 5 in axial
      direction with reference to the balloon limiter 1. The insertion of a
      fresh casing 6 which has been prepared in advance and provided with new
      inserts 7, 8, 9, is accomplished by reversing the steps in order to
      reassemble and lock the casing 6 in the holder 5. The partly clogged or
      inefficient inserts 7, 8, 9, of the removed casing 6 can then be exchanged
      for corresponding new inserts. In some cases, it is sufficient to replace
      only the prism-shaped projecting inserts 9 because the intermediate
      inserts 7 and 8 can be reused.
PAR  The embodiment illustrated in FIG. 3 includes the inserts 7, 8, 9, as well
      as wick 17 with liquid supply means corresponding to the same functional
      parts in the embodiment of FIGS. 1 and 2. Therefore, such parts or
      elements have been identified with the same reference numerals. The holder
      22 is again fastened by means of screws or the like on the outer
      circumference of the balloon limiter wall 2. This holder has a tapped bore
      23 extending axially in its back wall segment 22'. This tapped bore is
      adapted to receive a tightening bolt 30 in order to lockingly clamp the
      wetting device together as will be more fully explained.
PAR  The back wall of the casing 24 containing the inserts 7, 8, 9, is bevelled
      with reference to the outer circumference of the limiter wall 2 and
      contains a groove 25 which runs on the follower pin 26 connected rigidly
      in the wedged-shaped clamping member 27. This clamping wedge 27 contains a
      flange 28 at its upper end with a bore 29 through which the bolt 30 is
      carried. By tightening the bolt 30 in the tapped hole 23 of holder 22, the
      clamping wedge 27 is moved between the back wall of the casing 24 on the
      one hand and the back wall 22' of the holder 22 on the other hand, in
      opposition to the force exerted by the spring 31, so that the casing 24
      equipped with the sealing means 21 is pressed in liquid tight connection
      against the outer wall 2 of the balloon limiter.
PAR  In order to exchange the inserts or at least part of the inserts 7, 8, 9,
      the casing 24 is removed from the holder 22 in the embodiment shown in
      FIG. 3 by loosening the bolt 30. The force of the spring 31 then causes
      the clamping wedge 27 to move in the direction of the loosened bolt, i.e.
      so as to move axially upwardly out of its wedged position. Finally, the
      clamping wedge 27 is completely removed from the holder 22 as the guide
      ring 32 engages the flange 28 during the upward movement of the bolt 30.
      The follower pin 26 running in the groove 25 of casing 24 thereby engages
      the upper end of the groove near the top portion of casing 24 so as to
      remove this casing together with the inserts 7, 8, 9. A subsequent
      exchange of the inserts 7, 8, 9, or at least the projecting inserts 9 can
      then be accomplished as described above in connection with the embodiment
      of FIGS. 1 and 2.
PAR  In the embodiment of the invention according to FIG. 4, the holder 33 is
      again fastened with screws onto the balloon limiter wall 2. In this case,
      a cover or cap member 34 closes off the interior of the holder 33 with a
      liquid tight seal produced by the packing or sealing member 35. By means
      of a screw 34' extending into the side wall of the holder 33, the cover 34
      is removably fastened onto the holder 33. (One of these screws 34' is
      shown with broken lines in the position where it screws into the side wall
      of the holder.) The cover 34 carries a metal sheet 36 which extends over
      the entire width of the holder 33 down to the inlet channel or bore 39
      where the plastic supply tube 20 is attached. In this embodiment, the
      sheet-metal casing member 36 acts only as a rigid backing for absorbent
      inserts 38, 8, 9, arranged in a manner similar to the inserts 7, 8, 9 of
      the preceding embodiments. The first insert 38 which is directly supported
      or clamped by the sheet-metal casing 36 is of particular advantage because
      this insert 38 can be extended outwardly through the channel 39 into
      supply tube 20 to provide a wick which is identical to the insert 38.
PAR  The clamping means for the wetting device of FIG. 4 comprises a leaf spring
      37 bolted or otherwise fastened to the sheet-metal casing 36 while being
      pressed against the inner back wall surface of the holder 33. This permits
      the inserts 38, 8, 9, to be braced between the casing member 36 and the
      outer circumference of the balloon limiter wall 2 under the relatively
      light spring pressure of the leaf spring 37. Again, the prism-shaped
      projections of inserts 9 are clamped firmly in their positions in the
      slots or openings 10. Also, it is desirable to provide ceiling means 21
      between the holder 33 and/or annular collars such as collar 40 which is
      likewise sealed in closing contact with the cover 34.
PAR  The embodiment of the wetting device in FIG. 4 differs not only in
      providing a wick and intermediate insert 38 as a single piece, but it will
      be seen that the casing member 36 is provided by a single metal sheet
      while the holder 33 is completely enclosed around the casing and inserts
      in liquid tight fashion. Moreover, the combined wick and insert 38 can be
      drawn off from the upper end of the holder 33 by lifting off the cover 34.
      The leaf spring 37 does not prevent this axial removal of the casing 36
      with the cover 34, and upon reinsertion of a new casing with fresh
      inserts, this leaf spring 37 is easily depressed to again exert its
      clamping function. Because the intermediate insert and wick 38 seldom
      needs to be replaced, only the clogged or spoiled inserts 8, 9, need to be
      replaced when reinserting the casing 36 with insert 38. The much longer
      life of the insert 38 thus simplfies the replacement of inserts.
PAR  The bore or channel 39 in FIG. 4 is substantially enlarged in comparison to
      the bores 16 as described in FIGS. 1-3 so that the combined wick and
      insert 38 can even be retained in the holder 33 when removing the cover 34
      with casing member 36 and leaf spring 37. The insert 38 can be permitted
      to fall over against the back wall of the holder 33 until it is lifted
      back in front of the reinserted casing member 36.
PAR  In all of the illustrated embodiments, the casing member 6 or 36
      essentially acts as a bracing or pressure-exerting support member through
      suitable clamping means between the holder 5, 33 and the casing 6, 36. As
      will be seen, there are a variety of ways in which the entire wetting
      device can be assembled and locked in place while still permitting a very
      rapid exchange of the individual inserts.
PAR  This is also true when using the embodiments indicated in FIG. 5 where the
      projecting inserts 9' are made of a sintered, porous metal adhered to a
      backing web or sheet 9" which is also a porous, absorbent material, this
      combined insert 9', 9", being pressed in place with the remaining inserts
      6", 7, 8 and clamped as in any of the preceding embodiments. The sintered
      metal projecting inserts 9' are semi-circular in cross-section and extend
      into openings 10 so as to be tangential to the inner surface of wall 2.
      One of the remaining inserts 6" may also be composed of a porous, sintered
      metal to provide a reinforced or stronger backing for the inserts 7, 8. In
      this case, a wick preferably leads into or is identical with the insert 7.
PAR  It is quite advantageous for purposes of the present invention to provide
      the projecting inserts so that they extend at least in the tangential
      position shown in FIG. 5 or to project slightly further from the openings
      10 into the balloon limiter. This structure insures that the treatment
      liquid is coated in sufficient amounts onto the thread or yarn so as to
      avoid the disadvantage arising when there is no wetting device on a
      balloon limiter. The liquid tight connected between the holder or casing
      of the wetting device and the wall of the balloon limiter permits the
      twisting spindle to be mounted in any desired position of the machine
      without danger of the liquid entering into parts of the machine and
      causing undesirable damage or soiling.
PAR  A further advantageous effect of the improvement according to the invention
      resides in the fact that the previously troublesome and unpleasant
      cleaning of the wetting device can be accomplished in a very short time
      interval while the machine is in operation or with only an extremely short
      stoppage of the machine at the balloon position. This results in a
      substantial improvement in the quality of the threads being treated
      without any increase in expense of maintenance or lost time.
PAR  A still further advantage of the apparatus constructed as in FIG. 4 resides
      in the fact that the casing is removed directly with a cover member of an
      otherwise permanently fastened liquid tight holder, thereby providing very
      quick access for removal of the spoiled inserts. Also, where one insert
      also serves as the wick, it can be retained in operation over long periods
      of time while more frequently exchanging the dirty or spoiled inserts. The
      cost of maintaining each balloon position are substantially reduced and
      there are relatively few parts to be handled. Moreover, the relatively
      large contact surface between the wick and the porous inserts provides a
      very favorable flow of liquid from a supply source into the wetting device
      and finally to the balloon limiting surfaces in contact with the running
      thread balloon.
PAR  In order to use spools of large diameter on correspondingly larger
      spindles, especially two-for-one twisting spindles, it is very desirable
      to arrange several holders on the outer circumference of a single balloon
      limiter in order to insure an adequate supply of treatment liquid. This
      particular use of two or more wetting devices on the same balloon limiter
      is also recommended when operating at very high linear speeds of the
      thread or yarn. With such a plurality of wetting devices on the
      circumference of each balloon limiter, it is also preferable to arrange
      the openings in the balloon limiter wall in staggered relationship to each
      other, i.e. at different vertical levels.
PAR  Other modifications and variations in the apparatus of this invention can
      be readily made without departing from the spirit or scope of the
      invention. The foregoing embodiments are thus intended to be exemplary and
      not exclusive in defining preferred structure and its operation in
      accordance with the invention.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. In a textile machine having a balloon limiter of circular cross-section
      with wetting means to supply a liquid for treatment of a thread conducted
      through the balloon limiter, said wetting means including a casing which
      contains at least one liquid impregnated insert arranged over openings in
      the wall of the balloon limiter to permit a flow of the treatment liquid
      from said impregnated insert into the interior of said limiter, the
      improvement which comprises:
PA1  a holder arranged on the outer circumference of the balloon limiter wall to
      hold said casing;
PA1  clamping means to releasably fasten said casing in said holder; and
PA1  at least one absorbent insert within said casing for transmitting the
      treatment liquid into the balloon limiter interior, said insert including
      projections extending through the flow openings in the balloon limiter
      wall for direct contact with the thread being conducted therethrough.
NUM  2.
PAR  2. In a textile machine as claimed in claim 1 wherein said clamping means
      comprises a locking rod operatively connected to a clamping cam turnable
      to a locked position braced on one side by said holder and indirectly over
      said casing and said inserts on the other side by said balloon limiter
      wall.
NUM  3.
PAR  3. In a textile machine as claimed in claim 1 wherein said clamping means
      comprises a clamping operatively engaged with threaded bolt means to
      axially shift the wedge into a locking position braced on one side by said
      holder and indirectly over a wedge-shaped member of said casing and said
      inserts on the other side by said balloon limiter wall.
NUM  4.
PAR  4. In a textile machine as claimed in claim 1 wherein said holder is
      mounted in liquid tight connection onto said balloon limiter wall and has
      a removable cover on an upper side thereof for access to said inserts,
      said casing being mounted on said cover for removal therewith and said
      clamping means being mounted between said holder and said casing in a
      closed locking position of said cover.
NUM  5.
PAR  5. In a textile machine as claimed in claim 4 wherein said clamping means
      is a leaf spring mounted directly or indirectly on said cover for axial
      movement into a locking position braced on one side by said holder and
      indirectly over said casing and said inserts on the other side by said
      balloon limiter wall.
NUM  6.
PAR  6. In a textile machine as claimed in claim 4, a liquid supply means for
      feeding treatment liquid to said inserts including a wick formed by one of
      said inserts extending through an opening in said holder directly into an
      attached liquid supply conduit.
NUM  7.
PAR  7. In a textile machine as claimed in claim 1, a plurality of wetting
      means, each comprising said holder with a casing, clamping means and at
      least one absorbent insert, mounted on the outer circumference of each
      individual balloon limiter.
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ABST
PAL  A mixed yarn having a uniform dyeability to an acid dye, which comprises at
      least two kinds of polyamide filaments differing in shrinkage, each
      consisting mainly of repeating units represented by the following general
      formula:
      ##SPC1##
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to a mixed yarn which comprises at least two
      kinds of polyamide filaments differing in shrinkage, each consisting
      mainly of repeating units represented by the general formula:
      ##SPC2##
      and by making the content of an amino end group of a lower shrinkage
      filament larger than that of a higher shrinkage filament by 2 .times.
      10.sup.-.sup.5 - 8 .times. 10.sup.-.sup.5 mole/g, and making the
      dyeability of said lower shrinkage filament substantially similar to that
      of said higher shrinkage filament, whereby it is possible to obtain a yarn
      which can be made into woven and knitted fabrics which are capable of
      dyeing free of dye uneveness.
DRWD
PAR  The FIGURE is a graph which shows the influence of load on the heat-set
      shrinkage of a higher shrinkage yarn of the present invention, in which
      curve A represents data on a yarn of polymer composition: 11T/11I = 60/40,
      curve B represents a yarn of polymer composition: 12T/12I = 60/40 and
      curve C represents a yarn of polymer composition: PACM-12/PACM-I = 90/10.
      Curve C is shown in dash lines and represents a comparative example
      showing prior art as disclosed in Japanese Patent Publication No. 907/1969
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a mixed yarn having a uniform dyeability
      to an acid dye, which is composed of a plurality of components differing
      in shrinkage characteristics, such that the boil-off shrinkages of the
      components are not greatly different from each other. However, differences
      in heat-set shrinkages of the components at a temperature of at least
      150.degree. are larger than the difference in boil-off shrinkages of the
      components. More in particular, the invention relates to a mixed shrinkage
      yarn of the polyamide series which comprises at least two kinds of
      polyamide filaments which differ in shrinkage.
PAC  Lower Shrinkage Component
PAR  The lower shrinkage filament comprising a component of the mixed yarn of
      this invention consists of a composition containing units represented by
      the general formula:
      ##SPC3##
PAL  The amount of the units of that component, or the sum total of the amount
      of said units plus the amount of other isomorphous units, if required, is
      at least 75 mole %. In the carboxylic acid component in the polymer, the
      following relationship is satisfied:
      ##SPC4##
PAL  In the diamine component in the polymer, the following relationship is
      satisfied;
EQU  --HN(CH.sub.2).sub.n NH-- unit .gtoreq. 70 mole %.         (3)
PAC  Higher Shrinkage Component
PAR  The higher shrinkage filament also consists of a composition including a
      component represented by the general formula:
      ##SPC5##
PAL  The amount of such units, or the sum total of the amount of said units plus
      the amount of other isomorphous units, if required, is smaller than that
      of said lower shrinkage filament by at least 15 mole %. At least 20 mole %
      of non-isomorphous units is contained. In the carboxylic acid component in
      the polymer, the following relationship is satisfied:
      ##SPC6##
PAL  In the diamine component in the polymer, the following relationship is
      satisfied:
EQU  --HN(CH.sub.2).sub.n NH-- unit .gtoreq. 50mole %.          (6)
PAL  The general formulae (1) and (4) mean decamethylene terephtalamide in the
      case where n is 10 (hereinafter referred to as 10T), undecamethylene
      terephthalamide where n is 11 (hereinafter referred to as 11T),
      dodecamethylene terephthalamide where n is 12 (hereinafter referred to as
      12T), and tridecamethylene terephthalamide where n is 13 (hereinafter
      referred to as 13T). Reference to isomorphous units means repeating units
      of a nylon salt of said diamine and a dicarboxylic acid which is
      isomorphous to terephthalic acid, such as adipic acid and
      hexahydroterephthalic acid, for example, undeca-methylene adipamide
      (hereinafter referred to as 11.6), dodecamethylene adipamide (hereinafter
      referred to as 12.6) and further like undecamethylene
      hexahydroterephthalamide (hereinafter referred to as 11TH) and
      dodecamethylene hexahydroterephthalamide (hereinafter referred to as
      12TH). Calculation of the content of the non-isomorphous units referred to
      herein is considered with reference to diamine and dicarboxylic acid,
      respectively. With reference to diamine, calculation is made with respect
      to all the diamines other than decamethylene diamine, undecamethylene
      diamine, dodecamethylene diamine and tridecamethylene diamine and
      components other than dicarboxylic acid (for example, .omega.-amino acids,
      lactams). With reference to dicarboxylic acid, calculation is made with
      reference to all the dicarboxylic acids other than the aforesaid three
      kinds of dicarboxylic acids and the sum total of these calculated values
      is adopted. For example, in the case of 11T/11I (I is isophthalic acid) =
      70/30, 30 mole % of isophthalic acid only is adopted, in the case of
      11T/6.10 (6.10 is hexamethylene sebacamide)= 85/15, a sum total of
      hexamethylene diamine and sebacic acid, 15 + 15 = 30 mole % is adopted. In
      the case of 11T/12 (12 is laurolactam) = 80/20, 20 mole % of laurolactam
      only is adopted.
PAR  Attempts have been made to date to prepare woven and knitted fabrics having
      superior bulkiness by combining a plurality of filaments which differ in
      shrinkage. However, a so-called hydrophilic fiber having short repeating
      units normally has a boil-off shrinkage that is larger than the heat-set
      shrinkage and even if the bulking of a yarn develops by scouring
      (treatment with hot water), it has the drawback that the effect of bulking
      is decreased by heat-setting. Accordingly, it cannot be said that the
      final objective is achieved.
PAR  In contrast, reference is made to the disclosure in Japanese Patent
      Application Publication No. 907/1969, which is directed to the concept of
      enabling a fiber to be bulked by heat-setting, but which produces a fiber
      that is very unsatisfactory when subjected to such textile processing
      steps as dyeing and finishing.
PAR  Specifically, In Japanese Patent Publication No. 907/1969,
      para-aminocyclohexylmethane-dodecandioic acid (hereinafter referred to as
      PACM-12) is copolymerized with an amount of a non-isomorphous dicarboxylic
      acid (for example, 10 mole % of isophthalic acid hereinafter referred to
      as PACM-I) in order to obtain the higher shrinkage component. The
      resulting copolyamide filament has a large heat-set shrinkage. However,
      when the load at the time of shrinking is rather large, the value of the
      shrinkage sharply decreases.
PAR  In woven and knitted fabrics, the friction force among filaments is
      considerable. It is generally about 15 mg/d in some parts. Accordingly, in
      the case of a mixed yarn like the aforementioned yarn C, the influence of
      load on the heat-set shrinkage is considerable, the DFL (difference in
      filament length) necessary for development of the desired feel or "hand"
      varies slightly under different conditions. This becomes a major problem
      with regard to textile processing. The smaller the influence of load on
      the heat-set shrinkage, and the larger the shrinking stress, the less is
      the deviation from the desired DFL, and it is possible to develop the
      desired feel of "hand" with certainty and uniformity. Therefore, bulking
      is possible to a sufficient degree on the fabrics and textiles. In
      contrast, in a yarn, for example, of Japanese Patent Publication No.
      907/1969, the influence of load is large, and uniform and reproducible
      bulking of the fabric and of other textile products is difficult to
      attain.
PAR  Description will be made hereinbelow especially with reference to shrinking
      characteristics of the conditions for obtaining woven and knitted fabrics
      having excellent feeling handle aimed at by the present invention. A DFL
      value for the fabric, after heat-setting of about 5 - 15% is appropriate.
      When this value is too high, the fiber tends to form loops. When the DFL
      value is less than 5%, bulkiness, hand and loft suffer.
PAR  Required shrinkages of the respective individual component yarns for
      providing such DFL values become as follows, in respect to boil-off
      shrinkage and heat-set shrinkage. At first, when the scouring of fabrics
      and textiles is considered, when the difference of shrinkages in treatment
      with boiling water is too large (for example, 50%), this tends toward the
      formation of crepe and causes trouble in high speed knitting and weaving
      processes. When the boil-off shrinkage at 98.degree.C for 30 minutes is
      designated X and the higher shrinkage side and the lower shrinkage side
      are called H and L, respectively, the following conditions are necessary
      for processing fabrics and textiles:
EQU  X.sub.H - X.sub.L .ltoreq. 10
PAL  more preferably
EQU  X.sub.H - X.sub.L .ltoreq. 7
PAL  and with respect to X.sub.H and X.sub.L, respectively
EQU  X.sub.H &lt; 20
EQU  X.sub.L &lt; 15
PAR  Concerning the heat-set shrinkage Y (under a load of 4 mg/d, 180.degree.C/5
      min) corresponding to a textile finishing process, when this value is
      excessively large, instability is developed with respect to fabric width
      and tension is developed in the heat-setting process.
PAR  Therefore, the upper limit is determined, and accordingly the difference in
      heat-set shrinkage of the two components should be larger than the
      difference of boil-off shrinkage of the two components. Therefore, it is
      necessary that
EQU  50 &gt; Y.sub.H - Y.sub.L .gtoreq. 5
EQU  Y.sub.H - Y.sub.L &gt; X.sub.H - X.sub.L
PAL  Ranges usable for the respective shrinkages of a single component yarn are
      as follows:
EQU  15 &gt; X.sub.H
EQU  20 &gt; X.sub.L
EQU  Y.sub.H .gtoreq. 15
EQU  10 .gtoreq. X.sub.H - X.sub.L
EQU  50 &gt; Y.sub.H - Y.sub.L .gtoreq. 5
EQU  Y.sub.H - Y.sub.L &gt; X.sub.H - X.sub.L
PAR  The present inventors have created a mixed yarn, the main units of which
      consist of 10T, 11T, 12T or 13T in accordance with the present invention
      as a result. Especially in a system of the higher shrinkage side, despite
      the fact that shrinkage is considerably larger because of the existence of
      non-isomorphous units, the mixed yarn has a Young's modulus of at least 40
      - 50 g/d. Moreover, the influence of load on the heat-set shrinkage is
      small. To the extent of a load of 15 - 20 mg/d, shrinkage does not
      decrease drastically as compared with a case in which the load is zero. It
      is important that the dynamic properties of a higher shrinkage filament
      are so excellent. In a bulked-up mixed yarn, a higher shrinkage filament
      is distributed in the vicinity of the center of the multifilament,
      constituting its main resistance especially to tensile forces and dynamic
      deformation, and is effective for enhancing dimensional stability and
      firmness when such mixed yarn is made into a fabric or other textile
      product. The fact that the Young's modulus is high is a very advantageous
      factor. And in a bulking treatment using dry heat, the influence of load
      on shrinkage is small. Therefore, such yarn is easy to handle in textile
      processing.
PAR  With regard to the bulking treatment, the higher the temperature, the more
      effective it is. However, when the temperature is too high, the yarn
      deteriorates. Accordingly, a normal temperature range of 150.degree. - 200
      .degree.C, especially 170.degree. - 190.degree.C is preferable.
PAR  A wide variety of polyamide materials may be used in the practice of the
      present invention.
PAR  It is important at first to consider crystallinity in the case of a
      material used for a lower shrinkage filament, for example, materials
      produced by copolymerization of 10.6, 11.6, 12.6 and 13.6 units. Further,
      copolymers of 10TH, 11TH, 12TH and 13TH units with 10T, 11T, 12T and 13T
      are considered, in which case the principle of isomorphous substitution is
      applicable and the crystallinity is hardly reduced at all. When it is
      difficult to design Young's modulus, glass transition point and melting
      point of the polymer and the dyeability thereof by copolymerization of
      these units only, it is preferable to introduce a small amount of another
      unit such as isophthalamide (nI) hexamethylene terephthalamide (6T),
      p-xylylene adipamide (PX.sup.. 6) or p-xylylene terephthalamide (PX.sup..
      T), however, because these units reduce crystallinity, the amount thereof
      introduced is preferably at most 25 mole %, more preferably at most 10
      mole %. Besides these units, caprolactam (6), laurolactam (12) and other
      polyamide-forming monomers are properly used. However, it is preferable to
      use them in small amounts.
PAR  As polymers used as materials for the higher shrinkage filament, it is
      necessary that of the sum total of the amount of dicarboxylic acid and the
      amount of a derivative of carboxylic acid other than that (for example,
      .omega.-amino acid, lactam), terephthalic acid should constitute at least
      about 40 mole %, and of the diamine component, decamethylene diamine,
      undecamethylene diamine, dodecamethylene diamine or tridecamethylene
      diamine should similarly occupy at least about 50 mole %. However, because
      they are used as a higher shrinkage component together with the aforesaid
      lower shrinkage component, it is necessary to predetermine the amount of
      this 10T, 11T units or 12T, 13T units, or the sum total of said amount
      plus the amount of units isomorphous to said units, so as to be smaller
      than that of a lower shrinkage component by at least 15 mole % and said
      higher shrinkage component should contain at least 20 mole % of
      non-isomorphous units.
PAR  As a result of examining shrinkage characteristics and physical
      characteristics (glass transition point, Young's modulus, etc.) necessary
      for obtaining woven and knitted fabrics having superior bulk, voluminous
      feel, loft and hand, by heat-setting, we have found the aforementioned
      composition of polymers. These polymers are able to produce a product
      which is highly satisfactory in respect of touch. However, when such
      product is observed from the aesthetic viewpoint, it is inadequate because
      of a visual factor. However good the feeling, handle and surface touch a
      fabric may have, its commercial value is sharply reduced when it cannot be
      dyed to an attractive color.
PAR  It is preferable to dye a fabric with an acid dye to produce a dyed color
      of excellent clarity. The individual components of a mixed yarn must be
      dyed sufficiently. To that end, the value of the content of the amino end
      group should be greater than that of a conventional hydrophilic polyamide,
      which value is necessarily at least 5 .times. 10.sup.-.sup.5 mole/g in the
      lower shrinkage component and at least 3 .times. 10.sup.-.sup.5 mole/g in
      the higher shrinkage component. It is further found that when these two
      components are mixed, the difference in content of the amino end groups of
      the two is very important for the color and dyed evenness. Namely, it is
      found that when there is no difference in content of the amino end groups
      between the two components, the higher shrinkage component is dyed in a
      deeper color, becoming a dye unevenness, and when there is an extremely
      large difference in content of amino end groups between the two
      components, a similar dye unevenness is brought about. We have found that
      when said difference is within the range of 2 - 8 .times. 10.sup.-.sup.5
      mole/g as will be mentioned in the examples in this specification, this
      problem is solved.
PAR  When there is substantially no difference in dye absorption, dye unevenness
      is not found to exist. This judgment is carried out as follows. About 30
      cm .times. 30 cm samples of woven and knitted fabrics are dyed, and the
      product is judged by the naked eye of an expert examiner highly skilled in
      the art.
PAR  Further, it is important that an amino end group adversely affects the heat
      resistance of a polymer. When the content of amino end groups in the
      polymer exceeds 15 .times. 10.sup.-.sup.5 mole/g, the polymer has a
      tendency toward gellation, heat decomposition, coloration and soiling of
      the spinneret. When all of these factors are taken into account, the
      content of the amino end group becomes important.
PAR  In order to dye this polyamide more effectively, it is preferable to use a
      levelling acid dye or a semi-levelling acid dye having a small molecular
      weight, and to dye the polyamide at a dye bath pH of 2 - 4 and at a dyeing
      temperature of at least 90.degree.C, preferably at least 120.degree.C.
PAR  The yarn of the present invention produces a product which exhibits good
      luster, even when the cross-sectional configuration of the yarn is
      circular. However, in order to make the luster better (generally a
      silk-like luster is highly regarded), the cross-sectional configuration of
      the yarn may be non-circular such as trilobal, for example. It is
      preferable that the modification ratio of the cross-section of the yarn
      (ratio of the diameter of a circumscribed circle to that of an inscribed
      circle) be within the range of 1.3 - 1.9, and it is preferable that the
      modification ratio of the filament of the lower shrinkage component and
      the filament of the higher shrinkage component be the same, as much as
      possible.
PAR  In the practice of the present invention, known technology may be used for
      mixing the higher shrinkage filament with the lower shrinkage filament.
      For example, doubling two undrawn yarns obtained by separately spinning,
      and then drawing and intertwining filaments by a suitable treatment (for
      example, treatment with compressed air) may be used. Also, a method of
      obtaining a mixed yarn already mixed as undrawn yarns by carrying out
      so-called "co-spinning" using a special spinneret may be used. Other
      methods include opening separately drawn yarns and thereafter mixing the
      yarns. In the case of drawing co-spun undrawn yarns, it is necessary to
      make the difference in tension between respective components at the time
      of drawing within 0.1 g/d; when said difference exceeds this range,
      fluffing and partial loosening of the yarn are brought about, harming
      drawability and becoming a reason for difficulties in preparation, and
      spoiling the beautiful appearance of the final product.
PAR  It is desirable to determine the number of filaments and the single
      filament denier so that the ratio of the lower shrinkage filaments falls
      within the range of about 25 - 75% by weight, as the mix ratio of the two
      components. And the ratio of the number of filaments on the lower
      shrinkage side to the number of filaments on the higher shrinkage side
      should be in the range of about 1/4 - 4/1. When said ratio is more or less
      than said range, it is difficult to obtain woven and knitted fabrics
      having the excellent feel and handle of the present invention.
PAR  In the mixed yarn of the present invention, fibers other than mentioned
      above may be mixed, if the quantity is limited so as not to obstruct the
      beneficial effects of the present invention. It is possible to blend, with
      the fiber of the present invention, suitable antistatic agents, heat
      stabilizers, light stabilizers, antioxidants, ultraviolet ray absorbing
      agents, delustrants and pigments. The mixed yarn of the present invention
      can increase the shrinkage difference of filaments without adversely
      affecting the characteristics of the filaments. Therefore, in the case of,
      for example, making a woven fabric from such yarn, it is possible to make
      the desired fabric without obstacle.
PAR  Hereinbelow, the present invention will be explained by reference to the
      following examples.
PAC  EXAMPLES 1 - 12
PAR  Selecting as a lower shrinkage component a copolyamide of the composition
      of 12T/12I = 85/15 (% by weight), and adding as a polymerization degree
      stabilizer suitable amounts of benzoic acid and do-dedecamethylene
      diamine, conventional melt polymerization was carried out to obtain
      copolyamides differing in content of end groups as shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Analyzed value of polymer                                                 
     Polymer        content of amino end                                       
                                   content of carboxyl                         
     No.    .eta..sub..tau..sup.(a)                                            
                    group.sup.(b)  end group.sup.(c)                           
     ______________________________________                                    
                    .times. 10.sup.-.sup.5 mole/g                              
                                   .times. 10.sup.-.sup.5 mole g               
     1      2.18    13.1           0.3                                         
     2      2.23    9.7            0.4                                         
     3      2.09    7.2            1.2                                         
     4      2.17    6.0            1.2                                         
     5      2.20    5.1            1.4                                         
     6      2.21    3.2            3.1                                         
     ______________________________________                                    
      Note:                                                                    
      .sup.(a) Relative solution viscosity (Conc.H.sub.2 SO.sub.4, 1%,         
      25.degree.C)                                                             
      .sup.(b) Titrated with 1/50 N HCl using phenol/ethanol (80/20, % by      
      weight) as a solvent (indicator: Thymol Blue)                            
      .sup.(c) Titrated with 1/50 N KOH ethanol at 200.degree.C using benzyl   
      alcohol as a solvent (indicator: Phenolphthalein)                        
PAL  Next, as a higher shrinkage component, a copolyamide of the composition of
      12T/12I = 60/40 (% by weight) was selected in carrying out operations the
      same as mentioned above to obtain the copolyamides shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Analyzed value of polymer                                                 
     Polymer        content of amino end                                       
                                   content of carboxyl                         
     No.    .eta..sub..tau..sup.(a)                                            
                    group.sup.(b)  end group.sup.(c)                           
     ______________________________________                                    
                    .times. 10.sup.-.sup.5 mole/g                              
                                   .times. 10.sup.-.sup.5 mole/g               
     7      2.20    13.7           0.4                                         
     8      2.23    12.0           0.4                                         
     9      2.18    7.1            1.3                                         
     10     2.20    5.9            1.3                                         
     11     2.27    4.4            1.9                                         
     12     2.19    2.5            3.3                                         
     ______________________________________                                    
       .sup.(a),(b),(c) are the same as in the footnote of Table 1.            
PAR  These polymers were melt spun by conventional methods to obtain undrawn
      yarns, that were heat-drawn using a hot pin at 80.degree.C and a hot plate
      at 150.degree.C. The yarn properties of the drawn yarns are shown in Table
      3. As comparison, the shrinkage properties of a higher shrinkage fiber
      disclosed in Japanese Patent Publication No. 907/1969 are also shown.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Yarn properties of drawn yarn                                             
                     Young's                                                   
     Polymer                                                                   
          Tenacity                                                             
               Elongation                                                      
                     modulus                                                   
                          BOS.sup.(a)                                          
                               HSS .sup.(b) %                                  
     No.  (g/d)                                                                
               (%)   (g/d)                                                     
                          (%)  1    4    10   20 mg/d                          
     __________________________________________________________________________
     1    3.7  25.1  48.7 3.9  7.9  --   --   7.2                              
     2    4.7  30.7  49.2 4.1  7.3  --   --   6.7                              
     3    4.2  33.4  48.1 4.2  8.1  --   --   7.7                              
     4    4.7  31.5  49.6 3.8  7.5  --   --   7.2                              
     5    5.1  30.6  50.2 4.1  7.7  --   --   7.3                              
     6    5.2  29.8  50.4 4.7  8.1  --   --   7.6                              
     7    3.9  26.1  47.3 8.9  20.6 19.1 18.7 15.2                             
     8    4.6  35.2  48.2 8.3  19.2 18.7 18.1 15.4                             
     9    4.3  36.2  49.1 8.5  18.7 17.6 17.1 14.3                             
     10   4.4  35.1  50.1 8.2  18.5 18.0 17.6 14.4                             
     11   4.6  34.3  48.1 8.6  19.1 18.0 17.3 15.0                             
     12   4.7  33.1  49.1 8.4  18.9 17.5 17.1 14.7                             
     __________________________________________________________________________
     PACM-12/PACM-I = 90/10    30   25   15   10                               
     __________________________________________________________________________
      Note:                                                                    
      .sup.(a) Boil-off shrinkage (treated in water at 98.degree.C for 30      
      minutes).                                                                
      .sup.(b) Heat-set shrinkage (treated under respective loads at           
      180.degree.C for 5 minutes)                                              
PAR  Polymers No. 1 and No. 7 soiled the spinneret and continuous spinning was
      difficult. The yarn properties of these drawn yarns meet the conditions
      concerning shrinkage described in the text of the specification.
PAR  Next, undrawn yarns of the lower shrinkage component shown in Table 1 and
      undrawn yarns of the higher shrinkage component shown in Table 2 were
      blended and simultaneously drawn. On the way of winding the blended yarns,
      the yarns were made to pass through a device blowing compressed air at a
      rate of 4 kg/cm.sup.2 to mix or tangle the respective component yarns.
TBL  ______________________________________                                    
     Drawing conditions:                                                       
     Draw ratio            3.5 times                                           
     Hot pin               80.degree.C                                         
     Hot saddle plate      180.degree.C                                        
     ______________________________________                                    
PAR  The mixed yarns exhibited about the same yarn properties, that were as
      shown below.
TBL  ______________________________________                                    
     Tenacity             4 - 5 g/d                                            
     Elongation           30 - 38%                                             
     Young's modulus      40 - 45 g/d                                          
     Boil-off shrinkage   6 - 9%                                               
     Heat-set shrinkage   17 - 21%                                             
     ______________________________________                                    
PAR  Fabrics were woven using these mixed yarns. The fabrics became bulky and
      excellent feeling handle due to difference in shrinkage by heat setting at
      180.degree.C. Next the dyeability of these fabrics was examined. The
      results of dyeing fabrics composed of the mixed yarns of the respective
      combinations are shown in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
                                          Ratio of                             
                                          Lower                                
                                          shrinkage                            
            Content of                    component/                           
            amino end group Difference    higher                               
            Lower   Higher  in content    shrinkage                            
     Combination                                                               
            shrinkage                                                          
                    shrinkage                                                  
                            of amino                                           
                                    Dyed  component                            
     of polymers                                                               
            component                                                          
                    component                                                  
                            end groups.sup.(a)                                 
                                    results.sup.(b)                            
                                          (wt %)                               
     __________________________________________________________________________
            .times.10.sup.-.sup.5 mole/g                                       
                    .times.10.sup.-.sup.5 mole/g                               
                            .times.10.sup.-.sup.5 mole/g                       
     2/8    9.7     12.0    -2.3    XX     60/40                               
     2/9    9.7     7.1     2.6     0      50/50                               
     2/10   9.7     3.9     3.8     0      45/55                               
     2/11   9.7     4.4     3.3     0      50/50                               
     2/12   9.7     2.5     7.2     X.sup.(c)                                  
                                           60/40                               
     3/9    7.2     7.1     0.1     X.sup.(d)                                  
                                           40/60                               
     3/10   7.2     3.9     1.3     X.sup.(d)                                  
                                           70/30                               
     3/11   7.2     4.4     2.8     0      50/50                               
     4/11   6.0     4.4     1.6     X.sup.(d)                                  
                                           40/60                               
     4/12   6.0     2.5     3.5     X.sup.(c)                                  
                                           60/40                               
     5/11   5.1     4.4     0.7     X.sup.(d)                                  
                                           30/70                               
     5/12   5.1     2.5     2.6     X.sup.(c)                                  
                                           35/65                               
     __________________________________________________________________________
     Dyeing conditions:                                                        
     Dye:          C.I. Acid Orange 7 10% owf                                  
     Dye bath pH:  3                                                           
     Dyeing time:  60 minutes                                                  
     Temperature:  130.degree. C                                               
     __________________________________________________________________________
      .sup. (a) [Amino end group of a lower shrinkage component] - [amino end  
      group of a higher shrinkage component]                                   
      .sup.(b) Dyed results:                                                   
        0  Free of dye unevenness, dye uniformly                               
        X  Had dye unevenness                                                  
        XX  Remarkable dye unevenness                                          
      .sup.(c) The higher shrinkage component was not dyed in a deep color     
      .sup.(d) The higher shrinkage component was excessively dyed in a deep   
      color                                                                    
PAL  As is apparent from Table 4, woven fabrics exhibiting uniform dyeability
      are obtained from respective polymers having the content of an amino end
      group within the range described herein.
PAC  EXAMPLES 13-26
PAR  By the same method as in Examples 1-12, as lower shrinkage components,
      copolyamides as shown in Table 5 were obtained.
TBL                                    Table 5                                 
     __________________________________________________________________________
                       Analyzed value of polymer                               
                            content of                                         
                                    content of                                 
     Polymer                amino end                                          
                                    carboxylic                                 
     No.  Composition of polymer                                               
                       .eta..sub..tau..sup.(a)                                 
                            group.sup.(b)                                      
                                    end group.sup.(c)                          
     __________________________________________________________________________
                            .times.10.sup.-.sup.5 mole/g                       
                                    .times.10.sup.-.sup.5 mole/g               
     13   12T/12.sup.. 6/6T = 50/40/10                                         
                       2.20 7.3     1.1                                        
     14   12T/12.sup.. 6/6T = 50/40/10                                         
                       2.17 5.2     1.4                                        
     15   11T/11.sup.. I = 85/15                                               
                       2.21 7.6     1.2                                        
     16   11T/11.sup.. I = 85/15                                               
                       2.10 11.3    0.9                                        
     17   11T/11.sup.. I = 80/20                                               
                       2.13 5.1     2.1                                        
     18   10T/10.sup.. I = 70/30                                               
                       2.20 7.3     1.7                                        
     19   12T/11.sup.. I = 80/20                                               
                       2.18 6.9     1.3                                        
     __________________________________________________________________________
       .sup.(a),(b),(c) were the same as the footnote of Table 1.              
PAR  Next, as higher shrinkage components, copolyamides as shown in Table 6 were
      obtained.
TBL                                    Table 6                                 
     __________________________________________________________________________
                      Analyzed value of polymer                                
                           content of                                          
                                   content of                                  
     Polymer               amino end                                           
                                   carboxylic                                  
     No.  Composition of polymer                                               
                      .eta..sub..tau..sup.(a)                                  
                           group.sup.(b)                                       
                                   end group.sup.(c)                           
     __________________________________________________________________________
                           .times.10.sup.-.sup.5 mole/g                        
                                   .times.10.sup.-.sup.5 mole/g                
     20   12T/12I = 55/45                                                      
                      2.20 4.7     2.2                                         
     21   12T/12I = 55/45                                                      
                      2.11 3.1     2.7                                         
     22   12T/12.sup.. 10 = 65/35                                              
                      2.20 5.1     1.8                                         
     23   11T/11I = 60/40                                                      
                      2.15 3.2     2.1                                         
     24   11T/11I = 60/40                                                      
                      2.16 4.7     1.9                                         
     25   10T/10I = 50/50                                                      
                      2.18 5.2     1.6                                         
     26   11T/12I = 60/40                                                      
                      2.21 4.2     1.3                                         
     __________________________________________________________________________
       .sup.(a),(b),(c) were the same as the footnotes of Table 1.             
PAR  These polymers were melt spun using a conventional spinneret having
      orifices each having a Y-shape cross-sectional configuration to obtain
      undrawn yarns, that were heat-drawn using a hot pin at 70 - 90.degree.C
      and a hot plate at 150 - 180.degree.C. The drawn yarns had trilobal
      cross-sectional configurations, meeting the shrinking characteristics
      described in the text of the specification. Said drawn yarns consisting of
      a lower shrinkage component and a higher shrinking component were blended
      by the same method as in Examples 1-12 to obtain mixed yarns. Said mixed
      yarns consisting of any combination exhibited good physical properties and
      it can be expected that when such mixed yarns are woven or knitted into
      fabrics, such fabrics exhibit excellent feel and handle. When these yarns
      were dyed using the same dye and the same dyeing method as described in
      Examples 1-12, dyeability to acid dyes was as shown in Table 7 and it was
      understood that it was necessary to control the content of an amino end
      group in the yarn.
TBL                                    Table 7                                 
     __________________________________________________________________________
                                                  Ratio of                     
                                                  lower                        
                                                  shrinkage                    
                                                  component/                   
            Content of amino                      higher                       
            end groups        Difference in       shrinkage                    
     Combination                                                               
            Lower shrinkage                                                    
                     Higher shrinkage                                          
                              content of amino                                 
                                       Dyed       component                    
     of polymers                                                               
            component                                                          
                     component                                                 
                              end groups.sup.(a)                               
                                       results.sup.(b)                         
                                             MR.sup.(c)                        
                                                  (wt %)                       
     __________________________________________________________________________
            .times.10.sup.-.sup.5 mole/g                                       
                     .times.10.sup.-.sup.5 mole/g                              
                              .times.10.sup.-.sup.5 mole/g                     
     13/20  7.3      4.7      2.6      0     1.5  50/50                        
     13/22  7.3      5.1      2.2      0     1.6  45/55                        
     14/20  5.2      4.7      0.5      X.sup.(d)                               
                                             1.4  60/40                        
     14/21  5.2      3.1      2.1      0     1.5  40/60                        
     15/23  7.6      3.2      4.4      0     1.6  50/50                        
     16/23  11.3     3.2      8.1      X.sup.(c)                               
                                             1.8  70/30                        
     16/24  11.3     4.7      6.6      0     1.5  60/40                        
     17/23  5.1      3.2      1.9      X.sup.(d)                               
                                             1.7  30/70                        
     18/25  7.3      5.2      2.1      0     1.6  50/50                        
     19/23  6.9      3.2      3.7      0     1.5  60/40                        
     18/26  7.3      9.2      3.1      0     1.5  50/50                        
     __________________________________________________________________________
PAR  Dyeing conditions and (a), (b), (c), (d) were the same as the footnotes of
      Table 4.
PA0  Modification ratio: Ratio of the diameter of a circumscribed circle to that
      of an inscribed circle in cross sectional configuration of yarn.
PAC  EXAMPLE 27
PAR  As a lower shrinkage component, a copolymer of the composition of
      11T/11.6/6T = 40/50/10 was obtained by a conventional melt polymerization
      method. The copolymer had an .eta..sub..tau. = 2.10 and a content of amino
      end groups of 7.6 .times. 10.sup.-.sup.5 mole/g.
PAR  By a similar method, a higher shrinkage component, a copolymer of the
      composition 11T/11I/6T - 50/40/10 was obtained. This copolymer had an
      .eta..sub..tau. = 2.14 and a content amino end groups 4.3 .times.
      10.sup.-.sup.5 mole/g.
PAR  Using two kinds of copolymers, co-spinning was carried out.
TBL  ______________________________________                                    
     Spinning conditions:                                                      
     Spinning temperature:    300.degree.C                                     
     Spinneret having 18 .times. 2 =                                           
      36 T-shaped holes                                                        
     Mixing ratio:            1 : 1                                            
     Drawing conditions:                                                       
     Draw ratio:              3.5                                              
     Hot pin temperature:     80.degree.C                                      
     Hot saddle plate temperature:                                             
                              170.degree.C                                     
     ______________________________________                                    
PAR  The yarn properties of the mixed yarn so obtained were as follows.
TBL  ______________________________________                                    
     Denier:                61 d                                               
     Tenacity:              4.4 g/d                                            
     Elongation:            35%                                                
     Young's modulus:       40 g/d                                             
     Boil-off shrinkage:    5.8%                                               
     Heat-set shrinkage:    15.2%                                              
     Modification ratio:    1.5                                                
     ______________________________________                                    
PAR  When this mixed yarn was woven into a fabric, scoured and bulked up by dry
      heat, a fabric having excellent feel and handle was prepared. This fabric
      was dyed with an acid dye and the product had a luster similar to that of
      silk, having excellent coloration and clearness. It was free of dye
      unevenness and possessed high merit as outerwear.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mixed yarn having a uniform dyeability to an acid dye which comprises
      at least two kinds of polyamide filaments differing in shrinkage,
      characterized in that
PA1  A. a lower shrinkage filament in which the amount of units each represented
      by the general formula
      ##SPC7##
PAL  or the sum total of the amount of said units and the amount of other
      isomorphous units is at least 75 mole %, and in the carboxylic acid
      component in the polymer,
      ##SPC8##
PAL  and in the diamine component in the polymer,
EQU  --HN(CH.sub.2).sub.n NH-- unit .gtoreq. 70 mole %          (3)
PAL  and, (B) a higher shrinkage filament in which the amount of units each
      represented by the general formula
      ##SPC9##
PAL  or the sum total of the amount of said units and the amount of other
      isomorphous units is smaller than that of said lower shrinkage filament by
      at least 15 mole % and at least 20 mole % of non-isomorphous units is
      contained, and wherein in the carboxylic acid component in the polymer,
      ##SPC10##
PAL  and in the diamine component in the polymer,
EQU  --HN(CH.sub.2).sub.n NH-- unit .gtoreq.50 mole %,          (6)
PAL  wherein the content of amino end groups in the lower shrinkage polymer is
      about 5 .times. 10.sup.-.sup.5 - 12 .times. 10.sup.-.sup.5 mole/g, said
      content in the higher shrinkage polymer is about 3 .times. 10.sup.-.sup.5
      - 10 .times. 10.sup.-.sup.5 mole/g and the content of amino end group in
      the lower shrinkage filament is larger than that in the higher shrinkage
      filament by about 2 .times. 10.sup.-.sup.5 - 8 .times. 10.sup.-.sup.5
      mole/g.
NUM  2.
PAR  2. A mixed yarn according to claim 1, wherein in the general formulae (1)
      and (3) in the polymer in said lower shrinkage filament and in the general
      formulae (4) and (6) in the polymer in said higher shrinkage filament,
      each symbol .eta. is selected from 11 or 12 respectively.
NUM  3.
PAR  3. A mixed yarn according to claim 1, wherein in the general formulae (1)
      and (3) in the polymer in said lower shrinkage filament and in the general
      formulae (4) and (6) in the polymer in said higher shrinkage filament, the
      symbol .eta. is 11.
NUM  4.
PAR  4. A mixed yarn according to claim 1, wherein in the general formulae (1)
      and (3) in the polymer in said lower shrinkage filament and in the general
      formulae (4) and (6) in the polymer in said higher shrinkage filament, the
      symbol .eta. is 12.
NUM  5.
PAR  5. A mixed yarn according to claim 1, wherein the difference in filament
      length (DFL) when the mixed yarn is heat-set under the load of 20 mg/d at
      180.degree.C for 5 minutes is at least about 5%.
NUM  6.
PAR  6. A mixed yarn according to claim 1, wherein the cross sectional
      configuration of the yarn consisting of said mixed yarn is non-circular.
NUM  7.
PAR  7. A mixed yarn according to claim 6, wherein the cross-sectional
      configuration of the filament yarn is trilobal.
NUM  8.
PAR  8. A mixed yarn according to claim 6, wherein the modification ratio (ratio
      of the diameter of a circumscribed circle to that of an inscribed circle
      in the cross-sectional configuration of the yarn) is within the range of
      about 1.3 - 1.9.
NUM  9.
PAR  9. A mixed yarn according to claim 1, wherein the content of said lower
      shrinkage filament is within the range of about 25 - 75% by weight.
NUM  10.
PAR  10. A mixed yarn according to claim 1, dyed with an acid dye having
      substantially no difference of dye absorption.
NUM  11.
PAR  11. A knitted or woven fabric consisting of a mixed yarn according to claim
      1, dyed with an acid dye having substantially no difference of dye
      absorption.
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ABST
PAL  In known stretching and false twist texturizing processes for the
      manufacture of bulked yarn filaments of polyethylene terephthalate or of
      copolyesters of polyethylene terephthalate containing a preponderant
      proportion of polyethylene terephthalate structural units which are
      unstretched but have a degree of preorientation characterized by a natural
      stretching ratio of from about 1 : 2.7 to about 1 : 1.1 are used. The
      bulky yarns obtained do not have the high numbers of broken filaments and
      slubs hitherto observed and are distinguished by a uniformity of titer and
      an improved uniform dyeability.
BSUM
PAR  The present invention relates to the use of unstretched, pre-oriented
      polyethylene terephthalate filamentary yarn (PET yarn) for the manufacture
      of bulked yarns by continuous stretching and texturizing processes.
PAR  The development of texturized yarns is a result of the desire to adapt, by
      a suitable treatment, the properties of the originally smooth synthetic
      filament yarns to those of yarns of natural fibers. At present, the most
      important process for the manufacture of such voluminous yarns is the
      false twist process, which has developed from a discontinuous process with
      at least three stages into a continuous process.
PAR  Discontinuous processes are not only uneconomic, but also they cause
      disturbances and latent damages in the yarn, mainly by the traverse motion
      in winding up. Therefore, it has been quite obvious to perform the
      texturizing process continuously and, moreover, to connect it in series
      with the stretching process, as described for example in DOS No.
      1,807,687. An amorphous synthetic yarn is passed into the channel of a
      stretching device the outlet of which is connected with the inlet of a
      texturizing device. Hence, a "stretch-texturizing" device of this type
      consists of at least three roller sets, the texturizing device and heating
      means each in the feeding zone and texturizing zone.
PAR  It is known that unstretched highly polymeric filaments generally can be
      stored for a short period of time only and under defined climatic
      conditions. In the stretching process the number of broken filaments
      rapidly increases if the filaments were stored for a prolonged period of
      time and under unsuitable climatic conditions. Consequently, the rapid
      ageing of unstretched highly polymeric filaments does not allow to use
      large bobbins, since, during the long running time of the said bobbins,
      for example on stretch-texturizing machines, ageing of filaments likewise
      manifests itself in an increase of broken filaments. The simultaneous
      starting of the three roller sets and the false twist texturizing device
      requires a considerable amount of time and hence, repeated starting owing
      to broken filaments impairs the econcomy of the stretch-texturizing
      process.
PAR  Another continuous stretching and texturizing process is described, for
      example, in British Pat. No. 777,625. In this "texturizing-stretching
      process" the unstretched yarn, after having passed a heating device, is
      fed by a roller set to a false twist texturizing device and drawn off by a
      second roller set at such a speed that the yarn is simultaneously
      texturized and stretched. The device required for continuously stretching
      and false twist texturizing can thus be simplified by using two roller
      sets, one heating element and the false twist texturizing device. It
      should be mentioned, however, that this surprisingly simple process has a
      number of disadvantages:
PAR  The texturizing tension, i.e., the tension of the yarn before it enters the
      texturizing machine cannot be freely chosen according the crimping
      characteristics of the texturized yarn; it is substantially defined by the
      stretching tension of the synthetic filaments (the expression "crimping
      characteristics" is taken from J. W. Lunenschloss , Pruefverfahren fuer
      texturierte synthetische Faeden, Melliand Textilberichte 7, 1971, pages
      760 et seq.) The crimping characteristics improve in a wide temperature
      range with increasing setting temperature of the highly twisted yarn. In
      texturizing -- stretching this temperature should not be too high since
      otherwise the still unstretched filament crystallizes in the unoriented
      state and then cannot be sufficiently stretched and texturized.
PAR  Attempts are made to obviate the aforesaid disadvantages by a
      texturizing-stretching process (U.S. Pat. No. 3,601,972) wherein the
      undrawn synthetic filament yarn is first drawn to less than full extent,
      and then texturized in the false twist crimping stage, and completely
      drawn. Like stretch-texturizing, this process again requires three roller
      sets and two heating elements and involves the known difficulties of
      attendance.
PAR  As in texturizing-stretching processes the same unstretched highly
      polymeric filaments are used; as in stretch-texturizing the same
      difficulties are encountered with respect to ageing of the unstretched
      filaments. Ageing may involve damage of the individual filaments also
      without filament breaking resulting in a poor appearance of the goods due
      to slubs (agglomerations of small filament pieces) or variations in titer.
      When the yarns are stretched in a highly twisted state, different
      stretching tensions obviously occur at the individual filaments, which
      results in a non uniform dyeability of the texturized yarn.
PAR  The pre-drawing step proposed in the aforesaid U.S. patent is unsuitable
      for polyethylene terephthalate filaments. If unstretched PET filaments are
      stretched below the natural stretching ratio, non uniform filaments are
      obtained in which unstretched segments alternate with stretched ones. Such
      filaments are unsuitable for further processing (cf. Ludewig,
      Polyesterfasern, Chemie und Technologie, Akademie-Verlag Berlin 1965,
      pages 197, 198, 212 and 215). If, however, the filaments are stretched in
      the pre-stretching stage beyond the natural stretching ratio, the process
      approaches more and more the stretch-texturing process described above.
PAR  It is the object of the present invention to produce voluminous bulked
      yarns having good crimping characteristics and textile properties from
      unstretched polyethylene terephthalate filaments by the known continuous
      stretching and false twist texturizing processes while obviating the
      difficulties hitherto observed, such as ageing of the unstretched
      filaments, high proportion of broken filaments, great number of slubs,
      non-uniformity of titer, and irregular dyeability.
PAR  This objective is obtained according to the invention by using in
      continuous stretching and false twist texturizing processes, unstretched
      polyethylene terephthalate filaments having a degree of pre-orientation
      characterized by a natural stretching ratio in the range of from 1 : 2.7
      and about 1 : 1.1.
DRWD
PAR  FIG. 1 is a schematic representation of a device for stretch-texturizing in
      accordance with the present invention.
PAR  FIG. 2 is a schematic representation of a device for texturizing-stretching
      of unstretched filaments.
PAR  FIG. 3 is a graph of a typical stress-strain curve of unstretched filaments
      or yarns from polyethylene terephthalate.
PAR  By unstretched PET filaments there are to be understood all PET filaments
      the technological data of which can be improved by a stretching process.
      The term PET filaments is intended to include filaments made of copolymers
      of polyethylene terephthalate in which the proportion of polyethylene
      terephthalate structural units predominates in the polymer molecule.
PAR  A range of pre-orientation is preferred which is characterized by a natural
      stretching ratio between 1 : 2.4 and 1 : 1.3, especially good results
      being obtained with a natural stretching ratio of from 1 : 2.0 to 1 : 1.4.
PAR  The natural stretching ratio can be defined by evaluation of the
      stress-strain diagrams of unstretched PET filaments.
PAR  The stress strain diagram is determined with filaments kept under defined
      climatic conditions, i.e., at a temperature of the ambient air of
      20.degree.C and with a relative atmospheric humidity of 65 %. The clamping
      length of the filament is 100 millimeters, the filament being under a
      slight pre-load of 0.05 g/dtex. With a constant drawing speed of 100
      millimeters per minute the traction acting on the filament is determined.
      In FIG. 3 a typical stress strain diagram for unstretched PET filaments is
      shown. The natural stretching ratio is the ratio of the original length of
      the filament (clamping length l.sub.o) to the length of the filament at
      the end of the yield zone (l.sub.o + .DELTA. l). According to FIG. 3 the
      value of .DELTA. l is determined as the point of intersection of the
      horizontal tangent in the yield zone with tangent on the stress-strain
      line before the breaking range.
PAR  To characterize the pre-orientation necessary according to the invention of
      the unstretched PET filaments other measurements may also be used, which
      may be more simple to determine with a high degree of pre-orientation. The
      measurement of the sound velocity, which may also be considered a value of
      the pre-orientation, is especially suitable. The range of the natural
      stretching ratio of about 1 : 2.7 to 1 : 1.1 according to the invention
      approximately corresponds to a range of sound velocity of 1,420 to 3,000
      meters per second.
PAR  Alternatively, the degree of pre-orientation of a filament can be
      determined by the refraction or the shrinking tension. The required range
      of the natural stretching ratio of 1 : 2.7 to 1.: 1.1 approximately
      corresponds to a birefringence of from 0.015 to 0.125 or a shrinking
      tension of from 12 to 300 milligrams/dtex.
PAR  To determine the sound velocity the running time of a longitudinal sound
      impulse of a few milliseconds on a filament is measured under normal
      climatic conditions (20.degree.C and 65% of relative humidity) at a
      filament tension of about 0.1 g/dtex. The measurement is effected, for
      example, by a dynamic modulus tester of Messrs. Morgan, Great Britain.
PAR  The refraction of unstretched filaments is determined according to the
      compensation method, as described, for example, in "Newer Methods of
      Polymer Characterization, " edited by Bacon Ke, Interscience Publishers,
      1964, New York/Sidney/London, page 175.
PAR  The shrinking tension of unstretched PET filaments is determined in water
      of 80.degree.C as follows: a filament is clamped between a stationary
      clamp and a force measuring head at a distance of about 200 millimeters.
      As measuring head an electronic pathless Tensotron measuring head is used
      (electronic tensiometer of Messrs. Rothschild, Switzerland). The clamped
      filament is immersed in the water of 80.degree.C and within about 1 second
      it reaches the water temperature. The force acting at the measuring head
      is recorded as a function of time. The force drops suddenly when the
      filament is immersed and rapidly increases again immediately thereafter.
      It then reaches a maximum value and subsequently decreases slowly. This
      maximum force is defined as shrinking force, the shrinking tension is
      obtained by division by the filament titer.
PAR  Suitable continuous stretching and false twist texturizing processes are
      all processes in which stretching and false twist texturizing are effected
      in one working stage without intermediate winding up, for example a
      stretch-texturizing process as shown in FIG. 1 of the accompanying
      drawing, in which in the most simple case an unstretched filamentary yarn
      1 is stretched between two roller sets 2 and 4, optionally while heated by
      a heating element 3, and the stretch point possibly fixed by a pin. False
      twist texturizing is performed in the range between roller sets 4 and 7 by
      false twist texturizing device 6, the yarn being set by heating element 5.
      A further continuous stretching and false twist texturizing process is
      illustrated in FIG. 2 of the drawing, in which the unstretched yarn 1 is
      passed by a roller set 2 and heating element 5 and fed to false twist
      texturizing device 6. By means of roller set 7 the yarn is drawn off at
      such a speed that texturizing and stretching take place simultaneously.
PAR  Unstretched and pre-oriented PET filaments according to the invention can
      be used for continuous stretching and texturizing in all types of false
      twist texturizing processes. Depending on the machine equipment, there can
      be used, for example, preferably spindles, friction twisters or false
      twisters, as described in Belgian Pat. No. 745,825. The type of heating
      elements 3 and 5 according to FIG. 1 is not critical; for example contact
      heaters have also proved advantageous.
PAR  Polyethylene terephthalate filaments having the degree of pre-orientation
      as defined according to the invention are preferably obtained by spinning
      from the melt with a sufficiently high draw-off rate of the spun
      filaments. The minimum draw-off rate depends on the maximum value of the
      natural stretching ratio or optionally on the corresponding limiting
      values of the other measuring data specified for the pre-orientation.
PAR  If the natural stretching ratio is below about 1 : 1.1, filaments are
      obtained from which voluminous yarns having optimum properties cannot be
      produced by a continuous stretching or texturizing process. With
      increasing draw-off and winding-up rates the technical difficulties as to
      the control of the rapidly rotating masses increase. In most cases,
      extremely high rates of draw-off and winding-up are unsuitable in view of
      the desired high bobbin weights. The increase in the draw-off rate is also
      limited by economical considerations as -- with a determined final titer
      of the yarn obtained -- the mass output per unit of time in melt spinning
      does not increase in a linear manner with respect to the draw-off speed.
PAR  The advantages of the unstretched PET filaments with the specified
      pre-orientation in stretch-texturizing processes reside, in the first
      place, in the stability in storage of the said filaments. Even after a
      prolonged storage, without careful observation of the storing conditions,
      unstretched and pre-oriented filaments according to the invention yield,
      in a known continuous stretching and false twist texturizing process,
      texturized yarns of excellent uniformity, i.e., yarns which are
      characterized by a very low number of broken filaments and slubs and very
      uniform dyeing properties.
PAR  In the known false twist texturizing of stretched filaments optimum
      crimping characteristics of texturized yarns are obtained when defined
      numbers of revolutions of the spindles and a sufficient running speed of
      the filaments are maintained. When these conditions found by experience
      are used in the texturizing-stretching process unoriented filaments yield
      extremely slubby texturized yarns. This slubbiness can be partially
      avoided by an increased number of twists per unit-length, but with the
      same maximum number of revolutions of the spindle lower running speeds of
      the filaments are required. With the use of the unstretched and
      pre-oriented PET filaments according to the invention, the running speed
      can be the same as in the known false twist texturizing processes.
PAR  The main disadvantage of the texturizing-stretching process is the fact
      that the texturizing tension cannot be chosen so as to obtain yarns having
      optimum crimping characteristics, since the stretching tension of the
      unoriented filament must be exceeded. As compared therewith, the use of
      the pre-oriented and unstretched PET filaments according to the invention
      results in the following surprising advantage: when, in a device according
      to FIG. 2, the texturizing-stretching ratio is varied, i.e., the ratio of
      the speeds of roller sets 7 and 2, with otherwise unchanged settings, an
      optimum texturizing-stretching ratio is found at which the texturized
      yarns obtained have optimum crimping characteristics. These optimum
      crimping characteristics correspond at least to those obtained in the
      known discontinuous stretching and texturizing of the stretched yarns.
PAR  Surprisingly, the optimum texturizing-stretching ratio, found out for
      pre-oriented unstretched PET filaments according to the invention with the
      aid of the crimping characteristics, approximately corresponds to the
      texturizing-stretching ratio with which yarns of optimum strength are
      obtained. Also the uniformity of the yarn, expressed by the Uster value,
      is approximately at its optimum with this optimum texturizing-stretching
      ratio. The Uster value of a yarn corresponds to the variation coefficient
      of the mass of a bundle of filaments. It is determined by the Uster
      Uniformity Tester of Zellweger (Uster, Switzerland) (cf. Koch-Satlow
      "Grosses Textil-Lexikon" Deutsche Verlagsanstalt Stuttgart, 1966, page
      543).
PAR  The optimum texturizing-stretching ratio is a little below the stretching
      ratio which yields in the known stretch-twisting a yarn of equal
      elongation. It should be pointed out, however, that a clear relation
      between these two stretching ratios does not exist.
PAR  Depending on the degree of pre-orientation, texturizing-stretching ratios
      of from 1 : 2.5 to 1 : 1.1 and preferably between 2.3 and 1.7 are found
      with the use of the pre-oriented unstretched PET filaments according to
      the invention.
PAR  In the known discontinuous false twist texturizing of stretched filaments
      one skilled in the art knows at which number of rotations of the false
      twist spindle at which draw-off speed of the yarn the desired crimping
      characteristics can be obtained. When use is made of these experiences in
      the texturizing-stretching process, i.e., with the same number of
      revolutions of the spindle the speed of roller set 7 is chosen in
      accordance with the experience, in general very slubby voluminous yarns
      are obtained. In order to obviate this deficiency, the number of twists
      per unit length of yarn should be increased, that is to say with a
      constant number of revolutions of the spindle the draw-off speed of the
      yarn has to be reduced. As compared therewith, with the use of the
      pre-oriented unstretched PET filaments according to the invention high
      running speeds likewise yield texturized yarns of unobjectionable quality.
PAR  The following examples illustrate the invention.
PAC  Examples
PAR  Dried granular terephthalates having a relative viscosity .eta. .sub.rel of
      1.815, determined at 25.degree.C in 1 % solution in a solvent mixture of 3
      parts by weight of phenol and 2 parts by weight of tetrachloroethane, were
      melted in an extruder and the melt was forced through spinnerets with 32
      orifices. The filaments leaving the spinnerets were cooled in known manner
      by an air current, treated with a spinning preparation and wound up. The
      amount of molten polyethylene terephthalate forced per unit of time
      through one spinneret was chosen, in dependence on the winding speed, in
      such a manner that after stretching the spun filaments had a final titer
      of 167f 32 dtex.
PAR  The spun filaments wound up at different speeds had the following values:
      (spinning A for comparison)
TBL  spinning      A        B        C      D                                  
     ______________________________________                                    
     winding speed                                                             
                  1000     1800     2000   2600                                
     (m/min)                                                                   
     natural stretch                                                           
                  1:3.45   1:2.30   1:2.10 1:1.70                              
     ratio                                                                     
     sound velocity                                                            
                  1400     1420     1440   1520                                
     (m/sec)                                                                   
     double refraction                                                         
                  4.03     14.64    17.40  27.80                               
     (.10.sup.-.sup.3)                                                         
     shrinking tension                                                         
                  8.25     18.9     21.8   32.2                                
     (mg/dtex)                                                                 
     ______________________________________                                    
PAR  The filaments obtained according to A to D were continuously stretched and
      false twist crimped in a stretch-texturizing device according to FIG. 1
      and a texturizing-stretching device according to FIG. 2. The contact
      heating plates 5 had a length of 1.20 meters and the false twist spindles
      6 were provided with sapphire bars as deflecting organs. The spindles
      turned at a speed of 380,000 to 445,000 revolutions per minute. The number
      of revolutions of the spindle was chosen in such a manner that the yarns
      to be texturized were false twisted 2,300 times per meter.
PAR  In the stretch-texturizing process according to FIG. 1 the false twist
      texturizing device was preceded by a further set of rollers 2. The
      unstretched filaments 1 were drawn off the bobbin at a rate V.sub.2 by set
      of rollers 2, passed over a contact heater 3 (pin, wrapping angle
      360.degree.) maintained at 85.degree.C and fed to roller set 4 having a
      circumferential speed V.sub.4. Between the two roller sets the filaments
      were stretched, the stretching ratio applied being calculated from the
      ratio of the circumferential speeds V.sub.4 : V.sub.2. After having left
      roller set 4 the stretched filaments were fed to the false twist device
      and transported further with the aid of roller set 7 having a somewhat
      lower speed V.sub.7 than V.sub.4. The advance of roller set 4 over roller
      set 7 was calculated in percent from the circumferential speeds according
      to the formula
      ##EQU1##
PAR  In the texturizing-stretching process according to FIG. 2 the spun
      filaments were drawn off by roller set 2 at a speed v.sub.2 and passed
      through the texturizing device with the aid of roller set 7 at a speed
      V.sub.7. The stretching ratio applied was calculated from the ratio of the
      speeds V.sub.7 : V.sub.2.
PAR  In the following table are summarized the working conditions and to
      characterize the bulked yarns obtained there are also indicated, besides
      the strength and elongation at break, the following crimping
      characteristics:
      ##EQU2##
PAR  The values X.sub.o, to X.sub.4 necessary for the calculation of the
      respective data can be obtained by the following test: The yarns to be
      tested are wound up under a tension of 0.04 to 0.06 g/dtex to a rope of
      11,100 dtex, which rope is loaded with a pre-load of 10 g for 11,000 dtex
      each. After 5 minutes the length of the rope is recorded (X.sub.o). While
      maintaining the pre-load, the rope is treated for 5 minutes with hot air
      of 130.degree.C and its length is measured again after cooling (X.sub.1).
PAR  The value X.sub.2 is obtained after having loaded the rope for 30 seconds
      with the main load of 1000 g for 11,100 dtex each, while X.sub.4 is
      obtained after a permanent load of 7 kg for 11,100 dtex each for 30
      seconds with subsequent recovery for 5 minutes under the preliminary load.
PAR  The number of thread slubs per 100 kilometer of yarn are a measurement of
      filament damages. Texturized yarns should have slub numbers below about 25
      per 100 kilometer of yarn.
PAR  Each breakage of yarn necessitates a production stop and restart.
PAR  In the table, spinning A is included for the purpose of comparison.
TBL                                    TABLE                                   
     __________________________________________________________________________
                   stretch-texturizing     texturizing-stretching              
     Example No.   1   2   3   4   5   6   7   8    9   10  11  12             
     __________________________________________________________________________
     spinning      A   B   C   C   D   D   A   B    C   C   D   D              
     __________________________________________________________________________
     stretching ratio 1:                                                       
                   3.82                                                        
                       2.80                                                    
                           2.40                                                
                               2.50                                            
                                   2.30                                        
                                       2.30                                    
                                           3.00                                
                                               2.36 2.20                       
                                                        2.35                   
                                                            1.80               
                                                                1.85           
     advance of roller set 4                                                   
                   4   2   4   6   7   6   --  --   --  --  --  --             
     (rate of over feed (%)                                                    
     with respect to                                                           
     roller set 7)                                                             
     setting temperature of                                                    
                   210 230 210 210 210 210 210 210  210 210 210 210            
     heater 5 (.degree.C)                                                      
     circumferential speed                                                     
                   164 164 164 194 164 194 164 164  164 194 164 194            
     of roller set 7 (m/min)                                                   
     strength (g/tex)                                                          
                   35.7                                                        
                       38.3                                                    
                           31.2                                                
                               33.5                                            
                                   36.5                                        
                                       38.5                                    
                                           16.0                                
                                               30.4 32.4                       
                                                        34.3                   
                                                            32.6               
                                                                30.8           
     elongation at break (%)                                                   
                   24.5                                                        
                       24.0                                                    
                           29.7                                                
                               27.4                                            
                                   21.5                                        
                                       20.1                                    
                                           22.3                                
                                               37.3 38.9                       
                                                        37.5                   
                                                            38.8               
                                                                34.6           
     initial crimp C.sub.1 (%)                                                 
                   50.0                                                        
                       52.2                                                    
                           59.3                                                
                               50.0                                            
                                   53.3                                        
                                       48.0                                    
                                           51.3                                
                                               55.3 52.6                       
                                                        47.5                   
                                                            57.5               
                                                                52.8           
     residual crimp C.sub.3 (%)                                                
                   41.0                                                        
                       45.8                                                    
                           52.2                                                
                               41.1                                            
                                   46.9                                        
                                       41.4                                    
                                           40.9                                
                                               46.5 44.8                       
                                                        39.5                   
                                                            51.3               
                                                                45.8           
     shrinkage in hot air                                                      
                   47.5                                                        
                       49.3                                                    
                           55.0                                                
                               43.7                                            
                                   48.6                                        
                                       43.8                                    
                                           45.8                                
                                               52.6 48.6                       
                                                        44.0                   
                                                            53.5               
                                                                48.2           
     S.sub.130                                                                 
     number of slubs/100 km                                                    
                   &lt;10 &lt;10 &lt;10 &lt;10 &lt;10 &lt;10 &gt;50 20-30                           
                                                    &lt;10 &lt;10 &lt;10 &lt;10            
     of yarn                                                                   
     number of yarn break-                                                     
                   15.4                                                        
                       10.8                                                    
                           9.3 9.3 0.6 0.6 5.9 5.1  4.8 4.8 1.4 1.4            
     ages per 100 kg of yarn                                                   
     __________________________________________________________________________
CLMS
STM  Which is claimed is:
NUM  1.
PAR  1. Improvement in continuous stretching and false twist texturizing
      processes for the manufacture of voluminous yarns from unstretched spun
      filaments of polyesters comprising at least preponderantly polyethylene
      terephthalate structural units, which comprises using unstretched but
      pre-oriented spun filaments having a degree of pre-orientation
      characterized by a natural stretching ratio of about 1:2.0 to about 1:1.4,
      feeding the said filaments to continuously working stretching and false
      twist texturizing devices, stretching the said yarns at a stretch ratio of
      about 1:2.3 to about 1:1.7, and winding up the texturized yarns obtained.
NUM  2.
PAR  2. The process of claim 1, wherein the unstretched spun filaments having
      the defined degree of pre-orientation are continuously stretched between
      two roller sets and passed immediately thereafter, without intermediate
      winding up, to a continuously working false twist texturizing device.
NUM  3.
PAR  3. The process of claim 1, wherein the unstretched spun filaments having
      the defined degree of pre-orientation, after having passed a heating
      device, are continuously fed over a roller set to the false twist
      producing means of a false twist texturizing device and drawn off by a
      second roller set at a speed such that texturizing and stretching are
      performed simultaneously.
NUM  4.
PAR  4. Voluminous yarns of polyethylene terephthalate filaments or filaments of
      copolyesters preponderantly consisting of polyethylene terephthalate
      structural units obtained by the process of claim 1.
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ABST
PAL  An open-end spinning machine system containing a plurality of spinning
      units, the components of each unit including a spinning turbine, a breakup
      roller, a feed roller, a yarn extraction device and yarn wiping apparatus,
      is controlled during stopping and subsequent restarting by an automatic
      control system which is operated by switching members in such a manner
      that, during stopping of the system, the turbine, feed roller, yarn
      extraction device and winding device of each unit are first permitted to
      decelerate in unison, in a free rundown manner while the rotating speeds
      remain within the range permitting yarn spinning to continue, and these
      components are positively braked only when their speeds approach the lower
      limit of such range, while during restarting of the system, the yarn
      extraction device and the yarn winding device of each unit are caused to
      rotate through a selected distance in the direction opposite to their
      normal operating direction for feeding a fixed length of yarn back into
      the associated spinning turbine, whereafter the end of the length of yarn
      fed back into the turbine becomes combined with the yarn which starts to
      form in the turbine when the spinning operation of the turbine is
      reestablished.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for automatically starting and
      stopping an open-end spinning machine of the type composed of a plurality
      of spinning units each including a spinning turbine, a breakup roller, a
      yarn extraction device and a winding apparatus.
PAR  The invention employs the basic concept that the yarn ends are to remain in
      the spinning turbines when the spinning machine is shut down and these
      ends are to be fed back into the spinning turbines upon restarting of the
      machine, this being achieved by a limited reverse operation of the yarn
      extraction devices and winding apparatuses.
PAR  When fiber rovings are spun into fine yarns, by a technique which does not
      employ the rings commonly associated with ring spinning, a strip of fibers
      consisting of staple fibers is fed via a feed roller to a rotating breakup
      roller and is there broken up into individual fibers. The individual
      fibers already broken out of the bundles of fibers are conducted by the
      subatmospheric pressure produced by the spinning turbine and by the flow
      conditions existing in the spinning chamber to the intake area of the
      spinning turbine, where they are conducted along the conical inlet portion
      of the spinning turbine into the fiber collection trough. From this point
      on, the fibers are then reinforced by twisting, are fed through the center
      of the spinning turbine as yarn, and are guided, by means of a pair of
      extraction cylinders, to winding apparatus.
PAR  During the usual shut-down of the spinning machine, the feed rollers, the
      spinning turbines, the breakup rollers, the extraction cylinders and the
      winding apparatuses are stopped. This results in a relatively rapid loss
      of the subatmospheric pressure required for the spinning process and thus
      causes all of the threads to break. During the usual restarting of the
      machine, it is then necessary to manually remove all broken threads. In
      this case each yarn end must be manually inserted into the yarn extraction
      tube and from there the subatmospheric pressure produced in the rotating
      spinning turbine sucks the yarn back into the fiber collection trough.
      There the individual fibers which were fed in the meantime to the input
      side of the spinning turbine by the feed roller and the breakup roller are
      then spun to the reintroduced yarn end, and the yarn which then forms is
      again continuously fed by the pair of extraction cylinders to the winding
      apparatus.
PAR  The reestablishment of spinning, by hand, described above insofar as
      concerns its significant steps is time-consuming, considerably reduces the
      output of the spinning machine and greatly increases personnel costs.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome these drawbacks.
PAR  A more specific object of the present invention is to provide a process
      which permits starting and stopping of the above-mentioned type of
      spinning machine without, or almost without, breakage of threads.
PAR  This is accomplished, according to the present invention by causing, during
      stopping of the spinning machine, an automatic switch-off control to
      effect a simultaneous reduction in the rate of rotation of the spinning
      turbines, the feed rollers, the yarn extraction devices, the winding
      apparatuses, and possibly also the breakup rollers, by means of a
      switching member, the rotating speed being so reduced while remaining
      within limits which correspond to prevalent spinning conditions, and when
      the lower limit of this range has been reached, positively and quickly
      braking these units until they come to a standstill. The objects according
      to the invention are further achieved, when the spinning machine is
      started, by causing an automatic starting control, actuatable by means of
      a further switching member, to control a limited movement of the yarn
      extraction devices and of the winding devices through a fixed distance in
      the reverse direction, so that, independent of the selected rate of
      rotation of the spinning machine, always the same length of yarn is fed
      back into the spinning turbines.
PAR  In an exemplary embodiment of the invention, when the spinning machine is
      started, the breakup rollers initially run up individually to their rated
      speed. After completion of the transient starting period of the breakup
      rollers, the spinning turbines enter a transient starting period until
      they reach a certain speed, the so-called start-of-spinning speed which
      can be set in dependence on the yarn count, or weight per unit length.
      Once the spinning turbines and the breakup rollers have reached this
      speed, the extraction cylinder and the winding apparatus are started up by
      a time relay in the direction opposite to the normal operating direction
      so that they feed a certain length of previously spun yarn back into the
      fiber collection trough of the spinning turbines and this feeding is aided
      by the subatmospheric pressure produced in the spinning turbines. In
      dependence on the occurrence of yarn feedback into the spinning turbines,
      the feed rollers at the input side of the turbines begin, after a time
      delay, to feed bands of staple fibers. Now the so-called spinning start
      can take place.
PAR  Once this is accomplished, the yarn extraction cylinder and the winding
      device begin to rotate in the operating direction. The yarn is then
      continuously drawn off and wound up in a criss-cross pattern.
PAR  Upon completion of the start-of-spinning phase, the spinning machine
      changes to its rated speed, also known as the spinning speed, under the
      control of a time relay. If during starting of the spinning machine a
      thread breaks at any of the spinning units, the thread monitor will at
      once stop the feeding of rovings to this particular spinning unit. The
      unit in question must then be started up manually.
PAR  When the spinning machine is shut down, first the main drive motor is
      disconnected. Except for the breakup roller, the rate of rotation of the
      spinning machine continuously decreases from the spinning speed until
      reaching the minimum speed conditions at which open-end spinning can still
      occur. Only then will the brake for the main drive become effective in
      order to stop the spinning machine so quickly that the yarn ends still
      remaining in the spinning turbines are available for a renewed
      start-of-spinning process. Once this is accomplished, a time relay stops
      the drive motor for the breakup rollers. The breakup rollers then slow
      down until they stop.
PAR  The starting of the spinning machine, i.e. the start-of-spinning in all
      spinning chambers provided in the machine, presupposes prior shutting off
      or setting of individual members of the spinning machine in an accurate
      sequence and in certain time intervals, the sequence and the time
      intervals being given by the parameters of the yarn to be spun and by the
      type of fibers to be used, i.e. by its denier and staple length.
PAR  In a modification of the above-described starting characteristics according
      to the present invention, it is also possible to accomplish a
      start-of-spinning phase almost without a broken thread by feeding the
      fibers already broken out of the fiber band into the spinning turbine, at
      its inlet end, before the yarn feedback into the spinning turbine is
      completed, i.e. before the temporary reversing of the pair of yarn
      extraction cylinders has been completed. According to this feature of the
      present invention, the starting of the feed roller can thus take place
      independently of the reversing of the yarn extraction cylinder.
PAR  An advantage of this type of drive system is that the fed-in yarn end, i.e.
      the start of the spun yarn, is not subjected to an excess increase in
      speed by the time-offset, beginning with the end of the reversal up to the
      fiber intake, but rather that the fibers are already fed in when the
      starting thread is still being fed back so that a time-offset becomes
      unnecessary.
PAR  A further advantage for the independent driving of the feed roller by the
      reversing gear is that the entire open-end spinning machine can be driven
      by one drive motor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of the operating parts of an open-end
      spinning machine capable of operating according to the present invention.
PAR  FIG. 2 is an electrical circuit diagram of the circuitry of the control
      device for the spinning machine of FIG. 1.
PAR  FIG. 3 is a schematic representation of the operating parts of another
      open-end spinning machine which can be operated according to another
      embodiment of the present invention, the entire open-end spinning machine
      being driven by but one drive motor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Since the plurality of spinning units of the open-end spinning machine
      coincide in their design, only one such spinning unit is shown in FIG. 1
      for reasons of simplicity. Each spinning unit includes a feed roller 1
      fastened to a shaft 57, which is rotatably mounted on a machine base on
      bearings (not shown), a breakup roller 2, and the spinning turbine 3 which
      is of conventional design and which is rotatably mounted on the machine
      base. The spinning turbine 3 is provided with air channels which during
      rotation support an air flow that produces the subatmospheric pressure
      required for the spinning process so that the fibers already released from
      the fed-in fiber strip, or band, can travel through the fiber collection
      area into the fiber collection trough of the spinning turbine 3 from where
      they are extracted as yarn 9 through the yarn extraction tube 4, which is
      stationary in the center of the spinning turbine 3. The extraction force
      is provided by a pair of extraction rollers 5 and 6. Yarn extraction can
      also be effected through the center of the breakup roller.
PAR  The pair of extraction rollers 5 and 6 includes a fluted roller 5 keyed on
      a shaft 63 which itself is rotatably mounted on the machine base in
      bearings (not shown) and a rotatable pressure roller 6 spring-biassed
      against roller 5. From here the yarn 9 moves to a slitted drum 7 keyed on
      a shaft 65, which itself is fastened to the machine base in bearings (not
      shown). Shaft 65 is driven by shaft 63 by means of a drive, composed of a
      V-belt and pulleys 62 and 64, of the type whose transmission ratio can be
      varied continuously over a selected range. The slitted drum 7 in turn
      drives a rotatably mounted yarn spool 8 by means of friction and the yarn
      9 is wound thereon in a criss-cross pattern.
PAR  When the operator actuates a switching member 72, the drive motor 68 for
      the breakup roller 2 is started. The drive motor 68 drives an intermediate
      shaft 20 via belt pulleys 16 and 17. Intermediate shaft 20 drives a shaft
      23 via a V-belt and pulleys 21 and 22 which also form a drive whose
      transmission ratio can be continuously varied over a selected range. A
      pulley 24 disposed on shaft 23 then drives the breakup roller 2 via whorl
      25. The running up of the breakup roller 2 to its rated speed during an
      early phase in the starting of the machine has the advantage that optimum
      conditions for combing out the rovings into individual fibers are present
      at the onset of the actual start-of-spinning phase.
PAR  Upon completion of the transient starting period of the breakup roller 2,
      when it has reached its rated speed, the main drive motor 10 is started
      under the control of a time relay. This motor then drives the main drive
      shaft 13 via belt pulleys 11 and 12 and the main drive shaft 13 drives the
      whorl 15 of the spinning turbine 3 via pulley 14 and a drive belt.
PAR  The system includes four electromagnetic couplings 35, 36, 43 and 61 which
      are open, i.e. are not providing force-transmitting connections during
      this phase of the start-up of the spinning machine.
PAR  The drive connected via shaft 13, pulley 14 and spinning turbine drive
      whorl 15, increases the rotation of spinning turbine 3 to a certain rate,
      which is the start-of-spinning speed.
PAR  Once the breakup roller 2 has reached its rated speed and the spinning
      turbine 3 has reached its start-of-spinning speed, the time relay control
      places the couplings 35, 36, 43 and 61 in the following states:
PA1  Coupling 36 is open,
PA1  coupling 35 is closed,
PA1  coupling 61 is closed and
PA1  coupling 43 is open.
PAL  That means that, beginning from the main drive shaft 13, the drive is
      effected via pulleys 18 and 19, and intermediate shafts 26, 29, 32 and 34
      by means of gears 27, 28, 30, 41 and 33.
PAR  Shaft 34 is operatively coupled to an intermediate shaft 58 via closed
      coupling 35 and a V-belt and pulleys 39 and 40 constituting a drive whose
      transmission ratio can be continuously varied over a selected range. Shaft
      58 then drives, via pulleys 59 and 60 connected by a belt and the closed
      coupling 61, the fluted roller 5 which is fastened to shaft 63 and, via
      control pulleys 62 and 64, the slitted drum 7 fastened on shaft 65.
PAR  Thus, under the control of a time relay, shafts 63 and 65 revolve in a
      direction opposite to their normal operating direction so that they feed a
      defined length of yarn from winding spool 8 back into the spinning turbine
      3. If the extent of reverse movement of the fluted roller were here
      controlled by a time relay, then different lengths of yarn would be fed
      back into the spinning turbine for different turbine speeds. Since a
      certain length of yarn is required for the start-of-spinning phase, which
      length is dependent on the diameter of the spinning turbine, the fluted
      cylinder 5 must be controlled so that during its reverse rotation it
      rotates through a fixed angular distance, i.e. a point on its periphery
      traverses a path of predetermined length. The constant-length yarn
      feedback is feasible, for instance, by variation of the reverse time
      constants in dependence on the spinning speed or start-of-spinning speed
      or by direct control of the reverse motion path or reverse motion angle
      through an angular distance transmitter attached to the shaft 63.
PAR  At this time, again controlled by a time relay, the so-called
      start-of-spinning phase begins, which is effected by placing the
      electromagnetic couplings in the following states:
PA1  Coupling 36 is closed,
PA1  coupling 35 is open,
PA1  coupling 61 is open and
PA1  coupling 43 is closed.
PAR  Starting from shaft 26, which is constantly driven by shaft 13, shaft 45 is
      driven via closed coupling 36, pulleys 37, 38, 39 and 40, shaft 58,
      pulleys 41 and 42 and a reduction gear 44. This shaft 45 drives shaft 54,
      via intermediate shafts 49 and 51, by means of gears 46, 47, 48, 50, 52
      and 53. Via pulleys 55 and 56, shaft 54 drives shaft 57 to which the feed
      roller 1 is fastened, i.e. the feeding of fiber rovings to the breakup
      roller 2 begins.
PAR  Shortly after the beginning of the feeding of the fiber rovings and the
      subsequent separation of the rovings into individual fibers, the direction
      of rotation of fluted roller 5 with the pressure roller 6 and the slitted
      drum 7 with the yarn spool 8 is reversed so that they now continuously
      extract the yarn from the spinning turbine 3. In order to reverse the
      direction of rotation, the electromagnetic couplings must be placed in the
      following states:
PA1  Coupling 36 is closed,
PA1  coupling 35 is open,
PA1  coupling 61 is closed and
PA1  coupling 43 is also closed.
PAR  Shaft 26 thus continues to rotate shaft 58 via closed coupling 36, pulleys
      37 and 38, and the control discs constituting pulleys 39 and 40. The
      intermediate shaft 58 then drives shaft 63 via pulleys 59 and 60 and the
      closed electromagnetic coupling 61. Shaft 63 then directly drives, as
      described above, the yarn extraction devices 5, 6 in the forward direction
      and indirectly, via the variable drive formed by the V-belt and pulleys 62
      and 64, the winding apparatus 7, 8, also in the forward direction.
PAR  As soon as the above-described start-of-spinning phase is completed, the
      spinning machine automatically changes, under the control of a time relay,
      to the previously selected rated spinning speed.
PAR  The switching off of the open-end spinning machine is effected by actuation
      of the switching member 70. This causes the main drive motor 10 to be
      switched off. All parts driven by main drive motor 10 then decelerate from
      their rated speed to a speed at which the spinning conditions required for
      open-end spinning are still just met in the spinning turbine. Thereafter a
      brake 69 is applied to cause the spinning machine to stop quickly.
PAR  Since the time of actuation of the brake has a decisive effect on the
      proper restarting of the spinning operation, this time must be selected so
      that when the spinning machine is stopped the yarn end which was just
      previously formed remains in the yarn extraction tube 4. In order to be
      able to satisfy this requirement, the brake 69 must always engage the
      shaft of motor 10 in a force-transmitting manner when the motor is running
      at a certain speed whose value depends on the parameters of the material
      to be spun, this being effected by speed monitors. With a certain time
      delay after engagement by brake 69, a time relay controls the switching
      off of the drive for the breakup roller 2, after the spinning machine has
      stopped.
PAR  The delayed stopping of the breakup roller 2 need not necessarily be
      provided but it has the advantage that the fiber rovings fed in during the
      slowdown of the machine are still continuously separated and thus assure
      perfect spinning until brake 69 responds.
PAR  The electromagnetic couplings become automatically reset so that renewed
      starting of the spinning machines becomes possible.
PAR  As can be seen in FIG. 2, which presents a schematic representation of one
      embodiment of the circuitry of the control device, the start-of-spinning
      phase is initiated by closing normally-open switching member 71, the
      rated-speed spinning phase is initiated by closing normally-open switching
      member 72 and the switch-off phase is initiated by opening normally-closed
      switching member 70, all of which are shown in their normal positions.
PAR  All air-core relays, switching relays and couplings shown symbolically in
      FIG. 2 are fed by a transformer 90. The movable contacts of the relays
      bear the same reference numeral as their associated coil and are all shown
      in their deactuated, or normal position.
PAR  The couplings 36, 43 and 61 are actuated when no current is applied thereto
      while the brake 69 and couplings 35 and 92 are actuated by the application
      of operating current.
PAR  Relays 74, 79, 81, 83 and 85 are of the type which become actuated a fixed
      time after application of operating power to their coils and which become
      deactuated substantially immediately after removal of operating power from
      their coils. The coils of relays of this type are identified by a small x.
      Conversely, relays 77, 78 and 87 are of the type which become actuated
      substantially immediately upon application of operating power to their
      coils and become deactuated a fixed time afer removal of operating power.
      The coils of these relays are identified by a small solid black area. The
      remaining relays, 73, 75, 76, 80, 82, 84 and 86, are substantially
      immediately actuated upon application of power to, and deactuated upon
      removal of power from, their coils. Switches 70-72 are of the momentarily
      actuated type.
PAL  Start-of-Spinning Phase
PAR  The air-core relay 73 is actuated by closing of switching member 71 and the
      drive motor 68 for the breakup roller is switched on. At a fixed time
      after the starting of motor 10, and as a result of actuation of time delay
      relay 74, the speed controlled main drive motor 10 begins to operate to
      drive the turbine and later the feed roller, the feed cylinder and the
      winding apparatus. The transient starting period of the main drive motor
      10 from zero speed to the start-of-spinning speed or the spinning speed,
      respectively, can be continuously varied within wide limits by a starting
      generator 93.
PAR  The actuated relay 73 also disconnects relay 87 from the power source.
      Relay 87 is of the delayed-release type so that its movable contact opens
      after a set time interval. Up to the end of this interval, couplings 92
      which are provided in the longitudinal portion of each spinning location
      become force-transmitting and remain in this operating position if the
      micro-switches 91 have in the meantime been depressed by an increasing
      yarn tension.
PAR  If the threads have broken, however, and the microswitches 91 have thus not
      been depressed, couplings 92 will open after time relay 87 has dropped
      out, and interrupt the feeding of rovings to the turbines. The microswitch
      91 is located between outlet 4 of the spinning turbine 3 and the yarn
      extraction devices 5 and 6 in the area of the yarn extraction. It actuates
      the coupling 92 which causes the feed roller 1 to disconnect from the
      drive shaft 57. A more detailed description of these components is given,
      for instance, in the U.S. Pat. No. 3,210,923, FIG. 7 (microswitch 49,50;
      coupling 52,53).
PAR  Upon closing of the start-of-spinning switch 71 the air-core relay 75 is
      also actuated so that the air-core relay 76, which is responsible for the
      switching of the rated speed value from the start-of-spinning speed to the
      spinning speed, is prevented from being actuated.
PAR  Upon actuation of the time delay relay 74, the time delayed drop-out relay
      77 becomes actuated and this immediately switches on the time delayed
      drop-out relay 78. This in turn supplies operating power to time delayed
      turn-on relay 79. The delayed turn-on time of relay 79 is longer than the
      transient starting period for the main drive motor 10 and actuation of
      relay 79 connects the delayed turn-on relays 81 and 83 and the air-core
      relay 82 to the power supply. Actuation of air-core relay 82 causes the
      operating current-actuated coupling 35 of the reversal gear to be closed,
      i.e. a voltage is applied thereacross to place it in its force
      transmitting state, and also closes coupling 61 for the yarn extraction
      devices, by disconnecting that coupling from the power supply.
PAR  The reversing gear and the yarn extraction rollers are thus temporarily
      connected to operate in the reverse direction. After the time-delayed
      actuation of relay 81, the air-core relay 76 still cannot be actuated,
      however, since the auxiliary normally-closed contact of relay 75, which is
      connected in series with the switching contact of relay 81, is opened by
      the actuation of the start-of-spinning switch 71.
PAR  After expiration of the time delay associated with relay 83 the air-core
      relay 84 and, subsequently the delayed turn-on relay 85 are actuated.
      Actuation of relay 84 disconnects couplings 36 and 43 of the reversing
      gear and of the feed roller from the power supply, so that these couplings
      thus close to establish force-transmitting connections, and also
      disconnects coupling 35 of the reversing gear from the power supply so
      that this coupling opens. The actuation of relay 84 also applies current
      to coupling 61 of the feed cylinder to open this coupling.
PAR  Thus, at the moment of actuation of relays 83 and 84, the reversing gear is
      switched from the reverse rotation state to the forward rotation state,
      and the extraction devices stop but the fiber input system remains the
      same.
PAR  At the expiration of the delayed response time of relay 85, the relay 86 is
      actuated to terminate the flow of current to coupling 61, closing that
      coupling so that the extraction devices 5, 6, 7 and 8 start up in the
      forward operating direction.
PAR  With this switching process, the so-called start-of-spinning phase of the
      open-end spinning machine is completed.
PAR  Finally, it should be noted that, during operation, a depression of the
      start-of-spinning switch 71 or spinning switch 72, respectively, can be
      used selectively as desired to cause operation at the start-of-spinning
      speed or at the spinning speed. This is effected by switching the rated
      speed value by means of relay 76 which is either deactuated
      (start-of-spinning) by the relay 75 or actuated (spinning). A prerequisite
      for the selective switching of the speed is that the delayed turn-on time
      of relay 81 must have expired. This also applies for the spinning phase.
      The contacts of relay 76 are operationally connected to the run-up speed
      governor 93 of the main drive motor 10.
PAL  Spinning phase
PAR  The spinning phase is actually identical to the start-of-spinning phase,
      with the exception that upon switching on the spinning machine the
      spinning key 72 is depressed. This has the result that air-break relay 75
      cannot be actuated and thus the rated speed value will automatically be
      switched from the start-of-spinning speed to the spinning speed by
      actuation of air-core relay 76 when the turn-on time delay of relay 81 has
      expired and relay 81 is thus actuated.
PAL  Shut down phase
PAR  Depressing the switching member 70 removes operating current from air-core
      relay 73 and time relay 74, and thus from the main drive motor 10. The
      time delayed turn-off relay 87 becomes actuated immediately upon
      deactuation of relay 73 and bridges the microswitches 91 so that the
      couplings 92 remain closed even when the thread tension decreases and thus
      maintains the feeding of rovings to the turbines.
PAR  Upon deactuation of relay 73, the rated speed value is switched at once to
      the start-of-spinning level since air-core relays 75 and 76 have also been
      disconnected from their current supply. The time delayed turn-off relay 77
      is also disconnected from the current source and switches off the drive
      motor 68 for the breakup roller after expiration of its turn-off time
      delay. Upon deactuation of relay 77, the time delayed turn-off relay 78 is
      also disconnected from the current source.
PAR  If the rate of rotation of the main drive motor 10 has dropped to the value
      set by the speed-dependent switch 89, this switch responds and switches on
      the motor brake 69 by actuating air-core relay 80. A tachometer 88 which
      is operatively connected to the drive motor 10 supplies switch 89 with a
      speed-proportional voltage. The instant of switching must be so selected
      that the yarn end still remains in the yarn extraction tube in the
      spinning chamber and is not pulled out by the extraction rollers.
PAR  Once relay 78 has also been deactuated, couplings 36, 43 and 61 are
      returned to their starting states by deactuation of relays 79, and 82-86,
      whereas coupling 35 had already returned to its starting state during the
      starting phase. Only now can the spinning machine be switched on again
      since a movable contact of relay 82 prevents renewed actuation of relay 73
      during the shut-down phase.
PAR  FIG. 3 illustrates a system which differs from that shown in FIG. 1 in that
      the starting phase of the feed roller can take place independently of the
      reverse movement of the yarn extraction rollers so that it is possible to
      begin feeding the rovings even before the reverse movement of the yarn
      extraction rollers is completed. In this case the feed roller is driven in
      the following manner as shown in FIG. 3:
PAR  Drive motor 10 drives, via pulleys 11 and 12, the turbine drive shaft 13.
      Shaft 13 drives shaft 26 via control pulleys 100 and 101 providing a
      variable transmission ratio. Shaft 26 drives intermediate shaft 104 via
      pulleys 102 and 103. Shaft 104 drives step-down gear 44, via pulleys 105
      and 42 and closed coupling 43. The feed roller 1 is then driven via
      intermediate shafts 45, 49, 51, 54 and 57 by means of gears 46, 47, 48,
      50, 52 and 53 and pulleys 55 and 56.
PAR  Couplings 35 and 36 are open at this time, or coupling 35 is closed to
      permit reverse movement of the pair of yarn extraction rollers 5 and 6.
PAR  The starting phase of the feed roller is controlled by a timing relay.
PAR  As can be seen at once in FIG. 3, the breakup roller is also driven by
      drive motor 10, unlike the drive system according to FIG. 1, so that the
      entire open-end spinning machine is driven by a single drive motor.
PAR  In systems according to the invention, the portion of each spinning unit
      constituted by feed roller 1, breakup roller 2, turbine 3 and extraction
      tube 4 could have the structure disclosed in German Auslegeschrift
      (Published Application) No. 1,111,549 or in U.S. Pat. Application Ser. No.
      422,144, filed on Dec. 6th, 1973.
PAR  The parts 1, 2, 3 and 4 are also described in more detail in the U.S. Pat.
      No. 3,210,923. For identification, please refer to parts 11, 12 and 1
      shown in FIG. 1 and the yarn extraction tube 26 in FIG. 4 of that
      specification. The slitted drum 7 and the yarn spool 8 mentioned in this
      application are likewise shown in that U.S. Pat. No., namely as parts 28,
      29, 30 and 31 in FIG. 4. The slitted drum 7, in particular, is also shown
      as part 13 in FIG. 1 of the U.S. Pat. No. 3,354,631.
PAR  Any further spinning units not shown in FIG. 1 are connected to the shafts
      13, 23, 54, 63 and 65 in the same manner as are the spinning units shown.
      Accordingly, all other spinning units have the same belt drives as shown,
      with the pulleys 14/15, 24/25 and 55/56.
PAR  The latter three belt drives are not varied in their transmission ratios.
      They are given a definite transmission ratio when the machine is designed.
PAR  The air-core relay mentioned above is an auxiliary current actuated switch
      operating without time delay.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for the automatic starting and stopping of an open-end
      spinning machine system containing a plurality of spinning units, the
      components of each unit including a spinning turbine having a fiber
      collection trough, a breakup roller, a feed roller, a yarn extraction
      device and a yarn winding apparatus, wherein, during stopping of the
      system, the rates of rotation of the turbine, the feed roller, the yarn
      extraction device and the yarn winding apparatus of each unit are
      simultaneously reduced to below the normal spinning speed before being
      completely stopped, and the end of each yarn being spun remains in its
      spinning turbine and during restarting of the system each yarn extraction
      device and winding apparatus are caused to move opposite to their
      direction of normal movement for a limited time to feed the yarn end back
      into the spinning turbine, and the spinning turbine, the feed roller, the
      yarn extraction device and the yarn winding apparatus are brought to a
      rated speed below the normal spinning speed in order to start the spinning
      process, the improvement wherein:
PA1  a. the stopping of the system, from an operating state, comprises the steps
      of:
PA2  i. effecting such simultaneous reduction in the rates of rotation of the
      turbine, feed roller, yarn extraction device and yarn winding apparatus of
      each unit by permitting the rates of rotation thereof to decrease in
      unison in a free run-down manner while remaining within the range
      permitting yarn spinning to continue, and
PA2  ii. positively and rapidly braking such components only when their rates of
      rotation reach the lower limit of such range; and
PA1  b. the restarting of the system comprises effecting such movement of the
      yarn extraction device and the winding apparatus of each unit opposite to
      their normal direction of movement by initially driving the yarn
      extraction device and the yarn winding apparatus of each unit through a
      selected, fixed, distance in the direction opposite to their normal
      operating direction, which distance is independent of the existing speed
      of the system, for feeding a fixed, predetermined, length of yarn back
      into the fiber collection trough of the associated spinning turbine.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the spinning turbine, the feed
      roller, the yarn extraction device and the yarn winding apparatus are
      driven by drive means connected to receive operating power from a power
      supply and said step of effecting simultaneous reduction in the rates of
      rotation is carried out by disconnecting the drive means from the power
      supply.
NUM  3.
PAR  3. A method as defined in claim 2 wherein the restarting of the system
      further comprises separately bringing the breakup roller of each unit to
      its normal operating speed before accelerating the other components of the
      respective unit to a speed which permits yarn spinning to occur.
NUM  4.
PAR  4. A method as defined in claim 3 wherein the stopping of the system
      further comprises allowing the breakup roller to run down to a stopped
      position only at a time after completion of said step of braking.
NUM  5.
PAR  5. A method as defined in claim 2 wherein the restarting of the system
      further comprises starting rotation of the feed roller of each unit, under
      control of a time delay relay, while said step of initially driving the
      yarn extraction device and the yarn winding apparatus is occurring.
NUM  6.
PAR  6. Method as defined in claim 5 wherein all components of every unit are
      driven by a single drive motor.
NUM  7.
PAR  7. A method as defined in claim 2 wherein the stopping of the system
      further comprises allowing the breakup roller to run down to a stopped
      position only at a time after completion of said step of braking.
NUM  8.
PAR  8. A method as defined in claim 1 wherein the restarting of the system
      further comprises separately bringing the breakup roller of each unit to
      its normal operating speed before accelerating the other components of the
      respective unit to a speed which permits yarn spinning to occur.
NUM  9.
PAR  9. A method as defined in claim 8 wherein the stopping of the system
      further comprises allowing the breakup roller to run down to a stopped
      position only at a time after completion of said step of braking.
NUM  10.
PAR  10. A method as defined in claim 1 wherein the stopping of the system
      further comprises allowing the breakup roller to run down to a stopped
      position only at a time after completion of said step of braking.
NUM  11.
PAR  11. A method as defined in claim 1 wherein the restarting of the system
      further comprises starting rotation of the feed roller of each unit, under
      control of a time delay relay, while said step of initially driving the
      yarn extraction device and the yarn winding apparatus is occurring.
NUM  12.
PAR  12. A method as defined in claim 11 wherein all components of every unit
      are driven by a single drive motor.
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ABST
PAL  This invention relates to a process for the continuous manufacture of
      smooth or textured multifilament yarns from synthetic thermoplastic high
      molecular weight polymers by the spin stretching or spin stretch texturing
      processes, wherein the unstretched multifilament yarn is passed from the
      spinning machine to the stretching or stretch texturing machine through
      tubes made of metal, plastics or glass, although other materials may also
      be used, e.g. ceramics.
BSUM
PAR  This invention relates to a process for the continuous production of smooth
      or textured multifilament yarns from synthetic thermoplastic high
      molecular weight polymers by the spin stretching or the spin stretch
      texturing processes.
PAR  For economical reasons most known rapid spinning processes are carried out
      at spinning velocities of from 500 to 1,000 m/min and at stretching
      velocities 3 to 4 times higher.
PAR  These rapid processes are technically very costly and the risk of accidents
      to the operators also increases with increasing working speed. Another
      disadvantage of these processes is the short residence time between the
      spinning die and the stretching zone, which necessitates correspondingly
      vigorous cooling conditions which may, especially in the case of polyamide
      6, cause freezing of the unstable .gamma.-modification which has a
      different dye absorption level than the more stable .alpha.-modification.
      This may result in streaky dyeing, for example in the case of piece dyed
      carpets.
PAR  Consequently it has been recommended to employ low spinning velocities,
      (200 ml min) and high relative humidity, (70%) for spin stretching
      process, (see German Auslegesschrift No. 1,278,683), and, in addition, the
      multifilament yarn is deflected over pairs of rollers in order to increase
      the residence time between the spinning die and the stretching zone to
      from 10 to 60 seconds. Although this process obviates the disadvantages
      described above, it is relatively uneconomical owing to the low output and
      the amount of attendance required on the part of the operators.
PAR  In another process in which low spinning draw-off rates are employed, (from
      150 to 35 m/min.), the spin draw-off roller serves as both stretching and
      delivery roller. Because of the short residence time between the spinning
      die and stretching zone the risk of fluctuations in the dye affinity is
      great.
PAR  It is an object of the present invention to obviate the above mentioned
      disadvantages.
PAR  It has been found that the above described disadvantages may be overcome by
      reducing the draw-off rates of the spinning threads by using multiple dies
      and arranging for a residence time of more than 1 second between the die
      and the stretching zone.
PAR  The invention therefore relates to a process for the continuous manufacture
      of smooth or textured multifilament yarns from synthetic thermoplastic
      high molecular weight polymers by the spin stretching or spin stretch
      texturing processes, wherein the unstretched multifilament yarn is passed
      from the spinning machine to the stretching or stretch texturing machine
      through tubes made of metal, plastics or glass, although other materials
      may also be used, e.g. ceramics.
PAR  The invention may be better understood by reference to the drawing in
      which: 1 represents a double die; from which emerge two filaments per
      shaft 2; 3 and 4 represent spin finish rollers; 5 represents a roller; 6
      and 7 represent air suction nozzles; a tube 8; a conveyor roller 9; 10 and
      11 represent rollers; 12 represents a well known stuffer box crimping
      device; and 13 a spooling device.
PAR  The transport of the multifilament yarns from the spinning shaft to the
      stretching or stretch texturing machine must therefore be regarded as
      another important step in the process of the present invention. The yarns
      are transported through long tubes of metal, plastics or other materials,
      the dressed unstretched yarn being blown through a connecting tube by
      means of a suction nozzle. The air nozzle is kept in operation only until
      the multi-filament yarn has been gripped by the delivery roller of the
      machine to which it is being transported. The advantage of this method is
      that the increase in the transport path results in an increase in the
      residence time which is sufficient to form the stable .alpha.-crystal
      modification. In the present process the residence time between spinning
      die and stretching zone is more than 1 second, preferably from 5 to 30
      seconds.
PAR  The transport through long tubes, having diameters below 30mm, preferably
      from 15 to 20mm is preferable to deflection over several rollers because
      the number od deflections then required is very small and consequently the
      tension exerted on the yarn may be kept below the limit at which the yarn
      begins to stretch. The tension on the thread along the path of transport
      is preferably less than 2 p/den. An important cost saving is achieved by
      the fact that the machines, which are spaced far apart for multistage
      processes, may now be combined very simply for a direct process by
      connecting them with transport tubes.
PAR  The machines may be left at their original site so that there is a
      considerable saving in the costs which would otherwise be required for new
      constructions or changes in location.
PAR  The transport velocity for multifilament yarns is from 70 to 500,
      preferably 150 to 300 m/min.
PAR  The present method may easily be employed without any alternations to
      conventional spinning machines, simply by installing the tubes required
      for transporting the spinning material in the appropriate part of the
      machine. When these tubes are not in use, e.g. if any technical faults
      occur in the subsequent processes, the yarn may be spooled in the
      conventional manner employed previously. It is also possible to employ
      both methods simultaneously in which case one multifilament yarn is
      spooled by the conventional method while the other is passed through the
      transport tube directly to the stretch texturing or stretching machines.
      This may be important, for example in the case of technical faults in
      individual parts of the stretching or stretch texturing machinery.
PAR  The stretch texturing processes to which the present invention may be
      applied are in principle any conventional processes of this kind, e.g.
      blow jet crimping, stuffer box crimping and false twist texturing.
PAR  In the present process, the spinning output per shaft is maintained or even
      increased although at the same time the spinning draw-off rates are
      reduced. This is achieved by using multiple spinning dies. In these dies
      for multifilament yarns, a separating zone is left between the individual
      groups of threads so that the group may already be separated within the
      spinning shaft. If double dies are used, e.g. dies with two groups of 63
      apertures, the drawoff rate is halved and in the case of triple dies it is
      reduced to one third.
PAR  This process is in principle suitable for any polymers which are capable of
      being spun, although it is particularly suitable for polyamides and more
      particularly multifilament yarns of polyamides with a total titre of over
      500 dtex. It has been particularly difficult in the past, when employing a
      direct method of processing polyamides, to maintain a uniform level of
      dyeing because of the changes in the polyamide modifications mentioned
      above. For this reason, the air jet in the process according to the
      invention is adjusted, e.g. to a relative humidity of from 60 to 80% at a
      temperature of from 20.degree. to 26.degree.C. These atmospheric
      conditions, which are unsuitable for a spooling process, are advantageous
      for the direct process and are, moreover, less expensive.
PAR  When processing multifilament yarns with high titres as in Example 2, a
      considerable increase in output may be achieved even within the velocity
      limits indicated.
PAR  The present process may be employed both for producing smooth stretched
      yarns and for producing stretch textured yarns. There is little risk of
      premature stretching of yarns with titres above 500 dtex. For the sake of
      convenience to the operators, the subdivision of a multifilament yarn into
      several individual yarns is preferably carried out in the spinning shaft.
      However it may also be carried out after the transport through the tube.
      This is of particular interest for low denier yarns. In this way, a
      plurality of stretching or stretch texturing machines may be supplied from
      a single spinning shaft.
PAR  The following Examples are to further illustrate the invention without
      limiting it.
DETD
PAC  EXAMPLE 1
PAR  In a spinning machine which is directly connected to a polymide-6
      polymerisation plant, filament yarns with a titre of 4,000 dtex each are
      spun two per shaft, 2, from double dies, 1, which each have 2 .times. 63
      apertures. This corresponds to a spinning output of 13.2 kg per shaft per
      hour if the draw-off rate is 275 m/min. When the yarn is spread out, half
      the yarn, (i.e. 63 filaments), leaving the spinning die is passed over
      spin finish rollers 3 and 4, where the spin finish required for subsequent
      processes is applied. The sliver is then passed over roller 5 which moves
      at the draw-off rate, (275 m 1 min), to an air suction nozzle 6, which
      draws the cable to it by suction and passes it through a tube 8,
      approximately 20m in length to the texturing machine which is situated
      some distance away. In the texturing machine, the yarn is taken over by a
      second, movable suction nozzle and passed over the conveyor roller 9, to
      be introduced into the stretch texturing machine. This conveyor roller is
      adjusted to a circumferential velocity of 278 m/min to produce the thread
      tension necessary to ensure that the thread will be smoothly pulled
      through the transport tube.
PAR  As soon as the sliver has been gripped by the conveyor roller of the
      stretch texturing machine, the air nozzle 6, of the spinning shaft is
      switched off by the operator of the stretch texturing machine. This air
      nozzle may be operated from both machines by a double throw switch which
      controls an electromagnetic valve. Signals, e.g. lights, at both operating
      stations indicate when the conveyor nozzle is in operation and thus
      facilitate the spreading process.
PAR  The second spinning sliver may either be conveyed directly into another
      delivery tube or it may be spooled and then worked-up separately.
PAR  For the same spinning shaft output, the draw-off rate when using a 63
      aperture die would have to be 550m/min to obtained a yarn of the same
      titre. The residence time of the spinning cable between the nozzle and the
      delivery roller of the texturing machine is approximately 6 seconds in the
      given Example.
PAC  EXAMPLE 2
PAR  Two filament yarns with a spinning titre of 8,000 dtex each are spun from a
      double spinning die with 2 .times. 126 apertures. The draw-off rate
      necessary for the spinning output of 13.2 kg/hour indicated in Example 1
      is, in the case, 137.5 m/min. The residence time along the same transport
      paths is incresed correspondingly to approximately 12 seconds.
PAR  The cable which has been spun at this velocity is stretched in the ratio of
      1:3.8 and introduced into a crimping apparatus, (delivery rate 520 m/min),
      immediately behind the stretching zone. The textured cable is immediately
      spooled after it has been crimped.
PAR  If the same spinning and texturing velocities are used as in Example 1, the
      output is doubled.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for the continuous production of multifilament yarns from
      synthetic thermoplastic high molecular weight polymers wherein unstretched
      multifilament yarn is passed from a spinning zone to a stretching zone
      through protective tubes.
NUM  2.
PAR  2. Process according to claim 1, wherein the
PA1  multifilament yarn is passed through said tubes by means of an air nozzle,
      and, when it has passed through the stretching zone, it is pulled and
      transported by a delivery mechanism while the air nozzle is switched off.
NUM  3.
PAR  3. Process according to claim 1, wherein the multi-filament yarn is passed
      at velocities of from 70 to 500 m/min, and at thread tensions below 2
      p/den through protective tubes, the internal diameters of which are less
      than 30 mm.
NUM  4.
PAR  4. Process according to claim 1, wherein the residence time of the
      multifilament yarn along the transport path, which is determined by the
      spinning velocity and the transport path between the spinning die and the
      stretching zone is at least one second.
NUM  5.
PAR  5. Process according to claim 1, wherein multiple spinning dies are used to
      slow down the spinning velocity and increase the spinning output in the
      spin stretching process, and the multifilament yarn is separated into
      several individual yarns after transport through the tube.
NUM  6.
PAR  6. Process according to claim 1, wherein the total titre of the
      multifilament yarns is from 500 to 10,000 dtex.
NUM  7.
PAR  7. Process according to claim 1, wherein the multifilament yarn used is a
      polyamide-6 multifilament yarn.
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ABST
PAL  A system for illuminating the display of a wrist watch by motion of the
      wrist. The watch incorporates means for sensing a specific motion of the
      watch and the sensing means is connected to means to cause the digital
      display to become active (illuminated).
PAL  Storage means is provided for illuminating the display for a 5 second
      interval so that the user may conveniently read the display. Additional
      circuitry for displaying the day and month is described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  While the invention is subject to a wide range of applications, it is
      especially suited for use with wrist watches and will be particularly
      described in that connection.
PAR  There is increasing interest in the use of digital displays in wrist
      watches. One popular type of display is composed of light emitting diodes
      (LED). Such displays are attractive, reliable, and easily read; however,
      they require appreciable energy for operation. Because the power supply
      for a wrist watch is quite small, such displays are generally activated by
      a push button switch. When one is carrying packages or driving a car, the
      requirement to operate the push button is quite inconvenient and is a
      definite drawback to the use of such watches.
PAR  The use of the position of the human body to energize an electrical circuit
      has been disclosed in my prior U.S. Pat. No. 3,683,130. In that invention,
      the position of the head is used to activate a head set which allows one
      to hear sounds while being protected from high ambient noise. The
      circuitry in U.S. Pat. 3,683,130 is activated by head position and the
      system does not rely upon the speed or acceleration of the motion.
PAC  SUMMARY OF THE INVENTION
PAR  A general object of the present invention is to achieve long battery life
      in a digital watch without the operation of a push button switch.
PAR  A further object is to allow the sequential reading of the time and the day
      and the month without operation of a push button switch.
PAR  Presented is a system for illuminating a display of a wrist watch. This
      system incorporates means for sensing a predetermined motion of the watch
      and means for activating (illuminating) the display responsive to the
      sensing means. The predetermined motion may be a rapid rotation of the
      wrist. The sensing means is used to control means for activating the
      display when the predetermined or specified motion is sensed.
PAR  A storage means is provided so that the display stays in the active
      (illuminated) condition for a long enough period of time for one to read
      the display. Circuitry is described which displays the month and day when
      the user repeats the specified motion of the watch.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is had to the following
      description, taken in connection with the accompanying drawings, while its
      scope will be pointed out in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 shows, in block and schematic form, the system as applied to a
      digital watch to be illuminated by wrist action.
PAR  FIG. 2 shows a drawing of an outline of a watch incorporating an impact
      switch suitable for providing a momentary switch closure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows the main elements of the system for illuminating the display
      of a wrist watch.
PAR  When sensor 10 is activated by the predetermined motion, connection 18 is
      momentarily connected to connection 19 and thus the +E volts charges
      capacitor 30 through resistor 31. The charging of capacitor 30, through
      resistor 31, takes less than approximately 10 milliseconds. Resistor 31 in
      addition to setting the charging time also protects sensor 10 from excess
      charging current and isolates line 24 from capacitor 30.
PAR  The voltage across capacitor 30 is used to control field effect transistor
      34. This transistor is a P channel enhancement mode device. Such a device
      will only pass appreciable current if its gate is positive relative to its
      source by at least a threshold voltage amount. Thus, when capacitor 30 is
      charged to the threshold voltage, transistor 34 switches "on" causing a
      voltage drop across resistor 36 and reducing the voltage at the drain of
      the transistor 34.
PAR  Due to the action of the amplifier/inverter 90, this low voltage will
      produce a relatively high positive voltage condition on line 91. The
      positive voltage will cause transistor 95 to conduct passing current
      through certain light emitting diodes, LEDs, in display 60. Just which
      diodes pass current and radiate light at a given instant is controlled by
      the Display Control Circuit 65.
PAR  Since it is common practice to use a maximum of seven LED units to
      represent a number and the time is displayed by four digits in display 60,
      a minimum of 28 diodes would be used in the display.
PAR  The display would, in the preferred embodiment, remain illuminated for a
      period of approximately 5 seconds after the user commanded its operation
      by causing a predetermined wrist motion. When sensor 10 returns to its
      normal condition after sensing the predetermined motion, the circuit
      between connections 18 and 19 is opened and capacitor 30 discharges
      through resistor 32. The values of components 30 and 32 are such that in
      approximately 5 seconds the voltage will be reduced to below the threshold
      voltage required to produce appreciable drain current and the voltage at
      the drain will return to a more positive value. This voltage will then
      produce a low voltage at the output of amplifier/inverter 90 and therefore
      transistor power switch 95 will be controlled to the "off" condition.
      Accordingly, the LEDs in display 60 will not receive current,
      extinguishing the display and minimizing the power drained from power
      source 80.
PAR  This invention may also be used to allow wrist motion activation of the
      display of date information. In order to read the day and month it is
      necessary for the user to repeat the predetermined motion within
      approximately 30 seconds of the initial motion. Approximately 10
      milliseconds after the initial motion is sensed, the storage capacitor
      feeding transistor 34 in storage means 40' is charged. Storage circuit 40'
      utilizes the same circuit as storage circuit 40 with the exception that
      the value of resistor 32 is increased by a factor of 6 times and
      accordingly a storage of approximately 30 seconds is achieved.
PAR  The output of storage circuit 40' is inverted by Amplifier/Inverter 90'
      causing a positive voltage to be fed to AND gate 50 when the storage
      circuit is active. If a second predetermined motion is sensed by sensor 10
      within 30 seconds after the first predetermined motion both inputs to the
      AND gate will be positive and the AND gate will be switched on. The AND
      gate 50, connected to switch circuit 70, then causes the display control
      65 to be switched to the Day/Month circuitry instead of the Time
      circuitry. If the second predetermined motion is not sensed within 30
      seconds switch 70 will remain in its rest condition passing time
      information to 65.
PAR  It is important that the date information is not switch to the display
      control during the initial period that the predetermined wrist motion is
      sensed. To insure that such premature switching does not occur, capacitor
      55 is connected to ground and line 52. The value of capacitor 55 should be
      large enough to insure that the enabling voltage from Amplifier/Inverter
      90' to the AND gate is delayed until sensor 10 returns to its rest open
      circuit condition. This procedure insures that the time not the date
      information is displayed upon the sensing of the initial predetermined
      wrist motion. The second motion, when sensed by sensor 10, also causes
      storage means 40 to operate causing Power Switch 95 to illuminate the
      Display in the same manner as described above.
PAR  If only the display of time is required, then circuits 40', 90', 50, 55, 70
      and the Day/Month circuitry may be deleted.
PAR  If desired, a push button switch 26 may be provided in addition to the
      wrist motion activation circuit. The connection of the push button switch
      26 is shown dotted to connections 18 and 19 of sensor 10.
PAR  FIG. 2 is a drawing of an impact switch mounted in a watch. This is one
      device suitable for sensing the quick rotating motion of the wrist. FIG. 2
      also shows the display activated and indicating the time to be 11 59.
PAR  The sensor is mounted in the case of the watch so that the sensor is most
      sensitive to the predetermined motion. An arrow located at the upper left
      hand corner of FIG. 2 shows the direction of the preferred predetermined
      motion for activating the display. It should be noted that this same
      motion is normally used to place a watch in position for reading its
      display.
PAR  A weighted ball, 11, is mounted within the confines of the container, 22,
      and is free to roll. The wall of container 22 is lined with a liner, 15,
      which is made of soft material to dampen bounce and noise. When the watch
      is subjected to the predetermined motion the ball, 11, strikes spring
      member, 12. This causes member, 12, to deflect bringing electrical
      contact, 14, down and closer to electrical contact 16. If the wrist motion
      produces sufficient momentum of the ball, 11, the impact of the ball with
      member 12 will cause a deflection of 12 sufficient to cause a momentary
      contact between switch contacts 14 and 16 producing a closed electrical
      circuit between switch outputs 18 and 19.
PAR  Normal motions of the wrist should not deflect member 12 sufficiently to
      cause contact closures. An adjustment may be provided to vary the distance
      between electrical contacts 14 and 16 to accommodate individual users. A
      person who is quite active would require wider contact spacing to avoid
      false activation of the display than one whose wrist movements are less
      rigorous. It should be noted that the sensor 10 could directly supply
      power of display 60 and if the display devices had a sufficiently long
      decay characteristic the requirement for storage device 40 and circuits 90
      and 95 would thus be eliminated.
PAR  Of course, some users may desire push button operation as well as the wrist
      action system and this may be readily provided. The push button switch
      contacts would be connected to contacts 18 and 19 of sensor 10 as shown
      dotted on FIG. 1.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the invention, it will be obvious to those skilled
      in the art that various changes and modifications may be made therein,
      without departing from the invention, and it is, therefore, aimed in the
      appended claims to cover all such changes and modifications as fall within
      the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A watch display system comprising;
PA1  a specific motion sensor,
PA1  a first storage means activated by the motion sensor for maintaining
      illumination of the display for a sufficient reading period after each
      perception of said motion,
PA1  means for connecting an electrical energy source to the display where said
      connecting means is controlled by the first storagge means,
PA1  a second storage means having an appreciably longer storage period than the
      first storage means and which second storage means is also activated by
      the motion sensor,
PA1  And gate means for sensing repeated specified motion within a specified
      period of time, and
PA1  means for switching the display system from time of day information
      circuitry to day/month circuitry when the AND circuitry output indicates
      the occurrence of the repeated specified motion within said longer storage
      period of time.
NUM  2.
PAR  2. A watch display circuit according to claim 1 wherein said specific
      motion is a twist of the wrist.
NUM  3.
PAR  3. A watch display circuit according to claim 1 wherein the appreciable
      longer storage period is approximately thirty seconds.
NUM  4.
PAR  4. A system for illuminating the display of a wrist watch which displays
      the time of day and the date information comprising;
PA1  means for sensing a predetermined motion of the watch,
PA1  means activated by the motion sensing means for illuminating the display to
      display time of day information,
PA1  means for timing the period between the occurrence of the first
      predetermined motion and a repeated predetermined motion of said sensing
      means,
PA1  means responsive to timing means for connecting the date information to the
      display only if the repeated predetermined motion occurs within a
      particular period following a first predetermined motion of the watch, and
PA1  said activated means illuminating the display when the date information is
      connected to said display.
NUM  5.
PAR  5. A watch display illuminating system according to claim 4, wherein said
      particular time period is approximately 30 seconds.
NUM  6.
PAR  6. A wrist watch control system for displaying the time of day and the
      month/day at different instances comprising;
PA1  an inertia type switch for sensing the predetermined motion of the wrist,
PA1  means including a first storage circuit activated by the inertia activated
      switch to cause illumination of a display for a period sufficient to read
      the time information conveniently,
PA1  a second storage circuit having a second period appreciably longer than the
      first storage circuit and activated by the inertia switch,
PA1  And means for sensing the reactivation of the inertia switch during a
      period when the second storage means is still in an active state,
PA1  means for switching the display circuitry from the time of day display
      system to the day/month system when said switching means is activated by
      an AND circuitry.
NUM  7.
PAR  7. The watch control circuitry of claim 6 wherein display period is
      approximately 5 seconds and the second period is approximately 30 seconds.
NUM  8.
PAR  8. A system for illuminating the display of a wrist watch incorporating
      means for sensing a predetermined motion of the watch, said sensing means
      comprising an electrical contact which closes when the predetermined
      motion is sensed and connects voltage to a storage capacitor, the storage
      capacitor in turn is connected to a gate of a field effect transistor
      which, when fed sufficient gate voltage, passes current to the display
      causing the display to illuminate.
NUM  9.
PAR  9. A watch display illumination system according to claim 8 where the
      storage capacitor is discharged through a resistor having a value so as to
      discharge the capacitor to a point where the field effect transistor
      ceases to conduct appreciable electrical current after a sufficient period
      of time for one to conveniently read the watch display.
NUM  10.
PAR  10. A watch display circuit as claimed in claim 8 wherein a resistor is
      connected in series with the electrical contacts of the motion sensor so
      as to eliminate burning of the electrical contact and to isolate the
      sensor from said storage capacitor.
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PAL  A correction circuit for an electronic timepiece is provided wherein a
      divider stage can be corrected without effecting correction of any other
      digit of the electronic timepiece to be corrected. The electronic
      timepiece includes a quartz crystal oscillator circuit for producing a
      high frequency time standard signal, a divider circuit including a
      plurality of divider stages adapted to receive said high frequency
      timekeeping signals, certain of the divider stages being adapted to
      produce low frequency timekeeping signals in response to said high
      frequency timekeeping signals, and display elements associated with said
      certain divider stages for displaying the time counted thereby in response
      to said timekeeping signals applied thereto. The electronic timepiece
      includes a correction circuit including a portion intermediate a divider
      stage to be corrected and the next divider stage for inhibiting the carry
      signal from the divider stage to be corrected, whereby the next divider
      stage is not advanced by the carry signal of the divider stage to be
      corrected. In one embodiment, an inhibit circuit is corrected to receive
      the corrected carry signal from divider stage to be corrected and the
      carry signal from the next-previous divider stage and adapted to inhibit
      the transmission of that portion of the corrected carry signal
      representative of a carry due to correction to the next divider stage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to an electronic timepiece correction circuit
      and in particular to a correction circuit adapted to advance the count of
      a divider stage to be corrected without effecting an advance of the
      subsequent divider stages counting a lower frequency signal than the
      divider stage to be corrected. Although correction of each display digit
      in an electronic digital wristwatch is achieved by manually advancing the
      count of the divider stage providing timekeeping signals to the display
      digit to be corrected, such advancement causes the carry signal produced
      by the divider stage to be corrected to be advanced, thereby advancing the
      count of the next divider stage. For example, if the minute divider stage
      is advanced by one, the next divider stage, namely, the hours and date
      divider stages are advanced by a time period equal to the amount which the
      minute divider stage was advanced to. Thus, if the display reads 10:59:47
      and it is desired to change the minute digit from 9 to 6, if the minute
      digit is advanced by seven to read 6, the 10 minute display, hour display
      and calendar display will be advanced by seven minutes, the time by which
      the minute display to be corrected is advanced. Nevertheless, since the
      actual time was 10:56:47, and the only incorrect digit was the minute
      digit, it is necessary to correct each of the subsequent divider stages
      which were advanced by the correction of the minutes digit, a condition
      which is less than completely satisfactory.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, an improved
      correction circuit for correcting the count of a divider stage without
      advancing the count of the next divider stage is provided. The electronic
      timepiece includes a quartz crystal oscillator circuit for producing the
      high frequency time standard signal, a divider circuit including a
      plurality of divider stages adapted to receive the high frequency
      time-keeping signals, certain of the divider stages being adapted to
      produce low frequency timekeeping signals in response to said high
      frequency time standard signal and display means associated with said
      certain divider stages for displaying the time counted thereby in response
      to the timekeeping signals. A correction circuit means includes means for
      inhibiting the carry signal from the divider stage to be corrected during
      correction, whereby the next divider stage is not advanced by the
      advancement of the count of the divider stage to be corrected.
PAR  Said means for inhibiting the carry signal may include a control circuit
      means intermediate the divider stage to be corrected and the next divider
      stage. In one embodiment, control circuit means includes an inhibit
      circuit connected to receive the corrected carry signal from the divider
      stage to be corrected and the carry signal from the next-previous divider
      stage and is adapted to inhibit the transmission of that portion of the
      corrected carry signal representative of a carry due to correction to the
      next divider stage. In a second embodiment, the control circuit means
      inhibits the application of the carry signal of the divider stage to be
      corrected in response to a correction actuation signal.
PAR  Accordingly, it is an object of this invention to provide an improved
      electronic timepiece wherein a divider stage is corrected without
      affecting the count of the other divider stages counting signals for
      display.
PAR  A further object of this invention is to provide an improved electronic
      timepiece wherein the carry signal to the next divider stage is not
      advanced in response to advancement of the count of the divider stage to
      be corrected.
PAR  Still another object of this invention is to provide an improved electronic
      timepiece having a digital display wherein the carry signals from a
      divider stage counting a smaller unit of time is utilized as a correction
      signal for the next larger digit of time and is further utilized to
      inhibit the correction signal from affecting the next further digit of
      time.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combination of elements and arrangement of parts which will be exemplified
      in the construction hereinafter set forth, and the scope of the invention
      will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings.
PAR  FIG. 1 is an electronic timepiece including a correction circuit
      constructed in accordance with the prior art;
PAR  FIG. 2 is a circuit diagram of an electronic timepiece including a
      correction circuit constructed in accordance with the instant invention;
PAR  FIGS. 3a, 3b are wave diagrams of respective control circuits for use in
      the electronic timepiece circuit illustrated in FIG. 2; and
PAR  FIG. 4 is a circuit diagram of an electronic timepiece correction circuit
      constructed in accordance with another embodiment of the instant invention
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference is now made to FIG. 1, wherein an electronic timepiece
      constructed in accordance with the prior art and including the digital
      display is depicted. A counter divider circuit 10 is adapted to receive a
      high frequency time standard signal produced by quartz crystal oscillator
      circuit 8 and in response thereto produced a one second signal. The one
      second signal is applied to a seconds correction gate 12 which, in the
      absence of a selectively applied correction signal M.sub.s supplies the
      one second signal to seconds counter 14. The seconds counter 14 provides
      an output to display circuit 28 and further counts down the seconds
      signals and supplies a minute timekeeping signal to minutes correction
      gate 16 and minutes counter 18. The same display and count down of the
      timekeeping signal is effected by hours correction gate 20 and hours
      counter 22 and date correction gate 24 and date counter 26, the output of
      each of the seconds, minutes, hours, and date counters being displayed by
      digital display 29. If, for example, the minutes display is to be
      corrected, a correction signal M.sub.m is applied to minute correction
      gate 16 and in response to the carry signal from the seconds counter 14
      and the correction signal M.sub.m, minute correction gate 16 provides a
      corrected carry signal to minutes counter 18 to thereby advance the count
      thereof. Accordingly, the minute digit is thereby corrected. However, when
      the minute counter 18 is corrected, the hour counter 22 and the date
      counter 26 are advanced by an amount equal to the amount the minute
      counter is corrected. For example, if the minutes counter is advanced by 4
      units to correct the count thereof, which is four minutes slow, the count
      of the hours counter 22 and the date counter 26 are advanced by four
      minutes. Thus, if the minutes counter displays a digit which is greater
      than the digit to be corrected to, such as correcting 8 to 2, it is then
      necessary to advance the counter past zero to the number 2. When such
      advancing occurs, the hours and date counters must also be reset because
      the advancing of the minutes counter to zero causes an extra counter
      signal (carry signal) to be applied to the hours counter. Accordingly,
      advancement of the counter counting the digit of time to be corrected may
      cause counters corresponding to the digits counting larger periods of time
      to advance, rendering necessary the correction of the subsequent counters.
PAR  Reference is now made to FIG. 2, wherein an electronic digital display
      wristwatch circuit constructed in accordance with the instant invention is
      depicted and wherein the defect hereinabove noted with respect to the
      prior art is eliminated. Like numerals are utilized to denote like
      elements. Accordingly, the correction circuit in addition to the
      correction gates 12, 16, 20 and 24 intermediate each of the seconds,
      minutes, hours and date counters further includes differentiator circuits
      30, 32, 34 and 36 respectively disposed at the output of counter 10
      adapted to produce a one second carry signal, the seconds counter 14
      adapted to produce a minutes carry signal, minutes counter 18 adapted to
      produce an hour carry signal and hours counter 22 adapted to produce a
      date carry signal. Each differentiation circuit converts the carry signal
      applied thereto to a pulse signal of a period determined by a high
      frequency signal .phi..sub.i, preferaby taken from a higher frequency
      stage of counter 10. The high frequency signal .phi..sub.i also ensures a
      proper phase relation between the various differentiated carry signals.
      The correction circuit further includes control circuit 38 disposed
      intermediate the differentiator circuit 32 and minute correction gate 16,
      control circuit 40 intermediate differentiator circuit 34 and the hour
      correction gate 20, and control circuit 42 intermediate differentiator
      circuit 36 and date correction gate 24. Each of the control circuits 38,
      40, 42 are adapted to receive, as a first output the differentiated carry
      signal from the differentiator circuit just prior thereto and a further
      differentiated carry signal from the differentiator circuit prior to the
      next-previous divider stage, and in response thereto apply a carry signal
      inhibited during correction to the next correction gate. Thus, for
      example, the minute control circuit 38 receives, as a first input, the
      output from the differentiator circuit 30 and, as a second input, the
      output from differentiator circuit 32, and in response thereto applies a
      signal to the minute correction gate 16.
PAR  In operation, if it is desired to correct the minutes display, the minutes
      counter 18 is advanced by the application of a correction signal M.sub.m
      to the minutes correction gate, which, in turn, advances minutes counter
      18 to the correct number to be displayed thereby. The application of the
      correction signal M.sub.m advances the count of the carry signal from
      minutes counter 18 applied to differentiator circuit 34. A differentiated
      output carry signal C.sub.m is produced by differentiator circuit 34,
      which signal is applied as a first input to control circuit 40. A further
      input to control circuit 40 is a differentiated signal C.sub.s which is
      the seconds counter 14 carry signal differentiated by differentiator
      circuit 32. Accordingly, control circuit 40 compares the phase relation
      between the differentiated signals C.sub.m  and differentiated signals
      C.sub.s and only the pulses of signal C.sub.m in phase with C.sub.s are
      transmitted to the next digit correction gate 20. Pulses due to the
      advance of minutes counter 18 by correction signal M.sub.m would lack the
      required phase relation, so that carry signals caused thereby are
      inhibited.
PAR  It is noted that the defect hereinabove noted in the prior art is
      eliminated by permitting the carry signal from the divider stage in
      advance of the divider stage to be corrected to be utilized to inhibit the
      carry signal of the divider stage to be corrected. As is clearly
      illustrated in FIGS. 3a and 3b, respectively, the control circuit can be
      an OR gate, or an AND gate depending on the nature of the differentiated
      signals, each such gate producing the inhibited signals depicted therein.
PAR  Still another carry signal inhibit circuit in accordance with the invention
      is illustrated in FIG. 4. Like reference numerals are used to refer to
      like elements. The circuit is similar to FIG. 2, without the
      differentiator circuits. All the carry signals from the respective
      timekeeping counters are inhibited by the respective control circuit at
      the time of correction. Thus, the respective control circuits 38', 40'
      would include a gate circuit responsive to a correction actuation signal L
      for inhibiting the transmission of carry signals between selected divider
      stages during correction. The correction actuation signal L could be
      either an 0 or 1 depending on the setting of a separate control such as a
      lock switch which selectively permits or prevents correction.
PAR  It should be noted here, a timekeeping divider stage may refer to a stage
      producing timekeeping signals controlling a single digit of the display,
      such as the one-second digit, or it may refer to a stage producing
      timekeeping signals controlling more than one digit such as both the
      one-second and ten-second digits.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic timepiece comprising a quartz crystal oscillator
      circuit for producing a high frequency time standard signal, divider means
      coupled to said oscillator means for producing a low frequency time
      standard carry signal in response to said high frequency time standard
      signal, at least two series-connected divider stages coupled in series
      with said divider means, each divider stage other than the last of said
      series connected divider stages producing a low frequency carry signal in
      response to the low frequency carry signal applied thereto, at least a
      portion of said divider stages each producing timekeeping signals and
      display means associated with each said divider stage producing said
      timekeeping signals for displaying time in response to said respective
      timekeeping signals applied thereto, the improvement comprising correction
      gate means coupled to each said divider stage producing a timekeeping
      signal, each said correction gate means being adapted to apply the carry
      signal from the next previous divider stage to the divider stage to which
      said correction gate means is coupled and being adapted to correct each
      divider stage by advancing the count thereof, and a control circuit means
      connected to each divider stage to be corrected to receive the carry
      signal produced thereby and the carry signal applied to said divider stage
      to be corrected, said control circuit means inhibiting the transmission to
      the next divider stage following said divider stage to be corrected of
      that portion of the corrected carry signal representative of a carry due
      to correction.
NUM  2.
PAR  2. An electronic timepiece as claimed in claim 1, wherein said divider
      means is adapted to produce an intermediate frequency signal, and
      including a differentiator circuit means coupled to the output of said
      divider means and of each divider stage producing a carry signal for
      application to a divider stage to be corrected, for maintaining the carry
      signal applied to each said divider stage to be corrected and said
      corrected carry signal in phase, each of said differentiator circuit means
      being adapted to receive said carry signal applied to said divider stage
      to be corrected and said intermediate frequency signal and in response
      thereto apply to said respective control circuit means pulse carry signals
      having like phase and period.
NUM  3.
PAR  3. The electronic timepiece as claimed in claim 1, wherein said control
      circuit means includes means for maintaining each divider stage carry
      signal applied to said divider stage to be corrected and said corrected
      carry signal of the divider stage to be corrected in phase.
NUM  4.
PAR  4. An electronic timepiece as claimed in claim 1, wherein the further
      divider stages include a minutes divider stage and an hours divider stage.
NUM  5.
PAR  5. An electronic timepiece as claimed in claim 4, wherein the first divider
      stages is a a seconds divider stage.
NUM  6.
PAR  6. An electronic timepiece as claimed in claim 4, where a further divider
      stages to be corrected includes a date divider stage.
NUM  7.
PAR  7. An electronic timepiece as claimed in claim 2, wherein said control
      circuit means is an AND gate.
NUM  8.
PAR  8. An electronic timepiece as claimed in claim 2, wherein said control
      circuit means is an OR gate.
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ABST
PAL  A semiconductor integrated circuit especially suitable for use in
      electronic timepieces to improve the operation thereof is provided. An
      integrated circuit chip including complementary coupled P-channel and
      N-channel MOS field effect transistors having insulation placed
      therebetween by forming same spaced on an insulating substrate. The
      insulation effects reduced current consumption to thereby enhance the life
      of the battery in an electronic timepiece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a semiconductor integrated circuit and
      especially to a semiconductor integrated circuit for use in an electronic
      timepiece. While electronic timepieces have taken various forms, it is
      commonly recognized that it is desirable to integrate as much of the
      circuitry thereof as possible in order to decrease the size of the
      electronic timepiece and render such circuitry especially suitable for use
      in a wristwatch. However, it has been found that integrated circuits have
      wiring capacitances and junction capacitances which result in an increase
      in the parasitic capacitance thereof, thereby increasing the current
      consumption when circuits operate at high frequencies. It is appreciated
      that in an electronic timepiece the battery must be limited in size due to
      the limited space in the wristwatch. Thus, as the use of current is
      increased by the parasitic capacitance, the battery life is considerably
      shortened. Accordingly, it is desired to provide a semiconductor
      integrated circuit member which overcomes the above-mentioned
      disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, an integrated circuit
      chip including complementary coupled P-channel and N-channel MOS field
      effect transistors having insulation therebetween is provided. The
      P-channel and N-channel transistors are disposed on a semiconductor
      insulating substrate layer by forming semiconductor layers thereon. Such
      complementary coupled field effect transistor circuit chips are especially
      suitable for use in small-sized electronic timepiece circuitry for
      enhancing the operation thereof while maintaining the size thereof at a
      minimum.
PAR  Accordingly, it is an object of this invention to provide an improved
      electronic timpiece including semiconductor integrated circuitry.
PAR  Another object of this invention is to provide an integrated circuit chip
      for a small-sized electronic timepiece which is capable of operating at
      high frequencies in accordance with the natural frequency of the quartz
      crystal vibrator provided.
PAR  Another object of this invention is to provide an improved integrated
      circuit chip which is adapted to utilize a minimum amount of current
      during high frequency operation.
PAR  Still another object of the instant invention is to provide semiconductor
      integrated circuit chips for an electronic wristwatch which are easy to
      manufacture yet have highly reliable operating characteristics.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawing,
      in which:
PAR  FIG. 1 is a circuit diagram of a quartz crystal oscillator circuit
      especially suitable for use in an electronic timepiece constructed in
      accordance with the prior art;
PAR  FIG. 2 is a sectional view of a complementary coupled P-channel and
      N-channel field effect transistor integrated into a single substrate in
      accordance with the prior art;
PAR  FIG. 3 is a static electronic divider circuit especially suitable for use
      in an electronic timepiece;
PAR  FIG. 4 shows a wave diagram for the electronic divider circuit depicted in
      FIG. 3;
PAR  FIG. 5 is a sectional view of integrated circuit chip including a
      complementary coupled P-channel depletion-layer field effect transistor
      and an N-channel reverse-layer field effect transistor constructed in
      accordance with the instant invention;
PAR  FIG. 6 is a sectional view of a complementary coupled P-channel
      reverse-layer and an N-channel reverse-layer field effect transistor
      integrated in a circuit chip constructed in accordance with an alternate
      embodiment of the instant invention;
PAR  FIG. 7 is a circuit diagram of a dynamic divider circuit especially
      suitable for use in an electric timepiece;
PAR  FIG. 8 is a wave diagram corresponding to the divider circuit depicted in
      FIG. 7; and
PAR  FIG. 9 is a block diagram of an electronic timepiece constructed in
      accordance with the prior art.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is made to FIG. 9 wherein a conventional electronic timepiece
      circuit is depicted. A quartz crystal oscillator circuit provides a high
      frequency timekeeping signal to an electronic divider circuit which is
      comprised of multi-stage counters which produce a low frequency
      timekeeping signal corresponding to present time. A driver-decoder circuit
      receives the low frequency timekeeping signals and supplies signals to a
      display to energize same to display the time counted by the electronic
      divider circuit. Generally speaking, the Q-value of such a circuit is
      extremely high. The Q-value is determined by three circuits, namely, the
      oscillator circuit, the divider circuit, and the driver-decoder circuit.
      Generally, an electronic wristwatch will include all the circuits on a
      single chip or will provide such a chip in combination with other
      circuits. Reference is made to FIG. 1 wherein a prior art quartz crystal
      oscillator circuit which is rendered easy to oscillate by a quartz crystal
      vibrator is depicted. Similarly, in FIGS. 3 and 4 are respectively
      depicted static electronic divider circuits which are utilized in
      electronic timepieces by integrating same into the circuit chip and the
      waveforms thereof.
PAR  Reference is made to FIG. 2 wherein two insulated Aluminum gate field
      transistors are complementary coupled at the drain terminals D and at the
      gate terminals G and are integrated into a chip in accordance with the
      prior art.
PAR  It is appreciated that the integrated circuit chip of FIG. 2 having a
      semiconductor substrate includes a first source terminal S of said source
      terminals being coupled to a supply voltage V.sub.DD. The source terminals
      S are coupled to the source regions 4 and 5. The drain terminals D are
      coupled to the drain regions 3 and 6. Finally, the gate terminal is
      coupled through a conductive layer 9, formed of aluminum, to the gate
      insulator layer 8 to thereby couple the gate terminal G to the gate
      region, defined by the channel between the source and drain regions. As is
      hereinafter discussed insulating stopper 1 and 2 and island 7 are further
      included in the integrated circuit chip of the prior art. It is
      appreciated that such elements comprise the integrated circuitry in the
      electronic timepiece hereinabove discussed. In such prior art
      complementary coupled P-channel and N-channel integrated circuit chips,
      the supply voltage V.sub.DD is a little larger than the sum of threshold
      voltages V.sub.GT of both channels (V.sub.GTP + V.sub.GTN), and the
      current consumption of such devices for charging and discharging circuits
      formed from such integrated circuit chips is increased by the drain
      parasitic capacitance C.sub.D effecting the charging and discharging speed
      which in turn determines the response time of the circuit.
PAR  It is appreciated that the parasitic capacitance C.sub.D of the drain
      terminal D is comprised of three capacitances: a capacitance C.sub.M
      formed between the aluminum wiring and the substrate, when stoppers such
      as 1 and 2 are used to separate and insulate the transistors; a junction
      capacitance C.sub.J between the diffused layer and the drain diffused
      layer and between the substrate and the drain diffused layer; and, a gate
      capacitance C.sub.G generated at the input of the next stage. In such
      prior art integrated circuit chips as depicted in FIG. 2, the source and
      drain terminals are formed by diffusing layers into the substrate, thus
      rendering inevitable the wiring capacitance C.sub.M and the junction
      capacitance C.sub.J, resulting in increases in the parasitic capacitance
      C.sub.D thereof. For example, when a dividing circuit such as the one
      depicted in FIG. 3 is constructed, and is operated at high frequencies,
      the current consumption due to the parasitic capacitance is sharply
      increased due to increase in charging and discharging of such circuit.
      Accordingly, the response speed of the circuit is slowed down in order to
      correspond to the input period, and the operation of the circuit cannot be
      maintained by the limited supply voltage V.sub.DD. Such defects at high
      frequencies occur even though such circuits function at lower frequencies.
PAR  It is further appreciated that in small-sized electronic timepieces such as
      wristwatches, the power source thereof is a small battery which due to the
      size thereof must have a low voltage and limited life. Thus, when a quartz
      crystal vibrator is utilized having the desired temperature sensitivity
      and operating at a high natural frequency, the stability of the circuit
      operation cannot be guaranteed. Moreover, the battery life is
      significantly shortened by the large amount of current consumed by the
      electronic circuit due to the parasitic capacitance, rendering the use of
      such integrated circuits in an electronic timepiece to be less than
      completely satisfactory.
PAR  It is further recognized that complementary coupled P-channel and N-channel
      field effect transistors must be insulated from each other when such
      transistors are integrated into a single circuit chip. As illustrated in
      FIG. 2, separation between the transistors is provided by utilizing the
      insulating effect of the diode-reverse characteristic of the P-N junction
      of the drain and stopper diffused layers, by providing heavily doped
      diffused layers 1 and 2 which are possessed of the same conductivity as
      the substrate to define the stoppers. However, the leak-drain breakdown
      voltage is easily reduced by inferior diode-reverse characteristics caused
      by faulty masks, defective photo etching techniques, differentiation
      between the diffusing masks, defective field insulating films, etc., which
      all occur when such transistors are manufactured. Furthermore, when
      insulation of the transistors is provided without the use of such stopper
      diffused layers, defective field films often cause marked increases in the
      leak current and in some cases the leak current increases along the
      grounded terminals while the device is not in use, or the breakdown
      voltage of the drain terminal is reduced. Accordingly, the manufacturing
      yield of such integrated circuit chips as well as the reliability thereof
      is lowered due to the incomplete insulation of the devices. Even when the
      distance between devices on a chip is increased in order to improve the
      insulation in and the drain breakdown voltage between the devices, the net
      effect is to increase the size of the integrated circuit chip, which is
      not a satisfactory result in a small-sized electronic timepiece.
PAR  Again making reference to the prior art integrated circuit structure
      depicted in FIG. 2, wherein diffused layers are used, an island 7 of a
      reverse conductivity with respect to the substrate 8 is utilized as a
      substrate for one of the transistors when forming the complementary
      coupled transistors. Since it is necessary to limit the impurity
      concentration of the island, the island layer must be diffused deeper than
      the source-drain diffused layers 1 through 6. Accordingly, the island
      occupies a large lateral space, which thereby increases space between the
      P-channel and N-channel transistors and increases the size of the
      integrated circuit chip.
PAR  Reference is now made to FIG. 5 wherein a P-channel depletion-layer field
      effect transistor is complementary coupled to an N-channel reverse-layer
      field effect transistor through the drain terminals D and the gate
      terminals G thereof by integrating same on an insulating substrate 19 to
      provide insulation therebetween. A semiconductor insulating substrate
      structure (SIS) is formed by growing a monocrystalline silicon in the
      order of 1 to 1.5 microns in thickness on sapphire or spinel, the latter
      forming an insulator 19, to thereby provide a P-type substrate so that MOS
      transistors having a depletion-layer P-channel portion and a reverse-layer
      N-channel portion can be disposed thereon.
PAR  A first source terminal is coupled to a supply voltage V.sub.DD and the
      source terminals are coupled to the source regions 22 and 23 which are
      formed as layers on insulator 19. The drain terminals G are coupled to the
      drain regions 20 and 21 which are formed as layers on the insulator 19.
      The gate terminals G are coupled through conductive layers 25 formed of
      materials such as aluminum and the like and gate insulating layers 24 to
      the drain region 26. The two transistors are separated by the insulator 19
      and the junction area between the drains 20 and 21. As is further
      illustrated, the channel region 26 of the transistors can be made
      considerably smaller than was possible in conventional integrated circuit
      field effect transistors. For this reason, the junction capacitance
      C.sub.J of drains 20 and 21 are considerably smaller than that of
      conventional transistors. Moreover, aluminum wiring is substantially
      disposed on the insulating substrate, thereby minimizing the parasitic
      capacitance which occurred in the prior art. Thus, the wiring capacitance
      C.sub.M is reduced in accordance with the reduction in the length of the
      aluminum wiring, thereby reducing the drain parasitic capacitance of such
      an integrated circuit chip to one half. Accordingly, the current
      consumption of a circuit utilizing such an integrated circuit chip is
      lowered by at least one half thereby rendering the circuit more likely to
      operate at a maximum response frequency f.sub.max at a supply voltage
      V.sub.DD. Moreover, as devices are separated by the insulating substrate
      19, the inferior diode characteristic which cause incomplete insulation is
      completely eliminated. Also, the drain breakdown voltage is improved
      because the drains have but a single junction portion with the thinly
      doped channel layers 26. Finally, because the intervals between the
      devices can be reduced in view of the improved insulation between the
      transistors, such integrated circuit chips can be manufactured in reduced
      dimensions while guaranteeing reliability and without concern for the
      deterioration caused by leak currents and a reduction in breakdown
      voltage. Accordingly, an integrated circuit chip manufactured in
      accordance with the instant invention is reduced in size and provides
      improved operating characteristics.
PAR  It is further appreciated, that since a transistor constructed in
      accordance with the instant invention does not require an island having
      conductivity which is reversed from the substrate as is required in a
      prior art integrated circuit chip, the necessity of including wide
      intervals between the P-channel and N-channel transistors is eliminated.
PAR  Reference is made to FIGS. 6 wherein P-channel and N-channel reverse layer
      transistors are complementary coupled by connecting the gate terminals G
      and the drain terminals D and disposed on an integrated circuit chip
      having an insulator substrate 36. A source terminal S of the N-channel
      transistor is coupled to a supply voltage V.sub.DD and both source
      terminals S are coupled to their respective layers 39 and 40 defining
      source regions. The drain terminals D are coupled to their respective
      layers 37 and 38 which define the drain region. The gate terminals G are
      coupled to respective layers 42 and 41 which define the gate regions of
      the field effect transistors. It is noted that a wide interval between the
      P-channel and N-channel transistors is not necessary since the transistor
      channel regions 41 and 42, which are of reverse conductivities, are not
      produced as diffused layers and hence do not suffer from lateral expansion
      considerations which are prevalent when diffusing such layers.
      Accordingly, the chip size can be further reduced in view of the improved
      integration techniques herein disclosed.
PAR  Dynamic divider circuit chips as depicted in FIG. 7 and manufactured in
      accordance with the invention and the prior art were operated at high
      frequencies at a supply voltage V.sub.DD of 1.5 volts. The conventional
      divider had a current consumption of about 1 microamp where the input
      clock pulse .phi. .sub.n.sub.-1 was of a frequency of 100 KHz, and the
      maximum operating frequency f.sub.max was about 200 KHz. However, when the
      dynamic divider circuit of FIG. 7 was constructed in accordance with the
      instant invention, the current was of the order of 0.3 microamp or less,
      and the maximum operating frequency was 2 MHz with a reduction in the
      drain parasitic capacitance of more than 50 percent. Moreover, the amount
      of space occupied by a dividing circuit constructed in accorance with the
      instant invention was one half that of a circuit constructed in accordance
      with the prior art. Moreover, the deterioration in the reliability of such
      divider circuits manufactured in accordance with the invention caused by
      inferior insulation in the transistors is non-existent, thus guaranteeing
      improved reliability in circuits manufactured according to the instant
      invention.
PAR  It is further noted that the improved effect herein disclosed is realized
      in any integrated circuitry wherein the circuit elements are necessarily
      separated by insulating materials. It is further noted, that the
      semiconductor-insulating substrate structure of the type mentioned above
      can be constructed by forming semiconductor layers on insulating thin or
      thick layers such as silicon oxide or titanium oxide. Finally, it is noted
      that when the quartz crystal vibrator in the original oscillating circuit
      depicted in FIG. 1 has a high Q-value, a sensitive temperature
      characteristic and a high natural frequency, such as when GT, AT or DT-cut
      quartz crystal vibrators are utilized and the same is integrated into an
      insulator substrate, remarkable improvements in the operation of the
      circuit are noted. Thus, the instant invention is characterized in that
      the complementary coupled transistors comprising the electronic timepiece
      circuit including the oscillator circuit and entire divider circuit and
      additionally the encoder and the drive circuits are integrated into a
      single insulating substrate is operable at high frequencies utilizing
      lower currents which require lower voltages caused by reducing the drain
      capacitance and improving the reliability of such transistors integrated
      accordingly.
PAR  It sill thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawing shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic timepiece including an oscillator circuit for providing
      high frequency time standard signals, a divider circuit including a
      plurality of series-connected divider stages having applied thereto a high
      frequency time-keeping signal and in response thereto supplying low
      frequency timekeeping signals corresponding to present time, and display
      means for receiving and displaying time in response to said timekeeping
      signals counted by said dividing circuit, the improvement comprising said
      oscillator circuit and each of said divider stages being integrated on a
      single circuit chip having a substrate formed from an insulating material
      including complementary coupled P-channel and N-channel MOS field effect
      transistors formed on the insulating substrate thereof in layers, the
      respective transistors on said substrate having a space therebetween.
NUM  2.
PAR  2. An electronic timepiece as claimed in claim 1, wherein said oscillator
      circuit includes a quartz crystal vibrator as the frequency standard of
      said oscillator circuit from the group consisting of AT, DT and GT
      cut-quartz crystals.
NUM  3.
PAR  3. An electronic timepiece as claimed in claim 2 and including an encoding
      and driving circuit intermediate said dividing circuit and display means,
      said encoding and driving circuit means including complementary coupled
      P-channel and N-channel transistors being integrated on said insulating
      substrate.
NUM  4.
PAR  4. An electronic timepiece as claimed in claim 3, wherein said insulating
      substrate is formed of a material selected from the group consisting of
      sapphire, spinel, silicon oxide or titanium oxide.
NUM  5.
PAR  5. An electronic timepiece as claimed in claim 3 wherein the P-channel
      transistors are depletion-layer type transistors and the N-channel
      transistors are reverse-layer type transistors.
NUM  6.
PAR  6. An electronic timepiece as claimed in claim 3, wherein said P-channel
      and N-channel transistors are reverse-layer channel transistors.
NUM  7.
PAR  7. An electronic timepiece as claimed in claim 3, wherein each of said MOS
      field effect transistors include a layer of monocrystalline silicon on
      said insulator substrate defining the source, drain and channel regions
      thereof in side by side relation.
NUM  8.
PAR  8. An electronic timepiece as claimed in claim 7, wherein each of said
      transistors includes an insulating layer on said monocrystalline silicon
      layer at least on the drain region thereof and electrical conductive
      material on said substrate, source and drain regions of said
      monocrystalline silicon and said insulating layer complementary coupling
      said transistors.
NUM  9.
PAR  9. An electronic timepiece as claimed in claim 8, wherein said electrical
      conductive material is aluminum.
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PAL  An electronic timepiece with a crystal-controlled oscillator includes a
      multistage frequency divider and a CMOS switching circuit inserted between
      the oscillator and the first divider stage. The switching circuit
      comprises two complementary MOSFETs, with insulated gates connected in
      parallel to an output lead of the oscillator, and at least one further
      MOSFET in series with the other two, the latter having an insulated gate
      connected to another output lead of the oscillator for energization in
      staggered relationship with the former to bring about simultaneous
      conduction for one brief instant per half-cycle of the generally
      sinusoidal oscillator voltage. With an oscillator operating at a frequency
      on the order of megahertz, the divider stages may form part of an upstream
      and a downstream frequency divider connected in cascade; the upstream
      divider may consist of nonbinary stages with individual step-down ratios
      of 3:1 or higher to minimize overall power consumption.
BSUM
PAR  This invention relates to an electronic timepiece comprising a crystal
      oscillator, its output circuit consisting of a switching amplifier of the
      complementary-MOS-transistor type (hereinafter referred to as CMOS
      switch), a time-display device and a frequency divider for converting a
      frequency of the crystal oscillator into a frequency required for
      operating the time-display device.
PAR  According to one aspect of the invention I provide a
      crystal-oscillator-type electronic timepiece which comprises a buffer or
      switching circuit for coupling the oscillator output to the frequency
      divider and which can supply the buffer circuit with a first output signal
      from the CMOS switch in the oscillatory circuit and with a relatively
      phase-delayed second output signal for reducing the wasteful consumption
      of electric power consumed uselessly by the switching circuit.
PAR  According to another aspect of my invention a timepiece includes an
      integrated circuit adapted to be used for both a high-frequency crystal
      oscillator generating a frequency in a range of, for example, 1 MHz to 10
      MHz and a low-frequency crystal oscillator for generating a frequency of,
      for example, up to 100 KHz and which can serve as a standard circuit
      component in the mass production of such timepiece.
PAR  Pursuant to a further aspect of my invention, the frequency divider is
      composed of a plurality of stages effecting a frequency division of at
      least 3:1 in one stage, with consequent reduction of the overall number of
      stages compared with a conventional binary divider circuit and of the
      electric power consumed by it.
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PAR  The above and other features of my invention will now be described in
      greater detail with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a block diagram showing the construction of a conventional
      crystal-oscillator-type electronic timepiece;
PAR  FIG. 2 is a circuit diagram showing a conventional buffer or switching
      circuit of such a timepiece;
PAR  FIG. 3 is a graph of the voltage applied to the buffer part shown in FIG.
      2;
PAR  FIG. 4 is a graph showing voltage/current characteristics of N-channel and
      P-channel MOS transistors;
PAR  FIG. 5 is a block diagram illustrating the basic structure of a switching
      circuit according to the invention;
PAR  FIG. 6(a), 6(b), and 6(c) are graphs of voltages appearing in to the
      switching circuit of FIG. 5;
PAR  FIG. 7 is a circuit diagram showing details of one form of the switching
      circuit of FIG. 5;
PAR  FIG. 8 is a circuit diagram showing details of another form of switching
      circuit;
PAR  FIG. 9 is a circuit diagram showing details of a further form of switching
      circuit;
PAR  FIG. 10 is an overall block diagram showing one embodiment of an electronic
      timepiece incorporating an integrated circuit according to the invention;
PAR  FIG. 11 is a similar block diagram showing another embodiment of an
      electronic timepiece incorporating integrated circuit according to the
      invention;
PAR  FIG. 12 is a block diagram showing a further embodiment of an electronic
      timepiece incorporating an integrated circuit according to the invention;
PAR  FIG. 13 is a block diagram showing an electronic timepiece incorporating a
      non-binary frequency divider with a step-down ratio of at least 3:1
      according to the invention; and
PAR  FIG. 14 is a block diagram showing an electronic timepiece which makes use
      of a non-binary and a binary frequency divider in cascade.
DETD
PAR  In FIG. 1 I have shown a conventional crystal-oscillator type electronic
      timepiece which makes use of an integrated circuit consisting of a crystal
      oscillator 1; having an output circuit 2, a buffer or switching circuit, a
      frequency divider 4 with stages 4-1, 4-2, having a dividing ratio of 2:1,
      a display driving circuit 5 and a time-display device 6.
PAR  FIG. 2 is a circuit diagram showing details of the construction of the
      crystal its output circuit 1, oscillating 2 and switching circuit 3.
PAR  Reference numeral 101 designates a CMOS switch included in the oscillatory
      circuit 2 feeding, via a lead 103, another CMOS switch 102 forming part of
      the buffer circuit 3.
PAR  The electric power consumed by the buffer CMOS switch 102 will now be
      discussed. The voltage waveform of the oscillation on the output lead 103
      from circuit 2 is not rectangular, as would be the case with saturation,
      but substantially sinusoidal as shown in FIG. 3. Where V.sub.DD is a d-c
      supply voltage, V.sub.TN is the threshold voltage of an N-channel MOS
      transistor and V.sub.TP is the threshold voltage of a P-channel MOS
      transistor.
PAR  In FIG. 4, a curve 104 shows the voltage/current characteristic of the
      N-channel transistor and a curve 105 shows the voltage/current
      characteristic of the P-channel transistor of the inverter.
PAR  If a sinusoidal voltage as shown in FIG. 3 is supplied to the input end of
      the buffer CMOS switch 102, both the P-channel transistor and N-channel
      transistor thereof become simultaneously conductive for an extended period
      of time. As a result, a sustained current flows in the transistors and
      thereby defeats the advantage of minimum power consumption in a CMOS logic
      circuit. Thus, both the P channel transistor and N-channel transistor of
      the CMOS switch 102 become simultaneously conductive for periods of time
      t.sub.1 and t.sub.2 as the sine wave shown in FIG. 3 passes between the
      threshold voltage V.sub.TN and the difference voltage V.sub.DD - /V.sub.TP
      / in a range in which the curves 104, 105 of FIG. 4 overlap. As a result,
      the shorter these periods of time t.sub.1 and t.sub.2 the lower the power
      consumption of the CMOS logic circuit.
PAR  In order to reduce this power consumption, in accordance with this
      invention, I provide an improved switching circuit for an electronic
      timepiece of the aforedescribed type as illustrated generally in FIG. 5
      and more particularly in FIG. 7. In FIG. 5, reference numeral 8 designates
      a phase shifter connected by a lead 106 a gate circuit 9, in parallel with
      a lead 107. Let it be assumed that the voltage shown in FIG. 3 is supplied
      to the input lead 103 of the buffer or switching circuit 7 whose phase
      shifter 8 is composed of a resistor 109 and a CMOS gate capacitance 110 of
      a pair of field-effect transistors, i.e. a P-channel MAFET 111 and an
      N-channel MOSFET 112, as shown in FIG. 7.
PAR  FIG. 6(b) shows a curve 106 representing a voltage supplied over the
      correspondingly designated lead of FIGS. 5 and 7 from the phase shifter 8
      to the gate circuit 9; curve 107 of FIG. 6(a) shows the waveform of a
      voltage directly supplied over the correspondingly designated lead from
      the oscillatory circuit 2 to the gate circuit 9 and curve 108 in FIG. 6(c)
      shows the waveform of an output voltage delivered by the gate circuit 9
      over a correspondingly designated lead. As seen from FIG. 6, the voltage
      106 delayed in the phase shifter 8 lags with reference to voltage 107 by a
      fraction of a quarter-cycle. P-channel transistor 111 and N-channel
      transistor 112 are thus made simultaneously conductive periods t.sub.3 and
      t.sub.4, while the voltage 107 directly supplied to the gate circuit 9
      makes a P-channel transistor 113 and an N channel transistor 114
      simultaneously conductive for periods t.sub.1 and t.sub.2. As a result,
      the switching circuit 7 according to the invention prevents the
      simultaneous conduction of all P-channel and N-channel insulated-gate
      transistors 111 to 114 of gating network 9 for more than an instant,
      corresponding to the narrow voltage spikes 108 in FIG. 6(c), owing to the
      presence of the time shift between periods t.sub.1 and t.sub.3 on the one
      hand and periods t.sub.2 and t.sub.4 on the other hand, even when these
      transistors are supplied with an oscillator voltage which is not a square
      wave. In consequence, the output voltage 108 which is delivered in the
      form of trigger pulses to the frequency-divider stage 4-1 is a purely
      binary signal.
PAR  In FIGS. 8 and 9, I have shown other forms of switching circuit 7 according
      to the invention. The buffer circuit of FIG. 8 comprises one P-channel
      transistor 113 and two N-channel transistors 112, 114 omitting the MOSFET
      111 of FIG. 7.
PAR  The buffer circuit 7 shown in FIG. 9 is substantially the same as that
      shown in FIG. 7 except that the delayed voltage is applied through the
      resistor 109 to the two intermediate transistors 113, 114 of the gate
      circuit 9, while the undelayed voltage is fed to the two outer transistors
      111, 112 thereof.
PAR  The phase shifter 8 according to the invention is an integral circuit
      comprising the resistor 109 and gate capacitance 110 of the CMOS switch.
PAR  The above-described CMOS logic circuit can be operated with a power
      consumption of not more than several .mu.W.
PAR  In conventional crystal controlled electronic timepieces oscillation
      frequencies on the order of up to 100 KHz are generated by low-frequency
      crystal oscillators of the tuning-fork or double-prong type on the order
      of megahertz, e.g. in a range of 1 - 10 MHz, produced by a high-frequency
      crystal oscillator which makes use of an AT cut. The electronic timepiece
      according to the invention advantageously comprises an integrated circuit
      which is applicable to both low-frequency and high-frequency crystal
      oscillators.
PAR  In FIG. 10 I have shown an electronic timepiece according to the invention
      which consists of an integrated circuit, indicated dotted lines, and a
      time-display device 6, the integrated circuit including a high-frequency
      oscillatory circuit 13, a buffer or switching circuit 14, a high-frequency
      divider 15 adapted to step down the operating frequency of circuit 13 to a
      frequency on the order of 100 KHz equaling that of a low-frequency
      oscillatory circuit 16, another buffer or switching circuit 17, a
      low-frequency divider 18, and a display-driving circuit part 5. If a
      high-frequency crystal oscillator is employed, that oscillator is
      connected to circuit 13 and all other components are also used, external
      terminals a, b of the integrated circuit being short-circuited. With
      utilization of a low-frequency crystal oscillator, that oscillator is
      connected to circuit 16 and the high-frequency components 13-15 are not
      used, the terminals a, b being separated.
PAR  In the modified system of FIG. 11 in which the oscillatory circuit 2 is
      usable with either the high-frequency or the low-frequency crystal
      oscillator mentioned above. This embodiment comprises an integrated
      circuit shown by a block in dotted lines and including the aforedescribed
      components 2, 14, 15, 17, 18, and 6. If the oscillating part 2 is coupled
      to a high-frequency crystal oscillator, external terminals c and d on the
      one hand and external terminals e and f on the other hand are
      short-circuited. If the circuit 2 is coupled to a low-frequency crystal
      oscillator, oscillator, external c is directly connected to terminal f
      while terminal d is grounded and terminal e is left unconnected.
PAR  In FIG. 12 the integrated circuit of FIG. 10 is divided into two integrated
      modules; i.e. a high-frequency block 190, including components 13, 14, 15
      and terminal a, and a low-frequency block 120, including components 16,
      17, 18, 5 and terminal b. The operation is the same as described above.
PAR  With a low frequency crystal oscillator operating at not more than about
      100 KHz, the frequency must be stepped down by more than ten stages of a
      binary frequency divider for arriving at the proper frequency for
      operating the time-display device at a rate of one step per second. If a
      CMOS logic circuit is used as a binary divider stage power consumption is
      low and can be disregarded under an ideal static condition. The power P
      consumed by one stage at the time of switchover is given by the following
      equation:
EQU  P = CV.sub.DD.sup.2 DD.sup..f                              (1)
PAL  where C is a load capacitance, V.sub.DD is the supply voltage and f is the
      frequency.
PAR  Let the power consumed by the first stage of the frequency divider be
      P.sub.o the overall power P.sub.t consumed by the entire divider through
      the n.sup.th stage is then given by the following equation:
EQU  P.sub.t = P.sub.o (1+1/2+1/2.sup.2 . . . . +1/2.sup.n.sup.-1) .apprxeq.
      2P.sub.o                                                  (2)
PAR  As seen from the above, the power consumed by the successive stages through
      the 6th stage, i.e. with n = 6 is 98% of the power consumed with n =
      .infin.. The overall consumed power is 1 to 2 .mu.W when the frequency at
      the 1st stage is on the order of 3 KHz.
PAR  In a high-precision electronic timepiece comprising a high-frequency
      crystal oscillator type, operating at a frequency on the order of
      megahertz, the low power consumption of the conventional CMOS logic
      circuit could not be realized. Thus, if the frequency of the crystal
      oscillator is increased 100 times, the power consumed by the frequency
      divider as a whole becomes 100 times as large. The resulting drain on a
      battery used as a power supply has made it very difficult to design an
      electronic timepiece controlled by a high-frequency crystal oscillator.
PAR  In FIGS. 13 and 14 I have shown a high-frequency crystal oscillator 1 in an
      electronic timepiece according to the invention which makes use of a
      non-binary frequency divider 19 capable of providing a step-down ratio
      ranging from 3:1 to about 100:1. This higher-order divider is connected in
      cascade with the binary frequency divider of FIG. 1 and lies on the
      upstream or high-frequency side of the latter. For example, if crystal
      oscillator 1 can generate a frequency of 4 MHz and frequency divider
      consists of one stage having a step-down ratio of 100:1, that one stage
      can reduce the oscillator frequency of 4 MHz into a frequency of 40 KHz.
      Thus, it is possible to use binary stages of conventional CMOS logical
      circuitry in the downstream divider 4.
PAR  In this way, the overall consumed power P.sub.t as given by the foregoing
      equation (2) is reduced to several .mu.W.
PAR  A non-binary divider stage with a step-down ratio of at least 3:1 may
      comprise an astable multivibrator circuit synchronized with an output
      signal from a standard crystal oscillator. As is well known such an
      astable multivibrator may be so adjusted as to be synchronized with a
      high-frequency input signal a higher-order subharmonic, e.g. at a
      frequency which corresponds to 1/10 or 1/100 of the frequency of that
      input signal. A divider stage having a step-down ratio of at least 3:1
      could also be designed as a feedback-type dynamic shift register.
PAR  In FIG. 14 the upstream frequency divider consists of four stages 19-1,
      19-2, 19-3 and 19-4. If the frequency of the crystal oscillator 1 is
      4,423,680 Hz and the binary frequency divider 4 is composed of 15 stages,
      a rate of one pulse per 1 second can be obtained from the last stage of
      divider 4 if stages 19 - 1 to 19 - 3 of frequency divider 19 have each
      stepdown ratio of 3:1 and stage 19-4 has a step-down ratio of 5:1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic timepiece comprising:
PA1  crystal-controlled oscillator means of elevated operating frequency
      provided with an output circuit;
PA1  time-indicating means operable at a reduced frequency;
PA1  frequency-divider means inserted between said oscillator means and said
      time-indicating means for stepping down said elevated frequency to said
      reduced frequency; and
PA1  a switching circuit interposed between said output circuit and said
      frequency-divider means for deriving periodic trigger pulses for said
      frequency-divider means from an oscillator voltage of said elevated
      frequency, said switching circuit comprising two complementary MOSFETs and
      at least one further MOSFET with insulated gates serially connected across
      a direct-current supply, said output circuit including a first lead
      terminating at the gates of said complementary MOSFETs, a second lead
      terminating at the gate of said further MOSFET and delay means in one of
      said leads for relatively dephasing the oscillator voltage on said leads
      to an extent making all said MOSFETs simultaneously conductive for a time
      substantially shorter than a period of passage of said oscillator voltage
      between respective conduction thresholds of said complementary MOSFETs.
NUM  2.
PAR  2. An electronic timepiece as defined in claim 1 wherein said switching
      circuit includes a fourth MOSFET complementing said further MOSFET and
      having an insulated gate connected to said second lead.
NUM  3.
PAR  3. An electronic timepiece as defined in claim 1 wherein said delay means
      includes a resistor in series with the gate capacitance of at least one of
      said MOSFETs.
NUM  4.
PAR  4. An electronic timepiece as defined in claim 1 wherein the relative phase
      shift introduced by said delay means substantially equals the period of
      passage of said oscillator voltage between said conduction thresholds.
NUM  5.
PAR  5. An electronic timepiece as defined in claim 1 wherein said elevated
      frequency is on the order of megahertz, said frequency-divider means
      comprising a binary downstream divider and an upstream divider with at
      least one higher-order stage in cascade with said downstream divider, said
      higher-order stage having a step-down ratio of at least 3:1.
NUM  6.
PAR  6. An electronic timepiece as defined in claim 5 wherein said upstream
      divider consists of a plurality of higher-order stages.
NUM  7.
PAR  7. An electronic timepiece as defined in claim 6 wherein several of said
      higher-order stages have a step-down ratio of 3:1.
NUM  8.
PAR  8. An electronic timepiece as defined in claim 6 wherein said higher-order
      stages include a stage with a step-down ratio of 5:1.
NUM  9.
PAR  9. An electronic timepiece as defined in claim 8 wherein said upstream
      divider consists of three stages with a step-down ratio of 3:1 in addition
      to said stage with a step-down ratio of 5:1.
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ABST
PAL  A circuit arrangement for an electric clock comprises an oscillator stage,
      frequency divider stages, pulse shaper stages and two output stages for
      controlling the drive, switch means being provided which is operable to
      disconnect at least part of the oscillator stage and the two output stages
      from a voltage source so as to stop the oscillator and prevent the output
      stages from driving a drive motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a circuit arrangement for a quartz-controlled
      electric clock, comprising an oscillator stage, frequency divider stages,
      pulse shaper stages and two output stages (output buffers) for controlling
      the drive, wherein the stages are constructed with MIS
      (Metal-Insulator-Semiconductor) field effect transistors. The output
      stages are frequently known as output buffers. In this case it is a
      question of low-voltage electronic switches by which, after, in each case,
      for example, one second, the direction of rotation of the clock drive
      motor is changed.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an arrangement by which, after
      the setting of the clock, the further running of the clock is ensured in a
      period of time which is as short as possible.
PAR  According to the invention, there is provided a circuit arrangement for a
      quartz-controlled electric clock comprising a voltage source, an
      oscillator stage, frequency divider stages connected to said oscillator
      stage, pulse shaper stages connected to said frequency divider stages,
      output stages connected to said pulse shaper stages, a drive motor
      connected to said output stages and a switch associated with said
      oscillator stage and said output stages operable to stop said oscillator
      stage from oscillating and prevent said output stages from running said
      drive motor by disconnection of at least part of said oscillator stage and
      said output stages from said voltage source.
PAR  Further according to the invention, there is provided a circuit arrangement
      for a quartz-controlled, electric clock, comprising an oscillator stage,
      frequency divider stages, pulse shaper stages and two output stages
      (output buffers) for controlling the drive, wherein the stages are built
      up with MIS field effect transistors, characterized in that a switch is
      provided by which, on setting the clock the controllable current path of
      at least one field effect transistor only in said oscillator stage and in
      said two output stages is disconnectable in such a manner from a supply
      voltage source that said oscillator stage no longer oscillates, and a
      motor connected to said output stage stops.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in greater detail, by way of example,
      with reference to the drawings, in which:
PAR  FIG. 1 shows the block circuit diagram of a electronic clock unit according
      to the invention;
PAR  FIG. 2 shows the oscillator stage, and
PAR  FIG. 3 shows the two output stages
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Basically, in a preferred embodiment of the invention as applied to a
      circuit arrangement heretofore mentioned, the invention proposes that a
      switch is provided by which, on setting the clock the controllable current
      path of at least one field effect transistor is disconnectable from the
      supply voltage source only in the oscillator stage and in the two output
      stages in such a manner that the oscillator stage no longer oscillates and
      the motor connected to the output stage stops. By the controllable current
      path of a field effect transistor is understood the current path from the
      source electrode through the channel to the drain electrode.
PAR  In one form of embodiment, the switch is coupled to the setting mechanism
      in such a manner that on setting the clock the oscillator stage and the
      two output stages are automatically disconnected in the described manner
      from the supply voltage source. This means, in the case of a wrist-watch,
      that by pulling out the adjusting screw, the said circuit parts are
      separated from the supply voltage source and that, on resetting of the
      milled knob or adjusting screw into its initial position the circuit parts
      are again connected to the supply voltage sources.
PAR  The important advantage of the new circuit arrangement resides in the fact
      that the frequency divider stages and the pulse shaper stages are not
      disconnected from the supply voltage during the setting of the clock. The
      appropriate information in these circuit parts is thus retained during the
      setting time so that, after setting the clock, at most one second can pass
      before the clock runs again. If all the circuit parts were separated from
      the supply voltage source, the maximal starting time would amount to 2
      seconds.
PAR  Referring now to the drawings, the circuit stages are constructed with MIS
      field effect transistors. These transistors have a control electrode
      insulated from the channel region. If the insulating layer comprises an
      oxide (e.g. SiO.sub.2), then these transistors are MOS
      (Metal-Oxide-Semiconductor) transistors. The transistors operate according
      to the enrichment principle, i.e. that in the case of a zero control
      voltage, no current can flow between the source and the drain electrodes.
      Only in the case of a control voltage of a suitable size and polarity is
      the channel region inverted in its type of conductivity and a current can
      flow between the source and drain electrodes. On assembly of the circuit
      stages according to FIGS. 2 and 3 so called CMOS (Complementary
      Metal-Oxide-Semiconductor) transistors are used. In this case it is a
      question of a complementary pair of transistors in each case which is
      accommodated in a common semiconductor body and, if the circumstances
      permit, with other components. One of the transistors thus has a channel
      of n type conductivity, whereas the field effect transistor complementary
      thereto has a channel of p type conductivity in the conducting state. The
      substrates of these transistors are each connected to one pole of the
      supply voltage source in the manner shown.
PAR  In the block circuit diagram of FIG. 1 can be seen first the oscillator
      which is energized by a quartz crystal in manner known per se. Connected
      after the oscillator are sixteen frequency divider stages 1.FF to 16FF,
      after which follow two pulse shaper stages FF1 and FF2. These pulse
      shapers each emit a pulse every 2 seconds which are so displaced within
      the stages with respect to each other that output stages B1 and B2 are
      reversed every second and thus the current direction through the load
      resistance changes every second. The motor M therefore changes its
      direction of rotation in the case of an alternating driving current, in
      each case, after one second and takes up, in each case, one of its two
      preferred positions. In the case of a motor with only one direction of
      rotation, this motor is further rotated in each case, after 1 sec. by
      180.degree..
PAR  The supply voltage is connected to the oscillator stage and additionally to
      the output stages at the point 3. This point 3 is connected by means of a
      switch K (FIG. 2) with the supply voltage source.
PAR  FIG. 2 shows the oscillator stage. It comprises essentially the two
      complementary CMOS transistors T.sub.1 and T.sub.2 connected in series
      with each other. The control electrodes are connected to each other and
      are connected by neans of the feedback resistance R.sub.RK to the output
      electrode 2. The diodes D.sub.S1 and D.sub.S2 are protecting diodes and
      are stressed in the reverse direction. Also the low value resistance
      R.sub.S serves as a protecting resistance. The quartz crystal Q and the
      capacitances C.sub.1 and C.sub.2 serve to produce the oscillations. In the
      case of a preferred form of embodiment, the transistors T.sub.1 and
      T.sub.2, the diodes D.sub.S1 and D.sub.S2, the resistance R.sub. S and the
      capacitance C.sub.1 are accommodated in a single semiconductor body. The
      capacitance C.sub.2 and the switch K and the crystal Q are connected in
      externally. The serially connected transistors are connected, in the
      operational stage of the circuit, to the positive supply voltage U.sub.DD
      by means of the closed switch K. If on setting the clock by operation of a
      clock setting device, the switch K is opened, the transistor T.sub.1 is
      inverted, insofar as it is a p channel field effect transistor. The
      substrate of n type conductivity of this transistor is at the voltage
      +U.sub.DD and is connected by means of a pn junction stressed in each case
      in the reverse direction to the p.sup.+ conducting source and the drain
      electrode. The oscillator oscillation stops. Then still only the blocking
      currents of the transistor T.sub.1 flow through the transistor T.sub.2,
      which is an n channel field effect transistor, so that at the point 2, a
      very small voltage drop occurs. This voltage is interpreted as a logic o
      by the circuit stages connected thereafter. Since the frequency divider
      stages and the pulse shaper stages are not separated from the supply
      voltage U.sub.DD, the information of these stages is retained.
PAR  FIG. 3 shows the two output stages which in each case comprise two CMOS
      transistors. The transistors T.sub.3 and T.sub.5 are, for example, p
      channel transistors, whereas the transistors T.sub.4 and T.sub.6 are n
      channel transistors. In the operational state, the source electrodes of
      the transistors T.sub.3 and T.sub.5 are connected by means of the closed
      switch K to the voltage +U.sub.DD. There are then two switch states. If a
      positive pulse is applied to the input electrode R.sub. 1 i.e. a logic
      "1", no inversion layer can form in the channel region of the transistor
      T.sub.3 and this transistor remains blocked. On the other hand, in the n
      channel transistor T.sub.4, the surface region in the channel region
      between the two n.sup.+ -- conducting drain and source electrodes is
      inverted to form an n conducting surface layer and a current can flow.
      Since at the input electrode E.sub.2 a logic "0", is present the
      relationships are there reversed. The transistor T.sub.5 is conductive,
      the transistor T.sub.6 is blocked. A current can flow through the
      transistors T.sub.5 and T.sub.4 thus through the resistance R.sub.L from
      A.sub.2 and A.sub.1. If a logic 0 is applied to E.sub.1 and at E.sub.2 a
      logic 1 is applied, this is a second after the above described state, the
      hitherto blocked transistors are conductive and the hitherto conducting
      transistors are blocked. Then a current from A.sub.1 and A.sub.2 flows
      through the transistors T.sub.3 and T.sub.6 and through the load
      resistance R.sub.L. The current direction thus changes and causes a change
      in the direction of rotation of the motor M (FIG. 1).
PAR  If the switch K is open, three possible output states can be distinguished.
      If the voltage at both input electrodes E.sub.1 and E.sub.2 is just 0,
      after the opening of the switch k all the transistors are blocked and no
      current can flow through R.sub.L.
PAR  If the voltage at E.sub.1 is 0 and at E.sub.2 1 -- just as in the case of
      the reversed voltage relationships -- the above two transistors T.sub.3
      and T.sub.5 are always blocked so that in no case, dependent on the
      operational state of the two lower transistors T.sub.4 and T.sub.6, can a
      noticeable current flow through R.sub.L. The output stages are thus
      adjusted during the setting time. After the end of the setting operation
      the output stage receives at the latest after one second the correct
      information for the further running of the motor, i.e. the information
      which failed to be supplied during the interruption of the motor. In this
      way the setting time can then be reduced to a minimum.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modification changes and adaptations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a circuit arrangement for a quartz-controlled electric clock which
      can be set, the circuit arrangement including a supply voltage source, a
      motor, an oscillator stage, frequency divider stages connected to said
      oscillator stage, pulse shaper stages connected to said frequency divider
      stages, and two output stages connected to said pulse shaper stages for
      controlling the drive of the motor, at least the oscillator stage and each
      output stage each being composed of at least one
      Metal-Insulator-Semiconductor field effect transistor having a
      controllable current path, the improvement comprising a switch arranged to
      be operated during setting of the clock and connected to the controllable
      current paths of said transistors only in said oscillator stage and said
      two output stages for disconnecting said current paths from the supply
      voltage source, in order to terminate oscillation of said oscillator stage
      and stop said motor whereby said voltage source remained connected to said
      frequency divider stages during setting of the clock.
NUM  2.
PAR  2. A circuit as defined in claim 1 wherein the clock is provided with a
      setting mechanism by which it can be set and said switch is coupled to the
      setting mechanism in such a manner that on setting the clock, the
      oscillator stage and the two output stages are automatically disconnected
      from the supply voltage source.
NUM  3.
PAR  3. A circuit arrangement as defined in claim 1, wherein the oscillator
      stage and the output stages are constructed with complementary MOS field
      effect transistors.
NUM  4.
PAR  4. A circuit arrangement for a quartz controlled electric clock comprising
      a voltage source, an oscillator stage, frequency divider stages connected
      to said oscillator stage, pulse shaper stages connected to said frequency
      divider stages, output stages connected to said pulse shaper stages, a
      drive motor connected to said output stages, and a switch connecting said
      oscillator stage and said output stages to said voltage source and
      arranged to open to stop said oscillator stage from oscillating and
      prevent said output stages from running said drive motor by disconnection
      of at least part of said oscillator stage and said output stages from said
      voltage source whereby said frequency divider stages remain connected to
      said voltage source.
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PAL  A calender time piece movement comprising three indicators, the first
      displaying the units figure of the date, the second displaying the tens
      figure of the date, and the third displaying the days of the week, an hour
      wheel, a driving mechanism actuated by the hour wheel and driving the
      indicators stepwise, and a correction mechanism, wherein the indicators
      are coaxial with the hour wheel, the correction mechanism comprising a
      rotating correction assembly and the driving mechanism comprising a
      calender wheel actuating the first indicator, an intermediate rotating
      part coaxial with the calender wheel, actuated by the first indicator and
      actuating the second indicator, and a shifting member coaxial with the
      correction assembly for shifting the third indicator.
BSUM
PAR  This invention relates to a calendar timepiece movement comprising three
      indicators, the first displaying the units figure of the date, the second
      displaying the tens figure of the date, and the third displaying the days
      of the week, an hour-wheel, a driving mechanism actuated by the hour-wheel
      and driving the indicators step-wise, and a correction mechanism.
PAR  The timepiece movements of this type which have been produced heretofore
      have been movements for small clocks or for watches larger than the usual
      wrist-watch. In certain cases, the first two indicators are coaxial, but
      their common axis is off-center with respect to the movement, and the
      third indicator is like-wise off-center but in another direction.
      Moreover, for adjusting the positions of the indicators, e.g., for
      correcting the figures displayed by the first two indicators at the ends
      of months having less than 31 days, these known movements are equipped
      with push-pieces or setting-buttons.
PAR  It is the object of this invention to provide a timepiece movement of the
      aforementioned type which may be made in a size suitable for a
      wrist-watch, with a driving mechanism of small dimensions and a simplified
      correction device.
PAR  To this end, the movement according to the present invention, in which the
      indicators are coaxial with the hour-wheel, further comprises a
      calendar-wheel actuating the first indicator, an intermediate rotating
      part coaxial with the calendar-wheel, actuated by the first indicator, and
      actuating the second indicator, and a member coaxial with the correction
      mechanism for shifting the third indicator.
DRWD
PAR  A preferred embodiment of the invention will now be described in detail
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view with the dial removed and the second indicating
      member partially broken away, and
PAR  FIG. 2 is an axial section of the calendar mechanism.
DETD
PAR  The watch movement partially illustrated in the drawing is equipped with a
      center seconds-hand, an hour-hand, and a minute-hand, a hand moving
      one-fourteenth of a rotation every twelve hours so as to indicate the day
      of the week and to differentiate between a.m. and p.m., and a calendar
      mechanism provided with two date-indicating members which display the date
      in a large-size aperture at the periphery of the dial.
PAR  FIG. 2 shows a base plate 1 to which is fastened a pipe 2 guiding a center
      seconds-arbor 3 and bearing a cannon-pinion 4. Mounted on the
      cannon-pinion 4 is an hour-wheel 5 supporting a disc 6 having a single
      tooth, the function of which will be explained further on. A wheel 7 and
      weekday indicator 7a are provided for indicating the days of the week, and
      the pipe of the wheel, like those of the cannon-pinion 4 and the
      hour-wheel 5, passes through a center opening in a dial 8. Between the
      wheel 7 and the dial 8 there is also disposed a star 9 bearing a thin disc
      10 which extends immediately beneath the dial 8, and the rim of which
      passes in the middle of an aperture 11 situated at 3 o'clock in the dial
      8. The combined member consisting of the star 9 and the disc 10
      constitutes an indicator of the tens figure of the date. It is surrounded
      by a ring 12 which rests on the base plate 1 and bears the units figures
      of the date, visible in the outer half of the aperture 11. As may be seen
      in FIG. 1, the first date-indicator 12 bears the series of figures from 0
      to 9 twice, while the periphery of the disc 10 bears the series of figures
      1, 2, 3 3 times, each series being separated from the adjacent series by a
      blank space not bearing any indication. It would also be possible to
      insert a 0 in this blank space. Arrows 13 and 14 indicate the directions
      in which the members 12 and 10 rotate upon a shift of the date.
PAR  The means by which the movement drives the indicator members 12 and 10 will
      now be described. These means comprise first of all a calendar-wheel 15
      which is mounted on the base plate 1 between the ring 12 and the central
      rotating parts 5, 6, 7 and 9 and is connected to the hour-wheel 5 by a
      setting-wheel 37 so as to be continuously rotated clockwise at the rate of
      one revolution every 24 hours. The wheel 15 carries a resilient
      shifting-finger 16, known per se, the design details of which are not
      shown in the drawing. The finger 16 cooperates with an inner toothing 17
      of the ring 12; and in the embodiment described here, the toothing 17
      comprises 20 teeth, or ten times as many teeth as the ring 12 has series
      of figures from 0 to 9. In this particular case, the number m of series of
      figures from 0 to 9 borne by the ring 12 is therefore two. A jumper 18 is
      engaged in the toothing 17 and fixes the position of the ring 12, so that
      the calendar-wheel 15 causes it to advance by one step per day, which
      makes the series of units figures of the date appear successively in the
      outer portion of the aperture 11.
PAR  At the periphery of the star 9 is a toothing 19 of trapezoidal teeth, which
      in the embodiment illustrated comprises twelve teeth, or a number of teeth
      corresponding to the number of figures and blank spaces borne by the disc
      10 at its periphery. A jumper 20 cooperates with the toothing 19 to fix
      the position of the combined member 9, 10 when this member is in its
      resting position. In order to shift the member 9 every ten days, the ring
      12 has, above its toothing 17, a toothing which, in the embodiment shown
      here, comprises two diametrically opposed teeth 21. Generally speaking,
      the number of teeth in this upper toothing of the ring 12 will be equal to
      the number of series of figures 0-9 borne by the ring 12. The teeth 21
      cooperate with a six-tooth star 22 formed by blanking and bending from a
      steel plate and friction-mounted on the wheel 15. Also fastened between
      the star 22 and the mechanism which supports the shifting-finger 16 is a
      plate 23 against which the incurvate portions 22a of the arms of the star
      22 are pressed. The arms of the star 22 extend into the path of the teeth
      21 of the ring 12, on the one hand, and into the path of the teeth 19 of
      the star 9, on the other hand, so that each time a tooth 21 passes in the
      area of the star 22, the latter is rotated, which causes the combined
      member 9, 10 to advance by one step in the direction of the arrow 13. The
      friction of the calendar-wheel 15, or more precisely that of the plate 23,
      upon the star 22 keeps this star permanently in the position shown, this
      position being such that one of the arms of the star 22 rests against one
      of the teeth 19 upon clockwise rotation of the wheel 15. The jumper 20
      then keeps these elements in a fixed position, the friction being weaker
      than the return force to which the jumper 20 is subjected.
PAR  The means just described automatically ensure the shifting of the date from
      the first of the month to the 30th, or even to the 31st, in succession.
      Upon each change from one month to the next, a correction must be made.
      This can be done by placing a winding-stem 24 in the hand-setting
      position, turning the hour and minute hands to about midnight, and then
      rotating the stem 24 back and forth. This back-and-forth motion is
      transmitted to the calendar-wheel 15, the shifting-finger 16 of which is
      then in a position where it meshes with the toothing 17. Because of the
      way in which it is disposed, the resilient finger 16 slips over the teeth
      17 when the wheel 15 turns counterclockwise. The back-and-forth motion
      imparted to the stem 24 therefore enables the ring 12 to be advanced
      step-wise, and consequently enables the combined member 9, 10 to be
      advanced step-wise as well each time one of the teeth 21 is in the area of
      the star 22.
PAR  In order to facilitate this correction, however, the wrist-watch movement
      described here is also equipped with a rotating assembly 25 composed of a
      hub 27, a connecting washer 28, and three wheels 29, 30, 31 in the form of
      toothed discs. The hub 27 pivots about a step-screw 26 fastened to the
      base plate 1. Its upper collar holds in place the connecting washer 28,
      which is resilient and acts as an element of a friction coupling. The
      wheels 29 and 30 turn freely on a cylindrical bearing surface of the hub
      27. They are coupled to one another by a tongue 30a blanked in the wheel
      30 and bent upwards so as to engage in a corresponding opening 29a in the
      wheel 29. As for the wheel 31, it is driven onto the lower cylindrical
      bearing surface of the hub 27 and presses the wheels 29 and 30 against the
      washer 28. As may be seen in FIG. 2, the toothings of the wheels 29, 30,
      and 31 are of successively decreasing diameters, the upper toothing 29
      having the largest diameter. Elements 27, 28 and 31 constitute a rotating
      correction assembly. The toothing 29 plays no part in the correction
      mechanism described here; its function will be explained further on. The
      toothing 30 meshes with the tooth of the disc 6 and cooperates with a
      jumper 36 which fixes the position of the assembly 29, 30. A rocking
      pinion 32, provided with two superimposed toothings, may be driven in a
      known manner in both directions by the winding-stem 24, when the latter is
      in the correction position, via a setting-wheel 38 and a clutch-wheel 39.
      If the pinion 32 turns clockwise, it moves away from the center of the
      movement through displacement of its arbor in an elongated opening 33 in
      the base plate 1. The lower toothing of the rocking pinion 32 comes into
      engagement with an asymmetrical toothing 34, thus enabling the date-ring
      12 to be driven clockwise.
PAR  As already mentioned above, the calendar watch shown in the drawing also
      includes a day-indicator wheel 7 which is provided with a hand and is
      normally driven by the movement via a shifting mechanism. As may be seen
      in FIG. 2, a toothing 35 of the wheel 7 meshes with the upper toothing 29
      of the rotating assembly 25. The rotating assembly 25 is driven one step
      every 12 hours by the single tooth of the disc 6 which is integral with
      the hour-wheel 5. The jumper 36 determines its exact resting position
      after each step.
PAR  If the rocking pinion 32 is driven counterclockwise by the winding-stem 24,
      its upper toothing comes into engagement with the toothing 31, and the
      indicator member 7 is actuated via the toothings 29 and 35.
PAR  Thus a simple, reliable, and compact mechanism is provided by means of
      which a calendar watch may be equipped with indicating members displaying
      the maximum of indications possible, and this in an aesthetically pleasing
      manner since these indicating members include a large-size date display
      and a day display which itself makes it possible to distinguish between
      a.m. and p.m. Instead of the wheel 7 having a pipe which passes through
      the dial 8 and bearing a hand which moves above the indications borne by
      the dial, it might, of course, carry a disc disposed directly beneath the
      dial, bearing indications which would appear in a second aperture situated
      between the center and the inner edge of the aperture 11.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A calendar time piece movement comprising three indicators, the first
      displaying the units figure of the date, the second displaying the tens
      figure of the date, and the third displaying the days of the week, an hour
      wheel, a driving mechanism actuated by said hour wheel and driving said
      indicators stepwise, and a correction mechanism, wherein said indicators
      are coaxial with said hour wheel, said correction mechanism comprising a
      rotating correction assembly and said driving mechanism comprising a
      calendar wheel actuating said first indicator, an intermediate rotating
      part coaxial with said calendar wheel, actuated by said first indicator
      and actuating said second indicator, and a shifting member coaxial with
      said correction assembly for shifting said third indicator.
NUM  2.
PAR  2. A calendar timepiece movement in accordance with claim 1, wherein said
      first indicator bears the series of units figures from 0 to 9 twice and
      comprises a toothing with two diametrically opposed teeth, said second
      indicator bears the series of tens figures from 0 to 3 3 times and
      comprises a twelve-tooth toothing, and said intermediate rotating part is
      a star, the arms of which cooperate alternately with said two-tooth
      toothing and said twelve-tooth toothing.
NUM  3.
PAR  3. A calendar timepiece movement in accordance with claim 1, further
      comprising an element of a friction coupling between said intermediate
      rotating part and said calendar wheel.
NUM  4.
PAR  4. A calendar timepiece movement in accordance with claim 1, wherein said
      shifting member comprises two toothings, and said hour-wheel bears a
      single toothed disc meshing with one of said two toothings, the other of
      said two toothings meshing with a toothing coaxial with said hour wheel
      and forming part of said third indicator.
NUM  5.
PAR  5. A calendar timepiece movement in accordance with claim 4, wherein said
      correction rotating assembly comprises a hub rotatingly mounted about a
      fixed axis, and a toothing integral with said hub and meshing with a
      rocking pinion, said hub having a cylindrical bearing surface, and wherein
      said shifting member is rotatable on said cylindrical bearing surface.
NUM  6.
PAR  6. A calendar timepiece movement in accordance with claim 5, wherein said
      correction assembly comprises a friction coupling between said shifting
      member and said hub.
NUM  7.
PAR  7. A calendar timepiece movement in accordance with claim 5, wherein said
      rocking pinion comprises an arbor engaged in an elongated opening in a
      frame element of the movement, said pinion being movable in translation
      between a first position in which it engages with said toothing integral
      with said hub and a second position in which it meshes with a correction
      toothing of said first indicator.
NUM  8.
PAR  8. A calendar timepiece movement in accordance with claim 7, wherein said
      rocking pinion comprises two superimposed toothings.
NUM  9.
PAR  9. A calendar timepiece movement in accordance with claim 7, wherein said
      correction toothing of said first indicator is an asymmetrical toothing.
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ABST
PAL  A water-tight watch case having an inorganic glass crystal to which a layer
      of transparent or semi-transparent water-absorptive material is applied to
      a central region of the inner surface thereof to leave a bare peripheral
      region at which the crystal is hermetically sealed to the case.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates to a water-tight watch case using an inorganic glass
      crystal and particularly to a construction for preventing fogging of the
      crystal due to vapor formation inside the case when it is used under
      severe conditions.
PAR  2. Prior Art
PAR  In a conventional water-tight case, its glass crystal sometimes becomes
      fogged with condensed vapor inside the case when the wristwatch is
      subjected to a sudden temperature change even if no external vapor
      permeates into the case. The reason for this is that some vapor is always
      included in the air and it is actually impossible to prevent some
      permeation of vapor into the case when it is in an atmosphere of high
      humidity.
PAR  In recent years, inorganic glass has become increasingly utilized as the
      crystal for timepieces. Such inorganic glass material has a larger thermal
      conductivity than conventional organic glass material such as acrylic
      resin. Therefore, if an inorganic glass crystal and an organic glass
      crystal are cooled under the same conditions, the former is more
      susceptible of fogging than the latter because the temperature becomes
      lower inside the former than inside the latter.
PAR  Although this fogging has no influence on the watch movement, it can cause
      apprehension to its user. Moreover, in the case of a divers' watch or the
      like, the fogging may cause a serious accident if it prevents the user
      from reading its time indication.
PAR  It is known to coat the entire inner surface of an inorganic glass crystal
      with a water-absorptive material to prevent condensed vapor from
      collecting and fogging the inner surface of the glass crystal. However, in
      the known construction, water can be absorbed by the water-absorptive
      material and gradually permeate into the case.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, the water-absorptive material is applied only
      to a central region of the crystal and not to its periphery so that the
      crystal can be hermetically sealed to the case at said periphery.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional view of a portion of a conventional water-tight watch
      case in which a conventional inorganic glass crystal is treated to be
      fog-resistant; and
PAR  FIG. 2 is a similar view of a water-tight watch case in which the inorganic
      glass crystal is rendered fog-resistant according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 in which a conventional construction is shown for a
      water-tight watch case, therein is seen a crystal 1 of inorganic glass
      material which is held in place by a bezel 2 on a band 3 of the case. An
      annular sealing gasket 4 is interposed between the band 3 and the crystal
      1. In order to eliminate fogging of the crystal by condensation of vapor
      on the inner surface of the crystal 1, a layer 5 of water absorptive
      material is applied on the inner surface of the crystal.
PAR  However, a space 7 is formed at the periphery of the crystal 1 whereat
      water can be collected through the unsealed surfaces of the bezel, the
      band and the crystal. Such water will be absorbed by the water-absorptive
      material 5 and gradually permeate into the case. The outer peripheral
      portion of the water-absorptive material is always absorbing a
      considerable mass of water adversely affecting the fog-resistant ability
      of the coated crystal. Furthermore, when the water-absorptive layer 5
      absorbs water, it tends to separate from the crystal thereby allowing
      water to permeate inside the case.
PAR  Thus the construction shown in FIG. 1 is deficient in many respects.
PAR  The construction according to the invention is intended to eliminate such
      deficiencies and in FIG. 2, there is seen the inorganic glass crystal
      secured by bezel 2 to case band 3 with water-tight gasket 4 compressed
      between crystal 1 and case band 3. The layer 5 of material which is
      transparent or semi-transparent has high water absorption is applied to
      the inner surface of the glass crystal 1 only in a central region thereof
      and is purposely omitted in its peripheral region to provide hermetic
      sealing at portion 6 of crystal 1 with the gasket 4. The material 5 can be
      an acrylic resin having an unsaturated OH group, or a cellulosic or epoxy
      coating having comparatively high water absorptivity. Its applied weight
      and water absorptivity satisfy the relation, nW &gt; 0.01 milligrams, where W
      is the weight and n is the coefficient of water absorptivity.
PAR  To apply the water-absorptive material to the inner surface of the glass
      crystal except for the peripheral region for sealing is difficult;
      especially in the case of a flat inner surface as shown in FIG. 2.
      However, this can be performed if the material 5 is applied only to the
      desired region of the crystal by covering the periphery outside said
      region with a tool or a particular resist agent. Although, as shown in
      FIG. 2, the annular sealing portion of the crystal is sealed by the
      gasket, it is also possible for the glass crystal and the metallic band 3
      to be sealed with an adhesive agent in which case the water-absorptive
      layer 5 is not applied to the adhesively secured portion.
PAR  According to this invention, the sealed adherence between the layer 5 of
      water-absorptive material and the glass crystal is not rigorously required
      because the region of application of the water-absorptive material 5 is
      outside the region for effecting water-tightness.
PAR  As for the amount of the water-absorptive material which is necessary in
      the embodiment of FIG. 1, as the layer 5 absorbs the water in the space 7,
      its fog-resistant effect is not obtained unless it is applied in
      relatively large amount. However, a thick film on the inner surface of the
      glass crystal makes a uniform application thereof difficult, resulting in
      a tendency toward distortion of the appearance of the inner surface of the
      glass crystal. This is not preferable. On the contrary, according to the
      invention, the amount of water to be absorbed is only the amount of vapor
      which is inside the case. If it is only the amount of vapor inside the
      case which is taken into consideration, it is established that fogging can
      be detected in a worn watch case using an inorganic glass crystal when the
      amount of vapor inside the case reaches a level of 0.01.about.0.1
      milligrams or more. Therefore, the amount of water-absorptive material
      which must be applied is that necessary to absorb this amount of vapor.
      Accordingly, the basic condition for the amount of water-absorptive
      material is nW &gt; 0.01 milligrams, where W is the amount of
      water-absorptive material by weight and n is its coefficient of
      water-absorptivity. Thus, according to the invention the amount of
      water-absorptive material can be limited to relatively small quantities.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water-tight watch case comprising an inorganic glass crystal, means
      hermetically sealing said crystal in a peripheral region thereof in the
      case, and a layer of water-absorptive resin having an unsaturated OH
      radical applied to said crystal at the inner surface thereof in a limited
      region to leave a bare peripheral zone at which the crystal is
      hermetically sealed, said means which hermetically seals the crystal in
      the case comprising a sealing element which bears against said crystal
      exclusively in said peripheral region where the layer of water-absorptive
      material is absent.
NUM  2.
PAR  2. A water-tight watch case as claimed in claim 1 wherein said layer
      terminates at a relatively small distance from said sealing element.
NUM  3.
PAR  3. A water-tight watch case as claimed in claim 1 wherein said limited
      region of application of said layer is a central region of said crystal
      constituting the major surface area thereof.
NUM  4.
PAR  4. A water-tight watch case as claimed in claim 1 wherein said sealing
      element is an annular gasket.
NUM  5.
PAR  5. A water-tight watch case as claimed in claim 4 wherein said layer of
      water-absorptive material extends over substantially the entire surface of
      said crystal, said peripheral zone being a narrow zone at which the gasket
      is directly positioned against the bare crystal, said layer extending to a
      position proximate the gasket but spaced a slight distance therefrom.
NUM  6.
PAR  6. A water-tight watch case as claimed in claim 4 wherein said gasket is
      compressed against said crystal.
NUM  7.
PAR  7. A water-tight watch case as claimed in claim 6 comprising means for
      compressing the crystal against the gasket.
NUM  8.
PAR  8. A water-tight watch case as claimed in claim 7 wherein the compressing
      means comprises a bezel bearing against said crystal at the outer surface
      thereof.
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ABST
PAL  A water-tight watch case in which an elastic gasket interposed between an
      inner case body and a glass or a glass frame formed as a part of glass is
      pressed, by engaging projections provided on both ends of an elastic leaf
      spring or an elastic bar incorporated in a groove provided on the outer
      periphery of said inner case body formed as a part of a back cover, into a
      groove provided on an outer case body formed as a part of a bezel.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to structures pertaining to the engagement between
      an outer case body and an inner case body of a water-tight watch case.
PAC  BACKGROUND
PAR  In one conventional mechanism, water-tightness is obtained in a watch case
      by engaging the inner case body directly with the outer case body and
      pressing a gasket between the inner case body and a glass. This
      conventional mechanism, however, has a complicated manufacture and
      unstable water-tightness.
PAR  Another known structure, as will be described in detail hereinafter, is
      such that water-tightness is obtained by engaging a pin fixed to a leaf
      spring into a groove provided on an outer case body and pressing a gasket
      between the inner case body and a glass. In this structure, the fixation
      of a pin to a leaf spring makes it difficult to obtain accuracy in
      manufacture and, furthermore, the water-tightness is unstable. Moreover,
      since it is necessary to make the leaf spring large in width for
      facilitating the fixing of the pin to the leaf spring, the thickness of
      the inner case body must be large. Therefore, the outer case body must be
      very thick, which spoils the outward appearance thereof.
PAC  SUMMARY OF INVENTION
PAR  It is an object of this invention to eliminate the abovementioned defects.
PAR  To achieve the above and other objects of the invention, there is provided
      in accordance with the invention, a water-tight watch case comprising
      outer and inner case bodies, glass means, an elastic gasket between said
      glass means and said inner case body, said outer case body sandwiching
      said glass means and gasket against said inner case body to provide a
      water-tight relation, said bodies being provided with opposed openings and
      extended elastic means in one of the openings and projections on and
      integral with said extended elastic means at opposite ends of the latter
      to engage in the other of said openings.
PAR  The aforesaid openings may be facing grooves and the outer case body will
      preferably encircle the inner case body.
PAR  As a feature of the invention, the aforesaid projections may be provided
      with cam surfaces. Moreover, the projections may be toed-in folds,
      toed-out folds, or may extend at right angles to the elastic means, or may
      alternatively be transverse folds or may of solid construction.
PAR  The elastic means may be constituted in the form of a leaf spring or as an
      elastic bar.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  The invention will next be described in greater detail with reference to
      the attached drawings in which;
PAR  FIG. 1 is a fragmentary longitudinal sectional view (taken along line A--A
      of FIG. 2) showing a conventional water-tight watch case;
PAR  FIG. 2 is a fragmentary sectional view taken along line B--B of FIG. 1
      showing other structure of the same water-tight watch case;
PAR  FIG. 3 is a fragmentary longitudinal sectional view (taken along line
      A'--A' of FIG. 4) showing a water-tight watch case according to an
      embodiment of this invention;
PAR  FIG. 4 is a fragmentary sectional view taken along line B--B of FIG. 3;
PAR  FIG. 5 is a side view showing the outer periphery of the inner case body of
      the structure of FIGS. 3 and 4;
PAR  FIGS. 6 a-g are perspective views each showing a projection provided on
      both ends of an elastic leaf spring or an elastic bar according to this
      invention;
PAR  FIGS. 7a-i are sectional views each showing a form of an elastic bar
      according to this invention; and
PAR  FIG. 8 is a fragmentary longitudinal sectional view showing another
      embodiment applying this invention to a structure including a glass frame
      formed as a part of a glass.
DETD
PAC  DETAILED DESCRIPTION
PAR  The prior art construction illustrated in FIGS. 1 and 2 enables
      water-tightness to be obtained in a watch case construction, by engaging
      the inner case body directly with the outer case body and pressing a
      gasket between the inner case body and a glass. This conventional
      mechanism, however, has a complicated manufacturing procedure and is
      characterized by unstable water-tightness.
PAR  More specifically, water-tightness is obtained by engaging a pin 11', which
      is fixed to a leaf spring 10', into a groove 8', the leaf spring 10' being
      accommodated in a facing groove. The outer case body 2' encircles the
      inner case body 4' and is provided with a flange which sandwiches the
      glass 1' and a gasket 3' between the outer case body 2' and the inner case
      body 4'.
PAR  In this structure, the step of fixing a pin to a leaf spring makes it
      difficult to obtain accuracy in manufacture. Moreover, the water-tightness
      afforded in such a structure is unstable and unpredictable. Furthermore,
      it is essential to make the leaf spring 10' comparatively large in width
      for facilitating the fixing of the pin 11' thereto. Therefore, the
      thickness of the inner case body must also be large and the outer case
      body must be very thick which spoils the appearance of the watch.
PAR  In FIGS. 3, 4 and 5, element 1.sup.3 is a glass. Component 2.sup.3 is an
      outer case body formed as a part of a bezel. Element 3.sup.3 is an elastic
      gasket and element 4.sup.3 is an inner case body formed as a part of a
      back cover. The outer case body and the inner case body are joined by
      engaging projections 7.sup.3, provided on both ends of an elastic leaf
      spring 5.sup.3 located in a groove 6.sup.3 on the outer periphery of the
      inner case body, within a groove 8.sup.3 provided on the outer case body
      2.sup.3.
PAR  The inner case body 4.sup.3 is accommodated within the outer case body
      2.sup.3 and the outer case body 2.sup.3 is pushed down against the inner
      case body 4.sup.3 by the action of the projections 7.sup.3 provided on
      both ends of the elastic leaf spring 5.sup.3, thereby pressing the elastic
      gasket 3.sup.3 between the glass 1.sup.3 and the inner case body 4.sup.3.
      The ends of leaf spring 5.sup.3 are free as such ends are on cantilever
      portions of the spring 5.sup.3 as evident from FIG. 4.
PAR  As above-mentioned, according to this invention, water-tightness is
      obtained with a small number of component parts, and without requiring
      complicated and difficult manufacture.
PAR  Further, since means such as used in the conventional water-tight watch
      case such as the fixing of a pin to a leaf spring is not used in this
      invention, there is no useless portion involved and the width of the leaf
      spring can be reduced. Therefore, the thickness of the inner case body in
      which a leaf spring is incorporated can be reduced.
PAR  Accordingly, the outer case body 2.sup.3 can be made very thin, as a result
      of which the whole watch case can be made thinner. Thus, the outer
      appearance, which is important for a watch case, can be improved
      remarkably.
PAR  FIGS. 6a-g are perspective views showing projections provided on both ends
      of the elastic leaf spring or elastic bar 5.sup.3 according to this
      invention. Each form of projection 7.sup.1 -7.sup.7 is designed so as to
      engage readily with the groove provided in the outer case body 2.sup.3.
      Such projections are formed as integral bent portions on the free ends of
      the leaf spring or elastic bar as evident in FIGS. 6a-6g.
PAR  The projections 7.sup.1 -7.sup.7 take various forms in which they
      constitute toed-in folds, such as appears in FIG. 6a, or toed-out folds
      such as appears in FIG. 6d. The projections may extend directly outward in
      the form of right angle projections, such as appears in FIGS. 6b, 6f and
      6g, the projections in 6f and 6g being wider and therefore of a "solid"
      construction rather than a folded construction. Alternatively, the
      projection may constitute a transverse fold as appears in FIG. 6c. From
      FIG. 3 it is seen that the lower bearing face of the projection 7.sup.3 is
      flat and makes face-to-face contact with the lower flat edge of groove
      8.sup.3 as distinguished by the substantial line contact of the prior art
      embodiment of FIG. 1.
PAR  Further, in order to improve the efficiency of assembly, an inclined cam
      surface 7a.sup.1 -7a.sup.7 may be provided on the upper part of the
      associated projection. Thus, the form of the projection may also be
      designed so that the outer case body 2.sup.3 slides on this inclined
      surface 7a.sup.1.sup.-7.
PAR  FIGS. 7a-7i are sectional views showing elastic leaf springs or elastic
      bars 5.sup.1 -5.sup.9 according to this invention. Quadrilateral forms,
      round forms or elliptical forms or combinations of the same will do.
PAR  As also may be seen in FIGS. 7a-i, the quadrilateral forms may be
      rectangular as in FIG. 7a, or oval as in FIG. 7h, or round as in FIG. 7i,
      or various combinations of the same which in cross-section appear
      bi-concave or bi-convex, as for example, in FIGS. 7b and 7f.
PAR  FIG. 8 is a partially longitudinal sectional view showing an embodiment
      applying this invention to a structure for pressing an elastic gasket
      between a glass frame 9.sup.8 formed as a part of the glass 1.sup.8 and
      the inner case body 4.sup.8. The glass 1.sup.8 and the glass frame 9.sup.8
      are constructed as a unit by means of an adhering agent or caulking, or
      the like thereby obtaining the water-tightness.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water-tight watch case comprising outer and inner case bodies, glass
      means, an elastic gasket between said glass means and said inner case
      body, said outer case body sandwiching said glass means and gasket against
      said inner case body to provide a water-tight relation, said bodies being
      provided with opposed openings, an extended elastic element in one of the
      openings, said elastic element having free opposite ends with integral
      projections at said ends engaged in the other of said openings to press
      the gasket between the glass means and inner case body, said elastic
      element being secured in said one opening with its free ends extending in
      cantilever fashion such that said projections are resiliently engaged in
      said other of the openings.
NUM  2.
PAR  2. A case as claimed in claim 1 wherein said other opening has a flat
      bounding edge surface and said projections have a flat planar surface in
      face-to-face contact with said bounding edge of said other opening.
NUM  3.
PAR  3. A case as claimed in claim 1 wherein said openings are facing grooves.
NUM  4.
PAR  4. A case as claimed in claim 3 wherein said outer case body encircles said
      inner case body.
NUM  5.
PAR  5. A case as claimed in claim 4 wherein said projections have cam surfaces.
NUM  6.
PAR  6. A case as claimed in claim 4 wherein said projections are toed in folds.
NUM  7.
PAR  7. A case as claimed in claim 4 wherein said projections are toed out
      folds.
NUM  8.
PAR  8. A case as claimed in claim 4 wherein said projections extend at right
      angles to the remainder of the elastic element.
NUM  9.
PAR  9. A case as claimed in claim 4 wherein said projections are transversal
      folds.
NUM  10.
PAR  10. A case as claimed in claim 4 wherein said projections are solid.
NUM  11.
PAR  11. A case as claimed in claim 4 wherein said elastic element is a leaf
      spring.
NUM  12.
PAR  12. A case as claimed in claim 4 wherein said elastic element is an elastic
      bar.
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ABST
PAL  A multi-pitch tool bar for receiving bushing and pin tools used in track
      presses employed in the assembly and disassembly of drive chains for the
      ground engaging shoes of track laying tractors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to tool bars for use in track presses and
      more particularly to multi-pitch tool bars for receiving bushing and pin
      tools to engage pins and bushings of drive chains having different pitch
      and size.
PAR  Crawler or track laying tractors are widely used particularly for heavy
      duty work. The tracks employed in such tractors include ground engaging
      shoes or grousers removably secured to a drive chain driven over an idler
      sprocket by means of a driven sprocket. The drive chain includes a
      plurality of sections each adapted to receive a shoe. Each section
      includes a pair of side links spaced apart to receive the sprocket wheel
      teeth. Each section is pivotally joined to the next adjacent section by
      means of a cross pin and bushings. The side links of each section are
      relatively widely spaced at one end to receive the relatively closely
      spaced ends of the next side link. Bushings are press fit into the closely
      spaced ends while pins are press fit into the widely spaced ends of each
      pair to form the pivotable joint between sections.
PAR  Because of the nature and operation of tractors, the tracks are subjected
      to rapid wear and require frequent repair. Generally, for repair, the
      track is removed from the tractor by removal of a master pin and the track
      is laid out. In larger tracks the shoes or grousers are removed to expose
      the drive chain. In smaller tracks, they are not removed. In either case,
      the chain is then mounted on a track press and moved to present the links
      in succession to a work station which includes a jaw for holding spaced
      adjacent bushings of the chain in position as hydraulic rams move spaced
      pin and bushing tools mounted on a tool bar into cooperative relationship
      with the pins and bushings to remove the pins and bushings from the links
      to release the side links for disassembly. During disassembly, the chain
      is moved in the opposite direction and the pins and bushings are inserted
      by spaced pin and bushing tools.
PAR  The track press generally includes hydraulically driven tools on each side
      of the chain whereby to engage and remove or insert the pins and bushings
      from each side of the links in succession. The links are restrained from
      side movement by a jaw which includes spaced U-shaped grooves for
      receiving the bushings and orienting each section in a position whereby
      the advancing tools register with the pins and bushings. The jaw may be a
      retractable jaw which is retracted to advance the chain one section at a
      time to present the next section to the station or may be a fixed jaw
      where the chain is moved upwardly, advanced and then lowered to place the
      bushings in engagement with the jaw grooves. A typical track press with
      retractable jaws is described in U.S Pat. No. 3,075,346.
PAR  There are many models and sizes of track laying tractors manufactured by
      each of a number of manufacturers. The track size differs for different
      models, sizes and manufacturers. As a result, different sizes and pitch of
      pin and bushings tools are required to provide the proper pitch and size
      to engage the pins and bushings for the variety of tracks encountered.
      Different heights of the tool centerline are also required. Present day
      tool bars do not provide a large choice of pitches and sizes. In U.S. Pat.
      No. 3,075,346, there is shown and described a slotted tool bar which
      provides for adjustable pitch. However, the operator must carefully
      position the pin and bushing tools to assure proper pitch and position
      with regard to the associated chain. Tool bars are also available having
      spaced pairs of tool mounting holes disposed on a single centerline. A
      different tool bar is required for different size chains since the height
      centerline of the pins and bushings will be dependent thereon.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide a tool bar which
      can be used for a large number of different chain sizes, types and
      pitches.
PAR  It is another object of the present invention to provide a tool bar which
      can be readily positioned at different predetermined heights.
PAR  It is a further object of the present invention to provide a tool bar
      including a plurality of prepositioned tapped holes for receiving the pin
      and bushing tool holding screw.
PAR  The foregoing and other objects of the invention are achieved by a tool bar
      which includes means for mounting the bar at different centerline heights
      and a plurality of spaced pairs of pin and bushing tool mounting holes
      providing a plurality of predetermined pitches with respect to each of
      said centerline heights.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a track press incorporating a tool bar
      in accordance with the present invention.
PAR  FIG. 2 is an exploded perspective view of a tool bar with associated pin
      and bushing tools and tool mounting means.
PAR  FIG. 3 is a plan view of one side of a tool bar in accordance with the
      present invention.
PAR  FIG. 4 is a plan view of the other side of the tool bar shown in FIG. 3.
PAR  FIG. 5 is a side elevational view of the tool bar of FIGS. 3 and 4.
PAR  FIG. 6 is a plan view of another tool bar in accordance with the present
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a track press including hydraulically
      driven tool heads 12 and 13 adapted to accommodate tool bars 16 with
      associated tools 18 and 19. The tool heads 12 and 13 are advanced to bring
      the tools 18 and 19 into engagement with the bushing and the pin of the
      associated chain to thereby remove or insert the bushings and pins.
PAR  Suitable control 22 is provided for retracting the jaw. Control 23 is
      provided for hydraulically advancing the drive chain. Controls 24 and 26
      control the left and right-hand rams for advancing and retracting the tool
      heads to remove and insert the bushings and pins. Work tables 27 and 28
      accommodate the release links and are adjustable by means of adjusting
      screws 29 and 31, respectively.
PAR  The multi-pitch tool bar 16 is more clearly shown in FIG. 2. The bar has an
      elongated rectangular configuration having parallel sides 36 and 37 with
      parallel front and rear faces 38 and 39. The bar is provided with mounting
      means in the form of an elongated through hole 41 adapted to receive bolt
      42 threadably received by the tool head to secure the bar to the tool
      head. The elongated hole 41 permits the bar to be positioned at selectable
      heights. In the example shown, the bar is adapted to be mounted at three
      heights. Spaced locating pins (not shown) engage one of the three pairs of
      locating pin receiving holes 43, 44, 46 to position and hold the bar on
      the tool head. The bar is, of course, securely held against the tool head
      and in engagement with the pins by means of the bolt 42.
PAR  In accordance with the present invention, there is provided a plurality of
      pairs of tapped holes such as the pairs KK, LL, MM and NN, FIGS. 2 and 3.
      Each of the pairs of holes is adapted to receive bolts 46 and 47 which are
      threadably received by the tapped holes to mount the pin tool 48 and
      bushing insert 49 on the bar. The bushing sleeve 51 fits over the bushing
      insert and is secured thereto by means of a set screw 52. The extension of
      the bushing insert can be adjusted by means of spacers 53 whereby the end
      of the bushing sleeve can extend outwardly beyond the bushing insert to
      define a rim for engaging the associated chain bushing. It is to be noted
      that the centerline through the tapped holes NN is also the centerline of
      one pair of positioning holes 46; the centerline of the tapped holes MM
      and LL is the same as that for the positioning holes 43; and the
      centerline of tapped holes KK is the same as that for the positioning
      holes 44. It is further observed that the centerlines are vertically
      spaced and parallel to one another. By loosening the bolt 42 and
      vertically positioning and fixing the bar to the tool head, it is possible
      to accommodate chain pins and bushings having different diameters and
      heights. It is, therefore, seen that with one face of a single tool it is
      possible to accommodate four different pitches and three different
      heights.
PAR  Referring to FIG. 4, the opposite face of the tool bar is provided with
      pairs of tapped holes PP, QQ and RR lying on different centerlines. Thus,
      the single tool bar shown in FIGS. 2-5 provides seven different pitches
      and three different heights giving a large combination of possible tracks
      for which the single tool bar can be used.
PAR  FIG. 6 illustrates a tool bar which provides for positioning at two
      different heights by means of mounting holes 56 and 57. As shown, the bar
      includes four different tool pitch mountings UU, VV, XX and WW. It is
      understood that the opposite face of the bar may also be provided with
      tapped holes to provide additional pitches.
PAR  Thus, it is seen that a single tool bar can be used to adapt to a wide
      variety of track pitches, heights and types thereby economizing in the
      amount of material used for tool bars and also in the inventory of bars
      required.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in a track press of the type adapted to receive a track chain
      having pins and bushings and present the chain to a movable tool head for
      removing or inserting the pins and bushings during disassembly or
      assembly, a multi-pitch tool bar adapted to be mounted on said head for
      receiving pin and bushing tool holding bolts whereby the pin and bushing
      tools are positioned to engage the chain pins and bushings, said bar
      including means for receiving a tool bar mounting bolt for securing the
      bar to the tool head at at least two heights, a plurality of pairs of
      spaced threaded holes for receiving the pin and bushing tool holding bolts
      formed in said tool bar, each pair of spaced threaded holes having a
      centerline, and at least two pairs of threaded holes disposed on different
      parallel spaced centerlines whereby the height of the tools as well as the
      pitch can be selected.
NUM  2.
PAR  2. A multi-pitch tool bar as in claim 1 in which said means for mounting
      the tool bar to the tool head at at least two heights comprise an
      elongated slot adapted to receive said mounting bolt and at least two
      pairs of locating pin receiving holes on said parallel spaced centerlines.
NUM  3.
PAR  3. A multi-pitch tool bar as in claim 1 in which said means for mounting
      the tool bar to the tool head at at least two heights comprises at least
      two holes at said parallel centerlines for receiving said mounting bolt
      and a pair of locating pin receiving holes associated with each of said
      holes also on said parallel centerlines.
NUM  4.
PAR  4. A multi-pitch tool bar as in claim 1 in which the tool bar includes
      spaced parallel faces and pairs of threaded holes for receiving the tool
      holding bolts are disposed on each face of said tool bar.
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ABST
PAL  A hydromechanical fuel control for a turboshaft engine includes a gas
      producer control and an independent power turbine governor in series flow
      relationship. The basic gas producer control includes an acceleration
      system, a deceleration system and all speed governor to regulate the fuel
      flow output of the gas producer control. The acceleration system includes
      a main metering valve which is positioned by a compressor discharge
      pressure responsive device and the all speed governor. A speed responsive
      computer mechanism controls the head across the metering valve. The
      computer mechanism includes an enrichment valve and a start valve and is
      connected to the shut-off valve lever for the fuel control in such a
      manner that the mechanism may be controlled by actuation of this lever.
      The power turbine governor includes a fuel flow reset governor and a
      deceleration system to prevent flameouts. The fuel control and power
      turbine each have separate input levers and meter fuel to the engine in
      accordance with the lowest demanded fuel flow.
PARN
PAR  This is a division of application Ser. No. 111,294, filed Feb. 1, 1971, now
      U.S. Pat. No. 3,712,055.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention generally relates to fuel controls and more particularly to
      fuel controls for turboshaft engines. This application has matured into
      U.S. Pat. No. 3,721,453. In the past, fuel controls have embodied various
      devices to produce fuel flow acceleration schedules for their associated
      engines. Notable among these prior art devices is the well-known
      three-dimensional cam. While prior controls, incorporating
      three-dimensional cams, yield satisfactory performance, they are
      relatively expensive to manufacture. Additionally, prior art fuel systems
      have not always been endowed with the requisite degree of flexibility
      necessary to meet the requirements of small gas turbine engines. Also,
      prior art fuel controls for turboshaft engines incorporating a gas
      producer control and a power turbine governor are characterized by the
      fact that the functioning of one unit is dependent upon the functioning of
      the other unit. This type of design not only limits the flexibility of the
      fuel control, but also detracts from operating characteristics thereof.
PAR  Prior art control system with speed governors usually employ a spring to
      transmit a force which corresponds to a requested speed. Typically, a cam
      contoured throttle level shaft contacts an end of the spring while the
      other end is applied to a speed sensitive element which may be a set of
      flyweights or a pressure diaphragm element of a hydraulic speed sensor.
      This arrangement has the disadvantage of producing a governor having a
      high spring rate which has an adverse effect on the governor's speed
      holding accuracy. Furthermore, a high spring rate causes a substantial
      reaction force on the throttle level, thereby promoting wear, increasing
      throttle torque, and tending to return the throttle to a low speed setting
      in the event of a throttle linkage failure.
PAR  Also, prior art governors, which do not include an integrating feature,
      have not provided for isochronous or constant speed operation during
      steady state operation at various ambient temperatures and altitudes.
      Neither a conventional corrected speed nor actual speed droop governors
      are capable of maintaining engine speed in such a manner. It is highly
      desirable to have a fuel control system which is adapted to maintain a
      constant gas producer speed, irrespective of changes in ambient
      temperature and altitude since it allows a pilot to set an unvarying gas
      producer speed.
PAC  SUMMARY OF THE INVENTION
PAR  The gas producer control and the power turbine governor of the fuel control
      of the invention are in series flow relationship so that each unit
      performs independently of the other. This feature not only lends a high
      degree of flexibility to the fuel system, but also makes a substantial
      contribution to the fail-safe characteristics of the control. The power
      turbine governor and the gas producer governor have separate bypass
      circuits to forestall the overfueling of the engine, which could otherwise
      be caused by the failure of one governing system. Because of this
      independent design approach, there is no single diaphragm failure which
      would cause a reduction in fuel flow. The only occurrence in the gas
      producer control and power turbine governor which would result in a
      reduction of fuel flow would be a blocking of the fuel passage with a
      contaminant.
PAR  The apparatus which senses the compressor discharge pressure (P.sub.c) has
      a relatively high spring rate, thereby permitting the bellows selected to
      be rated well above the pressure which it will be subjected to. Also, the
      high rate required allows the selection of bellows whose rate is high
      enough to prevent resonant frequency throughout the vibration spectrum.
PAR  Another feature of a fuel control of the invention is that the flexing
      members, such as the bellows and springs, may be designed within the
      limits of infinite service.
PAR  Further, in a fuel control of the invention, force levels remain relatively
      constant, that is, they are independent of compressor discharge pressure,
      thereby enhancing the accuracy of the control.
PAR  Also, problems are avoided by minimizing friction with the use of
      diaphragms, inline design and flexure pivots.
PAR  Briefly stated, the basic gas producer control includes an acceleration
      system comprising a computer mechanism, a deceleration system, and an all
      speed governor to regulate the output of the basic gas producer control of
      the fuel control in accordance with the demands imposed thereupon. The
      power turbine governor is an all speed governor which regulates the speed
      of the power turbine, as demanded, by further metering the fuel flow to
      the engine from the gas producer control. The gas producer control and
      power turbine governor are each provided with separate input levels. The
      input level calling for the least power will dictate the output fuel flow
      of the fuel control. The fuel control responds to four input parameters,
      viz.: compressor discharge pressure (P.sub.c); gas producer speed
      (N.sub.1); Power turbine speed (N.sub.2); the power lever inputs (PlA),
      and regulates fuel flow to the engine as needed for the required output
      power. The heart of the gas producer control's acceleration system is a
      metering valve, which is positioned in accordance with compressor
      discharge pressure (P.sub.c).
PAR  A computer mechanism, responsive to the speed of the gas producer, controls
      the pressure differential across the metering valve to schedule fuel flow.
      The differential pressure, maintained by the computer mechanism, is a
      function of the gas producer speed (N.sub.1) and therefore, compressor
      discharge pressure as biased by the gas producer speed. The computer
      mechanism includes a manual means to vary the differential pressure
      produced thereby to facilitate starting operations.
PAR  The basic elements of the power turbine governor are a speed setting
      mechanism, a fuel flow reset governor valve, and the bypass valve. The
      reset governor valve has a signal applied thereto which is indicative of
      speed error and the fuel flow change engendered by the positioning of the
      reset governor. The reset feature is incorporated in the governor valve so
      that the valve is positioned by speed error and repositioned by the reset
      means at a predetermined rate.
PAR  The invention provides a gas producer governor having a low force speed
      setting mechanism which converts throttle lever position to a pressure and
      is advantageous in that it enhances the accuracy of the governor and
      engenders a minimum throttle torque. Also, the governor of the invention
      is isochronous, for all practical purposes, since it holds a constant
      maximum set gas producer speed regardless of variations in altitude and
      temperature. This is achieved by a unique arrangement of springs acting on
      a metering valve which is additionally positioned by compressor discharge
      pressure.
PAR  It is a primary object of the invention to provide a reliable and
      inexpensive fuel control for a gas turbine engine.
PAR  Another object is to provide a fuel control having an acceleration schedule
      which is controlled by a relatively simple mechanism.
PAR  Still another object is to provide a computer mechanism for a fuel control
      wherein the mechanism is susceptible to manual control.
PAR  Still another object is to provide a fuel control for a turboshaft engine
      wherein the gas producer control and power turbine governor thereof
      function independently to enhance the reliability of the fuel control.
PAR  Still another object is to provide a gas producer control having a low
      force speed setting mechanism.
PAR  Still another object is to provide a gas producer control including a
      governor which maintains a substantially constant speed during steady
      state operation at various ambient temperatures and altitudes.
PAR  These and other objects will become more apparent from the following
      detailed description taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a turboshaft gas turbine engine
      associated with a fuel control having a gas producer control and a power
      turbine governor according to the invention.
PAR  FIG. 2 is a schematic illustration of a portion of the gas producer
      control.
PAR  FIG. 2A is a view of the muscles valve of FIG. 2, taken along the line
      2A--2A.
PAR  FIG. 3 is a schematic illustration of another portion of the gas producer
      control.
PAR  FIG. 4 is a schematic illustration of the power turbine governor.
PAR  FIG. 5 is a sectional view of the fuel-air seal construction of FIG. 2.
PAR  FIG. 6 is a sectional view of the fuel-air seal construction of FIG. 5,
      taken along the line 6--6 of FIG. 5.
PAR  FIG. 7 is a functional block diagram of the fuel control of FIG. 1,
      illustrating the operation thereof.
PAR  FIG. 8 is a graph illustrating typical variations in compressor discharge
      pressure with gas producer speed for various altitudes.
PAR  FIG. 9 is a graph showing the relationship between the pressure
      differential across the metering valve of the gas producer to gas producer
      speed.
PAR  FIG. 10 is a graph illustrating the relationship of fuel flow to gas
      producer speed for engine operating conditions, such as acceleration,
      steady-state and deceleration.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAC  GENERAL DESCRIPTION
PAR  Referring now to the drawings in greater detail, and more particularly to
      FIG. 1, there is schematically illustrated a twin spool or turboshaft gas
      turbine engine 10 having a fuel control 12 which is responsive to manual
      control by means of a pair of power levers 14 and 16, to engine gas
      producer speed by means of a gear box 18 and transmission line 20, to
      power turbine engine speed by means of the gear box 22 and transmission
      line 24 and to compressor discharge pressure by means of a pressure probe
      26 and 28. While the fuel control 12, described hereinafter, is responsive
      to particular parameters, namely: gas producer speed (N.sub.1), power
      turbine speed (N.sub.2), and compressor discharge pressure (P.sub.c), it
      should be understood that certain novel features of the invention may be
      employed in a fuel control responsive to other parameters such as
      temperature and engine pressures other than those specified above. As to
      these features, no limitations are intended by the particular parameters
      sensed by the control of the present disclosure as the particular
      illustrated embodiment is merely shown for the purpose of illustration.
PAR  The typical gas turbine engine 10 includes an outer housing 30 having an
      air intake 32 and exhaust nozzle 34. A combustion chamber 36 having a fuel
      distribution ring 38 therein is located within the housing 30 between the
      compressor 40 and the forward turbines 42. The power plant illustrated is
      of the split turbine type which has its forward turbines driving the
      compressor 40 by means of a hollow shaft 44. The power turbine 46 may
      drive a propeller, or, in the case of the turboshaft engine, a gear box 48
      by means of a second shaft 50 which is concentric with the hollow shaft
      44. Since turboprop and turboshaft engines are basically identical, it is
      evident that all considerations necessary for a successful fuel control
      for a turboprop engine would be the same as those for a turboshaft engine
      fuel control. Moreover, although the instant disclosure particularly
      concerns a turboshaft engine fuel control, the illustrated control can
      easily be employed with a turboprop engine. It is, of course, to be
      further understood that the invention is not limited to the particular
      type of turboshaft engine illustrated as this is merely a general
      representation of a typical engine.
PAR  The fuel supply system for the engine 10 generally comprises a fuel tank 52
      and a pump 54, which is usually but not necessarily driven by the engine
      10, and supply conduit 56 and 58 for delivering fuel to the fuel control
      12. The pump 54 may be incorporated within the fuel control itself or may
      be contained within a separate housing. The fuel control 12 meters the
      correct fuel flow for the particular engine operating requirements as
      dictated by the abovementioned engine speed and compressor discharge
      pressure parameters, in a manner hereinafter described. Correctly metered
      fuel is transferred to the fuel distribution ring 38 via a conduit 60, any
      excess fuel being bypassed back to the inlet side of pump 54 through a
      return passageway or bypass conduit 62 in a manner hereinafter described.
PAR  Referring now generally to FIGS. 2 and 3, the gas producer control is
      illustrated as comprising two sections, namely: a metering section in FIG.
      2 and a computer section in FIG. 3. Obviously, these sections could be
      contained within a single housing or separate housings. Also, the
      particular elements which form each section could be contained within
      separate housings or a single housing.
PAR  Turning now to FIG. 2, which may be thought of as the metering section of
      the gas producer control, fuel from supply conduit 58 enters a main fuel
      supply line, generally shown at 70, formed in a plural cavity housing 71.
      The fuel line 70 comprises segments 72, 74, and 76. Segment 72 of main
      fuel line 70 embodies a barrier type filter 78 which is urged against an
      annular abutment 80 in the segment 72 by a spring 82. Should contaminants
      in the fuel clog filter 78, the increased pressure on the filter will urge
      it to the right against the bias of spring 82. If the pressure of the fuel
      emerging from the filter 78 exceeds a predetermined value, a relief valve
      84 will crack open to thereby permit a flow of fuel from segment 72 to
      return passageway 62 (FIG. 1) via bypass line 86. Fuel from segment 72
      passes through a muscles valve 88 into segment 74 and thence past a main
      metering valve 90 to segment 76. Metering flow from segment 76 is
      delivered to the power turbine governor of FIG. 4 where the fuel flow
      undergoes further metering before delivery to the fuel distribution ring
      38.
PAC  ACCELERATION FUEL SYSTEM INCLUDING STARTING AND ENRICHMENT FUEL FLOW MEANS
PAR  The main metering valve 90 is employed to meter fuel during acceleration,
      gas producer governing and deceleration. Except during speed enrichment
      and starting, the pressure differential (BF - AF) across the metering
      valve 90 is held constant by the acceleration system bypass valve,
      generally shown at 92. Positioned in chamber 94 of metering valve 90 is a
      spring loaded evacuated bellows 96. The chamber 94 is subject to
      compressor discharge pressure (P.sub.c) which is directed therein via port
      98. A lever 100 is pivotally connected intermediate its ends to a fuel-air
      seal structure 102 serving to isolate chamber 94 from a chamber 106 which
      contains fuel. The structure 102 is provided with an overboard drain 108
      to prevent fuel from seeping into chamber 94. The right end 110 of lever
      100 bears against the upper portion of bellows 96 and the left end of
      lever 100 engages a recessed portion of valve 112 so that the movements of
      the lever 100, produced by variations in compressor discharge pressure
      (P.sub.c), may be transmitted directly to valve 112. It will thus be
      appreciated that the chamber 94 is adapted to contain air at a compressor
      discharge pressure (P.sub.c), whereas the chamber 106 is adapted to
      contain fuel.
PAR  Referring to FIGS. 5 and 6, there is shown the detailed construction of the
      seal structure 102 which comprises a housing defined by annular retainer
      members 704 and 706. The interior walls of the retainer members 704 and
      706 form an interior chamber 708 in which the lever 100 is mounted. The
      lever 100 is mounted for pivotal movement about an axis within the chamber
      708 by means of a pin 712 which extends through a rounded intermediate
      portion 711 of the lever and has its ends inserted within aligned
      apertures in an extension 714 of the member 704.
PAR  An extension 716 of the member 706 is received within the extension 714
      such that the inner and outer peripheries of the respective extensions 714
      and 716 are contiguous. A ring 718, having bevelled lateral sides
      surrounds the rounded portion 711 of the lever 100 and is radially spaced
      therefrom. The ring 718 is interposed between the members 704 and 706 in
      firm contact with the inboard end 720 of the structure 706 and a shoulder
      722 of the member 704. As can be seen in FIGS. 5 and 6, the outer surface
      of the ring 718 is contiguous with the inner periphery of the extension
      714 and is flush with the outer periphery of the extension 716. The ring
      also includes a pair of diametrically opposed apertures through which pin
      712 extends. Also, it will be noted that the diameter of the chambers
      progressively decreases intermediately adjacent the ring 718 in both
      outboard directions. It will be appreciated that the ring 718 could be
      formed integral with either the member 704 or 706, but that a separate
      ring facilitates assembly of the seal 102.
PAR  A first O-ring seal 724 and a second O-ring seal 726 are interposed between
      the respective members 704 and 706 and the rounded portion 711, thereby
      defining cavities 728 and 730 which are sealed from each other. The
      O-rings 724 and 726 are preferably made of a fluorosilicone rubber,
      although any elastomeric material would obviously be suitable. In order to
      prevent scuffing of the O-rings when the lever 100 is pivoted about its
      axis of rotation, a pair of annular bearing elements 732 and 734 made of a
      material such as that sold under the trademark Teflon and having L-shaped
      cross sections, are disposed between the rounded portion 711 and the
      respective O-rings 724 and 726 such that the inboard sides of these
      elements abut the bevelled surfaces of the rings 718. It will be noted
      that the O-rings are immovably retained with the chamber 708 since they
      cannot be displaced in an outboard direction because of the chamber
      geometry. The ring 718 embodies a radial drain passage 735 which is
      adapted to drain off any liquid which might leak into the annular volume
      defined by the interior circumference of the ring 718, the rounded portion
      711, and the elements 732 and 734.
PAR  The seal itself is contained within a recess 736 formed within two abutting
      main housing structures 738 and 740, which are portions of the fuel
      control housing 71. The members 704 and 706 are retained in close fitted
      engagement with the structures 738 and 740 within a central portion of the
      recess 736, which is cylindrical in shape. The lateral faces of the
      outboard ends of the members 704 and 706 abut the shoulders 742 and 744 of
      the structures 738 and 740, respectively, so that the end 720 and the
      shoulder 722 bear against the sides of the ring 718. To prevent leakage of
      liquid between the seal members and the structures from the cavity 106 to
      the cavity 94, a pair of O-rings 746 and 748 are located in suitable
      grooves adjacent the structures on the respective members 704 and 706.
      Another O-ring seal 750 is positioned in a groove 752 in the structure 738
      to prevent possible leakage between the area of contact between the
      structures 738 and 740. The overboard drain passage 108 in the structure
      740 communicates with the groove 752 radially inwardly of the O-ring 750
      to drain off liquid in the groove 752. Should liquid leak past the bearing
      element 734 it will be ducted to the groove 752 via passage 734 and an
      aperture 756 in the extension 714 of the element 704.
PAR  A salutary feature of the illustrated seal design that the pivot axis of
      the lever 100 need not be exactly perpendicular to the axis of the lever
      100 as slight deviations therefrom will not impair the seal because of the
      spherical shape of the rounded portion 711. Another feature is that
      deterioration of one of the O-rings 724 and 726 will not destroy the seal.
      For example, assuming that seal 726 fails, the liquid will merely flow out
      of the passage 735 since the seal 724 will prevent communication between
      cavity 728 and cavity 730. Yet another feature of the disclosed seal 102
      is the reduced friction forces to which the lever is subjected. The pin
      mounting of the lever 100 permits the bearing surface, which the rounded
      portion 711 slides over, to be reduced to a minimum as it is the pin 712,
      not the bearing surface, which guides the pivoting motion of the lever.
      This latter feature significantly reduces hysteresis in the fuel control.
PAR  Valve 112 has a frusto-conical contour in the vicinity of the port 114
      which fluidly interconnects the segments 74 and 76 of the main fuel supply
      line 70. Movements of the lever 100 are transmitted to a lower spool 116
      by virtue of the fact that the end 111 of lever 100 is disposed in a
      recess 118 of the spool 116. The spool 116 is interconnected to the valve
      112 through a detentable P.sub.c compensation spring 120. The spring 120
      is confined within a cup-shaped upper portion 122 of the spool 116 by
      means of a spring seat 124 which is integral with the valve 112.
PAR  During acceleration the valve 112 is essentially unloaded and the preload
      in the compensation spring 120 allows the metering valve to follow lever
      position exactly. The frustro-conical contour of the valve 112 adjacent
      metering port 114 results in a metering area which is proportional to the
      displacement of valve 112. A mathematical description of the acceleration
      system as follows: W.sub.f =  C.sub.m A.sub.m .sqroot.  P.sub.d ; wherein
      C.sub.m is a constant, A.sub.m is the metering area, and P.sub.d is BF -
      AF. Since A.sub.m is proportional to P.sub.C it follows that: W.sub.f
      .varies. P.sub.c .sqroot. P.sub.d.
PAR  The lower portion of the spool 116 embodies a spring seat 126. A
      compression spring 128 is confined between the spring seat 126 and a plug
      130 which is threadably inserted in the housing 71. Slideably mounted in
      the plug 130 is a stop 132 which is adjustable by means of a minimum flow
      stop adjustment screw 134. The compression spring 128 serves to urge the
      spool 116 upwardly against the bias imposed by the bellows 96.
PAR  As mentioned heretofore, during acceleration, a movement of the lever 100
      results in a corresponding movement of the valve 112. This is due to the
      high preload of the spring 120 which, in essence, serves as a rigid link
      between spool 116 and valve 112. It should be noted at this point that
      during governing, the preload of spring 120 will be overcome to permit
      movement of valve 112 relative to the spool 116. The lower portion of the
      metering valve 90 is also provided with a maximum compressor discharge
      pressure (P.sub.c) stop 136 to limit the discharge pressure which the gas
      producer control can sense.
PAR  Metering valve 90 is also provided with a governor platform formed by a
      diaphragm 138 secured to the wall of upper chamber 140. A diaphragm washer
      142 is secured to the diaphragm 138, and a compression spring 144 is
      confined between the diaphragm washer 142 and the lower wall 146 of
      chamber 140. A minimum W.sub.f /P.sub.c ratio compression spring 145,
      concentric with spring 144, contacts the diaphragm washer 142 and seats
      against a movable valve guide 148. The top portion of valve 112 extends
      through a centrally located bore in guide 148 so that the valve 112
      follows the guide 148 as it slides along wall 150. Guide 148 is also
      provided with a plurality of circumferentially spaced holes 152, through
      which the pressure BF is communicated to chamber 140. A minimum W.sub.f
      /P.sub.c ratio stop screw 154 is centrally connected to the diaphragm
      washer 142 and is adapted to contact flange 156 of a threadable plug 158
      to limit the downward travel of the diaphragm 138, thereby limiting, to a
      minimum valve, the W.sub.f /P.sub.c ratio. Valve 90 also embodies a
      plurality of ports 160, 162, and 164, the port 164 containing a fixed
      restriction or orifice 166. The functioning of these ports will be
      described hereinafter with respest to the governing system. It should be
      noted with regard to the main metering valve 90 that during acceleration
      the spring 145 will not contact washer 142 but will come into contact
      therewith when governing commences as will be hereinafter described.
PAR  In order to provide a speed dependent fuel flow schedule to meet the
      W.sub.f /P.sub.c starting and acceleration requirements of the engine, the
      pressure differential or metering head across the main metering valve 90
      is controlled by a speed (N.sub.1) responsive hydraulic computer circuit.
      The characteristic fuel flow schedule is depicted in FIG. 10.
PAR  The main fuel path for the fuel emerging from the barrier filter 78 is
      through the muscles valve 88. The muscles valve 88 provides a pressure
      differential (P.sub.1 -BF) which is necessary to operate a hydraulic speed
      sensor, generally shown at 170. The muscles valve 88 is adapted to open
      only after P.sub.1 -BF exceeds a predetermined value (e.g., 12 psi). The
      muscles valve 88 is spring loaded by a spring 172 to urge the valve 88 in
      a direction opposite to that of the flow proceeding through the control.
      Initially, this spring 172 will prevent direct fluid communication between
      conduit 72 and conduit 74. As shown in FIG. 2A, the left or front end of
      the muscles valve 88 is somewhat triangular in shape and has flattened
      apices which slide along the walls of conduit 72 to thereby guide the
      valve 88.
PAR  However, a secondary flow path is provided between conduit 72 and conduit
      74 by a start regulator 176, line 178, a computer mechanism 180, and line
      182. The start regulator functions to hold a constant pressure
      differential BR-BF across the start computer mechanism 180. This pressure
      differential BR-BF is set at a predetermined value slightly below the
      value of P.sub.1 -BF which is sufficient to open the muscles valve 88
      (e.g., 10 psi). With these pressure settings, it is evident that the
      muscles valve 88 will not open until the start regulator 176 is
      functioning. Yet another secondary flow path is defined around the muscles
      valve 88 by conduit 184 and the hydraulic speed sensor 170. These
      secondary flow paths respectively recombine with the flow in conduit 74 at
      ports 186 and 188 and hence no pump flow is wasted by this system. Hence,
      with regard to the computer mechanism 180 and the speed sensor 170 (along
      with a speed setting mechanism, hereinafter described), conduit 72 is a
      first source of fluid at a supply pressure (pressure P.sub.1), and conduit
      74 is a second source of fluid at a return pressure (pressure BF).
PAR  The start regulator 176 is disposed within a cavity 190 formed in housing
      71. A manually adjustable plug 192 is threadably inserted in the upper
      portion of the cavity 190 to seal the cavity and serve as a spring seat
      for compression spring 194 which bears against the diaphragm washer 196 of
      the diaphragm 198. The diaphragm 198 divides the cavity 190 into an upper
      chamber and lower chamber. A port 199 formed in the wall of the housing 71
      is interconnected to the conduit 74 by a line 200, thereby referencing the
      upper chamber to pressure BF. A port 202, formed in the housing,
      communicates with the lower chamber and transmits the pressure BR therein
      to the inlet 204 (FIG. 3) of the computer mechanism 180 via the line 178.
      Depending from the diaphragm washer 196 is a valve spool 206 which
      includes a flange 208 to restrict the flow from conduit 72 to the lower
      chamber of cavity 190 and thereby regulates the pressure BR such that
      BR-BF, the pressure imposed across the computer mechanism, remains
      essentially constant.
PAR  The hydraulic speed sensor 170 is disposed within a suitable cavity 210 in
      the housing 71. The heart of the speed sensor is a hollow cylindrical
      structure 212 which is rotated at speed N.sub.1 by a splined shaft 214
      extending from the housing 71. The end 216 is adapted to be drivingly
      interconnected to the shaft 20 of FIG. 1. A hollowed contoured disc 218
      surrounds the shaft 214 and contacts the base of the upper splined portion
      220 to urge this portion into splined engagement with the structure 212.
      The disc 218 is supported upon a sealing member 222 which functions as a
      spring seat for the spring 224 which urges the disc 218, and hence the
      shaft 214, in an upward direction toward the structure 212. The member 222
      is in turn supported on a seal 226 which similarly surrounds the shaft
      214. A cylindrical carbon bearing 228, having a seal disposed therearound,
      embraces upper portion 220 of shaft 214 and provides a surface upon which
      the structure 212 rotates. A tube 230 is slideably mounted in the cavity
      210 above the structure 212 for providing a flow path from the structure
      212 to conduit 74 and biasing the structure 212 in a downward direction
      against carbon bearing 228. A spring 232, seated against the housing 71
      and tube 230, urges the lower end of the tube into firm sliding contact
      with the top surface of structure 212. A recess formed within the
      structure 212 by intersecting bores 234 and 236 contains a slideably
      mounted, spring loaded spool valve 238. When the gas generator is at rest
      and the structure 212 is not rotating, spring 240 urges the spool
      outwardly or to the left such that a flange 242, formed thereon, abuts the
      wall of bore 236, thereby limiting the outward travel of the spool. Fuel
      from conduit 72 proceeds into chamber 210 via a line 184 and a restriction
      246. The pressure of the fuel within the cavity 210 surrounding the
      structure 212 is designated SS. As a duct 248 in the structure places the
      fuel surrounding the structure 212 in fluid communication with bore 234,
      the flow emerging from bore 234 into bore 236 is controlled by the flow
      area defined between the left side of land 243 and the intersection
      between the bores 236 and 234. Flow entering the bore 236 from this
      metering area proceeds to conduit 74 via tube 230. At the base of the
      structure 212 is an annular recess 250 which communicates with the cavity
      210 for supplying lubricating fuel to the bearing 228.
PAR  The valve 238 is subjected to centrifugal force during rotation of the
      structure 212 by the shaft 214. This centrifugal force functions to
      increasingly restrict the flow from the bore 234 to the bore 236 until the
      centrifugal force is balanced by the pressure forces acting on the spool
      238. In order to function, the speed sensor 170 must be subjected to a
      pressure differential (P.sub.1 -BF) which is greater than that of the
      speed signal (SS-BF) which it is to produce. As previously mentioned, the
      differential pressure P.sub.1 -BF is applied to the speed sensor by the
      incorporation of the muscles valve 88 in the main fuel supply line. The
      pressure drop (P.sub.1 -BF) across the muscles valve is flow sensitive and
      roughly proportional to gas producer speed N.sub.1 plus an initial bias.
      Thus, the applied pressure differential across the speed sensor 170
      fulfills the requirements for successful operation thereof without
      substantially affecting the required pump output pressure in the low flow
      range. The resulting pressure differential or speed signal (SS-BF) is
      proportional to the square of the gas generator speed and is utilized as
      the speed signal for the gas producer governor and the computer mechanism
      180. It will be noted that the above described arrangement enhances the
      accuracy of the speed sensor.
PAR  In general, the computer mechanism varies the pressure differential (BF-AF)
      across the metering valve 90 in accordance with the gas producer speed to
      fulfill starting and enrichment requirements. This relationship is shown
      in FIG. 9. In addition, the computer mechanism is provided with a manual
      means for varying the pressure differential across the valve 90 so as to
      forestall an excessively hot start. Referring in detail to the computer
      mechanism 180, the computer mechanism is comprised of an enrichment valve
      260, a starting valve 262, and a manually controlled trim start valve 264.
      Within the housing 71 are formed cavities 266, 268, and 270 which house
      the enrichment and starting valves of the computer mechanism 180. Cavities
      266 and 268 are fluidly interconnected by an orifice 272, and cavities 268
      and 270 are similarly interconnected by an orifice 274. A diaphragm 276
      divides the cavity 266 into an upper chamber and a lower chamber which
      respectively communicate with the chamber 210 of the speed sensor 170 and
      the conduit 74. Hence, the upper chamber of cavity 260 is at a pressure SS
      and the lower chamber thereof is at a pressure BF. The pressure SS is
      communicated from the speed sensor 170 to the upper chamber of cavity 266
      by means of a line 278 (FIG. 2), governing system valve 280 and line 282.
      The pressure BF is communicated to the computer mechanism via line 182
      which is connected to the outlet 284 of the computer mechanism 180.
PAR  Another line 286 fluidly communicates with cavity 268 to transmit the
      pressure AR therein to the differential pressure regulator 92 as is more
      fully described hereinafter.
PAR  A diaphragm washer 287 is connected to a spool 288 which regulates the area
      of the orifice 272. A nut 290 is threadably inserted over the threaded
      upper end of the spool 288 to securely mount the spool 288 to the
      diaphragm 276. The nut 290 serves as a spring seat for a compression
      spring 292 and the diaphragm washer 287 serves as a seat for the spring
      294. The diaphragm 276 thus compares the N.sub.1 speed signal (SS-BF) with
      the spring load constituted by the difference in pressures of the springs
      292 and 294. Threadably inserted in the upper part of the cavity 266 is an
      adjustable plug 296 which allows the spring load on the enrichment
      diaphragm to be varied for setting the value of the speed N.sub.1 at which
      the start valve will begin to move. Mounted within the plug 296 is an
      adjustment screw 298 which determines the initial opening or zero speed
      opening of the start valve since at zero speed the upper portion of spool
      288, of course, contacts the lower surface of the adjustment screw 298.
PAR  The spool 288 has a contoured hourglass shaped mid-portion 300 to yield the
      proper acceleration schedule in the idle to maximum speed region and a
      lower cylindrical portion 302 having a recess 304. A cylindrical cap 306,
      which is threadably secured to the upper end of a shaft 307, is slidably
      contained within the recess 304 for axial sliding movement therein against
      the bias of spring 308. The threadable connection between the cap 306 and
      shaft 307 permits the position of the enrichment valve to be varied with
      respect to the start valve for varying the speed at which fuel enrichment
      commences. An enlarged diameter portion 310 of the shaft 307 is disposed
      within the cavity 270 to control the area of the metering orifice 274. The
      lower end of the shaft 307 is slidingly received by a plug 312 inserted in
      the cavity 270. The plug 312 includes a central chamber 314 which
      communciates with duct communicates in the computer mechanism and thus
      provides a flow path from the inlet 204 to the orifice 274. The plug 312
      also embodies an adjustment screw 318 which sets the final area of the
      start valve 262 and hence sets the W.sub. f /P.sub.c level between the
      starting notch shown on FIG. 9 and the enrichment region. Adjustment of
      the plug 312 sets the total travel of the start valve and therefore
      determines the width of the starting notch of FIG. 9.
PAR  In operation, as the gas producer speed increases from zero initially, the
      pressure differential SS-BF across the diaphragm 276 correspondingly
      increases, thereby driving the spool 288 downwardly. The shaft 307 is also
      moved downwardly a corresponding distance since the spring 308 remains
      fully extended during this operation and acts as a rigid link between the
      enrichment valve and the start valve. In the low speed region, the
      enlarged diameter portion 310 of shaft 307 progressively decreases the
      restriction to flow through orifice 274 as the shaft 307 moves downwardly
      towards the plug 312, and thereafter, the restriction increases with
      increasing diaphragm displacement as the enlarged diameter portion 310
      restricts flow from the outlet 320 of the plug 312. Thus, the enlarged
      diameter portion 310 of the shaft 307 functions (in a manner similar to
      that of a double flapper) in the low speed region to decrease and then to
      increase the restriction to flow entering cavity 268, the pressure in this
      cavity being designated AR. The action of the starting valve, in concert
      with the start regulator 96 and the bypass regulator 92, begets the notch
      effect in the fuel flow schedule illustrated in FIG. 10 as will be
      explained below. Also, in the low speed region, the enrichment valve 260
      maintains a constant series restriction between the cavities 268 and 266
      since the cylindrical portion 302 of spool 288 moving in the orifice 272
      maintains a constant area annular flow path therethrough.
PAR  When the gas generator attains a sufficient speed, the manual trim valve
      264 is in parallel to the start valve 262 and in effect permits reduction
      of the net restriction of the starting circuit to reduce the W.sub.f
      /P.sub.c schedule in the starting region to forestall an overtemperature
      condition. The valve is positioned by the shaft 322 of the cutoff lever
      324. The trim start valve includes a duct 326 which communicates with the
      duct 316 and hence receives a fuel from the computer inlet 204. When the
      trim start valve 264 is opened by the shaft 322, flow from duct 326
      proceeds into a bore 328 after passing a spring loaded spool 330 and
      thence proceeds into an annular volume surrounding the lower part of the
      shaft 322. Flow from the annular volume enters the duct 332 which connects
      with cavity 268. A passage 334 in the spool 330 ports pressure behind the
      spool to pressure balance the valve, and an axial projection 336 contacts
      a cam surface 338 on the lower part of the shaft 322, whereby movement of
      the shaft 322 displaces the spool 330 to control the flow from the duct
      326 to bore 328 to control the pressure AR in cavity 268. The trim start
      valve 264 may be positioned so that the spool 330 prevents fluid
      communication between duct 326 and bore 328 (this would normally be the
      position during starting), or it may be positioned to provide a varying
      restriction between the duct 326 and bore 328. It should be noted that the
      shut-off valve 672 (described hereinafter) is arranged on the shaft so
      that it is fully open in this position. If it is desired to decrease the
      fuel flow from the fuel control, valve 264 is opened and this action will
      increase the pressure AR, which will result in reduced fuel flow for
      reasons explained hereinafter. Again, the shut-off valve remains fully
      open during this action.
PAR  The pressure AR, generated by the computer mechanism 180, is directed to
      the bypass regulator 92 (FIG. 2) via conduit 286. The bypass regulator 92
      is mounted within a cavity 360 of housing 71. The usual diaphragm 362
      sealingly divides the cavity 360 into an upper chamber referenced to the
      pressure AR and a lower chamber referenced to the pressure AF by means of
      a duct 364 which communicates with a location downstream of the metering
      valve 90. A damping orifice 366 is mounted within the duct 364 to
      attenuate fluctuations in the pressure AF. The valve spool 368, having a
      flow compensating contour on the end thereof, is secured to a diaphragm
      washer 370 which is subjected to the urging of compression spring 372. It
      should be apparent that the regulator 92 is adapted to maintain the
      differential pressure AR-AF at a constant value by controlling the amount
      of fuel bypassed from segment 74 to bypass conduit 86, these flow passages
      being fluidly connected adjacent the end of spool 368.
PAR  Bearing in mind that the regulator 92 maintains a constant AR-AF, it can be
      seen that when the hourglass shaped portion 300 of the spool 288 moves
      into the orifice 272 to commence the enrichment function, the contour
      thereupon causes a decrease in the AR-BF pressure differential which
      progressively decreases as the speed increases, thereby providing the
      speed enrichment function. The speed at which enrichment commences is, of
      course, dependent upon the adjustment of the cap 306 with respect to the
      shaft 307 since this adjustment varies the position of the enrichment
      valve with respect to the start valve. Also, it will be appreciated that
      since the bypass regulator 92 maintains a constant AR-AF and since the
      computer mechanism determines the pressure differential AR-BF, the
      computer mechanism controls the metering head BF-AF across the main
      metering valve 90 and hence the flow therethrough for a given metering
      opening at orifice 114.
PAR  To briefly recapitulate, the computational stage utilizes a two orifice,
      series, hydraulic circuit with a relatively constant total pressure head.
      The two orifices are provided by the start and enrichment valves. The
      total pressure drop across the two valves (BR-BF) is maintained by the
      start regulator 176. The hydraulically transduced speed signal (SS-BF) is
      applied to the enrichment diaphragm 276 to position the start and
      enrichment valves and thereby set the intermediate pressure (BR-AR). The
      start valve opens and then closes with increasing speed to provide the
      derichment notch in the starting region and the enrichment valve yields
      the required engine acceleration schedule in the idle to maximum speed
      region. The transferral of the computed BR-AR pressure drop to the
      metering valve 90 is accomplished by the bypass regulator 176 and another
      two orifice series circuit composed of the enrichment valve and metering
      valve. The total drop across these two valves (AR-AF) is controlled by the
      bypass regulator at essentially a constant value (e.g., 10 psi). With the
      enrichment valve common to both the computational and transferral
      circuits, the metering head pressure differential (BF-AF) is forced to be
      equal to the scheduled pressure (BR-AR). Hence, the success of the
      pressure transfer stage is solely dependent on the precision of the bypass
      regulator 92 to duplicate the start regulator pressure setting. Therefore,
      flow force compensation has been designed into the bypass valve which
      allows the bypass regulator to essentially duplicate the start regulator
      characteristic over the wide range of pressure and bypass flows
      encountered in the flight envelope.
PAC  Gas Producer Governing System
PAR  The acceleration control includes an all speed, compressor discharge
      pressure (P.sub.c) compensated gas producer governor. At a given setting
      of the throttle 14, which is associated with the speed setting valve 280,
      the P.sub.c compensation feature produces parallel shifts in the governor
      hooks without altering their slopes. The unique spring arrangement
      embodied in the metering valve 90 renders the governing system capable of
      maintaining a maximum set speed, irrespective of altitude and ambient
      temperature variations. The gap producer speed signal (SS-BF), generated
      by the hydraulic speed sensor 170, is utilized not only by the governor
      system, but also by the enrichment mechanism as explained heretofore. The
      governor system consists essentially of the speed setting valve 280 and
      the governor itself which is mounted in the cavity 140 of the main
      metering valve 90.
PAR  The speed setting valve comprises a spool 380 slideably mounted within a
      cavity 382 in the housing 71. The left extremity 384 of the spool 382 is
      contacted by a rotatable N.sub.1 speed setting cam 386 which is connected
      to the throttle lever 14 by shaft 388 which extends through the housing 71
      and is embraced by seal 390. A spring seat 392 is mounted upon the spool
      380 for axial sliding movement thereover and is positioned thereupon by a
      pair of bimetallic, fuel temperature compensating discs 394 and 396 and a
      compression spring 398 which is seated upon the other side thereof. A duct
      400, having a flanged end 402 which serves as a spring seat for the spring
      398, is sealingly secured to a diaphragm 404 which extends, and is
      secured, to the wall of chamber 382. The right end of the duct 400 is
      adapted to slidingly contact a wall portion 405 of the chamber 382. A
      threaded plug 406 and the right end of the duct 400 define variable
      orifice 408, the size of which controls the pressure FG on the left side
      of the diaphragm 404 and hence the pressure in the upper portion of the
      chamber 140 of the main metering valve 90.
PAR  The speed setting valve 280 then has three isolated chambers defined
      therein, viz.: a first chamber 410 at a pressure FG; a second chamber 412
      at a pressure SS; and a third chamber 414 which surrounds the orifice 408.
      The line 416 fluidly interconnects the segment 72 of the main fuel supply
      line with the chamber 414 and hence the orifice 408. The chamber 412 is
      placed in communication with the signal pressure SS via the line 278, and
      the chamber 410 communicates with the upper side of the diaphragm 138
      through line 418. It should be noted at this point that the upper surface
      of the diaphragm 138 of the main metering valve 90 communicates with the
      conduit 74 adjacent orifice 114 by means of the line 164. It should thus
      be apparent that when the orifice 408 is closed --  that is, when the
      right end of the duct 400 abuts the plug 406 -- the pressure FG in the
      chamber 410 will equal BF. It should be noted at this point that before
      governing commences, the orifice 408 will be closed and, therefore, during
      this period, the actual N.sub.1 speed signal (SS-BF) is maintained across
      the spring loaded diaphragm 404 of the speed setting valve 280. The spring
      loaded diaphragm 404 regulates the valve opening to hold the pressure
      differential thereacross (SS-FG) proportional to the spring load which is
      set by the throttle actuated speed setting cam 386.
PAR  When the orifice 408 opens during governing, the pressure FG increases. A
      pressure drop FG-BF is then occasioned across the orifice 166, which also
      exists across the governor diaphragm 138. Since the pressure differential
      (SS-BF) is proportional to the actual gas producer speed (N.sub.1) squared
      and the pressure differential (SS-FG) is proportional to the set speed
      (N.sub.1) set squared, it should be apparent that the pressure
      differential FG-BF across the governor diaphragm is proportional to
      N.sub.1.sup.2 -N.sub.1.sup.2 (set). Therefore, the pressure differential
      across the governor diaphragm 138 is a function of speed error. The force
      exerted on the diaphragm 138 by this pressure differential is counteracted
      by the governor spring 144. The resultant force upon the governing
      diaphragm 138 is transmitted to the valve 112 through the minimum ratio
      spring 145, which is initially contacted as governing commences. Hence, it
      will be appreciated that during governing, in addition to the P.sub.c
      bellows systems and the springs associated therewith, there are three
      springs (144, 145 and 120) acting to position the metering valve 112.
PAR  As was previously set forth with reference to the acceleration fuel system,
      the CDP compensation spring 120 performs a dual task, in that during
      acceleration, the preload in the spring provides an essentially rigid link
      between the bellows lever 100 and the fuel valve 112, whereas during
      governing, the governor force overcomes the preload in the spring 120 and
      displaces the valve 112 relative to the bellows lever position. It should
      be noted that once the valve 112 has been detented, the amount of force
      transmitted to the governor system for a change in the compressor
      discharge pressure (P.sub.c) is solely dependent upon the rate of the
      compensation spring 120. Typical governor hooks are shown in FIG. 10. The
      initial departure from the acceleration schedule at the beginning of the
      governor hook is caused by the slight extension of the bellows as the
      governor force increases but has not yet reached a force level equal to
      the preload in the P.sub.c compensation spring 120.
PAR  Referring back to the speed setting valve 280 in FIG. 3, an idle stop screw
      420 is interposed between the lands 422 and 424 of the spool 380, the stop
      screw 420 being adapted to contact the land 424 to prevent governing at a
      speed below that of idle.
PAC  Gas Producer Control Deceleration System
PAR  When the actual engine speed (N.sub.1) is much greater than the desired
      operating speed, the speed error pressure (FG-BF) attains a value which is
      sufficient to drive the minimum ratio stop screw 154 against the flange
      156 of plug 158. In this condition, the governor collapse mechanism is
      partially detented, and the valve 112 is positioned by the displacement of
      the P.sub.c bellows 96. For a constant metering head, fuel flow is
      proportional to P.sub.c and is biased by the position of the minimum ratio
      stop. During actual engine operation the metering head varies as per the
      enrichment schedule, thereby varying the proportionality constant between
      W.sub.f and P.sub.c as a function of N.sub.1.
PAR  The minimum valve position stop 132 (which contacts the lower tip of valve
      112) overrides the deceleration schedule at very low P.sub.c pressures.
      The absolute level of minimum flow is a function of the valve stop
      position and metering head, the latter varying as a function of N.sub.1.
PAC  Power Turbine Governing System
PAR  Turning now to FIG. 4, there is shown a power turbine governor which
      comprises a plural cavity housing 500 formed in any suitable manner. The
      power turbine governor generally includes speed sensing means to sense
      speed N.sub.2, a speed setting mechanism to set speed N.sub.2 (set), a
      fuel flow reset governor, an overspeed limiter, and a deceleration system.
      Fuel emerging from the segment 76 of the fuel control enters the power
      turbine governor through a barrier filter element 502. Flow from the
      filter element 502 enters conduit 504 and proceeds thence to a conduit 506
      via a muscles valve 508 which provides the necessary pressure differential
      to operate the speed sensing means as will be described hereinafter.
      Conduit 506 bifurcates to define conduits 510 and 512 which respectively
      carry fuel to the engine and the inlet side of pump 54. Fuel from conduit
      510 passes through an overspeed limiting valve 514 to a conduit 516 which
      fluidly interconnects the valve 514 with conduit 518. Fuel from conduit
      518 enters a conduit 520 via parallel flow paths defined by a governor
      valve 522 and a deceleration valve 524. Flow proceeds from conduit 520 to
      conduit 526 via a reset orifice 528 incorporated in conduit 526. Bypass
      flow in the conduit 512 passes through the bypass valve 530 to a conduit
      532 which communicates in turn with conduit 86 via a suitable
      interconnection (not shown).
PAR  A speed sensor 534 is positioned within a cavity 536 in the housing 500.
      The speed sensor 534 is identical in construction to the gas producer
      control speed sensor 170; however, the operating pressure head across the
      speed sensor 534 is maintained in a manner slightly different from that of
      the sensor 170. The splined shaft of the sensor 534 is drivingly connected
      to the power turbine by means of transmission line 24 shown in FIG. 1. The
      speed signal, which is the differential pressure SS'-BG generated by the
      speed sensor 534, is a function of the power turbine speed (N.sub.2)
      squared. A conduit 538, embodying an orifice 540 therein, connects the
      conduit 504, which is at a pressure AF, with the cavity 536, which is at a
      pressure SS'. Hence, flow from the conduit 504 passes through conduit 538
      to cavity 536 and thence to conduit 506, which is at a pressure BG.
PAR  Turning back to the muscles valve 508, it can be seen that the valve itself
      is mounted upon a diaphragm 542 which is spring loaded by a compression
      spring 544 to urge the valve 508 upwardly or towards the conduit 506 to
      restrict flow between conduits 504 and 506. The under side of the
      diaphragm 502 communicates with cavity 536 via line 546. Hence, the upper
      side of the diaphragm is exposed to a pressure AF and the lower side to a
      pressure SS'. It should be apparent that the muscles valve 508 will tend
      to maintain the pressure differential AF-SS' at a constant value. Further,
      since the pressure differential AF-BG is equal to the sum of the pressure
      differentials AF-SS' and SS'-BG, it will be appreciated that the pressure
      differential AF-BG will be a constant value above the pressure
      differential SS'-BG. Since all of the flow from the muscles valve 508 and
      the speed sensor 534 combine at 548, there is no metered flow from the gas
      producer fuel control wasted by the speed sensing device 534.
PAR  The flow from conduit 510 to conduit 516 must pass through the overspeed
      valve 514, but in an underspeed condition, there is practically no
      pressure drop across the valve 514, and hence, the pressure BG is
      substantially equal to the pressure AL in conduit 518. The overspeed
      limiting valve is disposed within a cavity 550 and comprises a diaphragm
      552 secured to a diaphragm washer 554 which is subjected on its upper side
      to a force exerted thereupon by compression spring 556, and on its lower
      side to the force exerted by compression spring 558. A flanged duct 560 is
      sealingly positioned within the upper portion of the cavity 550 and
      depends therefrom. The inlet 562 of the duct 560 receives flow from the
      upper portion of the chamber 550. To insure a minimum flow therethrough to
      conduit 516, the wall of the duct 560 incorporates a minimum flow port
      564. The spring preload, exerted upon the diaphragm washer 554 by the
      springs 558 and 556, maintains the end 562 of duct 560 spaced a sufficient
      distance from the diaphragm washer 554 so that essentially no pressure
      drop is engendered across the valve; that is, BG is maintained
      substantially equal to AL. The lower part of the cavity 550 communicates
      with chamber 536 by means of an interconnecting line 566, and thus the
      upper part of the diaphragm 552 is exposed to the pressure BG, while the
      under side of the diaphragm is exposed to the pressure SS'.
PAR  When the speed signal SS'-BG is sufficient to overcome the preload exerted
      on the diaphragm by the springs 558 and 556, the diaphragm washer 554 will
      move toward the end 562 of the duct 560 to thereby produce a pressure drop
      between conduit 510 and conduit 516 and a consequential reduced fuel flow
      through the governor valve 522 as will be explained hereinafter. A plug
      568 mounted in the lower part of the cavity 550 is adjustable to vary the
      preload on the diaphragm, and hence the speed (N.sub.2) at which overspeed
      regulation commences.
PAR  The primary flow path from the conduit 518 to conduit 520 is through the
      governor valve 522, a secondary flow path being through the decelaration
      valve 524, which is in parallel to the path through the governor valve.
      The pressure differential AL-AG, which exists across the governor and
      deceleration valves, is maintained substantially constant by the bypass
      valve 530 in the absence of an overspeed condition.
PAR  The bypass valve 530 comprises a diaphragm 570 which extends across the
      cavity 572. The diaphragm is biased in the downward direction by a
      compression spring 574 seated upon the diaphragm washer 576. A depending
      structure 578 secured to the diaphragm washer provides a flow path from
      the conduit 512. The lower or outlet end of the structure 578 is disposed
      adjacent the top of an adjustable plug 580 so that the vertical position
      of the structure 578 is determinative of the flow therethrough to the
      conduit 532. The under side of the diaphragm 570 directly communicates
      with the conduit 512 and is thus referenced to pressure BG. The upper side
      of the diaphragm 570 is referenced to the pressure AG, that is, the
      pressure in conduit 520, by means of an interconnecting line 582 which
      embodies a damping orifice 583. The bypass valve serves to maintain a
      substantially constant differential between the pressures BG and AG by
      by-passing more flow to the conduit 532 when BG-AG increases above a
      predetermined level and, conversely, bypassing less flow when BG-AG
      decreases below the predetermined level. As previously stated, since BG
      will normally be equal to AL, the bypass valve will normally maintain a
      constant differential pressure AL-AG, which is, of course, the metering
      head across the governor valve 522 and the deceleration valve 524.
PAR  The governor valve itself comprises a spool 584, having a bevelled metering
      surface 586 thereupon, which is movable within a metering orifice 588, the
      orifice 588 interconnecting the conduits 518 and 520. The upper point or
      extremity of the spool 584 is received within a recess in a flanged shaft
      590. The various pressure forces and spring forces exerted upon the spool
      584 and the shaft 590 determine the position of the bevelled surface 586
      of spool 584, and hence, the metering area of the orifice 588. The spool
      584 is slideable within a guide 592, axially disposed in the cavity 594.
      The lower part of the cavity 594 is referenced to the pressure SS' by
      means of a line 596 which interconnects the line 546 and cavity 594. A
      diaphragm 598 is secured to the wall of the cavity 594 to thereby
      reference the under side of the diaphragm 598 to the pressure SS'. Upon a
      diaphragm washer 600 is seated a compression spring 602, coaxially mounted
      with respect to the spool 584 and the guide 592. The upper side of the
      diaphragm 598 is referenced to the pressure AL since the cavity 594
      directly communicates with conduit 518. Therefore, the lower extremity of
      the spool is subjected to the force of spring 602 and the force engendered
      by the pressure differential SS'- AL across the diaphragm 598.
PAR  In an upper cavity 604, wherein the shaft 590 is disposed, a lever 606 is
      pivotally mounted at 608 to transmit the N.sub.2 (set) speed, as set by
      the power turbine throttle lever 16, to the governor valve. A shaft 610
      bears against one end of the lever and is slideable within a sleeve 612.
      The lower end of the shaft 610 has a roller 614 mounted thereupon which
      contacts a cam structure 616, which, in turn, is interconnected to the
      throttle lever 16 by means of a rotatable shaft 618. Hence, the rotation
      of the throttle lever 16 serves to position the lever 606. The other end
      of the lever 606 abuts a spring seat 620 slideably mounted within the
      cavity 604. It will thus be appreciated that movement of the throttle
      lever is directly transmitted to the spring seat 620 via the
      interconnecting linkage heretofore described. A compression spring 622 is
      interposed between a flange on the shaft 590 and the spring seat 620 to
      vary the force exerted upon the spool 584 when the throttle lever 16 is
      displaced. On the upper end of the shaft 590, another compression spring
      624 is seated for transmitting yet another force to the spool 584. The
      upper end of the spring 624 is seated upon a diaphragm washer 626 of a
      diaphragm 628 which extends across the upper part of the cavity 604.
PAR  Fuel at a pressure AG in the conduit 520 is communicated to the upper
      surface of diaphragm 628 via a line 630 which incorporates an orifice 632.
      The orifice 632 acts as a damping restriction, and it will be appreciated
      that under steady-state conditions, the pressure AG will be equal to the
      pressure AD on the upper surface of the diaphragm 628. The pressure AR' in
      the cavity 604 is determined by the pressure drop across the series
      restriction 528, which is also influenced by some flow around the upper
      portion of the spool which proceeds directly from conduit 520 to cavity
      604.
PAR  To illustrate the operation of the fuel flow reset governor valve 522,
      assume that the load imposed upon the power turbine is removed, thereby
      resulting in an increase in the actual turbine speed (N.sub.2). The speed
      signal (SS'-AL) across the diaphragm 598 then tends to displace the spool
      upwardly against the preload to reduce the area of the metering orifice
      588. Simultaneously, the bypass valve 530 acts to maintain a constant
      pressure drop (AL-AG) across the governor by bypassing more fuel, thereby
      reducing the engine fuel flow in conduit 526. It will be noted that
      operation up to this time resembles that of a purely proportional
      governor, except for the change in fuel flow, which is smaller than that
      for the desired fuel flow to speed relationship.
PAR  Since a reduced fuel flow from the conduit 520 to the conduit 526 results
      in a reduced pressure drop (AG-AR') across the orifice 528 (this pressure
      drop being a function of metered flow), the fuel flow responsive pressure
      differential (AD-AR'), applied across the reset diaphragm 628, is thereby
      diminished. It should be noted at this point that the reset spring load is
      equal to and opposite from the pressure load of the reset diaphragm and is
      also additive to the governor spring load. Thus, as the pressure
      differential (AG-AR') across the orifice 528 decreases, because of the
      decreased fuel flow, the decreased pressure force (AD-AR') on the reset
      diaphragm 628 allows the reset spring 624 to expand and thereby reduce its
      load on the spool 584, the rate of reset being determined by orifice 632.
      This action causes an additional travel of the governor valve in the
      closing direction and occasions a further reduction of fuel flow to the
      engine. This sequence of events continues until equilibrium is established
      between the pressure forces and spring forces acting on the spool 586.
PAR  The speed error (N.sub.2 set-N.sub.2), which exists when equilibrium is
      attained, is dependent on the governor parameters. For example, if the
      reset orifice 528 is adjusted such that a change of one unit of fuel flow
      causes a pressure change which, in turn, demands one more unit of fuel
      flow, the power turbine governor will function until N.sub.2 set = N.sub.2
      (isochronous operation); if the ratio of reset flow to proportional flow
      is made less than 1, the governor will possess a conventional positive
      droop; and if the ratio is greater than 1, the governor droop will be
      negative.
PAR  The adjustable restriction 632 permits the performance of the power turbine
      governor to be optimized since the dynamic characteristics of the governor
      can be varied. The restriction 632 is externally adjustable and can be
      rotated to increase or decrease the restriction to flow presented thereby
      to respectively increase or decrease the time period during which the
      reset action takes place. The apparent reset time constant can be varied
      from a few milliseconds to many seconds and is much greater than the
      actual time constant of the damped reset diaphragm chamber.
PAR  For an acceleration transient, the main governor valve 584 is forced to its
      wide open position. In this condition, the bypass regulator valve 530 is
      closed and the total input flow from the gas producer control is passed
      through the power turbine governor to the engine. When the new operating
      point is approached, and power turbine speed recovers to the desired
      setting, the governor valve gradually closes. Thus, inlet flow passing
      through the restricted metering orifice 588 creates a pressure drop which
      opens the bypass regulator valve 530. A portion of inlet flow is then
      bypassed and the remainder of the flow, which is needed to sustain the
      operating condition, is metered to the engine.
PAR  The rate at which flow is changed during governing is determined by the
      governor gains. The fuel flow reset feature of the governor is a positive
      feedback device which steepens the overall governor gain for accurate
      speed regulation. This path is dynamically lagged for stability reasons to
      control the slewing velocity of the reset diaphragm. As applied to a
      helicopter installation, the amount of rotor system torsional damping is
      controlled by the instantaneous gain (i.e., W.sub.f /N.sub.2, with P.sub.c
      and AD-AR' constant).
PAR  The metering valve, springs, and other hardware associated with the
      instantaneous gain are designed to provide adequate torsional stability
      margin for a typical helicopter over its flight envelope.
PAC  Power Turbine Deceleration System
PAR  Deceleration fuel flow is a linear function of compressor discharge
      pressure (P.sub.c) which is sensed by an evacuated, spring loaded bellows
      assembly 640. The right end of a lever 642 is kept in firm contact with
      the bellows assembly 640 by means of a spring seat 644 which retains a
      compression spring 646. The left end of the lever 642 rests upon a flange
      structure 648, which is, in turn, slideably disposed in a spool 650. A
      pair of bimetallic discs are interposed between the flange structure 648
      and the spool 650 to compensate for the changes in fuel density. The spool
      650 has a tapered end which controls the metering area of the orifice 652
      and is axially slideable within a bushing 654. A compression spring 656 is
      interposed between the housing 500 and a flange on the spool 650. A seal
      658, identical to the seal 102 of FIG. 2, serves to pivotably mount the
      lever 642 and separate the fuel in the left-hand chamber from the air (at
      pressure P.sub.c) in the right-hand chamber. Stops 660 and 662 control the
      minimum and maximum travel of the spool 650 and, hence, the minimum and
      maximum valves of the metering area of the orifice 652.
PAR  The decleration valve 524 is adapted to maintain a constant minimum ratio
      between fuel flow W.sub.f and compressor discharge pressure P.sub.c at all
      flight conditions. Although the valve 524 is included in the power turbine
      governor for deceleration, it should be apparent that it will steadily
      increase fuel flow during acceleration as compressor discharge pressure
      P.sub.c increases with increasing speed, and the contour of the spool 584
      must compensate for this functioning. If the power turbine governor is
      associated with gas turbine engines, wherein a minimum flow stop or
      equivalent device on the governor valve 522 is sufficient to prevent
      flameouts, the deceleration valve 524 may be entirely eliminated from the
      system. Hence, during deceleration, a certain minimum fuel flow will
      proceed from the conduit 518 to conduit 520 and thence to the engine,
      thereby avoiding the possibility of a flameout.
PAR  Turning now to FIG. 3, fuel from the conduit 526 metered by the power
      turbine governor passes to a conduit 670 and, thence, to a shut-off valve
      672 via a spring loaded pressurizing valve 674. The shut-off valve 672 is
      integral with the shaft 322 and rotatable therewith since the housing 676
      thereof is attached to the shaft 322 by a bolt 578. Flow emerging from the
      shut-off valve 674 enters a conduit 680 and proceeds from there to the
      fuel distribution ring 38 of FIG. 1.
PAC  General Operation of Fuel Control
PAR  The functional block diagram of FIG. 7 in conjunction with FIGS. 1, 2, 3
      and 4 should contribute to an understanding of the heretofore described
      fuel control.
PAR  The gas producer control schedules the pressure differential (BF-AF) across
      the main metering valve as a function of N.sub.1 speed varied W.sub.f
      /P.sub.c ratio units. For acceleration, the main metering valve opening
      (P.sub.c ') is directly related to compressor discharge pressure
      (P.sub.c). Thus, engine fuel flow is metered on a W.sub.f /P.sub.c .times.
      P.sub.c relationship. During all other operating modes of the control, the
      P.sub.c signal is biased by N.sub.1 speed, and therefore, fuel flow is
      metered on a W.sub.f /P.sub.c .times. (P.sub.c + constant) basis.
PAR  The power turbine governor utilizes a relatively constant pressure
      differential (AL-AG) across two metering valves 584 and 650 which are in
      parallel. Therefore, total fuel flow is directly proportional to both the
      governor and deceleration metering valve openings. The governor valve is
      positioned by speed (N.sub.2), total metered flow (W.sub.f), and throttle
      (16) position. During an engine deceleration, the governor valve is shut
      off by the above variables and total flow is metered through the
      deceleration valve. The deceleration valve is linearly positioned by
      compressor discharge pressure and, thus, deceleration flow is metered as a
      unique function of engine W.sub.f /P.sub.c ratio units.
PAR  Referring to FIGS. 2, 3, and 7, the throttle shaft lever 14 is utilized to
      set the desired gas producer speed (N.sub.1 set). This set speed is
      compared with the speed set by the idle-stop 420 in the speed selector
      valve 280 and the highest of the two set speeds is selected. The resultant
      selected speed is summed with the actual speed (N.sub.1) in the speed
      selector valve 280 to produce an N.sub.1 error signal. This N.sub.1 error
      signal, which is the pressure differential FG-BF in the metering valve 90
      of FIG. 2, is compared within the valve with the signal from the
      deceleration limiter which comprises the minimum ratio stop 154 and 156,
      and the minimum ratio spring 148. The lower of the signals from the
      deceleration limiter and the N.sub.1 error signal is the input to the gas
      producer governor, the input in effect serving to determine the area of
      the metering orifice 114. The output of the gas producer governor can be
      considered as representative of a compressor discharge pressure. The
      actual compressor discharge pressure (P.sub.c) is compared with a set
      maximum compressor discharge pressure within the bellows assembly of the
      metering valve 90, and the lowest of these inputs is compared with the
      output of the gas producer governor. The lower of the P.sub.c signals from
      the gas producer governor and the bellows assembly is compared with a
      minimum compressor discharge pressure (P.sub.c), which is determined by
      the position of the stop 134, and the highest thereof (P.sub.c ', which is
      a valve opening) selected for the multiplication process with the fuel
      flow compressor discharge pressure ratio produced by the acceleration
      limiter. The acceleration limiter receives, as its primary input, a signal
      SS-BF, which is representative of the actual gas producer speed (N.sub.1).
      The metering valve 90 multiplies the W.sub.f /P.sub.c ratio produced by
      the acceleration limiter with a value of compressor discharge pressure as
      modified in a manner explained heretofore, thereby producing a fuel flow
      W.sub.f (gas producer) which proceeds from the segment 76 to the power
      turbine governor of FIG. 4.
PAR  Turning now to the lower part of FIG. 7, it can be seen that the lower of
      the actual compressor discharge pressure and a maximum value as set by the
      stop 660 is compared with the minimum value of compressor discharge
      pressure as set by the stop 662, and the highest thereof selected to
      position the deceleration valve 524 of the deceleration limiter. The
      deceleration limiter produces a certain fuel flow W.sub.f1 in the power
      turbine governor itself. The actual power turbine speed N.sub.2 and the
      power turbine speed N.sub.2 set, as set by the lever 16, are compared by
      the power turbine governor valve, which also produces a fuel flow
      W.sub.f2. W.sub.f2 is summed with the output W.sub.f1 of the deceleration
      limiter of the power turbine governor to produce a resultant fuel flow
      W.sub.f3. It will be remembered also that the fuel flow reset feature of
      the power turbine governor valve is sensitive to this output and serves to
      reposition the valve in a manner explained heretofore. The actual power
      turbine speed N.sub.2 is also directed to the overspeed limiter
      constituted by the valve 514, which yields an output fuel flow W.sub.f4.
      The sum of the outputs of the power turbine governor valve and the
      deceleration limiter (W.sub.f3) is compared with the fuel flow output of
      the overspeed limiter (W.sub.f4) in the power turbine governor and the
      lowest thereof selected. Since the gas producer control and the power
      turbine governor are in series flow relationship, that is, all the flow
      from the gas producer control must enter the power turbine governor, the
      lower of the fuel flows commanded by these components is the final fuel
      flow to the engine -- thus fuel flow traversing the fuel shut-off valve.
PAR  While only a preferred embodiment of the invention has been shown and
      described. It should be understood that various modifications and
      substitutions may be made by those skilled in the art without departing
      from the spirit and scope of the invention as defined in the subjoined
      claims.
PAR  Further, it is to be understood that the invention has been described by
      way of illustration rather than limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fuel control for a gas turbine engine with a gas producer and a
      power turbine, a power turbine governor comprising:
PA1  an inlet for receiving fuel from a gas producer control;
PA1  an outlet for delivering fuel to the engine;
PA1  conduit means to fluidly interconnect the inlet and the outlet for
      providing a path for fuel flow;
PA1  sensor means to generate an actual speed signal representative of the speed
      of the power turbine;
PA1  speed setting means to generate a set speed signal for the power turbine;
PA1  governor valve means responsive to the actual speed signal and the set
      speed signal to meter fuel flow in the conduit means;
PA1  overspeed valve means responsive to the actual speed signal to present a
      restriction to fuel flow in the conduit means upstream of the governor
      valve means when an overspeed condition of the power turbine arises; and
PA1  regulator means to maintain a substantially constant differential pressure
      between locations in the conduit means upstream of the overspeed valve
      means and downstream of the governor valve means by bypassing fuel, the
      overspeed valve means not presenting a substantial restriction to fuel
      flow until an overspeed condition arises, whereby the regulator means
      maintains a substantially constant differential pressure across the
      governor valve means during normal operation and governing and whereby the
      overspeed valve means causes the regulator means to bypass more fuel when
      an overspeed condition arises to thereby reduce fuel flow to the governor
      valve means.
NUM  2.
PAR  2. In a fuel control for a gas turbine engine with a gas producer having a
      compressor and a power turbine, a power turbine governor comprising:
PA1  an inlet for receiving fuel from a gas producer control;
PA1  an outlet for delivering fuel to the engine;
PA1  conduit means to fluidly interconnect the inlet and the outlet for
      providing a path for fuel flow;
PA1  sensor means to generate an actual speed signal representative of the speed
      of the power turbine;
PA1  speed setting means to generate a set speed signal for the power turbine;
PA1  governor valve means responsive to the actual speed signal and the set
      speed signal to meter fuel flow in the conduit means;
PA1  regulator means to maintain a substantially constant differential pressure
      between first and second locations in the conduit means respectively
      upstream and downstream of the governor valve means; and
PA1  deceleration valve means sensitive to the pressure discharged by the
      compressor to provide a flow path in parallel with the conduit means to
      bypass flow around the governor valve means to insure a minimum fuel flow
      to compressor discharge pressure ratio during deceleration, the
      differential pressure across the deceleration valve means being the same
      as that across the governor valve means.
NUM  3.
PAR  3. A power turbine governor, as defined in claim 2, further including:
PA1  overspeed valve means responsive to the speed signal to present a
      restriction to fuel flow in the conduit means at a third location
      intermediate the first location and the governor valve means when an
      overspeed condition of the power turbine arises, the overspeed valve means
      not presenting a substantial restriction to fuel flow until an overspeed
      condition arises whereby the regulator means maintains a substantially
      constant differential pressure across the governor valve means and the
      deceleration valve means during normal operation and governing and whereby
      the overspeed valve means causes the regulator means to bypass more fuel
      when an overspeed condition arises to thereby reduce fuel flow to the
      governor valve means and the deceleration valve means.
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ABST
PAL  A mathematical expression is converted and approximations applied to
      simplify same and thus circuitry which modifies an electrical signal
      representing a gas temperature into another one.
BSUM
PAR  This invention relates generally to a gas turbine engine control system,
      and particularly to an operational circuitry for use in a gas turbine
      engine control system. The operational circuitry modifies an electrical
      signal into another one in accordance with an actual engine ambient
      temperature. The electrical signal to be modified represents an optimum
      gas temperature at the inlet of a compressor turbine under the condition
      of a standard average engine ambient temperature.
PAR  Before discussing in detail the present invention, reference is made to
      FIG. 1 wherein a typical gas turbine engine is depicted schematically. An
      engine starter 1 drives a compressor 2 and a compressor turbine 5 through
      gearing 10 and a compressor rotor shaft 8, whereby they are set into
      rotation and fuel is supplied to the engine upon starting. The starter 1
      is thereafter de-energized. Ambient air enters the engine and is delivered
      to the compressor 2. Compressed air existing from the compressor 2 passes
      through a heat exchanger or a regenerator 3 where it is preheated through
      heat exchange with engine exhaust gases. The preheated air from the
      regenerator 3 is delivered to a combustion chamber 4 wherein it supports
      combustion of fuel. The hot combustion products from the combustion
      chamber 4 expand through the compressor turbine 5 thereby driving the
      turbine 5 and, via the compressor rotor shaft 8 also the compressor 2. The
      gases generated by the combustion of fuel in the combustion chamber 4,
      after passing through the compressor turbine 5, flow through power turbine
      inlet nozzles (not shown) and thence to a power turbine 6. The gases
      expanding through the power turbine 6 are delivered to the regenerator 3
      for cooling before exhaust and for preheating the compressed air being
      delivered to the combustion chamber 4. The engine output shaft torque is
      applied through a power turbine output shaft 9 to a load 7.
PAR  This invention is concerned with an electrical operational circuitry for
      use in a gas turbine engine control system. The operational circuitry is
      directed to modify an electrical signal into another one in accordance
      with an actual engine ambient temperature. This electrical signal to be
      modified represents an optimum gas temperature at the inlet of the turbine
      5 under the condition of a standard average engine ambient temperature.
      The electrical signal representing the optimum gas temperature as
      mentioned above is previously determined on the basis of various operating
      parameters of a gas turbine engine such as compressor shaft 8 speed,
      input-outputs ratios of the compressor 2, etc. However, the determination
      of the signal representing the optimum gas temperature does not concern
      the present invention. In this specification, it is assumed that the
      signal indicative of the optimum gas temperature has been already
      determined by other suitable system. Therefore, the subject matter of the
      present invention resides in an improved circuitry to modify the signal
      representing the optimum gas temperature at the turbine 5 inlet into
      another signal in accordance with the actual engine ambient temperature.
PAR  The requirement of signal modification as will be stated in this
      specification arises from the following demand. That is, in order to
      change the actual gas temperature at the turbine 5 inlet to the optimum
      one in an engine control operation, the signals representing the above
      respective temperatures should be at first hand compared to find the
      difference therebetween.
PAR  In order to perform the above mentioned signal comparison, however, other
      method can be presented besides that of the present invention: that is,
      the signal representing the actual operating gas temperature is modified
      into another one such that the latter, namely, the modified signal
      represents a gas temperature at a standard average engine ambient
      temperature. Consequently, the signal representing the optimum gas
      temperature at the turbine 5 inlet can be compared with the above
      mentioned modified signal because they both are in the same class
      regarding the fact that they both represent gas temperatures at the
      standard average engine ambient temperature. In order to realize the above
      mentioned method, Eq.(1) shown below is employed.
      ##EQU1##
      where T.sub.2 : signal representing the actual gas temperature at the
      turbine 5 inlet in degrees absolute,
PA0  T.sub.2 *: signal modified by T.sub.sd and T.sub.1,
PA0  t.sub.sd : signal representing standard average engine ambient temperature
      in degrees absolute,
PA0  T.sub.1 : signal representing actual ambient temperature in degrees
      absolute.
PAR  On the other hand, the signal modification according to the present
      invention is performed by the following equation.
      ##EQU2##
      where T.sub.2s *: signal representing the optimum gas temperature at the
      turbine 5 inlet under the condition of standard average engine ambient
      temperature in degrees absolute,
PA0  T.sub.2s : signal modified by T.sub.sd and T.sub.1.
PAR  Regarding the above two signal modifying steps, the former is not generally
      applicable for the reason as discussed below: that is, since the optimum
      gas temperature should be less than the maximum allowable temperature
      limit for the materials used in the engine, the maximum allowable
      temperature also should be converted into an electrical signal and then
      modified in terms of Eq.(1) to be compared with the signal representing
      the optimum operating temperature, therefore additional signal
      modification must be performed thereby making the operational circuitry
      expensive and complicated in its circuit arrangement.
PAR  To avoid this defect, the latter modification, namely, the change of the
      signal representing the optimum operating temperature to another signal
      for comparing it with the signal representing the actual gas temperature
      is preferably performed on the basis of the Eq.(2). However, an
      operational circuitry according to prior art for solving the Eq.(2) for
      T.sub.2s comprises a multiplier for multiplying parameter T.sub.2s by
      another parameter T.sub.1. As a result, the prior art has some defects
      that due to the multiplier required it is complicated in its circuit
      arrangement and expensive to obtain accurate result.
PAR  Hence, the present invention is directed to provide a simple, economical,
      and comparatively accurate operational circuitry without such a
      multiplier. The operation circuitry in accordance with this invention is
      constructed on the basis of an approximate expression obtained from
      Eq.(2), which is discussed in detail later.
PAR  It is an object of the present invention to provide an improved operational
      circuitry for use in a gas turbine engine control system, which circuitry
      modifies an electrical signal representing an optimum gas temperature at a
      compressor inlet into another one in accordance with an actual engine
      ambient temperature.
PAR  Other objects, features, and advantages of the present invention will
      become more apparent on reference to the succeeding detailed description
      thereof, and to the accompanying drawings illustrating the preferred
      embodiment thereof, wherein:
DRWD
PAR  FIG. 1 illustrates, schematically, a typical gas turbine engine of the type
      in which the present invention is embodied;
PAR  FIG. 2 illustrates, schematically, in a block diagram an operational system
      embodying the present invention; and
PAR  FIG. 3 illustrates, graphically the relationship between a signal
      representing ambient temperature (t.sub.a) and a signal representing
      compressor turbine inlet gas temperature (T.sub.2s) modified by the former
      for a signal representing various optimum compressor turbine inlet gas
      temperatures (T.sub.2s *) in order to compare the results of this
      invention with that of prior art.
DETD
PAR  The preferred embodiment of the present invention will be hereinafter
      described in detail. Assuming that the signal t.sub.a represents an
      ambient temperature or a temperature of the air entering the compressor 2
      in Celsius, then a signal T.sub.1 representing its absolute temperature is
EQU  T.sub.1 =  273 +  t.sub.a (.degree.K)                      (3)
PAL  Furthermore, if the standard or average temperature is 15.degree.C, a
      signal T.sub.sd representing its absolute temperature is
EQU  T.sub.sd =  273 + 15 = 288 (.degree.K)                     (4)
PAL  Placing these signals T.sub.1 and T.sub.sd in Eq.(2) gives
      ##EQU3##
      In Eq.(6), provided that T.sub.2s * ranges from 800.degree.K to
      1200.degree.K, its median value, namely, 1000.degree.K in this case, is
      replaced by T.sub.2s * in the second term of the right hand thereof, then
      we obtain
      ##EQU4##
PAR  FIG. 2 schematically shows in a block diagram an operational circuitry for
      resolving T.sub.2s of Eq.(7) in accordance with the present invention. An
      amplifier 30 receives an electrical signal representing T.sub.2s * from a
      suitable sensor 28 and amplifies it by a factor of 0.948. Then, the output
      of the amplifier 30 is fed to summing means 36. A temperature sensor 32 is
      mounted, for example, within an air intake portion (not shown) of the
      compressor 2 and senses a temperature of the air entering the compressor 2
      for generating a signal t.sub.a representing the temperature. An amplifier
      34 receives the output of the temperature sensor 32 and amplifies it by a
      factor of 3.47. The summing means 36 is supplied with the output signal of
      the amplifier 34 and generates an electrical signal representing the sum
      of 0.948T.sub.2s * and 3.47t.sub.a. Thus, T.sub.2s of Eq.(7) is derived
      from the FIG. 2 operational circuitry of the present invention.
PAR  FIG. 3 graphically shows the relationship between T.sub.2s and t.sub.a for
      different values of T.sub.2s *. Solid lines denote the results obtained by
      Eq.(5), on the other hand dotted lines the results by Eq.(7). As seen from
      the graph, deviations of Eq.(7) with respect to these of Eq.(5) is within
      .+-. 2% over the range -10 &lt; t.sub.a &lt;  40.degree.C of t.sub.a. Our
      experiment proves that the deviations are empirically negligible.
PAR  As is understood from the above description, the control circuitry in
      accordance with the present invention has advantages that it is simple in
      its arrangement and comparatively accurate compared with the conventional
      operational system constructed on the basis of Eq.(5).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An operational electronic circuitry for use in a gas turbine engine
      control system for modifying a first signal into a second signal with
      respect to an actual ambient temperature, said first signal representing
      an optimum gas temperature at an inlet of a compressor turbine under a
      condition of a standard average engine ambient temperature, comprising:
PA1  first means for receiving said first signal to amplify it by a factor of
      273/T.sub.sd and to generate a signal according to the amplification,
      where T.sub.sd is a standard average ambient temperature in degrees
      absolute;
PA1  second means for sensing said actual ambient temperature to generate a
      signal representing it in degrees absolute;
PA1  third means for receiving said signal from said second means to amplify it
      by a factor of T.sub.2sm /T.sub.sd and to generate a signal in proportion
      thereto, where T.sub.2sm is a median of values of said first signal; and
PA1  fourth means for summing said signals from said first and third means to
      develop said second signal.
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ABST
PAL  A mounting particularly for attaching a tubular nozzle shroud member of a
      gas turbine in co-axial registration with an aperture in a supporting wall
      comprising a spigot at the end of the tubular member to be fitted into the
      aperture, the spigot being of complementary shape to the aperture and
      having radially outwardly extending lugs spaced apart around its
      periphery, and the wall having a corresponding number of notches spaced
      apart around the periphery of the aperture, the lugs being aligned with
      the notches and inserted through the latter by axial movement of the
      tubular member and retained, in the manner of a bayonet-type of coupling,
      by the portions of the wall between the notches when the tubular member
      has been partly turned about its longitudinal axis, the tubular member
      also having a flange spaced axially from the lugs and sealingly engaged
      with the wall when the lugs are located behind said wall portions, to hold
      the tubular member from axial movement with respect to the wall, the wall
      and the flange each having a pin-receiving opening therein, the openings
      being so positioned in the wall and the flange that when the tubular
      member has been turned to the retained position the openings are in
      registration one with the other and receive a removable locking pin to
      prevent turning of the tubular member from the retained position, one of
      the openings being elongate in a direction radially of the longitudinal
      axis of the tubular member to permit limited relative movement between the
      tubular member and the wall.
BSUM
PAC  BACKGROUND
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a mounting for attaching a tubular member in
      co-axial registration with an aperture in a wall or other supporting
      structure and is particularly concerned with mounting a turbine nozzle
      shroud in an aperture in a wall of a housing of a gas turbine engine.
PAC  DESCRIPTION
PAR  One object of the invention is to provide a mounting which enables the
      tubular member to be quickly secured to and detached from the wall and
      another object is to enable substantially co-axial registration to be
      maintained with minimum induced stresses and distortion despite
      differential movement between the tubular member and the wall due to
      temperature variation.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a mounting for attaching a tubular member in
      co-axial registration with an aperture in a wall or other supporting
      structure comprises a spigot at the end of the tubular member to be fitted
      into the aperture, the spigot being of complementary shape to the aperture
      and having a plurality of radially outwardly extending lugs spaced apart
      around its periphery, and the wall having a corresponding number of
      notches spaced apart around the periphery of the aperture, whereby the
      lugs when aligned with the notches are insertable through the latter by
      axial movement of the tubular member and are retained, in the manner of a
      bayonet-type of coupling, by the portions of the wall between the notches
      when the tubular member has been partly turned about its longitudinal
      axis, the tubular member also having a flange spaced axially from the lugs
      and sealingly engageable with the wall when the lugs are located behind
      said wall portions, whereby the lugs and the flange together hold the
      tubular member from axial movement with respect to the wall, the wall and
      the flange each having a pin-receiving opening therein, said openings
      being so positioned in the wall and the flange respectively that when the
      tubular member has been turned to said retained position the openings are
      in registration one with the other and receive a removable locking pin to
      prevent turning of the tubular member from said retained position, one of
      the openings being elongate in a direction radially of the longitudinal
      axis of the tubular member to permit limited relative movement between the
      tubular member and the wall.
PAR  The flange or the wall may carry a resilient peripheral seal which engages
      between the flange and the wall to effect a seal therebetween, when the
      tubular member is retained from axial movement in the aperture in the wall
      by the lugs and the flange, while permitting said limited relative
      movement between the tubular member and the wall.
PAR  The aforesaid openings for receiving the locking pin may comprise a
      screw-threaded hole in the wall or the flange in which a screw-thread on
      the locking pin is engageable and an elongate radial slot in the flange or
      the wall respectively into which the locking pin extends. There may be one
      removable locking pin engageable in one or in a selected one of a
      plurality of pairs of circumferentially-spaced registrable holes and slots
      or there may be a plurality of removable locking pins each engageable in a
      respective pair of a plurality of pairs of circumferentially spaced,
      registrable holes and slots.
PAR  The mounting in accordance with this invention is particularly intended, as
      aforesaid, to be used for supporting a turbine nozzle shroud member in a
      gas turbine engine and therefore, according to another aspect of the
      invention, a gas turbine engine includes a nozzle shroud member, being the
      aforesaid tubular member, having at one end thereof a spigot which is to
      be fitted into an aperture in a transverse wall in a housing or other
      stationary structure of the engine, the transverse wall being the
      aforesaid wall, and a mounting for attaching the tubular member in
      co-axial registration with the aperture in the wall as set out in any one
      of the three immediately preceding paragraphs.
PAR  The nozzle shroud member may conveniently be connected at each end thereof
      to adjacent tubular wall portions defining the working fluid passage
      through the engine by couplings permitting sliding of the nozzle shroud
      member relatively to said tubular wall portions in directions parallel to
      the longitudinal axis of the engine. The couplings may also permit tipping
      of the nozzle shroud member relatively to the adjacent tubular wall
      portions. Thus the latter couplings, the resilient seal, where provided,
      and the locking pin or pins permit the nozzle shroud member to remain in
      substantial co-axial registration with the aperture in the transverse wall
      with minimum induced stress and distortion despite expansion of the shroud
      member under operating temperature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  By way of example, a mounting, in accordance with the invention, for a
      turbine nozzle shroud member in a gas turbine engine is now described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is an exploded diagrammatic perspective view of the shroud and a
      supporting wall therefor;
PAR  FIG. 2 is an axial cross-section through a portion of the shroud and wall
      when assembled, and
PAR  FIG. 3 is an axial section through a part of the gas turbine engine showing
      a compressor-driving turbine and an independent power turbine having
      variable angle nozzle guide vanes and the nozzle shroud member and
      mounting in accordance with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 3, the nozzle shroud member is shown at 1 and has
      at one end thereof a spigot 2 having an external cylindrical surface
      except for three circumferentially spaced lugs, as hereinafter mentioned,
      and which is insertable in a circular aperture 3 in a sealing face 4
      machined in a transverse wall 5 of the housing of the gas turbine engine
      in which the shroud 1 is to be fitted. The spigot 2 has the three
      circumferentially spaced lugs 6 extending radially outwardly therefrom.
      The lugs 6 fit freely into respective complementary notches 7 formed in
      the sealing face 4 on axial insertion of the spigot into the aperture 3.
      The shroud 1 is then turned to bring the lugs 2 behind portions of the
      sealing face 4 which are un-notched and thus the spigot is retained from
      axial withdrawal, in an equivalent manner to that of a bayonet-type of
      coupling. The shroud 1 has an externally extending flange 8 spaced from
      the lugs 6 by a distance such that when the shroud has been secured in the
      wall 5 by the lugs 6 engaging behind the sealing face 4, the flange 8 will
      be spaced slightly in front of the sealing face 4 to limit the axial
      movement of the shroud 1 to the left, as viewed in FIG. 2. The flange 8
      carries a curtain seal formed by an annular spring strip 9 welded to the
      flange and sealingly and resiliently engaging the sealing face 4. Thus
      when the lugs 6 are engaged behind the sealing face 4, the spring strip 9
      sealingly engages the sealing face 4; but it does permit relative sliding
      movement between the flange 8 and the sealing face 4.
PAR  Intermediate two of the notches 7 in the aperture 3, the wall defining the
      latter is formed with a radial guide slot 10. The flange 8 is provided
      with a screw-threaded hole 11 in a position in which the hole 11 will be
      registrable with the slot 10 after the lugs 6 have been positioned behind
      the sealing face 4. A locating screw or pin 12 having a screw-thread on at
      least its inner end is screwed into the hole 11 to extend freely in the
      slot 10 (see FIG. 2). The pin 12 serves to prevent the turning of the
      shroud 1 to bring the lugs 6 into registration with the notches 7 and thus
      prevent unintentional uncoupling of the shroud 1 from the wall 5. It also
      permits expansion or contraction of the shroud 1 relatively to the wall 5
      on temperature change and ensures by sliding in the slot 11 that the
      shroud will be maintained substantially co-axial with the aperture 3 and
      hence with the turbine axis. The spring strip 9 slides on the sealing face
      4 during expansion or contraction of the shroud 1 and thus maintains the
      seal between the shroud 1 and the wall 5.
PAR  When the shroud 1 is to be removed, the pin 12 is removed from its hole 11
      and the slot 10, thereby enabling the shroud 1 to be readily uncoupled by
      turning it to bring the lugs 6 into alignment with the notches 7.
PAR  Although the sealing strip 9 is shown carried by the flange 8, it could be
      carried by the sealing face 4. Alternatively the sealing strip 9 may be
      freely positioned between the flange 8 and the sealing face 4 and be
      carried by neither of those parts.
PAR  Although only one pin 12 is insertable into one registrable hole 11 and
      slot 10, a plurality of pins 12 may be provided, each to be engaged in one
      of a plurality of pairs of registrable holes 11 and slots 10. For example
      there may be three equally spaced pairs of holes 11 and slots 10 and three
      pins 12. Alternatively one pin 12 may be engageable in a selected pair of
      a plurality of registrable holes and slots. Instead of the radial slot or
      slots 10, the latter may be elongated holes.
PAR  The lugs 6 and the notches 7 may be made of any convenient shape and not
      only of the shape illustrated in FIG. 1.
PAR  Although the mounting provided by this invention has been applied to a
      turbine shroud it may be used in other gas turbine engine sub-assemblies
      and in other engineering applications where a tubular member is to be
      readily coupled or uncoupled and when coupled is to be permitted to expand
      or contract relatively to a wall or other structure with which a seal is
      to be maintained.
PAR  Reference is now made to FIG. 2 in which the compressor-driving turbine is
      indicated by arrow 15 and the power output turbine is indicated by arrow
      16. An annular flow-path for working fluid is defined by inner and outer
      annular wall portions of which portion 17 leads working fluid to and
      through the blades 18 of the compressor-driving turbine 15; portion 19
      leads working fluid from the compressor-driving turbine 15 to a portion 20
      incorporating the nozzle shroud member 1, and portion 21 leads working
      fluid through and from the rotor blades 22 of the power turbine 16.
PAR  The annular wall portion 20 contains variable angle nozzle blades 23 (one
      only being shown) each mounted on a spindle 24 and movable angularly by a
      pinion 25 carried by the nozzle shroud member 1. The nozzle blade pinions
      25 engage a toothed ring 26 carried by the wall portion 19. The nozzle
      shroud member 1 has an integral flange 8 and lugs 6, as in FIGS. 1 and 3.
PAR  The spigot 2 is inserted into the aperture 3 in a wall 5, as shown in FIGS.
      1 and 2, the wall 5 being a transverse wall of the housing or other
      stationary structure of the engine. As shown in FIGS. 1 and 2, the flange
      8 carries an annular spring strip 9 forming a seal. Also the flange 8 has
      a screwed hole 11 therein which receives a locking screw or pin 12
      extending into a radial slot 10 in the wall 5, as shown in FIGS. 1 and 2,
      to prevent uncoupling of the nozzle shroud member 1 (i.e., the whole
      annular wall portion 20 and the nozzle vane assembly) until the pin 12 has
      been removed. The wall portions 19 and 20 have abutting flanges 27 bolted
      together at 28.
PAR  The left-hand end of the outer part of the wall portion 19 is rounded at 29
      and is slidable in the axial direction in annular socket 30 on the
      adjacent end of the outer part of the wall portion 17. Similarly the
      left-hand end of the outer part of the wall portion 21 is rounded at 31
      and is slidable in the axial direction in an annular socket 32 formed on
      the shroud member 1. The slidable joints 29, 30 and 31, 32 permit the
      assembled wall portions 19 and 20 and the wall portions 17 and 21 to
      expand relatively to each other in the axial direction. The rounded ends
      29 and 31 also permit some universal tipping of the assembled annular wall
      portions relatively to the wall portions 17 and 21. These movements are
      also permitted by the spring strip 9. Radial expansion of the nozzle
      shroud member and hence of the assembled annular wall portions 19 and 20
      is permitted by the pin 12 sliding in the radial slot 10.
PAR  The construction illustrated in FIG. 3 therefore not only provides a quick
      way of mounting and removing the nozzle blade assembly; but also allows
      expansion without substantial axial misalignment of the shroud member 1
      with respect to the turbine axis, although some axial misalignment of the
      adjacent annular wall portions is permitted by virtue of the rounded ends
      29 and 31. There is therefore minimum induced stress and distortion of the
      nozzle blade assembly.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gas turbine engine including a turbine, ducting positioned upstream
      and downstream of said turbine and defining a working fluid passage
      through said turbine, the ducting including a tubular nozzle shroud
      member, supporting structure for said shroud member, said shroud member
      having at one end thereof a spigot which is to be fitted into an aperture
      in said supporting structure, and a mounting supporting the tubular nozzle
      shroud member in co-axial registration with the aperture in said
      supporting structure, said mounting comprising said spigot, which is of
      complementary shape to said aperture, a plurality of radially outwardly
      extending lugs spaced apart around the periphery of said spigot, and the
      supporting structure having a corresponding number of notches spaced apart
      around the periphery of the aperture, said lugs when aligned with the
      notches being insertable through said notches by axial movement of said
      tubular member and retained, in the manner of a bayonet-type of coupling,
      by portions of said supporting structure between said notches when said
      tubular member has been partly turned abouts its longitudinal axis, said
      tubular member also having a flange spaced axially from said lugs and
      sealingly engageable with said supporting structure when said lugs are
      located behind said portions between said notches, said lugs and said
      flange together holding said tubular member from axial movement with
      respect to said supporting structure, said supporting structure and said
      flange each having a pin-receiving opening therein, said openings being so
      positioned in said supporting structure and said flange respectively that
      when said tubular member has been turned to said retained position said
      openings are in registration one with the other, a removable locking pin
      insertable in said registered openings to prevent turning of said tubular
      member from said retained position, one of said openings being elongate in
      a direction radially of the longitudinal axis of said tubular member to
      permit limited relative movement between said tubular member and said
      supporting structure.
NUM  2.
PAR  2. A gas turbine engine as claimed in claim 1 in which said ducting
      includes tubular wall portions positioned upstream and downstream of said
      tubular nozzle shroud member and couplings between said tubular wall
      portions and said tubular nozzle shroud member permitting sliding of said
      tubular nozzle shroud member relatively to said tubular wall portions in
      directions parallel to the longitudinal axis of said engine.
NUM  3.
PAR  3. A gas turbine engine as claimed in claim 2 in which said couplings also
      permit tipping of said tubular nozzle shroud member relatively to the
      adjacent tubular wall portions.
NUM  4.
PAR  4. A gas turbine engine as claimed in claim 1 in which a resilient
      peripheral seal engages between said flange and said supporting structure
      to effect a seal therebetween, when said tubular member is retained from
      axial movement in the aperture in the wall by said lugs and said flange,
      said seal permitting said limited relative movement between said tubular
      member and said supporting structure.
NUM  5.
PAR  5. A gas turbine engine as claimed in claim 1 in which said openings for
      receiving said locking pin comprise a screw-threaded hole in one of said
      supporting structure and said flange in which a screw-thread on said
      locking pin is engaged and an elongate radial slot in the other of said
      supporting structure and said flange into which said locking pin extends.
NUM  6.
PAR  6. A gas turbine engine as claimed in claim 5 in which one said locking pin
      is engaged in any one of a plurality of pairs of circumferentially spaced,
      registrable holes and slots.
NUM  7.
PAR  7. A gas turbine engine as claimed in claim 5 in which each of a plurality
      of said locking pins is engageable in a respective pair of a plurality of
      pairs of circumferentially spaced registrable holes and slots.
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ABST
PAL  The present invention relates to a device comprising an expansion engine,
      having at least one cylinder and a piston moving therein and a separate
      apparatus for feeding said expansion engine with combustion gases under
      pressure.
PARN
PAR  This is a continuation of application Ser. No. 193,636, filed Oct. 29,
      1971, now abandoned.
BSUM
PAR  The present invention aims at regulating the combustion of the fuel in such
      a manner that it is substantially complete.
PAR  This is accomplished by the method according to the present invention in
      that said separate apparatus comprises a housing sub-divided into a first
      and a second chamber by means of a partition, at least one burner being
      arranged in said partition, said first chamber being connected by a
      conduit to the cylinder of said expansion engine for supplying air under
      pressure by said expansion engine to said first chamber, a non-return
      valve being provided in said conduit, the first chamber supplying air
      under pressure contained therein continuously to said burner, means being
      provided for continuously supplying fuel to said burner, the combustion of
      said fuel taking place in the second chamber, said second chamber being
      connected by a conduit to an inlet valve of the cylinder of the expansion
      engine, means being provided for controlling the supply of fuel to said
      burner and for supplying combustion gases to said expansion engine.
PAR  The expansion engine which is fed by said arrangement may be of such
      construction that said arrangement takes a substantially constant amount
      of the mixture of combustion gases and air from the second chamber. In
      this instance the offtake of said mixture from the second chamber is
      always so great as to cause the required amount of air to flow through the
      burner. If in view of the nature of the expansion engine slight
      differences in the gas mixture in the second chamber would occur, these
      may be remedied by a corresponding selection of the dimensions of said
      second chamber.
PAR  If, however, under certain circumstances greater differences would present
      themselves, it is possible according to the invention that in the first
      chamber of the housing at least one blower is mounted which delivers the
      combustion air to the or each burner at a pressure which is somewhat
      higher than the pressure prevailing in said first chamber. This prevents
      the combustion from being impeded or even rendered entirely impossible.
      Said blower, moreover presents the advantage that at the starting of the
      expansion engine one is sure that the or each burner will continue to burn
      and that the flame will not backfire.
PAR  An additional possibility consists in using at a higher pressure ratio (in
      accordance with the possible nature of the linked-up expansion engine)
      both chambers may be interconnected by at least one pressure equalizing
      conduit which is also constructed as a heat seal. This is achieved by
      giving said equalizing conduit such length and such a cross-section that
      the combustion gases cannot flow back from the second chamber into the
      first chamber. According to the present invention the device may comprise
      an auxiliary means for receiving compressed air, said auxiliary means
      being connected via a valve means with the first mentioned chamber.
PAR  The expansion engine may comprise at least one cylinder having an air inlet
      valve connected with the second chamber and an air exhaust valve, said
      exhaust valve having a conduit which is connected via a compressor with
      the first chamber filled with compressed air. According to the present
      invention said conduit may also be connected via a compressor with a
      chamber connected to the first chamber.
PAR  The invention will be further explained below with reference to the
      drawings showing diagrammatically and by way of example three embodiments
      of the device according to the present invention, provided with a four
      cylinder piston expansion engine with scavenging possibility at the end of
      the piston stroke.
DRWD
PAR  The drawings show in:
PAR  FIG. 1 a longitudinal section of said device,
PAR  FIG. 2 a work diagram,
PAR  FIG. 3 illustrates another embodiment of the device of the present
      invention, and
PAR  FIG. 4 illustrates a still further embodiment of the device of the present
      invention.
DETD
PAR  The device shown in FIG. 1 comprises an apparatus having a housing 1 which
      is subdivided by a partition 2 into two chambers 3 and 4. Chamber 3 is
      provided with a heat-insulating lining 5. In the partion 2 there is
      provided a burner 6 which preferably may be of the type as described and
      shown on pages 86-88 of the periodical Business Week of January 22, 1955.
      Fuel is fed to said burner 6 by a conduit 7 comprising a regulating device
      (not shown) for the amount of fuel, and air is supplied to said burner by
      a blower 8. Said blower also ensures that the pressure in the chamber 4 is
      slightly higher than the pressure in the chamber 3.
PAR  The burner 6 is furthermore equipped with an electrical ignition to which
      current from a source of current (not shown) is supplied by a line 9. The
      blower 8 is connected to said source of current by a line 10. Both
      chambers 3 and 4 are in communication with each other by means of one or a
      number of tubes 11 serving as pressure equalizing tubes and also as a heat
      seal.
PAR  Chamber 3 is connected by a tube 12 with a tube 14 common for a number of
      cylinders 13, said tube 14 being connected via a tube 16 with a controlled
      inlet valve 15 of each of said cylinders. Each cylinder 13 comprises an
      outlet valve 17 of the non-return valve type, said valves communicating
      via a common tube 18 and a tube 19 with the chamber 4.
PAR  In each cylinder 13 there is provided a piston 20. The cylinders comprise
      outlet ports 21.
PAR  The operation of the afore-described expansion engine will be described
      below with reference to FIG. 2 for a vehicle equipped with such an
      expansion.
PAR  The expansion engine is thereby driven for example by an electric starter
      motor while, as soon as sufficient air passes through the burner, said
      burner is ignited which accelerates the pressuring and which, after
      intersecting the filling line e-b of the cylinders 13 brings about such a
      filling that the motor starts operating under its own power and
      consequently the starter motor may be cut out, for example in point a'.
      The burner is of such construction that always a complete combustion of
      the supplied fuel takes place. Because the expansion engine is driven by
      the starter motor an amount of air has been supplied to chamber 4 by the
      cylinders 13 at each stroke of the pistons located therein via the
      non-return valves 17 and the tubes 18 and 19, and consequently said
      chamber 4 as well as chamber 3, via the pressure equalizing tubes 11 and
      possibly via the blower 8, is filled with compressed air. The air
      contained in chamber 4 is fed by the blower 8 to the burner 6. The
      combustion gases being formed in chamber 3 are supplied via the tubes 12,
      14 and 16 and the controlled inlet valves 15 to the cylinders 13 so that
      consequently from that moment onwards the expansion engine operates
      independently. By increasing the fuel supply one increases the amount of
      combustion gases in chamber 3 so that consequently via the pressure
      equalizing tubes 11 the pressure in chamber 4 likewise increases. As a
      result also the pressure in the cylinders 13 increases, for example from
      a' to a" which entails the effect of a larger filling as shown by a"-b".
      This will continue at the increase of the fuel supply to the burner 6
      until the maximum adjusted value a-b is obtained at which the full power
      of the expansion engine is reached.
PAR  At f the or each outlet port 21 of each cylinder, the piston of which has
      arrived at the end of its working stroke, is opened so that the combustion
      gases may escape from that cylinder and said cylinder is scavenged. At the
      return stroke of the piston in said cylinder the air contained in said
      cylinder is compressed and at the end of the stroke is delivered to
      chamber 4 via its non-return valve 17 and the tubes 18 and 19.
PAR  With this expansion engine it is remarkable that it is not dependent on a
      predetermined r.p.m. to produce a maximum driving power, because the power
      supplied by said expansion engine depends exclusively on the pressure
      prevailing in the arrangement, said pressure being determined by an amount
      of air delivered by the cylinders to chamber 4 by the fuel supply,
      therefore by the amount of combustion gases. In this way the advantage is
      obtained that in principle a change gear box is superfluous. If a change
      gear box is adopted, the engine, when running at a higher speed, may
      exercize a greater driving force on the vehicle at a lower velocity of the
      vehicle.
PAR  It is obvious that the arrangement according to the invention is not
      restricted to the embodiment shown in the drawings and described in the
      specification, but that it can be designed in many ways without departing
      from the scope of the invention. For instance instead of a starter motor
      one may also apply a reservoir filled with compressed air with the aid of
      which at the starting of the expansion engine pressurized air is supplied
      to chamber 4, which chamber during the operation of the expansion engine
      may be charged up to the desired or necessary minimum pressure.
PAR  If desired there may be provided a compressor 22 in the conduit 19, as
      shown in FIG. 3, said compressor delivering the air in said conduit under
      a high pressure to chamber 4 or as in FIG. 4 to an intermediate pressure
      vessel 23. The conduit 18 may have a greater volume, as likewise shown in
      FIG. 3, and consequently may serve as an intermediate pressure vessel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device comprising an expansion engine, having at least one cylinder
      provided with at least one scavenge port and with a piston moving therein,
      a separate apparatus for feeding said expansion engine with combustion
      gases under pressure, said separate apparatus comprising a housing with a
      heat insulating liner, said housing being subdivided into a first and a
      second chamber by means of a partition, at least one burner being mounted
      in said partition to receive all air from said first chamber and, and in
      such a way that the combustion takes place in the second chamber, said
      first chamber being connected by a conduit to the cylinder of said
      expansion engine for supplying air under pressure by said expansion engine
      to said first chamber, a non return valve being provided in said conduit
      which opens due to the compression of the air during the return stroke of
      the piston, said first chamber acting as the only source of supply of air
      under pressure for said burner, means for controlling a continuous supply
      of fuel and air to said burner in such amounts that a substantially
      complete combustion of said fuel in said second chamber is obtained, said
      second chamber being connected by a conduit to the cylinder of the
      expansion engine, a controlled valve being provided in said conduit for
      supplying combustion gases to the cylinder of said expansion engine.
NUM  2.
PAR  2. A device according to claim 1, characterized in that the expansion
      engine comprises at least one cylinder having an inlet valve connected
      with the second chamber and an air exhaust valve, said exhaust valve
      having a conduit which is connected via a compressor with a chamber
      connected to the first chamber.
NUM  3.
PAR  3. The device according to claim 1, characterized in that both chambers are
      interconnected by at least one conduit within which an equalizing of the
      pressure in both chambers take place which is also constructed as a heat
      seal.
NUM  4.
PAR  4. The device according to claim 1, characterized in that in the first
      chamber of the housing at least one blower is mounted which delivers the
      combustion air to said burner at a pressure which is somewhat higher than
      the pressure prevailing in said first chamber.
NUM  5.
PAR  5. The device according to claim 1, characterized in that the expansion
      engine comprises at least one cylinder having an inlet valve connected
      with the second chamber and an air exhaust valve, said exhaust valve
      having a conduit which is connected via a compressor with the first
      chamber filled with the means filled with compressed air.
NUM  6.
PAR  6. The device according to claim 1, characterized in that the expansion
      engine comprises at least one cylinder having an inlet valve connected
      with the second chamber and an air exhaust valve, said exhaust valve
      having a conduit which is connected via a compressor with a chamber
      connected to the first chamber.
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ABST
PAL  New combustors, and methods of operating same, which produce lower
      emissions, particularly lower emissions of nitrogen oxides. Methods and
      means are provided for supplying separate streams of air to primary and
      secondary combustion zones of a combustor, for removing heat from said
      primary combustion zone, and reintroducing said heat into the combustor at
      a region spaced apart and downstream from said primary and secondary
      combustion zones.
BSUM
PAR  This invention relates to improved combustors and methods of operating
      same.
PAR  Air pollution has become a major problem in the United States and other
      highly industrialized countries of the world. Consequently, the control
      and/or reduction of said pollution has become the object of major research
      and development effort by both governmental and nongovernmental agencies.
      Combustion of fossil fuel is a primary source of said pollution. It has
      been alleged, and there is supporting evidence, that automobiles employing
      conventional piston-type engines burning hydrocarbon fuels are a major
      contributor to said pollution. Vehicle emission standards have been set by
      the United States Environmental Protection Agency which are sufficiently
      restrictive to cause automobile manufacturers to consider employing
      alternate engines instead of the conventional piston engine.
PAR  The gas turbine engine is being given serious consideration as an alternate
      engine. CO emissions in conventional prior art gas turbine combustors
      operated for maximum fuel combustion efficiency are not usually a problem.
      However, nitrogen oxides emissions, usually referred to as NO.sub.x, are a
      problem because the high temperatures generated in such prior art
      processes favor the production of NO.sub.x. It has been proposed to reduce
      the temperature of the inlet combustion air flowing to the combustion
      apparatus so as to reduce the amount of nitrogen oxide produced. For
      example, see the U.S. Pat. No. 3,705,492, to Vickers, issued Dec. 12,
      1972. However, there is no disclosure in said Vickers patent of what
      happens to the production of CO and hydrocarbon (HC) emissions.
PAR  There is a need for a combustor of practical and/or realistic design,
      and/or a combustion process, which can be operated in a manner such that
      the emissions therefrom will meet said standards. Even a combustor, and/or
      a process, giving reduced emissions approaching said standards would be a
      great advance in the art. Such a combustor, or process, would have great
      potential value because it is possible the presently very restrictive
      standards may be reduced.
PAR  The present invention solves the above-described problems by providing
      improved combustors, and methods of operating same, which produce
      emissions reasonably approaching the present stringent standards
      established by said environmental protection agencies. Said methods
      comprise preferably supplying separate streams of air to primary and
      secondary combustion zones of a combustor, removing heat from said primary
      combustion zone, and reintroducing said heat into the combustor at a
      region spaced apart from and downstream from said primary and secondary
      zones. In preferred embodiments the temperature of the inlet air to the
      primary combustion zone is reduced.
PAR  Thus, according to the invention, there is provided a combustor,
      comprising, in combination: an outer casing; a flame tube disposed within
      said casing and spaced apart therefrom to form a first annular chamber
      between said flame tube and said casing; an air inlet means for
      introducing a first stream of air into the upstream end portion of said
      flame tube; a fuel inlet means for introducing fuel into the upstream end
      portion of said flame tube; an imperforate sleeve surrounding an upstream
      portion of said flame tube and spaced apart therefrom to longitudinally
      enclose an upstream portion of said first annular chamber and define a
      second annular chamber between said sleeve and said outer casing; a wall
      member secured to said outer casing and substantially closing the
      downstream end of said second annular chamber; at least one opening
      provided in the wall of said flame tube at a first station located
      intermediate the upstream and downstream ends thereof; first conduit means
      extending from said second annular chamber into communication with said
      opening located at said first station for admitting a second stream of air
      from said second annular chamber into the interior of said flame tube; at
      least one other opening provided in the wall of said flame tube at a
      second location located downstream from said first station for admitting a
      third stream of air from said first annular chamber into the interior of
      said flame tube; and at least one opening provided in said wall member for
      providing communication between said second annular chamber and the
      portion of said first annular chamber downstream therefrom.
PAR  Further, according to the invention, there is provided a method for burning
      a fuel in a combustor, which method comprises: introducing a first stream
      of air into a primary combustion zone of said combustor; introducing a
      fuel into said primary combustion zone; burning said fuel; introducing a
      portion of a second stream of air, maintained separate from said first
      stream of air, into a second zone of said combustor located downstream
      from said primary combustion zone; passing a third stream of air,
      maintained separate from said first and second streams of air, in a
      downstream direction over and in heat exchange with an outer wall of said
      primary combustion zone so as to remove heat from the interior of said
      primary combustion zone and heat said air; introducing said thus-heated
      third stream of air into a third zone of said combustor located downstream
      from said second zone; and combining another portion of said second stream
      of air with said heated third stream of air for introduction into said
      third zone.
DRWD
PAR  FIG. 1 is a view, in cross section, of a combustor in accordance with the
      invention.
PAR  FIG. 2 is an enlarged view in cross section of the dome or closure member
      employed in the upstream end of the flame tube in the combustor of FIG. 1.
PAR  FIG. 3 is a cross section view taken along the line 3--3 of FIG. 2.
PAR  FIG. 3a is a sectional view of an element of the fuel and air intoduction
      means of FIG. 2.
PAR  FIG. 4 is a view in cross section along the line 4--4 of FIG. 1.
PAR  FIG. 5 is a perspective view, partially in cross section, of the upstream
      portion of the flame tube of the combustor of FIG. 1.
PAR  FIG. 6 is a view in cross section of another combustor in accordance with
      the invention.
PAR  FIG. 7 is a cross section view taken along the lines 7--7 of FIG. 6.
PAR  FIG. 8 is a perspective view, partially in cross section, of the upstream
      portion of another type of flame tube which can be employed in the
      combustors of the invention.
DETD
PAR  Referring now to the drawings, wherein like reference numerals are employed
      to denote like elements, the invention will be more fully explained. In
      FIG. 1 there is illustrated a combustor in accordance with the invention,
      denoted generally by the reference numeral 10, which comprises an
      elongated flame tube 12. Said flame tube 12 is open at its downstream end,
      as shown, for communication with a conduit leading to a turbine or other
      utilization of the combustion gases. Said flame tube preferably comprises
      an upstream primary combustion region 13, an enlarged intermediate
      secondary combustion region 15, and a downstream quench region 17.
      Preferably, said secondary combustion region comprises an outwardly
      tapered connecting section 19 adjacent the upstream end thereof. Said
      connecting section 19 tapers in increasing cross-sectional area from the
      downstream end of said primary combustion section 13 to the upstream end
      of the enlarged portion of said secondary combustion section 15. A closure
      or dome member, designated generally by the reference numeral 14, is
      provided for closing the upstream end of said flame tube, except for the
      openings in said dome member. An outer housing or casing 16 is disposed
      concentrically around said flame tube 12 and spaced apart therefrom to
      form a first annular chamber 18 around said flame tube and said dome or
      closure member 14. Said annular chamber 18 is closed at its downstream end
      by any suitable means such as that illustrated. Suitable flange members,
      as illustrated, are provided at the downstream end of said flame tube 12
      and outer housing 16 for mounting same and connecting same to a conduit
      leading to a turbine or other utilization of the combustion gases from the
      combustor. Similarly, suitable flange members are provided at the upstream
      end of said flame tube 12 and said outer housing 16 for mounting same and
      connecting same to a suitable conduit means which leads from a compressor
      or other source of air. As illustrated in the drawing, said upstream
      flange members comprise a portion of said outer housing or casing 16 which
      encloses dome member 14 and forms the upstream end portion of said first
      annular chamber 18. It will be understood that outer housing or casing 16
      can be extended, if desired, to enclose dome 14 and said upstream flanges
      then relocated on the upstream end thereof. While not shown in the
      drawing, it will be understood that suitable support members are employed
      for supporting said flame tube 12 and said closure member 14 in the outer
      housing 16 and said flange members. Said supporting members have been
      omitted so as to simplify the drawing.
PAR  An air inlet means is provided for introducing a swirling mass or stream of
      air into the upstream end portion of flame tube 12. As illustrated in
      FIGS. 1, 2, 3, and 3a, said air inlet means comprises a generally
      cylindrical swirl chamber 22 formed in said dome or closure member 14. The
      downstream end of swirl chamber 22 is in open communication with the
      upstream end of flame tube 12. A plurality of air conduits 24 extend from
      the upstream face of dome member 14, and are in communication with conduit
      21 or other suitable source of air, into swirl chamber 22. A swirl is
      imparted to said air by the angularly disposed baffles 21, one for each of
      said air conduits 24, which are formed on the downstream side of swirl
      plate 23 and are positioned adjacent the outlets of said air conduits 24.
      Said dome or closure member 14 can be fabricated integrally, i.e., as one
      element. However, in most instances it will be preferred to fabricate said
      closure member in a plurality of pieces, e.g., an upstream element 25, a
      swirl plate 23 (see FIG. 3a), and a downstream element or radiation shield
      26.
PAR  A fuel inlet means is provided for introducing a stream of fuel into the
      upstream end of flame tube 12. As illustrated in FIGS. 1 and 2, said fuel
      inlet means comprises a fuel conduit 27 leading from a source of fuel,
      communicating with a passageway 28 formed in upstream element 25, which in
      turn communicates with chamber 29, also formed in element 25. A spray
      nozzle 30 is mounted in a suitable opening in the downstream side of said
      element 25 and is in communication with said chamber 29. Any other
      suitable type of spray nozzle and fuel inlet means can be employed,
      including other air assist atomization nozzle. For example, it is within
      the scope of the invention to employ other nozzle types for atomizing
      normally liquid fuels such as nozzles wherein a stream of air is passed
      through the nozzle along with the fuel.
PAR  It will be understood the combustors of the invention can be provided with
      any suitable type of ignition means and, if desired, means for introducing
      a pilot fuel to initiate burning. For example, a sparkplug (not shown) can
      be mounted to extend into flame tube 12 adjacent the downstream end of
      radiation shield 26.
PAR  A flared expansion passageway is formed in the downstream end portion of
      dome or closure member 14. Said flared passageway flares outwardly from
      the opening 31 in the downstream end of swirl chamber 22 to a point on the
      inner wall of flame tube 12.
PAR  An imperforate sleeve 32 surrounds an upstream portion of said flame tube
      12. The outer wall of said sleeve 32 can be insulated if desired and thus
      increase its effectiveness as a heat shield. Said sleeve 32 is spaced
      apart from flame tube 12 so as to longitudinally enclose an upstream
      portion 18' of said first annular chamber 18 and define a second annular
      chamber 33 between said sleeve 32 and outer casing 16. An annular wall
      member 34, secured to the inner periphery of casing 16, is provided for
      substantially, i.e., at least partially, closing the downstream end of
      said second annular chamber 33. As here illustrated, said wall member 34
      can be provided with a plurality of openings 37 therein for admitting a
      portion of the air stream in second annular chamber 33 into the downstream
      portion of first annular chamber 18 so as to decrease pressure drop
      through the combustor. At least one opening 35 is provided in the wall of
      flame tube 12 at a first station located intermediate the ends of said
      flame tube and at the end of said primary combustion section 13. In most
      instances, it will be preferred to provide a plurality of openings 35, as
      illustrated. A generally tubular conduit means 36 extends from said second
      annular chamber 33 into communication with said opening 35 for admitting a
      second stream of air from said second annular chamber 33 into the interior
      of flame tube 12. When a plurality of openings 35 are provided, a
      plurality of said tubular conduits 36 are also provided, with each
      individual conduit 36 being individually connected to an individual
      opening 35. The abovedescribed structure thus provides an imperforate
      conduit means comprising second annular chamber 33 and tubular conduit(s)
      36 for admitting a second stream of air into the interior of flame tube
      12.
PAR  At least one other opening 38 is provided in the wall of flame tube 12 at a
      second station located downstream and spaced apart from said first station
      for admitting a third stream of air from first annular chamber 18 into the
      interior of flame tube 12. In most instances, it will be preferred to
      provide a plurality of openings 38 spaced around the periphery of said
      flame tube, similarly as illustrated.
PAR  Preferably, the outer wall surface of flame tube 12 is provided with an
      extended surface in the form of fins or tabs 40 mounted thereon in the
      region surrounded by sleeve 32, and which extend into the portion 18' of
      said first annular chamber which is enclosed by said sleeve. As here
      illustrated, said fins or tabs 40 alternate with similar fins or tabs 42
      which extend from the inner surface of sleeve 32. See FIG. 5. Said fins 40
      and 42 can extend into closed position 18' any desired distance. Any other
      suitable type of fin structure, i.e., extended surface can be employed.
PAR  FIG. 4 illustrates one type of structure which can be employed to provide
      tubular conduits 36. A boss member 44 is provided around the outer
      periphery of flame tube 12 at the downstream end of sleeve 32 and said
      enclosed portion 18' of first annular chamber 33. Said tubular conduits 36
      are drilled transversely through said boss member 44 to provide
      communication between second annular chamber 33 and the interior of flame
      tube 12. Longitudinal passageways 46 are drilled through said boss member
      44 to provide communication between said enclosed portion 18' and the
      downstream portion of first annular chamber 18. Said tubular conduits 36
      connect individually with individual openings 35 in flame tube 12.
PAR  FIG. 6 illustrates another combustor installation which can be employed in
      the practice of the invention. The combustor 10 in FIG. 6 is essentially
      like the combustor 10 in FIG. 1, but has been illustrated differently. For
      example, the cross section is taken differently in FIG. 6 so as to show
      the longitudinal passageways 46 which extend through boss member 44.
      Similarly, the view in FIG. 7 shows the relationship between wall member
      34, boss member 44, tubular conduits 36, and said longitudinal passageways
      46.
PAR  In FIG. 6, primary air inlet conduit 50 is connected to the upstream end of
      dome or closure member 14 for admitting unheated primary combustion air
      thereto and into the primary combustion region of the flame tube 12. In
      this installation, conduit 21 and conduit 50 are connected to different
      sources of air. Said conduit 21 supplies heated air to annular space 18 of
      the combustor and can be connected to any suitable source of heated air,
      e.g., a conduit from the regenerator or recuperator in a regenerative type
      engine where the air to the combustor is heat exchanged in a regenerator
      or recuperator with exhaust gases from the turbine. If desired, said air
      in conduit 21 can be heated by any other suitable means, e.g., a heater
      provided in the air stream from the compressor.
PAR  Primary air inlet conduit 50 can be connected to any suitable source of
      unheated air. In a regenerative type engine, said conduit 50 can be
      connected to a bypass conduit which bypasses a portion of the air from the
      compressor around the regenerator or recuperator. For example, see said
      Vickers U.S. Pat. No. 3,705,492. If desired, said conduit 50 can be
      connected to another compressor other than the compressor supplying air to
      conduit 21.
PAR  Referring now to FIG. 8, there is illustrated the upstream portion of
      another flame tube 52 which can be employed in the combustors of the
      invention. The downstream portion of said flame tube 52 is like the
      downstream portion of the flame tubes illustrated in FIGS. 1 and 6. It
      will be noted that the fins 40 and 42 have been omitted from the flame
      tube illustrated in FIG. 8.
PAR  In one method of operating the combustor of FIG. 1, a stream of air from a
      compressor and a heating means (not shown) is passed to the combustor via
      a conduit 21 connected to the flange at the upstream end of annular space
      18. A first stream of said heated air is passed from said conduit 21
      through conduit 24 in dome member 14 and into swirl chamber 22. Baffles 21
      on swirl plate 23 impart a helical or swirling motion to the air entering
      said swirl chamber and exiting therefrom. This swirling motion creates a
      strong vortex action resulting in a reverse circulation of hot gases
      within flame tube 12. Said first stream of air comprises and can be
      referred to as primary combustion air.
PAR  A stream of fuel is admitted, via conduit 27 and nozzle 30, axially of said
      swirling stream of air. Controlled mixing of said fuel and said air occurs
      at the interface therebetween. The fuel, and the air from swirl chamber
      22, are passed through the expansion passageway in radiation shield 26
      wherein they are expanded in a uniform and graduated manner, during at
      least a portion of the mixing thereof, from the volume in the region of
      the initial contact therebetween to the volume of the primary combustion
      zone, i.e., the upstream portion of flame tube 12.
PAR  A second stream of air, maintained seprate from said first stream of air,
      is passed from the upstream end of annular chamber 18 via second annular
      chamber 33, tubular conduits 36, and openings 35 into a second zone of the
      combustor which is located downstream from said primary combustion zone.
      Said second stream of air comprises and can be referred to as secondary
      combustion air. Preferably, a major portion of the air stream in said
      second annular chamber 33 is utilized as said secondary air.
PAR  A third stream of air, maintained separate from said first and second
      streams of air, is passed from the upstream end of annular chamber 18, via
      the enclosed portion 18', through passageways 46 in boss member 44 into
      the downstream portion of annular chamber 18, and then via openings 38
      into a third zone of the combustor which is located downstream from said
      second zone. Said third stream of air comprises and can be referred to as
      dilution or quench air. A portion of the air stream in said second annular
      chamber 33 is passed through openings 37 in wall member 34 and into the
      downstream portion of first annular chamber 18 where it is combined with
      said third stream of air for entry into said flame tube via openings 38.
      Preferably, said portion of air passed through said openings 37 is a minor
      portion of the air stream in said second annular chamber 33.
PAR  In the above method of operation, combustion of said fuel is initiated at
      least in said primary combustion zone with said first stream of air
      (primary air) and essentially completed, if necessary, in said second zone
      with said second stream of air. The resulting combustion gases are
      quenched in said third zone and the quenched gases exit the downstream end
      of the flame tube to a turbine or other utilization such as a furnace,
      boiler, etc. In the above method of operation, said third stream of air in
      flowing through enclosed portion 18' removes heat from the wall of the
      primary combustion zone, thus lowering its temperature, thereby increasing
      the heat loss from the combustion zone. Preferably, the outer wall of the
      primary combustion zone is provided with an extended surface, e.g., fins
      as shown in FIG. 1, so as to increase said heat removal from the primary
      combustion zone. The air which is heated by heat loss from the combustor
      wall is used only in the quench zone of the combustor, and the overall
      efficiency is maintained by the introduction of the heated air into said
      quench zone.
PAR  In the above methods of operation the relative volumes of said first,
      second, and third streams of air can be controlled by varying the sizes of
      the said openings, relative to each other, through which said streams of
      air are admitted to flame tube 12. Any other suitable method of
      controlling said air volumes can be employed. For example, flow meters or
      calibrated orifices can be employed in the conduits supplying said streams
      of air.
PAR  The operation of the combustor illustrated in FIG. 6 is substantially like
      that described above for the combustor of FIG. 1. The principal difference
      is that in the combustor of FIG. 6 the primary combustion air supplied via
      conduit 50 is unheated air, as previously described.
PAR  The following examples will serve to further illustrate the invention. In
      each of said examples a series of test runs was made to evaluate
      combustors of the invention over a range of operating conditions as set
      forth therein.
PAC  EXAMPLE I
PAR  Combustors 1 and 3 were run using heated air to the primary combustion zone
      at test conditions within the following schedule:
     Inlet Air  Primary Zone                                                   
                            Cold Flow                                          
     Pressure   Inlet Air   Reference Velocity                                 
     in. Hg Abs.                                                               
                Temp. .degree.F.                                               
                            ft/sec                                             
     ______________________________________                                    
     130        1050        --       150    190                                
     130        1150        110      150    190                                
     130        1250        --       --     190                                
     ______________________________________                                    
PAL  Runs were made at the above six test conditions by increasing heat input
      rates from 100 to 250 Btu/lb-of-air, in 50 Btu/lb increments, or until the
      calculated exhaust-gas temperature of approximately 2000.degree. F. was
      reached. This produced a total of 18 test points or conditions. At each of
      said test 18 conditions the total air flow to the combustor was fixed at a
      value within the range of from 1.042 to 1.919 pounds per second, and the
      fuel flow was fixed at a value within the range of from 30.14 to 74.00
      pounds per hour. The volume of air to the different zones of the
      combustors was calculated on the basis of open entry hole sizes to each
      zone. At each test condition, the exhaust gas from the combustor was
      analyzed to determine the concentration of NO.sub.x, CO, and unburned
      hydrocarbons (HC). In general, in said analyses the SAE recommended
      procedure was followed, i.e., "Procedure for the Continuous Sampling and
      Measurement of Gaseous Emissions from Aircraft Turbine Engines", Society
      of Automotive Engineers, Inc., New York, Aerospace Recommended Practice
      1256, (October 1971).
PAR  From the raw data thus obtained, the Emission Index (pounds of pollutant
      produced per 1000 pounds of fuel burned) was calculated for NO.sub.x, CO,
      and HC. For the sake of brevity, test condition 18 was selected for
      reporting herein as being representative of severe conditions which favor
      maximum NO.sub.x production.
PAR  Operating conditions for said test condition 18 for combustor 3 were as
      follows: inlet air pressure, 130 in. Hg abs.; primary air inlet
      temperature, 1195.degree. F.; temperature of secondary air, 1235.degree.
      F.; temperature of quench air, 1320.degree. F.; cold flow reference
      velocity, 190 feet per second; heat input, 200 Btu per pound of air;
      combustor outlet temperature (estimated), 1950.degree. F.; total air flow,
      1.694 pounds per second; and fuel flow, 65.33 pounds per hour. The only
      air temperature specifically measured in the operation of combustor 1 was
      the temperature of the air to the primary combustion zone, which was the
      temperature of the air from the air heater. This was controlled to be
      1250.degree. F. The other air stream temperatures were approximately the
      same as in combustor 3. The other operating conditions in combustor 1 were
      like those given for combustor 3.
PAR  Emission Index values, and other data, from said test condition 18 in the
      test runs for each of said combustors 1 and 3 are set forth in Table III
      below. Properties of the fuel used in said test runs are set forth in
      Table I below. Design details of said combustors are set forth in Table II
      below. Combustor 3 was like the combustor illustrated in FIG. 1. Combustor
      1 was like the combustor illustrated in FIG. 1 except that fins 40 and 42,
      boss member 44, inlet conduits 36, and wall member 34 were omitted.
PAC  EXAMPLE II
PAR  A series of test runs was made to evaluate the performance of combustor
      number 2 using heated air to the primary combustion zone in a manner
      similar to that described above in Example I. Exhaust gases from the
      combustor when operating at each of 26 different test conditions were
      analyzed and Emission Index data obtained, as described above in Example
      I. At the selected representative test condition the operating conditions
      were: inlet air pressure, 150 in. Hg abs.; primary air inlet temperature,
      1200.degree. F.; cold flow reference velocity, 100 ft. per second; heat
      input, 200 Btu per pound of air; combustor outlet temperature (estimated),
      1900.degree. F.; total air flow, 1.060 pounds per second; and fuel flow,
      40.8 pounds per hour.
PAR  Emission index values, and other data, from said representative test run
      are set forth in Table III below. The fuel used was the same as in Example
      I. Said combustor 2 was like the combustor illustrated in FIG. 1 except
      that openings 37 in wall member 34 were omitted. Design details of said
      combustor 2 are given in Table II below.
PAC  EXAMPLE III
PAR  A series of test runs was made to evaluate the performance of combustor
      number 4 when using 2.5 volume percent (based on total air to the
      combustor) of unheated air in the primary combustion zone. Said test runs
      were carried out at 18 different test conditions in a manner similar to
      that set forth in Example I above. In each of said test runs the unheated
      air flow to the primary combustion zone of the combustor was metered at a
      value within the range of from 0.026 to 0.048 pounds per second, and the
      heated air to the combustor was fixed at a value within the range of from
      1.016 to 1.871 pounds per second, for a total air flow within the range of
      from 1.042 to 1.919 feet per second. The combustor exhaust gases were
      analyzed and Emission Index data obtained as in Example I. At the selected
      representative test condition 18 the specific operating conditions were:
      inlet air pressure, 130 in. Hg abs.; temperature of unheated air to
      primary zone, 420.degree. F.; temperature of air to secondary zone,
      1245.degree. F.; temperature of air to the quench zone, 1310.degree. F.;
      cold flow reference velocity, 190 ft. per second; heat input, 200 Btu per
      pound of air; total air flow, 1.694 pounds per second; unheated air flow,
      0.042 pounds per second; heated air flow, 1.652 pounds per second; and
      fuel flow, 65.33 pounds per hour.
PAR  Emission Index values, and other data, from said representative test run
      are set forth in Table III below. The fuel used was the same as in Example
      I. Said combustor 4 was like the combustor illustrated in FIG. 6 of the
      drawings. Design details of said combustor 4 are set forth in Table II
      below.
PAC  EXAMPLE IV
PAR  A series of test runs was made to evaluate the performance of combustors 5,
      6, and 7 when using 5 volume percent (based on total air to the combustor)
      of unheated air in the primary combustion zone. Said test runs were
      carried out at 18 different test conditions in a manner similar to that
      set forth in Examples I and III above. In each run the unheated air flow
      to the primary zone of the combustor was metered at a value within the
      range of from 0.052 to 0.096 pounds per second, and the heated air to the
      combustor was fixed at a value within the range of from 0.990 to 1.823
      pounds per second, for a total air flow within the range of from 1.042 to
      1.919 pounds per second. The exhaust gases from the combustors were
      analyzed and Emission Index data obtained as in Example I. The specific
      operating conditions in the selected representative test condition 18 were
      approximately the same as given above for combustor 4 in Example III.
PAR  Emission Index values, and other data, from said representative test run
      are set forth in Table III below. The fuel used was the same as in Example
      I. Said combustor 5 was like combustor 4, i.e., the combustor illustrated
      in FIG. 6 of the drawings, except for the larger size of the openings 31
      in the radiation shield 36 so as to accommodate the increased volume of
      primary air admitted through closure member 14. Said combustor 6 was like
      said combustor 5 except for the provision of 16 openings 37 (1/2 in. in
      diameter) in wall member 34 instead of the 8 openings 37 (1/2 in.
      diameter) in wall member 34 of combustor 5. Said combustor 7 was like said
      combustor 5 except that in combustor 7 the flame tube did not have fins 40
      and 42 on the outer wall of the flame tube in the primary combustion
      region thereof. See FIG. 8. Design details of said combustors 5, 6, and 7
      are set forth in Table II below.
TBL                TABLE I                                                     
     ______________________________________                                    
     PROPERTIES OF TEST FUEL                                                   
                           Philjet A-50                                        
     ______________________________________                                    
     ASTM Distillation, .degree.F.                                             
      Initial Boiling Point  340                                               
      5 vol. % evaporated    359                                               
      10 vol. % evaporated   362                                               
      20 vol. % evaporated   371                                               
      30 vol. % evaporated   376                                               
      40 vol. % evaporated   387                                               
      50 vol. % evaporated   398                                               
      60 vol. % evaporated   409                                               
      70 vol. % evaporated   424                                               
      80 vol. % evaporated   442                                               
      90 vol. % evaporated   461                                               
      95 vol. % evaporated   474                                               
      End Point              496                                               
      Residue, vol. %        0.8                                               
      Loss, vol. %           0.0                                               
     Gravity, degrees API    46.6                                              
     Density, lbs./gal.      6.615                                             
     Heat of Combustion, net, Btu/lb.                                          
                             18,670                                            
     Hydrogen Content, wt. % 14.2                                              
     Smoke Point, mm         27.2                                              
     Sulfur, wt. %           0.001                                             
     Gum, mg/100 ml          0.0                                               
     Composition, vol. %                                                       
      Paraffins              52.8                                              
      Cycloparaffins         34.5                                              
      Olefins                0.1                                               
      Aromatics              12.6                                              
     Formula (calculated)    (C.sub.11 H.sub.22)                               
     Stoichiometric Fuel/Air Ratio,                                            
                             0.0676                                            
      lb./lb.                                                                  
     ______________________________________                                    
TBL                                    TABLE II                                
     __________________________________________________________________________
     COMBUSTOR DESIGN                                                          
                        Combustor Number                                       
            Variable    1       2       3       4                              
     __________________________________________________________________________
     Closure Member                                                            
      Air Inlet-Type    Tangent Tangent Tangent Tangent                        
       Hole Diameter, in.                                                      
                        0.250   0.250   0.250   0.250                          
       Number of Holes  6       6       6       6                              
       Total Hole Area, sq. in.                                                
                        0.295   0.295   0.295   0.295                          
      Fuel Nozzle Type  Simplex Simplex Simplex Simplex                        
       Spray Angle, deg.                                                       
                        45      45      45      45                             
      Radiation Shield-Type                                                    
                        Orifice Orifice Orifice Orifice                        
       Hole Diameter, in.                                                      
                        0.625   0.625   0.625   0.625                          
       Nozzle Annulus Area, sq. in.                                            
                        0.157   0.157   0.157   0.157                          
       % Total Combustor Hole Area                                             
                        1.287   2.792   2.182   2.182                          
     Flame-Tube                                                                
      1st Station-Diameter, in.                                                
                        2.067   2.067   2.067   2.067                          
       Length from Fuel Inlet, in.                                             
                        7.250   7.250   7.250   7.250                          
       Hole Diameter, in.                                                      
                        0.313X1 0.313X1 0.313X1 0.313X1                        
       Number of Holes  8       8       8       8                              
       Total Hole Area, sq. in.                                                
                        2.500   2.500   2.500   2.500                          
       % Total Combustor Hole Area                                             
                        20.503  44.468  34.760  34.760                         
      2nd Station-Diameter, in.                                                
                        4.026   3.312*  3.312*  3.312*                         
       Length from Fuel Inlet, in.                                             
                        18.000  8.000   8.000   8.000                          
       Hole Diameter, in.                                                      
                        0.75X1.75                                              
                                0.687   0.687   0.687                          
       Number of Holes  8       8       8       8                              
       Total Hole Area, sq. in.                                                
                        9.536   2.965   2.965   2.965                          
       % Total Combustor Hole Area                                             
                        78.208  52.739  41.226  41.226                         
      3rd Station-Diameter, in.                                                
                        --      4.026   5.000*  5.000*                         
       Length from Fuel Inlet, in.                                             
                        --      18.000  8.000   8.000                          
       Hole Diameter, in.                                                      
                        --      0.75X1.75                                      
                                        0.500   0.500                          
       Number of Holes  --      8       8       8                              
       Total Hole Area, sq. in.                                                
                        --      9.536   1.570   1.570                          
       % Total Combustor Hole Area                                             
                        --      --      21.829  21.829                         
      4th Station-Diameter, in.                                                
                        --      --      4.026   4.026                          
       Length from Fuel Inlet, in.                                             
                        --      --      18.000  18.000                         
       Hole Diameter, in.                                                      
                        --      --      0.75X1.75                              
                                                0.75X1.75                      
       Number of Holes  --      --      8       8                              
       Total Hole Area, sq. in.                                                
                        --      --      9.536   9.536                          
        % Total Combustor Hole Area                                            
                        --      --      --      --                             
     Total Combustor Length, in.                                               
                        20.875  20.875  20.875  20.875                         
      Primary Zone, in. 7.250   7.250   7.250   7.250                          
      Secondary Zone, in.                                                      
                        10.750  10.750  10.750  10.750                         
     Total Combustor Volume, cu. in.                                           
                        197.778 197.778 197.778 197.778                        
      Primary Zone, cu. in.                                                    
                        24.331  24.331  24.331  24.331                         
      Secondary Zone, cu. in.                                                  
                        136.848 136.848 136.848 136.848                        
     Total Combustor Hole Area, sq. in.                                        
                        12.193  5.622   7.192   7.192                          
      % Combustor Exit Area                                                    
                        95.781  44.163  56.496  56.496                         
     __________________________________________________________________________
                          Combustor Number                                     
                          5         6         7                                
     __________________________________________________________________________
     Closure Member                                                            
      Air Inlet-Type      Tangent   Tangent   Tangent                          
       Hole Diameter, in. 0.313     0.313     0.313                            
       Number of Holes    6         6         6                                
       Total Hole Area, sq. in.                                                
                          0.460     0.460     0.460                            
      Fuel Nozzle-Type    Simplex   Simplex   Simplex                          
       Spray Angle, deg.  45        45        45                               
      Radiation Shield Type                                                    
                          Orifice   Orifice   Orifice                          
       Hole Diameter, in. 0.750     0.750     0.750                            
       Nozzle Annulus Area, sq. in.                                            
                          0.292     0.292     0.292                            
       % Total Combustor Hole Area                                             
                          3.985     2.270     3.985                            
     Flame Tube                                                                
      1st Station-Diameter, in.                                                
                          2.067     2.067     2.067                            
       Length from Fuel Inlet, in.                                             
                          7.250     7.250     7.250                            
       Hole Diameter, in. 0.313X1   0.313X1   0.313X1                          
       Number of Holes    8         8         8                                
       Total Hole Area, sq. in.                                                
                          2.500     2.500     2.500                            
       % Total Combustor Hole Area                                             
                          34.120    28.099    34.120                           
      2nd Station-Diameter, in.                                                
                          3.312*    3.312*    3.312*                           
       Length from Fuel Inlet, in.                                             
                          8.000     8.000     8.000                            
       Hole Diameter, in. 0.687     0.687     0.687                            
       Number of Holes    8         8         8                                
       Total Hole Area, sq. in.                                                
                          2.965     2.965     2.965                            
       % Total Combustor Hole Area                                             
                          40.466    33.325    40.466                           
      3rd Station-Diameter, in.                                                
                          5.000*    5.000*    5.000*                           
       Length from Fuel Inlet, in.                                             
                          8.000     8.000     8.000                            
       Hole Diameter, in. 0.500     0.500     0.500                            
       Number of Holes    8         16        8                                
       Total Hole Area, sq. in.                                                
                          1.570     3.140     1.570                            
       % Total Combustor Hole Area                                             
                          21.427    35.292    21.427                           
      4th Station-Diameter, in.                                                
                          4.026     4.026     4.026                            
       Length from Fuel Inlet, in.                                             
                          18.000    18.000    18.000                           
       Hole Diameter, in. 0.75X1.75 0.75X1.75 0.75X1.75                        
       Number of Holes    8         8         8                                
       Total Hole Area, sq. in.                                                
                          9.536     9.536     9.536                            
       % Total Combustor Hole Area                                             
                          --        --        --                               
     Total Combustor Length, in.                                               
                          20.875    20.875    20.875                           
      Primary Zone, in.   7.250     7.250     7.250                            
      Secondary Zone, in. 10.750    10.750    10.750                           
     Total Combustor Volume, cu. in.                                           
                          197.778   197.778   197.778                          
      Primary Zone, cu. in.                                                    
                          24.331    24.331    24.331                           
      Secondary Zone, cu. in                                                   
                          136.848   136.848   136.848                          
     Total Combustor Hole Area, sq. in.                                        
                          7.327     8.897     7.327                            
      % Combustor Exit Area                                                    
                          57.566    69.890    57.566                           
     __________________________________________________________________________
      *Station Divider                                                         
TBL                                    TABLE II                                
     __________________________________________________________________________
     COMBUSTOR PERFORMANCE                                                     
                                             Emission Index                    
              Air to    Air to    Air to     lbs. Pollutant/-                  
     Example                                                                   
          Comb.                                                                
              Primary Zone                                                     
                        Sec. Zone Quench Zone                                  
                                             1000 lbs. fuel                    
     No.  No. %   Temp..degree.F                                               
                        %(c)                                                   
                            Temp..degree. F                                    
                                  %(c) Temp..degree. F.                        
                                             NO.sub.x                          
                                                  CO  HC                       
     __________________________________________________________________________
      I   1   1.3.sup.c                                                        
                  1250.sup.a                                                   
                        20.5                                                   
                            1250.sup.b                                         
                                  78.2 1250.sup.b                              
                                             44.80                             
                                                  1.98                         
                                                      0.0                      
      I   3   2.2.sup.c                                                        
                  1195  34.8                                                   
                            1235  63.0.sup.e                                   
                                       1320  8.62 1.14                         
                                                      0.0                      
     II   2   2.8.sup.c                                                        
                  1200.sup.b                                                   
                        44.5                                                   
                            1200.sup.b                                         
                                  52.7.sup.f                                   
                                       1200.sup.b                              
                                             5.5  4.7 0.0                      
     III  4   2.5.sup.d                                                        
                  420   34.6                                                   
                            1245  62.9.sup.e                                   
                                       1310  4.57 1.07                         
                                                      0.0                      
     IV   5   5.0.sup.d                                                        
                   420.sup.b                                                   
                        33.8                                                   
                            1245.sup.b                                         
                                  61.2.sup.e                                   
                                       1310.sup.b                              
                                             3.45 1.23                         
                                                      0.0                      
     IV   6   5.0.sup.d                                                        
                   420.sup.b                                                   
                        27.6                                                   
                            1245.sup.b                                         
                                  67.4.sup.e                                   
                                       1310.sup.b                              
                                             5.69 1.14                         
                                                       0.04                    
     IV   7   5.0.sup.d                                                        
                   420.sup.b                                                   
                        33.8                                                   
                            1245.sup.b                                         
                                  61.2.sup.e                                   
                                       1310.sup.b                              
                                             7.20 1.23                         
                                                      0.0                      
     __________________________________________________________________________
      .sup.a measured at air heater outlet                                     
      .sup.b approximate                                                       
      .sup.c % of total air flow, based on open hole area in flame tube        
      .sup.d metered                                                           
      .sup.e total of air passing through annular space 18 and through openings
      37, and the air passing over fins 40 in enclosed annular space 18' and   
      then through openings 46                                                 
      .sup.f air passing over fins 40 in enclosed annular space 18' and then   
      through openings 46                                                      
PAR  Referring to the above Table III, and comparing the results obtained with
      combustors 1 and 3, clearly shows the benefits obtained when removing heat
      from the primary combustion zone by heat exchange. In control combustor 1,
      over 98 percent of the total air to the combustor passed over the smooth
      outer wall of the primary combustion zone. The NO.sub.x Emission Index was
      44.80. In combustor 3, approximately 41 percent of the total air to the
      combustor was passed through the enclosed annular space 18' and over the
      extended outer surface (fins 40) of the primary combustion zone to remove
      heat from said primary zone, and the NO.sub.x Emission Index was reduced
      to 8.62.
PAR  Comparing said results obtained with combustor 3 with the results obtained
      with combustor 2, where approximately 53 percent of the total air to the
      combustor was passed through said enclosed annular space 18' and over the
      extended outer surface (fins 40) on the outer wall of the primary
      combustion zone to remove heat therefrom, it will be noted that the
      NO.sub.x Emission Index was further reduced to 5.5 in said combustor 2 by
      increasing the heat removal from said primary zone.
PAR  Comparing the results obtained with combustor 4, with said results obtained
      with combustor 3 (approximately 41 percent of the total air passed over
      said fins 40 in both combustors), shows the advantage of using unheated
      air in the primary combustion zone of the combustor along with heat
      removal from said zone. Decreasing the temperature of the air to the
      primary combustion zone from 1195.degree. F. in combustor 3 to 420.degree.
      F. in combustor 4 reduced the NO.sub.x Emission Index from 5.5 to 4.57, a
      significant further reduction.
PAR  Comparing the results obtained with combustor 5 (approximately 40 percent
      of the total air over said fins 40) with said results obtained with
      combustor 4 (approximately 41 percent of the total air over said fins 40)
      shows that increasing the amount of said unheated air from 2.5 percent in
      combustor 4 to 5.0 percent in combustor 5 further reduced the NO.sub.x
      Emission Index from 4.57 in combustor 4 to 3.45 in combustor 5, a
      significant further reduction.
PAR  Comparing the results obtained with combustor 7 with said results obtained
      in combustor 5, where the same amount of unheated primary air was used in
      the primary combustion zone of both combustors, shows that the absence of
      fins 40 from the flame tube wall in combustor 7 caused the NO.sub.x
      Emission Index to increase from 3.45 in combustor 5 to 7.20 in combustor
      7, a significant increase.
PAR  Comparing the results obtained with said combustors 5 and 6 (same amount of
      unheated air in the primary zone) shows that decreasing the amount of air
      being passed over said fins 40 from about 40 percent in combustor 5 to
      about 33 percent in combustor 6 causes the NO.sub.x Emission Index to
      increase from 3.45 in combustor 5 to 5.69 in combustor 6, a significant
      increase. Said decrease in the amount of air over fins 40 in combustor 6
      was caused by providing 16 openings 37 in wall member 34 of combustor 6,
      compared with 8 openings 37 in wall member 34 of combustor 5.
PAR  The above data show that the use of unheated air in the primary combustion
      zone, and the removal of heat from the primary combustion zone, are
      cumulative in reducing NO.sub.x emissions. Thus, in the most preferred
      embodiments of the invention, a combination of unheated air to the primary
      combustion zone plus the removal of heat from said primary combustion zone
      by heat exchange with the outer wall thereof is preferred with the desired
      NO.sub.x Emission Index value being 37 balanced" against the desired
      reduction in combustor pressure drop.
PAR  It is within the scope of the invention to operate the combustors of the
      invention under any conditions which give the improved results of the
      invention. For example, it is within the scope of the invention to operate
      said combustors at inlet air temperatures within the range of from ambient
      temperatures or lower to about 1500.degree. F. or higher; at combustor
      pressures within the range of from about 1 to about 40 atmospheres or
      higher; at flow velocities within the range of from about 1 to about 500
      ft. per second or higher; and at heat input rates within the range of from
      about 30 to about 1200 Btu per pound of air. Generally speaking, operating
      conditions in the combustors of the invention will depend upon where the
      combustor is employed. For example, when the combustor is employed with a
      high pressure turbine, higher pressures and higher inlet air temperatures
      will be employed in the combustor. Thus, the invention is not limited to
      any particular operating conditions. As a further guide to those skilled
      in the art, but not to be considered as limiting on the invention,
      presently preferred operating ranges for other variables or parameters
      are: heat input, from 30 to 500 Btu per lb. of total air to the combustor;
      combustor pressure, from 3 to 10 atmospheres; and reference air velocity,
      from 50 to 250 feet per second.
PAR  The relative volumes of the above-described first, second, and third
      streams of air will depend upon the other operating conditions. Generally
      speaking, the combined volume of said first stream of air comprising
      primary air and said second stream of air comprising secondary air will
      usually be a minor proportion of the total air to the combustor, e.g.,
      less than about 50 volume percent, with said first stream of air being in
      the range of up to about 25 volume percent. The volume of said third
      stream of air comprising quench air will usually be a major portion of the
      total air to the combustor, e.g., more than about 50 volume percent.
PAR  The data set forth in the above Table III show that the combustors of the
      invention can be operated in accordance with the invention to give low
      NO.sub.x, low CO, and low HC emissions when using an atomized liquid fuel.
      It is also within the scope of the invention to use a prevaporized fuel.
      The various operating variables or parameters utilized in the practice of
      the invention are interrelated. Thus, a change in one variable or
      parameter may make it desirable to adjust one or more of the other
      operating variables or parameters in order to obtain desirable results
      with respect to all three pollutants NO.sub.x, CO, and HC (hydrocarbons).
PAR  In presently preferred methods of the invention, the primary combustion
      zone or section is preferably operated fuel-rich with respect to the
      primary air admitted thereto. Thus, the equivalence ratio in the primary
      combustion zone is preferably greater than stoichiometric. In this method
      of operation, the second zone (secondary combustion zone) or section of
      the combustor is preferably operated fuel-lean with respect to any
      unburned fuel and air entering said second zone from said primary zone,
      and any additional air admitted to said second zone. Thus, the equivalence
      ratio in said second zone preferably is less than stoichiometric. This
      method of operation is preferred when it is desired to obtain both low
      NO.sub.x and low CO emissions from a combustor. In general, it is
      preferred that the transition from the fuel-rich condition in the primary
      combustion zone to the fuel-lean condition in the secondary zone be sharp
      or rapid, e.g., be effected as quickly as possible. While it is presently
      preferred that the primary combustion zone be operated fuel-rich as
      described, it is within the scope of the invention to operate the primary
      combustion zone fuel-lean. Thus, it is within the scope of the invention
      to operate the primary combustion zone with any equivalence ratio which
      will give the improved results of the invention.
PAR  As used herein and in the claims, unless otherwise specified, the term
      "equivalence ratio" for a particular zone is defined as the ratio of the
      fuel flow (fuel available) to the fuel required for stoichiometric
      combustion with the air available. Stated another way, said equivalence
      ratio is the ratio of the actual fuel-air mixture to the stoichiometric
      fuel-air mixture. For example, an equivalence ratio of 2 means the
      fuel-air mixture in the zone is fuel-rich and contains twice as much fuel
      as a stoichiometric mixture.
PAR  The data in the above examples show that the temperature of the inlet air
      to the primary combustion zone or region can be an important operating
      variable or parameter in the practice of the methods of the invention. As
      stated above, the invention is not limited to any particular range or
      value for said inlet air temperature. It is within the scope of the
      invention to use any primary air inlet temperature which will give the
      improved results of the invention. For example, from ambient or
      atmospheric temperatures up to about 1500.degree. F. or higher. However,
      considering presently available practical materials of construction, about
      1200.degree. F. to about 1500.degree. F. is a practical upper limit for
      said primary air inlet temperature in most instances. Considering other
      practical aspects, such as not having to cool the compressor discharge
      stream, about 200.degree. to 400.degree. F. is a practical lower limit for
      said primary air inlet temperature in many instances. However, it is
      emphasized that primary air inlet temperatures lower than 200.degree. F.
      can be used, e.g., in low compression ratio combustors.
PAR  The temperature of the air admitted to the second zone or region of the
      combustor (secondary air) can also be an important operating variable or
      parameter, particularly when the lower primary air inlet temperatures are
      used, and it is desired to obtain low CO emission values as well as low
      NO.sub.x emission values. Said data show that both low NO.sub.x emission
      values and low CO emission values can be obtained when the temperature of
      the inlet air to both the primary combustion zone and the secondary
      combustion zone of the combustor are above about 1100.degree. F. As the
      temperature of the inlet air to said zones decreases, increasingly
      improved (lower) values for NO.sub.x emissions will be obtained, but it
      becomes more difficult to obtain desirably low CO emission values. In some
      instances, it is preferred that the temperature of the inlet air to the
      primary combustion zone not be greater than about 700.degree. F., e.g.,
      from ambient to about 700.degree. F., more preferably from ambient to
      about 500.degree. F. Thus, in some embodiments of the invention, it is
      preferred that the temperature of the air admitted to the secondary
      combustion zone of the combustor be greater than the temperature of the
      primary air admitted to the primary combustion zone. For example, in such
      instances, depending upon the temperature of the inlet air to the primary
      combustion zone, it is preferred that the temperature of the inlet air to
      the secondary zone be in the range of from at least about 100.degree. to
      about 1200.degree. F., more preferably at least about 200.degree. F.
      greater than the temperature of said inlet primary air. Any suitable means
      can be employed for heating said secondary air. The temperature of the
      dilution or quench air can be any suitable temperature depending upon
      materials of construction in the equipment employed downstream from the
      combustor, e.g., turbine blades, and how much it is desired to cool and/or
      dilute the combustor effluent.
PAR  In conventional operation of conventional combustors of the prior art, all
      of the air supplied to the combustor is heated, usually to a temperature
      in the order of 1000.degree. F., or greater. In preferred embodiments of
      the present invention a stream of "unheated air" is supplied to the
      primary combustion zone or section. Said "unheated air" can have a
      temperature greater than ambient temperatures. For example, the air from
      the discharge of a compressor, if not cooled, will usually have a
      temperature greater than ambient temperatures. Such a stream would be
      "unheated air" as the term is used herein. Thus, as used herein, said term
      "unheated air" refers to air which has not been intentionally heated. The
      temperature of said "unheated air" will usually be less than about
      700.degree. F., preferably less than about 500.degree. F.
PAR  The term "air" is employed generically herein and in the claims, for
      convenience, to include air and other combustion-supporting gases.
PAR  The Emission Index values referred to herein were related to the various
      governmental agencies' standards by assuming that the vehicle in which the
      gas turbine engine is employed will obtain a fuel economy of 10.0 miles
      per gallon of fuel, and using a fuel weight of 6.352 pounds per gallon.
PAR  No adjustment has been made for the relatively dry inlet air used in the
      test runs (about 0.002 lbs. H.sub.2 O per pound of dry air). Therefore, a
      multiplicative correction factor in the order of about 0.85 could be
      applied to the NO.sub.x values reported herein.
PAR  While the invention has been described, in some instances, with particular
      reference to combustors employed in combination with gas turbine engines,
      the invention is not limited thereto. The combustors of the invention have
      utility in other applications, e.g., boilers, other stationary power
      plants, etc.
PAR  Thus, while certain embodiments of the invention have been described for
      illustrative purposes, the invention is not limited thereto. Various other
      modifications or embodiments of the invention will be apparent to those
      skilled in the art in view of this disclosure. Such modifications or
      embodiments are within the spirit and scope of the disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combustor comprising, in combination:
PA1  an outer casing;
PA1  a flame tube disposed within said casing and spaced apart therefrom to form
      a first annular chamber between said flame tube and said casing;
PA1  an air inlet means for introducing a first stream of air into the upstream
      end portion of said flame tube;
PA1  a fuel inlet means for introducing fuel into the upstream end portion of
      said flame tube;
PA1  an imperforate sleeve surrounding an upstream portion of said flame tube
      and spaced apart therefrom to longitudinally enclose an upstream portion
      of said first annular chamber and define a second annular chamber between
      said sleeve and said outer casing;
PA1  means for supporting said sleeve in said spaced apart position from said
      flame tube;
PA1  a wall member secured to said outer casing and substantially closing the
      downstream end of said second annular chamber;
PA1  at least one opening provided in the wall of said flame tube at a first
      station located intermediate the upstream and downstream ends thereof;
PA1  first conduit means extending from said second annular chamber into
      communication with said opening located at said first station for
      admitting a second stream of air from said second annular chamber into the
      interior of said flame tube;
PA1  at least one other opening provided in the wall of said flame tube at a
      second station located downstream from said first station for admitting a
      third stream of air from said first annular chamber into the interior of
      said flame tube; and
PA1  at least one opening provided in said wall member for providing
      communication between said second annular chamber and the portion of said
      first annular chamber downstream therefrom.
NUM  2.
PAR  2. A combustor according to claim 1 wherein heat exchange fins are mounted
      on the outer wall surface of said flame tube, in the region surrounded by
      said sleeve, and extend into the portion of said first annular chamber
      enclosed by said sleeve.
NUM  3.
PAR  3. A combustor according to claim 2 wherein:
PA1  a dome member is mounted in the upstream end of said flame tube; and
PA1  said air inlet means comprises a generally cylindrical swirl chamber formed
      in said dome member, the downstream end of said swirl chamber being in
      communication with the upstream end portion of said flame tube for
      introducing a swirling stream of air into said flame tube, and conduit
      means formed in said dome member for introducing air into said swirl
      chamber.
NUM  4.
PAR  4. A combustor according to claim 3 wherein said fuel inlet means comprises
      conduit means for introducing said fuel axially with respect to said
      swirling stream of air.
NUM  5.
PAR  5. A combustor according to claim 4 wherein the downstream end portion of
      said dome member comprises an expansion passageway which flares outwardly
      from an opening in the downstream end of said swirl chamber to the inner
      wall of said flame tube.
NUM  6.
PAR  6. A combustor according to claim 3 wherein a conduit is connected to said
      dome member and is in communication with said conduit means formed in said
      dome member for maintaining and introducing said first stream of air
      separate from said second and third streams of air.
NUM  7.
PAR  7. A combustor according to claim 1 wherein:
PA1  a dome member is mounted in the upstream end of said flame tube; and
PA1  said air inlet means comprises a generally cylindrical swirl chamber formed
      in said dome member, the downstream end of said swirl chamber being in
      open communication with the upstream end portion of said flame tube, and
      conduit means formed in said dome member for introducing a swirling stream
      of air into said swirl chamber.
NUM  8.
PAR  8. A combustor according to claim 7 wherein a conduit is connected to said
      dome member and is in communication with said conduit means formed in said
      dome member for maintaining and introducing said first stream of air
      separate from said second and third streams of air.
NUM  9.
PAR  9. A combustor according to claim 1 wherein:
PA1  a boss member surrounds said flame tube at the downstream end of said
      portion of said first annular chamber enclosed by said sleeve;
PA1  at least one passageway extends longitudinally through said boss member and
      provides communication between said enclosed portion of said first annular
      chamber and the downstream portion of said first annular chamber; and
PA1  said wall member extends from said outer casing to said boss member.
NUM  10.
PAR  10. A combustor according to claim 9 wherein:
PA1  said opening provided in said flame tube at said first station comprises a
      plurality of openings spaced around the periphery of said flame tube; and
PA1  said first conduit means comprises a like plurality of individual tubular
      conduits each extending transversely through said boss member to connect
      individually to individual openings of said plurality of openings.
NUM  11.
PAR  11. A combustor according to claim 10 wherein heat exchange fins are
      mounted on the outer wall surface of said flame tube, in the region
      surrounded by said sleeve, and extend into the portion of said first
      annular chamber enclosed by said sleeve.
NUM  12.
PAR  12. A combustor according to claim 11 wherein:
PA1  a dome member is mounted in the upstream end of said flame tube; and
PA1  said air inlet means comprises a generally cylindrical swirl chamber formed
      in said dome member, the downstream end of said swirl chamber being in
      open communication with the upstream end portion of said flame tube, and
      conduit means formed in said dome member for introducing a swirling stream
      of air into said swirl chamber.
NUM  13.
PAR  13. A combustor according to claim 12 wherein a conduit is connected to
      said dome member for maintaining and introducing said first stream of air
      separate from said second and third streams of air.
NUM  14.
PAR  14. A combustor according to claim 1 wherein:
PA1  said flame tube comprises an upstream primary combustion section, an
      intermediate secondary combustion section of greater cross-sectional area
      than said primary combustion section, and a downstream quench or dilution
      section;
PA1  said imperforate sleeve surrounds said primary combustion section; and
PA1  an imperforate annular connecting section of greater cross-sectional area
      than said primary combustion section is disposed between said primary
      combustion section and said secondary combustion section and comprises the
      upstream end portion of said secondary combustion section.
NUM  15.
PAR  15. A combustor according to claim 14 wherein said annular connecting
      section tapers in increasing cross-sectional area from the cross-sectional
      area of said primary combustion section to said greater cross-sectional
      area of said secondary combustion section.
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ABST
PAL  In a closed loop fuel control system for an internal combustion engine
      having a catalytic converter in its exhaust system, a first zirconia
      sensor in the exhaust system upstream from the catalytic converter
      generates a signal indicative of air-fuel ratio in gases before catalytic
      treatment, a second zirconia sensor in the exhaust system downstream from
      the catalytic converter generates a signal indicative of air-fuel ratio in
      gases after catalytic treatment and a cascade feedback control system
      including both zirconia sensors controls the rate of flow of fuel or air
      to the engine in response to both sensor signals and a reference to
      maintain a constant stoichiometric air-fuel ratio in the exhaust system
      for maximum catalytic converter efficiency in simultaneous oxidation and
      reduction. The engine fuel system reverts to open loop operation during
      wide open throttle, closed throttle and cold start operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned with the reduction of undesirable substances in
      the exhaust gases of internal combustion engines. It is well known that
      the types and amounts of substances present in engine exhaust is greatly
      affected by the ratio of air to fuel in the mixture supplied to the
      engine. Rich mixtures, with excess fuel, tend to produce higher amounts of
      hydrocarbons and carbon monoxide; whereas lean mixtures, with excess air,
      tend to produce greater amounts of oxides of nitrogen. It is well known
      that exhaust gases can be catalytically treated to reduce the amounts of
      these undesirable components, the catalytic treatment including oxidation
      of carbon monoxide and hydrocarbons and reduction of nitrogen oxides.
PAR  It has been suggested that both the oxidation and reduction necessary for
      the minimization of these undesirable exhaust constituents can be achieved
      with a single catalytic device, provided that the air-fuel mixture
      supplied to the catalytic converter is maintained within a narrow range at
      stoichiometry, the ratio containing fuel and oxygen in such proportions
      that, in perfect combustion, both would be completely consumed. If
      air-fuel ratio is defined as the amount by weight of air divided by the
      amount by weight of fuel, there is a narrow range of about 0.05 air-fuel
      ratio units about stoichiometry in which conversion efficiency is very
      high for both oxidation and reduction. However, this range, termed the
      "converter window", is too narrow to be maintained by any conventional
      open loop fuel control system; and conversion efficiency drops
      dramatically for the different undesirable exhaust constituents on either
      side of the window.
PAR  Therefore, it has been suggested that a closed loop fuel control system, in
      which the air-fuel ratio of the mixture supplied to the engine is
      controlled by a feedback signal from a zirconia sensor exposed to exhaust
      gases, can maintain the gases supplied to the converter within the
      converter window. However, the design of such a control system must meet a
      number of requirements. The system must be stable to maintain continual
      control and not go into oscillation. On the other hand, the system must be
      quick reacting and characterized by small overshoot, so that the minimum
      time is spent outside the converter window. Such a system would desirably
      be applicable to engines using carburetors as well as those using fuel
      injection.
PAR  A number of closed loop fuel control systems have been proposed, but none
      are completely satisfactory. Most use a zirconia sensor exposed to engine
      exhaust upstream from the converter and use proportional or integral
      control in the feedback loop. Such systems do maintain some control over
      the engine operating point but tend to drift out of the converter window
      over time as a result of changing sensor characteristics and other
      factors.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is an improved closed loop fuel control system for an
      internal combustion engine. This system results from the discovery that a
      second sensor placed downstream from the catalytic converter produces a
      signal which, when applied to the air-fuel mixing apparatus in combination
      with the signal from the conventional first sensor results in dependable
      system operation without drifting out of the catalyst window.
PAR  This invention thus comprises a closed loop fuel control system including a
      pair of zirconia sensors, one upstream and one downstream from the
      catalytic converter, the signals from which are combined and fed back
      through appropriate control elements to vary the air-fuel ratio of the
      engine mixture in order to maintain the air-fuel ratio of the mixture
      supplied to the catalytic converter within the converter window.
PAR  The signals from the sensors complement each other in the sense that each
      does what the other does not. The second sensor exhibits sharper
      sensitivity to a change in air-fuel ratio and provides a signal which
      maintains the system within the converter window over time without drift.
      The first sensor, on the other hand, provides a quicker response, since it
      does not involve the time delay introduced by the catalytic converter; and
      this quicker response reduces transient swings out of the converter window
      and helps reduce required gain in the feedback loop to improve the
      stability of the system. The two sensors are particularly adaptable to a
      cascade control system in which the slower changing signal from the
      downstream sensor is compared with a first reference used to produce a
      reference against which the upstream sensor signal is compared to produce
      a command signal for application to the air-fuel ratio determining means.
PAR  The system further provides for automatic assumption of open loop control
      during engine cold start, wide open throttle and idle operation. Further
      details and advantages of the invention will be apparent from the
      accompanying drawings and following description of the preferred
      embodiment.
DRWD
PAC  SUMMARY OF THE DRAWINGS
PAR  FIG. 1 shows a preferred embodiment of a closed loop fuel control system
      according to this invention in its environment.
PAR  FIG. 2 shows means suitable for controlling fuel flow in a carburetor
      according to an electric signal in the system of FIG. 1.
PAR  FIG. 3 is an enlarged portion of FIG. 2.
PAR  FIG. 4 is an electric circuit for use in the system of FIG. 1.
PAR  FIG. 5 is a graph showing typical output voltage as a function of air-fuel
      ratio for pre-converter and post-converter mounted sensors in the system
      of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an internal combustion engine 2 is supplied with a
      mixture of fuel and air through appropriate conventional supply means: in
      this embodiment, a carburetor 3 and air cleaner 4, although it could also
      be fuel injection or other means.
PAR  Engine 2 exhausts its spent gases through an exhaust conduit 6 including a
      catalytic converter 7. Catalytic converter 7 is a device of the type in
      which exhaust gases flowing therethrough are exposed to a catalytic
      substance such as platinum or palladium which, given the proper air-fuel
      ratio in the exhaust gases, will promote simultaneous oxidation of carbon
      monoxide and hydrocarbons and reduction of oxides of nitrogen. Exhaust
      conduit 6 is provided with a first oxygen sensor 8 upstream from catalytic
      converter 7 and a second oxygen sensor 10 downstream from catalytic
      converter 7. Oxygen sensors 8 and 10 are preferably of the zirconia
      electrolyte type which, when exposed to engine exhaust gases at high
      temperatures, generate an output voltgage which changes appreciably as the
      air-fuel ratio of the exhaust gases passes through the stoichiometric
      level. Such sensors are well known in the art, a typical example being
      that shown in the U.S. Pat. No. 3,844,920 to Burgett et al, dated Oct. 29,
      1974. The output voltages of sensors 8 and 10, referred to as Z1 and Z2,
      respectively, are shown as a function of air-fuel ratio in FIG. 5. It can
      be seen that Z1 and Z2 have a typical total range of less than one volt,
      achieve their highest levels with rich mixtures and their lowest levels
      with lean mixtures, and exhibit a fairly steep slope as the mixture passes
      through stoichiometry. Not shown in FIG. 5, but well known in the art, is
      the fact that the upper and lower limit of Z1 and Z2 can vary appreciably
      with sensor temperature and age.
PAR  It will also be noted from the curves of FIG. 5 that Z2 exhibits a steeper
      slope through stoichiometry than does Z1. This sharper voltage transition
      at the converter window in the downstream sensor is due to the action of
      the catalytic converter in bringing the exhaust gases to chemical
      equilibrium. The result is a signal which provides a very accurate
      indication of the converter window and is also found to be insensitive, in
      vehicle applications, to driving conditions over a wide range of speeds
      and loads. In addition, the action of catalytic converter 7 in averaging
      out individual cylinder firings as well as maldistribution effects that
      may be present in the exhaust gases proceeding from engine 2 causes signal
      Z2 to be insensitive to car-to-car or cylinder-to-cylinder variations in
      mixture distribution. For these reasons, Z2 is the preferred signal for
      establishing a long term operating point in the engine fuel control
      system.
PAR  Catalytic converter 7, however, introduces a time delay in the sensing of a
      change in the exhaust gases at sensor 10 compared with the sensing of the
      same change in the exhaust gases upstream from the catalytic converter,
      such as would be sensed by sensor 8 and reflected in signal Z1. Although
      sensor 8 is not as accurate a measure of operation at the converter window
      as is sensor 10 and might, by itself, allow the operating point to drift
      from the converter window, it provides a quicker response to changes in
      the air-fuel ratio within exhaust conduit 6 and thus, used in combination
      with sensor 10, contributes significantly to the dynamic performance of
      the system.
PAR  The method in which signals Z1 and Z2 are combined is shown in FIG. 1. A
      summing junction 11 computes the difference between Z2 and a fixed
      reference R2, which difference is provided to an integrator 12. Reference
      R2 is set equal to the signal Z2 indicative of the center of the converter
      window at sensor 10 so that, as long as such a condition exists, the
      output of integrator 12 will be unchanging. When Z2 varies in either
      direction from reference R2, the output of integrator 12 will increase or
      decrease accordingly.
PAR  The output of integrator 12 and signal Z1 are fed to the two inputs of a
      comparator 14, the output of which is a signal which is either a constant
      high voltage or a constant low voltage, depending on which input is the
      greater. The difference between the output of comparator 14 and a
      reference R1 is obtained in summing junction 15. Reference R1 is chosen to
      be a constant voltage midway between the high and low levels of the output
      of comparator 14 so that the output of summing junction 15 is a signal
      whose voltage level always has the same absolute value but varies in sign
      with the output of comparator 14. Summing junction 15 output is supplied
      to an integrator 16. The reason that comparator 14, summing junction 15
      and reference R1 are used to combine signal Z1 with the output of
      integrator 12 is to provide a constant integration gain to integrator 16.
      This is required because changes in the voltage versus air-fuel ratio
      curve for sensors 8 and 10 due to changing temperatures or sensor age are
      often of different magnitude on the rich and lean sides of stoichiometric.
      The signal supplied to integrator 16, which changes in sign only, is
      insensitive to such non-symmetric changes and thus helps maintain the
      system at the converter window.
PAR  In order to improve stability while maintaining high integrator gain for
      quick response, it may be desirable to provide the system with a
      proportional control by signal Z1. To accomplish this, the difference
      between signal Z1 and a reference R3 is obtained in a summing junction 18
      and applied to a proportional control 19, which may also include phase
      lead elements. The output of proportional control 19 is combined with the
      output of integrator 16 at a summing junction 20, the output of which
      controls a power amplifier 22. The output of power amplifier 22 is applied
      to air-fuel ratio control means associated with carburetor 3.
PAR  The air-fuel ratio control means are shown in FIGS. 2 and 3. Carburetor 3,
      a portion of which is shown in FIG. 2, has a fuel bowl 23 to which fuel is
      supplied by conventional means. Carburetor 3 has an induction passage 24
      with a throttle valve 26, venturi 27 and a fuel supply passage 28 having
      an upper end 29 open to venturi 27 and a lower end 30 open to fuel bowl
      23.
PAR  Fuel flowing from fuel bowl 23 to fuel supply passage 28 is controlled by a
      number of metering jets and rods.
PAR  A main metering rod 34 has a tapered end 35 which is movable axially in a
      main metering jet 36. Main metering rod 34 is positioned by a main vacuum
      piston 38 and, when lowered against the bias of a spring 39, restricts
      fuel flow through main jet 36. When spring 39 lifts piston 38, tapered end
      35 of main metering rod 34 permits increased fuel flow through main jet
      36. Vacuum is supplied to main vacuum piston 38 through a control vacuum
      conduit 40 from a vacuum regulator 41, to be described at a later point in
      this application.
PAR  An auxiliary metering rod 43 with a tapered end 44 is likewise positioned
      in an auxiliary metering jet 45 by an auxiliary vacuum piston 46 and a
      spring 47. One branch 49 of a manifold vacuum conduit 50 connects
      auxiliary vacuum piston 46 with a manifold vacuum port 51 located below
      throttle valve 26 in induction passage 24. The application of manifold
      vacuum through conduit 49 causes piston 46 to move downward against the
      force of spring 47 and thus move rod 43 to restrict fuel flow through jet
      45; a decrease in manifold vacuum causes movement of piston 46 and rod 43
      in the opposite direction. Spring 47 is calibrated to allow substantial
      fuel flow through auxiliary jet 45 only at very low manifold vacuum
      indicative of wide open throttle.
PAR  A supplementary metering jet 53 and supplementary metering rod 54 may also
      be provided in fuel bowl 23 for calibration or compensation purposes. The
      carburetor as described is similar to that shown in U.S. patent
      application Ser. No. 499,332 filed Aug. 21, 1974 by Roland Stewart Taylor
      and assigned to the assignee of this application.
PAR  Another branch 56 of manifold vacuum conduit 50 supplies manifold vacuum to
      vacuum regulator 41. Vacuum regulator 41 can be any one of a number of
      devices well known in the art which, when supplied with vacuum which may
      vary and a variable electric input signal, provides a regulated vacuum
      signal as an output which varies in accordance with the input electric
      signal. For purposes of illustration, one such device is shown which is
      substantially the same as that described in U.S. Pat. No. 3,545,472 issued
      to Rudolph J. Fronze. It is understood, however, that any number of
      similar devices known in the art can be substituted for that shown.
PAR  Referring to FIGS. 2 and 3, vacuum regulator 41 comprises a casing 57
      having a manifold vacuum inlet 58 connected with branch 56 of manifold
      vacuum conduit 50 and opening through a vacuum inlet port 60 to a vacuum
      chamber 61. Control vacuum conduit 40 connects with a control vacuum
      outlet 62 in casing 57, which also opens to vacuum chamber 61.
PAR  A valve rod 64 is supported in casing 57 by a spring 63 exerting an upward
      force thereon and an annular diaphragm 65 having an inner circumference 66
      sealingly attached to valve rod 64 and an outer circumference 67 sealingly
      attached to casing 57, so that diaphragm 65 forms the upper wall of vacuum
      chamber 61 and the lower wall of a chamber 69 open to the atmosphere
      through an opening 70.
PAR  Rod 64 is provided with a magnetically responsive member 68 near its upper
      end and is surrounded, within chamber 69 and below member 68, by a fixed
      coil 71, to which is supplied the output signal from power amplifier 22.
PAR  Valve rod 64 has an internal axial passage 73 therethrough having one end
      74 open to chamber 69 and another end 75, forming a valve seat 76, open to
      vacuum chamber 61. A valve member 78, movable in and out of valve seat 76,
      is attached by a rigid link 79 to another valve member 80 for co-movement
      therewith, valve member 80 being movable in and out of a valve seat 81 in
      vacuum inlet port 60.
PAR  There exists one axial position of valve rod 64, shown in FIG. 3, for which
      both valve members 78 and 80 close respective valve seats 76 and 81. As
      valve rod 64 is moved upward from this position, valve member 80 is moved
      away from valve seat 81 to allow more manifold vacuum from inlet 58 into
      vacuum chamber 61. As valve rod 64 moves in the opposite direction, valve
      seat 76 pulls away from valve member 78 to allow air at atmospheric
      pressure into vacuum chamber 61. Valve rod 64 coacts with diaphragm 65 and
      coil 71 to assume a position in which the downward forces on rod 64 due to
      the difference between atmospheric pressure in chamber 69 and the lower
      pressure in vacuum chamber 61 and the electromagnetic force on member 68
      due to the level of current flow through coil 71 are balanced against the
      upward force thereon due to spring 63. Thus the vacuum signal obtained
      from control vacuum outlet 62 is set by the current input to coil 71 and
      maintained at that level, over all levels of manifold vacuum greater than
      the desired level of control vacuum, by an internal feedback control
      comprising the diaphragm 65 and valve members 78 and 80.
PAR  In operation, while engine 2 is operating and sensors 8 and 10 are warmed
      up to operating temperature, signals Z1 and Z2, which are indicative of
      the air-fuel ratios seen by sensors 8 and 10, are combined in elements
      numbered 11 through 22 in the manner previously described to produce an
      electric current which is converted to a vacuum analog signal in vacuum
      regulator 41 and applied to main vacuum piston 38 to vary the position of
      main metering rod 34. The polarities of the connections are such that a
      high current output from power amplifier 22 produces a low vacuum output
      from vacuum regulator 41, which, in turn, allows metering rod 34 to move
      upward and open main jet 36. Decreasing current output from power
      amplifier 22, on the other hand, produces an increasing control vacuum
      applied to piston 38, which pulls main metering rod 34 downward to close
      metering jet 36 and supply a leaner air-fuel mixture to engine 2.
PAR  During wide open throttle operation, it is generally desired that the
      air-fuel mixture be allowed to go richer than normal for maximum power. As
      previously mentioned, metering rod 43 and jet 45 are supplied to allow the
      air-fuel mixture to become more rich when the loss of manifold vacuum
      signals wide open throttle operation. In addition, since a rich mixture is
      desired, it is desirable to suspend closed loop control, which would
      otherwise attempt to bring the air-fuel ratio back to the converter
      window. This is accomplished in this embodiment automatically, since the
      loss of manifold vacuum indicative of wide open throttle operation results
      in a loss of control vacuum applied to piston 38, which allows main jet 36
      to open completely, regardless of the electrical signal output of power
      amplifier 22. In other embodiments, such as fuel injection, in which
      manifold vacuum is not used in the control loop, a switch actuated by a
      wide open throttle could supply an electric signal to power amplifier 22
      to override the input signal thereto from summing junction 20 and command
      the desired output signal to allow the mixture to go rich.
PAR  FIG. 4 shows a preferred embodiment in circuit form of the control logic
      described in elements 11 through 22 of FIG. 1. A regulated power source,
      not shown, supplies current at a regulated voltage V through series
      resistors 83 and 84 to the negative input of an operational amplifier 85.
      Signal Z2 is applied to the junction 86 between resistors 83 and 84; and
      the constant reference voltage R2, generated in means not shown, is
      applied through a resistor 88 to the positive input of operational
      amplifier 85. The output of operational amplifier 85 is fed back through a
      capacitor 89 to the negative input of operational amplifier 85 and through
      a scaling network comprising resistors 90, 92 and 93 having one end of
      each connected to a junction 94 and the other end of each connected,
      respectively, to the output of operational amplifier 85, regulated voltage
      V and ground. Junction 94 is connected through a resistor 96 to the
      negative input of a comparator 97.
PAR  Signal Z1 is applied to the junction 98 of a resistor 100, the other of
      which is connected to regulator voltage V, and a resistor 101, the other
      end of which is connected to the positive input of comparator 97.
PAR  The output of comparator 97, which carries a low or high voltage, depending
      on the inputs, is connected through a resistor 102 to the negative input
      of operational amplifier 104. A reference voltage R3 is applied through a
      resistor 105 to the positive input of operational amplifier 104; and a
      capacitor 106 provides feedback from the output to the negative input of
      operational amplifier 104. Reference voltage R3 is generated by common
      means not shown and, as previously stated, is set at a level midway
      between the low and high voltage outputs of comparator 97 so that the
      signal which is integrated, the difference between the positive and
      negative input voltages of operational amplifier 104, has a constant
      absolute value of one-half the difference between the high and low voltage
      output signals of comparator 97 and a sign which changes between positive
      and negative as the output of comparator 97 changes. Elements 102 through
      106, just described, correspond to elements 15 and 16 of FIG. 1. The
      output of operational amplifier 104 is connected through a resistor 108 to
      summing junction 20, which is also connected through a resistor 110 to
      ground.
PAR  Signal Z1 is also applied through a resistor 112 to the negative input of
      an operational amplifier 113. A reference voltage R1, generated by normal
      means not shown, is applied through a resistor 114 to the positive input
      of operational amplifier 113; and a resistor 115 provides feedback from
      the output to the negative input of operational amplifier 113. Reference
      voltage R1 is selected to produce a null output from operational amplifier
      113 when Z1 assumes a value corresponding to the center of the converter
      window. Operational amplifier 113 with resistive feedback in the inputs as
      shown provides a proportional control on Z1.
PAR  The output of operational amplifier 113 is connected through a resistor 117
      and, in parallel therewith, a series capacitor 118 and resistor 119 to
      summing junction 20. These elements provide the input resistence to
      summing junction 20 and introduce phase lead into the proportional channel
      of which they are a part.
PAR  Summing junction 20 is connected to the positive input of an operational
      amplifier 121, the output of which is connected through a resistor 122 to
      the base of a power transistor 123, the collector of which is connectd
      through coil 71 of vacuum regulator 41 to a source of current, not shown,
      at an unregulated voltage B, which could be the standard vehicle battery
      or alternator. The emitter of transistor 123 is connected through a
      resistor 125 to ground and a resistor 126 to the negative input of
      operational amplifier 121. Power transistor 123 may be one or more
      transistors in combination such as a Darlington pair, whatever combination
      is required to handle the driving current through coil 71. A capacitor 127
      is provided connecting the output to the negative input of operational
      amplifier 121.
PAR  Elements 121 through 127 comprise a current source for providing a
      regulated output current from the collector of transistor 123 which varies
      in accordance with the voltage at summing junction 20. Regulation of the
      current output is required to make it insensitive to temperature related
      changes in the resistance of coil 71 and changes in unregulated voltage B.
      Capacitor 127 is included to damp out oscillations.
PAR  In the operation of the system, zirconia sensors such as 8 and 10 do not
      produce a usable output signal until they are warmed by the exhaust gases
      to a minimum operating temperature in the general vicinity of 800.degree.
      F. Thus, on cold start operation, an open loop command must be supplied
      for the system. Resistors 83 and 100, previously described, are effective
      when sensors 8 and 10 are below operating temperature to supply biasing
      voltages in place of Z2 and Z1 to the negative inputs of operational
      amplifiers 85 and 113 respectively. The values of resistors 83 and 100 are
      selected to produce biasing voltages to drive the system to full lean, so
      that the actual engine air-fuel ratio may be controlled by a choke or
      other standard mechanism separate from the system.
PAR  Open loop control may also be desired during closed throttle operation. An
      electric signal from a closed throttle operated switch that turns off
      power amplifier 22 will cause the main jet 36 to close to its lean limit
      and allow the standard idle jets to determine idle air-fuel ratio.
PAR  The embodiment of my invention as described is not the only possible
      embodiment thereof. Many equivalent embodiments will occur to those having
      skill in the art; and my invention should therefore be limited only by the
      claims which follow.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. For use with an internal combustion engine including means for supplying
      air and fuel thereto in variable ratio and exhaust means including a
      catalytic converter effective, when supplied with exhaust gases containing
      air and fuel in a certain ratio, to accelerate simultaneously the
      oxidation of unburned fuel and the reduction of nitrogen oxides and
      characterized by time delay effects when the content of the gas introduced
      therein is varied, apparatus for controlling the ratio of air and fuel in
      said exhaust system to said certain ratio, said apparatus comprising:
PA1  means for generating a first signal indicative of the air-fuel ratio within
      said exhaust means upstream from said catalytic converter, said first
      signal generating means being characterized by time-related drift in
      closed cycle control operation;
PA1  means for generating a second signal indicative of the air-fuel ratio
      within said exhaust means downstream from said catalytic converter, said
      second signal generating means being characterized by catalytic
      converter-related, time-delayed response in relation to said first signal
      generating means; and
PA1  means for continually adjusting said fuel and air supply means to vary the
      ratio of fuel and air supplied to said engine in response to the direction
      of the deviation of said first signal from the time integral of the extent
      the second signal deviates from a fixed reference, said adjustment being
      in sense to reduce the deviation of the ratio of fuel and air in the
      exhaust means from said certain ratio.
NUM  2.
PAR  2. For use with an internal combustion engine including means for supplying
      air and fuel thereto in variable ratio and exhaust means including a
      catalytic converter effective, when supplied with exhaust gases containing
      air and fuel in a certain ratio, to accelerate simultaneously the
      oxidation of unburned fuel and the reduction of nitrogen oxides and
      characterized by time delay effects when the content of the gas introduced
      therein is varied, apparatus for controlling the ratio of air and fuel in
      said exhaust system to said certain ratio, said apparatus comprising:
PA1  means for generating a first signal indicative of the air-fuel ratio within
      said exhaust means upstream from said catalytic converter, said first
      signal generating means being characterized by time-related drift in
      closed cycle control operation;
PA1  means for generating a second signal indicative of the air-fuel ratio
      within said exhaust means downstream from said catalytic converter, said
      second signal generating means being characterized by catalytic
      converter-related time-delayed response in relation to said first signal
      generating means;
PA1  means responsive to the second signal to generate a third signal varying
      with the time integral of said second signal;
PA1  means responsive to the first and third signal to generate a fourth signal
      having one value when the first signal exceeds the third signal and
      another value when a third signal exceeds the first signal; and
PA1  means responsive to the fourth signal to continuously adjust the ratio of
      air and fuel supplied to the engine in a direction to reduce the
      difference between the ratio of air and fuel in the exhaust means and said
      certain ratio.
NUM  3.
PAR  3. For use with an internal combustion engine including means for supplying
      air and fuel thereto in variable ratio and exhaust means including a
      catalytic converter effective, when supplied with exhaust gases containing
      air and fuel in a certain ratio, to accelerate simultaneously the
      oxidation of unburned fuel and the reduction of nitrogen oxides and
      characterized by time delay effects when the content of the gas introduced
      therein is varied, apparatus for controlling the ratio of air and fuel in
      said exhaust system to said certain ratio, said apparatus comprising:
PA1  means for generating a first signal indicative of the air-fuel ratio within
      said exhaust means upstream from said catalytic converter, said first
      signal generating means being characterized by time-related drift in
      closed cycle control operation;
PA1  means for generating a second signal indicative of the air-fuel ratio
      within said exhaust means downstream from said catalytic converter, said
      second signal generating means being characterized by catalytic
      converter-related time-delayed response in relation to said first signal
      generating means;
PA1  a first integrator responsive to the second signal and effective to
      generate a third signal varying with the time integral of the second
      signal;
PA1  a comparator responsive to the first and third signals and effective to
      generate a fourth signal having a first value when the first signal
      exceeds the third signal and a second value when a third signal exceeds
      the first signal;
PA1  a second integrator responsive to the fourth signal and effective to
      generate a fifth signal varying as the time integral of the fourth signal;
      and
PA1  means responsive to the fifth signal for continuously adjusting the ratio
      of air and fuel supplied to the engine in extent and direction to reduce
      the deviation between the ratio of air and fuel in the exhaust means as
      sensed by either sensor and said certain ratio.
NUM  4.
PAR  4. For use with an internal combustion engine including means for supplying
      air and fuel thereto in variable ratio and exhaust means including a
      catalytic converter effective, when supplied with exhaust gases containing
      air and fuel in a certain ratio, to accelerate simultaneously the
      oxidation of unburned fuel and the reduction of nitrogen oxides and
      characterized by time delay effects when the content of the gas introduced
      therein is varied, apparatus for controlling the ratio of air and fuel in
      said exhaust system to said certain ratio, said apparatus comprising:
PA1  a first zirconia sensor effective to generate a first signal indicative of
      the deviation of the air-fuel ratio from said certain ratio within said
      exhaust means upstream from said catalytic converter, said first zirconia
      sensor being characterized by time-rated drift in closed loop control
      operation;
PA1  a second zirconia sensor effective to generate a second signal indicative
      of the deviation of the air-fuel ratio from said certain ratio with said
      exhaust means downstream from said catalytic converter, said second
      zirconia sensor being characterized by catalytic converter-related,
      time-delayed response in relation to said first signal generating means;
PA1  a first integrator responsive to the second signal and effective to
      generate a third signal varying with the time integral of the second
      signal;
PA1  a comparator responsive to the first and third signals and effective to
      generate a fourth signal having a first value when the first signal
      exceeds the third signal and a second value when a third signal exceeds
      the first signal;
PA1  a second integrator responsive to the fourth signal and effective to
      integrate with respect to time at a constant rate in one direction when
      the fourth signal has its first value and in the other direction when the
      fourth signal has its second value and produce thereby a fifth signal;
PA1  means responsive to the first signal to generate a sixth signal varying
      with the first signal and having phase lead with respect to said fifth
      signal; and
PA1  means responsive to the fifth and sixth signals to continuously adjust the
      ratio of air and fuel supplied to the engine in extent and direction to
      reduce the difference between the air-fuel ratio of gases in the exhaust
      means and the certain ratio.
NUM  5.
PAR  5. A power plant for a vehicle comprising, in combination:
PA1  a combustion engine;
PA1  means for supplying air and fuel to the engine in variable ratio;
PA1  means for conducting exhaust gases from the engine, said means including a
      catalytic converter effective, when supplied with exhaust gases containing
      air and fuel in a certain ratio, to simultaneously oxidize hydrocarbons
      and carbon monoxide and reduce oxides of nitrogen, the catalytic converter
      further being effective, when the exhaust gases supplied thereto exhibit a
      change in air-fuel ratio, to delay the appearance of a corresponding
      change in the gases emitted therefrom;
PA1  a first sensor in the exhaust conduit between the engine and catalytic
      converter, the first sensor generating a first signal varying inversely
      with air-fuel ratio of the exhaust gases emitted from the engine, said
      first signal being characterized by time and temperature related drift;
PA1  a second sensor in the exhaust conduit on the far side of the catalytic
      converter from the engine, the second sensor generating a second signal
      varying inversely with the air-fuel ratio of the exhaust gases emitted
      from the catalytic converter; said second signal being characterized by
      catalytic converter-related delayed response, compared with the first
      signal, to changes in exhaust gas air-fuel ratio;
PA1  a first integrator responsive to the second signal and effective to
      generate an output signal varying with the time integral thereof;
PA1  a comparator responsive to the first signal and the first integrator output
      signal and effective to generate an output signal having a fixed absolute
      value with a first sign when the first signal exceeds the first integrator
      output signal and a second sign when the first integrator output signal
      exceeds the first signal;
PA1  a second integrator responsive to the comparator output signal to generate
      an output signal varying with the time integral of the comparator output
      signal;
PA1  a proportional amplifier responsive to the first signal and effective to
      generate an output signal varying directly with the first signal;
PA1  means responsive to the sum of the second integrator output signal and the
      proportional amplifier output signal to control the air-fuel supply means
      and vary the ratio of air and fuel supplied to the engine in extent and
      direction to simultaneously reduce the deviations from said certain ratio
      of the air-fuel ratio of gases in the exhaust conduit both supplied to and
      emitted from the catalytic converter.
NUM  6.
PAR  6. For use with a combustion engine including means for supplying air and
      fuel and exhaust means for transporting exhaust gases containing oxidizing
      and reducing agents in ratio determined by said supply means, said exhaust
      means including a catalytic converter effective, when supplied with
      exhaust gases containing oxidizing and reducing agents in a certain ratio,
      to accelerate certain reactions between said oxidizing and reducing agents
      and characterized by time delay effects when the content of the exhaust
      gases supplied thereto is varied, apparatus for controlling the ratio of
      oxidizing and reducing agents in said exhaust means to said certain ratio,
      said apparatus comprising:
PA1  means for generating a first signal indicative of the portion of one of
      said agents in said exhaust means upstream from said catalytic converter,
      said first signal generating means being characterized by time-related
      drift in closed cycle control operation;
PA1  means for generating a second signal indicative of the portion of said one
      agent in said exhaust means downstream from said catalytic converter, said
      second signal generating means being characterized by catalytic
      converter-related, time-delayed response in relation to said first signal
      generating means; and
PA1  means for continually adjusting said fuel and air supply means to vary the
      ratio of oxidizing and reducing agents in said exhaust gases in response
      to the direction of the deviation of said first signal from the time
      integral of the extent the second signal deviates from a fixed reference,
      said adjustment being in sense to reduce the deviation of the ratio of
      oxidizing and reducing agents in the exhaust means from said certain
      ratio.
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ABST
PAL  A rotary piston four-stroke internal combustion engine of trochoid type
      includes a housing composed of a shell and two parallel end parts together
      bounding an inner chamber in which a polygonal position is rotatably
      mounted. Inlet and outlet passages are provided in the housing for supply
      of air or fresh gas and for ejection of burned gases, respectively. The
      inlet passage is connected with an intake duct and the outlet passage with
      an exhaust gas reactor. A line containing a valve leads from the region of
      the inner chamber in which compression takes place to the exhaust gas
      reactor.
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PAC  BACKGROUND OF THE INVENTION
PAR  In a known rotary piston internal combustion engine of the type described
      in U.S. Pat. No. 3,791,145, in order to improve afterburning of unburned
      exhaust constituents, after cold starting and while running warm from the
      region under compression of the inner chamber of the engine, fresh gas is
      introduced into the exhaust gas reactor by way of a line provided for the
      purpose. At the same time, under the action of the compression pressure or
      in response to the angular position of the eccentric shaft of the engine,
      a valve arranged in the line is periodically opened. An additional
      shut-off means arranged in this line and responding to the operating
      temperature of the exhaust gas reactor is provided, shutting off the
      supply of fresh gas when the warm-up phase is ended and the exhaust gas
      reactor has reached a certain temperature. However, the diversion of fresh
      gas from the inner chamber entails a diminution of the quantity of
      available ignitable fresh gas inside the working chamber, and this means a
      sacrifice of power. Then if during the warm-up phase or shortly after a
      cold start, a high output demand is placed on the engine, the expected
      full power will not be available because the shut-off means influenced by
      the operating temperature of the exhaust gas reactor is still open,
      permitting withdrawal of frersh gas. The associated loss of charge and
      consequently power may have adverse effects especially when the engine is
      used for propulsion of a motor vehicle in road traffic.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to control the supply of fresh gas to the
      exhaust gas reactor in such a way that no impairment of the power of the
      engine in the cold starting and warm-up phases can occur, if there is an
      increased output demand.
PAR  This object is accomplished, according to the invention, in that the valve
      is controlled by the negative pressure in the intake duct, so that the
      line is cleared above a certain amount of negative pressure and shut-off
      below that value.
PAR  The proposal according to the invention thus has the effect that fresh gas
      to be supplied to the exhaust gas reactor will be withdrawn from the
      interior chamber of the engine according to the negative pressure in the
      intake duct, so that upon acceleration and resulting decline of the
      negative pressure, the line will be shut off, and the full charge will be
      available for operation of the engine. In such a mode of operation, the
      quantity of exhaust gas expelled by the engine can sufficiently heat the
      exhaust gas reactor even without supply of fresh gas.
PAR  In a rotary piston four-stroke internal combustion engine having a throttle
      flap arranged in the intake duct, a negative-pressure line connecting the
      valve with the intake duct debouches from a point downstream from the
      closed throttle flap and upstream from the opened throttle flap in the
      intake duct. The negative pressure prevailing downstream from the closed
      throttle flap when the engine is running may thus actuate the valve to
      withdraw fresh gas by way of the negative-pressure line. When the throttle
      flap is shifted into the interval beyond idling and the partial load
      range, the negative-pressure line is no longer acted upon by negative
      pressure, and consequently the valve is closed. This means that upon
      acceleration, that is, when the throttle is opened sharply and in a phase
      of high output demand, there will be no loss of charge due to withdrawal
      of fresh gas. Hence there is no fear of impairment of the required output
      of the engine.
PAR  The rapid heating of the exhaust gas reactor by the fresh gas introduced
      beginning immediately after the engine is started, may advantageously be
      limited, since after a certain time the incoming exhaust gases themselves
      can effectively heat the exhaust gas reactor. Provision is therefore made
      to arrange in the negative-pressure line, a magnetic valve controlled
      according to the engine and/or reactor temperature, shutting off the
      negative-pressure line when a certain temperature is reached. As engine
      temperature, the oil, coolant or housing temperature may be adopted, and
      instead of the reactor temperature the temperature of the exhaust gases as
      a parameter to control the magnetic valve. The proposed solution thus
      permits supply of fresh gas to the exhaust gas reactor only below a
      certain temperature and in a range of throttle flap positions
      corresponding to idling and partial load.
PAR  There is another solution, according to which a throttle is provided in the
      negative-pressure line, and between this throttle and the valve an air
      line opens into the negative-pressure line. In this air line is arranged a
      valve connected to the exhaust gas reactor by way of a bimetallic element,
      gradually opening with rising reactor temperature and gradually closing
      with falling reactor temperature. In this arrangement also the valve for
      withdrawal of fresh gas is actuated by way of a negative pressure line,
      and in this case also the supply of fresh gas to the exhaust gas reactor
      is possible in a range of throttle flap setting corresponding to idling
      and partial load and below a certain temperature of the exhaust gas
      reactor. But the advantage of this solution consists in that, with gradual
      heating or cooling of the exhaust gas reactor, the valve for withdrawal of
      fresh gas is influenced in the same direction, and can gradually close or
      open. Thus the exhaust gas reactor until it reaches its service
      temperature can be supplied with more or less generous quantities of fresh
      gas as required for its rapid heating, depending on how warm it gets. In
      this solution also, instead of the reactor temperature, the temperature of
      the exhaust gases or the engine temperature, for example the oil or
      coolant or housing temperature, may be employed to influence the
      bimetallic element. Another advantage of this arrangement consists in
      that, after heating of the exhaust gas reactor for rapid regain of the
      enrichment of the fresh gas with fuel, a connection is established from
      the air line by way of the valve to the intake duct, so that additional
      air can enter the intake duct and render the fresh gas leaner, while the
      quantity of air can be determined by the size of the throttling
      construction.
PAR  To prevent fresh gas from leaking out of the compressing working chamber
      into the intake working chamber by way of the orifice of the line leading
      to the reactor, provision is made in a machine whose piston has axially
      movable sealing pins on its faces, sliding along the faces of the end
      parts of the housing, that this line shall emanate from a point in an end
      part face swept by the sealing pins, which thus briefly cover the mounth
      of the line and prevent communication between compressing and intake
      working chambers.
PAR  In a further refinement of the invention, a check valve and/or at least a
      screen is arranged in the line leading to the exhaust gas reactor, able to
      prevent the hot exhaust gases of the reactor from striking back through
      the line to the valve.
PAR  According to another proposal of the invention, it is provided that in a
      rotary piston four-stroke internal combustion engine of multiple type, the
      end parts between two neighboring shelves being united to make one
      intermediate part, the valve is arranged in the intermediate part and has
      a slide containing two passages each provided with a check valve and each
      capable of being placed in communication with a neighboring inner chamber.
      This arrangement has the advantage that by way of a single valve, the
      withdrawal of fresh gas may be made from two inner chambers. The check
      valves ensure that the charges of the neighboring inner chambers will not
      adversely affect each other by transfer of fresh gas. Furthermore, the
      fresh gas can reach the line and the exhaust gas reactor in considerably
      smoother flow and with greatly reduced pulsation.
PAR  In a further alternative, in a rotary piston four-stroke internal
      combustion engine with direct injection of fuel into the working chamber
      that is currently in its compression phase, the line leading to the
      exhaust gas reactor emanates from a point of the inner chamber that is in
      communication with the working chamber under compression prior to the
      injection of fuel. In this version, the air pump that ordinarily delivers
      supplementary air to the reactor for afterburning of exhaust gases may be
      omitted, since with the proposed measure, the required air is conveyed
      directly from the working chamber to the exhaust gas reactor. In this
      modification, the supply of air may be regulated according to the reactor
      or exhaust gas temperature of the engine or oil, coolant or housing
      temperature, as well as the setting of the throttle flap.
PAR  The supply of fresh gas or air provided after a cold start and in the
      warm-up phase for rapid afterburning of unburned exhaust constituents in
      the exhaust gas reactor may alternatively be controlled for constant
      oxygen partial pressure by a regulating means.
PAR  The withdrawal of fresh gas or air is to take place only after a cold start
      and in the warm-up phase, and only when idling or under partial load. That
      is to say, this occurs in operating modes where no very great output
      demand arises, so that the slight sacrifice of power involved in the
      withdrawal from the inner chamber can have no adverse effects.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic end elevational view, partly in section showing a
      rotary piston four-stroke internal combustion engine of trochoid type with
      means according to the invention for controlling supply of fresh gas to
      the exhaust gas reactor, schematically represented;
PAR  FIG. 2 is a fragmentary sectional view of an intake duct near the throttle
      flap in FIG. 1;
PAR  FIG. 3 shows a rotary piston four-stroke internal combustion engine similar
      to FIG. 1 with means of controlling the supply of fresh gas according to a
      second embodiment;
PAR  FIG. 4 is a partial view of the control means in FIG. 3; and
PAR  FIG. 5 is a longitudinal section of a valve for withdrawal of fresh gas,
      arranged in the intermediate part of a double rotary piston engine.
DETD
PAC  DETAILED DESCRIPTION
PAR  The rotary piston four-stroke internal combustion engine shown in FIG. 1
      has a housing 1 composed of a shell 2 and two parallel end parts 3
      together bounding an inner chamber 4 in which a polygonal piston 5 is
      rotatably arranged. In the housing 1, the piston 5 forms three working
      chambers, A, B, C of varying volume, in each of which a four-stroke
      process is carried out with corresponding phase displacement. For this
      purpose, the housing 1 is provided with an inlet passage 6 to supply air
      or fresh gas and an output passage 7 for ejection of burned gases. The
      inlet passage 6 is connected to an intake duct 8 and the outlet passage 7
      to an exhaust gas reactor 9. A spark plug 10 is indicated in this
      embodiment by way of example by a conventionalized lightning bolt. From
      the region of the inner chamber 4 in which compression takes place, a line
      12 leads by way of a valve 11 to the exhaust gas reactor 9, a check valve
      13 being arranged in the line 12. The valve 11 is further connected to the
      intake duct 8 by a negative-pressure line 14 debouching downstream from
      the closed throttle flap 15 in intake duct 8. In the negative-pressure
      line 14, a magnetic valve 16 is provided, connected by way of a cable 17
      to a temperature sensor 18 at the exhaust gas reactor. At the mouth of the
      line 12 into the exhaust gas reactor 9, a vibrator ignition 20 supplied by
      a spark transformer 19 may be arranged. The orifice 31 of line 12 is
      located at a point on end part 3 that is swept by the sealing pins 32. The
      sealing pins 32 thus briefly obstruct the orifice 31, avoiding
      communication between the compression working chamber A and the working
      chamber C, which would result in a loss of power.
PAR  FIG. 2 shows a portion of the intake duct 8 into which downstream from the
      closed throttle flap 15 in the direction of the arrow 33, the
      negative-pressure line 14 opens. The throttle flap position 15' shown
      dotted indicates the approximate setting beyond which the idling or
      partial load range is exceeded and the orifice of the negative-pressure
      line 14 gets out of the region of negative pressure prevailing behind the
      throttle flap at 15'.
PAR  The withdrawal of fresh gas or air to improve after-burning in the exhaust
      gas reactor then proceeds as follows. Immediately after a cold start of
      the engine, owing to the negative pressure prevailing in the inlet passage
      6 when the throttle flap 15 is closed, the valve 11 is opened by way of
      the negative-pressure line 14, the slide 22 being lifted by the diaphragm
      28 of the chamber 27, overcoming the force of spring 29. Then fresh gas
      flows from working chamber A which is in the compression phase, into the
      line 12 and passes by way of the check valve 13 into the exhaust gas
      reactor 9, thus providing for rapid heating and afterburning of unburned
      exhaust gas constituents in the reactor 9.
PAR  The fresh gas entering the exhaust gas reactor 9 may be ignited by a
      vibrator ignition 20, the spark transformer 19 supplying the ignition 20
      being coupled to a spark interlock not shown and controlled by a time
      relay or temperature switch, likewise not shown.
PAR  When the service temperature of the exhaust gas reactor 9 has been reached,
      the temperature sensor 18 acts to close the magnetic valve 16, so that the
      resulting closure of the negative-pressure line 14 causes valve 11 to
      close. The supply of fresh gas to the exhaust gas reactor 9 is thus cut
      off. However, the valve 11 can also close if the throttle flap 15 is moved
      out beyond a position such as that indicated at 15' in FIG. 2, where the
      negative pressure is no longer operative at the mouth of the
      negative-pressure line 14 in the intake duct 8 to such an extent as to be
      able to overcome the force of the spring 29 in the diaphragm chamber 27 of
      valve 11.
PAR  The temperature sensor 18 associated with the magnetic valve 16 need not
      necessarily be arranged at the exhaust gas reactor, but may be placed in
      some other location registering the exhaust gas temperature or the engine
      temperature, so that the magnetic valve 16 will shut off the
      negative-pressure line 14 when the exhaust gas or engine temperature
      exceeds a certain value, the said engine temperature being the oil, the
      coolant or the housing temperature.
PAR  In the embodiment shown in FIG. 3, the same reference as in FIG. 1 have
      been used for like or similar parts. In departure from the embodiment of
      FIG. 1, and instead of the magnetic valve arrangement, an air line 14'
      branches off from the negative-pressure line 14. Line 14' is in
      communication with the atmosphere by way of a valve 34 and a line 35,
      opening for example into an air filter not shown.
PAR  In the schematic representation of FIG. 4, it may be seen that the cone 36
      arranged in valve 34 cooperates with a valve seat 37 and is connected to
      the exhaust gas reractor 9 by way of a bimetallic element 38.
      Alternatively, however, the element 38 may be arranged in some other
      location registering the exhaust gas temperature or the engine
      temperature, the oil, coolant or housing temperature as the case may be.
      In the negative-pressure line 14, opening into the intake duct 8
      downstream from the closed throttle flap 15 in the direction of the arrow
      33, a constriction throttling the cross-section of the line is provided.
PAR  In this embodiment by way of example, after a cold start the negative
      pressure prevailing behind the closed throttle flap 15, by way of the
      negative pressure line 14 and diaphragm chamber 27, causes valve 11 to
      open, the slide 22 being lifted by the diaphragm 28 overcoming the force
      of spring 29. From the working chamber A, which is in the compression
      phase, fresh gas then flows into line 12 and arrives for example by way of
      a filter 40 in the exhaust gas reactor 9, thus providing for rapid heating
      and afterburning of unburned exhaust constituents in reactor 9. The screen
      40 is intended to keep the hot exhaust from backfiring into line 12 to
      valve 11. With rising working temperature of the reactor 9, the bimetallic
      element 38 effects a gradual opening of the valve cone 36, so that
      atmospheric air can enter by way of valve seat 37 into air line 14', thus
      diminishing the negative pressure prevailing in the latter and in the
      negative-pressure line 14. The result of this is that valve 11 partially
      closes, allowing a smaller volume of fresh gas to flow into line 12. Since
      the exhaust gas reactor 9 will heat up very rapidly owing to the fresh gas
      supply, the valve 34 will eventually be opened completely by the
      bimetallic element 38, so that the negative pressure in the
      negative-pressure line 14 is completely broken and valve 11 closes under
      the action of spring 29. The negative pressure in the negative-pressure
      line 14, however, will likewise be broken if the range of idling and
      partial load is exceeded, more or less corresponding to the dotted
      position 15' of the throttle flap.
PAR  With exhaust gas reactor 9 heated up, the intake duct 8 is in communication
      with the atmosphere by way of negative-pressure line 14 and air line 14'
      as well as open valve 34 and line 35, so that with throttle flap 15 closed
      for example, supplementary air can be supplied to the engine by this
      route, to render the fresh gas leaner under the influence of the reactor
      temperature. Thus the flow of supplementary air supplied to intake duct 8
      can be determined by appropriate size of the throttling constriction 39.
      Alternatively, however, instead of the constriction 39, a suitably narrow
      pipe section may be installed. With exhaust gas reactor 9 cold or half
      warm, and valve 34 therefore closed, of course no supplementary air can
      enter intake duct 8 by way of air line 14' when the throttle flap 15 is
      closed, so that the elimination of the supplementary air may bring about a
      change in mixture ratio in the direction of enriching the fresh gas with
      fuel.
PAR  FIG. 5 shows a valve 11' enlarged for a rotary piston internal combustion
      engine of double type, in which the end parts 3 between two neighboring
      shells 2 have been united in an intermediate part 21, and the valve 11' is
      arranged in the intermediate part 21. The valve 11' consists essentially
      of a slide 22' having two separate passages 23 each provided with a check
      valve 24. Slide 22' travels in a bore 25 adjoined radially outward by a
      chamber 26 into which the passages 23 with check valves 24 in slide 22'
      open and from which the line 12 emanates. At its upper or outer end (as in
      the drawing) the slide 22' extends into a diaphragm chamber 27 sealed off
      from chamber 26, and is there attached to a diaphragm 28 acted upon by a
      spring 29 pressing the slide 22' radially inward. In the representation
      shown, however, negative pressure acts by way of the negative-pressure
      line 14, so that the slide 22' is lifted and its lateral passage ports 30
      clear the orifices 31 in the sides of the intermediate part 21. The
      orifices 31 are arranged as before, at a point on the end wall swept by
      the sealing pins 32 of pistons 5.
PAR  In this lifted position of slide 22', fresh gas flows in valve 11'
      alternately by way of orifices 31 in intermediate part 21 and the lateral
      ports 30, through passages 23 and by way of the check valves 24 of slide
      22' into chamber 26 and thence into line 12 and on to the exhaust gas
      reactor 9. At the same time, the check valves 24 of slide 22' prevent
      transfer of fresh gas in either direction through the system of passages
      of slide 22' into the other inner chamber 4.
PAR  Thus the several aforenoted objects and advantages are most effectively
      attained. Although several somewhat preferred embodiments have been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sence limited thereby and its scope is to be
      determined by that of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary piston four-stroke internal combustion engine of the trochoid
      type having a housing composed of a shell and two parallel end parts
      together bounding an inner chamber, a polygonal piston being rotatably
      arranged in the chamber, inlet and outlet passages being provided in the
      housing, respectively, for supply of air or fresh gas and for ejection of
      burned gases, the inlet passage being connected with an intake duct and
      the output passage with an exhaust gas reactor, a line leading from the
      region of the inner chamber where compression is taking place to the
      exhaust gas reactor, a valve being arranged in said line, the valve being
      controlled by the negative pressure in the intake duct in such a way that
      the line is cleared above a certain negative pressure and shut off below
      that value.
NUM  2.
PAR  2. A rotary piston four-stroke internal combustion engine according to
      claim 1, wherein a throttle flap is arranged in the intake duct, a
      negative-pressure line connects the valve with the intake duct and
      emanates from a point in the intake duct located downstream from the
      closed throttle flap and upstream from the opened throttle flap.
NUM  3.
PAR  3. A rotary piston four-stroke internal combustion engine according to
      claim 2, wherein in the negative-pressure line a magnetic valve controlled
      according to the engine and/or reactor temperature is arranged, which
      magnetic valve shuts off the negative-pressure line when a certain
      temperature is reached.
NUM  4.
PAR  4. A rotary piston four-stroke internal combustion engine according to
      claim 2, wherein in the negative-pressure line a throttling constriction
      is provided, and between said constriction and the valve an air line opens
      into the negative-pressure line, in which air line is arranged a valve
      connected to the exhaust gas reactor by way of a bimetallic element, which
      latter valve gradually opens with rising reactor temperature and gradually
      closes with falling reactor temperature.
NUM  5.
PAR  5. A rotary piston four-stroke internal combustion engine according to
      claim 1, wherein the piston on its faces bears axially movable sealing
      pins sliding along the walls of the end parts of the housing, the line
      leading to the exhaust gas reactor emanates from a point in the wall of an
      end part which point is swept by the sealing pins.
NUM  6.
PAR  6. A rotary piston four-stroke internal combustion engine according to
      claim 1, wherein in the line leading to the exhaust gas reactor a check
      valve is arranged.
NUM  7.
PAR  7. A rotary piston four-stroke internal combustion engine according to
      claim 1, wherein in the line leading to the exhaust gas reactor a screen
      is arranged.
NUM  8.
PAR  8. A rotary piston four-stroke internal combustion engine according to
      claim 1, wherein the engine is of multiple type, the end parts between two
      neighboring shells being united into one intermediate part, the valve is
      arranged in the intermediate part and has a slide containing two separate
      passages each provided with a check valve, each of which passages is
      capable of being brought into communication with an adjoining inner
      chamber.
NUM  9.
PAR  9. A rotary piston four-stroke internal combustion engine according to
      claim 1, wherein means are provided for direct injection of the fuel into
      the working chamber which is in the compression phase, the line leading to
      the exhaust gas reactor emanates from a point of the inner chamber which
      point is in communication with the working chamber that is under
      compression prior to injection of the fuel.
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ABST
PAL  An improved hydraulic drive system for a doubleacting hydraulic cylinder
      which drives or rocks the walking beam of an oil well pump. A closed
      circuit hydrostatic drive system is used to operate the double-acting
      hydraulic power cylinder unit and includes a variable displacement
      reversing swashplate pump driven at a predetermined constant speed by a
      prime mover such as an electric motor. Suitable automatic control means
      are provided for synchronizing the reversing movement of the swashplate
      with the rocking movement of the walking beam.
BSUM
PAR  This invention relates generally to innovations and improvements in
      hydraulic driving and control means for use with oil well pumping
      installations of the type having a walking or rocking beam pivotally
      supported on a so-called Samson post with a polish rod connected to one
      end of the beam and counterweights supported or connected with the
      opposite end. Hawk U.S. Pat. No. 3,369,490 dated Feb. 20, 1968 discloses
      an oil well pumping apparatus wherein a walking beam is driven or operated
      so as to have rocking movement imparted thereto by means of a
      double-acting hydraulic cylinder. Maasshoff U.S. Pat. No. 3,559,533 dated
      Feb. 2, 1971 discloses a similar apparatus and installation wherein the
      piston and piston rod of a double-acting hydraulic power cylinder are
      retained in a stationary position while the cylinder portion thereof is
      reciprocated upwardly and downwardly so as to impart rocking movement to
      the walking beam or rocking beam. Maasshoff U.S. Pat. No. 3,580,138 dated
      May 25, 1971 discloses an improved valve operating mechanism for use with
      the hydraulic driving systems of either U.S. Pat. No. 3,369,490 or U.S.
      Pat. No. 3,559,533.  These three patents may be regarded as representative
      of the prior art with which the present invention is concerned and with
      respect to which it adds certain innovations and improvements.
PAR  For example, the present invention may be considered as providing an
      improved hydraulic drive system for use in operating or powering the
      double-acting hydraulic cylinder means of an oil well pump of the type
      disclosed in Maasshoff U.S. Pat. No. 3,559,533 so as to impart rocking
      movement to the walking beam thereof. Briefly stated, the innovations and
      improvements of the present invention reside in employing a closed circuit
      hydrostatic drive system which is operatively connected for powering or
      driving a double-acting hydraulic cylinder mechanism which in turn drives
      or imparts rocking movement to the walking beam. The closed circuit
      hydrostatic drive system is also operatively connected with the reversing
      control means of the pumping apparatus. The closed hydrostatic drive
      system includes a variable displacement reversing swashplate pump, a prime
      mover such as an electric motor for driving the pump at a predetermined
      constant speed, and suitable hydraulic circuit and valve means operatively
      interconnecting the pump and double-acting hydraulic cylinder means. The
      reversing control means which is connected with the walking beam is also
      interconnected with the swashplate of the pump for reversing the same in
      synchronism with the rocking movement of the walking beam.
PAR  The object of the present invention, generally stated, is the provision of
      an improved hydraulic drive system for the walking beam of an oil well
      pumping installation or the like which driving system is operatively
      interconnected with a double-acting hydraulic power cylinder and
      characterized by inclusion of a closed circuit hydrostatic drive including
      a variable displacement reversing swashplate pump and a prime mover which
      drives the pump at a predetermined constant speed.
PAR  A further object of the invention is the provision of a closed circuit
      hydrostatic drive system of the type or class described which affords the
      following advantages or improvements in a hydraulic oil well pumping
      installation or the like: dynamic braking, improved efficiency,
      reliability, controllability, adjustability, simplicity, serviceability
      and other advantages inherent in a hydrostatic drive such as infinitely
      variable regulation of output speed, smooth acceleration, lower inertia of
      moving parts allowing rapid starting, stopping and reversing with
      outstanding smoothness, accuracy and precision, and shock free reversals
      without using accumulators.
PAR  Certain other objects of the invention will in part be obvious and will in
      part appear hereinafter.
PAR  For a more complete understanding of the nature and scope of the present
      invention reference may now be had to the following detailed description
      of a preferred embodiment thereof taken in connection with the
      accompanying drawings wherein:
DRWD
PAR  FIG. 1 is a side elevational view of a well pumping apparatus or
      installation incorporating a closed circuit hydrostatic drive system in
      accordance with the present invention; and,
PAR  FIG. 2 is a diagram of one form of closed hydrostatic drive system
      operatively connected with the walking beam and the double-acting
      hydraulic cylinder means of the apparatus or installation of FIG. 1 in
      accordance with the present invention.
DETD
PAR  Referring to FIG. 1, an oil well pumping apparatus or installation of the
      type shown in Maasshoff U.S. Pat. No. 3,580,138 is indicated generally at
      10. The apparatus or installation 10 includes a walking beam 12 which is
      pivotally supported at 14 on the upper end 16 of Samson post 18 which has
      its lower end mounted on a base 21. If desired, the Samson post 18 may be
      hollow and thereby serve as a tank or reservoir for the hydraulic fluid. A
      horsehead 22 is mounted on the forward (right hand) end 24 of the walking
      beam 12. Typically, a conventional polish rod (not shown) connected to a
      well pump in an oil well is supported by one or more cables 26 from the
      horsehead 22. Another horsehead 28 is mounted on the rearward (left hand)
      end 30 of the walking beam 12 and counterweights 32 are supported in known
      manner by one or more cables 33 from the horsehead 28. A double-acting
      hydraulic cylinder unit indicated generally at 34 of known type is
      provided which includes a vertically reciprocating cylinder 35. The
      hydraulic operating mechanism in the form of the double acting power
      cylinder 34 includes a stationary piston 25 and the manner in which the
      hydraulic double-acting cylinder unit 34 is mounted and operatively
      connected to the rocking beam or walking beam 12 through rods 29 is
      described in detail in the above-mentioned Maasshoff U.S. Pat. No.
      3,559,533.
PAR  Pressurized hydraulic fluid is alternately admitted and discharged to and
      from the opposite ends of the cylinder 35 through flexible hydraulic fluid
      lines 36 and 37 extending from a cross over and relief valve block or unit
      indicated at 23 and which may be mounted on the Samson post 18 as shown or
      elsewhere as desired. A four-way control valve unit 38 is also mounted on
      the post 18 and has a trip or actuator which is operated by a vertically
      reciprocating control rod 39 operatively connected to the walking beam 12,
      for example, as shown and described in Maasshoff U.S. Pat. No. 3,580,138.
PAR  A variable displacement reversing swashplate pump 40 is mounted on the base
      21 and is driven by a constant speed electric motor 41. The various
      hydraulic fluid lines which extend between the pump 40, the cross over and
      relief valve block 23 and the four-way control valve unit 38 may be
      mounted on the Samson post 18 which, if hollow, may also provide the
      reservoir or tank for the hydraulic fluid of the system.
PAR  Reference may now be had to FIG. 2 of the drawings for a more complete and
      detailed description of the closed circuit hydrostatic drive system for
      the double-acting cylinder unit 34. The pump 40 is classified as a
      variable displacement reversing swashplate pump and is of known type and
      available commercially from several manufacturers. One make and model that
      is satisfactory is a Sundstrand Model 25-2008 pump which may be driven by
      a constant speed electric motor 41 such as a 50-horsepower, 1800 rpm
      motor. The motor is suitably coupled to the pump 40 as indicated
      diagrammatically at 42.
PAR  The pump 40 has two main ports which may be referred to as discharge/return
      ports 43 and 44. The port 43 is interconnected with one of the
      inlet/outlet ports 45 of the double-acting cylinder 34 through lines 46-37
      and the discharge/return port 44 of the pump 40 connected with the second
      inlet/outlet port 47 of the double-acting cylinder 34 through lines 48-36,
      in connection with the cross over relief valve block indicated
      diagrammatically at 23. It will be seen that the line 46 communicates with
      the line 37, while the line 48 communicates with line 36 in connection
      with the block 23.
PAR  It will be understood that the pump 40 can be set to operate at a desired
      constant volume within its operating pressure range such for example as up
      to 3,500 psi, and that the desired rate of discharge will be maintained in
      whichever of the discharge/return ports 43 or 44 is serving as a discharge
      port while the pressure in the other port which is serving as a return
      port is substantially lower such as for example as 200 psi, and that
      during reversal, the sum of the pressures in both ports is substantially
      constant, and the same is true during other than reversal modes. The
      discharge rate and pressure are maintained in whichever of the ports 43 or
      44 is serving as the discharge port until such time as the position of the
      swashplate is reversed, the swashplate of pump 40 being indicated
      diagrammatically in FIG. 2 at 50.
PAR  It is desired to divert a portion (e.g. 15%) of the hydraulic fluid to the
      reservoir or tank for cooling purposes and this entails the use of a cross
      over valve indicated diagrammatically at 51. When port 43 is the pump
      discharge port, pressure in lines 46 and 37 is in communication with inlet
      52 shifting the spool of the cross over valve 51 so that 52-A section
      thereof moves to the left. Then lines 48 and 36 through line 53-B are in
      communication with outlet 54 so that part of the fluid flowing in lines 48
      and 36 (e.g. 15%) discharges through outlet 54 to relief valve 55, set at
      about 130 psi and to tank indicated diagrammatically at 56. The majority
      of the fluid (e.g. 85%) flowing in 48 and 36 returns to the pump 40
      through port 44. When the swashplate is reversed and port 44 is the pump
      discharge port, pressure in lines 48 and 36 is in communication with inlet
      53 shifting the spool of the cross over valve so that section 53-A moves
      to the right. Then lines 46 and 37 through line 52-B are in communication
      with outlet 54 so that part of the fluid flowing in lines 46 and 37 (e.g.
      15%) discharges through outlet 54 to the relief valve 55 and on to tank
      56. The majority of the fluid (e.g. 85%) flowing in 46 and 37 enters the
      pump 40 through port 43. The cross over valve 51 and relief valve 55 may
      be combined in a valve of known type such as a Sundstrand Model 9800632-16
      cross over relief.
PAR  It is desirable to provide a pressure-relief valve 57 for lines 46-37 and a
      second pressure-relief valve 58 for lines 48-36. If the normal operating
      discharge pressure of the pump 40 is 1,000 psi the pressure relief valves
      57 and 58 may typically be set at 3,000 psi. Each of the lines 46 and 48
      is provided with a pressure switch 60 and 61, respectively, which may be
      set to operate at a pressure somewhat in excess of the normal operating
      pressure. For example, if the pump 40 is operated so that the normal
      discharge pressures in the ports 43 and 44 is 1,000 psi then the switches
      60 and 61 may be set to function at a pressure of 1,650 psi. If the
      pressure in either line 46 or 48 rises above 1,650 psi, the appropriate
      switch 60 or 61 will operate to de-energize the motor 41. Each line 46 and
      48 is also provided with an indicating pressure gauge 62 and 63,
      respectively, each of which is provided with its own shut-off valve 64 and
      65, respectively. These shut-off valves are normally closed except when
      the pressure is being admitted to the respective gauges for reading
      purposes.
PAR  Since a portion of the hydraulic fluid being returned from the
      double-acting cylinder unit 34 to the pump 40 (e.g. 15%) is to be diverted
      to the reservoir or tank 56 for cooling purposes, it will be necessary to
      make up this diverted amount and in addition make up the fluid that is
      lost due to leakage in the system. Accordingly, for this purpose a charge
      pump or make-up pump 66 is provided. The make-up pump 66 takes in fluid
      from the reservoir 56 through an inlet line 67 which is provided with an
      oil filter 68. The discharge pump 66 communicates through line 70 with the
      make-up fluid port of the pump 40 and discharges make-up fluid through
      line 71 which is connected through a check valve 72 with the line 46 and
      through a check valve 73 with the line 48. The discharge line 71 also
      communicates through a ball valve 74 in line 75 with the inlet port of a
      four-way control valve 76. The line 75 is provided with a
      pressure-actuated switch 77 which is set to operate at a pressure below
      which the motor 41 will be automatically turned off, e.g. when the charge
      pump pressure falls below 160 psi, for example, such as due to a clogged
      filter. The line 75 is also provided with a pressure gauge 78 and a
      turn-off valve 80. A relief valve 81 is provided between the discharge
      line 71 of the charge pump 66 and the reservoir 56 for by-passing any
      excess fluid that may be discharged from the make-up pump 66.
PAR  As described in detail in aforementioned U.S. Pat. No. 3,559,533 the
      double-acting cylinder unit 34 is provided with a stationary piston 25
      having an upper piston rod 26 extending from the top thereof and a lower
      piston rod 27 extending from the underside thereof with these piston rods
      being suitably anchored or restrained at their respective outer ends
      against vertical movement. The cylinder 35 is free to move or reciprocate
      in a vertical direction. By means of suitable linkage 29 (FIG. 1) the
      cylinder 35 is operatively connected to the walking beam 12 for imparting
      rocking movement thereto as described in U.S. Pat. No. 3,559,533. However,
      it will be understood that the cylinder 35 may be anchored and the piston
      25 reciprocated with the upper piston rod operatively connected with the
      walking beam and with the lower piston rod 27 free at its outer end.
PAR  The control mechanism for alternately admitting pressurized fluid to
      inlet/outlet ports 45 and 47 and for alternately allowing fluid to be
      expelled through the other of inlet/outlet ports 45 or 47 includes a
      vertically reciprocating rod 39 which is operatively connected in known
      manner with the walking beam 12 as fully described in Maasshoff U.S. Pat.
      No. 3,580,138. The rod 39 carries a pair of adjustable blocks 82 and 83
      which alternately engage off-set extensions on a trip or toggle actuator
      84 so as to alternately turn the element 84 downwardly and upwardly with a
      snap action. The trip or toggle operator 84 serves to operate the four-way
      valve 76 which has one port connected with the line 75 from the make-up
      pump 66, a second port connected with line 85 leading to the system
      reservoir or tank 56, and two ports connected with lines 86 and 87.
      Reference is made to U.S. Pat. No. 3,580,138 for a detailed description of
      the valve operating mechanism which includes the reciprocating control rod
      39, blocks 82 and 83, and trip or toggle actuator 84. If desired, the
      valve operating or reversing mechanism disclosed in Hawk U.S. Pat. No.
      3,369,490 may be used for operating or controlling the four-way valve 76.
PAR  In one position of the valve 76 line 86 is placed in communication with
      line 75 while line 87 is in communication with line 85 provided with a
      flow control valve 89. In the second condition of valve 76 line 75 is in
      communication with line 87 while 86 is in communication with line 85. The
      lines 86 and 87 are connected with ports at opposite ends of a control
      cylinder unit 88 which is stationary and which has a double-acting piston
      90 therein. The lines 86 and 87 are provided with flow control valves 91
      and 92, respectively, and on the discharge side of these control valves
      lines 86 and 87 are interconnected by a manually operated by-pass valve
      93. The flow control valves 91 and 92 are of the known commercial type
      which pass predetermined volumes of fluid.
PAR  The opposite ends of the piston rods 94 and 95 projecting from opposite
      sides of the piston 90 extend into centering spring attachments 96 and 97,
      respectively. By means of the attachments 96 and 97, the piston 90 may be
      adjusted from time to time as required to the centered position when the
      pressure on opposite sides thereof is equal.
PAR  The piston rod 94 extends to a clevis 98 which is pivotally connected to a
      swashplate operator lever 100 which, as diagrammatically indicated, is in
      turn connected with the swashplate 50 of the pump 40. The operator lever
      or handle 100 is pivoted at the bottom as indicated at 101 and the
      distance which it can be shifted or reciprocated in opposite directions is
      determined by the positioning of set screws 102 and 103.
PAR  As a precaution against loss of fluid, the reservoir or tank 56 is provided
      with a low-level switch 104 of known commercial type which operates to
      de-energize the motor 41 in the event the liquid in the reservoir or tank
      56 falls below a minimum safe operating level.
PAR  In the condition shown in FIG. 2 the system is in the neutral or inactive
      position in that the piston 25 of the double-acting power cylinder unit 34
      is in an intermediate position, the trip or toggle actuator member 84 for
      the four-way control valve unit 38 is in the intermediate position, the
      piston 90 of the control cylinder 88 is in intermediate position, and the
      swashplate operator 100 and swashplate 50 are in their vertical or
      intermediate position. In this condition with the motor 41 driving the
      pump 40, the pressure on the system will be maintained at low value (e.g.
      240 psi) and there will be no appreciable flow of fluid in the system
      since the pump 40 will not be discharging fluid. To put the system in
      operation, the actuator 84 may be manually operated to turn it to one of
      its two opposing positions. Assuming, for example, that the trip or
      actuator 84 is moved so as to permit fluid to pass from line 75 into line
      86. On passing through the flow control valve 91 fluid will flow into the
      chamber on the left-hand side of the piston 90 causing it to move to the
      right and discharge fluid through the line 87 to the tank or reservoir
      through the line 85. As the piston 90 moves to the right at a rate
      determined by the setting of the flow control valve 92, the swashplate
      operator 100 is also pulled to the right until it engages the end of the
      right-hand adjusting screw 102. As a result of this movement of the
      swashplate, operator 100 and corresponding movement of the swashplate 50
      as it is tilted to one of its opposed positions, the pump 40 will begin to
      discharge fluid through one of its discharge/return ports 43 or 44.
      Assuming that when the swashplate operator 100 and swashplate 50 are moved
      to the right so that fluid is discharged through the discharge/return port
      43 of the pump 40, this fluid will then be delivered through the line 46
      to the cross over and relief valve block 23 and also through the line 37
      into the lower inlet/outlet port 45 of the double-acting cylinder unit 34
      causing the cylinder 35 to move downwardly thereby rocking the walking
      beam 12 in the counterclockwise direction as viewed in FIG. 1. As the
      cylinder 35 moves downwardly, it will be seen that the fluid retained
      above the piston 25 will be expelled through the inlet/outlet opening 47
      into line 36 communicating with the cross over and relief valve block 23.
      On passing through the cross over and relief valve block 23 approximately
      15% will flow through the cross over valve 51 and cross over relief valve
      55 to tank or reservoir for cooling while approximately 85% discharges
      through line 48 for return to the pump 40 through discharge/return port
      44.
PAR  It will be understood that with the full pump pressure being applied to
      line 46 while only return line pressure is applied to line 48, the
      pressure on port 52 of the cross over valve 51 will be higher than on port
      53 thereof and this will actuate the cross over valve 51 in such a way
      that the line 48 is placed in communication with the discharge port 54
      through line 53-B so that a desired portion of the liquid flowing through
      line 48 is diverted first through the cross over valve 51 and then through
      the cross over relief valve 55 to be returned to the reservoir or tank 56.
      The pressure relief valve 57 operates to relieve any pressure in lines
      46-37 in excess of its setting (e.g. 3,000 psi) by allowing the liquid to
      by-pass to line 48.
PAR  The foregoing condition continues to exist until the upper block 82 on the
      control rod 39 engages the trip lever 84 and carries it downwardly from
      its upper position to its downward position whereupon the above described
      condition is reversed. When this reversal takes place lines 48 and 36 will
      be under the full pump pressure thereby shifting the cylinder 35 upwardly
      and driving the walking beam upwardly. This movement continues until the
      lower trip 83 on the operating rod 39 engages the trip 84 and moves it to
      its upper position thereby completing one cycle and initiating the next.
      The next cycle is the same as the first except that the rate of reversal
      of the pump may be different depending on the setting of the flow control
      valve 91 or 92. If flow control valves 92 and 91 have the same setting or
      are omitted, then flow control valve 89 in line 85 will control the rate
      of reversal which will be the same in both directions.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. In combination with a well pumping apparatus having, a walking beam
      pivotally supported for rocking movement and adapted to have a polish rod
      connected to one end thereof and counterweights to its opposite end,
      double-acting hydraulic cylinder means operatively connected with said
      walking beam for imparting rocking movement thereto, and reversing control
      means operatively associated with said walking beam for sensing the
      movement of said beam and controlling the action of said double-acting
      cylinder means in driving said walking beam: a substantially closed
      circuit hydrostatic drive system operatively connected in driving
      relationsip with said double-acting hydraulic cylinder means and
      operatively connected with said reversing control means for control
      thereby, said circuit hydrostatic drive system comprising, a variable
      displacement reversing swashplate pump, a prime mover operatively
      connected with said pump for driving the same at predetermined speed,
      hydraulic circuit means operatively interconnecting each of two
      discharge/return ports of said pump with one of two inlet/outlet ports of
      said double-acting hydraulic cylinder means, and means operatively
      interconnecting said reversing control means with the swashplate of said
      pump for reversing the same in synchronism with the rocking movement of
      said walking beam, said reversing control means including a four-way valve
      and actuating means therefor whereby each time said walking beam rocks up
      or down said four-way valve is actuated into one of its two operative
      positions, said four-way valve having a pressure inlet port interconnected
      with a pressure discharge connection of a make-up pump supplying fluid
      under pressure to said variable displacement reversing swashplate pump, an
      outlet port, and a pair of discharge/return ports, and said four-way valve
      in one of its operative positions having one of said discharge/return
      ports in communication with said inlet port with the other
      discharge/return port in communication with said outlet port and in the
      other of its operative positions having said one of its discharge/return
      ports in communication with said discharge port and having said other
      discharge/return port in communication with said inlet port, and wherein
      said means operatively interconnecting said reversing control means with
      the swashplate of said pump comprises a second double-acting cylinder
      means having two inlet/outlet ports each of which is interconnected with
      one of said discharge/return ports of said four-way valve whereby said
      second double-acting cylinder means is actuated in one direction when said
      four-way valve is in one of its operative positions, and linkage means
      operatively interconnecting said second double-acting cylinder means with
      said swashplate.
NUM  2.
PAR  2. In the combination called for in claim 1 said double-acting hydraulic
      cylinder means having a stationary piston and reciprocable cylinder which
      is operatively connected with said walking beam.
NUM  3.
PAR  3. In the combination called for in claim 1 said hydraulic circuit means
      including cross over valve means having two inlet ports and a discharge
      port with each inlet port being in communication with one of said two
      inlet/outlet ports and said discharge port being in communication with the
      hydraulic fluid reservoir tank of the system whereby a portion of the
      fluid returning from one of said inlet/outlet ports to its associated
      discharge/return port of said pump may be diverted to reservoir means, and
      make-up means for delivering to said pump an amount of fluid to compensate
      for said amount diverted to reservoir means.
NUM  4.
PAR  4. In the combination called for in claim 3, a relief valve having its
      inlet in communication with said discharge port and its outlet in
      communication with said reservoir means.
NUM  5.
PAR  5. In the combination called for in claim 1 separate conduit means
      interconnecting each of said pump discharge/return ports with one of said
      double-acting hydraulic cylinder means inlet/outlet ports and pressure
      relief valve means interconnecting each of said separate conduit means
      with the other separate conduit means whereby excess pressure in one
      separate conduit means is relieved into the other separate conduit means.
NUM  6.
PAR  6. In the combination called for in claim 5 a separate pressure responsive
      switch having a pressure sensing connection communicating with one of said
      separate conduit means and being electrically interconnected with said
      prime mover for de-energizing the same when the pressure in either of said
      separate conduit means rises above a predetermined value.
NUM  7.
PAR  7. In the combination called for in claim 1 said second double-acting
      cylinder means having a flow control in communication with each of its
      said inlet/outlet ports so as to control the rates of flow of hydraulic
      fluid leaving said second double-acting cylinder means thereby controlling
      the rates of action of said double-acting cylinder means and in turn the
      rate of shifting of said swashplate in each direction and the rate of each
      reversal of said pump.
NUM  8.
PAR  8. In the combination called for in claim 1 said outlet port of said
      four-way valve having a flow control valve in communication therewith so
      as to control the rate of flow of hydraulic fluid leaving said second
      double-acting cylinder means thereby controlling the rate of action of
      said double-acting cylinder means and in turn the rate of shifting of said
      swashplate and the rate of reversal of said pump.
NUM  9.
PAR  9. In the combination called for in claim 1 said double-acting hydraulic
      cylinder means having a stationary piston and a reciprocable cylinder
      which is operatively connected to said walking beam, said piston rod
      having piston rods of equal size projecting from opposite sides thereof
      with at least one of said rods being anchored so as to hold said piston
      stationary.
NUM  10.
PAR  10. In the combination called for in claim 1 said double-acting hydraulic
      cylinder means having a stationary cylinder and a reciprocable piston and
      rod which is operatively connected to said walking beam.
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ABST
PAL  A hot gas engine of the Stirling type is disclosed. The engine has a heater
      head assembly provided with a plurality of separated regenerators
      connected in series in the heater tube labyrinth. The regenerators may be
      cascaded in size and mass to meet predetermined heat exchange design
      conditions. The temperature of exhaust gases exiting directly from the
      heater head assembly can be optimized at less than 800.degree.F, but more
      practically at about 1,000.degree.-1,200.degree.F.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Thermal efficiency and weight are two of the primary concerns in the
      development of the Stirling engine. A Stirling engine is generally
      recognized as a hot gas engine of the type where pressurized gas is
      reciprocally displaced in a closed system between two spaces or chambers,
      one a hot chamber in which expansion may take place, the other a cold
      chamber in which compression may take place. Displacement of the closed
      gas (working gas) results in a temperature change generally at constant
      volume; expansion or compression takes place substantially at a uniform
      temperature. It is an engine which has two power strokes per piston and
      has an operation highly dependent upon the input of heat to the closed gas
      adjacent the high temperature chamber, typically on one side of a heat
      accumulator (regenerator) in the closed system.
PAR  Prior art constructions to date have utilized heater head assemblies
      whereby combusted gases or flue gases (typically in the range of
      2,300.degree.-3,500.degree.F) are passed along a heat source system and
      about a heat transfer tube containing the closed gas and interconnecting
      the spaces. The mass flow of the heat source system varies considerably
      between idle and high speed operation of the engine. The amount of heat
      transferred to and through the walls of the tube and eventually to the
      closed gas (working gas) results in a reduction in the temperature of the
      combusted gases; the temperature typically is lowered to the range of
      1,350.degree.-1,800.degree.F. Obviously a large amount of thermal energy
      remains within the heated medium (flue gas) after having passed about the
      heat transfer tube arrangement. To eliminate wasting the heat content, the
      prior art has turned to the use of a rotating regenerative wheel, usually
      of the ceramic type, which at one zone receives heat from the combustion
      gases and at another zone releases heat to the inducted air for
      preheating. The exhaust gases, after having passed through the wheel to
      give up considerable latent heat content, is usually in the temperature
      range of 650.degree.F. By the time the exhaust gases are finally released
      to atmosphere, they have assumed a temperature as low as
      200.degree.-250.degree.F.
PAR  Unfortunately, the cost and weight added by the use of the regenerative
      wheel to utilize the latent heat of the spent gases is a problem. Many
      heater tube arrangements have been attempted by the prior art to overcome
      the basic problem.
PAR  One approach has been to increase the heat transfer capabilities by the use
      of finned tubing; smooth surfaces of the tubing is augmented by the use of
      flat fins which extend outwardly in a radiating direction of the center
      line of the tubing. Unfortunately, this presents a nesting problem for the
      tubing as well as a problem in the fabricating of the heater head
      assembly. One limitation on any solution will be location of the spaces.
      In a modern 4 piston Stirling engine the spaces are 90.degree. apart about
      the axis of the engine; the gases must be moved between these 2 spaces
      with efficiency and maximum heat exchange. To meet this limitation, a
      typical approach is to use a hair-pin bent tubing configuration between
      the high temperature space and the heat accumulator (regenerator); one leg
      of the configuration is shorter and generally parallel to the engine axis,
      the outer leg spirals about to meet the 90.degree. indexing and typically
      has auxiliary finned transfer surfaces.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of this invention is to provide a hot gas engine of the
      Stirling type which has an improved heater head assembly effective to more
      efficiently exchange a greater heat content directly between a heat source
      and a closed gas system.
PAR  Another object of this invention is to provide a heater head assembly of
      the above type which is capable of both eliminating the need for augmented
      outer heat exchange surfaces (such as fins), but also is capable of
      increasing the thermal exchange between the heat source and closed gas
      system while reducing the cost of fabrication.
PAR  Yet still another object of this invention is to provide an apparatus for
      transferring heat between a closed gas system and a heat source which
      reduces resistance to mass flow through the heat source system while
      allowing the operating temperature of said heat source system to perform
      at a slightly higher overall average temperature but with a more efficient
      drop in temperature at the transfer zone.
PAR  Yet still other objects of this invention comprise (a) effect a reduction
      in the raw exhaust gas temperature while providing for reduced size or
      optimally the elimination of the preheater in the external combustion
      circuit, (b) effect a reduction of the maximum temperature of the heater
      head assembly, while lowering both fuel input requirements and losses due
      to cooling and exhaust rejection, all at an equivalent power output level,
      and (c) permit the use of thinner or more economical tubing material in
      the heater tube assembly.
PAR  A more specific object of this invention is to provide a hot gas engine
      having a closed gas system with at least one high temperature space and at
      least one low temperature space, a high pressure gas in the spaces and
      means, such as a heater tube, for reciprocally displacing said high
      pressurized gas between said spaces, the apparatus being characterized by
      said means having a plurality of heat accumulators (regenerators)
      connected in series and having at least that portion of the heater tube
      disposed upstream from the last of said heat accumulators exposed to the
      heat source of the engine for increasing the effectiveness of heat
      transfer from said heat source to the closed gas system.
PAR  Specific features pursuant to the above objects is the use of at least two
      heat accumulators (regenerators) disposed in a series along a common
      heater tube, the regenerators being dimensioned with differential masses
      and cascaded; the portion of the common tubing extending between the
      series of connected regenerators is directed so that it re-enters the zone
      of exposure to the heat source; the temperature of the heat source system
      and mass flow thereof is programmed so that spent exhaust gases exiting
      from the heater tube arrangement will be at a temperature level less than
      1200.degree.F and optimized at less than 800.degree.F.
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PAC  SUMMARY OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a hot gas engine of the Stirling type
      typically representing a prior art heater head assembly;
PAR  FIG. 1A is an enlarged view of element 34 of FIG. 1;
PAR  FIG. 2 is an enlarged portion of the schematic of FIG. 1 illustrating
      solely the high temperature space and that portion of a common heater tube
      arrangement having a heat accumulator disposed therein;
PAR  FIG. 3 is a fragmentary schematic illustration similar to that of FIG. 2
      but representing one of the modes of this invention;
PAR  FIG. 4 is a fragmentary schematic illustration similar to FIG. 2, but
      representing another prior art mode;
PAR  FIG. 5 is an end view of the schematic structure of FIG. 4;
PAR  FIG. 6 is an enlarged view similar to that of FIG. 4 but illustrating the
      inventive mode as applied to this prior art construction;
PAR  FIG. 7 is a side view of the schematic structure shown in FIG. 6;
PAR  FIG. 8 is a schematic diagram for a typical heat source flow system of the
      prior art;
PAR  FIG. 9 is a schematic view similar to that of FIG. 8 but representing the
      heat source flow system as modified according to this invention; and
PAR  FIGS. 10 and 11 are respective schematic illustrations of energy balances
      in a prior art Stirling engine and an engine in conformity with this
      invention.
DETD
PAC  DETAILED SPECIFICATION
PAR  If we look closely at a Stirling type engine system, we fine that the
      limitation on efficiency or speed of the engine is due mainly to the form
      of the heater tube assembly. In spite of the large difference in
      temperature between the flue gases (heat source or heated medium) and the
      heater tubes, the heat transfer from the flue gases to the tube and
      through the tube wall is relatively poor. A rather large tube surface area
      is seemingly required; however, large tubes (large surface area) give
      optimum heat transfer from the outside but do not give an optimum heat
      transfer on the inside. In order to improve the heat transfer of the flue
      gases, the heater tubes of the prior art have been made typically in the
      form of an array or cage of tubes to which fins are brazed at remote
      sections of the tubes. However, this only increases the outer surface area
      and does little to match the heat input of the outer surface to the heat
      extraction at the inner surface of the tubes.
PAR  To gain a greater understanding of the way prior art heater head assemblies
      have operated, we turn to FIG. 1. Here the hot gas engine of the Stirling
      type is essentially comprised of four major assemblies: a closed high
      pressure gas system A, a heat source circuit B, a cooling circuit C and an
      operative drive assembly D. The closed high pressure working gas system A
      comprises two spaces, a high temperature space 20 and a low temperature
      space 21, the spaces being interconnected by a passage means which in part
      comprises the heater tubes 22, accumulator or regenerator 23 and cooling
      tubes 24 disposed on the opposite side of the accumulator. In a
      double-acting piston arrangement, as shown here, the low temperature space
      will be located in a different piston chamber 40 from the piston chamber
      39 which contains the high temperature space 20. This eliminates the need
      for separate displacer pistons since the working piston can then function
      to cause displacement.
PAR  The heat source circuit B is arranged so that a heat exchange zone at
      location 15 receives the heater tubes 22 for exposure to the heated
      surrounding medium. The heat source circuit B particularly comprises an
      induction passage 12 into which ambient air (sometimes mixed with exhaust
      gas recirculation) is forced by a fan or centrifugal blower, not shown.
      The inducted air is directed to a combustion chamber 13 through openings
      14 in the cylindrical wall of the chamber. Fuel is added to the chamber 13
      via atomizing nozzle 40 and ignited therein for providing a flaming
      combustion, the products of which flow or migrate through location 15. The
      products of combustion (exhaust gases) pass through an opening 17 into the
      exhaust passage 16 for withdrawal from the engine. Many prior art
      applications utilize a heat re-cycling wheel 18 or preheater which has at
      least one half or sector thereof exposed to the withdrawn exhaust gases,
      the wheel then rotating to expose the heated half or sector to the
      incoming ambient air and thereby preheat said air.
PAR  The cooling circuit C comprises a passage means 30 containing the cooling
      medium, the medium being forced along said circuit by a pump 31. A
      radiator section 34 surrounds the cooler tubes 24 for extracting heat from
      the tubes 24; a radiator 32 is disposed for releasing heat to the
      atmosphere and a fan 33 is employed to move air thereacross.
PAR  The operative drive assembly D has a working piston 44 subject to the
      forces imposed; connecting rods 41 attached to the working pistons move a
      swash plate 42 in a synchronous manner responsive to the movement of the
      working pistons. A driven element 43 connected to the swash plate provides
      the automotive vehicle power to the transmission and driveline.
PAR  In FIG. 2, the heater head assembly, with which this invention is
      particularly concerned, shows again the high temperature space 20
      associated with the heater tubes 22. The tubes extend through the heat
      exchange zone 15. The heater tubes are typically given a hair-pin turn
      configuration whereby a first leg or portion 50 of the heater tube is
      subject to a higher degree of heat. A second leg or portion 51 of the
      heater tube is exposed generally to a slightly lower temperature area of
      the heated medium and therefore typically has a plurality of fins 52
      radiating from the axis of the tube. The heat accumulator or regenerator
      23 separates the heater tubes from the cooling tubes 24 and acts as an
      efficient mechanism whereby the high temperature and low temperature
      spaces may be isolated by giving up and restoring heat to the regenerator
      as the gas passes reciprocally therethrough.
PAR  If one were to view the prior art Stirling engines from an operative or
      method standpoint, the thermodynamic cycle of the engine could consist
      essentially and idealistically of two isothermal and two constant volume
      processes (adiabatic). An engine capable of operating on this cycle might
      consist of elements as shown in FIG. 1 whereby a cylinder 25 containing
      power piston 44 defines a space therebetween as the working space 21 or
      low temperature space; such space is further delimited by the regenerator
      23. On the other side of the regenerator 23, between the cylinder 25 and
      the power piston 44, is the expansion space 20 or high temperature area.
      The expansion or high temperature space is maintained at an elevated
      temperature in the range of 1,450.degree.F and the low temperature space
      is maintained in a temperature range of 170.degree.F. The differential
      between the high and low temperature spaces produces a net work force.
PAR  The typical movements of the double-acting Stirling type engine is
      described in an article entitled "Prospects of the Stirling Engine for
      Vehicular Propulsion," published in Philips Technical Review, Vol. 31, No.
      5/6, pages 168-185, (1970); the article is incorporated herein by
      reference.
PAR  An undue flow resistance at a certain point within the closed gas system
      can alter the relative velocities throughout the entire system. To avoid
      this and yet increase the internal surface area of the heater tube
      assembly, the invention herein comprises the elongation of a common heater
      tube path but with the insertion of a plurality of heat accumulators or
      regenerators.
PAR  In FIG. 3, the high temperature space 20 is defined by wall 25 of the
      cylinder and power piston 44. The heater tube means comprises a first
      hair-pin turn passage configuration, in advance or upstream from the first
      heat accumulator 62; the hair-pin turn configuration is exposed to the
      heat zone location 15. Both legs 60 and 61 of the first hair-pin turn
      configuration are subject to a relatively high temperature within the
      location 15. A second hair-pin turn configuration interconnects the heat
      accumulators 62 and 63 and is directed to return back into the heat
      location 15; the second configuration may have a greater length with the
      two legs 64 and 65 being longer and devoid of any fins. The total internal
      surface of such extended and lengthened heater tube means is better
      matched to the exterior surface exposed to the heating medium and is
      superior to a system where external fins are used to increase the external
      surface and do nothing to augment the internal surface. As the number of
      regenerators is increased, the tubes in that portion of the passage means,
      which is more remote from the center of the heat source, can be made of
      less costly materials than the tubes in the more immediate area.
PAR  A modification of the preferred embodiment of FIG. 3 might be made so that
      there need be no consideration as to the transfer of heat on the outside,
      but only consideration as to the total surface area of the interior of the
      tubes. This becomes possible by the use of indirect heating in the form of
      heat pipes. Large amounts of heat can be transferred from a large surface
      to the outer surfaces of the tube. Thus a cycle can be set up in which
      sodium will move successively through vapor and the liquid phases and
      become a transformer of the heat flux density. A practical embodiment of
      this could comprise a convoluted heating chamber whereby the flue gas is
      flowed through the convoluted lining and the sodium on the opposite side
      of the lining is heated and vaporized to migrate to the heater tubes
      whereby the sodium condenses thereon. The liquid thus formed will flow
      back again to the convoluted chamber under the influence of capillary
      forces. Since the heat transfer by means of the condensation of sodium can
      be considered infinitely great in comparison with heat conduction through
      the walls of the tube and the transfer of heat from the walls to the gas
      inside, the Stirling engine could be optimized for a constant temperature
      of the outside wall of the heater tubes of FIG. 3.
PAR  Some popular commercial Stirling engines are of the type which utilize
      manifolds which extend upwardly from the high and low temperature spaces.
      Such a prior art construction is shown in FIGS. 4 and 5 with the manifolds
      73 and 78 oriented horizontally for purposes of illustration. Here the
      high temperature space 70 is defined between the wall 70a and the piston
      71; the space has a chimney-like manifold 73 defining an elongated space
      74. A similar chimney-like manifold 78 is independently spaced therefrom;
      manifold 78 defines an elongated space 79 which is in communication with a
      regenerator or heat accumulator 77 separating the cold space (connected by
      way of tube 76). The passage means interconnecting the manifolds to
      complete the heater head assembly comprises a series of small diameter
      tubes 81, 82, 83, 84, 85 and 86. Each have one end connected to an opening
      75 in the manifold 73 and an opposite end connected to an opening 80 in
      the manifold 78. Combustion gases in zone 15 pass each of the heater tubes
      once for purposes of heat exchange.
PAR  In accordance with the invention herein, a plurality of heat accumulators
      are incorporated into the closed gas system as shown in FIGS. 6 and 7.
      Here, manifold 93 extends from the high temperature space 90 defined by
      wall 91 and piston 92; the manifold has a heat accumulating section 94 and
      a non-accumulator section 95 separated by a wall 96. The interior wall 97,
      defining the space 95, has a chimney-like configuration and is in
      communication with space 90. A similarly defined manifold 101 extends from
      the low temperature space (not shown). Manifold 101 has a heat
      accumulating section 104 and a non-accumulator section 103 which again has
      an interior wall 102 defining space 103 defining a chimney-like space in
      communication with a third heat accumulator 110 in body 111; body 111
      connects by way of passage 112 to the low temperature space.
PAR  All of the heater tubes spanning between the manifolds, at least those
      portions upstream of the last regenerator 110, are exposed to the heat
      source. A first array or series of tubes 100 connect non-accumulator
      section 95 with the accumulator section 104 of manifold 101 (see FIG. 7).
      The high pressure gas then passes into heater tubes 99 in a reverse
      direction by making a hair-pin turn; tubes 99 make an array lying in a
      plane generally aligned with the plane of tube 100. The pressurized gas is
      then passed through accumulator 94 to enter an array or assembly of tubes
      98 which connect with the non-accumulator section 103 of manifold 101. The
      combusted gases (heat source) virtually see or pass the closed working gas
      flow at least three times. The number of regenerative sections can be
      increased from that shown in FIGS. 6 and 7.
PAR  The benefits derived from the use of the constructions shown in the
      preferred and alternative embodiments, is illustrated in Table I which
      compares various temperatures of the heat source circuit as shown in FIGS.
      8 and 9. In FIG. 8, a heat source circuit B is shown for a typical prior
      art construction utilizing a conventional heater tube assembly 120
      interposed in the heat circuit and having a regenerative wheel 122 for
      preserving the heat and preheating the incoming air 124. Exhaust gas
      recirculation through passage 125 is shown as part of the system since
      this would be typical for a commercial arrangement. Table I first compares
      estimated data for a Stirling engine that is operated at 4,000 r.p.m.
      (full load) having a test ambient temperature selected to be at about
      100.degree.F and exhaust gas recirculation selected to be around 25% of
      the exhaust gas flow. Temperatures, mass flow (m) and pressure were
      projected at stations 1 through 13. It should be noted that the
      temperature exiting from the heater tubes is around 1,880.degree.F for the
      prior art; a considerable portion of this heat is extracted by the
      regenerative wheel 122 so that the gas is reduced in temperature to
      approximately 640.degree.F. By the time the exhaust gases pass through the
      remainder of the tubing system, the temperature is reduced to
      approximately 260.degree.F at exit point 13 for a single exhaust pipe or
      also at 1A for dual exhaust pipes.
PAR  In direct contrast, Table II shows projected temperatures under the
      conditions of Table I for two constructions embodying the principles of
      this invention, one with the preheater 122a modified (made smaller) and
      one with the preheater eliminated. For the construction with a modified
      preheater, the temperature at station 9 is reduced to 1,540.degree.F and
      eventually has a release temperature of 250.degree.F. The task of energy
      transfer is reduced considerably as well as the temperatures. This
      suggests lower preheater stress, lower preheater cost and lower pressures
      in the blower circuit.
PAR  For the construction with the preheater eliminated, the temperature at
      point 9 is reduced to 720.degree.F and eventually has a release exhaust
      temperature of 280.degree.F at 13. This dramatic difference is due to the
      higher efficiency of heat transfer which takes place with the series
      regenerator system and extended passage system of this invention without
      the use of finned tubing. Series regenerators 127 and 128 are employed.
PAR  It should be pointed out that the lower temperature of 2,030.degree.F at
      station 11, for the construction without a preheater, causes the heat
      transfer rate through the heater tube walls to be reduced as a result of a
      lower thermal head. The engine may operate slower to maintain heat
      balance. The overall powerplant energy balance requires that the net power
      of the engine (Q power) be the difference between the energy of the fuel
      input (Q fuel) and the various losses. The losses can be grouped into: (a)
      exhaust plus miscellaneous radiation losses (Q exhaust), (b) heat rejected
      by the cooling system to the air (Q cool), and (c) power consumed by
      auxiliaries (Q aux.) such as the cooling fan, water pump, or combustion
      blower. One of the goals of this invention is to affect a reduction in the
      raw exhaust gas temperature, such as at stations 9 and 10. Total success
      in this endeavor would lead to elimination of the preheater wheel.
      However, if elimination of the preheater causes a slower operating
      powerplant, then this invention may best be used to reduce the size of the
      preheater, reduce preheater stress and cost, the speed of recovering heat.
      More importantly, exhaust losses would be lower, auxiliary losses would be
      lower since the air pumping energy is reduced, and certainly cooling
      losses can be lowered since less energy of the cooling gas is rejected to
      the cooling water while keeping the cold side temperature reasonably low.
PAR  Design tradeoffs are facilitated by this invention. Tradeoffs can be made
      to affect fuel input top operating temperatures, and cost for the same net
      power output. By improving the heat transfer rate in the heater head and
      utilizing this invention, the top operating temperature of the heater head
      can be lowered or fuel input can be adjusted.
PAR  The data of Table I illustrates that another goal of this invention has
      been met. This can be best explained by comparing FIGS. 10 and 11. The
      maximum operating temperature in the heater head assembly is reduced
      thereby reducing the creep limitation on the tubing material and thereby
      permitting either higher operating pressures in the closed system or less
      expensive materials and/or thicknesses for the heater tubes. The net power
      output remains essentially the same for the inventive mode (FIG. 11) in
      comparison with the prior art (FIG. 10). In these figures, the several
      energy levels are schematically represented. The gross power energy taken
      from the engine is generally equal to the fuel input energy less the loss
      in energy due to cooling and rejected in the exhaust.
EQU  Q power gross = Q fuel input - [Q exhaust + Q cool]
PAL  With equivalent power outputs, the energy losses due to cooling and exhaust
      rejection are less and the energy of fuel input can be less. The maximum
      heater head temperature is lower by about 450.degree.F; yet the energy
      transferred to the closed gas system (between stations 8 and 9) is roughly
      the same.
PAR  The heat source circuit and the temperature therein is dependent somewhat
      on mass flow; similarly, the pressure therein will vary depending upon the
      speed of operation. Therefore, Table II illustrates, only for the prior
      art construction, the variation in mass flow and differences in
      temperature as a result of operating the engine at part speed (30 m.p.h.)
      and at idle conditions.
TBL                Table I                                                     
     ______________________________________                                    
                     4000 r.p.m.   4000 r.p.m.                                 
     4000 r.p.m.     (Invention with                                           
                                   (Invention with                             
     (Prior Art)     Preheater Modified)                                       
                                   Preheater                                   
     Loc-  LB                  LB              Eliminated                      
     ation m HR    t.degree.F                                                  
                          p-psi                                                
                               m HR  t.degree.F                                
                                          p-psi                                
                                               m    t   p                      
     ______________________________________                                    
     1     1830    100    14  1830   100  14  1830  100 14                     
     2     470     640    14  470    620  13  470   720 14                     
     3     2300    220    14  2300   220  13  2300  220 14                     
     4     2300    270    17  2300   260  17  2300  280 17                     
     5     2300    270    17  2300   260  16                                   
     6     2300    1620   16  2300   1260 16                                   
     7     2300    1620   16  2300   1260 16  2400  280 16                     
     8     2400    3500   15  2370   3070 15  2500  3470                       
                                                        16                     
     9     2400    1880   15  2370   1540 15  2500  720 16                     
     10    2400    1880   15  2370   1540 15                                   
     11    2400    640    14  2370   620  14  2030  720 14                     
     12    470     640    14  470    620  14  470   720 14                     
     13    1930    260    14  1900   250  14  1930  280 14                     
     ______________________________________                                    
TBL                Table II                                                    
     ______________________________________                                    
     1131 r.p.m. (30 m.p.h.)                                                   
                            600 r.p.m. (Idle)                                  
     Location                                                                  
            m         t        p      m     t     p                            
     ______________________________________                                    
     1      140       100      14      80    100  14                           
     2      150       320      14     110    330  14                           
     3      290       220      14     200    240  14                           
     4      290       220      14     200    240  14                           
     5      290       220      14     200    240  14                           
     6      290       1380     14     200   1380  14                           
     7      290       1380     14     200   1380  14                           
     8      300       2700     14     200   2370  14                           
     9      300       1380     14     200   1380  14                           
     10     300       1380     14     200   1380  14                           
     11     300       320      14     200    330  14                           
     12     150       320      14     110    330  14                           
     13     150       220      14      90    240  14                           
     ______________________________________                                    
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In a hot gas engine having at least one high temperature space and at
      least one low temperature space, a high pressure gas in said spaces, and
      means for reciprocally displacing said high pressurized gas between said
      spaces, apparatus for transferring heat to said high pressure gas and for
      isolating the heat content thereof to one zone of displacement of said
      gas, comprising:
PA1  a. heat source means effective to generate a heated medium within a first
      location, and
PA1  b. means defining heat conductive passages interconnecting said spaces and
      through which said high pressurized gas passes for displacement, said
      passage means having at least first and second heat accumulators disposed
      in a series therein with portions of said passages which are particularly
      disposed between said accumulators and portions which are disposed in
      advance of the first accumulator, said portions being directed through
      said first location for exposure to said heated medium.
NUM  2.
PAR  2. The apparatus as in claim 1, in which said passage means is defined by
      thin walled metallic tubing, the tubing being nested to extend
      substantially transverse to movement of said heated medium therepast, said
      tubing having a smooth cylindrical configuration devoid of heat transfer
      fins.
NUM  3.
PAR  3. The apparatus as in claim 1, in which said spaces are each further
      comprised of an elongated manifold extending therefrom, each manifold
      containing a heat accumulator section having one of said heat accumulator
      of said passage means therein and a non-accumulator section, said portions
      of said passage means being comprised of a plurality of independent tubes
      extending between spaced locations of each said manifold, each tube having
      one end connected to said accumulator section and an opposite end
      connected to a non-accumulator section.
NUM  4.
PAR  4. The apparatus as in claim 3, in which each manifold contains more than
      one heat accumulating section.
NUM  5.
PAR  5. The apparatus as in claim 1, in which said heat accumulator is comprised
      of a network of fine metallic strands having a diameter of about 0.05
      millimeters, said wire being intimately crushed together into a nest to
      substantially occupy the space entrained by the wall of said accumulator.
NUM  6.
PAR  6. The apparatus as in claim 1, in which said high pressure gas experiences
      compression in the low temperature space at a generally uniform low
      temperature, said gas is displaced from the low temperature space to the
      high temperature space through said passage means at constant volume while
      undergoing an increase in temperature as a result of heat returned to said
      gas from said heat accumulator, said gas undergoes expansion in the high
      temperature space while at a generally uniform temperature, and said gas
      is displaced back through said passage means rejecting substantial
      portions of the heat content to the accumulator for re-entry to the low
      temperature space.
NUM  7.
PAR  7. A method of operating a hot gas engine of the Stirling type having a
      working element, the steps comprising:
PA1  a. providing at least one high temperature space and at least one low
      temperature space interconnected by a closed passage means having at least
      first and second and third separated heat accumulators, said passage means
      and spaces defining a closed high pressure system within which is
      contained hydrogen, providing a constant heat source,
PA1  b. compressing said closed gas within the low temperature space while at a
      temperature in the range of
PA1  c. exposing portions of said passage means in advance of said third heat
      accumulator to said constant heat source,
PA1  d. displacing said compressed gas while at generally constant volume from
      said low temperature space to said high temperature space, said compressed
      gas being passed through each of said heat accumulators,
PA1  e. expanding said gas in said high temperature space at an elevated
      temperature of about 1,450.degree.F for driving said working element of
      the engine, and
PA1  f. displacing said expanded gas back through said passage means at
      generally constant volume while releasing heat content to said
      accumulators.
NUM  8.
PAR  8. The method as in claim 7, in which said constant heat source comprises a
      flow system in which a blower inducts ambient air into said system and
      moved along a circuit, said system having a zone into which a combustible
      mixture is introduced for providing flaming combustion, said system
      releasing the products of said flaming combustion partly to atmosphere and
      a part thereof is returned to the intake of said blower, the method being
      characterized by location said exposed passage portions in said system
      immediately downstream of said combustion zone, the mass flow of said
      system in or adjacent the zone at which said exposed passage portions
      extend thereinto ranges from 300 to 3000 lbs. per hour in accordance with
      engine speed and the temperature therein being in the range of
      3,000.degree. to 3,500.degree.F, the temperature of said mass flow
      downstream of said exposed passage portions being lowered to the range of
      600.degree. to 725.degree.F.
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ABST
PAL  A hydraulic power brake booster powered by power steering gear pump
      pressure and utilizing an open-center valve so that fluid flows through
      the booster without pressure reduction when the booster is not activated.
      The booster has two power chamber sections, both being pressurized at the
      same time under normal brake operation. However when the brakes are
      applied very fast, a high rate of pressure increase occurs in one chamber
      but not in the other due to a flow restriction between the two chambers.
      The booster piston assembly will therefore move in the brake applying
      direction more quickly than it would if the pressure fluid should be
      acting on the full power piston diameter since less displacement is
      momentarily required to build up the necessary pressure. The chamber
      section with the slower pressure buildup rate will increase in volume and
      be maintained full of fluid by a check valve arrangement extending through
      the piston and connecting with the low pressure side of the piston. This
      prevents a vacuum lock or retardation effect. A check valve is provided
      between the power chamber sections to allow flow from the chamber section
      with the slower pressure buildup rate to the chamber with the faster
      pressure buildup rate, but not in the other direction. This arrangement
      prevents a slow brake release response by allowing both of the chambers to
      dump their pressures quickly.
BSUM
PAR  The invention relates to a power brake booster using an open-center valve
      arrangement, and more particularly to one in which the power chamber is
      divided into two sections, with both sections being pressurized at
      substantially the same rate during normal brake operation. When the brake
      is actuated very quickly, however, only one chamber section is quickly
      pressurized, and the other one has a slower pressure buildup rate due to a
      flow restriction provided between the two chamber sections. This permits
      quicker brake apply. The chamber with the slower pressure buildup rate is
      maintained full of fluid as its volume increases, even though the
      restrictive flow would otherwise be insufficient to do so, by means of a
      check valve arrangement connecting that chamber with the exhaust or low
      pressure side of the piston. If the pressure in the slow buildup rate
      chamber is less than that on the exhaust side of the piston, the check
      valve opens and permits fluid to fill the chamber. This effectively
      prevents a vacuum lock or retardation effect.
PAR  In some installations a brake release might be slower than desirable due to
      the flow restriction between the power chamber sections. When this is
      likely to occur, a check valve is provided between the power chamber
      sections to permit flow from the slow buildup rate chamber to the fast
      buildup rate chamber, permitting dumping of the fluid from both chambers
      without delay.
PAR  This invention relates to a modification of the power brake construction
      and arrangement disclosed and claimed in U.S. Pat. No. 3,699,680, entitled
      "Hydraulic Power Brake Booster and Open Center Control Valve Therefor"
      issued Oct. 24, 1972, to Ronald L. Shellhause and assigned to the common
      assignee.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a vehicle power steering and
      braking system embodying the invention.
PAR  FIG. 2 is a cross section view of the hydraulic brake booster used in the
      system of FIG. 1.
DETD
PAR  In the system shown in FIG. 1, the power steering pump 10 is provided with
      a hydraulic fluid reservoir 12 connected to the input side of the pump by
      conduit 14. The pump output conduit 16 is connected to the power steering
      gear 18, which is of the open-center type so that in the at-rest position
      hydraulic fluid is pumped freely through the gear. The conduit 20 connects
      the output side of the power steering gear 18 with the inlet 22 of the
      hydraulic power brake booster 24. The booster outlet 26 is connected to
      the sump or inlet side of the power steering pump 10 by conduit 28, thus
      completing the hydraulic fluid circuit.
PAR  The booster 24 is connected to actuate a master cylinder assembly 30 which
      provides brake pressure to the front brake system 32 and the rear brake
      system 34 of the vehicle in which the hydraulic system is installed. The
      booster 24 is also shown as being provided with an electro-hydraulic pump
      36 which is actuated when necessary to provide sufficient hydraulic fluid
      flow and pressure availability to operate the booster 24 when insufficient
      hydraulic fluid flow and pressure availability is provided through conduit
      20. The pump 36 is arranged to be actuated as necessary, and may, for
      example, be actuated by a flow switch 38 provided in one of the conduits,
      such as conduit 28. The booster assembly 24 is schematically illustrated
      as being controlled by the vehicle brake pedal 40.
PAR  The booster assembly 24 is illustrated in detail in FIG. 2. The housing 42
      is formed to provide a cylinder 44. The rear end 46 of the cylinder
      provides for booster mounting by means of studs 48. Cylinder rear end 46
      is also formed to provide a rearwardly extending sleeve 50 which is
      provided with a bore 52 extending through the sleeve and rear end 46 and
      axially aligned with the cylinder 44. The forward end 54 of the housing 42
      has a cylinder cover which is centrally apertured at 56 so that the
      booster output push rod 58 extends therethrough and is reciprocably moved
      when the brake is operated. A suitable seal 60 is also mounted in cover
      54. The cylinder seal 62 is provided with a seal support plate 64 fitting
      against the inner wall of the cover 54, and a seal expander 66 on the
      cylinder side of the seal.
PAR  The brake pedal assembly 40 acts through the push rod 68 to actuate the
      booster. The forward end of push rod 68 is connected to input member 70
      which is slidably received in bore 52 of sleeve 50 and extends into the
      cylinder 44. The inner portion of bore 52 is provided with an O-ring seal
      72 which effectively prevents leakage of hydraulic fluid between input
      member 70 and bore 52. A suitable boot 76 is also mounted over sleeve 50
      and push rod 68 to prevent contamination.
PAR  The cylinder 44 is divided by a power piston 78 into an inlet or power
      chamber, which is divided into first and second inlet or power chamber
      sections 80 and 82, and an outlet or exhaust chamber 84. Piston 78 is
      reciprocably movable in cylinder 44 during brake booster operation and is
      urged to the brake release position by spring 86. The piston includes a
      sealed skirt section 88 which fits cylinder 44, and has at its rearward
      end a positioning shoulder 90. An abutment sleeve 92 is mounted in the
      rear end of cylinder 44 and acts as an abutment for piston 78 as well as a
      divider for chambers 80 and 82.
PAR  Piston 78 is also provided with passage means interconnecting the inlet
      chamber 80 and the outlet chamber 84, the passage means including a
      passage 94 extending through the piston wall and a stepped recess 96 which
      mounts the control valve and reaction mechanism. The valve mechanism
      controls the flow of hydraulic fluid from the inlet chamber section 80 to
      the outlet chamber 84 through the passage means, thereby controlling the
      pressure differential across the power piston 78. The control valve or
      valve mechanism is described below and includes a valve seat 100 having a
      valve seat face 130 and valve 132 having a valve face 134. The larger
      rearward portion of recess 96 provides a reciprocable mounting for the
      reaction piston 98, which in turn provides a reciprocable mounting for the
      valve seat 100. The forward end 102 of valve seat 100 abuts against
      shoulder 90 of piston 78. The valve seat 100 has a cylinder-like skirt
      section 104. The outer periphery of skirt section 104 is of lesser
      diameter than the diameter of the inner cylinder 106 in which it fits so
      as to provide for radial movement of the valve seat. Valve seat skirt
      section 104 and the divider 92 cooperate to provide a restrictive flow
      passage connecting first power chamber 80 and second power chamber 82.
PAR  The valve seat skirt section 104 has a cylinder 108 formed by the interior
      wall thereof. Also, cylinder section 110 is formed in the forward part of
      stepped recess 96 and is of smaller diameter than cylinder 108. Stepped
      recess 96 also includes a beveled shoulder 97. The reaction piston 98 has
      a small diameter forward land 114 received in cylinder section 110 and
      rearward larger diameter land 116 received in cylinder 108. A portion of
      reaction piston 98 between the lands is stepped to provide a mounting for
      the reaction piston snubber 118. Snubber 118 cushions forward movement of
      the reaction piston 98. A reaction chamber 120 is located between snubber
      118, valve seat forward end 102, power piston 78 and reaction piston 98.
      Reaction piston 98 is generally cup-shaped and its forward face 122 at
      land 114 is provided with axially extending passages 124 which fluid
      connect outlet chamber 84, through passage 94 and the forward portion of
      recess 96 with the downstream side of the valve seat 100. A snubber piston
      126 is secured to the rear side of reaction piston face 122 and extends
      rearwardly in a manner and for the purposes described below.
PAR  Valve seat 100 includes a frusto-conical seat face 130 which is aligned
      coaxially with the power piston 78, the input member 70, the stepped
      recess 96, the reaction piston 98, the snubber piston 126, and the output
      push rod 58. The input member 70 includes a valve 132 formed to provide a
      frusto-conical valve face 134 which is positioned to mate with and extend
      through valve seat face 130. A spring retainer 136 is secured to input
      member 70 rearwardly of valve 132. A valve return spring 140 seats on
      retainer 136 at one end and on valve seat 100 at the other end to urge the
      valve faces apart and, therefore, position the valve 132 in relation to
      the cylinder end wall 46 when the booster is at rest. The forward end of
      input member 70, forward of valve face 134, is provided with an end
      section 142 located within the chamber formed by recessed reaction piston
      98. The end section is provided with a cylinder-like recess 144 which is
      somewhat larger in diameter than snubber piston 126. The rear end of
      snubber piston 126 extends slightly into recess 144. A rubber-like snubber
      146 is received at the bottom of recess 144 and is slightly spaced from
      the spherical end of snubber piston 126 when the booster is at rest.
PAR  Power piston 78 has passages 150 extending therethrough so as to connect
      second power chamber section 82 with exhaust chamber 84. A check valve
      152, formed by an annular rubber-like ring, is positioned on the piston in
      chamber section 82 so as to close passages 150 except when the pressure in
      chamber 84 exceeds the pressure in chamber section 82. Another check valve
      154 is in a passage 156 formed in divider 92. Passage 156 connects chamber
      sections 80 and 82, with check valve 154 permitting flow from chamber
      section 82 to chamber section 80, but preventing flow through passage 156
      in the reverse direction.
PAR  When the system is at rest, with the power steering pump 10 being driven,
      hydraulic fluid is permitted to flow freely through the power steering
      gear 18 and the booster 24 and return to the pump without restriction.
      When the vehicle is steered leftwardly or rightwardly, the power steering
      gear 18 operates to build up a back pressure in conduit 16 and establish a
      pressure differential to provide power to the steering gear, as is well
      known in the art. When the vehicle brake is actuated by depression of the
      brake pedal 40, the input member 70 moves forwardly, closing the space
      between valve seat face 130 and valve face 134. Initial closure will
      result in contact of the valve 132 with the valve seat face 130, causing
      the valve seat to move radially if it was slightly off center, to align
      the valve seat with the valve. This initial valve closure also restricts
      fluid flow between the valve faces, causing pressure to build up in the
      first power chamber section 80 to establish a pressure differential across
      the power piston 78. When the brake is operated in a normal manner and not
      unusually fast, the pressure and flow of fluid passes from chamber 80
      through the restriction 105 between the valve seat skirt section 104 and
      the inner cylinder wall 106 of the divider 92, and into the second power
      chamber section 82 as piston 78 moves leftwardly relative to divider 92.
      Under such conditions of operation, the pressure in chamber section 82
      increases substantially concurrently with the pressure in chamber section
      80. However, if the brakes are applied very fast, the restriction 105
      between the valve seat skirt section and divider 92 is sufficient to
      permit a faster pressure build up in chamber section 80 than in chamber
      section 82. This pressure increase in chamber section 80 will move the
      piston assembly forward more quickly than if the pressurized fluid had to
      act on the full piston effective area. As the piston moves forward,
      chamber section 82 will increase in volume. If the restrictive flow from
      chamber section 80 is unable to keep this increasing volume filled with
      fluid, fluid flows from chamber 84 through passages 150, opening check
      valve 152, and filling chamber section 82. As the rate of brake actuation
      decreases, the flow from chamber section 80 to chamber section 82 is able
      to build up the pressure in chamber section 82 but at a slower rate. As
      the pressure increases in chamber section 82, check valve 152 closes
      passages 150 and the full piston effective area is subjected to pressure
      differential.
PAR  Upon brake release, the input member 70 is moved rightwardly by spring 140,
      slightly opening the valve faces and permitting a decrease in the pressure
      differential across power piston 78. If the brake pedal has been quickly
      released, pressure decrease in chamber section 82 may be somewhat slower
      due to the restrictive effect of the passage between the valve seat skirt
      section 104 and the divider 92 than is the pressure decrease in chamber
      section 80. In order to provide for a fast rate release response when this
      would otherwise occur, check valve 154 is provided. This valve permits
      flow from chamber section 82 at chamber section 80 when there is a slight
      pressure differential therebetween with chamber section 82 being at the
      higher pressure. The check valve is closed when chamber section 80 is at
      the same or a higher pressure than chamber section 82.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydraulic brake booster comprising:
PA1  a housing;
PA1  a power piston reciprocably received in said housing and defining therewith
PA2  first and second inlet chamber sections, said first section being
      operatively fluid connected to a source of hydraulic fluid pressure, said
      second section being in restrictive flow communication with said first
      section through a restrictive passage,
PA2  and an outlet chamber on the other side of said piston from said inlet
      chamber sections;
PA1  an input member;
PA1  valve means controlled by said input member for establishing a hydraulic
      pressure differential across said piston to actuate the booster;
PA1  an output member connected to said piston for transmitting forces between
      said booster and a brake master cylinder assembly;
PA1  said inlet chamber sections being pressurized substantially concurrently
      upon booster actuation with said second section freely receiving
      pressurized fluid through said restrictive passage from said first section
      until the rate of pressure increase in said first section exceeds the rate
      transmittable through said restrictive passage, at which time said first
      section is pressurized at a faster rate than is said second section to
      move said piston and said output member in the brake actuating direction;
PA1  and check valve means between said second inlet chamber section and said
      outlet chamber permitting fluid flow from said outlet chamber to said
      second inlet chamber section when said piston is moved by pressure only in
      said first inlet chamber section, due to a high rate of pressure increase
      therein, and the consequent increase in volume of said second inlet
      chamber section at a rate faster than fluid can be supplied thereto
      through said restrictive passage, thereby preventing a vacuum block or
      retardation effect.
NUM  2.
PAR  2. A hydraulic booster comprising:
PA1  a housing having a power piston reciprocably received therein to define an
      inlet power chamber and an outlet exhaust chamber;
PA1  a divider in said inlet power chamber defining with said power piston and
      said housing a first inlet power chamber section and a second inlet power
      chamber section, said divider and an element movable with said power
      piston defining a restrictive flow passage connecting said first and
      second inlet power chamber sections to permit limited fluid flow
      therebetween;
PA1  check valve means in said power piston permitting flow of hydraulic fluid
      from said outlet exhaust chamber to said second inlet power chamber
      section;
PA1  and control valve means controlling the changes in pressure differential
      across said power piston to actuate and release said booster;
PA1  said first inlet power chamber being pressurized upon booster actuation at
      a pressure rate of increase determined by operation of said valve means,
      and when pressurized at a pressure rate of increase greater than that
      which can be transmitted through said restrictive flow passage acting to
      move said power piston to increase the volume of both of said inlet power
      chamber sections, said check valve means opening to supply fluid from said
      outlet exhaust chamber to said second inlet power chamber section until
      the supply of fluid through said restrictive flow passage from said first
      inlet power chamber section transmits pressure therethrough, after which
      both of said inlet power chamber sections are pressurized.
NUM  3.
PAR  3. In a power booster having a housing divided into a pressure chamber and
      an exhaust chamber by a movable power wall having an effective area across
      which pressure differentials may be established,
PA1  a divider in said pressure chamber separating said pressure chamber into a
      first section having a first portion of the power wall effective area as
      one side thereof and a second section having a second portion of the power
      wall effective area as one side thereof,
PA1  means including said divider and an element movable with said power wall
      defining a restrictive flow passage connecting said pressure chamber
      sections which limits fluid flow therebetween to a predetermined maximum
      rate,
PA1  first check valve means in said power wall connecting said exhaust chamber
      and said second pressure chamber section in fluid flow relation only when
      pressure in said exhaust chamber is greater than pressure in said second
      pressure chamber section,
PA1  second check valve means in said divider connecting said first and second
      pressure chamber sections in fluid flow relation only when pressure in
      said second pressure chamber section is greater than pressure in said
      first pressure chamber section,
PA1  and control valve means for controlling the pressure differentials across
      said power wall.
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ABST
PAL  A geothermal energy transfer and utilization system abstracts thermal
      energy stored in hot solute-bearing well water to generate super-heated
      steam from an injected flow of clean water; the super-heated steam is then
      used for operating a turbine-driven pump at the well bottom for pumping
      the hot solute-bearing water at high pressure and always in liquid state
      to the earth's surface, where it is used by transfer of its heat to a
      closed-loop vapor generator-turbine-alternator combination for the
      generation of electrical or other power. Cooled, clean water is
      regenerated by the surface-located system for re-injection into the deep
      well and the residual concentrated solute-bearing water is pumped back
      into the earth. The invention features filter apparatus installed within
      the well at the location of the vapor generator-turbine-pump apparatus for
      removal of solid matter from the re-injected water before its use for
      lubrication of turbine and pump bearings and before conversion into a
      working fluid for driving the deep well turbine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to efficient means for the generation of
      electrical or other power utilizing energy from geothermal sources and,
      more particularly, relates to arrangements including efficient
      super-heated steam generation and pumping equipment for long-life
      application in deep hot water wells for the useful transfer of thermal
      energy to the earth's surface.
PAR  2. Description of the Prior Art
PAR  While geothermal energy sources have been employed for the generation of
      power to a limited extent, generally known prior art systems operate with
      low efficiency and have additional disadvantages. In the few installations
      in which dry steam is supplied by wells at the earth's surface, the steam
      may be fed after removal of solid matter, from the well head directly to a
      turbine. On the other hand, most geothermal wells are characterized by
      yields of a mixture of steam and hot water along with corrosive solutes at
      the earth's surface, so that the water must be separated from the steam
      before the latter is used in a turbine.
PAR  In both kinds of installations, low pressure steam normally results,
      requiring the use of special turbines and yielding relatively inefficient
      power generation as compared to generation of power using normally
      operated fossil fuel or nuclear powered electrical generation equipment.
      Rarely do geothermal wells actually produce truly super-heated steam with
      only minor amounts of undesired gases and with no liquid water. The
      presence of significant amounts of liquid water presents problems in
      addition to the separation problem. If the water is only moderately hot,
      extraction of thermal energy from it may be expensive, or, at least,
      inefficient. Further, whether or not its heat content is used, the water
      must be handled. The water usually bears considerable concentrations of
      silica and of corrosive alkali salts, including chloride, sulfate,
      carbonate, borate, and the like ions, all of which dissolved materials
      present precipitation problems at the point at which any part of the water
      may abruptly flash into steam. If the alkaline water is allowed to escape
      at the installation, severe chemical and thermal pollution of streams or
      rivers may result. Finally, there is evidence that the removal of large
      amounts of water from geothermal reservoirs may lead, in a generally
      unpredictable manner, to undesirable land subsidence in the vicinity of
      thermal well installations.
PAR  A major advance in the art of extraction and use of geothermal energy is
      reflected in the H. B. Matthews' U.S. Pat. application Ser. No. 300,058
      for a "Geothermal Energy System and Method", filed Oct. 24, 1972, issued
      July 23, 1974 as U.S. Pat. No. 3,824,793, and assigned to the Sperry Rand
      Corporation. The prior Matthews invention provides means for efficient
      power generation employing energy derived from geothermal sources through
      the generation of dry super-heated steam and the consequent operation of
      sub-surface equipment for pumping extremely hot well water at high
      pressure to the earth's surface. Clean water is injected at a first or
      surface station into the deep well where thermal energy stored in hot
      solute-bearing deep well water is used at a second or deep well station to
      generate super-heated steam from the clean water. The resultant dry
      super-heated steam is used at the well bottom for operating a
      turbine-driven pump for pumping the hot solute-bearing well water to the
      first station at the earth's surface. The water is pumped at all times and
      locations in the system at pressures which prevent flash steam formation.
      The highly energetic water is used at the surface or first station in a
      binary fluid system so that its thermal energy is transferred to a
      closed-loop surface-located vapor generator-turbine system for driving an
      electrical power alternator. Cooled, clean water is regenerated by the
      surface system and is re-injected into the well for operation of the steam
      turbine therein. Undesired solutes may be pumped back into the earth in
      the form of a concentrated brine via a separate well.
PAR  In contrast to the poor performance of prior art systems, the prior
      Matthews invention is characterized by high efficiency as well as by many
      other advantageous features. It is not limited to use with the rare dry
      steam sources, and it is devoid of the water and steam separation problems
      attached to prior art systems used with mixed steam and hot water supply
      wells. Since the novel power system operates with dry, highly super-heated
      steam, existing efficient heat transfer elements and efficient high
      pressure turbines may readily be employed. According to the invention, the
      very large calorific content of high temperature water subjected to high
      pressure is efficiently employed. Since high pressure liquid is used as
      the thermal transfer medium, undesired flash steam formation is prevented,
      along with its undesired attendant deposition of dissolved materials.
      Because the dissolved salts are efficiently pumped back deep into the
      earth as remotely as need be from the geothermal source, surface pollution
      effects are avoided and there is relatively little risk of land sinkage in
      the vicinity of the geothermal source.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improvement over that of the aforementioned
      Matthews patent and provides long life and efficient operation of the
      parts employing water re-injected into the well from the earth's surface,
      such as for conversion into the working fluid needed for driving the deep
      well turbine-driven pump and for providing a lubricating liquid in fluid
      bearings supporting the rotors of that turbine-pump system. The flow of
      clean water is unavoidably subjected to the possibility of contamination
      by solid matter during its recycling passage through the associated closed
      loop because of the effects of rust or corrosion or simply because of the
      unclean initial state of the system, a condition generally unavoidable
      because of the complex assembly and installation problems associated with
      it. While some such debris may be removed at the above-surface part of the
      loop by an ordinary filter, it is particularly desirable to provide
      filtration immediately before the re-injected water reaches the
      turbine-driven pump system so that all particles are removed from the
      stream that may have entered it especially from the long vertical pipe
      returning the reinjected water from the surface. The present invention
      provides such improved filtration means and additionally affords a novel
      surface-located arrangement for cleaning and flushing the content of the
      filter at the will of the operator. This event is accomplished at the
      earth's surface without removal of any part of the deep well installation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic representation of the invention particularly
      illustrating apparatus located at the earth's surface and its connections
      to the deep well apparatus.
PAR  FIG. 2 is an elevation view in cross section of the novel deep geothermal
      well filter system.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates in the left part of the drawing the general structure
      and characteristics of that portion of a geothermal energy extraction
      system which is immersed in a deep well extending into strata far below
      the surface of the earth, preferably being located at a depth below the
      surface such that a copious supply of extremely hot water under high
      pressure is naturally available, the active pumping structure being
      located adjacent the hot water source and within a generally conventional
      well casing pipe 10. The configuration in FIG. 1 is seen to include a well
      head section 1 located at the earth's surface and a main well section 2
      extending far downward from well head section 1 below the earth's surface.
      At the subterranean source of hot, high pressure water, the main well
      section 2 joins a steam generator input section 3. The steam generator
      section 4, the steam turbine section 5, a rotary bearing section 6, and a
      hot water pumping section 7 follow in close cooperative succession at
      increasing depths.
PAR  Extending downward from the well head section 1 at the earth's surface, the
      well casing pipe 10 surrounds in preferably concentric relation an
      innermost stainless steel or other high quality alloy steel pipe or
      conduit means 8 for supplying a flow of relatively cool and relatively
      pure water at the bottom of the well for purposes yet to be explained. A
      second relatively large pipe or conduit 9 of similar quality and
      surrounding pipe 8 is also provided within well casing 10, extending from
      well head 1 to the energy conversion and pumping system at the bottom of
      the well and permitting turbine exhaust steam to flow to the surface of
      the earth, as will be described.
PAR  It will be seen from FIG. 1 that relatively clean and cold water is pumped
      down the inner pipe 8 from the earth's surface station through the novel
      filter 11 of the present invention. As will be described in connection
      with FIG. 2, filter 11 is devised to store particulate matter entering it
      from above, and to store it until its release is commanded. When the
      latter event occurs, the stored debris or sediment is flushed out of
      filter 11 through the generally horizontal conduit 14 into the space
      between pipes 9 and 10, which pipes form conduit means normally occupied
      by the pumped hot water. The debris very readily flows through the hot
      geothermal water loop or may fall back into the well itself and is thus
      removed from the scene of the deep well apparatus.
PAR  The filtered clean water normally leaves filter 11 and, at tee 12 is
      divided between two branch paths. As is described in the aforementioned
      Matthews patent, a first branch path feeds clean lubricating water through
      pipes 13 and 17 for lubricating a system of bearings within the
      turbine-pump system bearing section 6. The second branch path feeds clean
      water through pressure regulator system 15 and via distribution pipe or
      pipes 16 to the input manifold 22 of a steam generator 18 formed between
      the generally concentric walls of alloy pipes 9 and 9a. Accordingly, high
      pressure steam is generated and delivered to a steam turbine located
      within turbine section 5.
PAR  The function of the steam turbine located at section 5 and supported on
      bearings located within bearing section 6 is to drive a hot water pump
      located at pump section 7. Hot, high pressure water is thus impelled
      upward by the rotating pump vanes 20 between the rotating conical end 23
      of the pump and an associated pump shroud 19; the hot water is pumped
      upward at high velocity in the annular conduit between pipes 9 and 10,
      thus permitting use of the thermal energy it contains at the earth's
      surface. More important, the hot water is pumped upward to the earth's
      surface at a pressure preventing it from flashing into steam and thus
      undesirably depositing dissolved salts at any point of incipient flashing.
PAR  Accordingly, it is seen that the extremely hot, high-pressure well water is
      pumped upward, flowing in the annular region defined between alloy pipes 9
      and 10. Heat supplied by the hot well water readily converts the clean
      water flowing into manifold 22 of the steam generator 18 into highly
      energetic, dry, super-heated steam. The clean water, before flowing
      through tee junction 12 and pressure regulator 15, is at a very high
      pressure due to its hydrostatic head and normally also to pressure added
      by a surface pump yet to be discussed, so that it may not flash into
      steam. The pressure regulator system 15 controls the pressure of the clean
      water flowing therethrough so that it readily may be vaporized and
      superheated in the volume 18 of the steam generator. The highly energetic
      steam drives the deep well steam turbine and is redirected to flow upward
      to the earth's surface after expansion to form relatively cool steam
      flowing within the annular conduit defined between alloy pipes 8 and 9.
      Thermal energy is recovered, as will be discussed, at the earth's surface
      11 primarily from the loop containing hot, high pressure water, but may
      also be retrieved from the turbine exhaust steam.
PAR  As described in the aforementioned Matthews patent, the hot, high pressure
      water within well casing 10 is fed by pipe 10a to a conventional surface
      thermal plant 25 which may include in the usual manner a vapor generator
      system in which a major part of the energy in the hot geothermal fluid is
      converted into high pressure vapor for driving an alternator supplying
      electrical energy on power lines 24, 24. The condensed fluid is pumped by
      pump 26 back deep into the earth via well 27. Thus, the geothermal fluid
      flow loop is effectively completed and fluid and dissolved mineral salts
      are returned into deep strata of the earth.
PAR  Still referring to FIG. 1, a closed loop for supplying and re-injecting
      clean water into the deep well geothermal system will next be described.
      The steam exhausted upwardly from the driving turbine at section 5 of that
      well is conveyed by pipes 9 and 9a to a heat exchanger element 32 of a
      conventional heat exchanger 31 and, after condensation therein, flows
      through the normally open valve 36. Heat exchanger 31 may be operated by
      supplying cooling water in a third loop including a conventional cooling
      tower (not shown) to pipe 34 connected through heat exchanger element 33
      and output pipe 35 back to the same fluid cooling tower. Alternatively,
      known expedients may be employed for extraction of additional energy
      during the condensation process for use by power plant 25.
PAR  The clean water condensate flowing through normally open valve 36 is pumped
      by a conventional pump 37 back through the normally open valves 38 and 40
      into pipe 8a through tee junction 50 for injection into the deep well pipe
      8 at a pressure substantially above that of the pumped hot well water.
      Replenishment water may be supplied by opening the valve 41 from a clean
      water source 42. A conventional filter 39 may be interposed between the
      normally open valves 38 and 40.
PAR  Referring now to FIG. 2, the downwardly extending cold water input conduit
      means 8 is enlarged by a tapered section 61 that is in turn affixed to a
      downwardly extending filter casing 63 serving as the primary container for
      the novel filter system 11. At the end of filter casing 63, a second
      tapered section 71 couples the clean filtered water flow into a pipe 72
      substantially of the same diameter as pipe 8, from whence the clean water
      may flow through the tee junction 12 of FIG. 1, as previously explained.
      Contained within the tapered sections 61 and 71 and the extended filter
      casing 63 is a multiply-apertured cavity-forming pipe 64 which actively
      serves as the filter element of the present invention. Cavity-forming pipe
      64 is fastened as by welding, at 60 to the inner surface of the tapered
      section 61 and extends downward therefrom in generally concentric relation
      with filter casing 63. An upper portion of the filter cavity-forming pipe
      64 contains a series of apertures such as aperture 62. These may be
      regularly spaced, if desired, though such is not strictly necessary for
      the practice of the invention. Nor is it necessary that all of the
      apertures 62 be of the same shape or dimensions. The apertures 62 serve to
      permit flow of the downward moving clean water from the interior of the
      filter cavity 64 into the space between that cavity and filter casing 63
      as generally indicated by arrows 59. In this manner, the reinjected clean
      water stream flows on through the filter 11, pipe 72, and tee 12 to be
      used as previously discussed.
PAR  The cavity-forming pipe 64 is further equipped near its bottom with a
      differential pressure valve 57 of generally conventional nature. The
      armature of valve 67, being in the general shape of a frustrum of a cone,
      is adapted to seat itself in a conically-shaped bore in the partition 66
      forming a bottom of the filter. The valve armature is urged against its
      seat by the spring 70, being guided by the cooperative action of pin 68
      and of tubular guide 69 which slides over pin 68. The region in cavity 64
      below the valve 66, 67 is sealed except for being coupled through the
      filter exhaust conduit 14, also shown in FIG. 1, to the space between pipe
      9 and the well casing 10.
PAR  In normal operation, the armature of valve 67 of FIG. 2 remains closed and
      the condensate from condenser element 32 (FIG. 1) is pumped by pump 37
      back into the cold water input pipe 8. Also in normal operation, the flow
      of the re-injected clean water through the filter 11 is indicated by the
      arrows 59. However, solid particles, especially the more dangerous of
      those that are large and therefore are usually heavy, do not tend to flow
      through apertures 59, but instead tend to fall directly downward into the
      cavity formed by filter pipe 64. By this means, such undesired particles
      are collected below the level 65. As is evident from the previous
      discussion, any accumulation of such undesired debris may be removed by
      the operator simply by operation of certain elements located at the
      earth's surface, as illustrated in FIG. 1. The operator would temporarily
      open valve 47 and operate high pressure pump 48 after having closed other
      valves in the system. By this means, very high pressure clean water is
      pumped from source 42 through pump 48, pipe 49, and tee junction 50 into
      the clean water input pipe 8. While the normally re-injected water flowing
      through filter 11 is at a pressure substantially above the pumped hot
      geothermal well water, pump 48 when operated injects clean water into pipe
      8 and, therefore, into filter 11 at a higher pressure, such higher
      pressure forcing the armature of valve 67 downward against spring 70. Any
      debris collected in the interim operating period in the solid section of
      the cavity-forming pipe 64 below the level 65 is thereupon flushed through
      valve 66, 67 and pipe 14 into the hot well water. Having disposed of the
      accumulated debris, the operator moves the aforementioned valves in the
      reverse sense and the system for supplying clean water for pipe 8 reverts
      to normal operation.
PAR  It is seen that the invention provides a way in which an inaccessible
      filter in a deeply buried geothermal well may be cleaned according to a
      predetermined schedule without any serious interruption in the operation
      of the power conversion system and without dismantling any part of it. In
      the invention, a pressure activated valve is inserted in a passage between
      the up-stream side of the filter and the hot well water conduit. This
      valve is normally closed, thus preventing flow of clean water from the
      filter into the contaminated well water. When the injected water is raised
      to a pressure arbitrarily above that of the hot well water by action taken
      at the earth's surface, the filter valve opens, thereupon permitting clean
      water to flow from the filter into the hot well water, flushing all
      sediment out of the filter as it flows. When the injected water pressure
      is then lowered to its normal level with reference to that of the hot well
      water, the filter valve closes and normal operation of the geothermal
      apparatus resumes.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than of limitation and that changes within the purview
      of the appended claims may be made without departure from the true scope
      and spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. In geothermal deep well pump apparatus located at a subterranean source
      of geothermal well fluid and of the kind including deep well pump means
      for pumping said geothermal well fluid always in liquid state for flow in
      cooperative energy exchanging relation with respect to a second fluid
      toward the earth's surface:
PA1  conduit means for conveying said second fluid from a station adjacent the
      earth's surface at a first pressure above the pressure of said geothermal
      well fluid,
PA1  heat exchanger means responsive to said geothermal well fluid for
      converting said second fluid into a working fluid,
PA2  said deep well pump means utilizing said working fluid for pumping said
      geothermal well fluid, and
PA1  filter means normally in series flow relation with said conduit means and
      said heat exchanger means including cavity means having a
      multiply-apertured upper portion, whereby said second fluid normally flows
      through said multiply-apertured upper portion, while particulate matter
      tends to be captured in a lower portion of said cavity means.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said cavity means lower
      portion is normally impervious to flow of said second fluid.
NUM  3.
PAR  3. In geothermal deep well pump apparatus of the kind including deep well
      pump means for pumping a first fluid always in liquid state for flow in
      cooperative energy exchanging relation with respect to a second fluid:
PA1  conduit means for conveying said second fluid from a station adjacent the
      earth's surface at a first pressure above the pressure of said first
      fluid,
PA1  heat exchanger means responsive to said first fluid for converting said
      second fluid into a working fluid,
PA1  said deep well pump means utilizing said working fluid for pumping said
      first fluid, and
PA1  filter means normally in series flow relation with said conduit means and
      said heat exchanger means including cavity means having a
      multiply-apertured upper portion, whereby said second fluid normally flows
      through said multiply-apertured upper portion while particulate matter
      tends to be captured in a lower portion of said cavity means, said cavity
      means lower portion being provided at its base with normally closed valve
      means.
NUM  4.
PAR  4. Apparatus as described in claim 3 wherein said normally closed valve
      means is spring biased to open only at a second pressure of said second
      fluid substantially above said first pressure.
NUM  5.
PAR  5. Apparatus as described in claim 4 wherein the output side of said
      normally closed valve means is coupled by filter conduit means into a
      conduit for said first fluid.
NUM  6.
PAR  6. Apparatus as described in claim 5 additionally including first control
      means adjacent the earth's surface for selectively providing said second
      fluid at said first pressure.
NUM  7.
PAR  7. Apparatus as described in claim 6 additionally including second control
      means adjacent said first control means for alternatively providing said
      second fluid at said second pressure whereby said normally closed valve
      means is opened and any particulate matter collected in said cavity lower
      portion is flushed into said first fluid.
NUM  8.
PAR  8. Apparatus as described in claim 7 additionally including hot water
      conduit means extending from said heat exchanger means to said station
      adjacent the earth's surface for the useful extraction of energy
      therefrom.
NUM  9.
PAR  9. Apparatus as described in claim 7 additionally including vapor conduit
      means for conveying said working fluid, after being utilized for driving
      said deep well pump means, to said station adjacent the earth's surface to
      condensation means for generating said second fluid.
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ABST
PAL  In a turbine system with first and second turbine stages, each having a
      bypass line thereacross, provision is made for utilizing only the valving
      of the first turbine stages to control the acceleration of the shaft
      driven by the turbine system from start-up to synchronous speed. At the
      same time, provision is made for diverting enough of the flow to the
      second turbine stages to meet the requirements of those stages.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of Ser. No. 367,991,
      "Acceleration Control Arrangement for Turbine System", filed on June 7,
      1973 by Ola J. Aanstad assigned to the present assignee, and now abandoned
     .
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates generally to an arrangement for controlling the
      acceleration of a turbine system from start-up to synchronous speed, and
      more specifically, this invention relates to an arrangement for
      controlling the acceleration of a steam turbine system having bypass lines
      across the high pressure turbine and across the intermediate and low
      pressure turbines, such as in a turbine system interfaced with a high
      temperature gas cooled reactor (HTGR).
PAR  2. Description of the Prior Art:
PAR  In a conventional steam turbine system where all of the steam flow passes
      through all the turbine elements in the system (except for the extraction
      flow), control of acceleration of the turbine-generator rotor upon
      start-up must be accomplished by adjustment of the throttle valve or the
      control valve, which regulates flow through the high pressure,
      intermediate and low pressure turbine elements. The reheat stop and
      interceptor valves are normally kept wide open. Since all of the steam
      flow passes through all the turbine stages, the pressure in the reheater
      is, thus, dictated by the flow through the throttle and control valves.
      Since the reheat stop and interceptor valves are wide open, the high,
      intermediate and low pressure turbine torques are all given by the
      positioning of the throttle valve or the control valve, whichever is being
      utilized for startup control.
PAR  In some turbine systems, bypass lines are provided around the individual
      turbines for use during start-up of the system. Such a bypass arrangement
      for starting is generally referred to as a "European" type bypass
      arrangement. A similar type of bypass arrangement, in which a first bypass
      line is connected across the high pressure turbine and a second bypass
      line is connected across the intermediate and low pressure turbines, is
      utilized when a steam turbine is interfaced with a "once through" steam
      supply system, such as a high temperature gas cooled reactor (HTGR). In a
      turbine interfaced with an HTGR system, a drive arrangement for the
      cooling gas (e.g., helium circulators) is provided by additional steam
      turbines in the steam flow path of the main turbine system. In order to
      remove the heat generated in the reactor core, these turbines must be
      driven at all times, even when the main turbine system is not providing a
      power output. Accordingly, a minimal amount of steam flow must be provided
      by an auxiliary boiler system before reactor start-up. The bypass lines
      across the high pressure turbine and across the intermediate and low
      pressure turbines provide a steam path for this initial flow. Normally,
      the minimum reactor flow is 25%, due to steam generator stability
      problems. This flow will bypass the main turbine, if the main turbine is
      shut down.
PAR  With a steam turbine having a "European" type bypass arrangement, or a
      steam turbine interfaced with an HTGR, acceleration of the turbine system
      is achieved by diverting a portion of the flow from the bypass lines to
      the turbines. The type of control utilized in conventional systems cannot
      be utilized with this type of system, since the reheater is pressurized
      (25% of rated flow) before steam turbine start-up, and thus the reheat
      stop and interceptor valves cannot be fully opened during start-up.
      Further, to achieve acceleration control by just modulating the throttle
      and control valves is not feasible, since a certain amount of steam flow
      is required to the intermediate and low pressure turbines. The steam flow
      to the intermediate and low pressure turbines is required for exactly
      opposite reasons. During start-up of the low pressure turbine, the
      "windmilling" of the turbine blades results in a large heat buildup in
      these blades, and thus the steam is required for cooling purposes. In the
      intermediate turbine, on the other hand, it is necessary to heat the metal
      of the turbine blades above a certain critical temperature prior to
      loading, and thus the steam through the intermediate pressure turbine
      provides a warming or heating function. Therefore, the interceptor valve
      must be utilized to control steam flow to the intermediate and low
      pressure stages during start-up. As only a small flow is required, this
      control is difficult for the interceptor valve, as this valve is designed
      for control of much greater flow rates.
PAC  SUMMARY OF THE INVENTION
PAR  To improve acceleration control of a steam turbine system having a bypass
      arrangement, of the "European" type or of the type interfaced with an
      HTGR, the present invention has been developed. In the arrangement
      produced according to this invention, acceleration control is achieved by
      adjustment of only the throttle valve or the control valve to regulate
      steam flow to the high pressure turbine. At the same time, the requisite
      steam is supplied to the intermediate and low pressure turbines, without
      requiring adjustment of the interceptor valve in synchronism with the
      modulation of the throttle or control valve. This is achieved by utilizing
      a small start-up bypass valve across the interceptor valve. This start-up
      bypass valve is not position modulated (i.e., it is simple on-off or
      open-close valve), which is opened wide upon the initiation of start-up.
      In view of its smaller size, determination of the flow that is passed to
      the intermediate and low pressure turbines is much more accurate than if
      the interceptor valve were utilized to provide this small flow, since the
      interceptor valve has to be relatively very large in order to handle steam
      flow many times greater than that required by the intermediate and flow
      pressure turbines during acceleration. By use of this start-up bypass
      valve, it is possible to regulate acceleration of the system by modulation
      of the throttle or control valve only.
PAR  In a turbine system constructed according to the present invention, there
      would be a first turbine stage, such as a high pressure turbine, and a
      second turbine stage, such as intermediate and low pressure turbines.
      First flow control valving, such as the throttle and control valves, would
      be connected in the flow path of the high pressure turbine to control the
      flow therethrough. Similarly, second flow control valving, such as a
      reheat stop valve and an interceptor valve, would be connected in the flow
      path of the intermediate pressure and low pressure turbines to control the
      flow therethrough. A first bypass line would be connected to shunt steam
      flow around the first turbine stage and the first flow control valving,
      and a second by-pass line would be connected to shunt steam flow around
      the second turbine stage and the second flow control valving. A first
      actuating means would adjust the first flow control valving, while second
      actuating means would adjust the second flow control valving. A start-up
      bypass valve has been connected across the interceptor valve, although
      this start-up bypass valve might also be connected across both the reheat
      stop valve and the interceptor valve, or just across the reheat stop
      valve. A third actuating means is then utilized to control the start-up
      bypass valve.
PAR  With this arrangement, the third actuating means will open the start-up
      bypass valve upon initiation of start-up of the turbine system, the second
      actuating means will open the reheat stop valve, and the first actuating
      means will then control the acceleration of the turbine system by
      appropriate adjustements of the throttle valve or the control valve. As a
      result, acceleration of the turbine system may by accurately controlled
      without the necessity of utilizing the interceptor valve to either aid in
      adjusting acceleration or to accurately provide the small amount of steam
      required in the intermediate and low pressure turbines.
PAR  The foregoing and other objects, advantages and features of this invention
      will hereinafter appear, and for purposes of illustration, but not of
      limitation, an exemplary embodiment of the subject invention is shown in
      the appended drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic diagram of a speed control system according to one
      embodiment of the present invention;
PAR  FIG. 2 shows a schematic diagram of a speed control system according to
      another embodiment of the present invention; and
PAR  FIG. 3 illustrates an alternate implementation of the speed control system
      shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawing, there is shown a schematic illustration of a
      steam turbine system 11 interfaced with a high-temperature gas cooled
      reactor (HTGR) 13. In the HTGR 13, water is boiled to produce steam and
      then super-heated in a steam generator 15. Steam from the steam generator
      15 is passed to a throttle valve 17 and a control valve 19. Throttle valve
      17 and control valve 19 provide flow control valving for a high pressure
      turbine 21.
PAR  A first bypass line 23, having a first bypass valve 25 therein, is
      connected to shunt or bypass steam around throttle and control valves 17
      and 19 and high pressure turbine 21. A flash tank 27 is also connected in
      the first bypass line 23 to pass steam to the system and, through a line
      29, controlled by a valve 31, to a condenser 33. An auxiliary steam
      generator 35 provides additional steam during start-up operation.
PAR  Steam from the high pressure turbine 21 and/or bypass line 23 is then
      conveyed to a circulator turbine 37. Turbine 37 drives a cooling gas
      through the HTGR 13. In this particular case, the cooling gas is helium. A
      helium circulator speed control valve 39 regulates the steam flow through
      turbine 37, while a helium circulator bypass valve 41 regulates the
      pressure drop across turbine 37. From the helium circulator turbine 37 the
      steam then passes to a reheater 43, prior to being conveyed to the second
      stage of the turbine system. (It should be noted that the HTGR would
      normally be equipped with several helium circulator turbines 37 operating
      in parallel).
PAR  From the reheater 43, the steam is conveyed to an intermediate pressure
      turbine 45 and a low pressure turbine 47 through a reheat stop valve 49
      and an interceptor valve 51. Reheat stop valve 49 and interceptor valve 51
      provide a flow control valving arrangement for the intermediate and low
      pressure turbines 45 and 47. From the low pressure turbine 47 steam is
      then conveyed to the condenser 33.
PAR  A second bypass line 53 is connected to shunt or bypass steam around the
      intermediate and low pressure turbines 45 and 47, together with the reheat
      stop valve and the interceptor valve 51. A second bypass valve 55
      regulates the flow of steam through bypass line 53.
PAR  A start-up bypass valve 57 is connected across interceptor valve 51.
      Start-up bypass valve 57 provides a shunt or bypass path for the steam to
      reach the intermediate and low pressure turbines 45 and 47 when the
      interceptor valve 51 is closed. As the amount of steam required in the
      intermediate and low pressure turbines 45 and 47 during start-up of the
      system is quite small (approximately 2-4% of the maximum steam from steam
      generator 15), start-up bypass valve 57 may be considerably smaller than
      the interceptor valve 51. Also, only one start-up bypass valve 57 is
      required, while in practice there would normally be a plurality of
      interceptor valves 51 in parallel (for example, in one specific embodiment
      four interceptor valves 51 are utilized). Since start-up bypass valve 57
      only needs to provide a specified amount of steam during start-up of the
      system, it may be a simple open-close or on-off valve. Such a simple valve
      eliminates the problems of obtaining the appropriate adjustment, as would
      be the case if it were position modulated, while at the same time
      providing a much more accurate control of the steam flow at these low
      levels than would be provided by the much larger position modulated
      interceptor valve 51.
PAR  A first actuating apparatus 59 is utilized to adjust throttle valve 17 or
      control valve 19. Also in practice, there would actually be a plurality of
      throttle valves 17 and control valves 19. As the throttle valves are
      operated in parallel to provide full arc steam admission, in this
      preferred embodiment throttle valve 17 is utilized to regulate flow upon
      initiation of start-up. Therefore, actuating apparatus 59 initially opens
      control valve 19 wide open and then adjusts throttle valve 17 until a
      specified speed has been reached, at which time throttle valve 17 is
      opened wide and flow regulation is switched to control valve 19.
PAR  A second actuating apparatus 61 is so arranged as to adjust the reheat stop
      valve 49 and the interceptor valve 51. Actuating apparatus 61 may involve
      different controls for the reheat stop valve 49 and the interceptor valve
      51. For instance, reheat stop valve 49 and interceptor valve 51 are
      conventionally mechanically actuated valves that are not positioned
      modulated (i.e., they are simple on-off or open-close valves). The
      location of start-up bypass valve 57 is a direct consequence of the
      mechanical actuation of reheat stop valve 49 upon latching of the turbine
      system. (The term "latching" is a well recognized term in the art with
      historical origins that refers to initiation of start-up in the turbine
      system). Actually, it would be equally feasible to have start-up bypass
      valve 57 connected across both reheat stop valve 49 and interceptor valve
      51, or to connect start-up bypass valve 57 across reheat stop valve 49 and
      cause the actuating apparatus 61 to open interceptor valve 51 upon
      latching.
PAR  Adjustment of start-up bypass valve 57 is achieved by a third actuating
      apparatus 63. Apparatus 63 opens start-up bypass valve 57 upon latching of
      the turbine system. Bypass valve 57 will then remain open until the system
      is initially loaded, unless an overspeed condition is detected or the
      steam turbine is tripped, in which event start-up bypass valve 57 would be
      closed. Upon initial loading of the system, start-up bypass valve 57 is
      closed, as loading would result in opening of interceptor valve 51, which
      would provide the necessary steam to the intermediate and low pressure
      turbines 45 and 47.
PAR  To briefly summarize the operation of the turbine system incorporating the
      present invention, latching of the system would result in control valve 19
      and reheat stop valve 49 being opened wide. At the same time, start-up
      bypass valve 57 would also be opened wide to bypass interceptor valve 51,
      which would remain closed. Control of the acceleration of the system would
      then be achieved by adjustment of throttle valve 17 until a predetermined
      speed were reached, at which time throttle valve 17 would be opened wide
      and control valve 19 would be partially closed down and then gradually
      reopened to control acceleration.
PAR  Referring to FIG. 2 there is shown an arrangement for controlling the shaft
      speed of the turbine system comprising the turbines 21', 45', and 47' in
      accordance with a desired shaft speed signal that is generated by an input
      means 200. A speed detecting means is connected to detect the shaft speed
      of the turbine system and generates an output signal on a line 201 that
      represents the detected speed. The output signals of the input means 200
      and of the speed detecting means 201 are transmitted to a comparison
      device 202 that generates an output signal on a line 203 representative of
      the speed error, or difference, between the desired and detected shaft
      speeds. A regulating means 204 positions the throttle valve 23' or the
      governor valve 19' in accordance with the signal on the line 203 to vary
      the steam flow through the high pressure turbine 21' to reduce the speed
      error to a zero steady state valve. The throttle valve 23' is positioned
      to control shaft speed when the shaft speed is less than a predetermined
      value. The control valve 19' is fully open at such times. The control
      valve 19' is positioned to control shaft speed when the shaft speed
      exceeds the predetermined speed value. The throttle valve 23' is fully
      open at such times. To effect acceleration of the turbine system, the
      desired shaft speed signal from the input means 200 is increased from
      turning gear speed to synchronous speed at a rate that does not subject
      the turbine system to harmful thermal stress.
PAR  A regulating means 205 is connected to position the reheat stop valve 51'
      and the intercept valve 49'. During the time interval between latching of
      the turbine system and commencement of initial loading, the regulating
      means 205 holds the valves 51' and 49' closed. A valve positioning means
      206 is connected to position the bypass valve 53'. Upon latching of the
      turbine system the bypass valve 53' is opened by the valve positioning
      means 206, and is maintained open during acceleration of the turbine
      system to permit passaage of a small steam flow through the turbines 45'
      and 47' for purposes of heating the rotor portion of the intermediate
      pressure turbine 45' and cooling the blades near the exhaust end of the
      low pressure turbine 47'. As the auxiliary steam turbines 37' already is
      operating when the turbine system is latched, the steam pressure at the
      inlet of the reheat stop valve 51' is at an elevated level throughout the
      period of acceleration of the turbine system, due to the exhaust pressure
      of the steam turbine 37'. Thus the small steam flow through the turbines
      45'  and 47' is difficult to control accurately by means of the large
      intercept valve 49'. Inaccurate control of the steam flow through the
      turbines 45' and 47' may cause inaccurate control of the turbine shaft
      speed, or loss of shaft speed control. The bypass valve 53' is of such
      size that the small steam flow through the turbines 45' and 47' is
      controlled with accuracy that is satisfactory for turbine shaft speed
      control purposes, when the bypass valve 53' is opened to the elevated
      steam pressure at the inlet of the reheat stop valve 51'. The bypass valve
      53' is maintained open by the positioning means 206 during the period of
      acceleration of the turbine system to synchronous speed, and during the
      time period between synchronization and commencement of initial loading.
      Upon commencement of initial loading the bypass valve 53' is closed.
PAR  A pressure reference source 207 generates an output signal representative
      of a desired steam pressure at the inlet of the throttle valve 23'. A
      pressure detecting means is connected to detect the steam pressure at the
      inlet of the throttle valve 23' and generates a signal representative of
      the detected pressure on a line 208. A comparison device 209 generates an
      output signal on a line 210 that represents the pressure error, or
      difference, between the desired and detected values of steam pressure at
      the inlet of the throttle valve 23', that is transmitted to a regulating
      means 211. The regulating means 211 positions the bypass valve 27' in
      accordance with the signal on the line 210 to vary the steam flow through
      the bypass line 25' to reduce the difference between the detected and
      desired steam pressures to a zero steady state value. The regulating means
      211 positions the bypass valve 27' in accordance with a signal that is the
      sum of a first component that is proportional to the signal on the line
      210 and a second component that is proportional to the time integral of
      the signal on the line 210.
PAR  A pressure reference source 212 generates an output signal that represents
      a desired value of steam pressure at the inlet of the reheat stop valve
      51'. A pressure detecting means is connected to detect the steam pressure
      at the inlet of the reheat stop valve 51' and generates a signal on a line
      213 that represents the detected pressure. A comparison device 214
      generates a signal on an output line 215 that represents the difference,
      or error, between the desired and detected values of steam pressure at the
      inlet of the reheat stop valve 51'. The regulating means 216 positions the
      bypass valve 59' in accordance with the signal on the line 215 to vary the
      steam flow through the bypass line 57' to reduce to a steady state value
      of zero the pressure error that is represented by the signal on the line
      215. The regulating means 216 positions the bypass valve 59' in accordance
      with a signal that comprises the sum of a first component that is
      proportional to the signal on the line 215 and a second component that is
      proportional to the time integral of the signal on the line 215.
PAR  The bypass line 25' is connected to permit passage of a desired minimum
      steam flow through the steam generator 15' when the steam flow through the
      turbine 21' is less than such minimum. Similarly the bypass line 57' is
      connected to permit passage of a desired minimum steam flow through the
      reheater 17' when the steam flow through the turbines 45' and 47' is less
      than the desired minimum. Prior to latching of the turbine system, the
      pressure reference source 207 generates a signal representative of a
      desired steam pressure at the inlet of the throttle valve 23' that
      corresponds to passage of the desired minimum steam flow through the steam
      generator 15'. The regulating means 211 positions the bypass valve 27' to
      reduce to zero the pressure difference that is represented by the signal
      on the line 210, thereby causing the desired minimum steam flow to pass
      through the steam generator 15' and the bypass line 25'. Prior to latching
      of the turbine system, the pressure reference source 212 generates a
      signal representative of a desired steam pressure at the inlet of the
      reheat stop valve 51' that corresponds to passage of the desired minimum
      steam flow through the reheater 17'. The regulating means 216 positions
      the bypass valve 59' to reduce to zero the pressure difference that is
      represented by the signal on the line 215, thereby causing the desired
      minimum steam flow to pass through the reheater 17' and the bypass line
      57'.
PAR  Upon latching of the turbine system, the regulating means 206 opens the
      bypass valve 53' to pass a small steam flow through the turbines 45' and
      47' for purposes of heating the rotor of the turbine 45' and cooling the
      blades at the exhaust of the turbine 47'. To maintain the detected steam
      pressure represented by the signal on the line 213 at the reference value
      generated by the source 212 after the valve 53' is opened, the regulating
      means 216 closes the bypass valve 59' somewhat, to decrease the steam flow
      through the line 57' by an amount that is effectively equal to the steam
      flow through the turbines 45' and 47'. Thus the desired minimum steam flow
      through the reheater 17' is maintained after latching of the turbine
      system.
PAR  As the desired speed signal from the input means 200 increases, the
      regulating means 204 positions the throttle valve 23' or the control valve
      19', depending upon the shaft speed of the turbine system, to increase the
      steam flow through the turbine 21', thereby causing the detected shaft
      speed to increase in accordance with the desired speed. As the steam flow
      through the turbine 21' is increased for purposes of accelerating the
      turbine system, the regulating means 211 increasingly closes the valve 27'
      to maintain the detected steam pressure represented by the signal on the
      line 208 at the reference value generated by the source 207. The steam
      flow through the bypass line 25' thereby is decreased to compensate the
      increasing steam flow through the turbine 21', and the desired minimum
      steam flow through the steam generator 15' is maintained during
      acceleration of the turbine system.
PAR  Referring now to FIG. 3 there is shown an implementation of the speed
      control arrangement shown in FIG. 2 that uses a digital computer 300, an
      associated analog to digital (A/D) converter 301, and an associated
      digital to analog (D/A) converter 302. A reference source 303 generates a
      signal representative of a desired shaft speed of the turbine system
      comprising the turbines 21', 45' and 47'. Reference sources 304 and 305
      generate signals representative of desired steam pressures at the outlet
      of the steam generator 15' and at the outlet of the reheater 17'
      respectively. A pressure detecting means is connected to detect the
      pressure of steam at the outlet of the steam generator 15' and generates a
      signal representative of the detected pressure on line 306. A speed
      detecting means is connected to detect the shaft speed of the turbine
      system comprising the turbines 21', 45' and 47' and generates a signal
      representative of the detected speed on line 307. The pressure detecting
      means is connected to detect the pressure of steam at the outlet of the
      reheater 17' and generates a signal representative of the detected steam
      pressure on a line 308.
PAR  The output signals of the devices 303-305 and the signals on the lines
      306-308 are connected to inputs of the A/D converter 301. Periodically,
      such input signals are scanned, and a digital representation of the analog
      value of each input signal is stored in memory of the digital computer
      300. Periodically, the digital computer 300 uses the digital
      representations of the input signals to calculate digital pressure and
      shaft speed errors that are converted to analog values by the D/A
      converter 302. A digital representation of the pressure error, or
      difference, between the desired and deteced values of steam pressure at
      the outlet of the steam generator 15' is calculated by the digital
      computer 300, and the analog value that corresponds to the pressure error
      is transmitted on a line 309 to a regulating means 310. Regulating means
      310 positions the bypass valve 27' in accordance with the sum of first
      signal that is proportional to the time integral of the input signal on
      the line 309 with a second signal that is proportional to such input
      signal. The digital computer 300 calculates a digital representation of
      the pressure error, or difference, between the desired and detected values
      of the steam pressure at the outlet of the reheater 17'; the analog value
      corresponding to such digital pressure error is transmitted to a valve
      positioner 312 on a line 311. The valve positioner 312 positions the
      bypass valve 59' in accordance with a signal comprising the sum of a first
      component that is proportional to the time integral of the input signal on
      the line 311 with a second component that is proportional to such input
      signal. The digital computer 300 also calculates a digital representation
      of a difference, or error, between the desired and detected values of
      turbine shaft speed. The digital speed error is converted to a
      corresponding analog value by the D/A converter 302 that is transmitted to
      a valve positioner 314 on a line 313. When the shaft speed of the turbine
      system is less than a predetermined speed value, the valve positioner 314
      positions the throttle valve 23' in accordance with the signal on the line
      313; the governor valve 19' is held open at such times. When the shaft
      speed exceeds the predetermined speed value, the valve positioner 314
      positions the governor valve 19' in accordance with the signal on the line
      313; the valve 23' is held open at such times. During time intervals
      between successive calculations of the above-mentioned digital speed and
      pressure errors, the D/A converter 302 holds the signals on the lines
      309-311 at levels that correspond to the most recently calculated digital
      input values. This is accomplished by using a D/A converter that is
      capable of holding its output signals at constant levels between
      conversions, or by utilizing a D/A converter that is capable of holding
      the values of its digital inputs between successive calculations of such
      inputs.
PAR  A valve positioner 315 holds the reheat stop valve 51' and the interceptor
      valve 49' closed during time periods when the turbine system is
      accelerated to synchronous speed, and after synchronization, prior to the
      commencement of loading. During such time periods, a valve positioner 316
      holds the bypass valve 53' open to the elevated steam pressure at the
      outlet of the reheater 17' to control the heretofore described small steam
      flow through the turbines 45' and 47' that is required at such times.
PAR  To effect acceleration of the turbine system, the desired shaft speed
      signal from the reference source 303 is increased from turning gear speed
      to synchronous speed at a rate that does not subject to the turbine system
      to harmful thermal stress. As the desired shaft speed signal increases,
      the digital computer 300 periodically computes the difference, or end,
      between the desired and detected shaft speed values. The analog value that
      corresponds to such shaft speed error is transmitted to the valve
      positioner 314, which positions the throttle valve 23' or the governor
      valve 19' to vary the steam flow through the turbine 21' to reduce the
      analog value of the speed error. Thus, the steam flow through the turbine
      21' is controlled to cause the shaft speed of the turbine system
      comprising the turbines 21', 45' and 47' to increase in accordance with
      the desired speed signal from the reference source 303.
PAR  As the steam flow through the turbine 21' is varied to control the turbine
      system shaft speed, the steam flow through the bypass line 25' is varied
      to maintain a desired minimum flow through the steam generator 15'. The
      reference source 304 generates a signal representative of a desired steam
      pressure at the outlet of the steam generator 15' that corresponds to the
      desired minimum flow through the steam generator. The digital computer 300
      periodically calculates the pressure error between the desired and
      detected values of steam pressure at the outlet of the steam generator
      15'. The analog value of such pressure error is transmitted on the line
      309 to the regulating means 310, which positions the bypass valve 27' to
      vary the steam flow through the bypass line 25' to reduce the pressure
      error to a zero steady state value. Thus, a change of the steam flow
      through the turbine 21' is compensated by an equal, but opposite, change
      of the flow through the bypass line 25'. When no steam flows through the
      turbine 21', the bypass valve 27' is positioned to cause the detected
      steam pressure at the outlet of the steam generator 15' to equal the
      desired value of such pressure. The desired minimum flow of steam thereby
      passes through the steam generator 15' and the bypass line 25'. As the
      steam flow through the turbine 21' increases, the flow through the bypass
      line 25' is decreased by an equal amount, and the flow through the steam
      generator 15' is maintained at the desired minimum flow value.
PAR  During acceleration of the turbine system to synchronous speed, and after
      aynchronization, prior to commencement of loading, the bypass valve 53' is
      opened to permit a small steam flow through the turbines 45' and 47'. The
      steam flow through the bypass line 59' is varied to maintain a desired
      minimum flow through the reheater 17'. The reference source 305 generates
      a signal representative of the desired steam pressure at the outlet of the
      reheater 17' that corresponds to the dsired minimum flow through the
      reheater. The digital computer 300 periodically calculates the pressure
      error between the desired and detected values of steam pressure at the
      outlet of the reheater 17'. The analog value of such pressure error is
      transmitted on the line 311 to the regulating means 312, which positions
      the bypass valve 59' to vary the steam flow through the bypass line 57' to
      reduce the pressure error to a zero steady state value. Thus, a change of
      the steam flow through the turbines 45' and 47' is compensated by an
      equal, but opposite, change of the flow to the bypass line 57'. When no
      steam flows through the turbines 45' and 47', the bypass valve 59' is
      positioned to cause the detected steam pressure at the outlet of the
      reheater 17' to equal the desired value of such pressure, and the desired
      minimum flow passes through the reheater 17' and the bypass line 57'. When
      the bypass valve 53' is opened, the bypass valve 59' is closed somewhat to
      maintain the detected steam pressure at the outlet of the reheater 17' at
      the desired value of such pressure. The steam flow through the bypass line
      57' is decreased by an amount equal to the flow through the turbines 45'
      and 47'. Thus, the desired minimum flow through the reheater 17' is
      maintained.
PAR  It should be understood that various modifications, changes and variations
      may be made in the arrangements, operations and details of construction of
      the elements disclosed herein without departing from the spirit and scope
      of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a steam turbine system with first and second turbine stages and
      having first flow control valving in the flow path of the first turbine
      stage, a bypass line in parallel with the first flow control valving and
      the first turbine stage, first actuating means to adjust the first flow
      control valving, second flow control valving in the flow path of the
      second turbine stage, a bypass line in parallel with the second turbine
      stage and the second flow control valving, a second actuating means to
      adjust the second flow control valving, and an auxiliary steam turbine
      means connected in the flow path between the exhaust of the first turbine
      stage and the inlet of the second flow control valving, the exhaust
      pressure of said auxiliary steam turbine means causing an elevated steam
      pressure at the inlet of the second flow control valving at least during
      acceleration of the turbine system, an improved acceleration control
      arrangement for bringing the turbine system to operating speed comprising:
PA1  second flow control valving connected to govern a flow of steam through the
      second turbine stage,
PA1  a start-up bypass valve connected across the second flow control valving;
      and
PA1  third actuating means to open said bypass valve upon latching of the
      turbine system and to close said bypass valve upon initial loading of the
      turbine system, the second actuating means not opening the second flow
      control valving until initial loading of the turbine system is begun.
NUM  2.
PAR  2. In a steam turbine system with a high pressure turbine and intermediate
      and low pressure turbines and having a throttle valve and a control valve
      in the flow path of the high pressure turbine, a first bypass line across
      the high pressure turbine and the throttle and control valves, first
      actuating means to adjust the throttle and control valves, a reheat stop
      valve and an interceptor valve in the flow path of the intermediate and
      low pressure turbines, a second bypass line across the intermediate and
      low pressure turbines and the reheat stop and interceptor valves, a second
      actuating means to adjust the reheat stop and interceptor valves, and an
      auxiliary steam turbine means connected in the flow path between the
      exhaust of the high pressure turbine and the inlet of the reheat stop
      valve, the exhaust pressure of the auxiliary steam turbine means causing
      an elevated steam pressure at the inlet of the reheat stop valve at least
      during acceleration of the turbine system, an improved acceleration
      control arrangement for bringing the shaft driven by the turbine system to
      synchronous speed comprising:
PA1  a reheat stop valve connected in the flow path of the intermediate and low
      pressure turbines to control the flow of steam through the intermediate
      and low pressure turbines,
PA1  an interceptor valve connected between the outlet of the reheat stop valve
      and the inlet of the intermediate pressure turbine to control the flow of
      steam through the intermediate and low pressure turbines,
PA1  a bypass valve connected to convey steam to the intermediate and low
      pressure turbines when opened; and
PA1  third actuating means to open said bypass valve upon latching of the
      turbine system and to close said bypass valve upon initial loading of the
      turbine system, the second actuating means not opening both the reheat
      stop valve and the interceptor valve until initial loading of the turbine
      system is begun.
NUM  3.
PAR  3. A speed control arrangement as claimed in claim 2 wherein:
PA1  said bypass valve is connected across the interceptor valve; and
PA1  the second actuating means opens the reheat stop valve upon latching of the
      turbine system.
NUM  4.
PAR  4. A system for controlling the acceleration of a turbine-generator in a
      power plant that includes a steam source to derive heat from the coolant
      gas of a high temperature nuclear reactor to generate superheated steam
      and reheated steam in respective first and second steam passage portions,
      said turbine including at least a high pressure turbine connected to pass
      superheated steam from the outlet of the first steam passage portion and a
      lower pressure turbine connected to pass reheated steam from the outlet of
      the second steam passage portion, a first bypass line connected to conduct
      steam from the outlet of the first steam passage portion to the exhaust of
      the high pressure turbine, a first bypass valve means connected to govern
      the steam flow through the first bypass line, a second bypass line
      connected to conduct steam from the outlet of the second steam passage
      portion to the exhaust of the lower pressure turbine, a second bypass
      valve means connected to govern the steam flow through the second bypass
      line, and an auxiliary steam turbine means rotatably coupled to drive a
      reactor coolant gas circulating means and connected to pass at least a
      portion of the steam flow from the exhaust of the high pressure turbine to
      the inlet of the second steam passage portion, the exhaust pressure of
      said auxiliary steam turbine causing an elevated steam pressure at the
      outlet of the second steam passage portion at least during acceleration of
      the turbine-generator, said control system comprising:
PA1  first valve means connected to govern a first steam flow from the outlet of
      the first steam passage portion to the inlet of the high pressure turbine,
PA1  means connected to control a second steam flow from the outlet of the
      second steam passage portion to the inlet of the lower pressure turbine
      both when the flow rate is relatively low during acceleration of the
      turbine-generator, and during subequent operating times including load
      operation when the flow rate is higher, and
PA1  means to position the first valve means to govern the first steam flow to
      accelerate the turbine-generator to synchronous speed.
NUM  5.
PAR  5. A control system according to claim 4 wherein the means to control the
      second steam flow comprise:
PA1  second valve means connected between the outlet of the second steam passage
      portion and the inlet of the lower pressure turbine to control the second
      steam flow, and
PA1  means to position the second valve means.
NUM  6.
PAR  6. A control system according to claim 5 wherein the second valve means
      comprise:
PA1  main valve means connected between the outlet of the second steam passage
      portion and the inlet of the lower pressure turbine to control the second
      steam flow when the flow rate of the second steam flow is higher, and
PA1  bypass valve means connected between the outlet of the second steam passage
      portion and the inlet of the lower pressure turbine to control the second
      steam flow when the flow rate of the second steam flow is relatively low.
NUM  7.
PAR  7. A control system according to claim 6 wherein the bypass valve means is
      fully opened during acceleration of the turbine-generator.
NUM  8.
PAR  8. A control system according to claim 5 wherein the second valve means
      comprise:
PA1  reheat stop valve means connected to the outlet of the second steam passage
      portion,
PA1  interceptor valve means connected between the outlet of the reheat stop
      valve means and the inlet of the lower pressure turbine, the second steam
      flow being controlled by the reheat stop valve means and the interceptor
      valve means when the flow rate of the second steam flow is higher, and
PA1  bypass valve means connected across the interceptor valve means to control
      the second steam flow at times when the flow rate of the second steam flow
      is relatively low, the reheat stop valve means being open and the
      interceptor valve means being closed at such times.
NUM  9.
PAR  9. A control system according to claim 5 wherein the second valve means
      comprise:
PA1  reheat stop valve means connected to the outlet of the second steam passage
      portion,
PA1  interceptor valve means connected between the outlet of the reheat stop
      valve means and the inlet of the lower pressure turbine, the second steam
      flow being controlled by the reheat stop valve means and the interceptor
      valve means when the flow rate of the second steam flow is higher, and
PA1  bypass valve means connected across the reheat stop valve means to control
      the second steam flow at times when the flow rate of the second steam flow
      is relatively low, the reheat stop valve means being closed and the
      interceptor valve means being open at such times.
NUM  10.
PAR  10. A control system according to claim 4 wherein the first valve means
      comprises:
PA1  throttle valve means connected to the outlet of the first steam passage
      portion, and
PA1  control valve means connected between the outlet of the throttle valve
      means and the inlet of the high pressure turbine,
PA1  the throttle valve means being positioned to control the first steam flow
      when the shaft speed of the turbine-generator is less than a predetermined
      value, and the control valve means being positioned to control the first
      steam flow when the shaft speed exceeds said predetermined value.
NUM  11.
PAR  11. A control system according to claim 10 wherein the control valve means
      is fully opened at times when the throttle valve means is positioned to
      control the first steam flow, and the throttle valve means is fully opened
      at times when the control valve means is positioned to control the first
      steam flow.
NUM  12.
PAR  12. A power plant that includes a steam source to derive heat from the
      coolant gas of a high temperature nuclear reactor to generate superheated
      steam and reheated steam in respective first and second steam passage
      portions, said coolant gas being circulated through said reactor and said
      steam source by a gas circulating means, said power plant comprising:
PA1  electric generating means,
PA1  a steam turbine rotatably coupled to drive said electric generating means,
      said steam turbine at least including a high pressure turbine and a low
      pressure turbine,
PA1  first valve means connected to govern a first flow of steam from the outlet
      of the first steam passage portion to the inlet of the high pressure
      turbine,
PA1  a first bypass line connected between the outlet of the first steam passage
      portion and the exhaust of the high pressure turbine to permit passage of
      a desired steam flow through the first steam passage portion at times when
      the first steam flow is less than the desired steam flow,
PA1  means to conduct steam from the exhaust of the high pressure turbine to the
      inlet of the second steam passage portion, said steam conducting means
      including an auxiliary steam turbine means connected to pass at least a
      portion of the steam flow from the high pressure turbine exhaust to the
      inlet of the second steam passage portion, and rotatably coupled to drive
      the reactor coolant gas circulating means, the exhaust pressure of the
      auxiliary steam turbine means causing an elevated pressure of steam at the
      outlet of the second steam passage portion at least during acceleration of
      the turbine-generator,
PA1  means connected to control a second steam flow from the outlet of the
      second steam passage portion to the inlet of the lower pressure turbine
      both when the flow rate is relatively low during acceleration of the
      turbine-generator, and during subsequent operating times including load
      operation when the flow rate is higher,
PA1  a second bypass line connected between the outlet of the second steam
      passage portion and the exhaust of the lower pressure turbine to permit
      passage of a desired steam flow through the second steam passage portion
      at times when the second steam flow is less than the desired steam flow,
      and
PA1  means to position the first valve means to govern the first steam flow to
      accelerate the turbine-generator to synchronous speed.
NUM  13.
PAR  13. A power plant according to claim 12 wherein the means to control the
      second steam flow comprise:
PA1  second valve means connected between the outlet of the second steam passage
      portion and the inlet of the lower pressure turbine to control the second
      steam flow, and
PA1  means to position the second valve means.
NUM  14.
PAR  14. A power plant according to claim 13 wherein the second valve means
      comprise:
PA1  main valve means connected between the outlet of the second steam passage
      portion and the inlet of the lower pressure turbine to control the second
      steam flow when the flow rate of the second steam flow is higher, and
PA1  bypass valve means connected between the outlet of the second steam passage
      portion and the inlet of the lower pressure turbine to control the second
      steam flow when the flow rate of the second steam flow is relatively low.
NUM  15.
PAR  15. A power plant according to claim 14 wherein the bypass valve means is
      fully opened during acceleration of the turbine-generator.
NUM  16.
PAR  16. A power plant according to claim 13 wherein the second valve means
      comprise:
PA1  reheat stop valve means connected to the outlet of the second steam passage
      portion,
PA1  interceptor valve means connected between the outlet of the reheat stop
      valve means and the inlet of the lower pressure turbine, the second steam
      flow being controlled by the reheat stop valve means and the interceptor
      valve means when the flow rate of the second steam flow is higher, and
PA1  bypass valve means connected across the interceptor valve means to control
      the second steam flow at times when the flow rate of the second steam flow
      is relatively low, the reheat stop valve means being open and the
      interceptor valve means being closed at such times.
NUM  17.
PAR  17. A power plant according to claim 13 wherein the second valve means
      comprise:
PA1  reheat stop valve means connected to the outlet of the second steam passage
      portion,
PA1  interceptor valve means connected between the outlet of the reheat stop
      valve means and the inlet of the lower pressure turbine, the second steam
      flow being controlled by the reheat stop valve means and the interceptor
      valve means when the flow rate of the second steam flow is higher, and
PA1  bypass valve means connected across the reheat stop valve means to control
      the second steam flow at times when the flow rate of the second steam flow
      is relatively low, the reheat stop valve means being closed and the
      interceptor valve means being open at such times.
NUM  18.
PAR  18. A power plant according to claim 12 wherein the first valve means
      comprises:
PA1  throttle valve means connected to the outlet of the first steam passage
      portion,
PA1  control valve means connected between the outlet of the throttle valve
      means and the inlet of the high pressure turbine,
PA1  the throttle valve means being positioned to control the first steam flow
      when the shaft speed of the turbine-generator is less than a predetermined
      value, and the control valve being positioned to control the first steam
      flow when the shaft speed exceeds said predetermined value.
NUM  19.
PAR  19. A power plant according to claim 18 wherein the control valve means is
      fully opened at times when the throttle valve means is positioned to
      control the first steam flow, and the throttle valve means is fully opened
      at times when the control valve means is positioned to control the first
      steam flow.
NUM  20.
PAR  20. A system for controlling the shaft speed of a turbine-generator in a
      power plant that includes a steam source to derive heat from the coolant
      gas of a high temperature nuclear reactor to generate superheated steam
      and reheated steam in respective first and second steam passage portions,
      said turbine including at least a high pressure turbine and a lower
      pressure turbine, first valve means connected to govern a first steam flow
      from the outlet of the first steam passage portion to the inlet of the
      high pressure turbine, a first bypass line connected across the first
      valve means and the high pressure turbine, means connected to conduct a
      second steam flow from the outlet of the second steam passage portion to
      the inlet of the lower pressure turbine, a second bypass line connected
      between the outlet of the second steam passage portion and the exhaust of
      the lower pressure turbine, first and second bypass valve means connected
      to govern the steam flows through the respective first and second bypass
      lines, and auxiliary steam turbine means connected to use at least a
      portion of the steam flow from the exhaust of the high pressure turbine to
      the inlet of the second steam passage portion and rotatably coupled to
      drive a means for circulating the coolant gas through the reactor and the
      steam source, the exhaust pressure of the auxiliary steam turbine means
      causing an elevated steam pressure at the outlet of the second steam
      passage portion during acceleration of the turbine-generator, said control
      system comprising:
PA1  means to generate a first representation of a desired shaft speed of a
      turbine-generator,
PA1  means connected to detect the shaft speed of the turbine-generator and to
      generate a second representation of the detected speed,
PA1  means to position the first valve means in accordance with the difference
      between the first and second representations to vary the steam flow
      through the high pressure turbine to reduce the difference,
PA1  means connected to control the second steam flow during acceleration of the
      turbine-generator when the second flow is relatively small, and during
      subsequent periods of operation, including post synchronization, when the
      second flow is larger,
PA1  means responsive to a first power plant variable to position the first
      bypass valve means to compensate a change of the first steam flow by an
      equal, but opposite, change of the flow through the first bypass line, and
PA1  means responsive to a second power plant variable to position the second
      bypass valve means to compensate a change of the second steam flow by an
      equal, but opposite, change of the flow through the second bypass line.
NUM  21.
PAR  21. A control system according to claim 1 wherein the means to control the
      second steam flow comprise,
PA1  main turbine valve means connected between the outlet of the second steam
      passage portion and the inlet of the lower pressure turbine to control the
      second steam flow when such flow is larger, and
PA1  a bypass valve connected across the main turbine valve means to control the
      second steam flow when such flow is relatively small, the main turbine
      valve means being enclosed at such times.
NUM  22.
PAR  22. A control system according to claim 1 wherein the means to control the
      second steam flow comprise:
PA1  reheat stop valve means connected to the outlet of the second steam passage
      portion,
PA1  intercept valve means connected between the outlet of the reheat stop valve
      means and the inlet of the lower pressure turbine, the second steam flow
      being controlled by said reheat stop valve means and said interceptor
      valve means when such flow is larger, and
PA1  bypass valve means connected across said intercept valve means to control
      the second steam flow when such flow is relatively small, said reheat stop
      valve means being open and said intercept valve means being closed at such
      times.
NUM  23.
PAR  23. A control system according to claim 1 wherein the means to control the
      second steam flow comprise:
PA1  reheat stop valve means connected to the outlet of the second steam passage
      portion,
PA1  intercept valve means connected between the outlet of the reheat stop valve
      means and the inlet of the lower pressure turbine, the second steam flow
      being controlled by said reheat stop valve means and said intercept valve
      means when such flow is larger, and
PA1  bypass valve means connected across said reheat stop valve means to control
      the second steam flow when such flow is relatively small, said reheat stop
      valve means being closed and said intercept valve means being open at such
      times.
NUM  24.
PAR  24. A control system according to claim 1 wherein the means to position the
      first bypass valve means comprise:
PA1  means to detect the steam pressure at the outlet of the first steam passage
      portion and generate a third representation of the detected pressure,
PA1  means to generate a fourth representation of a desired steam pressure at
      the outlet of the first steam passage portion that corresponds to a
      desired minimum steam flow through the first steam passage portion, and
PA1  means to position the first bypass valve means in accordance with a
      difference between the third and the fourth representations to reduce the
      difference, and the means to position the second bypass valve means
      comprise,
PA1  means to detect the steam pressure at the outlet of the second steam
      passage portion and generate a fifth representation of the detected
      pressure,
PA1  means to generate a sixth representation of a desired steam pressure at the
      outlet of the second steam passage portion that corresponds to desired
      minimum steam flow through the second steam passage portion, and
PA1  means to position the second bypass valve means in accordance with a
      difference between the fifth and the sixth representations to reduce the
      difference.
NUM  25.
PAR  25. A control system according to claim 1 wherein the first bypass valve
      means is positioned to cause a steam flow through the first bypass line
      that is equal to a desired minimum flow at times when the first valve
      means is closed and the steam pressure at the outlet of the first steam
      passage portion is equal to a first predetermined pressure value, and the
      second bypass valve means is positioned to cause a steam flow through the
      second bypass line that is equal to the desired minimum flow when the
      second steam flow is zero and the steam pressure at the outlet of the
      second steam passage portion is equal to a second predetermined pressure
      value.
NUM  26.
PAR  26. A power plant that includes a steam source to derive heat from the
      coolant gas of a high temperature nuclear reactor to generate superheated
      steam and reheated steam in respective first and second steam passage
      portions, said coolant gas being circulated through said reactor and said
      steam source by a gas circulating means, said power plant comprising:
PA1  electric generating means,
PA1  a steam turbine rotatably coupled to drive said electric generating means,
      said turbine including at least a high pressure turbine and a lower
      pressure turbine,
PA1  first valve means connected to govern a first steam flow from the outlet of
      the first steam passage portion to the inlet of the high pressure turbine,
PA1  a first bypass line connected across said first valve means and said high
      pressure turbine to permit a desired minimum flow through the first steam
      passage portion at times when the first flow is less than such minimum,
PA1  first bypass valve means connected to govern the steam flow through said
      first bypaass line,
PA1  auxiliary steam turbine means connected to pass at least a portion of the
      steam flow from the exhaust of said high pressure turbine to the inlet of
      the second steam passage portion, said auxiliary steam turbine means being
      rotatably coupled to drive the reactor coolant gas circulating means,
PA1  means connected to control a second steam flow from the outlet of the
      second steam passage portion to the inlet of said lower pressure turbine
      both during acceleration of the turbine-generator when the second flow is
      relatively small, and during subsequent periods of operation, including
      post synchronization, when the second flow is larger,
PA1  a second bypass line connected between the outlet of the second steam
      passage portion and the exhaust of said lower pressure turbine to permit a
      desired minimum flow through the second steam passage portion at times
      when the second flow is less than such minimum,
PA1  second bypass valve means connected to govern the flow through said second
      bypass line,
PA1  means to generate a first representation of a desired shaft speed of the
      turbine-generator,
PA1  means connected to detect the shaft speed of the turbine-generator and
      generate a second representation of the detected speed,
PA1  means to position said first valve means in accordance with a difference
      between the first and second representations to vary the steam flow
      through the high pressure turbine to reduce the difference,
PA1  means responsive to a first power plant variable to position the first
      bypass valve means to compensate a change of the first steam flow by an
      equal, but opposite, change of the flow through the first bypass line, and
      means responsive to a second power plant variable to position the second
      bypass valve means to compensate a change of the second steam flow by an
      equal, but opposite, change of the flow through the second bypass line.
NUM  27.
PAR  27. A power plant according to claim 7 wherein said means to control the
      second steam flow comprise:
PA1  main turbine valve means connected between the outlet of the second steam
      passage portion and the inlet of said lower pressure turbine to control
      the second steam flow when such flow is larger, and
PA1  bypass valve means connected across the main turbine valve means to control
      the second steam flow when such flow is relatively small, the main turbine
      valve means being closed at such times.
NUM  28.
PAR  28. A control system according to claim 7 wherein said means to control the
      second steam flow comprise:
PA1  reheat stop valve means connected to the outlet of the second steam passage
      portion,
PA1  intercept valve means connected between the outlet of said reheat stop
      valve means and the inlet of said lower pressure turbine, the second steam
      flow being controlled by said reheat stop valve means and said intercept
      valve means when such flow is larger, and
PA1  bypass valve means connected across said intercept valve means to control
      the second steam flow when such flow is relatively small, said reheat stop
      valve means being open and said intercept valve means being closed at such
      times.
NUM  29.
PAR  29. A control system according to claim 7 wherein said means to control the
      second steam flow comprise:
PA1  reheat stop valve means connected to the outlet of the second steam passage
      portion,
PA1  intercept valve means connected between the outlet of said reheat stop
      valve means and the inlet of said lower pressure turbine, the second steam
      flow being controlled by said reheat stop valve means and said intercept
      valve means when such flow is larger, and
PA1  bypass valve means connected across said reheat stop valve means to control
      the second steam flow when such flow is relatively small, said reheat stop
      valve means being closed and said intercept valve means being open at such
      times.
NUM  30.
PAR  30. A power plant according to claim 7 wherein said means to position the
      first bypass valve means comprise:
PA1  means to detect the steam pressure at the outlet of the first steam passage
      portion and generate a third representation of the detected pressure,
PA1  means to generate a fourth representation of a desired steam pressure at
      the outlet of the first steam passage portion that corresponds to a
      desired minimum flow through the first steam passage portion, and
PA1  means to position the first bypass valve means in accordance with a
      difference, between the third and the fourth representations to reduce the
      difference, and said means to position the second bypass valve means
      comprise:
PA1  means to detect the steam pressure at the outlet of the second steam
      passage portion and generate a fifth representation of the detected
      pressure,
PA1  means to generate a sixth representation of a desired steam pressure at the
      outlet of the second steam passage portion that corresponds to a desired
      minimum steam flow through the second steam passage portion, and
PA1  means to position the second bypass valve means in accordance with the
      difference between the fifth and the sixth representations to reduce the
      difference.
NUM  31.
PAR  31. A power plant according to claim 7 wherein said first bypass valve
      means is positioned to cause a steam flow through said first bypass line
      that is equal to a desired minimum flow at times when said first valve
      means is closed and the steam pressure at the outlet of the first steam
      passage portion is equal to a first predetermined pressure value, and said
      second bypass valve means is positioned to cause a steam flow through said
      second bypass line that is equal to the desired minimum flow when the
      second steam flow is zero and the steam pressure at the outlet of the
      second steam passage portion is equal to a second predetermined pressure
      value.
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PAL  A method and apparatus for the generation of power wherein a fluid is
      circulated within a pressurizer wherein the fluid is pressurized by
      centrifugal action and then passed via nozzles to a toroidal shaped cavity
      for further pressurization. After passing through said circular shaped
      cavity, the fluid passes through nozzles oriented to discharge forward, in
      the direction of rotation, and then the fluid is passed through a reaction
      type turbine wheel with inward flow, to generate the power. Work is
      required to rotate the pressurizer, and work is obtained from the turbine,
      and the difference between the two amounts of work is the work output for
      the power generator. Heat is added to the working fluid of the power
      generator from external sources. Working fluid may be either a gas or a
      liquid. Normally, the working fluid is maintained within the power
      generator at an elevated pressure.
PARN
PAR  This application is a continuation-in-part application of "Turbine", filed
      Aug. 7, 1973, Ser. No. 386,273, now U.S. Pat. No. 3,879,152.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to devices for generating power wherein a fluid is
      passed from a higher energy level to lower energy level by pressurizing
      the fluid first in a forced vortex type pressurizer section, and then
      further pressurizing said fluid in a free vortex type pressurizing
      section, and then passing said fluid into an inward flow turbine where
      said high pressure fluid pressure in decreased with accompanying
      generation of power. The temperature of the fluid is decreased when
      passing through the pressurizing and power generation sections and heat is
      then added to said fluid from external sources.
PAR  There have been various devices for generation of power; in some of these
      devices a fluid is passed through an inward flow turbine and the fluid is
      supplied to the rotor wheel from stationary nozzles at rotor periphery.
      These devices require for their operation a pressurized fluid source, and
      can not operate by using heat directly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section of the power generator.
PAR  FIG. 2 is an end view of the power generator.
PAR  FIG. 3 is another end view of the power generator.
PAR  FIG. 4 is a detail of nozzles.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  It is an object of this invention to provide for a power generator which
      can use heat from a suitable source to generate power. Further, it is an
      object of this invention to provide a power generator that is inexpensive
      and simple in construction and which can use ordinary materials for its
      construction.
PAR  In FIG. 1, a cross section parallel to the rotor shafts is shown. 10 is
      first rotor, 11 is second rotor, 24 are second rotor vanes, 12 are fluid
      nozzles discharging forward in the direction of rotation of both rotors,
      13 is first rotor free vortex cavity, 14 are feeder nozzles discharging
      forward in the direction of rotation into said free vortex cavity, 15 are
      vanes in first rotor forced vortex cavity, 16 is fluid space near rotor
      center, 17 is first rotor shaft bearing, 18 is first rotor shaft, 19 and
      20 are fluid entry and exit for passing the fluid to be heated in an
      external heater, 21 is support, 23 second rotor shaft bearing, 22 is
      second rotor shaft.
PAR  In FIG. 2, an end view of the unit is shown with sections removed to show
      unit interior details. 10 is first rotor, 15 are first rotor vanes, 22 is
      second rotor shaft, 21 is support, 11 is second rotor and 24 are second
      rotor vanes, and 25 indicates direction of rotation for both rotors.
PAR  In FIG. 3, another end view of the unit is shown. 10 is first rotor, 14 are
      fluid feeder nozzles for passing said fluid into said free vortex cavity,
      22 is second rotor shaft, 21 is support, 12 are fluid nozzles for
      discharging said fluid from first rotor and passing said fluid into said
      second rotor.
PAR  In FIG. 4, a detail of the nozzles used with this device is shown. 30
      indicates direction of rotation of the nozzle wall 32 around shaft 31. 33
      are said nozzles, and 34 indicates fluid leaving said nozzles.
PAR  In operation, said fluid is passed from center area 16 to forced vortex
      cavity of said first rotor 10, and there pressurized by centrifugal action
      on said fluid by said first rotor with vanes 15 assuring that said fluid
      will rotate at the same speed as said rotor. After such pressurization,
      said fluid is passed through feeder nozzles 14 into said free vortex
      cavity 13, with said fluid being oriented to leave said nozzles 14 in a
      forward direction so that the tangential velocity of the fluid leaving
      said nozzles relative to the rotor is added to the tangential velocity of
      said first rotor in the area where said nozzle is located. Thus, the said
      fluid will have a high tangential velocity, and since said fluid is forced
      to move along a curved path formed by said free vortex cavity, the fluid
      will form a free vortex. The pressure of said fluid is then increased
      toward the periphery of said free vortex cavity 13 in accordance with well
      known rules pertaining to free vortexes. The high pressure fluid is then
      discharged via nozzles 12 in a forward direction that is in the direction
      of rotation, and the said fluid then enters said second rotor near the tip
      of said rotor, with the tangential velocities of said fluid and said
      second rotor being normally nearly the same to avoid turbulence and
      turbulence related work losses. The fluid is then passed inward through
      the said second rotor where vanes 24 will assure that the fluid will
      rotate at the same speed as said second rotor for recovery of the work
      associated with the deceleration of said fluid within said second rotor.
      Said fluid is then discharged into said space 16 thus completing its
      cycle.
PAR  The function of the free vortex cavity will be further described: It is
      well known that a fluid passing along a curved path will have a higher
      pressure along the outer periphery of said path. The pressure increase for
      such situation is given by
EQU  dp=.rho..V.sup.2 dr/r
PAL  and for a curved path, similar to that used in the device of this
      invention, the equation becomes
EQU  P.sub.2 =P.sub.1 +ln (r.sub.2 /r.sub.1) V.sup.2 w/144 g
PAL  where .rho.=fluid density, r is radius, V=velocity along said curved path;
      P.sub.2 =pressure at outer periphery, P.sub.1 =pressure at inner
      periphery, ln=natural log., r.sub.2 =outer periphery radius, r.sub.1
      =inner periphery radius, w=weight of fluid, 144=conversion factor, and
      g=acceleration of gravity. In the free vortex cavity, the fluid absolute
      tangential velocity would ordinarily change from a higher value to a lower
      value with increasing radius; but by using multiple nozzles feeding said
      cavity at different distances from center, the reduction in said absolute
      tangential velocity can be controlled or eliminated, as desired. Normally,
      the entry velocity of said fluid into said free vortex cavity is so
      controlled that the absolute tangential velocity of said fluid within said
      free vortex cavity 13 will remain constant, however, this is not
      mandatory. When said absolute tangential velocity is maintained constant
      within cavity 13, then the velocity V, in the second equation hereinbefore
      is the velocity within said cavity 13. In ordinary practice, the pressure
      P.sub.1 shown in said second equation, is zero, but this is not mandatory.
      Normally, the exit velocities from nozzles 14 are so controlled as to
      obtain the desired total absolute tangential velocity for said fluid, and
      the absolute tangential velocity of said fluid and the tangential velocity
      of said rotor cavity 13 will coincide at the periphery of said cavity near
      entry to nozzles 12, so that turbulence losses are reduced. Thus, the
      differential between the tangential speeds of said fluid and said rotor is
      reduced with increasing radius, and finally at the cavity periphery both
      the fluid and the rotor will rotate at the same speed.
PAR  To improve the performance of this unit, the pressure within space 16 is
      increased to a higher value, above ambient air pressure. With suitable
      increase in operational rotor speed, the pressure P.sub.1 can still be
      maintained zero, and a greater pressure increase within cavity 13 be
      effected. This in turn will increase the power output by the machine, by
      allowing the use of greater speeds for the said second rotor 11, these
      greater speeds having been made possible by the greater pressure
      differential available between nozzles 12 and the center space 16.
PAR  It should be noted that while the operation in cavities 15 and 24 are
      normal for centrifuges and for forced vortex flow, the operation in cavity
      13 is defined by laws relating to free vortexes and this different form of
      operation is the basis for the workability of this power generator. In a
      free vortex, as operated herein, the pressure increase is much greater,
      than in a forced vortex rotating at similar speeds, and it is this
      increase in pressure within said free vortex that is employed to generate
      said power in the device of this invention.
PAR  It should be also noted that the temperature of the fluid is decreased
      while passing through the device, and to maintain the fluid temperature at
      a suitably constant level, heat is added to said fluid from an external
      source. Heat may be added in an external heat exchanger and the fluid
      circulated therethrough, or a heat exchanger be installed within the rotor
      with the heating fluid being circulated within such heat exchanger; such
      installation was described in my previous U.S. Pat. "Compressor with
      Cooling," No. 3,795,461.
PAR  The working fluid for the power generator of this invention may be a liquid
      or it may be a gas. Liquids such as water, or many of the halogenated
      hydrocarbons, or other liquids may be used. Various gases also may be
      used.
PAR  It should be noted that the fluid may be fed into said free vortex cavity
      from two sides; the unit shown in FIG. 1 has nozzles only on one side of
      said cavity 13. Arrangement where the feeding of fluid into cavity 13 from
      both sides as shown in my co-pending patent application "Turbine", filed
      Aug. 7, 1973, Ser. No. 386,273. Having said feed nozzles on both sides of
      cavity 13 will allow increase in the fluid flow within said cavity 13, and
      this in turn will reduce fluid friction effects on the fluid velocity
      within said cavity 13.
PAR  Another way that the effects of fluid friction within cavity 13 may also be
      reduced is by using heavy working fluid. The fluid enters said cavity 13
      at a predetermined velocity, and use of heavy working fluid, such as many
      of the halogenated hydrocarbons, with their relatively low viscosity, will
      reduce the slowing down of said fluid within said cavity 13.
PAR  In normal operation, the unit requires a power transmission means for
      passing some of the power generated by said second rotor to drive said
      first rotor. Also, a means for starting the unit is required.
PAR  Applications include as a power generator for electricity generation, as a
      power source for portable uses, and as a power source for stationary uses.
PAR  Various controls and gauges may be required with the device of this
      invention; also, circulating pumps, and heat exchangers may be required.
      They are not a part of this invention and are not further described
      herein.
PAR  To further illustrate the construction of the unit of this invention,
      assume that the fluid is water. Assume that the angular speed of the first
      rotor is 250 rad/sec., and the cavity 13 inner radius is 1.1 inch and
      outer radius is 4.6 inch, and that the distance to first row of feeder
      nozzles is 1.9 inch, to second row of feeder nozzles is 2.7 inch, and the
      distance from center to third row of feeder nozzles is 3.6 inch. Then, the
      pressures due to rotation in cavity defined by vanes 15 are: At first row,
      10 psi, at second row, 21 psi, at third row, 38 psi. The tangential speed
      at nozzles 12 is 95 fps., and the required fluid tangential total
      velocities are 95 fps at nozzles 12, 121 fps at third row, 127 fps at
      second row and 135 fps at first row of feeder nozzles. Setting flow at 10
      lbs/sec from first and second row nozzles, and 14 lbs/sec from third row
      nozzles, the adjusted absolute fluid tangential velocities then become 141
      fps first row, 166 fps at second row and 165 fps at third row nozzles
      within cavity 13. Cavity pressure is then 213 psia at nozzles 12, and 0
      psia at inner cavity radius. Actual exit velocities for the fluid from
      feeder nozzles are, after corrections, 142 fps for first row, 116 fps at
      second row, and 79 fps at third row; the corresponding fluid absolute
      velocities are then 176 fps at first row, within cavity 13, and 167 fps at
      second row and 151 fps at third row within cavity 13. Thus, for this
      device, the pressure of water at entry to nozzles 12 is 213 psia; for
      comparison, note that for a centrifuge, the water pressure for tangential
      speed 95 fps is 62 psia. This is the reason for the functioning of the
      power generator of this invention. The work input to first rotor, relating
      to reaction in feeder nozzles and at nozzles 12, is 0.42 BTU/lb, and work
      output from second rotor is 0.45 BTU/lb, with second rotor rotating at 107
      fps tip speed. The pressure at exit side of nozzles 12 is 212 psia. Work
      output can be increased by pressurizing the system with gas, and
      increasing the rotor speeds. All values shown are approximate.
CLMS
STM  I claim:
NUM  1.
PAR  1. A power generator comprising:
PA1  a. a support for supporting a shaft;
PA1  b. a shaft journalled in bearings in said support for rotation;
PA1  c. a rotating first rotor mounted on said shaft so as to rotate in unison
      therewith; said rotor being hollow for circulating a fluid therewithin;
      said rotor having a first cavity near the center of said rotor adapted for
      passing said fluid and connected with a second cavity extending outward
      from the center of said rotor; said second cavity having vanes therewithin
      for assuring that said fluid will rotate with said rotor for acceleration
      of said fluid for pressurization of said fluid; said second cavity having
      a plurality of discharge nozzles for passing said fluid into a third
      cavity, said third cavity being a cavity for forming a free vortex by said
      fluid; said second cavity discharge nozzles being located a predetermined
      distance away from the center of rotation of said rotor; said second
      cavity discharge nozzles being sized and shaped to obtain highest
      attainable exit velocity for said fluid from said nozzles for the pressure
      differential available between entry and exit ends of said discharge
      nozzles; said second cavity discharge nozzles being oriented to discharge
      said fluid in nearly tangentially forward direction that is in the
      direction of rotation of said first rotor; said fluid being pressurized
      within said third cavity by being forced to follow a curved path formed by
      said third cavity, with the highest fluid pressure existing at the radial
      distance furthest away from the center of rotation of said rotor; said
      fluid being then passed to exit nozzles from said third cavity with said
      exit nozzles being located near the periphery of said third cavity and
      with said exit nozzles being oriented to discharge said fluid in forward
      direction that is in the direction of rotation; said fluid being at a
      higher pressure at the entry to said third cavity exit nozzles than at the
      entry to said first cavity;
PA1  d. a second rotor for generating power and being rotatably mounted and
      supported by a shaft and bearings; said second rotor cavity at periphery
      being adjacent to said first rotor third cavity exit nozzles for receiving
      said fluid; said fluid being passed inward toward the center of rotation
      via inward extending fluid passageways with said inward extending fluid
      passageways being provided with vanes for assuring that said fluid will
      rotate with said second rotor and for recovery of the work associated with
      the deceleration of said fluid; said second rotor being sealed with said
      first rotor for retention of pressure of said fluid; said fluid being
      discharged from said second rotor near the rotor center with said fluid
      being passed into said first rotor first cavity;
PA1  e. a means for adding heat to said fluid.
NUM  2.
PAR  2. The power generator of claim 1 wherein said means for adding heat to
      said fluid comprises passages communicating with said first rotor cavity
      for passing heated fluid from an external source and for withdrawing fluid
      from said first rotor cavity.
NUM  3.
PAR  3. The power generator of claim 1 wherein said second cavity discharge
      nozzles are arranged in plurality of rows with each row a different
      distance away from rotor center for improving the velocity distribution
      within said first rotor third cavity, for a greater pressure increase of
      said fluid within said third cavity.
NUM  4.
PAR  4. The power generator of claim 1 wherein said second rotor is surrounded
      by an extension of said first rotor for pressure retention and a seal is
      provided about the shaft of said second rotor.
NUM  5.
PAR  5. A power generator comprising:
PA1  a first rotor including;
PA2  an axially extending cavity therewithin, a first radially extending annular
      cavity having vanes therein, said radially extending cavity being in
      communicataion with said axial cavity, a second radially extending annular
      cavity, the same being so configured as to permit the forming of a free
      vortex therewithin, a plurality of nozzle means communicating between said
      first and second radially extending cavities, third radially extending
      annular cavity for receiving a further rotor therewithin;
PA1  a second rotor including;
PA2  a vane-containing hollow portion, said hollow portion being in
      communication with said first rotor's axial cavity, and a shaft portion,
PA1  said first rotor further including means for rotataly
PA2  receiving said second rotor shaft, and nozzle means for communicating
      between said third radially extending cavity of said first rotor and said
      second rotor's hollow portion.
NUM  6.
PAR  6. The device of claim 1 and including conduit means for permitting fluid
      to enter and exit from said axially extending first rotor cavity.
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ABST
PAL  Liquid impervious surface structures are formed by permeating a fabric and
      a portion of an earthen foundation with an aqueous gel wherein the
      permeated earthen foundation is covered by the permeated fabric.
BSUM
PAC  BACKGROUND
PAR  The invention relates to a liquid-impervious surface structure and a method
      for the production of same.
PAR  Various materials and methods have been used in the treatment of soil in
      order to make the soil cohesive and liquid-impervious, and thus possess a
      number of highly desirable qualities. Such qualities include, among
      others, the ability to bear high-pressure loads, the ability to withstand
      penetration by water, and the ability to resist erosion by water or other
      forces. Earthen reservoirs or ponds represent one example in which it is
      desirable to have a liquid-impervious surface. Leakage where brine or
      other fresh water contaminating liquids are stored can be a problem.
      Earthen dams and canals are also examples of areas in which it is
      desirable to prevent leakage. Therefore, new soil treatment processes and
      surface structures which improve the solid state properties of the soil
      are of continuing interest to the arts in general.
PAR  It is an object of the invention to provide a surface structure.
PAR  Another object of the invention is to provide a liquid-impervious surface
      structure.
PAR  Still another object of the invention is to provide a liquid-impervious
      surface structure which is resistant to erosion and puncture, and which
      has good load bearing qualities.
PAR  Yet another object of the invention is to produce a reservoir or pond
      having a surface which is a liquid-impervious structure.
PAR  Other objects, aspects and advantages of the present invention will be
      obvious to those skilled in the art from a study of the disclosure and the
      appended claims.
PAC  SUMMARY
PAR  In accordance with the invention a liquid-impervious surface structure is
      provided comprising an earthen foundation covered with a fabric wherein
      both the fabric and a portion of the earthen foundation are permeated with
      an aqueous gel.
PAR  Further according to the invention there is provided a method for the
      production of a liquid-impervious surface structure comprising permeating
      a fabric and a portion of an earthen foundation with an aqueous gel,
      wherein the permeated earthen foundation is covered by the permeated
      fabric.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The earthen foundation suitable for use in the practice of the invention
      can be any of a variety of soils, regardless of how formed or chemical and
      physical composition. It is preferred that the earthen foundation be
      relatively smooth to prevent rupture of the fabric used to cover the
      foundation; however the present invention retains its liquid-impervious
      characteristics in spite of such ruptures in the fabric.
PAR  A number of fabrics are suitable for use in the practice of the invention.
      Synthetic fabrics generally resist deterioration and last longer than
      fabrics made of natural fibers and are preferred. The nonwoven polyolefin
      fabrics are particularly preferred due to their relatively low cost and
      availability as well as excellent combination of properties.
PAR  A nonwoven polypropylene fabric is well suited for use in the invention.
      Such fabric can be made from about 2-20 denier, preferably about 3-8
      denier, crimped staple of about 1/2 to about 3 inches in length; a batt of
      these fibers is needle punched and the needle punched fabric is then
      passed through a pair of nip rolls, at least one of which is heated above
      the melting point of the fibers to heat-fuse the fibers on at least one
      side. The amount of fusion is adjusted to give the final product a tensile
      strength of from about 10 pounds to about 75 pounds per inch of width, the
      strength depending upon the amount of fusion, weight of fabric and denier
      of the fiber. The fabric is ordinarily about 1-5 millimeters thick under
      no compression. Such fabrics normally come in various lengths, and widths
      of up to 12 feet. Where a width of greater than 12 feet is required, it is
      desirable to sew or attach strips of the fabric together to provide one
      continuous sheet of fabric for better erosion and puncture protection.
PAR  The polypropylene fabric should have a weight of at least about 1-4
      oz/yd.sup.2 but a heavier fabric weighing about 5-6 oz/yd.sup.2 can also
      be used. Much heavier fabrics become uneconomical and heavy to handle.
PAR  The aqueous gels suitable for use in the invention are gels formed from
      water-soluble polymers. Some examples of such water-soluble gel-forming
      polymers are polyacrylamides, biopolysaccharides and cellulose ethers.
      These polymers are usually gelled when dissolved in an aqueous medium by
      contacting the polymers with aqueous solutions of a polyvalent metal and
      reducing agent. The molecular weight of the polymers employed is not
      critical; however, the molecular weight must be high enough to enable the
      polymers to form a gel as hereinafter described, but low enough to allow
      the polymers to dissolve in water. Other conventional and suitable methods
      of gelling these polymers well known to those skilled in this art can also
      be employed.
PAR  Various homopolymers and copolymers of acrylamide and methylacrylamide are
      suitable for use in the invention. The polymers can be at various stages
      of hydrolysis of the amide groups to carboxyl groups. The method of
      manufacture of these polymers is well known and not considered a part of
      this invention.
PAR  The biopolysaccharides which can be used in preparing the aqueous gels of
      the invention include those produced by the action of bacteria of the
      genus Xanthomonas on carbohydrates. These materials are thus biochemically
      synthesized polysaccharides and can be referred to as biopolysaccharides
      to distinguish them from naturally-occurring polysaccharides. It has been
      shown in the prior art that biopolysaccharides are produced with
      particular efficiency by certain species of the Xanthomonas genus and are
      thus preferred. These preferred species include Xanthomonas begoniae,
      Xanthomonas campestris, Xanthomonas incanae, and Xanthomonas pisi.
PAR  A wide variety of carbohydrates can be fermented with bacteria of the genus
      Xanthomonas to produce said biopolysaccharides. Suitable carbohydrates
      include sucrose, glucose, maltose, fructose, lactose, galactose, soluble
      starch, corn starch, potato starch, and the like. The prior art has also
      shown that the carbohydrates need not be in a highly refined state and
      that crude materials from natural sources can be utilized. Examples of
      such suitable natural source materials include crude molasses, raw sugar,
      raw potato starch, sugar beet juice, and the like. Since they are much
      less expensive than the corresponding refined carbohydrates, such natural
      source materials are usually preferred for use as the substrate in
      preparing said biopolysaccharides. Fermentation of the carbohydrate to
      produce said biopolysaccharides is well known and not considered a part of
      the present invention.
PAR  In general, any water-soluble cellulose ether or mixtures thereof can be
      employed in the practice of this invention. Such cellulose ethers or ether
      mixtures can include, among others: the various carboxyalkyl cellulose
      ethers, e.g., carboxyethyl cellulose and carboxymethyl cellulose (CMC);
      mixed ethers such as carboxyalkyl hydroxyalkyl ethers, e.g., carboxymethyl
      hydroxyethyl cellulose (CMHEC); hydroxyalkyl celluloses such as
      hydroxyethyl cellulose, and hydroxypropyl cellulose; alkylhydroxyalkyl
      celluloses such as methylhydroxypropyl cellulose; alkyl celluloses such as
      methyl cellulose, ethyl cellulose, and propyl cellulose; alkylcarboxyalkyl
      celluloses such as ethylcarboxymethyl cellulose; alkylalkyl celluloses
      such as methylethyl cellulose; and hydroxyalkylalkyl celluloses such as
      hydroxypropylmethyl cellulose; and the like. Many of said cellulose ethers
      are available commercially in various grades. The carboxy-substituted
      cellulose ethers are available as the alkali metal salt, usually the
      sodium salt. However, the metal is seldom referred to, and the salts are
      commonly referred to as CMC, CMHEC, etc. For example, water-soluble CMC is
      available in various degrees of carboxylate substitution ranging from
      about 0.3 up to the maximum degree of substitution of 3. In general, CMC
      having a degree of substitution in the range of about 0.65 to about 0.95
      is preferred. Frequently, CMC having a degree of substitution in the range
      of about 0.85 to about 0.95 is a more preferred cellulose ether. CMC
      having a degree of substitution less than the above preferred ranges is
      usually less uniform in properties and thus less desirable for use in the
      practice of the invention. CMC having a degree of substitution greater
      than the above preferred ranges usually has a lower viscosity and more is
      required in the practice of the invention. The degree of substitution of
      CMC is commonly designated in practice as CMC-7, CMC-9, CMC-12, etc.,
      where the 7, 9 and 12 refer to a degree of substitution of 0.7, 0.9 and
      1.2, respectively.
PAR  In the above-described mixed ethers, it is preferred that the portion
      thereof which contains the carboxylate groups be substantial instead of a
      mere trace. For example, in CMHEC it is preferred that the carboxymethyl
      degree of substitution be at least about 0.4. The degree of hydroxyethyl
      substitution is less important and can vary widely, e.g., from about 0.1
      or lower to about 4 or higher. The method of manufacture of these polymers
      is also well known and not considered a part of the present invention.
PAR  The amount of such polymers used in the practice of the invention can vary
      widely depending upon the particular polymer used, the purity of the
      polymer and properties desired in the resulting gel. In general, the
      amount of the polymer used in preparing the aqueous solutions will be a
      water-thickening amount, i.e., at least an amount which, prior to gelation
      as herein described, will significantly thicken the water to which it is
      added. Generally speaking, amounts in the range of 0.0025 to 5, preferably
      0.01 to 1.5, weight percent based on the weight of water, can be used in
      the practice of the invention. However, it is within the scope of the
      invention to use amounts outside these ranges.
PAR  The reducible polyvalent metal compounds which can be used in the practice
      of this invention are water-soluble compounds of polyvalent metals wherein
      the metal is present in a valence state which is capable of being reduced
      to a lower polyvalent valence state. Examples of such compounds include
      potassium permanganate, sodium permanganate, ammonium chromate, ammonium
      dichromate, the alkali metal chromates, the alkali metal dichromates, and
      chromium trioxide. Sodium dichromate and potassium dichromate, because of
      low cost and ready availability, are the presently preferred metal
      compounds for use in the practice of the invention.
PAR  The amount of the reducible polyvalent metal compounds used in the practice
      of the invention will be a sensible amount, i.e., a small but finite
      amount which is more than incidental impurities and which is effective or
      sufficient to cause subsequent gelation of water-soluble cellulose ether
      in the presence of water, when the metal in the polyvalent metal compound
      is reduced to a lower polyvalent valence state. The lower limit of
      concentration of the starting metal compound will be dependent upon
      several factors, including the particular type of polymer used, the
      concentration of the polymer in the aqueous medium to be gelled, and the
      type of gelled product desired. For similar reasons, the upper limit on
      the concentration of the starting metal compound also cannot always be
      precisely defined. However, it should be noted that excessive amounts of
      the starting metal compound can adversely affect the stability of the gels
      produced. As a general guide, the amount of the starting polyvalent metal
      compound used in preparing aqueous gels in accordance with the invention
      will be in the range of from about 0.025 to about 100, preferably from
      about 0.5 to about 40, weight percent of the amount of the polymer used.
PAR  Suitable water-soluble reducing agents which can be used in the practice of
      this invention include sulfur-containing compounds such as sodium sulfate,
      sodium hydrosulfite, sodium metabisulfite, potassium sulfite, sodium
      bisulfite, potassium metabisulfite, sodium sulfide, sodium thiosulfate,
      ferrous sulfate, and thioacetamide; and nonsulfur-containing compounds
      such as hydroquinone, ferrous chloride, p-hydrazinobenzoic acid, hydrazine
      phosphite, hydrazine dichloride, and mixtures thereof.
PAR  The amount of reducing agent to be used in the practice of the invention
      will be a sensible amount, i.e., a small but finite amount which is more
      than incidental impurities and which is effective or sufficient to reduce
      at least a portion of the higher valence metal in the starting polyvalent
      metal compound to a lower polyvalent valence state. Thus, the amount of
      reducing agent to be used depends, to some extent at least, upon the
      amount of the starting polyvalent metal compound which is used. In many
      instances, it will be preferred to use an excess of reducing agent to
      compensate for dissolved oxygen in the water, exposure to air during
      preparation of the gels, or any other possible contact with oxidizing
      substances such as might be encountered in said treating operations. As a
      general guide, the amount of reducing agent used will generally be within
      the range of from about 0.1 to about 300, preferably within the range of
      from about 1.0 to about 200, weight percent of the stoichiometric amount
      required to reduce the metal in the starting polyvalent metal compound to
      said lower valence state. However, in some instances, it may be desirable
      to use amounts of reducing agent outside the ranges, which use of such
      amounts is also within the scope of the invention. Those skilled in the
      art can determine the amount of reducing agent to be used by simple
      experiments carried out in the light of this disclosure.
PAR  Various methods can be used for preparing the aqueous solutions employed in
      the practice of this invention. For example, either the reducible
      polyvalent metal compound or the reducing agent can be added separately to
      a solution of the polymer in water or other aqueous medium, or the
      reducible polyvalent metal compound and the reducing agent can be added
      simultaneously to the solution or aqueous medium containing the polymer.
      Generally speaking, where convenient, the preferred method is to first
      disperse the polymer in the water or other aqueous medium. The reducing
      agent is then added to the polymer solution with stirring. The metal
      compound is added to the solution or aqueous medium containing the polymer
      and the reducing agent, with stirring. Gelation starts as soon as some of
      the higher valence metal in the starting polyvalent metal compound is
      reduced to the lower valence state. The newly formed lower valence metal
      ions effect rapid gelation of the solution or aqueous medium containing
      the polymer.
PAR  If desired, finely divided material such as silica flour, diatomaceous
      earth, ground nut shells, natural sands, clay, or clay-like materials such
      as illite and kaolinite clay, and finely divided plastic material, such as
      powdered polyethylene resins, can also be incorporated into the aqueous
      gel-forming solutions in order to increase the firmness of the gel. When
      such filler agents are used, the amounts will generally range from about
      0.05 to 2 pounds per gallon of solution. Usually the micron size will vary
      from about 0.015 to 420. The filler agents can be added to the gel-forming
      solution in any suitable manner and at any time.
PAR  It is within the scope of this invention to prepare a dry mixture of the
      polymer, the reducible polyvalent metal compound and the reducing agent,
      in proper proportions, and then add this dry mixture to the proper amount
      of water in order to form an aqueous gel suited to the practice of this
      invention.
PAR  Generally the gel-forming solutions prepared as described above are then
      contacted with the fabric previously described by a suitable method, such
      as spraying; however, the soil-treating liquid need not be applied as a
      single liquid. For example, the application can comprise contacting the
      soil consecutively with the same or different solutions. Thus, the earthen
      foundation covered with fabric can first be contacted with a solution of
      the gel-forming polymer in admixture with the polyvalent metal salt. This
      can be followed by contact with another solution containing the reducing
      agent. Similarly, a first solution can comprise the gel-forming polymer
      and the reducing agent while the second solution contains the polyvalent
      metal salt or alternatively separate solutions of the polymer, polyvalent
      metal salt and the reducing agent can be used. The order of addition of
      such multiple solutions can also be varied.
PAR  The aqueous polymeric solutions of the present invention can be applied to
      the surfaces to be treated at a rate of about 0.5 to about 5, more
      generally about 1 to about 3, gallons per square yard. The application
      rate will depend, of course, upon the concentration of the active
      ingredients in the treating liquid and upon the nature of the surface. The
      polymeric solutions as well as the polyvalent metal and reducing agent
      solutions can be applied in more than one application, with any amount of
      waiting time between applications. The amount of the polyvalent metal and
      reducing agent solutions required if not admixed with the polymeric
      solution is determined as previously discussed.
PAR  An advantage of this invention is that ordinary ambient temperatures can be
      used in practically all instances in preparing the aqueous gels of the
      invention or aqueous medium containing same. In some instances, however, a
      small amount of heat may be desirable to aid in the formation of the gel,
      e.g., heating of the aqueous medium to a temperature of about 40.degree.
      to about 130.degree. F.
PAR  It is also pointed out that it is within the scope of the invention to
      treat the earthen foundation with the gel-forming solutions before
      covering the earthen foundation with the fabric. Where that is done it is
      desirable to treat the soil just prior to laying the fabric with a
      solution in which gelation has occurred such that sufficient gel remains
      on top of the earthen foundation to permeate the fabric. However, in the
      preferred embodiment the fabric is placed over the earthen foundation
      first; then the above-described solutions are sprayed or applied in any
      suitable method over the fabric, thus producing a gel which permeates both
      the fabric and a portion of the earthen foundation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid-impervious surface structure comprising an earthen foundation
      covered with a fabric wherein said fabric and a portion of said earthen
      foundation are permeated with an aqueous gel formed from a water-soluble
      polymer.
NUM  2.
PAR  2. The liquid-impervious surface structure of claim 1 wherein the fabric is
      a nonwoven polyolefin material.
NUM  3.
PAR  3. The liquid-impervious surface structure of claim 2 wherein the
      polyolefin is polypropylene.
NUM  4.
PAR  4. The liquid impervious surface structure of claim 1 wherein the aqueous
      gel comprises:
PA1  water;
PA1  a water-thickening amount of a water-soluble gel-forming polymer;
PA1  a water-soluble polyvalent metal compound in an amount sufficient to gel
      the gel-forming polymer when the valence of at least a portion of the
      polyvalent metal is reduced to a lower valence state; and
PA1  a water-soluble reducing agent in an amount sufficient to reduce at least a
      portion of the polyvalent metal to the lower valence state.
NUM  5.
PAR  5. The liquid-impervious surface structure of claim 4 wherein the amount of
      the gel-forming solution is in the range of from about 0.5 to 5 gallons
      per square yard of surface to be treated, the amount of the gel-forming
      polymer is in the range of from about 0.0025 to 5 weight percent based on
      the weight of the water, the amount of the reducible polyvalent metal
      compound is in the range of from about 0.025 to 100 weight percent based
      on the weight of the gel-forming polymer and the amount of the reducing
      agent is in the range of from about 0.1 to 300 weight percent of the
      stoichiometric amount of the reducing agent required to reduce the
      polyvalent metal to the lower valence state.
NUM  6.
PAR  6. The liquid-impervious surface structure of claim 5 wherein the amount of
      the gel-forming solution is in the range of from about 1 to 3 gallons per
      square yard of surface to be treated, the amount of the gel-forming
      polymer is in the range of from about 0.01 to 1.5 weight percent based on
      the weight of the water, the amount of the reducible polyvalent metal
      compound is in the range of from about 0.5 to 40 weight percent based on
      the weight of the gel-forming polymer and the amount of the reducing agent
      is in the range of from about 1 to 200 weight percent of the
      stoichiometric amount of the reducing agent required to reduce the
      polyvalent metal to the lower valence state.
NUM  7.
PAR  7. The liquid-impervious surface structure of claim 6 wherein the
      gel-forming polymer is selected from the group-consisting of cellulose
      ethers, biopolysaccharides and polyacrylamides, wherein the polyvalent
      metal compound is selected from the group consisting of ammonium chromate,
      ammonium dichromate, the alkali metal chromates and dichromates, chromium
      trioxide, and mixtures thereof, and wherein the reducing agent is selected
      from the group consisting of hydroquinone, sodium sulfide, sodium
      hydrosulfite, sodium metabisulfite, potassium sulfite, sodium bisulfite,
      potassium metabisulfite, sodium sulfite, sodium thiosulfate, ferrous
      sulfate, ferrous chloride, p-hydrazinobenzoic acid, hydrazine phosphite,
      hydrazine dihydrochloride, and mixtures thereof.
NUM  8.
PAR  8. The liquid-impervious surface structure of claim 4 wherein the
      gel-forming polymer is selected from the group consisting of carboxymethyl
      cellulose, and the biopolysaccharide produced by the action of bacteria of
      the genus Xanthomonas campestris on a carbohydrate; the polyvalent metal
      compound is sodium dichromate; and the reducing agent is sodium
      hydrosulfite.
NUM  9.
PAR  9. The liquid-impervious surface structure of claim 4 wherein the
      gel-forming polymer is a biopolysaccharide, wherein the polyvalent metal
      compound is selected from the group consisting of ammonium chromate,
      ammonium dichromate, the alkali metal chromates and dichromates, chromium
      trioxide, and mixtures therof, and wherein the reducing agent is selected
      from the group consisting of hydroquinone, sodium sulfide, sodium
      hydrosulfite, sodium metabisulfite, potassium sulfite, sodium bisulfite,
      potassium metabisulfite, sodium sulfite, sodium thiosulfate, ferrous
      sulfate, ferrous chloride, p-hydrazinobenzoic acid, hydrazine phosphite,
      hydrazine dihydrochloride, and mixtures thereof.
NUM  10.
PAR  10. A method for the production of a liquid-impervious surface structure
      which comprises:
PA1  permeating a fabric and a portion of an earthen foundation with an aqueous
      gel formed from a water-soluble polymer, wherein said permeated earthen
      foundation is covered by said permeated fabric.
NUM  11.
PAR  11. The method of claim 10 wherein the earthen foundation defines an
      earthen reservoir.
NUM  12.
PAR  12. The method of claim 10 wherein the fabric is a nonwoven polyolefin
      material.
NUM  13.
PAR  13. The method of claim 12 wherein the polyolefin is polypropylene.
NUM  14.
PAR  14. The method of claim 10 wherein the permeation step comprises
PA1  contacting the fabric and at least a portion of the earthen foundation with
      aqueous solutions of a gel-forming polymer, a reducible polyvalent metal
      compound and a reducing agent wherein;
PA1  the gel-forming polymer solution comprises at least water and a
      water-thickening amount of the water-soluble gel-forming polymer;
PA1  the reducible polyvalent metal compound solution comprises at least water
      and an amount of the polyvalent metal compound sufficient to gel the
      gel-forming polymer solution when the valence of at least a portion of the
      polyvalent metal is reduced to a lower valence state; and
PA1  the reducing agent solution comprises at least water and an amount of the
      reducing agent sufficient to reduce at least a portion of the polyvalent
      metal to the lower valence state.
NUM  15.
PAR  15. The method of claim 14 wherein the amount of the gel-forming solution
      is in the range of from about 0.5 to 5 gallons per square yard of surface
      to be treated, the amount of the gel-forming polymer is in the range of
      from about 0.0025 to 5 weight percent based on the weight of the water,
      the amount of the reducible polyvalent metal compound is in the range of
      from about 0.025 to 100 weight percent based on the weight of the
      gel-forming polymer and the amount of the reducing agent is in the range
      of from about 0.1 to 300 weight percent of the stoichiometric amount of
      the reducing agent required to reduce the polyvalent metal to the lower
      valence state.
NUM  16.
PAR  16. The method of claim 15 wherein the amount of the gel-forming solution
      is in the range of from about 1 to 3 gallons per square yard of surface to
      be treated, the amount of the gel-forming polymer is in the range of from
      about 0.01 to 1.5 weight percent based on the weight of the water, the
      amount of the reducible polyvalent metal compound is in the range of from
      about 0.5 to 40 weight percent based on the weight of the gel-forming
      polymer and the amount of the reducing agent is in the range of from about
      1 to 200 weight percent of the stoichiometric amount of the reducing agent
      required to reduce the polyvalent metal to the lower valence state.
NUM  17.
PAR  17. The method of claim 16 wherein the gel-forming polymer is selected from
      the group consisting of cellulose ethers, biopolysaccharides and
      polyacrylamides, wherein the polyvalent metal compound is selected from
      the group consisting of ammonium chromate, ammonium dichromate, the alkali
      metal chromates and dichromates, chromium trioxide, and mixtures thereof,
      and wherein the reducing agent is selected from the group consisting of
      hydroquinone, sodium sulfide, sodium hydrosulfite, sodium metabisulfite,
      potassium sulfite, sodium bisulfite, potassium metabisulfite, sodium
      sulfite, sodium thiosulfate, ferrous sulfate, ferrous chloride,
      p-hydrazinobenzoic acid, hydrazine phosphite, hydrazine dihydrochloride,
      and mixtures thereof.
NUM  18.
PAR  18. The method of claim 14 wherein the gel-forming polymer is selected from
      the group consisting of carboxymethyl cellulose, and the biopolysaccharide
      produced by the action of bacteria of the genus Xanthomonas campestris on
      a carbohydrate; the polyvalent metal compound is sodium dichromate; and
      the reducing agent is sodium hydrosulfite.
NUM  19.
PAR  19. The method of claim 14 wherein the gel-forming polymer is a
      biopolysaccharide, wherein the polyvalent metal compound is selected from
      the group consisting of ammonium chromate, ammonium dichromate, the alkali
      metal chromates and dichromates, chromium trioxide, and mixtures thereof,
      and wherein the reducing agent is selected from the group consisting of
      hydroquinone, sodium sulfide, sodium hydrosulfite, sodium metabisulfite,
      potassium sulfite, sodium bisulfite, potassium metabisulfite, sodium
      sulfite, sodium thiosulfate, ferrous sulfate, ferrous chloride,
      p-hydrazinobenzoic acid, hydrazine phosphite, hydrazine dihydrochloride,
      and mixtures thereof.
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ABST
PAL  An oil fence having a directional control device consisting of rudder
      plates or wind receiver plates secured to vertical plates or skirts of the
      fence at an angle thereto, which are subjected to a force due to relative
      movement of water or wind to cause the fence to position at an angle
      relative to the direction of the movement of the water or wind, whereby
      when the oil fence is being tugged by a towing boat the oil fence line is
      positioned at an angle without being subjected to any bending moment or
      any other undue force so as to collect or recover pollutants, e.g., spilt
      oil effectively from water surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an oil fence adapted to be tugged by a boat for
      recovering or collecting pollutants, e.g., spilt oil, from water surface.
PAR  2. Description of the Prior Art
PAR  In order to collect spilt oil or other pollutant from water surface, an oil
      fence has been used which is laid between a tug boat and a collector to
      recover the floating matter which spreads over a greatly wide area or to
      introduce it into the collector by turning its flowing direction. In this
      case, it is usual to position the oil fence line at an angle to a towing
      direction of the boat. When a prior art oil fence is used in this manner,
      there is a tendency for the fence to be subjected to a bending moment in a
      horizontal plane owing to water flow or wind force. Accordingly, the
      length of the oil fence line will be limited to an unsatisfactory value
      unless the oil fence is strengthened sufficiently to resist the bending
      moment. There is also a tendency for skirts or vertical members of the
      fence to be tilted forwardly due to a component of water flow force
      (perpendicular to the plane of the skirts) or rearwardly due to a
      component of wind force (perpendicular to the plane of the skirts),
      permitting the floating matter to escape through under the oil fence.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is, therefore, to provide an oil fence which
      eliminates the drawbacks of the prior art oil fences.
PAR  A further object of the invention is to provide an oil fence adapted to be
      positioned at an angle to its towing direction by utilizing water flow or
      wind force acting upon rudder plates or wind receiver plates without being
      subjected to any bending moment or any other undue force to collect or
      recover pollutants effectively from water surface.
PAR  According to the invention the oil fence comprises a vertical plate, a
      float fixed to one side of said vertical plate, a flexible connecting
      means attached to said vertical plate and connecting between said vertical
      plates in a water-tight manner and directional control means attached to
      said vertical plate at an angle thereto thereby directing said floating
      oil fence at a suitable angle to a direction towing said fence by applying
      a tractive force so as to collect said floating pollutants.
PAR  A preferred embodiment of the invention, said directional control means are
      rudder plates fixed to lower portions of said vertical members of the
      fence at an angle thereto.
PAR  Another embodiment of the invention, said directional control means are
      wind receiver plates fixed to upper portions of the vertical members of
      the fence at an angle thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features and advantages of the invention will
      become more apparent upon a reading of the following detailed
      specification and drawings, in which:
PAR  FIG. 1 is a schematic perspective view of an oil fence according to the
      invention;
PAR  FIG. 2 is a schematic perspective view of an oil fence capable of adjusting
      its rudder plates according to the invention;
PAR  FIG. 3 is a schematic perspective view of a preferred embodiment of the
      invention employing rudder plates fixed around openings formed in a skirt
      of the oil fence;
PAR  FIG. 4 is a schematic plan view illustrating a used condition of the oil
      fence as shown in FIGS. 1-3;
PAR  FIG. 5 is a sectional view of the oil fence as shown in FIG. 3 showing the
      forces acting on the skirt of the fence;
PAR  FIG. 6 is a schematic perspective view of an oil fence of a preferred
      embodiment of the invention employing wind receiver plates;
PAR  FIG. 7 is a schematic perspective view of an oil fence according to the
      invention employing adjustable wind receiver plates;
PAR  FIG. 8 is a schematic perspective view of a preferred embodiment of the
      invention employing wind receiver plates fixed around openings formed in a
      skirt of the oil fence;
PAR  FIG. 9 is a schematic plan view illustrating a used condition of the oil
      fence as shown in FIGS. 6-8; and
PAR  FIG. 10 is a sectional view of the oil fence as shown in FIG. 8 showing
      forces acting on the skirt.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and particularly to FIG. 1, there are shown
      oil fence units generally designated by the numeral 1, each consisting of
      hollow prism-shaped floats 2 made of a high rigid sheet material such as
      aluminum sheet, a skirt 4 made of a high rigid sheet material such as
      aluminum fixed to one end of the float 2 by bolts 3 schematically shown in
      the drawing and a weight member 8 in the form of an angled member fixed to
      a bottom of the float 2. A number of the oil boom units are connected side
      by side to form an oil fence line. The floats 2 are aligned with each
      other, adjacent floats of which are connected by means of by one or more
      pivot means 5 such as hinges, permitting the floats to swing about axes l
      substantially perpendicular to the plane of the skirts 4. On the other
      hand, the relative movement of the adjacent floats 2 in parallel with the
      aforesaid axis l is prevented by the pivot means 5. To allow the relative
      swinging of the adjacent oil fence units 1, a suitable spacing S should be
      provided between the skirts 4 of the units as shown in FIG. 1. To close
      such gap S against leakage of floating matters such as spilt oil, a
      flexible membrane 6 is attached to the adjacent skirts 4. The membrane may
      be made of a rubber coated cloth or a water-repellent asbestos cloth.
      Thus, a continuous wall is formed on the water surface by the skirts 4 and
      the flexible membranes 6 which wall inhibits the floating matter from
      moving thereacross.
PAR  According to the invention, there is provided at the bottom of the each
      skirt 4 with a rudder plate 7 made of a rigid material such as aluminum in
      order to control the direction of the fence line relative to the direction
      of relative movement of water. The rudder plate 7 is fixed to the bottom
      of the skirt 4 by any suitable means as bolts or welding through a
      triangular leg 7a formed integrally with and at right angles to the rudder
      plate to form an angle .alpha. between the plate and the plane of the
      skirt. The rudder plate 7 and leg 7a may be formed integrally with the
      skirt 4. The rudder plates serve to position the fence line at an angle
      relative to the advancing direction thereof by the action of water.
PAR  FIG. 2 illustrates another embodiment of the invention which in order to
      control the direction of the fence line employs a movable rudder plate 7
      made of a rigid material provided at the bottom of each skirt 4 of an oil
      fence which is the same as that shown in FIG. 1. The skirt 4 is provided
      at its lower end with a pivot shaft extending downwardly on which is
      rotatably fitted a tubular portion 7b provided in the middle of the rudder
      plate 7, permitting the angle .alpha. between the plate 7 and the plane of
      the skirt to be variable. The angle .alpha. between the plate and the
      skirt can be set or changed by pulling or loosening wire ropes or steel
      ropes 9 passing through and fixed to the plates 7 on both sides of the
      tubular portions 7b depending on desired angles between the oil fence line
      and a cruising direction of a towing boat for the fence.
PAR  Referring to FIG. 3 showing a further embodiment of the invention, an oil
      fence consists of a skirt 4 of a flexible material such as rubber coated
      cloth, floats 2 made of a light weight material such as foamed material
      arranged on one side or both sides of the skirt spaced apart at a suitable
      interval along a longitudinal direction of the skirt 4 and sets of a rod
      10 and a weight member 8, each set of the rod 10 and the weight member 8
      fixed to the skirt by a fixing cloth 11 spaced apart at a suitable
      interval along a longitudinal direction of the skirt by means of adhesion
      and riveting. In order to control the direction of the oil fence, the
      skirt is formed in the lower portion with a plurality of openings 12 at a
      suitable interval along a longitudinal axis of the skirt, permitting water
      to flow therethrough, around which openings 12 are fixed rudder plates 7
      made of a rigid material by means of triangular legs 7c substantially
      perpendicular thereto and formed integrally therewith so that the
      respectiv rudder plates are positioned at an angle .alpha. relative to the
      plane of the skirt. Means for securing the legs to the skirt may be
      adhesion and riveting.
PAR  With the oil fences as above described according to the invention, the oil
      fence line is kept at a desired angle .alpha.' relative to its advance
      direction P only by pulling it by means of a towing boat 13 as shown in
      FIG. 4 thereby enabling the oil fence having a constant entire length to
      collect matters floating in a more wide area. Moreover, even if a
      collector 14 is employed at the rear end of the oil fence line, the oil
      fence will be not subjected to an excessive force in a horizontal plane so
      that the oil fence line can be lengthened sufficiently to collect the
      floating matter A more effectively. When the fence is towed, the skirt
      will be subjected to a force F due to the resistance of water which causes
      the skirt to be tilted forwardly as shown in FIG. 5. However, the rudder
      plates 7 are subjected to a force F' due to resistance of water, so that a
      moment M consisting of the forces F and F' serves to keep the skirt in its
      vertical position to collect and prevent the floating matter A from
      escaping therefrom more effectively.
PAR  FIG. 6 illustrates another embodiment of the invention in which the oil
      fence is provided with wind receiver plates 17 instead of the rudder
      plates as in the embodiments previously described. In the drawing, the
      like reference numerals designate like or corresponding parts to those in
      FIG. 1. In the embodiment, in order to control the direction of the fence
      line, the skirt 4 is provided at the upper end with the wind receiver
      plate 17 made of a rigid material as aluminum or the like which is at an
      angle .beta. relative to the plane of the skirt and is fixed to the upper
      end of the skirt by means of any means as bolts or welding through a
      triangular leg 17a formed integrally with and at right angles to the wind
      receiver plate to form an angle .beta. between the plate 17 and the plane
      of the skirt. The wind receiver plates serve to position the fence line at
      an angle relative to the moving direction of air.
PAR  FIG. 7 illustrates a modification of the oil fence shown in FIG. 6, which
      employs a movable wind receiver plate 17 made of a rigid materials such as
      aluminum at the uppper end of each skirt 4 of the fence which is the same
      as that shown in FIG. 1 or 6. The skirt 4 is provided at its upper end
      with a support shaft extending upwardly on which is rotatably fitted a
      tubular portion 17b provided in the middle of the wind receiver plate 17,
      permitting the angle .beta. between the plate 17 and the plane of the
      skirt to be variable. The angle .beta. can be set or changed by pulling or
      loosening wire ropes or steel ropes 19 passing through and fixed to the
      plates 17 on both sides of the tubular portions 17b depending on desired
      angles between the oil fence line and a cruising direction of a towing
      boat for the fence.
PAR  Referring to FIG. 8 showing another embodiment of the invention, an oil
      fence consists of a skirt 4 of a flexible material such as rubber coated
      cloth, floats 2 made of a light weight material such as foamed material
      arranged on both sides of the skirt spaced apart at a suitable interval
      along a longitudinal direction of the skirt 4 and sets of a rod 10 and a
      weight member 8 fixed to the skirt 4 by a fixing cloth 11 spaced apart at
      a suitable interval along a longitudinal direction of the skirt by means
      of adhesion and riveting. In order to control the direction of the oil
      fence, the skirt is formed in the upper portion with a plurality of
      openings 12 at a suitable interval along a longitudinal axis of the skirt,
      permitting wind to pass therethrough, around which openings 12 are fixed
      wind receiver plates 17 of a rigid material such as aluminum by means of
      triangular legs 17c substantially perpendicular thereto and formed
      integrally therewith so that the respective wind receiver plates are
      positioned at an angle .beta. relative to the plane of the skirt. Means
      for securing the legs to the skirt may be adhesion and riveting.
PAR  With the oil fences as shown in FIGS. 6-8, the oil fence line is ketp at a
      desired angle .beta.' relative to a direction of wind D only by anchoring
      one end of the oil fence line to the towing boat 13 thereby enabling the
      oil fence having a constant entire length to collect the matter A floating
      in a wider area. Moreover, if a collector 14 is provided at the other end
      of the oil fence line, the oil fence will be not subjected to an excessive
      force in a horizontal plane so that the oil fence line can be lengthened
      sufficiently to collect the floating matter A more effectively. The skirt
      will be subjected to a force F of the wind which causes the skirt to be
      tilted backwardly as shown in FIG. 10. However, the wind receiver plates
      17 are subjected to a force F' of the wind, so that a moment M consisting
      of the forces F and F' serves to keep the skirt in its vertical position
      to ensure more effective collection of the floating matter A.
PAR  The oil fences having the wind receiver plates 17 as shown in FIGS. 6-8 are
      suitable to be used under a condition where a wind force is more effective
      than a relative water movement. In a more preferable embodiment of the
      invention, the skirt having the wind receiver plates 17 is further
      provided at the lower end with rudder plates 15 at a suitable angle
      .gamma. to the plane of the skirt, thereby controlling the wind force and
      water movement relative to the oil fence to form a more effective oil
      fence line.
PAR  It is further understood by those skilled in the art that the foregoing
      description is preferred embodiments of the invention and that various
      changes and modifications may be made in the invention without departing
      from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A floating oil fence for collecting floating pollutants from the water
      surface comprising:
PA1  a plurality of vertical skirt members, each of said members separating in
      proximity to the water surface;
PA1  a flexible membrane attached to said vertical skirt members and connecting
      them in a water tight manner;
PA1  a float associated with each of said vertical skirt members to float said
      skirt members on the water surface;
PA1  directional control means including rudder plates at a suitable angle to a
      plane of said vertical skirt and substantially perpendicular to the water
      surface, said control means being arranged on a portion of said vertical
      skirt under said water surface; and,
PA1  wherein said control means prevent said vertical skirt from being tilted by
      relative movement of the water caused by a towing of said oil fence or by
      the natural flow of said water, said control means thereby maintaining
      said fence in a longitudinal direction at a determined orientation.
NUM  2.
PAR  2. An oil fence as set forth in claim 1, wherein each rudder plate consists
      of a rudder plate member and a triangular leg formed integrally with and
      at right angles to the skirt member fixed to a lower portion of the
      vertical skirt member of the fence.
NUM  3.
PAR  3. An oil fence as set forth in claim 1, wherein said directional control
      means are movable rudder plates each comprising a rudder plate member
      having at its center a tubular portion fitted on a pivot shaft extending
      downwardly from the vertical skirt member of the fence.
NUM  4.
PAR  4. An oil fence as set forth in claim 1, wherein said directional control
      means comprises a plurality of openings formed in a lower portion of the
      vertical skirt member of the fence at an interval along a longitudinal
      axis of the vertical member and rudder plates fixed to said vertical skirt
      member around said openings by means of triangular legs substantially
      perpendicular to and formed integrally with said plates so that said
      rudder plates are positioned at an angle relative to a plane of the
      vertical skirt member.
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PAL  A large diameter tubular pile for bedding into a borehole has an auxiliary
      tube extending inside it and a series of axially spaced apart holes
      through its wall which communicate with the interior of the auxiliary tube
      through discharge pipes which are arranged to allow flow only from the
      auxiliary tube to outside the pile. The pile is bedded in a borehole by
      first inserting the pile and then introducing into the auxiliary tube an
      injection pipe having a pair of axially spaced apart plugs which seal
      against the inner wall of the auxiliary tube. The injection pipe is
      located so that the plugs seal on opposite sides of an opening into a
      discharge pipe, and grout under pressure is forced from the injection pipe
      through the discharge pipe into the borehole around the pile. This
      procedure may be repeated for the other discharge pipes.
BSUM
PAR  The present invention refers to bedding into the ground of metal tubes of
      relatively large diameter, intended to undergo heavy alternating
      compressive-tensile forces.
PAR  Present methods do not enable this work to be carried out with unerringly
      satisfactory results. In short the conventional method consists in filling
      the annular space between the borehole and the metal pile with a
      cement-base grout put in position by simple gravity. It is known that this
      way of going about it does not enable complete coating of the metal tube
      because caving in of the borehole is always possible during the course of
      filling. For this reason there is a risk of the cementation not being
      uniform. Further, the lateral friction thus obtained is very low and it is
      necessary in order to withstand the forces to have very large holds, that
      is to say, very deep boreholes which cannot always be achieved under good
      conditions, particularly in marine locations.
PAR  The essential object of the present invention is to correct these
      disadvantages and for this purpose it proposes bedding the tube by means
      of a method employing an injection grout put in position by pressure,
      which generates lateral friction very much higher than that obtained
      conventionally. The product achieved therefore keeps the holds reasonable.
      Further, the coating is ensure by grout enveloping the whole lateral
      surface of the tube, which after setting protects this tube against
      corrosion.
PAR  As far as concerns bedding of metal elements in boreholes of relatively
      small diameter it has already been proposed (see, for example, French Pat.
      No. 1,539,176 corresponding U.S. Pat. No. 3,494,134, by the Applicant) to
      furnish them with a special cylindrical member furnished from point to
      point with orifices provided with a non-return valve and to proceed to
      injection by employing an auxiliary pipe which can slide in this special
      member and is furnished with outlet orifices lying between two plugs
      sliding in the said member with a seal to it.
PAR  When it is a question as in the case of the present invention, of bedding
      tubes the diameter of which is of the order of 1000 to 1500 millimeters
      over lengths which may reach and even exceed 30 to 50 meters, such a
      method is not employable in practice for the following reasons:
PAR  DIFFICULTIES OF EXECUTION BECAUSE THE BEDDING GROUT MUST ALWAYS HAVE A
      SPEED OF FLOW SUFFICIENT FOR NO MOTIONLESS ZONE TO APPEAR AND FAVOUR
      SETTING OF THE GROUT. With plugging chambers having a diameter of the
      order of magnitude aforesaid this risk is very high;
PAR  difficulty of achieving non-return device the full bore of the tube;
PAR  for a bedding-tube of great length it is obligatory to proceed by joining
      up shorter tubes, The joint zones (generally by welding) are dangerous to
      the plugs because they exhibit burrs which deteriorate these members;
PAR  the forces exerted on the plugs can reach several hundred tons if the plug
      chamber (in which the grout is put under pressure) exhibits a large
      cross-section.
PAR  In accordance with the invention with a view to solving these difficulties
      there is added to the tube to be bedded, or main tube an auxiliary
      injection-tube of smaller diameter, which is arranged in the main tube and
      communicates with openings arranged in the latter, by means of sidepipes
      furnished with non-return valves. Injection proceeds by means of a
      double-plug pipe cooperating with the auxiliary tube, which gives rise to
      no difficulties.
PAR  This method is employable whatever the nature of the ground, in contrast to
      methods of manufacture of piles with enlarged feet, which can only be
      produced in cohesive ground.
PAR  Injection of the grout under pressure enables the mechanical properties of
      the ground to be employed to best advantage and by impregnation and
      consolidation the characteristics of it even to be improved.
PAR  Furthermore one can proceed by repeated injections which may be separated
      by any intervals of time. In particular this may be very interesting in
      the event of damage being caused to the bedding.
PAR  The injection device enables very viscous grouts to be employed.
DRWD
PAR  The description which follows in respect of the attached drawing given by
      way of non-restrictive example will let it be clearly understood how the
      invention may be realized.
PAR  FIG. 1 is a fundamental diagrammatic view in longitudinal section of a
      tubular pile in accordance with the invention.
PAR  FIG. 2 is a transverse section of one embodiment of the pile.
PAR  FIG. 3 is a partial view on a larger scale along III--III in FIG. 2.
PAR  FIG. 4 is an assembly view in section illustrating one possibility of
      application of the invention.
DETD
PAR  Inside the tube 1 to be bedded is arranged an auxiliary injection tube 2.
      This tube may be coaxial with the tube 1. It may also be eccentric if the
      internal volume of the tube 1 must be kept clear. A number of auxiliary
      tubes might also be provided.
PAR  From point to point the main tube 1 is drilled with orifices 3 with which
      correspond orifices 4 arranged in the auxiliary tube 2 and these orifices
      are connected together in pairs by sidepipes 5.
PAR  Each of the pipes 5 is furnished with a non-return valve 6 enabling flow of
      the injection grout from the auxiliary tube towards the outside of the
      main tube. This valve might, for example, consist of a ball mounted by
      forcing it into the orifice 3, which would be ejected during injection. It
      might also be associated with the orifice 4.
PAR  In the embodiment as FIGS. 2 and 3 it is formed by a sleeve 7 of rubber or
      like elastomer which surrounds the portion of the channel 5 next to the
      wall of the tube 1. The said portion is blocked at its end by a plug 8 and
      drilled a little in front of this plug with holes 9 which the sleeve
      covers, The sleeve is seated in a housing 10 the annular end of which is
      welded to the channel 5 and the edge of which is welded to the tube 1
      round the orifice 3. The space lying between the sleeve 7 and the housing
      10 is lined with foam 11 of rubber or like compressible material.
PAR  When the tube 1 is lowered into the borehole 12 nothing can enter the
      channel 5. In order to inject the grout there is introduced into the tube
      2 an injection pipe 13 of diameter smaller than this tube. The pipe 13 is
      drilled with orifices 14 arranged between two plugs 15 fixed to the pipe
      13. The pipe 13 is stopped so that the plugs are located respectively
      above and below the orifice 4 and the grout is sent in under pressure and
      leaves through the orifice 3 by separating the sleeve 7 from the holes 9.
      In the reverse direction the sleeve prevents the return of the grout. This
      process of injection may be repeated.
PAR  In practice the auxiliary tube 2 is connected to the main tube by channels
      5 arranged from point to point, for example, every meter and with an
      angular offset of 90.degree..
PAR  In the bottom portion of the tube 1 the auxiliary tube 2 may be welded to a
      tip 16 likewise welded to the tube 1.
PAR  This tip of convergent shape is drilled with lateral orifices 17 which
      channels 18 furnished with non-return valves 6 connect with injection
      orifices 19 in the tube 2. That enables injection of grout to proceed into
      the bottom of the borehole, by means of the double-plug pipe as shown in
      FIG. 1. The employment of the double-plug pipe enables the grout to be
      sent into one radial pipe 5 and one only.
PAR  In this way the amounts injected into each of the horizons can be checked.
      Treatment of every meter of ground is perfectly ensured. In other words:
      the quality of the bedding can be verified, for example, every meter.
      Checking of the pressure enables the behaviour of the ground to be
      supervised and its consolidation followed.
PAR  The grout employed may be either a cement grout or a mixture of resin and
      cement, and in general any material capable of existing in the fluid state
      for several hours and which after setting reaches high strength.
PAR  After setting, these grouts have very interesting mechanical
      characteristics.
PAR  Instead of obtaining quite simply a metal tube surrounded by an irregular
      and unchecked skin of cement (the result obtained with the conventional
      method) the method which is the object of the invention leads to a metal
      pile surrounded by a bedding bulb which may reach several times the
      diameter of the initial borehole.
PAR  Further, at the periphery of the bedding bulb the ground is improved by the
      effect of the injection under pressure. One therefore finds oneself in the
      presence of a foundation very different from that which is obtained by the
      previous technique.
PAR  The invention is capable of numerous applications.
PAR  FIG. 4 shows by way of non-restrictive example an important application
      which is that of the foundations of fixed platforms for drilling at sea.
PAR  One starts by driving a primary tubular pile 20 through the framework of
      the structure of the platform, inside a guide sleeve 21 welded to the
      framework (not shown).
PAR  When the limit of progress of driving is reached the borehole 12 is carried
      out through the driven pile and continued at the bottom of this pile.
PAR  Next, the combination, of tubes 1 and 2 which has been described is lowered
      into the borehole. This combination is produced by successive sections in
      which the sections of the auxiliary tube 2 are connected to those of the
      tube 1 by funnel-shaped end-pieces 22, welding being effected at 23
      without putting any obstacle in the way of the plugs 15 on the injection
      pipe 13.
PAR  The top of the tube 1 is connected by a reducing member 24 to a pipetrain
      25 used for lowering the assembly and allowing the double-plug
      injection-pipe 13 to pass down. After injection of the grout to the
      outside of the tube 1 by means of the channels 5 and 18 an extremely solid
      bedding is obtained.
PAR  The means employed for achieving this bedding are very small and the
      operation may be performed from the platform itself, which screens it from
      meteorological conditions which are often difficult at sea.
PAR  Application of the method can likewise be envisaged on a dry-land site, for
      example, for large-diameter piles subject to alternating working, the base
      of which rises above a very hard substratum.
PAR  The method gives the possibility of avoiding drilling in hard ground, which
      is very costly. In addition, the foundation obtained by bedding under
      pressure can, in contrast to ties or to reinforced concrete piles, work
      with small holds in tension as well as in compression or under horizontal
      forces, because it is the bedded tube which withstands the forces of any
      nature applied by the superstructure (horizontal forces, axial compressive
      forces, axial tensile forces). On a marine site every structure subjected
      to the aforesaid forces can depend on the application of the invention as
      regards its foundations.
PAR  It goes without saying that modifications may be applied to the embodiment
      which has just been described, especially by substitution of equivalent
      technical means, without thereby departing from the scope of the present
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of bedding a main tube of relatively large diameter in a
      borehole, comprising adding to the main tube to be bedded an auxiliary
      injection-tube of smaller diameter arranged in this main tube and which
      communicates with openings from the latter by means of sidepipes furnished
      with non-return valve means enabling the flow of an injection grout only
      from the auxiliary tube towards the main tube, and injecting grout into
      the borehole through said pipes and said openings by introducing into the
      auxiliary tube and injection-pipe having plugs which are arranged on
      opposite sides of a side pipe through which the grout is to flow.
NUM  2.
PAR  2. A tubular pipe device adapted to be bedded in a borehole comprising in
      combination: a main tube provided with openings; an auxiliary injection
      tube of smaller diameter than said main tube longitudinally secured within
      said main tube and provided with openings corresponding to the openings of
      said main tube; connecting pipes including non-return valve means for
      ensuring a communication between corresponding openings of said main and
      auxiliary tubes only from the auxiliary tube towards the main tube; and an
      injection pipe, adapted to be slid within said auxiliary tube and provided
      with one or more openings located between plugs fitting tightly within
      said auxiliary tube, to enable a grout to be selectively injected from
      said injection pipe into the space between plugs in said auxiliary tube
      and thence through one or more of said connecting pipes to a location
      outside said main tube.
NUM  3.
PAR  3. A device as in claim 2 characterized in that said non-return valve means
      comprises an elastic sleeve which surrounds a portion of said side pipe
      suitably apertured adjacent said sleeve, said sleeve being seated in a
      housing.
NUM  4.
PAR  4. A device as in claim 3 characterized in that said housing contains
      around the sleeve a lining of compressible material.
NUM  5.
PAR  5. A device as in claim 2 characterized in that the pile is formed of
      connected sections, the sections of the auxilairy tube being connected
      together by means of end pieces widened out so as to avoid damaging the
      plugs on the injection-pipe.
NUM  6.
PAR  6. A device as in claim 2 characterized in that the bottom portion of the
      pile includes a convergent tip to which are fixed main and auxiliary
      injection tubes, said tip including side-openings connected to the
      auxiliary tube by injection-pipes.
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PAL  A metal H-piling is protected from corrosion in underwater and
      semi-underwater locations by the application of a coating of a corrosion
      resistant covering consisting of an outer shield of stiff plastic, an
      inner layer of a corrosion inhibiting material and a series of expanded
      plastic clampimg members having an internal shape corresponding
      substantially to the outer shape and dimensions of the H-piling. The
      expanded plastic clamping members serve to hold the outer plastic shields,
      which are preferably in the shape of half sections of the outer dimensions
      of the H-pile, tightly against the outer surfaces of the H-pile. The
      clamps, which are preferably in the form of two interlocking sections may
      be held together by corrosion resistant strapping.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the protection of metal piles from corrosion in
      underwater and semi-underwater environments and more particularly to the
      protection of angular metal piles and especially H and I beam type piling
      from corrosion in such environments.
PAR  Metal piles have in recent years widely supplanted the use of wooden and
      concrete piles for the support of docks, wharves, piers, drilling
      platforms and other marine structures above the surface of bodies of
      water. Metal piles are initially stronger and easier to handle and drive
      into marine sediments than other types of piles. One very economical pile
      to use is the so-called H-beam or I-beam type pile which is nothing less
      than the conventional H or I-beam so familiar in other types of structural
      work. These structural shapes are readily obtainable and easily adaptable
      to use as piling type supports.
PAR  Unfortunately H-beam and I-beam type piling, while strong and rigid for its
      weight, has large surface areas which, being made of metal, and usually
      iron, are subject to oxidation and other corrosive attack when exposed to
      corrosive environments. Iron, as is well known, is not stable when
      subjected to the usual surface atmospheric conditions. Under such
      conditions, unprotected iron will oxidize to produce various oxides of
      iron which are more stable under surface conditions than the uncombined
      metal. Such oxidation or corrosion, as is well known, is accelerated
      beneath the surface of bodies of water, especially sea water. Corrosion of
      metal surfaces and especially iron surfaces is particularly severe in the
      so-called "splash zone." The splash zone is the zone near the surface of
      bodies of water, which is alternately exposed to water and air due both to
      the changing level of tides and the like, the breaking of waves, the spray
      from waves and various other turbulences coming in contact with metallic
      structures. Corrosion of untreated metal surfaces is particularly severe
      in this splash zone and frequently results in a very short useful life for
      metal structures located in this zone. Very frequently metal piles will be
      found to be severely corroded and reduced in area in the portions of piles
      exposed to the splash zone even when corrosion in other portions of the
      piles is not severe.
PAR  Various means have in the past been used to protect metallic members from
      corrosion under both atmospheric and underwater conditions. Such means
      have varied from the painting of the surfaces of structures to the
      provision of internal alloying elements which decrease the oxidation of
      the metal incorporated in the structures. Such means, which have been
      found quite suitable under surface or atmospheric conditions, have in
      general been found to be effective only to a minor degree in the splash
      zone.
PAR  One means of protection known for the prevention of corrosion of underwater
      metallic structures is the use of sacrificial anodes. Such anodes are
      mounted near the metal member to be protected, and a portion of the
      corrosion action is transferred to the more readily corroded anode.
      Sacrificial anodes are often satisfactory for completely submerged objects
      but they have little effect upon accelerated corrosion in the splash zone.
PAR  Another widely used means for the protection of pilings and other supports
      from corrosion is a jacket or layer of some noncorrodible or corrosion
      resistant material placed around the piling or support. it is often
      difficult to apply such non-corrodible coatings to the pile and they are
      frequently subject to damage by mechanical abrasion and the like which may
      destroy the seal with the underlying structure. Most such coatings,
      furthermore, for example, coatings of brush-on or spray-on paint or the
      like, are only practical for application prior to the time a pile is
      installed and are very difficult to repair or brush up once the pile is
      permanently installed under water. Naturally any thin coating such as a
      coating of paint is also very easily damaged by abrasion or physical
      impact of any type.
PAR  In recent years coatings composed of sheets of plastic have been applied to
      underwater piling by means of strapping or the like. Fairly rigid plastic
      sheets may be handled by divers underwater but are not easily applied to H
      or I beam type metal piles or other similar irregularly shaped piles.
PAR  Various types of forms or coatings for piles have been developed for the
      coating of piles or the like underwater. The following U.S. patents are
      representative of disclosures of such prior art coatings.
PAR  U.S. Pat. No. 1,013,758 issued Jan. 2, 1912 to Fox et al. discloses a form
      for the application of concrete to piling. The forms are secured around
      the pile by means of collars made of segmented sections 3 secured about
      the forms by means of banding straps 4.
PAR  U.S. Pat. No. 2,874,548 issued Feb. 24, 1959 to Drusbel et al. discloses a
      corrosion resistant plastic shield or sleeve 19 which contains a body of
      sealing material 27 which excludes water from the space 25 between the
      sleeve 19 and the metal pile 11. Drusbel states that, "among the materials
      suitable to fill the space 25 are heavy dielectric greases and asphalts
      which are sufficiently solid to remain fixed securely in place within the
      sleeve."
PAR  U.S. Pat. No. 3,321,924 issued May 30, 1967 to Liddell discloses the use of
      a plastic sheet wrapped about a wooden pile and secured with straps to
      exclude marine borer attack. The plastic sheets are applied in situ by a
      diver.
PAR  U.S. pat. No. 3,370,998 issued Feb. 27, 1968 to Wiswell discloses a
      corrosion resistant coating for metal piles including H-beam piles. The
      surface of the pile is first thoroughly cleaned in situ. A plastic resin
      such as an epoxy resin is then mixed with a curing agent and applied to a
      preferably porous backing member. Mixing and application to the backing
      member is preferably done in a mixing tray having rims of a height
      suitable to contain a layer of plastic of the thickness desired. The
      porous backing and plastic are then placed onto a metal form having the
      shape of the piling to be coated and the form is then held against the
      pile until the plastic cures. The form can either be left against the
      pile, or, if a suitable separating means such as a polyethylene sheet is
      inserted between the form and the plastic, the form can be removed after
      the plastic hardens. The entire assembly of foam plastic and backing
      member (which may be a fiberglass or other cloth sheet) is installed in
      place by divers and the assembly is secured in place by straps. In case of
      an H-beam the forms may be comprised of metal, plywood, masonite or other
      suitable material.
PAR  Such prior disclosures and practices, while effective to various extents to
      apply corrosion resisting coatings to piling in general, have not been
      notably successfully in applying corrosion resistant coatings to H or
      I-type metal piling or other irregularly shaped piling. It has in
      particular proven very difficult, and in many cases substantially
      impossible, to obtain a good interfit which is effective to exclude
      moisture between the inside of the outer plastic coating and the outside
      of the H or I-pile due to the inconvenient shape of such piling.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing difficulties and problems associated with prior art methods
      of applying corrosion resistant plastic coatings to H and I type metal
      pilings and other irregularly shaped pilings have now been obviated by the
      present invention. In accordance with the present invention outer shields
      of stiff plastic material are coated on the inside with a soft corrosion
      resistant paste which is preferably of a type which will not harden
      significantly over a period. The stiff plastic material has previously
      been formed into a shape which will conform to the outside dimensions of
      the piling to be protected. preferably two outer partially overlapping
      shields will be used for each piling. The plastic shields are passed to a
      diver working underwater who then presses the shields to the outside of
      the pile. Expanded foam plastic clamping sections are next passed to the
      diver. Each plastic clamp section has an internal shape conforming to the
      outside dimensions of the pile. Preferably the clamp sections are in two
      pieces, each conforming to one half of an H-beam or other angular piling
      section. The clamp sections may be weighted as they are passed to the
      diver. The clamps are assembled around the H or I-beam or other type
      piling over the plastic shield members and are strapped or otherwise
      secured together, preferably with corrosion resistant metal strapping
      material. The clamp sections, which are applied over the piling and
      plastic shield members at spaced intervals, serve to hold or maintain the
      plastic shields tightly against the surface of the piling and expel all
      significant water and moisture from between the shield and the pile. At
      most only a minimal amount of moisture is left between the plastic shields
      and the surface of the pile and any corrosion inducing properties of this
      remaining moisture is soon exhausted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective drawing of an H-pile with the corrosion resistant
      coating system of the present invention in the process of being applied.
PAR  FIG. 2 is an elevation of an H-pile protected by the corrosion resistant
      coating system of the present invention.
PAR  FIG. 3 is a representation of one of the plastic shield members of the
      present invention prior to application to a pile.
PAR  FIG. 4 is a cross section of FIG. 3 at 4-4.
PAR  FIG. 5 is an isometric drawing of one of the clamp members of the present
      invention in disassembled form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the appropriate drawings, there is shown a piling 11 which
      extends into the bottom 13 of a body of water 15 and above the surface 17
      of the water. In order to protect the pile, which as shown is an H-pile,
      but which could as well be an I-beam type pile, or even some other
      irregular or angular shape of piling, the pile is to be surrounded with a
      plastic shield or form 19 having a configuration generally conforming to
      the shape of a portion, and usually half, of the pile. The plastic shield
      has a corrosion resistant material 21, preferably having a consistency
      similar to a heavy grease, and which may in fact be comprised in large
      part of a heavy grease or other petroleum products, applied to the inner
      surface thereof. The corrosion resistant material will usually have a base
      comprised of heavy grease to which have been added various other
      components to attain a desired consistency and corrosion resistance. After
      a rather cursory removal of large pieces of marine growth and corrosion
      products from the surface of the pile, the plastic shield members may be
      passed to a diver 23 under the surface 17 of the water 15, who will apply
      the plastic shields or forms 19 to the surface of the pile 11 with the
      corrosion resistant material 21 against the pile surface. The edges of the
      plastic shields 19 will preferably overlap with each other.
PAR  Two sections 25 and 27 of an expanded plastic foam clamp member 29 are next
      weighted with some suitable means such as a weighted clamp and lowered or
      passed to the diver 23. Indented portions 26a and 26b in the surface of
      the expanded plastic foam sections 25 and 27 serve to decrease the amount
      of plastic in each section without seriously decreasing the strength or
      stiffness of the clamp member and in the case of the indented portion 26a
      serve as a convenient place to secure a weighted clamp to the plastic
      sections to facilitate their hadling under water. The diver will clamp the
      two plastic foam sections about the plastic-shield or form members and
      secure them together in clamping position by means of corrosion resistant
      strapping 31 such as stainless steel or monel metal strapping. other types
      of strapping, such as silicon bronze strapping, plastic-coated strapping
      or the like, and other types of corrosion resistant strapping may also be
      used. The clamp members are preferably applied at about 3 foot intervals
      along the plastic-shield members 19 and serve to press and maintain the
      shield member and the underlying corrosion resistant lining material
      tightly against the pile so that all substantial water is expelled from
      between the shield and the pile surface. The spacing of the strapping may
      be varied dependent upon the stiffness of the members 19, the turbulence
      of the environment, the corrosion resistance of the strapping and other
      factors. The spacing of the clamp members 29 will depend principally upon
      the stiffness of the shield members 19 and to a lesser degree upon the
      turbulence and other like factors of the environment.
PAR  Since the edges of the overlapping shield members 19 may tend to pull away
      from each other between the clamp members 29, it is preferred to pull or
      press the edges of the plastic shields down tightly against the piling by
      placing a metal, or preferably a plastic, angle 32 along the overlapping
      edges and pulling the angle 32 tightly against the shield members 19 and
      the underlying pile surface by means of tightly applied intermediate
      strapping 33. The angle 32 acts as an elongated shim means to compress the
      edges of the shields together. Alternatively, the clamp members 29
      themselves may be spaced more closely together to keep the edges of the
      shield members 19 from spreading. Since the clamp members 19 are, however,
      principally designed to clamp the shield plastic 19 against the inside
      webs and flanges of the H-beam and the clamp members effectively do this
      at fairly wide spread intervals such as about 3 feet apart, it is not
      normally necesssary to more closely space the clamp members and more
      economical to use intervening plastic angles or strips as elongated shim
      means to press the edges of the plastic shields together. The angles 32
      may be discontinuous between the clamp members 29 and preferably butted
      against the upper and lower surfaces of the clamp members, or, as an
      alternative, may be continuous along the surface of the overlapping
      portion of the shield members 19, in which case the corresponding portions
      of the foam plastic clamp members 29 may be cut out slightly to
      accommodate the angles or, if the plastic foam is fairly resilient or
      indentable and the angles small, the clamp members can be merely assembled
      over the tops of the angles allowing the give of the plastic to
      accommodate to the bulk of the angles. It will also be understood that the
      angle 32 could be replaced by any elongated stiff structural member.
      However, an angle is particularly convenient for pressing the edges of the
      shields 19 together and against the underlying piling.
PAR  If desired, the grease like corrosion resistant material may be replaced by
      an epoxy adhesive or like resin which hardens to provide a permanent bond
      between the plastic shields and the pile surface. Epoxy and the like is
      quite expensive for applications such as this, however, and in such
      instances the surface of the piling will initially have to be rather
      thoroughly cleaned in order to obtain a good bond between the members. A
      viscous grease-like non-hardening corrosion resistant material such as
      described, on the other hand, will effectively exclude water from the
      surface of the pile without resorting to more than a cursory cleaning of
      the surface and will thus be found to ordinarily be much more economical
      and convenient for most applications. Any other water-excluding
      non-hardening material may also be used.
PAR  If the piling has a shape other than that of an H or I-beam the shield
      members 19 and clamp members 29 will, of course, have an internal shape
      corresponding to the external shape of the pile to be protected. The
      internal shape of the clamp members 29 will conform in all cases, of
      course, to the external shape and dimensions of the shield members 19 when
      positioned tightly about the piling. The external shape of the shields 19
      need not be the same as the external shape of the piling but a more
      economical use of plastic will normally be attained when the two shapes do
      correspond. It will be understood that an I-beam maybe considered to be a
      modified type of H-beam.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved protective corrosion retarding shield assembly for
      protecting ferrous metal piling having a generally H-shaped cross-section
      from corrosion in submerged marine environments comprising:
PA1  a. a plurality of sheet-like plastic resin shield members having a contour
      conforming to the outer surface configuration of the H-piling for
      encompassing the surfaces of the pile in a circumferential close fitting
      layer of said shield members,
PA1  b. a viscous corrosion resistant material upon the inner surfaces of the
      shield members and adapted to be sandwiched between the plastic shield
      members and the surface of the pile to intimately engage the inner
      surfaces of the shield members and the outer surfaces of the pile, said
      viscous material serving to exclude passage of water between said pile and
      said shield members as long as said shield members are securely clamped
      against the external surfaces of the pile, and
PA1  c. a plurality of clamping members comprised of interengaging expanded
      plastic foam resin clamp sections having an internal surface configuration
      conforming to the outer surface configuration of the shield members, said
      internal surface configuration including pairs of spaced grooves for
      receiving the outer surfaces of the shield members which conform to the
      flanges of the H-pile and an internal contour between said grooves
      conforming to the outer surfaces of the portions of the shield members
      which conform on their internal surfaces to the web portion of the H-pile,
      for circumferential clamping at spaced intervals about the exterior of the
      shield members assembled about the surface of the pile and serving to
      maintain said shield members in a sealing relationship against the
      exterior surfaces of the pile in order to exclude water from passage
      between said shield members and said pile surface.
NUM  2.
PAR  2. An improved protective corrosion retarding shield assembly in accordance
      with claim 1 wherein said clamp members have a generally circular exterior
      surface and additionally comprising:
PA1  d. corrosion resistant metal strapping secured about the generally circular
      exterior surface of said clamp members to secure said clamp members firmly
      about said shield members in a clamping relationship.
NUM  3.
PAR  3. An improved protective corrosion resistant shield assembly in accordance
      with claim 2 additionally comprising:
PA1  e. substantially rigid elongated shim members for positioning along the
      edges of the shield members and the pile with strapping to maintain the
      edges of the shield members tightly against the pile and maintain a
      sealing relationship between adjacent edges of the shield members and the
      surface of the pile.
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ABST
PAL  A control for selectively energizing a plurality of electrically operable
      devices in a refrigeration apparatus. The control senses an ambient
      condition and correspondingly controls the energization of the electrical
      devices. In the disclosed embodiment, the electrical devices comprise
      stile and mullion heaters for controlling condensation on the
      refrigeration unit cabinet with the control being responsive to the
      ambient humidity conditions in effecting control of the energization of
      the heaters. The control is arranged to selectively energize both heaters
      with full operating current, or only one of the heaters and at reduced
      current, depending on the sensed humidity and temperature conditions. In
      the illustrated embodiment, the control utilizes rectifiers in effecting
      the current control with one of the rectifiers being a gated rectifier
      responsive to the sensed ambient air conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to refrigeration apparatus and in particular to
      controls for use therein.
PAR  2. Description of the Prior Art
PAR  In one conventional form of refrigeration apparatus, such as refrigerator
      and freezer apparatus, stile and mullion heaters are provided for
      effecting anti-condensation heating of the cabinet adjacent the doors.
      Because of recent energy supply problems, it has been found desirable to
      improve the efficiency of such anti-condensation heaters. One effort in
      this respect has been to provide a manual switch allowing the user of the
      apparatus to manually de-energize the heaters when desired, such as under
      low ambient humidity conditions.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved apparatus control such as for
      use in controlling the mullion and stile heaters in refrigeration
      apparatuses wherein the operation of the heaters is automatically
      controlled as a function of sensed ambient humidity and temperature
      conditions.
PAR  The control means is arranged to pass fully operating current concurrently
      to each of the heaters and selectively concurrently de-energize one of the
      heaters and cause reduced current flow to the other of the heaters as an
      incident of the sensor means sensing a preselected humidity condition.
      Thus, more broadly, the invention comprehends providing such a control
      means for automatically controlling energization of first and second
      electrically operable devices in an apparatus wherein the sensor means
      senses a selected condition affecting the apparatus with the automatic
      control being related to the sensor means sensing a preselected value of
      that condition.
PAR  More specifically, the present invention comprehends utilizing a novel
      arrangement of rectifiers to effect selective full wave or half wave
      energization of one heater and normal full heating operation with half
      wave current, or de-energization of the other heater. In the specific
      embodiment, the mullion heater is selectively energized with full wave
      current or half wave current and the stile heater is selectively fully
      energized with half wave current or de-energized as a function of the
      control in response to the sensed ambient humidity condition.
PAR  The control may be disposed adjacent the path of flow of air to the
      refrigeration unit condenser for improved sensing of the ambient air
      conditions. The control is preferably spaced from the machinery of the
      refrigeration apparatus so as to be independent of the temperature
      condition thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a front elevation of a refrigeration apparatus having a control
      means embodying the invention;
PAR  FIG. 2 is a plan view of the control means with a portion cut away to
      better illustrate the invention;
PAR  FIG. 3 is a front elevation thereof;
PAR  FIG. 4 is a graph illustrating the operating characteristics of the heaters
      and switch; and
PAR  FIG. 5 is a schematic diagram of the electrical wiring of the apparatus and
      control.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing,
      an apparatus generally designated 10 illustratively comprises a
      refrigeration appliance defining a side-by-side refrigerator portion 11
      and freezer portion 12. The apparatus cabinet 13 is provided with a
      refrigerator door 14 and a freezer door 15 providing access to the
      respective portions. The cabinet mullion 16 between the two portions is
      provided with a mullion heater 17 and the cabinet stile 18 is provided
      with a stile heater 19 of conventional construction for controlling
      condensation on the cabinet adjacent the door seals. The apparatus further
      defines a lower refrigeration space 20. The refrigeration machinery is
      mounted within space 20 and illustratively includes a condenser 21 which
      is cooled by air flowing into space 20 through a lint grill 22, the air
      being discharged through a front opening 23 after passing in heat transfer
      relationship with the condenser.
PAR  As discussed above, for improved energy efficiency in the use of the
      refrigeration apparatus, a manual switch has heretofore been provided for
      de-energizing the anti-condensation heaters 17 and 19 under low ambient
      humidity conditions. The present invention comprehends an improved control
      for such heaters, or similar apparatus electrical devices, which
      automatically controls the energization and de-energization thereof in
      accordance with a sensed ambient condition herein comprising the ambient
      humidity and temperature condition. The control generally designated 24 is
      preferably disposed in the space 20 in the flow path of the air delivered
      through the grill 22 to the condenser 21 for providing a constant delivery
      of the ambient air to the control for improved sensing of the condition
      thereof. The control is preferably spaced forwardly of the heat producing
      apparatus of the refrigeration appliance so as to be substantially
      unaffected by the temperature conditions thereof.
PAR  The control means includes a sensor means generally designated 25 and a
      power circuit means generally designated 26 carried on a common base 27,
      as illustrated in FIGS. 2  a timer motor 37 for selectively operating
      switch 33 in a conventional manner. The evaporator heater may be connected
      in series with a bimetal switch 38 to power supply lead L2.
PAR  The compressor motor 39 of the refrigeration apparatus may be connected in
      series with a freezer thermostat switch 40 between lead 34 and power
      supply lead L2.
PAR  Mullion heater 17 is connected from lead 34 to control 24 and stile heater
      19 is connected from lead 34 to control 24, as shown in FIG. 5, for
      selective control of the energization thereof from lead 34 to power supply
      lead L2. Control 24 includes a first diode 41 connected between mullion
      heater 17 and power supply lead L2. A second diode 42 is connected in
      series with a gated rectifier 43 illustratively comprising a silicon
      controlled rectifier having a gate 44. Stile heater 19 is connected in
      series with the series connected diode 42 and SCR 43 to power supply lead
      L2. Mullion heater 17 is connected to the cathode of diode 41 and to the
      anode of SCR 43 through lead 55. The variable resistance sensor 25 is
      connected to lead 34 through a first capacitor 45 and a second capacitor
      46. Capacitor 45 is connected in series with a first resistor 47 to power
      supply lead L2. Second capacitor 46 is connected from between capacitor 45
      and resistor 47 through a second resistor 48 to power supply lead L2.
      Sensor 25 is connected from between capacitor 46 and resistor 48 to a
      parallel circuit including a third resistor 49 and a third capacitor 50
      which, in turn, is connected to power supply lead L2. A lead 51 from
      between sensor 25 and the parallel circuit of resistor 49 and capacitor 50
      is connected to the gate 44 for controlling the operation of SCR 43 as a
      function of the variable resistance of sensor 25.
PAR  When the resistance of the sensor 25 is low, as occurs when the relative
      humidity of the ambient air is high, the SCR 43 is gated each half cycle
      thus permitting half wave current to flow through the SCR from both
      heaters 17 and 19. At the same time, alternate half wave current
      180.degree. out of phase with the current through SCR 43 is conducted
      through mullion heater 17 and diode 41 so that, at this time, full wave
      current passes through the mullion heater thereby normally energizing the
      mullion heater at full power. The resistance of the stile heater is
      preselected so as to provide the desired normal heating operation with the
      half wave current energization thereof permitted by the series connected
      diode 42 and conductive SCR 43. Thus, at this time, both heaters are
      operating in normal full energized condition.
PAR  However, when the humidity sensed by sensor 25 decreases so as to increase
      the resistance thereof, the SCR 43 is turned off so as to prevent current
      flow to stile heater 19 and permit only half wave current flow through
      mullion heater 17 through the diode 41. Thus, depending on the sensed
      humidity condition, the electrically operable means of the apparatus 10
      controlled by control 24 is selectively energized for full power operation
      or partial power operation.
PAR  In the illustrated embodiment, the parameters of the capacitors and
      resistors may be as follows:
TBL  Capacitor 45       .022 microfarads                                       
     Capacitor 46       .015 microfarads                                       
     Capacitor 50       .01 microfarads                                        
     Resistor 47        150 kilohms                                            
     Resistor 48        600 kilohms                                            
     Resistor 49        2.7 kilohms                                            
PAR  The capacitor and resistor circuitry provides a phase shift so as to
      control the SCR 43 to provide a full 180.degree. conduction angle when the
      resistance 25 is low. Capacitor 50 further prevents radio frequency
      voltage which may be present on the line voltage from inadvertently
      triggering SCR 43. To effect such phase shift, capacitor 45 and resistor
      47 effect a first 45.degree. shift with capacitor 46 and resistor 48
      effecting a second 45.degree. shift to provide a 90.degree. phase shift to
      the gate 44 of SCR 43. The phase shifting circuit further eliminates radio
      frequency disturbances from being generated by the control.
PAR  Under low humidity conditions, the variable resistor sensor 25 may have a
      resistance of at least 400 kilohms and under relatively high humidity
      conditions, the resistance thereof may be less than approximately 200
      kilohms to provide the desired automatic control of the heater
      energization.
PAR  As shown in FIG. 4, the response characteristics of the film 28 may be
      preselected to match the break point sweat curves of the apparatus over an
      ambient temperature range of approximately 70.degree. to 110.degree. F.
      The break point curves illustrated in FIG. 4 indicate the relationship of
      the ambient humidity and ambient temperature and illustrate the conditions
      above which the refrigerator cabinet will sweat under the different
      humidity and temperature conditions. The control 24 is arranged to assure
      energization at full power of both heaters 17 and 19 when the relative
      humidity of the ambient air is within about 5% of the break point value.
      As the break point curves with half wave power supplied to the mullion
      heater 17 closely coincides to the break point curve with the stile heater
      de-energized, a single sensor 25 and a single SCR 43 may be efficiently
      utilized in switching both of the heaters simultaneously.
PAR  Thus, the invention comprehends correlating a sensor element with suitable
      diode control power elements to provide an improved automatic control of
      electrical devices, such as refrigerator cabinet heaters. The control is
      extremely simple and economical of construction while providing the
      improved highly desirable energy-saving functioning.
PAR  By providing a minimum of half wave power to the mullion heater 17 at all
      times the control 24 overcomes a limitation of the conventional manual
      on-off switch in which full power is applied to both the stile and mullion
      heasters, thus wasting power during the wideranging ambient and seasonal
      conditions when half wave power applied to the mullion heater 17 is both
      necessary and sufficient to prevent condensation. An alternative to the
      preferred embodiment is to replace the SCR 43 with a manual switch,
      retaining diodes 41 and 42. Thus half wave power is applied to the mullion
      heater 17 through diode 41 when the switch is in the off position. The
      preferred embodiment provides more optional power savings by automatically
      switching the heater power whenever necessary without depending upon a
      manual operation.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an apparatus having a cabinet with a refrigerated enclosure, and
      electrical heater means for preventing water condensation on the cabinet
      from ambient air surrounding the cabinet, control means for automatically
      controlling said heater means as a function of a condition of said ambient
      air, said control means comprising: power circuit means for providing
      electrical power to said heater means, said power circuit means providing
      a preselected full power to said heater means in a first state and a
      preselected partial power to said heater means in a second state; means
      for sensing said condition of the ambient air; and circuit means
      responsive to said sensing means for placing said power circuit means at
      all times selectively in one or the other of said first and second states
      as a function of said sensed ambient air condition.
NUM  2.
PAR  2. The apparatus control means of claim 1 wherein the heater means
      comprises first and second heaters.
NUM  3.
PAR  3. The apparatus control means of claim 1 wherein the heater means
      comprises first and second heaters and the power circuit means is arranged
      to de-energize one of the heaters and partially energize the other of the
      heaters in said second state.
NUM  4.
PAR  4. The apparatus control means of claim 1 wherein the heater means
      comprises separate stile and mullion heaters.
NUM  5.
PAR  5. The apparatus control means of claim 1 wherein the heater means
      comprises a plurality of separate heaters and the power circuit means is
      arranged to selectively de-energize at least one thereof in said second
      state.
NUM  6.
PAR  6. The apparatus control means of claim 1 wherein the apparatus cabinet
      defines a machinery space containing electrically operable power means,
      the sensing means being disposed in said machinery space in spaced
      relationship to the electrical power means.
NUM  7.
PAR  7. The apparatus control means of claim 1 wherein the apparatus cabinet
      defines a machinery space containing electrically operable power means and
      having means for flowing air into said machinery space in heat exchange
      relationship to the electrically operable power means, the sensing means
      being disposed in said machinery space in the air flow path at the inlet
      to said machinery space.
NUM  8.
PAR  8. The apparatus control means of claim 1 wherein the heater means
      comprises a plurality of separate heater elements and the sensing means
      comprises a single sensor element, and said power circuit means is
      responsive to said single element for controlling the plurality of heater
      elements.
NUM  9.
PAR  9. The apparatus control means of claim 1 wherein the apparatus comprises a
      refrigeration unit having a heat transfer portion and means for flowing
      ambient air in heat transfer association with said portion, the sensing
      means being disposed to be contacted by the flowing air prior to the
      delivery thereof to the heat transfer means.
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ABST
PAL  A frozen edible product, commonly called "frozen slush", is produced in a
      pressurized CO.sub.2 atmosphere from a liquid mix, consisting of
      carbonated water and flavored syrup, also produced in a pressurized
      CO.sub.2 atmosphere. A liquid mix consisting of proportioned quantities of
      carbonated water and syrup is contained within a liquid mix reservoir and
      metered into a product freezing cylinder to maintain the product freezing
      cylinder charged to capacity under normal operating conditions.
BSUM
PAR  Frozen carbonated beverages--called frozen slush--are difficult to produce
      on a continuous basis due to the icy flake-like form of the product. Both
      the temperature of the end product and the ratio of carbonated water to
      flavored syrup must be closely controlled to achieve the desired product
      texture, consistency and flavor during periods when frozen product is
      being withdrawn from a body of frozen product and liquid mix is being
      simultaneously added to the body of frozen slush.
PAR  A primary object of the present invention is to provide a system for
      producing a frozen carbonated drink wherein frozen product may be made
      available on a continuous basis. Another object is to provide such a
      system wherein a body of prepared frozen product is pressurized by a
      CO.sub.2 atmosphere to facilitate product withdrawal. A further object is
      to provide such a system wherein carbonated water and flavored syrup are
      automatically mixed in predetermined proportions and stored in a reservoir
      prior to addition to a product freezing cylinder, and wherein the
      reservoir is pressurized by a CO.sub.2 atmosphere to inhibit deterioration
      of liquid mix contained therein. These and other objects and advantages
      will become apparent from the following description in conjunction with
      the accompanying drawings, of which:
DRWD
PAR  FIG. 1 is a perspective view of a double unit frozen carbonated drink
      dispensing apparatus of this invention;
PAR  FIG. 2 is a detail view in elevation of a liquid mix reservoir incorporated
      in the FIG. 1 apparatus, and of a carbonated water-syrup dispensing
      assembly for charging the reservoir with proportioned amounts of
      carbonated water and syrup;
PAR  FIG. 3 is a detail view of a liquid mix metering valve for controlling
      entry of liquid mix from a liquid-mix reservoir into a product freezing
      cylinder;
PAR  FIG. 4 is a functional schematic of the system of this invention; and
PAR  FIG. 5 is an electrical schematic embodied in the system of this invention.
DETD
PAR  In brief, the frozen carbonated drink dispensing apparatus of this
      invention comprises a product freezing and dispensing means from which the
      frozen product is drawn under pressure, and a product liquid mix supply
      means feeding carbonated liquid product mix under pressure to the freezing
      and dispensing means. The system of this invention also includes means
      providing a supply of carbonated water and syrup from which the liquid
      product mix is formulated, and means providing a supply of CO.sub.2 for
      pressurizing the product. The system provides for the combination of
      carbonated water and syrup into a liquid mix, holding the mix in a
      CO.sub.2 -pressurized reservoir, and metering the pressurized liquid mix
      into a product freezing cylinder for conversion into a frozen slush, and
      for the withdrawal of the frozen slush product as required. Pressurizing
      the liquid mix reservoir and the product freezing cylinder serves a
      twofold purpose: firstly, better carbonation is obtained thereby affording
      a more desirable product; and secondly, the carbonated water-syrup
      combination is protected by an inert atmosphere thereby minimizing mold
      formation. This latter feature is particularly important where the system
      remains in an operative condition for an extended period --eg up to three
      weeks for example --with the mixed combination remaining static for
      extended periods--overnight for example. Pressurizing the freezing
      cylinder to at least about 2 psig. also provides superior product
      withdrawal.
PAR  Referring to FIGS. 1-4, the dispensing apparatus depicted is a double unit
      enabling the independent production of two frozen carbonated drink
      products. This apparatus comprises two product freezing and dispensing
      means and two product liquid mix supply means. Both units are housed
      within the case 10 as are the related electrical and refrigeration
      systems.
PAR  Each product freezing and dispensing means comprises a horizontal
      cylindrical pressure vessel 12 having a closed rear end and an open front
      end, a helical dasher 14 removably journalled to the rear end wall of the
      freezing cylinder 12 with a product pressure seal 16, a pair of freezing
      cylinder wall scraper blades 18--18, a product dispensing front flange 20
      removably attached to a casing-mounted front rim 22 by thumb nuts 24 and
      journal mounting the front end of the dasher 14, an O-ring pressure seal
      26 positioned against the inner face of flange 20, a mechanically-operated
      plunger type frozen product dispensing valve 28 mounted by a valve 28
      mounted by a valve housing 30 on the flange 20 and ported into
      communication with the freezing cylinder interior, and a pair of O-ring
      pressure seals 32 mounted by the dispensing valve 28. The freezing
      cylinder 12 is insulated and ported for passage of a refrigerant
      therethrough. Suitable temperature controls, indicated in FIG. 5, are
      provided to regulate a refrigerant compressor to maintain a desired
      product temperature within the freezing cylinder.
PAR  Each product mix supply means comprises a pressurized mix reservoir 60, a
      mix metering valve 62, and a carbonated water and syrup dispensing
      assembly 64. The reservoir 60 is a pressure vessel having a closed bottom
      and an open top with a mix entry tube 66 extending from a port in the
      reservoir vessel bottom into the top of the respective freezing cylinder
      12 at the rear thereof. The reservoir vessel open end is closed by a cover
      68 that contains a peripheral O-ring pressure seal 70 adapted to bear
      against the vessel inner wall surface. Cover 68 is ported for entry of
      pressurized CO.sub.2, and for entry of carbonated water and syrup, and for
      an exhaust vent. A CO.sub.2 line 72 is connected to the cover CO.sub.2
      inlet port and a mix flow tube 74 is connected to the cover carbonated
      water-syrup inlet port. A short external vent tube 76 is mounted by the
      cover axially of the exhaust vent.
PAR  The mix metering valve 62 comprises an elongated valve stem 78 to the base
      of which is attached a hollow valve sleeve 80. Valve sleeve 80 is adapted
      to be inserted into the mix entry tube 66 and is provided with an external
      annular rim 82 adapted to seat on the mix reservoir bottom. The valve
      sleeve is provided with a metering port 84 through the wall thereof just
      above the rim 82 and with a pair of tube alignment rims 83. The lower
      portion of the sleeve is flared to provide a frusto-conical section which
      slightly protrudes into the freezing cylinder 12. A screened frozen
      product barrier 85 is fitted into the bottom of the flared sleeve lower
      end and held therein by upstanding locking tabs 87 that lock into locking
      holes 86 provided therefor in the sleeve lower end. The screened barrier
      comprises a base rim that contains a barrier screen 88 and abuts the end
      of the sleeve, and a frusto-conical upper end section 90 which slidably
      fits into the sleeve lower end.
PAR  A weighted pressure relief head 92 slidably fits over the end of the vent
      pipe 76 and is retained thereon by a coil spring 94. Spring 94 encloses a
      needle 96 that is attached to the relief head 92 and extends through the
      vent tube 76 and cover vent, the spring having a bottom tail inserted
      through the needle eye and bearing against the cover lower surface.
PAR  The carbonated water-syrup dispensing assembly 64 comprises
      solenoid-operated on-off type valves 100 that normally close off a syrup
      inlet port and a carbonated water inlet port to a discharge spout 102, and
      a reservoir mix level-sensing control switch 104 that effects actuation of
      valves 100. Switch 104 is a vertically-oriented normally-open reed switch
      contained within an elongated electrical lead casing 106 that extends
      vertically downward through the reservoir cover 68 into the reservoir. The
      casing slidably mounts a float 108 for axial movement between lower and
      upper limit stops 110 and 112. The float contains an annular
      switch-actuating permanent magnet 114. The lower stop 110 is positioned at
      the elevation of the metering port 84 and the upper stop 112 is located
      below the level of the upper end of the valve stem 78. The switch
      electrical leads extend out of the casing 106 into a cord 116 provided
      with a plug 118 adapted to be plugged into the control circuitry of the
      solenoid valves 100.
PAR  Referring now to FIG. 4, in addition to the components detailed in FIGS.
      1-3 each unit comprises a syrup temperature compensating valve 120 which
      regulates syrup flow from a syrup supply tank 119 through line 121 to the
      carbonated water-syrup dispensing assembly 64, and an out-of-syrup
      indicating and control assembly 122 placed in line 121 between tank 119
      and valve 120. The out-of-syrup indicator comprises a closed vessel 124
      having a syrup inlet opening into the upper portion of the vessel and a
      syrup outlet from the vessel bottom, and a float-actuated syrup level
      responsive switch assembly 126 similar to switch assembly 104 that is
      electrically connected into the control circuitry for the
      solenoid-operated valves 100. A CO.sub.2 supply tank 130 is provided to
      pressurize syrup tanks 119-119 through lines 132-132, and reservoirs
      60--60 through common line 134. CO.sub.2 is also supplied from tank 130 to
      a carbonator 136 through line 138. Carbonator 136 is provided with a fresh
      water inlet line 140 and a carbonated water outlet line 142 leading to the
      carbonated water-syrup dispensing assemblies 64--64.
PAR  Referring now to FIG. 5, exemplary A.C. control circuitry for the double
      unit embodiment of this invention comprises for each unit, a refrigeration
      compressor 150 (including start and run capacitors 146 and 148), dasher
      motor 152, a master control switch 154, a product freezing cylinder
      temperature-actuated control switch 156, a starting relay 158, a shut off
      time delay relay 160, a refrigerant liquid line solenoid valve 162, and a
      product serve switch 164, all associated with the freezing and delivery of
      the frozen product. The circuitry also comprises for each unit an
      out-of-syrup indicator switch 126, an out-of-syrup warning light 127, a
      product mix reservoir level control switch 104, a reservoir level control
      switch connector 118, a triac static switch 170, carbonated water-syrup
      dispensing assembly solenoid valves 100, and an R-C network 172 associated
      with triac to compensate for an inductive load. The circuitry also
      includes a carbonator liquid level control switch 174 and a fresh water
      pump 176.
PAR  Referring now to FIGS. 4 and 5, an exemplary mode of operation for each
      unit of the system is as follows. The fresh water inlet pressure to the
      carbonator is adjusted to a level about 20 psig below the CO.sub.2
      carbonator input pressure, the latter typically being between about 80 and
      120 psig. The CO.sub.2 pressure to the product mix reservoir is adjusted
      to a range of between about 4 to 4.5 psig. With the syrup tank and
      carbonator full, carbonated water and syrup will be forced under pressure
      to the carbonated water-syrup dispensing assembly. The reservoir cover is
      removed and the metering valve removed to provide unrestricted mix access
      to the freezing cylinder. Reservoir level control switch connector 118 is
      then partially inserted into its socket thereby electrically bypassing the
      triac static switch to cause the dispensing solenoid valves 100 to open
      and feed the product mix into the reservoir from which it drains into the
      freezing cylinder. When the freezing cylinder has been filled to the
      desired level, usually not more than 3/4 full, the reservoir control
      switch connector 118 is removed from its socket thereby inactuating the
      solenoid valves 100 to terminate product mix flow. The reservoir metering
      valve is re-inserted and the reservoir cover replaced. The master control
      switch is turned to the "on" position by closing the double pole-double
      through switch thereof thereby turning on the refrigeration compressor and
      the dasher motor for the duration required to turn the mix into a frozen
      slush product having a temperature of about 22.degree.-24.degree. F., upon
      the occurrence of which the dasher motor and refrigeration compressor will
      automatically cycle on and off under the control of the freezing cylinder
      temperature controller. The reservoir control switch connector 118 is
      fully inserted into its socket to connect the reservoir level switch 104
      into the triac circuit for control of the solenoid valves 100 to
      automatically maintain the mix level within the reservoir between the
      limits of the float switch.
PAR  When a full charge of product mix has been added to the freezing cylinder
      and has been converted to a frozen slush, it will have expanded to
      substantially completely fill the cylinder and to bear against the screen
      85 at the bottom of metering valve 62. Thus, product mix within the
      reservoir 60 will be blocked from entry into the freezing cylinder.
PAR  Screen 85 bars the frozen slush from entry into the metering valve 80 and
      into the reservoir.
PAR  To draw frozen product from the freezing cylinder, plunger valve 28 is
      opened and closes switch 164. Upon switch closure, the dasher motor
      operates to rotate the dasher and thus extrude frozen product through
      valve 28. The dasher helix forces all frozen product frontward and as
      product is withdrawn, the metering valve outlet will be cleared and
      pressurized product mix will pass through the metering valve into the rear
      end of the freezing cylinder. Typically, the refrigerant compressor will
      be turned on with the closure of switch 164 and thus the new product mix
      will begin to be frozen immediately upon entry into the freezing cylinder.
      As the newly added mix is frozen, the frozen slush will again contact the
      screen 85 and block further entry of mix from the reservoir. The metering
      valve metering orifice 84 is sized to prevent excessive entry of mix to
      the extent that the system refrigeration capacity would be overtaxed.
PAR  During periods of extended frozen product withdrawal, mix will be metered
      into the freezing cylinder relatively constantly. Consequently, mix
      expansion as it is converted to frozen slush will take place under
      sufficiently turbulent conditions that frozen slush would extrude back
      through the metering valve were it not for the presence of screen 85. If
      slush were to enter the reservoir 60, the sensitivity of float 108 to
      rising and falling reservoir liquid levels would be impaired to the extent
      that mix could overflow the reservoir.
PAR  When frozen product withdrawal is terminated, the time delay relay 160 will
      cause the dasher motor 152 and refrigeration compressor 150 to continue
      operation for a period sufficient to ensure that the newly added mix is
      fully converted to frozen slush before these components go back to the
      automatic cycling mode of operation.
PAR  As product mix is metered from the reservoir, the float 108 will fall with
      the reservoir liquid level until the switch 104 is actuated thereby
      causing the solenoid valves 100 to open to charge the reservoir with
      carbonated water and syrup. This mix will enter under turbulent conditions
      and excess pressure will be vented through the vent tube 76. When the
      reservoir liquid level rises to the point where float 108 opens switch
      104, the solenoid valves 100 will close. Excess pressure will continue to
      vent until the reservoir pressure has reached the predetermined level of
      4-4.5 psig at which point pressure relief head 92 will reseat to close off
      the vent tube 76. Because relief head 92 is releasably retained by the
      internal spring 94, excessive pressure cannot cause the relief head to
      become dislodged. And yet because of the relationship of the spring 94 to
      the needle 96, the spring 94 and relief head 92 can be removed for
      cleaning after the vessel cover 68 is removed.
PAR  If the system runs out of syrup, the normally-full out-of-syrup indicator
      vessel 124 will empty and the liquid level sensitive switch 126 therein
      will be actuated to interrupt the power to the solenoid valves 100.
      Consequently, no further mix addition to the reservoir will be possible
      until the syrup tank 119 is replenished. Actuation of switch 126 also
      causes a warning light 127 to go on to indicate the out-of-syrup
      condition.
PAR  If the carbonated water level in carbonator 136 falls below a predetermined
      level, a level sensitive switch 174 therein will be actuated to cause the
      addition of fresh water thereinto. The fresh water will be charged
      turbulently with a concommitantly rapid dissolving of CO.sub.2 therein to
      form carbonated water. When the carbonator is refilled, the switch 174
      will be inactuated thereby terminating fresh water input.
PAR  The components of the system are designed for in-place cleaning. This is
      accomplished by replacing the syrup tanks with detergent and rinse
      solution-containing tanks. The CO.sub.2 pressure will force these
      solutions through all lines and vessels under sufficient pressure to
      cleanse these components as the control valves and switches are actuated
      as though the freezing cylinders were being initially filled with product
      mix. To clean each freezing cylinder, the single throwsingle pole switch
      of each master switch 154 is closed to operate the dasher motor 152,
      without operation of the refrigeration compressor 150, after the desired
      amount of cleaning liquid has been charged thereinto from the mix
      reservoir.
PAR  It is believed that the invention will have been clearly understood from
      the foregoing detailed description of my now-preferred illustrated
      embodiment. Changes in the details of construction may be resorted to
      without departing from the spirit of the invention and it is accordingly
      my intention that no limitations be implied and that the hereto annexed
      claims be given the broadest interpretation to which the employed language
      fairly admits.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed is defined as follows:
NUM  1.
PAR  1. A frozen carbonated drink dispensing apparatus which comprises product
      freezing and dispensing means comprising a freezing cylinder pressure
      vessel and a frozen product dispensing valve communicating with said
      cylinder; and liquid mix supply means comprising a carbonated liquid mix
      reservoir pressure vessel, a mix entry tube extending between said
      reservoir and said freezing cylinder; means enabling said reservoir to be
      pressurized with CO.sub.2 to a predetermined pressure level, a carbonated
      liquid mix valve in said tube communicating with said reservoir and with
      said cylinder for feeding liquid product under pressure from said
      reservoir into said cylinder according to the quantity of water and syrup
      in said freezing cylinder, and a carbonated water and syrup dispensing
      assembly communicating with said reservoir for charging said reservoir
      with proportioned quantities of carbonated water and syrup, said mix valve
      comprising a tubular valve sleeve removably positioned in said tube and
      opening into said freezing cylinder and communicating with the reservoir
      interior through a metering port, and a screened frozen product barrier
      removably fitted to the lower end of said sleeve to inhibit entry of
      frozen slush into said reservoir.
NUM  2.
PAR  2. A frozen carbonated drink dispensing apparatus which comprises product
      freezing and dispensing means including a horizontal product freezing
      cylinder, means within said freezing cylinder for advancing frozen product
      toward the forward end of said freezing cylinder, and frozen product
      dispensing means for dispensing frozen product from the forward end of
      said freezing cylinder; liquid mix supply means including a carbonated
      liquid mix reservoir, a mix entry tube connecting said reservoir to the
      rearward end of said freezing cylinder, a liquid mix metering valve
      disposed within said entry tube comprising a hollow valve sleeve opening
      into said freezing cylinder and communicating with the reservoir interior
      through a metering port, a screened frozen product barrier fitted to the
      lower end of said sleeve to inhibit entry of frozen product into said
      reservoir, and means for pressurizing said reservoir with CO.sub.2 and for
      maintaining pressure within said reservoir at a predetermined level; and a
      carbonated water and syrup dispensing assembly including valve means for
      charging said reservoir with proportioned quantities of carbonated water
      and syrup, liquid level sensitive means for controlling said valve means
      responsive to liquid level changes in said reservoir, means for supplying
      carbonated water to said dispensing assembly, means for supplying syrup to
      said dispensing assembly, and means for inactivating said valve means when
      the syrup supply is exhausted.
NUM  3.
PAR  3. In a frozen concentrated drink dispensing apparatus having a freezing
      cylinder and a reservoir pressurized by CO.sub.2 containing a mixture of
      carbonated water and syrup in communication with said cylinder, the
      improvement comprising valve means for regulating the flow of mixture from
      said reservoir into said cylinder and controlled by the quantity of
      mixture contained within said cylinder, said valve means comprising:
PA1  a tube having its upper end extending into said reservoir to a level above
      said mixture and having an open bottom communicating with said cylinder;
PA1  a metering port in the portion of said tube located within the mixture in
      said reservoir; and
PA1  a screen covering the open bottom of said tube.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said dispensing apparatus includes a
      liquid level sensitive switch means disposed within said reservoir, and
      carbonated water-syrup dispensing valve means electrically connected to
      said switch means and adapted to dispense proportioned carbonated
      water-syrup mix into said reservoir to maintain the mix level therein
      between upper and lower limits responsive to the action of said switch
      means, said upper limit being below the upper end of said tube and said
      lower limit being no lower than the level of said metering port.
NUM  5.
PAR  5. Dispensing apparatus according to claim 3 in which said metering port is
      located adjacent the bottom of said reservoir.
NUM  6.
PAR  6. Dispensing apparatus according to claim 3 in which said freezing
      cylinder and reservoir are interconnected by a straight passageway and
      said tube is removably mounted in said passageway.
NUM  7.
PAR  7. Dispensing apparatus according to claim 6 in which said screen is
      removably mounted on said tube.
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PAL  A refrigerant condenser system employs a three-way valve in the output line
      from the system compressor. Upon cold start-up of the system or excess
      condenser capacity, the valve directs hot compressed vapor to a liquid
      receiver to increase the pressure therein forcing liquid therefrom in a
      reverse flow to the condenser to raise its liquid level and thereby
      decrease its cooling capacity. Upon a rise in system pressure, the valve
      opens to direct some vapor, in proportion to the pressure, to the
      condenser, reducing condenser liquid level to the extent necessary to
      obtain adequate cooling capacity in the condenser. At maximum cooling load
      and high ambient temperature, all vapor will be directed by the valve to
      the condenser to obtain maximum cooling capacity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for controlling liquid
      level in a pressurized refrigerant condenser system.
PAR  2. Description of the Prior Art
PAR  In the design of refrigeration condensers, it is imperative that adequate
      heat transfer surface be provided for the maximum output of the system
      compressor and at the maximum design ambient temperature to assure
      adequate condensing capacity.
PAR  The maximum compressor output of an adequately designed system would more
      probably occur at the time the ambient temperature reaches or exceeds the
      design temperature. Many conditions exist in which the compressor is
      required to operate at reduced capacity, and outside ambient temperature
      is often lower than the design temperature, and the condenser thereupon
      provides too much condensing capacity. Low compressor head pressure and
      accompanying problems of inadequate refrigerant flow and low suction
      result.
PAR  Existing head pressure control systems utilize variable speed and cycled
      condenser fans, condenser face dampers, and pressure sensitive refrigerant
      hold back valves on the condenser outlet line.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, hot refrigerant gas is supplied
      from the compressor to a three-way gas valve. The three-way valve is
      controlled as a function of the refrigerant hot gas discharge pressure
      from the compressor in a conventional manner thru an internal port, a
      capillary tube sensing the compressor discharge pressure or, in the case
      of pneumatic or electronic controls, a sensor transmitting the compressor
      discharge pressure thru the proper signal to the three-way valve actuator.
      The operation of the three-way valve is to throttle valve outlet to the
      liquid receiver and to correspondingly open the valve port to the
      condenser upon an increase in compressor refrigerant discharge pressure.
      The condenser normally empties to the liquid receiver through a line which
      also accepts reverse flow. Upon system start-up, or whenever compressor
      output pressure is low and the valve directs compressor output to the
      liquid receiver, pressure within the liquid receiver will cause a reverse
      flow of liquid therefrom into the condenser, to raise the liquid level
      within the condenser and decrease the effective cooling capacity thereof.
      Thus, under all conditions, liquid level in the condenser will be
      optimally controlled as a function of system pressure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE shows a schematic diagram of a cooling system employing
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawing, liquid refrigerant is provided from a liquid
      receiver or tank 10 through a conduit 11 to an expansion valve 12. The
      expansion valve 12 sends the liquid refrigerant to an evaporator coil
      shown schematically at 13, where the refrigerant absorbs heat and turns to
      vapor which is carried by suction through a line 14 to a vapor compressor
      15. The compressor 15 takes the hot gas from the line 14 and increases its
      pressure before discharging it into a line 16.
PAR  In accordance with the principles of the present invention, the compressor
      discharge line 16 communicates the pressurized gas to a three-way valve 17
      which controls and proportions the flow between a conduit 18 leading to
      the liquid receiver 10 and a conduit 19 leading to a system condenser 20.
      The conduit 18 communicates to a top portion of the liquid receiver 10 at
      a hot gas inlet 21. The conduit 19 extends into the condenser 20 at a
      first opening 22 to a condenser tube 23. The condenser tube 23 emerges
      from the condenser 20 at a second opening 24 communicating with a
      reversible-flow line 25 communicating to a portion of the liquid receiver
      10 which is below the normal level of liquid therein.
PAR  The three-way valve 17 controls flow from the compressor discharge line 16
      to the conduits 18 and 19 in accordance with the compressor output
      pressure in the line 16, the control being accomplished through any
      conventional mechanism. Shown in the preferred embodiment is a capillary
      tube 26 communicating to a pressure dome 27 atop the three-way valve 17.
      The three-way valve operates in three pressure regimes. When compressor
      output pressure is low such as upon system start-up from cold, the valve
      will shut off flow to the conduit 19 to the condenser 20 and open fully to
      conduit 18 to the hot-gas inlet 21 of the liquid receiver 10. When
      compressor output pressure is high, such as where the cooling load is
      great and/or ambient temperature about the condenser is high, the
      three-way valve 17 will open communication fully between the lines 16 and
      19 and close off the connection to the conduit 18. At intermediate
      pressures, the valve 17 will act as a proportional valve, responsive to
      pressure in the discharge conduit 16 to provide flow to conduit 18 and
      conduit 19, with more flow to conduit 19 as the pressure in the line 16
      increases.
PAR  In operation, a refrigerant system using the present invention will
      discharge the compressor through conduit 16 to three-way valve 17. On a
      cold start-up, pressure in the refrigerant piping has equalized and the
      three-way valve control 27, sensing the low equalized pressure, fully
      closes the valve 17 to conduit 19 and fully opens it to conduit 18. The
      hot gas is directed to the top of the liquid receiver 10 and as a result
      of the relative increase in pressure, liquid refrigerant is forced through
      conduit 25 to the second tube opening 24 of the condenser 20 and into the
      bottom portion of the condenser tubing 23. Also, liquid is forced into the
      conduit 11 to the expansion valve 12 for proper feed to the evaporator
      coil 13. Since upon start-up no condenser surface is exposed to the hot
      gas, pressure will rapidly rise to an intermediate level for the three-way
      valve 17. When the pressure exceeds the lower intermediate pressure
      threshold, the port to conduit 19 begins to open, allowing hot gas to
      discharge into the condenser 20. As the refrigerant vapor enters the
      condenser tubes 23, liquid refrigerant flows in conduit 25 from the
      condenser 20 to the liquid receiver 10. Liquid level is then maintained in
      the condenser tubes 23 to expose the required condensing surface above the
      liquid level for required condenser capacity, in response to head
      pressure.
PAR  When maximum condenser capacity is required, the head pressure from the
      compressor will exceed the intermediate pressure limit on the three-way
      valve, and the port to conduit 18 will fully close and the port to conduit
      19 will be fully open, allowing all the refrigerant hot gas to discharge
      directly into the condenser 20. The condenser will then operate at maximum
      capacity, which may be augmented in conventional manner by condenser fans
      when required.
PAR  Although various modifications might be suggested by those versed in the
      art, it should be understood that I wish to embody within the scope of the
      patent warranted hereon all such modifications as reasonably and properly
      come within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of maintaining balanced liquid level in a refrigerant condenser
      system, comprising the steps of driving refrigerant through a closed
      circuit in the form of a stream,
PA1  at a first point in the stream compressing refrigerant vapor to a pressure;
PA1  at a second point directing the compressed vapor to a liquid receiver when
      the pressure is low, to a vapor condenser when the pressure is high, and
      proportionately to the liquid receiver and the condenser when the pressure
      is intermediate, as a function of the pressure;
PA1  at a third point directing liquid to the condenser from the liquid receiver
      in a reversed flow when the pressure is low; and
PA1  at a fourth point directing liquid to an expansion valve and through an
      evaporator and back to the said first point,
PAL  thereby to operate said condenser at optimum capacity when ambient
      conditions give said condenser system an excess capacity, through control
      of said liquid level in said condenser.
NUM  2.
PAR  2. For use in a refrigeration system, a liquid receiver comprising a tank
      normally containing refrigerant vapor and liquid and having a first
      opening in a lower portion of said tank for communicating liquid from said
      tank to an expansion valve, the receiver being particularly characterized
      by:
PA1  an upper portion of said tank having a second opening formed therein for
      communicating a line carrying vapor from a system compressor upon at least
      partial opening of a three-way valve in response to a low-pressure
      compressor output as upon system start-up; and the lower portion of said
      tank having a third opening separate from said first opening,
      communicating liquid to and from a line of a vapor condenser,
PA1  said third opening being disposed so that liquid from said tank will be
      passed to said condenser when compressor output pressure is low and more
      than about half of said compressor output vapor enters the tank through
      said first opening, and
PA1  said third opening passing liquid from said condenser into said tank when
      pressure in said compressor output is high,
PAL  thereby to maintain a balanced liquid level in said condenser and thereby
      an optimum condenser cooling capacity.
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ABST
PAL  A combination liquid trapping suction accumulator and evaporator pressure
      regulator device used intermediate the compressor and evaporator in a
      vapor-compression refrigeration system as a protective device for the
      compressor. The device is characterized by the positioning of the
      evaporator pressure regulator chamber intermediate the inlet and outlet
      ports of the accumulator housing. Thus, evaporator pressure regulation is
      accomplished simultaneously with liquid accumulation in a compact and
      readily serviceable, unitary housing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION:
PAR  A modification of the assignee' s earlier filed application entitled LIQUID
      TRAPPING SUCTION ACCUMULATOR (Serial No. 359,569), filed May 11, 1973 this
      application is a division of U.S. Ser. No. 388,281 filed Aug. 14, 1973,
      now U.S. Pat. No. 3,858,407.
PAR  The present application is characterized in its combining of an evaporator
      pressure regulator device with a liquid trapping suction accumulator.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  Automobile air conditioning and refrigeration systems are conventionally
      subject to a high rate of failure, due principally to liquid entering the
      compressor. These failures frequently occur after a short shut-down of the
      automobile which defeats the thermostatic expansion valve, permitting
      liquid to migrate from the condenser into the evaporator. As the
      automobile air conditioning system is restarted, the liquid goes to the
      compressor with damaging results. The automobile system is characterized
      by the extraordinarily wide range of flow rates, a principal aim being to
      return the oil through the eductor, regardless of flow rate.
PAR  Liquid suction accumulators are widely employed to solve the problem of
      liquid entering the compressor. However, there is no prior art showing a
      combination of these elements within a single working system and utilizing
      pressure drops obtained, for example, through the evaporator pressure
      regulator as an assistance in the eduction of oil through the sytem.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an evaporator pressure regulator (EPR)
      is interposed between the inlet and outlet ports of an accumulator
      chamber. The evaporator pressure regulator (EPR) may include an evaporator
      pressure regulator device of the bellows or other type, regulating
      vaporous flow from inlet to outlet, according to pressure within the
      system. The pressure drop obtained through the evaporator pressure
      regulator device is utilized in drawing oil through the eductor tube.
PAR  Modification of the invention includes positioning of an expansion valve
      within the accumulator housing, use of a combined thermostatic expansion
      valve and a filter drier adjacent to the accumulator chamber, positioning
      of both the expansion valve and a desiccant within the accumulator
      chamber, utilization of a fixed orifice or capillary feeding device
      intermediate the filter drier and the evaporator in the system,
      positioning of the evaporator pressure regulator device perpendicularly
      with respect to the top of the accumulator chamber and providing the
      evaporator pressure regulator chamber with quick disconnects, fitting and
      sealing fixtures. According to the particularly claimed species of FIG. 2
      herein the vertically extending accumulator chamber includes a pressure
      responsive evaporator pressure regulator vertically positioned in the
      evaporator pressure chamber proximate the outlet port. A vertically
      extending eductor tube extends independently from the bottom of said
      accumulator chamber into the evaporator pressure chamber regulator chamber
      to efficiently allow only the pressure drop across the EPR to be effective
      for positive oil return. A further advantageous feature of the
      construction of FIG. 3 is the provision of a vertically suspended filter
      drier casing removably threaded to a separate drier and thermostatic valve
      subassembly. The subassembly includes a horizontally disposed entrance
      port 20 and horizontally disposed exit port 21. The filter drier casing 16
      is threaded at 22 with further sealing by O-ring 23. The single pressure
      drop across the EPR controls both the EPR and the eductor; liquid oil is
      thereby allowed to rise in the eductor tube as a function only of the
      refrigerant compression pressure. Thus the structure of FIG. 3 ensures
      that the EPR is able to reliably keep liqiod refrigerant out of the
      compressor while allowing entry of liquid oil.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a schematic view, partially in vertical section, showing a
      combined evaporator pressure regulator chamber and accumulator, according
      to the present invention;
PAR  FIG. 2 is a schematic view, partially in vertical section, showing a
      further modification wherein a combined filter drier and thermostatic
      expansion valve unit have been interposed between the condenser and the
      evaporator system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  The primary function of a suction accumulator is to prevent liquid
      refrigerant from entering the compressor. It must also provide positive
      oil return at all system flow rates. Conventional accumulators are
      designed to provide adequate pressure drop for positive oil return at
      minimum system flow rates. However, when systems experience high maximum
      to minimum flow rate ratios, accumulator pressure drops at high load
      conditions become excessive. The combining of the EPR and accumulator can
      solve this problem. The EPR represents a finite pressure drop in the
      suction line at all operating conditions. In fact, the pressure drop
      across the EPR is generally greatest at low loads. Integration of the
      accumulator and the EPR allows the pressure drop across the EPR to be
      utilized for positive oil return. This arrangement allows the accumulator
      to be designed for minimum pressure drop while still performing its liquid
      trapping function. In FIG. 1 the refrigerant-oil mixture is shown entering
      the accumulator vessel 2 at inlet connection 1. Oil is returned through
      eductor tube 3 which is connected to outlet orifice 4. Orifice 4 is
      arranged to bypass the EPR 10, hence taking advantage of its pressure
      differential for oil return. The oil is mixed with the refrigerant vapors
      exiting the EPR 10 in chamber 6 and returned to the compressor through
      outlet connection 7. O-ring 8 provides a positive seal between the inlet
      and outlet of EPR 10 and compression spring 9 provides positive retention
      of the EPR 10 in its socket. EPR may be of the bellows-type containing an
      inert gas such as nitrogen which is charged through nipple 11. Pressure
      changes move the bellows which moves a spool or slide across peripheral
      slots 12, so as to regulate vaporous flow. A tangential entry device 13
      may be positioned adjacent inlet connection 1, to provide consistent
      liquid and vapor separation.
PAR  FIG. 2 schematically shows the combination EPR-accumulator (described in
      FIG. 1) in a complete system, including a separate filter-drier or
      receiver-drier 16 with a desiccant mounted therein. However, the
      receiver-drier is no longer fully required, since the accumulator can
      perform the liquid storage function for which the receiver was previously
      required. A thermostatic expansion valve 17 may be positioned intermediate
      filter-drier 16 and the evaporator. Two additional advantages are also
      obtained with this arrangement. First, loss of liquid subcooling, which
      normally occurs in a receiver, may be reduced. The much smaller
      filter-drier 16 is always liquid full, which enables it to better retain
      any subcooling obtained in the condenser. In fact, filter-drier 16 may
      provide additional subcooling, if it can be located in an ambient somewhat
      below condensing temperature. The second advantage is that evaporator
      performance can be improved, since proper control arrangement will allow
      "over-feeding" of the evaporator without risk of liquid entering the
      compressor.
PAR  This system, according to FIG. 3 further advantageously includes the
      expansion valve and filter-drier as a combined unit 16. Since the
      filter-drier is a much smaller package than the receiver-drier, its choice
      of location is broadened considerably. Though no performance advantages
      accrue with this arrangement, it does require fewer plumbing connections
      and allows ease of filter-drier replacement, a critical characteristic in
      miniaturized automobile air conditioning systems. The desiccant within
      filter drier 16 is conventional. As further illustrated, the expansion
      valve subassembly in the combination includes compression spring 17, and
      diaphragm 18 which includes connection to both external termperature
      sensing bulb 19 and an external equalizer connection at inlet 1. This
      separately positionable combination of a thermostatic expansion valve and
      a filter drier herein ensures maximum flexibility for positioning of
      accumulator 2 within the entire system.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid trapping suction accumulator adapted for insertion in a
      vapor-compression regrigeration system between the evaporator and
      compressor, comprising:
PA1   A. an accumulator chamber defined by a casing vertically extending and
      having a top and a bottom;
PA1  B. inlet and outlet ports opening into the top of said chamber and
      respectively adapted for operative connection to said evaporator and said
      compressor;
PA1  C. an evaporator pressure regulator chamber interposed between said inlet
      and outlet ports in communication with said accumulator chamber, said
      chamber including:
PA2  i. a pressure responsive evaporator pressure regulator device, vertically
      positioned in said evaporator pressure chamber proximate said outlet port,
      so as to gauge admission of vapor through said evaporator pressure
      regulator chamber and said outlet;
PA1  D. an eductor tube vertically extending independently from the bottom of
      said accumulator into said evaporator pressure regulator chamber whereby
      the pressure drop from said accumulator to said chamber controls both said
      regulator device and oil eduction;
PA1  E. a drier and thermostatic expansion valve subassembly for gauging liquid
      flow from said drier to said evaporator said subassembly comprising a
      separate thermostatic expansion valve housing having a horizontally
      disposed exit for refrigerant to said evaporator and including a
      threadably removable filter drier casing vertically suspended from said
      valve housing and in flow communication between said entrance and said
      thermostatic expansion valve within said subassembly.
NUM  2.
PAR  2. The liquid trapping suction accumulator of claim 1 including a
      tangential entry device positioned in said accumulator chamber adjacent
      said inlet port, as an assistance in separation of liquid and vapor.
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ABST
PAL  A rotatable drill string of a rock drill in which a torsionally elastic
      shaft provides a rotary driving connection between the drill string and
      the rock bit for absorbing the usual excessive torque developing in the
      string during a drilling operation. A lost motion clutch member becomes
      effective following a predetermined extreme degree of flexing of the
      torsion shaft to relieve the latter of further added torque load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned with the provision of a torque absorbing
      driving connection between a rotatable string of drill pipe of a rock
      drill and the rock bit.
PAR  The conventional string of drill pipe comprises lengths of drill pipe
      threadedly jointed to one another and to a rock bit at the bottom end of
      the string. During operation of the drill, the drill string is rotating
      under the power of a motor. The usual motor employed to rotate the drill
      string and the bit that the string carries does not have a high torque
      capability at a steady rate of operation but momentum developed by the
      motor plus the momentum of the rotating drill pipe during a drilling
      operation can cause a high torque pulse to be imparted to the bit and to
      the joints of the pipe comprising the drill string when rotation of the
      bit is momentarily stopped by impingement with the work. This undesirable
      high torque causes excessive tightening of the threaded joints connecting
      the sections of drill pipe and possible cracking or damage to the pipe
      itself. The excessive tightening of the drill pipe increases the usual
      difficulty later of loosening the pipe joints when withdrawing the drill
      string from the drill hole.
PAR  Accordingly, it is a general objective of this invention to provide means
      for absorbing this excessive torque so as to avoid the undesirable effects
      mentioned.
PAR  This objective is accomplished in the present invention by the provision of
      a torsionally elastic shaft connection between the drill string and the
      rock bit. The torsion shaft will normally suffice to absorb the excessive
      torque that occurs at times during a usual drilling operation. When,
      because of unusual circumstances, the bit stubbornly resists being
      rotated, a secondary drive means is provided to prevent overloading and
      further torquing of the torsion shaft. This secondary drive means is in
      the form of a clutch which responds to the latter situation to relieve the
      torsion shaft of further load and to transmit any added torque of the
      drill string directly to the rock bit.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In order that the invention may be fully understood and readily carried
      into effect, the same will now be described, by way of example only, with
      reference to the accompanying drawing, of which:
PAR  FIG. 1 is a view in longitudinal section illustrating an embodiment of the
      invention as connecting a rotatable section of drill string pipe with a
      rock bit; and
PAR  FIG. 2 is a detail of the relationship of the jaws of the clutch element in
      a normal condition.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawing, the embodiment of the torsionally elastic
      shaft connection unit 10 illustrating the invention is designed, as
      indicated in FIG. 1, to connect in axial alignment a rock bit 11 with a
      rotatable rock drill string 12 of drill pipe 13.
PAR  The drill string is connected for continuous rotation during a drilling
      operation with a conventional rotation motor (not shown); and it is
      adapted to transmit to the rock bit axial thrusts imparted to the drill
      string by means of a reciprocating piston member of the rock drill.
PAR  The unit 10 includes a drill pipe adapter 14 having an axial socket 15
      adapted to be threadedly joined to the depending pin 16 of the last pipe
      length or pilot section 13 of the drill string. A tubular body or coupling
      18 of the unit has an internal threaded connection 19 at an upper open end
      thereof with the adapter; and has an axial hole 21 in a bottom end wall 22
      thereof.
PAR  A cylindrical rock bit rod 23 received in the coupling extends slidably
      through the hole 21 and has an external threaded portion 24 adapted for
      joining with an axial socket 25 of the rock bit.
PAR  Within the interior of the coupling 18, the rock bit has a thrust receiving
      end face 26 abutting a corresponding thrust transmitting end face 27 of
      the drill pipe adapter, whereby downward or axial thrusts generated in the
      drill pipe are transmitted through the rock bit rod to the rock bit.
PAR  Intermediately of the ends of the rock bit rod, proximate the upper end of
      the latter, the rod has a radial annular flange or collar 28. To the
      underside of the latter is mounted, as by press pins 29 (one being shown),
      an annular driven upper jaw faced clutch member 31. The latter is provided
      with flat faced vertically sided jaws 32 separated one from the other by
      spaces 33. The spaces (as appears in FIG. 2) are greater in their
      circumferential dimensions than are the jaws.
PAR  An opposed lower driving jaw faced clutch member 34 is similarly mounted
      upon an internal annular shoulder 35 of the coupling. It has jaws 36 and
      separating spaces 30 corresponding in dimensions to those of the driven
      clutch member.
PAR  While the clutch members are shown as separate members mounted to their
      respective supports, they may be formed integral with the latter.
PAR  The jaws of each clutch member are seated centrally of the opposed spaces
      of the other clutch member, as indicated in FIG. 2. This is the normal
      relationship of the jaws and spaces to one another during the usual
      operation of the drill.
PAR  This relationship is normally maintained by means of a torsionally elastic
      shaft 37 which provides a direct rotary driving connection between the
      drill string and the rock bit.
PAR  The torsion shaft 37 extends loosely through axially aligned bores 38 and
      39 respectively of the drill pipe adapter and the rock bit rod. The shaft
      has a splined driven connection 41 at its upper end with the pipe adapter,
      and a splined driving connection 42 at its lower end with the rock bit
      rod. The portion of the shaft between its splined ends is of relatively
      reduced diameter. The shaft is provided with a central passage or blow
      hole 43 in continuance of the usual passage provided through the drill
      string of a rock drill to conduct compressed air through the rock bit to
      the bottom of the hole being drilled for purposes of clearing the latter
      of debris.
PAR  The connected relationship of the torsion shaft 37 to the drill string and
      to the rock bit rod normally retains the clutch members in the ineffective
      clutched condition shown in FIG. 2, wherein the clutch is normally
      disabled from transmitting any torque drive to the rock bit, all torque
      transmission being normally transmitted from the drill string through the
      torsion shaft to the rock bit rod and bit.
PAR  In summary of the functioning of the torsionally elastic drive shaft
      connection unit in the drill string: During a drilling operation, the rock
      bit is being continuously torqued and repeatedly thrust against the work
      by the drill string. The rotation of the drill string is transmitted
      through the torsion shaft to the rock bit and not through the clutch
      members. The thrusts of the drill string are transmitted to the rock bit
      through the contacting end faces 27, 26 respectively of the drill string
      and the rock bit rod.
PAR  At times, the rock bit becomes stuck in the work and offers strong
      resistance to being rotated. This condition is usually brief. When it does
      occur, the torque of the rotating drill string increases with the
      developing momentum of the drill string occasioned by the sudden stopping
      of the rock bit by the work. The excessively developing torque of the
      drill string is then absorbed by the torsion shaft as the latter is caused
      by the torque to deflect or twist in a clockwise direction relative to the
      rock bit.
PAR  As the torsion shaft deflects, the jaws of the driving clutch member 34 are
      carried by the drill string with it through a corresponding angle of
      motion relative to the jaws of the driven member 31. However, the
      relatively larger clutch spaces 30, 33 separating the clutch jaws are such
      as to permit a normal deflection of this nature without the driving jaws
      36 effectively engaging the driven jaws 32. Usually, the stopped condition
      of the rock bit is brief and will be relieved by the torque of the
      twisting torsion shaft and by the attendant vibrations of the drill
      string. When relieved, the torsion shaft retwists in the opposite
      direction to normal condition.
PAR  However, under extreme conditions, the nature of the strata of work rock in
      which the rock bit becomes stuck may be such as to hold the bit stopped
      longer than usual. When this condition develops, the torsion shaft will
      continue deflecting until the clutch jaws of the driving clutch member
      engage those of the driven member. When this occurs, should there be any
      increased further torque transmitted by the drill string, it would pass
      through the clutch members to the rock bit until the stopped condition of
      the rock bit is relieved.
PAR  While the invention has been illustrated and described in detail herein, it
      is to be expressly understood that the invention is not limited thereto.
      Various changes can be made in the design and arrangement of the parts
      thereof without departing from the spirit and scope of the invention.
      Accordingly, it is my intent to claim the invention not only as shown and
      described herein, but also in all such forms and modifications as may
      reasonably be construed to fall within the spirit of the invention and the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The combination comprising a continuously rotatable rock drill string
      having a drill pipe pilot section defining its forward end, a rock bit,
      and a unit for limiting excessive torque being imparted to the joints of
      the drill string drivingly connecting the pilot section with the rock bit;
      wherein the unit comprises an adapter section of drill pipe threadedly
      connected to the pilot section having an axially projecting thrust
      transmitting end face, a coupling threadedly connected to a lower end of
      the adapter section having an open upper end into which the thrust
      transmitting end face axially depends, a rock bit rod having a shank
      depending axially through a hole in a bottom end of the coupling carrying
      the rock bit at its bottom end, the shank having a collar about its upper
      end located within the coupling and a thrust receiving end face projecting
      axially above the collar in underlying abutment with the thrust
      transmitting end face, a driven clutch member defined by a ring of clutch
      jaws facing an annular undersurface of the collar, the coupling having an
      internal annular shoulder faced with an opposed ring of clutch jaws
      defining a driving clutch member, the jaws of each clutch member being
      spaced circumferentially from one another by spaces of greater
      circumferential dimension than the circumferential dimension of the jaws
      of the other clutch member, and the jaws of each clutch member having a
      normal position seated centrally of the spaces of the other clutch member,
      the rock bit having an axially extending bore opening through its thrust
      receiving end face aligned with an axially extending bore opening out of
      the thrust receiving end face of the adapter section, and a torsion shaft
      disposed in part in the bore of the adapter section and in part in the
      bore of the rock bit rod, wherein the shaft has at its upper end a splined
      driven connection with the adapter section and has at its lower end a
      splined driving connection with the rock bit rod.
NUM  2.
PAR  2. The combination as in claim 1, wherein a central blow hole in the drill
      string continues through the torsion shaft and opens through the bottom of
      the rock bit.
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ABST
PAL  A knitting machine is provided having one or more needles for knitting from
      one or more strands a variety of cord-like structures formed of one or
      more wales of knitted stitches. The machine is particularly useful for the
      manufacture of knitted yarns, either from strands of continuous or spun
      filaments or from a roving or sliver of staple fibers.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a new greatly simplified, highly versatile machine
      for knitting cord-like structures, such as knitted yarns. The invention
      eliminates the use of cams, complex mechanisms and heavy mass
      reciprocating parts which, in the past, have characterized machines for
      knitting yarns and have made such machines both difficult to build and
      cumbersome to operate.
PAR  Our new machine has a highly unique driving system, utilizing a single
      endless doubled and twisted timing belt for imparting, in timed relation,
      the strand delivery motions to the feeding guides and the knitting motions
      to the knitting instrumentalities. The new driving system, utilizing a
      single timing belt drive and a plurality of compound timing pulleys, makes
      possible selected, extremely accurate variations in the timing of the
      motions of both the feeding guides and needles, to provide a wide
      versatility of operation for the manufacture of a broad range of knitted
      cord-like structures.
PAR  The machine may include one or more needles in the needle cylinder, and one
      or more movable guides for feeding a plurality of strands selectively to
      the needles. The versatility is such as to permit more than one knitted
      cord-like product to be made simultaneously, by suitable adjustments of
      the timing and the relative movements between the movable feeding guides
      and the needles.
PAR  A pair of spaced co-axial timing idler pulleys are provided, having
      crank-like connections to the needles, to impart reciprocatory movement
      thereto. Reciprocatory and oscillatory movements are imparted to the
      strand feeding guides by means of a pair of spaced shafts operatively
      connected to the guides. The two shafts are each provided with timing
      pulleys, and have their axes disposed in a direction transverse to the
      common axis of the idler pulleys. The unique, doubled and twisted endless
      timing belt is entrained about all of the timing pulleys, whereby they
      rotate in timed relation to impart timed movements to the guides and
      needles to provide the necessary knitting motions.
PAR  The machine may be provided with positive yarn feeding means to meter the
      strands which are fed to the needles for formation of the knitted
      cord-like structures produced by the machine.
PAR  The machine of this invention is readily adaptable for the knitting of
      cord-like structures directly from a roving of staple fibers. To
      accomplish this, the machine may be equipped with suitable drafting means
      and a rotary feeding guide, driven from one of the shafts of the machine,
      for delivering the drafted sliver to the needle or needles, while
      imparting a false twist thereto. The resulting cord-like knitted
      structure, formed directly from sliver, is a unique yarn which, when
      knitted, woven or otherwise formed into fabric, provides a product of
      superior texture and "hand" qualities.
DRWD
PAC  DESCRIPTION OF THE VIEWS OF THE DRAWING
PAR  FIG. 1 is a partial view in side elevation showing a preferred embodiment
      of the knitting machine of this invention.
PAR  FIG. 2 is an enlarged view in front elevation, looking in the direction of
      the arrows II -- II of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary view in top plan indicated by the arrows
      III -- III in FIG. 1.
PAR  FIG. 4 is an enlarged fragmentary view showing the top of the needle
      cylinder, indicated by the arrows IV -- IV of FIG. 1.
PAR  FIG. 5 is an enlarged fragmentary view in section indicated by the arrows V
      -- V of FIG. 1.
PAR  FIG. 6 is a fragmentary view in front elevation, similar to FIG. 2, showing
      a modification.
PAR  FIG. 7 is a fragmentary, schematic view indicated by the arrows VII -- VII
      of FIG. 6.
PAR  FIGS. 8 and 9 illustrate one manner in which a pair of yarn guides may feed
      strands to four needles.
PAR  FIGS. 10 and 11 illustrate how a single yarn guide may feed plural separate
      strands to a pair of needles.
PAR  FIG. 12 is a fragmentary view in side elevation, showing the machine of
      FIG. 1 modified to knit cord-like structures directly from a roving of
      sliver fibers.
PAR  FIG. 13 is a fragmentary view in top plan indicated by the arrows XIII --
      XIII of FIG. 12.
PAR  FIG. 14 is an enlarged fragmentary sectional view in front elevation
      indicated by the arrows XIV -- XIV of FIG. 12.
PAR  FIG. 15 is an enlarged fragmentary view in section, showing the top of the
      needle cylinder, indicated by the arrows XV -- XV of FIG. 12.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIGS. 1-5 there is illustrated a preferred knitting machine 10 of this
      invention for the continuous production of a knitted cord or yarn 12 from
      two separate strands 14, 16 delivered, respectively, by movable tubes or
      guides 18, 20 to a pair of vertically reciprocable needles 22, 24. The
      strands 14, 16 are drawn from supply packages 26, 28 respectively, via
      fixed guides 34, 36 by any suitable positive yarn feeding or metering
      system 40 for knitting machines, and are fed respectively, via fixed
      guides 46, 48 and 47, 49 to the tubes 18, 20 for delivery to the needles.
      The tubes 18, 20 reciprocate and oscillate in such a manner as to wrap the
      strands 14, 16 about the needles 22, 24 in timed relation to the
      reciprocation of the needles, to produce a two wale knitted yarn or
      cord-like structure 12. The knitted product 12 may be wound up on any
      conventional, suitably controlled, take-up mechanism (not shown). The
      machine 10 is supported by a frame 50.
PAR  The novel drive system of the knitting machine 10 includes electric motor M
      (FIG. 1) having an output shaft 58, to the end of which is secured a
      pulley 60. Spaced from the motor and supported by suitable bearings in the
      frame 50 is a vertical rotatable shaft 62 mounting a pulley 64. An endless
      drive belt 66 connects pulleys 60, 64, whereby the motor M imparts
      rotation to shaft 62. The positive yarn feeding means 40 is driven from
      the shaft 62 by means of a suitable drive sub-system including a timing
      pulley 66 mounted on shaft 62, timing pulleys 68, 69, 70, and timing belts
      71, 72, to impart timed rotation to the individual drums 42, 44 of the
      positive yarn feeding means 40.
PAR  Affixed to the lower end of the shaft 62, for rotation therewith, is a
      compound timing pulley 76. In the embodiment shown, pulley 76 includes a
      large diameter toothed pulley element 77 and a small diameter toothed
      pulley element 78.
PAR  Mounted on the frame 50 between shaft 62 and the needles 22, 24 is a second
      bearing supported, vertical, rotatable shaft 80, which rotates in a
      direction opposite to the direction of rotation of shaft 62. Affixed to
      the lower end of shaft 80, for rotation therewith, is a compound timing
      pulley 82 having a large diameter toothed pulley element 83 and a small
      diameter toothed pulley element 84.
PAR  Disposed forwardly of shaft 80, below the needles 22, 24, are a pair of
      spaced horizontal axis compound idler timing pulleys 86, 92. As best shown
      in FIG. 2, the pulleys 86, 92 are rotatable about co-axial stud shafts 98,
      100 affixed, respectively, to the spaced sides 51, 52 of the frame 50 of
      the knitting machine. Idler pulley 86 consists of a small diameter toothed
      pulley element 87, a large diameter toothed pulley element 88 and a
      toothed bevel gear 89. Idler pulley 92 is composed of a small diameter
      toothed pulley element 93 and a large diameter toothed pulley element 94.
      The respective small and large toothed pulley elements of the timing
      idlers 86, 92 have the same size diameters and the same number of teeth
      disposed about their peripheries.
PAR  A doubled and twisted endless toothed timing belt 102 (FIG. 1) connects
      drivingly the four timing pulleys 76, 86, 82, 92, whereby shaft 62 imparts
      rotation to the idler pulleys 86, 92 and vertical shaft 80. As will be
      readily understood, the relative speed of rotation of shafts 62, 80 and
      idler pulleys 86, 92 depends on the selection of the timing pulley
      elements about which the belt 102 is entrained. In FIGS. 1, 2 and 5 the
      timing belt 102 is shown entrained about the large pulley portions 77, 83
      of the timing pulleys 76, 82, and about the small pulley portions 87, 93
      of the idler pulleys 86, 92. With this arrangement, the idler pulleys 86,
      92 rotate at a relatively high speed. When the timing belt 102 is
      entrained about the small diameter elements 78, 84 of the timing pulleys
      76, 82, and about the large diameter elements 88, 94 of the idler pulleys
      86, 92, as shown by the shadow lines in FIGS. 1 and 5, the idler pulleys
      rotate at a relatively slow speed. In the driving arrangement illustrated,
      the selection of the timing pulleys 76, 82, 86, 92, is such that, when the
      timing belt 102 is entrained as illustrated by the solid line arrangement
      of FIGS. 1, 2 and 5, the idler pulleys 86, 92 will rotate twice as fast as
      when the timing belt 102 is entrained as indicated by the broken lines in
      FIGS. 1 and 5.
PAR  As best shown in FIGS. 1, 2 and 4, the needles are mounted for
      reciprocatory movement in a vertical needle cylinder 110. The needle
      cylinder consists of a hollow vertical tube 111 having force fitted on its
      upper end a rectangular hollow block 112. Each of the four outer faces of
      the block is provided with a vertical centrally located needle slot 113.
      The upper edge of each of the four faces of block 112 is provided with a
      vertical notch 114. Each needle slot 113 is coaxial with and merges into a
      notch 114. Disposed transversally of each notch is a bar 115, which serves
      as the verge of the needle cylinder 110 during cast-off of knitted loops
      from the needles, as they descend to cast-off level.
PAR  Affixed to the lower end of the tube 111, by a force fit, is a second
      hollow rectangular block 117. Formed in the middle of each rectangular
      face of block 117 is a vertical needle slot 118, each of which extends the
      full length of the block. Disposed about the hollow cylinder 111,
      intermediate of blocks 112 and 117, is a hollow clamp 119, on the inside
      of which are formed four vertical spaced needle slots 120. The four
      vertical needle slots in each of the blocks 112, 117 and in clamp 119 are
      spaced at 90.degree. intervals about the needle cylinder tube. Each slot
      of each group of slots is aligned with one slot of each of the other two
      groups of slots, to provide vertical guides for the reciprocatory movement
      of the needles. The arrangement provides for a total of four needles, if
      desired, two disposed transversely of the machine 10 and two disposed
      longitudinally (FIGS. 8, 9). Each pair of opposing needles are disposed
      back-to-back, as illustrated in FIG. 2.
PAR  The needle cylinder is affixed to the frame of the machine by means of a
      cantilever bracket 122 bolted to the underside of the top portion 53 of
      the machine frame 50. As best shown in FIG. 4 the distal end of bracket
      122 is bifurcated and each of the spaced bifurcations, are provided, on
      their opposing inner faces, with vertically extending angular grooves 124,
      125. These grooves mate or dovetail with complementary, vertically
      extending, angular grooves 127, 128 formed in the rear portions of the
      lateral faces of block 112. A threaded bolt 130 passing through the spaced
      bifurcations of bracket 122 secures block 112, and hence the needle
      cylinder 110, in place. By means of the dovetail mounting of block 112 to
      the distal end of the bracket 122, it is possible upon loosening bolt 130,
      to raise or lower the needle cylinder 110 as desired or required.
PAR  Spaced vertically a small distance above block 112 is the slotted distal
      end of a web holder or sinker 132 (FIG. 1). The proximal end of the web
      holder 132 is bolted to a yoke 134, the spaced depending legs of which are
      bolted to the outside surfaces of the bracket 122. Vertically elongated
      slots 136 formed in the spaced legs of the yoke 134 permit its elective
      vertical adjustment, with consequent vertical adjustment of the web holder
      132, as desired or required. The distal end of the web holder is disposed
      intermediate of the needles 22, 24, and serves the usual function of
      preventing knitted loops on the needles from rising with the needles, when
      they are elevated to latch clearing level to receive the strands in their
      hooks.
PAR  Disposed above the web holder 132 is a latch guard 138 mounted to a yoke
      140, the spaced depending legs of which are secured to the outside
      surfaces of bracket 122. Vertical slots 142 formed in the spaced legs of
      the yoke 140 permit vertical adjustment of the latch guard 138.
PAR  As best shown in FIG. 2, the lower ends of the needles 22, 24 are formed
      with butts 23, 25. A crank 90 is mounted eccentrically to the bevel gear
      89 of idler pulley 86 and extends upwardly to connect to the butt 23 of
      needle 22. Similarly, a crank 96 is mounted eccentrically to an inner
      horizontal extension 95 of idler pulley 92, and extends upwardly to
      connect to the butt 25 of needle 24. The two cranks 90, 96 extend through
      an opening 55 in the horizontal member 54 of frame 50 which supports the
      lower portion of vertical shaft 80. When rotary motion is imparted to the
      idlers 86, 92, the cranks 90, 96 impart reciprocatory vertical movement to
      the needles 22, 24.
PAR  In the specific embodiment shown in FIGS. 1-5, the cranks 90, 96 are
      mounted on their respective idler pulleys 86, 92 at corresponding angular
      locations, so that the needles reciprocate in phase, i.e. rise to clear
      level together and descend to cast-off level together during knitting.
      However, if desired, and depending on the character of the knitted
      cord-like product to be produced, the cranks may be disposed 180.degree.
      out of phase with each other, so that the two needles will be caused to
      reciprocate out of phase, whereby one rises to clear level while the other
      descends to cast-off level. Of course, other relative arrangements of the
      cranks 90, 96 are possible, if desired or required, depending on the
      character of the product 12 to be produced.
PAR  As will be readily understood, the speed of reciprocation of the needles
      depends on the positioning of the timing belt with respect to the timing
      pulleys. The needles will reciprocate faster when belt 102 is entrained
      about pulleys 76, 86, 82, 92 in the manner illustrated in FIG. 1. However,
      if belt 102 is entrained about the pulleys in the manner indicated by the
      shadow lines in FIG. 1, and thus are entrained about the large diameter
      idler pulley elements 88, 94, the speed of reciprocation of the needles is
      reduced. As previously explained, the speed ratio of the idler pulleys 86,
      92 provided by the two positions of the timing belt 102 is 2:1. Hence,
      when belt 102 is entrained about the small diameter components 87, 93 of
      the idler pulleys, the needles 22, 24 will reciprocate twice as fast as
      when belt 102 is entrained about the large diameter components 88, 94.
PAR  Guide tube 18 is disposed at the distal end of a guide arm 150. The
      proximal end of the guide arm 150 is affixed by a pin 153 (FIG. 3)
      eccentrically to a disc 152 secured to the upper end of shaft 62, above
      the machine frame. The eccentric mounting of the guide arm 150 on disc 152
      provides a crank action, causing the guide arm to reciprocate when shaft
      62 rotates.
PAR  An inverted U-shaped bracket 154 is mounted transversely of the top of the
      frame 53, and provides a pivot 156 for the guide arm 150. The pivot 156
      provides an oscillatory motion to the guide arm, and its guide tube 18,
      when shaft 62 rotates to impart reciprocatory movement to the guide arm.
PAR  Guide tube 20 is secured to the distal end of a guide arm 160, the proximal
      end of which is mounted eccentrically by a pin 162 to a disc 164 secured
      to the upper end of shaft 80, above machine frame 50. Guide arm 160 is
      provided with a pivot 166 affixed to the top 53 of the machine frame
      intermediate of shaft 80 and tube 20. Thus, both reciprocatory and
      oscillatory motions are imparted to the guide tube 20 due to the rotation
      of shaft 80.
PAR  The guide arms 150, 160 are each provided with elongated slots (FIG. 3) for
      reception of their respective pivots 156, 166 to permit the oscillation of
      guide tubes 18, 20. The closer pivots 156, 166 are to the needles, the
      shorter will be oscillatory strokes of the guide tubes; the greater the
      distance between the pivots and the needles, the greater will be the
      oscillatory travel of the tubes.
PAR  Guide arm 160 is of roughly triangular configuration, with guide tube 20
      mounted at the center of the bowed base of the triangle. The base area of
      guide arm 160 is open at 168 to provide clearance for the guide tube 18
      affixed to the distal end of guide arm 150. The shape of opening 168 in
      the base area of guide arm 160 is such as to ensure at all times ample
      clearance for the guide tube 18.
PAR  By reason of the combined reciprocatory and oscillatory motions imparted to
      the guide tubes 18, 20, each travels in an elliptical path about the
      needles 22, 24, as illustrated by the broken lines in FIG. 3. The pins
      153, 162 mounted on the discs 152, 164, providing the crank effect for the
      guide arms 150, 160, are disposed 180.degree. out of phase. By reason of
      this arrangement, and the reverse rotation of the shafts 62, 80, the guide
      tubes 18, 20 move in opposing directions along their respective elliptical
      paths to wrap their strands about the needles during knitting.
PAR  When the timing belt 102 is arranged as illustrated in FIGS. 1 and 2, the
      needles 22, 24 will complete two full reciprocatory cycles during the
      period of time the guide tubes 18, 20 complete one full cycle of movement.
      As illustrated in FIG. 2, each time the guide tubes 18, 20 reach the end
      of an oscillatory stroke, both needles are at clear level for the
      reception of the strands 14, 16, preparatory to the formation of new
      knitted loops.
PAR  The knitted cord-like product 12 produced by the machine 10 is a two wale,
      two yarn knitted chain like that illustrated in McNamee U.S. Pat. No.
      2,064,074. If desired, one of the strands 14, 16 and one of the needles
      22, 24 may be inactivated or eliminated, whereby the machine is operable
      to produce, from a single strand with a single needle, a knitted chain of
      a single wale, such as illustrated in Kelsea U.S. Pat. No. 19,283. In such
      case, the timing belt 102 would be entrained about the timing pulleys in
      the manner illustrated by the shadow lines in FIGS. 1 and 5 thereby
      imparting a speed ratio of 1:1 to the single guide tube and needle
      utilized to knit the single wale chain of knitted stitches, aforesaid.
      With such adjustment of the timing belt 102, the needle would reach clear
      level, at the same time the guide tube would reach strand feeding
      position.
PAR  As will readily be apparent, other types of knitted cord-like structures
      may be produced by the machine 10. For example, a knitted yarn formed from
      two separate strands on a single needle, such as illustrated in Meiwald
      U.S. Pat. No. 2,020,197, may be made. Such a structure would be knit from
      strands 14, 16 by one only of the needles 22, 24. Another alternative
      would be to feed one only of the strands 14, 16 to both needles 22, 24 to
      produce a knitted yarn like that illustrated in Malis U.S. Pat. No.
      2,574,701.
PAR  FIGS. 6-7 illustrate a preferred modification when the needle cylinder 110
      is equipped with four vertically reciprocal needles. As shown in FIGS. 6
      and 7, a pair of longitudinally spaced co-axial bevel gears 170, 172 are
      mounted rotatably on stud shafts 174, 176, respectively, supported by the
      knitting machine frame 50. The two bevel gears 170, 172 mesh with, and are
      driven by, the bevel gear 89 of idler pulley 86. Needle reciprocating
      cranks 178, 180 are mounted eccentrically to the bevel gears 170, 172,
      respectively, to impart reciprocatory motion to the two additional needles
      184, 186 (FIG. 8). The cranks 90, 96, 178 and 180 may be disposed at
      selected angular locations with respect to their rotating drives, to
      provide reciprocatory movement to the individual needles selectively in or
      out of phase with each other, as desired or required.
PAR  FIGS. 8 and 9 illustrate one arrangement for feeding the two strands 14, 16
      to the four needles 22, 24, 184, 186. The guide arm 160 may be replaced by
      a hook-like guide arm 188 having a strand feeding tube 190 disposed at its
      distal end. The proximal end of guide arm 188 is affixed eccentrically to
      disc 164 by pin 162, and is provided with an elongated slot for the
      reception of pivot 166.
PAR  The pivot 156 for arm 150 is advanced closer to the needles, to shorten the
      oscillatory stroke of guide 18. The arrangement is such that tube 18
      oscillates between needles 22, 24, and hence feeds strand 14 only to
      needles 184, 186. The crank distance for guide arm 188, provided by the
      spacing of pin 162 from the center of shaft 80, is reduced sufficiently to
      provide a relatively short reciprocatory stroke to the guide tube 190. The
      reciprocatory travel of tube 190 is sufficiently shortened so that the
      tube reciprocates between the needles 184, 186, and hence feeds strand 16
      only to needles 22, 24. The respective elliptical paths followed by guide
      tubes 18 and 190, in delivering their strands to the needles, are
      illustrated by the broken elliptic lines in FIGS. 8 and 9.
PAR  In the modification for four needle knitting shown in FIGS. 8-9, the timing
      belt 102 is entrained about the timing pulleys in the manner illustrated
      by the shadow lines in FIG. 1, to provide a 1:1 speed ratio between the
      cyclic travel of the needles and the cyclic travel of the strand guide
      tubes 18, 190. The cranks 90, 96 and 178, 180 would be disposed to cause
      needles 22 and 24 to reciprocate 180.degree. out of phase with each other,
      and likewise to cause needles 184 and 186 to reciprocate 180.degree. out
      of phase with each other. The hook-like configuration of guide arm 188
      ensures that yarn guide tubes 18, 190 follow their selected elliptical
      paths and feed their strands to their respective needles without
      interference.
PAR  FIGS. 10 and 11 illustrate another arrangement, whereby three strands 14,
      15, 16 may be fed by a single guide arm 192 to the needles 22, 24 to knit
      a different type of cord-like structure 12. The distal end 193 of the
      guide arm 192 is T-shaped and is provided with three spaced apertures 195,
      196, 197, which deliver strands 14, 15, 16, respectively, to the needles.
PAR  The proximal end of guide arm 192 is affixed eccentrically by pin 162 to
      disc 164 on shaft 80. Oscillatory motion is provided by pivot 166. In the
      arrangement shown, the reciprocatory and oscillatory motions imparted to
      guide arm 192 are such as to cause aperture 197 to deliver strand 16 to
      needle 24 only, aperture 195 to deliver strand 14 to needle 22 only and
      aperture 196 to deliver strand 15 to both of the needles. The elliptical
      paths travelled by the yarn guide apertures 195, 196, 197, relative to the
      needles are illustrated by the broken elliptic lines in FIG. 10.
PAR  If desired, the knitting arrangement illustrated in FIGS. 10 and 11 may be
      modified to eliminate strand 15, thereby feeding strand 14 to needle 22
      and strand 16 to needle 24 to produce simultaneously two separate, single
      wale knitted chains or cords of the type illustrated in Kelsea U.S. Pat.
      No. 19,283.
PAR  In the arrangement illustrated in FIGS. 10 and 11, timing belt 102 is
      entrained about the pulleys 76, 86, 92, 82 as illustrated by the shadow
      lines in FIG. 1, and the cranks 90, 96 (FIG. 2) are disposed 180.degree.
      out of phase with each other. Each needle 22, 24 completes one full
      reciprocatory cycle in the same time period that yarn guide arm 192
      complete one full oscillatory and reciprocatory cycle. The T-shaped distal
      end 193 of arm 192 reaches strand feeding position when needle 24 has
      ascended to clear level, to feed strands 15 and 16, or 16 only, as the
      case may be, to needle 24. Similarly end 193 will be in position to feed
      strands 14 and 15, or 14 alone, as the case may be, to needle 22 when it
      reaches clear level. The limits of the oscillatory travel of distal end
      193 of arm 192, and of the reciprocatory travel of needles 22, 24, are
      illustrated by the broken line configurations in FIG. 11.
PAR  In FIGS. 12-15, the knitting machine 10 has been modified to produce a
      knitted cord-like product 212 directly from a roving or sliver of staple
      fibers 214. The positive yarn feeding means 40 is replaced by a
      conventional fiber drafting arrangement 240, which includes two spaced
      pairs of drafting nip rolls 242, 244. One each of each pair of nip rolls
      242, 244 is secured to the upper end, respectively, of the vertical shafts
      200, 202, mounted for rotation in a rearward extension 250 of the knitting
      machine frame 50. The shafts 200, 202 are driven from shaft 62 by means of
      a suitable drive system, including pulley 66, belt 71 and pulley 68
      affixed to the lower end of shaft 200. A spur gear 204 affixed to shaft
      200 meshes with idler gear 206 which, in turn, meshes with driven gear 208
      affixed to the lower end of shaft 202, to impart rotation to that shaft.
      Idler gear 206 is rotatable about a stud shaft 210 mounted in the lower
      portion of frame extension 250. The ratios of the gears 204, 206, 208 are
      selected to produce the desired differential speed of rotation of the
      pairs of nip rolls 242, 244, to draft the roving 214 to any selected size
      sliver for knitting.
PAR  The drafted sliver 214A is formed into a two-wale chain of knitted stitches
      212 by a pair of back-to-back needles 222, 224 mounted for vertical
      reciprocatory movement in a specially designed needle cylinder 226. The
      needle cylinder consists basically of an elongated rectangular element 228
      having vertical needle slots 230, 232 formed in its lateral faces. As best
      shown in FIG. 15, the needle slots 230, 232 are relatively deep, so that
      the needles 222, 224 are spaced relatively close to each other. Such
      proximate location of the needles to each other is advantageous when
      knitting relatively weak strands, such as the drafted roving 214A.
PAR  The needles 222, 224 are caused to reciprocate in their needle slots 230,
      232, 180.degree. out of phase, by the cranks 90, 96 in the manner
      previously explained. A clamp 119 retains the needles in their slots
      during reciprocation. Bifurcated bracket 122 supports the needle cylinder
      226, with capacity for selected vertical adjustment, by the dovetail
      mounting arrangement previously explained. For this purpose, the rear
      portions of the lateral faces of the rectangular element 228 are formed
      with vertically extending angular grooves 234, 236 (FIG. 15) which engage
      slidably with complemental angular grooves formed in the distal end of
      bracket 122.
PAR  The upper portion of the front face of the rectangular element 228 is
      tapered in the direction of the needles, to provide a relatively thin,
      horizontal top edge or verge 238 for the needle cylinder 226. With this
      arrangement, and the close proximity of the needles 222, 224, the chain
      212 of knitted stitches formed by the needles is cast off the side of the
      needles, over the verge 238, as illustrated in FIG. 12, and wound up on a
      conventional take-up mechanism (not shown). The unique provision of the
      verge 238, permitting lateral cast-off of the knitted loops, to the sides
      of the needles, rather than to the rear thereof, facilitates the close
      disposition of the needles 222, 224 to each other for the knitting of the
      highly fragile drafted sliver 214A of staple fibers.
PAR  The drafted sliver 214A travels from the second pair of nip rolls 242 to
      and through a rotatable false twister 216 (FIG. 12) and then passes to a
      rotary guide 254, which wraps the sliver onto the needles 222, 224. The
      false twister 216 comprises a hollow vertical tube 217 having an O-ring
      218 mounted internally of its upper end. The O-ring is made of rubber or
      any synthetic material of similar properties, and aids in the imparting of
      a false twist to the drafted sliver 214A. The tube 217 is provided with an
      intermediate opening 219 in which is mounted a chordal pin 220. The sliver
      214A passes over the curved surface of O-ring 218, into the hollow of tube
      217, thence into the opening 219 around pin 220 and back into the lower
      portion of opening 219, and then passes downwardly through the remainder
      of tube 217, from which it travels to the rotary guide 254. The false
      twister 216 is supported rotatably by a bracket 221 affixed by any
      conventional means to the knitting machine frame 50.
PAR  The rotary guide 254 comprises a hollow vertical rotatable tube 255
      supported for rotation by a bifurcated bracket 256 secured to the upper
      portion 53 of the machine frame 50. As best shown in FIG. 14, an O-ring
      257 of rubber or similar material is disposed internally of tube 255 at
      its upper end. An opening 259 is disposed in tube 255 near its lower end,
      and is provided with a chordal pin 260. The sliver 214A passes over the
      curved surface of the O-ring 257 into the hollow of the tube 255, then
      passes into opening 259, around pin 260 and back through the opening 259
      into the hollow of tube 255.
PAR  As is best illustrated in FIG. 14, the cranks 90, 96 raise the needles 222,
      224 to yarn clearing level within the lower portion of the hollow of
      rotatable tube 255 of the rotary guide 254. Preferably, the hooks of the
      needles are raised to a level slightly above the pin 260. This ensures
      that the sliver 214A passing around pin 260 and back through the opening
      259 is wrapped around the needle, between its hook and latch, by the
      rotating guide 254, as the needle begins its descent to cast-off level.
      The elevation of the needles to clear level within the hollow of the
      rotary guide, to receive the drafted and false twisted sliver 214A in
      their hooks, as the sliver passes from pin 260, aids in preventing the
      fragile strand of sliver from breaking during knitting.
PAR  Affixed to the top of shaft 62, above the top 53 of the machine frame, is a
      toothed timing pulley 264. Mounted on an extension 265 of bracket 256 is a
      vertical rotatable shaft 266 having affixed thereto a toothed timing
      pulley 267. Affixed to the rotary guide 254, intermediate the bifurcations
      of bracket 256, is a toothed timing pulley 268. An endless toothed timing
      belt 272 is entrained about pulleys 264, 267, 268. An endless drive belt
      270 extends from the upper portion of shaft 266 to the lower portion of
      the false twister 216. By means of the drive arrangement just described,
      shaft 62 imparts rotation to the rotary guide 254 via pulley 264, timing
      belt 272 and pulley 268. Rotation is imparted from shaft 62 to the false
      twister 216 via pulley 264, belt 272, pulley 267, shaft 266 and belt 270.
      The timing arrangement, by the selection of timing pulleys 264, 268,
      causes the rotary guide 254 to make several complete revolutions during
      each reciprocatory cycle of the needles 222, 224. In practice, it is
      preferred that rotary guide 254 makes at least three complete revolutions
      during one complete needle reciprocatory cycle, although speed ratios of
      4:1 or higher usefully may be employed.
PAR  The selection of the size of the timing pulley 267, with respect to timing
      pulley 264, and the dimensions of the driving connection between shaft 266
      and the false twister 216, by belt 270, preferably are such as to cause
      the false twister also to make several complete revolutions per complete
      needle reciprocatory cycle. A preferred speed ratio of rotation of the
      false twister 216 to one complete reciprocatory needle cycle is on the
      order of 10:1.
PAR  In the arrangement illustrated in FIGS. 12-15, both the false twister 216
      and the rotary guide 254 produce a false twist effect in the drafted
      sliver 214A. Such effect tends to strengthen the sliver as it is delivered
      to the rotary guide 254 to be wrapped about the needles 222, 224 by the
      guide 254. In the absence of such false twist effect, the highly fragile
      drafted sliver 214A is prone to breakage during delivery to the rotary
      guide.
PAR  However, it is within the scope of this invention to eliminate entirely the
      false twister 216, and deliver sliver 214A directly to the rotary guide
      254. In such arrangement, the timing of the drive system between shaft 62
      and the rotary guide 254 preferably should be modified to increase the
      speed of the rotary guide per reciprocatory cycle of the needles.
PAR  The rotary yarn guide 254 is readily adaptable for use with the knitting
      machine illustrated in FIGS. 1-5, in substitution for the yarn guide arms
      150, 160 when only a single strand is to be delivered to the needles. In
      such an arrangement, where the strand does not comprise a roving or
      sliver, it is not necessary for the rotary guide to be rotated at such
      speed as to impart a false twist to the strand. For example, if rotary
      guide 254 is employed to deliver a single strand to needles 22, 24, with
      the needles reciprocating out of phase as illustrated in FIG. 11, the
      speed ratio of the rotary guide to the needles would be 1:1. If the rotary
      guide 254 is employed to deliver a single strand to only one of the
      needles 22, 24 the speed ratio also would be 1:1. Such speed ratios, as
      will be readily understood, may be provided either through suitable
      adjustment of the timing belt 102, as previously explained, or by the
      proper selection of timing pulleys disposed respectively, on shaft 62 and
      the rotary guide, connected by a suitable timing belt.
PAR  Although certain preferred embodiments of our invention have been shown and
      described for the purposes of illustration, and to explain the versatility
      of the invention, it is to be understood that the invention has a wide
      range of applicability and uses, and that various changes and
      modifications may be made without departing from the spirit and utility of
      the invention, or the scope thereof as set forth in the appended claims.
PAR  In the claims which follow, the terms "cord-like structures" and "strands"
      are not intended to be restricted in scope or meaning, but are intended to
      include yarn, thread, continuous filaments, spun filaments, roving, sliver
      and all like or similar textile products.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for knitting cord-like structures having
PA1  a. at least one needle,
PA1  b. at least one movable guide for delivering a strand to the needle,
PA1  c. a crank for imparting reciprocatory movement to the needle,
PA1  d. a timing pulley connective operatively to the crank to drive the crank,
PA1  e. a shaft for imparting strand delivery movement to the guide,
PA1  f. the crank and the shaft having axes disposed in directions transverse to
      each other,
PA1  g. a timing pulley connected to the shaft and
PA1  h. an endless twisted timing belt connecting the shaft pulley to the crank
      pulley for driving the needle crank to cause the needle to reciprocate in
      timed relation to the strand delivery movement of the guide.
NUM  2.
PAR  2. The machine of claim 1 wherein the guide is rotary, and is caused by the
      shaft to rotate relative to the needle in timed relation to the
      reciprocatory movement of the needle.
NUM  3.
PAR  3. The machine of claim 1 wherein the shaft is provided with a crank to
      impart reciprocatory strand delivery movement to the guide in timed
      relation to the reciprocatory movement of the needle.
NUM  4.
PAR  4. The machine of claim 3 further including a pivot for the guide to impart
      oscillatory strand delivery movement to the guide simultaneously with the
      reciprocatory movement imparted to the guide.
NUM  5.
PAR  5. The machine of claim 1 wherein each timing pulley has at least two
      different timing components adapted to be connected selectively by the
      timing belt, for changing selectively the speed ratio of the needle to the
      guide.
NUM  6.
PAR  6. The machine of claim 1 further including positive strand feeding means
      for metering the strand delivered by the guide to the needle.
NUM  7.
PAR  7. The machine of claim 1 further including
PA1  a. a support frame for the machine and
PA1  b. a drive unit mounted on the frame for driving the shaft.
NUM  8.
PAR  8. The machine of claim 1 wherein the strand is a roving of staple fibers,
      and further including
PA1  a. a drafting system for the roving,
PA1  b. a rotary guide for delivering the drafted roving to the needle,
PA1  c. drive means connecting the shaft to the guide for imparting rotary
      motion to the guide and
PA1  d. means associated with the rotary guide to impart a false twist to the
      drafted roving as the roving is delivered to the needle.
NUM  9.
PAR  9. The machine of claim 8 further including a false twist device interposed
      between the drafting system and the rotary guide to impart a false twist
      to the drafted roving as it passes to the guide.
NUM  10.
PAR  10. The machine of claim 9 further including
PA1  a. a second timing pulley connected to the shaft,
PA1  b. a timing pulley for the rotary guide,
PA1  c. a timing pulley for the false twist device and
PA1  d. an endless timing belt entrained about all three of said timing pulleys
      to impart rotation to the false twist device and to the rotary guide in
      timed relation to the reciprocatory movement of the needle.
NUM  11.
PAR  11. The machine of claim 8 further including means for casting off knitted
      loops formed by the needle laterally of the needle.
NUM  12.
PAR  12. The machine of claim 11 wherein the cast-off means is a verge disposed
      laterally of the needle.
NUM  13.
PAR  13. The machine of claim 8 wherein the rotary guide includes
PA1  a. a rotatable tube,
PA1  b. an opening in the tubular wall,
PA1  c. a chordal pin disposed in the opening about which the drafted roving
      passes en route to the needle and
PA1  d. a hollow in the tube proximate the pin for reception of the needle as
      the needle is raised to yarn clearing level
NUM  14.
PAR  14. A machine for knitting cord-like structures having
PA1  a. a pair of needles,
PA1  b. a pair of movable guides for delivering strands to the needles,
PA1  c. a pair of co-axial horizontal axis cranks for imparting reciprocatory
      movement to the needles,
PA1  d. a timing pulley connected operatively to each crank to drive the cranks,
PA1  e. a pair of spaced vertical axis shafts for imparting strand delivery
      movements to the guides,
PA1  f. a timing pulley connected to each shaft and
PA1  g. an endless twisted timing belt entrained about all the timing pulleys to
      cause the needles to reciprocate in timed relation to the strand delivery
      movements of the guides.
NUM  15.
PAR  15. The machine of claim 14 wherein each timing pulley is a compound pulley
      to vary the speed ratio of the needles to the guides.
NUM  16.
PAR  16. The machine of claim 14 wherein each shaft is provided with a crank for
      imparting reciprocatory strand delivery movement to the guides in timed
      relation to the reciprocatory movement of the needles.
NUM  17.
PAR  17. The machine of claim 14 further including a pivot for each guide to
      impart oscillatory strand delivery movement to the guides simultaneously
      with the reciprocatory movement imparted to the guides.
NUM  18.
PAR  18. The machine of claim 14 further including
PA1  a. a second pair of needles,
PA1  b. a second pair of cranks for imparting reciprocatory movement to the
      second pair of needles and
PA1  c. drive means for the second pair of cranks connecting the cranks
      operatively to one of the timing pulleys for the first mentioned cranks.
NUM  19.
PAR  19. A machine for knitting cord-like structures from at least one strand
      comprising:
PA1  a. a support frame for the machine,
PA1  b. a drive unit mounted on the frame,
PA1  c. at least one needle having capacity for reciprocatory movement,
PA1  d. first drive means connecting said drive unit and said needle for
      imparting reciprocatory movement to the needle,
PA1  e. said first drive means including a rotating crank connected to the
      needle for imparting movement to the needle,
PA1  f. at least one strand guide for wrapping a strand about the needle during
      its reciprocatory movement, to form a chain of knitted stitches from the
      strand, and
PA1  g. second drive means connecting said drive unit and said strand guide for
      imparting simultaneously reciprocatory and oscillatory strand delivery
      movements to the guide,
PA1  h. said second drive means including a rotating crank connected to the
      strand guide for imparting movement to the strand guide.
NUM  20.
PAR  20. The machine of claim 19 further including a plurality of needles and a
      plurality of guides for feeding a plurality of strands to the needles.
NUM  21.
PAR  21. The machine of claim 19 wherein the drive means connecting the drive
      unit to the needles includes timing means for reciprocating the needles at
      the same cyclic rate at which the guides reciprocate and oscillate.
NUM  22.
PAR  22. The machine of claim 19 wherein the drive means connecting the drive
      unit to the needles includes timing means for reciprocating the needles at
      a cyclic rate which is different from the rate at which the guides
      reciprocate and oscillate.
NUM  23.
PAR  23. The machine of claim 19 further including timing means to cause the
      needle to reciprocate in timed relation to the reciprocation and
      oscillation of the guide.
NUM  24.
PAR  24. The machine of claim 23 wherein said timing means includes timing
      pulleys in each of said first and second drive means and a common endless
      twisted timing belt entrained about the timing pulleys to cause the
      pulleys to rotate in selected timed relation to each other.
NUM  25.
PAR  25. A machine for knitting cord-like structures directly from a roving of
      staple fibers comprising
PA1  a. at least one needle,
PA1  b. drafting means for the roving,
PA1  c. a rotary yarn guide disposed between the drafting means and the needle
      for delivering drafted roving to the needle,
PA1  d. a rotatable drive shaft,
PA1  e. first drive means connecting the shaft to the needle for imparting
      reciprocatory movement to the needle and
PA1  f. second drive means connecting the shaft to the rotary guide for
      imparting rotary motion to the guide in timed relation to the
      reciprocatory movement of the needle,
PA1  g. said two drive means being driven in timed relation to each other.
NUM  26.
PAR  26. The machine of claim 25 having means associated with the rotary guide
      for imparting a false twist to the drafted roving as the roving is
      delivered to the needle.
NUM  27.
PAR  27. The machine of claim 25 wherein the roatry guide makes a plurality of
      complete revolutions during each reciptocatory cycle of the needle.
NUM  28.
PAR  28. The machine of claim 25 wherein the rotary guide imparts a false twist
      to the sliver.
NUM  29.
PAR  29. The machine of claim 25 further including a false twist device
      interposed between the drafting means and the rotary guide to impart a
      false twist to the roving.
NUM  30.
PAR  30. The machine of claim 25 further including
PA1  a. a support frame for the machine,
PA1  b. a drive unit mounted on the frame for driving the shaft and
PA1  c. a third drive means connecting the shaft to the drafting means for
      driving the drafting means in timed relation to the rotation of the guide.
NUM  31.
PAR  31. The machine of claim 25 further including
PA1  a. a pair of needles disposed in close parallel relationship to each other,
PA1  b. a rotary guide adapted to deliver roving to each of the needles and
PA1  c. means for casting off knitted loops formed by the needles laterally of
      the needles.
NUM  32.
PAR  32. The machine of claim 31 further including a crank for each needle for
      imparting reciprocatory movement to the needles and wherein the first
      drive means includes
PA1  a. a timing pulley for each crank,
PA1  b. a timing pulley mounted on the shaft and
PA1  c. an endless twisted timing belt connecting the shaft pulley to the crank
      pulleys.
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ABST
PAL  A quick connection or clutching device is positioned between a continuously
      rotating drive member and a driven member which assures, upon
      disengagement, an accurate angular positioning of the driven member. In
      use the device is applied to a circular stocking machine and the like, for
      the actuation of the cam drum advance and stopping mechanism from the
      needle cylinder.
BSUM
PAR  SUMMARY OF THE INVENTION
PAR  The device according to the present invention substantially includes a
      continuous circumferential surface preferably attached to the drive member
      and a cooperating surface having a set of flats or contours attached to
      the driven member (connected to the cam drum) so as to define together
      with the circumferential surface, wedge spaces between the two surfaces. A
      cage member, which holds a plurality of rollers or balls or similar
      elements, is positioned in said wedge spaces to selectively couple or
      match the two members upon movement of the cage relative to the space. A
      movable control and locking unit in the locked position is arranged to
      lock the driven member which carries the cage member in a release position
      with the rollers out of contact with the surfaces forming the wedge
      spaces. Upon release of the locking unit a spring urges the cage member
      angularly with respect to the driven member in such a direction as to
      bring the rollers or equivalent members into contact with the surfaces
      forming the wedge spaces to effect the coupling and movement of the driven
      member. It is obvious that the cylindrical surface and flats surface could
      be reversed with the cylindrical surface on the driven member and the flat
      surface on the drive member.
PAR  In the device the locking unit includes a radically movable assembly which
      includes a rigid retaining tooth and a resiliently yieldable retaining
      tooth. The rigid tooth is designed to cooperate with a set of peripheral
      stops on the cage member, while the yieldable retaining tooth is
      wedge-shaped to cooperate with similarly shaped wedge seats on the
      periphery of the driven member to stop and center the driven member after
      the stopping of the cage member forming the cage and after loading by
      inertia of the spring which acts on the cage member.
PAR  The inclined surface or bank of the seats for the wedge-shaped, yieldable
      retaining tooth which face the rear with respect to the motion direction
      extends radially outwardly further than the other inclined surface and is
      inclined at an angle corresponding to the cooperating side of the wedge
      tooth to impose an eventual angular return of the driven member so as to
      assure the centering thereof.
PAR  The present invention is particularly suitable for use with the electronic
      control system for knitting machines described in U.S. application Ser.
      No. 387,514 filed Aug. 10, 1973, however is not restricted to use with
      such a type of control system.
DRWD
PAR  The invention will be better understood following a reading of the
      specification with reference to the accompanying drawing, which
      illustrates a preferred embodiment. In the drawing:
PAR  FIG. 1 is a sectional view taken longitudinally through the axis of a quick
      clutch or coupling according to the present invention adapted to be
      positioned in the drive chain between the needle cylinder and the cam
      drum;
PAR  FIG. 2 illustrates an enlarged detail of some of the inner members
      illustrated in FIG. 1; and
PAR  FIGS. 3, 4, 5 and 6 illustrate views and cross-sections taken along the
      line III--III, IV--IV, V--V of FIG. 2, and an explanatory cross-section
      taken through the coupling.
DETD
PAR  According to the drawing, in a casing 41 of a stocking machine a support 43
      is designed to support, by means of bearing 45, a rotary body 47, whose
      outer end 47A is connected to a drive mechanism (not shown) kinematically
      coupled to the needle cylinder motion thus forming a drive member. This
      drive may be direct or may include a reduction system to reduce the number
      of revolutions of body 47 per revolution of the cylinder. A gear wheel 49
      is integrally secured to the rotary body 47 so as to provide for a manual
      motion, for instance, by a crank. An insulating disk 51 is also an
      integral part of rotary body 47 and includes suitable contacts designed to
      periodically and operatively cooperate with a fixed contact 53. This
      arrangement initiates signals to a control device to indicate rotations or
      positions of the drive mechanism and thus provide a synchronous count of
      rotations of the cylinder to the control system.
PAR  The rotary member 47 presents, at the end opposite the outer end 47A, a
      cup-shaped recess forming a cylindrical surface 47B designed to form one
      of the two surfaces of a free wheel coupling or gear connection to
      kinematically couple the drive member (needle cylinder) with the driven
      member (the program cam drum). Shaft 55 forms a part of a drive for the
      actuation of the driven portion.
PAR  The shaft 55 is coupled by means of a pair of gears 59A, 59B to a shaft 61
      extending coaxial to the rotary member 47 and supported by means of a
      needle bearing in the interior of the member 47 on one side and with a
      bearing 63 on the other.
PAR  A tubular body 65, is fixedly secured to shaft 61 and extends axially into
      the interior of the cup-shaped recess defined by the surface 47B in the
      body 47. The portion of said body 65 extending into said recess has an
      exterior periphery formed with six flat surfaces 65A joined by six
      cylindrical portions (FIG. 6). The surface 65A of the body 65 represents
      the other one of the two surfaces of the free wheel coupling to
      kinematically connect the drive member to the driven member.
PAR  Rollers 67 are interposed between the surfaces 47B and 65A through which
      the coupling and the release of shafts 61, 55 respectively are actuated.
      The rollers 67 are retained by a cage formed by arms 69A extending axially
      from an annular member 69. Member 69 is attached to, but angularly movable
      with respect to the body 65, and is provided with a set of peripheral
      teeth 69B with a radial flank and a continuous profile between one tooth
      and the next. A second annular member 71 is fixedly secured to the body
      65, and the rear of said member 71 is adjacent the front of annular member
      69 and is provided with a pin 73 designed to penetrate into an arcuately
      elongated slot 69C, in the front opposite surface of the annular member
      69. In this way, a restricted angular movement of the cage and roller
      assembly is possible, with respect to the units 71, 65, 61, which in turn
      form the driven member of the free gear coupling and lead to the cam drum.
      The member 71 is also provided with an annular race 71A, in which a
      helical spring 75 is partly accommodated. One of the ends of said spring
      is fixed to a pin 77 of the annular member 69 of the roller cage 69A,
      while the opposite end of said spring 75 is anchored to a pin 79 extending
      outwardly in a radial direction from the race 71A of the member 71. The
      arrangement of the spring 75, the pin 73, and the elongated slot 69C is
      such that the spring 75 tends to move the cage in the direction which
      causes the wedging of the rollers 67 between the surfaces 47B and 65A. At
      the same time and as a result the pin 73 bears against the bottom of the
      elongated slot 69C. With relative movement of the members 69 and 71
      opposite to that according to which they are angularly urged by the spring
      75 the rollers 67 can be positioned in an intermediate position of the
      flats of the outer surface 65A of the driven member 65, the free wheel or
      gear coupling being unlocked in this way.
PAR  The member 71 is further provided with an outer profile with recesses 71B
      which correspond in number, and approximately in position, to the radial
      banks or sides of the teeth 69B of the member 69 of the roller cage.
PAR  In the casing 41 a support 81 is accommodated, and provides a radial guide
      (with respect to the axis of the members 47, 61) for a locking unit formed
      by a head 83 and by a stem 83A, the latter carrying a packing 85 in the
      manner of a piston sliding in a cylindrical seat 87, to form a
      cylinder-piston system. When said cylinder is fed with compressed air from
      the inlet 89, the unit 83, 83A is radially urged towards the axis of the
      members 47, 61, while under the discharge conditions from the cylinder, a
      spring 91 radially returns unit 83, 83A in the centripetal direction
      (downwards looking at the drawing). The head 83 presents a stop 93
      designed to cooperatively engage the radial shoulders of the teeth 69B in
      such a manner as to retain the cage 69, 69A of the rollers 67 in a
      prescribed position. The head 83 also includes a resilient latch 95,
      slidable in the head 83 and stressed by a small spring 97 in such a manner
      as to project in a centripetal direction from the head 83 towards the
      outer profile of the member 71. When extended, latch 95 cooperates with
      the banks or sides of the recesses 71B. The recesses 71B and
      correspondingly the active end of the latch 95 are of corresponding
      wedge-shape as seen in FIG. 6 in such a manner as to assure proper
      positioning or centering of the member 71 as well as to assure stopping
      thereof. For this purpose, the side of each of the recesses 71B which is
      rearward with respect to the rotational motion direction indicatd by the
      arrows f1, is higher than the front side or bank, both to form a positive
      stop for the latch 95 and to allow an eventual settling of the member 71
      with a slight return movement with respect to the advance rotational
      direction.
PAR  During the operational stages of the machine when the drive member has to
      rotate, but not the driven member, that is, when and until the drive 65,
      61, 55 must be or released with respect to the member 47, 47A, the unit
      83, 83A, is inserted to act on the teeth 69B and on the recesses 71B in
      the arrangement shown in FIG. 6. Under these conditions, the kinematic
      chain set up by the member 65 (65A), 61, 59A, 59B, 55 is locked in a
      determined angular position and thus the program cam drum is locked in a
      well defined position. The stop 93 retains the annular member 69 of the
      roller cage 69A in a pre-established position with respect to the member
      71, wherein the rollers 69 are positioned approximately at the center of
      the peripheral flats 65A of the member 65, the member 69 pressing against
      a side 69B on the stop 93 by effect of the spring 75. In order to obtain
      and keep these conditions, air pressure is supplied to the inlet 89 for
      the centripetal advance of the head 83.
PAR  When a control pulse, for instance, determines the discharge of the
      pressurized fluid from the cavity of the cylinder 87, the spring 91 moves
      the unit 83, 83A in the centrifugal direction. This causes the release of
      the members 69 and 71 from the unit 83, 83A and the immediate coupling of
      the members 47 and 65 by effect of the return of the spring 75 in the
      direction of the arrow f1 indicating the rotation of the drive member 47,
      47A. This in turn causes the wedging of the rollers 67 between the drive
      surface 47B and the driven surface 65A.
PAR  In order to interrupt the entraining of the output shaft 55 and lock the
      driven shaft, the unit 83, 83A is advanced again in the centripetal
      direction, whereby the stop 93 presses on the teeth of the member 69 and
      by cooperating with the side 69B locks the cage 69, 69A. With the
      centripetal advance of the unit 83, the latch 95 contacts the outer
      profile of the member 71, said latch resiliently returning until said
      latch is wedged in one of the recesses 71B. This also stops the inertia
      motion of the driven portion of the free wheel coupling and allows rollers
      67 to move to their unwedged position while pin 73 travels in slot 69c and
      member 71 advances with respect to member 69. The higher bank or side of
      the recess 71B and the wedge contour of the latch 95 serve to return the
      member 71 should the latter be slightly advanced. The motion of the unit
      83, 83A for the locking of the members 69 and 71 also causes the
      restricted re-loading of the spring 75 to the extent that this spring was
      unloaded when the rollers were wedged. The rollers return to the
      intermediate position of the flats 65A.
PAR  It is intended that the drawing only illustrates an embodiment given only
      as a practical demonstration of the invention, said invention being in
      conditions as to be varied in the forms and arrangements, without however
      departing from the scope of the concept which informs the same invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a circular knitting machine having a continuously moving drive member
      and a driven member, a quick clutch means selectively coupling said
      continuously moving drive member and said driven member, said quick clutch
      means including a locking means which assures the locking of the driven
      member in a prescribed angular position upon disconnection from said drive
      member, said clutch means including a continuous circumferential surface
      on one of said members and a set of flats arranged on the other of said
      members to define with said circumferential surface a plurality of wedge
      spaces, a cage positioned between said circumferential surface and said
      set of flats and said cage including a plurality of roller elements
      confined in said wedge spaces to selectively couple said circumferential
      surface with said set of flats, said locking means being operatively
      engageable with said cage to selectively lock said driven member in a
      release position, and means responsive to disengagement of said locking
      means from said cage to couple the said circumferential surface with said
      set of flats, whereby said driven member is operatively connected to said
      drive member, said locking means including a first radially movable unit
      including a first rigid retaining tooth and a second radially movable unit
      including a second wedge-shaped spring-pressed retaining tooth, means for
      moving said rigid retaining tooth into engagement with one of a plurality
      of peripheral stops on the cage, and means for moving said wedge-shaped
      spring-pressed retaining tooth into engagement with one of a plurality of
      correspondingly shaped indentations on the periphery of said driven
      member, the configuration of said second spring-pressed wedge-shaped
      retaining tooth and the corresponding configuration of the indentations on
      the periphery of said driven member conforming with each other, thereby
      centering and correcting the stop position of the driven member upon
      engagement with said second retaining tooth.
PATN
WKU  039396738
SRC  5
APN  4507266
APT  1
ART  243
APD  19740313
TTL  Device for preventing unbalance in washing machines during spindrying
ISD  19760224
NCL  3
ECL  1
EXA  Thaler; Michael H.
EXP  Aegerter; Richard E.
NDR  1
NFG  1
INVT
NAM  Thibaut; Yves Albert Daniel
CTY  Amiens (Somme)
CNT  FR
ASSG
NAM  U.S. Philips Corporation
CTY  New York
STA  NY
COD  02
PRIR
CNT  FR
APD  19730315
APN  73.09350
CLAS
OCL   68 12R
EDF  2
ICL  D06F 3302
FSC   68
FSS  12 R;23;24
UREF
PNO  3640098
ISD  19720200
NAM  Eastall
OCL   68 12R
UREF
PNO  3736772
ISD  19730600
NAM  Baker
OCL   68 12R
FREF
PNO  2,044,540
ISD  19710200
CNT  FR
FREF
PNO  1,530,872
ISD  19680600
CNT  FR
LREP
FR2  Trifari; Frank R.
FR2  Treacy; David R.
ABST
PAL  A device for avoiding unbalance during acceleration to spindrying. A water
      level sensor has an additional contact through which a control voltage
      which is derived from a motor speed regulator is fed, and interrupts the
      motor supply if the drum speed decreases below a predetermined value.
      Spindrying cannot commence until after the tub is filled and an operating
      sequence at washing speed has taken place.
BSUM
PAR  The invention relates to a device for preventing an unbalance in washing
      machines during spindrying, which becomes operative after a voluntary or
      involuntary interruption of the operation of the machine, or after a
      decrease of the spindrying speed of the drum below a predetermined level,
      by providing for a sequence of alternating rotations of the drum at the
      low washing speed before the acceleration to the high spindrying speed.
PAR  During an interruption of the operation of a washing machine, owing to for
      example, a power failure or a voluntary stop during the spindrying cycle,
      the load which was distributed by the preceding washing cycle with
      alternating rotations comes off the drum wall and collects at the bottom
      of the drum. This may also happen if the drum speed decreases below a
      certain level. The laundry is then more or less dry and its mass may vary
      within rather wide limits. Accelerating again to the spindrying speed may
      have serious consequences because of unbalance which gives rise to
      substantial displacements of the tub-motor assembly, which will then hit
      the walls of the machine. The effects of the unbalance are especially
      marked in light weight machines having a low balancing mass and in which
      acceleration to spindrying is effected with a filled tub. In that case,
      the critical speed is always passed when the tub is still filled with
      water, i.e. when the mass of the tub-motor assembly is still substantial,
      and as rapidly as possible in order that vibrations of a high amplitude
      cannot build up.
PAR  From French Pat. Specification 1,530,872 a control device for the drive
      motor of the drum of a washing machine is known which, when a spindrying
      cycle is controlled independently of the washing cycle or after voluntary
      or involuntary stoppage of the machine, causes said motor to start with a
      cycle of alternating rotations at washing speed so as to tumble and
      distribute the load. Said device moreover comprises a delay means
      constituted by a pressostat switch sensitive to water level in the tub and
      a bimetal which is heated by a timer-controlled circuit, which prevents
      starting of the spindrying cycle while the tub is still filled with water.
      This known embodiment is an approach towards the solution of the problem
      of the unbalance during acceleration to spindrying after a stop. However,
      switching to alternating rotation at washing speed cannot always lead to a
      satisfactory distribution, especially when the laundry has hardly dried;
      i.e., at the very beginning of the spindrying cycle. This is also the case
      when the user employs the machine for spindrying only.
PAR  In a device according to the invention, a contact of a water level control
      device is connected in series in a branch of the circuit of a motor
      regulating device, which controls the electrical current to the motor,
      said contact being closed when the tub is empty.
PAR  In another embodiment said contact is in series with a second contact
      associated with the timer, which operates simultaneously with a timer
      contact associated with the spin-drying made.
PAR  The following descriptions and drawing are given by way of example in order
      that the invention be more fully understood.
DRWD
PAR  The single FIGURE of the drawing is a circuit diagram of a device according
      to the invention.
DETD
PAR  French Pat. Specification 1,530,872 describes a device which can be
      employed in a machine in which spindrying can apparently commence whilst
      the tub is empty. Moreover, devices are provided for changing over from
      the washing speed to the spindrying speed when the washing speed reaches
      80 to 85% of its rated speed. The drum then accelerates to high speed.
      This operation is effected each time that the power supply is restored
      after stopping. It is to be noted that the distribution of the laundry is
      effected while the tub is empty, the pressostat allowing acceleration to
      spindrying only while the tub is empty.
PAR  According to the invention a laundry distribution cycle, known per se from
      the French Pat. Specification No. 2,044,540, "Spindrying with filled tub",
      is performed in the presence of water, so as to obtain an optimum
      distribution. This is effected each time that the machine is stopped
      voluntarily or owing to a power failure, or when the spindrying speed has
      dropped below a previously determined value. The distribution cycle is
      obtained by filling the tub with water to a sufficient level, followed by
      a cycle of alternating rotations at washing speed for a given time, after
      which the timer causes the motor to accelerate to spindrying speed, while
      the tub is still filled with water, and simultaneously the pump is
      energized to reduce the water level and allow acceleration to the selected
      spindrying speed.
PAR  The use of a d.c. motor for driving the drum in series with the heating
      resistance allows a balance to be obtained between the maximum permissible
      speed and the moment of resistance. Acceleration to spindrying with filled
      tub presents no problems with such a d.c. motor, because by an appropriate
      selection of the heating resistance which is connected in series with the
      motor the speed is automatically limited to a value equal to the maximum
      speed which is permissible without overflowing. The permanent-magnet d.c.
      motor 1 used in the embodiment shown in the drawing is energized from the
      a.c. mains via a bridge with diodes and thyristors 2. The direct voltage
      supplied by said bridge is controlled by a regulating device 3 of any type
      well-known in the art which compares the back-e.m.f. of the motor, during
      the periods when said motor is not energized and behaves as a generator,
      with a specific reference voltage for the washing speed and the spindrying
      speed. Such a regulator is shown, for example, in U.S. Pat. No. 3,640,098.
      Said comparison results in a voltage which is applied to the control
      electrodes of the thyristors and thus influences the motor supply. The
      voltage thus supplied to the motor passes via contacts which are disposed
      on cams which are fixed on a shaft which is driven by a motor (not shown)
      forming the reversing device and enabling the alternating rotation of the
      motor by changing the polarity of the supply voltage at the motor
      terminals.
PAR  The device according to the invention comprises two elements, of which one
      is external and the other is included in the power supply. This is shown
      by the diagram. By the closure of the contact 4 the pressostat of the
      machine energizes the motor 1 and the heating resistance 6 in series when
      filling is completed. A second pressostat contact 5 ensures that the
      rectifying bridge 2 which supplies the motor can be controlled when it is
      closed, i.e. when the tub is empty. The closure of the contact 5 enables
      the control voltage from the regulating device 3 to be applied to the
      control electrodes of the thyristors.
PAR  The contact 5 may be incorporated in the pressostat 4 as shown in the
      present embodiment or may form an assembly which is separate from the
      pressostat and which in a similar way as the pressostat responds to the
      water level in the tub. It is simpler to couple said contact mechanically
      to the pressostat contact.
PAR  The contacts 7 and 8 are associated with the timer and are closed during
      spindrying.
PAR  The operation of the device is as follows:
PAR  During acceleration to spindrying, while the tub is filled with water, the
      contact 4 energizes the motor 1 via the rectifying bridge 2. Acceleration
      takes place. During this time, the rectifying bridge 2 which forms the
      power supply operates normally because the tub-empty contact 5 is open and
      does not control the control electrodes of the thyristors.
PAR  After the tub is emptied and when the speed is sufficient (above 80 rpm for
      the drum) contact 4 opens and contact 7 of the timer ensures the
      continuation of the motor supply. At the same time the contact 5 closes.
      The control voltage from the regulator 3 is then fed via the contact 8 to
      a device for controlling the supply voltage of the motor which maintains
      the spindrying speed.
PAR  If owing to some cause the motor speed, and thus the speed of the drum,
      drops below a predetermined value, the contacts 5 and 8 remaining closed,
      the control voltage from 3 interrupts the power supply in the present
      example by turning off the thyristors. The motor stops and thus the risk
      of instability owing to the occurrence of an unbalance as a result of a
      change in distribution of the load is eliminated.
PAR  The power supply control device which is controlled by the voltage from the
      regulating device 3 is not rendered operative during the acceleration
      phase, for in that case the power supply would be permanently cut off
      because the motor speed is below the predetermined threshold (80 rpm for
      the drum).
PAR  As the pressostat which comprises 4 provides a delay, it initially allows
      the acceleration of the motor and the clearance of the threshold. In a
      second phase, when the tub is empty, contact 5 allows the power supply to
      be blocked if the speed becomes lower than said threshold.
PAR  Thus, the device employs a power supply which comprises a blocking
      threshold, a pressostat which controls the closure of a contact 5, when
      the tub is empty in series with a contact 8 which is associated with the
      timer and which is closed during spindrying.
PAR  The combination of said elements thus prevents restarting in the spindrying
      mode if the voltage at the motor terminals has been cut off.
PAR  Thus, the stability of the machine is ensured when:
PAR  the user stops the machine during spindrying and starts it again after a
      certain time during which the laundry can collect at the bottom of the
      drum.
PAR  the supply voltage of the machine has been cut off.
PAR  an intermittent defect of electrical contacts occurs in the control
      elements of the machine.
PAR  the user performs a forbidden operation by setting the timer knob to the
      spindrying cycle whilst the tub is empty and the complete starting process
      with water cannot be performed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for preventing excessive imbalance in a clothes washing
      machine, comprising a drum driving motor, means for supplying voltage to
      the motor, regulating means sensitive to rotational speed of said motor
      for providing an output electrical control signal in response to said
      speed being below a predetermined speed, means for controlling voltage
      supplied by said supply means in response to an electrical control signal
      input, a water level switch contact for sensing a tub empty condition, an
      operating function controller contact for selecting a spin drying
      function, and means connecting said water level sensing contact and said
      operating function contact between the regulating means output and said
      voltage controlling means input such that voltage supplied to said motor
      will be controlled in response to said speed sensitive signal only when
      said spin drying function is selected and a tub empty condition is sensed.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said voltage supplying means is
      blocked by said electrical control signal.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein said contacts are in electrical
      series connection, the water level switch being closed in response to a
      tub empty condition, said regulating means output signal is additionally
      responsive to comparison of motor speed with a spindrying speed, and said
      voltage supply is blocked by an electrical control signal input
      corresponding to said motor speed being below said predetermined speed.
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ABST
PAL  A vertical axis washing machine characterized by a washing receptacle and
      drive means supported by three or more suspension element assemblies which
      each comprise a coil spring and an upper and lower mounting member each
      having a projection telescopically received in the respective end of the
      spring. During a washing cycle, the addition of washing liquid to the
      receptacle causes vertical displacement of the springs so that the
      projections on the upper and lower mounting members engage each other to
      provide a substantially solid support for the receptacle. With removal of
      the washing liquid from the receptacle, the spring forces raise the upper
      projection from the lower projection to eliminate the aforementioned
      support but the assemblies will to some extent, snub horizontal movement
      and dampen any simultaneous vertical movement, especially during excursion
      of the receptacle as the rotational frequency of the receptacle during an
      extraction cycle passes through the "critical" or natural frequency of the
      suspended system. A vertical attitude of the washing receptacle is
      attained despite the fact that its center of gravity is not located at its
      geometric center by providing the suspension element assemblies with
      differing spring rates by varying the number of free coils of a spring in
      each of the suspension element assemblies.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part application of our
      copending application Ser. No. 325,983 now U.S. Pat. No. 3,854,308
      entitled "Suspension Mounting Assembly For Automatic Washer" filed Jan.
      23, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention generally relates to laundry appliances, such as automatic
      washing, rinsing and drying machines, and more particularly refers to a
      suspension assembly for supporting a washing receptacle or basket and
      drive assembly from a cabinet base to substantially isolate the cabinet
      from vibration caused by the oscillation or rotation of the basket.
PAR  2. Description of the Prior Art
PAR  The elimination of excessive vibrations in automatic washing, rinsing and
      drying machines for home use has been an area of continuing development.
      Excessive vibrations usually occur when there is a non-uniform
      distribution of clothes in the the rotating clothes container or basket as
      the same spins rapidly to centrifuge excess water from the clothes. While
      a high rate of spin is desirable during the centrifuging operation, the
      maximum rate of spin is limited by the capabilities of the tub suspension
      system to isolate the machine cabinet from the vibrations or oscillatory
      motion caused by the unbalanced load. Various structurs which utilize
      springs alone or a complex structure of springs coacting with damping
      elements such as cam surfaces or frictional clamps have been suggested to
      eliminate or minimize these problems. Examples of these different
      structures are disclosed in U.S. Pat. Nos. 2,243,565; 2,268,204;
      2,414,506; 2,454,112; 2,526,048; 2,665,007; 2,717,135; 2,734,707;
      2,775,883; and 3,361,398. A complex suspension system may permit a high
      rate of spin; however, in order to maintain the cost of the laundry
      appliance within the reach of most consumers, the suspension system should
      also be compact, inexpensive and easily assembled.
PAR  In addition to eliminating vibrations during an extraction cycle, it is
      desirable to stabilize the washing tub or receptacle during the washing
      cycle to prevent excessive splashing of liquid therefrom due to the
      movement of the tub and liquid caused by agitation. Different structures
      for changing the suspension characteristic in response to the filling of
      the receptacle with water have been suggested and examples of these
      structures are disclosed in some of the above-mentioned United States
      Patents and in U.S. Pat. Nos. 2,296,260 and 2,296,261.
PAR  To provide a suspension system for an unbalanced load or to isolate a
      device from vibration or an externally applied impact force various
      structures utilizing springs in different arrangements, springs in
      combination with dampening devices, or springs having different spring
      rates or characteristics have been suggested. Examples of some of these
      structures are disclosed in U.S. Pat. Nos. 1,089,748; 1,290,159;
      2,678,796; 3,169,737; and 3,286,960.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a suspension means particularly useful
      for suspending a receptacle in a cabinet of a vertical-axis washing
      machine which suspension means dampens excursion of the receptacle during
      an extraction cycle of operation.
PAR  The suspension system has a plurality of essentially identical helical
      springs vertically oriented with each having a plurality of coils. Upper
      mounting means are provided for mounting each of the springs to the
      receptacle at one end and lower mounting means are provided for mounting
      each of the springs to a base at the other end. One of the mounting means
      of each assembly, preferably the lower means, has a cylindrical projection
      extending coaxially into the helical spring with an annular spacing
      therebetween so that relative horizontal movement displacing of the spring
      with respect to the one mounting means causes contact between some
      portions of the projection and the coils of the spring to snub the
      horizontal movement and also to dampen any simultaneous vertical movement.
      Preferably, each mounting means has a cylindrical portion with a helical
      groove to receive the helical spring configuration and the cylindrical
      projection extends from the cylindrical portion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectioned view of the automatic washer showing the suspension
      of the invention with little or no wash liquid in the tub;
PAR  FIG. 2 is a sectioned view of the automatic washer showing the suspension
      of the invention with the tub filled with wash liquid;
PAR  FIG. 3 is a top schematic view of the automatic washer showing the
      positions of the three suspension elements and the center of gravity of
      the machine;
PAR  FIGS. 4, 5 and 6 are sectional views of the three suspension elements or
      assemblies;
PAR  FIG. 7 is a side view of the lower spring mount of the suspension element
      shown in FIG. 4;
PAR  FIG. 8 is a top view of the lower spring mount of FIG. 7;
PAR  FIG. 9 is a sectional view of the assembly of FIG. 4 illustrating a
      horizontal deflection caused by the indicated horizontal force; and
PAR  FIG. 10 is a cross-sectional view taken on line X--X of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principles of the present invention are herein disclosed as
      incorporated in a suspension means or suspension system which comprises
      three helical spring assemblies or elements 25, 26 and 27 for an automatic
      washer 7 as diagrammatically illustrated in FIGS. 1 and 2. If should be
      understood however, that the principles of the invention could be applied
      equally well to a suspension system utilizing more than three spring
      assemblies. Supported by these three helical spring assemblies or elements
      is a conventional clothes receptacle assembly 8 including a drive means.
      The clothes receptacle assembly comprises a base plate 20, attached to the
      top of which is a tub 12 with a rotatable perforate basket 13 mounted
      inside for receiving clothes to be washed. An agitator 14 is provided
      inside the basket 13 to agitate a clothes load during the washing cycle.
      The drive means for the agitator 14 and basket 13 includes a motor 15 and
      a transmission 16. Water enters the tub 12 through a solenoid operated
      valve 3 and a water inlet 4 from an appropriate source (not shown). A pump
      28 is provided to pump the washing liquid from the tub 12 through an
      appropriate plumbing system (not shown) to a drain (not shown). A
      conventional timer 17 is provided to control the various cycles of the
      automatic washer. The receptacle assembly 8, the drive means and various
      valves are enclosed in a cabinet 10 having a base 18.
PAR  As illustrated in FIG. 4 by helical spring assembly or suspension element
      26, a suspension element consists of a helical spring 30, an upper spring
      mounting or end member 31 and a lower resilient spring mount or end member
      32. The upper spring mount 31 is attached to a support 22 of the base
      plate 20 of the washing machine receptacle assembly by a screw 6. The
      lower spring mount 32 is attached to the cabinet base 18 by a screw 5. At
      the point of attachment of the lower spring mount 32 to the cabinet base,
      a protrusion 19 is provided to facilitate proper positioning of the mount
      on the base. Thus the suspension means of the present invention extends
      between a pair of machine members consisting of the receptacle assembly
      and the cabinet base. This suspension element mounting and construction
      provides for the unique features of the suspension system of the automatic
      washer as is hereafter explained.
PAR  The automatic washer has conventional cycles of agitation, pump out, and
      extraction or centrifuging. During operation of the automatic laundry
      appliance or washing machine 7, the tub 12 is first filled with water or
      other laundry solution through the inlet 4 and the agitator 14 is
      oscillated via the transmission unit 16 and the motor 15. After completion
      of that operation, the water is drained from the tub 12 by pump 28 and the
      perforate basket 13 is thereafter rotated at a high speed to extract or
      centrifuge the water from the clothes contained in the basket. In the
      event the clothes are non-uniformly located or distributed within the
      basket during the extraction operation, the basket, tub, and base will
      together execute an oscillatory motion, which, if transmitted to the
      cabinet, may cause an undesirable and excessive vibration. The suspension
      system of the present invention is designed through the use of springs
      having a low spring rate (lb. force applied/in. deflection) to
      substantially isolate the rotating and oscillating parts from the cabinet
      10 and the cabinet base 18 during the extraction cycle, thereby preventing
      vibration transfer.
PAR  Because of the low spring rate of the suspension springs, when the water is
      added to the tub 12 for the agitation cycle, the weight of the water added
      causes the receptacle assembly 8 to move down against the upward force of
      the springs until the upper and lower spring mounts bottom against each
      other. As illustrated by assembly 26 in FIG. 2, upper spring mount 31 is
      bottomed against a hollow cylindrical portion or projection 33 of the
      lower spring mount 32. During the pump out cycle, water is pumped from the
      tub 12 by the pump 28 to an appropriate drain. The upward force of the
      springs is then greater than the weight of the receptacle assembly 8
      without the water and the assembly moves upward to the position shown in
      FIG. 1. In this portion of the pump out cycle and in the extraction cycle,
      as illustrated by assembly 26, the upper mount 31 and the cylindrical
      portion or projection 33 of the lower mount 32 are no longer in contact,
      and the receptacle assembly is suspended only on the springs.
PAR  It is therefore contemplated by the present invention to allow the
      suspension system to provide a substantially solid support for the
      receptacle assembly during the agitation cycle and some dampening of
      forces during a normal spin cycle. These characteristics are desirable
      because during the washing cycle large forces are created by the
      oscillatory motion of the agitator against the clothes and the water in
      the tub, and a relatively firm or stable tub support is needed to prevent
      significant movement or excursion of the tub within the cabinet which
      might cause damage to the cabinet or which might cause the liquid in the
      tub to splash out a top opening 9 in the tub and run down onto the
      electrical components such as the motor 15 and cause electrical shorting.
      The relatively firm or stable base during the agitate cycle is provided in
      the instant invention by the contact of the upper and lower spring mounts
      when water is added to the tub.
PAR  However, during the extraction cycle it is best to provide only a limited
      amount of dampening since if an unbalance occurs in the basket due to an
      off balance load, the forces created by the off balance load will be most
      effectively isolated from the cabinet base by a suspension system with a
      low dampening coefficient. Furthermore, a suspension system with a low
      spring rate generally has a lower natural frequency so that during
      acceleration of the basket at the start of the extraction cycle, the
      basket will more quickly pass through the critical speed. The term
      "critical speed"  is the rotational speed of the basket which approximates
      the natural frequency of the suspended system and this speed may be, for
      example, about 100 revolutions per minute.
PAR  When the basket is rotating at or near the critical speed, the tendency of
      excursion or orbital movement of the basket, especially a basket carrying
      an unbalanced load, is substantially increased. As a practical matter,
      when the spinning basket has passed through the critical speed, excursion
      of the tub and basket assembly within the cabinet may no longer be a
      problem. Therefore the continued application of dampening to prevent
      excursion after the basket has exceeded the critical speed may tend to
      unnecessarily transfer motion to the cabinet base.
PAR  Due to the contact between the upper and lower mounting means or spring
      mounts of each assembly 25, 26 and 27 as the springs are compressed by the
      filled receptacle, the suspension system provides a substantially solid
      support for the receptacle assembly during the agitation cycle. However,
      the separation of the upper and lower spring mounts when the liquid is
      drained from the tub provides the system with a low spring rate for the
      extraction cycle. Because of the low spring rates which are utilized and
      which allow relatively free movement of the receptacle, it is necessary to
      additionally limit any large excursions of the receptacle as the spinning
      basket approaches and passes through the critical speed in order to
      prevent excessive noise and even damage to the appliance.
PAR  The instant suspension system provides for so limiting excursion of the tub
      and basket assembly as the basket is accelerated through the critical
      speed during the extraction cycle, and has the desirable feature of
      increased effectiveness proportionate to the increase of such excursion.
      During the spinning mode of operation, the suspension system will have a
      snubbing effect on any horizontal movement which exceeds a given amount
      and will selectively dampen vertical excursion during such excessive
      horizontal movement of the tub and basket assembly. To accomplish this
      selective dampening, the lower spring mount 32 for the assemblies 26 is
      provided with an integral hollow cylindrical extension or projection 33
      (FIGS. 4, 7 and 8). The projection 33 has an outer diameter which is
      smaller than the inner diameter of the spring 30 and the projection 33
      extends coaxially into one end of the spring 30. As illustrated in FIG. 4,
      when no horizontal forces are applied to the receptacle assembly 8, the
      projection 33 and the inner surfaces of the coils of the spring 30 are
      separated by an annular space. When a horizontal force indicated by arrow
      F (FIG. 9) is applied to the receptacle assembly 8, the spring 30 is
      deflected into engagement with the extension 33. Preferably, the lower
      spring mount 32 and the projection 33 are made of a resilient material
      such as plastic or rubber and the hollow projection 33 will be somewhat
      deformed by engagement with the spring 30. The deformation of the
      projection 33 (FIG. 10) will begin adjacent the upper or free end 33' and
      with greater force being applied will progress along the projection toward
      the base wall 18. This engagement creates frictional forces to oppose
      vertical forces generated by the spinning basket and the result is a
      dampening of vertical movement of the basket with the severity of
      dampening increasing as the amount of engagement and deformation
      increases. The deformation of the projection 33 will also have a desirable
      snubbing effect on the horizontal forces and aid in preventing the
      receptacle assembly from coming into contact with the cabinet 10 or
      components, such as timer 17, which are mounted therein. As illustrated in
      FIGS. 5 and 6, each assembly 25 and 27 has a lower spring mount 43 and 52,
      respectively, which have projections 43 and 53, respectively, all similar
      to the one just described.
PAR  An advantage of the dampening provided by the coaction of the spring 30 and
      projection 33 as just described is that this dampening is only present
      during substantial excursion or horizontal movement of the receptacle
      assembly. Thus, the dampening referred to above will not occur when the
      basket is spinning at a speed above critical speed if there is only a
      small unbalance in the load, and therefore in such a case will not cause
      an unnecessary transfer of motion to the cabinet base during the spinning
      mode of operation.
PAR  To reduce noise, the material of each of the mounts 32, 42 and 52 and their
      respective projections 33, 43 and 53 may advantageously be provided with a
      suitable lubricant, and this lubricant may be provided by impregnating the
      member prior to assembling the elements of the spring assemblies. However,
      substantial lubrication of the projections will adversely decrease the
      frictional coefficient between the surface of the projection and the
      spring thereby lessening the desired dampening effect on the receptacle
      assembly. The noise generated between projections and spring may also be
      minimized or eliminated by selecting a suitable material for the
      projection such as a neoprene compound with 41/2% parafin which has static
      and dynamic coefficient of friction for contact with the spring material
      which are nearly equal.
PAR  The suspension element assemblies further provide for a vertical attitude
      of the receptacle assembly 8 when not loaded with clothes and washing
      liquid. Because the center of gravity of the receptacle assembly is not
      located on the geometric center of the receptacle assembly, due to the off
      center placement of motor 15 and other machine components, the suspension
      assemblies must provide a means of attaining a vertical attitude of the
      receptacle. With the three suspension elements 25, 26 and 27 equally
      spaced from the center of the machine and 120.degree. apart, as shown in
      FIG. 3, it is required that the three suspension elements have differing
      spring rates in order to maintain the vertical attitude of the tub and
      agitator when the tub is not loaded with clothes and washing liquid. Of
      course, suspension elements of differenting spring rates can also be
      designed and utilized to maintain the vertical attitude of a receptacle
      assembly where the suspension elements are not equally spaced from the
      center of or about the machine. The three elements 25, 26 and 27, shown in
      FIGS. 4, 5 and 6, are of differing spring rates to provide for a vertical
      attitude of the tub assembly so that the weight of the receptacle will
      deflect each element the same amount even though each is supporting a
      different weight. Each element comprises a sprng, an upper resilient
      spring mount, and a lower resilient spring mount. The three springs 30, 40
      and 50 are essentially identical, each having the same free length,
      diameter of wire and number of coils. Each of the three upper spring
      mounts 31, 41 and 51 are also essentially identical with each being
      generally cylindrical and having helical grooves 34, 44 and 54 on their
      cylindrical surface to receive coils of the springs. Each of the grooves
      34, 44 and 54 are of the same length so as to receive the same number of
      coils of the respective springs 30, 40 and 50. Metal inserts 37, 47 and 57
      are provided in the respective upper mounts 31, 41 and 51 for attachment
      of the mounts to supports 22, 21 and 23, respectively.
PAR  Each of the lower resilient spring mounts 32, 42 and 52 are cylindrically
      shaped and have helical grooves 35, 45, and 55, respectively, on their
      cylindrical surface and have the projections or extensions 33, 43 and 53,
      respectively, for the purposes previously discussed. Metal inserts 36, 46
      and 56 are provided in the lower mounts 35, 45 and 55, respectively, to
      receive bolts or screws to secure the mounts to the cabinet base 18. The
      spiral or helical grooves provided in the lower spring mounts are of
      differing lengths to provide for receiving different numbers of coils of
      the respective springs. As shown in FIG. 4, lower spring mount 32 has a
      groove 35 of sufficient length to receive approximately 2.5 coils, (coils
      30a, 30b and one half of coil 30c, of spring 30). In FIG. 5, lower spring
      mount 42 has a groove of sufficient length to receive approximately 3.5
      coils, (coils 40a, 40b, 40c and one half of coil 40d, of spring 40). In
      FIG. 6, lower spring mount 52 is provided with a spiral groove of
      sufficient length to receive approximately 4.25 coils, (coils 50a, 50b,
      50c, 50d and one quarter of coil 50e of spring 50).
PAR  Being representative of all the lower spring mounts 32, 42 and 52, mount 32
      is shown in FIGS. 7 and 8. The mount is generally cylindrically shaped and
      has a large diameter lip 38c at the lower end 38a. Hollow cylindrical
      projection or extension 33 protrudes from the upper end 38b. The
      cylindrical surface of mount 32 has a helical groove 35 extending from end
      38b to end 38a for receiving approximately 2.5 coils of spring 30. At end
      38a of the mount a protrusion 39 is provided to form a locating stop for
      abutting the spring 30 when it is received in the groove.
PAR  As previously stated, each of the suspension elements has a different
      spring rate in order to maintain a vertical attitude of the tub and basket
      assembly. The differing spring rates of the elements are realized even
      though the unassembled springs are essentially identical because the lower
      spring mounts capture a different number of coils of each spring. This
      varies the number of free coils of each spring and because the spring
      constant of a spring is inversely proportional to the number of free
      coils, the spring constant or spring rate is different for each of the
      assemblies shown. Referring to FIGS. 4, 5 and 6, it can be seen that the
      upper spring mounts 31, 41 and 51 in each of the elements 26, 25 and 27
      capture approximately 2.5 of the 14.5 coils of the spring shown. Element
      26 has coils 30a through one half of 30p, and upper mount 31 captures
      coils 30m, 30n and one half of 30p. Element 25 has coils 40a through one
      half of 40p and upper mount 41 captures coils 40m, 40 n and one half of
      40p. Element 27 has coils 50a through one half of 50p and upper mount 41
      captures coils 50m, 50n and one half of 50p. The lower spring mount in
      FIG. 4 captures approximately 2.5 coils of the spring leaving 9.5 active
      spring coils, the upper half of 30c through 30L, in the element of FIG. 4.
      The lower spring mount in FIG. 5 captures approximately 3.5 coils of the
      spring leaving 8.5 active coils, the upper half of 40d through 40L, in the
      spring of the element of FIG. 5. The lower spring mount in FIG. 6 captures
      approximately 4.25 coils of the spring leaving 7.75 active coils, the
      upper three quarters of 50e through 50L, in the spring in the element 27
      of FIG. 6. Thus, it can be seen that even though the springs 30, 40 and 50
      in the respective elements 26, 25 and 27 are essentially the same the
      spring constants of the elements differ, element 27 having the highest
      spring rate, and element 26 having the lowest spring rate.
PAR  Although the arrangement shown is preferred, the same results of differing
      spring constants for the element could be accomplished by varying the
      length of groove in the upper element instead of the lower element or by a
      combination of varying groove lengths in upper and lower elements.
PAR  Although minor modifications might be suggested by those versed in the art,
      it should be understood that we wish to include within the scope of the
      patent warranted hereon all such modifications as reasonably and properly
      come within the scope of our contribution to the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an automatic wash machine having a cabinet, a cabinet base, and a
      rotatable receptacle assembly within said cabinet for spin drying laundry
      therein,
PA0  a suspension means for suspending said receptacle assembly within said
      cabinet and above said base,
PA1  said suspension means being formed by a plurality of vertically oriented
      spring assemblies each extending between a pair of machine members
      composed of said receptacle assembly and said cabinet base,
PA0  each of said spring assemblies comprising,
PA1  a helical spring having a pair of opposed end regions,
PA1  an end member attached to each of said end regions,
PA2  each of said end members further being connected to a different one of said
      machine members,
PA2  said receptacle assembly suspended by the springs constituting a
      displaceable system subject to horizontal excursion during unbalanced
      rotatable spin drying,
PA1  one of said end members having a projection with a free end thereof
      extending into the coils longitudinally
PA2  within a portion of said helical spring, the outer side surface portions of
      said projection normally being spaced from the inner surface portions of
      said helical spring in the absence of any substantial horizontal
      displacement of said receptacle assembly and affording no vertical
      dampening when so spaced,
PA2  said outer side surface portions of said projection being engageable with
      said inner surface portions of said helical spring for sliding frictional
      contact therebetween beginning adjacent said free end of said projection
      in response to substantial horizontal displacement of said receptacle
      assembly to oppose and dampen vertical forces acting on the receptacle
      assembly, and
PA2  the degree to which vertical forces are opposed and dampened increasing
      proportionately as a function of the magnitude of such horizontal
      movement.
PAL  thereby to contribute to preventing the receptacle assembly from contacting
      the cabinet.
NUM  2.
PAR  2. In an automatic washing machine as defned in claim 1, said outer side
      surface portions of said projection being generally cylindrically shaped.
NUM  3.
PAR  3. In an automatic washing machine as defined in claim 1, said projection
      being constructed of a material having respective static and dynamic
      coefficients of friction which are adapted to be substantially equal when
      said helical spring is in contact therewith.
NUM  4.
PAR  4. In an automatic washing machine as defined in claim 1, said projection
      being provided with lubrication adapted to minimize the emission of sound
      from frictional engagement between said projection and said helical
      spring.
NUM  5.
PAR  5. In an automatic washing machine as defined in claim 1, said projection
      being integrally formed with its associated end member, and said
      associated end member being adapted for connection with said cabinet base
      while the other of said end members is adapted for connection with said
      receptacle assembly.
NUM  6.
PAR  6. In an automatic washing machine as defined in claim 1, wherein each of
      said end members has a cylindrical portion having a circumferential side
      surface with a helical groove defined therein and is adapted for
      threadedly receiving thereabout an end portion of said helical spring, and
      wherein said projection extends coaxially relative to the axis of said
      helical spring from the cylindrical portion of one of said end members
      when such is so threadedly received.
NUM  7.
PAR  7. In an automatic washing machine as defined in claim 1, wherein, when
      said spring is compressed by longitudinally exerted forces applied to said
      opposed end members, the terminal end of said projection abuts against the
      other of said end members.
NUM  8.
PAR  8. In an automatic washing machine as defined in claim 1, said projection
      being formed of a resilient material and being resiliently deformable to
      provide an increasing area of contact between said helical spring and said
      projection with an increasing transverse translation of one of said end
      members.
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ABST
PAL  Apparatus to apply dyes to a moving material to print the same which
      employs dye applicator gun bars to direct a plurality of streams of dye
      onto the moving sheet in a predetermined pattern, and wherein means are
      provided for accurately positioning and adjusting the gun bars on their
      support frame to facilitate accurate placement of the dye streams on the
      moving material during the printing operation.
BSUM
PAR  This invention relates to the application of dyestuffs to textile materials
      and, more particularly, to the printing of textile fabrics having
      relatively porous surfaces, such as pile carpets.
PAR  Textile fibers and fabric materials have long been colored with natural and
      synthetic dyes, and, in particular, printed by color decoration of the
      surface or surfaces of the materials in definite repeated forms and colors
      to form a pattern. The color printing of textile fabrics has been
      accomplished in various ways. Earlier forms of printing used carved blocks
      charged with colored paste pressed against the fabric. Subsequently, speed
      of printing has been increased by the development of roller printing
      wherein moving fabrics are sequentially contacted by engraved metal
      rollers each containing a different color dye to form the desired pattern
      thereon. Textile fabrics are also printed by sequential contact with
      screens each having a porous portion of a pattern and carrying a
      particular color dyestuff.
PAR  More recently, it has been proposed to print textile fabrics, including
      pile carpets, by the programmed spraying or jetting of plural colored dyes
      onto the surface of a moving fabric. Typical of such processes and
      apparatus are described in U.S. 3,443,878; U.S. 3,570,275; and British
      Pat. No. 978,452. Generally, such apparatus consists of a plurality of dye
      applicator bars spaced along the direction of movement of the textile
      material and each containing multiple dye nozzles or jets extending
      transversely across the moving material. Each jet may be activated by
      suitable electric, pneumatic, or mechanical means to dispense dyes onto
      the moving material in a desired sequence, and pattern control of the jets
      may be accomplished by suitable programming means, such as coded punch
      tapes, magnetic tapes, computers, and the like.
PAR  U.S. Pat. Nos. 3,443,878 and 3,570,275 disclose specific means for applying
      streams of dyes to print a fabric by use of continuously flowing streams
      of dyes which are deflected by a stream of air to either impinge the
      dyestream upon the fabric or recirculate it to a reservoir. Control of
      such systems to form printed patterns may be accomplished by various of
      the aforementioned programming and control means.
PAR  In order to provide a greater variety of colors or shades of colors to the
      fabrics by use of such spray printing apparatus, it has also been proposed
      to apply different colors to the same locations or areas of the fabric to
      thereby blend primary colors in situ.
PAR  It can be appreciated that in the application of different colored dyes to
      the surface of textile fabrics, it is extremely important to accurately
      place each dyestuff on the fabric, particularly when intricate patterns
      are being printed and when in situ blending is employed. In dyeing
      relatively porous textile fabrics, such as pile carpets, it is also
      important that a carefully controlled amount of dye be applied to each
      dyed area on the pile surface to ensure optimum penetration of the dye
      color to the depth of the pile fiber without undesirable spread of the
      color into adjacent areas of the fabric. U.S. Pat. No. 3,393,411 discusses
      such a problem of dye penetration of pile carpet and suggests controlling
      the flow rate of the dyestuff and the speed of movement of the pile carpet
      past the dye application point to provide the desired amount of dye to the
      carpet.
PAR  In printing pile carpets with detailed patterns of colors, it can be
      appreciated that the dye jet applicators are very closely spaced relative
      to each other to permit dyeing in fine detail on the pile surface. The
      mounting, construction or programmed control of various gun bars for
      application of various dyestuffs to moving webs are also disclosed in one
      or more of British Pat. Nos. 1,201,598; 1,201,600; 1,201,599;  and
      1,202,345.
PAR  Also, in the pattern printing of wide yardage goods of continuous lengths,
      such as pile carpets wherein the widths being printed may be as much as 15
      feet, it can be appreciated that it is highly desirable and necessary that
      the very large and heavy dye applicator gun bars be well supported and
      accurately aligned throughout their lengths to ensure accurate and proper
      placement of the jets of dye being applied across the entire width of the
      goods being printed. One such design and arrangement of gun bar
      construction is disclosed in commonly assigned co-pending U.S. Pat.
      application Ser. No. 430,527, filed Jan. 3, 1974.
PAR  The present invention is concerned with further improvements in apparatus
      for the jet printing of textile products including pile fabrics to
      facilitate accurate placement of desired amounts of dyes at specific
      locations on or in the surface of the pile fabrics to improve pattern
      definition in such fabrics. More specifically, the present invention is
      directed to means for accurately positioning a dye applicator gun bar
      utilized to apply multiple streams or jets of dyestuff across the width of
      a moving textile material to be printed.
DRWD
PAR  The invention will be better understood by reference to the accompanying
      drawings which disclose a specific embodiment, and wherein:
PAR  FIG. 1 is a schematic side elevation of an apparatus for the jet dyeing of
      textile materials;
PAR  FIG. 2 is an enlarged schematic side elevation, with parts broken away, of
      the jet dye applicator gun bar section of the apparatus of FIG. 1, showing
      in more detail the arrangement and relation of the jet gun bars to the
      conveying means to transport the materials to be printed;
PAR  FIG. 3 is a further enlarged side elevation view, with parts broken away
      showing an individual dye applicator gun bar of the apparatus of FIGS. 1
      and 2;
PAR  FIG. 4 is a schematic diagram of the system for supplying dye to and from,
      and air under pressure to, each of the gun bars, together with related
      control means for programming same;
PAR  FIG. 5 is a side elevation view, with portions in section, of the gun bar
      of FIG. 3;
PAR  FIG. 6 is an enlarged view of a portion of the dye jet applicator section
      of the gun bar, looking in the direction of arrow 6 of FIG. 5, with
      portions broken away and removed to better show the mounting means for the
      dye jet applicator section and the associated air deflection means;
PAR  FIG. 6a is an enlarged view of a portion of the dye jet applicator section
      of the gun bar, looking in the direction of the arrow 6a of FIG. 5 and
      showing the dye jet orifices and their associated air supply conduits for
      deflecting the dye streams;
PAR  FIG. 7 is a view of the gun bar support means looking in the direction of
      arrows 7--7 of FIG. 3;
PAR  FIG. 8 is a view of the gun bar support means looking in the direction of
      arrows 8--8 of FIG. 3; and
PAR  FIG. 9 is a perspective schematic view illustrating the gun bar mounting
      means shown in FIGS. 3, 7 and 8, with only certain portions of the support
      frame and gun bar shown for the sake of better illustrating the adjustable
      features of the support means.
DETD
PAR  Referring more specifically to the drawings, FIG. 1 shows a jet dyeing
      apparatus for color printing of moving materials, such as textile fabrics
      including pile carpets, tiles and the like. As shown and described, the
      apparatus consists of a fabric supply source such as a tufted carpet roll
      10 from which a continuous length of pile carpet 11 is drawn by a driven
      pin roller 12 and is delivered onto an inclined conveyor 14 which is
      driven by suitable motor means 15 to convey the carpet 11 beneath a dye
      applicator gun bar section 16, each gun bar of which dispenses plural
      streams of dye onto the carpet during its passage. The gun bars may be
      provided with different colored dyes and each of the plural streams of dye
      is programmed in suitable manner so as to apply the dyes to the surface of
      the carpet in a desired pattern.
PAR  The printed carpet leaving the conveyor 14 is directed by suitable
      conveying means, such as guide rolls 18, sequentially through a steam
      chamber 20, a water washer 22, and a dryer 24 where the printed carpet is
      treated in conventional manner to fix the dyes, remove excess dye, and dry
      the printed carpet, respectively. The carpet is then collected on a roll
      26. Details of the dye fixing steam chamber, washer, and dryer do not form
      a part of the present invention and conventional apparatus for performing
      such conventional practices may be employed.
PAR  FIG. 2 is an enlarged side elevation, with portions broken away, of the gun
      bar section 16 and conveyor 14. As seen in both FIGS. 1 and 2, the gun bar
      section 16 and conveyor 14 are supported on a suitable frame 30 which
      includes a movable section 32 mounted on rollers 34 (FIG. 1) to permit
      removal of the conveyor 14 from beneath the gun bar section to facilitate
      cleaning, repair, and alignment of the gun bars.
PAR  As shown, gun bar section 16 includes a plurality of gun bars spaced along
      the conveyor 14 just above the path of travel of the carpet. Each gun bar
      is provided with a suitable color dye and is programmed to apply the dye
      from selected orifices therein to corresponding portions of the surface of
      the moving carpet. For convenience, only the first and last gun bars 36,
      38 of the gun bar section 16 are shown in FIG. 2. The number of gun bars
      may be varied, as desired, depending on the particular color requirements
      of the pattern to be applied to the fabric. The gun bars are of
      substantially identical construction and extend across the conveyor and
      path of travel of the carpet thereon.
PAR  Each gun bar extends across the width of conveyor 14 transversely to the
      direction of movement of the carpet and contains a plurality of jet
      orifices closely positioned along the bar to direct dye in narrow streams
      toward the surface of the carpet as it passes thereby. As best seen in
      FIG. 4, each gun bar includes a separate dye reservoir tank 40 which
      supplies liquid dye by means of pump and conduit means 41 under pressure
      to a manifold pipe 42 of the gun bar which communicates with the
      individual jet orifices 43 spaced along the length of the bar (FIGS. 6 and
      6a). During operation, liquid dye is expelled continuously in small
      streams or jets from the orifices toward the material to be printed.
PAR  Positioned adjacent and at a right angle to the outlet of each jet orifice
      is an outlet 44 (FIG. 5) of an air supply tube 45, each of which
      communicates with a separate solenoid valve, illustrated collectively by
      the symbol V (FIG. 4). The solenoid valves, which are of the electric to
      fluidic interface type, such as LIF 180D3A12 made by The Lee Company of
      Westbrook, Connecticut, are suitably supported on mounting cards in a card
      housing 46 and are supplied with pressurized air from a communicating
      manifold 47 and air compressor 48. Although a single valve symbol V is
      employed for convenience, it is to be understood that a solenoid valve and
      individual air supply tube is provided to serve each jet orifice of each
      gun bar such that individual streams of dye can be individually
      controlled.
PAR  The valves are controlled electrically by a pattern control device 49 to
      normally provide streams of air to impinge against the continuously
      flowing dyestreams and deflect the same into a catch basin or trough 50
      from which the dye is recirculated to dye reservoir tank 40. The pattern
      control device 49 for operating the solenoid valves may comprise various
      conventional control means, such as a computer with magnetic tape
      transport for pattern information storage. Information from control means
      49 is fed to operate the solenoid valves off and on sequentially to print
      the carpet in a desired pattern as it passes beneath the set of gun bars.
PAR  In operation of the presently disclosed apparatus with the pattern control
      device supplying no information, dye under pressure is continuously
      supplied in a stream from each jet orifice 43 toward the textile material
      to be printed. Every solenoid valve is normally open to supply streams of
      air to impinge against the continuously flowing dye streams and deflect
      them all into the catch troughs of the gun bars for recirculation. As the
      first of the carpet to be printed passes beneath the first gun bar and the
      pattern control device is actuated, as by a trip switch 49a on the
      conveyor, certain of the normally open solenoid air valves are closed so
      that the corresponding dye streams are not deflected but impinge directly
      upon the textile material. Thus, by cutting on and off the solenoid air
      valves in a desired sequence, a printed pattern of dye is placed on the
      carpet during its passage.
PAR  The details of the gun bar construction are best shown in FIGS. 3 and 5
      which are an end view and a partial sectional view, respectively, of a
      portion of a gun bar 38. As seen, the gun bar is composed of a main,
      vertically disposed structural support plate 51 which extends the length
      of the gun bar across the path of material movement. Attached to the plate
      at its upper end is the air supply manifold pipe 47, and attached to the
      lower flanged end of the plate by a suitable bracket and clamp means 62 is
      the dye supply manifold pipe 42. Attached to and communicating with the
      dye supply manifold pipe is a jet applicator section 70 which has a dye
      receiving cavity or chamber 78 connected to the dye manifold 42 to pass
      dye to the plurality of dye yet orifices 43 (FIG. 6a) which emit streams
      of dye onto the material to be printed, as hereinbefore described. The
      details of the gun bar construction form the subject of co-pending,
      commonly assigned U.S. patent application Ser. No. 471,110, filed May 17,
      1974.
PAR  It can be appreciated that it is highly desirable and necessary to
      accurately align the gun bars end to end both with respect to each other
      and to the moving carpet to ensure that the pattern is accurately printed
      on the carpet surface. Since the gun bars are 12 to 15 feet long in order
      to print broadloom carpets, it can be appreciated that they are quite
      heavy and that extremely fine adjustment is necessary to properly position
      the gun bars along their length. To accomplish this end, means are
      provided for suspending each end of the gun bars from the diagonal beam 39
      at each end of support frame 30 by a pair of threaded hang rods or bolts
      100. As best seen in FIGS. 3 and 7-9, the elongate support plate 51 of
      each gun bar is attached at each end to a flanged, generally triangular
      end plate 52 by bolts 101. A first flange portion 102 connected to the
      triangular end plate is connected by an adjustable threaded bolt 104 which
      extends to a fixed shoulder 106 on diagonal support beam 39 of the support
      frame 30. In like manner, the surface of the triangular plate 52 is
      adjustably connected by a threaded bolt 110 which extends to a fixed
      shoulder 112 on beam 39 of frame 30. The lower ends of the pair of bolts
      or rods 100 are attached to a platform portion 113 of triangular plate 52.
      Thus, the adjustable bolts, pair 100, 104, 110 are positioned at right
      angles to each other so as to impart to the triangular plate member and
      gun bar a force acting in each of three directions.
PAR  FIG. 9 shows the adjustable features of the fastening means of the present
      invention in perspective schematic form. For sake of clearer illustration,
      flange portion 102 is shown extending downwardly instead of upwardly, as
      seen in FIG. 3, so that the bolts and their directional relationships are
      more clearly seen. As can be seen, by adjusting the effective length of
      any of the bolts (pair 100, 104, 110) between their points of attachment
      to the gun bar and the fixed surfaces of the support beam 39, forces are
      produced to deflect or bend the other bolts in small increments to
      accurately reposition and adjust the gun bar at each end.
PAR  Thus, by turning the nuts 100a on either of the threaded ends of bolts 100,
      the gun bar may be moved in the Z-Z' directions (which is the direction of
      the flow of the dye streams onto the carpet), as indicated by the vector
      diagram in the figure. Similarly, adjustment of nuts 104a on the threaded
      ends of bolt 104 produces a force to adjust the position of the gun bar in
      the Y-Y' directions, while adjustment of nuts 110a produce force to adjust
      the position of the gun bar in the X-X' directions. Although only a single
      nut is shown on each end of the bolts in FIG. 9, it can be seen in FIG. 3
      that a pair of nuts is employed to secure the bolts on either side of the
      force-transmitting and force-receiving surfaces of the frame 30 and gun
      bar end plates 52.
PAR  To facilitate the aforementioned adjustment and accurate alignment of the
      gun bars, dial indicators 120, 122 are mounted on the flange portions of
      the diagonal support beam 39 of the frame. The dial indicators register a
      position of their plunger elements 124, 126 which are aligned respectively
      with the X and Y axes of movement of the gun bar and engage corner
      surfaces of platform portion 113 of the gun bar plate 52 (note
      particularly FIG. 8). Thus, as the position of the gun bar is changed by
      manipulation of the nuts of the support rods 110, 104 a change in readings
      of the dials can be observed. These readings can thereafter be used as
      highly accurate bench marks to reset the gun bars in a desired position as
      well as to compare and correlate any possible change in the position of
      the different gun bars of the apparatus.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In apparatus for applying dye to a moving material to print a pattern
      thereon including means for moving the material in a path of treatment, an
      elongate dye jet gun bar having a plurality of dye emitting jet orifices
      along the bar for directing dye in plural streams onto the material, a
      support frame for positioning the gun bar adjacent the path of material
      treatment, and means for attaching the gun bar to the support frame; the
      improvement wherein said attaching means comprises elongate resilient rod
      means at each end of said gun bar having one end attached to said gun bar
      and the other end attached to said support frame to supportingly suspend
      said gun bar on said support frame, and means operatively connecting said
      gun bar and said frame for applying multidirectional forces to said gun
      bar to bend said resilient elongate rod means and thereby adjustably
      position said gun bar relative to said support frame and said path of
      material treatment.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said means for applying
      multidirectional forces to said gun bar comprises means for imparting a
      force in a first direction against said gun bar, generally normal to the
      elongate axis of said elongate rod means and means for applying a force in
      a second direction against said gun bar generally normal to the
      longitudinal axis of said rod means and generally at a right angle to said
      first force imparting means.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein said force-imparting means
      comprise first and second force-receiving surfaces on said gun bar and
      corresponding first and second force-imparting surfaces on said frame, and
      means for transmitting force from said frame surfaces to said gun bar
      receiving surfaces.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said force-transmitting means
      comprise connecting means between said force-imparting and force-receiving
      surfaces, and means for varying the length of said connecting means
      between said surfaces to transmit forces therebetween.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said connecting means comprise
      resilient rods extending between and connected to said surfaces, and said
      length varying means comprise adjustable fastening means on end portions
      of said rods for varying the length of said rods between said surfaces.
NUM  6.
PAR  6. Apparatus as defined in claim 1 including indicator means operatively
      attached to said gun bar and said support frame for presenting a visual
      indication of the position of said gun bar relative to said support frame.
NUM  7.
PAR  7. Apparatus as defined in claim 6 wherein said indicator means comprise
      means positioned at each end of said gun bar for indicating the position
      of the corresponding end of the gun bar with respect to the support frame.
NUM  8.
PAR  8. Apparatus as defined in claim 1 wherein said rod means for supportingly
      suspending said gun bar is positioned with its longitudinal axis generally
      parallel to the plural streams of dye directed onto the material to be
      printed.
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ABST
PAL  Long hairs of fur pelts known as guard hairs are removed to reveal soft
      underfur by contacting the pelt with a substrate coated with adhesive and
      then pulling the substrate away from the pelt. Recoverable or
      non-recoverable adhesive systems may be used.
GOVT
PAR  This invention resulted from work done under Contract No.
      FCF-14-17-0007-322 with the Bureau of Commercial Fisheries of the
      Department of the Interior. In accordance with the requirements of the
      President's Patent Policy Statement of Oct. 10, 1963, 28 F.R. 10943, the
      domestic title to the invention is in the Government.
PARN
PAR  This is a division of application Ser. No. 687,510, filed Dec. 4, 1967.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a selective removal of guard hairs from animal
      pelts. More particularly, it is related to a method of removing guard
      hairs by contact with adhesively coated substrates.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Guard hairs are presently removed from animal pelts by a technique known as
      unhairing. This technique involves the scraping of guard hairs from the
      pelt with a dull knife-like hand-held tool. This operation necessarily
      requires highly skilled and experienced labor. Numerous alternatives
      involve the use of machines designed to selectively pluck the longer,
      coarser guard hairs or, to clip them below the surface of the valuable
      underlayer of fine fur. It has been found, however, that such machines are
      not completely satisfactory in commercial operation, primarily because
      they are unable to effect substantial guard hair removal without damage to
      the underlying fur fibers.
PAC  SUMMARY OF INVENTION
PAR  Briefly, the present invention involves a process of selectively removing
      guard hairs from animal pelts containing both fine fur and coarse guard
      hairs by contacting the fur pelt with an adhesive coated substrate and
      then pulling it away. We have found that using this method of removal,
      guard hairs are extracted without damage to the underlying fur fibers.
PAR  Accordingly, it is the general object of this invention to provide an
      improved method of removing guard hairs from animal pelts containing the
      same. More specifically it is the object of this invention to provide a
      novel removal of guard hairs by contact with an adhesively coated
      substrate. Still further, it is an object of the invention to provide
      adhesive guard hair removal systems in which the adhesively coated
      substrate is recoverable.
PAR  These and other objects and features of the invention will become apparent
      upon consideration of the following detailed description of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-section of a pelt containing fur fiber and guard hairs.
PAR  FIG. 2 is an illustration of adhesive removal of guard hairs with tape.
PAR  FIG. 3 is an illustration of a continuous process for guard hair removal
      wherein the adhesively coated substrate is cleaned and recoated with
      adhesive.
DETD
PAC  DESCRIPTTION OF PREFERRED EMBODIMENTS
PAR  Pelts in which a soft underfur is mixed with longer and stiffer hairs occur
      primarily in aquatic mammals including fur seal, beaver, otter, coney,
      muskrat and nutria. FIG. 1 is illustrative of the type of pelt referred
      to. In that figure, 10 refers to the underlying fur fiber and 20 to the
      guard hairs. The latter have also been termed water hairs, master hairs
      and coarse hairs, but will be referred to herein only as guard hairs.
PAR  Previous operations directed toward removal of guard hairs from pelts have
      been variously termed plucking, picking, clipping, shearing and unhairing.
      All have involved the use of machines designed to selectively extract the
      guard hairs or to cut them below the surface of the underlying fur. None
      have proven successful in avoiding injury to the underfur.
PAR  We have found that selective guard hair removal can be achieved by pressure
      contacting the pelt containing guard hairs with a substrate having an
      adhesive unhairing system. Using this technique only the guard hairs are
      removed.
PAR  The particular form of substrate used is not of critical importance.
      However, it is desirable to use substrates which have a flat generally
      smooth surface to hold an adhesive, and which are strong enough to resist
      tearing or shredding when they are pulled away from the pelt. Commercially
      available plastic or cloth tapes may serve as substrates as well as
      sheets, bands, screens or rollers of cloth, metal or plastic.
PAR  Adhesives used in the present invention are the type generally known as
      packaging adhesives, that is, ones that produce moderate to high strength
      in shear, tension and peel. It is desirable that the adhesive used have a
      high degree of tackiness characteristic of pressure-sensitive adhesives.
      Useful adhesives include not only water soluble forms but also hot-melt
      and solvent-dilutable compositions.
PAR  We have found that polyvinyl acetate emulsion adhesives are particularly
      suited for use in guard hair removal. Adhesives of this type are well
      known for their use in furniture assembly and fabrication as well as for
      general household use. An example of the general composition of this type
      of adhesive is given below in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Ingredient              Part by Weight                                    
     ______________________________________                                    
     Polyvinyl acetate emulsion                                                
                             145.5                                             
     50% dibutyl phthalate - 50%                                               
      arochlor plasticizer   4.5                                               
     10% aqueous solution of vinyl methyl                                      
      ethermaleic anhydride copolymer                                          
                             125.0                                             
     ______________________________________                                    
PAR  The above composition is merely an example of a polyvinyl acetate emulsion.
      We have found that similar emulsions not containing plasticizers or
      additives may also be used. The combination of substrate and adhesive
      should be one in which the adhesive is adhered to the substrate more
      strongly than to the guard hairs. This will avoid separation of adhesive
      from the substrate upon stripping of the pelt.
PAR  Guard hair removal is accomplished when a substrate coated with adhesive is
      pressed against the pelt and then pulled away. As shown in FIG. 2, the
      substrate may take the form of a tape. In that figure, a tape 30 is coated
      with adhesive on side 32. It is pressed against a pelt of the type shown
      in FIG. 1. Then, it is pulled away. This action, well known to doctors and
      patients who have removed adhesive bandages, creates a pull on guard hairs
      20 causing their removal as they adhere to surface 32. The result is the
      exposure of the fine fur. For best results, the angle between the dehaired
      fur and the receding tape, shown as angle A in FIG. 2 should be greater
      than 90.degree. and preferably in the range of from
      135.degree.-180.degree..
PAR  Although disposable tapes are useful in the practice of the invention, a
      recoverable substrate is preferred in large scale or commercial
      operations. Reusable flexible substrates such as metal cloth or plastic
      can be coated with a thin layer of adhesive, pressed against the pelt,
      pulled away from the pelt and then treated with a solvent to remove
      adhesive and hair, dried and then recoated with adhesive. Such a
      continuous system is shown in FIG. 3. There, 40 is a fur skin containing
      guard hairs 20 and underlying fur fiber 10. The skin is fed around a
      roller 42 where it is contacted under pressure with an adhesively coated
      flexiblle substrate 44. The substrate 44 forms an endless belt around
      rollers 46, 48, 50 and 52. As it travels around roller 46 it ispressed
      against skin 40. As it moves further, it is pulled away from the skin at
      an angle A of from 90 to 180.degree. taking with it adhered guard hairs.
      The belt is then passed beneath roller 48 where it enters a bath 54 filled
      with a solvent for the adhesive. Here, both adhesive and guard hairs are
      removed from substrate 44. Upon passing roller 50 the endless belt leaves
      bath 54 and travels around roller 52 where it is dried by dryers 56. Next
      it passes under an adhesive trough 58 where new adhesive is deposited on
      the substrate. A doctor blade 60 spreads the adhesive to a desired height
      before substrate 44 again passes around roller 46. If necessary auxiliary
      dryer 62 may be placed after the doctor blade to assure that the adhesive
      is tacky prior to use.
PAR  The arrangement shown in FIG. 3 is merely one form of a continuous system.
      Other features may be incorporated into the system including, a means to
      remove hair from adhesive, means such as distillation or extraction to
      recover and recycle used adhesive and solvent and means to vary the
      pressure and time and angle of contact as well as the speed of the pelt 40
      or substrate 44. Further, the recoverable substrate could take the form of
      a surface of a large drum rather than an endless belt, though the latter
      is preferred. The following example describes an embodiment of the
      invention as related to guard hair removal of fur seal skins.
PAC  EXAMPLE
PAR  An untreated fur seal pelt is pressed from 150-330 psi for a dwell time of
      30 seconds against a tin panel coated 5-mil thick with polyvinyl acetate
      emulsion adhesive. The pelt is pulled away at a 10-12 inch per minute
      removal rate at an angle of 140.degree.-180.degree.. Under these
      conditions, substantial guard hair removal is effected without damage to
      the fine underfur.
PAR  Though the invention has been described with reference to preferred
      embodiments, it will be appreciated that various adaptations and
      modifications will be within the spirit and scope of the invention as
      distinctly defined in the claims hereinbelow. For example, though such
      variables as contact time, pressure of contact and stripping speed are all
      important, these factors may vary according to the particular pelt
      undergoing treatment and the adhesive used. It is within the routine skill
      of an operator to quickly and easily optimize these variables in specific
      fur treatments.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for selectively removing guard haid from animal pelts chosen
      from the group consisting of fur seal, beaver, otter, coney, muskrat and
      nutria which comprises:
PA1  pressing an adhesive coated substrate against the guard hair of said animal
      pelt, said adhesive comprising a polyvinyl acetate emulsion, and
PA1  pulling the substrate away from the pelt thereby removing guard hair from
      the pelt without substantial removal of fur which underlies the guard
      hair.
NUM  2.
PAR  2. The method of claim 1 wherein the animal pelt is fur seal.
NUM  3.
PAR  3. The method of claim 2 wherein the pressing step is carried out at a
      pressure in the range of about 150 to about 330 psi.
NUM  4.
PAR  4. The method of claim 3 wherein the angle between the substrate and the
      pelt is maintained at greater than 90.degree. during the pulling step.
NUM  5.
PAR  5. The method of claim 4 wherein the substrate is a flexible material of
      belt form.
NUM  6.
PAR  6. The method of claim 5 wherein the adhesive coated substrate, after being
      pulled from the pelt and having guard hairs adhering thereto, is treated
      with a solvent to remove the adhesive and adhering guard hairs from the
      substrate.
NUM  7.
PAR  7. The method of claim 6 wherein the cleaned substrate is recoated with
      adhesive and is again used to remove guard hair from a fur seal pelt.
NUM  8.
PAR  8. The method of claim 7 wherein guard hair is separated from the adhesive
      and solvent and the adhesive is recovered for reuse,
NUM  9.
PAR  9. The method of claim 5 wherein the substrate is pulled away from the pelt
      at a rate of about 10 to 12 inches per minute.
NUM  10.
PAR  10. The method of claim 9 wherein the angle between the substrate and the
      pelt is maintained between 135.degree. and 180.degree. during the pulling
      step.
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ABST
PAL  An adjustment control device for a chain. The control device includes a
      body member having a first orifice for slidably receiving the chain and a
      second orifice extending crosswise of the first orifice for receiving a
      shackle of a lock. After a chain has been inserted into the body member,
      the shackle of the lock is inserted into the second orifice between two
      alternate links of the chain without passing through the link connecting
      those alternate links to lock the chain in position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When locking bicycles and other portable objects to fixed objects in an
      attempt to prevent theft, several locking devices have been used, the most
      common of which is a length of chain and a commercial padlock. Both the
      chain and the padlock are made of hardened metal to resist cutting or
      other means of destruction. The padlock shackle is normally similar to
      that of the chain so that they both will resist an equal amount of
      destruction. As a result of their similarity in characteristics, the size
      of the shackle of the lock is such that it cannot pass through a normal
      link of the chain. To overcome this problem and still use the proper
      padlock, the chain is provided with one or more larger links, large enough
      to allow the passage of the padlock shackle.
PAR  In use, the chain is normally passed around or through the bicycle or
      article to be secured and around a hitching post or other fixed object.
      The padlock shackle is then passed through the larger links and locked.
      With this manner of attachment, there will often be a large degree of
      slack allowing relative movement between the article and the object to
      which it is secured. Where this slack exists, the chain may be more
      vulnerable to unauthorized removal than if it were maintained in a taut
      condition.
PAR  Slack chains can also permit damage to the secured article and this is
      particularly problemsome where a chain is used as a safety chain with a
      towed vehicle. When using a trailer hitch or other towing means for towing
      a trailer, a safety chain is used to prevent disconnection if the hitch
      fails. The safety chain must normally be maintained in a slack or loose
      disposition due to its construction. Because of this, the towed vehicle
      may swing wildly behind the towing vehicle if the main hitch fails; and
      this will present a dangerous situation to other traffic on the highway.
PAC  SUMMARY OF THE INVENTION
PAR  With the present invention, an adjustable chain locking device is provided
      for locking bicycles and other portable objects in a taut condition to
      secure them from theft and damage. The device includes a body member
      having two openings or orifices, one for receiving a conventional chain
      and the other for receiving the shackle of a padlock. The opening for the
      chain is a cross-shaped orifice which allows the chain to move through the
      body member; but prevents rotation of the links about the axis of the
      chain. Thus, alternate links of the chain are maintained in a coplanar
      orientation within the body member with the intermediate connecting links
      in a plane generally perpendicular thereto.
PAR  The orifice in the body member for receiving the shackle of the padlock
      intersects one leg of the cross-shaped orifice. When the chain is pulled
      through to the desired position, the shackle is inserted through its
      orifice and between two alternate links. The shackle takes up enough of
      the space between the alternate links and the connecting link to prevent
      axial movement of the chain through the body member.
PAR  When the locking device of the present invention is to be used with a
      safety chain for towing a vehicle, the shackle member is provided with an
      extended arm on which the body member of the locking device is slidably
      mounted. The body member is biased toward the shackle such that in the
      normal position, the shackle remains in an orifice provided for it in the
      body member. To operate and lock, the body member is slid on the extended
      arm away from the shackle and against the biasing force allowing the chain
      to be inserted in the orifice and pulled through the body member to the
      desired position. Upon releasing the body member, the biasing force will
      move the body member back into the intersection with the shackle; thus
      locking the chain into position.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the body member portion of the locking
      device;
PAR  FIG. 2 is a front view of the body member showing a chain locked into place
      by a padlock;
PAR  FIG. 3 is a side view of the locking device as shown in FIG. 2; and
PAR  FIG. 4 is a front view of a modified embodiment of the present invention
      wherein the body member is slidably mounted on the shackle of the locking
      device.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the locking device includes an adjustment control
      device generally designated by reference numeral 1 and comprising a body
      member 2. This member is generally cylindrical in shape and provided with
      a cross-shaped orifice 3 extending along its longitudinal axis for
      slidably receiving a chain 4. As can be seen in FIG. 2, the dimensions of
      the orifice 3 are only slightly larger than those of links of the chain 4.
      The shape of the orifice 3 provides a means for preventing the chain links
      from rotating. The configuration of the orifice 3 also maintains alternate
      links of the chain in a common plane and the intermediate connecting link
      in a plane essentially perpendicular thereto. In the drawings, two
      alternate links are designated by reference numerals 5 and 7 while the
      intermediate connecting link which is associated with these two alternate
      links is designed by reference numeral 6.
PAR  A second orifice 8 is provided in the body member and extends crosswise to
      the first orifice 3. The second orifice 8 is located a sufficient distance
      from the center line of the first orifice to allow passage of shackle 9 of
      a standard padlock 10 without interfering with the connecting link 6. The
      second orifice is small enough, however, to maintain the shackle in the
      path of axial movement of the alternate links 5, 7 and thus prevent axial
      movement of the chain through the body member.
PAR  The body member 2 has two flanges 11 and 12 extending therefrom for
      attachment to a suitable carrier for the locking device. In FIGS. 2 and 3
      the carrier is shown as a link 13 of a chain 4. The connection to the link
      13 is made by a rivet 14 passing through the link 13 and attached to the
      flanges 11 and 12.
PAR  In operation, the free end of the chain 4 is first passed through or around
      the object to be secured, for instance a bicycle. It is then passed around
      an element such as a tree or post to which it is desired to secure the
      bicycle. After passing the chain in this manner, the free end is inserted
      into the first orifice 3 of the body member and pulled through to the
      desired point along the length of the chain. The shackle 9 of padlock 10
      is then inserted into the second orifice 8 between two coplanar links 5
      and 7 and locked back into the padlock 10. This locks the chain in place
      about the object and the structure to which the object is being secured.
      By having this adjustability feature when locking objects to fixed
      structures, theft becomes more difficult and the possibility of damage due
      to the object falling is lessened.
PAR  Another embodiment of applicant's device uses a spring loaded lock pin as
      shown in FIG. 4. Here the lock pin includes a shackle 9 with an extended
      arm portion 15. A stop washer 16 is attached to the end of the arm. The
      flanges 11, 12 of the body member 2 of the locking device have openings
      large enough to allow the arm of the shackle to pass through them. In this
      way the body member is slidably mounted on the extended arm 15 of the
      shackle.
PAR  A helical compression spring 17 circumscribes the extended arm of the
      shackle between the lock washer 16 and flange 12 of the body member. The
      spring is biased to force the body member toward the shackle portion of
      the lock pin. The body member is orientated such that the second orifice 8
      is opposite the end 18 of the shackle 9. In the normal position, the body
      member is forced into a position where the end 18 of the shackle 9 extends
      through the second orifice 8 and between coplanar links 5 and 7 as
      described above with reference to the embodiment of the invention shown in
      FIGS. 1-3. Stop means in the form of a bead 19 is positioned on the
      extended arm 15 facing the flange 11 to limit the movement of the body
      member toward the shackle end. The positioning of this bead is at a point
      on the extended arm to prevent the body jamming onto the shackle end. The
      chain for use with this device is attached to the extended arm between the
      flanges 11, 12.
PAR  The locking device may be attached between a towing vehicle and a towed
      vehicle by inserting the chain around or through suitable parts of the
      framework of both vehicles. Alternatively, one end of the chain may be
      welded to the framework of the towed vehicle and the body member connected
      to the chain intermediate its length. The body member 2 is then moved on
      the extended arm 15 against the bias of the spring 17 to disengage it from
      the shackle 9. The free end of the chain is then inserted and pulled
      through the orifice 3 to the desired position. Upon removing the force
      used to move the body member on the extended arm to thereby open the
      locking device, the body member will move to its normal position with the
      shackle positioned in the orifice 8 and the chain locked in position with
      the desired degree of tautness. By using the adjustable locking device as
      part of a safety chain when towing a vehicle, more control over the towed
      vehicle is provided should the primary hitch ever break.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adjustable locking device comprising:
PA1  a. a chain;
PA1  b. a locking shackle having an extended arm portion;
PA1  c. an adjustment device including:
PA2  1. a first orifice extending therethrough for slidably receiving the chain
      and holding it against rotation,
PA2  2. a second orifice extending crosswise of the first orifice for receiving
      the shackle member in the path of axial movement of alternate links of the
      chain, and
PA2  3. spaced apertured flanges for receiving the end link of said chain
      therebetween and the extended arm of the shackle member therethrough; and
PA1  d. spring means mounted about the extended arm and urging the body member
      in one direction to normally position the shackle in the second orifice of
      said body member.
NUM  2.
PAR  2. The device according to claim 1 further comprising:
PA1  a. stop means positioned on the extended arm of the shackle for limiting
      the movement of said body member toward the shackle and to prevent jamming
      thereof.
NUM  3.
PAR  3. An adjustable locking device comprising:
PA1  a. a chain;
PA1  b. locking shackle member having an extended arm portion;
PA1  c. an adjustment device including a body member having
PA2  1. a first orifice extending therethrough for slidably receiving the chain
      and holding it against rotation, and
PAR  2.  a second orifice extending crosswise of the first orifice for receiving
      the locking shackle member in the path of axial movement of alternate
      links of the chain; and,
PA1  d. attaching means for attaching the body member to one link of said chain,
      said attaching means including
PA2  1. spaced apertured flanges extending from said body for receiving the end
      link of said chain, and said extending arm portion of said locking shackle
      member extending through said apertured flanges of said body member and
      through the end link of the chain.
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ABST
PAL  A telephone locking apparatus. The apparatus includes a base plate and
      keeper plate which cooperatively define jaw means for clamping the
      apparatus to the handhold shelf of a telephone desk set. The apparatus
      also includes a locking plate hingedly connected to the base plate and
      interlockable therewith for maintaining the switch hooks of the telephone
      in a depressed state to substantially avoid unauthorized use of the
      telephone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a telephone locking apparatus
      and, more particularly, to an apparatus for locking the switch hooks of a
      telephone desk set in a depressed state and thereby rendering the
      telephone inoperative.
PAR  As well known, telephone services are provided at a rate dependent upon
      usage. Unauthorized telephone usage can, therefore, present a significant
      financial problem to a business or corporation.
PAR  Numerous telephone locking devices are presently available. However, the
      presently known devices suffer from a variety of shortcomings, rendering
      the devices highly undesirable.
PAR  One known and very popular locking device engages the first dialing
      aperture of a telephone and prohibits rotation of the dial mechanism. As
      such, this locking device can only be used with a dial-type telephone. The
      device is totally incompatible with the increasingly popular push button
      telephone.
PAR  Several of the presently known locking devices are easily manipulated and
      removed from the telephone set. Thus, protection against unauthorized use
      is only minimal.
PAR  Often the telephone lock interferes with the operation of the telephone
      unit. For example, the lock is secured to the cradle of the telephone
      base, such that the handset cannot be placed in the typical "at rest"
      position upon the cradle. The handset must either be placed next to the
      base unit or awkwardly balanced on the locking device. This, however,
      presents an unsightly appearance.
PAR  All of the presently known telephone locking devices must be completely
      removed to operate or use the telephone. As such, the lock must be
      replaced or refastened with each and every authorized use. This burden
      often attributes to a lack of cooperation on the part of authorized users,
      as well as the loss and/or misplacement of the locking device.
PAR  Further, the presently known locking devices are not universally designed
      or dimensioned. Thus, the lock is incompatible with telephone sets
      produced by various manufacturers, particularly foreign manufacturers.
PAC  SUMMARY OF THE INVENTION
PAR  In a principal aspect, the present invention is a telephone locking
      apparatus for use in combination with all types of telephone desk sets.
      The apparatus includes a base plate, keeper plate and locking plate. The
      base and keeper plates are interconnected and define, in cooperation, jaw
      means for clamping the handhold shelf of the telephone base, rigidly
      securing the apparatus to the telephone.
PAR  The locking plate is hingedly secured to the base plate. In a first
      operable or locking state, the locking plate engages and depresses the
      switch hook of the telephone unit. The locking plate is selectively
      interlocked with the base plate to substantially avoid unauthorized use of
      the telephone.
PAR  It is thus an object of the present invention to provide an apparatus for
      locking a telephone unit which is inexpensively manufactured and readily
      operated.
PAR  It is a further object of the present invention to provide a telephone
      locking apparatus which may be used with both dial and push button
      telephones.
PAR  It is also an object of the present invention to provide a telephone
      locking apparatus universally compatible with telephone desk sets,
      regardless of dimensions and contours.
PAR  It is another object of the present invention to provide a telephone
      locking device which is permanently affixed to the telephone, and thus,
      need only be mounted a single time.
PAR  It is also an object of the present invention to provide a telephone
      locking apparatus which does not interfere with the basic design and
      operation of the telephone unit.
PAR  These and other objects, advantages and features of the present invention
      are set forth in the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred embodiment of the present invention will be described, in
      detail, with reference to the drawing wherein:
PAR  FIG. 1 is a perspective view of a preferred embodiment of the present
      invention mounted on the base of a telephone desk set;
PAR  FIG. 2 is a cross-sectional view of the preferred embodiment shown in FIG.
      1 taken along the lines 2--2;
PAR  FIG. 3 shows a preferred embodiment of FIG. 2 in an open state; and
PAR  FIG. 4 is an exploded view of the preferred embodiment shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment of the present invention is shown in FIG. 1 as a
      telephone locking apparatus 10 mounted on a base 12 of a telephone desk
      set. The base or telephone 12 includes a cradle, generally designated 14
      and defined by a pair of cradle guides 16, 18, a handhold shelf 19, shown
      in FIGS. 2 and 3, and switch hooks 20, shown in phantom in FIG. 1. As
      shown in FIGS. 2 and 3, the handhold shelf 19 includes a downwardly
      extending lip 21. In normal operation, a handset (not shown) rests on the
      cradle 14 during periods of non-use, thereby depressing the switch hooks
      20 to deactivate the telephone 12.
PAR  The locking apparatus 10 is preferably metal. However, other materials,
      such as plastic, can be used.
PAR  Additionally, a dial telephone 12 is shown in FIG. 1. This is illustrative
      only and the apparatus 10 is compatible with a push button telephone.
PAR  Referring now to FIGS. 2, 3 and 4, the apparatus 10 includes principally a
      base plate 22, a keeper plate 24 and a locking plate 26. As shown, the
      keeper plate 24 includes a substantially rectangular bottom 28, a first
      end wall 30, and a pair of side walls 34. As best shown in FIGS. 2 and 3,
      the first end wall 30 extends from the bottom 28 alone and includes an
      upwardly inclined, substantially planar portion 36 and a curved or rolled
      portion 38.
PAR  The side walls 34 are substantially perpendicular to the bottom 28 and
      extend from opposing sides or edges thereof. Each side wall 34 includes a
      first end portion 40, adjacent the first end wall 30, and a second end
      portion 41, opposite the first end wall 30. The side wall 34 has its
      greatest height at the first end portion 40, and thus, the keeper plate 24
      is deepest at the first end portion 40. As shown, the side walls 34
      incline downwardly from the first end portion 40 to a substantially
      trapezoidal, upwardly opening notch 42 in an intermediate portion of the
      side wall 34, generally designated 44. Preferably, the side walls 34 also
      incline downwardly from the second end portion 41 to the notch 42.
PAR  The base plate 22 is substantially rectangular and box-shaped. As shown,
      the base plate 22 includes a substantially planar top 45. The base plate
      22 also includes a rolled or round end 46 and a substantially perimetric
      wall 48, extending along the edge of the top 45 opposite the rolled end
      46. The wall 48 is substantially perpendicular to the top 45 and includes
      portions 48a, 48b having two different heights. The portions 48a are
      adjacent the rolled end 46 and extend substantially to a midpoint of the
      top 45 generally designated 50. The height of the portions 48a is greater
      than the height of the portion 48b, such that the wall 48 defines a pair
      of substantially vertical edges 48c. The opposite ends of the wall
      portions 48a are curved to conform to the contour of the rolled end 46.
PAR  The keeper plate 24 is secured to the base plate 22 by a pair of screws 51.
      The screws 51 engage holes 52, 54 in the plates 22, 24, respectively. As
      shown, the holes 52, 54 are substantially aligned with the edge 48c and
      notch 42, respectively.
PAR  The base plate 22 also defines an aperture 56 extending longitudinally from
      substantially the midpoint 50 towards the rolled end 46. An L-shaped lip
      58 extends downwardly from a front edge 60 of the aperture 56, as shown.
PAR  The locking plate 26 includes a substantially planar shelf cover 62, having
      a pair of transversely extending wings 64, and mounting projections 66. As
      best shown in FIG. 1, the cover 62 is substantially the same width as the
      cradle 14, i.e., the distance d between the cradle guides 16, l8. The
      mounting projections 66 are substantially perpendicular to the cover 62
      and extend from a first end 68, opposite the wings 64.
PAR  As best shown in FIG. 4, the locking plate 26 is pivotally or hingedly
      secured to the wall portions 48a of the base plate 22 by pins 70. The pins
      70 are received by openings 72, 74 in the walls 48 and mounting
      projections 66, respectively. The openings 72 are located substantially
      within the curved ends of the wall portions 48a.
PAR  The locking plate 26 also includes an aperture 76. A cylinder lock 78
      engages the aperture 76 and is rigidly secured to the locking plate 26 by
      means of securing nuts, generally designated 79. The cylinder lock 78
      includes a key slot 80 and a rotatable flange 81. The flange 81 is
      operable in a first position, shown in FIG. 4, and a second position
      wherein the flange 81 is rotated 90.degree.  away from the projections 66.
      The cylinder lock 78 is operated by a key (not shown), distributed to
      authorized users of the telephone 12.
PAR  The apparatus 10 is shown in an assembled state in FIGS. 2 and 3. As shown,
      the keeper plate 24 fits substantially within the box-shaped base plate
      22. More particularly, a portion of the keeper plate 24 is enclosed by the
      wall portions 48a.
PAR  The wall portion 48b of the base plate 22 engages the upper surface of the
      handhold shelf 19 and the edges 48c abut against the lip 21. The keeper
      plate 24 engages both the base plate 22 and the lower surface of the
      handhold shelf 19. More specifically, as the screws 51 are tightened to
      install the apparatus 10, the first end portions 40 of the side walls 34
      initially engage the top 45 of the base plate 22. With further tightening,
      the keeper plate 24 pivots substantially about the engagement of first end
      portions 40 and base plate 22, such that the second end portion 41 engages
      the handhold shelf 19, securing the apparatus 10. As such, the base plate
      22, keeper plate 24 and screws 51, i.e., means for connecting the base
      plate 22 and keeper plate 24, cooperatively define jaw means, generally
      designated 82, for clamping the apparatus 10 to the base 12 of a telephone
      desk set.
PAR  The clamping or pinching action of the base plate 22 and keeper plate 24
      rigidly secures the apparatus 10 to the handhold shelf 19. As shown, the
      notch 42 receives the lip 21 of the handhold shelf 19 to substantially
      avoid interference with the clamping operation. The edge 48c of the base
      plate 22, in abutment with the handhold shelf 19, facilitates installation
      by substantially aligning the cooperating features of the apparatus 10 and
      telephone 12.
PAR  In a first operational or locking state, shown in FIGS. 1 and 2, the
      locking plate 26 is rotated onto the base plate 22, such that the wings 64
      interpose the cradle guides 16, 18 and depress the switchhooks 20. The
      apertures 56, 76 substantially align in this state, such that the
      rotatable flange 81 interposes the base plate 22 and keeper plate 24. The
      locking plate 26 is selectively interlocked with the base plate 22 by
      rotation of flange 81 to its second operational position, as described
      above. More particularly, the flange 81 is rotated into engagement with
      the L-shaped lip 58, as shown in FIG. 2. Unauthorized use of the telephone
      12 is, therefore, substantially avoided.
PAR  Rotation of the flange 81 to its first operational position, shown in FIG.
      4, and rotation of the locking plate 26 away from the base plate 22
      permits authorized use of the telephone. That is, the switch hooks 20 are
      released. As best shown in FIG. 4, the size of aperture 56 is sufficient
      to substantially avoid interference between the base plate 22 and flange
      81 as the locking plate 26 is rotated.
PAR  The apparatus 10 is permanently mounted upon the telephone 12. This
      substantially avoids the inconvenience of re-mounting or re-fastening
      after each authorized use, as experienced with the presently known locking
      devices. Further, the apparatus 10 cannot be lost or misplaced.
PAR  As best shown in FIG. 1, the locking plate 26 substantially covers the
      screws 51 in the locking state. Thus, tampering with the apparatus 10,
      while in the locking state, is substantially avoided. The first end wall
      30 of the keeper plate 24 also abuts and conforms to the rolled end 46 of
      the base plate 22 to provide a continuous and smooth end to the apparatus
      10. The telephone 12 may be conveniently carried by means of this end.
PAR  Additionally, the locking plate 26 and more particularly the shelf cover 62
      provide, in the first operational state, a platform, which cooperates with
      the cradle guides 16, 18 to define a substitute cradle for the telephone
      handset. Thus, the apparatus 10 permits normal use and operation of the
      telephone 12.
PAR  Significantly, the clamping of the base plate 22 and keeper plate 24 to the
      handhold shelf 19 can be effected with only minimum physical contact
      between the handhold shelf 19, base plate 22 and keeper plate 24.
      Basically, the base plate 22 and keeper plate 24 need only engage the
      handhold shelf 19 at points on opposite side thereof. Thus, the shape and
      contour of the handhold shelf 19 and telephone 12 are relatively
      immaterial in the clamping action. As such, the apparatus 10 is
      substantially compatitable with all telephone desk sets, despite slight
      variations and differences in design.
PAR  A single perferred embodiment of the present invention has been disclosed
      and described. It should be understood, however, that various changes and
      modifications can be made without departing from the true scope and spirit
      of the present invention, as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for locking a telephone, said telephone having a switch
      hook and a handhold shelf, comprising, in combination:
PA1  means for rigidly attaching said apparatus to said telephone, said
      attaching means including a base plate, a keeper plate, and means for
      adjustably securing said base plate to said keeper plate, said keeper
      plate having a pair of side walls, said side wall having a first end
      portion, an intermediate portion and a second end portion, said side wall
      having a height greatest at said first end portion and inclining
      downwardly from said first end portion to said intermediate portion, said
      first end portion engaging said base plate in an assembled state, said
      base plate, keeper plate and securing means cooperatively defining jaw
      means for adjustably clamping said handhold shelf, said keeper plate
      pivoting substantially about said engagement of said first end portion and
      said base plate as said securing means is adjusted;
PA1  a locking plate hingedly connected to said attaching means and operable in
      at least a first state, said locking plate engaging and depressing said
      switch hook in said first state; and
PA1  means for selectively interlocking said locking plate and said attaching
      means whenever said locking plate is in said first state, said
      interlocking means being fixedly secured to said locking plate, said
      attaching means substantially enclosing said interlocking means in said
      first state, whereby tampering with said interlocking means in said first
      state is substantially avoided.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein said interlocking means
      includes a cylinder lock having a rotatable flange member, said rotatable
      flange member interposing said base plate and said keeper plate in said
      first state.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 wherein said base plate defines an
      aperture for receipt of said cylinder lock, said rotatable flange member
      being operable in a locking state to engage said base plate, whereby said
      locking plate is locked relative to said base plate.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 wherein said base plate engages the
      top of said handhold shelf and said keeper plate engages the bottom
      thereof.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 wherein said handhold shelf includes
      a downwardly extending lip, said side wall of said keeper plate defining
      an upwardly opening notch in said intermediate portion, said upwardly
      opening notch receiving said downwardly extending lip in said assembled
      state.
NUM  6.
PAR  6. An apparatus as claimed in claim 1 wherein said base plate defines a
      substantially vertical edge, said edge abutting said handhold shelf in
      said assembled state.
NUM  7.
PAR  7. An apparatus as claimed in claim 1 wherein said side wall of said keeper
      plate inclines downwardly from said second end portion to said
      intermediate portion, whereby said second end portion engages the bottom
      of said handhold shelf in said assembled state.
NUM  8.
PAR  8. An apparatus claimed in claim 1 wherein said locking plate substantially
      conceals said securing means in said first state, whereby unauthorized
      removal of said apparatus from said telephone is substantially avoided.
NUM  9.
PAR  9. An apparatus claimed in claim 1 wherein said base plate and said keeper
      plate cooperatively define a rounded continuous end adjacent said first
      end portion of said side wall, such that said telephone is transportable.
NUM  10.
PAR  10. An apparatus as claimed in claim 1 wherein said locking plate includes
      a pair of extending wings for engagement and depression of said switch
      hook.
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ABST
PAL  Normally disabled electrical and mechanical devices are caused to be
      enabled to operate by remote control signals having predetermined
      distinctive characteristics, such signals originating from enabling
      control equipment transported by an authorized person or persons.
      Receiving equipment providing output enabling signals only in response to
      received signals having the predetermined distinctive characteristics is
      preferably made integral with the mechanical or electrical devices
      involved and is coupled through appropriate electronic or
      electromechanical devices to the disabling means in the mechanical or
      electrical devices to be enabled.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application for
      U.S. Pat. Ser. No. 371,378, filed June 19, 1973, entitled "Safety Device
      for Firearm", now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to safety systems and, more particularly to safety
      systems controlled by remote control signals with distinctive
      characteristics.
PAR  2. Description of the Prior Art
PAR  The subjects of safety and security have received widespread attention in
      recent years. While the two fields are inter-related there is no doubt
      that security has been of primary interest. The reason for the emphasis on
      security has been the continuous rise in crime which the yearly statistics
      reflect and the general feeling of private citizens in this and many other
      countries that lawlessness prevails. Unauthorized breaking and entering of
      private homes and businesses, car thefts, pleasure boat thefts, tampering
      with railroad switches and seizing of peace officers' weapons for use
      against those officers are daily occurrences. There have even been cases
      of attempted theft of diesel freight engines!
PAR  The need for modernized safety and security devices and systems is
      apparent. Various electronic devices, such as electronic key and lock
      combinations, have been proposed but they have been complex, required
      considerable power for operation because they were called upon to do the
      actual mechanical work involved in, for example, moving a bolt or latch,
      and they were not adequately secure. They were also very expensive and
      bulky. They have had conspicuously little commercial acceptance.
PAR  Examples of patents which relate to the problems detailed above
      particularly as applicable to firearm safety systems are U.S. Pat. Nos.
      2,979,845, 1,076,530, 3,400,393, 2,472,136 and 2,337,145. However all of
      these involve relatively cumbersome approaches to the problem which are
      not feasible in situations to which the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of this invention to provide a new and improved
      safety system with a high degree of freedom from unauthorized
      circumvention.
PAR  It is a further object of this invention to provide a safety system in
      which the mechanical or electrical portion of the system is enabled to
      operate in the presence of a distinctive signal but is disabled from
      operation in the absence of such signal.
PAR  It is an additional object of this invention to provide a safety system in
      which the enabling signal source may be conveniently transported by
      authorized personnel.
PAR  It is a still further object of this invention to provide a safety system
      in which the source of the enabling signal for the system is extremely
      compact, lightweight, self-contained, has low power consumption and is
      easily carried on the body (for example, the wrist) of authorized
      personnel.
PAR  The foregoing and other objects of this invention are accomplished by
      providing for a normally disabled electrical or mechanical device a source
      of remote signals having predetermined, distinctive characteristics, a
      receiver responsive only to signals having those distinctive
      characteristics to produce at its output terminals an enabling signal, and
      means responsive to the enabling signal to permit normal operation of the
      mechanical or electrical device associated with the receiver.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention can be better understood with reference to the specification
      when taken in conjunction with the drawings, in which:
PAR  FIG. 1 is a side view, partially cut away, showing a firearm incorporating
      a particular receiving and enabling mechanism, according to the present
      invention;
PAR  FIG. 2 is a perspective view of one embodiment of a source of remote
      signals having predetermined distinctive characteristics designed to
      operate the receiving and enabling mechanism of FIG. 1;
PAR  FIG. 3 is a graphical representation of the energy storage characteristics
      of a portion of the apparatus of FIG. 1;
PAR  FIG. 4 is a diagram, partially in block form and partially in schematic
      form of the receiving, decoding and enabling circuit carried in the
      firearm of FIG. 1;
PAR  FIG. 5 is a block diagram of a radiant signal generator which may be housed
      in the device of FIG. 2, for example;
PAR  FIG. 6 is a block diagram showing the basic elements of a particular
      radiant energy system according to the present invention;
PAR  FIG. 7 is a view, partially in block form and partially in cut-away form,
      of the electromechanical enabling means of FIG. 1 applied to a different
      safety application;
PAR  FIG. 8 is a schematic diagram of one form of the receiver, decoder and
      enabling section of the system of FIG. 6;
PAR  FIG. 9 is a block diagram of a safety system utilizing infra-red radiant
      signals in accordance with this invention;
PAR  FIG. 10 is a block diagram of a safety system utilizing ultra-sonic signals
      in accordance with the present invention;
PAR  FIG. 11 is a block diagram of the receiving, decoding and enabling circuits
      for a safety system according to this invention applied to electrical
      equipment;
PAR  FIG. 12 is a combination block and schematic diagram showing a particular
      embodiment of the invention as applied to a locking mechanism; and
PAR  FIG. 13 is a schematic diagram of a battery charging circuit of particular
      utilization in certain embodiments of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a typical handheld firearm, designated
      generally 10, incorporating certain of the features of the present
      invention. The firearm there shown is a Smith and Wesson revolver of a
      well-known construction. No alterations of any significance are required
      in the gun mechanism other than two minor machining operations to
      facilitate mounting a lock for the firing mechanism on the frame 12 of the
      firearm.
PAR  As shown in FIG. 1, the right-hand stock or cover plate has been removed to
      expose the firing mechanism. As there shown, the parts are in their normal
      condition with hammer 13 closed. This hammer is supported on a pivot pin
      14. Sear 15 is carried by hammer 13 and pivotally connected thereto by a
      pin 16. Hammer 13 is urged toward a closed position by a powerful leaf
      spring 18 connected to the hammer by stirrup 19 and having its lower end
      20 anchored in a recess 21 of the handgrip frame. As is well-known, the
      lower end of spring 18 is fulcrummed against an adjustable set screw 22
      extending through a threaded hole in frame 12.
PAR  Trigger 25 is pivoted to main frame 12 on a pin 26 with its inner end
      bearing against the lower end of sear 15. The rebound slide 28 is
      reciprocally supported in a slideway 29 of the main frame with its
      right-hand end bearing against the cam surface on the left-hand peripheral
      edge of trigger 25.
PAR  The subassembly provided by this invention and carried on the firearm for
      the purpose of providing positive assurance against its use by anyone
      except an authorized person comprises a radio receiver and decoder capsule
      30 having an antenna 31 and a self-contained battery, not shown, which may
      be rechargeable, all mounted in a cavity in the left-hand cover plate of
      the handgrip. Capsule 30 may be releasably held in place in this cavity as
      by a keeper clip 30'. Details of this capsule and its antenna will be
      described in greater detail presently. The output signal of capsule 30 is
      employed to operate a solenoid 33 having an armature 34 coupled by a line
      35 to a latch lever 36 pivoted to main frame 12 on a pin 37. The solid
      line showing a latch lever 36 is its normal position with its upper end 38
      positioned in the path taken by the lower left-hand corner 39 of hammer 13
      in order to discharge the firearm. When latch 36 is so positioned it is
      impossible for hammer 13 to be rotated further counterclockwise as is
      necessary for the trigger to release sear 15. However, when the latch 36
      is rotated slightly counterclockwise to the dotted line position by the
      energized solenoid 33, the firing mechanism can be operated in the
      customary manner.
PAR  Solenoid 33 includes a mounting bracket 42 secured to the firearm frame in
      any suitable manner, as by anchor bolt 43. A light spring 45 normally
      urges armature 34 downwardly as viewed in FIG. 1 to hold latch 38 in the
      path of portion 39 of hammer 13. The lower end of armature 34 includes a
      dashpot 47 constructed in any suitable manner and functioning to retard
      the return of the armature to its normal locking position after the
      solenoid has been momentarily energized.
PAR  Energization of solenoid 33 is controlled, provided the receiver unit is
      coupled to the transmitter unit, by a normally open microswitch 50
      suitably fixed to frame 12 and having an operating lever 51 normally
      biased firmly against the left-hand end of rebound slide 28. Preferably,
      the switch is so adjusted that the slightest movement of trigger 25 in a
      direction to discharge the firearm is sufficient to close switch 50 and
      energize solenoid 33 in a manner which will be described in greater detail
      presently, thereby disabling the firing mechanism locking latch 36.
PAR  Referring now to FIG. 2, there is shown a suitable embodiment of the
      control subassembly worn by the person authorized to carry firearm 10. As
      there shown, subassembly 60 comprises an expandable-contractable wristband
      61 secured to the opposite ends of a housing 62 enclosing a signal
      generator providing the control signal employed to operate the enabling
      solenoid 33. It will be understood that housing 62 encloses a miniature
      radio transmitter and a rechargeable power supply for that transmitter,
      each appropriately designed for mounting within a casing no longer than a
      conventional wrist watch.
PAR  THe signal generator worn on the person may take many forms but preferably
      provides a continuously radiated distinctive signal of a type readily
      distinguished from any other signal present in the vicinity. Additionally
      and desirably a plurality of transmitters is connected in parallel, any
      one or more of such transmitters being adequate to provide an operating
      signal for the receiver 30 housed in the firearm.
PAR  As shown in FIG. 5 by way of example, the transmitter includes three
      miniature transmitters 64, 65, 66 having their respective outputs 64',
      65', 66' connected to the metal housing 62 of FIG. 2 which housing is worn
      in direct contact with the body and which, in combination with the body,
      acts as the antenna for the several transmitters.
PAR  Each transmitter includes a high frequency oscillator modulated by a
      relatively low frequency modulating oscillator the resulting modulated RF
      signal being fed to antenna 62 via an output amplifier and common
      conductor 67. As shown herein by way of example, transmitter 64 comprises
      a 2.5 MHz oscillator modulated by a 500 Hz oscillator, whereas transmitter
      65 comprises a 5.0 MHz oscillator modulated by a 1000 Hz oscillator, and
      transmitter 66 comprises a 3.0 MHz oscillator modulated by a 1500 Hz
      oscillator. Each oscillator is controlled by a high-precision crystal or
      other frequency control means providing adequate frequency stability and
      the output signal of each transmitter preferably differs from the output
      signal of every other transmitter designed to cooperate with a different
      firearm equipped with the safety device of this invention. It follows that
      the control receiver for a particular firearm is designed and constructed
      to respond only to the output signals of a particular transmitter or group
      of transmitters.
PAR  Referring to FIG. 4, there is shown, schematically, suitable control
      receiver equipment housed within capsule 30 concealed within the firearm.
      It will be understood there is a separate matching miniature radio
      receiver for each transmitter in subassembly 60. As depicted herein by way
      of example, the receiver subassembly includes an antenna, a receiver, an
      audio frequency amplifier, a signal decoder designed to provide an output
      only for the distinctive signal of a specific one or group of signal
      transmitters, any spurious signal sensed by the antenna being filtered out
      or rejected. The output of each signal decoder is supplied to a gating
      circuit connected in any suitable manner to provide an output signal to
      rectifier 70. An output amplifier 71 may follow rectifier 70. The gating
      circuit may be designed to provide an output signal if any receiver is
      delivering a signal or if any two receivers are delivering a signal,
      depending upon the type of gating employed. As shown herein by way of
      example, the gating circuit provides an output signal if any two of the
      three receivers is working properly which signal is employed to operate
      the disabling solenoid 33 upon pressure being applied to trigger 25 to
      close switch 50. Thus the gating circuit includes three AND gates 75, 76,
      77 and a single OR gate 78 connected between the outputs of the several
      decoders and rectifier 70. As is readily apparent, any pair of properly
      functioning receivers suffices to operate one of the AND gates to provide
      an output signal for OR gate 78. That signal is rectified and amplified
      and supplied to the base of transistor Q1 in the energizing circuit for
      the disabling solenoid 33. As here shown, a 330 mfd capacitor is connected
      between the positive side of a 9 volt storage battery and the follower of
      Q1 whereas the emitter is grounded via a 68 ohm resistor R1.
PAR  The operating characteristics of the transmitter subassembly are
      graphically depicted in FIG. 3, it being understood that the transmitter
      operates continuously so long as the wrist band 60 is being worn, the
      power supply circuit being energized automatically as the wristband 61
      contracts to press the underside casing 62 against the arm or,
      alternatively, as a control switch not shown but readily accessible to the
      wearer is pressed. Desirably, any suitable pressure actuated control
      switch in contact with the arm is held closed as long as the device is
      worn.
PAR  The output signal from each transmitter is impressed upon the body of the
      wearer from housing 62 and preferably is normally coupled to the receiving
      antennas 31a, 31b, 31c in sufficient strength to be processed by the
      associated receivers only if the person wearing the transmitter is
      grasping the handgrip of the firearm. Thus it will be noticed from FIG. 1
      that when grasping the handgrip the fingers and palm of the hand will be
      in close proximity to the receiving antenna indicated at 31 in this
      figure. Each of the receivers then has a sufficiently strong input signal
      for processing by the individual receiver-decoder. The resulting decoded
      signals pass through the gates, such as gates 75 to 77, and thence to
      rectifier 70 and amplifier 71, the output from the amplifier being passed
      directly to the base of transistor Q1.
PAR  It is thus seen that there is an output signal from amplifier 71
      substantially the instant that a person authorized to carry the firearm
      places his fingers about the handgrip. The charging time of capacitor C1
      is approximately 0.01 seconds with the result that this capacitor is
      charged and remains in readiness for use in enabling the firing mechanism
      to operate in an extremely brief interval after the handgrip is grasped.
      The charging current flow is limited by the voltage drop across resistor
      R1. When trigger 25 is pressed ever so lightly it shifts rebound slide 28
      to the left as viewed in FIG. 1 and operates microswitch 50 to its closed
      position thereby completing a discharge circuit for C1 through the
      disabling solenoid 33. The pulse of energy so released from C1 energizes
      the solenoid in approximately 0.001 seconds to shift latch 36 out of
      locking position or almost instantly following closing of switch 50 and
      very substantially faster than the time required for a fast trigger man to
      discharge a hand-held firearm.
PAR  Actuation of solenoid 33 occurs without interference from dashpot 47, but
      the latter then operates in a well-known manner to dampen or delay for a
      suitable time, say one second, the return of the armature by spring 45 to
      its normal disabled position. After this period of time, the invention
      components are in readiness to disable the firing mechanism so that the
      firearm is incapable of being fired a second time except in the foregoing
      manner and when held in the hand of the person equipped with a transmitter
      unit providing distinctive control signals to which the receiving
      equipment in the firearm is designed to respond. It follows from the
      foregoing that the firearm is incapable of being discharged except by a
      person wearing a specific transmitter unit.
PAR  Upon discharging the firearm the user releases trigger 25, thereby
      permitting switch 50 to return to its normal open position. Capacitor C1
      then recharges as the voltage drop then taking place across R1 limits the
      current flow and the drain on the battery to a negligible amount.
PAR  An important auxiliary device preferably present on the firearm comprises
      an arming indicator providing a readily observed signal informing the user
      that the safety device is functioning properly at any time. This auxiliary
      is indicated at 80 in FIGS. 1 and 4 and comprises a light emitting diode
      connected in series with a 1000 ohm resistor across capacitor C1. As is
      readily apparent this indicator is energized automatically if a user
      equipped with the proper signal transmitter 60 grasps the handgrip.
      Indicator 80 is preferably mounted in a conveniently located and viewed
      position normally concealed by the user's thumb after he has observed the
      indicator when drawing the firearm for use. If the light emitting diode is
      energized the user is assured that the safety system is functioning
      properly and that capacitor C1 is charged. It will also be understood that
      upon releasing the handgrip, indicator 80 provides a discharge circuit for
      capacitor C1 which otherwise would remain charged for a substantial period
      of time.
PAR  FIG. 6 illustrates in block form a more generalized form of a system in
      accordance with the invention comprising a tone-encoded transmitter 100
      and receiver 105 coupled to a mechanical actuator.
PAR  In FIG. 6, transmitter 100 includes RF oscillator section 101 and modulator
      section 102. In its simplest form, RF oscillator section 101 includes a
      single signal generator operating anywhere in the radio frequency range
      from 1.0 MHz to as high as 10 GHz. Also in the simplest embodiment
      modulator section 102 may be an oscillator operating anywhere from the low
      audio range up to several MHz as is deemed most convenient by the
      designer. The modulated signal from oscillator section 101 is coupled to a
      simple antenna 103 which may be a metal band on the wrist of an authorized
      person as indicated hereinabove. The body of the person supplements the
      action of antenna 103 in radiating signals to the receiver portion of the
      safety system. The radiated signals from antenna 103 and the body of the
      carrier of the enabling transmitter 100 are intercepted by antenna portion
      104 of the enabling receiver 105. The signal intercepted by antenna 104 is
      amplified at radio frequencies in RF amplifier 106, the output of which is
      rectified by detector 107 to yield the modulating signal from modulator
      section 102 in transmitter portion 100. The audio signal from detector 107
      is passed through a narrow filter, such as a twin-T filter, to eliminate
      extraneous signals at audio frequencies. Such filtering action is
      performed in filter section 108. The filtered audio signal is used to
      trigger solenoid drive 109 which activates solenoid 110 and enables
      associated mechanical equipment such as the safety device 110a to operate
      whereas, prior to the activation of solenoid 110, such mechanical
      equipment was disabled from operation. In a more secure and more
      complicated embodiment transmitter portion 100 may incorporate a plurality
      of RF oscillators with each of which there is associated a modulator. Each
      of the RF oscillators may have a characteristic different from that of all
      of the other oscillators and each of the modulators may have
      characteristics which are different from those of all the other modulators
      so that the output from antenna 103 is a combination of signals having
      different carrier frequencies and different modulation characteristics.
      Such a transmitter section is shown in FIG. 5. Of course, with multiple RF
      oscillators operating at different frequencies in transmitter portion 100,
      receiver portion 105 must have multiple receiving channels tuned to
      frequencies corresponding to the frequencies of signals being radiated
      from antenna 103.
PAR  In general, the safety systems contemplated by this invention permit close
      proximity between transmitting antenna 103 and receiving antenna 104 so
      that the transmitted power from the RF oscillators in transmitter portion
      100 may be extremely small. The result is, of course, that there is small
      power consumption in the transmitter portion and thus the transmitter
      portion may be battery-operated for long periods of time. Longlife
      performance may be provided by self-contained miniature batteries such as
      mercury cells or nickel-cadmium cells. Similarly, the power consumption of
      the receiver portion 105 may be kept extremely low and the receiver
      portion may also be battery operated. The greatest power consumption in
      the entire system is that utilized in activating solenoid 110. However the
      time of activation of solenoid 110 is usually very short so that the
      energy consumption is low; that is, the total watt-seconds involved in the
      system are very limited and long-term operation from self-contained
      battery supplies may be readily achieved.
PAR  It would be noted that the RF oscillator or oscillators in transmitter
      portion 100 may be amplitude-, frequency-, phase- or pulse-modulated. The
      characteristics of receiving portion 105 are adapted to accommodate the
      types of signals and types of modulation used in transmitter portion 100.
PAR  Means may be provided for re-charging the battery in capsule 30 of FIG. 1
      while firearm 10 is in place in the holster provided for it on the
      authorized person. Contacts may be provided on the firearm which are
      insulated from the main body of firearm 10 and are connected to the
      terminals of the battery powering the receiving, decoding and enabling
      circuits in section 105 shown in FIG. 6. The holster may carry a pair of
      contacts adapted to cooperate with the contacts on the firearm when the
      firearm is in its holster, such contacts being supplied with re-charging
      voltage from a battery pack carried, for example, on the belt of the
      authorized user of the firearm or built into the holster itself. A battery
      condition indicator, such as is found commonly on transistorized, battery
      operated equipment, may be provided on firearm 10.
PAR  FIG. 7 shows in schematic form an arrangement in accordance with the
      invention which is adapted to prevent release of a door lock unless
      controlled by an authorized operator. In FIG. 7, dead bolt 111 may be
      carried in door 112 for the purposes of securing door 112 when dead bolt
      111 is extended through opening 113 in plate 114. Plate 114 is carried by
      an adjacent doorframe member, not shown. Dead bolt 111 may carry rack
      portion 115 with which rotatable gear member 116 cooperates so that upon
      rotation of knob 117 dead bolt 111 may be moved in or out of striking
      plate 114 unless stop member 118 is in its extended position as shown in
      FIG. 7. Stop member 118 is urged into its extended position by spring 119.
      Connecting member 120 joins stop member 118 and armature 121 of solenoid
      122. Spring member 123 urges armature 121 in an upward direction,
      permitting stop member 118 to block inward motion of dead bolt 111.
PAR  Solenoid driver 124 is coupled to solenoid 122 through connectors 125 and
      126. Solenoid driver 124 receives its control signal from receiver and
      decoder 127 when the signal received at antenna 128 has the predetermined
      distinctive characteristic designed into transmitting equipment carried by
      authorized personnel, for example by the wrist-carried transmitter 60 in
      FIG. 2. Upon the receipt of such a distinctive signal with predetermined
      characteristics at antenna 128, solenoid driver 124 energizes solenoid
      122, causing armature 121 to be pulled in a downward direction in the
      illustration of FIG. 7 with the result that stop member 118 is also pulled
      downwardly. Knob 117 may then be turned freely, causing dead bolt 111 to
      be withdrawn through aperture or opening 113 in striking plate 114 so that
      door 112 may be opened. This entire electromechanical system for
      withdrawing stop 118 and enabling the operation of knob 117 and the
      associated mechanism may be battery operated and self-contained as was the
      electromechanical system in the firearm of FIG. 1.
PAR  While the description thus far has dealt primarily with use of radio waves
      for coupling an enabling transmitter in the possession of an authorized
      person to effect the enabling of the operation of a lock or other control
      member, it will be understood that other forms of control signals may be
      used. For example sonic or ultra-sonic, visible light, infra-red or
      ultra-violet radiant energy may be used to couple the enabling signal to
      the enabling portion of the system. The use of pattern recognition
      systems, such as voice recognition systems and other even more
      sophisticated devices such as brain wave recognition equipment, may be
      incorporated in the system where the installation merits such
      sophistication.
PAR  In FIG. 8 there is shown an additional form of receiver for use in the
      system. In this figure, demodulator section 129 is designed to detect the
      audio modulation of an input RF signal and to provide an audio output
      signal representing the modulation thereof. That audio signal is amplified
      in audio section 130 which drives two light emitting diodes in LED section
      131. One of the light emitting diodes is used merely to indicate operation
      of the circuit while the other light emitting diode (LED) 132 is used to
      generate light for coupling to the solenoid driving section 133 which
      includes in its circuit a light activated silicon controlled rectifier
      (LASCR) 134 which is positioned to receive light emitted by diode 132 when
      a signal with the proper frequency and modulation is received, detected
      and amplified in sections 129 and 130 of the enabling receiver. When
      element 134 receives light from diode 132 the circuit through it is closed
      and, assuming manual switch 135 is closed, energy from battery 136 will
      actuate solenoid 137 and it, through a mechanical linkage, not shown, will
      enable the operation of an associated secured device. The use of the
      LED-LASCR combination results in two advantages. The first advantage is
      the isolation of the solenoid triggering circuit from random electrical
      noise which might exist in the electronic circuits as a result of spurious
      signals being received and detected in the receiver. The second advantage
      of the use of this combination is that it provides a high effective power
      gain. The circuit of FIG. 8 operates reliably with a 400 micro-volt signal
      applied to a 4 megohm impedance at its input terminals. That signal
      controls an instantaneous power of 7 watts in the solenoid unit 133 for a
      power gain of 175 .times. 10.sup.12.
PAR  In FIG. 9 there is shown a safety system (in simplified block form) which
      utilizes electromagnetic waves at infra-red frequencies to enable the
      operation of equipment by authorized personnel only. Energizer and encoder
      138 generates pulsed DC signals, the number and duration of pulses being
      determined by the encoder portion of device 138 to provide a secured
      signal pattern when the energy from device 138 is applied to infra-red
      generating element 139 through conductors 140 and 141. Element 139 may be
      of gallium arsenide appropriately doped according to well-known
      semiconductor techniques so that, upon the application of direct current
      thereto, element 139 generates electromagnetic energy at a predetermined
      infra-red frequency. The energy from element 139 is concentrated in a
      forward direction by reflector 142 and by lens 143 which is chosen to have
      relatively high transparency to signals at infra-red frequencies.
PAR  Infra-red signals from source 139 pass through lens 144 and are
      concentrated by reflector 145 on transducer 146 which may be a silicon
      solar cell, such cells having a very high response in the infra-red
      spectrum. The electrical output signals from transducer 146 are taken
      through conductors 147 and 148 to the decoding section of receiver and
      decoder 149. If the infra-red signals received by transducer 146 have the
      distinctive characteristics which have been predetermined for an infra-red
      transmitter carried by an authorized person, an output signal appears at
      conductors 150 and 151. This output signal is used to activate solenoid
      driver 152 which is coupled to a solenoid in the fashion shown and
      described in connection with FIG. 1 The encoding of the signals from
      energizer and encoder 138 may take the form of pulse modulation of the
      infra-red signals with a predetermined combination of pulses representing
      the distinctive characteristics assigned to an authorized person for the
      security system.
PAR  In FIG. 10 energizer and encoder 153 may operate at sonic or ultra-sonic
      frequencies. For ease of focusing it is preferred that the chosen
      frequency be very high, for example, in th MHz range. The signals
      generated by energizer and encoder 153 are fed to electro-acoustical
      transducer 154. Reflector 155 permits concentration of the ultra-sonic
      signal generated by transducer 154. That transducer may take the form of a
      magnetostrictive or piezo-electric device at ultra-sonic frequencies. If
      the system is operating at audible sound frequencies, conventional dynamic
      speakers may be used for element 154. Magnetostrictive and piezo-electric
      electro-acoustical transducers are well-known in the art and need not be
      described in detail here. The encoding of the ultra-sonic or sonic signals
      from element 153 can take many forms but pulse modulation is the most
      straightforward to achieve security.
PAR  The sound waves transmitted by transducer 154 are concentrated in
      acousti-electrical transducer 156 by reason of reflector 157 to produce an
      output signal at conductors 158 and 159. Those conductors are coupled to
      the demodulating and decoding circuits of receiver and decoder 160 and, if
      the incoming sonic signal has the predetermined distinctive
      characteristics of an authorized transmission, an output signal will
      appear at conductors 161 and 162 for coupling to the solenoid driver stage
      163. Solenoid driver 163 provides an output signal or pulse to an enabling
      solenoid in the fahsion described in connection with FIGS. 1 and 4.
      Acousti-electrical transducer 156 may be a piezo-electric element.
PAR  While the discussion thus far has dealt with the enabling of a mechanical
      device, such as a firearm, by properly authorized personnel, there are
      many situations in which the operation of an electrical device, such as a
      radio transmitter or a telephone, is involved. This could be true, for
      example, in the forestry service where transmitters are placed at
      strategic locations in the forest for use by forest rangers only. These
      transmitters communicate with central fire control headquarters through
      relay stations placed on promontories in the forest. Other applications
      could be police radio links from neighborhood boxes to a central location.
PAR  A simple block diagram of a possible configuration for such a system is
      shown in FIG. 11. In that figure a signal from signal radiating means
      carried by authorized personnel, whether that signal radiating means is in
      the radio, infra-red or other portion of the electromagnetic spectrum or
      whether the source is an ultra-sonic generator, carries distinctive
      modulating characteristics and those characteristics are detected in
      receiver and decoder 164 and applied to the triggering element of SCR 165
      via conductor 166 to control application of power from power supply 167 to
      the transmitter or other electrical equipment 168. In the absence of a
      signal having the predetermined distinctive characteristics at the input
      to receiver and decoder 164, there is no output signal on conductur 166
      and SCR 165 is non-conductive, thus disabling the operation of electrical
      equipment 168. However, upon receipt of a signal having the distinctive
      characteristics an output signal appears on conductor 166 and SCR 165 is
      triggered. The operation of a silicon controlled rectifier is well-known
      and described extensively in the art and need not be discussed here. Other
      means are available for triggering into conductivity an electrical circuit
      element which is normally non-conductive and interposed between a source
      of power and electrical equipment which it is desired be operated only by
      authorized personnel.
PAR  In FIG. 12 an input signal from an acoustical or electromagnetic pickup
      device such as those shown in FIGS. 4, 6, 9 and 10, is received and
      decoded in receiver-decoder 170 and activates solenoid driver 171 when the
      proper coding is found to exist on the input signal. Solenoid 172 is then
      activated by driver 171 causing motion of arm 173 in the direction shown
      by arrow 177. Arm 173 is coupled through linkage 174, which pivots about
      pivot point 175, to sliding coupler 176 which carries protrusions 178 and
      is slidably mounted on spline 180. Spline 180 is caused to rotate with
      sliding coupler 176 and dial or knob 182 when the protrusions or cogs 178
      engage slots or recesses 186. Collar 184 which is carried in fixed
      relationship by dial 182 has slots 186 therein spaced and sized to
      cooperate with protrusions 178 on sliding coupler 176. Spline 180 is
      coupled to the lock tumbler mechanism, not shown, and causes positioning
      of the tumblers in that mechanism when knob 182 is rotated, assuming
      protrusions 178 are engaging slots 186. That engagement occurs when
      sliding coupler 176 is moved in the direction of arrow 188 as a result of
      the pulling by solenoid 172 on arm 173 in the direction shown by arrow
      177, arm 173 being coupled through linkage 174 to sliding coupler 176.
      Thus, the enabling of a mechanical coupling system is effected.
PAR  Alternatively, the system of FIG. 12 may be considered as operative to
      block any manipulation of the knob 182 until properly encoded signals are
      received by the receiver decoder 170 to cause the solenoid driver 171 to
      energize the solenoid 172. In such an arrangement, the slidable collar 176
      would be considered a locking member for the knob 182 which in this case
      is attached to the shaft 180. The collar 176 would be fixed against
      rotation so that when the cogs 178 engage the recesses 184 in the knob
      182, the knob 182 cannot be manipulated to rotate the spline or shaft 180
      for the associated mechanism (not shown). In this instance, the solenoid
      172 would be energized to drive the armature 173 in the direction opposite
      to the arrow 177 which would retract the collar 176 to the position shown
      in FIG. 12. The normal position of the collar 176 with the solenoid 172
      de-energized would be to the left in the direction of the arrow 188 and in
      locking engagement with the knob 182.
PAR  Such a system may comprise a locking arrangement such as a combination lock
      for a safe (in which case the knob 182 is the selector dial), an actuating
      mechanism such as a common door latch (in which case the knob 182 may be
      the door knob), or any similar arrangement in which the operation of the
      mechanism is blocked or disabled until particular encoded control signals
      are received which result in removal of the disabling condition.
      Application of the system of FIG. 12 to an automobile or other vehicle for
      example, could involve disablement of the starter circuit or the ignition
      circuit or both by means of a suitable switch actuating arrangement or it
      could even be installed in the steering mechanism in a manner to prevent
      engagement of the steering wheel (the knob 182). Such a system might be
      installed in a railroad switching device with the knob 182 of FIG. 12
      corresponding to the manual (or other) actuating control member and being
      disabled or blocked from actuating the switching device until the
      application of preselected control signals from a particularly encoded
      signal source presumably available only to authorized personnel. These
      examples showing uses of the invention are by way of illustration only and
      are not intended to limit the utilization of systems in accordance with
      the invention.
PAR  In certain arrangements embodying the present invention, such as the
      firearm of FIG. 1, for example, it is extremely important that there be no
      failure of the protection system under any circumstances. Thus although
      steps can be taken to replace the battery in the self-contained power
      supply on a regular basis, it is desirable to insure that the power supply
      battery in the weapon is always in good condition, fully charged, and
      ready to use. One way of assuring this is accomplished through the use of
      the battery charging system providing power by radiation as shown in FIG.
      13. In this system, it is contemplated that the receiver portion 200 is
      mounted within the weapon and the transmitter portion 202 is mounted in
      association with the holster so that, when the weapon is in proper
      position with the holster, the two units are juxtaposed so as to transfer
      power as indicated to the receiver portion 200 for charging the battery in
      the weapon power supply.
PAR  As shown in FIG. 13, the transmitter portion 202 comprises a pair of
      transistors 204 intercoupled with associated circuitry to operate as an RF
      multivibrator powered by a battery 205. The frequency of the multivibrator
      is determined by the resonant circuit comprising the inductor 206 and
      capacitor 208 and the saturation time of transistors 204. The inductor 206
      is inductively coupled to a corresponding resonant circuit in the receiver
      200 when the sections 200 and 202 are maintained in close proximity, as
      when the firearm is in its holster, the inductor 206 acting as the primary
      side of an RF transformer.
PAR  The receiver section 200 comprises an inductor 210 acting as the secondary
      of an RF transformer in a resonant circuit with the capacitor 212. A
      series of diodes 214 are coupled in a bridge network to the output of
      inductor-capacitor circuit 210-212 to provide DC power to charge the
      battery 216.
PAR  In the arrangement shown in FIG. 13, very little current is drawn by the
      circuit of the transmitter section 202 until the inductor 210 is brought
      into close proximity with the inductor 206, at which time power is
      transferred to the resonant circuit 210-212 of the receiver section 202.
      In one particular embodiment of the FIG. 13 circuitry, the combined
      circuit voltage of inductor 210 was adjusted to equal 1.3 times the
      voltage of battery 216 plus 0.8 volts. This adjustment is effected by the
      choice of turns ratio of the inductors 210, 206. With such an arrangement
      in a system in accordance with the present invention, such as the firearm
      of FIG. 1, the user can be assured that the system controlling the weapon
      is at all times operative and ready for use insofar as its reliance on its
      self-contained power supply is concerned. The components making up the
      receiver and charging circuit 200 are extremely small and light in weight
      so that the weight and balance of the weapon are not noticeable affected.
      Moreover, a smaller battery 216 can be employed where charging in this
      fashion is provided, with the large battery 205 being provided in the
      transmitter section 202 for mounting on the holster or belt in which the
      weapon of FIG. 1 is customarily carried. Arrangements such as are shown in
      FIG. 13 may also be employed wherever it is important to provide for
      charging of the power supply within the device to be controlled without
      actual connection thereto from outside the unit.
PAR  Thus, although there have been described hereinbefore specific arrangements
      of a safety system in accordance with the invention for the purpose of
      illustrating the manner in which the invention may be used to advantage,
      it will be appreciated that the invention is not limited thereto.
      Accordingly, any and all modifications, variations or equivalent
      arrangements which may occur to those skilled in the art should be
      considered to be within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a safety system:
PA1  a. first operating means;
PA1  b. disabling means coupled to said operating means to prevent the operation
      thereof; and
PA1  c. enabling means including a first portion and a second portion;
PA2  said first portion being adapted for carrying upon the person of authorized
      personnel and including a source of signals having predetermined,
      distinctive characteristics;
PA2  said second portion including means coupled to said disabling means for
      effectively decoupling said disabling means from said operating means only
      in response to said signals having said predetermined, distinctive
      characteristics;
PA2  said enabling means also including distinct, self-contained first and
      second power supplies in said first and second portions thereof
      respectively, at least said second power supply containing a rechargeable
      power source, and means for transferring electrical energy from said first
      portion to said second portion for charging said rechargeable power source
      by an inductive coupling established when said two portions are adjacent
      one another in a predetermined juxtapositon.
NUM  2.
PAR  2. A safety system, which comprises:
PA1  a. an operable portion;
PA1  b. operating means connected to said operable portion for operation
      thereof;
PA1  c. locking means for preventing operation of said operable portion by said
      operating means;
PA2  said locking means including a locking portion movable between a locked
      position, in which said operating means is incapable of operating said
      operable portion, and an unlocked position, in which said operating means
      is capable of operating said operable portion; and
PA1  d. remote controlling means for causing said locking portion to move
      between said locked and unlocked positions,
PA2  said controlling means including an actuator connected to said locking
      portions, a portable signal transmitter, and signal receiving means
      connected to said actuator for causing said actuator to move said locking
      portion between said locked and unlocked positions in response to signals
      received from said transmitter,
PA2  said signal receiving means including a signal receiving portion, an
      actuating portion and optical coupling therebetween, whereby to provide
      electrical noise rejection.
NUM  3.
PAR  3. The invention as claimed in claim 2, wherein said optical coupling
      includes at least one light emitting element in said receiving portion and
      at least one light actuated element in said actuating portion.
NUM  4.
PAR  4. The invention as claimed in claim 3 wherein said light emitting element
      comprises a light emitting diode and said light actuated element comprises
      a light actuated silicon controlled rectifier.
NUM  5.
PAR  5. In combination with an apparatus having an operable portion and
      operating means for operation thereof, remote enabling-disabling apparatus
      for said operating means, which comprises:
PA1  a. isolating means for causing said operating means to be normally
      disconnected from said operable portion, whereby operation of said
      operable portion is normally independent of operation of said operating
      means;
PA1  b. enabling means intermediate said operating means and said operable
      portion for enabling said operating means and said operable portions to be
      connected together, whereby said operable portion may be operated by said
      operating means;
PA2  said enabling means including a portion movable between a first normal
      position in which said operating means and said operable portion are
      disconnected and a second position in which said operating means and said
      operable portion are connected together; and
PA1  c. remote control means for causing said movable portion to move between
      said first and second positions;
PA2  said control means including an actuator connected to said movable portion,
      a portable signal transmitter and signal receiving means connected to said
      actuator,
PA2  said signal receiving means causing said actuator to move said movable
      portion between said first and second positions in response to signals
      received from said signal transmitter.
NUM  6.
PAR  6. The invention as claimed in claim 5 wherein said signal transmitter
      transmits, and said signal receiving means receives, radio frequency
      signals.
NUM  7.
PAR  7. The invention as claimed in claim 5 wherein said signal transmitter
      transmits, and said signal receiving means receives, acoustical signals.
NUM  8.
PAR  8. The invention as claimed in claim 5 wherein said signal transmitter
      transmits, and said signal receiving means receives, optical signals.
NUM  9.
PAR  9. The invention as claimed in claim 5 wherein said signal receiving means
      includes a signal receiving portion and an actuator portion, and optical
      coupling between said receiving portion and said actuator portion, whereby
      to isolate said actuator portion from spurious electrical noises in said
      signal receiving portion.
NUM  10.
PAR  10. The invention as claimed in claim 9 wherein said actuator portion
      includes a light actuated silicon controlled rectifier and said signal
      receiving portion includes at least one light emitting diode, said
      rectifier being controlled by light emitted by said diode, in order to
      provide extremely high power gain as well as elimination of spurious
      electrical noise.
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PAL  Installation for mounting a door panel or rosette on a door including
      fastener means such as at least one pin or lock screw extending between
      the panel and door. The pin is fastened to and extends from the door and
      is grippingly engaged in a bore formed in a projection of the panel. The
      pin is mounted in either the door or a door lock receptacle.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an installation for mounting a door panel
      or door rosette on at least one surface of a hollow door which is
      constructed of wood or metal, and having located therein, so as to extend
      through the front surface thereof, a receptacle containing the door lock.
PAC  DISCUSSION OF THE PRIOR ART
PAR  The fastening or mounting of elongate door panels and door rosettes, such
      as decorative panels and the like, onto doors is beset by various
      difficulties since, as a rule, due to present mass production techniques
      the hollow doors may be produced with only comparably thin door panels or
      covering layers. Consequently, it is no longer possible to effect mounting
      of the panels or rosettes onto the door by means of wood screws. The
      foregoing, as a result, has lead to the method of mounting or fastening
      door panels or rosettes to the doors by means of sleeve screws which
      extend through the doors, in which the elongate door panels or door
      rosettes are positioned on opposite sides of the door, and are then
      fastened together by threaded screws and sleeve nuts. The bores or
      apertures for positioning these screws are formed during the mass
      production of the hollow doors, and generally there are provided in each
      instance, in the regions of the door latch or pusher and key locks,
      sufficiently large apertures allowing for the passage therethrough of
      suitable socket-head screws or the like. It has been ascertained that in
      actuality the axial bracing obtained by this screw gripping engagement is
      not sufficiently strong when the panels or rosettes are subjected to
      extensive physical side effects during handling of the door latch or
      pusher so as to cause opening of the door. Consequently, the socket-head
      screws could, in view of their lack of rigid engagement, be moved back and
      forth in response to the aforementioned side effects during the actuation
      of the door latch or by movement of the door. The consequential back and
      forth displacement of the door panels or rosettes relative to the door
      surface caused damage thereto.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention eliminates the disadvantages encountered in the prior
      art by providing fastening means for a door panel or rosette for mounting
      these on a door surface in a manner so as to be completely immovable in
      the plane of the door.
PAR  The fastening means arrangement for mounting the door panel or rosette so
      as to be rigid and immovable in the plane of the door surface is
      preferably, although not necessarily, located in the receptacle for the
      door lock.
PAR  In order to provide for a rapid assembly, it is preferable that the
      mounting arrangement for the door panel ensuring against axial movement
      thereof relative to the door surface be constituted of pin-and-socket type
      or clamping connection with the fastening means.
PAR  In accordance with an embodiment of the invention, which utilizes at least
      one fastening pin for mounting of the door panel or of the door rosette,
      the end of the pin may project beyond the outer surface plane of at least
      one side of the door, and having positioned in the projecting end there on
      in a rigidly gripping but detachable relationship, a socket which extends
      from the rear surface of the door panel toward the door. It is
      particularly advantageous to dimension the diameters of the socket bore
      and of the pin so as to ensure a rigid gripping engagement therebetween.
PAR  In a further embodiment of the present invention, the door panels or
      rosettes are mounted on both sides of the door, in which instance the pin
      may then extend through a through-aperture formed in the door lock.
PAR  In the case wherein the door is only covered on one surface thereof by a
      panel or rosette, it is preferable that the pin be positioned within a
      sleeve in an axially immovable manner, and in which the sleeve is mounted
      into a door surface component of the door.
PAR  The panel mounting pin may be formed of a circular crosssection.
      Furthermore, in a particular embodiment, the pin may be provided,
      proximate one end thereof which is inserted into the door panel socket,
      with teeth which extend in the longitudinal direction thereof, and which
      are equidistantly distributed about the circumference of the pin.
      Additionally, the bore in the door panel projection which receives the
      mounting pin may have a bore which is conically reduced or tapered in the
      direction of juncture with the door panel. In this case it is further
      advantageous that the bore end of the projection adjoining the door panel
      includes a concentric annular recess which has a cross-section larger than
      that of the bore and which has a depth somewhat less than the thickness of
      the door panel.
PAR  In accordance with a further embodiment of the invention, the interengaging
      connection between the door panel and the end of the mounting pin may
      include an arresting or locking arrangement. In this instance, the end of
      the pin projecting outwardly of the door surface may be conically tapered,
      and at its outer free end extend into an annular ring-shaped member of
      increased size having a diameter which corresponds generally to that of
      the main shaft portion of the pin. The bore formed in the cooperating door
      panel projection may be provided with a plurality of axially spaced
      annular grooves adapted to receive in gripping engagement the annular
      ring-shaped enlarged member formed at the end of the pin.
PAR  In each instance, it is advantageous that the wall extending about the bore
      of the door panel projection include at the end proximate to its juncture
      with the door panel at least one longitudinally extending through-slot.
PAR  Preferably, the projections, which are generally of cylindrical form, may
      be constructed of elastically-plastically deformable plastic material
      integrally formed with the rear surface portion of the door panel, as well
      as being provided with a through-extending bore for receiving the panel
      mounting pins.
PAR  Furthermore, it has also been ascertained as being advantageous that the
      cylindrical wall of the projection be made thicker in the region of
      juncture with the plastic rear surface portion of the panel or rosette.
PAR  In accordance with a further embodiment, the fastening means for the door
      panel may be supported in the body of the door. This particular
      construction also allows for a simple mounting of the panel or rosette,
      inasmuch as it is preferable to utilize at least one pin which is
      connected to the door panel, which includes an elastic hook at the pin end
      projecting toward the door, and with which the pin may clampingly or
      fixedly engage corresponding bores or apertures formed in the body of the
      door and/or in the door lock. In this instance, the pin may comprise a
      fastening lock screw constituted of a plastic material. The head of the
      fastening screw is preferably positioned within an aperture located in the
      plastic material inner surface structure of the door panel which may be
      fastened to the rear surface of an ornamental metallic door panel or
      rosette. In view of the foregoing construction, the head of the fastening
      screw is secured against axial displacement thereof.
PAR  In order to facilitate removal of the door panel from the door, it is
      preferable that the latter be provided along the lower edge thereof with
      an opening for insertion of a screw driver which will allow prying the
      door panel, as required, away from the door or from the panel fastener
      means.
PAR  Finally, it is also advantageous that the decorative metallic panel cover
      plate and the plastic material inner component of the door panel, firmly
      press against the outer surface plane of the door through the intermediary
      of a plastic material guide receptacle, providing a pull-resistant
      pressing connection. In that manner, the door panel is additionally
      secured against axial displacement thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference may now be had to exemplary embodiments of door panel and rosette
      mounting arrangements according to the invention, schematically
      illustrated in the accompanying drawings, in which:
PAR  FIG. 1 illustrates a door lock having the usual construction showing the
      apertures for the lock nut and for the key hole;
PAR  FIG. 2 illustrates, in cross-section, an inventive fastening arrangement
      for door covering panels onto a hollow door, in which the door panels are
      supported by means of projections thereon engaging the ends of mounting
      pins;
PAR  FIG. 3 illustrates, in cross-section, and inventive fastening arrangement
      for a door covering panel on one side only of a door by means of a
      fastening sleeve extending into and fastened to the door, and including a
      fastening pin anchored therein for supporting the door panel;
PAR  FIG. 4 shows a detailed view, on an enlarged scale, of the cooperative
      panel projection and fastening pin, with a cylindrical bore formed in the
      projection and with the crosssection of the fastening pin being circular,
      the projection and pin being shown in longitudinal section and in plan end
      view;
PAR  FIG. 5 illustrates a gripping or interference-fit connection between the
      projection and pin arrangement of FIG. 4, showing diametrically opposed
      slits being formed in the projection side wall at longitudinal end thereof
      remote from the pin;
PAR  FIG. 6 illustrates a modified gripping arrangement between the projection
      and pin, in which the projection is formed essentially as in FIG. 5, and
      wherein the pin end engaging the projection bore includes a plurality of
      axially extending splines or teeth spaced about the circumference thereof;
PAR  FIG. 7 shows a further embodiment of a door panel mounting or gripping
      arrangement between the projection and fastening pin, in which the bore of
      the projection is conically reduced or tapered away from the pin-engaging
      end thereof, and extends into an enlarged diameter recess which in depth
      corresponds substantially to the thickness of the door panel;
PAR  FIG. 8 illustrates a locking arrangement between a door panel projection
      and a fastening pin in which the door panel projection has slit side walls
      as in FIGS. 5 and 6, and with the end of the bore of the projection remote
      from the pin inserting end is provided with annular grooves which conform
      to and are adapted to grippingly engage a ring-shaped enlargement formed
      at the end of the pin insertable into the projection;
PAR  FIGS. 9 and 9a illustrate a further panel mounting arrangement according to
      the invention, in which door panels are rigidly and fixedly mounted on a
      door by means of plastic locking or self-gripping screw which extend into
      the door surface, and which are adapted to also extend into the wall
      structure of the door lock.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in detail to the drawings, FIG. 1 illustrates a hollow door 1
      in which a door lock receptacle 2 is mounted therein so as to extend
      through the forward surface thereof, and in which a front plate 3 of the
      lock receptacle is, in a usual manner, screwed into the door by means of
      suitable wood screws 4. A door latch and a door bolt for the lock are,
      respectively, designated by reference numerals 5 and 6. The lock
      receptacle is provided with openings 7 which extend about a lock nut 8.
      Additionally, further openings 10 are provided on both sides of a key hole
      9 in the lock receptacle. The door is provided with cut-outs 11 and 12 in
      the area of the lock nut 8 and the key hole 9.
PAR  In FIG. 2 corresponding elements are designated with the same reference
      numerals. A fastening pin 13 extends through the aperture 7 in the lock
      receptacle located below the lock nut 8 in FIG. 1, having a cross-section
      which corresponds generally to that of the aperture, and dimensioned in a
      loose or slide fit relative thereto. The ends of the fastening pin 13
      project perpendicularly outwardly relative to both opposite outer surface
      planes of the door. At the projecting ends of the pin there are adapted to
      be mounted door panels 14 which have projections 15, with cylindrical
      bores into which the pin ends are inserted so as to provide clamping or
      gripping engagement therebetween. The projections 15 extend into suitable
      corresponding recesses 16 formed in the door surface 1.
PAR  The projections 15 are integrally formed with a plastic material inner
      panel plate portion 17, the latter of which fastened to the rear surface
      of a decorative metal plate 18 which may be, for example, oxidized
      aluminum, stainless steel, or the like. Along its lower border, the
      decorative metal plate 18 may be inwardly bent at its edges 19 so as to
      encompass the lower edge of the plastic inner panel plate portion 17. The
      aperture or recess thereby formed along the lower edge of the door panel
      is adapted to permit the insertion of, for example, a screw driver so as
      to facilitate removal or plying of the door panel from the fastening pins
      13. The upper portion of the door panel may, as usual, be provided with
      enlarged dimension apertures 20, through which extend guide sleeves 21
      formed of polytehafluoroethylene, and which concurrently serve as slide
      supports or bushings for the shafts 22 of door handles, or actuators (not
      shown). The door actuators are, in a manner known, connected to each other
      by means of suitable pressure rod 23 which extends through the lock nut 8.
      The door actuator connection is, in a manner known per se, formed so that
      one of the rods by means of a locking spring connected therewith, extends
      into a toothed segment of the pressure rod so that, when the door pressure
      actuators are pressed as far as possible into the position shown in FIG.
      2, they are tightly interconnected with each other. This indicates that
      also the door panels 14 are retained against the outer surfaces of the
      door by the door actuator connection structure.
PAR  In the embodiment according to FIG. 3, a door panel 14 is mounted on only
      one surface of the door. For this purpose, internally threaded sleeves 24
      are screwed into apertures 25 extending normal to the plane of the door
      outer surface 26. The threaded sleeves 24 are mated along the internal
      thread portion thereof with cylindrical pins 27 having an externally
      threaded portion. These pins, as previously described, project at one end
      thereof beyond the outer surface plane of the door. At this pin end there
      may be mounted a door panel as described in connection with the embodiment
      of FIG. 2, in effect, mounted by means of the pin-gripping projections 15.
PAR  FIG. 4 illustrates, in enlarged detail, a panel mounting connection as
      shown in the arrangement of FIGS. 2 and 3. The projection 15 includes a
      cylindrical bore 28 having a crosssection which corresponds to the shape
      of pins 13 or 27, but dimensioned so as to provide an interference fit or
      gripping engagement between both components. The plastic material inner
      panel plate portion 17 formed integrally with projections 15 permits an
      elastically-plastic deformation thereof. In order to ensure that a rigid
      gripping engagement is provided with the pin, the peripheral wall of the
      projection 15 from the end thereof contacted by the pins 13, 27 is
      step-wise enlarged relative from a forward portion 15a toward a rearwardly
      positioned portion 15b which extends into the plate-shaped plastic
      material inner panel portion 17. In view of the foregoing, the resistance
      to radial deformation of the bore wall of the projection 15 increases in
      proportion to the extent in which the projection 15 is moved onto the end
      of the pin.
PAR  A modified embodiment of the projection of FIG. 4 is illustrated in FIG. 5,
      in which the projection has extending through its peripheral wall at the
      end which is spaced from the inserting end for pins 13, 27, diametrically
      opposed slits 29 which in a particularly important manner fully extend
      through the annular shoulder portion 15b at its circumference as well as
      its forward end surface adjoining portion 15a, and into the plate-shaped
      plastic material inner portion 17. It is readily understood that this
      construction provides for an extremely fine determination of the degree of
      elasticity of the projection 15 upon mounting the bore 28 of the
      projection onto the corresponding engaged ends of the pins 13, 27.
PAR  In the embodiment of FIG. 6 the construction of the door panel projection
      15 is quite similar to that of the construction shown in FIG. 5, as
      indicated by corresponding reference numerals.
PAR  In the foregoing embodiment, the projection-engaging end of a pin 30 is
      provided with a plurality of axially extending parallel teeth or splines
      31, which extend along a relatively short longitudinal segment about the
      circumference of the pin. When inserted into the projections of the door
      panel, as described in greater detail in FIG. 5, this structure provides
      for a fastening connection in which the teeth 31 are partly embedded into
      the plastic material of the projection 15, the latter of which, on the
      other hand, is adapted to avoid in view of its elasticity the additional
      radial pressure imparted by the teeth so as to provide for a rigid but
      separable gripping engagement between the pin and the projection.
PAR  In the embodiment of FIG. 7 there is illustrated a door panel projection 32
      which is also constructed in a stepwise manner at 32a and 32b,
      corresponding somewhat to the projections illustrated in FIGS. 4 through
      6, and which has an annular ring-shaped reinforced construction of its
      wall. With respect to the foregoing structure, in the present case a bore
      33 in the projection is conically shaped and tapered so as to reduce in
      size toward the end opposed to that providing for the insertion of pins
      13, 17. The bore extends into an annular recess 34 at the end facing
      toward the decorative metal plate 18, as shown in FIGS. 2 and 3. The
      recess 34 is, in cross-section, somewhat larger than the maximum
      cross-sectional diameter of the bore 33, while its depths corresponds
      approximately to the thickness of the plate-shaped plastic material inner
      panel portion 17. The inner edge 33a of the bore adjoining the recess 34
      provides for a relatively high surface pressure being exerted against the
      circumference of the pins 13, 17 which, together with the conical
      construction of the bore 33, permits the pin to be relatively easily
      introduced into the bore but to be removed from the projection 32 with
      extreme difficulty.
PAR  FIG. 8 illustrates a locking connection between a door panel projection 35
      and a pin 36. The door panel projection is quite similar to those
      described in the other embodiments, and is stepwise formed at 35a and 35b
      so that the strength of the wall of the projection increases
      proportionately toward the plate-shaped plastic material inner panel
      portion 17. Additionally, the projection is provided with the slits 29
      described in connection with the embodiment of FIG. 5. The inner surface
      of a bore 37 is, however, cylindrically formed in the region of the first
      portion 37a extending toward the end for insertion of pin 36, while, in
      effect, in the region of the reinforced projection wall 35b toward the
      ends of slits 29, the bore extends in transverse cross-section into a
      plurality of wave-shaped annular axially spaced grooves 37b.
PAR  The cross-sectional profile of each of these grooves corresponds to the
      profile of an annular ring-shaped enlargement 36a formed at the
      projection-engaging forward end of pin 36, and in which the annular
      ring-shaped enlargement adjoins a conically tapered reduced diameter pin
      portion 36b, prior to the pin extending into a similarly dimensioned and
      rounded shaft crosssection. Upon sliding the projections 35 onto the pin
      36, the annular enlargement 36a engages itself in one of the annular
      grooves 37b so as to, in this manner, effect an extraordinarily firm
      connection between both components. In this instance, in preferred form,
      the projection together with the inner panel portion 17 may be integrally
      constructed of an elastically-plastic deformable material, which provides
      for the rigid but detachable connection between a door and door panel or
      door rosettes, while allowing numerous dismountings and applications
      thereof.
PAR  In the embodiment of FIG. 9 there is illustrated the mounting of the door
      panel 14 onto a door by means of plastic lock or self-gripping screws 38,
      the latter of which are provided with saw tooth-shaped teeth 38 angled
      rearwardly relative to the screw head, and which extend into apertures 39
      formed in the wooden door element 40, and through holes 41 formed in the
      walls 42 of the lock receptacle. The spacing between the teeth is so
      determined whereby, as shown in enlarged detail in FIG. 9a, a
      representative annular tooth 38a lies within the aperture 41, while teeth
      positioned forwardly and rearwardly of the tooth 38a in aperture 41
      provide for a rigid axial anchoring of the door panels on the door. The
      immovable mounting of the door panel relative to the door plane is ensured
      by means of the bores 39 in the door element 40.
PAR  The heads 38b of the self-gripping or lock screws are positioned in
      corresponding apertures 43 within the plastic material inner panel plate
      portion 44 in a manner whereby the upper surfaces of the screw heads are
      coextensive with the surface of the plastic material inner portion 44
      which contacts the rear surface of the decorative panel metal plate 18. In
      this case there is also provided the possibility, by inserting a suitable
      screw driver (not illustrated), into one of the apertures 45 formed along
      the lower edge of the door panel, that the panel together with its
      mounting lock screw 38 may be plied away from the door. The mounting of
      two oppositely positioned door panels on both sides of the door by means
      of lock screws or mounting pins may naturally be effected through suitable
      bores which are located in the door only, so as to be independent of the
      lock. In order to effect the foregoing, in a modification of the
      previously described embodiments, the slitted wall portion along the bores
      in the porjections may be of a reduced crosssection section.
PAR  It is also possible that, independently of the recesses in the door, the
      mounting of the door panels or rosettes pursuant to the invention may be
      effected through the lock receptacle and/or the door, wherein in apertures
      provided in mass produced door locks there are mounted accurately spaced
      and measured pins, which are adapted to engage with their end extending
      through bores, the rosettes or door panels, and which are interengaged
      therewith so as to ensure against lateral displacement relative to the
      plane of the door, while effecting a compressive mounting of the door
      panel or the rosettes in the axial direction toward the door preventing
      the inadvertent pulling-away of the panels.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an installation for mounting a door panel on at least one side of a
      hollow door; including a door lock-containing receptacle being positioned
      within the door from the forward surface thereof; at least one fastener
      means for securing said door panel to said door and being invisible from
      exteriorly of said door panel being immovably secured in said door in a
      direction towards the plane of the door; and fastener connecting means
      cooperating with said fastener means for securing said door panel against
      axial movement, the improvement comprising: said fastener means including
      at least one fastening pin located in a breakthrough in said receptacle in
      a gripping engagement, the ends of said pin projecting outwardly of and
      normally to the two surfaces of the door; said door panel including an
      outer ornamental plate portion and an inner plastic material portion
      fixedly connected thereto positioned intermediate the surface of the door
      and said plate portion, projecting means integrally formed with said
      plastic material portion and facing said pin, a bore formed in said
      projecting means in coaxial alignment with said pin, said pin having the
      end proximate said projecting means inserted into said bore in
      interference fit for preventing axial movement therebetween and to fixedly
      mount said door panel on said door.
NUM  2.
PAR  2. Installation as claimed in claim 1, comprising an aperture extending
      through said door lock, said pin means being positioned in said aperture
      so as to extend therethrough.
NUM  3.
PAR  3. Installation as claimed in claim 1, said pin means being an elongate pin
      having a substantially circular crosssection.
NUM  4.
PAR  4. Installation as claimed in claim 1, said outwardly projecting pin means
      end portion including a plurality of annularly spaced axially extending
      parallel splines adapted to be inserted in the bore of said door panel
      projecting means in gripping engagement therewith.
NUM  5.
PAR  5. Installation as claimed in claim 1, said bore in the door panel
      projecting means being conically tapered so as to have the larger bore end
      facing toward said pin means.
NUM  6.
PAR  6. Installation as claimed in claim 1, the end of said projection means
      bore opposite to the end adapted to have said pin means inserted therein
      including a concentric recess portion having a cross-sectional diameter
      larger than that of the bore and a depth less than the thickness of the
      door panel.
NUM  7.
PAR  7. Installation as claimed in claim 1, said pin means and said projecting
      means on said door panel being adapted to cooperatively form a locking
      connection.
NUM  8.
PAR  8. Installation as claimed in claim 7, the end of said pin means projecting
      from the door being conically tapered toward a reduced diameter, said
      reduced diameter end including an enlarged annular ring-shaped member
      having a diameter corresponding to the main shaft portion of said pin
      means.
NUM  9.
PAR  9. Installation as claimed in claim 8, said door panel bore comprising a
      plurality of axially spaced annular grooves adapted to engage the annular
      ring-shaped member at the end of said pin means so as to fasten together
      said pin means and said projecting means.
NUM  10.
PAR  10. Installation as claimed in claim 4, said bore wall of the door panel
      projecting means directed away from said pin means including at least one
      longitudinal slit extending therethrough.
NUM  11.
PAR  11. Installation as claimed in claim 1, said projecting means being
      cylindrically shaped and integrally connected with the rear surface of
      plate-like inner component of the door panel, said projecting means
      including a through-extending bore for receiving said pin means, and said
      projecting means and inner door panel component being constituted of an
      elasticallyplastically deformable material.
NUM  12.
PAR  12. Installation as claimed in claim 11, the cylindrical bore wall of said
      projecting means in the region of juncture with said panel inner component
      being of an increased thickness.
NUM  13.
PAR  13. Installation as claimed in claim 1, said fastening means for the door
      panel being fastened to the body of the door.
NUM  14.
PAR  14. Installation as claimed in claim 1, said door panel being formed with
      an aperture along the lower edge thereof so as to provide for the
      insertion of panel-removing means.
NUM  15.
PAR  15. Installation as claimed in claim 1, said door panel comprising a door
      rosette.
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PAL  This invention provides a method of securing the tube ends of a plurality
      of explosively expandable metal tubes to a tube plate in which the tubes
      are inserted utilizing explosive cartridges equipped with a heat sensitive
      means. The heat sensitive means is in operative proximity to the explosive
      charges. There are also provided heating means capable of effectively
      heating the heat sensitive means. Expansion of the tubes located at
      multiple positions is effected by successively exploding the charges by
      the application of heat energy to the heat sensitive means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in the explosion-initiating method
      for fixing tubes on a tube plate by means of explosives.
PAR  2. Description of the Prior Art
PAR  There is a demand for effecting connection of tubes with a tube plate in a
      variety of industrial fields. One of the fields is the production of heat
      exchangers in which a multitude of tubes arranged in parallel are fixed at
      their ends on a tube plate extending perpendicular to the longitudinal
      direction of the tube. Coupling areas between the tube ends and the tube
      plate should be leak resistant to avoid mixing of materials passing
      through the heat exchanger.
PAR  Methods known for connecting a tube with a tube plate include mechanical
      expansion of the tube by means of a tube expander followed by sealing of
      the joint between the tube and the tube plate utilizing gas or arc
      welding. It is difficult to effect sealing without decreasing the maximum
      strength of the tube, the walls of which are normally quite thin.
      Moreover, the sealed joint is often so frigile that it will not resist
      large changes in pressure. Additionally, the formation of the joint by
      expansion requires precise controls of the shape, size, and finishing of
      the hole in the tube plate receiving the tube. For best results, the tube
      expander must be carefully placed on the tube plate and the expansion must
      be conducted carefully. The construction of the joint portion by expansion
      requires a considerable period of time because the portion to be joined
      should be deformed slowly and, to minimize undesirable stress
      distribution. Welding of the joint portion may be complicated by limited
      compatibility between the metals in the tube and the tube plate. In some
      cases, welding causes permanent softening and annealing of the tube.
      Minute variations in thickness of the tube in the area to be welded will
      reduce the reliability of the weld, and often result in leakages.
PAR  In order to overcome these disadvantages, explosive tube expansion has been
      adopted. This technique involves fixing of the tube on the tube plate
      utilizing explosive energy. The explosion is usually initiated by electric
      ignition. However, in this procedure, as the number of tubes to be
      expanded increases, the number of the tubes to be expanded is increased
      the wiring techniques become more and more complicated, and the time
      required for wiring increases. This reduces the efficiency of the
      procedure.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method for
      efficiently initiating the explosion that is perfectly free from the
      aforementioned disadvantages of the prior-art methods. a method is
      provided for securing the tube ends of a plurality of explosively
      expandable metallic tubes to a tube plate in which said tubes are
      inserted, which comprises the steps of:
PAR  1. inserting a cartridge containing an explosive charge in each of the
      metallic tubes to be secured to the tube plate, there being heat sensitive
      means in operative proximity to each of said explosive charges, each of
      said heat sensitive means having an end portion projecting beyond the tube
      in which said cartridge is inserted; and
PAR  2. successively igniting said heat sensitive means thereby successively to
      explode said explosive charges and expand said expandable metallic tubes
      by applying heat energy to said heat sensitive means through heating means
      positioned adjacent said projecting end portions to successively transfer
      heat energy to said heat sensitive means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 of the accompanying drawing is a section view of an illustrative
      explosive cartridge equipped with a heat sensitive means for explosive
      tube expansion according to the invention in which the heat sensitive
      means consists of a porous macromolecular substance.
PAR  FIGS. 2(a) and 2(b) illustrate the charging sequence of the explosive
      device.
PAR  FIG. 3 is a cross section view of an embodiment of the invention.
PAR  FIG. 4 is a plain view of an embodiment of the invention.
PAR  FIG. 5 is a perspective view of an embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIGS. 1 and 2 respectively represent a section view illustrating the
      structure of an explosive device suitable for use in the present
      invention. The device shown in FIG. 1 consists of a tube body 1 made of
      metal, synthetic resin, paper or the like which is filled with a principal
      explosive charge 2 and if necessary, is charged with an initiator 3. Heat
      sensitive means 4 are also provided. In the device shown in FIG. 2(a) the
      tube body 1 is charged with the explosive 2 (the initiator 3 and the
      explosive 2 in FIG. 2b), on which a core agent 4b having a fuse (with the
      coating 4a) as a heat sensitive means. The heat sensitive means 4 is
      arranged in such a manner that it will be ignited by heat energy from a
      heating means to induce explosion of the explosive 2 and the initiator 3.
PAR  A variety of sensitive means are suitable for use in the invention. Typical
      examples include the safety fuses as described above, delay fuse or
      similar structures. A substance readily fired with gas flame may be
      applied to the outer end portion of the fuse in order to improve the
      firing. The heat sensitive means may also be an elastic porous
      macromolecular substance in which an oxidizing agent such as potassium
      nitrate or potassium chlorate and/or an inflammable material such as
      methanol, ethanol, gasoline or benzene or a powders such as black powders
      or smokeless powders are dispersed or adsorbed to improve combustion
      propagation. Porous macromolecular substances suitable for use in the
      invention include phenol-, urea-, and melamine formaldehyde resins, alkyd
      redins, poly-urethanes, polyvinyl formals, polyvinyl chloride,
      polystyrene, polyethylene, cellulose ester derivatives, cellulose ether
      derivatives, viscose and similar soft resins, natural fibers such as
      cellulose, sponges of natural and synthetic rubbers, and the like. The
      porous macromolecular substance may be in any form provided that the heat
      from the heating means is satisfactorily received and transmitted.
      Although form of said heat sensitive means is not limited to the means
      shown as 4 in FIG. 1, a portion thereof normally be exposed outside the
      explosive cartridge to improve the efficiency of the invention.
PAR  Heating means which may be employed in the invention include either solid
      fuels in the form of sheets, rods or planes, gas or oil burners or
      electrical heaters.
PAR  FIGS. 3 and 4 respectively are section and plane views of an illustrative
      embodiment of the invention. In fixing the tubes 20 on the tube plate 10
      in FIG. 3 by tube expansion, the detonator or explosive cartridge 1
      charged with the heat sensitive means 4 which is used as the explosive
      means for tube expansion is inserted in each of the tubes and then a
      combustive sheet 5 is placed over the heat sensitive means 4 in as close
      proximity as possible. One end 5a of said sheet is ignited. When the
      combustion of the slowly burning combustible sheet 5a comes close to the
      heat sensitive means 4 of the explosive shell 4 said heat sensitive means
      will be fired thereby exploding the detonator or the explosive cartridge
      1. As the combustible sheet is slowly burned from one end 5a toward the
      other end 5b, a plurality of tube expansion explosions take place.
PAR  In FIG. 4, the tubes 21 to be expanded are arranged on the tube plate 10
      and each of the tubes is fitted with a detonator or explosive cartridge
      equipped with heat sensitive means. The combustible sheet 5 is placed over
      the tubes and one end is fired. The sheet is slowly burned in the
      direction of the arrow B and explosions of the detonators or explosive
      cartridges at the position X through which the surface of combustion wave
      A is passed are consecutively initiated. The area shown by Y is one where
      the combustive sheet has not yet been burnt with the detonators or
      explosive cartridges unexploded.
PAR  The combustive sheet may be, for example a combustible film made of cloth,
      paper, cellulose, synthetic resin or the like, which may be impregnated an
      oxidizing agent such as potassium nitrate, potassium chlorate or the like
      in order to ensure the propagation of combustion. Solid fuel in the form
      of rod or sheet provides the same effect as the combustible sheet. The
      heat generated from combustion of the fuel can be utilized efficiently.
PAR  FIG. 5 is a perspective view representing another embodiment of the
      invention, in which a rod-form burner 6 is employed as the heating means.
      A number of holes are provided for the gas jet at regular intervals in the
      burner to produce a gas flame and ignite the adjacent explosive means. If
      the gas burner 6 is equipped with means for movement so that it is moved
      prior to the time of explosion, damage to the gas burner can be prevented.
      It is possible further to ensure the prevention of damage of the heating
      means by prolonging said time-lag between heating and explosion by
      employing a delay fuse as the heat sensitive means. If the gas burner 6 is
      constructed in such a manner that it is moved at a selected velocity
      preferably automatically and remotely, the flame 8 of the gas burner 6
      will be successively contacted with the core agent of the heat sensitive
      means. The transfer of the burner 6 in the direction of the arrow C will
      successively initiate a plurality of explosions. The fuel used for the
      burner 6 is supplied by means of the gas conduit 7, which may be any
      combustible alkane gas such as methane, propane, acetylene, city gas,
      hydrogen, oil mist or the like. Single or combined electric heaters in the
      form of rods or planes may also be employed to produce the same effect as
      burner 6.
PAR  It is a fundamental idea of the invention to cause ignition of the heat
      sensitive means by heat energy from the high-temperature heat radiating
      portion of a heating means such as a flame. Since electrical ignition is
      not used, the deficiencies of the prior art are avoided.
PAR  Furthermore, unlike the case where ignited there are simultaneous
      explosions, the utilization of consecutive explosions materially reduces
      the sound level and explosive force so that sound and energy absorbing
      measures can easily be taken.
PAR  The following non-limiting examples are given by way of illustration.
PAC  EXAMPLE 1.
PAR  Explosively expandable carbon steel tubes for heat exchangers each 2.8 mm
      in thickness and 45 mm in inner diameter were placed in a tube plate 60 mm
      in thickness by means of polyethylene explosive cartridges each containing
      1.5 g. of an explosive. Each cartridge was equipped in the upper space
      portion with polyvinyl formal of a specific density of 0.30 impregnated
      with potassium chlorate as the heat sensitive means and inserted into the
      tube as shown in FIG. 3. A combustible sheet made of a cloth impregnated
      with potassium nitrate was located in contact with or close to the
      explosive cartridges. The combustible sheet was ignited at the lower end
      and slowly burned to ignite the heat sensitive means and fire the
      explosive cartridges thereby fixing the tubes in the tube plate.
PAC  EXAMPLE 2.
PAR  A stainless steel plate 62 mm in thickness was machined to form 30 holes
      each 19.2 mm in diameter, into each of which was fit a stainless steel
      tube 19.0 mm in outer diameter. A plastic cartridge filled with 0.3 g. of
      PETN and 0.2 g. of DDNP was inserted in each tube. Each explosive
      cartridge was then charged with a safety fuse 50 mm in length. As shown in
      FIG. 3, a combustible sheet made of paper towel impregnated with potassium
      nitrate was placed in contact with or close to the end plane of the fuses.
      The combustible sheet was ignited at the lower end and slowly fired to
      fire successively the fuses and then the explosive cartridges thereby
      fixing the tubes on the tube plate.
PAC  EXAMPLE 3.
PAR  A carbon steel plate 69 mm in thickness was machined to form 81 holes each
      25.6 mm in diameter, into each of which was fit a carbon steel tube 25.4
      mm in outer diameter. An explosive cartridge made of plastic case was
      filled with 5.0 g. of PETN and 0.4 g. of DDNP and inserted in each of said
      steel tubes. Each explosive cartridge was charged with a safety fuse 50 mm
      in length. Propane fuel gas was introduced under a pressure of 0.5
      Kg/cm.sup.2 into a stainless steel tube 50 cm in length and 30 mm in
      diameter with gas jet holes set at an intervals of 10 mm. The gas was
      burned to fire the safety fuses with the flame for successive initiations
      of the explosion of the cartridges. The tubes fixed on the tube plate were
      resistant to a hydraulic pressure of 75 Kg/cm.sup.2.
PAC  EXAMPLE 4.
PAR  A carbon steel plate 69 mm in thcikness was machined to form 196 holes each
      25.6 mm in diameter, into each of which was fit a carbon steel tube 25.4
      mm in outer diameter. Into each steel tubes was inserted an explosive
      cartridge made of a plastic case filled under pressure with 5.0 g. of PETN
      and 0.4 g. of DDNP. Each explosive cartridge was charged with a delay fuse
      35 mm in length on the outer cut surface of which was applied 0.1 g. of
      nitrocellulose. Acetylene-oxygen gas mixture used as the fuel gas was
      burned in a rod burner made of stainless steel tube with gas jet holes set
      at intervals of 5 mm. The nitrocellulose delay fuses were successively
      fired with the flame of the burner to explode the cartridges. Ignition of
      all of the cartridges required 20 seconds. The tubes fixed in the tube
      plate were resistant to a hydraulic pressure of 95 Kg/cm.sup.2.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of securing the tube ends of a plurality of explosively
      expandable metallic tubes to a tube plate in which said tubes are
      inserted, which comprises the steps of:
PA1  1. inserting a cartridge containing an explosive charge in each of the
      metallic tubes to be secured to the tube plate, there being heat sensitive
      means in operative proximity to each of said explosive charges, each of
      said heat sensitive means having an end portion projecting beyond the tube
      in which said cartridge is inserted; and
PA1  2.
NUM  2.
PAR  2.  successively igniting said heat sensitive means thereby successively to
      explode said explosive charges and expand said expandable metallic tubes
      by applying heat energy to said heat sensitive means through heating means
      positioned adjacent said projectend portions to successively transfer heat
PAR   energy to said heat sensitive means. 2. A method as in claim 1 wherein
      said heating means are selected from the group consisting of combustible
      sheets, gas burners, electric heaters and solid fuel.
NUM  3.
PAR  3. A method according to claim 1 wherein each of said cartridge is made of
      metal, paper or synthetic resin.
NUM  4.
PAR  4. A method according to claim 1 wherein each of said heat sensitive means
      comprises an elastic, porous, macromolecular substance impregnated with an
      oxidizer or combustible agent.
NUM  5.
PAR  5. A method according to claim 1 wherein each of said heat sensitive means
      is a fuse.
NUM  6.
PAR  6. A method according to claim 5 wherein each of said heat sensitive fuses
      is a time fuse.
NUM  7.
PAR  7. A method according to claim 1 wherein said heating means is cloth,
      paper, cellulose or synthetic resin.
NUM  8.
PAR  8. A method according to claim 7 wherein said cloth, paper, cellulose or
      synthetic resin is impregnated with an oxidizer.
NUM  9.
PAR  9. A method according to claim 1 wherein said heating means is a gas burner
      having a plurality of aligned jets or a cross-sectionally linear jet.
NUM  10.
PAR  10. A method according to claim 1 wherein said heating means is an electric
      heater having at least one rod-type or plate-type heat-radiating part.
NUM  11.
PAR  11. A method according to claim 2 wherein said solid fuel is rod or
      plate-shaped.
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ABST
PAL  A method and machine for use in hydrostatic extrusion wherein a portion of
      an elastic-plastic viscous pressure medium is introduced into the rear
      portion of a container, with the rear end thereof being sealed in a fluid
      tight fashion. The pressure medium being of such a nature that it has a
      high viscosity and cannot flow by itself. Subsequently, a billet is
      charged into the container and then a die is mounted in the container at
      the forward end thereof. The aforesaid pressure medium is caused to fill
      around the outer circumferential surface of the billet. In this respect, a
      high pressure seal is provided for the junctions between the die and the
      forward end of the container and between the die and the forward end of
      the billet before the pressure medium flows out of the container in a
      practically negligible small amount, immediately after which a pressure
      stem is pushed into the container from the rear end thereof, thus
      proceeding with the hydrostatic extrusion.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  1. Field of the Invention:
PAR  The present invention relates to a method and machine for use in
      hydrostatic extrusion and more particularly to a method and machine for
      use in hydrostatic extrusion wherein a billet is placed in a container in
      sealing relation and the pressure medium is compressed in the container
      such that the billet is extruded under a triaxial compressive force.
PAR  2. Description of the Prior Art:
PAR  Although hydrostatic extrusion has many advantages, such as low extruding
      load, good lubrication and feasibility of extruding a long billet, it has
      suffered from the disadvantages inherent thereto, in that the cycle time
      of the extrusion is longer than that of the desired cycles of extrusion
      which can meet the demand from the production field, since excessive time
      and man power are required for charging and discharging the pressure
      medium into and from the container.
PAR  Furthermore, with warm or hot hydrostatic extrusion, a billet preheated
      outside the machine is charged into the container and then the pressure
      medium is introduced into the container, resulting in the drawback that it
      takes a considerable length of time before starting the extrusion with an
      accompanied undesirable tendency of an appreciable degree of decrease in
      the temperature of the billet due to heat-radiation. A further problem
      experienced is that, since the pressure medium is introduced into the
      container after charging the billet into the container, the pressure
      medium has to be subjected to disturbance, thereby accelerating the heat
      exchange between the billet and the pressure medium, with the result that
      thermal efficiency is lowered and undesirable thermal loss is encountered.
PAR  Included by the pressure medium for use in such a conventional hydrostatic
      extrusion is, in general, a liquid-state pressure medium such as castor
      oil. On the other hand, there has been proposed a special method wherein
      glass is used as a lubricant for hot extrusion in an attempt to enhance
      the efficacy of the hydrostatic extrusion by using a layer of glass having
      an increased thickness.
PAR  More particularly, this method involves the steps of placing a glass pad
      molded to a solid state in the front or rear of a billet charged in a
      container, whereby the glass in contact with the preheated billet may be
      melted to fill the gap between the billet and the container, and then
      extrusion follows. In this respect, the glass used serves the dual
      purposes of a lubricant and a pressure medium. However, this method
      presents only a partial solution to the aforesaid disadvantages. In other
      words, although the use of a solid stage pressure medium may result in
      decreasing the time required for charging said medium into the container,
      as compared with the case of using a conventional liquid state pressure
      medium, it is impossible to start the extrusion under hydrostatic
      pressure, immediately after charging the billet into the container, since
      such a step should be followed wherein the pressure medium in a solid
      state receives the heat from the billet and thus is melted to fill the gap
      around the circumference of the billet. This apparently fails to shorten
      the total time required for extrusion with the accompanied decreased
      thermal efficiency due to a heat loss for melting the glass. In addition
      to this, this method can be applied only to the temperature range above
      the melting point of the glass, and thus the temperature range used is to
      some extent subjected to limitation.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a method and machine
      for use in hydrostatic pressure extrusion, which can shorten the time for
      charging a pressure medium into a container, such that the extrusion may
      be commenced immediately after the charge in an attempt to shorten the
      time required for cycle of extrusion and production efficiency is
      improved.
PAR  It is a further object of the invention to provide a method and machine for
      use in hydrostatic pressure extrusion which can minimize the the amount of
      heat radiation from a billet, during the time from the introduction of the
      heated billet into the container until the commencement of the extrusion,
      thereby improving thermal efficiency.
PAR  According to the present invention, these objects and features may be
      attained by adopting as a pressure medium a material having special
      properties and by presenting extruding operations suited for such a
      special pressure medium and a machine useful for the same.
PAR  More particularly, according to the method and machine for use in
      hydrostatic extrusion according to the present invention, a portion of an
      elastic plastic viscous pressure medium is introduced into the rear
      portion of a container, with the rear end thereof being sealed in a fluid
      tight fashion, the pressure medium being of such a nature that it has a
      high viscosity and cannot flow by itself. Subsequently, a billet is
      charged into the container and then a die is mounted in the container at
      the forward end thereof. The aforesaid pressure medium is caused to fill
      around the outer circumferential surface of the billet. In this respect, a
      high pressure seal is provided for the junctions between the die and the
      forward end of the container and between the die and the forward end of
      the billet before the pressure medium flows out of the container in a
      practically negligible small amount, immediately after which a pressure
      stem is pushed into the container from the rear end thereof, thus
      proceeding with the hydrostatic extrusion.
PAR  According to another aspect of the present invention, prior to the
      introduction of the billet into the container, the billet is heated up to
      500.degree.C, whereby the pressure medium is heated up to a temperature
      below the drop point of the pressure medium.
PAR  If required, the inner wall of the container is heated and maintained at a
      temperature below the drop point of the pressure medium, before charging
      of the pressure medium into the container.
PAR  According to still a further aspect of the invention, a pressure medium,
      billet and die are placed in sequential order into the container, as
      viewed from the container side, along the center line of the machine.
PAR  In addition to such methods, the present invention presents a machine
      useful for such methods. More specifically, the hydrostatic extrusion
      machine of the invention comprises a container adapted to move along the
      center line of an extrusion press, a die block movable toward the center
      line of the extrusion press, with a die placed at the front end of the
      container, and a device for supplying pressure medium adapted to move
      toward the center line of extrusion and having a cylinder for holding the
      pressure medium formed with an opening on the container side in addition
      to a charging rod adapted to slidingly move through the cylinder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention will be easily obtained as
      the same becomes better understood by reference to the following detailed
      description when considered in connection with the accompanying drawings,
      wherein:
PAR  FIGS. 1(A) to (E) are longitudinal cross-sectional views showing steps of
      extrusion of a solid rod in the order of progress of the steps;
PAR  FIG. 2(A) is a longitudinal cross-sectional view of a pressure medium
      supply device of the invention;
PAR  FIG. 2(B) is a cross-sectional view taken along the line A--A of FIG. 2(A);
PAR  FIG. 3(A) is a longitudinal cross-sectional view of a billet guide of the
      invention;
PAR  FIG. 3(B) is a cross-sectional view taken along the line A--A of FIG. 3(A);
PAR  FIG. 4(A) is a longitudinal cross-sectional view showing the fitting
      relationship of a container and die holder;
PAR  FIG. 4(B) is a cross-sectional view taken along the line C--C of FIG. 4(A);
PAR  FIG. 5 is a longitudinal cross-sectional view of one embodiment of the
      invention wherein a tubular body is extruded;
PAR  FIGS. 6(A) and (B) are longitudinal cross-sectional views showing one
      embodiment of the method, whereby a pressure medium, billet and die are
      charged in or mounted on the container; and
PAR  FIGS. 7, 8 and 9 are longitudinal cross-sectional views showing sequential
      steps of operation of one embodiment of a machine according to the present
      invention.
DETD
PAC  DETAILED DESCRIPTON OF THE PREFERRED EMBODIMENTS
PAR  As has been described, the present invention uses a novel type of pressure
      medium in the sense that it has not been previously used in the field of
      the hydrostatic pressure extrusion. The pressure medium as used in the
      present invention is an elastic-plastic viscous material that has a
      substantial degree of viscosity such that the material exhibits virtually
      no flow by itself upon its insertion into the container but presents
      sufficient fluidity and transmits the pressure hydrostatically when an
      external force besides gravity is exerted thereto. Typical of such a
      material are the following three groups of materials:
PA1  a. Grease Group Comprising:
PA2  1. soap type greases composed of a petroleum oil and soaps such as fatty
      acids, soaps of sodium and calcium and lithium;
PA2  2. complex greases in which the soap phase is prepared by the
      solidification of compounds composed of soap and a complexing agent such
      as water, salt, etc.;
PA2  3. non-soap type greases in which metal phtalocyanines, silicas, metal
      oxides, etc. are used as a gelling agent.
PA1  b. Wax or fat group comprising beeswax, carnauba wax, montan wax, spemaceti
      wax, woll wax, lanolin, lard.
PA1  c. Mixture or suspension in which a solid lubricant such as molybdenum
      disulfide, graphite, lead oxide, polytetrafluorethylene, etc. is added to
      the aforesaid material belonging to a) or b) group. It is needless to
      mention that, since the materials included in the aforesaid groups permit
      the transmission of pressure at a substantially constant level in a
      hydrostatic manner throughout the extruding operations and furthermore are
      stable in the temperature range above or equal to the billet temperature,
      such materials have properties essential as a pressure medium for use in
      hydrostatic extrusion according to the present invention.
PAR  The material, as has been referred to above, is introduced into the
      container in the form of a lump or block according to the present
      invention.
PAR  It often occurs that the temperature of the container is substantially
      close to room temperature, when starting the operation of a press. In
      practicing the method of the present invention using warm or hot
      extrusion, the temperature at the inner wall of the container may be
      preheated to a temperature below the drop point of the pressure medium,
      thereby preventing the temperature drop of the billet, thus achieving
      increased efficiency even at the beginning of the operation.
PAR  On the other hand, a disadvantage is encountered with a continuous
      extruding operation, in that the temperature at the inner wall of the
      container is gradually increased to a temperature, as the case may be,
      above the dropping point of the pressure medium, thus presenting
      difficulties for the introduction of the pressure medium into the
      container, coupled with an undesirable thermal effect on the container and
      other machine parts. However, to avoid such a disadvantage, the container
      may be cooled so as to bring the temperature at the iner wall thereof to a
      temperature below the dropping point of the pressure medium.
PAR  Description will now be given in detail with reference to the accompanied
      drawings.
PAR  FIGS. 1(A) to (E) show the progress of the steps used in the method of the
      present invention.
PAR  Referring to FIG. 1(A) which shows a pressure medium 3 being supplied,
      there is provided a cylinder 5 holding the pressure medium 3 between a
      container 1 and a back platen 4. A shifting rod 7 which is provided with a
      pusher 6 is movable axially and extends through a through-hole provided in
      the back platen 4.
PAR  FIG. 1(B) shows inserting a billet, in which the billet 11 is positioned
      with one end of the billet fitted in a conical portion of a die 9 held by
      a die holding fixture 8 and with the other end of the billet attached to a
      billet guide 10.
PAR  FIG. 1(C) shows the condition immediately before extrusion, FIG. 1(D) shows
      the condition during extrusion, and FIG. 1(E) shows the condition after
      extrusion. Shown at 12 is a box for receiving the pressure medium.
PAR  The sequence of the steps in the method of the present invention will be
      described hereinafter with reference to FIGS. 1(A) to (E).
PAR  Firstly, the cylinder 5 containing therein the pressure medium 3 is placed
      between the container 1 and the back platen 4, and then a shifting rod 7
      is moved toward the container 1 by means of a hydraulic cylinder (not
      shown), whereby the pressure medium 3 is forced into the container by
      means of the pusher 6 (FIG. 1(A)).
PAR  Subsequently, after moving the shifting rod 7 toward the back platen 4 the
      cylinder 5, the pusher 6 and the shifting rod 7 are retracted, and then
      the container 1 is moved to the left as seen in the drawing, with the stem
      2 being fitted therein. Thereafter, a billet 11 is placed in the space
      between the container 1 and the back platen 4, one end of the billet 11
      being fitted in a conical portion of the die 9 held by the die holding
      fixture 8 and the other end thereof, i.e., the rear end thereof, being
      fitted in the billet guide 10 having axial grooves in its outer
      circumference, (FIG. 1(B)).
PAR  In the case where warm or hot extrusion is carried out as described above,
      the billet 11, billet guide 10 and die 9 are preheated externally to a
      desired temperature. It is preferable that the pressure medium be
      preheated before its introduction into the container, to thereby minimize
      the heat loss from the billet and to improve thermal efficiency. It is
      also desirable that the temperature of the pressure medium thus heated be
      below the drop point of the pressure medium for the purpose of preventing
      the pressure medium from dropping and flowing out of the container.
PAR  At the time of starting the press operation, it is often that the
      temperature of the container itself is equal to room temperature. In such
      a case, a heating means such as heating coils may be inserted in the
      container beforehand, prior to charge of the pressure medium, such that
      the temperature at the inner wall of the container is maintained at a
      preferable temperature below the drop point of the pressure medium, after
      which the heating means is removed from the container and the pressure
      medium is inserted.
PAR  It is possible that, during the continuous extruding operation, the
      temperature at the inner wall of the container may be gradually increased
      to a temperature above the drop point of the pressure medium. In such a
      case, the container is cooled by using a cooling means so as to lower the
      temperature at the inner wall of the container to a temperature below the
      drop point of the pressure medium used. In the case of a fluid-supported
      type container, such cooling may be accomplished by using a cooling medium
      which is also used for supporting the inner cylinder, or otherwise by
      using a cooling medium provided outside the container.
PAR  Thereafter, the container 1 and the stem 2 are advanced, while maintaining
      a constant relative position therebetween so as to press the front end of
      the container 1 against the stepped or flanged portion of the die holding
      fixture 8. (FIG. 1(C)).
PAR  At this time, the billet 11 is inserted into the container 1, with the
      pressure medium 3 surrounding the billet. In this respect, the pressure
      medium 3 essentially excludes air therefrom, such that the billet 11 and
      the pressure medium 3 are completely packed in the container 1, when the
      container is advanced to the point where the high pressure packing 13 on
      the die side 9 functions.
PAR  When the stem 2 is further acvanced, the billet 11 will be extruded through
      the opening of the die 9. (FIG. 1(D)).
PAR  Upon completion of the extrusion stage, the pressure within the container
      is lowered and the container 1 is moved backward and then the portion of
      the billet to be discarded is removed. The remaining pressure medium 3 is
      introduced into a box 12 provided ahead of the container 1, by advancing
      the stem 2. (FIG. 1(E)).
PAR  In this manner, one cycle of the extrusion process is completed.
PAR  FIGS. 2(A) and (B) show in detail the device for supplying the pressure
      medium.
PAR  Longitudinally and forwardly extending from the upper end of the pusher 6
      is an elongated portion 15 which defines an air discharge passage 14.
PAR  When shifting rod 7 is moved toward the container 1, and thus the pressure
      medium 3 contained in the cylinder 5 is inserted into the container 1,
      there remains air entrapped within the container 1. In this respect, the
      remaining air cannot be discharged from the stem side, because of a seal
      16 fitted on the stem. For this reason, there is provided, as described
      hereinbefore, an elongated portion 15 extending integrally from the pusher
      6 to thereby define the air discharging passage 14, whereby the pressure
      medium 3 may be inserted into the container 1 until the medium 3 contacts
      the stem 2, while discharging the air through the air discharging passage
      14 from the container 1.
PAR  FIGS. 3(A) and (B) show the detailed construction of the billet guide.
      There are formed a plurality of recessed or grooved portions 17 in the
      outer circumference of the billet guide 10, such that the pressure medium
      placed rearwardly of the billet guide 10 may make ingress therethrough to
      the billet side.
PAR  FIGS. 4(A) and (B) show in detail the fitting relationship of the container
      on the die holding fixture 8, the container 1 being formed with a recessed
      portion 18 so as to discharge air entrapped in the container to the
      outside, before the high pressure packing 13 functions at the time of
      insertion of the die 9.
PAR  While the description has been given for the case where a solid rod is
      extruded, the method and machine according to the present invention may
      likewise be applied to the extrusion of a tubular body, except that the
      latter case uses a hollow billet and a mandrel located at a different
      position from that in the former case, presenting minor modifications as
      shown in FIG. 5. More particularly, FIG. 5 corresponds to FIG. 1(A)
      showing the extrusion of a solid rod, providing a pusher and a shifting
      rod having hollow portions 20 of a diameter corresponding to that of a
      mandrel 19. Thus, the portion of pressure medium may be placed at the root
      portion of the mandrel 19 in a manner the same as in the former embodiment
      (FIG. 1).
PAR  FIGS. 6(A) and (B) shows another embodiment of the invention, wherein to
      practice the present invention in a more efficient manner in production,
      the pressure medium, billet, and die are efficiently inserted into the
      container in an attempt to shorten the time prior to commencement of
      extrusion. In short, the pressure medium, billet and die or members to be
      inserted or equipped within or in the front end of the container are
      placed beforehand in series along the center line of the extrusion, and
      thus all of these members may be inserted or equipped therein at one time.
      More particularly, in FIG. 6, shown at 19, is a cylinder containing
      pressure medium 3 and at 20 a heat-insulating pad having a convexed
      portion which is adapted to be in register with the recessed portion 17
      provided in the outer circumference of the billet guide 10 as shown in
      FIG. 3(B), said pad being made of a cloth of silica glass fibers
      heat-insulating rubber, or the like.
PAR  Referring to the embodiment of the invention as shown in FIGS. 6(A) and
      (B), a container 1 is moved away and the pressure medium is charged
      beforehand into the forward portion of the container 1. Also provided in
      the forward portion thereof is a cylinder 19 consisting of two halved
      parts and having a heat-insulating pad fitted in the forward end thereof.
      Subsequently, a billet 11 is placed between the pressure medium holding
      cylinder 19 and the back platen 4, the billet 11 having one end fitted in
      the conical portion of the die 9 held by a die holding fixture 8 and
      having the other or rear end received by a billet guide 10. In this
      respect, the billet 11, billet guide 10 and die 9 are heated beforehand
      outside the machine to a desired temperature.
PAR  The container is then advanced, and there are inserted in turn the pressure
      medium 3, heat-insulating pad 20, billet guide 10, billet 11 and die 9,
      after which the die holding fixture 8 is inserted in the container 1.
      During this phase, the cylinder 19 is advanced toward the die by means of
      the container 1 and is then removed therefrom, after the pressure medium 3
      has been inserted into the container 1.
PAR  The extrusion is carried out by advancing the stem 2, immediately after the
      pressure medium 3 and the billet 11 have been inserted in the container 1.
      The viscous pressure medium surrounds the billet wholly. It should be
      noted that the pressure medium 3 is forced to flow to the billet side
      through a plurality of recessed or grooved portions provided in the outer
      circumferences of the heat-insulating pad 20 and billet guide 10.
PAR  This permits the application of hydrostatic pressure to the billet 11.
PAR  The following description is given to describe a novel machine useful for
      practicing the method of the invention in an efficient manner. In this
      machine, as has been described with reference to the previous embodiments,
      the pressure medium, which can hardly flow under atmospheric pressure, is
      charged in a cylinder for holding the pressure medium. The pressure medium
      holding cylinder containing a predetermined quantity of pressure medium is
      then placed ahead of the stem which allows an axial movement and uses a
      high pressure packings for sealing, before the billet is charged into the
      container, i.e., before the container is advanced to house the billet
      therein. The pressure medium is then compressed and caused to flow by
      being squeezed by the rear end of the billet and the forward end of the
      stem, both of which are moved closer to each other, such that the pressure
      medium is caused to flow. In the subsequent step, the pressure medium
      flows, through the longitudinal grooves provided in the circumferential
      surfaces of the billet guide and heat-insulating pad, into the gap defined
      by the inner wall of the container and the outer circumferential surface
      of the billet. In other words, the pressure medium fills the aforesaid
      gap, sealed with a packing mounted on a die block, thereby effecting
      extrusion of a billet in a reasonable manner.
PAR  Referring now to FIG. 7, showing another embodiment of the invention, shown
      at 21 is a pressure container for use in a hydrostatic extrusion press. A
      pressure stem 22 is provided so as to be introduced into the container 21
      from the rear side thereof, while being slidingly guided with a packing
      holder 24 which backs up a super-high pressure packing 23 from the rear
      side. Thus, the rear end of the pressure container 21 is sealed with the
      packing 23 and pressure stem 22. Although not shown herein, the pressure
      container 21 may move integrally with the packing holder 24. Located in
      the front of the pressure container 21 is a press platen 25 whose opening
      25a is aligned coaxially with the C. L. of the pressure container 21.
PAR  A sliding member 26 slides along the surface on the container side of the
      platen 25 by means of a hydraulic cylinder 27.
PAR  The sliding member 26 is provided with a pressure supply device 28 and a
      billet charging die block 29, both of which are positioned in parallel
      relation to each other as well as to the C. L. of the machine. The device
      28 for supplying the pressure medium consists of: a hydraulic cylinder 28a
      which is secured with bolts and nuts to the sliding member 26 in parallel
      to the C. L.; a holding cylinder 28b which has an inner diameter the same
      as that of the container 21 coupled through the cylinder 28b with the
      hydraulic cylinder 28a; a movable piston 28c fitted in the hydraulic
      cylinder 28a; and a charging plate 28e which is supported with a piston
      rod 28d within the container 21 and is fittable in the pressure medium
      holding cylinder 28b. When the device for supplying the pressure medium is
      in the position as shown in FIG. 7, the pressure medium 28f charged within
      the cylinder 28b for holding the pressure medium may be charged into the
      container 21 due to operation of the hydraulic cylinder 28a.
PAR  The die block 28 for charging the billet consists of: a die block 29a
      holding a die 29b; a high pressure packing 29c fitted on the shoulder
      portion of the die portion 29b; and a cylinder 29d for holding the billet.
      As shown in FIG. 7, a billet 30 is attached in a concaved conical die 29b
      by means of a billet charging cylinder 31, part of which is shown in
      parallel to the container 21.
PAR  The operation of the machine according to the hydrostatic extrusion of the
      present invention will now be described, in detail, by referring to FIGS.
      7, 8 and 9.
PAR  Firstly, as shown in FIG. 7, the hydraulic cylinder 27 for use in sliding
      movement is operated so as to shift the pressure medium supply device 28
      in alignment with the center line of the pressure container 21, with the
      container side surface of the pressure medium holding cylinder 28b in
      contact with the front surface of the pressure container 21. Then, the
      hydraulic cylinder 28a is operated so that a predetermined amount of the
      pressure medium 28f, which has been charged into the pressure medium
      holding cylinder 28b beforehand, (see the dotted line portion of FIG. 7)
      is charged into the container by pushing the charging plate 28e toward the
      pressure stem 22. After a desired amount of the pressure medium has been
      charged into the container, only the charging plate 28e will be restored
      to its initial position.
PAR  During the operation of charging the pressure medium, the billet 30 is
      mounted in the die block 29, i.e., the billet 30 is mounted on the die 29b
      by operation of the billet charging cylinder 31.
PAR  As shown in FIG. 8, upon completion of the aforesaid pressure medium
      charging, the sliding member 26 is moved by means of the hydraulic
      cylinder 27 for use in sliding movement to such a position where the die
      block 29 holding billet 30 is brought into alignment with the center line
      of the pressure container 21. In this stage, as the pressure container 21
      and stem 22 are advanced, the billet 30 which has been held with the
      billet holding cylinder 29d of the die block 29 is charged into the
      pressure container 21 (in a direction shown by an arrow A in FIG. 8).
      Along therewith, the pressure medium 28f which has been charged
      beforehand, is compressed between the rear surface of the billet and the
      forward end of the stem. Thus, because of the pressure container 21 being
      sealed at its rear end by means of packing device 23, 24, the pressure
      medium 28f thus compressed is filled in the gap defined by the billet 30
      and the inner wall of the pressure container 21 from the pressure-stem
      side to the die block side, until the container 21 is practically filled
      with the pressure medium 28f, before the super-high-pressure packing 29c
      mounted on the die block 29 is fitted in the forward inner diameter
      portion of the pressure container 21.
PAR  As shown in FIG. 9, when the pressure medium 28f has been charged into the
      pressure container 21 to a desired amount, the pressure container 21 and
      the stem 22 are further advanced so as to locate the die block between the
      forward end of the pressure container 21 and the press platen 25, with the
      high pressure packing 29c being fitted in the inner diameter of the
      container to thereby seal the forward end of the container 21.
PAR  A further advance of the pressure stem 22 increases the pressure of the
      pressure medium 28f sealed, and the billet 30 is then extruded as a
      product 32 through the die 29c.
PAR  In line with the aforesaid extrusion, the pressure medium 28f is again
      charged in the cylinder 29b for holding the pressure medium in the supply
      device 28 located aside the pressure container 21, thus preparing for the
      subsequent charging of the pressure medium.
PAR  As is apparent from the foregoing description, the method and machine
      according to the present invention use viscous material as the novel
      pressure medium which flow very little under the influence of gravity, and
      thus there are provided the extruding operations well matching with the
      properties of the pressure medium, thereby enabling satisfactory and
      efficient hydrostatic extrusion. The advantages of the present invention
      being in contrast to the case where ordinary castor oil is used, the
      pressure medium in the form of a lump or block may be charged in the
      container beforehand, before the billet is charged therein, with the
      result that the time from the billet charging until the commencement of
      the extrusion may be shortened to a great extent. The machine as shown in
      FIGS. 7, 8 and 9 are well suited for mounting the billet on the die, in
      line with the supply of the pressure medium, whereby the time required for
      the preliminary operations before the commencement of the extrusion cycles
      per unit hour, thus improving production efficiency.
PAR  Particularly, in the case of hot or warm extrusion, the heat loss from the
      heated billet may be minimized, by compressing the aforesaid time required
      and by heating the pressure medium to a required temperature, by
      maintaining the inner wall of the container at a required temperature by
      heating or cooling the same, and thus the thermal efficiency of the
      extrusion may be materially improved.
PAR  It will be understood that the above description is merely illustrative of
      preferred embodiments of the invention. Additional modifications and
      improvements utilizing the discoveries of the present invention can be
      readily anticipated by those skilled in the art from the present
      discoveries, and such modifications and improvements may fairly be
      presumed to be within the scope and purview of the invention as defined by
      the claims that follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of use in hydrostatic extrusion comprising the steps of:
PA1  sealing a stem in the rear portion of a container in a fluidtight manner;
PA1  inserting, from the forward end of said container, a lump of viscous
      pressure medium being capable of hydrostatically transmitting pressure,
      into the rear portion of said container;
PA1  subsequently charging, from the forward end of said container, a pre-heated
      billet together with a die mounted at the front end of said billet into
      said container, thereby causing said pressure medium to fill around said
      pre-heated billet, discharging substantially all air from said container,
      before any excess flow of said pressure medium flows out of said
      container;
PA1  immediately thereafter, elevating the pressure required for hydrostatic
      extrusion by pushing said stem forwardly from said rear portion of said
      container such that homogeneous pressure is hydrostatically applied to
      said billet by means of said viscous pressure medium.
NUM  2.
PAR  2. A method as defined in claim 1, wherein said pressure medium used is
      selected from the following groups:
PA1  a) a grease group comprising:
PA2  1. soap type greases being composed of a petroleum oil and soaps such as
      fatty acids, soaps of sodium and calcium and lithium,
PA2  2. complex greases in which the soap phases are prepared by the
      solidification of compounds composed of soap and complexing agent such as
      water, salt, or the like,
PA2  3.
NUM  3.
PAR  3. non-soap type greases in which metal phtalocyanines, silicas, metal
      oxides, and the like are used as a gelling agent.
PA1  b. wax or fat group comprising beeswax, carnauba wax, montan wax, spemaceti
      wax, woll wax, lanolin, lard.
PA1  c. mixture or suspension in which a solid lubricant such as molybdenum
      disulfide, graphite, lead oxide, polytetrafluorethylene or the like is
PAR   added to the aforesaid material belonging to said a) or b) group. 3. A
      method as defined in claim 1, wherein, prior to the charge of said billet
      into said container, said billet is preheated up to 500.degree.C, while
      said pressure medium is preheated up to a temperature below the drop point
      of said pressure medium.
NUM  4.
PAR  4. A method as defined in claim 1, wherein the temperature at the inner
      wall of said container is maintained at a temperature below the drop point
      of said pressure medium, upon insertion of the pressure medium into said
      container.
NUM  5.
PAR  5. A method as defined in claim 1, wherein, before inserted into said
      container, the pressure medium, billet and die are arranged in series in
      the above order from said container, and are then inserted simultaneously
      into said container along the center line of said container.
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ABST
PAL  A rapidly rotatable piercing tool of hard material for forming by
      frictional heat and pressure a hole surrounded by a boss in a metal plate
      or the wall of a metal pipe, the pipe part for making the hole to size
      having basically triangular cross sectional areas the contour line of
      which has three outwardly curved legs of a shape to make the piercing tool
      expecially adapted to forcing bossed holes both in ductile and in hard
      metals.
BSUM
PAR  The invention relates to a rapidly rotatable piercing tool of hard material
      for forming, substantially by frictional heat and pressure, a hole
      surrounded by a boss in a metal plate or the wall of a metal pipe, said
      tool being constructed in such a way that its active part for making the
      diameter of the hole to size has a leading portion extending to and
      tapering towards the free end of the tool and has cross sectional areas,
      of each one of which the basic shape is an equilateral triangle.
PAR  Piercing tools of this kind have been proposed for making bossed holes in
      plates and pipe walls of ductile metal, such as aluminium and copper. The
      active part of these known piercing tools have cross sectional areas, the
      contour line of which has the exact shape of an equilateral triangle or a
      shape, of which the base is such a triangle but the legs are concave.
PAR  It has been found however, that the known piercing tools can not be used
      well for making bossed holes in harder metals, such as iron and mild
      steel. It has appeared that for this purpose the piercing tool has to
      satisfy rather strict conditions and it is the object of the invention to
      provide piercing tools which meet these conditions.
PAR  According to the invention a piercing tool which is adapted to make bossed
      holes both in ductile and in rather hard metals must have an active part
      having basically triangular cross sectional areas, of each one of which
      the contour line consists in and near each angular point of the basic
      triangle of two arcs adjoining each other and touching the circumscribed
      circle of said triangle in the respective angular point and of connecting
      lines interconnecting and blending with said arcs, in which the radii of
      curvature of said arcs are smaller than that of the mentioned
      circumscribed circle and the arcs which extend from the angular points of
      the basic triangle in the direction of rotation of the piercing tool have
      in each one of their points a radius of curvature which is smaller than
      any radius of curvature of the arcs extending from said angular points in
      opposite direction.
PAR  Although for each metal to be worked by the piercing tool cross sectional
      shapes can be found within the scope of the invention which have an
      optimal effect, it has been found that in many cases satisfactory results
      are obtained when in the cross sectional areas of the active part of the
      tool the connecting lines of the contour lines are also curved and have in
      each one of their points a radius of curvature which is greater than the
      radius of the circumscribed circle of the basic triangle of the respective
      area.
PAR  The grinding of the tools to the exact shape and size can be considerably
      facilitated and the manufacture of the rather expensive tools can thereby
      be made cheaper, when the piercing tools are so shaped that the curved
      connecting lines end/or the arcs adjoining each other in the angular
      points of the basic triangles of the contour lines of the cross sectional
      areas of the active parts of the tools are arcs of circles.
DRWD
PAR  The invention will be further elucidated with the aid of the accompanying
      drawing, in which
PAR  FIG. 1 shows a sectional view of a portion of a pipe and an elevational
      view of a piercing tool according to the invention and
PAR  FIG. 2 is, on an enlarged scale, a view of each cross sectional area of the
      active part of the piercing tool shown in FIG. 1.
DETD
PAR  In FIG. 1 a part of a chuck of a drilling machine or an other machine tool
      having a fast rotating spindle is designated by 1. Clamped in the chuck is
      a piercing tool of a very hard metal alloy. This piercing tool consists of
      a small free end portion in the shape of a centre point 1, a tapered
      second portion 3 tapering towards the centre point 2, a cylindrical third
      portion 4 adjoining said second portion 3, a circularly cylindrical
      portion 5 having a diameter which is greater than the maximum diameters of
      the portions 3 and 4, so that a shoulder 6 is formed, and a shank 7 for
      the attachment of the piercing tool in the chuck 1.
PAR  The part of the tool which is active to make the diameter of the bossed
      hole to size consists of the second and the third portion 3, 4. This
      active part of the tool has similar cross sectional areas, one of which is
      shown in FIG. 2 on an enlarged scale.
PAR  The contour line of the cross sectional areas of the tool portions 3 and 4
      shown in FIG. 2 is characterized by a basic shape in the form of an
      equilateral triangle having angular points 8 and by curved legs of said
      triangle. Each leg consists of an arc 9 extending from an angular point 8
      in the direction of rotation 10, a connecting arc 11 and an arc 12
      extending from the next angular point 8 in the direction opposite to the
      direction of rotation. All arcs 9, 11, 12 blend with each other and the
      arcs 9 and 12 touch in the angular points 8 the circumscribed circle 13.
      The radius of curvature 14 in each point of the arc 9 and the radius of
      curvature 15 in each point of the arc 12 are smaller than the radius 16 of
      the circumscribed circle 13 and the radius of curvature 14 is smaller than
      the radius of curvature 15. The radius of curvature 17 in each point of
      the connecting arc 11 is greater than the radius 16 of the circumscribed
      circle.
PAR  In the embodiment all arcs 9, 11, 12 are arcs of circles. It appears that a
      piercing tool having the active surfaces of the tool according to the
      described embodiment can be ground in the required shape in a much easier
      way than a piercing tool having curved surfaces of which the cross
      sectional areas are not bounded by arcs of circles. However, it is
      observed that, for instance, the connecting lines 11 of the contour line
      may be straight lines, so that the corresponding surfaces of the active
      part of the piercing tool are flat. It has been found that the grinding of
      flat surfaces to the piercing tool requires rather intricate machine
      tools.
PAR  When a piercing tool of the described construction is forced, when spinning
      rapidly, through the wall of a metal pipe or through a metal plate, a boss
      18, as illustrated in FIG. 1, is formed. The shoulder 6 of tool portion 5
      smoothes the end face 19 of said boss 17.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A rapidly rotatable piercing tool of hard material for forming,
      substantially by frictional heat and pressure, a hole surrounded by a boss
      in a metal plate or the wall of a metal pipe, the active part of said tool
      for making the diameter of the hole to size having a leading portion
      extending to and tapering towards the free end of the tool, said active
      part of the tool having cross sectional areas, of each one of which the
      basic shape is an equilateral triangle, each cross sectional shape
      consisting in and near each apex of said triangle of two arcs adjoining
      each other and touching the circumscribing circle of said triangle at the
      respective apex and of connecting lines interconnecting and blending with
      said arcs, the radii of curvature of said arcs being smaller than that of
      said circumscribing circle and the arcs which extend from the apices of
      the triangle in the direction of rotation of the piercing tool having a
      radius of curvature which is smaller than any radius of curvature of the
      arcs extending from said apices in the opposite direction.
NUM  2.
PAR  2. A piercing tool as claimed in claim 1, in which each connecting line is
      also curved and has a radius of curvature which is greater than the radius
      of said circumscribing circle.
NUM  3.
PAR  3. A piercing tool as claimed in claim 2, in which the curved connecting
      lines are arcs of a circle.
NUM  4.
PAR  4. A piercing tool as claimed in claim 1, in which the arcs adjoining each
      other in the apices of the triangle are arcs of circles.
NUM  5.
PAR  5. A piercing tool as defined in claim 1 wherein each of said arcs and each
      of said connecting lines are arcs of circles; each arc which extends in
      the direction of rotation from an apex having its center of curvature
      lying on a line connecting the center of said circumscribing circle and
      the apex at which such arc commences; each arc which extends in the
      opposite direction from an apex having its center of curvature lying on a
      line connecting the center of said circumscribing circle and the apex at
      which such arc terminates; each said arc which extends in the direction of
      rotation from a respective apex terminating at a point such that the
      radius at that point when extended intersects a line between the center of
      said circumscribing circle and another apex at the center of curvature of
      that one of said arcs which extends in the opposite direction from said
      another apex; and each said arc, which extends in the opposite direction
      from an apex, commencing at a point such that the radius at such
      commencing point when extended, intersects the radius extended from the
      terminal point of that arc with which it is joined by an intervening
      connecting line, at a connecting line center point which is adjacent to
      but spaced from one of the lines between said center of the circumscribing
      circle and an apex, the connecting line center point being the center of
      said intervening connecting line.
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PAL  A machine, comprising a portal-type bed, two slide rests located on
      circular guides rotatably mounted about shafts fastened to the bed,
      rolling heads mounted each in a corresponding slide rest so that they are
      capable of shifting with respect to the slide rest, rolling rolls set up
      in each head, a slide rest turning gear and a gear for displacing the
      rolling heads relative to the slide rests, a carriage with a gear for
      clamping an article being rolled, with said carriage being mounted movably
      on the bed to introduce the article into the rolling zone and to withdraw
      it therefrom, a carriage transfer gear linked mechanically to the slide
      rest turning gear, and drives of the above-mentioned gears.
BSUM
PAR  The present invention relates to metalworking by pressure, and more
      particularly to machines for rolling-out disc-type articles.
PAC  BACKGROUND OF THE INVENTION
PAR  Two-roll machines for rolling-out disc-type articles, comprising a portal
      bed, two rolling heads incorporating a roll with a rotating gear; a gear
      for feeding the heads together with the rolls to the article to roll it
      out, and for withdrawing them from the article into their original
      position; a carriage with gears adapted for clamping the article and
      carrying it into a rolling zone, and back to its original position; and
      drives for the above-mentioned gears.
PAR  In the known machines the driven rolls have only one degree of freedom and
      are capable of travelling either along an arc of a circumference made by a
      large radius or along a straight line, with an angle formed by roll axes
      being able to increase only.
PAR  The known machines are therefore suitable only for rolling out discs of a
      simple profile with their end face generatrices approaching a straight
      line.
PAR  In order to produce discs of a more intricate profile with projections on
      their end faces and bulgings on their rims, the discs rolled out on the
      known machines should undergo subsequent machining which results in a
      substantial increase in the cost of finished articles owing to a higher
      metal consumption and additional labour-consuming machining.
PAR  The main object of the invention is to provide a machine for rolling out
      disc-type articles which would enable the production of discs with end
      face generatrices having an intricate configuration.
PAR  Said and other objects are achieved in a herein-proposed two-roll machine
      for rolling out disc-type articles, comprising a portal bed, two rolling
      heads incorporating each a roll with its rotating gear, a gear for feeding
      the heads together with the rolls to the article to roll it out and for
      withdrawing them from the article into their original position, a carriage
      with gears for clamping and carrying the article into a rolling zone and
      for returning it into its original position, and drives of the
      above-mentioned gears.
PAR  According to the invention, the machine is provided with two slide rests
      located on circular guides attached to the bed, said slide rests being
      capable of turning about vertical shafts fixed in the bed during the
      rolling operation, with each slide rest carrying one of said rolling heads
      movably mounted with respect to said slide rest, and with a gear for
      simultaneous revolution of both slide rests with the same speed, said gear
      being linked mechanically to the article carrying gear.
PAR  The essence of the present invention is thus the provision of the two-roll
      machine for rolling-out disc-type articles, said machine enabling the
      discs of different profile, particularly those with projections in the
      central portion of their blades, and on their rims, to be produced by
      rolling-out same, which allows for minimizing the scope of machining the
      rolled out articles and, hence, diminishing the metal requirements
      considerably.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be better understood from a consideration of a
      detailed description of an exemplary embodiment thereof, to be had in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 shows a plan view of a two-roll machine for rolling out disc-type
      articles, according to the invention;
PAR  FIG. 2 -- the same as FIG. 1, with a view along arrow A;
PAR  FIG. 3 -- section III--III of FIG. 1;
PAR  FIG. 4 -- section IV--IV of FIG. 1;
PAR  FIG. 5 shows the relative position of the rolling rolls, and the blank as
      the article is being fed into the rolling zone;
PAR  FIG. 6 -- the same as in FIG. 5, except at the beginning of the rolling
      operation;
PAR  FIG. 7 -- the same as in FIG. 5, except at the end of the rolling operation
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A bed 1 (FIGS. 1, 2 and 3) of the proposed machine comprises a flat
      box-type base plate 2 mounting a portal 3 (FIGS. 1,2). Fixed rigidly in
      the portal 3 and base plate 2, symmetrically with respect to the
      horizontal axis 0--0 of the machine, are columns 4, and 5, and 6, and 7
      through which slide rests 8, and 9 (FIGS. 1,2) are articulated with said
      base plate 2 and portal 3.
PAR  The slide rests 8 and 9 are also of the box-type, and are capable of
      rotating about the columns 4, and 5, and 6, and 7 by shifting in a
      horizontal plane. During this movement the slide rests 8 and 9 rest on
      circular guides 10 (FIGS. 1 and 3) rigidly fixed on the upper plane of the
      base plate 2. L-shaped guides 11 are also made as a ring in a plan view,
      and are intended to provide proper positioning of the slide rests 8 and 9
      during their travel along the plane of the base plate 2. In order to
      perform this revolution, the machine is provided with a hydraulic engine
      12 (FIG. 1) which imparts the motion to a horizontal shaft 15 through a
      reducing gear 13 (FIGS. 1,2), and a pair of spur gears 14. The horizontal
      shaft 15 is connected, via pairs of bevel gears 16 and 17, to appropriate
      vertical shafts 18 and 19 (FIG. 2) carrying gears 20 and 21 (FIGS. 1,2)
      engaging geared rings 22 and 23 (FIGS. 2,3) rigidly fixed on the slide
      rests 8 and 9. Thus, both slide rests 8 and 9 turn simultaneously with the
      same speed about the axes of the columns 4, and 5, and 6, and 7, arranged
      symmetrically with respect to the horizontal axis 0--0 of the machine,
      with the slide rests 8 and 9 moving during the working stroke (during the
      rolling operation) to the axis 0--0 and drawing together. The working
      stroke of the rotating slide rests 8 and 9 (the end of the rolling
      operation) is completed, and hence, the switching off of the hydraulic
      engine 12 is effected as the slide rests 8 and 9 affect limit switches 24
      and 25 (FIG. 1).
PAR  As shown in the drawing of FIG. 1, the machine is symmetrical with respect
      to the axis 0--0, and therefore given hereinbelow is a description of its
      right-hand half, with the left half being identical as a mirror image.
PAR  A casing 27 (FIGS. 1,3,4) for a rolling head 28 is located on a bearing
      plane 26 (FIG. 3). The casing 27 is articulated with the slide rest 9 with
      the aid of a pivot 29 passing through lugs 30 (FIG. 3) of the casing 27
      and slide rest 9.
PAR  The casing 27 is capable of rotating about the pivot 29, with its bearing
      planes sliding along the bearing plane 26 of the slide rest 9. Due to the
      above movement the rolling tool is withdrawn from the rolling zone "B"
      enabling an article to be fed, whereupon the tool is brought into contact
      with the article. As is seen from FIG. 1, the rolling zone "B" is located
      either on the machine axis 0--0, or in the vicinity of the axis.
PAR  In order to displace the casing 27 along the slide rest 9, the machine is
      furnished with a hydraulic ram 31 (FIG. 1) whose connecting rod 32 is
      articulated with arms 33 and 34. The arm 33 is in turn connected by means
      of a hinge joint to the head casing 27, with the arm 34 being articulated
      with a support 35 fastened to a vertical wall 36 of the slide rest 9 so
      that the position of a pivot 37 of the arm 34 can be adjusted with the aid
      of nuts 38 (FIGS. 1,2). Due to that adjustment, the casing 27 of the
      rolling head 28 can be set to requisite extreme positions as it shifts
      along the slide rest 9 to establish a proper contact between the tool and
      the article during the rolling operation.
PAR  In a working position when the article is being rolled out the casing 27 is
      not able to shift relative to the slide rest 9, since it is fixed by the
      force of the hydraulic ram 31, and by wedged (self-braking) arms 33 and
      34.
PAR  The design of the rolling head is shown in FIG. 1.
PAR  A spindle 41 is mounted in radial bearings 39 and 40 in the casing 27 of
      the rolling head 28. Axial forces originating during the rolling process
      are taken up by a roller thrust bearing 42. A rolling roll 46 is fixed on
      the spindle 41 with the help of a cone 43, washer 44, and a rammer 45.
      During rolling, water for cooling the rolling roll 46, and elements in
      contact therewith, is fed through a sleeve 47, and a passage 48 of the
      rammer 45 branching out to form passages 49 in the cone 43.
PAR  The cone 43 is pulled with the help of the rammer 45, and nuts 50.
PAR  Rotation is transmitted to the spindle 41, and hence, to the rolling roll
      46 fastened thereto from an electric motor 51 through two pairs of gears
      52-53, and 54-55. The electric motor 51 is rigidly fixed on the casing 27
      of the rolling head 28, and moves together with the casing 27.
PAR  In order to hold an article in place during rolling, to feed it into the
      rolling zone "B", and to bring it out of the zone, a rest 56 (FIG. 1)
      mounted in the front part of the machine on the axis 0--0 is utilized. The
      design of the rest 56 is shown in FIGS. 1 and 2. Tongs are mounted on a
      movable carriage 57, which are adapted for clamping an article 60 under
      the constant influence of a spring 59 (FIG. 1). The carriage 57 together
      with the tongs 58 and an article 60 is capable of travelling on guides 61
      (FIG. 2) along the axis 0--0.
PAR  The movement is effected with the aid of a hydraulic ram (not shown in the
      drawing).
PAR  When the article 60 is fed into the tongs 58, and removed therefrom, the
      carriage 57 is set to a position most remote from the working zone "B"
      (article loading and unloading position). There a hydraulic ram 62 (FIG.
      2) is fixed stationary which interacts with arms 63 compressing the spring
      59, thus opening the tongs 58. Thus, the rolled out article can be
      removed, and a new one loaded.
PAR  During the rolling operation in order to correlate the speed of movement of
      the carriage 57 and the article 60 with the speed of rotation of the slide
      rests 8 and 9, the machine is provided with a hydraulic synchronizing gear
      64 (FIG. 1). It may be a gear of a conventional type known to those
      skilled in the art, and it is not described hereinbelow as it is not the
      subject of the invention.
PAR  All the movements of the machine gears, other than the rotation of the
      rolling head spindles, are effected with the aid of hydraulic apparatus
      (the aforesaid hydraulic rams and hydraulic engine), with the latter being
      serviced by a hydraulic plant 65.
PAR  The two-roll machine for rolling-out disc-type articles is shown in FIGS.
      1,2 and 3 with all its gears in their original positions, i.e.: with the
      carriage 57 being carried off from the rolling zone "B" at a maximum
      distance; with the connecting rod 66 of the hydraulic ram 62 being pushed
      forward due to the arms 63 having released the tongs 58; with the slide
      rests 8, and 9 being spaced apart at a maximum distance from the machine
      axis 0--0; and with the rolling heads 28 being shifted each along its
      slide rest 8, or 9 so that the rolling rolls are withdrawn from the
      machine axis 0--0. With the rolling heads 28 set to the above position,
      the connecting rod 32 of the hydraulic ram 31 is pulled in, and the arms
      33 and 34 "folded".
PAR  The relative position of the rolling roll 46 and article 60 at this moment
      is shown in FIG. 5.
PAR  Having placed the article 60 to be rolled out in the tongs 58, an operator
      depresses the button "START" whereupon the arms 63 depart from the tongs
      58, and the article 60 is clamped under the influence of the spring 59.
PAR  Further operations of the herein-proposed machine is performed by using the
      following sequence of operations:
PAR  the carriage 57 with the tongs 58, and article 60 is introduced into the
      rolling zone "B"; both heads 28 with the rotating rolling roll 46 are
      simultaneously carried to the article 60.
PAR  To this end the hydraulic ram 31 turns the casing 27 of the head 28 with
      the help of the arms 33, and 34 until the rolling roll 46 commences to
      deform the article 60, with the head 28 being fixed in this position with
      respect to the slide rest 8, or 9 with the aid of the ram 31, and wedged
      arms 33, and 34.
PAR  The synchronous displacement of the two heads, with each of them being set
      in motion by a corresponding ram, is effected by a hydraulic synchronozing
      gear (not shown in the drawing), which is not described here as such may
      be of conventional design as in the preceeding synchronizing gear 64.
PAR  The relative arrangement of the rolling roll 46 and article 60 at the end
      of the motion of the rolling head 28 to the article 60 corresponds to the
      beginning of the rolling operation and is shown in FIG. 6.
PAR  Both slide rests 8 and 9 turn about the appropriate columns 4, and 5, and
      6, and 7 in the direction of the machine axis 0--0, thus rolling-out the
      article 60. At the same time the clamp carriage 57 together with the
      article 60 same withdraws to return it to its original position, the
      withdrawal of the article being dependent on with the angle of revolution
      of the slide rests effected by the hydraulic synchronizing gear 64.
PAR  The gear 64 ensures an agreement of the withdrawal of the article from the
      rolling zone "B", and an increment in the diameter of the article which
      depends upon the angle of deflection of the slide rest at a given moment.
      Owing to this an article can be rolled out without slippage.
PAR  The relative arrangement of the rolling roll 46, and the article 60 at the
      end of the rolling operation is shown in FIG. 7.
PAR  After the working revolution of the slide rests 8, and 9, and the rolling
      process have been completed, the heads 28 with the tool 46 depart from the
      article by turning about the pivots 29, i.e. by shifting along the slide
      rests 8 and 9. The tongs 58 with the article 60, which does not interact
      anymore with the rolling roll 46, move rapidly to their original position.
PAR  At the same time the slide rests 8 and 9 also return to their original
      position rotating about the columns 4, and 5, or 6 and 7 in the direction
      of the machine axis 0--0.
PAR  The hydraulic ram 62 acting on the arms 63 which compress the spring 59 of
      the tongs 58, releases the article 60. The latter falls into a trough, and
      slides along it across the entire machine bed into a special receiving
      tare. After that the machine is ready for charging the following next
      article to be rolled-out.
CLMS
STM  We claim:
NUM  1.
PAR  1. A two-roll machine for rolling-out disc-type articles, comprising: a
      portal-type bed; circular guides fastened to said bed; two slide rests
      arranged on said circular guides rotatable about vertical shafts attached
      to said bed; rolling heads mounted each in one of said slide rests movable
      with respect to the corresponding slide rest; rolling rolls with a
      rotating gear with each roll being set up in one of said heads; a gear for
      turning the slide rests along the circular guides, said gear being
      installed on said bed; a gear for carrying said heads relative to said
      slide rests; a carriage with an article clamping gear, said carriage being
      movably mounted on said bed to introduce the article into the rolling zone
      and to withdraw it herefrom; a carriage transfer gear set up on the bed,
      and linked mechanically to said rest turning gear; drives for the
      above-mentioned gears.
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ABST
PAL  A mechanism for centering metal hollow bodies during a drawing operation is
      disposed in front of a die of an ironing tool. The metal hollow bodies
      each have a flared section along the edge zone of its open face. The
      mechanism comprises at least two centering-cheeks adapted to the
      circumference of the metal hollow body. The centering-cheeks are movably
      supported for sliding movement within a plane extending transversely to
      the tool axis and in any direction towards or away from the tool axis.
      Mechanical control means effect periodic opening motion of the
      centering-cheeks in any direction away from the tool axis in dependence
      upon the motion of a draw punch. The control means are effective to cause
      the two centering-cheeks to embrace the hollow body centeringly after it
      has been thrust into the die by the draw punch and at at least a fraction
      of its overall height. The control means includes means for withdrawing
      the centering-cheeks away from the hollow body at a time just before the
      flared section passes thereby and by at least the radial dimension of the
      flared section from the circumference of the hollow body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention refers to a mechanism for centering drawn hollow
      bodies in front of or above the die of a tool set consisting of a number
      of tools independent of one another, where each hollow body has a flared
      section in the edge zone of its open face.
PAR  In the non-cutting forming of metal hollow bodies which, for example, are
      employed for the production of tins or other metal containers, a circular
      blank stamped out of the original material is brought through a number of
      stages of shaping into the desired final shape of hollow body. The
      hollow-body blank designated in the description below as a semi-form is in
      that case conveyed by conveyor members, for example, grippers controlled
      in step with the press, from one shaping-station to another and shaped in
      stages. In that case, it is for the success of the shaping process of the
      highest importance that the semi-form gets centered, in front of or
      respectively above the die, i.e., shortly before the start of the shaping.
PAR  For certain reasons which are connected, e.g., with troublefree stripping
      of the semi-form from the punch and in particular are explained in the
      Swiss patent application No. 7570/73, it has proved advantageous to apply
      a flared section in the edge zone of the open face of the semi-form. The
      flared section in cylindrical semi-forms has essentially the shape of a
      flat truncated cone. As described in said Swiss Patent Application, the
      flared section at the top edge of the semi-form is applied deliberately in
      the course of shaping, in order to guarantee trouble free stripping of the
      semi-form from the ironing-punch in spite of extremely high stroke
      frequency and small thickness of wall. More recently, as shown in Swiss
      patent application No. 1977/72, stroke frequencies between 140 and 200
      strokes per minute have become possible. The semi-forms are stretched to a
      wall thickness of about 0.1 mm. It now becomes clear that the special
      shape of the edge demands a special technical solution since the flared
      edge must under no circumstances get damaged or distorted.
PAR  The hollow bodies provided with a flared edge portion of the type described
      can no longer be centered by the conventional stationary centering ring.
      Otherwise, the flared section would collide with the centering ring
      arranged above or in front of the die and consequently be damaged.
      Centering mechanisms are indeed known in which spring-loaded centering
      members are forced away radially outwardly by the projecting and flared
      edge portion of the semi-form. Thus, the deflection motion of the
      centering members in that case is not effective forcibly, but only under
      the pressure of the flared edge portion itself encountering the centering
      members. This type of construction, therefore, can only be employed by
      fairly small, relatively compact semi-forms of about 16 to 20 mm diameter.
      That is, only this size of a flared edge portion can withstand the
      resilient prestressing of the centering members without permanent
      deformation.
PAR  For semi-forms of larger diameters and having extremely thin walls, very
      delicate hollow bodies are obtained by new methods of production. These
      known centering mechanisms are totally unusable. During their employment,
      deformation of the very flexible and thin walls of the hollow bodies
      cannot be avoided. Furthermore, the high stroke rate attendant the new
      methods of production could not be achieved when these known centering
      mechanisms were in use.
PAC  SUMMARY OF THE INVENTION
PAR  Disadvantages of the known centering mechanisms are eliminated through the
      use of the present invention. The mechanism forming the object of the
      invention is characterized by at least two movably supported
      centering-cheeks adapted to the circumference of the hollow body. The
      centering-cheeks slide within a plane running transversely to the tool
      axis and in a direction toward the tool axis or respectively away from it.
      The periodic opening of the centering-cheeks is directed away from the
      tool axis and is forcibly controlled in dependence upon the motion of the
      draw-punch in such a way that the two centering-cheeks embrace the hollow
      body centeringly at at least a fraction of its overall height and after
      the hollow body has been thrust into the die by the draw-punch. Then, at
      the latest moment shortly before passing by the flared edge-section, the
      centering-cheeks withdraw from the circumference of the hollow body by at
      least the radial dimension of the flared section.
PAR  In a specific embodiment of this mechanism, each centering-cheek has a
      bevelled shoulder sloping downwardly toward the tool axis as well as a
      perforation arranged in front of the bevelled shoulder. An actuator-rod is
      guided in the die-housing projects through the perforation and likewise
      has a bevel. The bottom section of the actuated-rod is connected
      operatively on the one hand with the draw punch. On the other hand, the
      rod is connected with the reset member in such a way that the
      actuated-rod, toward the end of the working stroke of the draw punch, is
      moved outwardly and thereby forces outwardly the centering-cheek
      associated with it.
PAR  Advantageously, the main ejector supported slidingly in the die-housing is
      produced in two parts and includes one section supported to be freely
      slidable above the crossbar as well as one rod lying under resilient
      prestress. The main ejector is guided concentrically with the crossbar and
      upon its ejection motion lies against the aforesaid section and slides
      this way in front of it. The crossbar has a central bore having a
      cross-section that is greater than that of the top part of the rod but
      smaller than the area facing the crossbar of the said section.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  One embodiment of the object of the invention is illustrated in the
      attached drawing.
PAR  FIG. 1a is a simplified vertical section through an ironing-tool,
PAR  FIG. 1b is a view along line b--b of FIG. 1a showing a top plan of the
      bottom part of the tool with the conveyor members removed,
PAR  FIG. 2 shows the tool arrangement in accordance with FIG. 1a in another
      phase of operation,
PAR  FIG. 3 shows the same tool arrangement in a further phase of operation, and
PAR  FIGS. 4 and 5 illustrate constructional details.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  More specifically, referring to the drawings, FIG. 1b shows the top plan of
      the bottom portion of an ironing tool on which an already preshaped
      cylindrical body 1 for a tin is getting subjected to a further shaping
      operation. The body 1 is held by a pair of draw-tongs 2 which conveys it
      from the preceding shaping-station to a position in front of the die of
      the tool illustrated. The longitudinal axis of body 1 practically
      coincides with the axis 3 of the tool. The grips of the draw-tongs 2 are
      fastened in known manner to spring-loaded tong-arms 4 which in turn are
      arranged pivotally on a bearer-bar 5 moved to and fro periodically. The
      contructional details of this draw-tongs mechanism are in themselves known
      and for the present context of secondary significance, so that their
      description and illustration in detail are omitted.
PAR  The bottom part of a tool, generally designated 6, includes as its most
      important part an ironing ring 7 which is fixed in an annular recess in an
      armor ring 8. The armor ring 8 is in turn supported in a bore in the tool
      housing 9.
PAR  The tool housing 9 includes a central stepped bore 10 in which the top
      section 11 of the main ejector, generally designated 12, is supported to
      be able to slide freely. The bottom part of the main ejector 12 comprises
      an injector rod 13 and ejector section 11. The injector rod 13 rests with
      its head portion 13a against the underside of the ejector section 11 and
      has at its bottom end section a piston plate 14 (FIG. 3). A resilient
      medium loads the underside 14a of the piston plate 14. The resilient
      medium in this specific embodiment is compressed air which continuously
      tries to force the piston plate 14 and, with it, the ejector rod 13 and
      the ejector section 11 upwardly in the direction of the arrow 15.
PAR  The top ejector section 11 is supported to slide freely and has a stepped
      bore 16 inside which is arranged an auxiliary ejector 17 which, in itself,
      is known. The auxiliarly ejector 17 includes a stop collar 18 and a head
      portion 17a with a holder magnet 17b. Ejector 17 is subjected to the
      action of a compression spring 18' and can be moved to and fro between two
      end positions. In one end position, the head portion 17a encounters the
      shoulder 19 in bore 16 as shown in FIG. 3. In the other end position
      illustrated in FIG. 1a, the top annular surface of the stop collar 18 is
      in contact with the underside of the shoulder face 20.
PAR  To produce the required shaping, the semi-form 1 must be thrust by an
      ironing punch 21 moved periodically to and fro downwardly through the
      opening in the ironing ring 7. Therefore, the centering of semi-form 1
      with respect to the tool axis 3 plays an extraordinarily important part.
      The ironing punch 21, because of the difference in diameter 2a, cannot
      center the semi-form 1. Furthermore, the wall thickness of the semi-form 1
      is very small. Consequently, small deviations from the coaxial position
      will cause unpleasant damage. Therefore, the centering mechanism has been
      developed to guarantee this centering operation.
PAR  The centering mechanism of this invention includes two centering-cheeks 23a
      and 23b. These centering-cheeks are movably mounted within a plane running
      transversely to the tool axis 3 to slide in a direction toward the tool
      axis 3 or, respectively, away fron it. As shown in FIGS. 4 and 5, each
      centering-cheek 23a and 23b, includes the recess 24 adapted to the
      circumference of the semi-form 1 and a beveled shoulder 25 at its end
      section opposite to the tool axis 3. A cam 27 of an actuator rod 28
      projects through a perforation 26 that is located in the front of the
      beveled shoulder 25. The two longitudinal faces of each centering-cheek
      23a and 23b has guide grooves 29 having a prismatic shape. Two guide rails
      30 have longitudinal faces of prismatic shape that are arranged on
      opposite sides of and face the centering-cheeks 23a and 23b. The two guide
      grooves 29 and 31 point toward one another thereby forming a prismatic
      guide channel in which a row of bearing balls 32 are arranged. The
      centering-cheeks 23a and 23b  can, therefore, because of the rolling
      friction, move to and fro very easily at high frequency with the advantage
      that they cannot saponify or resinify with lubricant and consequently are
      constantly ready for operation. The centering-cheeks 23a and 23b are held
      by bearing balls 32 in such a way that they are suspended at a small
      clearance above the cover plate 22. See FIG. 5.
PAR  The mechanical control of the centering-cheeks 23a and 23b is in dependence
      upon the working rhythm of the ironing punch 21. See particularly FIG. 3.
      Each actuator rod 28 has a cam 27 and is fixed at its bottom end section
      to a crossbar 33 from which two rods 35 project downwardly through a base
      plate 34. The rods 35 in fact improve the guidance of the crossbar 63
      during its periodic motion. More importantly, rods 35 transmit to the
      crossbar 33 the force exerted on the piston plate 14 by the compressed air
      and also prevent the crossbar 33 from snapping out of notches located in
      rods 28.
PAR  Crossbar 33 has a central core which is so dimensioned that the head 13a of
      the ejector rod 13 can readily pass therethrough. The bottom annular face
      of the section 11 of a main ejector is so dimensioned that it rests by an
      inner annular section on the head 13a but by its peripheral portion on the
      top face of the crossbar 33.
PAR  As shown in FIG. 1A, at the back of each centering-cheek 23a and 23b, a
      spring plate 36 bears against the one end section of a compression spring
      37.
PAR  In operation, as soon as the ironing punch 21 has entered a little way into
      the semi-form 1, the draw tongs 2 are withdrawn from the circumference of
      the semi-form 1. Then the punch 21 forces the semi-form 1 downwardly
      through the opening in the ironing ring 7. Two centering-cheeks 23a and
      23b exactly center the semi-form 1 before it encounters the drawing edge
      of the ironing ring 7. The semi-form 1 is now lying on the front section
      of ironing punch 21 during its downward motion. Ironing punch 21 forces
      the head 17a of the auxiliary ejector 17 downwardly until its bottom
      annular edge portion lies against the shoulder 19 in the bore. The shaping
      of the semi-form 1 has not yet begun during this intermediate phase as
      illustrated in FIG. 2.
PAR  The ironing punch 21 moving on downwardly now encounters the top annular
      face 50 of the section 11. Consequently, the main ejector 12 and ejector
      rod 13 is formed downwardly. The resilient counterpressure of the
      compressed air acting on the piston plate 14 guarantees a secure hold of
      the semi-form 1 against the bottom section of the ironing punch 21. As
      soon as the bottom phase of the section 11 of the main ejector now
      encounters the cross bar 33 (FIG. 3), the two actuator rods 28 are drawn
      downwardly by the cross bar 33. Thereupon, the bevel faces 27a slide
      against the bevel shoulders 25 and force the two centering-cheeks 23a and
      23b radially outwardly until they have reached the end position
      illustrated in FIG. 3.
PAR  This opening motion of the centering-cheeks 23a and 23b must obviously
      occur before the flared section 1a at the top edge of the semi-form 1
      arrives into the zone of the centering-cheeks. The radial opening stroke
      of the centering-cheeks 23a and 23b must correspond at least to the radial
      flare designated in FIG. 1a by b.
PAR  On the return stroke of the ironing punch 21, the main ejector 13 also
      moves upwardly with it. Toward the end of the stroke, the piston plate 14
      encounters the bottom faces of the rods 35 and brings the cams 27 via the
      cross bar 33 and the actuator rods 28 into their starting position again
      as shown in FIG. 1a.
PAR  The function of the auxiliary ejector 17 is in the present context of
      secondary significance. However, it is relatively important that the
      compression spring 18 of the auxiliary ejector 17 is not selected to be
      too strong. That is, spring 18 should yield very easily to the pressure of
      the ironing punch 21 coming from above. Thus, the centering of the
      semi-form 1 during the entry of the ironing punch 21 can occur without
      deformation of the semi-form 1.
PAR  The opening of the centering-cheeks 23a and 23b advantageously occurs about
      15 mm. before reaching bottom dead center.
PAR  Feed of the lubricant-coolant is effected via a radial channel 42 (FIG. 3)
      which is connected with the annular space 43 and grooves 44.
PAR  As further shown in the sectional illustration as FIG. 3, the stop-collar
      18 of the auxiliary ejector 17 is bolted by means of a bolt 45 onto the
      stank of the auxiliary ejector. The ejector rod 13 is supported by a
      guide-bush 46 in the baseplate 34.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mechanism for centering drawn metal hollow bodies in front of a die of
      an ironing tool where each metal hollow body has a flared section along
      the edge zone of its open face, said mechanism comprising:
PA1  a. at least two centering-cheeks adapted to the circumference of the metal
      hollow body,
PA1  b. said centering-cheeks being movably supported for sliding movement
      within a place extending transversely to the tool axis and in a direction
      toward and away from the tool axis,
PA1  c. a crossbar disposed across the bottom of a housing for the die,
PA1  d. a main ejector slidingly supported in the die housing,
PA1  e. said main ejector including a freely slidable section disposed above the
      crossbar and a rod lying under resilient prestress,
PA1  f. said rod being guided concentrically with the crossbar and including an
      area portion which, upon ejection motion of the rod, lies against said
      slidable section to cause said section to slide away in front of the rod,
PA1  g. said crossbar having a central bore with a cross section which is
      greater than that of the top part of the rod but smaller than said area
      portion facing the crossbar of said slidable section, and
PA1  h. mechanical control means for effecting periodic opening motion of said
      centering-cheeks in a direction away from the tool axis in dependence upon
      the motion of a draw punch,
PA1  i. said control means being effective to cause the centering-cheeks to
      embrace the hollow body centeringly at at least a fraction of its overall
      height and after it has been thrust into the die by the draw punch,
PA1  j. said control means including means for withdrawing said centering-cheeks
      away from the circumference of the hollow body at a time just before said
      flared section passes thereby and by an amount equal to at least the
      radial dimension of the flared section.
NUM  2.
PAR  2. A mechanism as defined in claim 1 wherein
PA1  said rod has a compressed-air-operated piston plate disposed at its end
      section and
PA1  at least two guide and actuation rods projecting downwardly from the
      crossbar are located within the path of the stroke of said piston plate.
NUM  3.
PAR  3. A mechanism for centering drawn metal hollow bodies in front of a die of
      an ironing tool where each metal hollow body has a flared section along
      the edge zone of its open face, said mechanism comprising:
PA1  a. at least two centering-cheeks adapted to the circumference of the metal
      hollow body,
PA1  b. said centering-cheeks being movably supported for sliding movement
      within a place extending transversely to the tool axis and in a direction
      toward and away from the tool axis, and
PA1  c. mechanical control means for effecting periodic opening motion of said
      centering-cheeks in a direction away from the tool axis and in dependence
      upon the motion of a draw punch.
PA1  d. said control means being effective to cause the two centering-cheeks to
      embrace the hollow body conteringly at at least a fraction of its overall
      height and after if has been thrust into the die by the draw punch,
PA1  e. said control means including means for withdrawing said centering-cheeks
      away from the circumference of the hollow body at a time just before said
      flared section passes thereby and by an amount equal to at least the
      radial dimension of the flared section.
NUM  4.
PAR  4. A mechanism as defined in claim 3 wherein
PA1  each centering-cheek has a bevelled shoulder sloping downwardly toward the
      tool axis and a perforation which is arranged in front of said bevelled
      shoulder,
PA1  said control means includes the actuator rod guided in the die housing and
      projecting through said perforation,
PA1  said rod includes a bevel at the top thereof and a bottom section connected
      operatively on the one hand with the draw punch and on the other hand with
      a reset member,
PA1  whereby the actuator rod is moved downwardly toward the end of the working
      stroke of the draw punch and thereby forces outwardly the centering-cheek
      associated with it.
NUM  5.
PAR  5. A mechanism as defined in claim 3 wherein the centering-cheeks are
      disposed diametrically opposite one another with means for spring biasing
      the cheeks toward each other,
PA1  the longitudinal faces of the cheeks having guide members which cooperate
      with correspondingly shaped guide rails arranged on both sides of each
      centering-cheek.
NUM  6.
PAR  6. A mechanism as defined in claim 5 wherein
PA1  bearing balls run in guide grooves formed between the longitudinal cheek
      faces and the guide rails of prismatic shape.
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ABST
PAL  A wedge actuated cutting and/or forming tool comprises a frame including
      spaced guide portions. A fixed platen is mounted on the frame and a
      movable platen is mounted on the guide portions of the frame for
      reciprocation toward and away from the fixed platen. A wedge is supported
      for lateral reciprocation with respect to a backup and thereby effects
      reciprocation of the movable platen. The wedge is driven by a hydraulic
      cylinder and switch means are provided for regulating both the separation
      between the movable platen and the fixed platen at the closest point and
      the total stroke of the movable platen. The frame further includes a
      hydraulic reservoir which receives a substantial quantity of hydraulic
      fluid. By this means the structure of the reservoir and the hydraulic
      fluid therein tend to stabalize the tool and dampen vibrations caused by
      the operation thereof.
PARN
PAR  This is a division of application Ser. No. 331,237, filed Feb. 9, 1973.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to wedge-operated cutting and/or forming tools, and
      more particularly to an improved wedge-type drive system useful in various
      types of power presses.
PAR  By definition, power presses comprise apparatus for reciprocating a tool
      holder or platen in a work area. This motion is typically utilized to move
      a first tool mounted on the movable platen toward and away from a second
      tool mounted on a fixed platen. By this means various operations are
      carried out, including piercing, shearing, blanking, bending, forming, and
      related operations.
PAR  Various specific types of power presses have also become recognized in the
      art. Thus, a shear is a power press that is specifically designed to cut
      strip materials to length. To this end shears are almost universally
      adapted to move a pair of cutting blades passed one another and thereby
      effect cutting. Typically, structure is also provided for preventing
      separation of the cutting blades during the cutting operation.
PAR  As opposed to a shear, a press brake is a power press adapted to perform
      bending and related forming operations. The tools or dies used in press
      brakes typically do not pass one another, so that structure for preventing
      separation between the tools is not required. On the other hand, the
      extent of separation between the tools at the closest point should be
      variable if the press brake is to have general utility.
PAR  A punch press is a type of power press adapted to perform a broader range
      of operations than is a shear or a press brake. To this end, punch presses
      typically incorporate structure to provide very precise control over the
      positioning of tools or dies throughout the reciprocatory cycle, as well
      as structure for varying the relative positioning of the tools at the
      closest point. One very common use of punch presses is in performing
      blanking and forming operations. Punch presses are also often utilized to
      perform various combinations of piercing, shearing, blanking, and forming
      operations, which may be carried out either simultaneously or
      progressively.
PAR  Heretofore most power presses have comprised a motor adapted to rotate a
      flywheel continuously. The flywheel is selectively coupled to an eccentric
      by means of a dog clutch, and the eccentric is in turn connected to a
      movable platen by a connecting rod. The press is actuated by tripping the
      dog clutch, whereby the eccentric is coupled to the flywheel for rotation
      through a single revolution. By this means the eccentric and the
      connecting rod operate to reciprocate the movable platen toward and away
      from a fixed platen.
PAR  At the present time the foregoing design is almost universally utilized in
      the manufacture of power presses. However, notwithstanding widespread
      usage, a number of major problems have been recognized in the design. For
      example, although the distance between the movable and the fixed platen at
      the closest point can be varied by adjusting the effective length of the
      connecting rod, the overall stroke of the movable platen cannot be changed
      without changing the eccentric of the press. The cycle time of the press
      also cannot be varied without changing substantially the entire structure
      thereof.
PAR  Another disadvantage is that once the clutch is tripped, the press must
      complete an operating cycle before the movement of the movable platen can
      be terminated. This is highly undesirable, both from a safety standpoint
      and from the standpoint of the possibility of damage to a very expensive
      set of tools should a foreign object become positioned therebetween.
      Perhaps the most important disadvantage to the eccentric and connecting
      rod type of power press is that the apparatus is very expensive to
      purchase. This high initial cost has literally prevented the use of
      shears, press brakes, and other types of power presses in various diverse
      types of small businesses.
PAR  The present invention comprises a novel drive system for power presses
      which overcomes the foregoing and other disadvantages long associated with
      the prior art. In accordance with the broader aspects of the invention, a
      wedge is supported for reciprocation by a fluid powered cylinder. The
      wedge is provided with a camming surface which engages a cooperating
      camming surface to effect reciprocation of a movable platen. By this means
      the wedge is adapted for actuation by the cylinder to move the movable
      platen toward and away from a fixed platen.
PAR  The use of the present invention provides numerous advantages over the
      prior art. Thus, power presses incorporating the invention may be
      manufactured for sale at less than one-half the price of eccentric and
      connecting rod power presses of similar capacity. Structure may be
      provided for varying both the overall length of and the terminal points of
      the stroke of the fluid powered cylinder. By this means not only the
      separation between the movable platen and the fixed platen at the closest
      point, but also the length of the stroke of the movable platen may be
      easily adjusted. Finally, the stroke of the fluid powered cylinder may be
      terminated at any time, regardless of whether or not an operating cycle
      has been completed. This is highly advantageous both from an occupational
      safety standpoint and from the standpoint of the ability to prevent damage
      to tools or dies which are actuated by the press.
PAR  In accordance with more specific aspects of the invention, the press
      further comprises a frame including guide portions which support the
      movable platen for reciprocation. The fixed platen extends between the
      guide portion to define one end of the work area. A backup is also
      provided for cooperation with the wedge to effect reciprocation of the
      movable platen under the action of the fluid powered cylinder.
PAR  The fluid powered cylinder preferably comprises a hydraulic cylinder. In
      such a case the press incorporates a self-contained hydraulic system
      including a hydraulic reservoir comprising part of the frame of the press.
      By this means the reservoir and the hydraulic fluid therein tend to add
      strength and rigidity to the frame, and tend to absorb vibrations which
      otherwise might be encountered during the operation thereof.
PAR  The hydraulic system further includes a pump which is driven by an electric
      motor. A solenoid controlled valve is provided for regulating the
      effective stroke of the hydraulic cylinder. The solenoid controlled valve
      is in turn operated under the control of switch structure which is
      responsive to reciprocation of the wedge and/or the movable platen. By
      this means complete control over the separation between the fixed and
      movable platens at the closest point and over the overall stroke of the
      movable platen is provided. A relief valve is also provided for
      terminating flow of hydraulic fluid to the hydraulic cylinder in the event
      that the movable platen becomes stalled. By this means any possibility of
      damage to the tools or dies actuated by the press is completely
      eliminated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by referring to
      the following Detailed Description when taken in conjunction with the
      accompanying Drawings, wherein:
PAR  FIG. 1 is a rear perspective view of a shear incorporating the invention;
PAR  FIG. 2 is a front perspective view of the shear;
PAR  FIG. 3 is an illustration of the stroke control apparatus of the shear;
PAR  FIG. 4 is a perspective view of a press brake incorporating the invention;
PAR  FIG. 5 is an illustration of the valve structure of the press brake;
PAR  FIG. 6 is a front view of a punch press incorporating the invention; and
PAR  FIG. 7 is a side view of the punch press.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the Drawings, and particularly to FIGS. 1 and 2 thereof,
      there is shown a shear 10 comprising the first embodiment of the
      invention. The shear 10 includes a frame 12 comprising a base 14 and a
      pair of risers 16 and 18 extending upwardly therefrom. A fixed platen 20
      is secured to and extends between the risers 16 and 18. A lower cutting
      blade 22 is secured to the fixed platen 20 by means of a plurality of
      bolts 24. This permits removal of the blade 22 for sharpening and/or
      replacement.
PAR  The frame 12 of the shear 10 further includes a pair of guide portions 26
      and 28 which extend upwardly from the fixed platen 20. A backup 30 is
      secured to and extends between the upper ends of the guide portions 26 and
      28. There is thus defined a work area 32 which is enclosed by the fixed
      platen 20, the guide portions 26 and 28 and the backup 30 of the frame 12
      of the shear 10.
PAR  A movable platen 34 is slidably supported on the guide portions 26 and 28
      of the frame 12 for reciprocation in the work area 32 toward and away from
      the fixed platen 20. The movable platen 34 supports an upper cutting blade
      36 which is secured to the platen 34 by means of a plurality of bolts 38.
      This permits the blade 36 to be removed from the platen 34 for sharpening
      and/or replacement.
PAR  Those skilled in the art will appreciate the fact that the function of the
      shear 10 is to cut metal and other tough materials. During such operations
      the blades 22 and 36 of the shear 10 tend to separate or spread in the
      direction extending mutually perpendicularly to the blades and the
      reciprocation thereof. To this end the guide portions 26 and 28 of the
      frame 12 are provided with reinforced portions 40. The function of the
      reinforced portions 40 is to prevent separation of the blades 22 and 36
      and thereby insure a clean cut during each actuation of the shear 10.
PAR  A bar 42 is secured to and extends transversely between the reinforced
      portions 40 of the frame 12. A block 44 is secured to the movable platen
      34 of the shear 10 by means of a plurality of bolts 46. Two or more bolts
      48 are threadedly engaged with the block 44 and extend through apertures
      formed in the bar 42. The bolts 48 are provided with heads 50, and two or
      more compression springs 52 are mounted between the heads 50 of the bolts
      48 and the bar 42. The springs 52 therefore tend to urge the movable
      platen 34 upwardly in the work area 32, whereby a gap is normally
      maintained between the blades 22 and 36 of the shear 10.
PAR  A wedge 54 is mounted between backup 30 and the movable platen 34 for
      lateral reciprocation to effect reciprocation of the movable platen toward
      and away from the fixed platen. The wedge 54 includes a surface 56 which
      is slidably engaged with a corresponding surface 58 on the backup 30. The
      wedge 54 further includes an angularly extending camming surface 60 which
      mates with a corresponding surface 62 on the movable platen 34. It will
      thus be understood that upon movement of the wedge 54 to the right (FIG.
      1), the movable platen 34 is reciprocated downwardly against the action of
      the springs 52. Strips 63 comprising a non-metallic, low friction,
      pressure resistant material are positioned between the surfaces 56 and 58
      and between the surfaces 60 and 62 to facilitate reciprocation of the
      wedge 54.
PAR  The wedge 54 is operated by a hydraulic cylinder 64. The hydraulic cylinder
      64 includes a framework 66 which is mounted on the frame 12 and a barrel
      68 which receives a piston (not shown). A piston rod 70 is connected
      between the piston of the hydraulic cylinder 64 and the wedge 54. Thus,
      upon reciprocation of the piston in the barrel 68, the wedge 54 is
      reciprocated with respect to the backup 30 and the movable platen 34.
PAR  Referring now to FIG. 2, the shear 10 further includes a self-contained
      hydraulic system 72 for operating the hydraulic cylinder 64. The hydraulic
      system 72 includes a hydraulic reservoir 74 which is mounted on and
      secured to the base 14 of the frame 12. The reservoir 74 includes a
      substantial quantity of hydraulic fluid, whereby the reservoir 74 and the
      hydraulic fluid therein add substantial strength and rigidity to the frame
      12. Furthermore, the hydraulic fluid contained in the reservoir tends to
      dampen vibrations which might otherwise occur due to the operation of the
      shear 10.
PAR  The hydraulic system 72 further includes a hydraulic pump 76 which is
      driven by an electric motor 78. Electric current for operating the motor
      78 is supplied through a junction box 80 and a motor control unit 82. The
      unit 82 includes an off-on switch 84 and other conventional control
      apparatus.
PAR  The hydraulic pump 76 functions to withdraw hydraulic fluid from the
      reservoir 74 and to supply pressurized hydraulic fluid to a relief valve
      86 and a solenoid operated valve 88. The valve 88 functions under the
      control of a treadle switch 90 to control the flow of hydraulic fluid to
      the hydraulic cylinder 64. Thus, whenever the treadle switch 90 is
      tripped, the valve 88 directs hydraulic fluid to the blind end of the
      cylinder 64 and thereby actuates the cylinder to reciprocate the wedge 54
      to the right (FIG. 1). Rightward movement of the wedge 54 in turn causes
      downward reciprocation of the movable platen 34 against the action of the
      springs 52. After the wedge 54 has been reciprocated rightwardly through a
      predetermined stroke, the valve 88 directs hydraulic fluid to the rod end
      of the hydraulic cylinder 64. By this means the cylinder 64 is actuated to
      reciprocate the wedge 54 to the left (FIG. 1). This in turn permits upward
      reciprocation of the movable platen 34 under the action of the springs 52.
PAR  The stroke of the movable platen 34 of the shear 10 is regulated by a
      stroke control apparatus 92. As is best shown in FIGS. 1 and 3, the stroke
      control apparatus 92 includes a bar 94 which is supported on the wedge 54
      for reciprocation therewith. The bar 94 in turn supports a pair of switch
      actuators 96 and 98. A pair of limit switches 100 and 102 are supported on
      the backup 30 for actuation by the switch actuators 96 and 98,
      respectively. The switches 100 and 102 are connected to the valve 88 of
      the hydraulic system 72 by electrical leads extending through a conduit
      104.
PAR  Downward reciprocation of the movable platen 34 is regulated by the limit
      switch 100 and the switch actuator 96. Thus, whenever the switch actuator
      96 engages the limit switch 100, the valve 88 is actuated to terminate
      rightward reciprocation of the wedge 54 and to initiate leftward
      reciprocation thereof. Conversely, upward reciprocation of the movable
      platen 34 is controlled by the limit switch 102 and the switch actuator
      98. Thus, whenever the switch actuator 98 engages the limit switch 102,
      leftward reciprocation of the wedge 54 is terminated. Typically, rightward
      reciprocation of the wedge 54 is not immediately reinitiated upon
      termination of leftward reciprocation thereof. Instead, the treadle switch
      90 must be reactuated in order to commence a new operating cycle of the
      shear 10. Continuous operation of the shear 10 may also be provided if
      required by a particular operation.
PAR  It will be appreciated that the movable platen 34 of the shear 10 has a
      maximum stroke which is determined by the length of the barrel 68 of the
      hydraulic cylinder 64. However, the stroke of the hydraulic cylinder 64 as
      determined by the stroke control apparatus 92 generally does not
      correspond with either end of the barrel 68. Instead, the hydraulic
      cylinder is reciprocated through a stroke which is substantially less than
      the maximum stroke and which is defined by limits intermediate the ends of
      the barrel 68. By this means both the upper and lower limits of the stroke
      of the movable platen 34 of the shear 10 are fully adjustable.
PAR  It will be further understood that due to the nature of a shear, the extent
      of downward reciprocation of the movable platen 34 is typically relatively
      fixed. Thus, it is merely necessary that the blades 36 and 22 pass one
      another in order to achieve a clean cut. On the other hand, the extent of
      upward reciprocation of the movable platen 34 depends on the thickness of
      the material to be cut. It is generally desirable to minimize the extent
      of upward reciprocation of the movable platen 34 in order to minimize the
      cycle time of the shear 10. However, in the event a longer cycle is
      desired for any reason, the extent of upward reciprocation may be
      increased by simply moving the switch actuator 98 to the left on the bar
      94.
PAR  At this point an important advantage resulting from the use of the present
      invention may be noted. The wedge 54 is designed to provide a mechanical
      advantage of about 4:1. That is, the cutting force that is applied by the
      movable platen 34 is about four times the force that is applied to the
      wedge 54 by the hydraulic cylinder 64, and the length of the stroke of the
      movable platen 34 is about one quarter the length of the stroke of the
      wedge 54. This is advantageous because a smaller motor and pump and a
      smaller hydraulic cylinder may be utilized to produce a given cutting
      force between the blades 36 and 22. At the same time the longer stroke of
      the wedge 54 is utilized in the stroke control apparatus 92 to provide
      more accurate control over the stroke of the movable platen 34.
PAR  Referring again to FIG. 2, spent hydraulic fluid from the hydraulic
      cylinder 64 and from the relief valve 86 are returned to the hydraulic
      fluid reservoir through a filter 106. The function of the relief valve 86
      is to terminate flow of hydraulic fluid to the hydraulic cylinder 64 in
      case the movable platen 34 should become jammed. For example, if a foreign
      object should be lodged between the blades 36 and 22 so that the stroke of
      the movable platen 34 could not be completed to the extent required by the
      stroke control apparatus 92, pressure would build in the blind end of the
      hydraulic cylinder 64. Then, at a predetermined pressure as determined by
      the setting of the relief valve 86, hydraulic fluid from the pump 76 is
      diverted to the reservoir 74 by the relief valve 86. This is highly
      advantageous both from a safety standpoint and in order to prevent damage
      to the blades 22 and 36 and to the remaining components of the shear 10.
PAR  The shear 10 is further provided with a guide table 108 whereby material to
      be cut is received between the blades 22 and 36. As is best shown in FIG.
      1, an output guide 110 is also provided. Those skilled in the art will
      appreciate the fact that the guides 108 and 110 are conventional in nature
      and that other types of guides may be utilized in the practice of the
      invention, if desired.
PAR  Referring now to FIG. 4, there is shown a press brake 120 comprising a
      second embodiment of the invention. The press brake 120 includes a frame
      122 having a base 124. A pair of risers 126 and 128 extend vertically
      upwardly from the base 124 of the frame 122. A hydraulic fluid reservoir
      130 is secured to and extends between the upper ends of the risers 126 and
      128.
PAR  A backup 132 is supported on the frame 122 above the hydraulic fluid
      reservoir 130. A pair of guide members 136 and 138 extend vertically
      upwardly from the backup 132. A fixed platen 140 is secured to and extends
      between the upper ends of the guide members 136 and 138. By this means
      there is defined a work area 142 which is surrounded by the backup 132,
      the guide members 136 and 138, and the fixed platen 140.
PAR  A movable platen 144 is slidably supported on the guide members 136 and 138
      for reciprocation in the work area 142 toward and away from the fixed
      platen 140. The fixed platen 140 and the movable platen 144 support a pair
      of cooperating tools or dies 146 and 148, respectively. Upon reciprocation
      of the movable platen 144, the tools 146 and 148 are adapted to bend or
      form metal bars or sheets or other materials positioned therebetween. The
      tools 146 and 148 are supported on the platens 140 and 144 by a plurality
      of bolts 150 so as to be readily removable therefrom.
PAR  A wedge 152 is positioned between the backup 32 and the movable platen 144
      for horizontal reciprocation with respect thereto. The wedge 152 includes
      a substantially horizontally disposed surface 154 which mates with a
      cooperating surface 156 on the movable platen 144. The wedge 152 further
      includes an angularly extending camming surface 158 which mates with a
      similar surface 160 on the backup 132. Thus, reciprocation of the wedge
      152 to the right (FIG. 4) results in upward reciprocation of the movable
      platen 144, and reciprocation of the wedge 152 to the left (FIG. 4)
      permits downward reciprocation of the movable platen 144 under the action
      of gravity. Such reciprocation is facilitated by strips 161 positioned
      between the surfaces 154 and 156 and between the surfaces 158 and 160 and
      comprising a nonmetallic, low friction, pressure resistant material.
PAR  The wedge 152 of the press brake 120 is actuated by a hydraulic cylinder
      162. The hydraulic cylinder 162 includes a barrel 164 having one end
      supported by a cross brace 166. The cross brace 166 is secured to and
      extends between the guide members 136 and 138 of the frame 122, and then
      leftwardly beyond the guide member 136 to support the hydraulic cylinder
      162. The hydraulic cylinder 162 further includes a piston (not shown)
      adapted for reciprocation within the barrel 164. The piston is connected
      to the wedge 152 by a piston rod 168. It should be noted that the cross
      brace 166 and the hydraulic cylinder 162 extend substantially parallel to
      the camming surfaces 158 and 160 of the wedge 162 and the backup 132,
      respectively. Thus, although the wedge 152 moves upwardly as it is
      reciprocated by the hydraulic cylinder 162, the motion of the wedge 152 is
      substantially axial relative to the hydraulic cylinder.
PAR  The hydraulic cylinder 162 of the press brake 120 is actuated by a
      self-contained hydraulic system 170. The hydraulic system 170 includes the
      hydraulic fluid reservoir 130 which is normally filled with a substantial
      quantity of hydraulic fluid. By this means the structure of the reservoir
      130 and the hydraulic fluid contained therein lend strength and rigidity
      to the frame 122 of the press brake 120. Also, the hydraulic fluid in the
      reservoir 130 tends to dampen vibrations which might otherwise occur
      during the operation of the press brake 120.
PAR  The hydraulic system 170 further includes a pump 172 which is driven by an
      electric motor 174. Power for driving the motor 174 is supplied through a
      motor control apparatus 176 including an off-on switch and other
      conventional control apparatus.
PAR  As is best shown in FIG. 5, the pump 172 of the hydraulic system 170
      functions to withdraw hydraulic fluid from the reservoir 130 and to supply
      pressurized hydraulic fluid to a relief valve 178 and to a solenoid
      controlled valve 180. The valve 180 functions to control the flow of
      hydraulic fluid to the hydraulic cylinder 162, and thereby controls the
      reciprocation of the wedge 152 and the movable platen 144. Thus, upon
      actuation of a treadle switch 182, the valve 178 actuates the cylinder 162
      to reciprocate the wedge 152 to the right (FIG. 4). This results in upward
      reciprocation of the movable platen 144. After the wedge 152 has been
      reciprocated rightwardly to a predetermined extent, the valve 178 actuates
      the hydraulic cylinder 162 to reciprocate the wedge 152 to the left (FIG.
      4). This results in downward reciprocation of the movable platen 144 under
      the action of gravity.
PAR  The reciprocation of the wedge 152 is further regulated by a stroke control
      apparatus 184. The apparatus 184 includes a limit switch 186 mounted on
      the wedge 152 for reciprocation therewith. A pair of switch actuators 188
      and 190 are supported on the cross brace 166 of the frame 122. Thus, upon
      actuation of the treadle switch 182, the wedge 152 is reciprocated to the
      right (FIG. 4) until the limit switch 186 engages the switch actuator 190.
      The direction of reciprocation of the wedge 152 is thereupon immediately
      reversed, and the wedge 152 is reciprocated to the left (FIG. 4) until the
      limit switch 186 engages the switch actuator 188. At this point
      reciprocation of the wedge 152 is typically terminated pending subsequent
      actuation of the treadle switch 182. It will be appreciated, however, that
      continuous back and forth reciprocation of the wedge 152 may be provided,
      if desired.
PAR  It will be appreciated that in the case of a press brake, the separation
      between the fixed platen and the movable platen at the closest point must
      be adjusted in accordance with particular requirements. The length of the
      stroke of the movable platen is also preferably adjustable so as to
      accommodate stock of various sizes and to regulate the cycle time of the
      press brake. To this end the positioning of both of the switch actuators
      188 and 190 on the cross brace 166 is rendered readily adjustable whereby
      the adjustment of the press brake 120 to provide particular stroke
      parameters as may be required by a particular job is provided. As was the
      case with the shear 10, the limits of the reciprocations of the wedge 152
      and the movable platen 144 as determined by the switch actuators 188 and
      190 typically do not correspond to the limits of the stroke of the
      hydraulic cylinder 152 as determined by the physical dimensions of the
      barrel 164.
PAR  As is best shown in FIG. 5, the relief valve 178 and the valve 180 return
      spent hydraulic fluid directly to the reservoir 130 through ports
      extending through the risers 126. The function of the relief valve 178 is
      to prevent damage to the hydraulic system 170 in the event of an overload
      condition. For example, if a foreign object should be positioned between
      the tools 146 and 148 so that the wedge 152 could not complete a full
      stroke as determined by the stroke control apparatus 184, pressure would
      build in the hydraulic system 170. However, as soon as the setting of the
      relief valve 178 is reached, further hydraulic fluid from the pump 172 is
      returned directly to the reservoir 130. By this means damage to the tools
      146 and 148 due to excessive force imposed thereon is prevented.
PAR  The press brake 120 further includes a pair of guides 192 and 194 mounted
      on opposite sides of the movable platen 144. The purpose of the guides 192
      and 194 to properly position the stock between the tools 146 and 148 prior
      to actuation of the hydraulic cylinder 162 to effect reciprocation of the
      wedge 152 and the movable platen 144. An interesting aspect of the press
      brake 120 is that since the guides 192 and 194 are mounted on the movable
      platen 144, the guides are reciprocated with the movable platen. Those
      skilled in the art will appreciate the fact that the guides 192 and 194
      are substantially conventional in nature and that other guide arrangements
      may be utilized in the practice of the invention, if desired.
PAR  Referring now to FIGS. 6 and 7, there is shown a punch press 200 comprising
      a third embodiment of the invention. The punch press 200 includes a frame
      202 comprising a base (not shown) and four legs 204 extending upwardly
      therefrom. A fixed platen 206 is secured to and extends between the upper
      ends of the legs 204. A lower die 208 is supported on the fixed platen 206
      of the punch press 200.
PAR  The frame 202 further includes four guide members 210 which extend upwardly
      from the fixed platen 206. A cylinder 212 is slidably received at each
      guide member 210, and a movable platen 214 is secured to the upper ends of
      the cylinders 212 by a plurality of fasteners 216. There is thus defined a
      work area 218 which is enclosed by the fixed platen 206, the guide members
      210, the cylinders 212, and the movable platen 214.
PAR  A movable die 220 is mounted on the movable platen 214 for reciprocation in
      the work area 218 toward and away from the fixed die 208. As will be
      appreciated by those skilled in the art, the dies 208 and 220 of the punch
      press 200 may be designed to perform piercing, blanking, forming, and
      related functions, or any combination of these functions. The dies 208 and
      220 may also comprise progressive dies of the type commonly utilized in
      punch presses.
PAR  A backup 222 is secured to the lower ends of the cylinders 212 by a
      plurality of fasteners 224. A backup 222 includes a central portion 226
      which is reinforced by a plurality of triangularly shaped members 228. A
      plurality of guide rollers 230 are mounted on the underside of the backup
      222 for engagement with the legs 204 of the frame 202.
PAR  A wedge 232 is mounted between the backup 222 and the fixed platen 206 for
      horizontal reciprocation to effect vertical reciprocation of the movable
      platen 214. The wedge 232 includes a horizontally extending surface 234
      which is slidably engaged with a corresponding surface 236 of the fixed
      platen 206. The wedge further includes an angularly extending camming
      surface 238 which mates with a corresponding surface 240 on the central
      portion 226 of the backup 222. Strips 241 comprising a nonmetallic, low
      friction, pressure resistant material are positioned between the surfaces
      234 and 236 and between the surfaces 238 and 240.
PAR  It will thus be understood that upon reciprocation of the wedge 232 to the
      left (FIG. 6) the backup 222 is reciprocated downwardly. Since the backup
      222 is connected to the movable platen 214 by the cylinders 212, this
      action also results in downward reciprocation of the movable platen 214.
      Upon subsequent reciprocation of the wedge 232 to the right (FIG. 6) the
      backup 222 is reciprocated upwardly by a small cylinder or spring 242.
      Again, since the cylinders 212 connect the backup 222 in the movable
      platen 214, this action results in a corresponding upward reciprocation of
      the movable platen.
PAR  The wedge 232 is operated by a hydraulic cylinder 244. The hydraulic
      cylinder 244 is supported on the fixed platen 206 by a framework 246, and
      includes a barrel 248 which receives a piston (not shown). A piston rod
      (also not shown) connects the piston of the hydraulic cylinder 244 to the
      wedge 232. Thus, upon reciprocation of the piston in the barrel 248, the
      wedge 232 is reciprocated horizontally to effect vertical reciprocation of
      the movable platen 214.
PAR  The punch press 200 further includes a self-contained hydraulic system
      which is substantially identical to the hydraulic systems 72 and 170 of
      the shear 10 and the press brake 120, respectively. An important feature
      of the self-contained hydraulic system comprises a hydraulic fluid
      reservoir comprising part of the frame 202. The reservoir receives a
      substantial quantity of hydraulic fluid, whereby the structure of the
      reservoir and the hydraulic fluid therein add strength and rigidity to the
      frame 202. Furthermore, the hydraulic fluid contained in the reservoir
      tends to dampen any vibrations which otherwise might occur due to the
      operation of the punch press 200.
PAR  The self-contained hydraulic system of the punch press 200 functions to
      withdraw hydraulic fluid from the reservoir and to selectively direct
      pressurized hydraulic fluid to the hydraulic cylinder 244. Suitable valve
      structure is provided for controlling the flow of pressurized hydraulic
      fluid to the hydraulic cylinder 244 and for returning spent hydraulic
      fluid to the hydraulic fluid reservoir. Relief valve structure is also
      provided for terminating the advance of the movable platen 214 in the
      event that the pressure in the self-contained hydraulic system exceeds a
      predetermined level.
PAR  The stroke of the movable platen 214 of the punch press is regulated by a
      stroke control apparatus 250. The stroke control apparatus 250 includes a
      bracket 252 which is supported on one of the legs 204 of the frame 202.
      The bracket 252 in turn supports a pair of limit switches 256 and 258. The
      switches 256 and 258 are positioned for actuation by the backup 222 upon
      reciprocation thereof under the action of the wedge 232. The switches
      function to control the upper and lower limits of the stroke of the
      movable platen 214. By this means both the relative positioning of the
      movable and fixed platens at the closest point and the total stroke of the
      movable platen 214 are regulated.
PAR  Those skilled in the art will appreciate the fact that cutting and/or
      forming tools incorporating the present invention are adapted for working
      various metals including plain carbon steel, stainless steel, aluminum,
      brass, etc. Various plastics, paper and paperboard products, and similar
      materials may also be worked with tools utilizing the invention, if
      desired. It will be further understood that the cutting blades, dies, and
      other tools that are utilized in the practice of the invention are
      conventional in nature, and may be identical to the corresponding tools
      that have heretofore been utilized in power presses incorporating
      conventional designs.
PAR  The use of the invention is highly advantageous from a number of
      standpoints. Perhaps most importantly, cutting and/or forming tools
      utilizing the invention may be manufactured at approximately one-half the
      cost of conventional eccentric and connecting rod presses of similar
      capacity. This permits the use of tools incorporating the present
      invention in many applications wherein the use of power presses has
      heretofore been prohibited due to cost considerations.
PAR  Another important advantage to the use of the invention involves the fact
      that control is provided, not only over the separation between the movable
      and fixed platens at the closest point, but also over the total stroke of
      the movable platen. This affords greater flexibility in the use of tools
      incorporating the invention, and also substantially shortens the cycle
      time of the movable platen in appropriate applications.
PAR  Still another advantage to the use of the invention involves the ability to
      terminate the cycle of the movable platen at any time. This is important
      not only to prevent damage to the cutting blades, dies and other tools
      that are utilized in conjunction with the invention, but also from a
      safety standpoint.
PAR  Although preferred embodiments of the invention have been illustrated in
      the accompanying Drawings and described in the foregoing Detailed
      Description, it will be understood that the invention is not limited to
      the embodiments disclosed, but is capable of numerous rearrangements,
      modifications, and substitutions of parts and elements without departing
      from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A press brake comprising:
PA1  a generally vertically extending frame including a pair of vertically
      extending guide portions and a hydraulic fluid reservoir containing a
      substantial quantity of hydraulic fluid, whereby the hydraulic fluid
      reservoir and the hydraulic fluid therein tend to stabilize the press
      brake and tend to absorb vibrations caused by the operation thereof;
PA1  a fixed platen extending between the upper ends of the guide portions of
      the frame and supporting a first forming tool;
PA1  a movable platen slidably supported on the guide portions of the frame
      beneath the fixed platen and supporting a second forming tool;
PA1  a backup extending between the lower ends of the guide portions of the
      frame;
PA1  a wedge mounted between the backup and the movable platen for lateral
      reciprocation with respect thereto;
PA1  said wedge and backup including cooperating camming surfaces whereby the
      movable platen is reciprocated toward and away from the fixed platen in
      response to lateral reciprocation of the wedge;
PA1  said hydraulic fluid reservoir being positioned beneath the fixed platen,
      the movable platen, the backup and the wedge;
PA1  a hydraulic cylinder mounted on the frame and operatively connected to the
      wedge and having a predetermined maximum stroke;
PA1  switch means including portions mounted on the wedge for reciprocation
      therewith to effect reciprocation of the hydraulic cylinder through a
      stroke shorter than the predetermined maximum;
PA1  hydraulic pump means mounted on the frame for withdrawing hydraulic fluid
      from the hydraulic fluid reservoir and supplying pressurized hydraulic
      fluid; and
PA1  valve means for controlling the flow of pressurized hydraulic fluid from
      the hydraulic fluid pump means to the hydraulic cylinder and thereby
      selectively reciprocating the wedge and the movable platen.
NUM  2.
PAR  2. The press brake according to claim 1 wherein the pump means comprises a
      motor supported on the frame and a hydraulic pump driven by the motor.
NUM  3.
PAR  3. The press brake according to claim 1 wherein the wedge is adapted to
      provide a mechanical advantage of about 4:1.
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ABST
PAL  A temperature calibration system including a well for receiving a
      temperature sensor such as a thermometer or thermocouple, and a heater for
      heating the well to a desired and adjustable temperature. A single well
      instrument providing a temperature range of 100.degree. to 1199 .degree. F
      in one degree steps. A control circuit for controlling well temperature to
      a few tenths of a degree and including means for manually setting the
      desired temperature, a bridge incorporating the temperature sensor and the
      temperature setting resistances, amplifiers for switching power to the
      well heater, and a null meter for indicating when the instrument is
      operating at the desired temperature.
BSUM
PAR  This invention relates to dry well temperature test systems and to systems
      particularly designed for on site testing and calibration of temperature
      sensitive devices such as thermocouples, thermoswitches, thermistors,
      temperature control systems, and temperature indicators. The system of the
      invention is particularly well suited for use with remote indicating
      controls in instrumentation systems. Two prior art systems are shown in
      the U.S. Pat. Nos. 3,699,800 and 3,738,174.
PAR  The prior art devices and the device of the present invention include an
      electrically heated, dry temperature well for receiving the probe or other
      temperature sensing device which is to be tested or calibrated. The
      devices also include some means for setting the desired temperature, a
      control circuit for controlling the input to the well to obtain the
      desired temperature, and some means for indicating that the desired
      temperature has been obtained. The present invention is directed to an
      improved system having a substantially wider temperature range than the
      prior art devices. The device of U.S. Pat. No. 3,699,800 utilized three
      wells, each operating over a limited temperature range, to provide an
      instrument suitable for industrial use. This instrument incorporated a
      ramp type proportional control circuit for reducing the hunting of the
      actual temperature about the desired temperature. This instrument worked
      satisfactorily for one set of conditions of ambient temperature and line
      voltage, but variations in ambient temperature and/or supply voltage
      introduced errors in the system. The device of U.S. Pat. No. 3,738,174 was
      an improvement on the earlier device and had a very fast thermal response
      so that temperature hunting was not a problem, with the heat source having
      an on-off mode of operation. However, the useable range of the instrument
      was limited and the commercial embodiment had an operating range of
      100.degree. to 600.degree. F.
PAR  The instrument of the present invention is designed to operate over a
      considerable wider range, and one commercial embodiment provides for
      testing and calibration over the range of 100.degree. to 1,200.degree. F
      (actually a top limit of 1,199.degree. F). The substantial increase in the
      upper temperature limit introduced a number of problems in the instrument.
      For example, the well has to be made of a metal with better high
      temperature characteristics, such as brass or bronze or aluminized ignot
      iron rather than of aluminum, the temperature sensing device has to be a
      platinum unit rather than a thermistor, and the heater has to be a calrod
      type rather than a fine resistance wire type in order to withstand the
      higher operating temperatures. This has resulted in a unit with a much
      higher thermal mass with slower heating and slower cooling, introducing
      temperature hunting problems.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved control circuit for a temperature calibration instrument which
      control circuit can operate over a wide temperature range and can
      substantially eliminate temperature hunting at the null or desired
      temperature condition. This is achieved by utilizing a bridge circuit for
      temperature setting and temperature sensing, with amplifiers for the
      bridge outputs to provide control voltages for switching power on and off
      to an electrical heater. The bridge outputs are also used to actuate a
      null meter giving a visual indication of when the system is at the desired
      temperature. The desired temperature is manually set by a series of
      digital switches or thumb wheels operating selector switches and voltage
      dividers to achieve the desired one degree steps in temperature setting.
PAR  In the preferred embodiment, power is on continuously when the sensed
      temperature is more than a predetermined amount below the desired
      temperature, with power being off when the sensed temperature is greater
      than the desired temperature, and with the power being on intermittently
      when the sensed temperature is less than a predetermined amount less than
      the desired temperature, with the on-off cycle being controlled by a pulse
      generator and with the off time being variable as a function of the
      desired temperature so that the maximum heat input at lower desired
      temperatures is lower than than the maximum heat input at higher desired
      temperatures providing a satisfactory control over the wide range of
      temperatures at which the instrument can be used. It also eliminates the
      need for multiple heaters. In the preferred embodiment illustrated,
      temperature hunting is substantially eliminated, being less than .+-.
      0.1.degree. F at 1,199.degree. F and less than .+-. 0.2.degree. F at any
      temperature.
PAR  Other objects, advantages, features and results will more fully appear in
      the course of the following description. The drawings merely show and the
      description merely describes a preferred embodiment of the present
      invention which is given by way of illustration or example.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a portable dry well temperature test system
      incorporating the presently preferred embodiment of the invention; and
PAR  FIGS. 2a and 2b are an electrical schematic of the instrument of FIG. 1.
DETD
PAR  The instrument shown in FIG. 1 includes a housing 10 with the cover
      removed. A panel 11 is carried within the housing and supports the
      components of the system within the housing. A perforated plate 12 and
      screens 13 at each side of the panel 11 provide for air flow through the
      housing, preferably produced by a motor driven fan 14 (FIG. 2b). A switch
      16, an indicator light 17, and a replaceable fuse 18 are mounted in the
      panel, with the lamp 17 being energized when a resistance heater 19 is
      energized. Electrical power, typically from a 115 volt AC source is
      provided for terminals 20 via cable 21.
PAR  A set of three thumb wheel switches with digital position indication 25 is
      mounted in the panel for setting the desired temperature. These switches
      are identified on the schematic of FIGS. 2a and 2b as S1, S2 and S3 with
      switch S1 having three banks A, B and C. A null indicating meter 26 and a
      temperature well 27 are also mounted in the panel 11. The temperature well
      may be constructed in the manner shown in the aforementioned U.S. Pat. No.
      3,738,174, and reference may be made thereto for detailed information on
      the well. Typically the well may compromise a metal sleeve with the
      electric resistance heater 19 wound thereon and positioned within a
      thermally insulated case. Hinged covers 28 may be opened for insertion and
      removal of a heat sink 29, with opening 30 in the covers providing for
      insertion and removal of the temperature probe or other item which is to
      be tested or calibrated. The heat sink 29 is a metal tube which is a
      sliding fit in the sleeve of the well, and which has a contral opening for
      receiving the temperature probe. The central opening or bore of the heat
      sink may be tailored to each particular type of temperature probe to be
      calibrated, and a plurality of heat sinks normally is provided with each
      instrument, as shown at the left of FIG. 1.
PAR  The electrical circuit includes a power section 35, a bridge with legs 36,
      37, 38 and 39, a reference amplifier 40, a meter amplifier 41, an error
      signal amplifier section 42, a power switch Triac 43, and a pulse
      generator 44. The power section 35 includes the switch 16 having on, off
      and fan positions Switch section S4-A provides AC power to the fan 14, the
      heater 19 and a DC supply 47 when in the on and fan positions, with switch
      section S4-B providing a closed circuit for power between the Triac 43 and
      the heater 19 only when in the on position. The DC supply 47 may be a
      conventional circuit, providing a 12 volt output to voltage regulators 48,
      49 which may be 723 integrated circuits.
PAR  Leg 39 of the bridge is a temperature sensing resistance built into the
      well 27 and preferable is a platinum resistance thermometer with its
      resistance increasing as its temperature increases.
PAR  The switch 25 provides for setting the desired temperature value between
      100.degree. and 1,199.degree. F. The switch for the 100's digit S1 has 12
      positions 0 through 11, with the zero position disconnecting the bridge.
      The leg 36 includes 11 sets of resistors, with each set having a fixed
      resistor and an adjustable resistor for calibration purposes. The leg 37
      is similar, though the resistance values may be different.
PAR  Position 11 of S1-B is connected to position 11 of leg 37 and the other
      positions of S1-B are similarly connected to the corresponding positions
      of leg 37, the wire connections being omitted from the drawing for
      purposes of clarity. Leg 36 and switch S1-C are similarly connected. The
      10's and units digit thumbwheels S-2 and S-3 of switch 25 provide a two
      stage Kelvin-Varley voltage divider. The first stage comprises eleven
      resistors 55 connected in series between the legs 36, and 37. The second
      stage comprises ten resistors 56 connected in series across moving
      contacts 57, 58 of switch S-2. The single moving contact 59 of switch S-3
      serves as one corner of the bridge and provides the input signal to
      reference amplifier 40. Amplifier 40 is operated as a voltage follower and
      may be a 725 integrated circuit. The output indicated as V(ref) is
      connected at several points in the circuit as indicated.
PAR  The switch 25 permits direct digit dialing of any desired test temperature
      in the operating range of the instrument. The hundreds digit selects a
      discrete set of resistors for legs 36, 37, and the tens and units digits
      serve as a voltage divider to adjust the bridge to a specific temperature
      within the hundred degrees range obtained with the hundreds digit.
PAR  The error signal produced at the bridge corner at the junction of the
      resistors 38, 39 is provided as an input to the meter amplifier 41 and to
      the error signal amplifier section 42. The positive voltage V+(A) and the
      negative voltage V- provide the other two corners of the bridge. The meter
      amplifier 41 typically is a voltage amplifier with a gain of 5 and may be
      a 725 integrated circuit. The outputs of the amplifiers 40 and 41 are
      connected across the null meter 26, the meter may be protected from over
      voltage by diodes 61. When the error voltage signal is zero, the null
      meter 26 indicates zero and the temperature well is operating at the
      temperature indicated on the switch 25. The meter 26 is not designed as a
      temperature indicating meter, but in the embodiment illustrated, does
      indicate deviation of the actual temperature from the set temperature in
      degrees fahrenheit when operating at approximately 650.degree. Fahrenheit.
      When operating at about 100.degree.  Fahrenheit, each meter space
      indicates about one half degree, and when operating at about 1,100.degree.
      Fahrenheit, each meter space indicates about 2.degree..
PAR  In the embodiment illustrated, the amplifier section 42 has three stages,
      comprising amplifier 62 with a gain of 5, amplifier 63 with a gain of 20,
      and threshold detector and zero crossing trigger 64. These may be 725, 725
      and 72440 integrated circuits, respectively. The pulse generator 44 may be
      a square wave generator utilizing an NE 555 integrated circuit providing a
      square wave pulse train on output line 66. The pulse rate is controlled by
      switch section S1-A which is operated in synchronism with sections S1-B
      and S1-C for connecting one of the resistors 67 into the pulse generator
      circuit. The pulse rate varies with the setting of the hundreds digit and
      at 100 degrees is about 20 pulses per minute and at 1,100 degrees is about
      200 pulses per minute. Ordinarily the pulse width would be substantially
      constant and typically about 10 cycles of a 60 hertz source.
PAR  The output of the amplifier 63 is a DC voltage equivalent to approximately
      100 times the bridge error voltage modulated by the superimposed square
      wave on line 66. The output of amplifier 63 is connected as an input to
      the threshold detector 64 which compares the reference signal from
      amplifier 40 with the error signal. If the error signal represents a
      sensed temperature more than a predetermined amount (typically 10.degree.
      Fahrenheit) below the desired or set temperature, the negative error
      signal causes the threshold detector to turn the zero crossing switch full
      on. The zero crossing switch in turn furnishes a continuous pulse train to
      trigger the Triac 43 into conduction and provide AC power to the heater
      19. When this error signal indicates a sensed temperature less than the
      predetermined amount less than the set temperature (typically within the
      range of 0.degree. to 10.degree.), the timing pulse from the square wave
      generator produces a reduction in power input to the heater from full on
      to a duty cycle controlled by the generator output. The zero crossing
      switch then turns on the Triac for timed power bursts as permitted by the
      pulses from the square wave generator. The pulse rate as controlled by
      switch S1-A is selected to provide the input to the well sufficient to
      generate a maximum temperature called for by the hundreds digit thumbwheel
      plus 10.degree. to 20.degree., under worst operating conditions. This
      arrangement avoids turning the heater on more than is necessary, so that
      when operating at lower set temperatures, excess power and therefore
      excess heat is not introduced, which excess would materially increase the
      difficulties in obtaining the desired temperature without overshoot and
      hunting about the set point. That is to say, when operating in the
      100.degree. range, the Triac will be turned on only about 20 times per
      minute when the sensed temperature is in the order of 10.degree. below the
      set temperature. Similarly when operating in the 1,100.degree. range, the
      Triac will be turned on about 200 times per minute when the sensed
      temperature is about 10.degree. below the set temperature.
PAR  When the sensed temperature at the well exceeds the set point temperature,
      a positive error signal is produced which turns the threshold detector
      completely off. The Triac will not fire, the heater gets no power, and the
      well cools until the threshold of the set temperature is crossed in a
      negative direction. At any stabilized set point, the heater is limited in
      the power available by the timer or square wave generator, but the power
      available is not proportional to the error signal, The common mode error
      normally found in proportional control circuits do not exist in the
      circuit of the present instrument.
PAR  In operation, the switch 25 is set to the desired temperature and the
      switch 16 is turned to the on position. Ten to thirty minutes may be
      required for the instrument to stabilize at the set temperature, which
      condition is indicated by the null or zero position of the meter 26. After
      the instrument has once stabilized, it will maintain the set temperature
      at less than .+-.0.2.degree.F at any temperature and at less than
      .+-.0.1.degree.F at the top temperature 1,199.degree. F. There may be an
      overshoot during the initial warm up when the instrument first reaches the
      set temperature. This may be reduced or eliminated by initially setting
      the temperature below the desired temperature and then, when the
      instrument is approaching the set temperature (as indicated by flashing of
      the lamp 17) gradually increasing the set temperature to the desired
      temperature.
PAR  Operation of the instrument of the present invention at 1,200.degree. F
      raises problems not encountered in prior art devices. The aluminum heat
      sink utilized in lower temperature devices could not be used because of
      softening problems, and brass heat sinks are utilized. Also, the fine wire
      electrical resistance heater of the lower temperature instrument had to be
      abandoned in favor of the calrod type heater capable of operating at the
      higher temperatures. The more sensitive temperature sensing thermistor
      could not be utilized and a platinum temperature sensor is substituted.
      All of these changes materially increase the thermal mass of the well
      causing slower heating and slower cooling with resulting increase in the
      hunting problem. However, the new and improved control circuitry as
      described above and claimed herein has enabled production of a temperature
      calibration device operable over the large temperature range with
      substantially no hunting about the set point.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an on-off zero crossing non-proportional control circuit for a system
      for providing an accurate temperature for calibration of a temperature
      probe, the system including a well with a heater, a heat sink having an
      opening for receiving a temperature probe, and a temperature sensing
      resistor, the combination of:
PA1  a bridge circuit with four legs and four corners, and having a temperature
      setting resistance in at least one leg and having said temperature sensing
      resistor in another leg, said temperature setting resistance being
      manually variable to designate a desired temperature;
PA1  a voltage source connected across first and second opposite corners of said
      bridge;
PA1  a bridge null indicator having first and second inputs;
PA1  first amplifier means having the third corner of said bridge connected as
      an input and providing a reference voltage as an output;
PA1  second amplifier means having the fourth corner of said bridge and said
      reference voltage connected as inputs and providing an output varying as a
      function of the difference of said inputs, and including an on-off circuit
      and threshold detector for switching the output between full on and full
      off;
PA1  switching means for connecting said heater to a power source;
PA1  means for connecting said second amplifier means output to said switching
      means in controlling relation;
PA1  means for connecting said reference voltage and said fourth corner to said
      indicator inputs with said indicator indicating a null when the well
      temperature is substantially at the desired temperature;
PA1  a pulse generator providing a pulse train output;
PA1  means for setting the pulse rate of said generator as a function of said
      desired temperature with a higher rate for a higher temperature; and
PA1  means for connecting said generator pulse train output to said second
      amplifier means for controlling said switching means and limiting the full
      on output when the well temperature is less than a predetermined amount
      less than the desired temperature so that said heater is energized during
      only a portion of each cycle of the pulse generator output.
NUM  2.
PAR  2. A control circuit as defined in claim 1 wherein said switching means
      includes a triac connected in series with said heater and controlled by
      the output of said second amplifier means.
NUM  3.
PAR  3. A control circuit as defined in claim 1 wherein said bridge circuit
      includes a second temperature setting resistance in a third leg;
PA1  each of said temperature setting resistances having a plurality of
      resistors connected in parallel with a selector switch and with said
      selector switches operated in synchronism.
NUM  4.
PAR  4. A control circuit as defined in claim 3 wherein said bridge circuit
      includes:
PA1  a first voltage divider connected between said temperature setting
      resistances;
PA1  a pair of spaced contacts moveable along said first divider;
PA1  a second voltage divider connected between said pair of contacts; and
PA1  another contact moveable along said second divider and defining a corner of
      said bridge.
NUM  5.
PAR  5. In an on-off zero crossing non-proportional control circuit for a system
      for providing an accurate temperature for calibration of a temperature
      probe, the system including a well with a heater, a heat sink having an
      opening for receiving a temperature probe, and a temperature sensing
      resistor, the combination of:
PA1  a bridge circuit with four legs and four corners, and having a temperature
      setting resistance in at least one leg and having said temperature sensing
      resistor in another leg, said temperature setting resistance being
      manually variable to designate a desired temperature;
PA1  a voltage source connected across first and second opposite corners of said
      bridge;
PA1  a bridge null indicator having first and second inputs;
PA1  amplifier means having third and fourth corners of said bridge connected as
      inputs and providing an output varying as a function of the difference of
      said inputs, and including an on-off circuit and threshold detector for
      switching the output between full on and full off;
PA1  switching means for connecting said heater to a power source;
PA1  means for connecting said amplifier means output to said switching means in
      controlling relation;
PA1  means for connecting said third and fourth corners to said indicator inputs
      with said indicator indicating a null when the well temperature is
      substantially at the desired temperature;
PA1  a pulse generator providing a pulse train output
PA1  means for setting the pulse rate of said generator as a function of said
      desired temperature with a higher rate for a higher temperature; and
PA1  means for connecting said generator pulse train output to said amplifier
      means for controlling said switching means and limiting the full on output
      when the well temperature is less than a predetermined amount less than
      the desired temperature so that said heater is energized during only a
      portion of each cycle of the pulse generator output with said heater
      continuously energized when the well temperature is more than said
      predetermined amount less than the desired temperature.
NUM  6.
PAR  6. In a control circuit for a system for providing an accurate temperature
      for calibration of a temperature probe, the system including a well with a
      heater, a heat sink having an opening for receiving a temperature probe,
      and a temperature sensing resistor, the combination of:
PA1  a bridge circuit with four legs and four corners, and having a temperature
      setting resistance in at least one leg and having said temperature sensing
      resistor in another leg, said temperature setting resistance being
      manually variable to designate a desired temperature;
PA1  a voltage source connected across first and second opposite corners of said
      bridge;
PA1  a bridge null indicator having first and second inputs;
PA1  first amplifier means having the third corner of said bridge connected as
      an input and providing a reference voltage as an output;
PA1  second amplifier means having the fourth corner of said bridge and said
      reference voltage connected as inputs and providing an output varying as a
      function of the difference of said inputs;
PA1  switching means for connecting said heater to a power source;
PA1  means for connecting said second amplifier means output to said switching
      means in controlling relation; and
PA1  means for connecting said reference voltage and said fourth corner to said
      indicator inputs with said indicator indicating a null when the well
      temperature is substantially at the desired temperature;
PA1  said bridge circuit including:
PA1  a second temperature setting resistance in a third leg, each of said
      temperature setting resistances having a plurality of resistors connected
      in parallel with a selector switch and with said selector switches
      operated in synchronism;
PA1  a first voltage divider connected between said temperature setting
      resistances;
PA1  a pair of spaced contacts moveable along said first divider;
PA1  a second voltage divider connected between said pair of contacts; and
PA1  another contact moveable along said second divider and defining a corner of
      said bridge.
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ABST
PAL  A completely enclosed system for volumetric calibration wherein timed
      valves divert liquid components into separate metering tubes for
      observation. Pistons or separators in the metering tubes are displaced by
      the flow of liquid thereto. After the calibration or measurement in the
      metering tubes, the components are returned to the circulating system by
      applying a pressure to the metering tubes by means of air or an inert
      fluid whereby the components are driven back through the valves. A
      separate displacement cylinder can be coupled to the metering tubes
      through the inert fluid to measure total displacement of both components.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to volumetric calibration devices. In one of
      its aspects, the invention relates to a closed volumetric calibration
      system for liquid components in a polyurethane system.
PAR  2. State of the Prior Art
PAR  In the molding of polyurethane, isocynate, resin and other components are
      pumped to a mixing head. It is important that the components are in the
      proper ratios or the resulting polyurethane products will not be of the
      desired quality and specification. It is necessary to regularly check the
      dispensed amounts of various components to make certain that the ratios
      are constant. After checking the various amounts of dispensed components,
      the pumping device can be adjusted, if necessary, to correct the ratio.
PAR  In the past when it has been desired to conduct volumetric calibration or
      measuring operations on these circulating liquid materials, it has been
      the practice to take the components separately from the mixing head in a
      normal dispensing operation and to physically place each component in a
      cup to be weighed on a scale. This procedure takes substantial time in
      conducting a calibration. Further, exposure of the components to air
      created a high probability of contamination and the materials were
      customarily discarded. Further, the isocynate component can be noxious and
      there is the risk of danger to the person conducting the calibration. This
      procedure was thus somewhat time consuming and resulted in the waste of
      components.
PAR  To facilitate calibration of liquid materials, a special system with
      separate valves installed in the circulating system has been provided to
      meter liquid from the system. Such systems are cumbersome and still
      subject the worker to the chemical hazard. Further, the components cannot
      be returned to the circulating system without the risk of possible
      contamination.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a simple volumetric calibration
      device is provided to remove multiple liquid components from a circulating
      system, conduct the required volumetric calibration quickly and then
      subsequently return the materials back to the system without contaminating
      the materials and without exposure of the materials to the atmosphere. The
      volumetric calibration device comprises a volumetric holding means, a
      measuring means on the holding means for ascertaining the amount of liquid
      contained therein, a valve means in flow communication with the holding
      means capable of selectively controlling the flow of materials to and from
      the holding means and fluid drive means operatively coupled to the holding
      means for displacing materials contained in the holding means whereby the
      liquids in the holding means can be returned to a circulating system
      without exposure to the atmosphere.
PAR  The valve means desirably is capable of selectively controlling the flow of
      multiple components of materials into a multiplicity of separate holding
      means, so as to allow multiple calibrations of materials from multiple
      circulating systems, either separately or at the same time. The fluid
      drive means allows removal of the liquid materials from the holding means
      without contamination thereof so that the materials may still be used as
      desired. Desirably a timer is used to control the valves so that the
      amount of materials that are diverted into holding means for calibration
      measurement is controlled.
PAR  The volumetric calibration device may be utilized with circulating or
      noncirculating systems of liquid materials, but is particularly useful in
      polyurethane systems involving hazardous materials from which an operator
      must be protected.
PAR  In accordance with the present invention, volumetric calibration of
      materials is accomplished first by removing the materials from the system
      in which they are contained, followed by calibration measurement of the
      materials in separate holding means, and finally by fluid drive of the
      materials back into the system from which they were removed without
      exposure to the atmosphere.
DRWD
PAC  BRIEFF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing showing the volumetric calibration device of
      the present invention in a flow stream of circulating liquidous materials;
      and
PAR  FIG. 2 is a fragmented front elevational view of the hardware components of
      the preferred embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and in particular to FIG. 1, there is shown a
      two-component circulating system of materials as, for example, in a system
      for supplying two components for a polyurethane system. Liquid component A
      and liquid component B are contained respectively in tanks 10 and 14.
      Pumps 12 and 16, respectively, pump the liquid components A and B,
      respectively, through valves 20 and 32 to mixing head 18 wherein the
      components are mixed as desired and then dispensed therefrom. Timer 30
      controls the time interval of the dispensing cycle. During intervals when
      the components are not mixed and dispensed in the mixing head 18, the
      liquid components are returned through lines 22 and 24 to the tanks 10 and
      14, respectively. The mixing head 18 and the circulating systems,
      including the pumps, are well known in the polyurethane industry. A
      suitable system is sold by North American Urethane Division of Edge Saw
      Company.
PAR  Measurement of the amount of materials being pumped by pumps 12 and 16 in a
      given time interval is accomplished by diverting the flow of the
      components at valves 20 and/or 32 for a controlled period of time into
      calibration device 34 for calibration therein. Valves 27 and 29 are
      provided in the return line 27a and 29a respectively. During the
      calibration cycle, valves 27 and 29 remain closed and keep the metered
      amount in the calibration tubes. The valves 20 and 32 are controlled by
      activator 88 which in turn is controlled by the timer 30 through solenoid
      valve 90. During this diverting period, the liquid component A will be
      diverted by valve 20 through line 26 into the calibration unit 34.
      Similarly, liquid component B will be diverted by valve 32 through line 28
      to the calibration unit 34. At the end of the timed interval, the valves
      20 and/or 32 are switched back to the position illustrated in FIG. 1 so
      that components A and B flow again to the mixing head 18. After
      calibration, valves 27 and 29 are opened and the components A and B are
      forced back to the tanks 10 and 14, respectively. Component A flows
      through line 26, valve 20 and line 27a. Component B flows through line 28,
      valve 32 and line 29a.
PAR  Referring now to FIG. 2, calibration device 34 includes metering tubes 40
      and 54 which are in flow communications with holding cylinder 66 by means
      of lines 74 and 76, respectively.
PAR  Metering tube 40 has an inlet opening 42 which is in flow communication
      with four-way pressure control valve 20 through a valve 46. An outlet
      opening 44 in metering tube 40 is in communication with the hose line 74
      through a T connection 50. A bleed valve 48 is provided at the T
      connection 50 to bleed air from the tube 40 when desired. A piston 52
      having seals at the edge thereof is provided within the tube. A scale 53
      is secured to the outside of the tube 40 so that the position of the
      piston in the cylinder can be accurately measured.
PAR  The metering tube 54 is of like construction to the metering tube 40. An
      inlet 56 in the metering tube 54 is connected to the four-way valve 32
      through a needle valve 60. A piston 59 is provided within the metering
      tube 54 and a scale 61 or other suitable marking is provided on the
      outside of the metering tube to accurately measure the position of the
      piston 59 within the tube 54. An outlet 58 of the metering tube 54 has a T
      connection through which it communicates with a bleed valve 62 and hose
      line 76.
PAR  Holding container 66 has an inlet 68 with a T connection 78 through which
      the container is connected to the hose lines 74 and 76. An outlet 70 in
      the cylinder is connected to an air pressure line 86 through T connection
      82 and solenoid operated valve 80. The other opening in the T connection
      82 can be plugged or alternatively connected to T connections 50 and/or 64
      through hose 84 (shown in phantom lines) in lieu of hose lines 74 and 76.
PAR  The pistons 52, 59, and 72 are made of TEFLON with dual VITON seals. These
      pistons form physical separators for the components in the tubes 40 and 54
      and between the air or inert liquid in container 66.
PAR  Metering tubes 40 and 54, respectively, are each in flow communication with
      the circulating liquid components A and B by means of four-way valves 20
      and 32, respectively. Positioned between valves 20 and 32, pneumatic
      actuator 88 acts to control opening and closing of valves 20 and 32.
      Preferably, a neutral liquid, such as dioctylphthalate (DOP) is placed in
      the calibration system between pistons 52 and 72, and between pistons 59
      and 72. The neutral liquid avoids contamination of the liquid in the
      metering tubes 40 and 54 by air or moisture in the air.
PAR  Metering tubes 40 and 54 are cylindrical in shape and are made of
      transparent materials to allow viewing therethrough. The volume of the
      tubes may vary, depending on the shotsize of each component, with the
      tubes being calibrated in cc increments. Pneumatic cylinder 40 is a
      similar cylindrical shape and made from similar materials. Four-way valves
      22 and 32, and pneumatic actuator 88, are commercially available and of
      conventional design.
PAR  The four-way valves 20 and 32 allow material flow from the circulating
      system to the mixing head or will divert the stream from the system to
      metering tubes 40 and/or 54. As readily apparent by the above description,
      pneumatic operator 88 can be utilized to engage four-way valve 20 and 32
      either separately or simultaneously.
PAR  When it is desired to calibrate materials dispensed from the mixing head
      18, solenoid valve 90 switches pneumatic actuator 88 to move valves 20
      and/or 32 so as to allow a flow of component A and/or B into the
      respective metering tubes 40 and 54. Valves 27 and 29 remain closed. After
      a predetermined interval measured by timer 30, the actuator 88 switches
      the valves back to the position shown in FIG. 1. The components will force
      the pistons 52 and 59 upward in the tubes, thereby displacing the fluid
      therebetween and piston 72.
PAR  After the valves 20 and 32 have been switched back to their initial
      position, the amount of each liquid can be read directly from the tubes 40
      and 54 by observing the position of the bottom edge of the pistons 52 and
      59 with respect to the scales 53 and 61. The total amount of the shot can,
      if desirable, be read from a scale (not shown) on the holding container
      66. In the calibration operation, the valves 46 and 60 serve to simulate
      the pour pressure at the mixing head. Air is permitted to escape from the
      solenoid operated valve 80 as the liquids enter the metering tubes so that
      there is effectively little or no back pressure on the liquid components A
      and B as they fill the respective metering tubes 40 and 52. If either
      component A or B is out of proportion, a proper adjustment is made to the
      pump 12 or 16. After evacuation of the metering tubes 40 and 54, the
      calibration is then carried out again to check the accuracy of the
      adjustments. Valves 27 and 29 are opened and the solenoid valve 80 is
      switched to connect the cylinder 66 with air pressure to push components A
      and/or B from metering tubes 40 and/or 54 back into the tanks 10 and 14
      through line 26, valve 20, valve 27 and line 28, valve 32 and valve 29
      through an inert liquid between the pistons 72 and 59 and 72 and 52.
PAR  If it is not desired to use an inert liquid between the air and the liquid
      to accomplish the evacuation of metering tube 40 and/or 54, air as
      controlled by solenoid valve 80 can be pressured directly into metering
      tubes 40 and/or 54 by means of line 84 so as to similarly accomplish the
      evacuation of the liquid materials contained therein.
PAR  Various neutral substances may be used in pneumatic container 66 depending
      upon the nature of the liquids being calibrated. When calibrating the
      isocynate component, it is preferable to use dioctylphthalate (DOP) to
      prevent crystallization in the isocynate due to moisture in the air.
PAR  In actual practice, the calibration device is wired to a conventional
      control panel utilizing a selector switch for "calibration," "dump," and
      "off" positions. The system has been shown utilizing a "pour timer"
      normally used with a mixing head. Alternatively, a separate timer can be
      supplied with the calibration device to control the amount of components
      being injected into metering tubes 40 and/or 54.
PAR  The invention has been described with reference to a system for calibrating
      resin and isocynate components in a polyurethane system. It is to be
      understood that the invention can also be used for one or more than two
      liquid materials which can be any type of liquid. The calibration can take
      place at room temperature or at elevated temperatures if desired.
PAR  It will be understood that various changes in the details, materials, steps
      and arrangement of parts, which have been herein described and illustrated
      in order to explain the nature of the invention, may be made by those
      skilled in the art within the principles and scope of the invention as
      expressed in the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A volumetric calibration device for measuring amounts of at least one
      moisture sensitive liquid material flowing in a liquid circulating system,
      said device comprising:
PA1  volumetric holding means;
PA1  measuring means on said holding means for ascertaining the amount of
      material being contained therein;
PA1  valve means in flow communication with said holding means and said liquid
      circulating system, said valve means being capable of selectively
      controlling the flow of liquid material to said holding means and from
      said liquid circulating system;
PA1  means for returning the liquid material from said holding means to said
      liquid circulating system; and
PA1  drive means in flow communication with said holding means for displacing
      the liquid material contained in said holding means to return said liquid
      material through said liquid material returning means to said liquid
      circulating system, said drive means including a moisture-free fluid
      material inert with respect to said one liquid material and means for
      selectively pressurizing said inert fluid material, and further comprising
      a solid movable separator in said volumetric holding means to separate
      said one liquid material from said inert fluid material;
PA1  whereby said liquid can be supplied and returned to said circulating system
      without contamination or exposure to the operators.
NUM  2.
PAR  2. The volumetric calibration device of claim 1, wherein said selective
      pressurizing means comprises a source of compressed air.
NUM  3.
PAR  3. The volumetric calibration device of claim 1, wherein said volumetric
      holding means comprises a plurality of volumetric tubes and said valve
      means communicates each of said volumetric tubes with a separate liquid
      circulating system whereby liquid components of a system can be calibrated
      simultaneously.
NUM  4.
PAR  4. In a urethane dispensing system wherein liquid resin and isocynate
      components are pumped to a mixing head for dispensing a mixture of said
      liquid components, the improvement which comprises:
PA1  the device according to claim 3;
PA2  whereby said liquid components can be simultaneously calibrated without
      exposure to the atmosphere or without exposure to workers and thereby
      saving the material used in calibration.
NUM  5.
PAR  5. A volumetric calibration device according to claim 1, and further
      comprising a cylinder in flow communication with said holding means for
      receiving displaced inert liquid material as said liquid component is
      introduced into said holding means.
NUM  6.
PAR  6. A volumetric calibration device according to claim 1, wherein said
      volumetric holding means comprises a clear cylinder of uniform diameter
      for observation of the level of liquid material therein.
NUM  7.
PAR  7. In a liquid circulating system having a reservoir containing a liquid
      material: a mixing head for dispensing at least the liquid material in
      controlled amounts during timed intervals; a fluid supply conduit between
      said reservoir and said mixing head; a pump in said fluid supply conduit
      to pump said liquid material to said mixing head at a predetermined rate;
      a fluid return conduit between said mixing head and said reservoir to
      return said liquid material to said reservoir; a volumetric calibration
      device for measuring amounts of the liquid material dispensed by the
      mixing head, the volumetric calibration device comprising volumetric
      holding means, means for ascertaining the amount of material contained in
      said holding means, valve means in flow communication with said holding
      means and said liquid circulating system, said valve means being capable
      of selectively controlling the flow of liquid material to said holding
      means from said liquid circulating system, control means for switching
      said valve means in timed intervals to allow said liquid material to flow
      into said volumetric holding means during the timed intervals, and drive
      means in flow communication with said holding means for displacing the
      liquid material contained in said holding means to return said liquid
      material to said liquid circulating system; the improvement which
      comprises:
PA1  said valve means being located in said fluid supply conduit between said
      pump and said mixing head; and means for returning said liquid material
      directly to said reservoir from said volumetric holding means.
NUM  8.
PAR  8. A liquid circulating system according to claim 7 and further comprising
      pressure control means between said valve means and said volumetric
      holding means to simulate the pressure of said liquid material as it is
      dispensed from said mixing head.
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ABST
PAL  A method and apparatus for detection whether an input signal is periodic or
      aperiodic, wherein reference pulses at a constant frequency are added
      during a first interval determined by a number of cycles of the input
      signal and reference pulses at the same frequency are substracted during a
      second interval determined by an equal number of cycles of the input
      signal. If the input signal is periodic, the counting result is zero or
      nearly zero since the counting intervals have been of equal duration. If
      the input signal is aperiodic, the counting result differs from zero
      because the counting intervals have not been of equal duration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for distinguishing
      aperiodic noise input signals from periodic input signals during
      measurement, and is of particular utility for analysis of the operation of
      a timepiece.
PAR  2. Description of the Prior Art
PAR  In certain prior systems for measuring the accuracy of a running timepiece,
      the oscillating cycle of a time-keeping resonator, for instance of a
      balance wheel, tuning fork or the like is compared with the cycle of a
      reference oscillation. It is thus possible to determine whether the
      oscillating cycle of the time-keeping resonator is correct or not.
PAR  In another prior measuring system, the number of cycles of a high frequency
      reference oscillator is counted during one cycle or a small number of
      cycles of the oscillation of a balance wheel of a watch to be tested. In
      this system the counting time is determined by means of a microphone which
      detects the noise of the escapement driving the balance wheel, the
      amplified pulses from the microphone being used for starting and stopping
      counting of the reference frequency. However, in such a system, not only
      the desired periodic pulses produced by the escapement but also background
      noises may be detected by the microphone, it being difficult to eliminate
      such parasitic noises which are often sensed by the system as the
      beginning or end of the counting interval thereby falsifying the measuring
      result.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide simple and efficient means for
      distinguishing periodic input signals from aperiodic input signals so that
      measuring results falsified by aperiodic noise input signals may be
      eliminated, while correct measuring results based on periodic input
      signals may be indicated. According to this invention distinction between
      aperiodic and periodic signals is achieved by a method wherein reference
      pulses of a constant frequency are added during a predetermined number of
      cycles determined by input signals and that afterwards reference pulses of
      said constant reference frequency are subtracted during an equal number of
      cycles determined by input signals, the presence of a periodic or
      aperiodic signal being detected according to whether the result of said
      subsequent addition and subtraction of reference pulses is at least
      approximately equal to zero or substantially differs from zero.
PAR  This invention will now be explained in detail with reference to the
      drawing which schematically illustrates, by way of example, an apparatus
      allowing distinction between periodic and aperiodic signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a preferred embodiment of apparatus for
      distinguishing aperiodic noise input signals from periodic input signals
      in accordance with the present invention;
PAR  FIG. 2 is a set of curves representing signals at various points in the
      apparatus of FIG. 1;
PAR  FIG. 3 is a detailed schematic diagram of the control circuit of FIG. 1;
      and
PAR  FIG. 4 is a second set of curves showing signals at various points in the
      control circuit of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring specifically to the drawings, and particularly FIG. 1 thereof,
      the present apparatus includes an electro-acoustical transducer, such as a
      piezoelectric microphone 1, which is placed in proximity with a timepiece
      1a for receiving the periodic ticking signals produced by the escapement
      of the watch during operation. This method of detecting signals
      representing the operation of the escapement of a watch is generally known
      in the art, as shown in U.S. Pat. No. 3,370,456 to E. Jucker. The output
      signal of the microphone 1 is shown at C in FIG. 2, this signal being
      applied to a pulse former and amplifier 2. The output signal of amplifier
      2 is represented by curve 15 in FIG. 2 and is synchronized in a
      synchronizing circuit 3, which may be a D-flip-flop (delay flip-flop), for
      example, with the output signal of a stable reference oscillator 4, such
      as a quartz controlled oscillator, which serves as a time base. The output
      frequency of oscillator 4 substantially exceeds the frequency of signal
      15, with the leading edge of each output pulse of circuit 3 synchronized
      with a pulse from oscillator 4. Thus, the output signal of circuit 3 is
      similar to that of curve 15, as shown by curve M in FIG. 2, and is applied
      to a two-stage frequency divider 5 and 6. Signal M is divided by a factor
      of 2 in each divider stage, and their respective output signals, shown at
      A and B in FIG. 2, are each applied to inputs of a control circuit 7.
      Circuit 7 has a number of control outputs, one of which being connected to
      a reversible counter 9 serving to determine whether the input signal is
      periodic or aperiodic in a manner set out below. Another counter 8 has a
      counting input connected to the output of oscillator 4 and receives a
      control input from circuit 7 such that counter 8 counts the number of
      reference pulses occurring during an integral number of cycles of the
      balance wheel. A memory 10 stores the counting result of counter 9 for a
      purpose set out later.
PAR  A selector circuit 11 allows selection of various results for display or
      registration. A switch 11'for control of of selector circuit 11 will be
      explained below with reference to FIG. 3. A complementary circuit 12 may
      serve for converting or processing the outputs of counters 8 and 9 for
      display or registration. Another memory 13 stores the values to be
      transmitted to a display unit 14.
PAR  In operation, the periodic sounds produced by the escapement of the watch
      are converted into an electrical signal as indicated at C in FIG. 2. These
      signals are formed into pulses by the pulse-forming amplifier 2. As set
      out above, the output pulses from amplifier 2 are now synchronized in
      circuit 3, that is, the leading edges of the pulses are synchronized with
      reference pulses form the oscillator 4. The output signal M from
      synchronizing circuit 3 is divided in the divider stages 5 and 6, whereby
      signals A and B (FIG. 2) are obtained at the outputs of dividing stages 5
      and 6, respectively. These signals, A and B, are transmitted to the
      control circuit 7 which controls the counter 9 to add or count pulses
      received from the reference oscillator 4 during a first time interval,
      from t.sub.i to t.sub.i.sub.+1, corresponding to one half cycle of the
      balance-wheel oscillation. The counter 9 is then controlled for
      subtraction of pulses transmitted thereto from oscillator 4 during a
      second time interval, from t.sub.i.sub.+1 to t.sub.i.sub.+3, corresponding
      to two half cycles of the balance-wheel oscillation. Then the counter 9 is
      controlled to add again pulses during the time interval from
      t.sub.i.sub.+3 to t.sub.i.sub.+4 corresponding to another half cycle of
      the balance wheel oscillation. For the usual periodic signal detected from
      the balance-wheel oscillation, the counting result should be zero or at
      least approximately zero, because addition and subtraction of pulses has
      taken place during equal time intervals of two half cycles or one full
      cycle each. If an aperiodic disturbing or noise pulse occurs, it is
      obvious that the periodic control signals A and B will be disturbed and
      will become aperiodic, the addition and subtraction by counter 9 being now
      done during time intervals of different lengths so that the counting
      result will substantially differ from zero.
PAR  Only if the counting result of counter 9 is zero or nearly zero, thus
      proving that the analyzed signal M is periodic and does not contain
      disturbing noise pulses, will the counting result of counter 8 be
      transmitted through circuits 11 to 13 to the display unit 14. Since
      counter 8 will have added reference pulses during the full time interval
      from t.sub.i to t.sub.i.sub.+4, the displayed output therefrom will be
      accurately indicative of the rate of the watch under test.
PAR  If the counting result in counter 9 differs substantially from zero, thus
      indicating that an aperiodic disturbing or noise signal has occurred, the
      counting result of counter 8 will not be transmitted but is reset to zero,
      and another measuring cycle may automatically or manually be started. A
      next measurement will usually not be disturbed by an aperiodic noise pulse
      and will then automatically be transmitted from counter 8 to the display
      unit. Therefore, it can be appreciated that only when the counting result
      of counter 8 is recognized or confirmed to be valid by a counting result
      of zero or nearly zero by counter 9, will the result of counter 8 be
      transmitted for display.
PAR  A second measuring operation may be effected with the circuit as shown in
      FIG. 1, if the selector 11 and control circuit 7 are so adjusted that the
      counting result of counter 9 during the first half of the counting
      interval, that is during an interval from t.sub.i to t.sub.i.sub.+2 is
      stored in the memory 10. As set out above, the counter 9 adds pulses
      during a first half cycle from t.sub.i to t.sub.i.sub.+1 and subtracts
      pulses during an interval which includes a second half cycle from
      t.sub.i.sub.+1 to t.sub.i.sub.+2. This counting result, which should
      usually be zero, enable the determination of whether the escapement is "in
      beat"; that is, whether or not the functions of the escapement are
      symmetrical in relation to its rest position. If the functions are not
      symmetrical, this is will be indicated by a counting result differing from
      zero during the time interval of t.sub.i to t.sub.i.sub.+2.
PAR  In a modified embodiment of the apparatus, analog circuits may be provided
      in place of counters and 9 for analog comparison of the time intervals
      instead of digital comparison by counting pulses. As an example, a
      condenser replacing counter 9 may be charged and discharged alternatively
      by a current source during the above time intervals to be compared with
      each other, an indication being thus obtained of whether the signal has
      been periodic or aperiodic by the residual charge of the condenser which
      should be zero or nearly zero if the signal is periodic.
PAR  The apparatus may also be used for measurement or checking the amplitude of
      the balance wheel. To this end the duration of pulses M (FIG. 2) is
      measured by counting the number of reference pulses during a time interval
      from t.sub.i to Si, this time interval and counting result respectively
      being inversely proportional to the amplitude of the balance wheel. The
      number of reference pulses may also be counted during a number of cycles
      of signal M in order to measure a mean value of the amplitude.
PAR  FIG. 3 illustrates the most important parts of a typical control circuit 7,
      with circuits 3, 5 and 6 also illustrated in order to understand their
      cooperation with the control circuit. This circuit will not be fully
      described in all details because from the symbols and wiring the expert in
      the art of logical circuits will be able to check the circuit and its
      operation in detail. The circuit has an input selector switch 11' also
      shown in FIG. 1 as being associated with a selector circuit 11. Outputs TR
      and US, which may selectively be connected to an input flip-flop 20 of
      circuit 7, are connected to outputs of decoding circuits within counter 8.
      Output US from counter 8 becomes effective when the counter 8 has reached
      a predetermined counting result. Similarly, output TR from counter 8
      becomes effective when the counter reaches a counting result corresponding
      to a time interval of nearly 4 seconds, for instance 3.95 seconds. Signal
      TR is shown in FIG. 4.
PAR  Another decoding system is shown at 22 having a number of inputs connected
      to terminals of counter 9 and serving for decoding counting results
      differing but slightly from zero. As shown in FIG. 3, a first circuit 24
      is operative for results below 998 in the last three decimals of counter
      9, while a second circuit 26 is operative for counting results exceeding
      002 in the last three decimals. If both decoded signals are "inoperative",
      that is, if the counting result does not exceed 002 and is not lower than
      998, a signal Bo confirming that a periodic signal M has been received is
      issued by the output NAND-gate 28 of the system, this signal being
      transformed into a signal Bo' as shown in FIG. 4. A shift register 30 or
      sliding register produces time-shifted auxiliary control pulses from an
      auxiliary output of divider stage 6. Output gates of the control circuit
      produce signals ME 10 for transmitting counting results from counter 9 to
      memory 10 and ME 13 for transmitting counting results from counter 8 or
      from memory 10 to memory 13, such results being displayed by display unit
      14 as soon as shifted to memory 13. Another output produces a control
      signal R8 by which resetting of counter 8 to zero is effected. Output
      signal RZ 9 effects resetting of counter 9 to zero.
PAR  For measurement of the instantaneous rate of the watch, with switch 11'  in
      the position as shown, counter 9 is controlled by signal B to
      alternatively add pulses at reference frequency or time-base frequence BT
      during two half cycles each. However, with the control circuit shown by
      way of example in FIG. 3, counting by counter 9 will only be displayed
      after a delay time corresponding to 4 seconds when signal TR arrives
      through switch 11' from counter 8 which has counted reference pulses
      during a period corresponding to nearly 4 seconds. As seen from FIG. 4,
      counter 9 is periodically reset by signal RZ 9 such that each counting
      cycle includes addition of pulses during one half cycle of the balance
      wheel oscillation, subtraction of pulses during the following two half
      cycles of the balance wheel oscillation, and addition of pulses during a
      fourth half cycle as set out above. At the end of the measuring interval
      of 4 seconds, and if Bo confirms that a periodic signal has been measured
      during the last counting cycle of counter 9, a pulse ME 13 is issued
      whereby the result from counter 8 is shifted into memory 13 this result
      being now indicated by display 14. Counters 8 and 9 are then reset by
      pulses R8 and RZ9 respectively, and a new measuring interval of 4 seconds
      starts automatically. Measurement and counting of reference pulses into
      counter 8 during the 4 second interval allows the determination of an
      accurate average instantaneous rate of the watch. Further, the frequency
      of the reference oscillator may be so selected that at the end of the
      measuring cycle of 4 seconds, the counter 8 exactly shows the gain or
      loosing rate of the watch in integers. If the watch is too fast, a
      complementary number to the counting result of counter 8 may be formed in
      circuit 12 and transmitted to memory 13 for display.
PAR  When measuring whether or not the watch escapement is in beat or
      symmetrically operating, the counting result in counter 9, which is
      transmitted by a pulse ME 10 into memory 10 during each counting cycle
      after adding pulses during one half cycle and subtracting pulses during
      another half cylce of the balance wheel, will be transmitted into memory
      13 by a pulse ME 13 and will appear on display 14 when pulse ME 13 occurs.
      Selector circuit 11 is set by the one contact of the selection switch 11'
      which has been reversed into its other position, in order to transmit the
      counting result from memory 10 instead of transmitting the counting result
      from counter 8 as described above for measurement of the rate of the
      watch. Further, since another output US of counter 8 is now connected to
      the control circuit, the measuring intervals will be shorter than 4
      seconds, such that pulses ME 13 will be applied to memory 13 at a faster
      rate and counter 8 will be reset by pulses R8 at a faster rate.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for distinguishing aperiodic noise signals from period
      input signals comprising a pulse counter, a reference generator adapted to
      produce pulses at a constant reference frequency, an indicating unit
      adapted to indicate a measuring value, means for transmitting reference
      pulses from said generator to said pulse counter, a control circuit
      interconnected with said transmitting means and said pulse counter for
      controlling transmission and addition of reference pulses from said
      generator into said counter during a predetermined number of cycles of
      said input signals and for transmission and subtraction of reference
      pulses during an equal number of cycles of said input signals, and a
      memory for storing the results of the addition and subtraction of pulses
      in said counter, wherein said counter is controlled to add reference
      pulses during a half cycle of said input signals, to subsequently subtract
      reference pulses during a full cycle of said input signals, and then to
      add reference pulses during a half cycle of said input signals, the
      counting result of these operations being stored in said memory.
NUM  2.
PAR  2. An apparatus for distinguishing aperiodic noise signals from period
      input signals comprising a pulse counter, a reference generator adapted to
      produce pulses at a constant reference frequency, an indicating unit
      adapted to indicate a measuring value, means for transmitting reference
      pulses from said generator to said pulse counter, a control circuit
      interconnected with said transmitting means and said pulse counter for
      controlling transmission and addition of reference pulses from said
      generator into said counter during a predetermined number of cycles of
      said input signals and for transmission and subtraction of reference
      pulses during an equal number of cycles of said input signals, and a
      memory for storing the results of the addition and subtraction of pulses
      in said counter, wherein said counter is controlled to add reference
      pulses during a first half cycle of said input signals and to subtract
      reference pulses during a subsequent half cycle of said input signals, the
      counting result being stored in said memory.
NUM  3.
PAR  3. A method for measuring the instantaneous rate of a timepiece, wherein
      periodic input signals produced by the operation of the timepiece and
      possible aperiodic noise input signals are detected, comprising the steps
      of producing reference pulses of a constant frequency, counting such
      reference pulses during a first number of periods determined by said
      detected signals, subtracting reference pulses during a second number of
      periods equal to said first number of periods, measuring the rate of said
      timepiece, and transferring the result of the measurement of the rate of
      the timepiece to a display network in response to the total counting
      result during said first and second number of periods being approximately
      equal to zero.
NUM  4.
PAR  4. A method according to claim 3, wherein said reference pulses are added
      during two half cycles of a periodic input source and that reference
      pulses are subtracted during two half cycles of said source.
NUM  5.
PAR  5. A method according to claim 4, wherein reference pulses are added during
      a first half cycle of said source, that reference pulses are subtracted
      during the next two half cycles of said source, and that reference pulses
      are again added during a fourth half cycle of said source.
NUM  6.
PAR  6. An apparatus for measuring the instantaneous rate of a timepiece
      comprising means for detecting periodic input signals produced by the
      operation of the timepiece and possible aperiodic noise input signals,
      accumulator means, a generator producing reference pulses at a stable
      frequency, program control means adapted to control said accumulator to
      add reference pulses during a predetermined number of periods determined
      by said input signals and to substract reference pulses during an equal
      number of periods, means for measuring the instantaneous rate of said
      timepiece and means for display of a measuring result therefrom, and means
      controllable by said accumulator for initiating transfer of a measuring
      result from said means for measuring the instantaneous rate to said
      display means when the accumulated count of said accumulator is
      approximately equal to zero.
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ABST
PAL  A device for performing friction and wear tests inside a closed
      high-pressure autoclave under additional surrounding high pressure
      adjustable from the outside, wherein a test element arranged inside the
      autoclave is rotated by means of a driving shaft passed in a
      pressure-tight manner through the wall of the autoclave into the latter, a
      contact pressure in the form of an additional unidirectional load is
      exerted on the test element by means of a unit arranged inside the
      autoclave, and both the contact pressure and the torsional moment acting
      on the test element are determined and indicated outside the autoclave.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of and a device for measuring friction
      and wear under surrounding high pressure, where balls or rollers are
      pressed against each other by the measured force of an additional
      hydraulic unit inside a closed high-pressure autoclave, the torsional
      moment necessary to maintain the rotary motion is measured inside the
      autoclave, and in limiting cases the load is determined under which a
      sudden seizing and welding of the parts occurs.
PAR  The extraordinary financial losses yearly produced by friction and wear and
      the resulting machine damages early led to the development of test
      machines for determining the oil-quality, the maximum loading capacity of
      a machine, and the danger of machine damages by laboratory tests. Such
      test machines are for example: The Four Ball Testing Apparatus, the
      machines from Timken and Almen-Wieland, The Bartel-Lubrimeter, the
      Niemann-Gear-Rig (FZG-method), and the new two-disc test stand from Stobel
      and Niemann.
PAR  The often deversified valuation of an oil or lubricant resulting from
      comparative investigations with different test machines may be an
      indication that the lubricant should be in the best way adapted to the
      mechanical design and the specific plant conditions of the machine. Owing
      to the plurality of the entering parameters (for example geometry of the
      point of lubrication, surface quality of the machine parts, operating
      temperature, rotational speed, nominal value of the viscosity,
      temperature- and pressure-dependence of the viscosity) there is no
      possibility to constitute a simple scale of quality for lubricants. The
      lubricant has to be adapted to the considered machine and its
      characteristic working conditions.
PAR  The classical lubrication theory developed by Reynolds, Couette,
      Sommerfeld, and others already had to discuss the great difficulties,
      which arise in the theoretical treating of the phenomena of machine
      lubrication. With several omissions it was possible to develop formulas
      for the lubricating film-thickness and the coefficient of friction, which
      for lower machine loads correspond with experimental values and which can
      be used for the design of the geometrically simple and relative lowly
      loaded journal bearing.
PAR  But the progressive technical evolution led to special gearings showing
      very high contact pressures. Under these extreme stresses the classical
      lubrication theory delivers values for lubricating film thickness and
      coefficient of friction which are about 2 or 3 decimal powers too small.
      According to this theory mixed friction, wear, seizing, and welding of the
      machine parts are expected with increasing load, while multifarious
      experiments still show hydrodynamic lubrication.
PAR  As has become known in the meantime the reasons for the failure of the
      classical theory are the neglecting of the pressure dependence of the
      lubricant viscosity and the elastic deformation of machine parts under the
      very high pressure existing at the point of lubrication. These effects are
      considered by the modern elasto-hydrodynamic theory of lubrication
      (EHD-theory). Therewith the great discrepancies between theory and
      experiment essentially could be eliminated. But in more complicated cases
      and when the load further increases there are discrepancies and faulty
      expects in the EHD-theory, too.
PAR  It is known for certain that, considering the very complicated pressure-
      and temperature-shape at the point of lubrication of a machine, the
      pressure-dependence of the viscosity essentially influences friction and
      wear. With usual test machines the effects of the separate limiting
      quantities (pressure- and temperature-dependence of viscosity,
      compressibility in the whole pressure-temperature-range, geometry of the
      point of lubrication etc.) cannot be determined in detail. The test result
      comes about under superposition of several influences.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to avoid the disadvantages
      hereinbefore described and to provide a novel method of and device for
      measuring friction and wear under surrounding high pressure, which method
      can be performed, as will be described with reference to the following
      tests, inside a closed autoclave under high external pressure which can be
      regulated. In consequence of the superposition of the allround hydrostatic
      pressure it is possible without changing the test system or the lubricant
      to enhance the basic viscosity by decimal powers and individually to study
      the influence of basic viscosity, viscosity-pressure-coefficient,
      temperature, and load on friction and wear over wide ranges.
PAR  To perform the tests a high-pressure autoclave is needed, which
      corresponding to the desired measuring range resists an internal pressure
      of some thousand bars and which may be as usual constructed as a monoblock
      tube, shrinkage-tube, wickel-tape-wound cylinder, or multilayer tube. The
      pressure may be produced by a hand press, a pressure transmitter, or by a
      continously running compressor.
PAR  The propulsion of the test element in the autoclave requires the
      pressure-tight passing of a rotating shaft through a wall, preferably the
      removable top wall, of the autoclave. The shaft is sealed by a
      stuffing-box packing or preferably constructed in the form of a
      self-sealing shaft as will be described in the following.
PAC  GENERATION AND MEASURING OF THE UNILATERAL LOAD
PAR  The installed test element, for example a four-ball element adapted to the
      relative small inside diameter of a high-pressure autoclave or -- for
      studying the conditions under line contact -- a unit with a cylindrical or
      conical shaft and pressed-on counter rollers, has to be able to run under
      different but always known loads. Therefore there is a hydraulic unit
      inside the high-pressure autoclave operating under separate pressure. Thus
      in the test-space being under allround high pressure the rotating balls or
      rollers of the test element are pressed against each other with a variable
      power.
PAR  The contact pressure and with it the load, under which the test element
      operates, has to be measured. This principally may happen by a
      differential-pressure gauge which determines the difference between the
      pressure inside the hydraulic unit and that inside the autoclave. In this
      case however the friction at the hydraulic plunger must be taken into
      account by correction. To avoid this preferably a load cell also being
      under the allround pressure is mounted between the hydraulic plunger and
      the balls or rollers being to be pressed. This cell independently from the
      surrounding pressure determines the unidirectional power out of the
      elastic deformation of the measuring device via wire strain gauges or
      selfsupporting resistance transmitters using the usual electronic
      measuring technique, for example a carrier wave amplifier.
PAC  MEASURING OF THE TORSIONAL MOMENT
PAR  To determine the friction characteristics the torsional moment transmitted
      to the test element has to be measured. A measurement on the drive unit
      arranged outside the autoclave (for example a 5,6 kW-direct-current motor,
      whose rotational speed may be regulated by thyristor control in the range
      from 50 to 1500 rpm with accuracy of 0.5 % of final value) is not
      possible, since the friction of the high-pressure stuffing-box packing
      would adulterate the measurement.
PAR  Therefore the determination of the torsional moment has also to take place
      inside the high-pressure autoclave independently of the present
      hydrostatic pressure. For measuring inside the autoclave there is a
      torsion rod with an appropriate diameter carrying on both ends steel discs
      with radial grooves. In front of the circumference of the rotating discs
      scanning heads are mounted, preferable with needle-like permanent magnets
      and induction coils surrounding the magnets. When a groove is passing, the
      distance between the magnet and the steel discs changes. The variation of
      the magnetic current induces a voltage pulse.
PAR  In the case of vanishing torsional moment the voltage pulses simultaneously
      occur on the receivers of both discs. With increasing torsional moment the
      signals appear corresponding to the distortion of the torsion rod with a
      phase shifting, which is used for the direct electronic measurement of the
      torsional moment inside the closed autoclave.
PAC  THE PRESSURE-TRANSMITTING INSERT
PAR  In order to avoid the necessity of cleaning the whole pressure apparatus
      with its pressure lines, pressure inducer etc., when the lubricant is
      exchanged, and in order to do with a relative small quantity of substance
      of measuring (for example 50 cm.sup.3) the test element inside the
      autoclave is enclosed in a pressure-transmitting insert which transmits
      the pressure from the surrounding pressure oil to the substance of
      measurement in the test element and is sealed against the rotating shaft
      and against the static part and the hydraulic unit producing the contact
      pressure.
PAC  DETERMINATION OF THE WELDING LOAD
PAR  At the moment of the welding of the elements, for instance with the
      four-ball test under pressure, the driving motor is turned off by the
      thyristor-control unit. In order to avoid damages by still present mass
      forces a breaker or electromagnetic coupling, which sets the motor free at
      the moment of welding, may additionally be mounted between the motor shaft
      and the special stuffing box for the driving shaft.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention will now be described by way of
      example and with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic over-all view of an apparatus according to the
      invention;
PAR  FIG. 2 is a longitudinal section, on a greater scale, of the automatically
      sealing stuffing box;
PAR  FIG. 3 is a longitudinal section showing the internal structure of the
      autoclave with the exception of the hydraulic unit and the load cell;
PAR  FIG. 4 is a circuit for torque measurement under pressure;
PAR  FIG. 5 is a signal pattern of the torque measurement;
PAR  FIGS. 6a and 6b show wear measurements with different loads and rotational
      speeds under surrounding high pressure
PA1  a. with constant rotational speed of 500 rpm
PA1  b. with constant load of 120 kp;
PAR  FIGS. 7a and 7b, respectively, show embodiments in which the four-ball
      element in the pressure-transmitting cell of the autoclave has been
      replaced by a roller-bearing system and a gear-measuring insert.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a motor-driven compressor 14 arranged to produce depending on
      its kind of construction pressures of up to 2000 or 5000 bars. With opened
      valve 15 an autoclave 16 filled with pressure-oil is set under the desired
      pressure readable on a sensitive pressure gauge 17. Simultaneously a valve
      18 is opened so that the interior of a hydraulic unit 21 mounted inside
      the autoclave 16 is under the same pressure. After closing the valve 15
      the pressure in the hydraulic unit 21 can be further raised with the valve
      18 being open so that inside the autoclave 16 an additional unidirectional
      force is created which presses the balls of a four-ball element 20 against
      each other. Consequently the load during the test-run can be optionally
      adjusted. The pressure inside the hydraulic unit 21 is readable of a
      sensitive pressure gauge 22. The pressure difference between the pressure
      gauges 17 and 22 is an indicator for the load acting on the test element,
      but the friction at the plunger of the hydraulic unit 21 has to be taken
      into account.
PAR  The suggested construction of the pressure apparatus only needs one
      high-pressure compressor. The pressure release of the whole apparatus
      takes place by opening a valve 23.
PAR  FIG. 1 also shows the basic construction of the test element inside the
      autoclave 16. The four-ball element 20 is constructed for measurements
      under high pressure and is arranged in a pressure-transmitting cell so
      that different substances can be set in without changing the apparatus. In
      order to measure exactly the loading of the test machine independently of
      the surrounding pressure a load cell 24 with free-tensed resistance wires
      is mounted between the plunger of the hydraulic unit 21 and the plate for
      the three lower balls of the four-ball element 20.
PAR  The upper ball of the four-ball element 20 is driven by a
      thyristor-controlled motor 25 whose rotational speed is variable over a
      wide range and the torque of which is transmitted via an overload-shearing
      clutch 26 and a Cardan shaft to a driving shaft 27 which passes through a
      special stuffing box 28 provided in the removable top wall of the
      autoclave 16 in a pressure-tight manner into the latter.
PAR  Inside the autoclave 16 there is a device for measuring the torsional
      moment transmitted to the test element. This device consists of a torsion
      rod 29, discs 30 attached to this rod and having radial grooves, and two
      electromagnetic scanning heads 31 connected to leads passing through
      electrically insulated air-tight passages in the autoclave wall out of the
      autoclave.
PAR  FIG. 2 shows the special stuffing box 28 which seals the high-speed driving
      shaft 27 against the autoclave 16 in the case of pressures of up to 2000
      bars.
PAR  The sealing is effected in a fully automatic manner because the force of
      the internal pressure acting on the driving shaft 27 is transmitted via a
      longitudinal ball bearing 32 to a pressure ring 33. This force and the
      total force of the internal pressure acting on the ring-shaped area of the
      pressure ring 33 are transmitted to a sealing ring 34 made of elastic
      material. Because of the aspect ratio between the total area and the
      ring-shaped area of the pressure ring 33 the pressure in the sealing ring
      34 will be always greater than the internal pressure.
PAR  The whole force is then transmitted via a pressure ring 35, a flange 36 and
      bolts 39 to the casing of the autoclave 16. In order to provide initial
      pressure for sealing in the lowest pressure range, cup springs 38 are
      provided which press a collar 37 on the driving shaft 27 via a
      longitudinal ball bearing 19 against the longitudinal ball bearing 32.
PAR  FIG. 3 shows the internal structure of the autoclave 16 with the exception
      of the hydraulic unit 21 and the load cell 24. A guide tube 1 is fixed to
      the removable top wall of the autoclave 16 so that the guide tube and the
      top wall can be mounted at the same time. The reference numeral 2 denotes
      the shaft end, 3 the scanning heads for the torque-measurement, 4 the
      grooved steel discs mounted on both ends of the torsion rod 5. The spindle
      8 is fulcrumed at the bearing tube 6. The separation of the test substance
      from the pressure oil takes place dynamically by retaining rings 7 and
      statically by a hose diaphragm 9 and an O-ring 10. The measuring insert is
      filled through a bore 11 sealed by a locking screw 13. In the guide tube 1
      the ball carrier is suspended by two pins 12 which also receive the
      counter moment depending on the contact pressure whilst the insert is in
      operation.
PAR  FIG. 4 shows an example of operation for the circuit of the
      torque-measuring unit. The arrangement determines the phase angle between
      the signals of the two scanning heads 31 and consequently the transduced
      torsional moment. Channel I is shown in detail, the identical channel II
      as a block diagram.
PAR  The mode of action of the circuit is shown in FIG. 5. The signals coming
      from the scanning heads 31 are intensified by input amplifiers 40 and 41.
      The results are the signals which are shown in the upper diagram of FIG. 5
      and which successively appear according to the torsion of the measuring
      shaft and which are formed to square-wave impulses by the Schmitt-triggers
      42 and 43. Behind differentiators 44 and 45 corresponding needle pulses
      are received, whose negative ones are filtered out by rectifiers 46 and
      47. Behind the bistable multivibrator 48 square-wave impulses 49 appear,
      whose length corresponds to the phase shift .tau.  between the signals of
      the scanning heads and whose timely average value Im is shown by a
      moving-coil instrument with low eigenfrequency. The indication is a direct
      representation of the torsional moment transmitted to the measuring insert
      inside the autoclave.
PAR  An an example for wear measurements FIGS. 6a and 6b show dependently on
      pressure p the respective diameter d.sub.k of the wear-cup arising at the
      test ball. In FIG. 6a measurements are shown performed under constant
      speed of 500 rpm with different loads of 60, 120 and 180 kp. As shown the
      machine under the load of 60 kp always is in low position of wear, under
      the load of 180 kp always in the high position. Under the load of 120 kp
      there is an abrupt transition from the high to the low position of wear
      about the pressure of 1300 bars. This directly follows out of the pressure
      dependence of the viscosity, which is taken into account by the EHD theory
      with the viscosity-pressure coefficient .alpha.. According to the
      lubricant and its viscosity-pressure dependence it is possible to study in
      detail, how the transition from the high to the low position of wear moves
      with increasing machine load towards higher pressures.
PAR  In the same way it is possible to study the influence of the rotational
      speed of the machine considered by the lubrication theory. This is shown
      in FIG. 6b. Under the constant load of 120 kp the transition moves with
      increasing speed of the machine towards higher pressures. In all cases the
      loading capacity of the machine raises with increasing pressure. Similarly
      it is possible to study the wearing loads of the four-ball test dependent
      on the basic viscosity, the viscosity-pressure coefficient, the
      temperature-behavior, and the rotational speed.
PAR  With the same arrangement besides the four-ball system it is further
      possible to test roller bearings with line contact or gear-mechanisms in a
      corresponding manner. Therefore only the four-ball element inside the
      pressure-transmitting cell of the autoclave 16 has to be replaced by a
      roller- or gear-system. FIG. 7a schematically shows an example for a
      roller-bearing version, FIG. 7b such one for a feasible gear version 51.
      In these cases the variable loading is produced by an electrodynamic brake
      50 for instance.
PAR  With the apparatus according to the invention it is thus possible to
      perform very different tests including variation of the geometry of the
      point of lubrication.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The embodiment is
      therefore to be considered in all respects as illustrative and not
      restrictive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for measuring friction and wear under coexisting surrounding
      high pressure, comprising:
PA1  a. a high-pressure autoclave including walls defining a chamber,
PA1  b. means for supporting at least one test element in said chamber,
PA1  c. a rotatably mounted drive shaft extending through a wall from the
      exterior to the interior of said chamber and arranged to rotate said
      support means in said chamber,
PA1  d. a pressure-tight seal between said drive shaft and said wall,
PA1  e. means for applying fluid pressure in said chamber,
PA1  f. means located in said chamber for exerting contact pressure in the form
      of a unidirectional load on said test element,
PA1  g. means located in said chamber for detecting the torsional moment applied
      to said test element and comprising a torsional rod extending between said
      drive shaft and said support means, a pair of magnetized discs spaced on
      said torsional rod and a pair of stationary inductive scanning heads
      positioned within said chamber, and
PA1  h. means outside said chamber for indicating both said contact pressure and
      said torsional moment as detected by said detecting means.
NUM  2.
PAR  2. A device according to claim 1 wherein said means located in said chamber
      for exerting contact pressure is a fluid operated means, said means for
      applying fluid pressure in said chamber being adapted to operate said
      fluid operated means.
NUM  3.
PAR  3. A device according to claim 2 wherein said fluid operated means is a
      piston-cylinder arrangement within said chamber.
NUM  4.
PAR  4. A device according to claim 1 wherein said means for exerting contact
      pressure is adapted to apply said pressure in the direction of the
      rotational axis of said support means.
NUM  5.
PAR  5. A device according to claim 1 further comprising electrical resistance
      means located in said chamber for detecting said contact pressure on said
      test element.
NUM  6.
PAR  6. A device according to claim 1 further comprising wire strain gauge means
      located in said chamber for detecting said contact pressure exerted on
      said test element.
NUM  7.
PAR  7. A device according to claim 1 further comprising electronic means for
      converting electrical signals from said scanning heads into square-wave
      impulses, the length of said impulses corresponding to the phase shift of
      said signals, and means for indicating said phase shift.
NUM  8.
PAR  8. A device according to claim 7 wherein said electronic means comprises
      separate means associated with each scanning head for converting
      electrical signals from said scanning head into square-wave inpulses and
      for comparing the length of the square-wave impulses which correspond to
      the phase shift between the signals of the scanning heads and for
      indicating the average value thereof.
NUM  9.
PAR  9. A device according to claim 1 further comprising a driving motor located
      outside said chamber for driving said drive shaft, said driving motor
      including electronic means for automatically switching off said driving
      motor at the moment of welding of test parts.
NUM  10.
PAR  10. A device according to claim 9 further comprising an overload shearing
      clutch positioned between said driving motor and said drive shaft, said
      clutch being adapted to disengage at the moment of welding of test parts.
NUM  11.
PAR  11. A device according to claim 1 further comprising means for isolating
      said support means, a portion of said contact pressure means and said test
      element from the remaining interior portion of said chamber, said
      isolating means being adapted to transmit said fluid pressure from said
      chamber into the interior of said isolating means.
NUM  12.
PAR  12. A device according to claim 1 adapted to test a four-ball test element.
NUM  13.
PAR  13. A device according to claim 1 adapted to test a roller test element.
NUM  14.
PAR  14. A device according to claim 1 adapted to test a gear test element.
NUM  15.
PAR  15. A device for measuring friction and wear under coexisting surrounding
      high pressure, comprising:
PA1  a. a high-pressure autoclave including walls defining a chamber,
PA1  b. means for supporting at least one test element in said chamber,
PA1  c. a rotatably mounted drive shaft extending through a wall from the
      exterior to the interior of said chamber and arranged to rotate said
      support means in said chamber,
PA1  d. a pressure-tight seal between said drive shaft and said wall,
PA1  e. means for applying fluid pressure in said chamber,
PA1  f. means located in said chamber for exerting contact pressure in the form
      of a unidirectional load on said test element,
PA1  g. means located in said chamber for detecting the torsional moment applied
      to said test element and comprising a pair of spaced discs rotatably
      mounted on said drive shaft, each disc including grooves therein, and a
      pair of stationary scanning heads, and
PA1  h. means outside said chamber for indicating both said contact pressure and
      said torsional moment as detected by said detecting means.
NUM  16.
PAR  16. A device according to claim 15 further comprising electronic means for
      converting electrical signals from said scanning heads into square-wave
      impulses, the length of said impulses corresponding to the phase shift of
      said signals, and means for indicating said phase shift.
NUM  17.
PAR  17. A device according to claim 16 wherein said electronic means comprises
      separate means associated with each scanning head for converting
      electrical signals from said scanning head into square-wave impulses and
      for comparing the length of the square-wave impulses which correspond to
      the phase shift between the signals of the scanning heads and for
      indicating the average values thereof.
NUM  18.
PAR  18. A device for measuring friction and wear under coexisting surrounding
      high pressure, comprising:
PA1  a. a high-pressure autoclave including walls defining a chamber,
PA1  b. means for supporting at least one test element in said chamber,
PA1  c. a rotatably mounted drive shaft extending through a wall from the
      exterior to the interior of said chamber and arranged to rotate said
      support means in said chamber,
PA1  d. a pressure-tight elastic sealing ring between said drive shaft and said
      wall,
PA1  e. means for applying fluid pressure in said chamber,
PA1  f. means located in said chamber for exerting contact pressure in the form
      of a unidirectional load on said test element,
PA1  g. means located in said chamber for detecting the torsional moment applied
      to said test element,
PA1  h. means outside said chamber for indicating both said contact pressure and
      said torsional moment as detected by said detecting means,
PA1  i. a first pressure ring about said drive shaft at the side of said sealing
      ring facing away from said chamber,
PA1  j. a second pressure ring about said drive shaft at the side of said
      sealing ring facing towards said chamber,
PA1  k. a collar mounted on said drive shaft at the side of said second pressure
      ring facing towards said chamber, and
PA1  l. bearing means between said collar and said second pressure ring,
PA1  m. whereby fluid pressure in said chamber presses said collar against said
      second pressure ring and presses said second pressure ring against said
      elastic sealing ring in an axial direction sealing said elastic sealing
      ring against the peripheral surface of said drive shaft.
PATN
WKU  039396916
SRC  5
APN  3960498
APT  1
ART  244
APD  19730910
TTL  Method and apparatus for impact testing railroad cars
ISD  19760224
NCL  13
ECL  1
EXP  Ruehl; Charles A.
NDR  5
NFG  19
INVT
NAM  Stanev; Tzvyatko Penchev
CTY  Sofia
CNT  BG
INVT
NAM  Lambiev; Adrian Kostov
CTY  Sofia
CNT  BG
ASSG
NAM  DSO "Bulgarski Darjavni Jeleznitzi"
CTY  Sofia
CNT  BG
COD  03
CLAS
OCL   73 11
XCL   73 12
EDF  2
ICL  G01M 1704
FSC   73
FSS  11;12
UREF
PNO  1290318
ISD  19190100
NAM  O'Connor
OCL   73 11
UREF
PNO  1303948
ISD  19190500
NAM  O'Connor
XCL   73 12
UREF
PNO  1583109
ISD  19260500
NAM  Banschbach
OCL   73 11
LREP
FR2  Ross; Karl F.
FR2  Dubno; Herbert
ABST
PAL  A railway-car impact-testing method and apparatus whereby the active
      railway-car is caused to move down an incline and impact against a passive
      railway-car, the momentum of which is braked by a force storing means
      which then transfers stored force to the latter car to displace the cars
      in the opposite direction. A drive rope flanking the rails is used to
      displace the cars to their respective positions or to brake the
      displacement of the cars.
BSUM
PAR  The present invention relates to a method of and an apparatus for carring
      out impact tests (chiefly tests of long duration for determining operation
      life) of railway cars, railway vehicles in general, various railway-car
      assemblies and parts thereof, as well as on various structures placed on
      an undercarriage and moving upon a railway.
PAR  Impact tests of a high number of cycles and of long duration have recently
      acquired special importance and have been widely applied for determining
      the operation life of structures, especially railway car structures, as
      well as various railway-car assemblies and parts thereof.
PAR  The classical method for carrying out impact tests on railway cars makes
      use of a locomotive. This method requires repeated and dangerous
      maneuvering, coupling and decoupling of the railway cars and it has the
      following significant disadvantages: low efficiency (12-20 impacts per
      hour), a need for a maneuvering staff, high energy consumption, and
      difficulty, of control. Constant conditions are hard to maintain and the
      railway cars are difficult to connect to the measuring equipment because
      of the relatively long distances to be covered. There is another
      well-known method for carrying out impact tests on railway cars, which is
      considerably better than the one described above and is characterized by a
      hump construction with capstan employed in it. According to this method
      the railway car (or group of cars) to be tested is accelerated down the
      slope of the hump and bumps into an immovable cross-wall, a foundation or
      into another railway car (or cars), which is into a state of rest before
      the impact. After the impact the first railway car is brought back by
      means of a capstan to its initial position. A definite spot on the hump
      provides a predetermined velocity for the impact. This method, however,
      only partially removes the disadvantages mentioned above: the efficiency
      is still comparatively low (20-30 impacts per hour), the energy
      consumption is rather high, the distances for speeding up and shifting the
      railway car are long and provide difficulties for measurement and recordal
      of the different values.
PAR  It is an object of this invention to remove the above mentioned
      disadvantages, according to the invention the impact railway car, attached
      to a rope, streched along the railway track, is accelerated by a capstan
      which brings it motion and when the railway car reaches the assigned
      velocity, it hits into another railway car (or a group of cars), whereupon
      it is brought back to the initial position by the same capstan, usually
      using the energy provided by the impact in the reverse direction. Just
      before the stroke the engines of the capstan are switched off as a rule,
      and if it is necessary to insulate the influence of the masses in motion
      of the capstan system, the impact (active) railway car can be detached
      from the driving capstan rope. The method of operating the appratus can
      involve automatic or hand control over one of the following three
      programs.
PAR  According to a first program, two impact railway cars (or groups of cars)
      move in opposite directions and under the same conditions by rebound after
      each impact, and, using the energy of the impact, move back to the initial
      position. When this energy is not sufficient the capstan draws the railway
      car backwards; in case the energy is too much, the capstan brakes the
      railway car (mechanically or electrically), or the railway car's own
      brakes are used, or else rail braking gears are provided. Two or more of
      these techniques can be used in combination. In a second program, a
      railway car or a plurality of railway cars can be attached to the rope and
      accelerated. The accelerated car is the so called "active" car and
      performs the impact, while the other car is the so called "passive"
      railway car, or the one that bears the impact. The latter car is free and
      in a state of rest before the impact. After the impact the passive railway
      car, moving in the direction of the impact (either by itself or coupled
      with the active railway car) climbs a sloping ramp, with its front wheel
      pair (leading bogie) or bears against a spring assembly for accumulation
      of the impact energy. After the speed has been reduced the passive railway
      car together with the active one is accelerated in the opposite direction
      by the accumulated energy, then the two railway cars separate and the
      passive one is brought back to its initial position by means of rail
      braking equipment. The active railway car continues to move by itself
      under its own momentum or pulled by the capstan in the opposite direction,
      whereupon it is stopped its initial position by means of the capstan
      (mechanical or electrical stopping), or through its own car brake, or by
      means of rail braking gears, individually or in combination.
PAR  The third program utilizes by two passive railway cars disposed at opposite
      sides of the active car which hits them one after the other, being
      accelerated first in one direction and then in the opposite direction
      without stopping in any definite initial position. The slow down of the
      railway cars after the impact and their positioning in and retention of
      the initial position is achieved in the same way as under the second
      program.
PAR  The construction embodying the method described above consists of a railway
      track, a capstan supplied with a driving rope, columns with guide rollers
      and energy absorbers, a control system and an automatic system for driving
      the capstan, a device for accumulating the impact energy and for returning
      the railway cars, rail braking mechanism, devices for connecting the
      railway car (or cars) to the rope, and, if necessary, a system for
      automatically hooking the car on and unhooking the railway car from the
      rope.
PAR  The invention is more fully described with reference to the accompanying
      drawing in which
PAR  FIG. 1 is a lateral view of the apparatus according to the invention in its
      general aspect,
PAR  FIG. 2 is a top plan view of the apparatus;
PAR  FIG. 3 is a cross-section of the same construction;
PAR  FIG. 4 is a cross-section of one of the columns with the guide rollers and
      the energy absorbers.
PAR  FIG. 5 is an axonometric view of a part of the structure for one part of
      the operating cycle.
PAR  FIG. 6 is an axonometric view of a device for accumulation of the impact
      energy i.e. a sloping ramp, rail braking mechanism and their mounting
      assemblies.
PAR  FIGS. 7, 8, 9 and 10 are function diagrams of the system for automatic
      unhooking of the railway car from the rope and its hooking to the same
      rope at various positions;
PAR  FIGS. 11 and 12 are diagrams of the system operating under the first
      program in a lateral view and in a plan view respectively;
PAR  FIG. 13 is a diagram of the processes under the first program;
PAR  FIGS. 14 and 15 are diagrams of the system at work under the second
      program, in lateral view and in plan view, respectively;
PAR  FIG. 16 is a diagram of the processes under the second program;
PAR  FIGS. 17 and 18 are diagrams of the system at work under the third program,
      in lateral view and in plan view respectively; and
PAR  FIG. 19 is a diagram of the processes under the third program.
DETD
PAR  The capstan 1 (FIGS. 2, 3 and 5) is driven by direct-current motors 2 and
      has a drum 3 upon which the two ends of the driving rope 4 are wound. (It
      is possible for the capstan to work with an endless rope or with two drums
      connected with each other.) The driving rope 4, guided by a system of
      rollers 5 which are mounted on the corner columns 6 (FIGS. 1-5), is
      streched along both sides of the railway track (or along one side only),
      usually at the level of the railway car bumpers. The driven railway car
      (or group of cars) is connected with the driving rope immovable or movably
      (with or without any possibility for automatic unhooking or hooking-
      according to what the process requires). The connection of the rope with
      the car or cars is by a respective load-bearing element with a lateral
      projection, for instance a cross beam 7 (FIG. 5) attached to the front
      beam of the railway car by means of the bumper bolts.
PAR  The columns 6, usually placed along the railway track, are load-bearing
      structures with a system of rollers 5 for directing the rope 4 and are
      supplied with energy absorber devices 8 and 9 (FIGS. 1, 4 and 5) for
      tightening the rope. The elastic element of the energy absorber consists
      of metal-rubber packets 10 (FIG. 4), placed in a sleeve 11 connected with
      the top roller, which sleeve is closed at the bottom by the supporting
      plunger element 12 and moves in the body 13 of the column. The position of
      the sleeve is defined by the position of the supporting plunger element 12
      fixed by means of the tightening device 8 and the compression of the
      elastic element, caused by stretching the rope.
PAR  The rail braking gear seen in FIG. 6 consists of a pair of rail brake shoes
      14, connected with each other, and meant to be returned to their initial
      position by means of coil springs 15 attached to the shoes (or to the
      spacer element 16 connecting them) and stretching during the process of
      braking. The rail braking mechanism can be attached either to the rails of
      the sloping ramp, as shown in FIG. 6, or directly to the rails of the rail
      track (which case is not shown in the drawing.).
PAR  The device for accumulating the impact energy (FIG. 6) consists of a
      sloping ramp 17, a spring repulsion mechanism of the bumper type 18 or a
      combination of the two.
PAR  In FIG. 6, the sloping ramp consists of the rails 19 with load-bearing
      wedge-shaped bases 20, placed on the rails 21 of the roadbed and
      interconnected by the traverses 22. Lateral displacement of the ramp is
      prevented by stops 23, and longitudinal displacement in the direction of
      force application by brakeshoes 24, mounted on the rails and operating in
      accordance with the principle of self-locking wedge elements. The spring
      repulsion mechanisms 18 of the bumper type, are attached to the rails 21
      of the railway track (or to the sloping ramp, as shown in the drawing) at
      a proper distance from the brake shoes, and are held against longitudinal
      displacement also by means of the brakeshose 24. The rail brakes 14 are
      made so that their front parts engage the sleeve 25 of the mechanism 18,
      when encountered by the wheels of the railway car.
PAR  The system for automatically hooking the car to or unhooking the car from
      the rope (FIG. 5) consists of a scissor-shape hinge mechanism 26 attached
      to the railway car, an expanding mechanism 27 for expanding the scissors
      fixed to the ground and a coupling element 28, immovably attached to the
      rope and having the shape of a double cone with a circular groove 29 in
      its middle part. When the scissor-shape jaws 30 pivoting at the hinge 31
      and biased together by the spring 32, enter the groove 29, the railway car
      is hooked on the rope 4 (FIGS. 7 and 10). The unhooking of the railway car
      from the rope is performed when the railway car moves by the expansion of
      the jaws 30 by the jaws 33 of the expanding mechanism 27 which form an
      acute angle. While the sliding guides 34 hold apart the jaws 30, the
      coupling element 28 slips off it. The coupling element 28 usually falls
      behind the scissor mechanism 26 (FIG. 8) because the process of unhooking
      is performed, as a rule, when the motors are switched off and the car and
      rope motions are inertial since the drag on the capstan is higher than
      that of the railway car (or rather, can be made higher by very slight
      braking), the cable element 28 is left behind. In order to prevent a
      strong impact when the jaws 30 close under the force of the spring 32, the
      rear guides 35 close against the spring 36 which normally keeps them open
      (parallel) compresses under the influence of the spring 32 of the
      scissors-shape jaws (FIG. 9). For the reverse movement of the railway car
      the front jaws 33 of the expanding mechanism, normally kept closed by the
      spring 37, are forced to open to allow for the scissor-shape jaws 30 to
      pass from the inside (FIG. 10).
PAR  In a first mode of operation (FIGS. 11, 12 and 13), the motors are switched
      on at 41 and accelerate the two impact railway cars, accelerating the
      railway cars (41, 42) before the impact switching off the motors 42;
      permitting inertial motion (42, 43) before the impact unlocking the cars
      from the beginning of impact 43; rebound 44 from the impact; end of the
      impact 45; movement of the car away after the impact and hooking to the
      rope. If the impact energy is not sufficient to return the railway cars to
      their initial position the motors can then be switched on to pull the
      railway cars in the reverse direction. The cars are braked (46) to place
      them in their initial position.
PAR  In the second program, according to FIGS. 14, 15 and 16 the sequence is the
      following:
PAR  51- switching on the motors and starting to accelerate the active railway
      car "A";
PAR  51-52- accelerating the active railway car before the impact;
PAR  52- switching off the motors;
PAR  52-53- moving the active railway car before the impact with the motors
      switched off possibly unhooking the rope;
PAR  53-53' starting of impact for the active and the passive railway car,
      respectively; 54- end of the impact;
PAR  54-55- horizontal motion of both railway cars after the impact in a coupled
      or uncoupled state;
PAR  55- the passive railway car "P" ascends the ramp with its front bogie;
PAR  55-56- decelerated movement of both railway cars ascending the ramp;
PAR  56-57- mechanical braking by means of rail brakeshoes or the car brakes;
PAR  57-58- acceleration of both railway cars along the sloping rails in the
      reverse direction;
PAR  58-59- inertial motion;
PAR  59-53- braking the passive railway car by means of rail brakeshoes and
      restoration to initial position or rather in a position to await the next
      blow impact;
PAR  59-60- inertial motion of the other railway car to its initial position or
      by the rope;
PAR  60-51- braking of the active railway car in order to return it to its
      initial position either by means of the capstan railway car brake or
      brakeshoes, as shown in the drawings.
PAR  In the third program, as shown in FIGS. 17, 18 and 19 the sequence is as
      follows:
PAR  61-62- accelerating the active railway car "A" to the right by means of the
      capstan,
PAR  62-63- the active railway car moves with the motors switched off and is
      possibly unhooked from the rope;
PAR  63-63'- beginning of the impact for the active railway car and the right
      passive car;
PAR  64- end of the impact;
PAR  64-65- after the impact both railway cars move along a horizontal line in a
      coupled state (as shown in FIG. 19) or in an uncoupled state;
PAR  65-66- decelerated motion of the two railway cars while the first bogie of
      the right passive railway car ascends the rails of the right ramp;
PAR  66-67- braking the railway cars by means of the brakeshoes on the ramps as
      shown in FIG. 17;
PAR  67-68- accelerating the right passive railway car coupled with the active
      one along the ramp in the reverse direction as shown in FIG. 19 (the
      railway cars can be uncoupled as well);
PAR  68-69- inertial motion of the two railway cars (the active one and the
      right passive one);
PAR  69-63' braking the right passive railway car by means of rail braking
      shoes, for example, and its fixing in the initial waiting position;
PAR  68-71 inertial motion of the active railway car, uncoupled from the passive
      car;
PAR  71-72- accelerating the active railway car in the reverse direction by the
      capstan;
PAR  72-73- the active railway car moves with motors switched off to the left
      passive railway car and is possibly unhooked from the rope;
PAR  73-73'- beginning of impact for the active and the left passive railway car
      respectively;
PAR  74- end of the impact. The processes with the left passive railway car
      occur in the same way as do the processes with the right railway car,
      whereupon the active railway car is accelerated to the right.
PAR  In case the railway cars happen to couple through their automatic couplers,
      the second and the third program can be carried out without a ramp
      (without any device for accumulating the energy after the impact) provided
      that the railway car is stopped after the impact by means of capstans
      (mechanically or electrically) or through the railway car brake.
PAR  The efficiency of the system depends on the power of the capstan, mass of
      the railway cars accelerated and the speed at the impact. When the latter
      is 10 kms/hr for 80 ton railway cars and capstan power 150-200 kw, the
      efficiency of the system is approximately 300-400 impacts per hour under
      the first and the third programs, and 150-200 impacts per hour under the
      second program. Consequently, the above-described system has approximately
      5-10 times greater efficiency than the systems known hitherto.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of impact-testing a railway car comprising the steps of:
PA1  entraining a first railway car along a stretch of track from an initial
      position with a drive rope displaced alongside said track;
PA1  intercepting the first railway car with a second railway car under impact,
      thereby causing said second railway car to rebound along said track in the
      direction of displacement of the first railway car;
PA1  braking the momentum of said second railway car while storing force upon
      the braking of the momentum of said second railway car; and
PA1  displacing said second railway car in the opposite direction along said
      track at least in part with the stored force.
NUM  2.
PAR  2. The method defined in claim 1 wherein both of said railway cars are
      initially accelerated by said drive rope in opposite directions toward one
      another and rebound away from one another, each railway car being braked
      upon rebounding to generate a stored force at least in part serving to
      displace them in the direction opposite to their direction of rebound.
NUM  3.
PAR  3. The method defined in claim 1 wherein said second car is in a position
      of rest prior to acceleration of said first car thereagainst.
NUM  4.
PAR  4. The method defined in claim 3 further comprising the step of coupling
      both said cars upon impact whereby said first car continues with said
      second car in its direction of displacement and is braked with said second
      car to generate the stored force.
NUM  5.
PAR  5. The method defined in claim 4 whereby both of said cars are returned to
      an intermediate position along said track by said stored force and said
      cars are thereafter decoupled and said second car is retained at said
      intermediate position while said first car is entrained to its said
      initial position by said rope.
NUM  6.
PAR  6. The method defined in claim 4 wherein, upon braking of the momentum of
      said coupled cars, said first car is decoupled from said second car and
      returned in the opposite direction at least in part by the stored force.
NUM  7.
PAR  7. The method defined in claim 1 wherein the force is stored in part as
      potential energy by causing said second car to ride up a sloping ramp.
NUM  8.
PAR  8. The method defined in claim 1 wherein said force is stored as spring
      force by compression of a spring under impact of said second car.
NUM  9.
PAR  9. An apparatus for the impact-testing of railway cars comprising:
PA1  a length of track;
PA1  force-storing means at one end of said length of track for braking the
      momentum of a railway car and producing a stored force thereby;
PA1  a drive rope extending along said track for displacing an active railway
      car therealong;
PA1  a capstan operatively connected to said rope for displacing same;
PA1  a plurality of columns flanking said track and provided with guide rollers
      over which said rope is passed;
PA1  energy-absorbing means in said columns for yieldably supporting said
      pulleys;
PA1  means for hooking an active railway car to said rope for entrainment
      thereby; and
PA1  another railway car positioned on said track and engageable under impact by
      said active railway car to rebound along said track and cooperate with
      said force-storing means, said force storing means displacing said another
      railway car in the direction opposite its rebound direction with said
      stored force.
NUM  10.
PAR  10. The apparatus defined in claim 9 wherein said force-storing means
      includes a ramp.
NUM  11.
PAR  11. The apparatus defined in claim 9 wherein said force-storing means
      includes means for braking the displacement of said rope.
NUM  12.
PAR  12. The apparatus defined in claim 9 wherein said force-storing means
      includes a rail braking mechanism.
NUM  13.
PAR  13. The apparatus defined in claim 9 wherein said force-storing means
      includes a spring loaded bumper engageable by said another railway car.
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ABST
PAL  The present invention relates to an assembly for checking shock absorbers
      incorporated in vehicles, particularly passenger cars, by means of
      evaluating the oscillations of body components relative to the wheels and
      wheel axles respectively.
BSUM
PAR  As is well known roadway irregularities cause the springs of vehicles to
      oscillate. Such oscillations may not have abated when the next road
      irregularity causes the spring and, respectively, the spring-suspended
      vehicle portions again to oscillate. Such oscillations may so be summed
      that the driver may lose control over the vehicle. For this reason
      vehicles are additionally equipped with shock absorbers. Shock absorbers
      are designed to damp the spring oscillations arising when the vehicle
      springs are relieved. If the vehicle runs into an indentation, the
      springs, after the spring-suspended mass has been received and the vehicle
      springs have been placed under stress, will be relieved, the
      spring-suspended mass being accelerated in the upward direction and this
      accelerated motion damped by the shock absorber.
PAR  For the purpose of assessing the quality of shock absorbers recording
      testing apparatus have been developed which register the oscillations of
      the vehicle after it has moved through a certain drop height. The
      condition of the shock absorbers can be assessed from the amplitude and
      periodicity of the recorded curves. Such testing apparatus are relatively
      complex and costly devices so that medium and small firms, particularly
      garages, commonly make do with a primitive check of the shock absorbers.
      The body is caused to oscillate by manually depressing and releasing it
      and the subsidence of the oscillations used to assess the damping effect
      of the shock absorbers, which is unsatisfactory owing to the subjective
      component.
PAR  This invention therefore has for its object to provide an assembly for
      checking shock absorbers which is low-priced, small, easy to handle and
      robust, indicates findings in a minimum of time and objectively, and can
      be made as a massproduced item. The assembly thus is further designed to
      enable calibration to various shock absorber and vehicle types to be
      effected and findings to be shown as a "good"/"poor" indication.
PAR  The inventive idea consists in evaluating for the assessment of the quality
      of the shock absorber the acceleration occurring when the spring is
      relieved during the sudden upward surge of the spring-suspended mass.
PAR  Accordingly the apparatus of the said type is characterized by a step for
      the creation of a drop motion of a pair of vehicle wheels and by at least
      one apparatus comprising means for its attachment to the body components
      in the vicinity of the shock absorber to be tested, means to register the
      acceleration imparted to the apparatus after the drop motion, and means
      which respond when an adjustable acceleration value is exceeded.
DRWD
PAR  A number of exemplified embodiments of this invention will now be described
      in greater detail with reference to the enclosed drawing in which:
PAR  FIG. 1 is a longitudinal section of an apparatus for attachment to e.g. a
      fender;
PAR  FIG. 2 is a cross-section of the apparatus according to FIG. 1;
PAR  FIG. 3 is a circuit diagram connected to the apparatus according to FIG. 1
      or 4 via an electric line,
PAR  FIG. 4 is a longitudinal section of a further apparatus similar to the
      embodiment according to FIG. 1, and
PAR  FIG. 5 is a side diagrammatic view of apparatus according to the present
      invention in use on a vehicle body for testing the condition of shock
      absorbers thereof.
DETD
PAR  Corresponding to the plurality of physical methods of determining
      acceleration and retardation, a plurality of designs of apparatus are
      basically possible which can be used in the assembly. By way of example
      the means for registering acceleration and the components of the apparatus
      may comprise inductive, capacitive or piezoelectric data recorders and
      transducers. Decisive for the design of the apparatus are largely economic
      aspects, the accuracy requirements and the place of application. The
      assembly according to this invention preferably envisages a low-priced
      mass-produced article which can be bought particularly by minor workshops
      and private persons and which replaces the above-mentioned costly
      recording testing devices. The assembly here disclosed with an apparatus
      specially evolved for the purpose and equipped with electromechanical
      means and components meets these requirements, viz. it is low-priced, easy
      to handle, robust and suitable for workshop use.
PAR  The apparatus of the exemplified embodiments comprises means for attaching
      it to the car body components in the vicinity of the shock absorber to be
      tested and means to register the acceleration imparted to it after its
      drop motion. These means contain a body which performs an inertial motion
      relative to the apparatus during its positive or negative acceleration.
      The apparatus further comprises an electric contact arrangement with
      closing or opening contacts which are actuated by the body as an
      adjustable acceleration value is exceeded and thus release an electric
      signal. The apparatus can readily be mounted by hand, by way of example on
      the fender above the axle centre. One acceleration recorder is preferably
      attached per axle on both vehicle sides. The assembly furthermore
      comprises a step over which the vehicle rolls with that pair of wheels of
      which the associated shock absorbers are to be tested. The assembly also
      comprises an indicator preferably separate from the said apparatus which
      is connected to the acceleration recorder(s) via electric cables. After
      the pair of wheels has rolled over the step the shock absorbers are
      assessed in the form of a good/poor indication in the indicator, e.g. by
      means of signal lamps.
PAR  The apparatus will now be described in detail with reference to FIGS. 1 and
      2. The apparatus is provided with a housing formed of a frame comprising
      the horizontal members 1 and 2 and the vertical member 3. Arranged between
      the horizontal members opposite the vertical member 3 is a handle 4. Using
      the handle 4, the apparatus is forced vertically against the vehicle at a
      suitable point in the vicinity of the shock absorber to be tested, by way
      of example against a fender, and there held in position by means of the
      suction cups 5 (see FIG. 5).
PAR  The suction cups are attached, one above the other, to the vertical member
      3 by means of the screw 6. Instead of the suction cups, magnetic means,
      clamps or other means of attachment may be employed.
PAR  Owing to its attachment to the vehicle the apparatus follows the
      oscillation -- damped by the shock absorber -- of the spring-suspended
      vehicle components after the vehicle spring has been released. This
      oscillation manifests itself, e.g. after rolling over a step 80 (see FIG.
      5) of a predetermined height (i.e. 12cm.), in a sudden upward surge of the
      spring-suspended vehicle component -- and thus of the apparatus as well --
      in the direction of the arrow 7 and with relatively strong initial
      acceleration. Since the action of the shock absorber counteracts this
      initial acceleration, a positive or negative value of the acceleration, of
      the apparatus during its movement may be evaluated as a measure of the
      quality of the shock absorber. In the present embodiment of the apparatus,
      acceleration of sufficient magnitude, i.e. in the presence of a poor shock
      absorber, imparts a body, preferably a ball, a vertically directed
      inertial motion. The ball is thrown upwards and closes a contact which
      releases the poor indication.
PAR  The arrangement which contains the ball and is subsequently referred to as
      a projectile device is located on the bracket 8 between the horizontal
      member 1 and the vertical member 3. The projectile device comprises the
      container 9 which is oriented in the direction of acceleration, i.e.
      vertically, and has its base attached to the bracket 8 by the screw 10.
PAR  Resting in this container 9 is the said ball 11 which has a diameter of
      e.g. 20 mm and preferably consists of steel. The base of the container is
      rounded or chamfered and its height is such that the topmost spherical cap
      projects from the container. The contact arrangement is located above the
      container 9 and comprises two elongated metallic contact springs 12, 13
      arranged in parallel and separately above one another. The lower contact
      spring 12 rests on the spherical top of the ball which projects from the
      container 9. The contact springs 12, 13 have one end extending to the
      point of attachment of the bracket 8 to the horizontal member 1 and are
      secured between them by means of screws 16. The distance between the two
      contact springs 12, 13 is determined by the spacer member 17 formed of an
      insulating material. Relative to the horizontal member 1 and the bracket 8
      the contact springs 12, 13 are electrically insulated by the insulating
      disc 18 and equipped with the soldering tag 19 for connection to the
      indicating instrument. The other end of the contact springs is provided
      with the contacts 20 between which a circuit of the indicating instrument
      is closed in the event of contact. The distance between the contacts 20
      can be adjusted by a setscrew 22 which bears against the spring 13 from
      above. Provided at the points of contact between the contact springs and
      the setscrew 22 and the ball 11 respectively, insulating discs 23 are
      provided for insulation.
PAR  Depending on the retardation of the acceleration of the apparatus in the
      direction of arrow 7 the ball 11 remains at rest on the container bottom
      or it is given such an impact that it is propelled upwards and thereby
      forces the contact spring 12 against the contact spring 13 so that the
      contacts 20 are briefly closed. The contact spring 12 bears against the
      ball 11 with an adjustable force (bias), by way of example 2 or 3 g. This
      prevents the ball from closing the contacts owing to its inertia during
      the downward motion of the acceleration recorder as the wheel drops from
      the said step of 12 cm height. Since this fall is absorbed by the vehicle
      spring, only a slight bias of the spring reed 12 is required for this
      response threshold. A housing 25 shown in broken lines encloses the
      components located between the horizontal member 1 and the bracket 8.
PAR  An exemplified embodiment of an indicating instrument is shown in FIG. 3.
      The connections 30 for the contact springs 12, 13 (FIG. 1) are located
      across the resistance 31 between the positive pole of the operating
      voltage and the control electrode of the thyristor 32 serving as a DC
      switch. While the connections are open, the thyristor 32 is in blocking
      condition and the lamp 33 is without current and thus dark. When the
      contact springs close briefly, the thyristor is actuated and remains in
      the condition in which the lamp 33 is on until the voltage of the
      thyristor 32 is interrupted by the hand switch. The series resistance 35
      and the capacitor 36 limit and smooth the thyristor current. In parallel
      with this thyristor circuit a second thyristor circuit of analogous
      arrangement and with the connections 37 is provided for a further
      apparatus. This second circuit accordingly comprises the thyristor 38,
      lamp 39, the series resistances 40, 41 and the capacitor 42 of similar
      dimensions. This enables both shock absorbers of a pair of wheels to be
      advantageously checked at the same time. For the purpose of providing
      direct current, the indicating instrument contains a rectifier circuit
      with the transformer 43, the Graetz rectifier 44, signal lamps 45 and the
      on/off switch 46. Instead of this rectifier circuit batteries may be
      employed to supply the voltage.
PAR  Since the deformation of the spring 12 caused by the ball 11 to establish
      contact with the spring 13 constitutes a measure of acceleration and thus
      of the shock absorber quality, the adjustable distance between the springs
      12, 13 may be employed to calibrate the apparatus. To this end a scale may
      be provided on the head 24 of the setscrew 22 which enables this distance
      to be read. Calibration may be effected using shock absorbers which are
      standardized or worn to different degrees as well as shock absorbers of
      various types.
PAR  FIG. 4 shows a further preferred exemplified embodiment of an apparatus
      according to FIG. 1 of a modified mechanical design. The apparatus
      according to FIG. 4 differs from the preceding embodiment particularly in
      that it is provided with a frame of adjustable shape. The frame consists
      of the two frame portions 50, 51 arranged above on another. The upper
      frame portion 50 consists of the two horizontal members 50.sub.1,
      50.sub.2, and the vertical member 50.sub.3. The lower frame portion 51
      consists of the horizontal member 51.sub.1 and the vertical member
      50.sub.2. The frame portions 50, 51 are connected so as to be movable
      relatively to one another along the horizontal members 50.sub.1, 51.sub.1
      by the connecting means 52, 53 and the locking nut 54. Arranged on each of
      the vertical members 50.sub.3, 51.sub.2 of the frame portions 50, 51 of
      the present embodiment is a suction cup 55, 56 by means of which the
      acceleration recorder is fixed to the fender preferably above the centre
      of the axle. The suction cups may however be replaced by magnetic means,
      clamps, belts or other means of attachment. Owing to the adjustable design
      of the frame 50, 51 the apparatus may be so adjusted to differing fender
      shapes that it rests in a position which is as nearly vertical as
      possible.
PAR  Attached to the upper frame portion 50 are the contact assembly and
      projectile device accommodated in the housing 57. Using the handle 58
      located between the horizontal members 50.sub.1, 50.sub.2 the apparatus
      can be forced against the fender in vertical position. The contact
      assembly consists of the two parallel contact springs 59, 60 arranged
      separately one above the other. At one end the contact springs 59, 60 are
      attached to the insulating disc 63 by means of the means of attachment 62,
      insulating spacer discs 61 being interposed. The insulating disc 63 is
      attached to the horizontal member 50.sub.2 by means of the attachment
      means 64. The ends of the contact springs 59, 60 are each provided with
      means, by way of example a soldering tag 65, for connection to the
      indicating instrument (not shown). The other end of the contact springs
      59, 60 is provided with the contacts between which the circuit between the
      indicating instrument and the contact springs is closed in the event of
      contact. The contact gap between the contacts 66 may be adjusted by the
      setscrew 67. The setscrew 67 bears on the upper contact spring 59 from
      above, the point of contact between the setscrew 67 and the contact spring
      59 being electrically insulated by the insulating disc 68. The head of the
      setscrew 67 contains a scale 70 for reading the magnitude of the contact
      gap set.
PAR  Arranged below the contact assembly is the projectile device. The
      projectile device comprises a vertical container 71 open at the top which
      is attached to the vertical member 50.sub.3 by means of attachment means
      75. Located in the container 71 is the projectile which is in the present
      embodiment designed as a ball 72. The e.g. metallic ball 72 has a suitable
      determined mass and projects from the top of the container. The top of the
      ball bears against the lower contact spring 60 from below, the point of
      contact being electrically insulated by the insulating disc 73. The design
      is such that the extension of the axis of the setscrew 67 passes through
      the centre of the ball and is normal to the contact springs 59, 60.
PAR  In respect of the operation of the projectile device and the contact
      assembly reference is made to the preceding embodiment. As described in
      that context, the lower contact spring 60 bears against the ball 72 with a
      bias of approx. 2 or 3 g. Against the preceding embodiment, this bias is
      adjusted by an adjusting member by means of which the ball 72 in the
      container 71 may be moved in the vertical direction. In the present
      embodiment the adjusting member consists of a setscrew 74 screwed into the
      container bottom from below and the ball rests on the shaft end of the
      said setscrew. Turning the setscrew 74 so as to raise or lower it, the
      contact pressure of the contact spring 60 on the ball may thus be
      increased or reduced to a controlled value.
PAR  The apparatus may be calibrated as follows: Starting from the set position
      of the ball 72 in the container 71 the contact gap may be calibrated by
      means of the setscrew 67 to different shock absorbers and/or in accordance
      with the level of the shock absorber quality, the scale 70 being
      advantageously provided with an additional division for the shock absorber
      type and quality. A device according to FIG. 3 or some other suitable
      device may be employed as an indicating instrument.
PAR  As initially stated, the invention may be modified with a plurality of
      acceleration recorders. The projectile device may contain bodies of a
      shape other than spherical; by way of example the projectile device may
      have a cylindrical tube for a container and plunger slidably arranged
      therein for a body. Furthermore a column of liquid may serve as the body
      to close the contacts. As previously stated, contact may be established by
      a device other than mechanical. Apart from apparatus containing such
      electromechanical means and members, apparatus may be employed in which no
      contacts are actuated while a signal is generated in an inductive or
      capacitive manner. In addition, the indicating instrument and the
      apparatus need not be separate units but may be combined into one unit.
      Indication may be of an optical or acoustic nature. In conclusion, the
      invention may be so modified that acceleration and thus the shock absorber
      quality does not appear as a good/poor indication but is continuously
      indicated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly for testing a shock absorber associated with a wheel pair of
      a spring suspended vehicle having a vehicle body, said assembly comprising
PA1  a. a step to produce a drop motion of said wheel pair so that said vehicle
      body will rise in oscillation under the influence of springs but damped by
      a shock absorber after dropping motion thereof,
PA1  b. means for indicating the condition of a shock absorber of said wheel
      pair by evaluating the acceleration inherent in the rise of said vehicle
      body during the first oscillation and first oscillation only of said
      vehicle body after dropping motion thereof, said means comprising
PA2  i. means for sensing the acceleration of said vehicle body during the rise
      thereof, said means including an inertia body member which is freely
      mounted for vertical movement in a vertical path,
PA2  ii. means for mounting said sensing means to a body component of said
      vehicle body in the vicinity of a shock absorber to be tested,
PA2  iii. means extending into the vertical path of movement of said inertia
      body member for generating a signal upon movement of said body member in
      said vertical path more than a predetermined amount, and
PA2  iv. an indicating device responsive to the signal generated by said signal
      generating means for indicating movement more than said predetermined
      amount by said body member.
NUM  2.
PAR  2. An assembly as recited in claim 1 wherein said generating means includes
      means for adjusting the predetermined amount of movement of said body
      member in said vertical path necessary to initiate generation of a signal
      thereby.
NUM  3.
PAR  3. An assembly as recited in claim 1 wherein said generating means includes
      a pair of metallic conducting members which are spaced from each other,
      one of said metallic members extending into the path of movement of said
      body member and being movable with respect to the other of said metallic
      members.
NUM  4.
PAR  4. An assembly as recited in claim 1 wherein said body member comprises a
      ball mounted in a generally cylindrical bore of a mounting member, said
      bore having an open top thereof and said generating means extending over
      said open top for movement in response to movement of portions of said
      ball out of said open top and to retain said ball in said bore.
NUM  5.
PAR  5. An assembly as recited in claim 1 wherein said indicating means further
      comprises an adjustable housing for mounting said body member and
      generating means, said housing having a vertically extending generally
      cylindrical bore therein, said bore having an open top, and wherein
PA1  said body member includes a ball member disposed within said generally
      cylindrical bore and having substantially the same diameter as said bore,
PA1  said generating means includes a pair of electrical spring leaf contacts,
      one spring leaf contact being disposed directly over the open top of said
      bore to sense movement of portions of said ball out of the open top of
      said bore and for retaining said ball in said bore, and the second spring
      leaf contact being spaced from said first leaf contact a predetermined
      distance but adapted to be contacted thereby to generate an electrical
      signal, and means for adjusting the predetermined distance said first
      spring leaf contact is spaced from said second spring leaf contact.
NUM  6.
PAR  6. An assembly as recited in claim 5 wherein said electrical contacts are
      disposed in a circuit containing a power supply and a cross rectifier
      means providing a plus and minus terminal, said contacts lying across said
      plus and minus terminals in series with a switch comprising a thyristor.
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ABST
PAL  In a process and apparatus for measuring qualitatively and quantitatively
      at least one volatile fraction contained in a solid, a sample of a given
      weight of the solid is introduced in a first enclosure having a known
      internal capacity, the sample is then brought up to a temperature beyond
      the temperature at which said volatile fraction becomes gaseous in the
      first enclosure, the gasified volatile fraction is allowed to become
      distributed both in said first enclosure and in a second enclosure
      connected to the first enclosure, the second closed enclosure having
      previously been brought to a constant temperature having a known value
      which is higher than the temperature at which the gasified volatile
      fraction becomes liquid, and the pressure increase which occurs in the
      whole system due to the gasification of said volatile fraction is
      measured.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The ideal gas state equation based upon the Boyle-Mariotte and Gay-Lussac
      laws is as follows:
EQU  P.V. = n.R.T.                                              (I)
PAL  wherein P is the pressure in atmospheres exerted by a given gas, V is the
      volume in liters occupied by said gas, n is the number of moles of gas
      contained in the volume V, R is the ideal gas constant and T is the
      temperature of the gas in degrees K.
PAR  Various processes for the quantitative analysis of materials which are able
      to be converted into gases or are able to release gases either by action
      of heat or by chemical reaction with another material are based on
      equation (I).
PAR  Some of these processes are volumetric processes, wherein at known
      temperature and pressure, a proportionality is established between the
      volume occupied by the gas and the number of moles of the gas contained in
      said volume, as shown by the following equation:
EQU  V = K.n                                                    (II)
PAL  wherein K =  RT/P
PAR  Among the known apparatus using said processes, the following ones may be
      cited:
PAR  1 THE Orsat apparatus in which, by means of one or more selective
      absorptions of gases in solutions, it is possible to qualitatively and
      quantitatively analyse a mixture of several gases;
PAR  2 THE Scheibler-Dietrich apparatus, in which it is possible to measure by
      volumetry the amount of calcium carbonate which is present in earth,
      minerals and rocks, the dissociation of calcium carbonate with formation
      of carbon dioxide being caused by an attack by means of an acid.
PAR  Other known processes are based on the proportionality between 1 the
      pressure exerted by a given gas which is produced within a constant
      volume, by reaction of the material to be analysed with another material
      and 2 the obtained number of gas moles, said processes being based on the
      following equation:
EQU  P = K.n                                                    (III)
PAL  wherein K = RT/V, T and V being known and generally constant during the
      test.
PAR  A known apparatus using this process is an apparatus in which it is
      possible to determine rapidly the water content of a material by chemical
      reaction of the present water with calcium carbide. In this case,
      acetylene is formed within a constant volume and the corresponding gas
      pressure is measured. Such an apparatus can only be used for determining
      the water content of a material, whereas the accuracy of the process is
      only approximate, since it depends on the nature of the material and on
      the porosity thereof, i.e. on the easiness with which the reaction between
      water and calcium carbide can take place.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention relates to a process based on a new principle of analysing
      solid materials containing fractions which are able to be converted into a
      gas under the influence of heat, by sublimation, evaporation, dissociation
      or decomposition.
PAR  According to this invention, a sample of a given weight of the solid is
      introduced in a first enclosure having a known internal capacity, the
      sample is then brought up to a temperature beyond the temperature at which
      said volatile fraction becomes gaseous in the first enclosure, the
      gasified volatile fraction is allowed to become distributed both in said
      first enclosure and in a second enclosure connected to the first
      enclosure, the second closed enclosure having previously been brought to a
      constant temperature having a known value which is higher than the
      temperature at which the gasified volatile fraction becomes liquid and the
      pressure increase which occurs in the whole system due to the gasification
      of said volatile fraction is measured.
PAR  Under these circumstances, using the ideal gas state equation
EQU  P = RT/V.n                                                 (IV)
PAL  a proportionality is established between the amount of formed gas (n) in
      the fixed volume (V) and the pressure (P) exerted by said gas.
PAR  To the best of applicant's knowledge, the principle described in the
      foregoing paragraph, which is a new application of the ideal gas state
      equation, has never been practically used, for the following reasons:
PAR  It is difficult to maintain, during the test, a sufficiently constant gas
      temperature at values of said temperature which are higher than the
      temperature of conversion of the solid material into a gas.
PAR  In most cases, the heat treatment of a solid material causes the release of
      several gases. For this reason, it is impossible to selectively measure
      the material to be analysed.
PAR  An object of this invention is to meet these drawbacks as follows:
PAR  - according to this invention, a constant value of the proportionality
      coefficient (K) is maintained in the ideal gas state equation as follows:
EQU  P = K.n                                                    (V)
PAL  wherein K = RT/V
PAR  - in the process and apparatus according to this invention, it is possible
      to measure quantitatively and selectively a single gas component of a
      mixture of several gases, by absorption of the other gaseous components.
PAR  As already pointed out, according to the process of this invention, a
      weighted sample of a solid material of the above type is introduced in a
      chamber or enclosure having a known volume (V.sub.1), which is tightly
      closed and wherein said material is heated at a sufficient temperature
      (T.sub.1) for causing at least one gas to be released by said material,
      said gas being allowed to flow into a second chamber or enclosure
      connected to the first chamber, said second chamber of known volume
      (V.sub.2) being maintained at a constant temperature (T.sub.2), the
      pressure created by the gas in the two chambers or enclosures being
      finally measured.
DRWD
PAC  DETAILED DESCRIPTION OF THE PROCESS AND APPARATUS
PAR  The process and apparatus according to this invention are respectively
      illustrated on FIGS. 1 and 2 of the attached drawings.
DETD
PAR  FIG. 1 shows a chamber 1 of a known volume V.sub.1 in which the solid
      sample to be analysed is placed and heated at a temperature (T.sub.1)
      which is sufficient to cause the solid material to be converted into one
      or more gases or to release one or more gases. Chamber 1 is connected by a
      capillary tube 2 to a second chamber 3 which has a known volume (V.sub.2)
      and which is maintained at such a constant temperature (T.sub.2) that the
      gas of which the pressure must be measured cannot condense in said chamber
      3. The connection between the first chamber 1 and the second chamber 3 by
      means of a capillary tube 2 is necessary for reaching an equilibrium of
      the pressure in chambers 1 and 3.
PAR  Between the chambers 1 and 3, containers 4 and 5 are inserted in the
      connecting tube 2, each container 4, 5 containing an agent which is
      capable to absorb the secondary gases, i.e. the gaseous components which
      are released by the heat treatment of the solid sample and which are not
      to be analysed.
PAR  By suitable selecting the absorbent agents, it is possible to analyse
      selectively a single gas contained in a mixture of several gases produced
      by the heat treatment of the solid material.
PAR  The number of selective absorbing containers is not limited to two. One or
      more absorbing containers may be used. If the heat treatment of the solid
      material causes the release of a single gas, absorbing containers may of
      course be omitted.
PAR  For the type of apparatus schematically shown in FIG. 1, the ideal gas
      state equation which is true for small pressures of real gases can be
      written as follows:
PAR  When the process is started, chamber 1 which is at temperature T.sub.1 is
      opened for introducing the solid sample therein. When chamber 1 is open,
      the pressure of the gas contained in chambers 1 and 3 is the atmospheric
      pressure.
PAR  In this case:
EQU  V.sub.1.P.sub.a = n.sub.1a.R.T.sub.1                       (VI)
EQU  V.sub.2.P.sub.a = n.sub.2a.R.T.sub.2                       (VII)
PAL  wherein P.sub.a is the atmospheric pressure, n.sub.1a is the number of gas
      moles contained in volume V.sub.1 of chamber 1 and n.sub.2a is the number
      of gas moles contained in volume V.sub.2 of chamber 3.
PAR  As soon as the sample has been introduced in chamber 1, this chamber is
      tightly closed.
PAR  Under the influence of the temperature T.sub.1, a gas is released. This gas
      is distributed at the same pressure in volumes V.sub.1 and V.sub.2 and the
      following equations may then be written:
EQU  V.sub.1.(P.sub.a + P.sub.g) = (n.sub.1a + n.sub.1g) . R.T.sub.1 (VIII)
EQU  V.sub.2 .(P.sub.a + P.sub.g) = (n.sub.2a + n.sub.2g) . R.T.sub.2 (IX)
PAL  wherein P.sub.g is the pressure of the gas released in volume V.sub.1,
      n.sub.1g is the number of gas moles formed in volume V.sub.1 and n.sub.29
      is the number of gas moles formed in volume V.sub.2.
PAR  Taking the values of n.sub.1a and n.sub.2a from equations (VI) and (VII),
      one obtains the following values:
      ##EQU1##
PAR  When these values are replaced in equations (VIII) and (IX), the following
      equations are obtained:
      ##EQU2##
PAR  These equations may be written as follows:
EQU  V.sub.1 P.sub.a + V.sub.1 P.sub.g = V.sub.1 P.sub.a + n.sub.1g R.T.sub.1
EQU  v.sub.2 p.sub.a + V.sub.2 P.sub.g = V.sub.2 P.sub.a + n.sub.2g R.T.sub.2
PAR  After simplification one has:
      ##EQU3##
PAR  By reduction to the same denominator the value of P.sub.g can be obtained
      as follows:
      ##EQU4##
PAR  From the comparison of equations (V) and (XIII), it appears that the
      accuracy of the process according to this invention depends on the
      knowledge of the value of K which, in equation (XIII), is equal to:
      ##EQU5##
PAR  Since R, V.sub.1 and V.sub.2 are constants, the sole factors which have an
      influence on K are the temperatures T.sub.1 and T.sub.2.
PAR  According to this invention, the value of temperature T.sub.2 in chamber 3
      is maintained constant, whereas T.sub.1 can be easily adjusted.
PAR  It is therefore clear that it is easily possible to determine the amount of
      gas (n.sub.g) produced by heating the sample to be analysed by measuring
      the pressure (P.sub.g) of this gas in V.sub.1 and V.sub.2.
PAR  This invention also relates to an apparatus for measuring qualitatively and
      quantitatively at least one volatile fraction contained in a solid.
PAR  In the lime burning industry, it is necessary to determine the calcium
      carbonate content of the quicklime obtained by decarbonation of limestone.
PAR  The major components of quicklime are calcium oxide (CaO), residual calcium
      carbonate (CaCO.sub.3) and impurities, such as quartz grains, calcium
      silicates, iron oxides, alumina and magnesia.
PAR  The quantitative analysis of the residual calcium carbonate has been made
      in the past by various methods using several apparatuses. All these
      methods are based on the analysis of the carbon dioxide obtained by heat
      decomposition or by acid attack.
PAR  Among the known apparatuses the following may be cited:
PAR  1. Orsat-Dietrich-Fruelhing apparatus and Scheibler-Dietrich apparatus, in
      which the volume of released carbon dioxide is measured.
PAR  2. Schroedter apparatus in which the loss of weight due to the release of
      carbon dioxide obtained by treating the carbonate by means of an acid is
      measured.
PAR  3. Various apparatuses in which the weight increase of a selective carbon
      dioxide absorbent is measured.
PAR  4. Apparatus in which the carbon dioxide is absorbed in a solution of
      barium perchlorate with formation of barium carbonate, this reaction
      involving a pH decrease which is coulometrically titrated.
PAR  5. Apparatus measuring the variation of heat conductivity of a carrier gas
      (such as nitrogen) when mixed with carbon dioxide.
PAR  6. Apparatus using infrared spectrophotometry.
PAR  All these known apparatuses have one or more drawbacks such as complexity
      of handling to be done by qualified and skilled people, excessive duration
      of analysis, high cost of the apparatus, lack of accuracy of the analysis.
PAR  This invention relates to an apparatus which does not have such drawbacks.
PAR  According to this invention, the apparatus comprises a furnace, a first
      enclosure or chamber in said furnace, adapted for receiving a sample of a
      given weight of the solid and having means for closing it in a tight
      manner, a second enclosure or chamber connected to the first enclosure of
      chamber, a device for maintaining a constant temperature in the second
      enclosure or chamber and means for measuring the pressure developed within
      the two enclosures or chambers.
PAR  According to an additional feature of this invention, the volume or
      capacity of the second enclosure is larger than that of the first chamber.
PAR  The apparatus according to this invention may also contain means for
      inserting samples of materials to be tested in the first chamber and for
      removing said samples from this chamber, as well as means for absorbing
      one or more secondary gases not to be analysed, said latter means being
      located between the first chamber and the second chamber.
PAR  An embodiment of an apparatus according to this invention will now be
      described with reference to FIG. 2 of the attached drawings.
PAR  The apparatus diagrammatically shown in FIG. 2 comprises a tubular oven 17
      having a chamber 1 which can be heated by means of an electrical
      resistance 18. A piston 6 carrying a crucible 7 containing a sample of
      solid material to be analysed can be inserted into chamber 1, said piston
      6 being attached to a closure member 8 provided with a vertical handle 19.
      The closure member 8 may be of the bayonet type, so as to enable a tight
      closure of chamber 1. At the upper end of chamber 1, which may be a quartz
      tube, said chamber is connected by a capillary tube 9 to a U-shaped tube
      10 containing an absorbent agent for a secondary gas (such as water
      vapor). The U-shaped absorbing tube 10 is connected to a tube coil 20
      which forms together with said U-shaped tube 10 a second chamber, the
      volume of which is larger than that of the first chamber 1.
PAR  The U-shaped tube 10 and coil 20 are located in a container 11 containing a
      thermostatic bath which may be a water bath or a bath of another liquid.
      Said bath is maintained at a constant temperature by means of a
      thermostatic heater 12 comprising a heating wire 13, a stirrer 14 and a
      thermometer 15.
PAR  The tube coil 20 is connected to a capillary U-shaped tube 16 containing a
      manometric liquid for measuring the pressure of the gas released from the
      sample to be analysed.
PAR  The following example illustrates the process according to this invention.
PAC  EXAMPLE
PAR  The calcium carbonate content of samples of quicklime has been determined
      by means of the above described apparatus having the following
      characteristics:
PA1   V.sub.1 = volume of first chamber: 0.18 liters
PA1  V.sub.2 = volume of second chamber: 1.35 liters
PA1  T.sub.1 = temperature in first chamber: 1100.degree.C .+-. 100.degree.C
PA1   t.sub.2 = temperature in second chamber: 30.degree.C .+-. 0.1.degree.C
PAR  Samples of 5 grams of quicklime containing about 2% of calcium carbonate
      have been placed in chamber 1. The test has been repeated ten times. In
      each case the measured content of calcium carbonate has been of 2% .+-.
      0.0133%.
PAR  The duration of each test was of about 10 minutes. This duration can of
      course be decreased by increasing the temperature T.sub.1 in the first
      chamber.
PAR  The apparatus according to this invention only needs the weighing of
      samples of the materials to be analysed and can therefore be serviced by
      unskilled people. The analysis can be performed with heavy samples (5
      grams or more) so as to reduce substantially the weighing error and to
      work with representative samples.
PAR  The apparatus comprises only ordinary and cheap components. It can be made
      automatic by using a mechanical system for introducing the samples to be
      analysed in the first chamber 1 and for removing the samples therefrom and
      by using an electronic or other system for recording the results of the
      analysis.
PAR  The method and apparatus according to this invention may be used for
      analysing all solid materials which, under the influence of heat, can be
      sublimated, evaporated or dissociated so as to release at least one
      gaseous component. They can therefore be used in various industries, such
      as the lime burning, cement, plaster and road building industries. They
      can also be used for determining the water content of solids. In the
      latter case, the volume V.sub.2 of the second chamber as well as the
      capillary tubes 9 and 16 must be kept at a temperature of more than
      100.degree.C, so as to maintain the water in gaseous phase.
PAR  As already pointed out, the process and the apparatus according to this
      invention may be used for the qualitative and quantitative analysis of
      samples containing several materials capable of releasing several gases.
      For example, when using a mixture of gypsum, plaster and anhydrite, it is
      possible to follow the increase of pressure as a function of the increase
      of temperature T.sub.1, taking into account the increase of pressure due
      to the increase of T.sub.1 .
PAR  It is to be noted that the sensitivity and the accuracy of the measures
      depend on the stability of temperatures T.sub.1 and T.sub.2, on the
      amounts of the analysed samples and on the ratio of the volumes V.sub.2
      and V.sub.1. These factors can be freely selected by the user for meeting
      particular purposes.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for measuring qualitatively and quantitatively at least one
      volatile fraction contained in a solid, in which a sample of a given
      weight of the solid is introduced in a first enclosure having a known
      internal capacity, the sample is then brought up to a temperature at which
      said volatile fraction becomes gaseous in the first enclosure, the
      gasified volatile fraction is allowed to become distributed both in said
      first enclosure and in a second enclosure connected to the first enclosure
      by a capillary tube and having a higher internal capacity than the first
      enclosure, the second enclosure having previously been brought to a
      constant temperature having a known value which is higher than the
      temperature at which the gasified volatile fraction become liquid but
      lower than the temperature reached in the first enclosure, the pressure
      increase which occurs in the whole system due to the gasification of said
      volatile fraction is measured and gas state equations for said enclosures
      are solved.
NUM  2.
PAR  2. Process according to claim 1, in which at least one secondary gas is
      absorbed during the distribution of the gasified volatile fraction among
      the two enclosures.
NUM  3.
PAR  3. Apparatus for measuring qualitatively and quantitatively at least one
      volatile fraction contained in a solid, comprising a furnace, a first
      enclosure or chamber of a given capacity in said furnace, adapted for
      receiving a sample of a given weight of the solid and having means for
      closing it in a tight manner, a second enclosure of chamber of a higher
      capacity than the first enclosure and connected to the first enclosure or
      chamber by means of a capillary tube, a device for maintaining in the
      second enclosure or chamber a constant temperature which is lower than the
      temperature reached in the first enclosure, and means for measuring the
      pressure developed within the two enclosures or chambers.
NUM  4.
PAR  4. Apparatus according to claim 3, including also at least one device for
      absorbing secondary gases.
NUM  5.
PAR  5. Apparatus according to claim 3, in which the second enclosure is a pipe
      coil.
NUM  6.
PAR  6. Apparatus according to claim 5, in which the pipe coil is immersed in a
      thermostatic bath which is the device for maintaining a constant
      temperature in the coil.
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ABST
PAL  A method and apparatus for measuring the concentration of solid particles
      in a gaseous phase which consists in passing a solid particles laden gas
      through at least one fluidized bed of balls having a diameter greater than
      that of the largest particles of said gas in order that said balls are not
      carried away by the ascending air stream. During their passage through the
      fluidized bed, these particles collide with the balls of the fluidized bed
      giving rise to a triboelectrification phenomenon and the electric current
      collected by the metallic walls of the container in which the fluidized
      bed is provided, is measured by a suitable electric or electronic control
      system upon separation of particles from the balls.
BSUM
PAR  The present invention relates to a method for measuring the concentration
      of solid particles suspended in a gas phase of the aerosol or fume type
      and the design of an apparatus and an installation for applying this
      process.
PAR  The fight against atmospheric pollution is known to be growing in intensity
      at present. Legislation is being progessively set up in different
      countries, the first decisions taken relate to industrial discharge and,
      particularly, lay down the maximum allowable concentration of dusts
      issuing from stacks. This necessitates continuous measurement to check
      that these regulations are observed.
PAR  There are various devices on the market for continuous dust content
      measurement which have been evolved in the context of aerosol physics and
      adapted to the special conditions encountered in factory smoke stacks.
      Among these are:
PAR  -- SO CALLED .beta.-RAY DEVICES WHICH SAMPLE THE AEROSOL AND FILTER IT WITH
      A PAPER HAVING A HIGH SEPARATING POWER COLLECTING ALL THE SUSPENDED DUST
      PARTICLES. In this way a "stain" is obtained whose weight is measured by
      its attenuation of a .beta.-ray passing through it. Technically, this
      apparatus resolves the continuous measurement problem for the majority of
      industrial effluents; unfortunately, by its very operating principle, the
      cost of such systems discourages users;
PAR  -- PHOTOMETERS OR OPACIMETERS WHICH USE THE PHENOMENON OF ABSORPTION OR
      DIFFUSION OF LIGHT BY THE DUST CLOUD IN ORDER TO OBTAIN ITS WEIGHT
      CONCENTRATION. They may give rise to certain maintenance difficulties,
      which is a draw-back, but their major defect is that these apparatus are
      based on physical laws causing their response to be related to weight
      concentration through a certain number of parameters such as grain size
      distribution, colour, refraction index, etc. For each stack calibration is
      generally required which retains its significance during the year only
      insofar as the physico-chemical properties of dust vary little. If this is
      not the case, the recording indications are difficult to interpret in
      terms of weight concentration. For lack of any better solution, however,
      it is this equipment whose costs are bearable which is used the most.
PAR  Now, the present invention concerts a new measuring method and the
      apparatus and installation for applying this method, providing what the
      above analysis shows to be lacking, namely: a robust inexpensive device in
      use of which dust concentrations ranging approximately from 10 mg/m.sup.3
      to 150 mg/m.sup.3 can be continuously recorded with a sufficient degree of
      accuracy.
PAR  The method according to the invention is based on recent knowledge
      concerning triboelectrification of fluidized beds, spouted beds, aerosol
      particles and interactions between fluidized beds and aerosol.
PAR  This knowledge is required in order to understand the present invention.
      However, to simplify matters, we shall confine ourselves to the particular
      case of oxidized or non-oxidized metallic particles, it being clearly
      understood that the process and apparatus according to the invention may
      be applied to any type of solid particle.
DRWD
PAR  The invention will now be described in detail in connection with the
      accompanying drawings in which:
PAR  FIG. 1 schematically illustrates a fluidized bed and the phenomenon by
      which the balls constituting said bed are brought into a stationary state
      of charge;
PAR  FIG. 2 schematically illustrates how a fluidized bed can be used as an
      aerosol generator;
PAR  FIG. 3 shows one of the stages of an apparatus in accordance with the
      invention;
PAR  FIG. 4 illustrates in a larger scale a spouted bed obtained in the
      apparatus of FIG. 3;
PAR  FIG. 5 is a part of FIG. 4 in another position;
PAR  FIG. 6 is a flow diagram of an installation using an apparatus in
      accordance with the invention; and
PAR  FIG. 7 is a graph showing the correlation between the MV response of the
      measuring device and the weight concentration of the solid particles
      contained in a silica aerosol.
DETD
PAR  Assuming now a bed of metallic particles of the same dimensions fluidized
      in a container, which is also metallic, comprising an air intake grating
      of the same material as the container wall.
PAR  In a first approximate description, this bed may be likened to a collection
      of particles in almost-Brown ion type movement in which they collide with
      one another and with the walls. If the particles are all of the same
      material, their collisions do not lead to any particular electrical
      phenomena, except equal distribution of the charges contained before
      impact. On the other hand, when they strike the wall, which is assumed to
      be of a different metal (for example copper balls in a stainless steel
      container), an electrostatic charging phenomenon is caused owing to the
      existence of a potential difference on contact. This explains why, after
      separation, the ball is charged while the wall has received an equal
      charge of opposite polarity. In this way, FIG. 1 of the attached drawings
      represents a fluidization container 1 in which an air current admitted at
      2 passes through a microporous membrane 3 then a metallic grating 4 and
      fluidizes the bed of balls 5 wherein the balls each are of such small
      diameter in comparison to the apparatus so that they are depicted only as
      a mass in the figures. After impact with a wall of the container, a ball
      such as A shown greatly enlarged is initially charged (for example
      positively) while an equal opposite charge (for example negative) remains
      on the fluidization container wall. The charge is directly proportional to
      the difference in the extraction potentials between the two metals in
      question and that one with the lower value is positively charged. When one
      of the metals is superficially oxidized, it can be demonstrated that it
      behaves like a semi-conductor and that it always charges the opposite
      metal with the same polarity whatever the latter may be. If it is of the
      n-type it supplies electrons, if it is of the P-type it produces positive
      charges on impact. In this same FIG. 1, collision between the particles
      such as B and C leads to equal charge distribution.
PAR  Thus, taking a bed composed initially of neutral particles, if it is
      fluidized in the container under total effect, it can be understood that
      as a result of electrifying impacts against the walls, impacts which are
      followed by charge equalization with the neighbouring particles, the bed
      finally reaches a state of stationary electrostatic charge. In this state,
      each particle possesses the charge that it is liable to acquire when in
      collision with a wall. Furthermore, whether it is directly earthed or
      earthed through a measuring instrument, the fluidization container
      possesses, on its internal surface, a charge equal to and opposite that of
      the bed.
PAR  Supposing for a moment that, in the bed which has reached its stationary
      charge state, there is a mechanism capable of cancelling out the charge in
      a given ball, the equivalent quantity of electricity which was maintained
      by influence on the wall will immediately flow to earth or the measuring
      instrument. Then, the neutral ball will be recharged by colliding with
      neighbouring balls or the container. This return of the bed to stationary
      electrical equilibrium does not give rise to any current flow. Hence, if
      there is a system in the bed that is capable of continuously discharging
      the balls, a direct current to earth or the measuring instrument should be
      observed. It is important to point out that the system then constitutes a
      high internal impedance current generator, as it is known that the
      fluidized bed, even one constituted of metallic balls, is a fairly
      insulating medium. It will also be noted that analogous phenomena occur in
      the case of partial ball discharge, or, on the contrary, a new charge
      added to the existing one, whether it be positive or negative.
PAR  Thus, for example, if a mixture (5a) of balls of a few hundreds of microns
      and a small quantity of fine powder whose particles adhere to the surface
      of these balls is introduced into a container 1a (FIG. 2 of the attached
      drawings) designed like the container of FIG. 1 for fluidization by air
      admission at 2 below the metallic grating 4a associated with micro-porous
      membrane 3a, and if this entity is fluidized, the required air flow rate
      is governed by the weight of the balls and this results in air velocities,
      through and over the bed, which are far greater than the fine particle
      elutriation velocity. Thus, when these particles are detached on impact or
      as a result of localized aerodynamic turbulence, they are removed in the
      form of an aerosol 6 whose concentration is a function of the fine powder
      content of the bed. But this mixture is capable of storing an electric
      charge as above mentioned. If it is assumed that separation takes place
      without the occurrence of triboelectrical phenomena, the aerosol particles
      continuously remove a part of the charge from the bed and as a result a
      current flows from the fluidization container, this current being equal to
      that discharged by the aerosol. If triboelectrification takes place when
      the fine particles are separate, the previous charge is modified (it may,
      in an extreme case, be nil if triboelectrification releases an equal
      charge of opposite polarity to that already existing on the particle), but
      there will always be an electric current related to the concentration of
      dust particles removed. Furthermore, it may be supposed that, instead of
      fluidizing a bed of particles (some hundreds of microns in diameter) with
      clean air, a dust laden gas is used. It is first noted that, apart from a
      short balancing phase, an aerosol of the same concentration as at the
      input is released. This system can then function indefinitely without
      clogging since there is no dust accumulation in the bed. On first
      reflection, it might be thought that the particles simply directly cross
      the fluidized layer. In reality, experience shows that the majority of
      them are collected, that they remain adhering to the balls for a certain
      time, and then they are re-emitted, as in the case of the above described
      fluidized bed with two constituents. The collecting efficiency of the
      fluidized bed is a function of many parameters including dust particle
      dimension, ball dimension, fluidization rate, the height of the layer to
      be crossed, electrical forces, etc. The question is far from resolved, but
      it can be said that it is technically possible to produce systems in which
      collection is "quantitative" when the level of 1 or 2 microns is exceeded.
      Finally, charge transfer when the aerosols are fixed is added to the
      electrical phenomena above mentioned.
PAR  It should be pointed out that the above considerations concerning fluidized
      beds hold good, subject to certain adaptations, for the spouted bed. This
      bed, which is closely related to the fluidized bed, is obtained in a
      hemispherical or conical base column pierced by an air intake orifice. It
      is filled with balls of some hundreds of microns and air is passed
      through. If the experimental conditions are well selected, in the centre
      of the layer appears a sort of spout of balls strikingly similar in
      appearance to a water-spout. This spout constitutes the upper portion of a
      central column wherein there is a system of balls in suspension according
      to a vertically rising rate. Around this column, a fixed bed slowly lowers
      and supplies its lower portion.
PAR  One possible form of embodiment of a spouted bed is illustrated by FIGS. 3
      to 5. These represent column 7, its hemispherical base 8, the air intake
      orifice 9. A device enabling the spout to be started and stopped easily is
      constituted by a valve 10 of the "municipal gas" needle type. A third duct
      which travels round the container through a pipe 11, is laterally open on
      the body of said valve. The needle 12 is so modified as to enable air to
      be blown directly into the bed, a spout 13 being formed, or to bypass it,
      depending on its position. A lever handle type control 14 serves to
      actuate the valve 10.
PAR  The method according to the invention thus consists in passing the aerosol
      to be analyzed through a fluidized bed of balls whose diameters are
      greater than those of the largest dust particles or through a spouted bed,
      and in measuring the intensity of the currents flowing from the walls of
      the container housing the bed and generated by the passage of the
      particles which are collected by the balls of the bed, then re-emitted,
      this intensity being proportional to the weight concentration of the
      aerosol.
PAR  This method may be applied whatever the gas or vapour containing the
      aerosol, the nature of the latter, the nature and quality of the balls
      constituting the bed, the nature and design of the container housing the
      fluidized bed or the spouted bed.
PAR  For better understanding of the value and advantages of the invention we
      shall take the case of a bed of metallic balls and an aerosol of equally
      metallic particles. The fluidization container is constructed of a single
      metal such as, for example, brass or stainless steel.
PAR  In order to obtain a good fluidized bed air must be blown into it or sucked
      through a support having a pressure drop of the same order as the bed.
      This is why very fine meshes or porous layers are generally selected. It
      is clear that if the aerosol is forced through this type of support it is
      quickly clogged and the system ceases to function.
PAR  A first solution consists in fluidizing the bed starting with clean air and
      injecting the aerosol to be analyzed into it through a lateral orifice.
      But the drawback of this system is its low sensitivity in relation to that
      obtained when using the whole bed. Another way of resolving the problem
      consists in using a fixed bed of balls where the diameter and weight are
      greater and placed on a wide mesh grating. Indeed a fixed bed is generally
      a packing of balls supported by a mesh and, in this particular case, the
      weight of any ball is chosen so that the ball remains motionless at the
      air velocity used to obtain the supported fluidized bed. Dust is deposited
      in this particular support, but when clogging has reached a certain stage,
      besides dilatation of the fixed bed, the dust deposited is seen to be
      removed, which causes current surges or peaks. This system is therefore
      suitable for analyzing mean concentration values in time.
PAR  In many cases, the most practical system is the spouted bed. Indeed, air
      is, in this case, introduced through a simple tube whose diameter
      precludes any likelihood of obstruction.
PAR  The functioning of the above described system can be represented
      mathematically. In order to do so, we shall consider the very simple case
      of a fluidized bed of mono-dispersed balls through which passes a
      mono-dispersed aerosol with a numerical concentration C, with a flow rate
      per second of Q cm.sup.3. It will be assumed that the initial aerosol is
      not charged and that it is collected with an efficiency R as it passes. It
      will also be assumed that, during the separation of the aerosol particle
      from the ball carrying it, there is no triboelectrification and that it
      takes only a fraction the charge, or q (this charge being immediately
      recovered by triboelectrification on the wall). Hence, C .times. Q .times.
      R particles per second are concerned by this phenomenon. They remove a
      quantity of electricity C .times. Q .times. R .times. q and the
      compensating current flowing towards the measuring instrument is i = -C
      .times. Q .times. R .times. q. If all the particles initially carry a
      charge a,  the portion C .times. Q .times. (1 - R) which has not been
      arrested does not feature in the electrical results. The fraction
      collected enters with charge C .times. Q .times. R .times. a and emerges
      with C .times. Q .times. R .times. q. whence current flow:
EQU  i = -C .times. Q .times. R .times. (9 - a).
PAR  This equation shows that the current released by the system is generally a
      function not only of aerosol concentration but also of its charge which is
      rarely known and which is most often high and variable (for example behind
      an electrical duster). However, in the case of neutral aerosols or those
      with the Boltzman equilibrium (a &lt;&lt; q), the single measurement stage
      version is suitable.
PAR  In the most general case, an apparatus with two stages in series must be
      used as will be described below.
PAR  Assuming two measuring elements, each characterized by efficiency values R1
      and R2, values q1 and q2 for charges removed by each aerosol particle. The
      first element encountered in the air flow direction grounded. It is
      completely isolated from the second which is connected to the measuring
      instrument. The aerosol passing through this measuring element is composed
      of two parts:
PA1  that not arrested by the first stage the charge of which is C .times. Q
      .times. (1 - R1) .times. a;
PA1  that which has been collected and then re-emitted with the charge C .times.
      Q .times. R1 .times. q1.
PAR  Each of these aerosol fractions is arrested with the same efficiency R2 by
      the measuring stage and, by applying the above reasoning, the following is
      obtained for the corresponding currents:
EQU  i.sub.1 = - C .times. Q (1 - R.sub.1)R.sub.2 (q.sub.2 - a)
EQU  i.sub.2 = - C .times. Q .times. R.sub.1 R.sub.2 (q.sub.2 - q.sub.1)
PAL  whence all I = i.sub.1 +  i.sub.2
PAL  i.e.:
EQU  I = - C .times. Q .times. R.sub.2 .times. [ (q.sub.2 - R.sub.1 q.sub.1) - a
      (1 - R.sub.1) ]
PAL  It can therefore be seen that electrical response for a unit applying the
      process according to the invention is practically independent of the
      initial aerosol charge, on condition that the first stage is efficient (R1
      approximate to 1) or again that (q.sub.2 - R.sub.1 q.sub.1) is large in
      relation to a. In order to obtain this last condition, it is advisable to
      use sucessive beds being charged with a different polarity. This also
      increases the intensity of response as a function of concentration C. This
      response is greater than with a single stage, especially if R2 is high.
PAR  It follows that the measuring instruments used to apply the process
      according to the invention will be constituted as follows:
PAR  in certain simple cases, a fluidized bed or a spouted bed in a container,
      generally metallic, connected to a simple amplifier circuit (or to a high
      impedence current source) supplying a recorder or an indicator apparatus.
      The whole unit is placed in a Faraday cage. The aerosol may be introduced
      by blowing (case of a pressurized duct or of using an intermediary
      compressor) or by suction when the apparatus output is connected to a
      vacuum source (aspirator, filter pump, etc.,) ;
PAR  more generally two stages as above series connected and electrically
      insulated. The first stage (in the air flow direction) is earthed and the
      second is connected to the measuring instrument. The instrument is placed
      in a Faraday cage. The balls for each bed are selected and may be of a
      varied type so that the electrical resonse is high and independent of the
      initial aerosol charge.
PAR  The instruments thus designed are simple and robust. They may be supplied
      with aerosols through a sampling probe or directly placed in the dust
      laden current.
PAR  The form of embodiment of a device according to the process of the
      invention is given for explanatory non-limitative purposes. The type of
      the material used, dimensions and, more generally, any indications
      concerning the design of a device are only given for the purpose of
      example.
PAR  The device designed in accordance with the invention is of the series
      connected two-spouted beds type, it is represented diagrammatically in
      FIG. 6 of the attached drawings. The two stages X and Y in this figure,
      which constitute the device each correspond to a bed and are identically
      constructed; they differ only in the nature of the balls that they
      contain.
PAR  Each stage, partially described in connection with the example given of a
      spouted bed, is basically composed of three parts : fluidization
      container, injector valve and a ball recovery device (FIGS. 3, 4 and 5).
PAR  The container is a brass cylinder, 30 cm high and 5 cm in diameter, its
      base is a hemisphere to which is welded an injector valve. The latter and
      the pot are co-axial.
PAR  The injector valve, which is also of brass, is of a "municipal gas" type
      with a modified needle as above indicated. The needle is so designed that
      control 14 can be switched from standby to operating position without the
      particle laden gas flow being blocked. In the standby position, the valve
      prevents the balls from falling. On its lower portion, the injector is
      connected to the recovery device (reference 15 of FIG. 3). The latter
      constitutes a safety means when, by accident, the gas flow is abruptly
      stopped (electricity breakdown, etc.,). Indeed the balls then fall into
      lower container 15 where they are collected.
PAR  The balls constituting the beds have the same grain size distribution
      obtained by screening between 400 and 500 microns using an AFNOR type
      screen. The lower stage (Y) contains 62 g of bronze balls, and the upper
      stage (X) 63 g of tin granules.
PAR  The two stage unit is enclosed in a cylindrical box 19 (FIG. 6) serving as
      a Faraday cage. Each stage constitutes a device that is electrically
      insulated by means of couplings and components of insulating materials
      (for example carbon polytetrafluoride). The lower stage (Y) is connected
      to earth (T) and the other (X) which is the measuring call properly
      speaking, is connected to the operating device which may include either an
      electrometer 16 or, through an electronic circuit, a recorder 17 or a
      panel indicator. The electronic circuit 18 which is composed of a
      transistor MOS and a high resistor, behaves as an impedance adaptor and a
      very simple electronic system suffices. It will finally be noted that the
      valves are coupled by an insulating rod and that they are simultaneously
      controlled by handle 14 (FIG. 6) located outside the Faraday cage.
PAR  The form of embodiment illustrated in FIG. 6 represents various accessories
      for measuring and determining the desired results; these are, basically :
      an aerosol generator and an aerosol concentration photometric measuring
      device.
PAR  The aerosol generator 20 is constituted by a container housing a double
      fluidized bed; this device, which has already been described, is
      illustrated in FIG. 2. The fluidizing air is admitted through pump 26 and
      its flow rate is given by flow meter 26a. The particles generated can be
      insulating or metallic. A fraction of the aerosol is drawn in by the
      device according to the invention, another fraction whose flow is measured
      (flow-meter 21), is sent after dilution into container 22 supplied with
      clean air by pump 22a, towards photometer 23 the readings of which are
      recorded (double channel recorder 17). The excess aerosol escapes into the
      atmosphere (duct 24 with valve 24a). A pressure gage 21a is used to
      control pressure in the device by acting upon valve 24a of conduit 24.
      Furthermore, the output of upper stage X is connected on one hand by pipe
      27, to a filter pump (not represented) and, on the other hand, by pipe 28
      to the flow rotameter of device 29.
PAR  Dust concentrations are measured by filtering on a microporous membrane
      (membrane holder case 25) which is weighed before and after the sampling
      in order to determine the weight collected. The photometer which is shunt
      connected with the device to be tested enables any variation in aerosol
      emission to be detected at once and also enables concentration development
      to be followed for long periods. By using the device and installation as
      above described, it has been possible to carry out tests with a silica
      aerosol covering the grain size distribution range of 1 to 20 microns with
      a median weight of between 5 and 7.5 microns; the aerosol concentration
      may be selected between 10 and 1000 mg/m.sup.3, the flow through the
      measuring instrument being 20 l/min. The above details concerning the
      aerosol are given only for purpose of example.
PAR  A description of a complete cycle of operation of a preferred embodiment is
      as follows with reference to FIG. 6.
PAR  At first the apparatus is at rest. The aspiration or suction is started
      through the pipe 28 and, at the same time, the valves for the admission of
      air through the two stages are opened by acting on the handle 14. The flow
      rate of the exhausted stream is controlled by acting on the pump with its
      rotameter device 29 in order that the fluidized bed operates accurately.
PAR  The amplifying electronic circuit 18 is switched on as well as the recorder
      17.
PAR  The aerosol is generated by the generator 20. The aerosol flow rate
      admitted in the apparatus 19 is controlled by acting on the valve 24a. It
      is adjusted in order that it will be equal to the exhausted flow rate.
PAR  In the first stage Y the aerosol particles collide the bronze balls. During
      this collision which is followed by their re-emission, the particles lose
      their initial charge and, by triboelectrification, carry in their
      re-emission, a new charge which is proportional to their weight. The value
      of the resulting current is the algebraic sum of the discharge current of
      the aerosol and of the current which counterbalances the electric charge
      carried away by the aerosol. This resulting current is left to flow
      directly to the earth. The tin balls of the stage X collect in their turn
      the particles in suspension then reemit them. During the collection the
      greater part of the charge imparted by the stage Y is transferred to the
      balls of the bed of stage X and then, through the wall of the fluidization
      container, the current flows through the electrical measuring device
      connected in series. During the re-emission of the aerosol a new electric
      charge appears by triboelectrification so that the quantity of electricity
      carried by the solid particles is different from that initially carried
      out at the inlet of stage X since tin balls have replaced the bronze
      balls.
PAR  The new electric charge is proportional to the weight of the particles. The
      electric current flowing is the algebraic sum of the current due to the
      initial discharge and of the current counterbalancing the electric charges
      carried by the aerosol leaving the stage X; it remains proportional to the
      weight concentration of the aerosol particles. This current is amplified
      in 18 then flows through the recorder 17.
PAR  In a first series of tests, the incoming aerosol was first given a high
      positive charge and then a high negative charge by contact with a unipolar
      cloud of small ions. The current response of the device according to the
      invention remains the same to within a few percent.
PAR  Long term emission was then tested (several days to several weeks) at
      different concentrations which were maintained constant. The response
      recorded remains fixed in each case. Furthermore, no clogging was
      observed.
PAR  On the basis of the tests and results obtained, a graph (see FIG. 7) was
      drawn up showing the correlation between the MV response (ordinate access)
      of the device and the weight concentration (abscissa) of a silica aerosol,
      expressed in mg/m.sup.3. The result is a straight line, as the brief
      theoretical passage in the above description suggests.
PAR  The present invention is understood to have been described only for purely
      explanatory, non-limitative purposes and any useful modification may be
      made thereto without departing from its scope such as defined in the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for measuring the concentration of solid particles suspended in
      a gaseous phase comprising the steps of
PA1  fluidizing at least one bed of solid balls placed in a metallic container,
      with the balls having diameters and weights greater than those of the
      largest particles of said gaseous phase, by admitting at its bottom a
      stream of said gaseous phase;
PA1  recording a current of an intensity proportional to the weight
      concentration of the solid particles of said gaseous phase during
      separation of particles from the balls with a recorder connected through
      an amplifier circuit connected to the wall of said metallic container.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the fluidizing effect of
      said stream of gaseous phase promotes a fluidized bed of said solid balls.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein the fluidizing effect of
      said stream of gaseous phase promotes a spouted bed of said solid balls.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said container is surrounded
      and isolated by a Faraday cage.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein said bed of solid balls is
      supported on another bed of solid balls placed on a mesh grating with said
      latter-mentioned solid balls having a diameter and weight greater than
      those of said solid balls which are adapted to be fluidized.
NUM  6.
PAR  6. A method in accordance with claim 5 wherein said another bed of solid
      balls placed on mesh grating are fixed bed of solid balls that remain
      motionless.
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ABST
PAL  A method and apparatus for determining the position of and estimating the
      size of leaks in an evacuating apparatus comprising the use of a testing
      gas such as helium or hydrogen flowing around said apparatus whereby the
      testing gas will be drawn in at the site of any leaks.
BSUM
PAR  This invention relates to leak detection and more particularly to an
      improved method and apparatus for determining the position of and
      estimating the size of leaks in an evacuated apparatus.
PAR  In recent years there has been a considerable development of the use of
      high vacuum techniques, particularly in the laboratory, but also to some
      extent in industry as well. One of the principal problems encountered in
      the use of high vacua, that is, low absolute pressures, is the problem of
      eliminating leakage of atmosphere air into the evacuated apparatus in
      which the low pressure operation is carried out. For an apparatus of a
      given volumn being continuously evacuated by a pump of given capacity the
      degree of vacuum attainable is a function of the amount of leakage that
      occurs, and hence it is important that this leakage be minimized in order
      that the low pressure operation may be efficiently carried out.
      Determination of leakage is also important in the manufacture of sealed
      evacuated containers such as electronic vacuum tubes.
PAR  One method that has been extensively used for locating leaks, particularly
      in industrial vacuum apparatus, involves subjecting the apparatus to
      internal gas pressure; applying a suitable agent such as a soap solution
      to the various joints of the apparatus in such manner that the gas leaking
      out of the apparatus causes bubbles to be formed; and observing the
      location of the bubbles as an indication of the location of a leak.
      Although this method has been widely used it is open to a number of
      objections that limit its usefulness. Thus the method is fairly effective
      in the case of large leaks but has been found relatively ineffective in
      locating very small leaks. In some cases the nature of the apparatus may
      be such that it can not withstand very high pressures and at low pressures
      small leaks may fail to show up. Also it is possible to have leaks which
      permit inflow of air too but do not permit outflow of gas from the
      apparatus. In general, the use of soap solutions is inconvenient, of
      limited effectiveness, and gives the apparatus an untidy appearance unless
      the soap solution is removed after use.
PAR  Another method that has been proposed for determining leaks involves
      evacuating the apparatus; scanning the apparatus with a probe comprising a
      jet of gas having some characteristic that differs from the corresponding
      characteristic of air, so that when the gas is drawn through a leak it
      confers the different characteristic on the resulting gas mixture within
      the apparatus; continuously analyzing the gas mixture from the interior of
      the apparatus for the different characteristic; and noting the position of
      the probe when the characteristic of the gas mixture changes to determine
      the location of a leak. The effectiveness of such a gas probe method of
      determining leaks depends upon the rapidity and accuracy with which the
      mixture of gas from the interior of the apparatus can be analyzed. It is
      evident that a method of continuous analysis is required and that the
      method used must be rapidly responsive to changes in gas composition so
      that the probe will not have moved too far from the leak before an
      indication of the leak is obtained.
PAR  Analysis of the gas mixture from the apparatus has heretofore been effected
      by a mass spectrometer and also by certain electronic devices such as
      Pirani gauges. However, the mass spectrometer is a relatively complicated
      and expensive device and also is not well adapted for use in testing large
      scale industrial equipment wherein the vacua used, while relatively high,
      are not generally of the order of magnitude at which the mass spectrometer
      operates effectively. Pirani gauges when used for this purpose are subject
      to the disadvantage that they are responsive to changes in pressure as
      well as to changes in gas composition. Hence, in cases where the apparatus
      is being evacuated by a reciprocating vacuum pump, which causes the
      pressure to fluctuate, the Pirani gauge does not give an accurate
      indication of changes in the gas composition.
PAR  It is accordingly an object of the present invention to provide an improved
      method of determining the location and size of leaks in an evacuated
      apparatus.
PAR  It is another object of the invention to provide a gas probe method of
      determining leakage which produces an accurate indication of the presence
      of a leak under conditions such that the pressure within the apparatus
      fluctuates.
PAR  It is still another object of the invention to provide a method of
      determining leaks that may be effectively used on an apparatus being
      evacuated by a reciprocating vacuum pump.
PAR  Other objects of the invention will be in part obvious and in part pointed
      out hereinafter.
DETD
PAR  The many objects and advantages of the present invention may best be
      appreciated and understood by reference to the accompanying drawing which
      illustrates diagrammatically apparatus capable of being used to carry out
      a preferred embodiment of the method of the invention. Referring to the
      drawing the numeral 10 designates an apparatus which is being continuously
      evacuated through a pipe 12 by the vacuum pump 14. A source of gas 16 for
      testing the apparatus 10 for leaks is provided comprising a gas storage
      cylinder 18 from which the testing gas is supplied through a flexible tube
      20 to a nozzle 22 to produce a gas jet 24. As indicated above the gas used
      preferably has an easily measurable characteristic differing from the
      corresponding characteristic of atmosphere air. For example the gas may be
      helium or hydrogen which differ markedly from air in their molecular
      weights.
PAR  The surfaces of the apparatus 10 are scanned with the jet 24 and as the jet
      passes over a leak, helium is drawn through the leak and mixes with the
      air in the interior of the apparatus. Thus the average molecular weight of
      the gas within the interior of the apparatus 10 changes and this change in
      composition is measured by the apparatus now to be described to provide an
      indication of the presence of a leak.
PAR  The pipe 12 interconnecting apparatus 10 and vacuum pump 14 is provided
      with a by-pass comprising pipe 26 containing shut-off valve 28, testing
      chamber 30, and pipe 32. The portion of pipe 12 between its connection
      with pipes 26 and 32 is provided with a shutoff valve 34. During the
      testing period, shut-off valve 34 is closed and valve 28 opened to cause
      gas withdrawn from the apparatus 10 by vacuum pump 14 to flow to and
      through test chamber 30.
PAR  Mounted within chamber 30 perpendicular to the path of gas flow there is a
      porous disk 36 made of a finely porous material through which the gas
      flows. The pores in the disk 36 are of such small size that a partial
      separation of the components of the gaseous mixture takes place by
      diffusion separation and thus the gas upstream of the disk 36 is
      relatively rich in the heavier components of the gas mixture. The disk 36
      may be made of various types of porous materials such as fritted glass and
      sintered metal powders.
PAR  It is evident that when helium is drawn through a leak into the interior of
      the apparatus and the resulting gas mixture flows through the test chamber
      30, the composition of the gas mixture near the entrance of chamber 30
      will be different from that immediately upstream of disk 36, in that the
      gas mixture near the disk 36 will be depleted with respect to helium which
      is considerably lighter than the principal components of atmospheric air.
      In accordance with the present method this difference in gas composition
      is measured by inserting a pair of filaments 38 and 40 in the chamber 30,
      the filament 38 being located near the entrance of the chamber and the
      filament 40 being located just upstream of the disk 36. The filaments 38
      and 40 are heated and lose heat in proportion to the thermal conductivity
      of the gas with which they are in contact. Since the thermal conductivity
      of a gas is a function of its composition the rate of heat loss from
      filament 38 as compared with the rate of heat loss from filament 40 will
      reflect the difference in composition of the gases in contact with the two
      elements.
PAR  The rate of heat loss from the filaments 38 and 40 may be determined by
      measuring the electrical resistance of the elements. For this purpose a
      conventional Wheatstone bridge 42 is provided and the filaments 38 and 40
      are connected in the adjacent arms 44 and 46 of the bridge. Variable
      resistors 48 and 50 are provided in the other two arms of the bridge. The
      bridge is energized by the battery 52 in series with resistor 54 and is
      provided with the usual galvanometer 56 connected thereacross.
PAR  The operation of the foregoing apparatus and the manner in which it may be
      used to carry out the present method should be largely apparent from the
      above description. When it is desired to test the apparatus 10 for leaks
      the apparatus is connected to vacuum pump 14, through the test chamber 30,
      which contains a finely porous disk 36. As atmospheric air from the
      interior of apparatus 10 flows through the chamber 30 and disk 36 the gas
      immediately upstream of the disk 36 will be enriched with respect to the
      heavier component of the gas, that is oxygen. This relatively heavier gas
      will have a larger thermal conductivity than the air of normal composition
      surrounding the filament 38 and therefore filament 40 will lose heat more
      rapidly than filament 38 and its resistance will be lower than that of
      filament 38. The bridge 42 is initially adjusted by adjustment of variable
      resistors 48 and 50 to cause the galvanometer 56 to indicate a zero
      reading with air of natural composition flowing through the chamber 30.
PAR  When the bridge 42 has been balanced the outer surfaces of apparatus 10 are
      scanned with the gas jet 24. When the jet strikes a leak helium is drawn
      into the apparatus 10, mixes with air in the interior of the apparatus and
      the resulting mixture passes through the chamber 30. The average molecular
      weight of the gas passing over both filaments 38 and 40 is reduced but the
      reduction is greater in the case of the gas in contact with filament 38
      and therefore the bridge becomes unbalanced. In other words the
      galvanometer 56 indicates the change in composition due to helium from the
      jet 24 passing through the leak. It has been found that the deviation of
      galvanometer 56 also indicates the approximate magnitude of the leak.
PAR  From the foregoing description it is apparent that the present invention
      provides a simple and effective method of determining the position and
      relative magnitudes of leaks in an evacuated apparatus. The advantages of
      the gas probe technique of leak determination are utilized and at the same
      time a simple and inexpensive method of measuring gas composition is
      provided. By using the finely porous disk the effect of pressure
      variations can be largely eliminated.
PAR  Since many embodiments might be made of the present invention and since
      many changes might be made in the embodiment described, it is to be
      understood that the foregoing description is to be interpreted as
      illustrative only and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device adapted to be used in testing for leaks an apparatus that is
      being evacuated by a vacuum pump, comprising in combination, a conduit
      through which gases from said apparatus are drawn by said pump, a finely
      porous membrane mounted in said conduit to cause gases immediately
      upstream of said membrane to be enriched with respect to a heavy component
      of said gases, first thermal conductivity measuring means positioned close
      to the upstream side of said membrane in contact with said enriched gas,
      second thermal conductivity measuring means positioned in said conduit at
      a point sufficiently spaced upstream from said membrane that said second
      measuring means is in contact with unenriched gas from said apparatus, and
      indicating means operatively connected to said first and second thermal
      conductivity measuring means for indicating the relation between said two
      measuring means as an indication of the presence of a leak in said
      apparatus.
NUM  2.
PAR  2. A device adapted to be used in testing for leaks apparatus that is being
      evacuated by a vacuum pump, said device comprising in combination with
      said apparatus and vacuum pump a conduit interconnecting said apparatus
      and pump through which gases are drawn from said apparatus by said pump, a
      finely porous membrane mounted in said conduit to cause the gas adjacent
      the upstream face of said membrane to be enriched with respect to a heavy
      component of said gas, first thermal conductivity measuring means
      positioned adjacent the upstream face of said membrane in contact with
      said enriched gas, second thermal conductivity measuring means positioned
      in said conduit at a point sufficiently spaced upstream from said first
      measuring means that said second measuring means is in contact with
      unenriched gas from said apparatus, a probe, means for supplying to said
      probe a gas having diffusive characteristics different from those of air
      whereby said probe may be used to scan said leaks and said testing gas
      will be drawn through any leaks to vary the relationship between said
      first and second conductivity measuring means, and indicating means
      operatively associated with said first and second measuring means for
      indicating a change in the relation therebetween as an indication of the
      location of said leak.
NUM  3.
PAR  3. A device adapted to be used in testing for leaks apparatus that is being
      evacuated by a vacuum pump, comprising in combination with said apparatus
      and pump, a conduit interconnecting said apparatus and pump through which
      gases are drawn from said apparatus by said pump, a finely porous membrane
      mounted across said conduit to cause gases immediately upstream of said
      membrane to be enriched with respect to a heavy component of said gases, a
      first electrical resistance element positioned adjacent to said membrane
      in contact with said enriched gas, a second electrical resistance element
      spaced upstream from said first element and in contact with unenriched gas
      flowing from said apparatus, means for supplying electrical energy to said
      first and second elements to heat said elements, whereby the temperature
      of said elements and consequently their resistances vary as a function of
      the thermal conductivity of the gases in contact therewith, electrical
      resistance measuring apparatus for measuring and comparing the resistances
      of said first and second elements, said measuring apparatus including
      indicating means for indicating changes in the relation between the
      resistances of said first and second element to indicate leaks in said
      apparatus.
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ABST
PAL  Apparatus for pulse-echo ultrasonic examination, particularly in medical
      diagnostic examination, is comprised of a plurality of transducers spaced
      at fixed positions around the object to be examined, each of the
      transducers being steerable to direct pulses of ultrasonic energy into the
      object and to receive echoes in a plurality of angular directions from the
      fixed position.
BSUM
PAR  This invention relates to the technique of ultrasonic echoscopy of objects
      and in particular to means for decreasing the time required for
      examination of an object using the pulse-echo ultrasonic technique. It is
      particularly, but not solely, directed to the use of this technique in
      medical diagnostic examination.
PAR  Ultrasonic echoscopy provides information about an examined object which
      may be displayed in the form of an ultrasonic echogram. Such an echogram
      consists of a display of acoustic impedance discontinuities or reflecting
      surfaces in the object. It is obtained by directing a short pulse of
      ultrasonic energy, typically in the 1-30 MHz frequency range, into the
      examined object where any acoustic impedance discontinuities in the object
      reflect and return some of the energy in the form of an echo. This echo is
      received, converted into an electric signal and displayed as an echogram
      on a cathode ray oscilloscope, a film, a chart or the like.
PAR  The echogram may constitute either a one dimensional or a two dimensional
      representation and in both cases the information is contained in the
      position and magnitude of the echo displayed. In a one dimensional
      display, the position along a base line is used to indicate the distance
      to the reflecting surface whilst the magnitude of the echo is displayed
      for example as a deflection of the base line or as an intensity change. In
      a two dimensional display, the position along a base line is used to
      indicate the distance to the reflecting surface as in a one dimensional
      display, and the direction of the baseline is used to represent the
      direction of propagation of the acoustic energy. The two dimensional
      display is obtained by changing this direction of propogation of the
      acoustic energy and by instituting a similar but not necessarily identical
      movement of the base line of the display. The magnitude of the echo is
      displayed as for a one dimensional display, for example, as a deflection
      of the base line or as an intensity change.
PAR  The technique of ultrasonic echoscopy is used in medical diagnosis to
      obtain information about the anatomy of patients. The application of this
      technique is now widely investigated and is described, for example, by
      D.E. Robinson in Proceedings of the Institution of Radio and Electronics
      Engineers Australia, Vol. 31, No. 11, pages 385-392, November, 1970: "The
      Application of Ultrasound in Medical Diagnosis." As pointed out in this
      article, ultrasonic echoscopy may be used to produce displays resembling
      anatomical cross-sections which have proved clinically useful when the
      desired information concerns physical dimensions, shapes of organs or
      structures or the like. Ultrasonic echography has proved of particular
      value as a diagnostic aid in the abdomen and pregnant uterus, eye, breast,
      brain, lung, kidney, liver and heart, these being areas of soft tissue
      with little bone and air. In general, the technique is considered to
      complement other techniques to provide a more complete picture of the
      patients' condition, however, particularly in pregnancies, ultrasonic
      echoscopy may be useful in place of X-rays where the latter may not give
      sufficient information or may be dangerous. In medical use, a pulse of
      ultrasonic energy is transmitted into a patient in a known direction and
      echoes are received from reflecting surfaces within the body. The time
      delay between a transmitted pulse and the received echo depends on the
      distance from the transmitter to the reflecting surface and the distance
      information so obtained may be displayed in a suitable way for
      interpretation and clinical use as a one dimensional range reading or as a
      two dimensional cross section as previously described.
PAR  In the presently known forms of ultrasonic diagnostic examination, a single
      transducer is used and it is physically moved to various positions around
      the patient. At each of these positions the beam is swept with an
      oscillatory motion while constrained to remain within a single plane by
      mechanical oscillation of the transducer, to obtain the required scan
      pattern. By the use of suitable deflection circuits, for example, in a
      cathode ray display tube, a line is caused to follow the motions of the
      beam axis and echoes within the part examined are thus displayed in their
      correct geometrical positions. By way of example, for transverse sections,
      the transducer may be moved horizontally in a 150.degree. arc around a
      patient who is substantially erect while undergoing .+-. 15.degree.
      oscillations and for longitudinal sections the transducer may be moved
      vertically while undergoing .+-. 30.degree. oscillations.
PAR  It has, however, been found that in such systems where the transducer is
      physically moved around the patient this movement leads to a limitation on
      the examination time of between ten and twenty seconds for each
      cross-sectional visualisation due to mechanical inertia and, in the case
      where the transducer is coupled to the patient via a coupling medium such
      as water, the generation of turbulance by the transducer when it moves
      quickly in the coupling medium.
PAR  It is a primary object of the present invention to provide apparatus for
      and a method of ultrasonic examination of an object which will avoid the
      limitations discussed above and thus enable a speeding up of the time
      required for each cross-sectional visualisation. It will be apparent that
      a reduction in examination time of a patient will lead to a technical
      improvement in the resultant echograms as the effects of movement of the
      part under examination will be reduced. In addition, a reduction in
      examination time of a patient will have the economic advantage that more
      cross-sectional visualisations and hence more examinations will be able to
      be performed in a given time.
PAR  According to the present invention there is provided apparatus for the
      ultrasonic examination of an object comprising a plurality of transducers,
      each transducer being capable of directing pulses of ultrasonic energy
      along a beam into the said object and receiving echoes of said pulses
      reflected along said beam by acoustic impedance discontinuities in said
      object, the said transducers being spatially positioned relative to each
      other and to the said object and the beam from each transducer being
      steerable to a plurality of angular directions in a single plane.
PAR  In another aspect, this invention provides a method of ultrasonic
      examination of an object which comprises directing pulses of ultrasonic
      energy along a plurality of beams into said object and receiving echoes of
      said pulses reflected along said beams by acoustic impedance
      discontinuities in said object, the said beams being directed into the
      object from positions spaced relative to each other and each beam being
      steerable to a plurality of angular directions in a single plane.
PAR  The present invention therefore involves the use of a number of transducers
      instead of the single transducer previously used. These may be any type of
      electro-mechanical transducer. The physical movement of the single
      transducer, for example, around the patient, in the prior art is replaced
      by providing a number of transducers around the patient which are switched
      appropriately to obtain the required scan pattern. It is necessary that
      the beam axes of the plurality of transducers of the present invention be
      oscillated in order that a composite cross-sectional visualisation can be
      built up and this oscillatory motion may be provided by two alternative
      means.
PAR  The first means of obtaining oscillatory motion of the beam axes is by
      mechanically scanning all of the plurality of transducers simultaneously.
      In this case, although mechanical movement of the transducers does
      introduce a limitation on the scanning rate, the present invention enables
      the effect of this limitation to be minimised by providing suitable
      switching means which require the transducers to scan only once while
      obtaining a complete cross-sectional visualisation. An important feature
      of the present invention then comprises activating each transducer in turn
      to direct a pulse of ultrasonic energy along its beam axis and receive
      echoes reflected back along the beam axis, the rate at which the
      transducers are activated being sufficiently fast, compared with the rate
      of mechanical oscillation of the transducers, that each transducer
      oscillates only a small distance between successive activations thereof.
      The final result achieved by this method of operation is that at the end
      of a single mechanical scan, each of the transducers has been activated
      whilst its beam was directed in all required directions.
PAR  The alternative means of obtaining oscillatory motion of the beam axes is
      by use of transducer arrays at each transducer position, the arrays being
      appropriately designed as to be capable of being steered electronically.
      In such a system there are no moving parts and the scanning rate
      obtainable with this system is limited only by considerations of
      electronic switching speeds and the rate of acquisition of ultrasonic
      information by the transducer after each transmitted pulse. Since such an
      array may be electronically steered to direct its beam in all required
      directions at a rate much faster than that possible when mechanical
      oscillation of the transducer is required, it is possible to operate this
      system by steering the beam from each transducer array to each of the
      required directions to measure the reflected echos before activating the
      next transducer array and steering the beam from it to each of the
      required directions, and so on. It will, however, be appreciated that this
      plurality of transducer arrays capable of being electronically steered may
      also be operated in a manner similar to the operation of the mechanically
      oscillated transducers previously described.
PAR  That is, when the plurality of transducers are transducer arrays, such as
      to be capable of being electronically steered instead of the beam from
      each transducer array being steered to each of the required directions
      before activating the next array, each of the arrays may be activated
      sequentially in one of the required directions in a manner analagous to
      the method of operation when using mechanically scanned transducers.
DRWD
PAR  Other objects and features of the invention are illustrated in the
      accompanying drawings in which:
PAR  FIG. 1 is a schematic representation illustrating the operation of known
      apparatus for ultrasonic examination.
PAR  FIG. 2 is a schematic representation illustrating the operation of a first
      embodiment of the apparatus for ultrasonic examination according to the
      present invention.
PAR  FIG. 3 is a schematic representation illustrating the operation of a second
      embodiment of the apparatus of the present invention.
PAR  FIG. 4 shows a basic block diagram of one form of the electronics for the
      ultrasonic transducer array according to the subject invention.
PAR  FIG. 5 shows a transmitter and receiver switching block diagram.
PAR  FIG. 6 shows a block diagram of an angle and origin switching network.
DETD
PAR  The current technique is illustrated in FIG. 1 in which area 1 denotes the
      outline of the structure under examination, area 2 denotes the water
      coupling tank and arc 3 denotes the path of motion of the single examining
      transducer. As the transducer traverses path 3 it performs an oscillatory
      motion with usually about 10 of the oscillatory motions for each traverse
      of path 3. Thus the structure 1 is viewed from a multiplicity of positions
      and directions during the scanning procedure and at each of these
      positions a pulse of ultrasonic energy is directed into the structure and
      reflected echoes received.
PAR  The first embodiment of this invention is shown in FIG. 2 in which for
      clearer illustration only three transducers are used, although it will be
      understood that any suitable number, for example, eight may be used. In
      this case the transducers 11, 12 and 13 consist of multi-element arrays
      which may be steered electronically. The electronically steered beam 14
      from transducer 11 is first used and the beam then moved a small angle at
      a time until it gets to beam direction 15. The equipment is then switched
      to transducer 12 and the beam swept from beam 16 to beam 17. The procedure
      is repeated with transducer 13 and beams 18 and 19. At each position
      between 14 and 15, 16 and 17, 18 and 19, the appropriate transducer 11, 12
      and 13 respectively is activated to direct a pulse of ultrasonic energy
      into the structure under examination and to receive reflected echoes.
PAR  The second embodiment of this invention utilises mechanically scanned
      transducers and the operation of this embodiment is illustrated in FIG. 3
      in which the mechanically scanned transducers 31, 32 and 33 initially
      point in directions 41, 42 and 43. Transducer 31 is activated and a pulse
      directed and echoes received along beam axis 41. Transducer 32 is then
      activated and a pulse directed and echoes received along beam 42 and then
      similarly with transducer 33 and beam 43. The transducers are then moved
      to beam axis positions 44, 45 and 46.
PAR  A pulse is directed and echoes received first at transducer 31 along beam
      direction 44 and then on the other corresponding beams. The procedure is
      repeated until the beam directions 47, 48 and 49 are reached, at which
      time a complete scan of the structure under examination has been performed
      with only one cycle of mechanical oscillation from the set of transducers.
      As previously described, this method of sequentially activating the
      transducers may also be used with the transducer arrays discussed in
      connection with FIG. 2. The signals obtained in accordance with either of
      the embodiments of FIG. 2 or FIG. 3 may be processed and displayed as a
      cross-sectional or other visualisation of the structure examined.
PAR  As shown in FIG. 4 the plurality of transducers 50 used to acquire the
      ultrasonic information are mounted on a scan arm assembly shown
      schematically by box 53. Also carried on the scan arm assembly are angle
      monitoring potentiometers 51 and the transducers are scanned as described
      above by scan motor 52. The position of the plane which is to be scanned
      by the apparatus is set by the position of the scan arm 53. This is
      adjusted by positioning motors 54 which are controlled by positioning
      motor controls 59 under the direction of operator 67. In the positioning
      control system there may be included a system such that the mechanism
      automatically moves to a new scan plane at the end of each scan. This may
      be achieved by operator 67 setting scan motor control 57 appropriately and
      at the end of each scan, mechanical increment 58 will apply a pulse to
      position motor controls 59 to achieve the mechanical increment.
PAR  The master clock 65 provides basic time impulses to initiate multi-channel
      clock 64 and to drive motors 52 and 54 via the motor controls 57 and 59.
PAR  The multi-channel clock 64 outputs, in turn, trigger pulses to each channel
      upon receiving a pulse from the master clock 65.
PAR  The channel selector 60 counts trigger pulses and sends a binary channel
      address code to transmitter and receiver switching network 55 and to angle
      and origin switching network 56.
PAR  The signal processer 62 processes echoes from transmitter and receiver
      switching network 55, which echo signals are fed together with blanking
      pulses from blanking circuit 63 to the intensity modulation input of the
      display unit 66.
PAR  Deflection generator 61 generates X and Y deflection voltages from signals
      received from angle and origin switching network 56.
PAR  FIG. 5 shows transmitter and receiver switching network in greater detail.
      As seen in FIG. 5, transmit and receive decoder 73 decodes channel
      selector output signals from channel selector 60 to activate the correct
      diode switch drive 72 and transmitter drive 71. The multi-channel clock
      output then triggers the transmitter drive 71 to energize the transmitter
      70.
PAR  Receiver diode switch 74 is energized by the decoder 73 via diode switch
      drive 72 which allows echo signals to pass to the preamplifier 76.
PAR  In FIG. 6, the angle and origin switching network 56 of FIG. 4 is more
      fully disclosed. As seen in FIG. 6, angle and origin decoder 82 decodes
      the channel selector output to activate the correct switch drive 81 and
      hence turn on the correct potentiometer supply switch 80. The supply
      switch 80 supplies reference voltages to the sine cosine angle monitoring
      potentiometer 83 and to the origin network 84.
PAR  The X and Y origin coordinates from the origin network 84 and the sine and
      cosine angle output from the potentiometer 83 are fed via their respective
      OR gates to the deflection generators 61 (see FIG. 4) within the
      processing electronics.
PAR  From the foregoing description it will therefore be appreciated that the
      present invention enables more rapid scanning of an object subject to
      ultrasonic examination. While the invention has been described with
      reference to preferred embodiments, it will be generally understood by
      those skilled in the art that various changes may be made and equivalents
      be substituted for elements thereof without departing from the true spirit
      and scope of the invention. The claims defining the invention are as
      follows:
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for the ultrasonic examination of an object comprising
PA1  a plurality of transducers for directing pulses of ultrasonic energy along
      a beam into the said object and receiving echoes of said pulses reflected
      along said beam by acoustic impedance discontinuities in said object, said
      transducers being spatially positioned relative to each other and to the
      said object,
PA1  means for simultaneously mechanically moving said transducers to steer each
      of said beams to a plurality of angular directions in a single plane, and
PA1  means for sequentially activating each of said transducers to direct a
      pulse of ultrasonic energy along a beam into the object and to receive
      echoes reflected along said beam in each of said angular directions at a
      rate sufficiently fast, compared to the rate of mechanical movement of the
      transducers, that the beam of each transducer moves only a small distance
      between successive activations thereof.
NUM  2.
PAR  2. Apparatus for the ultrasonic examination of an object comprising
PA1  a plurality of transducers for directing pulses of ultrasonic energy along
      a beam into the said object and receiving echoes of said pulses reflected
      along said beam by acoustic impedance discontinuities in said object, said
      transducers being spatially positioned relative to each other and to the
      said object,
PA1  means for electronically steering each of said beams to a plurality of
      angular directions in a single plane, and
PA1  means for sequentially activating each of said transducers to direct a
      pulse of ultrasonic energy along a beam into the object and receive echoes
      reflected along said beam in each of said angular directions at a rate
      sufficiently fast, compared to the rate of movement of the transducer
      beams, that the beam of each transducer moves only a small distance
      between successive activations thereof.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, characterized in that each of said
      plurality of transducers comprises a multi-element array.
NUM  4.
PAR  4. A method of ultrasonic examination of an object which comprises
      directing pulses of ultrasonic energy along a plurality of beams into said
      object, and receiving echoes of said pulses reflected along said beams by
      acoustic impedance discontinuities in said object, said directing step
      including:
PA1  directing said beams into the object from positions spaced relative to each
      other;
PA1  steering said beams to a plurality of angular directions in a single plane;
      and
PA1  directing said pulses sequentially along each of said beams in each of said
      angular positions at a rate sufficiently fast, compared to the rate of
      movement of the transducer beams; that the beam of each transducer moves
      only a small distance between successive activations thereof.
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PAL  Method and apparatus are disclosed in which it is possible by means of
      ultrasonic examination according to the pulse echo method to obtain an
      indication, or a recording of images, of internal inhomogeneities in
      otherwise homogeneous bodies, corresponding substantially to the images
      obtained by producing a normal radiographic film of the body. To obtain
      this an ultrasonic angle probe is moved across the surface of the body and
      the echo signals are used to produce punctiform markings on a recording
      surface in such a way that (a) the markings are effected along a moving
      axis of indication, (b) the displacement of a reference point on the axis
      of indication follows the displacement of the sound emission point of the
      probe, (c) the direction of the axis of indication follows the direction
      of the projection of the sound path on the surface of the body, and (d)
      the distance from the reference point to each marking is proportional to
      the echo time of the corresponding ultrasonic pulse. Various methods of
      recording, including remote recording, are described.
BSUM
PAR  The present invention relates to a method of indicating, or of recording
      images, of internal inhomogeneities in otherwise homogeneous bodies that
      have a substantially plane or slightly curved surface, by ultrasonic
      examination according to the pulse echo method, use being made of at least
      one angle probe which is guided across the surface of the body and scans
      its interior by emitting and receiving short-durations ultrasonic pulses
      in directions that form a predetermined angle differing from 90.degree.
      with the surface of the body.
PAR  The ultrasonic examination process according to the pulse echo method for
      the determination of internal inhomogeneities in otherwise homogeneous
      bodies is widely used, on the one hand, within the technique for
      determining internal flaws or voids in e.g. rolled, cast or welded bodies
      and, on the other hand, within the field of medical or veterinary
      diagnostic for determining the shape and location of internal organs or
      interfaces in living organisms.
PAR  In those cases where a part of the surface of the body is inaccessible or
      irregular to such a degree, as, by way of example, the uneven top bead of
      a weld, that it is impossible or less expedient to place the probe on the
      surface directly above the area of which the examination is required, an
      angle probe is employed that is placed on the nearest accessible and plane
      portion of the surface, for instance, next to a weld, whereupon the sound
      pulses are sent obliquely into the area of the body which it is desired to
      examine and in directions that form a predetermined angle differing from
      90.degree. with the surface of the body.
PAR  It has turned out to be a big problem with this method to achieve a certain
      and expeditious registration of the exact size and location of the
      internal inhomogeneities discovered since, for each individual location of
      the probe, an accurate measuring and registering operation of the location
      of the sound entry point on the surface of the body and of the angle in
      which the probe is placed on the surface of the body has to be effected.
      Simultaneously herewith, by means of the ultrasonic apparatus, a reading
      or registration of the time interval that has elapsed from the emission to
      the reception of the reflected ultrasonic pulses has to be undertaken,
      which time interval is proportional to the total distance the ultrasonic
      pulse has travelled inside the body including possible reflections from
      other points of the surface of the body. Finally, from the values thus
      measured, a geometric computation or construction of the coordinates of
      the reflection point discovered in the interior of the body has to be
      carried out, subsequent to which it is possible to register them or to
      mark them on a drawing of the tested body.
PAR  This whole procedure has thereafter to be repeated a great many times with
      the probe placed in a number of different positions and at different
      angles in order to locate and chart merely one single internal flaw or so
      as to describe and identify one single internal inhomogeneity in the body.
PAR  In practice, when systematically examining larger bodies, long welds and
      the like, this method becomes exceedingly time-consuming and is,
      furthermore, subject to significant error factors since the operator,
      during the entire course of the testing operation, has to keep track of
      and operate with a great number of measurings and geometrical
      computations. Consequently, the accuracy of the overall testing result
      very largely depends on the personal efficiency, patience and reliability
      of the individual operator.
PAR  In order to obviate these disadvantages, great efforts have been made to
      develop better methods. Attempts have been made, on the one hand, to
      mechanize the movement of the probe across the surface of the body as well
      as to reduce the time taken in testing by the concurrent employment of a
      large number of ultrasonic probes and, on the other hand, endeavours have
      been directed to automating the registration and the computational
      processing of the many measuring values involved.
PAR  A synopsis of the methods evolved so far is provided in the journal
      "Materialpruefung" No. 10, 1970, pages 329-336. It appears herefrom that
      none of the prior art methods have succeeded in leading to a satisfactory
      solution of the task involved. On the other hand, they require the
      employment of extremely complicated mechanical and electronic apparatus
      systems and, on the other hand, the testing accuracy is inadequate to
      provide the requisite power of resolution in respect of the details of the
      flaws discovered, moreover, they only furnish a registration in the form
      of an intermediate product which subsequently has to undergo an extensive
      manual or computational processing before a collective charting and
      identification of all the flaws discovered in an examined body can be
      available.
PAR  A typical example of the prior art is the method described in U.S. Pat. No.
      3,585,851, in which the measuring values registered in the testing of a
      weld appear as a number of curves on a measuring strip from a
      multi-channel recorder. A collective charting and identification of the
      flaws discovered can only be effected by means of an extensive manual or
      computational processing and by an evaluation of the shape and course of
      the curves registered.
PAR  Another typical example of the prior art is the sectional view method or
      the so-called "B-scan," in the way this has been described in e.g. British
      Patent Specification No. 863,874 and U.S. Pat. No. 3,178,933. In these
      methods, the ultrasonic probe is conducted in a reciprocal movement along
      a straight line on the surface of the body whereby the emitted ultrasonic
      pulses scan a sectional plane of the body at right angles to its surface.
      By means of a special mechanical and electronic connection to an
      ultrasonic apparatus incorporating a cathode ray screen having a long
      afterglow period or an electronically controlled "storage screen," a
      stationary, persistent image is produced that shows the location of the
      reflection points discovered in the sectional plane in question through
      the body.
PAR  This method, which represents a significant advance in the desired
      direction, has gained wide application in technical and medical practice,
      but it still is subject to important shortcomings when larger bodies or
      long welds are to be examined in industrial practice. The image produced
      represents each time only a single section of the examined body and thus
      still constitutes only an intermediate product in the examination of the
      body. A collective charting of all the flaws discovered in a larger body
      calls for producing and registering or, possibly, photographing a large
      number of sectional views at different distances and mutual angles,
      following which these sectional views can only later, by means of an
      extensive manual or computational processing operation, be compounded into
      the desired, collective geometrical reproduction of the inhomogeneities or
      flaws discovered, corresponding to the collective image obtained by
      producing a normal radiographic film of the body.
PAR  It is the object of the present invention to eliminate all the above
      shortcomings of the prior art by providing a method of indicating or of
      directly recording two-dimensional projection images of internal
      inhomogeneities in a homogeneous body to be examined in such a way that,
      by means of ultrasonic examination in a single operation, an accurate
      geometric reproduction of all the internal inhomogeneities in the body is
      produced in a rapid and reliable manner, which reproduction, in its
      nature, fully corresponds to the image provided by producing a
      radiographic film of the body.
PAR  In addition, it is the object of the invention to provide a method of
      ultrasonic examination that is equally well suited for being carried out
      by manual or automatic guiding of the ultrasonic probe across the surface
      of the body and whereby a substantial simplification of the requisite
      mechanical and electronic apparatus systems is achieved, a complete
      elimination of the purely human error factors on the part of the operator
      himself, an increase in the power of resolution in respect to details in
      the flaws discovered, as well as the possibility of producing a permanent,
      visual documentation of the result of the examination which is obtained in
      a by far faster and cheaper manner than the radiographic examination
      method which is otherwise often preferred just for this very reason.
PAR  This is achieved according to the invention by employing indicating means
      which, by being activated when reflected sound pulses are received,
      produce punctiform markings on a substantially plane recording surface, in
      that the markings on the recording surface are effected along a moving
      axis of indication which is guided in such a way in the plane of the
      recording surface that the displacement of a reference point on the axis
      of indication in relation to the recording surface follows the
      two-dimensional displacement of the sound emission point of the probe in
      relation to the surface of the body on a predetermined scale, and that the
      direction of the indication axis in relation to the recording surface
      follows the direction of the projection of the sound path on the surface
      of the body, each marking being effected at a distance from the reference
      point that is proportional to the time interval that has elapsed from the
      emission to the reception of a sound pulse.
PAR  It is achieved hereby that the probe, as the examination operation
      gradually proceeds, can be guided entirely freely across the surface of
      the body at different distances from and at different angles in relation
      to the present internal inhomogeneities continually emitting and receiving
      ultrasonic pulses, while nevertheless a geometrically correct marking of
      each and every one of the reflected sound pulses takes place in accordance
      with the location of the point of reflection in the interior of the body
      in such a way that the markings may successively be summed up into a
      coherent image of the projection on the surface of the body of all the
      internal inhomogeneities which are encountered by the sound beam and
      reflect this back to the sound head.
PAR  It will be possible to effect the practical execution of the fundamental
      method provided by the invention by employing many different facilities
      normal to the prior art and in many different ways which will now be
      immediately obvious to any expert who is familiar with the known technique
      of ultrasonic examination and of automatic recording of measuring results
      in general.
PAR  A first embodiment of the method according to the invention is
      characterized in that a recording material is placed immediately above and
      parallel to the surface of the examined body and rigidly connected
      thereto, and in that indicating means are employed that are rigidly
      connected to the probe in such a way that the axis of indication is
      coincident with the projection of the sound path on the recording
      material, and that the reference point is coincident with the sound
      emission point. In addition to an extraordinarily simple recording
      operation, the advantage is obtained hereby that the recording takes place
      immediately above the point where the inhomogeneities are located.
PAR  A particularly simple embodiment of the method according to the invention
      is characterized in that the marking operation is effected by employing at
      least one line of indicating units that are mounted at fixed intervals
      along the axis of indication and in rigid connection with the probe, each
      individual indicating unit, in a manner known per se, being further
      connected to the receiver part of the ultrasonic apparatus via control
      circuits in such a way that the individual indicating unit is activated
      when and only when a signal is generated from a reflected sound pulse, the
      total time taken by which for forward and return travel in the body is
      proportional in a specific, predetermined relationship to the distance
      from the sound emission point of the probe to the indicating unit in
      question.
PAR  By means of this embodiment, in which the indicating units are mounted in
      line along, for instance, a ruler that is directly connected to a
      conventional probe, a particularly simple testing method is achieved, in
      particular for manual ultrasonic examination. The operator now merely
      needs to concentrate his attention on carrying out a thorough scanning of
      the entire testing area and he no longer has to make any readings or
      measurings and does not have to undertake any form of computations or take
      notes during the course of the examination operation proper. He is able to
      follow directly in front of the probe, the successive formation of the
      projection image of the internal reflection points and can, fully freely,
      continue the scanning of a specific part area of the body until a
      satisfactory image of the discovered flaws or the like has been recorded,
      subsequent to which he can continue on to the next part area and thus on
      further until he has produced a satisfactory collective projection image
      of the entire examined body.
PAR  A first expedient recording method of the kind described is characterized
      in that conventional styluses are used as indicating units which, by being
      activated electrically, produce a punctiform marking on the associated
      recording material.
PAR  Hereby, in many instances, by employing ordinary writing paper or
      electrosensitive paper which is taken from a roll and stretched across the
      body, for example, in the form of a narrow strip across the full length of
      a rather long weld, a particularly inexpensive method is achieved.
PAR  Another expedient embodiment of the method according to the invention is
      characterized in that at least one line of substantially punctiform light
      diodes are employed as indicating units which are mounted at fixed
      intervals and in rigid connection with the probe along a straight line
      which substantially coincides with the projection of the sound path on the
      surface of the body, each individual light diode being further connected,
      in a manner known per se, to the receiver part of the ultrasonic apparatus
      via control circuits in such a way that the individual light diode is
      activated to appear as a luminous point when and only when a signal is
      generated from a reflected sound pulse, the total time taken by which for
      forward and return travel in the body is proportional in a specific,
      predetermined relationship to the distance from the sound emission point
      of the probe to the light diode in question.
PAR  Hereby the advantage can be obtained that the operator, thanks to the
      luminous points, in an expeditous and clear manner, has pointed out to him
      that internal reflection points do exist inside the body which, perhaps,
      call for a more thorough local scanning of the area thus indicated. In
      certain instances, in the case of simpler or more makeshift, orienting
      testing operations, it might even be sufficient for the luminous points to
      be registered by the eyes of the operator without any other form of
      registration of a more permanent nature being effected. In such cases, the
      method according to the invention can serve as a particularly valuable,
      supplementary aid for the operator when carrying out a normal, manual
      ultrasonic examination.
PAR  According to the invention the punctiform markings caused by said light
      diodes may be produced on a photosensitive recording material placed
      immediately above and parallel to the surfaces of the examined body and
      rigidly connected thereto.
PAR  Hereby is in many cases obtained a particularly high degree of accuracy in
      the reproduction of the projection images, which can be recorded on
      ordinary photographic paper or on conventional photographic film.
PAR  However, the punctiform markings caused by said light diodes may also be
      produced on a photosensitive recording material placed above and parallel
      to the surface of the examined body in a stationary photographic camera
      whose shutter is open.
PAR  A second expedient recording method of the kind described where styluses
      are used is characterized in that above each stylus and on the side facing
      away from the surface of the body, in addition, a substantially punctiform
      light diode is additionally mounted that is activated simultaneously with
      the stylus in question and thereby provides a visual indicating every time
      a marking is produced on the recording material.
PAR  An inexpensive, permanent form of recording is achieved hereby on
      conventional registration paper while, at the same time, the operator
      obtains valuable information to the effect that a marking takes place at
      the moment in question.
PAR  A third expedient method of recording of the kind described in which, in
      connection with the ultrasonic apparatus, a cathode ray tube is employed
      in a conventional manner, on the fluorescent screen of which video signals
      from the reflected sound pulses produce luminous points or dashes along a
      time deflection axis and at distances that are proportional to the total
      amount of time taken in travelling forward and back by the sound pulses in
      the body, is characeristed in that flexible light conductors with
      substantially punctiform cross-section are employed as indicating units
      whose first end is mounted on the axis of indication and facing a
      photosensitive recording material and whose second end is mounted
      immediately in front of and facing the screen of the cathode ray tube at a
      distance along the time deflection axis of the screen that is proportional
      to the distance from the sound emission point of the probe to the first
      end of the light conductor, whereby a light marking on the screen opposite
      the second end of the light conductor is transmitted via the light
      conductor and thereby produced a corresponding, punctiform marking on the
      photosensitive recording material at the surface of the body.
PAR  In every ultrasonic examination according to the plus echo method it will
      be necessary anyhow to employ a conventional image of the ultrasonic
      pulses of a cathode ray screen in the so-called "A-scan" for setting and
      adjusting the sound pulses as well as for a continuous surveillance of the
      satisfactory functioning of the apparatus during the entire examination.
      By means of the method indicated here, an expedient, direct utilization of
      the luminous points and dashes produced anyhow is achieved for recording
      the projection images, simultaneously with a significant simplication of
      the equipment used being attained, in that both the many indicating means
      with associated, individual conductors, as well as all the associated
      electronic control and checking equipment can now be dispensed with
      altogether and be simply replaced by a single bundle of conventional,
      flexible light conductors.
PAR  An expedient embodiment of the method according to the invention, in which
      the recording material is placed immediately above and parallel to the
      surface of the examined body and rigidly connected with it, is
      characterized in that the marking is effected by employing at least one
      indicating unit which is displaceably mounted in a holder that is in rigid
      connection with the probe, which indicating unit is made to execute a
      continually repeated movement along the axis of indication, in addition to
      which the indicating unit, in a manner known per se, via a position
      transducer and control circuits, is electrically connected to the receiver
      part of the ultrasonic apparatus in such a way that the indicating unit is
      activated when and only when a signal is generated from a reflected sound
      pulse, the total time taken by which in forward and return travel in the
      body is proportional in a specific, predetermined relationship to the
      distance from the sound emission point of the probe to the point where the
      indicating unit happens to be when the sound pulse is received.
PAR  It is possible hereby to achieve a simplification of the method in relation
      to the embodiments described in the foregoing in that the more complicated
      function, the wiring to and control of a large number of indicating units
      can be avoided when these units are replaced by a single, displaceable
      indicating unit whose actual position, in a known and simple manner, can
      be ascertained via a conventional position transducer and associated
      control circuits.
PAR  A first expedient registration method of the kind described is
      characterized in that at least one indicating unit is employed which is
      made to perform a continually repeated reciprocating movement along the
      axis of indication.
PAR  A second expedient registration method of the kind described is
      characterized in that at least one indicating unit is employed that is
      mounted in rigid connection with an endless belt running around two
      rollers, the shafts of which are rigidly connected to the probe and are
      mounted parallel to the recording material and perpendicular to the axis
      of indication, whereby the indicating unit is made to carry out a
      continually repeated movement in the same direction along the axis of
      indication.
PAR  A third expedient registration method of the kind described is
      characterized in that a facsimile registration device is employed as
      indicating unit, which device consists of a cylinder provided with a
      helical projection and rotating around a shaft that is rigidly connected
      to the probe and is mounted parallel to the axis of indication, whereby
      the point of contact between the helical projection and the recording
      material is made to execute a continually repeated movement in the same
      direction along the axis of indication.
PAR  A further expedient embodiment of the method according to the invention is
      characterized in that the recording material is separated from the tested
      body and mounted in a first holding device which, via a first mechanical
      or electrical connection, is connected to the body, in addition to which
      indication units are mounted in a conventional marking position in
      relation to the recording material along the axis of indication and in
      another holding device which, via a second mechanical or electrical
      connection, is connected to the probe.
PAR  By means of this embodiment, in which the recording material and the
      indicating units are separated from the examined body, firstly, a
      simplification of the examination procedure itself is achieved, which may
      now be carried out with a quite conventional ultrasonic probe which only
      has to be mounted in a holding device for recording the two-dimensional
      displacement of the probe across the surface of the body. Secondly, it is
      possible to keep the recording material and the relatively vulnerable
      indicating units protected against shocks, humidity and fouling from the
      examined body itself and, finally and thirdly, full freedom of choice
      according to the prevailing conditions is achieved in regard to letting
      the body or the sound head, or both, move during the course of the
      examination, since, in all instances, the relative movement between the
      body and the probe is correctly transmitted and reproduced.
PAR  The mechanical or electrical connecting systems required for this purpose
      may be constructed and designed in many different ways according to the
      prior art. Examples of the connecting systems of this category which may
      be employed are described, inter alia, in the patent specifications quoted
      in the foregoing, that is to say the specifications of British Pat. No.
      863,874 and U.S. Pat. Nos. 3,178,933 and 3,585,851.
PAR  A further development of this embodiment of the method according to the
      invention, in which both the recording material and the indicating means
      are separated from the examined body, is characterized in that a
      fluorescent screen of a cathode ray tube is employed as recording material
      and in that a controlled electron beam is used as indicating means, which
      beam produces luminous points on the screen by means of intensity
      modulation, in addition to which the two-dimensional displacement of the
      probe across the surface of the body, in a manner known per se, via a
      mechanical or electrical connection and position transducers as well as
      electronic control circuits, is converted into such control voltages for
      the electron beam of the cathode ray tube that the beam, at all times and
      on a predetermined scale, follows a rectilinear track on the screen which
      consittutes the axis of indication, in addition to which the video signal
      produced in the ultrasonic apparatus by the reception of a reflected sound
      pulse and the associated deflection voltage, in a manner likewise known
      per se, via electronic control circuits and intensity modulation circuits,
      is used to produce a luminous point on the axis of indication when the
      probe receives a reflected sound pulse, and at a distance from the
      reference point of the axis of indication which, on the same predetermined
      scale, is proportional to the time interval that has elapsed from the
      emission to the reception of the sound pulse.
PAR  It is hereby achieved that the entire recording operation can be carried
      out by purely electronic means without any mechanical indicating means and
      associated guiding means being employed. The operator is able to follow
      the successive formation of the projection image on the screen of the
      cathode ray tube and, with full freedom of choice, he is in a position to
      continue the scanning of a specific part area of the body until a
      satisfactory image of the discovered flaws and the like has been formed.
      The finished projection image can subsequently be studied at once and
      photographed for permanent documentation.
PAR  A particularly expedient registration method of the kind described is
      characterized in that, for the determination of the actual position and
      direction of the ultrasonic probe in relation to the surface of the body,
      two rectilinear microphones are employed that are mounted at right angles
      to each other immediately above the surface of the body and parallel to
      it, in addition to which, in rigid connection with the ultrasonic probe,
      two substantially punctiform sound sources are mounted for the emission of
      spherical sound waves, one of them immediately above the sound emission
      point of the ultrasonic probe and the other at a distance herefrom
      immediately above the projection of the sound path on the surface of the
      body, following which the two punctiform sound sources, alternately and at
      brief time intervals, are made to emit short-duration spherical sound
      waves which, a little later, are received and registered by the two linear
      microphones, in addition to which the four time intervals from the
      emission to the reception of the two spherical sound waves, which time
      intervals are proportional to the perpendicular distances from the sound
      sources to the linear microphones, in a manner known per se, via
      coordinate registration circuits and electronic control circuits, are
      converted into control voltages for the corresponding, correct location
      and direction of the track of the electron beam on the screen of the
      cathode ray tube.
PAR  By this special application of the technique that is known per se, for
      acoustic position determination and coordinate reading, it is achieved
      that the untrasonic examination proper can be carried out quite
      unimpededly in a completely conventional manner and entirely without any
      complicated, bulky and vulnerable mechanical guiding means and associated
      position transducers. The method provided according to the imvention
      hereby becomes particularly convenient to carry out for the operator
      while, at the same time, it is possible to keep the entire, more
      vulnerable part of the electronic control and recording system completely
      separated from and protected against the influences of the examined body
      itself.
PAR  The various systems described for carrying out the method of the ultrasonic
      examination and the electronic transmission and recording of the measuring
      results from part of the generally known prior art and must only be
      regarded as illustrative examples of the many corresponding methods and
      systems which it will be obvious to a person skilled in the art to employ
      in connection with carrying out the fundamental method of directly
      recording two-dimensional projection images provided by the present
      invention. Typical examples of employing the prior art registration
      technique by means of cathode ray tubes are thus described in the
      specifications of British Pat. No. 863,874 and U.S. Pat. No. 3,178,933
      quoted above.
PAR  It would, for example, likewise be obvious to employ the prior art for
      temporary or permanent electric, electronic or magnetic storage of the
      recorded measuring data and registration pulses etc., with a view to a
      desired reading or recreating at a later time of the projection images
      produced by means of the method.
PAR  The invention also relates to an apparatus to be employed in carrying out
      the method according to the invention, comprising an ultrasonic apparatus
      provided with one or several angle probes as well as indicating means
      which, by being activated when reflected sound pulses are received,
      produce punctiform markings on a substantially plane recording surface,
      which apparatus is characterized in that the indicating means are adapted
      to produce markings on the recording surface along a moving axis of
      indication and to guide this axis in such a way in the plane of the
      recording surface that the displacement of a reference point on the axis
      of indication in relation to the recording surface follows the
      two-dimensional displacement of the sound emission point of the probe in
      relation to the surface of the body on a predetermined scale, and that the
      direction of the axis of indication in relation to the recording surface
      follows the direction of the projection of the sound path on the surface
      of the body, as well as to produce markings at a distance from the
      reference point which is proportional to the time interval that has
      elapsed from the emission to the reception of a sound pulse.
PAR  An embodiment of this apparatus to be employed in connection with a
      recording material placed immediately above and parallel to the surface of
      the examined body and in rigid connection thereto is characterized in that
      the indicating means are rigidly connected to the probe in such a way that
      the axis of indication is coincident with the projection of the sound path
      on the recording material and that the reference point coincides with the
      point of sound emission. In this case it is ensured in a particularly
      simple manner that the axis of indication and its reference point follow
      the projection of the sound path and the sound emission point in the
      prescribed manner.
PAR  A particularly simple embodiment of the last-mentioned apparatus is
      characterized in that a holder provided with at least one line of
      indicating units is mounted in rigid connection to the probe, which
      indication units are mounted at fixed intervals along a straight line that
      is coincident with the projection of the sound path on the plane of the
      recording material, and in that each individual indicating unit, in a
      manner known per se, via control circuits, is so connected to the receiver
      part of the ultrasonic apparatus that the individual indicating unit is
      activated and produces a punctiform marking on the recording material when
      and only when a signal is generated from a reflected sound pulse, the
      total time taken by which for forward and return travel in the body is
      proportional in a specific, predetermined relation to the distance from
      the sound emission point of the probe to the indicating unit in question.
PAR  In an expedient embodiment of the apparatus, the indicating units are
      styluses which by being electrically activated, produce a punctiform
      marking on the associated recording material.
PAR  Another expedient embodiment of the apparatus according to the invention is
      characterized in that a holder provided with at least one line of light
      diodes is mounted in rigid connection to the probe, which light diodes are
      mounted at fixed intervals along a straight line which substantially
      coincides with the projection of the sound path on the surface of the
      body, and in that each individual light diode, in a manner known per se,
      via control circuits is connected to the receiver part of the ultrasonic
      apparatus in such a way that the individual light diode is activated to
      appear as a luminous point when and only when a signal is generated from a
      reflected sound pulse, the total time taken by which for forward and
      return travel in the body is proportional in a specific, predetermined
      relationship to the distance from the sound emission point of the probe to
      the light diode in question.
PAR  In this embodiment the light diodes can, according to the invention, be
      arranged in such a way that they can produce punctiform markings on an
      associated photosensitive recording material placed immediately above and
      parallel to the surface of the examined body and rigidly connected
      thereto.
PAR  However, the light diodes may also be arranged in such a way that they can
      produce punctiform markings on a photosensitive recording material placed
      above and parallel to the surface of the examined body in a stationary
      photographic camera whose shutter is open.
PAR  In a further expedient embodiment of the apparatus where styluses are used
      there is, above each stylus and on the side of the holder facing away from
      the surface of the examined body, additionally mounted a substantially
      punctiform light diode which is activated simultaneously with the stylus
      in question and which thereby provides a visual indication every time a
      marking is produced on the recording material.
PAR  With the aid of the embodiments described it is achieved that the entire
      recording system for the production of projection images consists of two
      standard elements only, a simple and sturdy holder provided with fixed
      indicating units devoid of displaceable components and directly mountable
      on any conventional angle probe, and a supplementary unit with electronic
      control circuits that can be directly connected to a conventional
      ultrasonic apparatus.
PAR  In yet another expedient embodiment of the apparatus, in which the
      ultrasonic apparatus is equipped with a conventional cathode ray tube on
      whose screen video signals from the reflected sound pulses produce
      luminous dots or dashes along a time deflection axis at distances which
      are proportional to the total time taken by the sound pulses for forward
      and return travel in the body, the indicating means comprise flexible
      light conductors having a substantially punctiform cross-section, the
      first end of which is mounted in rigid connection with the probe and
      facing the recording material, and the second end of which, in a holder,
      is mounted immediately in front of and facing the screen of the cathode
      ray tube at a distance along the time deflection axis of the screen which
      is proportional to the distance from the sound emission point of the probe
      to the first end of the light conductor.
PAR  By means of this embodiment the additional simplification is achieved that
      the electronic control circuits can be dispensed with altogether so that
      the recording system comes to consist of nothing but a simple and sturdy
      holder with flexible light conductors, the opposite end of which, with the
      aid of a corresponding simple and sturdy holder, merely has to be placed
      in front of the screen of a conventional ultrasonic apparatus.
PAR  In a further expedient embodiment, the apparatus is characterized in that,
      rigidly connected to the angle probe, a holder is mounted in which at
      least one indicating unit is mounted that is displaceable in such a way in
      relation to the holder that it can be moved along a straight line which is
      parallel to the projection of the sound path on the recording material, as
      well as in that the indicating unit, in a manner known per se, via a
      position transducer and control circuits, is connected to the receiver
      part of the ultrasonic apparatus in such a way that the indicating unit is
      activated and produces a punctiform marking on the recording material when
      and only when a signal is generated from a reflected sound pulse, the
      total time taken by which for forward and return travel in the body is
      proportional in a predetermined relationship to the distance from the
      sound emission point of the probe to the point where the indicating unit
      happens to be when the sound pulse is received.
PAR  In a special embodiment of this registration system, at least one
      indicating unit is mounted in rigid connection with an endless belt
      running around two rollers, the shafts of which are rigidly connected to
      the probe and are mounted parallel to the recording material.
PAR  In another special embodiment of this recording system, a conventional
      facsimile registration device is employed having a cylinder provided with
      a helical projection and rotatable around a shaft that is rigidly
      connected to the probe and is mounted parallel to the recording material.
PAR  With the aid of the thus described embodiments with displaceably mounted
      indicating units it is possible to achieve a simplification of the
      recording system as compared to the previously described system which
      require a complicated wiring system for and the control of a large number
      of indicating units.
PAR  A further expedient embodiment of the apparatus according to the invention
      is characterized in that a substantially plane recording material is
      placed in a first holding device which, via a first mechanical or
      electrical connection, is connected to the examined body in such a way
      that the holder follows the two-dimensional displacement of said body in
      the plane of the surface on a predetermined scale, and in that at least
      one indicating unit is mounted in a conventional marking position in
      relation to the recording material and secured in a second holder which,
      via a second mechanical or electrical connection, is connected to the
      angle probe in such a way that the second holder follows the
      two-dimensional displacement of said probe across the surface of the body
      on the same predetermined scale.
PAR  When both the recording material and the indicating units are separated
      from the body to be examined in this way, there is obtained, among other
      things, the advantage that these relatively vulnerable elements can be
      better protected against shocks, humidity and fouling during the scanning
      of the body.
PAR  A further development of this remote recording system, in which the
      recording material is replaced by the fluorescent screen of a conventional
      cathode ray tube, the apparatus is characterized in that the angle probe
      is mounted in a displaceable holding device which, moreover, is rigidly
      connected with the examined body, in such a way that it is possible to
      turn and move the probe unimpededly in a two-dimensional displacement
      across the surface of the body, in addition to which the holding device,
      in a manner known per se, is provided with position transducers that, via
      electronic control circuits, are connected to the cathode ray tube in such
      a way that its electron beam at all times follows a rectilinear track on
      the screen which, on a predetermined scale, reproduces the position of the
      probe in relation to the body and the direction of the projection of the
      sound path on the surface of the body, in addition to which the ultrasonic
      apparatus, in a manner likewise known per se, via electronic control
      circuits and intensity modulation circuits, is connected to the cathode
      ray tube in such a way that its electron beam produces a luminous point on
      the screen when the probe receives a reflected sound pulse and at a
      distance from the point on the screen that corresponds to the position of
      the probe, which distance, on the same predetermined scale, is
      proportional to the time interval that has elapsed from the emission to
      the reception of the sound pulse.
PAR  A particularly expedient embodiment of the apparatus employing the same
      cathode ray tube is characterized in that two rectilinear microphones are
      mounted at right angles to each other above the surface of the examined
      body and parallel to same, and in that, in rigid connection with the
      ultrasonic angle probe, two substantially punctiform sound sources are
      mounted for emitting spherical sound waves, one of them immediately above
      the sound emission point of the ultrasonic probe and the other at a
      distance herefrom immediately above the projection of the sound path on
      the surface of the body, in addition to which the two rectilinear
      microphones and the two punctiform sound sources, via coordinate
      registration circuits and electronic control circuits, are connected to
      the cathode ray tube in such a way that the time intervals from the
      emission to the reception of the spherical sound waves are converted into
      such control voltages that the electron beam of the tube at all times
      follows a rectilinear track on the screen which, on a predetermined scale,
      reproduces the position of the probe in relation to the body and the
      direction of the projection of the sound path on the surface of the body,
      in addition to which the ultrasonic apparatus, in a manner likewise known
      per se, via electronic control circuits and intensity modulation circuits,
      is connected to the cathode ray tube in such a way that its electron beam
      produces a luminous point on the screen when the probe receives a
      reflected sound pulse and at a distance from the point on the screen which
      corresponds to the position of the probe which distance on the same
      predetermined scale is proportional to the time interval that has elapsed
      from the emission to the reception of the sound pulse.
PAR  In these embodiments a purely electronic and more reliable recording is
      achieved without any mechanical indicating units and associated guiding
      means and, by means of the last embodiment, the additional, substantial
      advantage is gained that the position determination of the ultrasonic
      probe now can also take place by purely acoustic-electronic means and with
      a high degree of reliability without mechanical transmission means of any
      kind.
PAR  The embodiments described of the apparatus according to the invention are
      based on the prior art systems for ultrasonic examination and electronic
      transmission and recording of measuring results in general and have, for
      this reason, to be regarded as nothing more than illustrative examples of
      the many systems, which it will be obvious to a person skilled in the art
      to employ when constructing apparatuses for recording projection images
      according to the fundamental directions provided by the invention. Thus,
      this likewise applies to a possible employment of the prior art systems
      for temporary or permanent electric, electronic or magnetic storage of the
      produced measuring data etc. with a view to a desired reading or
      recreating of the projection images at a later date.
DRWD
PAR  Below, the invention is described in greater detail with reference to the
      accompanying diagrammatical drawings, in which
PAR  FIG. 1 shows diagrammatically and in perspective view the principle of the
      method of recording projection images,
PAR  FIG. 2 shows diagrammatically and in perspective view the principle of the
      method when employing a line of indicating units,
PAR  FIG. 3 shows diagrammatically the associated apparatus provided with
      conventional styluses,
PAR  FIG. 4 shows diagrammatically the associated apparatus provided with
      conventional light diodes,
PAR  FIG. 5 shows diagrammatically the associated apparatus provided with both
      styluses and light diodes,
PAR  FIG. 6 shows diagrammatically the associated apparatus provided with
      conventional flexible light conductors,
PAR  FIG. 7 shows diagrammatically and in perspective view the principle of the
      method when a single, movable indicating unit is employed,
PAR  FIG. 8 shows diagrammatically the associated apparatus provided with a
      single, displaceable indicating unit,
PAR  FIG. 9 shows diagrammatically the associated apparatus with the indicating
      unit mounted on an endless belt,
PAR  FIG. 10 shows diagrammatically the associated apparatus provided with a
      conventional facsimile registration device,
PAR  FIG. 11 shows diagrammatically and in perspective view the principle of the
      method when a mechanical-electronic remote recording of projection images
      is being employed,
PAR  FIG. 12 shows diagrammatically and in perspective view the principle of the
      method when a mechanical-electronic remote recording on the screen of a
      cathode ray tube is being employed, and
PAR  FIG. 13 shows diagrammatically and in perspective view the principle of the
      method when an acoustic-electronic remote recording on the screen of a
      cathode ray tube is being employed.
DETD
PAR  FIG. 1 shows a homogeneous body 1 with a plane surface 3 that is being
      scanned with a conventional angle probe 4 which, from a sound emission
      point 12, sends ultrasonic pulses into the body 1 in a direction 5 which
      forms a fixed angle 6 to the surface 3 of the body. A recording surface
      consisting of a plane recording material 9 is placed immediately above and
      parallel to the surface 3 of the body and in rigid connection with it. An
      internal inhomogeneity 2 in the body reflects ultrasonic pulses back in
      the direction 5 to the probe 4, where they, in a conventional manner, are
      converted into electric signals that are conducted to an ultrasonic
      apparatus (not shown). A conventional indicating means 7 produces a
      punctiform marking 8 on the recording material 9 along the axis of
      indication 11 that passes through the sound emission point 12 and has a
      direction that is coincident with the projection of the sound path 5 on
      the surface of the body.
PAR  Furthermore, FIG. 1 shows another, later position 4' of the probe in which,
      from the sound emission point 12', ultrasonic pulses are sent in the
      direction 5', and in which an indicating means 7' produces a punctiform
      marking 8' on the recording material 9 along the axis of indication 11'
      which passes through the sound emission point 12' in a direction that is
      coincident with the projection of the sound path 5' on the surface 3 of
      the body.
PAR  The punctiform markings produced by the examination as a whole form, in
      their entirety, a two-dimensional projection image 10 on the recording
      material 9 of the internal inhomogeneity 2 in the body 1.
PAR  The method according to the invention is carried out in conformity with the
      fundamental directions as detailed below.
PAR  The angle probe 4 is guided across the plane surface 3 of the body and is
      hereby made to assume a large number of positions and directions in
      relation to this surface while continually emitting a great number of
      short-duration ultrasonic pulses in a direction that is stationary in
      relation to the probe and which, at all times, forms a predetermined,
      fixed angle 6 with the surface 3 of the body.
PAR  One or several conventional fixed or displaceable indicating units 7 which,
      by being electrically activated, appear as luminous points or produce
      punctiform markings 8, are mounted in a marking position in relation to
      the plane recording material and are connected in a manner known per se to
      the angle probe in such a way that the marking is at all times made along
      an axis of indication 11 that follows the two-dimensional displacement of
      the probe 4 across the surface 3 of the body, which axis of indication 11
      passes through the sound emission point 12 of the probe in a direction
      which is at all times coincident with the projection of the sound path 5
      on the surface 3 of the body.
PAR  Furthermore, the indicating means 7 are connected to the probe 4 in a
      manner likewise known per se, as well as to the electronic circuits of a
      conventional ultrasonic apparatus in such a way that a marking 8 is
      activated on the registration material 9 when the probe 4 receives a
      reflected sound pulse from an internal inhomogeneity 2 in the body 1 and
      at a distance from the sound emission point 12 that is proportional to the
      time interval that has elapsed from the emission to the reception of the
      sound pulse.
PAR  By the special, fundamental combination according to the invention of
      employing a registration material 9 that follows the body 1 and an axis of
      indication 11 which, at all times, follows the probe 4 while, at the same
      time, causing the reflected sound pulses to produce punctiform markings 8
      at distances from the sound emission point 12 which, for each individual
      sound pulse, is proportional to the time interval in which the sound pulse
      has moved at constant speed from the sound emission point 12 to a point of
      reflection at an internal inhomogeneity 2 and back to the sound emission
      point 12, precisely that desired result is obtained which constitutes the
      object of the invention, that is to say that the punctiform markings 8
      successively produced during the entire examination gradually coalesce so
      as to form a two-dimensional projection image 10 on the recording material
      9 of the internal inhomogeneity 2 in the body 1.
PAR  The proportionality factor between the distance from the sound emission
      point 12 to the associated punctiform marking 8 and the measured time
      interval from the emission to the reception of a sound pulse can be
      selected according to the type of the desired form of reproduction.
PAR  If the proportionality factor is selected to be half the product of the
      speed of sound in the material of the examined body and cosine to the
      angle 6, the projection image 10 will be a correct reproduction in true
      dimension of the projection of the internal inhomogeneity 2 on the surface
      3 of the body.
PAR  If the proportionality factor is additionally multiplied with a larger or
      smaller correction factor, and the same correction factor is used as a
      ratio of transformation in the movement of the recording material 9 in
      relation to the movement of the body 1 and in the movement of the axis of
      indication 11 in relation to the displacement of the probe 4, it will be
      possible to produce at will correctly reproduced, enlarged or reduced
      projection images of the internal inhomogeneities of the body.
PAR  If the body is examined only with the probe 4 secured parallel to a
      specific direction in relation to the surface 3 of the body, it will be
      possible, in a corresponding fashion, by selecting a greater or smaller
      proportionality factor, to produce at will correctly reproduced projection
      images in which the dimensions of the internal inhomogeneities are
      reproduced as desired enlarged or reduced only in the direction in
      question.
PAR  From the fundamental directions provided by the invention, an expert who is
      familiar with the prior art of ultrasonic testing and the transmission and
      recording of measuring results in general, will, moreover, be able to
      carry out the method in practice in many different and immediately obvious
      ways and by employing the conventional supplementary means of the prior
      art.
PAR  As illustrative but not at all exhaustive examples of the practical
      performance of the fundamental method provided according to the invention,
      a number of particularly expedient embodiment examples of the method
      according to the invention are described in the following.
PAR  FIG. 2 shows a solid body 1 with a plane surface 3 that is being scanned
      with an angle probe 4 which, from a sound emission point, sends ultrasonic
      pulses into the body 1 in a direction 5 which forms a fixed angle 6 to the
      surface 3 of the body. A plane recording material 9 is placed immediately
      above and parallel to the surface 3 of the body and in rigid connection
      with it. An internal inhomogeneity 2 in the body reflects the sound pulses
      back in the direction 5 of the probe 4 where, in a conventional manner,
      they are converted into electric signals that are conducted to a
      conventional ultrasonic apparatus 14. A line of conventional indicating
      units 7 are mounted in a holder 15 at fixed intervals along the axis of
      indication 11 and in rigid connection with the probe 4. Each individual
      indicating unit 7 is mounted in a marking position in relation to the
      recording material 9 and is, via electronic control circuits 13, connected
      to the receiving part of the ultrasonic apparatus 14. During the scanning
      of the body 1, the indicating units 7 produce markings 8 on the recording
      material 9.
PAR  The method according to the invention is carried out in the manner
      illustrated in FIG. 2 in conformity with the directions detailed below.
PAR  The angle probe 4 is guided across the plane surface 3 of the body and is
      hereby made to assume a large variety of positions and directions in
      relation to it, whereby the indicating units 7 are simultaneously guided
      across the recording material 9.
PAR  Each individual indicating unit 7 is connected in a generally known manner
      via conventional electronic control circuits 13 to the ultrasonic
      apparatus 14 in such a way that the indicating unit 7 is activated and
      produces a punctiform marking 8 on the recording material 9 when and only
      when a signal is generated from a reflected sound pulse, the total time
      taken by which for forward and return travel in the body 1 is proportional
      in a specific, predetermined relationship to the distance from the sound
      emission point 12 of the probe to the indicating unit 7 in question.
PAR  By the fundamental method thus indicated, the punctiform markings 8
      produced successively during the entire examination will gradually
      coalesce so as to form a two-dimensional projection image 10 on the
      recording material of the internal inhomogeneity 2 in the body 1.
PAR  In principle, any type of prior art indicating unit may be employed as
      indicating unit 7 that is capable of being activated electrically in order
      to appear in the form of luminous points or to produce punctiform markings
      on an associated conventional recording material.
PAR  FIG. 3 thus illustrates schematically the employment of conventional
      styluses 16 which, for example, may be spark recorders that produce
      markings on an associated, electrosensitive recording material when they
      are activated via associated conventional electronic control circuits 18.
PAR  FIG. 4 illustrates correspondingly schematically the employment of
      substantially punctiform light diodes 17, which by activation via
      associated electronic control circuits 19, appear as luminous points and
      thereby produce punctiform markings on an associated photosensitive
      recording material which, for instance, may be conventional photographic
      paper or a conventional photographic film and may possibly be placed in a
      photographic camera 66 with open shutter.
PAR  FIG. 5 illustrates correspondingly schematically the employment of
      conventional styluses 16 where, above each stylus 16, on the side of the
      holder 15 that is facing away from the surface of the body, a conventional
      light diode 17 is additionally employed which, via associated conventional
      electronic control circuits 19a, is activated simultaneously with the
      stylus 16 in question.
PAR  A visual indication is hereby produced every time a permanent marking is
      produced on the recording material, constituting a substantial aid to the
      operator.
PAR  FIG. 6 illustrates correspondingly schematically the employment of a bundle
      of conventional, flexible light conductors 20 each having a substantially
      punctiform cross section, and the first end 24 of which, in a holder 15,
      is arranged at the axis of indication 11, and the second end 25 of which,
      in a holder 15a, is arranged immediately in front of and facing the screen
      21 of the cathode ray tube of a conventional ultrasonic testing apparatus
      14 at a distance along the time deflection axis 23 of the screen that is
      proportional to the distance from the sound emission point 12 of the probe
      to the first end 24 of the light conductor. Video signals from the
      reflected sound pulses produce luminous points or dashes 22 along the time
      deflection axis on the screen 21 of the cathode ray tube.
PAR  The method according to this embodiment of the invention is carried out in
      the way that a sound pulse reflected to the probe 4 is, in a conventional
      manner, made to produce a luminous point or a luminous dash 22 on the
      screen 21 of the cathode ray tube at a distance along the time deflection
      axis 23 of the screen that is proportional to the total time taken by the
      forward and return travel of the sound pulse in the examined body 1
      (normal so-called A-scan). The light of this marking 22 on the screen 21
      is transmitted directly via the light conductor 20 having its second end
      25 mounted opposite to the marking 22 to the first end 24 of the light
      conductor and here produces a corresponding marking 8 on a photosensitive
      recording material 9 at the desired distance from the sound emission point
      12 of the probe.
PAR  FIG. 7 ilustrates schematically the principle of the method according to
      the invention in an expedient embodiment in which the punctiform markings
      8 are produced by an indicating unit 7 that is displaceably mounted in a
      holder 26 in rigid connection with the probe 4 in such a way that the
      indicating unit 7 is able to execute a movement along the axis of
      indication 11. Indicating unit 7 is, via a conventional position
      trancducer 29 which establishes it actual distance from the sound emission
      point 12 and electronic control circuit 27, connected to the receiver of
      the ultrasonic apparatus 14.
PAR  The method according to this embodiment of the invention is carried out in
      the way illustrated in FIG. 7 that the indicating unit 7, during the
      scanning of the body 1 is made to execute a continually repeated movement
      along the axis of indication 11. This movement can be effected manually or
      by a mechanical driving device (not shown) incorporated into the holder
      26.
PAR  The indicating unit 7 is connected in a generally known manner via the
      position transducer 29 and via conventional electronic circuits 27 to the
      ultrasonic apparatus 14 in such a way that the indicating unit 7 is
      activated and produces a punctiform marking 8 on the registration material
      9 when and only when a signal is generated from a reflected sound pulse,
      the total time taken by which in forward and return travel is
      proportional, in a specific, predetermined relationship to the distance
      from the sound emission point 12, to the point where the indicating unit
      happens to be when the sound pulse is received.
PAR  In the course of a conventional ultrasonic examination, the probe 4
      continually emits ultrasonic pulses at a rate of 500 to 1,000 pulses per
      second. These pulses travel through the body at a very high speed and
      their projections on the axis of indication 11 thus pass the indicating
      unit 7 a great many times every second. If only the indicating unit 7 is
      made to pass along the axis of indication at least once for each position
      of the probe 4, there will thus be ample time in order to obtain with
      certainty at least one coincidence of the position of the indicating unit
      with the position of a reflected sound pulse when the indicating unit 7 in
      the course of its movement reaches the point on the axis of indication 11
      where activation is desired for a marking 8 to be produced on the
      recording material 9.
PAR  By means of the fundamental method thus indicated, the punctiform markings
      8 produced successively during the entire examination will gradually
      coalesce so as to form a two-dimensional projection image 10 on the
      recording material 9 of the internal inhomogeneity 2 in the body 1.
PAR  It is possible in a principle to employ any known type of indicating units
      7, including also the styluses, light diodes and flexible light conductors
      dealt with in connection with FIGS. 3-6.
PAR  FIG. 8 thus shows schematically the employment of such an indicating unit 7
      which is made to execute a continually repeated, reciprocating movement
      along the axis of indication 11.
PAR  FIG. 9 shows correspondingly schematically the employment of such an
      indicating unit 7 mounted in rigid connection to an endless belt 31 that
      is made to pass around two rollers 32 and 33 whose shafts 34 and 35 are
      mounted in rigid connection with the probe 4 parallel to the recording
      material 9 and at right angles to the axis of indication 11. The
      indicating unit 7 is hereby made to execute a continually repeated
      movement in the same direction along the axis of indication 11.
PAR  FIG. 10 shows correspondingly schematically the employment of a
      displaceable indicating unit in the form of a conventional facsimile
      registration device consisting of a cylinder 37 provided with a helical
      projection 38 and made to rotate around a shaft 39 that is mounted in
      rigid connection with the probe 4 parallel to the axis of indication 11.
      The point of contact 40 between the helical projection 38 and the
      recording material 9 is hereby made to execute a continually repeated
      movement in the same direction along the axis of indication 11. The
      indicating device is activated in a generally known manner by an electric
      spark being produced between the helical projection 38 and an
      electrosensitive recording material 9, whereby a marking is produced on it
      at the point of contact 40.
PAR  FIG. 11 illustrates schematically the principle of the method according to
      the invention in an expedient embodiment in which a recording material 9
      is separated from the examined body 1 and arranged in a first holding
      device 44 which, via a first mechanical or electrial connection 45, is
      connected to the body 1. The indicating units 7 are mounted in the
      conventional marking position in relation to the registration material 9
      along an axis of indication 11 in a second holding device 46 which, via a
      second conventional, mechanical or electrical connection 47, is connected
      to the probe 4. The probe 4 is, in a conventional manner, connected to a
      conventional ultrasonic apparatus 14 and the indicating units 7 are,
      likewise via electronic control circuits 48, connected to the receiving
      part of the ultrasonic apparatus 14. During the scanning of the body 1,
      the indicating units 7 produce punctiform markings 8 on the recording
      material 9.
PAR  The method according to embodiment of the invention illustrated in FIG. 11
      is carried out in the way that the probe 4 is guided across the plane
      surface 3 of the body and is hereby made to assume a large variety of
      positions and directions in relation to same while, at the same time, in a
      manner generally known, the holder via connection 47, is made to follow on
      a predetermined scale the two-dimensional displacement of the probe 4
      across the surface 3 of the body and thereby conducts the indicating units
      7 across the recording material 9 in such a way that the axis of
      indication 11 at all times represents the projection of the sound path 5
      on the surface 3 of the body and so that the reference point on the axis
      of indication 11 at all times represents the sound emission point 12.
PAR  If the body 1 remains stationary during the scanning operation, it is
      possible to employ a fixed holding device 44. If the body is moved during
      the scanning operation, the holding device 44, in a generally known
      manner, via connection 45, is on the predetermined scale made to follow
      the movement of the body in the plane that is constituted by the surface 3
      of the body. The relative movement of the body 1 and the probe 4 will
      hereby be correctly transmitted and reproduced.
PAR  Each of the indicating units 7 is connected in quite the same manner as in
      the previously described embodiments of the method according to the
      invention via conventional electronic control circuits 48 to the
      ultrasonic apparatus 14 in such a way that, on the preselected scale,
      punctiform markings 8 are produced at the desired, correct distances from
      the reference point on the axis of indication 11.
PAR  By means of the fundamental method thus indicated, the punctiform markings
      8 produced during the entire examination will gradually coalesce so as to
      form on the preselected scale a two-dimensional projection image 10 of the
      internal inhomogeneity 2 in the body 1 by remote registration on the
      registration material 9.
PAR  FIG. 12 illustrates schematically the principle of the method according to
      the invention in an expedient development of the embodiment shown in FIG.
      11 incorporating remote recording. Here, the fluorescent screen 49 of a
      conventional cathode ray tube 50 is employed as recording material and an
      electron beam controlled in a conventional manner is used as indication
      means, which beam, by means of intensity modulation, produces luminous
      points on the screen 49. The probe 4 is connected to the body 1 via a
      conventional mechanical or electrical connection 55 which, via a system of
      position transducers 51 and electronic circuits 52, is again connected to
      the cathode ray tube 50. The probe 4 is connected in a conventional manner
      to a conventional ultrasonic apparatus 14 which, again via the electronic
      control circuits 52 and the intensity modulation circuits 53, is connected
      to the cathode ray tube 50.
PAR  The method according to the invention is carried out in the fashion
      illustrated in FIG. 12 as per the below-detailed directions.
PAR  The probe 4 is guided across the plane surface 3 of the body and it is
      hereby made to assume a great variety of positions and directions in
      relation to same.
PAR  By means of a generally known mechanical or electrical connection 55, the
      two-dimensional displacement and the direction of the probe 4 is, in a
      manner known per se, converted via a conventional system of position
      transducers 51 and associated conventional electronic control circuits 52,
      into such control voltages for the electron beam of the cathode ray tube
      50 that the electron beam sweep of the cathode ray tube takes place along
      a rectilinear track 11 on the screen 49 the direction of which constitutes
      the axis of indication and which follows the projection 56 of the sound
      path 5 on the surface 3 of the body and with a starting point 54 which
      follows the sound emission point 12.
PAR  At the same time, the video signal generated by the reception of a
      reflected sound pulse and the associated deflection voltage are employed
      in a manner likewise known per se, via conventional intensity modulation
      circuits 53 and electronic control circuits 52, respectively, in order to
      produce a luminous point 8 on the axis of indication 11 when the probe 4
      receives a reflected sound pulse, at a distance from the reference point
      54 of the axis of indication which, on the same predetermined scale, is
      proportional to the time interval that has elapsed from the emission to
      the reception of the sound pulse.
PAR  A conventional screen having a short afterglow period can be employed as
      screen 49 in the cathode ray tube. In this case, the short-duration
      luminous points 8 are photographed by means of a photographic camera whose
      shutter is kept open during the entire scanning period of the body 1.
PAR  It is also possible to employ as screen 49 a conventional screen with a
      long afterglow period or a conventional, electronically controlled storage
      screen, which preserves the markings 8 produced in the form of luminous
      dots during the entire scanning period of the body 1, following which the
      total screen image produced at the termination of the scanning operation
      can, if so desired, be photographed as a permanent documentation of the
      result of the testing operation.
PAR  By means of the fundamental method thus indicated, the punctiform markings
      8 successively produced during the entire testing operation will gradually
      coalesce so as to form a two-dimensional projection image 10 on the
      preselected scale by remote recording of the internal inhomogeneity 2 of
      the body 1 on the screen 49.
PAR  FIG. 13 shows schematically the principle of the method according to the
      invention in a particularly expedient development of the embodiment shown
      in FIG. 12 incorporating remote recording on the screen of a cathode ray
      tube, in this case with simultaneous utilization of the prior art for
      acoustic-electronic position determination and coordinate reading.
PAR  Immediately above the plane surface 3 of the body, two conventional,
      rectilinear microphones 57 and 58 are mounted at right angles to each
      other and parallel to the surface 3. Two substantially punctiform sound
      sources 59 and 60 are mounted rigidly connected to the probe 4, one of
      them 59 immediately above the sound emission point 12 and the other a
      short distance herefrom immediately above the projection 63 of the sound
      path 5 on the surface 3 of the body 1. The two rectilinear microphones 57
      and 58 are, via the coordinate registration circuit 64 and electronic
      control circuits 65, connected to the cathode ray tube 50. The probe 4 is,
      in a conventional manner, connected to a conventional ultrasonic apparatus
      14 which, again via the electronic control circuits 65 and the intensity
      modulation circuits 53, is connected to the cathode ray tube 50.
PAR  The method according to the invention is carried out in the fashion
      illustrated in FIG. 13 in conformity with the instructions detailed below.
PAR  The ultrasonic probe 4 is guided across the plane surface 3 of the body and
      it is hereby made to assume a great variety of positions and directions in
      relation to it.
PAR  The two punctiform sound sources 59 and 60, which expediently can be quite
      short electric spark gaps, are made to emit alternately and at short time
      intervals short-duration, spherical sound waves 61 and 62 that are a
      little later picked up and registered by the two rectilinear microphones.
PAR  The four time intervals from the emission to the reception of the spherical
      sound waves 61 and 62 which are proportional to the perpendicular
      distances from the sound sources 59 and 60 to the rectilinear microphones
      57 and 58, are, in a manner known per se, via conventional coordinate
      registration circuits 64 and conventional electronic control circuits 65,
      converted into such control voltages for the electron beam of the cathode
      ray tube 50 that electron beam sweep takes place along a rectilinear track
      11 on the screen 49 which constitutes an axis of indication 11 and the
      direction of which follows the projection 63 of the sound path 5 on the
      surface 3 of the body, and with a starting point 54 which follows the
      ultrasonic sound emission point 12.
PAR  The production of the punctiform markings 8 and, thereby, of the correct
      projection image 10 on the screen 49 is subsequently effected in quite the
      same fashion as described in the foregoing in the text relating to FIG.
      12.
PAR  An apparatus to be employed when carrying out the method according to the
      invention in connection with a conventional ultrasonic apparatus 14 and a
      conventional recording material 9 mounted immediately above and parallel
      to the surface 3 of the examined body and in rigid connection therewith,
      is shown schematically in FIG. 2 and the components of the apparatus, its
      principal design and mode of operation are described in the foregoing in
      the text relating to FIG. 2.
PAR  A first expedient embodiment of the apparatus in which conventional
      styluses 16 and associated, conventional electronic control circuits 18
      are employed, is illustrated diagrammatically in FIG. 3 and described in
      the foregoing in the text covering this FIGURE.
PAR  A second expedient embodiment of the apparatus in which conventional,
      substantially punctiform light diodes 17 and associated conventional
      electronic circuits 19 are employed, is shown diagrammatically in FIG. 4
      and is described in the foregoing in the text pertaining to this FIGURE.
PAR  A third expedient embodiment of the apparatus in which both conventional
      styluses 16 and conventional light diodes 17 as well as associated,
      conventional electronic control circuits 19a are simultaneously employed,
      is shown schematically in FIG. 5 and is described in the foregoing in the
      text relating to this figure.
PAR  A fourth expedient embodiment of the apparatus in which a bundle of
      conventional, flexible light conductors 20 each having a substantially
      punctiform cross-section are employed, is shown diagrammatically in FIG. 6
      and is described in the foregoing in the text relating to this figure.
PAR  In yet another expedient embodiment of the apparatus in which a
      conventional indicating unit 7 that is displaceably mounted in a holder 26
      and an associated, conventional position transducer 29, as well as
      associated, conventional electronic control circuits 27 are used, is shown
      diagrammatically in FIGS. 7 and 8 and is described in the foregoing in the
      text pertaining to this figure.
PAR  A special embodiment of this apparatus in which a conventional indicating
      unit 7 that is regidly connected to an endless belt 31 mounted in a holder
      28, and an associated, conventional position transducer 30, as well as
      associated, conventional electronic control circuits 36 are employed, is
      shown schematically in FIG. 9 and is described in the foregoing in the
      text relating to this figure.
PAR  A second special embodiment of this apparatus in which a conventional
      facsimile registration device 37, 38 is employed mounted in a holder 41
      and an associated, conventional position transducer 42, as well as
      associated, conventional electronic circuits 43 are used, is shown
      diagrammatically in FIG. 10 and is described in the foregoing in the text
      covering this figure.
PAR  A further expedient embodiment of the apparatus according to the invention
      in which the recording material 9 and the indicating units 7 are mounted
      separated from the examined body 1 and from the probe 4 and mounted in
      special holding devices 44 and 46 connected to conventional mechanical or
      electrical connections 45 and 47, and in which conventional electronic
      control circuits 48 are used, is shown diagrammatically in FIG. 11 and is
      described in the foregoing in the text relating to this figure.
PAR  Yet another further developed embodiment of this remote recording system in
      which recording on a fluorescent screen 49 of a conventional cathode ray
      tube 50 and a conventional, mechanical or electrical connection 55 with an
      associated system of position transducer 51, as well as conventional
      electronic control circuits 52 and conventional intensity modulation
      circuits 53 are employed, is shown diagrammatically in FIG. 12 and is
      described in the foregoing in the text pertaining to this figure.
PAR  A particularly expedient embodiment of the apparatus incorporating the same
      cathode ray tube 50, and in which two conventional, rectilinear
      microphones 57 and 58 and two conventional, substantially punctiform sound
      sources 59 and 60 connected to associated, conventional coordinate
      registration circuits 64 and conventional electronic control circuits 65,
      as well as intensity modulation circuits 53 are employed, is shown
      diagrammatically in FIG. 13 and is described in the foregoing in the text
      pertaining to this figure.
PAR  In the embodiments of the apparatus according to the invention illustrated
      in the drawings and described in the foregoing it has not been deemed
      necessary or expedient to provide more detailed information regarding the
      design, construction and mode of operation of the individual components,
      apparatuses, connections and electronic circuits that have been shown
      diagrammatically. All these details form part of the prior art and are in
      daily use in practice. It is possible, moreover, to construct and combine
      them in many different ways which are well-known and obvious to the expert
      who is familiar with conventional ultrasonic examination, design of
      electronic circuits and transmission and recording of measuring data in
      general.
PAR  In order to obtain a true projection image, possibly enlarged or reduced,
      of the inhomogeneities, the axis of indication and its reference point
      must be displaced in such a way that their displacements across the
      recording surface can be derived from the movements across the surface of
      the body of the projection of the sound path on the surface of the body
      and the sound emission point of the probe, respectively, by a similitude
      transformation. In those cases where the reference point coincides with
      the sound emission point and the axis of indication is parallel to the
      projection of the sound path, the displacement part of the similitude
      transformation is zero. If the image formed is true to dimension in
      relation to the projection of the inhomogeneity on the surface of the
      body, the similitude ratio is equal to one.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of indicating, or of recording images of internal
      inhomogeneities in otherwise homogeneous bodies which have a substantially
      plane or slightly curved surface, by ultrasonic examination according to
      the pulse echo method, including guiding at least one angle probe
      connected to an ultrasonic apparatus across the surface of the body to
      scan its interior by emitting and receiving short-duration ultrasonic
      pulses in directions that form a predetermined angle with the surface of
      the body, and activating indicating means in response to received
      reflected sound pulses to produce punctiform markings on a substantially
      plane recording surface, characterized by the steps of moving the
      indicating means having an axis of indication along which the markings on
      the recording surface are made to thereby move the axis in the plane of
      the recording surface in such a way that the displacement of a reference
      point on the axis of indication in relation to the recording surface
      follows the two-dimensional displacement of the sound emission point of
      the probe in relation to the surface of the body on a predetermined scale,
      the axis of indication in relation to the recording surface following the
      direction of the projection of the sound path on the surface of the body,
      each of said markings being effected at a distance from the reference
      point that is proportional to the time interval that has elapsed from the
      emission to the reception of a sound pulse.
NUM  2.
PAR  2. A method as claimed in claim 1, characterized by the step of placing a
      recording material immediately above and parallel to the surface of the
      examined body and rigidly connected thereto, and rigidly connecting said
      indicating means to the probe in such a way that the axis of indication is
      coincident with the projection of the sound path on the recording
      material, and that the reference point is coincident with the sound
      emission point.
NUM  3.
PAR  3. A method as claimed in claim 2, characterized by mounting at least one
      line of indicating units at fixed intervals along the axis of indication
      and in rigid connection with the probe, each of said indicating units
      being connected to the receiver part of the ultrasonic apparatus which is
      connected to said angle probe to emit and receive the ultrasonic pulses,
      and activating each of said indicating units when and only when a signal
      is generated from a reflected sound pulse, the distance from the sound
      emission point of the probe to the indicating unit being activated being
      proportional to the total time taken by said pulse for forward and return
      travel in the body.
NUM  4.
PAR  4. A method as claimed in claim 3, characterized in that said indicating
      units are styluses activated electrically, and including the step of
      electrically activating said stylus to produce a punctiform marking on the
      associated recording material.
NUM  5.
PAR  5. A method as claimed in claim 1, characterized by mounting at least one
      line of substantially punctiform light diodes as indicating units at fixed
      intervals and in rigid connection with the probe along a straight line
      which substantially coincides with the projection of the sound path on the
      surface of the body, connecting each individual light diode to the
      receiver part of the ultrasonic apparatus, activating the individual light
      diode to appear as a luminous point when and only when a signal is
      generated from a reflected sound pulse, the distance from the sound
      emission point of the probe to the one of the light diodes being activated
      being proportional to the total time taken by said pulse for forward and
      return travel in the body.
NUM  6.
PAR  6. A method as claimed in claim 5, characterized by the step of producing
      punctiform markings on a photosensitive recording material placed
      immediately above and parallel to the surface of the examined body and
      rigidly connected thereto in response to activation of said light diodes.
NUM  7.
PAR  7. A method as claimed in claim 5, characterized by the step of producing
      the punctiform markings on a photosensitive recording material placed
      above and parallel to the surface of the examined body in a stationary
      photographic camera whose shutter is open.
NUM  8.
PAR  8. A method as claimed in claim 4, characterized by the step of mounting
      above each stylus and on the side that is facing away from the surface of
      the body, a substantially punctiform light diode that is activated
      simultaneously with the stylus and thereby provides a visual indication
      every time a marking is produced on the recording material.
NUM  9.
PAR  9. A method as claimed in claim 3 including connecting with the ultrasonic
      apparatus, a cathode ray tube on the fluorescent screen of which video
      signals from the reflected sound pulses produce luminous points or dashes
      along a time deflection axis at distances which are proportional to the
      total time taken by the sound pulses for forward and return travel in the
      body, and producing a corresponding punctiform marking on the recording
      material comprising photosensitive material, by the steps of arranging
      flexible light conductors having a substantially punctiform cross-section
      as the indicating units, a first end of each of said light conductors
      being arranged on the axis of indication and facing a photosensitive
      recording material, and a second end being mounted immediately in front of
      and facing the screen of the cathode ray tube and at a distance along the
      time deflection axis of the screen that is proportional to the distance
      from the sound emission point of the probe to the first end of the light
      conductor, whereby a light marking on the screen opposite to the second
      end of the light conductor is transmitted via the light conductor and
      thereby produces a corresponding, punctiform marking on the photosensitive
      recording material at the surface of the body.
NUM  10.
PAR  10. A method as claimed in claim 2, characterized by displaceably mounting
      at least one indicating unit in a holder that is in rigid connection with
      the probe, said indicating unit being connected via a position transducer
      to a receiver part of the ultrasonic apparatus so that the indicating unit
      is activated when and only when a signal is generated from a reflected
      sound pulse, the total time taken by said pulse in forward and return
      travel in the body under examination being proportional in a specific,
      predetermined relationship to the distance from the sound emission point
      of the probe to the location of the indicating unit when the sound pulse
      is received.
NUM  11.
PAR  11. A method as claimed in claim 10, characterized in that said one
      indicating unit is executing a continually repeated reciprocating movement
      along the axis of indication.
NUM  12.
PAR  12. A method as claimed in claim 10, characterized in that said one
      indicating unit is mounted in rigid connection with an endless belt
      running around two rollers, the shafts of which are rigidly connected to
      the probe and are mounted parallel to the recording material and
      perpendicular to the axis of indication, whereby the indicating unit is
      made to carry out a continually repeated movement in the same direction
      along the axis of indication.
NUM  13.
PAR  13. A method as claimed in claim 10, characterized in that a facsimile
      registration device is employed as indicating unit (7), which device
      consists of a cylinder (37) provided with a helical projection (38) and
      rotating around a shaft (39) which is rigidly connected to the probe (4)
      and is mounted parallel to the axis of indication (11), whereby the point
      of contact (40) between the helical projection (38) and the recording
      material (9) is made to execute a continually repeated movement in the
      same direction along the axis of indication (11).
NUM  14.
PAR  14. A method as claimed in claim 1, characterized by mounting the recording
      material separated from the examined body in a first holding device which
      is connected to the body to represent the plane position of the body, and
      mounting the indicating units in relation to the recording material along
      the axis of indication in a second holding device which, via a second
      mechanical or electrical connection, is connected to the probe to
      represent the position of the probe on the body.
NUM  15.
PAR  15. A method as claimed in claim 1, characterized in that a fluorescent
      screen of a cathode ray tube comprises the recording surface and a
      controlled electron beam comprises the indicating means, and comprises the
      steps of converting dimensional displacement of the probe across the
      surface of the body into control voltages for the electron beam sweep in
      the cathode ray tube such that the sweep follows a rectilinear track on
      the screen which constitutes the axis of indication, and producing a
      luminous point on the axis of indication in response to video signals and
      associated deflection voltages produced in the ultrasonic apparatus by the
      reception of a reflected sound pulse when the probe receives the reflected
      sound pulse and at a distance from the reference point on the axis of
      indication which, on the same predetermined scale, is proportional to the
      time interval that has elapsed from the emission to the reception of the
      sound pulse.
NUM  16.
PAR  16. A method as claimed in claim 15, characterized by determining the
      actual position and direction of the probe in relation to the surface of
      the body by mounting two rectilinear microphones at right angles to each
      other immediately above and parallel to the surface of the body mounting
      in fixed connection with the ultrasonic probe two substantially punctiform
      sound sources for the emission of spherical sound waves, one of the sound
      sources being immediately above the sound emission point of the ultrasonic
      probe and the other sound source at a distance herefrom immediately above
      the projection of the sound path on the surface of the body, alternately
      and at brief time intervals, energizing said sound sources to emit
      short-duration, spherical sound waves, which time intervals are
      proportional to the perpendicular distances from the sound sources to the
      linear microphones and converting the received signals according to said
      proportion to locate and direct the electron beam on the screen of the
      cathode ray tube.
NUM  17.
PAR  17. An apparatus for indicating, or for recording images of internal
      inhomogeneities in otherwise homogeneous bodies which have a substantially
      plane or slightly curved surface by ultrasonic examination according to
      the pulse echo method, comprising an ultrasonic apparatus having at least
      one angle probe connected thereto and indicating means responsive thereto
      which, by being activated when reflected sound pulses are received by said
      ultrasonic apparatus produce punctiform markings on a substantially plane
      recording surface, characterized by means to move the indicating means
      having an axis of indication along which the markings on the recording
      surface are made to thereby move this axis in the plane of the recording
      surface so that the displacement of a reference point on the axis of
      indication in relation to the recording surface follows the
      two-dimensional displacement of the sound emission point of the probe in
      relation to the surface of the body on a predetermined scale, the
      direction of the axis of indication in relation to the recording surface
      following the direction of the projection of the sound path on the surface
      of the body, the indicating means producing markings at a distance from
      the reference point that is proportional to the time interval that has
      elapsed from the emission to the reception of a sound pulse.
NUM  18.
PAR  18. An apparatus as claimed in claim 17 further including a recording
      material placed immediately above and parallel to the surface of the
      examined body and rigidly connected thereto, the indicating means being in
      rigid connection with the probe so that the axis of indication is
      coincident with the projection of the sound path on the recording
      material, and that the reference point is coincident with the sound
      emission point.
NUM  19.
PAR  19. An apparatus as claimed in claim 18, characterized in that a holder
      provided with at least one line of indicating units is mounted in rigid
      connection to the probe, which indicating units are mounted at fixed
      intervals along a straight line which coincides with the projection of the
      sound path on the plane of the recording material, and control circuits
      connecting each individual indicating unit to the receiver part of the
      ultrasonic apparatus so that the individual indicating unit is activated
      and produces a punctiform marking on the recording material when and only
      when a signal is generated from a reflected sound pulse, the distance from
      the sound emission point of the probe to the indicating unit being
      activated being proportional to the total time taken by said pulse for
      forward and return travel in the body.
NUM  20.
PAR  20. An apparatus as claimed in claim 19, characterized in that the
      indicating units are electrically activated styluses responsive to each
      said signal to produce a punctiform marking on the associated recording
      material.
NUM  21.
PAR  21. An apparatus as claimed in claim 17, characterized in that a holder
      provided with at least one line of light diodes is mounted in rigid
      connection to the probe, which light diodes are mounted at fixed intervals
      along a straight line which substantially coincides with the projection of
      the sound path on the surface of the body, and control circuits connecting
      each individual light diode to the receiver part of the ultrasonic
      apparatus so that the individual light diode is activated to appear as a
      luminous point when and only when a signal is generated from a reflected
      sound pulse, the distance from the sound emission point of the probe to
      the light diode being activated being proportional to the total time taken
      by said pulse for forward and return travel in the body.
NUM  22.
PAR  22. An apparatus as claimed in claim 21 characterized in that the light
      diodes are adapted to produce punctiform markings wherein said recording
      material includes an associated photosensitive recording material placed
      immediately above and parallel to the surface of the examined body and
      rigidly connected thereto, the light diodes producing punctiform markings
      thereon.
NUM  23.
PAR  23. An apparatus as claimed in claim 21 wherein said recording material
      includes a photosensitive recording material placed above and parallel to
      the surface of the examined body in a stationary photographic camera whose
      shutter is open, the light diodes producing punctiform markings thereon.
NUM  24.
PAR  24. An apparatus as claimed in claim 20, characterized in that, above each
      stylus (16) and on the side of holder (15) that is facing away from the
      surface (3) of the body, a substantially punctiform light diode (17) is
      additionally mounted that is activated simultaneously with the stylus (16)
      in question and thereby provides a visual indication every time a marking
      (8) is produced on the recording material (9).
NUM  25.
PAR  25. An apparatus as claimed in claim 18 including a cathode ray tube
      connected to the ultrasonic apparatus, the screen thereof displaying video
      signals developed from the reflected sound pulses received by said
      ultrasonic apparatus, said video signals comprising luminous points or
      dashes along a time deflection axis and at distances that are proportional
      to the total time taken by the sound pulses in forward and return travel
      in the body, characterized in that the indicating means comprise flexible
      light conductors having a substantially punctiform cross-section, whose
      first end is mounted in rigid connection with the probe and facing the
      recording material, and whose second end in a holder is mounted
      immediately in front of and facing the screen of the cathode ray tube at a
      distance along the time deflection axis of the screen that is proportional
      to the distance from the sound emission point of the probe to the first
      end of the light conductor.
NUM  26.
PAR  26. An apparatus as claimed in claim 18 characterized in that a holder is
      mounted in rigid connection with the angle probe, the holder displaceably
      mounting at least one indicating unit so that said indicating unit is
      displaceable along a straight line which is parallel to the projection of
      the sound path on the recording material, a position transducer for
      indicating the indicating unit's position, and control circuits connecting
      the holder to the receiver part of the ultrasonic apparatus in such a way
      that the indicating unit is activated and produces a punctiform marking on
      the recording material when and only when a signal is generated from a
      reflected sound pulse, the total time taken by which for forward and
      return travel in the body is proportional in a predetermined relationship
      to the distance from the sound emission point of the probe to the point
      where the indicating unit happens to be when the sound pulse is received.
NUM  27.
PAR  27. An apparatus as claimed in claim 26, characterized by two shafts
      mounted in said holder, two rollers rotatably mounted on said shafts, an
      endless belt running around the rollers, said at least one indicating unit
      being mounted on the belt.
NUM  28.
PAR  28. An apparatus as claimed in claim 26, characterized in that said
      indicating unit comprises a facsimile registration device with a cylinder
      provided with a helical projection and rotating around a shaft that is in
      rigid connection with the probe and is mounted parallel to the recording
      material.
NUM  29.
PAR  29. An apparatus as claimed in claim 17, characterized in that said
      indicating means includes a substantially plane recording material
      arranged in a first holder, and including means connecting said holder to
      the examined body in such a way that the holder follows the
      two-dimensional displacement of said body in the plane of the surface on a
      predetermined scale, at least one indicating unit mounted in a
      conventional marking position in relation to the recording material and
      secured in a second holder and means connecting said holder to the angle
      probe in such a way that the holder follows the two-dimensional
      displacement of said probe across the surface of the body on the same
      predetermined scale.
NUM  30.
PAR  30. An apparatus as claimed in claim 17 further including a cathode ray
      tube and intensity modulation means for producing luminous points on the
      screen of the cathode ray tube, a holding device rigidly connected to the
      examined body and mounting the angle probe head, in such a way that the
      probe can be unimpededly turned and displaced in a two-dimensional
      displacement across the surface of the body, the holding device including
      position transducers, electronic control circuit connecting the position
      transducers to the cathode tube so that its electron beam sweep follows a
      rectilinear track on the screen which, on a predetermined scale reproduces
      the position of the probe in relation to the body and the direction of the
      projection of the sound path on the surface of the body, the intensity
      modulation circuits controlling the beam so that it produces a luminous
      point on the screen when the probe receives a reflected sound pulse and at
      a distance from the point on the screen corresponding to the position of
      probe, which distance, on the same predetermined scale, is proportional to
      the time interval that has elapsed from the emission to the reception of
      the sound pulse.
NUM  31.
PAR  31. An apparatus as claimed in claim 17 including two rectilinear
      microphones mounted at right angles to each other immediately above the
      surface of the examined body and parallel with the body, and two
      substantially punctiform sound sources are mounted for the emission of
      spherical sound waves, one of them immediately above the sound emission
      point of the ultrasonic probe and the other at a distance herefrom
      immediately above the projection of the sound path on the surface on the
      body, coordinate registration circuits connecting the microphones and the
      sound sources to the cathode ray tube in such a way that the time
      intervals from the emission to the rejection of the spherical waves are
      converted into such control voltages that the electron beam sweep of the
      tube at all times follows a rectilinear track on the screen which, on a
      predetermined scale, reproduces the position of the probe in relation to
      the body and the direction of the projection of the sound path on the
      surface of the body, and intensity modulation circuit means connecting the
      ultrasonic apparatus to the cathode ray tube so that its electron beam
      produces a luminous point on the screen when the probe receives a
      reflected sound pulse and at a distance from the point on the screen
      corresponding to the position of the probe which distance, on the same
      predetermined scale, is proportional to the time interval that has elapsed
      from the emission to the reception of the sound pulse.
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ABST
PAL  A method and apparatus for measuring the porosity or density of a porous
      structure surface is disclosed. A controlled quantity of volatile liquid
      is applied to a porous surface and is allowed to evaporate. The
      temperature at the surface reaches equilibrium at the point necessary to
      supply the latent heat of vaporization of the liquid. This equilibrium
      temperature depends on the evaporation rate, which has been found to be a
      function of surface porosity. The porosimeter substantially eliminates
      other factors influencing evaporation rate, and measures and records the
      temperature at the surface. Once calibrated with samples of known
      porosity, this system is capable of making rapid, accurate surface
      porosity measurements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to a method and apparatus for measuring
      surface porosity and, more specifically, to a novel surface-temperature
      porosimeter.
PAR  Materials having selected surface porosities are in use in a variety of
      applications. In many cases, it is necessary that the surface porosity be
      carefully maintained within a limited range. Examples of such materials
      include foam insulation for cryogenic applications, graphite ablative
      materials, protective coatings, etc. A non-destructive porosity measuring
      technique would be a very helpful quality control aid in assuring that
      porosity of insulation coatings, ablative heat shields, etc. on production
      structures is within the required range.
PAR  Prior art porosity techniques generally require removal of samples of the
      material and testing in complex laboratory apparatus. These techniques are
      slow and cumbersome and do not permit testing of actual production
      materials in place.
PAR  Thus, there is a continuing need for improved porosity measuring systems.
PAR  It is, therefore, an object of this invention to provide a porosimeter
      overcoming the above-noted problems.
PAR  Another object of this invention is to provide a nondestructive method of
      determining porosity.
PAR  A further object of this invention is to provide a method and apparatus for
      determing the relative density, porosity and pore spectra of materials.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects, and others, are accomplished in accordance with this
      invention by a system in which a quantity of a volatile liquid is applied
      to a surface and allowed to evaporate while the temperature of the surface
      is continuously measured. This temperature reaches equilibrium at the
      point necessary to supply the latent heat of vaporization of the liquid.
      This equilibrium temperature depends on the evaporation rate. The liquid
      when applied is absorbed by pores in the structure. As the liquid
      evaporates, the liquid at the surface is replenished by capillaries
      attributable to open porosity and the volume of retained liquid so that
      evaporation rate and time and the resulting surface equilibrium
      temperature are functions of surface porosity.
PAR  Since the evaporation rate is determined in part by the temperature of the
      air surrounding the surface, the porosimeter preferably includes an
      insulated chamber maintained at a substantially constant temperature
      around the surface area being tested. Also, it is desirable to include
      means for preventing vapor buildup which may reduce the evaporation rate
      of the liquid.
PAR  Any suitable liquid may be used in this system. The liquid should be
      sufficiently volatile to evaporate in a reasonable time at the temperature
      being maintained in the system, which ordinarily will be near room
      temperature. The liquid should not dissolve or otherwise degrade the
      material being tested. Typical liquids useful with many porous materials
      include low molecular weight alcohols, dichloro methane, carbon
      tetrachloride, water and mixtures thereof.
PAR  The liquid may be applied to the surface in any suitable way. Where small
      blocks are being tested, the block may be placed in a dish containing a
      shallow pool of liquid. For larger surfaces, often spraying or feeding a
      stream of liquid through a metering valve may be preferred.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further details of the invention, and of a preferred embodiment of the
      invention, will be further understood upon reference to the drawing,
      wherein:
PAR  FIG. 1 shows a schematic diagram illustrating the porosimeter of this
      invention; and
PAR  FIG. 2 shows a curve of temperature plotted against time for the
      measurement of porosity.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is seen a schematic block diagram
      illustrating the porosimeter of this invention. The porosity measuring
      assembly is enclosed within a generally bell-shaped chamber 10 which is
      placed with the open end in contact with the structure surface 12 to be
      tested.
PAR  The selected volatile liquid is fed from a reservoir 14 through a feeding
      means 16 to a tube 18 which deposits the liquid on the surface of
      structure 12 near the center of chamber 10. As mentioned above, any
      suitable volatile liquid which is compatible with the composition of
      structure 10 may be used. Preferably, the same quality of liquid is
      applied when calibrating the system with structures of known porosity and
      then with test structures of unknown porosity. Where reservoir 14 is
      calibrated in the manner of a graduate cylinder, feeding means 16 may be a
      stopcock or similar valve allowing the selected quantity as measured at
      reservoir 14 to flow by gravity to tube 18. Alternatively, feeding means
      16 could be a metering pump which would spray a selected quantity of
      liquid onto the surface of structure 12. If structure 12 is small in size,
      the test surface could be immersed in a shallow pool of liquid, then
      placed in contact with chamber 10. While gravity feed of a measured amount
      of liquid is preferred for simplicity and accuracy, any other suitable
      liquid application technique may be used, if desired.
PAR  Preferably, a sealing means 20, typically an "O" ring, is placed around the
      contact ring between chamber 10 and structure 12 to protect against
      varying air leaks therebetween which might affect the evaporation rate at
      the nearby liquid test area.
PAR  Since the evaporation rate is influenced by the temperature of the air
      surrounding the surface, it is preferred that chamber 10 be maintained at
      a substantially constant temperature. This may be accomplished by a water
      jacket 22 surrounding chamber 10. A liquid, such as water, at a selected
      temperature, is circulated between water jacket 20 and a heat exchanger 24
      by pump 26.
PAR  The temperature at the surface of structure 12 is continuously monitored.
      Typically, a thermocouple 28 may extend through the wall of chamber 10
      into contact with the surface of structure 12 at the spot where the
      volatile liquid is applied. The temperature is recorded by a recorder 30
      which provides a plot of temperature against time of the sort illustrated
      in FIG. 2.
PAR  Since the buildup of vapor within chamber 10 as the test liquid evaporates
      may reduce the evaporation rate, chamber 10 is preferably vented, such as
      by vents 32. Since the amount of liquid is ordinarily quite small, vapor
      buildup is not ordinarily a significant problem. However, if desired, air
      at chamber temperature may be pumped through chamber 10 at a low rate to
      carry off excess vapor.
PAR  The porosimeter schematically illustrated in FIG. 1 can be assembled into a
      small, portable unit which can be taken wherever desired to measure the
      porosity of coatings, insulation, etc., on large structures. Once the
      characteristics of samples of known porosity are measured, the porosity of
      an unknown porosity sample of the same composition can be quickly
      determined.
PAR  In a typical measuring operation, chamber 10 is placed in contact with the
      surface of a structure of known or unknown porosity. Heat exchanger 24 and
      pump 26 are operated to bring the temperature within chamber 10 to a
      stable selected temperature which ordinarily will be close to the
      structure temperature under the existing ambient conditions. Temperature
      recorder 30 is activated and a measured quantity of liquid is applied to
      the structure surface through tube 18. As shown by curve 31 in FIG. 2, the
      temperature measured by thermocouple 28 initially drops rapidly from
      ambient temperature 33 over time span 34, then levels off when the volume
      of liquid returning to the surface from large pores feeding capillaries
      within the structure equals that being evaporated. The temperature remains
      substantially constant for time period 36 until these subsurface
      reservoirs are exhausted, at which time (as shown at 38) the temperature
      rises as the liquid in the capillaries is depleted and the surface returns
      to ambient temperature. The time periods 36 and 38 are shorter for more
      dense materials and longer for more porous materials. By running a series
      of tests with samples of a single composition of different porosity, a
      series of curves similar to that shown in FIG. 2 can be developed. Then, a
      curve for a sample of the same compoisition but unknown porosity can be
      comparied to the standard curves to nondestructively determine the
      porosity of the unknown sample. Comparison of curves for known and unknown
      porosity may be accomplished by comparing the shape of the curves, the
      length of time periods 34, 36 and 38, or by integrating the area between
      curve 31 and ambient temperature 33. Generally, the most accurate results
      are obtained by comparing the curves produced during time period 38, or by
      comparing equilibrium temperatures for controlled liquid volumes which
      penetrate the surface.
PAR  Details of several preferred embodiments of the method of this invention
      will be further described in the following examples. Parts and percentages
      are by weight unless otherwise stated.
PAC  EXAMPLE I
PAR  Four blocks of polyurethane foam of the type used for cryogenic tank
      insulation having densities of 0.422, 0.460, 0.498 and 0.536 g/cm.sup.3
      and one having an unknown density are prepared. The first block is placed
      in contact with a test chamber of the sort shown in FIG. 1 and a heat
      exchanger circulating water around the chamber is activated to bring the
      chamber to a uniform 20.degree.C. A chromel-alumel thermocouple is placed
      in contact with the foam near the center of the chamber and is connected
      to a single channel strip chart recorder, available from Honeywell, Inc. A
      reference junction is provided for absolute measurement. About 0.5 ml. of
      dichloro methane is fed into the chamber and dropped onto the foam surface
      at the point of thermocouple contact. The recorder traces a a curve of
      time against temperature similar to that shown in FIG. 2. The other four
      foam samples are then tested in the same manner. The area between the
      ambient temperature line and the curve, and the time to return to
      substantially ambient temperature, are found to decrease with increasing
      density through the four known samples. The curve for the unknown sample
      is compared to the four known sample curves. The unknown curve falls
      between the curves for the 0.422 and 0.460 g/cm.sup.3 curves, indicating
      that the density of the unknown sample is about 0.440 g/cm.sup.3.
PAC  EXAMPLE II
PAR  Two molded graphite blocks having densities of 1.80 and 1.60 g/cm.sup.3 are
      prepared. A small quantity of ethyl alcohol is placed in a shallow dish
      and a block is placed in the dish. After about 5 seconds, the block is
      removed and placed in the test apparatus described in Example I. As the
      alcohol evaporates, the recorder plots a time/temperature curve similar to
      that shown in FIG. 2. The test is repeated with the second block,
      producing a second curve. Then a third block having an unknown density is
      tested in the same manner. Comparison of the three curves indicates the
      density of the unknown block to be about 1.72 g/cm.sup.3. Later density
      measurements show this density test to be accurate within about .+-.0.01
      g/cm.sup.3.
PAC  EXAMPLE III
PAR  Two sheets of polyphenylene oxide foam, available from General Electric
      under the PPO trademark, are prepared. The sheets have densities of about
      0.536 and 0.460 g/cm.sup.3. An iron-constantan thermocouple connected to a
      strip chart recorder is placed in contact with each sheet. About 0.1 ml.
      of methyl chloride is sprayed on each sheet in the area of thermocouple
      contact. A hemispherical cover maintained at about 68.degree.F is placed
      over each test area and a stream of air at about 68.degree.F is passed
      slowly through ducts connected to the cover. Each recorder produces a
      curve similar to that shown in FIG. 2. The surface temperature drops to
      about 20.degree.F, then after a stable period returns to ambient
      temperature. This stable period is much shorter, and thus the evaporation
      rate more rapid, in the more dense specimen.
PAC  EXAMPLE IV
PAR  Six standard test blocks of open cell silicon foam of known different
      densities and one sheet of unknown density are tested using a surface
      temperature porosimeter of the type illustrated in FIG. 1. The blocks and
      chambers are heated to about 90.degree.C. About 0.5 ml. of distilled water
      is applied to the surface of each block at the point where a
      chromel-alumel thermocouple contacts the block. The termperature at that
      point is recorded on a strip chart recorder for each block. Examination of
      the shapes of the curves of the known density blocks indicates a
      correlation between curve and density, and indicates that the unknown
      block has a surface density of about 0.40 g/cm.sup.3. This is later
      verified by mechanical measurement.
PAC  EXAMPLE V
PAR  Five test blocks having painted surfaces with micro-pore distribution
      ranging between 0.1 and 10 volume percent are tested together with a
      painted surface having an unknown pore spectra. Each block is tested with
      a device of the sort shown in FIG. 1. About 0.1 ml. of low molecular
      weight alcohol is applied to the surface of each block. A
      copper-constantan thermocouple is held in contact with each painted
      surface as the alcohol is evaporated. The evaporation temperature/time
      curve is recorded for each test surface using a multi-channel strip
      recorder. The test is repeated for the unknown sample. By comparison of
      the curves, the pore spectra of the unknown surface is found to correspond
      to a standard which indicates that the painted surface porosity is greater
      than permitted for the application. The surface is, therefore, stripped
      and repainted. A re-test of the surface indicates the pore spectra to now
      be within acceptable limits.
PAR  Specific materials, components and mechanical arrangements have been
      detailed in the above description of preferred embodiments. These may be
      varies and other components may be used where suitable. Other variations,
      applications and ramifications of the invention will become apparent to
      those skilled in the art upon reading this disclosure. These are intended
      to be included within the scope of this invention, as defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A porosimeter comprising:
PA1  means to supply a selected quantity of volatile liquid to a point on a
      porous structure surface;
PA1  a chamber in contact with said surface surrounding said point to maintain
      the space adjacent to said point within said chamber at a substantially
      constant temperature;
PA1  temperature measuring means in contact with said surface at said point; and
PA1  recording means for recording temperature over a time period after said
      liquid is applied at said point.
NUM  2.
PAR  2. The porosimeter according to claim 1 further including means permitting
      removal from said space of vapors resulting from evaporation of said
      liquid.
NUM  3.
PAR  3. The porosimeter according to claim 1 wherein said temperature measuring
      means comprises a thermocouple in contact with said surface at said point.
NUM  4.
PAR  4. The porosimeter according to claim 1 wherein said chamber including a
      jacket through which a liquid at substantially constant temperature is
      passed.
NUM  5.
PAR  5. The method of measuring the surface porosity of a structure which
      comprises:
PA1  applying a selected quantity of a volatile liquid to a point on a porous
      structure surface;
PA1  maintaining the space adjacent to said surface near said point at a
      substantially constant temperature;
PA1  continuously measuring the temperature of said surface at said point;
PA1  continuously recording the temperature over a time period after said liquid
      is applied to said surface.
NUM  6.
PAR  6. The method according to claim 5 comprising the further step of comparing
      the recorded time-temperature relationship to similar relationships
      developed by applying the method of claim 5 to a plurality of structures
      of the same composition but known different porosities to determine the
      porosity of this structure.
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ABST
PAL  A tensiometer having a vacuum gauge which is connected to a sensing unit
      including a ceramic cup, which is located remote from said gauge, by a
      conductor in the form of a capillary tube. A second capillary bleeder tube
      communicates with and leads from the ceramic cup and has a second end
      which is located below the level of the other end of the conducting tube,
      so that when said second end of the bleeder tube is exposed, the escape of
      air therefrom can be visually determined, during purging of the device, so
      that after all air has been removed from the tubes, the tensiometer can be
      sealed. The end of the conducting tube disposed remote from the ceramic
      cup is connected to a lower end of a sight glass, to the upper end of
      which is connected the gauge, so that when air has been removed from the
      device and the sight glass, tubes and cup are filled with water and
      sealed, a vacuum will be created in the system as the moisture in the
      earth surrounding the cup diminishes, to register this reduced moisture
      condition on the gauge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior attempts to locate a ceramic cup remote from the vacuum gauge of a
      tensiometer have been unsuccessful due to the fact that the large diameter
      tubes utilized have required substantially continuous purging of air
      therefrom to compensate for leakage of air into the cup. In addition, air
      locks have occurred due to high spots in the tube from which air could not
      be removed, thereby resulting in inaccurate readings.
PAC  SUMMARY
PAR  It is a primary object of the present invention to provide a tensiometer
      having a remotely located sensing unit connected to the gauge of the
      tensiometer by capillary tubes whereby, after water has been run through
      said tubes to exclude all air, the surface tension of the water is
      sufficient to prevent air from entering the tubes and causing air locks.
PAR  A further object of the invention is to provide such a sensing unit wherein
      the capillary conducting tube may be made flexible so that any jarring of
      the end thereof, disposed remote from the ceramic cup, will not be
      conveyed to the cup, thereby eliminating the risk of cup breakage.
PAR  A further object of the invention is to provide a tensiometer having a
      remotely located sensing unit and which utilizes two capillary tubes
      leading from the sensing unit, and wherein one tube, the conducting tube,
      connects with the registering unit while the other, bleeder tube, allows
      the system to be filled with water and purged of air, since the bores of
      the two capillary tubes are sufficiently small to enable the surface
      tension of the water to trap and force the air from the system through the
      tubes.
PAR  Various other objects and advantages of the invention will hereinafter
      become more fully apparent from the following description of the drawing,
      illustrating a presently preferred embodiment thereof, and wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary side elevational view of the tensiometer with
      remote sensing unit;
PAR  FIG. 2 is an enlarged fragmentary side elevational view, partly in vertical
      section, of one part of the unit, and
PAR  FIG. 3 is an enlarged vertical sectional view of the sensing unit of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more specifically to the drawing, the tensiometer with remote
      sensing unit in its entirety is designated generally 5 and includes a
      support 6, such as a stake, one end of which is driven into the earth 7. A
      transparent tube 8 is fastened by clamps 9 to the stake or support 6 above
      ground level. The sight glass 8 is preferably formed of clear plastic the
      ends of which fit into ringshaped metal ferrules 17 which prevent cracking
      of the plastic when tapered stoppers are forced into the sight glass ends.
PAR  A vacuum gauge 10 has a tube extending downwardly from the case thereof.
      Said tube 11 has a lower end extending through a rubber stopper 12 which
      is pressed into an upper end of the sight glass 8 to provide a sealed
      connection between said sight glass end and the gauge 10.
PAR  One end of a flexible capillary conducting tube 13 is secured in and
      extends through a tapered rubber stopper 14 which is pressed into the
      other, lower end of the sight glass 8 to form a sealed connection. The
      conducting tube 13 extends from the stopper 14 underground to and through
      one bore of a rubber tapered stopper 15 which is secured in the upper end
      of a tube 16. Said upper end of the tube 16 is also provided with a
      ferrule 17 to prevent the tube 16 from being cracked by the pressure of
      the stopper 15. The other lower end of the tube 16 seats in a recess 21 of
      a ceramic cup 18, to which said tube end is bonded.
PAR  The cup 18 which is produced by the isostatic process is essential to the
      successful operation of a tensiometer having a remote sensing unit and
      which utilizes a capillary conducting tube, since such cups leak much less
      air than cups produced by the slip cast method. The last mentioned end of
      the conducting tube 13 extends to nearly the bottom of the cavity of the
      cup, as seen in FIG. 3.
PAR  One end of a flexible capillary bleeder tube 19 extends through and is
      secured in a second bore of the stopper 15. The other end of the tube 19
      projects above the ground level, preferably adjacent the support 6, and
      terminates below the level of the end of the conducting tube 13 which is
      secured in the stopper 14. A cap 20, prefereably formed of rubber, has a
      blind bore or socket into which said last mentioned exposed end of the
      tube 19 extends and by which said tube end is normally sealed.
PAR  The stopper 12 with the gauge 10 is removed from the upper end of the sight
      glass 8 and the cap 20 is removed from the exposed end of the tube 19. The
      system is now filled with water through the upper end of the tube 8 until
      air ceases to escape from the exposed end of the tube 19. If the tube 19
      is transparent, this can be readily determined visually. If not, a short
      transparent tubular extension, not shown, is attached to said end of the
      tube 19 from which the cap 20 has been removed. Cap 20 is then replaced on
      the upper end of the tube 19 for sealing said tube end and the sight glass
      8 is filled to overflowing, after which the stopper 12 is replaced in the
      upper end thereof for sealing the system.
PAR  A small amount of air is retained in the water in the form of bubbles too
      small to separate immediately. When a vacuum is applied to the system, due
      to the earth surrounding the cup 18 losing a part of its moisture, the air
      bubbles will expand and coalesce into larger bubbles, which can be removed
      by again purging the system after the vacuum has been released.
PAR  Air can also be purged from the system by applying a vacuum thereto. This
      can be accomplished by purging the system as previously described. The cap
      20 is then replaced, after which the sight glass 8 is filled with water
      and a vacuum pump is attached to the upper end of the sight glass to
      create a vacuum. This will cause small bubbles formed in the sight glass
      to coalesce and rise to the top of the sight glass. The vacuum pump can
      then be removed and the sight glass 8 sealed with the stopper 12, as
      previously described.
PAR  The bores of the tubes 13 and 19 are sufficiently small so that the surface
      tension of the water will trap and force the air from the system through
      the tubes. As the bubbles coalesce, they will form air pistons in the
      tubes which will force the air through the bleeder tube 19 as water is
      applied to the sight glass 8. The removal of the air from the system
      increases the reaction time of the tensiometer.
PAR  The tube 13 is extended to adjacent the bottom of the cavity of the cup 18
      so that the air will be more readily forced from said cavity as water is
      supplied to the cup through the tube 13.
PAR  Various modifications and changes are contemplated and may be resorted to,
      without departing from the function of scope of the invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A tensiometer with remote sensing unit comprising a sight glass having
      an upper end and a lower end, a ceramic cup buried in the earth remote
      from said sight glass, a flexible capillary conducting tube having one end
      communicating with the lower end of the sight glass and an opposite end
      communicating with the cup cavity, means sealing said tube ends in the
      lower end of the sight glass and in said cup, a closure sealing the upper
      end of the sight glass, a vacuum gauge supported by said closure and
      communicating with the interior of the sight glass, said sight glass, tube
      and cup cavity being filled with water, a second flexible capillary
      bleeder tube having one end communicating with the cup cavity and sealed
      in said cup, said blender tube having a second upper end disposed below
      the level of the end of the conducting tube which is connected to the
      sight glass, and a removable cap for sealing said upper bleeder tube end.
NUM  2.
PAR  2. A tensiometer as in claim 1, at least the upper end of said bleeder tube
      being transparent whereby the escape of air therefrom can be visually
      determined as the sight glass, tubes and cup cavity are filled with water
      through the upper end of the sight glass and after removal of said cap.
NUM  3.
PAR  3. A tensiometer as in claim 1, the end of the conducting tube which
      communicates with the cup cavity terminating adjacent the bottom of said
      cup cavity and below the end of the bleeder tube which communicates with
      the cup cavity.
NUM  4.
PAR  4. A tensiometer as in claim 3, a tubular extension secured in and
      projecting from the upper end of the cup cavity, said means for connecting
      the tubes to the cup and for sealing the cup cavity comprising a tapered
      stopper having spaced apart bores extending therethrough and in which
      portions of said tubes are sealed.
NUM  5.
PAR  5. A tensiometer as in claim 1, a stake-like support adapted to be driven
      into the earth and to which said sight glass is detachably secured.
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ABST
PAL  An improved tester for measuring the hardness of materials, the tester
      having multiple spring means and an adjustable control for placing one or
      both of the spring means into operation to load the tester under different
      minor loads.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the conventional Rockwell tester as used for measuring the hardness of
      materials, the tester is first loaded against the workpiece under a minor
      load. A reading of the depth of indentation is taken under the minor load;
      and the tester is then loaded under a major load. After release of the
      major load, a new reading is taken for comparison with the first reading.
      Using the regular Rockwell scales, the hardness of the material can thus
      be determined. With workpieces of substantial thickness, the Rockwell
      tester is conventionally loaded to a 10 kg. minor load.
PAR  When measuring the described of materials which are quite thin, the same
      procedure descirbed above is used. However, the usual minor load to which
      the tester is loaded is only 3 kg. and Rockwell superficial scales are
      used to take a reading of the hardness of the material. Most often,
      separate testers are required for measuring materials where different
      Rockwell scales are used. This is because the testers are constructed with
      internal spring mechanisms for loading at one specified minor load.
PAR  Multiple purpose testers have been constructed which are capable of
      applying either 3 or 10 kg. minor loads. Testers of this type use the
      weight of the lever arm structure of the tester for applying a 3 kg. minor
      load, while the 10 kg. minor load is applied by adding external weights.
      The major problem with this type of system lies in the fact that should
      any force impede the action of the lever arm, the minor load will be
      invalid. For this reason, means must be included for applying the major
      loads without disturbing the lever arm. This, in turn, requires
      considerable alteration of a standard tester in converting it to one
      capable of applying different minor loads.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teachings of the present invention, a minor loading
      system has been developed for loading the tester to either of two minor
      loads. A standard Rockwell hardness tester can be converted to a multiple
      tester by simply replacing the plunger unit of the standard equipment with
      a modified plunger unit. The improved tester generally includes two
      separate spring systems for loading the plunger. One of the springs loads
      the plunger rod of the tester to a 3 kg. minor load. The second spring
      adds 7 kgs. to the load to provide a 10 kg. loading. An adjustable control
      is provided for selectively removing the 7 kg. spring load from the
      system. The improved tester of the present invention offers the advantage
      of standardization. Merely replacing the plunger unit of a standard tester
      is all that is needed to convert it to a multiple tester. There is no
      longer any need for special castings, lever arms, mechanisms or other
      parts. In addition, the improved tester of the present invention is simple
      and easy to maintain.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view of the plunger unit of a hardness tester
      showing the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows the plunger unit of a material hardness tester as generally
      including a housing 1 and internal plunger means 2. The housing is
      constructed of a sleeve 3 having an enlarged lower skirt portion 4. A disc
      member 5 is threadedly attached to the lower end of the skirt portion and
      held in place by a set screw 5. The upper and lower ends of the housing
      are provided with openings 6 and 7, respectively; the lower opening being
      formed in the disc member 5.
PAR  The plunger 2 includes a plunger rod 8 slidably disposed within the housing
      and extending through the opposite openings 6 and 7. An indenter mechanism
      9 is attached to the lower end of the plunger. The plunger rod has an
      intermediate enlarged portion 10 disposed internally of the housing. This
      enlarged portion is adapted to seat against a seating surface 11 formed on
      the disc member 5 adjacent to lower opening 7.
PAR  Disposed above the enlarged portion is a seating collar member 12. This
      member is loosely positioned on the plunger rod for axially sliding
      movement relative thereto. As shown in FIG. 1, the upper end of the
      seating collar is enlarged. A first compression spring 13 is positioned
      between this enlarged end and the enlarged portion 10 of the plunger rod.
PAR  A knife-edge member 14 is also slidably mounted on the plunger rod. This
      member is positioned above the seating collar and normally rests on it.
      The upper end of the knife-edge member engages against the conventional
      lever arm mechanism 15 of the hardness tester which is used in connection
      with applying the major loads.
PAR  The structure of the tester so far described is conventional and operates
      as follows. The workpiece, the hardness of which is to be measured, is
      brought up into engagement with the indenter 9. This causes the plunger
      rod to become unseated from the seating surface 11. Upward movement
      continues for a prescribed distance to load the tester to the spring load
      of the spring 13. The spring loading is accomplished due to the fact that
      the spring 13 is backed up against the seating collar 12 which in turn is
      held against axial movement by the knife-edge member 14 engaging between
      the seating collar and the overlying lever 15.
PAR  After the minor load has been applied to the workpiece, the lever 15 is
      caused to pivot to force the knife-edge member and seating collar
      downwardly. When the lower end 16 of the seating collar engages against
      the upper surface 17 of the enlarged portion 10 of the plunger rod,
      further downward movement of the lever arm will cause the plunger to move
      downwardly. This movement is continued until the major load is produced.
      The major load is then removed and the readings of the initial minor load
      and the final loading are compared on the appropriate Rockwell hardness
      scale to determine the hardness of the material.
PAR  In accordance with the teachings of the present invention, the spring 13
      produces a 3 kg. minor load; this loading being appropriate for measuring
      the hardness of thin materials. In addition to the spring 13, a second
      compression spring 18 is provided. When operative, this spring will
      produce a 7 kg. loading of the tester which when added to the 3 kg.
      loading of the spring 13, provides a combined minor load of 10 kg. This
      load is suitable for measuring the hardness of thicker materials.
PAR  The loading produced by the second spring 18 is adapted to be selectively
      removed from the system. For this purpose, a control means, generally
      designated by reference numeral 19, is provided. This control means
      includes an annular collar 20 seated on the side of the enlarged portion
      10 of the plunger rod, opposite the opening 7 of the housing; that is, it
      is seated on the upper surface 21.
PAR  The second spring means 18 has one end supported by the upper surface of
      the collar 20 and its other end engages against a seating surface 22
      formed in the housing. As shown in FIG. 1, this seating surface 22 is
      disposed on the side of the collar 20 facing away from the enlarged
      portion 10 of the plunger rod. The distance between the annular collar 20
      and the seating surface 22 is such that the spring 18 will be under
      compression.
PAR  The control means for selectively placing the second spring into the
      loading system further includes an adjusting nut 23. The adjusting nut is
      threaded onto the skirt portion 4 of the housing in covering relation with
      the lower opening 7 of the housing. The adjusting nut includes its own
      opening 24 aligned with the opening 7 for permitting passage of the
      plunger rod 8 therethrough. The adjusting nut is attached to move axially
      of the plunger rod by turning it in one or the other direction.
PAR  Drive means in the form of a plurality of drive pins 25 are disposed
      between the adjusting nut and the annular collar. There are three drive
      pins spaced equally about the plunger rod. Only one of the pins is shown
      in FIG. 1. The lower end of each of the drive pins is supported by the
      adjusting nut while the upper end of each pin engages against the lower
      surface of the annular collar 20. To permit this engagement with the
      collar, the collar is constructed to extend laterally beyond the enlarged
      portion 10 of the plunger rod. The disc member 5 is provided with openings
      26 for receiving the drive pins.
PAR  In the position of the elements shown in FIG. 1, the tester is set for
      producing a minor load of 3 kg., the spring 13 being the only one
      operative in the loading system. When it is desired to add the 7 kg.
      loading of the spring 18, the adjusting nut is turned to lower it on the
      skirt portion 4 of the housing. This lowers the drive pins 25 and permits
      the annual collar to drop until it seats on the surface 21 of the enlarged
      portion 10 of the plunger. Further turning will lower the drive pins out
      of engagement with the annular collar and thus the spring 18 will be
      operatively connected into the loading system to add its loading to that
      of the spring 13. Turning of the adjusting nut in the opposite direction
      will have the effect of returning the elements of the system to the
      positions shown in FIG. 1 wherein just the spring 13 is operative.
PAR  For full control, it is only necessary to rotate the adjusting nut for
      about 90.degree.. To limit the turning of the adjusting nut, a stop pin
      27, is fixed to its upper end and extends into a slot in the housing part
      28. Part 28 is fixed to the skirt portion 4 by a set screw 29 and is
      slotted for 90.degree..
PAR  The entire mechanism shown in FIG. 1 is adapted to be used in the
      conventional Rockwell tester in substitution for the conventional plunger
      unit. For this purpose, the housing 1 is threaded at 30 for attachment in
      the apparatus in the same way as the conventional plunger unit.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a material hardness tester having an apparatus for applying a major
      and a minor load including a housing, a plunger assembly having a plunger
      rod slidably secured in said housing, and a first spring means operatively
      connected to said plunger rod for urging it axially in one direction under
      a first predetermined spring load for applying a first minor load, the
      improvement comprising:
PA1  a. second spring means adapted to be operatively connected to said plunger
      rod for urging it axially in said one direction under a second
      predetermined spring load for applying a second minor load different than
      said first minor load;
PA1  b. control means for selectively removing the second spring means from
      operative connection with a plunger rod to selectively permit loading of
      the plunger rod under said first spring load alone and under said first
      and second spring loads together such that either minor load can be
      applied independently of the other; and
PA1  c. said plunger assembly including means, with said spring means and said
      control means, for replacing a plunger assembly of a standard hardness
      tester to convert the standard tester to a multiple tester.
NUM  2.
PAR  2. The improvement in the material hardness tester as set forth in claim 1
      wherein said first minor load is 10 kilograms and second said minor load
      is 3 kilograms.
NUM  3.
PAR  3. In a material hardness tester having a housing, a plunger rod extending
      through openings in opposite ends of said housing and having an enlarged
      portion disposed within the housing, seating means adjacent one of said
      openings upon which said enlarged portion is adapted to seat to limit
      axial movement of the plunger rod in one direction through said one
      opening, and first spring means engaging against said enlarged portion for
      urging the plunger rod axially in said one direction under a first
      predetermined spring load, the improvement comprising:
PA1  a. second spring means for engaging against said enlarged portion of the
      plunger rod for urging the plunger rod axially in said one direction under
      a second predetermined spring load; and
PA1  b. control means for selectively removing the second spring means from
      engagement with the enlarged portion of the plunger rod to selectively
      permit loading of the plunger rod under said first spring load alone and
      said first and second spring loads together, said control means including:
PA2  i. an annular collar seated on the enlarged portion of the plunger rod on
      the side thereof opposite the one opening in said housing;
PA2  ii. means for supporting one end of said second spring means on said collar
      to load said plunger rod under said second spring load; and
PA2  iii. adjustable means for selectively raising the annular collar off of the
      enlarged portion of the plunger rod to remove the second spring load from
      said plunger rod.
NUM  4.
PAR  4. The improvement in the material hardness tester as set forth in claim 3
      wherein said control means further comprises:
PA1  a. means for seating the other end of the second spring means against the
      housing on the side of the collar facing away from the enlarged portion of
      the plunger rod to hold the spring under compression against said collar.
NUM  5.
PAR  5. In a material hardness tester having a housing, a plunger rod extending
      through openings in opposite ends of said housing and having an enlarged
      portion disposed within the housing, seating means adjacent one of said
      openings upon which said enlarged portion is adapted to seat to limit
      axial movement of the plunger rod in one direction through said one
      opening, and first spring means engaging against said enlarged portion for
      urging the plunger rod axially in said one direction under a first
      predetermined spring load, the improvement comprising:
PA1  a. second spring means for engaging against said enlarged portion of the
      plunger rod for urging the plunger rod axially in said one direction under
      a second predetermined load; and
PA1  b. control means for selectively removing the second spring means from
      engagement with the enlarged portion of the plunger rod to selectively
      permit loading of the plunger rod under said first spring load alone and
      said first and second spring loads together, said control means including:
PA2  i. an annular collar seated on the enlarged portion of the plunger rod on
      the side thereof opposite the one opening in said housing;
PA2  ii. means for seating the other end of the second spring means against the
      housing on the side of the collar facing away from the enlarged portion of
      the plunger rod to hold the spring under compression against said collar;
PA2  iii. means for supporting one end of said second spring means on said
      collar to load said plunger rod under said second spring load;
PA2  iv. adjustable means for selectively raising the annular collar off of the
      enlarged portion of the plunger rod to remove the second spring load from
      said plunger rod;
PA2  v. an adjusting nut threadedly attached to the housing in covering relation
      to said one opening for movement axially of the plunger rod, said nut
      having an opening with the one opening through which said plunger rod
      extends; and
PA2  vi. drive means supported by the adjusting nut and disposed between the
      adjusting nut and the annular collar for raising said collar off of the
      enlarged portion of the plunger rod upon threading of the adjusting nut
      along the housing.
NUM  6.
PAR  6. The improvement in the material hardness tester as set forth in claim 5
      wherein: outwardly
PA1  a. the annular collar extends laterally beyond the enlarged portion of the
      plunger; and
PA1  b. the drive means includes drive pins engaging against the side of the
      collar facing said one opening laterally outwarrdly of the enlarged
      portion of the plunger rod.
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ABST
PAL  Method of measuring shearing stress of powdery and/or granular material
      using a pair of cylindrical cavities filled with the material. The
      cavities are turned one relative the other about a common center line with
      the shear stress required to turn the cavities being measured.
BSUM
PAR  The invention relates to a method of measuring the shearing stress in
      powdery and/or granular material, in which a sample is inserted into two
      relatively slidable members enclosing cavities of equal diameters.
PAR  In a known method of the kind set forth the two cavities are displaced
      relatively to the plane of separation between the two cavities and
      relative to one another, the force required for shearing being measured,
      and the shearing stress being determined on the basis of said force.
PAR  This method has the disadvantage that during the consolidation of the
      sample the main stress then occurring in the material exhibits a direction
      and value differing from those of the main stress during shearing.
      Consequently the state of stress during measurement is not unambiguously
      determined. Moreover, during measurement the surface of the sample and the
      shearing surface will vary so that only a small deflection is admissible.
PAR  The invention has for its object to provide a method of the kind set forth,
      in which the disadvantages of the prior method can be avoided in a simple
      and effective manner.
PAR  According to the invention this can be achieved by turning the members,
      whose cavities have a circular section, about a common centre line of the
      cavities relatively to one another for assessing the shearing stress.
PAR  A particularly efficient device for carrying out the method embodying the
      invention is obtained by providing it with a bottom plate, a member having
      a cylindrical cavity secured to said bottom plate and a second member
      bearing on the former member and having a cylindrical cavity coaxial to
      the cylindrical cavity of the first-mentioned member and with a lid
      adapted to be displaced in the direction of said common centre line of the
      cavities and to be turned about said centre line.
PAR  According to a further aspect the invention relates to a device for
      measuring the compression resistance of granular and/or powdery material.
PAR  According to the invention this device is provided with a bottom plate
      having two supports adapted to move relatively to one another along the
      bottom plate, between which a sample of granular and/or powdery material
      can be collected, the surface of the bottom plate located between the
      supports being partly roughened, which roughened portion extends from the
      support which is stationary to the bottom plate to an area slightly spaced
      apart from the initial position of the movable support.
PAR  When such a cell is employed, a sample of comparatively small height may be
      used, so that the material's own weight over the plane of fraction formed
      during the determination of the compression resistance is smaller than in
      known devices, whilst in addition the place of the plane of fracture is
      determined by the beginning of the roughened bottom portion.
DRWD
PAR  The invention will now be described more fully with reference to
      embodiments of devices in accordance with the invention, illustrated in
      the accompanying drawings.
PAR  FIG. 1 is partly a schematic sectional view and partly an elevation of a
      device for measuring the shearing stress in powdery and/or granular
      material.
PAR  FIG. 2 is a perspective view of a device for measuring the compression
      resistance of granular and/or powdery material.
DETD
PAR  The device shown in FIG. 1 comprises a bottom plate 1, to which a cell 2 is
      secured, which encloses a cylindrical hollow space 3. The cell 2 holds a
      ring 4 enclosing a cylindrical hollow space 5. By means of a few setting
      bolts 6, screwed into supports secured to the bottom plate 1, only one of
      which is shown in the Figure, the ring 4 can be centered with respect to
      the cell 2 so that the centre lines of the cylindrical cavities 3 and 5
      coincide, the parts being fixed in this position.
PAR  In the position shown in the Figure the upper part of the ring 4 holds a
      circular lid 8, secured to the lower end of a vertical shaft 9. The shaft
      9 is journalled in a bearing 10 so as to be longitudinally slidable and a
      platform 11 is secured to the top end of the shaft 9 for receiving a
      weight 12.
PAR  By means of an arm 13 the bearing 10 is secured to a support 14, which is
      adapted to turn about a vertical shaft 15, secured to the bottom plate 1.
      The support 14 bears on a ring 16, secured to the shaft 15. To the top
      side of the lid 8, at a given distance from the centre line of the shaft
      9, is secured one end of a tensile spring 17, the other end of which is
      connected with a set screw 18.
PAR  It is furthermore apparent from the Figure that the bottom side of the lid
      8 is milled, whilst the portion of the bottom plate 1 enclosed by the cell
      2 is preferably also milled. The inner walls of the cell 2 and of the ring
      4, enclosing the cylindrical cavities 3 and 5 preferably have vertical
      grooves as shown.
PAR  A traction force meter 19 is secured to a slide 20 adapted to move along
      the bottom plate 1. To the slide 20 is fastened an electric motor 21,
      which is adapted to drive a hollow, tapped tube 22. To a support 23
      rigidly secured to the bottom plate 1 is fastened an electric motor 24,
      which is adapted to drive a screwthreaded bar 25, screwed into the hollow
      tube 22.
PAR  The electric motor 21 is a slow-speed electric motor, whereas the electric
      motor 24 is a high-speed electric motor. In accordance with the electric
      motor put into operation the slide 20 with the tractive force meter 19
      secured thereto will move slowly or rapidly.
PAR  The tractive force meter may have secured to it a cable 26, the other end
      of which may be wound a few times around the shaft 9.
PAR  The use and the operation of the device described above are as follows:
PAR  In order to assess the shearing stress of a powdery and/or granular
      material the cylindrical cavities 3 and 5 enclosed by the cell 2 and the
      ring 4 respectively are filled with said material, after the ring is fixed
      in the correct position relative to the cell 2 by means of the set bolts 6
      so that the centre lines of the cylindrical cavities 3 and 5 coincide.
      This can be achieved by turning the support 14 with the lid 8 about the
      centre line of the shaft 15 so that the lid 8 is located at the side of
      the ring 4.
PAR  Then the lid 8 is returned to the position shown in the Figure, after which
      the material is consolidated in the cavities 3 and 5 by putting a weight
      12 on the lid 8.
PAR  At the same time such a force is generated in the spring 17 that the
      material is subjected to a coupling force which is at least substantially
      equal to the final uncoupling force occurring in shearing. This is
      achieved by stretching the spring until the lid 8 slightly shifts in
      place. During consolidation this operation may be repeated.
PAR  In order to measure the shearing stress subsequent to consolidation of the
      material the spring 17 is relaxed, the cable 26 is connected with the
      shaft 9 and the set bolts 6 are unscrewed for releasing the ring 4.
      Subsequently, by means of the slow-speed electric motor the slide 20 with
      the traction force meter 19 is displaced so that by means of the cable 26
      the shaft 9 and hence the lid 8 and the ring 4 are turned about the centre
      line of the shaft 9, the material being thus shifted in the interface
      between the cell 2 and the ring 4. The force required for this shearing
      effect can be assessed by means of the meter 19.
PAR  The various rotational and translatory movements may be performed
      practically without friction, provided air bearings or the like are
      employed.
PAR  In this way a simple measuring device is obtained, which provides several
      advantages. The preparation of the samples can be simply and rapidly. The
      state of stress during the consolidation of the material corresponds with
      that during shearing, whilst as a result of the rotary movement and the
      central position of the ring 4 maintained with respect to the cell the
      surfaces of the sample and of the shearing surface remain constant so that
      the measuring results will be more accurate. Owing to the rotary movement
      the deflection is not limited so that several measurements can be carried
      out on the same sample.
PAR  The measurements may be carried out in a conventional manner with different
      loads and on the basis of the measuring results further data may be
      assessed, for example, inner angle of friction, cohesion, resistance to
      compression, outer angle of friction and yield point.
PAR  The device shown in FIG. 2 is particularly suitable for messuring the
      compression resistance of granular and/or powdery material.
PAR  This cell comprises a bottom plate 27, to which are secured in a readily
      detachable manner sidewalls 28 and a rear wall 29 for example by means of
      bolts.
PAR  A stamp 30 is provided, to which a rod 31 is secured. The rod 31 is taken
      through a bearing 32 secured to the bottom plate and can be fixed in it in
      any desired position by means of a clamp screw 33.
PAR  The bottom portion located between the rear wall 29 and the stamp 30 is
      partly milled and the boundary line 34 of the milled portion extends
      parallel to the stamp 30.
PAR  The space enclosed by the sidewalls 28, the rear wall 29 and the stamp 30
      can receive a sample of a granular and/or powdery material. The space is
      then covered by a fitting lid 35, on which weights 36 can be put down for
      consolidating the sample. During this operation the rod 31 is clamped
      tight with the aid of the clamp screw 33. After consolidation the weights
      36 and the lid 35 are removed and the clamp screw 33 is loosened whilst at
      the same time a slight force is exerted in the direction of the arrow P on
      the rod 31 in order to prevent the stamp from moving away from the sample.
PAR  Subsequently the force P exerted on the sample is increased until the
      sample breaks down. This force divided by the surface of the stamp is the
      compression resistance of the sample.
PAR  The bottom is milled for preventing a shift in place of the sample along
      the bottom, whilst the bottom portion located near the stamp is smooth
      over a small distance in order to minimize the resistance during
      depression and displacement of the sample.
PAR  When the device described above is employed, the height of the sample may
      be comparatively small so that the natural weight of the material above
      the plane of fracture is also small. Moreover, the place of the plane of
      fracture is accurately defined by the beginning of the milled bottom.
PAR  The sidewalls 28 may remain in the position shown during the assessment of
      the compression resistance, which is particularly important for
      measurements on materials of very weak cohesion.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Method for measuring the shearing stress of powdery and/or granular
      material with a pair of members displaceable relative to each other about
      a common intersection therebetween, the members being of circular
      cross-section with equal diameters and enclosing hollow cavities
      therebetween, the cavities having a common center line, said method
      comprising the steps of:
PA1  A. filling the cavities completely with a sample of the material,
PA1  B. placing a freely movable weight on the material in the members,
PA1  C. turning the completely filled members with respect to each other about
      the center line of the cavities by rotating the weight to shear the
      material at the intersection between the members, and
PA1  D. measuring the force required to shear the material.
NUM  2.
PAR  2. Method as claimed in claim 1 including the step of exerting a force on
      one of the members during the step of filling, said force being at least
      substantially equal to the force required to turn the members during the
      step of turning.
NUM  3.
PAR  3. Method as claimed in claim 1 in which there is a first member defining a
      first cylindrical cavity and a second member resting on the first member
      and defining a second cylindrical cavity arranged coaxially with the first
      cavity, a lid freely displaceable in the direction of the common center
      line of the cavities and rotatable about said center line, the walls of
      the cavities being formed with vertically arranged grooves.
NUM  4.
PAR  4. Method as claimed in claim 3 in which the lid is operatively connected
      to the weight by a vertical shaft disposed therebetween and said shaft is
      longitudinally displaceable in a bearing adapted to turn about a second
      shaft disposed parallel to said vertical shaft.
NUM  5.
PAR  5. Method as claimed in claim 3 in which a spring is coupled at one end
      thereof to the lid at a distance from the center line of the lid, and the
      spring is connected at the other end thereof to an adjusting device.
NUM  6.
PAR  6. Method as claimed in claim 3 in which the members are adapted to be
      aligned and fixed with respect to each other by set screws.
NUM  7.
PAR  7. Method as claimed in claim 4 in which the step of measuring is performed
      with a traction meter, the meter being secured to a slide and connected to
      the vertical shaft by a cable, the slide being displaceable by a driving
      member.
NUM  8.
PAR  8. Method as claimed in claim 7 in which a first electric motor is
      connected with the slide and a second electric motor is coupled to the
      first motor by a hollow tapped tube and a screwthread bar screwed therein,
      the tube being drivable by one of the motors and the bar being drivable by
      the other motor, one of the motors being a slow-speed motor and the other
      being a high-speed motor.
NUM  9.
PAR  9. Method as claimed in claim 3 in which the bottom surface of the first
      cavity and the surface of the lid facing the sample are milled.
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ABST
PAL  A device for developing a signal indicative of the torque load on an
      internal combustion engine and particularly suited to provide said signal
      for an automatic transmission to be driven by said engine comprising
      actuator means having a piston movable in response to a pressure. The
      torque sensing device is adapted to be connected to one or more cylinders
      of the internal combustion engine so that said device is actuated by the
      average cylinder pressure as an indication of engine torque load.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  In the field of automatic transmissions and controls therefor it has been
      known; as for example as illustrated in U.S. Pat. No. 3,117,464; to
      provide a control signal for the control system of an automatic
      transmission which responds to engine throttle position (see FIG. 4b of
      the patent) and further it has been known to provide a control signal
      responsive to the engine intake manifold vacuum for the transmission
      control system (see FIG. 5b of the above patent). When the intake manifold
      vacuum is used as a control signal, in some instances as a signal to
      control the pressures within the transmission control system, and in some
      instances to further have an effect on the time at which the transmission
      will change ratio, the manifold vacuum signal is used since it has been
      thought to be one of the best indicators of both the operator demand on
      the vehicle engine and the actual engine torque load at a given time.
      However, at the present time in the automotive industry as more complex
      control mechanisms are being developed for internal combustion engines to
      reduce objectionable exhaust emissions, it has been found that the intake
      manifold vacuum signal is no longer a reliable signal and further it does
      not tend to vary within as wide a limit as previously, so that difficulty
      is experienced in attempting to utilize this signal as a control signal
      for the automatic transmission.
PAR  To alleviate the above difficulty with the intake manifold vacuum pressure
      as a control signal, the present invention provides for a means for
      developing a signal directly responsive to the engine torque output and
      using this signal as a control signal for an automatic transmission
      control mechanism. The device comprises an actuator which can be attached
      to the automatic transmission control system which will replace the
      presently used actuator which is connected to engine intake manifold
      vacuum. This actuator is connected to one or more of the internal
      combustion engine cylinders and thereby receives the average pressure
      within the cylinders. It has been found that the average engine cylinder
      pressure varies in direct proportion to the engine torque output and that
      this is a reliable indicator of the torque output. The inventive and novel
      actuator described herein provides a means movable by the average cylinder
      pressure which movable means is adapted to actuate a valve or other device
      within the automatic transmission control mechanism as a function of the
      engine torque load.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of an engine and transmission with a valve
      actuator attached thereto embodying the invention;
PAR  FIG. 2 is a cross-sectional view through the actuator of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of a modified form of actuator similar to
      the actuator of FIG. 2;
PAR  FIG. 4 is a view taken along the lines 4--4 of FIG. 3; and
PAR  FIG. 5 is a graph illustrating the correlation between engine cylinder
      pressure and engine torque load.
DETD
PAR  Referring to FIG. 1, there is shown in schematic view, an internal
      combustion engine 10 for an automotive vehicle having an automatic
      transmission 12 attached thereto and including a torque responsive
      actuator or device 14 mounted in association with control mechanism 16 for
      the automatic transmission. The actuator 14 is connected by a conduit 18
      to a spark plug 20 of the engine 10.
PAR  Referring to FIG. 2, the actuator 14 is illustrated in cross-section and
      shown connected by a conduit 18 to the spark plug 20 for the engine 10.
      The spark plug 20 has a connector 22 which is connected to an orifice (not
      illustrated) within the spark plug 20 which leads to the gap end of the
      spark plug such that when the spark plug 20 is mounted in the engine 10
      the orifice within the plug will be exposed to the interior of the
      cylinder of the engine. Spark plug 20 is of a type commercially available
      and provides a convenient way of gaining access to the engine cylinder. It
      will be understood that in commercial use of the present invention other
      means of gaining access to the engine cylinder may be advisable such as,
      for example, a direct path into the engine cylinder through the wall of
      the cylinder. However, the present invention is illustrated as used with
      spark plug 20 since for the purposes of test and development such spark
      plugs were available and provided a simple means of determining the
      operativeness and effectiveness of the present invention.
PAR  Provided in the conduit 18 which is adapted to communicate the gas pressure
      within the engine cylinder to the device 14 is provided a filter and
      moisture removing or vent valve 26 which is illustrated as a valve having
      three ports, one of the ports indicated as port 28. Port 28 receives a
      plug 30 having a small drain orifice 32 therein. The plug 30 retains a
      filter 34 which is adapted to filter the gas flowing through the valve 26
      to the torque device 14. A small ball 36 provided within plug 30 rests
      upon an O-ring seal 38. The valve 26 is adapted to provide for filtering
      of the gas from the engine cylinder and in addition, any moisture which is
      included in the gas flowing through the valve will condense within the
      valve 26 and collect in the lower portion in plug 30 and seep past valve
      ball 36 allowing the liquid to drain out hole 32. Normally, this would
      occur when the engine is not operating since at that time there is no
      pressure within the conduit 18 which would tend to keep the ball 36 seated
      upon O-ring 38.
PAR  The actuator 14 comprises a three-piece housing 40 comprising end sections
      42 and 44, separated by a middle section 46. The housing may be
      constructed of any known materials for this purpose including certain
      types of plastic, aluminum, steel or cast iron and the sections 42, 46, 44
      may be joined by any known method such as by bolts (not illustrated) which
      would extend through the end sections into the middle section to secure
      same together. In the case of aluminum or steel the end and middle
      sections could be joined by welding to provide a unitary housing.
PAR  The sections 42 and 46 are recessed to provide a chamber 50 and the
      sections 46 and 44 are recessed to provide a chamber 52. The chamber 50
      includes therein a piston 54 comprised of a flange 56 having a short
      threaded extension 57. Mounted on the extension 57 is a sealing nut 59
      having a flange 60 thereon. Provided between the flanges 56 and 60 is a
      flexible diaphragm 62 which may be of rubber or other flexible material.
      The diaphragm 62 extends also between the housing sections 42 and 46 such
      that it can provide for sealing between the housing sections 42 and 46.
      The sealing nut 59 is threaded internally to engage threads on extension
      57 such that the sealing nut 59 can be tightened to tightly engage the
      diaphragm 62 against the flange 56 to effect a sealed piston member
      dividing the chamber 50 into a spring or bias chamber 66 and an actuating
      chamber 68.
PAR  The flange 56 has a bore 70 therein which receives the end of an actuating
      rod 72. The actuating rod 72 is adapted to extend within the housing of
      the automatic controls for the transmission mechanism to actuate a valve
      or other means within the transmission. A spring retaining member 74 is
      provided which is threaded to engage internal threads in end section 42,
      the member 74 being engaged with a retaining flange 76. The flange 76
      engages a spring 78 which in turn engages the piston 54 to act as a return
      spring for the piston 54 urging same to the right as illustrated in FIG.
      2. The member 74 further includes a central bore 80 through which the rod
      72 extends.
PAR  Similar to the piston 54, a piston 90 is provided within the chamber 52
      which divides the chamber 52 into a spring chamber 92 and an actuating
      chamber 94. The piston 90 comprises flange members 96 and 98 which are
      adapted to be secured together by a screw 100 and nut 102. A diaphragm
      member 104 is provided which is of flexible material so as to provide a
      seal between chamber 94 and 92. The screw 100 and nut 102 are tightened to
      secure the flanges 98 and 96 together with the diaphragm 104 therebetween
      to provide a sealed piston within chamber 52. The diaphragm 104 similar to
      diaphragm 62 further extends between housing sections 46 and 44 to provide
      seal when the housing sections are assembled together.
PAR  A rod 58 is provided, reciprocable in a bore 106 in housing section 46, and
      engaging the piston 90 so as to be movable by piston 90. The chamber 92
      further has mounted therein a spring 108 which engages the piston 90 to
      urge same to the left as illustrated in FIG. 2.
PAR  Middle housing section 46 includes a conduit 118 which is connected to the
      port 110. Conduit 118 is connected to a stepped bore 120 which extends
      between chambers 50 and 52. The bore 120 has an orifice 122 providing
      communication with actuating chamber 68 for piston 54. The bore 120 has an
      enlarged chamber 124 which is connected through an orifice 127 to the
      chamber 94 for piston 90. A ball 126 is provided to engage a seat 128
      provided within bore 120. A spring 130 engages ball 126 to urge the ball
      against the seat 128. A bore 134 is provided between the exterior of
      middle housing section 46 and conduit 118 which is closed by a screw 136.
      The bore 134 provides access to drill a connection between passage 118 and
      bore 120.
PAR  The operation of the torque sensor device 14 described above is in general
      to provide a signal to the automatic transmission proportional to engine
      torque load. As illustrated in FIG. 2, the torque device 14 receives, by
      means of conduit 18, the pressure within one or more cylinders of the
      engine 10. This pressure is admitted through conduit 118 and orifice 122
      into actuating chamber 68 whereupon the pressure will act upon the piston
      54 to move same to the left, as illustrated in FIG. 2 against the force of
      spring 78 to move actuating rod 72 and thereby actuate a valve or other
      device within the control system for the automatic transmission. Thus a
      signal proportional to engine torque load is provided for control of the
      automatic transmission which may, for example, be a control of the type as
      illustrated in U.S. Pat. No. 3,117,464, having a valve such as illustrated
      in FIG. 5b which is adapted to control shift points and pressure within
      the automatic transmission. When the pressure within the cylinder of the
      engine decreases reflecting decreasing engine torque load, spring 78 will
      return piston 54 toward the right to move actuating rod 72 to the right to
      indicate the decreasing torque load to the transmission control. The
      cylinder pressure within conduit 118 is also admitted past the ball 126
      into chamber 94 by moving ball 126 against spring 130 and then through
      orifice 127 to actuate the piston 90 and move same to the right against
      the force of spring 108 for the purposes which will be described below.
PAR  During the normal course of operation of a vehicle high pressure will
      prevail in conduit 18 at least for a short duration, either because the
      vehicle is being accelerated resulting in high average cylinder pressure,
      or because, at low speed and idle conditions, periodic pressure pulsation
      will be propagated in conduit 18. An instantaneous high pressure in
      conduit 18 and bore 120 will be communicated to chamber 94 by lifting ball
      126 from seat 128. When the pressure reduces in passage 120, the ball 126
      seats and the high pressure is retained in chamber 94 for a period of time
      providing a delayed response of piston 90 on rod 58. The pressure is
      chamber 94 will gradually bleed off through the clearance between bore 106
      and rod 58 to be equalized with that in bore 120. It will be apparent that
      other types of check valve structures such as a reed valve could be used
      in place of the ball check valve illustrated.
PAR  The piston 90 is provided as a safety mechanism or fail-safe device. If
      line 18 should become blocked or break so as to exhaust all pressure
      within conduit 18 and conduit 118 while the engine is operating, the
      spring 78 would move piston 54 all the way to the right indicating to the
      transmission that there is no engine torque load. Under these conditions
      the transmission control system would have low hydraulic pressure due to
      low indicated torque and the friction elements within the transmission
      could be damaged by slipping as the vehicle is driven. The piston 90,
      having no pressure imposed thereon, will at this time be actuated by
      spring 108 to move rod 72 via rod 58 all the way to the left to indicate
      to the transmission high engine torque load. Thus, if there is a loss of
      pressure in conduit 18, the transmission will continue to operate and will
      develop pressures adequate to keep the friction elements of the
      transmission from slipping even at high actual engine torque load.
PAR  A modified form of torque device 14 is illustrated in FIGS. 3 and 4 which
      generally comprises an actuator 14a constructed with the drain and filter
      valve 26 built into the device 14. The device 14a of FIG. 3 is quite
      similar to device 14 of FIG. 2 and identical or similar elements carry
      identical numbers with the addition of a suffix a.
PAR  The middle section 46a of device 14a includes a bore 150 having a plug 154
      therein. Plug 154 engages a hollow filter element 156. The filter element
      156 engages within a counter-bore 158 in the bore 150. An additional
      counter-bore 160 is provided in section 46a which is connected by means of
      an orifice 162 with the actuating chamber 68a. Plug 154 includes a
      counter-bore 170 receiving a ball 172 which may be of plastic or other
      material, ball 172 engaging an O-ring seal 174 which in turn surrounds a
      drain hole 176, as illustrated in FIG. 4.
PAR  A bore 180 is provided in the side wall of section 46a which receives a
      threaded fitting 182 having a nipple 184 thereon adapted to have conduit
      18 connected thereto so that the cylinder pressure in conduit 18 is thus
      connected to the interior of bore 150 whereby it may flow through filter
      156 and the interior thereof through counter-bore 160 and orifice 162 into
      actuating chamber 68a.
PAR  As will be recognized, the device 14a operates in an identical manner to
      the device 14 of FIG. 2 with the exception that the filter and moisture
      drain valve is built within the housing section 46 and further with the
      additional distinction that a large clearance 190 and a lip type seal 200
      are provided within the bore 106a so that rising pressure in chamber 94a
      to move piston 90a to the right against the force of spring 108a and
      inactivate same is communicated directly from chamber 68a through the
      clearance 190. When the pressure in chamber 68a is falling the lip type
      seal 200 prevents return flow and high pressure is retained in chamber
      94a. The seal 200 thus performs the function performed by ball 126 in the
      structure of FIG. 2. As in the case of the FIG. 2 construction, the
      pressure in chamber 94a will gradually bleed off past seal 200 through
      passage 190.
PAR  Optionally, a small bleed orifice could be provided in communication with
      chamber 94a to perform the bleed-off function.
PAR  The graph of FIG. 5 illustrates the correlation which has been found to
      exist between the engine torque output and the average cylinder pressure
      within an internal combustion engine at four different engine RPM
      settings. These results were obtained through actual dynamometer tests and
      prove that the engine cylinder pressure is proportional to engine torque
      load and may be used as a reliable signal indicative of engine torque
      load.
PAR  From the above description it will be apparent that the present invention
      provides a unique method and apparatus for sensing engine torque load and
      in addition providing a means for controlling an automatic transmission
      with a signal which is directly proportional to the engine torque load.
      Conveniently the device is adapted to be attached to the transmission
      mechanism at the same location and by means similar to the vacuum valves
      presently being used in automatic transmissions. The torque device 14 of
      the present invention includes a safety feature such that even if there is
      a break in the connection to the engine cylinder pressure, the torque
      device 14 will still indicate a high torque load to prevent slipping of
      the friction elements of the transmission which could be destructive.
PAR  It should be understood that the torque device 14 may be made out of
      various materials suitable to house a valve of the present type. In
      addition it will be apparent that the device 14 can be made with pistons
      of various materials and sizes and that the mechanism for removing
      moisture from the cylinder pressure conduit 18 may be of any known
      structure adapted to perform that function. It will also be obvious that
      although the present invention is used in connection with a spark plug
      having an orifice therein to provide communication to the engine cylinder,
      other methods will become readily apparent of providing communication
      between the torque device 14 and the engine cylinders. For example, a
      direct tap into the engine cylinder through an orifice could be used which
      would be suitable for use with diesel engines or others not of the
      spark-ignition type.
PAR  It is believed that the present device is advantageous in overcoming the
      objectionable operation of intake manifold vacuum actuated valves
      presently used in automatic transmission controls which are objectionable
      due to the unreliability of the vacuum signal because of the exhaust
      emission devices presently being installed on automotive engines. The
      device of the present invention will also automatically compensate for
      deterioration of engine output torque with use due to loss of compression
      or other causes such as poor spark timing for which the manifold vacuum
      signal cannot compensate.
PAR  Various features of the invention have been particularly shown and
      described; however, it should be obvious to one skilled in the art that
      modifications may be made therein without departing from the scope of the
      invention as defined by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mechanism for developing a signal responsive to torque output of an
      internal combustion automotive engine, an automatic transmission for said
      engine, a control mechanism for said automatic transmission, said
      mechanism comprising a pressure responsive actuator connected to said
      control mechanism, said pressure responsive actuator having a pressure
      chamber with a piston therein movable in response to a pressure applied to
      said actuator, said piston comprising a flexible diaphragm, means
      connecting said chamber to at least one cylinder of said engine whereby
      said piston will be actuated by the average pressure in said cylinder to
      provide said control mechanism with an indication of torque load.
NUM  2.
PAR  2. A mechanism for developing a signal responsive to torque output of an
      internal combustion automotive engine, an automatic transmission for said
      engine, a control mechanism for said automatic transmission, said
      mechanism comprising a pressure responsive actuator connected to said
      control mechanisms, said pressure responsive actuator having means movable
      in response to a pressure applied to said actuator, means connecting said
      actuator to at least one cylinder of said engine whereby said movable
      means will be actuated by the average pressure in said cylinder to provide
      said control mechanism with an indication of torque load, and said
      actuator including a first pressure chamber in which said movable means is
      mounted and safety means operative to move said movable means when
      pressure is lost in said first chamber.
NUM  3.
PAR  3. A mechanism as claimed in claim 2 wherein said safety means includes a
      second pressure chamber connected to said cylinder pressure whereby said
      safety means is inoperative when pressure exists in said chamber.
NUM  4.
PAR  4. A mechanism as claimed in claim 3 wherein said safety means includes a
      piston in said second chamber having biasing means active thereon when
      pressure is lost in said chamber whereby said safety means will move said
      movable means in a direction to indicate high engine torque load.
NUM  5.
PAR  5. A mechanism as claimed in claim 3 including connecting means connecting
      said first and second chambers to provide for communication of the
      pressure in said first chamber to the pressure in said second chamber.
NUM  6.
PAR  6. A mechanism as claimed in claim 3 including check valve means in said
      connection to said second pressure chamber to retain pressure therein when
      cylinder pressure is lost in said means connecting said actuator with said
      engine.
NUM  7.
PAR  7. A mechanism for developing a signal responsive to torque output of an
      internal combustion automotive engine, an automatic transmission for said
      engine, a control mechanism for said automatic transmission, said
      mechanism comprising a pressure responsive actuator connected to said
      control mechanism, said pressure responsive actuator having means movable
      in response to a pressure applied to said actuator, means connecting said
      actuator to at least one cylinder of said engine whereby said movable
      means will be actuated by the average pressure in said cylinder to provide
      said control mechanism with an indication of torque load, and vent valve
      means in the connection between the engine cylinder and said actuator
      adapted to vent condensed liquids from said connection.
NUM  8.
PAR  8. A mechanism as claimed in claim 1 including a filter device in said
      connection for preventing contaminants from reaching said actuator.
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ABST
PAL  Apparatus for measuring engine cylinder pressures having an arcuate metal
      strip, means for mounting the strip at one end to the engine block and at
      the other to the engine head such that the strip spans the engine head
      gasket and strains in the gasket cause bowing of the metal strip, and a
      transducer mounted on the strip for measuring the amount of bowing of the
      strip and providing an output signal related to this. A preferred means
      for mounting the strip is metal dowels attached to the end of the strip
      and rigidly mounted in openings in the cylinder head and block and the
      preferred transducer comprises a pair of resistance element strain gauges
      mounted on the inside and the outside of the arcuate portion of the metal
      strip.
BSUM
PAR  This invention relates to apparatus for monitoring engine cylinder
      pressures and more particularly to a transducer for obtaining a
      reciprocating engine cylinder time pressure history that records machine
      component dynamic strain.
PAR  Of the various parameters which may be monitored on a reciprocating engine,
      cylinder pressure-time history may be considered the most important. The
      pressure-time diagram provides much complete information of its own in
      addition to that which compares information derived from other monitoring
      devices.
PAR  It is realized that all engine functions produce characteristics stresses
      in the machine hardware and the problem of producing cylinder
      pressure-time history is that of choosing the best accessible sensing
      point and providing apparatus that will produce readings that are accurate
      and analyzable. There are several ways that dynamic strain measurements
      may be made, for example, for measuring the stresses in cylinder head
      bolts, crankcase wall structures, or cylinder head gaskets.
PAR  It has been found that strain in cylinder head gaskets provide the best
      approach. Maximum strain levels (e.g. some 800 microinches per inch under
      test consitions) provide a robust signal and good fatigue life.
      Transducers may be readily located at any accessible point around the
      cylinder head periphery and varying characteristics available at different
      locations are a distinct advantage particularly in that strain levels
      increase toward cylinder centers (highest between pairs of bolts).
DRWD
PAR  In drawings which illustrate an embodiment of the invention,
PAR  FIG. 1 is a cross-section, partly schematic of the transducer and mounting
      on an engine,
PAR  FIG. 2 is a cross-section on X--X of the transducer,
PAR  FIG. 3 shows the tow resistance element, and
PAR  FIG. 4 is a possible electrical measuring and output arrangement.
DETD
PAR  Referring to FIG. 1, the transducer 10 is mounted between engine block 11
      and cylinder head 12 on two metal (preferably steel) rods or dowels 13 and
      14 rigidly fixed into openings in the head and block. This may be
      conveniently done by using epoxy glue 15. The transducer spans gasket 16
      and strains in it are translated into relative motion between the dowels
      13 and 14 and this is measured in transducer 10 and converted to an
      electrical output apearing on leads 17.
PAR  FIG. 2 shows how this measurement is made. A strong metal (preferably
      steel) member 19 interconnects dowels 13 and 14 and has a circular shape
      over its operating portion with its end turned to encircle and grip the
      dowels. The circular shape is an arc on radius R from point P. These are
      chosen to give best results although the length and position of these can
      be varied quite widely. Poor or no results are obtained if the operating
      length of member 19 is straight or close to straight. Two resistance
      element strain gauges 20 and 21 are rigidly attached, preferably by epoxy,
      one on each side of the operating length of member 19. Relative motion
      between the dowels results in flexure of the member 19 and this is
      measured by the resistance elements. Leads 17a and 17b pass to the
      exterior and the complete transducer is encapsulated in epoxy resin glue
      to form transducer housing 10 and to provide damping to member 19 and the
      resistance elements.
PAR  FIG. 3 illustrates the transducer resistance elements 17a and 17b and FIG.
      4 is a circuit diagram of a bridge measuring circuit that may be used for
      providing a readout to a meter, strip chart recorder, oscilloscope etc.
      This is an AC bridge and the set-up shown provides measurement of three
      cylinders at once from transducers 22, 23, and 24. During elements 25 and
      26 are required for proper operation of the bridge.
PAR  Although the invention described above is not capable of producing a
      signature identical to that available with a diaphram in contact with the
      fluid, it will provide one sufficiently representative to constitute an
      equally useful diagnostic tool. Low cost, long life and ease of
      installation without major engine modification provide economic viability.
      In the area of road transportation fleet maintenance may be greatly
      facilitated by using the technique described as a simple clinical type
      analyzer. The area of greatest advantage however is considered to be in
      large equipment such as power-plant and diesel locomotive railway
      operations, where a complete data acquisition system is possible to
      individual units and/or plants.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for measuring engine cylinder pressures comprising:
PA1  a. an arcuate metal strip,
PA1  b. a pair of metal dowels attached to the ends of the strip, one of said
      dowels rigidly mounted in an opening in the cylinder block and the other
      rigidly mounted in an opening in the cylinder head, and
PA1  c. a transducer mounted on the strip for measuring the amount of bowing of
      the strip and providing an output signal related to this.
NUM  2.
PAR  2. Apparatus for measuring engine cylinder pressures comprising:
PA1  a. an arcuate metal strip,
PA1  b. means for mounting the strip at one end to the engine block and at the
      other to the engine head such that the strip spans the engine head gasket
      and strains in the gasket cause bowing of the metal strip, and
PA1  c. a pair of resistance element strain gauges one mounted on the inside and
      the other on the outside of the arcuate or bowed portion of the metal
      strip and connected together and to the output as to give a strong
      electrical output related to the amount of bowing of the strip.
NUM  3.
PAR  3. Apparatus for measuring engine cylinder pressures comprising:
PA1  a. an arcuate metal strip,
PA1  b. means for mounting the strip at one end to the engine block and at the
      other to the engine head such that the strip spans the engine head gasket
      and strains in the gasket cause bowing of the metal strip,
PA1  c. a transducer mounted on the strip for measuring the amount of bowing of
      the strip and providing an output signal related to this, and
PA1  d. encapsulation material covering the strip and the transducer providing a
      protective housing and damping action to the strip and the transducer
      mounted thereon.
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ABST
PAL  A load cell capable of measuring forces along three orthogonal axes as well
      as bending moments about each of these axes is disclosed which is of
      simple construction while being capable of measuring accurately a wide
      range of dynamic working loads. The load cell consists of a housing
      drivingly connected to a central hub member by means of a cross pattern
      formed by pairs of compliant cantilever bars, each bar slidable in the
      housing along its axis so as to not be capable of resisting transverse
      loads along respective orthogonal axes in the plane transverse to the load
      cell. Displacements of the hub relative to the housing are measured by
      four sets of LVDT transducers, each set measuring relative lateral
      movement parallel to each of the orthogonal axes on opposing points
      radially displaced from the central axis of the load cell. These
      displacements are used to generate signals corresponding to the force
      components along each of the orthogonal axes as well as bending moments
      about each of these axes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to load cells, more particularly to multiaxis load
      cells capable of measuring forces and moments about three orthogonal axes.
PAR  2. Description of the Prior Art
PAR  Multi-axis load cells have long been available for various purposes,
      typical examples being found in U.S. Pat. Nos. 3,640,130; 3,433,064;
      3,600,942; 3,492,864; 3,513,457; 3,513,431; 3,693,425; 3,552,199;
      3,427,875; and 3,618,376. The use of multi-axis load cells has been
      heretofore been proposed in the context of automated assembly operations
      in which a manipulator device is controlled so as to perform certain
      assembly tasks by means of so-called "force feedback steering" in which
      the reactive forces transmitted back through the manipulator as the
      assembly task is carried out are used to generate control signals to
      perform the assembly task. Such an application requires a load cell having
      simple, lightweight physical structure and in addition must be capable of
      functioning over a wide range of dynamic load levels since very
      lightweight parts, i.e., washers, pins, etc., and relatively heavy
      objects, i.e., castings, etc., and may be expected to be handled by the
      manipulator, and the reactive loads may also vary widely depending on the
      dynamic nature of the specific assembly task being performed. Studies to
      date have also indicated that for such force feedback steering to be
      effective force levels along each of the orthogonal axes and bending
      moments about each of these axes must each be measured quite accurately.
      An approach to multiaxis load cells suitable to this application has been
      described in a published Master's Thesis entitled "Force Feedback Steering
      of a Tele-Operator System" by R. C. Groome, Jr., MIT Draper Laboratory
      Report T-575, August, 1972. This arrangement consists of a hub connected
      to a housing by means of four cantilever bars arranged in a cross pattern,
      each of the bars being fixed to the housing while being supported so as to
      be slidable along its axis with respect to the housing. Resistive strain
      gages are applied to each of these bars so as to measure the lateral
      forces experienced by each of the cantilever bars. As described therein,
      the forces so sensed may be resolved to obtain the three force and three
      torque components experienced by the load cell.
PAR  While this approach is extemely simple and effective, the use of resistive
      foil strain gage elements on the cantilever bars to measure the forces
      limits the dynamic range of load levels which are capable of being
      measured by the assembly since the resolution of strain gages of this type
      is quite limited.
PAR  Therefore, it is an object of the present invention to provide a load cell
      which is both simple and is capable of sensitively measuring multi-axis
      loads along a wide dynamic range of load levels.
PAC  SUMMARY OF THE INVENTION
PAR  This object and others which will become apparent upon a reading of the
      following specification and claims is accomplished according to the
      present invention by modifying the cross bar load cell described by the
      addition of a spider and hub structure to the central hub member, and
      supporting four pairs of displacement transducers in the housing to
      measure lateral displacements of each of radially opposite points on the
      spider and hub with respect to the housing along orthogonal axes, from
      which displacement measurement signals corresponding to each of the major
      forces and bending moments are generated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a multi-axis load cell according to the present
      invention;
PAR  FIG. 2 is a sectional view taken along the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 1;
PAR  FIG. 4 is an elevational view of the multi-axis load cell according to the
      present invention in partial section; and
PAR  FIG. 5 is a plan view of the multi-axis load cell taken in the direction of
      the arrows 5--5 in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the following detailed description certain specific terminology will be
      utilized for the sake of clarity and a specific embodiment will be
      described in order to provide a complete understanding of the invention,
      but it is to be understood that the invention is not so limited and may be
      practiced in a variety of forms and embodiments.
PAR  One example would be the use of three cantilever bars arranged at
      120.degree. and six LVDT transducers rather than 4 and 8 to obtain the six
      components of force and moment.
PAR  Referring to the drawings, the load cell 10 includes a housing member 12
      and a hub member 14 supported within the housing 12 and drivingly
      connected thereto by means of four cantilever bars 16, 18, 20 and 22 which
      are fixed at one end to a central portion 24 of the hub 14. The other ends
      are supported in the housing 12 by means of four partially spherical ball
      ends 26 slidably fit within bushings 28, so as to freely allow relative
      movement between each cantilever bar and the housing 12 in directions
      along each bar axis.
PAR  In order to measure the various displacements relative to the housing 12 of
      radially spaced points fixed with respect to the hub 14, the hub 14 is
      provided with a flange member 30 and a spider member 32, each affixed to
      opposite respective ends of the hub 14.
PAR  Spider 32 includes four radially extending arms 34, 36, 38 and 40 each
      extending into clearance recesses 42 formed in housing 12, the recesses 42
      providing an overtravel positive stop for the arms 34-40. The spider arms
      34-40 each have a lateral edge 44, 46, 48 and 50 lying along axes crossing
      the central axis of the load cell.
PAR  Lateral movement of each of these edges 44-50 is detected by means of
      displacement transducers, preferably 52, 54, 56 and 58 carried in the
      housing 12 and positioned such as the contact tips thereof 60 are
      maintained in engagement with a respective edge 44-50. These transducers
      are preferably of the linear variable differential transformer type, which
      perform well in this application, since very accurate displacement
      measurement can be carried out over a range which is much larger compared
      to strain gage applications.
PAR  Such LVDT transducers are per se well known in the art and commercially
      widely available and so will not be described herein in detail. Suffice it
      to say that any movement of the contact tip 60 generates an electrical
      output signal corresponding precisely to the extent of such movement.
PAR  This arrangement provides a means for sensing relative displacements
      between the hub 14 and the housing 12 in directions parallel to the axis
      of the cantilever bars 16, 18, 20 and 22.
PAR  Lateral movement of the flange 30 along lines parallel to the axis of the
      load cell 10 is measured by means of LVDT transducers 62, 64, 66 and 68,
      also carried in the housing 12 and positioned so as to engage the outer
      rim 70 of flange 30 at 90.degree. intervals about the circumference
      thereof. The outer rim 70 is positioned so as to engage portions 71 and 73
      of the housing 12 to provide an overtravel positive stop.
PAR  This arrangement provides a means for sensing relative displacements of the
      hub 14 and the housing 12 in directions orthogonal to a plane formed by
      the cantilever bars 16, 18, 20 and 22.
PAR  As will be appreciated by those of ordinary skill in the art from this
      description, signals corresponding to lateral displacements of the hub
      member 14 at the eight points described are generated which may be used to
      produce signals corresponding to the major force components along each of
      the orthogonal axes and the bending moments about each of these axes.
PAR  Each transducer set comprised of each radially opposed pair provides both a
      means of meaasuring a force component along the axis parallel to the
      LVDT's in the set and also is a means of measuring the bending moment
      applied to the orthogonal axis transverse to the plane in which the
      particular LVDT pair axes are located, since the algebraic summation of
      the displacements measured by the LVDT pair uniquely defines this bending
      moment, as can be appreciated by one of ordinary skill in the art.
PAR  The electrical signals so produced can thus be combined and processed in
      this manner by known circuitry techniques to generate signals
      corresponding to each of the force components and bending moments for use
      in the controller system.
PAR  As is well known in the transducer art, these LVDT transducers are capable
      of extremely accurate displacement measurements or a range of
      displacements which is considerable by comparison to strain measurements
      capable of being measured by strain edge gage type instrumentation. These
      transducers also have excellent dynamic measurement characteristics so
      that it can be appreciated that the simplicity of the load cell approach
      described by Groome, Jr., has been retained while adding the performance
      characteristics described.
PAR  While the interpretation shown here has the spider 32 and flange 30
      displaced from the plane of the cantilever bars 16-22 primarily for ease
      of manufacture, it should be appreciated that these three planes could be
      made coincident so that the cantilever bars and the contact tips of the 8
      (or 6) LVDT's are all in the same plane, in order to minimize cross
      coupling of signals generated by displacement of each. Also the cantilever
      bars are made of round cross section. If it is desired to have different
      stiffnesses, the bar sections could be rectangular or of some other shape
      to tailor the stiffnesses in the various directions to the particular
      application.
PAR  Many variations of this concept are of course possible within the scope of
      the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-axis load cell comprising:
PA1  a housing member,
PA1  a hub member;
PA1  means drivingly connecting said hub and said housing including a plurality
      of cantilever bars extending between said hub and said housing and
      connecting means therefor, said connecting means fixing one end of each
      cantilever bar to one of said hub and said housing and freely connecting
      the other end of each bar to the other of said hub and said housing to
      allow relative movement therebetween in a direction along each respective
      cantilever bar axis; and
PA1  means sensing relative displacements between said hub and said housing in
      directions parallel with the axes of said cantilever bars and producing
      signals corresponding thereto, whereby forces corresponding to said
      displacement can be measured.
NUM  2.
PAR  2. The load cell of claim 1 wherein said means sensing relative
      displacements between said hub and said housing in directions parallel
      with the axes of said cantilever bars includes a plurality of LVDT
      transducers sensing said relative displacements.
NUM  3.
PAR  3. The load cell of claim 1 wherein said means sensing said relative
      displacements between said hub and said housing in directions parallel to
      the axes of said cantilever bars includes a spider member fixed to said
      hub and having a plurality of arms extending radially from said hub, said
      means sensing relative displacements between said hub and said housing in
      directions parallel to the axes of said cantilever bars further including
      means sensing displacement of a point on each of said arms.
NUM  4.
PAR  4. The load cell of claim 1 further including means sensing relative
      displacements of said hub and said housing in directions orthogonal to a
      plane formed by said cantilever bars and including a flange member fixed
      to said hub member extending radially with respect to said hub.
NUM  5.
PAR  5. The load cell of claim 4 wherein said means sensing said relative
      displacements between said hub and said housing in directions parallel to
      the axes of said cantilever bars includes a spider member fixed to said
      hub and having a plurality of arms extending radially from said hub, said
      means sensing relative displacements between said hub and said housing in
      directions parallel to the axes of said cantilever bars further including
      means sensing displacement of a point on each of said arms.
NUM  6.
PAR  6. The load cell of claim 5 wherein said means sensing displacement
      includes a plurality of LVDT transducers engaging said points on said
      spider member, and said flange member.
NUM  7.
PAR  7. The load cell of claim 4 wherein said means sensing relative
      displacements between said hub and said housing in directions orthogonal
      to a plane formed by said cantilever bars includes a plurality of LVDT
      transducers engaging said flange member.
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ABST
PAL  In accordance with an illustrative embodiment of the present invention, a
      hollow mandrel mounted in a production string has an eccentrically
      disposed, lateral recess adapted to receive a measuring instrument. A
      plug-in contact assembly is located at the lower end of the recess and is
      connected to an electric cable which is fixed to the outside of the
      production string. The measuring instrument includes a receptacle assembly
      on its lower end which is fitted onto the contact assembly during
      emplacement of the instrument in the recess, thereby to provide in
      combination with the cable an insulated electric connection between the
      measuring instrument and the surface. The measuring instrument can be
      placed into, or removed from, the recess as desired, for example by means
      of conventional running and pulling tools that are lowered into the
      production string at the end of a wireline.
BSUM
PAR  This invention relates to measuring instruments adapted to be installed in
      producing wells.
PAR  Certain measuring instruments, such as pressure gauges, for example, often
      are installed permanently in wells. Such instruments make it possible to
      measure and record changes in downhole pressure as the well is produced.
      Such an instrument may be connected by an electric cable to a surface
      equipment that furnishes the electric power necessary for the measurement,
      as well as displaying and sometimes recording the downhole information.
      The measuring instrument and its cable normally are attached on the
      exterior of the production string. In case of failure, or if it is desired
      to carry out adjustment or maintenance operations, it is therefore
      necessary to remove the production string from the well in order to
      recover the instrument. Such an operation is clearly time consuming and
      costly, especially since the electric cable is difficult to re-utilize,
      even if it were still in good condition prior to the removal of the
      production string.
PAR  One object of the present invention is to provide a new and improved
      measuring instrument and apparatus for installing the instrument in a
      production string in such a manner that the measuring instrument can be
      brought up to the surface and reinstalled without removing the production
      string from the well.
PAR  Equipment and apparatus for installing and removing valves at different
      levels of a production string, as required, are well known. These valves
      commonly called "gas lift" valves are used to open and close lateral
      passages between the exterior and the interior of the production string,
      thereby making it possible to inject gas into the string at the desired
      depths. U.S. Pat. No. 2,679,903 describes such an installation which
      includes a plurality of eccentric hollow mandrels, each of which is
      arranged with a lateral recess capable of receiving a valve. The valve is
      installed or removed from its recess by means of typical running and
      pulling tools lowered into the well at the end of a flexible carrying line
      and capable of implanting the valve in the recess. Heretofore, however,
      such mandrels have been designed only for the installation of mechanical
      equipment such as valves.
PAR  Another object of the present invention to provide a new and improved
      instrument installation which makes it possible to install in a production
      string a device utilizing an electrical connection with the surface.
PAR  These and other objects are attained in accordance with the concepts of the
      present invention through the provision of apparatus including a hollow
      mandrel having two end parts adapted for connection to a production string
      and a middle part of larger section than the end parts, the said mandrel
      further having a lateral recess arranged within the middle part. An
      electric cable is attached on the exterior of the mandrel and extends up
      to the surface along the production string. At one end of the lateral
      recess is arranged a contact assembly providing an electric link between
      the cable and the measuring instrument when the latter is in place within
      the recess. The contact assembly includes a conductor arranged in an
      insulating sleeve which goes through a wall of the mandrel in a sealed
      manner. The conductor and the insulating sleeve have respective surfaces
      which coact with the parts of the measuring instrument to provide an
      electric connection which is insulated from well fluids. When the
      measuring instrument is not in its recess, the said surfaces of the
      conductor and insulating sleeve are immersed in the well fluids.
PAR  The measuring instrument includes a housing capable of being introduced
      into the lateral recess and containing a measuring assembly for producing
      an electric signal on an output terminal. The output terminal is
      electrically connected to a connector receptable adapted to engage the
      contact surface of the mandrel conductor when the measuring instrument is
      emplaced within the recess. The measuring instrument also comprises means
      for insulating the electric contact thus formed from the well fluids. The
      insulating means includes an insulating flexible sheath arranged around
      the connector and capable of bearing on the contact surface of the
      insulating sleeve, thereby providing, around the connector and the
      conductor, which may be in the form of an elongated rod, a closed chamber
      not in contact with the fluids of the well. Owing to the flexibility or
      elasticity of the sheath, this chamber can deform and decrease in size
      when the receptacle is being removed from the plug assembly.
DRWD
PAR  These and other features and advantages of the invention will be better
      understood from the following description and the accompanying drawings in
      which:
PAR  FIG. 1 is a longitudinal sectional view of a production string having a
      mandrel according to the invention in which is placed a measuring
      instrument;
PAR  FIG. 2 is an enlarged sectional view which represents in greater detail the
      mandrel of FIG. 1;
PAR  FIGS. 3, 4, 5 and 6 are cross sections of the mandrel taken along the lines
      3--, 3, 4--4, 5--5 and 6--6 respectively of FIG. 2;
PAR  FIGS. 7A and 7B are longitudinal sectional views of a measuring instrument
      according to the presention invention; and
PAR  FIG. 8 is a longitudinal section view representing in greater detail the
      electric connection between the mandrel and the measuring instrument.
DETD
PAR  Referring to FIG. 1, a mandrel 11 adapted to receive a measuring instrument
      12 is connected at the desired depth in a production string of tubing or
      the like, of which two sections 13 and 14 adjacent to the mandrel 11 have
      been shown. The connections between the mandrel 11 and the adjacent
      elements are made by conventional threaded collars 15 and 16. The mandrel
      11 comprises two end parts 17 and 18 having generally the same section as
      the production string, and a middle eccentric part 20 with a larger
      internal section, connected to the end parts by partitions 21 and 22 of
      conical form. The middle part 20 has arranged therein a lateral recess 23
      which still allows a longitudinal passage through the mandrel, of a
      section at least equal to that of the production string. At the lower end
      of the lateral recess 23, in which is placed the measuring instrument 12,
      a contact or plug assembly is provided. The plug assembly extends through
      the wall of the mandrel and is connected to a cable 25 fixed on the
      exterior of the mandrel and extending up to the surface along the
      production string. When the measuring instrument 12 is in place in the
      recess 23, the plug assembly 24 provides an insulated electric connection
      between the measuring instrument and the cable 25, thereby allowing the
      supply of power to the instrument, as well as the transmission of
      information to the surface.
PAR  The mandrel 11, shown in greater detail in FIGS. 2 to 6, is made up, for
      example, of two machined elements butt welded at 26, the lateral recess 23
      being an added-on piece attached by its ends to the interior of the middle
      part 20. Other embodiments are possible, of course, for example, forged
      blanks. The lateral recess 23, slightly inclined with respect to the axis
      of the production string, comprises an upper part 30 of semicircular
      section (FIG. 4) and a lower part 31 of tubular form having a longitudinal
      cut 32 (FIG. 5). The upper part 30, which has a tapered entry 33 to
      facilitate the introduction of the measuring instrument, is attached to
      the body of the mandrel by screws 34 (FIG. 4) sealed by welding. An
      annular groove 35, cut in the internal face of the upper part 30, makes it
      possible to secure the measuring instrument in its recess as will be
      described further below. The lower part 31 of the recess 23 (see also FIG.
      8) which has a boss 36 welded between the central part 20 and the end part
      18 of the mandrel, terminates downwardly in a transverse wall 37 pierced
      with a longitudinal bore 40 and an oblique hole 41. Immediately over the
      transverse wall 34 is made a tapered internal bearing surface 42 having a
      stainless conducting coating, of rhodium for example, arranged to be
      engaged by the lower end of the measuring instrument as will be described
      in further detail below.
PAR  Concentric with the axis of the bore 40, another bore 43 with a diameter
      larger than the first, goes through the conical partition 22 of the
      mandrel. A rectangular slot 44 (FIG. 6) opens toward the outside of the
      mandrel and may be cut transversely in the partition 22. This slot
      receives a nut 45 that is stopped from rotating with respect to the
      mandrel by a flat surface 46. A threaded sleeve 47, screwed in the nut 45,
      keeps the plug assembly 24 in place in the bore 43.
PAR  The contact or plug assembly 24 has a tubular metallic body 50 with a
      shoulder 51 which bears against the lower side of the transverse wall 37,
      and a shoulder 52 which bears against the sleeve 47. A conducting rod 53,
      comprising a head 54 having a conical upper contact surface, is sealed by
      a glass sleeve 55 within a bore 56 which extends longitudinally through
      the body 50. The metals chosen for the conducting rod and the body 50, in
      a preferred form, should have an expansion coefficient as close as
      possible to that of the glass 55.
PAR  The glass sleeve 55 has at its upper end portion an annular contact surface
      57 located even with the external surfaces of the body 50 and the heat 54.
      Seals 58 prevent fluid leakage between the body 50 and the mandrel. The
      conducting rod 53 is connected, at its lower end, to a conductor 60 of the
      cable 25 by means of a sealed fitting 61 of a conventional type (FIG. 2).
PAR  This arrangement gives the contact assembly 24 excellent resistance to the
      severe environmental conditions (temperature, pressure, shocks, corrosive
      fluids) which may be encountered in wells. This resistance is all the more
      valuable as the assembly remains constantly in the well and can be
      replaced only by withdrawing the production string. In spite of its
      apparent simplicity, this contact assembly performs a double function.
      Firstly, it constitutes a sealed cross-over through the wall of the
      mandrel. Secondly, provision of separate upper surfaces, one of which
      conducts and the other insulates, it is possible to provide an insulated
      electric connection with the measuring instrument in an electrically
      conductive medium.
PAR  FIGS. 7A and 7B represent the measuring instrument 12 which comprises, from
      top to bottom, a locking assembly 65, a measurement assembly 66 and an
      electrical connection assembly 67. The locking assembly 66, of a
      conventional type, is intended to keep the measuring instrument secured in
      the lateral recess of the mandrel while cooperating with the groove 35.
      This locking assembly is similar to those generally used for the
      installation or removal of valves as described in the previously-mentioned
      United States patent. Within the body 70 a latch 72 is rotatingly mounted
      on a pivot 71 and loaded clockwise by a spiral spring 73. A locking rod 74
      held in the body by a pin 75 prevents the latch 72 from moving downward
      beyond the position shown in FIG. 7A.
PAR  When the measuring instrument is introduced into its recess, the latch 72
      is driven upward until it is opposite the groove 35 in which it engages.
      The locking rod 74 prevents the latch 72 from moving downward, holding the
      measuring instrument in its recess.
PAR  A retrieval head 76 is screwed onto the upper part of the locking rod 74.
      To remove the instrument from the pocket, a pulling tool is engaged on the
      head 76, and the head is pulled upward so as to shear the pin 75. The rod
      74 then moves upward and frees the latch 72. The measuring instrument is
      then no longer maintained in the recess 23 and can be brought up to the
      surface.
PAR  The locking assembly 65 also comprises, at its lower part, a telescoping
      device making it possible to dampen the shocks transmitted by this locking
      assembly to the measurement assembly during the installation or removal of
      the instrument, and to keep the connection assembly 67 firmly against the
      conical bearing surface 42. At the lower part of the body 70 is slidingly
      mounted a tube 80 whose stroke is limited by a pin 81 attached to the
      upper part of the tube 80, the pin being movable within diametrically
      opposed longitudinal grooves 82 cut in the body 70. A spring 83
      compression-mounted between a shoulder 84 of the tube 80 and the lower
      face of the body 70 drives the tube 80 downwardly with respect to the
      body.
PAR  The tube 80 is screwed onto a coupling 85 which forms part of the
      measurement assembly 66, in this example a manometer or pressure gauge.
      The coupling 85 extends upwardly through a column 86 surrounded by a
      bellows 87 which terminates at its upper part in a cap 90 equipped with a
      filling plug 91. The column 86 is pierced with a longitudinal passage 92
      filled with oil, as is the interior of the bellows 87. The pressure of the
      oil contained in the passage 92 is applied to a pressure sensor 93 screwed
      at the lower part of the coupling 85. The pressure of the fluids outside
      of the instrument is transmitted to the bellows 87 through lateral
      openings 94 traversing the tube 80. The coupling 85 extends downward by a
      tubular support 95 placed within a sealed envelope 96 itself screwed onto
      the coupling 85.
PAR  A base 97, fixed on the support 95, carries electronic circuits represented
      schematically by the block 100. The electronic circuits 100 are connected,
      on the one hand, to a sensor 93 by means of conductors 101 and, on the
      other hand, by means of a conductor 102, to the conducting rod 103 of a
      sealed bushing 104 screwed into the lower part of the housing 96. The
      sensor 93 can consist, for example, of a pressure-deformable diaphragm on
      which are fixed strain gages which are bridge connected and supplied with
      direct current. The output signal of the sensor 93 is applied to the
      electronic circuits 100 which may include voltage-frequency converter
      whose output signal can be superimposed on the DC power supply of the
      sensor. This arrangement makes it possible to provide a measurement
      assembly having a single output terminal.
PAR  The connection assembly 67, also represented in FIG. 8, comprises a
      carrying tube 105 screwed into the lower part of the housing 96 and
      provided with lateral openings 106. The sealed bushing 104 is integral
      with a connector 107 located in the tube 105. On the lower part of the
      conducting rod 103 is screwed a metallic ring 108 to which is attached a
      helical conductor wire 110 forming a spring whose lower end is connected
      with a contact cup 111. The cup 111, the conductor 110, the ring 108 and
      part of the sealed bushing 104 are encased in an elastomer 112. The cup
      111 can thus move longitudinally to some extent within the tube 105.
PAR  The connection or receptacle assembly 67 also comprises means for
      insulating the electrical contact between the cup 111 and the head 54 from
      the well fluids. An insulating flexible duct 113 which fits closely around
      the upper part of the elastomer 112 has a thicker lower part integral with
      a metallic bushing 114. The bushing 114, mounted with a large clearance
      within the tube 105, is maintained longitudinally by pins 115 which go
      through the wall of the tube. The lower face of the tube 105 has a
      conducting and stainless external conical surface 116 adapted to bear on
      the complementary conical bearing surface 42 of the recess 23 (FIG. 8) to
      form an electrical contact for ground. An internal chamber 117 guides the
      tube 105 onto the contact assembly 24.
PAR  It will be noted that in the extended position (FIG. 7B) the cup 111 blocks
      the lower end of the duct 113 leaving only a small space between the cup
      and the internal face of this duct. The volume included between the
      elastomer 112 and the duct 113 can thus be filled with a viscous
      insulating fluid, liquid silicone for example, during the lowering of the
      measuring instrument in the production string. After the installation of
      the measuring instrument in the lateral recess, and even if conducting
      fluids have penetrated into this space, the contact head 54 and the cup
      111 are insulated from the tube 105 and from the well fluids by the duct
      113 whose inner face, located within the bushing 114, bears on the contact
      surface 57 of the insulating sleeve 55.
PAR  When it is desired to perform measurements with an instrument permanently
      installed in a production well, a mandrel 11, as represented in FIG. 2, is
      connected in the production string at the desired depth. The lateral
      recess 23 is equipped with the contact assembly 24 connected to the cable
      25 which is fixed along the exterior of the production string as it is
      lowered into the borehole. The measuring instrument then can be installed
      in the lateral recess 23. It will be noted that the cuttings which may
      have accumulated in the lateral recess 23 are removed through the oblique
      hole 41.
PAR  For the installation, a conventional running tool is used, for example a
      tool of the type described in U.S. Pat. No. 2,679,903. The measuring
      instrument 12 is fixed in the position represented in FIGS. 7A and 7B, at
      the lower end of this tool, by means of a pin 77, and the assembly is
      lowered into the production string down to the level of the mandrel at the
      end of the flexible line. An upward movement followed by a downward
      movement positions the measuring instrument toward the lateral recess 23.
      The measuring instrument is then lowered into its recess until the latch
      72 engages in the groove 35. When the measuring instrument in fully fitted
      in its recess, the contact assembly 24 enters the lower part of the
      flexible duct 113 and the contact is established between the head 54 and
      the cup 111 of the connector 107. The fluid located within the duct 113 is
      driven upward and escapes by passing between the upper part of this duct
      and the elastomer 112. The duct 113 bears on the contact surface 57 of the
      glass sleeve 55 and forms, around the head 54 and the contact 111, a
      closed chamber which insulates this contact from the well fluids. The
      instrument running tool is then freed by shearing the pin 77, and the tool
      is raised to the surface. The instrument 12 is then ready to operate when
      it is supplied with current through the cable 25.
PAR  If it is desired to perform adjustment, maintenance or repair operations on
      the measuring instrument, it can be removed from the recess 23 and brought
      up to the surface by means of a pulling tool similar to the running tool
      as will be apparent to those skilled in the art. The pulling tool, lowered
      into the production string by means of a flexible line, hooks onto the
      retrieval head 76. By pulling the line upward, the pin 75 which frees the
      latch 72 is sheared. The instrument 12 can thus be removed from the
      pocket. The suction effect which occurs when the plug assembly 24 is
      removed from the duct 113 results in a radial crushing of the duct which
      is of course possible due to the compliant nature thereof. The internal
      volume of the duct 113 is sufficiently large to allow the contact assembly
      24 to be readily removed from the duct. The measuring instrument can then
      be brought up to the surface by means of the flexible line for the
      necessary operations and then reinstalled as previously discussed.
PAR  The measuring instrument is thus accessible without withdrawing the
      production string. The elements remaining permanently in the well, and in
      particular the contact assembly 24 and the cable 25, are extremely simple
      and highly resistant to corrosion. On the other hand, all the mobile or
      more delicate elements are placed in the measuring instrument which can be
      brought up to the surface easily. The measuring instrument installation or
      removal operations are carried out simply by means of conventional
      equipment currently used in the production of wells.
PAR  The apparatus just described can involve many variants, in particular with
      regard to technical design details and the materials used. In particular,
      the instrument capable of being placed in the mandrel can be other than a
      pressure gauge, since the locking and electrical connection assemblies are
      easily adaptable to different types of electrically operated measuring
      devices. It is thus possible to use other installation or withdrawal
      techniques using tools moved by pumping fluids through the production
      string. Since it will be apparent that various modifications and changes
      may be made without departing from the inventive concepts involved, it is
      the aim of the appended claims to cover all such changes or modifications
      falling within the true spirit and scope of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A measuring instrument installation for a well having a pipe string
      provided with a landing mandrel, said mandrel having an internal recess
      means, comprising: an elongated tubular housing having running and
      retrieving means thereon and adapted to be run through the pipe string and
      releasably secured within said recess means; a measuring instrument
      mounted within said housing and arranged to furnish at an output terminal
      an electrical signal representative of a measurement of a downhole
      parameter; contact means on said mandrel including an insulated conductor
      that extends from the interior of said recess means to the exterior of
      said mandrel; and a connector assembly fixed to one end of said housing
      and adapted to interconnect with said contact means to provide an
      electrical link between said contact means and said output terminal.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said contact means includes first and
      second surfaces, one of which is conductive and the other of which is
      insulative.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said connector assembly comprises a
      conductive means electrically connected to the said output terminal and
      adapted to bear on the said one surface and an insulating flexible duct
      arranged around the said conductive means and adapted to bear on the said
      other surface and arranged to provide around said conductive means and
      said one surface a closed chamber insulated from the well fluids.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the said duct bears on the said other
      surface adjacent a first end thereof which is fixed to the said housing.
NUM  5.
PAR  5. The apparatus of claim 4 wherein a second end of the said duct bears
      elastically on an insulation means provided around the said conductive
      means in such a manner as to allow a fluid contained in the said chamber
      to escape when the said duct is fitted onto the said contact means of said
      mandrel.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said conductive means is adapted, in
      the engaged position, to block the said first end of said duct so as to
      remain an insulating fluid in the chamber defined between the said duct
      and the said conductive means.
NUM  7.
PAR  7. The apparatus of claim 1 further comprising a locking assembly for
      securing the said housing in said recess means, said locking assembly
      being fixed to the said housing by means of tubular telescoping members
      that permit longitudinal movement of the said locking assembly with
      respect to the said housing.
NUM  8.
PAR  8. The apparatus of claim 7 wherein a spring is provided in combination
      with said telescoping members for urging said housing longitudinally away
      from the said locking assembly to maintain said connector assembly in
      electrical contact with the said contact means.
NUM  9.
PAR  9. The apparatus of claim 1 wherein the said measuring instrument is a
      pressure gauge.
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ABST
PAL  A high energy sensor, particularly adapted for use in analyzing a high
      power laser beam, which preferably utilizes the change in resistance of a
      thin-film element as a function of temperature to determine the energy of
      the beam per unit of area. The sensor itself comprises a top platinum
      resistor element separated from a botton platinum resistor element by a
      thermal resistor formed of insulating material. On top of the upper
      resistor is an electrical insulator, and above this insulator is a
      platinum reflector protected by a dielectric coating, the reflector being
      utilized to reflect the major portion of incident wave energy. The
      assembly is carried on a cooled beryllium oxide substrate or the like in
      contact with the bottom resistor. A plurality of such sensors can be
      arranged in an array, and each individual sensor interrogated in sequence
      to determine the energy distribution of the laser beam. Alternatively,
      instead of utilizing thin-film resistors on opposite sides of a thermal
      resistor, it is also possible to utilize two thermoelectric elements
      (e.g., thermocouples) with the same overall effect.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is known, a laser beam does not exhibit a homogeneous structure. The
      beam contains, for example, transient phenomena known as hot spots or
      speckles that appear and migrate within the beam as a function of time. As
      the distance between the laser beam and a target increases, other effects
      such as scintillation and warping or distortion become more and more
      pronounced and important. It is desirable, therefore, to provide a rapid
      response time instrument which can measure the fine grain energy
      distribution within a high energy laser beam, particularly lasers such as
      the carbon dioxide type operating in the far infrared field. Such an
      instrument must be capable of measuring parameters in each unit area of a
      target surface that will permit the determination of average power,
      average power density, power centroid, laser spot size and shape, and
      temperature. Furthermore, the target must be able to withstand incident
      wave energy levels of 5 kilowatts or greater per square centimeter and
      must be capable of withstanding a useful, extended duty cycle.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a new and improved high energy
      sensor is provided wherein the total sensor acts as a calorimeter for
      total and transient energy measurements. A plurality of such sensors can
      be arranged in an array so as to analyze, for example, the cross-sectional
      area of a laser beam.
PAR  Specifically, there is provided in accordance with the invention an
      electromagnetic wave energy sensor comprising a substrate of electrical
      insulating material having a first temperature sensitive electrical
      element deposited thereon. As will be seen, the electrical element may
      comprise a resistive element whose resistance changes in response to
      differences in temperature or a thermoelectric device such as a
      thermocouple. A layer of electrically insulating and thermally resistive
      material covers the first thermally sensitive electrical element; while a
      second thermally sensitive electrical element is deposited on the
      thermally resistive material, this second element being either resistive
      or thermoelectric in characteristics. Dielectric material covers the
      second thermally sensitive electrical element and is adapted to become
      heated by wave energy incident on the sensor. Electrical circuit means is
      coupled to the respective thermally sensitive elements for determining the
      energy per square unit of area incident on the sensor. The sensors can be
      fabricated individually and then assembled into an array or formed
      together on a single substrate using vacuum deposition techniques.
PAR  As an incident laser beam, for example, cannot be assumed to be constant in
      energy and the top sensing element cannot be returned to its nominal
      temperature between sampling cycles, the second or lower sensing element
      is required. The total transducer thus acts as a calorimeter for total and
      transient energy measurements and will permit a high degree of accuracy
      over a wide range.
PAR  Since the energy level of high energy laser beams is above 1 kilowatt per
      square centimeter and can be as high as 5 kilowatts or greater per square
      centimeter, the sensor must be able to withstand a near continuous energy
      level of greater than 1 kilowatt per square centimeter without being
      permanently damaged. Attempting to absorb this energy directly into the
      target is not practical from a materials standpoint. Therefore, in
      accordance with the invention, all of the energy not required in the
      measurement process is reflected, thereby reducing the energy level to a
      point where the target elements will not be permanently damaged. In this
      respect, the outer dielectric covering the upper thermally sensitive
      electrical element is covered with a layer of platinum designed to reflect
      a selected percentage of the incident energy. The remaining percent of the
      energy, however, is converted into thermal energy that is conducted
      through the sensing element.
DRWD
PAR  The above and other objects and features of the invention will become
      apparent from the following detailed description taken in connection with
      the accompanying drawings which form a part of this specification, and in
      which:
PAR  FIG. 1 is a perspective view of a target array support frame and its
      associated subsystems employing the sensors of the invention;
PAR  FIG. 2 is an exploded view showing the construction of each of the
      individual sensors in the array of FIG. 1;
PAR  FIG. 3 is a plan view of the resistors utilized in the sensors of FIG. 2;
PAR  FIG. 4 comprises circuit diagrams illustrating the top and bottom resistor
      and circuitboard layout schematics for the sensor of FIG. 2; and
PAR  FIG. 5 illustrates the manner in which the resistive elements of the array
      can be read out to determine the point-by-point energy concentration at
      various areas of the array.
DETD
PAR  With reference now to the drawings, and particularly to FIG. 1, there is
      shown a tripod support 10 which supports an array 12 of a plurality of
      individual energy sensors 14. Each of the sensors 14 will hereinafter be
      described in detail; however, at this point, it will be sufficient to
      state that each sensor produces electrical signals indicative of the
      energy level of an incident beam of electromagnetic wave energy at the
      point covered by the particular sensor. In this respect, a laser beam from
      laser 16 is directed onto the array 12. Each of the individual sensors 14,
      as will hereinafter be explained, is adapted to reflect a fixed percentage
      of the incident wave energy and direct it to an energy dump or absorber
      18. This is for the reason that in the case of carbon dioxide lasers, for
      example, the energy level of the incident radiation may be as high as 5
      kilowatts per square centimeter; and if most of the energy were not
      reflected, the individual sensor elements 14 would be destroyed.
PAR  The sensor elements 14 in the array are carried on a frame 20 provided with
      doors 22 which can be swung forward about hinges 24 to cover the sensors
      14 or swung backwardly into the positions shown in order to expose the
      sensors. The frame 20 is provided with a plenum chamber behind the sensors
      14; and this chamber is supplied with air from an air-cooling system 26
      via tube 28, the arrangement being such that the backsides of the
      individual sensors 14 will be maintained at a more or less constant and
      uniform temperature.
PAR  An exploded view of each of the individual sensors 14 is shown in FIG. 2.
      They comprise a beryllium oxide substrate 30 which is preferably finned to
      facilitate air cooling by air from the system 26 flowing through the
      aforesaid plenum chamber behind the sensors. Deposited onto the upper
      surface of the substrate 30 is a first platinum resistor element 32 having
      a thickness of about 0.5 micron. Resistor element 32 may, for example, be
      deposited onto the substrate 30 by means of vacuum deposition techniques.
      Above the first or bottom resistor 32 is deposited a 50-micron aluminum
      oxide thermal resistor 34; and deposited on the upper surface of the
      resistor 34 is a second platinum resistive element 36 which also has a
      thickness of about 0.5 micron and may be formed by vacuum deposition
      techniques. The layer 34 of aluminum oxide may be formed over the
      previously deposited resistor 32 by thin-film vapor deposition techniques,
      similar to epitaxial deposition.
PAR  Formed over the upper resistor 36 is a 0.1 micron aluminum oxide electrical
      insulating film 38 also formed by vapor deposition techniques. Above the
      oxide coating 38 is a 0.5 micron platinum reflective coating 40 which
      serves to reflect a fixed percentage of the incident radiation as
      explained above. Finally, the platinum reflective coating 40 is covered
      with a 0.1 micron dielectric protective coating 42 also formed by vapor
      deposition techniques. The coating 42 may comprise any dielectric which
      will withstand the temperatures involved as a result of being exposed to
      radiation having energy levels as high as 5 kilowatts per square
      centimeter.
PAR  The function of the coating 42 is to enhance and protect the reflectivity
      of the underlying platinum coating 40. The coating 40 must absorb a fixed
      percentage of the incident power. Each metal has free electrons which
      reduce its reflectivity when temperatures approach their melting point.
      Since the melting point of platinum is well above the anticipated maximum
      temperature, its reflectivity will not be significantly reduced due to
      this thermal effect. Platinum is also inherently durable and is not very
      susceptible to oxidation. Energy absorbed by the platinum reflector 40 is
      converted into thermal energy that is conducted through the high
      temperature electrical insulating layer 38 of aluminum oxide to the two
      resistors 36 and 32.
PAR  The resistors 36 and 32 are shown in detail in FIG. 3. Each comprises a
      serpentine configuration 44 deposited onto an underlying substrate by
      vacuum deposition techniques. At opposite ends of the serpentine
      configuration 44 are terminals 46 and 48 adapted for connection to
      connector pins in a manner hereinafter described.
PAR  As was explained above, since the incident laser beam cannot be assumed to
      be constant in energy and the top sensing element cannot be returned to
      its nominal temperature between sampling cycles, a second sensing element
      is required, this being the lower resistor 32. Due to the fact that the
      substrate 30 is cooled, the lower resistor 32 can be maintained at a more
      or less constant temperature. The thermal mass of the top and bottom
      resistors 36 and 32 is selected to provide a rapid response time.
      Furthermore, the thermal resistor or layer of aluminum oxide 34 insures a
      temperature difference between the two sensing elements. In this respect,
      the thermal resistor 34 permits the total transducer to act as a
      calorimeter for total and transient energy measurements, and will permit
      the accuracy required. Complete isolation of the platinum resistors 32 and
      36 by the aluminum oxide 34 is necessary also to avoid migration of
      impurities into the platinum. Their presence would change the
      resistance-temperature relationship.
PAR  In a typical array, there may be 25 separate sensors each provided with two
      resistive elements. Top and bottom resistor and circuitboard layout
      schematics are shown in FIG. 4 for a typical array. Each row of top
      resistors 36, for example, is connected to a terminal or connector pin 50
      which extends through the array and is adapted for connection to one
      terminal of a power supply. The other side of each of the resistors 36 is
      adapted to be connected through an associated one of the remaining
      terminals 52 to multiplexing circuitry in order that the resistors can be
      interrogated in sequence in a manner hereinafter described. The
      arrangement of the bottom resistors 32 is the same except that the
      terminals and connector pins 50 and 52 are misaligned with respect to
      those on the top in order that they can extend through the back of the
      array without interference.
PAR  Each of the individual resistive elements shown in FIG. 4, for example, can
      be interrogated by a bridge circuit such as that shown in FIG. 5. The
      bridge circuit 55 comprises two voltage dividers where the resistance
      thermometer R.sub.T is connected into one arm of the circuit by a
      multiplexer 54. In this respect, the multiplexer 54 will connect each of
      the top and bottom sensing resistors 32 and 36 into the bridge circuit in
      a predetermined sequence. If the bridge is fed by a constant voltage, E,
      the relationship between the thermometer input resistance, R.sub.T, for
      each of the sensing resistors and the bridge output voltage, V, is given
      by the expression:
      ##EQU1##
      This equation has a decreasing slope with increasing resistance and its
      linearity is influenced by the ratio of the fixed resistor arm of the
      voltage divider to the thermometer resistance.
PAR  The output of the bridge circuit of FIG. 5 is applied to a high gain
      amplifier 56, which provides an infinite output impedance such that the
      bridge supplies negligible current to its load to minimize self-heating
      effects. The output of the high gain amplifier 56 can then be applied to a
      recorder 58 for subsequent analysis; or it can be applied directly to a
      computer 60 provided with a resident program 62 for analyzing the
      successive signals applied thereto from the bridge circuit 55, these
      successive signals being indicative of the temperature sensed by the
      individual resistive elements. These temperatures can then be utilized in
      calorimetric equations stored in the resident program 62 of the computer
      to determine the energy per square unit of area at each of the sensors. In
      this regard, the heat flow per unit time (i.e., average power) of a laser
      sensor module is given by:
      ##EQU2##
      where: Q = heat flow per unit time or average power (watts);
PA1  k = thermal conductivity of the Al.sub.2 O.sub.3 thermal resistor (watts/cm
      .degree.K);
PA1  t = thickness of Al.sub.2 O.sub.3 (cm);
PA1  T.sub.1 = temperature of top resistor (.degree.K);
PA1  t.sub.2 = temperature of bottom resistor (.degree.K); and
PA1  A = area of module (cm.sup.2).
PAL  The thermal conductivity is a function of temperature and is given by the
      standard empirical equation:
EQU  k = 356.5102 (10.sup..sup.-1.2134 log T)                   (2)
PAL  where: T = temperature (.degree.K). The accuracy of this equation is .+-.
      2%. Since the thermal resistor (Al.sub.2 O.sub.3) has a finite thickness,
      the temperature to be used in the calculation of k is determined by:
      ##EQU3##
      which is the average temperature of the top and bottom surfaces. The
      remaining quantities to be determined are the temperatures T.sub.1 and
      T.sub.2. The resistance of platinum as a function of temperature is given
      by the empirical formula:
      ##EQU4##
      where:
TBL  R.sub.T                                                                   
          = resistance of temperature T;                                       
     R.sub.O                                                                   
          = initial resistance;                                                
     T    = temperatures (.degree.C)                                           
     .alpha.                                                                   
          = 3.92 .times. 10.sup.-.sup.3 (.degree.C-1)                          
                          for - 40.degree.C .ltoreq. T .ltoreq. 1000.degree.C  
     .beta.                                                                    
          = 0.588 .times. 10.sup.-.sup.6 (.degree.C.sup.-.sup.2)               
PAL  The equation can be solved for T which results in two roots. However, for
      the temperature range we are considering (0.degree. .ltoreq. T .ltoreq.
      1000.degree.C), the root desired is:
      ##EQU5##
      which becomes
      ##EQU6##
      where T is in degrees centigrade. By measuring the resistances of the two
      platinum elements initially and at any time, the temperatures of the
      elements (T.sub.1 and T.sub.2) are determined using Equation (5). These
      temperatures are used in Equation (3) to obtain the temperature to be used
      in Equation (2). The thermal conductivity from Equation (2) and the two
      temperatures (T.sub.1 and T.sub.2) are then used in Equation (1) to
      determine the average power on each element.
PAR  Thus, each of the temperatures T.sub.1 and T.sub.2 is measured for the top
      and bottom resistor in each sensor. These are used in the foregoing
      equations in computer 60 to determine the average power sensed by each
      sensor. From this a plot can be derived showing the average power sensed
      at various points over the cross-sectional area of the laser beam. Various
      types of plotting devices can be used within the skill of the art.
PAR  It will also be appreciated that instead of using platinum resistive
      elements, it is also possible to use bimetallic or thermocouple elements
      to derive signals which are indicative of temperature on opposite sides of
      a thermal resistor. In all cases, however, it is necessary to have two
      sensing elements in each sensor.
PAR  The invention thus provides a sensor array that can be fabricated in
      various dimensions using vacuum deposition techniques. Prior art sensors
      of this type were built as individual units; and while they could be
      collected into an array, they could not be exactly dimensionalized to meet
      unique needs and requirements. With the present invention, the individual
      sensors can be fabricated as to small a dimension or in the geometry
      required to meet these unique needs. For example, if the user needs a
      sensor array with dimensions of 0.001 inch by 0.001 inch or less, the
      fabrication technique of the invention can provide the sensor individually
      or in an array that can provide a high speed, accurate measuring system.
PAR  Although the invention has been shown in connection with a certain specific
      embodiment, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An electromagnetic wave energy sensor comprising a substrate of
      electrical insulating material, a first thermally sensitive electrical
      element carried on said substrate, a layer of electrically insulating
      thermally resistive material covering said first electrical element, a
      second thermally sensitive electrical element deposited on said thermally
      resistive material on the side thereof opposite said first electrical
      element, dielectric material covering said second electrical element and
      adapted to become heated by wave energy incident on the sensor, a layer of
      metallic reflective material deposited on said dielectric material for
      absorbing a fixed percentage of incident wave energy, the sensor being
      positioned with respect to incident wave energy so that said reflective
      material will reflect the major portion of the incident wave energy, and
      electrical circuit means coupled to the respective electrical elements for
      determining the energy per unit of area impinged on said sensor.
NUM  2.
PAR  2. The wave energy sensor of claim 1 wherein said thermally sensitive
      electrical elements comprise resistors whose resistivity changes with
      temperature.
NUM  3.
PAR  3. The wave energy sensor of claim 1 wherein said thermally sensitive
      electrical elements comprise thermocouples.
NUM  4.
PAR  4. The wave energy sensor of claim 2 wherein said resistors are formed from
      platinum.
NUM  5.
PAR  5. The wave energy sensor of claim 2 wherein said electrical circuit means
      coupled to the electrical elements determines the change in resistivity of
      said resistors due to heating thereof by incident wave energy.
NUM  6.
PAR  6. The wave energy sensor of claim 4 wherein said electrical circuit means
      includes a bridge circuit supplied by a constant voltage source, and means
      for connecting the respective electrical elements into one leg of the
      bridge circuit.
NUM  7.
PAR  7. The wave energy sensor of claim 1 wherein said reflective material
      comprises platinum.
NUM  8.
PAR  8. The wave energy sensor of claim 1 including a layer of dielectric
      material covering said reflective material for enhancing and protecting
      the reflectivity thereof.
NUM  9.
PAR  9. An array of sensor elements of the type defined in claim 1, and
      including multiplexing means for electrically interrogating both the first
      and second electrical elements in each sensor element in the array.
PATN
WKU  039397076
SRC  5
APN  4701259
APT  1
ART  244
APD  19740515
TTL  Measurement of liquid flow
ISD  19760224
NCL  6
ECL  1
EXP  Ruehl; Charles A.
NDR  1
NFG  1
INVT
NAM  Kossoff; George
CTY  Northbridge
CNT  AU
ASSG
NAM  The Commonwealth of Australia
CTY  Phillip
CNT  AU
COD  07
PRIR
CNT  AU
APD  19730515
APN  3316/73
CLAS
OCL   73194A
XCL  128  205F
XCL  128  205Z
EDF  2
ICL  G01F  166
FSC   73
FSS  194 A
FSC  128
FSS  2 V;2.05 F;2.05 Z
UREF
PNO  3498290
ISD  19700300
NAM  Shaw et al.
XCL   73194A
UREF
PNO  3554030
ISD  19710100
NAM  Peronneau
OCL   73194A
UREF
PNO  3777740
ISD  19731200
NAM  Hokanson
OCL  128  2V
OREF
PAL  D. W. Baker, "Pulsed Ultrasonic Doppler Blood-Flow Sensing", IEEE
      Transactions on Sonics and Ultrasonics, July 1970, pp. 170-184.
ABST
PAL  A method of pulse-echo ultrasonic examination of an object, particularly in
      medical diagnostic examination, to measure flow of liquid in a vessel
      within the object comprises determining the dimensions and orientation of
      the vessel and the shift in frequency of ultrasonic echoes due to flow of
      liquid in the vessel and correlating to obtain a quantitative measurement
      of the flow of liquid.
BSUM
PAR  This invention relates to the technique of ultrasonic echoscopy of objects
      and in particular to an extension of known techniques of ultrasonic
      echoscopy to provide more useful information concerning the examined
      objects. It is particularly, but not solely, directed to the more
      effective acquisition of data in medical diagnosis utilizing this
      technique.
PAR  Ultrasonic echoscopy provides information about an examined object which
      may be displayed in the form of an ultrasonic echogram. Such an echogram
      consists of a display of acoustic impedance discontinuities or reflecting
      surfaces in the object. It is obtained by directing a short pulse of
      ultrasonic energy, typically in the 1-30 MHz frequency range generated for
      example by a transducer into the examined object where any acoustic
      impedance discontinuities in the object reflect and return some of the
      energy in the form of an echo. This echo is received, for example by a
      transducer, converted into an electric signal and displayed as an echogram
      on a cathode ray oscilloscope, a film, a chart or the like.
PAR  The echogram may constitute either a one dimensional or a two dimensional
      representation and in both cases the information is contained in the
      position and magnitude of the echo displayed. In a one dimensional
      display, the position along a base line is used to indicate the distance
      to the reflecting surface whilst the magnitude of the echo is displayed,
      for example, as a deflection of a base line or as an intensity change. In
      a two dimensional display, the position along a base line is used to
      indicate the distance to the reflecting surface as in a one dimensional
      display, and the direction of the base line is used to represent the
      direction of propagation of the acoustic energy. The two dimensional
      display is obtained by changing this direction of propagation of the
      acoustic energy and by instituting a similar but not necessarily identical
      movement of the base line of the display. The magnitude of the echo is
      displayed as for a one dimensional display; for example, as a deflection
      of the base line or as an intensity change.
PAR  The technique of ultrasonic echoscopy is used in medical diagnosis to
      obtain information about the anatomy of patients. The application of the
      technique is now widely investigated and is described, for example, by D.
      E. Robinson in Proceeding of the Institution of Radio and Electronics
      Engineers, Australia, Vol. 31, No. 11, pages 385 - 392, November, 1970;
      "The Application of Ultrasound in Medical Diagnosis." As pointed out in
      this article, ultrasonic echoscopy may be used to produce displays
      resembling anatomical cross-sections which have proved clinically useful
      when the desired information concerns physical dimensions, shapes of
      organs or structures or the like. Ultrasonic echography has proved of
      particular value as a diagnostic aid in the abdomen and pregnant uterus,
      eye, breast, brain, lung, kidney, liver and heart these being areas of
      soft tissue with little bone and air. In general, the technique is
      considered to complement other techniques to provide a more complete
      picture of the patient's condition, however particularly in pregnancies,
      ultrasonic echoscopy may be useful in place of X-rays where the latter may
      not give sufficient information or may be dangerous. In medical use, a
      pulse of ultrasonic energy is transmitted into a patient in a known
      direction and echoes are received from reflecting surfaces within the
      body. The time delay between a transmitted pulse and the received echo
      depends on the distance from the transmitter to the reflecting surface and
      the distance information so obtained may be displayed in a suitable way
      for interpretation and clinical use as a one dimensional range reading or
      as a two dimensional cross section as previously described.
PAR  If a pulse of ultrasound is propagated into a medium, echoes will be
      received at various time delays and these time delays will be proportional
      to the distances from the transducer producing the pulse to the interfaces
      provided the velocity of propagation is constant. In soft tissues found in
      the human body the velocity of sound is reasonably constant and pulsed
      ultrasound provides a convenient method of measuring the depth of a
      particular structure from the transducer face without inconvenience to the
      patient. This information can be used in a number of ways.
PAR  In the simplest form of display, "A mode," the echoes are presented as
      deflections of the trace of an oscilloscope in which distance is
      represented along the time axis. This mode is useful clinically when the
      source of the various echoes displayed can be positively identified. It is
      possible to measure the distance between two echoes or between the
      energizing pulse and an echo with accuracy but it may not be possible to
      identify the source of the echoes. It has been used to measure the size of
      the baby's head inside the uterus, the depth of the eye and the bladder
      and to locate the midline in the brain. Similar information may be
      displayed by use of the "B mode" where a cross sectional view is obtained
      by moving the transducer around the examined object and making the trace
      on the display follow a similar movement. A B mode display may be obtained
      either with simple or compound scanning. In the former the movement of the
      transducer is selected so that there is no superpositioning of lines of
      sight from different directions. Linear and sector scanning are typical
      examples of simple scanning. With compound scanning the movement of the
      transducer is selected so that there is superposition from different lines
      of sight, a combination of linear and sector scanning being a typical
      example of a compound scan.
PAR  If the interface of interest is moving, its position may be plotted with
      time ("M mode") by using the B mode presentation and allowing the time
      base to be swept at right angles to its direction so as to display the
      movements of the interface echo backwards and forwards along the time
      base. This is used to demonstrate the pulsatile movements of various parts
      of the heart and brain. If the B mode is used but the trace on the screen
      is made to represent the line of sight of the transducer and then the
      transducer is scanned around the patient and the time base line on the
      screen made to follow, a two-dimensional plot of impedance discontinuities
      is obtained. Two dimensional visualization has been used in the pregnant
      uterus, abdomen, eye and breast.
PAR  Coupling from the transducer to the patient may be achieved by skin contact
      or by use of a water delay bath. If a water delay bath is used the
      distance between the transducer and the skin surface must be greater than
      the largest depth of penetration to be used, to avoid ambiguity due to
      multiple reflection. In general the skin contact scan results in greater
      comfort for the patient and echograms of less clarity while the water
      delay scan gives less patient comfort and better quality echograms.
PAR  In order to compensate for the reduction in the energy of the ultrasonic
      pulse due to attenuation within the object under examination, for example
      tissue, the gain of the receiver is generally increased as the echo of the
      pulse is received from deeper reflecting surfaces within the object. This
      type of increase in gain is generally referred to as "time gain
      compensation" or "TGC". In some receivers, TGC amplification is also
      followed by a non-linear compression amplification to further compress the
      size of the echoes so that they may be more readily displayed on the
      display unit.
PAR  It is an object of the present invention to provide a method whereby the
      technique of ultrasonic echoscopy may be utilized for the measurement of
      the flow of liquids in vessels such as remote, intact tubes in an examined
      object.
PAR  According to the present invention, there is provided a method of
      ultrasonic examination of a vessel within an examined object to obtain a
      quantitative measurement of flow of liquid in the vessel, comprising the
      steps of
PAR  a. transmitting pulses of ultrasonic energy into the object and receiving
      echoes of said pulses reflected by acoustic impedance discontinuities
      within the object, the pulses being transmitted and echoes received along
      a plurality of beams in a single plane, a portion of the vessel within the
      object lying in said plane,
PAR  b. displaying said received echoes as a visualization of said portion of
      the vessel in said plane and determining the dimensions and orientation of
      said portion in said plane from the display,
PAR  c. transmitting pulses of ultrasonic energy into said portion of the vessel
      along a beam in said plane at a measured angle to said portion and
      determining the shift in frequency of echoes of said pulses caused by flow
      of liquid in said portion, and
PAR  d. correlating said shift in frequency with the dimensions of said portion
      of the vessel and said measured angle to obtain a measurement of the
      velocity of flow of the liquid in the vessel. As broadly described, a
      cross-sectional visualization of a portion of the vessel to be examined
      lying in the plane of the visualization is displayed, for example by
      conventional grey scale B mode visualization. In practice, it may be
      necessary to adjust the plane of scan so that a suitable plane is selected
      where the axis of the portion of the vessel of interest lies within the
      plane and the walls of the vessel are clearly displayed in the echogram.
      At this stage the diameter and other dimensions of the portion of the
      vessel and the angle of the axis with respect to a fixed direction in the
      scan plane can be measured.
PAR  A line of sight may then be selected within the established scan plane at a
      suitable known angle to this fixed direction and hence at a known angle to
      the axis of the portion of the vessel. The shift in frequency of echoes of
      pulses of ultrasonic energy directed along this line of sight caused by
      flow of liquid in the vessel is then determined using the known Doppler
      methods as disclosed, for instance, by D. W. Baker in "Pulsed Ultrasonic
      Doppler Blood Flow Sensing" (IEEE Transactions on Sonics and Ultrasonics
      Vol. SU-17 No. 3, July 1970). Calculation of the velocity of flow of
      liquid from the measured frequency shift with the measured vessel diameter
      and known angle may then be effected in accordance with known techniques,
      such as those disclosed by Baker.
PAR  As described above, ultrasonic B mode echoscopes are currently used to
      provide cross-sectional display of acoustic impedance discontinuities in
      the examined object. In particular it is possible to outline vessels
      carrying liquids and to measure the dimensions and orientations of these
      vessels in relation to the scanning ultrasonic beam. In medical
      applications arteries and veins are examples of such vessels. Doppler
      systems are currently used to measure the frequency shift in echoes caused
      by flow in the vessels, the shift being proportional to the velocity of
      the flow and the orientation of the examining beam to the vessel.
PAR  In one embodiment, the present invention relates to the combined use of B
      mode and Doppler technique for quantitative measurement of flow in the
      vessel. In a typical application, a transducer is first used in the B mode
      to obtain a cross-sectional display to outline the vessels in the examined
      object. From this display a line of sight is chosen which intercepts the
      selected vessel and the instrument is switched over to the Doppler mode
      operation to measure the frequency shift along that line of sight. It is
      possible that the same transducer may be used for both modes of operation
      but the present invention also encompasses the use of more than one
      transducer suitably positioned to perform the measurements. The invention
      also encompasses the use of either continuous or pulsed Doppler operation
      where the latter may be used to reduce spurious signals from flow in other
      vessels lying along the selected line of sight, the range of the pulsed
      Doppler system being adjusted to pick up signals either from the whole or
      portions of the selected vessel. The present invention also encompasses
      simultaneous operation of the B mode and Doppler system. The flow in the
      selected vessel may then be obtained from both sets of data i.e.,
      orientation and cross-sectional area of the vessel from the B mode
      cross-sectional system and the frequency data from the Doppler system.
PAR  The invention is illustrated in FIG. 1 which represents the B mode echogram
      from the examined object. Outline 1 is the outside border of the part
      examined, and tube 2 carries the flowing liquid whose flow is to be
      measured. The B mode echogram allows the measurement of the diameter of
      the vessel to be measured. It is anticipated that in some circumstances
      several echograms at different levels may be employed to determine the
      full three dimensional geometry of the vessel. If necessary the position
      and angle of the scan plane are adjusted to obtain a satisfactory
      representation of the vessel with the axis of the vessel lying within the
      scan plane. The Doppler measurement is made either simultaneously or
      following the B mode measurement along the selected line of sight 3, which
      subtends an angle A with respect to the tube. In a preferred embodiment,
      the line of sight associated with the Doppler measurement may be displayed
      simultaneously with the B mode visualization to facilitate measurement of
      the angle A between the line of sight and the axis of the vessel. If
      necessary a range marker 4 is used in pulsed Doppler operation to set the
      range of the pulse Doppler measurement over the tube 2. The average
      velocity V is then obtained from the frequency data taking into account
      whether continuous or pulsed Dopper operation is employed, the nature of
      the flow in the vessel e.g. laminar, turbulant, and the angle of
      inclination of the vessel to the selected line of sight. For example in
      laminar flow the average velocity of the flow V is given by
      ##EQU1##
      where C is the velocity of the sound in the medium, .DELTA.f the average
      Doppler difference frequency and fo the ultrasonic carrier frequency. The
      volume flow rate F is then given by
      ##EQU2##
      where D is the diameter of tube 2.
PAR  From the foregoing description it will be therefore appreciated that the
      present invention enables additional useful data to be acquired by
      ultrasonic examination of objects. While the invention has been described
      with reference to one particular embodiment, it will be generally
      understood by those skilled in the art that various modifications and
      variations may be made without departing from the true spirit and scope of
      the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of ultrasonic examination of a vessel within an examined object
      to obtain a quantitative measurement of flow of liquid in the vessel,
      comprising the steps of:
PA1  a. transmitting pulses of ultrasonic energy into the object and receiving
      echoes of said pulses reflected by acoustic impedance discontinuities
      within the object, the pulses being transmitted and echoes received along
      a plurality of beams in a single plane, the axis of a portion of the
      vessel within the object lying in said plane;
PA1  b. displaying said received echoes as a visualization of said portion of
      the vessel in said plane;
PA1  c. transmitting pulses of ultrasonic energy into said portion of the vessel
      along a beam in said plane at an angle to the axis of said portion and
      determining the shift in frequency of echoes of said pulses caused by flow
      of liquid in said portion;
PA1  d. determining from the display the diameter of said portion of the vessel
      in said plane and the angle between the axis of said portion and the beam
      along which the shift of frequency is determined; and
PA1  e. correlating said shift in frequency with the diameter of said portion of
      the vessel and said angle to obtain a measurement of the velocity of flow
      of liquid in the vessel.
NUM  2.
PAR  2. A method according to claim 1, wherein a single transducer is used to
      obtain the echoes in both step (a) and step (c).
NUM  3.
PAR  3. A method according to claim 1 wherein independent transducers are used
      to obtain the echoes in step (a) and step (c).
NUM  4.
PAR  4. A method according to claim 1, wherein steps (a) and (b) are performed
      before step (c).
NUM  5.
PAR  5. A method according to claim 1, wherein the orientation of the
      longitudinal axis of said portion of the vessel in said plane is
      determined from said display, and the shift in frequency determined in
      step (c) is determined along a beam at a selected angle to the axis of
      said portion.
NUM  6.
PAR  6. A method according to claim 1, wherein steps (a) and (c) are performed
      simultaneously.
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ABST
PAL  A closed system couples the inlet and outlet pressures generated by a
      centrifugal pump to a pair of flexible diaphragms which seal the flow tube
      in a pressure rebalance system for measuring fluid flow. The system is
      filled with a conducting fluid which forms certain resistance paths whose
      resistance varies with diaphragm position. This resistance change is used
      to generate signals which control the pump motor to the end that the
      diaphragms maintain a predetermined position and the pump head is equal to
      the differential pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved pressure rebalance system for
      measuring fluid flow and more particularly to such a system which is
      sealed and thus will not become clogged by particulate matter in the fluid
      whose flow is being measured.
PAR  2. Description of the Prior Art
PAR  As it is well understood by those skilled in the art, fluid flow through an
      orifice, venturi, or other restriction produces a pressure drop which is
      proportional to the square of the volume rate of flow. Thus, the pressure
      drop created by the flow through the orifice or venturi can be used to
      determine this flow rate. One relatively low cost prior art system for
      determining fluid flow which utilizes such a pressure drop is a so-called
      pressure rebalance system. In such systems, a port on the high pressure
      side of the restriction is connected to the input of a centrifugal pump
      and the pump output is connected to a port on the low pressure side.
PAR  A centrifugal pump operating at zero flow produces a head (pressure) which
      is proportional to the square of the rotational speed of its impeller.
      Therefore, in a pressure rebalance fluid flow measuring system, the speed
      of the pump is regulated by a suitable flow rate detector to keep the flow
      through the pump equal to zero. In this situation the pressure drop
      through the orifice or venturi is then exactly balanced by and equal to
      the head produced by the pump and the impeller speed is directly
      proportional to the volume rate of flow.
PAR  Pressure rebalance fluid flow measuring systems of the type broadly
      described above have proved generally satisfactory for certain
      applications. A particularly advantageous feature of such pressure
      rebalance system is their relatively low cost. However, in certain
      applications their use has been rather severely limited due to various
      factors including the tendency of the ports to become clogged with
      particulate matter, and an inability to measure accurately very low fluid
      flow rates.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention include, among others, the provision of a
      pressure rebalance system in which the pressure sensing ports are sealed.
      An additional object is the provision of a rebalance fluid flow measuring
      system which compensates for ambient temperature and pressure variations
      and which is accurate at low rates of fluid flow.
PAR  Briefly, this invention contemplates the provision of a pressure rebalance
      flow measuring system in which flexible diaphragms seal the high and low
      pressure taps in the flow tube. A conductive fluid balances the pressure
      exerted on the diaphragm by the fluid flowing in the tube. This conductive
      fluid fills a small space between a pair of electrodes positioned adjacent
      to the surface of each diaphragm. The electrodes adjacent each diaphragm
      are so disposed that the resistivity of the conductive path between these
      electrodes varies with the movement of the diaphragm and the electrical
      signal generated by the change in resistivity controls the speed of a
      centrifical pump impeller which pumps the conductive fluid against the
      diaphragms. When both diaphragms are in a pressure balanced position the
      pump head is equal to the difference in pressure at the high and low
      pressure diaphragms and the motor speed is thus proportional to the rate
      of fluid flow.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more detailed description of this invention along with additional
      objects and advantages thereof reference may now be had to the drawings
      which form a part of this specification and are to be read in conjunction
      therewith. Like reference numbers are used to identify like parts in the
      various views. In the drawings:
PAR  FIG. 1 is a block diagram of one embodiment of a pressure rebalance fluid
      flow measuring system in accordance with this invention;
PAR  FIG. 2 is a longitudinal sectional view of a temperature compensated probe
      which can be used in the practice of this invention;
PAR  FIG. 3 is an end view of the probe shown in FIG. 2 with the diaphragm
      removed;
PAR  FIG. 4 is a simplified diagram partially in block form and partially in
      schematic form of a circuit for controlling the pump motor speed and the
      static pressure in a pressure rebalance fluid flow measuring system of
      this invention;
PAR  FIG. 5 is a more detailed schematic diagram of the circuit of FIG. 4
      showing additional details of a preferred embodiment of the circuit;
PAR  FIG. 6 is a schematic view of one embodiment of an apparatus for providing
      a zero flow compensating pressure in the system of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Detailed Description
PAR  Referring now to FIGS. 1 and 2 of the drawings, a flow tube 10 has an
      upstream high pressure port 12 and a downstream low pressure port 14. The
      precise location of the ports 12 and 14 will be determined by the design
      of flow tube and will be in accordance with principles well understood by
      those skilled in the art. It should be noted that while a venturi type
      flow tube is illustrated in FIG. 1, the pressure rebalance flow measuring
      system of this invention can be used with additional flow tubes, such as
      weirs for example.
PAR  Inserted in the orifices 12 and 14, respectively, are pressure sensing
      probes 16 and 18. The probes 16 and 18 may be of identical design details
      of which are shown in FIGS. 2 and 3. The ends of probes 16 and 18 are
      covered with elastomeric diaphragms 22a and 22b, respectively, which cover
      the ports 12 and 14 and preferably lay approximately flush with the inner
      wall of the flow tube 10. Conveniently, the diaphragms 22a and 22b may be
      made of silicone rubber or other suitable material known in the art.
PAR  A fluid 23 flowing from left to right in FIG. 1 exerts one pressure on
      diaphragm 22a and another different pressure on diaphragm 22b. A
      conductive fluid carried by capillary tubes 24 and 26 serves to exert
      pressure on the other side of each diaphragm equal to that exerted by
      flowing fluid. With a flow of fluid 23 in the assumed direction, the
      pressure on diaphragm 22a exceeds that on 22b. Capillary 24 therefore is
      connected to the output of a centrifugal pump 28 and capillary 26 is
      connected to its input via a zero flow pressure compensating device 32
      whose operation will be explained in connection with FIG. 6. This
      zero-offset device permits an adjustment of the static pressure of the
      conductive fluid to match the pressure of the fluid 23 under zero flow
      conditions.
PAR  Pump 28 serves to exert pressures on the diaphragms 22a and 22b to balance
      the pressures exerted by the flowing fluid 23 in the tube 10. When the
      pressures are balanced, the rotational speed of the pump 28 is
      proportional to the rate of flow of the fluid in tube 10. As will be
      explained in detail in connection with FIGS. 2 and 3, a conductive fluid
      fills a region between a pair of electrodes adjacent each diaphragm. As
      the diaphragms move, the resistivity of the conductive path between the
      conductors changes and a signal generated in this manner is coupled by
      electrical leads 32 and 34 to a control circuit 36.
PAR  Control circuit 36 compares the inputs from leads 32 and 34 and produces a
      first output signal which controls the rotational speed of a direct
      current motor 44 which is coupled to and drives the impeller of pump 28.
      In operation, if diaphragm 22a is depressed inwardly from a position flush
      with the wall of tube 10 and diaphragm 22b bulges outwardly, the
      differential signal causes an increase in the speed of pump 28. This in
      turn causes an increase in pressure on diaphragm 22a and a corresponding
      decrease on 22b. When the input signals from leads 32 and 34 are balanced,
      both diaphragms are flush with the inner wall of the flow tube and the
      pump head is equal to the differential pressure exerted by the flowing
      fluid on the diaphragm. In this situation the rotational speed of the pump
      is proportional to the volume rate of flow in tube. A tachometer 46 or
      other suitable apparatus for measuring rotational speed of the impeller of
      pump 28 is coupled to the pump impeller and can be calibrated to read out
      directly the volume rate of flow without further square root extraction.
PAR  In addition, controller 36 compares a common-mode input signal from the
      probes on leads 32 and 34 with a fixed reference signal and produces a
      second input signal for adjusting the static pressure of the pressure
      rebalance system to match the static pressure in the flow tube 10. In the
      embodiment shown, the apparatus for adjusting static pressure comprises a
      bellows 48 coupled to and driven by a direct current (d.c.) electric motor
      52. If both diaphragms bulge into the flow tube slightly an output from
      controller 36 energizes motor 52. As the motor rotates it drives a
      suitable mechanical linkage, such as a screw linkage, to cause the bellows
      to expand and reduce the static pressure of the system. When the
      diaphragms are in a predetermined nominal position, the common-mode signal
      equals the reference signal and the motor 52 stops.
PAR  Referring now to FIGS. 2 and 3, the high pressure probe 16 is shown in
      detail. It will be understood that the low pressure probe 18 is identical
      in construction. In each probe, an elastomeric diaphragm, 22a or 22b,
      respectively, is bonded to a cylindrical housing 54, which also serves as
      a primary ground electrode. An inwardly directed shoulder on a nut 56
      engages a peripheral flange 58 formed on cylindrical housing 54. Nut 56
      engages a threaded boss 62 on tube 10 and thereby secures the probe to the
      tube. An O-ring pressure seal 62a prevents a leakage of fluid from the
      flow tube 10.
PAR  An electrically insulating press washer 64 supports a first cylindrical
      conductor 68 so that one end of the conductor is spaced closely to the
      inner surface of elastomeric diaphragm 22a. An insulator 72 supports a
      second inner cylindrical inner conductor 74 concentrically with the
      conductor 68 and with its end also spaced closely to the elastomeric
      diaphragm 22a.
PAR  A third cylindrical electrode 76 is disposed coaxially with electrode 74 by
      means of an insulator 75 and a plastic insulating tube 82 lining the
      inside of housing 54 which engages an expanded portion 78 of the electrode
      76. Conductor 76 is connected to the flow tube potential (ground) at the
      probe junction box (not shown).
PAR  A conductive fluid 84, such as salt water, fills the hollow electrodes 74
      and 76 and also fills the small narrow region 86 between the ends of
      electrodes 68 and 74 and the diaphragm 22a. The fluid, which fills the
      space between the inner conductor 74 and the outer conductor 68, forms an
      electrically conducting path between these two members whose resistance
      changes markedly with changes in the position of diaphragm 22a. A region
      88 between the outer conductor 68 and the housing 54 is also filled with
      the conductive fluid 84 which forms conductive path between the conductor
      and the housing 54. As the volume of conductive fluid in this region 88 is
      considerably larger than the volume in the region 86, the resistance of
      the path formed by volume does not change appreciably with changes in
      diaphragm position.
PAR  The conductive fluid 84 forms yet another conductive path between conductor
      74 and conductor 76 in the region marked 92 in FIG. 2. It will be
      appreciated that the resistance of this path does not change with changes
      in diaphragm position.
PAR  A lead 94 connects a source of alternating power to the inner conductor 74
      and signal lead 32 is connected to the outer conductor 68. A bleed hole
      96, which in operation is plugged by a stopper 102, allows the probe to be
      filled completely by providing a passage for expressing air as the fluid
      initially fills the probe.
PAR  It will be appreciated that the probe shown in this illustrative embodiment
      provides a sensitive, stable apparatus for electrically sensing the
      position of the diaphragm and in addition provides a solid backing for the
      diaphragm at the flow pipe wall. The exact dimensions of the diaphragm are
      not critical but close spacing between the diaphragm and the insulated
      landing between electrodes 68 and 74 is important.
PAR  For example, the spacing between the ends of these electrodes and the
      surface of the diaphragm adjacent these electrodes is preferably on the
      order of about 0.007 inches and the landing is preferably flush with the
      electrodes. The overall length of the sensor from the diaphragm to the
      junction box should be as long as necessary to permit mounting; usually
      about 11/2 inches.
PAR  Preferably the probe housing 54 is metallic and has direct metal to metal
      contact with the flow tube. The conductive fluid 84 is electrically
      coupled to the flow tube potential through the secondary ground electrode
      76 and through the probe outer shell 54 in the region of the diaphragm.
      Electrodes 68 and 74 are electrically isolated from each other and from
      all other conductive parts of the probe except the electrical leads 32 and
      94 and the region where electrodes contact the conductive solution.
PAR  The conductive solution 84 fills the cavity in back of the diaphragm and
      also the central passageway through conductors 74 and 76 thereby
      transmitting the hydraulic pressure generated by the pump 28 to the inner
      surface of the diaphragm. In addition, the conductive solution forms
      resistive elements between the various electrodes as shown schematically
      in FIG. 4.
PAR  Referring now to FIG. 4 in addition to FIG. 2, the conductive solution 84
      forms a number of conductive paths between the various electrodes in each
      of the probes 16 and 18. These conductive paths have appreciable
      resistance and are shown schematically as resistance elements in FIG. 4;
      the low pressure probe 16 has resistive elements R16-1, R16-2, and R16-3
      and the high pressure probe 18 has elements R18-1, R18-2, and R18-3. For
      simplicity these resistance elements will sometimes be referred to as R-1,
      R-2, and R-3 when in context the explanation applies to both probes.
PAR  Element R-1 in each probe is formed by the fluid which fills the narrow
      space between the surface of the diaphragm 22 and surface of the
      insulating material 72 which extends to the tips of the conductors 68 and
      74. As this space is quite narrow, the resistivity of the path between the
      conductors varies markedly as the diaphragm moves and changes the
      thickness of the resistive element. It will be appreciated that as the
      diaphragm moves away from the tips of conductors 68 and 74 the volume of
      the conductive material filling the space between the electrodes
      increases, thereby decreasing the resistance of the path. Conversely, as
      the diaphragm moves towards the ends of these electrodes the volume
      decreases, increasing the resistance.
PAR  The resistance element R-2 in each probe is formed by the conductive fluid
      which fills the space 88 bounded by the electrode 68, the diaphragm 22a,
      the insulating washer 64 and the outer wall 54 of the probe. It will be
      appreciated that the resistive elements R-1 and R-2 in each probe will be
      at the same temperature; that of the fluid flowing through the flow tube
      because these resistive elements are located adjacent one another and
      there is a negligible temperature gradient across the diaphragm 22. In
      addition the metallic flow tube wall, which also contacts the flowing
      fluid, is in good thermal contact with the wall 54 of each probe. The
      junction box end of the probe is thermally isolated from electrodes 68 and
      74 by the gap 92 between the secondary ground electrode 76 and the
      electrode 74.
PAR  Preferably small gauge electrical wire should be used for the conductors 94
      and 32 in order to limit the thermal effects of these conductors upon the
      electrodes.
PAR  The gap 92 in each probe form resistors R-3 which due to the geometry of
      the probe may not be at the same temperature as resistors R-1 and R-2.
      However, as will become apparent from the operation of the circuit of FIG.
      4, it is not critical to the successful operation of the flowmeter to have
      R-3 at the same temperature as R-1 and R-2.
PAR  Lead 94 connects a source of alternating current (a.c.) potential 104 to
      electrode 74 of each of the sensors 16 and 18. With respect to each
      sensor, therefore, the ratio of the potential at electrode 68 with respect
      to that at 74 is determined by the ratio of the R-2 resistance value to
      the total resistance of R-1 plus R-2. Since the region that forms both
      resistances are filled with the same conductive fluid, both have the same
      resistance versus temperature coefficients and therefore, since the
      temperature of both resistors change together the ratio of their input to
      output voltage depends only on the cavity geometry which is determined
      essentially by the motion of the diaphragm.
PAR  The value of R-3 does not affect the inter-relationship of R-2 and R-3.
      Therefore, so long as R-3 is large as compared to the impedence of source
      104, the exact value of R-3 or the fact that the value may vary is of no
      consequence to the diaphragm position measurement.
PAR  It should be noted also that since the electrical interface between the
      different materials can generate a d.c. potential and also because of the
      possibility of a chemical reaction, it is preferably to use an a.c.
      exciting voltage source 104.
PAR  As will be appreciated by those skilled in the art from an inspection of
      FIG. 4, the resistance elements in probes 16 and 18 form a bridge circuit
      by virtue of the interconnection of the resistance elements R-1, R-2 and
      R-3 in each probe and the flow tube 10 which forms a common ground for
      each probe. These grounds are indicated schematically in FIG. 4 by
      reference numeral 107.
PAR  An a.c. energizing source 104 is coupled to electrode 74 which is shown
      schematically as a junction point in FIG. 4. Similarly leads 32 and 34
      couple the electrode 68 of the probes 16 and 18, respectively, to the
      input of the control circuit 36 whose operation will be explained in
      connection with FIG. 5.
PAR  It will be appreciated that for probe 16 the amplitude of the signal at
      electrode 68 is proportional to the ratio of resistance R16-1 ro R16-2. As
      resistance R16-2 does not change appreciable with diaphragm position, the
      magnitude of the signal at terminal 68 of probe 16 is thus proportional to
      the position of the diaphragm. Obviously, the same explanation applies to
      probe 18 and these two signals are used to control the pump 28 and the
      bellows 48.
PAR  Referring now to FIG. 5 in addition to FIG. 4, the potential at electrode
      68 of high pressure probe 16 is capacitively coupled to an input to an
      isolating amplifier 106, whose a.c. output signal is proportional in
      magnitude to the position of the high pressure diaphragm. As pressure in
      the tube 10 increases and the diaphragm moves towards the tips of
      electrodes, the output of amplifier 106 increases in voltage amplitude.
      Similarly, the electrode 68 of the low pressure probe 18 is capacitively
      coupled as an input to a second isolating amplifier 108 whose a.c. output
      is proportional to the position of the low pressure diaphragm position.
      For example, as pressure in tube 10 decreases on the low pressure
      diaphragm, the output of amplifier 108 decreases in voltage amplitude.
PAR  A differential amplifier 112 compares the outputs of amplifiers 106 and 108
      and produces an a.c. output signal which is proportional to the magnitude
      of the difference between its inputs. This output from differential
      amplifier 112 is coupled to one input of a phase sensitive demodulator 114
      whose d.c. output is proportional in magnitude to the differential
      positions of the high and low pressure diaphragms and whose polarity is a
      function of which diaphragm is depressed furthest from the tube wall. A
      field effect transistor (FET) 116 coupled to the a.c. energizing source
      104 develops the phase reference signal input for the phase sensitive
      demodulator.
PAR  An integrating amplifier 118 integrates the output of demodulator 114 and
      this signal controls the speed of the centrifugal pump drive motor 44 to
      the end that the pump 28 is driven at a speed to keep the diaphragms
      deflected the same amount. When this is achieved, the differential
      pressure generated by the centrifugal pump 28 between its inlet and outlet
      equals the differential pressure applied to the diaphragms by the fluid
      flowing in the tube 10. As the detail circuits for performing functions of
      isolating amplifiers 106 and 108, and the functions of comparitor 112,
      comparitor 114 and integrator 118 are well known to those skilled in the
      art, these details will not be given here.
PAR  Preferably, the centrifugal pump drive motor 44 is a direct current servo
      motor having a permanent magnet field. In controlling the speed of this
      motor in response to the output of amplifier 118, the rotational speed of
      the motor can be measured directly by means of a tachometer or other
      suitable device and the signal thus developed can be used in a
      conventional servo loop to balance the input signal. However, the circuit
      shown in FIG. 5 is preferable in that it provides good control of the
      motor speed at low speeds in the presence of load and brush resistance
      variations. Here, an operational amplifier 122 serves to maintain the back
      electromotive force (E.M.F.) of the motor 42 directly proportional to the
      output of integrator 118. Since the back E.M.F. of a permanent magnet d.c.
      motor is linearly related to its rotational speed, the speed is thus
      maintained as a function of the output of integrator 118.
PAR  In the preferred circuit, a resistor R124 couples the output of amplifier
      122 to one side of the armature of motor 44 the other side of which is
      coupled to ground. Another resistor R126 couples the output of amplifier
      118 to one input of amplifier 122 and the applied armature potential is
      fedback to the other input of amplifier 122. A feedback resistor R128
      couples the output of amplifier 122 back to its input.
PAR  The applied armature voltage (V.sub.m) which is fed back to one input of
      amplifier 122, equals the armature current (I.sub.a) drop through the
      internal motor resistance (R.sub.m) plus the back emf of the motor, i.e.,
      V.sub.m = I.sub.a R.sub.m + the motor back emf. If the voltage across R126
      equals the internal resistance drop across the motor (I.sub.a R.sub.m) the
      input signal to amplifier 122 will equal the applied armature voltage
      which is fed back when the back emf of the motor equals the output of
      amplifier 118.
PAR  In order for I(f) R126 to equal I.sub.a R.sub.m then I.sub.(f) R128 must
      equal I.sub.a R124 since both branches of the circuit are driven from
      output of amplifier 122. This relation will obtain if R128/R124 =
      R126./R.sub.m
PAR  The magnitude of the feedback current I.sub.(f) need only be large compared
      to the bias currents required by the amplifier input and will not
      adversely affect the operation of the system as long as the output power
      and impedence of amplifier 118 are matched to the low impedence input
      requirements of the system. Thus, the output impedance of amplifier 118
      should be small compared to that of R128 and R126 and the feedback current
      large compared to the input bias required for amplifier 122.
PAR  In order to maintain the diaphragms flush with the inside wall of the flow
      tube when the system is in a balanced state, a differential amplifier 132
      compares average output of amplifiers 106 and 108, which is developed
      across a pair of equal resistors 133 and 135, with a reference signal
      developed by a voltage divider resistance network coupled to a.c.
      energizing source 104 and produces an output signal whose magnitude is
      proportional to the difference between its input signals. A second phase
      sensitive demodulator 134 is coupled to the output of amplifier 132 and it
      provides a d.c. output signal whose magnitude is a function of the
      magnitude of any variation of the average position of the diaphragms from
      a flush position and whose polarity is a function of the direction. An FET
      137 develops a demodulator phase reference for amplifier 134. An
      integrator 136 integrates the output of synchronous demodulator 134 and
      produces an output signal which controls bellows motor 52.
PAR  In operation, if the average output of amplifiers 106 and 108 decreases,
      the error signal applied to the input amplifier 132 produces an output
      which causes motor 52 to rotate and expand the bellows 48 until the
      average output of amplifiers 106 and 108 equals the reference signal
      applied to amplifier 132. At this time the motor stops. Similarly, if the
      average output increases, the bellows contracts until the inputs to
      amplifier 132 are rebalanced. It will be appreciated that a bellows is
      merely one example of an apparatus for adjusting the static pressure of
      the system.
PAR  In order to achieve good low speed performance characteristics without
      having the system gain so high at high speeds that oscillation occurs, an
      automatic gain control circuit comprising difference amplifier 138 reduces
      the a.c. drive voltage amplitude to the sensors linearly as the motor
      speed increases. To this end, the output of integrator 118 is coupled to
      one input of amplifier 138 the other input of which is coupled to a
      reference source such as ground potential. The output of amplifier 138,
      whose magnitude is a function of the magnitude of the output of amplifier
      118, is coupled to a.c. energizing source 104 and reduces the d.c. bias
      level of the applied voltage as the motor speed increases.
PAR  When the fluid in the flow pipe is stagnant, pressure balance should exist
      through out the system. However, if the two sensors are not at the same
      height and/or if the fluid in the flow tube is not exactly the same
      density as the conductive fluid in the closed system, a pressure balance
      will not exist unless one of the diaphragms exerts a counter balancing
      force on the liquids. Although the necessary pressure in certain instances
      could be created by tensioning the diaphragms, this is undesirable.
      Preferably, the static pressures between the two sensor diaphragms is
      balanced by means of a third diaphragm. FIG. 6, to which reference is now
      made, shows one preferred embodiment of each apparatus. However it will be
      appreciated that there are many alternate methods of creating a zero
      offset pressure. Here, a flexible diaphragm 148 separates a fluid cavity
      142 into two compartments; 144 and 146. A short capillary tube 26 connects
      the compartment 144 to the pressure sensor 18. A second capillary 152
      couples the other cavity 146 to the input of the centrifical pump.
PAR  A permanent magnet 152 is secured to the diaphragm and rides freely on a
      guide 154 which contrains it to move in a direction perpendicular to the
      surface of diaphragm. A suitable mechanical supporting member (not shown)
      supports the cavity 142 in the gap of C shape permanent magnet 156. The C
      shaped magnet 156 is moveably supported by another suitable means (not
      shown) so that it can be moved relative to the magnet 152. Moving the
      magnet 156 upwardly or downwardly with respect to the magnet 152 causes
      the diaphragm 148 to move correspondingly and equalize any static pressure
      differential between the high and the low pressure probes.
PAR  Thus it will be appreciated that the objects of this invention have been
      accomplished. The parts in the flow tube 10 are sealed and no particulate
      matter can enter the system. In addition the system compensates for
      changes in ambient temperature and pressure and can measure low flow
      rates.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A pressure rebalance system for measuring a rate of fluid flow through
      apparatus which creates a relatively high pressure region and a relatively
      low pressure region the differential pressure between which is
      proportional to the rate of fluid flow comprising in combination:
PA1  means for supporting one flexible diaphragm with a pressure proportional to
      the pressure of the high pressure region exerted on one of its surfaces;
PA1  means for supporting another flexible diaphragm with a pressure
      proportional to pressure of the low pressure region exerted on one of its
      surfaces;
PA1  a fluid pump having an impeller driven by an electric motor;
PA1  a closed system providing a fluid coupling between an outlet of said pump
      and the other surface of said one diaphragm;
PA1  a closed system providing a fluid coupling between an inlet of said pump
      and the other surface of said other diaphragm;
PA1  means for generating a first electrical signal indicative of the position
      of said one diaphragm with respect to said supporting means;
PA1  means for generating a second electrical signal indicative of the position
      of said other diaphragm with respect to said supporting means;
PA1  means responsive to said first and second signals for controlling the speed
      of said motor so that the pressure exerted by the pump on each diaphragm
      surface maintains each diaphragm in a predetermined position with respect
      to its respective supporting means; and
PA1  means responsive to the rotational speed of the impeller for determining
      the rate of flow.
NUM  2.
PAR  2. A pressure rebalance system for measuring the rate of fluid flow through
      a flow tube which creates a region of relatively high fluid pressure and a
      region of relatively low fluid pressure whose pressure differential is
      proportional to a square function of the rate of fluid flow comprising in
      combination:
PA1  means for supporting one flexible diaphragm in a port formed in the wall of
      the flow tube in a region of relatively high pressure;
PA1  means for supporting another flexible diaphragm in a port in the wall of
      the flow tube in a region of relatively low pressure;
PA1  a centrifugal pump having an impeller driven by an electric motor;
PA1  a closed system providing a fluid coupling between an outlet of said
      centrifugal pump and the other surface of said one diaphragm;
PA1  a closed system providing a fluid coupling between an inlet of said
      centrifugal pump and the other surface of said other diaphragm;
PA1  means for generating a first electrical signal indicative of the position
      of said one diaphragm relative to its supporting means;
PA1  means for generating a second electrical signal indicative of the position
      of said other diaphragm relative to its supporting means;
PA1  means responsive to said first and said second signals for controlling the
      speed of the motor so that the pressure exerted by the pump on each
      diaphragm surface maintains each diaphragm in a predetermined position
      with respect to its respective supporting means; and
PA1  means responsive to the rotational speed of the impeller for determining
      the rate of fluid flow.
NUM  3.
PAR  3. A pressure rebalance system for measuring the rate of fluid flow through
      a flow tube which creates a region of relatively high pressure and a
      region of relatively low pressure whose pressure differential is
      proportional to a square function of the rate of flow of fluid through the
      tube comprising in combination:
PA1  means for supporting one flexible diaphragm in a port in the wall of the
      flow tube in a region of relatively high pressure;
PA1  means for supporting another flexible diaphragm in a port in the wall of
      said flow tube located in a region of relatively low pressure;
PA1  a centrifugal pump having an impeller driven by an electric motor;
PA1  a closed system providing a fluid coupling between an outlet of said pump
      and the other surface of said one diaphragm;
PA1  a closed fluid system providing a fluid coupling between an inlet of said
      pump and the other surface of said other diaphragm;
PA1  means for expanding and contracting the capacity of at least one of said
      closed fluid coupling systems to increase and decrease the pressure
      therein;
PA1  means for generating a first electrical signal indicative of the position
      of said one diaphragm;
PA1  means for generating a second electrical signal indicative of the position
      of said other diaphragm;
PA1  means responsive to the difference of said first and second electrical
      signals for controlling the speed of said motor so that the pressure
      exerted by the pump on each diaphragm surface maintains each diaphragm in
      a predetermined position with respect to its respective supporting means;
PA1  means for comparing the average of said first and second signals with a
      reference signal to control said expanding and contracting means to
      maintain a predetermined static pressure in said system; and
PA1  means responsive to the rotational speed of said impeller for determining
      the rate of fluid flow.
NUM  4.
PAR  4. A pressure rebalance system for measuring a rate of fluid flow through a
      flow tube which creates a region of relatively high pressure and a region
      of relatively low pressure whose differential pressure is proportional to
      a square of the rate of fluid flow comprising in combination:
PA1  means for supporting one flexible diaphragm in a port in the wall of the
      flow tube located in a region of relatively high pressure;
PA1  means supporting another flexible diaphragm in a port in the wall of the
      flow tube in a region of relative low pressure;
PA1  each of said supporting means including a pair of spaced apart electrodes
      disposed in close proximity to the surface of the diaphragm;
PA1  a centrifugal pump having an impeller driven by an electric motor;
PA1  a closed fluid system providing a fluid coupling between an outlet of said
      pump and the other surface of said one diaphragm;
PA1  a closed fluid system providing a fluid coupling between an inlet of said
      pump and the other surface of said diaphragm;
PA1  a conductive fluid filling said system including the space between said
      pair electrodes adjacent each of said diaphragms and providing an electric
      current conducting path between said electrodes whose resistance varies
      with the position of said diaphragm;
PA1  means responsive to a change in resistance of the conductive path between
      said pair of electrodes adjacent said one diaphragm for generating a first
      electrical signal indicative of the position of said diaphragm with
      respect to said electrode pair;
PA1  means responsive to a change in resistance of the conductive path between
      the pair of electrodes adjacent the surface of said other diaphragm for
      generating a second electrical signal indicative of the position of said
      diaphragm with respect to said electrode pair;
PA1  means responsive to said first and second signals for controlling the speed
      of said motor so that the pressure exerted by said pump on each diaphragm
      surface maintains each diaphragm in a predetermined position with respect
      to said electrodes; and
PA1  means responsive to the rotational speed of said impeller for determining
      the rate of fluid flow.
NUM  5.
PAR  5. A pressure rebalance system for measuring a rate of fluid flow as
      specified in claim 4 wherein said conductive fluid forms an additional
      temperature compensating conductive path between another pair of
      electrodes in the region adjacent the surface of each diaphragm, said
      conductive path being located in a region that is at the same temperature
      as the conductive path between said one pair of electrodes.
NUM  6.
PAR  6. A pressure rebalance system for measuring a rate of fluid flow as in
      claim 1 further including means in at least one of said closed fluid
      coupling systems for adjusting the pressure on a diaphragm to balance the
      pressures exerted by the closed system at zero flow rates.
NUM  7.
PAR  7. A pressure rebalance system for measuring a rate of fluid flow as in
      claim 2 further including means in at least one of said closed fluid
      coupling system for adjusting the pressure on a diaphragm to balance the
      pressures exerted by the closed system at zero flow rates.
NUM  8.
PAR  8. A pressure rebalance system for measuring a rate of fluid flow as in
      claim 3 further including means in at least one of said closed fluid
      coupling systems for adjusting the pressure on a diaphragm to balance the
      pressures exerted by the closed system at zero flow rates.
NUM  9.
PAR  9. A pressure rebalance system for measuring a rate of fluid flow as in
      claim 4 further including means in at least one of said closed fluid
      coupling systems for adjusting the pressure on a diaphragm to balance the
      pressures exerted by the closed system at zero flow rates.
NUM  10.
PAR  10. A pressure rebalance system for measuring a rate of fluid flow as in
      claim 5 further including means in at least one of said closed fluid
      coupling systems for adjusting the pressure on a diaphragm to balance the
      pressures exerted by the closed system at zero flow rates.
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PAL  An expansion chamber having an internal cylindrical wall forming a
      passageway therethrough includes a vertically positioned upper end portion
      and a lower end portion disposed angularly relative to the upper end
      portion. The upper end portion is connected to an inlet portion having a
      throat which is axially aligned with a vertical duct connected to the
      inlet portion. Particulate solid material flowing through the vertical
      duct under the influence of gravity at a substantially constant velocity
      enters the inlet portion and is directed through the throat into the
      passageway. An impact member is axially supported by a rod within the
      passageway in the upper end portion. All the particulate material passing
      through the throat impinges upon the conical surface of the impact member
      and is directed therefrom through the annular passage between the lower
      peripheral edge of the impact member and the internal wall of the
      expansion chamber. The particulate material exits the expansion chamber
      through an eccentric outlet provided in the lower end portion which is
      displaced from vertical alignment with the upper end portion. The rod
      supporting the impact member is axially positioned within the upper end
      portion and passes through an opening in the wall of the lower end
      portion. The bottom tip of the rod rests upon an elastic diaphragm
      maintained in the sealed pressure system of a load cell positioned
      externally of the expansion chamber. The momentum of the particulate
      matter impinging upon the impact member is transmitted therefrom to the
      rod moving the rod downwardly thereby increasing the pressure exerted by
      the tip of the rod upon the diaphragm. The change in pressure is
      instantaneously recorded by the load cell and converted by an electrical
      recording device to a numerical readout representing the mass flowrate of
      the particulate material passing through the vertical duct.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for measuring the flowrate of
      particulate solid material and more particularly to apparatus for
      instantaneously measuring the momentum of the particulate solids while
      flowing at a substantially constant velocity.
PAR  2. Description of the Prior Art
PAR  In the process of making metallurgical coke from coal and other
      carbonaceous material, it is necessary to determine the mass flowrate of
      particulate solids such as feed streams and product streams as well as
      intermediate streams whose instantaneous flowrate must be determined for
      proper regulation of the other process values. Because the particulate
      solids have a spectrum of sizes and densities the flowrate measurement
      must be independent of size and density. Furthermore, difficulty is
      encountered in measuring flowrates of particulate solids at the elevated
      temperatures present in the coking process.
PAR  There is need for a solids flowrate measuring device that will accurately
      measure the flowrate of solid particulate material at elevated
      temperatures in any hostile environment without interrupting the flow of
      the particulate solids. The apparatus must be simple in design and rugged
      enough to withstand the elevated temperatures, high rates of flow and
      noxious gases present in the hostile environment. In addition, the
      apparatus must instantaneously and accurately measure high rates of flow
      and increases and decreases in the rate of flow of the particulate solids.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided apparatus for
      measuring the flowrate of particulate solid material moving vertically
      downwardly under the influence of gravity comprising an expansion chamber
      having an internal surface with a passageway therethrough. The expansion
      chamber includes an upper end portion with an inlet therethrough and a
      lower end portion with an outlet therethrough. The lower end portion is
      disposed angularly relative to the upper end portion. An impact member is
      axially positioned in the upper end portion and has a cross-sectional area
      greater than that of the inlet of the upper end portion. A vertical rod
      supports the impact member axially in the upper end portion and extends
      through an opening in the wall of the expansion member lower end portion.
      A responsive device is linked with the rod and is positioned externally of
      the expansion member passageway. The particulate solid material flowing
      through the inlet of the upper end portion and impinging on the impact
      member moves the impact member and the rod downwardly to actuate the
      responsive device and thus provide an instantaneous indication of the
      momentum of the particulate solid material passing through the expansion
      chamber.
PAR  The pressure responsive device includes an elastic diaphragm maintained in
      the sealed pressure system of a load cell which is operatively associated
      with a pressure measuring and indicating reader or recorder. The pressure
      measuring indicating reader or recorder converts electric signals
      transmitted by the load cell in response to the impact of the particulate
      solid material impinging upon the impact member to a visual indication of
      the impact stress exerted upon the impact member. The recorded impact
      stress is expressed in terms of the mass flowrate of the particulate solid
      material flowing through the expansion chamber.
PAR  With this arrangement particulate solid material falling freely under the
      influence of gravity will have a uniform velocity which is directly
      related to the fixed vertical distance of fall of the particulate solids.
      The momentum of each particle is determined by its mass and velocity.
      Thus, the stress applied to the impact member, as a consequence of the
      falling particulate solid material, is directly related to the
      instantaneous flowrate of the particulates. The flowrate of the
      particulate solid material moving solely under the influence of gravity is
      then determined by the present invention independently of the density and
      temperature of the particulate solids and further independently of the
      absolute pressure of the environment in which the particulate solids are
      contained.
PAR  Accordingly, the principal object of this invention is to provide a simple
      and rugged apparatus which reliably measures the mass flowrate of high
      temperature particulate solids moving under the influence of gravity.
PAR  Another object of this invention is to provide a pressure-sensitive
      recording device suitable for recording the mass flowrate of particulate
      solid material, irrespective of the density of the particulate solid
      material.
PAR  A further object of this invention is to provide an apparatus for measuring
      the mass flowrate of hot particulate solid material which includes a
      pressure-sensitive device positioned remotely of the hot particulate
      stream to thereby reduce the deleterious effects attributed to the
      excessive temperature.
PAR  Still another object of the present invention is to provide an apparatus
      capable of instantaneously and reliably measuring the mass flowrate of
      particulate solid material subjected to an elevated temperature in a
      hostile environment containing noxious gases.
DRWD
PAR  These and other objects and advantages of this invention will be more
      completely disclosed and described in the following specification, the
      accompanying drawings and the appended claims.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view in side elevation, illustrating the apparatus
      for measuring the flowrate of particulate solid material.
PAR  FIG. 2 is an enlarged fragmentary view, illustrating the top portion of the
      sensing rod positioned in the upper end portion of the expansion chamber
      according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, there is illustrated in FIG. 1 an apparatus for
      measuring the flowrate of particulate solid material generally designated
      by the numeral 10 which includes an expansion chamber 12 having an
      internal cylindrical wall 14 forming the passageway 16. The expansion
      chamber 12 has an upper end portion 18 with an inlet portion 20 having an
      axial opening 22 and a lower end portion 24 having an outlet portion 26
      with the eccentric opening 28.
PAR  The lower end portion 24 has a longitudinal axis 30 which is disposed
      angularly from vertical alignment with the longitudinal axis 32 of the
      upper end portion 18 to thereby form the obtuse angle 34 with the axis 30.
      The upper end portion 18 of the expansion chamber 12 includes a lower
      annular edge 36 inclined from a horizontal plane passing through the upper
      end portion 18. The lower end portion 24 includes an upper annular edge 38
      that is welded to the lower annular edge 36 of the upper end portion 18
      and thereby provides a sealed connection between the upper end portion 18
      and the lower end portion 24.
PAR  The upper end portion 18 includes a circular flange 40 having vertical
      bores therethrough. The inlet portion 20 is provided with a lower circular
      flange 42 having vertical bores therethrough and is aligned with the
      vertical bores of the flange 40 so that bolts 44 pass through the aligned
      bores of the flanges 40 and 42 to thereby connect the upper end portion 18
      to the inlet portion 20. The cylindrical wall 46 of the inlet portion 20
      converges inwardly and upwardly from the upper end portion 18 to form a
      throat 48 in the inlet portion 20. The cylindrical wall 46 terminates in
      an upper circular flange 50 which has vertical bores aligned with the
      vertical bores of a circular flange 52 of a vertical duct 54. Bolts 56
      engaged within the vertically aligned bores of the flanges 50 and 52
      connect the vertical duct 54 to the inlet portion 20.
PAR  The outlet portion 26 of the expansion chamber 12 is provided with the
      eccentric opening 28 and an inlet 58 and is connected to the bottom
      portion of the cylindrical wall 14 by a continuous weld 60. With this
      arrangement, particulate solid material entering the inlet portion 20 from
      the vertical duct 54 and falling under the influence of gravity passes
      freely through the expansion chamber 12 and exits through the eccentric
      opening 28 without obstruction to the travel of the particulate solids
      through the expansion chamber 12. Thus, the velocity of the particulate is
      maintained substantially constant.
PAR  The lower end portion 24 of the expansion chamber 12 includes an opening 62
      provided in the cylindrical wall 14 through which passes the vertical
      extension of the longitudinal axis 32 of the upper end portion 18 and the
      vertical duct 54. A cover plate 64 having a bore 66 axially aligned with
      the longitudinal axis 32 is secured to the cylindrical wall 14 by the nut
      and bolt combinations 68. An elongated tubular member 70 having a central
      bore 72 is axially aligned with the upper end portion 18 and passes
      vertically through the opening 62 of the lower end portion 24 and the bore
      66 of the cover plate 64.
PAR  The top portion of the tubular member 70 is maintained in axial alignment
      within the upper end portion 18 by a plurality of radially extending strut
      members 74 suitably connected at one end to the outer surface of the
      tubular member 70 and at the other end to the cylindrical wall 14. The
      bottom portion of the tubular member 70 is rigidly mounted externally of
      the expansion chamber 12 to a base plate 76 which is positioned in
      overlying relation with a support plate 78. The base plate 76 is secured
      to the support plate 78 by nut and bolt combinations 80 which extend
      through aligned bores in the plates 76 and 78 and in combination with the
      lateral strut members 74 serve to maintain the tubular member 70 rigidly
      supported in the expansion chamber 12 and axially aligned with the
      longitudinal axis 32.
PAR  Centrally positioned within the bore 72 of the tubular member 70 is a
      vertical rod 82 having a top tip 86, extending beyond the bore 72, upon
      which is rigidly secured an impact member generally designated by the
      numeral 88. The impact member 88 has the external configuration of a
      frustoconical cone with an arcuate surface 90 which diverges outwardly and
      downwardly from a vertex 92. The vertex 92 is coaxially aligned with the
      longitudinal axis 32 and is securely connected to the top tip 86 of the
      rod 82. The bottom tip 84 of the rod 82 has a conical tapered point 94
      retained within a central bore 96 of the base plate 76.
PAR  The tubular member 70 is provided with an externally threaded upper end
      portion 98, as illustrated in FIG. 2. A sleeve 100 has an elongated body
      portion with internally threaded lower end portion 102 arranged to engage
      the threaded upper end portion 98. The sleeve 100 is provided with a
      horizontal top surface 104 having an annular opening 106 through which
      passes the rod top tip 86. The elongated body portion of the sleeve 100
      includes a plurality of radially extending threaded bores 108. Set screws
      110 extend through the bores 108 so that the end portions 112 abut the
      surface of the rod 82. Lock nuts 114 frictionally engage the outer surface
      of the sleeve 100 so that the set screws 110 are maintained immovable
      within the threaded bores 108 and in abutting contact with rod 82. With
      this arrangement, the set screws 110 maintain axial alignment of the rod
      82 with the longitudinal axis 32 in the tubular member 70.
PAR  In operation, a stream of particulate solid material, such as particulate
      char, is directly discharged from a char heater at a temperature of about
      1,000.degree.F. to a char feeder (not shown). From the char feeder the hot
      char particles flow downwardly under the influence of gravity through the
      vertical duct 54 and the throat 48 into the inlet portion 20 of the
      expansion chamber 12 where all of the particulate solids impinge upon the
      surface of the impact member 88. Thereafter, the particulate solids are
      directed through an annular passage 116 provided between the lower
      peripheral edge 118 of the impact member 88 and the cylindrical wall 14 of
      the expansion chamber 12 in the direction generally indicated by the
      arrows in FIG. 1.
PAR  The passageway 16 of the expansion chamber 12 must provide a
      cross-sectional area in the annular passage 116 sufficient to permit the
      unobstructed downward flow of particulate solids therethrough. Preferably,
      the diameter of the impact member 88 at the base portion defined by the
      peripheral edge 118 must be greater than the diameter of the throat 48 to
      thereby assure impingement of all of the particulate solids flowing
      through the throat 48 upon the impact member 88. Thus, the cross-sectional
      area of the passageway 116 at the peripheral edge 118 should be at least
      1.5 times the cross-sectional area of the throat 48 and preferably
      somewhat larger.
PAR  Once the particulate solids pass through the annular passage 116, they fall
      through the upper end portion 18 into the lower end portion 24 through the
      passageway 16 and exit through the eccentric opening 28 of the outlet
      portion 26 for further processing. The eccentric arrangement of the
      opening 28 in the outlet portion 26 assures that all of the particulate
      solids flowing downwardly through the passage 16 under the influence of
      gravity will flow continuously in an unobstructed manner through the
      expansion chamber 12 so that the flowrate through the annular passage 116
      remains constant. With this arrangement, the particulate solids flow at a
      substantially uniform velocity under the influence of gravity through the
      expansion chamber 12. Furthermore, the substantially vertical wall of the
      cover plate bore 66 sealingly abuts the surface of the tubular member 70
      to thereby prevent the escape of particulate solids and noxious gases
      entrained in the particulate flow through the opening 62 of the lower end
      portion 24.
PAR  The conical tapered bottom tip 84 of the rod 82 is positioned in abutting
      relationship with the surface of a pressure-sensitive element, such as an
      elastic diaphragm 120 of a pressure responsive device 122. The pressure
      responsive device 122 is, preferably, a conventional load cell, having a
      fluid pressure chamber communicating with the sealed internal chamber of
      the support plate 78. The elastic diaphragm 120 is securely positioned
      between the co-planar surfaces of the plates 76 and 78 and together
      therewith form a sealed pressure system within the load cell 122. Downward
      movement of the rod 82 increases the pressure of the bottom tip 84 upon
      the elastic diaphragm 120. Depression of the diaphragm 120, in turn, will
      increase the pressure upon the fluid behind the diaphragm contained within
      the sealed pressured system of the load cell 122. The load cell 122 is
      electrically connected to a suitable recording device 124 operatively
      associated with a meter 125 having a graduated scale 126 and a meter
      pointer 128.
PAR  All the solid particulates entering the expansion chamber 12 fall freely
      from rest under the influence of gravity. Accordingly, each particle of
      solid material will enter the throat 48 traveling at a uniform velocity
      which is directly related to the distance of fall and independent of the
      density of the solid material. Thus, the particulate solid stream flowing
      freely through the vertical duct 54 strikes the impact member 88 at
      essentially a constant velocity. Falling a vertical distance under the
      influence of gravity, each particle of solid material acquires momentum
      dependent upon the mass of the respective particle and the velocity at
      which it is traveling. Thus, the momentum of the particulate solid flow
      through the expansion chamber 12 is directly related to the instantaneous
      flowrate of the particulate solid flow.
PAR  The particulate flow applies impact forces upon the surface of the impact
      member 88 and the stresses are transmitted therefrom to the rod 82 and
      through the rod 82 to the bottom tip 84 resting upon the diaphragm 120.
      The downward displacement of the rod bottom tip 84 increases the pressure
      upon the diaphragm 120. The pressure upon the fluid contained within the
      sealed pressure system of the load cell 122 is, accordingly, increased.
      The change in pressure within the load cell 122 is directly proportional
      to the momentum of the particulate solid flow and the impact forces
      transmitted by the particulate solids to the impact member 88 in addition
      to the mass flowrate of the particulate solids through the expansion
      chamber 12.
PAR  The increase in pressure applied to the fluid within the load cell 122
      actuates the load cell 122 to transmit an electrical signal to the
      recording device 124. Any suitable load cell or pressure transducer which
      is operable to differentiate between increases and decreases in pressure
      from a given reference pressure is suitable for use in the present
      invention. The pressure range covered by any of the available diaphragm
      type transducers, such as a variable reluctance transducer, capacitative
      pressure transducer or piezoelectric transducer are, of course, governed
      by the stiffness of the pressure element.
PAR  The load cell 124 converts the change in the fluid pressure of the sealed
      pressure system resulting in the downward displacement of the rod 82 upon
      the diaphragm 120 to a corresponding electrical signal which becomes the
      input signal to the recording device 124. The recording device 124 is
      calibrated to instantaneously convert the input signal of the load cell
      122 to an output signal which drives the meter 125. The pointer 128
      provides a visible indication of the mass flowrate of the particulate
      solids on the graduated scale 126. Because the momentum of each particle
      of solid material varies only with the mass thereof, since the particles
      are falling at substantially uniform velocity, a linear readout is
      possible. The mass flowrate of the particulate solids may be indicated on
      the scale 126 in tons per minute, pounds per minute and the like.
PAR  The above described apparatus is operable to accurately measure with a high
      degree of reliability the flowrates of particulate solid material in a
      hostile environment of elevated temperatures and an atmosphere of noxious
      gases. During testing of the apparatus, no deviation, from the linear
      relationship between the momentum of each particle of solid material and
      the respective mass flowrate was recorded for particulate flow at
      temperatures in the range of 500.degree.F. to 1,000.degree.F. and at
      flowrates up to about 2,400 pounds per hour with a vertical duct diameter
      of 6 inches and an expansion chamber diameter of 12 inches.
PAR  It will be apparent from the above described apparatus that positioning the
      diaphragm and the load cell 122 remote of the flow of the hot particulate
      solid material reduces the deleterious effects of the hostile environment
      of the solids upon the sensitivity of the load cell 122 and the
      corresponding reading recorded by the recording device 124. Even though
      the diaphragm 120 is positioned externally of the expansion chamber 12, a
      linear response of the diaphragm 120 to the impact of the particulate
      solid flow upon the impact member 88 would not be possible absent complex
      mechanical linkages, if the lower end portion 24 was axially aligned with
      the upper end portion 18.
PAR  The provision of the cover plate 64 to seal the space between the opening
      62 of the lower end portion 24 and the tubular member 70 prevents the
      escape of noxious gases, which may be present in the hostile environment
      of the particulate flow, from the chamber 12. Also, the cover plate 64
      serves to absorb and distribute uniformly the thermal stresses applied to
      the lower end portion 24 by the elevated temperatures of particulate solid
      material. To this end, the cover plate 64 functions to eliminate hot spots
      in the lower end portion 24 and thereby prevent the transfer of heat from
      the lower end portion 24 to the tubular member 70 and the rod 82
      positioned therein. In addition, the tubular member 70 is provided with
      air valves 130 which communicate with the central bore 72 and may be
      connected to a suitable pressure device for balancing a pressure gradient
      which may exist between the pressure within the bore 72 and the expansion
      chamber 12. With this arrangement, static pressure is balanced to preserve
      the linear relationship between momentum transferred by the particulate
      solids to the impact member 88 and the flowrate indicated by the meter
      125. Thus, the above described apparatus for measuring the flowrate of
      particulate solid material provides an instantaneous indication of the
      flowrate of high temperature solids which are constantly subjected to wide
      ranges of temperature and pressure in any hostile environment.
PAR  According to the provisions of the patent statutes, I have explained the
      principle, preferred construction and mode of operation of my invention
      and have illustrated and described what I now consider to represent its
      best embodiments. However, I desire to have it understood that, within the
      scope of the appended claims, the invention may be practiced otherwise
      than as specifically illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for measuring the flowrate of particulate solid material
      moving vertically downwardly comprising,
PA1  an expansion chamber having an internal surface with a passageway
      therethrough,
PA1  said expansion chamber having an upper end portion with an inlet
      therethrough and a lower end portion with an outlet therethrough,
PA1  said inlet converging inwardly and upwardly from said upper end portion to
      form a throat for receiving the flow of the particulate solid material,
PA1  said lower end portion disposed angularly relative to said upper end
      portion and having an opening coaxially aligned with said upper end
      portion,
PA1  an impact member axially positioned in said upper end portion and having a
      cross-sectional area greater than that of said upper end portion inlet,
PA1  a rod coaxially aligned with said upper end portion and extending through
      said opening in said lower end portion, said rod having a top portion
      supporting said impact member within said throat of said upper end portion
      inlet so that substantially the entire flow of particulate solid material
      passing through said throat impinges upon said impact member,
PA1  responsive means positioned externally of said expansion chamber
      passageway, said rod having a bottom portion in contact with said
      responsive means externally of said expansion chamber, said responsive
      means operable to instantaneously measure the momentum of said particulate
      solid material flowing through said upper end portion inlet throat and
      impinging upon said impact member,
PA1  a tubular member concentrically surrounding said rod and passing through
      said lower end portion opening to permit vertical reciprocal movement of
      said rod relative to said tubular member,
PA1  said tubular member having an upper end portion positioned below said rod
      top portion and a lower end portion securely positioned in contact with
      said responsive means with said rod bottom portion extending beyond said
      tubular member,
PAR  said tubular member positioned in a fluid-tight relationship with said
      opening of said expansion chamber lower end portion,
PA1  means for maintaining axial alignment of said tubular member in said
      expansion chamber upper end portion,
PA1  means positioned adjacent said impact member for centering said rod within
      said tubular member having a sleeve threadedly engaged to said tubular
      member,
PA1  said sleeve having a top surface with an annular opening through which said
      rod passes,
PA1  a plurality of adjustment screws extending through said sleeve and having
      end portions positioned in abutting contact with said rod, and
PA1  locking means for selectively positioning said adjustment screws relative
      to said sleeve.
NUM  2.
PAR  2. Apparatus for measuring the flowrate of particulate solid material
      moving vertically downwardly as set forth in claim 1 in which said means
      for maintaining axial alignment of said tubular member includes,
PA1  a plurality of lateral strut members secured to said expansion chamber
      internal surface within said expansion chamber upper end portion, and
PA1  each of said lateral strut members extending radially inwardly transverse
      to said passageway and connected to said tubular member.
NUM  3.
PAR  3. Apparatus for measuring the flowrate of particulate solid material
      moving vertically downwardly as set forth in claim 1 in which said impact
      member includes,
PA1  a frustoconical cone having a vertex positioned on said supporting means
      within said expansion chamber upper end portion,
PA1  said frustoconical cone having a central axis coaxially aligned with the
      axis of said expansion chamber upper end portion positioned in said throat
      of said upper end portion inlet, and
PA1  said frustoconical cone having a downwardly extending arcuate surface
      arranged to receive the entire impact of said particulate solid material
      flowing through said expansion chamber upper end portion.
NUM  4.
PAR  4. Apparatus for measuring the flowrate of particulate solid material
      moving vertically downwardly as set forth in claim 1 in which said
      responsive means includes,
PA1  a first plate member having an opening therein arranged to receive said
      supporting means,
PA1  a second plate member having an internal chamber and connected in
      underlying relationship with said first plate member,
PA1  a pressure sensitive element contained in said internal chamber, said
      pressure sensitive element being coaxially positioned and maintained in
      abutting relationship with said supporting means, and
PA1  said pressure sensitive element responsive to downward displacement of said
      impact member to transmit a corresponding electrical signal.
NUM  5.
PAR  5. Apparatus for measuring the flowrate of particulate solid material
      moving vertically downwardly as set forth in claim 4 which includes,
PA1  a meter means for converting the response of said pressure sensitive
      element to the downward displacement of said impact member to a visible
      indication of the flowrate of said particulate solid material passing
      through said expansion chamber.
NUM  6.
PAR  6. Apparatus for measuring the flowrate of particulate solid material
      moving vertically downwardly as set forth in claim 4 in which said
      pressure sensitive element includes,
PA1  a load cell having an elastic diaphragm maintained in abutting relationship
      with said supporting means, and
PA1  said load cell actuated by displacement of said diaphragm in response to
      the linear downward displacement of said impact member to transmit
      electrical signals corresponding to the degree of displacement of said
      diaphragm.
NUM  7.
PAR  7. Apparatus for measuring the flowrate of particulate solid material
      moving vertically downwardly comprising,
PA1  an expansion chamber having an internal surface with a passageway
      therethrough,
PA1  said expansion chamber having an upper end portion with an inlet
      therethrough and a lower end portion with an outlet therethrough,
PA1  said inlet converging inwardly and upwardly from said upper end portion to
      form a throat for receiving the flow of the particulate solid material,
PA1  said lower end portion disposed angularly relative to said upper end
      portion and having an opening coaxially aligned with said upper end
      portion,
PA1  an impact member axially positioned in said upper end portion and having a
      cross-sectional area greater than that of said upper end portion inlet,
PA1  a rod coaxially aligned with said upper end portion and extending through
      said opening in said lower end portion, said rod having a top portion
      supporting said impact member within said throat of said upper end portion
      inlet so that substantially the entire flow of particulate solid material
      passing through said throat impinges upon said impact member, responsive
      means positioned externally of said expansion chamber passageway, said rod
      having a bottom portion in contact with said responsive means externally
      of said expansion chamber, said responsive means operable to
      instantaneously measure the momentum of said particulate solid material
      flowing through said upper end portion inlet throat and impinging on said
      impact member,
PA1  a tubular member concentrically surrounding said rod and passing through
      said lower end portion opening to permit vertical reciprocal movement of
      said rod relative to said tubular member,
PA1  said tubular member having an upper end portion positioned below said rod
      top portion and a lower end portion securely positioned in contact with
      said responsive means with said rod bottom portion extending beyond said
      tubular member,
PA1  said tubular member positioned in a fluid-tight relationship with said
      opening of said expansion chamber lower end portion,
PA1  means for maintaining axial alignment of said tubular member in said
      expansion chamber upper end portion,
PA1  a plurality of lateral strut members secured to said expansion chamber
      internal surface within said expansion chamber upper end portion, and
PA1  each of said lateral strut members extending radially inwardly transverse
      to said passageway and connected to said tubular member.
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PAL  An improved arrangement in a liquid flow meter which contains at least one
      cylindrical measuring means rotating in a measuring chamber with the
      measuring means sliding with its one end face against a bottom part of the
      measuring chamber in which a stable, bell-shaped stiffening element rests
      against the edge of the bottom part and is arched thereover on the side
      facing away from the measuring chamber with a rigid connecting member
      attached to the bottom part and the stiffening element at least in the
      central region of the bottom part. Preferably support ribs with an
      external shape corresponding to the inner contours of the bell-shaped
      stiffening element are connected firmly with the bell-shaped stiffening
      element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid flow meters of the type having at least
      cylindrical measuring means rotating in a measuring chamber and sliding
      with its end face along a bottom part of a measuring chamber in general
      and more particularly to an improved arrangement for such flow meters.
PAR  Liquid flow meters of this type are generally known as rotary-piston flow
      meters, driven-slide flow meters and oval-wheel flow meters. In a flow
      meter of this type if a relatively warm liquid for example a liquid at
      90.degree.C, suddenly flows through the meter a danger exist that because
      of thermal expansion a binding of the measuring means will take place
      thereby damaging it. Damage can be to the extent that the measuring means
      must be replaced. A problem like this typically arises with meters
      employed in the food industry such as milk meters where a hot rinse for
      cleaning purposes is performed.
PAR  In view of this problem the need for a liquid flow meter which can be
      operated without of seizing the measuring means even where relatively warm
      liquid suddenly flows through the meter is clear.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides such a construction. In essence the solution
      of the present invention resides in the provision of a bell-shaped
      stiffening element which arches over the bottom part of the side facing
      away from the measuring chamber. The bell-shaped stiffening element is
      attached to the edges of the bottom part and, at least in the central
      region of the bottom part, a rigid connecting member is attached between
      the bottom part of the measuring chamber and the stiffening element. It is
      possible for the bell-shaped stiffening element to be connected with a
      positive fit to the bottom part. However a welded connection is clearly
      advantageous.
PAR  The present invention is based on the discovery that seizing of the
      measuring means when relatively warm liquids suddenly flows through the
      flow meter is caused by the fact that the planar bottom parts at the end
      faces of the measuring chamber buckle inward due to thermal expansion. In
      such instrument the clearance between the end face of the measuring means
      and the bottom part, which must be kept small for reasons of measurement
      technology, then becomes zero and binding of the measuring means takes
      place. The inward buckling of the bottom part is initially subjected to an
      elevated temperature thereby causing thermal expansion to occur initially
      only in the inner layer. At this point the outer layers of the bottom part
      are not subject to thermal expansion. As a result the inner layers of the
      bottom part become longer than the outer layers leading to buckling of the
      bottom part inward.
PAR  With the construction of the present invention the bell-shaped stiffening
      element in combination with the rigid connecting member prevents this
      buckling of the bottom part inward when it is warmed due to the inflowing
      relatively warm liquid. This results because the stable, bell-shaped
      stiffening element, due to its very great stiffness, keeps the bottom part
      in its desired planar shape. Even when a relatively warm liquid suddenly
      flows into the flow meter, such as occurs in the hot rinsing of a milk
      meter, no buckling of the bottom part inward and thus no seizing of the
      measuring means can take place.
PAR  It should be noted that a solution to the problem might consist of feeding
      the liquid flowing toward the liquid flow meters to the bottom parts on
      the outside also in order to accomplish simultaneous heating of the inner
      and outer layers of the bottom parts. However that solution becomes
      relatively expensive and is not practically feasible.
PAR  Various variations of the stiffening member and connecting member are
      disclosed including various shapes of the bell-shaped stiffening member
      and the inclusion of ribs for further stiffening.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a preferred embodiment of the present invention.
PAR  FIG. 2 is a cross-sectional elevation view of the embodiment of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Shown on FIG. 1 is the bottom part 1 of a flow meter, in this case a
      rotary-piston flow meter. In such a flow meter, the measuring means will
      rotate within a space 16 with an edge of the measuring means sliding
      against a portion 17 of the bottom part 1. The problem which arises
      without the arrangement of the present invention is that a sudden inflow
      of hot liquid can cause an inward buckling of the bottom member 1
      resulting in seizing of the measuring means. In the illustrated embodiment
      of the present invention the bottom part 1 is strongly connected at its
      edges 2 to a bell-shaped stiffening element, preferrably by welding using
      a weld 2a. Approximately in the center of the bell-shaped stiffening
      element 3, a rigid connecting member 4 is welded thereto. This connecting
      member 4 along with the journal 5 of the rotary-piston meter forms a pin 6
      which is brought through an opening 7 in the bottom part 1. It is welded
      to the bottom part with a weld 7a resulting in a firm mechanically
      connection and a sealing action. The basic requirement for the connecting
      member 4 is that a connection between the bottom 1 and the stiffening
      element 3 be established. In the illustrated embodiment this is done in a
      particularly advantageous manner by combinding the function of journal 5
      and stiffening element 4. However such is not necessarily a limitation of
      the invention. Other arrangements are also possible. Where particularly
      unfavorable conditions of buckling are anticipated, several connecting
      members such as connecting member 4 may be used. These may be installed
      between the bottom part and the bell-shaped stiffening member and
      distributed over the bottom part rather than having one rigid connecting
      member engaging the central region of the bottom part. This is illustrated
      by the rigid connecting members 4a shown in dotted lines.
PAR  FIGS. 1 and 2 also illustrates a further provision which more completly
      prevents buckling of the bottom parts. Thus, there are shown support ribs
      8 through 15 which are welded at the edge 2 to the bottom part along with
      being welded to the bell-shaped stiffening element 3 and the rigid
      connecting member 4. The ribs 8 through 15 are attached in a manner such
      that, due to the appropriately chosen shape of the bottom part 1, they do
      not rest closely against the surface thereof. The ribs have an external
      shape corresponding to the inner contours of the bell-shaped stiffening
      member as shown. They may be installed radially as illustrated or may be
      attached as cords inside the bell-shaped stiffening element 3. It is
      particularly advantageous that the support ribs be connected to a support
      element attached to the center of the bell-shaped stiffening element. In
      the illustrated embodiment they are thus attached to the rigid connecting
      member is the support element to which the support ribs are attached. It
      is also possible to provide a tube section surrounding the connecting
      member 4 for use as a support element if such ficilitates the manufacture
      and assembly.
PAR  The bell-shaped stiffening element 3 may have the shape of spherical
      segment, preferably a hemisphere. Furthermore it may also have the form of
      a compound curve or be a domed head. Shapes such as this are well known in
      the art from the design of boilers and other vessels.
PAR  As indicated above the illustrated embodiment is particularly advantageous
      where the measuring means is a rotary-piston guided in a ring chamber such
      as the chamber 16 and which has a journal 5 therein as described above. In
      that case an extension of the journal 5 forms the connecting member 4 with
      the connecting member 4 firmly attached to the bottom and to the
      bell-shaped stiffening element. With this design the connecting member is
      not an additional element but can be made in a single piece with the
      measuring chamber journal in a single machining operation.
PAR  Thus a liquid flow meter which operates in a trouble free manner even when
      liquids with relatively high temperatures are suddenly fed thereto has
      been shown. Although specific embodiments have been illustrated and
      described, it will be obvious to those skilled in the art that various
      modifications may be made without departing from the spirit of the
      invention which is intended to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a liquid flow meter through which can be passed both warm and cool
      liquids, the meter including a measuring chamber having base members
      between which at least one rotatable measuring member having end-faces is
      mounted so that the end-faces glide along the base members when the
      measuring member is rotated, the improvement comprising: a support
      structure for at least one of the base members to prevent the same from
      deflecting inwardly in response to the warm liquid whereby jamming of the
      rotatable member is precluded, said support structure including a
      bell-shaped stiffening member arranged at the side of the base member
      facing away from the measuring chamber, said stiffening member being
      joined to the base member about the periphery thereof; and, a rigid
      connecting member joining the apex region of said bell-shaped member with
      the center region of the base member.
NUM  2.
PAR  2. A liquid flow meter according to claim 1 and further including support
      ribs having an external shape corresponding to the inner contour of the
      bell-shaped stiffening element firmly connected to said bell-shaped
      stiffening element.
NUM  3.
PAR  3. A liquid flow meter according to claim 2 wherein said support ribs are
      further connected to a support element attached at the center of said
      bell-shaped stiffening element.
NUM  4.
PAR  4. A liquid flow meter according to claim 3 wherein said support element is
      a tube section surrounding said connecting member.
NUM  5.
PAR  5. A liquid flow meter according to claim 3 wherein said support element is
      said rigid connecting member.
NUM  6.
PAR  6. A liquid flow meter according to claim 1 wherein said bell-shaped
      stiffening element has the shape of a spherical segment.
NUM  7.
PAR  7. A liquid flow meter according to claim 6 wherein said bell-shaped
      stiffening element is shaped as a hemisphere.
NUM  8.
PAR  8. A liquid flow meter according to claim 1 wherein said bell-shaped
      stiffening element is a member having a compound-curve shape.
NUM  9.
PAR  9. A liquid flow meter according to claim 1 wherein said bell-shaped
      stiffening element has the shape of a domed head.
NUM  10.
PAR  10. A liquid flow meter according to claim 1 wherein a rotary-piston is the
      measuring means and is guided in a ring chamber by a journal therein and
      wherein said journal is arranged to extend from said measuring chamber
      through said bottom part, the extension of said journal forming said rigid
      connecting member and being rigidly attached and sealed into said bottom
      part and rigidly attached to said bell-shaped stiffening element.
NUM  11.
PAR  11. A liquid flow meter according to claim 10 and further including support
      ribs having an external shape corresponding to the inner contour of said
      bell-shaped stiffening element firmly connected thereto and to said
      extension of said journal.
NUM  12.
PAR  12. A liquid flow meter according to claim 11 wherein said stiffening
      element is welded to said bottom part and said connecting member is welded
      to said bottom part and to said bell-shaped stiffening element.
NUM  13.
PAR  13. A liquid flow meter according to claim 1 wherein said stiffening
      element is welded to said bottom part and said connection member is welded
      to said bottom part and to said bell-shaped stiffening element.
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PAL  In the engine misfire detection system disclosed, a heat responsive device,
      such as a thermocouple or a thermoresponsive resistor, at the exhaust port
      of each cylinder of an internal combustion engine exhibits an
      electromotive force that changes in response to the temperature difference
      between a normal firing and a misfire. The heat responsive devices are
      connected in pairs in series opposition and coupled to an electric meter.
      All the devices are integrally incorporated in an electrically insulating
      sealing arrangement used when mounting the exhaust manifold to the
      cylinder head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an engine misfire protection device, and more
      particularly to a system for electrically detecting misfires an internal
      combustion engines.
PAR  Heretofore, engine misfires have been detected either by determining that
      the engine is malfunctioning from the abnormal sound of engine operations
      and examining the effect of removing a plug cord upon engine rotation, or
      by ascertaining the amount of unburned hydrocarbons in the exhaust system.
      The latter is accomplished by using one of a number of exhaust gas meters
      which have been developed in recent years. Unfortunately neither of these
      methods offers a practical way of detecting misfires when the vehicle is
      moving. Also, these methods depend greatly on the driver's judgement.
      Hence, these methods do not make it possible to detect engine misfires
      quickly and correctly.
PAR  Recently, in order to comply with regulations concerning automobile exhaust
      gases, methods involving oxidation reaction and using reactors catalytic
      converters, or other exhaust disposal means in the exhaust system have
      been proposed for removing or reducing carbon monoxide (CO) and
      hydrocarbons in exhaust gases. Unfortunately continuous engine misfires
      would create and release great amounts of unburned components. These would
      produce violent reactions in the devices or generate high temperature
      reaction heat which would damage the reactor, or in the worst cases, set
      fire to the vehicle. Therefore, the vehicles equipped with such exhaust
      gas cleaning devices require the driver to pay particular attention to
      engine misfires.
PAR  An object of the invention is to improve engines generally.
PAR  Another object of the invention is to avoid the aforementioned
      disadvantages.
PAR  Still another object of the invention is to provide means capable of
      detecting engine misfires quickly and simply even when a vehicle is
      moving.
PAC  SUMMARY OF THE INVENTION
PAR  According to a feature of the invention, these objects are obtained, in
      whole or in part, by mounting a heat-responsive electrically-varying
      element in each cylinder of an engine and connecting pairs of elements in
      a balanced relationship to an electrical indicator so that when a
      difference in temperature between cylinders unbalances the pair the
      indicator indicates the unbalance electrically.
PAR  According to another feature of the invention the elements change their
      electromotive force or receptivity in response to temperature changes or
      differences.
PAR  The invention is based upon the recognition that the misfire creates an
      exhaust gas temperature difference amounting to several hundred degrees
      between a cylinder where normal combustion is taking place and a cylinder
      where a misfire is taking place. The invention is also based upon the
      recognition that the misfire is unlikely to take place in two cylinders
      simultaneously.
DRWD
PAR  These and other features of the invention are pointed out in the claims.
      Other objects and advantages of the invention will become evident from the
      following detailed description when read in light of the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an internal combustion engine embodying
      features of the invention and having an indicating circuit and showing
      where thermocouples are used as detector elements;
PAR  FIG. 2A is a sectional view of the exhaust ports of the engine in FIG. 1
      and showing details of the circuit generally illustrated in FIG. 1 and
      embodying features of the invention;
PAR  FIG. 2B is a section along the line IIB--IIB of FIG. 2A:
PAR  FIG. 3 is a perspective view of a portion of an internal combustion engine
      and a schematic illustration of another circuit embodying features of the
      invention also used with the engine:
PAR  FIG. 4 is a partly schematic view of an engine and a schematic view of a
      circuit also embodying features of the invention, wherein thermistors are
      employed as detector elements in contrast to thermocouples of FIG. 3.
PAR  FIG. 5 is a gas recombustion control system utilizing the present invention
     .
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the embodiment of the present invention, illustrated in FIG. 1, detector
      elements in the form of thermocouples 4a to 4d whose electric properties
      change in dependence upon temperature differences or changes are located
      as shown. Specifically, four thermocouples 4a to 4d each capable of
      measuring the temperature of exhaust gas released from the engine are
      mounted in respective exhaust ports 3a to 3d in a cylinder head 2 resting
      on a cylinder block 1.
PAR  Each of the thermocouples 4a to 4d is composed of two different types of
      metallic wires, a and b. The thermocouples 4a and 4b form one pair while
      the thermocouples 4c and 4d form a second pair. Connections c join the
      same type of metallic wires b in each pair. Thus the polarity of the
      electromotive force produced in one thermocouple 4a or 4c and the polarity
      of the electromotive force generated in the other thermocouple 4b or 4d
      will oppose each other. Thus if they are equal they will cancel each
      other. The other types of metallic wires a of the thermocouples 4b and 4c
      are connected together and all the four thermocouples 4a to 4d are
      connected in series. A voltmeter 5 is disposed between the metallic wires
      a of the thermocouples 4a and 4d.
PAR  Effectively when each of the thermocouples is subjected to the same
      temperature, the electromotive force generated by thermocouples 4a and 4b
      and by thermocouples 4c and 4d will cancel each other. Thus no voltage
      would be produced in the meter 5. If the temperature in the cylinder 3a
      differs from the temperature in the cylinder 3b while the temperatures of
      the cylinders 3c and 3d are the same, the electromotive forces produced by
      the cylinders 4a and 4d will not cancel but will produce a reading in the
      meter 5.
PAR  As shown in FIGS. 2a and 2b the metallic wires a and b of the respective
      thermocouples 4a to 4d are embedded in an electrically insulating gasket
      6. The latter is sandwiched between the cylinder head 2 and the exhaust
      manifold when the engine is assembled. Thus all the thermocouples are
      integrally incorporated in the assembly.
PAR  When the engine operates normally with no misfires, combustion in the
      cylinders produces substantially no difference in temperature among the
      exhaust gases discharged from the respective exhaust ports 3a to 3d. Thus
      the electromotive forces produced in every pair of thermocouples 4a and
      4b, and 4c and 4d, located in the corresponding exhaust ports 3a and 3b,
      and 3c and 3d cancel. Thus the resultant electromotive force is zero.
      Hence the voltmeter 5 reads zero.
PAR  In case of a misfire, such as in the cylinder feeding the exhaust port 3a,
      the temperature of exhaust gases emerging from the exhaust port 3a drops
      below the normal level. The electromotive force of the thermocouple 4b
      paired with the thermocouple 4a in the particular exhaust port 3a is not
      balanced. The value of the residual voltage is thus expressed in the
      volmeter 5.
PAR  This indicates that a misfire has occurred.
PAR  Generally, the order of explosion in the respective gas cylinders is
      predetermined. Therefore lags occur in the temperature measurements of the
      four thermocouples 4a to 4d. However these lags are extremely small in
      time. Thus they do not appreciably affect the method of operation
      described.
PAR  According to another embodiment of the invention the effect of these lags
      is more precisely obviated and misfire detection is performed precisely
      for every cycle, by using suitable operating means such as a timing
      circuit, memory circuit, or resetting circuit. For example, the voltage
      generated by one thermocouple is stored in a memory until the other
      thermocouple of the pair responds to combustion exhaust gases and the
      comparison is made between them at that time.
PAR  FIG. 3 show another embodiment of the present invention. Here the same
      thermocouples 4a to 4d as described for FIGS. 1 and 2a are used. However
      here, the paired thermocouples 4a and 4b, and 4c and 4d, are connected in
      parallel to the voltmeter 5. This arrangement permits detection of
      misfires in the same way as in the preceding embodiment.
PAR  FIG. 4 illustrates still another embodiment of the present invention. Here,
      thermistors or platinum wires are used as detector elements. The
      electrical properties of the elements are varied in response to changes in
      temperature or temperature differences. In this embodiment, four
      thermistors 7a to 7b are provided in the respective exhaust ports 3a to 3d
      in the same way as FIGS. 1, 2 and 3 so as to be able to measure respective
      temperatures. The thermistors 7a to 7d form a bridge. A voltage source in
      the form of a battery 8 energizes the bridge at opposite points while a
      voltmeter 5 measures the balance of the bridge.
PAR  When the engine operates normally, free of misfires, exhaust gases from the
      respective exhaust ports exhibit substantially the same temperature. This
      keeps the resistivities or resistances of the four thermistors 7a to 7d at
      substantially the same value. Therefore, the potential between the
      thermistors 7c and 7d remains equal to the potential between the
      thermistors 7a and 7b. Thus the needle of the voltmeter points to zero. If
      a misfire occurs in one of the cylinders, the temperature of the gases in
      one of the exhaust ports differs from the temperature in others of the
      exhaust ports. Accordingly, the resistivity or resistance of one of the
      thermistors changes. This unbalances the bridge and deflects the needle of
      the voltmeter 5 due to the voltage difference between both ends of the
      volt meter. this indicates the occurence of the misfire. As in the
      previous embodiments, the thermistors 7a to 7d are mounted in a gasket,
      spacer, or other suitable locations.
PAR  The foregoing embodiments are described for a four cylinder engine.
      According to other embodiments of the invention the systems of FIGS. 1 to
      4 are used in six cylinder, eight cylinder, or other types of engines.
      According to other embodiments of the invention, other electric indicators
      or alarms are substituted for the voltmeter 5.
PAR  The embodiments described operate on the principle that misfires occur in
      one cylinder at a time. Although very rare, it is not impossible or even
      improbable for misfires to take place in two cylinders simultaneously. If
      the simultaneous misfires occur in the right cylinders, the balance of the
      system may be maintained despite the misfires and the indicators or alarms
      would not be able to distinguish the operation from that of the normal
      state. However, if misfires should occur in two or more cylinders at the
      same time, the driver can easily ascertain this from the abnormal
      operating condition of the engine. Thus alarms or other protective means
      for the types of misoperations which result in simultaneous misfiring in
      two cylinders are not necessarily needed.
PAR  The present invention makes it possible to quickly and correctly detect
      misfiring in the engine with an electrical indication or alarm. It also
      makes it possible for the engine to recover its normal operating condition
      and to prevent trouble in the exhaust gas purifying or cleaning device.
PAR  According to another embodiment of the invention, a misfire signal by an
      indicator corresponding to the voltmeters 5 of the present invention
      interrupts the supply of secondary air used for recombustion of exhaust
      gases.
PAR  According to another feature of the invention, the voltmeter 5 or other
      indicating instrument is set to indicate a misfire on the basis of exhaust
      gas temperature differences between normal combustion cylinders and a
      misfiring cylinder, not only of differences of very high value which
      indicate total misfires, but also to lower values which indicate partial
      misfire.
PAR  The invention provides a simple means for obtaining misfire indications
      without need of separately extracting the exhaust gas temperatures in the
      respective cylinders. This results in a wholly simplified system.
      Moreover, because part of the component elements of the present invention
      are integrally incorporated in engine part such as a gasket, the
      reliability, durability, and adaptability of the device is greatly
      improved.
PAR  FIG. 5 is a block diagram of a system embodying features of the invention
      and utilizing the output of an indicator corresponding to the voltmeter 5
      to control the gas recombustion system on the basis of the output of the
      detecting arrangement. Here the engine 2 includes the block system 12
      composed of the block 1 and head 2. A gas recombustion 14 in the form of a
      catalytic converter or other exhaust disposal means purifies the gas
      exhaust from the block system 12. A gas recombustion control 16 controls
      the operation of the gas recombustion system 14 by varying the operating
      temperature or the entrance of secondary air or both. A detecting
      arrangement 18 corresponds to the detecting arrangement composed of
      elements 4a to 4d of FIGS. 1 to 3 or elements 7a to 7d and 8 in FIG. 4. An
      indicator 20 connected in lieu of or in addition to the voltmeter 5
      produces signals corresponding to those indicated by the voltmeter 5. The
      gas recombustion control 16 responds to the indicator 20 to control the
      gas recombustion system 14 in response to misfiring detected by the
      detecting arrangement 18.
PAR  While embodiments of the invention have been described in detail, it will
      be obvious to those skilled in the art that the invention may be embodied
      otherwise without departing from its spirit and scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For an engine having cylinders with gas exhaust ports a misfire
      detection apparatus, comprising a plurality of temperature-responsive
      electrical means each mounted in the exhaust ports and each having
      respective variable electrical characteristics for changing their
      electrical characteristics in response to the temperatures at the gas
      exhaust ports, circuit means connecting said electrical means for
      comparing the electrical characteristics of one with the electrical
      characteristics of another at any one time and for producing a balance
      when the electrical means are subject to the same termperatures and for
      producing an unbalance when the electrical means are subject to different
      temperatures, and indicator means coupled to said circuit means for
      indicating the condition of balance, at least one of said circuit means
      and the temperature imparting to each electrical means a unidirectional
      electrical condition, said circuit means connecting said electrical means
      so that the electrical condition in an equal number of electrical means
      oppose each other.
NUM  2.
PAR  2. An apparatus as in claim 1, wherein said electrical means each includes
      a thermocouple.
NUM  3.
PAR  3. An apparatus as in claim 2, wherein each of said thermocouples has a
      characteristic direction in which it generates a voltage in response to
      heat, said circuit means connecting pairs of said thermocouples in series
      opposition.
NUM  4.
PAR  4. An apparatus as in claim 3, wherein pairs of said thermocouples which
      are connected in series opposition are connected in parallel to other
      pairs of thermocouples connected in series opposition.
NUM  5.
PAR  5. An apparatus as claim 2, wherein each of said thermocouples has a
      characteristic direction in which it generates a voltage in response to
      heat, said circuit means connecting said thermocouples in series and
      connecting adjacent pairs of such thermocouples in series opposition.
NUM  6.
PAR  6. An apparatus as in claim 1, wherein said indicating means each includes
      a thermistor.
NUM  7.
PAR  7. An apparatus as in claim 6, wherein said circuit means connects said
      thermistors into a bridge.
NUM  8.
PAR  8. An apparatus as in claim 1, wherein said circuit means connects said
      electrical means in pairs with the electrical condition of one electrical
      means in a pair opposing the electrical condition of the other electrical
      means of the pair.
NUM  9.
PAR  9. A drive apparatus for a vehicle, comprising an engine having an engine
      block forming a plurality of cylinders, said block forming gas exhaust
      ports for said cylinders, said engine including manifold means mounted on
      said block, said engine including a sealing member sealing said manifold
      means to said block near said exhaust ports, a plurality of
      temperature-responsive electrical means each mounted in the exhaust ports
      and each having respective variable electrical characteristics for
      changing their electrical characteristics in response to the temperatures
      at the gas exhaust ports, circuit means connecting said electrical means
      for comparing the electrical characteristics of one with the electrical
      characteristics of another at any one time, and for producing a balance
      when the two electrical means are subject to the same temperatures and for
      producing an unbalance when the electrical means are subject to two
      different temperatures, and indicator means coupled to said circuit means
      for indicating the condition of balance, at least one of said circuit
      means and the temperature imparting to each electrical means a
      unidirectional electrical condition, said circuit means connecting said
      electrical means so that the electrical conditions in an equal number of
      electrical means oppose each other.
NUM  10.
PAR  10. An apparatus as in claim 9, wherein said electrical means are mounted
      in said sealing chamber.
NUM  11.
PAR  11. An apparatus as in claim 9, wherein said circuit means connects said
      electrical means in pairs with the electrical condition of one electrical
      means in a pair opposing the electrical condition of the other electrical
      means of the pair.
NUM  12.
PAR  12. A drive apparatus for a vehicle, comprising an engine having an engine
      block forming a plurality of cylinders, said block forming gas exhaust
      ports for said cylinders, said engine including manifold means mounted on
      said block, said engine including a sealing member sealing said manifold
      means to said block near said exhaust ports, a plurality of
      temperature-responsive electrical means each mounted in the exhaust ports
      and each having respective variable electrical characteristics for
      changing their electrical characteristics in response to the temperatures
      at the gas exhaust ports, circuit means connecting said electrical means
      for comparing the electrical characteristics of one with the electrical
      characteristics of another at any one time, and for producing a balance
      when the two electrical means are subject to the same temperatures and for
      producing an unbalance when the electrical means are subject to two
      different temperatures, and indicator means coupled to said circuit means
      for indicating the condition of balance, said electrical means being
      mounted in said sealing member.
NUM  13.
PAR  13. An apparatus as in claim 12, wherein said electrical means each
      includes a thermocouple.
NUM  14.
PAR  14. An apparatus as in claim 13, wherein each of said thermocouples has a
      characteristic direction in which it generates a voltage in response to
      heat, said circuit means connecting pairs of said thermocouples in series
      opposition.
NUM  15.
PAR  15. An apparatus as in claim 13, wherein each of said thermocouples has a
      characteristic direction in which it generates a voltage in response to
      heat, said circuit means connecting said thermocouples in series and
      connecting adjacent pairs of such thermocouples in series opposition.
NUM  16.
PAR  16. An apparatus as in claim 15, wherein pairs of said thermocouples which
      are connected in series opposition are connected in parallel to other
      pairs of thermocouples connected in series opposition.
NUM  17.
PAR  17. An apparatus as in claim 12, wherein said electrical means each
      includes a thermistor.
NUM  18.
PAR  18. An apparatus as in claim 17, wherein said circuit means connects said
      thermistors into a bridge.
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ABST
PAL  A pneumatic differential pressure sensor comprising a body with a hole
      which accommodates a pressed-in bushing, and a two-arm lever entering the
      body through the bushing so that one lever arm is inside the body and
      interacts with an element sensitive to the thermotechnical parameter while
      the other arm is outside the body. Secured to the bushing is a block
      carrying two clamps which serve as supporting elements for installing and
      fastening a zero corrector, a bellows and a nozzle-shutter element which
      interact with the other arm of the lever.
BSUM
PAR  The present invention relates to the instrument-building industry, and more
      particularly it relates to differential pressure sensors whose operating
      principle is based on power compensation.
PAR  A pneumatic differential pressure sensor is known in the art comprising a
      base, an element sensitive to the parameter being measured and
      transforming it into a force, a pneumatic force converter secured to the
      base and interacting with the sensitive element through a lever linkage, a
      nozzle-shutter element, a bellows, a zero corrector interacting with said
      lever linkage, a pneumatic relay whose control channel communicates
      pneumatically with the nozzle while the output channel communicates with
      the bellows and the sensor output (See. U.S. Pat. No. 2,806,480, dated
      Sept. 17, 1957.
PAR  In the known sensor the variations in the ambient temperature, the effects
      of external forces, and the vibrations cause considerable errors.
PAR  These errors are due, to a considerable extent, to the design features of
      the sensor, namely to the method of fastening the bracket carrying the
      nozzle, bellows, intermediate lever, and zero corrector to the body by
      screws located on the cantilever portions of the bracket, and creating a
      bending moment in the bracket, with said moment changing with the
      temperature of the ambient air.
PAR  Besides, additional errors are caused by the various degrees of rigidity
      with which the nozzle, bellows, and zero corrector are fastened to the
      bracket so that these parts are subjected to relative displacement when
      the bracket is acted upon by external forces, and on changes in the
      ambient temperature.
PAR  The the provision of a two-lever linkage with unbalanced masses which
      change their position under the effect of vibrations, and inclinations of
      the sensor also increases the errors.
PAR  Besides, the arrangement and methods of fastening the nozzle shutter
      element, bellows, intermediate lever, and zero corrector hinder
      calibration and repairs of the sensor.
PAR  An object of the present invention lies in reducing the additional errors
      of the pneumatic differential pressure sensor.
PAR  Another object of the invention lies in simplifying the calibration of the
      instrument.
PAR  Still another object of the invention lies in increasing the vibration
      resistance of the pneumatic sensor.
PAR  The main object of the invention is to provide a pneumatic differential
      pressure sensor whose pneumatic output signal is less dependent on the
      changes in the temperature of the ambient temperature, on external forces,
      and vibrations.
PAR  These objects are accomplished by providing a pneumatic differential
      pressure sensor comprising a body with a hole through which a two-arm
      lever extends with a certain clearance in such a way that one arm is
      located inside, and the other arm outside the body, with the first arm
      interacting with the element sensitive to the parameter being measure
      accommodated in said body, while the second arm of the lever interacts
      with the nozzle-shutter element which communicates pneumatically with the
      inlet channel of a pneumatic amplifier which also has a channel for the
      supply pressure, and a channel for the pneumatic output signal which is at
      the same time the output of the pneumatic sensor, and which communicates
      with a bellows interacting with the second arm of said lever, with said
      arm being linked mechanically with a zero corrector wherein, according to
      the invention, the first arm of the lever extends into the hole in the
      body through a bushing with a flange secured on the body and carrying a
      lever support, with the portion of the bushing outside the body being
      embraced by a split block whose opposite sides are provided with two flat
      unidirectional clamps each having, one longitudinal side, and two
      transverse sides, with said clamps being arranged in the planes which are
      parallel to the swinging plane of the lever, and with their longitudinal
      sides are directed along the lever; installed between the clamps are
      crosspieces, one of which carries the nozzle-shutter element, another one
      carrying a bellows, and the third one a zero corrector.
PAR  It is practicable that the lever support should be made in the form of a
      membrane which closes the hole in the bushing, and is secured along the
      outer contour, and each of two rods fastened, to the lever at one end, and
      to the bushing at the other, thus ensuring lever swinging only in the
      lever plane.
PAR  It is practicable that the zero corrector should be made in the form of a
      coil spring, one end of which is fastened to the lever, and the other one
      to the bushing which interacts with the operating screw installed on the
      crosspiece in such a way that rotation of the screw changes the tension of
      the spring.
PAR  It is practicable that one end of the bellows should be secured on the
      bushing pressed into the crosspiece, and having a channel which puts the
      internal space of the bellows in communication with the output channel of
      the pneumatic signal of the pneumatic amplifier, and that the other end of
      the bellows should be fastened to the lever of a ring interacting with the
      lever, the crosspiece, the bellows, and with the ring being installed with
      a provision for moving it along the axis of the lever for calibration of
      the sensor.
PAR  It is possible to install a plate on the sensor body and to fasten a
      housing to this plate.
DRWD
PAR  The invention is described in detail by way of example of a pneumatic
      differential pressure sensor, namely a differential pressure sensor
      according to the invention with reference to the accompanying drawings in
      which:
PAR  FIG. 1 shows the pneumatic differential pressure sensor, longitudinal
      section, according to the invention;
PAR  FIG. 2 is a section taken along line II--II in FIG. 1;
PAR  FIG. 3 is a section taken along line III--III in FIG. 1;
PAR  FIG. 4 is a section taken along line IV--IV in FIG. 1;
PAR  FIG. 5 is a section taken along line V--V in FIG. 1;
DETD
PAR  According to FIG. 1 the pneumatic differential pressure sensor comprises a
      body 1 with a bushing 2 welded to it. An arm extending with a certain
      clearance through the hole 3 of the bushing 2 into the body 1, is the a
      two-arm lever 5. The arm 6 of the lever 5 is located outside the body 1.
      The support of the lever 5 is made in this case in the form of a membrane
      7 which closes the hole 3 in the bushing 2 and is secured tightly on the
      bushing 2 along the outer contour, with the lever 5 passing through the
      membrane 7, and being tightly connected with the latter.
PAR  Two rods 8, fastened to the arm 6 of the lever 5 at one end, and to the
      bushing 2 at the other, ensure the swinging of the lever 5 only in the
      plane of the drawing.
PAR  The arm 4 of the lever 5 interacts with membranes 9 and 9' via a pin 10 in
      a rod 11 which connects rigidly the centres of the membranes 9 and 9',
      with the latter being welded hermetically along the outer contour to the
      body 1.
PAR  The space 12 between the membranes 7, 9 and 9' is filled with a liquid,
      e.g. polyethylene siloxane. The membranes 9 and 9' are closed by flanges
      13 and 14, are sealed by fluorinated plastic gaskets 15 and form chambers
      16 and 17 which are supplied with the pressure of the controlled medium
      through holes 18 and 19.
PAR  The arm 6 of the lever 5 located outside the body 1 interacts with a
      nozzle-shutter element 20 located on a cross-piece 21, with a bellows 22
      mounted on a crosspiece 23, and with a zero corrector 24 mounted on a
      crosspiece 25.
PAR  The crosspieces 21, 23, and 25 are secured between two flat unidirectional
      clamps 26 which have one longitudinal side 27, and two transverse sides 28
      and 29.
PAR  According to FIG. 2 the clamps 26 are fastened to the opposite sides of a
      split block 30 which is fastened to the bushing 2 by a screw 31. The block
      30 (FIG. 1) is secured on the bushing 2 so that the clamps 26 are arranged
      in the planes parallel to the swinging plane of the lever 5, the with
      longitudinal sides 27 of said clamps 26 being directed along the lever 5.
      The longitudinal side 27 of each clamp 26 has a slot 32 provided for the
      movement of the crosspiece 23 with the bellows during calibration of the
      sensor.
PAR  As shown in FIG. 3 the nozzle-shutter element 20 comprises a nozzle 33 and
      a flexible shutter 34 fastened to the crosspiece 21. A screw 35 installed
      on the lever 5 contacts the shutter 34 and allows the latter to move
      relative to the edge of the nozzle 33 during the swinging of the lever 5.
PAR  As illustrated in FIG. 4 the bottom 36 of the bellows 22 is freely slipped
      on a bushing 37 secured to the crosspiece 23 and is sealed by a rubber
      ring 38. The bushing 37 has a channel 39 for feeding pneumatic pressure to
      the bellows 22. The bottom 40 of the bellows 22 has a threaded projection
      41 screwed into a ring fitted around the lever 5. The face of the
      projection 41 contacts the cylindrical surface of the lever 5 and fixes
      the ring 42 on said lever 5.
PAR  As shown in FIG. 5 the zero corrector 24 is provided with an operating
      screw 43 with the head end inserted into the hole of the crosspiece 25 all
      the way to the stop formed by the projection 44. The projection 44 is
      pressed against the crosspiece by a plate spring 45, one end of which is
      fastened to the crosspiece 25 by a screw 46 while the other end is bent in
      the direction of the pressing force and inserted into a recess 47 on the
      cylindrical surface of the operating screw 43.
PAR  The threaded portion of the operating screw 43 has a threaded bushing 48
      with a flange 49. The outer surface of the flange is provided with a
      groove 50 accommodating the end coil of the helical coil spring 51 with an
      interference.
PAR  The opposite end of the spring 51 is fastened in the hole of a threaded
      bushing 52 which is connected with the lever 5.
PAR  A pneumatic amplifier 53 (FIG. 1) is installed on a plate 54 which is
      secured on the flange 13. The pneumatic amplifier 53 has holes (not shown
      in FIG. 1) for feeding in a supply of pressure, and for delivering the
      pneumatic signal output of the sensor.
PAR  The pipe union 55 of the amplifier 53, the pipe 56 and the pipe union 57
      secured on the crosspiece 23 connect the pneumatic output signal channel
      of the amplifier 53 with the internal space of the bellows 22.
PAR  A pipe 58 connects the control channel of the pneumatic amplifier 53 with
      the nozzle 33.
PAR  There is a housing 59 of the sensor with a hole 60 giving access to the
      zero corrector 24. The hole 60 is closed by a cylindrical cover 61 with an
      offset hole 62. The cover 61 is secured on a disc 63 and is capable of
      turning to close the hole 60.
PAR  The flanges 13 and 14 have plugs 64 for the drainage of the condensate, and
      plugs 65 for the discharge of gas, with both plugs being closed by needle
      valves;
PAR  The pneumatic differential pressure sensor operates as follows
PAR  As the pneumatic pressure is fed to the pneumatic amplifier 53, with both
      controlled pressures acting on membranes 9 and 9' being equal, a certain
      initial output signal is created at the sensor output and in the bellows
      22, with said signal being controlled by the position of the shutter 34
      with relation to the face edge of the outlet hole of the nozzle 33. It
      should be noted that the shutter 34 is made of a flexible material and is
      fixed to the common cross piece 21 in which nozzle 33 is mounted. Screw 35
      is mounted in lever 5 so that if screw 35 is not in contact with shutter
      34, shutter 34 will close toward nozzle 33 and closed the same off. The
      position of lever 5 is adjusted by the tension of spring 51 of the zero
      corrector 24 in such a manner as to provide for a contact cooperation of
      the screw 35 with shutter 34 and to space the shutter 34 apart from the
      nozzle 33 at a distance which would provide a predetermined initial value
      of the output signal of the apparatus.
PAR  The initial position of the shutter 34 relative to the nozzle 33 is set by
      tensioning the spring 51 with the aid of the operating screw 43.
      Adjustments of the stop 35 ensure contact between the arm 4 of the lever 5
      and the pin 10.
PAR  The higher of the two controlled pressures is fed to the membrane 9 through
      the hole 19 in the flange 14, with the lower pressure being fed to the
      membrane 9 through the hole 18 in the flange 13. Each membrane 9 and 9'
      converts the corresponding pressures into proportional forces directed
      towards each other and acting along the common axis of the membranes 9, 9'
      and the rod 11. The resultant force which is equal to the difference of
      these forces is transmitted by the pin 10 to the lever 5 which turns
      through a certain angle about the rotation axis formed by the intersection
      of the plane of the sealing membrane 7 with the plane passing through the
      axes of two flexible rods 8.
PAR  Thus, when lever 5 moves responsive to the proportional forces at membrane
      9 and 9' and rod 11, as transmitted by pin 10, the arm 6 of lever 5 is
      deflected away from shutter 34. This, in turn, moves the stop 35 so that
      shutter 34 is free to move toward nozzle 33.
PAR  The shutter 34 follows the position of the stop 35 on the lever and
      approaches the face edge of the nozzle 33. The pressure in the control
      channel of the pneumatic relay 53 rises and so does the pressure at the
      sensor output and in the bellows 22.
PAR  Thus, the lever 5 is acted upon by the counteropposed moments of forces
      produced by the difference of two pressures in the spaces 16 and 17 and by
      the pressure in the bellows 22. When the acting moments are equal, the
      pressure in the bellows 22 and, consequently, at the sensor output, will
      be a measure of the difference between the two controlled pressures.
PAR  Calibration of the sensor for the standard, or required limits of
      variations in the output pneumatic signal is effected by changing the
      position of the bellows 22 with relation to the axis of rotation of the
      lever 5. This is done by loosening the screws which fasten the crosspiece
      23 and the threaded projection 41. Then the ring 42 and the crosspiece 23
      are freely moved along the lever 5 and fixed in the new position.
PAR  Replacement of the bellows 22 by another bellows with a different effective
      area can change substantially the setting range of the pneumatic sensor.
PAR  Though being simple and comprising but a few elements, the pneumatic sensor
      has high metrological and operational characteristics, viz., vibration
      resistance and a relative independence of the output pneumatic signal from
      the external forces, and ambient air temperature.
PAR  The pneumatic sensor can be utilized extensively as a means for primary
      information on parameters in various automatic control and regulation
      systems.
CLMS
STM  What is claimed is;
NUM  1.
PAR  1. A pneumatic differential pressure sensor comprising: a body with a hole;
      a bushing installed in said hole so that a portion of said bushing is
      located inside said body and its other portion is outside the body; a
      two-arm lever extending through said bushing into the body so that one arm
      of said lever is inside the body and the other arm outside it; a support
      for said lever secured to said bushing outside said body; a split block
      fitted around said bushing and secured to the external portion of the
      bushing; two flat unidirectional clamps secured to the opposite sides of
      said block, each clamp having one longitudinal side and two transverse
      sides, and being located in the planes which are parallel to the swinging
      plane of said lever; at least three crosspieces installed between said
      clamps; a pneumatic amplifier having means for feeding supply pressure to
      said amplifier, inlet means, pneumatic output signal means from said
      amplifier, which serves simultaneously as the output of the pneumatic
      sensor; an element sensitive to the differential pressure accomodated in
      said body; a nozzle-shutter element secured to one of the crosspieces and
      communicating pneumatically with the inlet means of the pneumatic
      amplifier; one arm of said two-arm lever interacting with said element
      sensitive to the differential pressure, and the other arm interacting with
      said nozzle-shutter element; a bellows secured to the second crosspiece
      communicating pneumatically with the sensor output and interacting with
      the other arm of said lever; and a zero indicator secured to the next
      crosspiece and linked kinematically with the other arm of said lever.
NUM  2.
PAR  2. A pneumatic sensor according to claim 1, wherein said lever support is
      made in the form of a membrane which closes the hole in the bushing, and
      is secured along the outer contour, and two rods fastened to the lever at
      one end, and to the bushing at the other, thus allowing the lever to swing
      in one plane only.
NUM  3.
PAR  3. The pneumatic sensor according to claim 1 wherein said zero corrector is
      made in the form of a coil spring, one end of which is fastened to the
      lever, while the other one is fastened to the bushing interacting with an
      operating screw installed in the second crosspiece, so that rotation of
      the operating screw changes the tension of said spring.
NUM  4.
PAR  4. The pneumatic sensor according to claim 1, wherein one end of the
      bellows is slipped onto the bushing pressed into the next crosspiece, and
      has a channel communicating the inside space of the bellows with the
      output pneumatic signal channel of the amplifier, while the other end of
      the bellows is linked kinematically with the lever by means of a ring
      embracing the lever, the crosspiece, the bellows, and with the ring being
      installed with a provision for moving the lever along an axis during
      calibration of the sensor.
NUM  5.
PAR  5. The pneumatic sensor according to claim 1, further comprising a plate
      secured to said body, and a housing installed on said plate.
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ABST
PAL  Disclosed is a septum-mounting and shielding assembly for a sample injector
      of the type utilized with gas chromatographs. The arrangement comprises an
      adapter flange designed for mounting on the inlet end of the sample
      injector block and containing a small diameter aperture through which a
      sample injection probe such as a hypodermic needle can be inserted. A
      septum holder is mounted for rotation relative to the adapter flange
      member about an axis eccentric to the aperture in the adapter flange. The
      septum holder contains a small diameter aperture which is eccentric
      relative to the axis of rotation, the degree of eccentricity being the
      same as that between the aperture and the adapter flange and the axis of
      rotation. Consequently, the two apertures are in registration in only one
      relative angular position of the septum holder. A silicone rubber septum
      is mounted in the septum holder coaxially with the aperture therein. When
      the apertures are aligned, the septum can be pierced with the injection
      probe which passes through the aligned apertures into the injector block;
      in other angular positions, the septum holder occludes the aperture in the
      adapter flange to prevent entry into the injector block of volatile
      components which might be out-gassed from the septum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates generally to sample injectors for analytical
      instruments such as gas chromatographs and, more particularly, to an
      arrangement for mounting and shielding the septum from exposure to the
      interior of the sample injector. In certain analytical instruments such as
      gas chromatographs, it is necessary to introduce a sometimes minute
      quantity of a sample to be analyzed by injecting it from a sample probe,
      customarily a hypodermic syringe, into a flowing stream of gas. The gas,
      carrying the injected sample, then passes through the chromatographic
      separation column and the effluent gas passed to a detector all in a
      manner well known in the art. A septum, most commonly a membrane of a
      physically permeable self-sealing material such as silicone rubber seals
      the entrance port of the injector block. The sample is introduced by
      piercing the septum with the injection probe, the puncture sealing itself
      when the probe is withdrawn.
PAR  It has long been recognized that it is desirable to interpose between the
      inner surface of the septum and the interior of the injector block a
      shield of inert material in order to prevent what is known as "septum
      bleed". This term refers to the tendency of the septum material, albeit
      relatively inert, to outgas or exhaust volatile components which are
      either constituents of the septum material itself or comprise analytical
      samples absorbed during a prior use of the injector.
PAR  With the development in recent years of improved detectors of extremely
      high sensitivity, the problem of septum bleed has become increasingly
      troublesome and a variety of remedies have been employed to cope with the
      problem. The basic approach common to these remedies is the use of a
      septum shield, which, in its simplest form as shown in U.S. Pat. No.
      3,581,573 (FIG. 2) is a disc of inert material which overlies the face of
      the septum exposed to the interior of the injector block. The probe
      needle, when inserted, pierces both the septum and the shield; when
      withdrawn only that relatively small area of the septum which is in
      registration with the puncture hole in the septum is exposed to the
      interior of the injector block.
PAR  Another form of septum shield, shown in the aforementioned patent as well
      as in U.S. Pat. No. 3,635,093, employs a strip of shielding material
      disposed in sliding contact with the inner face of the septum. The ends of
      the strip are accessible from the exterior of the injection block so that,
      after the probe has been inserted and withdrawn, the puncture made in the
      shielding material can be moved out of registration with the septum which
      is then completely shielded from the interior of the injector block.
PAR  Both of these approaches to the problem of septum bleed have shortcomings:
      in one instance, the former, complete shielding of the septum is not
      achieved; and in the latter, it has proven difficult if not impossible in
      practice to achieve a satisfactory seal with the movable strip of shield
      material. In this connection it should be borne in mind that the high
      temperatures and moderate pressures encountered greatly complicate the
      sealing problem.
PAR  Another disadvantage is that, in all forms of septum shields shown in the
      above-referenced patents, it is necessary to remove the shielding element
      in order to replace the septum which, of course, must be done quite
      frequently. And in some forms, where the shield is a disc of
      probe-penetrable material, it is necessary or at least good practice to
      replace the shield as well as the septum. If this is not done, the
      puncture hole in the shield becomes enlarged or the shield is punctured in
      different places and the end result in both cases is that a larger area of
      the septum is exposed to the interior of the injector.
PAR  It is the primary general object of the present invention to overcome or at
      least mitigate the shortcomings of prior art devices as pointed out above.
PAR  A specific object is the provision of an improved septum shield arrangement
      in which the septum is totally shielded from the interior of the injection
      block and in which the septum can be replaced without removing the
      shielding member.
PAR  A further object is the provision of an improved septum mounting and
      shielding arrangement in which it is unnecessary to replace the shield and
      which is tightly sealed against leakage.
PAC  SUMMARY OF THE INVENTION
PAR  To the attainment of the foregoing objects, the present invention
      contemplates a septum mounting and shielding assembly comprising a flange
      member having a planar face and containing a through bore perpendicular to
      that face as well as a septum holder including a cylindrical flange
      portion having a planar surface disposed in confronting relation with the
      planar face of the flange. An additional bore extends through the flange
      portion of the septum holder along an axis perpendicular to the planar
      surface thereof and eccentric with respect to the cylindrical axis of the
      flange portion. Means are provided for movably retaining the septum holder
      for rotation relative to the flange member about a cylindrical axis and
      with the cylindrical axis eccentric to the bore in the flange member by an
      amount substantially equal to the eccentricity between the cylindrical
      axis and the bore in the septum holder. Sealing means are provided between
      the confronting face of the flange member and the planar surface of the
      septum holder and surrounding the bores in both members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an axial sectional view showing a fragment of the inlet end of a
      sample injector block and including the septum mounting and shielding
      assembly of the present invention; and
PAR  FIG. 2 is an end elevational view of FIG. 1, as viewed from line 2--2 of
      FIG. 1, with one member omitted in the interest of clarity of illustration
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings and first in particular to FIG. 1, there is
      illustrated in axial section and designated generably by reference numeral
      10, the inlet end of an injector block of the type shown in U.S. Pat. No.
      3,635,093 previously referred to. So much of the injector body 10 as is
      shown comprises a tubular injector body member 12 and, coaxially nested
      therein, a sleeve 14 and liner 16. In use, a carrier gas is introduced
      through an inlet, not shown, into the annular clearance space between the
      body member 12 and sleeve 14, from which it flows through passages, not
      shown, into the space between members 14 and 16 completely filling the
      volume designated by reference numeral 18 whence it flows as indicated by
      arrow 20 through and out of the opposite end of the bore 22 of tubular
      member 16, which is in flow communication with the separating column (not
      shown) of the chromatograph. Additional details as to the construction and
      operation of the injector block may be had by reference to the
      aforementioned U.S. Pat. No. 3,635,093.
PAR  The extreme end of the injector body member 12 is provided with external
      threads 24. In a manner that will be explained in greater detail as this
      description proceeds, a septum and septum shield-mounting assembly,
      designated in its entirety by reference numeral 26, is secured to the end
      of body member 12 by means of threads 24.
PAR  Mounting assembly 26 is made up of three principal components: an adapter
      flange member 28, a retaining bushing member 30 and a septum holder 32.
      Flange member 28 includes a flange portion 34 which, in the illustrated
      embodiment, is of circular outline and has generally circular or annular
      parallel planar faces 36 and 38. Coaxially projecting from planar face 36
      is hollow cylindrical boss 40 internally threaded to engage the threads 24
      on injector body 12. The exterior surface 42 of boss 40 is hexagonal or
      otherwise provided with tool-engaging flats to facilitate threaded
      installation and removal of adapter flange member 28. Adapter flange
      member 28 contains a through bore 29 which is in coaxial alignment with
      the bore 22 of liner member 16 when the adapter flange is mounted on
      injector body 12. At its end proximate the injector block, bore 29
      terminates in a conical tapered portion 29'; the aligned bores coact to
      define a passage having an axis 31 into which the syringe-type
      sample-injection probe may be inserted into bore 22, which terminates in
      an outwardly flare portion 22 serving to guide and facilitate entry of the
      probe. An annular aluminum gasket 41 is provided between the end of
      injector body member 12 and adapter flange 34 to achieve a gas-tight seal
      at that location.
PAR  Retaining bushing member 30 is of generally annular configuration and has
      one annular planar face 44 disposed in confronting relation to planar face
      38 of adapter flange member 28. This relative disposition of the adapter
      flange member and retaining bushing member is established and maintained
      by means of a plurality of screw fasteners 46, 41' equiangularly spaced
      about the outer circumferences of the members (as best appears in FIG. 2)
      threaded into the flange portion 34.
PAR  Retainer member 30 contains a stepped internal bore having a large diameter
      portion 48 and a relatively smaller portion 48' coaxial with one another
      but having their common axis 33 eccentric with respect to axis 31 of bore
      29 in the adapter flange member 28. Flange portion 34 of the adapter
      member and retaining bushing member 30 coact to define a chamber which
      rotatably receives and retains septum holder member 32. To this end,
      septum holder 32 has a relatively larger diameter cylindrical portion 50
      received within the larger diameter bore 48 of the retainer member and a
      coaxial cylindrical portion 50' of relatively smaller diameter extending
      through the smaller diameter bore 48' of the retainer member and
      projecting axially outwardly therefrom. The larger and smaller diameter
      portions of septum holder 32 and corresponding bores of retaining bushing
      30, coact to define confronting annular shoulders which provide seating
      surfaces for a bearing member such as a filled Teflon washer 52.
PAR  The confronting surfaces 38 and 45 of adpater flange member 28 and septum
      holder 32 are sealed by a Teflon encapsulated silicone O-ring 53 disposed
      in a groove concentric to bore 29 in the flange member. In this manner, a
      gas-tight seal is formed between septum holder 32 on one hand and the
      adpater member 28 on the other while permitting relative rotation.
PAR  At a point eccentric with respect to the axis of the large diameter portion
      50 of septum holder 32 is provided with a probe aperture in the form of a
      small bore 54 flaring outwardly in a direction away from injector block
      12. Septum holder member 32 is provided with an internally-threaded
      counter bore 56 coaxial with but of much larger diameter than probe
      aperture bore 54. The junction of bores 54 and 56 forms a relatively wide
      annular seat 58 for a silicone rubber septum member 60 of discoid
      configuration.
PAR  A septum knob 62 has an externally-threaded cylindrical shank portion 63
      and an enlarged head 63' to facilitate manual threaded insertion of the
      knob into counter-bore 56. The inner end of septum knob shank portion 63
      has an annular face 64 which bears on and clamps septum 60 against annular
      shoulder 58. Inner face 64 contains a small bore 66 which extends a small
      fraction of the axial dimension of knob shank 63 and then flares outwardly
      to provide a conical guide surface 66' for directing a sample probe to the
      small diameter bore.
PAR  In the angular position shown in FIG. 1, small diameter bore 66 is
      coaxially aligned with bores 54 and 29 in the septum holder and adapter
      flange, respectively. As a result of the eccentricity of probe passage
      axis 31 with respect to the cylindrical axis 33 of septum holder member
      32, rotation of the septum holder member by a significant amount from the
      position shown results in moving probe aperture 54 out of registration
      with bore 29 and outside the perimeter of Teflon encapsulated silicone
      O-ring seal 53. To facilitate this rotation, a radially-extending lever 68
      is threaded into the small diameter portion 50' of septum holder 32. Of
      the ring of screws securing retainer member 30 to adapter flange 34 two,
      designated 46', are actually screw pins having cylindrical portions which
      project axially beyond the face of retaining bushing member 30 and thus
      function as abutments or stops which, by engagement with rotating lever
      68, limit the rotation of septum holder 32 to two positions substantially
      180.degree. apart. In one position, which may be referred to as the "open"
      position, bores 66, 54, 29, and 22 are in registration permitting a probe
      to be inserted through septum 60 into liner member 16. When the sample has
      been injected and the probe withdrawn, rotating lever 68 is moved to the
      opposite of the O-ring 53 (as shown in dotted line in FIG. 2) and thus the
      septum is completely shielded from the internal volume 18 of the injector
      block.
PAR  It will be noted in reference to FIG. 1 that septum 60 may be replaced by
      simply removing septum knob 62, removing the old septum, inserting a new
      septum and replacing the septum knob.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a sample injector for analytical instruments in which a sample is
      introduced into the instrument by means of a probe which is thrust through
      a self-sealing septum, a septum mounting and shielding assembly
      comprising:
PA1  means defining a passage through which the probe may be inserted into
      communication with the instrument;
PA1  a septum holder member containing a bore aligned with and constituting a
      part of said passage;
PA1  and means mounting said septum holder member for rotary movement about an
      axis eccentric to said passage whereby rotation of said member selectively
      moves said bore into and out of registration with said passage.
NUM  2.
PAR  2. The invention defined in claim 1, including means defining an outwardly
      open counterbore in said septum holder member of larger diameter than and
      coaxial with said first mentioned bore, the junction of said bores
      defining an annular shoulder for seating a discoid septum; and
PA1  means removably disposed in said counterbore for retaining a septum in
      sealing engagement with said shoulder.
NUM  3.
PAR  3. The invention as defined in claim 2 wherein said last-mentioned means
      contains a bore coaxially aligned with said first mentioned bore and
      constituting part of said passage.
NUM  4.
PAR  4. The invention as defined in claim 3 including radial lever means secured
      to said septum holder for rotating same; and
PA1  spaced abutment means defining a first limit position of rotation of said
      septum holder whereat said first-mentioned bore is aligned with said
      passage and a second limit position of rotation whereat said
      first-mentioned bore is out of registration with and sealed from
      communication with said passage.
NUM  5.
PAR  5. In a sample injector for analytical instruments, a septum mounting and
      shielding assembly comprising:
PA1  a flange member having a planar face and containing a through bore
      perpendicular to said face;
PA1  septum-holder means including a septum-holder member with a cylindrical
      flange portion having a planar surface;
PA1  means defining a second bore extending through the flange portion of the
      septum-holder member along an axis perpendicular to said planar surface,
      and eccentric with respect to the cylindrical axis, of said flange
      portion;
PA1  means rotatably retaining said septum-holder member with the planar surface
      of its flange portion in confronting relation to the planar face of said
      flange member, for rotation relative thereto about said cylindrical axis
      and with the cylindrical axis eccentric to the first bore by an amount
      substantially equal to the eccentricity between the second bore and the
      cylindrical axis; and
PA1  sealing means between said confronting face and surface and surrounding
      said first and second bores.
NUM  6.
PAR  6. An arrangement according to claim 5 wherein said septum-holder means
      includes:
PA1  means defining a cylindrical cavity in said septum-holder member coaxial
      with, and of larger diameter than, said second bore, thus to create an
      annular shoulder at the conjunction of the bore and cavity; and
PA1  means for replacably retaining a septum seated on said annular shoulder.
NUM  7.
PAR  7. An arrangement according to claim 6 wherein said cavity is internally
      threaded and said septum-retaining means comprises an externally-threaded
      cylindrical member threadable into said cavity and containing a through
      conically-tapered axial bore having its apex directed inwardly in said
      cavity and terminating in a bore coaxial with and in spaced opposition to
      said second bore.
NUM  8.
PAR  8. An arrangement according to claim 7 wherein said flange member is of
      generally discoid configuration and, on the face opposite said planar
      face, has a threaded hollow cylindrical boss coaxial with said first bore,
      adapting said flange member for threaded attachment to a sample injector.
NUM  9.
PAR  9. An arrangement according to claim 8 wherein said septum-holder member
      has a second cylindrical portion which defines said cylindrical cavity,
      said second cylindrical portion being smaller than and coaxial with said
      cylindrical flange portion and wherein said septum-holder retaining means
      comprises a cup-shaped bushing having a stepped internal bore, larger
      diameter segment of which rotatively receives the cylindrical flange
      portion of the septum-holder member and the smaller diameter segment of
      which defines with the larger diameter segment and annular shoulder
      coacting with the annular shoulder defined by the cylindrical flange
      portion and second cylindrical portion of the septum-holder member to
      define an annular clearance space; washer means disposed in said annular
      clearance space; and fastener means detachably securing said septum-holder
      retaining member to said planar face of the flange member and urging said
      septum-holder member into sealing engagement with said sealing means.
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ABST
PAL  A remotely operable sampler is provided for obtaining variable percentage
      samples of nuclear fuel particles and the like for analyses. The sampler
      has a rotating cup for a sample collection chamber designed so that the
      effective size of the sample inlet opening to the cup varies with
      rotational speed. Samples of a desired size are withdrawn from a flowing
      stream of particles without a deterrent to the flow of remaining
      particles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention was made in the course of, or under, a contract with the
      Energy Research and Development Administration.
PAR  In the fabrication of nuclear fuel microspheres it is necessary to perform
      certain analyses on random samples withdrawn from a bulk supply. One such
      analysis or test is the measurement of individual particle diameter to
      ascertain size distribution. Preferably these tests are performed
      beginning with the bare fuel kernel and then after the deposition of any
      coatings such as the pyrolytic carbon coating applied to most particles.
      The initial kernel may be, for example, about 380 .mu.m in diameter where
      the fully-coated particle may be about 800 .mu.m. Other analyses, such as
      density, uniformity of size, etc., are typically performed at various
      stages of fabrication.
PAR  One problem that exists in connection with any of these analyses relates to
      the sampling technique whereby a representative sample of proper size is
      obtained. Furthermore, the desired size of the sample may vary for
      different analyses, or because of a different type particle. In addition,
      all sampling must be conducted remotely particularly when recycle material
      is being utilized due to higher radiation levels. Thus there exists a need
      for a remotely-operated variable-percentage sampler wherein the sampler
      will provide the desired size sample of particles for subsequent analyses.
      This need has been met in the present invention in a manner to be
      described hereinbelow.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to provide a remotely-operated
      variable-percentage sampler wherein the desired size sample of particles
      may be collected for subsequent analysis.
PAR  The above object has been accomplished in the present invention by
      providing a rotating sample cup having a side hole therethrough. A
      particle feed tube is generally aligned with the cup side hole and a
      stream of particles is directed through the feed tube against the exterior
      of the rotating sample cup such that, during time intervals when the hole
      is aligned with the particle stream, particles pass through the hole into
      the cup interior. Thus, depending upon the shape, orientation of the hole,
      thickness of the sample cup wall, and the speed of cup rotation, the
      sample size is varied. Particles not entering the cup are collected to be
      carried to additional processing stages or storage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross sectional view of the sampler.
PAR  FIG. 2 is an enlarged partial cross section view of the collection cup and
      particle feed tube of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a hopper is formed by a cylindrical upper shell 10
      and a lower asymmetrical inverted conical shell 11. This hopper has a
      removable cover flange 12 attached thereto with bolts 13 or the like.
      Passing through flange 12 is at least one particle feed tube 14. A
      discharge conduit 15 is attached to the bottom of conical shell 11. An
      upright open-top sample receiving column 16 passes through and is sealed
      to conical shell 11 and is attached to a sample outlet conduit 17. A
      strengthening brace 18 is attached between column 16 and shell 11.
PAR  Mounted centrally over an opening 19 in the flange 12 is a bushing member
      20 which is provided with a dust seal 21 under a cover 22. A shaft 23,
      attached to a drive means, not shown, passes through the cover 22, dust
      seal 21, and the bushing member 20 into the interior of the upper shell
      10. Attached to this shaft 23 within shell 10 is a sample catcher which,
      in this embodiment, is formed by a conical cap 24 and a base 25 affixed
      thereto. The cap 24 is provided with an aperture 26 which is oriented
      perpendicularly to the shape of the outer surface of the cap 24, but
      slanted, inwardly, from a true radial orientation in a direction generally
      away from the direction of rotation as shown in FIG. 2 of the drawing. The
      tip of the particle feed tube 14 is oriented perpendicularly to the
      surface of cap 24 and terminates a short distance therfrom.
PAR  The base 25 of the sample catcher is provided with an interior inverted
      conical surface 27 to direct sample particles collected in the catcher
      through an opening 28 into the column 16. Depending upon the rotational
      speed of the catcher and the angle of surface 27, collected particles may
      be held in the catcher or discharged through the opening 28 during
      rotation of the catcher; higher speeds and larger included angles of the
      surface 27 tend to hold the collected particles, while lower speeds and a
      smaller included angle tend to continuously discharge particles. The base
      25 is provided with a skirt 29 which overlaps the top of column 16 to
      minimize introduction of particles into column 16 which have not passed
      through the catcher.
PAR  Referring now to FIG. 2, the angular orientation of aperture 26 may be
      seen. As stated above, the aperture 26 is perpendicular to the slope of
      cap 24 but is oriented at an angle, .alpha., with respect to a true radial
      direction. The direction of angle .alpha., with respect to the radial
      direction, depends upon the direction of rotation, R, of the catcher. It
      may be seen that the aperture 26 is oriented in a reverse direction with
      regard to incoming particles and thus is not a scoop. Furthermore, the
      size of the angle .alpha., the shape of the aperture 26, and the thickness
      through cap 24 affect the sample size for a given rotational speed; larger
      angles and greater thickness reduce the size of the sample. Another method
      of increasing the sample size is to use additional feed tubes 14. Thus,
      for a given construction, sample size is only effected by rotational
      speed.
PAR  In a normal operation of the above described sampler, particles are fed
      continuously through the tube 14 from a particle supply, not shown, with
      the catcher being rotated typically at 100- 250 RPM. The bulk of the
      particles strike the outer surface of cap 24 and fall down through shell
      11 and out through conduit 15. Each time the aperture 26 passes the exit
      from the tube 14, a small portion of particles pass through the aperture
      into the body of the sample catcher and are removed through the opening
      28, column 16, and conduit 17. As stipulated above, the size of the sample
      in proportion to the feed stream is determined by dimensions and
      orientation of aperture 26 as well as by the rotational speed of the
      catcher. For any given sampler, the sample size range is varied by varying
      the rotational speed. If any particles remain within the catcher, due to
      centrifugal forces, the catcher may be stopped or slowed whereupon the
      particles will drop out through opening 28 into column 16 and through
      conduit 17 to a collector, not shown. The samples so collected may be
      directed to appropriate analytical equipment, such as a particle size
      measuring apparatus.
PAR  A sampler of the above design was constructed having an aperture 26 in the
      catcher of 1/4 inch diameter set at an angle .alpha. = 30.degree. . The
      thickness of the cap 24 was 1/8 inch, and its diameter was 3 inches.
      Particles in a size range of 417 to 500 .mu.m were fed through a 1/4 inch
      feed tube. When the catcher was rotated at 100 RPM, the sample size was
      5.6% of the total microsphere batch fed into the sampler; with a speed of
      250 RPM, the sample was 0.048% of the (2 kg) total batch. The size of the
      sample generally varied linearly between these values as a function of
      speed. Thus, it may be seen that a simple adjustment of speed provides
      samples of a variable percentage of the total available quantity of feed
      particles as a function of such speed.
PAR  It should be evident that the sampler described above is adapted to be
      remotely operated, thus minimizing any possible radiation exposure to
      operating personnel when the sampler is utilized for collection of
      radioactive particles.
PAR  This invention has been described by way of illustration rather than by
      limitation and it should be apparent that it is equally applicable in
      fields other than those described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sampler for obtaining variable percentage samples of particles for
      subsequent analyses comprising a hopper provided with a top closure member
      and a particle discharge conduit mounted at the lower end of an inverted
      conical lower shell portion of said hopper, a drive shaft extending
      through said top closure member into the upper portion of said hopper and
      being bearingly supported by said member, a conical cap affixed to the
      lower end of said drive shaft and provided with a side aperture, a base
      member affixed to said conical cap and provided with an inverted inner
      conical surface terminated by an exit hole at the bottom thereof, an open
      top sample receiving column extending through said conical shell portion
      of said hopper and affixed thereto with the top open end of said column
      encompassing the lower end of said base member for receiving particles
      exiting therefrom, said column being provided at its lower end with a
      sample outlet conduit, and a particle feed tube extending through said top
      closure member with its exit end positioned closely adjacent to and
      aligned with said side aperture of said conical cap, said conical cap and
      its affixed base member functioning as a particle sample catcher, said
      conical cap and base member affixed thereto adapted to be rotated by said
      drive shaft at a selected desired speed, whereby during rotation of said
      sample catcher a portion of the particles exiting from said feed tube are
      caught by said sample catcher through said side aperture as a function of
      the speed of rotation of said sample catcher.
NUM  2.
PAR  2. The sampler set forth in claim 1, wherein said base member affixed to
      said conical cap is provided with a skirt which overlaps the open top of
      said sample receiving column to minimize introduction of particles into
      said column that did not pass through said sample catcher.
NUM  3.
PAR  3. The sampler set forth in claim 2, wherein said side aperture of said
      conical cap is oriented at a selected angle with respect to a true radial
      direction and also in a reverse direction with regard to the direction of
      rotation of said sample catcher and to incoming particles from said feed
      tube.
NUM  4.
PAR  4. The sampler set forth in claim 3, wherein said selected angle is
      30.degree..
PATN
WKU  039397157
SRC  5
APN  4823362
APT  1
ART  244
APD  19740624
TTL  Method and apparatus for developing balance information for rotating
      equipments and assemblies
ISD  19760224
NCL  22
ECL  1
EXP  Gill; James J.
NDR  7
NFG  16
INVT
NAM  Davis; Robert D.
CTY  Spring Valley
STA  CA
ASSG
NAM  Spectral Dynamics Corporation of San Diego
CTY  San Diego
STA  CA
COD  02
CLAS
OCL   73462
EDF  2
ICL  G01M  122
FSC   73
FSS  462-465
FSC  235
FSS  151.3
FSC  328
FSS  24;27
UREF
PNO  3098391
ISD  19630700
NAM  Maus et al.
OCL   73462
UREF
PNO  3340476
ISD  19670900
NAM  Thomas et al.
OCL  328 27
UREF
PNO  3500213
ISD  19700300
NAM  Ameau
XCL  328 27
LREP
FRM  Brown & Martin
ABST
PAL  A system for determining the phase displacement of vibration data signals
      relative to tachometer point signals by synthesizing a sine wave signal
      having the amplitude of the vibration data signals, shifting the phase of
      the synthesized sine wave signal to null out the vibration data signals
      and determining the phase and amplitude of the synthesized sine wave
      signal relative to the tachometer point signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Balance systems are used to develop trim balance information for rotating
      equipments and assemblies. These balance systems determine the unbalance
      of rotating equipments relative to a given point location on the rotating
      element, generally identified by a tach signal, and also determine the
      amplitude of the unbalance. With this information, it is then possible to
      place weights on the equipment opposite the unbalance to balance the
      rotating member. The information desired is revolutions per minute, the
      exact location of the unbalance, and the amount of weight required for
      balancing.
PAR  The tachometers used provide normal tachometer signals and the vibration
      data signal pickups are known vibration signal generators. In known
      systems for making such trim balance information determinations, the
      vibration or displacement data signal is fed through a tracking filter
      through which the amplitude or displacement of the signal is determined. A
      sine wave is generated that is frequency and phase coherent with the
      tachometer signal. Then a phase comparison is made of the fundamental of
      the vibration data signal relative to the tachometer signal that
      establishes the phase displacement of the unbalance, and thus its
      location.
PAR  In the present system for determining balance information, the vibration
      data signal is nulled by successive automatic adjustments of the phase of
      a synthesized sine wave relative to the tachometer signal, thus providing
      an automatic means for bracketing the fundamental of the input vibration
      unbalance signal through successive bracketing adjustments of the phase of
      the synthesized sine wave. This provides automatic and positive locating
      of the phase displacement of the input data signal and thus the desired
      phase displacement and location of the unbalance.
PAC  SUMMARY OF THE INVENTION
PAR  In a preferred embodiment of this invention, input vibration pickup data
      signals or unbalance signals are fed to a summing amplifier. A series of
      multiple clocking tach signals are generated from tachometer signals
      input. These tach signals synchronize a sine converter that generates a
      synthesized sine wave that is frequency and phase coherent with the input
      tach signals and the unbalance vibration data signals. The amplitude of
      the input data signals are determined in a real time spectrum analyzer and
      the magnitude of the synthesized sine wave is set to the same magnitude.
      The sine wave is then shifted in phase relative to the tach signal, in a
      series of automatic displacement steps until the synthesized sine wave
      nulls out the input data signals. This highly selective null is detected
      in the real time analyzer. A constant readout of the phase of the sine
      wave provides the final balance phase displacement of the unbalance of the
      rotating equipments. All of the amplitude determination, sinewave
      generation, and movement of the bracketing of the phase displacement is
      accomplished automatically in a series of steps.
PAR  It is therefore an object of this invention to provide a new and improved
      method and apparatus for developing balance information for rotating
      equipments and assemblies.
DRWD
PAR  Referring now to the drawings, wherein like reference numerals designate
      like parts throughout and in which:
PAR  FIG. 1 is a block diagram of an embodiment of the electrical circuit of the
      invention.
PAR  FIG. 2 is a block diagram of the portion of the electrical circuit of FIG.
      1 for receiving information from the real-time analyzer and for
      determining the output phase correction information.
PAR  FIG. 3 is a block diagram of the phase lock loop and multiplier circuit of
      FIG. 1.
PAR  FIG. 4 is a block diagram of the sine converter circuit of FIG. 1.
PAR  FIG. 5 is a block diagram of the revolution counter circuit of FIGS. 1 and
      2.
PAR  FIG. 6 is a block diagram of the phase counter circuit of the circuit of
      FIG. 1.
PAR  FIG. 7 is a block diagram of the real-time analyzer circuit of FIG. 1.
PAR  FIG. 8 is a schematic diagram of the location of unbalance relative to a
      tachometer reference that provides the data to develop the trim balance
      data.
PAR  FIG. 9 is a schematic diagram of the phase relationship of unbalance data
      relative to displacement, velocity and acceleration.
PAR  FIG. 10 is a schematic diagram illustrating the generating of a synthesized
      sine wave by the sine converter of FIGS. 1 and 4.
PAR  FIG. 11 is a schematic diagram of the voltage level weighting network of
      the sine converter circuit of FIG. 4.
PAR  FIG. 12 is a diagram of the timing of the word sync pulses at the word
      counter circuit of FIG. 1.
PAR  FIG. 13 is a diagrammatic illustration of the phase incrementing pulses in
      the phase counter circuit of FIG. 1.
PAR  FIG. 14 is a diagrammatic illustration of the count and phase relationship
      in the phase counter circuit of FIGS. 1 and 6.
PAR  FIG. 15 is a diagram of the count and phase relationship relative to the
      rotating mechanism.
PAR  FIG. 16 is a timing chart illustrating the pulse timing for various
      operational phases of the circuit of FIG. 1.
DETD
PAR  Referring now to FIGS. 8 and 9, in the operation of the method and
      apparatus for developing trim balance information for rotating equipment
      and assemblies, an exemplified rotating assembly 19 rotates around a
      normal bearing support 315. The rotating assembly can be any rotating mass
      such as, for example, jet engines, turbines, generators, alternators, gas
      and diesel engines, drive shafts, gyros, etc. A tachometer 21 sends a tach
      signal through line 16 to the circuit illustrated in FIG. 1. This tach
      signal is initiated by an appropriate transmitter 309, that causes the
      tachometer to generate a pulse each time the position "A" of the rotating
      mass passes the tachometer reference point at tachometer 21. A transducer,
      that may be any suitable vibration motion transducer that may be mounted
      on the housing supporting the rotating member 19, provides vibration
      information in the form of electrical signals to the operating circuit of
      FIG. 1.
PAR  To relate the vibration motion of the rotating member 19 to the rotation of
      the member 19 during this same time period, it is assumed relative to the
      diagrams of FIG. 9 that an unbalance exists at location or point X on the
      rotating member 19. This point X is 90.degree. from the tachometer
      reference point "A". As the rotating member 19 rotates, the vertical
      motion of the displacement changes as illustrated in FIG. 9, relative to
      the respective tachometer reference points 321. By defining one revolution
      of the unbalanced point X on the member 19 as the completion of a
      360.degree. cycle, and designating the tachometer reference point "A" as
      the 0.degree. reference point, it may be seen that maximum positive
      displacement occurs 90.degree. after the tach pulse 321. A minimum
      displacement occurs again at 180.degree. and the maximum negative
      displacement occurs at 270.degree. with respect to the 0.degree.
      tachometer reference point.
PAR  The same vibratiory motion can be measured as a function of the velocity of
      the unbalance. In FIG. 9b, the velocity curve 323 of the same unbalance
      mass point X of FIG. 8, shows that velocity is 0.degree. when displacement
      is maximum, either up or down. This results because to change direction
      there has to be a motionless instant. Since the velocity is greatest at
      zero displacement, it can be seen that the maximum positive velocity
      occurs at 0.degree. and 360.degree. with respect to the tach reference
      point "A"; therefore, velocity leads displacement by 90.degree..
PAR  FIG. 9c illustrates the acceleration curve 325 showing the instantaneous
      weight value of the acceleration in "G" force is zero when displacement is
      zero. Maximum positive acceleration occurs at maximum negative
      displacement. The acceleration of the unbalance can also be used to
      measure the vibration motion. As the acceleration curve 325 shows, the "G"
      force is zero when displacement is zero, maximum acceleration occurs when
      displacement is at the maximum negative value, with respect to the tach
      reference, and maximum acceleration occurs at 270.degree.. Thus
      acceleration leads velocity by 90.degree. and leads displacement by
      180.degree..
PAR  It is evident that a definite phase relationship between a reference point
      on a rotating mechanism and the location of an unbalance in the rotating
      mechanism may be measured by sensing displacement, velocity or
      acceleration. The method and apparatus of this invention accepts a
      vibration signal from an accelerometer, velocity or displacement type
      pickup. From an accelerometer or velocity type pickup, the input circuits
      such as the data signal conditioner 22, see FIG. 1, integrates the signal
      so that the processed signal is always in terms of displacement. A double
      integrater is used if the signal is from an accelerometer and a signal
      integrater is used for a velocity signal. The phase relationship of either
      of the integrated signals with respect to a given reference point is the
      same as for a signal from a displacement pickup, with an accelerometer
      signal the double integration process shifts the phase by 180.degree.. In
      the case of a velocity signal, the single integration process shifts the
      phase by 90.degree..
PAR  While the simplest mass to balance is one that is relatively narrow
      axially, compared to its diameter, and is known to exert no dynamic
      coupling, normally items such as jet engines, turbines, generators,
      alternators, gas and diesel engines, drive shafts, gyros and the like have
      a more complex balance problem. Yet such rotating mechanisms can be
      represented by essentially a symmetrical disc on a true running shaft that
      rotates in bearings. Under these assumed conditions, a single corrective
      weight placed at a chosen radius opposite the radius whose forcing
      function caused the unbalance, will be sufficient to produce the balance
      and therefore eliminate vibration at both bearing pedestals
      simultaneously. Because of the physical characteristics as distinct from
      the dynamic characteristics of the rotating member, most of the more
      complex systems still of necessity have to be treated in the same manner
      as for "single plane" balancing. Yet procedures for final balancing are
      based on unbalanced vectors and vibration vectors as can be expressed in
      complex equations. A simplified procedure is to use polar coordinate graph
      paper to allow the operator to quickly determine location and the amount
      of weight necessary to balance a rotating device, after the magnitude of
      the unbalance and its location is determined. So in actual installations
      to provide trim balance information for rotating devices, an
      accelerometer, velocity or displacement type pickup is normally attached
      to the outer casing of the engine and senses the vibrations caused by an
      unbalance, and a tach senses engine speed for use as the reference
      frequency and for a display of speed in RPM.
PAR  Referring now to FIG. 1, the input tach signals are fed through line 18 to
      the tach signal conditioner 20. When the tach signal level exceeds the
      preset threshold, the signal conditioner 20 provides output spikes 31. The
      tach signal conditioner includes an automatic gain control circuit that
      regulates the level of the accepted signal. The output tach signals are
      supplied through line 30 to the phase lock loop and multiplier 38 and line
      32 and line 34 to the revolution counter 56 and through line 36 to the
      phase counters 116. The vibration pickup data is fed through line 16 to
      the data signal condition 22 that accepts the vibration data signal from
      an accelerometer, velocity or displacement type pickup. As previously
      described, appropriate integrator circuits are employed in the data signal
      conditioner so that the conditioned output signal is always in
      displacement. Also the signal conditioner has a gain setting control to
      set the desired gain of the signal so that the signal may be normalized
      with the sensitivity of the pickup used for acceptance by the processing
      circuit. The data signal conditioner 22 feeds the data signal through line
      23 to the summing amplifier 24, that sums the data signal with a
      synthesized sine wave supplied through line 48 from the MDAC 46. This
      summed data signal is then fed through line 54 to the real-time analyzer
      (RTA) 52. In initial operation, as will be explained hereinafter, the
      initial data signal is fed through the summing amplifier and is not summed
      with a signal through line 48, to establish the full magnitude of the
      input data signal.
PAR  The phase lock loop and multiplier circuit 38, see FIG. 3, provides phase
      coherent frequency signals that are multiples of the input frequency, to
      appropriate portions of the circuit. It is necessary that the tach signal
      and the input data signals be phase coherent. The phase lock loop and
      multiplier 38 comprises a phase detector 254 that receives the input tach
      signal F through line 30 and supplies the F tach signal through an
      operational amplifier 256 to a voltage controlled oscillator 258. VCO 258
      provides a 360F output signal through line 262 and line 42 to the sine
      converter circuit 44, through line 40 to the phase counters 116, and
      through line 264 to a series divider circuit 260. The first divider
      circuit divides the 360F to 120F that is supplied through line 268 to the
      speed RPM display 270. The second divider circuit provides a 60F signal to
      the RTA 52 and the third divider circuit also provides a 30F signal to the
      RTA 52 and the fourth divider circuit divides the remaining signal to F
      frequency that is fed through line 266 to the phase detector 254 to
      provide the phase lock loop.
PAR  In sine converter 44, see FIG. 4, the 360F signal is divided by a divider
      272 to 36F that is fed through line 274 to the UP/DOWN digital to 9
      counter 276. The 36F corresponds to the four 9 count steps that are
      required to digitally generate the synthesized sine wave, see FIG. 10, as
      will be described in more detail hereinafter. When the UP/DOWN counter 276
      receives the input 36F frequency pulses, it counts up 9 counts. This
      digital output information is fed through lines 308 to the binary to
      decimal decoder 304. The decoded information is fed through lines 306
      through a voltage level weighing network 302 to provide a step output to
      line 300. The counts are decoded by the decoder 304 that successively
      energizes network circuits in network 302, that comprise resistor outputs
      in a serial resistance ladder circuit, to provide levels of successive
      additive steps in decreasing amounts for the time intervals determined by
      the input frequency signal. These step level outputs pass through either
      of gates 290 or 292 to the operational amplifier 298 that provides the
      synthecized sine wave 390.
PAR  The UP/DOWN counter 270 first counts up on being reset through line 136 and
      line 310. Flip-flops 280 and 284 are reset by a reset signal in lines 312
      and 314. When the UP/DOWN counter 276 reaches a 9 count, then the counter
      276 supplies an output pulse through line 31 resetting the counters to
      count down 9 counts. This takes the network 302 back down through the 9
      counts and supplies the step output signals through line 300. In initial
      reset, flip-flop 284 provides an output condition in line 286 that opens
      gate 290 to pass the signals from line 300 to output line 294 to
      operational amplifier 298 that provides the amplified output signal to
      line 270. In the first two sets of 9 counts, the weighted output of
      network 302 provides the upper half of the sine wave 290. When the UP/DOWN
      counter 276 counts out the second 9 counts, the counter provides an output
      signal through line 278 that changes the output condition of flip-flop
      280. This supplies a new condition pulse through line 282 that changes the
      output condition of flip-flop 284 that closes gate 290 and opens gate 292
      through line 288. Flip-flop 280 also supplies a reset pulse through line
      316 that conditions the UP/DOWN counter 276 to again count up 9 counts. In
      this up count of counter 276, the decoder 304 and network 302 again
      provide the weighted signals to output line 300. However gate 292 is now
      open and the output signals pass through line 296 to the ground side of
      the operational amplifier 298 providing an inverted output to line 270
      that forms the lower half of the synthesized sine wave 292, as previously
      described.
PAR  The voltage level weighing network 302, see FIG. 11, comprises a power
      input line 360 and a grounded output line 300. Connected across this line
      are a plurality of exemplary transistor switching circuits 364, 366 and
      368. Input lines 306 from decoder 304 successively energize the transistor
      switches 364, 366 and 368 through the respective base circuits 1, 2 and 3.
      Resistors 370, 372 and 374 form the resistance latter weighing circuits
      that set the output amplitudes for generating the sine wave signal. Each
      of the respective resistances 370, 372 and 374 become successively
      smaller, thus increasing the voltage magnitude outputs that, referring to
      FIG. 10, provide the respective outputs 384, 386 and 388 of lines 300 to
      establish step level increases that form the sine wave 390. During the up
      count of the UP/DOWN counter 376, gate no. 1 is open corresponding to
      tuning level 318 and during the second half or down half of the cycle,
      gate no. 2 is open corresponding to timing level 382. In turn the UP/DOWN
      counter counts up and counts down at appropriate quarter cycle intervals
      established by timing steps 376 and 380. Thus a sine wave is synthesized
      digitally with a start time corresponding to the time that the sine
      converter 44 receives an input reset signal F+.theta. in line 136. .theta.
      is the measured phase shift of the input data signal received in line 16
      relative to the tach input signal 18. Since wave 390 is then fed through
      line 270 to the MDAC 46. MDAC 46 is a known multiplying digital to analog
      converter circuit that is digitally controlled to give the sine wave 290 a
      given amplitude. Thus the sine wave having the controlled magnitude set by
      MDAC 46 is then supplied through line 48 to the summing amplifier 24. One
      of the objects of the circuit is to provide a sine wave signal having the
      amplitude and phase that when inverted, balances out the input data signal
      in line 23 so that the output amplitude signal supplied through line 54 to
      the RTA 52 is balanced out. This phase .theta. and the amplitude to the
      MDCA 46 is then read out in the respective phase display 118, amplitude
      display 126 and the speed RPM display 270 to provide that information
      required to trim balance the rotating mechanism. Referring to FIG. 9,
      diagram a, if sine wave 317 is the input data signal and dotted line 319
      is the synthezised signal of the sine converter 44, then balance is
      achieved when the two signals are 180.degree. out of phase.
PAR  The data signal is fed from the summing amplifier 24 through line 54 to the
      real time analyzer 52. In the RTA, FIG. 7, the input data signal is fed
      through line 54 to a sample and hold circuit 318. This sample and hold
      circuit 318 is clocked at the 30F or 60F frequency signal. The sample and
      hold circuit 318 samples the data signal and feeds this data signal to the
      A to D converter 320 that converts the analog input signal to a digital
      signal at a given clock frequency. For purposes of explanation of this
      embodiment, the basic clock frequency is 5KH.sub.z and is supplied by
      clock 334 through lines 338 and 340 and 342. The digital output data
      signal from the A to D converter 320 is fed to the recirculating memory
      322 that recirculates the input data signal in a compressed time sequence
      in digital form, at the 5KH.sub.z recirculating speed. Thus the input data
      signal is compressed to a time recirculation of 200 microseconds. This
      output signal is then fed to the high speed digital to analog converter
      324 and the output analog signal is fed to the hetrodyne circuit 326 where
      it is beat with a local oscillator signal received through line 358 from
      local oscillator 354.
PAR  The clock signal source 334 feeds a 5KH.sub.z signal output through line
      336 to a frequency divider and counter 344 that in the illustrative
      embodiment, divides the 5KH.sub.z signal by 250 providing a series of
      output pulses to the D to A converter 350 having a frequency of 20 H.sub.z
      and an increasing digital number. The D to A converter 350 converts this
      digital signal to an increasing analog signal 356 that has 250 - 20H.sub.z
      steps, that drive the local oscillator 354 to successive stepped increases
      in frequency, proportional to the increase in voltage of the output
      signals of the D to A converter 350 in line 352. Thus the local oscillator
      354 provides a plurality, in this embodiment 250, step increases in
      frequency with each frequency step having a time interval of 200
      microseconds. At the end of each set of 250 output steps, the D to A
      converter 350 recycles dropping the input voltage to the local oscillator
      354. This provides an output of a group of 250 step frequencies for each
      time that the recirculating memory 322 recirculates the input signal to
      the D to A converter 324 and the hetrodyne circuit 326. The recirculating
      memory 322 provides the full input signal sample to the hetrodyne circuit
      326 each 200 microseconds, which is hetrodyned with each step of the local
      oscillator signal. So each signal sample of the input signal in the input
      memory 322 is interrogated over 250 step frequencies. Band pass filter 328
      filters the output signal of the hetrodyne circuit and detector 330
      detects the amplitude of the signal, providing an analog output that is
      the spectrum output. The detector 330 feeds the analog amplitude data to
      the A to D converter 322 that converts the analog signal to digital bit
      information. Line 72 provides the frame rate output signal of 20 Hz to the
      word counter circuit, see FIG. 1, and line 70 supplies the word rate
      output of 5 KH.sub.z, in this illustrative embodiment, the word counter
      circuit 62 of FIG. 1.
PAR  The real time analyzer circuit 52 normally has an operational frequency
      range setting of one-third of the sampling frequency. Thus, for example,
      if the input frequency signal of interest is 500H.sub.z, then the sampling
      frequency is 30 times 500 to equal 1,500H.sub.z. Since the input frequency
      sampling rate is 30F, and full scale is one-third of the sampling
      frequency of 3 times F, then the input frequency will always be one tenth
      of full range. Since the sampling rate is 250, then one tenth of full
      scale is 25. So for each frame rate of 25 word rate outputs, the signal of
      interest output of the RTA 52 will always be the 25th word. Where, for
      example, it is desired to use a 10KH.sub.z clock signal from clock 334 in
      the RTA, then the 60 F sampling rate will be the sampling rate supplied at
      line 50 to the sample and hold circuit 318.
PAR  The circuit operates to determine the magnitude of the fundamental of the
      unbalanced signal and indirectly determines the phase lag of the unblanced
      signal relative to the tach signal by magnitude nulling. This phase lag in
      relation to the 360.degree. rotational movement of the rotating machinery,
      gives the location of the unbalance. Weights can then be appropriately
      applied to the rotating machinery to balance out the unbalance that gives
      the unbalanced signal. Referring to FIG. 1, the sine converter 44
      generates a synthesized sine wave, the amplitude of which is set by the
      MDAC 46. F + .theta. phase lag pulse from the phase counters 116 initiates
      the start of the sine wave. Thus the angle phase represents a phase lag
      with respect to the reference tachometer signal. This angle is adjusted by
      the phase counting circuit 116 based upon the output of the slop detector
      circuit 94, see FIG. 1. The phase counting circuit produces a carry pulse
      (F + .theta.) that would be in phase with the tachometer signal F if there
      were no phase difference between the unbalanced signal and the tachometer
      signal, that is, would be zero. The sine wave produced would thus be in
      phase with the tachometer signal and would inherently null the unbalance
      signal. But, where there exists a phase difference between the unbalanced
      signal and the referenced tachometer signal F, the carry pulse must then
      be adjusted to lag the tachometer signal F, thus shifting the phase of the
      sine wave. The amount of lag will be adjusted by the phase counter circuit
      116 to produce a sine wave that nulls the unbalanced signal. The amount of
      phase lag required in degrees will be displayed by the phase display
      indicator 118. The magnitude to achieve a null is determined by monitoring
      the digital spectrum data from the RTA 52.
PAR  In initially determining the magnitude of the input unbalanced signal, the
      input data signal is fed through line 54 to the real time analyzer 52. The
      real time analyzer provides the digital magnitude of the input signal
      through lines 68 to the peak detector 66. As previously described, the RTA
      52 output provides the data signal at or near the 25th word. Thus the word
      counter 62 functions to control the peak detector to receive the 24th,
      25th and 26th words from the RTA 52, and thus receive the full magnitude
      of the input data signal.
PAR  Referring to FIG. 2, the word sync pulses are supplied through line 64 to
      the word counters 174. The word counter 174 is reset by the frame sync
      pulse through line 66. After being reset, the word counter 174 counts each
      word sync pulse and provides output count pulses on the 24th, 25th and
      26th words through line 82 to the AND gate 154. The output of AND gate 154
      resets the peak detector register 142 to receive the digital output data
      from the RTA 52 from lines 68. The initial function of the peak detector
      is to provide an output to the MDAC register that is the peak magnitude of
      the RTA for words 24, 25 and 26. When receiving the 24th word digital
      information from the RTA 52 the peak detector 66 feeds the information
      through lines 152 to the peak detector comparitor and register B 148. Peak
      detector register B 148 compares this digital information with that
      digital information in peak detector comparitor register A 146. If the
      digital number in peak detector register B is larger than that in peak
      detector register A, then an output signal is supplied through line 150
      AND gate 154. This output signal in coincidence with the pulse from word
      counter 174 in line 182 enters the digital information into peak detector
      register 142 that in turn supplies the digital word information through
      lines 144 to the peak detector register A.
PAR  In this initial operation, since there is no digital information in a peak
      detector register A, the initial information in peak detector register B
      is greater than that in the A register. The word counter 174, in response
      to the word sync pulse in line 64, supplies the 25th word sync pulse
      through line 82 and AND gate 154. At the same time, a new digital data
      word is received from the RTA 52, corresponding to the 25th word, in the
      peak detector register 142. This digital data is also fed through lines
      152 to the register B 148. If the data of the 25th word in register B is
      greater than the previous 24th word that is in register A, then a pulse is
      supplied through line 150 gating gate 154 and passing the 25th word data
      information into the peak detector register 142 and through lines 144 to
      the peak detector register A. This sequence is then repeated for the 26th
      word. In normal operation, the peak data will be in the 25th word and thus
      no output pulse would normally be passed through line 150 to gate AND gate
      154 in receiving the digital data information corresponding to the 26th
      word pulse. So at the end of the 26th word, the peak digital magnitude of
      the input data sequence for words 24, 25 and 26 is in the peak detector
      register A 146 and is in lines 144. This data information is also supplied
      through lines 84 to the slope detector register A 156 and through lines 86
      to the MDAC register 124. The MDAC register 124 feeds this information to
      an appropriate decoding amplitude display 126 that displays the amplitude
      of the input data signal. Additionally this digital information is fed
      through line 125 to the MDAC 46 for setting the appropriate magnitude of
      the sine wave received from the sine converter 144 that is fed through
      line 48 to balance out the data signal in the summing amplifier 24, when
      the appropriate null phase relationship of the synthesized since wave of
      the sine converter is determined by the F + .theta. balancing phase lag
      signal from the phase counters 116. The MDAC register 124 only registers
      that input data signal received during the first phase of operation of the
      circuit. Thus the word counter puts out a pulse 402, see FIG. 12, at the
      trailing edge 400 of the 26th word sync pulse. Flip-flop circuit 122,
      responsive to the trailing edge 404 of pulse 402, changes its condition to
      supply a pulse through line 123 that inhibits the MDAC register 124 from
      receiving any further digital data through lines 86 until the flip-flop
      122 and MDAC register 124 are reset by reset pulses through line 80. The
      output pulse 402 is supplied by the one shot hold circuit 178. This output
      pulse is also supplied through line 87 to the slope detector register A
      156 that triggers the registers to receive the digital data in lines 84,
      that is the largest data signal of the input information sequence received
      by the peak detector from the RTA for the word sync pulse sequence.
PAR  The initial operation is to determine the magnitude of the input data
      signal and to set the MDAC register 124 and MDAC 46. Thus after this
      operation, the peak detector slope detector and registers are reset. Then
      a new input signal is fed to the slope detector from the RTA 52 in the
      same manner as previously described. This input signal also sets the slope
      detector 94 for making phase and balance determinations. The slope
      detector 94 comprises register A 156 and register B 158 and a comparator
      circuit comprising slope detector comparator and register A 166 and slope
      detector comparator and register B 162. In operation, the data from slope
      detector register A is fed through lines 164 to register A 166. This
      digital data is compared with the data in slope detector register B 162.
      If the data in register A 166 is larger than that in register B 162, then
      a high or yes output signal is supplied through AND gate 172 to line 98.
      Slope detector register B registers the digital information in lines 164
      received through line 168 and feeds this information through lines 170 to
      slope comparator register B 162 for the subsequent commparison.
PAR  Since in initial operation there will be no information in the reset
      register B 162, there will be a high output pulse through line 163 to AND
      gate 172. The one shot gate circuit 180 is responsive to pulse 402 in line
      182 from the one shot hold circuit 178 and supplies a control pulse 406
      through line 88 to AND gate 172. Thus AND gate 172 is enabled after the
      appropriate gate information is stored into register A 166 and register B
      162 so that the appropriate comparison can be made. AND gate 172 provides
      an output high or yest signal to line 98 when A is greater than B and a
      low or no signal when A is smaller than B. This information is fed through
      line 100 to the UP/DOWN toggle, flip-flop circuit 182. The UP/DOWN toggle,
      flip-flop circuit 182 changes its condition each time it receives a high
      pulse in line 100. Each change of position energizes alternatively lines
      184 and 186 for purposes that will be described in more detail
      hereinafter. Additionally a high pulse is fed through line 102 to the
      reverse binary counter 104. The reverse binary counter 104 only counts
      high pulses and provides output count levels on four and eight counts in
      lines 108. In the zero to four counts, line 108 is low. In the four to
      eight counts, line 108 is high, so initially in the zero to four counts,
      lines 108 and 102 are low so AND gate 192 is closed, while through
      inverter 200 line 298 is high and gate B 194 is open. After four high
      counts are received line 108 becomes high for the next four counts and
      thus gate 192 is open and gate 194 is closed.
PAR  In this initial operation, gate 194 is conditioned to pass pulses received
      through line 196 and pass these pulses through line 206 and through OR
      gate 208 to the flip-flop 210. The word sync pulses from the RTA in line
      64 are fed through line 74 to OR gate 184. At this time flip-flop 210 is
      in a first condition wherein line 216 has a low output and thus line 212
      to the OR gate 184 is low. The end measurement control flip-flop 110
      output to line 130 is also low. Thus the five KH.sub.z word sync pulses
      are fed through the OR gate 184 and through line 186 to divider 214.
      Divider 214 divides the pulses by ten and provides a one for ten pulse
      after through line 196 to enabled gate 194 and through line 206, gate 208
      to flip-flop 210. Flip-flop 210 is then changed to its second condition
      providing a high output through line 216 and 212 that inhibits OR gate 184
      from passing any further word sync pulses. The ten received word sync
      pulses are simultaneously fed through line 188 and line 191 to the
      respective AND gates 188 and 190 of the UP/DOWN toggle and gate circuit
      114. This provides a ten pulse count through gate 188 or gate 190 and up
      count line 138 or down count line 140 to the UP/DOWN counter 228 of the
      phase counter circuit 116, see FIGS. 2 and 6.
PAR  The phase counter circuit 116 functions to count word pulses from the RTA
      52 in phase coherence plus a phase shift with the tach signal, until the
      sine wave produced by the sine converter 144 is the correct phase with
      fundamental of the input data signal to null the data signal in the
      summing amplifier 24. While the input word sync information establishes
      phase lag or lead, the count information is sequenced in response to the
      360F signal received through line 40 from the phase lock loop and
      multiplier system 38.
PAR  The UP/DOWN counter 228 and the preset counter 234 have a count capacity of
      512. The UP/DOWN counter 228 has an initial preset count from lines 226 of
      360+152. This count of the UP/DOWN counter 228 is loaded through lines 230
      into the preset counter 234. The count in the UP/DOWN counter is
      continually being changed by count pulses received from lines 138 and 140.
      For example, in initial operation the high output of the UP/DOWN toggle
      flip-flop 182 through line 184 gates AND gate 188 allowing the ten word
      sync pulses to pass through line 191, line 138 and line 219 to the counter
      228. This causes counter 228 to count down ten counts. Thus the preset
      input in UP/DOWN counter 228 is reduced by ten counts to 502 as is the
      count in the preset counter 234. When counter 234 is enabled by an enable
      pulse through line 232, then the 360F input pulses through line 40 cause
      the counter 234 to count to ten counts and provide a carry output pulse
      through line 236 to the one shot multivibrator 238 that provides a
      responsive output pulse to lines 136 and 242. It may be understood, that
      this output pulse has a phase lag of ten counts or 10.degree.. Thus the
      timing output pulse F+.theta. through line 136 is F+10.degree. phase lag.
      This output pulse in line 136 is also fed through line 242 to the
      flip-flop clock circuit 244. This pulse causes the clock reset 244 to
      provide a condition level in line 232 that inhibits the preset counter 234
      from counting beyond the carry output pulse. It may be observed that when
      down counts are received through line 140 and through line 221, counter
      228 counts up increasing the count in the preset counter 234 and thus
      reducing the number of 360F count pulses required to count out the present
      counter and provide an output signal through line 236 and line 136 thus
      decreasing the phase lag .theta. of the sine wave output of the sine
      converter 44.
PAR  In matching the phase of the sine wave of sine wave converter 44 with that
      of the fundamental of the input data signal in the summing amplifier 24,
      it may be understood that the slope detector only provides a high signal
      through gate 172 and line 98 that operates the toggle flip-flop 182, when
      A is greater than B. As will be described hereinafter, A is greater than B
      only when the phase of the sine wave of sine converter 44 has passed
      through or beyond the phase of the input data signal in either direction.
      When this occurs, this is known as a reversal. Thus the toggle flip-flop
      182 condition is only changed when there is a reversal. The circuit
      initially operates with a high output from gate 172 causing a down count
      and this down count continues in UP/DOWN counter 228 until there is a
      reversal. With the next reversal, the UP/DOWN toggle flip-flop changes
      output lines and gate 190 is opened. The word sync pulses then count the
      UP/DOWN counter up until there is another reversal.
PAR  Referring to FIGS. 14 and 15, the down count is in the direction of the
      arrow from count 512 or 0.degree. on line 411 to count 152 or 360.degree..
      The count cannot exceed that at the dotted line corresponding to the count
      of 152 or 360.degree.. As illustrated in FIG. 15, a count down is an
      increase in the phase lag and a count up indicates that the sine wave
      output of the sine converter 44 has a phase lag that exceeded the phase
      lag of the input signal to be nulled, causing a count reversal. By this
      method the phase counters bracket the phase of the input data signal. The
      phase incrementing to obtain the correct phase lag thus occurs by starting
      the count in counter 234 by an F tach pulse 401, see FIG. 13, and then
      counting out the degrees in 360F count pulses until the counter 234 counts
      out to a carry pulse providing an F+.theta. pulse 407 to the sine
      converter 44.
PAR  Returning now to the peak detectors and slope detectors of FIG. 2, the next
      series of digital data information received through lines 68 from the real
      time analyzer 52 is compared in register A 146 and register B 148 of the
      peak detector 66. This comparator circuit determines the largest magnitude
      signal of the three input digital words and feeds this digital word to the
      slope detector register A 156. The output of register 156 is then fed
      through lines 164 to the slope detector comparator register A 166 where it
      is compared with the previously received data signal that has been fed
      through line 168 and through slope detector register 158 and lines 170 to
      the slope detector comparator register B 162. If the digital word in
      register A 166 is not greater than the digital word in register B, then
      this indicates that the sine wave is still moving toward the null point
      and a count reversal is not necessary to bracket the null phase. So the
      phase increment counter circuit continues to function as previously
      described to provide ten pulse counts through line 191, through AND gate
      188, up count line 138 and line 219 causing a down count in the UP/DOWN
      counter 228 that increases the phase lag of the synthesized sine wave
      balancing signal. When the synthesized phase lag passes through the null
      point in either direction, then A becomes greater than B and a high output
      signal is supplied from gate 172 through lines 98 and 102 to the reverse
      binary counter 104 and the UP/DOWN toggle flip-flop 182 is flipped to the
      new condition. This causes gate 190 to be enabled by the output in line
      186 to pass the ten counts from line 191 through lines 140 and 221 to
      cause the UP/DOWN counter to count up, thus presetting the preset counter
      234 with a larger count and reducing the count pulse required to count out
      the preset counter 334, and thus decreasing the phase lag .theta. of the
      synthesized sine wave signal.
PAR  Until there are four reversals received by the reverse binary counter 104,
      each of the counts processed by the phase increment counter are in the
      form of ten counts, corresponding to 10.degree. increments of phase shift.
      After there have been four reversals, then the reverse binary counter
      provides a high output signal through lines 108 that enables AND gate 192
      and inhibits AND gate 194. Gate 184 then passes word sync pulses from line
      74 through line 186, line 188 and line 190, through AND gate 192 and line
      204 and through OR gate 208 changing the condition of flip-flop 210. Thus
      after receiving a single pulse, flip-flop 210 supplies a high output
      through lines 216 and 212 inhibiting OR gate 184. Only a single pulse is
      then supplied through line 191 and through the appropriate AND gates 188
      or 190. So the UP/DOWN counter and preset counters are moved in one degree
      increments until there have been four reversals through the slope detector
      94. This allows the phase counters to bracket the correct phase lag by ten
      degree increments through four reversals, and by one degree increments
      through the next four reversals. When reverse binary counter 104 received
      eight high pulses, it supplies an output pulse through line 106 to the end
      of measurement control flip-flop 110. This provides a change in level
      output through line 130 that inhibits OR gate 184 effectively
      de-energizing the phase increment counter 112. The circuit by this time
      has established the correct phase shift, and has shifted the phase of the
      sine wave of the wine wave converter 44 sufficiently to balance out or
      null out the input data signal in the summing amplifier 24, as reflected
      in the output line 54 to the real time analyzer 52 and the input data
      signals in lines 68 to the peak detector and slope detector circuits. This
      output count for .theta. is reflected in the phase display 118. Lines 218
      and 220, provide appropriate up and down counts in a decade counter 222
      that is read out in the known manner in phase display 118 to provide the
      appropriate numerical phase in degrees. Thus the speed RPM display 270,
      the amplitude display 126 and the phase display 118 provide that
      information required to balance the rotating mechanism.
PAR  The initial operation of the circuit is started by an operating input pulse
      that may be manually or electrically supplied through line 78 to FIG. 1,
      to an initialize pulse generator 76 that provides output reset pulses
      through line 80 that resets the appropriate circuits, such as the MDAC
      register 124, the UP/DOWN toggle and gates 114, reversal counter 104,
      slope detector 66, end of measurement control 110, and the phase counters
      116.
PAR  The revolution counter 56 and the digital logic circuit 58 control the
      timing of the circuit operation and provides a nonoperation spacing
      between recycling for an interval of 25 revolutions of the rotating
      machinery being tested, to provide time for input of data information into
      the real time analyzer 52 and the settling of the circuit. The rotation
      counter circuit 56, see FIG. 5, has a control AND gate 244. The end of
      measurement flip-flop circuit 110 normally provides a high output level in
      line 132 to AND gate 244 as does flip-flop 242 in line 250. The tachometer
      frequency F is ssupplied through line 34 to AND gate 244 and provides
      count pulses in line 245 to divider circuit 246. Divider circuit 246
      provides an output pulse for every 25 counts, which output pulse passes
      through inverter 248 to change the output condition of the flip-flop 242.
      This provides an inhibiting level in line 250 closing AND gate 244 and
      supplying digital logic output pulse in line 57 to the digital logic clock
      circuit 58 that supplies clock pulses through line 81. These clock pulses
      provide the digital logic to the circuit required to provide the 25
      revolution spacing.
PAR  In operation of the revolution counter circuit 56 and the phase increment
      counter 112 the condition of flip-flop circuit 210 is controlled by the
      input word sync pulse 26 through line 90, delay circuit 92 and line 134.
      Delay circuit 92 provides only that delay necessary to assure correct
      prior sequencing of the register information through AND gate 172 to the
      reverse binary counter 104. When flip-flop 210 changes its condition
      inhibiting OR gate 184, it also supplies an output pulse through line 247
      to the revolution counter circuit and specifically to flip-flop 242. This
      changes the output of flip-flop 242 to the digital logic clock 57 when the
      output of the digital logic clock inhibits the operation of the remainder
      of the circuitry, including peak detector 142, slope detector 94, phase
      counters 106, phase lock loop and multiplier circuit 38 and sine converter
      44. After the 25 tachometer revolutions have passed through divider 246
      and flip-flop 242 is then flipped back, the digital clock 57 then provides
      an output digital signal to the appropriate circuits allowing a new
      operation cycle to proceed. When the end of measurement flip-flop 110 has
      received a pulse through 106, then its output 132 goes low, inhibiting AND
      gate 244 and thus de-energizing signals to the digital logic clock, and
      ceasing operation of the circuit until operation is again initialized
      through the initialized pulse generator 76.
PAR  The pulse supplied to the revolution counter 56 also corresponds with the
      pulse supplied through line 96 from the phase increment counter 112 to the
      slope detector register B 158 that loads slope detector register B and the
      slope detector comparator and register B 162. This provides the delay
      sequence for preparing the slope detector for the next sequence, and after
      the largest signal in the peak detector has been detected. Also this is
      after gate 172 of the slope detector has gated the output signal to the
      reverse binary counter 104. The revolution counter 56, at the end of
      measurement provides an output signal through line 128 inhibiting gate 176
      and preventing further operation of the slope detector, phase increment
      counter, or the loading of the MDAC register.
PAR  The timing chart of FIG. 16 shows the timing of the circuit. The
      initialized pulse is that provided by the pulse generator 76. End of
      measurement pulse is the condition of output line 132 to the revolution
      counter and OR gate 184 of the phase increment counter 112. The revolution
      counter pulses are the 25F delay to the digital logic 58. The clear
      detector pulse is the pulse from the digital logic 58 that clears the peak
      detector circuit 66 for a subsequent receiving of peak information from
      the RTA 52. The frame sync pulse and the word sync pulse are those
      previously described relative to FIG. 12. The load slope detector register
      A pulse is that from the one shot hold circuit 178 to line 87. The sample
      slope gate pulse is that from the one shot gate circuit 180 through line
      88 to AND gate 172. The reversal counter pulse is that received by the
      reverse binary counter 104 and the enable phase increment counter pulse is
      that received through delay circuit 92 and line 134 that resets flip-flop
      210. The increment counter output are the word sync pulses received
      through line 74 that pass through OR gate 184 to the UP/DOWN AND gate 188
      and 190. The load B register slope detector with contents of A is the
      output of the flip-flop 216 of the phase increment counter through line
      216 and line 96 to slope detector register B 158.
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STM  Having described my invention, I now claim:
NUM  1.
PAR  1. A system for locating the unbalance and determining the signal phase of
      vibration data signals relative to tachometer point signals of a rotating
      member comprising,
PA1  means for determining the amplitudes of the unbalance signals of the
      vibration data signals and providing amplitude output signals,
PA1  means responsive to said amplitude output signals and the tachometer point
      signals for synthesizing balancing signals having the frequency of the
      tachometer point signals and the amplitude of the unbalance signals,
PA1  means for nulling the balancing signals and the unbalance signals and
      providing summing output signals representative of the phase difference,
PA1  means responsive to the summing output signals for shifting the phase of
      the synthesized balancing signals to null the unbalance signals in said
      nulling means,
PA1  and means for determining the phase of the nulling synthesized balancing
      signals relative to the tachometer point signals.
NUM  2.
PAR  2. A system as claimed in claim 1 wherein,
PA1  said balancing signal generating means including sine converter means for
      generating synthesized balancing signal sine waves.
NUM  3.
PAR  3. A system as claimed in claim 1 including,
PA1  means for determining the magnitude of the unbalance signals.
NUM  4.
PAR  4. A system as claimed in claim 2 wherein,
PA1  said sine converter means comprising a digital sine wave generator that
      digitally generates the balancing signal sine waves.
NUM  5.
PAR  5. A system as claimed in claim 4 wherein,
PA1  said balancing signal generating means including an MDAC circuit responsive
      to said amplitude output signals for setting the magnitude of said
      balancing signal sinewaves to the magnitude of the unbalance signals.
NUM  6.
PAR  6. A system for locating the unbalance and determining the signal phase of
      vibration data signals relative to tachometer point signals of a rotating
      member comprising,
PA1  means for determining the amplitudes of the unbalance signals of the
      vibration data signals and providing amplitude output signals,
PA1  means responsive to said amplitude output signals for generating balancing
      signals having a frequency of the tachometer point signals and the
      amplitude of the unbalance signals,
PA1  means for nulling the balancing signals and the unbalance signals and
      providing summing output signals,
PA1  means for shifting the phase of the balancing signals to null the unbalance
      signals in said nulling means,
PA1  means for determining said shifted phase,
PA1  said balancing signal generating means including sine converter means for
      generating balancing signal sine waves,
PA1  means for providing tach signals that are phase coherent with the
      tachometer point signals and the unbalance signals and phase pulses that
      are phase coherent with the tach signals,
PA1  said phase shifting means including analyzer means responsive to said tach
      signals and said summing output signals for providing a plurality of
      analyzer output signals the amplitude of which increase and decrease with
      the amplitude of said summing output signals,
PA1  detector means for detecting the amplitude of particular output signals of
      said analyzer means,
PA1  said detector means including means for determining changes and no changes
      in amplitude of said analyzer output signals and providing a given number
      of output pulses depending upon the changes in the amplitude,
PA1  phase counters for receiving said detector means output pulses as pre-load
      counts,
PA1  and means for feeding said phase pulses into said phase counters for
      counting out said phase counters providing a carry pulse to said sine
      converter means at a timing that sets said shifted phase.
NUM  7.
PAR  7. A system as claimed in claim 6 wherein,
PA1  said detector means repetitively providing count up and count down pulses
      to said phase counters in response to changes in amplitude of said
      analyzer output signals to preset said phase counters to provide said
      carry pulse at the phase of the unbalanced input signals.
NUM  8.
PAR  8. A system as claimed in claim 7 wherein,
PA1  said detector means including slope detector means responsive to changes in
      the amplitude of said analyzer output signals responsive to phase shifting
      the balancing signals for detecting the balancing signals passing through
      the phase of the unbalanced signals and providing count up or count down
      pulses to said phase counters bracketing the phase of the unbalance
      signals relative to said tach signals.
NUM  9.
PAR  9. A system as claimed in claim 7 wherein,
PA1  said analyzer means providing digital word outputs for said analyzer output
      signals to said detector means,
PA1  said detector means including peak detector means for detecting the peak
      amplitudes of digital words received from said analyzer means and
      providing peak work outputs,
PA1  word counter means for counting words received from said analyzer means
      providing an initiating signal to said peak detector means to receive a
      given sequence of words from said analyzer means,
PA1  and slope detector means for receiving the peak word outputs and comparing
      the peak word outputs providing count up or count down count pulses to
      said phase counters in response to said comparisons.
NUM  10.
PAR  10. A system as claimed in claim 9 wherein,
PA1  said balancing signal generating means including register means for storing
      the peak word from said peak detector means of a series of words received
      from said analyzer means,
PA1  means for setting the amplitude of said balancing sine wave to the
      amplitude of said peak word,
PA1  and means for inhibiting said register means from responding to peak words
      from said peak detector means until being reset.
NUM  11.
PAR  11. A system as claimed in claim 10 wherein,
PA1  reversal counter means for counting the number of reversals in count up or
      count down count pulses to said phase counters from said slope detector
      means,
PA1  and means responsive to said reversal counter means counting a given number
      of reversale for providing a signal that inhibits said peak detector means
      from detecting further words from the analyzer means until reset.
NUM  12.
PAR  12. A system as claimed in claim 6 wherein,
PA1  said sine converter means including digital counter means responsive to
      said tach signals for providing a given number of digital up counts and
      digital down counts,
PA1  decoder means for decoding said digital up and digital down counts into a
      series of output pulses,
PA1  and means including a voltage level weighing network that provides
      increasing or decreasing output voltages in response to the series of
      output pulses, for converting said output voltages into substantially a
      sine wave.
NUM  13.
PAR  13. A system as claimed in claim 12 wherein,
PA1  said digital counter means being initiated into counting operation in
      response to said carry pulse signal received from said phase counters.
NUM  14.
PAR  14. A system as claimed in claim 6 wherein,
PA1  said phase shift determining means having display means for displaying said
      phase shift in degrees.
NUM  15.
PAR  15. A system as claimed in claim 14 including,
PA1  means for displaying the amplitude of the unbalance signals.
NUM  16.
PAR  16. A system as claimed in claim 9, including,
PA1  means for setting the range of said analyzer means to provide the analyzer
      output digital words incorporating the amplitude of the summing output
      signals at a given word count for each operation sequence.
NUM  17.
PAR  17. In a method for developing balance information for an unbalanced
      rotating member from tachometer point signals and vibration pickup
      unbalanced signals, where the phase difference of the unbalanced signals
      to the tachometer signals establishes location of the unbalance,
      comprising the steps of,
PA1  determining the amplitude of the unbalanced signals,
PA1  generating balancing signals that are frequency and phase coherent with the
      tachometer point signals and have the amplitude of the unbalanced signals,
PA1  shifting the phase of the balancing signals to null the unbalance signals
      in a summing device,
PA1  and determining the phase of the balancing signals relative to the
      tachometer point signals that nulls the unbalanced signals giving the
      phase shift location of the unbalance.
NUM  18.
PAR  18. The method as claimed in claim 17 including the steps of,
PA1  generating sine waves as the balancing signals.
NUM  19.
PAR  19. The method as claimed in claim 18 including the steps of,
PA1  summing the balancing signal and the unbalancing signals in a summing
      circuit,
PA1  detecting the outputs of the summing circuit for increases or decreases in
      the amplitude of said outputs,
PA1  providing output pulses corresponding to increase or decrease changes in
      said amplitudes,
PA1  and counting said output pulses after a given tachometer point signals to
      determine the phase of the unbalance signals relative to said tachometer
      point signals.
NUM  20.
PAR  20. In the method as claimed in claim 19, including the steps of,
PA1  in the determination of the amplitude of the unbalanced signals, storing
      said amplitude,
PA1  and using said amplitude to set the amplitude of the sine wave signals to
      have the same amplitude for succeeding phase shifts of the balancing
      signals.
NUM  21.
PAR  21. In the method as claimed in claim 20, including the steps of,
PA1  using a counter to count signals clocked to the tachometer point signals in
      a rate coherence with the tachometer point signals,
PA1  preloading the counter with a count corresponding to a given phase shift
      between the tachometer point signals and the phase of the unbalanced
      signals,
PA1  and counting said counter with said count signals from said preloaded count
      at a multiple of the tachometer point signals to provide a carry pulse
      that initiates the generation of the sine wave balancing signals.
NUM  22.
PAR  22. A system for locating the unbalance and determining the signal phase of
      vibration data signals relative to tachometer point signals of a rotating
      member comprising,
PA1  means for determining the amplitudes of the unbalance signals of the
      vibration data signals and providing amplitude output signals,
PA1  means responsive to said amplitude output signals for generating balancing
      signals having the frequency of the tachometer point signals and the
      amplitude of the unbalance signals,
PA1  means for nulling the balancing signals and the unbalance signals and
      providing summing output signals,
PA1  means for shifting the phase of the balancing signals to null the unbalance
      signals in the nulling means,
PA1  means for determining said shifted phase,
PA1  said balancing signal generating means including sine converter means for
      generating balancing signal sine waves,
PA1  and means for timing said balancing signal sine waves to be phase coherent
      with the tachometer point signals prior to shifting the phase of said
      balancing signal sine wave by said phase shifting means.
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ABST
PAL  An accelerometer has a liquid hydrostatic gimbal support. A pump is
      provided for circulating the liquid and a bellows allows for its thermal
      expansion. A sealed housing contains a pendulous mass and associated
      gimbal support geometry, and a pickoff and torquer are arranged in closed
      loop configuration, with the torquer current being indicative of an
      acceleration input.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to accelerometers and particulary to
      accelerometer gimbal support means. More particularly, this invention
      relates to a closed loop pendulous type accelerometer having liquid
      hydrostatic gimbal support means.
PAR  2. Description of the Prior Art
PAR  Prior art accelerometers have been of the liquid floated type.
      Accelerometers of this type require neutral buoyancy and a centering
      arrangement. Moreover, the density of the liquid is a critical parameter.
      An accelerometer with a liquid hydrostatic gimbal support as described by
      the present invention eliminates these requirements and, further, allows
      more rigid construction for reduced distortion since neutral buoyancy is
      not a consideration. Additionally, the accelerometer herein described is
      more economical to manufacture since the non-critical liquid density
      permits the use of self-cleaning liquids for reduced buildup and teardown
      time as may be required.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comtemplates an accelerometer arrangement including a pump
      which circulates a working liquid, a bellows which allows for thermal
      expansion of the liquid, and a sealed housing containing a pendulous mass
      and including a sleeve and stepped end plates which establish gimbal
      support geometry. The liquid is pumped into the sleeve, and flows through
      rows of radially directed orifices, past the stepped end plates and into
      bearing gaps to provide lift for the gimbal, both axially and radially.
      The liquid leaves the sleeve at the end plate I.D., and therefrom returns
      to the pump. A pickoff and a torquer are interconnected so that the
      pickoff excites the torquer and the torquer current is an indication of
      input acceleration.
PAR  One object of this invention is to provide an accelerometer with a liquid
      hydrostatic gimbal support, and thereby having distinct advantages over
      floated accelerometers now known in the art.
PAR  Another object of this invention is to provide an accelerometer of the type
      described wherein liquid density is not critical.
PAR  Another object of this invention is to provide an accelerometer having a
      liquid hydrostatic gimbal support which is more economical to manufacture
      than floated accelerometers now known in the art since self-cleaning
      liquids may be used.
PAR  Another object of this invention is to provide an accelerometer of the type
      described which may be of more rigid construction for reduced distortion
      since neutral buoyancy is not a consideration.
PAR  These and other objects and features of the invention are pointed out in
      the following description in terms of the embodiment thereof which is
      shown in the accompanying drawing. It is to be expressly understood
      however, that the drawing is for illustration purposes only and is not to
      be construed as defining the limits of the invention.
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PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional end view of an accelerometer utilizing hydrostatic
      gimbal support means according to the invention.
PAR  FIGS. 2A - 2B are diagrammatic representations showing radial bearing
      function accomplished according to the invention.
PAR  FIGS. 3A - 3D are diagrammatic representations showing axial bearing
      function accomplished according to the invention.
PAR  FIG. 4 is a block diagram of a system incorporating the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, reference numeral 10, indicates a pulsed
      integrating pendulum (PIP) accelerometer having an output axis X--X, and
      input axis Y--Y and a pendulous reference axis Z--Z.
PAR  Axes X--X, Y--Y and Z--Z are mutually perpendicular as shown in the
      drawing. A pendulous mass 12 of conventional type is mounted for
      pendulousity about axis X--X. A cylindrical housing 16 is formed as a
      sleeve having end plates 15 and 17 so as to define a substantially
      cylindrical chamber 18 in which is mounted a gimbal element or float 14 of
      accelerometer 10. End plates 15 and 17 have annular steps or grooves 11
      and 13, respectively. Gimbal 14 is positioned within chamber 18 in a
      slightly spaced relation to side wall surfaces of housing 16 and end
      plates 15 and 17 defining chamber 18 so as to provide a hydrostatic
      bearing means for gimbal 14 as will be hereinafter more fully described.
PAR  Gimbal 14 further includes at opposite end portions thereof axially
      projecting cylindrical shaft portions 20 and 22 having surfaces defining
      recesses 21 and 23 formed at end plates 15 and 17 of housing 16.
PAR  A casing 25 encloses housing 16 and has at one end a chamber 29 having an
      expansion bellows 28 mounted therein to accommodate thermal expansion of
      the liquid. Mounted in chamber 29 in spaced relation to bellows 28 is a
      compact pump 36. Pump 36 is shown to be of the spiral groove viscous shear
      type, but may be replaced by any other type pump such as a reciprocating
      pump which meets the size, output, power consumption, life requirements
      and other characteristics of the application described.
PAR  An opposite end chamber 27 of casing 25 has mounted therein a suitable
      electronic pickoff device indicated generally by the numeral 30 and a
      torquing device indicated generally by the numeral 31. Pickoff 30 and
      torquer 31 each have displaceable elements operably connected to shaft
      portion 20 of gimbal 14. Electronic pickoff device 30 is electrically
      connected so as to provide electrical signals in a conventional manner
      indicative of the angular position of gimbal 14. Torquer 31 is excited in
      closed loop fashion as shown in the block diagram of FIG. 4 to be later
      described. The torquer current is in indication of the acceleration input
      to the accelerometer of the invention.
PAR  Pump 36 includes an outlet port 40 which leads to a longitudinally
      extending fluid pressure channel 42 provided in housing 16. Fluid pressure
      channel 42, in turn, opens at ports 44 and 46 into cylindrical space 18.
      Liquid flows through space 18 into bearing recesses 21 and 23; flows from
      recess 23 into pump inlet ports 52 and 54; from recess 21 through a port
      48 leading to a longitudinally extending channel 50 in housing 16; and
      through the I.D. of end plate 17 to pump inlet ports 52 and 54. The
      direction of liquid flow is indicated by arrows in FIG. 1.
PAR  Thus, the liquid circulated by pump 36 provides both axial and radial lift
      for accelerometer gimbal 14. Radial lift is accomplished as shown in FIG.
      2A wherein P.sub.A equals ambient pressure; P.sub.s equals step pressure;
      P.sub.m equals manifold pressure; h equals radial gap; Q equals liquid
      volume flow rate; R.sub.m equals the resistance of resistors 44A and 46A,
      which may be millipore filters, for restricting the flow of liquid through
      ports 44 and 46; R.sub.h equals radial gap flow resistance Y equals the
      axial gap and R.sub.y equals axial group flow resistance.
PAR  As the load is applied, Gimbal 14 is deflected downward increasing radial
      gap h.sub.2 and decreasing radial gap h.sub.1. The laminar flow through
      the upper restrictors is increased while the flow through the lower
      restrictors is decreased. As shown in FIG. 2B, this results in an increase
      in the lower manifold pressure (P.sub.m .sbsb.1) and a decrease in the
      upper manifold pressure (P.sub.m .sbsb.2) producing a net upward thrust
      opposing the applied load.
PAR  A liquid flow analogy, using equivalent resistances, as shown in FIGS. 2C
      and 2D may be made as follows:
EQU  h.sub.2 &gt; h.sub.1                                          (1)
      ##EQU1##
EQU  .thrfore. R.sub.h .sbsb.1 &gt; Rh.sub.2                       (3)
EQU  Q.sub.1 &lt; Q.sub.2,                                         (4)
EQU  P.sub.m = P.sub.supply - QR.sub.m                          (5) therefore:
PA1  P.sub.m .sbsb.1 &gt; P.sub.m .sbsb.2, and net radial thrust is developed.
PAR  The axial lift function is shown schematically in FIG. 3A, wherein P.sub.A
      = ambient pressure; P.sub.s = step pressure; R.sub.m = restrictor flow
      resistance, Q = liquid volume flow rate, R.sub.h = radial gap flow
      resistance, R.sub.y = axial gap flow resistance, Y = axial gap and h =
      radial gap.
PAR  As the load is applied, Y.sub.2 becomes larger than Y.sub.1 causing an
      increase in Q.sub.2 and a decrease in Q.sub.1. Both Q.sub.1 and Q.sub.2
      flow through equal radial gaps, assuming zero radial load and zero radial
      eccentricity. Thus, P.sub.s1 becomes larger than P.sub.s2, and a net
      thrust opposing the applied load is provided as shown in FIG. 3B.
PAR  Flow anology may be made by using equivalent resistances as shown in FIGS.
      3C, 3D as follows:
EQU  Y.sub.2 &gt; Y.sub.1                                          (6)
      ##EQU2##
EQU  .thrfore.R.sub.Y .sbsb.1 &gt; R.sub.y .sbsb.2                 (8)
EQU  Q.sub.1 &lt; Q.sub.2                                          (9)
EQU  P.sub.s = P.sub.m - QR.sub.y                               (10) Therefore:
EQU  P.sub.s1 &gt; P.sub.s2,
PAL  and net thrust is developed.
PAR  It will be understood that the liquid medium used for the hydrostatic
      bearing of the invention may be a material such as trichlorotrifluorethene
      commercially available as freon E2 or E4, or freon TF.
PAR  It is to be noted that in the foregoing respects the device of the
      invention is similar to commonly assigned U.S. Pat. No. 3,803,924 issued
      on Apr. 16, 1974 to Schulien, et al.
PAR  With reference now to FIG. 4, mass 12 senses an acceleration A and responds
      thereto by providing a torque .tau..sub.s which is applied to gimbal 14
      having dynamic characteristics as indicated in the drawing and summed
      thereat with a balancing torque .tau..sub.b provided by torquer 31 as will
      be hereinafter explained so that the gimbal is angularly displaced by the
      summation torque.
PAR  The angular displacement of gimbal 14 is sensed by pickoff 30, energized by
      a signal from a reference signal source 62, for providing a corresponding
      alternating signal E. Signal E is applied to a buffer amplifier 64 and
      therefrom to a demodulator 66, energized by the signal from reference
      signal source 62. Demodulator 66 provides a constant level voltage
      corresponding to the angular displacement of gimbal 14.
PAR  The output from demodulator 66 is applied to a stabilizing amplifier 68 and
      therefrom to a current amplifier 70. The output from current amplifier 70,
      which is indicative of the sensed acceleration, may be applied to a
      suitable display or indicating device (not shown) as is well known in the
      art. The current is applied to torquer 31 which provides torque
      .tau..sub.B for summation at gimbal 14 with torque .tau..sub.S as
      heretofore noted.
PAR  It will now be seen from the aforegoing description of the invention that
      an accelerometer has been provided with a liquid hydrostatic gimbal
      support. A pump circulates the liquid and a bellows allows for thermal
      expansion of the liquid, with a pendulous mass being contained in a sealed
      housing, and which housing also contains associated gimbal support
      geometry. A pickoff and torquer are arranged in closed loop configuration,
      with the torquer current being indicative of an acceleration input. The
      accelerometer of the invention has distinct advantages over floated
      accelerometers now known in the art in that it is more economical to
      manufacture because of the facility of buildup and teardown operations and
      may be of more rigid construction for reduced distortion.
PAR  While one embodiment of the invention has been illustrated and described,
      various changes in the form and relative arrangement of the parts, which
      will now appear obvious to those skilled in the art may be made without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An accelerometer including a liquid hydrostatic bearing system,
      comprising:
PA1  a sleeve and a pair of opposite end plates having annular grooves and
      surfaces defining recesses, said sleeve and end plates arranged to provide
      a substantially cylindrical chamber;
PA1  a float disposed within the chamber in slightly spaced relation to the
      sleeve and end plates and including shaft members at opposite ends thereof
      disposed in spaced relation to the corresponding recesses defined by end
      plate surfaces, said space between the chamber and float and shaft members
      and recesses being both axial and radial;
PA1  a pendulous mass supported by the float relative to mutually perpendicular
      accelerometer input, output and pendulous reference axes for pendulousity
      about the output axis in response to a sensed acceleration;
PA1  the chamber including at least two longitudinally extending channels and
      radially disposed ports at opposite ends of the float connecting one of
      said channels with the space;
PA1  a casing surrounding the chamber and including opposite end sections;
PA1  a pump mounted in one of the end sections and including outlet ports open
      to the one channel and inlet ports open to the other channel, a connecting
      port, and the pump being effective for pumping a liquid from the pump
      outlet ports through the connecting port, channel and space to the pump
      inlet ports to provide axial and radial lift for the float; and
PA1  a pickoff and torquer operably connected to the float shaft member and
      being supported in the other of the end sections, and means electrically
      connecting the pickoff and torquer, with the torquer current being
      indicative of the sensed acceleration.
NUM  2.
PAR  2. An accelerometer as described by claim 1, including:
PA1  the float being deflected in one sense to increase the radial space in the
      one sense and to decrease the radial space in the opposite sense upon
      application of a load;
PA1  laminar liquid flow through the ports being thereupon increased in the one
      sense and decreased in the opposite sense;
PA1  restrictor means for restricting liquid flow through the radial ports; and
PA1  a net radial pressure in the one sense for opposing the applied load being
      applied in accordance with the equation:
EQU  P.sub.m = P.sub.supply - QR.sub.m,
PAL  where P.sub.m is the net radial pressure, P.sub.s is the pressure on the
      annular grooves, Q is liquid volume flow rate and R.sub.m is the
      restrictor means flow resistance.
NUM  3.
PAR  3. A system as described by claim 1, wherein the float is deflected in one
      sense to increase the axial space in the one sense and to decrease the
      axial space in the opposite sense upon application of a load;
PA1  laminar liquid flow through the port at the end of the float near the
      increased axial space being increased and flow through the port at the end
      of the float near the decreased axial space being decreased; and
PA1  a net axial pressure on the annular groove in the one sense for opposing
      the applied load being applied in accordance with the equation:
EQU  P.sub.s = P.sub.m - QR.sub.y,
PAL  where P.sub.s is the net annular groove pressure P.sub.m is the net radial
      pressure opposing the applied load, Q is liquid volume flow rate and
      R.sub.y is axial space flow resistance.
NUM  4.
PAR  4. An accelerometer as described by claim 1, wherein:
PA1  the pendulous mass is responsive to the sensed acceleration for providing a
      first torque which is applied to the float;
PA1  the means electrically connecting the pickoff and torquer provides a
      current to drive the torquer to provide a second torque which is applied
      to the float; and
PA1  the float is angularly displaced in response to the summation of the first
      and second torques.
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ABST
PAL  A mechanism for reciprocating engines or pumps, the mechanism transmitting
      power from the axially arranged piston rods to the axially arranged main
      shaft via a slant fixed to said shaft and a cross head gripping and
      sliding on the edge of the slant. The inward directed components of the
      rotating transverse force vector T are absorbed by one or more Michell
      thrust blocks sliding on a cylindrical surface coaxial with the main
      shaft.
BSUM
PAR  This invention relates to a powertransmitting mechanism for reciprocating
      engines or pumps of the kind in which the reciprocating movements of the
      pistons are converted to rotation by means of a slant having planar side
      surfaces and being rigidly connected to a straight main shaft -- or vice
      versa -- and in which the cylinders are arranged circumferentially around
      the main shaft, the cylinder axes being parallel to said shaft.
PAR  Such mechanisms have been known presumably back to 1852. However, they were
      not of practical importance until A. G. M. Michell proposed in 1918 to use
      thrust blocks -- the so-called Michell blocks -- as a link between the
      piston (or a crosshead connected with the piston) and the slant. In this
      way, it was possible, with a minimum of friction and without metallic
      contact, to transmit great piston forces to the slant, even at the very
      high slide speeds (above 80m/sec.) occurring in high-speed engines and
      pumps. In practice, this primary transmission of forces has always
      operated satisfactorily.
PAR  On the other hand, it created so big difficulties to provide a satisfactory
      absorbtion of the very great transverse forces (often more than 40 percent
      of the piston force) appearing in this type of engine that the further
      development of the latter has been essentially impeded. As appears from
      FIG. 1, the transverse force T.sub.o is equal to P tg .alpha.. It is
      perpendicular to the cylinder axis and extends from the centre of pressure
      C of the main thrust block. In the shown position, in which the piston is
      in its top dead centre, the transverse force points towards the centre
      line of the main shaft. If, from this position, the slant is turned an
      angle .beta. in direction of the arrow D, cf. FIG. 2, the transverse force
      vector T will turn the same angle on the point C, permanently being
      perpendicular to the cylinder axis. Simultaneously its length alters owing
      to the variable gas pressures on the piston, the variable mass force of
      the piston and the total mass of the crosshead, and in internal combustion
      engines, the vector T generally reaches its maximum in the range .beta. =
      O.degree.-20.degree.. In this range, the piston speed is relatively low at
      the normal r.p.m. of the engine, and if the r.p.m. is reduced, the piston
      speed decreases correspondingly. If the gas pressure is kept constant, the
      piston force P increases because the mass forces counteracting it are
      reduced in proportion to the square of the r.p.m. Therefore the absolutely
      greatest value of the transverse force T appears when the engine operates
      with all its strength at a low r.p.m.
PAR  This has had very serious consequences for the lubrication of the
      previously known crosshead constructions, all of which have absorbed the
      reactions from the transverse force through stationary sliding surfaces.
      The very low piston speeds in the critical range close to the top dead
      centre are grossly inadequate for forming a supporting hydrodynamic
      lubrication film. The other means for preventing metallic contact, namely
      the damping in an oil film, also has very bad conditions since the great
      transverse forces get plenty of time for pressing out the oil, thus
      reducing the film thickness to a value below the critical one.
PAR  Thus, according to the invention, it is suggested that the reactions from
      the radially inward directed component of the rotating transverse force
      vector are absorbed through one or more Michell thrust blocks sliding on a
      cylindrical sliding surface which is co-axial with the main shaft and
      rigidly connected with the slant. This rotating sliding surface has a
      regular speed, which at any r.p.m. is great enough to maintain an
      efficient supporting hydrodynamic oil film, particularly when the thrust
      block or blocks are given the correct eccentric support, cf. FIG. 2.
PAR  In this way, the maintenance of the oil film is made independent of the
      reciprocating movements of the crosshead, which movements meet extremely
      low friction because they are perpendicular to the direction of motion of
      the rotating cylinder surface.
PAR  According to the invention, it is further suggested that the other
      components of the rotating transverse force vector are absorbed by two or
      more Michell thrust blocks having radial lines of action and sliding upon
      stationary or planar cylindrical surfaces as shown in FIG. 2. The
      component T.sub.1 is zero when the piston is in its top dead centre, but
      at that moment, the thrust block 14a for absorbing T.sub.1 has the sliding
      speed zero. Yet it must be assumed that this thrust block is separated
      from its sliding surface by means of an oil film having had good time to
      form whereas the block was unloaded in the period from .beta. =
      240.degree. to the top dead centre. Consequently the thrust block has a
      considerable damping capacity when the top dead centre is passed and
      T.sub.1 starts increasing, and simultaneously the piston speed increases
      so that, already about .beta..about.45.degree., it is sufficient for
      forming a hydrodynamic oil film, which is maintained up to and including
      .beta. = 120 .degree.. Here the gas pressures in an internal combustion
      engine will practically cease, and in the period .beta. = 120.degree. to
      .beta. = 240.degree., T.sub.1 is almost exclusively determined by mass
      forces, which are proportionate to the square of the r.p.m. and which
      increase in a rectlinear manner from zero in the middle of the piston
      stroke to their maximum value in the lower dead centre. Close to the
      latter, the piston speed again will be too low to maintain the
      hydrodynamic lubrication film, but metallic contact may be hindered by the
      damping, which in this area has very favourable conditions since high
      pressures only appear at high r.p.m.'s and thus only get a very short time
      for "pressing"  the oil film. Consequently, when the thrust blocks are of
      correct size, metallic contact can be avoided in the whole working range
      of the engine so that the crosshead will be "all floating", which is one
      of the main objects of the invention.
PAR  Another object is to obtain a minimum side pressure on the piston. In
      accordance with the invention, this is obtained by placing the lines of
      action of all the "transverse thrust blocks" in a common plane
      perpendicular to the cylinder axis, cf. the plane A--A of FIG. 1. If this
      plane also passes the centre of pressure C of the main thrust block (x = o
      in FIG. 1), all outward piston forces will give no moment about this point
      provided that the centre of gravity of the crosshead is situated in the
      cylinder axis. However, in a rationally constructed crosshead, this will
      not be the case, and therefore the common centre of gravity tp of the
      piston and the crosshead are situated outside the cylinder axis at the
      distance y in FIG. 1. With y as moment arm the mass forces actuate the
      crosshead by a moment, and the reaction against the latter creates a side
      pressure on the piston. This side pressure may be reduced by displacing in
      parallel the plane A--A a little way x towards the piston. If x is the
      moment arm, the components of the transverse force T situated in the plane
      of FIG. 1 give a moment going in opposite direction of the y-moment. When
      taking all the parameters of the engine into account, x may be determined
      so that the side pressure on the piston gets insignificant. In certain
      parts of the working period, the mass forces on the reciprocating elements
      may exceed the gas forces on the piston so that the crosshead is subjected
      to pressure loads. These pressure loads are absorbed by the thrust block
      11 sliding on the rear side of the wobble plate, and in the previously
      known machines of the present type, which are often called Michell engines
      or Michell pumps, the centre of pressure of said thrust block has been
      placed in the cylinder axis, the thrust block proper generally having same
      size as the main thrust block on the front surface of the wobble plate.
PAR  As the tensile strain on the crosshead generally is considerably smaller
      than the pressure load the rear thrust block must be smaller than the
      front block, and it must be placed in such relation to the crosshead that
      the latter is actuated by a minimum of forces and shows a minimum of
      elastic deformations and that the side pressure on the piston is minimal.
      According to the invention, this is obtained by placing the centre of
      pressure of the rear thrust block at the end of a radius R.sub.1, which is
      greater than the radius R leading to the centre line of the cylinder, cf.
      FIG. 1. Since the piston movement is purely harmonic, this can be done
      while maintaining correct geometry if the rear surface of the wobble plate
      is inclined an angle .alpha..sub.1, which is somewhat smaller than the
      angle of inclination .alpha. of the front surface and satisfies the
      equation s/2 = R tg .alpha. = R.sub.1 tg .alpha..sub.1, where s is the
      stroke of the machine. Particularly in two-stroke cycle engines and only
      in a relatively small part of the total working period, the crosshead will
      be subjected to tensile strains, and as the latter are exclusively due to
      mass forces, they will reach a maximum at a great r.p.m. For the reasons
      given above, the "transverse thrust blocks" have particularly good
      conditions of absorbing the reactions from the transverse forces on the
      rear thrust block through damping so that the crosshead remains "all
      floating" , also when subjected to tensile strain. The transverse forces
      on the rear thrust block in addition creates a side pressure on the
      piston. If one considers the moments actuating the crosshead when the
      latter is subjected to tensile strains, one will see that these moments
      and the resulting side pressures on the piston get essentially smaller
      when the rear thrust block works at the end of radius R.sub.1 than would
      be the case if the rear thrust block was conventionally placed at the end
      of radius R.
PAR  All the bearing surfaces are lubricated with oil, which in known manner but
      not shown is fed under pressure to the cavity of the crosshead. From this
      cavity the oil is fed to the lubrication points through channels and
      nozzles not shown. The reliable functioning of the Michell thrust blocks
      is conditioned by their free mobility around their respective centres of
      pressure. As far as the main thrust blocks are concerned, this mobility,
      according to experience, is ensured by the hemisphere-shaped supporting
      surfaces of the blocks being forced to make a continuous "cone movement"
      when their thrust plates follow the angular movements of the slant. As far
      as the "transverse thrust blocks"  are concerned, there is no
      corresponding movement, but as each of these blocks is completely free to
      load during approximately a third of their working period, pressurized oil
      fed to the hemisphere bearing liners with great certainty will form an oil
      film, which, through damping, can prevent metallic contact in such part of
      the working period in which the thrust block is loaded, and thus will
      ensure the necessary freedom of movement.
PAR  Many of the known piston or crosshead constructions have failed at high
      loads owing to the great elastic deformations which caused edge pressures
      on the bearing surfaces and inadmissibly great variations in the clearance
      between thrust block and slant.
PAR  A crosshead provided with supports according to the invention in principle
      will show the shortest possible lines of force and a natural rigidity
      reducing the elastic deformations to a minimum. The piston rod and the
      crosshead according to the invention may be moulded in one piece by
      precision moulding, and if this rod is connected in per se known manner
      with the piston through a ball-and-socket joint, the whole reciprocating
      assembly may be made statically determinate. As a result there is obtained
      a substantial immunity against the effects of machining inaccuracies and
      "unsymmetrical" thermal expansions, and the spherical supporting surfaces
      at all the thrust blocks will prevent edge pressure on the plates of the
      thrust blocks.
PAR  The crosshead and slant construction according to the invention overcomes
      the difficulties that previously have prevented the further development of
      the Michell engine. Thus its compact and light construction and its
      possibilities of perfect static and dynamic balancing may be turned to
      account.
DRWD
PAR  The invention will be described below with reference to the accompanying
      drawings showing a very simple and expedient embodiment of an engine or
      pump having the power transmitting mechanism according to the invention.
PAR  FIG. 1 is a part-sectional side elevational view of the engine, the upper
      part of the slant being seen from outside, the crosshead being cut,
      whereas the lower crosshead is seen from outside and the slant and its
      cylindrical hub are cut, and
PAR  FIG. 2 is a cross section of same engine where only two crossheads are
      shown, the upper main thrust block being removed, the crosshead and the
      slant hub being shown in section after the lines A--A in FIG. 1 whereas,
      at the lower part of the figure, the wobble plate and the crosshead are
      seen from outside in direction of arrow B in FIG. 1.
DETD
PAR  The cylinder block 1 comprises a plurality of cylinders 2 arranged
      circumferentially around the main shaft 3. This shaft is journalled in two
      main bearings, the outermost part of which can also work as a thrust
      bearing. The main shaft carries a wobble plate 4 whose hub is provided
      with a cylindrical surface 5 finished co-axially with the main shaft 3. In
      each cylinder 2, a piston 6 reciprocates, which piston is connected to a
      piston rod 8 by way of a ball-and-socket joint 7. The piston rod is
      rigidly connected to the crosshead 9 which as a claw grips the edge zone
      of the wobble plate. The crosshead is provided with spherical bearing
      surfaces carrying the main thrust block 10 and the rear thrust block 11,
      the block having planar contact surfaces sliding on the planar side
      surfaces of the wobble plate. The main thrust block 10 has a circular
      thrust plate with rounded edges and rigidly connected to a hemisphere
      whose centre C is situated in the cylinder axis at the distance R from the
      main axis of the machine. The rear thrust block 11 consists of a
      hemisphere having a rounded edge and its centre at the end of radius
      R.sub.1, this radius being somewhat greater than R. The planar front
      surface of the wobble plate 4 is inclined an angle .alpha., which together
      with the radius R determines the stroke s of the machine, s/2 = R tg
      .alpha..
PAR  The movement of the piston working with the stroke s is purely harmonic and
      therefore may be followed very precisely by the rear thrust block 11
      working at the end of radius R.sub.1 provided that the angle .alpha..sub.1
      of the planar rear surface of the wobble plate satisfies the equation s/2
      = R.sub.1 tg.alpha..sub.1 and s/2 = R tg .alpha.. If this condition is
      fulfilled, the thrust blocks 10 and 11 will co-operate with the planar
      sides of the wobble plate with a constant clearance. It is decisive of
      good functioning that this clearance is maintained by the greatest
      possible force, i.e. by the smallest possible variation resulting from
      elastic deformations. The upper part of the crosshead therefore is shaped
      as a closed, thin-walled box-section, this box although having the lowest
      possible weight giving maximum resistance to bending and turning caused by
      forces acting in the centre of pressure of the thrust block 11. Beforehand
      the moments of these forces are reduced as much as possible by moving the
      thrust block 11 so close to the neutral axis of the box-section as the
      regard for the necessary bearing surface of the thrust block permits.
PAR  In the shown embodiment the transverse forces T on the crosshead are
      absorbed by a total of three "transverse thrust blocks" whose lines of
      action are situated in a common plane A--A perpendicular to the cylinder
      axis and extending radially therefrom with same or approximately same
      mutual angular space, cf. FIG. 2. The inward directed thrust block 12 is
      journalled by its hemispherical back support in a corresponding bearing
      surface in a "heel" 13 moulded in one piece with the crosshead. The thrust
      block 12 has a cylindrical bearing surface having a square outline whose
      middle point is displaced a small way in relation to the centre of the
      hemisphere. Thus the block 12 is a typical Michell block having optimal
      capacity of forming a wedge-shaped and very strong supporting oil film
      when it abuts on the cylindrical surface 5 rotating in the direction of an
      arrow D, cf. FIG. 2. The formation and maintenance of this film of highly
      pressurized oil is independent on the reciprocating movements of the
      piston, said movements being "superposed" on the even tangential movement
      of the rotating cylinder surface 5. The two oblique outward directed
      transverse thrust blocks 14a and 14b are also journalled in hemispherical
      bearing surfaces in a pair of U-shaped supporting arms 15. The latter and
      the crosshead are moulded in one piece and further provided with moulded
      triangular supporting ribs 16. In contrast to the eccentrically supported
      thrust block 12, the thrust blocks 14a and 14b are concentrically
      supported since they must be able to work at the two part-movements of the
      reciprocating movement of the crosshead. In principle their thrust plates
      can work on planar surfaces parallel to the cylinder axis, but a cheaper,
      lighter and more stiff sliding surface is obtained by forming it as a
      cylinder surface 19 bored direct in the cylinder block, as shown in the
      drawing, coaxially with the main cylinder 2. On the cylindrical sliding
      surface 19 a control means in the form of a pair of guide ways 17 are
      fastened. These guide ways, when co-operating with two planar surfaces 18
      of the crosshead 9, prevent the latter from turning on the cylinder axis,
      but may not absorb radially directed forces on the crosshead, nor
      consequently affect the functioning of the thrust blocks 14a and 14b. The
      three "thrust blocks" 12, 14a and 14b provide a statically determinate
      support of the crosshead at the intersection between the plane A--A and
      the cylinder axis, and the piston rod being supported in the centre of the
      ball-and-socket joint 7 of the piston, the latter and the crosshead form
      together a completely statically determinate system. Besides the well
      known advantages of calculation, such a system provides an extensive
      immunity to finishing inaccuracies and unsymmetrical thermal expansions.
      By way of example, the centre of the ball-and-socket joint 7 can be
      displaced many tenths of a mm perpendicularly to the cylinder axis before
      there is any measurable influence on the clearances in the bearings of the
      three "transverse thrust blocks". The spherical supports of all the thrust
      blocks almost will render edge pressures on the thrust plates of the
      thrust blocks impossible.
PAR  In a construction as shown it is therefore possible to a greater extent
      than usual to eliminate the disturbances that may impede the formation or
      maintenance of the sufficiently thick oil films making the crosshead "all
      floating" and hard-wearing provided that the oil is kept sufficiently
      clean.
PAR  The invention may be modified in many ways without departing from its idea.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A reciprocating-piston engine or pump having a main shaft and a
      plurality of cylinders arranged circumferentially around the main shaft of
      the motor or pump, the axes of said cylinders being parallel to the main
      shaft, each piston being connected to a crosshead through a piston rod, a
      swash-plate fixed to the main shaft and gripped by the crosshead while the
      swash-plate side surfaces are abutted by a main thrust bearing and a rear
      thrust bearing, slide bearings for absorbing the force components
      perpendicular to the main shaft, said slide bearings absorbing the inward
      directed components of the rotating transverse force vector, said slide
      bearings comprising at least one michell thrust blocks sliding on an
      outwardly facing rotating cylindrical surface coaxial with said main shaft
      and rigidly connected to said swash-plate, said cylindrical surface being
      arranged on a thickening portion of said main shaft and locally cutting
      into one of the swash-plate side surfaces so as to form a recess in the
      swash-plate.
NUM  2.
PAR  2. A motor or pump as claimed in claim 1, wherein the outward directed
      components of said rotating transverse force vector are absorbed by at
      least two Michell thrust blocks having lines of action extending radially
      from a point on the cylinder axis.
NUM  3.
PAR  3. A motor or pump as claimed in claim 1, wherein the lines of action of
      all the transverse thrust blocks are situated substantially close to a
      plane A--A perpendicular to the cylinder axis and passing substantially
      close to the center of pressure of the main thrust block.
NUM  4.
PAR  4. A motor or pump as claimed in claim 1, wherein the rear thrust block has
      its center of pressure at a greater distance from the main axis than the
      main thrust block, the planar rear side surface of the swash plate being
      inclined for forming substantially small angle to maintain correct
      geometry.
NUM  5.
PAR  5. A motor or pump as claimed in claim 1, including crosshead control means
      arranged in the cylinder block for preventing the crosshead from turning
      on the cylinder axis.
NUM  6.
PAR  6. A motor or pump as claimed in claim 1, wherein the crosshead part
      supporting the rear thrust bearing is hollow.
NUM  7.
PAR  7. A motor or pump as claimed in claim 1, wherein the thickening having the
      outward facing cylindrical surface and the motor shaft are integral with
      the swash plate.
NUM  8.
PAR  8. A motor or pump as claimed in claim 7, the thickening having the
      cylindrical surface is free from undercuttings.
PATN
WKU  039397181
SRC  5
APN  4747275
APT  1
ART  345
APD  19740530
TTL  Mechanism to convert rotary motion to transverse motion
ISD  19760224
NCL  7
ECL  1
EXA  Ratliff, Jr.; Wesley S.
EXP  Wyche; Benjamin W.
NDR  1
NFG  5
INVT
NAM  Banks; James W.
CTY  Bozman
STA  MD
ASSG
NAM  Chemetron Corporation
CTY  Chicago
STA  IL
COD  02
CLAS
OCL   74 99
XCL   72 77
XCL   72120
EDF  2
ICL  F16H 2144
FSC   74
FSS  99;126;128
FSC   72
FSS  120
UREF
PNO  1218183
ISD  19170300
NAM  Hunker
OCL   72120
UREF
PNO  1298656
ISD  19190400
NAM  Brinkman
OCL   72120
UREF
PNO  2377406
ISD  19450600
NAM  Dedrick
OCL   72120
UREF
PNO  3353392
ISD  19671100
NAM  Anthony et al.
OCL   72120
UREF
PNO  3429160
ISD  19690200
NAM  Banks
OCL   72 77
UREF
PNO  3466918
ISD  19690600
NAM  Marcovitch
OCL   72120
LREP
FR2  Esser; N. M.
ABST
PAL  Improved mechanism to convert rotary motion to transverse motion comprises
      a disc journalled to rotate about its axis and provided eccentrically with
      a journal, a trunnion provided with a journal, a trunnionway supporting
      the trunnion for transverse movement of the trunnion within the
      trunnion-way in opposite directions normal to such axis, and a shaft
      journalled to rotate within the journal provided in the disc. One end of
      the shaft is provided eccentrically with an axially extending pin
      journalled to rotate within the journal provided in the trunnion. Thereby,
      the pin is displaced transversely as the disc is rotated about its axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to improved mechanism to convert rotary motion to
      transverse motion. The mechanism of this invention has particular utility
      as a component of a bellows forming machine generally of the type
      described in U.S. Pat. No. 3,429,160, and particularly of the type
      disclosed in copending application Ser. No. 474,726 concurrently filed and
      commonly assigned herewith.
PAR  In bellows making as commonly practiced in the art, and as described in the
      aforementioned copending application, the elongated tubular wall of the
      flexible metal blank to be formed into a bellows having circumferential
      convolutions (cf. helical convolutions) is deformed, to produce each
      individual circumferential convolution, between an interior forming roll
      and conforming exterior forming rolls as the blank is rotated about its
      axis. The mechanism of this invention can be used advantageously to force
      the interior forming roll radially outwardly to deform the wall of the
      blank with minimum deflection of the force transmitting components.
PAC  SUMMARY OF THE INVENTION
PAR  One object of this invention is to provide improved mechanism to convert
      rotary motion to transverse motion. Another object of this invention is to
      provide such mechanism having particular utility as a component of a
      bellows forming machine.
PAR  These objects may be attained in improved mechanism comprising a disc
      journalled to rotate about its axis and provided eccentrically with a
      journal, a trunnion provided with a journal, a trunnionway supporting the
      trunnion for transverse movement of the trunnion within the trunnionway in
      opposite directions normal to such axis, and a shaft journalled to rotate
      within the journal provided in the disc. In such mechanism, one end of the
      shaft is provided eccentrically with an axially extending pin journalled
      to rotate within the journal provided in the trunnion, whereby the pin is
      displaced transversely as the disc is rotated about its axis.
PAR  To support an interior forming roll in a bellows forming machine, the other
      end of the shaft may be provided eccentrically with an axially extending
      pin, the pins being diametrically opposite of the axis of the shaft.
      Thereby, the pins are displaced transversely in normal directions, and the
      interior forming roll is displaced transversely, as the disc is rotated
      about its axis.
PAR  To provide a more rugged construction, the mechanism preferably comprises a
      pair of such discs journalled to rotate about their common central axis, a
      tube rigidly interconnecting the discs, the shaft being journalled to
      rotate within the journals provided in the discs. Accordingly, bearing
      elements may be disposed between the tube and a fixedly supported tube
      surrounding such tube to permit relative rotation of the tubes.
PAR  These objects and other objects, features, and advantages of this invention
      are evident from the following detailed description of a preferred
      embodiment of this invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an end elevational view of a mechanism to convert rotary motion
      to transverse motion;
PAR  FIG. 2 is a longitudinal sectional view taken substantially along line 2--2
      of FIG. 1 in the direction of the arrows; and
PAR  FIGS. 3, 4, and 5 are cross-sectional views taken substantially along lines
      3--3, 4--4, and 5--5, respectively, of FIG. 2 in the directions of the
      arrows with certain details omitted for greater clarity.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The drawings illustrate improved mechanism 10 to convert rotary motion to
      transverse motion. As illustrated, the mechanism 10 is designed to be
      incorporated into a bellows forming machine of the type disclosed in the
      aforementioned copending application and is used to convert rotary motion
      imparted by hydraulic mechanism 12 through a crank or lever 14 to vertical
      motion of an interior forming roll 16.
PAR  The mechanism 10 moves the roll 16 and forces the roll 16 against the
      elongated tubular wall of a blank to be formed into a bellows having
      circumferential convolutions to deform such wall. In known manner, the
      roll 16 cooperates with exterior rolls (phantom outlines 22 and 24) to
      produce each successive circumferential convolution. Further details of
      such bellows forming machine are disclosed in the aforementioned copending
      application. The mechanism 10 also may be adapted to other bellows forming
      machines such as the machine disclosed in U.S. Pat. No. 3,429,160.
PAR  The mechanism 10 comprises a stationary outer tube 30 mounted on upright
      stanchions 32 constituting a housing supported by the frame of the bellows
      forming machine. A circular end plate 34 provided with a slot 36 for a
      purpose to be described below is mounted to one end of the tube 30.
PAR  Within the respective end portions 38 and 40 of tube 30 are mounted sleeve
      bearings 42 and 44. A rotatable inner tube 46 is journalled to rotate
      within sleeve bearings 42 and 44. A portion of the stationary outer tube
      30 is cut away, as indicated at 48, where the crank 14 is attached to the
      rotatable inner tube 46 for conjoint rotation over a limited angular range
      (FIGS. 3 and 4).
PAR  Within the respective end portions 50 and 52 of the rotatable inner tube 46
      are mounted bearing discs 54 and 56. Sleeve bearings 58 and 60 are carried
      by the respective bearing discs 54 and 56. Sleeve bearing 58 is mounted
      within an eccentrically located opening 60 in the disc 54. Sleeve bearing
      60 is mounted within an eccentrically located opening in the disc 56. As
      shown in FIGS. 3 and 4, sleeve bearings 58 and 60 are coaxial.
PAR  A shaft 70, which as shown comprises shaft portions 72 and 74 at opposite
      ends and a tubular intermediate portion 76 for weight savings, is
      journalled to rotate within sleeve bearings 58 and 62. A pin (or stub
      shaft) 78 extends axially from shaft portion 72. A pin (or stub shaft) 80
      extends axially from shaft portion 74. As shown in FIGS. 3 and 4, the pins
      78 and 80 are eccentrically located on the respective shaft portions 72
      and 74 and are angularly displaced by 180.degree.so as to be on respective
      diametrically opposite sides of the axis of the shaft 70.
PAR  A plate 90 providing a trunnionway 92 is mounted to end portion 40 of the
      stationary outer tube 30. Slidable trunnion 94 is supported by the
      trunnionway 92 for transverse movement in opposite directions (FIG. 1)
      normal to the axis of the tube 30. A rolling needle bearing 96 is mounted
      in an opening 98 provided in the trunnion 94. The pin 80 is journalled to
      rotate within the bearing 96.
PAR  The pin 78 is free to move within the slot 36 provided in the opposite end
      plate 34. The interior forming roll 16 is journalled to rotate upon the
      pin 78.
PAR  Hydraulic mechanism 12, which is double-acting, comprises a cylinder 100,
      which is pivotally mounted on a slider 102, and a rod 104, which is
      pivotally connected to the crank 14. As the rod 104 is drawn into the
      cylinder 100, the crank 14 is pivoted in a clockwise sense as shown in
      FIG. 3. As the rod 104 is drawn out of the cylinder 100, the crank 14 is
      pivoted in a counterclockwise sense as shown in FIG. 3. The slider 102 is
      slidable within a slideway 106 mounted to the frame of the bellows forming
      machine.
PAR  As the crank 14 is rotated in either direction by hydraulic mechanism 12,
      the rotatable inner tube 46 is rotated similarly within the stationary
      outer tube 30 to cause the shaft 70 to be displaced arcuately. Because the
      pin 78 is journalled within the trunnion 94, the shaft 70 thus is rotated
      and the trunnion 94 thus is displaced transversely within the trunnionway
      92. Because the pin 80 is diametrically opposite to the pin 78, the pin 80
      thus is displaced horizontally together with the trunnion 94 and the pin
      78 thus is displaced vertically together with the interior forming roll
      16.
PAR  The mechanism 10 offers a high mechanical advantage whereby substantial
      force may be transmitted from hydraulic mechanism 12 through the interior
      forming roll 16 to deform the elongated tubular wall of a blank to be
      formed into a bellows having circumferential convolutions. Because of its
      very rugged construction, the mechanism 10 suffers minimal deflection of
      the force transmitting components, whereby successive blanks of different
      thicknesses may be handled without any adjustment being necessary to
      compensate for such deflection, even though the plane of force application
      is remote from the plane of force impartation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mechanism for converting rotary motion to transverse motion with high
      mechanical advantage comprising a housing adapted to be mounted on the
      frame of a bellows forming machine, an element journalled to rotate about
      its axis in said housing and provided eccentrically with a journal, a
      lever extending into said housing and connected to said element, a
      trunnion provided with a journal, a trunnionway connected to said housing
      adjacent said lever and supporting said trunnion for transverse linear
      movement of said trunnion within said trunnionway to said axis, a shaft
      journalled to rotate within the journal provided in said element, one end
      of said shaft being provided eccentrically with an axially extending first
      pin journalled to rotate within the journal provided in said trunnion,
      said shaft having a mounting means on the other end, forming means
      rotatably mounted on said mounting means, power means adapted to be
      mounted on said frame and connected to said lever, whereby said lever
      rotates said element and therefore moves said shaft and said trunnionway
      forces said trunnion to move said first pin and therefore rotate said
      shaft and thereby force said mounting means and said forming means in a
      linear direction transverse to said axis.
NUM  2.
PAR  2. The mechanism of claim 1 in which said mounting means is an axially
      extending second pin, said second pin being equally and oppositely spaced
      from the centerline of said shaft as said first pin.
NUM  3.
PAR  3. The mechanism of claim 2 in which said trunnion way extends in a
      horizontal direction and said first pin therefore moves in said trunnion
      in a horizontal direction and said second pin moves in a vertical
      direction.
NUM  4.
PAR  4. The mechanism of claim 3 in which movement of said lever in one
      direction causes said second pin to move downwardly and contrary movement
      of said lever causes said second pin to move upwardly.
NUM  5.
PAR  5. The mechanism of claim 4 in which said power means is a double acting
      hydraulic cylinder.
NUM  6.
PAR  6. The mechanism of claim 5 further comprising first bearing means located
      between said housing and said element and second bearing means located
      between said element and said shaft.
NUM  7.
PAR  7. The mechanism of claim 6 in which said second pin extends outside said
      housing.
PATN
WKU  039397190
SRC  5
APN  4161963
APT  1
ART  345
APD  19731115
TTL  An improved power converter apparatus
ISD  19760224
NCL  9
ECL  1
EXA  Ratliff, Jr.; Wesley S.
EXP  Scott; Samuel
NDR  3
NFG  7
INVT
NAM  Stovall; William R.
STR  Rte. 2, Box 30
CTY  Stuart
STA  OK
ZIP  74570
CLAS
OCL   74128
XCL   74130
EDF  2
ICL  F16H 2702
FSC   74
FSS  34;29;143;126;128;130;142
FSC  280
FSS  252;254;243;245
UREF
PNO  1014706
ISD  19120100
NAM  Houghton
OCL   74 34
UREF
PNO  1233920
ISD  19170700
NAM  Rolfe
OCL   74 34
LREP
FRM  Dunlap and Codding
ABST
PAL  An apparatus for converting the power of a reciprocating member to
      unidirectional rotation of an output shaft. A reciprocator is connected to
      a coupling shaft so as to rotate the coupling shaft in alternating
      directions. Gears and clutches driven by the coupling shaft convert the
      alternating movement of the coupling shaft to unidirectional rotation
      imparted to the output shaft. In other embodiments, the reciprocator
      drives coupling shafts which in turn impart alternating movement to clutch
      assemblies that cooperate to alternately impart unidirectional rotation to
      the output shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for converting the power of a
      reciprocating member to a unidirectional rotational motion for use as a
      power source.
PAR  2. Description of the Prior Art
PAR  Prior art devices have for the most part involved the conversion of
      transitory movement into intermittent and usually oscillating, rotational
      movement, and have not taught a reliable, unidirectional rotational
      movement of a shaft as driven by a reciprocating member. Some prior art
      mechanisms have used crank shafts to avoid direct conversion from a
      reciprocating power source, an example of which is the conventional
      internal combustion engine where reciprocating pistons are linked to a cam
      shaft to achieve rotational output.
PAR  One method of achieving rotational movement of a shaft by the use of a
      reciprocating source is where a cable is wrapped around a series of
      arbors, in the manner of warping, to convert reciprocating movement to
      rotational torque. In this process, a cable wrapped about a capstan or a
      windless transmits rotational movement by a linear displacement of the
      cable. Although this type of linkage demonstrates the principle of
      converting reciprocating movement to rotational movement, it finds limited
      use because of the inherent limitations of large frictional losses and
      arbor wear. It also introduces the variables of arbor inertia and surface
      smoothness. However, mechanisms using this principle have found utility in
      low torque devices, such as in early sewing machines and toys. Such prior
      art teachings relating to conversion of reciprocating motion are generally
      limited to those uses requiring low torque and low rotational speed.
PAR  There is a need for an apparatus that will convert reciprocating movement
      to rotational movement efficiently at rotational speeds that can be
      utilized in high torque, high speed applications. Such an apparatus must
      be reliable and continuous, and it must be capable of precision control.
      Many advantages that are to be gained from such an apparatus include
      savings in space brought about by the compactness of the power plant.
      Another advantage would be that the manufacture of expensive,
      precision-balanced crank shafts could be eliminated, thereby making less
      expensive power transfer available. An apparatus using such a power plant
      would find many uses at the interfaces of reciprocating power plants that
      drive mechanisms requiring rotational input.
PAR  One of the advantages that an apparatus such as is taught in the present
      invention is the achievement of constant torque for a given pressure of
      force of application, something that is not achieved by any other power
      converter. For example, on a piston drive crank shaft, the torque varies
      cyclically as the shaft is turned. Aside from the fact that pressure
      varies, the force on the crank shaft is met with varying movement effect
      as the crank shaft rotates. This can be avoided by a direct conversion of
      reciprocating power to rotational power.
PAR  A use envisioned for an apparatus converting reciprocating movement to
      rotational movement is in the propulsion of vehicles, as for example, in
      the propulsion of cycles. Prior art devices have dealt with this problem,
      but suggested designs have been usable as toys. The present invention
      discloses a precision, high quality cycle power plant, one capable of
      competing with modern cycle technology. An efficient cycle propelled by
      human effort is finding increasing need in this country as we face
      increasing energy conservation and pollution problems.
PAC  SUMMARY OF INVENTION
PAR  It is an object of the present invention to provide an apparatus that will
      create a rotary force at an equal and constant torque from an application
      of straight line force without regard to the position, timing or direction
      of the straight line force.
PAR  Another object of the present invention to provide an apparatus that will
      convert reciprocating movement to a rotational movement substantially
      continuously at relatively high rates of speed.
PAR  Another object of the present invention is to provide an improved apparatus
      for the conversion of reciprocating movement to rotational movement with a
      substantially reduced loss of energy due to friction and inertia.
PAR  Yet another object of the present invention is to provide a strong and
      reliable apparatus for the conversion of reciprocating movement to
      rotational movement which is economical in the construction and the
      operation thereof.
PAR  Other objects and advantages will become apparent to the persons skilled in
      the art in view of the following specification and in light of the
      accompanying drawings which are a part hereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial perspective, partial diagrammatical view of a bicycle
      driven by a reciprocator drive apparatus of the present invention.
PAR  FIG. 2 is an enlarged, diagrammatical view of the reciprocator drive
      apparatus of FIG. 1.
PAR  FIG. 3 is a diagrammatical, partial side elevational, partial sectional
      view of a modified reciprocator drive apparatus.
PAR  FIG. 4 is an enlarged, partial elevational, partial sectional view showing
      a portion of the modified reciprocator drive apparatus of FIG. 3.
PAR  FIG. 5 is a schematic of the drive control assembly of the modified
      reciprocator drive apparatus of FIG. 3.
PAR  FIG. 6 is a perspective, diagrammatical view of yet another modified
      reciprocator drive apparatus.
PAR  FIG. 7 is a cross-sectional view taken substantially along the lines 7--7
      of FIG. 6.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT OF FIGURES 1 AND 2
PAR  Referring to the drawings and particularly to FIG. 1, the reciprocator
      drive apparatus of the present invention is illustrated and generally
      designated by the numeral 10 as it might appear as a part of a
      conventional bicycle 11. The reciprocator drive apparatus 10, as shown
      more clearly in FIG. 2, comprises: an endless chain 12 that encircles a
      sprocket 14, the sprocket 14 being bearingly supported on shaft 15, which
      is connected to bicycle 11; and a sprocket 16. The sprocket 16 is
      connected to a coupling shaft 18 and the coupling shaft is connected to a
      clutch assembly 20. The clutch assembly 20 includes a beveled type of
      drive gear 22, a pair of beveled type of driven gears 24 and 26, and a
      pair of ratchet clutches 28 and 30. The driven gears 24 and 26 are
      connected to the ratchet clutches 28 and 30, respectively, and the ratchet
      clutches 28 and 30 are connected to the output shaft 32, which is shown in
      the partial cutaway view through the drive gear 22 in FIG. 2. As will be
      understood by a person having ordinary skill in the art, the construction
      of each of the driven gears 24 and 26 with its respective clutch 24, 30 is
      such that rotation in one direction only will impart driving movement to
      output shaft 32. That is, the driven gears 24 and 26 are gearingly meshed
      with drive gear 22, such that rotation of drive gear 22 causes the
      rotation of the driven gears 24, 26, in opposite rotational directions.
      When gear 24 is rotated in one direction, its connected clutch 28 grips
      and thereby imparts driving rotation to output shaft 32. On the other
      hand, when gear 24 is rotated in the opposite direction, the driven gear
      24 is caused to slip by its clutch 28 and thereby turns freely, the
      consequency of which is that driven gear 24 is then free turning in that
      direction and does not impart rotational driving motion to output shaft
      32. The driven gear 26 and its ratchet clutch 30 are similarly constructed
      but are designed and arranged so that the rotation of driven gear 26 is
      free turning in the direction of rotation in which driven gear 24 imparts
      driving motion to the output shaft 32, and conversely, driven gear 26 is
      caused to drive output shaft 32 via clutch 30 in the direction of rotation
      in which driven gear 26 is free wheeling. Thus, when ratchet clutch 28 is
      gripping the output shaft 32, the ratchet clutch 30 is free turning, and
      the reverse is true. The purpose of this will be made clear below. The
      result of this arrangement of driven gears 24, 26 and ratchet clutches 28,
      30 as gearingly driven by drive gear 22 is that the output shaft 32 is
      caused to rotate in a predetermined unidirectional rotation with the
      rotation of coupling shaft 18, regardless of which rotational direction
      that coupling shaft 18 is caused to rotate. In other words, when the
      coupling shaft 18 is placed in a rotational position or mode, the output
      shaft 32 is placed in a position of unidirectional rotation. Of course,
      the direction of rotation that output shaft 32 assumes in this position is
      determined by the arrangement of the gripping and free wheeling
      characteristics of the ratchet clutches 28, 30.
PAR  The output shaft 32 is connected to sprocket 34, which in turn is drivingly
      connected to sprocket 36 via an endless chain 38. The sprocket 36 is
      connected to shaft 40 which is drivingly connected to wheel 42.
PAR  Attached to chain 12 is a pair of reciprocators 44 and 45. Of course, only
      one such reciprocator could be connected to the chain 12 and the result
      would be entirely satisfactory. But as will be clear presently, by
      utilizing a pair of such reciprocators spaced as shown in FIG. 2, force
      may be applied from a single direction and on one reciprocator at a time
      as is common on a foot driven cycle as shown at 11 in FIG. 1. The
      reciprocators 44, 45 could be handles or pedals dependent upon the
      application of the device. As shown utilized in the application as a power
      source for a cycle, it is convenient to show the reciprocators 44, 45 as
      foot pedals. It will also become clear below that these could be operated
      manually or power driven.
PAR  The structure of clutch assembly 20 can best be understood in light of its
      purpose; that of converting the rotational movement of coupling shaft 18
      to a continuous rotational output of the output shaft 32 in a
      predetermined rotational direction. When sprocket 16 is rotated so that it
      imparts rotation to coupling shaft 18 and consequently the same rotation
      to drive gear 22 in a direction that imparts rotation to driven gear 24 in
      a direction 46, the ratchet clutch 28 grips and rotates output shaft 32.
      The direction 46 is shown by the arrow indicating the rotational direction
      of sprocket 34 in FIG. 2. This is an arbitrary arrangement of ratchet
      clutch 28 for purposes of discussion herein, and this scheme will be
      carried forward to indicate that at the same time that ratchet clutch 28
      is in gripping relationship to output shaft 32, drive gear 22 is causing
      driven gear 26 to rotate in the direction 47 which is opposite in
      rotational direction to direction 46, as indicated by the arrow of
      direction on sprocket 34 in FIG. 2. In the position of direction 47, the
      ratchet clutch 30 is free turning and does not impart any effect upon
      output shaft 32. On the other hand, when drive gear 22 rotates in the
      direction that causes driven gear 24 to rotate in the direction 47, the
      ratchet clutch 28 is free turning, and simultaneously driven gear 26 is
      rotated by the drive gear 22 in the direction 46. When driven gear 26 is
      turned in direction 46, ratchet clutch 30 grips and imparts rotation to
      output shaft 32. To make this clear, it will be understood below that
      drive gear 22 will alternately turn in a first direction and then in a
      second direction that is opposite to the first direction. This alternating
      rotational movement of drive gear 22 will cause driven gears 24, 26 to
      also rotate but in opposite directions relative to each other. Because of
      the gripping relationship of ratchet clutches 28, 30, it will be
      understood that driving movement will be imparted to output shaft 32 only
      when each of the ratchet clutches' respective gear is turning in the
      rotational direction 46. Since this is performed alternately, that is, it
      is not performed at the same time by each of the driven gears 24 and 26,
      it will be understood that driving force will be imparted to the output
      shaft 32 at all times that the drive gear 22 is in a moving position.
PAR  For purposes of illustration and discussion, the ratchet clutches 28 and 30
      have been hereinabove assigned arbitrary gripping and rotational
      relationships, but it will be understood that the ratchet clutches 28 and
      30 can be so designed and arranged as to grip and release in a manner that
      is opposite to that which has been discussed. The important thing to bear
      in mind for this disclosure is that one of the ratchet clutches grips and
      causes rotational output to the output shaft 32 via a driving position
      while the other ratchet clutch is free turning, and the reverse
      relationship is achieved when the rotations are reversed. The result of
      this is to cause continuous rotation of the output shaft 32 regardless of
      direction of rotation of the drive gear 22.
PAC  Operation of the Embodiment of Figures 1 and 2
PAR  In operation of the embodiment shown in FIGS. 1 and 2, a force parallel to
      the chain 12 is applied to each of the reciprocators 44 and 45 in the
      manner as will be now described. These forces are depicted as f.sub.1 as
      applied to reciprocator 44 and f.sub.2 as applied to reciprocator 45. In
      order to cause reciprocators 44 and 45 to reciprocate, it will be
      necessary to apply force f.sub.1 and f.sub.2 intermittently and
      consecutively so that while f.sub.1 is applied, f.sub.2 is relaxed, and
      while f.sub.2 is applied, f.sub.1 is relaxed. This will be recognized, of
      course, as nothing more than the action of the application of pushing by
      the operator of bicycle 11 such that the operator first pushes
      reciprocator 44 down while allowing reciprocator 45 to rise, and then
      pushes reciprocator 45 down while allowing reciprocator 44 to rise. Of
      course, forces f.sub.1 and f.sub.2 are transmitted via chain 12
      alternately to each side of reciprocators 44 and 45. It will be understood
      that a single reciprocator could be used, thereupon necessitating the
      pulling of the reciprocator up once it has traveled downward.
PAR  The forces f.sub.1 and f.sub.2 applied as described cause chain 12 to move
      first in direction 48 and then in direction 49. This movement is
      transmitted to sprocket 16 causing it to rotate about its center,
      alternately in directions 50 and 51. This rotational movement of sprocket
      16 in alternating directions is transmitted through the coupling shaft 18
      to drive gear 22 in precisely the same alternating rotational movement.
      This movement of gear 22 is imparted to driven gears 24 and 26, in turn
      causing the ratchet clutches 28 and 30 to alternately rotate in the
      directions 46 and 47. That is, when chain 12 moves in direction 48, the
      sprocket 16, coupling shaft 18, and gear 22 rotate in direction 50, driven
      gear 24 and ratchet clutch 28 rotate in the direction 46, and driven gear
      26 and ratchet clutch 30 rotate in the direction 47. Since the ratchet
      clutch 28, when moved in the direction 46, grippingly rotates output shaft
      32, the force f.sub.1 that has caused chain 12 to move in direction 48 is
      transmitted via ratchet clutch 28 to rotate output shaft 32 in direction
      46. Ratchet clutch 30, when turning in the direction 47, as is the case at
      this point, is free turning and imparts no driving force to output shaft
      32.
PAR  When chain 12 is moved by the application of force f.sub.2 in the direction
      49, sprocket 16 is made to move in direction 51. This action upon sprocket
      16 through coupling shaft 18 rotates drive gear 22 in direction 51,
      causing the rotation of driven gear 24 and ratchet clutch 28 in direction
      47, while driven gear 26 and ratchet clutch 30 are caused to rotate in the
      direction 46. Since ratchet clutch 28, when rotated in the direction 47 is
      free turning, ratchet clutch 28 does not impart rotational movement to
      output shaft 32 in this rotational direction. Meanwhile, the rotation of
      ratchet clutch 30 in direction 46 causes ratchet clutch 30 to grippingly
      rotate the output shaft 32. in direction 46. Therefore, the application of
      force f.sub.2 which has caused chain 12 to move in direction 49 is
      transmitted via the ratchet clutch 30 to cause the rotation of output
      shaft 32 in the continued direction 46.
PAR  Thus, it is seen that the movement of the chain in either direction 48 or
      49 imparts rotational movement to the output shaft 32 in direction 46.
      Viewed from the perspective of the coupling shaft 18, it is evident that
      the output shaft 32 is unidirectionally rotated in a continuous manner so
      long as the coupling shaft 18 is in the position, or mode, of rotation. As
      will be apparent to one having ordinary skill in the art, the output shaft
      32 can be made to rotate in the rotational direction 47 by reversing the
      action of the two ratchet clutches 28 and 30. That is, by arranging the
      ratchets to have gripping relationship to the output shaft 32 in the
      opposite rotational direction to that described above, the reciprocating
      movement of chain 12 will impart continuous rotational movement to output
      shaft 32 in the direction 47.
PAR  For continued discussion, it will be assumed that the output shaft 32 is
      rotating in direction 46. This rotation of output shaft 32 drives sprocket
      34 in direction 46, causing chain 38 to move in the direction 52. This
      movement of chain 38 causes the sprocket 36 to rotate also in the
      direction 46, which in turn imparts the same rotational direction to shaft
      40 and consequently to wheel 42. Thus, wheel 42, which can be a driving
      wheel of a vehicle, as shown in FIG. 1, is moved in a continuous direction
      46 by the reciprocating movement of chain 12 which was reciprocated by the
      to and fro movement of reciprocators 44, 45 as caused by the application
      of forces f.sub.1 and f .sub.2 in the manner described above.
PAR  As indicated above, if the reciprocators 44 and 45 are pedals manipulated
      by the action of the legs of a rider of cycle 11, the alternating movement
      of the pedals will cause the vehicle, driven by wheel 42, to be propelled.
      By selecting the operating mode of ratchet clutches 28 and 30, that is,
      the direction in which these ratchet clutches have gripping relationship
      to the output shaft 32, the wheel 42 can be made to turn in either
      direction 46 or 47, representing forward and reverse rotation of the wheel
      42.
PAR  Of course, the gripping relationship of the ratchet clutches 28 and 30 to
      output shaft 32 can be established so as to be changeable by mechanical or
      electrical selection.
PAC  Description of the Embodiments of Figures 3 and 4
PAR  Another embodiment of the present invention is illustrated in FIG. 3 and is
      generally designated by the numeral 60. The reciprocator drive apparatus
      60 comprises the frame 62 which slidingly reciprocator 64. It is
      sufficient for purposes of this disclosure to state that reciprocator 64
      is slidingly connected to frame 62, and that this can be achieved by
      conventional structure. Reciprocator 64 is connected to double-acting
      hydraulic cylinders 66 and 68, which include piston shafts 70 and 72,
      respectively. Piston shaft 70 is connected to one side of reciprocator 64
      at point 71, and piston shaft 72 is connected to the opposite side of
      reciprocator 64 at point 73. As will be understood, piston shafts 70 and
      72 are attached to their respective pistons in hydraulic cylinders 66 and
      68.
PAR  Reciprocator 64 slides on frame 62 alternately in the linear direction 74
      and in the linear direction 76, and chain 78 is connected at each of its
      ends to reciprocator 64 at the connection 80. Chain 78 encircles and
      gearingly drives sprockets 82 and 84, the support sprocket 86, and the
      adjust sprocket 88, all of which are rotatably journaled to frame 62.
PAR  Adjust sprocket 88 moves about arbor 90 which passes through slot 92 and is
      secured thereat by threaded backup plate 94, as may be best seen in FIG.
      4. Arbor 90 can be secured at any point along slot 92 and serves as an
      adjustment for proper tensioning of chain 78. Once chain 78 is placed over
      the several sprockets including the adjust sprocket 88, the sprocket 88 on
      arbor 90 is adjusted laterally and secured by tightening threaded backup
      plate 94.
PAR  It should be noted that the slot 92 has been conveniently shown in FIG. 3
      as containing sprocket 88. This is for ease of illustration, and one
      having ordinary skill in the art will recognize that this adjustment slot
      may be as well placed so as to hold one of the drive sprocket, the
      advantage being for ease of chain and belt adjustment.
PAR  Support sprocket 86 is rotatably mounted in a fixed location on frame 62 in
      a position that supports the chain 78 in linear relationship to
      reciprocator 64.
PAR  Referring to FIG. 3, the chain 78 is drivingly engaged to drive sprockets
      82 and 84 so as to rotate these sprockets simultaneously in opposite
      rotating directions. For example, when the reciprocator 64 moves in linear
      direction 76, drive sprocket 82 will be rotated in rotational direction 96
      via the driving action of chain 78, while at the same time, drive sprocket
      84 will be rotated in rotational direction 98. On the other hand, when the
      reciprocator 64 moves in linear direction 74, the drive sprocket 82 will
      be rotated in rotational direction 98, and drive sprocket 84 will be
      rotated in rotational direction 96. Drive sprocket 82 is connected to
      coupling shaft 100, as best seen in FIG. 4, and coupling shaft 100 is
      journaled in bearing 102 which is mounted on frame 62. In like manner,
      drive sprocket 84 is connected to coupling shaft 104 which is journaled in
      bearing 106, also mounted on frame 62.
PAR  Coupling shaft 100 is connected to clutch 108 which is in turn connected to
      output shaft 109. The function of clutch 108 is to cause output shaft 109
      to rotate only when coupling shaft is rotated in a predetermined
      rotational direction. For purposes of this disclosure, this direction has
      been arbitrarily assigned as follows. Clutch 108 grippingly rotates output
      shaft 109 in rotational direction 98 when coupling shaft 100 is turned in
      direction 98 by drive sprocket 82. On the other hand, clutch 108 does not
      grip output shaft 109 when coupling shaft 100 is rotated in rotational
      direction 96, the opposite rotational direction.
PAR  In like manner, coupling shaft 104, attached to drive sprocket 84, is
      connected to clutch 112 which is also connected to output shaft 113.
      Clutch 112 is constructed so that output shaft 113 is rotated in
      rotational direction 98 when coupling shaft 104 is rotated in rotational
      direction 98 by the drive sprocket 84. Clutch 112 releases output shaft
      113 when coupling shaft 104 is caused to rotate in rotational direction 96
      by the action of drive sprocket 84.
PAR  To this point, it has been established that the rotation of either of the
      drive sprockets 82 or 84 in the angular direction 98 causes the output
      shafts 109, 113 to be rotated in the same rotational direction 98. It has
      also been established that by the manner in which chain 78 is connected
      about sprockets 82 and 84, as shown in FIG. 3, one of the sprockets, 82 or
      84, will be moving in the direction 98 regardless of whether reciprocator
      64 moves in linear direction 74 or in the opposite linear direction 76.
      Stated differently, the movement of reciprocator 64 alternately in
      direction 74 and 76 will result in one of the drive sprockets 82 and 84
      being driven in rotational direction 98.
PAR  As shown in FIG. 4, the output shaft 113 is connected to pulley 114 and
      output shaft 109 is connected to pulley 115. Encircling and drivingly
      connected to pulleys 114 and 115 is belt 116. As will be made clear below,
      output shaft 113 will be caused to rotate continuously in rotational
      direction 98 by the cooperative action of drive sprockets 82, 84; clutches
      108, 112; output shaft 109; pulleys 114, 115; and belt 116. It is
      recognized herein that the pulleys 114 and 115 can be connected by clutch
      bearings to their respective output shafts, but it is not necessary for
      the purpose of the discussion herein to detail such structure. It is also
      recognized that the utilization of pulleys and a belt in this application
      may result in slippage. If such slippage could not be avoided by proper
      belt and sheave selection, then sprockets and a chain would be necessary
      in lieu of the pulleys and belt shown in FIG. 3.
PAR  Referring now to FIG. 5, a schematic diagram for hydraulic cylinders 66 and
      68 is shown. The pump 118 pressurizes four-way valve 120 by fluid drawn
      from reservoir 122. Valve 120 directs fluid pressure to fluid line 124 or
      to fluid line 126, depending upon the positioning of valve 120. Fluid line
      124 is connected to cylinders 66 and 68 by lines 124a and 124b. Therefore,
      when fluid line 124 is pressured by the cooperative action of pump 118 and
      four-way valve 120, fluid lines 124, 124a and 124b pressurize the two
      hydraulic cylinders 66 and 68, driving piston shafts 70 and 72 in the
      direction of 74.
PAR  Fluid line 126 is also connected to cylinders 66 and 68, by its comprising
      lines 126a and 126b. Therefore, when fluid line 126 is pressurized by the
      cooperative efforts of pump 118 and four-way valve 120, fluid lines 126,
      126a and 126b pressurize the two cylinders 66 and 68, driving piston
      shafts 70 and 72 in the direction 76, which is opposite to direction 74.
PAR  Therefore, piston shafts 70 and 72 can be made to reciprocate in unison by
      actuating valve 120 so as to alternately pressurize fluid lines 124 and
      126. As the lines 124, 126 are alternately pressurized and relieved,
      relief line 130 serves in a conventional manner to relieve the pressure
      from the dormant fluid line.
PAR  It will be understood that valve 120 may be manually or mechanically
      actuated to achieve alternate pressurization of fluid lines 124 and 126.
PAC  Operation of FIGS. 3 through 5
PAR  In operation of the embodiment shown in FIGS. 3 through 5, hydraulic pump
      118, drawing fluid from the reservoir 122, is caused to pressurize fluid
      lines 124 and 126 alternately by the manipulation of four-way valve 120
      and by the cooperation of relief line 130. Fluid lines 124a, 124b and
      126a, 126b, being alternately pressurized and relieved, transmit pressure
      to the cylinders 66 and 68, respectively, causing piston shafts 70 and 72
      to move alternately in directions 74 and 76 so as to provide a
      reciprocating power source for the embodiment under discussion.
PAR  To this end, when four-way valve 120 is operated so as to pressurize fluid
      line 124, relief line 130 has fluid communication with line 126 in order
      to relieve line 126 of its pressure. The pressurization of fluid line 124
      pressurizes lines 124a and 124b connected to double-acting hydraulic
      valves 66 and 68, causing piston shafts 70 and 72 to move linearly in the
      direction 74.
PAR  At or near the time that piston shafts 70 and 72 have moved full stroke in
      the direction 74, valve 120 is manipulated so that pump 118 has fluid
      communication with fluid line 126, and simultaneously the fluid pressure
      in lines 124, 124a, 124b is relieved by fluid communication with relief
      line 130. This pressurization of line 126, 126a, 126b serves to pressurize
      the opposite ends of hydraulic cylinders 66, 68 so that piston shafts 70
      and 72 are now caused to reverse their direction and to move in the
      direction 76.
PAR  When piston shafts 70 and 72 have reached at or near full stroke in the
      direction 76, valve 120 again is reversed in the manner described above.
      This process is repeated at a determined frequency so that the alternate
      pressurization of the fluid lines leading to the double-acting hydraulic
      valves 66 and 68 causes the reciprocating movement of the piston shafts 70
      and 72 in unison in the directions 74 and 76.
PAR  Shafts 70 and 72 are connected at points 71 and 73 respectively to opposite
      ends of the reciprocator 64. As can best be followed by viewing FIG. 3,
      the reciprocating movement of piston shafts 70 and 72, in the manner and
      for the reason discussed above, causes like reciprocating action of the
      reciprocator 64 alternately in the directions 74 and 76. This causes chain
      78, connected to the reciprocator 64 at connection 80, to move back and
      forth, alternately in the direction 74 and 76.
PAR  Chain 78 drivingly engages and is supported by drive sprockets 82 and 84,
      support sprocket 86, and adjust sprocket 88. As chain 78 is caused to
      alternately travel in the linear directions 74 and 76 by the to and fro
      movement of reciprocator 64, drive sprockets 82 and 84 are caused to
      rotate and to drive coupling shafts 100 and 104, respectively. Drive
      sprockets 82 will rotate in rotational directions 96 and 98 alternately
      with the reciprocating movement of reciprocator 64 via chain 78. Likewise,
      sprocket 84 will rotate in rotational directions 96 and 98 alternately
      with the reciprocating movement of reciprocator 64 via chain 78.
PAR  When chain 78 moves in direction 74, drive sprocket 82 is driven in
      rotational direction 98, and clutch 108 grippingly rotates shaft 109 in
      the rotational direction 98, causing like rotation of pulley 115 and the
      resultant movement of belt 116 in direction 117, as depicted by the arrow
      indicating motion of the belt 116 in FIG. 3.
PAR  When drive sprocket 82 is driven in the opposite rotational direction 96 by
      the reciprocator 64 driving the chain 78 in the direction 76, clutch 108
      releases shaft 109 so that the pulley 115, attached to shaft 109, is free
      from the influence of drive sprocket 82. Thus it will be understood that
      the pulley 115 is driven by drive sprocket 82 only when drive sprocket 82
      is rotated in rotational direction 98, and is otherwise free from the
      influence of the action of drive sprocket 82 when drive sprocket 82
      rotates in rotational direction 96.
PAR  Turning now to drive sprocket 84, when drive sprocket 82 is rotated in
      rotational direction 98, by the action of the reciprocator 64 driving the
      chain 78 in the direction 76, clutch 112 grips output shaft 113 and drives
      output shaft 113 in rotational direction 98. On the other hand, when the
      chain 78 is moved in the opposite direction 74, drive sprocket 84 is
      driven in the opposite rotational direction 96, and clutch 112 releases
      output shaft 113. When rotating in rotational direction 96, drive sprocket
      84 has no influence upon output shaft 113. It is clear then that output
      shaft 113 is driven in angular direction 98 by drive sprocket 84 when
      drive sprocket 84 is moved in angular direction 98, and when drive
      sprocket 84 is moved in the opposite angular direction 96, the output
      shaft 113 is free of the drive sprocket 84.
PAR  The result of the operation as above discussed is the continuous rotation
      of output shaft 115 in the rotational direction 98. When chain 78 is moved
      in the direction 74, the output shaft 113 is driven by the pulley 116 via
      pulley 114 in rotational direction 98. When chain 78 is moved in the
      opposite direction 76, output shaft 113 is driven directly via clutch 112
      and coupling shaft 104 is rotated by sprocket 88.
PAR  The rotational direction 98 in which output shaft 113 has been described to
      rotate has been arbitrarily assigned rotational-wise for purposes of
      illustration and discussion herein. It is clear that this is achieved by
      the cooperative efforts of the clutch components as above described. It
      will also be clear that the reversal of the operation of clutches 108 and
      112 will result in continuous, unidirectional rotation of output shaft 113
      in the opposite rotational direction 96.
PAC  Embodiment of FIGS. 6 and 7
PAR  A modification of the embodiment of that shown in FIGS. 2 through 5 is
      shown in FIG. 6 in schematic form and generally designated by the numeral
      60a. This embodiment is very similar to the reciprocator drive apparatus
      60 shown in FIG. 2, the differences being the manner of converting the
      reciprocating movements of piston shafts 70 and 72 to continuous rotation
      of output shaft 115. Like numerals have been used to denote structure of
      the embodiment of FIGS. 6 and 7 which is identical to corresponding
      structure of the embodiment shown in FIGS. 2 through 5.
PAR  As shown in FIG. 6, reciprocator 140, a linear member having a rack gear
      portion 141, is slidingly supported by support member 142, attached to
      frame 62a. In the same manner as reciprocator 64 in FIG. 2 was caused to
      reciprocate in directions 74 and 76, it will be seen that reciprocator 140
      will be caused to reciprocate in the directions 74 and 76.
PAR  Reciprocator 140 is attached at point 71a to piston shaft 70. At the other
      end of reciprocator 140, piston shaft 72 is attached to reciprocator 140
      at point 73a. It will be understood that the structure and operation of
      hydraulic cylinders 66 and 68 with their respective piston shafts 70 and
      72 will be identical to the structure and operation described for the
      embodiment shown in FIGS. 2 through 5.
PAR  Reciprocator 140 gearingly engages drive sprocket 82a and pinion gear 84a.
      Each of the sprockets 82a, 84a are journally attached to frame 62a, via
      their respective coupling shafts 100, 104, as can be seen in FIG. 7, in
      the same manner as were the drive sprockets 82, 84 in the embodiment shown
      in FIGS. 2 through 5.
PAR  Sprocket 82a is attached to coupling shaft 100 which is connected to clutch
      108 which in turn is connected to output shaft 109. Sprocket 84a is
      attached to coupling shaft 104, which is connected to clutch 112, which in
      turn is connected to output shaft 113. Connected to the output shafts 109,
      113 are the pulleys 115 and 114, respectively. Belt 116 drivingly connects
      pulley 114 to pulley 115 in a cross-connecting manner so that the rotation
      of output shaft 109 is in a given rotational direction causes rotation of
      pulley 114 in the rotational direction opposite to that of pulley 115.
      That is, when pulley 15 turns in rotational direction 96, it will cause
      pulley 114 to rotate in rotational direction 98. It will be understood
      that the reversal of the direction of the rotation of pulley 114 to that
      of pulley 115 could also be achieved by the use of a gear assembly
      effecting reverse transmission. As was discussed above for the embodiment
      of FIG. 3, belt slippage must be maintained within reasonable limits by
      proper belt and sheave selection, or other connecting means should be
      selected in lieu of the pulleys and belt shown in FIG. 6.
PAR  Clutches 108 and 112 are identical in structure as in the embodiment of
      FIGS. 2 through 5 above. It will then be sufficient at this point to state
      that coupling shafts 100 and 104 are rotated by sprockets 82a and 84a,
      respectively, as in the corresponding structure of the embodiment of FIGS.
      2 through 5; that is they are driven exactly as are the drive sprockets 82
      and 84. The structure of clutches 108 and 112 are conventional, their
      purpose being to have a gripping direction and a free direction relative
      to coupling shafts 100 and 104, respectively. Clutch 108 grippingly
      rotates output shaft 109 in the rotational direction 96 when sprocket 82a
      is rotated in rotational direction 96 by the driving action of the
      reciprocator 140 moving in direction 74. On the other hand, when sprocket
      82a is driven in the rotational direction 98 by the movement of
      reciprocator 140 moving in direction 76, the rotation of coupling shaft
      100 is not imparted through clutch 108 to output shaft 109, clutch 108
      being free turning relative to output shaft 109 while rotating in
      rotational direction 98. In like manner, clutch 112 grippingly rotates
      output shaft 113 when sprocket 84a is driven in rotational direction 98 by
      the action of reciprocator 140 moving in direction 76, and clutch 112 is
      free turning relative to output shaft 113 when coupling shaft 104 and
      sprocket 84a are rotated in rotational direction 96 by the action of
      reciprocator 140 moving in direction 74.
PAC  Operation of FIGS. 6 and 7
PAR  The operation of the reciprocator drive apparatus 60a will be similar to
      that as described for reciprocator drive apparatus 60 shown in FIGS. 2
      through 5. Hydraulic cylinders 66 and 68 are operated in the same manner
      as for reciprocator drive apparatus 60, the hydraulic circuitry being
      identical to that as shown in FIG. 5. Accordingly, piston shafts 70 and 72
      are caused to reciprocate in unison by the manipulation of four-way valve
      120 in a determined frequency.
PAR  Reciprocator 140, attached at points 71a and 73a to piston shaft 70 and 72,
      respectively, is caused to reciprocate on holder 142. The movement of the
      reciprocator 140 gearingly drives sprockets 82a and 84a alternately in
      rotational directions 96 and 98. As reciprocator 140 moves in direction
      74, sprocket 82a is caused to rotate in rotational direction 96. This
      causes coupling shaft 100 to also rotate in rotational direction 96,
      driving clutch 108 in the same direction. It is in this rotational
      direction that clutch 108 grippingly rotates output shaft 109, which
      causes pulley 115 to turn in the rotational direction 96. Pulley 115,
      turning in rotational direction 96, drives bolt 116 in the direction 117,
      thereby driving pulley 114 in rotational direction 98. Since pulley 114 is
      connected to output shaft 113, this rotation of pulley 114 drives output
      shaft 113, in the rotational direction 98.
PAR  As reciprocator 140 moves in the direction 76, it drives sprocket 82a in
      rotational direction 98. This drives coupling shaft 100 and clutch 108 in
      the same rotational direction 98. In this rotational direction, clutch 108
      is free turning relative to output shaft 109, and does not impart rotation
      to output shaft 109.
PAR  As to the operation of clutch 112, reciprocator 140 is now examined as it
      moves in direction 76. It is in this direction that sprocket 84a is driven
      in rotational direction 98, whereby causing the same rotational direction
      98 to be imparted to coupling shaft 104 and clutch 112. While turning in
      rotational direction 98, clutch 112 grippingly rotates shaft 113 in
      rotational direction 98. On the other hand, the movement of reciprocator
      140 in the opposite direction 74 causes sprocket 84a to rotate in
      rotational direction 96, causing coupling shaft 104 and clutch 112 to also
      turn in rotational direction 96. While so turning, clutch 112 is free
      turning relative to output shaft 112, and imparts no movement to output
      shaft 113.
PAR  It is thus seen that the reciprocating movement of reciprocator 140 in
      alternate directions 74 and 76 is converted via the sprockets 82a, 84a;
      coupling shafts 100, 104; clutches 108, 112; output shaft 109; pulleys
      115, 114; and belt 116, to cause the continuous, unidirectional rotation
      of output shaft 113 in unidirectional rotational direction 98. It will be
      understood that rotational direction 98 has been arbitrarily assigned for
      purposes of illustration in this discussion, and that output shaft 113 can
      be driven continuously in the opposite rotational direction 96 by
      reversing the operation of both of the clutches 108 and 112. It is also
      clear that continuous, unidirectional direction of the output shaft 113 is
      achieved so long as the reciprocator 140 is in a motion or operational
      position, and the response of the output shaft 113 is maintained as
      constant torque throughout the stroke of travel of the reciprocator.
PAR  It will be apparent from the foregoing, to those skilled in the art, that
      the apparatus described in detail above provides an apparatus that will
      achieve the objects of the present invention, as well as those inherent
      thereto.
PAR  Changes may be made in the construction and the arrangement of the parts or
      the elements of the various embodiments described herein without departing
      from the spirit and scope of the invention as defined in the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reciprocator drive apparatus, comprising:
PA1  a frame;
PA1  a reciprocator supported on the frame for movement in a first and a second
      reciprocating direction in a driven position;
PA1  a first coupling shaft rotatingly supported on the frame;
PA1  a second coupling shaft rotatingly supported on the frame;
PA1  first connecting means drivingly connected to the reciprocator and to the
      first coupling shaft for rotating the first coupling shaft in a first
      direction of rotation and in a second direction of rotation, generally
      opposite the first direction of rotation, in response to the movement of
      the reciprocator, and, the first connecting means drivingly further
      connected to the second coupling shaft rotating the second coupling shaft
      in the first direction of rotation and in the second direction of
      rotation.
NUM  2.
PAR  2. The reciprocator drive apparatus of claim 1 wherein the first connecting
      means includes:
PA1  a support pulley supported by the frame;
PA1  a first pulley connected to the first coupling shaft;
PA1  a second pulley connected to the second coupling shaft; and,
PA1  a belt drivingly connecting the first sprocket, the second sprocket and the
      support pulley rotating the first and the second coupling shaft in a
      driven position of the belt, the first and the second coupling shaft
      driven in opposite directions to each other, the reciprocator being
      connected to the belt driving the belt in response to movement of the
      reciprocator.
NUM  3.
PAR  3. The reciprocator drive apparatus of claim 1 further defined to include:
PA1  power means driving the reciprocator in the first direction and alternately
      in the second direction.
NUM  4.
PAR  4. The reciprocator drive apparatus of claim 3 wherein the power means
      includes:
PA1  a first hydraulic cylinder connected to the reciprocator for driving the
      reciprocator in the first direction;
PA1  a second hydraulic cylinder connected to the reciprocator for driving the
      reciprocator in the second direction; and,
PA1  valve means for driving the first hydraulic cylinder and the second
      hydraulic cylinder cooperatively to drive the reciprocator alternately in
      the first direction and the second direction.
NUM  5.
PAR  5. A reciprocator drive apparatus, comprising:
PA1  a frame;
PA1  a reciprocator reciprocatingly supported on the frame for movement in a
      first and a second reciprocating direction in a driven position;
PA1  a first coupling shaft rotatingly supported on the frame;
PA1  first connecting means drivingly connected to the reciprocator and to the
      first coupling shaft rotating the first coupling shaft in a first
      direction of rotation and in a second direction of rotation, generally
      opposite the first direction of rotation, in response to movement of the
      reciprocator;
PA1  a first clutch means drivingly connected to the first coupling shaft
      converting the alternating rotation of the first coupling shaft to a first
      unidirectional output rotation; and,
PA1  a first output shaft connected to the first clutch means and
      unidirectionally rotated in the first unidirectional output direction of
      rotation by the first coupling shaft via the first clutch means connected
      between the first coupling shaft and the first output shaft;
PA1  a second coupling shaft rotatingly supported on the frame;
PA1  a second connecting means drivingly connected to the reciprocator and to
      the second coupling shaft for rotating the second coupling shaft in the
      first direction of rotation and in the second direction of rotation,
      generally opposite the first direction of rotation,  in response to
      movement of the reciprocator;
PA1  second clutch means drivingly connected to the second coupling shaft for
      converting the alternating rotation of the second coupling shaft to a
      second unidirectional output rotation, generally opposite to the first
      unidirectional output rotation;
PA1  a second output shaft and unidirectionally rotated in the second
      unidirectional direction of rotation by the second coupling shaft via the
      second clutch means connected between the second coupling shaft and the
      second output shaft;
PA1  output connecting means connecting the first and the second output shaft
      rotating the first output shaft in the first unidirectional output
      direction of rotation in response to rotation of the second output shaft
      in the second unidirectional output direction of rotation.
NUM  6.
PAR  6. The reciprocator drive apparatus of claim 5 wherein the reciprocator
      includes a geared rack portion;
PA1  the first connecting means includes a first pulley connected to the first
      coupling shaft and meshingly engaged with the geared rack portion of the
      reciprocator; and,
PA1  the second connecting means includes a second pulley connected to the
      second coupling shaft and meshingly engaged with the geared rack portion
      of the reciprocator.
NUM  7.
PAR  7. The reciprocator drive apparatus of claim 5 wherein the output
      connecting means is defined further to include:
PA1  a first pulley connected to the first output shaft;
PA1  a second pulley connected to the second output shaft; and,
PA1  a belt drivingly connecting the first and the second pulley, the first
      output shaft rotated in the first unidirectional output direction of
      rotation in response to the rotation of the second output shaft in the
      second unidirectional output direction of rotation.
NUM  8.
PAR  8. The reciprocator drive apparatus of claim 5 further defined to include:
PA1  power means driving the reciprocator in the first direction and alternately
      in the second direction.
NUM  9.
PAR  9. The reciprocator drive apparatus of claim 8 wherein the power means
      includes:
PA1  a first hydraulic cylinder connected to the reciprocator for driving the
      reciprocator in the first direction;
PA1  a second hydraulic cylinder connected to the reciprocator for driving the
      reciprocator in the second direction; and
PA1  valve means for driving the first hydraulic cylinder and the second
      hydraulic cylinder cooperatively to drive the reciprocator alternately in
      the first direction and the second direction.
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PAL  Disclosed herein is a variable transmission drive pulley assembly
      comprising a fixed sheave connected to a drive shaft for common rotation
      therewith, a movable sheave carried by the drive shaft for movement
      axially thereof relative to a retracted position spaced from the fixed
      sheave, a spring urging the movable sheave toward the retracted position
      in the direction away from the fixed sheave, speed responsive means for
      displacing the movable sheave toward the fixed sheave, means for modifying
      the effectiveness of the speed responsive means, and selectively operable
      control means for controlling operation of the speed responsive means and
      the means for modifying the effectiveness of said speed responsive means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to variable transmission drive pulley
      assemblies, such as are used in snowmobiles.
PAR  Prior variable transmission drive pulley assemblies are disclosed in the
      following patents:
PAR  Watkins- U.S. Pat. No. 3,362,242 issued Jan. 9, 1968
PAR  Lassanske- U.S. Pat. No. 3,709,052 issued Jan. 9, 1973
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a variable transmission drive pulley assembly
      including a fixed sheave connected to a drive shaft for common rotation
      therewith, a movable sheave carried by the drive shaft for common rotation
      therewith and for movement axially thereof toward and away from the fixed
      sheave, and means urging the movable sheave away from the fixed sheave. In
      addition, the pulley assembly includes speed responsive means for
      displacing the movable sheave toward the fixed sheave, means for modifying
      the effectiveness of the speed responsive means, and selectively operable
      control means for controlling operation of the speed responsive means and
      the means for modifying the effectiveness of the speed responsive means.
PAR  In further accordance with the invention, the variable transmission drive
      pulley assembly is mounted in a snowmobile having a steering handle bar
      with a member movably mounted thereon remotely from the control means,
      together with a linkage connecting the member and the control means for
      actuation of the control means in response to movement of the member.
PAR  In accordance with the invention, the means for modifying the effectiveness
      of the speed responsive means can include means operatively engagable
      directly with the speed responsive means.
PAR  Also in accordance with the invention, the means for modifying the
      effectiveness of the speed responsive means can include additional means
      responsive to drive shaft rotation. Additionally in accordance with the
      invention, the means for modifying the effectiveness of the speed
      responsive means can include a member at least in part supporting the
      speed responsive means and mounted on the drive shaft for common rotation
      therewith and for movement axially thereof.
PAR  In accordance with the invention, the control means can include releasable
      means for preventing sheave displacing operation of the speed responsive
      means and/or a releasable means for preventing operation of the means for
      modifying the effectiveness of the speed responsive means.
PAR  Also in accordance with the invention, the releasable means for preventing
      sheave displacing operation by the speed responsive means can comprise
      releasable means interfering with movement of the the movable sheave from
      the retracted position.
PAR  Also in accordance with the invention, the releasable means for preventing
      sheave displacing operation by the speed responsive means can comprise
      releasable means engagable with the speed responsive means for preventing
      operation thereof to displace the moveable sheave toward the fixed sheave.
PAR  In accordance with one embodiment of the invention, there is provided a
      variable transmission drive pulley assembly comprising a movable sheave
      carried by a drive shaft for common rotation therewith and for movement
      axially thereof toward and away from a fixed sheave connected to the drive
      shaft for common rotation therewith, together with means urging the
      movable sheave away from the fixed sheave, means for displacing the
      movable sheave toward the fixed sheave, releasable means for preventing
      movement of the movable sheave toward the fixed sheave, and selectively
      operable control means for controlling operation of the means for
      displacing the movable sheave toward the fixed sheave and the releasable
      means for preventing movement of the movable sheave toward the fixed
      sheave.
PAR  In further accordance with the invention, the pulley assembly can also
      include additional means responsive to drive shaft rotation for displacing
      the movable sheave toward the fixed sheave when the sheave movement
      preventing means is released.
PAR  Still further in accordance with the invention, the sheave displacing means
      mentioned in the second above paragraph can comprise a biasing spring and
      a member movable between positions spaced axially of the shaft, the sleeve
      being urged by the spring in the direction of movement of the movable
      sheave toward the fixed sheave.
PAR  Still further in accordance with the invention, the pulley assembly can
      include releasable means for preventing movement of the member between the
      two axially spaced positions, and the drive shaft can include therein an
      axial bore together with a first radial bore extending from the axial bore
      and a second radial bore extending from the axial bore in axially spaced
      relation to the first radial bore. In addition, the sheave movement
      preventing means can be located in the first radial bore and the member
      movement preventing means can be located in the second radial bore, and
      the control means can comprise a plunger in the bore movable between
      first, second and third positions and including first means engaging the
      sheave movement preventing means to displace the sheave movement
      preventing means radially outwardly into position for engagement with the
      movable sheave to prevent movement thereof toward the fixed sheave when
      the plunger is in the first position, together with second means on the
      plunger engaging the member movement preventing means to displace the
      member movement preventing means into position for engagement with the
      member to prevent movement thereof from one of the axially spaced
      positions toward the other of the axially spaced positions.
PAR  In accordance with another embodiment of the invention, there is provided a
      variable transmission drive pulley assembly including a fixed sheave
      connected to a drive shaft for common rotation therewith, a movable sheave
      carried by the drive shaft for common movement therewith and for movement
      axially thereof toward and away from the fixed sheave, and means urging
      the movable sheave away from the fixed sheave. In addition, the pulley
      assembly includes first or primary and second or secondary speed
      responsive means for displacing the movable sheave toward the fixed
      sheave, and selectively operable control means for controlling operation
      of the first and second means for displacing the movable sheave toward the
      fixed sheave.
PAR  In further accordance with the invention, the control means can be
      selectively operable to prevent the first and second speed responsive
      means from displacing the movable sheave toward the fixed sheave, to
      permit the first and second speed responsive means to displace the movable
      sheave toward the fixed sheave, and to permit displacement of the movable
      sheave toward the fixed sheave by the first speed responsive means, while
      preventing displacement of the movable sheave toward the fixed sheave by
      the second speed responsive means.
PAR  Still further in accordance with the invention, the control means can
      include an element movable between first, second, and third positions,
      together with means connecting the element and the first speed responsive
      means to prevent operation thereof to displace the movable sheave toward
      the fixed sheave when the element is in the first position, and means
      connecting the element and the second speed responsive means for
      preventing operation thereof to displace the movable sheave toward the
      fixed sheave when the element is in the third position.
PAR  In further accordance with the invention, the second speed responsive means
      can be engagable with the primary speed responsive means to assist the
      primary means in displacing the movable sheave toward the fixed sheave.
      More particularly, in one embodiment, the primary speed responsive means
      comprises a pivotally mounted first weight and the secondary speed
      responsive means comprises an assist weight pivotally mounted co-axially
      with the primary weight. Each of the primary weight and the secondary
      wieght include interengaging parts, whereby pivotal movement of the
      secondary weight in response to drive shaft rotation serves to engage the
      secondary weight against the primary weight in such a manner as to assist
      the action of the primary weight in displacing the movable sheave toward
      the fixed sheave.
PAR  In still further accordance with the invention, the control means can
      include a bore in the drive shaft together with a radial opening in the
      shaft communicating with the bore, and a plunger movable in the bore and
      including a part extending through the opening and connected to an
      actuator to displace the actuator axially of the drive shaft in response
      to movement of the plunger in the bore.
PAR  In accordance with still another embodiment of the invention, there is
      provided a variable transmission drive pulley assembly including a movable
      sheave carried by a drive shaft for common rotation therewith and for
      movement axially thereof from a retracted position remote from a fixed
      sheave mounted on the drive shaft for common rotation therewith, together
      with means urging the movable sheave toward the retracted position in the
      direction away from the fixed sheave. In addition, the variable
      transmission drive pulley assembly also includes a member or spider
      carried by the drive shaft for common rotation therewith and for movement
      axially thereof relative to a predetermined or "performance" drive
      position, together with means biasing the spider toward the "performance
      drive" position and in the direction toward the fixed sheave. Still
      further, the drive pulley assembly includes means carried by the movable
      sheave and the spider for displacing the movable sheave and the spider
      away from each other in response to drive shaft rotation, releasable means
      for preventing movement of the movable sheave from the retracted position
      in the direction toward the fixed sheave, releasable means for preventing
      movement of the spider from the predetermined or "performance drive"
      position in the direction away from the fixed sheave, and selectively
      operable means for actuating the releasable means so as to prevent
      movement of the movable sheave from the retracted position toward the
      fixed sheave, so as thereby to provide a "neutral" drive condition, to
      prevent movement of the spider from the predetermined or "performance
      drive" position in the direction away from the fixed sheave while
      permitting movement of the movable sheave from the retracted position in
      the direction toward the fixed sheave, so as thereby to provide a
      "performance drive" condition, and to permit movement of the movable
      sheave from the retracted position in the direction toward the fixed
      sheave while also permitting movement of the spider from the predetermined
      or "performance drive" position in the direction away from the fixed
      sheave so as to provide a "cruise" or "trail drive" condition.
PAR  In accordance with the invention, means can be provided for adjusting the
      extent of permissible movement of the spider in the direction from the
      "performance drive" position.
PAR  Also in accordance with the invention, the selectively operable actuating
      means can comprise an axial bore in the drive shaft, together with a
      plunger axially movable in the drive shaft, a movably mounted actuating
      lever located remotely from the plunger and adapted to be manually
      manipulated, and linkage means connecting the plunger and the lever to
      axially displace the plunger in accordance with manipulation of the lever.
PAR  Also in accordance with the invention, the releasable means in the third
      above paragraph can comprise axially spaced radial bores communicating
      with the axial bore, together with first and second elements respectively
      located in the first and second radial bores and respectively movable
      between inner retracted positions and outer interfering positions
      respectively interfering with movement of the movable sheave from the
      retracted position and with movement of the spider from the "performance
      drive" position. In this last regard, the plunger includes a plurality of
      lands cooperating with the elements to displace the elements radially
      outwardly to their interfering positions and to permit the elements to
      move radially inwardly to their retracted positions in accordance with the
      axial location of the plunger.
PAR  One of the principal features of the invention is the provision of a
      variable transmission drive pulley assembly which is adapted for use in a
      snowmobile and which provides for operation of the transmission in more
      than one mode.
PAR  Another of the principal features of the invention is the provision of a
      variable transmission drive pulley assembly which is particularly adapted
      for snowmobile usage and which provides a first or "neutral" condition, a
      second or "trail drive" condition particularly adapted for use during
      normal operation, and a third or "performance drive" condition which is
      particularly adapted to provide fast starts and for racing.
PAR  Another of the principal features of the invention is the provision of a
      snowmobile including a variable transmission drive pulley assembly,
      together with an operating lever located remotely from the pulley
      assembly, as for instance on the steering handle of the snowmobile.
PAR  Another of the principal features of the invention is the provision in a
      variable transmission drive pulley assembly of a selective drive mechanism
      in which there is provided means directly and releasably preventing
      movement of the movable sheave toward the fixed sheave.
PAR  Another of the principal features of the invention is the provision in a
      variable transmission drive pulley assembly of spring means for varying
      the effectiveness of the action of centrifugally actuated fly weights
      operable, in response to drive shaft rotation, to generate a force
      operable to displace the movable sheave toward a fixed sheave, together
      with provision of a control means selectively operable to permit variation
      by the spring means of the effectiveness of the rotation responsive force
      displacing the movable sheave toward the fixed sheave and to prevent
      variation by the spring means of the effectiveness of the rotation
      responsive force displacing the movable sheave toward the fixed sheave.
PAR  Another of the principal features of the invention is the provision of a
      variable transmission drive pulley assembly in which the movable sheave is
      displaced toward the fixed sheave by first and second means which are
      speed responsive and which are regulated by manually operable control
      means.
PAR  Another of the principal features of the invention is the provision of a
      variable transmission drive pulley assembly including an axially movable
      member or spider carrying one or more components of a means carried by the
      spider and by a movable sheave for displacing the movable sheave and the
      spider away from each other in response to drive shaft rotation, together
      with means biasing the spider in the direction toward a fixed sheave, and
      releasable means for preventing movement of the spider in the direction
      away from the fixed sheave.
PAR  Another of the principal features of the invention is the provision of a
      variable transmission drive pulley assembly which is economical to
      manufacture and which will provide reliable service over a long and useful
      life.
PAR  Other features and advantages of the invention will become known by
      reference to the following general description, claims, and appended
      drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a fragmentary elevational view, partially in section, of one
      embodiment of a variable transmission drive pulley assembly embodying
      various of the features of the invention and illustrating the components
      in the "performance drive" condition.
PAR  FIG. 2 is a fragmentary view, partially in section, illustrating various of
      the components of the pulley assembly shown in FIG. 1 in the
      "neutral"condition.
PAR  FIG. 3 is a fragmentary view, partially in section, illustrating various of
      the components of the pulley assembly shown in FIG. 1 in the "trail drive"
      or "cruise" condition.
PAR  FIG. 4 is a fragmentary view, partially in section, of another embodiment
      of a variable transmission drive pulley assembly incorporating various of
      the features of the invention, and illustrating the components in the
      "neutral" condition.
PAR  FIG. 5 is a fragmentary side elevational view, partially in section, of
      another embodiment of a variable transmission drive pulley assembly
      incorporating various of the features of the invention, and illustrating
      the components in the "performance drive" condition.
PAR  FIG. 6 is a fragmentary view similar to FIG. 5 showing the components of
      the pulley assembly of FIG. 5 in the "trail drive" or "cruise" condition.
PAR  FIG. 7 is another fragmentary view similar to FIG. 6 showing the components
      of the pulley assembly of FIG. 5 in the "neutral" condition.
PAR  FIG. 8 is a fragmentary view taken generally along the line 8--8 of FIG. 7.
PAR  FIG. 9 is a fragmentary view, partially broken away and in section, of
      another embodiment of a variable transmission drive pulley assembly
      incorporating various of the features of the invention, and illustrating
      the components in the "performance drive" condition.
PAR  FIG. 10 is a fragmentary view, partially in section, of various of the
      components shown in FIG. 9 in the "trail drive" or "cruise" condition.
PAR  FIG. 11 is a fragmentary view, partially in section, of various of the
      components shown in FIG. 9 in the "neutral" condition.
PAR  Before explaining the invention in detail, it is to be understood that the
      invention is not limited in its application to the details of construction
      and arrangement of parts set forth in the following general description or
      illustrated in the accompanying drawings, since the invention is capable
      of other embodiments and of being practiced or carried out in various
      ways. Also it is to be understood that the phraseology or terminology
      employed herein is for the purpose of description and not of limitation.
DETD
PAC  GENERAL DESCRIPTION
PAR  Shown in FIGS. 1 through 3 of the drawings is a variable speed transmission
      or sheave drive 11 which includes a primary or driving shaft 13 rotatably
      driven by a suitable power source (not shown). Carried on the driving
      shaft 13 is a sheave 15 which is fixed for common rotation with the
      driving shaft 13 and against movement axially of the driving shaft 13,
      together with a movable sheave 17 which is displaceable axially of the
      driving shaft 13 toward and away from the fixed sheave 15 between
      retracted and advanced positions, and which is also rotatable in common
      with the driving shaft 13.
PAR  Means are provided for biasing the movable sheave 17 away from the fixed
      sheave 15. Various arrangements can be employed. In the illustrated
      construction, such means comprises a cup 21 which is fixed to the drive
      shaft 13 for common rotation therewith and against axial movement relative
      thereto and which is formed to include three recesses 23 each having an
      apertured bottom wall 25 through which a stud 27 projects from the movable
      sheave 17. Telescopically mounted about each stud 27 is a spring 29 which,
      at one end, bears against the bottom wall 25 and which, at the other end,
      bears against a collar 31 fixed to the outer end of the stud 27. Thus the
      movable sheave 17 is biased by the springs 29 to the left as shown in FIG.
      1 and away from the fixed sheave 15. As already indicated other
      arrangements could be employed for biasing the movable sheave 17 away from
      the fixed sheave 15. Various means can be provided for rotating the
      movable sheave 17 in common with the drive shaft 13. For instance, the
      movable sheave 17 could be keyed or mounted on a spline. In the
      illustrated construction, the movable sheave 17 is splined to the cup 21
      adjacent the outer periphery thereof as shown at 35 in FIG. 1 and at a
      maximum distance from the shaft 13 in order to reduce force transmission
      therebetween.
PAR  Means operable in response to rotation of the drive shaft 13 are provided
      for displacing the movable sheave 17 toward the fixed sheave 15 such that
      the spacing between the sheaves 15 and 17 decreases as rotational speed
      increases so as thereby to drive a belt 43 at increasing speed. Various
      speed responsive means can be employed and, in the illustrated
      construction, such means comprises one or more eccentrically supported fly
      weights 45 (as shown at the top of FIG. 1) are mounted on pivots 47 on the
      cup 21, which are adapted to swing radially outwardly, i.e., to pivot in
      the counterclockwise direction in response to drive shaft rotation, and
      which include a camming part of surface 49 engageable with a reaction
      roller 51 on the movable sheave 17. Thus, when the drive shaft rotates,
      the fly weights 45 pivot in the counterclockwise direction, so as to
      displace the movable sheave 17 toward the fixed sheave 15, i.e., to the
      right in FIG. 1. The amount of movement of the movable sheave 17 toward
      the fixed sheave 15 is a function of the force exerted by the fly weights
      45 against the reaction rollers 51 which, in turn, is a function of the
      mass of the fly weights 45 and of the speed of rotation thereof.
PAR  In accordance with the invention, means 61 are provided for modifying the
      effectiveness of the speed responsive means, i.e., by adding or
      subtracting to the force generated by the speed responsive means, or by
      preventing effective operation of the speed responsive means, together
      with selectively operable control means for controlling both the speed
      responsive means for displacing the movable sheave 17 toward the fixed
      sheave 15 and the means for modifying the effectiveness of the speed
      responsive means. In addition, the control means can be remotely actuated,
      as for instance, by a control element or lever mounted on the steering
      handle of a snowmobile.
PAR  In further accordance with the invention, the selectively operable control
      means is operable to prevent displacement of the movable sheave 17 toward
      the fixed sheave 15 by the rotating fly weights 45 regardless of drive
      shaft rotation, so as thereby to provide a "neutral" condition, to permit
      modification of the force generated by the speed responsive means so as
      thereby to cause displacement of the movable sheave 17 toward the fixed
      sheave 15 and to consequnetly initiate driving engagement of the drive
      belt 43 at one rate of drive shaft rotation, and to prevent modification
      of the force generated by the rotating fly weights 45 so as thereby to
      initiate driving engagement of the belt at a different rate of rotation.
PAR  Various arrangements can be employed to modify the effectiveness of the
      speed responsive means. For instance, means can be provided for
      selectively operably engaging the movable sheave 17 independently of the
      speed responsive means to apply to the movable sheave 17 a modifying force
      which can either be additive to or subtrative from the movable sheave
      displacing force applied by the rotating fly weights 45.
PAR  Such modifying force can be provided by spring means, or by hydraulic or
      pneumatic means, or by magnetic means, or by means responsive to attempted
      torque transmission. When the modifying force is torque responsive, the
      movable sheave is mounted on the drive shaft 13 for limited relative
      rotation therebetween, i.e., less than about 180.degree., but otherwise
      has rotation with the drive shaft. Such mounting affording limited
      relative rotation is encompassed by reference in the claims to "common"
      rotative movement of the movable sheave with the drive shaft.
PAR  The means for modifying the effectiveness of the speed responsive means to
      displace the movable sheave 17 toward the fixed sheave 15 can also include
      means directly operatively engagable with the speed responsive means to
      affect the effectiveness thereof. For instance, the mounting of at least
      one of the components of the speed responsive means can be selectively
      movably located. Alternatively, additional speed responsive means such as
      assists fly weights (as distinguished from the before mentioned or primary
      fly weights 45) can be employed. Further alternatively, one or more of the
      primary fly weights 45 can be selectively rendered inoperable. Still
      further alternatively, such selective employment of speed responsive
      weights can involve selective use of weights having differing mass or
      having camming surfaces with differing cam configurations. Still further
      alternatively, spring means can be selectively applied to the speed
      responsive means to vary the net force available to displace the movable
      sheave 17 for a given rate of drive shaft rotation. Such modification fo
      the force applied to the movable sheave 17 for displacement thereof toward
      the fixed sheave 15 can be either an additive or positive modification or
      a negative or subtractive modification.
PAR  The arrangements for applying a modifying force to the movable sheave
      independently of the speed responsive means or for modifying the net force
      generated by the speed responsive means and available for application to
      the movable sheave 17, can be used singularly or in combination.
PAR  Various control means can be employed. For instance, displacement of the
      movable sheave 17 by the speed responsive means can be controlled by
      directly preventing movement of the movable sheave 17 or by rendering the
      speed responsive means inoperable. In addition, means can be employed to
      control the means for modifying the effectiveness of the speed responsive
      means by directly operably effecting the modifying means or by affecting
      the modifying means through the speed responsive means.
PAR  It is to be understood that the various disclosed embodiments are only
      illustrative of some forms of the invention and that the invention extends
      beyond the specifically illustrated means for modifying the effectiveness
      of the speed responsive means and beyond the specifically illustrated
      control means.
PAR  While various other arrangements could be employed, in the construction
      shown in FIGS. 1 through 3, the modifying means 61 for displacing the
      movable sheave 17 toward the fixed sheave 15 comprises a sleeve 71 located
      in telescopic relation to the drive shaft 13 and including, at the end
      thereof adjacent to the movable sheave 17, a circular flange. The sleeve
      71 is movable between a retracted position shown in FIGS. 1 and 2 and an
      advanced position shown in FIG. 3. The modifying means 61 for displacing
      the movable sheave 17 toward the fixed sheave 17 also includes a helical
      spring 75 which is located in encircling relation to the sleeve 71 and
      which is seated, at one end, against the circular flange 73 and, at the
      other end, is seated against a part 77 of the fixed cup 23. Thus, the
      spring 75 urges the sleeve 71 toward the advanced position, i.e., to the
      right in the drawings so as to apply additional force to the movable
      sheave 17. When the drive shaft 13 is not rotating, the bias of the main
      springs 29 overpowers the spring 75 so as to automatically displace the
      sleeve 71 toward the left in the drawings, i.e., to the retracted position
      shown in FIGS. 1 and 2.
PAR  While various other arrangements could be employed, in the construction
      shown in FIGS. 1 through 3, the control means includes releasable means 63
      for preventing movement of the movable sheave 17 toward the fixed sheave
      15, and releasable means 65 for preventing sheave displacing operation of
      the modifying means 61. In addition, there is provided a selectively
      operable actuator 67 for affecting operation of the sheave movement
      preventing means 63 and for affecting operation of the releasable means 65
      for preventing sheave displacing operation of the modifying means 61.
PAR  While various arrangements can be employed, in the construction shown in
      FIGS. 1 through 3, the sheave movement preventing means 63 comprises an
      element or member 81 in a bore 83 extending radially of the drive shaft 13
      between a retracted position (See FIGS. 1 and 3), and an advanced or
      extended position (See FIG. 2) in which an outer end portion 85 extends
      into position for engagement with the movable sheave 17 to prevent
      movement of the sheave 17 from its retracted position toward the fixed
      sheave 15 and thereby provides a "neutral" condition.
PAR  While various other arrangements can be employed in the construction shown
      in FIGS. 1 through 3, the releasable means 65 for preventing sleeve
      displacement serves to prevent movement of the sleeve 71 toward the
      advanced position and comprises an element or member 91 which is located
      in a radial bore 93 in the drive shaft 13 and which includes an outer tang
      95 selectively engagable with an axially extending series of serrations 97
      on the inside surface of the sleeve 71. The sleeve movement preventing
      member 91 is biased from a retracted position shown in FIGS. 2 and 3 by
      means in the form of a spring 99 to an extended position shown in FIG. 1
      in which the tang 95 is engagable with one of the serrations 97 to prevent
      sleeve movement to the right.
PAR  While other arrangements could be employed, in the construction shown in
      FIGS. 1 through 3, the control means includes an axial bore 101 extending
      in the drive shaft 13 and communicating with each of the radial bores 83
      and 93. Located in the axial bore 101 is the actuator or plunger 67 which
      is movable axially between first, second and third positions corresponding
      respectively to "neutral", "trail drive" and "performance drive"
      positions. Included on the actuator or plunger 67 and on the sheave
      movement preventing member 81 are means for displacing the member 81
      between its retracted and advanced positions in accordance with the
      position of the actuator or plunger 67. Thus the actuator 67 includes a
      straight inner terminal portion 105 followed by an inclined portion 107,
      both of which cooperate with an opening 109 located in the member 81 and
      having inclined and straight wall means 111 and 113 respectively so that
      when the actuator 67 is in the "performance drive" and "trail drive"
      positions (FIGS. 1 and 3) the member 81 is controlled by the straight
      terminal portion 105 to maintain the member 81 in the retracted position
      and when the actuator 67 is in the "neutral" position shown in FIG. 2, the
      sheave movement preventing member 81 is engaged by the inclined portion
      107 of the actuator 103 to displace the sheave movement preventing member
      81 to its advanced or extended position in engagement with the movable
      sheave 17 to prevent displacement of the movable sheave 17 toward the
      right and toward the fixed sheave 15.
PAR  Also included on the actuator or plunger 67 and on the sleeve movement
      preventing member 91 are means for controlling the position of the sleeve
      movement preventing member 91 in accordance with the position of the
      actuator 67. Thus, the actuator 67 includes, adjacent to the inclined
      portion 107, a neck portion 117, and adjacent to the neck portion 117, a
      second inclined portion 119 followed by a straight portion 121. Formed in
      the sleeve movement preventing member 91 is an opening 123 through which
      the actuator 67 extends and which is defined, in part, by a lower
      horizontal or straight wall 125 and a lower inclined wall 127.
PAR  The beforementioned biasing spring 99 is engaged between the top portion or
      tang 95 of the sleeve movement preventing member 91 and the upper straight
      surface or edge 129 of the actuator 67. The actuator portion 121, the
      spring 99, and the opening 123 in the sleeve movement preventing member 91
      are arranged such that when the actuator 67 is in the "neutral" position
      (See FIG. 2) and in the "trail drive" position (See FIG. 3) the straight
      lower edge surface 131 of the actuator 67 engages the lower horizontal
      wall 125 of the opening 123 to retain the sleeve movement preventing
      member 91 in the retracted position against the action of the spring 99.
      However, when the actuator 67 is moved to the "performance drive"
      position, the neck portion 117 of the actuator 67 moves into the opening
      123 in the sleeve movement preventing member 91 and permits the spring 99
      to extend the sleeve movement preventing member 91 to the advanced
      position preventing movement of the sleeve 71 to the right (See FIG. 1).
PAR  Detent means are provided for yieldably retaining the actuator or plunger
      67 in one of the "neutral", "trail drive" or "performance drive"
      positions. While various arrangements could be employed, in the
      construction illustrated in FIGS. 1 through 3, such means comprises three
      axially spaced recesses 141, 143 and 145 included in the wall of the axial
      bore 101, together with a radial bore 147 in the actuator 67 housing a
      ball 149 biased outwardly toward the recesses 141, 143 and 145 by a spring
      151.
PAR  Extending at the left end of the actuator or plunger 67 is an actuating rod
      153 which passes through a plug 155 closing the axial bore 101 in the
      drive shaft 13.
PAR  In addition, a guard 153 extends in outward telescopic relation to the
      spring 75.
PAR  In operation, when the actuator or plunger 67 is in the "neutral" position
      shown in FIG. 2, the sheave movement preventing member 81 is in the
      advanced position preventing movement of the movable sheave 17 toward the
      fixed sheave 15 regardless of the rate of rotation of the drive shaft 13
      or the axial force applied to the movable sheave 17 by the centrifugal fly
      weights 45. At the same time, the sleeve movement preventing member 91 is
      held in its retracted position.
PAR  Upon movement of the actuator 67 from the "neutral" position to the "trail
      drive" position, the sheave movement preventing member 81 is withdrawn
      from its advanced position to its retracted position and the sleeve
      movement preventing member 91 is maintained in the retracted position.
      Accordingly, movement of the sleeve 71 toward the advanced position is
      permitted, thereby applying to the movable sheave 17 an additional or
      modifying force in addition to the force applied by the centrifugal fly
      weights 45, tending to displace the movable sheave 17 toward the fixed
      sheave 15. Accordingly, the movable sheave 17 will initiate movement to
      the right in response to a lower rotational speed of the drive shaft 13
      then would be the case if the spring 75 were omitted.
PAR  In the event that the actuator 67 is moved from the "trail drive" position
      to the "performance drive" position, the sheave movement preventing member
      81 is retained in retracted position and the sleeve movement preventing
      member 91 is permitted to move from its retracted position to its advanced
      position under the influence of the spring 99. The sleeve movement
      preventing member 91 will, therefore, move into position preventing
      further movement of the sleeve 71 to the right but permitting movement of
      the sleeve 71 to the left in response to decreasing drive shaft rotation.
      With the sleeve 71 prevented from moving to the right, a greater
      rotational speed is required to initiate displacement of the movable
      sheave 17 toward the fixed sheave 15.
PAR  Movement of the actuator 67 from the "performance drive" position to the
      "trail drive" position effects movement of the sleeve movement preventing
      member 91 to the retracted position while the sheave movement preventing
      member 81 is retained in its retracted position. Further movement of the
      actuator 103 from the "trail drive" position to the "neutral" position
      serves to retain the sleeve movement preventing member 91 in the retracted
      position, while the sheave movement preventing member 81 is displaced to
      the advanced position preventing displacement of the movable sheave 17
      toward the fixed sheave 15 regardless of the rate of rotation of the drive
      shaft 13.
PAR  Shown in FIG. 4 is another embodiment of a variable transmission drive
      pulley assembly 211 which is constructed in generally the same manner as
      is the construction illustrated in FIGS. 1, 2 and 3 except as noted
      hereafter. Accordingly, reference characters corresponding to the
      reference characters applied to the components illustrated in FIGS. 1, 2
      and 3 have been applied to the comparable components in the construction
      shown in FIG. 4.
PAR  In the construction shown in FIG. 4, the movable sheave 17 is biased away
      from the fixed sheave 15 by spring means 229 bearing, at one end, in a cup
      231 located adjacent to the fixed sheave 15 and fixed for rotation with
      the drive shaft 13. The cup 231 extends between the spring means 229 and
      the drive belt 43. In the construction shown in FIG. 4, the sleeve
      movement preventing means and the sheave movement preventing means
      comprise one or more respective balls 281 and 291 housed in respective
      axially spaced radial slots 283 and 293 in the drive shaft 13 and movable
      between inner retracted positions and outer extended or advanced positions
      by a plunger or actuator 67 movable between "neutral", "trail drive" and
      "performance drive" positions in like manner to the movement of the
      actuator 103 disclosed in the FIGS. 1 through 3 embodiment.
PAR  The plunger 67 includes three axially spaced cylindrical portions or lands
      311, 313 and 315 which engage the walls of the bore 101 together with two
      portions 317 and 319 which are respectively located on opposite sides of
      the central land 313 and have outer surfaces which are slightly inclined
      toward the central land 313, and two portions 321 and 323 of reduced
      diameter which extend to either side of the two inclined outer surface
      portions 317 and 319 and which permit movement of the associated balls 281
      and 291 to their retracted positions. The portions 317 and 319 with the
      inclined surfaces serve to locate the associated balls 281 and 291
      radially outwardly so as to prevent movement of the sheave 17 and sleeve
      71 to the right as shown in FIG. 4. Use of the inclined surfaces also
      serves to provide releasable detent means for the "trail drive" and
      "neutral" positions.
PAR  At their right ends, the sleeve 71 and movable sheave 17 include respective
      counter bored portions 331 and 333 permitting partial entry there into of
      the balls 281 and 291 to prevent sleeve and sheave movement while also
      preventing loss of the balls 291 and 281 from the radial bores 293 and 283
      in the drive shaft 13.
PAR  Extending from the left end of the plunger 67 is an actuating rod 341 which
      passes through a plug 343 closing the axial bore 101 in the drive shaft
      13.
PAR  Also included in the construction shown in FIG. 4 is means for biasing the
      plunger 67 outwardly of the bore 101 and toward the "performance drive"
      position. While other means could be employed, in the construction
      illustrated in FIG. 4, such means comprises a helical spring 351 engaged
      against the right end of the plunger 67 and against the blind end of the
      bore 101.
PAR  The operation of the construction shown in FIG. 4 is essentially similar to
      the construction shown in FIGS. 1 through 3 and accordingly, a detailed
      description of the operation is believed to be unnecessary. Suffice to
      say, movement of the plunger 103 between the "neutral", "trail drive", and
      "performance drive" positions serves to locate the balls 281 and 291 so as
      to selectively prevent and permit movement of the movable sheave 17 and
      sleeve 71 as already explained.
PAR  Shown in FIGS. 5 through 8 of the drawings is another embodiment of a
      variable speed transmission or sheave drive 311 which includes a primary
      or drive shaft 313 rotatably driven by a suitable power source (not
      shown). Carried on the drive shaft 313 is a sheave 315 which is fixed for
      common rotation with the drive shaft 313 and against movement axially of
      the drive shaft 313, together with a movable sheave 317 which is
      displaceable axially of the drive shaft 313 toward and away from the fixed
      sheave 315 and which is also rotatable in common with the driving shaft
      313.
PAR  Means are also provided for biasing the movable sheave 317 away from the
      fixed sheave 315. Various arrangements can be employed. In the illustrated
      construction, such means comprises a cup 321 which is fixed to the drive
      shaft 313 for common rotation therewith and against axial movement
      relative thereto and which is formed to include one or more recesses 323
      (three in the illustrated construction) each having an apertured bottom
      wall 325 through which a stud 327 projects from the movable sheave 317.
      Telescopically mounted about each stud 327 is a spring 329 which, at one
      end, bears against the bottom wall 325 and which, at the other end, bears
      against a collar 331 fixed to the outer end of the stud 327. Thus, the
      movable sheave 317 is biased by the springs 329 to the left as shown in
      FIG. 5 and away from the fixed sheave 315. As already indicated other
      arrangements could be employed for biasing the movable sheave 317 away
      from the fixed sheave 315.
PAR  Various means can be provided for rotating the movable sheave 317 in common
      with the drive shaft 313. For instance, the movable sheave 317 could be
      keyed or mounted on a spline. In the illustrated construction, the movable
      sheave 317 is splined to the cup 321 adjacent the outer periphery thereof
      as shown at 335 in FIG. 5 and at a maximum distance from the shaft 313 in
      order to reduce force transmission therebetween.
PAR  Also carried by the driving shaft 313 is an idler bearing 341 located
      between the fixed and movable sheaves 315 and 317 and adapted to be
      engaged by a drive belt 343 when the movable sheave 317 is located most
      remotely from the fixed sheave 315.
PAR  Means are provided for displacing the movable sheave 317 toward the fixed
      sheave 315 in response to rotation of the driving shaft 313 such that the
      spacing between the sheaves 315 and 317 decreases as rotational speed
      increases. Various means can be employed, in the illustrated construction,
      such means comprises one or more eccentrically supported fly weights 345
      (three in the illustrated construction) which (as shown at the top of FIG.
      5) are mounted on pivots 347 on the cup 321, which are adapted to swing
      radially outwardly, i.e., to pivot in the counterclockwise direction as
      shown in FIGS. 5 through 8 in response to the drive shaft rotation, and
      which include a camming part or surface 349 engageable with a reaction
      roller 351 on the movable sheave 317. Thus, when the drive shaft rotates,
      the fly weights 345 pivot in the counterclockwise direction, so as to
      displace the movable sheave 317 toward the fixed sheave 315, i.e., to the
      right in FIG. 5. The amount of movement of the movable sheave 317 toward
      the fixed sheave 315 is a function of the force exerted by the fly weights
      345 against the reaction rollers 351 which, in turn, is a function of the
      mass of the fly weights 345 and of the speed of rotation thereof.
PAR  In accordance with the invention, the pulley assembly 311 includes means
      for providing a force modifying the effectiveness of the force generated
      by the rotating fly weights 345 for displacing the movable sheave 317
      toward the fixed sheave 315, together with selectively operable control
      means for preventing displacement of the movable sheave 317 toward the
      fixed sheave 315 regardless of drive shaft rotation, so as thereby to
      provide a "neutral" condition, for permitting augmentation of the force
      generated by the rotating fly weights 345 so as thereby to cause
      displacement of the movable sheave 317 toward the fixed sheave 315 and
      consequent driving engagement of the drive belt 343 at a lower rate of
      drive shaft rotation than possible only by reason of the force generated
      by the rotating fly weights and so as thereby to produce a "trail drive"
      condition, and for preventing augmentation of the force generated by the
      rotating fly weights 345 so as thereby to make driving engagement of the
      belt dependent only on the force generated by the rotating fly weights 345
      and so as thereby to cause belt driving engagement only in response to a
      relatively high rate of rotation of the drive shaft 313 and thereby to
      provide a "performance drive" condition.
PAR  As already pointed out, various means can be employed to provide a force
      modifying the force generated by the rotating fly weights 345. In the
      construction shown in FIGS. 5 through 8, the modifying means generates a
      force which assists or augments the force generated by the fly weights 345
      and which operates in opposition to the force of the spring 329 biasing
      the movable sheave 317 away from the fixed sheave. More particularly, the
      modifying means comprises one or more pivotally mounted assist weights 361
      (preferably three) which are pivotally mounted co-axially with the fly
      weights 345 and which include an extending portion 363 and are adapted to
      engage a part 367 of the co-axially mounted fly weight 345 so as to
      increase the force tending to displace the fly weights 345 in the counter
      clockwise direction. Thus, in response to drive shaft rotation, the assist
      weights 361 pivot in the counterclockwise direction and the force
      generated thereby is applied by the arm 365 to the fly weights 345 and
      through the fly weights 345 to the movable sheave 317 so as thereby to
      increase the force applied to the movable sheave 317 at any given rate of
      rotation, whereby to displace the movable sheave 317 toward the fixed
      sheave 315 with a greater force at any given rate of rotation and thereby
      to displace the movable sheave 317 toward the fixed sheave 315 a greater
      distance at a given rate of rotation than is possible by means of weights
      345 acting alone.
PAR  While other means could be employed, the selectively operable control
      means, illustrated in FIGS. 5 through 8, includes means for controlling
      the operability of the fly weights 345 and assist weights 361 to provide
      the desired "neutral" condition, the "trail drive" condition, and the
      "performance drive"  condition. Various arrangements can be provided. In
      the illustrated construction, there is provided for each pair of
      co-axially mounted fly weights 345 and assist weights 361, an actuating
      member or arm 371 which is mounted for movement between first, second and
      third positions, corresponding respectively to "neutral", "trail drive"
      and "performance drive" settings. While other mounting arrangements could
      be employed, the arm 371 is pivotally mounted on a pivot shaft 373
      extending from the cup 321 and includes end portions 375 and 377 which
      extend in opposite directions from the pivot shaft 373 with the end
      portion 375 including a depending tang 379 and having, at its outer end, a
      dog 381.
PAR  Means are provided for releasably urging the arm 371 in the clockwise
      direction as seen in FIGS. 5 through 8, i.e., toward the "neutral"
      position. While various arrangements can be employed, in the illustrated
      construction, such means comprises a spring 385 which is suitably anchored
      in the cup 321 and which engages the upper edge of the end portion 375 of
      the arm 371 to the right of the pivot shaft 373 so as to urge the
      actuating member or arm 371 in the clockwise direction about the pivot
      shaft 373.
PAR  Movement of the actuating member or arm 371 under the bias of the spring
      385 is controlled by a movable member 391 which, in turn, is controlled by
      an element 393 which is also movable between first, second and third
      positions corresponding respectively to "neutral", "trail drive" and
      "performance drive" settings. While various constructions can be employed,
      the member 391 includes three serially arranged detents or recesses 395,
      397, 399 which selectively receive the tang 379 to determine the position
      of the actuating member or arm 371. While other arrangements could be
      employed, in the illustrated construction the member 391 is in the form of
      a sleeve or ring which is axially movable on the drive shaft 313 and which
      has rotation in common therewith. The detents 395, 397 and 399 are spaced
      axially of the drive shaft 313 and located at differing radial distances
      from the drive shaft axis with the "trail drive" detent 397 being located
      radially intermediate the "neutral" and "performance drive" detents 395
      and 399. Accordingly, depending upon the axial location of the sleeve or
      ring 391, the arm 371 will be in one of three positions, i.e., the
      "neutral", "trail drive" or "performance drive" position.
PAR  Means are provided on the actuating member or arm 371 for preventing
      displacement of the movable sheave 317 toward the fixed sheave 315 when
      the actuating member or arm 371 is in the "neutral" position (See FIG. 7)
      and for preventing operation of the assist weights 361 from assisting
      displacement of the movable sheave 317 toward the fixed sheave 315 when
      the actuating member or arm 371 is in the "performance drive" position
      (See FIG. 5). In the "trail drive" position of the actuating member or arm
      371 (See FIG. 6), both the fly weights 345 and the assist weights 361 are
      operable to displace the movable sheave 317 toward the fixed sheave 315
      against the action of the springs 329.
PAR  While various arrangements can be provided for preventing displacement of
      the movable sheave 317 toward the fixed sheave 315 when the actuating
      member or arm 371 is in the "neutral" position, in the illustrated
      construction interengaging means are provided on the arm 371 and on the
      fly weights 345 to prevent radially outward fly weight movement
      notwithstanding rotation of the drive shaft 313. Specifically, such means
      comprises a pin 401 which extends from the weight 345 parallel to the axis
      of the pivot 347, which is located to pass clear of the left end portion
      377 of the actuating member or arm 371 when the arm 371 is in the "trail
      drive" and "performance drive" positions, and which is located to be
      blocked by a block or stop 403 at the left end portion 377 of the
      actuating member or arm 371 when the member or arm 371 is in the first or
      "neutral" position, thereby preventing outward movement of the fly weights
      345 so as thereby to prevent displacement of the movable sheave 317 toward
      the fixed sheave 315 against the action of the springs 329.
PAR  Various arrangements can be provided for preventing operation of the assist
      weights 361 when the actuating member or arm 371 is in the third or
      "performance drive" position. In the illustrated construction, such means
      comprises (See FIG. 5) the before mentioned dog 381 which extends from the
      outermost end of the right end portion 375 of the arm 371 into a position
      to block movement of an end part 405 of the assist weight 361 when the
      actuating member or arm 371 is in the third or "performance drive"
      position. When the actuating member or arm 371 is in the "neutral" or
      "trail drive" position, the dog 381 is withdrawn to a position clear of
      the pivotal path of the end part 465 of the assist weight 361. However,
      when the actuating member or arm 371 is in the first or "neutral"
      position, as already indicated, the fly weights 345 are prevented from
      moving radially outwardly which, in turn, also prevents the assist weights
      361 from moving radially outwardly. When the actuating member or arm 371
      is in the second or "trail drive" position, both the fly weights 345 and
      the assist weights 361 are free to pivot radially outwardly in response to
      rotation of the drive shaft 313 and thereby to cause displacement of the
      movable sheave 317 towards the fixed sheave 315 against the action of the
      springs 329 at a relatively low speed as compared to the rotational speed
      which is operative to displace the movable sheave 317 toward the fixed
      sheave 315 when the actuating member or arm is in the third or
      "performance drive" position.
PAR  From the foregoing, it is believed to be clear that axial movement of the
      plunger 393 serves to locate the actuator or arm 371 so as to either
      prevent radially outward swinging movement of the fly weights 345 by
      reason of blocking engagement between the stops 403 and the pins 401 when
      the plunger 393 and arm 371 are in the "neutral" position shown in FIG. 7
      (and thereby to also block radially outward swinging movement of the
      assist weights 361), to permit radially outward swinging movement of both
      the fly weights 345 and the assist weights 361 when the plunger 393 and
      arm 371 are in the "trail drive" or "cruise" position shown in FIG. 6, and
      to prevent radially outward swinging movement of the assist weights 361 by
      reason of engagement of the dogs 381 therewith when the plunger 393 and
      arm 371 are in the "performance drive" position shown in FIG. 5.
PAR  Illustrated in FIGS. 9 through 11 of the drawings is another embodiment of
      a variable transmission drive pulley assembly 511 including a drive shaft
      513 which is suitably supported for rotation and connected to a suitable
      source of power (not shown).
PAR  Fixed on the drive shaft 513 for common rotation therewith is a fixed
      pulley sheave 515.
PAR  Carried by the drive shaft 513 and in facing relation to the fixed sheave
      515 for common rotation with the drive shaft 513 and for axial movement
      relative thereto is a movable sheave 517. The movable sheave 517 is
      movable from a retracted position spaced from the fixed sheave 515 and
      clear of a drive belt 519 and toward the fixed sheave 515 for engagement
      with the drive belt 519 at varying diameters according to the rate of
      drive shaft rotation and the amount of attempted torque transmission.
PAR  Means are provided for biasing the movable sheave 517 toward the retracted
      position and away from the fixed sheave 515. While various other
      arrangements could be employed, in the illustrated construction, such
      means comprises a helical spring 521 located in surrounding relation to
      the drive shaft 513 and engaged, at one end, with the movable sheave 517
      and, at the other end, with a part 523 of the assembly 511 fixed with
      respect to the drive shaft 513 and sheave 515.
PAR  In accordance with the invention, means are provided for modifying the
      effectiveness of the speed responsive means still to be described. In the
      construction illustrated in FIGS. 9 through 11, such means directly
      modifies the action of the speed responsive means and comprises a member
      or spider 531 carried by the drive shaft 513 for common rotation therewith
      and for axial movement relative thereto. The spider 531 is movable from a
      predetermined or "performance drive" position (See FIG. 9) in the
      direction away from the fixed sheave 515 to a "trail drive" or "cruise"
      position (See FIG. 10).
PAR  Means are provided for biasing the movable member or spider 531 toward the
      predetermined or "performance drive" position in the direction toward the
      fixed sheave 515. While various arrangements could be employed, in the
      illustrated construction, such means comprises a helical spring 533
      located in surrounding relation to the drive shaft 513 and bearing, at one
      end, against the movable member 531, and bearing at the other end, against
      a combination stop and spring retainer 535 which is threaded on the drive
      shaft 513 and releasably locked on the drive shaft 513 for common rotative
      movement therewith in axially adjustable position by a nut 537 so as
      thereby to determine the "trail drive" or "cruise" position (See FIG. 10)
      by limiting movement of the spider 531 away from the "performance drive"
      position (See FIG. 9). Means are provided for displacing the movable
      sheave 517 toward the fixed sheave 515 in response to drive shaft
      rotation. While various other arrangements can be employed, in the
      illustrated construction, such means includes one or more pivotally
      mounted fly weights 539 and associated reaction rollers 541. In the
      illustrated construction, the fly weights 539 are mounted on the movable
      sheave 517 and the reaction rollers 541 are mounted on the spider 531.
      However, the fly weights 539 could be mounted on the spider 531 and the
      reaction rollers 541 could be mounted on the movable sheave 517. Thus,
      when the drive shaft 513 is at rest, engagement of the rollers 541 against
      the fly weights 539 (when in their radially innermost positions) under the
      action of the spring 533 fixes the predetermined or "performance" position
      of the spider 531 relative to the drive shaft 513.
PAR  Also included in the illustrated construction is a bell-shaped guard 551
      which is fixed to the drive shaft 513 and which is telescopically arranged
      with respect to the movable sheave 517.
PAR  In further accordance with the invention, control means are provided,
      including releasable means for preventing movement of the sheave 517 from
      the retracted position in the direction toward the fixed sheave 515 and
      releasable means for preventing movement of the spider 531 from the
      predetermined or "performance drive" position (See FIG. 9) in the
      direction away from the fixed sheave 515, together with selectively
      operable means for actuating the releasable means so as to prevent
      movement of the movable sheave 517 from the retracted position toward the
      fixed sheave 515 and thereby to provide a "neutral" condition, to prevent
      movement of the member or spider 31 from the "performance drive" position
      in the direction away from the fixed sheave 515, while permitting movement
      of the sheave 517 from the retracted position in the direction toward the
      fixed sheave 515 so as thereby to provide the "performance drive"
      condition, and to permit movement of the sheave 517 from the retracted
      position in the direction toward the fixed sheave 513 while also
      permitting movement of the spider 531 from the predetermined or
      "performance drive" position in the direction away from the fixed sheave
      513 against the action of the spring 533 and so as thereby to provide a
      "trail drive" or "cruise drive" condition. In this regard, it is noted
      that the bias of the spring 533 is less than that of the spring 521 so
      that, upon initial drive shaft rotation, the spring 533 will collapse
      before the spring 521 provided the spider 531 is permitted to move to the
      right from the "performance drive" position.
PAR  More specifically, the releasable means controlling movement of the sheave
      517 and spider 531 comprise respective balls 561 and 563 located in
      respective axially spaced bores 565 and 567 communicating with an axial
      bore 569 in the drive shaft 513. The balls 561 and 563 are respectively
      displaceable outwardly into positions interfering with movement of the
      sheave 517 and the spider 531 by an actuator or plunger 571 which is
      movable axially in the bore 569. The plunger 571 includes a plurality of
      lands or portions which, incident to selective axial positioning of the
      plunger 571 in the bore 569, displace the balls 561 and 563 to the
      interfering positions or permit the balls 561 and 563 to move into
      retracted positions clear of interference with movement of the sheave 517
      and the spider 531.
PAR  Various means located remotely from the activator or plunger 571 can be
      employed to axially shift the activator or plunger 571. In the illustrated
      construction which is particularly adapted for use on a snowmobile, such
      means includes a lever 581 pivotally mounted on a steering handle 583 and
      connected to the plunger 571 by linkage means which displaces the plunger
      571 in accordance with displacement of the lever 581. While other
      arrangements can readily be employed, in the illustrated construction, the
      outer end of the plunger 571 is provided with an annular groove 585 which
      receives one end of a centrally mounted pivot arm 587. Connected to the
      pivot arm 587 on each side of the central pivot is a flexible cable 589
      which is guided for movement through a support 591 and trained around and
      fixed to a pulley 593 mounted concentrically with the lever 581 for common
      rotary movement therewith. Of course, the remote plunger shifting means
      can also be used with the plungers 67 and 393.
PAR  In operation, when the lever 581 is in the "neutral" position, the linkage
      will cause the plunger 571 to be fully inserted into the axial bore 569 so
      as to cause both of the balls 561 and 563 to be displaced radially
      outwardly into respective positions preventing movement to the left of the
      sheave 517 from the retracted position in a direction toward the fixed
      sheave 515 and preventing movement of the spider 531 to the right from the
      predetermined position away from the fixed sheave 515.
PAR  Movement of the lever 581 to the "performance drive" position partially
      withdraws the plunger 571 so that the movable sheave releasing ball 561 is
      permitted to move inwardly into a recess land or portion 595 in the
      plunger 571 and out of position interfering with movement of the movable
      sheave 517 to the left toward the fixed sheave 515. At the same time,
      however, the ball 563 controlling movement of the spider 531 is maintained
      in extended or interfering position preventing movement of the spider 531
      to the right. Accordingly, rotation of the drive shaft 513 will cause the
      fly weights 539 to move outwardly and to react against the rollers carried
      on the spider 531 which is prevented from moving in the direction away
      from the fixed sheave 515. Thus, the sheave 517 is caused to move to the
      left in response to a relatively high drive shaft speed as compared to
      operation under conditions when the assembly is in the "trail drive" or
      "cruise drive" condition.
PAR  Further in this regard, when the lever 581 is moved to the "trail drive"
      position, the plunger 571 is further withdrawn from the axial bore 569
      with the result that the ball 561 controlling movement of the sheave 517
      is retained in its withdrawn or retracted position and with the result
      that a recess 597 on the plunger 571 comes into alignment with the ball
      563 controlling movement of the spider 531 so as to allow the ball 563 to
      move radially inwardly and out of position interfering with movement of
      the spider 531 to the right as shown in FIGS. 9 through 11. Accordingly,
      radially outward movement of the fly weight 539 initially has the effect
      of moving the spider 531 to the right against the action of the spring 533
      to the "cruise drive" position shown in FIG. 10. Thereafter, drive belt
      engaging movement of the sheave 517 to the left will occur at a lower rate
      of drive shaft rotation and will accordingly permit initial torque
      transmission at lower rotary speeds than is possible when the spider 531
      is retained in the predetermined or "performance drive" position.
PAR  When the plunger 571 is in the "neutral" position, it is preferred that the
      ball controlling movement of the spider 531 be retained in the position
      interfering with movement of the spider 531 to the right.
PAR  Various features of the invention are set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A variable transmission drive pulley assembly comprising a drive shaft,
      a fixed sheave connected to said drive shaft for common rotation
      therewith, a movable sheave carried by said drive shaft for movement
      axially thereof relative to a retracted position spaced from said fixed
      sheave, means urging said movable sheave toward said retracted position in
      the direction away from said fixed sheave, speed responsive means for
      displacing said movable sheave toward said fixed sheave, additional means
      movable relative to said fixed sheave for modifying the effectiveness of
      said speed responsive means, and control means operative independently of
      the rotation of said drive shaft for selectively preventing displacement
      of said movable sheave toward said fixed sheave by said speed responsive
      means and for selectively controlling operation of said additional means
      for modifying the effectiveness of said responsive means.
NUM  2.
PAR  2. A variable transmission drive pulley assembly in accordance with claim 1
      wherein said means for modifying the effectiveness of said speed
      responsive means is operative independently of the rate of rotation of
      said drive shaft.
NUM  3.
PAR  3. A variable transmission drive pulley assembly in accordance with claim 1
      wherein said means for modifying the effectiveness of said speed
      responsive means includes means operatively engagable directly with said
      speed responsive means.
NUM  4.
PAR  4. A variable transmission drive pulley assembly in accordance with claim 1
      wherein said means for modifying the effectiveness of said speed
      responsive means includes additional means responsive to drive shaft
      rotation.
NUM  5.
PAR  5. A variable transmission drive pulley assembly in accordance with claim 1
      wherein said means for modifying the effectiveness of said speed
      responsive means includes means for biasing said movable sheave axially of
      said drive shaft.
NUM  6.
PAR  6. A variable transmission drive pulley assembly in accordance with claim 1
      wherein said means for modifying the effectiveness of said speed
      responsive means includes a member at least in part supporting said speed
      responsive means and mounted on said drive shaft for common rotation
      therewith and for movement axially thereof.
NUM  7.
PAR  7. A variable transmission drive pulley assembly in accordance with claim 1
      wherein said control means includes releasable means for preventing sheave
      displacing operation by said speed responsive means.
NUM  8.
PAR  8. A variable transmission drive pulley assembly in accordance with claim 7
      wherein said releasable means for preventing sheave displacing operation
      by said speed responsive means comprises releasable means interfering with
      movement of said movable sheave from said retracted positon.
NUM  9.
PAR  9. A variable transmission drive pulley assembly in accordance with claim 7
      wherein said releasable means for preventing sheave displacing operation
      by said speed responsive means comprises releasable means engagable with
      said speed responsive means for preventing operation thereof to displace
      said movable sheave toward said fixed sheave.
NUM  10.
PAR  10. A variable transmission drive pulley assembly in accordance with claim
      1 wherein said control means includes releasable means for preventing
      operation of said means for modifying the effectiveness of said speed
      responsive means.
NUM  11.
PAR  11. A variable transmission drive pulley assembly in accordance with claim
      1 wherein said control means includes releasable means for preventing
      sheave displacing operation of said speed responsive means, and releasable
      means for preventing operation of said means for modifying the
      effectiveness of said speed responsive means.
NUM  12.
PAR  12. A variable transmission drive pulley assembly in accordance with claim
      1, and further including a steering handle bar on a vehicle, a member
      movably mounted on said handle bar remotely from said control means, and a
      linkage connecting said member and said control means for actuation of
      said control means in response to movement of said member.
NUM  13.
PAR  13. A variable transmission drive pulley assembly comprising a drive shaft,
      a fixed sheave connected to said drive shaft for common rotation
      therewith, a movable sheave carried by said drive shaft for common
      rotation therewith and for movement axially thereof toward and away from
      said fixed sheave, means urging said movable sheave away from said fixed
      sheave, means responsive to drive shaft rotation for displacing said
      movable sheave toward said fixed sheave, additional means for displacing
      said movable sheave toward said fixed sheave, releasable means for
      preventing movement of said movable sheave toward said fixed sheave, and
      selectively operable control means for controlling operation of said
      additional means for displacing said movable sheave toward said fixed
      sheave and said releasable means for preventing movement of said movable
      sheave toward said fixed sheave.
NUM  14.
PAR  14. A variable transmission drive pulley assembly in accordance with claim
      13 wherein said additional sheave displacing means comprises a biasing
      spring.
NUM  15.
PAR  15. A variable transmission drive pulley assembly in accordance with claim
      14 wherein said additional sheave displacing means further comprises a
      member movable between positions spaced axially of said shaft, and wherein
      said spring urges said member in the direction of movement of said movable
      sheave toward said fixed sheave.
NUM  16.
PAR  16. A variable transmission drive pulley assembly in accordance with claim
      15 and further including releasable means for preventing movement of said
      member from one of said positions to the other of said positions.
NUM  17.
PAR  17. A variable transmission drive pulley assembly in accordance with claim
      16 wherein said drive shaft includes therein an axial bore, a first radial
      bore extending from said axial bore, a second radial bore extending from
      said axial bore in axially spaced relation to said first radial bore, and
      wherein said sheave movement preventing means is located in said first
      radial bore and said member movement preventing means is located in said
      second bore, and wherein said control means comprises a plunger in said
      bore movable between first, second and third positions and including first
      means for engaging said sheave movement preventing means to displace said
      sheave movement preventing means radially outwardly into engagement with
      said movable sheave to prevent movement thereof toward the fixed sheave
      when said plunger is in said first position and second means on said
      plunger for engaging said member movement preventing means to displace
      said member movement preventing means into engagement with said member to
      prevent movement thereof from said one position toward said other
      position.
NUM  18.
PAR  18. A variable transmission drive pulley assembly comprising a drive shaft,
      a fixed sheave connected to said drive shaft for common rotation
      therewith, a movable sheave carried by said drive shaft for movement
      axially thereof toward and away from said fixed sheave, means urging said
      movable sheave away from said fixed sheave, first means for displacing
      said movable sheave axially of said drive shaft toward said fixed sheave,
      second means for displacing said movable sheave axially of said drive
      shaft, and control means operable selectively and independently of the
      rotation of said drive shaft for controlling operation of said first and
      second means for displacing said movable sheave.
NUM  19.
PAR  19. A variable transmission drive pulley assembly in accordance with claim
      18 wherein said control means is selectively operble to prevent
      displacement of said movable sheave toward said fixed sheave by said first
      and second means, to permit displacement of said movable sheave toward
      said fixed sheave by said first and second means, and to permit
      displacement of said movable sheave toward said fixed sheave by said first
      means, while preventing displacement of said movable sheave toward said
      fixed sheave by said second means.
NUM  20.
PAR  20. A variable transmission drive pulley assembly in accordance with claim
      18 wherein said control means includes an element movable between first,
      second, and third positions, means connecting said element and said first
      means to prevent operation thereof to displace said movable sheave toward
      said fixed sheave when said element is in said first position, and means
      connecting said element and said second means for preventing operation
      thereof to displace said movable sheave toward said fixed sheave when said
      element is in said third position.
NUM  21.
PAR  21. A variable transmission drive pulley assembly in accordance with claim
      18 wherein said control means comprises an actuator movable axially of
      said drive shaft between first, second, and third positions, a movably
      mounted control arm, spring means biasing said control arm for movement in
      one direction, co-operable means on said control arm and on said actuator
      for displacing said control arm against the action of said spring means in
      response to movement of said actuator in one direction axially of said
      drive shaft and for permitting displacement of said control arm by said
      spring means in response to movement of said actuator in the other
      direction axially of said drive shaft, means on said control arm and said
      first means for engagement therebetween to prevent displacement by said
      first means of said movable sheave toward said fixed sheave in response to
      drive shaft rotation when said actuator is in said first position, and
      means on said control arm and on said second means for engagement
      therebetween to prevent displacement by said second means of said movable
      sheave toward said fixed sheave in response to drive shaft rotation when
      said actuator is in said third position.
NUM  22.
PAR  22. A variable transmission drive pulley assembly in accordance with claim
      18 wherein said first means comprises means responsive to drive shaft
      rotation and wherein said second means is also responsive to drive shaft
      rotation and is engageable with said first means to assist said first
      means in displacing said movable sheave toward said fixed sheave.
NUM  23.
PAR  23. A variable transmission drive pulley assembly in accordance with claim
      22 wherein said first speed responsive means comprises a pivotally mounted
      first weight and wherein said second speed responsive means comprises an
      assist weight pivotally mounted co-axially with said first weight, and
      wherein said first wieght and said assist weight include interengaging
      parts whereby pivotal movement of said assist weight in response to drive
      shaft rotation serves to engage said assist weight against said first
      weight.
NUM  24.
PAR  24. A variable transmission drive pulley assembly in accordance with claim
      23 wherein said control means comprises an actuator movable axially of
      said drive shaft between first, second, and third positions, a movably
      mounted control arm, spring means biasing said control arm for movement in
      one direction, co-operable means on said control arm and on said actuator
      for displacing said control arm against the action of said spring means in
      response to movement of said actuator in one direction axially of said
      drive shaft and for permitting displacement of said control arm by said
      spring means in response to movement of said actuator in the other
      direction axially of said drive shaft, means on said control arm and on
      said first weight for engagement therebetween to permit movement of said
      first weight in response to drive shaft rotation when said actuator is in
      said second and third positions and to prevent movement of said first
      weight in response to drive shaft rotation when said actuator is in said
      first position, and means on said control arm and on said assist weight
      for engagement therebetween to prevent movement of said assist weight in
      response to drive shaft rotation when said actuator is in said first and
      second positions and for permitting movement of said assist weight in
      response to drive shaft rotation when said actuator is in said third
      position.
NUM  25.
PAR  25. A variable transmission drive pulley in accordance with claim 24
      wherein said control means comprises a bore in said drive shaft, a radial
      opening in said shaft communicating with said bore, and a plunger movable
      in said bore and including a part extending through said opening and
      connected to said actuator to displace said actuator axially of said drive
      shaft in response to movement of said plunger in said bore.
NUM  26.
PAR  26. A variable transmission drive pulley assembly comprising a drive shaft,
      a first sheave fixedly connected to said drive shaft for common rotation
      therewith, a second sheave movably carried on said drive shaft for common
      rotation therewith and for movement axially thereof from a retracted
      position spaced from said first sheave, means urging said second sheave
      toward said retracted position in the direction away from said first
      sheave, a member carried on said drive shaft for common rotation therewith
      and for movement axially thereof relative to a predetermined position,
      means biasing said member toward said predetermined position in the
      direction toward said first sheave, means carried by said second sheave
      and said member for displacing said second sheave and said member away
      from each other in response to drive shaft rotation, releasable means for
      preventing movement of said second sheave from said retracted position in
      the direction toward said first sheave, releasable means for preventing
      movement of said member from said predetermined position in the direction
      away from said first sheave, and selectively operable means for actuating
      said releasable means so as to prevent movement of said second sheave from
      said retracted position toward said first sheave, to prevent movement of
      said member away from said predetermined position in the direction away
      from said first sheave while permitting movement of said second sheave
      from said retracted position in the direction toward said first sheave,
      and to permit movement of said second sheave from said retracted position
      in the direction toward the fixed sheave while also permitting movement of
      said member from said predetermined position in the direction away from
      said first sheave.
NUM  27.
PAR  27. An assembly in accordance with claim 26 and further including means for
      limiting movement of said member from said predetermined position in the
      direction away from said fixed sheave and means adjusting the location of
      said means limiting movement of said member.
NUM  28.
PAR  28. An assembly in accordance with claim 26 wherein said selectively
      operable actuating means comprises an axial bore in said drive shaft, a
      plunger axially movable in said drive shaft bore, a movably mounted
      actuating lever located remotely from said plunger and adapted to be
      manually manipulated, and means connecting said plunger and said lever to
      axially displace said lever in accordance with manipulation of said lever.
NUM  29.
PAR  29. An assembly in accordance with claim 28 wherein said releasable means
      comprise axially spaced first and second radial bores communicating with
      said axial bore, and first and second elements respectively located in
      said first and second radial bores and respectively movable between
      radially inner retracted positions and radially outer interfering
      positions respectively interfering with movement of said second sheave
      from said retracted position and with movement of said member from said
      predetermined position.
NUM  30.
PAR  30. An assembly in accordance with claim 29 wherein said plunger includes a
      plurality of lands cooperating with said first and second elements to
      selectively displace said first and second elements radially outwardly to
      said interfering positions and to permit said elements to move radially
      inwardly to said retracted positions in accordance with the axial position
      of said plunger.
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ABST
PAL  A master link assembly for releasably coupling the opposing ends of a
      series of articulated links to form a chain, wherein the opposing ends are
      defined by a pair of roller link assemblies each having a pair of opposing
      link plates with pitch holes extending between the opposing faces thereof
      and a pair of tubular bushings press-fitted thereinto comprising first and
      second link plates each including a pair of pitch holes extending between
      the opposing faces thereof, a pair of connecting pins selectively
      configured for slidable insertion into the tubular bushings and for
      insertion into the pitch holes of the first and second link plates, means
      for limiting the separation of the first and second link plates to a
      predetermined maximum separation, the limiting means including a
      bifurcated clip spring selectively configured for placement about the
      connecting pins adjacent the outer face of one of the first and second
      link plates, a locking plate having a U-shaped configuration, wherein the
      legs of the locking plate extend substantially perpendicularly from the
      top portion thereof and are in parallel spaced relation, the spacing being
      selected to correspond to the width of the spring clip, an aperture in the
      one link plate, an aperture in the locking plate top portion, and screw
      means for securing the locking plate to the one link plate.
BSUM
PAR  This invention relates to master link assemblies for releasably coupling
      opposing ends of articulated links of a power transmission chain.
PAR  Master link assemblies are often subjected to extreme short duration forces
      and these forces may displace one of the connecting pins of such an
      assembly either axially or angularly with respect to the other connecting
      pin thereof and such relative displacement may result in the spring clip,
      which secures the master link assembly, being partially or completely
      disassociated from the connecting pins whereby the master link assembly
      will fail.
PAR  It is an object of the present invention to provide a master link assembly,
      wherein the forces acting to transversly spread the spring clip will be
      selectively opposed by a compressive force which incrementally increases
      as the separation between the spring clip arms increases.
PAR  Other objects and advantages of the present invention will become apparent
      from the following portion of this specification and from the accompanying
      drawings which illustrate, in accordance with the mandates of the patent
      statutes presently preferred, embodiment incorporating the principles of
      the invention.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is an oblique view of a master link assembly of a power transmission
      train;
PAR  FIG. 2 is an oblique view of the application portion of the master link
      assembly illustrated in FIG. 1 with a locking structure applied thereto;
PAR  FIG. 3 is a view of the master link assembly illustrated in FIG. 2 taken
      along the lines 2--2 thereof; and
PAR  FIG. 4 is a view of the master link assembly illustrated in FIG. 2 taken
      along the lines 4--4 thereof.
DETD
PAR  Referring to the drawings, a master link assembly 10 made in accordance
      with the teachings of the present invention is illustrated. The master
      link 10 couples opposing ends of a series of articulated links made up of
      alternating roller link 12 and pin link (not shown) assemblies to define a
      link belt or chain.
PAR  Each roller link assembly 12 includes a pair of parallel link plates 16
      which have circular end portions 18 for permitting articulation of the
      coupled links and which have a pair of pitch holes (not shown) extending
      between the opposing faces thereof. Each roller link assembly additionally
      includes a pair of tubular bushings 20 which are press fit into the pitch
      holes and a pair of optional rollers 22 which may be rotatably mounted on
      each of the bushings to minimize wear resulting from driving engagement
      with the teeth of a drive mechanism (not shown).
PAR  The alternating pin link assemblies (not shown) conventionally include a
      pair of parallel link plates which have circular end portions for
      permitting articulation of the coupled links and which have a pair of
      pitch holes extending between the opposing faces thereof. Each of the pin
      link assemblies also includes a pair of cylindrical connecting rods or
      pins which are secured to one link plate and are selectively sized for
      slidable insertion into roller assembly tubular bushings. The pins are
      either drive (press) or slip fit into the pitch holes of the other link
      plate.
PAR  The master link assembly 10 includes a first link plate 24 having a pair of
      pitch holes (not shown) which extend from the inner face to the outer face
      thereof, into which a pair of cylindrical connection pins 26 can be
      inserted. The cylindrical connection pins each have a selectively sized
      head (not shown) at one end to prevent the complete passage of these pins
      through the first link plate. Each of the connection pins 26 has a
      diametral dimension selected to allow slidable passage thereof through a
      tubular bushing 20 of a terminal roller link assembly and then into press
      or slip fit relationship with the pitch bores (not shown) of the second
      master link assembly link plate 28. The connection pins have a length
      selected so that when the master link assembly is assembled each pin will
      have a free end portion 30 which projects beyond the second link plate 28
      a predetermined distance and which includes an annular groove 32
      substantially continuous with the outer face of the second link plate.
PAR  To prevent the unintentional disassembly of the master link, a detachable
      "U"-shaped split spring clip 34 which has an inner slot portion 36 defined
      between the resiliently displaceable arms 38 thereof is located to engage
      the grooved recesses 32 defined in the free ends of the connection pins 26
      to inhibit the separation of the opposing master link plates beyond a
      predetermined maximum separation. An inwardly projecting ridge 40 is
      defined on the free end of each of the retaining clip arms and these
      ridges securely locate the spring clip about the two projecting portions
      of the connection pins and inhibit lateral displacement thereof across the
      face of the adjacent master link plate.
PAR  The integrity of the assembled master link is assured by a locking plate 50
      which is secured to the top link plate by means of a self tapping screw
      type 52. The locking plate has a U-shaped configuration with the opposing
      parallel legs 54 thereof having a height corresponding to the thickness
      (height) of the spring clip and having a separation corresponding to the
      width of the spring clip. When the locking plate is positioned over the
      spring clip as illustrated in FIGS. 2 and 3, the legs of the locking plate
      lie proximate to and extend parallel to the spring clip arms 38 for a
      substantial portion of the length thereof.
PAR  The locking plate accordingly functions as a spring member restraining the
      separation of the spring clip arms. The thickness of the locking plate is
      chosen so that it will develop sufficient compressive forces which
      increase with spring clip separation when the spring clip arms are spread
      by disassociation forces arising from use of the power transmission chain
      to overcome these disassociation forces and limit the separation of the
      spring clip to a width selected to assure that the spring clip will not
      become disassociated from the connecting pins. Since the locking plate
      functions as a spring in this manner, it can effectively respond to
      repeated severe stressing without failure.
PAR  The screw extends through a hole 56 in the top portion of the locking plate
      and into threaded engagement with a tapped hole 58 in the upper cover
      plate.
PAR  In the preferred embodiment, the locking plate extends laterally beyond the
      connecting pins 26 and appropriate slots or apertures 60 are defined in
      the top portion of the locking plate to receive the connecting pins and
      permit the top portion of the link plate to lie proximate the top surface
      of the spring clip. The spring clip is accordingly prevented from bowing
      outwardly and this assures that the spring clip will not become
      disassociated from the connecting pins.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A master link assembly for releasably coupling the opposing ends of a
      series of articulated links to form a chain, wherein the opposing ends are
      defined by a pair of roller link assemblies each having a pair of opposing
      link plates with pitch holes extending between the opposing faces thereof
      and a pair of tubular bushings press fitted thereinto comprising
PA1  first and second link plates each including a pair of pitch holes extending
      between the opposing faces thereof,
PA1  a pair of connecting pins selectively configured for slidable insertion
      into the tubular bushings and for insertion into the pitch holes of said
      first and second link plates,
PA1  means for limiting the separation of said first and second link plates to a
      predetermined maximum separation,
PA1  said limiting means including a bifurcated clip spring selectively
      configured for placement about said connecting pins adjacent the outer
      face of one of said first and second link plates,
PA1  a locking plate having a U-shaped configuration, wherein the legs of said
      locking plate extend substantially perpendicularly from the top portion
      thereof and are in parallel spaced relation, said spacing being selected
      to correspond to the width of said spring clip
PA2  an aperture in said one link plate,
PA2  an aperture in the top portion of said locking plate, and
PA2  screw means for securing said locking plate to said one link plate.
NUM  2.
PAR  2. A master link assembly according to claim 1, wherein the height of said
      locking plate legs is selected to correspond to the height of said spring
      clip.
NUM  3.
PAR  3. A master link assembly according to claim 2, wherein said one link plate
      has a length greater than the distance between said connecting pins and
      further includes a pair of aperture means for selectively receiving the
      portions of said connecting pins extending beyond said spring clip.
NUM  4.
PAR  4. A master link assembly according to claim 1, wherein said link plate
      aperture is tapped.
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ABST
PAL  Arrangement for controlling the shifting between two gear ratio ranges in a
      gear box for motor vehicles, said gear box comprising a main gear box with
      a number of gear ratios and a two-geared range gear box, coupled to the
      output shaft of the main gear box, the range gear box having such gear
      ratios that the total gear ratio of the gear box with the highest ratio in
      the range box and the lowest ratio in the main box is higher than that
      with the lower ratio in the range box and the highest ratio in the main
      box. The shifting in the main box is controlled by a manually operated
      gear lever and the shifting in the range box by a servo aggregate. The
      operation of the servo aggregate is controlled by a sensor device sensing
      the rpm of the output shaft of the range box and a control unit connected
      to the sensor device and adapted to give a signal for operation of the
      servo aggregate for shifting of the range box, when at least one
      predetermined rpm of the output shaft of the range box is passed while
      increasing or decreasing, means being provided to permit actuation of the
      servo aggregate only when, during shifting in the main box, the gear lever
      reaches the neutral position.
BSUM
PAR  The present invention relates to an arrangement for controlling gear
      changes between two gear ratio ranges in a gear box which, preferably, is
      intended for use in heavy vehicles, said gear box comprising a main gear
      box having a plurality of ratios and a two-gear range gear box coupled to
      the driven shaft extending from the main gear box, said range gear box
      having such a gear ratio that the total gear ratio of the gear box with
      the higher ratio in the range gear box and the lowest ratio in the main
      box is higher than with the lower ratio in the range box and the highest
      ratio in the main box. Said arrangement comprises a servo-aggregate which
      is coupled to the gear-shifting mechanism of the range gear box and which
      is coordinated with means which only start operation of the
      servo-aggregate in connection with gear change in the main box, and a
      sensor device which is coordinated with the driven shaft extending from
      the range box for the purpose of sensing the shaft rpm.
PAR  It is usual in heavier load vehicles, which as a rule are provided with
      diesel engines, to have transmissions with eight and sometimes up to 16
      gears forward to thereby be able to effectively exploit, in all positions,
      the diesel engine which only functions within a limited rpm range. For
      comfortable gear shifting a gear lever is arranged which has only a half
      or a fourth as many lever positions as the total number of gears in the
      gear box. The gear lever is coupled to the main gear box, while a separate
      operating means, e.g., a switch on the gear lever, is coupled to the range
      box.
PAR  In for example a transmission with a total of eight gears forward the main
      box has four gears with the lever positions in the conventional H-shape.
      The range box has two gears, thereby giving a doubling of the number of
      gears, and the operating means thus has only two positions. The position
      of the gear lever in fifth gear in this distribution is the same as in
      first gear, sixth gear is the same as second, etc.
PAR  In a known construction the operating means for the range box is
      mechanically coupled to a pneumatic pilot valve for shifting of the valve.
      The pilot valve guides air pressure to one side or the other of the piston
      in a piston-cylinder arrangement, which takes care of the shifting in the
      range box. In the connection between the compressed air source and the
      pilot valve there is also a stop valve, which is influenced by the
      longitudinal movement of the gear lever and can only be opened when the
      lever passes the neutral position.
PAR  With this arrangement it is possible, by shifting the operating means to
      pre-set the gear ratio of the range box. The actual gear change first
      occurs when the gear lever passes the neutral position and opens the stop
      valve and thereby the connection between the compressed air source and the
      piston cylinder arrangement via the pilot valve.
PAR  A disadvantage with this arrangement is that the driver must keep track of
      two operating means for shifting. It has occurred that the driver has
      forgotten to shift up the range box before shifting from fourth to fifth,
      and thus the driver has tried to shift into first gear. It is easy to see
      that this can easily lead to serious damage to the gear box and
      furthermore it is dangerous with regard to traffic safety.
PAR  Still more serious consequences result if the low range is chosen by
      mistake in, for example, shifting from eighth to seventh.
PAR  It is known, to avoid this disadvantage, to coordinate an inductive sensor
      with the driven shaft extending from the range box, which senses the rpm
      of the shaft. The sensor is coupled to a stop device for the gear lever,
      which locks the lever in the neutral position, when the rpm of the shaft
      exceeds a predetermined value in, for example, shifting from fourth to
      fifth and the range has not been shifted up. While it is true that this
      removes the risk of damage to the transmission due to mistakes in shifting
      gears, from the point of view of traffic safety it is a serious
      disadvantage because the driving force of the vehicle is lost when the
      gear lever is locked in the neutral position.
PAR  The present invention intends to remove the above mentioned disadvantages
      and achieve a device which automatically controls the shifting of the
      range box. This is achieved according to the invention by the sensor
      device being connected to an electronic control unit which is designed,
      when the rpm of the driven shaft exceeds or falls below at least one
      predetermined rpm, to give a signal for operation of the servo-aggregate
      for shifting of the range box when the main box is shifted.
PAR  With this arrangement the driver does not have to think about shifting an
      operating means in shifting from, for example, fourth to fifth. Rather,
      the servo-aggregate is shifted automatically with the help of the control
      unit in connection with the shifting of the main box when the shifting is
      done after the rpm of the driven shaft exceeds a certain value, this rpm
      being selected below the rpm at which shifting is usually done between
      fourth and fifth. The actual shifting can be initiated by means of said
      stop valve, influenced by the gear lever, when the lever passed the
      neutral position.
PAR  According to a preferred embodiment, the servo-aggregate consists of a
      pneumatically or hydraulically operated piston-cylinder arrangement and
      the control unit is electrically connected to at least one magnetic valve
      which regulates the supply of pressure medium to the piston-cylinder
      arrangement, the control unit being adjusted to open or close the magnetic
      valve depending on the rpm sensed by the sensor device.
PAR  According to a further development of the invention the control unit has
      two outputs, which are connected via a two-position change-over switch,
      which can be switched by the lateral movement of the gear lever in the
      neutral position, to the magnetic valve. The control unit is arranged so
      that it controls via the first output the current for shifting of the
      magnetic valve when the rpm of the driven shaft passes a first low rpm and
      via the second output when the rpm of the driven shaft passes a second
      higher rpm while increasing or decreasing. The first rpm is preferably
      chosen between the upper rpm limits for the second and third, and the
      second rpm is chosen between fourth and fifth. By choosing the second rpm
      higher than the upper rpm limit for fourth it is possible to quickly down
      shift from fifth to fourth without risk of shifting into eighth.
DRWD
PAR  Additional characteristics and advantages of the invention will be evident
      from the following detailed description with reference to the examples
      shown in the accompanying drawings, in which
PAR  FIG. 1 shows a side view of a gear box in simplified form with the housing
      cut away, illustrating the range gear box to the right and the main gear
      box to the left,
PAR  FIG. 2a a partial cross section through the range box with the coupling
      diagram for the arrangement according to the invention,
PAR  FIG. 2b the pilot valve in FIG. 2a in a larger scale,
PAR  FIG. 3 a cross section corresponding to FIG. 2 with a circuit diagram for
      another embodiment of the invention and
PAR  FIG. 4 shows a cross section through a device for transmitting the lateral
      movement of the gear lever to the change-over switches.
DETD
PAR  The gear box shown schematically in FIG. 1 comprises a four-geared main
      gear box 1 and two-geared range gear box 2 coupled to the driven shaft of
      the main box. The gearing of the range box 2 is chosen so that with the
      lower gear engaged one gets first to fourth gear and fifth to eight with
      the higher gear engaged. The shifting of the main gear box 1 is done in a
      conventional manner by means of a lever (not shown in the Figure). The
      shifting of the range box 2 is done by means of a servo-aggregate,
      indicated by 3, which is shown in FIGS. 2 and 3 in the form of a
      pneumatically operated piston-cylinder arrangement.
PAR  The piston-cylinder arrangement 3 is double-acting and has cylinder spaces
      4 and 5 on either side on the piston 6. A piston rod 7 extends through an
      opening in the wall 8 of the space 4 and engages a longitudinally
      displaceable rod 9 in the gear shift mechanism of the range box 2. The
      movement of the rod is transmitted to a shift fork 10 for locking of one
      of the two gear wheels 11, 12 with the driven shaft 13 of the range box.
      In the position of the piston 6 shown the lower gear of the range box is
      engaged.
PAR  A toothed wheel 14 is attached to the driven shaft 13, and an inductive
      sensor 15 is placed right in front of it. The sensor is coupled
      electrically to an electronic control unit 16 and gives a pulsating
      current dependent on the rpm of the driven shaft 13, to the control unit
      16.
PAR  In the embodiment shown in FIG. 2a the control unit 16 has two outputs A
      and B, which can be connected via a changeover switch 17 to a magnetic
      valve 18 which is connected in a line 20 between a compressed air source
      (not shown) and a pilot valve 19 for controlling the same. The pilot
      valve, which for the purpose of clarity is shown in enlargement in FIG.
      2b, guides via two outflows 21 and 22 in the cylinder wall 23 the
      compressed air to one or the other of the cylinder spaces 4 or 5. For this
      purpose the pilot valve 19 has a long valve body 24 which is displaceable
      in the valve housing. In the valve housing there is also a spring 25 which
      acts to move the valve body to the right in the Figure, as well as a
      casing 26 which surrounds the spring 25, which forms a stop surface for
      the valve body 24 at its left-hand end position. The valve has an inlet 28
      for connection to the source of compressed air. There is also an outlet 29
      for removing air as well as an inlet 30, to which the conduit 20 is
      connected.
PAR  In the position of the valve body 24 shown the cylinder space 4 is
      connected to the compressed air source via the inlet 28 and the inlet 21
      in the cylinder wall 23. The space 5 is purged via the inlet 22, an axial
      bore 31 and radial bores 32 in the valve body 24.
PAR  The pressure in the conduit 20 thus regulates the setting of the pilot
      valve 19 while the compressed air for operating of the piston 6 is
      supplied from the compressed air source via a conduit 34 connected to the
      valve inlet 28. A stop valve is coupled into the conduit 34 and is
      indicated by 35. This is disposed to open the connection between the
      compressed air source and the inlet 28 only when the gear lever 33 is in
      the neutral position. This can be accomplished mechanically by a cam means
      36, which is connected to the gear lever 33 (indicated by the dashed line)
      and which when the lever is moved from a gear position to the neutral
      position opens the valve 35.
PAR  The function of the arrangement is the following:
PAR  When the vehicle starts in first gear the gear lever, indicated
      schematically by 33, is in the position indicated by 1 and 5, the
      change-over switch 17, which is controlled by the lateral movement in the
      neutral position (indicated by the dashed lines) of the gear lever is
      coupled to the output A of the control unit 16. The sensor 15 gives a
      current of low frequency to the control unit 16. The control unit is
      adapted to keep the output A live up to a frequency corresponding to, for
      example, 350 rpm of the driven shaft 13 and outlet B live up to a
      frequency corresponding to, for example 700 rpm. These values are only
      examples and can vary according to the engine, type of vehicle, etc. In
      driving in first gear the rpm is in all circumstances too low to break the
      current to output A, as well as when driving in second gear. In this
      position the magnetic valve 18 is current-carrying and thus open and the
      valve body 24 of the pilot valve 19 is kept in the left-hand position by
      the air pressure so that the space 4 of the piston-cylinder arrangement 3
      is connected to the pressure source, so that the lower gear of the range
      box 2 is engaged.
PAR  In the present example it is assumed that 350 rpm for the driven shaft 13
      lies within the rpm range for third gear, preferably half-way between the
      upper and lower rpm limits for third gear. However, when the shift has
      been completed to third the change-over switch 17 is connected to output B
      of the control unit, which is live up to 700 rpm of the driven shaft 13,
      which means that the magnetic valve is still open when the current is cut
      off to output A when the rpm exceeds 350. 700 rpm is assumed here to lie
      between the upper and lower rpm limits for fifth gear.
PAR  When fifth gear is to be engaged the gear lever 33 is moved to the position
      for first gear, and the change-over switch 17, when the gear lever passes
      through the neutral position couples over to the now currentless output A
      of the control unit 16. This cuts off the current to the magnetic valve
      18, which closes the connection between the pressure source and the pilot
      valve 19 via the conduit 20. The force of the spring 25 moves the valve
      body 24 to the right-hand end position, thereby establishing the
      connection between the pressure source and the cylinder space 5 so that
      the piston 6 is moved to the left at the same time as the space 4 is
      evacuated. This engages the higher gear of the range box, so that when the
      gear lever is in the position for first gear, fifth gear is engaged
      instead. In continued up-shifting there is no change in the range, since
      700 rpm is within the rpm range of fifth gear and the output B is
      therefore currentless in the shifting from sixth to seventh gear. In
      downshifting the process is reversed. The changing of the position of the
      valve body 24 is achieved by means of the air pressure in the conduit 20
      when the magnetic valve 18 is opened.
PAR  FIG. 3 shows an embodiment of the invention, which has two magnetic valves
      40 and 41 instead of a pilot valve 19, which regulate the supply of
      compressed air directly to the cylinder spaces 4 and 5, respectively, in
      the piston-cylinder arrangement 3 via conduits 40a and 41a. The sensor 15
      is coupled to a control unit 42 with four outputs A1, A2, B1 and B2,
      divided into two groups, of which the first output (A1 and B1) in each
      group controls the current over a first two position change-over switch 43
      to one magnetic valve 41 and the other outputs A2 and B2 control the
      current via a second two position change-over switch 44 to the second
      magnitude valve 40. As in the preceding example the change-over switches
      43 and 44 are controlled by the lateral movement of the gear lever 33 in
      the neutral position, which is indicated by the dashed lines. In this
      embodiment, instead of the stop valve 35 in FIG. 2a, there is a switch 45,
      which, as is shown schematically in the Figure, only completes the circuit
      to the control unit 42 when the gear lever 33 is in the neutral position.
      The control unit 42 is adapted to close the circuit to output A1 and break
      the circuit to output A2, when the rpm of the driven shaft 13 lies below a
      certain lower value, e.g., 350 rpm as in the preceding example. When said
      rpm value is exceeded the circuit to A1 is broken and the circuit to A2 is
      closed. This is illustrated schematically with the help of the change-over
      switch 46 in the control unit. A corresponding process occurs with the
      outputs B1 and B2, but at a higher rpm, e.g., 700 rpm as in the preceding
      example, and is illustrated schematically with the help of the change-over
      switch 47 in the control unit 42.
PAR  The functioning of the arrangement is as follows:
PAR  It is assumed that the vehicle is stationary with the gear lever 33 in the
      neutral position. The circuit is then closed to the control unit 42 by
      means of the switch 45. When the first gear is engaged the outputs A1 and
      A2 are connected via the change-over switches 43 and 44 to the magnetic
      valves 40 and 41. Since the rpm of the driven shaft 13 falls below 350 rpm
      the output A1 is live and the output A2 is currentless. This means that
      the valve 41 opens, while the valve 40 is still closed. Compressed air is
      supplied to the cylinder space 4 and the piston is brought to the position
      shown, in which the lower gear of the range box 2 is engaged. When the
      lever is shifted up to second and then to third outputs B1 and B2 are
      engaged, but since the rpm in third falls below 700 rpm the output B1 is
      live and B2 currentless. Therefore there is no shifting in the range box.
      When the revolutions exceed 350 rpm then the circuit is broken to the
      output A1 and is closed to A2. However, this has no effect on the range
      box as long as the B outputs are engaged when driving in third and fourth.
      Only when shifting to fifth, i.e., when lever 33 is moved to first gear is
      there a shift in the range position. Then the A-outputs are engaged and
      the magnetic valve 40 is opened by the circuit being closed over output
      A2, which is now live, while the valve 41 closes, since the output A1 is
      currentless. With the valve 40 open compressed air is supplied to the
      cylinder space 5 at the same time as cylinder space 4 is purged via the
      valve 41, shifting up occurring by the piston 6 moving to the left in the
      Figure. When one later shifts from sixth to seventh and the B outputs are
      engaged there is no change in the range box since 700 rpm had already been
      exceeded in fifth gear and B2 is therefore live, while B1 is currentless.
PAR  To assure that the shifting in the range box is done while the gear lever
      is in the neutral position or the clutch pedal is depressed, it is
      suitable to dispose a device between the gear lever and the change-over
      switch 17 or between the change-over switches 43 and 44, which acts on the
      change-over switches at the initial movement of the gear lever through the
      neutral position. FIG. 4 shows an embodiment of such a device, generally
      designated by 50. It consists of a pad 51 with a central bore 52, through
      which a shaft portion 53 extends. The shaft portion 53 is an extension of
      a shaft in the gear mechanism in the gear box, which is displaced by the
      gear lever when it is moved laterally in the neutral position. The shaft
      portion 53 is journalled on two bearings 54 so as to be axially
      displaceable, said bearings forming at the same time the end stop surfaces
      for the pad 51 which engages the shaft portion 53 by friction. The
      frictional grip is achieved by means of a spring 55, in a casing 56 in a
      hole in the pad and presses against the shaft portion 53. The spring 55 is
      held pre-tensed in place by means of a plug 57 screwed into the outer end
      of the casing 56. FIG. 4 shows the pad 51 engaged with the two change-over
      switches 43 and 44 in the form of micro-switches. The distance between the
      stop surfaces 54 is adapted so that the pad can only be moved the distance
      required to switch over the micro-switches 43 and 44. This distance,
      designated S, is only a small portion of the total displacement of the
      shaft portion 53 in shifting gears between, for example, second and third.
      By this arrangement the changing over of the two micro-switches occurs
      after a very small movement of the gear lever, which corresponds to a
      displacement of the shaft portion 53 a distance S. The shaft portion 53 is
      displaced relative to the pad 51 when the gear lever is moved further.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a gear box comprising a main gear box with a number of gear ratios,
      and a two-geared range gear box coupled to a driven shaft of the main gear
      box, said range gear box having such gear ratios that the total gear ratio
      of the gear box with the higher ratio in the range box and the lowest
      ratio in the main box is higher than that with the lower ratio in the
      range gear box and the highest ratio in the main gear box, and an
      arrangement for controlling the shifting between two gear ratio ranges,
      said arrangement comprising a servo-aggregate which is connected to the
      gear-driving mechanism of the range gear box and which is coordinated with
      means which start operation of the servo-aggregate only upon shifting in
      the main gear box, as well as a sensor device which coacts with the driven
      shaft of the range gear box for reading the rpm of the shaft; the
      improvement in which said sensor device is connected to a control unit
      having at least two outputs over which the control unit provides a signal
      for maneuvering the servo-aggregate during shifting in the main gear box
      for shifting in the range gear box, said control unit providing a signal
      over the first output when the rpm of the driven shaft passes a first low
      rpm while increasing or decreasing, and over the second output when the
      rpm passes a second, greater rpm while increasing or decreasing, at least
      one of a plurality of two-position changeover switches adjusted by the
      lateral movement of a gear lever in the neutral position being connected
      between the two outputs for shifting an operating output of the gear box.
NUM  2.
PAR  2. A gear box according to claim 1, characterized in that the
      servo-aggregate is formed of a fluid-operated piston-cylinder arrangement
      and that the control unit is electrically connected to at least one
      magnetic valve controlling a supply of pressure medium to the
      piston-cylinder arrangement, the control unit being adapted to open or
      close the magnetic valve depending on the rpm sensed by the sensor device.
NUM  3.
PAR  3. A gear box according to claim 2, characterized in that the magnetic
      valve controls the setting of a pilot valve coupled to the connection
      between the pressure source and a double-acting piston-cylinder
      arrangement, so that when the pilot valve is in one position pressure
      medium is introduced into the cylinder space on one side of the piston and
      when said pilot valve is in the other position the pressure medium is
      introduced into the cylinder space on the opposite side of the piston.
NUM  4.
PAR  4. A gear box according to claim 3, characterized in that the control unit
      has four outputs divided into two groups, the first output in each group
      is connected via a two-position position changeover switch changeable by
      the lateral movement of the gear lever in the neutral position, to a first
      magnetic valve and the second output is connected over a corresponding
      second two-position changeover switch to a second magnetic valve, said
      magnetic valves controlling the supply of pressure medium to their
      individual cylinder spaces in a double-acting piston-cylinder arrangement,
      the control unit controlling the operating current, via the first group of
      outputs through changing the active output, for changing over of the
      magnetic valves when the rpm of the driven shaft passes a first low rpm
      and via the second group of outputs by changing the active output when the
      rpm passes a second higher rpm.
NUM  5.
PAR  5. A gear box according to claim 2, characterized in that the changeover
      switch can be switched by means of a member displaceable in the transverse
      direction of the gear box, said member frictionally engaging a part of the
      shifting mechanism of the main gear box, which is movable when the gear
      lever is moved laterally in the neutral position, the lateral switching
      movement of the member being restricted by two stop surfaces to a portion
      of the transverse movement of the part which engages the member so that
      the member is pulled along by friction during the initial movement of the
      part, while the part is displaced relative to said member during continued
      movement.
NUM  6.
PAR  6. A gear box according to claim 4, characterized in that the changeover
      switches can be switched by means of a member displaceable in the
      transverse direction of the gear box, said member frictionally engaging a
      part of the shifting mechanism of the main gear box, which is movable when
      the gear lever is moved laterally in the neutral position, the lateral
      switching movement of the member being restricted by two stop surfaces to
      a portion of the transverse movement of the part which engages the member
      so that the member is pulled along by friction during the initial movement
      of the part, while the part is displaced relative to said member during
      continued movement.
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PAL  A pair of rotatable cutter mechanisms are positioned on opposite sides of a
      moving web and are arranged upon rotation of the cutter shafts to cut
      notches in the side edges of the moving web. The cutter shafts are
      rotatably driven by a drive mechanism that includes a pair of endless
      timing belts connected to the cutter shafts. One of the timing belts is
      reeved about a drive pulley that is non-rotatably connected to a helical
      gear. The main drive shaft has a helical gear that meshes with the helical
      gear connected to the pulley. The pair of timing belts are drivingly
      connected to each other by means of a pair of meshing helical gears
      connected to separate pulleys associated with the respective timing belts.
      Phase adjustment of both of the cutter mechanisms is accomplished by
      axially moving the helical gears connected to the pulley and main drive
      shaft while the helical gears remain in meshing relation with each other.
      The phase adjustment between the two cutter mechanisms is accomplished by
      moving the second pair of meshing helical gears axially relative to each
      other while remaining in meshing relation to rotatably displace one
      helical gear relative to the other and thus adjust the phase relation
      between the pairs of rotating cutter mechanisms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a drive for rotatable cutter mechanisms and more
      particularly to a drive for a pair of rotatable cutter mechanisms arranged
      to cut different length notches in a moving web.
PAR  2. Description of the Prior Art
PAR  Rotating blade type cutting mechanisms for cutting notches in a moving web
      are known. British Patent 850,797 entitled "Improvements In Or Relating To
      Apparatus For Slotting The Edges Of Running Webs" discloses a cutting
      mechanism that includes a pair of rotatable cutting knives that are
      separately driven by means of meshing gears connected to a common drive
      shaft. The cutting sequence of the pair of tandem knives is adjusted by
      adjusting the relative position of the cutting knives to the drive gears.
PAR  U.S. Pat. No. 3,782,233 discloses a rotatable cutter mechanism that
      includes pairs of rotatable cutting knives positioned on opposite sides of
      the web and arranged to cut different length notches in the moving web
      material. The cutting knives are non-rotatably secured to rotatable shafts
      mounted on a platform that are, in turn, connected through coupling
      devices to gear boxes which, in turn, are connected to a common drive
      shaft.
PAR  German OLS 1,769,688 entitled "Cutting Arrangement For Envelope And Bag
      Machines" also discloses apparatus for cutting notches in the sides of an
      endless web.
PAR  The known rotating blade type cutters are all mechanically connected to a
      common drive shaft so that it is not possible to adjust the phase register
      between the cutting operation of the knives and the relative position of
      the web while the web is moving and with the direct mechanical connections
      substantial backlash is present that limits the accuracy of the notches
      cut in the side edges of the web.
PAR  There is a need for a drive mechanism that is associated with rotatable
      cutter mechanisms that can adjust phase register between the knives and
      the web while the cutter mechanism is in operation. There is also a need
      for apparatus to reduce the backlash to provide more accurate phase
      register during operation of the cutting mechanism and provide for a
      quicker size change.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention the drive mechanism for the
      rotatable cutter mechanism that is arranged to cut notches in a moving web
      includes a cutter shaft rotatably mounted on a platform. The cutter
      mechanism is secured to the cutter shaft and arranged upon rotation of the
      cutter shaft to cut notches in a web that is moving on the platform. A
      drive shaft is rotatably mounted adjacent to the cutter shaft. The drive
      shaft has a helical gear mounted thereon. A second helical gear is
      arranged in meshing relation with the first helical gear and a drive means
      drivingly connects the second helical gear to the cutter shaft so that the
      cutter shaft rotates in timed relation with the second helical gear. A
      means is provided for moving one of the helical gears axially relative to
      the other helical gear during the rotation of the drive shaft to thus
      change or adjust the phase register of the cutter mechanism. Preferably
      the second helical gear has a longitudinal dimension greater than that of
      the first helical gear so that relative movement therebetween displaces
      radially or peripherally one of the helical gears relative to the other
      helical gear while the helical gears remain in meshing relation with each
      other.
PAR  The drive means connecting the second helical gear with the rotatable
      cutter shaft includes a plurality of pulleys; one pulley being secured to
      the rotatable cutter shaft through a flexible coupling and another pulley
      secured to and rotatable with the second helical gear. An endless flexible
      timing belt is reeved about the respective pulleys to thus rotate the
      cutter shaft in timed relation with the drive shaft.
PAR  Where pairs of cutter mechanisms are positioned on opposite sides of the
      web and arranged to cut notches in both sides of the web a second drive
      means is provided for the second cutter mechanism. The drive means
      includes a helical gear that meshes with a helical gear forming a portion
      of the drive train for the first cutter mechanism. The second pair of
      meshing helical gears are also adjustable axially relative to each other
      while in meshing relation for phase adjustment of the second cutter
      mechanism. With the above arrangement it is now possible to provide a
      relatively simple and inexpensive drive for pairs of cutter mechanisms
      positioned on opposite sides of the web. The drive mechanism includes the
      features of quick change and reduced backlash. Further, it is now possible
      with the pairs of helical gears included in the drive mechanism to adjust
      the phase register of both of the cutter mechanisms and also to adjust the
      phase register of the second cutter mechanism.
PAR  Accordingly, the principal object of this invention is to provide a drive
      mechanism for rotatable cutter mechanisms that includes phase register
      adjustment for the cutter mechanism while the drive mechanism is in
      operation.
PAR  Another object of this invention is to provide an inexpensive drive
      mechanism for a rotatable cutter with reduced backlash in the drive
      mechanism.
PAR  These and other features of this invention will be more completely
      disclosed and described in the following specification, the accompanying
      drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a rotating cutter mechanism arranged to cut
      the side edges of a moving web and the drive mechanism associated
      therewith.
PAR  FIG. 2 is a schematic view in elevation of the drive mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The rotatable cutter mechanism is similar to that illustrated and described
      in U.S. Pat. No. 3,782,223 and includes a platform designated by the
      numeral 10 on which a pair of rotatable drive shafts 12 and 14 are
      rotatably supported in pillow block type bearings 16. Suitable means may
      be provided to adjustably move the cutter shafts 12 and 14 toward and away
      from each other to control the size of the notches cut in the sides of the
      endless web as later described. The platform or table portion 10 has fixed
      cutters 18 and 20 which mate with blades 22, 24, 26 and 28 of the
      rotatable cutters. An endless web 30 is arranged to be conveyed along the
      upper portion of the table or platform 10 and move in the direction
      indicated by the arrow in FIG. 1.
PAR  One of the rotatable cutter mechanisms on a side of the web 30 includes
      blade holders 32 and 34 non-rotatably secured to the cutter shaft 12 by
      means of bolts 36. The blades 22 and 24 are secured to the blade holders
      32 and 34 by the bolts 38. With this arrangement the blades 22 and 24
      secured to the blade holders 32 and 34 rotate with the shaft 12 and as the
      blades rotate past the fixed cutter 18 a notch 40 is formed in the side
      edges of the web 30. The other cutter mechanism located on the opposite
      side of web 30 is of substantially the same construction and includes
      blade holders 42 and 44 non-rotatably secured to the cutter shaft 14. With
      this arrangement notch 46 is formed on the opposite side of the web 30 by
      rotation of the cutter blades 26 and 28.
PAR  As is discussed in U.S. Pat. No. 3,782,233 the relative angular
      displacement of the blade 22 to the blade 24 and similarly the blade 26 to
      the blade 28 determines the length of the notch cut by the respective
      cutter mechanisms on the opposite sides of the web 30.
PAR  One of the principal uses of the above described cutter mechanism is to
      form the side edges of the seal flap and bottom flap of adjacent envelope
      blanks that are thereafter severed from the web. It is essential in
      forming the side edges of the seal flap and bottom flap that the cutter
      mechanisms positioned on opposite sides of the web be in accurate phase
      register so that the side edges of the bottom flap, for example, on
      opposite sides of the web are cut at the same transverse location on the
      web. This phase register between the cutter mechanisms on opposite sides
      of the web is essential to obtain accurate and symmetrically formed
      envelope blanks. It is also necessary to control the speed of the cutter
      mechanisms and adjust the phase register of the cutter mechanisms with the
      remaining components of the envelope making machine.
PAR  The drive mechanism for the rotatable cutter devices includes a main drive
      shaft 48 that is connected to the envelope machine drive and rotates at a
      preselected speed relative to the remaining components of the envelope
      making machine. The main drive shaft 48 has a helical gear 50
      non-rotatably mounted thereon. The helical gear 50 has a collar member 52
      in which a suitable fork type device may be positioned to move the helical
      gear 50 axially on the drive shaft 48. The helical gear 50 meshes with a
      second helical gear 54 that is mounted on shaft 56. The shafts 48 and 56
      are suitably supported in the frame portion of the envelope machine and
      the supports are not illustrated. It should be understood, however, that
      any conventional shaft support means may be employed. Throughout the
      specification various pulleys and gears in the drive mechanism will also
      be discussed as mounted on suitable shafts. These shafts are suitably
      supported in the frame mechanism of the envelope making machine and the
      supports are not illustrated.
PAR  A pulley member 58 is secured to the helical gear 54 and is rotatable
      therewith and is also secured to shaft 56. The cutter shaft 12 suitably
      supported in bearings 16 is connected through a flexible coupling 96 to a
      pulley 60. The flexible coupling 96 has a shaft end portion 98 which is
      mounted in bearings 100 with the pulley 60 therebetween.
PAR  The endless flexible timing belt 62 is reeved about the pulleys 58 and 60
      to transmit rotation from the shaft 48 through the flexible coupling 96 to
      the cutter shaft 12. As previously indicated, the cutter shaft 12,
      flexible coupling 96 and pulley 60 are arranged to be adjusted
      horizontally as indicated by the arrows in FIG. 2.
PAR  A take-up pulley 64 is mounted on shaft 68 and the timing belt 62 is reeved
      therearound. The timing belt 62 abuts an idler pulley 70 and is also
      reeved about a transfer pulley 72 mounted on shaft 74. The pulleys 60 and
      64 are connected to each other by suitable connecting means (not shown) so
      that both pulleys move the same distance in the same direction during
      adjustment of the cutter shaft. With this arrangement once the timing belt
      is tensioned it remains tensioned no matter how much the cutter is
      adjusted due to this arrangement of the pulleys and the pulleys being
      interconnected with each other for equal movement in the same direction.
      With this arrangement rotation of drive shaft 48 is transmitted through
      the meshing helical gearing 50 and 54 and timing belt 62 to the pulley 60
      which, in turn, transmits rotation through the flexible coupling 96 to the
      cutter shaft 12.
PAR  The flexible coupling 96 which may be of any conventional construction has
      a pivot point 102 about which the cutter shaft 12 can pivot relative to
      the shaft 98 to provide fing angular adjustments of the cutting knives 22
      and 24 on the cutter shaft 12.
PAR  The rotation of the timing belt 62 is transferred through the transfer
      pulley 72 to the cutter mechanism located on the opposite side of the web
      30.
PAR  The cutter shaft 14 is connected through a similar flexible coupling 96 to
      a pulley 76 suitably mounted in separate bearings 100. The pulley 76 has a
      diameter substantially the same as the diameter of pulley 60 associated
      with the other cutter shaft 12. A timing belt 78 is reeved about idler
      pulley 80, take-up pulley 82, transfer pulley 84 and idler pulley 86. The
      transfer pulley 84 is mounted on a shaft 88 and is connected to a helical
      gear 90. The helical gear 90 meshes with helical gear 92 mounted on shaft
      74. The idler pulley 80 and take-up pulley 82 are mounted on suitable
      shafts and the pulley 76 mounted on the flexible coupling shaft 98 is
      connected to the take-up pulley 82 so that both pulleys 76 and 82 move the
      same distance in the same direction during adjustment of the cutter shaft
      14. This maintains the same tension on the timing belt 78. With this
      arrangement rotation of pulley 72 by timing belt 62 is transmitted through
      meshing helical gears 90 and 92 to the transfer pulley 84. The helical
      gear 90 has a longitudinal dimension smaller than the helical gear 92 and
      includes a collar 94 which permits longitudinal or axial movement of
      helical gear 90 relative to helical gear 92 while the gears 90 and 92 are
      in meshing relation with each other.
PAR  The adjustment of the phase register of both of the cutter mechanisms, i.e.
      the cutter mechanism connected to shaft 12 and the other cutter mechanism
      connected to shaft 14, is accomplished by moving the helical gear axially
      on the shaft 48 while the helical gear 50 remains in meshing relation with
      the helical gear 54. The axial movement of the helical gears relative to
      each other provides peripheral displacement of one gear relative to the
      other and thus adjusts the phase register of both of the interconnected
      cutter mechanisms. It will be appreciated that the phase register
      adjustment of both of the cutter mechanisms may be accurately controlled
      during the operation of the drive mechanism and the envelope machine.
PAR  The phase adjustment of the cutter mechanism connected to the cutter shaft
      14 is accomplished by moving the helical gear 90 axially relative to
      helical gear 92 to thus provide peripheral displacement between the
      helical gears 90 and 92 and a phase adjustment between the drives for the
      cutter mechanism associated with shaft 12 and the other cutter mechanism
      associated with shaft 14. The above described arrangement permits
      adjustment of the phase register for both of the cutters by moving the
      helical gears 50 and 54 axially relative to each other and also phase
      adjustment between the pairs of cutter mechanisms by moving the meshing
      helical gears 90 and 92 relative to each other. The arrangement of the
      pulleys further permits the timing belts to remain tensioned during
      adjustment of the cutter shafts with the cutter knives mounted thereon.
      The pulley associated with the cutter shaft and the take-up pulley are
      movable linearly in opposite directions. The above pulleys are suitably
      interconnected to each other so that both pulleys move the same distance
      in the same direction and thus maintain the same tension on the timing
      belts during adjustment of the cutter shafts.
PAR  According to the provisions of the patent statutes, I have explained the
      principle, preferred construction and mode of operation of my invention
      and have illustrated and described what I now consider to represent its
      best embodiments.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for providing automatic take-up of a timing belt comprising,
PA1  a drive shaft mounted for planar linear movement in opposite directions,
PA1  a drive shaft fixedly positioned and rotatably mounted adjacent to said
      driven shaft,
PA1  a pulley mounted on said driven shaft,
PA1  a drive pulley mounted on said drive shaft,
PA1  a take-up pulley rotatably mounted between said drive pulley and said
      driven pulley, said take-up pulley mounted for planar linear movement in
      opposite directions,
PA1  an endless timing belt reeved about said drive pulley, said driven pulley
      and said take-up pulley so that rotation of said drive shaft transmits
      rotation to said driven shaft, and
PA1  means connecting said driven pulley to said take-up pulley so that both
      said driven pulley and said take-up pulley move the same linear distance
      in the same plane so that said driven shaft may be adjusted in said linear
      plane while said timing belt maintains the same tension.
NUM  2.
PAR  2. Apparatus for providing automatic take-up of a timing belt as set forth
      in claim 1 which includes,
PA1  a flexible coupling between said driven shaft and said driven pulley, and
      flexible coupling providing pivot means to adjust said driven shaft
      axially relative to said driven pulley.
NUM  3.
PAR  3. A drive mechanism for a pair of shafts comprising,
PA1  a pair of driven shafts rotatably mounted in spaced relation to each other,
PA1  a drive shaft rotatably mounted adjacent to one of said driven shafts,
PA1  separate pulleys non-rotatably connected to both of said driven shafts and
      said drive shaft,
PA1  a pair of connecting shafts mounted in spaced relation to each other and to
      said driven shafts,
PA1  a pair of gears non-rotatably mounted on said pair of connecting shafts,
      said gears meshing with each other,
PA1  a pair of pulleys non-rotatably mounted on said connecting shafts,
PA1  a first endless timing belt reeved about said pulley on said drive shaft,
      said pulley mounted on one of said driven shafts and said pulley mounted
      on one of said connecting shafts, and
PA1  a second endless timing belt reeved about said pulley mounted on said other
      driven shaft and said pulley mounted on said other connecting shaft,
PA1  said timing belts arranged through said meshing gears on said connecting
      shafts to rotate said driven shafts in timed relation to each other upon
      rotation of said drive shaft.
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ABST
PAL  A shift control mechanism is provided for a multiple-forward-speed manual
      transmission which controls operation of the shift lever between the
      reverse drive position and one forward drive position to prevent
      inadvertent shifting which might damage the transmission. A transmission
      lever whose movement is controlled through the shift lever is formed with
      a projection extending therefrom which is adapted to engage a movable pin
      mounted in a housing. The housing is axially movable along a guide shaft
      and the pin is movable between an extended and a retracted position
      relative to the housing. The erroneous shifting operation between the
      reverse drive position and the one forward drive position is prevented by
      engagement between the projection and the pin in a manner which does not
      interfere with appropriate shifting of the transmission during vehicle
      operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention relates to automotive vehicle transmissions and more
      particularly to a shift control mechanism for a manual transmission
      involving a plurality of forward drive positions and a reverse drive
      position. The control mechanism is specifically involved with controlling
      movement of the shift lever between one of the forward drive positions and
      the reverse drive position wherein these two positions lie in a linear
      path through which the shift lever moves therebetween. Erroneous shifting,
      which might occur if the shift lever were to be moved directly through
      said linear path from said one forward drive position to the reverse
      position, is prevented.
PAR  As is well known, a shift mechanism for a manual transmission having five
      forward drive positions and a reverse drive position is usually arranged
      with a shifting pattern wherein the shift lever is moved along three
      linear paths, with two drive positions being located at the opposite ends
      of each linear path. Thus, shifting of the transmission between a first
      and a second speed ratio is effected by moving the shift lever between two
      positions lying at the ends of one of said linear paths, with the third
      and fourth speed ratio positions lying at the ends of a second linear
      path. The fifth speed ratio position and the reverse drive position are
      located at the ends of the third linear path of the shift lever, and when
      it is intended to downshift the transmission from the fifth speed ratio
      during high speed vehicle operation, the shift lever could inadvertently
      be moved into the reverse drive position thereby causing serious
      transmission damage and dangerous vehicle operating conditions.
PAR  Various mechanisms have been proposed to prevent such misshifting, among
      them being one which requires that the shift lever be pressed downwardly
      or pulled upwardly when it is to be moved into the reverse drive position.
      Another proposal has been to require manipulation of a button or the like
      independently of but concurrently with manipulation of the shift lever. In
      either case, however, such manipulation will require some difficulty or
      skill on the part of the vehicle operator and it becomes difficult for the
      operator to accomplish such manipulations with ease during operation of
      the vehicle with the operator sitting at a normal position in the driver's
      seat. Moreover, the structure of such a transmission mechanism will
      inevitably involve undesirable complexity.
PAR  Accordingly, the present invention is intended to provide an improved shift
      control mechanism for use with a multiple forward speed manual
      transmission in which a transmission lever is activated by manipulation of
      a shift lever to selectively operate one of a plurality of fork shafts of
      the transmission in order to effect a reverse speed ratio and one forward
      speed ratio which lie at opposite ends of a linear path forming a part of
      the shifting pattern of the shift lever.
PAR  The invention provides a mechanism of the above type which operates to
      control the shifting operation which occurs between the reverse speed
      ratio position and the one forward speed ratio position and, in one aspect
      thereof, the control mechanism is structured to prevent downshifting
      directly along a linear path of movement of the shift lever from the one
      forward drive position to the reverse position.
PAR  Furthermore, the mechanism of the invention operates to control shifting
      operation in the manner previously described without requiring other
      concurrent manipulative efforts, such as depression of a button or axial
      movement of the shift lever.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention may be described as a control mechanism for
      a manual multiple-forward-speed vehicle transmission having transmission
      means shiftable between a reverse speed ratio and a plurality of forward
      speed ratios, a manual shift lever controlling the transmission means by
      movement thereof through a shift pattern of selection positions which
      includes a neutral position, said shift lever being connected to shift the
      transmission means to the reverse speed ratio and to one of the forward
      speed ratios by movement of the shift lever, respectively, to a pair of
      selection positions which lie in a substantially linear path extending
      across the neutral position, and a transmission lever operatively
      connected between the shift lever and the transmission means to enable
      shift control by manipulation of the shift lever. More specifically, the
      control mechanism of the invention is directed to a misshift preventive
      mechanism for controlling movement of the shift lever along the linear
      path extending between the selection positions for reverse drive and said
      one forward drive, said misshift preventive mechanism comprising a
      projection extending from the transmission lever, a pin located to be
      engaged by said projection, a housing having said pin mounted therein for
      movement relative thereto between an extended position and a retracted
      position, said housing being mounted for movement in directions
      transversely of the directions of movement of said pin, with the path of
      movement of said housing including an initial position defined thereon,
      said projection being configured to cause retraction of the pin when the
      shift lever is moved through the neutral position into the linear path
      intermediate said pair of selection positions, and to permit movement of
      the pin to the extended position by movement of the shift lever along the
      linear path, with the pin being arranged to be engaged by said projection
      to cause movement of said housing when said shift lever is moved along
      said linear path with said pin in the extended position, stopper means for
      restricting movement of the housing, and spring means biasing the housing
      for movement to its initial position when engagement between said
      projection and said pin is released.
PAR  As will be further described in detail hereinafter, the invention involves
      several specific embodiments, some of which are more particularly involved
      with the structure for mounting the housing and the pin and for arranging
      the stopper means to control movement of the housing. In one specific
      embodiment of the invention movement of the shift lever directly through
      the linear path between one forward drive position and the reverse drive
      position is prevented while movement in the opposite direction, i.e.,
      directly along the linear path extending from the reverse drive position
      to the one forward drive position, is not prevented.
PAR  In another embodiment, there is prevented direct shifting along the linear
      path in both directions either from the one forward drive position to the
      reverse position or from the reverse position to the one forward drive
      position.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the invention
     .
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal sectional view showing a transmission mechanism in
      which a shift control mechanism according to the present invention is
      incorporated;
PAR  FIG. 2 is a diagrammatic outline depicting the shift pattern through which
      the shift lever may be moved in a transmission to which the present
      invention is applied;
PAR  FIG. 3 is a sectional view taken along the line III -- III of FIG. 1
      showing a first embodiment of the present invention;
PAR  FIG. 4 is a view in side elevation partially in section looking in the
      direction of the arrow IV of FIG. 3;
PAR  FIG. 5 is a sectional view taken along the line V -- V of FIG. 1 showing a
      second embodiment of the present invention;
PAR  FIG. 6 is a view in side elevation partially in section looking in the
      direction of the arrow VI of FIG. 5;
PAR  FIG. 7 is a sectional view taken along the line VII -- VII of FIG. 6;
PAR  FIG. 8 is a sectional view taken along the line VIII -- VIII of FIG. 1
      showing a third embodiment of the present invention;
PAR  FIG. 9 is a view in side elevation partially in section looking in the
      direction of the arrow IX of FIG. 8;
PAR  FIG. 10 is a view in side elevation partially sectioned showing a fourth
      embodiment of the present invention;
PAR  FIG. 11 is a sectional view taken along the line XI -- XI of FIG. 1 showing
      a fifth embodiment of the present invention;
PAR  FIG. 12 is a view in side elevation partially in section looking in the
      direction of the arrow XII of FIG. 11; and
PAR  FIG. 13 is a sectional view taken along the line XIII -- XIII of FIG. 11.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein like reference numerals refer to
      similar parts throughout the various figures thereof, there is shown in
      FIG. 1 an example of a manual transmission mechanism involving five
      forward speed ratios and a reverse drive. A transmission gear mechanism
      (not shown) is accommodated at the rear of a gear casing 1 having mounted
      thereon an extension housing 2 through which an output shaft 3 extends. At
      the upper portion of the housing 2 there is secured, by means of bolts 4,
      a retainer 5 which supports a shift lever 6. The shift lever 6 includes an
      upper rounded portion 6a which is urged into contact with a rounded seat
      portion 5a of the retainer 5 by a spring force. The arrangement depicted
      enables selective shifting operation of the transmission by movement or
      rocking the shift lever 6 in longitudinal and transverse directions
      respectively.
PAR  A lower rounded portion 6b of the shift lever 6 is fitted or engaged in a
      shift lever housing 8 connected to one end of an intermediate rod 10 which
      is inserted to extend toward the gear casing 1 through a bore 9 formed in
      the housing 2.
PAR  The shifting and selection operations of the transmission are transmitted
      from the shift lever 6 as axial and revolving motions, respectively, to a
      transmission lever 11 by way of the intermediate rod 10. The shift lever
      6, when not otherwise urged either by a manipulative effort or by
      engagement of the transmission gearing, is automatically returned by the
      action of a selection spring 18 to a central or neutral position at which
      its use is most frequently effected. The likelihood of seepage of
      deleterious materials or dust into the retainer 5 may be efficiently
      prevented by a boot 19 which is interposed between the shift lever 6 and
      the open end of the retainer 5.
PAR  As shown in FIG. 3, the lever 11 is formed at its rearwardly extending end
      with a pawl portion 11a which is adapted to be selectively engageable with
      engagement grooves 15, 16 and 17 formed on fork shafts 12, 13 and 14,
      these being shown, by way of example, as comprising three in number. The
      fork shafts 12--14 are arranged within the gear casing 1 above the
      transmission gear mechanism in a manner to be moved axially thereof.
PAR  Accordingly, by movement of the shift lever 6 to its respective selection
      positions, the extending pawl portion 11a will be operated to engage one
      of the grooves 15-17. During the shifting operation, one of the fork
      shafts 12-14 is moved backwardly and forwardly through engagement between
      the pawl portion 11a and the corresponding one of the grooves 12-14. Thus,
      the first and second speed ratios are obtained through the fork shaft 12,
      and the third and fourth speed ratios are obtained through the fork shaft
      13. Moreover, the fifth and reverse speed ratios are obtained through the
      fork shaft 14. The resultant shift pattern through which the shift lever 6
      is moved and its selective operation of the transmission is depicted in
      FIG. 2.
PAR  The present invention is adapted to be incorporated for use within the
      structural arrangement hereinbefore described to control movement of the
      shift lever 6 after it has been shifted to the neutral position through a
      releasing operation involving the highest or fifth speed ratio and the
      reverse drive position. The shift control mechanism of the invention will
      be described hereinafter in connection with the five embodiments thereof
      which are shown in FIGS. 3-12.
PAR  Referring to the first embodiment of the invention which is illustrated in
      FIGS. 3 and 4, the transmission lever 11 is formed to include at its end
      opposite to the pawl portion 11a an integrally formed relatively long
      projection 11b which is formed at its end or side extension with an
      inclined plane 11e. The incline plane 11e is shown as extending
      rightwardly and downwardly with respect to the pawl portion 11a, as viewed
      in FIG. 3.
PAR  Into a bore 21 which is formed in the gear casing 1 near the projection
      11b, there is inserted a guide shaft 20 which is fastened by a bolt 22.
      Fitted on the free-end portion of the guide shaft 20 is a housing 24 which
      may be moved in the axial direction of the shaft 20 but which is prevented
      from revolving relative thereto by a locking pin 25 which is arranged to
      contact a notched plane 23 formed on the shaft 20. The housing 24 is
      formed with a stepped bore 26 extending perpendicularly of the locking pin
      25 lying on a plane normal to the guide shaft 20. Into the bore 26 there
      is inserted a pin 30 which protrudes from the housing 24 to a degree
      regulated by a flange 29 engaging the stepped portion of the bore 26. The
      pin 30 is arranged to be moved between an extended position relative to
      the housing 24 and a retracted position by movement against the action of
      a spring 27 which is interposed between the pin 30 and the locking pin 25.
PAR  With the shift lever 6 at the selection positions for the third and fourth
      speed ratios, the relative position of the pin 30 is determined by contact
      effected between the leading end of the pin and the inclined plane 11e of
      the projection 11b. At the selection positions for the fifth and reverse
      speed ratios, on the other hand, the pin 30 will have its axis common to
      that of the projection 11b or aligned therewith. A spring 31 is interposed
      between the housing 24 and the gear casing 1. A snap ring 32 is mounted on
      the guide shaft 20 for preventing the housing from moving beyond the right
      hand end of the guide shaft 20 as viewed in FIG. 4. A stopper 33 is formed
      on the gear casing 1 for regulating movement of the housing 24 effected by
      engagement of the projection 11b with the pin 30 whereby axial movement of
      the housing 24 along the guide shaft 20 leftwardly as viewed in FIG. 4 is
      limited.
PAR  In the construction of the mechanism according to the present invention
      certain dimensional relationships are developed between certain parts of
      the mechanism including the projection 11b of the lever 11, the pin 30 of
      the housing 24 and the stopper means 33. Since a distance S.sub.C between
      a front end surface 11c of the projection 11b and the outer rear surface
      of the pin 30 is preset to be smaller than a shift stroke S.sub.5 for the
      fifth speed ratio, the pin 30 is released from engagement with the
      projection 11b upon occurrence of the shifting operation to the fifth
      speed ratio. Moreover, since a distance S.sub.D between a rear surface 11d
      of the projection 11b and the center line of the pin 30 is preset to be
      larger than a shift stroke S.sub.R for the rear speed ratio, the pin 30 is
      locked in engagement with the projection 11b upon shifting operation to
      the reverse drive position.
PAR  On the other hand, since the distance S.sub.C is made equal to a distance
      S.sub.N extending between the housing 24 and the stopper 33, when the
      shift lever 16 is moved to release the transmission from the fifth speed
      ratio, the housing 24 is brought into contact with the stopper 33 by
      virtue of engagement between the projection 11b and the pin 30 and the
      lever 11 is stopped at the neutral position so that erroneous overshifting
      to the reverse speed ratio cannot occur.
PAR  In this respect, if the distance S.sub.N should be made smaller than the
      distance S.sub.C, the lever 11 would be stopped during its travel to the
      neutral position, and at the same time the engagement grooves 15-17 of the
      respective fork shafts 12-14 would be misaligned. Indeed, the distance
      S.sub.N is made slightly larger than the distance S.sub.C due to assembly
      or machining errors, and the discrepancy is such that the sleeve in the
      transmission gear mechanism is almost out of meshing engagement with the
      gear spline of the reverse gear when the shifting operation is
      accomplished from the fifth speed ratio to the neutral position.
PAR  In an arrangement having the above described dimensional relationships and
      involving a shift pattern such as is depicted in FIG. 2, when the shift
      lever 6 is rocked leftwardly, the lever 11 will be inclined, as shown by a
      dotted line A in FIG. 3, so that the projection 11b will be relieved from
      contact with the pin 30 with the pawl portion 11a being brought into
      engagement with groove 15 of the fork shaft 12. As a result, the first or
      second speed ratio will be achieved in a manner similar to that occurring
      in a conventional transmission mechanism.
PAR  When the shift lever 6 is released from the hand of the driver or is
      manually shifted to the center position at the selection position for the
      first and second speed ratios, the inclined plane 11e of the projection
      11b is brought into contact with the pin 30, as shown by a solid line in
      FIG. 3, and its selection position is determined in this manner. Under
      this condition, the pawl portion 11a engages the groove 16 of the fork
      shaft 13, thus effecting the third or fourth speed ratio.
PAR  On the other hand, when the shift lever 6 is rocked rightwardly, the pin 30
      will be retracted as a result of its engagement against the inclined plane
      11e thereby moving the pin against the action of the spring 27 inwardly of
      the housing 24. As a result, the lever 11 will ride over the pin 30 as
      shown by the dotted line B in FIG. 3 thus enabling the shift lever 6 to be
      brought to either the fifth or reverse speed ratio positions.
PAR  Therefore, when a shifting operation to the reverse speed ratio is
      performed, the projection 11b will be maintained in engagement with the
      pin 30 as shown at a dotted line C in FIG. 4 thus making it possible to
      accomplish a release shifting operation from the reverse speed ratio. On
      the other hand, when a shifting operation to the fifth speed ratio is
      effected, the projection 11b will move beyond the pin 30 as shown at a
      dotted line D in FIG. 4, and the pin 30 will be returned by the action of
      the spring 27 to its initial extended position where it will further
      protrude from the housing 24.
PAR  Accordingly, when the lever 11 is returned to the neutral position during a
      release shifting operation from the fifth speed ratio, the front end 11c
      of the projection 11b will overlap the pin 30 and will be brought into
      abutting engagement therewith. As a result, the housing 24 will be moved
      against the action of the spring 31 and at the neutral position the
      housing 34 will abut the stopper 33, as shown at a dotted line E of FIG.
      4. Thus, the lever 11 will be locked at the neutral position and will be
      blocked from completing an overshift movement to the reverse speed ratio.
PAR  At this point in the operation of the transmission, if the shift lever 6 is
      rocked toward the center or neutral position after it has been released
      from the fifth speed ratio position, the front end 11c of the projection
      11b will be moved out of engagement with the pin 30 and the housing 24
      will be returned to its initial position depicted in solid line form in
      FIG. 4, by the action of the spring 31. Thus, downshifting to the fourth
      speed ratio or to other selection positions may be subsequently
      accomplished.
PAR  Referring now to the second embodiment of the present invention which is
      depicted in FIGS. 5-7, wherein like reference numerals will be used to
      refer to similar parts such as those described in connection with the
      first embodiment, it will be seen that the housing 24 is arranged to be
      fixedly mounted upon the guide shaft 20 by means of a locking pin 35 which
      not only prevents axial sliding movement of the housing 24 along the shaft
      20 but which also inhibits relative rotation therebetween.
PAR  The spring 27 is retained in place by a cotter pin 36 which engages one end
      of the spring. The guide shaft 20 is also formed with a slot 37 within
      which a pin 38 is engaged. The pin 38 is also fitted to engage the gear
      casing 1 in a manner which enables relative motion between the gear casing
      1 and the guide shaft 20 but which appropriately limits the range of this
      relative motion. In the structure of the second embodiment, as most
      clearly seen in FIG. 6, the distance S.sub.N between the pin 38 and the
      rightmost end of the slot 37 is dimensioned to be equal to the distance
      S.sub.C. The housing 24 is moved during a release shifting operation from
      the fifth speed ratio position together with the guide shaft 20 so that
      the lever 11 may be locked against further movement in the direction of
      the reverse position by the combined cooperative action between the slot
      37 and the pin 38. Thus, it will be seen that pin 38 cooperating with the
      slot 37 and engaged against the gear housing 1 will operate a stopper
      means limiting the axial movement of the guide shaft 20 relative to the
      casing 1 and consequently also limiting the movement of the housing 24.
PAR  In a third embodiment of the present invention depicted in FIGS. 8-9, which
      involves parts similar to those of the previously described embodiments,
      the transmission lever 11 has its projection 11b formed at its leftward
      side as viewed in FIG. 8 with a flat portion 11f. The guide shaft 20 is
      inserted in the bore 21 of the extension housing 2 and is fixedly mounted
      therein by fastening bolt 22. The housing 24 is slidably fitted upon the
      guide shaft 20 and the pin 30, which may be moved between a retracted and
      extended position against the action of the spring 27, is arranged to abut
      or become disengaged from the flat portion 11f. The locking pin 25 is
      formed to extend through the housing 24 to engage one end of the spring 27
      and to also engage the slot 37 of the guide shaft 20 within which this pin
      is fitted so as to prevent the housing 24 from revolving relative to the
      pin 20. However, sliding movement axially of the shaft 20 by the housing
      24 is enabled within desired limits by the engagement between the pin 25
      and the slot 37 in the same manner as described in connection with FIG. 6
      with regard to the slot 37 and the pin 38 depicted therein. Thus, the pin
      25 and the slot 37 shown in FIG. 9, operate as the stopper means of the
      invention. With the shift lever 6 positioned at the selection position
      between the fifth speed ratio and the reverse drive position, therefore,
      the pin 30 will be retracted directly by the action of the flat portion
      11f and it will be seen that the resultant operation of this third
      embodiment depicted in FIGS. 8-9 will be similar to that of the first
      embodiment described in connection with FIGS. 3-4.
PAR  A fourth embodiment of the present invention as depicted in FIG. 10
      includes a spring 31 which is connected within the mechanism in a manner
      somewhat different from that previously described. In this instance, the
      guide shaft 20 comprises a stepped construction and includes a larger
      diameter portion 20a and a smaller diameter portion 20b. The housing 24
      which has the pin 30 movably mounted thereon is formed at its inner side
      with a flange 40 located to engage one end of the spring 31 with the
      spring 31 being interposed between the large diameter portion 20a of the
      guide shaft 20 and the flange 40 of the housing 24. Thus, it will be seen
      that in this embodiment, the spring 31 is engaged to effect relative
      motion between the housing 24 and the guide shaft 20 to return the housing
      24 to its initial position after it has been moved therefrom by operation
      of the transmission in the manner previously described. Other structure of
      this embodiment, as will be apparent from the description contained
      herein, is similar to that of embodiments previously described.
PAR  In the four embodiments described thus far, only shifting directly along a
      linear path from the fifth speed ratio position to the reverse position is
      prevented. This is depicted and identified by the arrow H.sub.R shown in
      FIG. 2. However, shifting in the directions of arrows F, G and H.sub.5
      shown in FIG. 2 may be effected without blockage. In the fifth embodiment
      of the present invention, however, direct shifting from the reverse drive
      position to the fifth speed ratio position is additionally prevented in
      order to provide enhanced advantages from the standpoint of safety. This
      portion of the shifting pattern is identified by the arrow H.sub.5 in FIG.
      2. The fifth embodiment of the invention, which is depicted in FIGS.
      11-13, is similar in several respects to the first embodiment and in the
      description which follows emphasis will be placed upon the differences
      involved therebetween. The width of the projection 11b of the transmission
      lever 11 in the fifth embodiment is made smaller than in previous
      embodiments so that it may move out of engagement with the pin 30 when the
      shift lever 6 is moved to both the fifth speed ratio position and the
      reverse speed ratio position. Thus, with reference to FIG. 12, it will be
      seen that when the lever 11 is moved either leftwardly or rightwardly the
      projection 11b will slide off the pin 30 so that when the lever 11 is
      retracted the sides of the projection 11b will abut the side of the pin 30
      which has moved to its extended position thereby effecting movement of the
      housing 24. The distances between the outer peripheries of the locking pin
      25, which is inserted in the housing 24, and the corresponding ends of the
      slot 37 of the guide shaft 20, which is attached through the extension
      housing 2 in a manner similar to the third embodiment, are made of an
      identical value S.sub.N so that shifting to the fifth speed ratio and
      reverse drive may be accomplished. At the side of the guide shaft 20
      opposite the slot 37 there is formed a dovetail cam groove 41 upon which a
      ball 42 is pressed for abutment by action of a spring 45 interposed within
      a bore 43 of the housing 24 between the ball 42 and a screw head 44. Two
      springs 32 and 46 having the same spring load are respectively interposed
      between the housing 24 and the gear casing 1 and between the housing 24
      and the extension housing 2.
PAR  Thus, when shifting occurs to both the fifth and reverse positions, the
      projection 11b will be released from engagement with the pin 30 and
      movement from either of these positions to the neutral position will cause
      the housing to be moved against the actions of the springs 45 and 31 or
      46, and further movement of the housing 24 will be blocked by both the
      spring forces and by contact between the pin 25 and the sides of the slot
      37. Accordingly, not only will overshifting from the fifth speed ratio
      position to the reverse drive position be effectively prevented but there
      will also be prevented overshifting in the reverse direction directly from
      the reverse drive position to the fifth speed ratio position.
PAR  As has been previously described, in the case where selection positions of
      the reverse drive and fifth speed ratios are located at the opposite ends
      of a straight line path of the shift pattern, the shift lever 6 will be
      blocked after it has been shifted to the neutral position when a release
      shifting operation from the fifth speed ratio position occurs.
      Accordingly, a shifting operation to the reverse speed ratio position
      cannot be effected without first returning the shift lever 6 to the
      central neutral position. As a result, erroneous shifting from the fifth
      speed ratio position to the reverse drive position is prevented completely
      when such shifting is attempted directly along the straight path.
      Moreover, safe shifting during normal operation to the reverse drive
      position may be accomplished with ease without requiring pulling or
      pushing of the shift lever or manipulation of a button. It will be seen,
      accordingly, that the shifting operations may thus be simplified and the
      feeling which is imparted during shifting may be commensurately improved.
      In comparison with the first and second embodiments of the invention
      wherein the guide shaft 20 is attached to the gear casing 1, the third
      embodiment is adapted to advantageously simplify the assembly by attaching
      the guide shaft 20 to the extension housing 2. Moreover, in the case where
      the distance between the gear casing 1 and the housing 2 is relatively
      large, it is preferable to interpose the spring 31 between the housing 24
      and the guide shaft 20 rather than between the housing 24 and the gear
      casing 1, as is exemplified in the third embodiment. In the fifth
      embodiment, erroneous shifting operation from the reverse drive position
      to the fifth speed ratio position may be additionally prevented thus
      improving the safety features of the transmission mechanism.
PAR  It should be understood that the concept of the present invention may also
      be practically applied in a transmission mechanism for a truck, in which
      the shift position for reverse drive and the fifth speed ratio are located
      at the opposite ends of an identical straight line path of the shift
      pattern. Moreover, the shift control mechanism of the present invention
      may be disposed directly below the shift lever 6.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a manual multiple-forward-speed vehicle transmission having
      transmission means shiftable between a reverse drive and a plurality of
      forward speed ratios, a manual shift lever controlling said transmission
      means by movement through a shift pattern of selection positions including
      a neutral position, said shift lever being connected to shift said
      transmission means to said reverse drive and to one forward speed ratio by
      movement thereof, respectively, to a pair of selection positions lying at
      the ends of a substantially linear path extending across said neutral
      position, and a transmission lever operatively interconnected between said
      shift lever and said transmission means; a misshift preventive mechanism
      for controlling movement of said shift lever along said linear path
      between said selection positions for said reverse drive and said one
      forward speed ratio, said misshift preventive mechanism comprising a
      projection extending from said transmission lever, a pin located to be
      engaged by said projection, a housing having said pin mounted therein for
      movement relative thereto between an extended position and a retracted
      position, said housing being mounted for movement in directions
      transversely of the directions of movement of said pin with the path of
      movement of said housing including an initial position defined therealong,
      said projection being configured to cause retraction of said pin when said
      shift lever is within said linear path at said neutral position and to
      permit movement of said pin to said extended position when said shift
      lever is moved along said linear path away from said neutral position,
      said pin being arranged to be engaged by said projection when said pin is
      in said extended position to cause movement of said housing when said
      shift lever is moved along said linear path, stopper means for restricting
      movement of said housing, and spring means biasing said housing for
      movement to its initial position.
NUM  2.
PAR  2. A mechanism according to claim 1 including a guide shaft having said
      housing mounted thereon for guiding said housing for movement in
      directions parallel to the directions of movement of said projection
      caused by movement of said shift lever along said linear path.
NUM  3.
PAR  3. A mechanism according to claim 1 wherein said projection is configured
      to effect movement of said pin to said extended position when said shift
      lever is in a selection position corresponding to said one forward speed
      ratio, said stopper means being arranged to permit said shift lever to be
      moved along said linear path from said one forward speed position to said
      neutral position but to prevent movement of said shift lever along said
      linear path directly from said one forward speed position to said reverse
      position.
NUM  4.
PAR  4. A mechanism according to claim 1 wherein said projection is configured
      to effect movement of said pin to said extended position when said shift
      lever is in a selection position corresponding to said reverse drive, said
      stopper means being arranged to permit said shift lever to be moved along
      said linear path from said reverse drive position to said neutral
      position, but to prevent movement of said shift lever along said linear
      path directly from said reverse drive position to said one forward speed
      ratio position.
NUM  5.
PAR  5. A mechanism according to claim 1 wherein said projection is configured
      to effect movement of said pin to said extended position during movement
      of said shift lever within said linear path only when said shift lever is
      between said one forward speed ratio position and said neutral position
      whereby only direct movement along said linear path of said shift lever
      from said one forward speed ratio position to said reverse drive position
      is blocked.
NUM  6.
PAR  6. A mechanism according to claim 1 wherein said projection is configured
      to effect movement of said pin to said extended position when said shift
      lever is within said linear path both in said one forward speed ratio
      position and in said reverse drive position whereby movement of said shift
      lever along said linear path directly between said one forward speed ratio
      position and said reverse drive position is blocked in both directions.
NUM  7.
PAR  7. A mechanism according to claim 1 wherein said projection is configured
      to move said pin to said retracted position whenever said shift lever is
      within said linear path at said neutral position with said housing at its
      initial position.
NUM  8.
PAR  8. A mechanism according to claim 2 wherein said transmission includes a
      casing and wherein said guide shaft is fixably mounted relative to said
      casing with said housing being slidably mounted along said guide shaft.
NUM  9.
PAR  9. A mechanism according to claim 8 wherein said spring means is interposed
      between said housing and said casing.
NUM  10.
PAR  10. A mechanism according to claim 9 wherein said stopper means is fixed
      relative to said casing and is located to block sliding movement of said
      housing along said guide shaft at a predetermined position.
NUM  11.
PAR  11. A mechanism according to claim 2 wherein said transmission includes a
      casing and wherein said guide shaft is mounted upon said casing for axial
      sliding movement relative thereto, with said housing being fixedly mounted
      upon said guide shaft and with said stopper means being interposed between
      said guide shaft and said casing to limit relative movement therebetween.
NUM  12.
PAR  12. A mechanism according to claim 11 wherein said spring means is
      interposed between said casing and said housing.
NUM  13.
PAR  13. A mechanism according to claim 8 wherein said guide shaft comprises a
      stepped configuration defining a smaller diameter portion and a larger
      diameter portion and an abutment surface therebetween, wherein said
      housing is arranged to slide along said large diameter portion to be
      guided thereby with a portion of said housing extending to about said
      smaller diameter portion, and wherein said spring means is interposed
      about said smaller diameter portion between said housing and said abutment
      surface with said stopper means being interposed between said guide shaft
      and said housing.
NUM  14.
PAR  14. A mechanism according to claim 6 wherein said transmission includes a
      casing, said mechanism further comprising a guide shaft mounted upon said
      casing, means mounting said housing upon said guide shaft for movement
      relative to said casing in directions parallel to the directions of
      movement of said projection caused by movement of said shift lever along
      said linear path, said housing being movable to positions on opposite
      sides of said initial position with said spring means being arranged to
      bias said housing for movement back to said initial position whenever
      displaced therefrom to both said opposite sides, and with said projection
      being configured to move said pin to said retracted position only when
      said shift lever is within said linear path at said neutral position while
      said housing is simultaneously at said initial position.
NUM  15.
PAR  15. A mechanism according to claim 14 wherein said guide shaft is fixed
      relative to said casing and has said housing slidably mounted thereon,
      with said stopper means being interposed between said guide shaft and said
      housing to limit relative sliding movement therebetween, and wherein said
      spring means is arranged on opposite sides of said housing to bias said
      housing toward said initial position.
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ABST
PAL  A remote switch actuating device to permit the operator to actuate an
      electrical switch that is located remotely from the operator's position,
      comprising a rocker arm type electrical switch that is mounted within easy
      reach of the operator in the usual electrical box, which, however, is free
      of electrical connections, but is mechanically connected by a drive rod to
      an actuator assembly which mounts the remote power switch to be actuated
      in an appropriate electrical box that is remotely located for safety and
      other purposes. The actuator assembly includes a swing arm formed to
      receive the rocker arm of the switch to be actuated. The drive rod is
      masked and guided within electrical conduiting that connects the two
      boxes.
BSUM
PAR  This invention relates to a device for actuating a remotely located
      electrical switch, aand more particularly, to an electrical switch
      actuation device of an entirely mechanical character that may be located
      for convenience of hand operation by the operator to actuate a remotely
      located electrical switch.
PAR  Electrical codes frequently require that electrical control switches that
      are to be operated by the public be limited in voltage to a specified
      maximum. Since many control switches involve operation under substantially
      higher voltages, it has become common practice to provide an actuator
      switch that is located within easy reach of the operator, which is
      electrically connected to relays and associated equipment, and the like,
      that operate, on operation of the actuator switch, to open and close the
      high voltage control switch. Such arrangements involve expensive
      electrical equipment and wiring and labor to install same, just to effect
      operation of the power switch, and, of course, since the box for the
      actuator switch is wired appropriately, the operator still must handle
      equipment that houses electrically charged wire connections, even though
      approved voltage levels may be involved.
PAR  A principal object of the present invention is to provide a device for
      actuating remotely located power switches that is entirely mechanical in
      nature and free of electrical connections except to the electrical power
      switch that is to be operated.
PAR  Another important object of the invention is to provide a device for
      actuating remotely located switches which utilizes a number of standard
      electrical components without requiring, however, electrical connections,
      except to the power switch that is being controlled.
PAR  Other objects of the invention are to provide a device for actuating
      remotely located power switches that permits ready assembly by the
      installer, that may be operably associated with any standard rocker arm
      type switch, and that is economical of manufacture, convenient to use, and
      long lived in operation.
PAR  In accordance with this invention, a mechanical actuation arrangement is
      provided for actuating a remotely located power switch which comprises a
      rocker arm actuated type electrical switch that is mounted in the usual
      electrical box, and within easy reach of the operator, but which is free
      of electrical connections. Extending between the box for the electrically
      isolated switch and the box for the power switch is a drive rod, which is
      connected to an actuator assembly operably associated with the power
      switch and arranged to mount the same in its box. The actuator assembly
      comprises a mounting frame and a swing arm which is forked at one of its
      ends to receive the rocker arm of the power switch, and is lugged at its
      other end for operative connection to the drive rod. Appropriate
      electrical conduiting extends between the two boxes through which the
      drive rod extends for complete masking of same, it being understood that
      the drive rod is the only connection between the electrically isolated
      actuator switch and the power switch being actuated. Actuation of the
      rocker arm of the electrically isolated actuator switch actuates the
      rocker arm of the power switch by way of the drive rod.
DRWD
PAR  Other objects, uses, and advantages will be obvious or become apparent from
      a consideration of the following detailed description and the application
      drawings.
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic plan view illustrating a preferred embodiment of
      the invention, with parts being broken away to facilitate illustration;
PAR  FIG. 1A is a fragmental view illustrating details of construction;
PAR  FIG. 1B is a cross-sectional view along line 1B--1B of FIG. 1A;
PAR  FIG. 2 is an elevational view of the electrically isolated switch that is
      employed to actuate the power switch;
PAR  FIG. 3 is a side elevational view of the switch mechanism shown in FIG. 2,
      taken substantially along line 3--3 of FIG. 2;
PAR  FIG. 4 is a plan view of the actuator assembly for the power switch;
PAR  FIG. 5 is an end elevational view of the assembly shown in FIG. 4, taken
      substantially along line 5--5 of FIG. 4;
PAR  FIG. 6 is a side elevational view of the actuator assembly shown in FIG. 4,
      taken substantially along the line 6--6 of FIG. 4;
PAR  FIG. 7 is a view similar to that of FIG. 6 illustrating a modified
      arrangement; and
PAR  FIG. 8 is a view similar to that of FIG. 1, illustrating a dual switch
      installation in accordance with the invention.
PAR  However, it is to be distinctly understood that the specific drawing
      illustrations provided are supplied primarily to comply with the
      requirements of the Patent Laws, and that the invention is susceptible of
      other embodiments that are intended to be covered by the appended claims.
DETD
PAR  Reference numeral 10 of FIG. 1 generally indicates a preferred embodiment
      of the invention, whereby power switch 12 that is remotely located, for
      instance, at the ceiling of a room, is actuated by an electrically
      isolated switch 14 which is suitably located for convenience of operation
      by an operator standing on the room floor.
PAR  The power switch 12 is mounted in suitable electrical box 16 while the
      electrically isolated actuator switch 14 is mounted in suitable electrical
      box 18.
PAR  In accordance with this invention, the box 16 can be of any suitable type
      involving suitable side walls 18 and bottom wall 20 and a suitable cover
      21 of a conventional type.
PAR  Further in accordance with this invention, the power switch 12 is operably
      mounted in the box 16 by applying it to actuator assembly 22 (that is
      mounted within the box 16), which assembly 22 is mechanically connected to
      electrically isolated switch 14.
PAR  The actuator mechanism 22 comprises a generally U-shaped frame 24 (see
      FIGS. 4 - 6) defining a web 26 and end flanges or legs 28 and 30, with the
      legs 28 and 30 defining the respective tabs 32 and 34 that are in coplanar
      relation and extend in opposite directions. The tabs 32 and 34 are formed
      with suitable openings 36 and 38, respectively, for mounting the power
      switch 12 between the tabs 32 and 34 using suitable mounting screws 40
      (see FIG. 1).
PAR  The frame 24 also includes a side flange or leg 42 which is disposed out of
      the plane of the legs or flanges 28 and 30 (see FIG. 5), but extends
      parallel to such plane. Leg 42 has pivotally mounted on same swing arm 44
      that is suitably connected thereto in the form shown by rivet 46.
PAR  Swing arm 44 has its end 48 at right angles to same and slotted as at 50 to
      define a forked or bifurcated configuration to receive the power switch
      rocker arm 52 in the close fitting manner indicated in FIG. 1.
PAR  The other end 54 of swing arm 44 includes angled portion 56 that diverges
      from the frame leg 42, which merges into end portion 58 that is disposed
      in a plane paralleling the leg 42, and has suitably pivotally secured to
      same, as by employing appropriate mounting screw or other type of fastener
      60, suitable lug or connecting block 62 which is formed with opening 64
      extending through same to receive one end 66 of drive rod 68 that is
      connected to the electrically isolated actuator switch 14.
PAR  The mounting block or lug 62 has threadedly mounted in same a suitable set
      screw 70 which may be of the Allen head type that is suitably socketed for
      receiving a suitable turning tool to turn same against the driving rod end
      66 to fix the driving rod relative to the rocker arm 44. Screw 70 is
      disposed normally of the opening 64 for this purpose.
PAR  The frame 24 is formed with suitable openings 72 (see FIG. 4) to receive
      mounting screws or the like that fix same to the back wall 20 of box 16.
PAR  The power switch 12 may be of any conventional type employing the usual
      switch body 74 equipped with terminals 76 and 78 to which the usual leads
      are attached, and the rocker arm 52 which operates the switch mechanism
      involved in the switch 12 that effects "off-on" operation of the switch
      12. Switch 12 has the usual mounting arms 79 to which screws 40 are
      applied to secure the switch 12 in its operative position within box 16.
PAR  The drive rod 68 extends from the actuator assembly 22 to box 18 through
      conduiting assembly 80 which may be of any suitable type, that shown
      comprising suitable fittings 82 secured to the respective boxes in a knock
      out opening thereof, as by employing the usual lock nuts 84 and having
      electrical conduiting 86 connected thereto by employing the usual clamp
      nut 88. In other words, the conduiting assembly 80 may be constructed of
      the usual electrical conduiting components (and may be of the rigid or
      thinwall types), but as clearly shown in the drawings, the conduiting 80
      does not receive any electrical leads or connectors. Rather, it receives
      the drive rod 68 for purposes of masking and guiding same.
PAR  The drive rod 68 comprises an elongate tubular member 81 slidably received
      within tubular guide tube member 83 which extends between the boxes 16 and
      18. Members 81 and 83 are formed from a suitable self-lubricating plastic
      material such as Nylon or Teflon so that drive rod 68 will move freely
      within guide tube member 83 even though boxes 16 and 18 are a substantial
      distance apart and curves, corners, and loops may be involved in the
      shaping of conduiting 86. The guide tube 83 is fixed against movement by
      being gripped at the respective fittings 82 by a bushing 85, formed from a
      resiliently compressible material material such as rubber, and having a
      tapered shank 87 that is press fitted into the throat of fitting 82 to
      deform the bushing shank 87 into firm engagement with the guide tube 83 at
      the location of the fittings 82. The bushings 85 each define a flanged end
      89 against which is applied a suitable movement stopping device, such as
      clamp device 91, that holds the guide tube 83 against being drawn into the
      particular bushing 85 at which the respective clamp devices are applied
      (on operation of device 10). Device 91 comprises a pair of spaced apart
      clamping members 93 shaped to be clamped against the guide tube by screws
      95. Clamp devices 91 preferably abut the respective bushings 85 in serving
      as movement preventing stops. Bushings 85 also serve to center the guide
      tube relative to the respective fittings 82.
PAR  The drive rod 68 extends within the box 18, through the knock out opening
      of same to which the conduiting 80 is applied, to present its end 92 for
      operative connection to the actuator switch 14. In the form shown, drive
      rod end 92 comprises rod element 99 that is threaded at its end 101 for
      threaded application to the bore of tubular member 81 (that forms dry rod
      68), with the rod element 99 being angled as at 103 to present its end 105
      for application to actuator switch 14.
PAR  The stop function served by clamp devices 91 may also be served by
      employing other familiar forms of tube clamping or gripping devices or
      elements that will prevent movement of the guide tube relative to the
      respective boxes 16 and 18.
PAR  The acuator switch 14 may be of any suitable type employing rocker arm 94
      operatively mounted on a switch body 96, with the switch 14 being provided
      with the usual mounting arms 98 for securing the switch to the box
      employing suitable mounting screws 100 in any suitable manner. Though
      switch 14 is to be inoperative and isolated electrically, a switch of the
      type indicated serves as a suitable device to effect operation of drive
      rod 68. In accordance with this invention, a thumb screw 102 is
      operatively applied to the switch arm 94 for purposes of connecting the
      drive rod head 92 thereto. Thumb screw 102 includes threaded shank 104
      that is suitably threaded in the body 106 of the switch arm 94 to present
      the flat body portion 108 of same exteriorly of the switch body 96,
      extending oppositely of the switch arm 94. The switch body 96 is
      appropriately formed to accommodate the necessary rocking motion of the
      thumb screw 102, the thumb screw 102 being suitably apertured at 110 to
      receive the end 92 of drive rod 68 (and specifically, the end 105 of rod
      element 99), which, as indicated in FIG. 1, is disposed at right angles to
      the drive rod 68 for this purpose.
PAR  The box 18 may be of any suitable type including side walls 112, suitable
      cover 114, and back wall 116, with switch 14 being suitably mounted on box
      18, as by employing screws 110, to space switch 14 sufficiently from the
      box back wall to provide the needed working space for thumb screw 102.
PAR  The boxes 16 and 18 are mounted in the usual manner, and the arrangement of
      this invention is such that the box 16 can be positioned near a room
      ceiling to meet electrical code requirements governing high voltage
      switching, while the box 18 is positioned adjacent floor level for
      convenient operation by an operator who may be a member of the public that
      is protected by the electrical code.
PAR  The rocker arm 94 of switch 14 swings about pivot axis 120, as is
      conventional for devices of this type; the rocker arm 52 of switch 12 is
      similarly arranged.
PAR  When it is desired to actuate the power switch 12, the operator swings the
      rocker arm 94 of switch 14 in the appropriate direction, which movement is
      directly transmitted by the drive rod 68 to the swing arm 44 and rocker
      arm 52 of the switch 12. In the form shown, the off position of switch 12
      is achieved with a downward inclined position of rocker arm 94, while the
      on position of switch 12 is achieved by an upwardly inclined position of
      rocker arm 94.
PAR  The connection that the drive rod 68 makes with the pivotal connection
      block 62 is adjustable to accommodate conditions with the drive rod end 66
      fitting within the opening 64 in free sliding relation thereto. Setting of
      the set screw 70 against the drive rod end 66, and specifically, against
      dowel pin 97, fixes the swing arm 44 for mechanical actuation by the drive
      rod 68. The block 62 pivots relative to swing arm 44 on operation of the
      device to avoid undue bending of the drive rod end 66.
PAR  The remotely located switch 12, in addition to being located in an overhead
      position, can be located below the floor level of the location of the
      actuating switch 14, or to one side or the other of the switch 14, with
      the conduiting 80 being appropriately shaped to accommodate the
      positioning of the power switch relative to the actuator switch. The guide
      tube 83, which is held against movement longitudinally thereof by the
      action of the bushings 85 and clamp devices 91 at the box fittings 82, and
      the drive rod when mounted in operating position, conform themselves to
      the general shape of the conduiting 86 and any connectors (not shown)
      involved in same, for smooth and free sliding action of the drive rod 68
      in either direction.
PAR  In the showing of FIG. 7, the swing arm 44 of actuator assembly 22 is
      applied to the flange 42 of frame 24 inverted from the position of FIGS. 4
      - 6, and on the inside of flange 42, so that the power switch 12 can be
      disposed on top of swing arm end 48 for engagement with the switch rocker
      arm 52. This avoids having to slip the switch 12 under the swing arm end
      48 to secure the switch to the mounting tabs 32 and 34 of frame 24.
PAR  In the showing of FIG. 8, a dual switch arrangement 110 is illustrated in
      which a pair of power switches 12 are applied to box 16A, by being
      respectively applied to the respective actuator mechanisms 22, each
      arranged as shown in FIG. 7 (and mounted in the box 16A as indicated in
      FIGS. 1 and 4 - 6) for actuation by the respective electrically isolated
      switches 14 that are suitably applied to the floor operated box 18A (as in
      the manner shown in FIGS. 1 - 6). In this embodiment, the drive rods 68
      that are involved are applied to a single conduiting assembly 80A, with
      the bushings 85 and clamp devices 91 accommodating both guide tubes 83
      that are involved. The reference numerals common to FIGS. 1 - 7 indicate
      like parts (boxes 16A and 18A are only diagrammatically illustrated.
PAR  The foregoing description and the drawings are given merely to explain and
      illustrate the invention and the invention is not to be limited thereto,
      except insofar as the appended claims are so limited, since those skilled
      in the art who have the disclosure before them will be able to make
      modifications and variations therein without departing from the scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an arrangement for shifting an off-on electrical switch, between off
      and on positions, that is remote from the operator, in which arrangement
      the switch is mounted in a fixedly mounted switch box and includes a
      rocker arm for shifting the switch between its said positions, an
      electrically insulated actuator mechanism for actuation by the operator,
      which actuator mechanism is located remotely from said box, and drive rod
      means extending between said box and said actuator mechanism and
      operatively connected between said switch rocker arm and said mechanism
      for effecting shifting of said switch between its said positions utilizing
      said actuator mechanism, the improvement wherein:
PA1  said actuator mechanism is mounted in an electrically isolated box and
      includes a rocker arm adapted to be hand operated by the operator.
PA1  electrical conduiting extending between said boxes,
PA1  said conduiting having one of its ends connected to said switch box and the
      other of its ends connected to said isolated box,
PA1  said conduiting ends being connected to the respective boxes by electrical
      fitting means each including a tubular body extending into the respective
      boxes and means for making the respective bodies fast to their respective
      boxes,
PA1  said drive rod means comprising:
PA1  a guide tube extending between said boxes and through said conduiting and
      said bodies of the respective fitting means,
PA1  each of said fitting means bodies having a compressible bushing press
      fitted therein into compressed gripping relation with said guide tube,
PA1  stop means carried by said guide tube for maintaining the respective
      bushings in said gripping relation with said guide tube,
PA1  and a drive rod extending through said guide tube and having one of its
      ends operably connected to said switch rocker arm and the other of its
      ends operably connected to said actuator mechanism rocker arm,
PA1  said guide tube and said drive rod being formed from materials of self
      lubricating characteristics and being resiliently flexible laterally
      thereof whereby said conduiting may be shaped in diverse configurations
      between said boxes and said guide tube may be housed within said
      conduiting in substantial conformity to the configuration of said
      conduiting longitudinally thereof,
PA1  said electrical conduiting being free of electrical wiring extending
      therethrough,
PA1  said means for maintaining the respective bushings in their said gripping
      relations with said guide tube comprising clamp devices fixed to said
      guide tube within the respective boxes and substantially abutting the
      respective bushings,
PA1  said bushings being jam fitted in their respective fitting means bodies to
      resist movement exteriorly of the respective boxes.
NUM  2.
PAR  2. The improvement set forth in claim 1 including:
PA1  a switch mounting and actuator assembly mounted in said switch box,
PA1  said assembly comprising:
PA1  a U-member defining a web, and end flanges projecting normally thereof in
      substantially parallel relation,
PA1  said U-member end flanges defining coplanar tabs extending normally of said
      end flanges,
PA1  means for operably mounted the off-on switch on said tabs,
PA1  said U-member defining a mounting arm disposed normally of said web and
      projecting parallel to the plane of said end flanges,
PA1  said mounting arm being positioned to one side of the plane of said end
      flanges,
PA1  and a swing arm journaled intermediate its ends on said mounting arm,
PA1  said swing arm having a forked end operably receiving the off-on switch
      rocker arm and a lugged end having said drive rod connected thereto,
PA1  said swing arm lugged end having a lug pivotally connected thereto,
PA1  said lug being bored to receive said drive rod, and means for making said
      drive rod fast to said lug.
NUM  3.
PAR  3. The improvement set forth in claim 2 wherein:
PA1  said means for making said drive rod fast to said lug comprises a set screw
      threadedly mounted in said lug for threading into clamping engagement with
      said drive rod,
PA1  said drive rod being tubular and having a dowel received in the portion of
      same that is received in said lug against which said set screw acts.
NUM  4.
PAR  4. The improvement set forth in claim 3 wherein:
PA1  said drive rod in said electrically insulated box has a solid rod element
      made fast to said drive rod and keyed to said actuator mechanism rocker
      arm.
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ABST
PAL  A manually operable control is provided for effecting acceleration and
      deceleration of an engine by selective actuation of an engine fuel control
      device. The control includes an output section comprising first, second
      and third arms mounted for pivoting about a common axis. A hand throttle
      linkage is connected directly to the first arm for swinging the latter
      among selected angular positions and for fixing the first arm in said
      positions. A foot throttle linkage is connected directly to the second
      arm, which in turn is connected to the fuel control device. The first and
      second arms are located on opposite sides of the third arm and have
      respective abutment portions which extend axially towards the third arm
      and are disposed so as to respectively be in the paths of movement of a
      pair of oppositely extending abutment portions of the third arm. A
      double-coil spring is mounted on the three arms such that, as considered
      in a first direction of swinging movement of the three arms, a central
      spring portion located between the two coils engages the trailing side of
      the third arm while the opposite ends of the spring are respectively
      engaged with the leading sides of the first and second arms, the
      respective leading surfaces of the abutment portions of the first and
      second arms thus being biased into engagement with the respective trailing
      sides of the oppositely extending abutment portions of the third arm. A
      desired fuel control device setting can be selected by shifting the hand
      throttle linkage to and fixing it in a desired position, the torsion
      spring acting together with the abutment surfaces to transmit the motion
      of the first arm to the second arm by way of the third arm, the motion of
      the third arm being transmitted to the fuel control device. The foot
      throttle linkage floats or moves freely with the third arm when the latter
      is actuated by the hand throttle linkage. The foot throttle linkage is
      used to override the fuel control device setting preselected by the hand
      throttle linkage. For this purpose, the foot throttle linkage includes a
      two-piece foot pedal having respective toe and heel operable sections
      pivoted about a common axis for selective operation for respectively
      initiating acceleration and deceleration of the engine. The toe operable
      section of the foot pedal can be lifted upwardly by hand to shut off the
      flow of fuel to the engine. When the foot pedal is released, the torsion
      spring acts to return the fuel control device to its preselected setting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a manually operable control for effecting
      acceleration and deceleration of an engine by selective actuation of an
      engine fuel control device. More specifically the present invention
      relates to a foot pedal arrangement for use in a foot throttle linkage of
      such a control.
PAR  Prior art manually operable controls including a hand throttle for
      selecting a desired engine operating speed and a foot throttle for
      selectively overriding the hand throttle setting are known in the art.
      However, they are not entirely satisfactory since no provision is made for
      preventing the operator from accidentally shutting off the engine by
      operating the foot throttle.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a novel control
      linkage for controlling the acceleration and deceleration of a vehicle
      engine and more specifically there is provided a novel foot pedal
      arrangement for use in a foot throttle linkage section of such a control.
PAR  It is a broad object of the invention to provide a foot pedal arrangement
      constructed of first and second separate sections which are respectively
      operable for effecting acceleration and deceleration during normal
      operation of an engine.
PAR  A more specific object is to provide a foot pedal arrangement, as set forth
      in the preceding paragraph, wherein the first pedal section may be
      selectively overtravelled in a direction opposite to that for causing
      engine acceleration to effect an engine shut off condition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows, in a partially schematic right side elevational view, the
      upper midportion of an engine-powered vehicle embodying the present
      invention.
PAR  FIG. 2 is an exploded, isometric view of the output section of the control
      linkage.
PAR  FIG. 3 is a bottom view of the output section of the control linkage with
      the respective arms thereof being shown in the respective typical
      positions they occupy when the first arm is in a preselected position
      corresponding to a desired setting of the fuel control device.
PAR  FIG. 4 is a view similar to FIG. 3 but showing the arms in relative
      positions they occupy when the second arm is swung in a first direction
      from that shown in FIG. 3 to effect a deceleration of the vehicle engine
      by moving the fuel control device in a first direction from that set by
      the first arm.
PAR  FIG. 5 is a view similar to FIG. 3 but showing the third arm swung in a
      second direction from that illustrated in FIG. 3 for effecting an
      acceleration of the vehicle engine by moving the fuel control device in a
      second direction from that set by the first arm.
PAR  FIG. 6 is an exploded, perspective view of a two-piece foot pedal
      arrangement forming part of the foot throttle linkage for effecting
      acceleration and deceleration of the vehicle engine from a speed selected
      by the hand throttle linkage.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a vehicle is partially illustrated in FIG. 1
      and indicated there in its entirety by the reference numeral 10. While it
      is to be understood that the present invention may be applied to vehicles
      of various configurations, the vehicle illustrated here is of a type
      including a longitudinal frame 12 on which an engine, shown schematically
      at 14, is mounted rearwardly of an operator's station of the vehicle.
      Associated with the engine for controlling the flow of fuel thereto is a
      fuel control device, shown schematically at 16, which may be a fuel pump
      or a carburetor. The fuel control device 16 includes a control arm 20
      which is pivotally mounted for swinging movement between an engine shutoff
      position, indicated by the line at A, for effecting total shutoff of fuel
      to the engine, and a high idle position, indicated at the line B for
      effecting maximum flow of fuel to the engine. The control arm 20 is here
      shown in a low idle position indicated by the line at C. Except when the
      engine is to be stopped, the control arm will normally work in a range
      between the high idle position B and the low idle position indicated by
      the line at C.
PAR  For the purpose of controlling the movement of the control arm 20 of the
      fuel control device 16, there is provided a manually operable control
      linkage comprising a hand throttle input linkage section 22 and a foot
      throttle input linkage section 24 which are connected to an output linkage
      section 26.
PAR  The hand throttle input linkage section 22 may be of any variety of
      conventional constructions and is here illustrated schematically as
      including a generally fore-and-aft extending control rod 28 projecting
      through an opening in a control console housing 30 and having its forward
      end pivotally connected as at 32, to one arm of a bell crank 34 which is
      pivotally connected, as at 36, to a control console support 38. The
      control rod 28 is shiftable fore and aft in the opening in the housing 30
      to effect movement of the fuel control device in a manner to be described
      below. The control rod 28 is held in a preselected position through means
      of interengagement of one of a plurality of teeth 40, formed on the
      underside of the rod, with a tang or projection 42 formed on the lower
      peripheral portion of the opening in the housing 30 through which the
      control rod projects. It will be appreciated that fore-and-aft movement of
      the control rod 28 will cause the bell crank 34 to be swung about its
      pivotal connection 36. Interconnecting the bell crank with the lower end
      of a first arm 44 of the output linkage section 26 is a linkage, which may
      be any suitable configuration and is indicated here by the dashed line 46.
      The arm 44 is pivotally connected to the frame 12 by a horizontal,
      transverse pin 48.
PAR  The foot throttle input linkage section 24 includes a foot pedal
      arrangement 50 comprising front and rear angular foot pedal sections 52
      and 54, respectively, having respective vertical legs 56 and 58 pivotally
      connected as at 60 to a member 62 forming part of the floor of the
      operator's station. Integral with the upper forward portion of the leg 56
      of the front foot pedal section 52 is a laterally extending toe engageable
      flange or leg 64 which is forwardly and upwardly inclined. Integral with
      the upper rear portion of the vertical leg 58 of the rear foot pedal
      section 54 is a laterally extending heel-engageable flange or leg 66.
      Fixed to the frame member 62 to limit the rotation of the rear pedal
      section 54 is a stop 68. For the purpose of moving the rear pedal section
      54 clockwise concurrently with clockwise pivotal movement of the front
      foot pedal section 52, the vertical leg 56 of the pedal section 52 is
      provided with a rear portion 70 which is disposed alongside the vertical
      leg 58 of the rear pedal section 54 and has an upper edge 72 disposed in
      engagement with the heel-engageable flange or leg 66. Positioned below the
      foot pedal arrangement is a bell crank 74 which is generally triangular in
      side view and which is pivotally connected to the frame 12, at a location
      approximately vertically below the pivotal connection 60, through means of
      a transverse horizontal pivot pin 76 located adjacent a rearward upper
      corner of the bell crank 74. The bell crank 74 includes a forward upper
      corner disposed forwardly of the pivot pin 76 and pivotally linked to a
      forward lower portion of the vertical leg 56 of the front foot pedal
      section 52 through means of a link 78. The bell crank 74 further includes
      a lower corner to which one end of a link 80 is pivotally connected, the
      other end of the link 80 being pivotally connected to the lower end of a
      second arm 82 forming part of the output linkage section 26 and mounted
      for vertical swinging movement about the pivot pin 48. A further link 84
      has its opposite ends respectively pivotally connected to the second arm
      82 and the control arm 20 of the fuel control device 16.
PAR  Besides the first and second arms 44 and 82, the output linkage section 26
      includes a thrid arm 86 pivotally mounted for swinging movement about the
      pivot pin 48. The third arm 86 is mounted between the first and second
      arms 44 and 82 and includes stop projections or abutments 88 and 90,
      respectively, projecting in opposite axial directions towards the first
      and second arms. The first arm in turn includes a stop projection or
      abutment 92 which projects towards the third arm and is located for
      engagement by the stop projection 88 thereof while the second arm 82
      includes a stop projection or abutment 94 which projects towards the third
      arm and is disposed for engagement with the stop projection 90 thereof.
      The first, second and third arms 44, 82 and 86, respectively, have inner
      cylindrical ends 96, 98 and 100 which are coaxially received on the pivot
      pin 48. For the purpose of resiliently interconnecting the three arms
      together, there is provided a double-wound, helically coiled torsion
      spring 102 comprising first and second coil sections 104 and 106,
      respectively, formed integrally with an intermediate generally U-shaped
      section 108 extending to the inner ends of the coils, the coils 104 and
      106 respectively having opposite ends of the spring extending
      tangentically thereto in a direction opposite from that of the
      intermediate section 108 and being bent into respective hooks 110 and 112
      which open in a direction opposite to that in which the U-shaped
      intermediate section 108 opens. When the spring 102 is installed, the
      first coil section 104 is received partly on each of the cylindrical inner
      ends 96 and 100 respectively of the first and third arms while the second
      coil section 106 is partly received on each of the cylindrical inner ends
      98 and 100 respectively of the second and third arms. The intermediate
      section 108 then engages a leading side of the third arm as considered
      moving in the counterclockwise direction in FIG. 1 while the hooks 110 and
      112 respectively engage the trailing sides of the first and second arms 44
      and 82, respectively. The coil spring 102 is normally under a preset
      torsional load when the arms are aligned axially with each other as shown
      in FIG. 3, which is typical of the relative positions the arms will bear
      to each other when they are in a position as set by the hand throttle
      input linkage section 22. It will be appreciated then that the windup of
      the first and second coil sections 104 and 106 will act to urge the third
      arm 86 clockwise, as viewed in FIG. 1, while at the same time acting to
      urge the first and second arms 44 and 82 counterclockwise to thereby
      yieldably maintain the stop projection 88 and 90 of the third arm
      respectively in engagement with the stop projections 92 and 94
      respectively of the first and second arms 44 and 82.
PAR  As shown in FIG. 1, the first arm 44 is in an intermediate position between
      low and fast idle positions respectively indicated by the lines B.sup.1
      and C.sup.1, the position being controlled by and corresponding to an
      intermediate position of the hand throttle rod 28, as shown in FIG. 1. A
      shutoff position is indicated by the line A.sup.1, the positions A.sup.1,
      B.sup.1 and C.sup.1 corresponding to the positions A, B and C of the fuel
      control device arm 20. This intermediate position of the arm 44 is shown
      in each of the FIGS. 3, 4 and 5. In FIG. 3, the positions of the second
      and third arms are as they normally would be when under only the influence
      of the hand throttle input linkage 22. In FIG. 4, the second and third
      arms are in respective high idle positions to which they would be moved by
      depressing the front foot pedal section 52 to the dashed line position
      shown in FIG. 1 and, in FIG. 5, the second and third arms are in
      respective low idle positions, corresponding to FIG. 1, to which they are
      moved by depressing the rear foot pedal section 54 against the stop 68 as
      shown in full lines in FIG. 1.
PAR  It is important to note that the linkage of the foot throttle input linkage
      section 24 float or move freely with the movement of the second arm as
      effected through actuation of the hand throttle input linkage section 22,
      and that the linkages of the hand throttle input linkage section 22 are
      fixed in place through the coaction of the tang projection 42 of the
      housing 30 and the teeth 40 on the rod 28.
PAR  The operation of the control linkage for controlling the acceleration and
      deceleration of the engine speed through means of controlling the fuel
      control device 16 is as follows. Assuming that an operator wishes to set
      the engine speed at an intermediate idling speed, he will move the hand
      operable control rod 28 to an intermediate position as shown in FIG. 1.
      Movement of the control rod to this position will be transferred to the
      first arm 44 of the output linkage section 26, through the linkage
      indicated at 46, and from there to the third and second arms 86 and 82 and
      then to the fuel control device 16 by means of the link 84. In the case
      when the first arm 44 is swung towards the third arm 86, motion of the
      first arm is transferred directly to the third arm through means of the
      interengaged stop projections 88 and 92, the spring 102 then acting to
      transfer this movement to the second arm 82. In the case where the first
      arm 44 is swung away from the third arm 86, the spring 102 acts to cause
      the third arm 86 to move concurrently with the first arm and the second
      arm 82 is moved concurrently with the first and third arms through means
      of the interengagement of the stop projections 90 and 94, respectively.
      Thus, when the hand throttle input linkage section 22 is actuated to
      control the fuel control device 16, the first, second and third arms will
      move in unison and will occupy positions relative to each other such as
      that shown in FIG. 3. Also, due to the fact that the foot pedal
      arrangement 50 is free to float with movement of the second arm 82, the
      front foot pedal section 52 will be rotated clockwise from the position
      illustrated in FIG. 1 when the second arm 82 is in a position
      corresponding to an intermediate idle condition of the engine. Due to the
      engagement of the upper edge 72 of the front foot pedal section 52 with
      the underside of the heel-engageable flange 66 of the rear foot pedal
      section 54 the latter will also be rotated clockwise from the position
      illustrated.
PAR  Then, if it is desired to momentarily decelerate the engine from the
      condition selected by the control rod 28 of the hand throttle input
      linkage section 22, it is necessary only for the operator to put his heel
      on the flange 66 of the rear foot pedal section 54 and exert a force to
      depress the pedal section 54. Downward movement of the rear pedal section
      54 will be transferred directly to the front foot pedal section 52 and the
      movement of the latter will be transferred to the fuel control device arm
      20 through means of the link 78, the bell crank 74, the link 80, the
      second arm 82 and the link 84. The second arm 82 will thus be caused to
      move towards the third arm 86, causing the latter to be moved concurrently
      therewith by virtue of the interengagement of the stop projections 90 and
      94, the spring 102 becoming torsionally loaded by virtue of the fact that
      one end is engaged with the first arm 44 and the first arm is fixed in
      position while the remainder of the spring moves with the second and third
      arms. Thus, when the operator desires to return the operating speed of the
      vehicle engine to that preselected by the hand throttle, he need only to
      remove his foot from the rear foot pedal section 54 and the spring 102
      will act to return the second and third arms to their respective starting
      positions which in turn will result in the control arm 20 of the fuel
      control device 16 being returned to its starting position. It is to be
      noted that the stop 68 will engage the underside of the flange 66 of the
      rear foot pedal section 54, as shown in FIG. 1, to prevent the engine from
      being decelerated beyond a low idle condition by operation of the rear
      pedal section 54. Should the operator desire to shut the engine off
      through operation of the foot pedal arrangement 50, he may do so by
      pulling upwardly on the front end of the front foot pedal 52 to overtravel
      the section in the counterclockwise direction from the position thereof
      shown in FIG. 1. This latter operation may be especially accomodating to
      an operator who has dismounted from the vehicle and wishes to shut the
      engine of the vehicle off without again remounting the vehicle, since the
      operator need only to reach the front foot pedal 52 to accomplish the
      operation.
PAR  Acceleration of the vehicle engine from a condition preselected by the hand
      throttle may be accomplished by engaging and depressing the front foot
      pedal section 52 to rotate the latter in the clockwise direction as viewed
      in FIG. 1. This movement of the pedal section 52 will be transferred to
      the second arm 82 by means of the link 78, the bell crank 74 and the link
      80 so as to cause the second arm to be moved in a direction away from the
      third arm 86. Since the third arm 86 has its stop projection 88 engaged
      with the stop projection 92 of the first arm, the first arm prevents
      movement of the third arm and the spring 102 will be loaded. Thus, when it
      is desired to again operate the engine at the condition preset by the hand
      throttle, the operator need only to remove his foot from the front foot
      pedal section 52 and the spring 102 will act to again return the second
      arm 82 and the control arm of the fuel control device 16 to their starting
      positions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A foot pedal arrangement for actuating an engine fuel control device so
      as to selectively effect acceleration or deceleration of an internal
      combustion engine, comprising: first and second separate pedal sections
      pivotally mounted for independent swinging in opposite first and second
      directions about a fixed pivot axis; a control linkage means
      interconnecting said first pedal section with said fuel control device for
      respectively affecting increases and decreases in fuel flow and respective
      attendant acceleration and deceleration of engine speed when the first
      pedal section is respectively moved in said first and second directions;
      and said first and second pedal sections including one-way connecting
      means for effecting movement of said second section in said first
      direction in response to and concurrently with movement of said first
      section in said first direction and for effecting movement of said first
      section in said second direction in response to and concurrently with
      movement of said second section in said second direction.
NUM  2.
PAR  2. The pedal arrangement defined in claim 1 wherein a stop is positioned
      for engagement by said second pedal section to limit the movement of the
      latter in said second direction so as to prevent actuation of the fuel
      control device to a position for shutting off the flow of fuel to an
      engine, whereby the pedal arrangement may be used to shut off fuel flow to
      an engine only by moving the first pedal section in said second direction
      an angular amount greater than that achievable by moving said second pedal
      section.
NUM  3.
PAR  3. The pedal arrangement defined in claim 1 wherein said first pedal
      section includes a first upwardly facing surface located substantially
      entirely on one side of said axis and adapted for engagement by that
      portion of an operator's foot located forwardly of his heel; and said
      second pedal section including a second upwardly facing surface located on
      the side of said axis opposite from said first upwardly facing surface and
      adapted for engagement by the heel portion of an operator's foot.
NUM  4.
PAR  4. The pedal arrangement defined in claim 3 wherein said first and second
      pedal sections each comprise an angled plate having an upright portion
      mounted for movement about said axis and having a top portion angled
      sideways to said upright portion; the respective top portions of said
      first and second pedal sections respectively defining said first and
      second upwardly facing surfaces.
NUM  5.
PAR  5. The pedal arrangement defined in claim 4 wherein said one-way connection
      means includes respective abutting surfaces located on the underside of
      the top portion of said second pedal section and at the top of a portion
      of the first pedal section extending beneath said top portion of said
      second pedal section.
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ABST
PAL  In a mechanical actuator system a primary lever is angularly movable about
      a first pivot on a secondary lever through a first range to apply a force
      to an actuated member, and the actuating force is then transmitted to the
      actuated member through a higher leverage by the secondary lever which is
      angularly movable about a second pivot on a fixed part. The secondary
      lever is coupled to the actuated member by a one-way clutch, and the first
      pivot comprises a connection for a pawl which is engagable with ratchet
      teeth on the fixed part, at least when the clutch is engaged.
BSUM
PAR  This invention relates to an improved mechanical actuator system of the
      kind for applying an actuating force to an actuated member or part which
      is moved or to which pressure is to be applied in which the actuating
      force is first applied directly to the actuated member or part by a
      primary lever movable about a first pivot or fulcrum on a secondary lever
      until the reaction to the actuating force attains a predetermined value
      whereafter the actuating force is then transmitted to the actuated member
      or part through a higher leverage by the secondary lever which is movable
      about a second pivot or fulcrum on a fixed part and which is actuated
      through the primary lever, the secondary lever being coupled to the
      actuated member or part by a one-way clutch which is engaged as the
      secondary lever is moved about the second pivot or fulcrum on the fixed
      part.
PAR  According to our invention in a mechanical actuating system of the kind set
      forth the first pivot or fulcrum also comprises a connection for a pawl
      which is engageable with the ratchet teeth on a fixed part to hold the
      levers in an applied position, at least when the one-way clutch is
      engaged.
PAR  Preferably, the pawl is normally spring urged into engagement with the
      ratchet teeth and the spring loading can be overcome to disengage the pawl
      from the teeth upon operation of a manually displaceable release member.
PAR  Conveniently the one-way clutch comprises a toggle arm which is connected
      to the secondary lever by a third pivot or fulcrum and which is held out
      of engagement with the actuated member or part by an engagement with the
      stationary part when the secondary lever is in an inoperative position,
      movement of the secondary lever about the second pivot or fulcrum carrying
      the toggle arm away from the stationary part to permit it to engage with
      the actuated member or part whereafter movement of the primary lever is
      transmitted to the actuated member or part through the secondary lever and
      the one-way clutch.
PAR  Our invention is particularly suitable for incorporation into a hand-brake
      applying mechanism for a vehicle in which the primary lever is movable
      angularly about the first pivot or fulcrum to take up the braking
      clearances and subsequently moves with the secondary lever to apply a
      brake. Thus, for a given manual force applied to the primary lever the
      moment increases substantially when the brake is being applied with the
      applying load transmitted through the secondary lever.
DRWD
PAR  One embodiment of our invention is illustrated in the accompanying drawings
      in which:
PAR  FIG. 1 is a hand-brake applying machanism for an emergency or parking brake
      of a vehicle with the mechanism disclosed in an inoperative position;
PAR  FIG. 2 is a view similar to FIG. 1 but with the mechanism in an
      intermediate position;
PAR  FIG. 3 shows the relative positions of the parts of the mechanism when the
      brake is fully applied;
PAR  FIG. 4 is a view of a part of the mechanism showing a modified one-way
      clutch; and
PAR  FIG. 5 is a view similar to FIG. 4 but showing a further modified one-way
      clutch.
DETD
PAR  In the hand-brake applying mechanism illustrated in the drawings a primary
      lever 1, generally in the form of a bell-crank lever having arms 2 and 3,
      is pivotally connected at substantially the intersection of the arms 2 and
      3 to a secondary lever 4 by means of a first pivot pin or fulcrum 5. The
      secondary lever 4 is of bifurcated dog-leg outline having a pair of arms 6
      and 7 which are relatively displaced at an obtuse angle and the first
      pivot pin or fulcrum 5 is connected to the outer end of the arms 6 through
      spaced flanges which define the arm 3 and which straddle the arms 6. At
      substantially the intersection of the arms 6 and 7 the secondary lever 4
      is pivotally connected to a stationary part 8 which it straddles by means
      of a second pivot pin or fulcrum 9.
PAR  The free end of the arm 3 is coupled to an actuated connecting member or
      part 10 of elongate outline by means of a pin 11. The outermost edge of
      the connecting member 10 remote from the pivot or fulcrum 9 engages
      slidably with a spacer 12 interposed and connected between the side
      flanges of the secondary lever 4. The end of the connecting member 10
      remote from the pin 11 is secured by means of a fitting 13 to an
      inextensible member, conveniently a cable or rod, for actuating a wheel
      brake of a vehicle for parking or emergency purposes.
PAR  A toggle arm 15 is pivotally mounted between the flanges of the secondary
      lever 4 by means of a pin 16. The toggle arm 15 is provided with a tip or
      clutch surface 17 which is inclined with respect to the main axis of the
      arm 15 and which is provided with serrations or teeth 18 for engagement
      with complementary teeth 19 in an adjacent edge of the member 10. In the
      inoperative position shown in the drawings the teeth 18 and the teeth 19
      are held out of mesh by the engagement of a planar abutment face 20 at the
      edge of the arm 15 remote from the tip 17 with a complementary stop face
      21 on the fixed part 8.
PAR  A pawl 22 mounted on the first pivot pin or fulcrum 5 between the flanges
      of the secondary lever 4 is engageable with a plurality of arcuately
      disposed ratchet teeth 23 provided in an adjacent portion of the
      stationary part 8. An elongate inextensible member 24 is coupled at its
      inner end to the pawl 22. The outer end of the inextensible member 24
      carries a manually-operable release button 25 of increased diameter
      projecting through an opening in the outer end of a handgrip 26 which
      encloses the outer free end of the arm 2. Normally the pawl 22 is urged in
      an anti-clockwise direction as seen in the drawings into engagement with
      the ratchet teeth 8 by means of a compression spring 27 acting between an
      abutment 28 fixed within the arm 2 and an abutment 29 acting on a shoulder
      at the step in diameter between the button 25 and the member 24.
PAR  In an inoperative position shown in FIG. 1 of the drawings the pawl 22
      engages between the lowermost pair of teeth 23 and the secondary lever 4
      is urged in a counterclockwise direction by a tension return spring 30
      acting between the secondary lever 4 and the stationary part 8.
PAR  As illustrated in the drawings the toggle arm 15 may be urged at all times
      towards the member 10 by means of a torsion or blade spring 31 acting
      between the secondary lever 4 and the toggle arm 15. Conveniently, the end
      of the torsion or blade spring 31 remote from the toggle arm 15 may abut
      against the pivot pin or fulcrum 9.
PAR  In operation of the mechanism, initial angular movement of the primary
      lever 1 in a clockwise direction with reference to the drawings causes the
      lever 1 to move angularly about the first pivot or fulcrum 5 and impart a
      direct force to the member 10 through the pin 11 to take-up the braking
      clearance. During this movement, the secondary lever 4 remains stationary
      until such time as the resistance to further angular movement of the
      primary lever 1 about the first pivot pin or fulcrum 5 is sufficient to
      overcome the loading of the tension return spring 30. Thereafter, initial
      further angular movement of the primary lever 1 carries with it the
      secondary lever 4 which moves angularly about the second pivot pin or
      fulcrum 9 with respect to the stationary part 8, and in turn, moves the
      toggle arm 15 away from the stationary part 8 (FIG. 2). The serrations or
      teeth 18 on the toggle arm 15 then engage automatically with the
      complementary teeth or serrations 19 on the member 10 to lock together the
      secondary lever 4 and the member 10. Thereafter, the force causing the
      primary lever 1 to move angularly in the same direction is transmitted to
      the member 10 through the secondary lever 4 at an increased leverage, and
      the primary lever 1 and the secondary lever 4 move together as a single
      assembly. During this movement the pawl 22 rides over the ratchet teeth 23
      automatically to maintain the brake in an applied position (FIG. 3) with
      the pawl 22 engaging with appropriate ratchet teeth 23 under the influence
      of the compression spring 27.
PAR  To release the brake, the button 25 is depressed to move the pawl 22
      angularly about the pivot pin or fulcrum 5 and out of engagement with the
      ratchet teeth 28, against the force in the compression spring 27. The
      levers 1 and 4 can then be moved angularly together about the pivot pin or
      fulcrum 9 until the abutment face 20 on the toggle arm engages again with
      the face 21 on the stationary part 8. This moves the toggle arm 15
      angularly about the pivot pin 16 against the loading of the torsion or
      blade spring 31 to release the one-way clutch. The primary lever 1 can
      then be returned to the inoperative position shown in FIG. 1 of the
      drawings by moving it angularly about the second pivot or fulcrum 5 with
      respect to the secondary lever 4.
PAR  In the embodiment described above the pin 11 extends through an opening 32
      in the connecting member 10 which is of elongate outline in a radial
      direction, to provide a degree of lost-motion, and the inner edge of the
      spacer 12 is of arcuate outline as shown at 33. These features are
      necessary to accommodate movement of the connecting member 10 as the force
      is applied to it through the levers 1 and 4, to avoid straining
      deformation or distortion of the various parts of the mechanism and the
      levers 1 and 4 are moved angularly with respect to the stationary part 8.
PAR  In the modified construction illustrated in FIG. 4, again the opening 32 is
      of elongate outline but the inner edge of the spacer 12 is planar as
      illustrated at 34. Relative movement between the levers 1 and 4 and the
      connecting member 10 will be accommodated wholly by the radial clearance
      between the opening 32 and the pin 11.
PAR  In the modified construction illustrated in FIG. 5, the pin 11 is received
      in a close fitting circular opening 35, and the inner edge of the spacer
      12 is of arcuate outline as shown at 36. In this construction the
      connecting member 10 will move angularly as the primary lever 1 is moved
      angularly about the first pivot pin or fulcrum 5, rocking and sliding on
      the edge 12.
PAR  In view of the foregoing it will be appreciated that the construction of
      the hand-brake applying mechanism will depend on the location of the cable
      or rod to which the connecting member is coupled, taking into account the
      avoidance of straining, deforming, or otherwide distorting the various
      parts of the mechanism in response to the force applied to the primary
      lever 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mechanical actuator system for applying an actuating force to an
      actuated member which is to be moved or to which pressure is to be applied
      comprising a primary lever, a secondary lever, a fixed part, a first pivot
      on said secondary lever about which said primary lever is movable by an
      actuating force through a first range until reaction to said actuating
      force attains a predetermined value, a second pivot on said fixed part
      about which said secondary lever is angularly movable with said primary
      lever through a second range into an applied position after said reaction
      attains said predetermined value whereby said actuating force is
      transmitted to said actuated member through a higher leverage, a one-way
      clutch for coupling said secondary lever to said actuated member through
      said second range, said clutch normally being disengaged but being engaged
      as said secondary lever is moved about said second pivot, ratchet teeth on
      said fixed part, and a pawl connected to said first and second levers by
      said first pivot and engageable with said ratchet teeth to hold said
      levers in said applied position at least when said clutch is engaged.
NUM  2.
PAR  2. A mechanical actuating system as claimed in claim 1, wherein a spring is
      provided to urge said pawl into engagement with said ratchet teeth, and a
      manually displaceable release member is incorporated for disengaging said
      pawl from said teeth in opposition to the loading at said spring.
NUM  3.
PAR  3. A mechanical actuating system as claimed in claim 1, wherein said
      one-way clutch comprises a toggle arm for engagement with said actuated
      member, a third pivot for connecting said toggle arm to said secondary
      lever, a first abutment on said toggle arm, and a second complementary
      abutment on said fixed part with which said first abutment engages to hold
      said toggle arm out of engagement with said actuated  member at least
      during movement of said primary lever through said first range with said
      secondary lever in an inoperative position, movement of said secondary
      lever about said second pivot carrying said first abutment out of
      engagement with said second abutment to permit said toggle arm to engage
      with said actuated member whereafter movement of said primary lever is
      transmitted to said actuated member through said secondary lever and said
      one-way clutch.
NUM  4.
PAR  4. A mechanical actuating system as claimed in claim 3, wherein the toggle
      arm is provided with a clutch face which is inclined with respect to the
      main axis of the arm and is provided with teeth for engagement with
      complementary teeth in an adjacent edge of the actuated member.
NUM  5.
PAR  5. A mechanical actuating system as claimed in claim 1, including a pivotal
      connection by which said actuated member is coupled to said primary lever
      by a pivotal connection, and a guide portion on said secondary lever is
      engaged slidably by said actuated member.
NUM  6.
PAR  6. A mechanical actuating system as claimed in claim 5, wherein said
      pivotal connection is provided with a degree of lost-motion.
NUM  7.
PAR  7. A mechanical actuating system as claimed in claim 6, wherein said guide
      portion of said secondary lever is a planar outline.
NUM  8.
PAR  8. A mechanical actuating system as claimed in claim 6, wherein said guide
      portion of said secondary lever is of arcuate outline.
NUM  9.
PAR  9. A mechanical actuating system as claimed in claim 5, wherein there is no
      lost-motion in said pivotal connection.
NUM  10.
PAR  10. A mechanical actuating system as claimed in claim 8, wherein said guide
      portion of said secondary lever is of arcuate outline.
NUM  11.
PAR  11. A mechanical actuating system as claimed in claim 5, wherein said
      secondary lever is of bifurcated outline provided with spaced arms between
      which said actuated member is located, and said arms are interconnected by
      a spacer member having an inner edge disposed adjacent to said actuated
      member and defining said guide portion.
NUM  12.
PAR  12. A hand-brake applying mechanism for a vehicle incorporating an actuated
      member for operating a brake comprising a primary lever, a secondary
      lever, a fixed part, a first pivot on said secondary lever about which
      said primary lever is movable by an actuating force through a first range
      to take up brake clearnaces until reaction to said actuating force attains
      a predetermined value, a second pivot on said fixed part about which said
      secondary lever is angularly movable with said primary lever through a
      second range into an applied position to apply the brake after said
      reaction attains said predetermined value whereby said actuating force is
      transmitted to said actuated member through a higher leverage, a one-way
      clutch for coupling said secondary lever to said actuated member through
      said second range, said clutch normally being disengaged but being engaged
      as said secondary lever is moved about said second pivot, ratchet teeth on
      said fixed part, and a pawl connected to said first and second levers by
      said first pivot and engageable with said ratchet teeth to hold said
      levers in said applied position at least when said clutch is engaged.
NUM  13.
PAR  13. A hand-brake applying mechanism as claimed in claim 12, wherein a
      button for releasing said pawl is incorporated in said primary lever.
NUM  14.
PAR  14. A hand-brake applying mechanism as claimed in claim 12, wherein a
      spring for urging said pawl into engagement with said ratchet teeth acts
      at opposite ends between spaced abutments in said primary lever, one
      abutment acting on said lever and the other abutment acting on a shoulder
      between said button and an inextensible member coupled to said pawl.
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ABST
PAL  A control device of the double lever-fulcrum type for controlling the
      opening and closing of a fluid valve includes a single solid shaft
      rotatably mounted and connected to a longer or power lever. A notch is
      formed in the shaft to provide a preferably flat surface, one end edge of
      which acts on the valve element to close the valve. The fulcrum of the
      device comprises the longitudinal axis of the shaft, and the shorter or
      thrust lever of the device comprises a radius of the shaft extending from
      the longitudinal axis to the one end edge of the surface formed by the
      notch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for controlling the opening and
      closing of a fluid valve, such as a liquid or gas valve, and in particular
      to such a device which operates on lever principles.
PAR  As is well known, the controlling of the opening and the closing of many
      fluid valves is accomplished by a double lever-fulcrum system. In such a
      system, a longer or power lever is rigidly fixed with respect to a shorter
      or thrust lever, and the two levers are interconnected to pivot about a
      fulcrum. Therefore, a relatively slight amount of force exerted on the
      longer or power lever results in a relatively greater amount of force
      being applied by the shorter or thrust lever. It is necessary for the
      force applied by the thrust lever, in controlling a fluid valve, to be of
      sufficient strength to counteract the pressure of the fluid. Such double
      lever-fulcrum control devices are known to be operated by devices such as
      a float for controlling a liquid, or a tension spring for controlling a
      gas.
PAR  The effectiveness of such a double lever-fulcrum control device depends
      upon the ratio between the lengths of the longer and shorter levers.
      Specifically, the higher this ratio, the smaller the force which need be
      applied on the longer or power lever. Consequently, the higher such ratio,
      the smaller may be the size of the float (in the case of liquids) and the
      smaller may be the tension and size of the spring (in the case of gases).
PAR  It is of course obvious that the shorter or thrust lever must have the
      smallest possible length. However, in practice, the smaller the length of
      the thrust lever, the smaller is the space available for positioning the
      usual pin or shaft of a sufficient diameter for being employed as the
      fulcrum of the device. As the fulcrum shaft is made smaller, it of course
      becomes weaker, and the entire device is thus more susceptible to normal
      operating stresses.
PAC  SUMMARY OF THE INVENTION
PAR  With the above discussion in mind, it is a primary object of the present
      invention to provide a device of the double lever-fulcrum type for
      controlling the closing and opening of fluid valves.
PAR  More specifically, it is an object of the present invention to provide such
      a control device employing an unusually short thrust lever, thereby making
      it possible to proportionally reduce the length of the power lever.
PAR  It is a yet further object of the present invention to provide such a
      device which nevertheless is readily capable of sustaining normal
      operating stresses without breakdown and yet which may be manufactured
      economically.
PAR  The above objects are achieved in accordance with the present invention by
      uniting or integrating into a single element the shorter or thrust lever,
      the fulcrum, and the center of rotation and support connection of the
      longer or power lever. This element in accordance with the present
      invention is provided in the form of a solid shaft, the longitudinal axis
      of which corresponds to the fulcrum. The shaft has a notch therein
      presenting a flat surface, preferably corresponding to a diameter of the
      shaft, and passing through the longitudinal axis thereof. Therefore, one
      radius of the shaft, preferably taken along the flat surface formed by the
      notch, will correspond to the thrust lever of the system, and one outer
      edge of this radius will act on a thrust pin of the valve to control
      opening and closing of the valve. The power arm will be connected to the
      shaft in such a manner that the power arm corresponds to an extension of
      any radii of the shaft, including the radius thereof corresponding to the
      thrust lever. Preferably, the power lever will be connected to the shaft
      at one end thereof at a point thereof coextensive with the longitudinal
      axis thereof. Since the radius of the shaft may be relatively short, it is
      possible to obtain a short thrust lever while at the same time providing
      an overall system having relatively great strength to resist normal
      operating stresses, and in particular torsional stresses. The shaft is
      preferably positioned transversely in a control lever body which is fixed
      to the valve body proper. The end of the flat surface formed by the notch
      in the shaft operates on the thrust pin upon rotation of the shaft within
      the control lever body to operate the thrust pin to open or close the
      valve.
PAR  Therefore, the thrust lever, the fulcrum, and part of the power lever are
      formed in a single solid element, thereby eliminating the need to employ
      the heretofore necessary pins, rivets, hinges, and other elements.
PAR  A further advantage of the present device is that by a simple adjustment of
      the angle of the power lever with relationship to the shaft, the operation
      of the device may be adjusted within very great ranges. Therefore, the
      device may readily be adapted to be operable by fluid entering from any
      relative direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and features of the present invention will be
      described in more detail below with reference to the accompanying drawings
      wherein:
PAR  FIGS. 1 - 3 respectively illustrate schematic plan, lateral elevation and
      frontal elevation views of a liquid valve incorporating the control device
      of the present invention, and specifically illustrating the various
      external components;
PAR  FIG. 4 is a cross-sectional view of the device with the valve in its
      neutral or open position, taken along the lines IV--IV of FIG. 1;
PAR  FIG. 5 is a cross-sectional view similar to that of FIG. 4, but with the
      valve shown in the operative or closed position;
PAR  FIG. 6 is a cross-sectional view of the device taken along lines VI--VI of
      FIG. 2; and
PAR  FIG. 7 is a slightly perspective longitudinal cross-sectional view through
      the control lever body illustrating the various openings and passages
      therein.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the various figures, the same reference numerals are used to illustrate
      the same structural components.
PAR  It is to be understood that the valve structure itself forms no part of the
      present invention, and that such valve may be any specific known liquid or
      gas valve capable of operation by the control device of the present
      invention, as would be understood by one of ordinary skill in the art.
PAR  However, in the following description, and in the attached drawings, a
      preferred embodiment of the present invention will be illustrated with
      respect to a liquid valve of the diaphram type and operable by a float.
      Specifically, liquid valve A includes a valve body proper formed for
      instance by a pair of cups 14 and 15, the lips or ridges of which clamp
      therebetween by means such as screws, a flexible diaphram 16 of a known
      type. Into one chamber formed by the above elements extends a fluid inlet
      18 and a fluid outlet 19. A suitable valve seat 17 is associated with
      fluid inlet 18.
PAR  Into the opposite valve chamber extends a thrust pin 12 which may have on
      the inner end thereof a suitable thrust block such as 12' which confronts
      valve seat 17.
PAR  A control lever body 10 is fixed to valve cup 14 in any suitable manner.
      Furthermore, control lever body 10 may be provided with means for
      precisely aligning control lever body 10 with valve body cup 14 such as by
      aligning pin opening 26 and an associated pin extending therein from valve
      body cup 14.
PAR  Control lever body 10 has therein a thrust pin opening 24 to slidingly
      receive the upper portion of thrust pin 12. Orthogonally of the axis of
      thrust pin opening 24 is provided a lever shaft opening 23. Rotatably
      mounted within opening 23 is a single solid lever shaft 11. To one end of
      lever shaft 11 is fixed, preferably coextensive with longitudinal axis 11'
      of shaft 11, longer or power lever 20, to the other end of which is
      attached liquid float 21. Connection of power lever 20 with lever shaft 11
      may be by any suitable means, such as threaded adjusting screw 22.
PAR  At a suitable position along the length of lever shaft 11, and in alignment
      with the position of thrust pin 12, is a notch in lever shaft 11. This
      notch forms a surface 27 which is preferably flat and which preferably
      passes through axis 11' of shaft 11 and therefore corresponds to a
      diameter thereof. Upon rotation of shaft 11, as seen in FIG. 5, one end
      edge 28 of surface 27 will contact the upper surface of thrust pin 12, and
      therefore push thrust pin 12 and thrust block 12' downwardly to force
      flexible diaphram 16 against valve seat 17, thereby closing liquid passage
      through the valve A. Movement of lever shaft 11 from the position of FIG.
      4 to the position of FIG. 5 is brought about by the liquid from fluid
      outlet 19 raising float 21, and therefore causing power lever 20 to pivot,
      therefore rotating lever shaft 11 about its longitudinal axis 11'.
PAR  Accordingly, longitudinal axis 11' of lever shaft 11 becomes the fulcrum of
      the double lever-fulcrum control system.
PAR  Furthermore, the radius 30 of shaft 11 from longitudinal axis or fulcrum
      11' to point 28 becomes the thrust lever of the system.
PAR  The degree of rotation of lever shaft 11 back to its inoperative position
      (shown in FIG. 4) may be controlled by any suitable means if desired. One
      example of such control means would be rotation limiting screw 13
      extending in to rotation limiting screw opening 25 of control lever body
      10. The upper or end surface of screw 13 would thereby be contacted by end
      edge 29 of surface 27, thereby limiting the rotation of lever shaft 11 in
      the direction opposite to the closing direction thereof. Due to the
      provision of threads on screw 13 and opening 25, the position of screw 13
      may be relatively adjusted to adjust the return rotation position of lever
      shaft 11.
PAR  It will be apparent from the above description that the present invention
      uniquely provides an arrangement whereby the thrust lever (radius 30), the
      fulcrum (longitudinal axis 11'), and a portion of the power lever are
      formed from a single, solid element. Therefore, it will be apparent that
      the present invention offers a much simplified and yet stronger double
      lever-fulcrum control device than has previously been possible.
PAR  It is believed that the operation of the device of the present invention
      will be apparent from the above description. However, such operation will
      briefly be summarized.
PAR  Liquid freely enters through inlet 18 and passes through valve seat 17 and
      outwardly through fluid outlet 19 until it reaches a chamber containing
      float 21. As the amount of liquid increases, the liquid will eventually
      cause float 21 to lift, thereby causing power lever 20 to rotate lever
      shaft 11 from the position of FIG. 4 to the position of FIG. 5. Therefore,
      edge 28 will contact the upper surface of thrust pin 12, thus forcing
      thrust pin 12 and thrust block 12' downwardly against flexible diaphram
      16. Diaphram 16 will thereby be forced downwardly against the liquid
      pressure and against valve seat 17 to stop the flow of liquid through the
      valve A. As the liquid in the chamber surrounding float 21 is used, float
      21 will lower, and the liquid pressure will force diaphragm 16 and thrust
      pin 12 upwardly, thereby causing power lever 20 to rotate lever shaft 11
      from the position of FIG. 5 to the position of FIG. 4. This return
      rotation of lever shaft 11 will be limited by the contact of edge 29 of
      surface 27 with the upper end of rotation limiting screw 13.
PAR  It will be readily understood that due to the relatively great size of
      power lever 20 with regard to the length of thrust lever 30, the control
      device of the present invention will be operable to close the valve by a
      very minimal pressure on float 21, even against a large liquid pressure.
PAR  Once again, it must be emphasized that the structure of the valve itself is
      not a part of the present invention, and that any known type of valve
      which may be opened or closed by a movement of a device such as thrust pin
      12 may be controlled by the present invention.
PAR  When the double lever-fulcrum control device of the invention is employed
      for controlling a gas valve, there would normally be used an ordinary
      tension spring (shown schematically at 40 in FIG. 4) in place of float 21.
      Such tension spring would have a tension such that the spring would be
      held inoperative as long as the pressure of the gas acting thereon is more
      than a predetermined amount.
PAR  Although a preferred embodiment of the present invention has been described
      in detail, it is to be understood that the scope of the present invention
      is not intended to be limited to the specific structural details of the
      preferred embodiment. Rather, the scope of the present invention is
      intended to include modifications of an equivalent nature.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control device for controlling the opening and closing of a fluid
      valve of the type having a thrust element movable from a first open valve
      position to a second closed valve position, said control device being of
      the double lever-fulcrum type having a longer power lever and a shorter
      thrust lever fixed together to pivot about a fulcrum to move said thrust
      element from said first position to said second position upon the
      application of a force to said power lever, the improvement comprising:
PA1  a control lever body fixed to the body of said valve, said control lever
      body having therein a first opening for receipt of at least a portion of
      said thrust element, said control lever body having therein a second
      opening transverse to said first opening;
PA1  a single solid cylindrical shaft mounted to rotate about the longitudinal
      axis thereof at a position adjacent to said thrust element, said fulcrum
      comprising said longitudinal axis of said shaft, said shaft rotatably
      mounted in said second opening of said control lever body;
PA1  said shaft having therein a notch providing a flat surface having first and
      second end edges on the periphery of said shaft, said flat surface being a
      diameter of said shaft passing through said longitudinal axis, said first
      end edge of said surface contacting said thrust element, said thrust lever
      comprising a radius of said shaft extending from said longitudinal axis to
      said first end edge of said surface; and
PA1  said power lever being fixed to said shaft to extend outwardly from said
      periphery thereof.
NUM  2.
PAR  2. The improvement claimed in claim 1, wherein said power lever is attached
      to a longitudinal end of said shaft at a position thereon coextensive with
      said longitudinal axis.
NUM  3.
PAR  3. The improvement claimed in claim 2, wherein said power lever is an
      extension of a radius of said shaft.
NUM  4.
PAR  4. The improvement claimed in claim 3, further comprising means to
      selectively adjust the position of attachment of said power lever to said
      end of said shaft.
NUM  5.
PAR  5. The improvement claimed in claim 1 further comprising means in said
      control valve body for limiting rotative motion of said shaft in a
      direction away from said thrust element.
NUM  6.
PAR  6. The improvement claimed in claim 5, wherein said means for limiting
      comprises a third opening in said control lever body and stop means in
      said third opening for contact with said second end edge of said surface.
NUM  7.
PAR  7. The improvement claimed in claim 6, wherein said stop means comprises a
      screw adjustably positioned in said third opening.
NUM  8.
PAR  8. The improvement claimed in claim 1, wherein said fluid valve is a liquid
      valve, and further comprising a float attached to said power lever.
NUM  9.
PAR  9. The improvement claimed in claim 1, wherein said fluid valve is a gas
      valve, and further comprising a tension spring attached to said power
      lever.
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ABST
PAL  The present invention is related to an improvement in a double-acting
      ratchet and pawl for controlling the operation of a hand winch. The pawl
      is pivotally mounted and engageable in two different positions with a
      driving gear which in turn is engaged with a driven gear operably
      connected to a winch reel. The improvement of this invention is primarily
      related to the pawl design and mounting and operation means therefor. With
      the design of the present invention, the pawl may be pivoted into any one
      of three principal locations corresponding to forward winch drive, reverse
      winch drive, and free-running winch drive. A latch plate holds the pawl
      fixedly in the desired position. A handle is provided for operating the
      pawl and a spring compressed against the handle operably holds the pawl
      against the latch plate. The pawl and the handle are pivotally connected
      on a shaft and mounted pivotally with respect to one another. A coiled
      spring connects the handle to the pawl for moving the pawl when the handle
      is operated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is related to an improvement in a pawl construction
      and mounting means therefor for use in controlling the operation of a hand
      operated winch.
PAR  A double-acting pawl and ratchet arrangement having three positions
      corresponding to forward, reverse and free-running movement of the winch
      is well known in the prior art. In one known construction, the pawl
      includes two gear-engaging teeth alternately engageable with a driving
      gear for permitting the gear to be rotated either clockwise or
      counterclockwise depending on which of the pawl teeth is engaged against
      the driving gear. Integrally connected with the teeth of the pawl is a
      handle for operating the pawl to move the teeth into and out of engagement
      with the driving gear. A spring having cam surfaces is provided adjacent
      the pawl and engages with two cam followers rigidly connected to the pawl
      in order to maintain the pawl in a fixed position. When one of the two
      pawl teeth engages against the driving gear, the winch may be operated
      only in the forward direction; when the other of the two teeth engages
      against the driving gear, the winch is operable only in the reverse
      direction; and when the pawl is pivoted into neutral position, the winch
      can be operated freely in either the forward or reverse direction.
PAR  While the ratchet and pawl arrangement of the prior art is generally
      effective for its intended purpose of governing the operation of the
      winch, it does have some drawbacks. For example, problems result from the
      relatively high mass of the pawl which includes the engaging teeth,
      connecting members, cam followers, and a handle portion which extends
      outwardly away from the engaging teeth. The relatively high mass of this
      pawl results in a rougher and more discontinuous operation than is
      desirable since, with high speed gear travel, the inertia of the pawl
      prevents it from closely following the driving gear. Also, the high mass
      of the pawl results in higher acoustical noise levels than those produced
      by the pawl of the present invention.
PAR  Another disadvantage of this pawl is that it can be unintentionally
      disengaged from the driving gear of the winch. When a sufficient force is
      exerted by the pawl, the cam followers sometimes ride out of the desired
      location against the cams. Having moved into the new location, the cams
      and cam followers tend to hold the pawl in this location, thus requiring
      the manual re-engagement of the pawl. Likewise, when the pawl is in the
      neutral, free-running position, permitting the winch to be operated in the
      forward or reverse direction, it can be accidentally engaged, possibly
      causing damage to the winch gears and/or the pawl.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improvement in the pawl
      construction provided for operation in conjunction with a winch. In the
      preferred embodiment, the improved pawl of this invention is adapted for
      use with a winch having a winch reel, a driving gear, a driven gear
      engaging with the driving gear and connected to the winch reel, and a
      ratchet and pawl apparatus for permitting forward, reverse, and
      freerunning movement of the winch. The pawl includes first and second
      ratchet-engaging members and is pivotal into a first position, permitting
      only forward movement of the winch, and into a second position, permitting
      only reverse winch movement.
PAR  The improved ratchet and pawl arrangement of the present invention
      generally comprises means for pivoting the pawl into the first and second
      positions, a latching means for maintaining the pawl-pivoting means in a
      fixed position when in contact with the pawl-pivoting means, and means for
      biasing the pawl-pivoting means against the latching means so that the
      pawl is maintained in the desired position until deliberate force is
      exerted against the biasing means on the pawl-pivoting means sufficient to
      overcome the force of the biasing means.
PAR  The invention also includes a new arrangement for engaging the pawl with
      the driving gear. The pawl-pivoting means is a handle, and the pawl and
      pawl handle are pivotally mounted adjacent the driving gear and are
      pivotal in relation to one another. A connecting means which, in one
      embodiment, takes the form of a spring, is provided for flexibly
      connecting the pawl to the handle so that movement of the handle causes
      movement of the pawl and also so that the pawl may be biased into desired
      engagement with the driving gear. A latch plate is provided for engaging
      with the pawl handle and holding the handle and the pawl in a desired,
      fixed position.
PAR  An object of the present invention is to provide a new and improved ratchet
      and pawl arrangement particularly adapted for use with a winch. Another
      object of the present invention is to provide such a ratchet and pawl
      arrangement which cannot be accidentally moved into or out of engagement
      with the winch gears.
PAR  Still another object of the present invention is to provide a ratchet and
      pawl arrangement in which the pawl may be continuously biased into
      engagement with the driving gear when desired.
PAR  A further object of the present invention is to provide a ratchet and pawl
      arrangement which will operate smoothly and with less noise than the
      ratchet and pawl arrangements of the prior art.
PAR  A still further object of the present invention is to provide a pawl which
      may be operated by an operator remote from the winch gears.
PAR  Another object of the present invention is to provide a new and improved
      ratchet and pawl arrangement which may be operated with increased safety
      from damage to the apparatus and from injury to the operators of the
      winch.
PAR  These and other advantages and features of the present invention are more
      fully set forth in the detailed description of the preferred embodiment of
      this invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  There follows a brief description of the drawings showing a prior art
      construction and the preferred embodiment of the present invention in
      which like numerals refer to like elements and in which:
PAR  FIG. 1 is a side perspective view of a hand operated winch and ratchet and
      pawl arrangement of the prior art;
PAR  FIG. 2 is a partial side cross-sectional view of the ratchet and pawl
      arrangement of FIG. 1 taken substantially along the lines 2--2;
PAR  FIG. 3 is a side perspective view of the ratchet and pawl arrangement of
      the present invention with the pawl in a first position;
PAR  FIG. 4 is a side perspective view of the ratchet and pawl assembly of FIG.
      3 taken substantially along the lines 4--4;
PAR  FIG. 5 is a side cross-sectional view of the ratchet and pawl assembly of
      this invention with the pawl in a second position;
PAR  FIG. 6 is a side cross-sectional view of the ratchet and pawl assembly of
      this invention with the pawl in a third position; and
PAR  FIG. 7 is a side perspective view of a hand winch on which this invention
      may be used and a side perspective exploded view of the ratchet and pawl
      assembly of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This invention may best be understood by reference to a prior art ratchet
      and pawl assembly adapted for use with a hand winch. Referring now to
      FIGS. 1 and 2, showing the prior art construction, a hand winch 10 is
      shown, having a bracket 12. A driving gear 14 and a driven gear 16 are
      rotatably mounted on the bracket 12. The driven gear 16 is connected to
      operate a reel 18 of the hand winch 10. A winch arm 20 and winch handle 22
      rotatably connected to one end thereof are provided to operate the driving
      gear 14 and provide additional leverage in operating the hand winch 10. A
      pawl 24 is pivotally mounted on the bracket 12 above the driving gear 14
      and engageable therewith at two separate positions. The pawl 24 is
      pivotally mounted on a shaft 26 connected by means of a screw 28 to the
      mounting bracket 12.
PAR  An elongated spring member 30 engages around and against a collar 32 which
      abuts one axial end of the driving gear 14. The spring 30 includes cam
      surface sections 34 and 36 which cooperate with a pair of cams 38 and 40
      rigidly connected to the pawl 24 and projecting outwardly therefrom.
PAR  The pawl 24 includes a first gear-engaging tooth 42 and a second
      gear-engaging tooth 44 and an intermediate section 45 integral therewith.
      A pawl handle 46 integral with the pawl 24 is provided for pivoting the
      pawl to a desired location. In the first position of the pawl 24 as shown
      in FIG. 2, the first engaging tooth 42 is engaged with the teeth of the
      driving gear 14. In this position, the indentations of the cam section 36
      of spring 30 tend to hold the cam 40 and therefore the pawl 24 in this
      fixed position. As may be seen in FIG. 2, the driving gear 14 may be
      rotated counterclockwise with the first tooth 42 of pawl 24, skipping into
      and out of engagement with the various teeth of the gear 14 as it is
      rotated counterclockwise. Clockwise movement of the gear 14 is prevented
      by the configuration and location of the pawl 24, first tooth 42 and
      driving gear 14. The handle 46 may be raised from the position shown in
      FIG. 2 into a second position where the second tooth 44 engages with a
      tooth of the gear 14, with the cam surface 34 acting together with the cam
      section 38 to hold the pawl 24 in fixed position. In this configuration,
      the tooth 44 engaging with teeth of the gear 14, the driving gear may be
      operated in a clockwise direction and counterclockwise rotation is
      prevented.
PAR  The handle 46 may also be moved into a third position (approximately
      horizontal) in which neither tooth 42 nor tooth 44 engages with the teeth
      of gear 14. This is the free-running position in which the driving gear 14
      and the reel 18 of the winch 10 may be operated in either direction.
PAR  The prior art ratchet and pawl arrangement as shown in FIGS. 1 and 2 is
      generally effective for the intended purpose of permitting forward,
      reverse and free-running operation of the winch. However, the pawl 24 has
      a relatively large mass (including not only the teeth 42 and 44 and
      intermediate section 45, but also a handle 46) which, as previously
      described, increases the noise during operation and prevents the pawl from
      following the gear teeth of the driving gear 14 as closely as desirable.
      Also, rapid operation of the winch 10 can cause the pawl to jump out of
      engagement with the gear 14. Once this occurs, the spring 30 maintains the
      pawl 24 in disengaged position and does not act to bias the pawl towards
      return engagement with the gear 14.
PAR  Also, when the pawl 24 is disengaged, an upward or downward force exerted
      on the handle portion 46 thereof can cause the pawl 24 to be accidentally
      engaged with the gear 14, causing damage to the components of the system.
      The present invention is designed specifically to alleviate the problems
      generated by the prior art ratchet and pawl device.
PAR  Referring more specifically to the exploded perspective view of FIG. 7, the
      ratchet and pawl apparatus of this invention includes a pawl 60 having a
      first gear or ratchet-engaging tooth 62 and a second ratchet-engaging
      tooth 64 on the opposite end thereof. An aperture 65 is defined on the
      pawl 60 and is adapted to receive a shaft so that the pawl 60 may be
      pivoted about the shaft.
PAR  A pawl-pivoting means 66 is provided and adapted to receive the pawl 60
      therein. The pawl-pivoting means 66 takes the form of a handle and
      includes a handle section 67 and pawl guard sections 69. Apertures 68 are
      defined in the pawl guard sections 69 and are adapted to receive a
      pivoting shaft so that the handle may be pivoted about the shaft. An
      annular spacer sleeve 70 is provided and connectable between opposite
      sides of the mounting bracket 12 by means of a screw 72 and nut 74. The
      spacer sleeve 70 includes a main section 76 and a neck section 78 of
      lesser diameter than the main section 76. The neck section 78 functions as
      a shaft about which the pawl 60 and handle 66 may be pivoted or axially
      translated as will be described more fully hereafter.
PAR  A means for biasing the handle 66 is provided and takes the form of a
      coiled spring 80. A second spring 82 is also provided and connectable at
      one end in a second aperture 84 defined in the pawl 60 and at the other
      end thereof connectable to the operating end of the handle 66. The
      function of spring 82 and the overall components will be more fully
      described hereafter.
PAR  A latching means taking the form of a latch plate 86 is provided for
      maintaining the pawl-pivoting means or handle 66 in a fixed position when
      the handle 66 is in contact with the latch plate 86. Stop members 88, 90,
      92 and 94 are defined on the latch plate 86 and project outwardly
      therefrom along the top and side edges thereof. The bottom portion of the
      latch plate is an arcuate edge 96 which is adapted to conform over the
      circular washer spacer member 32 separating the driving gear 14 from the
      mounting bracket 12.
PAR  The pawl 60 is shown in a first position (in FIGS. 3 and 4), with the first
      tooth 62 of pawl 60 in engagement with the teeth of the driving gear 14.
      In this position the driving gear may be rotated clockwise (viewed from
      FIG. 4); however, counterclockwise rotation is prevented. When assembled,
      the spacer member 70 is connected by means of the screw 72 to the vertical
      plate portion of the mounting bracket 12, with the coiled spring 80 on the
      neck section 78 of spacer member 70. The spring 80 is biased against the
      handle 66 and compressed between the handle 66 and the spacer member 70.
      The spring 80 biases the handle 66 against the latch plate 86. The latch
      plate 86 is also suspended by means of an aperture 91 on the neck section
      78. The arcuate surface 96 abuts against the circular washer 32 to prevent
      movement of the latch plate 86. When assembled, the pawl 60 and handle 66
      are pivotal not only in relation to the mounting bracket 12, but also in
      relation to each other along the shaft formed by the neck 78.
PAR  When the handle 66 is in the first position shown in FIGS. 3 and 4, it is
      held against the latch plate 86 by means of the biasing spring 80. In this
      position, the stop members 92 and 94 abut against the upper and lower
      portions of the handle 66 and prevent it from being pivoted about the
      shaft 78. The second spring 82 is connected between one end 96 of the
      handle 66 and the aperture 84 of the pawl 60. As described above, the pawl
      60 may be pivoted with respect to the handle 66. When pawl 60 is pivoted
      relative to handle 66, the spring 82 exerts a biasing force tending to
      return the pawl 60 to a position in which the longitudinal axis of the
      spring 82 intersects the axis of rotation of the pawl 60 (see FIG. 6).
      This continuous biasing force smooths the operation of the pawl 60 when
      the winch 10 is actuated. For example, when the gear teeth 14 are rotated
      clockwise, the first tooth 62 of pawl 60 is moved into and out of
      engagement with the various teeth of the gear 14, with the spring 82
      always acting to return the first tooth 62 of pawl 60 into engagement with
      the next set of gear teeth of gear 14.
PAR  In order to pivot the handle 66 and pawl 60 from one position to another,
      the operator must first grasp the handle 66 and axially translate it away
      from the latch plate 86 and toward the spring 80 with a biasing force
      sufficient to overcome the spring bias. After axial translation of the
      handle 66 away from the latch plate 86, the handle 66 may then be raised
      from the first position to a second position, shown in FIG. 5. The handle
      66 is then translated against the latch plate 86 by the spring 80.
PAR  In the second position, the handle 66 is approximately vertical and the
      second tooth 64 of pawl 60 engages with the gear teeth of gear 14. Also,
      the pawl 60 has been rotated clockwise relative to handle 66, causing the
      spring 82 to urge the second tooth 64 into contact with gear 14. The gear
      14 may be rotated counterclockwise; however, clockwise movement of the
      gear 14 is prevented. As this is done, the tooth 64 rides into and out of
      engagement with the teeth of gear 14, thus pivoting the pawl 60 back and
      forth, toward and away from the gear 14, with the spring 82 returning the
      tooth 64 into engagement with gear 14. In this position, stop members 88
      and 90 prevent pivotal movement of the handle 66.
PAR  The handle 66 may also be moved to a third position in which the handle 66
      is approximately horizontal and the pawl 60 and teeth 62 and 64 are
      disengaged from the gear 14, permitting free movement of the winch 10 in
      both rotational directions. In this position, the handle 66 is
      rotationally fixed between stop members 90 and 92 of the latch plate 86.
PAR  As may be seen by a comparison, the pawl 60 is of a substantially lower
      mass than the prior art pawl 24 since no handle portion is included on the
      pawl 60. Also, the pawl 60 is pivotal in relation to the handle 66, with
      the spring 82 acting to continually bias the pawl into engagement with the
      driving gear 14. The handle 66 is positively held in any of three
      predetermined positions and cannot be accidentally moved out of the
      desired position.
PAR  While in the foregoing there has been described a preferred embodiment of
      the present invention, it should be understood that this embodiment is
      merely illustrative of the invention and that other embodiments of this
      invention may be made without departing from the true spirit and scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a winch having a winch reel, a driving gear, a driven gear engaging
      with the driving gear connected to the winch reel, and a ratchet and pawl
      apparatus for permitting forward and reverse movement of the winch, said
      pawl having first and second ratchet-engaging members thereon and pivotal
      on a shaft into a first position permitting winch rotation in only one
      rotational direction and into a second position permitting winch rotation
      in only the opposite rotational direction, an improvement in the ratchet
      and pawl arrangement comprising, in combination:
PA1  handle means for pivoting said pawl into said first and second positions,
      said handle means mounted for translational and rotational movement on the
      shaft,
PA1  latching means for engaging with said handle means and maintaining said
      handle means in fixed position when in contact with said handle means; and
PA1  biasing means for translating said handle means against said latching means
      whereby the pawl is maintained in the desired position until a deliberate
      translational force is exerted on the handle means sufficient to overcome
      the force of the biasing means.
NUM  2.
PAR  2. The improvement as set forth in claim 1 wherein said handle means
      comprises a handle mounted for pivotal movement with said pawl, said pawl
      being pivotal in relation to said handle, and means connecting said pawl
      to said handle whereby, when said handle is pivoted, the connecting means
      causes the pawl to be pivoted therewith.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein said connecting means is
      a spring connected to the handle and eccentrically connected to said pawl
      whereby, when said handle is rotated, the spring exerts torque on the
      pawl, causing the pawl to be flexibly rotated with the handle.
NUM  4.
PAR  4. The combination as set forth in claim 2 wherein said handle includes an
      elongated handle section and a pawl guard section and in which said
      connecting means is connected between the outer end of the handle and the
      pawl, whereby the connecting means and pawl may be isolated from debris
      and adverse weather and whereby an operator may grasp the handle to move
      said pawl at a location remote from the gears.
NUM  5.
PAR  5. The improvement as set forth in claim 1 wherein said biasing means
      comprises a spring compressed between a fixed member and the handle means.
NUM  6.
PAR  6. The improvement as set forth in claim 1 wherein said biasing means
      includes a spiral coiled spring and a collar spacer member having a main
      section and a neck section radially smaller than the main section, with
      the pawl and handle means pivotal on the neck section and the spring
      wrapped about the neck portion and compressed between the handle means and
      the end of the main section adjacent the neck section.
NUM  7.
PAR  7. The combination as set forth in claim 1 wherein the latch means
      comprises a plate mounted in fixed position adjacent the handle means,
      said plate including a plurality of stop members projecting therefrom and
      adapted to engage against and hold the handle means in any of a plurality
      of predetermined positions.
NUM  8.
PAR  8. In a winch having a winch reel, a driving gear, a driven gear engaging
      with the driving gear connected to the winch reel, and a ratchet and pawl
      apparatus for permitting forward and reverse movement of the winch, said
      pawl having first and second ratchet-engaging members thereon and pivotal
      on a shaft into a first position permitting winch rotation in only one
      rotational direction and into a second position permitting winch rotation
      in only the opposite rotational direction, an improved ratchet and pawl
      arrangement comprising, in combination:
PA1  a pawl having first and second gear-engaging teeth thereon;
PA1  means for pivoting said pawl into a plurality of predetermined positions,
      said pawl-pivoting means pivotal on the shaft; and
PA1  a flexible connecting means connected between said pawl-pivoting means and
      said pawl whereby, when said pawl-pivoting means is rotated about said
      shaft, said connecting means exerts torque on said pawl, causing the pawl
      to be flexibly rotated with said pawl-pivoting means.
NUM  9.
PAR  9. The improvement as set forth in claim 8 wherein said connecting means is
      a spring.
NUM  10.
PAR  10. The improvement as set forth in claim 8 wherein said pawlpivoting means
      includes an elongated handle section covering said connecting means and a
      pawl guard section.
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ABST
PAL  A self-contained housing for the drive chain of a conventional chain-driven
      motorcycle comprising a front section, enclosing the motorcycle drive
      sprocket and a portion of the drive chain, and a rear section, enclosing
      the rear wheel sprocket and the remaining portion of the chain, both
      sections being joined together by a flexible coupling to form a single,
      integrated unit. Sealing interfaces are provided where the housing mates
      with the motorcycle transmission case and the rear wheel hub to prevent
      contaminants from entering the housing and also to prevent leakage of a
      pool of lubricating oil that is maintained within the housing to
      continuously lubricate the drive chain and sprocket. The forward end of
      the housing is reinforced to prevent the chain from flying loose and
      causing injury to the motorcycle operator or damage to the engine casing
      should the chain break while it is in motion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a protective housing for a motorcycle
      drive chain. Most conventional motorcycles sold today utilize an endless
      chain to transmit power from a drive sprocket mounted on the motorcycle's
      transmission output shaft to a second sprocket mounted on the rear wheel.
      These sprockets and drive chain are often not provided with any kind of
      protective enclosure and, as a result, the chain is exposed to
      contamination from air, moisture, and dirt. Evaporation of the lubricating
      oil from the chain into the air, rust caused by the moisture, and
      increased wear caused by the abrasive effect of the dirt that adheres to
      the oily surface of the chain all increase the likelihood that the chain
      will fail under stress. Increased chain wear due to insufficient
      lubrication is of special consequence with larger motorcycles where new
      chains cost around $25.00 apiece and must be replaced every 3000 to 6000
      miles. If the chain does break during operation, it may be dangerously
      whipped forward by the drive sprocket with a potential for causing serious
      injury or damage to the motorcycle operator or engine casing.
PAR  In addition, the exposed chain and sprockets are especially hazardous to
      the motorcycle and passenger, portions of whose anatomy or clothing may
      become entangled in the running chain and result in serious injury before
      the motion of the chain can be stopped.
PAR  Even when a chain guard is provided, it usually amounts to little more than
      a thin metal or plastic fender over the topmost portion of the chain. At
      best, this type of chain guard offers some protection for the operator and
      passenger against the danger of entanglement in the moving chain or injury
      from broken chain, but it offers no protection for the chain against
      insufficient lubrication due to evaporation or contamination from moisture
      and dirt.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a protective housing for the drive
      chain employed in a conventional motorcycle to transmit power from the
      transmission output shaft to the rear wheel and, more particularly, to a
      self-contained housing that completely encloses the motorcycle drive
      sprocket, drive chain, and rear wheel sprocket. The housing comprises two
      major sections: a front or drive sprocket section that encloses the
      transmission drive sprocket and about one-fifth of the chain between the
      drive sprocket and the rear wheel, and the rear or wheel sprocket section
      that encloses the rear wheel sprocket and the remaining four-fifths of the
      drive chain. These two components are joined together by two lengths of
      flexible neoprene or rubber hose to form a single integrated unit that
      encloses not only the two sprockets, but also the entire length of the
      drive chain. Oil-tight seals are provided where the housing mates with the
      transmission housing and the rear wheel hub to prevent water, dirt, and
      other contaminants from entering the housing and also to prevent the
      escape of an oil bath maintained within the housing.
PAR  The forward edge of the front section is constructed from one-quarter inch
      steel and serves as an impenetrable barrier to chain fragments in case of
      chain failure, thus protecting both the motorcycle operator and engine
      casing from serious injury or damage from flying chain. Any damage caused
      by the chain breaking during operation will be limited to the chain itself
      and possibly the drive sprocket and front section of the housing. All of
      these items can be readily and economically removed and repaired or
      replaced compared to the time and expense involved in repairing or
      replacing a damaged engine casing.
PAR  An oil filler port and an oil drain port are included in the rear section
      of the housing to facilitate the maintenance of a lubricating oil bath
      within the housing at a level sufficient to insure continuous partial
      immersion of the lower portion of the rear wheel sprocket. As the drive
      chain makes its way around the rear sprocket, it will be pulled through
      the oil bath and thereby provided with continuous cleaning and
      lubrication. Since the chain housing completely seals the chain and both
      sprockets, any oil flying off of the chain as it leaves the oil bath will
      impinge upon and run down the sides of the housing and back into the bath
      rather than sticking and adhering to the other components of the
      motorcycle or the operator's clothing as is the case with conventional
      non-enclosed motorcycle chains. The oil filler port is located at the
      desired surface level of the oil bath when the motorcycle is not operating
      and serves as both a filler port and an oil level inspection port. The oil
      drain port is located at the lowermost point of the housing to allow
      complete draining of both the oil bath and any accumulated impurities.
PAR  Flexible neoprene or rubber hose segments are used to join the front
      housing section to the rear section to allow the necessary flexing of the
      housing as the rear wheel moves up and down according to the surface of
      the road and the weights of the motorcycle operator and passenger.
PAR  As the drive chain and sprockets are completely enclosed by the housing,
      the chain is protected from the harmful effects of water, dirt, and other
      contaminants and also from the effects of insufficient lubrication caused
      by evaporation of the oil used to lubricate the chain. In addition, the
      housing prevents portions of the operator's or passenger's anatomy or
      clothing from becoming entangled in the drive chain while it is in motion
      and, perhaps, causing serious injury. This safety feature is especially
      significant where the motorcycle is operated around small children or
      persons wearing loose or flowing clothing.
PAR  The chain housing of the present invention may be manufactured either as an
      original component of the motorcycle or as an owner-installable accessory.
      Although the preferred embodiment was designed to fit a Honda 750cc
      motorcycle, relatively little modification is required to adapt the
      housing to fit other makes and models of motorcycles.
PAR  It is, therefore a principal feature of the present invention to provide a
      chain housing that completely and sealingly encloses the drive chain of a
      conventional motorcycle.
PAR  It is an additional objective of the present invention to provide a means
      for continuously lubricating the drive chain of a conventional motorcycle
      during operation.
PAR  It is further objective of the present invention to provide a chain housing
      capable of containing the drive chain of a conventional motorcycle should
      the chain break during operation, thereby protecting both the operator and
      the machine from injury or damage.
PAR  It is a still further objection of the present invention to provide a means
      for protecting a conventional motorcycle and the operator and passenger
      thereof from lubricating oil or other matter that may fly off of the
      moving drive chain during operation.
PAR  It is a principal advantage of the present invention that the clothing and
      anatomy of the operator or passenger are prevented from becoming entangled
      in the moving drive chain.
PAR  It is an additional feature of the present invention that it may be
      adapted, with only minor modification, to fit more than one make or model
      of motorcycle.
PAR  The foregoing objectives, features and advantages of the present invention
      will be more readily understood upon consideration of the following
      detailed description of the invention taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a conventional Honda 750cc motorcycle showing
      the location and placement of the chain housing of the present invention.
PAR  FIG. 2 is a partially phantomed elevation of the chain housing of the
      present invention as mounted on a conventional Honda 750cc motorcycle.
PAR  FIG. 3 is an exploded exterior side view of the chain housing of the
      present invention.
PAR  FIG. 4 is an interior side view of the chain housing of the present
      invention.
PAR  FIG. 5 is a sectional view of the chain housing of the present invention
      taken along lines 5--5 of FIG. 2.
PAR  FIG. 6 is a sectional view of the chain housing of the present invention
      taken along lines 6--6 of FIG. 2
PAR  FIG. 7 is an exploded sectional view of the chain housing of the present
      invention taken along lines 7-7 of FIG. 3.
PAR  FIG. 8 is an exploded sectional view of the chain housing of the present
      invention taken along lines 8-8 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 through 4, the preferred embodiment of the chain
      housing of the present invention, generally identified by the number 20 in
      FIG. 1, is seen to comprise a front housing section 22, a rear housing
      section 24, and two interconnecting lengths of flexible hose 26 and 28
      that combine to completely enclose the endless drive chain 30 that is used
      to transfer rotational power from the drive sprocket 32 to the rear wheel
      sprocket 34 of a conventional chain-driven motorcycle 36. Front section 22
      encloses drive sprocket 32 and that portion of drive chain 30 extending
      around the srpocket and about one-fifth of the distance back towards the
      rear wheel, while rear section 24 encloses rear wheel sprocket 34 and the
      remaining portion of the drive chain. The two housing sections are
      flexibly connected to one another by hose segments 26 and 28 which are
      short lengths of rubber or neoprene hosing capable of being flexed in all
      directions and compressed or extended along their longitudinal axes. This
      flexible connection between the front and rear sections of the chain
      housing is necessary to allow the chain housing to adjust to the up and
      down movement of the rear wheel 38 of the motorcycle caused by the weight
      of the operator or the surface of the road over which the motorcycle is
      traveling. Note, as shown in FIG. 2, that for effective flexion of the
      housing, the flexible hose connection must be located proximate the
      pivotal attachment point 40 of the frame member 42 supporting the rear
      wheel.
PAR  The actual construction of the chain housing is more readily understood
      with additional reference to the remaining figures. Front section 22,
      shown in cross-section in FIGS. 5 and 7, is constructed of formed and
      welded metal sheet to define an enclosure with a substantially rectangular
      cross-section and of sufficient interior dimensions to enclose drive
      sprocket 32, but not interfere with its rotation.
PAR  The front or leading wall 44 of the enclosure is formed from a strip of
      one-quarter inch steel, the ends of which protrude beyond the upper and
      lower walls of the enclosure to form two C-shaped torque reaction members
      46 and 48. These torque reaction members are positioned to engage portions
      of the motorcycle frame, as shown in FIG. 2, and prevent the enclosure
      from rotating should the drive chain break and become jammed between the
      walls of the enclosure and the drive sprocket while the sprocket is
      turning. The one-quarter inch steel leading wall will prevent the broken
      chain from leaving the enclosure and flying forward where it could cause
      serious injury or damage.
PAR  The inner wall 50 of the front housing section is formed to mate with the
      area of the motorcycle transmission casing 52 immediately surrounding
      drive shaft 54 and contains a circular aperture 56 of sufficient diameter
      to fit over the drive shaft once drive sprocket 32 has been removed. An
      annular groove 58 is formed in the exterior surface of inner wall 50 and
      around aperture 56, as shown in FIG. 7, to receive and retain O-ring 60
      which acts as an oil-proof seal around drive shaft 54.
PAR  A second circular aperture 62 is formed in the opposite or outer wall 63 of
      the front housing section coaxially with aperture 56 and of sufficient
      diameter to allow the drive sprocket 32 to be placed on drive shaft 54
      after the front housing section has been positioned over the shaft. During
      the operation of the motorcycle, this aperture is sealed by cover plate 64
      and annular gasket 66, with cover plate 64 being secured to the housing by
      a plurality of screws 68 that pass through holes in the plate and gasket
      and thread into corresponding holes in the housing. Aperture 62 also
      serves as an inspection port after the chain housing is installed.
PAR  Formed in the rear of front housing section 22 are two rear-facing ports 70
      and 72, shown most clearly in FIG. 3, that serve as entry and exit ports,
      respectively, for drive chain 30. Lastly, housing section 22 contains two
      mounting lugs 74 by which the housing is removably attached to the
      motorcycle transmission casing.
PAR  Rear housing section 24, shown in cross-section in FIGS. 6 and 8, is also
      constructed of formed and welded metal sheet and with a substantially
      rectangular cross-section. The interior dimensions of the housing must be
      sufficient to enclose rear wheel sprocket 34 without interfering with its
      rotation. The forward portion of housing section 24 extends forward in the
      form of two rectangular chain guides 76 and 78 that connect via the two
      hose segments 26 and 28 to chain inlet port 70 and chain outlet port 72,
      respectively, of front housing section 22. Once connected, the two housing
      sections provide a completely enclosed path through which endless drive
      chain 30 passes without restriction.
PAR  Formed in the inner wall 80 of housing section 24 is a circular aperture 82
      of sufficient diameter to fit over rear wheel sprocket 34. Formed in the
      opposite or outer wall 84 and located coaxially with aperture 82 is a
      smaller circular aperture 86 of sufficient diameter to allow the insertion
      therethrough of the motorcycle's rear axle 88. A sealing interface is
      achieved between aperture 82 and the motorcycle rear wheel 38 by an
      annular lip seal 90 attached to the rear housing section and cup-shaped
      gland member 91 attached to the hub 92 of rear wheel 38. As shown in FIG.
      6, lip seal 90 is frictionally engaged and held in position by an annular
      retainer plate 94 which is in turn removably attached to housing 24 by a
      plurality of bolts 96 passing through holes in the retainer plate and
      threading into corresponding holes in housing wall 80. A second seal is
      provided between retainer plate 94 and housing section 24 by an annular
      gasket 98 placed therebetween. Gland member 91 is attached to rear hub 90
      by the same bolts used to attach the rear wheel sprocket.
PAR  Also formed in the inner wall 80 of the rear housing section is a small oil
      filler port 100 through which oil is introduced to maintain an oil bath
      within the enclosure at the level indicated by the dashed line 102 in
      FIGS. 2, 3, and 4. Port 100 is positioned at the desired oil bath level
      and is sealed during operation of the motorcycle by filler plug 104 which
      may be a simple bolt threaded into the port. An oil drain port 106 and
      drain plug 108 are located at the lowermost point of the rear housing
      section to facilitate draining the oil bath.
PAR  Two mounting lugs 110 of sheet metal stock depend from chain guide 76 and
      are used to removably attach rear housing section 24 to swinging frame
      member 42.
PAR  To attach the chain housing to a typical chain-driven motorcycle, assuming
      that the motorcycle's transmission casing has been suitably modified to
      receive front section 22, the drive chain is first "broken" by
      disassembling a master link within the chain, and the drive sprocket and
      rear wheel are removed. Front housing section 22 is then positioned over
      drive shaft 54 so that torque reaction members 46 nd 48 engage the
      appropriate frame members and secured to the transmission casing by bolts
      112 through mounting lugs 74. Sprocket 32 is reattached to drive shaft 54
      through aperture 62 and the motorcycle transmission is disengaged to allow
      the shaft and sprocket to rotate freely. Next, one end of drive chain 30
      is inserted through chain inlet port 70, around sprocket 32, and out chain
      outlet port 72. The two connecting hose segments 26 and 28 may now be
      routed over the respective loose ends of chain 30, attached to the two
      ports 70 and 72 and secured by hose clamps 114 and 116.
PAR  Rear housing section 24 is attached by first inserting short lengths of
      rectangular nylon or teflon tubing 118 and 120 into ports 122 and 124 of
      chain guides 76 and 78, respectively, as indicated in FIG. 3. These
      lengths of tubing are frictionally engaged by ports 122 and 124 and serve
      to prevent chain 30 from rubbing against the walls of the housing when the
      housing is subjected to extreme flexion in either the up or down
      direction. Similar lengths of tubing are not needed at front section ports
      70 and 72 because of the close proximity of these ports to sprocket 32.
      With housing section 24 held in its approximate final position, the loose
      end of chain 30 coming from connecting hose 26 is threaded into port 122
      through chain guide 86, down and through chain guide 88, and out through
      port 124 where it is reconnected to its other loose end coming out of
      connecting hose 28. The rear housing section is then finally positioned
      with ports 122 and 124 inserted into connecting hoses 26 and 28,
      respectively, and, with chain 30 thus enclosed, attached to frame member
      42 by bolts (not shown) passing through the holes in mounting lugs 110 and
      threaded into the frame member. Connecting hoses 26 and 28 are secured to
      ports 122 and 124 by the two hose clamps 126 and 128 as shown in FIG. 4.
PAR  Next, sprocket 34 is removed from rear wheel hub 92 and retainer plate 94
      with its frictionally-engaged lip seal 90 is placed over the hub along
      with gasket 98. Gland member 92 is then placed in position, as shown in
      FIG. 6, and secured to the hub, along with sprocket 32, by the same bolts
      originally used to secure just the sprocket. Rear wheel 38 is now
      positioned by inserting sprocket 34 into aperture 82 of the rear section
      of the housing and sliding the wheel as far forward as it will go. Since
      axle 88 is not in place yet, and retainer plate 94, seal 90, and gasket 98
      are hanging free around hub 92, the rear wheel can be moved forward of its
      operating position because of the large diameter of aperture 82.
PAR  While the wheel is held forward, the rear portion of chain 30 is threaded
      around sprocket 34 by engaging a top or bottom sprocket tooth with a link
      of the chain and rotating the wheel backward or forward until the chain is
      threaded around the sprocket. Wheel 38 is then moved back to its operating
      postion and secured there by inserting axle 88. (If spacer 130, shown in
      FIG. 6, is used, it may be either fixedly attached to sprocket 34 or
      placed over a partially-inserted axle 88 before the sprocket is inserted
      into aperture 82.)
PAR  The installation is completed by securing retaining plate 94 to the rear
      housing section and front cover plate 58 to the front housing section.
      Once oil is introduced into the housing via oil filler port 100, the
      motorcycle and the chain housing are ready for operation.
PAR  Once the above procedure for attaching the housing is understood, the
      procedures for removal of the housing or the replacement of the chain
      become obvious.
PAR  The terms and expressions which have been employed in the foregoing
      abstract and specification are used therein as terms of description and
      not of limitation, and there is no intention, in the use of such terms and
      expressions of excluding equivalents of the features shown and described
      or portions thereof, it being recognized that the scope of the invention
      is defined and limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chain housing, adapted for mounting on a conventional chain-driven
      motorcycle to enclose the drive sprocket, drive chain and rear wheel
      sprocket thereof, comprising:
PA1  a. a front housing section enclosing a drive sprocket and a portion of a
      drive chain;
PA1  b. a rear housing section enclosing a rear wheel sprocket and the remaining
      portion of said drive chain;
PA1  c. means for flexibly coupling said front housing section to said rear
      housing section;
PA1  d. means for removably attaching said rear housing section to a frame
      member of a motorcycle;
PA1  e. a cup-shaped gland member removably attached to the rear wheel hub of
      said motorcycle; and
PA1  f. an annular lip seal removably attached to said rear housing section and
      sealingly engaging said gland member.
NUM  2.
PAR  2. The chain housing of claim 1 wherein said coupling means comprises a
      plurality of short lengths of flexible hose.
NUM  3.
PAR  3. The chain housing of claim 1 further comprising means for removably
      attaching said front housing section to the transmission casing of a
      motorcycle.
NUM  4.
PAR  4. The chain housing of claim 3 further comprising means for forming an
      oil-, moisture- and dirt-proof seal between said front housing section and
      said transmission casing.
NUM  5.
PAR  5. The chain housing of claim 1 wherein said front housing section further
      comprises a reinforcing member forming the forward wall of said front
      housing section and having means for engaging a frame member of a
      motorcycle.
NUM  6.
PAR  6. The chain housing of claim 1 further comprising means for maintaining a
      lubricating oil bath within said housing in which a portion of said drive
      chain is continually immersed.
NUM  7.
PAR  7. The chain housing of claim 6 wherein said means for maintaining said oil
      bath comprises:
PA1  a. means defining an oil filler port formed in one side of said housing at
      a position corresponding to the desired level of said oil bath;
PA1  b. means defining an oil drain port formed in the lowermost part of said
      housing;
PA1  c. means for opening and closing said oil filler port; and
PA1  d. means for opening and closing said oil drain port.
NUM  8.
PAR  8. A chain housing, adapted for mounting on a conventional chain-driven
      motorcycle to enclose the drive sprocket, drive chain and rear wheel
      sprocket thereof, comprising:
PA1  a. a C-shaped front housing section of substantially rectangular
      cross-section for enclosing the drive sprocket and a portion of the drive
      chain of a motorcycle, said front housing section having a reinforced
      forward wall, means for engaging a frame member of said motorcycle, means
      for removable attachment to the transmission casing of said motorcycle,
      and two rearward facing orifices of substantially rectangular
      cross-section for receiving said drive chain of said motorcycle;
PA1  b. a reverse C-shaped rear housing section of substantially rectangular
      cross-section for enclosing the rear wheel sprocket and the remaining
      portion of the drive chain of said motorcycle, said rear housing section
      having means for removable attachment to a frame member of said motorcycle
      and two forward facing orifices of substantially rectangular cross-section
      for receiving said drive chain of said motorcycle;
PA1  c. means for flexibly connecting said front housing section to said rear
      housing section such that, when connected, said front and rear housing
      sections define a hollow elongated toroid of substantially rectangular
      cross-section;
PA1  d. means defining a first aperture in one side of said front housing
      section for receiving the drive shaft of said motorcycle;
PA1  e. means for forming an oil-, moisture- and dirtproof seal between said
      front housing section and the transmission casing of said motorcycle
      around said drive shaft;
PA1  f. means defining a second aperture in the opposite side of said front
      housing section for receiving the drive sprocket of said motorcycle;
PA1  g. means for sealingly covering said second aperture in said front housing
      section;
PA1  h. means defining a first aperture in one side of said rear housing section
      for receiving the rear wheel sprocket of said motorcycle;
PA1  i. a cup-shaped gland member removably attached to the rear wheel hub of
      said motorcycle;
PA1  j. an annular lip seal removably attached to said rear housing section
      around said first aperture and sealingly engaging said gland member; and
PA1  k. means defining a second aperture in the opposite side of said rear
      housing section for receiving the rear axle of said motorcycle.
NUM  9.
PAR  9. The chain housing of claim 8 further comprising means for maintaining a
      lubricating oil bath within said housing in which a portion of said drive
      chain is continually immersed.
NUM  10.
PAR  10. The chain housing of claim 9 wherein said means for maintaining said
      oil bath comprises:
PA1  a. means defining an oil filler port formed in one side of said housing at
      a position corresponding to the desired level of said oil bath;
PA1  b. means defining an oil drain port formed in the lowermost part of said
      housing;
PA1  c. means for opening and closing said oil filler port; and
PA1  d. means for opening and closing said oil drain port.
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ABST
PAL  A differential torque transmitting device is disclosed which comprises two
      serially arranged fluid metal couplings and a reducing gear inserted in
      parallel between the output members of the first and the second coupling.
      Means are provided to disconnect the reducing gear as the speed of the
      driven shaft equals that of the driving shaft.
PARN
PAR  This is a continuation-in-part application of the prior application Ser.
      No. 127,323, filed Mar. 23, 1971 now abandoned.
BSUM
PAR  This invention relates to torque-transmitting arrangements.
PAR  More particularly the present invention is directed to a
      torque-transmitting arrangement, adapted to transmit the power generated
      by motive means to the input shaft of a driven machine, such as to bring,
      as quickly as possible, upon the motive means are started, the said input
      shaft to its normal operation, without having recourse to clutch means,
      but through a gradual action, and without imposing serious stresses on the
      mechanical components. In the following by normal operation the condition
      is meant in which the output shaft of the motive means and the said input
      shaft of the driven machine are rigidly connected, even if through
      coupling means, whereby, apart from any power losses in the same coupling
      means, these shafts rotate at the same rpm.
PAR  Besides the great number of gearboxes comprising geararrangements and
      involving a manual action in order to bring the input or driven shaft step
      by step up to the required operating rpm and down therefrom, several types
      of change mechanisms are known in the prior art by which the torque is
      initially transmitted to the said input shaft through a reduction gear so
      that, as it is well known in the art, the inertia of the said input shaft
      is more easily overcome.
PAR  Upon a predetermined rpm value of said input shaft is achieved, the
      transmission of the driving power is switched on the direct transmission
      path. Otherwise stated, in the systems according to the prior art all the
      torque generated by the prime mover, is entirely applied to the said input
      shaft of the driven machine only through the reduction gearing and the
      switching to the direct driving through the coupling means always involves
      an abrupt step or change, the latter being the less appreciable, the lower
      the difference between the rpm of the said input shaft achieved through
      the reduction gear and the rpm value of the steady operation.
PAR  The main purpose of the present invention is that of providing a torque
      transmitting arrangement which permits the torque generated by the prime
      mover to be transmitted to the input shaft of the driven machine both
      through a reduction gear and through a direct coupling the ratio of the
      torque transmitted through the direct coupling to that transmitted through
      the reduction gear gradually increasing, without abrupt changes, until the
      steady running condition is achieved, in which all the said torque passes
      through the direct coupling.
PAR  Another purpose of the present invention is that of providing a torque
      transmitting arrangement ensuring that, in case of accidental abrupt speed
      reduction of the said input shaft, the reduction gearing is immediately
      brought into action so as to restore the normal running conditions.
PAR  To accomplish these and other purposes, the present invention provides a
      differential torque transmitting device for continuously and gradually
      transmitting torque between a prime mover developing a predetermined
      torque and an input shaft of a driven machine (generally known as "load")
      comprising first and second rotary slip couplings, each having an input
      member and an output member, the output member of the first coupling being
      drivingly connected to the input member of the second coupling, an
      epicyclic reduction gear train having an input element driven by the
      output member of the first coupling at a speed which bears a constant
      relationship to the speed of the input member of the second coupling, a
      reaction element and an output element drivingly connected to the output
      element of the second coupling, and means acting to hold the reaction
      element of said gear train fixed against rotation in one direction only
      and adapted automatically to release said reaction element for rotation in
      the opposite direction to discontinue the transmission of power through
      the reduction gear train to the output element of the second coupling and
      to permit the speed of the output member of said second coupling to rise
      to a value equal to that of the input member of the second coupling, said
      second coupling being designed so that, whenever the input shaft of the
      driven machine is not steadily operating, the torque transmitted by the
      output member of the second coupling is always lower than the torque
      transmitted by the output member of the said first coupling.
PAR  As it will be realized from the following description and from the
      drawings, in the torque-transmitting device of the present invention two
      parallel torque paths are defined, namely:
PAR  a. the torque path comprising the output member of the first coupling, the
      input and the output member of the second coupling, and the input shaft of
      the driven machine, said first path being the only fully operative path
      when the driven machine is normally steadily running; and
PAR  b. the torque path comprising the output member of the first coupling, the
      epicyclic reduction gear train, as above defined, and the input shaft of
      the driven machine, this torque path being operative whenever the input
      shaft of the driven machine is running at a rpm lower than that
      corresponding to the steady operation.
PAR  The slipping couplings can be of several types, such as the type in which
      spherical metal particles are employed as the working fluid and in which
      the gradual gripping action between the driving member and the driven
      member is due to a centrifugal force differential which, on account of the
      rotary action of the members, causes the metal fluid to act as a coupling
      means.
PAR  The said means for discontinuing the transmission of power through the
      epicyclic train may be an unidirectional brake or a free-wheel mechanism.
DRWD
PAR  The invention will be better understood by referring to the embodiments
      illustrated by way of example in the accompanying drawings, wherein:
PAR  FIG. 1 is a diagrammatical view in axial cross-section, of the device
      according to the invention,
PAR  FIG. 2 is a graph which illustrated the operation of the device, and
PAR  FIGS. 3 and 4 respectively show two further embodiments of the invention.
DETD
PAR  The constructional arrangement of the device can be seen in FIG. 1, in
      which two rotary slip couplings A and B are connected in series between a
      driving motor and a machine which constitutes the load. The motor (not
      shown) drives the input shaft 1 of coupling A, and the machine load (not
      shown) is connected to the output shaft 12 of coupling B.
PAR  The casing 2 of the coupling A contains a metal "fluid" 16 which comprises
      a number of tiny spherical metal particles and reproduces on a macroscopic
      scale the molecular structure of a fluid, so that it follows, within
      certain limits, the laws of the fluid physics, and transmits a drive to
      the output member of runner 3 of the coupling which is immersed therein.
PAR  The output member 3 of coupling A is connected to a shaft 17 on which is
      secured a sun gear 4 of an epicyclic reduction gear train. The train
      includes planetary gears 5 which mesh with the sun gear 4 and with an
      annular gear 6. The planetary gears are carried by pins 7 on a cage 8
      which is keyed at 9 to the output shaft 12. Annular gear 6 is shown as
      being connected to a flywheel 14 which can be held stationary by a one-way
      band brake 15.
PAR  Secured to shaft 17 is a coaxial shaft 18 which is connected to the rotary
      casing or impeller 10 of coupling B. Coupling B is of the same type as
      coupling A, incorporating a runner 13 and a metal working "fluid" 19.
PAR  The torque transmitted to shaft 17 by coupling A can take two paths, the
      first of which is provided by the epicyclic train and the second of which
      is provided by coupling B.
PAR  The torque fraction which passes along the first path is converted into a
      larger torque according to the ratio K which is the ratio of the diameters
      of the sun gear 4 and the annular gear 6, and is transmitted by way of
      pins 7, cage 8 and key 9 to the final drive shaft 12.
PAR  The torque fraction which is transmitted along the second path is the
      reaction torque on the sun gear and this torque is transmitted through
      coupling B and is a function of the instantaneous rotational speed of
      casing 10 of coupling B. This torque fraction is transmitted to shaft 12.
PAR  The predominent action in the whole system is thus given by the rotation of
      the casing 10 of coupling B which draws from the output member 3 of
      coupling A, by way of shaft 17, gear 4 and shaft 18, the torque it is able
      to transfer to shaft 12 as a function of the square of its speed, said
      torque being consequently complementary to any torque conversion in the
      first path. Thus the torque transmitted along the second path governs the
      torque conversion in the first path.
PAR  The torque drawn from the coupling B as a function of the speed thereof
      does not pass through the planetary system and does not therefore undergo
      any multiplication. This is the condition which gives rise to a
      differential torque transfer .DELTA. C along the first path. The
      differential torque .DELTA. C is multiplied by the ratio K of the
      planetary system. This torque can vary infinitely between two limiting
      values. Its maximum value is given by the maximum torque in shaft 17
      multiplied by a factor of K when the speed N2 of shaft 12 = 0 (in this
      case no torque is drawn from the coupling B), and its minimum value is
      zero, when the speed N2 of shaft 12 = n2B = N1B = n1A where n2B = the
      speed of the output element 13 of coupling B n1B = the speed of shaft 18
      and n1A = the speed of the input shaft 1 of coupling A as shown on FIG. 1,
      and when, consequently, the entire torque is drawn from the coupling B and
      no residual torque passes through the first path of the planetary system
      for conversion (multiplication).
PAR  The two limiting conditions, and the intermediate conditions can be better
      understood from the graph in FIG. 2. It should be borne in mind when
      examining the graph that the general operation of the system is dominated
      by the values N2, which is the speed of the driven machine and which is
      closely dependent on the load torque Cr thereof, both during acceleration
      when starting and under working conditions, when the load may vary. The
      greater Cr is, the smaller N2 is and consequently the smaller is the
      torque passing directly through coupling B and the greater is the
      differential torque .DELTA. C which, passing through the planetary system,
      is multiplied (.DELTA. C .times. K) and transmitted to shaft 12 and the
      driven machine. Thus to every demand for increased torque by the driven
      machine, there corresponds, for another value of N2, an equivalent driving
      torque (within the limits of the driving torque Cm of the engine driving
      shaft 1) which is either totally or partially converted (multiplied) by
      the planetary gears in the first path.
PAR  As soon as portion .DELTA. C of the driving torque Cm passes along the
      first path, annular gear 6 tends to rotate in the opposite direction to
      shaft 1, but is held by the brake 15 which operates on the gear 6 for that
      direction of rotation only.
PAR  When Cm exceeds Cr, slip n .DELTA. A in the coupling A becomes
      substantially nil, so that effectively n1A will equal n2A (the speed of
      shaft 17), n1B and N1 (the speed of input shaft 1).
PAR  With n1B equal to N1 the entire torque Cm is absorbed and transferred by
      coupling B.
PAR  The value of the torque differential .DELTA. C passing through the
      planetary system is zero and the gear 6 is no longer loaded by any
      reaction moment. If, at that instant the brake 15 is released
      automatically by a suitable servo mechanism, the gear 6 is released and
      starts to rotate in the same direction as shaft 1, becoming gradually
      accelerated until it reaches synchronization with the cage 8, and shaft 12
      in the first path of the system.
PAR  The brake 15 can be replaced by a free-wheel mechanism or locking device
      which prevents the gear 6 from being rotated in a direction opposite to
      the direction of rotation of the device, while simultaneously transmitting
      the reaction moment to the supports of the mechanism.
PAR  The optional use of a flywheel mass 14 with the gear 6 would impart its own
      resistance to any fluctuation in the transitions between braked condition
      and free rotation of the gear 6. It would also serve to prevent
      fluctuations in the system at the instant of the transition.
PAR  The synchronization of the speed of wheel 6 with the speed N2 of the
      members 8 and 12, is not the general synchronization of the system since
      the said members still have, at the instant when the gear 6 starts to
      rotate freely, a speed which is inversely proportional to the torque
      multiplication ratio K of the planetary system, that is
      ##EQU1##
      As long as the gear 6 remains braked the speed of rotation of the shaft 12
      is equal to that of gear 4 divided by the multiplication ratio K.
PAR  Examination of the graph in FIG. 2 provides a further explanation of the
      functions of the principal members of the differential multiplier with
      particular respect to the operation of the couplings A and B and the
      output torque of the system.
PAR  These functions are shown divided into two areas A and B for the respective
      couplings and the former can be considered as a power supply graph, and
      the latter as a differential power conversion graph as well as a
      power-transfer graph.
PAR  In FIG. 2 the parabolic curve CgA shows the torque transmitted by the
      coupling A as a function of the engine speed. The curve Cm is the torque
      speed curve of the engine. At the value n1A of N1 the two curves intersect
      (point I), which means that at the speed n1A coupling A transmits the
      driving torque Cm, which is the maximum torque of the engine. The abscissa
      of area A of the graph also represents the percentage slip .DELTA. nA of
      coupling A, the slip being 100% when n2A is zero and 0% when n2A = n1A.
      The values of torque transmitted by coupling A corresponding to various
      rates of slip (and therefore of speed of the coupling) can be obtained
      from the curve CgA.
PAR  At point II on the graph, the entire torque output of coupling A is
      considered applied through shaft 17 to a stationary load on shaft 12 so
      that the slip in coupling A is 100% and the speed n2A and n1B of shafts 17
      and 18 is zero, see also FIG. 1. The torque in shaft 17 is applied
      entirely through the planetary gears which are also stationary, and
      because of the multiplication ratio K is applied to shaft 12 with a value
      .DELTA. C equal to Cm .times. K, shown at point III on the graph. No power
      is transmitted through coupling B at this stage. Point III is at the left
      hand boundary of field B of the graph where the speed N2 of the output
      shaft 12 (measured along the abscissa of field B) is zero.
PAR  As the driven machine starts to rotate, and assuming that Cm/K is greater
      than the torque requirement Cr of the load machine, all the members of the
      epicyclic gear train start to rotate including the sun gear 4 which, via
      shaft 18, rotates the casing of impeller 10 of coupling B. The coupling by
      virtue only of this rotation, starts to transmit a gradually increasing
      fraction of the torque Cm according to its own speed-torque curve CgB1,
      which is a quadratic curve, to transfer it through the runner 13 and the
      metal "fluid" 19 to shaft 12 and thence to the driven machine.
PAR  In order to permit the summation of the torque passing along the two paths,
      the torque curve CgB1 is shown redrawn at CgB2 to the same speed scale as
      n2B, because at any instant during this time
      ##EQU2##
      The torque summation curve (.DELTA. C .times. K) + CgB2 extends from point
      III to point IV. The converted torque transmitted along the first path of
      the system is shown above the curve CgB2, with its ordinate values added
      to those of CgB2. At point IV, where the coupling B is transmitting the
      entire torque Cm, the two curves intersect, since when .DELTA. C = 0 any
      torque conversion action ceases. From point IV, the entire system proceeds
      transferring from the engine to the driven machine the torque Cm only.
PAR  There are still two different speeds in the system, n1B equal to n2A for
      the impeller or casing 10 of the coupling B, and n1B/K equal to n2B, for
      the runner or output member 13 of the same coupling and the shaft 12, with
      slip .DELTA. nB = n1B-N2B.
PAR  As the wheel 6 begins to be rotated, in the same direction as the driving
      shaft, it will free the system from the planetary ratio: the epicyclic
      train, by being accelerated with the driven machine from poiint IV to
      point V, will absorb the slip .DELTA. nB of the coupling B, so that for
      .DELTA. nB = 0, n2B will equal n1B and thus N2 will equal N1. With both
      the couplings in synchronization, if the system is devoid of internal
      slip, the system becomes in effect a rigid axle and the engine and the
      driven machine will reach together N1 max and N2 max, the final speeds
      (from point V to poiht VI).
PAR  As already stated in the preamble of the specification, a characteristic
      feature of the present invention resides in that the second coupling B is
      designed so as the torque transmitted by the runner 13 is always lower
      than that transmitted by the runner 3 of the first coupling A, thus
      ensuring that the reduction gear train is always caused to operate as soon
      as the rotation speed of the shaft 12 and thus of the runner 13 takes a
      predetermined lower value with respect to the input shaft 1.
PAR  In fact, in case the shaft 12 is caused to rotate at a lower rotation speed
      (due to a whatsoever external cause), the second coupling would tend to
      slow down the runner 3 of the first coupling and therefore the reduction
      gearing train would be automatically excluded from operating, the system
      attaining a self-balanced condition.
PAR  However, if the torque transmitted backwards by the second coupling B to
      the first coupling A is always lower than the torque transmitted from the
      coupling A to the coupling B, the self-balanced condition will not be
      attained and the reduction gearing will be automatically operated, tending
      to transmit a torque to the shaft 12, thus leading to the restoration of
      the normal running condition of the shaft 12.
PAR  To ensure the aforesaid condition to be fulfilled, several solutions are
      possible and in the range of a skilled in the art.
PAR  For example, the diameter of the runner 13 can be reduced with respect to
      that of the runner 3. In fact, it has been found that a diameter reduction
      of 10% is enough to ensure the required result.
PAR  Otherwise the inclination of the runner 13 with respect to the axis of the
      shaft 12 could be lower than that of the runner 3 by a calculated amount,
      so as to ensure that the slip between the runner 13 and the casing 10
      takes place at a lower torque difference than for the coupling A.
PAR  The torque multiplying device shown in FIG. 1 can be divided into its main
      component parts and differently recombined in other forms which may be
      more suitable in particular cases. Two of these are illustrated in FIG. 3
      and FIG. 4 by way of example.
PAR  To facilitate understanding, each component part of the structure, having
      the same function as in FIG. 1, retains the same reference numeral.
PAR  Referring to FIG. 3, both of the couplings A and B are aligned on the same
      axis upstream of the epicyclic train.
PAR  This arrangement permits, for example, the size of the couplings to be
      independent of the size of the epicyclic train, which in some cases
      facilitates a simplified design and, where necessary, independent placing
      of the coupling and epicyclic units, with appropriate extension of the
      axles 12 and 17. Also if the couplings A and B are desired to be separated
      this can be achieved if shaft 18 is lengthened.
PAR  The rotation of the shaft 1 at N1 is transmitted through the casing 2 of
      the coupling A and the runner 3, via the metal "fluid" 16, to the shaft 18
      which is secured to the casing 10 of the coupling B, and shaft 17 which
      carries, integrally therewith, the sun gear 4, and, therefrom, to the
      planet gear 5 of the epicyclic train, to the cage 8 on which the planet
      gears are carried by the pins 7. The cage is secured at 9 to the axle 12
      which carries the power with torque multiplication to the driven machine.
PAR  The shaft 12 again extends through a hollow shaft 17 and is rigidly
      connected to the runner 13 of coupling B, directly to transmit to shaft 12
      that torque which has been abstracted from the torque transmitted by
      coupling A.
PAR  This construction is also shown as having a toothed second cage 8' idly
      mounted on the shaft 17 but rigidly connected to cage 8 through the pins 7
      to transmit the torque to a gear 20 with which the cage 8' meshes. Gear 20
      is secured on a shaft 12' which is connected at N2' to the driven machine.
      This fact allows double use to be made of certain component parts and a
      decrease of the axial bulk as well as the provision of a reversal
      mechanism and further reduction ratios connected to shaft 12'.
PAR  The components 8 and 8' can be a single-piece cage, with appropriate spaces
      for containing the planet gears 5.
PAR  In the arran-gement illustrated in FIG. 4, the basic arrangement has been
      split into two portions, the two shafts 17 and 12 being disposed parallel
      to each other and connected together by means of meshing gears 18 and 20
      for transmitting the movement from the runner 3 of coupling A to the
      impeller or casing 10 of coupling B.
PAR  Cage 8 has external gear teeth meshing with a gear 9 on shaft 12 for
      transferring to runner 13 of coupling B, through shaft 12, the
      differential motion as produced by the planetary gears on the shaft 17.
PAR  The shaft 12 secured to runner 13 and the gear 9, extends beyond the latter
      to transmit the rotation to the driven machine and, with a gear 14 on the
      shaft, it is possible to transmit the rotation and the torque to N2'
      through the meshing gear 14'. In all of the illustrated arrangements the
      annular gear 6 provides the reaction to the torque transferred by the
      planet gears 5, restrained against counter rotation by the free wheel or
      brake 15 when a drive torque is transmitted by the epicyclic train.
PAR  Further couplings A' and B' may be arranged coaxially with the respective
      couplings A and B, the couplings A and A' having their casings secured
      together and their runners secured together, and the casings and runners
      of the couplings B and B' being similarly secured together. This serves to
      share whenever necessary, the work and the thermal stress to which the
      larger power metal fluid couplings are subjected, which couplings do not
      provide proportionate increases of their volumes and their cooling
      surfaces as the power increases.
PAR  This hypothesis is valid for slip couplings of any description.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A differential torque transmitting device comprising first and second
      rotary slip couplings, the second being of a type whereof the
      torque-transmitting capacity increases as the rotational speed of the
      coupling increases, each of which couplings has an input member and an
      output member, the output member of the first coupling being directly
      connected to the input member of the second coupling and the output member
      of the second coupling being connected to the input of a driven machine,
      an epicyclic reduction gear train having an input element connected to the
      output member of the first coupling at a speed which bears a constant
      relationship to the speed of the input member of the second coupling, a
      reaction element, associated with said gear train, and an output element
      drivingly connected to the output element of the second coupling, and
      means acting to hold said reaction element of said gear train fixed
      against rotation in one direction only and adapted automatically to
      release said reaction element for rotation in the opposite direction to
      discontinue the transmission of power through the epicyclic gear train to
      the output element of the second coupling and to permit the speed of the
      output member of the second coupling to rise to a value equal to that of
      the input member of the second coupling, said second coupling being
      designed so that, whenever the input shaft of the driven machine slows
      down as a result of an external cause, the torque transmitted backwards by
      the output member of the second coupling to the first coupling is always
      lower than the torque transmitted by the output member of the said first
      coupling to the second coupling.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein the two couplings are of a fluid
      type employing metal particles as the operating fluid.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein the epicyclic gear train
      comprises a sun gear secured on a shaft which interconnects the output
      member of the first coupling and the input member of the second coupling,
      a cage drivingly connected to the output member of the second coupling and
      carrying planetary gears which mesh with the sun gear, and an annular
      reaction gear element surrounding and meshing with the planetary gears,
      the releasable means for holding the reaction element stationary operating
      on the annular gear element whereby to enable said transmission of power
      through the epicyclic gear train to be brought into and out of operation.
NUM  4.
PAR  4. A device as claimed in claim 1, wherein said means comprises a
      releasable brake operated by a servo mechanism.
NUM  5.
PAR  5. A device as in claim 1 wherein the input member of each rotary slip
      coupling is a casing and the output member of each rotary slip coupling is
      an impeller within its respective casing and wherein the impeller of the
      second coupling has a diameter 10% lower than that of the impeller of the
      first coupling.
PATN
WKU  039397327
SRC  5
APN  4663381
APT  1
ART  345
APD  19740502
TTL  Power unit for vehicles incorporating an automatic stepless speed change
      gear
ISD  19760224
NCL  3
ECL  1,2
EXA  Chandler; Lance W.
EXP  Wyche; Benjamin W.
NDR  6
NFG  6
INVT
NAM  Giacosa; Dante
CTY  Turin
CNT  IT
ASSG
NAM  Sira Societa Industriale Richerche Automotoristiche
CTY  Turin
CNT  IT
COD  03
PRIR
CNT  IT
APD  19730510
APN  68333/73
PRIR
CNT  IT
APD  19740108
APN  67027/74
CLAS
OCL   74701
XCL   74217R
XCL   74217CV
XCL   7423017M
XCL   74740
XCL  180 42
XCL  180 54F
ICL  F16h 3708
ICL  F16h 5552
ICL  B60k 1734
FSC   74
FSS  700;701;695;694;740;230.16;230.17 E;230.17 M;217 R;217 CV;336 B;785;640
FSC  180
FSS  54 F;42
UREF
PNO  1093277
ISD  19140400
NAM  Leggett
XCL   74700
UREF
PNO  1880270
ISD  19321000
NAM  Noble
XCL   74700
UREF
PNO  2678566
ISD  19540500
NAM  Oehrli
OCL   74230.17M
UREF
PNO  3603296
ISD  19710900
NAM  Mitchell
OCL  123195A
LREP
FRM  Sughrue, Rothwell, Mion & Zinn
ABST
PAL  A vehicle power engine having an overhead camshaft transmits drive to front
      wheels through a stepless automatic speed change gear of the belt and
      pulley type, drive being transmitted from the crankshaft to the drive
      pulley of the speed change gear through a drive shaft extending through a
      central longitudinal cavity in the camshaft. The front-mounted engine may
      be located longitudinally or transversely with respect to the longitudinal
      axis of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns vehicular power units of the type comprising an
      overhead camshaft internal combustion engine and an automatic stepless
      speed change gear which has at least one pair of expansible pulleys
      connected by a belt.
PAR  The arrangement of the components of the power unit takes up a considerable
      amount of available space on the vehicle. If the engine is situated in the
      front and drive is transmitted to the rear wheels, then there are no
      difficulties. If, on the other hand, front wheel drive is required from a
      front-mounted engine the available space for the speed change gear is
      limited and the lay-out of the power unit system becomes very difficult.
      This difficulty results in the main from the fact that in stepless gear
      changes of the aforesaid type a limit has to be imposed upon the distance
      between the driving and the driven pulley, so as not to induce excessive
      heating of the belt.
PAR  An object of the present invention is to avoid the aforementioned
      disadvantage by providing a power unit of the above mentioned type, in
      which the components of the unit are so arranged as to take up minimal
      space in the vehicle, making the greatest use of the available space in
      the vehicle engine compartment, so as to allow the engine and the power
      unit to be installed in the front of the vehicle for front wheel drive.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a vehicular power unit
      of the type comprising an internal combustion engine with an overhead
      camshaft and an automatic stepless speed change gear which comprises at
      least one pair of expansible pulleys connected by a belt, characterised in
      that the means for transmitting the power from the engine crankshaft to
      the driving pulley of the or each speed change gear comprise an
      intermediate drive shaft extending within a longitudinal axial cavity
      within the camshaft of the engine, the said intermediate drive shaft being
      driven from the engine at one end and being operatively connected at its
      other end to the drive pulley or pulleys of the speed change gear.
DRWD
PAC   BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described, by way of non-limiting
      example, with reference to the attached drawings, wherein:
PAR  FIG. 1 is a diagrammatic cross section of a vehicular power unit for
      vehicles according to one embodiment of the invention;
PAR  FIG. 2 is a diagrammatic side elevational view of the power unit;
PAR  FIG. 3 is a diagrammatic longitudinal section, taken in a horizontal plane,
      of a power unit according to a first variant of the embodiment of FIGS. 1
      and 2;
PAR  FIG. 4 is a diagrammatic longitudinal section, taken in a vertical plane,
      of the unit illustrated in FIG. 3;
PAR  FIG. 5 is a diagrammatic longitudinal section, taken in a vertical plane,
      of a power unit according to another variant; and
PAR  FIG. 6 is a diagrammatic plan view of the driven pulley of the stepless
      speed change gear and of the transmission elements disposed downstream of
      the said pulley in the unit shown in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION WITH REFERENCE TO THE DRAWINGS
PAR  FIGS. 1 and 2 illustrate a power unit for vehicles which comprises a
      vertically elongated internal combustion engine 2 installed transversely
      to the longitudinal axis of the vehicle. The engine 2 has a timing system
      including an overhead a camshaft 6 for operating the inlet and exhaust
      valves 7, 8 associated with each cylinder of the engine, the camshaft 6
      being driven from the crankshaft 4 of the engine through a toothed endless
      belt 11 which is driven by a toothed pulley 10 mounted on one end of the
      crankshaft 4 adjacent a flywheel 5. The toothed belt 11 drives a toothed
      pulley 12 keyed to the corresponding end of the camshaft 6.
PAR  The camshaft 6 is hollow, and houses within its central axial cavity an
      intermediate drive shaft 16, which is driven from one end by the pulley 12
      and in turn drives an expansible driving pulley 31 having movable side
      walls and forming part of a stepless speed change gear of the belt type.
PAR  The toothed pulley 12 keyed on to the camshaft 6 supports radially movable
      centrifugal elements 14 of a friction clutch 13 having a drum 15 which is
      keyed to the adjacent end of the drive shaft 16. The drive shaft 16
      carries at its end opposite the clutch 13 a wheel 22 of a reversing device
      21 of the epicyclic type. The reversing device 21 comprises a planet
      carrier 28 attached to an output shaft 30, axially aligned with the drive
      shaft 16 and projecting from one end of the engine. The reversing device
      21 further includes a ring 26 controlled by a manual lever 24 so as to
      select, according to the position of the said lever 24, forward drive,
      reverse drive, or neutral (that is, the engine out of gear). Connected to
      the output shaft 30 of the reversing device 21 is an expansible driving
      pulley 31 which has two axially displaceable side walls 32 and 34 with
      frusto-conical bevel faces 35 and 36 facing each other. The pulley 31 is
      attached by means of a V-section endless belt 38 to a similar expansible
      driven pulley 40, with axially movable side walls 41, 42, keyed on to a
      shaft 44 parallel to the shaft 30 and disposed in axial alignment with the
      engine crankshaft 4, but independent of the latter. On to the shaft 44 of
      the driven pulley 40 there is keyed a cylindrical spur gear 46 engaging
      with a gear wheel 48 which in turn transmits drive through a differential
      50 to a pair of drive shafts 52, 54 which are connected to front drive
      wheels 56 and 58 of the vehicle.
PAR  The expansion of the driving pulley 31 of the speed change gear is
      controlled by known means as a function of the speed of rotation of the
      drive shaft 16, which in turn is dependent upon the speed of rotation of
      the engine 2 and upon the induction manifold pressure of the engine 2.
      Movememt of the side walls 32 and 34 of the driving pulley 31 towards or
      away from each other induces corresponding movements, in opposite
      directions, of the movable side walls 41, 42 of the driven pulley 40 so
      that drive is transmitted from the pulley 31 to the pulley 40 with a
      steplessly variable gear ratio.
PAR  The arrangement of the intermediate drive shaft 16 within the camshaft 6
      and hence within the engine 2 makes it possible to keep the
      center-to-center distance between the two pulleys 31 and 40 sufficiently
      small to allow satisfactory functioning of the belt 38.
PAR  It will be appreciated that since transmission of the engine power to the
      wheels 56 and 58 passes via the toothed belt 11, the latter, as well as
      the toothed pulleys 10 and 12, must be of suitable dimensions.
PAR  This power unit of the present invention is therefore very compact and can
      be easily installed in a front engine compartment of a motor vehicle.
PAR  In FIGS. 3 and 4 there is shown a vehicular power unit according to a
      variant of the invention in which the internal combustion engine 2 is
      mounted with its crankshaft 4 extending longitudinally in a front
      compartment of the vehicle and drive is transmitted to the front wheels
      86, 96. In this case, also, the engine camshaft 6 is hollow, and within
      its central axial cavity there is housed an intermediate drive shaft 16
      which receives drive from a toothed driven pulley 12 coupled to the
      camshaft 6 by means of a centrifugal friction clutch 13. The opposite end
      of the intermediate drive shaft 16 carries a bevel pinion 62 of a
      reversing device 60. The bevel pinion 62 meshes with two toothed pinions
      64, 66 freely rotatable upon a transverse shaft 68, to the opposite ends
      of which are keyed two expansible driving pulleys 72, 75 of two stepless
      speed change gears of the belt type.
PAR  The two idle pinions 64, 66 can be coupled selectively to the shaft 68,
      which has a splined central portion, by means of a sliding sleeve 69
      movable axially relative to the shaft 68 by a linkage 70 connected to a
      manual selector lever 24. In this way it is possible to select forward or
      reverse drive or gear disengagement (neutral). Each of the two expansible
      driving pulleys 72, 75 consists, as in the previously described
      embodiment, of frusto-conical movable side walls 73 and 74, 76 and 78
      connected by respective V-belts 80, 90 to respective expansible driven
      pulleys 81, 91. The two said driven pulleys 81, 91 are mounted upon two
      coaxial shafts 82, 92, independent of one another, which are connected
      through reduction gearing 83, 84, 93, 94 to the respective drive shafts
      85, 95 of the two front drive wheels 86, 96. By this arrangement it is
      therefore possible to dispense with a differential gear, since the two
      speed changes are self-regulating in operation. This system allows the
      vehicle to be driven with only one belt in the event of the other belt
      failing by breaking.
PAR  In FIGS. 5 and 6 there is illustrated a power unit according to another
      variant of the invention.
PAR  The engine camshaft 6 is hollow and houses in its central axial cavity an
      intermediate drive shaft 16 to which drive is transmitted at one end from
      a pulley 12 coupled to the camshaft 6. The opposite end of the drive shaft
      16 is coupled to an expansible drive pulley 31, with movable side walls,
      of a stepless speed change gear of the belt type.
PAR  The drive pulley 31 of the change gear consists of two axially movable side
      walls 32 and 34 having frusto-conical bevel faces 35 and 36 between which
      a V-belt 36 is located. The belt 36 transmits drive to an expansible
      driven pulley 40 with axially movable side walls 41, 42 connected to a
      shaft 44 parallel to the drive shaft 16 and located beneath the engine
      crankshaft 4.
PAR  The shaft 44 is coupled to a reversing device 100 which comprises two
      toothed pinions 101, 102 mounted idly upon the shaft 44 and meshing with a
      bevel pinion 103 coupled to a shaft 104 which is disposed at right angles
      to the input shaft 44. On to the shaft 104 there is keyed a spur gear 46
      which meshes with a gear wheel 48 which in turn transmits drive, with the
      interposition of a differential system 50, to a pair of axle shafts 52 and
      54 connected to respective front driving wheels 56, 58 of the vehicle.
PAR  The two toothed pinions 101, 102 of the reversing device 100 can be coupled
      selectively to the shaft 44, which has a splined central portion, by means
      of a sliding sleeve 105, driven by a linkage 106 connected to a manual
      selector lever 107. In this way it is possible to effect selectively
      disconnection of the drive (neutral setting of the lever 107) or forward
      or reverse drive, by respectively connecting to the shaft 44 neither, or
      different ones, of the two pinions 101 or 102.
PAR  It will be apparent that the overall dimensions of the unit described may
      be further reduced if the reversing device 100 is situated in a position
      alongside the engine and not on an extension of the engine.
PAR  Although the embodiment of FIGS. 5 and 6 relates to an engine mounted with
      its crankshaft disposed in the longitudinal direction of the vehicle, this
      unit, like that of FIGS. 1 and 2, could be adapted to engines mounted
      transversely, for example by substituting for the gears 46, 48 a pair of
      bevel gears.
CLMS
STM  I claim:
NUM  1.
PAR  1. Vehicular power unit for a motorized vehicle having an internal
      combustion engine having a crankshaft and an overhead camshaft, and an
      automatic stepless speed change gear having at least one expansible
      driving pulley connected to the engine and driven thereby, at least one
      expansible driven pulley, and a belt connecting said driving and driven
      pulleys, wherein the improvements comprise said camshaft is hollow and has
      a central longitudinal axial cavity; an intermediate drive shaft extending
      within said longitudinal axial cavity within said camshaft; toothed belt
      transmission means drivingly connecting one end of said intermediate drive
      shaft to said engine; a centrifugal friction clutch coupling said
      intermediate drive shaft to said toothed belt transmission, said
      centrifugal friction clutch having centrifugal elements which are carried
      by a toothed pulley of said toothed belt transmission and a drum which is
      connected to the adjacent end of said intermediate drive shaft; and means
      operatively connecting the other end of said drive shaft to said at least
      one driving pulley of the speed change gear.
NUM  2.
PAR  2. Vehicular power unit for a motorized vehicle having an internal
      combustion engine having a crankshaft and an overhead camshaft, and an
      automatic stepless speed change gear having at least one expansible
      driving pulley connected to the engine and driven thereby, at least one
      expansible driven pulley, and a belt connecting said driving and driven
      pulleys, wherein the improvements comprise said camshaft is hollow and has
      a central longitudinal axial cavity; an intermediate drive shaft extending
      within said longitudinal axial cavity within said camshaft; first means
      drivingly connecting one end of said intermediate drive shaft to said
      engine; and second means operatively connecting the other end of said
      drive shaft to said at least one driving pulley of speed change gear,
      wherein the stepless speed change gear is provided with a single driving
      pulley situated upon the same axis as the intermediate drive shaft and
      including a reversing device connecting said driving pulley to said drive
      shaft.
NUM  3.
PAR  3. The power unit defined in claim 2, wherein the crankshaft of the
      internal combustion engine is disposed crosswise in relation to the
      longitudinal axis of the vehicle and wherein the center-to-center distance
      between driving and driven pulleys of the speed change gear is at least
      equal to the inter-axis distance between the camshaft and the crankshaft
      of the engine.
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ABST
PAL  A mechanical transmission which includes a first speed change section
      optionally providing a direct drive or an underdrive, a second speed
      change section driven by the first section and optionally providing a
      plurality of forward and reverse speed ratios, separate control levers for
      the first and second sections movable on a common axis, one lever being
      movable between two positions to condition the first section for direct
      drive when in one position and for underdrive when in the other position,
      the second lever being movable to a plurality of positions to condition
      the second section for one of its speed ratios in each position, and
      interlock means acting between the two levers to prevent movement of the
      levers for conditioning the second section for its higher ratios when the
      first section is conditioned for underdrive and to prevent conditioning of
      the first section for underdrive when the second section is conditioned
      for any one of its higher ratios.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a change speed transmission and controls
      therefor, and more particularly relates to improvements in transmissions
      and controls of the type disclosed in U.S. Pat. No. 2,710,546 which issued
      to DuShane and Rugen on June 14, 1955, U.S. Pat. No. 2,772,652 which
      issued to DuShane and Rugen on Dec. 4, 1956, and U.S. Pat. No. 2,839,941,
      which issued to Rugen on June 24, 1958. The transmission disclosed in the
      above-mentioned patents is particularly suited for use in tractors
      inasmuch as it provides a large number of forward and reverse speeds as is
      required for tractors. Specifically, the transmission disclosed in the
      above-mentioned patents will provide eight forward speeds and four reverse
      speeds although as a practical matter not all of the possible reverse
      speeds are utilized. The transmission controls disclosed in the
      above-mentioned patents provide a convenient way of conditioning the
      transmission for its different speeds or transfer ratios.
PAR  While the speeds or transfer ratios of the transmission disclosed in the
      above-mentioned patents are adequate for the most common operations, some
      operations require additional transfer ratios so that slower speeds or
      more power transfer can be obtained. One simple and economical way to
      increase the speeds or transfer ratios obtainable from the transmission
      disclosed in the above-mentioned patents is to add an additional
      transmission section to the input thereof which would provide both a
      direct drive and an underdrive so that the number of speed ratios actually
      obtainable would be doubled. However, this would cause other problems
      inasmuch as the additional transmission section, when in the underdrive
      condition, could increase the torque to the basic transmission so that
      when the basic transmission is in the higher speeds damage would be very
      likely to result from overloading.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to increase the number of speeds or
      transfer ratios obtainable from transmissions of the type disclosed in
      U.S. Pats. Nos. 2,710,546, 2,772,652 and 2,839,941 by providing a two
      speed or two transfer ratio transmission section in the input thereof and
      to provide an interlock between the controls of the two transmission
      sections which prevents the use of selected ones of the transfer ratios of
      the main section when the two transfer ratio section is in a selected one
      of its ratios, and to prevent use of the selected ratio of the two ratio
      transmission section when the main transmission section is in any one of
      its selected ratios.
PAR  The above object and additional objects and advantages of the present
      invention will become apparent to those skilled in the art from a reading
      of the following detailed description when taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal sectional view of a transmission constructed in
      accordance with the present inventions,
PAR  FIG. 1A illustrating the input and forward portion of the transmission and
PAR  FIG. 1B illustrating the rear portion and output of the transmission;
PAR  FIG. 2 is a side elevational view of controls for the transmission
      illustrated in FIG. 1;
PAR  FIG. 3 is a sectional view taken substantially along the lines 3--3 of FIG.
      2.
PAR  FIG. 4 is a sectional view taken substantially along the lines 4--4 of FIG.
      2;
PAR  FIG. 5 is a top plan view of a portion of the controls illustrated in FIG.
      2; and
PAR  FIGS. 6, 7 and 8 are views similar to FIG. 2 illustrating different
      conditions of the controls.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown therein a transmission indicated in
      its entirety by the numeral 10 and which includes a housing 12, the
      forward portion 14 of which is adapted to be connected to an engine block.
      The housing 12 includes a forward support wall 16, an intermediate support
      wall 18, and a rear or left end support wall 20. The support wall 16 and
      the engine to which the transmission is to be attached define a clutch
      housing, and a traction input shaft 22 extends axially within the clutch
      housing. The right end of the input shaft 22 is supported by bearing 24
      located within a bushing 26 which is affixed within an opening extending
      axially into the end of an engine crankshaft shown partially at 28. The
      traction input shaft 22 extends through a hollow power-take-off (herein
      abbreviated as PTO) input driveshaft 30 and is journaled therein at its
      left end and intermediate its ends by bearings 32 and 34. The PTO input
      driveshaft extends through an opening provided in the support wall 16 and
      has its left end supported therein by bearing 36. The right end of the PTO
      input driveshaft is supported by the traction input shaft 22 through the
      bearing 34. The left end of the PTO input driveshaft 30 includes an
      integral gear 38 which is in constant mesh with a gear 40 fixed to a PTO
      shaft 42 having its right end supported by bearing 44 carried by the
      support wall 16 and an intermediate portion journaled in a bearing 46
      carried by the support wall 20. A hydraulic brake piston 48 is axially
      shiftably mounted in the support wall 16 for selective braking engagement
      with an annular surface 50 formed on the gear 40.
PAR  Located in the clutch housing is a dual clutch assembly indicated generally
      at 52 and including a traction clutch member 54 having a hub fixed for
      rotation with the traction input shaft 22 and a PTO clutch member 56
      having a hub located axially adjacent the hub of the traction clutch
      member and fixed for rotation with the PTO input driveshaft 30. The hubs
      of the traction and PTO clutch members 54 and 56 carry annular, axially
      shiftable friction elements 58 and 60, respectively. A backing plate 62 of
      annular shape is located between the traction clutch and PTO clutch
      friction elements and is fixed to the rim of a flywheel 64 which is fixed
      to the engine crankshaft 28 by bolts 66. Pressure plates 68 and 70 are
      located on opposite sides of the traction and PTO clutch friction elements
      and, as is convenventional, are mounted for rotation with the flywheel 64
      as well as for axial movement toward and away from the friction elements
      58 and 60 to frictionally engage the latter with the backing plate 62.
PAR  Actuating means for the traction and PTO clutches include annular,
      ring-like hydraulic pistons 72 and 74, respectively, which are mounted in
      the support wall 16 in concentric relationship to each other and to the
      driveshafts 22 and 30 and which engage the inner ends of sets of radially
      extending clutch operating fingers 76 and 78. When fluid pressure is
      applied to the left end of the piston 72 it shifts to the right against
      the inner ends of the clutch operating fingers 76 (only one of which is
      shown) to engage the traction clutch and establish a driving relationship
      between the engine crankshaft 28 and the traction input shaft 22. When
      fluid pressure is applied to the left end of the piston 74 it shifts to
      the right against the inner ends of the clutch operating fingers 78 (only
      one of which is shown) to engage the PTO clutch and establish a driving
      relationship between the engine crankshaft 28 and the PTO input shaft 30.
PAR  The support walls 16 and 18 define therebetween a first speed change
      transmission section which houses, directly behind the PTO drive gear 38,
      a two-speed or two transfer ratio planetary transmission indicated
      generally at 80. The left end of the traction input shaft 22 extends
      beyond the PTO drive gear 38 and forms the input for the first
      transmission section. A first transmission section output shaft 82 has its
      right end supported by bearings 84 carried in a bore provided in the left
      end of the input shaft 22. The left end of the ouput shaft 82 is keyed to
      and supported by the right end of a second transmission section input
      shaft 86 which in turn is journaled in bearing 88 carried by the support
      wall 18. A planetary carrier 90 is keyed to the projecting left end of the
      input shaft 22 and rotatable mounts planet cluster gears which include
      integral planet gears 92 and 94 in meshing engagement with sun gears 96
      and 98 respectively. The sun gear 96 is mounted on and keyed to the ouput
      shaft 82 and the sun gear 98 is rotatably mounted on the output shaft 82
      through bearings 100. A clutch element 102 is keyed to a flange or hub
      integral with the sun gear 98 for axial sliding movement with respect
      thereto and rotation therewith. The clutch element 102 has external teeth
      at its opposite ends for selectively engaging the teeth of a ring gear 104
      fixed to the support 18 or the teeth of a ring gear 106 carried by and
      fixed to the left end of a carrier 90. A control arm 108 rotatably engages
      the clutch element 102 and axially fixed with respect thereto for moving
      the clutch element 102 between its opposite positions for engagement with
      the gears 104 and 106.
PAR  When the clutch element 102 is in the forward position as illustrated, the
      sun gear 98 is locked to the planet carrier 90 so that rotation of the
      input shaft 22 is transferred to the output shaft 82 through the carrier
      90, the sun gear 98, the planetary cluster gears 94 and 92, and the sun
      gear 96 in a direct drive ratio. When the clutch element 102 is shifted to
      the left as represented by the dotted line position of the control arm 108
      so that the clutch element engages the ring gear 104, the sun gear 98 is
      fixed with respect to the housing 12 so that the rotation of the input
      shaft 22 is transferred to the output shaft 82 in an underdrive ratio. In
      this mode, rotation of the carrier 90 by the input shaft 22 causes
      rotation of the planetary cluster with respect to the carrier due to the
      engagement between the sun 98 and planetary gear 94. Rotation of the
      planetary cluster in turn causes rotation of the sun gear 96 which is
      transferred to the output shaft 82.
PAR  The support walls 18 and 20 define therebetween a second transmission
      section which houses an eight speed transmission which includes the rear
      section input shaft 86, a countershaft 110, and a rear section output
      shaft 112. The right end of the input shaft 82 is supported on the wall 18
      by the bearing 88 as was previously mentioned, and its left end is
      supported in the wall 20 by a bearing 114. The right and left ends of the
      countershaft 110 are supported on the walls 18 and 20 by bearings 116 and
      118 respectively. The right and left ends of the output shaft 112 are
      supported by walls 18 and 20 through bearings 120 and 122 respectively. It
      should be noted that the countershaft 110 is shown displaced upwardly from
      its true position in order that the structure may be more clearly
      understood. The input shaft has journaled thereon, from right to left, a
      high range pinion 124, a low range pinion 126 and a reverse pinion 128.
      The output shaft has journaled thereon, from left to right, a large output
      gear 130 in mesh with the pinion gear 128, a small output gear 132, a
      first intermediate output gear 134 and a second intermediate output gear
      136. The countershaft includes a small countershaft gear 138 which is in
      mesh with the large output gear 130, a large countershaft gear 140 which
      is in mesh with the low range pinion 126 and the output gear 132, a first
      intermediate countershaft gear 142 which is in mesh with the first
      intermediate output gear 134, and a second intermediate countershaft gear
      144 which is in mesh with the high range pinion 124 and the second
      intermediate output gear 136.
PAR  For the purpose of selectively establishing either high or low range
      driving connections between the input shaft 86 and the countershaft 110, a
      dual speed or range selector clutch 146 is located between the input
      pinions 124 and 126. Clutch 146 includes a pair of synchronizer rings 148
      and 150 located on opposite sides of a synchronizer member 152 which is
      splined to a hub 154 as at 156, the hub 154 in turn being keyed to the
      input shaft 86. The synchronizer ring 148 is splined as at 158 to the high
      range input pinion 124 and the synchronizer ring 150 is splined as at 160
      to the low range input pinion 126. When the synchronizer rings are shifted
      to the left, synchronization occurs between the ring 148 and the
      synchronizer member 152, after which the splined connection at 158 is
      carried over the splines 156 on the hub 154. Thus, the hub 154,
      synchronizer ring 148 and the high range input pinion 124 are connected
      for rotation in unison. This positively connects the high range pinion 124
      to the input shaft 86 so that rotation of the input shaft 86 is
      transferred through the pinion 124 to the countershaft gear 144 and
      countershaft 110 to cause forward rotation of the countershaft 110 in a
      high range. When the synchronizer rings are shifted to the right,
      synchronization occurs between the ring 150 and synchronizer member 152,
      after which the splined connection at 160 is carried over the splines 156
      of the hub 154. Thus the hub 154, synchronizer ring 150 and low range
      input pinion 126 are connected for rotation in unison. This positively
      connects the low range pinion 126 to the input shaft 86 so that rotation
      of the input shaft 86 is transferred to the countershaft 110 in a low
      range through the pinion 126 and countershaft gear 140.
PAR  The reverse pinion 128 can be connected to the input shaft 86 through a
      reverse clutch 162 located on the input shaft 86 between the reverse
      pinion and low range pinion. The clutch 162 includes an externally splined
      ring 164 keyed to the shaft 86 and an internally splined ring 166 which is
      axially shiftable on the ring 164 to drivingly engage teeth 168 on the
      reverse pinion 128. With this engagement, rotation of the input shaft 86
      is transferred through the reverse pinion 128 to the large output gear 130
      and to the countershaft 110 through the reverse pinion 128, the large
      output gear 130 and the countershaft gear 138.
PAR  For transferring rotation of the countershaft 110 to the output shaft 112,
      the output shaft carries first and second output shaft clutches 170 and
      172 each of which includes externally splined internal rings (not shown)
      keyed to the output shaft intermediate the output gears 130 and 132 and
      intermediate the output gears 134 and 136 respectively. Each of the
      clutches 170 and 172 also include internally splined external rings 174
      and 176 which are axially shiftably mounted on the splines of the internal
      rings. When the external ring 174 is shifted to the left its internal
      splines drivingly engage teeth 178 on the output gear 130 to establish a
      low speed transfer ratio from the countershaft 110 to the output shaft 112
      through the small countershaft gear 138 and the large output gear 130 or,
      if the reverse pinion 128 is coupled to the input shaft 86, to establish a
      low speed reverse transfer ratio between the input shaft 86 and the output
      shaft 112 through the reverse pinion 128 and the large output gear 130. If
      the ring 174 is shifted to the right its internal splines drivingly engage
      teeth 180 on the small output gear 132 and establish a high speed transfer
      ratio from the countershaft 110 to the output shaft 112 through the large
      countershaft gear 140 and the small output gear 132. If the ring 176 is
      shifted to the left its internal splines drivingly engage teeth 182 on the
      output gear 134 and establish an intermediate speed transfer ratio from
      the countershaft 110 to the output shaft 112 through the first
      intermediate countershaft gear 142 and the first intermediate output gear
      134. If the ring 176 is shifted to the right its internal splines
      drivingly engage teeth 184 on the second intermediate output gear 136 and
      establish a second intermediate transfer ratio from the countershaft 110
      to the output shaft 112 through the second intermediate countershaft gear
      144 and the second intermediate output gear 136.
PAR  The second section of the above-described transmission is of the type
      illustrated and described in the above-mentioned U.S. Pats. Nos.
      2,710,546, 2,772,652 and 2,839,941. As is fully described in the
      above-mentioned patents, the second section of the transmission, through
      selective engagement of the clutches 146, 162, 170 and 172 will provide
      eight forward speeds and four reverse speeds. However, when used in
      conjunction with the first planetary transmission section which provides
      both direct and under drive transfer ratios, the overall transmission will
      provide 16 forward and eight reverse transfer ratios between the engine
      crankshaft 28 and output shaft 112.
PAR  Referring now to FIGS. 2 through 8, the manual controls for the
      transmission 10 will next be described. The control for the first
      planetary section of the transmission includes a manually operable lever
      186 pivotally mounted on a pin 188 carried by any suitable fixed support
      190. The lever 186 is somewhat in the form of a crank arm and has a link
      192 pivotally connected to its short leg. The link 192 is connected in any
      suitable manner to the control arm 108 of the planetary transmission
      section so that movement of the lever 186 from the direct drive position
      illustrated in FIG. 2 to the underdrive position illustrated in FIG. 8
      will cause movement of the control arm 108 to the dotted line position in
      FIG. 1A and the clutch element 102 to the left so that it engages the
      teeth on the ring gear 104 to lock the sun gear 98 to the transmission
      housing, and movement of the lever 186 back to the direct drive position
      illustrated in FIG. 2 will move the control lever 108 and the clutch
      element 102 back to their illustrated positions.
PAR  The control for the rear transmission section includes a pair of speed
      selector members or drums 194 and 196 which are rotatably mounted on the
      pin 188. For the purpose of convenience, the drum 196 will hereinafter be
      referred to as the speed range drum since rotation of this drum will
      selectively control the clutches 146 and 162 to optionally provide a high
      speed range, a low speed range or a reverse speed range transfer from the
      input shaft 86 to the countershaft 110. The drum 194 will be referred to
      as the speed change drum since rotation of this drum is used to
      selectively control the clutches 170 and 172 to selectively establish and
      change the transfer ratio between the countershaft 110 and output shaft
      112. A bearing member 198 is mounted on the pin 188 between the drums 194
      and 196, and a manually operable lever 200 is supported on the bearing
      member 198 for fore and aft movement about the axis of the pin 188 and for
      side to side pivotal movement about an axis transverse to the axis of the
      pin 188.
PAR  The drum 196 is provided with a series of four notches 202a, b, c and d
      which open toward the drum 194 and are of a size to receive the control
      lever 200. The drum 194 is provided with two elongated slots 204 and 206
      which overlap and communicate with each other and which are positioned
      over the notches 202. The drum 194 is also provided with a notch 208 which
      is open to the slot 204 and is of a size to receive the manual control
      lever 200. In order to prevent simultaneous movement of the two drums 194
      and 196, the lower end of the lever 200 is provided with an arcuate guide
      rod 210 which is slidable in an upwardly open notch 212 provided in a lock
      member 214 pivotally mounted on a support 216 for side-to-side movement
      about an axis perpendicular to the axis of the pin 188. The lower portion
      of the side face of the drum 196 is provided with a slot 218 for receiving
      the lock member 214 when the manual control lever 200 is tilted to the
      side into the notch 208. The lower portion of the side face of the drum
      194 is provided with a series of four notches 220 for receiving the lock
      member 214 when the manual control lever 200 is pivoted to the opposite
      side to one of the notches 202. When the lever 200 is in a centered
      position the lock member 214 will extend into a slot in both the drums 194
      and 196. In this manner, the drums 194 and 196 cannot be moved
      simultaneously since at all times at least one of the drums will be locked
      with respect to the support 216 by the lock member 214.
PAR  A pair of lever arms 222 and 224 are affixed to the drums 194 and 196,
      respectively, and extend rearwardly therefrom. Links 240 and 242 have
      their upper ends pivotally connected to the lever arms 222 and 224,
      respectively, at 244 and 246. The lower ends of the links 240 and 242 are
      pivotally connected to arms 248 and 250 which in turn are affixed to
      undisclosed control cams for the clutches 146, 162, 170 and 172. The
      control cams and their relationship with the various clutches are fully
      illustrated and described in the above-mentioned U.S. Pats. Nos. 2,772,652
      and 2,839,941 and for a full understanding of the same reference should be
      had to these patents, the disclosures of which are hereby expressly
      incorporated into this description. As is fully explained in the
      above-mentioned U.S. patents, when the manual control lever 200 is in the
      position illustrated in FIG. 5, both of the clutches 170 and 172 are
      shifted to engage two of the output gears with the output shaft so as to
      effectively lock the rear transmission section. Thus, FIG. 5 illustrates a
      park position for the control lever 200. Movement of the control lever 200
      so that it registers with the notch 202a rotates the speed change drum 194
      so that, through the control arm 222, link 240, arm 248, and the
      undisclosed cam, the clutch 170 is shifted to couple the output gear 130
      with the output shaft 112. The manual control lever 200 can then be
      shifted into the notch 202a. This latter movement unlocks the speed range
      drum 196 and locks the speed change drum 194 with the lock element 214.
      Movement of the lever 200 to the upper part of the slot 204 rotates the
      drum 196 so that the clutch 146, through the control arm 224, link 242,
      arm 250 and undisclosed cam, is shifted to the right to couple the low
      range input pinion 126 with the input shaft 86. With the low range pinion
      126 coupled to the shaft 86 and the first or large output gear 130 coupled
      to the output shaft 112 the second section of the transmission is in its
      lowest speed transfer ratio. Movement of the lever 200 downwardly to the
      bottom of the slot 204 causes rotation of the drum 196 and movement of its
      associated linkage to shift the clutch 146 to the left so that the low
      range pinion 126 is released and the high range pinion 124 is coupled to
      the output shaft 86. In this condition the second section of the
      transmission is in its third speed transfer ratio or third gear. If the
      lever 200 is then shifted over into the slot 206 and moved downwardly it
      rotates the drum 196 through a neutral position in which the clutch 146 is
      disengaged to a position in which the clutch 162 is slid to the left to
      couple the reverse pinion 128 to the input shaft 86 to provide a low or
      first reverse speed ratio transfer through the rear section of the
      transmission.
PAR  To obtain additional speed transfer ratios through the rear transmission
      section the control lever 200 is returned to the notch 208. This movement
      disengages both the clutches 170 and 172, locks the drum 196 and releases
      the drum 194. The lever 200 can then be moved into registry with the notch
      202b, which movement shifts the clutch 172 to the left to couple the
      output gear 134 with the output shaft 112. Then, by movement of lever 200
      to the slots 204 and 206 to selectively couple the low range pinion 126,
      high range pinion 124 or reverse pinion 128 with the input shaft 88,
      second and fifth speed transfer ratios through the rear transmission
      section are obtained and a second reverse speed transfer ratio is
      obtained. When the lever 200 is engaged in the notch 202c the output gear
      136 is coupled to the output shaft 112 and fourth and seventh forward
      speed transfer ratios and a third reverse speed transfer ratio can be
      obtained. When the lever 200 is engaged in the notch 202d the clutch 170
      couples the output gear 132 to the output shaft 112 and sixth and eighth
      speed transfer ratios and a fourth reverse speed transfer ratio can be
      obtained. However, because the fourth reverse speed transfer ratio is
      higher than practical, it is, as explained in the above -mentioned
      patents, normally blocked out. The blocking out of the fourth reverse
      speed ratio on the rear transmission section can be done in any
      conventional manner and forms no part of the present invention.
PAR  From the foregoing it can be seen that the rear transmission section can be
      controlled, through the manual control lever 200, to provide a park
      condition in which it is locked, to provide eight distinct forward
      transfer speed ratios, and to provide three distinct reverse transfer
      ratios. When the first planetary section of the transmission is in its
      direct drive condition the rear section of the transmission provides
      normal forward speeds one through eight and normal reverse speeds one
      through three. If the first planetary section of transmission is shifted,
      through manipulation of the control lever 186, to its underdrive
      condition, it will provide extremely slow or creeper speeds so that
      through manipulation of the control lever 200 the rear section of the
      transmission will provide eight forward creeper speeds and three reverse
      creeper speeds. However, as mentioned in the Background of the Invention,
      the torque multiplication obtainable through the first planetary section
      of the transmission when in the underdrive or creeper drive could damage
      the rear section of the transmission when it is in its higher gears.
      Therefore, it has been found to be desirable to block out the three
      highest speed transfer ratios of the second transmission section when the
      first transmission section is in its underdrive condition. For similar
      reasons it has also been found to be desirable to prevent conditioning of
      the second transmission section for park when the first transmission
      section is in its underdrive or creeper drive condition. For this purpose
      an interlock system between the controls for the two transmission sections
      is provided.
PAR  The interlock system for the controls includes a pawl 226 pivotally mounted
      on a stub shaft 228 carried by the speed change drum 194. A torsion spring
      230 encircles the stub shaft 228, is affixed to the stub shaft 228 and the
      pawl 226 and normally biases the pawl 226 in a counterclockwise direction
      as viewed in FIG. 2. The spring 230 is protected by a cap 232 which fits
      thereover, the cap 232 also functioning as a stop member as will be more
      fully hereinafter explained. The pawl 226 includes a curved cam follower
      surface which terminates in a notch 234 which cooperates with a shoulder
      or cam 236 on the control arm 186 in a manner best illustrated in FIG. 6
      to prevent movement of the lever 186 under certain conditions as will be
      more fully hereinafter explained. The pawl 226 also engages a stop bracket
      238 carried by the speed range drum 196 to prevent movement of the lever
      186 under certain conditions as will be more fully hereinafter explained.
      To complete the interlock system, a stop block 240 is carried by the link
      192 and engages with the cap 232 under certain conditions as will be more
      fully hereinafter explained.
PAR  The notch 234 in the pawl 226 and the shoulder 236 of the lever 198
      cooperate to prevent the shifting the first transmission section to
      creeper drive when the second transmission section is in its sixth or
      eighth speed ratios. This is best illustrated in FIG. 6 wherein the speed
      change drum and the pawl 226 are shown in a position they would assume
      when the speed change drum has been rotated to couple the output gear 132
      with the output shaft 112. The first transmission section control lever
      186 is illustrated as slightly moved from its full direct drive position
      toward its underdrive or creeper drive position. After the lever 186 is
      moved a slight distance, its shoulder 236 engages in the notch 234 to
      prevent further movement. A similar cooperation occurs between notch 234
      and shoulder 236 if the lever 186 is first moved to its creeper drive
      position and the speed change drum is then rotated toward a position in
      which the output gear 132 would be coupled with the output shaft 112. In
      this manner it is impossible to obtain the sixth and eighth speed transfer
      ratios from the second transmission section when the first transmission
      section is in its creeper drive condition, and it is impossible to move
      the control lever 186 to condition the first transmission section for
      creeper drive when the second transmission section is in either its sixth
      or eighth speed transfer ratios.
PAR  The interlock to prevent operation of the transmission with the first
      section in creeper drive and the second section in its seven speed
      transfer ratio can best be understood from FIG. 2 which shows the
      condition of the control levers and interlock parts when the first section
      of the transmission is in direct drive and the output gear 136 is coupled
      to the output shaft 112. If the control lever 200 is then shifted to
      rotate the range drum to couple the high range pinion 124 with input shaft
      86 the stop bracket 236 carried by the range drum 196 will be rotated
      counterclockwise so that its upper edge is located just under and
      outwardly from the upper point of the pawl 226. If it is then attempted to
      shift the lever 186 to its creeper drive position the shoulder or cam 236
      engages the pawl 226 and cams it outwardly against the force of spring 230
      until it engages the stop bracket 238. This engagement prevents additional
      movement of the lever 186 so it is impossible for the lever 186 to reach
      its creeper drive position. If the low range pinion 126 is coupled to the
      input shaft 126 the lever 186 can be moved all the way to its creeper
      drive position, in which case engagement between the shoulder 236 of the
      lever 186 and the pawl 226 cams the pawl outwardly so that it extends
      above the stop bracket 238. If it is then attempted to move the control
      lever 200 to couple the high range input pinion 124 with the input shaft
      86 the corresponding movement of the speed range drum 196 will be
      prevented by engagement of the stop bracket 238 with the pawl 226.
PAR  In this manner it is impossible to have the second section of the
      transmission conditioned for its seventh speed transfer ratio when the
      first section of the transmission is conditioned for underdrive.
PAR  FIG. 7 illustrates the condition of the components of the interlock system
      when the control lever 200 is in its park position and it is attempted to
      move the control lever 186 from its direct drive position to its creeper
      position. As can be seen in FIG. 7, it is impossible to move the lever 186
      to its creeper drive position due to engagement between the bottom of the
      stop block 240 and the cap 232.
PAR  FIG. 8 illustrates the condition of the components of the interlock system
      when the control lever 186 is in its creeper drive position and is
      attempted to move the control lever 200 to its park position. As can be
      seen in FIG. 8, this is prevented by engagement between the side of the
      stop block 240 and the cap 232.
PAR  Having thus described a single preferred embodiment of the invention,
      various modifications within the spirit and scope of the invention will
      become apparent to those skilled in the art, and such modifications can be
      made without departing from the underlying principles of the invention.
      For example, the first section of the transmission could be replaced with
      a simple forward-reverse transmission section which would permit a greater
      number of reverse transfer ratios, and in this instance the interlock
      system would operate to limit reverse speed. Because of the numerous
      modifications within the scope of the invention which could be made, the
      invention should not be limited to the detailed illustration and
      description of the preferred embodiment, but only by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mechanical transmission including an input member, an output member,
      speed change means coupled between the input and output members and being
      selectively setable in a plurality of transfer ratio conditions, first and
      second manual control means rockable about a fixed axis, first control
      linkage means coupled between the first manual control means and the speed
      change means to set the speed change means in direct or underdrive
      transfer ratio conditions upon movement of the first manual control means
      between first and second positions, respectively, second control linkage
      means coupled between the speed change means and the second manual control
      means to set the speed change means in any one of a plurality of transfer
      ratio conditions within the direct or underdrive transfer ratio conditions
      upon movement of the second manual control means to any one of a plurality
      of positions, and interlock means acting between the first and second
      manual control means to prevent movement of the first and second manual
      control means to positions in which the speed change means is set in the
      highest of the plurality of transfer ratio conditions within the
      underdrive transfer ratio condition.
NUM  2.
PAR  2. A mechanical transmission as set forth in claim 1 wherein the second
      manual control means includes a park position in which it simultaneously
      sets the speed change means in two transfer ratio conditions to
      effectively lock the speed change means, and the interlock means includes
      stop members carried by the first and second manual control means and
      engageable to prevent movement of the first manual control means to its
      second position when the second manual control means is in its park
      position and to prevent movement of the second manual control means to its
      park position when the first manual control means is in its second
      position.
NUM  3.
PAR  3. A mechanical transmission including a first section having an input
      member, an output member and speed change means coupled between the input
      and output members and being selectively setable in first and second
      conditions to transfer rotation of the input member to the output member
      at first and second transfer ratios, respectively; first manual control
      means movable between first and second positions associated with the speed
      change means of the first section to set the speed change means in its
      first and second conditions upon movement to its first and second
      positions, respectively; a second section including an output member and
      speed change means coupled between the output members of the first and
      second sections and being setable in a plurality of conditions to transfer
      rotation of the first section output member to the second section output
      member at a plurality of distinct transfer ratios; second manual control
      means movable between a plurality of positions and associated with the
      second section speed change means to set the second section speed change
      means in a different one of its conditions in each of its plurality of
      positions; stop means carried by each of the first and second manual
      control means engageable with each other to prevent movement of the second
      manual control means to predetermined positions when the first manual
      control means in one position and to prevent movement of the first manual
      control means to said one position when the second manual control means is
      in any one of said predetermined positions, whereby the number of transfer
      ratios of the second section is less when the first section is in one of
      its conditions than the number of transfer ratios of the second section
      when the first section is in the other of its conditions.
NUM  4.
PAR  4. A mechanical transmission as set forth in claim 3 wherein the second
      manual control means includes a park position in which it simultaneously
      sets the second section speed change means for two speed transfer ratios
      to effectively lock the second section speed change means, and additional
      stop means on the first and second manual control means cooperate with
      each other to prevent movement of the first manual control means to said
      one position when said second manual control means is in its park position
      and to prevent movement of the second manual control means to its park
      position when the first manual control means is in its said one position.
NUM  5.
PAR  5. A mechanical transmission as set forth in claim 3 wherein the first
      manual control means includes a first lever mounted for rocking movement
      about a fixed axis between first and second positions, the second manual
      control means includes a second lever mounted for rocking movement about
      the fixed axis and side-to-side pivotal movement and first and second
      ratio selector members mounted for rocking movement about the fixed axis
      on opposite sides of the second lever and each including notch means for
      receiving the second lever as the second lever is moved from side-to-side,
      the first ratio selector member is movable relative to the second ratio
      selector member to set the speed change means of the second section for
      any one of a plurality of speed transfer ratios and the second ratio
      selector member is movable relative to the first ratio selector member to
      set the speed change means of the second section for any one of a
      plurality of transfer ratio ranges within each speed transfer ratio, and
      the stop means carried by the first and second manual control means
      includes a stop shoulder on the first lever and a first stop member
      carried by the first ratio selector member and movable therewith in a
      plane containing the plane of movement of the stop shoulder and engageable
      with the stop shoulder to prevent movement of the first lever to the first
      of its positions when the first ratio selector member has set the speed
      change means of the second section for the highest of its speed ratios and
      to prevent movement of the first ratio selector member to set the speed
      change means of the second section for the highest of its speed ratios
      when the first lever is in its first position.
NUM  6.
PAR  6. A mechanical transmission as set forth in claim 5 wherein the stop means
      further includes a second stop member carried by the second ratio selector
      member and movable therewith, the first stop member includes a pawl
      pivotally mounted on the first ratio selector member for movement between
      a retracted position and an extended position in which it extends across
      the path of movement of the second stop member and being normally biased
      to its retracted position, and cam follower surface means on the pivoted
      pawl engageable with the stop shoulder to move the pawl to its extended
      position for engagement with the second stop member to prevent movement of
      the first lever to the first of its positions when the first and second
      ratio selector members have set the speed change means of the second
      section for the highest of the transfer ratio ranges and the second
      highest of the speed transfer ratios and to prevent movement of the second
      ratio selector member to set the speed change means for the highest of its
      transfer ratio ranges when the first lever is in the first of its
      positions and the first ratio selector member has set the speed change
      means of the second section for the second highest of its speed transfer
      ratios.
NUM  7.
PAR  7. A mechanical transmission as set forth in claim 6 wherein the first
      ratio selector member is rockable to a position in which it simultaneously
      sets the speed change means of the second section for two speed transfer
      ratios to effectively lock the speed change means of the second section,
      link means operatively connects the first lever with the speed change
      means of the first section, and additional stop means on the link means
      and first ratio selector member cooperate with each other to prevent
      movement of the first lever to the first of its positions when the first
      ratio selector member is in its park position and to prevent movement of
      the first ratio selector member to its park position when the first lever
      is in the first of its positions.
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ABST
PAL  The disclosure herein is concerned with an automatic transmission in which
      rotation of an input shaft engages a first centrifugal clutch assembly
      which, in turn, drives reduction planetary gears and, as the input speed
      picks up, a second centrifugal clutch assembly comes into play whereby the
      entire system between the input and output shafts rotates as a unit. The
      clutch assembly consists of an extensible roller bearing provided with a
      series of circumferentially spaced openings in which are received roller
      weights arranged in pair and in contacting engagement with adjacent
      surfaces of pressure discs which, together with co-acting clutch discs,
      also form part of the clutch assembly. In one embodiment of the invention,
      the planetary gear assembly is located between the first and second
      centrifugal clutch assembly; in a second embodiment, the second
      centrifugal clutch assembly is located between the first centrifugal
      clutch assembly and the planetary gear assembly; and in a third
      embodiment, the location of the planetary gear assembly is similar to that
      of the second embodiment, but only one extensible roller bearing is used
      for the engagement of both centrifugal clutch assemblies.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an automatic transmission; more
      particularly, the invention describes a transmission for producing a
      variable speed drive to light-weight vehicles, such as snowmobiles,
      motorbikes and the like.
PAC  BACKGROUND OF THE INVENTION
PAR  Presently known automatic transmissions provided on such type of
      light-weight vehicles are composed of a variable speed drive including a
      drive pulley and a driven pulley, each pulley consisting of movable
      flanges on which a transmission belt is mounted; these pulleys have a
      variable effective diameter responsive to the speed of rotation, the
      effective diameter increasing with an increase in speed.
PAR  In such transmission system, there are several disadvantages. First, an
      intermediate support is usually provided for the driven pulley resulting
      in additional space being required on the small vehicle. Also, under
      certain atmospheric conditions which cause the formation of frost on the
      pulley flanges and on the transmission belt, the latter will slide over
      rather than engage the pulleys. Further, a small misalignment on the
      pulleys inevitably results in a premature wear of the transmission belt
      and a considerable loss of power.
PAC  STATEMENT OF THE INVENTION
PAR  It is an object of the present invention to provide an automatic
      transmission which overcomes the above described disadvantages in
      light-weight vehicles.
PAR  It is another object of the present invention to provide in light-weight
      vehicles a transmission system where the transmission belt and pulleys are
      substituted with a centrifugal clutch and planetary gear assembly which is
      more compact and which avoids loss of power when operating at high speed.
PAR  A further object of the present invention is to provide an automatic
      transmission which is light in weight, compact and economical of
      manufacture.
PAR  The present invention consists in an automatic transmission in which
      increased rotation of the input shaft causes the engagement of a first
      centrifugal clutch assembly which, in turn, drives a planetary gear
      reduction assembly and, as speed picks up, a second centrifugal clutch
      assembly of similar construction comes into engagement to change the drive
      of the input shaft to a direct drive arrangement with the output shaft
      whereby the whole transmission rotates as a unit.
PAR  The clutch assembly is characterized by an extensible roller bearing that
      includes a series of circumferentially spaced openings in which roller
      weight means are received and are in contacting engagement with adjacent
      surfaces of pressure discs which, together with co-acting clutch discs,
      also form part of the clutch assembly.
PAR  In one form of the invention, the planetary gear assembly is located
      between the first centrifugal clutch assembly and the second centrifugal
      clutch assembly.
PAR  In a second embodiment of the invention, the second centrifugal clutch
      assembly is located about the input drive shaft and disposed between the
      first centrifugal clutch assembly and the planetary gear assembly.
PAR  Yet, in another embodiment of the invention, the location of the planetary
      gear assembly is arranged similar to that of the second embodiment, but
      only one extensible roller bearing is used for the operation of both
      centrifugal clutch assemblies.
PAR  Other objects, purposes and characteristic features of the present
      invention will be, in part, obvious from the accompanying drawings, and,
      in part, pointed out as the description of the invention progresses. In
      describing the invention in detail, reference will be made to the
      accompanying drawings, in which like reference characters designate
      corresponding parts throught the several views.
DRWD
PAC  SUMMARY OF THE DRAWINGS
PAR  FIG. 1, which consists of FIG. 1a and FIG. 1b, represents an exploded view
      (sequentially including sections A, B, C, D, and E) of a first embodiment
      of an automatic transmission made in accordance with the present
      invention;
PAR  FIG. 2 is a cross-sectional view taken at 120.degree. of the assembled
      automatic transmission of FIG. 1;
PAR  FIG. 3 is a similar cross-sectional view of an automatic transmission
      showing a second embodiment of the present invention; and
PAR  FIG. 4 is a similar, but half, cross-sectional view of an automatic
      transmission showing a third embodiment of the present invention.
DETD
PAC  DESCRIPTION OF A FIRST EMBODIMENT
PAR  Referring to FIGS. 1 and 2 of the drawings, there is illustrated a first
      embodiment of an automatic transmission made in accordance with the
      present invention.
PAR  In FIG. 1: A designates generally the first centrifugal clutch assembly
      which comes into operation for low rotational speeds of input drive; B
      designates an overrun clutch unit; C designates a planetary gear reduction
      assembly; and D designates and E designate generally the second
      centrifugal clutch assembly for high rotational speeds of input drive.
PAR  The input or driving shaft 10 of a motor (not shown), for example the
      engine of a snowmobile or motorbike, is threadedly engaged with a sleeve
      12 in coaxial alignment therewith. A second sleeve 14 is coaxially
      received over sleeve 12 and has a toothed flange 16 disposed adjacent the
      end flange 18 of sleeve 12.
PAR  A first extensible roller bearing 20 is mounted about the input shaft 10.
      This bearing 20 may be in the shape of a segmented ring provided with a
      series of circumferentially spaced openings 22 wherein a number of
      segments (six shown) are radially movable under the influence of
      centrifugal force. Roller weights, such as ball 24, 26, are arranged in
      pair in each opening 22.
PAR  The ball weights 24 and 26, together with bearing 20, are enclosed by
      pressure discs 28 and 30. In the embodiment illustrated, pressure disc 28
      consists in the cover plate of the first centrifugal clutch assembly and
      has an inwardly extending central hub 32 which is suitably mounted to the
      input shaft 10 so as to be rotated thereby. The outer edge of the cover
      plate 28 includes a series of axially extending equally spaced flanges 36
      with outwardly turned ends 38. These flanges 36 extend through
      correspondingly-shaped slots 40 on the peripheral edge 42 of the pressure
      disc 30. These flanges 36 also extend in similarly-shaped slots 44
      provided in the peripheral edge 46 of a third pressure disc 48, the
      function of which will hereinafter be described. A spring wire 49 insures
      assembly of the pressure discs to the cover plate. Once assembled and
      supported on plate 28, pressure discs 30 and 48 are free to slide axially
      relative to the cover plate 28.
PAR  Each pressure disc 28, 30 is provided with side walls presenting surfaces
      to an adjacent ball weight 24, 26. The inner side wall of cover plate 28
      includes a first radially extending face 50 followed by a slanted face 52
      inwardly tapering toward the segmented ring 20. Similarly, one side wall
      of pressure disc 30 includes a first face 54 symmetrically opposed to face
      50 and a second face 56 symmetrically opposed to slanted face 52 and
      slanted in opposite direction thereto. For a small input drive, the ball
      weights 24 and 26 remain in contact with their respective radial faces 50
      and 54; as the rotational speed increases, the ball weights roll to
      slanted faces 52 and 56 under the action of centrifugal force resulting in
      the axial displacement (to the right in FIG. 2) of pressure disc 30.
PAR  Pressure discs 30 and 48 enclose a clutch disc 58 which has a toothed
      central hub 60 in meshing engagement with flange 16 of the sleeve 14.
      Pressure discs 30 and 48 respectively have annular facings 62 and 64 which
      are adapted to come in contact with opposite side walls of clutch disc 58.
      Pressure discs 30 and 48 are held away from contacting engagement with
      clutch disc 58 by means of a series of compressed coiled springs 66
      circumferentially disposed at equally spaced intervals about the
      longitudinal axis of the assembly. Suitable seating recesses are provided
      in edges 42 and 46, respectively, of the pressure discs 30 and 48 to
      receive the ends of the coiled springs. Clutch disc 58 is operatively
      connected to the planetary gear assembly C by means of sleeve 14. At one
      end of sleeve 14, disc 58 is meshingly engaged with toothed portion 16
      while, at the other end, projections 59 engage correspondly shaped
      recesses 61 in a sun gear 68.
PAR  The planetary gear assembly C includes a sun gear 68, planet gear means 70
      and an outer gear ring 72, which gears are all mounted in a coupling
      member 74. The sun gear 68 is fixedly attached to the opposite end of the
      sleeve 14. The planet gear means 70 includes four planet gears 76
      rotatably supported individually by a carrier 78, which is attached to the
      second centrifugal clutch assembly D (as described hereinbelow). The
      planet gears 76 are in meshing engagement with sun gear 68 and are evenly
      spaced apart circumferentially around the sun gear. The outer ring gear 72
      extends around and meshingly engages the four planet gears 76. The
      coupling member 74 is attached to the outer ring gear 72 and is provided
      with a rim 80 with a series of circumferentially spaced coupling
      extensions 82.
PAR  The overrun clutch assembly B includes a disc 84 freely mounted on bearings
      86 for rotation about sleeve 14. Disc 84 is provided with a series of
      circumferentially spaced openings 88 to receive therein the coupling
      extensions 82 of the rim 80 of coupling member 74. A spring wire 87
      fixedly attaches members 80 and 84. Two additional openings 89 are
      provided on disc 84 to receive two correspondly shaped lugs 73 on one edge
      face of the outer ring gear 72 to ensure rotation of ring 72 in the same
      direction as disc 84. An unidirectional brake mechanism 140 is provided to
      allow disc 84 to rotate in only one direction; in FIG. 1, for a clockwise
      rotation of disc 84, the side edges of disc 84 are jammed between two
      roller carrying blocks 142 and 144 which are adapted to slide along
      tapering side walls 146 and 148 of plate member 150.
PAR  The second centrifugal clutch assembly D and D is mounted over an output or
      driven shaft 90 threadedly engaged to a toothed member 92. The teeth of
      member 92 are received in correspondingly-shaped recesses of a star-shaped
      coupling member 96. In FIG. 1, this coupling member is shown with six
      radially extending projections 97, three of which receive the three teeth
      of member 92 while the other alternate three engage three correspondingly
      shaped projections (not shown) which form part of the inner portion of hub
      100 of a cover plate 102. This cover plate 102 has a series of axially
      extending flanges 104, each flange having a bent end 106 which is adapted
      to be received in corresponding opening 108 of pressure disc 110. Three
      other pressure discs 112, 114 and 116 are provided with a series of
      aligned peripheral recesses 113, 115 and 117, respectively, to receive the
      flanges 104 of the cover plate 102. The pressure discs are retained to the
      cover plate 102 by means of a spring wire 119. A second segmented ring
      118, of similar construction to that of ring 20 of the first centrifugal
      clutch assembly A, is disposed between a pair of pressure discs 112 and
      114 while a pair of clutch discs 120 and 122 are respectively disposed
      between pressure discs 114, 116 and 116 and 110. Clutch discs 120 and 122
      are respectively bored with recesses 124, 126 to engagedly receive axial
      projections 128 on coupling member 74.
PAR  The cover plate 102 is adapted to freely rotate on sleeve 12 by means of
      bearings 130.
PAR  The segmented ring 118 includes a series of pairs of ball weights 132 and
      134 provided in appropriate openings 135 and adapted to contact
      respectively the opposite sidewalls 136, 138 of the pressure discs 112 and
      114. These sidewalls respectively include faces 150, 151, 152, 153 and
      154, 155, 156, 157 along which ball weights 132 and 134 will roll under
      the action of centrifugal force. The pressure discs 114 and 110 are
      respectively provided with annular clutch facings 158 and 162 for their
      frictional contact engagement with the clutch discs 124 and 126.
PAR  A series of circumferentially spaced compressed coil springs 164 distance
      the cover plate 102 from the first pressure disc 112. A second series of
      circumferentially spaced compressed coil springs 166 distance pressure
      disc 114 from pressure disc 110, a series of openings 168 being provided
      through the peripheral edge of disc 116 to allow passage of springs 166.
      Suitable circular recesses 167, 169 and 170, 171 are provided on plate
      102, and pressure discs 112, 114 and 110 to receive the opposite ends of
      the coil springs 164 and 166, respectively. The compression and number of
      springs 164, 166 will evidently vary in accordance with other
      specifications of the transmission, such as the slope of walls 150-156.
PAR  A series of circular openings are shown in FIG. 1 on parts 28, 58, 84 and
      102 to allow air circulation inside the transmission for cooling purposes.
PAC  OPERATION OF THE FIRST EMBODIMENT
PAR  As input shaft 10 is driven by the motor, sleeve 12 and cover plate 28 are
      likewise rotated. Pressure discs 30 and 48 mounted to cover plate 28 are
      also rotated but are prevented from contacting the clutch disc 58 by the
      compression in the springs 66. When the rotational speed of the input
      shaft is sufficient for the pairs of ball weights 24 and 26 to move from
      the related adjacent radial faces 50 and 54 to slanted faces 52 and 56, an
      axial force is exerted on the pressure disc 30, against the action of the
      coil springs 66, whereby annular clutch facings 62 and 64 frictionally
      engage the respective side faces of the clutch disc 58. Clutch disc 58
      being operatively connected to the planetary gear assembly C via sleeve
      14, the sun gear rotates in the same direction as that of the clutch disc
      58. Due to the load resistance at the output which is felt by the planet
      gear means 70, rotation of the sun gear 68 tends to have the outer ring
      gear 72 rotating in opposite direction thereto. However, the outer ring
      gear 72, through its connection to the overrun clutch 84 (lugs 73 are
      engaged in corresponding openings 89 of disc 84), is prevented from
      rotating in the opposite direction by the unidirectional brake mechanism
      140. Hence, there results a rotation at low speed of carrier 78 and of the
      output shaft in the same direction as that of the input shaft.
PAR  As the speed of rotation of the output shaft further increases, the ball
      weights 132 and 134 of the second segmented ring 118, under the action of
      the centrifugal force, roll along retaining walls 151 and 155, and along
      walls 152 and 156 working against the compression action of springs 166,
      and then along walls 153 and 157 against the compression action of springs
      164. There results a frictional engagement of pressure discs 114, 116, 110
      with corresponding clutch discs 120, 122. Coupling member 74 is urged in
      the same rotational direction by the engagement of clutch discs 120, 122.
      Hence, the overrun clutch disc 84 is urged to rotate likewise and its
      rotation in that direction is allowed when its edge is freed from the
      wedging action of blocks 142 and 144 which then roll up slopes 146 and
      148. The input drive is thus changed to a direct transmission to the
      output shaft and the entire transmission structure rotates similarly as a
      unit.
PAR  When the rotational speed of the motor is decreased, a reverse operation to
      that described above is performed whereby the engagement of the pressure
      discs of the second centrifugal assembly is relieved from their contacting
      engagement with associated clutch discs as a result of the ball weights of
      the second segmented ring rolling down slopes 157-156-155-154 and
      153-152-151-150 and of the coil springs distancing the pressure discs. The
      rotation of coupling 74 and outer ring gear 72 is stopped and ring gear 72
      is prevented by the brake mechanism 140 from rotating in opposite
      direction to that of the input shaft. Also, as the input drive decreases,
      the ball weights roll down slopes 52, 56 and clutch disc is disengaged.
PAR  It is to be noted that the motor can be used as a braking mechanism in high
      speed when the automatic transmission forms a single revolving unit. In
      cases where the transmission operates in low speed, a sudden speed
      decrease of the motor can provoke a free rotation of the ring gear 74 in
      the rotational direction of the input drive thereby resulting in an
      automatic declutching action.
PAC  DESCRIPTION OF SECOND EMBODIMENT
PAR  In FIG. 3, is shown a modification with an alternate form of an automatic
      transmission wherein the second centrifugal clutch assembly is located
      between the first centrifugal clutch assembly and the planetary gear
      assembly.
PAR  A description of those parts which are identical or similar to those
      described in connection with the first embodiment illustrated in FIGS. 1
      and 2 will not be repeated, however, these parts, when referred to, will
      receive a reference numeral identical to corresponding parts of FIGS. 1
      and 2 with the addition of a prime mark. Reference should be made to the
      foregoing paragraphs with the following description to arrive at a
      complete understanding of this second embodiment.
PAR  The flanges 36' of the cover 28' have been extended to include the second
      centrifugal clutch assembly. Coupling member 74' is structured somewhat
      differently from coupling member 74 of the first embodiment in that it is
      adapted, by means of roller bearing means 172, to freely rotate about the
      input shaft 10'. This coupling member 74' also includes an extension 174
      on which is mounted for rotation the clutch disc 176. In this embodiment,
      the brake mechanism (not shown) is adapted to operate directly on the
      member 74'. The cooperating opposite faces 151', 154' of the second
      centrifugal clutch assembly form with their adjacent radial faces 150',
      153' to serve as a retaining wall and to prevent early separation of the
      pressure discs 112' and 114' for low input speeds of the shaft 10'. Also,
      the separation between clutch disc 176 and the adjacent clutch facings
      158' and 162' is greater than the separation between clutch disc 58' and
      the adjacent clutch facings 62' and 64' of the pressure discs 30' and 48',
      respectively.
PAC  OPERATION OF THE SECOND EMBODIMENT
PAR  As the input shaft 10' begins rotation, the segmented rings 20' and 118'
      also begin rotation. As the rotational speed increases, the centrifugal
      force causes an outward movement of the roller means 24', 26' and 132',
      134' on their respective contacting surfaces. Since the slope of the faces
      52' and 56' is smaller than that of faces 151' and 154', pressure disc 30'
      only is axially displaced to engage with disc 48', the clutch disc 58'.
      Hence, the sun gear 68' begins to rotate in the same direction as the
      input shaft but, since the planetary gear system 76' is operatively
      connected to the output shaft through members 94' and 96', the outer ring
      gear 72' is urged to rotate in a direction opposite to that of the input
      shaft. However, as explained above, the outer ring gear 72' and coupling
      member 74' attached thereto are prevented from rotation in the opposite
      direction by an unidirectional brake mechanism (not shown) and the
      planetary gear assembly 76' rotates in the direction of rotation of the
      input shaft. As the speed of the input shaft 10' further increases, the
      ball weights 132' and 134' leave faces 150'-151', 153'-154' to roll up
      inclined faces 152' and 155' causing pressure disc 114' to engage, with
      pressure disc 48', the clutch disc 176. The coupling member 74' thus
      rotates in the same direction as that of the input shaft and the whole
      assembly is a direct drive from input to output.
PAR  The declutching operation is basically similar to that described above with
      respect to FIGS. 1 and 2.
PAR  The rotational speed of the ball weights of the second centrifugal clutch
      assembly is brought to the maximum speed of revolution of the motor when
      passing into second speed. These characteristics of the second embodiment
      provide more latitude in the selection of speed when passing into second
      speed and when returning into first speed. Further, the precision in the
      face angles of the pressure discs 112' and 114' is less critical as well
      is the precision in the manufacturing of springs 164' and 166'.
PAC  DESCRIPTION OF THIRD EMBODIMENT OF THE INVENTION
PAR  In FIG. 4 is shown another modification with an alternative form of the
      automatic transmission wherein the second centrifugal clutch assembly is
      mounted about the input shaft and located between the first centrifugal
      clutch assembly and the planetary gear assembly. However, in this
      embodiment, only one segmented ring is used for both first and second
      speeds.
PAR  A description of those parts which are identical or similar to those
      described above in connection with the two embodiments illustrated in
      FIGS. 1, 2 and 3 will not be repeated; however, these parts, when referred
      to, will receive a reference numeral identical to corresponding parts of
      FIGS. 1-3 with the addition of a double prime mark. Reference should
      therefore be made to the foregoing paragraphs together with the following
      for a complete understanding of this third embodiment.
PAR  In the present embodiment, the centrifugal force acts on one segmented ring
      20". Hence, in a first action, the segmented ring 20" will actuate the
      first centrifugal clutch assembly and, as the rotational speed of the
      input shaft increases, will actuate the second centrifugal clutch
      assembly. Ring 20" is enclosed by two pressure discs 178, 179,
      respectively provided with opposite sidewalls having a series of faces
      183, 184, 185, 186, 197 and 188, 189, 190, 191, 192. A first clutch disc
      200 is situated between cover plate facing 201 and pressure disc facing
      202 while a second clutch disc 208 is located between facings 210 and 212
      of further pressure discs 179 and 180. A fourth pressure disc 181 is
      mounted to the cover plate 28" and held thereon by means of a spring wire
      49". A series of compressed coil springs 192, 194, 196 are respectively
      provided between pressure disc 178 and cover plate 28", pressure discs
      179-180, and pressure discs 180-181. The number and compression value of
      these springs will vary in accordance with predetermined specifications to
      be given for the transmission device.
PAC  OPERATION OF THIRD EMBODIMENT
PAR  As the input shaft 10" begins to rotate, the cover plate 28" and sleeve 12"
      rotate likewise, resulting in the rotation of pressure discs 178, 179, 180
      and 181. At idle speed, these pressure discs are respectively held away
      from each other by the compressed coil springs 192, 194 and 196. As the
      rotational speed of the input shaft further increases, ball weights 198
      and 199 which are in contact with faces 183-184, 188-189 respectively,
      roll on faces 185, 190 thereby displacing pressure disc 178 to contact
      clutch disc 200. Rotation of the clutch disc 200 results in the rotation
      of the sun gear 68" through sleeve 14". The operation of the planetary
      gear assembly and the output shaft is similar to that of FIGS. 1 to 3,
      coupling member 74" being prevented from rotation in a direction opposite
      to that of the input shaft by means of an unidirectional brake mechanism
      such as the one shown in FIG. 1.
PAR  As the speed of rotation of the input shaft 10"  further increases, the
      ball weights 198 and 199 are further urged outwardly and leave faces 185,
      186 and 190, 191 with which they are in contact to roll on faces 187 and
      192. There, pressure disc 179 is axially displaced against the action of
      springs 194 and seizes clutch disc 208 with the assistance of pressure
      disc 180.
PAR  The declutching operation is similar to that described above in relation to
      the first and second embodiments; the disengagement of the pressure discs
      on their respective clutch discs is caused by the decreasing of the
      centrifugal force on the ball weights and the returning action of the
      different coil springs on the pressure discs.
PAR  Although the invention has been described above in relation to three
      specific forms of the invention, it would be evident to the man skilled in
      the art that it may be refined and modified in various ways. It is
      therefore wished to have it understood that the present invention is not
      limited in interpretation excepts by the terms of the following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an automatic transmission: an input shaft; extensible roller bearing
      means mounted about the longitudinal axis of said input shaft and carrying
      radially movable centrifugal roller means; pressure disc means enclosing
      said bearing means and having surface presenting means for contacting
      engagement with said roller means, at least one of said pressure disc
      means being axially displaceable under the influence of a first
      predetermined centrifugal force on said roller means; first clutch disc
      means disposed adjacent said one of said pressure disc means and adapted
      to be frictionally contacted by said one of said pressure disc means when
      axially displaced; a planetary gear assembly including a sun gear, planet
      gear means and an outer ring gear, said sun gear being operatively
      connected to said first clutch disc means; means to prevent rotation of
      said outer ring gear in a direction opposite to that of said sun gear; an
      output shaft operatively connected to said planet gear means and in axial
      alignment with said input shaft; second clutch disc means disposed
      adjacent another of said pressure disc means: said other of said pressure
      disc means being axially displaceable under the influence of a second
      centrifugal force on said ring means and adapted to frictionally engage
      said second clutch disc means, said second clutch disc means being
      operatively connected to said outer ring gear; the size of said gear means
      of said planetary assembly being such as to provide a reduction in
      rotational speed between said input shaft and said output shaft for a low
      rotational speed of said input shaft; said surface presenting means on
      said one of said pressure disc means including a radially extending face
      in contacting engagement with said roller means for idle speeds of said
      input shaft and a first inclined face to receive pressure from said roller
      means for increased rotational speeds of said input shaft causing said one
      of said pressure disc means to engagedly contact said first clutch disc
      means; said other of said pressure disc means including a second inclined
      face to receive pressure from said roller means for further increased
      rotational speeds of said input shaft causing said other pressure disc
      means to engagedly contact said second clutch disc means whereby a direct
      drive is obtained between input and output shafts.
NUM  2.
PAR  2. In an automatic transmission as defined in claim 1, said bearing means
      consisting of a segmented ring having a series of circumferentially
      disposed openings, said roller means including roller weights arranged in
      pair and received in said openings.
NUM  3.
PAR  3. In an automatic transmission, in combination: an input shaft; a first
      extensible roller bearing means mounted about said input shaft and
      carrying radially movable centrifugal roller means; first pressure disc
      means disposed adjacent said first bearing means and having surface
      presenting means for contacting engagement with said roller means, at
      least one of said pressure disc means being axially displaceable relative
      to said input shaft under the influence of a first centrifugal force on
      said roller means; first clutch disc means disposed adjacent said one
      axially displaceable pressure disc means and adapted to be frictionally
      contacted by said axially displaceable pressure disc means; a planetary
      gear assembly including a sun gear, planet gear means and an outer ring
      gear, said sun gear being operatively connected to said first clutch disc
      means; means to prevent rotation of said outer ring gear in a direction
      opposite to that of said sun gear; an output shaft operatively connected
      to said planet gear means and in axial alignment with said input shaft; a
      second extensible roller bearing means carrying radially movable
      centrifugal roller means; second pressure disc means disposed adjacent
      said second bearing means and having surface presenting means for
      contacting engagement with said roller means of said second bearing means,
      at least one of said second pressure disc means being axially displaceable
      under the influence of a second centrifugal force on said roller means of
      said second bearing means; and second clutch disc means disposed adjacent
      said axially displaceable disc means of said second pressure disc means
      and adapted to be frictionally contacted by said axially displaceable disc
      means of said second pressure disc means; the size of said gears of said
      planetary assembly being such as to provide a reduction in rotational
      speed between said input shaft and said output shaft for a low rotational
      speed of said input shaft; said surface presenting means on said first and
      second pressure disc means including a radially extending face in
      contacting engagement with associated roller means of said rings for idle
      speeds of said input shaft and a first inclined face to receive said
      associated roller means for increased rotational speeds of said input
      shaft; said surface presenting means of said second pressure disc means
      including a second inclined face to receive pressure from said roller
      means of said second bearing means for further increased rotational speeds
      of said input shaft causing axially displaceable disc means of said second
      pressure means to engagedly contact said second clutch disc means whereby
      a direct rotational drive is obtained between input and output shafts.
NUM  4.
PAR  4. In an automatic transmission as defined in claim 3, each of said first
      and second bearing means consisting of a segmented ring having a series of
      circumferentially disposed openings, said roller means consisting of
      roller weights arranged in pair in each of said openings.
NUM  5.
PAR  5. In an automatic transmission as defined in claim 3, said first pressure
      disc means including a first cover plate fixed to said input shaft, said
      first segmented ring being enclosed between said cover plate and said
      axially displaceable disc means of said first pressure disc means; a
      further pressure disc being supported on said cover plate; said first
      clutch disc means being disposed between said further pressure disc means
      and said axially displaceable disc means of said first pressure disc
      means.
NUM  6.
PAR  6. In an automatic transmission as defined in claim 5, circumferentially
      spaced resilient means being disposed between said further pressure disc
      and said axially displaceable disc means of said first pressure disc means
      to oppose engagement therebetween below a predetermined rotational speed
      of said input shaft.
NUM  7.
PAR  7. In an automatic transmission as defined in claim 6, a second cover plate
      operatively connected to said output shaft; said second pressure disc
      means including a pair of axially displaceable discs supported on said
      second cover plate and enclosing said second segmented ring and one fixed
      pressure disc mounted to said second cover plate; said second clutch disc
      means including a pair of clutch discs operatively connected to said outer
      ring gear; said pair of clutch discs being intermediately disposed between
      said one fixed pressure disc and one of said pair of axially displaceable
      discs.
NUM  8.
PAR  8. In an automatic transmission as defined in claim 7, a first series of
      circumferentially spaced resilient means being disposed between said one
      fixed pressure disc and one of said axially displaceable disc, and a
      second series of circumferentially spaced resilient means being disposed
      between the other of said axially displaceable disc and said second cover
      plate so that a constant pressure is applied on the clutch discs when
      engaged whatever is the speed of rotation.
NUM  9.
PAR  9. In an automatic transmission as defined in claim 8, wherein said first
      cover plate, said first clutch disc means, said planet gear means and said
      second cover plate include openings for allowing air circulation through
      said transmission.
NUM  10.
PAR  10. In an automatic transmission as defined in claim 6, said second
      segmented ring, said second pressure disc means and said second clutch
      disc means being mounted about said input shaft between said planetary
      gear assembly and said further pressure disc; said second pressure disc
      means including two axially displaceable discs supported on said first
      cover plate and enclosing said second segmented ring; said second clutch
      disc means being operatively connected to said outer ring gear; said
      second clutch disc means being disposed between said further pressure disc
      of said first pressure disc means and one of said axially displaceable
      discs of said second pressure disc means.
NUM  11.
PAR  11. In an automatic transmission as defined in claim 10, a first series of
      circumferentially spaced resilient means disposed between said one of said
      axially displaceable discs of said second pressure disc means and said
      further pressure disc of said first pressure disc means; a second series
      of circumferentially spaced resilient means disposed between the other of
      said axially displaceable discs of said second pressure disc means and a
      pressure disc fixed to said cover plate at one end thereof.
NUM  12.
PAR  12. In an automatic transmission as defined in claim 11, wherein said first
      cover plate, said first clutch disc means and said planet gear means
      include openings for allowing air circulation through said transmission.
NUM  13.
PAR  13. In an automatic transmission: an input shaft; an extensible roller
      bearing means mounted about said input shaft and carrying radially movable
      centrifugal roller means; a pair of pressure disc means enclosing said
      bearing means and having surface presenting means for contacting
      engagement with said roller means, said pressure disc means being axially
      displaceable relative to said input shaft under the influence of first
      predetermined centrifugal force of said roller means; first clutch disc
      means disposed adjacent one of said pressure disc means and adapted to be
      frictionally contacted by said one pressure disc means when axially
      displaced; a planetary gear assembly including a sun gear, planet gear
      means and an outer ring gear, said sun gear being operatively connected to
      said first clutch disc means; means to prevent rotation of said outer ring
      gear in a direction opposite to that of said sun gear; an output shaft
      operatively connected to said planet gear means and in axial alignment
      with said input shaft; second clutch disc means disposed adjacent the
      other of said pressure disc means; said other pressure disc means being
      axially displaceable under the influence of a second predetermined
      centrifugal force on said bearing means and adapted to frictionally engage
      said second clutch disc means; said second clutch disc means being
      operatively connected to said outer ring gear; the size of said gear means
      of said planetary assembly being such as to provide a reduction in
      rotational speed between said input shaft and said output shaft for a low
      rotational speed of said input shaft; each of said surface presenting
      means of said pressure disc means including: a radially extending face in
      contacting engagement with said roller means for idle speed of said input
      shaft, a first inclined face to receive pressure from said roller means
      for increased rotational speeds of said input shaft causing said one
      pressure disc means to engagedly contact said first clutch disc means, and
      a second inclined face to receive pressure from said roller means for
      further increased rotational speeds of said input shaft causing said other
      pressure disc means to engagedly contact said second clutch disc means
      whereby a direct drive is obtained between input and output shafts.
NUM  14.
PAR  14. In an automatic transmission as defined in claim 13, said bearing means
      consisting of a segmented ring having a series of circumferentially
      disposed openings, said roller means including roller weights arranged in
      pair and received in said openings.
NUM  15.
PAR  15. In an automatic transmission as defined in claim 14, the separation of
      said first clutch disc means with said one pressure disc means is smaller
      than the distance separating the second clutch disc means and said other
      pressure disc means.
NUM  16.
PAR  16. In an automatic transmission as defined in claim 15, a cover plate
      fixedly mounted on said input shaft and supporting said pressure discs
      means; a third pressure disc means mounted axially on said input shaft and
      supported by said cover plate; said third pressure disc means being
      mounted to engagedly contact said second clutch disc means.
NUM  17.
PAR  17. In an automatic transmission as defined in claim 16, a first series of
      circumferentially spaced resilient means disposed between said one
      pressure disc means and the inner face of said cover plate; a second
      series of circumferentially spaced resilient means disposed between said
      other pressure disc means and said third pressure disc means.
NUM  18.
PAR  18. In an automatic transmission as defined in claim 17, a third series of
      circumferentially spaced resilient means disposed between said third
      pressure disc means and a fourth disc supported axially over said input
      shaft by said cover plate.
NUM  19.
PAR  19. In an automatic transmission as defined in claim 18, wherein said cover
      plate, said first clutch disc means and said planet gear means include
      openings for allowing air circulation through said transmission.
NUM  20.
PAR  20. In an automatic transmission as defined in claim 19, wire spring means
      for securing said pressure disc means to said cover plate.
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PAL  Double epicyclic gear structure including a housing, a drive shaft
      rotatably mounted within the housing, first epicyclic gear structure
      mounted on the drive shaft, an input shaft connected to drive the first
      epicyclic gear structure, speed control structure connected to the sun
      gear of the first epicyclic gear structure for regulating the speed of
      rotation thereof, second epicyclic gear structure mounted on the drive
      shaft and engaged with the first epicyclic gear structure for rotation
      therewith, a brake band for stopping rotation of the planet gears of the
      second epicyclic gear structure and one-way clutch means mounting the ring
      gear of the second epicyclic gear structure on the drive shaft whereby on
      stopping of rotation of the planet gears about the drive shaft the drive
      shaft is driven in a forward direction, a brake band operable to prevent
      rotation of the ring gear of the second epicyclic gear structure and
      one-way clutch means mounting the planet gears for rotation on the drive
      shaft whereby on stopping of the rotation of the ring gear of the second
      epicyclic gear structure the drive shaft is driven in a reverse direction,
      and an output shaft and differential connected to an output gear on the
      transmission drive shaft whereby the output shaft may be driven from a
      constantly driven input shaft in either a forward or reverse direction at
      variable speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to transmission structure and refers more
      specifically to a double epicyclic, automatic transaxle transmission for
      small electric or gas powered vehicles, which transmission is capable of
      both forward or reverse driving at a variable speed.
PAR  2. Description of the Prior Art
PAR  In the past, automatic transmission structure has been particularly
      complicated or has been limited to single direction operation. Where both
      forward and reverse direction operation has been accomplished in the past,
      it has generally been at a single speed or again the transmissions have
      been complicated. Wherein automatic transmissions providing for forward
      and reverse operation at variable speeds have been provided in the past
      they have, for example, been unduly complicated in that they have required
      at least two drive shafts having driven and driving gears thereon and
      shifting or clutch mechanisms for changing gear ratios to very the speed
      thereof. Such transmissions of the past have therefore been particularly
      expensive and often inefficient in their output.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an improved double epicyclic transaxle
      transmission is provided for small electric or gas powered vehicles, for
      example, up to 40 horsepower.
PAR  The transmission of the invention requires a single drive shaft having
      first epicyclic gear structure mounted thereon including a sun gear,
      planet gears, and a ring gear. A single input shaft is provided to rotate
      the ring gear through meshed bevel gears on the input shaft and the ring
      gear of the first epicyclic gear structure. The variable speed of the
      transmission is provided by a speed control valve on a hydraulic pump
      secured to the sun gear of the first epicyclic gear structure.
PAR  The transmission of the invention further includes a second epicyclic gear
      structure mounted on the single drive shaft for rotation therearound
      including a sun gear connected to and therefore rotated in accordance with
      the planet gears of the first epicyclic gear structure, planet gears,
      one-way clutch means for mounting the planet gears on the drive shaft and
      means for securing the planet gears of the second epicyclic gear structure
      against rotation about the drive shaft, a ring gear mounted for rotation
      on the drive shaft by a one-way clutch and means for preventing rotation
      of the ring gear of the second epicyclic gear structure about the drive
      shaft, a drive gear secured to the drive shaft, an output shaft and a
      differential secured to the output shaft including an outer gear engaged
      with the drive gear.
PAR  Thus, in operation, on driving of the input shaft with the planet gears of
      the second epicyclic gear shaft prevented from rotation, the drive shaft
      will be rotated in a forward direction through the ring gear to drive the
      output shaft in a forward direction at a speed determined by the setting
      of the pump control valve to determine the speed of rotation of the sun
      gear of the first epicyclic gear structure. When it is desired to rotate
      the output shaft in a reverse direction, the ring gear of the second
      epicyclic gear structure is prevented from rotation so that the drive
      shaft is driven through the planet gears of the second epicyclic gear
      structure, again at a speed determined by the setting of the control valve
      of the hydraulic pump.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The FIGURE is a cross section view of the transmission structure of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in the FIGURE, the double epicyclic, automatic transaxle
      transmission 10 of the invention includes a housing 12, input structure
      14, first epicyclic gear structure 16, second epicyclic gear structure 18,
      speed control structure 20, and output structure 22.
PAR  Housing 12 includes a body portion 24 shaped as shown in the FIGURE and
      having an opening 26 therein for the input structure 14. The housing 12
      also includes a cover 28 which is also shaped as shown in the FIGURE and
      which may be bolted to the housing body 24. The body portion 24 of the
      housing 12 and the cover 28 in assembly have the opposed openings 30 and
      32 therein in which the drive shaft 34 is journaled for rotation. The
      speed control structure 20 is secured to cover 28 over opening 32. The
      housing body 24 and the cover 28 are also provided with the aligned
      openings 36 and 38 therein in which the output shaft 40 is journaled for
      rotation.
PAR  The input structure 14 includes an input shaft 42 which may be driven by
      convenient means such as an electric motor or gasoline engine. The shaft
      42 is journaled for rotation on the bearings 44 and 46. Seal 48 is
      provided at one end of the bearing 44 while the other end of the bearing
      44 is positioned against the bearing holder member 50. The other bearing
      46 also has one end abutting the bearing holder member 50 and is held in
      place on the input shaft 42 by means of the bevel gear 52. With the
      bearing holder 50 secured in the opening 26 in the housing body 24, the
      input shaft 42 is mounted for rotation in the body portion 24 of housing
      12.
PAR  The drive shaft 34 is secured in the opening 30 for rotation on the
      bearings 54 at one end and is held for rotation at the other end between
      the bearings 56 and 58, the sleeve 60 which is an extension of the sun
      gear 62 of the first epicyclic gear structure 16, the bearing 64 for
      mounting the ring gear 66 of the first epicyclic gear structure 16 in
      engagement with bevel gear 52, the sleeve extension 68 of ring gear 66
      rotatably mounting the ring gear 66, and the bearing 70 positioned between
      the sleeve extension 68 and the cover 28 of the housing 12. Drive gear 72
      is secured to the shaft 34 by convenient means such as pin 74, and engages
      thrust bearing 75 sleeved over shaft 34, as shown.
PAR  The first epicyclic gear structure 16, besides the sun gear 62 and the ring
      gear 66, includes the planetary gears 76 mounted on the carrier 78 for
      rotation therewith about the drive shaft 34 on the bearings 80 and 82. The
      carrier 78 includes a sleeve portion 84 which has on one end thereof a sun
      gear portion 86.
PAR  The second epicyclic gear structure 18 includes the sun gear portion 86 of
      the carrier 78, the planet gears 88, and the ring gear structure 90.
PAR  The planet gears 88 are mounted on a carrier 92. The carrier 92 is
      rotatably mounted on the drive shaft 34 by the one-way clutch structure 94
      which may be a roller and incline clutch structure or a sprag clutch
      structure. The carrier 92 further includes a ring portion 96 which is
      rotatably mounted on the sleeve 84 of the carrier 78 by bearings 98. A
      brake band 100 is provided for engaging the ring 96 to prevent rotation of
      the carrier 92 and therefore the planet gears 88 about the shaft 34 to
      provide forward rotation of the drive shaft 34 through the ring gear
      structure 90.
PAR  The ring gear structure 90 again includes a one-way roller and incline or
      sprag clutch structure 102 mounting the ring gear structure 90 on the
      shaft 34. Also, a brake band 104 is provided in conjunction with the ring
      gear structure 90 to selectively prevent rotation of the ring gear
      structure 90 whereby the shaft 34 may be rotated in a reverse direction on
      rotation of the planet gears 88 about the sun gear portion 86 of the
      holder 78 for the planet gears 76.
PAR  The output structure 22 includes the output shaft 40, the bearings 106 and
      108, and seal 110 along with the differential structure 112. The
      differential structure 112 includes an external gear 114 meshed with the
      drive gear 72 whereby the output shaft 40 is rotated in relation to the
      rotation of the drive shaft 34.
PAR  Thus, in overall operation of the transmission 10, on rotation of the input
      shaft 42 the ring gear 66 of the first epicyclic gear structure 16 is
      rotated through the bevel gear 52. On rotation of the ring gear 66, the
      planet gears 76 are rotated and move around shaft 34 in accordance with
      the resistance to rotation of the sun gear 62. The resistance to rotation
      of the sun gear 62 is determined by a hydraulic valve in the hydraulic
      pump speed control structure 20.
PAR  Rotation of the planet gears 76 will produce rotation of the sun gear
      portion 86 of the planet gear carrier 78, whereby the planet gears 88 will
      either rotate around the sun gear portion 86 of the carrier 78 or they
      will rotate about their own axis in a fixed position in relation to the
      shaft 34 depending on whether the brake band 100 is engaged with the ring
      gear 96 to prevent rotation of the planet gears about the center line of
      the shaft 34 to provide rotation of the ring gear 90 and thus forward
      driving of the output shaft 40 through the shaft 34, drive gear 72, and
      differential 112, or whether the brake band 104 is engaged with the ring
      gear 90 to prevent rotation of the ring gear 90 and thus permit travel of
      the planet gears 86 about the shaft 34 to produce driving of the shaft 34
      through the one-way clutch structure 94 to subsequently drive the output
      shaft 40 in a reverse direction. Obviously the bands 96 and 104 must be
      alternatively operated and may be operated by known hydraulic or electric
      structure, not shown.
PAR  It will thus be seen that the transmission 10 will provide both forward and
      reverse driving of the output shaft 40 at a variable speed depending on
      the control of the hydraulic pump structure 20 and the actuation of the
      band 100 and 104.
PAR  Further, it will be noted that the double epicyclic automatic transaxle
      transmission disclosed will produce an increased reduction in the ratio of
      the initial stage on a single shaft when compared with other transaxle
      transmissions available, that the forward and reverse control is improved
      in comparison to other transaxle transmissions available through the use
      of the brake bands 100 and 104 and one-way clutch structures 94 and 102.
      Also, the gear design is simplified for low cost production and efficient
      ratios, and the entire structure is particularly efficient in permitting
      reduction of hydraulic pump speed to an optimum efficiency when
      considering flow versus torque in the hydraulic speed control structure.
PAR  Further, the inclusion of the complete transmission on a single drive shaft
      provides considerable economy, particularly in view of the various drive
      ratios required in such transaxle transmission units. Also, it will be
      recognized that particular economy may be accomplished by use of powdered
      metallurgy technique in production of the parts, and that the structure is
      particularly suited for economy in production and servicing.
PAR  While one embodiment of the invention has been considered in detail, it
      will be understood that other embodiments and modifications are
      contemplated. It is the intention to include all such embodiments and
      modifications as are defined by the appended claims within the scope of
      the invention.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A transmission comprising a housing, a drive shaft extending through
      said housing and journaled therein for rotation, an input shaft extending
      into the housing, first eipcyclic gear structure rotatably mounted on said
      drive shaft, means for driving the first epicyclic gear structure from
      said input shaft, second epicyclic gear structure positioned on said drive
      shaft adjacent said first epicyclic gear structure and engaged with said
      first epicyclic gear structure for rotation thereby and including means
      for rotating the drive shaft in opposite directions to provide forward and
      reverse drive in accordance with the rotation of the second epicyclic gear
      structure, an output shaft and means for driving the output shaft from the
      drive shaft.
NUM  2.
PAR  2. Structure as set forth in claim 1 and further including speed control
      structure operably associated with said first epicyclic gear structure.
NUM  3.
PAR  3. Structure as set forth in claim 2 wherein the first epicyclic gear
      structure comprises a ring gear, planet gears engaged with said ring gear,
      and a sun gear engaged with said planet gears and rotatably mounted on
      said drive shaft.
NUM  4.
PAR  4. Structure as set forth in claim 3 and further including speed control
      means connected to the first epicyclic gear structure comprising a
      hydraulic pump secured to the sun gear for providing a torque on the sun
      gear in proportion to the operation of the pump, and valve means for
      determining the operation of said pump.
NUM  5.
PAR  5. Structure as set forth in claim 1 wherein the means for driving the
      first epicyclic gear structure comprises a bevel gear on the input shaft
      and a meshed bevel gear on the ring gear of the first epicyclic gear
      structure.
NUM  6.
PAR  6. Structure as set forth in claim 1 wherein the second epicyclic gear
      structure comprises a sun gear connected for rotation with the first
      epicyclic gear structure, planet gears engaged with the sun gear, mounting
      means for the planet gears mounted for rotation on the drive shaft in a
      single direction, a ring gear in mesh with the planet gears, and mounting
      means for the ring gear mounted for rotation on the drive shaft only in a
      direction opposite said single direction.
NUM  7.
PAR  7. Structure as set forth in claim 6 wherein the means for providing a
      forward drive of the drive shaft comprises means for preventing rotation
      of the planet gears including a brake disc mounted for rotation with the
      planet gears, and means for selectively securing the brake disc and planet
      gears against rotation about the drive shaft.
NUM  8.
PAR  8. Structure as set forth in claim 6 wherein the means for providing a
      reverse drive of the drive shaft comprises means for preventing rotation
      of the ring gear comprising a brake band engageable with the ring gear on
      actuation thereof to stop rotation thereof around the drive shaft.
NUM  9.
PAR  9. Structure as set forth in claim 1 wherein the output means comprises an
      output gear secured to the drive shaft for rotation therewith, an output
      shaft extending through the housing in parallel relation to the drive
      shaft, and a differential secured to the output shaft including an outer
      gear engaged with the output gear secured to the drive shaft.
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ABST
PAL  The planet carrier has a middle radial flange connected on either side to
      two lateral radial flanges by two respective sets of ribs of equal number.
      The ribs are spaced around the planet carrier and extend longitudinally
      and radially. Each pair of adjacent ribs of each set delimits a recess in
      conjunction with the middle flange and the corresponding lateral flange.
      The recesses on either side of the middle flange communicate with each
      other through respective apertures in the middle flange. One set of
      recesses is to accommodate short planet wheels, while the apertures allow
      long planet wheels-meshing with the short planet wheels -- to be mounted
      between the lateral flanges.
BSUM
PAR  The present invention relates to a planet carrier for a planetary gear
      train, e.g. for use in the gear box of an automobile vehicle.
PAR  The invention relates especially to a planet carrier which can be
      manufactured at low cost by casting or by sintering metal powders and
      which may be made most advantageously in one piece.
PAR  The invention is particularly concerned with the type of planet carrier
      which comprises a middle flange between two lateral flanges, and linking
      members connected to the middle flange and the other two flanges.
PAR  In accordance with the present invention, in order that the planet carrier
      can be manufactured in a single piece, the linking members between the
      middle flange and the lateral flanges are two sets of longitudinal ribs
      which extend in a radial direction, adjacent pairs of ribs of the same set
      together with the corresponding flange and the middle flange delimiting a
      recess, the various recesses being arranged in such a way that the first
      recess which is delimited by two adjacent ribs of the first set open via a
      cut-out portion of the middle flange into a second recess delimited by the
      ribs of the second set.
DRWD
PAR  Further features and advantages of the invention will be better understood
      from the following description of an embodiment of planet carrier, given
      by way of example only, with reference to the accompanying drawings, in
      which:
PAR  FIG. 1 is a perspective view of a planet carrier;
PAR  FIG. 2 is an end view of the planet carrier in the direction of the arrow
      II of FIG. 1, showing the disposition of the various planet wheels; and
PAR  FIG. 3 is a sectional view of the planetary gear train, taken on line
      III--III of FIG. 2.
DETD
PAR  The planet carrier 1 shown in FIGS. 1 and 2 has two lateral radial flanges
      2, 3 which are connected to a middle radial flange 4 by linking members
      which comprise two sets of longitudinal ribs 5, 5' , 5" and 6, 6' , 6" ,
      the sets being in register with one another. The three ribs 5, 5' , 5" of
      the first set link the flange 2 to the middle flange 4 while the three
      ribs 6, 6' , 6" of the second set link the flange 3 to the middle flange
      4. The ribs 5, 6, for example, as well as extending longitudinally of the
      planet carrier, extend in a direction D which is substantially radial.
PAR  Each adjacent pair of ribs, e.g. 5, 5' , of the first set together with the
      corresponding flange 2 and the middle flange 4 delimit a recess 7. Each
      adjacent pair of ribs, e.g. 6, 6' , of the second set together with the
      corresponding flange 3 and the middle flange 4 likewise delimit a recess
      8.
PAR  The recesses 7, 8 are arranged around the periphery of the planet carrier
      in such a way that each recess 7 opens, via an aperture or cut-out portion
      9 in the middle flange 4, into one corresponding recess 8.
PAR  The recesses 7 and 8 widen outwards towards the periphery of the planet
      carrier so that the planet carrier can be manufactured by casting.
PAR  In the planetary gear train shown in FIGS. 2 and 3, the planet carrier has
      spindles 10 mounted in bores 20 in the flanges 3 and 4. The spindles 10
      support short planet wheels 11 which are arranged in the recesses 8
      delimited by the rib 6, 6' , 6".
PAR  The planet carrier also has spindles 12 mounted in bores 21 in the lateral
      flanges 2, 3. The spindles 12 support long planet wheels 13 each occupying
      two corresponding recesses 7 and 8 and extending through the cut-out
      portion 9 of the middle flange 4.
PAR  According to a known feature of the planetary gear train, the short planet
      wheels 11 mesh with the respective long planet wheels 13. The lateral
      flanges 2, 3 and the middle flange 4 have bosses 19 into which the bores
      20, 21 of the supporting spindles 10, 12 emerge; the bosses 19 have local
      deformations 22 which act as axial stops for the spindles 10, 12.
PAR  As shown in FIG. 3, the middle flange 4 is integral with a shaft 14 serving
      as the output shaft of the planetary gear train. The gear train further
      comprises an input sun-gear 15, which meshes with the short planet wheels
      11, and also a reaction sun-gear 16 which meshes with the long planet
      wheels 13. Positioned between the input sun-gear 15 and the middle flange
      4 there is a needle thrust bearing 17; there is also needle thrust bearing
      18 between the reaction sun-gear 16 and the middle flange 4.
PAR  As shown in FIG. 2, the planet carrier 1 has a front aperture 23 for the
      passage of the input sun-gear 15; the arrangement of the sets of ribs with
      respect to the aperture 23, facilitates machining of the interior faces of
      the flanges 3 and the middle flange 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a planet carrier comprising two lateral radial flanges and a middle
      radial flange, the improvement comprising two sets of ribs of equal number
      connecting the respective lateral flanges and the middle flange, the ribs
      being spaced around the planet carrier and extending longitudinally and
      radially inward from the periphery of the planet carrier, each pair of
      adjacent ribs of each set together with the corresponding lateral flange
      and the middle flange delimiting a recess, each recess between one lateral
      flange and the middle flange opening through an aperture in the middle
      flange into a corresponding one of the recesses between the middle flange
      and the other lateral flange.
NUM  2.
PAR  2. A planet carrier as claimed in claim 1, further comprising short
      spindles mounted on one of the lateral flanges and the middle flange,
      short planet wheels which are carried by the respective short spindles and
      which are arranged in the respective recesses between said one lateral
      flange and the middle flange, long spindles mounted on the two lateral
      flanges, and long planet wheels which are carried by the respective long
      spindles and which mesh with the respective short planet wheels, the long
      planet wheels extending through the respective apertures in the middle
      flange into the corresponding recesses on either side of the middle
      flange.
NUM  3.
PAR  3. A planet carrier as claimed in claim 2, in which the lateral flanges and
      the middle flange have bosses into which the said bores extend and which
      receive the ends of the spindles carrying the planet wheels, the bosses
      having local deformations which serve as axial stops for the spindles.
NUM  4.
PAR  4. A planet carrier as claimed in claim 1, in which each said recess widens
      outwards towards the periphery of the planet carrier.
NUM  5.
PAR  5. A planet carrier as claimed in claim 1, further comprising an axial
      shaft connected to the middle flange.
NUM  6.
PAR  6. A planet carrier as claimed in claim 1, in which the middle flange, the
      lateral flanges, and the two sets of ribs are integral with one another.
NUM  7.
PAR  7. A planet carrier as claimed in claim 6, in which the flanges and ribs
      are of cast metal and are each part of one and the same casting.
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ABST
PAL  An epicyclic transmission between a stationary member and a rotatable
      section of a prosthesis comprises a fixed ring gear secured to the
      stationary member, a driven ring gear of smaller diameter, and an annular
      planet pinion in mesh with both ring gears. The planet pinion is set in
      motion by a multiplicity of angularly spaced thrust-transmitting bodies,
      such as balls or pins, which are independently guided in apertures of an
      annular extension of the stationary member and bear upon an eccentric
      rigid with a drive shaft. The solid guide portions of this stationary
      extension can be used to accommodate energy-supply lines.
DRWD
PAR  The invention will be explained more fully hereinafter with reference to an
      embodiment shown by way of example in the accompanying drawing, in which;
PAR  FIG. 1 is a longitudinal sectional view showing a transmission embodying
      the invention; and
PAR  FIG. 2 is a cross-sectional view taken on line 2-2 in FIG. 1 and drawn to a
      smaller scale than FIG. 1.
DETD
PAR  In the drawing, I have shown an epicyclic transmission comprising a ring
      gear 1 which is fixed to a stationary member or housing part 9 and in mesh
      with an annular planet pinion 2 having a stepped outer periphery. Two sets
      of teeth on that periphery are in mesh with a driven ring gear 3 differing
      in diameter from gear 1. A planet carrier consisting of an eccentric 4
      serving to drive the planet pinion 2, is mounted on a drive shaft 11
      journaled by means of two bearings 12, 13 in housing part 9.
PAR  A plurality of, in the present example six, balls 5 are provided to
      transmit a generally radial thrust from the eccentric 4 to the planet
      pinion 3 upon rotation of shaft 11. The balls 5 bear from without on the
      eccentric 4 and from within on the planet pinion 2. Instead of the balls
      5, other thrust-transmitting bodies, such as pins or the like, may be used
      to couple the eccentric 4 with the planet pinion 2. This causes the pinion
      2 to turn as the moving eccentric 4 imparts a radial movement to the
      individual balls in succession resulting in rotation of gear 3 relative to
      gear 1 because of their meshing engagement with the teeth of the pinion.
      The balls 5 are guided in peripherally spaced apertures formed in a
      cage-like annular extension 9' of housing 9 and terminating in a boss 9";
      they are also cradled in a raceway 6, on the inner periphery of pinion 2,
      here shown as a groove of trapezoidal cross-section whose two oblique
      sides form lateral guide surfaces which bracket the balls. This
      construction also prevents axial shifts of the planet pinion 2. The
      eccentric 4 might directly engage the surface of the balls 5, but, to
      reduce the friction, I prefer to insert a ball bearing 8 between the
      eccentric 4 and the balls 5 which ride on the outer race of this ball
      bearing. The stationary member 9, 9', 9" may accommodate
      power-transmitting lines, e.g., electric lines 10, extending through the
      solid, stationary cage portions 9', between the balls 5 so as to remain
      unaffected by the moving parts of the transmission. Balls 14 may be
      provided to form a thrust bearing between the ring gear 3 and housing 9.
      The raceways for these balls are formed directly on the stationary housing
      9 and on the gear 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An epicyclic transmission comprising:
PA1  a stationary member;
PA1  a fixed ring gear secured to said member;
PA1  a driven ring gear coaxial with and adjacent said fixed ring gear, said
      ring gears being of different diameters;
PA1  a drive shaft journaled in said member;
PA1  an eccentric on said drive shaft offset from the axis of said ring gears;
PA1  a multiplicity of independently movable thrust-transmitting bodies bearing
      generally radially upon said eccentric at peripherally spaced locations;
PA1  stationary guide means for said bodies integral with said member; and
PA1  a stepped annular planet pinion movably disposed between said guide means
      and said ring gears in meshing engagement with the latter, said pinion
      being internally supported by said bodies for displacement thereby upon
      rotation of said eccentric by said shaft with consequent relative rotation
      of said ring gears.
NUM  2.
PAR  2. A transmission as defined in claim 1, further comprising anti-friction
      bearing means inserted between said eccentric and said bodies.
NUM  3.
PAR  3. A transmission as defined in claim 2 wherein said bearing means
      comprises a ball bearing having an outer race in contact with said bodies.
NUM  4.
PAR  4. A transmission as defined in claim 1, further comprising an
      energy-supply line passing generally axially from said member through said
      guide means past said ring gears.
NUM  5.
PAR  5. A transmission as defined in claim 1 wherein said bodies are balls, said
      pinion having an inner peripheral groove with lateral surfaces bracketing
      said balls.
NUM  6.
PAR  6. A transmission as defined in claim 5 wherein said guide means comprises
      an annular extension of said member provided with peripherally spaced
      apertures rotatably accommodating said balls.
NUM  7.
PAR  7. A transmission as defined in claim 1, further comprising a thrust
      bearing between said ring gears.
NUM  8.
PAR  8. In combination, a transmission as defined in claim 1 and a prosthesis
      having a rotatable section secured to said driven ring gear.
NUM  9.
PAR  9. The combination defined in claim 8, further comprising circuit means
      extending from said member through said guide means.
NUM  10.
PAR  10. The combination defined in claim 9 wherein said guide means comprises
      an annular extension of said member provided with peripherally spaced
      apertures accommodating said bodies, said circuit means traversing said
      extension between said apertures.
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ABST
PAL  A control system for a vehicle having an engine and a gear box includes an
      electronic fuel control system for controlling the fuel supplied to the
      engine by means of a pump. The selection of a particular ratio of the gear
      box is effected by a control circuit which senses the speed of the vehicle
      by means of a sensor. When a change in gear ratio is effected, the control
      system for the gear box provides a signal to the electronic fuel control
      system which produces a reduction in the amount of fuel supplied to the
      engine during the gear changing process.
BSUM
PAR  This invention relates to a control system for a vehicle, the vehicle
      including an engine which is coupled through a gear box to the
      transmission of the vehicle, the gear box having means for automatically
      altering the speed ratio thereof, and the engine of the vehicle having a
      fuel system including a pump, the control system including an electronic
      fuel control system for determining the quantity of fuel supplied by the
      pump to the engine in accordance with various engine parameters and
      desired operating conditions.
PAR  When charging the speed ratio of the gear box in a direction which for a
      given speed of the vehicle will result in a lower engine speed, it is
      essential in order to achieve a smooth ratio change, to reduce the speed
      of the engine before the new ratio is engaged. A skilled driver operating
      a manually controlled gear box will reduce the engine speed automatically.
      However in the case of an automatically controlled gear box, the driver
      will not know exactly when the change of ratio is going to occur, and
      therefore he is not able to take action to achieve the desired reduction
      of the engine speed.
PAR  According to the invention, in a control system of the kind specified,
      electrical circuit means is provided operable upon receipt of a signal
      from the means controlling the operation of the gear box, for providing a
      further signal to the fuel control system to effect a reduction in the
      fuel supplied to the engine.
PAR  According to a further feature of the invention the further signal is
      arranged to effect a gradual reduction in the fuel supplied to the engine.
PAR  According to a further feature of the invention the return of said further
      signal to the value which it had before the ration change may be delayed.
PAR  According to a further feature of the invention, said further signal when
      the new ratio has been selected gradually returns to the value which it
      had before the ratio change, thereby effecting a gradual increase in the
      quantity of fuel supplied to the engine.
PAR  According to a further feature of the invention said signal to the fuel
      control system to effect an adjustment in the quantity of fuel supplied to
      the engine is arranged to alter gradually and/or is delayed.
PAR  According to a further feature of the invention the means for automatically
      altering the speed ratio of the gear box may be responsive to electrical
      signals produced by the fuel control system whereby the vehicle speeds at
      which the gear ratio changes occur may vary in accordance with an engine
      operating condition or conditions.
DRWD
PAR  One example of a control system in accordance with the invention will now
      be described with reference to the accompanying drawings in which:
PAR  FIG. 1 shows in diagrammatic form an engine and associated vehicle
      transmission,
PAR  FIG. 2 shows in block form the electrical control circuit which is
      operative to effect a ratio change of the gear box,
PAR  FIG. 3 shows a circuit diagram of part of the circuit of FIG. 2,
PAR  FIG. 4 shows a circuit for attachment to the circuit of FIG. 3,
PAR  FIG. 5 shows an additional circuit for attachment to the circuit of FIG. 3,
PAR  FIG. 6 shows a block diagram of the electronic fuel control system,
PAR  FIGS. 7, 8 and 9 show various operating curves for items forming part of
      the fuel control system,
PAR  FIG. 10 is a circuit diagram showing the combination of the circuit shown
      in FIGS. 5 and 6,
PAR  FIG. 11 shows a modification to the circuit of FIG. 5,
PAR  FIG. 12 shows an alternative circuit to the one shown in FIG. 11,
PAR  FIG. 13 shows a circuit for connection between the circuit of FIG. 3 and
      the electronic fuel control system,
PAR  FIG. 14 shows a modification of a portion of the circuit seen in FIG. 3,
      and
PAR  FIG. 15 shows a further alternative circuit to the circuit shown in FIG. 5.
DETD
PAR  With reference to FIG. 1 of the drawings, there is provided an engine 10
      which is coupled through a torque converter 11 or a fluid coupling to a
      mult-ratio gear box 12. The multi-rate gear box is of the epicyclic type,
      and the individual gear ratios are selected by energisation of solenoids
      respectively, which either directly or through the intermediary of fluid
      pressure operable mechanisms, operate brakes associated with the gear
      ratios respectively. The multi-ratio gear box is coupled by means of a
      transmission shaft 13 to the road wheels 14 of the vehicle. The engine 10
      is provided with a fuel pump 15, and associated with this is an actuator
      16a which is controlled by an electronic fuel control system illustrated
      in 16b.
PAR  For controlling the operation of the solenoids there is provided a control
      circuit generally indicated at 17, and also supplied to this control
      circuit is a signal which is obtained from a sensor 18, associated with
      the transmission shaft 13. The sensor 18 is an alternating current
      generator incorporating a rectifier so as to provide a d.c. output the
      amplitude of which varies with speed.
PAR  With reference now to FIG. 2, there is shown in greater detail the content
      of the control circuit 17, and it will be seen in general to comprise four
      control networks 19, 20, 21 and 22 which control respective solenoids 23,
      24, 25 and 26. Solenoid 23 is associated with the gear ratio of the gear
      box which will give the highest engine speed for a given road speed whilst
      solenoid 26 is associated with the gear ratio which will give the lowest
      engine speed for a given road speed. Solenoids 24, 25 are associated with
      intermediate gears respectively.
PAR  The control networks 20, 21 and 22 are supplied with signals from the
      sensor 18, and each of these networks is interconnected with the network
      19 through a common line, such that when for instance network 21 is in a
      state such that the solenoid 25 is energised, the networks 19 and 20 will
      be in a state such that the solenoids 23 and 24 will be de-energised. In
      addition, it will be noted that network 21 is interconnected with network
      20, and that network 22 is interconnected with network 21. The purpose of
      these interconnections is to ensure that when the road speed of the
      vehicle is decreasing, a progressive change in the gear ratios will occur.
PAR  With reference now to FIG. 3, there is shown the circuit diagram of the
      network 20. As shown in FIG. 3 there is provided a negative supply line
      30, and a first positive supply line 31, the latter being a stabilised
      supply, and a second positive supply line 32 which is an unstabilised
      supply. Also provided is an NPN transistor TR1, the collector of which is
      connected to line 31 by way of resistor R4, and the emitter of which is
      connected to the collector of a further NPN transistor TR2. The emitter of
      transistor TR2 is connected to line 30. The base of transistor TR1 is
      connected to the junction between resistors R8 and R9, resistor R8 being
      connected to line 31 by way of resistor R8a and resistor R9 being
      connected to the collector of a further NPN transistor TR3, the emitter of
      which is connected to line 30. The base of transistor TR3 is connected to
      the cathode of a diode D3, the anode of which is connected to the
      collector of transistor TR1. Interconnecting the collector terminals and
      base terminals of transistors TR1 and TR2 are capacitors C1 and C2
      respectively.
PAR  The base of transistor TR2 is connected to the slider of a potentiometer
      VR1 and one end of the resistance element of this potentiometer is
      connected to resistors R1 and R2 connected in series, the other end of the
      series combination being connected to the slider of a second potentiometer
      VR2. The other end of the resistance element of potentiometer VR1 is
      connected to the sensor 18 by way of the resistance R6, and the sensor
      includes a connection to line 30. Moreover, the base of transistor TR2 is
      connected to the cathode of a diode D2, the anode of which is connected to
      the emitter of transistor TR2.
PAR  One end of the resistance element of potentiometer VR2 is connected by way
      of resistor R10 to line 31, and the other end of the resistance element of
      potentiometer VR2 is connected by way of resistor R11 to the collector of
      transistor TR3. Also provided is an NPN transistor TR4 having its emitter
      connected to line 30 and its base connected to the collector of transistor
      TR3 by way of resistor R13. The collector of transistor TR4 is connected
      by way of resistor R14 to line 31, and also by way of resistor R21, to the
      base of the first transistor TR5 of a pair of NPN transistors TR5 and TR6,
      connected as a Darlington pair. The base of transistor TR6 is connected by
      way of resistor R12 to line 30, and the collectors of the two transistors
      are connected to one end of the solenoid winding 24, the other end of
      which is connected to line 32. Moreover, in parallel with the solenoid 24
      is a diode D5. The emitter of transistor TR6 is connected to the anode of
      a diode D6, the cathode of which is connected by way of a subsidiary
      control circuit 33 to line 30.
PAR  The operation of the network thus far described is as follows, and assuming
      firstly that the control circuit 33 is effectively acting as a closed
      switch. When the road speed is below a predetermined value, transistors
      TR1 and TR2 are maintained in the conducting stage with the result that
      transistor TR3 is held off, and thereby transistor TR4 is held on. This in
      turn holds transistors TR5 and TR6 off, so that no current flows in the
      solenoid 24. As the road speed increases the signal produced by the sensor
      18 becomes more negative so that a point is reached as determined by the
      setting of the potentiometers VR1 and VR2, at which transistor TR2 is
      turned off, and this in turn causes transistor TR1 to turn off. Transistor
      TR3 is therefore caused to conduct, and this in turn turns transistor TR4
      off so that transistors TR5 and TR6 conduct. When this occurs current flow
      occurs in the solenoid 24 thereby causing selection of the associated gear
      ratio. When the transistor TR3 conducts a signal is applied by way of
      diode D4 to all the control networks, but in particular to the control
      network 19 to effect de-energisation of the solenoid 23. The circuit also
      includes a terminal 34 which is connected to the collector of transistor
      TR4 and which is also connected network 21. When network 21 effects
      energisation of solenoid 25, a signal is applied by way of terminal 34 to
      turn off transistors TR5 and TR6 thereby to de-energise solenoid 24.
PAR  It will be appreciated that the energisation of one solenoid and the
      attendant de-energisation of another solenoid occurs very quickly and as a
      result fairly quick selection of the new gear ratio is obtained. The speed
      of selection of the new gear ratio will inevitably produce a jerk in the
      transmission of the vehicle which will be detrimental to the vehicle and
      its transmission. In some instances the jerk will be minimised by slipping
      of the brake of the newly selected gear, and this of course whilst
      minimising the jerk imposed on the transmission will result in wear of the
      brake which will need to be replaced at fairly frequent intervals. In
      order to overcome this objection means is provided firstly for delaying
      the energisation of the newly selected solenoid, and secondly for
      adjusting the engine speed during the period when the gear box has no gear
      ratios selected.
PAR  FIG. 4 shows a circuit for attachment to the circuit shown in FIG. 3, and
      which provides the required delay in energisation of the solenoid which is
      controlled by the circuit of FIG. 3. It will be understood that there is a
      circuit of the type shown in FIG. 3 associated with each of the control
      networks 19, 20, 21 and 22. It will be noted that various points in the
      circuit of FIG. 3 are connected to a group of terminals referenced 1-7 at
      the right hand side of the drawing. Furthermore, it will be noted that the
      circuit shown in FIG. 4 also is provided with some of these reference
      numerals to indicate the points of connection.
PAR  Considering the circuit of FIG. 4 in detail, there is provided an NPN
      transistor TR9 having its emitter connected to terminal 2 and its
      collector connected to terminal 1 by way of resistor R21A. The base of
      transistor TR9 is connected to a point intermediate resistors R19 and R20,
      resistor R20 being connected to terminal 2, and resistor R19 being
      connected to terminal 3. Also provided is an NPN transistor TR10 having
      its emitter connected to terminal 2, and its collector connected to
      terminal 1 by way of resistor R23. The base of transistor TR10 is
      connected to the cathode of a diode D9, the anode of which is connected by
      way of a resistor R22, to terminal 1. Moreover, the anode of diode D9 is
      connected by way of capacitor C3 to the collector of transistor TR9. The
      collector of transistor TR10 is also connected to terminal 2 by way of
      resistors R24 and R25 in series, and a point intermediate these resistors
      is connected to the base of an NPN transistor TR11, the emitter of which
      is connected to terminal 2, and the collector of which is connected to
      terminal 4.
PAR  In operation, below the road speed at which solenoid 24 is energised,
      transistor TR4 is on so that transistor TR9 is held off, and transistor
      TR10 is therefore conducting and holds transistor TR11 off. As the road
      speed increases and transistor TR4 is turned off, transistor TR9 will be
      turned on. The effect of turning transistor TR9 on is effectively to
      connect one side of the capacitor C3 to line 2, and this turns transistor
      TR10 off in turn turning transistor TR11 on, and thereby preventing
      conduction of the Darlington pair of transistor TR5 and TR6, so that
      energisation of the solenoid 24 does not occur. It will be appreciated,
      however, that capacitor C3 gradually charges by way of resistor R22, and a
      point will be reached at which transistor TR10 will turn on, thereby
      turning transistor TR11 off and allowing conduction of the Darlington pair
      TR5 and TR6 so as to permit energisation of the solenoid 24. It will
      therefore be seen that a delay is obtained in the energisation of the
      solenoid 24 following switching of transistor TR4.
PAR  The circuit of FIG. 5 provides a control signal to the fuel control system
      16b the latter being described presently, and provides for adjustment in
      the setting of the fuel pump, and therefore the speed of the engine, when
      a change in ratio of the gear box is obtained which results in a lower
      engine speed. Referring now to FIG. 5, there is provided an NPN transistor
      TR12 having its emitter connected to terminal 2 and its collector
      connected to terminal 1 by way of resistor R27. The base of transistor
      TR12 is connected to the cathode of a diode D10, the anode of which is
      connected to terminal 1 by way of resistor R26, and also to one plate of a
      capacitor C4, the other plate of which is connected to terminal 5. The
      collector of transistor TR12 is connected by way of a resistor R30 to the
      base of an NPN transistor TR13 having its emitter connected to terminal 2
      and its collector connected to terminal 1 by way of resistor R28.
PAR  In addition, the collector of transistor TR13 is connected to the cathode
      of a diode D11, the anode of which is connected by way of resistor R31 to
      the base of a PNP transistor TR15, the collector of which is connected to
      terminal 2. Moreover, connected between the base of transistor TR15 and
      its collector is a capacitor C5. The base of transistor TR15 is also
      connected by way of resistors R32 and R33 in series, with a positive
      supply line which may be the supply rail 31 or alternatively, can be a
      positive supply rail of the fuel control system. In addition, the base of
      transistor TR15 is connected to the anode of one of a pair of diodes D12
      connected in series, the cathode of the other diode being connected to a
      positive supply rail which may be a supply rail of the fuel control system
      and having a potential preferably midway between the potential of the
      supply rails 30, 31.
PAR  It will be noted that the circuit of FIG. 5 is divided by a pair of dotted
      lines. The portion of the circuit to the right of the dotted lines is
      common to all the actuator networks, whereas that to the left of the
      circuit is individual to each actuator network. In use, assuming that the
      road speed is below the speed at which a change is required, transistor
      TR3 will be off so that the potential at terminal 5 will be substantially
      equal to the potential at terminal 1. Transistor TR12 will therefore be
      conducting and this will hold transistor TR13 off, so that the potential
      of its collector will be substantially equal to that of the supply rail
      31. In this event, the potential of the base of transistor TR15 will be
      slightly higher than the potential of the mid-supply rail, and transistor
      TR15 will be in a non-conducting state.
PAR  When the vehicle speed increases, transistor TR3 is turned on and this has
      the effect of connecting terminal 5 to terminal 2 so that transistor TR12
      will be turned off for a short period, and this in turn will cause
      transistor TR13 to be turned on, thereby bringing its collector potential
      down to approach that of the supply rail 30. When this occurs, the base
      potential of transistor TR15 will be reduced and conduction of the
      transistor will occur. After a predetermined time, capacitor C4 will
      charge through resistor R26, so that transistor TR12 will again be turned
      on, and transistor TR13 will be turned off. When this occurs, capacitor C5
      will gradually charge and in so doing the conduction of transistor TR15
      will gradually decrease until a point is reached at which it is turned off
      completely. It will be seen, therefore, that a control signal will be
      supplied to the fuel control system, the signal rapidly increasing when a
      gear change is signalled and the signal gradually decreasing after a
      pre-determined time. The signal is arranged to effect a rapid reduction in
      the fuel supplied to the engine followed by a gradual increase in the fuel
      supply.
PAR  With reference now to FIG. 6, the engine 10, fuel pump 15 and
      electro-mechanical actuator 16a have already been discussed. The actuator
      is connected to the control rod 35 of the pump, and the fuel control
      system 16b includes three transducers 36, 37 and 38. The transducer 36
      produces an output in the form of a voltage which is shown in FIG. 7, the
      magnitude of the voltage being dependent on the rotational speed of the
      engine. The transducer 37 produces an output voltage as shown in FIG. 9,
      the voltage being dependent on the rate of supply of fuel to the engine,
      that is to say the pump output. For this purpose the transducer 37
      conveniently senses the position of the control rod 35. The transducer 38
      produces a voltage representing demand, and typically the transducer 38 is
      controlled by the accelerator pedal of the vehicle which is driven by the
      engine. In the particular example being described, the governor is an all
      speed governor so that the output from the transducer 38 is a voltage
      representing demanded engine speed. The form of voltage is shown in FIG.
      8, and it should be noted that the slope of this output is opposite to the
      slopes of the outputs from the transducers 36, 37.
PAR  The outputs from the transducers 36, 37 and 38 are applied by way of
      resistors 36a, 37a and 38a, which convert the signals to current signals,
      to the inverting terminal of an operational amplifier 39 connected as a
      summing amplifier. Moreover, the output from transducer 37 is connected
      through a resistor 37b to the inverting terminal of a further operational
      amplifier 40, also connected as a summing amplifier. The amplifiers 39, 40
      are powered from positive and negative supply terminals 41, 42 and have
      their non-inverting terminals applied to a terminal 43 which is at a
      reference potential intermediate (preferably midway) the potentials of the
      terminals 41 and 42. The output from the amplifier 39 is passed through a
      diode 44 to a drive circuit 45 which incorporates a power amplifier and
      which serves to control the electro-mechanical actuator 16a. Similarly,
      the output terminal of the operational amplifier 40 is connected by way of
      a diode 46 to the drive circuit 45. The diodes 44, 46 together constitute
      a discriminator which ensures that only the amplifier 39, 40 which is
      producing the more positive output is coupled to the drive circuit 45 at
      any given instant. Thus, if the amplifier 39 is producing the more
      positive output then the diode 46 is reverse biased and if the amplifier
      40 is producing the more positive output, the diode 44 is reverse biased.
      Feedback resistors 47, 48 are associated with the amplifiers 39, 40
      respectively, and it will be noted that the feedback circuit for each
      amplifier is taken from the input terminal of the drive circuit 45. By
      virture of this arrangement the effect of the forward voltage drop across
      the diodes 44, 46 is reduced by a factor dependent upon the amplifier open
      loop gain, so that the effect of variation of this parameter with
      temperature is rendered negligible. Also there is a very sharp changeover
      from control by one amplifier to control by the other amplifier.
PAR  The base operation of the circuit shown in FIG. 6 will be described firstly
      ignoring the input to the inverting terminal of the amplifier 39 from the
      transducer 37. The amplifier 39 receives a current input representing
      demanded speed, and also a current input representing actual speed. These
      inputs are of opposite polarity as seen in FIGS. 7 and 8, and if the
      actual is less than the demanded speed, then the amplifier 39 produces an
      output which is fed to the drive circuit 45, and causes the pump output to
      increase so that the engine speed increases. As the demanded and actual
      signals approach one another, the output from the amplifier 39 becomes
      such that the drive circuit 25 produces just sufficient current to
      maintain the control rod 35 in the position it has assumed. This
      explanation, however, ignores the input from the transducer 37 and this
      modifies the operation to provide the required engine characteristics. It
      will be seen that by virtue of the input from the transducer 37, the
      amplifier 39 will in fact compare the demanded speed and the actual speed,
      and change the rate of supply of fuel until these two parameters have a
      relative value which is determined by the pump output.
PAR  The amplifier 40 receives a signal by way of the resistor 37b representing
      pump output, and also receives a reference current from a reference
      current source 49. If the pump output exceeds a predetermined value then
      the amplifier 40 produces a positive output which is more positive than
      the output of the amplifier 39 so that the diode 44 ceases to conduct as
      previously explained, and the output from the amplifier 40 provides the
      signal to the drive circuit 45. It should be noted that a larger positive
      output from the amplifier 40 than from the amplifier 39, is in fact a
      demand for less fuel, that is to say inversion occurs between the
      amplifiers and the pump. When the amplifier 40 is producing an output, the
      system operates in the same way as when the amplifier 39 is producing an
      output, to reduce the output of the amplifier 40 to a value such that the
      output from the drive circuit 45 keeps the control rod 35 in the position
      it has assumed. The system will stay in this condition until the amplifier
      39 demands less fuel than the maximum set by the amplifier 40. When the
      amplifier 39 demands less fuel, it produces a greater positive output than
      the amplifier 40, and so takes over the supply of the control signal to
      the drive circuit 45.
PAR  FIG. 10 shows the interconnection between the circuits of FIG. 5 and FIG.
      6. In FIG. 10 there is shown the three supply rails 41, 42 and 43 of the
      electronic governor. The potential of rail 43 is midway between that of
      rails 41 and 42 and rail 43 is connected to the non-inverting input of the
      amplifier 40. The collector of the transistor TR15 is connected to supply
      rail 42 and the emitter to the inverting input of the amplifier by way of
      resistor 53 and the effect of this is that the current supplied to the
      inverting input is varied depending on the potential at the base of
      transistor TR15. In practical terms, when transistor TR15 is turned on
      during a gear change, the effect is that the amplifier 40 produces a
      larger positive output than the amplifier 39, and a reduction in the
      quantity of fuel supplied to the engine occurs so that the engine speed
      rapidly falls. As previously mentioned, transistors TR15 gradually ceases
      to conduct so that the fuel supply to the engine is gradually increased
      when the ratio change has been effected.
PAR  Whilst the above described circuits operate satisfactorily it has been
      found that the reduction of fuel supply to the engine can occur very
      quickly and in some instances the engine responds so quickly to the
      reduced fuel supply that a snatch occurs before the gearbox has had time
      to disengage the previously engaged ratio.
PAR  In order to overcome this problem the portion of the circuit of FIG. 5 to
      the right and including diode D11 may be replaced by the circuit shown in
      FIG. 11. In this circuit a diode D13 having its cathode connected to the
      collector of transistor TR13, has its anode connected through a resistor
      54 to the junction of a resistor 55 and a capacitor C6. The other end of
      resistor 55 is connected to supply line 41 whilst the other end of the
      capacitor is connected to supply line 42. Moreover, the junction between
      the capacitor C6 and resistor 55 is connected to the cathode of a diode
      D14 the anode of which is connected by way of a resistor 56 to the
      inverting input of the amplifier 40.
PAR  In operation, transistor TR13 is off prior to a gear change selection and
      therefore capacitor C6 is charged substantially to the potential
      differences between the supply rails 41 and 42. When a gear change is
      initiated transistor TR13 conducts and the capacitor starts to discharge
      through diode D13 and resistor 54. The potential of the junction of
      resistor 55 and capacitor C6 therefore falls and no current flow occurs in
      the resistor 56 until diode D14 conducts and the current flowing in the
      summing junction gradually changes with the result that there is first a
      delay and then a gradual adjustment in the setting of the control rod of
      the injection pump in the direction to reduce the quantity of fuel
      supplied to the engine. When transistor TR13 ceases to conduct the
      capacitor starts to charge again through resistor 55 and the control rod
      of the pump is gradually moved to increase the amount of fuel supplied to
      the engine.
PAR  An alternative to the circuit shown in FIG. 11 is shown in FIG. 12. The
      circuit of FIG. 12 has its input and output connected to the same points
      as the circuit of FIG. 11. Referring to FIG. 12 there is provided an n-p-n
      transistor TR16 having its base connected to a point intermediate
      resistors 57, 58 which are respectively connected to supply rails 41, 42.
      The emitter is connected by way of a resistor 59 having an adjustable
      portion to the anode of a diode D15 whose cathode is connected to the
      collector of transistor TR13. The collector is connected to supply rail 43
      by way of a pair of diodes D16 connected in series.
PAR  Also provided is a p-n-p transistor TR17 the base of which is connected to
      the junction of a pair of resistors 60, 61 which in turn are connected to
      supply rails 41, 42 respectively. The emitter of transistor TR17 is
      connected by way of an adjustable resistor combination 62 to supply rail
      41. The collector of transistor TR17 is connected to the collector of
      transistor TR16 and to supply rail 42 by way of a capacitor C7. Moreover,
      the collector of transistor TR17 is connected to the base of a p-n-p
      transistor TR18 having its collector connected to supply rail 42 and its
      emitter by way of resistor 63 to the inverting input of amplifier 40.
PAR  In operation, assuming that transistor TR13 is non-conducting, transistor
      TR16 will also be in a non-conducting state and capacitor C7 will be
      charged to a voltage lying between the voltages on supply rails 41, 42.
      The transistor TR17 acts as a constant current source, the magnitude of
      the current being determined by the resistor 62. The voltage to which it
      is charged above the voltage of the supply rail 43 is determined by the
      volt drop across the diode D16. When transistor TR13 conducts, transistor
      TR16 is also rendered conductive and the capacitor is discharged gradually
      through transistor TR16 resistor combination 59, diode D15 and transistor
      TR13. The falling capacitor voltage, through transistor TR18, effects
      variation in the current flowing in the summing junction of the amplifier
      40 and produces a similar effect so far as the control rod is concerned as
      the circuit of FIG. 11, but with different values for the delay and the
      rate of fuelling change. When transistor TR13 ceases to conduct the
      capacitor is charged through transistor TR17 the charging current being
      adjustable by means of the resistor combination 62. This enables the rate
      of restoration of the fuel supply to the engine following a gear change to
      be set by the resistor combination 62.
PAR  In some instances the gearbox when engagement of a ratio is effected from
      neutral, may impose an additional and appreciable drag load upon the
      engine. Manual selection may be effected by closure of the switch
      constituted by the control circuit 33. If the engine is idling the
      additional load may be sufficient to upset the idling and possibly even
      stall the engine. In order to overcome this difficulty it is proposed to
      sense the engagement of a gear ratio and adjust the idling fuel supplied
      to the engine. The circuit shown in FIG. 13 is provided for this purpose.
PAR  With reference to FIG. 13 an n-p-n transistor TR19 is provided having its
      base and emitter connected to supply line 41 by way of resistors 63, 64
      respectively and the collector connected to supply line 42 by way of
      resistors 65, 66 in series. Resistor 66 is connected to supply line 42 and
      in parallel with the resistor is a capacitor C8. Moreover, the point
      intermediate resistors 65, 66 is connected to supply line 41 by way of
      resistor 67 and the base of transistor TR19 is connected to supply line 42
      by way of capacitor C9. The base of the transistor is also connected to
      one end of a resistor 68 the other end of which is connected to supply
      line 41 by way of resistor 69, the junction of these two resistors being
      connected to the anodes of diodes D17. The cathodes of the diodes D17 are
      connected respectively to the collectors respectively of transistors TR6
      which form part of the circuits of FIG. 3.
PAR  When any of the solenoids 23 to 26 is energised capacitor C9 is discharged
      through resistor 68 the respective diode D17 and the base emitter path of
      the respective transistor TR6. The rate of discharge depends upon the
      value of resistor 68. At some point transistor TR19 will conduct thereby
      raising its collector potential and thereby effecting adjustment of the
      voltage across the capacitor C8. The capacitor voltage is used to vary the
      current produced by a current source 70 which feeds into the inverting
      input of the amplifier 39. In this manner the idling setting of the
      control rod is adjusted when a gear ratio is selected and in the event
      that the gearbox is placed in neutral the reverse occurs. Capacitor C8 is
      an optional feature and is used to control the rate of change of the
      signal to the current source 70. Resistors 64, 65, and 67 determine the
      idling speed of the engine when any one of the solenoids 23-26 is
      energised.
PAR  The circuit which is shown in FIG. 15 is an alternative circuit to the
      common portion of the circuit which is shown in FIG. 5.
PAR  Referring to FIG. 15, transistor TR13 is indicated as a switch 81. One
      terminal of the switch is connected to the supply line 42 whilst the other
      terminal of the switch is connected to one end of a resistor 82, the other
      end of which is connected to the cathode of a diode D19. The anode of the
      diode D19 is connected by way of a resistor 83 to the supply line 41.
      Moreover, a point intermediate the resistor 83 and the diode D19 is
      directly connected to the end of the resistor 82 which is connected to the
      switch.
PAR  Also provided is a pnp transistor TR25 having its base connected to the
      cathode of diode D19 and its collector connected by way of a resistor 84
      to supply line 42. The emitter of transistor TR25 is connected by way of a
      resistor 85 to a point intermediate a pair of resistors 86, 87 which form
      part of a potentiometer chain including a resistor 88, connected between
      supply lines 41 and 43. Moreover, a point intermediate resistors 87 and 88
      is connected by way of a diode D20 to the base of transistor TR25, and the
      base of transistor TR25 is connected to one plate of a capacitor C13, the
      other plate of which is connected to the supply line 43.
PAR  There is additionally provided an npn transistor TR26 having its base
      connected to the collector of transistor TR25 and its emitter connected to
      supply line 42. The collector of transistor TR26 is connected to supply
      line 41 by way of a resistor 89 and to the anode of a diode D21. The
      cathode of diode D21 is connected to one plate of a capacitor C14, the
      other plate of which is connected to the supply line 42. Moreover, a point
      intermediate the diode D21 and the capacitor C14 is connected by way of a
      resistor 90 to the collector of the transistor TR26.
PAR  A point intermediate the diode D21 and the capacitor C14 is connected to
      the base of an npn transistor TR27 having its emitter connected by way of
      resistor 91 to the supply line 42 and its collector connected to the
      supply line 43. The emitter of transistor TR27 is connected to the base of
      a p-n-p transistor TR28 the latter having its collector connected to
      supply line 42. Moreover, diodes D22 and D23 have their cathode and anode
      respectively connected to a point intermediate the capacitor C14 and the
      diode D21. The anode of diode D22 is connected to a point intermediate a
      pair of resistors 92, 93 which constitute a voltage divider chain between
      the supply lines 43 and 42. In addition, the cathode of diode D23 is
      connected to a point intermediate resistors 94 and 95 also constituting a
      divider chain between the supply lines 43 and 42.
PAR  Transistor TR28 is the equivalent of transistor TR15 and is conected in the
      same manner as is shown in FIG. 10.
PAR  In operation, switch 81 is effectively open until a signal is given to
      effect a change of ratio. Prior to closure of switch 81, capacitor C13 is
      charged substantially to the potential difference between the supply lines
      41 and 43. Moreover, transistors TR25, TR26 and TR28 are in the
      non-conducting state whilst transistor TR27 is conducting. Moreover,
      capacitor C14 is charged to a level which is determined by the voltage
      drop across the diode D23 and the voltage intermediate the resistors 94
      and 95.
PAR  When switch 81 is effectively closed, capacitor C13 is discharged by way of
      resistor 82 and at a rate which depends upon the time constant of resistor
      82 and capacitor C13. After a predetermined time, transistor TR25 starts
      to conduct and transistor TR26 is turned on to discharge capacitor C14 by
      way of resistor 90. The rate of discharge is determined by the time
      constant of these two components. As capacitor C14 discharges, transistor
      TR27 acts as an emitter follower and transistor TR28 is rendered
      conductive. This state of affairs continues until switch 81 is effectively
      opened. When this occurs capacitor C13 starts to charge by way of resistor
      83 and a point is reached at which transistor TR25 is turned off thereby
      also turning off transistor TR26. Capacitor C14 then is charged through
      resistor 89 and as the voltage across capacitor C14 increases, transistor
      TR27 acts as an emitter follower to increase the voltage across resistor
      91 which in turn gradually turns transistor TR28 off. The effect of the
      circuit shown in FIG. 15 is that when switch 81 closes, there is a slight
      delay before the reduction of fuel occurs. Moreover, the reduction of fuel
      takes place gradually and this is followed by a period of low fuelling
      during which disengagement of one ratio occurs. When switch 81 is opened a
      further delay occurs before the fuel increases, and this is to allow time
      for the new ratio to be engaged. After this the amount of fuel supplied to
      the engine is gradually increased.
PAR  In the foregoing description the generator 18 which provides an output
      voltage which is substantially proportional to the speed at which the
      vehicle is driven, may be replaced by the circuit which is shown in FIG.
      14 and which includes a pick-up coil positioned adjacent a toothed wheel.
      The output signal obtained from the pick-up coil is an a.c. signal the
      frequency of which varies with the speed at which the wheel is driven.
PAR  As shown in FIG. 14 the pick-up coil is referenced 70 and one end of the
      coil is connected to line 30. The other end of the coil is connected by
      way of capacitor C10 to the base of n-p-n transistor TR20. The base of
      transistor TR20 is also connected to one end of a resistor 71 the other
      end of which is connected to the collector of n-p-n transistor TR21 and to
      line 31 by way of resistor 72. The emitter of transistor TR21 is connected
      to line 30 by way of resistor 73. The base of transistor TR21 is connected
      to terminal 74 the purpose of which is to be described.
PAR  Transistor TR20 has its collector connected to line 31 by way of resistor
      75 and its emitter connected to line 30 by way of resistor 76 which also
      is connected to the emitter of an n-p-n transistor TR22. The collector and
      base of transistor TR22 are connected to line 31 by way of resistors 77
      and 78 respectively and the base is connected to the collector of
      transistor TR20 by way of capacitor C11.
PAR  Also provided is a transformer 79 the ends of the primary winding of which
      are connected to line 31 and the collector of an n-p-n transistor TR23
      respectively. The base of transistor TR23 is connected to the collector of
      transistor TR22 and the emitter of transistor TR23 is connected to line
      30. One end of the secondary winding of the transformer is connected to
      line 30 and the other end is connected to the anode of Zener diode 80 and
      the emitter of n-p-n transistor TR24 the base of which is connected to the
      cathode of the Zener diode. The collector of the transistor is connected
      to the cathode of a diode D18 the anode of which is connected to one plate
      of a capacitor C12 the other plate of which is connected to line 30. The
      output is taken from a point intermediate the capacitor C12 and the diode
      D18 the output being connected to terminal 7 of the circuit of FIG. 3.
PAR  In use, transistor TR20 and TR22 and associated components act as a
      monostable pulse generator which is triggered by pulses from the coil 70.
      The secondary winding of the transformer is connected to a constant
      current charging circuit for the capacitor C12 and therefore the voltage
      across the capacitor is dependent upon the frequency of the input signal
      derived from the coil 70.
PAR  The time constant of the monostable pulse generator depends upon the
      potential at the junction of resistors 71 and 72 and this may be varied by
      allowing current flow in the transistor TR21. This is achieved by
      supplying an input control signal to terminal 74. This input control
      signal may be obtained from a suitable point in the fuel control system so
      that the transmission speed control signal at terminal 7 may therefore be
      modified in accordance with a desired or actual engine operating
      condition. Means not shown is provided to ensure that the potential at the
      collector of TR21 does not fall to a value which would prevent operation
      of the mono-stable pulse generator.
PAR  In a further modification not shown the speed signal required for the
      control of the networks 19, 20, 21, 22 is derived from the engine speed
      transducer 38. The signal produced by the transducer is modified by a
      series of potential dividers controlled by the networks so that the
      outputs of the networks is representative of gearbox output shaft speed.
      In this arrangement provision may be made for compensation for torque
      convertor/fluid coupling slip.
CLMS
STM  We claim:
NUM  1.
PAR  1. A control system for a vehicle, the vehicle including an engine which is
      coupled through a multi-ratio gear box to the transmission of the vehicle,
      ratio engaging means for selecting the gear ratios of the gear box
      respectively, the engine have a fuel system including a pump, the control
      system including control networks associated with the ratio engaging means
      respectively, means responsive to the speed of the vehicle for supplying a
      vehicle speed signal to the control networks, said networks being arranged
      to effect a change in the selected ratio of the gear box as the vehicle
      speed increases, the control system also including an electronic fuel
      control system for adjusting the quantity of fuel supplied to the engine
      by the pump in accordance with an engine parameter and a desired operating
      condition, the control system also including first electrical circuit
      means responsive to a change in the state of a component in one of the
      control networks as occurs when the particular network is effecting
      engagement of a new ratio, said first electrical circuit means effective a
      temporary change in a control signal of the electronic fuel control system
      to produce a temporary reduction in the quantity of fuel supplied to the
      engine, a temporary reduction in the quantity of fuel supplied to the
      engine, said first electrical means including means for delaying the
      temporary change in the control signal of the electronic fuel control
      system and further means for causing a gradual change in said control
      signal whereby the quantity of fuel supplied to the engine is gradually
      reduced, second electrical circuit means associated with said control
      networks respectively for delaying engagement of the new ratio, and said
      first electrical circuit means being divided into first and second
      portions, there being as many of said first portions as there are control
      networks and there being provided a single second portion, each of said
      first portions providing a control pulse of a predetermined time duration
      for said second portion when the associated control network is effecting
      engagement of its associated gear ratio.
NUM  2.
PAR  2. A control system as claimed in claim 1 in which at the end of the
      control pulse in which the means for delaying the temporary change in said
      control signal and the means for causing a gradual change in said control
      signal act to delay the reversion of the control signal and to effect
      gradual reversion of the control signal respectively to its original state
      prior to the change in gear ratio.
NUM  3.
PAR  3. A control system as claimed in claim 2 including third circuit means for
      varying a further control signal of the electronic fuel control system,
      said further control signal when a ratio of the gear box is selected
      effecting a change in the amount of fuel supplied to the engine for idling
      purposes as compared with the situation when no ratio is selected.
NUM  4.
PAR  4. A control system for a vehicle the vehicle including an engine which is
      coupled through a multi-ratio gear box to the transmission of the vehicle,
      ratio engaging means for selecting the gear ratios of the gear box
      respectively, the engine have a fuel system including a pump, the control
      system including control networks associated with the ratio engaging means
      respectively, means responsive to the speed of the vehicle for supplying a
      vehicle speed signal to the control networks, said networks being arranged
      to effect a change in the selected ratio of the gear box as the vehicle
      speed increases, the control system also including an electronic fuel
      control system for adjusting the quantity of fuel supplied to the engine
      by the pump in accordance with an engine parameter and a desired operating
      condition, the control system also including first electrical circuit
      means responsive to a change in the state of a component in one of the
      control networks as occurs when the particular network is effecting
      engagement of a new ratio, said first electrical circuit means effecting a
      temporary change in a control signal of the electronic fuel control system
      to produce a temporary reduction in the quantity of fuel supplied to the
      engine, the control system including further circuit means for varying a
      further control signal of the electronic fuel control system, said further
      control signal when a ratio of the gear box is selected effecting a change
      in the amount of fuel supplied to the engine for idling purposes as
      compared with the situation when no ratio is selected.
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ABST
PAL  An adjustable ratchet wrench adapted for one-hand manipulation in
      originally engaging an element to be turned, and subsequently effecting a
      ratchet action in turning the element wherein the jaws of the wrench are
      caused to grip the element when the wrench is swung in a first direction
      and release the element when the wrench is swung in the opposite
      direction. The mechanism for adjusting the jaws is further arranged to
      prevent overtightening of the jaws which could otherwise prevent the
      desired ratcheting action in the subsequent turning of the element. The
      jaw adjusting mechanism includes a ratchet and manual operating structure
      permitting free movement of the jaws to the element-engaging disposition
      and subsequent releasable locking of the jaws in such disposition to
      provide the improved ratcheting action in turning the element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ratchet wrenches and in particular to adjustable
      ratchet wrenches.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In U.S. Pat. No. 2,800,045, of Morley Mann, owned by the assignee hereof, a
      wrench having pivotable and relatively adjustable jaws is disclosed for
      use in turning polygonal work elements, such as nuts. The wrench is
      provided with a knurled element which is manipulated to vary the size of
      the work-receiving gap formed by the inner and outer jaws of the wrench to
      accommodate the wrench to different size nuts. The jaws are pivotally
      mounted to swing between an open position wherein the nut may be brought
      laterally about the nut to be turned and a closed position wherein the
      jaws engage the nut for subsequent turning of the nut in a ratchet-type
      operation wherein the jaws grip the nut when the wrench handle is swung in
      a first direction and slip over the nut when the wrench handle is swung in
      the opposite direction.
PAR  Spring means are provided to bias the jaws both to the open arrangement and
      the closed nut-engaging arrangement so that in the ratcheting action, the
      jaws are repeatedly brought into the nut-engaging disposition for
      incremental turning of the nut.
PAR  The wrench is further adapted for use with pipe elements in a modified form
      wherein the jaws are provided with serrated work-engaging surfaces.
PAR  Additional U.S. Letters Patent which are pertinent to such wrench
      structures are those of Quinley, U.S. Pat No. 915,699; Sibbald, U.S. Pat.
      No. 1,386,136; Logan, U.S. Pat. No. 1,573,722; and Mann U.S. Pat. No.
      2,708,384.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends a ratchet wrench providing further
      improved functioning in facilitating the turning of the work element.
PAR  In the illustrated embodiment, the jaws of the wrench are arranged to be
      widely spaced to permit engagement of the work element therebetween by an
      improved movable arrangement of the outer jaw. Thus, in the illustrated
      embodiment, the outer jaw is pivotally mounted to a carrier which, in
      turn, is movably mounted to the handle to permit selective spacing of the
      outer jaw from the inner jaw. The carrier is biased to a position of
      maximum spacing between the jaws by a suitable spring. The carrier is
      releasably locked in any one of a plurality of adjusting positions by a
      manually releasable ratchet means. In the illustrated embodiment, the
      ratchet means includes a ratchet wheel rotatably carried on the handle and
      having teeth engageable with ratchet teeth on the carrier for locking the
      carrier in the different preselected positions. The ratchet wheel is
      biased by a suitable spring to effect the locking operation and manual
      operating means are provided for releasing the engagement between the
      ratchet wheel teeth and the carrier teeth to permit free movement of the
      carrier relative to the handle when desired.
PAR  Movement of the carrier in opposition to the spring biasing means is
      effected by engagement by the user's thumb with a suitable manipulating
      portion of the carrier. In the illustrated embodiment, the manipulating
      portion comprises a separate thumbpiece pivotally mounted to the handle
      and articulated to the carrier for effecting the manual movement thereof.
PAR  The invention comprehends an improved arrangement of the wrench structure
      which automatically assures proper engagement of the wrench jaws with the
      work element to provide the desired ratcheting action upon subsequent
      reciprocable swinging of the wrench handle. More specifically, the inner
      jaw and handle are provided with cooperating stop means for limiting the
      pivotal movement of the inner jaw on the handle to a preselected maximum
      pivotal position. The inner jaw is brought to this maximum position by a
      corresponding inward manipulation of the carrier by the user. The pivoting
      of the inner jaw is effected by the urging of the outer jaw into a
      slightly overtightened condition. The ratchet means for controlling the
      carrier position permits the carrier then to move outwardly a preselected
      small amount to reposition the jaws substantially in the unpivoted
      position for subsequent ratchet operation in turning of the work element.
      The location of the stop means is correlated with the pitch and depth of
      the ratchet teeth to effect this desired repositioning automatically over
      the entire range of sizes of accommodated workpieces between the maximum
      and minimum corresponding to the maximum spaced and minimum spaced
      dispositions of the jaws.
PAR  The adjustable ratchet wrench of the present invention is extremely simple
      and economical of construction while yet providing the highly desirable
      features discussed above.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a side elevation of an adjustable ratchet wrench embodying the
      invention;
PAR  FIG. 2 is a top plan view thereof;
PAR  FIG. 3 is a fragmentary longitudinal section taken substantially along the
      line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary section taken substantially along the line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a fragmentary section taken substantially along the line 5--5 of
      FIG. 3;
PAR  FIG. 6 is a fragmentary transverse section taken substantially along the
      line 6--6 of FIG. 3;
PAR  FIG. 7 is a fragmentary longitudinal section similar to that of FIG. 3 but
      with the jaws arranged in the initial work element-engaging disposition;
      and
PAR  FIG. 8 is a fragmentary side elevation illustrating a modified form of jaws
      for use therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing,
      an adjustable ratchet wrench generally designated 10 is shown to comprise
      a handle 11 having a manual gripping portion 12 and a jaw mounting portion
      13. The wrench is adapted for use in turning work elements, such as nut
      14, with a ratchet-type action and is provided with improved means
      generally designated 15 for mounting an outer jaw 16 and an inner jaw 17
      to the handle 11 suitably to effect such turning. As will be obvious to
      those skilled in the art, the jaws may be provided alternatively with
      serrated surfaces 18 for use in turning a pipe element or the like, as
      shown in FIG. 8. Any suitable work engaging configuration of the jaws may
      be utilized within the scope of the invention.
PAR  In providing the ratchet-type turning of the work element, the jaws are
      carried by mounting means 15 to grip the work element therebetween as an
      incident of the handle 11 being swung in a gripping direction (which, in
      the illustrated embodiment of FIG. 3, would be in a clockwise direction
      about the work element 14) and to release the work element therebetween as
      an incident of the handle being reversely swung. Thus, during each
      incremental gripping and release of the work element, the work element may
      be turned to be engaged by the jaws on the repositioned flatted surface to
      effect the successive incremental ratchet-type turning of the work
      element. This ratchet-type action is effected by the pivotal mounting of
      the inner jaw 17 on a suitable pivot 19 to the handle portion 13 and the
      pivotal mounting of the outer jaw 16 by a suitable pivot 20 to a carrier
      21 longitudinally slidably received in a bore 22 of the handle portion 13,
      as shown in FIGS. 3 and 7. The jaws are biased to the work gripping
      position of FIG. 3 by a suitable coil spring 23 having one end 23a secured
      to jaw 16 and the opposite end 23b abutting a retaining surface 24 of the
      carrier 21. As shown in FIG. 2, outer jaw 16 includes a bifurcated inner
      end 25 which straddles an outwardly extending projection 26 on carrier 21.
PAR  The axes of pivots 19 and 20 are disposed in spaced parallel relationship
      so that rearward, or inner, movement of the pivot pin 20 from the position
      of FIG. 3 to the position of FIG. 7 causes the jaws 16 and 17 to pivot in
      a clockwise direction whereby a small amount of over-travel of the carrier
      inwardly in adjusting the jaws to the workpiece is provided. The maximum
      amount of such over-travel, however, is limited by a stop means generally
      designated 27 including a stop shoulder 28 on jaw 17 and a complementary
      stop shoulder 29 on handle portion 13.
PAR  Inward movement (to the right as seen in FIGS. 3 and 4) of the carrier is
      effected by manipulation of a thumbpiece 30 having a connecting portion 31
      pivotally mounted to handle 11 on a pivot pin 32. The thumbpiece includes
      a connecting pin 33 received in a slot 34 in the inner end 35 of the
      carrier 21 whereby clockwise rotation of the thumbpiece effects a
      righthand movement of the carrier as illustrated in FIG. 7. The carrier is
      biased outwardly (leftwardly as seen in FIG. 7) by a coil spring 36
      received in an inwardly opening longitudinal recess 37 in carrier 21 and
      compressed against a retainer pin 38 carried by the handle and projecting
      into recess 37 through a suitable slot 39. Thus, upon release of the
      thumbpiece 30, spring 36 urges the carrier 21 outwardly to the position of
      FIG. 3, and concurrently swings the jaws 16 and 17 into an aligned
      relationship of the longitudinal extent of handle 11.
PAR  The outward movement of the carrier is controlled by a ratchet control
      generally designated 40. In the illustrated embodiment, ratchet control 40
      includes a ratchet wheel 41 pivotally mounted to handle 11 on a pivot 42
      and having teeth 43 selectively engageable with complementary ratchet
      teeth 44 on the confronting lower surface of the carrier 21. Ratchet wheel
      41 is biased in a counterclockwise direction to urge teeth 43 into
      engagement with carrier teeth 44 by suitable biasing means generally
      designated 45 including a ball 46 engaging a chordal surface 47 on ratchet
      wheel 41 and a coil spring 48 compressed between ball 46 and an adjusting
      screw 49 threaded to the handle 11 in a recess 50 therein.
PAR  The pitch of the teeth 43 and 44 and the depth of the teeth 43 and 44 are
      preselected so as to permit pivotal movement of jaw 17 back from the
      stopped disposition of FIG. 7 to the jaw-aligned disposition of FIG. 3
      before the carrier is locked by the interengagement between teeth 43 and
      44 resulting from a slight outward movement of the carrier from the
      position of FIG. 7 to the position of FIG. 3.
PAR  With the spacing of the jaws thusly maintained by the locking of the
      carrier in the adjusted preselected position determined by the locking
      engagement between the ratchet wheel 41 and ratchet teeth 44, the
      subsequent sequential downward and upward swinging of the handle 11
      effects a ratcheting action in turning the work element 14 wherein the
      jaws 16 and 17 slide over the work element surfaces by pivoting to a
      slightly separated position from the work gripping position of FIG. 3
      during the upward work-element releasing movement of the handle. The
      incremental turning of the work element may be continued as desired and
      upon completion thereof, the wrench may be disengaged from the work
      element by suitable release of the ratchet locking means 40. For this
      purpose, a manual release button 51 is provided on the side of handle
      portion 13 and connected to the ratchet pivot 42 as shown in FIG. 5, to
      permit reverse, or clockwise, rotation of the ratchet wheel 41 suitably to
      disengage teeth 43 from teeth 44 and permit carrier spring 36 to space jaw
      16 outwardly suitably to release the jaws from the work element.
PAR  In the illustrated embodiment, the correlation of stop means 27 with the
      locking ratchet control 40 permits a locking of the carrier in all
      positions between the maximum and minimum spacing of jaws 16 and 17 so as
      to provide an infinitely universal adjustable ratchet wrench structure. As
      will be obvious to those skilled in the art, if less than a universal
      provision is desired, suitable repositioning of stop shoulder 29 or
      suitable alteration in the pitch or depth of the teeth 43 and 44 may be
      effected as desired.
PAR  In use, wrench 10 permits a facilitated engagement of the jaws 16 and 17
      with the work element permitting the engagement to be effected by only one
      hand of the user engaging the handle 11 with the jaws originally released
      to the maximum spaced condition whereby the workpiece may be brought into
      the space between the jaws by a simple downward movement of the jaws
      thereabout. Thumbpiece 30 is then urged rearwardly by the user pressing
      rearwardly thereagainst with his thumb while maintaining his grasp on
      handle 11 so as to bring the jaws to the slightly over-tightened condition
      of FIG. 7 which condition is automatically indicated to the user by the
      abutment of jaw 17 with stop shoulder 29. Release of the thumbpiece 30
      then automatically permits carrier spring 36 to reposition the carrier
      under the control of the ratchet cam structure 40 a small amount whereby
      the jaws are brought substantially back to the aligned position of FIG. 3
      wherein a subsequent ratchet action turning of the work element may be
      effected by the sequential downward and upward swinging of handle 11.
PAR  The provision of the stop means 27 assures that the jaws 16 and 17 will not
      be swung to an over-adjusted position wherein they will not release the
      work element upon a reverse, or upward, swinging of the handle and, thus,
      assures that the desired automatic ratcheting action will be provided with
      the work element 14 comprising any one of an infinite plurality of
      different size work elements between the minimum and maximum sizes
      accommodated by the jaws.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an adjustable ratchet wrench having a handle, a first jaw, means for
      pivotally mounting said jaw to the handle, a second jaw, a carrier, means
      for pivotally mounting said second jaw to said carrier, means for movably
      mounting the carrier to the handle for variably spacing the second jaw
      relative to the first jaw permitting the jaws to be disposed in a gripping
      position wherein they grip therebetween an element to be turned as an
      incident of the handle being swung in a gripping direction and move in a
      release direction to a release position wherein they release the element
      therebetween as an incident of the handle being reversely swung thereby to
      provide a ratcheting of the element, the improvement comprising stop means
      on the handle for limiting pivotal jaw release movement of said first jaw
      to maintain the ratcheting arrangement of the jaws, said means for movably
      mounting the carrier to the handle comprising one-way ratchet means for
      adjustably spacing said second jaw relative to said first jaw in any one
      of a plurality of preselected discrete positions, and further including
      manually operable means for urging said second jaw to an element-engaging
      adjusted position in the direction of free movement of the ratchet means,
      whereby said ratchet means retains the said second jaw in the adjusted
      element-engaging position for selective gripping and release of the
      element as an incident of said swinging of the handle, manually operable
      release means for releasing the ratchet means to permit free adjustable
      increased spacing of said second jaw relative to the first jaw, and means
      biasing said second jaw toward a retracted maximumspaced position whereby
      said second jaw is moved to said retracted position upon release of the
      ratchet means.
NUM  2.
PAR  2. An adjustable ratchet wrench comprising: a handle; a pair of jaws; pivot
      means for individually movably mounting the jaws for movement to a
      gripping position wherein they grip therebetween an element to be turned
      as an incident of the handle being swung in a gripping direction and to a
      release position wherein they release the element therebetween as an
      incident of the handle being reversely swung thereby to provide a
      ratcheting of the element; means for adjusting the jaw spacing for
      gripping any one of a plurality of different size elements including a
      carrier movably mounted to said handle, a first one of said pivot means
      pivotally mounting one jaw to said carrier, and a second one of said pivot
      means pivotally mounting the other jaw to said handle; and means for
      selectively positioning said carrier in any one of a plurality of
      preselected discrete positions on said handle, said selectively
      positioning means comprising a lockable ratchet and manually operable
      means for selectively releasing the ratchet to permit free adjustable
      spacing of said one jaw relative to the other, said positioning means
      further including resilient means biasing said carrier to provide maximum
      spacing of said jaws when said ratchet is released.
NUM  3.
PAR  3. The adjustable ratchet wrench of claim 2 further including manually
      operable means for moving the carrier to a selected gripping position
      against the action of said biasing means, said ratchet releasably locking
      the carrier in said selected position.
NUM  4.
PAR  4. In an adjustable ratchet wrench having a handle, a first jaw, means for
      pivotally mounting said jaw to the handle, a second jaw, a carrier, means
      for pivotally mounting said second jaw to said carrier, means for movably
      mounting the carrier to the handle for variably spacing the second jaw
      relative to the first jaw permitting the jaws to be disposed in a gripping
      position wherein they grip therebetween an element to be turned as an
      incident of the handle being swung in a gripping direction and move in a
      release direction to a release position wherein they release the element
      therebetween as an incident of the handle being reversely swung thereby to
      provide a ratcheting of the element, the improvement comprising stop means
      on the handle for limiting pivotal jaw release movement of said first jaw
      to maintain the ratcheting arrangement of the jaws, said means for movably
      mounting the carrier to the handle comprising a lockable ratchet and
      manually operable means for selectively releasing the ratchet to permit
      free adjustable spacing of said second jaw relative to the first jaw, said
      ratchet comprising ratchet teeth on said carrier, a ratchet wheel
      pivotally carried on the handle and having teeth engageable with said
      carrier ratchet teeth, resilient means biasing the ratchet wheel in a
      first direction to engage the teeth thereof with said carrier ratchet
      teeth and lock the carrier against movement on said handle, said manually
      operable releasing means comprising means for manually pivoting said
      ratchet wheel to disengage said ratchet wheel teeth from said carrier
      ratchet teeth.
NUM  5.
PAR  5. In an adjustable ratchet wrench having a handle, a first jaw, means for
      pivotally mounting said jaw to the handle, a second jaw, a carrier, means
      for pivotally mounting said second jaw to said carrier, means for movably
      mounting the carrier to the handle for variably spacing the second jaw
      relative to the first jaw permitting the jaws to be disposed in a gripping
      position wherein they grip therebetween an element to be turned as an
      incident of the handle being swung in a gripping direction and move in a
      release direction to a release position wherein they release the element
      therebetween as an incident of the handle being reversely swung thereby to
      provide a ratcheting of the element, the improvement comprising stop means
      on the handle for limiting pivotal jaw release movement of said first jaw
      to maintain the ratcheting arrangement of the jaws, said selectively
      positioning means for movably mounting the carrier to the handle
      comprising a lockable ratchet and manually operable means for selectively
      releasing the ratchet to permit free adjustable spacing of said second jaw
      relative to the first jaw, said positioning means further including
      resilient means biasing said carrier to provide maximum spacing of said
      jaws when said ratchet is released, and manually operable means for moving
      the carrier to a selected gripping position against the action of said
      biasing means, said ratchet releasably locking the carrier in said
      selected position.
NUM  6.
PAR  6. In an adjustable ratchet wrench having a handle, a first jaw, means for
      pivotally mounting said jaw to the handle, a second jaw, a carrier, means
      for pivotally mounting said second jaw to said carrier, means for movably
      mounting the carrier to the handle for variably spacing the second jaw
      relative to the first jaw permitting the jaws to be disposed in a gripping
      position wherein they grip therebetween an element to be turned as an
      incident of the handle being swung in a gripping direction and move in a
      release direction to a release position wherein they release the element
      therebetween as an incident of the handle being reversely swung thereby to
      provide a ratcheting of the element, the improvement comprising stop means
      on the handle for limiting pivotal jaw release movement of said first jaw
      to maintain the ratcheting arrangement of the jaws, said means for movably
      mounting the carrier to the handle comprising ratchet means for adjustably
      spacing said second jaw relative to said first jaw in any one of a
      plurality of preselected discrete positions, said ratchet means comprising
      ratchet teeth on said carrier, a ratchet wheel pivotally carried on the
      handle and having teeth engageable with said carrier ratchet teeth,
      resilient means biasing the ratchet wheel in a first direction to engage
      the teeth thereof with said carrier ratchet teeth and lock the carrier
      against movement on said handle, said manually operable releasing means
      comprising means for manually pivoting said ratchet wheel to disengage
      said ratchet wheel teeth from said carrier ratchet teeth, the depth of
      said teeth being preselected to permit rotation of the ratchet wheel
      sufficient to swing the teeth thereon at least one full pitch.
NUM  7.
PAR  7. In an adjustable ratchet wrench having a handle, a first jaw, means for
      pivotally mounting said jaw to the handle, a second jaw, a carrier, means
      for pivotally mounting said second jaw to said carrier, means for movably
      mounting the carrier to the handle for variably spacing the second jaw
      relative to the first jaw permitting the jaws to be disposed in a gripping
      position wherein they grip therebetween an element to be turned as an
      incident of the handle being swung in a gripping direction and move in a
      release direction to a release position wherein they release the element
      therebetween as an incident of the handle being reversely swung thereby to
      provide a ratcheting of the element, the improvement comprising stop means
      on the handle for limiting pivotal jaw release movement of said first jaw
      to maintain the ratcheting arrangement of the jaws, said means for movably
      mounting the carrier to the handle comprising ratchet means for adjustably
      spacing said second jaw relative to said first jaw in any one of a
      plurality of preselected discrete positions, said ratchet means comprising
      ratchet teeth on said carrier, a ratchet wheel pivotally carried on the
      handle and having teeth engageable with said carrier ratchet teeth,
      resilient means biasing the ratchet wheel in a first direction to engage
      the teeth thereof with said carrier ratchet teeth and lock the carrier
      against movement on said handle, said manually operable releasing means
      comprising means for manually pivoting said ratchet wheel to disengage
      said ratchet wheel teeth from said carrier ratchet teeth, the depth of
      said teeth being preselected to permit rotation of the ratchet wheel
      sufficient to swing the teeth thereon at least one full pitch, the maximum
      pivoting of said second jaw permitted by said stop means corresponding to
      the movement of said carrier permitted by movement of the ratchet wheel
      teeth fully into the carrier ratchet plus one full pitch of said teeth.
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ABST
PAL  Method and apparatus for the removal of tobacco cuttings in the wrapper
      cutting portion of a cigar making machine in which a hollow, rotatable die
      turret having a pair of hollow die units on its upper surface, air
      openings at its lower surface and passageways from such openings to the
      interior of the units, is rotatably mounted on a stationary support having
      a pair of air chambers therein with openings in the upper wall thereof
      which permit air to flow into or out of the turret passageways through the
      openings at its lower surface at various portions of the cycle of rotation
      of the turret. Each die unit has holes around the periphery of the cutting
      edge which extend into the die unit interior. One of the chambers is kept
      continuously under vacuum so that during part of the rotation of the
      turret, air is drawn through the die unit holes to maintain a strip of
      tobacco on top of a die unit. The other chamber successively is a vacuum
      chamber, contains air under pressure or contains air at atmospheric
      pressure, a cycle which repeats. After the strip is cut and the cut strip
      is removed, the turret rotates and the other chamber which then contains
      air under pressure is connected through the turret to the interior of the
      die unit from which the cut strip was removed thereby causing air to flow
      out of the die unit holes and causing any tobacco cuttings to be
      dislodged. As the cuttings are dislodged, they are removed by a nozzle
      connected to vacuum means.
BSUM
PAR  This invention relates to the manufacture of cigars and cigar-like products
      and particularly, to methods and apparatus for the cutting of cigar
      wrappers and the removal of surplus wrapper cuttings.
PAR  Automatic cigar wrapping machines are well-known in the art and usually
      comprise means for die cutting the wrapper, means for feeding the wrapper
      material to the die cutting means and means for transferring the cut
      wrapper to paste applying means and then to apparatus for wrapping the cut
      wrapper around a cigar bunch. Examples of such machines and mechanisms
      thereof are set forth in U.S. Pat. Nos. 811,108; 2,451,920; 2,960,898 and
      3,139,091, and in the patents referred to therein. Another well-known type
      of cigar wrapping machine which is in use in the field is the Model 2-90
      machine manufactured by AMF Incorporated, White Plains, N.Y., and the
      invention is particularly useful in connection with such machine.
PAR  The wrapper material may be specially selected natural tobacco leaf or may
      be a reconstituted tobacco sheet which is a thin, paper-like material
      formed from finely divided tobacco, binders, flavorings, etc. Such sheet
      may be uncoated or may be coated to improve its moisture retarding and
      resisting properties. As used hereinafter, the expression "a strip of
      tobacco" includes a strip of natural leaf or a strip of such sheet.
PAR  In machines of the type identified hereinbefore, the wrapper material is
      held against the cutting die during the cutting step by vacuum means, and
      after the cut wrapper has been removed from the cutting die, the cutting
      die is moved to a new position. As the cutting die is moved, it passes a
      vacuum nozzle which removes wrapper cuttings adjacent the die cutting
      edges. However, it has been found that the cuttings are not always removed
      satisfactorily, particularly when reconstituted tobacco sheet is used as
      the wrapper material. This appears to be due to the smoothness of the
      reconstituted sheet and its tendency to become sticky by absorption of
      moisture which causes the cuttings to stick to the die shell around the
      cutting edges. Accumulation of the cuttings interferes with the vacuum
      holding means and also decreases the height of the cutting edges above the
      surrounding surfaces, thereby interfering with proper cutting of the
      wrapper material. When the cuttings accumulate, it is necessary to stop
      the machine for manual removal of the cuttings, which is undesirable.
PAR  From experiments which I have conducted, I have discovered that the
      problems encountered with the tendency of the wrapper cuttings to stick to
      the die shell may be substantially eliminated by subjecting such cuttings
      to air under pressure on the surface thereof which normally engages the
      surface of the shell, such air under pressure lifting the cuttings from
      the shell surface so that they may be readily removed by vacuum means. In
      accordance with the preferred embodiment of the invention, such air under
      pressure is directed on the cuttings through the holes in the die shell
      normally connected to vacuum means for holding the wrapper material
      against the cutting edge of the die, and the production of a vacuum and
      the supply of air under pressure is controlled by control means in a way
      such that the production of a vacuum is maintained until the wrapper
      material has been cut and the cut wrapper is transferred and, thereafter,
      air under pressure is supplied to the holes to dislodge the cuttings from
      the surface of the die shell.
PAR  In the preferred embodiment of the invention, a pair of similar die units,
      each comprising a re-entrant cutting edge of the desired cut wrapper shape
      surrounded by a hollow shell having a perforated upper portion adjacent
      and outside the cutting edge, the outer size of said shell portion
      corresponding to the outer size of the strip of tobacco to be cut, are
      mounted on a rotatable die turret of known type at positions 180.degree.
      from each other. The strip of tobacco to be cut is fed in a conventional
      manner to one of the dies on which it is held, at least in part, by
      suction applied through said perforations. The turret is then indexed
      through 180.degree. where the strip is pressed against the die cutting
      edge in a conventional manner, such as by pressure rollers, and is cut to
      the desired shape leaving surplus strip on said perforated upper portion
      of the die shell. The cut strip is then transferred in a known manner to
      further conventional processing apparatus, such as pasting and wrapper
      applying apparatus. After the cut strip is so transferred, the turret is
      again indexed through 180.degree.  and the die from which the cut strip
      was removed passes beneath a vacuum nozzle. Immediately before, or as, the
      turret is indexed, suction is removed from said perforations, and before
      and/or during the passage of the die beneath said vacuum nozzle, air under
      pressure is supplied to said perforations and directed thereby on the
      surfaces of the strip cuttings which engage said portion of the die shell
      causing the cuttings to be released and to be withdrawn by the vacuum
      nozzle. After said portion of the die shell passes from beneath the nozzle
      and at least by the time the die unit is in its original position and
      receives a new strip, suction is again applied to the perforations to hold
      the new strip on the die.
PAR  One object of the invention is to provide a method and apparatus for
      reliably removing tobacco cuttings from cutting die apparatus used in
      conjunction with cigar making machines.
PAR  Another object of the invention is apparatus for accomplishing the object
      set forth hereinbefore which can easily be installed with relatively few
      modifications on commercially used cutting die apparatus.
DRWD
PAR  The present invention will be better understood from the following detailed
      description of the preferred embodiment of the invention, which
      description should be considered in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a plan view of the die turret portion of wrapper cutting die
      apparatus incorporating the invention;
PAR  FIG. 2 is a side elevation view, partly in section, of the apparatus shown
      in FIG. 1;
PAR  FIG. 3 is a plan view of the lower portion of the apparatus shown in FIG. 2
      with the parts above the valving element removed;
PAR  FIG. 4 is a plan view similar to FIG. 3 but showing certain parts in
      different relative positions;
PAR  FIGS. 5 and 6 are enlarged, fragmentary, cross-sectional views of elements
      forming part of the embodiment shown in the preceding figures and are
      taken respectively along the section line 5--5 shown in FIG. 4 and the
      section line 6--6 shown in FIG. 3; and
PAR  FIG. 7 is a diagrammatic, plan view of apparatus employed with the
      embodiment shown in the preceding figures for the control of the supply of
      air under pressure to a die.
DETD
PAR  FIG. 1 represents a plan or top view of the die turret portion of cigar
      wrapper cutting apparatus similar to the die turret portion of wrapper
      cutting apparatus well-known in the art. The die turret illustrated may,
      for example, correspond to the die turret illustrated and described in
      U.S. Pat. No. 2,960,898 or may be the die turret portion of the Model 2-90
      cigar making machine manufactured by AMF Incorporated and identified
      hereinbefore.
PAR  The apparatus illustrated in FIG. 1 comprises a rotatable platform 1, a
      vacuum nozzle 2 and a pair of identical die units 3 and 4. In a manner
      known to those skilled in the art, such as, for example, the mechanisms in
      said U.S. Pat. No. 2,960,898, the platform 1 may be indexed around its
      axis 1a from the position shown through 180.degree. so that the positions
      of the die units 3 and 4 are interchanged. Thereafter, the platform 1 may
      be again indexed through 180.degree. until the die units 3 and 4 are in
      the positions shown in FIG. 1.
PAR  Each of the die units 3 and 4 comprises a hollow shell 5 and a cutting edge
      6 having a shape to which it is desired to cut a strip of tobacco and
      defining a space of said shape therewithin. A hollow core 7 is mounted in
      said space and is vertically movable in a manner known to those skilled in
      the art for the purpose of transferring a cut wrapper from the die unit to
      a transfer head (not shown), which transfers the cut wrappper to
      subsequent processing apparatus, such as pasting and wrapping apparatus.
      Each core 7 has a plurality of holes 8 therethrough for applying suction
      to the lower surface of a strip of tobacco on the die unit. It will be
      observed that each cutting edge 6 is re-entrant, and, although the shape
      of the cutting edge 6 illustrated represents one form employed in the art
      for producing a wrapper cut in a shape to be wrapped around a cigar bunch,
      it will be understood that other shapes may be employed.
PAR  The shell 5 of each die unit has an upper surface portion 9 (FIGS. 1 and 2)
      with an outer size corresponding to the outer size of the strip of tobacco
      to be cut, one such strip being indicated by the phantom lines 10. Such
      upper surface portion 9 has a plurality of holes 11 which extend from the
      upper surface of the portion 9 to the interior of the shell 5 for purposes
      hereinafter described. It will be noted that the portion 9 is outside of
      the cutting edge 6 and is adjacent and extends along portions of the
      cutting edge 6. Preferably, the size and number of holes 11 is such as to
      occupy between 20-30 percent of the area of the portion 9 outside the
      cutting edge 6.
PAR  The vacuum nozzle 2 forms part of the controlled vacuum means for removing
      the surplus portions of the strip of tobacco after it has been cut by the
      cutting edge 6. The vacuum nozzle 2 is connected to a valve controlled
      vacuum device (not shown) which is of a type well-known in the art.
PAR  With reference to FIG. 2, it will be observed that the shell 5 is hollow
      and abuts the die body 6a having the cutting edge 6, thereby providing an
      air chamber around the die body 6a, two portions of which being identified
      by the reference numerals 12 and 13. Each of said portions 12 and 13 is in
      air communication with a further air chamber 14 through a pair of openings
      15 and 16.
PAR  Each core 7 is mounted on a shaft 17 which extends through the chamber 14
      and carries a roller 18 at the lower end thereof which rides on a rail 19.
      The core 7, the shaft 17, the roller 18 and the rail 19 correspond
      respectively to the die block 280, the rod 282, the roller 283 and the
      track 284 shown in FIG. 15 and described in columns 9 and 10 of said U.S.
      Pat. No. 3,139,091 and, as described in U.S. Pat. No. 3,139,091, the shaft
      17, and hence the core 7 carried thereby, is raised above the cutting edge
      6 after the wrapper has been cut to transfer the cut wrapper to a transfer
      head. During such raising of the shaft 17 and the core 7, the cut wrapper
      is retained on the core 7 by means of suction applied to the cut wrapper
      through the holes 8 in the core 7. When the cut wrapper has been raised to
      the position in which the cut wrapper can be removed by the transfer head,
      suction on the cut wrapper through the holes 8 is discontinued and the
      core 7 is then lowered to the position shown in FIG. 2.
PAR  Referring again to FIG. 1, the strip of tobacco to be cut is supplied to
      the die unit which is in the position of the die unit 4 in any well-known
      manner, such as by means of the apparatus shown in said U.S. Pat. No.
      2,960,898. Thereafter, the platform 1 is rotated through 180.degree. as
      described hereinbefore until it is in the position of the die unit 3
      illustrated in FIG. 1. Of course, at the same time, the die unit 3 is
      moved to the position of the die unit 4 shown in FIG. 1.
PAR  When the strip of tobacco is first supplied to a die unit, suction is
      applied to the lower surface of the strip through the holes 11 and, if
      desired, through the holes 8, to retain the strip on the cutting edge 6.
      Said suction is maintained on the strip during the rotation of the
      platform 1 and during the time that the strip is cut to the desired shape.
PAR  When the die unit, either die unit 3 or die unit 4, carrying a strip of
      tobacco reaches the position of die unit 3 shown in FIG. 1, the strip of
      tobacco is pressed against the cutting edge 6, such as by the rollers 25
      shown in FIG. 3 in U.S. Pat. No. 3,171,311, or the rollers 224 which are
      shown in FIG. 2 and described in said U.S. Pat. No. 2,960,898, thereby
      causing the cutting of the central portion of the strip of tobacco into
      the shape of the cutting edge 6 and leaving surplus portions, known as
      cuttings, on the portion 9 of the shell 5. After the cut strip has been
      transferred and usually after rotation of the platform 1 commences,
      suction through the holes 11 is discontinued.
PAR  Let it be assumed that the strip of tobacco on the die unit 3 has been cut
      and that the cut wrapper has been transferred as described. Thereafter,
      indexing of the platform 1 through 180.degree. is commenced, and it will
      be noted that the die unit 3 will pass beneath the vacuum nozzle 2. As
      indexing of the platform 1 is commenced, or shortly thereafter, the vacuum
      means of which the nozzle 2 forms a part, is activated so that as the die
      unit 3 passes beneath the nozzle 2, cuttings on the portion 9 of the shell
      5 are drawn into the nozzle 2. However, as mentioned hereinbefore, the
      cuttings sometimes stick to the portion 9 and resist removal by means of
      the nozzle 2.
PAR  In accordance with the invention, removal of the cuttings from the portion
      9 is assured by supplying air under pressure, such as air at 25 p.s.i., or
      less, to said air chamber around the die body 6a (FIG. 2), and hence, to
      the interior of the shell 5, so as to apply air under pressure to the
      surface of the cuttings which engage the surface portion 9. Such air
      dislodges the cuttings from the surface portion 9 so that the cuttings are
      readily removed through the nozzle 2 as the die unit passes therebeneath.
      Air under pressure is supplied to said air chamber shortly after the
      indexing of the platform 1 commences and, preferably, is continued at
      least until the trailing edge of the portion 9 passes from under the
      nozzle 2.
PAR  The die turret comprises a stationary bracket 20 which rotatably receives a
      turret driving shaft 21 secured to a support 22 which is rotatable with
      the shaft 21 along with a baffle or valving element 23.
PAR  As illustrated in FIGS. 3-6, the stationary bracket 20 has openings 25, 26
      and 27 in the upper portion 20a thereof which extend from the interior of
      the bracket 20 to the lower surface of the baffle 23. As indicated in
      FIGS. 3 and 4, the interior of the bracket 20 is divided into a pair of
      chambers, a vacuum chamber 28 defined by the lower wall 28a, the upper
      wall 28b (FIG. 2) and the side walls 28c, 28d, 28e and 28f (FIG. 3) and a
      control chamber 29 defined by the lower wall 28a, the upper wall 28b (FIG.
      2) and the side walls 28c, 28d, 28e and 29f (FIG. 3). Air is continuously
      withdrawn from the chamber 28 through a duct 30 which is connected to any
      known type of vacuum device, the rate of withdrawal of air from the
      chamber 28 being sufficient to maintain the strip of tobacco on the die
      units without damaging such strip.
PAR  The control chamber 29 is similarly connected through an aperature 29b to a
      duct 31 which, when the shutter 32 between the duct 31 and the chamber 29
      is in its open position, withdraws air from the control chamber 29. The
      duct 31 may be connected to the same vacuum device as the duct 30. The
      shutter 32 is cam operated in a manner well-known in the art and is in its
      open position when the die unit which carries a strip of tobacco to be cut
      reaches the position shown in FIG. 1, to thereby draw air through the
      holes 8 in the core 7. However, the shutter 32 is in its closed position
      when the cut wrapper is being transferred from the core 7 to the transfer
      head, thereby discontinuing the suction on the cut wrapper and permitting
      it to be transferred to the transfer head. The shutter 32 remains in its
      closed position until a succeeding die unit is indexed substantially to
      the position of the die unit 3 shown in FIG. 1.
PAR  The air chamber 14 is subdivided by suitable partitions indicated by dotted
      lines 33 and 34 in FIG. 1 so that, when the platform 1 is in the position
      shown in FIGS. 1 and 2, the space 35 beneath the core 7 of the die unit 3
      has air communication through the opening 26 and a portion of the chamber
      14 with the control chamber 29, and air communication between the interior
      of the core 7 and the vacuum chamber 28 is cut off. At points intermediate
      the travel of the die unit from the position of the die unit 4 to the
      position of the die unit 3, the space 35 beneath the core 7 is in
      communication with the vacuum chamber 28. Thus, for example, in the
      position of the die unit 4 shown in FIG. 1, the core 7 of the die unit 4
      does not have air communication with either the vacuum chamber 28 or the
      control chamber 29. The core 7, at this point, is separated from other
      chambers by separate valving (not shown) which is operated by the machine
      cam means. However, as the platform 1 is rotated in the direction
      indicated by the arrow 37 shown in FIG. 1, air communication between the
      space 35 and the vacuum chamber 28 is established through the opening 36,
      a portion of the air chamber 14 and the opening 25. Such air communication
      continues until the die unit 4 is substantially at the position of the die
      unit 3 shown in FIG. 1, at which time air communication is established
      between the space 35 and the control chamber 29 through the opening 26.
      When the platform 1 is further rotated the air communication of the space
      35 with the control chamber 29 is eventually cut off. Then air
      communication with the chamber 28 is reestablished and thereafter, cut off
      when the die unit 4 reaches the position shown in FIG. 1. The core 7 of
      the die unit 3 is similarly connected with the chambers 28 and 29 as the
      platform 1 rotates. Such operation of the die turret and the
      interconnection of the core 7 with the vacuum chamber 28 and the control
      chamber 29, as well as the operation of the shutter 32, are well-known in
      the art and the mechanisms, etc. for accomplishing such operation are
      included in the Model 2-90 cigar wrapping machine identified hereinbefore.
PAR  The baffle or valving element 23 has a pair of openings 38 and 39 which
      control the air communication between the portions of the chamber 14 which
      connect to the interior of the shell 5 through the openings 15 and 16 and
      the vacuum chamber 28 and the control chamber 29. For simplicity in
      illustration, the corresponding openings in the element 23 for the
      connection of the cores 7 to the chambers 28 and 29 have been omitted in
      FIGS. 3 and 4. Thus, when the die units are in the positions shown in FIG.
      1, the interior of the shell 5 of the die unit 3 is connected to the
      vacuum chamber 28 through the opening 39, and the interior of the shell 5
      of the die unit 4 is connected to the vacuum chamber 28 through the
      opening 38. As the platform 1 is rotated in the direction of the arrow 37,
      i.e., toward the position shown in FIG. 4, the leading edge of the opening
      39 reaches the opening 26 in the bracket 20 so that there is air
      communication between the interior of the shell 5 of the die unit 3 and
      the control chamber 29. At this time, the shutter 32 has closed the
      aperture 29b, but air under pressure is supplied to the control chamber 29
      through the air line 40 and the outlet nozzle 41 when the trailing edge of
      the opening 39 overlaps the wall between the vacuum chamber 28 and the
      chamber 29. Accordingly, when air under pressure is supplied to the
      control chamber 29 and at least part of the opening 39 is aligned with the
      opening 26, air under pressure is supplied to the interior of the shell 5
      causing air to flow through the holes 11 in the surface portion 9, such
      air dislodging any scraps or cuttings which may be on the surface portion
      9. At the time that air under pressure is supplied to the chamber 29, the
      vacuum means of which the nozzle 2 forms a part is activated in a known
      manner causing the scraps dislodged from the surface portion 9 to be
      removed through the nozzle 2. The supply of air under pressure to the
      control chamber 29 and the withdrawl of cuttings through the nozzle 2
      continues until the platform 1 has rotated sufficiently to cause the
      trailing edge of the surface portion 9 to pass from underneath the nozzle
      2. At this time, the trailing edge of the opening 39 passes beyond the
      forward edge of the opening 26 cutting off the supply of air to the
      interior of the shell 5. The supply of air through the line 40 may also be
      terminated at this time. In the preferred embodiment of the invention, air
      under pressure is supplied to the interior of the shell 5 and the suction
      through the nozzle 2 is commenced when the platform 1 has rotated
      approximately 30.degree. in the direction of the arrow 37 from the
      position shown in FIG. 1 and continues until the platform 1 has rotated
      approximately 68.degree.-70.degree. from the position shown in FIG. 1.
PAR  The supply of air to the control chamber 29 through the line 40 may be
      controlled by the apparatus illustrated diagrammatically in FIG. 7. As
      shown in FIG. 7, a cam 45, which is driven in synchronism with, but at
      twice the speed of, the platform 1, has a projection 46 thereon which is
      engageable with the roller 47 on the arm 48 of an air valve 49. Air under
      pressure is supplied to the valve 49 through a line 50. The cam 45 is also
      positioned relative to the roller 47 so that the projection 46 opens the
      valve 49 when the platform 1 is rotated approximately 30.degree. from the
      position shown in FIG. 1. The circumferential length of the projection 46
      is such that the valve 49 is closed when the platform 1 has rotated
      approximately 68.degree.-70.degree. from the position shown in FIG. 1. Of
      course, it will be understood that the valve 49 is operated twice during
      each revolution of the platform 1 so that air under pressure will be
      supplied to the interior of the shell 5 of each of the die units 3 and 4,
      when such die unit is moved from the position of the die unit 3 shown in
      FIG. 1 toward the nozzle 2.
PAR  It is preferred to turn the supply of air to the control chamber 29 on and
      off by means such as a valve 49, because sealing of the baffle 23 with
      respect to the other parts is not as important. Of course, since the
      control chamber 29 has two functions in the embodiment shown, it is
      necessary to turn the supply of air under pressure on and off. However, if
      suction is applied to the cores 7 in another manner or is unnecessary,
      then, air under pressure may be supplied continuously to the control
      chamber 29 with the supply of air under pressure to the interior of the
      shell 5 being controlled by the openings 38 and 39 in the baffle 23.
PAR  Although a preferred embodiment of the present invention has been
      illustrated and described, it will be understood by those skilled in the
      art that various modifications may be made without departing from the
      principles of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a cigar machine comprising a die unit for cutting a strip of tobacco
      having a first surface and a second oppositely facing surface to the
      desired shape, said die unit having a cutting edge which conforms to said
      shape and defines a space of said shape therewithin and having a strip
      receiving surface in fixed relation to said die unit and adjacent at least
      a portion of said cutting edge at the side of the latter opposite from
      said space, and vacuum means connectable to said die unit for drawing said
      strip toward said receiving surface and said first surface of said strip
      against said cutting edge, the combination therewith of means for
      directing air under pressure to said receiving surface in a direction away
      from the latter and toward the portion of said first surface of said strip
      which faces said receiving surface, a source of air under pressure, and
      control means for selectively connecting said vacuum means to said die
      unit and said source to said air directing means whereby portions of said
      strip adjacent said receiving surface may be drawn theretoward when said
      vacuum means is connected to said die unit and may be repelled from said
      receiving surface when said source is connected to said air directing
      means.
NUM  2.
PAR  2. A cigar machine as set forth in claim 1, wherein said die unit comprises
      a shell at the outside of said cutting edge and the surface of a portion
      of said shell adjacent to said cutting edge is said receiving surface,
      wherein said portion of said shell has a plurality of apertures
      therethrough, said portion of said shell with said apertures forming said
      air directing means and wherein said control means comprises valve means
      for selectively connecting said source and said vacuum means to the
      interior of said shell.
NUM  3.
PAR  3. A cigar machine as set forth in claim 2, further comprising a platform
      rotatably mounted for rotation around a predetermined axis and having a
      surface substantially perpendicular to said axis and wherein said die unit
      is mounted on said platform at said surface and said valve means is
      drivingly interconnected with said platform for operation of said valve
      means in timed relation to the rotation of said platform.
NUM  4.
PAR  4. A cigar machine as set forth in claim 3, further comprising further
      vacuum means including a nozzle, said nozzle being mounted adjacent said
      surface of said platform for removing portions of said strip from said
      receiving surface.
NUM  5.
PAR  5. In a cigar machine comprising a die unit for cutting a strip of tobacco
      having a first surface and a second oppositely facing surface to the
      desired shape, said die unit having a cutting edge which conforms to said
      shape and defines a space of said shape therewithin and having a strip
      receiving surface in fixed relation to said die unit and adjacent at least
      a portion of said cutting edge at the side of the latter opposite from
      said space, said die unit having openings therethrough at said receiving
      surface for the passage of air, vacuum means for drawing air through said
      openings in a direction which causes said strip to be drawn toward said
      surface and said first surface of said strip against said cutting edge,
      and vacuum means adjacent said die for removing portions of said strip
      from said surface, the combination therewith of means for supplying air
      under pressure to said openings for flow therethrough in a direction
      opposite to said firstmentioned direction to thereby direct air on the
      portion of said first surface of said strip which faces said receiving
      surface, and control means for selectively controlling both said
      first-mentioned vacuum means and said air supplying means and for thereby
      controlling the direction of the flow of air through said openings,
      whereby portions of said strip may be drawn against said receiving surface
      when the air flow is in said first-mentioned direction and may be
      dislodged from said receiving surface when the air flow is in the opposite
      direction.
NUM  6.
PAR  6. In a cigar machine comprising a rotatable turret mounted on a stationary
      support having a plurality of walls and having a platform spaced from said
      support, a hollow die unit for cutting a strip of tobacco having a first
      surface and a second oppositely facing surface to the desired shape, said
      die unit being mounted on said platform and having a cutting edge which
      conforms to said shape and defines a space of said shape therewithin and
      having a strip receiving surface adjacent at least a portion of said
      cutting edge at the side of the latter opposite from said space, said die
      unit having openings therethrough at said receiving surface for the
      passage of air, vacuum means for drawing air through said openings in a
      direction which causes said strip to be drawn toward said surface and said
      first surface of said strip against said cutting edge, and vacuum means
      adjacent said die for removing portions of said strip from said surface,
      the combination therewith of means for supplying air under pressure to
      said openings for flow therethrough in a direction opposite to said
      first-mentioned direction to thereby direct air on the portion of the
      surface of said strip which faces said receiving surface, and control
      means for selectively controlling both said first-mentioned vacuum means
      and said air supplying means and for thereby controlling the direction of
      the flow of air through said openings, whereby portions of said strip may
      be drawn against said receiving surface when the air flow is in said
      first-mentioned direction and may be dislodged from said receiving surface
      when the air flow is in the opposite direction, said control means
      comprising a baffle with apertures therethrough intermediate said turret
      and said support and rotatable with said turret, said support having a
      wall adjacent said baffle and having apertures through said wall alignable
      at least in part with said apertures in said baffle upon rotation of said
      turret, said turret having at least one air passageway extending from an
      aperture in said baffle to the interior of said die and said walls of said
      support including said wall thereof forming at least one air chamber
      therein, said chamber forming part of said first-mentioned vacuum means.
NUM  7.
PAR  7. A cigar machine as set forth in claim 6, wherein said walls of said
      support form a pair of air chambers each having at least one of said wall
      apertures in the portion of said wall forming it, one of said chambers
      forming part of said first-mentioned vacuum means and the other of said
      chambers forming part of said air supplying means.
NUM  8.
PAR  8. A cigar machine as set forth in claim 7, wherein said control means
      comprises an air valve, an air line connecting said valve to said other
      chamber for delivering air under pressure from said valve into said other
      chamber and cam means operable in timed relation to the rotation of said
      turret for operating said valve when one of said apertures in said baffle
      is aligned at least in part with an aperture in the portion of said wall
      which forms part of said other chamber.
NUM  9.
PAR  9. The method of processing a strip of tobacco having a first surface and a
      second oppositely facing surface in a cigar machine which comprises a
      cutting die unit for cutting a strip of tobacco to the desired shape, said
      die unit being movable from a first position to a second position and
      having a cutting edge which conforms to said shape and defines a space of
      said shape therewithin and having a portion adjacent to said cutting edge
      at the side thereof opposite from said space, said portion having
      apertures extending therethrough, said method comprising placing a strip
      of tobacco larger than the area of said shape on said cutting edge with
      said first face of said strip facing said portion, maintaining said strip
      thereon by drawing air through said apertures in a first direction
      extending away from said first face, pressing said strip against said
      cutting edge with said die unit in said first position to cut a portion of
      said strip into said shape while leaving other portions thereof on said
      portion of said die unit, removing said cut portion of said strip from
      said die unit, moving said die unit away from said first position toward
      said second position, and after said die unit has been moved from said
      first position, passing air through said apertures in a second direction
      opposite to said first direction to dislodge said other portions of said
      strip from said portion of said die unit while removing said other
      portions by suction directed away from said portion of said die unit.
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ABST
PAL  A saw blade having one tooth tilting to the left, one tooth tilting to the
      right, and a third tooth straight, repeated throughout the saw blade. Tilt
      causes the set teeth to be shorter than the straight teeth which first
      contact and cut the foam and fiber glass strands. The cut strands are free
      to move away from the following raker teeth which remove additional foam,
      leaving the desired tufts.
BSUM
PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  Reinforced foam is used as insulation. Typically, several layers of
      reinforcing strands are spaced throughout the thickness of a layer of foam
      material such as polyethylene, for example. These layers extend throughout
      the length and width of the material. One or more layers are used,
      depending upon the thickness and strength desired. Other fibers are
      inserted through the thickness of the material and the fiber ends, if
      exposed and not embedded in the foam, may be bonded to the structure to be
      insulated by the foam. In another embodiment, randomly oriented fibers are
      dispersed throughout the foam material to give it body and strength. The
      fibers preferably are fiber glass although any fibrous material may be
      used, if desired.
PAR  After the foaming action has been completed and the material has
      time-cured, it must be cut into sections for handling, storing and
      subsequent use. This cutting is done with saws which cut through the foam
      and fiber alike, leaving a smooth cut surface. This presents a problem
      when adjacent slabs of insulation are to be bonded together because the
      fibers of one slab may not make contact with the fibers on the adjacent
      slab. Also, the fiber ends do not make as good a contact to the structural
      surface to which it is to be bonded as would a short length of fiber.
      Hence, it is desirable for the fiber ends to protrude somewhat from the
      foam surface so that the short exposed fiber ends may bend and flatten out
      against the surface to which the slab is to be bonded, whether it be an
      adjacent slab or the structural surface to be insulated.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with the present invention, slabs of reinforced foam
      insulation may be cut with the reinforcement fibers protruding from the
      cut surface of the foam. This may be done with a saw having teeth that cut
      through the foam and fiber glass strands plus a secondary removal of foam
      only, leaving strands or tufts protruding a specified distance from the
      cut foam surface.
PAR  In accomplishing the foregoing, the saw blade has teeth in a series of
      three. This series is repeated throughout the length of the blade. The
      first or leading tooth is straight and cuts both foam and fiber. The next
      tooth tilts to the left and the third tooth tilts to the right. These
      teeth, because of their tilt, are shorter than the straight ones which
      first cut the foam and fiber glass strands. The cut strands are free to
      move away from the following "raker" teeth which remove additional foam,
      leaving the desired tufts. The length of the tufts is a function of the
      amount of set in the raker teeth. However, longer exposed tufts can be
      obtained by making a second cut close to the face of the first cut at a
      relatively slow speed. The tufts bend rather than be cut while the
      additional foam is being cut away.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view showing the blade of a circular saw commencing its
      cut through reinforced insulation;
PAR  FIG. 2 is an enlarged partial plan view showing more clearly the blade
      cutting into the reinforced foam;
PAR  FIG. 3 is a plan view of an insulation material having been cut to provide
      for the extended exposed tufts;
PAR  FIG. 4 is a plan view showing the foam material being cut a second time to
      provide for longer tufts;
PAR  FIG. 5 shows the tufted end of an insulation material bonded to a
      structure; and
PAR  FIG. 6 shows two tufted end reinforced insulation pieces bonded together.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENT
PAR  Referring now to FIG. 1 there is shown a slab 10 of fiber glass reinforced
      foam insulation 12 in which the fiber glass strands 14 extend across a
      circular saw blade 16 which rotates about its axis 18. The teeth on saw
      blade 16 consists of sets of three types of teeth with the sets of teeth
      repeated throughout the cutting surface of the blade. Any number of teeth
      may be in each type in a set, although for clarity only one tooth is
      shown. A lead tooth 20, which is straight and in line with the plane of
      the blade, and left and right tilted follower teeth 22, 24, whose tips
      extend laterally from the plane of the blade to provide for a wider cut,
      make up a set of teeth. These follower teeth 22, 24 are known as raker
      teeth which, in the cutting of wood, for example, frees the cut area of
      chips and provides for a wider cut than the width of the saw blade so that
      the blade will not bind in the cut of the wood. However, in the cutting of
      reinforced foam insulation these raker teeth perform entirely different
      functions. The tilting of teeth 22 and 24 causes them to be shorter than
      straight tooth 20 which first contacts and cuts the foam 12 and fiber
      glass 14. The cut strands are free to bend from the raker teeth which
      remove additional foam, thereby producing desired tufts extending beyond
      the foam. While this embodiment utilizes a circular saw, a band saw or
      reciprocating saw may be used as effectively.
PAR  It can be seen in the enlarged partial view in FIG. 2 that blade 16 first
      cuts strands 14, thereby severing them at a point in alignment with the
      plane of blade 16. Shortly thereafter the tilted teeth 22 and 24 on each
      side pass through the material, removing additional foam along the sides
      to expose ends which had previously been cut.
PAR  In FIG. 3 there is shown the tufted ends 26 extending from the strands 14
      embedded in the insulation foam 12. With these ends exposed, the material
      is ready for subsequent bonding to other material or to a structure to be
      insulated.
PAR  In FIG. 4 there is shown a technique for obtaining longer ends when
      desired. The first cut exposing ends 26 is made at relatively high speed,
      on the order of 4300 rpm. It is preferable that the second cut adjacent
      the first should be at a lower speed, on the order of 700 rpm, to give the
      tufts 26 time to bend and flex with the teeth rather than have the teeth
      cut them. In this embodiment the ends 26 are on the order of one-eighth
      inch in length, whereas the tuft ends 28, lengthened by the second cut,
      may be on the order of three-eighths inch in length, if desired.
PAR  In FIG. 5 there is shown a plank 30 having reinforced fibers 14 embedded in
      foam 12 and having exposed fiber ends 26 bonded to a structural member 32.
      Any appropriate bonding material may be used for this purpose. It can
      readily be seen that the fiber ends 26 crumpled against the surface of
      structural member 32 have a greater contacting and bonding surface than if
      the fiber ends merely abutted the surface. Plank 30 is shown as having
      other fibers 34 extending vertically and other fibers 36 extending
      horizontally and normal to the fibers 14. This plank has been cut on all
      six sides in the manner just described so that each of the surfaces have
      exposed tufted ends 38, 40, 42, for subsequent bonding to other planks or
      a layer of foil, not shown.
PAR  FIG. 6 illustrates how the fiber ends 44 extending from insulation plank 46
      crumple against and become entwined with fiber ends 48 from insulation
      plank 50. Depending upon the density of the fibers in the planks and the
      length of their exposed ends, a very substantial number, if not all, of
      the fibers of one plank become bonded to the exposed fibers from the
      abutting plank, insuring bonding strength equal or greater than the planks
      themselves.
PAR  While certain exemplary embodiments of this invention have been described
      above and shown in the accompanying drawings, it is to be understood that
      such embodiments are merely illustrative of, and not restrictive on, the
      broad invention and that I do not desire to be limited in my invention to
      the specific constructions or arrangements shown and described, since
      various other obvious modifications may occur to persons having ordinary
      skill in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of cutting reinforced foam insulation comprising the steps of:
PA1  a. passing a cutting tool through the insulation first cutting across
      strands extending through said insulation; and
PA1  b. thereafter cutting the foam along a plane spaced from the cut ends of
      said strands and removing said foam adjacent thereto to thus expose the
      cut ends of said strands, said method being repeated until the cutting of
      the strands and foam has been completed whereby the plane of the tips of
      said ends is spaced from the plane of the cut surface of said insulation.
NUM  2.
PAR  2. A method of cutting reinforced foam insulation as in claim 1 wherein the
      cutting tool is passed through the insulation a second time close to the
      plane of the first cut surface to remove more insulation and thereby
      increase the length of the exposed strands.
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ABST
PAL  The invention concerns a method for the automatic cutting of fabrics and
      the like in a cutting plane according to a pattern template which contains
      the cutting information to be sensed by a sensing device in the form of a
      single, continuous, intersection-free line which is composed in stages of
      contour line parts of the pattern parts and of contour line parts of
      narrow bars which connect the pattern parts, the contour line parts of the
      pattern parts and the bars meeting together and forming sharp corners,
      with the help of a cutting device containing a knife, as well as a device
      for carrying out this process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Processes for automatically cutting are already known in connection with
      torch cutting machines as they are known, for example, in shipbuilding for
      the cutting of sheet metal, in which the combination of the individual
      cutting parts by bars serves first of all the purpose of holding the parts
      together during the cutting procedure and of avoiding inaccuracies in the
      cutting lines in the final separation thereof.
PAR  The process described above was, however, also used for the automatic
      cutting of fabrics, in which the bars served the primary purpose of
      obtaining a single, continuous, intersection-free line, since the known
      sensing devices were not suitable for sensing lines containing
      intersections.
PAR  In the known processes for the automatic cutting of fabrics, it proved to
      be disadvantageous that the bars between the individual pattern parts had
      to be cut off by hand after completion of the automatic cutting process,
      which meant an additional working step, in the course of which the danger
      arose that the individual fabric layers were displaced, so that often
      several cut parts were damaged in cutting through the bars.
PAC  SUMMARY OF THE INVENTION
PAR  Starting with this state of the art, the problem forming the basis of this
      invention lies in suggesting an improved process for the automatic cutting
      of textile materials, plastic foils, paper and the like, in which one can
      omit a special working step for cutting of the bars. In this connection,
      it is assumed that the cutting pattern template provides relatively narrow
      bars; in this connection it is worth mentioning that it is possible to
      decrease the width of the bars to approximately 1 mm.
PAR  The problem posed is solved by a process of the kind described above and is
      characterized by the feature that the cutting edge of the knife in the
      area of the sharp corners runs beyond the point corresponding to the
      breakpoint of the sensed line of the cutting plane at least to an extent
      corresponding to the width of the bar and then swings into the new cutting
      direction.
PAR  In carrying out the process according to the invention, by a suitable
      choice of the sensing device and the cutting apparatus, the movements of
      the cutting device are controlled in such a manner that the narrow bars
      between the individual pattern parts are already cut in the course of the
      automatic cutting either completely or at least so far that subsequently
      no separate cutting step by hand is any longer required.
PAR  It is understood that the expert has numerous possibilities at hand to
      suitably choose the time lag effect of the sensing device, the
      sluggishness of the engagement of the cutting device to the control
      signals of the sensing device, and further details for achievement of the
      desired result.
PAR  For carrying out the process according to the invention, a device has
      proved to be especially effective which is characterized by the feature
      that a cutting device is provided with a knife movable around a pivotal
      axis lying behind the cutting edge of the knife in the direction of
      cutting and running parallel to it; that the penetration point of the
      pivotal axis of the knife through the cutting plane always corresponds to
      the sensed point of the pattern template just effected by the control and
      that the tangential control of the cutting device works with the
      penetration point of the pivotal axis of the knife as the reference point.
PAR  The penetration point of the pivotal axis of the knife, therefore, always
      corresponds to the point just sensed with the control working without lag,
      while with a lag in the controls it corresponds to a previously sensed
      point, which, at this point in time, is utilized by the control to bring
      about corresponding movements of the sensing device.
PAR  It is understood that the process and the apparatus according to the
      invention for its use with the chosen form of the pattern template may be
      used independently of whether the line containing the cutting information
      is a more or less heavy line or a boundary edge between areas of different
      coloring, i.e. usually between dark and light areas. The formation of the
      cutting pattern template in its details solely determines the kind of
      sensing device to be used, i.e. it determines whether one works with a
      line or an edge sensor. Furthermore, it should be said that a line to be
      sensed need not be free of intersections, if the sensing takes place with
      two sensor elements and the lines cross vertically.
PAR  Further details and advantages of the invention are described in detail
      hereinbelow on the basis of the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which form part of the instant specification
      and which are to be read in conjunction therewith and in which like
      reference numerals are used to indicate like parts in the various views:
PAR  FIG. 1 shows a schematic, perspective overall view of an automatic cutting
      device for carrying out the process according to the invention.
PAR  FIGS. 2a and 2b show enlarged illustrations of the cutting knife and the
      arrangements of the cutting device associated therewith according to FIG.
      1.
PAR  FIGS. 3a and 3b show sections of the cutting pattern templates for carrying
      out the process according to the invention, wherein at the same time the
      essential parts of the sensing device and the direction of the same along
      the cutting pattern template are indicated.
PAR  FIGS. 4a and 4b show illustrations corresponding to the illustrations in
      FIGS. 3a and 3b in which at the same time the position of the knife of the
      cutting device at various characteristic points is indicated, as well as
      the direction of the knife; and
PAR  FIG. 5 shows a schematic representation of the sensing head and the control
      and driving mechanisms associated therewith.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The entire cutting apparatus illustrated in FIG. 1 is identified by the
      reference numeral 10. One can see that the cutting device 10 includes two
      sub-units, namely, a copier or sensing device 12, as well as a cutting
      device 14. The heart of the sensing device 12 is a photoelectric sensing
      head 16 with a control 18. The control 18 with the sensing head 16 is
      movable back and forth in X-direction along a crossbeam 20. The crossbeam
      20 on its part is carried by supports 22 with drive rails (not shown),
      which are movable in Y-direction along drive rails 24. The drive rails 24
      rest on wall-like foundations, or as shown in FIG. 1 on columns 26, which
      are fixed to the floor of a loft space or the like. A cutting pattern
      template 30 which is to be sensed by the photoelectric sensing head 16
      lies on a cutting pattern table 28 situated between the drive rails 24.
PAR  After starting the automatic cutting apparatus at the control panel 32, in
      which in the usual manner a number of control and supervising devices are
      combined to which no detailed reference is to be made in connection with
      the present invention, the sensing device 12 works in the following manner
      which is to be described in greater detail on the basis of FIG. 5 of the
      drawing.
PAR  The photoelectric sensing head 16 can be constructed in a manner similar to
      that described in U.S. Pat. No. 3,017,552 and as is indicated in the lower
      part of FIG. 5. As in known sensing devices, the sensing head 16 of the
      apparatus according to this invention is also provided with a control
      motor 32, with the help of which the sensing head 16 may always be
      oriented to the angular position .phi. (FIG. 1), in which the optical
      system is so designed that a reference line of the same runs tangentially
      to that part of the line of the cutting pattern template 30 which has just
      been sensed. The control motor 32 is controlled via an amplifier 34 by the
      output signals of the photoelectric sensing head 16. The turning movement
      of the sensing head 16 brought about by the control motor 32 is translated
      over toothed gears to a sine-cosine function transmitter 36. The function
      transmitter 36 on its part controls a motor 42 for the cross drive via
      amplifiers 38 and 40, i.e. for driving the sensing head 16 in X-direction
      along the carrier 20, as well as a motor 44 for driving the sensing head
      16 lengthwise, i.e. in Y-direction along the rails 24. As is plain from
      FIG. 5, the drive in X-direction takes place with the help of a pinion 48
      working together with a toothed rack 46, while the drive in Y-direction
      takes place with the aid of a drive wheel 50. In the drawing, a reduction
      gear, as well as a coupling, are indicated between the motors 42 and 44,
      respectively, and pinion 48 and wheel 50. Such arrangements are usual and
      will not be described in detail here.
PAR  When the sensing head 16 with the help of the described devices follows the
      line to be sensed of cutting pattern template 30, then there are produced
      corresponding movements of the cutting apparatus 14 which is located in
      FIG. 1 to the right of the sensing device 12. The cutting apparatus 14
      comprises a knife assembly 52, which is coupled through a swing shaft 54
      to a swing motor 56. The swing motor 56, together with the knife assembly
      52, is movable upwardly and downwardly in the Z-direction with the help of
      a motor 58. The motor 58 is fastened to a connecting rod 60 which, with
      the help of a swallow-tailed guide, is carried to the crossbeam 20, at the
      other end of which the control device 18 of the sensing device 12 is
      fixed. Below the knife assembly 52, there is a cutting table 62, on which
      there is arranged a fabric layer package 64 which is to be cut according
      to the cutting pattern template.
PAR  Automatic cutting machines with a sensing device and a cutting device, as
      described in the foregoing, are already essentially known to the expert,
      for example from the U.S. Pat. 3,017,552 and from U.S. patent application
      Ser. No. 298,350, now U.S. Pat. No. 3,845,942, in which the cutting
      apparatus, however, in both cases works with a gas cutting torch and not
      with a knife as is the case in the automatic cutting apparatus discussed
      here. Similar cutting mechanisms have already been proposed for the
      cutting of fabrics, paper strips, or the like. The last named cutting
      mechanisms work with rotating knives, with band-shaped revolving knives,
      and with oscillating knives.
PAR  As is plain in FIG. 2a of the drawings, the cutting apparatus 10 according
      to the invention works with a knife assembly 52 in which a knife 65 which
      is reinforced by a guide 66 is drivable by a motor 68 in a known manner in
      an oscillating movement or in a vertical reciprocating movement. The knife
      assembly 52 is swingable around the swing shaft 54, the pivotal axis of
      which is designated in the drawing with the reference numeral 72. The
      knife 65 has a cutting edge 70 which, in the cutting direction (Arrow A in
      FIG. 2a), lies in front of the pivotal axis 72 of the knife assembly 52,
      as this is made evident particularly in FIG. 2b.
PAR  Now when, during the operation of the cutting apparatus, the photoelectric
      sensing head 16 follows the line to be sensed of the cutting pattern
      template 30, then the cutting apparatus, especially the knife assembly 52
      carries out the same movement as the sensing head 16 on the basis of the
      mechanical connection between the sensing device 12 and the cutting device
      14 via the connecting rod 60 in the X-Y plane. In addition, the swing
      motor 56 in the well known manner receives control signals which
      correspond to the angular position of the sensing head 16 and carries out
      in accordance with these signals a corresponding swing motion of the knife
      assembly 52 around the swing shaft 54 or the pivotal axis 72. By the
      tangential control just described, the knife 65 normally runs through the
      fabric layer package 64 in such an angular position that the main surfaces
      of the knife 65 are tangential to the line to be cut.
PAR  Although in the cutting apparatus 10 according to the invention, the knife
      65, as in prior cutting mechanisms, is normally directed tangentially to
      the line to be cut as this was described above, conditions other than
      those in the usual cutting mechanisms result in cutting cutting-line parts
      which correspond to sharp angles in the cutting pattern template. On the
      basis of the fact that the angular position of the sensing head 16
      corresponds at every instant to the course of the line to be sensed in the
      area of the sensed point, as well as on the basis of the fact that the
      swing motor 56 synchronously brings the knife assembly 52 into the same
      angular position held by the sensing head 16, the cutting line in the
      fabric layer package 64 will only correspond exactly to the sensed line of
      the cutting pattern template 30 if the cutting edge 70 of the knife 65
      exactly coincides with the pivotal axis 72. Since, in this embodiment, the
      cutting edge 70 lies in front of the pivotal axis 72 when seen in the
      cutting direction, cutting edge 70 follows the tangential control with a
      certain time lag. This lag is not critical on straight or curved cutting
      line areas and does not in practice deleteriously affect the exactness of
      the cutting, since the cutting edge 70 still follows very exactly the very
      small curve radii of 2 to 3 mm in the cutting pattern template. Only with
      very sharp corners at which the change in direction takes place suddenly
      and without previous curving, does the prematureness of the cutting edge
      have an effect in contrast with the pivotal axis 72 which is utilized in
      the process according to the invention. For the more detailed description
      of the process according to the invention, one should first refer to FIGS.
      3a and 3b which illustrate templates 30 which were developed especially
      for the application of the process according to the invention.
PAR  FIG. 3a shows in detail a section of a template by which areas of pattern
      parts a and b are covered which in the usual manner are connected with
      each other by a bar c. Templates of the kind illustrated in FIG. 3a are
      sensed according to the process of the so-called line sensing which is
      also applied in the U.S. Pat. No. 3,017,552 mentioned earlier. In line
      sensing, the sensing head 16 senses the line, for example, starting at the
      illustrated position, in the direction of the arrows drawn in and thereby
      arrives first at a sharp corner 74, at which corner the line to be sensed
      which at first followed the contour line of the pattern part a, changes
      into the contour line of bar c. The sensing head 16 then continues to run
      along bar c until it reaches a rounded corner 76, at which the contour
      line of bar c turns into the contour line of pattern part b. The sensing
      head 16 then continues to follow the contour line of pattern part b and
      senses the continued line of the pattern template until in FIG. 3a coming
      from below and to the left to a sharp corner 78 at which corner the
      contour line of the pattern part b turns into the left contour line of bar
      c which again turns into a further sharp corner 80 in a contour line of
      the pattern part a. It will be noted that in the template 30 according to
      the invention all corners with the exception of the sharp corners 74, 78
      and 80 are formed as rounded corners, in connection with which in practice
      a curve radius of the rounded corners of approximately 1 to 2 mm has been
      found desirable, which suffices to avoid in the application of the basic
      thought of the invention an undesired cutting into the cutting parts, in
      connection with which such rounding off of the pattern corners also does
      not interfere.
PAR  In the use of a pattern template 30 as in FIG. 3a according to the process
      and apparatus of the invention illustrated in FIGS. 1, 2 and 5, the effect
      obtained is plain from FIG. 4a, that the cutting edge 70 of the knife 65
      first runs beyond the turning point of the sharp corner 74 by a distance
      that is approximately equal to the width of the bar, the width of which is
      selected to correspond to the distance between the cutting edge 70 and the
      pivotal axis 72. When the pivotal axis 72 of the knife 65 reaches the
      turning point of the sharp corner 74, the knife 65 swings about 90.degree.
      counter-clockwise and the knife edge then follows the right contour line
      of the bar c shown in FIG. 4a and finally rides through the rounded corner
      76 in the usual manner. When the knife 65 on its return coming from the
      left and below reaches the sharp corner 78, the cutting edge 70 of the
      knife 65 running beyond the turning point of this corner 78 cuts through
      the connection between the pattern part b and the lower end of the bar c,
      whereupon the knife again swings about 90.degree. and now follows the left
      contour line of the bar c shown in the drawing until the sharp corner 80
      is reached.
PAR  The corner 80 now again, like corner 76, can be formed as a rounded corner
      so that the contour line corresponding to the pattern template 30 of the
      pattern part a would be essentially maintained. As the drawing shows and
      as has already been said above, the corner 80, however, is formed as a
      sharp corner so that its turning point likewise is overrun by the cutting
      edge 70 of the knife 65. At the corner 80 also the cutting edge 70 of the
      knife 65 swings again into the contour line of the pattern part a only
      beyond the turning point. The knife 65, therefore, leaves a cut in the
      pattern part a in the area of the sharp corner 80. Such a cut may be very
      desirable, however, since it may represent a plain marking for the sewer
      in the later fabrication, which marking may, for example be matched with a
      corresponding marking of another pattern part. In this connection, it is
      naturally advantageous if in the design of the pattern template 30 one has
      a free hand concerning the position of the bars c.
PAR  On the other hand, small cuts of a depth of 2 to 3 mm on the edge of a
      pattern part represent no problem in practice, so that, departing from the
      embodiment here considered, all four corners 74 through 80 in the area of
      a bar c could be formed as sharp corners and so that possibly other inner
      corners of the pattern can be formed as sharp corners.
PAR  The FIGS. 3b and 4b of the drawings correspond to the FIGS. 3a and 4a of
      the drawings but are valid, however, for the sensing of the contour line
      between the light background material of a template 30 and the dark
      pattern parts a and b, as well as bars c. For the sake of clarity, the
      pattern template 30 according to FIG. 3b (just as this was the case in
      FIG. 4a) corresponds to FIG. 4b, which represents a schematic plane view
      of the cutting table 62 or of the fabric layer package 64, in connection
      with which the knife 65 and its guide 66 are shown directly over the
      fabric layer package 64. Accordingly, in FIGS. 3b and 4b all parts are
      again designated with the same reference numerals as in FIGS. 3a and 4a,
      with the single exception that, in place of the sensing head 16 indicated
      in FIG. 3a, a sensing head 16' is provided. The difference between the
      sensing heads 16 and 16'  will be discussed in greater detail below.
PAR  With the sensing head described in the U.S. Pat. No. 3,017,552, it is only
      possible to sense lines. This sensing head works with a single photocell,
      the desired high sensitivity being achieved with the help of a slightly
      tilted rotating mirror opposite the optical axis of the system. In place
      of such sensing heads with a single photocell, so-called differential
      photocells with two light-sensitive elements arranged apart from each
      other, as this is indicated in the sectional enlargement of FIG. 3a are
      now used. The space between the light-sensitive elements or the photocells
      of a differential photocell is less than the width of the line which in
      pattern templates according to FIG. 3a can be very small and, for example,
      may amount to only about 0.3 mm. The differential photocell is indicated
      in the sectional enlargement in FIG. 3a in its typical position in
      relation to the line to be sensed.
PAR  As the expert knows, differential photocells with two photocells of
      suitable polarity of those photocells can also be used for sensing the
      boundary line or the contour line between a dark pattern part and an
      adjoining light part of the basic material. The sensing of such light-dark
      boundary lines may also take place with photocells having only a single
      photocell, as indicated in FIG. 3b, in connection with which in principle
      a similar circuit may be used as described in the already cited U.S.
      Patent, provided that the control circuit connected with the photocell is
      suitably constructed.
PAR  Although the process of sensing edges or the sensing of a light-dark
      boundary line in connection with FIGS. 3b and 4b is described on the basis
      of pattern templates produced in a contrast process, it is to be
      understood that in selecting suitable sensing heads 16' and in the
      simultaneous selection of suitable line widths, a cutting pattern template
      according to FIG. 3a can be sensed in accordance with the process of edge
      sensing. Furthermore, it is to be understood that in the application of
      the process of edge sensing, the bar c in an extreme case may be formed of
      a single line which then, for example, can be 1 mm wide.
PAR  At this point, it should be emphasized that the FIGS. 4a and 4b are not
      true to scale and that the cross-section through the knife in comparison
      with the width of the bar is too small. With bar widths of 1 mm one can
      achieve the advantage that, if the knife 65 arrives for a second time at
      bar c, the cutting edge 70 when it swings will run into the first cut
      cutting line. If, according to FIG. 4a, the cutting line between the
      corners 74 and 76 is cut first, the knife 65 when it arrives at corner 78
      with the correspondingly narrow bar will swing into the cutting line
      displacing the fabric between corners 74 and 76, which cutting line is now
      run through in the opposite direction so that no bar at all can be formed.
PAR  From the foregoing description, it is clear that in the process according
      to the invention, it is of importance that the cutting edge 70 of the
      knife 65 in the area of sharp corners, for example in the area of corner
      74, runs deeper into the fabric than corresponds to the cutting pattern
      template 30. This overrunnning can be achieved by placing the pivotal axis
      72 of the knife behind the cutting edge 70. With this construction of the
      apparatus for carrying out the process according to the invention, the
      control can be so arranged that the knife assembly 52 will follow the
      swing movements of the sensing head 16 with practically no lag. (The
      slight lag always present in practice is generally counteracted by giving
      the optical system of the sensing head a certain lead effect by directing
      the optic of the sensing head not vertically downward but slightly tilted
      to the front, so that a point in the line is always sensed which only a
      short time later is directly under the sensing head. The same effect may
      also be achieved, however, if the swing movements of the knife assembly 52
      are purposely slightly slowed down in contrast with the swing movements of
      the sensing head 16 or 16'. In this case, the cutting edge 70 of the knife
      65 in the area of sharp corners will overrun the cutting line indicated by
      the cutting pattern template 30 even then when the cutting edge 70
      coincides with the pivotal axis 72 of the knife, i.e. when the knife is
      swung exactly around its cutting edge. Which of the two alternatives is
      more advantageous depends on the kind of sensing heads used and on the
      controls selected. Moreover, in deciding between the two alternatives, one
      must bear in mind the particular knives to be used and the particular
      materials to be cut according to what specific cutting pattern templates.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a process for automatically cutting fabric in a cutting plane by
      means of a knife having a cutting edge the movement of which is controlled
      by a sensor in accordance with a cutting pattern template containing the
      cutting information to be sensed in the form of a single continuous line
      made up of contour lines of pattern parts and contour line parts of small
      bars interconnecting the pattern parts and in which said contour lines and
      contour line parts run together to form sharp corners in said line, the
      step of running said cutting edge through at least one of said sharp
      corners for a distance substantially equal to the width of a bar following
      its approach to said one corner from one direction and before turning said
      edge to a new direction.
NUM  2.
PAR  2. Apparatus for automatically cutting fabric in a cutting plane in
      accordance with a cutting pattern template containing the cutting
      information in the form of a single continuous line made up of contour
      lines of pattern parts and contour lines of small bars inter-connecting
      the pattern parts and in which certain of the contour lines of the pattern
      parts and the contour lines of the bars run together to form sharp corners
      in said line including in combination, a knife having a cutting edge
      extending through said plane, means mounting said knife for movement in a
      direction to cut fabric in said cutting plane, said mounting means
      including means mounting said knife for swinging movement of said edge
      around a pivotal axis generally perpendicular to said plane and spaced
      behind said cutting edge with reference to said cutting direction, means
      for sensing said line on said template and means responsive to said
      sensing means for controlling the movement of cutting means around said
      axis while said cutting edge extends through said plane, the arrangement
      being such that the point of intersection of such axis with such cutting
      plane corresponds to the point on said line sensed by said sensing means
      and just being effective at said controlling means, said sensing means
      incorporating a tangential control, said tangential control using said
      point of intersection as the reference point.
NUM  3.
PAR  3. Apparatus as in claim 2 in which said means responsive to said sensing
      means provides movement of said knife around said axis which is
      substantially synchronous with movement of said sensing means.
NUM  4.
PAR  4. Apparatus as in claim 2 in which the spacing between said cutting edge
      and said axis is substantially equal to the width of a bar.
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ABST
PAL  An improved punch drive means and control means for a punch assembly
      adapted for preparation of flexible film products. The punch drive means
      includes a double acting cylinder with a piston and ram operatively
      associated therewith, and a film slug ejecting means is provided for
      utilization with the punch. The double acting cylinder for the punch drive
      means is provided with a control valve which receives compressed air from
      an air manifold for controlled actuation of the drive cylinder. The film
      slug ejecting means is provided with a separate control valve which is
      also coupled to the air manifold, and means are provided for controlling
      the delivery of compressed air from the manifold to the ejecting port
      located in the punch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an improved reciprocating
      punching mechanism, and more particularly to a high speed heavy duty
      reciprocating punch device especially adapted for use in connection with
      thin flexible film materials. The punching mechanism is adapted to handle
      multi-ply films wherein the cumulative thickness becomes substantial. The
      punch apparatus includes relatively movable punch and die assemblies, the
      punch assembly having a cutter adapted to pass through the surface of the
      film at the point of the die so as to form openings, holes or slots within
      the film material passing through the working zone between the punch and
      die. Clamping shoe means are provided for retaining the flexible film
      material in taut disposition during punching, and in addition, means are
      provided for ejecting or removing the slug of film material which is
      obtained or formed upon a punching operation or event. Improved drive and
      control means are provided which utilize a double acting cylinder for
      extending and retracting the punch, and, in addition, a separate valve and
      control means is provided for delivering compressed air to the slug
      ejecting apparatus.
PAR  In the forming of holes or slotted openings in thin film materials, it is
      extremely important that the location of the holes be accurately
      positioned. Furthermore, products frequently demand the formation of
      clean, non-scalloped openings or bores in the film, and ragged or
      scalloped surfaces are accordingly undesirable and may contribute to the
      generation of scrap. Furthermore, film materials may be abrasive and cause
      considerable wear on punching equipment, and the extent of wear or lack of
      sharpness of the cutting tool becomes a less critical factor when the
      clamping apparatus of the present invention is being employed on the film.
      The improved drive and control means of the present invention provides for
      reliable operation of the punching apparatus, with the drive function and
      the ejection function being rendered independent, one of the other.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, in accordance with the present invention, a punch for film
      materials is provided with a punch member adapted to reciprocate between a
      normal disposition and an extended disposition, with the motion being
      along a linear path of a certain predetermined length. The punch is
      provided with a cutting surface which engages the film while the punch is
      moving from its normal disposition to its extended disposition for the
      purpose of performing an operation on the film. The film is adapted to
      move as a web through a plane in the jaw zone separating the punch and the
      die, with the film moving intermittently so as to have alternate periods
      of draw and dwell, with the periods of dwell existing, of course, between
      intermittent periods of motion. While the film is at dwell, the punch is
      moved reciprocatorily into contact with the film and the die and the
      punching operation is accordingly accomplished. Ram means are provided to
      stroke or drive the punch, with such means being a double-acting cylinder
      driven with compressed air, with the compressed air being timely pulsed,
      as required. The improved drive and control means of the present invention
      provides for positive driving of the ram, and isolates the ram driving
      system from the slug ejection system.
PAR  In order to retain the flexible film in taut disposition on the die during
      the punching operation, a clamping shoe is provided which is slidably
      secured to the punch and adapted to move with the punching member during
      stroking thereof. The clamping shoe is further arranged to engage the film
      prior to the punch reaching its bottom dead-center position, thereby
      clamping the film against the surface of the die or die base; thus
      securing the film in taut disposition at the point in time when the
      cutting surfaces of the punch engage the surface of the film. A raised
      annular flange is provided about the surface of the die base surrounding
      the die bore or opening so as to increase the tautness of that portion of
      the film held above the die bore and within, about and through the area to
      be severed or cut, thereby forming a clean cut in the film which is free
      of scalloping and other surface irregularities.
PAR  It is therefore a primary object of the present invention to provide an
      improved drive and control means for use in connection with a punch
      assembly for the perforation of flexible film products, the drive and
      control means being arranged so as to perform their functions
      independently, one of the other.
PAR  It is yet a further object of the present invention to provide an improved
      punching mechanism for use with flexible film materials, and wherein the
      punching mechanism is adapted for reliable and positive action, thereby
      permitting utilization with multiple plies of film having substantial
      cross-sectional thicknesses.
PAR  Other and further objects of the present invention will become apparent to
      those skilled in the art upon a study of the following specification,
      appended claims, and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of a pair of punch assemblies arranged
      on a transversely extending bracket, and being driven with the drive and
      control system of the present invention, the punches being shown with a
      web of flexible film material being moved between the punch and die;
PAR  FIG. 2 is a vertical sectional view taken generally along the central axis
      of the punch illustrated in FIG. 1, this figure including a showing of the
      cooperating die immediately beneath the surface of the film;
PAR  FIG. 3 is a detail perspective view showing the drive and control system of
      the present invention;
PAR  FIG. 4 is a schematic diagram of the pneumatic and electrical control
      system illustrated in FIG. 3; and
PAR  FIG. 5 is a side elevational view of a portion of a typical web handling
      system which includes the punches and control systems illustrated in FIG.
      1-4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the preferred embodiment of the present invention, and
      with particular attention being directed to FIG. 1 of the drawings, there
      is shown first and second punch assemblies being mounted on a transversely
      extending frame or bracket 12. Means are provided for adjusting the
      lateral positioning of punches 10 and 11 along the bracket 12, these means
      including for example, the provision of mounting rails such as are shown,
      for example, at 13. The work web of film material is shown generally at
      14, and, as indicated, passes beneath the individual punches 10 and 11.
      With attention being directed temporarily to FIG. 2 of the drawings, a
      cooperating die assembly shown generally at 16 is provided and disposed
      immediately below the surface of the film 14, the operation of the punch
      and die being made manifest hereinafter.
PAR  With the exception of the actual configuration of the punch and die
      assemblies, the punches 10 and 11 are substantially identical, one to
      another, and hence this description will relate the details only of the
      punch 11, it being understood that the details of construction of punch 10
      are generally identical to those of punch 11. Each punch includes a
      mounting head 18, the head having a support sleeve configuration as at 19
      so as to adjustably retain the punch drive cylinder 20 therewithin. In
      other words, the drive cylinder 20 is received within the confines of the
      split head 18, and may be disposed at any preferred elevation relative to
      the surface of the film 14, D-ring screw being provided at 21 to
      accomplish this purpose. The punch is provided with a rod, ram, or shank
      portion 22, the punching head 23 with its die engaging surface or face
      being secured to the forward end thereof, the ram 22 and die engaging face
      of punch 23 being adapted to move reciprocably within or through a bore
      formed in the die, with motion being provided by the drive cylinder 20 and
      shown in detail FIG. 2. The details of the action of the drive and control
      system, as illustrated in FIGS. 3 and 4, will be described in greater
      detail hereinafter. Means are provided to transmit fluid under pressure to
      the upper cylinder port 23 for driving the punching head downwardly, while
      port 24B is adapted to receive fluid under pressure for returning and
      retaining the punch to its elevated or normal disposition. Thus, drive
      cylinder 20 is a dual acting air cylinder having a piston 30 operating
      within the housing or sleeve 31 and being secured to the top or inner end
      of the ram 22. as at 32. Suitable guide means and bushings are provided
      along with an "O" -ring seal 39, O -ring 39 preventing leakage of
      compressed fluid around the moving shank or ram portion 22 as is
      conventional in this type of drive system.
PAR  With continued attention being directed to FIG. 2 of the drawings, it will
      be observed that the mounting or backing member of punch 23, such as at
      40, is provided with a hose fitting or tubing receiving fitting 41, with a
      length of tubing being shown coupled to said fitting, this fitting thereby
      being adapted to receive a hose line carrying compressed air so as to
      deliver pulses of air for slug ejection as disclosed in detail
      hereinafter. Compressed fluid accordingly enters bore 42 and is delivered
      outwardly into the interior confines of die engaging face of punch 23 at a
      point in time when punch 23 has severed a slug of film from web 14,
      thereby ejecting the film slug from the core or interior of die engaging
      face 23. With continued attention being directed to FIG. 2, it will be
      observed that the ejected slug will be discharged through skirt member or
      the like 43 which functions as a bag holder for receipt of ejected slugs.
      Annular spring member 44 is retained on chain member 45 for the purpose of
      periodic removal of a bag, not shown, which hangs in distended
      relationship from skirt member 43, the inner periphery of which is
      captured between skirt 43 and spring 44.
PAR  With continued attention being directed to FIGS. 1 and 2 of the drawings,
      it will be observed that film clamping means generally designated 50 is
      provided, the film clamping means including a film clamping shoe 51 having
      a lower film clamping surface 52 which cooperates with an upper film
      clamping surface 53 of die assembly 16 such as the upper surface of the
      die base. Film clamping assembly 50 is resiliently coupled and slidably
      secured to the reciprocating punch as is shown in FIG. 2. In this view,
      mounting or backing member 40 extends radially or laterally outwardly of
      punch 23 and is provided with a pair of support posts 56 and 57 which are
      secured at their lower ends to clamping shoe 51. A pair of threadedly
      engaged adjustment collars are provided at the upper end of members 56 and
      57, as at 58 and 59, it being understood that collars 58 and 59 are
      arranged to control the normal disposition of clamping shoe 51, and
      likewise the extent of throw during each operational stroke of the
      punching member.
PAR  In order to aid in lateral support and adjustment of the punching
      mechanism, a guide rod 62 may be employed, which is arranged to move
      relative to mounting head 18 through a bronze bushing 63. The lower end of
      guide rod 62 is coupled to the inner surface of the closed end of die
      engaging face 23 as at 64. Also, as is apparent in the drawings, jam nut
      65 may be utilized to suitably retain punch member 23 in place at the
      terminal end of the ram.
PAR  Attention is now directed to the upper surface 53 of die 16, and
      particularly to the flanged projection 67 which extends outwardly from
      surface 53. This flange extends and circumscribes the bore 68 which is
      formed in the die assembly, with bore 68 making film cutting contact with
      punch 23 during an actual cutting operation. Flange 67 provides an annulus
      zone or space between the inner periphery of the opening formed in
      clamping shoe 51, as at 69, and the outer periphery of flange 67. The
      purpose of this annulus is to permit the film to be drawn smoothly but
      tautly about the member 67 for ultimate engagement or contact with punch
      23. A combined spring force of several pounds is normally sufficient for
      the film clamping operation.
PAR  Attention is now directed to FIGS. 3 and 4 of the drawings which illustrate
      the details of the control system for the drive means and the slug
      ejection means. Specifically, in FIG. 3, the control means generally
      designated 75 includes a valve 76 which is a four-way valve controlled by
      means of control solenoid 77. A second control valve is illustrated at 78,
      this valve normally being a solenoid controlled shut-off valve, normally
      closed. A control for the solenoid valve 78 is shown at 79.
PAR  Compressed air is delivered to the valves through line 80, the line being
      coupled to a suitable source of compressed air, typically air at 100 psi.
      Line 80 communicates with "T" 81 which forms a manifold means extending
      between the inlet 82 to valve 76, and inlet 83 to valve 78. Therefore, the
      pneumatic input to valves 76 and 78 is independent, one of the other,
      thereby enhancing the positive action available from the drive mechanism.
PAR  Turning now to valve 76, as has been indicated, control valve 76 is a
      four-way valve having an inlet 82 and a normally open outlet 85 and a
      normally closed outlet 86. A pair of exhaust ports are provided at 87 and
      88, as is conventional in this type of valve. The interior of valve 76 is
      provided with a plunger which moves between its normal disposition
      providing the normal porting to an actuated condition wherein normally
      open port 85 closes and normally closed port 86 opens. Such valves, of
      course, are commercially available. Normally closed port 86 is provided
      with a conduit or tubing member 86A which is, in turn, coupled to port 24A
      of drive cylinder 20, while normally open port 85 is provided with conduit
      or tubing 85B which is, in turn, coupled to port 24B of drive cylinder 20.
PAR  Turning now to control valve 78, this valve is provided with a normally
      closed outlet as at 90, with outlet 90 being in communication with an
      outlet manifold such as T 91, which is provided with multiple ports for
      delivering a controlled blast of air to the ejection ports of each of the
      punches 10 and 11, with conduit means 92 and 93 being provided for this
      purpose. In this embodiment, tubing 92 is coupled directly to fitting 41,
      as is illustrated in FIG. 2 of the drawings. Tubing 93 would, in turn, be
      coupled directly to a corresponding fitting in a different punch assembly.
PAR  Attention is now directed to FIG. 4 of the drawings where the electrical
      schematic is illustrated for control of the valves 76 and 78.
      Specifically, valve 76 has a pair of leads extending from control lead
      receiving port 95 (FIG. 3), with leads 96 and 97 being shown in FIG. 4 as
      extending to cam actuated contacts 98. Solenoid valve 78 is provided with
      a pair of leads 99 and 100, which extend to cam actuated switch 101. Cams
      102 and 103 are coupled to the main drive shaft 104 of a bag-making
      machine which is disclosed in detail in U.S. Pat. 2,947,345, G. T.
      Schjeldahl dated Aug. 2, 1960. In the view of FIG. 4, shaft 104
      corresponds in its entirety to the main continuously rotating drive shaft,
      with a pair of cranks 105 and 106 being coupled to opposed ends of shaft
      104. Cam switch 98 is actuated by cam 102, the lobes of cam 102 being
      designed to close the contact of cam switch 98 during those periods of
      time that the film web is at dwell in the apparatus. This will, in most
      instances, occur when the machine is operating between 180.degree. and
      360.degree. of machine motion. In order to assure the removal of the punch
      from the area of the film prior to initiation of the draw cycle, it is
      normally desired that cam switch 98 be returned to its normal disposition
      shortly before the draw cycle is initiated, such as at 350.degree. of
      machine motion.
PAR  Cam switch 101 is provided with contacts controlled by cams 103, with these
      contacts being closed at a point in time subsequent to actuation of
      cylinder 20, preferably generally midway of the entire punch cycle.
      Accordingly, cam switch 101 will normally be actuated between
      approximately 265.degree. and 295.degree. of machine motion.
PAR  Machine motion may be defined as a series of cycles, with the cycles being
      determined by each rotation of shaft 104. At the initiation of the web of
      the forward draw of the web 14, the apparatus is defined as being at its
      "zero degree" disposition. The draw cycle, with cranks 105 and 106
      controlling the draw cycle, terminates at 180.degree. of machine motion,
      with cooperating racks extending from cranks 105 and 106 providing reverse
      motion during the period of 180.degree.-360.degree. of machine motion.
PAR  With attention now being directed to FIGS. 1 and 2 of the drawings, it will
      be observed that the web of film 14 is engaged by the clamping shoe and
      retained tautly across the bore formed in the die. Upon advance of the
      punch 23 through the film and into the die area or zone, the taut film is
      severed cleanly and a blast of compressed air or other gaseous fluid
      passes through the bore 42 and thence into the punching head to eject the
      removed slug through skirt 43 and into a slug-receiving bag hanging from
      skirt 43. The punch mechanism of the present invention may be located or
      mounted in any desired location relative to the film web, wherein any
      portion of the web may be reached. The punch and associated die may be
      mounted in the system to achieve the desired punching pattern in the film
      being treated. Obviously, multiple punches may be provided in the machine
      direction as well as in the transverse direction, with the requirements
      being dictated by the overall finished product being prepared.
PAR  A typical installation is illustrated in FIG. 5 wherein the punching system
      11 is being utilized to treat a moving web of film 14. The system is
      provided with draw rolls 110 and 111 along with a sealing bar as at 112.
      The operation is coordinated so that during dwell of the film 14, the
      punching operation as well as the sealing operation will occur. Following
      severing of a flexible film article from the web by the bar 112, or other
      cutting mechanism, a conveyor transports the finished article to a
      discharge area 113, the finished articles 114 being discharged, as
      indicated. This arrangement, as illustrated, is a typical side-weld
      product forming operation, and it will be appreciated, of course, that a
      variety of other operations may be employed on a film product while
      utilizing the punch system and drive and control apparatus of the present
      invention in conjunction therewith.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a punch assembly for perforation of flexible film
      products with cooperatively arranged punch and die assemblies, and means
      for ejecting film slugs from said punch means; pneumatic punch drive means
      and control means for said punch drive means and said film slug-ejecting
      means:
PA1  a. said punch assembly including frame means for retaining a reciprocating
      punch and a stationary die, a punch assembly including a punch member
      mounted on said frame means and including drive means for stroking said
      punch member in reciprocatory to-and-fro motion for extension and
      retraction thereof along a certain linear path;
PA1  b. a die-assembly mounted on said frame means and having a punch-receiving
      bore formed therein;
PA1  c. said pneumatic punch drive means comprising a double acting cylinder
      with a piston and ram operatively associated therewith, axially spaced
      port means for introducing compressed gaseous fluid into said cylinder
      including a first port for drivably extending and a second port for
      drivably retracting said piston and ram;
PA1  d. said film slug-ejecting means comprising slug-ejection port means on
      said punch means for receiving compressed gaseous fluid and delivering
      said compressed gaseous fluid to the interior of said punch means for
      ejection of film slugs outwardly of said punch means;
PA1  e. said control means comprising manifold means for receiving compressed
      gaseous fluid under pressure, first control valve means having an inlet
      coupled to said manifold means and having a pair of outlets alternately
      coupled to said inlet and including a normally open and a normally closed
      outlet with said normally open outlet having conduit means coupling said
      normally open outlet to said second cylinder port and with said normally
      closed outlet having conduit means coupling said normally closed outlet to
      said first cylinder port;
PA1  f. second control valve means having an inlet coupled to said manifold
      means and having an outlet port intermittently coupled to said inlet port
      with conduit means coupling said outlet port to said slug-ejecting port
      means; and
PA1  g. first control valve timing means for controllably actuating said first
      control valve means to simultaneously close said normally open outlet port
      and open said normally closed outlet port for ram extension; and
PA1  h. second control valve timing means for controllably actuating said second
      control valve means to intermittently couple said second control valve
      means inlet port to said second control valve means outlet port.
NUM  2.
PAR  2. The combination as defined in claim 1 being particularly characterized
      in that said gaseous fluid is air.
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ABST
PAL  An apparatus is disclosed for use in combination with a slitter. The
      apparatus comprises a body member having teeth and grooves, permitting it
      to mesh with grooved slitting cutters, means for mounting the body member
      onto a slitter housing and means for aligning the body member so that a
      slit product can be readily extracted from the slitting cutters. The
      apparatus also prevents damage to the slitter in the event the slit
      product inadvertently breaks during slitting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the slitting of metallic coil stock
      into fine wire and, more particularly, to an apparatus for ejecting a slit
      product from grooved slitting cutters.
PAR  2. Description of the Prior Art
PAR  This invention is adapted to be used in the slitting apparatus disclosed in
      commonly assigned U.S. patent application, titled "Apparatus for Slitting
      Coil Stock", Ser. No. 519,173 filed, Oct. 30, 1974. The relevant
      disclosure of this copending application is herein incorporated by
      reference. In the apparatus disclosed in this copending application a pair
      of matched, solid monolithic cutters containing an arrangement of lands
      and grooves slit metallic coil stock into fine wire. During the slitting
      operation the lands of one cutter force the slit product into the
      corresponding grooves of the other cutter. The wire can be removed by
      adjusting tension on the slitting line recoilers. However, if tension is
      not properly adjusted the wires can be easily broken if too much tension
      is applied. Furthermore, if a wire breaks in the slitter during slitting
      and, this is not uncommon owing to the extremely fine cross-sectional
      areas involved, e.g., less than 7.0 .times. 10.sup..sup.-4 sq. in., the
      broken wire must be immediately removed otherwise it will wrap around the
      cutters and damage the tooling.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my invention, as hereinafter more fully described, I
      provide an apparatus for ejecting a slit product from a pair of solid
      monolithic grooved cutters. By employing this apparatus on a slitting line
      where strip is converted into fine wire breakage during rewinding is
      avoided, and damage to the cutters in the event of a defect is likewise
      prevented.
PAR  The apparatus of this invention basically comprises three components:
PA1  A body member having teeth and grooves wherein the teeth are adapted to
      mesh with grooved slitting cutters;
PA1  Means for mounting the body member onto a slitter housing so that the teeth
      of the body member mesh with the grooved cutters whereby axial movement of
      the body member is prevented; and,
PA1  Means for aligning the body member so that the angular position of the body
      member with respect to the grooved cutter is such that slit wire is
      readily extracted.
PAR  Accordingly, it is an object of this invention to provide an apparatus for
      ejecting slit wire from grooved slitting cutters.
PAR  It is a further object of this invention to provide an apparatus which will
      eject wire from a grooved slitter with minimum pull required.
PAR  Another object of this invention is to provide an apparatus that will
      prevent damage to the slitting cutters in the event of breakage of wire
      during slitting.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged plan view showing one embodiment of a wire ejector
      body member.
PAR  FIG. 2 is an enlarged side elevational view of this body member. FIG. 3 is
      a front elevational view of a wire ejector.
PAR  FIG. 4 is a front elevational view partially cut away showing a pair of
      wire ejectors mounted on a slitter.
PAR  FIG. 5 is a side elevational view showing a wire ejector mounted on a
      slitter.
PAR  FIG. 6 is an enlarged plan view showing another embodiment of a wire
      ejector body member.
PAR  FIG. 7 is an enlarged side elevational view of this body member.
PAR  FIG. 8 is a front elevational view showing a pair of wire ejectors mounted
      on a slitter.
PAR  FIG. 9 is a side elevational view showing a pair of wire ejectors mounted
      on a slitter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The foregoing objects and further objects of this invention will be
      understood by those skilled in the art from the following detailed
      description of the invention, taken in connection with the accompanying
      drawings.
PAR  FIGS. 1-5 show one embodiment of the invention and FIGS. 6-9 show another
      embodiment. Both embodiments show that the invention comprises the
      following principal elements: a toothed body member 2, means for mounting
      the body member on a slitting housing 4 and means for aligning the body
      member 6.
PAR  Referring now to FIGS. 1, 2 and 3 there is shown in detail the construction
      of an apparatus of this invention. These views show that wire ejector 1
      comprises a body member 2, mounting means 4 is a holder 5 for receiving
      and positioning the body member in a manner as will hereinafter be more
      fully described. The holder with the body member mounted thereon is then
      fastened to an annular support ring 8.
PAR  Body member 2 comprises a series of teeth 10 and grooves 12 arranged in a
      specific pattern. The dimensions of these teeth and grooves are carefully
      machined so that the body member can mesh with the corresponding elements
      on grooved cutter 34. The teeth and grooves of the body member are
      contained in a tapered top 14 and is adapted to mesh with the
      corresponding elements 36 on cutter 34. Flat back portion 16 is designed
      to provide a smooth path for slit wire W after the wire is ejected from
      the cutter. A bore 18 is adapted to receive a fastener for attaching the
      body member to holder 5. The width of the body member shown by the numeral
      19 is at least equal to the width of cutter 34. This insures that slit
      wire will be ejected from each cutter groove.
PAR  Annular support ring 8 contains a flat surface 24. Guide pins 20 project
      outwardly from this flat surface and match up with guide pin holes 22
      which are placed at diagonal corners of holder 5. When the guide pins are
      inserted into the matching holes on the holder the assembly is ready to be
      placed on a slitter. The support ring is provided with an annular bearing
      26.
PAR  FIGS. 4 and 5 show the installation of wire ejector 1 on a simplified
      representation of a slitter. The slitter is provided with a pair of arbors
      28 and 28a that revolve between annular bearings 26 and support rings 8. A
      pair of matched grooved cutters 34 are mounted on the arbors. As shown in
      FIG. 5 grooves 36 of the cutter mesh with the teeth of the body member. By
      moving the holder guide pins laterally the amount of meshing engagement
      between the wire ejector and cutter can be varied. The position of the
      ends of the body member teeth is shown by the letter R. Axial movement of
      the body member is prevented by positioning the teeth of the body member
      within the grooves of cutter 34.
PAR  In this embodiment aligning means 6 is a strap 9 fastened at 30 and 30a to
      annular support ring 8. This element prevents the support rings from
      rotating and by varying the strap length the angular position of the body
      member with respect to the nip formed by the two cutters can be adjusted.
PAR  Adjusting means 32 shown as a spring is provided in the holder for
      maintaining the teeth of body member within the grooves of the cutter. As
      shown in FIG. 4 S denotes an incoming metallic sheet W, and W' denotes a
      pair of slit multiples.
PAR  FIGS. 6-9 show another embodiment depicting the apparatus of this
      invention. This embodiment is a modification of the apparatus hereinbefore
      described. FIGS. 6 and 7 show the ejector comprises a body member 40,
      provided with teeth 42 and grooves 44 in a tapered front portion 46. This
      tapered portion is adapted to mesh with a grooved cutter roll. Flat
      portion 48 provides a smooth path for slit wire to travel after ejection
      from the cutter. A hole 52 is provided near the tapered front portion of
      the body member to facilitate mounting the ejector onto a slitter housing
      60.
PAR  In this embodiment a holder is not required. Mounting means 4 is a fastener
      which fastens the ejector directly to the slitter housing. A pin 54 passes
      through hole 52, cooperates with a corresponding hole in the slitter
      housing and as shown in FIGS. 8 and 9 positions the body member onto the
      slitter housing. In these figures cutters 56 and 56a are shown in engaging
      relationship wherein the grooves 58 of cutter 56 engage the opposed
      grooves 58a of cutter 56a. A pair of wire ejectors are positioned on the
      slitter and aligning means 6 is a helical spring 64 suspended between a
      pair of pins 62 and 62a that are placed into holes 50 and 50a, spring 64
      is then placed onto the pins and tension is applied so that the tapered
      front ends of the ejectors are forced into meshing engagement with the
      cutters 56 and 56a.
PAR  The herein described apparatus of this invention can be adapted to eject
      slit ferrous and non-ferrous materials. In rewinding slit non-ferrous
      materials pull-out tension must be quite low in order not to exceed the
      breaking strength of the slit product. In one installation of the
      apparatus of this invention 0.010 inch thick aluminum sheet was slit into
      fine wire and was easily extracted with a minimum pull-out tension. Prior
      attempts to slit aluminum with out employing this invention were
      unsuccessful.
PAR  It may, therefore, be seen that the invention described herein provides an
      apparatus for ejecting a slit product while at the same time protecting
      tooling in the event of a malfunction.
PAR  Various modifications of the invention in addition to those shown and
      described herein will become apparent to those skilled in the art from the
      foregoing description and accompanying drawings. Such modifications are
      intended to fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wire extractor for use in combination with a slitter having a
      stationary housing, a pair of arbors mounted in said housing and grooved
      cutters positioned on said arbors, comprising:
PA1  a body member having teeth and grooves wherein said teeth are adapted to
      mesh with said grooved cutters;
PA1  a holder for receiving and positioning said body member on said housing;
PA1  an annular support ring for supporting said holder on said arbor so that
      the teeth of said body member mesh with the grooves of said cutter whereby
      axial movement of said body member is prevented; and
PA1  means for aligning said body member so that the angular position of the
      teeth of said body member with respect to the grooved cutters is such that
      slit wire is readily extracted.
NUM  2.
PAR  2. A wire extractor as recited in claim 1 wherein said holder further
      comprises:
PA1  a bore; and
PA1  adjusting means positioned in said bore for maintaining the teeth of said
      body member in meshing engagement with said cutters.
NUM  3.
PAR  3. A wire extractor as recited in claim 1 wherein said support ring further
      comprises means for varying the meshing engagement between said body
      member and said cutters by laterally moving said holder.
NUM  4.
PAR  4. A wire extractor as recited in claim 1 further comprising:
PA1  a pair of body members;
PA1  a pair of holders for receiving and positioning said body members on said
      housing; and
PA1  a pair of annular support rings for supporting said holders on said arbors.
NUM  5.
PAR  5. A wire extractor as recited in claim 4 wherein said aligning means
      further comprises a strap fastened to the periphery of said support rings
      thereby preventing rotation of said support rings.
NUM  6.
PAR  6. A wire extractor for use in combination with a slitter having a
      stationary housing, a pair of arbors mounted in said housing and grooved
      cutters positioned on said arbors, comprising:
PA1  a pair of body members each having teeth and grooves at a contacting
      portion wherein said teeth are adapted to mesh with said grooved cutters
      and a pin adjacent the non-meshing end portion;
PA1  means for mounting said body members onto said housing; and
PA1  spring means disposed between said pins for urging said body members into
      meshing engagement with said cutters.
NUM  7.
PAR  7. A wire extractor as recited in claim 6 wherein said mounting means
      further comprises:
PA1  a bore adjacent the tapered front portion of said body member; and
PA1  a pin fastened to said housing and adapted to be inserted into said bore.
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ABST
PAL  An apparatus is disclosed for precision slitting of metallic coil stock
      into multiple continuous lengths of wire, wherein the resultant wire is
      characterized by a small cross-sectional area. The apparatus comprises
      means for guiding coil stock into a pair of revolving monolithic cutter
      rolls and means for collecting the slit wire. The rolls are positioned in
      engaging relationship and each roll contains a plurality of lands and
      grooves so that stock can be slit with an aspect ratio of less than five.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to apparatus for slitting coil stock and
      more particularly to an apparatus for the precision slitting of light gage
      stock, such as black plate, into multiple continuous lengths of high
      quality wire.
PAR  2. Description of the Prior Art
PAR  One of the more common mill conversion processes a metallic coil undergoes
      is slitting. Generally speaking, a wide coil is slit into a number of
      narrow multiples on a slitting line. Such a line includes an uncoiler for
      positioning and feeding the coil into a slitter and a re-coiler for
      rewinding the slit strands into tightly wound narrow coils. Two factors,
      economics and specific technical requirements, are of paramount importance
      in the design and operation of all slitting lines.
PAR  The slitting operation itself is accomplished by two sets of circular
      cutters mounted on parallel arbors and with the respective cutters set in
      a staggered sequence. The cutters are also aligned and overlapped in such
      a manner so as to cause a shearing action to take place when metal is
      forced between them during slitting. There are many factors affecting the
      economics of a successful and profitable slitting operation. Some of these
      factors include material, hardness of material, maximum and minimum
      thickness of material, coil diameter and weight and coil handling
      facilities. The techical requirements involved in designing a line to
      perform economically must therefore consider all these factors. For
      example considering the present state of the slitting art, it is not
      commercially feasible nor economically practical to slit coil stock into
      multiples with a cross-sectional area of approximately 7.0 .times.
      10.sup.-.sup.4 square inches. It is also recognized that slitting stock
      with an aspect ratio of less than about 5 cannot be practiced on a
      commercial basis.
PAR  The conventional slitting operation of the prior art, employs a pair of
      parallel top and bottom arbors with a specifically arranged set-up of
      knives, spacers and shims. These components are carefully designed and
      machined to close tolerances from alloy steels. The specific slitting
      operation, viz. material and slit width, control the component design.
      What is known in the art as "setting up slitting arbors" consists of first
      placing a knife on the top arbor and then placing a spacer equal in
      thickness to this knife on the bottom arbor. A knife is then placed
      adjacent to the spacer on the bottom arbor and a spacer equal to the width
      of the strip to be cut is then placed on the top arbor, the next step is
      to place a spacer equal to the width of the strip to be cut on the bottom
      arbor. Shims are carefully placed along the length of the arbor depending
      upon such factors as clearance and material to be slit. This procedure of
      placing spacers, knives and shims is continued alternately on the top and
      bottom arbors until the last pair of knives and spacers have been added.
      After the arbors are set up, the bottom arbor is placed into a housing and
      the top arbor is then lowered and placed into the housing so that the
      knives overlap and satisfactory knife clearance is established. It is
      quite apparent that such a set up is both laborious and expensive.
PAR  The width of the slit material is controlled by the width of the spacers
      employed. Steel coil stock is currently slit into widths exceeding about
      one-half inch and with aspect ratios greater than 5 on a commercial basis.
      The aspect ratio is defined as:
      ##EQU1##
PAR  For example, to slit a cold rolled 20 gauge, 0.0368 inch, 24 inches wide
      coil into 6, 4 inch multiples the aspect ratio would be approximately 110
      and would decrease to 55 for 2 inch multiples and so forth to
      approximately 14 for 1/2 inch multiples. To slit black plate coil stock,
      wherein black plate hereinafter is defined as, a product of the
      cold-reduction method in gages No. 29 and lighter (thickness 0.0141 inch
      and under), into widths narrower than one-half inch (0.500 inch) would
      require smaller aspect ratios because of the smaller width of the slit
      multiple.
PAR  For example, to slit a 0.0141 inch thick, 24 inch wide black plate coil
      into 340, 0.0705 inch wide multiples would require an aspect ratio of 2.
      To accomplish such a slitting operation several hundred knives and spacers
      would have to be placed alternately on arbors as hereinbefore described. A
      set-up technique would require the ability to measure the thicknesses of
      the spacers and knives to extreme levels of accuracy, and elaborate
      precautions in matching and stacking them on the arbors so that tolerance
      accumulation would occur in a like manner on both arbors. Furthermore, due
      to the very small cross section of the knives and spacers, warpage,
      breakage and curling resulting from machining all become problems. Using
      knives with such a small cross sectional area also poses problems in
      cutting because the actual force which can be applied during slitting is
      greatly restricted.
PAR  Aside from the actual slitting operation the slit product frequently must
      also meet very stringent quality requirements. Assuming that slitting
      arbors can be so assemblied from knives, spacers and shims, for certain
      critical applications the resultant product must have minimum burr
      formation and good mechanical properties particularly high fatigue
      resistance. Furthermore, uniformity must be present between adjacent and
      neighboring multiples. To achieve acceptable mechanical properties the
      slit product must be burr free and have a generally rectangular or square
      cross-sectional configuration. A slitter consisting of knives, shims and
      spacers could not produce a slit product with the aforementioned
      characteristics and an aspect ratio of less than 5 because arbors with
      stacked mates can not be matched thereby resulting in excessive variations
      in tolerances.
PAR  The present invention enables light gage coil stock of less than
      approximately 29 gage such as conventional black plate to be rapidly and
      economically slit into multiples with an aspect ratio of less than 5.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teachings of the present invention, an apparatus for
      slitting light gauge coil stock into multiples with an aspect ratio of
      less than 5 is provided.
PAR  The apparatus comprises a guide mechanism for properly guiding a coil into
      the nip of a pair of rotating cutters. The cutters are solid monolithic
      structures mounted in engaging relationship on parallel arbors. The
      cutters contain a plurality of lands and grooves. The grooves are
      characterized by essentially vertical sides and a curved root and the
      ratio between the groove width and the thickness of the coil to be slit is
      generally less than 5 to 1 and furthermore, the spacing between the lands
      of the first roll and the groove roots of the second roll are set at a
      predetermined distance. Adjacent an outer groove on each cutter is a
      shoulder for adding lateral strength to the cutters.
PAR  It is an object of this invention to slit black plate coil stock into wire.
PAR  It is an object of this invention to provide an apparatus for slitting coil
      stock into multiple continuous lengths of wire.
PAR  A further object of this invention is to slit coil stock into wire
      exhibiting good mechanical and surface properties.
PAR  It is an object of this invention to provide an apparatus for slitting coil
      stock into narrow widths with an aspect ratio of less than 5.
PAR  A further object of this invention is to slit black plate coil stock into
      wire with a cross-sectional area of less than 7.0 .times. 10.sup.-.sup.4
      sq. in.
PAR  A still further object of this invention is to provide cutters adaptable
      for slitting coil stock into a number of fine wires.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation in schematic showing the apparatus of this
      invention.
PAR  FIG. 2 is a front elevational view showing the construction of a monolithic
      cutter roll.
PAR  FIG. 3 is a front elevational view showing a pair of cutters in engaging
      relationship.
PAR  FIG. 4 is a front elevational view showing in enlarged detail a section of
      a pair of cutters in engaging relationship.
PAR  FIG. 5 is a front elevational view showing the strip guide means.
PAR  FIG. 6 is an isometric view showing strip stock being slit by the apparatus
      of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Coil stock 10 is delivered to a slitting line 1 from a payoff stand 2. The
      stock is a cold rolled steel coil generally of a black plate gage, that
      is, in thicknesses less than about No. 29 gage. As the coil is uncoiled it
      enters mill stand 3.
PAR  Mill stand 3 is a rigid structure and contains conventional equipment such
      as a drive train, a lubrication system, and appropriate supports.
      Positioned at the delivery end of said mill stand is strip guide means 4.
      A pair of parallel arbors, top arbor 5 and bottom arbor 6 are positioned
      in said stand. The arbors are driven by suitable means (not shown) and are
      further adapted to revolve in opposite directions. Positioned adjacent the
      exit end of said mill stand is take up means 8 (not shown in detail) for
      collecting the slit multiples formed after slitting the strip.
PAR  The top and bottom arbors previously mentioned contain top cutter 12 and
      bottom cutter 14. Referring now to FIGS. 2, 3 and 4 the construction,
      engagement and operation of cutters 12 and 14 will be more clearly
      understood.
PAR  In these figures the cutters are shown as matching solid monolithic
      elements machined from alloy tool steel such as AISI Type M-2 tool steel.
      The cutters 12 and 14 are cylindrical and each contain a central axially
      extending bore 15. This bore is of such a diameter as to facilitate
      placement of the cutters onto the arbors. The cutters are thereafter
      fastened to the arbors in any conventional manner well known in the art,
      such as by set screws or by providing the arbors with a threaded segment
      and employing locking nuts to maintain the cutters in position.
PAR  Carefully positioned on the cutters in a predetermined pattern are the
      following annular elements, a plurality of lands 16, a plurality of
      parallel sided grooves 17 and a shoulder 18. It is these elements, lands
      16, grooves 17 and shoulder 18 of cutter 12 that act in cooperation with
      the corresponding lands 16a, grooves 17a and shoulder 18a of cutter 14
      that actually slit stock 10 as it is passed between the arbors 5 and 6.
PAR  As shown in FIG. 4 lands 16 and 16a comprise a flat portion 20 and two
      essentially vertical walls 21 and 22. Both walls terminate at arc 23.
PAR  Grooves 17 and 17a are defined by the vertical walls 21 and 22 and the
      width of said grooves is represented by the numeral 24. This width is
      sufficient to permit lands 16 and 16a to pass into the grooves with a
      certain amount of side clearance c. The required side clearance for
      slitting depends upon a number of factors such as the carbon content of
      the steel being slit, coil stock microstructure, coil stock thickness, the
      quality of the fracture surface and the shape of the slit product.
      Therefore, groove width 24 is equal to the land flat portion 20 plus two
      times c which is equal to the width of the slit product.
PAR  As further shown in FIG. 4 vertical walls 21 and 22 are shown to have a
      theoretical height "H", wherein H represents cutter height. This dimension
      is equal to the thickness of the slit strip plus the amount of cutter
      engagement as shown by e. H is controlled so as not to exceed a maximum
      amount in order to avoid breakage of the elements and to reduce deflection
      of the lands 16, 16a under loads. Flat portion 20 is also illustrated by
      the letter "W" wherein W represents the width of the lands 16, 16a.
PAR  Knife geometry can be expressed by the ratio of H/W. Cutter strength,
      rigidity and wear can be directly related to the value of this ratio.
PAR  As hereinbefore mentioned cutter engagement is shown by the letter e. When
      the cutters are arranged in engaging relationship this means that cutter
      14 is mounted on bottom arbor 6, top arbor 5 containing cutter 12 is then
      carefully lowered so that the lands 16 of cutter 12 interpose grooves 17a
      a distance e of cutter 14. Further, the engagement of cutter 12 within the
      grooves of cutter 14 is such that a clearance c exists between each and
      every vertical component of the cutters. Engagement e and clearance c
      control the fracture mode of the strip. It has been determined that for
      optimum properties in the slit product fracture should occur by means of
      the shear mode. Therefore, the cutter engagement is such that slitting
      produces fracture by the shear mode when a strip is wedged into the gap
      formed between the cutters. This gap or nip 25 is shown in FIG. 1 wherein
      the strip 10 starts to become wedged between upper cutter 12 and lower
      cutter 14 and slitting of the strip commences at this point. The strip
      proceeds through slitting line 1 by virtue of friction forces set up by
      the cooperating action of the cutters. As the cutters rotate points of
      friction between the strip and the lands of one cutter and the grooves of
      the other cutter act to move the strip through the slitter.
PAR  In some instances engagement e can be zero, i.e., the lands and grooves of
      the cutters are not in the position illustrated in FIG. 4. When the
      cutters are adjusted so there is zero engagement the flat portions 20 of
      lands 16 are parallel and coplanar with the flat portions of lands 16a.
      The cutters would be set up in this manner when hard and brittle material
      is being slit such as strip with a martensitic microstructure. Fracture
      will still occur in the desired shear mode but less cutter engagement is
      required in order to propagate a crack that will initiate separation.
      Clearance c would be an amount appropriate for the factors as hereinbefore
      described.
PAR  FIG. 5 shows the construction of guide means 4. The guide means is
      positioned at the entry end of mill stand 3 and acts to maintain a uniform
      and stable path for the stock as it feeds into the cutter. For a high
      yield and stable slitting operation such a guide is essential.
PAR  The strip guide shown in FIG. 5 comprises a flat hardened steel base 30,
      horizontal rolls 32, fixed vertical pins 34 and rotating rolls 36. The
      vertical pins and rolls are positioned on either side of strip 10. The
      horizontal rolls 32 are driven (drive means not shown) and maintain the
      strip essentially flat on base 30 as it enters nip 25. Vertical pins 34
      are fixed in position and provide a reference surface for the strip edge.
      To minimize wear these elements can be tungsten carbide or some other wear
      resistant material. Vertical rolls 36 are adapted to rotate about their
      respective axes. These rolls absorb any variation in strip width and may
      be spring loaded so as to exert a force on the strip edge. The vertical
      rolls prevent the strip from twisting or rotating as it enters nip 25.
PAR  As shown in FIGS. 2 and 3 each cutter contains a shoulder 18 and 18a. The
      dimensions of these shoulders are identical to the dimensions of lands 16
      and 16a with the exception of the width of the shoulder. Typically the
      shoulder is about 3 times as wide as the lands. This wider dimension gives
      lateral support to this element when the cutters are engaged and prevents
      breakage. If this shoulder were not present the lateral forces exerted
      during slitting would cause the outside lands to break off and ultimately
      all the lands would fail.
PAR  FIG. 6 shows in simplified form the cutters of this invention slitting
      incoming coil stock 10 into a number of fine wires. To facilitate
      rewinding and collecting the slit wire on take up means 8 alternate wires
      26 starting from the outside wire are rewound on the bottom of take up
      means 8 whereas the adjacent wires 28 are rewound on the top of said take
      up means (not shown). A burr is formed as the coil fractures. By winding
      the slit multiples in this manner, i.e. on two sets of recoilers the burrs
      will all be in the same direction because during slitting the burrs
      alternate between each multiple. This insures evenly and tightly wound
      slit multiples.
PAR  Take-up means 8 shown in FIG. 1 comprises a plurality of top take-up spools
      40 and bottom take-up spools 42, controlled drive means 44 such as a DC
      motor drives the spools and also controls the speed of the spools during
      take-up and tension means 46 for example a friction clutch regulates wire
      tension during take-up. In some applications a torque motor can be used to
      drive the spools and maintain tension during take-up, friction clutches
      could then be eliminated. FIG. 1 also shows a traversing mechanism 48 for
      uniformly distributing the wire on the take-up spools.
PAR  During the slitting operation the slit wire is forced into the cutter
      grooves. The wire must be pulled out of these grooves in order that
      slitting may proceed and a uniformly wound spool can be obtained. The
      take-up means employed in the apparatus of this invention must therefore
      function in such a manner so that it provides adequate tension to pull the
      wire out of the grooves but not enough so as to break the wire. This
      tension can be applied in various ways such as by pinch rolls or by the
      take-up device depicted in FIG. 1. After the wires are pulled out of the
      cutter rolls they must be rewound into a commercially acceptable package.
      It has been found that the pull out tension must remain constant.
      Maintaining constant tension during take-up calls for controlling the
      winder drive so as to slow the spool down as the diameter of the material
      on the spool builds up. At the same time, torque output of the drive must
      increase. This is true because as the package builds up, more torque is
      required to maintain a constant tension.
PAR  FIG. 6 also defines aspect ratio as being the ratio of the width of the
      slit strip (W) divided by the thickness of the strip (t). The apparatus of
      this invention is designed to slit coil stock into wire with an aspect
      ratio of less than 5 and the cross-sectional area of the resultant product
      being less than 7.0 .times. 10.sup..sup.-4 sq. in. The apparatus herein
      described is particularly well adapted to produce wire with an aspect
      ratio of less than 2 and a cross-sectional area less than about 2 .times.
      10.sup..sup.-4 sq. inches.
PAR  In one installation of the apparatus of this invention a black plate coil
      0.010 inches thick and 0.228 inches wide was slit into 24 multiples. The
      cross-sectional area of the slit multiples was 1 .times. 10.sup..sup.-4
      sq. inches. The aspect ratio of the slit product was 1:1.
PAR  It may, therefore, be seen that the invention described herein provides an
      apparatus for economically slitting black plate coil stock into wire.
PAR  Various modifications of the invention in addition to those shown and
      described herein will become apparent to those skilled in the art from the
      foregoing description and accompanying drawings. Such modifications are
      intended to fall within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for slitting metallic coil stock into multiple continuous
      lengths of small cross-sectional wire, comprising:
PA1  a rigid stationary housing;
PA1  a first arbor positioned in the upper portion of said housing;
PA1  a second arbor positioned in the lower portion of said housing and
      substantially parallel to said first arbor;
PA1  a first and a second monolithic cutter roll positioned in engaging
      relationship on said arbors, each roll comprising, a plurality of lands
      and grooves wherein the grooves are characterized by essentially vertical
      sides and a curved root, the ratio between groove width and said coil
      thickness being less than 5:1 and the spacing between the lands of said
      first roll and the groove roots of said second roll being a pre-determined
      distance so that during slitting fracture occurs in the shear mode.
NUM  2.
PAR  2. The apparatus as recited in claim 1 further comprising, guide means
      positioned at the delivery end of said housing for guiding said stock into
      said apparatus.
NUM  3.
PAR  3. The apparatus as recited in claim 1 further comprising, means for taking
      up said wire.
NUM  4.
PAR  4. The apparatus as recited in claim 3 wherein said take up means further
      comprises:
PA1  a take up spool;
PA1  means for supplying tension to said wire whereby said wire is pulled out of
      said cutter rolls; and means for winding said wire on said take up spool.
NUM  5.
PAR  5. The apparatus as recited in claim 1 further comprises, a first arbor and
      a second arbor positioned in a horizontal plane.
NUM  6.
PAR  6. The apparatus as recited in claim 1 wherein each said monolithic roll
      further comprises a shoulder adjacent an outer groove.
NUM  7.
PAR  7. The apparatus as recited in claim 6 wherein said shoulder is at least
      three times as wide as said lands.
NUM  8.
PAR  8. The apparatus as recited in claim 1 wherein the ratio between groove
      width and said coil thickness is less than 3:1.
NUM  9.
PAR  9. The apparatus as recited in claim 2 wherein said guide means maintains
      the stock flat and without rotational movement during slitting.
NUM  10.
PAR  10. An apparatus for slitting black plate coil stock into multiple
      continuous lengths of wire of a cross-sectional area of less than about
      7.0 .times. 10.sup..sup.-4 square inches, comprising:
PA1  a rigid stationary housing;
PA1  guide means positioned in front of said housing for guiding said black
      plate into said apparatus without rotational movement during slitting;
PA1  a first arbor positioned in the upper portion of said housing;
PA1  a second arbor positioned in the lower portion of said housing and
      substantially parallel to said first arbor;
PA1  a first and a second monolithic cutter roll positioned in engaging
      relationship on said arbors, each roll comprising, a plurality of lands
      and grooves wherein the grooves are characterized by essentially vertical
      sides and a curved root, the ratio between groove width and said black
      plate thickness being less than 3:1 and the spacing between the lands of
      said first roll and the groove roots of said second roll being a
      pre-determined distance and a shoulder adjacent an outer groove said
      shoulder being at least three times as wide as said lands.
NUM  11.
PAR  11. The apparatus as recited in claim 10 wherein the distance between said
      first cutter lands and said second cutter groove roots is such that said
      black plate fractures in the shear mode during slitting.
NUM  12.
PAR  12. The apparatus as recited in claim 10 wherein said arbors are positioned
      in a horizontal plane.
NUM  13.
PAR  13. An apparatus for slitting metallic coil stock into multiple continuous
      lengths of small cross-sectional wire comprising:
PA1  a first and a second monolithic cutter roll positioned in parallel
      relationship, each roll comprising, a plurality of lands and grooves
      wherein the grooves have essentially vertical sides terminating at a
      curved root, a nip being formed by the spacing between the lands of said
      first roll and the groove roots of said second roll; and means for
      supporting said first and second rolls.
NUM  14.
PAR  14. Cutters adapted for slitting metallic coil stock, comprising: first and
      second cylindrical elements wherein each said element further comprises, a
      plurality of annular grooves spaced along said cylinder in a predetermined
      pattern and each said groove having a pair of vertical walls terminating
      at a curved root; and, a
PA1  plurality of annular lands wherein each said land is adjacent a groove so
      that the width of each said land is defined by the spacing between a pair
      of adjacent annular grooves.
NUM  15.
PAR  15. Cutters as defined in claim 14 wherein each said element contains an
      annular shoulder adjacent an outer most groove.
NUM  16.
PAR  16. Cutters as defined in claim 15 wherein said shoulder is at least three
      times as wide as said lands.
PATN
WKU  039397467
SRC  5
APN  5151899
APT  1
ART  324
APD  19741016
TTL  Saw guard
ISD  19760224
NCL  5
ECL  1
EXP  Abercrombie; Willie G.
NDR  1
NFG  4
INVT
NAM  Rogers; Gary W.
CTY  Aloha
STA  WA
INVT
NAM  Tottie; Leroy A.
CTY  Aberdeen
STA  WA
INVT
NAM  Hamilton; Vaughn G.
CTY  Pacific Beach
STA  WA
INVT
NAM  Goodwin; Orville O.
CTY  Pacific Beach
STA  WA
INVT
NAM  Baker; Jean A.
CTY  Hoquiam
STA  WA
ASSG
NAM  Evans Products Company
CTY  Portland
STA  OR
COD  02
CLAS
OCL   83544
XCL   834402
XCL   83478
EDF  2
ICL  B27G 1902
ICL  B23D 5900
FSC   83
FSS  544;397;397.1;398;478;440.1;860
UREF
PNO  2637353
ISD  19530500
NAM  Hyslop, Jr.
XCL   83544
UREF
PNO  3848502
ISD  19741100
NAM  O'Neill
XCL   83544
LREP
FR2  Howard; Robert E.
ABST
PAL  A saw guard for a circular saw having a saw blade and a work piece holder
      which moves relative to the saw blade to cut the work piece, the saw guard
      being mounted on the leading edge of the work piece holder and having
      means for moving the saw guard into a shielding position adjacent the
      cutting edge of the saw blade while the work piece holder is in a
      restocking cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of saw guards on power driven saws is almost as old as the power
      driven saw itself. Over the years many proposals have been made for
      various types of guards to prevent the operator from accidentally coming
      into contact with the saw blade which can result in serious injury.
PAR  However, some saws, due to the nature of the work being performed
      thereupon, have appeared to elude easy solution with regard to the
      guarding problem. One such saw is a circular saw employed in the shingle
      industry. Basically, this shingle saw is comprised of a large power driven
      circular saw, and a work piece holder which moves the work piece relative
      to the saw to cut the work piece into thin shingles. In operation the
      operator is required to insert a fresh work piece which, in the case of
      the shingle saw, is a block of cedar wood, at such a location that one
      hand and arm are exposed to the moving saw blade. The saw operates in a
      very rapid manner and requires frequent replacement of the work piece
      which has contributed to the difficulty in solving the problem of a
      suitable saw guard which does not interfere with this high speed
      operation.
PAR  The OSHA Act of 1970 has given added impetus to the search for a suitable
      saw guard in the industry, and the present invention is directed to a saw
      guard which enables the operator to change the work piece without the
      danger of his hand or arm coming into contact with the moving saw blade.
PAR  Therefore, it is an object of the present invention to provide a saw guard
      which automatically covers that portion of the saw blade adjacent the
      operator's hand and arm during the work piece restocking cycle of the
      machine.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic side view of a circular saw and work piece holder
      with the saw guard in place thereon;
PAR  FIG. 2 is a side view of the saw guard mounted on the work piece holder in
      a shielding position relative to the saw blade taken along lines 2--2 of
      FIG. 1;
PAR  FIG. 3 is a top view of the saw guard shown in a shielding position
      relative to the saw blade and in a retracted position in dotted line taken
      along lines 3--3 of FIG. 2; and
PAR  FIG. 4 is a schematic illustration of the valving mechanism employed in the
      present invention to actuate the saw guard into and away from a shielding
      position.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The present invention is described relative to a circular saw employed in
      the shingle industry. However, it is clear that the saw guard may be used
      to advantage with any saw having a work piece holder moving relative to
      the saw to move the work piece into contact therewith.
PAR  Reference is now made to FIG. 1 in which many of the parts are illustrated
      schematically since they are well known in the art and form no part of the
      present invention. In particular, FIG. 1 represents schematically a
      suitable shingle machine on which the saw guard of the present is useful
      known as the Sumner Standard (1908) shingle machine. The saw has a
      stationary machine frame 10 having upper and lower horizontal members 11
      and 12, respectively, and vertical frame members 13 and 14. A circular saw
      blade 15 rotates about a shaft 16 and may be powered by any suitable power
      source (not illustrated). The saw blade 10 and its shaft 16 may be held in
      position by any suitable frame members (not illustrated) and is
      illustrated in FIG. 1 as being behind the stationary machine frame 10.
PAR  Mounted in machine frame 10 for reciprocal horizontal motion therealong is
      a work piece holder or carriage 17 having upper and lower frame members 18
      and 19, respectively, and vertical frame members 20 and 21. Vertical frame
      member 20 is the leading frame member, and vertical frame 21 is the
      trailing frame member relative to the saw blade. The work piece holder 17
      is moved back and forth on machine frame 10 on suitable wheels or rollers
      22-25 by suitable means (not illustrated). A work piece 26, which in the
      preferred embodiment is a cedar block, is held in position in the work
      piece holder 17 by means of an upper clamping member 27. The bottom of the
      work piece may be held in a similar clamping member at the bottom (not
      shown). In the shingle industry the clamping member is an elongated
      grooved roller which rotates to advance the block outward toward the saw
      side in increments of a shingle thickness after each pass of the work
      piece through the saw blade. Since such a mechanism is well known in the
      art, it has not been illustrated in detail.
PAR  The saw guard 30 of the present invention is shown in FIG. 1 attached to
      the leading vertical frame member 20 in a manner best illustrated by
      reference to FIG. 2. As shown in FIG. 2, a mounting plate 31 is attached
      to vertical frame member 20 by means of bolts 32 and 33 located in slots
      34 and 35, respectively. Such an arrangement permits the mounting plate 31
      to be adjusted inwardly and outwardly so that the saw guard attached
      thereto may be properly aligned with the saw blade.
PAR  Saw guard 30 has a body member 36 which is generally U-shaped in cross
      section and which, in a shielding position, has its concave surface 37
      presented to the saw blade 15 and its convex surface 38 facing away from
      the saw blade 15. Preferably, the U-shaped body member 36 is made of an
      easily machinable plastic such as polyurethene. Attached to convex surface
      38 are a pair of hinge lugs 39 and 40. Hinge lugs 39 and 40 are attached
      to arms 41 and 42 by means of pins 43 and 44 so that the body member 36 is
      pivotable. Arms 41 and 42 are attached to mounting plate 31 by any
      suitable means such as welding.
PAR  Means are provided to move the U-shaped body member 36 into a shielding
      position adjacent the edge of the saw blade 15 located adjacent the
      location of the work piece 26, and to retract the U-shaped body member 36
      to a position away from the edge of saw blade 15, comprising a fluid
      actuatable cylinder 45, preferably an air cylinder, having a piston rod 46
      extending therefrom. Piston rod 46 has a fork or yoke 47 attached to its
      outer end. The fork or yoke 47 is attached to a bracket 48 extending from
      the convex side 38 of U-shaped body member 36 by means of a pin 49 in a
      manner which permits the fork or yoke 47 to pivot about bracket 48 during
      extension or retraction of piston rod 46. The opposite end of fluid
      actuable cylinder 45 is attached to mounting plate 31 by means of a
      bracket 50 attached to mounting plate 31 and a pin 51 passing through the
      bracket 50 and a lug 52 extending rearwardly from the fluid actuatable
      cylinder 45. Such an arrangement permits the cylinder 45 to move about pin
      51 during extension and retraction of piston rod 46.
PAR  The mechanism which actuates the saw guard into a shielding position and
      retracts it therefrom is a pair of two-way valves which actuate the fluid
      cylinder to either extend the piston rod 46 or retract it.
PAR  The valve system is illustrated schematically in FIG. 4. A source of fluid
      under pressure, preferably air, passes through conduit 53 in the direction
      of the arrow from a source not illustrated. The fluid passes to a first
      two-way valve 54, which is shown in a position to actuate cylinder 45 to
      extend piston rod 46 to a position that causes the saw guard to move into
      a shielding position. Thus, as illustrated in FIG. 4, the fluid passes
      through first valve 54 into a second conduit 55 and to a second two-way
      valve 56. Second valve 56 is shown in a position to pass the fluid to a
      third conduit 57 which enters the cylinder 45 at its rearward portion
      behind the piston located therein (not illustrated). The fluid entering
      cylinder 45 thus forces piston rod 46 to extend outwardly and move the
      U-shaped body member 36 into a shielding position, as shown in FIG. 3.
PAR  Reference is made to FIG. 1 to show the actual positions of first valve 54
      and second valve 56 on the saw machine. First valve 54 is located on upper
      horizontal frame member 18 of the work piece holder 17 where, in the
      noncutting position of work piece holder 17, it is contacted by a stop 58
      located on upper clamping member 27 as the clamping member is raised by
      the operator to restock the work piece holder with a new work piece.
      Second valve 56 is located on lower horizontal frame member 19 of the work
      piece holder 17 and is only actuated when it contacts stop 59 located on
      lower horizontal frame member 12 of machine frame 10.
PAR  In operation the operator can stop the horizontal reciprocating motion of
      work piece holder 17 occurring during the cutting cycle by actuating a
      clutch mechanism (not shown) and raising clamping member 27 in the
      vertical direction to thereby permit the operator to place a new work
      piece 26 into the work piece holder 17. In the noncutting position of the
      work piece holder 17 second valve 56 is opened to the position illustrated
      in FIG. 4 by virtue of the fact that it is in contact with stop 59. When
      the clamping member 27 is raised to the vertical position to permit the
      operator to insert the new work piece, valve 54 is opened to the position
      illustrated in FIG. 4 by the action of stop 58 thereby permitting fluid to
      flow from conduit 53 into conduit 55, through which it passes through
      second valve 56 and conduit 57 into cylinder 45. This actuates cylinder 45
      to extend piston rod 46 and thus move the U-shaped body member 36 of the
      saw guard 30 into a shielding position, as illustrated in FIGS. 2 and 3.
PAR  Upon lowering the clamping member 27, stop 58 no longer acts upon valve 54,
      and it then operates to shut off the flow of fluid from conduit 53 into
      conduit 55 and instead shunts it into conduit 60. The flow of fluid from
      conduit 60 enters the forward end of cylinder 45 ahead of the piston which
      then forces the piston to retract piston rod 46 and move U-shaped body
      member 36 from a shielding position into a nonshielding position as shown
      in phantom view in FIG. 3. Thus, when the work piece holder 17 starts its
      cycle of moving the work piece through the saw blade, the saw guard is not
      damaged.
PAR  The double valve mechanism prevents accidental actuation of the saw guard
      into a shielding position since even if the first valve 54 were to be
      actuated during a cutting stroke, the second valve 56 would be in a closed
      position and not permit fluid to pass through conduit 57 into cylinder 57.
CLMS
STM  We claim:
NUM  1.
PAR  1. A saw machine having a work piece holder which moves the work piece into
      contact with a moving saw blade by relative motion of the holder and blade
      during a cutting cycle and which may be opened to replace the work piece
      during a work piece restocking cycle; a saw guard mounted on the leading
      edge of the work piece holder, means for holding the guard in a retracted
      position so that it does not shield the saw blade during said cutting
      cycle, and means to move the guard into shielding position adjacent the
      cutting edge of said saw blade during the time when the work piece holder
      is in said work piece restocking cycle.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the saw guard has a saw blade shielding
      body member which is generally U-shaped, means for pivotally holding said
      body member on the leading edge of said work piece holder, a fluid
      actuatable cylinder whose piston rod is attached to said body member, and
      means to actuate said cylinder to extend said cylinder rod and thereby
      move said body member into shielding position adjacent the cutting edge of
      the saw blade during the restocking cycle and to retract said cylinder rod
      and thereby move said body member out of shielding position during the
      cutting cycle.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said means to actuate said cylinder
      comprises a first and second two-way valve means, the first valve having a
      first position which communicates a source of fluid under pressure with
      said cylinder at a location which effects retraction of said piston rod,
      and a second position which communicates said source of fluid with a
      second valve, said second valve having a first position which communicates
      said first valve with said cylinder at a location which effects extension
      of said piston rod and a second location which blocks communication
      between said first valve and said cylinder, said first valve being in its
      first position during said cutting cycle and means to actuate it to its
      second position upon opening of said work piece holder to a work piece
      receiving position, said second valve being in its second position during
      the cutting cycle and means to actuate it to its first position when said
      work piece holder is at its noncutting reach.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the saw machine is a circular saw of
      the type used for cutting shingles from a block of wood.
NUM  5.
PAR  5. A saw machine having a work piece holder which moves the work piece into
      contact with a moving circular saw blade by motion of the holder past the
      saw blade during a cutting cycle, said holder having an upper clamping
      member which may be raised vertically to restock it with a fresh work
      piece, said work piece holder having vertical and horizontal frame
      members, a saw guard having a generally U-shaped body member hingedly
      mounted on a leading frame member, a fluid actuatable cylinder having a
      piston rod, the piston rod being connected to said U-shaped body member,
      said cylinder and said U-shaped body member being located in a position
      such that when said piston rod is fully extended said body member shields
      the cutting edge of said saw blade adjacent said work piece holder and
      when fully retracted said body member no longer shields the cutting edge
      of said saw blade, a first and second valve means and associated actuating
      means which communicate a source of fluid under pressure with said fluid
      cylinder at a location to extend said piston rod when the work piece
      holder is in both a noncutting position and said clamping member is
      vertically raised to permit restocking, said valve means being actuated by
      said actuation means to communicate the fluid source with said fluid
      cylinder at a location to retract said piston rod when said clamping
      member is lowered to hold the work piece in said work piece holder.
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ABST
PAL  Profile press and precision cutting apparatus having a pressure multiplier
      comprising a cutting die loosely supported by a base plate, the cutting
      die being held in parallelism with the cutting tool by a guide means fixed
      to the piston rod, which means assures a torsion free guidance of said
      piston rod.
BSUM
PAR  The invention relates to a profile press and precision cutting apparatus
      having a pressure multiplicator converting air pressure into oil pressure,
      the plunger of which is hydraulically connected with at least one piston,
      a piston rod connected to said piston acting as a punch and having a
      cutting tool attached to it, a cutting die, and said apparatus also having
      a base plate.
PAR  The vertically movable cutting punch of the known punching machines and
      cutting presses is guided extremely precisely in direction to the cutting
      die which is fixed to the machine frame in axial alignment with the punch.
PAR  The cutting gap between the punch and the cutting die depends on the
      cutting material and the art of cutting. It amounts to approximately .+-.
      150 .mu. with free cutting tools without guide means to approximately .+-.
      80 .mu. with follow dies and to approximately .+-. 30 .mu. with precision
      cutting tools. To secure the proper gap in view of the acting forces and
      to eliminate deformations and misalignment of the axis, extremely rigid
      and therefore heavy-weight press bodies are required. In order to maintain
      the narrow tolerances, e.g. guide rods or columns are provided as well,
      guiding the punch which is movable relative to the cutting die fixed on
      the machine frame. Should the machine frame be made smaller or lighter
      than usual, in order to reduce its weight, elastic deformations of such a
      machine frame as well as the guide columns would be caused by even small
      lateral forces. The narrow tolerances of the cutting gap would be
      surpassed, which would inevitably lead to instant breakage of the cutting
      tool and other sequential damages.
PAR  FIG. 1 is a schematic view of a precision cutting apparatus of the prior
      art, shown partly in longitudinal section.
PAR  FIG. 2 is a schematic view of a precision cutting apparatus embodying the
      invention, some parts being shown in longitudinal section.
PAR  FIG. 3 is a schematic vertical section of a precision cutting apparatus
      embodying the invention.
PAR  FIG. 4 is a section taken on the line IV--IV of FIG. 3 showing the
      mechanism for ejecting the finished piece.
PAR  FIG. 5 is a section taken on the line V--V of FIG. 3.
DETD
PAR  A cutting die 1 in FIG. 1 is fixed on an indicated machine frame 3 by means
      of clamping bolts at 2. The guide columns 4 are fixed on the cutting die
      1, the guide columns 4 being axially guided in the bores 5 of a mounting
      support 6 of a punch 7 so as to guide the punch 7 in the direction of the
      axis 8 of the die opening.
PAR  The same arrangement is to be found also with other embodiments, in which
      the cutting die, which is also called a matrix, is firmly connected with
      the machine frame etc.
PAR  It is an object of the invention to do away with the above-mentioned
      shortcomings by providing a profile press and precision cutting apparatus
      by means of which a precision single cutting or an automatic follow
      cutting can be carried out with the highest precision by using a common
      guide means across a separated bearing surface, whereby such an apparatus
      may be made of light weight. With such an apparatus cutting tools serving
      also the purposes of profile making and other purposes should be
      applicable.
PAR  The invention does away with the technical and economical shortcomings in
      an easy way. According to the invention, in a profile press and precision
      cutting apparatus of the kind referred to, the cutting die is loosely
      supported by the base plate and is held in parallelism with the cutting
      tool by a guide means fixed to the piston rod which means assures a
      torsion free guidance of said piston rod.
PAR  Advantageously the guide means comprises a mounting support fixed to the
      piston rod, the ends of which are longitudinally shiftable in grooves in a
      cutting tool frame, and two opposite guide rods, each of which is
      connected at its one end with one end portion of the mounting support and
      is longitudinally guided at its other end in a bore of a guide plate lying
      adjacent to the cutting die, the guide rods entering openings in the base
      plate during the power stroke of the cutting tool, whereas the cutting die
      is spaced from the base plate, by which it is partly surrounded by a
      distance corresponding to the gap between the guide rod introduced in the
      bore of the base plate and the wall of said bore.
PAR  The technical novelty of the apparatus consists in the precise centering of
      the cutting die with regard to the punch or the cutting tool by means of
      guide elements, e.g. guide rods fixed to the body of the movable punch in
      such a way that the cutting die is loosely and shiftably supported by the
      base plate, which is opposite to the kind of fixation according to the
      prior art. In the event of an otherwise inadmissible elastic deformation
      of the cutting tool frame and resulting misalignment of the base plate,
      the displacements remain without influence on the precisely adjusted
      position of the cutting die.
PAR  This is schematically shown in FIG. 2.
PAR  The cutting die 9 is loosely supported by the base plate 10 of a machine
      frame. By an uncontrolled force P normal to the axis 11 of the punch a
      displacement of the base plate 10 may be produced because of the desirably
      light and space saving structure of the frame, which displacement (marked
      a' in the figure) has however no influence on the precisely adjusted
      position of the cutting die 9 because the same is held axially in
      alignment with the punch by the mounting support 12 fixed on the punch and
      the guide elements 13 connected to said mounting support, which elements
      are aligned longitudinally in the bores 14 of the cutting die 9.
PAR  The apparatus shown in FIG. 3 is a precision cutting device embodying the
      present invention which is actuated by a pressure multiplier having
      several pistons. Such a device gives the technique of precision tool
      cutting a new broad range of application, e.g. in the building industry.
      This embodiment displays clearly all the technical novelties and economic
      advantages of the invention. The shown embodiment is a handy and easily
      manoeuvrable hole cutting apparatus which can be used e.g. instead of a
      hand drilling machine and saves up to 80% of the working time.
PAR  The schematically drawn embodiment according to FIG. 3 comprises a pressure
      producing cylinder group 24,25,26,27, one pressure responding cylinder 28
      and a cutting tool frame 21 which all are connected together in a
      constructural unit by means of tractor screws 30,31.
PAR  Three air operated pistons 32 work on a plunger 34 via a common piston rod.
      The so generated hydraulic pressure in oil 35 acts upon a working piston
      36 to the piston rod 37 of which a cutting tool 38 and a mounting support
      39 with the guide rods 40 are attached.
PAR  The guide rods 40 are attached to the opposite ends of the mounting support
      39, and the ends of the mounting support are longitudinally movable in the
      grooves 22 of the cutting tool frame 29. Each guide rod 40 is guided in a
      bore 23a of a guide plate 23 which is loosely supported by a base plate 20
      and is adjacent to the cutting die 41. During the power stroke of the
      cutting tool 38 the guide rods 40 enter in the bores 20a of the base plate
      20; the diameter of these bores 20a is bigger than that of the guide rods
      40.
PAR  The cutting die assembly which is loosely supported by the base plate 20 is
      radially spaced from the base plate 20 by a distance a which equals the
      gap between the guide rod 40 inserted in the bore 20a of the base plate 20
      and the wall of the bore 20a. The base plate 20 is screwed to the cutting
      tool frame 29.
PAR  By a lateral shock against the cutting tool frame 29 the base plate 20 can
      be laterally displaced by the distance a with respect to the cutting die
      41. This displacement has, however, no effect on the correct position of
      the cutting die 41 which is held always parallel with the cutting tool 38
      because it is connected by the guide plate 23, both guide rods 40 and the
      mounting support 39 with the piston rod 37. Because of this connection no
      torsional moments will be produced which could lead to the torsion of the
      punch. These torsional moments occur only when the cutting edge of the
      cutting tool for cutting e.g. plastic material is not arranged in a plane,
      but forms a spatial curve. The internal longitudinal forces occuring
      during the cutting process are absorbed and compensated by the base plate
      20.
PAR  In order to prevent the workpiece 42 (e.g. a steel angle) from being
      carried along with the returning punch after the completed cut action, a
      hydraulically or pneumatically controlled device for holding down is
      provided, as it can be seen in FIG. 4. The pistons 43 of two pneumatic or
      hydraulic cylinders 44 are connected with a bridge 45 which surrounds the
      cutting tool 38 and by means of which the workpiece 42 is held on the
      cutting die 41 during the cutting action and the following return movement
      of the cutting tool 38.
PAR  The necessary conduits and control members for compressed air or oil are
      not shown in FIG. 3, for the sake of clearness. These parts will be
      covered by a protecting sheath 46 at least within the limits of range of
      the pneumatic cylinders. The protecting sheath 46 can be designed as a
      cylindrical body covering all the parts whereby only the stock supply and
      removal as well as the pressure connections are kept free.
PAR  The profile press and precision cutting apparatus is operated preferably by
      compressed air which is usually available or which can be produced in
      movable compressor plants or which can be brought in compressed-air
      bottles to the assembly place. The requirements as to the volume of the
      compressed air are small.
PAR  The invention represents an essential technical novelty in the structure of
      machine tools and hand tools, because the prime costs and the working
      costs as well as the production costs of the tool are several times lower
      than those of voluminous precision presses. Accordingly, the range of
      application of such tools is broader and opens some new markets for the
      noncutting shaping carried out in a rational working process.
PAR  By the combination of the pneumatic-hydraulic pressure multiplier with the
      constructional feature of the loosely supported cutting die and in
      connection with the guide means guiding the cutting tool in parallelism
      with the punch axis and finally also with the so achieved torsionless
      guidance of the punch, all of which are of the highest importance, a light
      structure of presses can be achieved. By such a combination cutting and
      shaping qualities of a high precision and savings of weight ranging up to
      90% of the weight of the known apparatus can be achieved.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A profile press and precision cutting apparatus having a pressure
      multiplier for converting air pressure into oil pressure, said multiplier
      comprising an oil pressure-operated cylinder containing a piston having a
      piston rod to which is attached a cutting tool acting as a punch, wherein
      the improvement comprises a base plate, a cutting die assembly which rests
      on the base plate and is freely movable horizontally in all directions
      relative to the base plate, said base plate having a portion which at
      least partly surrounds the cutting die assembly, but is radially spaced
      therefrom in all directions, thereby accomodating free horizontal movement
      of the cutting die assembly in all directions relative to the base plate,
      and a plurality of guide rods which are rigidly connected to said piston
      rod and are parallel to the direction of travel of said piston rod, said
      guide rods extending into bores in the cutting die assembly and being long
      enough so that they extend into said bores throughout the entire stroke of
      said piston rod, to maintain the cutting die assembly in alignment with
      said piston rod during the cutting operation, irrespective of misalignment
      of the cutting die assembly with the base plate, thereby producing
      torsion-free guidance of the cutting tool and permitting the base plate to
      take up internally acting forces.
NUM  2.
PAR  2. A profile press and precision cutting apparatus having a pressure
      multiplier for converting air pressure into oil pressure, said multiplier
      comprising an oil pressure-operated cylinder containing a piston having a
      piston rod to which is attached a cutting tool acting as a punch, wherein
      the improvement comprises a base plate, a cutting die assembly supported
      by the base plate, said base plate having a portion which at least partly
      surrounds the cutting die assembly but is radially spaced therefrom, and
      guide means which slidably connects said piston rod and said cutting die
      assembly and holds them in alignment during the cutting operation,
      irrespective of misalignment of the cutting die assembly with the base
      plate, thereby producing torsion-free guidance of the cutting tool and
      permitting the base plate to take up internally acting forces, said guide
      means comprising a mounting yoke fixed to the piston rod, a fixed frame
      having grooves in which the ends of the yoke are guided during the stroke
      of the piston rod, and a pair of guide rods, each having one end fixed to
      one end of the yoke, the cutting die assembly comprising a guide plate
      having two bores in which the other ends of said rods are longitudinally
      guided, and the base plate having openings into which said other ends of
      the rods enter during the power stroke of the piston rod.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, characterized in that the openings in
      the base plate receive the ends of the guide rods with a radial clearance
      as great as the radial clearance between the cutting die assembly and the
      surrounding portion of the base plate.
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ABST
PAL  The punch is surrounded by a tubular housing carrying a stripper plate and
      having a hinged door which is latched closed unless the punch is retracted
      to a tool change position. In addition, means sense the position of the
      door and prevent automatic cycling of the punch if the door is not closed.
      To adjust the stripper plate vertically, provision is made of compactly
      nested threaded rings and, to orient the punch angularly, provision is
      made of an adjusting mechanism which acts on a rod projecting from the
      upper end of a hydraulic cylinder and connected to a downwardly projecting
      ram for reciprocating the punch.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of application Ser. No. 274,391, filed July 24, 1972,
      now U.S. Pat. No. 3,805,658.
BSUM
PAR  This invention relates to a punch press with a reciprocable punch which
      coacts with an underlying die to punch holes in an intervening workpiece.
      More particularly, the invention relates to a punch press of the type in
      which the punch is carried on the end of a ram anchored to a piston which
      is adapted to be reciprocated back and forth within a cylinder in response
      to the admission of pressure fluid alternately into opposite ends of the
      cylinder. A punch press of the same general type as the present press is
      disclosed in Scott U.S. Pat. No. 3,720,125.
PAC  SUMMARY OF THE INVENTION
PAR  The general aim of the present invention is to provide a press whose ram is
      extremely rigid in a radial direction so as to reduce the bending stresses
      imposed on the ram and the cylinder as a result of the lateral forces
      exerted on the ram as the punch strikes the workpiece. In part, this is
      achieved through the provision of a rod projecting upwardly from the
      piston and journaled slidably in the upper end of the cylinder to help
      guide and support the ram and to better distribute to the cylinder the
      lateral forces exerted on the ram. In addition, the effect of such forces
      is reduced still further by providing a comparatively short ram whose use
      is made possible by decreasing the vertical spacing between the die and
      the bottom of the cylinder.
PAR  An important object of the invention is to decrease the aforementioned
      vertical spacing and to take advantage of the upwardly projecting piston
      rod by providing unique mechanism which is disposed above the cylinder and
      which acts on the upwardly projecting rod to orient and lock the ram in a
      proper angular position in the cylinder. With the orienting mechanism
      being located above the cylinder, the encumbrance beneath the cylinder is
      reduced thereby to enable closer positioning of the cylinder to the die so
      as to permit the use of a shorter ram.
PAR  The invention also is characterized by the novel and comparatively rugged
      construction of the orienting and locking mechanism, the latter holding
      the ram in a precisely established angular position and experiencing a
      long service life in spite of the relatively high rate of reciprocation of
      the ram.
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description when taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary front elevation of a new and improved punch press
      embodying the novel features of the present invention, parts of the press
      being broken away and shown in section.
PAR  FIG. 2 is a fragmentary cross-section taken substantially along the line
      2--2 of FIG. 1.
PAR  FIG. 2A is an enlarged view of parts shown in FIG. 2.
PAR  FIG. 3 is a fragmentary view similar to FIG. 2 but showing parts in moved
      positions.
PAR  FIG. 4 is a radial cross-section taken through a stripper housing and
      diagrammatically showing a pneumatic circuit which is associated with the
      door of the housing.
PAR  FIG. 5 is a fragmentary perspective view of the housing and the door, the
      latter being shown in an open position.
PAR  FIG. 6 is a fragmentary top plan view of the press as taken along the line
      6--6 of FIG. 2.
PAR  FIG. 7 is an exploded perspective view of parts shown in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawings for purposes of illustration, the invention is
      embodied in a punch press 10 in which a vertically reciprocable punch 11
      coacts with an underlying die 13 on the main support or bed 14 of the
      press to punch holes in an intervening workpiece 15. The specific press
      which has been illustrated is numerically controlled and is particularly
      suitable for performing high speed nibbling operations in which the punch
      nibbles away successive portions of the workpiece to form a contoured hole
      or to shape the edge of the workpiece.
PAR  In this instance, the punch 11 is carried in a suitable punch holder 15
      attached to the lower end of a vertically reciprocable rod or ram 16 which
      forms part of a hydraulic actuator 17 having an upright cylinder 19
      anchored to a horizontal support or mounting plate 20, the latter being
      rigid with the bed 14 and overhanging the die 13. The upper end of the ram
      16 is connected to the lower end of a piston 21 which is reciprocated
      upwardly and downwardly in response to pressure fluid being alternately
      admitted into and dumped from opposite ends of the cylinder under the
      control of a suitable valve (not shown).
PAR  Overlying the die 13 and disposed just above the workpiece 15 is a circular
      stripper plate 23 formed with a central hole 24 through which the punch 11
      reciprocates during a normal punching cycle. As the punch is retracted
      through its upstroke, the stationary stripper plate engages the workpiece
      and thus strips the workpiece from the punch.
PAR  In a typical numerically controlled cycle, the punch 11 is reciprocated
      through several successive working strokes and moves between advanced and
      retracted positions during each stroke. Thus, the punch advances
      sufficiently far into the die 13 to nibble off a portion of the workpiece
      15 and then is retracted upwardly to the position shown in FIG. 3 in which
      the extreme lower end of the punch is disposed within the opening 24 in
      the stripper plate 23. After the workpiece has been re-positioned, the
      punch is again advanced downwardly through the stripper plate and into the
      workpiece. Upon the completion of a given nibbling operation, it may be
      necessary to replace the punch, the die and the stripper plate with
      tooling of a different size or shape before proceeding to perform the next
      operation. When the tooling is to be changed at the end of an operation,
      the numerical control automatically terminates the normal working stroke
      at the proper time and causes the ram 16 to retract the punch upwardly
      beyond its normal retracted position (FIG. 3) and to stop the punch in an
      upper tool change position shown in FIGS. 1 and 2. When raised to the
      latter position, the punch may be removed easily from the punch holder 15
      by the press operator and the ram 16 cannot be reciprocated in an
      automatic cycle until the operator manually re-starts the numerical
      control.
PAR  Herein, the stripper plate 23 is mounted on the lower end of a tubular
      housing 27 which completely encloses the punch 11 and the ram 16 and which
      includes an access door 29 that cannot be opened until the punch is
      retracted to its upper tool change position and it is safe for the press
      operator to place his hands in the housing. As long as the punch is being
      reciprocated through its normal working stroke or is stopped out of its
      tool change position, the door is latched closed and cannot be opened
      either intentionally or inadvertently by the operator. When the punch is
      retracted to its tool change position, the door is automatically unlatched
      and may be opened for purposes of changing the punch and the stripper
      plate 23. Accordingly, the housing 27 protects the operator from injury
      and yet enables the operator to gain easy access to the punch when safe
      conditions prevail.
PAR  More particularly, the tubular housing 27 is of circular cross-section and
      is connected at its upper end to the lower end of the cylinder 19 in a
      manner to be described subsequently. In addition to the door section 29,
      the housing includes a fixed section defined by an upper cylinder 30 (see
      FIG. 5) and by a lower half cylinder 31 located directly beneath the
      cylinder and opening toward the front of the press 10. The door 29 also is
      shaped as a half cylinder and is hinged to one edge portion of the half
      cylinder 31. When the door is closed, its free edge mates with and engages
      the opposite edge of the half cylinder 31 and the housing thus defines a
      complete cylinder from its top to its bottom.
PAR  The stripper plate 23 projects just below the lower edge of the housing 27
      and is formed on its upper side with a radially extending flange 33 (FIG.
      5) which fits snugly but releasably into a complementary groove 34 formed
      around the inner side of the door 29 and the half cylinder 31. When
      opened, the door pulls away from the stripper plate and the latter then
      may be removed easily from the housing 27 simply by pulling the plate
      radially out of the half cylinder 31.
PAR  To mount the door 29 for hinging on the half cylinder 31, a large ear 36
      (FIG. 5) is formed along one edge portion of the half cylinder and fits
      between a pair of vertically spaced smaller ears 37 formed on the adjacent
      edge portion of the door. A vertical hinge pin 38 (FIG. 4) extends through
      holes in the ears and is threaded at its upper end into the lower edge of
      the cylinder 30. The door thus swings about the pin in moving between its
      open and closed positions. To facilitate opening and closing of the door,
      a handle 39 is secured to the edge portion of the door opposite the hinge.
PAR  A latch 40 (FIGS. 2 and 3) reciprocates with the punch 11 and coacts with a
      strike 41 on the inner side of the door 29 to latch the latter closed
      unless the punch is in its tool change position shown in FIG. 2. Herein,
      the latch comprises an elongated finger secured to one side of the punch
      holder 15 by screws 43 and projecting downwardly alongside the punch
      holder, the finger 40 being spaced radially outwardly from the holder with
      its lower end located in the same plane as the lower surface of the
      holder. The strike 41 is located near the upper end of the door and midway
      between the side edges thereof and comprises a block 44 (FIG. 4) fastened
      to the door by screws 45 and formed with an upwardly opening hole 46 for
      slidably receiving the latch finger 40.
PAR  When the punch 11 is retracted upwardly to its tool change position, the
      latch finger 40 is spaced above the strike 41 as shown in FIG. 2 and thus
      the door 29 can be swung open about the hinge pin 38 to enable the
      operator to gain access to the punch and the stripper plate 23. When the
      door is closed and the punch is advanced downwardly from its tool change
      position, the latch finger 40 telescopes into the hole 46 in the strike
      and prevents the door from being opened. The latch finger remains
      telescoped with the strike even when the punch is shifted upwardly to its
      normally retracted position (see FIG. 3) during the working stroke and
      thus the operator cannot open the door while the punch is reciprocating or
      when the punch is in any position other than its tool change position.
      Accordingly, the danger of the operator being injured is substantially
      reduced since all of the reciprocating elements above the stripper plate
      23 are enclosed and since access to the housing 27 cannot be gained until
      the punch is retracted to its tool change position to pull the latch
      finger 40 out of the strike 41.
PAR  Advantageously, provision is made of a releasable detent 50 (FIGS. 2 and
      2A) for holding the door 29 in its closed position after the door has been
      shut and before the punch 11 is shifted downwardly to advance the latch
      finger 40 into latching engagement with the strike 41. In this instance,
      the detent comprises a vertical plunger 51 (FIG. 2A) which is fitted
      slidably into a chamber 53 formed in a screw 54 which is threaded into an
      upwardly opening hole 55 drilled in the upper edge of the door just
      outboard of the strike. A coil spring 56 is telescoped into the chamber 53
      and urges the plunger 51 upwardly to a position in which the upper end of
      the plunger projects above the upper edge of the door. When the latter is
      in its closed position, the plunger seats releasably in a downwardly
      tapered hole 56 drilled in the lower edge of the cylinder 30 and serves to
      hold the door closed. After the latch finger 40 has been released and as
      the door is pulled opened by the operator, the plunger is automatically
      cammed out of the hole 56 and, when the door is re-closed, the plunger
      snaps into the hole to hold the door until the latch 40 subsequently
      telescopes into the strike 41.
PAR  Means are provided for preventing automatic cycling of the punch 11 if the
      door 29 is not closed and also for causing the punch to stop immediately
      if the door should happen to swing open during a punching cycle. Herein,
      these means comprise a sensing system 60 (FIG. 4) for detecting if the
      door is open or closed and operable when the door is open to produce an
      electrical signal for disabling automatic cycling of the punch.
PAR  Specifically, the sensing system 60 includes an air conduit 61 (FIGS. 4 and
      5) extending into the side of the half-cylinder 31 and communicating with
      a drilled passage 63 which opens out of the free side edge of the
      half-cylinder 31. When the door is closed, the end of the passage is
      blocked and sealed by a rubber pad 64 located in a hole drilled in the
      corresponding side edge of the door 29.
PAR  During the time the door 29 is closed, the passage 63 is pressurized to a
      predetermined pressure with air introduced into the conduit 61 from a
      compressed air source 65 (FIG. 4), the air flowing through a pressure
      regulator 66 and an adjustable needle valve 67 before flowing into the
      passage. As long as the passage is blocked by the closed door 29, there is
      virtually no flow of air through the needle valve and thus there is little
      if any pressure drop across the valve. When the door is opened, however,
      the air escapes rapidly from the portion of the conduit 61 downstream of
      the needle valve and causes a much faster flow of air through the needle
      valve from the upstream portion of the conduit so as to create a larger
      pressure drop across the valve. A differential pressure switch 69 is
      connected in parallel with the needle valve and triggers from the position
      shown in full in FIG. 4 to the position shown in phantom when the
      differential pressure across the valve increases to a predetermined level
      as a result of the increased flow of air through the conduit. Upon
      triggering, the switch de-energizes a relay 70 which is connected into the
      control circuit of the press 10 and which is effective when de-energized
      to prevent automatic cycling of the punch 11 from its tool change
      position. If the relay is de-energized while the press is in a working
      cycle, the punch is automatically stopped and the press is shut down.
PAR  Accordingly, the relay 70 is de-energized whenever the door 29 is open and
      thus prevents automatic cycling of the punch 11 until the door is closed
      to aline the strike 41 with the latch finger 40. Should the strike break
      or pull loose from the door during the punching operation, the punch 11
      will be immediately stopped if the door flies open and causes
      de-energization of the relay.
PAR  In addition to guarding the safety of the press operator, the latch 40 and
      the sensing system 60 help prevent damage to the press 10. In most
      instances, the sheet metal workpiece 14 is bowed or buckled to some extend
      and, upon being re-positioned beneath the punch 11, pushes upwardly and
      laterally against the stripper plate 23 and tends to force the door 29
      open. The latch keeps the door tightly closed and thus holds the stripper
      plate in its proper position so that the plate will not be shifted
      laterally and struck by the punch when the latter is advanced downwardly.
      If the latch or the strike 41 should fail and the door forced open during
      re-positioning of the workpiece, the sensing system 60 will stop automatic
      cycling of the machine and prevent downward shifting of the punch. Thus,
      there is little danger of the punch striking and jamming against the
      stripper plate 23.
PAR  Extremely vertically compact mechanism 70 (FIG. 1) is provided beneath the
      cylinder mounting plate 20 for adjusting the stripper housing 27 upwardly
      and downwardly so as to enable vertical adjustment of the stripper plate
      23 to accommodate workpieces of different thicknesses between the stripper
      plate and the die 13. As shown in FIG. 1, the adjusting mechanism 70
      comprises an inner ring 71 which is telescoped over the lower end portion
      of a cylindrical, sleeve-like nose 73 formed integrally with and depending
      from the cylinder 19. The nose projects downwardly through a hole 74 in
      the cylinder mounting plate 20 and slidably receives the ram 16 to help
      guide and rigidly support the latter during reciprocation of the punch 11.
PAR  The inner ring 71 is internally threaded with threads of one hand and is
      externally threaded with threads of equal pitch but of the opposite hand,
      the ring being threaded onto the cylinder nose 73 so as to move upwardly
      and downwardly on the nose when rotated. Rotation of the ring in this
      particular instance is effected by a reversible rotary fluid motor 75
      (FIG. 1) which is advantageously supported above the cylinder mounting
      plate 20 and whose drive shaft 76 carries a pinion 77 positioned to mesh
      with a second pinion 79 on the upper end of an upright shaft 80 projecting
      downwardly through the cylinder mounting plate 20. A gear 81 is fastened
      to the shaft 80 immediately below the cylinder mounting plate and meshes
      with gear teeth 83 formed around the outer periphery of the ring 71 just
      above the external threads thereon. Thus, when the motor 75 is energized,
      the shaft 80 is rotated to turn the ring 71 and cause the latter to thread
      upwardly and downwardly on the cylinder nose 73.
PAR  Threaded onto the external threads of the inner ring 71 is a non-rotatable
      outer ring 85 (FIG. 1) which is connected to the stripper housing 27 by
      means of angularly spaced shear pins 86 (FIG. 1) extending radially
      between the stripper housing and the outer ring. If the punch 11 should
      happen to strike the stripper plate 23 during the downstroke of the punch,
      the shear pins 86 will fracture to allow the housing 27 to pull loose from
      the outer ring 85 and, as a result, the ram 16 can complete its downstroke
      and the housing 27 will not be damaged by the punch jamming against the
      stripper plate.
PAR  To prevent rotation of the stripper housing 27 and the outer ring 85, a
      radially projecting bracket 87 is attached rigidly to the outer ring and
      is formed with a hole 88 which slidably and rotatably receives the lower
      end portion of the shaft 80. Thus, the shaft is free to rotate within the
      bracket but prevents turning of the outer ring 85 and permits the latter
      to move upwardly and downwardly.
PAR  With the foregoing arrangement, lowering of the stripper plate 23 is
      effected by driving the motor 75 in one direction so as to turn the inner
      ring 71 and cause the latter to thread downwardly on the cylinder nose 73.
      The outer ring 85 and the stripper housing 27 are carried downwardly with
      the inner ring and, being held against rotation, the outer ring also
      threads downwardly on the inner ring. Accordingly, the stripper housing 27
      and the stripper plate 23 are shifted downwardly through a distance which
      is twice as great as importantly, the downward displacement of the inner
      ring 71. Upward adjustment of the stripper plate is carried out in a
      similar manner by driving the motor in the opposite direction to cause the
      rings to thread upwardly.
PAR  As a result of the two threaded rings 71 and 85, the stripper plate 23 may
      be lowered through small increments and over a relatively wide range by
      moving the inner ring only a short distance downwardly from the cylinder
      mounting plate 20. Because the outer ring 85 is threaded onto the inner
      ring 71, the two rings are nested radially not only with one another but
      also with the cylinder nose 73 and thus the adjusting mechanism 70 is very
      compact in a vertical direction. Such compactness enables a reduction in
      the vertical distance between the die 13 and the bottom of the cylinder
      mounting plate 20 to permit the use of a comparatively short ram 16. The
      short ram thus is less likely to deflect laterally under the lateral
      forces exerted on the ram as the punch 11 impacts against the workpiece 15
      during the nibbling operation and, in addition, lateral forces of smaller
      magnitude are transmitted back to the cylinder 19 by the ram. Accordingly,
      the ram itself is comparatively rigid and remains rigidly supported in the
      cylinder.
PAR  The rigidity of the lateral support of the ram 16 is increased still
      further by means of an upwardly projecting rod 90 (FIGS. 1 and 7) which is
      integral with the upper end of the piston 21. As shown in FIG. 1, the rod
      90 extends upwardly out of the upper end of the cylinder 19 and is guided
      for up and down sliding by a cap 91 connected to the cylinder and closing
      off the upper end thereof. By virtue of the rod being guided within the
      cap 91, additional radial support is provided to counteract the lateral
      forces imposed on the ram 16 during the nibbling operation and to resist
      cocking of the ram and the piston 21 in the cylinder 19.
PAR  In accordance with the primary aspect of the invention, the ram 16 is
      oriented and locked in a precisely predetermined angular position in the
      cylinder 19 by rugged and comparatively trouble-free mechanism 95 (FIGS.
      2, 6 and 7) which acts on the upwardly projecting rod 90 to orient and
      lock the ram. Orientation of the ram in the cylinder enables proper
      angular orientation of the punch 11 and, with the orienting and locking
      mechanism 95 acting on the rod 90 and being located above the cylinder
      mounting plate 20, the area below the plate is unencumbered by the
      mechanism to help maintain a comparatively short vertical dimension
      between the plate and the die 13 so that a short ram may be used.
PAR  In this instance, the orienting and locking mechanism 95 comprises a
      cup-shaped collar 96 (see FIG. 7) which is telescoped onto the upper end
      portion of the rod 90 and is anchored thereto by angularly spaced screws
      97. A depending pin 99 is rigid with the collar and fits tightly into a
      keyway 100 in the upper end of the rod to locate the collar in a precise
      angular position on the rod.
PAR  Telescoped over the lower end portion of the collar 96 is a ring 101 (FIG.
      7) which is fastened to the collar by radially extending pins 103 and is
      held in an accurately established angular position on the collar by a
      square key 104 fitted into a keyway 105 in the side of the collar. A split
      ring 106 is telescoped over the upper end portion of the collar 96
      immediately above the lower ring 101 and is adapted to be clamped securely
      to the collar by a bolt 107. When the bolt is loosened, the collar 96 may
      be turned within the split ring 106 to enable angular orientation of the
      rod 90 and the ram 16.
PAR  As shown in FIGS. 2 and 7, the lower ring 101 is formed with a radially
      projecting arm 110 which is disposed immediately below an arm 111
      projecting radially from and formed integrally with the split ring 106.
      The arm 111 is held in an angularly fixed position and, when the split
      ring 106 is unclamped from the collar 96, the arm 110 may be adjusted
      angularly relative to the fixed arm 111. To enable adjustment of the arm
      110, an upright dowel 113 is press-fitted into a hole 114 (FIG. 2) in the
      arm 110 and projects upwardly into an enlarged hole 115 formed in the arm
      111. Two adjusting screws 116 are threaded into radially extending holes
      117 in the arm 111 and are positioned with their free ends or tips in
      engagement with the dowel 113. When the split ring 106 is unclamped, one
      of the adjusting screws may be loosened and the other tightened to shift
      the dowel 113 within the hole 115 and thereby adjust the ring 101, the
      collar 96 and the rod 90 angularly relatively to the angularly fixed split
      ring. In this way, the ram 16 may be adjustably oriented in a proper
      angular position within the cylinder 19. AFter the ram has been oriented,
      both adjusting screws 116 After tightened against the dowel 113 and are
      clamped in place by lock nuts 119 located between the sides of the arm 111
      and the heads of the screws. The split ring 106 then is tightened by means
      of the bolt 107 and clamps securely against the collar 96 to prevent
      turning of the rod 90 and the ram 16.
PAR  To hold the arm 106 in an angularly fixed position, a hardened post 120
      (FIGS. 6 and 7) of square cross-section is anchored to a plate 121
      connected to and extending outwardly from the cylinder cap 91. The post
      projects upwardly from the plate, is disposed alongside the outer end of
      the arm 106 and coacts with two anti-friction rollers 123 and 124 to guide
      the arm for up and down reciprocation with the rod 90 while preventing
      turning of the arm. As shown in FIG. 6, the anti-friction rollers are
      journaled on the free outer end of the arm 106 and are located on opposite
      sides of the post 120 to ride up and down on the latter when the arm is
      moved upwardly and downwardly as the rod 90 is reciprocated. The rollers
      fit snugly against the sides of the post and thus prevent the arm 106 from
      turning angularly relative to the post.
PAR  With the foregoing arrangement, the rollers 123 and 124 establish a rolling
      connection between the arm 106 and the post 120 to avoid the use of a
      sliding guide connection for the arm and hence virtually eliminate the
      creation of heat at the connection as the rod 90 is reciprocated at rapid
      rates ranging upwardly to 600 strokes per minute. Because the arm 106
      remains angularly stationary when the rod 90 is adjusted by the screws
      116, the rollers always remain in face-to-face contact with the sides of
      the square post 120 and thus always roll smoothly along the post without
      cocking or binding and without being subjected to excessive wear as
      otherwise would occur in the case of line contact between the rollers and
      the post. The two adjusting screws 116 are capable of shifting the rod 90
      angularly through small, precise increments and thus the angular position
      of the rod may be accurately established to insure proper angular
      orientation of the punch 11.
PAR  As mentioned above, encumbrance between the die 13 and the cylinder
      mounting plate 20 is reduced by locating the orienting and locking
      mechanism 95 above the mounting plate and by arranging the mechanism to
      act on the upwardly projecting rod 90. Such encumbrance is reduced still
      further using the rod to actuate means for signaling the vertical position
      of the punch 11. Herein, these means comprise two proximity switches 130
      and 131 (FIGS. 6 and 7) supported in vertically and horizontally spaced
      relation on a bracket 133 upstanding from the plate 121. A second bracket
      134 is anchored to and projects outwardly from the arm 106 and carries a
      pair of horizontally spaced lugs 135 and 136 which move upwardly and
      downwardly past the switches as the punch 11 is reciprocated. When a tool
      changing operation is to be performed, the lug 135 triggers the switch 130
      when the punch has been shifted upwardly to its tool changing position,
      and the switch produces an electrical signal to stop the ram 16 with the
      punch in that position. When the punch has shifted downwardly into the die
      13 a predetermined distance during the normal working stroke of the punch,
      the lug 136 triggers the switch 131 to produce a signal causing the ram to
      reverse directions and shift the punch upwardly.
PAR  To effect reversal of the ram 16 when the punch 11 is shifted upwardly to
      its normally retracted position (FIG. 3), a proximity switch 140 is
      supported on the upper cylinder 30 of the stripper housing 27 and is
      adapted to be triggered by a lug 141 which is carried on the punch holder
      15. While the proximity switch 140 is carried on and adjustable vertically
      with the stripper housing 27 for the advantageous purpose disclosed in the
      aforementioned application, the switches 130 and 131 of the present punch
      press 10 are removed from the housing and are located above the cylinder
      mounting plate 20 so that the area below the plate is not encumbered by
      such switches.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A punch press having a vertically reciprocable punch adapted to coact
      with an underlying die to punch a hole in an intervening workpiece, said
      press comprising a support, and upright cylinder mounted on said support,
      a piston slidable upwardly and downwardly within said cylinder, a ram
      projecting downwardly from said piston and out of the lower end of said
      cylinder and carrying said punch on its lower end, a rod rigid with the
      upper end of said piston and projecting upwardly through and journaled
      slidably in the upper end of said cylinder to help resist the lateral
      forces imposed on said ram when said punch engages said workpiece, and
      mechanism connected between said support and the projecting upper end
      portion of said rod for adjustably orienting the rod and the ram in a
      selected angular position within said cylinder and for thereafter
      anchoring the rod and the ram in said selected position.
NUM  2.
PAR  2. A punch press as defined in claim 1 in which said mechanism comprises a
      first arm anchored to and projecting radially from the upper end of said
      rod, a second arm clamped releasably to and projecting radially from the
      upper end of said rod, means rigid with said support for holding said
      second arm in a fixed angular position and for guiding said second arm for
      up and down movement when said rod is reciprocated upwardly and
      downwardly, and means operable when said second arm is unclamped from said
      rod to adjust said first arm angularly relative to said second arm and
      thereafter to hold said first arm in its adjusted position thereby to
      orient and hold said rod and ram in said selected angular position.
NUM  3.
PAR  3. A punch press as defined in claim 2 in which said holding and guiding
      means comprise and upstanding post rigid with said support, and rollers
      rotatably mounted on said second arm and positioned to ride upwardly and
      downwardly on said post.
NUM  4.
PAR  4. A punch press as defined in claim 3 in which said post is formed with
      flat sides along which said rollers ride.
NUM  5.
PAR  5. A punch press as defined in claim 2 further including a first ring rigid
      with said first arm and telescoped over the upper end portion of said rod,
      and means for anchoring said first ring in a fixed angular position
      relative to said rod.
NUM  6.
PAR  6. A punch press as defined in claim 5 further including a second ring
      rigid with said second arm and telescoped over the upper end portion of
      said rod, and means for clamping said second ring tightly to said rod and
      selectively releasable to permit angular adjustment of the rod within the
      second ring.
NUM  7.
PAR  7. A punch press as defined in claim 6 in which said adjusting means
      comprise a pin rigid with one of said arms and projecting axially into an
      enlarged hole in the other of said arms, and adjusting screws threaded
      into said other arm and projecting radially into said hole and into
      engagement with opposite sides of said pin.
NUM  8.
PAR  8. A punch press as defined in claim 1 further including signal producing
      means anchored to said support above said cylinder, and means carried by
      said rod and operable to trigger said signal producing means when the rod
      shifts to a predetermined vertical position.
NUM  9.
PAR  9. A punch press comprising a support, a cylinder mounted on said support,
      a piston movable back and forth within said cylinder and operable to
      reciprocate a punch, a rod rigid with said piston and projecting out of
      one end of the cylinder, and mechanism connected between said support and
      said rod for adjustably orienting the rod and the piston in a selected
      angular position in said cylinder and for thereafter anchoring the rod and
      the piston in said selected position, said mechanism comprising a first
      arm anchored to and projecting radially from the rod, a second arm clamped
      releasably to and projecting radially from the rod, a post anchored to
      said support and extending parallel to the direction of movement of said
      rod, rollers carried on said second arm and ridable along said post to
      hold said second arm in a fixed angular position while allowing
      reciprocation of said second arm with said rod, and means operable when
      said second arm is unclamped from said rod to adjust said first arm
      angularly relative to said second arm and thereafter to hold said first
      arm in its adjusted position thereby to orient and hold said rod and said
      piston in said selected angular position.
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ABST
PAL  A band saw which has a displaceable guard rail that covers the saw blade in
      the cutting region thereof above the feed table and is adapted to be
      displaced upward in a direction parallel to the saw blade and away from
      the feed table to the height necessary to allow passage of the stock that
      is being cut. The band saw includes apparatus for raising the guard rail
      the necessary height in response to exerting pressure by the stock against
      the guard rail in the direction of cutting, and the apparatus will then
      maintain the guard rail at a height conforming to the contour of the stock
      as the latter is passed through the saw blade. Other apparatus provides
      smooth movement of the guard rail during cutting operations and provides
      for securing of the guard rail when the band saw is not in operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a band saw, especially adapted for cutting
      bone and meat and is of the type which has a saw blade running over an
      upper and a lower saw wheel, a feed table for the cutting stock, and a
      guard rail that covers the saw blade.
PAR  Insofar as the cutting process permits, bone and meat saws must be equipped
      so that the operating personnel expose their hands an absolute minimum to
      the danger region of the saw blade.
PAR  Band saws are known which have a guard rail that covers the saw blade and
      is mounted in the upper wheel housing of the machine and which can be
      displaced parallel to the saw blade to a designated height. These guard
      rails have the disadvantage that they must be arrested at the height of
      the cutting stock and hinder the continuous feed. A reliable accident
      prevention is thereby not provided, because the guard rail will remain
      arrested at the selected height necessary for the passage of the stock or
      at the maximum possible passage height even when no cutting stock is being
      sawed. Also, the guard rail may remain elevated at the maximum height when
      cutting stock having a relatively small height is to be sawed.
PAR  Therefore, it is the object of the present invention to provide a
      protective cover or guard rail for the envisaged working region of the saw
      blade, the height setting of which automatically adapts itself to the
      cutting stock and to the differences in height of an individual item of
      cutting stock and after completion of the sawing process automatically
      assumes an initial position covering the entire sawing region.
PAC  SUMMARY OF THE INVENTION
PAR  The inadequacies of the prior art are overcome by the present invention
      wherein the guard rail is mounted so that it can be displaced parallel to
      the saw blade and can be swivelled or pivoted in a plane parallel to the
      cutting direction about an axis arranged above the cutting region, and a
      rotating friction wheel is arranged in the upper part of the band saw in
      such a manner that it is engaged on swivelling or pivoting of the guard
      rail in the cutting direction into a force-locking connection with the
      guard rail or an associated part that is firmly connected with the guard
      rail so that the guard rail is moved upwardly and exposes the saw blade
      only to the height of passage necessary for the cutting stock that is to
      be sawed.
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being had to the accompanying drawings
      forming a part of this specification wherein like reference characters
      designate corresponding parts in the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a rear elevational view showing schematically a band saw
      embodying the present invention; and
PAR  FIG. 2 is a side elevational view of the band saw of FIG. 1 with portions
      removed for purposes of illustration.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before explaining the present invention in detail, it is to be understood
      that the invention is not limited in its application to the details of
      construction and arrangement of parts illustrated in the accompanying
      drawings, since the invention is capable of other embodiments and of being
      practiced or carried out in various ways. Also, it is to be understood
      that the phraseology or terminology employed herein is for the purpose of
      description and not of limitation.
PAR  The band saw illustrated in the drawings comprises in a known manner a
      lower frame 1, in which an electric motor 2 drives a lower saw wheel 4
      through a belt drive 3, and an upper frame 5, in which an upper saw wheel
      6, corresponding to the lower saw wheel 4, is arranged to be freely
      rotatable. Over the two saw wheels 4 and 6 runs a band-shaped saw blade 7,
      which extends on the one side of the band saw in a housing part 8
      connecting the lower and upper frames and which is open on the oppositely
      disposed side. A feed table 9, on which the cutting stock is pushed
      against the band saw, is arranged on the lower frame 1. Provided for the
      saw blade 7 in likewise known manner are a tensioning device, guide
      devices and a cleaning and stripping device, of which only the tensioning
      device is illustrated in the drawing and provided with the reference
      symbol 10.
PAR  According to the invention, the saw blade 7 in its cutting region between
      the upper frame 5 and the feed table 9 is covered by a guard rail 11. This
      is firmly connected with a guide axle or shaft 12, which extends parallel
      to it, lies behind the saw blade 7 in the cutting direction, protrudes
      into the interior of the upper frame 5 and is there mounted by means of an
      axial bearing 13 to be displaceable on a pendulum axle or shaft 14. The
      pendulum axle 14 is suspended at its upper end so as to be pivoted or
      swivelled parallel to the cutting direction. Thus, the upper pendulum axle
      or shaft 14 and the lower guide axle or shaft 12 from a pendulum assembly
      pivotally mounted at the upper end of axle or shaft 14. On displacement of
      the guide axle 12 along the pendulum axle 14, the guard rail 11, firmly
      connected with the guide axle 12, is simultaneously raised and it then
      exposes the saw blade 7 above the feed table 9 to the extent that it is
      raised. In FIG. 2, the guide axle 12 is shown in broken lines in a raised
      position.
PAR  The elevating of the guard rail 11 and of the guide axle 12 is caused by a
      friction wheel 15, which revolves in the upper frame 5 and which on
      swivelling or pivoting of the guard rail in the cutting direction is
      engaged in a force-locking connection with the guide axle 12. By the
      rotation of the friction wheel 15, guide axle 12 and guard rail 11 are
      raised upwardly and thereby expose the band saw 7 to the stock to be cut.
      The force-locking connection between friction wheel 15 and guide axle 12
      remains in being for so long as the guard rail 11 is pivoted or swivelled
      in the cutting direction, thus for so long as the stock to be cut presses
      in the cutting direction against the guard rail 11. As soon as this
      swivelling or pivoting ends, which will occur as soon as the saw blade is
      exposed to the necessary cutting height, the guard rail 11 together with
      the guide axle 12 is swivelled or pivoted back in reverse of cutting
      direction by a spring 16 which is mounted between pendulum axle 14 and the
      upper frame 5. Thus, the guide axle 12 is removed from the friction wheel
      15 and the upward movement of guard rail 11 will stop.
PAR  The friction wheel 15 is driven by the upper saw wheel 6 through a suitable
      gearing 17. To avoid a jerky falling down of the guard rail 11, the latter
      is connected to a counterweight 21 by a rope 18 and deflecting rollers 19.
PAR  When the guard rail 11 is in its lowermost position completely covering the
      cutting region of the band saw 7, it is arrestable or retained in place by
      a locking bolt 22 projecting into an opening in the guard rail 11. The
      locking bolt 22 is slidably mounted on frame 5 and is urged by a spring 23
      into arresting position and can be withdrawn from the opening in the guard
      rail 11 by an electro-magnet 24 acting against the force of the spring 23.
      The electro-magnet 24 is arranged by conventional electrical circuitry to
      be switched on only for as long as the band saw is switched on. When the
      band saw is switched off, the guard rail 11 will cover the entire cutting
      region of the saw blade 7 above the feed table 9 and is then arrested in
      this position by the locking bolt 22. After the band saw is switched on by
      means of the main switch 25, the electro-magnet 24 can be energized by a
      switch 26 and the arresting action of the guard rail 11 is released. If
      the operator now pushes a cutting stock to be cut on the feed table 9
      toward the saw blade 7, then the guard rail 11 covering the saw blade is
      swivelled or pivoted in the cutting direction, the guide axle 12 is moved
      into force-locking contact with the rotating friction wheel 15 and the
      guard rail 11 is displaced upwardly. As soon as the necessary passage
      height for the cutting stock to be cut is reached, the guide axle 12 is
      removed from the friction wheel by the spring 16, so that the upward
      movement of the rail 11 ceases. This now again sinks downwardly, slowly
      due to the counterweight 21. As soon as it then comes into contact with
      the cutting stock, it is swivelled or pivoted anew in the cutting
      direction, again coming into contact with the friction wheel 15 and is
      againt displaced upwardly. This process repeats itself during the entire
      passage of the cutting stock, so that the passage height exposed by the
      guard rail 11 adapts again accurately to the contours of the cutting stock
      that is being cut. As soon as the sawing process is completed, the guard
      rail 11 falls back into its initial position and covers the saw blade 7 in
      the entire cutting region. In this manner, only that region of the saw
      blade is exposed, which is actually required for sawing.
PAR  As soon as the guard rail is in its lowermost position, a limit switch 27
      is actuated by it or by a part moved together with it. This limit switch
      is ineffective when the band saw is switched on; but when the band saw is
      switched off, this limit switch functions to deenergize the electro-magnet
      24. Thereby, the locking bolt 22 projects automatically into the opening
      in the guard rail 11 and arrests or secures the guard rail in the
      lowermost position, when the band saw is switched off.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A band saw for cutting stocks of material such as bone and meat
      comprising a frame on which are supported spaced upper and lower rotatable
      wheels, a saw blade extending between and mounted on said wheels and
      adapted to be driven thereby, a feed table positioned between said wheels
      for supporting stock adjacent to the saw blade during a cutting operation,
      a guard rail having an idle position covering the saw blade in its cutting
      region above the feed table, support means for said guard rail mounted to
      allow movement of the guard rail (1) in a parallel direction with respect
      to said saw blade an amount sufficient to expose the cutting region of
      said saw blade to the height of passage necessary for cutting said stock
      and (2) a limited amount toward the cutting edge of the saw blade upon
      application of pressure of the stock against the guard rail, and actuating
      means operatively associated with said support means for moving said
      support means and thereby said guard rail upward in said parallel
      direction so as to expose said saw blade the necessary amount to allow
      cutting of the stock, said actuating means being responsive to the
      movement of said guard rail toward said cutting edge to move said support
      means and thereby said guard rail an amount sufficient only to expose said
      saw blade to the necessary height of passage of said stock.
NUM  2.
PAR  2. The band saw that is defined in claim 1, wherein said actuating means
      includes a rotatable friction wheel engagable by said support means for
      moving said support means upward, said support means being movable into
      engagement with said friction wheel when said guard rail is moved said
      limited amount toward the cutting edge of the saw blade.
NUM  3.
PAR  3. The band saw that is defined in claim 2, wherein biasing means normally
      urge said support means out of engagement with said rotating friction
      wheel.
NUM  4.
PAR  4. The band saw that is defined in claim 2, wherein said friction wheel is
      operatively connected to said uppper rotatable wheel so as to be driven
      when said upper rotatable wheel is rotated.
NUM  5.
PAR  5. The band saw that is defined in claim 1, wherein said support means
      includes a pendulum assembly supported on said frame for swinging movement
      in the plane of the cutting portion of the saw blade, said pendulum
      assembly having an upper pendulum shaft pivotally connected to the frame
      and a lower guide shaft secured to said guide rail, said pendulum and
      guide shafts being slidably connected together for contraction and
      extension of the pendulum assembly, said guide shaft being engagable with
      said actuating means for contracting said pendulum assembly when said
      guard rail is moved toward said cutting edge.
NUM  6.
PAR  6. The band saw that is defined in claim 1, wherein a counterbalance means
      is operatively connected to said guard rail to ease the descent of said
      guard rail when the latter is moved in a direction away from said cutting
      edge.
NUM  7.
PAR  7. The band saw that is defined in claim 1, wherein arresting means
      operatively extend between said frame and said guide rail for securing the
      latter in said idle position.
NUM  8.
PAR  8. The band saw that is defined in claim 7, wherein said arresting means
      includes a recess in said guide rail, and a spring actuated bolt mounted
      on said frame and urged by the spring into said recess.
NUM  9.
PAR  9. The band saw that is defined in claim 8, wherein said arresting means
      includes an electro-magnet for biasing the bolt out of said recess when it
      is desired to operate the band saw.
NUM  10.
PAR  10. The band saw that is defined in claim 9, wherein said band saw is
      electrically driven, and said electro-magnet is adapted to be energized
      only when said band saw is electrically energized.
NUM  11.
PAR  11. The band saw that is defined in claim 10, wherein a limit switch is
      mounted on said frame to be actuated when said guard rail is in its idle
      position, said limit switch being operable to open the electric circuit to
      said electro-magnet when the band saw is deenergized.
NUM  12.
PAR  12. A band saw for cutting stocks of materials such as bone and meat
      comprising a frame on which are supported spaced upper and lower rotatable
      wheels, a saw blade extending between and mounted on said wheels and
      adapted to be driven thereby, a feed table positioned between said wheels
      for supporting stock adjacent to the saw blade during a cutting operation,
      a guard rail having an idle position covering the saw blade in its cutting
      region above the feed table, support means for said guard rail mounted to
      allow movement of the guard rail (1) in a parallel direction with respect
      to said saw blade an amount sufficient to expose the cutting region of
      said saw blade to the height of passage necessary for cutting said stock
      and (2) a limited amount toward the cutting edge of the saw blade upon
      application of pressure of the stock against the guard rail, actuating
      means operatively associated with said support means for moving said
      support means and thereby said guard rail upward in said parallel
      direction so as to expose said saw blade the necessary amount to allow
      cutting of the stock, said actuating means being responsive to the
      movement of said guard rail toward said cutting edge to move said support
      means and thereby said guard rail upward an amount sufficient only to
      expose said saw blade to the necessary height of passage of said stock,
      biasing means normally urging said guard rail away from said cutting edge
      to a position wherein said actuating means is nonresponsive for moving
      said support means and guard rail upward, counterbalancing means
      operatively connected to said guard rail to ease the descent of said guard
      rail when the latter is returning from an upper position toward said idle
      position, and an arresting means between said frame and said guide rail
      for retaining the latter in said idle position.
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ABST
PAL  An electronic organ comprises memory means for memorizing in an analog
      manner the synthesizing ratio of repetitively occuring waves such as
      square waves for synthesizing qualities of sound in response to the
      signals from means for selecting qualities of sound (to be referred to as
      tablets hereinafter); a mixing circuit for adding the synthesizing ratio
      for each repetitively occuring wave when the means for selecting qualities
      of sound are selected; frequency dividers for dividing the oscillation
      frequencies of top octave generators, an indirect keying circuit for
      interrupting the current corresponding to the ratio of repetitively
      occuring waves in response to the repetitively occuring signal waveforms
      from the frequency dividers and intermittingly interrupting said current
      in response to on-off signals from a keyboard; a synthesizing circuit for
      combining the outputs from the indirect keying circuit into a group for
      each octave; a variable filter for changing the frequency characteristics
      electronically in response to the outputs from said tablets; and detectors
      of key number and tablet number for detecting the number of keys pressed
      and the number of tablets selected, respectively, for effecting the
      additive control of the amplitudes of the output tone signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an electronic organ.
PAR  In generators of sound in the conventional electronic organs, the
      combination of oscillators and frequency dividers is used to produce the
      square waves with a fundamental frequency corresponding a key pressed and
      square waves with a frequency of an integral multiple of the fundamental
      frequency. These square waves are combined or synthesized in a desired
      ratio, and the combined or synthesized output is made to pass through a
      tone filter so that undesired frequency spectrum may be removed. Moreover,
      in general, the direct keying system is used for intermittently
      interrupting the square wave trains with the above harmonic series.
      However, a large number of filters are required in order to determine a
      desired ratio in which the harmonic components are combined and to produce
      various timbres, so that the conventional electronic organs are complex in
      construction and expensive. In order to overcome this problem, there has
      been proposed a system in which timbres are combined into groups each
      consisting of a few or several or tens timbres and these timbre groups are
      made to pass through low-pass filters. However, this system has a defect
      that the timbres and volume are considerably different at high and low
      tones. Furthermore, it is difficult to simplify the construction so that
      the associated circuits may not be fabricated in the form of LSI.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has for its object to provide an electronic organ
      which uses a generator of sound of the type synthesizing the repetitively
      occuring waves such as square waves, makes it possible to be fabricated in
      the form of LSI (large scale integration), and is simple in construction.
PAR  The fundamental construction of the present invention comprises memory
      means for memorizing in an analog manner the synthesizing ratio of
      repetitively occuring waves such as square waves for synthesizing
      qualities of sound in response to signals from a means for selecting
      qualities of sound (to be referred to as tablets hereinafter); a mixing
      circuit for adding the synthesizing ratio for each repetitively occuring
      wave when the means for selecting qualities of sound are selected;
      frequency dividers for dividing the oscillation frequencies of top octave
      generators, an indirect keying circuit for interrupting the current
      corresponding to the ratio of repetitively occuring waves in response to
      the repetitively occuring signal waveforms from the frequency dividers and
      intermittently interrupting said current in response to on-off signals
      from a keyboard; a synthesizing circuit for combining the outputs from the
      indirect keying circuit into a group for each octave; a variable filter
      for changing the frequency characteristics electronically in response to
      the outputs from said tablets; and detectors of key number and tablet
      number for detecting the number of keys pressed and the number of tablets
      selected, respectively, for effecting the additive control of the
      amplitudes of the output tone signals.
PAR  The present invention may attain the following features and advantages:
PAR  1. The stage for synthesizing the repetitively occuring waves such as
      square waves is made up of transistors such as MOS-FETs; the means for
      controlling qualities of sound for determining the ratio specific to a
      selected tablet is made up of resistor arrays; and operational amplifiers
      are used. Therefore, they are fabricated in the form of LSI, and the
      construction is simple.
PAR  2. The repetitive occuring waves such as square waves in each order from
      the keying circuit are added by the operational amplifiers so that the
      additive control is facilitated.
PAR  3. The characteristic of the variable filter is electronically selected in
      response to selected tablets so that a large number of qualities of sound
      may be produced by a relatively small number of filters.
PAR  4. The sound quality may be improved over the conventional electronic
      organs.
DRWD
PAC  BREIF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram illustrating the fundamental
      construction of the preferred embodiments of the present invention;
PAR  FIG. 2 is a circuit diagram illustrating major components thereof;
PAR  FIG. 3 is a circuit diagram of tablet switches and a waveform memory
      circuit;
PAR  FIG. 4 is a block diagram of one example of an electronically variable
      filter;
PAR  FIG. 5 shows the characteristics of the variable filter shown in FIG. 4;
PAR  FIG. 6 is a circuit diagram of a detector of key number and a variable
      reference voltage source;
PAR  FIG. 7 shows the output gain characteristic curve obtained by the circuit
      shown in FIG. 6;
PAR  FIG. 8 is a circuit diagram of a detector of tablet number and a variable
      reference voltage source;
PAR  FIG. 9 shows the output gain characteristic curve obtained by the circuit
      shown in FIG. 8;
PAR  FIG. 10 is a circuit diagram of an arrangement in which both a detector of
      key number and a detector of tablet number are provided and a variable
      reference voltage source which is controlled in response to the outputs
      from said two detectors is also provided;
PAR  FIG. 11 is a diagram illustrating the voltage at the point V.sub.B in the
      circuit shown in FIG. 10;
PAR  FIG. 12 is a diagram illustrating the voltage at the point V.sub.D in the
      circuit shown in FIG. 10;
PAR  FIG. 13 shows the output gain characteristic curve obtained by the circuit
      shown in FIG. 10; and
PAR  FIG. 14 is a circuit diagram illustrating an example in which the synthesis
      for each scale and for each octave are accomplished in two steps in a
      mixing circuit 8 shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, reference numeral 1 designates generators for
      producing the notes C through B in the top octave in the equally tempered
      scale; 2, frequency dividers; 3, a keyboard; 4, switching circuits to be
      referred to as "tablets" hereinafter in this specification for selecting
      desired timbres or tone colors; and 5, memory means or bank of resistor
      arrays for determining the intensity ratio for each tablet to combine the
      trains of square waveforms with a frequency which is an integral multiple
      of the basic or fundamental frequency, the resistor arrays 5a, 5b, . . .
      5n being different in resistance ratio for the tablets 4a, 4b, . . . 4n,
      respectively. Reference numeral 6 designates mixing circuits or bank of
      first operational amplifiers for combining the intensity ratios of tones
      selected by the selected tablets as will be described in detail
      hereinafter; 7, indirect keying circuits or waveform synthesizers
      consisting of MOS-FET groups for forming the basic or fundamental waveform
      of the tone by intermittently interrupting the rectangular waves from the
      generators 1 as well as the analog signals from the selected tablets in
      response to the signals from the keyboard switches 3a, 3b, . . . 3n; 2a,
      1/2 frequency dividers; 2j, 1/4 frequency dividers; and 2b-2e, 2g-2n and
      2p, 1/2 frequency dividers.
PAR  Reference numeral 8 designates mixing circuits or second operational
      amplifiers for combining the tone signals for each octave produced by
      synthesizing the square waveforms specific to the selected tablets as will
      be described in detail hereinafter; 9, variable filters in which the pass
      bands are varied by electronic switches so that the outputs from the
      second operational amplifiers 8 may contain only desired harmonics; 14,
      special effects circuits; 10, filter control circuit for controlling the
      variable filters 9 in response to the output from the selected tablets;
      15, an audio amplifier; 16, a speaker; 11, a detector for detecting the
      number of pressed keys or a detector of key number so as to control the
      voltages to be applied to the tablets depending upon the number of pressed
      keys; 12, a detector for detecting the number of selected tablets or a
      detector of tablet number so as to control the voltages to be applied to
      tablets depending upon the number of selected tablets; 13, a variable
      reference voltage source for generating a reference voltage to be applied
      to the tablets 4 in response to both outputs from the detectors 11 and 12;
      and 18, a device for effecting the envelop control such as sustain effect.
PAR  Next the mode of operation will be described. The C note output from the
      generator 1 is divided by the frequency dividers 2 into the rectangular
      waveforms with frequencies f, 1/2f, 2f, 3f and 4f. In like manner, the
      outputs C sharp through B from the generators 1 are divided by the
      frequency dividers 2 into the rectangular waveforms.
PAR  In the MOS-FET group 7, the rectangular waveform tone signal with the
      frequency 4f is applied to the gate of a first transistor of a transistor
      pair 7a, and a DC voltage from a DC voltage source 17 is applied to the
      gate of the other or second transistor when the keyboard 3 is pressed.
      Therefore, the transistor pair 7a intermittently interrupts the analog
      signal from the operational amplifier 6a at the frequency 4f when the note
      "C.sub.2 " key switch 3a is pressed. In like manner, a transistor-pair 7b
      intermittently interrupts the analog signal from the operational amplifier
      6b in response to the rectangular waveform with the frequency 3f when the
      C.sub.2 key is pressed. In like manner, transistor pairs 7c-7f
      intermittently interrupt the outputs from the operational amplifiers
      6c-6f. Even though only the output from the C.sub.2 key is shown in FIG.
      2, the output from each note key in each octave is also connected to the
      gate of the second transistor in the other MOS-FET group. For instance
      when the "C.sub.3 " key is pressed, the output from the operational
      amplifier 6a is intermittently interrupted in response to the output from
      the frequency divider 2d; that is, the rectangular waveforms of the next
      higher octave. In like manner, the output from the operational amplifier
      6b is intermittently interrupted in response to the output from the
      frequency divider 2m.
PAR  Referring to FIG. 3, the tablet group 4 includes a plurality of tablets 4a,
      4b, . . . 4n, and when the tablet 4a is closed, the output voltage V.sub.o
      from the variable reference voltage source 13 (See FIGS. 1 and 2) is
      applied to the resistor array 5a. The resistance ratio among the resistor
      arrays 5a, 5b, . . . 5n is so selected that the mixing ratio of the
      rectangular waveforms with the frequencies 4f, 3f, 2f, 3/2f, f and f/2 may
      be determined in response to the tone quality or timbre selected by the
      tablets 4a, 4b, . . . 4n. For instance, in the resistor array 5a.
EQU  Ra.sub.1 : Ra.sub.2 = 2 : 1                                (1)
PAL  Therefore when only the tablet 4a is closed,
      ##EQU1##
      where the voltage drops across the diodes Da.sub.1 and Da.sub.2 inserted
      for the purpose of preventing the reverse current flow are disregarded.
      Therefore the ratio between the output voltages Va and Vb from the first
      operational amplifiers 6a and 6b is
EQU  Va : Vb = 1 : 2                                            (4)
PAL  if Rfa = Rfb.
PAR  Therefore, the step wave in which the rectangular waveforms with the
      frequencies 4f and 3f are mixed in the ratio of 1 to 2 appears at the
      input terminal C.sub.2 of the second operational amplifier 8a
      corresponding to the C.sub.2 note key (See FIG. 2).
PAR  When three tablets 4a, 4b and 4c are pressed simultaneously, the output
      voltage from the operational amplifier 6a is given by
      ##EQU2##
      From Eq. (5) it is seen that the outputs from the tablets 4a, 4b and 4c
      are added. Same is true for the operational amplifiers 6b - 6f. That is,
      ##EQU3##
      where Rfa = Rfb = . . . = Rff.
PAR  The ON resistance Ron of each FET of the transistor pairs 7a - 7f is the
      operational resistance for combining the rectangular waveforms whose
      fundamental spectrum is a harmonic. The output from, for instance, the
      operational amplifier 8a V8a is given by
      ##EQU4##
      where only the C.sub.2 note key is pressed.
PAR  As described above, the synthesis ratio is determined by the resistance
      ratios of the resistor arrays 5a, 5b, . . . 5n for the tablets 4a, 4b, . .
      . 4n from Eqs. (5) - (11), and the rectangular waveform whose fundamental
      spectrum is a harmonic is synthesized as the sum of the voltages, and
      appears at the output of the operational amplifier 8 as the step wave
      making up the single note signal selected by the keyboard. The addition is
      carried out by the operational amplifier 8a when the C sharp.sub.2 ,
      D.sub.2, . . . B.sub.2 note keys are pressed simultaneously.
PAR  In summary, the operational amplifier 8a accomplishes the addition of the
      tone signal made up of the rectangular waveforms of one octave from
      C.sub.2 to B.sub.2. In this case, the ON resistance Ron of FET is the
      operational resistance for the addition of the analog signals of notes in
      each octave. In like manner, the operational amplifier 8b accomplishes the
      addition for one octave from C.sub.3 to B.sub.3. Same is true for other
      operational amplifiers 8.
PAR  The output tone signals from the operational amplifiers 8 are made to pass
      through the filters 9a, 9b, . . . in the variable filter group 9 so that
      the undesired harmonic components are removed. Thus the tone signals
      contain only the desired harmonic components.
PAR  The electronic organs are designed based upon the pipe organs so that tens
      of tone qualities or timbres may be produced. However, they may be
      generally divided into five kinds based upon the harmonic components.
      Therefore according to the instant embodiment, five filter characteristics
      as shown at (A) - (E) in FIG. 5 are provided, and are switched
      electronically in response to the selection of the tablets.
PAR  One example of the variable filter is shown in FIG. 4. In FIG. 4, 101
      denotes a low-pass filter (LPF1) with the 18 dB/oct. characteristic as
      shown in FIG. 5(A); 102, a high-pass filter (HPF1) whose characteristic is
      opposite to that of the low-pass filter LPF1 101 in the low and high
      frequency range, and to which is negatively fed back by the output from
      LPF1 101; 103, a low-pass filter LPF2 with the characteristic of 12
      dB/oct. as shown in FIG. 5(B); 104, a high-pass filter HPF2 whose
      characteristic is opposite to that of LPF2 103 in the high and low
      frequency ranges and which is negatively fed back by the output from LPF2
      103; 105, a low-pass filter LPF3 with the characteristic of 6 dB/oct. as
      shown in FIG. 5(C); and 106, 107, 108 and 109, analog gates for switching
      the outputs from the filters. Numeral 110 denotes a matrix circuit one of
      the outputs a, b, c, d and e of which rises to 1 level in response to the
      selection of the tablets 4a, 4b, . . . 4n. Therefore, in response to the
      input signals S.sub.1 , S.sub.2, S.sub.3 to the matrix circuit 110, one of
      the filter characteristics shown in FIG. 5(A), (B), (C), (D) and (E) is
      electronically selected. The input signals S.sub.1, S.sub.2, S.sub.3
      represent the 4.2.1 coded signal which in turn represents the selected
      tablet. For each octave the variable filters 9a, 9b, . . . have their
      cutoff frequencies varied so that the filter characteristics for tablets
      4a, 4b, . . . 4n may be provided for all octaves.
PAR  The outputs from the filter group 9 are combined into the output for the
      upper keys and the output for the lower keys, which are applied through
      the special effects circuits 14U and 14L, respectively, to the audio
      amplifier 15 so that they are converted into sounds by the speaker.
PAR  Next the circuits 11, 12 and 13 will be described. FIG. 6 is a circuit
      diagram of the detector 11 and the variable reference voltage source 13.
      SW.sub.1, SW.sub.2, . . . SW.sub.n are key switches; Q.sub.1, Q.sub.2, . .
      . Q.sub.n, are MOS-FETs whose ON resistance is equal; Ro.sub.1 is a
      dividing resistance; Rs.sub.1, a series resistance; Rf.sub.1, a feedback
      resistor; OP.sub.1, an operational amplifier. Let ON resistance of
      MOS-FETs Q.sub.1, Q.sub.2, . . . Q.sub.n be Ron and assume that the number
      of n key switches are pressed. Then the voltage at the point A is
      ##EQU5##
      Rs.sub.1 is sufficiently grater than Ron and Ro.sub.1. Therefore the
      output V.sub.1 of the operational amplifier OP.sub.1 is given by
      ##EQU6##
      The greater the number of keys, the lower V.sub.1 becomes. The variable
      reference voltage source consisting of transistors Tr.sub.1 to Tr.sub.3
      and resistors R.sub.21 to R.sub.24 is so arranged as to exhibit the linear
      input-output characteristic curve. Then the output voltage Vo.sub.1 from
      the variable reference voltage source is given by
      ##EQU7##
      The output Vo.sub.1 exhibits the characteristic similar to that the output
      V.sub.1. In equation (14), a.sub.1 is a gain. Eq. (14) is indicated by the
      Vo characteristic curve in FIG. 7. In this graph, Ron/Ro.sub.1 is equal to
      2, and output voltage is 1 when n is 1.
PAR  Assume that the voltage applied to the tablet group 4 is constant because
      it is not controlled by the detector and that the amplification degree of
      the audio amplifier 15 be linear up to a sufficiently high signal level.
      Then the output tone signal level is increased in proportion to the number
      of keys pressed, but when the detector is used, the output gain
      characteristic as shown in FIG. 7 may be obtained. It is more natural for
      tone quality or timbre that the output shows the tendency of saturation as
      shown in FIG. 7 as the number of keys pressed is increased rather than
      that the output is increased. The detector of tablet number is similar in
      construction and mode of operation to the detector of key number, but the
      detector of tablet number detects the number of tablets selected instead
      of the keys pressed.
PAR  FIG. 8 is a diagram of the detector of tablet number 12 and the variable
      reference source 13. T.sub.1, T.sub.2, . . . T.sub.n are tablet switches;
      Q.sub.11, Q.sub.12, . . . Q.sub.1n are NPN transistors with a small
      saturation resistance; Ro.sub.2, a voltage dividing resistor; Rs.sub.2, a
      series resistor; Rf.sub.2, a feedback resistor; and OP.sub.2, an
      operational amplifier. R.sub.1, R.sub.2, . . . R.sub.n have the same value
      or different values. When Rt = R.sub.1 = R.sub.2 = . . . = R.sub.n and m
      tablets are selected, the voltage at point B is given by
      ##EQU8##
      if Rs.sub.1 is sufficiently higher than Rt and Ro.sub.2. The output of the
      operational amplifier OP.sub.2 is given by
      ##EQU9##
      The larger the number of tablets selected, the greater m becomes while the
      lower V.sub.2 becomes.
PAR  When the variable reference voltage source consisting of transistors
      Tr.sub.11 to Tr.sub.13 and resistors R.sub.11 to R.sub.14 is so arranged
      as to exhibit the linear input-output characteristic, the output voltage
      Vo.sub.2 is given by
      ##EQU10##
      This is shown in FIG. 9, and a.sub.2 is a gain. The characteristic curve
      Vo.sub.2 /Vo.sub.2 (when only one tablet is selected) shown in FIG. 9 is
      obtained and Rt/Ro.sub.2 = 1.2.
PAR  When the number of keys pressed is constant and the detector of tablet
      number with the above construction is used, the output tone signal
      characteristic curve as shown in FIG. 9 is obtained. It is more natural
      for tone color or timbre that as the number of tablets selected is
      increased, the output exhibits the saturation tendency as shown in FIG. 9
      rather than it increases. So far R.sub.1 = R.sub.2 = . . . = R.sub.n, but
      the resistors may have different values; that is, R.sub.1 .noteq. R.sub.2
      .noteq. . . . .noteq.R.sub.n. Thus the fine control on the addition
      between tablets may be attained.
PAR  Next the mode of controlling the tone signal when both the number of keys
      pressed and the number of tablets selected are detected will be described.
      Referring to FIG. 10, K.sub.1, K.sub.2, . . . are key switches; Q.sub.1,
      Q.sub.2, . . . are MOS-FETs whose ON resistance is equal; Ro.sub.3 is a
      voltage dividing resistor; Rs.sub.3 is a series resistor; Rf.sub.3 is a
      feedback resistor; and OP.sub.3 is an operational amplifier; T.sub.1,
      T.sub.2, . . . are tablet switches; Q.sub.11, Q.sub.12, . . . are
      transistors or switching elements; R.sub.1, R.sub.2, . . . are resistors
      whose value are equal or different; R.sub.31 is a voltage division
      resistor; and Tr.sub.33, Tr.sub.34, Tr.sub.35, R.sub.32, R.sub.33,
      R.sub.34, R.sub.35 and D.sub.1 make up a voltage source.
PAR  Next the mode of operation will be described. First we consider the state
      where MOS-FETs Q.sub.1, Q.sub.2, . . . are not saturated; that is, V.sub.B
      &lt; V.sub.DD - V.sub.T, where V.sub.T = threshold voltage, and the body
      effect is disregarded. When n keys are pressed, the number of MOS-FETs
      which are turned on is also n. Let the current flowing through one MOS-FET
      be I.sub.D, then the following relations are held between V.sub.A and
      V.sub.B :
EQU  I.sub.D = -.beta.[V.sub.DD - V.sub.T)V.sub.B - 1/2 V.sub.B.sup.2 ](15)
EQU  V.sub.A - V.sub.B = n.I.sub.D.Ro.sub.3                     (16)
PAL  where
      ##EQU11##
      where .epsilon..sub.ox = permittivity of oxide,
PA1  t.sub.ox = thickness of oxide over channel,
PA1  .mu. = average surface mobility in channel,
PA1  W = width of channel, and
PA1  L = length of channel.
PAL  It was assumed R.sub.s &gt;&gt; Ro.sub.3, and the current flowing through R.sub.5
      is disregarded.
PAR  When V.sub.A and V.sub.DD are maintained constant, the relation between the
      number of keys pressed n and V.sub.B is obtained as shown in FIG. 11 from
      Eqs. (15) and (16). The DC voltage V.sub.B is reversed in polarity and
      amplified by the operational amplifier OP.sub.3 so that output V.sub.C is
      obtained. The relation between n and V.sub.C is similar to that of V.sub.B
      described above.
PAR  When m tablets are selected and the saturation resistance VCE (SAT) between
      the collector and emitter of transistor Q.sub.11 is disregarded.
      ##EQU12##
      if Rt = R.sub.1 = R.sub.2 = . . . Therefore when V.sub.C is maintained
      constant, the relation between m and V.sub.D is obtained as shown in FIG.
      12. V.sub.D is amplified by the variable reference voltage source
      consisting of Tr.sub.33 to Tr.sub.35, R.sub.32 to R.sub.35 and D.sub.1,
      and the output voltage Vo is given by
      ##EQU13##
      where V.sub.D1 is a forward voltage drop across diode D.sub.1. The output
      voltage Vo is connected to Vo shown in FIG. 3.
PAR  The output voltage is increased V.sub.D1 in order to compensate the voltage
      drops across diodes Da.sub.1, Da.sub.2, . . . shown in FIG. 2. When the
      diodes with substantially similar characteristics are used as Da.sub.1,
      Da.sub.2, . . . the voltage variation including the variation due to the
      temperature variation may be absorbed.
PAR  When the voltage applied to the tablet group 4 is not controlled by the
      detectors of key number and tablet number and is maintained at a constant
      level, and if the audio amplifier 15 exhibits the linear amplification
      degree up to a sufficiently high signal level, the output tone signal
      level increases in proportion to the number of keys pressed and to the
      number of tablets selected. But when the detectors of the type described
      above are used, vo is gradually decreased as shown in FIG. 13. Thus by the
      detection of the number of keys pressed and the number of tablets
      selected, the output tone signal with the tendency of being saturated in a
      predetermined manner may be produced.
PAR  The saturation characteristic may bse arbitarily varied by changing the
      voltage division resistors Ro.sub.3 and R.sub.31.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic organ comprising
PA1  a. a reference voltage source,
PA1  b. at least one group of tablets for selectively passing the current from
      said reference source,
PA1  c. at least one group of memory means for separating the current which has
      passed through each of said tablets into a plurality of currents each with
      a predetermined different magnitude with respect to each other,
PA1  d. at least one group of first means for mixing selected currents from said
      memory means,
PA1  e. means for generating top octave waves,
PA1  f. a plurality of groups of means for dividing stepwise the frequency of
      the waves of each interval of said top octave waves,
PA1  g. a DC voltage source,
PA1  h. at least one keyboard consisting of keys for selectively passing the
      voltage from said DC voltage source,
PA1  i. a plurality of indirect keying means each for modulating the current
      from each of said mixing means by the frequency-divided waves and
      selectively passing the modulated waves in response to the operation of
      each of said keys of said keyboard, and
PA1  j. at least one means for converting the waves of said indirect keying
      means into the musical sounds.
NUM  2.
PAR  2. An electronic organ as set forth in claim 1 further comprising at least
      one group of second mixing circuits inserted between said indirect keying
      means and said means for converting the waves from said indirect keying
      means into the musical sounds for mixing the modulated waves from said
      indirect keying means for each octave.
NUM  3.
PAR  3. An electronic organ as set forth in claim 2 further comprising at least
      one group of variable filter means inserted between said second mixing
      circuits and said means for converting the waves from said indirect keying
      means into the musical sounds for transmitting only the desired higher
      harmonics of the mixed modulated waves in response to the selection of
      said tablets; and at least one filter control circuit for controlling said
      variable filter means in response to the selection of said tablets.
NUM  4.
PAR  4. An electronic organ as set forth in claim 2 wherein each of said second
      mixing circuits comprises an operational amplifier.
NUM  5.
PAR  5. An electronic organ as set forth in claim 3 further comprising at least
      one special effects circuit means inserted between said group of said
      variable filter means and said means for converting the waves into the
      musical sounds.
NUM  6.
PAR  6. An electronic organ as set forth in claim 3 wherein each of said
      variable filter means has a different frequency characteristics.
NUM  7.
PAR  7. An electronic organ as set forth in claim 1 further comprising tablet
      number detecting means for controlling said reference voltage source in
      response to the number of selected tablets.
NUM  8.
PAR  8. An electronic organ as set forth in claim 7 wherein said tablet number
      detecting means comprises a circuit consisting of npn transistors
      connected in parallel, the voltages from each selected tablet being
      applied as the control input to said npn transistors; and an operational
      amplifier to which is applied the output of said parallel circuit as the
      input.
NUM  9.
PAR  9. An electronic organ as set forth in claim 1 further comprising key
      number detecting means for controlling said reference voltage in response
      to the number of pressed keys.
NUM  10.
PAR  10. An electronic organ as set forth in claim 9 wherein said key number
      detecting means comprises a parallel circuit of MOS-FETs to which are
      impressed the voltages from key switches as the control input
      respectively; and an operational amplifier connected in series to said
      parallel circuit.
NUM  11.
PAR  11. An electronic organ as set forth in claim 9 wherein said reference
      voltage source comprises a transistorized differential amplifier, a power
      transistor to which is applied the output of said differential amplifier
      as the control input; and resistors for applying the bias voltages to said
      transistors.
NUM  12.
PAR  12. An electronic organ as set forth in claim 1 further comprising an
      envelop control device inserted between a connection of said keys and said
      indirect keying means and the ground.
NUM  13.
PAR  13. An electronic organ as set forth in claim 1 wherein each of said memory
      means comprises a group of series circuits each consisting of a resistor
      and a diode, said series circuits being connected in parallel to said
      tablets, said resistors having a different value of resistance.
NUM  14.
PAR  14. An electronic organ as set forth in claim 1 wherein each of said first
      mixing means comprises an operational amplifier.
NUM  15.
PAR  15. An electronic organ as set forth in claim 1 wherein each of said
      indirect keying means comprises two FET transistors connected in series,
      the base of one of said two FET transistors being connected to one
      terminal of said frequency-divided waves, the base of the other FET
      transistor being connected to each of said keys.
NUM  16.
PAR  16. An electronic organ as set forth in claim 1 wherein each of said
      frequency dividing means comprises two series of frequency dividers, the
      first stage of one of said two series being a 1/3 frequency divider, the
      first stage of the other series being a 1/4 frequency divider, and the
      remaining stages being 1/2 frequency dividers.
NUM  17.
PAR  17. An electronic organ comprising
PA1  a. a reference voltage source,
PA1  b. at least one group of tablets for selectively passing the current from
      said reference source,
PA1  c. at least one group of memory means for separating the current which has
      passed through each of said tablets into a plurality of currents each with
      a predetermined different magnitude,
PA1  d. at least one group of first means for mixing selected currents from said
      memory means,
PA1  e. means for generating top octave waves,
PA1  f. a plurality of groups of means for dividing stepwise the frequency of
      the waves of each interval of said top octave waves,
PA1  g. a DC voltage source,
PA1  h. at least one keyboard consisting of keys for selectively passing the
      voltage from said DC voltage source,
PA1  i. a plurality of indirect keying means each for modulating the current
      from each of said mixing means by the frequency-divided waves and
      selectively passing the modulated waves in response to the operation of
      each of said keys, and
PA1  j. at least one means for converting the waves from said indirect keying
      means into the musical sounds;
PA1  k. at least one group of second mixing circuits inserted between said
      indirect keying means and said means for converting the waves from said
      indirect keying means into the musical sounds for mixing the modulated
      waves from said indirect keying means for each octave,
PA1  l. at least one group of variable filter means inserted between said second
      mixing circuits and said means for converting the waves from said indirect
      keying means into the musical sounds for transmitting only the desired
      higher harmonics of the mixed modulated waves in response to the selection
      of said tablets; and at least one filter control circuit for controlling
      said variable filter means in response to the selection of said tablets,
PA1  m. at least one effect circuit means inserted between said group of said
      variable filter means and said means for converting the waves into the
      musical sounds,
PA1  n. tablet number detecting means for controlling said reference voltage
      source in response to the number of selected tablets,
PA1  o. key number detecting means for controlling said reference voltage in
      response to the number of pressed keys; and
PA1  p. an envelop control device inserted between a connection of said keys and
      said indirect keying means and the ground.
NUM  18.
PAR  18. An electronic organ as set forth in claim 17 further comprising
PA1  a plurality of said tablet groups,
PA1  a plurality of said memory groups,
PA1  a plurality of said first mixing means groups,
PA1  a plurality of said second mixing means groups,
PA1  a plurality of said variable filter means groups, and
PA1  a plurality of said effect circuit groups, the numbers of each of said
      groups being equal to the number of said keyboards,
PA1  a plurality of frequency dividing means groups equal in number to the
      intervals of said top octave waves,
PA1  a plurality of said indirect keying circuit groups, and
PA1  a plurality of said envelop control circuits, the numbers of each of said
      two groups being equal to that of said keys.
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ABST
PAL  An electronic musical instrument including two or more keyboards
      individually capable of selecting, simultaneously, any twelve out of at
      least 1,024 discrete pitches per octave to produce scales of twenty-four
      or more notes per octave using conventional keyboards. It can also produce
      two or more completely independent tones with a specific pitch or phase
      difference between them for research in music theory, music history,
      ethnomusicology, acoustics, and monaural and binaural beats.
BSUM
PAC  BACKGROUND
PAC  FIELD OF THE INVENTION
PAR  This invention relates to tunable electronic musical instruments of the
      keyboard type and particularly to the capability of producing scales
      having 24 or more pitches in each octave or producing, simultaneously, at
      least two of the many twelve note scales needed for teaching, research,
      performance and composition.
PAR  In contemporary music composition and performance the use of microtonal
      scales (scales having more than twelve notes per octave) is of increasing
      importance. There are various instruments on the market, such as the
      synthesizers, which can produce such scales, but all of them have some of
      all of the following disadvantages. Each pitch must be established, then
      recorded, the next pitch established and recorded, and so on in sequence.
      Pitches are not drift free, thus constant rechecking of pitch is required.
      Only the recording becomes a "performance" as it is virtually impossible
      to perform "live" on such instruments. Also, they are not playable by
      normal keyboard techniques, and require much specialized training by the
      potential user.
PAR  In the past, research and teaching in music theory of such subjects as
      harmonics and intervals has usually involved the use of laboratory-type
      setups including a multiplicity of oscillators, amplifiers, speakers and
      such. Accuracy was limited and difficult to prove. Phonograph records were
      often used in the classroom to avoid the laboratory setup but this
      technique restricted the instructor's scope in teaching and was also
      limited in accuracy. Again, in music history, records were often resorted
      to in order to study the scales of intricate, expensive or even extinct
      authentic instruments. Thus, the teaching of music history has tended to
      have a dull textbook approach. And this problem is not new. Marin
      Mersenne, seventeenth century authority on tuning, in his "Harmonie
      Universelle" and other works, provides descriptions of many scales with
      more than twelve notes per octave and sketches of complicated key-boards
      on which to play them. Few if any of them were practical designs, and of
      course, each instrument would have been difficult to tune and impossible
      to tune accurately.
PAR  A leading musicologist of the present day, J. Murray Barbour, in his
      "Tuning and Temperament" lists 179 different historical scales from the
      Western world alone, and describes many of the interesting attempts to
      make these scales available on an actual instrument. As an example, Georg
      Frederick Handel played on a number of English organs with split keys
      which had been designed in an attempt to obtain improved tuning. Almost
      without exception these instruments were still limited to one particular
      scale.
PAR  In ethnomusicology, volumes have been and are being written on the music of
      various contemporary cultures. In some cultures the musical scales vary
      from village to village. Reproduction of these was very difficult unless
      the authentic instruments for each village were available.
PAR  The study of the physics of sound and music can be greatly facilitated by
      the capability of producing on a keyboard instrument two or more tones
      with exactly controllable pitch or phase difference between them. The
      study of "monaural" beats is a vital part of acoustic research but is also
      necessary in music training for learning to tune instruments such as the
      violin, to play "in tune" on instruments such as the clarinet, and to
      train the young musician's ear to hear perfect intervals. A new field of
      research is that of "binaural" beats, where two signals are fed to a
      subject's ears with absolutely no electronic or acoustic mixing of the
      signals. In the past, such research has used two cellos in separate rooms,
      with separate microphones and amplifiers, each fed to one headphone. (See
      "Some Aspects of Binaural Sound," Charles J. Hirsch, RCA, IEEE Spectrum,
      Feb. 1967, pages 80-85.) Even when oscillators were substituted for the
      two cellos the problems of exact control and measurement were almost
      insurmountable. (See "Auditory Beats in the Brain," Gerald Oster,
      Scientific American, Oct.  1973, pages 94-102, and "Limits for the
      Detection of Binaural Beats," D. Perrott and M. Nelson, The Journal of the
      Acoustical Society of America, Dec. 1969, pages 1,477-1,481.)
PAR  In the field of music history many important scales have had other than 12
      notes to an octave, varying from the Greek tetrachord with 4 notes to at
      least 31 notes in the Meantone temperaments. In ethnomusicology, many
      scales of recent or current cultures involve more than 12 notes to the
      octave. Contemporary musicians are composing in many of these scales and
      in others such as quarter tone, third tone, and various microtonal scales
      such as those with 13, 17, 23 or 53 notes per octave. There has been a
      widespread and previously unmet demand for an instrument with such
      capabilities.
PAR  Although many devices and systems have been devised to solve one or more of
      the above problems most of them lack the accuracy and simplicity which
      make the present invention desirable. All of them lack the reproducibility
      and real time accessibility which is vital to much teaching and research.
PAR  Likewise, many systems of notation have been devised in the attempt to
      provide for these many scales, but no single system was devised that would
      satisfy all requirements.
PAC  PRIOR ART
PAR  In a U.S. Pat. No. 3,821,460, granted to Fred B. Maynard and assigned to
      the assignee of the present invention, there is disclosed an instrument
      having a single programmable section and a section limited to providing a
      conventional twelve tone equal temperament scale. This limitation proves a
      serious one in a view of the need for scales with more than twelve tones
      per octave and while the aforementioned instrument can compare any twelve
      tone scale with the present equal temperament scale, it can only compare
      with that scale. The Maynard instrument can produce only a single useful
      microtonal scale, the quartertone scale. Since one half of the instrument
      can produce only the intervals of the conventional equal temperament
      scale, it is impossible to reproduce any other of the wide variety of
      scales using more than twelve notes per octave. This same limitation also
      prevents a teacher from, for example, comparing any two or more different
      scales of the past or present. Also, the electronic addition of the two
      signals in one adder-amplifier-speaker combination is a very real
      limitation in many areas of research. Thus there is a definite need for
      two completely isolated signals having the same frequency source, along
      with the desired phase and pitch control characteristics.
PAC  SUMMARY
PAR  It is therefore an object of the present invention to provide an improved
      electronic musical instrument capable of producing with facility, accuracy
      and exact reproducibility a wide range of musical scales including those
      with more or less than the usual twelve notes per octave.
PAR  It is a specific object of this invention to provide such an instrument
      with normal keyboard accessiblity and only a slight addition to normal
      musical notation.
PAR  It is another specific object of this invention to provide two or more
      completely isolated signals from one fixed frequency reference source for
      study and research as well as performance.
PAR  It is a particular object of the invention to provide a means of producing
      "live" polyphonic sound for study, composition and performance in
      historical, ethnic and modern microtonal scales.
PAR  The present invention is an electronic musical instrument comprising two or
      more tunable keyboards with completely isolated outputs, all pitches being
      derived from a single fixed-frequency reference source. Each keyboard
      provides a choice of twelve simultaneous pitches per octave out of at
      least 1,024 distinct pitches, with increments of approximately one cent.
      Thus two keyboards are capable of providing almost any desired musical
      scale with as many as 24 notes per octave. Three keyboards provide 36
      notes per octave, etc. As far as the performer is concerned, this requires
      no new keyboard technique. It also requires no special musical notation
      but merely a designation such as "program number" to denote the pitch to
      be programmed and played on a particular key switch on a manual or pedal
      board. The instrument can be very quickly tuned to a new scale, typically
      requiring less than one minute per manual or pedal board. Once set, the
      pitches are virtually drift free, and any pitch can be reproduced
      accurately at any subsequent time.
PAR  With this combination of exact fixed pitches, very small increments between
      pitches, and two or more separate channels, a wide variety of study and
      research projects in now made possible, especially with monaural and
      binaural beats and with the harmonic series.
PAR  In the study of acoustics and the physics of music, it is also a great
      advantage to have available two or more outputs of the same or different
      pitches with any desired phase difference between them.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a block diagram of a system using a preferred embodiment of the
      invention.
PAR  FIG. 2 is a block diagram of an embodiment of a programmable divider and a
      programmer, as it would appear when used to produce a Middle C of 261.5
      Hz.
PAR  FIG. 3 shows a suggested program for a nineteen note Just scale using two
      standard keyboards.
PAR  FIG. 4 is a diagram of a complex wave form showing the addition of a
      fundamental and its third and fifth harmonics, as it could be seen on a
      visual display device.
PAR  FIG. 5 is a diagram showing addition of two signals identical in frequency,
      but with varying phase relationships.
PAR  FIG. 6 is a chart of wave forms comparing the results in the brain of using
      monaural and binaural beats.
PAR  FIG. 7 is another embodiment of the invention showing slave units with
      connections to master unit 10.
DETD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
PAR  First is given an explanation of some of the less common terms used in the
      specification. "Microtonal scales" is a term used loosely to include all
      scales having more than twelve notes per octave. "Monaural beats" are
      pulsations caused by the mixing or addition, electrically or in air, of
      two audio signals having similar frequencies. These are usually called
      merely "beats" but the term monaural beats is used when necessary to
      distinguish them from binaural beats or "dichotic beats". These latter
      terms are used to designate beats which are developed in the auditory
      system of the brain as a result of hearing one frequency in one ear, and
      another, similar in frequency but completely isolated, in the other ear.
      "Polyphonic" music is the playing of more than one sound or note at the
      same time, not necessarily as chords. The "cent" is a linear unit used for
      the interval of one-twelve hundredth of an octave. The ratio of the two
      pitches or frequencies forming the interval of one cent is 1.0005778 to
      1.0. A whole tone is 200 cents; an octave is 1,200 cents. A "Just" scale
      is an ancient scale having perfect thirds and perfect fifths. In order to
      make this possible in all keys, an enharmonic scale of 19 tones is
      required.
PAR  FIG. 1 is a block diagram of a master unit of an embodiment of the
      invention. A master oscillator 11 (crystal controlled in normal use but
      variable when desired) supplies a high frequency output to a buffer
      amplifier 12 the output which goes to programmable dividers 13.sub.1. . .
      13.sub.n. Also fed to each of the programmable dividers is the output of a
      corresponding programmer 14.sub.1. . .14.sub.n. Each programmer can
      simultaneously program twelve different pitches out of a possible 11,024
      or more into the corresponding programmable dividers 13.sub.1. . .
      13.sub.n, with the smallest increment of difference being less than one
      cent. The programmable dividers and programmers operate in the manner
      disclosed in the U.S. Pat. No. 3,821,460, referred to above. (See also
      FIG. 2 and its description below.) Each programmable divider feeds its
      twelve pitches into a corresponding octave divider 15.sub.l. . . 15.sub.n
      from which are derived the lower octaves for each pitch. Each octave
      divider has eighty-four output signals which are fed to a corresponding
      keyboard 16.sub.l. . . 16.sub.n (manual or pedal board) wherein key
      switches (not shown), upon being actuated, apply the desired pitches to a
      corresponding amplifier 17.sub.l. . . 17.sub.n. Each amplifier has a
      plurality of output terminals having impedances suited to a variety of
      possible applications. An optional synthesizer connector panel 18.sub.l. .
      . 18.sub.n which could be any one of a number known in the art, may be
      connected to the output of each keyboard 16.sub.l. . . 16.sub.n to provide
      84 separate outputs for such purposes as tonal synthesizing. It should be
      noted that although one octave divider has 84 outputs in this embodiment,
      any number may be used, depending upon the frequency range of the
      instrument, and still fall within the scope of the invention.
PAR  FIG. 2 is a block diagram of an embodiment of one portion of one
      programmable divider 13 with the corresponding portion of its programmer
      14, as it would appear when programmed for a Middle C of 261.4 Hz. In this
      embodiment it is assumed that the frequency of the master oscillator 11 is
      such that a divisor number of 1,710 is required to provide an output
      frequency to the octave divider 15 that is proportional to the Middle C
      frequency 261.5. There are eleven binary dividers, 13.sub.a. . . 13.sub.m,
      in each programmable divider 13 therefore the maximum divisor is 2,048 or
      2.sup.11. If all of the divide-by-two dividers are set to the zero state,
      a "1" will be provided by the output divider, therefore division by 2,048
      is desired, as would be required for a higher pitch, a number
      corresponding to the difference between 2,048 and the desired divisor must
      be preprogrammed into the divider chain. In this example the divisor
      number required is 1,710 and the difference between 1,710 and 2,048 is
      338. In binary form the number 338 is 00101010010. Closing the switches of
      programmer 14 which correspond to the ones of the binary number (14b,14e,
      14g, 14j) provides the appropriate feedback and thus presets the
      programmable divider so that division by 1,710 is achieved. The resulting
      frequency is then divided in the octave divider and, upon actuation of the
      Middle C key of the keyboard 16, an output at 261.5 Hz would be available
      at the output.
PAR  FIG. 3 is in two parts and shows a suggested program for a nineteen note
      Just scale using two standard keyboards. Since twenty-four keys per octave
      are available, the most-used are programmed on both keyboards. Line (a) in
      each part gives the name of a note in the enharmonic Just scale. Line (b)
      gives the pitch. Line (c) gives the interval in "Cents up from reference,"
      the reference in this case being Middle C. Line (d) is the program number
      which is related to the divisor number of the programmable dividers
      13.sub.l. . . 13.sub.n by the formula:
EQU  Pitch = oscillator frequency/(2,048 - program number)
PAR  Next is (e) which shows the pattern of switches in the two programmers
      14.sub.1, 14.sub.2 of this embodiment that are to be depressed to obtain
      the desired pitches. There are two switch panels for access to the
      programmers, each panel comprising twelve columns and ten rows of
      switches. Each column of switches programs one set of octave-related keys;
      e.g., the first column on the left of one panel programs all of the C keys
      on one keyboard. In this embodiment the top switch of a column represents
      the units place of the binary number. The bottom switch represents the
      512's place. The switch representing 1,024 is not on the front panel of
      the embodiment. The switches to be depressed for the Just scale of FIG. 3
      are indicated in (e) by a darkened outline and a row number. FIG. 4 is a
      graph of the output of the instrument with a given pitch (shown as A)
      programmed on one of the Keyboards 16 and two of its harmonics (shown as
      B,C) programmed on a second of the Keyboards 16 at approximately one third
      the amplitude of the fundamental, and in the same phase. Other phase
      relatiionships are easily obtained and maintained. The bottom wave form
      (D) shows the addition of the three. This is a simple example of the many
      possible studies using the harmonics series in music theory. FIG. 5 shows
      wave forms as used in a study of phase relationships and cancellation in
      acoustics. (E) is the signal programmed into the programmable divider
      13.sub.1 and maintained throughout the study. (F) is the signal programmed
      into the programmable divider 13.sub.2, (G) is the wave shape of (E) and
      (F) combined at the points of interest. (E) and (F) are maintained
      throughout at identical amplitudes. Initially, t=0, (E) and (F) are
      identical frequencies and (G) is double the amplitude of (E) or (F). Then,
      at t=a, (F) is reprogrammed to a lower frequency. When (F) is leading or
      lagging by the desired angle, in this case lagging by 120.degree. (t=b),
      (F) is reprogrammed to the original program. Now (G) has the same
      amplitude as (E) and (F) with phase midway between, i.e., lagging by
      60.degree.. At t=c, (G) is again reprogrammed to a lower frequency and
      switched back to the original at the point (d) when (E) and (F) are
      180.degree. out of phase, and (G) is of essentially zero amplitude. To
      carry out the study, one portion of the divider 13.sub.1 would be
      programmed by its programmer 14.sub.1 with a suitable pitch as described
      hereinbefore, and this program would be maintained unchanged throughout
      the study. One portion of the divider 13.sub.2 would be identically
      programmed. Suitable output terminals of amplifiers 17.sub.1 and 17.sub.2,
      respectively, would be connected to an instrument capable of visually
      displaying multiple voltage waveforms individually as well as in
      summation. Alternatively, suitable output terminals could be connected to
      a pair of audio transducers such as loudspeakers. The program for divider
      13.sub.2 would be changed by depressing or releasing (closing or opening)
      one of the top two switches in the divider portion. While this is not a
      strict requirement, it is preferable to make an incremental change in the
      pitch of one output signal in this way. Visually displayed, one signal
      would then be seen to drift with respect to the other as the amplitude of
      the voltage sum would increase or decrease at the difference frequency
      when one program is changed. When the second signal is in the desired
      phase relationship with the first signal, the program of the second is
      restored to the original program. Acoustically presented, the resultant
      sound level will rise and fall at the difference frequency rate while the
      programs are non-identical, and, when identical, the level will remain
      constant at some point between a maximum and a near zero point, depending
      on the phase relationship, as is shown in FIG. 5.
PAR  FIG. 6 shows graphically some of the differences between monaural beats and
      binaural beats as perceived by the auditory system in the brain. In each
      of the examples, as H and H', identical signals are being used but in the
      monaural case the signals are mixed before they reach the ears of the
      subject. In the binaural case, the signals are presented to the ears
      separately. Lines H and H' show the beats heard when two signals, close in
      frequency and of equal amplitude, are heard. Lines J and J' show beats
      from inputs of unequal amplitude. In Lines K and K', one input signal is
      definetely perceptible and the other below the threshold of hearing.
      (Note: the resultant wave shapes of monaural and binaural listening are
      not drawn to the same scale. Monaural beats are much more perceptible than
      binaural beats.) as may be seen, monaural beats vary greatly with the
      levels of the two input signals, whereas binaural beats tend to remain
      constant as one signal gets smaller, even to a point below the threshold
      of hearing. This type of experiment can be done readily with the present
      invention using any two of the programmable dividers 13.sub.1. . .
      13.sub.n. One portion of one divider would be programmed with the desired
      frequency by the corresponding portion of its programmer 14. The
      appropriate switch of keyboard 16 would be depressed and the output of the
      corresponding amplifier 17 would be connected through the appropriate
      output terminals of the amplifier 17 to one side of a good set of stereo
      headphones (not shown) for example feeding the signal to one ear of the
      subject. A second programmable divider portion, chosen from another
      divider would similarly provide a second signal close in frequency to the
      first, to the other ear of the subject. Subjective measurements are then
      made as indicated in FIG. 6. The advantage of doing this experiment with
      the present invention is the exact control over the two pitches (in
      increments of approximately 1 cent) and their phase relationship. FIG. 7
      is another embodiment of the invention, the augmentation of the master
      unit 10 with numerous slave units 20.sub.a. . . 20.sub.m to form a music
      laboratory with added capabilities for teaching. Parts of the slave units
      comparable to parts of the master unit are shown with the same reference
      number but with alphabetic subscripts. Each slave unit 20.sub.a. . .
      20.sub.m receives an input of twelve signals from the programmable divider
      13, of the master unit. This signal is then divided down in octave divider
      15.sub.a  . . . 15.sub.m to the lower octaves and fed to the keyboard
      16.sub.a . . . 16.sub.m as is done in the master unit 10. The output of
      each keyboard goes to its amplifier 17.sub.a . . . 17.sub.m. An output of
      the amplifier 17.sub.a . . . 17.sub.m leads to the amplifier 17, of the
      master unit (for monitoring purposes). Another output of amplifier
      17.sub.a . . . 17.sub.m leads to the headphones 21.sub.a . . . 21.sub.m
      (worn by the student). One or more of the amplifiers 17.sub.2. . .
      17.sub.m of the master unit feed signals to the headphones of the slave
      unit also (for teaching and reference purposes).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic musical instrument for playing scales including those
      with more than twelve tones per octave and those with unequal temperament,
      a master programmable unit comprising:
PA1  oscillator means for providing a fixed reference frequency signal; and
PA1  a plurality of individually programmable sections, each said programmable
      section having capability for producing twelve tones per octave
      independently of any other programmable section, and each including
PA1  at least twelve divider chains connected to said oscillator means for
      receiving said fixed reference frequency signal and for producing
      simultaneously a first twelve distinct signals from said reference
      frequency signal, the divisor number of each said divider chain being
      adjustable and the divisor number of one of said divider chains being
      related to the divisor number of any second one of said chains by a factor
      greater than one and less than two,
PA1  program means connected to said frequency divider chain for changing the
      divisor numbers of individual chains to vary the frequencies of said first
      twelve distinct signals,
PA1  octave divider means connected to receive said first twelve distinct
      signals from said twelve divider chains and to produce therefrom at least
      a second twelve signals, each of the second twelve signals having a
      frequency related to the frequency of one of said first twelve signals by
      a multiple of two, and said octave divider means having an output for each
      of said second twelve signals,
PA1  reproducing means for receiving and reproducing signals applied thereto,
      and having a multiplicity of output terminals, and
PA1  switching means having at least twelve key switches, each key switch
      connected to an output of said divider means, for coupling the signal from
      said divider means output to said reproducing means.
NUM  2.
PAR  2. A device as recited in claim 1 wherein each said divider chain includes
      a plurality of binary dividers connected to form a binary counter, and
      each portion of the program means includes feedback means connected to the
      output and the binary dividers of the chain, said feedback means having
      variable interconnection means for selectively connecting the output of
      the chain to predetermined binary counters of said chain to establish a
      selected divisor number for the chain.
NUM  3.
PAR  3. A device as recited in claim 1, further including a plurality of slave
      devices, each comprising:
PA1  octave divider means connected to receive said first twelve distinct
      signals from the twelve divider chains and to produce therefrom at least a
      second twelve signals, each of said second twelve signals having a
      frequency related to the frequency of one of said first twelve signals by
      a multiple of two, and said octave divider having at least an output for
      each of said second signals,
PA1  amplifier means for receiving signals applied thereto, and having a
      multiplicity of output terminals,
PA1  switching means having at least twelve key switches, each key switch
      connected to an output of said divider means, for coupling the signal from
      said divider means output to said amplifier means,
PA1  transducer means for receiving an input from said amplifier means and
      providing an audio output therefrom.
NUM  4.
PAR  4. A device as recited in claim 3, further including means connecting an
      output of the amplifier of the slave unit to an amplifier in the
      reproducing means of the master unit for monitoring purposes.
NUM  5.
PAR  5. A device as recited in claim 3, further including means connecting an
      output of an amplifier in the reproducing means of the master unit to the
      transducer means of the slave unit for instructional purposes.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to a fastener
      structure which has a pair of spaced apart prongs extending from a head
      portion thereof for insertion through aperture means formed in a thin
      panel. The prongs extend from a head portion which is to be positioned on
      one side of the panel and have shoulder portions extending transversely
      thereof to engage the other side of the panel after the fastener is
      inserted into the panel. The prongs have a neck portion formed between the
      head portion and the shoulder portion to be in registry with the thickness
      of the panel after the fastener is in place. The neck portion has a
      varying cross-section, when viewed in a plane parallel to the panel, with
      a thin portion at one end of the neck and a thick portion at the other end
      of the neck for providing different degrees of flexure therealong. The
      prongs, as they are inserted through the panel, will flex and twist toward
      one another with the greatest degree of flexure taking place at the thin
      portions of the necks.
BSUM
PAR  This invention relates generally to fasteners, and more particularly, to
      fasteners for mounting articles on apertured panels without the necessity
      of access to both sides of the panels. The articles to be mounted by the
      fastener can be formed either integrally with the fastener or added
      thereto by other fastening means.
PAR  In applying emblems, letters, or other indicia to appliances and the like,
      and applying molding strips to automobiles, and in many other instances
      such as connecting windshield washer hole couplings to thin panels, it is
      impossible to attain access to the rear side of the panel. In other
      instances, it is undesirable to obtain access due to the difficulty of
      coordinating action simultaneously from two sides of the panel, and due to
      the extra time and manpower that is needed for acting on both sides of a
      panel. Heretofore, various fastener devices have been provided for
      fastening articles to an apertured panel, such fasteners generally being
      referred to as "blind" fasteners. Such fasteners of the prior art are
      sometimes difficult and expensive to manufacture, as well as providing
      some degree of difficulty when used. For example, for "blind" fasteners to
      hold securely when inserted through an aperture formed in a panel, prongs
      formed as part of the fastener are required to be relatively rigid after
      the prongs are inserted. To enable the fastener to be pushed through the
      aperture of the panel, the prongs must flex to a degree. The degree of
      flexure, therefore, it is to be maintained at a minimum if the fastener is
      to firmly grip the panel. However, this minimum flexure increases the
      force required to insert the prongs of the fastener through the panel.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved fastener which has prongs formed thereon for insertion through a
      panel and which prongs are so configurated to increase the flexure thereof
      during insertion of the prongs through the panel while providing maximum
      rigidity of the prongs after the fastener is in position.
PAR  Briefly, the fastener of this invention includes a head portion which may
      carry a plug or an article manufactured directly or indirectly thereon. A
      pair of spaced apart prongs extend from the head portion for insertion
      through a rectangular aperture or spaced apart slot formed in a panel to
      receive the prongs. The prongs have body portions passing completely
      through the panel from one side thereof with shoulder portions extending
      transversely of the body portion to engage the other side of the panel
      after the prongs are inserted. A neck portion is formed between the head
      portion and the shoulder portion of the prongs to be in registry with the
      thickness of the panel. The neck portion, most advantageously, has a
      varying cross-section when viewed in a plane parallel to the panel with a
      thin portion at one end thereof and a thick portion at the other end
      thereof for providing varying degrees of flexure therealong. The neck
      portion will therefore flex and twist in a direction toward the center of
      the aperture as the body portion of the prongs engages the peripheral
      edges of the aperture while the prongs are inserted through the panel.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective sectional view of a fastener constructed in
      accordance with the principles of this invention and shown in registry
      with an aperture formed in a panel into which the fastener is to be
      inserted;
PAR  FIG. 2 is a side view of the aperture and panel illustrating the
      configuration of prongs formed on the fastener;
PAR  FIG. 3 illustrates the flexure and twisting action of the prongs as the
      body portion thereof engages the peripheral edge of the aperture during
      insertion;
PAR  FIG. 4 illustrates the fastener in position;
PAR  FIG. 5 is a sectional view taken along line 5--5 illustrating the flexure
      and twisting action of the prongs during insertion through the aperture of
      the panel of FIGS. 1, 2 and 3;
PAR  FIG. 6 is a side view of the fastener of this invention illustrating the
      construction of the prongs associated therewith; and
PAR  FIG. 7 is a fragmentary perspective further illustrating the flexing and
      twisting action of the prongs as the fastener is inserted through a panel.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to the drawings, there is seen a fastener constructed in
      accordance with the principles of this invention and designated generally
      by reference numeral 10. The fastener 10 is designed to be inserted into
      an aperture 11 of a panel 12 which may be formed of sheet metal, or the
      like. The panel 12 may be part of an appliance or an automobile.
      Furthermore, it will be understood that the single aperture 11 shown may
      be formed by two rectangular spaced apart slots if desired.
PAR  In the illustrated embodiment, the fastener 10 has a head portion 13 here
      being illustrated as a plug to cover the aperture 11. However, it will be
      understood that any article of manufacture may be formed as part of the
      head 13 either integral therewith or subsequently fastened thereto by
      adhesives or the like. Furthermore, it will be understood that emblems,
      letters or indicia may be formed as part of the head portion 13 or
      embossed thereon. The head portion is provided with end flanges 14 and 16
      which extend beyond peripheral margins 11a and 11b of the aperture 11.
      Therefore, the head portion 13 of the plug completely conceals the
      aperture 11. Furthermore, it will be understood that the head portion 13
      can be formed of transparent material and a light can be positioned behind
      the panel to form an indicating light or warning light if desired.
PAR  A pair of spaced apart prongs 18 and 20 are formed integral with the head
      13 and extend therefrom to be inserted into the aperture 11 formed in the
      panel 12. The prongs 18 and 20 each include body portions 18a and 20a,
      respectively. The body portions 18a and 20a extend through the panel 12 so
      that shoulder portions 18b and 20b which are formed at the upper end of
      the body portion and extend transversely of the prongs, engage the
      opposite, or under-side, surface 21 of the panel 12. When inserted,
      flanges 14 and 16 of the head 13 engage the surface 22 of the panel and
      the fastener is firmly held to the panel, in a manner to be described in
      more detail hereinbelow. Neck portions 18c and 20c are formed as part of
      the prongs 18 and 20, respectively, and are arranged to be in registry
      with the thickness of the panel when the fastener is inserted through the
      aperture, as best seen in FIG. 4.
PAR  Most advantageously, the neck portions 18c and 20c have cross-sections,
      when viewed in a plane parallel to the surface of the panel 21 as seen in
      FIGS. 5 and 7 which vary in thickness from one end 18d, 20d of the neck
      portions to the other end 18e, 20e of the neck portions. For example, neck
      portion 18c has a thick portion 18e at one end and a thin portion 18d at
      the other end. Similarly, the neck portion 20c has a thin portion 20d at
      one end and a thick portion 20e at the other end. It will be understood
      that this arrangement can be reversed if desired. Furthermore, it will be
      noted that the thick portion 20e is at the opposite end of the prong than
      is the thick portion 18e of the opposite prong. However, the thin and
      thick portions of the prongs may be formed on the same side if desired.
PAR  The prongs 18 and 20 have their inner wall surfaces 18f and 20f
      substantially parallel to one another and to the sides 11a and 11b of the
      aperture 11, as best seen in FIG. 2. However, the outward facing wall
      surfaces 18g and 20g are angled relative to their inner wall surfaces, and
      relative to the peripheral edges 11a and 11b of the aperture 11. This is a
      compound angle or taper sloping both away from the edges 11a and 11b and
      downwardly to form thin tip portions 18k and 20k. As best seen in FIG. 7,
      the wall portion 20g has one end 20h, immediately beneath the thin portion
      20d, engaging the peripheral edge 11b of the aperture 11 before the rest
      of the prong comes in contact therewith as it is inserted. As the fastener
      is urged in the direction indicated by the arrow 30, of FIG. 3, the prong
      20 is flexed and twisted, as indicated by the arrows 31, 32 and 33 of
      FIGS. 3 and 5, to reduce the force necessary for inserting the prong into
      the aperture. After the neck portion 20c is in registry with the thickness
      of the panel 12, the prongs 18 and 20 will snap back into their neutral
      position, as seen in FIG. 4.
PAR  FIGS. 3 and 5 best illustrate the dynamic condition occurring during
      insertion of the prongs 18 and 20 into the aperture 11. It will be noted
      that prong 18 flexes inwardly and twists arcuately as indicated by the
      arrow 32 while prong 20 flexes inwardly and twists arcuately as indicated
      by the arrow 33. Therefore, opposite corners of the prongs will flex
      toward one another. Therefore, the prongs twist in diametrically
      confronting directions, here being illustrated in a clockwise direction.
      However, the opposite corners may be made to flex if desired.
PAR  Gripping surfaces 18j and 20j are formed along the shoulders 18b, 20b and
      the neck portions 18c, 20c respectively. The slanted gripping surface is
      formed of compound angles and provides means for compensating for slight
      changes in the overall thickness of the panel 12 as well as for
      compensating in variations in the dimension between the peripheral margins
      11a and 11b. Therefore, after the fastener is inserted into the aperture,
      the gripping surface will insure that the connection of the fastener to
      the panel is a solid and substantially non-shiftable one. The neck
      portions 18c and 20c also include angled undercuts 18m and 20m
      respectively formed on the opposite side of the shoulder portions 18b and
      20b. Therefore, the portion of the necks facing the edges 11a and 11b are
      straight to make firm and complete contact with the edges of the aperture.
      The varying thickness of the necks is formed, therefore, by the angled
      undercuts 18m and 20m on the backside of the prongs. However, it will be
      understood that the varying thickness of the necks can be formed by
      angling the side adjacent the shoulder.
PAR  To further facilitate ease of insertion of the fastener 10 into the
      aperture 11, the edges of the prongs are tapered, as indicated by
      reference numerals 36 and 37 in FIG. 6. Also, it will be noted that flange
      portions 38 and 39 are formed integral with the head and, together with
      the flange portions 14 and 16, completely overlie the peripheral margin of
      the aperture 11. The degree of flexure and twisting shown through the
      drawings is exaggerated to facilitate explanation of the invention.
PAR  While a single specific embodiment of the invention has been illustrated
      herein, it will be understood that variations and modifications may be
      effected without departing from the spirit and scope as set forth in the
      following claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A device for insertion into a bi-sided panel, comprising: a head
      portion, a pair of spaced apart prongs extending from said head portion
      for insertion through aperture means formed in said panel, at least one of
      said prongs including a body portion for passing completely through said
      panel from one side thereof, a shoulder portion extending transversely of
      said body portion to engage an opposite side of said panel when said prong
      is inserted therethrough, a neck portion extending between said head
      portion and said shoulder portion and of a length corresponding to the
      thickness of said panel, said neck portion having a tapering
      cross-section, when viewed in a plane parallel to said panel, from a thin
      neck edge to a thick neck edge for providing different degrees of flexure
      from the thin neck edge to the thick neck edge, whereby said neck portion
      will flex inwardly and twist arcuately about one neck edge inwardly of the
      periphery of said aperture means during assembly of the device with the
      panel for facilitating passage of the shoulder portion beneath the panel.
NUM  2.
PAR  2. A device as set forth in claim 1, wherein said neck portion
      cross-section tapers linearly from a relatively thick dimension adjacent
      said one edge to a relatively thin dimension adjacent said opposite edge.
NUM  3.
PAR  3. A device for insertion into a panel as set forth in claim 1 further
      including a gripping surface angularly disposed between said neck portion
      and said shoulder portion for providing a varying distance between said
      head portion and said gripping surface along said neck portion for
      compensating for variations in thickness of said panel.
NUM  4.
PAR  4. A device for insertion into a panel as set forth in claim 2 wherein said
      prong body portion is thickest in the region of the thin neck edge and
      thinnest in the region of said thick neck edge.
NUM  5.
PAR  5. A device for insertion into a panel as set forth in claim 2 wherein said
      shoulder portion is tapered along its extent for providing a varying
      distance between said head portion and said shoulder portion.
NUM  6.
PAR  6. A device for insertion into a panel as set forth in claim 5 wherein said
      shoulder tapers from a small edge in the region adjacent said thick neck
      edge to a large edge in the region adjacent said thin neck edge.
NUM  7.
PAR  7. A device for insertion into a bi-sided panel, comprising: a head
      portion, a pair of spaced apart prongs extending from said head portion
      for insertion through aperture means formed in said panel, at least one of
      said prongs including a body portion for passing completely through said
      panel from one side thereof, a shoulder portion extending transversely of
      said body portion to engage an opposite side of said panel when said prong
      is inserted therethrough, a neck portion formed between said head portion
      and said shoulder portion and of a length corresponding to the thickness
      of said panel, said neck portion providing different degrees of flexure
      therealong, whereby said neck portion will flex and twist inwardly of the
      periphery of said aperture means with a maximum flexure taking place at
      one edge of said neck portion and a minimum flexure taking place at an
      opposite edge of said neck portion, and said prong body portion being
      thickest in the region of maximum neck flexure and thinnest in the region
      of minimum neck flexure for facilitating passage of said prong shoulder
      portion beneath said panel.
NUM  8.
PAR  8. A device for insertion into a panel as set forth in claim 7 further
      including a gripping surface angularly disposed between said neck portion
      and said shoulder portion for providing a varying distance between said
      head portion and said shoulder portion to compensate for variations in
      thickness of said panel.
NUM  9.
PAR  9. A device for insertion into a panel as set forth in claim 7 wherein said
      shoulder portion is inclined to provide a varying distance between said
      head portion and said shoulder portion.
NUM  10.
PAR  10. A fastener for insertion into a panel as set forth in claim 7 wherein
      said shoulder portion is closest said head portion in the region of
      minimum neck flexure and furthest from said head portion in the region of
      maximum neck flexure.
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ABST
PAL  A magnetic influence minesweeping system and a method are disclosed wherein
     hree large area air core solenoid coils are arranged with their planes in
      mutually orthogonal relation. A battery power supply and alternating
      current pulse generator are utilized to successively energize each coil
      and generate three magnetic fields having mutually perpendicular principal
      axes.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for Governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the destruction of magnetic influence mines by
      the application of an electrically induced magnetic field, and more
      particularly to improved magnetic field inducing apparatus that is
      especially suited for use in triggering magnetic influence mines,
      irrespective of their orientation, that are disposed on or under the
      surface of land or in shallow water in locations and conditions that
      preclude ready accessibility to minesweeping equipment normally towed by
      helicopters or surface vessels or carried by motor vehicles. Examples of
      such circumstances include rugged terrain, marshy areas, shallow bays and
      inlets, areas around bridges and piers, and other restricted areas.
PAC  DISCUSSION OF THE PRIOR ART
PAR  It has long been known that magnetic influence mines, designed to explode
      when a vehicle or vessel having a substantial magnetic influence comes
      into proximity to the mine, can be detonated or swept by an electrically
      induced magnetic field. The generation of such a field has been
      accomplished by causing an electrical current flow in a suitable wire coil
      or solenoid, usually carried in a towed device. One example of this is
      described in U.S. Pat. No. 2,353,360 to A. Ronning. Such towed devices
      are, of course, unsuitable for use in the restricted conditions mentioned
      above.
PAR  The effective zone of magnetic influence that can be projected by a
      solenoid coil is related to its diameter and to the effective ampere-turns
      in its energization. A small diameter coil, such as is required by the
      size limitations of a towable package, must be provided with considerable
      electrical power to effect a satisfactory zone of influence. This
      electrical power requirement is more readily available from a towing
      vehicle than it is from portable power sources which must, in many of the
      restrictive circumstances contemplated for use of this invention, be man
      carried to the site of operation. Accordingly, it is desirable to provide
      magnetic field inducing or generating apparatus that requires a minimal
      amount of power supply equipment, e.g., storage batteries or gasoline
      powered portable electrical generators.
PAR  Another factor which is desirable to be considered in the sweeping of
      magnetic influence mines from restricted areas, such as those earlier
      mentioned, is that magnetic influence mines are often polarized or
      directional in their sensitivity. Such a mine may be oriented to have
      maximum response only to a magnetic field generated by a coil lying in a
      particular plane, and considerably lesser response to magnetic fields
      generated by that coil when not in that plane. Because such mines are
      often laid by air drop, and may assume any of an endless variety of
      orientations when settled, it becomes probable that there will be mines
      that are so oriented that they will not be triggered by a magnetic field
      generated by a coil that does not lie in an appropriate plane with
      reference to those mines.
PAR  Of course, when clearing a minefield, some of the resulting explosions can
      be expected to destroy the sweeping apparatus. Accordingly, it is
      desirable to utilize apparatus that represents a minimum of expense and
      complexity.
PAC  SUMMARY OF THE INVENTION
PAR  The invention aims to overcome most or all of the aforementioned
      shortcomings of the prior art through the provision of an improved
      magnetic minesweeping system that employs a plurality of orthogonally
      disposed, large area coils or solenoids, that are energized to provide
      generation of magnetic fields appropriate to trigger magnetic influence
      mines irrespective of their orientation.
PAR  With the foregoing in mind, it is a principal object of the invention to
      provide an improved magnetic influence responsive minesweeping apparatus.
PAR  It is another object of the invention to provide an improved magnetic
      minesweeping system, having a magnetic coil assembly the framework of
      which is easily and economically constructed from relatively common,
      readily available materials.
PAR  Another object of the invention is the provision of a static magnetic coil
      assembly of the foregoing character that is stable when resting on the
      ground or, for example, across the gunwales of small boats, or rafts,
      pontoons, or the like, for use in detonating mines in shallow or
      restricted water.
PAR  Still another object is the provision of an improved method of sweeping
      magnetic influence mines having directional response and unknown
      orientation.
PAR  Yet another object is the provision of a three-axis minesweeping coil that
      is particularly uncomplicated and inexpensive, rendering it notably
      suitable for use as an expendable item in clearing large minefields, while
      replacements can be easily fabricated by relatively unskilled workers
      drawn from the area being cleared.
PAR  As a further object the invention aims to provide a three-axis coil
      assembly of the foregoing character that is constructed substantially
      entirely of non-magnetic materials, whereby the coil assembly can be
      carried to the edge of, or into a magnetic influence minefield with little
      danger of detonating a mine before the coil is energized.
PAR  Other objects and many of the attendant advantages will be readily
      appreciated as the subject invention becomes better understood by
      reference to the following detailed description, when considered in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustration of a magnetic influence minesweeping
      system embodying the invention, shown in an exemplary situation of use;
PAR  FIG. 2 is an enlarged elevational view of a coil and frame portion of the
      system of FIG. 1, with portions broken out for clarity;
PAR  FIG. 3 is a fragmentary sectional view taken substantially along line 3-3
      of FIG. 2; and
PAR  FIG. 4 is a fragmentary view of an alternative coil frame construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a three-axis, static loop minesweeping system 10 is
      illustrated as it would be used in sweeping or detonating magnetic
      influence mines in dock spaces about a pier P. System 10 comprises a
      magnetic coil assembly 12 having three magnetic field inducing rectangular
      solenoid, air core coils 14, 16, and 18 each disposed in a plane that is
      orthogonal to the planes of the other two. Coils 14, 16 and 18 are
      supported by a framework, later described in more detail with reference to
      FIGS. 2 and 3, that is adapted to rest in a stable manner on most any
      generally horizontal surface such as presented by pier P.
PAR  Suspended from coil assembly 12 is an electrical pulse forming device 20
      which is connected, as shown by cable 22, to receive electrical power from
      a group of storage batteries 24. Pulse forming device 20, which may
      comprise any suitable device for converting direct current from storage
      batteries 24 into pulses of alternating current, has its output connected,
      as shown by cable 26 to one of the rectangular coils 14, 16, and 18.
PAR  A control cable 30 leads from pulse forming device 22 to a control box 32
      located behind a suitable protective barricade 34 at a distance that will
      afford safety from the explosive effects of any mine that may be actuated
      by system 10. An operator 36, behind barricade 34, manipulates control
      elements supported by box 32 so as to cause pulse forming device 20 to
      effect energization of one of the coils 14, 16, and 18 to which it is
      connected.
PAR  Referring now to FIGS. 2 and 3, there will be described the construction of
      one coil 14, and its supporting structure forming part of coil assembly
      12. Coil 14 comprises a plurality of turns or windings of insulated
      electric wire 40 supported on a coil frame 42 formed of wooden members,
      generally in the form of a square when viewed in elevation as in FIG. 2.
      Frame 42 comprises spaced parallel, nonmagnetic, beams or members 44 and
      46, conveniently in the form of 2 by 4 inch lumber, having a length, in
      the practical embodiment being described, of about twelve feet.
PAR  One end of member 44 is connected to the like end of member 46 by
      non-magnetic beams or members 48 and 50, conveniently in the form of one
      by four inch lumber, approximately twelve feet in length. Members 48 and
      50 are secured by nonmagnetic nails 52 to opposite sides of members 44 and
      46 and have end portions 48a,  48b and 50a, 50b projecting several inches
      beyond the respective outer edges of members 44 and 46. Similarly, the
      opposite ends of members 44, 46 are connected by nonmagnetic beams or
      members 54 and 56, secured by nonmagnetic nails 58 to opposite sides of
      members 44 and 46, with projecting end portions 54a, 54b and 56a, 56b.
PAR  The projecting end portions, being spaced by the members 44, 46 serve to
      retain the turns of wire 40 at the four corners of the generally square
      frame 42, as is best illustrated in FIG. 3. Additional securing of wire 40
      is conveniently effected intermediate the corners of frame 42 by simple
      lashings 60.
PAR  The turns of wire 40, forming coil 14, terminate in end portions 14a, 14b
      equipped with suitable connectors 62 for effecting connection to two wires
      of cable 26 from pulse forming device 20. In the present embodiment, each
      coil 14, 16, 18 comprises twenty turns or loops of insulated stranded
      aluminum wire of size AWG 6 although fewer turns are illustrated for the
      sake of clarity. Each coil is characterized by a large diameter or
      transverse dimensions in comparison to its axial length. The coils 14, 16,
      and 18 are their respective frames 42, are joined to form coil assembly 12
      by nailing or lashing of the frames to one another in their illustrated
      orthogonal relationships, and by providing diagonal guys therebetween in
      the manner about to be described. This is best accomplished by laying one
      coil and frame, e.g., coil 18 and its frame 42 on the ground or other
      horizontal supporting surface. Coil 14 is then placed in a vertical
      position with its lower frame corners disposed at the centers of the
      spaced, parallel two by four beams of the frame of coil 18, and nailed or
      lashed thereto at locations indicated at 64 in FIG. 1. Diagonal guys 66,
      formed of rope or other nonmagnetic material, are then fixed between the
      upper horizontal members of frame 42 and the members parallel thereto of
      the frame of coil 18. Coil 14, and its frame, is thereby retained in a
      plane orthogonal to coil 18 and its frame.
PAR  Coil 16, and its frame, is then positioned in a vertical plane orthogonal
      to the planes of both of coils 14 and 18, and placed so that one upper
      corner of coil 14 is engaged by the center of the upper horizontal portion
      of coil 16 and its frame. Nails or lashings are then used to secure that
      relationship at 69, and one or more diagonal guys 68 are connected between
      coils 16 and 18 and their respective frames.
PAR  Pulse forming device 20 is then conveniently secured to coil assembly 12,
      preferably at a substantial height above ground because of the presence of
      some magnetic material therein, and electrical connections are made
      between device 20 and a selected one of coils 14, 16 and 18.
PAR  Referring to FIG. 4, a corner fragment of an alternate coil frame 70 is
      illustrated to show a manner of construction of coil assembly 12 from more
      rudimentary materials. Frame 70, which is generally square and of
      substantially the same overall dimensions as frame 42, comprises four side
      members, two of which are indicated at 72 and 74, cut from trees or
      saplings so as to have a forked end 76 that projects from each corner of
      the frame when the members are fastened together as by lashing 78. The
      forked ends 76 of frame members serve to retain the turns of wire of a
      coil wound thereon. Of course, additional retention can be had by serving
      or lashing the coils as described earlier. Three of the frames 70 and
      their respective coils are then assembled and fastened in mutually
      orthogonal planes in the same manner as described earlier with reference
      to coil assembly 12.
PAR  In operation, the coil assembly 12 is placed on a supporting surface, such
      as pier P, and electrical connections are made between batteries 24, A.C.
      pulse device 20, control box 32, and one of the coils 14, 16, and 18.
      Operator 36 manipulates a suitable switch on control box 32, causing pulse
      device 20 to energize a selected one of coils 14, 16 and 18, say coil 14,
      with pulses of alternating current. This causes a varying magnetic field
      to be set up having a principal axis extending horizontally through the
      center of the energized coil and normal to the plane thereof. Any magnetic
      mines, within the influence of the field so established, that are of
      sufficient sensitivity and appropriately oriented can be expected to be
      detonated.
PAR  If none are detonated, or if detonated have not damaged the system 10,
      another of the coils 14, 16, and 18, say coil 16, is energized to generate
      field having a principal axis extending horizontally therethrough and
      normal to the plane thereof. Again, if no mines are detonated, or if
      detonated and the system 10 is not damaged, the third coil 18 is energized
      to effect generation of a magnetic field having its principal axis
      extending vertically through that coil and normal to the plane thereof.
PAR  It will be recognized that the coil assembly 12, and the system 10 of which
      it is a part, when operated in the manner just described, produces three
      alternating polarity magnetic fields having mutually perpendicular
      principal axes, whereby magnetic influence mines within these fields are
      likely to be detonated irrespective of their physical orientation. It will
      further be recognized that the invention avoids the need of complex coil
      maneuvering mechanisms to produce the desired magnetic fields of differing
      axes, and does so with a unique, manually transportable assembly that can
      be constructed in the field with a minimum of supplies and tools.
PAR  Obviously, other embodiments and modifications of the subject invention
      will readily come to the mind of one skilled in the art having the benefit
      of the teachings presented in the foregoing description and the drawing.
      It is, therefore, to be understood that this invention is not to be
      limited thereto and that said modifications and embodiments are intended
      to be included within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic influence minesweeping system comprising in combination:
PA1  a coil assembly including first, second, and third open,
PA2  rectangular solenoid coils fastened together so as to lie in three,
      mutually orthogonal planes including a horizontal plane and two vertical
      planes;
PA1  a source of direct current electrical voltage;
PA1  pulse supply means, connected to said source of direct current electrical
      voltage and to said coil assembly, for providing pulses of alternating
      current voltage to said solenoid coils; and
PA1  control means, connected to said pulse supply means, for initiating said
      pulses from a position remote from said coil assembly.
NUM  2.
PAR  2. A magnetic influence minesweeping system as defined in claim 1, and
      wherein said coil assembly further comprises:
PA1  first, second, and third rectangular coil frames supporting said first,
      second, and third solenoid coils, respectively;
PA1  each of said coil frames comprising a plurality of substantially equal
      length elongated wood members fixed together at their ends in the form of
      a square; and
PA1  fastening means, interconnecting said coil frames, for securing thereof in
      mutually orthogonal relation.
NUM  3.
PAR  3. A magnetic influence minesweeping system as defined in claim 2, and
      wherein said coil assembly means further comprises:
PA1  a plurality of guy lines, each extending diagonally from one of said
      elongated wood members of one of said coil frames to one of said elongated
      wood members of another of said coil frames.
NUM  4.
PAR  4. A method of sweeping magnetic influence mines that are directional in
      sensitivity and are of unknown orientation, said method comprising the
      steps of:
PA1  providing first, second, and third air core solenoid coils of large
      transverse dimensions compared with axial length and disposed in mutually
      orthogonal planes;
PA1  energizing said first air core solenoid coil for a first predetermined time
      period with alternating electrical current to generate a first magnetic
      field having a first principal axis;
PA1  energizing said second air core solenoid coil for a second predetermined
      time period with alternating electrical current to generate a second
      magnetic field having a second principal axis perpendicular to said first
      principal axis; and
PA1  energizing said third air core solenoid coil for a third predetermined time
      period with alternating electrical current to generate a third magnetic
      field having a third principal axis perpendicular to each of said first
      and second principal axes.
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ABST
PAL  A weapon arming wire connector for safely extracting the arming wire from
      e arming solenoid independent of the weapon position in the bomb rack of
      the aircraft. The improvement in the connector making it omni-directional
      includes the addition of one or more legs acting as fulcrums allowing the
      extraction or release of the connector from the solenoid regardless of
      angular displacement of the pull with approximately the same force
      independent of weapon position in order that the weapon may be safely
      jettisoned in an unarmed condition.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      government of the United States of America for Governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to weapon arming systems, and more
      particularly to weapon arming wire connectors which may be used with a
      variety of free-fall weapons to prevent accidental arming.
PAR  Airborne free-fall weapons, such as bombs, contain fuses within them which
      must be maintained in a safe condition until the weapon is released from
      the aircraft. To maintain the safe condition, the fuses are equipped with
      an arming device. The arming device is usually an impeller which activates
      the fuse after several revolutions. The arming device is inactivated by
      one end of the arming wire mechanically preventing the impeller from
      revolving. The arming wire is connected at one end to the arming device
      and at the other end to the aircraft through a solenoid. The solenoid is
      remotely controlled by aircraft personnel so that the weapon may be
      released in either the armed or unarmed condition.
PAR  The solenoid includes a gripping means which is biased in the closed
      position in the unenergized state, allowing the arming wire connector to
      be held in place by the gripping means of the solenoid. The arming wire
      connector can be connected to and disconnected from the gripping means of
      the unergized solenoid by applying a force sufficient to overcome the
      applied bias of the solenoid. The force required to disconnect the arming
      wire from the unergized solenoid is substantially below the force required
      to arm the weapon, which facilitates the loading of the weapon. If a
      weapon is accidentially dislodged from its hangers, the arming wire
      connector should readily pull free from the gripping means of the solenoid
      to prevent the arming of the weapon.
PAR  To deliver an armed weapon, one end of the arming wire is held firmly in
      place by the energized arming solenoid while the weapon is released from
      the aircraft. The weight of the falling weapon withdraws the other end of
      the arming wire from the fuse in the weapon thereby allowing the arming
      device on the fuse to arm the weapon.
PAR  To jettison the weapon unarmed, the arming wire connector must be released
      or extracted from the unenergized arming solenoid.
PAR  Known types of arming devices have not been consistently reliable for
      jettisoning weapons in the unarmed condition. The lack of consistency in
      jettisoning has been caused by the failure of the arming wire connector to
      disconnect from the unenergized solenoid when the force applied was not
      in-line, thereby unintentionally pulling the arming wire from the fuse of
      the weapon and arming it. To overcome this problem the omnidirectional
      weapon arming wire connector of the present invention was developed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an omni-directional weapon arming wire connector
      for safely releasing or extracting the weapon arming wire from the arming
      solenoid regardless of the angular displacement of the pull and
      independent of weapon position in the bomb -- rack of the aircraft. The
      improvement in the connector making it omni-directional is the addition of
      one or more legs to the connector. The legs make contact with some
      adjacent part of the solenoid and act as fulcrums so that approximately
      the same forcee may be used to disconnect the arming wire connector from
      the unenergized arming solenoid independent of the weapon position in the
      event the aircraft personnel desires to release or jettison the weapon in
      an unarmed condition.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide an improved weapon arming
      wire connector of high reliability and low cost which may be easily
      fabricated to be utilized with currently used arming solenoids.
PAR  Another object of the present invention is to provide weapon arming wire
      connectors which can be used with all types of weapons, bomb -- racks and
      aircraft and which can be used by all branches of the armed services.
PAR  Another object of the invention is to provide a weapon arming wire
      connector which is easy to install and use in present equipment.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description and the attached drawings which illustrate
      two embodiments of an omni-directional weapon arming wire connector in
      accordance with the present invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of the weapon arming system using a weapon
      arming wire.
PAR  FIG. 2 is a perspective view of the arming solenoid and a metallic
      embodiment of the omni-directional weapon arming wire connector of this
      invention in a detached position.
PAR  FIG. 3 is a side view in cross-section of the arming solenoid and a
      metallic embodiment of the omni-directional weapon arming wire connector
      of FIG. 2 in an attached position.
PAR  FIG. 4 is a perspective view of the arming solenoid and a molded plastic
      embodiment of the omni-directional weapon arming wire connector of this
      invention in a detached position.
PAR  FIG. 5 is a side view in cross-section of the arming solenoid and a molded
      plastic embodiment of the omni-directional weapon arming wire connector of
      FIG. 4 in an attached position.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference is now made to FIG. 1 which shows the arming system with the
      omni-directional weapon arming wire connector 17 or 17' of this invention
      in position on a weapon 12. The arming system is made up of an upper unit
      10 and a lower unit or arming assembly 11. The upper unit 10 (which is
      best seen in FIGS. 2 to 5 inclusive) is made up of a solenoid 13 fixedly
      secured to the underside of any conventional aircraft 14.
PAR  The lower unit 11 is made up of a flexible arming wire 15, one end of which
      is operably connected in any conventional manner to the fuse 16 of the
      weapon 12. The other end of the arming wire 15 is connected to the
      omni-directional weapon arming wire connector 17 or 17' of this invention.
PAR  FIG. 2 depicts the relative position of a metallic embodiment of the
      omni-directional weapon arming wire connector 17 of the invention to the
      solenoid 13 just prior to attachment. The connector 17 has a central plate
      25 with a round hole 21 of approximately three-eighths of an inch centered
      at the end of the plate 25 away from edge 19 through which the arming wire
      detent pin 22 (see FIG. 3) of the solenoid 13 passes when the connector 17
      is attached to the solenoid 13 (see FIG. 3). There is a round hole 20 of
      approximately one-eighth of an inch extending through the central plate
      and each of the legs 18 where the three parts are joined at edge 19
      through which a loop of flexible arming wire 15 passes. The connector 17
      has two plate-like legs 18 attached at the rear edge 19 of the central
      plate 25, each leg making an acute angle with the central plate 25 of
      about twenty degrees, with each leg extending away from the arming wire
      and being about one half the length of the central plate 25. The flexible
      arming wire 15 is attached to the connector 17 by looping one end through
      the small holes in the plates 18 and 25 at the rear edge 19 and clamping
      the end of the wire 15 in a conventional manner.
PAR  FIG. 3 shows the metallic embodiment of the omni-directional weapon arming
      wire connector 17 of this invention inserted into the solenoid 13. The
      solenoid has an arming wire recess slot 23 through which the connector 17
      is inserted. Within the recess slot 23 there is an arming wire detent pin
      22 forming part of the solenoid 13. The detent pin 22 is cylindrical in
      shape and has a cone shaped end which extends perpendicularly to and meets
      the wall 24 of the recess slot 23 of the solenoid 13. The detent pin 22 is
      biased in a conventional manner to meet the wall 24 of the recess slot 23
      in the unenergized condition of the solenoid 13. In the energized
      condition of the solenoid, the detent pin 22 is locked against the wall 24
      of the recess slot 23. The legs 18 make contact with the case 27 of the
      solenoid 13 and the flange or lip 26 which has been attached in a
      conventional manner to the side of the solenoid opposite the detent pin
      22. If no flange or lip 26 is present, and the side of the solenoid case
      opposite the detent pin 22 is too short, as is the case with presently
      used solenoids, the leg 18 of the connector 13 on the flange side of the
      solenoid case may be omitted.
PAR  In one embodiment of the invention which was constructed, the connector 17
      was formed from two metal plates. One of the plates formed the center
      plate 25 and one of the legs 18 by bending the plate to conform to the
      shape illustrated in the drawings. The other leg 18 was brazed or welded
      at the edge 19 to conform to the shape illustrated in the drawings. Each
      leg plate 18 was about one half inch long, while the center plate 25 was
      about one inch long. All plates had the same width of about five-eights of
      an inch and were made from 24 gage mild steel sheet. Approximately
      one-half of the connector 17 extends into the recess slot 23 of the
      solenoid 13 and the remaining half projects outward from the slot 23. The
      portion of the connector 17 projecting outward from the slot should be no
      greater than three-quarters of an inch to allow the connector 17 to be
      used with all presently used arming solenoids 13.
PAR  The connector 17 may be made from cadmium plated mild steel, brass, copper,
      rigid plastic materials such as polyamide (nylon), polytetrafluoroethylene
      or fluorinated ethylenepropylene (TEFLON) and other similar materials. The
      omni-directional weapon arming wire connector 17 allows the arming wire or
      other device to be safely released or extracted from the arming solenoid
      13 regardless of the angular displacement of the weapon 12.
PAR  There are circumstances where the connector 17 of the invention can be used
      with only one leg 18, as mentioned above when there is no flange or lip
      26.
PAR  FIG. 4 depicts the relative position of a one-piece molded plastic
      embodiment of the omni-directional weapon arming wire connector 17' of the
      invention to the solenoid 13 just prior to attachment. The connector 17'
      has a central portion 25' with a round hole 20' of approximately
      one-eighth of an inch extending through one end of the connector 17',
      through which a loop of flexible arming wire 15 passes. The connector 17'
      has two plate-like legs 18' which extend from the central portion 25' at
      an acute angle at a point about one-third of the length of the central
      portion 25' and extend away from the arming wire 15. There is a round hole
      21' of approximately three-eighths of an inch centered at the end of the
      central portion 25' away from the arming wire. The arming wire detent pin
      22 (see FIG. 5) of the solenoid 13 passes through hole 21' when the
      connector 17' is attached to the solenoid 13. The flexible arming wire 15
      is attached to the connector 17' by looping one end through the small hole
      20' and clamping the end to the wire 15 in a conventional manner.
PAR  FIG. 5 shows the one-piece molded plastic embodiment of the
      omni-directional weapon arming wire connector 17' of this invention
      inserted into the solenoid 13. The solenoid 13 has an arming wire recess
      slot 23 through which the connector 17' is inserted. Within the recess
      slot 23 there is an arming wire detent pin 22 forming part of the solenoid
      13. The detent pin 22 is cylindrical in shape and has a cone shaped end
      which extends perpendicularly to and meets the wall 24 of the recess slot
      23 of the solenoid 13. The detent pin 22 is biased in a conventional
      manner to meet the wall 24 of the recess slot 23 in the unenergized
      condition of the solenoid 13. In the energized condition of the solenoid,
      the detent pin 22 is locked against the wall 24 of the recess slot 23. The
      legs 18' make contact with the case 27 of the solenoid 13.
PAR  In the embodiment of FIGS. 4 and 5 which was constructed, the one-piece
      connector 17' was formed by machining a solid piece of nylon plastic
      stock. The connector 17' may also be formed as a molded one-piece device
      of plastic, such as nylon molding resin. The overall dimensions of the
      plastic embodiment were approximately the same as those for the metallic
      embodiment.
PAR  In using the connector 17 or 17' of the invention, the fuse 16 is placed in
      the weapon 12 with the arming wire 15 attached to the fuse 16. The weapon
      12 is attached to the underside 14 of any conventional aircraft and the
      connector 17 or 17' is inserted into the solenoid 13. To drop a weapon 12
      capable of arming after being released from the aircraft, the solenoid 13
      is energized thereby locking the arming wire detent pin 22 in the closed
      position in the recess slot 23. Release of the weapon places the weight of
      the weapon on the arming wire 15. When the solenoid 13 is energized the
      force required to remove the connector 17 or 17' from the solenoid 13 is
      much greater than the force required to remove the arming wire 15 from the
      fuse 16 of the weapon 12. The removal of the arming wire 15 from the fuse
      16 allows the weapon 12 to arm.
PAR  To jettison or drop a weapon in the unarmed condition, the solenoid 13 is
      not energized. When the solenoid 13 is not energized the force required to
      remove the connector 17 or 17' from the solenoid 13 is much less than the
      force required to remove the arming wire 15 from the fuse 16 of the weapon
      12. The release of the weapon 12 when the solenoid 13 is not energized
      allows the omni-directional arming wire connector 17 or 17' of this
      invention to be extracted from the solenoid 13 regardless of the angular
      displacement of the weapon 12. By way of example only, the force required
      to extract the connector 17 or 17' from the solenoid 13 when the solenoid
      is unenergized may be only 9-12 pounds whereas the force required to
      extract the connector 17 or 17' from the solenoid when the solenoid is
      energized may be 150 pounds. This last weight is greater than that
      necessary to extract the arming wire from the fuse.
PAR  The structure shown and described is illustrative and not definitive, it
      being understood that various changes may be made in the form, shape,
      arrangement and material of the various elements without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A weapon arming wire connector for releasing a weapon having a fuse
      therein and
PA1  an arming wire one end of which is attached to said fuse, said connector
      comprising:
PA1  mechanical means, for attachment to the other end of said arming wire,
      having a central portion and two diverging legs on opposite sides of and
      joined to said central portion, each attached at one end to one end of
      said central portion, said central portion being of plate-like
      configuration and extending beyond the free ends of said legs which are
      opposite the attached ends, and having a hole therethrough also located
      beyond the free ends of said legs, said legs forming acute angles with the
      plane of said central portion and being integral therewith, the other end
      of the arming wire being attached to the connector near the junction
      between the central portion and the diverging legs.
NUM  2.
PAR  2. A weapon arming wire connector for releasing a weapon having a fuse
      therein and
PA1  an arming wire one end of which is attached to said fuse, said connector
      comprising:
PA1  a pair of substantially equal-sized plates for attachment to the other end
      of said arming wire, said plates being attached to each other at
      correspondingly positioned edges to form an acute angle therebetween, the
      other ends of said plates being free, and
PA1  a central plate having one end attached to and between the joined edges of
      said pair of plates which form acute angles with the plane of said central
      plate, said central plate being longer than said pair of plates and having
      a hole therethrough located beyond the free ends of said pair of plates,
      said central plate being attached to said other end of said arming wire.
NUM  3.
PAR  3. A weapon arming wire connector for releasing a weapon having a fuse
      therein as described in claim 1, wherein said pair of equal sized plates
      make an angle of approximately 40.degree. with each other.
NUM  4.
PAR  4. A weapon arming wire connector for releasing a weapon having a fuse
      therein and
PA1  an arming wire one end of which is attached to said fuse, said connector
      comprising:
PA1  a first plate for attachment to the other end of said arming wire, and
PA1  a side plate having one end attached to one end of said first plate to form
      an acute angle with the plane thereof, said side plate being shorter than
      said first plate, the other end of said side plate being free, said first
      plate having a hole therethrough at a location thereon beyond the free end
      of said shorter plate and a second hole therethrough near the end attached
      to said side plate for attachment of said arming wire.
NUM  5.
PAR  5. A weapon arming wire connector for releasing a weapon having a fuse
      therein and
PA1  an arming wire one end of which is attached to said fuse, said connector
      comprising:
PA1  a molded one-piece mechanical device having a central portion attached to
      the other end of said arming wire, said device having a pair of plate-like
      legs attached to and extending away from the plane of said central portion
      at an angle and a hole through said central portion beyond the free ends
      of said pair of legs, the location of attachment of the central portion to
      the arming wire being at the end of the central portion opposite the end
      having said hole.
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ABST
PAL  This invention relates to a linear hydraulic motor or actuator, more
      especially to a hydraulic motor in combination with a piston pump, serving
      to inject liquid fertilizers into a water pipe line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Linear hydraulic motors to be driven by water from a municipal or rural
      supply system are well known in the art and are used in all cases where no
      electricity is available, where a certain waste of water is of no
      importance, and where an internal combustion engine would be too
      cumbersome for the relatively small power output required. These hydraulic
      motors work on the principle of a reciprocating piston or diaphragm
      assisted by flexible means such as steel springs, rubber cushions and the
      like. Water inlet and/or outlet are either controlled by valves or are
      covered and uncovered by the reciprocating piston or its extension. In
      another type of motor, flip-flop valves are used for closing and opening
      the water inlet and to control the piston or diaphragm movement.
PAR  The main drawback of this type of apparatus is that these flexible means
      deteriorate and change their modulus of elasticity with time so that they
      require frequent exchange and replacement.
PAR  In view of the above it is the object of the present invention to provide a
      linear hydraulic motor with a minimum of moving parts and without the use
      of flexible parts. Another object is to provide such motor in robust
      construction at a relatively low price.
PAC  SUMMARY OF THE INVENTION
PAR  The hydraulic motor according to the invention comprises a cylinder casing,
      a differential piston and a valve assembly positioned within the piston,
      the piston being reciprocatingly driven by water under pressure entering
      the casing and being alternately directed to the front and the rear face
      of the differential piston by the valve assembly which also serves to
      direct the water, after depressurisation, to the outside.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a diagrammatic section through a linear motor adapted to drive
      a piston pump,
PAR  FIG. 2 shows the apparatus as shown in FIG. 1 but with the piston in its
      rear end position,
PAR  FIG. 3 shows the same apparatus but with the piston nearing its extreme
      front position, and
PAR  FIG. 4 illustrates, in diagrammatic section, an automatic water-inlet
      closing-mechanism to be used with the hydraulic motor illustrated in FIGS.
      1 to 3.
DETD
PAR  With reference to FIG. 1 a combined motor and pump comprises a cylinder
      casing A, a piston assembly B and a valve assembly C. In the following the
      left end of the unit which contains the motor will be called the "front,"
      and the right end, where the pump is housed will be called the "rear." The
      cylinder casing is stepped to form three cylinder bores of different
      diameters, the smallest being on the rear end and serving as pump cylinder
      1. The central guide cylinder 2 is larger while the front working cylinder
      3 has the largest bore. The rear end of the pump cylinder is provided with
      an outlet valve 4 and an inlet valve 5 on top of the casing which connects
      the bottom of a container 25, for liquid to be pumped, with the pump
      cylinder. The guide cylinder 2 is provided with a vent and drainhole 6 in
      its lower half. The large working cylinder at the front possesses a water
      inlet 7 near its line of junction with the guide cylinder and a
      cylindrical bore 8 in the center of the front casing-cover 9.
PAR  The piston assembly is stepped to the same diameters as the cylinder
      casing, allowing its sliding movement therein. It possesses a relatively
      long pump piston 31, a long central guide part 32 fitting into the central
      cylinder portion and a short collar-like working piston 33. The front end
      of the piston is flat and possesses a co-axially positioned cylindrical
      bore 10 which extends into the piston assembly to about half-way the guide
      piston portion and forms the casing for the spool of the valve assembly.
      Its rear end 11 is completely flat and smooth, while its front end is
      provided with an internal collar, teeth or a similar projection 12 serving
      as stop for the valve spool. The casing 10 possesses two ports, a first
      port 13 halfway between its front and rear end connecting it to the rear
      of the working cylinder 3; and a second port 14 in the shape of an annular
      groove placed at a relatively small distance from the rear end connected
      by at least one bore 15 to the flat front end of the piston assembly,
      thereby connecting the cylindrical bore 10 with the front of the working
      cylinder 3.
PAR  The valve assembly comprises a cylindrical spool of a diameter adapted to
      slide in the valve-casing bore 10 and of a length shorter than the length
      of the bore. It has an annular circumferential groove 19 leaving at each
      end a front collar 17 and a rear collar 18, its rear end being flat and
      smooth thus forming, in its rearward position, a tight closure with the
      rear part of the cylindrical bore 10. Its length is so designed that in
      its rearmost position the rear collar 18 lies to the right of the annular
      groove 14, while in its foremost position, defined by contact of the front
      collar 17 with the stop 12, the collar 18 lies in front of the groove.
PAR  The spool has a central cylindrical bore 24 which is continued to the
      outside of the cylinder casing by an outlet tube 16 integral and co-axial
      with the valve spool. The diameter of the tube fits into the bore 8 in the
      front cover and passes through it to the outside; it is closed at its
      front end by a solid disc 21 which is of larger diameter and thus serves
      as a shoulder stop to the rear movement of the valve assembly. A number of
      outlet openings 22 are arranged circumferentially near the closed front
      end to the rear of the disc 21 and connect the outlet tube interior with
      the atmosphere. A low, inner shoulder 23 is provided around the tube
      adjacent to the piston front face serving as stop to the forward movement.
PAR  The operation of the motor unit will now be explained with regard to FIGS.
      1, 2 and 3 of the drawing. The piston assembly B as appearing in FIG. 1,
      moves to the right - as indicated by the arrow - due to water pressure
      acting on the front face of the working piston assembly 33. Water under
      pressure enters the cylinder 3 through the inlet 7 and passes through port
      13 into the circumferential groove 19 of the spool, from there through
      port 14 and bore 15 to the front part of the cylinder.
PAR  The pressure exerted by the water on the front face of the spool tends to
      press it against the rear face of the bore 10, thus keeping the water
      passages open. A counterforce is exacted by the water pressure on the
      annular rear face of the differential piston 33, so that the force acting
      on the pump cylinder is the difference of the areas times the water
      pressure.
PAR  FIG. 2 shows the piston assembly to have reached its rearmost position and
      shows the valve at the moment of reversing its direction of motion to the
      front. At the end of the back-stroke - which is shown in FIG. 1 -the valve
      is stopped by the disc or shoulder 21 contacting the casing cover 9; at
      the same time the outlet openings 22 are covered and closed while they
      disappear within the bore 8 of the front cover. The full water pressure
      continues to act on the front face of the piston assembly driving it back
      until the rear collar 18 of the spool covers the annular groove 14 in the
      piston, cutting off the water supply to the cylinder 3, however
      maintaining the pressure therein for the time being. Since the width of
      the collar 18 is equal to or somewhat smaller than that of the groove 14,
      a small gap opens at the rear edge of the collar as soon as the latter
      shuts off the groove by its front edge, thus allowing water under pressure
      to reach the rear end of the valve, driving the valve assembly toward the
      front. The same pressure acts on the annular front face of the spool
      valve, however since this area is smaller than the rear face area, it is
      the differential pressure that drives it forward within the cylindrical
      bore 10 until it contacts the projection 12 at the front end thereof.
      Simultaneously the outlet openings 22 are uncovered and the front part 3
      of the cylinder is now opened to atmospheric pressure via the duct 15, the
      groove 14, the rear portion of the bore 10 and the cylindrical bore 24,
      allowing the water to flow out of the cylinder through the outlet openings
      22. The full pressure now acts on the annular rear face of the front
      piston 33, driving the assembly toward the front, since the piston front
      face is at atmospheric pressure.
PAR  During movement of the piston assembly to the front, the valve assembly
      remains in the forward position in contact with the stop 12, until its
      shoulder 23 encounters the inside of the casing cover 9. While the piston
      assembly continues on its way to the front, driven by the pressure on the
      rear annular face of the front piston, the collar 18 of the valve
      gradually covers the annular groove 14, until it opens the connection
      between the supply 7 to the front cylinder 3, building up pressure in this
      space. This pressure not only drives the piston assembly to the rear, but
      also drives the valve to the rear of the cylindrical bore, acting on its
      annular front face, the rear face being at atmospheric pressure (FIG. 1).
      In the present embodiment the reciprocating action of the piston assembly
      serves to pump liquid from the container 25 through the outlet valve 4
      into a pipe line.
PAR  The control device shown in FIG. 4 of the drawing is attached to the water
      inlet 7 of the hydraulic motor on the one hand, and to the container 25
      and inlet valve 5 of the piston pump on the other hand. The container 25
      is shaped in the form of a cone, with its outlet to the suction valve 5 in
      the shape of a Tee-piece 41. A ballshaped float 42 of rubber or plastic
      material is carried on the surface of the liquid 43 to be pumped, such as
      liquid fertilizer, and will sink to the bottom with the liquid emptying
      out of the container, until it rests on the outlet opening and closes it.
      The Tee-piece connects to a pipe 44 which leads to a housing 45 containing
      a flexible diaphragm 46. This diaphragm is free to move in the housing in
      a horizontal direction and is connected to a valve spool 47 which is
      adapted to slide in a control valve housing 48. The latter possesses a
      water inlet 49 and an outlet port 50 which is kept open as long as the
      diaphragm is in its median position, but is closed by movement of the
      diaphragm to the right, pulling with it the valve spool and covering the
      port. A screw 51 at the left-hand end of the valve housing enables manual
      control - by means of a knurled handwheel 52 - of the water quantity to be
      admitted to the motor, by reducing the width of the port opening.
PAR  The diaphragm is pulled to the right, together with the valve spool, by an
      underpressure created by the pump piston when the ball float closes the
      container outlet. This causes stopping of the hydraulic motor by cutting
      off its water supply, thus preventing waste of water when no liquid is to
      be pumped. For restarting, the diaphragm is pulled back manually into its
      initial position.
PAR  The invention is not limited to the embodiment shown hereinbefore, but may
      be modified by a person skilled in the art, within the scope of the
      appended Claims.
PAR  For instance, the hydraulic motor may be utilized for driving different
      reciprocating machinery, instead of a pressure pump, as in the present
      embodiment.
PAR  The valve may be modified by that a plurality of inlet ports 13 are
      distributed on the circumference, in order to allow greater water
      quantities to pass there through. Similarly, a larger number of connecting
      bores 15 may be provided entering the circumferential groove 14 in several
      places.
PAR  On the other hand, instead of the groove 14, a simple port may be
      advisable, if the water quantities used are small.
PAR  The rear face of the bore 10 as well as the rear end of the spool 20 have
      been shown and described to be flat surfaces. However, as long as they
      form a tight fit and prevent water from penetrating between their surfaces
      and to pass to the outside through tube 16, they may be hemispherical,
      conical or otherwise shaped.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A linear hydraulic motor for operation by a liquid under pressure,
      comprising:
PA1  a stepped cylinder casing having: a front cover, a large bore portion in
      its front part closed by said front cover, a smaller bore portion in its
      rear part, and a liquid inlet in the rear of the large bore;
PA1  a differential piston unit reciprocable in the cylinder casing, said unit
      consisting of a large diameter front piston slidingly movable in the large
      bore portion, and of a smaller-diameter rear piston slidingly movable in
      the smaller-diameter bore,
PA1  said piston unit having a smooth central bore whose front end extends
      through the front end of the large-diameter piston whereat the bore
      diameter is narrowed by an inwardly projecting stop, and the central
      bore's rear end being within the confines of the smaller-diameter piston,
PA1  said central bore providing a first fluid communication path with said
      large-bore portion through a first port extending from the front end of
      the piston to a point distanced from the central bore's rear end, and a
      second port extending between a surface of the smaller-diameter piston and
      the central bore at a point situated to the front of the first port, and
      providing a second fluid communication path between the central bore and
      said liquid inlet,
PA1  a hollow spool valve adapted to slide in the central piston bore in
      reciprocal motion from a frontal position in the bore defined by contact
      of the valve's front end with the said stop to a rearward position defined
      by contact of the valve's rear end with the rear end of the central bore,
PA1  said spool valve comprising a front collar, a rear collar and an annular
      groove extending between the two collars, the valve being elongated
      towards the front in the shape of a cylindrical outlet tube which is
      guided in a bore provided in the front cover of the casing and protrudes
      through this cover to the outside,
PA1  an outer limit stop and an inner limit stop on said tube adapted to
      alternately contact the outer and the inner surfaces of the front cover,
      the outer stop being positioned on the tube so as to define, by its
      contact with the front cover, the rear limit of the piston stroke during
      the front position of the spool valve in the central bore, and the inner
      stop being positioned on the tube so as to define by its contact with the
      front cover, the front limit of the piston stroke during the rearward
      position of the spool valve in the central bore,
PA1  a central port in the spool valve opening at the rear end of the spool
      valve and extending through the outlet tube to a point short of the front
      end of this tube where it is in fluid communication with the atmosphere
      through at least one radial opening positioned to the rear of the outer
      limit stop,
PA1  disposition of said first and second ports in the piston unit being such
      that in the frontal position of the piston unit with the spool valve in
      its rear position, fluid communication is created between the liquid inlet
      and the large-bore cylinder through the first port, the annular groove and
      the second port, and that in the rear position of the piston unit with the
      spool valve in its frontal position, fluid communication is created
      between the large-bore portion and the atmosphere through the first port,
      the rear end of the central bore, the central valve port, and the radial
      opening at the end of the outlet tube.
NUM  2.
PAR  2. A linear hydraulic motor as claimed in claim 1 wherein said first port
      joins the central bore through a recessed annular groove of a width small
      compared with its inner diameter.
NUM  3.
PAR  3. A linear hydraulic motor as claimed in claim 2, wherein the rear collar
      of said spool valve is of substantially the same width as that of the
      recessed annular groove in the wall of the central bore.
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ABST
PAL  A rotary type hydraulic servo-mechanism constructed with a
      hollow-cylindrical casing, an input shaft extending through the casing, a
      driven output member slidably mounted on the casing, a servo-valve
      mechanism formed in the surface of the input shaft which slides on the
      driven output member, a hydraulic fluid chamber to generate a resisting
      torque against rotational force of the input shaft, and a passage to
      connect this hydraulic fluid chamber with the servo-valve mechanism, and
      hydraulic drive chambers defined by a space between the inner wall of the
      hollow cylindrical casing and the outer periphery of the driven output
      member.
PARN
PAR  This is a continuation of application Ser. No. 319,019, filed Dec. 27,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a rotary type hydraulic servo-mechanism, and,
      more particularly, it is concerned with a hydraulic rotary servo-mechanism
      of a type, wherein an oil chamber is provided to cause a torque which
      hinders rotational force of an input shaft when it is actuated.
PAR  There has already been proposed a rotary type hydraulic servo-mechanism
      which is constructed with a hollow cylindrical casing closed at both open
      ends thereof by two end blocks and having one or more radially inwardly
      projecting partition walls on the inner surface thereof, the partition
      walls extending axially in the casing, an input shaft passing axially and
      concentrically through the casing, a driven output member rotatably
      mounted on the input shaft within the casing with one end thereof being
      extended axially through and out of one of the end blocks as an output
      portion and having one or more radially outwardly projecting partition
      walls extending axially from the member, the partition walls of which are
      installed in such a manner that the outer surfaces thereof are
      fluid-tightly but slidably movable along the inner surface of the casing,
      the former and latter partition walls defining therebetween at least two
      chambers formed between the casing and the output member, a
      servo-mechanism provided between the opposing sliding surface of the input
      shaft and the output member, and hydraulic fluid supply and discharge
      passages connected to the servo-mechanism to supply and discharge
      hydraulic fluid to and from the chambers under the conrtol of the
      servo-valve mechanism which operates in response to rotation of the input
      shaft relative to the output member.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the present invention is to further add an improvement in
      such already proposed rotary type hydraulic servo-mechanism by providing
      the same with a device which imparts to the input shaft a torque which
      hinders rotational force at the time of its rotation, whereby a resisting
      effect against operation or manipulation of the input shaft as in steering
      a vehicle, etc. is obtained.
PAR  According to the present invention, there is provided a rotary type
      hydraulic servo-mechanism comprising in combination:
PAR  A. A HOLLOW CYLINDRICAL CASING CLOSED AT BOTH OPEN ENDS THEREOF BY END
      BLOCKS, AND HAVING AT LEAST ONE PARTITION WALL RADIALLY AND INWARDLY
      PROJECTING FROM THE INNER SURFACE OF THE CASING AND EXTENDING TOWARD THE
      CENTER AXIS THEREOF;
PAR  B. AN INPUT SHAFT PASSING AXIALLY AND CONCENTRICALLY THROUGH THE CASING;
PAR  C. A DRIVEN OUTPUT MEMBER ROTATABLY MOUNTED ON THE INPUT SHAFT WITHIN THE
      CASING AND HAVING ONE END EXTENDED AXIALLY THROUGH AND OUT OF ONE OF THE
      END BLOCKS AS AN OUTPUT PORTION, AND HAVING AT LEAST ONE PARTITION WALL
      RADIALLY AND OUTWARDLY PROJECTING FROM THE OUTER PERIPHERY THEREOF AND
      EXTENDING TO THE INNER SURFACE OF THE CASING,
PA1  The inner wall surface of the cylindrical casing and the outer periphery of
      the driven output member in conjunction with the partition walls of the
      respective casing and output member defining a plurality of hydraulic
      drive chambers therebetween;
PAR  d. a servo-valve mechanism provided between the opposing sliding surfaces
      of the input shaft and the driven output member, and comprising first
      longitudinally extending grooves formed in the inner surface of the driven
      output member, and second longitudinally extending grooves formed in one
      part of the outer periphery of the input shaft, the first and second
      grooves being generally in facing relationship with each other;
PAR  e. a hydraulic fluid chamber formed on another part of the outer periphery
      of the input shaft at a position opposite to the servo-mechanism;
PAR  f. a separate partition wall provided on the inner surface of the driven
      output member and projecting inwardly therefrom upto the bottom surface of
      the hydraulic fluid chamber in a fluid-tight but slidable manner to divide
      the hydraulic fluid chamber into a plurality of hydraulic sections; and
PAR  g. hydraulic fluid supplying and discharging passages formed within the
      driven output member and connected to the servo-mechanism and hydraulic
      fluid chamber to supply and discharge hydraulic fluid to and from the
      hydraulic drive chambers and hydraulic fluid chamber under the control of
      the servo-valve mechanism which operates in response to rotation of the
      input shaft relative to the driven output member.
PAR  According to another aspect of the present invention, there is provided a
      rotary type hydraulic servo-mechanism comprising in combination:
PAR  a. a principal member which comprises:
PA1  1. a hollow cylindrical casing closed at both open ends thereof by end
      blocks, and having at least one partition wall radially and inwardly
      projecting from the inner surface of the casing and extending toward the
      center axis thereof;
PA1  2. an input shaft passing axially and concentrically through the casing;
PA1  3. a driven output member rotatably mounted on the input shaft within the
      casing and having one end being extended axially through and out of one of
      the end blocks as an output portion, and having at least one partition
      wall radially and outwardly projecting from the outer periphery thereof
      and extending to the inner surface of the casing,  the inner wall surface
      of the cylindrical casing and the outer periphery of the driven output
      member in conjunction with the partition walls of the respective casing
      and output member defining a plurality of hydraulic drive chambers
      therebetween;
PA1  4. a servo-valve mechanism provided between the opposing sliding surfaces
      of the input shaft and the driven output member, and comprising first
      longitudinally extending grooves formed in the inner surface of the driven
      output member, and second longitudinally extending grooves formed in one
      part of the outer periphery of the input shaft, the first and second
      grooves being generally in facing relationship with each other;
PA1  5. hydraulic fluid supplying and discharging passages formed within the
      driven output member and connected to the servo-mechanism to supply and
      discharge hydraulic fluid to and from the hydraulic drive chambers under
      the control of the servo-valve mechanism which operates in response to
      rotation of the input shaft relative to the driven output member; and
PAR  b. an auxiliary member which comprises:
PA1  1. a hollow cylindrical casing closed at both open ends thereof by end
      blocks, and having at least one partition wall radially and inwardly
      projecting from the inner surface of the casing and extending toward the
      center axis thereof, such casing being connected to the hollow cylindrical
      casing of the principal member in axial alignment therewith, and
      accommodating therewithin an extended part of the input shaft which
      extends through one of the end blocks of the hollow cylindrical casing of
      the principal member;
PA1  2. at least one partition wall provided on the input shaft which projects
      radially and outwardly from the outer periphery thereof and extends upto
      the inner surface of the casing of the auxiliary member,
PA1  the inner wall surface of the cylindrical casing and the outer periphery of
      the input shaft in conjunction with the partition walls of the respective
      casing and the input shaft defining a plurality of hydraulic drive
      chambers therebetween; and
PA1  3. hydraulic fluid passages communicating between each of the hydraulic
      drive chambers of the auxiliary member and each of the hydraulic drive
      chambers of the principal member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above-described objects, construction, and operation of the present
      invention will become more apparent from the following detailed
      description of the invention when read in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a vertical cross-sectional view of one embodiment of the rotary
      type hydraulic servo-mechanism according to the present invention;
PAR  FIG. 2 is a longitudinal cross-section of the servo-mechanism shown in FIG.
      1 cut along the line II--II;
PAR  FIG. 3 is another cross-sectional view of the servo-mechanism shown in FIG.
      1 to indicate a state of connection between the feeding source of
      pressurized fluid and discharging fluid passages when the input shaft and
      the driven output member of the device are rotated in one direction;
PAR  FIG. 4 is a side elevational view of another embodiment of the rotary type
      hydraulic servo-mechanism according to the present invention;
PAR  FIG. 5 is a vertical cross-sectional view of the device shown in FIG. 4
      taken along the plane indicated by the line V--V;
PAR  FIG. 6 is another vertical cross-sectional view of the device shown in FIG.
      4 taken along the plane indicated by the line VI--VI; and
PAR  FIG. 7 is a perspective view showing one example of an application of the
      rotary type hydraulic servo-mechanism and counter-torque generating device
      fitted on a steering device of an automotive vehicle.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The construction and operation of the rotary type hydraulic servo-mechanism
      according to the present invention will now be described with reference to
      one embodiment thereof in conjunction with FIGS. 1, 2, and 3.
PAR  Referring to FIG. 1, the rotary type hydraulic servo-mechanism is basically
      constructed with a hollow cylindrical casing 1, both ends of which are
      closed by end blocks, and input shaft 2 inserted into the casing 1 in its
      longitudinal direction and concentrically along its central axis, and a
      sleeve-like inner rotor (or driven output member) 3 mounted on the outer
      periphery of the input shaft 2 in a freely rotatably manner. The driven
      output member 3 rotates within the hollow cylindrical casing 1 along, and
      in oil-tight contact with, the end portions of a pair of partition walls
      12A and 12B which project from the inner surface of the casing toward the
      central axis thereof and are disposed 180 degrees apart from each other on
      a diametral line thereof. The driver output member 3 is further provided
      with a pair of partition walls 13A and 13B integrally on the outer
      periphery thereof which walls slidably move along the inner wall of the
      casing 1. These pairs of partition walls 12A, 12B, and 13A, 13B provided
      on the hollow cylindrical casing 1 and the driven output member 3 define
      four independent hydraulic drive chambers 4a, 4b, 4c, and 4d within an
      annular space 4 between the inner surface of the casing 1 and the outer
      surface of the driven output member 3.
PAR  The input shaft 2 is provided on its outer periphery with a servo-valve 5
      which essentially comprises three longitudinal grooves 5a, 5b, and 5c. The
      groove 5a serves as a feeding passage for pressurized oil, and is
      connected to a pressurized oil feeding source (not shown) such as an oil
      feeding pump, etc. by way of an appropriate pressurized oil passage 16
      bored within the input shaft 2. The remaining grooves 5b and 5c are for
      discharging pressurized oil, and are connected to a pressurized oil
      discharging tank (not shown) by way of pressurized oil passages 17.
PAR  The driven output member 3 is provided with two grooves 8 and 9 on its
      inner surface slidably contacting the outer periphery of the input shaft
      2. The groove 8 communicates with a pair of mutually opposing hydraulic
      drive chambers 4b and 4d through a pressurized oil passage 15, while the
      groove 9 communicates with a pair of mutually opposing hydraulic drive
      chambers 4a and 4c through a pressurized oil passage 14.
PAR  Now, the input shaft 2 is rotated to displace the positions of the grooves
      5a, 5b and 5c from those shown in FIG. 1 to those in FIG. 3. The groove 5a
      which is the pressurized oil feeding passage meets with the groove 9 on
      the driven output member 3 to communicate with the hydraulic drive
      chambers 4a and 4c through the oil passage 14, whereby pressurized oil is
      fed into these hydraulic drive chambers. On the other hand, the groove 5b
      meets with the groove 8 on the driven output chamber 3 in order to
      communicate with the hydraulic drive chambers 4b and 4d, whereby the
      pressurized oil in these cambers is discharged therefrom. In this
      consequence, the driven output member 3 is rotated in the clockwise
      direction.
PAR  The rotary type hydraulic servo-mechanism according to the present
      invention if further characterized in that a hydraulic chamber 6 is
      provided on the outer periphery of the input shaft 2. The hydraulic
      chamber 6 is positioned distant from the servo-valve 5, e.g., it is
      disposed at a position just opposite the servo-valve 5, and is divided
      into two sections 6A and 6B by a partition wall 7 provided on the inner
      surface of the driven output member 3. The partition 7 is further provided
      on its extreme end part with an oil seal to maintain close contact between
      the partition wall and the bottom surface of the hydraulic chamber in an
      oil-tight manner.
PAR  A pressurized oil passage 11 is bored in one part of the driven output
      member 3, as shown in FIGS. 1 and 3, one end of which is connected to the
      afore-mentioned pressurized oil passage 14 communicating to the groove 9,
      and the other end of which is open to the section 6B of the hydraulic
      chamber 6. In the same way, a pressurized oil passage 10 is bored in
      another part of the driven output member 3, one end of which is connected
      to the afore-said pressurized oil passage 15 communicating with the groove
      8, and the other end of which is open to the section 6A of the hydraulic
      chamber 6.
PAR  The position of the hydraulic chamber 6 shown in FIG. 1 indicates that
      pressurized oil is neither being fed into the divided sections 6A and 6B,
      nor it is being discharged therefrom. However, at the position of the
      hydraulic chamber shown in FIG. 3, wherein the input shaft 2 is rotated in
      the clockwise direction, the divided section 6B is able to communicate
      with the pressurized oil feeding passage 5a of the servo-valve 5 through
      the passages 11, 14 and the groove 9. Consequently, there is generated a
      high pressure in the divided section 6B, while the input shaft 2 is
      rotated in such direction that reduces the volume of the divided section
      6B, with the result that the pressurized oil in this section 6B of the
      hydraulic chamber 6 generates a torque which functions to hinder further
      rotation of the input shaft in the clockwise direction. On the other hand,
      the divided section 6A communicates with the pressurized oil discharging
      passage 5b of the servo-valve 5 through the passages 10, 15, and the
      groove 8 with the result that there occurs a negative pressure in this
      section 6A. Further rotation of the input shaft 2 in the clockwise
      direction tends to cause the divided section 6A of the hydraulic chamber 6
      to expand its volume, and the negative pressure generated in this section
      6A further increases accordingly. This negative pressure also generates
      torque which prevents the input shaft 2 from further clockwise rotation.
PAR  As explained in the foregoing, when the hydraulic chamber 6 and partition
      wall 7 which divides this chamber into two sections are respectively
      provided on the outer periphery of the input shaft 2 and the inner surface
      of the driven output member 3, and the hydraulic chamber 6 is made to
      communicate with the pressurized oil passages formed within the driven
      output member 3, a resisting effect against rotation of the input shaft
      can be obtained. If required, this hydraulic chamber 6 can be formed on
      the inner surface of the driven output member 3, and the partition wall 7
      on the outer periphery of the input shaft 2.
PAR  Another embodiment of the present invention will now be explained with
      reference to FIGS. 4, 5, and 6.
PAR  Referring now FIG. 4, the rotary type hydraulic servo-mechanism in this
      embodiment is basically constructed with a main body 20 of a similar
      structure as shown in FIG. 1, an auxiliary body 30, an input shaft 2 which
      passes through and extends upto one end of the main body, and a
      sleeve-like inner rotor (or driven output member) 3 which spans both ends
      of the main body 20. The auxiliary body 30 is to impart to the input shaft
      2 in the principal body 20 a counter-torque which gives a resisting effect
      in the course of steering operation.
PAR  As shown in FIGS. 4 and 5, the principal body 20 is constructed with a
      primary hollow cylindrical casing 1 closed at both ends thereof with end
      blocks and having a pair of partition walls 10a and 10b which project from
      the inner surface of the casing toward the center axis thereof and are
      disposed 180.degree. apart from each other on a diametral line thereof, an
      input shaft 2 which extends in the longitudinal direction of the casing 1
      concentrically along the center axis thereof, and passes through one end
      block 1B of the casing 1, and a sleeve-like inner rotor (or a driven
      output member) 3 mounted on the outer periphery of the input shaft in a
      freely rotatable manner and extending through the other end block 1F of
      the casing 1.
PAR  The sleeve-like inner rotor (or driven output member) 3 contacts
      oil-tightly with the end surface of the partition walls 10a and 10 b,
      along which it slides. The driven output member 3 is further provided with
      a pair of partition walls 11a and 11 b integrally positioned on the outer
      periphery thereof and extending outwardly in the radial direction upto the
      inner wall of the casing 1, and slidably movable along such inner wall.
PAR  These pairs of partition walls 10a, 10b, and 11a, 11b provided on the
      hollow cylinder casing 1 and the driven output member 3 define four
      independent hydraulic drive chambers 4a, 4b, 4c, and 4d within the annular
      space between the inner surface of the casing 1 and the outer surface of
      the driven output member 3. The driven output member 3 is provided with
      two grooves 6 and 7 on its inner surface slidably contacting the outer
      periphery of the input shaft 2. The groove 6 communicates with a pair of
      mutually opposing hydraulic drive chambers 4b and 4d through a pressurized
      oil passage 8, while the groove 7 communicates with a pair of mutually
      opposing hydraulic drive chambers 4a and 4c through a pressurized oil
      passage 9.
PAR  The input shaft 2 is provided on its outer periphery with a servo-valve 5
      which essentially comprises three longitudinal grooves 5a, 5b, and 5c. The
      groove 5a serves as a feeding passage for pressurized oil, and is
      connected to a pressurized oil feeding source (not shown) such as an oil
      feeding pump, etc. by way of an appropriate pressurized oil passage 12
      bored within the input shaft 2. The remaining grooves 5b and 5c are for
      discharging pressurized oil, and are connected to a pressurized oil
      discharging tank (not shown) by way of pressurized oil passages 13.
PAR  In the actual operation of this device, when the input shaft 2 is rotated
      to displace the position of the grooves 5a, 5b and 5c from those shown in
      FIG. 5 in the clockwise direction, the groove 5a which is the pressurized
      oil feeding passage is aligned the groove 7 on the driven output member 3
      to communicate with the hydraulic drive chambers 4a and 4c through the
      pressurized oil passage 9, whereby pressurized oil is fed into these
      hydraulic drive chambers. On the other hand, the groove 5b is aligned with
      the groove 6 on the driven output member 3 to communicate with the
      hydraulic drive chambers 4b and 4d, whereby the pressurized oil in these
      chambers is discharged therefrom. Consequently, pressure within the
      hydraulic drive chambers 4a and 4c is augmented, while pressure within the
      hydraulic drive chambers 4b and 4d decreases with the result that the
      driven output member 3 rotates in the clockwise direction. Conversely when
      the input shaft 2 is rotated in the anit-clockwise direction from its
      position shown in FIG. 5, the pressurized oil feeding passage 5a of the
      servo-valve 5 is aligned with the groove 6 on the driven output member 3,
      and the groove 5c which is the pressurized oil discharging passage is
      aligned with the groove 7. Consequently, pressure within the hydraulic
      drive chambers 4b and 4d increases, while pressure in the hydraulic drive
      chambers 4a and 4c decreases with the result that the driven output member
      3 rotates in the anticlockwise direction. In this way, the driven output
      member 3 rotates in the same direction as that of the input shaft 2
      following its rotation, whereupon rotational torque of the driven output
      member 3 is augmented.
PAR  The rotary type hydraulic servo-mechanism in this embodiment is
      characterized in having the auxiliary body 30 connected to the main body
      20 of the afore-described construction and operation.
PAR  As shown in FIG. 6, a secondary hollow cylindrical casing 101 is fixed to
      the primary hollow cylindrical casing 1 of the main body 20 in axial
      alignment therewith. The input shaft 2 pierces the end block 101E of the
      secondary hollow cylindrical casing 101 with one end thereof protruding
      outside of the casing. The casing 101 is provided with a pair of partition
      walls 110a and 110b projecting inwardly from the inner wall thereof toward
      the center axis thereof, and the end surface of each of these partition
      walls contacts oil-tightly with the outer periphery of the input shaft 2.
      On the other hand, the input shaft 2 is also provided with a pair of
      partition walls 111a and 111b integrally mounted on the outer periphery
      thereof and radially projecting outwardly therefrom. The partition walls
      111a and 111b contact oil-tightly at their end surface with the inner wall
      of the secondary hollow cylindrical casing 101 in a slidable manner.
PAR  These pairs of partition walls 110a, 110b, and 111a, 111b provided on the
      secondary hollow cylindrical casing 101 and the input shaft 2,
      respectively, define four independent hydraulic drive chambers 104a, 104b,
      104c and 104d within the annular space between the inner surface of the
      hollow cylindrical casing 101 and the outer surface of the input shaft 2.
      These independent hydraulic drive chambers 104a, 104b, 104c, and 104d are
      connected individually to the hydraulic drive chambers 4b, 4c, 4d, and 4a,
      respectively, of the primary hollow cylindrical casing 1 of the main body
      20 through appropriate conduits or pipings 21, 22, 23, and 24.
PAR  In the actual operation, when the input shaft 2 is rotated in the clockwise
      direction, the quantity of pressurized oil in the hydraulic drive chambers
      4a and 4c increases, and that in the chambers 4b and 4d decreases as
      already described above. With this change in the oil quantity in the
      primary hollow cylindrical casing 1, the quantity of the pressurized oil
      in the hydraulic drive chambers 104b and 104d in the secondary hollow
      cylindrical casing 101 increases and that in the chambers 104a and 104c
      decreases. Consequently, the input shaft 2 receives a torque which tends
      to rotate the shaft in the anti-clockwise direction through the partition
      walls 111a and 111b. In other words, when the input shaft is to be
      rotated, it receives a torque which hinders rotation in its designated
      direction, hence a resisting effect against the steering operation through
      the input shaft can be obtained.
PAR  In the embodiment shown in FIGS. 5 and 6, four independent hydraulic drive
      chambers are formed within the respective hollow cylindrical casings 1 and
      101. However, the number of the hydraulic drive chambers are not
      necessarily limited to four, but they can be properly determined depending
      on necessity. Also, the conduits to connect the hydraulic drive chambers
      in both cylinderical casings may be properly changed depending on the
      situation. The input shaft 2 may also be disposed separately in each of
      the casings 1 and 101, after which both can be fixedly joined.
PAR  FIG. 7 shows a conventional steering device, in which the rotary type
      hydraulic servo-mechanism is equipped as an expedient to impart an
      appropriate resisting effect against rotation of the steering wheeel as an
      input shaft.
PAR  In more detail, rotation of the steering wheel 21 is transmitted to a
      hydraulic control valve 25 through a steering axle 22, worm wheel
      mechanism (not shown), and a connecting rod 30, thereby actuating the
      hydraulic servo-mechanism 24. A swing lever 26 is swingably fitted on a
      pivotal axis 26A, and swings on this pivot depending on the position of
      the hydraulic servo-mechanism 24, whereby an actuating lever 28 pivotally
      connected to the lower end of the swing lever 26 causes the front wheels
      of a vehicle to rotate left or right. At this time, reacting chamber (not
      shown) is provided within the hydraulic control valve 25 to produce a
      hydraulic pressure to prevent movement of a spool valve (not shown) which
      slidemoves depending on movement of the connecting rod 30, the hydraulic
      pressure of which is designated to be transmitted to the steering axle 22.
      The mutually numeral 23 denotes a horizonal rod to maintain the hydraulic
      servo-mechanism in a freely slidable manner. means
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a rotary type hydraulic servo-mechanism of the type including a
      hollow cylindrical casing closed at both ends thereof and having at least
      one partition wall radially and inwardly projecting from the inner surface
      of said casing and extending toward the center axis thereof; a cylindrical
      input shaft passing axially and concentrically through said casing; a
      driven output member rotatably mounted on said input shaft within said
      casing and having one end thereof extending out of the casing as an output
      portion, and having at least one partition wall radially and outwardly
      projecting from the outer periphery thereof and extending toward the inner
      surface of said casing; said partition walls of said casing and said
      output member defining therebetween at least one pair of hydraulic drive
      chambers; a servo-valve mechanism provided between opposed cylindrical
      sliding surfaces of said input shaft and said output member and comprising
      mutually opposed axial grooves formed in the cylindrical outer surface of
      said input shaft and in the cylindrical inner surface of said output
      member; first hydraulic fluid supplying and discharging passage means
      formed in said input shaft and connecting said grooves in said input shaft
      to a hydraulic fluid source and a fluid reservoir; second hydraulic fluid
      supplying and discharging passage means formed in said output member and
      connecting said grooves in said output member to said hydraulic drive
      chambers; and means for generating a counter-torque against a rotational
      force applied to said input shaft; the improvement wherein said means for
      generating a counter-torque comprises:
PA1  means positioned around said input shaft and comprising at least one pair
      of isolated hydraulic fluid reaction chambers which are hydraulically
      isolated from one another;
PA1  said reaction chambers being formed at a side of said input shaft
      diametrically opposite to said servo-valve mechanism and communicating
      with said second hydraulic fluid supplying and discharging passage means
      through passage means formed in said output member;
PA1  each of said reaction chambers being defined by a first radial face on a
      first radial wall formed on said input shaft and a second radial face on a
      second radial wall circumferentially opposing the first radial face and
      formed on said output member;
PA1  said first and second walls having their radially outer and inner ends in
      sliding sealed engagement with the inner surface of said output member and
      with an outer surface of said input shaft, respectively;
PA1  said first and second radial faces having the same area; and
PA1  said pair of reaction chambers comprising a first reaction chamber for
      imposing to said input shaft a torque counteracting the rotation of said
      input shaft in a first circumferential direction, and a second reaction
      chamber for imposing to said input shaft a torque counteracting the
      rotation of said input shaft in a second opposite circumferential
      direction, whereby upon introduction of hydraulic fluid into one of said
      reaction chambers a reaction force is exerted on said input shaft against
      and relative to said output member for causing relative rotation between
      said input shaft and said output member.
NUM  2.
PAR  2. The improvement claimed in claim 1, wherein said hydraulic fluid
      reaction chambers are permanently isolated from each other.
NUM  3.
PAR  3. The improvement claimed in claim 1, wherein said input shaft has a
      circumferential recess in the outer surface thereof, the circumferentially
      opposite walls of said recess comprising said first radial walls; and
      further comprising partitioning means projecting radially inwardly from
      the inner surface of said output member into said recess to divide the
      interior of said recess into said first and second reaction chambers, the
      circumferentially opposite walls of said partitioning means comprising
      said second radial walls.
NUM  4.
PAR  4. The improvement claimed in claim 1, further comprising an axuiliary
      member comprising:
PA1  a hollow cylindrical auxiliary casing closed at both open ends thereof by
      end blocks, and having at least one partition wall radially and inwardly
      projecting from the inner surface of said auxiliary casing and extending
      toward the center axis thereof, said auxiliary casing being connected to
      said hollow cylindrical casing in an axial alignment therewith, and said
      axuiliary casing accommodating therewithin an extended part of said input
      shaft which extends through one of the end blocks of said hollow
      cylindrical casing;
PA1  at least one partition wall provided on said input shaft projecting
      radially and outwardly from the outer periphery thereof and extending upto
      the inner surface of auxiliary casing;
PA1  the inner wall surface of said auxiliary cylindrical casing and the outer
      periphery of said input shaft in conjunction with said partition walls of
      said respective auxiliary casing and the input shaft defining a plurality
      of auxiliary hydraulic drive chambers therebetween; and
PA1  hydraulic fluid passages communicating between each of said auxiliary
      hydraulic drive chambers and each of said hydraulic drive chambers.
PATN
WKU  039397572
SRC  5
APN  3576019
APT  1
ART  341
APD  19730507
TTL  Fluid power steering system with valve operator control means
ISD  19760224
NCL  4
ECL  1
EXA  Hershkovitz; Abraham
EXP  Schwadron; Martin P.
NDR  1
NFG  1
INVT
NAM  Jablonsky; Erich
CTY  Bobingen, Rems
CNT  DT
ASSG
NAM  Zahnradfabrik Friedrichshafen AG
CTY  Friedrichshafen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720506
APN  2222332
CLAS
OCL   91391R
XCL   91372
XCL   91375A
XCL   91434
XCL   91438
XCL   91441
XCL   91465
XCL  137636
EDF  2
ICL  F15B 1310
ICL  F15B 1108
ICL  F15B 1304
FSC   91
FSS  441;375 A;359;465;437;370;371;372;373;391 R;434;438
FSC  137
FSS  636;636.1
UREF
PNO  2063937
ISD  19361200
NAM  Kundig
OCL   91434
UREF
PNO  2462544
ISD  19490200
NAM  Parker
XCL  137636.1
UREF
PNO  2781781
ISD  19570200
NAM  Hruska
XCL  137636.1
UREF
PNO  2904957
ISD  19590900
NAM  Quayle
XCL   91441
UREF
PNO  2930357
ISD  19600300
NAM  Brueder
XCL   91465
UREF
PNO  2934089
ISD  19600400
NAM  Meyers
XCL   91434
UREF
PNO  3213762
ISD  19651000
NAM  Dubuf
XCL   91441
UREF
PNO  3353554
ISD  19671100
NAM  Ludkin
OCL  137595
UREF
PNO  3460440
ISD  19690800
NAM  Brent
XCL   91391
UREF
PNO  3464318
ISD  19690900
NAM  Thayer et al.
OCL   91359
UREF
PNO  3469890
ISD  19690900
NAM  Fulmer
XCL   91434
UREF
PNO  3473443
ISD  19691000
NAM  Mikkelsen
OCL   91437
UREF
PNO  3601153
ISD  19710800
NAM  Page et al.
XCL  137636.2
UREF
PNO  3630233
ISD  19711200
NAM  Miyamoto
XCL   91375A
UREF
PNO  3638678
ISD  19720200
NAM  Symmons
XCL  137636.1
UREF
PNO  3657967
ISD  19720400
NAM  Suzuki
XCL   91375A
UREF
PNO  3772962
ISD  19731100
NAM  Suzuki
OCL   91359
UREF
PNO  3777839
ISD  19731200
NAM  Uchiyama et al.
XCL   91434
FREF
PNO  4,323,599
ISD  19640300
CNT  JA
OCL  137625.62
ABST
PAL  The steering wheel controlled valve operator in a fluid power steering
      system, is mechanically held in a neutral position by centering springs
      associated with fluid pressure controlled reaction pistons yieldably
      resisting movement of the control valve by the valve operator. Check
      valves opened in response to suction pressure, conduct fluid in by-pass
      relation to the control valve between a servo motor chamber and a return
      fluid line, the control valve connecting both servo motor chambers to the
      return line in the neutral position.
BSUM
PAR  The invention relates to an auxiliary power steering system of the storage
      pressure type for motor vehicles, such as disclosed in my prior copending
      application, U.S. Ser. No. 266,053, filed June 26, 1972, now U.S. Pat. No.
      3,855,904, with respect to which the present application is a
      continuation-in-part.
PAR  In auxiliary power steering systems, which operate with a fluid medium
      under a storage pressure, a special control valve is required, which
      differs considerably from control valves associated with other types of
      auxiliary power steering systems because the flow of oil through the
      control valve is blocked in the neutral position. In the aforementioned
      prior copending application, the disclosure of which is incorporated
      herein by reference, a control valve is described, having conical valve
      elements which release the pressure medium under control of the storage
      pressure. As compared thereto, a control valve utilizing cylindrical valve
      pistons, has the advantage of greater simplicity. Therefore, an important
      object of the invention is to provide a control valve having cylindrical
      valve pistons, whereby steering of a vehicle is possible when the engine
      is inoperative and no storage pressure is available as, for example,
      during towing of the vehicle.
PAR  The invention resides in a control valve having two cylindrical valve
      pistons, disposed symmetrically in relation to an operating pin, the
      pistons being acted upon by the storage pressure applied to front surfaces
      opposite the pin and to the provision of check valves between the return
      line and the line leading to one of the cylinder chambers for by-passing
      the control valve.
PAR  A further feature of the invention resides in the establishment of flow
      passages in the neutral position of the control valve between the cylinder
      grooves and the return chamber, and providing the reaction chamber, acted
      upon by the operating pressure of the assigned cylinder chamber, with a
      centering spring acting upon associated reaction pistons, to hold the
      valve operator in the neutral position.
DRWD
PAR  An embodiment of the invention is described in more detail hereafter with
      reference to the drawing, which shows a cross section through the control
      valve and a schematic representation of the pressure medium flow lines.
DETD
PAR  Oil is conveyed from a pump 1, driven by the engine of the vehicle to a
      storage pressure accumulator 2 which is connected with the control valve 4
      by way of a line 3, as a result of which the storage pressure is active in
      the annular grooves 5 and 6. Two front chambers 7 and 8 of the control
      valve 4 communicate with the annular grooves 5 and 6, through axial
      grooves 9 and 10. Thus, end faces 11 and 12 of two valve pistons 13 and 14
      are exposed to the storage pressure to exert forces symmetrically on an
      operating pin 15. Although the high storage pressure holds the two valve
      pistons 13 and 14 in contact with pin 15, the latter are neutral in
      relation to the operating force at the operating pin 15, because the same
      hydraulic pressure forces act in opposite directions on the valve pistons
      13 and 14, so that no special effort is needed for the shifting of the
      control valve 4. The operating pin 16 is shifted with the operating pin
      15, in an opposite direction, both pins projecting from the end of a
      steering spindle connected with the steering wheel, as shown in my prior
      copending application, aforementioned. The annular groove 5 or 6 is
      separated from a cylinder groove 19 or 20 in neutral position by a control
      edge 17 or 18 of the valve body. The annular grooves 5 and 6 are connected
      to the storage pressure line 3, while the cylinder groove 19 is connected
      to a cylinder chamber 23 by a line 21. The cylinder groove 20 is connected
      to the cylinder chamber 24 by a line 22.
PAR  In the neutral position of the steering valve 4, the cylinder grooves 19
      and 20 are connected by passages at the leading edges 25 or 26 in the
      valve body with a return chamber 27, connected to an oil reservoir tank 29
      by return line 28. A short-circuiting check valve 30 is disposed between
      the line 21 and the return chamber 27 and a short-circuiting check valve
      31 is disposed between the line 22 and the return chamber 27. These two
      check valves 30 and 31, which are closed in response to storage pressure
      operation, open each whenever a vacuum or suction pressure developes in
      one of the cylinder chambers 23 or 24 upon breakdown of the pressure
      storage accumulator 2, to establish communication between the return
      chamber 27 and the cylinder chamber 23 or 24, so that the vehicle, while
      being towed away, can still be manually steered. In the neutral position
      of the control valve 4, the connection between the cylinder groove 19 or
      20 and the return chamber 27 is established by axial grooves 32 or 33 in
      the valve piston 13 or 14.
PAR  Whenever the steering wheel is turned in a clockwise direction for example,
      the operating pin 15 is moved toward the right, in the direction of the
      arrow 34, and the operating pin 16 toward the left. The valve pistons 13
      and 14 are then shifted to the right and a part of a lower valve assembly
      35 to the left. The lower valve assembly 35 produces a reaction force
      corresponding to that resulting from road contact, and at the same time
      carries a centering spring system for the steering system. Basically, the
      valve 35 consists of reaction pistons 36 and 37 abutting the operating pin
      16 on both sides the pistons being held by means of centering springs 38
      and 39, in contact with the operating pin 16, or in abutment with stops
      44. The centering spring 38 or 39 also reacts against a stop 40 or 41 in a
      left-hand reaction chamber 42 or in a right-hand reaction chamber 43. The
      reaction chambers 42 and 43 are exposed to the operating pressure
      prevailing in the associated cylinder chamber 23 or 24. The valve pistons
      13 and 14 are normally held in contact with the operating pin 15 by the
      storage pressure prevailing in the front chambers 7 and 8, and thereby
      fulfill their control function safely. In case of failure of the hydraulic
      system because of an empty pressure storage accumulator 2, for example,
      one of the cylinder chambers 23 and 24 will be blocked from the supply of
      the pressure medium and thus would block the steering. However, a followup
      flow of the pressure medium does occur through a corresponding
      short-circuiting check valve 30 or 31 to enable mechanical or non-power
      steering operation. When hydraulic system failure occurs, a mechanical
      connection exists, as is well known in the art, between the hand steering
      wheel of the vehicle and the steerable wheels through the piston of the
      servo motor. In such event, the piston of the servo motor is moved in the
      same direction as the valve operating pin 15 causing the fluid pressure
      medium on one side of the piston to be displaced from the cylinder chamber
      23 or 24 through line 21 or 22 to the control valve 4 and into the return
      line 28 for return to the reservoir tank 29. At the same time, one of the
      short circuiting check valves 30 or 31 is open as a result of the under
      pressure developed in the cylinder chamber to which it is connected on the
      spring side. Fluid will accordingly flow from the return line 28 through
      the opened check valve into the chamber 23 or 24 of the servo motor being
      expanded as a result of piston movement to thereby prevent development of
      any significant vacuum pressure within such chamber.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a power steering device adapted for a vehicle,
      having a servo motor (23-24) to which a fluid medium is supplied under an
      operating pressure for powered operation and a source (2) of said fluid
      medium under a storage pressure, a control valve (4) connected to said
      source, comprising a valve operator (15), two valve pistons (13 and 14)
      symmetrically engaging the valve operator and having opposed pressure
      faces continuously exposed to said storage pressure, conduit means (21 and
      22) connected between the valve pistons and the servo motor for conducting
      flow of the fluid medium, said valve pistons being displaceable from a
      neutral position in which said flow of the fluid medium under said storage
      pressure is blocked and check valve means (30 or 31) responsive to
      depressurization of the source for conducting follow-up flow of the fluid
      medium to the servo motor through the conduit means in by-pass relation to
      the valve pistons, whereby mechanical operation of the steering device is
      enabled.
NUM  2.
PAR  2. The combination of claim 1 including a low pressure return conduit (27)
      connected to the check valve means, said control valve including passage
      means (32 or 33) opened in a neutral position for establishing fluid
      communication between the return conduit and the servo motor.
NUM  3.
PAR  3. The combination of claim 2 including reaction force applying means (36
      and 37) engaging the valve operator for yieldably resisting movement
      thereof as a function of the operating pressure, and centering spring
      means (38 and 39) acting on the reaction force applying means for holding
      the valve operator in the neutral position.
NUM  4.
PAR  4. The combination of claim 1 including reaction force applying means (36
      and 37) engaging the valve operator for yieldably resisting movement
      thereof as a function of the operating pressure, and centering spring
      means (38 and 39) acting on the reaction force applying means for holding
      the valve operator in the neutral position.
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ABST
PAL  A sensor particularly well suited for use in the monitoring of hydraulic
      pressure. The sensor includes a deformable membrane mechanically coupled
      to an electrical switch. The membrane is mounted within a chamber in a
      manner which permits free radial displacement of the edge of the membrane
      and which also permits the axial position and shape of the membrane to be
      varied during assembly of the device.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention
PAR  The present invention relates to the sensing of fluidic pressure. More
      specifically, this invention is directed to pressure sensors employing a
      deformable membrane coupled to the actuator of an electrical switch.
      Accordingly, the general objects of the present invention are to provide
      novel and improved methods and apparatus of such character.
PAR  2. Description of the Prior Art
PAR  Pressure sensors of the diaphragm or deformable membrane type are well
      known in the art. Thus, it is known to apply a pressure to be measured to
      one side of a flexible member supported in a chamber, a reference pressure
      or force being applied to the opposite side of the flexible member, and to
      couple movements of the flexible member to the contacts of an electrical
      switch. Prior art pressure sensitive devices of this type, however, have
      been primarily utilized in the sensing of pneumatic pressure. Attempts to
      employ the prior art devices in or modify the devices for the sensing of
      hydraulic pressure have typically resulted in a lack of reliability and,
      as a result of attempts to improve reliability, devices of unacceptable
      size, weight and complexity.
PAC  SUMMARY OF THE INVENTION:
PAR  The present invention overcomes the above briefly discussed and other
      deficiencies and disadvantages of the prior art by providing for the
      sensing of hydraulic pressure through the use of a diaphragm-type device
      of novel design. In accordance with this novel design a flexible membrane
      is mounted within a housing-defined chamber by means of a plurality of
      shims. A spacer element for positioning the shims is disposed in the
      chamber to which the pressure to be monitored is applied and this spacer
      element positions an annular shim which determines the position and shape
      of the membrane in the absence of pressure. The arrangement of supporting
      shims for the flexible membrane is such that radial displacement of the
      edge of the membrane is permitted when the membrane is deformed under the
      effect of an applied pressure.
PAR  Also in accordance with the present invention, an elastic counter-pressure
      may be applied to the membrane. Additionally, means may be provided to
      compensate for variations in the monitored pressure resulting from
      temperature excursions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention may be better understood and its numerous objects and
      advantages will become apparent to those skilled in the art by reference
      to the accompanying drawing wherein like reference numerals refer to like
      elements in the several figures and in which:
PAR  FIG. 1 is an axial section view of a preferred embodiment of the invention;
      i.e., FIG. 1 depicts in cross-section the elements of the invention lying
      to one side of the axis thereof;
PAR  FIG. 2 is a schematic section view of the portions of a second embodiment
      of the invention employed to actuate an electrical switch;
PAR  FIG. 3 is a schematical sectional view of an alternative actuator
      arrangement to that shown in FIG. 2;
PAR  FIG. 4 is a schematic sectional view of a further alternative actuator
      arrangement to that shown in FIGS. 2 and 3; and
PAR  FIG. 5 is an axial view of another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  With reference now to the drawing, and particularly to FIG. 1, it is to be
      noted that the electrical switch device 10 operated in response to
      movements of the flexible membrane 12 has been indicated in block form
      only since the switch mechanism itself does not comprise part of the
      invention. The switch 10 will typically have, extending therefrom, a
      movable finger 11 which is actuated by the flexible membrane 12 via a
      connecting rod or pin 13. The membrane 12 is positioned, in the manner to
      be described in detail below, in the chamber of a housing defined by
      respective upper and lower body portions 14 and 15 and a generally annular
      connecting member or strap 19.
PAR  The membrane 12, for a given thickness, may comprise a single sheet of
      material as shown schematically in FIGS. 1 and 5 or may consist of a
      laminate of several membranes. The membrane 12 is supported at its
      periphery by a combination of three shims. These shims comprise an upper
      or packing shim 16, an outer or peripheral shim 17 and a resilient lower
      or supporting shim 18. Shims 16, 17 and 18 are fabricated from suitable
      materials with shim 18 typically being comprised of a rubber or similar
      material which provides an elastic force for holding the membrane 12 by
      its periphery against shim 16. This manner of support allows radial
      displacement of membrane 12 during pressure induced deformations.
PAR  The shims 16, 17 and 18 are located between body portions 14 and 15 of the
      sensor device as shown. Body portions 14 and 15 are in turn, locked
      together by means of the strap member 19 in the manner shown with the
      upper flange portion 20 of member 19 engaging the outer surface of portion
      14. In the disclosed embodiment members 15 and 19 are provided with
      complementary threads whereby lower member 15 may be screwed into strap 19
      after assembly of the other components of the invention. It is to be noted
      that the threads on body portions 15 and 19 are preferably of the
      artillary type in the interest of reducing the thickness of member 19 and
      thus reducing the overall weight of the sensor device.
PAR  As noted above, the resilient shim 18 is supprted about its outer periphery
      by the outer shim 17. The resilient shim 18 is held against shim 17 by a
      spacer member 20 which contacts the inner periphery of shim 18. Spacer
      member 20 is supported, at its radially inwardly disposed end, on an
      annular shim 21. In a preferred embodiment, the annular shim 21 contacts
      the membrane 12 so as to induce a slightly upwardly curved configuration
      thereto. The stresses which tend to form as the pressure develops are thus
      rendered relatively constant and the possibility of failure of the
      membrane due to structural fatigue is greatly reduced. The annular shim 21
      is provided with suitable passages so as to permit the liquid, the
      pressure of which is being monitored, to be applied to the underside of
      membrane 12 via openings, such as opening 22, in the spacer member 20.
PAR  As previously noted, motion of membrane 12 is transmitted to the electrical
      switch device 10 by means of pin 13 and finger 11 which are capable of
      movement axially of the sensor device; the pin 13 sliding freely through
      an axial opening in the upper body portion 14. The switch device 10 is
      situated in a chamber 23 which may be formed integrally of the upper body
      portion 14 or defined by a separate member suitably attached to body
      portion 14. As indicated schematically in FIG. 1, the switch 10 is
      mounted, by any suitable means, within an auxiliary body 24 which is
      coaxial with the chamber 23; the auxiliary body 24 being attached by any
      suitable means to body portion 14 in the embodiment of FIG. 1. The degree
      of insertion of auxiliary body 24, and thus switch 10, into chamber 23 is
      adjustable by means of packing shims such as shim 25 thereby allowing
      precise adjustment of the pressure at which the switch 10 will be
      activated. An electrical connector, such as the socket indicated
      schematically at 26, may be conveniently situated in the auxiliary body 24
      thereby facilitating electrical connection between the switch device 10
      and remotely located equipment.
PAR  It is to be noted that means may be provided to relieve the pressure in
      chamber 23 should leakage, for example, from a ruptured membrane, permit
      the pressure about diaphragm 12 to rise dangerously. In FIG. 1 this means
      takes the form of a felt washer 27.
PAR  In accordance with a novel feature of the invention, temperature
      compensation may be provided so as to permit the apparatus to operate over
      a wide range of operating temperatures such as, for example, -90.degree.C
      to +130.degree.C. In order to insure accurate operation with such varying
      environmental conditions, the material comprising pin 13 will be
      judiciously selected and will preferably comprise either Duraluminum or
      Ebonite. Additionally, referring to FIG. 2, a bimetallic insert 28 may be
      inserted between pin 13 and finger 11, the bimetallic insert 28 subtending
      a cavity in pin 13 and resting on a shoulder defined about the periphery
      of such cavity.
PAR  As a further alternative mode of temperature compensation, shown in FIG. 3,
      pin 13 may be partially enclosed by metallic members 30 and 31 having
      widely different coefficients of expansion. By way of example, member 30
      may be comprised of invar while member 31 may be comprised of dural or
      ebonite.
PAR  A third mode of achieving temperature compensation is depicted in FIG. 4.
      In cases where the deflection of membrane 12 will be comparatively large,
      the pin 13 will be designed to include a thrust bearing 32 subjected to
      the action of a spring loaded thrust pin indicated generally at 33. The
      embodiment of FIG. 4 has the added advantage of providing over-travel
      compensation when the margin or additional travel following the triggering
      of the electrical switch 10 is inadequate. It will be understood that the
      temperature compensation schemes of FIGS. 2-4 can be used individually or
      in any desired combination.
PAR  Test results have shown that deformation of membrane 12 can be considered
      as proportional to the monitored pressure only if the device is working at
      fairly low pressures for which the membrane can be assimilated to a plane
      member. When membrane 12 takes on a marked curvature under the effect of
      pressure the resistance to deformation no longer increases linearly; i.e.,
      the ratio df/dp diminishes at an increasing rate as pressure increases, f
      being the deflection. This effect also applies within the range of elastic
      deformations.
PAR  The first solution to this non-linearity problem consists of conferring on
      the flexible member an initial curvature in the inverse direction to the
      curvature which the pressure tends to produce on membrane 12. Since this
      inverse curvature can in practice be conferred only by deformation of a
      plane surface it is difficult to obtain with precision and homogeniety. In
      the case of the present invention the membrane 12 can, upon insertion,
      however be rendered substantially planar by choosing shim 21 to be of the
      correct height.
PAR  A second and preferable solution to the non-linearity problem retains the
      original plane characteristic of membrane 12 in manufacture and the height
      of shim 21 is selected such that the membrane is simply supported thereon
      in the rest position. Referring to FIG. 5, in the absence of an applied
      pressure, an elastic pressure is coupled to membrane 12 on the side
      thereof opposite to that to which the working pressure is applied. The
      embodiment of FIG. 5, therefore, is characterized by the application to
      membrane 12 of a calibration pressure developed by a spring 34. This
      calibration pressure counters premature deformation of membrane 12.
PAR  Continuing with a discussion of FIG. 5, the elastic counterpressure
      developed by spring 34 is applied, via a piston 35 having a broad flat
      head, to membrane 12. The spring 34 is grounded on an internal shoulder
      provided in body portion 14 of the pressure sensor device and exerts a
      predetermined force against the head 37 of piston 35. The piston 35 is
      guided jointly by piston rod 36 and head 37 along internal cylindrical
      guide surfaces formed in body portion 14. A gap 38 is provided between the
      piston head and a stop shoulder on body portion 14 to act as a buffer to
      avoid exaggerated stresses in the event of accidental excess pressure or
      during excess pressure testing. In the FIG. 5 embodiment the switch
      actuating pin 13 bears on the piston head 35 rather than directly on the
      membrane 12. The FIG. 5 embodiment allows distribution of the reactions
      between the spring and membrane and thereby enables the use of thinner
      membranes and permits a reduction in the operating pressure range.
PAR  To summarize several of the more significant features of the present
      invention, the membrane or diaphragm 12 is supported within the housing of
      the pressure sensor in a liquid tight manner but radial displacement of
      the edges of the membrane is permitted. A central shim or cam may be
      incorporated to determine the position and shape of the membrane in the
      absence of an applied pressure, thus increasing the fatigue strength, and
      deformation of the membrane is restricted mechanically upwards by the
      inner surface of the upper chamber defining body portion 14. The distance
      between the membrane and chamber wall are selected to be slightly greater
      than the normally expected deflection of the membrane. Accordingly, if the
      normally expected pressure is exceeded the membrane will flatten partially
      against the surface of portion 14 without suffering undue stress or
      damage. The membrane itself is preferably manufactured from flat stock
      thereby facilitating manufacture. Alternatively, the membrane may be of
      slightly curved configuration and a flat form obtained, if deemed
      necessary, during assembly of the pressure sensor. Various means may be
      provided to impart temperature compensation characteristics to the device.
      An electrical switch operated in response to excursions of the membrane
      may be mounted, in an adjustable manner, in the body of the pressure
      sensor itself.
PAR  While preferred embodiments have been shown and described, various
      modifications and substitutions may be made thereto without departing from
      the spirit and scope of the invention. Accordingly, it is to be understood
      that the present invention has been described by way of illustration and
      not limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure sensor comprising:
PA1  chamber defining means, said chamber defining means including first and
      second cover members, each of said cover members having a planar surface,
      said planar surfaces being disposed parallelly in opposed facing
      relationship, said chamber defining means further comprising clamping
      means for mechanically maintaining said cover members in spaced apart
      relationship to define a housing having an internal chamber;
PA1  a yieldable diaphragm;
PA1  means supporting said diaphragm within said chamber, said diaphragm
      dividing the chamber into two portions, said supporting means defining a
      resilient seal for preventing leakage of fluid between said chamber
      portions;
PA1  first spacer means disposed in said chamber between said cover member
      facing parallel surfaces, said first spacer means extending on both sides
      of said diaphragm and contacting said first and second cover members to
      define the width of said chamber;
PA1  read out means coupled to said diaphragm, said read out means including a
      freely movable connecting rod having oppositely disposed end faces, said
      connecting rod being at least in part disposed in a first of said chamber
      portions with a first end face contacting a first side of said diaphragm
      only in the central area of said diaphragm;
PA1  second spacer means positioned in the second of said chamber portions and
      extending radially outward substantially beyond the area of contact
      between the read out means connecting rod and said diaphragm, said second
      spacer means comprising a spacer member, said spacer member having a
      center aperture and contacting said supporting means about its periphery;
      shim means positioned in said spacer member center aperture, said shim
      means contacting and centering said spacer member and also contacting said
      diaphragm, said shim means determining the shape of said diaphragm in the
      absence of an applied pressure; and
PA1  means for delivering pressurized fluid to one of said chamber portions.
NUM  2.
PAR  2. The sensor of claim 1 wherein said first spacer means comprises:
PA1  a peripheral shim; and
PA1  an upper packing shim, said upper shim being supported on said peripheral
      shim and cooperating therewith to determine the spacing between said
      chamber defining means first and second cover members.
NUM  3.
PAR  3. The sensor of claim 1 further comprising:
PA1  means for biasing said diaphragm in opposition to the applied pressure.
NUM  4.
PAR  4. The sensor of claim 1 wherein said read out means comprises:
PA1  output signal generating means;
PA1  means coupling pressure induced movements of said diaphragm to said output
      signal generating means; and
PA1  means for compensating for variations in temperature, said temperature
      compensation means being connected to said coupling means.
NUM  5.
PAR  5. The sensor of claim 4 wherein said coupling means comprises pin means
      and wherein said temperature compensation means comprises:
PA1  means disposed between said output signal generating means and said pin
      means for varying the length of said pin means with temperature.
NUM  6.
PAR  6. The sensor of claim 4 wherein said coupling means comprises pin means
      and wherein said temperature compensation means comprises:
PA1  means disposed between said pin means and said diaphragm for varying the
      length of said pin means with temperature.
NUM  7.
PAR  7. A pressure sensor comprising:
PA1  an upper chamber defining member;
PA1  a lower chamber defining member;
PA1  a peripheral shim;
PA1  an upper packing shim, said upper packing shim being supported on said
      peripheral shim and cooperating therewith to determine the spacing between
      said upper and lower chamber defining members;
PA1  annular clamp means for mechanically joining said upper and lower chamber
      defining members whereby said members and said peripheral and upper
      packing shims form a housing having an internal chamber;
PA1  a yieldable diaphragm dividing said internal chamber into two portions;
PA1  a resilient lower shim, a first side of said lower shim contacting said
      peripheral shim, a second adjacent side of said lower shim facing said
      upper shim and being spaced therefrom, the edge of said diaphragm being
      received in the space between said upper and lower shims and contacting
      one face of said peripheral shim, whereby said diaphragm is free to move
      in the radial direction;
PA1  a spacer member having a center aperture and contacting said lower shim on
      a third side thereof; shim means positioned in said spacer member center
      aperture, said shim means contacting and centering said spacer member and
      also contacting said diaphragm, said shim means determining the shape of
      said diaphragm in the absence of an applied pressure;
PA1  read out means coupled to said yieldable diaphragm, said read out means
      including a freely movable connecting rod having oppositely disposed end
      faces, said connecting rod being at least in part disposed in the portion
      of the internal chamber disposed on the same side of said diaphragm as
      said upper shim, a first end face of said connecting rod contacting a
      first side of said diaphragm only in the central area of said diaphragm;
      and
PA1  means for delivering pressurized fluid to the chamber at one side of said
      diaphragm.
NUM  8.
PAR  8. The sensor of claim 7 wherein said lower shim defines a seal for
      preventing leakage of fluid between the portions of said chamber on the
      opposite sides of said diaphragm and wherein said
PA1  spacer member is positioned in the chamber portion disposed on the opposite
      side of said diaphragm from said connecting rod for maintaining the
      positioning of said lower shim.
NUM  9.
PAR  9. The sensor of claim 8 further comprising:
PA1  means for biasing said diaphragm in opposition to the applied pressure.
NUM  10.
PAR  10. The sensor of claim 8 wherein said read out means comprises:
PA1  output signal generating means;
PA1  means coupling pressure induced movements of said diaphragm to said output
      signal generating means; and
PA1  means for compensating for variations in temperature, said temperature
      compensation means being connected to said coupling means.
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ABST
PAL  A cover for a flask, for example a flask of Italian wine, is formed from a
      skirt comprising lengths of strip-like material. The skirt is arranged
      around the flask or around a body resembling the flask, and the lower end
      portions of the strips are deformed around an annular core which forms a
      base for the cover, the lower end portions being clamped between the inner
      surface of the core and a plug inserted into the core.
PARN
PAR  This is a division of application Ser. No. 308,722 filed Nov. 22, 1972; now
      U.S. Pat. No. 3,869,966.
BSUM
PAR  The present invention relates to a device for forming a shaped cover for a
      flask of the type typically used to package Italian wine and especially
      Tuscany wine known as Chianti, such a flask being known as a "fiasco."
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a device for forming
      a shaped cover for a flask from a skirt comprising lengths of strip-like
      material, the device comprising a supporting body, means for centering,
      relative to the body, an annular core for forming a base of the cover, an
      axially movable assembly operative to displace one end portion of each
      length of strip-like material of a skirt arranged around the body whereby
      the end portions lie above the recess in the annular core, and means for
      inserting plug means into the recess whereby the end portions are engaged
      between the inner surface of the core and the plug means and are retained
      thereby.
DRWD
PAR  Embodiments of the invention will now be described, by way of example only,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a perspective developed view of a skirt for forming a cover of a
      flask;
PAR  FIG. 2 is a perspective view of a cover formed by a device in accordance
      with the invention;
PAR  FIG. 3 is a side elevation partly in section, and showing the cover located
      on the flask;
PAR  FIG. 4 is an elevation, similar to FIG. 3 and showing a completed cover on
      the flask;
PAR  FIG. 5 is a perspective view of a skirt applied directly to a flask;
PAR  FIG. 6 is a side elevation of a device for forming the cover of FIG. 2;
PAR  FIG. 7 is a section taken on line VII--VII of FIG. 6;
PAR  FIG. 8 is a longitudinal section of the device illustrated in FIG. 6, but
      showing the device during a different stage of its operation;
PAR  FIG. 9 is a section taken on line IX--IX of FIG. 7; and
PAR  FIGS. 10 to 13 are vertical sections of a modified form of the device
      illustrated in FIG. 6, and showing the device in various stages of its
      operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring initially to FIGS. 1 to 4, a cover for a flask 12 is in the form
      of a skirt 1, comprising a plurality of lengths 3 of a strip material.
      This material may be a natural material of marsh grasses (Typha latifolia
      Linn) or, preferably, an artificial material resembling marsh grasses, for
      instance, strips of paper glued in several layers, colored in a generally
      irregular manner and embossed in order to provide the appearance of marsh
      grass both as to cross-sectional shape and to surface finish.
      Alternatively, the material can be formed by lengths of marsh grasses
      applied onto an endless paper tape and narrower than the grass width. The
      lengths 3 of the strip-like material are arranged side-by-side and are
      partly overlapped to form the skirt 1 in which the individual lengths of
      material can be slightly spread apart in order to follow the profile of
      the ovoidal body of the flask 12. One end portion 3A of each of the
      lengths 3 is folded over onto the inner surface of the skirt and is
      secured in a suitable manner, for example using an adhesive or - as shown
      in the drawing - by means of an adhesive tape 5. Thus the folded-over end
      portions 3A form a sheath extending transverse to the lengths 3, a string
      or cord 7 being incorporated within the sheath during the formation
      thereof. The upper edge 3B of the finished skirt lies adjacent a bare
      shoulder of the flask 12. In an alternative arrangement, the skirt 1 can
      be formed on the flask body using an annular element which replaces the
      cord 7.
PAR  The other end portions 3C of the lengths 3 of strip material are shaped to
      form a base to enable the flask 12 to to be supported on a horizontal
      surface. The base comprises an annular core 9, which can be made of
      expanded polystyrene or other expanded synthetic resin, or other suitable
      material, and which is shaped outwardly with the profile that the base is
      to assume, and is shaped internally with a cylindrical profile. The end
      portions 3C of the lengths 3 are folded inwardly around the core 9 to
      contact with its cylindrical surface, the end portions 3C being held in
      this position by means of a disc-like annular pad 10, or other tubular
      plug, formed of a relavitely resilient expanded resin forced into the
      interior of the core 9 so as to clamp the end portions 3C against the
      inner surface of the core 9.
PAR  The skirt 1, formed by the lengths 3, surrounds the flask body and covers
      completely the annular core 9.
PAR  In order to apply the skirt to the flask 12, an assembly is produced as
      shown in FIG. 2 and comprises the skirt 1 clamped to the core 9 using the
      pad 10, the side seam of the skirt remaining open. The assembly is then
      arranged on the body of the flask 12, in such a manner that the flask
      bottom lies on the annular core 9 and is centered thereon in a suitable
      manner. Then the upper edge 3B is drawn against the shoulder of the flask
      12 using the cord 7. The cover formed by the skirt 1 extends completely
      around the body of the flask 12 with the lengths 3 uniformly arranged. The
      cord 7 is bound or fixed, for example using a metal fastener or adhesive,
      and also forms the windings 7A and the handling loops 7B (FIG. 4)
      characteristic of this type of flask. Each end portion of the cord or at
      least the end portion thereof forming the handling loop 7B is bound and
      appropriately anchored to the edge 3B by being engaged with the portion of
      the cord within the sheath. After the edge 3B has been drawn against the
      flask, there is also formed a binding 14 (FIG. 4) between the body of the
      flask 12 and the base formed by the annular core 9. This binding 14
      effects tensioning of the lengths 3 and causes them to follow the
      curvature of the flask body.
PAR  Such a cover formed from an artificial strip-like material, for instance,
      paper, is very similar in appearance to that of a traditional cover formed
      manually by skilled personnel.
PAR  A modified method of applying the skirt 1 to the flask body is shown in
      FIG. 5 and obviates the need to form the assembly as shown in FIG. 2.
      According to the procedure shown in FIGS. 1 to 4, the assembly of FIG. 2
      is formed on a core having a shape corresponding to that of the flask
      body. The core is also shaped to accommodate and center the annular core 9
      which provides the base, the assembly of FIG. 2 being removed from the
      core prior to its application to the flask in the described manner.
      According to FIG. 5, the edge 3B is drawn directly onto a flask 16 by
      using the cord 7. The annular core 9 is positioned on the flask bottom and
      forms, with the other end portion of the lengths 3 and with a pad 10 or
      the like, a base directly applied to the flask, the base being formed in
      the same manner as described above. The cover is completed by forming the
      windings 7A, the loops 7B and the binding 14. According to an additional
      variation, the skirt 1 is formed directly on the flask body in the manner
      of FIG. 5, the cord 7 being replaced by a thin ring.
PAR  The forming of the skirt 1 with the cord 7, and its application using the
      procedure shown in FIGS. 2 and 3, or FIG. 5 can be carried out
      substantially automatically or by using only a restricted amount of labor.
PAR  A device for forming the cover is shown in FIGS. 6 to 9, and comprises a
      base 71 mounting a support 73 carrying a horizontal plate 73A. A core 75
      extends upwardly from the plate 73A and can have a cylindrical shape or a
      shape similar to that of the portion of the flask body which is to be
      covered. On its upper surface the core 75 has a circumferential stepped
      profile provided by a groove and which serves to center thereon an annular
      core 9 for forming the base. When the annular core 9 is centered on the
      core 75 at least a portion of the inner cavity of the annular core 9 is
      free.
PAR  On the base 71 a frame 77 is provided to guide a unit 79 for vertical
      movement. Unit 79 supports, by means of arms 79A, a tubular die member 81
      having a cylindrical portion 81A and an entry position 81B. Entry portion
      81B is in the form of a downwardly-directed annular member 83 of
      frusto-conical form supported from the member 81 by resilient means 85
      which bias the member 83 axially with respect to the member 81. A piston
      87 is slidable in the cylindrical portion 81A of the member 81, piston 87
      being operated by a hydraulic or pneumatic cylinder 89 carried by the unit
      79. Vertical movement of the unit 79 is effected by a cylinder 91.
PAR  On one side of the member 81 there is located a magazine 93 (FIGS. 7 and 9)
      for a plurality of pads 95 which constitute the pads 10, used to clamp the
      end portions 3C of the lengths 3 of the skirt. The lowermost pad in the
      magazine 93 can be withdrawn laterally from the magazine 93 by the piston
      of a cylinder 97 and fed into the cylindrical portion 81A through an inlet
      99.
PAR  The plate 73A and the core 75 form, at their junction, an annular shoulder
      or rim arranged to locate the upper edge 3B of the skirt 1, and to permit
      the skirt 1 to be temporarily clamped to the core 75 using the cord 7.
      When the edge 3B of the skirt 1 is located as stated above, the lengths 3
      of the skirt 1 are arranged as shown in FIG. 6, are upwardly directed and
      are slightly divergent from one another. The end portions 3C lie within an
      imaginary cylindrical surface having a smaller diameter than the maximum
      diameter of the annular member 83. The unit 79 together with the members
      81, 83 is located in a raised position as shown in FIG. 6. The edge 3B of
      the skirt 1 may be drawn into a form similar to that which it will assume
      on the flask body, and can also be arranged in a position a little
      different to that to be assumed on the flask.
PAR  When the unit 79 is lowered, the annular member 83 surrounds the ends 3C
      and displaces them inwardly. Upon reaching the core 75, the smaller
      diameter upper edge of the annular member 83 presses the lengths 3 of the
      skirt 1 against the core, avoiding bending and divergence of the lengths
      due to combined bending and compressive stress. Additional lowering of the
      unit 79 is allowed by yielding of the resilient means 85. End portions 3C
      of the lengths 3 are moved by the portion 81B closer together and towards
      the axis of the core 75, until the end portions 3C extend laterally above
      the recess of the annular core 9 as shown in FIG. 8. A pad 95 from the
      magazine 93 is then fed through the inlet 99 into the cavity 81A, and the
      piston 87 is lowered from the position shown in FIGS. 6 and 8 to the
      position shown in FIG. 9, whereby the pad is forced into the interior of
      the annular core 9 and carries with it the end portions 3C so that these
      end portions are clamped in the manner described above.
PAR  After the member 81 and piston 87 have been raised and the core 7 released,
      the thus formed cover, which has assumed the contours of the assembly
      shown in FIGS. 2 and 3, can be removed.
PAR  The various operations described can be automatically effected in the
      appropriate sequence made in an automatic manner.
PAR  A device for forming the cover as described with reference to FIG. 5, is
      shown in FIGS. 10 to 13. The device comprises a support 101 for a hollow
      member 103, shaped like a funnel, and arranged to receive the neck and the
      shoulder of an inverted flask 105. The upper edge 103A of the member 103
      and the flask 105 together define an annular shoulder or rim on which the
      skirt 1 is located, the skirt 1 being retained on the flask by means of
      the cord 7. Edge 103A together with the flask shoulder defines the exact
      position of the edge 3B of the skirt. The cord 7 is held by bindings,
      fasteners, or other suitable means.
PAR  The lengths 3 of the skirt are directed upwardly towards an inlet portion
      107A of a member 107, similar to the member 81 and having a cylindrical
      cavity 107B; the member 107 is axially slidable along a guide 109. In the
      interior of the cavity 107B there is provided a tubular element 111
      arranged to receive a pad 10 the pad being fed through apertures 112A,
      112B into the element 111 and member 107 when the apertures are aligned as
      shown in FIG. 12. A piston 113 is mounted in the element 111. For clarity,
      control means for the element 111 and piston 113, have not been shown,
      these control means being, for example, hydraulic or pneumatic cylinders.
      When the member 107 is in a raised position an annular core 9 can be
      arranged on the flask bottom, to be retained and centered in this position
      by lowering the piston 113 until it penetrates into the recess of the
      annular core 9. Under these conditions, by lowering the member 107, the
      end portions 3C of the lengths 3 are engaged by the portion 107B and are
      displaced towards the axis of the flask as shown in FIG. 11. When the
      member 107 has reached the level of the annular core 9 and has ensured the
      centering thereof, the piston 113 is raised and the tubular element 111 is
      lowered to allow the insertion of a pad 10 into the cavity of the element
      111 through the apertures 112A and 112B, and to complete the displacement
      of the end portions 3C towards the flask axis. The piston 113 is then
      re-lowered to force the pad 10 into the annular core 9, in such a manner
      as to trap the end portion 3C of the lengths 3 in the manner above
      described.
PAR  In this manner the base of the cover is formed directly on the flask. The
      procedure is, generally, simplified with respect to the preceding example,
      but since the cover is formed on the flask either the flask and core must
      be transported to the place at which the flask is to be filled or the
      cover must be formed directly in the cellars in which the flask is to be
      filled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for forming a shaped cover, for a flask having a bottom, a side
      wall and a neck, from a skirt constituted by lengths of strip-like
      material having free end portions, said device comprising, in combination,
      a supporting body adapted to receive an inverted flask having a skirt
      engaged therearound with the lengths of strip-like material extending
      along the exterior surface of its side wall with their free end portions
      extending upwardly beyond the flask bottom; means operable to center,
      relative to the flask bottom, an annular core, for forming a base of the
      cover, with such free end portions of the lengths of strip-like material
      extending upwardly beyond the annular core; an axially movable assembly
      including an inlet cup portion operative to engage such free end portions
      of the lengths of strip-like material to displace the same radially
      inwardly over the annular core to project radially inwardly from the inner
      periphery thereof; said assembly including means defining a cylindrical
      recess communicating with said inlet cup portion and coaxial with the
      annular core; means operable to feed laterally into said recess plug means
      engageable in the annular core; and piston means in said assembly
      displaceable axially to engage and displace the plug means axially
      inwardly from said cylindrical recess into engagement with the radially
      inwardly extending free end portions of the lengths of strip-like material
      to displace such free end portions axially inwardly over the inner
      periphery of the annular core and to force the plug means into the annular
      core to clamp the free end portions of the lengths of strip-like material
      between the plug means and the inner periphery of the annular core.
NUM  2.
PAR  2. A device according to claim 1, wherein said assembly further comprises
      an annular member located ahead of said inlet cup portion and operative to
      retain the lengths of strip-like material around the body and with the
      free end portions thereof resting against the external periphery of the
      annular core and extending inwardly across the annular core and radially
      inwardly of the inner periphery thereof; and resilient means mounting said
      annular member for axial movement relative to said inlet cup portion.
NUM  3.
PAR  3. A device according to claim 1 wherein the piston means constitutes said
      centering means and is operative to center a said core arranged directly
      on the bottom of the flask.
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ABST
PAL  An electric percolator having a liquid containing section formed from an
      assembly of glass and other materials fixed together by means of a locking
      collar. The lid of the percolator is held in place by means of a
      quick-release latching mechanism which prevents the lid from being
      disengaged by the lifting motion normally used to open a lid and instead
      requires a twisting motion which rapidly releases the lid. Simplified
      electrical circuitry in the percolator utilizes a single lamp that
      indicates both the "Brewing" and the "Keep Warm" modes of percolator
      operation.
PAL  A method is also set forth for assembling a composite apparatus having a
      glass component which does not require threading, strapping or gluing of
      the glass component.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to liquid appliances and, more particularly, to an
      electric percolator or other liquid heating devices.
PAR  2. Description of the Prior Art
PAR  Glass receptacles have long been favored in the food preparation field
      because of the advantages in sanitation and appearance offered by this
      material. Another substantial advantage of transparent glass is that the
      user of the appliance can easily observe the contents without opening the
      receptacle. However, glass has inherent disadvantages which make it less
      than an ideal material for the manufacturing of appliances. Glass cannot
      be formed or shaped as easily as metal materials, nor can it be joined
      easily with other materials to form complex shapes which are often found
      desirable for cooking appliances. One of the reasons for this problem is
      that glass cannot be economically mass produced to close tolerances, and
      the variations in the size of the glass items produced make joining glass
      items with any other items relatively difficult. Also, of course, glass is
      a relatively fragile material and, accordingly, glass items usually have a
      relatively high rate of breakage, especially during manufacturing
      processes which require extensive handling of the glass item.
PAR  To date, two main methods have been used for joining a glass item with
      another item to form a composite assembly. These methods are either gluing
      the glass to the other item or strapping the glass to the other item. The
      disadvantages offered by gluing are substantial. Gluing is a relatively
      slow process, very often too slow for efficient mass production of an
      item. Additionally, gluing often requires clamping to insure a strong bond
      between the elements to be joined, but this clamping imparts stresses to
      the glass which may crack or shatter the glass during the production
      process or later on during normal use of the article.
PAR  Using bands to bind elements to glass also presents the problem of stresses
      imparted to the glass by the band. These bands are usually made of very
      strong and hard substances, such as stainless steel, which cannot
      completely conform to the surface they surround. Therefore, irregularities
      in the surface of the glass around which the band is applied result in
      less than a complete contact of the band surface with the glass. This
      incomplete contact produces stress concentration points on the glass at
      the points of contact with the band.
PAR  Additionally, the lack of complete contact between the band surface and the
      glass produces a rocking or loose fit between the elements which tends to
      make the use of the article somewhat uncertain in the mind of the user.
PAR  Lastly, the space between the glass and the band provides areas where
      seepage and/or leakage can occur.
PAR  Other problems have been uniquely present in relation to the construction
      of electric percolators or other vessels used for heating food in closed
      containers. In almost all of these vessels, the tops must be quickly
      removable in order to obtain easy access to the inside of the vessel, but
      at the same time the tops must be securely held in place so that they
      cannot fall off when liquid, for example, is being poured from the vessel.
      Obviously, if the top were to fall off during the pouring of liquid,
      serious safety hazards would be involved. Nevertheless, almost all of the
      tops are secured by mechanisms which require a lifting of the top from the
      vessel in order to remove the top. Therefore, the same forces which act
      against the top when the vessel is tipped to pour liquid also tend to move
      the top from the vessel. Further, since a lifting motion is required, very
      often the vessel is lifted off the surface on which it is resting when the
      top is sought to be removed and the vessel is dropped, or worse,
      inadvertently slammed down on the resting surface when the top is
      separated from the vessel.
PAR  Another problem has been apparent in connection with the manufacture of
      electrical percolators, and that is the circuitry necessary for indicator
      lights which show the user of the percolator when the percolator is in the
      rapid heating mode for brewing of coffee or liquid as compared to when it
      is in the "keep warm" mode or phase of operation. In the past, normal
      practice has been to use two indicator lights in combination to accomplish
      this purpose; one or both indicator lights operating brightly when the
      apparatus is operating in its heating mode, and a second light operating
      when the apparatus is in the keep warm or lower heating mode of the
      apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  To overcome the problems of the prior art, the present invention sets forth
      an electric percolator having a composite apparatus including a glass
      element, in which the glass element is joined to other elements by means
      of a locking ring which provides a mechanical connection between the glass
      element and the other element. A method is also provided for joining the
      glass element with other elements in the composite apparatus without the
      use of glues or bands. The percolator also contains a quick-release
      latching mechanism for the lid which securely holds the lid to the top of
      the liquid container and enables the lid to be quickly disengaged by means
      of a rotary action.
PAR  The electric percolator set forth herein also provides simplified
      electrical circuitry for the indicator lights which enable a single
      indicator lamp to be used to indicate both modes of operation of the
      electric heating circuitry for the electric percolator.
PAR  Accordingly, in view of the above, it is an object of the present invention
      to provide apparatus for joining a glass component to another component
      without the use of glue or adhesives.
PAR  It is also an object of the present invention to provide a composite
      apparatus including a glass component which can be quickly, easily,
      cheaply, and safely assembled.
PAR  Another object of the present invention is to provide a composite apparatus
      including a glass component which can be assembled with a minimum of
      stress applied to the component parts during assembly.
PAR  It is a further object of the present invention to provide a composite
      apparatus including a glass component which is relatively simple to
      manufacture and assemble.
PAR  Still another object of the present invention is to provide a composite
      apparatus including a glass component which provides for ease of
      manufacture and assembly.
PAR  It is also an object of the present invention to provide a composite
      apparatus including a glass component in which the assembly process for
      the components produces a minimum of stress in the glass components of the
      assembly.
PAR  Another object of the present invention is to provide a composite apparatus
      including a glass component in which the glass components of the assembled
      component are under a minimum of stress both during and after assembly of
      the composite apparatus.
PAR  It is a further object of the present invention to provide a composite
      apparatus including a glass component in which the assembled components
      are secured in a fixed relationship to each other which prevents relative
      movement between the components.
PAR  Still a further object of the present invention is to provide a composite
      apparatus including a glass component which can tolerate and compensate
      for large tolerances or size discrepancies in the elements assembled in
      the apparatus.
PAR  It is yet another object of the present invention to provide a composite
      apparatus including a glass component which allows for accurate alignment
      of the various components when assembled.
PAR  Additionally, it is also an object of the present invention to provide a
      composite apparatus including a glass component which is relatively
      durable during assembly of the apparatus and in normal use of the
      apparatus.
PAR  It is another object of the present invention to provide a composite
      apparatus including a glass component which is relatively safe to handle
      during assembly and service use.
PAR  Further, it is another object of the present invention to provide a
      composite apparatus including a glass component which is used for holding
      liquids which is relatively leakproof.
PAR  It is still another object of the present invention to provide a composite
      apparatus including a glass component in which various components are held
      together by threaded connection without requiring threads formed in the
      glass component.
PAR  Yet another object of the present invention is to provide a composite
      apparatus including a glass component in which components are joined to
      the glass by means of a threadably connected tightening collar.
PAR  It is, additionally, another object of the present invention to provide a
      composite apparatus including a glass component which does not permit
      rocking of the glass component with relation to other components of the
      assembly.
PAR  Also, another object of the present invention is to provide a composite
      apparatus including a glass component which includes a component for
      joining other components to the glass component and which acts as a guard
      against accidental breakage of the glass component.
PAR  A further object of the present invention is to provide a quick-release
      latching mechanism for the lid of a liquid container which prevents the
      lid from being taken off by a lifting motion, thereby reducing incidents
      of accidentally dropping the item when attempting to remove the lid.
PAR  Still another object of the present invention is to provide a quick-release
      latching mechanism for the lid of a liquid container which requires rotary
      movement of the lid for removal of the lid.
PAR  An additional object of the present invention is to provide a quick-release
      latching mechanism for the lid of a percolator in which the lid, if not
      completely latched, will always be displaced a perceptible distance from
      the fully latched position to indicate that the lid is not fully latched.
PAR  It is also an object of the present invention to provide a quick-release
      latching mechanism for the lid of a percolator in which removal of the lid
      removes the entire basket and contents as a single unit.
PAR  Yet another object of the present invention is to provide a quick-release
      latching mechanism for the lid of a percolator in which the lid can be
      removed without having to hold the bowl or other heated portion of the
      apparatus to assist in removal of the lid.
PAR  Still another object of the present invention is to provide an electrical
      circuit for an electric percolator which has only one lamp to indicate the
      appliance is on either a high heating mode or a low heating mode of
      operation.
PAR  It is a further object of the present invention to provide an electrical
      circuit for an electric percolator which is relatively simplified, durable
      and economical.
PAR  Yet another object of the present invention is to provide latching means to
      releasably hold a composite apparatus including a glass component to a
      support.
PAR  Other objects and advantages will be apparent from the following
      description of an embodiment of the invention, and the novel features will
      be particularly pointed out hereinafter in connection with the appended
      claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a percolator built in accordance with the
      teachings of the present invention.
PAR  FIG. 2 is a front view of the percolator shown in FIG. 1.
PAR  FIG. 3 is a rear view of the percolator shown in FIG. 1.
PAR  FIG. 4 is a top view of the percolator shown in FIG. 1.
PAR  FIG. 5 is an enlarged side elevation, partially in section, of the
      percolator shown in FIG. 1.
PAR  FIG. 6 is a side view of the lid and basket pump assembly of the percolator
      shown in FIG. 1.
PAR  FIG. 7 is a side view of the lid shown in FIG. 6.
PAR  FIG. 8 is a top view of the lid shown in FIG. 6.
PAR  FIG. 9 is a perspective view of the underside of the lid shown in FIG. 6.
      FIG. 10 is a view along lines 10--10 of FIG. 7 and includes a portion of
      the spout member.
PAR  FIG. 11 is a side view of the upper portion of the percolator bowl assembly
      of the percolator shown in FIG. 1.
PAR  FIG. 12 is a side view, partially broken away, of the bowl spout member
      shown in FIG. 11.
PAR  FIG. 13 is a top view of the bowl spout member shown in FIG. 12.
PAR  FIG. 14 is a bottom view of the bowl spout member shown in FIG. 12.
PAR  FIG. 15 is a view along lines 15--15 of FIG. 13.
PAR  FIG. 16 is a view along lines 16--16 of FIG. 13.
PAR  FIG. 17 is a side view of the spout locking ring for the bowl spout member
      shown in FIG. 11.
PAR  FIG. 18 is a top view of FIG. 17.
PAR  FIG. 19 is a view along line 19--19 of FIG. 18.
PAR  FIG. 20 is a view of a portion of FIG. 19, showing a segment of the
      tightening collar in extended position.
PAR  FIG. 21 is a bottom view of FIG. 17.
PAR  FIG. 22 is an exploded view of the lid and basket assembly.
PAR  FIG. 23 is an exploded view of the bowl spout assembly and part of the
      pump.
PAR  FIG. 24 shows a lid partially engaged in the bowl spout assembly.
PAR  FIG. 25 is an electrical circuit of the prior art circuitry for indicator
      lights in an electric percolator.
PAR  FIG. 26 is a circuit built in accordance with the teachings of the present
      invention for an indicator light in an electric percolator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown generally in FIGS. 1 through 5, an electric percolator, generally
      indicated at 40, consists of a bowl assembly 42 covered by a lid assembly
      46 all of which is mounted on a base assembly 44. The base assembly 44
      consists of a base member 47, supported by legs 48, which houses
      electrical circuitry for heating liquid in the bowl assembly. The top of
      the base member 47 is in the form of a disc plate 52 having a well 54
      centrally located to receive liquid from the bowl assembly where the
      liquid is heated and then pumped in the normal percolating procedure. The
      bowl assembly 42 rests on a gasket 56 which engages a hole 58 in the
      bottom wall 60 of the bowl 62 of the bowl assembly 42 to provide a
      leakproof passage for liquid from the bowl 62 into the heating well 54 of
      the base. A flavor control, or thermostat control 64 on the base member is
      used to adjust the strength of the coffee by regulating the heating cycle
      of the electric circuitry.
PAR  A handle 66 extends upward from the base member to engage a portion of bowl
      assembly 42 to secure the bowl to the base and to provide means for
      picking up the percolator. The handle includes a bowl release latch handle
      68 which is pivotally mounted on the handle at point 70 and which controls
      a latching member 69 having an aperture which engages a connecting point
      102 on the collar of bowl assembly 42 to be described in greater detail
      below. A small spring and locking member 72 in handle 66 prevents the
      latch from accidentally opening to release latching member 69, and also
      lifts latching member 69 when latch handle 68 is raised.
PAC  STRUCTURE OF THE BOWL ASSEMBLY
PAR  Bowl assembly 42 consists of a bowl 62 and a spout assembly 80. Bowl 62 has
      side walls 74, a bottom wall 60 with a hole 58 in the center to allow for
      passage of liquid into the heating well of the base assembly 44. Measuring
      graduations 76 are located on the side of the bowl to show the level of
      liquid or other contents in the bowl. While the bowl is shown as being
      made from a transparent glass material, it should be noted that the bowl
      could be translucent or opaque, and could be made from a wide variety of
      materials. The top of the bowl ends in a lip 78 which is connected by a
      narrow neck portion 84 to a shoulder 82. The diameter of the neck portion
      84 is narrower than the diameter of the lip 78.
PAR  As shown in FIGS. 5, 11, 12, and 23, the spout assembly 80 is positioned
      about the bowl from the shoulder portion 82 to above the lip 78. The spout
      assembly 80 consists of three components, a spout member 86, a tightening
      collar 88, and a gasket 90. The spout member 86 has a flared wall 92 which
      forms the actual pouring spout 94, a conical skirt 96 extending upward
      from a shoulder 98 which in turn connects with a cylindrical skirt 100. A
      latching point 102 is formed on the shoulder 98 of the spout member for
      connection with the latching mechanism 69 on the handle 66 of the base.
      Latching member 69 is actuated by movement of latching handle 68 to engage
      latching point 102. By lifting latching handle 68, the latching member 69
      will be raised out of engagement with latching point 102 to release the
      bowl from the handle. Of course, the latching point 102 on the shoulder 98
      of the spout mechanism could also be a groove or other form of depression
      on the shoulder instead of a projection from the shoulder. If a groove or
      depression is used for the latching point on the shoulder 98 of the
      pouring spout, then the latching member 69 on the handle 66 of the base
      would have a tongue or other projection adapted to engage the groove when
      the latching handle 69 is placed in the closed position, thereby holding
      the bowl assembly to the base.
PAR  The cylindrical portion 100 of the spout member 86 has a cylindrical bore
      104 which is internally threaded by threads 106 having an asymmetrical
      configuration with flat lower surfaces 108 and tapered upper surfaces 110.
      The end of cylindrical bore 104 has a recess 112 adapted to receive gasket
      90.
PAR  As shown in FIGS. 5 and 17-21, the pouring spout member 86 is secured to
      bowl 62 by means of the tightening collar 88. The tightening collar
      consists of a relatively flat continuous wrench ring 114 having an
      irregular edge with projections 116 projecting out beyond the edge of
      shoulder 82 of bowl 62 to allow the ring to be rotated by an appropriate
      rotating tool. An external thread 118 is formed on a plurality of segments
      120 angularly spaced around the inner diameter of the wrench ring 114.
      Every thread segment 120 is connected at each of its ends to the wrench
      ring 114 by hinge members 122. The segments of thread on each external
      thread segment form a continuous external thread 118 having flat upper
      surfaces 124 and tapered lower surfaces 126 adapted to mesh with the
      internal threads 106 on the pouring spout member.
PAR  The threaded segments connected to the wrench ring are separated by a slit
      128, and there is also a space 130 between the bottom of each thread
      segment and the wrench ring so that each thread segment 120 is free to
      pivot about the wrench ring 114 on its hinge points 122. The external
      thread segments 120 each have an inner wall 121 with a plurality of
      support ribs 144 and a lower tapered section 136. The support ribs 144
      have an upper tapered section 134 and an innermost surface 132. As shown
      in FIGS. 19, 20 and 5, in the normal position of the thread segments 120,
      the inner diameter of the tightening collar will be the distance between
      the inner surface 132 of the ribs of the external thread segment 120.
      However, when the external thread segments are pivoted backward on their
      hinge members 122, the inside diameter of the tightening collar will then
      be the distance between the bottom tapered sections 136 of the thread
      segments which will be substantially greater than the inside diameter of
      the tightening collar when the external thread segments are in their
      normal upright position.
PAC  ASSEMBLING THE BOWL ASSEMBLY
PAR  The increase in the size of the inside diameter of the tightening collar 88
      when the external thread segments are pivoted back on their hinge points
      allows the tightening collar or locking ring to be fit over the lip 78 of
      bowl 62 to rest on the shoulder 82. Once the tightening collar or locking
      ring 88 is in place on the shoulder of the bowl, the pouring spout member
      86 can then be fit over the lip of the bowl to engage the tightening
      collar. Both the pouring spout 86 and the bowl 62 can be held in a
      stationary position while the locking ring is rotated to draw the pouring
      spout down on to the locking ring to fasten the pouring spout to the bowl.
      As the pouring spout member 86 is threaded onto the external thread
      segments 120 of the tightening collar 88, the segments 120 will tend to be
      moved diametrically inward to securely nestle around the narrow neck
      portion 84 of the bowl 62 underneath the lip 78 of the bowl, thereby
      firmly holding the locking ring in place. The support ribs 144 coact with
      the neck 84 of the bowl to properly position the external threads 118 on
      the tightening collar 88 for engagement with the internal threads 106 of
      the spout member 86 by bearing against the neck of the bowl as the threads
      on the tightening collar are engaged with the internal threads of the
      pouring spout.
PAR  During assembly of the tightening collar or locking ring 88 and pouring
      spout member 86 forces are produced which tend to lift the tightening
      collar upwardly off the shoulder of the bowl as the tightening collar is
      rotated to draw down the pouring spout member. The forces on thread
      segments 120 caused by engagement of external threads 118 on tightening
      collar 88 and internal threads 106 of pouring spout member 86 will produce
      a resultant force perpendicular to the tapered lower surfaces 126 of the
      threads on the tightening collar. This resultant force will have
      vertically upward and horizontally inward components. The upward vertical
      component of the resulting force on external thread 118 is resisted by the
      contact between the upper portion of the neck of the bowl with the edges
      135 formed at the intersection of the upwardly tapered sections 134 and
      the vertical surfaces 132 of the support ribs 144 of thread segments 120.
      The inward horizontal component of the resultant force on external thread
      118 acts to drive the thread segments 120 inward until two vertically
      spaced rings of contact are established between the tightening collar and
      the neck of the bowl. The upper contact ring consists of the points of
      contact of edges 135 with the upper portion of the neck of the bowl. The
      lower contact ring is formed by the contact of lower portion of the neck
      of the bowl and edge 137 of lower tapered section 136 of the tightening
      collar.
PAR  The lower locking ring is rotated and as rotation occurs, the bottom 101,
      of cylindrical skirt 100 bears against the top of flange 114 of tightening
      collar 88. After contact is made between the flange of the tightening
      collar and the bottom of the cylindrical skirt further rotation of the
      tightening collar causes the thread segments 120 to move radially inward
      until the contact portions 135 and 137 of the thread segments contact the
      glass at the neck portion 84 of the bowl. When contact between the contact
      portions 135 and 137 occurs, further inward motion of the thread segments
      120 is prevented and accordingly further relative rotation between the
      tightening collar 88 and the pouring spout member 86 is prevented. During
      the engagement of the external thread segments 120 with the internal
      threads 106 of the cylindrical skirt, the pouring spout member will have
      been drawn down a sufficent distance to cause the lip of the bowl 78 to
      firmly compress gasket 90 into the gasket recess 112 of the pouring spout
      86 to insure that the connection between the pouring spout member and the
      bowl is a liquid-tight connection.
PAR  By having two vertically spaced rings of contact between the bowl and the
      tightening collar, the tightening collar and therefore the entire pouring
      spout assembly will be securely positioned on the bowl to resist rocking
      movement between the spout assembly and the bowl.
PAR  Since the bowl and the pouring spout member can be held stationary during
      the assembly process, it is possible to accurately align the pouring spout
      54 with the bowl 62 to insure that markings or graduations 76 on the side
      of the bowl are properly located with respect to the pouring spout.
      Additionally, it should be noted that because the bowl is held stationary,
      there is less chance for its breakage during the assembly process, as
      compared to the situation where either the bowl or the pouring spout
      member would have to be rotated.
PAR  The projections 116 on the edge of the wrench ring 114 as mentioned earlier
      project beyond the shoulder 82 of the bowl. These projections in addition
      to offering a surface which a tightening tool can grab, also act as safety
      guards to reduce the chance of breakage of the bowl if it is tipped over.
      By projecting out beyond the shoulder of the bowl, only the projections
      116 will come in contact with a flat surface on which the bowl 62 is
      tipped.
PAC  LATCHING MECHANISM FOR LID
PAR  As shown in FIGS. 3 and 12 through 16, the pouring spout member 86 also
      contains facilities for attaching a lid assembly 46 to the pouring spout
      in order to cover the bowl assembly 42. The facilities on the pouring
      spout 86 for latching a lid 146 are contained on the conical skirt 96 of
      the pouring spout member. These include two sockets each designated 138
      formed in the conical skirt by means of two flat slanted camming surfaces
      140, and an overhang section 142 protruding out over the camming surfaces
      140. Additionally, a plurality of ribs 145 are formed at angularly spaced
      locations on the inside of the conical skirt section 96 in order to
      prevent the lid 146 from being properly seated if the latching mechanism
      is not fully engaged. Additionally, ribs 145 coact with the connecting
      surface 180 of the lid to properly seat the lid and to prevent the lid
      from being seated past the conical sloping surface of the pouring spout
      member.
PAR  The lid assembly 46, shown in FIGS. 5-10, consists of a lid 146 basket
      assembly 148, and a pump 150. The lid 146 has a top portion 172 on which a
      handle 174 is mounted and an upper sloping section 176 leading to a
      shoulder 178, which then connects to a connecting portion 180 to a
      cylindrical skirt 182 having a bottom surface 184. The lid handle 174 has
      markings on the top including arrows for unlocking and for the location at
      which the lid is to be placed with relation to the spout of the bowl.
PAR  The location of the spout 94 with relation to the handle 174 of the lid 146
      is important because the quick-release latching mechanism which connects
      the lid to the pouring spout assembly 80 must be correctly aligned to
      properly operate. The latching mechanism on the lid consists of a lid
      spout engaging spring 186 connected to the inner wall of the skirt portion
      182 of the lid 146 by any convenient attaching means 188, such as
      riveting.
PAR  The lid spout engaging spring 136 has two arms designated 190 with an
      engaging tongue 192 at the end of each arm. The normal resiliency of arms
      190 of the lid spout engaging spring urges the tongues 192 out through the
      slots 194 on the skirt 182 of the lid. As shown in FIG. 10, tongues 192
      are adapted to engage the sockets 138 in the pouring spout member 86 to
      hold the lid securely in place.
PAR  When the lid is properly aligned so that the engaging tongues 192 are
      aligned with the sockets 138 of the pouring spout member, then the lid can
      be inserted straight down into the pouring spout member. The locking
      overhang members 142 above the sockets have a camming action, which tends
      to force the engaging tongues 192 and, therefore, the spring arms 190
      inward as the lid travels downward. When the lid has reached the point
      where the engaging tongues are in registration with the sockets 138, then
      the spring action 290 of the arms forces the engaging tongues 192 into the
      socket 138. Note that the overhang now prevents disengagement of the
      engaging tongue from the socket. The only manner in which the lid can now
      be removed is to rotate or twist the lid with relation to the pouring
      spout member 86 so that the camming surfaces 140 in each socket 138 will
      tend to force the engaging tongues 192 inward and allow the lid to rotate
      to the point that the engaging tongues are no longer under the locking
      overhang 142.
PAR  Once the engaging tongues 192 are out of registration with the locking
      overhang, 142, the resilient forces of the engaging tongues being urged
      out by the spring arms 190 acts against the sloping walls of the conical
      skirt section 96 producing an upward force which tends to push the lid 146
      upward and therefore substantially and perceptibly out of engagement.
      Additionally, once the lid 146 has risen above the level of the upsetting
      rib 145, the lid 146 will tend to become upset in attitude, as shown in
      FIG. 24, and the bottom 184 of the lid 146 will tend to rest on one of the
      upsetting ribs 145 of the pouring spout member so that the lid will
      clearly and visibly appear to be out of proper engagement.
PAC  CONNECTION OF LID TO BASKET ASSEMBLY
PAR  The lid 146 is connected to the basket assembly 148 by means of a spring
      196 having fingers 198 connected to the top of the lid by any convenient
      fastening means 200.
PAR  The basket assembly 148 shown in FIG. 5, consists of a basket 152, having a
      bottom surface 154 and side walls 156, and a basket tube 158 extending
      upward into the basket in a well known manner. There is a bead 160 on the
      basket tube which is used for engaging the basket assembly with the lid
      146. The pump 150 has a bottom section 162 including a disc which fits
      into the well 54 of the base member 47 to receive liquid which is heated
      in the well and driven by the force of the heat up the pump tube. The top
      of the pump tube 164 extends into the basket tube 158 and a spring 166
      mounted in the basket tube holds the basket 152 on top of the pump tube in
      a proper position for perking and presses the pump into the pump well. A
      portion of the spring fits into pump tube 150 to hold the pump tube
      together with the basket tube 158. A spreader plate 168 is mounted on the
      basket tube and has a plurality of passages 170 to enable water which has
      passed from the pump tube up into the basket tube and then over the top of
      the basket tube and come down onto the spreader plate to be distributed
      over the entire area of the basket where it will then drip on to the
      coffee in the basket. The spring 166 of basket tube 158 fits into pump
      tube 150 so that when the basket is lifted with the lid, the pump tube
      will also be drawn out enabling the lid, basket spreader plate, and pump
      tube to be removed from the percolator by a single operation.
PAR  Referring again to FIGS. 5-10, the fingers 198 of the spring are adapted to
      grasp the bead 160 of the basket tube to hold the basket tube to the lid.
      In order to release the fingers 198, a spreader button 202 is positioned
      between the fingers, and is connected by a shaft 204 to a basket release
      button 206 positioned in a recess 208 of the lid handle. A spring 210 acts
      against the release button 206 to urge the release button and therefore
      the spreader button to the upper or closed position for fingers 198 so
      that the lid spring 196 will normally engage the basket unless the button
      is depressed.
PAR  To properly prepare the percolator for use, the user first fills the basket
      148 with coffee and attaches the spreader plate 168 to the basket tube
      158. The pump unit 150 is then inserted into the basket tube and the
      entire unit attached to the lid 146. The lid is then placed and latched on
      to the pouring spout member 86 where it is securely held against the pump
      tube spring and any forces which would normally be encountered either by
      accidentally dropping the percolator or normal use of the apparatus.
PAR  When it is desired to remove the coffee making equipment from the
      percolator, the lid handle 174 is merely rotated and the lid with the
      entire basket assembly is easily removed from the bowl of the percolator
      without ever having to touch the basket assembly. The pump 150 and basket
      148 are then removed from the lid by merely pressing the button 206 on top
      of the lid handle to drop the pump and basket at any convenient location.
PAR  The operation of quick-release latching mechanism of the lid and the
      release mechanism for the basket assembly does not require any pulling
      action to be exerted by the user of the apparatus. Instead the user would
      have a tendency to press downward on the lid when removing it from the
      pouring spout and similarly presses a button down to discard the basket
      assembly. Therefore, there is almost no necessity for the user of the
      device to have to grasp any portion of the apparatus which might be hot at
      any time when removing the lid or the basket assembly.
PAR  Of course, the lid can be used on the bowl without the pump basket
      assembly, since the connection of the pump basket assembly to the lid is
      independent of the connection between the lid and the pouring spout
      member.
PAC  SIGNAL LAMP TO INDICATE MODE OF OPERATION
PAR  As shown in FIG. 5, a lamp 212 is mounted within the base member 47
      underneath a translucent window 214 of the disc plate 52. Depending upon
      the mode of operation of the percolator, this light will glow either
      brightly or dimly. When the percolator is in a high heating mode, as for
      example when it is brewing coffee, the lamp will have a bright glow, while
      when the percolator goes to the keep warm mode in which it provides just
      enough heat to keep the liquid in the bowl warm the lamp will glow
      relatively dimly.
PAR  The percolator requires only one lamp to signal both the high heat and the
      keep warm mode of operation. In the past, two lamps were often used to
      provide this function. The circuitry utilizing two lamps is shown in FIG.
      25 in which electrical terminals 216 are connected to a thermostat switch
      218 having contacts 227 and 226 for directing current to a primary coil
      220 and a secondary coil 222 in accordance with the temperature sensed by
      a bimetallic rod 224 which will move actuating member 225 to open
      contacting points 226. In the high heating mode, all of the contact points
      of switch 218 are closed so that power will flow from the power line 217
      of the switch through lines 232, 221 directly to the primary coil 220, and
      then additionally to a signal lamp 230. When the temperature reaches a
      desired point, the bimetallic switch will open the contact point 226
      disconnecting the line 232 to the primary coil and, therefore, forcing all
      of the current to go through contact 227 to the secondary coil 222 in
      series with the primary coil. Voltage to the primary coil 220 is now
      substantially reduced by the large resistance of the secondary coil 222
      that has gone into the line and, accordingly, the voltage available to
      lamp 230 is much reduced. Therefore, the second indicating lamp 230 will
      go out when the secondary coil is brought into the circuit to cut down the
      amount of power expended and, therefore, the heat produced by the
      appliance. Since lamp 230 will not be visible when the secondary coil is
      in operation, it is necessary to have a lamp 234 constantly operating
      whenever power is provided to the thermostat switch and this lamp
      therefore is used to show that the device is plugged in and also acts as
      an indicating light to indicate when the percolator is in the keep warm
      mode of operation.
PAR  The circuit of the present invention is shown in FIG. 26 and has terminals
      236 feeding power through line 238 to a thermostatic switch 240 which has
      contact points 241 and 242, with contact points 242 opened by a bimetallic
      rod 244, and actuating member 245. Thermostatic switch 240 can be
      considered as a tandem pair of single pole single throw switches. During
      the high heating cycle, contact points 241 and 242 will be closed, and
      power will go from line 238 through contact 242 of the thermostatic switch
      240 to lines 246 and 248 to the primary coil 250. Additionally, a portion
      of the power will go to the lefthand portion 253 of secondary coil 252
      through line 254 and from there through line 256 which is connected at the
      center of the secondary coil to the lamp 258. Also, some current will
      follow from power line 238 through contact 241 of thermostat switch 240,
      through line 257 to the other side 255 of secondary coil 252 and from
      there through line 256 to lamp 258. The current flowing to the secondary
      coil through lines 254 and 257 in effect splits coil 252 into two
      impedences in parallel, thereby reducing the total impedence so that the
      lamp 258 will light relatively brightly to indicate that the percolator is
      in the high heat mode.
PAR  When the temperature of the liquid in the bowl becomes sufficiently high,
      the bimetallic rod 244 will break the lower contact 242, forcing all of
      the current through line 257 from the thermostat to the secondary coil 252
      which will now be in series with the primary coil to thereby reduce
      substantially the current flowing to the combination of the primary and
      the secondary coil. Also, the lamp 258 is now in a series relationship
      with only one-half 255 of the secondary coil so that the impedence is
      increased as compared to the impedence of the two halves of the secondary
      coil in parallel. Therefore, the lamp will immediately become dimmer upon
      the opening of contacts 242 to indicate that the percolator is now on a
      low heat or keep warm mode of operation.
PAR  An alternate wiring for the circuit of the present invention reverses the
      positions of the terminal 236 and line 238 with line 257, with relation to
      contact points 241 of thermostatic switch 240.
PAR  The advantages of the percolator described herein are numerous. The use of
      the locking ring or tightening collar for connecting the pouring spout to
      the bowl to form the bowl assembly enables the rapid, efficient, safe, and
      economical manufacture and assembly of a relatively complex composite
      apparatus which includes a glass component. The locking ring is easily
      placed over the lip of the bowl and then the pouring spout member is
      securely attached by rotating the locking ring with an appropriate tool.
      No adhesives, glues or other bonding methods are necessary for connecting
      the pouring spout assembly to the bowl. Further, it is not necessary to
      clamp any items to the bowl in order to secure them. Therefore, the
      stresses on the bowl or the glass portion of the composite apparatus are
      relatively low with almost no residual stresses placed on the glass
      because of the assembling operation.
PAR  The components of the resultant force produced on the tapered surfaces of
      the tightening collar thread force the tightening collar into the proper
      position on the neck of the bowl so that there are two vertically spaced
      contact circles between the bowl and the tightening collar. The vertical
      displacement of contact circles ensures a stable fixed connection between
      the pouring spout assembly and the bowl, free from any rocking or other
      relative movement between the assembled components.
PAR  It should also be noted that the use of the tightening ring for connecting
      the pouring spout member to the bowl enables bowls of relatively wide
      dimensional tolerances to be used since the material from which the
      tightening collar is made is relatively flexible, and the tightening
      collar will be deformed during the assembly process until it makes
      sufficient contact with the neck of the bowl to provide a firm and secure
      connection. Contact of the tightening collar to the bowl and therefore the
      connection of the pouring spout assembly to the bowl will occur all around
      the bowl, and not merely at one or two isolated points as is often the
      case with adhesive assemblies or assemblies which have been banded
      together. Accordingly, the stresses placed on the bowl will be evenly
      distributed and, therefore, of much lower magnitude.
PAR  The method for assembling composite articles described provides secure
      connections that make it possible to produce articles which were
      considered impractical previously. Now the more complex and
      complexly-shaped parts of the article which require greater dimensional
      tolerances can be made from easily manufacturable materials while the
      remainder of the assembly can be made from glass or other materials
      considered difficult to work with, so that the item as a whole will have
      the desirable characteristics associated with the use of the difficult
      material.
PAR  As mentioned previously, the structure and method of manufacturing the bowl
      assembly allows the pouring spout to be accurately positioned with
      relation to the glass portion of the apparatus so that markings or any
      other design can be effectively used.
PAR  It should also be pointed out that the construction of the tightening
      collar using several hinged sections to form the external thread of the
      collar has many advantages over other methods. It avoids the problem of
      stripped external threads often associated with segmented external threads
      because all of the threads on the tightening collar are connected to a
      fixed point of reference, namely the wrench ring. Therefore, there can be
      no misalignment of individual thread segments tending to strip the
      threads. Additionally, the wrench ring presents an aesthetically pleasing
      appearance to the purchaser of the device since there are no large gaps or
      other discontinuities which cannot be adequately covered during the
      assembly process.
PAR  The service life of the percolator incorporating the quick-release latching
      mechanism and the bowl assembly with the tightening collar should prove
      superior to those of other apparatuses which contain glass components. As
      pointed out the tightening collar used in the bowl assembly projects past
      the bowl to act as a guard protecting the bowl against impact upon
      accidental tipping.
PAR  Additionally, service life is extended because accidental banging and
      tipping of the appliance is avoided. The usual appliance requires a
      lifting or pulling motion to disengage the lid. Often, the user of the
      usual appliance, while intending to try and lift off the lid, will lift
      the entire appliance off the table on which it is placed, either because
      the bottom of the applicance was not held securely or else because the
      force required to remove the lid was large enough to require the person to
      use both hands in order to attempt to pull the lid from the body of the
      appliance. In such circumstances, the person seeking to remove the lid
      often inadvertently bangs the appliance down on top of the table when he
      is finally able to disengage the lid from the body of the apparatus.
PAR  In contrast, by requiring that the lid be twisted for removal, it is the
      natural approach to press down on the lid when twisting, and pressing
      downward will tend to more firmly seat the appliance on whatever support
      surface it is resting when the lid is removed. This, therefore, will tend
      to reduce the number of times the percolator is banged and also the number
      of times the percolator will tend to be accidentally pushed or lifted off
      the support surface.
PAR  As described in the operation of the device, a simple twisting operation on
      the cover will enable the user of the percolator to remove the lid, the
      basket containing the coffee grounds, and the pump all in one easy motion.
      Then the basket and the coffee grounds can be disposed of separately by
      merely pressing on the release button on the top of the cover. This
      simplicity of operation makes it unnecessary for the user at any time to
      touch the hot coffee grounds, the pump assembly of the percolator, or any
      other hot part of the appliance, thereby greatly enhancing the safety of
      using this apparatus.
PAR  As pointed out, the electrical circuitry for the pilot light operation of
      the percolator is relatively simple and should insure relatively longer,
      trouble-free service life for the device as compared to those previously
      used in the prior art, since the signal light is subjected to relatively
      low voltage during most of the time it is on and low voltage greatly
      extends lamp life.
PAR  It will be understood that various changes in the details, materials and
      arrangements of parts which have been herein described and illustrated in
      order to explain the nature of the invention may be made by those skilled
      in the art within the principle and scope of the invention as expressed in
      the appended claims.
CLMS
STM  WHAT IS CLAIMED IS:
NUM  1.
PAR  1. A composite article comprising:
PA1  a first component having an opening therein;
PA1  a portion of said first component having a narrow cross section, smaller
      than the size of said opening;
PA1  a tightening collar having a fixed outer diameter;
PA1  expanding and contracting means on said tightening collar to vary the size
      of the inside diameter of said collar;
PA1  engaging means on said collar;
PA1  a second component having engaging means adapted to engage said engaging
      means of said tightening collar; and
PA1  said engaging means of said tightening collar and said second component
      coacting with said expanding and contracting means on said tightening
      collar to contract the inside diameter of said tightening collar to less
      than the size of said opening in said first component.
NUM  2.
PAR  2. The composite article according to claim 1 wherein said contracting and
      expanding means on said tightening collar enlarges the inner diameter of
      said collar to more than the size of the opening on said first component,
      to allow said collar to be fit over said opening to reach said narrow
      portion of said first component.
NUM  3.
PAR  3. The composite article according to claim 2 wherein said expanding and
      contracting means on said tightening collar contract said inside diameter
      of said collar to conform the inside diameter of said tightening collar to
      the diameter of said narrow portion of said first component.
NUM  4.
PAR  4. The composite article according to claim 3 wherein said engaging means
      on said collar comprise thread means extending axially on said collar.
NUM  5.
PAR  5. The composite article according to claim 1 wherein said expandable and
      contractible means on said tightening collar comprise:
PA1  a ring having a fixed inside and outside diameter;
PA1  a plurality of segments angularly, concentrically spaced about said ring
      and having an inside diameter less than the inside diameter of said ring;
      and
PA1  hinge means connecting each of said segments to said ring to allow said
      segments to bend with respect to said ring to vary the inside diameter of
      said segments.
NUM  6.
PAR  6. The composite article according to claim 5 wherein said engaging means
      comprise a thread extending along the axis of said ring and formed by said
      plurality of segments when said segments are positioned so that said
      inside diameter of said segments is less than the diameter of said opening
      of said first component.
NUM  7.
PAR  7. The composite article according to claim 6 wherein the engagement of
      said thread means on said segments with the thread means on said second
      member causes said segments to move inwardly to bear against the outside
      of said first component, holding said tightening collar to said first
      component.
NUM  8.
PAR  8. The composite article according to claim 7 wherein said contracting and
      expanding means on said tightening collar enlarge the inside diameter of
      said collar to greater than the size of the opening in said first
      component to allow said tightening collar to be fit over said opening of
      said first component to reach the narrow portion of said first component.
NUM  9.
PAR  9. A unitary tightening collar structure adapted to join two components,
      comprising:
PA1  a ring portion having a fixed inside and outside diameter;
PA1  expanding and contracting means adapted to provide an inside diameter for
      the tightening collar which can be varied from the inside diameter of the
      ring;
PA1  engaging means on said collar adapted to engage a component with the
      collar;
PA1  said engaging means on said collar coacting with said expanding and
      contracting means to cause a decrease in the inside diameter of the collar
      to less than the inside diameter of the ring.
NUM  10.
PAR  10. The tightening collar according to claim 9 wherein the expanding and
      contracting means on said tightening collar comprise:
PA1  a plurality of segments angularly concentrically spaced about said ring,
      having an inside diameter less than the inside diameter of said ring; and
PA1  hinge means connecting each of said segments to said ring to allow said
      segments to move with respect to said ring to enlarge the inside diameter
      of said segments.
NUM  11.
PAR  11. The tightening collar according to claim 10 wherein said engaging means
      comprise a thread extending along the axis of said ring and formed by
      coaction of said plurality of said segments when said segments are
      positioned so that said inside diameter of said segments is less than the
      inside diameter of said ring.
NUM  12.
PAR  12. The tightening collar according to claim 11 wherein said segments are
      adapted to move radially inward on said hinge means upon engagement of
      said thread means.
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ABST
PAL  A barbecue rotisserie skewer having at least two closely spaced tines
      rigidly supported at one end by handle structure and the other end by a
      support receptacle which not only supports the skewer for rotation but
      rigidly holds the free ends of the tines. The support receptacle easily
      slides off the tines for receipt and removal of the food being cooked.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Most rotisserie skewers presently being made utilize a single shaft or rod
      which provides a relatively weak support for some foods in their soft
      condition. Quite often, what happens is that the food stops rotating while
      the shaft continues to move. Various types of basket arrangements have
      been utilized to confine the food but have not been entirely satisfactory.
      Another remedy has been the utilization of a multiple-pronged bracket
      which itself fastens on the main skewer shaft while its outwardly spaced
      prongs are brought into engagement with the food so as to prevent food
      from rotating on the main shaft. Holding brackets of this nature have a
      limited value in that they do not pass through the food the full length of
      the skewer.
PAC  SUMMARY OF THE INVENTION
PAR  With the present invention, the problem of rotation of the food on the
      skewer is remedied by the usage of two or more skewer shafts which pass
      completely through the food. With the usage of two closely spaced skewer
      shafts, a much smaller diameter shaft can be used since the bending
      strength of multiple spaced apart shafts is greater than a single shaft.
      Smaller diameter shafts are also advantageous in that the initial skewing
      or impaling of the food is made easier and also delicate foods can be more
      easily handled.
PAR  Therefore the principal object of the present invention is to provide a
      rotisserie skewer which provides better holding properties for the food
      carried thereon.
PAR  Another object of the present invention is to provide a rotisserie skewer
      which permits easy receipt and removal of food therefrom with minimal
      damage to the food.
PAR  A further object of the present invention is to provide a much simplified
      drive means for rotating a plurality of rotisserie skewers at the same
      time.
PAR  The above mentioned objects and advantages of this invention together with
      the manner of obtaining them will become more apparent and the invention
      itself will be best understood by making reference to the following
      description of an exemplary embodiment of the invention taken in
      conjunction with the accompanying drawings wherein:
DRWD
PAR  FIG. 1 shows a perspective view of a barbecue type cooking bed with the
      skewers and rotisserie apparatus of the present invention mounted on the
      sides thereof;
PAR  FIG. 2 is an enlarged broken-out elevational view taken along lines 2 -- 2
      of FIG. 1;
PAR  FIG. 3 is an enlarged perspective view of the skewer support receptacle
      positioned for engagement with the tines of the skewer;
PAR  FIG. 4 is a top elevational view of the complete skewing rod assembly;
PAR  FIG. 5 is a side elevational view of a complete skewing rod assembly;
PAR  FIG. 6 is a perspective view of a modified form of skewing rod and
      rotisserie mechanism;
PAR  FIG. 7 is an enlarged broken-out elevational view taken along lines 7 -- 7
      of FIG. 6;
PAR  FIG. 8 is a perspective view of a modified form of support receptacle and
      its companion tines;
PAR  FIG. 9 is a top plan view of complete modified form of skewer rod assembly;
PAR  FIG. 10 is a side elevational view of a complete skewer rod assembly in its
      modified form; and
PAR  FIG. 11 is a perspective view of a further modified form of support
      receptacle.
DETD
PAR  Referring now to the drawings and more specifically to FIG. 1, reference
      numeral 10 generally identifies a barbecue rotisserie which incorporates
      the present invention. Any type of rectangular shaped barbecue could be
      utilized as long as it had parallel side walls such as those shown by
      numerals 14 and 16 which provide a mounting base for the frame rotisserie
      members 18 and 20. Frame member 20 is provided with a plurality of evenly
      spaced vertical slots 22 which provide a rotating journal for the ends of
      the rotisserie skewer assemblies 24. The companion frame member 18 mounted
      on the opposite wall 14 of the barbecuer 10 provides not only a journal
      and slots 23, but also a drive means as hereinafter described in detail.
PAR  The skewer rod assembly 24, as shown in detail in FIG. 4, includes a center
      rod portion 26 with an insulated handle 27 located at its outer end. At
      juncture member 28, the center rod divides into a pair of parallel spaced
      tine members 30 and 31 upon which the food is skewed. The pointed outer
      ends of the tines 30 and 31 are received in openings 32 and 33 closed at
      one end in the support receptacle 35. Extending outwardly from the support
      receptacle 35 is a lug or shaft 37 which rests in slot 22 in the
      rotisserie frame member 20. Rigidly mounted on the center rod 26 adjacent
      the handle 27 is a sprocket gear 25 which transmits the rotative force to
      the skewer rod assembly 24.
PAR  The rotisserie frame member 18 carries an endless drive chain 40, as viewed
      in FIGS. 1 and 2. Drive chain 40 is supported at each end by a sprocket
      member which is not shown in the drawing. Any type of drive motor can be
      attached to either one of the last mentioned sprockets or to an additional
      drive sprocket which comes in contact with the chain 40. The chain is
      maintained in position by the planar surface 41 of the frame member 18 as
      it travels thereacross spaced below the individual grooves 23 a distance
      equivalent to the radius of sprocket gear 25.
PAR  FIGS. 6 through 10 illustrate a modified form of the barbecue rotisserie
      whereby the skewers 24a are driven off the support receptacle 35a rather
      than the sprocket gear as shown in the previous figure. The skewer rod
      assembly 24a has a shortened center rod 26a which carries a handle 27a.
      The support receptacle 35a has a rectangular lug 37a in place of a round
      shaft. The lug 37a is received in a mating square shaped opening 42 which
      is in the center of a sprocket gear 43, as seen in FIG. 7. The drive means
      for the rotisserie is carried on side frame 16a rather than frame 18, as
      previously illustrated in FIG. 1. Enclosed inside the frame member 16a is
      an endless chain 40a which can be driven by any variety of drive means.
      The individual sprocket members 43 for each skewer rod assembly are driven
      by chain 40a, as seen in FIG. 7. The opposite side of the skewer rod 24a
      is supported in grooves 23a of frame member 18a.
PAR  FIG. 11 is a further modified form of the support receptacle 35b formed of
      tubular stock with shaft 37b welded thereto.
PAC  OPERATION
PAR  Before removal or skewing of the food, support receptacle 35 must be
      removed from the ends of tines 30 and 31. The ends of the tines are
      pointed to better facilitate skewing the food. Once the food is placed on
      the tines, the support receptacle is replaced and the skewer rod assembly
      24 is placed in the rotisserie rack, as seen in FIG. 1. The slots 22, in
      the frame member 20, act as a journal to the rotating shaft 37 of the
      receptacle 35. The opposite side of the skewer rod assembly is supported
      in slot 23 which acts as a journal to center rod portion 26 while sprocket
      gear 25 easily engages the moving chain 41. By merely moving the skewer
      rod handle upward, the sprocket gear 25 is disengaged from the drive chain
      41. The support receptacle 35 which has a sliding fit on the ends of the
      tines is easily removed once the skewer rod assembly 24 is removed from
      the frame members, but while in place on the rotisserie frame, is held in
      place since axial movement of both the support receptacle and tines is
      restricted. The snug fit of the tines in openings 32 and 33 prevents the
      tines from any bending deflection approximate the ends thereof due to the
      weight of the food.
PAR  The modified form of skewer rod assembly 24a, seen in FIG. 6, is supported
      in a similar manner but is driven off of lug 37a on the support receptacle
      rather than a sprocket gear. When placing the skewer rod assembly in place
      on the rotisserie frame, the lug 37a must be aligned with its companion
      opening 42 before the drive means can be engaged. The skewer rod assembly
      24a is also easily removed from the drive connection by moving the skewer
      rod axially away from the frame member 20a.
PAR  While the principles of the invention have been described in connection
      with specific apparatus and applications, it is to be understood that this
      description is made only by way of example and is not to be considered as
      a limitation on the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A barbecue rotisserie apparatus having a plurality of stations adapted
      to be mounted on the sides of a varying width cooking bed comprising:
PA1  a pair of longitudinal frame members having a plurality of longitudinally
      spaced slots for receipt and support of the individual skewers, the frame
      members adapted to be mounted on the side of said cooking bed;
PA1  a motor driven closed loop chain rotatably mounted on one of the frame
      members passing below each of said slots;
PA1  a plurality of multiple tine skewers, the tines having free ends, each
      skewer being removably positioned in one of said slots, gear means
      adjustably positioned longitudinally on each of the skewers in driving
      engagement with said chain and a removable support receptacle for each
      skewer having openings therein closed at one end for slidable receipt of
      the free ends of the skewer, the depth of the openings being sufficient to
      provide bending support for the tines and lug means for rotatably
      supporting the skewers.
NUM  2.
PAR  2. A barbecue rotisserie apparatus as set forth in claim 1 wherein the
      skewers have a handle portion approximate one end thereof, the gear means
      being longitudinally positioned approximate the handle portion whereby the
      skewers may fit any width cooking bed.
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ABST
PAL  An apparatus and method is disclosed for bundling firewood. Relatively
      large pieces of wood, preferably first split and cut into convenient
      lengths, are compressed and while compressed have a strap applied
      therearound after which the applied pressure is released to form a bundle
      of firewood that is tightly banded. The apparatus includes a base section
      having a pair of spaced upwardly opening U-shaped members upon which the
      pieces of firewood are stacked with the end portions of the firewood
      supported by the U-shaped members. A pressure platen section is mounted
      above the base section and includes a second pair of U-shaped members that
      are downwardly directed and aligned with the U-shaped members of the base
      section so that, as the pressure platen is moved downwardly, the pieces of
      wood therebetween are compressed. The pressure platen section is moved
      upwardly and downwardly by a hydraulic ram and about eight tons of
      pressure is preferably exerted to compress and contour the wood into a
      cylindrical bundle. While compressed, a strap or band is applied centrally
      around the compressed wood bundle. An electro-pneumatic system is utilized
      to control the sequencing of the apparatus including automatic actuation
      of the hydraulic ram and application of the band to the compressed bundle.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a wood bundling system and more particularly
      relates to an apparatus for forming a tightly strapped bundle of firewood.
PAC  BACKGROUND OF THE INVENTION
PAR  It is oftentimes desired and sometimes necessary that wood be bundled into
      convenient small packages to facilitate conveying or transporting the
      package as well as making storage more convenient and enhancing safety
      where a considerable amount of wood must be stored. This is particularly
      true, for example, where firewood is concerned since such wood must
      normally be transferred, often to a variety of relatively small users, and
      stored by such users until needed.
PAR  While it has been common to cut and then store wood for ultimate use in
      wood-burning fireplaces, such storage has more often been accomplished by
      loosely stacking the wood, often by the cord, in some selected location
      and then transporting the same, sometimes piece by piece, to the burning
      area. This has not, however, proved to be convenient in many cases, and in
      some cases, inconvenient to the point of making a wood-burning fireplace
      impractical.
PAR  It is therefore been suggested that wood, such as kindling wood or other
      such small pieces, could be bundled. In these prior art suggestions,
      however, the type of wood bundled was relatively small and/or the device
      utilized was entirely mechanical. Examples of wood bundling devices of
      this type are shown, for example, in U.S. Letters Pat. Nos. 28,753 (Hobe),
      66,254 (Richardson et al), 138,027 (House), 332,155 (Kingston), 369,603
      (Kingston), 586,944 (Ball) and 1,985,462 (Schapiro).
PAR  It has also been suggested that compression and/or bundling systems could
      be utilized in other areas, such as, for example, bailing presses,
      clampers, or other compression devices (see, for example, U.S. Letters
      Pat. Nos. 204,741 (Jones), 262,611 (Nichols et al), 3,400652 (Hill et al),
      3,496,862 (Sowerby) and 3,613,567 (Loughran)). However, such devices are
      not suggested for use in connection with wood bundling and/or do not
      suggest bundling systems that include such features as electro-pneumatic
      control members.
PAR  Heretofore, small firewood bundles have been attempted and/or utilized, but
      such bundling has not proved to be entirely suitable for providing a
      bundle of firewood that has a single strap securely and tightly fastening
      the bundle for conveying and/or storing the same.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an apparatus for bundling firewood that enables
      realization of a tightly bound bundle of firewood suitable for conveying
      and/or storing. The system includes wood engaging means that compresses
      pieces of firewood therebetween, and while maintained compressed, a strap
      is placed around the middle portion of the compressed bundle, after which
      the pressure applied by the wood engaging means is removed. An
      electro-pneumatic control system is utilized for automatic bundling and
      the resulting bundles are of relatively large size so as to be suitable to
      serve as fireplace logs.
PAR  It is therefore an object of this invention to provide an improved
      apparatus for bundling of firewood.
PAR  It is another object of this invention to provide a firewood bundling
      apparatus that provides a tightly bound bundle suitable for conveyance
      and/or storage.
PAR  It is still another object of this invention to provide a firewood bundling
      apparatus that includes electrical circuit means for controlling automatic
      sequencing of said apparatus to provide a tight bundle of firewood.
PAR  It is yet another object of this invention to provide a firewood bundling
      apparatus suitable for handling relatively large pieces of wood and bundle
      the same into a relatively heavy bundle of firewood suitable for use as
      fireplace logs.
PAR  It is still another object of this invention to provide a firewood bundling
      apparatus that includes two pairs of spaced U-shaped members that compress
      pieces of wood therebetween to form and contour the wood into a
      substantially cylindrical bundle, the cylindrical bundle having a band
      placed therearound while compressed to form a tightly bound bundle.
PAR  With these and other objects in view, which will become apparent to one
      skilled in the art as the description proceeds, this invention resides in
      the novel construction, combination, and arrangement of parts as
      substantially hereinafter described and more particularly defined by the
      appended claims, it being understood that such changes in the precise
      embodiment of the hereindisclosed invention are meant to be included as
      come within the scope of the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate a complete embodiment of the invention
      according to the best mode so far devised for the practical application of
      the principles thereof, and in which:
PAR  FIG. 1 is a perspective view of the firewood bundling apparatus of this
      invention;
PAR  FIG. 2 is a side view of the firewood bundling apparatus shown in FIG. 1;
PAR  FIG. 3 is an end view of the firewood bundling apparatus shown in FIG. 1;
PAR  FIGS. 4 through 7 are partial side views of the compression means of the
      firewood bundling apparatus of this invention illustrating forming of a
      firewood bundle therebetween;
PAR  FIG. 8 is a perspective view illustrating a firewood bundle formed by the
      firewood bundling system of this invention as shown in FIGS. 1 through 7;
PAR  FIG. 9 is a schematic flow diagram of the hydraulic ram system utilized in
      the firewood bundling system of this invention;
PAR  FIG. 10 is a schematic flow diagram of the pneumatic control system
      utilized in the firewood bundling system of this invention; and
PAR  FIG. 11 is an electrical diagram of the electrical control system utilized
      in the firewood bundling system of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, the numeral 14 refers generally to the wood
      bundling apparatus of this invention. As shown best in FIGS. 1 and 2, wood
      bundling apparatus 14 preferably includes a compression section 16, a
      hydraulic actuation section 18, and a strapping section 20.
PAR  Pieces of wood are compressed and bundled at compression section 16 with a
      strap being applied to the compressed bundle prior to release of pressure
      on the bundle so that, when the bundle is removed from the compression
      section, a tightly strapped bundle is ready for conveyance and/or storage.
PAR  A frame assembly 22 is provided as a part of compression section 16, and
      frame assembly 22 includes four spaced vertical beams 23, preferably
      I-beams, joined at the top and bottom by a plurality of horizontal beams
      24, also preferably I-beams. In addition, horizontal bottom support beams
      25 may also be provided, again preferably I-beams. As shown best in FIG.
      1, frame assembly 22 is, in essence, a rectangular box made up of
      connected I-beams and therefore very sturdy.
PAR  The bottom, or base, section of compression section 16 includes two
      upwardly-directed U-shaped members 27, the U-shaped members being spaced
      from one another and fixedly mounted to I-beams 23 and 24. As can be best
      seen from FIGS. 1 and 3, the width of each of the U-shaped members is
      slightly greater than that of the I-beams 23 and 24, and the distance
      between the ends of each U-shaped member is slightly less than the spacing
      between vertical beams 23 so that the ends of the U-shaped members are
      contiguous to the beams 23 when in position. The bottom of each of the
      U-shaped members preferably engages a beam 24 and each U-shaped member
      preferably has flanges at the edges thereof.
PAR  The pressure platen section of compression section 16 includes a pair of
      downwardly facing U-shaped members 29 above and aligned with lower
      U-shaped members 27. Hence, upper U-shaped members 29 are spaced from one
      another and have the end portions of each contiguous to a beam 23 in the
      same manner as does U-shaped section 27 so that, as U-shaped members 29
      are brought toward U-shaped members 27, the end portions are brought into
      contiguous relationship at which point the two interior surfaces of
      adjacent U-shaped members form substantially a cylindrical configuration
      wood compression, or work, area. Hence, wood compressed between the
      U-shaped members will be forced to assume a predetermined contour as well
      as be compressed. As shown, the contour selected for the exterior of a
      compressed bundle is cylindrical. Obviously, if desired, other
      configurations could be achieved through use of members other than
      U-shaped members 27 and 29, but such members have been found preferable
      for use in this invention.
PAR  U-shaped members 29 are mounted on movable frame assembly 30, which frame
      assembly, as shown in FIGS. 1 and 2, includes a plurality of vertical
      I-beams 31 joined to a plurality of horizontal I-beams 32. Beams 32 are
      shorter than those of the overall frame assembly beams 24 and the vertical
      beams 31 are quite short with respect to vertical beams 23 so that frame
      assembly 24 is movable in vertical directions within frame assembly 22. As
      shown in FIGS. 1 and 2, the central portion of the curved section of
      U-shaped members 29 are fastened to horizontal beams 32 of movable frame
      20, while the end portions are contiguous to beams 23 but movable with
      respect thereto. Hence, as frame assembly 30 is moved upwardly and
      downwardly within frame assembly 22, U-shaped members 29 are moved towards
      and away from U-shaped members 27. Guides 34 are preferably attached to a
      portion of beams 23 adjacent to the end portions of movable U-shaped
      members 29 and horizontal beams 32 of movable frame 30 to constrain the
      movable frame assembly 30 and U-shaped members 29 to a vertical path of
      travel, that is upwardly and downwardly within frame assembly 22 toward
      and away from the base section which includes U-shaped members 27.
PAR  The compression platen section (which includes movable frame 30 and
      U-shaped members 29) is moved in reciprocal vertical directions by means
      of hydraulic ram assembly 36. A ram 37 is connected at its free end to
      frame assembly 30 in conventional fashion, as by pivot connection 38, for
      example, which pivot connection is mounted on a central horizontal beam 32
      of upper frame assembly 30. Hydraulic ram assembly 36 actuates the platen
      section by fluid, preferably oil, supplied thereto through hydraulic lines
      39 connected to valve 41 in hydraulic actuation section 18.
PAR  Valve 41 in hydraulic actuation section 18 is controlled by solenoid 42
      having electric lines 43 leading to a conventional power supply as brought
      out in FIG. 11. As indicated in FIG. 9, valve 41 can be biased by a
      conventional spring 44 to normally remain in the position as shown except
      when moved to an actuate position to lower the press platen section by
      energization of solenoid 42.
PAR  As shown in FIG. 1, and as indicated in FIG. 9, one fluid connection to
      valve 41 is through an adjustable valve 46 (shown in FIG. 1 as being hand
      adjustable) connected to valve 41 through fluid conduit 47. The remaining
      fluid connection of valve 46 is through conduit 49 to reservoir 50. A
      second conduit 51 leading from reservoir 50 is coupled to pump 52. Pump 52
      is actuated by electric motor 53 having shaft 54 thereon connected to pump
      52, and electric motor 53 is energized by means of electric motor leads
      55, as indicated in FIG. 1.
PAR  As indicated in FIG. 9, pump 52 pumps fluid from reservoir 50 through line
      51, adjustable valve 46, line 47, and valve 41 to hydraulic cylinder, or
      hydraulic ram assembly, 36 to drive ram 37 when solenoid 42 is energized
      to move valve 41 to the actuate position (opposite to that shown in FIG.
      9). Pump 52 supplies hydraulic pressures to ram 37 in the range of about 5
      to 15 tons, with about 8 tons of pressure being preferred. The fluid
      return to the reservoir is through line 49. In the position of cylinder 41
      (normal position with solenoid 42 de-energized) as shown in FIG. 9, the
      ram is retracted and the U-shaped members are spaced apart, as shown in
      FIG. 1.
PAR  Turning now to strapping section 20, a strapping track 57, having
      conventional spring biased covers (not shown) over the track to form a
      channel through which a strap is conducted, is mounted centrally in the
      compression section 16 between the pairs of U-shaped members 27 and 29 as
      indicated best in FIGS. 1 and 3. For purposes of mounting, the strapping
      section may be conventionally attached to adjacent beams 23 and 25 as
      desired and the frame assembly can be provided with additional bars
      between the horizontal beams 23 to aid in this attachment if desired, as
      shown in FIG. 1. Strapping section 20 may be conventional, and an example
      of a strapping assembly and strapping track may be found in U.S. Letters
      Pat. No. 3,400,652 to W. J. Hill et al. In addition, such strapping
      systems as are shown herein are commercially available, for example, from
      A. J. Gerrard and Company of Des Plaines, Illinois, and one such strapping
      system that has been utilized herein is detailed in the A. J. Gerrard and
      Company Manual, O. I. 2675, entitled "The Automatic 2675 Strapping
      Machine." As is conventional, the covers are spring biased to the closed
      position so that a strap is maintained in the channel and may be fed
      therethrough except when pulled from the channel when the strap is
      tightened around a wood bundle.
PAR  As shown in FIGS. 1 and 2, the strapping section includes a control unit 58
      through which is fed strapping wire, or band, preferably steel banding
      material, 60. As is well known, it is necessary that steel banding when
      applied be sealed, or fastened, together and this is accomplished through
      a conventional sealer unit 61. As indicated in the drawings, control unit
      58 conventionally includes feed roller 63, such as the feed roller shown
      in U.S. Pat. No. 3,475,879, for example in contact with banding material
      60 to feed band, or strap, through the channel formed in strapping track
      57 to encircle a wood bundle in the compression section. When the strap is
      then drawn tight (after the bundle has been compressed), the strap is
      withdrawn from the strapping track by overcoming the spring bias in the
      covers (not shown) and drawn into tight encircling relationship around the
      bundle. The strap is then sealed and cut and the track is then supplied
      with additional strap for the next bundle.
PAR  As shown best in FIG. 1, the banding material is supplied from a container
      66 having guides 67 and 68 through which strap 60 is fed to control unit
      58. As indicated in FIG. 1, an automatic actuator device 69 is preferably
      connected with guide 67 so that automatic feeding of band material 60 from
      container 66 is terminated when sufficient band has been provided.
      Obviously, feed band could be manually fed from container 66 if desired.
PAR  As is also shown in FIG. 1, a reel 71 of wire clips 72 is also provided.
      Wire clips are fed to sealer unit 61 where they are conventionally placed
      on a strap that has been tightly drawn around wood bundled and under
      compression in the compression section 16. Sealer unit 61 is conventional
      and crimps a seal over the end portions of a strap which is around a wood
      bundle in conventional fashion.
PAR  As also indicated in FIG. 1, a pneumatic (air) system 74 is also provided
      to automatically cause sequencing of steps in the wood bundling device of
      this invention. As indicated in FIG. 1, air under pressure for the
      pneumatic system is provided by motor 75 connected with pump 76 which, in
      turn, is conventionally connected with reservoir 77. Air line 78 is
      provided from reservoir 77 to control unit 80 which, as shown in FIG. 1,
      has mounted thereon a plurality of switches shown to be of push-button
      type. The switches shown inlcude switch 81 which is an off/on switch,
      switch 82 which is an emergency stop switch, switch 83 which is a
      cycle-start switch, and switch 84 which is a manual feed switch for
      banding material 60. In addition, a pilot light 85 also appears on the
      control panel and is an indication that the system is energized.
PAR  Turning now to FIG. 10, a flow diagram is shown of the pneumatic control
      system for the banding, or strapping, section. As shown in FIG. 10,
      conduit 78 from air reservoir 77 is coupled through filter 87, regulator
      88 and lubricator 89 to a plurality of valves 92, 93 and 94. Valve 92 is
      controlled by solenoid 96, valve 93 is controlled by solenoid 97 and valve
      94 is controlled by solenoids 98 and 99. As also indicated in FIG. 10, the
      valves are normally biased to one position (unless moved therefrom by
      actuation of the solenoids) by means of springs 102, 103, 104 and 105.
      Springs 104 and 105 position three-position valve 94 in the center
      position unless actuated therefrom by solenoids 98 or 99. In addition,
      regulator 108 having an indicator 109 connected therewith may also be
      placed in the line leading to valve 93. As also indicated in FIG. 10, feed
      indication lamp 111 may be provided at the output line of valve 94.
PAR  The conduits 114 from valve 92 are coupled to sealer ram cylinder 115,
      which form a part of sealer assembly 61. While not indicated in detail, it
      is to be appreciated that activation of valve 92 will cause actuation of
      the ram of cylinder 115 to cause a seal (a clip) to be applied to the
      strap after it has been pulled tight around a wood bundle. In like manner,
      conduits 117 from valve 93 are connected with the high-tension ram 118.
      Actuation of valve 93 causes tension to put on the strap after the wood
      has been compressed in the compression section of the wood bundler of this
      invention. High-tension ram 118 is positioned to pull the strap tightly
      around the wood bundle and can be positioned, for example, in control box
      58.
PAR  Valve 94, a three-position valve, and conduits 120 therefrom are connected
      with pneumatic motor 121 which, depending on actuation of valve 94, either
      takes up slack or feeds additional strap to the unit as needed or desired.
PAR  Additional valves and cylinders may be provided as needed. For example,
      track covers may be opened and closed with air actuated cylinders and,
      when so utilized, a solenoid to control such covers along with control of
      associated elements such as hold pawls and straight roll may also be
      provided. If so utilized, an additional solenoid is also used with the
      pneumatic control system, as shown in FIG. 8, where solenoid 150 is shown
      to control valve 95 having spring 106 associated therewith, the output
      from valve 95 being connected with hold pawl cylinder 124, rear cover
      cylinder 125, front cover cylinder 126, and straight roll cylinder 127.
PAR  A bundle of wood logs 130 is indicated in FIG. 8 with the bundle tightly
      bound in a cylindrical bundle by strap 131 therearound with the strap
      being fastened by clip 132. As illustrated in FIG. 8, due to the pressures
      exerted and to the configuration of U-shaped members 27 and 29, a
      cylindrical bundle of firewood is achieved by a single strap around the
      central portion of the bundle. FIGS. 4 through 7 illustrate how that such
      a bundle is formed with FIG. 4 showing the device in the open, or loading,
      position, and FIG. 5 showing fireplace logs 130 loaded into the machine
      with the end portions of the logs being supported by the lower U-shaped
      members 27. FIG. 6 shows the device in the compressed position with the
      wood contoured into a circular configuration, and FIG. 7 shows the bundled
      wood with the strap having been applied thereto and the pressure removed
      from the bundle so that the bundle is then ready to be removed from the
      device and more wood inserted therein to form another bundle.
PAR  FIG. 11 illustrates the electrical control schematic of this invention and
      shows the automatic sequencing achieved through use of the
      electro-pneumatic system of this invention, the electrical system, of
      course, controlling the pneumatic system of the device. As shown in FIG.
      11, time-delay relay 133 is connected in series with solenoid 134 (which
      is solenoid 42 as earlier indicated) and controls actuation of normally
      open switch 135.
PAR  Upon closing of cycle-start switch 83 (and with emergency stop switch 82
      not being actuated to open position and the off//on switch 81 being in the
      closed position), the line current is available to the time-delay relay to
      energize the same and also to energize solenoid 134 which causes actuation
      of cylinder 36 to cause the pressure platen to be moved downwardly to
      close the distance between the upper and lower U-shaped members in the
      compression section, as shown in FIG. 6. When time-delay relay 133 times
      out, then switch 135 is closed in order to allow the various strapping
      steps to take place. At the same time that time-delay relay 133 is
      energized, time-delay relay 136 is likewise energized since it is
      connected in parallel therewith as indicated in FIG. 11. When relay 136 is
      energized, switch 137, which is normally open, is closed and this then
      provides a holding circuit around the cycle-start switch 83. At the same
      time, slack take-up solenoid 148 (which is identified as solenoid 98
      heretofore) is energized so long as switch 149 remains closed and this
      actuates motor 121 to remove any excess strap slack that may have been in
      the track of the strapping section.
PAR  After a predetermined time, timed switch 149 opens and this de-energizes
      solenoid 148 and stops motor 121. When switch 149 opens, switch 155 is
      timed to close and through switch 154, if utilized, causes high-tension
      solenoid 153 (which is identified as solenoid 97 heretofore) to be
      energized, as well as timed-delay relay 157. As the ram of high-tension
      cylinder 118 (controlled by solenoid 153) partially extends, switch 154,
      if utilized, is open to de-energize the high-tension solenoid 153 causing
      the ram in the high-tension cylinder 118 to retract whereupon solenoid 153
      is again energized and this reciprocal action will continue until timed
      switch 162 closes to energize sealer head solenoid 159 (identified
      heretofore as solenoid 96) through sealer head safety switch 160. The ram
      of sealer head cylinder 115 (controlled by solenoid 159) extends when
      solenoid 159 is energized to crimp the seal about the strap ends and, at
      the same time, the strap is cut as is conventional.
PAR  After the strap is cut, the ram of high-tension cylinder 115 is completely
      extended and actuates a single-pull, double-throw limit switch 146 so that
      the normally closed contacts of switch 146 open and this de-energizes
      time-delay relay 136, opens switch 137, and de-energizes sealer head
      solenoid 159, high-tension solenoid 153 and pressure valve solenoid 134.
      De-energization of solenoid 134 causes valve 41 to re-assume its normal
      position (as shown in FIG. 9) and the ram of hydraulic ram assembly 36 is
      retracted to move movable U-shaped member 27 upwardly away from U-shaped
      member 29. In addition, relays 136 and 157 are de-energized.
PAR  After the ram of sealer head cylinder 115 is retracted, the normally open
      contacts of switch 143 close to energize relay 140 and solenoid 144
      (identified heretofore as solenoid 99) through limit switch 141. The
      normally open contacts of switch 142 close when relay 140 is energized and
      becomes a holding circuit for relay 140, strap feed solenoid 144 and
      manual feed switch 84. When solenoid 144 is energized, motor 121 feeds
      strap around the track 57 until the end of the strap opens limit switch
      141 located at a point to sense that strap has completely encircled the
      compression area. The opening of the contacts of switch 141 de-energizes
      relay 140 and this causes the holding contacts of switch 142 to open so
      that solenoid 144 is de-energized and the apparatus is returned to the
      initial position and thus ready for the next cycle.
PAR  In addition, if a solenoid is provided to control the covers and provide
      hold pawls (as indicated could be utilized in connection with FIG. 10),
      then such a solenoid (indicated as solenoid 151 in FIG. 11 and 100 in FIG.
      10) would be energized when switch 135 is closed and de-energized when
      switch 135 is later opened.
PAR  While steel strap has been found to be preferable for use in this device,
      the invention is not meant to be limited thereto, and other strap
      material, such as plastic or nylon, for example, might be utilized if
      sufficiently strong to maintain the binding on the bundle during normal
      usage.
PAR  In operation, the wood pieces, preferably fireplace logs, are loaded into
      the compression section of the device while the device is in the initial,
      or open, position, as shown in FIG. 4, after which the cycle-start switch
      83 is closed and this causes the device to automatically sequence through
      the various steps to first apply pressure and compress the wood after
      which the strap is caused to be automatically applied around the central
      portion of the wood pieces while the compression is maintained. The
      pressure is then removed from the device and the wood bundle is then
      removed, the wood bundle being tightly bound and having a cylindrical
      configuration as indicated in FIG. 8.
PAR  As can be seen from the foregoing, this invention provides an apparatus for
      tightly bundling firewood, the apparatus including an electro-pneumatic
      system for providing automatic sequencing to tightly bind the bundle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for bundling firewood, said apparatus comprising: a frame
      assembly; first wood engaging means fixed to said frame assembly and
      including a first wood pressing member engaging said firewood at only the
      outer portions thereof; second wood engaging means mounted on said frame
      assembly for movement in a predetermined path toward and away from said
      first wood engaging means, said second wood engaging means including a
      second wood pressing member engagable with said firewood at only the outer
      portions thereof so that movement of said second engaging means toward
      said first wood engaging means compresses a plurality of pieces of
      firewood positioned in said predetermined path between said first and
      second wood engaging means while not contacting the center portion of said
      pieces of firewood; actuating means connected with said second wood
      engaging means to cause movement of the same toward and away from said
      first wood engaging means, said actuating means causing a predetermined
      multi-ton pressure to be applied between said wood engaging means to
      compress firewood therebetween when said wood engagig means are brought
      toward one another; binding means mounted on said frame assembly for
      binding firewood at said central portion while said firewood is under
      compression between said first and second wood engaging means; and control
      means including an electrical system for controlling operation of said
      actuating means and said binding means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said pressing members are substantially
      U-shaped segments spaced with respect to one another with the pressing
      members of said first wood engaging means being inverted with respect to
      the pressing members of said second wood engaging means to define a wood
      compression area within said substantially U-shaped segments when
      contiguous to one another.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said actuating means causes said wood
      engaging means to apply sufficient multi-ton pressure to pieces of
      firewood therebetween so as to contour the same to a predetermined shape
      as determined by the configuration of said wood engaging means.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said wood engaging means has a
      substantially cylindrical configuration when brought into a contiguous
      relationship whereby pieces of firewood therebetween are caused to be
      bound into a substantially cylindrical bundle.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said actuating means includes a
      hydraulic ram assembly, and wherein said electrical system controls
      actuation of said ram in one direction to cause compression of firewood
      between said wood engaging means with actuation in the opposite direction
      releasing said compression after said firewood has been secured into a
      bundle by actuation of said binding means.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said electrical control system includes
      means for automatically causing compression of firewood between said wood
      engaging means and binding of the same prior to release of said
      compression.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said control means includes both an
      electrical system and a pneumatic system controlled by said electrical
      system to compress said firewood and bind the same while compressed.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said apparatus is suitable for engaging
      and compressing relatively large pieces of firewood to form a firewood
      bundle having a weight greater than about 50 pounds.
NUM  9.
PAR  9. An apparatus for bundling wood suitable for use as logs in a
      wood-burning fireplace, said apparatus comprising: a rigid frame assembly;
      a base section fixed to said frame assembly and including a first pair of
      substantially U-shaped members, said members being spaced from one another
      and upwardly opening so that a plurality of pieces of wood to be bundled
      can be loaded thereon with the outer portions of said pieces of wood being
      adjacent to said U-shaped members; a press platen section mounted above
      said base section for reciprocal vertical motion on said frame assembly,
      said press platen section including a second pair of substantially
      U-shaped members spaced from one another a distance substantially equal to
      the spacing between said first pair of U-shaped members and substantially
      aligned therewith, said second pair of U-shaped members being downwardly
      opening so that when the outer portions of said first and second pairs of
      U-shaped members are brought into contiguous relationship by movement of
      said press platen section downwardly towards said base section pieces of
      wood loaded onto said base section are compressed between said U-shaped
      members to form a substantially cylindrical bundle; a hydraulic ram
      assembly for causing movement of said press platen downwardly upon
      application of sufficient hydraulic pressure to cause compression and
      contouring of said pieces of wood into said bundle by application of a
      mulit-ton pressure between said press platen and said base section and for
      causing movement of said press platen upwardly to remove said compression
      upon application of hydraulic pressure in the opposite direction;
      strapping means mounted on said frame assembly and positioned between said
      U-shaped members of said base section and said press platen section to
      apply a strap around the central portion of said pieces of wood when
      compressed by said U-shaped members; and electro-pneumatic control means
      connected with said hydraulic ram assembly and said strapping means to
      automatically control movement of said press platen section and said
      strapping means with a strap being applied to said compressed wood bundle
      prior to release of compression thereon exerted by said U-shaped members
      so that a tightly strapped wood bundle is produced.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said hydraulic ram assembly includes a
      hydraulic pump for supplying hydraulic pressures to said ram in the range
      of about 5 to 15 tons.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said hydraulic pump preferably
      supplies about 8 tons of hydraulic pressure to said ram.
NUM  12.
PAR  12. The apparatus of claim 9 wherein said strapping means includes steel
      band supply means and steel retainer means whereby a steel band is applied
      to said compressed wood bundle and automatically retained thereon.
NUM  13.
PAR  13. The apparatus of claim 9 wherein said electro-pneumatic control means
      includes electrical timing means whereby said hydraulic ram assembly is
      caused to move said pressure platen section downwardly to compress said
      wood into a bundle prior to actuation of said strapping means to apply a
      strap to said compressed bundle, said electro-pneumatic control means also
      including means to automatically retract said pressure platen assembly
      after strapping has been completed.
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ABST
PAL  A continuous press of a screw press type for pressing water, oils and fats
      out of sludges of paper pulp, fish scraps, etc. comprises a rotatable
      screw shaft, a screw drum secured to said screw shaft, a screw blade
      spirally arranged on the outer surface of said screw drum, an outer drum
      having a number of filtering small holes, an inlet for introducing raw
      materials to be pressed into a space between the screw drum and outer drum
      and an outlet for discharging pressed materials. The continuous press
      further comprises means for heating the screw drum and blade from the
      inside of the screw drum through said screw shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a continuous press of a screw press type
      comprising a screw shaft arranged rotatably, a screw drum arranged around
      said screw shaft to rotate therewith, a screw blade arranged helically
      around the outer surface of said screw drum, an outer drum arranged around
      said screw blade and having a number of small filtering holes, an inlet
      provided at one end of said outer drum and an outlet provided at the other
      end of said outer drum, whereby raw materials to be pressed are introduced
      through said inlet into a space between said screw drum and outer drum,
      said space being gradually made small in a direction from said inlet to
      said outlet.
PAR  Such a continuous press has been widely used for continuously pressing
      water, oils and fats out of raw materials such as paper pulp, bony parts
      and guts of fishes, etc. However the filtering efficiency of the known
      continuous press is limited to a certain range and such a low efficiency
      could not be improved except by designing the press in a suitable manner.
      For example, water in paper making sludge can be pressed only to such an
      extent that a cake at a press outlet contains water by an amount of 60-70
      percentages by weight and in case of bony parts and guts of fishes a cake
      still contains water by an amount of about 60 percentages by weight. This
      is an obstacle to succeeding steps. Moreover, oils and fats contained in
      bony parts and guts of fishes could hardly be filtered away merely by
      pressing them with known presses. Further an electric motor for rotating
      the screw shaft and screw drum is liable to be overloaded, because raw
      materials stick to the surfaces of the screw drum and screw blade.
PAR  The present invention has for its object to provide a continuous press or
      filter in which a high filtering efficiency can be attained and a load for
      the electric motor for rotating the screw shaft can be materially
      decreased.
PAR  It is another object of the invention to provide a continuous press which
      can press even oils and fats contained in materials such as bony parts and
      guts of fishes.
PAC  SUMMARY OF THE INVENTION
PAR  A continuous press of a screw press type according to the invention
      comprises a screw shaft arranged rotatably, a screw drum arranged around
      said screw shaft to rotate therewith, a screw blade arranged helically
      around the outer surface of said screw drum, an outer drum arranged around
      said screw blade and having a number of small filtering holes, an inlet
      provided at one end of said outer drum, an outlet provided at the other
      end of said outer drum and means for heating said screw drum and screw
      blade through said screw shaft, whereby raw materials to be pressed are
      introduced through said inlet into a space between said screw drum and
      outer drum, said space being gradually made smaller in a direction from
      said inlet to said outlet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Now the present invention will be explained more in detail with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is a cross section of an embodiment of the screw press according to
      the invention;
PAR  FIG. 2 is a cross section showing a screw shaft and a screw drum of another
      embodiment of the screw press according to the invention; and
PAR  FIG. 3 is a schematic view for explaining a manner of effecting a
      temperature control in the screw press shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a first embodiment of the screw press according to the
      invention. This screw press comprises a base 1 to which a pair of bearings
      2 and 3 are secured. These bearings support a screw shaft 4 in a rotatable
      manner. A screw drum 5 is arranged around the screw shaft 4 through
      supporting rings 6 in such a manner that the screw drum 5 rotates together
      with the screw shaft 4. In the present embodiment a space 7 formed by the
      shaft 4 and the drum 5 must be hermetically sealed. On the outer surface
      of the screw drum 5 is secured a helical screw blade 8 of a suitable
      metal. Around the screw blade 8 is arranged an outer drum 9 having a
      number of small filtering holes (not shown). Both ends of the outer drum 9
      are secured to the bearings 2 and 3. On the outer surface of the outer
      drum 9 are arranged guard rings 10. At one end of the outer drum 9 an
      inlet 11 is provided and a hopper 12 is connected to this inlet 11. At the
      other end of the outer drum 9 there is provided an outlet 13 which
      communicates with a space 17 formed by the screw drum 5 and the outer drum
      9. In order to rotate the screw shaft 4 together with the screw drum 5 and
      the screw blade 8 one end of the screw shaft 4 is extended through the
      bearing 2 and a gear wheel 14 is connected to this extended end. The gear
      wheel 14 is coupled to an electric motor through an endless chain and a
      speed reduction mechanism, so that the shaft 4 is continuously rotated at
      a given speed. Below the outer drum 9 is arranged a plate 15 for receiving
      liquid pressed out of raw materials through the filtering holes formed in
      the outer drum 9. The plate 15 has an inclined surface so that liquid
      flows naturally towards its center at which a discharge pipe 16 is
      provided.
PAR  As shown in FIG. 1 the screw drum 5 is tapered in such a manner that its
      diameter increases gradually towards the outlet 13. While a radical length
      of the helical screw blade 8 is decreased towards the outlet 13 in such a
      manner that a diameter of a periphery of the blade 8 is made constant.
      Thus the space 17 formed by the screw drum 5, the screw blade 8 and the
      outer drum 9 is gradually decreased in the direction from the inlet 11 to
      the outlet 13.
PAR  Raw materials to be pressed are conveyed above the hopper 12 by means of a
      belt conveyer 18 and are introduced into the space 17 through the hopper
      12 and the inlet 11. The raw materials thus introduced are transported
      towards the outlet 13 by means of the rotating screw blade 8 and during
      this transportation the raw materials are pressed to a gradually increased
      extent.
PAR  According to the present embodiment in order to heat the screw drum 5 and
      the screw blade 8, and thus the raw materials, at one end of the shaft 4
      is formed a steam supplying conduit 19 one open end of which is
      communicated with the space 7 and the other open end is connected to a
      steam pipe 20 through a rotary coupling 21. The other end of the steam
      pipe 20 may be connected to a suitable steam source (not shown). At the
      other end of the shaft 4 there is formed a steam exhausting conduit 22 one
      open end of which is communicated with the space 7 through an exhaust tube
      23. The other open end of the exhaust conduit 22 is connected to a steam
      trap 24. Further the supporting rings 6 are provided with holes 6a through
      which steam can pass.
PAR  When steam is supplied from the steam source to the space 7 inside the
      screw drum 5 through the steam pipe 20, the rotary coupler 21 and the
      conduit 19, the drum 5 is heated and the screw blade 8 is also heated by
      the thermal conduction. Thus the raw materials introduced in the space 17
      are heated as well as pressed. When the materials are heated, the
      viscosity of liquid contained in the materials is decreased and is easy to
      be filtered away. Therefore the filtering efficiency is substantially
      increased. Moreover when bony parts and guts of fishes are heated, oils
      and fats contained therein are melted away and are easy to be filtered
      away together with water. At the same time water at the boundaries between
      the materials and the surfaces of the screw drum 5 and screw blade 8 is
      boiled and thus the materials are separated from these surfaces. As the
      result thereof the materials are transported smoothly from the inlet 11 to
      the outlet 13, so that the filtering efficiency is further improved and
      the load on the electric motor for rotating the shaft 4 is decreased.
      Cooled vapour is exhausted by the steam trap 24 through the exhaust tube
      23 and conduit 22.
PAR  According to this embodiment the following results could be obtained with
      the raw materials a temperature of which at the inlet 11 was lower than
      the room temperature and the heating temperature was so adjusted that a
      temperature of cakes at the outlet 13 was about 60.degree.-70.degree.C.
TBL                TABLE                                                       
     ______________________________________                                    
                            Oils and fats                                      
                Contained water                                                
                            (% by weight on                                    
                (% by weight)                                                  
                            dry base)                                          
                  Raw       Cakes   Raw     Cakes                              
                  materials         materials                                  
     Sludge in    79.5      45.5                                               
     paper pump                                                                
     ______________________________________                                    
            Mackerel  91.4      42.5  40.8    22.0                             
            scum (1)                                                           
            Mackerel  82.0      33.3  47.2    13.3                             
     Scraps scum (2)                                                           
     of     Heads and 78.8      43.6  11.3     3.8                             
     fishes bones of                                                           
            pollack                                                            
            Scraps of 67.8      52.6  65.0     9.9                             
            flat fish                                                          
     ______________________________________                                    
PAR  The screw press according to the invention can press water out of any kind
      of sludges of paper pulp some of which could not be treated by the known
      screw press. Further the screw press of this invention can also press muds
      of drainage.
PAR  FIG. 2 illustrates another embodiment of the screw press according to the
      invention. In this embodiment the screw drum 5 and screw blade 8 are
      heated by means of electricity instead of steam. To this end a Nichrome
      wire 25 is wound helically on the inner surface of the screw drum 5. Both
      ends 26 and 27 of the nichrome wire 25 are extended outwardly through the
      inside of the screw shaft 4. To the end of the screw shaft 4 is secured an
      electrically insulating rod 28 on which a pair of slip rings 29 and 30 are
      arranged. Said both ends 26 and 27 of the Nichrome wire 25 are connected
      to said slip rings 29 and 30, respectively. These slip rings may be
      connected to a suitable electric power source 33 through a pair of brushes
      31 and 32 which make contact with the slip rings 29 and 30, respectively.
PAR  When the nichrome wire 25 is energized by the electric power source 33
      through the brushes 31, 32 and the slip rings 29, 30, the screw drum 5 and
      the screw blade 8 are heated and thus the same result as the first
      embodiment shown in FIG. 1 can be obtained. In the second embodiment when
      the nichrome wire 25 is arranged along the screw blade 8, the screw blade
      8 may be heated in the most suitable manner by the thermal conduction.
PAR  It should be noted that the present invention is not limited to the
      embodiments which have been explained hereinbefore and many modifications
      may be possible within the scope of the invention. For example, the screw
      drum 5 and screw blade 8 may be heated with the aid of hot blast. In this
      case hot blast may be introduced into the space 7 in the similar manner as
      the first embodiment of FIG. 1. But in this case the steam trap 24 may be
      deleted and it is sufficient to provide only an exhaust hole in the screw
      drum 5 at the side of the outlet 13. In the present invention the heat
      source is not limited to those explained above, but any kind of heat
      sources which are economical and easy to handle can be used.
PAR  Moreover in the above embodiments the space 17 between the screw drum 5 and
      the outer drum 9 is decreased towards the outlet 13 by tapering the screw
      drum 5. This may be also effected by tapering the outer drum 9 or by
      decreasing the pitch of the screw blade 8 towards the outlet 13.
PAR  According to the invention the screw drum and screw blade cannot be so
      heated that raw materials stick to their surfaces. In order to obtain the
      stable filtering action it is preferable to effect a heat control so as to
      maintain the temperature of the screw drum and thus raw materials
      constant.
PAR  FIG. 3 shows a manner of effecting the temperature control in the
      embodiment of FIG. 1. For this purpose a temperature detecting end 34 is
      provided at a suitable position of the screw drum 5 and an output of this
      temperature detecting end 34 is connected through the screw shaft 4 to a
      temperature adjusting device 35. In the temperature adjusting device 35
      the detected temperature from the detecting end 34 is compared with a
      predetermined temperature to produce an error signal in accordance with a
      difference between said temperatures. Said error signal is supplied to a
      flow rate control valve 36 which is provided in the steam pipe 20
      extending to the steam source 37 and the flow rate of steam is so
      controlled that the temperature of the screw drum 5 is always kept
      constant. As the temperature detecting end 34 use may be made of a
      thermo-couple, a thermal resistor, a thermistor, etc. The above
      temperature control system may be equally applied to the case in which hot
      blast is used for heating. Moreover, in case of using electricity for
      heating as illustrated in FIG. 2 electrical control element such as a
      thyristor connected in the circuit between the brushes 31, 32 and electric
      power source 33 may be controlled by the output signal from the
      temperature adjusting device 35.
PAR  As described above according to the continuous press of the invention it is
      possible to attain extremely efficient filtering action which could be
      never reached by known presses. Therefore a succeeding drying step which
      has been required in the prior art owing to the low filtering efficiency
      becomes superfluous. The screw press of the invention can also be made
      small in size and can avoid a smell pollution due to a forced drying.
      Further the load on the electric motor for rotating the screw shaft is
      decreased, so that the electric motor whose power is only about a half as
      compared with the known press is sufficient. In the known press since oils
      and fats of fish scraps could not be almost filtered out, fish cakes are
      used only as manure for planting, but the screw press according to the
      invention can press oils and fats out of fish scraps to some extent and
      thus fish cakes may be used as feeds for domestic animals and fish
      culture. In the prior art in order to increase the filtering efficiency
      raw materials have to be boiled prior to pressing, but according to the
      invention such a preparatory step is not necessary.
CLMS
STM  What is claim is:
NUM  1.
PAR  1. A continuous press comprising: a substantially solid screw shaft, a
      screw drum disposed around said screw shaft to rotate therewith, a screw
      blade disposed helically around the outer surface of said screw drum, an
      outer drum arranged around said screw blade and having a number of small
      filtering holes, an inlet provided at one end of said outer drum, an
      outlet provided at the other end of said outer drum, means for heating
      said screw drum and screw blade through said screw shaft, said means for
      heating comprising: a supply conduit formed by a first bore in said screw
      shaft at one end thereof for introducing a heated fluid from said supply
      means into a space between said screw shaft and said screw drum and an
      exhausting conduit formed by a second bore in said screw shaft at the
      other end thereof for exhausting said fluid from said space to the
      outside, whereby raw materials to be pressed are introduced through said
      inlet into said space between said screw drum and outer drum, said space
      being gradually made smaller in a direction from said inlet to said
      outlet, and said press including in addition at least one supporting ring
      for reinforcing the coupling between said screw shaft and said screw drum,
      said supporting ring being provided with at least one passage through
      which said heated fluid passes.
NUM  2.
PAR  2. A continuous press comprising a rotatable screw shaft, a screw drum
      arranged around said screw shaft to rotate therewith, a screw blade
      arranged helically around the outer surface of said screw drum, an outer
      drum arranged around said screw blade and having a number of small
      filtering holes, an inlet provided at one end of said outer drum, an
      outlet provided at the other end of said outer drum, and means for heating
      said screw drum and screw blade through said screw shaft, said heating
      means comprising: and electrical heating wire arranged in the space
      between said screw shaft and screw drum and being helically wound on the
      inner surface of said screw drum and being connectable to an external
      electric power source through one end of said screw shaft.
NUM  3.
PAR  3. A continuous press as claimed in claim 2, including in addition at least
      one supporting ring for reinforcing said screw drum, said supporting ring
      being provided with at least one passage through which said electrically
      heating wire extends.
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ABST
PAL  An apparatus for fabricating wooden trusses includes a jig table composed
      of modular table sections cantilevered from supporting legs at one side
      and having a network of equally spaced indexing holes throughout the
      expanse of the table top. The wooden frame members making up the truss are
      assembled at their joints on pressure pads on the table top with the pads
      having pins which extend downwardly through the indexing holes.
      Air-operated lumber-locking devices hold the frame members together for
      fastening and are simultaneously releasable. A hydraulic wheel
      motor-driven lumber press is movable on a track along the jig table to
      press connector plates into the truss joints. The press has an open throat
      which receives the table top. A hydraulically actuated upper press platen
      overlies the full width of the table and a fixed lower platen underlies
      the table as the press moves along the table, stopping momentarily to
      press connector plates into the truss joints. The lower platen engages the
      pins of a pressure pad at each joint to lift the pad slightly from the
      table so that the connector plates are embedded within the truss joints
      without the pressure exerted by the press being applied to the table. The
      completed truss is rolled from the table after the lumber locks are
      released on extendable rollers provided on the table top.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus for fabricating trusses and
      other frame structures composed of wooden frame members and more
      particularly to a jig table for assembling the frame members, a press for
      pressing metal connector plates into the butt joints of the assembled
      frame members, and associated components of each.
PAR  2. Description of the Prior Art
PAR  Prior systems for fabricating wooden trusses take various forms. However,
      in all forms there is some sort of means for supporting the wooden frame
      members to be joined during assembly and fastening, usually either a large
      jig table which supports the entire truss or a series of small support
      stands, each of which supports only one or a few of the several butt
      joints of the truss members. Means are also provided for pressing a pair
      of connector plates into the wooden frame members at each butt joint. The
      latter means usually takes the form of a hydraulically actuated press,
      usually of the reciprocating type. However, there are also roller presses
      wherein an assembled truss supported on a movable table or platen is moved
      between a pair of rollers which squeeze the connector plates into the
      joint as the truss moves through the rollers.
PAR  There are basically two types of truss-fabricating systems. One type is
      exemplified by U.S. Pat. No. 3,443,513 in which a movable table supporting
      the assembled wooden frame members moves through a stationary press. The
      other type is exemplified by U.S. Pat. No. 3,603,244 in which a movable
      press moves along a stationary jig table supporting the truss members to
      be assembled. A major advantage of the stationary table-movable press
      system over the other system is that the former requires substantially no
      more space than needed to support the largest truss to be manufactured
      while the latter requires a work area at least twice the length of the
      longest truss made. Another substantial advantage of the movable
      press-stationary table system over the other system is that in the former
      the truss members themselves need not be moved, enabling the fabrication
      of a more accurate, tighter fitting, and thus stronger truss than is
      usually possible with the stationary press-movable table system.
PAR  The stationary table-movable press system is relatively new, primarily
      because of the problem of moving a press along a table without conflict
      with the table legs. Most of such systems take the form shown in U.S. Pat.
      No. 3,603,244 in which a closed-throated press spans the jig table and
      moves along tracks at opposite sides of the table. The table itself is
      supported on a complex system of special pivotable, so-called
      "grasshopper" legs which must swing from one position to another to permit
      the lower portion of the press to pass slowly beneath the jig table. In
      this system, press forces are transmitted between upper and lower press
      platens through the jig table, so the table must be of sufficient strength
      and thickness to withstand these high forces.
PAR  Another type of fixed stand-movable press system is shown in U.S. Pat. No.
      3,068,484 in which individual stands shiftable along tracks support the
      individual butt joints of the truss frame members and a small press
      movable along an overhead track is moved from stand to stand manually to
      embed connector plates at each joint. Each stand is shifted to a new
      position to correspond to the changed positions of a truss joint each time
      a different type or size of truss is to be produced.
PAR  Still another type of truss-manufacturing system is exemplified by U.S.
      Pat. Nos. 3,530,790 and 3,460,465 in which separate track-mounted truss
      support stands and integral presses are provided at each separate truss
      joint to support the truss and embed the connector plates. This type of
      system also requires shifting of each separate press-stand under the
      last-described circumstances.
PAC  SUMMARY OF THE INVENTION
PAR  The truss-manufacturing system of the present invention is an improvement
      over prior stationary table-movable press systems in that it is capable of
      a higher rate of truss production, is less complex and less expensive to
      produce, is easier to maintain and provides a simplified system of truss
      fabrication. The system includes both an improved jig table and associated
      components of simplified, low-cost construction and an improved press
      particularly designed for use with the improved table.
PAR  Specific unique features of the jig table include:
PAR  1. a cantilevered construction providing an open side and unobstructed
      space beneath the table so that a press can move freely along the table
      with a lower press platen extending beneath the full width of the table
      without the need for any complex movable leg construction;
PAR  2. modular table sections that can be joined together side by side to form
      tables of varying lengths to meet different truss requirements and which
      can also be joined back to back to form a table of twice the normal width
      for large trusses;
PAR  3. a table top having a network of perforations or indexing holes
      therethrough for positioning pressure pads and other jig accessories on
      the table;
PAR  4. pressure pads for supporting both the truss framework at its joints and
      a lumber-clamping mechanism, with the pads having downwardly extending
      positioning pins which extend through the indexing holes for coaction with
      the press to lift the pads from the table just prior to a pressing
      operation, whereby press forces are transmitted from an upper press platen
      through the pressure pads to a lower press platen without being
      transmitted through the table, thereby enabling use of a table of
      lightweight, economical construction;
PAR  5. an air-operated lumber-locking means which can be individually manually
      applied to clamp the wood members together at their joints prior to and
      during the pressing operation and which are simultaneously air-releasable
      to enable quick removal of a completed truss from the jig table; and
PAR  6. rollers carried by the jig table which are extendable following
      completion of a truss to raise the truss from its pads and roll it from
      the table.
PAR  Specific unique features of the press include:
PAR  1. an open throat construction which especially adapts the press for use
      with the aforementioned cantilever-type jig table;
PAR  2. mounting of the press on rails which extend out of the way beneath the
      jig table;
PAR  3. a hydraulic wheel motor drive supplied with fluid from a pump driven by
      a press-mounted electric motor which takes its power from a
      power-conducting "third rail";
PAR  4. upper and lower press platens which extend throughout substantially the
      entire width of the jig table and through a substantial length thereof so
      that the press can be positioned for pressing more than one truss joint at
      a time;
PAR  5. a special double toggle-actuating mechanism for operating the movable
      upper press platen under progressively increasing applied pressure,
      thereby enabling the use of a relatively small power source to achieve the
      required press capacity; and
PAR  6. a lower platen with leading and trailing camming surfaces for engaging
      the downwardly projecting pins of the pressure pads on the jig table and
      lifting such pads from the table prior to a pressing operation so that
      press forces are not transmitted to the jig table.
PAR  Advantages of the truss-manufacturing system of the invention include its
      minimum space requirement, high-speed truss production, simplified
      construction of the jig table, press and related components for low system
      cost and low maintenance operation, improved safety features because of
      the absence of overhead components in the system and elimination of a need
      for lifting the completed trusses overhead from the table, less operator
      fatigue because of the sizing of the jig table to enable workers to
      operate the system standing alongside the table without the need for
      climbing onto and off the table at frequent intervals, and crews of
      minimum size for low production costs.
PAR  The foregoing and other objects, features and advantages of the present
      invention will become more apparent from the following detailed
      description which proceeds with reference to the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a small-scale plan view of a typical truss-manufacturing layout
      using a system of the invention;
PAR  FIG. 2 is a vertical sectional view taken along the line 2--2 of FIG. 1
      showing the jig table and the press of the system, the latter in side
      elevation, with parts broken away for clarity;
PAR  FIG. 3 is a view on the same scale as FIG. 2 taken approximately along the
      lines 3--3 of FIG. 2 to show an end of the press with its upper portion in
      section and with its upper press platen fully extended;
PAR  FIG. 4 is an end elevational view of a portion of the jig table of FIG. 2
      taken approximately along the lines 4--4 of FIG. 2;
PAR  FIG. 5 is an enlarged plan view of a portion of the jig table of FIG. 1;
PAR  FIG. 6 is a vertical sectional view taken along the line 6--6 of FIG. 5 on
      a larger scale than FIG. 5 and also showing a leading edge portion of the
      lower platen of the press;
PAR  FIG. 7 is a perspective view of an upper portion of the jig table on
      approximately the same scale as FIG. 5 showing one of the truss rollers
      mounted thereon;
PAR  FIG. 8 is a foreshortened edge view of the table portion of FIG. 7 showing
      an end view of the truss roller in both its extended and retracted
      positions and also showing the relationship between the roller, a truss
      and a pressure pad;
PAR  FIG. 9 is a vertical sectional view taken along the line 9--9 of FIG. 7 to
      show a side-to-side tie strap for the table sections;
PAR  FIG. 10 is a vertical sectional view taken along the line 10--10 of FIG. 7
      to show a back-to-back tie strap for the table sections;
PAR  FIG. 11 is a schematic diagram of an air-operated lumber lock system of the
      present invention; and
PAR  FIG. 12 is a sectional view through one of the lumber-locking mechanisms of
      FIG. 11.
DETD
PAC  DETAILED DESCRIPTION
PAC  General System
PAR  With reference to FIG. 1 of the drawings, the illustrated truss-fabricating
      system includes two jig tables 10, 12 spaced from one another and
      interconnected by a three-rail trackway 14 which extends between the two
      tables and beneath each table. A self-propelled lumber press 16 is mounted
      for movement along the trackway between tables and to various positions
      along the length of each table, as indicated by the various positions 16a,
      16b of the press 16 shown in phantom lines in FIG. 1. Each jig table 10,
      12 is made up of plural modular table sections 18 of equal length and
      width joined together side by side in a suitable manner so as to make up a
      jig table of any desired length. As shown with respect to the larger jig
      table 12 of the two tables shown, the table sections 18 may also be joined
      back to back in a manner to be described to make up a table of double the
      normal width for use in manufacturing tall trusses.
PAR  Each table is designed to support the precut wooden frame members used in
      making up the wooden trusses T-1, T-2 both during assembly of the frame
      members in jigs at butt joints to form the truss and while fastening the
      frame members together at such joints using metal connector plates pressed
      into the joints by press 16.
PAR  FIG. 1 shows one possible layout of a truss-manufacturing plant using the
      fabricating system of the invention in such a way that a single press is
      used in fabricating two or more trusses simultaneously on two or more jig
      tables by shuttling the press along its trackway from one jig table to the
      other. While the frame members are being assembled into a truss and
      clamped in place at one jig table, the connector plates are embedded into
      an assembled truss by the press at the other table. After completion of a
      truss on one of the tables, the press is moved clear of the truss, the
      fastened truss joints are released from their jigs, and the truss is
      rolled from the table so that assembly of wooden frame members for the
      next truss on the same table can proceed.
PAC  Table Details
PAR  The details of construction of the jig table will be described particularly
      with reference to FIGS. 2, 4, 5, 6 and 7. As shown best in FIGS. 2 and 4,
      each table module 18 includes an angular pair of leg members 20 having a
      horizontal base portion 20a anchored to the floor 21 of the plant by
      suitable fasteners 22 and an angularly inclined leg portion 20b extending
      upwardly from one end of the base and terminating at a pair of clamps 23.
      The clamps of each leg receive a downwardly and inwardly inclined table
      portion 24a of a continuous one-piece horizontal table top 24 constructed
      of thin perforated metal plate. As thus shown and described, the
      horizontal table top portion 24 is cantilevered from the legs 20 at one
      side of the table to an unsupported opposite side of the table so that the
      table provides an open side and an unobstructed space beneath the table
      top for receiving the lower frame portion and lower platen of the lumber
      press 16, as clearly shown in FIG. 2. Each clamp 23 includes a slot 23a
      for receiving table top portion 24a and a clamping screw 23b threaded
      through a nut portion 23c of the clamp to clamp table top portion 24a
      securely to leg portion 20b.
PAR  Base portion 20a of each leg also mounts one of two wheel-supporting rails
      26 and an angular bracket which supports power-conducting rails 29. The
      other wheel-supporting rail 30 is mounted directly on the floor 21, just
      beyond the free end of leg base 20a.
PAR  Although the table modules may be made in various sizes, it has been found
      in practice that a convenient size for the horizontal portion of the table
      top is approximately four feet wide by seven feet long. When modular
      sections of such size are joined together side by side as shown in FIG. 1,
      such modules enable a table to be made up in any desired length, in
      four-foot increments, with the table width being seven feet or multiples
      of seven feet if table sections are joined back to back as shown with
      respect to the table 12. A seven-foot table section enables workmen at
      either side of the resulting table to reach easily to any point on the
      table top. This eliminates the need for frequent climbing onto and off the
      table top to set up jigs and assemble the truss, thus reducing worker
      fatigue, at least when a table is only one table section wide, such as the
      table 10.
PAR  As shown most clearly in FIGS. 5, 6 and 7, each horizontal table top
      section 24 has a network of index holes 32 extending therethrough. The
      index holes are equally spaced apart in rows that extend parallel to both
      side edges and end edges of the table top. As an example, the indexing
      holes may be placed on three-inch centers, both lengthwise of and across
      the table. Whatever the spacing, it is maintained between table sections
      by the use of accurately dimensioned ties or spacer straps as shown in
      FIGS. 5, 7, 9 and 10, including tie straps 34 to secure the table sections
      together side to side and tie straps 38 to tie table sections together
      back to back. Side tie straps 34 maintain index hole spacing between the
      row of side edge index holes 32a of one table section and the adjoining
      row of side edge index holes 32b of the adjacent table section. Similarly,
      back tie straps 38 maintain the same spacing between the adjoining rows of
      back edge index holes 32c and 32d of adjacent back-to-back table sections.
PAR  It will be apparent from FIG. 6 that all index holes 32 are the same size.
      Each such hole has a tapered section 32f tapered outwardly in a downward
      direction from a short upper hole portion 32g of constant diameter. The
      general purpose of this feature is to enable the ready insertion into and
      release from such holes of positioning pins or fasteners of various jig
      table accessories applied to the surface of the jig table. More specific
      uses of the index hole will be explained shortly.
PAR  As shown in FIG. 9, each side tie strap 34 has a hole 34a, 34b therethrough
      at each end. The center distance between such holes corresponds to the
      desired center distance between the edge rows of index holes of the
      side-by-side adjoining table sections. Threaded bolts 35 extend through
      strap holes 34a, 34b and head-first into the side edge index holes 32a,
      32b of adjoining table sections. Each bolt is provided with a collar 36
      which is dimensioned to fit under closer tolerances within the upper,
      constant diameter portion 32g of an index hole 32 to maintain accurately
      the desired spacing between the edge index holes of adjoining table
      sections. The head portion of bolt 35 retains collar 36 in position.
PAR  As shown in FIG. 10, each back-to-back tie strap 38 has holes 38a, 38b
      therethrough at either end at twice the required center spacing between
      the edgemost rows of index holes 32c, 32d of back-to-back table sections
      18. Bolts 39 with suitable close tolerance collars 40 fit within index
      holes 32 of the second row of such holes from the back edge of each
      adjoining table section in the manner described with respect to side tie
      straps 34. This arrangement maintains the adjoining edge rows of holes
      32c, 32d at the required spacing.
PAR  A series of pressure pads 42, shown in FIGS. 1, 5 and 6, is positioned on
      the top of each jig table to support trusses at their joints. Each
      pressure pad 42 includes a central wooden core 42 sandwiched between a
      metal top plate 44 and a metal bottom plate 45. These three layers are
      secured together by corner screws 46 (FIG. 5). Core 43 is conveniently
      made up of a series of wooden blocks or layers of plywood bound together
      by a metal band 47. The top and bottom plates are provided with a network
      of threaded holes 48 spaced apart at intervals corresponding to the
      spacing between index holes 32 in the jig table with which it is used.
PAR  The threaded holes in the top plate of pad 42 are used for fastening
      accessories to the pad such as the conventional angular lumber stop member
      50 and the lumber lock mechanism 52 shown in FIG. 5.
PAR  The threaded holes 48 in bottom plate 45 of the pad receive screws 54
      surrounded by sleeves 55 which together define a series of positioning
      pins designated generally by the numeral 56. These pins are all of the
      same length and sized to project downwardly from the bottom plate 45 of
      the pressure pad through selected index holes 32 of the jig table to
      maintain the pressure pad in a desired position on the table during
      assembly of a truss.
PAR  All positioning pins 56 of a pad, except corner pins 56a, are provided with
      cylindrical sleeves 55 which are sized to fit loosely within the indexing
      holes 32 to facilitate easy insertion of the pins into the holes and
      removal therefrom. However, corner pins 56a are provided with sleeves 55a
      which taper inwardly in a downward direction from a short upper constant
      diameter portion sized to fit under close tolerances within the upper,
      constant diameter portion of an index hole. Thus corner pin sleeves 56a
      taper in a reverse direction from index holes 32. This feature enables the
      corner pins as well as the other pins to be readily inserted into and
      removed from the index holes of the table. Yet once the corner pins are in
      place, they restrain the pressure pad against any appreciable movement
      over the surface of the jig table.
PAR  A particularly important feature of the pin and index hole design is that
      it enables the pressure pad to be lifted gradually from the surface of the
      jig table in a rocking or tilting motion from one edge of the pad by the
      camming action of an inclined surface portion 132 of a lower platen 97 of
      press 16. Such surface acts progressively against the lower projecting
      ends of the pins as the press 16, shown at the right-hand side of FIG. 6,
      moves along beneath the jig table. This camming action eventually lifts
      the entire pad slightly from the table surface when the lower press platen
      is centered beneath such pad. This occurs just prior to the pressing
      operation at the truss joint supported on the pad. Thus as the press
      embeds the connector plates P-1 and P-2 into the truss joint, the pressing
      forces are transmitted from the upper press platen through the truss joint
      and pressure pad directly to the lower platen without being transmitted to
      the table itself. This feature enables the table to be composed of
      relatively lightweight, thin material just sufficient to support a truss
      and jig components described and thus provides an economical construction.
      When the press travels beyond a given pad, the weight of such pad and the
      truss portion supported by it causes the pad to drop back to the table
      surface.
PAR  The pressure pads may be made up in various sizes for use with various
      lumber sizes and various joints. For example, a three- or four-member
      joint would require a much larger pad than a two-member joint. In this
      connection it has been found that pressure pads made up in 12 by 12, 12 by
      15, 12 by 18, 12 by 21 and 12 by 24 inch sizes will meet most, if not all,
      needs in the manufacture of trusses. Different thicknesses of pads must
      also be made up for different lumber thicknesses used in the manufacture
      of trusses. Most roof trusses would normally use lumber of nominal
      two-inch thickness with the thickness dimension positioned perpendicular
      to the surface of the jig table, so that pads of a single thickness can be
      used to fabricate all such trusses. However, some trusses, such as certain
      types of floor trusses, are manufactured with the width dimension of the
      lumber vertical or perpendicular to the jig table, in which case pads of
      lesser thickness than those used for roof trusses must be used. Pad
      thicknesses can be adjusted simply by adjusting the thickness of the
      wooden core so that the top and bottom plate thicknesses can be the same
      in all cases.
PAR  Another important accessory of the jig table is the roller means 60 shown
      in FIGS. 7 and 8. Several of such roller means extend across the width of
      each table at intervals along the lengths of such tables so that a
      completed truss can be rolled endwise from one end of the table without
      the need for an overhead crane or other mechanism to lift the truss from
      the table. Each such roller means includes an elongate truss-engaging roll
      61 rotatably mounted at each end on an arm 62 fixed to an end of a pivot
      tube 63. The pivot tube is rotatably mounted near each end within a pair
      of sleeve members 64 secured to metal base plates 65. Base plates 65 are
      secured to the jig table by suitable fasteners or pins (not shown)
      extending through selected index holes 32. With this arrangement the
      roller can be swung from a retracted position shown in dashed lines in
      FIG. 8 below the upper surface of pressure pads 42 on the table to an
      extended position above the tops of the pressure pads to lift a completed
      truss T from such pads. Thereafter the truss is simply rolled on the
      rollers from the table. The pivot tube 63 of the roller assembly is
      provided with a stop 66 which includes an ear projecting from the tube and
      an adjustment screw threaded through the ear for engaging the base plate
      to prevent upward swinging movement of roller arms 62 much beyond a
      vertical position.
PAR  Another accessory of the jig table important to rapid truss production is a
      lumber-clamping means used to hold the truss frame members together at
      their joints on the pressure pads prior to embedment of the connector
      plates by the press. Such clamping means is shown in FIGS. 5, 11 and 12.
      It includes the aforementioned conventional lumber stop 50 fastened to
      pressure pad 42, an air-operated lumber-locking means including the
      locking mechanism 52 mounted on the same pad 42 and an air control system
      illustrated schematically in FIG. 11. The control system is designed to
      release simultaneously all of the locking mechanisms from their respective
      joints to facilitate rapid removal of a completed truss from the jig
      table. There is normally a lumber-locking mechanism 52 and stop 50
      provided at each joint to maintain the wooden frame members in edge
      abutment prior to and during the embedment of the connector plates.
PAR  Referring to FIGS. 5 and 12, lumber-locking mechanism 52 includes a
      cylindrical plunger 68 mounted for sliding movement within a sleeve 69 and
      having a striker plate 70 at its free end for engagement with the lumber.
      Sleeve 69 is secured to a vertical portion of an angular base plate 71
      fastened to the top plate of pressure pad 42. A light-duty single-acting
      air cylinder 72 has a threaded neck portion 73 threaded into a rear nut
      portion 74 of sleeve 69 to mount the air cylinder on and in axial
      alignment with the sleeve. The air cylinder includes a piston having a
      piston rod 75 threaded at its forward end 76 into a rear threaded opening
      in plunger 68 within sleeve 69. A coil spring 77 within the air cylinder
      normally biases the piston rod 75 in a retracted position, thus
      maintaining plunger 68 and its striker plate 70 also in a retracted
      position. An air supply line 78 extends from a rear end port in the air
      cylinder to a manually operated, pilot air releasable air valve 80, also
      carried by base plate 71.
PAR  Referring to FIG. 11, there is an air valve 80 for each lumber lock. Such
      valve includes a manual operating handle 80a at one end for manually
      positioning the valve to admit air to or release air from the air cylinder
      72 and thus apply or release the lock. A pilot air line 81 leads to the
      opposite end of the valve from a primary pilot air line 82 connected to a
      pneumatically operated valve, relay and timer 88. An air supply line 83
      leads to valve 80 from a primary air supply line 84. Both supply line 84
      and valve-relay-timer 88 are connected through a common air line 85 to a
      remote manually operated master control valve 86 which controls the
      admission of pressurized air to line 85 from an air pressure source (not
      shown).
PAR  In practice, at the beginning of truss assembly, the actuating levers 80a
      of all lumber locks 52 are in a closed position to prevent air from supply
      lines 84 and 81 from passing through valves 80 and lines 78 to air
      cylinders 72. Master control valve 86 is opened to pressurize line 85 and
      thus lines 84 and 81 to the valves 80. This also charges valve-relay-timer
      88 to prevent pilot air flow to the valves 80 through the
      valve-relay-timer.
PAR  Each lumber lock is normally applied individually through shifting of the
      manual override lever 80a to a position which opens the valve 80 to the
      passage of air from line 83 to line 78 and the selected air cylinder 72 to
      shift piston rod 75 outwardly against spring pressure and force striker 70
      of plunger 68 against the lumber, clamping the lumber against lumber stop
      50. However, after all of the locks have been applied and the truss
      completed, the locks are released simultaneously from their respective
      joints for quick removal of the truss from the jig table simply by closing
      master control valve 86. This cuts off air pressure to the valve portion
      of valve-relay-timer 88 to open such valve portion, sending a pulse of air
      from the relay through pilot lines 82 and 81 to close valves 80 by
      shifting their valve spools and levers 80a to their closed positions. This
      opens air lines 78 from the air cylinders to exhaust through an exhaust
      port 80b at each valve 80. After valves 80 are reclosed, pilot air in
      lines 82 and 81 is gradually bled off through an orifice in
      valve-relay-timer 88 so that when any of valves 80 are manually reopened,
      there will be insufficient pilot air pressure at such valves to reclose
      them.
PAR  The foregoing lumber stop construction enables the use of a relatively
      light-duty inexpensive air cylinder to transmit a sufficient clamping
      force through the plunger and striker to effectively clamp a truss joint
      during assembly and pressing of the truss.
PAC  Press Details
PAR  The details of press 16 are shown most clearly in FIGS. 2 and 3. The press
      includes a generally C-shaped frame 92 including an upper frame portion 93
      and a lower frame portion 94 interconnected by an end frame portion 95
      which together define an open throat at 96. The horizontally extending
      table top portions 24 of jig tables 10 and 12 are sized and at a level
      such that they can extend into this throat from its open side without
      interference as shown in FIG. 2. Thus lower frame portion 94 of the press
      extends into the space below the table top 24 from the unsupported open
      side of the table while the upper frame portion 93 extends over the table
      top. The press can therefore travel unobstructed on its trackway along the
      lengths of the jig tables. It will be observed that lower frame portion 94
      has a shape generally complementary to the cross-sectional shape of the
      table sections.
PAR  Lower frame portion 94 mounts the fixed lower press platen 97 which, as
      shown in FIG. 3, extends laterally outwardly from the lower frame portion
      in the direction of movement of the press. Upper frame portion 93 mounts
      an upper press platen 110 movable toward and away from the lower platen
      within the throat 96. Both platens span the entire single-module width of
      the jig tables so that they can press at any point on the tables. They are
      also quite wide and may thus span and press several truss joints
      simultaneously.
PAR  The press is mounted on three wheels including a caster wheel 98 mounted
      directly to an undersurface of lower frame portion 94 through a swivel
      mount 99 for movement along the flat rail 26. The other two wheels are a
      pair of driven wheels 100 rotatably carried by a support bracket 102
      depending from a swivel mount 103 secured to an underside of lower press
      platen 97. Each of wheels 100 is driven by a hydraulic wheel motor 104.
      Hydraulic pressure fluid is circulated through wheel motors 104 by a
      hydraulic pump 106 and suitable hydraulic lines (not shown). Pump 106 is
      driven by an electric motor 108 carried on upper press frame portion 93.
      The driven wheels 100 are suitably grooved to travel on the angular rail
      member 30.
PAR  Electric motor 108 takes its power from the "third rail" 29, actually three
      separate power-conducting rails, beween the wheel rails 26, 30, through a
      suitable power takeoff means at 109 on the press. From such means the
      electrical power is transmitted through suitable conductors (not shown) to
      motor 108.
PAR  Lower press platen 97 includes declining leading and trailing apron
      portions 132 as shown clearly in FIGS. 3 and 6. These apron portions, as
      previously mentioned, provide camming surfaces which are at such a level
      with respect to table top 24 that the leading one of such aprons initially
      engages an edge row of positioning pins 56 on a pressure pad 42 at a joint
      to be pressed as the press approaches such joint along its trackway. As
      the apron engages the first row of positioning pins, it cams such pins
      upwardly, lifting one edge of the pad from the table surface. As the lower
      platen moves further under the pad, apron 132 progressively cams each
      succeeding row of pins upwardly in their index holes 32 until the entire
      pad is raised slightly from the table surface. When the pad is fully
      raised, its supported truss joint can be pressed without transmitting
      press forces to the table.
PAR  Upper frame portion 93 of the press mounts upper platen 110 for vertical
      reciprocation. The upper platen is moved toward and away from fixed lower
      platen 97 by a toggle-actuating mechanism indicated generally at 112
      operated by a single hydraulic cylinder 114 to which hydraulic pressure
      fluid is supplied by pump 106. FIG. 2 shows the toggle mechanism and thus
      upper platen 110 in their retractive positions. FIG. 3 shows the same
      toggle mechanism and upper platen in their fully extended positions.
PAR  The toggle mechanism includes a pair of push rods 116 extending upwardly
      from each end of upper platen 110 through upper frame portion 93 and
      slidable loosely within such portion. The opposite ends of cylinder 114
      are pivotally connected to a pair of long link members 118, 119 at pivots
      120, 121. The lower ends of long links 118, 119 in turn are pivoted
      respectively at pins 122, 123 to upper frame portion 93. An upper portion
      of each long link 118, 119 is pivoted respectively by long pivot rods 124,
      125 to one set of ends of short links 126, 127. The opposite ends of such
      short links are pivoted at 128, 129 to the upper ends of the pairs of push
      rods 116.
PAR  With the foregoing arrangement, the free-floating cylinder 114 when
      retracted maintains the toggle mechanism and upper platen in their
      retracted positions shown in FIG. 2, with the upper platen spaced a short
      distance above the connector plates P and truss T-2 supported on pressure
      pads 42. Upon extension of cylinder 114, long links 118, 119 of the toggle
      mechanism are pivoted toward their vertical positions shown in FIG. 3.
      These in turn rotate the short links 126, 127 toward more nearly vertical
      positions, thereby transmitting forces through the short links and their
      connections 128, 129 to the push rods, forcing the push rods and the
      connected upper press platen downwardly through a short but forceful
      pressing stroke. Retraction of cylinder 114 swings the toggle links in the
      opposite direction to retract the upper platen upwardly. The geometry of
      the toggle mechanism is such that forces transmitted to the upper platen
      by the mechanism increase progressively as the long links approach a more
      nearly vertical position. This progressive increase in forces corresponds
      to the usual progressively increasing resistance of the connector plates P
      to embedment in the frame members of the truss T-2 so that maximum
      pressures are applied by the platen when they are most needed. This
      feature provides a highly efficient use of available power and enables use
      of a relatively small hydraulic cylinder to generate the needed press
      capacity.
PAC  SUMMARY OF OPERATION
PAR  In operation, a crew of workmen select the proper precut wooden frame
      members to make up the truss T-2 on large table 12 of FIG. 1. Pressure
      pads 42 of the proper sizes and thicknesses are positioned at points on
      table 12 where the joints of the various truss frame members will fall.
      The pressure pads are maintained in such positions by inserting their
      positioning pins through selected indexing holes 32 in the top 24 of the
      table. Then the various frame members for the truss are assembled on the
      table with their joints supported on the pressure pads. A pair of metal
      connector plates P are placed at each joint, one beneath the joint resting
      on the pressure pad and one over the joint in the manner shown in FIG. 6
      with respect to connector plates P-1 and P-2.
PAR  A lumber stop 50 is secured to each pressure pad in a position for abutment
      against one of the frame members at each joint. One of the air-operated
      lumber locks 52 is also secured to each pad in a position to clamp the
      joint between the lock and the stop, in the manner shown, for example, in
      FIG. 5. When the frame members are properly positioned on a pad between
      the stop and lock, the lock lever 80a is actuated to open valve 80 and
      transmit air to air cylinder 72, forcing the lock striker 70 against the
      joint. Other joints of the truss are assembled in a similar manner until
      all of the lumber locks are energized to hold the truss joints together
      with the connector plates P in place.
PAR  With the truss members thus assembled and ready for fastening, press 16,
      which may be operated by remote control, moves along its trackway to table
      12. At the table the press moves progressively from joint to joint, first
      lifting a pad slightly from the table then stopping momentarily and
      pressing the connector plates into the truss joint supported on the pad
      through extension of hydraulic cylinder 114 to move upper press platen
      downwardly against the frame members. Thereafter cylinder 114 is retracted
      to withdraw the upper platen and permit the press to move along the table
      to the next joint or series of joints where the sequence is repeated.
PAR  When all joints of truss T-2 have been pressed, which will require the
      truss to travel around curve 14a of trackway 14 to the inner half of table
      12 to press the topmost joint of the truss, the press moves back along the
      trackway to table 10. There another truss T-1 has been assembled on jig
      table 10 while truss T-2 was pressed on table 12.
PAR  With truss T-2 completed, lumber-locking mechanisms 32 are disengaged to
      release the pressed joints from their pad by actuation of master control
      86 of the air lock system shown in FIG. 11. Then rollers 60 on table 12
      are moved from their retracted positions to their extended positions shown
      in solid lines in FIG. 8, thereby lifting the completed truss from the
      pressure pads. A crew then rolls truss T-2 from an end of jig table 12 and
      transports it to a storage site for shipment.
PAR  Following removal of completed truss T-2 from jig table 12, a crew
      immediately begins to assemble another truss on table 12 where the
      sequence just described will be repeated. If the next truss to be
      fabricated on table 12 is identical to the preceding truss, pressure pads
      42 will remain in their original positions as will the lumber locks and
      stops on such pads so that fabrication proceeds at a rapid rate. As the
      next truss is assembled on jig table 12, the pressing of truss T-1
      proceeds at table 10.
PAR  In the foregoing-described manner, one or more self-propelled presses
      moving along a trackway 14 used in conjunction with one or several jig
      tables such as the jig tables 10 and 12 can be used in a manner to
      fabricate trusses at an exceptionally high rate, with a high degree of
      safety for the workmen and with low worker fatigue and a minimum work
      force.
PAR  It will be appreciated that the plant layout of FIG. 1 is only an example
      as is the foregoing operating sequence. Many different layouts and
      variations in procedure are possible using the described press and jig
      table system.
PAR  Having illustrated and described what is presently a preferred form of the
      invention, it should be apparent to those persons skilled in the art that
      the same permits of modification in arrangement and detail. I claim as my
      invention all such modifications as come within the true spirit and scope
      of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for embedding connector plates in the joints of wooden frame
      members to form trusses and the like, comprising:
PA1  a traveling press means movable along a trackway for pressing said
      connector plates into said joint, said press means having a self-propelled
      generally C-shaped rigid frame defining an open throat with upper and
      lower press platens mounted within said throat, one for movement toward
      the other,
PA1  a stationary jig table including a continuous planar panel-like, stationary
      tabletop of sufficient expanse to support multiple joints of said wooden
      frame members, said tabletop being positioned along said trackway and
      cantilevered generally horizontally from support means at one side of said
      table to define an unsupported open opposite side and open ends, said
      tabletop being at a level such that said open opposite unsupported side of
      said tabletop projects into said open throat between said upper and lower
      platens when said press means travels along said table,
PA1  said platens being sized to span substantially the full width of said jig
      table such that said platens can embed connector plates adjacent both
      opposite side edges of said tabletop while projecting over and under said
      tabletop from said unsupported side.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said trackway extends along a
      floor beneath said jig table top.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said press means includes
      electric motor means driving hydraulic pump means, said pump means
      supplying pressure fluid to a hydraulic motor means for driving one of
      said press platens and to a hydraulic wheel motor means for propelling
      said press means, electrial conductor rail means extending along the path
      of travel of said press means and connected to a source of electrical
      power, said press means including electrical power takeoff means connected
      to said conductor rail means for transmitting electrical power to said
      electric motor means.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said jig table includes a table
      top with a network of equally spaced-apart indexing holes extending
      therethrough,
PA1  a series of pressure pads for supporting the joints of said frame members
      on said table top, each said pad having a plurality of equally
      spaced-apart positioning pins of equal length projecting from a bottom
      surface thereof with the spacing between said pins corresponding to the
      spacing between said indexing holes and with said pins being sized to be
      received within said holes, the lengths of said pins being greater than
      the thickness of said table top so that the lower ends of said pins
      project below said table top when said pins are inserted through said
      holes,
PA1  the lower platen of said press means having an upper surface above the
      level of the lower ends of said pins when said pins are inserted through
      said holes, said lower platen including a camming surface for engaging the
      lower ends of said pins and pushing said pins upwardly within said index
      holes to raise the associated said pressure pad from said table top as
      said press means moves along said table, whereby pressing forces applied
      by said press means are transmitted from one platen to the other through
      said pressure pads without being applied to said jig table.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said means for engaging and
      pushing said pins includes a downturned edge portion of said lower platen,
      said edge portion extending at a declination from the upper surface of
      said lower platen in the direction of travel of said press means to
      provide said camming
NUM  6.
PAR  6. Apparatus according to claim 1 including at least two said jig tables
      spaced apart along a common said trackway and a single said traveling
      press movable along said trackway between said jig tables, each said jig
      table being of a size sufficient to support a complete frame structure to
      be fabricated, such that said press can be shuttled between and used in
      cooperation with both said jig tables alternately by pressing connector
      plates into the frame members of a frame structure on one said table while
      a separate frame structure is assembled preparatory to pressing on the
      other said table.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said tabletop is perforate to
      provide a grid of index holes for locating joint- and connector
      plate-supporting pressure pads in fixed but variable predetermined
      positions on said tabletop.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said jig table includes a
      tabletop with a network of equally spaced-apart indexing holes extending
      therethrough,
PA1  a series of pressure pads for supporting the joints of said frame members
      on said table top, each said pad having a plurality of equally
      spaced-apart positioning pins of equal length projecting from a bottom
      surface thereof with the spacing between said pins corresponding to the
      spacing between said indexing holes and with said pins being sized to be
      received within said holes, the lengths of said pins being greater than
      the thickness of said tabletop so that the lower ends of said pins project
      below said tabletop when said pins are inserted through said holes,
PA1  said lower platen of said press means including means for engaging and
      lifting said pins upwardly within said indexing holes to raise the
      associated said pressure pad from said tabletop so that pressing forces of
      said press means are transmitted from one said platen to the other through
      said pins and pressure pads without being applied to said jig tabletop.
NUM  9.
PAR  9. In an apparatus for embedding connector plates into the joints of wooden
      frame members to form a truss or the like, including a stationary jig
      table for supporting said frame members and for cooperation with a
      traveling press, said jig table comprising:
PA1  a generally planar, plate-like stationary table-top having a continuous
      expanse sufficient to support multiple joints of a truss to be formed
      thereon,
PA1  stationary support means for supporting said tabletop above a floor
      surface,
PA1  said tabletop being provided throughout its top expanse with a continuous
      network of indexing holes extending therethrough at equally spaced-apart
      intervals from end to end and from side to side of said table for locating
      a series of frame joint- and connector plate-supporting pressure pads in
      fixed but variable predetermined positions on said tabletop.
NUM  10.
PAR  10. Apparatus according to claim 9 including a series of pressure pads for
      supporting said connector plates and said frame members at their joints on
      said table top, a series of equally spaced-apart positioning pin means of
      equal length projecting downwardly from a bottom surface of each said pad,
      the spacing between said pin means corresponding to the spacing between
      said indexing holes, said pin means being sized to be received within said
      holes, the length of said pin means being greater than the thickness of
      said table top so that the lower ends of said pin means project below said
      table top when said pin means are inserted in said holes, said pads being
      movable to various positions on said table top and maintained in said
      positions by inserting said pin means in selected ones of said holes.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein said indexing holes are tapered
      outwardly in a downward direction from upper portions thereof and at least
      the corner said positioning pin means of said pads are tapered inwardly in
      a downward direction from upper portions thereof, said upper portions of
      said pin means being sized to fit under close tolerances within said upper
      portions of said holes.
NUM  12.
PAR  12. Apparatus according to claim 10 including a press means having a press
      frame movable along said table, said frame supporting an upper press
      platen extending horizontally at a level above said table top and said
      pressure pads, a lower press platen supported on said frame and extending
      horizontally at a level below said table top, said press platens being
      movable vertically relative to one another toward and away from said table
      top, said lower platen being positioned at a level and shaped to engage
      the lower ends of said positioning pin means and push said pin means
      upwardly within said index holes to raise the associated said pressure
      pads out of engagement with said table top as said press means travels
      along said table and to maintain said pads out of engagement during the
      application of pressure to frame members and connector plates supported on
      said pads.
NUM  13.
PAR  13. Apparatus according to claim 10 including a series of roller means
      extending across a substantial width of said jig table top at intervals
      along the length of said table, said roller means being shiftable between
      inactive positions below the upper level of said pressure pads and active
      truss-supporting positions above the level of said pads for rolling a
      completed truss horizontally from said table.
NUM  14.
PAR  14. Apparatus according to claim 10 including locking means for attachment
      to said pressure pads for clamping said frame members together at their
      joints preparatory to pressing, each said locking means including a
      plunger slidable within a sleeve, a striker means at one end of said
      plunger outwardly of one end of said sleeve for engaging a frame member,
      an air cylinder means connected to the opposite end of said sleeve in
      axial alignment therewith, said cylinder means including a piston rod
      extending through said opposite sleeve end and into threaded engagement
      with a rear end of said plunger for reciprocating said plunger and its
      said striker means.
NUM  15.
PAR  15. Apparatus according to claim 14 including an air valve means on said
      pads, one of said valve means being operably connected to said cylinder
      means of each said locking means, each said air valve means being
      individually manually operable to admit air from an air pressure source to
      said cylinder means and being remotely operable simultaneously with other
      said valve means by pilot air pressure to exhaust air from said cylinder
      means and thereby release all said locking means at the same time.
NUM  16.
PAR  16. Apparatus according to claim 9 wherein said indexing holes are tapered
      outwardly in a downward direction from upper portions of said holes to
      provide for ready insertion of indexing pins of said pressure pads
      downwardly into and removal of said indexing pins upwardly from said
      indexing holes without binding.
NUM  17.
PAR  17. Apparatus according to claim 9 wherein said jig table is composed of
      table sections of equal lengths, equal widths and equal heights joined
      together by connector means operable to maintain the predetermined
      indexing hole spacing between table sections, whereby said table can be
      made up in variable increments of length to accomodate trusses of greatly
      different lengths.
NUM  18.
PAR  18. Apparatus according to claim 17 wherein each said table section has a
      panel-like table top portion at a level approximately waist-high to a
      worker standing alongside said table and a length such that workers at
      opposite sides of said table section can reach any point on said table top
      portion, whereby a truss can be assembled on said jig table, pressed and
      removed therefrom without workers working on said table top and while said
      truss remains at a low level with respect to said workers.
NUM  19.
PAR  19. Apparatus according to claim 9 wherein a pair of said jig tables are
      joined side to side to provide an expanded width table means to accomodate
      large deep trusses, and connector strap means cooperable with said
      indexing holes of said pair of tables for joining said tables together
      while maintaining said indexing hole spacing between said tables.
NUM  20.
PAR  20. Apparatus according to claim 9 wherein said support means comprises leg
      means extending upwardly from a floor surface and connected to one side of
      said tabletop, said tabletop being cantilevered horizontally from said leg
      means and being unsupported at the side opposite said one side and between
      said sides such that said opposite side and opposite ends of said table
      are open to enable a platen of a C-shaped traveling press to enter
      sideways below said tabletop as said press travels along the said open
      side of said table.
NUM  21.
PAR  21. Apparatus according to claim 20 wherein said leg means includes
      multiple angular leg members aligned along one side of said tabletop, each
      leg member including a ground-engaging base portion extending horizontally
      inwardly beneath said tabletop and a top-supporting leg portion inclined
      upwardly and outwardly from an outer end of said base portion, table
      top-clamping means fixed to an upper portion of said top-supporting leg
      portion, said tabletop including multiple panel-like top sections joined
      together side by side, each said top section comprising a one-piece
      perforate flat top plate extending horizontally over said ground-engaging
      base portion and being downturned at one end thereof, said downturned end
      being clamped in said clamping means of said top-supporting leg portion.
NUM  22.
PAR  22. Apparatus according to claim 9 wherein said indexing holes are of equal
      diameter and the side-to-side spacing between holes equals the end-to-end
      spacing between holes throughout the top expanse of said tabletop, said
      holes being arranged in rows parallel to the side and end edges of said
      tabletop.
NUM  23.
PAR  23. In an apparatus for embedding connector plates into the joints of
      wooden frame members arranged on a jig table to form a truss or the like,
      a press for movement along a trackway for pressing connector plates into
      said frame members on said jig table, said press comprising:
PA1  a generally C-shaped rigid press frame including vertically spaced upper
      and lower frame portions defining an open throat therebetween positioned
      at a level for receiving a jig tabletop,
PA1  said lower frame portion being supported on wheels for travel along a
      ground-level trackway, said press frame otherwise being vertically and
      horizontally immovable when operative,
PA1  self-propelling means carried by said frame for propelling said press frame
      along said trackway,
PA1  a vertically movable upper press platen carried by said upper frame portion
      at a position to overlie said tabletop,
PA1  a stationary lower press platen carried by said lower frame portion at a
      position to underlie said tabletop,
PA1  platen drive means carried by said frame for effecting vertical movement of
      said upper platen toward and away from said lower platen for pressing
      connector plates into said frame members,
PA1  said upper and lower press platens being sized to extend across
      substantially the full width span of a jig tabletop sized to support at
      least a substantial portion of the wooden frame structure to be formed
      including multiple joints thereof.
NUM  24.
PAR  24. Apparatus according to claim 23 wherein said propelling means comprises
      hydraulic wheel motor means drivingly connected to at least one of said
      wheels, hydraulic pump means on said frame for transmitting hydraulic
      pressure fluid to said wheel motor means, an electric motor on said frame
      for driving said pump means, and electrical power pickup means on said
      frame for engaging a power rail means extending along the path of travel
      of said press for receiving electrical power from said power rail means
      and transmitting said power to said electric motor means.
NUM  25.
PAR  25. Apparatus according to claim 23 wherein said platen drive means
      comprises at least two vertical push rod means extending upwardly from
      outer and inner portions respectively of said upper platen and extending
      upwardly through said upper frame portion to mount said upper platen for
      vertical movement, a pair of toggle-actuating mechanisms being connected
      one to each of said two push rod means and to said upper frame portion for
      reciprocating said upper platen, and an extensible fluid-powered cylinder
      means extending horizontally between and pivoted at its opposite ends to
      said pair of toggle-actuating mechanisms, said pair of toggle-actuating
      mechanisms being interconnected only by said cylinder means so that said
      pair of mechanisms operate independently of one another to activate their
      respective said push rod means.
NUM  26.
PAR  26. Apparatus according to claim 25 wherein each of said toggle mechanisms
      includes a long link pivoted at a lower portion thereof to said upper
      frame portion at a first pivot point, a short link pivoted at one end to
      an upper portion of the associated said push rod means at a second pivot
      point and pivoted at an opposite end of said long link at a third pivot
      point above said first pivot point, said extensible cylinder means being
      pivoted at one end to said long link at a fourth pivot point above said
      first pivot point, said cylinder means when retracted maintaining said
      long links at a vertical inclination and said short link at a greater
      inclination to the vertical and when extended forcing said long and short
      links toward the vertical to move said push rod means and said upper
      platen downwardly.
NUM  27.
PAR  27. Apparatus according to claim 23 wherein said lower press platen
      includes leading and trailing apron portions declining outwardly from a
      generally horizontal main platen body to provide camming surfaces for
      engaging and lifting wooden frame-supporting pressure pads on a jig table
      beneath which said lower platen travels.
NUM  28.
PAR  28. In an apparatus for prefabricating a wooden truss or other wooden frame
      structure wherein a stationary jig table with a perforate plate-like top
      for supporting at least a portion of said frame structure at a joint
      thereof cooperates with a traveling press for pressing connector plates
      into said joint, the improvement comprising:
PA1  a pressure pad for supporting a joint of the frame structure on said
      tabletop during the pressing operation,
PA1  said pad including flat parallel top and bottom surfaces, said top surface
      for supporting an assembly of connector plates and a frame joint, said
      bottom surface for engagement with said tabletop,
PA1  a plurality of equally spaced-apart positioning pins of equal length
      projecting from said bottom surface, with the spacing between said pins
      corresponding to the spacing between perforations in said tabletop,
PA1  said pins being sized to be received within corresponding said
      perforations,
PA1  the lengths of said pins being greater than the thickness of said tabletop
      so that lower ends of said pins project below said tabletop when said pins
      are inserted into said perforations with said bottom surface of said pad
      engaging said tabletop, whereby the lower ends of said pins can be raised
      within said perforations to lift said pad and its supported joint from
      said tabletop by a lower platen of a press so that pressing forces to
      assemble said joint are transmitted through said pad but not through the
      tabletop.
NUM  29.
PAR  29. Apparatus for embedding connector plates in the joints of wooden frame
      members to form trusses and the like, comprising:
PA1  a traveling press means movable along a ground-level trackway for pressing
      said connector plates into said joint, said press means having a generally
      C-shaped frame defining an open throat with upper and lower press platens
      mounted within said throat, one for movement toward the other, said
      C-shaped frame being mounted on wheels movable along said trackway,
PA1  a jig table for supporting said wooden frame members positioned along said
      trackway and including a flat continuous and horizontally rigid tabletop
      cantilevered over said trackway from support means at one side of said
      table and trackway at a level such that said tabletop projects into said
      open throat between said upper and lower platens when said press means
      travels along said table on said trackway,
PA1  said tabletop being of sufficient continuous expanse horizontally to
      support multiple joints of said wooden frame members and said platens
      having sufficient reach to extend across substantially the full width of
      said cantilevered tabletop.
NUM  30.
PAR  30. In an apparatus for embedding connector plates into the joints of
      wooden frame members to form a truss or the like, including a stationary
      jig table for supporting said frame members and for cooperation with a
      traveling press, said jig table comprising:
PA1  a generally flat, plate-like horizontally rigid tabletop having a
      sufficient continuous horizontal expanse to support multiple joints of a
      truss to be formed,
PA1  support means for supporting said tabletop above a floor surface,
PA1  said tabletop being provided with a network of indexing holes therethrough
      at equally spaced-apart intervals from end to end from side to side of
      said table for locating a series of frame joint and connector plate
      supporting pressure pads in fixed but variable predetermined positions on
      said tabletop,
PA1  said support means being supportively connected to one side edge portion of
      said tabletop, said tabletop being cantilevered generally horizontally
      from said one side edge portion to provide an opposite unsupported side
      edge portion defining the upper limits of an opening beneath said tabletop
      providing access for said traveling press.
NUM  31.
PAR  31. In an apparatus for embedding connector plates into the joints of
      wooden frame members arranged on a jig table to form a truss or the like,
      a press for movement along a trackway for pressing connector plates into
      said frame members on said jig table, said press comprising:
PA1  a generally C-shaped rigid press frame including vertically spaced upper
      and lower frame portions defining an open throat therebetween positioned
      at a level for receiving a jig tabletop,
PA1  said lower frame portion being supported on means for travel along a
      ground-level trackway, said press frame otherwise being vertically and
      horizontally immovable when operative,
PA1  means for propelling said press frame along said trackway,
PA1  a vertically movable upper press platen carried by said upper frame portion
      at a position to overlie said tabletop,
PA1  a stationary lower press platen carried by said lower frame portion at a
      position to underlie said tabletop,
PA1  platen drive means carried by said frame for effecting vertical movement of
      said upper platen toward and away from said lower platen for pressing
      connector plates into said frame members,
PA1  said upper and lower press platens being of sufficient horizontal expanse
      to extend across substantially a full unsupported width span of a jig
      tabletop sized to support at least a substantial portion of the wooden
      frame structure to be formed including multiple joints thereof.
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ABST
PAL  A trash compactor has a wheeled housing with a laterally accessible
      compaction chamber wherein a vertically movable pressure plate is carried
      on a plurality of inflatable bladders which are suspended from the ceiling
      of the chamber. A gas bottle carried underneath the chamber bottom is
      connectable via a control valve to these bladders so as to expand them,
      pushing the pressure plate downwardly to compress loose trash in the
      compaction chamber. A plurality of cables connected to the corners of the
      pressure plate pass upwardly into a control compartment where they are led
      about rollers carried on piston rods of pneumatic cylinders also
      connectable by the valve to the gas bottle so as to allow these pistons to
      pull the pressure plate into an upper position at the top of the
      compaction chamber.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a trash compactor.
PAC  BACKGROUND OF THE INVENTION
PAR  Trash compactors are known which reduce bulk trash and garbage to a
      relatively compact mass. Such devices facilitate transportation, storage
      and disposal of what would normally be a relatively large volume of trash
      and garbage.
PAR  In the most common type of compactor an electric motor is used which serves
      to depress a heavy-duty ram in a compaction chamber designed to receive
      uncompacted trash. Such systems have the disadvantage that they are
      relatively bulky and require permanent installation near a convenient
      source of electric power.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of my present invention to provide an improved
      trash compactor not dependent on an external power supply.
PAR  Another object of the invention is to provide a trash compactor which is
      highly mobile and which can be readily adapted for use in various
      facilities such as snack bars, dining cars, airplanes, ships or the like
      in which guests are served with disposable dishes and cutlery.
PAC  SUMMARY OF THE INVENTION
PAR  A trash compactor according to my invention, whose housing defines a
      compaction chamber having access means for the introduction of uncompacted
      trash, is provided with one or more inflatable bladders normally occupying
      a minor part of that chamber, the bladder or bladders being expandable
      against an accumulation of uncompacted trash in the chamber with the aid
      of valve-controlled fluid-pressure means preferably comprising a container
      of gas (e.g. air) under pressure. The bladder or bladders may be supported
      from above, on the fixed ceiling of the chamber, and may be fastened to a
      pressure plate which is thus movably suspended from the ceiling. The plate
      is advantageously connected through flexible link means, such as one or
      more cables or cords, to fluidic retraction means located above the
      ceiling within the housing, preferably a pair of antiparallel horizontal
      cylinders whose piston rods carry respective rollers engaged by the cord
      or cords. A control valve, or combination of valves, serves to connect the
      gas container alternately to the bladder or bladders and to the retraction
      cylinder or cylinders so as to keep the pressure plate either depressed or
      elevated. It is also advantageous to equip the conduit system with
      flow-limiting means in series with the retraction cylinder or cylinders
      for the purpose of preferentially discharging the container into the
      bladder or bladders, thereby insuring that the final operation carried out
      with the last residue of high-pressure gas in invariably a compaction
      stroke.
PAR  The housing of such a compactor may be provided with a wheeled base
      enabling same to be used as a serving and collecting trolley on passenger
      flights, on a train or in a luncheonette, for example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will become more readily
      apparent from the following detailed description, reference being made to
      the accompanying drawing in which:
PAR  FIG. 1 is a longitudinal vertical section of a trash compactor according to
      the present invention;
PAR  FIGS. 2 and 3 are sections taken along lines II--II and III--III,
      respectively, of FIG. 1; and
PAR  FIG. 4 is a schematic view illustrating a pneumatic control system for the
      apparatus shown in FIGS. 1 - 3.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The apparatus according to the present invention has a prismatic housing
      with a pair of opposite sidewalls 1 and 2 overlain by a flat top which may
      be used as a serving table. A bottom 4 of the housing defines with a
      ceiling 9 a compaction chamber 6 bonded by detachable end walls 7 and 8
      whose removal facilitates emptying of the chamber. Wall 7 has a flap 26,
      hinged at 27, allowing trash to be deposited within the chamber 6, a
      similar flap 26' being provided in wall 8.
PAR  Ceiling 9, fixedly disposed below the top 3, supports three generally
      cylindrical bags or bladders 10 which carry at their lower ends a pressure
      plate 14 that is displaceable between an elevated position (solid lines,
      FIG. 1) and a depressed position indicated in dot-dash lines.
PAR  The bottom or base 4 of the apparatus has a downwardly open channel forming
      a central seat 19 in which a compressed-air bottle 13 is secured by
      brackets 24, this seat being flanked by a pair of liquid-collecting
      troughs 21. A grating 20 overlies the collecting troughs 21 and prevents
      the solids in the chamber from being pressed into same. This base
      structure gives the apparatus considerable rigidity with light weight.
      Wheels 5 are provided on the base 4 so as to permit the entire apparatus
      to be rolled along the floor or on the ground.
PAR  Two cables 17 have their ends connected to the four corners of the pressure
      plate 14 and extend upwardly through the ceiling 9 into a control
      compartment where they pass around fixedly positioned guide rollers 18 as
      well as two pairs of shiftable rollers 28, the latter being carried on the
      ends of two piston rods projecting from two single-acting hydraulic
      cylinders 16. Admission of pressure fluid into these cylinders displaces
      their pistons in opposite directions, from the position illustrated in
      FIG. 2, to lengthen the cable loops about rollers 28 so as to elevate the
      plate 14 which in the piston position of FIG. 2 is near its lowest point.
PAR  As shown in FIGS. 1 and 4, the bottle 13 is connected through high-pressure
      lines to a four-way control valve 11 carried on the end wall 8 of the
      housing. This valve 11 is displaceable between a working position and a
      retracting position. In its working position, illustrated in FIG. 4, it
      pressurizes the bladders 10 and simultaneously vents the cylinders 16 to
      the atmosphere; this causes the plate 14 to descend and compact any loose
      trash present in the chamber 6.
PAR  In its retracted position the valve 11 pressurizes the cylinders 16 and
      vents the bladders 10 to the atmosphere. A check valve 22 and a threshold
      valve 23 lie in parallel with each other between the manually operable
      control valve 11 and the cylinders 16. Valve 23, loaded under a higher
      spring force than valve 22, leaves a minimum gas pressure available in
      bottle 13 for a final compaction stroke; check valve 22 insures the
      retention of enough gas in cylinders 16 to keep the cords 17 tensioned.
PAR  The bags or bladders 10 are generally cylindrical and are provided with
      peripheral accordion pleats occupied by a multiplicity of parallel,
      nonextensible metal rings 15 which limit their radial dilation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A trash compactor comprising:
PA1  a housing defining a compaction chamber provided with a ceiling and with
      access means for the introduction of uncompacted trash;
PA1  inflatable bladder means normally occupying a minor part of said chamber
      and bearing from below upon said ceiling;
PA1  a pressure plate in said chamber separated from said ceiling by said
      bladder means;
PA1  fluidic retraction means for said pressure plate above said ceiling;
PA1  flexible link means connecting said pressure plate to said retraction
      means;
PA1  a compressed-gas container carried on said housing; and
PA1  valve-controlled conduit means for alternately connecting said container to
      said bladder means and to said retraction means, expansion of said bladder
      means by gas pressure from said container forcing said pressure plate onto
      an accummulation of loose trash in said chamber for compacting same.
NUM  2.
PAR  2. The compactor defined in claim 1 wherein said retraction means comprises
      a pair of antiparallel horizontal cylinders with piston rods carrying
      respective rollers, said link means including at least one cord wound
      about said rollers and tied to said pressure plate at opposite edges
      thereof.
NUM  3.
PAR  3. The compactor defined in claim 1 wherein said conduit means is provided
      with flow-limiting means in series with said retraction means for
      preferentially discharging said container into said bladder means.
NUM  4.
PAR  4. The compactor defined in claim 1 wherein said housing is provided with a
      wheeled base, said container being mounted on said base.
NUM  5.
PAR  5. The compactor defined in claim 1 wherein said housing is generally
      prismatic and provided with a pair of detachable end walls for emptying
      said chamber, said access means including a flap on one of said end walls.
NUM  6.
PAR  6. The compactor defined in claim 1 wherein said bladder means comprises at
      least one generally cylindrical bag formed with peripheral accordion
      pleats and provided with a multiplicity of substantially inextensible
      reinforcing rings in said pleats limiting radial expansion of said bag.
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ABST
PAL  A textile shade marker for imprinting identifying indicia such as numerals,
      on the reverse side of each layer of fabric as the fabric is laid out in a
      multiple layer stack on a cutting table preparatory to the cutting thereof
      into garment panels, the marker consisting of a frame carrying printing
      wheels having series of indicia printing elements on the peripheries
      thereof, and which are rotated by movement of the fabric in engagement
      therewith, and mechanism for applying ink only to a selected printing
      element, whereby all of said printing elements engage the fabric but only
      the selected element imprints its image thereon.
BSUM
PAR  This invention relates to new and useful improvements in textile marking
      devices, and has particular reference to a device useful in the process
      commonly known as "shade marking."
PAR  In the garment industry, long lengths of fabric are commonly fed from a
      bolt of cloth carried by a wheeled carriage as said carriage is moved
      alternately in opposite directions over a cutting table, whereby the cloth
      is laid on the table in a large number of layers. Patterns for garment
      panels are then laid out on the top layer of cloth in the stack, and all
      of the layers are cut to these patterns simultaneously by special cutters
      capable of performing this operation with great accuracy and efficiency.
      However, a commonly encountered problem in this operation is that in dyed
      cloth, the color often is not uniform throughout even a single bolt
      thereof, but may vary considerably as to color shade or tone. Therefore,
      to assure garments in which all of the panels are color-matched to a
      sufficient accuracy, it is desirable that all of the panels of each
      garment, as they are assembled for sewing, be selected insofar as possible
      from the same layer of cloth as it originally rested on the cutting table.
      To assist in this operation, it has become common practice to imprint on
      the reverse side of the cloth a different identifying indicia, such as a
      numeral, on each layer of cloth as it is laid out on the table. The
      numerals or other indicia are imprinted at sufficiently close intervals to
      insure that every garment panel eventually cut from the cloth, no matter
      how small, will be identified by at least one marking on its reverse side.
      In this manner, the panels for each garment may be selected and assembled
      for sewing by matching indicia, rather than by the eye, the latter process
      being inefficient because of poor color perception by some individuals,
      and poor lighting. This process of marking the fabric with identifying
      indicia is commonly known as "shade marking." Shade marking is also
      sometimes performed manually, as by hand stamping the individual garment
      panels after they are cut out, but the present invention is concerned with
      the at least semi-automatic operation described above.
PAR  In that type of operation, the indicia, which for convenience will
      hereinafter be referred to as numbers, digits or numerals, are usually
      applied to the cloth by printing wheels rolling against the cloth, to
      which ink is applied, and the provision for insuring that only a
      particular selected digit of the wheel will receive ink and apply it to
      the cloth. This has heretofore resulted in complicated, expensive
      structures. For example, generally triangular or otherwise polygonal
      printing wheels have been used, with the digits carried by a flexible belt
      adjustable around the wheel, so that the digits positioned at the angles
      of the wheel are farthest from the wheel axis, so that only they contact
      some ink applying surface, and the cloth, as the wheel rotates. The
      principal object of the present invention, accordingly, is the provision
      of a highly simplified, economical device which will perform this function
      dependably and efficiently.
PAR  Generally, this object is accomplished by the use of circular printing
      wheels with numeral printing elements arranged about the peripheries
      thereof, all of the elements thus engaging the cloth as the wheel rotates
      in engagement with the cloth. However, each printing wheel is inked by an
      interrupted surface so as to present inking surfaces to apply ink only to
      a numeral of the printing wheel having a specified angular relation to the
      inking wheel. The printing wheel may be angularly adjusted, independently
      of the inking wheel, to bring any selected numeral thereof to this
      specified angular relation, so that only this numeral will actually be
      printed on the cloth.
PAR  Another object is the provision of a shade marker of the character
      described which is driven automatically by movement of the carriage
      carrying the bolt of cloth back and forth over the cutting table, the only
      manual operation required being the resetting of the number to be printed
      on the cloth after the laying out of each layer of cloth is completed.
PAR  A further object of the present invention is the provision of a shade
      marker of the character described which is readily adaptable to print
      numerals on the cloth at virtually any desired intervals, both
      longitudinally of and transversely to the direction of travel of the
      cloth.
PAR  Other objects are simplicity and economy of construction, and efficiency
      and dependability of operation.
DRWD
PAR  With these objects in view, as well as other objects which will appear in
      the course of the specification, reference will be had to the accompanying
      drawing, wherein:
PAR  FIG. 1 is a fragmentary side elevational view of a cutting table having a
      carriage mounted thereon for movement in alternately opposite directions
      to lay out cloth from a bolt carried by the carriage in layers on said
      table, said carriage including a shade marking device embodying the
      present invention,
PAR  FIG. 2 is an enlarged sectional view, partially broken away and
      foreshortened, taken on line II--II of FIG. 1, line II--II also being
      indicated in FIG. 3,
PAR  FIG. 3 is a fragmentary sectional view taken on line III--III of FIG. 2,
PAR  FIG. 4 is a fragmentary right side elevational view of the device as shown
      in FIG. 2,
PAR  FIG. 5 is an enlarged, fragmentary sectional view taken on line V--V of
      FIG. 4,
PAR  FIG. 6 is a view similar to FIG. 3, but showing a modified form of
      construction,
PAR  FIG. 7 is an enlarged, fragmentary sectional view taken on line VII--VII of
      FIG. 6,
PAR  FIG. 8 is a fragmentary sectional view taken on line VIII--VIII of FIG. 7,
      and
PAR  FIG. 9 is a left side elevational view of the parts shown in FIG. 7.
DETD
PAR  Like reference numerals apply to similar parts throughout the several
      views, and the numeral 2 applies to a cutting table such as is commonly
      used in the garment industry, said table being planar and rectangular,
      being somewhat wider than the transverse width of the cloth being used,
      and of any desired length, lengths of fifty feet or more being common. The
      cloth 4, which is supplied rolled in a bolt, one of which is shown at 6,
      is to be laid out on the table in layers as shown being reversed by a fold
      8 at the end of each layer, in order that identical garment panels may be
      cut simultaneously from all of the layers by special cutters. For this
      purpose, cloth bolt 6 is mounted in a carriage indicated generally by the
      numeral 10 and including a pair of vertical side plates 12 and 14 disposed
      parallel to the longitudinal extent of the table at respectively opposite
      sides thereof, said side plates being rigidly connected together by
      transverse cross bars 16 adjacent their upper edges, and each having
      rotatably mounted wheels 18 at its lower edge engaged in a channel track
      member 20 affixed longitudinally to the table, whereby the carriage is
      supported and guided for movement longitudinally of the table. Each side
      plate is provided with an upwardly projecting leg 22, and a horizontal
      transverse axle 24 journalled in said legs supports cloth bolt 6 for axial
      rotation. Therefore, as the carriage is moved in alternately opposite
      directions along the table, and cloth 4 is paid out from the bolt, said
      cloth is laid out on the table in layers as shown. Movement of the
      carriage may be accomplished either manually or by power means. As shown
      in FIG. 1, carriage 10 is being moved to the right as indicated by arrow
      26. When movement of the carriage was last reversed to commence movement
      in the direction shown, a heavy bar weight 28 was laid on the top cloth
      layer adjacent the fold 8, in order to supply the resistance to movement
      of the cloth which permits movement of the carriage to cause rotation of
      bolt 6 and paying out of the cloth therefrom.
PAR  The shade marking device forming the subject matter of the present
      invention is carried in carriage 10, and is operable to print identifying
      indicia on the reverse side of the cloth immediately after the cloth
      leaves bolt 6, but before it is laid on the table, with provisions for
      changing the imprinted indicia for each successive layer of cloth.
PAR  The shade marking device, as shown in FIGS. 1-5, includes an anvil roller
      30 and two sets of printing wheels 32 and 34, the cloth being led between
      said anvil roller and printing wheels so that its reverse surface faces
      the printing wheels. Printing wheels 32 are mounted fixedly on a common
      shaft 36 extending transversely across carriage 10, so as to be engaged by
      the anvil roller, and are spaced regularly along the length of said shaft
      so as to print numerals at the desired intervals transversely of the
      cloth. Common cloth widths are 48 or 60 inches, and as shown wheels 32 are
      arranged to print numerals at three-inch intervals across the width of the
      cloth, although this of course is a matter of choice. Printing wheels 34
      are spaced below wheels 32, also so as to engage the anvil roller, being
      mounted in axially spaced relation along a common shaft 38 extending
      transversely across carriage 10. Wheels 34, however, are axially offset
      from wheels 32 so that they print digits immediately adjacent those
      printed by wheels 32, so that the cloth is marked with two-digit numerals.
      Anvil roller 30 is mounted rotatably on an axle 40 extending transversely
      across the carriage, being affixed at each end to the lower end of an arm
      42 disposed adjacent the associated carriage side wall, and pivoted at its
      upper end to said side wall, as at 43. The anvil roller may thus be
      pivoted away from the printing wheels, to permit threading of the cloth
      therebetween. However, arms 42 are biased resiliently in a direction to
      urge the anvil roller against said printing wheels by a spring 46 (see
      FIG. 3) anchored at its opposite end to the associated carriage side wall,
      as at 48, with sufficient force that the cloth, when pulled therebetween,
      causes rotation of the anvil roller and both sets of printing wheels. Each
      printing wheel has a peripheral covering 49 of rubber or other yieldable
      material, having formed thereon one or more series of raised numerals from
      1 to 0 designated at 50. In FIGS. 3 and 6, these numerals are for
      convenience identified by numerals imprinted on the faces of the wheels.
      The angular spacing between a given numeral of each of the series is such
      that said numeral contacts the cloth at longitudinal intervals therealong
      corresponding to the desired intervals for marking the cloth. For example,
      in FIG. 3 the printing wheels may be considered as having 6 inch
      circumferences, and each carries two series of numerals from 1 to 0.
      Therefore, any given numeral will contact the cloth at three-inch numerals
      along a line parallel to the cloth travel.
PAR  Associated with each printing wheel 32 is an inking wheel 52, and
      associated with each of printing wheels 34 is an inking wheel 54. All of
      said inking wheels are affixed on a common shaft 56 extending transversely
      of the carriage and journalled in the side plates thereof. Each inking
      wheel is provided with angularly spaced apart raised inking faces 58 each
      adapted to engage its associated printing wheel as the wheels rotate. The
      printing and inking wheels are provided (by means to be described) with
      equal peripheral speeds, and the inking faces of the latter are spaced
      angularly at such intervals that any given numeral will be engaged by and
      receive ink from an inking face 58 each time it passes the inking wheel.
      As shown, each printing wheel has two series of numerals, so that
      corresponding numerals of the two series are spaced 180.degree. apart, but
      is only one-half the diameter of the inking wheels. Therefore, each inking
      wheel requires four inking faces 58, spaced at 90.degree.  intervals. Each
      inking face is of such size that it can apply ink only to one numeral of
      the associated printing wheel. By adjustably indexing the printing wheels
      relative to the inking wheels (also by means to be described), any
      selected numeral of each printing wheel may be inked, while no ink is
      applied to any other numeral.
PAR  Arranged to contact the inking faces 58 of all of the inking wheels is an
      ink reservoir roller 60 mounted on an axle 62 extending transversely of
      the carriage and journalled in its side plates. Said reservoir roller is
      provided with a soft, absorbent covering 64, the lower portion of which
      dips into a liquid ink reservoir 66 mounted in the carriage.
      Alternatively, ink for long periods of usage can be pre-impregnated into
      the covering of the roller so that no liquid ink reservoir is required.
      Also, the reservoir roller is rotated by means to be described. Guide
      rollers 68, which are free-turning, may be mounted in carriage 10 both
      above and below anvil roller 30, as by transverse axles 70 journalled in
      the carriage side plates, to insure the proper attitude of the cloth
      relative to the anvil roller and printing wheels at all times.
PAR  Each of the printing wheel shafts 36 and 38 is journalled at one end in
      carriage side plate 12, and its opposite end portion is journalled
      rotatably in a sleeve 72 (see FIG. 5) which in turn is journalled
      rotatably in carriage side plate 14, as by ball bearing 74. Both the shaft
      and the sleeve project outwardly from said carriage side plate. Fixed on
      the extended portion of said sleeve is a gear 76, the pitch diameter of
      which is equal to the effective diameter of the printing wheels, and a
      circular index plate 78. Fixed to the extended end of the shaft is a
      radially extending index arm 80, having at its free end a pointer 82
      movable over a scale 84 imprinted on the index plate. The scale indicia
      are numbered from 1 to 0, and are angularly spaced equal to the angular
      spacing between successive numerals 50 on the printing wheels. The index
      plate is provided with a socket 86 for each position of the scale, and the
      associated index arm 80 is provided with a spring-loaded detent pin 88
      engageable selectively in any of sockets 86. The detent pin may be
      retracted by means of a finger knob 90.
PAR  The two gears 76 do not mesh with each other, but both mesh with a single
      gear 92 fixed on the extended end portion of shaft 56 of the inking
      wheels, the pitch diameter of gear 92 being equal to the diameter of the
      inking wheels 52-54 across the inking faces 58 thereof. Thus the printing
      and inking wheels thereby are caused to rotate with equal linear
      peripheral speeds, this travel being powered by and equal to the linear
      speed of the cloth. Gear 92 is also meshed with a gear 94 fixed on the
      extended end portion of shaft 62 carrying ink reservoir roller 60, so that
      said reservoir roller is also rotated to apply ink to the inking faces of
      the inking wheels as both rotate. Gears 92 and 94 need not be of equal
      pitch diameters, and in fact preferably are not, since this provides that
      the inking faces 58 will not engage precisely the same spots of the
      reservoir roller on every revolution of the wheels, and thus distributes
      the wearing of the reservoir roller covering 64 over wider areas and
      increases the useful life of said covering.
PAR  In operation, therefore, it will be seen that as carriage 10 is moved in
      either direction along tracks 20 of table 2, and cloth is pulled from bolt
      6 by the resistance to cloth travel provided by weight bar 28, the travel
      of the cloth rotates anvil roller 30 and printing wheels 32 and 34. All of
      the printing wheel numerals 50 engage the cloth, but only one numeral will
      have been inked, and only that numeral will actually print. As actually
      shown, printing wheels 32 are adjusted to print the numeral 7, since a
      consideration of FIG. 3 will reveal that it is only when numeral 7 of
      these wheels comes opposite their inking wheels 52, will inking faces of
      wheels 52 be present to apply ink. Printing wheels 34 are shown adjusted
      to print the numeral 4 after the cloth has moved from wheels 32 to wheels
      34, with the numeral 4 appearing immediately after the numeral 7, so that
      the cloth is marked repeatedly with the two-digit numeral 74, at
      three-inch intervals both transversely to and parallel with the direction
      of travel of the cloth. These intervals may be selected as desired,
      usually dictated by the minimum size of the garment panels to be cut, so
      as to insure the marking of each panel with at least one numeral. The
      angularity between the two sets of printing wheels, relative to the anvil
      roller, need not be fixed, but may be varied as desired. The desired
      points of the anvil roller at which printing from each set is desired to
      occur are selected as desired, although changing of the printing positions
      from those shown will require angular adjustment of inking wheels 52 and
      54 relative to shaft 56. Also, it will be apparent that three or even more
      sets of printing wheels may be used, rather than the two shown, so that
      numerals each containing three or more digits may be imprinted if desired.
PAR  After the deposition of a layer of cloth 4 on table 2 has been completed,
      the direction of travel of carriage 10 relative to the table is reversed
      to commence the depositing of the next higher layer, the weight bar 28 at
      that end of the stack of layers of course being transferred to the top of
      the new layer just after the laying of the new layer is commenced.
      Movement of the carriage is arrested at the time of reversing its travel,
      and at this time the operator arranges the printing wheels to print a
      different numeral on the new layer. He accomplishes this by pulling out
      the finger knob 90 of either or both of index arms 80 to release the
      associated detent pin 88 from index plate 78, turning said index arm
      relative to said index plate to bring pointer 82 into registry with the
      mark of scale 84 corresponding to another numeral of the associated
      printing wheels, and releasing finger knob 90 to engage detent pin 88 in
      the index plate socket 86 corresponding to the newly selected numeral. In
      this manner, the associated printing wheel will be angularly adjusted
      relative to the inking wheels so that only the newly selected numeral will
      receive ink from the inking wheels. Normally, the cloth layers will be
      numbered consecutively from the bottom of the stack upwardly, with
      two-digit numerals, the numerals printed by wheels 32 being the "tens"
      digit, and the numerals printed by wheels 34 being the "units" digit.
      Thus, with two sets of printing wheels, the cloth layers may be numbered
      from 00 to 99.
PAR  The species of the invention shown in FIGS. 6-9 is generally similar to
      that shown in FIGS. 1-5, corresponding parts bearing corresponding primed
      numerals, except that printing wheels 32' and 34' are mounted coaxially
      with each other, shaft 36', on which wheels 32' are fixed, being tubular
      and having wheels 34' mounted rotatably thereon, while shaft 38' is
      disposed rotatably within shaft 36' and is affixed to each printing wheel
      34' by a rod 96 affixed at its inner end in shaft 38', extending radially
      outwardly through an angularly elongated slot 98 formed in tubular shaft
      36', and affixed at its outer end to the corresponding wheel 34' by means
      of a bracket 100 (see FIGS. 7 and 8). Thus the two digits of a two-digit
      numeral may be brought into angular registry on the composite printing
      wheel, so that both digits of the numeral are printed on the cloth
      simultaneously. As shown, each printing wheel carries four consecutive
      sets of numerals from 1 to 0, so that any selected two-digit numeral
      occurs four times at 90.degree. intervals around the periphery of the
      composite printing wheel. Each composite printing wheel 32'-34' is served
      by a single inking wheel 52' mounted on shaft 56', the diameter of said
      inking wheel across its inking faces 58' being equal to the effective
      diameters of the printing wheels, each inking face being sufficiently wide
      to apply ink to a single pair of angularly registered numerals of a
      composite pair 32'-34' of printing wheels. Inking wheels 52' have ink
      applied to them by an ink reservoir roller 64' and ink reservoir 66' as
      before.
PAR  Shafts 36' and 38' extend outwardly through carriage side plate 14, shaft
      36' being journalled in a sleeve 72' rotatably mounted in said side plate
      by bearing 74', a gear 76' and circular index plate 78' being affixed
      concentrically on an outwardly extended end portion of sleeve 72', and it
      will be understood that gear 76' is meshed with a gear 92' of equal pitch
      diameter fixed on the shaft 56' of the inking wheels. Index plate 78'
      carries two scales 84' corresponding to the scales 84 of both index plates
      78 in FIG. 4, each scale being traversed by an index arm 80' corresponding
      respectively to the index arms 80 of FIG. 4. One of index arms 80' is
      fixed on tubular shaft 36', and the other on shaft 38'. Since inking
      wheels 32'-34' each contain four sets of numerals from 1 to 0, full
      adjustment of the device to print any number from 00 to 99 can be obtained
      with only 90.degree. of movement of each index arm 80' relative to the
      index plate 78'. The operation of this species is substantially similar to
      that of the species of FIGS. 1-5.
PAR  While I have shown and described certain specific embodiments of my
      invention, it will be readily apparent that many minor changes of
      structure and operation may be made without departing from the spirit of
      the invention.
CLMS
STM  What I claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A textile shade marking device comprising:
PA1  a. a frame through which a width of fabric is moved continuously in one
      direction,
PA1  b. a printing wheel carried by said frame for rotation about an axis
      parallel to the plane of said cloth and transverse to said direction of
      travel, said printing wheel having a series of angularly spaced raised
      printing elements on its peripheral surface, and engaging said cloth,
PA1  c. driving means carried by said frame and operable to cause said printing
      wheel to turn at a peripheral linear speed equal to the speed of movement
      of said cloth,
PA1  d. inking means carried by said frame and operable to apply ink only to
      certain of said printing elements during each rotation of said printing
      wheel, whereby only said inked printing elements will imprint their images
      on said cloth, said inking means comprising, an inking wheel carried by
      said frame for rotation on an axis parallel to the axis of said printing
      wheel, and having one or more raised inking faces operable to engage the
      printing elements of said printing wheel as said inking wheel rotates, the
      angular extent of each inking face being such that it can apply ink to
      only a single printing element of said printing wheel, the linear
      circumferential spacing between certain of said inking faces, relative to
      said inking wheel, being equal to the circumference of said printing
      wheel,
PA1  e. means operable to turn said inking wheel at a linear peripheral speed
      equal to that of said printing wheel,
PA1  f. means operable to apply ink to the inking faces of said inking wheel,
      and
PA1  g. selector means operable to adjust said inking wheel to apply ink
      selectively to any of said printing elements.
NUM  2.
PAR  2. The device as recited in claim 1 wherein said selector means comprises
      means for selectively altering the relative angular position of said
      printing wheel relative to that of said inking wheel, whereby to cause
      said inking wheel to apply ink only to any selected printing element of
      said printing wheel.
NUM  3.
PAR  3. The device as recited in claim 1 wherein said means operable to turn
      said inking wheel comprises a pair of meshing gears affixed respectively
      to and rotatable with said printing and inking wheels, and having the same
      ratio of diameter as said wheels, and wherein said selector means
      comprises means for adjusting the angular position of one of said wheels
      relative to its associated gear.
NUM  4.
PAR  4. The device as recited in claim 1 wherein the printing elements of said
      printing wheel consist of a plurality of series of digits from 1 to 0
      arranged consecutively around the periphery of said wheel, and wherein the
      linear peripheral spacing of said inking faces of said inking wheel,
      relative to said inking wheel, is equal to the linear peripheral spacing
      between corresponding digits of said series of printing wheel digits,
      relative to said printing wheel, said selector means comprising means for
      changing the relative angular positions of said printing and inking
      wheels, so that the inking faces of the latter engage and apply ink to all
      occurrences of any selected digit of said printing wheel.
NUM  5.
PAR  5. The device as recited in claim 4 including a plurality of said printing
      wheels carried in spaced relation on a common axis transverse to the
      direction of cloth travel, and an inking wheel cooperating with each
      printing wheel, corresponding digits of all of said printing wheels, and
      corresponding inking faces of all of said inking wheels, being disposed in
      angular registry, whereby the selected digit is imprinted on said cloth at
      intervals across the width thereof transverse to its direction of travel.
NUM  6.
PAR  6. The device as recited in claim 4 including a second printing wheel and
      associated inking wheel, said second printing wheel also engaging said
      cloth but being offset from said first printing wheel in a direction
      parallel to their axes, and a second selector means operable to control
      the digit to be imprinted by said second printing wheel and operable
      independently of said first selector means, whereby any selected two-digit
      numeral may be imprinted on said cloth.
NUM  7.
PAR  7. The device as recited in claim 6 wherein the axes of the two printing
      wheels are spaced laterally apart, and wherein the associated inking
      wheels are coaxial with each other, corresponding inking faces of said
      inking wheels being angularly offset at such distances that the numeral
      imprinted by said second printing wheel is disposed directly adjacent that
      imprinted by said first printing wheel, to comprise a two-digit numeral
      conjointly.
NUM  8.
PAR  8. The device as recited in claim 6 wherein said two printing wheels are
      disposed coaxially in side-by-side relation, whereby to print both digits
      of a two-digit numeral simultaneously.
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ABST
PAL  A printing device for imprinting selected characters from a plurality of
      type wheels on a record medium is described. Control means are provided
      for selectively adjusting each of the type wheels to bring selected
      characters of each of said type wheels into registry with printing
      positions on the record medium. The control means includes adjusting means
      for each of said type wheels which are conjointly driven by a common drive
      means. Means are provided for inhibiting the operation of selected
      adjusting means when the associated type wheels have reached the selected
      printing position. Elastic coupling means are provided between the drive
      means and each adjusting means to permit the continued movement of said
      drive means independently of an inhibited condition of one or more of said
      adjusting means. Means are further provided for storing information to
      program the operation of the control means.
BSUM
PAR  The present invention relates to a printing apparatus for imprinting
      selected characters on a movable record medium. More specifically the
      present invention relates to a printing mechanism having a set of
      juxtaposed type wheels with a plurality of characters thereon and control
      means for selectively adjusting said type wheels to bring selected
      characters thereon into registry with printing positions on the record
      medium.
PAR  Imprinting devices of this general type are already known in the art.
      However, in these prior art constructions, the setting or adjustment of
      the type wheels is effected directly by means of a setting device once the
      information to be printed has been fed thereinto. Such a setting of the
      type wheels generally can be accomplished with an expensive control
      mechanism.
PAR  It is the object of the present invention to structurally simplify
      imprinting devices of this type and category and to provide them in such a
      manner that the setting of all of the type wheels takes place
      simultaneously and independently of the input or feed of the information
      into the setting device.
PAR  This object of the present invention is fulfilled by virtue of the fact
      that the information which determines the selective adjustment of the type
      wheels to be fed into the control device is adapted to be stored therein;
      that the setting members of the control device are displaceable by means
      of a drive member which, during each setting operation, passes through a
      predetermined maximum adjusting path; and that the setting movement of
      these setting members by the setting device corresponding to the stored
      information can be interrupted, independently of the movement of the drive
      member, when the type wheels assume a position in which the symbol or
      character value that corresponds to the information fed into the control
      device is in the printing position.
PAR  In a preferred embodiment the setting means include toothed racks which
      mesh with a toothed pinion coupled to the type wheels. The length of the
      adjusting path of the toothed racks is adjustable by means of stop means
      which are selectively actuated by the control device. The drive member
      traverses a predetermined maximum path corresponding to the maximal angle
      of rotation of the type wheels for any selected combination of adjustment
      of the type wheels and is elastically coupled with a setting member
      serving for the drive of the toothed racks.
PAR  In a preferred embodiment the drive member and the setting members comprise
      first and second pivotable levers, respectively. The first pivotable lever
      is rigidly affixed to a pivot shaft while the second pivotable lever is
      freely rotatably positioned thereon. An elastic driving connection is
      provided between these two pivotable levers. In a preferred embodiment,
      one of the pivotable levers has a pivotable engaging lever secured thereto
      which is rotatable on an axis parallel to the axis of the pivotable shaft
      and which, with a concavely curved edge, engages behind a lateral shoulder
      or extension of the other pivotable lever. Coupled to this engaging lever
      is a spring which seeks, by means of the engaging lever, to hold the
      pivotable lever serving as setting member against the pivotable lever
      serving as a drive member.
PAR  The control device for storing information relating to the characters to be
      selected on the type wheels may comprise a bank of keys equipped with a
      zero lever slide. The keys are provided with spars which serve as stop
      means which selectively engage and limit the travel of the toothed racks.
      In this case, each toothed rack is advantageously secured to a connecting
      rod each of which is operatively associated with one row of keys and in
      operative engagement with the key spars constituting the stops. The
      connecting rod is coupled to and displaceable by means of the pivotable
      lever forming the setting member in the plane of the associated row of
      keys.
PAR  The present invention will now be further described hereinafter with
      reference to the accompanying drawing the single figure of which is a
      longitudinal cross-sectional view through one embodiment of the printing
      device of the present invention.
PAR  With the aid of the printing device as disclosed and described herein it is
      possible to print on a movable record medium, particularly labels,
      selected characters. It is particularly suitable for providing price or
      content data on labels for making merchandise.
PAR  The printing device of the present invention comprises a printing mechanism
      generally identified 10, a drive mechanism generally identified 12, and a
      setting device generally identified 14 for setting the symbol or character
      values that are to be printed on a data carrier by means of the printing
      mechanism 10. These mechanisms 10, 12, 14 are supported and disposed
      between a pair of parallel support plates 16.
PAR  The printing mechanism 10 includes a plurality of type wheels 20 which are
      rotatably disposed with a small spacing on a common bearing axle 18
      journaled in side support plates 16. The type wheels have a plurality of
      characters disposed around the circumference thereof at a uniform angular
      spacings. These characters may comprise numbers or any alpha-numeric
      symbols.
PAR  Let it be assumed that, in a preferred embodiment, it is intended to print
      with the aid of the printing mechanism 10 price data on individual labels
      for the purpose of marking merchandise. For this purpose, there is guided
      below the type wheels 20 an ink ribbon 21 with which a web of paper 24
      carrying individual labels can be drawn off of a spool 22. The web of
      paper 24 is gradually pulled into the device by means of a draw-off roller
      26 to which a counter roller 28 is coupled. The paper is moved past the
      type wheels 20, whereby an unprinted label is brought into registry with
      type wheels 20. Reference numeral 30 identifies a printing hammer which is
      operatively associated with type wheels 20 and which executes a striking
      movement in a manner for pressing the label against ink ribbon 21 and the
      selected characters on type wheels 20.
PAR  For purposes of adjusting the type wheels, a set wheel 32, provided as a
      gear wheel, is coupled to each type wheel 20. These set wheels 32 are
      positioned on one end face of the type wheels 20 and are in form-locking
      engagement with a toothed rack 34 bringing about the adjusting movement.
      The toothed racks 34 coupled to the type wheels 20 are movable in
      rectilinear paths. Elongated slots 36 are provided in toothed racks 34 for
      receiving guide rods 38 which are rigidly affixed between side plates 16.
PAR  For displacing the toothed racks for adjusting the type wheels 20 a driving
      or actuating lever 40 is provided which is disposed on a pivot shaft 42 so
      as to be rigid against rotation. Pivot shaft 42 is rotated by means of a
      suitable drive means. For each adjusting operation, i.e. for each new
      setting or adjustment of the type wheels 20, pivot shaft 42 is rotated in
      the direction indicated by arrows about a given angle such that the
      toothed racks 34 are conjointly displaced by the drive lever 40. The
      length of the adjusting path of the toothed racks 34 is determined by the
      setting device 14 corresponding to the information that is stored therein,
      independently of the pivoting movement of the drive lever 40. The setting
      device 14 preferably includes a bank of keys which is equipped with a zero
      return lever slide 46 controlling a zero return lever 44, and in each case
      one row of keys corresponding for example to a number of digits of a
      figure to be printed is associated with each type wheel 20. A connecting
      rod 52 is provided which is displaceably guided by means of elongated
      slots 54, 56 on stationary guide rods 58, 60 secured in side plates 16.
      Connecting rod 52 comprises on the long side thereof facing the row of
      keys one stop projection 62 per key spar 48 of individual keys 50. As
      shown in the drawing, the stop projections 62 and/or the key spars 48 have
      configurations such that each key spar corresponds with a different
      projection, respectively, whereupon actuation of a given key results in
      connecting rod 52 shifting to the right to a position in which the
      corresponding stop projection 62 engages the spar of the actuated key, the
      type wheel 20 having been rotated through an angle causing the appropriate
      character thereon to be adjacent the printing medium 24. Secured to each
      connecting rod 52 by means of a connecting arm 64 is one of the toothed
      racks 34. A bolt 68 of a setting lever 70 which is pivotally disposed on
      the pivot shaft 42 engages in recess 66 in connecting rod 52. This setting
      lever 70 is resiliently coupled with the driving lever 40 in such a manner
      that the driving lever 40 is then adapted to drive the individual setting
      levers 70. Accordingly, setting levers 70 can displace by means of
      connecting rods 52 the toothed racks 34 about a niaximal adjusting path
      when no key is depressed. In order to insure that the displacing movement
      of the connecting rods can be interrupted independently of the pivoting
      movement of the driving lever 40 when the type wheels assume a position in
      which the number that corresponds to the information being locked in the
      setting device is in printing position, an engaging lever 72 positioned on
      an axis parallel with respect to the pivot shaft 42 is hingedly connected
      for example with the driving lever 40. Engaging lever 72 hooks or engages
      with concavely curved edge 74 thereof behind a lateral stop pin 76
      extending from setting lever 70. Disposed on the pivot axle 78 of the
      engaging lever 72 is a torsion spring 80 which seeks by means of the
      engaging lever 72 to pivot the setting lever 70 into a position parallel
      to and against the driving lever 40. The curved surface 74 contains a
      recess 74a that receives the stop pin 76 when the levers 40 and 70 are in
      their illustrated normal adjacent positions.
PAR  The key return spring means (not shown) and the zero slide and zero lever
      means for returning the keys to their illustrated retracted positions when
      the connecting rod 52 is returned to the illustrated position form no part
      of the instant invention, and consequently will not be further described.
PAR  The printing device described hereinabove operates as follows:
PAR  After each printing operation, the driving lever 40 corresponding to each
      row of keys, the setting lever 70 with connecting rod 52, toothed rack 34
      and the type wheel 20 are returned into the starting position indicated in
      the drawing. In that position, all of the type wheels are in the same
      position, i.e. that same character, in the present case the number 0, is
      in printing position. In order to make labels on which a specific price
      information or indication is imprinted, it is necessary to initially feed
      a corresponding information to the setting device 14, by tapping a
      specific numerical value in the bank of keys. By virtue of this tapping of
      keys, the setting movement required for the setting of the type wheels 20,
      of the toothed racks 34 and of the connecting rods 52 is established in
      the setting device 14, in that the spars 48 of the depressed keys 50
      serves as stop means for the connecting rod 52 corresponding to the
      respective rows of keys. When the numerical value corresponding to the
      price to be printed has been tapped in, the setting operation or procedure
      for setting the type wheels 20 is initiated by means of a starter key not
      further illustrated herein. The driving lever 40 is pivoted by the pivot
      shaft 42 in the direction shown by arrows about a predetermined angle. By
      way of the engaging lever 72, the setting levers 70 being connected in
      each case with a connecting rod 52 are conjointly pivoted at that time so
      that the connecting rods 52 and the toothed racks 34 will be set in motion
      in the longitudinal direction. This setting movement of elements 34, 52,
      70 takes place or continues until the stop projection 62 of the individual
      connecting rods which corresponds to the spar of the depressed key strikes
      against the spar 48. Due to this driving of the connecting rods 52 along
      the corresponding key spars 48, there occurs an interruption in the drive
      of the rods 34, 52, and at that time, the type wheels that have been
      brought to a standstill thereby will assume a printing position wherein
      the number which is tapped into the row of keys is in registry with the
      label strip 24. During one setting operation, the respective connecting
      rods 52 and the associated toothed racks 34 will thus execute different
      setting movements corresponding to the respective numbers tapped into the
      various rows of keys. However, the driving lever 40 is pivoted about a
      predetermined angle which is at least as great as the angle of rotation
      necessary for the number having the highest value on the type wheels to
      arrive in a printing position. This means that in the course of one
      setting operation, as soon as the connecting rods 52 cooperate with the
      spar 48 of the respectively depressed key of the corresponding row of
      keys, the setting lever 70 comes to a standstill and the driving lever 40
      executes a relative movement with respect thereto. Therefore, the setting
      movement of the toothed racks 34 is interrupted by the setting device 14
      corresponding to the tapped-in information, independently of the movement
      of the driving lever 40. When the type wheels 20 have been set, the
      printing hammer 30 becomes operative and presses the label against type
      wheels 20 for a short period of time, whereupon the draw-off roller 26
      puts the paper strip into motion in order to place a new label in printing
      position. This draw-off roller is preferably driven by way of an
      electromagnetic coupling, and the circuit may be controlled by a
      photoelectric cell.
PAR  The imprinting device may further be equipped with a preselection counter
      so that, after the completed setting of the type wheels by the device, a
      plurality of duplicate labels may be printed until the number of labels
      having been set or chosen by the preselection counter has been reached.
      Upon the completion of the printing operation, the rocking shaft 42
      returns the driving lever 40 to the starting position thereof, whereupon
      by way of the setting levers 70 all of the connecting rods 52, toothed
      racks 34, and all of the type wheels are once again placed in the starting
      position. At the same time, the depressed keys are unlocked in a manner
      known per se so that a new setting of the imprinting device is made
      possible.
PAR  In order to allow for controlling the printing device electrically, as an
      alternative to the mechanical key board, each connecting rod may be
      operatively associated with an annular toggle lever 92 adapted to be
      controlled by an electromagnet 90. The connecting rods 52 may be equipped
      at the long side thereof with notched recesses 94 the number of said
      recesses corresponding to the number of characters existing on each of the
      type wheels 20. With a notch bolt 96, the toggle lever 92 may in this case
      engage or lock in the notches when the magnet 90, in the course of a
      selected operation, is controlled at a specific period of time by a
      setting device. This control or operation takes place in such a manner
      that the rocking lever 92 will engage in the respective notch recess 94
      which corresponds to the selected character of the corresponding type
      wheel that happens to be in printing position at that time. Thus it is
      thereby possible to control the imprinting device for example through the
      digital unit of an electric cash register in order to imprint with its aid
      cash vouchers, vouchers or coupons or check stubs. An imprinting device
      conceived in this manner may equally be connected to process counters or
      serve as imprinting or marking devices for labels etc. on electronic
      scales and the like.
PAR  The apparatus of the present invention may be modified as would occur to
      one of ordinary skill in the art without departing from the spirit and
      scope of the present invention.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. In a printing apparatus for printing characters on a printing medium,
      including a plurality of rotatable type wheels (20) each having a
      plurality of characters on the periphery thereof, drive means normally
      rotating said wheels through operating angles causing all of the
      characters thereon to be successively arranged in printing positions
      relative to said printing medium, and keyboard means for interrupting the
      rotation of the type wheels to positions in which selected characters
      thereon are in printing positions, respectively, relative to said printing
      medium; the improvement wherein said drive means comprises
PA1  a. common drive lever means including a plurality of pivotable drive levers
      (40) associated with said type wheels, respectively, and means (42) for
      simultaneously pivoting said drive levers between first and second
      positions, respectively; and
PA1  b. means connecting each of said type wheels with its associated drive
      lever, respectively, comprising
PA2  1. a toothed set wheel (32) coupled with the associated type wheel;
PA2  2. a longitudinally slidable rack (34) having teeth that engage the teeth
      of said set wheel;
PA2  3. a setting lever (70) pivotable at one end about an axis parallel with
      the pivot axis of said drive lever;
PA2  4. connecting rod means (52) associated with said keyboard means for
      connecting the other end of said setting lever with said rack; and
PA2    means (72, 80) resiliently connecting said setting lever with said drive
      lever, said connecting means being normally operable, upon pivotal
      movement of said drive lever from said first position to said second
      position, to rotate the associated type wheel through the aforementioned
      operating angle, whereby when all of the drive levers are pivoted from
      their first positions toward their second positions, displacement of said
      connecting rod means may be interrupted by said keyboard means at
      positions causing desired characters on said type wheels to be in printing
      positions, respectively, relative to said printing medium.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein said resilient connecting means
      includes an engaging lever (72) pivotally connected with one of said drive
      and setting levers, said engaging lever having a concavely curved surface,
      the other of said drive and setting levers having a lateral extension
      engageable with said curved surface, and spring means (80) normally
      biassing said engaging lever to bias said setting and drive levers
      together.
NUM  3.
PAR  3. Apparatus as defined in claim 2, wherein said lateral extension
      comprises a pin which engages a notched recess contained in said concave
      curved surface of said engaging lever when said setting and drive levers
      are held together.
NUM  4.
PAR  4. The apparatus of claim 1, wherein there is further provided electrically
      actuable means for engaging and stopping said connecting rod in selected
      positions.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said electrically actuatable means
      includes an electromagnetically actuated toggle lever which operatively
      engages and stops said connecting rod in selected positions in response to
      electrical command signals.
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ABST
PAL  Character belt apparatus for use on a line printer and including a thin,
      flexible metal belt formed into an endless band for carrying replaceable
      character slugs affixed thereto at regular intervals. Each character slug
      has a front side on which an alphanumeric character is provided and a rear
      side which is recessed in a particular manner so as to mate with a
      mounting and fastening element that is itself affixed to the belt by spot
      welding or the like. Although the fastening mechanism of the element may
      vary from embodiment to embodiment, in each case the matingly engaging
      surfaces of the element and slug provide for accurate positioning of the
      slug relative to the belt in both the longitudinal and transverse belt
      directions. In one embodiment a screw is used to fasten the slug in
      registration with a nut type element plate. In second and third
      embodiments, spring clip type elements mount and affix specially adapted
      character slugs to the belt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to character belt apparatus for use
      in line printers and more particularly, to an improved character belt
      apparatus having individually replaceable character slugs that are secured
      to and in registration with the belt.
PAR  2. Description of the Prior Art
PAR  In printers of the type used in data processing equipment, a movable
      endless belt supporting a plurality of type characters is moved
      continuously past a print line at a constant rate of speed. The type
      characters are equally spaced from one another and are precisely located
      on the belt in a single lateral track. In such printing devices, a bank of
      print hammers is mounted such that it can be caused to strike a selected
      character during the rotation of the belt in response to appropriate
      control signals. A print medium, such as a web of paper is fed
      incrementally, step by step, past the print line so as to enable the
      aligned bank of print hammers to appropriately impact the print.
      Accordingly, each hammer, when actuated, strikes the back of the paper and
      forces the paper against the character on the band. Because of the
      relative movement of the type characters on the belt and the print
      hammers, it will be appreciated that the character must be in precisely
      the expected location on the belt or misprinting will result. After a
      character belt has been in use for some time, wear problems have been
      encountered due to the continual pounding it experiences from the print
      hammers. It has also been observed that certain alphanumeric characters
      are used more frequently than others and consequently, tend to wear at a
      quicker rate.
PAR  One type of character belt used in date processing printers is fabricated
      from a fiberglass-reinforced rubber timing belt currently manufactured by
      the United States Rubber Company. At the upper and lower ends of each of
      the character slugs are rearwardly-extending undercut portions defining
      mutually facing ledges which are spaced apart by a distance substantially
      the same as the width of the belt. Accordingly, to assemble the character
      slugs on the belt, it is necessary to compress the belt slightly across
      its width, move the character slug into place and then release the belt so
      that the edges thereof move into the space between the rear wall portions
      and the front portion of the character slug. However, it is relatively
      expensive to fabricate this belt in view of the time required to
      individually assemble each character slug on the belt. Moreover, because
      of the resilient properties of the rubber, it was found that the location
      of each slug changed continuously as a function of the stretching of the
      belt.
PAR  Another type of character belt is formed by etching a single metal
      substrate and butt welding the ends together into an endless band. In
      fabricating this belt, a relatively thick band of metal has portions of
      its surface selectively etched away so as to define a set of raised
      characters. However, after usage it has been found that some of the more
      frequently-used characters wear away. Since the characters are formed
      integrally with the belt, the whole belt must be scrapped. Since the worn
      characters are not replaceable and in view of the accuracy of the etching
      operations that are required to form the characters, it is easily
      recognized that such a belt must be frequently replaced and is expensive
      to purchase.
PAR  Examples of printing belts are found in U.S. Pat. No. 2,928,896, entitled
      "High Speed Printing Devices," which issued Mar. 15,  1960, in the same
      name of Gerhard Dirks; U.S. Pat. No. 2,940,385, entitled "High Speed
      Printer," which issued June 16, 1960, in the name of Frank R. House; and
      U.S. Pat. No. 3,402,657, entitled "High Speed Belt Printer with Printing
      Slug Supporting Means," which issued Sept. 24, 1968, in the names of John
      T. Potter, Thomas P. Foley and Carmine J. Antonucci.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a line
      printer character belt apparatus in which the character slugs are
      individually replaceable units.
PAR  Another object of the invention is to provide a character belt apparatus of
      the type described which has a long useful life and is therefore
      relatively inexpensive.
PAR  Still another object of the present invention is to provide a character
      belt apparatus of the type described which can include a character set
      that is tailored to the needs of a particular customer.
PAR  Briefly, the present invention is directed toward a character belt
      apparatus for use on a line printer and includes a thin flexible metal
      belt formed into an endless band, a plurality of slug mounting elements
      affixed at predetermined locations along the outer surface of the belt,
      and a plurality of replaceable character slugs each having a front face
      upon which an alphanumeric character is provided and a rear face which is
      recessed to mate with a mounting element. The mounting elements include a
      body portion having a pair of sides forming a pair of longitudinal
      registration surfaces, means for providing slug-belt registration in the
      transverse directions, and fastening means for securing the slug to the
      mounting element. Apertures are provided in the belt between adjacent
      character slugs to relieve stresses set up in the belt due to the
      continuous bending that the belt experiences while traveling about the
      drive pulleys.
PAR  In a first embodiment the slug mounting element comprises a nut plate
      including top and bottom tabs which mate with corresponding surfaces of
      the slug to provide vertical registration of the slug in a direction
      transverse to the belt. In addition, the nut plate is tapped and threaded
      to receiving a screw which passes through an aperture in the slug to
      secure the slug to the nut plate.
PAR  In other embodiments, clip springs serve as the mounting elements as well
      as the fastener. In these embodiments, one end of the spring clip is
      looped and formed to resiliently engage the front face of the character
      slug and hold it in engagement with another portion of the clip which is
      affixed to the belt.
PAR  One advantage of the present invention is that it inexpensively allows the
      individual replacement of worn or damaged character slugs.
PAR  Another advantage of the present invention is that it provides a character
      belt which may be inexpensively tailored to the individual needs of a
      particular customer in that special character sets may be arranged upon
      the belt in any desired sequence.
PAR  Still another advantage of the present invention is that it provides for
      removable character slugs which are accurately located at equally spaced
      intervals on the outer surface of a flexible metal belt.
PAR  Still another advantage of the present invention is that the flexible metal
      character belt is stress-relieved to minimize the occurrence of belt
      fatigue at the character attachment locations.
PAR  Other objects and advantages will be apparent to those skilled in the art
      after having read the following detailed disclosure of the preferred
      embodiments illustrated in the several figures of the drawing.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a diagrammatic perspective view of a character belt apparatus and
      belt driving mechanism in accordance with the present invention.
PAR  FIG. 2 is a fragmentary perspective view of a portion of the character belt
      apparatus of FIG. 1.
PAR  FIG. 3 is an exploded view of one embodiment of a character slug and
      fastening element in accordance with the present invention.
PAR  FIG. 4 is a fragmentary perspective view of a second embodiment of a
      character slug and fastening element in accordance with the present
      invention.
PAR  FIG. 5 is a front elevational veiw of a portion of the embodiment
      illustrated in FIG. 4.
PAR  FIG. 6 is a side sectional view taken through lines 6-6 of FIG. 5.
PAR  FIG. 7 is a side sectional view of a third embodiment of a character slug
      and fastening element in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and in particular, to FIG. 1 thereof, the
      character belt apparatus of the present invention is illustrated. As shown
      therein, the character belt 10 is in the form of an endless band
      positioned on a belt-driving mechanism including a pair of spaced-apart
      pulleys 9 which are rotatably driven by motor 8. As will be specified in
      more detail below, belt 10 carrys a plurality of character slugs 12 which
      are used to print alphanumeric characters. Upon energization of the motor
      8 the belt 10 is continuously driven past a bank of print hammers (not
      shown) positioned in the foreground and selectively energized so as to
      strike one of the character slugs 12 through a sheet or strip of paper
      passed therebetween. The slugs 12 are individually removable and are
      affixed to the outer surface of the belt in a manner which will be
      hereinafter described.
PAR  In compliance with one industry standard, 64 alphanumeric characters
      comprise a character set. In the preferred embodiment of the present
      invention two such sets are affixed in sequence around the band such that
      the belt includes 128 characters. On most bands, 26 of the character slugs
      are used to represent the letters of the alphabet and 10 slugs are used to
      represent numbers. The remaining 28 characters are designated as being
      special characters and may include punctuation marks and arithmatic
      symbols as well as many of the more frequently-used letters and numbers.
PAR  Referring to FIGS. 2 and 3, a first embodiment of the present invention is
      illustrated. The belt 10 comprises a thin flexible metal that is formed
      into an endless band perforated with apertures 16 having a substantially
      oval shape. The apertures 16 are equally spaced from one another at
      preselected intervals along the length of the belt and serve to relieve
      stresses set up in the metal belt at the character attachment areas as it
      is bent around the pulleys 9. Since the slugs 12 are precisely located
      with respect to the apertures, the apertures may be used as a means which
      can be detected to develop a clocking pulse for controlling the timing
      between the character position and the print hammer actuation. In the
      preferred embodiment, the belt is a strip of stainless steel joined
      together at its ends by well known lap welding techniques. The particular
      stainless steel used may be any of the high strength alloys which have
      been tempered or heat-treated to provide the required tensile strength.
      Materials such as 301, 410 and 17-7PH stainless steel are satisfactory.
PAR  A character slug assembly is secured to the belt between adjacent apertures
      16 and is comprised of a character slug 12, a nut plate 14, which serves
      to mount the slug to the belt 10, and a screw 18 for securing the
      character slug 12 to the nut plate 14. As shown in FIG. 3, the nut plate
      14 is generally C-shaped in configuration and includes top and bottom tabs
      20 and 22, also referred to as flanges, which protrude outwardly from
      opposite ends of the body portion of the nut plate. The opposing edges 21
      and 23 of the body portion are parallel to one another and serve to define
      a pair of registration surfaces for accurately positioning a slug
      longitudinally relative to the belt. The nut plate is precisely affixed to
      the belt 10 between the apertures 16 by spot welds 26 and 28 such that the
      side edges 21 and 23 of the body portion are aligned substantially normal
      to the length of the belt and parallel to the respective side edges of all
      of the other nut plates so that the distance between the respective edges
      of adjacent nut plates is precisely controlled. Beneath the weld 28 is a
      threaded hole or aperture 24 which is centered between the edges 21 and
      23, and spaced a predetermined distance up from the bottom tab 22. In the
      preferred embodiment, the nut plate is fabricated from a low carbon steel.
PAR  The character slug 12 has a front face with an alphanumeric character 30
      provided in the upper portion and a counter-sunk hole 32 provided in the
      lower portion. The slug 12 is channel-shaped so as to include side flanges
      34 and 36. The distance between the inner surfaces of the flanges 34 and
      36 is slightly greater than that between the edges 21 and 34 of the nut
      plate 14 such that the character slug fits snugly against the edges 21 and
      23 to provide accurate longitudinal registration of the slug with respect
      to the belt 10. For simplicity, longitudinal registration of the slug 12
      will hereinafter be referred to as horizontal positioning or registration.
PAR  The height of character slug 12 slightly less than the distance between the
      tabs 20 and 22 so as to provide registration of slug 12 in the transverse
      direction relative to belt 10. For simplicity, this registration will
      hereinafter be referred to as vertical positioning or registration. The
      character slug is preferably made of carbon steel which has been
      case-hardened. The screw 18 is inserted through the hole 32 and threaded
      into hole 24, and secures slug 12 to nut plate 14. Once the screw is
      tightened, horizontal and vertical registration is effected and rotational
      misalignment between the slug and the nut plate is prevented.
PAR  Referring now to FIGS. 4 through 6, another embodiment of the present
      invention is illustrated. The fundamental difference between the
      embodiment of FIGS. 4 through 6 and the embodiment of FIGS. 2 and 3 is
      that the mounting and fastening element of FIGS. 4 through 6 is comprised
      of a spring clip 40 formed such that the spring force of the clip biases
      the character slug 42 into mating engagement with the aligning portion of
      the clip to hold it in registration as well as to attach it to the belt.
PAR  The spring clip 40 is fabricated from a resilient metal, preferably a
      tempered stainless steel, with a uniform width that is held to a tolerance
      of .001 inches so that its side edges 41 and 43 define horizontal
      registration surfaces for engagement with the character slug 42, as will
      be described below. The body of the spring clip 40 is secured to belt 10
      at a preselected location between the apertures 16 with spot welds 44.
      Spring clip 40 is substantially J-shaped in configuration with its upper
      end being formed into an outwardly protruding tab 46 for engaging a
      corresponding vertical reference surface of the character slug 42. The
      other end of spring clip 40 is bent into a U-shape with the distal end 48
      being bent inwardly at 49 towards the clip body at an angle of between
      45.degree. and 55.degree..
PAR  The character slug 42 includes a front face which is provided with an
      alphanumeric character 50 in its upper portion. The lower portion of the
      front face is notched as shown at 52 and is tapered downwardly toward the
      rear face as shown in the cross-section of FIG. 6. The rear face of the
      character slug includes a vertically-extending recess 54 which extends
      along the entire length of the slug. The width of the recess is slightly
      wider than the width of the spring clip so as to provide horizontal
      registration of the slug relative to the belt 10. The top portion of the
      rear face of the character slug is notched as shown at 59 so as to define
      a vertical reference surface 61 for alignment with the tab 46.
PAR  Another feature of this embodiment is the formation of parallel
      vertically-extending grooves 60 and 62 along the edges of the recess
      adjacent the side walls 56 and 58. Since the magnitude of the impact force
      of the hammer against the character slug is such as to momentarily stop
      the slug while the belt continues to move under the influence of the belt
      driving mechanism, rotational forces are set up between the spring clip
      and the slug. To accommodate such forces, grooves 60 and 62 are added to
      provide clearance between the slug and the registration edges 41 and 43 of
      the spring clip 40 so that when the print hammer impacts the character 50
      of the character slug, a slight rocking action about a vertical axis is
      permitted. Alternatively, chamfered edges could be provided on the
      character slug to accomplish the same purpose. Because the character is
      mounted on a flexure which permits a slight rotational movement, the
      rotational forces do not harmfully effect the printing operation. In fact,
      the slight rotational movement tends to reduce smearing caused by the
      motion of the belt.
PAR  In mounting the character slug 42 to the spring clip 40, the walls 56 and
      58 of the slug are aligned with the horizontal registration surfaces of
      the clip, and the slug is urged downwardly until the lower portion of the
      slug engages the inwardly-directed end 48 of the clip. Continued urging
      causes the tapered surface of the slug to force the spring back to a
      position such as illustrated by the dashed lines 68 in FIG. 6. As soon as
      the edge of notch 52 clears the tab 46 of the spring, the slug will snap
      into place and pressure can be released. At this time the bias force of
      the spring which is directed upwardly and inwardly at the end 48 forces
      the vertical registration surface 60 of the slug against the tab 46 and
      maintains the grooves 60 and 62 in registration with the horizontal
      registration surfaces of the spring clip. To remove the slug, the slug is
      pulled outwardly away from belt 10 causing the notch 59 to move out of
      engagement with the tab 46.
PAR  In the preferred embodiment, the spring clip is 10 mils thick and 0.125
      inches wide, and has a tolerance of 0.001 inches. The grooves are 8 mils
      deep and 0.127 inches wide between the inside edges of sides 56 and 58.
PAR  In a third embodiment illustrated in FIG. 7, the front face of a character
      slug 69 is recessed as shown at 70 so as to define a locating groove 72
      which has a controlled width that is slightly greater than the thickness
      of the spring clip 74. The spring clip is bent so as to extend in a
      U-shape around the bottom of the slug and is bent inwardly as shown at 76
      such that its end is biased inwardly in a direction substantially normal
      to the locating surface 72 and to the outer surface of the belt 10. Thus,
      when the character slug is snapped into the spring clip in the same manner
      as was the previous embodiment, the spring force exerted by the end 73
      against the character slug is such as to prevent movement in the vertical
      direction, thereby securing the slug in vertical registration. Horizontal
      registration is effected by the snug fit between the width of the clip and
      the inside edges of a vertical groove provided in the rear face of the
      slug similar to that of the previously described embodiment. The tab
      portion of the embodiment shown in FIGS. 4 through 6 has been eliminated
      in this embodiment and advantageously eliminates the precise tolerance
      requirements in manufacturing the spring clip.
PAR  It will thus be seen that several important features and characteristics
      are provided in accordance with the present invention. For example, the
      particular manner in which the slugs are attached to the belt together
      with the manner in which the apertures are provided in the belt result in
      highly accurate and repeatable positioning of the slugs when in the
      printing position, yet permits a relatively large degree of belt
      flexibility as a particular belt segment rounds a drive or idler pulley.
      Furthermore, the limited freedom of the slugs to rotate about a vertical
      axis as permitted by the vertical groove 60 and 62 enables full
      character-hammer contact to insure uniform printing while at the same time
      reducing the tendency to smear due to the relative motion between
      character and paper during the print operation.
PAR  While several embodiments of character belt apparatus having individually
      replaceable character slugs fulfilling all of the objects and advantages
      set forth have been described above in what is at present considered to be
      preferred embodiments of this invention, it will be understood that
      various additional modifications may be made therein, and it is intended
      that the appended claims cover all such modifications that fall within the
      true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Character belt apparatus for use on a line printer, comprising:
PA1  a flexible belt formed into an endless band;
PA1  a plurality of elongated slug mounting elements, each such mounting element
      including a body portion affixed to the outer surface of said belt and
      vertical registration means formed by at least one extremity of the
      elongated mounting element turned so that at least a terminal portion of
      said one extremity extends normal to said body portion and to the outer
      surface of said belt to define at least one horizontally extending
      vertical registration surface, said body portion having parallel side
      edges oriented transverse to the length of said belt to define a pair of
      horizontal registration surfaces;
PA1  a plurality of replaceable character slugs, each such slug including a
      front face on which on alphanumeric character is provided and a rear face
      having a recess extending vertically therealong to mate with and receive
      said body portion, the horizontal boundaries of said recess being formed
      by a pair of opposed spaced-apart vertically extending surfaces for
      engaging said horizontal registration surfaces to provide horizontal
      registration of said slug relative to said belt, each such slug also
      including at least one horizontally extending surface for mating with said
      vertical registration surface to provide vertical alignment of said slug
      relative to said belt; and
PA1  slug fastening means for securing each of said character slugs to
      corresponding ones of said mounting elements.
NUM  2.
PAR  2. Character belt apparatus as recited in claim 1 wherein said vertical
      registration means further includes a second extremity of said elongated
      mounting element turned normal to said body portion and to the outer
      surface of said belt to form a second horizontally extending vertical
      registration surface, and wherein said slug further includes a second
      horizontally extending surface for mating with said second vertical
      registration surface.
NUM  3.
PAR  3. Character belt apparatus as recited in claim 2 wherein said slug has a
      single aperture formed therein, and wherein said slug fastening means
      includes a single tapped hole formed in said body portion and a single
      screw adapted to pass through said aperture and thread into said tapped
      hole to secure said slug to said body portion.
NUM  4.
PAR  4. Character belt apparatus as recited in claim 1 wherein said slug has a
      horizontally extending notch provided in the front face thereof, and
      wherein said slug fastening means is formed by a second extremity of said
      mounting element which is turned to wrap around a portion of said slug so
      that its distal end mates with said notch, said second extremity being
      sprung to apply a force to said slug tending to hold it in engagement with
      said body portion.
NUM  5.
PAR  5. Character belt apparatus as recited in claim 4 wherein the distal end of
      said second extremity forms a second vertical registration surface, and
      wherein one of the slug surfaces forming said notch forms a second
      horizontally extending surface for mating with said second vertical
      registration surface.
NUM  6.
PAR  6. Character belt apparatus as recited in claim 4 wherein said portion of
      said slug is tapered to provide a camming surface for enabling the tapered
      portion to be forced between said body portion and said distal end until
      said notch is mated with said distal end.
NUM  7.
PAR  7. Character belt apparatus as recited in claim 1 wherein said one
      extremity of said elongated mounting element is turned so that its distal
      end is spaced from and faces said body portion and wherein said one
      extremity also forms a second horizontally extending vertical registration
      surface, and wherein said slug includes a second horizontally extending
      surface for mating with said second vertical registration surface, said
      second horizontally extending surface being spaced apart from said one
      horizontally extending surface to form a horizontally extending slot in
      said front face receiving the distal end of said one extremity.
NUM  8.
PAR  8. Character belt apparatus as recited in claim 7 wherein each said
      elongated mounting element includes a U-shaped portion which couples said
      one extremity to said body portion, said U-shaped portion cooperating with
      said one extremity and said slot to form said slug fastening means.
NUM  9.
PAR  9. Character belt apparatus as recited in claim 8 wherein said U-shaped
      portion in sprung to apply a force to said slug tending to hold it in
      engagement with said body portion, and wherein one end of said slug is
      tapered to provide a camming surface for enabling the tapered portion to
      be forced between said body portion and said distal end until said slot is
      mated with said distal end.
NUM  10.
PAR  10. Character belt apparatus as recited in claim 1 wherein said belt is
      metal and said mounting elements are affixed to said belt by spot welds,
      and wherein vertically-elongated apertures are provided in said belt on
      each side of said mounting elements, the vertical lengths of said
      apertures being more than one half the vertical length of each said
      mounting element.
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PAL  Process for reproducing a full color picture in two printing impressions,
      comprising the steps of:
PA0  A. Projecting a multi-color image upon a first panchromatic type film
      through a composite separation screen having first areas which pass long
      record light rays and attenuate short record light rays and second areas
      which pass short record light rays and attenuate long record light rays;
PA0  B. Projecting such multi-color image upon an ortho type film;
PA0  C. Developing such first panchromatic type film and such ortho type film;
PA0  D. Forming a first printing plate by such developed first panchromatic type
      film;
PA0  E. Projecting long record light rays through such developed ortho type film
      and such composite separation screen upon a second panchromatic type film;
PA0  F. Removing such developed ortho type film and projecting short record
      light rays through such composite separation screen upon such second
      panchromatic type film;
PA0  G. Developing such second panchromatic type film;
PA0  H. Forming a second printing plate from such developed second panchromatic
      type film;
PA0  I. Inking a selected one of such printing plates with a first ink and
      transferring therefrom a first ink image upon a substrate; and
PA0  J. Inking the other of such printing plates with a second ink and
      transferring therefrom a second ink image upon such substrate in
      registration with such first ink image.
BSUM
PAR  A full-color picture is here considered one which may have any combination
      of colors in flat and/or gradient tones.
PAR  An effective reproduction (of a full-color picture) is here considered to
      be one which appears to have all the colors of the original subject,
      without necessarily reproducing each exact shade of color, and which has
      good contrast and sharpness of detail presuming such qualities were
      present in the original subject.
PAR  Color is here considered a sensation commonly ascribed to surface, e.g.,
      red, green, blue, yellow, orange, brown, purple, complex sensations such
      as flesh tones and metallic tones, the "achromatic" sensations white, gray
      and black, etc.
PAR  As identified by Edwin H. Land in Scientific American, May 1959, Pages 84,
      etc., "red" is a long record light ray phenomenon while "green" is a short
      record light ray phenomenon.
DRWD
PAR  With reference to the accompanying Drawing, which is not in scale or in
      proportion, but strictly schematic, my invention may be practiced as
      follows:
DETD
PAR  Referring to FIG. 1, a full-color picture 11 to be reproduced is twice
      photographed -- once onto panchromatic film 17 and once onto ortho film
      21. Picture 11 is, for simplicity, assumed to only have the colors red
      (R), green (G), blue (B), yellow (Y) and black (B) arranged as a cross
      upon a white (W) background. The half-round protrustion in the red is
      provided, for reference, as an indication of lateral sense. The colors
      shown, also assumed to be fully saturated and of uniform flat tone, are
      "key" colors, in that an understanding of how they are reproduced on the
      printed page will assist in understanding the reproduction of other
      colors.
PAR  The photo made on pan film 17 is obtained through a crossline halftone
      screen 18 and through a 2-color contact screen 14. The 2-color screen has
      interspersed on its face "red" and "green" filter elements 15 and 16.
      Preferably, the "red" screen elements are slightly larger in area, e.g.,
      about 10% larger, than the "green" screen elements. This is more clearly
      shown in FIG. 1-A, and a similar pattern should be understood in FIGS. 13
      and 14 wherein, for convenience, a simple checkerboard pattern is
      depicted. Acceptable results will obtain if the "red" and "green" elements
      are substantially pure red and green, or if only one or the other set of
      elements is of a substantially pure red or pure green. Preferably,
      however, both screen elements should transmit a minor amount of blue,
      e.g., not more than about 15% blue. As a convenience in practice here
      assumed, the "red" elements are full magenta and the "green" elements are
      full cyan, and the 2-color screen is used conjunctively with a yellow
      filter 13 of about 85-95% purity. (A yellow density of about 85% is
      hereinafter assumed for filter 13.) Various alternative patterns will be
      obvious, and various means of manufacture, and the filter factors of "red"
      and "green" elements may be equalized by the addition of neutral density
      to a selected one set thereof. The screen 14 preferably has a thin
      dimensionally stable base, e.g., 4-mil "Estar" polyester. Assuming
      same-size reproduction is intended, as for a magazine or book, the 2-color
      screen pattern can be relatively coarse, e.g., about 30 of each element
      per linear inch (about 60 in all), as the pattern will become largely
      obscured in the final print.
PAR  The halftone screen 18 is suitably of a cross-line type positioned slightly
      in front of the film 17. Its ruling is best at least twice as fine, or at
      least one-third coarser, than the interval between successive colors in
      the 2-color screen, a relatively fine screen being generally preferred,
      and it should be angled or oriented to produce minimal or no interference
      effects with the 2-color screen. The use of "direct" halftoning, as here
      assumed, is largely a descriptive convenience, and practice is not limited
      thereto.
PAR  FIG. 3 depicts developed negative density on film 17 for selected picture
      colors, (here assuming direct halftoning was not employed). The
      corresponding picture colors are shown immediately above, in FIG. 2. For
      each color, the upper left and lower right quadrants show density obtained
      through "red" filter elements 15, while the upper right and lower left
      quadrants show density obtained through "green" filter elements 16. An
      area encompassing two conjugate pairs of screen filter elements is the
      normal "unit" of color resolution, but in practice a color imaging
      minimally upon co-joining portions of two adjacent screen filter elements
      can be reproduced. Accordingly, there will, in practice, be an effective
      unit of color resolution smaller than the normal unit, though of
      indeterminate size. Numeric values in FIG. 2 represent assumed relative
      actinic potential of each color. Numeric values in FIG. 3 represent
      densities relative to a "full" density of 100, and presume about 15% blue
      transmission through both "red" and "green" filter elements. A correct
      exposure is best determined when a sample yellow produces an average
      negative density of about 90-95% full density. This will normally cause a
      slight degree of overexposure of density representing white. In a
      continuous-tone exposure, such as here presumed, this slight overexposure
      would serve to eliminate formation of highlight halftone dots in
      subsequent halftoning; however if direct halftoning is used, such as in
      FIG. 1, "flashing" or other technique may be employed to directly prevent
      formation of such dots. Though permissible, highlight halftone dots in
      this "composite color separation" are not desired.
PAR  It should be noted, in FIG. 3, that blue is differently represented than
      black. This would not occur except for the small amount of blue
      transmission through both screen filter elements, together with the
      prescribed correct exposure. The conjugate pairs of densities here shown
      equal may, in practice, differ slightly, as may the values of all
      densities relative to each other. It is also as a consequence of exposure
      so that yellow produces about 90-95% average density, that the maximum
      density is less than full in quadrants of red and blue units. These
      various densities will, of course, be reciprocally represented in a
      positive equivalent of this image.
PAR  As shown in FIG. 8, the halftone (composite color separation) image on film
      17 is printed down onto a common lithographic plate 28, e.g., having a
      sensitized coating 29 which is rendered insoluble-hydrophobic-oleophilic
      by light.
PAR  The developed lithographic plate 28', is shown in FIG. 9, and has an
      ink-receptive halftone image 30 corresponding to that on film 17, but of
      positive sense. Plate 28' is herein known as the "1st" plate, and image 30
      as the "1st-plate image".
PAR  Referring back to FIG. 1, the photo made on ortho film 21 is, for
      convenience, directly halftoned through a contact screen 20. If desired, a
      crossline screen or auto-screen ortho film could be used for direct
      halftoning, or halftoning could be done at a later stage. The screen
      ruling may be similar to that of the screen used to halftone the image on
      film 17, but the screen 20 should be angled differently from the screen
      18. (No 2-color screen is used for this photograph.) Assuming the ortho
      film 21 to have substantially equal green and blue sensitivity, a pale
      yellow filter 19 is preferably inserted into the optical path, and
      attenuates blues slightly. This provides a desired imbalance. It is also
      acceptable to slightly attenuate green rather than blue, as by use of a
      pale magenta filter. The attenuated light component may suitably be about
      85-95% the strength of the unattenuated component. Such recommended
      practice is not meant to exclude use of ortho film or equivalent without
      supplemental use of light balancing means.
PAR  What is essentially desired by the above procedure is a "cyan" color
      separation. In a "cyan" separation saturated blue and green will each be
      represented by density of generally middle value, which is distinct from
      how such colors would be represented in a positive print made from a
      conventional red color separation, often known as a "minus-red", i.e.,
      cyan, print. Accordingly, in a positive print made from the "cyan"
      separation on film 21, densities which are reciprocal to those on film 21
      will represent minus-"cyan", but will be distinct from densities obtained
      in a red color separation. The exposure on film 21 is preferably just
      sufficient to leave about 8-10% highlight "windows" in density
      representing picture white.
PAR  FIG. 4 depicts developed negative density of film 21, (here assuming direct
      halftoning was not employed). Corresponding picture colors are shown
      above, in FIG. 2. It will be noted that both yellow and green are
      represented by slightly more than 50% density and blue by slightly less
      than 50% density. These relative values presume that the blue component of
      the "cyan" was attenuated to about 85% the strength of the green component
      by the pale yellow filter 19. Also to be noted is the absence of density
      in units representing black and red, and the almost full density in the
      unit representing picture white.
PAR  As shown in FIG. 12, the developed halftone "cyan" separation on film 21 is
      printed onto copy film 22. The image on film 22 will be a corresponding
      positive, laterally correct.
PAR  Next, as shown in FIG. 13, the image on film 22 is printed by red light,
      e.g., as passes through a red filter 24, and through the same 2-color
      screen 14 which was used in FIG. 1, onto panchromatic film 23. The film 22
      may be face-down upon the base of screen 14, assuming the latter to have
      the thin base recommended. Screen 14 must here have similar register to
      the image passing through it as it had in FIG. 1. By this procedure,
      "green" screen filter elements will block passage of incident red light so
      that the negative halftone print on film 23 is regularly interrupted or
      blanked. Because of the prescribed register, the interruptions will occur
      only in parts of the "cyan" image which positionally correspond to parts
      of the composite color separation (on film 17) which formed through
      "green" filter elements 16. Film 23 is not yet removed or developed.
PAR  As shown in FIG. 14, film 22 is removed and a green filter 25 is
      substituted for red filter 24, then film 23 is exposed again. This second
      exposure will produce uniform density on film 23 in parts underlying
      "green" filter elements 16 of the 2-color scrren, which parts were
      previously unexposed and blank. Film 23 may now be developed. The image
      thereon is still considered to be interrupted, but by areas of uniform
      density.
PAR  Referring to FIG. 10, the image on film 23 is printed down onto a second
      lithographic plate 38, e.g., having a sensitized coating 39 which is
      rendered insoluble-hydrophobic-oleophilic by light.
PAR  The developed second lithographic plate 38' is shown in FIG. 11, and has an
      ink-receptive halftone image 40 corresponding to that on film 21 except
      that it is of positive sense and interrupted. Plate 38' is herein known as
      the "2nd" plate although it may be used first, and image 40 is known as
      the "2nd-plate image".
PAR  In use, it is essential that the 1st plate, 28', be inked with
      (lithographic) ink of a black tone, and that the 2nd plate, 38', be inked
      with (lithographic) ink of a red color. Preferably, the black tone is
      blue-black or purple-black, and the red color is a bright red.
PAR  If the 1st plate 28' is dampened, rolled up with litho ink of black tone,
      then offset onto white paper, the paper will bear an image corresponding
      to the 1st-plate image 30. Units of the print representing the particular
      picture colors shown in FIG. 2 would appear as in FIG. 5. It will be
      notes, in FIG. 5, that highlight halftone dots are absent from white
      picture areas, that solid toned-black halftone density represents black,
      that about 85% toned-black halftone density represents blue, and that
      about 10% toned-black halftone density represents yellow. Also, that red
      and green are each represented by conjugate pairs of hlaftone densities,
      in each case one pair having low density and the other pair having full
      density, and that the area-size of conjugate pairs differs slightly. Being
      a positive image, some halftone densities (those reciprocal to negative
      densities formed through "red" screen elements) will represent minus-"red"
      amounts in the picture, and other halftone densities (those reciprocal to
      negative densities formed through "green" screen elements) will represent
      minus-"green" amounts in the picture.
PAR  If the 2nd plate 38' is dampened, rolled up with litho ink of red color,
      then offset onto white paper, the paper will bear an ink image
      corresponding to the 2nd-plate image 40. Units of the print representing
      the particular picture colors shown in FIG. 2 would appear as in FIG. 6.
      As may be seen in FIG. 6, red highlight halftone dots (about 10% size)
      appear in white picture areas, and full red halftone density appears in
      both black and red picture areas, while slightly more than 50% red
      halftone density appears in blue picture areas, further, that slightly
      less than 50% red halftone density appears in yellow and green picture
      areas. It should also be noted that the preceding halftone values appear
      only in two predetermined quadrants of each unit representing a picture
      color. Remaining quadrants 26 are absent of density. This is a consequence
      of the blanking hereinbefore described. To be appreciated, is that these
      positive halftone values properly represent amounts of minus-"cyan" in the
      picture (which component includes, but is not exclusively, the red
      component), and will be rendered in a red ink.
PAR  In normal practice, the 1st plate 28' and the 2nd plate 38' may be mounted
      on a conventional 2-color rotary offset press, e.g., comprising two
      single-color offset presses in series. The 2nd plate is disposed to be the
      first to print and the 1st plate is disposed to be the second to print,
      and the respective images thereon are imposed in pictorial register with
      each other upon a substrate. The 1st plate is inked with a black tone ink,
      and the 2nd plate is inked with ink of a red color. By such practice the
      black-tone ink will overprint the red ink. The red ink is therefore
      preferably of a kind which will set prior to the impression of the
      black-tone ink, e.g., of a pressure-set kind, so not to redden the
      black-tone ink. The substrate may be white or an off-white. Preferably it
      is a pale green (about 5-8% tint of green).
PAR  In a complete reproduction made as above described, white, black, blue,
      red, yellow and green would be represented as in FIG. 7. (No colors will
      be observed from the Drawing.) The 1st-plate image, printed in black-tone
      ink 1, has obscured parts of the 2nd-plate image, printed in a red ink 2.
      It may not be evident how such representation gives rise to correct colors
      in each instance, nor how other colors are produced.
PAR  Without entering into extensive theoretical analysis, a full range of
      perceived colors, of good constancy and industinguishable from "real"
      colors, is principally due to phenomena discovered by Edwin H. Land, as
      reported in Scientific American, May, 1959 pages 84, etc. in Fortune, May,
      1959, also to such known effects as simultaneous contrast, and possibly in
      part to classical 3-color theory (if the black ink has a blue quantity).
      The instant print will be more effective than any red-black synthesis of
      full-color herebefore known, other than a print made as described in my
      U.S. Pat. No. 3,752,072 entitled "Process for Reproducing a Full-Color
      Picture in One Impression".
PAR  Described photographic procedures were merely exemplary, and equivalent
      negative images for platemaking can be obtained by other ways and with
      other means. For example: a composite color separation can be made from
      separate "red" and "green" color separations rather than by direct
      photography; instead of the 2-color screen a compositing screen could be
      used which has interspersed oppositely aligned (polarized) analyzing
      elements, conjunctive with general polarizing filters and general "red"
      and "green" color filters; compositing may be affected by step-repeat
      operations using a patterned light stencil. The need for separate
      exposures, as described relative to FIGS. 13 and 14, is not essential for
      production of an equivalent interrupted film image. Where platemaking may
      require use of positive images, necessary minor modifications will be
      understood.
PAR  Although this invention has been described as practiced with lithographic
      plates and offset lithography, the prescribed 1st-plate image and
      2nd-plate image may be equivalently formed upon other printing surfaces
      and printed by other processes. In some such instances, e.g., xerography,
      electronography, gravure and collotype, halftoning may not be necessary.
      Suitable and equivalent images can be formed wholly by mechanical means,
      as on molded duplicate relief plates, or on relief plates prepared by a
      mechanical engraving machine, and on zerographic printing surfaces or
      other photoconductive printing surfaces, prescribed images may be directly
      formed by electro-optical means. In all such cases where photomechanical
      plate preparation is avoided, color separation and compositing may be
      affected optically instead of photographically.
PAR  In lithography and other so-called "chemical" printing processes, provided
      that the black-tone ink is of a composition which will be repellant to
      subsequently printed red ink, the 1st plate may suitably be the first in
      series on the press.
PAR  Having described my invention both explicitly and generally, it comprises
      all practice within the scope of my claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Process for reproducing a full color picture in two printing
      impressions, comprising the steps of:
PA1  a. Projecting a multi-color image upon a first panchromatic type film
      through a composite separation screen having first areas which pass long
      record light rays and attenuate short record light rays and second areas
      which pass short record light rays and attenuate long record light rays;
PA1  b. Projecting said multi-color image upon an ortho type film;
PA1  c. Developing said first panchromatic type film and said ortho type film;
PA1  d. Forming a first printing plate by said developed first panchromatic type
      film;
PA1  e. Projecting long record light rays through said developed ortho type film
      and said composite separation screen upon a second panchromatic type film;
PA1  f. Removing said developed ortho type film and projecting short record
      light rays through said composite separation screen upon said second
      panchromatic type film;
PA1  g. Developing said second panchromatic type film;
PA1  h. Forming a second printing plate from said developed second panchromatic
      type film;
PA1  i. Inking a selected one of said printing plates with a first ink and
      transferring therefrom a first ink image upon a substrate; and
PA1  j. Inking the other of said printing plates with a second ink and
      transferring therefrom a second ink image upon said substrate in
      registration with said first ink image.
NUM  2.
PAR  2. Process according to claim 1 wherein said first areas of said composite
      separation screen, said long record light rays, and said first ink are of
      selected red tones and said second areas of said composite separation
      screen and said short record light rays are of selected green tones.
NUM  3.
PAR  3. Process according to claim 2 wherein the red tone includes a minor blue
      component.
NUM  4.
PAR  4. Process according to claim 2 wherein the green tone includes a minor
      blue component.
NUM  5.
PAR  5. Process according to claim 2 wherein the ink of selected black tone is
      blue-black.
NUM  6.
PAR  6. Process according to claim 2 wherein the ink of selected black tone is
      purple-black.
NUM  7.
PAR  7. Process according to claim 2 wherein the ink of selected red color is
      bright red.
NUM  8.
PAR  8. Process according to claim 2 wherein said second ink is of a selected
      black tone and is applied to said first printing plate.
NUM  9.
PAR  9. Process according to claim 8 wherein said red tone ink image is
      transferred onto said substrate before said black tone ink image is
      transferred upon said substrate and said substrate is substantially white.
NUM  10.
PAR  10. Process according to claim 9 wherein the substrate of substantially
      white color has a pale green tint.
NUM  11.
PAR  11. Process according to claim 8 wherein said multicolor image is projected
      upon said first panchromatic type film and said ortho type film through
      selected yellow filters.
NUM  12.
PAR  12. Process according to claim 2 wherein said first areas of said composite
      separation screen are magenta and said second areas of said composite
      separation screen are cyan and said multi-color image is projected upon
      said first panchromatic type film and said ortho type film through
      selected yellow filters.
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ABST
PAL  A short range passive detector for detonating a mine comprising a bridge
       cuit which utilizes the mine tripwire wire-to-ground capacitance as one
      arm of the bridge and associated circuitry for zero adjusting the bridge
      automatically to render the bridge independent of wire-to-ground height
      and yet allow sudden changes of capacitance to cause mine detonation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with the problem of causing detonation
      of a mine which is sown from the air. Shortly after such a mine strikes
      the ground, small wires are shot out from the mine. Subsequently, a
      tension of two to three ounces in any one of the wires will result in
      detonation of the mine. Although three ounces seems rather small, it has
      been found that the wires can be felt by the sensitive parts of the arms
      and hands of a human before sufficient force has been exerted to explode
      the mine. When this happens, of course, the mine can be inactivated and/or
      avoided.
PAR  The invention is concerned with providing an electrical system which can be
      contained within the mine and which is such that mere proximity to a
      tripwire is sufficient to explode the mine.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  No devices are known at present which will accomplish the desired aim of
      the present invention, however, various object detectors are known one of
      which is exemplified by U.S. Pat. No. 3,493,954. This device utilizes an
      inductive loop buried in a roadway to detect the presence of vehicles. The
      device provides an oscillator means for providing a reference frequency
      voltage signal; a normally balanced impedance bridge having four arms and
      compensating means coupled to one arm of the bridge for compensating for
      the change in the value of the variable impedance to return the bridge to
      a balanced condition. The unbalanced condition may be caused by moisture
      on the inductive loop, a partial breakdown of insulation material,
      temperature changes, etc., among others.
PAR  Generally speaking the differences between the Bartlett et al. device and
      the present invention are: (1) the sensing devices are different in that
      Bartlett et al. uses an inductive loop buried in the roadway while the
      present invention utilizes the capacitance between a tripwire and ground;
      (2) the reference structure implies a medium range detection capacity of
      two to ten feet while the present invention is specifically designed for
      extremely short ranges, i.e., half inch or less; (3) the sensing mechanism
      of the patent requires medium power input (in the milliwatt range at
      least) while the present invention is a very low powered device, i.e.,
      microwatts or less.
PAR  In addition, the higher power inherent in the reference sensing mechanism
      makes the structure very susceptable to countermeasure and the manner in
      which the invention is implemented connotes a permanent installation while
      the present invention is concerned with portability. The Bartlett et al.
      device could not be remotely deployed, that is to say, the sensing loop is
      buried in a roadway.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention comprises a bridge circuit with a feedback loop and
      an adjustable capacitance in parallel with the leg of the loop
      incorporating the wire-to-ground capacitance of a mine. In operation, the
      bridge will be restored to balance by the feedback loop so that the bridge
      will not respond to slow changes which might be brought about by variances
      in height between a tripwire and ground while at the same time responding
      to fast changes such as a body approaching a tripwire. This is
      accomplished through incorporation of a delay line between the output of
      the feedback circuit and the variable capacitance in parallel with the one
      leg of the balanced bridge.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a schematic diagram of the preferred embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Basically, the only electrical quantity which is available to work with is
      the wire-to-ground capacitance of the mine tripwires. Each of the wires
      which are shot from the mine is approximately 30 feet long, 0.004 inch in
      diameter and covered with a 0.001 inch thick sheet of nylon insulation.
      Various of the wires may extend into the air, depending on the vegetation
      on the ground, whereas others of the wires may be shot directly onto or
      into the ground itself.
PAR  In the FIGURE a balanced bridge is provided having one leg of the bridge
      incorporating the wire-to-ground capacitance, C, of the wires from the
      mine. A source of high frequency power, E, is applied across diagonal
      points of the bridge and the output from the bridge is taken at the
      opposite diagonals, rectified in a conventional bridge rectifier, filtered
      in a filtering circuit, dc amplified and coupled through a delay line back
      to a voltage controlled capacitor in parallel with the wire-to-ground
      capacitance. The fire control circuit is taken off across the bridge and
      upon some minimum unbalance of the bridge, detonates the mine.
PAR  In that the wire-to-ground capacitance varies dependent on the height of
      the wires with respect to the ground, the voltage controlled capacitor is
      provided so that upon the mine reaching the ground and once the wires are
      in a stable position the bridge may be nulled. This is accomplished by
      coupling the output of the bridge through a feedback circuit and using the
      output of the feedback circuit through the delay line to compensate for
      slow changes in the wire-to-ground capacitance. The delay line is used so
      that the bridge will respond to sudden and abrupt changes in the
      wire-to-ground capacitance such as that that might be caused by a vehicle
      and/or person approaching a tripwire.
PAR  Ignoring the nylon insulation, the capacitance to ground per meter length
      of the horizontal wire or radius r meters, whose center is h meters above
      the ground, is given by the relation
      ##EQU1##
      (See J. D. Crouse, "Electromagnetics," page 79).
PAR  As an example, let C.sub.O be the capacitance of a horizontal wire 30 feet
      long and 0.004 inch in diameter whose center is three feet above the
      ground; then C.sub.0 = 48.6 .mu..mu.f.
PAR  There is some fringing of the electric field at the ends of the wire,
      however, this is neglected in that it should not have much effect on the
      capacitance since most of the wire-to-ground voltage is concentrated near
      the wire.
PAR  In another example, if the height of the wire were five (5) feet above
      ground the capacitance would be 46.4 .mu..mu.f.
PAR  If the height of the wire were 1 foot above ground the capacitance would be
      74.0 .mu..mu.f.
PAR  By way of another example, suppose a wire one foot in length were at a
      height of 0.10 inch above ground. Then C = 3.70 .mu..mu.f. Here the 1
      foot length corresponds to the width of a small man's body.
PAR  The capacitance of a 3 1/2 inch length of wire at a height of 0.01 inch
      above ground is 2.17 .mu..mu.f. The 3 1/2 inch length approximates the
      width of a man's hand.
PAR  Finally, the capacitance of a 3 1/2 inch length of wire at a height of
      0.004 inch above ground is 3.77 .mu..mu.f.
PAR  From the foregoing, it can be seen that change in capacitance due to the
      proximity of a man's body or hand to a wire is considerably smaller than
      the variation in capacitance due to different heights of the wire above
      ground. This requires the initial adjustment of the voltage controlled
      capacitor which must be made in order to remove the effect of the
      variation in capacitance due to the different possible initial positions
      of the wire.
PAR  It can be shown that the nylon covering introduces capacitance equal to
      ##EQU2##
      where b equals the outer radius of the sheath in meters.
PAR  The network output actuates a firing switch which explodes the mine, which
      output is preset at zero for any initial configuration of the wires and is
      then rendered different from zero by any subsequent change in the
      wire-to-ground capacitance. After the wires are shot into place the
      voltage controlled variable capacitor is adjusted so that the bridge is
      balanced in which case C = C.sub.1. Any subsequent change in capacitance
      unbalances the bridge and produces an output.
PAR  The frequency of the exciting voltage E is the resonant frequency of the LC
      combination, hence the angular frequency is given by .omega.=.sqroot.1/LC
      and the reactance of C.sub.1 is the inverse of that of L. Because of this,
      the voltage at the output terminals of the bridge is relatively high
      despite the fact the input impedance and input current of the bridge are
      low.
PAR  In view of the small magnitudes of the capacitances with which the
      invention is concerned and in order to keep the physical dimensions of the
      network components as small as possible, the operating frequency will be
      high, in the radio frequency range. If, however, the wire and ground are
      to behave as a capacitor, the frequency must not be so high that the
      corresponding wavelength is less than approximately 4 times the length of
      the wire, which is about 36.6 meters. At higher frequencies, and even at
      the one above, the combination of wire and ground must be treated as a
      transmission line or antenna. In the bridge, no resistance is shown in
      those branches which contain the capacitances. Actually, there is
      dissipation in those parts of the electric field which lie in the area of
      material objects, such as trees and jungle growth as well as radiation.
      Since the frequency is fixed however, both of these losses can be taken
      care of by placing a suitable resistance either in series or parallel with
      the capacitors.
PAR  All previous target detecting devices for use in land mines in the past
      have required one or more of the following: (1) the target make contact
      with the detecting device, (2) a definite acoustic, seismic or
      electromagnetic target signature, (3) a large battery to supply the power
      for active target detection and/or (4) for human surveillance of the mine
      field to initiate the mine when the target was within the lethal radius.
      Devices that require physical contact or pressure for initiation are much
      easier to countermeasure than active or passive detectors. Devices that
      require the target to provide a signal to the mine are relatively easy to
      countermeasure. Devices that require active electronic target detection
      must devote a large space to the battery supply and bringing human
      surveillance into the mine picture removes many of the tactical options
      that air delivered mine fields are supposed to provide. In addition, the
      utility of human surveillance of the mine field at night is open to
      question.
PAR  The present invention provides a passive detection capability to air
      delivered mines without requiring a complicated detection scheme, a large
      power supply, physical contact with the detecting device or a specific
      target signature. In addition, the invention will make air delivered mines
      difficult to countermeasure. The capability is provided by using the wires
      as short-range electronic detectors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A short range low power passive detector having a portion thereof with a
      certain device-to-ground capacitance comprising;
PA1  a bridge circuit having arm portions;
PA1  one arm of said bridge circuit comprising the devie-to-ground capacitance
      of said device;
PA1  additional capacitance connected in parallel with said first mentioned
      capacitance;
PA1  a feedback circuit connected across the output of said bridge circuit and
      having an output;
PA1  the output of said feedback circuit being connected to said additional
      capacitance means to adjust the additional capacitance means in response
      to unbalance in the bridge circuit caused by device-to-ground distance;
PA1  and delay means connected between the output of said feedback circuit and
      the additional capacitance means so that the device responds to rapid
      changes in capacitance in said one arm of the bridge and is returned to
      null balance by relatively slower changes caused by changes in device to
      ground distance.
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ABST
PAL  A seismic explosive charge loader and anchor is disclosed for loading and
      anchoring explosives in conventional containers, such as cylindrical
      packages and cans provided with projecting circumferential rims. The
      loader includes a first tubular member having an upwardly facing internal
      recess of sufficient diameter to loosely receive a loading pole or loading
      weight, and a second tubular member having a downwardly facing internal
      recess of sufficient diameter to fit about and receive the explosive
      container. A plurality of inwardly and upwardly tapered resilient gripping
      ribs are disposed in the internal recess and are arranged to grip smooth
      sides of the cylindrical explosive container and thereby securely hold it
      in the loader. The ribs are provided with an internal and
      circumferentially extending groove which receives and grips the
      circumferential rim or projection of the can type explosive containers.
      The second tubular member has an enlarged shoulder provided with an
      opening through it for insertion of an electric blasting cap and lead to
      the explosive and the central portion of the body has transversely
      extending appurtures therethrough through which anchor wires are disposed
      and which extend upwardly and outwardly for anchoring the loader in the
      bore hole. The loader and anchor is used with conventional wood loading
      poles or loading weights, wire explosion leads and the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In geophysical exploration bore holes are drilled to different depths,
      explosive charges are placed and anchored in them at suitable depths and
      then exploded to produce reflected sound waves which are detected on the
      surface by geophones which identify particular waves and time the length
      of travel from the reflected source. Of major concern in geophysical
      exploration is the placement and anchoring of explosive seismic charges at
      desired depths in the bore holes.
PAR  Commercially available explosive charges at the present are packed in
      several types of containers. One of the popular type containers is an
      elongated metal cylindrical can which has a threaded pin and box so that
      the container can be screwed to another in end to end relation to form a
      charge of desired weight or length. These metal containers have a
      projecting circumferential rim at an end having the threaded box. Another
      type of container available to the trade is a smooth wall, cylindrical
      container, normally formed of a water repellent heavy paper-like material,
      which does not have any projections at either end of the container but has
      smooth cylindrical walls throughout its length.
PAR  While there are loaders which can be used for loading explosives in metal
      cans containing circumferential projections or rims, and loaders which can
      be used for loading explosives in smooth walled cylindrical packages
      without such a circumferential projection or rim, there is no seismic
      explosive charge loader available to the trade at the present time by
      which explosives in either of these containers can be satisfactorily
      loaded, placed and anchored in a bore hole in a safe and economical manner
      by one loader.
PAR  Patent art relating to seismic explosive cartridge units, loading and
      anchoring adaptors, and the like, include U.S. Pat. Nos. 2,535,196;
      3,280,742; 3,075,424; 3,046,886; 3,150,590; and 3,208,381. A loader is
      sold to the trade by Specialties for Industry, Inc, of Jackson,
      Mississippi under U.S. Pat. No. 3,280,742. In addition, seismic explosive
      charge loaders have been used in the trade by the inventor which include
      inwardly and outwardly tapered griping ribs for griping smooth walled
      cylindrical containers without any circumferential projection or rim.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a seismic explosive charge loader
      which advantageously can be used for securely griping explosive charges
      contained in two forms of containers currently available on the market,
      that is the cylindrical can with a circumferential projection or rim at
      one end, and the smooth walled cylindrical package free of such a
      projection or rim.
PAR  More particularly, the present invention is directed to a seismic explosive
      charge loader comprising a unitary body having a first tubular member with
      an upwardly facing, internal recess of sufficient diameter to loosely
      receive a conventional loading pole or loading weight, a second tubular
      member having a downwardly facing internal recess and wall of sufficient
      internal diameter to fit about and receive an explosive charge container
      both with and without an outwardly extending circumferential projection or
      rim, and which includes a plurality of upwardly and inwardly tapering
      griping members on the wall which grip and hold the sides of the container
      which is free of the circumferential projection, and which ribs are
      provided with an internal and circumferentially extending groove which
      receives and grips the circumferential projection on the container having
      it. Thus, both forms of explosive containers are securely griped and held
      by the same loader.
PAR  The seismic explosive charge loader has a central body portion between the
      tubular members which is provided with one or more transversly extending
      openings through it to receive anchor members which extend through the
      openings and upwardly and outwardly for anchoring the loader in the bore
      hole.
PAR  Preferably there is an enlarged external shoulder on the lowermost tubular
      member provided with an opening through it into the downwardly facing
      internal recess for insertion of an explosive blasting cap and lead into
      the recess.
PAR  A more detailed description of the seismic explosive charge loader will be
      found under the heading "Description of Presently Preferred Embodiments."
PAR  Accordingly, it is an object of the present invention to provide a
      relatively inexpensive seismic explosive charge loader which effectively
      grips and holds containers for explosive charges currently available on
      the market and by which they can be lowered into and anchored in a bore
      hole at a desired depth safely and effectively.
PAR  A further object of the present invention is the provision of a seismic
      explosive charge loader which will securely grip and hold available forms
      of explosive charges currently on the market, which is simple, effective
      and economical to make, and which may be used with conventional loading
      equipment in the trade.
PAR  A further object of the present invention is the provision of a seismic
      explosive charge loader which has an upwardly facing internal recess which
      loosely receives wooden loading poles or loading weights normally used in
      the trade, and which has a downwardly facing internal recess provided with
      upwardly and inwardly tapered griping members having circumferential
      extending grooves so that both smooth walled containers free of
      circumferential projection and containers having circumferential
      projections, such as metal cans which are screwed together in end to end
      relation, are securely griped and held by the loader to assure safe
      placement of the explosive charge at the desired depths.
PAR  Other and further objects, features and advantages of the invention will
      appear from the Abstract of the Disclosure, the Background of the
      Invention, this Summary, the Drawings, the Description of the preferred
      Embodiments and the Claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view illustrating the seismic explosive charge
      loader shown positioning an explosive charge contained in a smooth-walled
      container free of a circumferential rim in a bore hole.
PAR  FIG. 2 is an enlarged, side elevational view, partly in section, of the
      seismic explosive charge loader illustrated in FIG. 1.
PAR  FIG. 3 is a cross-sectional view along with the line 3--3 of FIG. 2.
PAR  FIG. 4 is a cross-sectional view taken along the line 4--4 of FIG. 2.
PAR  FIG. 5 is a cross-sectional view taken along the line 5--5 of FIG. 2.
PAR  FIG. 6 is a side elevational view, with parts broken away similar to that
      of FIG. 2, illustrating the seismic explosive loader griping and securely
      holding a can type container with a circumferential projection or rim, and
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF PRESENTLY-PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and particularly to FIG. 1, the seismic
      explosive charge loader is generally designated by the referenced numeral
      10 and is illustrated being pushed down in the bore hole 12 by means of
      the loading poles 14 extending to the surface although other loading means
      may be used, such as loading weights, not show. As is customary, an
      explosive blasting cap lead, such as the electric wire 16, is lowered into
      the bore hole 12 and the pole 14 pushes the explosive charge loader 10
      into the bore hole. Customarily, the wire 16 is formed into two half
      hitches 18 around the upper cylinder or tubular member 28 in order to
      support the loader 10 without pulling on the blasting cap 17 in the
      explosive charge in the container 24, which explosion lead 16 passes
      through an opening 20 (FIG. 3) in the upwardly-facing shoulder 22 of the
      loader 10. The explosive charge contained within the generally cylindrical
      container 24 is securely griped by the loader 10, and is provided with a
      nose cap or guide member 26 secured to the bottom portion of the explosive
      charge container 24.
PAR  Referring now to FIG. 2, the seismic explosive charge loader 10 includes
      the first generally tubular member 28 which is provided with an
      upwardly-facing internal recess 30 of sufficient diameter to loosely
      receive the loading pole 14. The first tubular member 28 is secured to or
      fabricated with a central body portion 32 which has a second generally
      tubular member 34 having the downwardly facing internal recess of
      sufficient internal diameter to fit about and to receive the explosive
      charge container 24. The second tubular member 34 is enlarged
      diametrically with respect to the first tubular member 28 and provides the
      enlarged external shoulder 22 on the second tubular member which extends
      outwardly of the first tubular member 28 and which is provided with the
      apperture or opening 20 FIG. 3) through which the blasting cap 17 is
      inserted and the explosive lead or wire 16 extends, as previously
      mentioned.
PAR  The inner wall 38 of the second tubular member 34 which forms the
      downwardly facing internal recess 36 is provided with a plurality of
      griping ribs 40, as best illustrated in FIG. 4, which are upwardly and
      inwardly tapered so that they securely grip and hold smooth sides of the
      cylindrical walls of the container 24 for the explosive charge. The ribs
      40 are made of a resilient material so that they grip and securely hold
      the smooth sides of the explosive container 24. Preferably, the central
      member 32, second tubular member 34 and the ribs 40 are all made of a
      resilient plastic material, of which many are available on the market.
      There may be any number of griping ribs 40, here shown as 4, and the
      griping ribs 40 may take any desired configuration, here shown as
      extending axially the length of the second tubular member 34. It is only
      necessary that the griping ribs permit insertion of the explosive
      container 24 into the internal recess 36 of the second tubular member 34
      and securely grip and hold smooth side walls thereof.
PAR  The griping ribs 40 are provided with internally and circumferentially
      extending grooves 42 for receiving a circumferential projection, such as
      the rim of a can type explosive container, as later described. When a
      smooth walled cylindrical container free of any such circumferential
      projection or rim, is inserted into the internal recess 36, the container
      simply passes on up and beyond the circumferential grooves 42 and the
      griping ribs 40 securely grip the container 24.
PAR  Still with reference to FIG. 2, the central portion 32 of the loader 10 is
      provided with the diametrically extending openings 44 and 46 through which
      extend anchor members 48 and 50, respectively, which preferably are made
      from spring wire like material, and which extend upwardly and outwardly
      into engagement with the walls of the bore hole 12 to anchor the seismic
      explosive charge loader 10 in the well bore 12 and to prevent its removal
      therefrom when the loading poles 14 are withdrawn to the surface
      preparatory to exploding the explosive charge 24.
PAR  A nose cap or guide member 26 provided with the downwardly and inwardly
      tapering walls 54 and upwardly extending tubular wall 56 and griping ribs
      58 is secured at the bottom portion of the explosive container 24.
PAR  In explosive containers of the type illustrated in FIG. 2 and indicated by
      the referenced numeral 24, a central opening is provided through which the
      explosive lead 16 extends from the top to the bottom and a recess is
      provided in the bottom into which is placed the blasting cap 17 which is
      secured to the lower end of the explosive lead or wire 16. The nose cap 26
      protects the bottom of the explosive container 24, keeps the blasting cap
      17 in place, and guides the container 24 downwardly in the bore hole 12.
PAR  In using the seismic explosive charge loader 10 to load a bore hole 12 with
      the smooth walled explosive container 24, such as illustrated in FIGS. 1 -
      5, the electric blasting cap 17 with the wire lead 16 attached to it are
      placed through the opening 20 in the shoulder 22 of the second tubular
      member 34 and then passed through the prepared passage in the center of
      the explosive charge in its container 24 and the blasting cap 17 is
      inserted up into the receptacle at the lower end of the charge, as
      illustrated. The nose cap or guide member 26 is then forced on the lower
      end of the explosive charge container 24. The explosive charge container
      24 is then inserted into the internal recess 36 of the second tubular
      member 34 until a tight fit is obtained. The wire lead 16 is then pulled
      back through the opening 20 until tight and then the two half hitches 18
      are tied around the first or upper tubular member 28. The anchor wires 48
      and 50 are inserted through the appertures 44 and 46 of the first or upper
      tubular member 28 and are bent upwardly. The seismic explosive charge
      loader is now assembled and ready to lower into the bore hole 12. A wooden
      dynamite pole 14, or other loading means such as a loading weight, is
      placed in the upwardly facing internal recess 30 of the upper tubular
      member 28 and the assembled loader is gently pushed downwardly into the
      bore hole 12. The operator while playing out the explosive lead wire 16
      and adding additional loading poles in the usual manner, lowers the
      explosive charge loader 10 to the desired depth in the bore hole 12. The
      loading poles 14 are then pulled out of the bore hole from the surface and
      are easily removed from the first tubular member 28. The seismic explosive
      charge loader 10 is securely anchored in the bore hole 12 by means of the
      anchor members 48 and 50 digging into the side walls and preventing upward
      movement of the loader 10. At the time desired, the explosive charge in
      the explosive container 24 is exploded by actuation from the surface, not
      shown, and seismic readings are taken in the usual manner, also not shown.
PAR  When using the loader 10 with a can type explosive container, such as
      illustrated in FIGS. 6 and 7, to which reference is now made, the
      circumferential projection or rim 44 of the can container 24a snaps into
      the circumferential grooves 42 of the ribs 40, thereby securely griping
      and holding the can type container 24a. The use and operation is the same
      as that described in connection with the smooth wall container 24 free of
      the circumferential projection for rim as illustrated in FIGS. 1-5. The
      assembly of the can type container 24a, however, is different from that of
      the smooth walled type due to the difference in the explosive container
      arrangement itself.
PAR  With reference to FIG. 6, the can type explosive container 24a is provided
      with the threaded box 62 at its upper end and the threaded pin 64 at the
      lower end which is received in the threaded box of the next succeeding can
      24a so that any number of cans of these explosives can be secured together
      as desired. In the upper portion of the can 24a an elongated cylindrical
      receptacle 66 is provided to receive the blasting cap 17 secured to the
      explosive lead or wire 16, as illustrated in FIG. 6. Also, when utilizing
      explosive cans, such as illustrated by the referenced numeral 24a, a disk
      of porous material 68 is placed in the uppermost threaded box 62 to
      maintain the blasting cap 60 firmly in place in the receptacle 66.
PAR  The guide or nose member 26a is illustrated as attached to the lowermost
      portion of the explosive can 24a, to facilitate loading the explosive
      charge in the borehole, but it may be omitted if the operator so desires.
PAR  If desired, the body of the seismic explosive charge loader may be molded
      as a unit, or may be made in parts and secured together as desired, such
      as by gluing and the like. Preferably, the body is made of a high impact
      plastic which has sufficient resiliency to yieldingly grip the sides or
      rim of the explosive container, as previously described. Also, any type of
      anchoring means may be utilized to anchor the loader in the bore hole and
      to prevent it from being withdrawn from the bore hole.
PAR  From the foregoing, the present invention provides a relatively
      inexpensive, safe seismic explosive charge loader and anchor which may be
      utilized readily with forms of conventional packaged seismic explosives
      and loading equipment currently available to the trade. Accordingly, the
      present invention attains the objects and ends and has the advantages and
      features as mentioned as well as others therein.
PAR  While presently-preferred embodiments have been given for the purpose of
      disclosure, changes may be made which are within the spirit of the
      invention as defined by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seismic explosive charge loader comprising,
PA1  a first tubular member having an upwardly-facing, internal recess of
      sufficient diameter to loosely receive a loading means,
PA1  a second tubular member having a downwardly-facing internal recess and a
      side wall of sufficient internal diameter to fit about and to receive a
      generally cylindrical explosive charge container having an outwardly
      extending circumferential projection and an explosive charge container
      free of such a projection, and
PA1  a plurality of upwardly and inwardly tapered griping members on an internal
      wall of the side wall arranged to grip and hold sides of the container
      free of the circumferential projection,
PA1  the ribs being provided with an internally and circumferentially extending
      groove arranged to receive and grip the circumferential projection on the
      container having it.
NUM  2.
PAR  2. The seismic explosive charge loader of claim 1, including,
PA1  a central body portion disposed between the first and the second tubular
      members provided with at least one transversly extending opening
      therethrough,
PA1  and
PA1  anchor means arranged to extend through the opening and upwardly and
      outwardly of the central body portion for anchoring the loader in a
      bore-hole.
NUM  3.
PAR  3. The seismic explosive charge loader of claim 1 including,
PA1  an enlarged external shoulder on the second tubular member providing a
      shoulder extending outwardly of the first tubular member,
PA1  the shoulder provided with an opening through it into the internal recess
      of the second tubular member for insertion of an explosive blasting cap
      and lead thereinto.
NUM  4.
PAR  4. The seismic explosive charge loader of claim 1 including,
PA1  a central body portion disposed between the first and the second tubular
      members provided with at least one transversly extended opening
      therethrough,
PA1  anchor means arranged to extend through the opening and upwardly and
      outwardly of the body portion for anchoring the loader in a bore-hole, and
PA1  an enlarged external shoulder on the second tubular member extending
      outwardly of the first tubular member,
PA1  the shoulder provided with an opening therethrough into the interal recess
      of the second tubular member for insertion of an explosive blasting cap
      and lead thereinto.
NUM  5.
PAR  5. The seismic explosive charge loader of claim 4, where,
PA1  the anchor means are spring wire members.
NUM  6.
PAR  6. The seismic explosive charge loader of claim 1, including,
PA1  anchor means extending upwardly and outwardly of the loader for anchoring
      the loader in the well bore.
PATN
WKU  039397726
SRC  5
APN  5122678
APT  1
ART  221
APD  19741004
TTL  Blasting caps initiatable by thermal detonation energy of an explosive
      gas mixture, and blasting system
ISD  19760224
NCL  10
ECL  1
EXP  Pendegrass; Verlin R.
NDR  2
NFG  7
INVT
NAM  Zebree; David T.
CTY  Kingston
STA  NY
ASSG
NAM  Hercules Incorporated
CTY  Wilmington
STA  DE
COD  02
CLAS
OCL  102 22
XCL  102 29
EDF  2
ICL  F42B  310
FSC  102
FSS  22;23;27;29
UREF
PNO  1025065
ISD  19120400
NAM  Ingram
OCL  102 23
UREF
PNO  1185916
ISD  19160600
NAM  Kullberg
OCL  102 29
UREF
PNO  3597919
ISD  19710800
NAM  Lilly
OCL  102 27
UREF
PNO  3885499
ISD  19750500
NAM  Hurley
OCL  102 29
LREP
FR2  Stewart; S. Grant
ABST
PAL  A nonelectric blasting cap initiated by thermal detonation energy from an
      explosive gas mixture, in which the required open space for charging and
      detonating the explosive gas mixture is contained, together with the
      conduit means, in an end closure member; and the open space is shaped to
      provide a shell to end closure crimp without impairing flow of explosive
      gas through the conduits.
PAL  A blasting system including a plurality of the above blasting caps is also
      provided.
BSUM
PAR  This invention relates to nonelectric blasting caps initiated by explosive
      energy from detonation of an explosive gas mixture. In one aspect, this
      invention relates to such blasting caps formed from a metal shell and
      including shell closure means containing an open space and associated
      conduits for emplacment and detonation of the explosive gas in the cap,
      and crimp sealed with the metal shell without interference of the crimp(s)
      with flow of the explosive gas through the conduits.
PAR  Nonelectric blasting caps initiatable by explosive energy from the
      detonation of an explosive gas mixture are disclosed and claimed in the
      copending application of Hurley, Ser. No. 426,979, filed Dec. 20, 1973,
      and now U.S. Pat. No. 3,885,499. These blasting caps contain an open space
      adjacent the initiator charge, and a first conduit extending from outside
      the blasting cap into the open space in open communication with the
      initiator charge so as to convey the explosive gas as a confined stream
      into the open space for responsive ignition of the initiator charge; and a
      second conduit extending from the open space to the outside of the shell
      so that a stream of the explosive gas mixture can be continuously passed
      from the first conduit through the open space and through the second
      conduit to purge the system for the detonation and responsive ignition of
      the initiator charge.
PAR  In the embodiments illustrated in the above copending application, the cap
      shell is elongated and closed, including at one end a plug type closure
      member spaced from the initiator charge to form the requisite open space.
      Both conduits are plastic and thin walled for flexibility purposes. The
      first conduit extends into the shell through the end closure member and
      the second conduit extends from the open space either through the plug end
      closure or through the side of the cap shell.
PAR  Due to the conduit capacity required for the flow of the explosive gas into
      and from the open space in the cap assembly, and hence the size of the
      conduits, the available wall thickness of the plug closure portion
      encompassing the conduits extending therethrough is limited to the extent
      that often the plug wall cannot sustain the conventional crimp type shell
      to plug to conduit closure and the result in those instances is undue
      ingress of the crimp into the conduit passageways with constriction
      impairing requisite gas flow therethrough.
PAR  This invention is concerned with nonelectric blasting cap assemblies of the
      type above described in which both conduits are flexible, generally
      plastic, and hence thin walled, and extend within the closure member; and
      the closure member contains, and is correlated with, the requisite open
      space to provide for crimp support of the closure member in the shell
      without impairment of flow of explosive gas through the conduits.
PAR  In accordance with the invention, a nonelectric blasting cap is provided
      which comprises,
PAR  A CLOSED SHELL INCLUDING AN ELONGATED CLOSURE MEMBER THEREFOR DEFORMABLE
      FOR CRIMPING DESCRIBED HEREINAFTER, AND AN INITIATOR CHARGE WITHIN SAID
      SHELL IGNITABLE IN RESPONSE TO ACTION OF THERMAL DETONATION ENERGY OF AN
      EXPLOSIVE GAS MIXTURE;
PAR  SAID CLOSURE MEMBER CONTAINING AN OPEN SPACE SUBSTANTIALLY COAXIAL
      THEREWITH INCLUDING A CAVITY DISPOSED INTERMEDIATE ITS ENDS AND A
      PERFORATION EXTENDING FROM THE CAVITY THROUGH ONE END OF THE CLOSURE INTO
      OPEN COMMUNICATION WITH THE INITIATOR CHARGE;
PAR  FIRST AND SECOND CONDUITS EACH FORMED FROM A FLEXIBLE MATERIAL EXTENDING
      WITHIN SAID CLOSURE MEMBER FROM THE OPPOSITE END THEREOF IN OPEN
      COMMUNICATION WITH THE OUTSIDE OF SAID SHELL AND WITH SAID CAVITY, AND IN
      WATER TIGHT RELATIONSHIP WITH SAID CLOSURE;
PAR  AN EXPLOSIVE CHARGE WITHIN SAID SHELL OPERATIVELY DETONATABLE IN RESPONSE
      TO IGNITION OF SAID INITIATOR CHARGE; AND
PAR  CRIMP MEANS ON THE EXTERIOR OF SAID SHELL EXTENDING THROUGH THE SHELL WALL
      AROUND SAID PERFORATION AND THEN INTO SAID END CLOSURE MEMBER IN SUPPORT
      OF SAID CLOSURE MEMBER AND SAID SHELL IN WATER TIGHT RELATIONSHIP.
PAR  In one embodiment, the closure member is superposed on the initiator
      charge, thus lending support to the initiator charge in operative position
      in the shell. In another embodiment, particularly in which the initiator
      charge is self-supporting, the closure plug is spaced apart from the
      initiator charge thus providing a purge space supplementary to that
      contained within the closure member.
PAR  In preferred practice, the blasting cap shell is metallic and elongated and
      the end closure member and the first and second conduits within same are
      each formed from a plastic material such as polyethylene, polypropylene
      and the like.
DRWD
PAR  The invention is illustrated with reference to the drawings of which
PAR  FIG. 1 is a cross-sectional view of a cap assembly of the invention in
      which the closure member is spaced from the initiator charge;
PAR  FIG. 2 is the same as FIG. 1 except that the closure member is superposed
      on the initiator charge;
PAR  FIG. 3 is a sectional view of the embodiments of FIGS. 1 and 2 taken along
      the line 3--3;
PAR  FIG. 4 illustrates a blasting system including a plurality of blasting caps
      of the invention;
PAR  FIGS. 5 and 5A show a now preferred means for sealing the conduits in water
      tight relationship with the end closure member;
PAR  and FIG. 6 is a sectional view of an additional embodiment differing from
      those of FIGS. 1 and 2 with reference to perforation structure.
PAR  In the drawings, like parts are designated by like numbers, and
      corresponding parts are designated by the same, but primed, numbers.
DETD
PAR  Referring to FIG. 1, closed elongated metal shell 10 of blasting cap
      assembly 9 contains base explosive charge 11 in closed end 12, primer
      assembly 13 superposed on base charge 11, delay assembly 14 superposed on
      primer assembly 13, and initiator charge 16 superposed on delay assembly
      14.
PAR  Primer assembly 13 is a diazodinitrophenol charge including the lower
      density charge 13a contained in capsule 13b with the higher density charge
      13c superposed on capsule 13b. Delay assembly 14 is preferably a metal
      tube 14a with a delay charge disposed as core 14b. Ignition charge 16 is
      any suitable charge ignitable by thermal detonation energy from detonation
      of an explosive gas mixture described hereinafter. Often a supplemental,
      or wafer ignition charge is disposed intermediate charge 16 and delay 14b
      to provide a hotter ignition in those instances in which such is required,
      often with longer burning delay charges. Base charge 11 is detonatable in
      response to detonation of primer charge 13a which in turn is detonatable
      in response to burning of charge 13c; and charge 13c is ignitable in
      response to burning of delay charge 14b which in turn is ignitable in
      response to burning of initiator charge 16.
PAR  Flexible plastic conduits 24 and 26 are sealed with closure member 17 at
      each conduit/closure member interface 28 in water tight relationship
      therewith in any suitable manner such as by an adhesive of the epoxy resin
      type, fusion, or the like. A now preferred conduit-closure member seal, as
      illustrated with reference to FIGS. 5 and 5A, is provided by the
      emplacement of metal powder particles in a top portion of the plastic plug
      member for induction heating that plug portion and transferring the heat
      generated by the induction heating to the adjacent plastic conduit
      surfaces for fusion of the two surfaces at the conduit-closure plug
      interface followed by cooling with formation of the resulting water tight
      fusion seal. The conduits 24 and 26, and closure 17 are advantageously
      formed from the same plastic material, often polyethylene. In that
      embodiment, a top end portion of closure 17 containing dispersed iron, or
      other suitable, metal particles 17b, extends above top end 18 of shell 10
      so that the induction of magnetic energy to the closure conduits interface
      for the seal will not be impaired by a shielding effect of the metal
      shell, see FIG. 5. By induction heating the unshielded end closure portion
      17a, the metal particles 17b are then magnetized and hence reoriented, see
      FIG. 5A, and the heat resulting from that reorientation is transferred to
      the interface of the conduits 24, 26 and closure 17 for fusion of the
      interface surfaces to provide the requisite water tight seal between
      closure 17 and the conduits 24 and 26.
PAR  It is of course required that the plastic closure 17 be disposed in water
      tight relationship with shell 10. Heretofore, to emplace the conventional
      crimp closure around the shell and into the closure plug, it was necessary
      that the crimp encompass the flexible plastic conduits 24 and 26; and that
      practice has often been unsatisfactory in view of the limited wall
      thickness of the closure wall leading to undue ingress of the crimp into
      the conduits with excessive constriction of gas flow therethrough.
PAR  The invention, in the incorporation of the open space 19 into the closure
      member in lieu of disposing the open space intermediate the closure member
      and the initiator charge, and disposing the perforation 22 as part of open
      space 19, provides sufficient wall thickness of the closure plug, i.e.,
      encompassing the perforation 22, for sustaining a water tight crimp
      between shell 10 and closure 17 without undue ingress of the crimp into
      the perforation, thus precluding unsatisfactory flow of the explosive gas
      through the conduits 24 and 26 and open space 19. Hence, closure member 17
      is crimp closed in water-tight relationship with shell 10 by crimps 29 on
      the exterior of shell 10 encompassing perforation 22 and extending into
      closure member 17 into supporting water tight relationship therewith,
      i.e., along a locus of points intermediate the cavity portion 21 and the
      bottom end 23 of perforation 22.
PAR  The blasting assembly of FIG. 2 is the same as that of FIG. 1 except that
      closure member 17 is superposed directly onto initiator charge 16 thus
      imparting peripheral support to the initiator 16 for maintaining it in
      operative position.
PAR  Generally, the coaxial length of the cavity 21 is less than its maximum
      linear cross section, the coaxial length of perforation 22 is greater than
      its maximum linear cross section, and the maximum linear cross section of
      perforation 22 is less than the maximum linear cross section of cavity 21;
      each said cross section being measured on a line normal to the
      longitudinal axis of the closure plug. In preferred practice, the cavity
      21 and perforation 22 are of circular cross section, and perforation 22 is
      cylindrical. However, cavity 21 and perforation 22 can be of any suitable
      length, width or shape so long as the crimp 29 can be applied as required.
      Thus in the embodiments of FIGS. 1 and 2, it is required that the maximum
      linear cross section of perforation 22 be less than that of the central
      portion 20 of closure plug 17 (see FIG. 3) immediately encompassing
      conduits 24 and 26 within plug 17 adjacent top end 18 thereof, in order
      that there is provided sufficient wall thickness of end closure member 17
      for the crimp(s) 29. However, as illustrated with reference to FIG. 6, a
      suitable reinforcing sleeve 22b can be coaxially disposed within
      perforation 22 in peripheral contact with the inner wall thereof, to
      reinforceably support perforation 22 against a predetermined undue
      constriction by a crimp 29', thus permitting any suitable, and larger,
      cross sectional dimension of perforation 22 concomitantly with wall
      thickness of closure 17 for the crimp regulated only by the reinforcement
      provided by the sleeve member 22b.
PAR  Although a single blasting cap assembly of the invention can be fired as an
      initiator of a main explosive charge, a plurality of blasting cap
      assemblies of the invention are more often utilized in a blasting system
      as illustrated with reference to FIG. 4, and as disclosed in the copending
      application of Hurley above referred to. Thus referring to FIG. 4, each of
      the separate bore holes 31, in earth formation 30, is loaded with any
      suitable cap-insensitive main explosive charge 32 such as an aqueous
      gel-type explosive, a dynamite, prills/fuel oil, or the like. A pair of
      suitable boosters 33 is embedded in each of the main explosive masses.
      Each booster is capsensitive and is in detonating relationship with the
      main explosive charge adjacent thereto, and is initiated by action of a
      blasting cap system of the invention such as that of FIGS. 1, 2 or 6.
PAR  Thus, in each bore hole 31, two booster units 33, e.g., each comprising
      about 500 grams of PETN, tetryl or the like, are embedded, and spaced
      apart, in explosive mass 32 to provide for detonation of the main
      explosive charge along its entire length. Each booster unit 33 contains a
      blasting cap 9, 9' or 9" of FIG. 1, 2 or 6. The explosive gas mixture from
      a source not shown is supplied via line 34 and passed in series through
      the entire plurality of blasting caps in separate booster charges in the
      three bore holes via conduits 24 and 26 of each blasting cap. The flow of
      explosive gas mixture from line 34 in series through the entire plurality
      of blasting caps in the bore holes is continued until each open space 19
      (cavity 21 plus perforation 22 or 22') or 19 plus 22a, is substantially
      free from initially present gas, after which the flow of the explosive gas
      mixture is terminated or continued as desired, followed by detonation of
      the gas upstream from the first of the bore holes 31 and travel of the
      detonation wave front in series through each of the blasting caps in
      ignition relationship with the initiator charge therein. Dependent on
      whether the main charge is reliably cap-sensitive, a booster charge(s) may
      not be required, in which event one or more of the blasting caps are
      embedded directly in the main charge.
PAR  The system of FIG. 4, containing delay caps, regulates the burning time of
      each delay fuse and hence the delay between shots in each bore hole
      including when desired, a progressively longer delay time along the entire
      series of boosters in the bore holes.
PAR  In assembling a blasting cap of the invention, as illustrated with
      reference to FIGS. 1 and 2, the base, primer, delay (if required) and
      initiator charges are in that order pressed into emplacement in a cap
      shell 10 through an open end 18 thereof. Closure member 17 containing
      passageways for receiving conduits 24 and 26 in position and containing
      conduits 24 and 26 emplaced therein is then inserted friction tight into
      closing relationship with shell 10 in the open end thereof, either spaced
      from the initiator charge or seated on the initiator charge, as required.
PAR  Conduits 24 and 26 when inserted into the passageways are secured therein
      in water tight relationship with the closure member at the closure-conduit
      interface as described above. One or more crimps 29 are then applied to
      the exterior of shell 10 for ingress into closure 17 or 17' intermediate
      cavity 21 and bottom end 23 of perforation 22 and 22' to effect the
      requisite water tight seal.
PAR  By way of further illustration, blasting cap assemblies of the embodiment
      of FIG. 1 formed from a cylindrical metal shell, wherein the end closure
      plug and the conduits are formed from a solid polyethylene, and the cavity
      21 and the perforation 22 are each of circular cross section, often have
      dimensions within the following ranges.
TBL  ______________________________________                                    
                           Inches                                              
     Conduits 24 and 26                                                        
      inside diameter      0.040 - 0.080                                       
      outside diameter     0.060 - 0.120                                       
     Shell 10                                                                  
      length               1.5 - 4.5                                           
      wall thickness       0.005 - 0.020                                       
      inside diameter      0.20 - 0.30                                         
     Plastic Closure Plug 17                                                   
      length               0.5 -1.5                                            
      cavity 21                                                                
       minimum diameter                                                        
        top                0.180                                               
        bottom             0.060                                               
       minimum axial length                                                    
                           0.060                                               
      perforation 22                                                           
       diameter (uncrimped)                                                    
                           0.06 - 0.20                                         
       length              0.50 - 1.0                                          
     Open space 22a (FIG. 1)                                                   
      diameter             0.040 - 0.080                                       
      length               0.03 - 0.25                                         
                           Grams                                               
     Charges                                                                   
      ignition 16          0.20 - 0.80                                         
      delay 14b            0.20 - 2.0                                          
      primer 13            0.20 - 0.30                                         
       (13c: 13a, about 1:4)                                                   
      base charge 11       0.20 - 1.00                                         
     ______________________________________                                    
PAR  Although the plug closure member is preferably formed from a suitable solid
      plastic such as polyethylene, polypropylene, Nylon, polyvinyl chloride,
      and the like, it can be formed from other materials such as cork, lead,
      rubber or the like. Similarly, conduits 24 and 26 which can be formed from
      any suitable flexible material are more often formed from polyethylene or
      polypropylene often having a wall thickness from about 0.02 to 0.04
      inches.
PAR  Further exemplary of charges utilized in the cap assemblies of the
      invention are ignition charges 16 such as lead/selenium, often with
      suitable additives such as Snow Floss, lead oxide/boron, lead
      oxide/manganese boride, and the like; primer charges such as
      diazodinitrophenol charges 13a and 13b, and lead azide; and base charges
      11 such as PETN, tetryl and the like.
PAR  As will be evident to those skilled in the art, various modifications can
      be made or followed in light of the foregoing disclosure and the
      discussion without departing from the spirit or scope of the disclosure or
      from the scope of the claims.
CLMS
STM  What I claim and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A nonelectric blasting cap assembly, which comprises,
PA1  a closed shell including an elongated closure member therefor, deformable
      for crimping described hereinafter, and an initiator charge within said
      shell ignitable in response to action of thermal detonation energy of an
      explosive gas mixture;
PA1  said closure member containing an open space substantially coaxial
      therewith including a cavity disposed intermediate its ends and a
      perforation extending from said cavity through one end of said closure
      into open communication with said initiator charge;
PA1  first and second conduits each extending within said closure member from
      the opposite end thereof in open communication with the outside of said
      shell and with said cavity, and in water tight relationship with said
      closure;
PA1  an explosive charge within said shell detonatable in operative response to
      ignition of said initiator charge; and
PA1  crimp means on the exterior of said shell extending through the shell wall
      around said perforation and then into said end closure member in support
      of said closure member and said shell in water tight relationship.
NUM  2.
PAR  2. A blasting cap assembly of claim 1 wherein said shell is metallic and
      elongated, and said end closure member and said first and second conduits,
      are each formed from a plastic material.
NUM  3.
PAR  3. A nonelectric blasting cap assembly of claim 2 wherein said closure
      member is spaced from said initiator charge to thereby provide an open
      space supplemental to said open space in said closure member.
NUM  4.
PAR  4. A nonelectric blasting cap assembly of claim 2 wherein said closure
      member is superposed on said initiator charge to thereby provide
      peripheral support for said initiator charge in its operative position in
      said shell.
NUM  5.
PAR  5. A blasting cap assembly of claim 2 wherein the coaxial length of said
      cavity is less than the maximum linear cross section thereof, the coaxial
      length of said perforation is greater than the maximum linear cross
      section thereof, said maximum linear cross section of said perforation is
      less than said maximum linear cross section of said cavity, and each said
      linear cross section measured on a line normal to the longitudinal axis of
      said end closure.
NUM  6.
PAR  6. A blasting cap assembly of claim 5 wherein said shell, said end closure,
      said cavity and said perforation are each of circular cross section.
NUM  7.
PAR  7. In a blasting cap assembly of claim 2, a reinforcing sleeve member
      coaxially within said perforation in contact along its outer surface with
      the end closure wall surface forming said perforation to support said
      perforation against a predetermined undue constriction by said crimp
      means.
NUM  8.
PAR  8. In a blasting cap assembly of claim 2, a primer charge in said shell
      intermediate said explosive charge and said initiator charge and
      detonatable in operative response to ignition of said initiator charge,
      and disposed in that detonating relationship; and said explosive charge
      detonatable in response to detonation of said primer charge and disposed
      in that detonating relationship.
NUM  9.
PAR  9. In a blasting cap assembly of claim 8, a delay charge intermediate said
      primer charge and said ignition charge, and ignitable in response to
      burning of said ignition charge, and said primer charge detonatable in
      operative response to burning of said delay charge.
NUM  10.
PAR  10. A blasting system including a plurality of blasting cap assemblies of
      claim 2, wherein said first conduit of the first of said plurality is
      connected with a source of an explosive gas mixture, and said second
      conduit of the first of said plurality is connected with said first
      conduit of the second of said plurality and thereby in series to provide
      for purging action of said open space in each said blasting cap by flow of
      the explosive gas mixture in series flow therethrough and subsequently for
      detonation of said explosive gas mixture to propagate a detonation front
      in series through each of said caps in said plurality.
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ABST
PAL  A gun-fired spin-stabilized projectile of good aerodynamic shape (i.e. with
      a long forward tapering section) is centered in the gun barrel at its
      forward end by means of a series of circumferentially spaced apart
      permanently fixed radially extending projections, and at its rearward end,
      by means of either the maximum diameter of the projectile body or by means
      of a driving band mounted on a rear portion of the body. In the latter
      case, the maximum diameter of the projectile body is slightly less than
      the diameter lands of the gun and the driving band is constructed in such
      a manner as to be separated from the body after firing by centrifugal
      force and air drag.
PARN
PAR  This is a continuation-in-part of U.S. Pat. Application Ser. No. 127,321
      filed March 23, 1971 now abandoned.
BSUM
PAR  This invention relates to spin-stabilized projectiles which are fired from
      guns.
PAR  With modern gun-fired spin stabilized projectiles, it is difficult to
      provide a design which satisfies optimum requirements for firing from a
      gun barrel on the one hand and for aerodynamic performance on the other
      hand. Good aerodynamic performance requires a relatively long forward
      tapering section, but such a configuration is not particularly suitable
      for firing from a gun.
PAR  It is known to provide sabots, which are annular devices surrounding the
      exterior of a projectile to bridge the gap between the projectile and the
      wall of the gun barrel, and thereby correctly center the projectile in the
      barrel. Sabots are constructed so as to separate from the projectile under
      the action of centrifugal force and air drag, when the projectile emerges
      from the barrel. However, in some circumstances sabots are a hazard.
PAR  It is also known to provide projectiles with annular devices which do not
      separate therefrom after firing, but such devices cause considerable air
      drag which adversely affects the flight of the projectile.
PAR  According to the invention, a driving band is mounted on a rear portion of
      the longitudinally extending body of the projectile and is engageable with
      rifling in a gun barrel during firing to cause spin to be imparted to the
      projectile. The body tapers smoothly from a maximum diameter forwardly of
      the driving band to the forward end of the body, and the tapering portion
      carries a series of circumferentially spaced apart, permanently fixed,
      radially-extending projections. Each projection has an outer surface
      parallel to the longitudinal axis of the body and engageable with the wall
      of the gun barrel to center the forward portion of the projectile therein.
      The projections are shaped to minimize air drag during flight of the
      projectile after firing, and the major part of the radial extent of the
      projections lies within the maximum diameter of the body.
PAR  Preferably, the projections are axially elongated in the direction of
      travel of the projectile compared to their width, and are also preferably
      skewed with respect to the longitudinal axis of the projectile.
PAR  The maximum diameter of the projectile preferably lies immediately forward
      of the driving band, with the maximum diameter being slightly less than
      the diameter of the outer surfaces of the projections so that the body
      does not engage the wall of the gun barrel during firing.
PAR  The driving band may be of deformable non-metallic material to cause parts
      of the driving band to be forced into the rifling grooves in a gun barrel.
      The driving band may be constructed to be separated from the body after
      firing by centrifugal force and/or air drag. For this purpose, the driving
      band may have a series of circumferentially spaced slots extending
      rearwardly from the forward end thereof to facilitate such separation.
PAR  The driving band may be mounted on a rearwardly tapering rear portion of
      the body, and a boat-tail may be detachably secured to the rear end of the
      body, the boat-tail having an external surface forming a continuation of
      the external surface of the rear portion of the body.
DRWD
PAR  Embodiments of the present invention will now be described, by way of
      example, with reference to the accompanying drawings, of which:
PAR  FIG. 1 is a longitudinal sectional view of a projectile, according to one
      embodiment,
PAR  FIG. 2 is a sectional view along the line 2--2 of FIG. 1,
PAR  FIG. 3 is a sectional view along the line 3--3 of FIG. 1,
PAR  FIG. 4 is a sectional view similar to FIG. 3, but showing a second
      embodiment,
PAR  FIG. 5 is a longitudinal sectional view of part of a projectile according
      to a third embodiment,
PAR  FIG. 6 is a plan view of the part of the projectile shown in FIG. 5, and
PAR  FIG. 7 is a longitudinal view, partly in section, of a fourth embodiment.
DETD
PAR  Referring first to FIGS. 1 to 3, a projectile has a body including a main
      body portion 11, a nose portion 12 screwed into the forward end of the
      main body 11, and a rear cap 13 screwed into the rear end of the main body
      11. The center of gravity of the projectile is shown at G.
PAR  Approximately mid-way between the center of gravity G and the rear end, the
      main body 11 is of substantially full bore size, that is to say has a
      diameter corresponding to the diameter of the gun barrel from which the
      projectile is to be fired, and at this position the main body 11 carries
      an annular bore rider 14 seated in and projecting from an annular groove
      in the main body 11. The bore rider 14 has an annular ridge 15 which
      engages rifling in the gun barrel to effect spinning of the projectile
      during firing, and also provides an effective gas seal. Rearwardly of the
      bore rider 14, the main body 11 tapers toward the rear end.
PAR  Forwardly of the bore rider 14, the main body 11 tapers toward the forward
      end, and this taper continues through the nose portion 12 to its forward
      end. At a position forwardly of the center of gravity G, the main body 11
      carries four radially-extending circumferentially equally-spaced
      projections 16. Each projection 16 has a body 17 of frusto-conical shape
      with an outer surface 18 parallel to the longitudinal axis of the
      projectile. The frusto-conical shape provides a circular cross-section in
      a plane tangential to the projectile. The outer surface 18 is curved to
      correspond with the internal surface of the gun barrel from which the
      projectile is to be fired, and the surface 18 has a width equal to at
      least two or three rifling lands, a land being of course the distance on
      the inner surface of the gun barrel between two adjacent rifling grooves.
      The outer surfaces 18 thus lie on a circle of substantially full bore
      diameter.
PAR  Each projection 16 also has a root 19 extending from the base of the
      frusto-conical body 17. The root 19 is screw-threaded and engaged in a
      correspondingly shaped screw-threaded recess in the projectile body 11.
      The root 19 is of smaller diameter than the bottom surface of the body 17,
      and an annular portion 20 of the bottom surface of the body 17 surrounds
      the root 19, and engages the outer surface of the projectile body 11.
PAR  FIG. 4 shows a modified embodiment with three equally spaced projections
      16, instead of four as in the previous embodiment.
PAR  When the projectile is fired from a gun, the projections 16 slidingly
      engage the wall of the gun barrel and center the projectile therein. The
      ridge 15 of the bore rider 14 engages the rifling in the gun barrel, and
      spin is thereby imparted to the projectile. The projections 16 are
      retained by the projectile during flight, and because of their streamlined
      shape do no adversely affect the flight.
PAR  FIGS. 5 and 6 show another type of projection 116. Each projection 116 has
      a body 117 with a substantially oval crosssection in the tangential plane
      and an outer curved surface 118. The body 117 has a forward portion 117a
      of part-spherical shape which merges rearwardly into a tapering tail 117b.
      The body 117 is secured to the projectile body 111 by two
      longitudinally-spaced screws 119, and is mounted on a surface 120 of the
      projectile body 111 which has been machined flat.
PAR  FIG. 7 shows a further embodiment. The gun-fired spin-stabilized projectile
      shown therein has a longitudinally-extending hollow body 211 of circular
      cross-section, which carries a driving band 212 on a rearwardly-tapering
      rear portion 213. Immediately forward of the driving band 212, the body
      211 commences to taper forwardly in a slightly-curved manner, and the
      forward taper extends from the driving band 212 to the nose 214 of the
      body 211. The maximum body diameter therefore occurs immediately in front
      of the driving band 212, and the curved forward taper therefore extends
      over a major part of the length of the body 211. The maximum body diameter
      is slightly less than the diameter of the gun barrel, from which the
      projectile is to be fired, so that the body itself does not contact the
      gun barrel.
PAR  The forwardly-tapering portion 213 of the body 211 carries four
      equi-angularly spaced axially-elongated projections 215 which are
      circumferentially spaced apart by a relatively large distance compared to
      their width in a direction extending circumferentially of the body 211.
      The projections 215 are permanently fixed to the body 211, for example by
      pins 216.
PAR  The projections 215 have radially-outer surfaces 217 extending parallel to
      the longitudinal axis of the body 211 and shaped for engagement with the
      wall of the gun barrel. The gun barrel will of course have rifling
      grooves, and the radially-outer surfaces 217 of the projections 215 will
      engage the lands between the rifling grooves. The diameter of the lands is
      indicated by the dotted lines 229. The projections 215 are preferably
      dimensioned so that they ride on at least three rifling lands.
PAR  Each projection 215 in side view has a forward upper surface 218 which
      curves forwardly and downwardly from the radially outer surface 217 to
      meet the body 211 at the front end of the projection, and a rear upper
      surface 219 which curves rearwardly and downwardly from the radially outer
      surface 217 to meet the body 211 at the rear end of the projection. Each
      projection 215, in plan view, tapers forwardly to a pointed front end from
      its maximum width, and tapers rearwardly to a pointed rear end from its
      maximum width, the maximum width being nearer the rear end than the front
      end of the projection 215.
PAR  As previously mentioned, each projection is axially elongated, that is to
      say it is long compared to its maximum width. Each projection 215 is
      axially skewed with respect to the longitudinal axis of the projectile,
      and also its radial height is such that only the radially outermost part
      of each projection 215 projects beyond the maximum diameter portion of the
      body 211, which maximum diameter portion lies just forwardly of the
      driving band 212. Thus, the major part of the height of the projections
      215 is within the maximum diameter of the body.
PAR  The above described shaping and dimensioning of the projections 215
      minimize air drag during flight and also minimize resistance to spin of
      the projectile during flight. The skewing angle is preferably of the same
      order as the rifling in the barrel, and in the same direction.
PAR  The driving band 212 mounted on the rearwardly tapering body portion 213 is
      of deformable non-metallic material, for example a synthetic plastic
      material or ligno-cellulosic material. It will be noted that the diameter
      of the body 211 is less than the diameter of the rifling lands, which
      diameter is indicated by the dotted lines 229, even at its point of
      maximum diameter just forwardly of the driving band 212. There is thus no
      contact between the body 211 and the wall of the gun barrel. The driving
      band 212 has a radially outer surface 220 which extends parallel to the
      longitudinal axis of the body 211 over most of its length, the radially
      outer surface 220 having a diameter greater than the diameter of the
      rifling lands, and approximately equal to the diameter of the rifling
      grooves. The forward part of the driving band 212 has a forwardly tapering
      surface 221 to facilitate entry of the projectile into a gun barrel.
PAR  Thus, when the projectile is inserted into the gun barrel, the radially
      outer surfaces 217 of the forwardly mounted projections 215 ride on the
      rifling lands to center the forward portion of the projectile in the gun
      barrel, and the driving band 212 centers the rear portion of the
      projectile. The radially outermost portion of the driving band 212 is
      deformed by the rifling, with parts of the driving band entering the
      rifling grooves, so that when the projectile is fired spin is imparted to
      the driving band 212, and hence to the remainder of the projectile. To
      assist in imparting spin to the projectile body 211, the cooperating
      surfaces of the driving band 212 and the rearwardly tapering body portion
      213 are knurled or otherwise shaped at 228 to cause the surfaces to
      interengage. The provision of such interengaging surfaces also enables
      thrust, as well as spin, to be transmitted from the driving band 212 to
      the body 211. The driving band 212 also of course acts as a gas seal
      during firing.
PAR  To assist in retaining the driving band 212 on the rear portion 213 before
      firing, the driving band 212 has an inwardly projecting annular rib 222
      near its forward end which is located in an annular groove 223 in the rear
      body portion 213.
PAR  The driving band 212 is also constructed so that it will leave the
      projectile body 211 after firing. To assist with this, the forward part of
      the driving band 212 has a series of circumferentially spaced axially
      extending slots 224. When the rear end of the projectile leaves the gun
      barrel, the centrifugal force acting on the driving band 212 due to the
      projectile spin and also the air drag causes the driving band 212 to
      fragment into small parts and thus leave the projectile body 211. The
      absence of the driving band 212 in flight of the projectile reduces drag.
      Also, it has been found that use of the discarding driving band 212
      enables the diameter of the body 211 to be reduced by a small amount from
      what it would have to be otherwise, thereby enabling drag to be still
      further reduced.
PAR  The rear end of the rear body portion 213 has an internal screw thread,
      which receives an external screw thread on the forward end of a removable
      boat-tail 225, the screw threads being indicated at 226. The boat-tail 225
      is in the form of a hollow cylinder with a rearwardly tapering outer
      surface 227 which forms a continuation of the tapering rear portion 213 of
      the projectile body 211. The projectile can be fired with or without the
      boat-tail 225 accordingly to the circumstances.
PAR  When long range and consequently high velocity is required, the boat-tail
      225 is used to reduce the drag and accordingly increase the range. The
      boat-tail 225 does not have a significantly adverse effect on the
      stability of the projectile under these conditions, since the projectile
      will have more than the required gyroscopic stability at such high
      velocity.
PAR  On the other hand, when short range and consequently low velocity is
      required, the boat-tail 225 can be removed to increase stability. Removal
      of the boat-tail 225 also increases drag, but this is not important for a
      short range requirement.
CLMS
STM  We claim:
NUM  1.
PAR  1. A gun-fired spin-stabilized projectile having a longitudinally extending
      body, a driving band mounted on a rear portion of the body and being
      engageable with rifling in a gun barrel during firing to cause spin to be
      imparted to the projectile, said body tapering smoothly from a maximum
      diameter forwardly of the driving band to the forward end of the body,
      said tapering portion carrying a series of circumferentially spaced apart,
      permanently fixed, radially-extending projections, each projection having
      an outer surface parallel to the longitudinal axes of the body and
      engageable with the wall of the gun barrel to center the forward portion
      of the projectile therein, and also being shaped to minimize air drag
      during flight of the projectile after firing, and the major part of the
      radial extent of the projections lying within the maximum diameter of the
      body.
NUM  2.
PAR  2. A projectile according to claim 1 wherein the projections are axially
      elongated in the direction of travel of the projectile compared to their
      width.
NUM  3.
PAR  3. A projectile according to claim 2 wherein the elongated projections are
      skewed with respect to the longitudinal axis of the projectile.
NUM  4.
PAR  4. A projectile according to claim 1 wherein the maximum diameter of the
      projectile body lies immediately forward of the driving band.
NUM  5.
PAR  5. A projectile according to claim 4 wherein the maximum diameter is
      slightly less than the diameter of the outer surfaces of the projections
      so that the body does not engage the wall of the gun barrel during firing.
NUM  6.
PAR  6. A projectile according to claim 1 wherein the driving band is of
      deformable non-metallic material to cause parts of the driving band to be
      forced into rifling grooves in a gun barrel.
NUM  7.
PAR  7. A projectile according to claim 6 wherein the driving band is
      constructed to be separated from the body after firing by centrifugal
      force and air drag.
NUM  8.
PAR  8. A projectile according to claim 7 wherein the driving band has a series
      of circumferentially spaced slots extending rearwardly from the forward
      end thereof to facilitate said separation.
NUM  9.
PAR  9. A projectile according to claim 1 wherein the driving band is mounted on
      a rearwardly tapering rear portion of the body.
NUM  10.
PAR  10. A projectile according to claim 1 wherein a boat-tail is detachably
      secured to the rear end of the body, said boat-tail having an external
      surface forming a continuation of the external surface of the rear portion
      of the body.
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ABST
PAL  While a tamping unit with tamping tools for tamping track ballast is
      lowered to immerse the tamping tools in the ballast and to tamp the same,
      a metered amount of a liquid bonding medium is delivered to and through
      internal conduits in the tamping tools and ejected through an opening
      under pressure thereby to bond together pieces of ballast coated by the
      ejected bonding medium. The commencement and termination of the bonding
      medium delivery is controlled in response to the depth of immersion of the
      tamping tools in the ballast.
BSUM
PAR  The present invention relates to improvements in an apparatus for bonding
      together pieces of ballast forming the bed of a track consisting of ties
      and rails fastened to the ties, the ballast bed having regions supporting
      the ties and laterally adjacent the tie ends.
PAR  It is common practice to tamp the ballast in at least one of the regions to
      provide a firmer support for the track ties so that the track will move as
      little as possible under the load of trains traveling thereover. Mobile
      track tamping machines have been used for this purpose. The constant
      vibrations to which the moving trains subject the track cause the tamped
      ballast to become looser in the course of time and this, in turn, causes a
      dislocation of the track supported thereon. These track movements out of
      its correct position result in a less comfortable ride and also impose
      serious limitations to the speed with which trains may safely move over
      such dislocated tracks. All of these phenomena are reinforced under
      recently introduced high train speeds and under heavy train loads.
PAR  Where the track is designed for trains running at a speed in excess of 200
      km/hour, the track geometry requires very high accuracy and this, in turn,
      has made frequent track renewal and maintenance operations necessary,
      particularly since such high-speed track usually also experience a high
      density of traffic.
PAR  Recently, it has been proposed to increase the firmness of the track
      support offered by the ballast bed by bonding together pieces of the
      ballast so as to produce a coherent track bed, and the chemical industry
      has provided a number of liquid bonding media for this purpose. A number
      of track sections have been experimentally treated in this manner for test
      purposes. In all of these tests, the chemical bonding media have been
      simply sprayed onto the ballast bed so that only the surface pieces of
      ballast are bonded together. This is only of limited use since the regions
      of the ballast bed which are subjected to the highest loads are those
      which support the ties, i.e. the ballast pieces resting below the ties and
      which can, therefore, not be reached when the ballast bed is sprayed with
      the liquid bonding medium.
PAR  It has been proposed to provide the tamping tools of a mobile tamping
      machine with an internal conduit ending in an opening for ejecting a
      liquid bonding medium passing through the conduit under pressure against
      the ballast bed. Since the bonding media are relatively expensive, their
      economical utilization is of considerable commercial importance.
      Furthermore, since the amount of bonding medium has a substantial
      influence on the quality of the bonding, an accurate control of the
      ejected amount of bonding medium is essential.
PAR  It is accordingly a primary object of this invention to provide an
      apparatus assuring an effective and economical bonding together of pieces
      of ballast.
PAR  This is accomplished in accordance with the invention by tamping the
      ballast with an immersed tamping tool, delivering a metered amount of a
      liquid bonding medium under pressure to and through an internal conduit of
      the tamping tool to eject it through the opening and thereby to bond
      together pieces of the ballast coated by the ejected bonding medium, and
      controlling the commencement and termination of the bonding medium
      delivery to the conduit in response to the depth of immersion of the
      tamping tool in the ballast.
PAR  Since any one tamping step involves a given and known volume of ballast, it
      is possible to predetermine exactly the amount of bonding medium needed to
      obtain an optimum bonding effect for this known volume of ballast, and to
      meter a corresponding amount during the tamping. Furthermore, it is
      important that ejection of the bonding medium commences only when the
      tamping tool has been immersed to a given depth in the ballast and is
      terminated before the tamping tool has been withdrawn from the ballast.
PAR  The apparatus of the present invention comprises a mobile track tamping
      machine having a frame mounted for mobility on the track and a ballast
      tamping tool having an internal conduit ending in an opening for ejecting
      a liquid passing through the conduit under pressure. A vertically movable
      carrier for the tamping tool is mounted on the frame for moving the
      tamping tool between an upper position out of engagement with the ballast
      and a lower position wherein the tamping tool is immersed in the ballast
      for tamping thereof. Conduit means leads from a storage container for a
      liquid bonding medium to the internal conduit of the ballast tamping tool
      for delivering the liquid bonding medium from the container to the
      internal conduit and a metering means for the liquid bonding medium is
      arranged in the conduit means. The metering means consists of a
      cylinder-and-piston device with an adjustable piston stroke and a pressure
      fluid operated drive moves the piston of the device in response to the
      vertical movement of the tamping tool carrier.
DRWD
PAR  The above and other objects, advantages and features of this invention will
      become more apparent from the following detailed description of a now
      preferred embodiment thereof, taken in conjunction with the accompanying
      drawing wherein
PAR  FIG. 1 is a highly schematic side elevational view of a mobile track
      tamping machine adapted to incorporate the invention;
PAR  FIG. 2 schematically illustrates metering means according to the present
      invention;
PAR  FIG. 3 illustrates a useful tamping tool with an internal conduit for
      delivering the liquid bonding medium; and
PAR  FIG. 4 is a horizontal cross section along line IV--IV of FIG. 3.
DETD
PAR  Referring now to the drawing and first to FIG. 1, there is shown a
      generally conventional mobile track tamping machine having frame 4 mounted
      for mobility on a track consisting of ties 2 and rails 1, 1 fastened to
      the ties. The track rests on ballast bed 3. Merely by way of illustration,
      there is shown the type of ballast tamper which comprises two adjacent
      tamping units each assembled of pairs of vibratory tamping tools 5
      reciprocable towards and away from each other in the direction of track
      elongation for tamping the ballast between the tools of each pair upon
      reciprocation towards each other, adjacent ones of the tools of adjacent
      pairs of tools being immersed in the same crib so that two adjacent ties
      are tamped simultaneously. In addition, surface tamping tools may be
      mounted on the frame for tamping the ballast at the ends of the ties, such
      surface tamping tools not being shown to avoid unnecessary crowding of
      FIG. 1. The tamping tools are mounted in a well known manner on carriers
      movable vertically on the frame for moving the tamping tools between an
      upper position out of engagement with the ballast and a lower position
      wherein the tamping tools are immersed in the ballast for tamping thereof.
      In fact, the arrangement of the tamping tools forms no part of the present
      invention which is not limited in this respect and may be practiced with
      any type of mobile track tamping machine, such machines being well known
      to those skilled in the art.
PAR  According to this invention, tank wagon 6 is coupled to the tamping machine
      frame for storing a liquid bonding medium, and storage container 8 is
      arranged on frame 4, flexible conduit or hose 7 being connected between
      tank 6 and container 8 to supply bonding medium to the container. The
      bonding medium may be pumped into container 8 or may be fed to it by
      gravity or in any other suitable manner.
PAR  FIG. 2 illustrates the metering and control means 9 (shown within the
      broken lines) for the flow of the liquid bonding medium from storage
      container 8 to openings 28 (see FIGS. 3 and 4) at the end of internal
      conduit 26 in tamping tool 5. As shown in FIG. 2, discharge conduit 10
      leads from storage container 8 to output conduit 12 of metering cylinder
      13 and to hose 23, a pair of spring-biased check valves 11,11 being
      mounted on conduit 10 on either side of conduit 12. The metering means for
      the liquid bonding medium flowing through discharge conduit 10 consists of
      a cylinder-and-piston device with an adjustable piston stroke, piston 14
      moving in metering cylinder 13 whose output conduit 12 is connected to
      conduit 10 between valves 11. A pressure fluid drive moves piston 14 in
      response to the vertical movement of the tamping tool carrier, the
      pressure fluid being hydraulic or pneumatic, and the drive comprising
      control cylinder 16 and double-acting piston 15 reciprocable therein,
      piston 15 being coupled to piston 14 for driving the latter. The piston
      stroke may be adjusted by moving adjustable stop 17 extending into the
      chamber of control cylinder 16 and adjustable from the outside thereof.
PAR  In the illustrated embodiment, the tamping tools are driven hydraulically,
      for which purpose the machine comprises a hydraulic operating circuit of
      any known or suitable design. Control or governor 18 is arranged in the
      hydraulic operating circuit of the machine to control the flow of
      hydraulic fluid into control cylinder 16 and thus to control the movement
      of double-acting piston 15. Four-way valve 18 has three operating
      positions and is spring-returned into its center position. It is
      responsive to double limit switch means 19 as well as pressure gage 20,
      i.e. it is operated in response to the vertical movement of the tamping
      tool carrier and to the tamping pressure prevailing in the hydraulic
      circuit. Limit switch means 19 is mounted in the path of a sensing element
      carried by the tamping tool carrier in a manner well known per se. When
      tamping tool carrier has been vertically lowered to a given immersion
      depth of the tamping tools in the ballast, the upper limit switch of
      switch means 19 is tripped by the sensing element to operate control 18 so
      as to supply hydraulic fluid through conduit 29 into control cylinder 16
      whereby piston 15 is moved so as to meter an amount of liquid bonding
      medium through valve 11 and flexible conduit or hose 23 into internal
      conduit 26 of tamping tool 5. The metered amount is set by the adjustment
      of the piston stroke by stop 17, the movement of piston 14 pumping the
      metered amount of liquid bonding medium through valve 11 into hose 23 to
      deliver this amount of bonding medium to the ballast. This adjustment
      makes it possible to adapt the injected amount of bonding medium to all
      local requirements, while the metering piston is driven in a simple manner
      in response to the operation of the tamping tools to determine the
      commencement and termination of the bonding medium injection into the
      ballast. When the tamping has been completed and the tamping tool carrier
      is vertically raised to move the tamping tools out of engagement with the
      ballast, the lower limit switch of switch means 19 is tripped by the
      sensing element so that control 18 supplies hydraulic fluid through
      conduit 30 into control cylinder 16 whereby piston 15 is moved in the
      opposite direction to suck a metered amount of liquid bonding medium from
      storage container 8 through valve 11 into the chamber of metering cylinder
      13, thus setting the metering means for the subsequent operation.
PAR  In addition to responding to the vertical movement of the tamping tool
      carrier for the commencement and termination of the bonding medium
      delivery, control 18 is also responsive to the tamping pressure so that
      delivery of bonding medium will commence only in response to a set
      pressure. For this purpose, pressure gage 20 is mounted in the hydraulic
      circuit conduit which controls the reciprocation of the tamping tools of
      each pair of tools. This gage measures the hydraulic pressure in the
      conduit which, in turn, is a function of the tamping pressure the pair of
      tools exerts upon the ballast lodged therebetween. The pressure gage is
      set to deliver a control signal to control 18 when this pressure has
      reached a predetermined point. This control signal opens a check valve in
      hydraulic fluid input conduit 21 to permit hydraulic fluid to flow through
      conduit 30 into control cylinder 16 after operation of limit switch means
      19. In this manner, the bonding medium delivery is controlled not only by
      the immersion depth of the tamping tool but also by the tamping pressure.
      Since the pressure gage is set to emit a control signal when the pressure
      indicates an optimal degree of ballast compaction, bonding medium will be
      delivered at the optimum time. Hydraulic fluid discharge conduit 22
      connects control 18 to the hydraulic fluid sump (not shown) of the
      hydraulic circuit to return hydraulic fluid from cylinder 16 to the sump.
PAR  For the sake of simplicity, FIG. 2 illustrates only a single tamping tool 5
      although, in a mobile tamping machine such as the type shown in FIG. 1, a
      plurality of tamping tools usually assembled into tamping units will be
      provided so that a distributor will be mounted behind switch valve 11, a
      like plurality of delivery conduits 23 being connected to the distributor
      to deliver metered bonding medium to each tamping tool. If the liquid
      bonding medium comprises a plurality of components which are to be
      combined in situ, i.e. after injection into the ballast, to react
      chemically and thus to form the bonding medium, a like plurality of
      metering and control means 9 are arranged in the hydraulic circuit to
      meter and control the flow of each component into a like plurality of
      internal conduits arranged side-by-side in each tamping tool. In a very
      simple manner, for instance, a tube with a vertical dividing wall may be
      introduced into conduit 26 to provide separate compartments or conduits
      for feeding the components ejection channels 28. On the other hand, some
      multiple-component bonding media may be mixed shortly before they are
      injected into the ballast, in which case the separately metered amounts of
      the bonding medium components may be delivered to a single distributor
      which delivers the mixed medium into a single internal conduit 26 in the
      tamping tool through a single hose 23. It would also be possible to meter
      the various components of a multiple-component bonding medium from their
      respective storage containers 8 sequentially to the tamping tool so that
      the components are mixed in the ballast as one after the other is injected
      thereinto.
PAR  FIGS. 3 and 4 illustrate details of the bonding fluid delivery conduit in
      tamping tool 5. As shown, the tamping tool is mounted on a tamping tool
      arm by means of conical connection 24 while delivery hose 23 is detachably
      connected to the tamping tool by nipple 25. Internal conduit 26 is
      provided in the interior of the tamping tool to lead from nipple 25 to a
      pair of ejection channels or openings 28 leading from conduit 26 through
      tamping tool plate 27.
PAR  The illustrated embodiment operates in the following manner.
PAR  Liquid bonding medium flows from storage tank 6 into storage container 8 so
      that the latter remains always full. (If a multiple-component liquid
      medium is used, each component is, of course, stored separately, as
      indicated hereinabove, the delivery operation of each component being the
      same as hereinbelow described in connection with a single-component
      bonding medium.) After the tamping tool has been lowered into the ballast
      and the ballast has been sufficiently tamped, as determined by pressure
      gage 20, metering and control means 9 will deliver a metered amount of
      liquid bonding medium from storage container 8 to conduit 26 in tamping
      tool 5. Lowering of the tamping tool into the ballast has tripped limit
      switch means 19 at a set immersion depth of the tamping tool in the
      ballast so that control 18 will bring input conduit 21 connected to the
      hydraulic fluid supply circuit of the machine into communication with
      conduit 29 leading to the lower chamber of control cylinder 16. At the
      same time, control 18 will interconnect conduit 30 leading from the upper
      chamber of the control cylinder with discharge or return conduit 22. A
      check valve in control 18 will prevent flow of hydraulic fluid from input
      conduit 21 into conduit 29 until the check valve is opened by a control
      signal from pressure gage 20, this control signal being emitted when the
      gaged tamping pressure has reached a set optimum value. At this point,
      opening of the check valve will permit hydraulic fluid to flow into the
      lower chamber of control cylinder 16 to lift piston 15 and piston 14, and
      thus to deliver the metered amount of liquid bonding medium from the upper
      chamber of metering cylinder 13 through valve 11 into delivery conduit 23.
      If valve 11 is a flap valve, the pressure of the metered liquid will
      automatically open the flap to permit the liquid to flow into conduit 23.
      If it is a multi-way valve, control 18 will actuate the valve so as to
      permit this flow into conduit 23. In this manner, the commencement of the
      delivery of a metered amount of liquid bonding medium is accurately
      controlled in response to the depth of the immersion of the tamping tool
      in the ballast as well as in response to the tamping pressure. If pressure
      gage 20 were omitted, this control would be responsive solely to the
      immersion depth. The delivered bonding medium is ejected through openings
      28 into the ballast where it flows over the adjacent pieces of ballast to
      coat the same and, upon hardening of the bonding medium, to bond them
      together.
PAR  As soon as the reciprocation of the tamping tools has been terminated to
      stop the tamping operation, the decrease in the tamping pressure causes
      the control signal from pressure gage 20 to be terminated and the check
      valve in control 18 to close again. This terminates operation of the
      metering means. The subsequent upward movement of the tamping tool carrier
      causes the sensing means on the carrier to trip the lower limit switch of
      switch means 19 so that control valve 18 will interconnect input conduit
      21 with conduit 30 leading to the upper chamber of control cylinder 16
      while conduit 29 from the lower chamber of the control cylinder will be in
      communication with return conduit 22. The check valve is now briefly
      opened, either manually or automatically, to move pistons 15 and 14 down
      and thus to suck a metered amount of liquid bonding medium from storage
      container 8 into the upper chamber of metering cylinder 13 until piston 15
      is stopped by stop 17. The adjustment of the stop determines the metered
      amount of the bonding medium by changing the piston stroke. The metering
      and control means 9 is now ready to deliver a metered amount of bonding
      medium during the next tamping operation in the above-described manner.
PAR  Obviously, the apparatus of the present invention is not limited to the
      illustrated type of tamping tool or tamping tool units. By way of example,
      tamping tools may be used which are vertically immersed in the ballast and
      tamp the same merely by vibration and without reciprocation in the
      direction of track elongation. In this case, the delivery of the bonding
      medium is controlled merely by the immersion depth and without regard to
      the tamping pressure. Furthermore, various metering means for the liquid
      bonding medium may be used in connection with single or multiple-component
      liquid bonding media without departing from the spirit and scope of this
      invention as defined by the appended claims.
PAR  The efficiency of the bonding medium will be increased if the ballast
      pieces are freed of dirt, such as sand or dust, before they are coated
      with the bonding medium. Thus, if fines are removed from the surfaces of
      the ballast pieces during tamping, the ballast pieces will be in better
      surface contact and the bonding medium will bond them together more
      effectively. Thus, it will be advantageous to deliver a scavenging medium,
      such as compressed air, to and through the internal conduit of the tamping
      tool to eject it through the opening before the commencement of the
      delivery of the bonding medium to cleanse the ballast. It will be equally
      useful if the delivery conduits of the bonding medium are cleansed of
      residual bonding medium after the tamping tool has been removed from the
      ballast and the delivery of bonding medium has been terminated. This will
      prevent clogging of the conduits and may be achieved also by delivering
      the scavenging medium immediately subsequent to the delivery of bonding
      medium. For this purpose, storage container 31 for a scavenging medium,
      such as compressed air, is provided in addition to the storage container
      for the bonding medium. While check valves 11 are closed, two-way slide
      control valve 33 on conduit 32 is opened to supply the scavenging medium
      from storage 31 to hose 23. Valve 33 is shown connected to the control
      circuit for control 18 for timed operation therewith and may include a
      delay relay automatically permitting a spring to close the valve after a
      given time interval after the relay has been deactivated.
PAR  The sensing means on the vertically movable tamping tool carrier, in
      cooperation with limit switch means 19, prevents ejection of bonding
      medium in any vertical position of the tamping tool, except at a
      predetermined immersion depth. This sensing means may also be used to
      connect switch valve 11 briefly with the supply of scavenging medium after
      the tamping tool has been lifted out of engagement with the ballast to
      cleanse the delivery conduits.
PAR  As shown in FIG. 3, the tamping tool advantageously has a pressure part for
      contact with the ballast and a pressure plate for exerting tamping
      pressure on the ballast, and internal conduit 26 passes through the
      pressure part and the openings 28 are in the pressure plate. Since the
      tamping tool is subjected to considerable flexure forces during tamping,
      this arrangement of the internal conduit will avoid concentrations of
      tensile forces and possible fracture of the tool.
PAR  Useful two-component bonding media include 1-2% ammonia solutions and a
      butadien-styrene copolymer. Other bonding media are, for instance, a
      copolymer of equal parts of n-butyl acrylate, vinyl acetate and vinyl
      chloride with an aqueous dispersion of polyisobutylene or a copolymer of
      vinyl propionate and vinyl chloride.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for bonding together pieces of tamped ballast forming the
      bed of a track consisting of ties and rails fastened to the ties,
      comprising
PA1  1. a mobile track tamping machine having a frame mounted for mobility on
      the track,
PA1  2. a ballast tamping tool having an internal conduit ending in an opening
      for ejecting a liquid passing through the conduit under pressure,
PA1  3. a vertically movable carrier for the tamping tool mounted on the frame
      for moving the tamping tool between an upper position out of engagement
      with the ballast and a lower position wherein the tamping tool is immersed
      in the ballast for tamping thereof,
PA1  4. a storage container for a liquid bonding medium,
PA1  5. conduit means between the storage container and the internal conduit of
      the ballast tamping tool for delivering the liquid bonding medium from the
      container to the internal conduit,
PA1  6. a metering means for the liquid bonding medium arranged in the conduit
      means,
PA2  a. the metering means consisting of a cylinder-and-piston device with an
      adjustable piston stroke, and
PA1  7. a pressure fluid operated drive for moving the piston of the device in
      response to the vertical movement of the tamping tool carrier.
NUM  2.
PAR  2. The apparatus of claim 1, further comprising a switch valve in the
      conduit means between the metering means and the internal conduit of the
      tamping tool, and a storage container for a scavenging medium, the switch
      valve selectively connecting the internal conduit of the tamping tool to
      the metering means and to the storage container for the scavenging medium.
NUM  3.
PAR  3. The apparatus of claim 1, further comprising sensing means for sensing
      the vertical position of the tamping tool carrier, the sensing means
      operating the valve to commence delivery of the bonding medium when the
      tamping tool carrier is in the lower position and terminating the delivery
      when the carrier is in the upper position, and the sensing means
      selectively and briefly connecting the internal conduit of the tamping
      tool to the storage container for the scavenging medium in the upper
      position.
NUM  4.
PAR  4. The apparatus of claim 1, comprising a plurality of the ballast tamping
      tools assembled into a tamping unit, the tamping unit comprising pairs of
      said tamping tool reciprocable towards and away from each other in the
      direction of the track elongation for tamping the ballast between the
      tools of each pair upon reciprocation towards each other, and a hydraulic
      supply circuit for reciprocating the tools, a hydraulic pressure gage in
      the supply circuit, and means operatively connecting the pressure gage and
      the metering means for commencing delivery of the liquid bonding medium in
      response to a set limit value of the hydraulic pressure in the circuit.
NUM  5.
PAR  5. The apparatus of claim 1, wherein the tamping tool has a pressure part
      for contact with the ballast and a pressure plate for exerting tamping
      pressure on the ballast, the internal conduit passing through the pressure
      part and the opening being in the pressure plate.
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PAL  This invention improves upon my Pat. Nos. 3,483,829 and 3,484,002 and on my
      pending patent application titled CONTAINER OVERHEAD TRANSFER AND STORAGE
      SYSTEM Ser. No. 269,239, filed July 5, 1972, wherein the improvement
      comprises a cam track dip and container carrier for operating thereon to
      vertically transfer loads to and from a moving train. The cam dip serves
      to lower and raise a hook or load frame on the carrier to transfer one or
      more containers or cages to and from a train running parallel below. The
      hook or load frame is secured on double parallelogram linkage to the frame
      of the carrier and has outboard wheels for running on the cam track for
      parallel level movement of the frame down and up along the transfer dip.
      The hook or load lifting frame is hooked or latched to the carrier frame
      when lifted thereto and released by bars on each side of the carrier when
      these bars engage wheels positioned at the dip to release the hook or load
      frame for a transfer dip when the carrier is checked for register of
      container with empty spot on car in train to which the carrier is
      vertically coupled. This cam dip is further applied to carriers having a
      transfer container or cage as part of the carrier. The hook frame has
      container hooks which take less space to operate and are enclosed when
      opened so as not to interfere with the cam track. Where the container is
      moved along conveyor in car and shifted on carrier in station a stationary
      hooking arrangement is provided.
BSUM
PAR  An object of this invention is to simplify the transfer dip by eliminating
      the double dip tracks and switches (of my pending application cited) by
      providing a lifting or hook frame supported to move up and down parallel
      on and in alignment with the carrier frame and by providing a central
      wheel or pivoted wheel unit on the hook frame for supporting the hook
      frame on a cam track dip (replacing the double dip and switches) to lower
      and lift the containers on the carrier.
PAR  A further object is to latch the hook frame to the carrier frame and to
      release the hook frame just ahead of the dip for transfer only when
      transfer is desired and checked for register of container with empty spot,
      to eliminate the cam track except at the transfer dip and eliminate need
      for cam track switches and runby cam track over the dip.
PAR  As a further feature the carrier track rails are run beyond sides and just
      above top of railway cars to fit existing subways and underpass
      clearances. The carrier fits in between rails of this track and extends
      container down into railway car. The cam track lifts the container or
      cages up out of train to station stop while the train runs nonstop by the
      station. With such arrangement the passenger container or cage can stay
      with the carrier as part therof for transfer of persons to and from train
      while inserted in train between stations.
PAR  It is an object to simplify and improve the container hooks on the carrier
      to make these hooks more compact, to not cause sway of container, and to
      be most dependable of operation and simple for reduced cost and
      maintenance.
DRWD
PAR  These and further objects and advantages should be apparent to those
      skilled in the art upon consideration of this invention with reference to
      the drawings wherein:
PAR  FIG. 1 is a side elevation of a portion of a train passing a transer dip.
PAR  FIG. 2 is a plan view of a portion of FIG. 1.
PAR  FIG. 3 is a sectional plan taken on line 3--3 of FIG. 1.
PAR  FIG. 4 is a sectional elevation taken on line 4--4 of FIG. 1.
PAR  FIG. 5 is a sectional view of the carrier at hooks to larger scale.
PAR  FIG. 6 is a side elevation of carrier over car to show schematically the
      hook frame hook release controls.
PAR  FIG. 7 is a sectional view of a modified form of carrier construction to
      scale of FIG. 5.
PAR  FIG. 8 is a side elevation of portions of carrier and cam track of FIG. 5.
PAR  FIGS. 9 and 10 are respectively side and end views of the preferred
      container hook on carrier engaging in a container pocket.
PAR  FIG. 11 is an oblique view of the preferred container hook engaging a
      container bail.
PAR  FIG. 12 is a side elevation of a transfer run between stations with cam
      track for inserting and removing carrier cages, one carrier being shown at
      station with cage lifted and another carrier shown with cage inserted in
      single car train running between stations under carrier track for transfer
      of persons from and to cage on carrier so train need not stop at stations.
PAR  FIGS. 13 and 14 are respectively plan of carrier and side elevation of
      carrier engaged in car.
PAR  FIG. 15 is a side elevation of center portion of FIG. 14 with container
      raised to position for removal by cam and cam track.
PAR  FIG. 16 is crossectional view on line 16--16 of FIG. 14.
PAR  FIG. 17 is a plan view of central portion of car of FIG. 14.
PAR  FIG. 18 is a plan view of the carrier of FIGS. 12-16 suspended from station
      track and coupled along side of the car.
PAR  FIG. 19 is a vertical section taken on lines 19--19 of FIG. 18 to larger
      scale.
PAR  FIGS. 20 and 21 are side and crossectional views of a mass transit
      container carrier with cam dip controlled hook frame.
PAR  FIG. 22 is a perspective of a set of hooks for the hook frame of FIGS. 20
      and 21.
PAR  FIG. 23 is a plan of another type of hook frame for carrier of FIGS. 20 and
      21.
PAR  FIGS. 24, 25, and 26 are a series of side elevations of the hook frame of
      FIG. 23 to show how containers are unhooked, moved to right and rehooked
      on carrier in train or station.
PAR  FIG. 27 is a side elevation of hook frame of type as in FIGS. 23-29 except
      it is only two container lengths long.
PAR  FIGS. 28 and 29 are side elevations respectively showing the hook frame of
      FIGS. 23-26 depositing a container on a car and engaging a container after
      the containers are shifted before the forward container is lifted off the
      car.
DETD
PAR  Referring to the drawings and in particular to FIGS. 1-4, train 12, running
      in either direction on track T under transfer cam dip track CD under
      station track ST, includes passenger container transfer car 14 for
      passenger containers 16 and freight container cars 18 for cargo containers
      20. Passenger and freight container carriers 28P and 28F run on station
      track ST centered over the railway track T and couple cars 16 and 18
      respectively selectively for a transfer run across the dip as explained
      with FIG. 51 in my Pat. No. 3,483,829 and in my pending application
      mentioned, FIGS. 1-3 and 37-41.
PAR  Container carriers 28P and 28F each have a frame 30 supported at each end
      depending either from a trolley for I-beam track or from a swivel truck 34
      which runs on wide gage channel rails of track ST run straight over cam
      dip track CD and supported on columns 36 transversely aligned and
      connected across top by tubular member 37. Track CD has preferably two
      rails of identical dip profile aligned and bracket supported off columns
      36 along each side of track T. The carriers 28P and 28F have respectively
      hook frames 38P and 38F each connected by a double parallelogram linkage
      40 to the frame of the carrier and guided by end coupling channels 42 to
      have vertical movement while held parallel and aligned with frame 30. Each
      hook frame has a short vertical shoe or channel 44 which fits over
      coupling channel 42 to guide thereon. Each hook frame has a cam wheel 46
      central on each side to run on top of cam dip rail CD which curves up from
      each end for slight lift of the hook frames above hooked position so hooks
      48 can be opened ahead of the dip and latched closed at end of the dip and
      curves down to slope to bottom curve to slope back up symetrical each side
      of bottom to lower and lift the hook frame level while the carrier frame
      passes straight along on track ST over the dip.
PAR  The vertical coupling channels 42 are mounted off center similarly one on
      each end of frame 30 for engaging between vertical latching couplers 50 or
      52 on cars 16 or 18 respectively when these couplers are extended to latch
      these channels 42 of a carrier therebetween for moving the carrier along
      in register with the car in the train for transfer of one or more
      containers to and/or from the train. Couplers 50 and 52 preferably are as
      described and shown in my mentioned pending application, FIGS. 45-47 and
      9-11 respectively, so as to recess to latch and to swing or move back to
      cushion coupling.
PAR  Carrier frame 30 has four hooks 48 along each side which are pivotally
      secured on pins 54, FIG. 5, between brackets 56 extending out from frame
      30 so hooks 48 can swing transversely to latch under the hook frame when
      the hook frame is lifted nearly to the carrier frame. Each hook 48 has an
      inward facing and upturned tooth 58 which latches or engages in pockets 60
      on the hook frame or optionally under the hook frame or under rails
      therealong. Hooks 48 each have a lever arm 62 extending outward from the
      pivot connected on each side of the carrier by a round bar or tube 64
      turned up at ends and secured to the ends of the lever arms 62 along each
      side of the carrier to weight the hooks to close and to be lifted by
      engaging a wheel 66 ahead of the dip to release the hook frame for
      lowering on the dip while the carrier passes over the dip for transfer.
PAR  A wheel 66 is provided on each side of track ST, FIGS. 1-2, at each
      entrance to a cam dip CD to open hooks 48 while the hook frame is lifted
      by cam wheels 46 on the rise of track CD at ends of the dip. Wheels 66 are
      retractably mounted to frame of track ST and controlled to lift to open
      hooks 48 only when the carrier is coupled to a car in register for
      transfer. Wheel 66 is mounted on shaft 68 extending from bottom of
      U-shaped lever arm 70 pivoted near center on pin 72, FIG. 7, through
      bracket 73 extending down from rail of track ST. The opposite and outer
      end of lever arm 70 is pinned to rod end of cylinder 74 whose head end is
      pinned to bracket 76 extending out from outer face of channel rail ST.
PAR  Referring to FIG. 6, each car 18 has a lamp 78 for each container berth,
      lit by a circuit from positive of battery 80, normally closed contacts of
      limit switch 82 opened by container in berth, lamp 78 for that berth all
      in series to ground of battery 80. Lamp 78 is directed to shine vertically
      up to photoelectric cell 84 on hook frame of coupled carrier. Each cell 84
      controls a relay 86 to close when light from lamp 78 is received. Relay 86
      closes a circuit from positive of battery 88 on the hook frame, front
      contacts of relay 86 for each berth in series, each relay 86 having across
      its contacts a limit switch 90 opened by a container in that berth on the
      hook frame, directionally reversed switch 92 to shoe 94 located on right
      side of lead truck 34 to engage contact rail 96 after wheel 46 has lifted
      the hook frame so hooks 48 can be opened by wheels 66, line 97 to solenoid
      of valve 98, to ground of battery 88, to open valve 98 connecting air
      pressure supply AIR to cylinders 74 to lift wheels 66 to lift bars 64 to
      open hooks 48. Hooks 48 are held open by pressure in cylinder 74 after
      valve 98 closes and until a cam valve 99 connected to cylinders 74 is
      opened by shoe 94, which is on the far side of the rear truck 34 and
      disconnected at switch 92, when that shoe engages valve 99 when the hook
      frame is lowered to where hooks 48 can swing above the hook frame to
      position for latching the hook frame up when returned from the dip
      transfer. This control is substantially as shown in FIG. 17 of my stated
      pending application except therein dip switches are controlled instead of
      hooks which release a hook frame for the dip transfer. This control is
      also used for the passenger carriers 28P, lamps 78 being mounted on roof
      of car 14.
PAR  Hook frame 38P is shown in FIG. 4 with hooks 100, smaller but similar to
      hooks 48, for engaging under bails 102 on top of container 16.
PAR  Hook frame 38F has hooks 104 for engaging in holes or pockets 106 in sides
      of containers 20. Hooks 104 are of special design to save space in
      handling the wide containers 20 and to not extend under rail CD which
      would cause interference. Hooks 104, FIG. 5, each comprise a hook plate
      108 mounted on pin 109 near bottom between sides of a rectangular tube
      110. Plate 108 is curved convex inward and up from below pivot pin 109 to
      tooth 112 above pin 109 to latch into hook pocket 106 on side of container
      20. Hook plate 108 extends up behind the pocket of tooth 112 to engage the
      inner face of inner wall of tube 110 to support the tooth from swinging in
      beyond latched position. The hook is recessed into tube 110 when opened
      thus preventing catching on the pocket to insure release. The hook is
      opened by a hook opening cylinder 114 mounted rod down on back of tube 110
      with finger 116 on end of rod extending through slot in tube 110 to engage
      back of plate 108 below pivot 109 to push down to rotate plate 108 into
      tube to open hook 104.
PAR  Hook 104 can have several variations, some being shown in FIGS. 7-11.
      Referring to FIG. 7, the bottom of hook plate 109' extends down below pin
      109 to engage inner face of outer wall of tube 110 to support the hook in
      engaging position. The opening cylinder 114' with finger 116 omitted is
      pivotally mounted inside tube 110, FIGS. 7-11. In FIGS. 9-11 cylinder 114'
      operates a bell crank 120 pivoted on pin 122 between sides of tube 110 and
      having bottom arm 124 engaging in fork 125 on top of hook plate 108" to
      swing the hook plate clockwise into shelter of tube 110 against outer
      wall. The bottom of tube 110 is tapered to shape of hook plate to guide
      the tube into hooking position. FIGS. 9 and 10 show the hook engaged in
      hook box 128 for top mounting on container. When the hook plate 108-108"
      is opened it is fully recessed within the tube 110 and will then not catch
      on the box 128.
PAR  Cylinders 114'-114" are either double acting or single acting spring
      retracted and are controlled for each container spot as cylinder 80 in
      FIG. 16 of my stated pending application. Hooks 100 are controlled for
      passenger containers according to FIGS. 43 and 48 of the same application.
      Various other hook arrangements can be substituted on the hook frames such
      as spacing for individual small container or for reaching under cargo
      containers or trailers supported on pedestals.
PAC  RAPID TRANSIT APPLICATION
PAR  On rapid transit systems the carriers preferably run station to station and
      so can stay with the train a considerable distance between stations. To
      reduce the clearance required for the carrier between stations and to
      economize on overhead structure or tunneling, the carrier track ST', FIG.
      12, is run along with clearance just above top of sides of railway car 14'
      on track T. Track ST' is supported on columns 36 connected by spacing
      tubes 37 or can be mounted in subways including existing subways. Track ST
      is run at coupling height along the transfer run between stations. Track
      ST' is run at higher height over track T from where containers are lifted
      out of train to decelerate into station and through station to where
      carriers reach coupling speed. This rise in track ST' insures that the
      carrier is uncoupled and clears the train along the carrier's stopping and
      accelerating distance and while the carrier is at the station.
PAR  Cam track CD' over track ST' dips down after the accelerating and coupling
      run of carrier from station A and up before the uncoupling and
      decelerating run of carrier into station B etc. and is omitted for the dip
      run between stations wherealong the carrier 28P' rests cage 16' in car 14'
      until lifted out up cam track CD' to the next station.
PAR  Referring to FIGS. 12-17, passenger car 14' is self-propelled and running
      left to right on track T. Car 14' has a double latch coupling 132 as in my
      Pat. No. 3,483,829. FIGS. 55 and 56, mounted on roof as in FIG. 61 of that
      patent to engage a coupling pin 134 extending down from frame 30' of
      carrier 28P'. Car 14' has a container berth area 136 for one or more
      passenger containers or cages 16', an aisle 138 on each side of area 136
      to seating at each end of car 14' separated from the berth area by
      partitions 140 with doors 142 which align doors 144 in cages 16' and are
      operated as in my stated pending application.
PAR  Carriers 28P' on track ST' are compact to adapt to existing subways without
      enlargement of the tunnel. Carrier 28P' has a wide frame 30' with open
      center for one or more containers or passenger cage 16' to pass through
      while supported depending from frame 38P'. Frame 38P' is a narrow tubular
      structure for suspending container 16' from depending tabs or links 146.
      Each end of frame 38P' is connected by a parallelogram linkage 40' to
      frame 30' beyond ends of container 16' on links 146 to maintain frame 38P'
      parallel to frame 30' as frame 38P' is moved up and down in and above the
      central hole in frame 30'. Parallel linkages 40' are beyond the ends of
      container 16' on frame 38P' in all positions of the linkage so the
      container can be lifted and lowered without interference from the
      linkages. Each parallelogram 40' recesses to within the opening in frame
      30', FIG. 14. The sides of frame 30' are unconnected except at ends where
      tubular cross framing 150 provides strength for central arms 151 and 152,
      which extend endward at top and bottom of frame 38P' respectively. A
      roller 46 secured outboard on shaft extending from frame 38P' at midway
      its length on one or preferably both sides of frame 38P' engages cam track
      CD' to lift up the container or cage 16' to a station stop. Rollers 46
      extend above frame 38P'. Frame 30' clears over track ST on curves.
PAR  A swivel truck 34' is pivotally connected on vertical pin 154 through
      trunnion block 156 between arms 151 and 152 at each end of frame 38P'. A
      trunnion pin 157 through block 156 pivotally mounts through holes in sides
      of frame of truck 34'. The sides of truck 34' are connected at outer end
      into U-shaped track frame 158, as seen in plan FIG. 13, which is supported
      on a usual spring arrangement for wheels 160 on ends of truck axles 162. A
      traction motor TM surrounds the end axle of each truck 34' and is secured
      to the frame 158 inside the truck. The frames and trucks of carrier 28P'
      fit substantially entirely between the channel rails of track ST or within
      the height of wheels 160 or trucks 34'.
PAR  Container 16' is shown suspended on four links 146 to frame 38P' as part of
      carrier 28P' and serves to hold frame 38P' longitudinally in line with
      frame 30' similarly as vertical coupling channels 42 depending from frame
      30 at each end of the container or container area align frame 38F or 38P
      on frame 30, FIG. 1. Two links 146 are transversely spaced on each end of
      frame 38P' and pin mounted as a parallelogram to container 16' to
      transversely shift with car 14' as the carrier and car run along tracks ST
      and T. Links 146 are vertically slotted at the pin mounting hole at top to
      rest container on car 14' so variations between tracks T and ST and
      vertical springing movements between car 14' and carrier 28P' will not
      lift the container up in car while the car and carrier are running coupled
      between the dip and rise of the cam tracks CD'. If the container is
      suspended by hooks; vertical coupling channels 42 are added at each end of
      the container area depending from frame 30', and links 146 are made of
      tubes 110 each with a hook 104 on bottom to engage in bail on container 16
      as in FIG. 1.
PAR  Cage 16' can be secured as part of frame 38P' if the run between stations
      takes sufficient time for passengers to leave containers on train and to
      enter the same containers for the next station. The cage 16' is closed
      before transfer. Partition doors 142 and cage doors 144 should be closed
      early enough for time to stop train before the container lift off if the
      doors are not closed. This therefore requires much longer run between
      stations than for transfer of containers. As alternative the container
      could be suspended from hooks 104 and released to the car when inserted
      and rehooked only if doors are closed or container is positioned safe for
      transfer out, to give train more stopping distance between stations if
      doors are not closed in time for transfer.
PAR  Cage 16' is lifted on car 14' to lift frame 38P' up to align wheels 46 to
      engage top of lift out rails of track CD' to remove the cage for the
      station. In a subway a ceiling track CT is run on ceiling to gage of track
      CD' against which wheels 46 are pushed to align to engage track CD'
      smoothly and to keep wheels 46 from hitting to rough low ceiling in the
      subway along where the containers are lifted to engage track CD'. A
      right-angle lever 166, pivotally secured at 168 to frame of car 14', has
      wheel 170 on end engaging bottom of cage 16' and is pin connected at other
      end to rod end of cylinder 172 pin mounted at head end to frame of car
      14'. The head end of cylinder 172 is connected to air pressure supply AIR
      through pressure-exhaust solenoid valve 174. Valve 174 is controlled by
      circuit from positive of battery 80, cam switch 176 closed by trackway cam
      178 extending back a ways from the lift-out, limit switches 180 closed by
      doors 144 to container when closed, solenoid of valve 174, all in series
      to ground of battery 80, to lift wheels 46 ahead of lift-out rails CD' to
      lift out container from the car when valve 174 is energized.
PAR  Carriers 28P' are decelerated after uncoupling from train and stop at
      station and are accelerated from station after a time delay set by
      approach of train car 14' using controls as in my Pat. 3,484,002, FIG. 31.
      The timer can be omitted with fixed train speed.
PAR  Referring to FIGS. 18 and 19, the carrier 28P' is shown on track CD' offset
      to one side of train car 14' to spot cage 16' along side at side doors 180
      of car 14' which are opened for passage along the transfer run offset to
      side over track T. Vertical coupling latches 132 on left side at forward
      end of roof of car 14' engage therebetween a tab or roller pin 134'
      depending from right-hand side of forward truck 34' to couple carrier 28P'
      along side of car 14'. Track CD curves slightly inward from each end of
      the transfer run to be closer to car 14' after carrier is coupled until
      before the carrier is released so as not to rub against the carrier while
      at a speed difference with respect thereto. Carriers 28P' can be sized for
      three to couple car -' at a time each on a parallel track CD', one each
      side of car 14' and one centered above, for plural transfers to crossing
      or branch lines.
PAR  Referring to FIGS. 20-22, if there is not time for this type of transfer
      between stations the hook frame 38P" is made long enough for two or more
      containers 16" and have container hooks 104" to release container 16" when
      set into the car and engage another container 16" for removal from the
      car, thus leaving a container on the car for extended time to unload and
      reload before removal by next carrier. Hook frame 38P" has two sets of
      hooks 104" one for each container 16". Each hook 104" is shown as being a
      bent bar having an outward faced central lever arm 186 and ends bent down
      and back longitudinally to latch under bails 102" on the containers.
      Levers 186 at one end of frame 38P' are lifted when the container thereon
      is set in car, and the hooks 104" at opposite end of the frame engage a
      container to take it from the car. Bails 102" are tapered from top
      transversely down to cam hooks 104" open for latching thereunder. The
      lifting of levers 186 is preferably controlled on car as in FIG. 48 of my
      stated pending application.
PAR  Another variation of the hook frame and container hook eyes is shown in
      FIGS. 23-29 for use in passenger type service where the hook frame 38P"'
      or shorter frame 38p"', FIG. 27, is lowered for sufficient time for the
      container 16"' to be indexed forward before the frame is lifted off. To
      provide time for the containers to be moved forward, the station track
      extends along bottom of the transfer dip a distance dependent on maximum
      train speed to allow time for containers to be moved forward by
      belt-over-roller conveyor 190 driven from either front end through
      clutches and gearmotor 192 while the hook frame is at bottom of travel to
      disengage the rear container and engage the forward container on the hooks
      on frame 38P"' or 38p"'.
PAR  Frame 38P"' has three hooks 104"' at each end arranged, in plan view FIG.
      23, in identical isosceles triangles similarly positioned but reversely
      bent at each end of the frame. Each hook 104"' is a rod secured extending
      down from the frame to bend lengthwise the frame at a point in line with
      opening in transversely positioned bails 102"' on containers 16"' engage
      in the bails on the containers and turned up on the ends to prevent the
      containers from slipping off hooks 104"' when lifted thereby. Containers
      16"' for engaging these hooks are carried forward by conveyor 190 while
      the carrier is engaged in car 14"', the bails on these containers being
      turned crosswise and arranged in the isosceles triangular pattern to be
      engaged through by the three hooks 104"' at either end of frame 38P"'
      simultaneously. Frame 38P"' is shown in the form of a rectangle to be
      connected in place of frame 38P to frame 30 above by double parallelogram
      linkage 40 as in FIG. 1.
PAR  When a container is set in car 14"', FIG. 28, by frame 38P"', hooks 104"'
      are lowered further by dip of rail CD' to clear the up-turned lip on hooks
      104"' for withdrawl of the bails 102"' from the hooks as conveyor 190
      moves the container forward. A container 16"' just ahead of the one just
      inserted in the car is then moved forward, FIG. 29, onto forward hooks
      104"', stopping both containers with the newly inserted container at
      passage to aisles of car. The triangular arrangement of the hooks 104"'
      enables the leaving and entering ends of container 16"' to clear past
      these hooks. The hook frame is lifted after the containers have advanced
      forward to end of travel where the rear container is cleared from the
      hooks to be left on the car for unloading and reloading and the forward
      container is inserted on the hook fingers 104"' at front to be lifted out.
      The conveyor moves the containers on the car one container length while
      the hook frame is inserted. The conveyor is controlled by limit switches
      as per FIG. 54 of my mentioned pending application, to start when
      container is inserted in car and to stop when the container inserted has
      cleared rear container spot ie. when forward container has entered hooks
      104"'. Car 14"' has partitions 140' along aisles 138 on each side of the
      container area along which containers 16"' are moved to and from an
      opening 194 in each partition 140'. Container 16"' has doors 144 which
      align with opening 194. Doors 144 are controlled by any suitable means
      such as that disclosed in my stated pending application, FIGS. 50-54,
      except partition doors can be omitted. The conveyor is interlocked with
      these doors as in FIG. 54 of that application so containers are moved by
      the conveyor only when these doors are closed. Doors are opened similarly
      at station when container is held at platform. If shielding is added to
      the hook frame, doors 144 can be omitted, as taught by that patent
      application.
PAR  The container 16"' brought into the station from train 12 is lifted off
      hooks 104"' by a roller platform as in FIGS. 71 and 72 of my stated
      pending application and held by a stop at each end while the carrier moves
      forward to relocate the container at the rear while people leave and board
      the container for the next train into which the container is inserted
      along a transfer run between that station and the next.
PAR  Hook frame 38P"' works in either direction of travel but cars and carriers
      with containers are turned in the same direction on the tracks for the
      containers to hook at both ends, since both ends of the container 16"' and
      hook frame 38P"' are of nonsymetrical arrangement. The hook frames 38F,
      38F' 38P, 38P' and 38P" and the containers therefore have similar ends to
      work either end forward.
PAR  These embodiments of the container transfer system are directed to
      simplifications well suited for miniature models and useable as toys which
      it is an object of this patent to cover.
PAR  Having thus described a few of the possible embodiments of this invention
      it should be understood that I do not wish to be limited to the
      embodiments described but contemplate to cover in the appended claims all
      variations and parts which fall within the true spirit and scope of this
      improvement invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a container transfer system comprising a track, thereon having at
      least one container vehicle, a station track run above the track
      substantially parallel therewith for a distance, at least one container, a
      container carrier on said station track for loading and unloading said
      container onto said vehicle while moving therewith, said carrier having a
      first frame and a second frame, wheel means supporting said first frame on
      said station track, said second frame being a container lifting frame,
      guide means on said carrier for guiding said lifting frame parallel and in
      alignment with said first frame, the improvement being at least one cam
      wheel on said lifting frame, a cam track comprising at least one rail on
      which said cam wheel runs along side of and above the first said track and
      including a dip down and up for lowering and raising said lifting frame to
      set down and pick up said container from said vehicle.
NUM  2.
PAR  2. A system as in claim 1, hooks spaced along said first frame for engaging
      under said lifting frame to support same and means for opening said hooks
      together when said carrier is at head of the dip to release said lifting
      frame to make the dip, said hooks latching said lifting frame up under
      said first frame upon return from the transfer dip.
NUM  3.
PAR  3. A system as in claim 1, said lifting frame having hooks thereabout for
      engaging said container, said hooks each comprising a depending tubular
      member, a hook plate pivotally secured at bottom in each said tubular
      member to swing in transverse plane and having a tooth above and inward
      from the pivot of the hook, means biasing said tooth inward to latching
      position, an extension of said hook plate for engaging said tubular member
      to stop inward movement at substantially latching position and means for
      swinging said hook plate into the enclosure of said tubular member when
      releived of the container.
NUM  4.
PAR  4. In a system as in claim 1, said cam track being under said station track
      but above first said track.
NUM  5.
PAR  5. In a system as in claim 1, said cam track being above said station
      track, said station track being wide gage suspended track.
NUM  6.
PAR  6. In a system as in claim 1, said station track being to side of said
      track to bring said container on said carrier along side said vehicle.
NUM  7.
PAR  7. In a system as in claim 1, locating means to hold said container in
      fixed position on said vehicle, linkage means suspending said container
      from said carrier so as to be lifted therein when set on said locating
      means on said vehicle and transversely move with said vehicle yet remain
      connected or attached to said carrier but take vertical and transverse
      misalignments between said vehicle and carrier with said container firm on
      said vehicle.
NUM  8.
PAR  8. A system as in claim 1, said container being a cage suspended from said
      carrier so as to transversely and vertically move thereon to rest firm in
      said vehicle, said station track being wide gage having rails just above
      and one on each side of said vehicle.
NUM  9.
PAR  9. A station vehicle and trackway therefore including a cam track for
      container transfer substantially as described.
NUM  10.
PAR  10. A system as in claim 1 the first said track being a railway track, a
      train thereon, said vehicle being a car in said train.
NUM  11.
PAR  11. A system as in claim 1, said guide means being a double parallelogram
      linkage connecting said first frame to said second frame for parallel
      vertical movement and guide members depending from said first frame one at
      each end interfitting with said second frame for guiding in line with said
      first frame.
NUM  12.
PAR  12. In a system as in claim 11, said members being channels turned legs
      endward and extending down to couple said vehicle, and latching coupling
      means on said vehicle for engaging in said channels therebetween so said
      carrier and vehicle are held in alignment during transfer.
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ABST
PAL  An improved railway truck for providing non-contact active support between
      the unsprung and the sprung elements as well as lateral stability and
      banking of vehicles used in surface supported transportation systems
      having unsprung surface contacting elements, sprung load carrying
      elements, magnetic force fields, inertial and position sensing elements
      mounted on the sprung element and a non-linear feedback circuit for
      actively varying the strength of the force field to maintain a relatively
      stable air gap between the unsprung and sprung elements while also holding
      the sprung element to a smooth course notwithstanding irregular surface
      conditions encountered by the surface contacting elements or variations in
      loading on the load carrying element.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 251,118, filed May 8, 1972, now Pat. No. 3,886,871, issued June 30,
      1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to an improved suspension and dampening system to
      provide "smooth course" and "soft ride" characteristics to vehicles used
      in moving passengers and freight along a supporting surface, and more
      specifically to a trackway guided vehicle traveling at speeds upward from
      80 miles an hour.
PAR  In the field of flange wheel solid rail train systems used throughout the
      world, there has been little change in the art for the past 150 years.
      Although this basic system concept has been highly successful in the past,
      limitations which become manifested at highest speeds render their use on
      faster and more comfortable trains impractical and infeasible. Although
      flanged wheels are entirely successful for the relatively slow speeds of
      the nineteenth and the first half of the twentieth century, presently
      required higher speeds have interposed limitations on this mode of travel
      since, at such speeds, the skip oscillations or jumping of the wheels
      along the track occurs which results in a rough and uncomfortable ride.
      The high speed limitations have not successfully been overcome by
      currently designed vehicles using prior art suspension systems.
PAR  Any form of the present wheeled land transport, whatever its design, has to
      run over a roadbed which has a more or less irregular surface. At the
      present time, all the railways in the world, almost without exception, use
      vehicles with passive suspension systems. At slow speeds these systems
      perform the task of providing a soft ride relatively well but are nearly
      totally unsuccessful as high speeds are reached.
PAR  It has been recently realized that the only way to successfully provide
      ease of ride conditions for the passengers and freight through a range of
      various speeds of a railway vehicle is to be able to change the vehicle's
      suspension properties while it is in motion to satisfy varying physical
      conditions. In the October 1970 issue of "Automotive News" a new
      suspension system to be utilized in a tracked air cushion vehicle is
      described. The system uses three layers of suspension separating the
      passenger compartment from the guideway. The first chassis layer consists
      of jet air cushions. Second intermediate and third body layers consist of
      passive air springs for suspension and active conventional hydraulic
      elements for damping. Accelerometers on both chassis and body layers are
      provided to generate signals when either move from a predetermined
      position. These signals are fed into an onboard computer to calculate the
      hydraulic pressure required by the various hydraulic elements to maintain
      the body on a smooth path.
PAR  Various luxury automobiles use similar passive springs for suspension and
      active hydraulic or pneumatic/hydraulic damping means working in
      combination therewith as well as hydraulic or hydraulic/pneumatic means
      for both suspension and active damping.
PAR  M. W. Dewey, U.S. Pat. No. 408,465, and J. S. Rogers, U.S. Pat. No.
      833,635, disclose electromagnetic attractive supports to provide friction
      reduction between sprung and unsprung parts of a railway running gear or
      truck system. Dewey provides an electromagnetic type bearing between the
      axle and weight supporting member at the ends of the axle and Rogers
      provides an electromagnetic support between the center of the axle and the
      weight supporting member. Neither of these teachings provide for an
      absence of physical contact between the truck assemblies and the weight
      supporting member, therefore, neither teach prevention of track vibration
      transmission to the weight supporting member nor an active control of the
      electromagnetic force field that could provide and maintain an air gap
      between the truck assembly and the weight support member to prevent this
      vibration transmission.
PAR  The German patents to Herman Kemper, 643,316 (1937), 644,302 (1938), and
      707,032 (1941), disclose the suspension of tracked vehicles by use of
      electromagnets. The 1938 patent is specifically concerned with providing
      feedback for preventing oscillations of the suspended vehicle caused by
      the kinetic energy acquired by the vehicle in response to correction of
      position and, further, in preventing high acceleration of change of motor
      energy level from causing further changes in energy level when the correct
      level is reached. The position feedback voltage produces a directing
      magnetic force to return the suspended vehicle to the correct location
      relative to the rails. This type of position feedback voltage is
      undesirable at high speeds because the sprung portion will try to follow
      the perturbations of the rail resulting in a rough ride.
PAR  The various prior art vehicles having sprung and unsprung portions have
      common disadvantages, namely, that each has mechanically interconnecting
      parts that must periodically be replaced due to wear. In addition, the
      prior art has not disclosed how suspension systems such as disclosed by
      Kemper, Rogers and Dewey would be combined to provide an active magnetic
      suspension for a sprung/unsprung system in the manner of the
      hydraulic/pneumatic suspension system of the referenced "Automotive News"
      disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a novel
      combination active magnetic suspension and damping system for providing
      soft ride characteristics to the sprung portion of a vehicle traveling at
      high speed along its supporting surface.
PAR  Further purposes of the instant invention are to provide an active soft
      ride suspension system employing no mechanical interconnecting parts
      between the sprung and unsprung portions of the vehicle resulting in a
      reduction in the overall weight of the suspension system and for providing
      for banking when lateral acceleration forces are encountered. These and
      other features are provided by active control of non-contact magnetic
      attractive support between the unsprung surface contacting elements and
      the sprung load carrying elements. The support is maintained by magnetic
      force fields in response to inertial and position sensing elements mounted
      on the sprung portion and operative in a non-linear feedback circuit. The
      strength of the force field is thus actively varied to maintain a
      relatively stable air gap between the unsprung and sprung elements while
      also holding the sprung element to a smooth course regardless of uneven
      surface conditions encountered by the unsprung surface contacting portion
      or load variations on the sprung portion.
PAR  With the above and other objects, features and advantages of this
      invention, the same consists in the construction, combination and
      arrangement of parts all as hereinafter more fully described and
      illustrated.
PAR  In the drawings, wherein similar reference characters refer to similar
      parts throughout the several views.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of a transport vehicle employing the active
      suspension concepts of the present invention.
PAR  FIG. 2 is a perspective view of a conventional railway truck embodying the
      invention.
PAR  FIG. 3 is a transverse view of a fragmentary portion of the truck of FIG.
      2.
PAR  FIG. 4 is a block diagram of the complete electrical control system
      comprising the active suspension for the truck of FIG. 2.
PAR  FIG. 5 is a schematic showing of the common circuit of the upper and lower
      block portion of FIG. 4.
PAR  FIG. 6 is a block diagram showing interconnecting components insertable at
      the Z--Z' of FIG. 4 to include lateral stability.
PAR  FIG. 7 is a transverse end view of the truck of FIG. 2.
PAR  FIG. 8 is a sectional view of a vehicle suspended and guided by an air
      cushion.
PAR  FIG. 9 is a sectional view of a vehicle suspended and guided by magnetic
      force fields.
PAR  FIG. 10 is a graph showing the variation of the voltage, current and flux
      vs time as the mass varied by the electro-magnetic side frame is lifted
      from the safety support to within the desired operating air-gap between
      the electro-magnetic and ferro-magnetic side frames.
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PAC  DETAILED DESCRIPTION OF THE FIRST PREFERRED EMBODIMENT
PAR  The present invention relates to an active magnetic suspension and damping
      system for providing easy ride characteristics to the sprung portion of a
      surface supported vehicle capable of traveling at a wide range of speeds
      including those of the present art as well as upward and beyond 400 miles
      per hour.
PAR  With reference to FIG. 1, a vehicle V comprising sprung and unsprung
      portions S and U is disposed above a support surface SS over which it is
      to be transported. To this end, the support medium SM may be of any
      suitable type such as an air cushion, bearings, magnetic suspension, or a
      conventional rail/wheel system. The active suspension AS for purposes of
      this invention, is an attractive magnetic force field actively controlled
      by an accelerometer A which acts as an inertial sensor to detect the
      movement and a position transducer P which senses the length of gap l
      between the sprung and unsprung portions.
PAR  The preferred embodiment of the invention is an application to conventional
      rail-wheel railway systems shown in FIG. 2, commonly in use throughout the
      world. This invention, however, is not limited to this single application
      and is equally as advantageous when applied, as aforenoted, to vehicles
      suspended from their supporting surface by such means as air cushions, air
      bearings, magnetic means and various other means that are well known in
      the transportation art.
PAR  Referring now to FIG. 2 and FIG. 3, a conventional trackway consisting of a
      pair of juxtaposed steel support and guide rails 10. A vehicle support
      track 21 consisting of flanged wheels 14, axles 16 interconnecting a pair
      of flanged wheels, and ferromagnetic side frames 2 supported by axle hub
      bearings 3 at the ends of each axle is provided. Directly opposed,
      positioned below and of equal size to the ferromagnetic side frame 2 is an
      electromagnetic side frame 1 carried by the main vehicle weight supporting
      body bolster 5 that is directly coupled to the structure of the main
      vehicle, not shown. At the centers of each ferromagnetic side frame 2 is a
      safety support rod and block 6 normally positioned with no physical
      contact with the electromagnetic side frame 1 but designed to prevent the
      supporting body bolster 5 from falling to the support surface or losing
      the opposed relationship between the ferromagnetic side frame 2 and the
      electromagnetic side frame 1 in the event of a loss of the force field.
PAR  Each body bolster 5, in addition to carrying the electromagnetic side frame
      1, carries a pair of sensors 20 and 22 and an electronic circuit, shown in
      FIGS. 4, 5, and 6 and represented by the block showing of FIGS. 2 and 7.
      The first sensor 20 is an accelerometer for monitoring acceleration of
      movement of the electromagnetic side frame 1 from a predetermined position
      with respect to a fixed point in free space and the second sensor 22 for
      monitoring the change of the predetermined air gap distance between the
      electromagnetic side frame 1 and the ferromagnetic side frame 2. The
      electrical output signals from these sensors are then conditioned by the
      electronic circuit to provide sufficient control of the force field at the
      electromagnetic side frame 1 to provide constant non-contact support
      between the unsprung portion, the wheel and rail, and the sprung portion,
      the vehicle support member under varying load conditions, such as;
      climbing grades, irregular track smoothness, winds, additional weight
      applied to the sprung portion, shifting of weight within the sprung
      portion, and other conditions known to affect moving vehicles. The
      electronic circuit, shown in block diagram in FIG. 4, is and has the same
      principles of operation and reference numerals as described in detail as
      FIG. 3 in the issued Pat. No. 3,638,093 entitled "Magnetic Suspension and
      Propulsion System" by the co-inventor of this invention, James A. Ross,
      and assigned to the assignee of the instant application. The circuit
      requirements for this application have been modified somewhat from the
      above referenced applications by requiring a slight additional electrical
      adjustment as hereinafter described.
PAR  As in the aforementioned applications, the feedback circuit is non-linear
      for the purpose of compensating for the non-linear characteristics of the
      electromagnetic force field as a function of gap spacing.
PAR  The electronic circuit of FIG. 5 is a showing of the circuit 4A of the
      referenced Pat. No. 3,638,093 and includes the same reference numerals and
      theory of operation as fully described therein. The circuit of FIG. 5 is a
      complete showing of the components of the blocks of either 20-26 or
      20'-26' of FIG. 5. The additional accelerometer 40' (attached to the
      amplifier 61 circuit) and the power amplifier are further included to show
      their relationship to the circuit.
PAR  A complete feedback control circuit consists of the two sensors 20 and 22,
      an electronic circuit 9 comprising two compensating networks 21 and 23, a
      square rooter 24, a differentiator 26, a multiplier 25 and a power
      amplifier 38 and the electromagnetic side frame 1.
PAC  OPERATION OF FIRST EMBODIMENT
PAR  When the vehicle employing the described invention is at rest and all
      external power, as hereinafter explained, is removed, the safety rods 6
      limit the vehicle body bolster 5 position with respect to the
      ferromagnetic side frame 2 as well as maintaining longitudinal alignment
      between the ferromagnetic side frame 2 and the electromagnetic side frame
      1 under extreme acceleration or deceleration conditions. When power is
      first applied to the system, the wiper of resistor 68, see FIG. 5, is
      adjusted in the maximum resistance position with respect to the voltage
      input resistor 69. The system power is then applied. After power is
      applied the wiper of resistor 68 is adjusted in a manner to decrease the
      resistance with respect to the + voltage input to resistor 69 until the
      voltage level present on terminal 3 of amplifier 61 causes sufficient
      output signal voltage at terminal 6 of the same amplifier to furnish the
      required input to the remainder of the electronic circuits, to cause the
      electromagnetic side frames 1 to have a sufficient magnetic force field to
      cause the vehicle supporting body bolster 5 carried by the electric
      magnetic force field to rise toward the ferromagnetic side frame 2 and
      establish the desired gap spacing. The lift movement will stop and the
      side frames of the body bolster will be suspended below the ferromagnetic
      side frame 2 at a point in time when the voltage signal from displacement
      sensor 22, as applied to terminal 2 of amplifier 61, equals the voltage on
      terminal 3 of the same amplifier provided by the resistor 68 adjustment.
PAR  If the vehicle sprung portion encounters downward or upward acting force
      vectors causing the air gap spacing to increase or decrease the sensors
      will detect the acceleration of this movement with respect to a fixed
      point in free space as well as the displacement change and produce
      corresponding electrical output signals. The signal from the accelerometer
      sensing element 20 first passes through a compensating network 21 to alter
      the frequency versus amplitude response through a frequency range of from
      0.3 to 30 hertz. The signal from displacement sensor 22 also first passes
      into its corresponding compensating network 23. This network provides an
      adjustable reference, hereinbefore mentioned as an adjustment of R68 for
      the gap length measurement in electrical terms, provides amplification and
      differentiation to provide a velocity signal at frequencies above 1.2
      hertz. Thereafter the position signal combines with the acceleration
      signal within compensating network 21 for common amplification.
PAR  The attractive force between the ferromagnetic side frame 2 and the
      electromagnetic side frame 1 is proportional to the square of the current
      passing through the coils of the electromagnets. To provide feedback loop
      stability, the second order function in the signal flow path must be
      linearized. To accomplish this the conditioned and amplified combined
      accelerometer and displacement sensor signal present at the output of the
      compensating network 23 is linearized by square root circuit 24, typically
      an operational amplifier employing non-linear transistor characteristics
      to give an electrical output that is the equivalent of the square root of
      its positive electrical input.
PAR  Multiplier 25 is another operational amplifier in which the output is the
      product of two electrical inputs. The output of the square rooter circuit
      24 supplies the X input and the length of gap signal from the displacement
      sensor 22 supplies the Y input. These signals are then multiplied together
      by multiplier 25, the resultant voltage output being directly proportional
      to gap, i.e. the voltage increases with an increase in gap.
PAR  The electrical path through multiplier 25 is conductive so that an
      electrical output is present at zero frequency, for example, when the gap
      length is constant between the ferromagnetic side frame 2 and the
      electromagnetic side frame 1.
PAR  The output signal from the square rooter 24 is also fed into the input of
      differentiator 26. The differentiator is comprised of an amplifier having
      a resistance capacitance circuit, to accomplish electrical
      differentiation. The capacitor is not shunted by any conductive path so
      that the output of the differentiator is zero for a zero frequency. This
      provides an A.C. path with the output combined with that of the multiplier
      25, and gives an increasing voltage output with an increase feedback
      frequency.
PAR  The output signal from multiplier 25 and differentiator 26 are then equal
      at the frequency that the electromagnetic rail D.C. resistance equals its
      A.C. reactance; at higher frequencies the electromagnetic rail force field
      is not a function of the gap.
PAR  The combined output signal from multiplier 25 and differentiator 26 passes
      into power amplifier 38. This consists of a very high power amplifier,
      preferably class "D" as described in Pat. No. 3,579,132, by co-inventor
      James A. Ross and assigned to the assignee of the instant application,
      with its current output controlled according to the amplitude of the
      aforementioned input.
PAR  The output power from amplifier 38 is supplied to the windings of the
      electromagnetic side frame 1, which is attracted to the ferromagnetic side
      frame 2 under feedback control to prevent the electromagnetic side frame
      from attracting all the way to contact with the ferromagnetic side frame.
PAR  The basic source of power for the system including the high power amplifier
      is an external source 39 of multi-phase power well known in the art.
PAR  FIG. 10 shows the variation of the several parameters involved in lifting
      the electro-magnetic side frame 1 from the safety support toward the
      ferromagnetic side frame 2 and maintaining the air-gap between side frames
      1 and 2 at a prescribed length.
PAR  The weight carried by the electro-magnetic side frame 1 is to be raised a
      distance d to reduce the air-gap length l to a desired value s. This value
      may be of the order of one inch.
PAR  In the graph the abscissa is time and the ordinate has various values, as
      will be evident.
PAR  At time equals zero, i.e., the start of the lifting process, the voltage is
      impressed upon the coil windings of the electro-magnetic side frame. It
      rises to a high saturation level, as shown at 75. The corresponding
      current 76 in the windings involved starts with a zero value at time
      equlas zero and increases as a ramp function until time t.sub.1, at which
      time an upward velocity of the electro-magnetic side frame toward the
      ferro-magnetic side frame starts. The magnetic flux produced by the
      electro-magnetic side frame and extending into the ferro-magnetic side
      frame increases as the current increases and so this is a companion ramp
      function, shown as 77 in FIG. 10.
PAR  As soon as an upward velocity of the electromagnetic side rail starts an
      acceleration exists and this is sensed by the accelerometer. Through the
      feedback circuit that has been described, the accelerometer signal reduces
      the applied voltage 75 to zero; actually to a small negative value as
      shown. This allows the upward velocity to be controlled. After an initial
      value of zero at time t.sub.1, it reaches a maximum value at a later time
      t.sub.2 at and after which time the upward velocity is decreased.
PAR  Displacement curve 78 starts from zero at time t.sub.1 and increases
      positively, but at a slower rate than the velocity curve 79. The proper
      value of feedback signal causes the displacement curve to cease changing
      with time after a time t.sub.3 is reached. This signifies attainment of
      the preselected gap length. At time t.sub.3, velocity curve 79 has
      decreased to zero. The desired vertical position has been achieved. At
      time t.sub.3, the length of air-gap has decreased from the initial value.
      Less current 76 is thus required to maintain the needed flux and so this
      parameter remains constant with time at a value less than that existing at
      time t.sub.1.
PAR  Flux curve 77 remains at a constant value with respect to time from time
      t.sub.1 to about halfway between time t.sub.1 and t.sub.2. The flux is
      then reduced to a value les than that required to support the weight
      carried by the electro-magnetic side frame. This causes the upward
      velocity of the electro-magnetic side frame to be reduced, thus producing
      a negative acceleration, or deceleration.
PAR  The prior negative value of applied voltage reverses as the other
      parameters reach equilibrium shortly before time t.sub.3, After time
      t.sub.3, it remains at a relatively small positive value that is
      sufficient to cause current 76 to flow at an amplitude to maintain flux 77
      at a constant value.
PAR  By the time t.sub.3 has been reached, the air-gap has been reduced to the
      preselected value of s. It remains at that value unless there are external
      factors acting to change it. If such factors tend to increase the gap
      length the same variation of the several parameters, as previously
      described, occurs and the gap length is reduced to the preselected value.
      If such factors tend to decrease the gap length, the several parameters
      vary in the opposite manner.
PAR  For this preferred embodiment each vehicle is typically supported with two
      truck assemblies each carrying two of the aforedescribed suspension
      control systems, one positioned on each side corresponding with each rail
      of a two rail system. This provides uniform stability to both sides of the
      vehicle supported by each truck assembly.
PAR  FIG. 8 shows an alternate embodiment wherein the instant invention is
      utilized on an air cushion high speed vehicle 97. The operation of the
      support and guidance systems are fully described in U.S. Pat. No.
      3,330,384. A main guideway support 98 includes center upright member 99
      utilized in combination with high pressure air outlets 100 for guiding the
      vehicle 97 while the guideway support 98 upper surface areas 102 cooperate
      with high pressure air outlets 103 for providing vehicle support.
PAR  FIG. 9 shows a further alternate embodiment wherein the instant invention
      is utilized on a magnetic supported vehicle 97a such as the one disclosed
      in U.S. Pat. No. 3,736,880. Surface 112 supports rail supports 110 that in
      turn support ferromagnetic members 104. The vehicle has a pair of support
      members 108 with electromagnets 106 attached thereto. The control system
      also disclosed in detail in the last mentioned U.S. patent maintains the
      intensity of the force field of electromagnets 106 so that the vehicle is
      attracted upward to a predetermined position with respect to support
      surface 112 wherein the force of gravity is overcome and ferromagnetic
      member 104 and electromagnet 106 establish a spaced apart relationship
      that remains substantially constant as the vehicle moves along the
      guideway.
PAR  When surface support systems other than the fully described two rail
      systems are desired, various single or multiple combinations of described
      support systems may be used for the same easy-ride suspension effect.
PAC  DETAILED DESCRIPTION OF THE SECOND PREFERRED EMBODIMENT
PAR  This second preferred embodiment includes all of the elements of the first
      preferred embodiment as described and in addition, includes a lateral
      accelerometer 40', a summing resistor 49', and inverting amplifier 7 of
      any convenient type having a one-to-one gain ratio with an output inverted
      with respect to the input. The accelerometer is preferably a model 4310
      manufactured by Systron Donner. The accelerometer is mounted on the sprung
      portion of the vehicle in a manner for detection of the lateral forces
      acting on the vehicle. These forces include, but are not limited to, such
      forces as those caused by changing the vehicle forward direction or
      extreme wind.
PAC  OPERATION OF THE SECOND PREFERRED EMBODIMENT
PAR  The suspension system operates in the same manner as hereinbefore described
      in the first preferred embodiment.
PAR  When the vehicle is equipped with a lateral accelerometer 40' and inverting
      amplifier 7 interconnected as shown in FIG. 6, a control means for
      counteracting and effectively cancelling side forces present in vehicle
      cornering and extreme wind conditions is provided. When, for instance, the
      vehicle enters a turn at high speed centrifugal forces cause the vehicle
      to lean toward the outside of the arc of travel and in extreme conditions
      cause the vehicle to leave its guideway. When such conditions occur the
      vehicle's lateral forces are detected by accelerometer 40' which provides
      a voltage signal to terminal 3 of amplifier 61 interconnected as shown in
      FIG. 5 for controlling the suspension position on the inside of the arc of
      vehicle travel. A corresponding and equal, but opposite polarity voltage
      is supplied to terminal 3 of amplifier 61, not shown, for controlling the
      suspension position on the outside of the arc of vehicle travel. These
      voltage signals cause the magnetic force between the ferromagnetic side
      frame 2 and the electromagnet side frame 1 to increase and decrease
      respectively and stabilize thus narrowing the gap on the inside of the arc
      of vehicle travel and increasing the gap on the outside of the arc of
      vehicle travel. This results in a banking of the vehicle into the inside
      of its arc of travel, which effectively cancels lateral movement of the
      vehicle resulting from the lateral forces created by the change of
      direction of forward travel.
PAR  The signal from the accelerometer can be either negative or positive
      depending upon the physical placement of the unit and the direction in
      which lateral forces effect movement of the vehicle. THe inverting
      amplifier 7 is provided in series with the input to one sensing system to
      insure that when the force field is either increased or decreased on a
      given side of the vehicle the opposite force field will correspond in an
      opposite manner to either decrease or increase with equal amplitude.
PAR  This lateral control feature can be employed in combination with
      mechanically flat rail curves or with mechanically banked rail curves both
      to cancel side forces acting on the vehicle or as a safety feature to
      prevent the vehicle from being derailed under certain extreme conditions.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiments and examples of the invention are, therefore, to
      be considered as in all respects illustrative and not restrictive, the
      scope of the invention being indicated by the appended claims, and all
      changes which come within the meaning and range of equivalency of the
      claims are intended to be embraced therein.
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STM  Having thus described the invention, what is claimed as new and novel and
      is desired to be secured by U.S. Letters Patent is:
NUM  1.
PAR  1. An improved attractive magnetic suspension and vertical damping
      apparatus for providing an air gap spaced apart support between the
      bolster and side frame assembly and surface supported portions of the
      truck of a high speed vehicle comprising:
PA1  elongated ferromagnetic side frames carried by said surface supported
      portion;
PA1  air cushion support means positioned between said surface supported
      portions and the supporting surface;
PA1  elongated electromagnets having windings and carried by said bolster and
      side frame assembly portion, each of said electromagnets positioned below
      one of said ferromagnetic side frames in opposing spaced relation
      therewith for magnetic attraction therebetween; and
PA1  active control means for constantly varying the strength of the force
      fields of said electromagnets responsive to the length of said gap and to
      the vertical movement of the bolster and side frame assembly portion for
      maintaining a predetermined spaced gap relationship and damping control
      between said bolster and side frame assembly and surface supported
      poritons.
NUM  2.
PAR  2. An improved attractive magnetic suspension and vertical damping
      apparatus for providing an air gap spaced apart support between the
      bolster and side frame assembly and surface supported portions of the
      truck of a high speed vehicle comprising:
PA1  elongated ferromagnetic side frames carried by said surface supported
      portion;
PA1  magnetic support means positioned between said surface support portions and
      the support surface;
PA1  elongated electromagnets having windings and carried by said bolster and
      side frame assembly portion, each of said electromagnets positioned below
      one of said ferromagnetic side frames in opposing spaced relation
      therewith for magnetic attraction therebetween; and
PA1  active control means for constantly varying the strength of the force
      fields of said electromagnets responsive to the length of said gap and to
      the vertical movement of the bolster and side frame assembly portion for
      maintaining a predetermined spaced gap relationship and damping control
      between said bolster and side frame assembly and surface supported
      portions.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said magnetic support is provided by an
      attractive force field.
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ABST
PAL  A mobile trackway comprises a plurality of interconnected carriages adapted
      for rolling on an existing trackway, and having mounted on upper surfaces
      thereof two side-by-side trackways. Ramp cars (which form part of the
      mobile trackway) and switching sections on the carriages permit
      load-transporting cars to be moved to either of the two trackways from the
      existing trackway. When used in conjunction with tunneling machinery, a
      string of muck cars is positioned on one of the trackways and may be
      conveyor loaded while previously loaded cars are removed from, and empty
      cars are delivered to, the other trackway. The carriages are of hollow
      shell construction and are adapted for carrying ballast, for example
      excavated rock, scrap iron or concrete, to prevent being tipped over by
      any arrangement of loaded muck cars thereupon. No other stabilization
      means, such as outriggers or supporting members contacting the tunnel, is
      required. Recessed carriage wheels allow a low center of gravity and
      maximum ballasting capacity with minimum use of tunnel space. The mobile
      trackway is adapted for being towed by a tunneling machine so as to move
      therewith, rail sections being added to the tunnel trackway in front of
      the advancing mobile trackway which rides thereupon.
PARN
PAR  This is a continuation of application Ser. No. 447,997, filed June 10,
      1974, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to the field of mobile trackways. More
      particularly, it relates to mobile trackways adapted to move over existing
      trackways, for example those found in tunnels.
PAR  2. Description of the Prior Art
PAR  Railroad type trackways are, as a rule, laid in the tunnel behind advancing
      tunneling equipment so that muck cars be brought to the tunnel head for
      removing the tunnel borings (commonly called muck). Ordinarily, because of
      the expense, and for other reasons, only a single trackway is laid.
      Consequently, when one string of muck cars has been loaded at the tunnel
      head, the tunneling operation must be curtailed until that string of cars
      can be removed and an empty string can be moved into loading position.
      Since many tunnels are several miles long an appreciable amount of time is
      thereby wasted and tunneling costs are correspondingly increased.
PAR  To prevent such tunneling interruptions, and as an alternative to laying a
      second trackway in the tunnel (which may be additionally difficult in a
      round tunnel because of tunnel curvature and which requires two separate
      locomotives and/or crews, with consequent great added expense),
      comparatively short, mobile or movable dual trackways are used. These
      movable dual trackways are advanced behind the tunneling equipment and
      provide for two side-by-side strings of muck cars at the tunnel head where
      they are needed. Empty muck cars on one of the trackways may be loaded
      while loaded muck cars are removed from the other trackway. Muck cars are
      brought to, and removed from, the movable trackway via a single trackway
      laid on the tunnel floor.
PAR  Heretofore available movable dual trackways have, however, frequently
      proved impractical or impossible to use, particularly in round (in
      cross-section) tunnels having sections which are unlined.
PAR  Relatively wide, flat tunnel floors are required to accomodate some types
      of movable, unwheeled dual trackways which are slid along the tunnel floor
      on skids in advance of a conventional trackway. These types generally
      comprise several interconnected sections which are advanced one section at
      a time in "inchworm" fashion. Tunneling equipment must often be placed on
      sections not being moved to anchor (by friction) these sections to the
      tunnel floor while another section is pushed or pulled (as by hydraulic
      pistons) forwardly. Although the expense of laying a second trackway in
      the tunnel is thereby avoided, a considerable amount of time is wasted in
      inching the movable trackway forwardly and in moving the tunneling
      equipment about. It is emphasized that when the tunneling equipment is
      being used to weight sections of the movable trackway, it cannot be used
      to tunnel.
PAR  Lined tunnel walls, having affixed thereto special guide members or rails,
      are required for the movement of other types of movable dual trackways.
      These movable trackways are elevated above a tunnel trackway and are slid
      along the guide members. Although they are more adaptable for round
      tunnels than the previously described types, they require tunnel liners to
      support their weight and the weight of the loaded muck cars. Many sections
      of tunnels, however, otherwise require no lining, hence use of these types
      of movable trackways requires expenditure of considerable extra time and
      money. It is economically impractical to line tunnel portions, which
      portions would otherwise not need lining, simply to accommodate movable
      trackways.
PAR  Ideally, movable dual trackways should have wheels and be transportable
      along the existing tunnel trackway in the manner of some existing, movable
      single trackway units. But eccentric forces caused by the loaded muck cars
      on one of the dual trackways, while the other trackway is empty of cars,
      tend to cause the movable trackway to tip over sideways. It has heretofore
      been necessary to employ outriggers or braces which bear against the
      tunnel to prevent this tipping. However, with such braces in position it
      is virtually impossible to move the trackway. The trackway must thus
      remain stationary as the muck cars thereupon are loaded, even though the
      tunneling equipment itself is advancing. This requires additional time and
      expense to move the muck from the tunnel head to the cars. The problems
      involved in positioning and removing braces are major and time-wasting.
PAR  Existing movable single trackways which are adapted to roll along another
      trackway do not encounter the problem of eccentric loading because the
      single trackway is mounted along the center line of the unit. Thus there
      is little tendency -- other than as a result of a high center of gravity
      -- for such trackways to tip over. But movable single trackways are
      generally limited to the transport of, for example, wider gauge cars over
      a narrow gauge trackway, and are obviously not adaptable for the purpose
      of transporting two side-by-side strings of load-bearing cars.
PAR  Heretofore, to the applicant's knowledge, there have been no movable dual
      trackways adapted to roll over existing tunnel trackways which do not
      require such bracing as described above and which may be moved in
      substantial unison with the tunneling equipment.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out principles of the present invention according to a
      preferred embodiment, a mobile trackway, adapted for traveling over an
      existing trackway, comprises one or more carriages upon which are mounted
      trackway means adapted for movement of load-transporting cars thereupon. A
      ramp allows movement of the load-transporting cars between the existing
      trackway and the trackway means. Stabilization means, integral to the
      carriages, prevent tipping thereof by any arrangement of loaded cars
      thereupon.
PAR  More specifically, a mobile trackway, adapted for use at a tunnel head,
      comprises a number of interconnected wheeled carriages having mounted
      thereupon two side-by-side trackways. Switching elements, also mounted
      thereupon, allow muck cars, which are moved onto the mobile trackway via
      ramp cars attached thereto, to be positioned on either of the two
      trackways. The mobile trackway is attached to the tunneling machine by a
      tow cable and is towed therebehind. Rail sections are added to the tunnel
      trackway, upon which the mobile trackway rides, in front of the mobile
      trackway as it advances. A belt conveyor, mounted upon the carriages so as
      to be above the trackways, loads muck cars on either of the trackways. A
      string of muck cars on one of the trackways may thus be loaded while a
      locomotive removes a string of loaded muck cars from, and delivers a
      string of empty muck cars to, the other trackway. No tunneling time is
      lost while strings of muck cars are moved in and out of the tunnel and the
      expense of a double tunnel trackway is avoided.
PAR  Carriages of the mobile trackway, having a general trapezoidal cross
      section with the top being much wider than the bottom so as to conform to
      the shape of a circular cross section tunnel, are formed into hollow
      shells capable of carrying sufficient ballast -- for example, excavated
      rock, scrap iron or concrete -- to prevent being tipped over by the
      eccentric force of loaded muck cars on only one of the trackways. This
      ballasting is the sole means of carriage stabilization, the carriages
      requiring no outriggers or braces contacting the tunnel or other
      structure.
PAR  The mobile trackway moves upon an existing tunnel trackway and is
      particularly adaptable for tunnels having unlined sections, thereby making
      unfeasible use of other types of movable trackways requiring guide members
      or rails affixed to tunnel linings. The mobile trackway may be moved from
      tunnel to tunnel or used in other applications where a section of dual
      trackway is temporarily required.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a and 1b are side elevation views showing the mobile trackway in
      position at a tunnel head behind a boring machine;
PAR  FIG. 2 is a top plan view showing rearward sections of the mobile trackway;
PAR  FIG. 3 is a horizontal section along line 3-3 of FIG. 1a, showing the
      mobile trackway in a tunnel;
PAR  FIG. 4 is a perspective view of one of the carriages of the mobile
      trackway, but with some of the ballast unshown;
PAR  FIG. 5 is a horizontal sectional view along 5--5 of FIG. 4, illustrating
      the mounting of the carriage wheels;
PAR  FIG. 6 is a horizontal section along line 6--6 of FIG. 5, depicting the
      compartmentation of the carriage; and
PAR  FIG. 7 is an exploded view showing the mating of outboard tracks on
      adjacent carriages.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1a and 1b show a conventional tunneling machine 20 (for example a
      Robbins boring machine) at a tunnel head 22 of a tunnel 24. As the
      tunneling machine advances, a tunnel trackway 26 is laid therebehind on
      the tunnel floor so that the muck can be removed easily by muck cars.
PAR  An open space conveyor 28 and a tow cable 30 connect the machine 20 to a
      mobile trackway 32 which permits loading of one string of muck cars while
      a loaded string is removed and replaced by a string of empty cars.
PAR  The mobile trackway 32 comprises a number of similar interconnected
      carriages adapted to roll on the tunnel trackway 26.
PAR  Except for the trackway arrangement thereupon all of the carriages are
      identical. There are a number (preferably about ten) of lead carriages 34
      which are connected together behind the tunneling machine. Upon these
      carriages 34 two substantially parallel trackways 36 and 38 are laid in a
      symmetrical manner about the longitudinal axis of the carriages (FIGS. 2
      and 3). These trackways are laid closely together, the spacing being
      sufficient only to allow movement of muck cars on each trackway. A
      locomotive passing carriage 34a is connected to the rearmost carriage 34.
      Upon this carriage the trackways are curved outwardly toward the edges
      thereof, the increased spacing between the trackways allowing clearance
      between muck car locomotives which are wider than the muck cars and which
      may be required to be side by side in this region of the mobile trackway.
      Connected to the carriage 34a are two switching carriages 34b and 34c.
      These two carriages have mounted thereupon switching track elements 40
      allowing sections of either trackway 36 or 38 to be moved into alignment
      with a section of trackway 42 which is mounted on ramp cars 44, 46 and 48
      at the end of the mobile trackway and which is registered with the tunnel
      trackway 26 behind the mobile trackway. Since the trackways on the
      carriages 34, 34a, 34b and 34c are elevated above the trackway 26, the
      ramp cars 44, 46 and 48 form an inclined runway to allow muck cars to move
      between the tunnel trackway 26 and the carriage trackways 36 and 38.
PAR  It should be noted that the term "trackway" as used herein and in the
      appended claims denotes provision for passage of a vehicle. The term thus
      includes, for example, a pair of rails for passage of railway cars. The
      term "dual trackway" consequently denotes, for example, two pairs of rails
      for railway cars.
PAR  One string of muck cars 50 may be backed along the trackway 26, up the ramp
      cars and, for example, onto the trackway 36 (via the switching element 40)
      by a locomotive 52. While these muck cars are being loaded by means of a
      belt conveyor 54, which is mounted on a framework 56 attached to the
      carriages 34 (FIG. 3), the locomotive proceeds to the entrance of the
      tunnel. It then returns with a second string of empty muck cars, these
      being moved onto the trackway 38. Without the mobile trackway this could
      be accomplished only if a second trackway, similar to the tunnel trackway
      26, were laid the entire length of the tunnel. Installation of such a dual
      trackway, even if allowed by the width of the tunnel floor (which it
      ordinarily would not be) would be prohibitively expensive and time
      consuming. Furthermore, it would either require two separate locomotives,
      or create the major problem of how to switch the locomotive from one
      trackway to the other.
PAR  As the tunneling machine advances it tows the mobile trackway 32 behind it
      by means of the tow cable 30. New sections of the tunnel trackway 26 are
      laid in advance of the forwardmost carriage 34. Muck moving along the belt
      conveyor 54 is caused to be discharged into muck cars on either of the
      trackways by a diverter 60 (FIG. 1b) which moves along the conveyor above
      the string of muck cars. A gate (not shown) which is in contact with the
      conveyor can be positioned to cause the muck to fall off either side
      thereof into cars on either trackway. The diverter can travel the length
      of the carriages 34 and thus can cause muck cars in any location on these
      carriages to be loaded without the necessity for the cars themselves to be
      moved.
PAR  The necessary lateral offsetting of the trackways 36 and 38 from the
      longitudinal axis of the carriages causes loaded muck cars on either of
      the trackways (when there are not loaded muck cars on the other trackway)
      to exert a very great moment tending to tip over thte carriages,
      particularly because of the comparatively small lateral wheel spacing of
      the carriages. Since large tunnel regions may require no lining to shore
      up the walls, it is not feasible to use carriage outriggers or braces
      which must necessarily bear against or slide along structural elements
      attached to the tunnel walls. Tipping of the carriages is, in accordance
      with the present invention, prevented solely by their being heavily
      ballasted, as described below.
PAR  The most severe loading condition is with fully loaded muck cars on one
      trackway (for example, the trackway 36 as depicted in FIG. 3) with no cars
      on the other trackway (in FIG. 3 possible location of muck cars on the
      trackway 38 is shown by phantom lines). Because the trackways 36 and 38
      are located side by side and because of the comparatively narrow wheel
      base of the carriages 34 (approximately 36 inches for the preferred
      embodiment) the center of gravity of the loaded muck cars -- having a
      total weight of W.sub.1 pounds -- is outboard of the closest rail
      (identified by the number 25a) of the trackway 26 by a distance d.sub.1
      (approximately 9 inches in the preferred embodiment). The weight W.sub.1,
      acting downwardly as shown by the arrow "A", causes a moment equal to
      W.sub.1 .times. d.sub.1 about the rail 26a. This tends to tip the carriage
      over (in a clockwise direction as shown in FIG. 3). The weight W.sub.2 of
      the carriages (which though distributed may be considered as acting along
      the arrow "B"  through the center of gravity of the carriages, that is,
      through their center lines) acting at a distance d.sub.2 from the rail
      26a, which is equal to the half width of the wheel separation (or 18
      inches) creates a countermoment equal to W.sub.2 .times. d.sub.2 to
      prevent tipping. For the example given W.sub.2 must be greater than 1/2
      W.sub.1 to assure stability (W.sub.2 .times.  d.sub.2 &gt; W.sub.1 D.sub.1 ;
      W.sub.2 .times. 18 &lt; W.sub.1 .times. 9; W.sub.2 &gt; 1/2 W.sub.1). Thus, the
      trackways 36 and 38 must be placed as closely together as possible,
      consistent with the necessity for providing clearance between muck cars on
      both trackways, to minimize the distance d.sub.1 and hence minimize the
      ballasted weight W.sub.2 of the carriages.
PAR  As shown in FIGS. 4 and 6, a carraige bed 62, used for carriages 34, 34a,
      34b and 34c, has a generally trapezoidal cross section wider at the top
      than the bottom to conform to the shape of a round-sectioned tunnel. Sides
      64 and a bottom 66 form a shell which is divided into numerous
      compartments (typified by the reference number 68 in FIG. 4) by multiple
      transverse bulkheads 70 and multiple longitudinal bulkheads 72. These
      compartments are adapted for filling with available heavy ballast such as
      excavated rock or scrap iron (which may be removed when relocating the
      carriages) or with concrete. The total volume of all of the compartments
      (which may be about 230 cubic feet for a typical carriage bed having a
      length of 20 feet, a width of 10 feet and a depth of 1 1/2 feet at its
      deepest point) is such that when filled with ballast the carriage is
      caused to resist tipping over even when fully loaded muck cars are on a
      single trackway 36 or 38 as above described. No outriggers or braces
      contacting any portion of the tunnel are required to prevent tipping. (To
      illustrate the structure some of the compartments are shown without
      ballast.)
PAR  A desirable low center of carriage gravity is achieved by recessing wheels
      74 well into the bottom of the carriage bed (FIGS. 5 and 6). This wheel
      recessing provides a substantial depth to the carriage bed 62, while at
      the same time minimizes the height of the trackways 36 and 38 above the
      tunnel trackway 26, thereby maximizing clearance between the muck cars and
      the tunnel.
PAR  Because substantially continuous trackways must be formed by the
      interconnected carriages, relatively little nonalignment of adjacent
      carriages is allowed. The most inward rails of the trackways 36 and 38
      project slightly beyond the ends of the carriage beds 62 so that when
      adjacent cars are coupled together by a pin (not shown) passing through a
      projecting coupling 76 at each end of the carriage bed, adjacent ends of
      these rails are closely adjacent to each other. The outermost rails of the
      trackways 36 and 38 terminate at each end of the carriage bed 62 in a
      projecting, rectangular bar 78. The bars 78, as shown in FIG. 7, are
      approximately half the width of the upper flange of the rails. They are
      positioned to one side of the rails so that when two adjacent carriage
      beds are in longitudinal alignment the bars 78 on adjacent rails overlap
      and are in close proximity so as to bridge the gap between the ends of the
      rails. When the carriages are on a curved section of the trackway 26, the
      ends of the outermost rails are spaced apart. However, the bars 78 are of
      a length that there is still sufficient overlap to bridge the gap between
      the adjacent rail ends.
PAR  To further provide for continuity of the trackways 36 and 38 when the
      mobile trackway is on a curved section of the trackway 26, the wheels 74
      of the carriage beds are constructed with central regions 80 (bounded on
      either side by wheel flanges 82) which are substantially wider than the
      upper flange of the trackway 26 rails. The carriages may therefore be
      skewed somewhat out of alignment with the longitudinal axis of the
      trackway 26, without the carriages leaving the tracks.
PAR  As shown in FIG. 3, in order to provide side clearance so that the
      locomotive 52 (shown in phantom lines) may be moved down the trackway 38
      to the end of the mobile trackway adjacent to the tunneling machine 20 (as
      may be necessary to service the machine), each framework 56 for supporting
      the belt conveyor 54 projects outwardly beyond the edge of its carriage
      bed on the trackway 38 side of the carriage. Because of the necessity for
      maintaining the trackways 36 and 38 as closely together as possible upon
      the carriages to minimize the tipping moment, provision is not made for
      allowing a locomotive on one of the trackways (other than on the carriages
      34c) at the same time that there are muck cars on the other trackway.
      There is seldom an occasion when this would be desirable. However, it is
      within the scope of the invention but heavier ballasting of the carriages
      is required.
PAR  Also as shown in FIG. 3, a ventilation duct 84 may be routed above the
      carriages 34, 34a, 34b and 34c, being supported above the supports 56 by a
      support member 86. A walkway 88 may be attached to one side of the
      framework 56 to enable an operator to bypass, or to have access to, the
      muck cars.
PAR  In the preferred embodiment ten of carriages 34 and one each of carriages
      34a, 34b, 34c and ramp cars 44, 46 and 48 are used. The mobile trackway so
      comprised has an approximate total length of 300 feet. A greater or fewer
      number of carriages may, however, be used as the particular tunneling
      operation dictates. The belt conveyor 54 extends approximately the length
      of the ten carriages 34 (approximately 200 feet) and is driven by a drive
      motor and gear box 90 which is located above the carriage 34c (FIG. 1b).
PAC  SUMMARY OF OPERATION OF THE MOBILE TRACKWAY
PAR  The mobile trackway 32 is positioned behind the tunneling machine 20 at the
      tunnel head, as previously stated. A forward structure 92 on one of the
      forewardmost carriages 34 is connected to the tunneling machine by the tow
      cable 30 (FIG. 1a). The open span conveyor 28 is positioned to discharge
      muck from the tunneling machine onto the belt conveyor 54. A locomotive
      pushes a string of muck cars along the tunnel trackway 26 and up the ramp
      cars. The switching element 40 causes the muck cars to be diverted to
      either of the trackways 36 or 38, as may be desired. The muck cars are
      moved to the end of the mobile trackway adjacent the tunneling machine. A
      stop 94 (FIG. 1a) at the end of the forwardmost carriage 34 prevents the
      muck cars from rolling off the mobile trackway.
PAR  When the muck cars are in position for loading they are uncoupled from the
      locomotive, which then returns to the entrance of the tunnel for another
      string of empty muck cars. The muck cars already in position are loaded
      sequentially from the belt conveyor 54 by means of the traveling diverter
      60 which diverts muck from the belt conveyor into the cars. A sufficient
      number of muck cars are positioned for loading so that the locomotive may
      return with a string of unloaded muck cars before the string being loaded
      is completely loaded. The second string of muck cars is moved onto the
      vacant trackway on the mobile trackway. When the first string of muck cars
      is completely loaded, the locomotive, which has in the meantime been
      reconnected to that string of muck cars, removes the loaded muck cars, the
      muck being diverted by the diverter 60 to the second string of muck cars.
PAR  As the tunneling machine 20 advances, new sections of the tunnel trackway
      26 are added in advance of the mobile trackway, thereby allowing continual
      advancement of the mobile trackway with the tunneling machine.
PAR  When the tunneling operation is completed, or at any time it is so desired,
      the mobile trackway may be disconnected from the tunneling machine and
      hauled back along the trackway 26 to the entrance of the tunnel.
PAR  Although the preferred embodiment has illustrated uniform ballasting of the
      carriage beds 62, the scope of the invention includes the shifting of
      ballast materials (for example by pumping a liquid or conveying a solid)
      from one side or part of the carriage bed to another so as to achieve
      carriage stability with a lesser carriage weight, as may be desirable in
      some structurally weak tunnels, although such ballast shifting will
      generally be more difficult to accomplish and hence be less desirable.
PAR  And although the preferred embodiment employs wheels which enable the
      carriages to roll along an existing trackway, it is to be understood that
      the scope of the invention includes use of slidable track engaging members
      such as skids which may be attached to ballasted carriages.
PAR  The foregoing description is thus by means of illustration only and no
      limitations are thereby intended, and the scope of the invention is
      limited solely by the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mobile trackway, comprising:
PA1  a. carriage means adapted for moving along and existing trackway,
PA1  b. first trackway means provided on said carriage means and adapted for
      movement thereupon of load-transporting cars,
PA1  c. second trackway means provided on said carriage means and also adapted
      for movement thereupon of load-transporting cars,
PA2  said first and second trackway means being in such positions relative to
      each other that mounting of cars on only one of said trackway means
      creates a moment tending to tip over said carriage means, and
PA1  d. stabilizing means for maintaining said carriage means in a substantially
      untipped, sttable condition regardless of the positioning and loading of
      said load-transporting cars on said trackway means,
PA2  said stabilizing means cooperating with said carriage means in such manner
      that no substantial lateral projections from said carriage means are
      required and no carriage contact with other than said existing trackway is
      required.
NUM  2.
PAR  2. The mobile trackway of claim 1 wherein said stabilizing means includes
      ballast means.
NUM  3.
PAR  3. The mobile trackway of claim 2 wherein said ballast means includes
      stationary ballast provided in said carriage means.
NUM  4.
PAR  4. The mobile trackway of claim 2 wherein said ballast means includes
      installation in said carriage means of ballast which is transferable from
      one part of said carriage means to another part thereof.
NUM  5.
PAR  5. The mobile trackway of claim 1 wherein said stabilizing means includes
      ballast compartments formed in said carriage means, said compartments
      being adapted for carrying large quantities of heavy materials such as
      rock, concrete and scrap iron.
NUM  6.
PAR  6. The mobile trackway of claim 1 wherein said carriage means include ramp
      means whereby said load-transporting cars may move between said existing
      trackway and said first and second trackway means.
NUM  7.
PAR  7. The mobile trackway of claim 6 wherein said first and second trackway
      means includes at least one section of trackway provided on said ramp
      means and registered with said existing trackway.
NUM  8.
PAR  8. The mobile trackway of claim 7 wherein said first and second trackway
      means further includes switching means for switching said
      load-transporting cars between said registered section of trackway and
      other trackway sections of said first and second trackway means.
NUM  9.
PAR  9. The mobile trackway of claim 1 wherein said carriage means includes
      wheels adapted for rolling on said existing trackway.
NUM  10.
PAR  10. The mobile trackway of claim 1 wherein said carriage means includes
      means for loading said load-transporting cars when said load-transporting
      cars are on either of said first and second trackway means.
NUM  11.
PAR  11. The mobile trackway of claim 1, in which said existing trackway is an
      existing railroad track, in which said carriage means has wheels adapted
      to roll on the rails of said existing railroad track, and in which said
      first and second trackway means respectively are first and second railroad
      tracks each adapted to have said wheels roll thereon, said first railroad
      track being laterally spaced from said second railroad track, the lateral
      spacing being sufficient to permit movement of said load-transporting cars
      on said first and second railroad tracks.
NUM  12.
PAR  12. The mobile trackway of claim 11, in which said lateral spacing is
      sufficient that the center of gravity of the load-transporting cars on
      said first railroad track is spaced outwardly from the adjacent rail of
      said existing railroad track, and the center of gravity of the
      load-transporting cars on said second railroad track is spaced outwardly
      from the remaining rail of said existing railroad track, and in which said
      stabilizing means recited in clause 1(d) comprises weight means
      incorporated in said carriage means and sufficiently heavy to prevent
      lateral tipping of said carriage means even when fully-loaded ones of said
      load-transporting cars are present on said first railroad track while no
      cars are present on said second railroad track.
NUM  13.
PAR  13. The mobile trackway of claim 12, in which said first and second
      railroad tracks are disposed symmetrically about the longitudinal axis of
      said carriage means, and are spaced from each other a distance barely
      sufficient to permit simultaneous presence of said load-transporting cars
      on said first and second tracks.
NUM  14.
PAR  14. The mobile trackway of claim 12, in which said weight means is
      substantially stationary and is present outboard of both sides of said
      existing railroad track.
NUM  15.
PAR  15. The mobile trackway of claim 1, in which said first and second trackway
      means are disposed laterally of each other and are spaced sufficiently far
      apart that the center of gravity of the load-transporting cars on said
      first trackway means is spaced outwardly from the adjacent side of said
      existing trackway, and the center of gravity of the load-transporting cars
      on said second trackway means is spaced outwardly from the other side of
      said existing trackway, and in which said stabilizing means recited in
      clause 1(d) comprises weight means incorporated in said carriage means and
      sufficiently heavy to prevent lateral tipping of said carriage means even
      when fully-loaded ones of said load-transporting cars are present on said
      first trackway means while no cars are present on said second trackway
      means, and also to prevent lateral tipping of said carriage means even
      when fully-loaded ones of said load-transporting cars are present on said
      second trackway means while no cars are present on said first trackway
      means.
NUM  16.
PAR  16. A mobile trackway, comprising:
PA1  a. a plurality of interconnected carriages adapted for moving along an
      existing trackway,
PA1  b. at least one ramp car, adapted for moving along said existing trackway,
      connected to at least one end of said interconnected carriages,
PA2  said ramp car having mounted thereupon a trackway registered with said
      existing trackway,
PA3  said trackway on said ramp car being adapted for movement thereupon of
      load-transporting cars between said existing trackway and said carriages,
PA1  c. trackway meanns adapted for the movement of said load-transporting cars
      thereupon,
PA2  said trackway means being mounted on upper regions of said carriages,
PA2  said trackway means including plural, substantially parallel trackways and
      at least one switching section,
PA3  said switching section being connected between at least one of said
      parallel trackways and said trackway on said ramp car, whereby said
      load-transporting cars may be shunted from said trackway on said ramp car
      to at least one of said parallel trackways, and
PA1  d. stabilizing means for maintaining said carriages in a laterally
      substantially level condition regardless of the positioning of said
      load-transporting cars on said trackway means and regardless of whether
      all of said load-transporting cars are fully loaded,
PA2  said stabilizing means being self-contained within said carriages whereby
      no substantial lateral projections from said carriages are required and no
      carriage contact with other than said existing trackway is required.
NUM  17.
PAR  17. The mobile trackway of claim 16 wherein said stabilizing means recited
      in clause 11(d) comprises ballast compartments in said carriages, said
      compartments being loaded with ballasting materials.
NUM  18.
PAR  18. The mobile trackway of claim 16 further including means for connecting
      said carriages and said ramp car to a source of locomotion whereby said
      carriages and said ramp car may be moved along said existing trackway not
      only while said load-transporting cars are on said trackway means but also
      while said load-transporting cars are moving between said trackway means
      and said existing trackway.
NUM  19.
PAR  19. The mobile trackway of claim 16 further including conveyor means for
      loading said load-transporting cars when said load-transporting cars are
      on said trackway means, regardless of the parallel trackway upon which
      said load-transporting cars are positioned.
NUM  20.
PAR  20. The mobile trackway of claim 11 wherein only two of said trackways are
      provided in said trackway means.
NUM  21.
PAR  21. The mobile trackway of claim 11, in which said stabilizing means
      recited in clause 11(d) comprises weight means incorporated in said
      carriages, in which said trackway means comprises two laterally-spaced
      parallel trackways at least parts of which are disposed outboard of said
      existing trackway, said parallel trackways being so located that the
      centers of gravity of load-transporting
NUM  22.
PAR  22. A carriage for a mobile trackway, comprising:
PA1  a. a carriage bed having a substantially flat upper region adapted for
      mounting thereupon plural trackways for load-transporting cars,
PA2  said bed being of substantial thickness and having longitudinal sides
      thereof angled inwardly to a narrower lower region, said sides and lower
      region being closed to form a hollow shell,
PA3  and shell being adapted for receiving ballasting materials such as rock,
      concrete and scrap metal, and
PA1  b. a plurality of wheels attached to said carriage bed, said wheels being
      adapted to roll along an existing trackway.
NUM  23.
PAR  23. The carriage of claim 16 wherein said wheels are recessed into said
      lower region of said carriage whereby a low center of carriage gravity is
      achieved.
NUM  24.
PAR  24. The carriage of claim 16 wherein said shell is sufficiently large that,
      when filled with ballast, said carriage remains substantially laterally
      level even when only one of said plural trackways has load-transporting
      cars thereupon.
NUM  25.
PAR  25. The carriage of claim 16 wherein said carriage bed has two parallel
      trackways mounted thereupon.
NUM  26.
PAR  26. The carriage of claim 19 wherein means are provided for connecting said
      carriage to other carriages in an articulating manner whereby the ends of
      said plurality of trackways mounted on said upper regions are in
      substantial alignment.
NUM  27.
PAR  27. The carriage of claim 16 wherein said carriage bed has mounted thereon
      a switching element for switching load-transporting cars from two or more
      of said parallel trackways to a single trackway.
NUM  28.
PAR  28. The carriage of claim 16, in which said carriage bed has two
      laterally-spaced parallel trackways mounted thereupon in a horizontal
      plane and in symmetrical relationship about the longitudinal axis of said
      carriage bed, the lateral spacing between said parallel trackways being
      sufficiently small to minimize the requirement for said ballasting
      materials but sufficiently great to permit simultaneous presence of said
      load-transporting cars on both of said trackings, the lateral spacing also
      being such that the center of gravity of said load-transporting cars on
      said parallel trackways are outboard of said existing trackway, the amount
      and location of said ballasting materials being such that said carriages
      will not tip laterally even when loaded ones of said load-transporting
      cars are on one of said trackways while none is on the other, and even
      when loaded ones of said load-transporting cars are on said other of said
      trackways while none is on said one trackway.
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ABST
PAL  An improved method for providing non-contact active support between the
      unsprung and the sprung elements of a railway truck as well as lateral
      stability and banking of vehicles used in surface supported transportation
      systems having unsprung surface contacting elements, sprung load carrying
      elements, magnetic force fields, inertial and position sensing elements
      mounted on the sprung element and a non-linear feedback circuit for
      actively varying the strength of the force field to maintain a relatively
      stable air gap between the unsprung and sprung elements while also holding
      the sprung element to a smooth course not withstanding irregular surface
      conditions encountered by the surface contacting elements or variations in
      loading on the load carrying element.
PARN
PAR  This copending application is a division of Ser. No. 251,118, filed May 8,
      1972, now U.S. Pat. No. 3,886,871, issued June 3, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to an improved suspension and damping system to
      provide "smooth course" and "soft ride" characteristics to vehicles used
      in moving passengers and freight along a supporting surface, and more
      specifically to a trackway guided vehicle traveling at speeds upward from
      80 miles an hour.
PAR  In the field of flange wheel solid rail train systems used throughout the
      world, there has been little change in the art for the past 150 years.
      Although this basic system concept has been highly successful in the past,
      limitations which become manifested at highest speeds render their use on
      faster and more comfortable trains impractical and infeasible. Although
      flanged wheels are entirely successful the relatively slow speeds of the
      nineteenth and the first half of the 20th century, presently required
      higher speeds, have interposed limitations on this mode of travel since,
      at such speeds, the skip oscillations or jumping of the wheels along the
      track occurs which results in a rough and uncomfortable ride. The high
      speed limitations have not successfully been overcome by currently
      designed vehicles using prior art suspension systems.
PAR  Any form of the present wheeled land transport, which whatever its design,
      has to run over a roadbed which has a more or less irregular surface. At
      the present time, all the railways in the world, almost without exception,
      use vehicles with passive suspension systems. At slow speeds these systems
      perform the task of providing a soft ride relatively well but are nearly
      totally unsuccessful as high speeds are reached.
PAR  It has been recently realized that the only way to successfully provide
      ease of ride conditions for the passengers and freight through a range of
      various speeds of a railway vehicle is to be able to change the vehicle's
      suspension properties while it is in motion to satisfy varying physical
      conditions. In the October 1970 issue of "Automotive News" a new
      suspension system to be utilized in a tracked air cushion vehicle is
      described. The system uses three layers of suspension separating the
      passenger compartment from the guideway. The first chassis layer consists
      of jet air cushions. Second intermediate and third body layers consist of
      passive air springs for suspension and active conventional hydraulic
      elements for damping. Accelerometers on both chassis and body layers are
      provided to generate signals when either move from a predetermined
      position. These signals are fed into an onboard computer to calculate the
      hydraulic pressure required by the various hydraulic elements to maintain
      the body on a smooth path.
PAR  Various luxury automobiles use similar passive springs for suspension and
      active hydraulic or pneumatic/hydraulic damping means working in
      combination therewith as well as hydraulic or hydraulic/pneumatic means
      for both suspension and active damping.
PAR  M. W. Dewey, U.S. Pat. No. 408,465, and J. S Rogers, U.S. Pat. No. 833,635,
      disclose electromagnetic attractive supports to provide friction reduction
      between sprung and unsprung parts of a railway running gear or truck
      system. Dewey provides an electromagnetic type bearing between the axle
      and weight supporting member at the ends of the axle and Rogers provides
      an electromagnetic support between the center of the axle and the weight
      supporting member. Neither of these teachings provided for an absence of
      physical contact between the truck assemblies and the weight supporting
      member, therefore, neither teach prevention of track vibration
      transmission to the weight supporting member nor an active control of the
      electromagnetic force field that could provide and maintain an air gap
      between the truck assembly and the weight support member to prevent this
      vibration transmission.
PAR  The German patents to Herman Kemper, Nos. 643,316 (1937), 644,302 (1938),
      and 707,032 (1941), disclose the suspension of tracked vehicles by use of
      electromagnets. The 1938 patent is specifically concerned with providing
      feedback for preventing oscillations of the suspended vehicle caused by
      the kinetic energy acquired by the vehicle in response to correction of
      position and, further, in preventing high acceleration of change of motor
      energy level from causing further changes in energy level when the correct
      level is reached. The position feedback voltage produces a directing
      magnetic force to return the suspended vehicle to the correct location
      relative to the rails. This type of position feedback voltage is
      undesirable at high speeds because the sprung portion will try to follow
      the perturbations of the rail resulting in a rough ride.
PAR  The various prior art vehicles having sprung and unsprung portions have
      common disadvantages, namely, that each has mechanically interconnecting
      parts that must periodically be replaced due to wear. In addition, the
      prior art has not disclosed how suspension systems such as disclosed by
      Kemper, Roger, and Dewey would be combined to provide an active magnetic
      suspension for a sprung/unsprung system in the manner of the
      hydraulic/pneumatic suspension system of the referenced automotive new
      disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a novel
      combination active magnetic suspension and damping system for providing
      soft ride characteristics to the sprung portion of a vehicle traveling at
      high speed along its supporting surface.
PAR  Further purposes of the instant invention are to provide an active soft
      ride suspension system employing no mechanical interconnecting parts
      between the sprung and unsprung portions of the vehicle resulting in a
      reduction in the overall weight of the suspension system and for providing
      for banking when lateral acceleration forces are encountered. These and
      other features are provided by active control of non-contact magnetic
      attractive support between the unsprung surface contacting elements and
      the sprung load carrying elements. The support is maintained by magnetic
      force fields in response to inertial and position sensing elements mounted
      on the sprung portion and operative in a non-linear feedback circuit. The
      strength of the force field is thus actively varied to maintain a
      relatively stable air-gap between the unsprung and sprung elements while
      also holding the sprung element to a smooth course regardless of uneven
      surface conditions encountered by the unsprung surface contacting portion
      or load variations on the sprung portion.
PAR  With the above and other objects, features and advantages of this
      invention, the same consists in the construction, combination and
      arrangement of parts all as hereinafter more fully described and
      illustrated.
PAR  In the drawings, wherein similar reference characters refer to similar
      parts throughout the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of a transport vehicle employing the active
      suspension concepts of the present invention.
PAR  FIG. 2 is a perspective view of a conventional railway truck embodying the
      invention.
PAR  FIG. 3 is a transverse view of a fragmentary portion of the truck of FIG.
      2.
PAR  FIG. 4 is a block diagram of the complete electrical control system
      comprising the active suspension for the truck of FIG. 2.
PAR  FIG. 5 is a schematic showing the circuit of the upper and lower portion of
      FIG. 4.
PAR  FIG. 6 is a block diagram showing interconnecting components insertable at
      the Z--Z' of FIG. 4 to include lateral stability.
PAR  FIG. 7 is a transverse end view of the truck of FIG. 2.
PAR  FIG. 8 is a graph showning the variation of the voltage, current and flux
      vs time as the mass varied by the electromagnetic side frame is lifted
      from the safety support to within the desired operating air-gap between
      the electromagnetic and ferro-magnetic side frames.
DETD
PAC  DETAILED DESCRIPTION OF THE FIRST PREFERRED EMBODIMENT
PAR  The present invention relates to an active magnetic suspension and damping
      system for providing easy ride characteristics to the sprung portion of a
      surface supported vehicle capable of traveling at a wide range of speeds
      including those of the present art as well as upward and beyond 400 miles
      per hour.
PAR  With reference to FIG. 1, a vehicle V comprising sprung and unsprung
      portions S and U is disposed above a support surface SS over which it is
      to be transported. To this end, the support medium SM may be of any
      suitable type such as an air cushion, bearings, magnetic suspension, or a
      conventional rail/wheel system. The active suspension AS for purposes of
      this invention, is an attractive magnetic force field actively controlled
      by an accelerometer A which acts as an inertial sensor to detect the
      movement and a position transducer p which senses the length of gap l
      between the sprung and unsprung portions.
PAR  The preferred embodiment of the invention is an application to conventional
      rail-wheel railway systems shown in FIG. 2, commonly in use throughout the
      world. This invention, however, is not limited to this single application
      and is equally as advantageous when applied, as aforenoted, to vehicles
      suspended from their supporting surface by such means as air cushions, air
      bearings, magnetic means and various other means that are well known in
      the transportation art.
PAR  Referring now to FIG. 2 and FIG. 3, a conventional trackway consisting of a
      pair of juxtaposed steel support and guide rails 10. A vehicle support
      truck 12 consisting of flanged wheels 14, axles 16 interconnecting a pair
      of flanged wheels, and ferro-magnetic side frames 2 supported by axle hub
      bearings 3 at the ends of each axle. Directly opposed, positioned below
      and of equal size to the ferro-magnetic side frame 2 is an
      electro-magnetic side frame 1 carried by the main vehicle weight
      supporting body bolster 5 that is directly coupled to the structure of the
      main vehicle, not shown. At the centers of each ferro-magnetic side frame
      2 is a safety support rod and block 6 normally positioned with no physical
      contact with the electro-magnetic side frame 1 but designed to prevent the
      supporting body bolster 5 from falling to the support surface or losing
      the opposed relationship between the ferromagnetic side frames 2 and the
      electro-magnetic side frames 1 in the event of a loss of the force field.
PAR  Each side frame 1 in addition to carrying the electromagnetic side frames 1
      carries a pair of sensors 20 and 22 and an electronic circuit shown in
      FIGS. 4, 5, and 6 and represented by the block showing FIGS. 2 and 7. The
      first sensor 20 is an accelerometer for monitoring acceleration of
      movement of the electromagnetic side frame 1 from a predetermined position
      with respect to a fixed point in free space and the second sensor 22 for
      monitoring the change of the predetermined air gap distance between the
      electro-magnetic side frame 1 and the ferro-magnetic side frame 2. The
      electrical output signals from these sensors are then conditioned by the
      electronic circuit to provide sufficient control of the force field at the
      electro-magnetic side frame 1 to provide constant non-contact support
      between the unsprung portion, the wheel and rail, and the sprung portion,
      the vehicle support member, under varying load conditions, such as;
      climbing grades, irregular track smoothness, winds, additional weight
      applied to the sprung portion, shifting of weight within the sprung
      portion, and other conditions known to affect moving vehicles. The
      electronic circuit, shown in block diagram in FIG. 4, is and has the same
      principles of operation and reference numerals as described in detail as
      FIG. 3 in the issued Pat. No. 3,638,093 titled "Magnetic Suspension and
      Propulsion System"  by the co-inventor of this invention, James A. Ross
      and assigned to the assignee of the instant application. The circuit
      requirements for this application have been modified somewhat from the
      above referenced applications by requiring a slight additional electrical
      adjustment as hereinafter described.
PAR  As in the aforementioned applications, the feedback circuit is non-linear
      for the purpose of compensating for the non-linear characteristics of the
      electro-magnetic force field as a function of gap spacing.
PAR  The electronic circuit of FIG. 5 is a showing of the circuit 4A of the
      referenced Pat. No. 3,638,093 and includes the same reference numerals and
      theory of operation as fully described therein. The circuit of FIG. 5 is a
      complete showing of the components of the blocks of either 20-26 or
      20'-26' of FIG. 5. The additional accelerometer 40' (attached to the
      amplifier 61 circuit) and the power amplifier are further included to show
      their relationship to the circuit.
PAR  A complete feedback control circuit consists of the two sensors 20 and 22,
      an electronic circuit 9 comprising two compensating networks 21 and 23, a
      square rooter 24, a differentiator 26, a multiplier 25, and a power
      amplifier 38 and the electromagnetic side frame 1.
PAC  OPERATION OF FIRST EMBODIMENT
PAR  When the vehicle employing the described invention is at rest and all
      external power, as hereinafter explained, is removed the safety rods 6
      limit the vehicle body bolster 5 position with respect to the
      ferro-magnetic side frame 2 as well as maintaining longitudinal alignment
      between the ferro magnetic side frame 2 and the electro-magnetic side
      frame 1 under extreme acceleration or deceleration conditions. When power
      is first applied to the system, the wiper of resistor 68, see FIG. 5, is
      adjusted in the maximum resistance position with respect to the voltage
      input resistor 69. The system power is then applied. After power is
      applied the wiper of resistor 68 is adjusted in a manner to decrease the
      resistance with respect to the + voltage input to resistor 69 until the
      voltage level present on terminal 3 of amplifier 61 causes sufficient
      output signal voltage at terminal 6 of the same amplifier to furnish the
      required input to the remainder of the electronic circuits, to cause the
      electromagnetic side frames 1 to have a sufficient magnetic force field to
      cause the vehicle supporting body bolster 5 carried by the electric
      magnetic force field to rise toward the ferro-magnetic side frames 2 and
      establish the desired gap spacing. The lift movement will stop and the
      side frames 1 of the body bolster 5 will be suspended below the
      ferro-magnetic side frames 2 at a point in time when the voltage signal
      from displacement sensor 22, as applied to terminal 2 of amplifier 61,
      equals the voltage on terminal 3 of the same amplifier provided by the
      resistor 68 adjustment.
PAR  If the vehicle sprung portion encounters downward or upward acting force
      vectors causing the air gap spacing to increase or decrease the sensors
      will detect the acceleration of this movement with respect to a fixed
      point in free space as well as the displacement change and produce
      corresponding electrical output signals. The signal from the accelerometer
      sensing element 20 first passes through a compensating network 21 to alter
      the frequency versus amplitude response through a frequency range of from
      .3 to 30 hertz. The signal from displacement sensor 22 also first passes
      into its corresponding compensating network 23. This network provides an
      adjustable reference, hereinbefore mentioned as an adjustment of R68 for
      the gap length measurement in electrical terms, provides amplification and
      differentiation to provide a velocity signal at frequencies above 1.2
      hertz. Thereafter the position signal combines with the acceleration
      signal within compensating network 21 for common amplification.
PAR  The attractive force between the ferro-magnetic side frame 2 and the
      electro-magnetic side frame 1 is proportional to the square of the current
      passing through the coils of the electro-magnets. To provide feedback loop
      stability, the second order function in the signal flow path must be
      linearized. To accomplish this the conditioned and amplified combined
      accelerometer and displacement sensor signal present at the output of the
      compensating network 23 is linearized by square root circuit 24, typically
      an operational amplifier employing non-linear transistor characteristics
      to give an electrical output this is the equivalent of the square root of
      its positive electrical input.
PAR  Multiplier 25 is another operational amplifier in which the output is the
      product of two electrical inputs. The output of the square rooter circuit
      24 supplies the X input and the length of gap signal from the displacement
      sensor 22 supplies the Y input. These signals are then multiplied together
      by multiplier 25. The resultant voltage output being directly proportional
      to gap, i.e., the voltage increases with an increase in gap.
PAR  The electrical path through multiplier 25 is conductive so that an
      electrical output is present at zero frequency, for example, when the gap
      length is constant between the ferro-magnetic side frame 2 and the
      electromagnetic side frame 1.
PAR  The output signal from the square rooter 24 is also fed into the input of
      differentiator 26. The differentiator is comprised of an amplifier having
      a resistance capcitance circuit, to accomplish electrical differentiation.
      The capacitor is not shunted by any conductive path so that the output of
      the differentiator is zero for a zero frequency. This provides an A.C.
      path with the output combined with that of the multiplier 25, and gives an
      increasing voltage output with an increase feedback frequency.
PAR  The output signal from multiplier 25 and differentiator 26 are then equal
      at the frequency that the electro-magnetic rail D.C. resistance equals its
      A.C. reactance; at higher frequencies the electro-magnetic rail force
      field is not a function of the gap.
PAR  The combined output signal from multiplier 25 and differentiator 26 passes
      into power amplifier 38. This consists of a very high power amplifier,
      preferably class "D" as described in U.S. Pat. No. 3,579,132, by
      co-inventor James A. Ross and assigned to the assignee of the instant
      application, with its current output controlled according to the amplitude
      of the aforementioned input.
PAR  The output power from amplifier 38 is supplied to the windings of the
      electro-magnetic side frame 1, which is attracted to the ferro-magnetic
      side frame 2 under feedback control to prevent the electro-magnetic side
      frame 1 from attracting all the way to contact with the ferro-magnetic
      side frame 2.
PAR  The basic source of power for the system including the high power amplifier
      is an external source 39 of multi-phase power well known in the art.
PAR  FIG. 8 shows the variation of the several parameters involved in lifting
      the electro-magnetic side frame 1 from the safety support toward the
      ferro-magnetic side frame 2 and maintaining the air-gap between side
      frames 1 and 2 at a prescribed length.
PAR  The weight carried by the electro-magnetic side frame 1 is to be raised a
      distance d to reduce the airgap length l to a desired value s. This value
      may be of the order of 1 inch.
PAR  In the graph the abscissa is time and the ordinate has various values, as
      will be evident.
PAR  At time equals zero, i.e., the start of the lifting process, the voltage is
      impressed upon the coil windings of the electro-magnetic side frame. It
      rises to a high saturation level, as shown at 75. The corresponding
      current 76 in the windings involved starts with a zero value at time
      equals zero and increases as a ramp function until time t.sub.1, at which
      time an upward velocity of the electro-magnetic side frame toward the
      ferro-magnetic side frame starts. The magnetic flux produced by the
      electro-magnetic side frame and extending into the ferro-magnetic side
      frame increases as the current increases and so this is a companion ramp
      function, shown as 77 in FIG. 8.
PAR  As soon as upward velocity of the electro-magnetic side rail starts an
      acceleration exists and this is sensed by the accelerometer. Through the
      feedback circuit that has been described, the accelerometer signal reduces
      the applied voltage 75 to zero; actually to a small negative value as
      shown. This allows the upward velocity to be controlled. After an initial
      value of zero at time t.sub.1, it reaches a maximum value at a later time
      t.sub.2 at and after which time the upward velocity is decreased.
PAR  Displacement curve 78 starts from zero at time t.sub.1 and increases
      positively, but at a slower rate than the velocity curve 79. The proper
      value of feedback signal causes the displacement curve to cease changing
      with time after a time t.sub.3 is reached. This signifies attainment of
      the preselected gap length. At time t.sub.3, velocity curve 79 has
      decreased to zero. The desired vertical position has been achieved. At
      time t.sub.3, the length of air-gap has decreased from the initial value.
      Less current 76 is thus required to maintain the needed flux and so this
      parameter remains constant with time at a value less than that existing at
      time t.sub.1.
PAR  Flux curve 77 remains at a constant value with respect to time from time
      t.sub.1 to about halfway between time t.sub.1 and t.sub.2. The flux is
      then reduced to a value less than that required to support the weight
      carried by the electromagnetic side frame. This causes the upward velocity
      of the electro-magnetic side frame to be reduced, thus producing a
      negative acceleration, or deceleration.
PAR  The prior negative value of applied voltage reverses as the other
      parameters reach equilibrum shortly before time t.sub.3. After time
      t.sub.3, it remains at a relatively small positive value that is
      sufficient to cause current 76 to flow at an amplitude to maintain flux 77
      at a constant value.
PAR  By the time t.sub.3 has been reached, the air-gap has been reduced to the
      preselected value of s. It remains at that value unless there are external
      factors acting to change it. If such factors tend to increase the gap
      length the same variation of the several parameters, as previously
      described, occurs and the gap length is reduced to the preselected value.
      If such factors tend to decrease the gap length, the several parameters
      vary in the opposite manner.
PAR  For this preferred ambodiment each vehicle is typically supported with two
      truck assemblies each carrying two of the aforedescribed suspension
      control systems, one positioned on each side corresponding with each rail
      of a two rail system. This provides uniform stability to both sides of the
      vehicle supported by each truck assembly.
PAR  When surface support systems other than the fully described two rail system
      are desired, various single or multiple combinations of described support
      systems may be used for the same easy-ride suspension effect.
PAC  DETAILED DESCRIPTION OF THE SECOND PREFERRED EMBODIMENT
PAR  This second preferred embodiment includes all of the elements first
      preferred embodiment as described and in addition, includes a lateral
      accelerometer 40' a summing and inverting amplifier 7 of any convenient
      type having a one-to-one input to output gain ratio with an output
      inverted with respect to the input. The accelerometer is preferably a
      model 4310 manufactured by Systron Donner. The accelerometer is mounted on
      the sprung portion of the vehicle in a manner for detection of the lateral
      forces acting on the vehicle. These forces include, but are not limited
      to, such forces as those caused by changing the vehicle forward direction
      or extreme wind.
PAC  OPERATION OF THE SECOND PREFERRED EMBODIMENT
PAR  The suspension system operates in the same manner as hereinbefore described
      in the first preferred embodiment.
PAR  When the vehicle is equipped with a lateral accelerometer 40 and inverting
      amplifier 7 interconnected as shown in FIG. 6, a control means for
      counteracting and effectively cancelling side forces present in vehicle
      cornering and extreme wind conditions is provided. When, for instance, the
      vehicle enters a turn at high speed centrifical forces cause the vehicle
      to lean toward the outside of the arc of travel and in extreme conditions
      cause the vehicle to leave its guideway. When such conditions occur the
      vehicle's lateral forces are detected by accelerometer 40' which provides
      a voltage signal to terminal 3 of amplifier 61 interconnected as shown in
      FIG. 5 for controlling the suspension position on the inside of the arc of
      vehicle travel. A corresponding and equal, but opposite polarily voltage
      is supplied to terminal 3 of amplifier 61 for controlling the suspension
      position on the outside of the arc of vehicle travel. These voltage
      signals cause the magnetic force between the ferro-magnetic side frame 2
      and the electro-magnet side frame 1 to increase and decrease,
      respectively, and stabilize thus narrowing the gap on the inside of the
      arc of vehicle travel and increasing the gap on the outside of the arc of
      vehicle travel. This results in a banking of the vehicle into the inside
      of its arc of travel which affectively cancels lateral movement of the
      vehicle resulting from the lateral forces created by the change of
      direction of forward travel.
PAR  The signal from the accelerometer can be either negative or positive
      depending upon the physical placement of the unit and the direction in
      which lateral forces effect movement of the vehicle. The inverting
      amplifier 7 is provided in series with the input to one sensing system to
      insure that when the force field is either increased or decreased on a
      given side of the vehicle the opposite force field will correspond in an
      opposite manner to either decrease or increase with equal amplitude.
PAR  This lateral control feature can be employed in combination with
      mechanically flat rail curves or with mechanically banked rail curves both
      to cancel side forces acting on the vehicle or as a safety feature to
      prevent the vehicle from being derailed under certain extreme conditions.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiments and examples of the invention are, therefore, to
      be considered as in all respects illustrative and not restrictive, the
      scope of the invention being indicated by the appended claims, and all
      changes which come within the meaning and range of equivalency of the
      claims are intended to be embraced therein.
CLMS
STM  Having thus described the invention, what is claimed as new and novel and
      is desired to be secured by U.S. Letters Patent is:
NUM  1.
PAR  1. An improved method for providing non-contact support and vertical
      damping between the surface supported and bolster and side frame assembly
      portions of a vehicle comprising the steps of:
PA1  suspending without physical contact at a predetermined gap spacing said
      bolster and side frame assembly portion with respect to said surface
      supported portion by electromagnetic attraction therebetween;
PA1  sensing and producing therefrom an electrical output signal responsive to
      the acceleration of vertical movement of said bolster and side frame
      assembly portion of said vehicle with respect to a point fixed in free
      space;
PA1  sensing and producing therefrom an electrical output signal responsive to a
      change in the length of said predetermined gap; and
PA1  controlling the strength of said electromagnetic attraction to linearize
      the inverse relationship between said strength and said gap changes.
NUM  2.
PAR  2. The method as defined in claim 1 including the additional steps of:
PA1  sensing and producing an electrical output signal responsive to the
      acceleration of lateral movement of said vehicle;
PA1  combining said lateral movement electrical signal with said acceleration of
      vertical movement signal; and
PA1  controlling the combination of said three signals by said electronic means
      to linearize the relationship between said strength and said gap changes
      to substantially maintain said predetermined gap spacing.
NUM  3.
PAR  3. The method of actively suspending the bolster and side frame assembly
      and surface supported portions of a transport vehicle comprising the steps
      of:
PA1  suspending said bolster and side frame assembly portion below said surface
      supported portion out of physical contact therewith by means of attractive
      force therebetween to define a separation gap between them; and
PA1  sensing changes in the gap and the inertial acceleration of the bolster and
      side frame assembly portion and linearizing the force vs gap function
      thereby maintaining said gap substantially constant.
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ABST
PAL  A railway truck assembly including a central hollow beam extending
      transversely of the assembly and adapted for supporting a railroad car.
      Four wheel units are attached to the central beam with two of the wheels
      being aligned adjacent one end of the beam and the other two wheels
      aligned and extending from the opposite end of the beam. Each wheel unit
      includes inside and outside arms for supporting an axle at the distal ends
      for, in turn, rotatably supporting a wheel. The arms extend from a torsion
      bar support sleeve which, in turn, surrounds a torsion bar. The outward
      end of each sleeve is splined to the torsion rod and the inward end of the
      torsion rod is splined to a reaction sleeve which is, in turn, secured to
      the central beam. The outward end of each torsion bar is supported by a
      bearing in a cage member secured to the central beam and the inward end of
      each sleeve member is rotatably supported by a bearing engaging the
      splined inward end of the torsion rod. Resilient or compressible thrust
      bearings are disposed at each end of the sleeve member for allowing the
      sleeve member and, thus, the wheel unit to move longitudinally relative to
      the torsion rod. Each of the outwardly disposed arms includes a cavity in
      which is disposed a hydraulic actuator for urging a brake shoe toward the
      adjacent wheel. Brake shoe retainer pins are disposed on opposite sides of
      the actuator in bores in the arm for releasably engaging the brake shoes.
BSUM
PAR  This invention relates to a railway truck assembly of the type for
      supporting railroad cars.
PAR  Much of the railroad track in use today is in very poor condition and has,
      in fact, contributed to derailments. The potential of derailments is
      greatly increased when the track is in poor condition and the railway
      truck moving over that track is in poor condition. The most commonly used
      wheel system is one wherein two railway wheels are united by an integral
      axle. This means that the two wheels must rotate at the same angular
      velocity along their respective tracks. Frequently one wheel will wear
      differently than the other so that one wheel has a larger circumference
      than the other. If one wheel has a larger circumference or diameter than
      the other, it tends to move ahead of the smaller wheel and, therefore,
      creates a very hazardous condition.
PAR  Further, when the two wheels are connected by an axle, they are not free to
      move independently of one another and, therefore, a movement of one wheel
      to a vertically higher position than the other wheel adversely affects
      that other wheel in its engagement with its tracks.
PAR  Another problem with many of the prior art assemblies is that the brakes
      often wear out in a very short period of time and is a major task to
      repair or replace the brakes.
PAR  In accordance with the instant invention, there is provided an improved
      railway truck assembly which overcomes many of the problems associated
      with the prior art assemblies and is one which will accommodate railroad
      track which is in very poor condition. The assembly of the present
      invention includes four wheel units, each of which includes a pair of arms
      supporting an axle so that each wheel is rotatable independently of the
      other wheels with the arms for each wheel supported by a carriage means
      through a torsion means so that each wheel may move in an arc vertically
      independently of the other wheels. In addition to the unique structure
      wherein the arms are torsionally supported, the assembly also includes a
      unique disc brake actuator sub-assembly combined with at least one of the
      wheel supporting arms.
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PAR  Other advantages of the present invention will be readily appreciated as
      the same becomes better understood by reference to the following detailed
      description when considered in connection with the accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view of a railway truck assembly constructed in
      accordance with the instant invention;
PAR  FIG. 2 is a fragmentary cross-sectional view taken on a horizontal plane
      through the lower right hand wheel unit shown in FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary view showing the upper portion of the
      outside arm of FIG. 2 to illustrate the brake shoe support means;
PAR  FIG. 4 is a fragmentary cross-sectional view taken substantially along line
      4--4 of FIG. 3;
PAR  FIG. 5 is an exploded perspective view of the wheel and axle shaft
      components of the wheel unit shown in FIG. 2;
PAR  FIG. 6 is an exploded perspective view of the brake shoe actuator assembly;
      and
PAR  FIG. 7 is an exploded perspective view of the torsion rod components.
DETD
PAR  Referring now to the drawings wherein like numerals indicate like or
      corresponding parts throughout the several views, a railway truck assembly
      constructed in accordance with the instant invention is generally shown at
      10 in FIG. 1. The railway truck assembly 10 includes four identical wheel
      units generally shown at 12, 14, 16 and 18 respectively. The wheel units
      12 and 14 are mere images of the wheel units 16 and 18. A cross-sectional
      view of the wheel unit 18 is generally shown in FIG. 2.
PAR  The assembly 10 includes a carriage means generally indicated at 20 in FIG.
      1 for connection by a bearing means 22 to a railroad car for supporting a
      railroad car. There are four wheels 24 included in the assembly for
      engaging railroad track. The wheels 24 are supported by four axles 26. In
      other words, each axle 26 supports one of the wheels 24. Each wheel 24 is
      nonrotatably secured to an axle 26 by being welded thereto or keyed
      thereto.
PAR  The assembly 10 also includes four arm means with each arm means supporting
      one of the axles 26. More specifically, each arm means includes an inside
      arm 28 and an outside arm 30. An axle 26 extends between the distal ends
      of each pair of inside and outside arms 28 and 30 so that a wheel 24 is
      rotatably supported between each pair of inside and outside arms 28 and
      30. The arms 28 and 30 have bores extending therethrough for receiving the
      ends of an axle 26. Each inner arm 28 has a bearing 32 supported in the
      bore therein and each arm 30 has a bearing 34 supported in the bore
      therein. The bearings 32 and 34 rotatably support the ends of the axle 26.
      The ends of the axle 26 are threaded and threadedly receive the bearing
      adjusting and locking nuts 36 which are, in turn, separated by a spacer
      38. Each nut 36 has a hole 40 therethrough and the spacer members 38 have
      a plurality of holes therethrough whereby the holes 40 may be aligned with
      each other and one of the holes in the spacer ring 38 for inserting a pin,
      or the like, therein to prevent relative rotation between each pair of
      nuts 36. A cap 42 threadedly engages the bore on the exterior of each arm
      for surrounding the ends of the axle 26. A gasket 44, as shown in FIG. 4,
      is disposed between each cap and the associated arm 28 and 30. On the
      inward side of each of the arms 28 and 30 surrounding the axle 26 there is
      included an oil seal 44 retained in position by an oil seal snap ring 46.
      An oil seal wiper ring 48 is associated with each oil seal 44.
PAR  The outside arm 30 of each pair includes a brake shoe support means
      generally indicated at 50 and brake shoe actuator means generally
      indicated at 52. There is also included a brake shoe 54 which engages a
      disc 56 which is, in turn, removably secured by the bolts 58 to the wheel
      24.
PAR  The brake shoe support means 50 includes first and second retainer means
      disposed on opposite sides of each brake shoe actuator means 52 for
      releasable connection to the brake shoe 54. More specifically, the
      retainer means are disposed at the top and bottom of each outside arm 30
      on opposite sides of a bore extending through the arm. Each retainer means
      comprises a retainer pin 60 rotatably disposed in a bore in the arm 30.
      Also included in each retainer pin bore is a spring 62 and a bushing 64.
      The bushing is disposed in the bore so as to surround the pin 60, and the
      spring 62 reacts between the bore (through the bushing 64) and the
      enlarged head 66 of the retainer pin. A key 68 extends diametrically
      through the end of each retainer pin 60 at the end of the retainer pin 60
      extending from the arm 30 toward the adjacent wheel 24 for releasably
      engaging the brake shoe 54. The brake shoe 54 includes a backing plate
      having ears 70 extending therefrom. There is an arcuate opening between
      the ears 70 with a notch 72 extending into the backing plate from the
      bottom of each arcuate opening.
PAR  Normally each retainer pin 60 is in the position shown in FIG. 4 with the
      key 68 disposed, as shown in FIG. 3, between the ears or flanges 70 for
      retaining the brake shoe backing plate against the actuator assembly 54
      under the action of the springs 62. If it is desired to remove the brake
      shoe 54, a cap 74, which normally covers the end of the retainer pin 60,
      is removed (the cap 74 being shown only in FIG. 5 and not in FIGS. 3 and 4
      for clarity purposes) to expose the head of the retainer pin 60. The head
      of the retainer pin 60 has a recess 76 therein for receiving an allen
      wrench or the like. An allen wrench is placed into the recess 76 and the
      pin 60 is shifted to the left, as viewed in FIG. 4, so that the key 68 is
      disengaged from the flanges or ears 70 and the pin 60 is rotated so that
      one end of the key 68 is disposed in alignment with the recess or slot 72
      whereby the brake shoe 54 may be freely removed. The pin 60 is prevented
      from moving out of the bore to the right as the key 68 will engage the
      bottom of the counterbore 78 in the inner face of each arm 30.
PAR  Each brake shoe actuator means 52 is disposed in a cavity in an arm 30.
      Each actuator means 52 includes a hydraulic piston 80 for engaging the
      adjacent brake shoe 54 for urging the brake shoe 54 into engagement with
      the disc 56 of the adjacent wheel 24. The cavity in which the piston 80 is
      disposed is closed by a cap 82 which is secured in position by a plurality
      of bolts 84. The piston 80 is slidably disposed in a cylinder liner 86
      which is, in turn, disposed in the cavity in the outside arm 30. An O-ring
      88 is disposed between the cover or cap 82 and the cylinder liner 86. The
      cap or cover 82 supports an adjuster pin assembly 90 along which an
      automatic brake adjusting plate 92 moves for automatic wear take-up, i.e.,
      to compensate for wear of the brake shoe 54. Also included are cylinder
      packings 94 which are held in position by the snap ring 96. Also included
      is the cylinder seal 98.
PAR  As will be appreciated, the actuator assembly 52 is easily hydraulically
      actuated and easily accessible for repair or replacement.
PAR  The assembly 10 also includes four torsion means with each torsion means
      connecting one pair of inside and outside arms 28 and 30 to the carriage
      means 20 so that each wheel 24 is independently rotatable and is movable
      relative to the carriage means independently of the other wheels. Each of
      the torsion means includes an independent torsion rod 100. Each arm means
      including a pair of arms 28 and 30 and a torsion bar support sleeve member
      102. Each sleeve member 102 extends transversely of the arms 28 and 30 and
      is rigidly secured thereto as by welding or the like. Each sleeve member
      surrounds an adjacent torsion rod 100.
PAR  Each torsion rod 100 has an inward end 104 nonrotatably supported by the
      carriage means 20 and an outward end 106 rotatably supported by the
      carriage means 20. More specifically, the carriage means 20 includes a
      central beam 108 which is hollow and has a cross section including
      parallel top and bottom and concave sides. The carriage means also
      includes a reaction sleeve 110 secured on each side of the central beam
      108 at the mid-length thereof. More specifically, each inward end 104 of
      each torsion rod 100 is splined and is in splined nonrotatable
      relationship with the reaction sleeve 110 whereby the inward end 104 of
      each torsion rod 100 is prevented from rotating relative to the carriage
      means 20. The carriage means 20 includes an outer bearing cage members 112
      secured to the central beam 108 so as to surround each of the outward ends
      106 of each of the torsion rods 100. A first bearing assembly 114 is
      disposed in each cage member 112 and is in splined relationship with the
      outward end of each torsion rod 100 for rotatably interconnecting the
      outward end 106 of each torsion rod 100 and the cage member 112 of the
      carriage means 20. A cover plate 116 is secured to the cage member 112 by
      bolts 118 with shims 120 disposed between the cover 116 and the cage
      member 112. An outer bearing retainer 122 is secured to the end 106 of the
      torsion rod 100 by fasteners 124. A torsion bar thrust button 126 is
      disposed in the outward end of each torsion bar for abutting the adjacent
      cover 116. The assembly also includes an O-ring 128 and a bearing retainer
      ring 130.
PAR  A second bearing assembly 132 is disposed on the splined inner end 104 of
      each torsion rod 100 and rotatably supports the inward end of each sleeve
      member 102 whereby the inward end of each sleeve member 102 is rotatably
      supported on the inward end 104 of the adjacent torsion rod. A snap ring
      133 retains the bearing assembly 132 in position. Thus, the outward end of
      each torsion rod is rotatably supported by the carriage means through the
      cage members 112 whereas the inward end of each sleeve member 102 is
      rotatably supported on the nonrotatable inward end 104 of each torsion rod
      100.
PAR  The outward end 106 of each torsion rod is in splined connection with the
      outward end of the adjacent sleeve member 102 through torque transmitting
      member 134 which has a splined bore for coacting with the splined end 106
      of the adjacent torsion bar and which is connected to the end of the
      sleeve member 102 by fastening elements 136 with an O-ring 138 disposed
      therebetween.
PAR  The outward end of each sleeve member 102, through the member 134, is
      movable along the splined outward end 106 of the adjacent torsion rod 100
      and each second bearing assembly 132 is movable along the splined end 104
      of the associated torsion rod 100 whereby each sleeve member 102 may move
      longitudinally relative to the adjacent or associated torsion rod 100.
      Shifting means comprising the resilient assemblies generally indicated at
      140 are disposed between each end of the sleeve members 102 and the
      members 110 and 112 of the carriage means respectively for allowing each
      sleeve member 102 to move longitudinally. Each reaction assembly comprises
      a pair of spaced plates 142, each of which is splined to the adjacent
      torsion rod and separated by a resilient washer 144 sandwiched between the
      plates 142. The resilient washer 144 may be made of various materials,
      such as rubber, plastic or the like.
PAR  There is also included sealing means generally indicated at 146 which
      interconnects the outward end of each sleeve member 102 and the adjacent
      cage member 112 as well as the inward end of each sleeve member 102 and
      the adjacent reaction sleeve 110.
PAR  As alluded to above, the central beam 108 is hollow and has its ends closed
      by the plates 148. The cage members 112, the sleeve members 102 and the
      reaction sleeve members 110 are disposed or nestled in the concave sides
      of the central beam 108. As pointed out above, the cage members 112 and
      the reaction sleeves 110 are secured to the central beam 108 by welding,
      or the like. Each pair of arms 28 and 30 extend generally horizontally
      from a sleeve member 102 and each sleeve member 102 is supported by a
      torsion rod 100, each torsion bar 100 having its inner end fixed rotatably
      relative to the carriage means 20 and its outer end connected to the outer
      end of the sleeve member 102 to control movement of the arms 28 and 30. In
      other words, the axis of each wheel 24 may move in an arc about the axis
      of the associated torsion rod 100 for moving vertically, as the associated
      torsion rod 100 twists along its length between its outward and inward
      ends. Thus, it will be appreciated that each wheel 24 may move both
      rotatably and in an arc vertically independently of the other wheels of
      the assembly 10.
PAR  The invention has been described in an illustrative manner, and it is to be
      understood that the terminology which has been used is intended to be in
      the nature of words of description rather than of limitation.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A railway truck assembly comprising;
PA1  carriage means for connection to a railway car, four wheels for engaging
      railway track, four axles with each axle supporting one of said wheels,
      four arm means with each arm means supporting one of said axles, and four
      torsion means with each torsion means connecting one of said arm means to
      said carriage means so that each of said wheels is independently rotatable
      and is movable relative to said carriage means independently of the other
      wheels, each of said arm means including inside and outside arms, one of
      said axles extending between the distal ends of each pair of said inside
      and outside arms and rotatably supporting one of said wheels between each
      pair of said inside and outside arms, one of said arms of each pair
      including brake shoe support means and brake shoe actuator means adjacent
      said brake shoe support means for urging a brake shoe supported by said
      brake shoe support means toward the adjacent wheel, said brake shoe
      support means including first and second retainer means disposed on
      opposite sides of each of said brake shoe actuator means for releasable
      connection to a brake shoe.
NUM  2.
PAR  2. An assembly as set forth in claim 1 wherein each of said retainer means
      comprises a retainer pin rotatably disposed in a bore in said one of said
      arms and a spring disposed in each of said bores for reacting between the
      bore and said retainer pin, each retainer pin having a key extending
      diametrically of the end thereof which extends from the adjacent arm
      toward the adjacent wheel for releaseably engaging a brake shoe.
NUM  3.
PAR  3. An assembly as set forth in claim 2 wherein each of said brake shoe
      actuator means comprises a hydraulic piston assembly disposed in a cavity
      in an arm for engaging and urging an adjacent brake shoe toward the
      adjacent wheel.
NUM  4.
PAR  4. An assembly as set forth in claim 3 including a brake disc removably
      connected to each of said wheels for engagement by an adjacent brake shoe.
NUM  5.
PAR  5. An assembly as set forth in claim 4 wherein said brake shoe actuator
      means and said brake shoe support means and said brake shoe support means
      are disposed on each of said outside arms.
NUM  6.
PAR  6. A railway truck assembly comprising; carriage means for connection to a
      railway car, four wheels for engaging railway track, four axles with each
      axle supporting one of said wheels, four arm means with each arm means
      supporting one of said axles and four torsion means with each torsion
      means connecting one of said arm means to said carriage means so that each
      of said wheels is independently rotatable and is movable relative to said
      carriage means independently of the other wheels, each of said arm means
      including inside and outside arms, one of said axles extending between the
      distal ends of each pair of said inside and outside arms and rotatably
      supporting one of said wheels between each pair of said inside and outside
      arms, one of said arms of each pair including brake shoe support means and
      brake shoe actuator means adjacent said brake shoe support means for
      urging a brake shoe supported by said brake shoe support means toward the
      adjacent wheel, each of said torsion means including an independent
      torsion rod, each of said torsion rods having an inward end nonrotatably
      supported by said carriage means and an outward end rotatably supported by
      said carriage means, each of said arm means including a sleeve member
      extending transversely of and rigidly secured to said arms thereof, each
      of said sleeve members surrounding an adjacent torsion rod and having an
      outward end nonrotatably supported by said adjacent torsion rod and an
      inward end rotatably supported by said adjacent torsion rod.
NUM  7.
PAR  7. An assembly as set forth in claim 6 including shifting means for
      allowing each of said sleeve members to move longitudinally relative to
      the adjacent torsion rod.
NUM  8.
PAR  8. An assembly as set forth in claim 7 including a first bearing rotatably
      interconnecting said outward end of each torsion rod and said carriage
      means, and a second bearing rotatably supporting said inward end of each
      sleeve member on said inward end of the adjacent torsion rod.
NUM  9.
PAR  9. An assembly as set forth in claim 8 wherein each torsion rod is splined
      at said ends thereof, said outward end of each torsion rod being in
      splined connection with said outward end of the adjacent sleeve member,
      said inward end of each torsion rod being in splined connection with said
      carriage means.
NUM  10.
PAR  10. An assembly as set forth in claim 9 wherein said outward end of each
      sleeve member is movable along the splined outward end of the adjacent
      torsion rod, and each of said second bearings is movable with the adjacent
      sleeve member along the splined inward end of the adjacent torsion rod.
NUM  11.
PAR  11. An assembly as set forth in claim 10 wherein said shifting means
      includes resilient members disposed between each end of said sleeve
      members and said carriage means.
NUM  12.
PAR  12. An assembly as set forth in claim 11 wherein said carriage means
      includes a central beam extending transversely of said arms, two of said
      wheels being aligned transversely of said central beam adjacent one end
      thereof and the other two of said wheels being aligned transversely of
      said central beam adjacent the opposite end thereof.
NUM  13.
PAR  13. An assembly as set forth in claim 12 wherein said central beam is
      hollow.
NUM  14.
PAR  14. An assembly as set forth in claim 12 wherein said carriage means
      further includes a reaction sleeve secured on each side of said central
      beam at the mid-length thereof, each reaction sleeve being splined and
      receiving said inward ends of the two adjacent torsion rods, an outer
      bearing cage member secured to said central beam and surrounding each of
      said outward ends of each of said torsion rods, each of said cage members
      supporting one of said first bearings for rotatably supporting said
      outward ends of said torsion rods.
NUM  15.
PAR  15. An assembly as set forth in claim 14 wherein said resilient members are
      disposed between said inward end of each of said sleeve members and the
      adjacent reaction sleeve and said outward end of each of said sleeve
      members and the adjacent cage member.
NUM  16.
PAR  16. An assembly as set forth in claim 15 wherein each of said reaction
      members comprises a pair of spaced plates splined to the adjacent torsion
      rod and a resilient washer sandwiched between said plates.
NUM  17.
PAR  17. An assembly as set forth in claim 16 wherein said central beam is
      hollow in cross section with the top parallel to the bottom and including
      concave sides; said gage members, said sleeve members and said reaction
      sleeve members being disposed in said concave sides of said beam.
NUM  18.
PAR  18. An assembly as set forth in claim 17 including sealing means
      interconnecting said outward end of each sleeve member and the adjacent
      cage member and said inward end of each sleeve member and the adjacent
      reaction sleeve.
NUM  19.
PAR  19. An assembly as set forth in claim 15 wherein said brake shoe support
      means includes first and second retainer means disposed on opposite sides
      of each of said brake shoe actuator means for releasable connection to a
      brake shoe.
NUM  20.
PAR  20. An assembly as set forth in claim 19 wherein each of said retainer
      means comprises a retainer pin rotatably disposed in a bore in said one of
      said arms and a spring disposed in each of said bores for reacting between
      the bore and said retainer pin, each retainer pin having a key extending
      diametrically of the end thereof which extends from the adjacent arm
      toward the adjacent wheel for releaseably engaging a brake shoe.
NUM  21.
PAR  21. An assembly as set forth in claim 20 wherein each of said brake shoe
      actuator means comprises a hydraulic piston assembly disposed in a cavity
      in an arm for engaging and urging an adjacent brake shoe toward the
      adjacent wheel.
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ABST
PAL  A stack of flat glass sheets standing on edge in a vertical position are
      supported laterally by padded adjustable jack screws extending inwardly
      from the vertical lateral walls of a container such as a railcar, truck,
      trailer, or the like.
BSUM
PAC  THE PRIOR ART
PAR  In previous mechanisms for laterally supporting stacks of flat glass sheets
      for transport, numerous devices have been employed including an A-frame as
      disclosed in U.S. Pat. No. 3,596,755. In said patent, a pair of A-frames
      on each side of a glass stack are provided against which the glass stacks
      rest in a slightly tilted position. A central spacing frame generally of
      an inverted A-frame shape is provided to press the two separate glass
      stacks outwardly against the aforementioned A-frames. One reason for using
      the prior art type of A-frame is to provide a tilt to all or most of the
      stacks of glass of 3.degree.-4.degree. from the vertical to help to insure
      that the stack of glass or one or more sheets thereof do not fall over
      during loading or unloading as they well might if loaded vertically.
      Should one or more sheets or a whole stack fall over, not only would the
      glass be destroyed but the workmen working in the truck during the loading
      or unloading operation could be severely injured. The slight
      3.degree.-4.degree. tilt of the A-frames helps to prevent such an
      accident. Additionally, the A-frames support the glass substantially
      independently of the sides of the truck body since the A-frames transfer
      the pressures exerted by the glass stacks to the floor of the truck or
      other container. For this reason it is possible to use open top truck and
      trailer bodies such as the so-called "rag top" trailer.
PAR  While this type of prior art device does apply an even pressure over the
      faces of the stack of glass sheets thus combining the sheets into a
      laminated columnar structure, the A-frames occupy considerable space in
      the container, railcar, truck body, trailer or the like. This, of course,
      reduces the quantity of glass sheets that may be shipped. Additionally,
      the A-frames are large in size and occupy considerable space when the
      container is returned with the A-frames therein. Furhter, conversion of
      the container such as the truck body for use in hauling other materials on
      the return trip is severely limited by the presence of the large A-frames.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The presently disclosed device is mounted on the lateral walls of the
      container and carries a plurality of padded jack screws which bear against
      opposite sides of stacks of glass sheets to hold the sheets firmly
      together in a monolithic structure that acts substantially as a single
      laminated columnar structure. When loading or unloading the container
      using the device of the present invention, the container itself is tilted
      3.degree.-4.degree. to provide against the possibility of a stack of glass
      or sheets thereof falling over. The stacks are loaded parallel to the
      sides of the container while it is so tipped and as such when later, the
      container is again returned to its normal position, the stacks of glass
      will be held in a vertical position, all as more fully described below.
PAR  When the container is not in use for stacks of glass sheets, the jack
      screws may be moved forwardly of the container substantially out of the
      way of any different cargo that it may be desired to carry.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a portion trailer body of the dropped floor type having the
      device of the present invention installed therein,
PAR  FIG. 2 shows one of the frame members as viewed from the rear of the
      container;
PAR  FIG. 3 shows the frames member of FIG. 2 taken along the line 3--3 of FIG.
      2;
PAR  FIG. 4 is an enlarged showing of the supporting roller structure taken
      along the line 4--4 of FIG. 3; and
PAR  FIG. 5 is an enlarged showing of the locking mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 there is shown a trailer body of the dropped floor
      type having vertical lateral walls 10 and 12, and upper floor level 14,
      and a lower floor level 16 dropped downwardly from said first level 14.
      Vertical walls 18 connect the two floor levels 14 and 16. For convenience
      of loading from a crane, an open top or so-called "rag top" trailer is
      preferred. Accordingly, each of the vertical walls 10 and 12 of the
      trailer are strengthened by three longitudinal channel members, one at the
      top and two additional channel members intermediate the top and bottom of
      each wall. Along the top of the wall 10 is a strengthening channel member
      20 and a similar strengthening member 22 extends along the upper edge of
      the wall 12. Secured to the wall 10 and running along the length thereof
      horizontally is an upper track 24 and a lower track 26. A track 28 like
      the member 24 extends along the length of the wall 12 above a lower track
      30 extending along the wall 12. The tracks 24-30 are secured to their
      respective walls 10 and 12 in any conventional manner including bolting,
      welding and the like with bolts 32 being shown for illustrative purposes
      only. These tracks not only serve to guide a movable frame as hereinafter
      described, but also strengthen the side walls 10 and 12 to which they are
      fixed.
PAR  Supported by the tracks 24 and 26 are two movable frames 40 identical in
      construction to each other and to two cooperating frames 40 supported by
      the tracks 28 and 30 on wall 12. Since all four movable frames 40 shown in
      FIG. 1 are identical only one thereof will be described in detail herein.
PAR  The frames 40 each comprise a U-shaped channel member 33 engaging the track
      24, and another U-shaped channel member 34 engaging the track 26. Each of
      the tracks 24 and 26 (as well as tracks 28 and 30 on the opposite side)
      have top and bottom Z-shaped members 35 and 37, respectively, connected by
      a facing member 39 shaped in cross-section as shown in FIG. 2. The legs
      33', 33" and 34', 34" of the channel members 33 and 34 respectively bear
      against the Z-shaped members of the channels 24 and 26 and loosely engage
      the upper and lower edges of the longitudinal facing members 39 for
      reasons hereinafter set forth.
PAR  Secured at either end of the channel member 33 are upstanding ears 36 and
      38 (see FIG. 3) fixed thereto as by welding. As shown in FIG. 4 (with
      respect to the ear 38, only) a roller 42 is mounted by bolt 44 passing
      through the center opening of the roller 42 and through an opening 48 in
      the ear 38. A nut 46 secures the bolt 44 in place. A spacer member 50
      spaces the roller 42 away from the adjacent face of the ear 36. It will be
      appreciated that ear 36 has an identical roller mounted in the same
      fashion thereon as shown on the lefthand side of FIG. 3, where the ear 36
      has a roller 52 supported therefrom by a bolt 54.
PAR  The rollers 42 and 52 engage loosely in track 56 secured on the top of the
      upper rail 24 or in the track 58 on the upper rail 28 depending upon which
      side of the trailer the frame 40 is being mounted upon. Accordingly, the
      rollers 42 and 52 support substantially all of the weight of the entire
      frame member 40.
PAR  Extending outwardly from the channel member 33 are two parallel U-shaped
      channel members 60 and 62 secured, as by welding, to the member 33.
      Extending outwardly from the channel member 34 are two parallel U-shaped
      channel members 64 and 66 secured to said channel member 34 at one end.
      Extending vertically of the frame 40 is generally rectangular tubular
      member 70 which passes between the channel member 60, 62 and also between
      the channel members 64 and 66 and is secured to said channel members 60,
      62, 64 and 66 by any suitable means such as welding.
PAR  Adjacent its lower end the vertical frame member 70 has secured thereto a
      pair of U-shaped channel members 68, 72 by welding or the like, which
      members 68, 72 extend toward the wall of the trailer. A brace 74 extends
      transversely of the channel members 68 and 72 being secured thereto to
      maintain their rigidity and alignment. The brace 74 bears against a wooden
      block 71 secured in the lower corner of the trailer as shown.
PAR  Each of the vertical frame members 70 has three pairs of reinforcing plates
      76 and 78 secured to the opposite walls 80 and 82 respectively of the
      tubular frame member 70. Openings 84 extend through the reinforcing plates
      76 and their adjacent wall 80, and openings 86 extend through reinforcing
      plates 78 and their adjacent wall 82. Openings 84 and 86 are in alignment.
      Each of the plates 76 has welded thereto a nut 88 with its opening in
      alignment with the openings 84 and each of the plates 78 has welded
      thereto a nut 92 with its opening in alignment with the opening 86.
      Passing through the openings 84 and 86 and threadedly engaged in the nuts
      88 and 92 are jack screws 90. Accordingly, the jack screws 90 pass
      entirely through the tubular frame member 70. The jack screws 90 may by
      rotation thereof be adjusted inwardly and outwardly with respect to the
      frame member 70 and the side walls 10 and 12 of the trailer. At their
      outer ends, the jack screws 90 have secured thereto pressure plates 94
      having cushioned surfaces 96 of rubber or the like. A lock nut 89 is also
      threaded on the jack screw 90 to hold the jack screw in its adjusted
      position by being drawn tightly against the nut 88. A handle 89' may be
      provided on the nut 89 in order to avoid the use of wrenches in and about
      the glass sheets.
PAR  The lower rails 26 and 30 have a plurality of rectangular openings 98 along
      their length.
PAR  The channel member 34 has a similar rectangular opening 110. When the frame
      40 has been slid along the track 56 to its desired location the opening
      110 in the channel member 34 is aligned with one of the openings 98. A
      locking device 100 comprises a pin 102 having fixed thereto at one end a
      handle 104 and a lock member 106 secured to the other end thereof. A
      spacer member 108 is fixed to the pin 102 adjacent to the handle 104.
PAR  To lock the frame 40 in place the lock member 106 is inserted through the
      opening 106 and the selected aligned opening 98 in the rail 26. At this
      time the handle 104 will be in the dotted line position shown in FIG. 3.
      The handle 104 is then turned downwardly 90.degree. to the solid line
      position of FIG. 3 in which position the length of the locking member 106
      will be at right angles to the long dimension of the opening 98 in the
      rail 26 thus locking the channel 34 to the rail 26. The distance between
      the facing surfaces 106' and 108' of the locking member 106 and the spacer
      108 respectively is such as to exert a slight clamping pressure to the
      channel 34 and the facing member 39 of the rail 26 to hold the two firmly
      together. In this way the legs 34' and 34" of the channel 34 are held in
      the position shown in FIG. 2 in engagement with the upper and lower edges
      of the member 39. This prevents any vertical movement, particularly upward
      vertical movement of the frame 40. Were the frame 40 not so locked, it
      might move upwardly enough to disengage its supporting rollers 42 and 52
      from the track 56 thus coming loose from the trailer body entirely. Of
      course, once the glass is stacked in place and the jack screws 90 have
      been fully extended to bear against a glass stack, the pressure and
      counter pressure between the glass stack and the frame 40 serves to
      maintain the channel legs 34', 34" of the channel 34 and legs 33', 33" of
      the channel 33 in engagement with the upper and lower edges of the rail
      facing members 39 irrespective of whether the locking mechanism 100 is in
      place or not, though the locking mechanism 100 would still maintain the
      frame 40 in the selected position longitudinally of the trailer.
PAR  When adjusting the location of the frame 40 along the rail 20, the locking
      mechanism is turned 90.degree. to its dotted line position as shown in
      FIG. 3 and the locking member 106 pulled free of the rail 26. It is not
      necessary to pull the locking mechanism 100 entirely free of the frame 40
      as well, for the locking member 106 may be left engaged with the channel
      34 by turning the handle 104 to its solid line position as shown in FIG.
      3. In this position the locking member is free of the rail 26 but is
      turned at right angles to the opening 110 in the channel 34 and thus
      remains attached to the frame 40 for movement therewith along the length
      of the trailer or for removal therefrom.
PAR  When removing the frame 40 from the trailer or other container the locking
      mechanism may be completely removed or may be merely disconnected from the
      rail 26 while remaining engaged with the channel 34 as above described.
      The frame 40 is then removed by pulling the lower end outwardly away from
      the adjacent wall (to the right in FIG. 2) until the leg 34" is free of
      the lower edge of the rail facing member 39. Once the leg 34" is lifted or
      pulled free from the lower edge of the rail facing member 39 and the lower
      leg 33" of the rail 33 is free of the lower edge of the rail facing member
      39 for the upper rail 24, the entire frame 40 may be lifted to disengage
      the roller supports 42 and 52 from the track 56 thus totally freeing the
      frame 40 from the wall of the container such as a trailer. When assembling
      the device the reverse procedure is taken, first engaging the rollers 42
      and 52 in the track 56, then permitting the frame 40 to fall into position
      shown in FIG. 2 with the lower legs 33"  and 34" of the channels 33 and 34
      respectively engaged beneath the lower edges of their corresponding rail
      facing member 39 and with the angular brace 74 bearing against the wooden
      block 71. The locking device 100 may then be installed as above described.
PAR  On return shipments of the container such as "rag top" trailer, the four or
      more frames 40 may either be stored at the extreme forward end of the
      trailer or other container or they may be placed in the well of the
      dropped floor defined by the floor 16 and the walls 18 and the well
      covered in known manner by flat boards or other like elements resting upon
      the ledge 19.
PAR  As shown in FIG. 1, a single "drop" or shipment of glass 120 is positioned
      vertically in the center of the trailer with paper or other like
      cushioning member interleaved between adjacent sheets of glass in known
      manner. Four movable frame members 40 are required for each such shipment
      or "drop" of glass with two of such frame members on each side of the
      stack. If two "drops" or shipments of glass are to be made in the one
      trailer, that may be arranged advantageously with one "drop" toward the
      front and one "drop" toward the rear in which case eight such frames 40
      will be required with four used for each "drop".
PAR  As shown in FIG. 1, the stack of glass sheets 120 rests upon a cushioned
      floor 122 of rubber, fiberboard or the like in a vertical position. The
      jack screws 90 are adjusted such that the padded surfaces 90 thereof bear
      against the opposite sides of said stack of glass sheets 120. Suitable
      pressure is applied in this way to cause the stack 120, despite the fact
      that it is made up of a number of glass sheets to behave as a single
      unitary or monolithic structure with each sheet giving strength to the
      total stack. It will be seen that as shown the stack may comprise separate
      segments 122, 124, 125 which may each incorporate sheets of different
      heights and which stacks may be of different heights as well. The length
      of the stack 120, of course, and particularly of the shortest sheets in
      the stack 120 will govern the location along the wall of the movable
      frames 40.
PAR  During the loading of a plurality of stacks of glass in the trailer it will
      be appreciated that it is necessary for workmen to move about in the
      trailer to adjust the jack screws 90. Normally, a plurality of stacks of
      glass sheets, as mentioned above is made up of separate segments or stacks
      as 122, 124 and 126 which are loaded separately. Not only may the separate
      stacks be of differing heights, but there will be separate stacks for each
      "drop" or shipment destination. In order that the first stack or stacks
      loaded do not tip over upon the workmen working in the container or
      trailer and to insure that not even a single sheet of a stack falls over,
      the truck or trailer wheels on one side thereof are driven onto a suitable
      ramp to tilt the container or trailer body thereof 3.degree.-4.degree.
      with respect to the vertical having reference to the normally vertical
      lateral walls thereof. The separate stacks or "drops" are then loaded one
      at a time with the first bearing against the pads 96 on the jack screws 90
      on the lower side of the trailer, which pads have been previously
      positioned. After loading of the several stacks or "drops", pads 96 on the
      jack screws 90 on the frames 40 supported from the upper wall of the
      trailer are then adjusted to hold the stacks parallel to the walls 10 and
      12 of the trailer. The trailer is then driven off the ramp whereon the
      walls 10 and 12 and the several stacks are all parallel. At this point the
      pressure of the pads 96 on the opposite sides of the stacks 122 and 124
      and 126 combines all of said stacks into one monolithic unitary structure
      comprised of all of the sheets thereof with a thin paper layer between
      each sheet.
PAR  While the above description has been made with specific reference to the
      trailer of the drop floor type, it will be appreciated that the same can
      readily be used in a container, railcar, trailer or truck with a floor of
      a single level such as the level 14. Similarly, the above description has
      been specific to a "rag top" or open roofed trailer or other like
      container because of the ease of loading or unloading the same; however,
      it will be appreciated that the invention is useful in closed top
      trailers, trucks, railcars and other like containers even though the
      loading of the same may be somewhat more difficult than with an open top.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for shipping stacks of sheet glass comprising a container
      having a pair of parallel vertical walls and a substantially horizontal
      floor therebetween, a track secured to each of said walls extending
      horizontally lengthwise thereof, a pair of movable frames supported from
      each of said tracks, said frames being slidable with respect to their
      respective tracks for positioning at any one of a plurality of selected
      points therealong, at least one jack screw supported by and extending
      outwardly of each of said movable frames, each of said jack screws
      terminating in a glass engaging surface, the jack screws of that pair of
      movable frames supported by one of said walls having their glass engaging
      surfaces facing toward the glass engaging surfaces of those jack screws of
      the pair of movable frames supported by the other of said walls, threaded
      means on each of said movable frames in which said jack screws are
      threadedly engaged whereby said jack screws may be adjusted to hold a
      stack of glass sheets resting on edge on said floor firmly gripped between
      said opposed engaging surfaces.
NUM  2.
PAR  2. The apparatus of claim 1 in which there are a plurality of jack screws
      on each of said movable frames.
NUM  3.
PAR  3. The apparatus of claim 2 in which said movable frames are supported from
      their respective tracks by means of rollers on said frames engaged in
      cooperating surfaces on said tracks.
NUM  4.
PAR  4. The apparatus of claim 3 in which there is a guiding track secured to
      each of said walls below and parallel to said first mentioned tracks, and
      means on each of said movable frames slidably engaging their respective
      guiding tracks.
NUM  5.
PAR  5. The apparatus of claim 4 in which said guiding tracks have a
      multiplicity of openings there along and each of said movable frames has
      an opening engaging member for selective engagement in one or said
      openings.
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ABST
PAL  Comminuted waste material is inserted into an upper section of a vertically
      directed incinerator. The incinerator includes a plurality of vertically
      contiguous zones. A blower is connected to an outlet port of the
      incinerator to adjust the flow rate of combusting gases within each of the
      incineration zones. The blower provides a force on the combusting gases
      opposite to a thermal updraft force which permits control of the flow of
      the gases in a manner resulting in spontaneous combustion of the waste
      material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  This invention pertains to the field of incineration. In particular this
      invention relates to incinerator systems to provide spontaneous combustion
      of waste material within an incinerator.
PAR  B. Prior Art
PAR  Incineration systems and methods of incinerating waste materials are known
      in the art. However, in many systems incineration is accomplished by
      continuous burning of fuel fired burners which results in the use of
      excessive amounts of fuel. This use of fuel results in high incineration
      operating costs as well as an undesirable drain of fuel resources.
PAR  In some incinerator systems, combustion is accomplished in a vertically
      directed chamber. However, in many such type incineration systems the rate
      of flow of combustion gases is uncontrolled. Thus, large quantities of
      uncombusted waste material is derived from these systems as an unwanted
      by-product. Such uncombusted waste material results in a low operating
      efficiency of these incinerator systems.
PAR  In other vertically directed incineration chambers, large quantities of
      excess air must be incorporated to promote burning of the waste material.
      Such incorporation of excess air increases the operation costs of the
      incineration system. Further, such incorporation of excess air often has
      the effect of providing uncontrolled burning of the waste material and
      results in portions of the waste material remaining in an uncombusted
      state.
PAC  Summary of the Invention
PAR  A waste material incineration method which initially includes the step of
      comminuting the waste material to a predetermined size. The comminuted
      waste material is then inserted into a vertically extending incinerator.
      The flow rate of the waste material combustion gases is adjusted through a
      plurality of vertically contiguous zones within the incinerator to provide
      spontaneous combustion of the comminuted waste material within the
      incinerator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of the incineration system showing the flow of
      the waste material from insertion into a receiving bin to exhaust of waste
      gases to an external environment;
PAR  FIG. 2 is a section elevation view of the incinerator showing an initial
      combustion zone, a second combustion zone, and a third combustion zone;
PAR  FIG. 3 is a sectional view of the incinerator taken along the section line
      3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view of the incinerator taken along the section line
      4--4 of FIG. 2; and
PAR  FIG. 5 is a sectional view of the incinerator taken along the section line
      5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown waste disposal system 10 for use in
      disposing of residential, commercial, as well as industrial refuse. In
      overall concept, system 10 promotes rapid incineration of a suspension of
      waste material within refractory lined incinerator 12 and results in
      substantially complete combustion of the waste material combustible
      components. System 10 further utilizes the gaseous waste heat emitted from
      incinerator 12 to generate steam within boiler 84. As part of system 10,
      waste gases are then cleansed before insertion into the external
      environment. Incorporation of the waste material into vertically directed
      incinerator 12 and associated incineration of the refuse or waste material
      in suspension throughout its passage within incinerator 12 by controlled
      gravity assist provides for spontaneous combustion of the inserted waste
      material. This combustion technique allows a minimum amount of excess air
      to be inserted within incinerator 12 for combustion purposes which
      effectively minimizes problems associated with resulting contamination of
      the external environment.
PAR  As shown in FIG. 1, waste material or refuse is initially incorporated into
      receiving bin 14 for transport to primary shredder 16. The waste material
      is moved between bin 14 and shredder 16 on endless conveyor 18 passing
      within bin conduit 20. The waste material passes internal to primary
      shredder housing 22 at an upper portion thereof to provide storage volume
      for the incoming waste material. Primary shredder 16 reduces the waste
      material particles to a maximum of approximately 3 inch lengths. Primary
      shredder 16 may be of the hammer-type mill, one of which is produced by
      the Bryant-Poff Corporation having a designation of Model No. 50X36
      Big-Pro Shredder or some like shredding device not important to the
      inventive concept as herein detailed.
PAR  The waste material now residing in primary shredder 16 and having a size
      nominally less than 3 inches in length is drawn from primary shredder 16
      by shredder blower 24 to be passed through blower conduit 26 into silo 28.
      Shredder blower 24 is connected to a lower section of primary shredder
      housing 22 through blower insert piping 30 to provide a continuous through
      passage from a lowermost section of primary shredder 16 to an upper
      section of silo 28. Shredder blower 24 may be of the centrifugal type
      which is well known in the art and may be the same type used on the
      previously referenced No. 50X36 Big-Pro Shredder produced by Bryant-Poff.
PAR  Waste material having been initially shredded in primary shredder 16 is
      then inserted into an upper portion of silo 28 which may be used as a
      storage area prior to insertion within incinerator 12. Waste material
      entering silo 28 passes to an equilibrium position by gravity assist. Silo
      28 includes vent pipe 32 which is connected to a trap for collection of
      possible waste material particles that are being driven into silo 28 at a
      high pressure. Vent pipe 32 and an associated trap (not shown), which are
      not part of the inventive concept are utilized to prevent contamination of
      the external environment. Secondary shredder 34 is connected to an
      internal portion of a lower section of silo 28 to provide secondary
      comminution of the waste material residing within the storage area of silo
      28. Secondary shredder 34 has as its purpose to provide a second
      comminution of the waste material which results in the waste material
      having a size nominally less than 1 inch. Secondary shredder 34 is well
      known in the art, one such type having been successfully used is the
      Bryant-Poff Model No. 3600-25. Secondary shredder blower 36 provides the
      necessary pressure differential to transport the now twice comminuted
      waste material through incinerator conduit 38 into vertically extending
      incinerator 12. Secondary shredder blower 36 may be the same centrifugal
      type used on the No. 3600-25 shredder 34, or some like device.
PAR  The finely divided particles of waste material are now inserted into an
      uppermost portion of vertically displaced incinerator 12. In overall
      concept, the particulates are spontaneously combusted in their passage
      through three major zonal areas within incinerator 12. The waste material
      particles pass through initial combustion zone 40, second combustion zone
      42, and third combustion zone 44 before the heated combustion gases exit
      from incinerator 12 through side outlet port 46 as is shown in FIGS. 1 and
      2. In general, incinerator 12 vertically extends above ground 48 in order
      to provide gravity assist for the waste material particles being combusted
      in suspension throughout combustion zones 40, 42, and 44. Incinerator 12
      may include conically shaped floor 50 and associated ash removal port 52
      to facilitate discharge of ash products from incinerator 12. Ash removal
      may be provided by passage of resulting ash through ash removal port 52
      into a storage bin which may be removed at the completion of any
      particular cycle, however, such is not important to the inventive concept
      as is herein detailed. The internal walls of incinerator 12 is in general
      lined with high temperature refractory brick which can withstand the
      elevated temperatures resulting during the combustion process.
PAR  After initially elevating the interior volume of incinerator 12 (to be
      discussed in following paragraphs), the waste material enters incinerator
      12 through upper port 54 and falls into initial combustion zone 40 where
      it begins to spontaneously combust and is heated into a first elevated
      temperature range. In actual practice, the temperature measurements within
      initial combustion zone 40 have been maintained within an approximating
      range of 1750.degree. - 1920.degree. F. The initially combusting waste
      material then passes into second combustion zone 42 in the direction of
      gravity vector 56 through gravity assist. The combusting products are
      heated further into a temperature range higher than those found in the
      initial combustion zone 40. Actual tests have shown that second combustion
      zone 42 temperatures are in the neighborhood of 2000.degree. F. The
      increase of temperature of the combusting products has been found to give
      rise to thermal currents which displace the combusting gases upward in a
      direction opposing gravity vector 56 to provide some reentrance of the
      combustion gases into initial combustion zone 40.
PAR  It is believed that the rise of gases within second combustion zone 42 into
      initial combustion zone 40 results from natural convection currents. Such
      displacement or transport of the combustion gases in an upward direction
      is important to the inventive concept since the flow of gases through side
      outlet 46 may now be rigidly controlled through actuation of downstream
      blower 58 which is further described in following paragraphs. It is
      believed that the up draft of combustion gases from second combustion zone
      42 into initial combustion zone 40 provides for a means whereby there is
      one force in the direction of gravity vector 56 acting on the combusting
      gases, namely, the gravity force which acts in combination with an
      opposing updraft force provided by the differences in temperature between
      zones 40 and 42. Thus, where a pressure differential is applied by blower
      58, there is now an additional downward force acting on the combusting
      gases. The blower force acting in concert with the gravity force but
      opposite to the convection force permits control of the flow rate of the
      suspended waste material gases to provide each of zones 40, 42 and 44 with
      a predetermined temperature range which results in spontaneous combustion.
PAR  After passage of the combusting particles through initial and second
      combustion zones 40 and 42 which serve as an overall primary combustion
      zone, the remaining combusting gases pass into third combustion zone 44
      which may serve as a secondary combustion zone. Temperatures being
      measured in third combustion zone 44 have been found to be somewhat lower
      than temperature range within initial and second combustion zones 40 and
      42. Temperature ranges in third combustion zone 44 for one design of
      incinerator 12 have been found to be within an approximate range of
      1300.degree. to 1550.degree. F.
PAR  By providing a vertically extended incinerator 12 through which waste
      material passes from an upper port 54 to a lower side outlet port 46 in
      combination with one combustion zone 42 at a higher temperature than
      another combustion zone 40 temperature, a thermodynamic environment is
      created whereby gas transport forces may act in opposing directions. When
      this combination of forces is then acted on by a pressure differential
      provided by blower 58, shown in FIG. 1, a controlling mechanism is set up
      whereby the flow rate and the temperatures in each of the zones 40, 42 and
      44 may be adjusted to provide spontaneous combustion with a minimum insert
      of excess air.
PAR  It will be noted that where specific combustion zones and the maintenance
      of particular temperatures therein is not controlled, there would be the
      tendency to obtain a high temperature in an upper portion of incinerator
      12. The gases would then pass to a lower portion of incinerator 12 only
      through gravity assist. This would not provide a controlled displacement
      for the movement of the combusting gases. Such an arrangement would
      necessarily not provide for complete combustion of the waste material and
      at best would require excessive amounts of air being inserted into
      incinerator 12 to provide combustion.
PAR  Within each of combustion zones 40, 42 and 44, there is provided a means
      whereby the interior of incinerator 12 may be initially heated into a
      temperature range approximating 1800.degree. F. to provide an environment
      where the incoming waste material may begin to spontaneously combust. As
      is shown in FIGS. 3, 4 and 5, initial oil burner 60, second oil burner 62,
      and third oil burner 64 associated respectively with combustion zone 40,
      42 and 44 are inserted through a sidewall of incinerator 12 to provide the
      initial heating of the internal volume. Oil burners 60, 62 and 64 are well
      known in the art and such may be York-Shipley burners having a Model No.
      FV20B-2. Additionally, each of zones 40, 42 and 44 include supplementary
      or excess air blowers 66, 68 and 70 as is shown in FIG. 1. Each of
      supplementary air blowers 66, 68 and 70 are mounted to external wall of
      incinerator 12 and pass air through respective conduits 72, 74 and 76.
      Looking at the initial combustion zone 40 air supply, it is seen that air
      is taken through a main excess air conduit 78 passing around the periphery
      of a sidewall of incinerator 12 and extending throughout a substantial
      segment thereof. Connected to main excess air conduit 78 is a plurality of
      subsidiary air pipes 78a, 78b and 78c which pass through a sidewall of
      incinerator 12 and are angled with respect thereto to provide vortexing of
      the incoming air. In like manner, air insert piping 80a, 80b and 80c
      provide vortexed incoming excess air into second combustion zone 42.
      Similarly, air excess conduits 82b, 82c and 82a provide vortexed air inlet
      into third combustion zone 44. The vortexing of the air has been found to
      aid in the combustion of the waste materials in a twofold manner: (1) by
      creating turbulence to increase heat transfer throughout the combusting
      particles in each of the combustion zones; and (2) by providing movement
      of the combusting particles within each of the combusting zones to achieve
      more homogeneous burning in a zone. Each of blowers 66, 68 and 70 are well
      known in the art and may be of the type produced by the Lau Corp. having a
      model No. HPR-12.
PAR  The resulting exhaust gases pass through outlet port 46 of incinerator 12
      to boiler 84 to provide waste heat recovery. One such type boiler 84 which
      has been used successfully is the York-Shipley series 596 heat exchanger
      rated at 700 horsepower. Boiler 84 may include feed water pump 86 which is
      well known in the art.
PAR  The exhaust gases after passing through boiler 84 enter boiler conduit 88
      to be drawn into blower or fan 58. Blower 58 may be of the induction type
      produced by Buffalo Forge Corp. and having a designation Size 60, Type MW.
      In actual practice induction fan 58 produces up to 0.5 inch pressure drop
      within incinerator 12.
PAR  By empirically adjusting the pressure drop for blower 58, the rate of flow
      of combustion gases through incinerator 17 may be adjusted as has been
      described. This flow rate may be utilized to maintain predetermined
      temperatures within each of combustion zones 40, 42 and 44 to provide
      spontaneous combustion. Thus, by downstream actuation of a pressure drop,
      the spontaneous combustion of the waste material internal to incinerator
      12 is maintained.
PAR  Exhaust gases pass through appropriate piping 90 to scrubber unit 92 in
      order to cleanse the waste gases of harmful emissions. Scrubber unit 92
      may be of the baffled spray type, one such type being commonly used and
      well known in the art is produced by Chemical Equipment Co. The cleansed
      waste material passing from scrubber unit 92 is then brought into stack 94
      through associated contour piping 96 and exhausted to the external
      environment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A waste material incineration method including the step of:
PA1  a. comminuting said waste material to a predetermined size;
PA1  b. inserting said comminuted waste material to a vertically extending
      incinerator; and
PA1  c. applying a pressure differential to said incinerator throughout said
      vertical extension of said incinerator to control a flow rate of said
      comminuted waste material combustion gases through a plurality of
      vertically contiguous zones within said incinerator to provide spontaneous
      combustion of said comminuted waste material within said incinerator.
NUM  2.
PAR  2. The method of waste material incineration as recited in claim 1 where
      the step of applying said pressure differential to said incinerator
      includes the step of maintaining a predetermined temperature in each of
      said incinerator zones whereby said comminuted waste material is
      spontaneously combusted.
NUM  3.
PAR  3. The method of waste material incineration as recited in claim 2 where
      the step of maintaining said predetermined temperature includes the step
      of inserting a predetermined flow rate of air into said incinerator zones.
NUM  4.
PAR  4. The method of waste material incineration as recited in claim 2 where
      the step of maintaining said predetermined temperature includes the step
      of applying a force to said combusting material in the direction of a
      gravity vector to oppose an updraft force applied to said combusting
      material in a direction opposing said gravity vector.
NUM  5.
PAR  5. The method of waste material incineration as recited in claim 4 where
      said gravity vector force is greater than said force in said direction
      opposing said gravity vector.
NUM  6.
PAR  6. The method of waste material incineration as recited in claim 1 where
      the steps of: comminuting said waste material includes the step of
      initially shredding said waste material to a predetermined initial size,
      and; storing said initially shredded waste material in a chamber.
NUM  7.
PAR  7. The method of waste material incineration as recited in claim 6 where
      the step of initially shredding is followed by the step of passing said
      waste material through a secondary shredder for reducing said initial size
      of said waste material prior to said insertion within said incinerator.
NUM  8.
PAR  8. The method of waste material incineration as recited in claim 1 where
      said comminuted waste material is inserted into an uppermost section of
      said vertically extending incinerator.
NUM  9.
PAR  9. The method of waste material incineration as recited in claim 1
      including the step of passing the resulting gases of said combusted waste
      material through a boiler for producing steam.
NUM  10.
PAR  10. The method of waste material incineration as recited in claim 1
      including the step of drawing said resulting gases of said combusted waste
      material into a gas scrubber for removing contaminents from said combusted
      waste material gases.
NUM  11.
PAR  11. The method of waste material incineration as recited in claim 10 where
      the step of drawing said resulting gases into said gas scrubber is
      followed by the step of exhausting said gases to an external environment.
NUM  12.
PAR  12. An incinerator for combusting waste material, comprising:
PA1  a. waste material combustion means forming a vertically extending enclosed
      chamber having a plurality of vertically contiguous combustion zones; and,
PA1  b. means for applying a predetermined pressure differential across said
      contiguous combustion zones within said combustion means for controlling a
      flow rate of said combusting waste material through said combustion zones
      to provide spontaneous combustion of said waste material within said
      combustion means.
NUM  13.
PAR  13. The incinerator as recited in claim 12 where said pressure differential
      means includes means for applying a force to combusting waste material
      gases in a direction substantially coincident with a gravity vector.
NUM  14.
PAR  14. The incinerator as recited in claim 13 where said force being applied
      to said combusting waste material gases in said direction coincident with
      said gravity vector is opposed by a thermal updraft force acting on said
      combusting waste material gases.
NUM  15.
PAR  15. The incinerator as recited in claim 12 where said pressure differential
      means includes blower means connected to an outlet port of said combustion
      means located in a lower section thereof, said blower means for creating a
      negative pressure differential across said combustion zones.
NUM  16.
PAR  16. The incinerator as recited in claim 15 where said blower means applies
      a downwardly directed force to said combustion waste material gases, said
      downwardly directed force substantially opposing a thermal updraft force
      being applied to said combusting gases within said enclosed chamber.
NUM  17.
PAR  17. The incinerator as recited in claim 12 where said waste material
      combustion means includes means for elevating said chamber combustion
      zones to a temperature substantially equal to a combustion temperature of
      said waste material prior to the insertion of said waste material within
      said combustion means.
NUM  18.
PAR  18. The incinerator as recited in claims 17 where said temperature
      elevation means includes burner means within each of said vertically
      contiguous zones of said enclosed chamber.
NUM  19.
PAR  19. The incinerator as recited in claim 12 where said waste material
      combustion means includes means for inserting excess air into each of said
      combustion zones for aiding in the maintenance of a predetermined
      temperature in each of said zones.
NUM  20.
PAR  20. The incinerator as recited in claim 19 where said excess air means
      includes means for vortexing said inserted air in a direction normal to a
      gravity vector within said enclosed combustion chamber.
NUM  21.
PAR  21. A waste material incineration system comprising:
PA1  a. means for comminuting said waste material to a predetermined size;
PA1  b. incinerator means connected to said comminution means for receiving said
      comminuted waste material at an upper section; and,
PA1  c. means for adjusting a flow rate of said comminuted waste material
      combustion gases through a plurality of vertically contiguous zones within
      said incinerator means by applying a predetermined pressure differential
      across said contiguous zones for providing a thermodynamic environmental
      condition receptive to spontaneous combustion of said comminuted waste
      material.
NUM  22.
PAR  22. The waste material incineration system as recited in claim 21 where
      said flow rate adjustment means includes means for maintaining a
      predetermined temperature within each of said contiguous zones within said
      incinerator means.
NUM  23.
PAR  23. The waste material incineration system as recited in claim 22 where
      said temperature maintenance means includes means for applying a force to
      said combusting material gases in a direction coincident with a gravity
      vector to oppose a thermal updraft force applied to said combustion waste
      material gases.
NUM  24.
PAR  24. The waste material incineration system as recited in claim 21 including
      boiler means connected to a lower section of said incinerator means for
      passing combusted waste material gases therethrough to produce steam.
NUM  25.
PAR  25. The waste material incineration system as recited in claim 24 including
      blower means connected to said boiler means for: (1) drawing said
      combusted waste material gases through said boiler, and (2) applying a
      predetermined pressure differential across said contiguous zones within
      said incinerator means.
NUM  26.
PAR  26. The waste material incineration system as recited in claim 21 where
      said incineration means includes means for elevating temperatures, prior
      to the insertion of said waste material, within each of said contiguous
      zones to a predetermined temperature range to provide spontaneous
      combustion of said waste material.
NUM  27.
PAR  27. The waste material incineration system as recited in claim 26 where
      said temperature elevation means includes burner means within each of said
      contiguous zones.
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ABST
PAL  A fluidized bed-furnace for burning partly dehydrated sludge comprises a
      furnace housing having a bottom forming a surface for a fluidized bed.
      Side walls extend upwardly from the bottom and above the fluidized bed in
      defining combustion chamber above the bed. An inlet for sludge on one side
      of the housing extends into the side walls and a discharge for the sludge
      on the opposite side of the housing extends outwardly from the side walls.
      The bottom is made of a plurality of steps arranged at distinct elevations
      in descending order from the inlet to the outlet or discharge. Each step
      portion includes a grate having a wind box associated therewith through
      which heating gases and including combustion air is directed upwardly
      through nozzle elements which extend in openings of the grate. The entire
      bottom with all of the step portions are advantageously supported on a
      support structure which is suspended at the bottom of the furnace and it
      is advantageously removable from the bottom.
BSUM
PAR  The present invention is particularly directed to a furnace of a type which
      includes a fluidized bed for burning partly dehydrated sludge. The
      fluidized bed includes a fill of refractory grains to be fluidized by
      means of air supplied through bottom nozzles and which combines with the
      gases formed by the sludge in the combustion process. Many types of
      devices for carrying out such an operation are known. For example, in the
      periodical "Chemie-Ingenieur-Technik" 1969, pages 615-619, there is
      disclosed a system in which the sludge to be burned is fed to a fluidized
      bed where it is dried, pulverized, degasified and ignited. The residual
      fine, solid particles pass into the upper layers of the fluidized bed and
      are finally evacuated as a flue dust. The original material constituting
      the fluidized bed and comprising, for example, sand with grain sizes of
      from 1 to 2 mm is also gradually disintegrated due to the high stresses
      and it is evacuated along with the ashes. This loss is replaced by coarser
      ash particles and primarily by sand grains contained in the sludge which
      is fed into the combustion chamber as well as by adding fresh sand.
      However, depending on the nature of the sludge, bed material enriched with
      ashes is to be discharged from the fluidized bed from time to time. This
      particularly applies to the so-called rack sludges wherein after the
      combustion of the sludge particles are left which are so coarse that they
      cannot be evacuated as flue dust and they are unsuitable for being used
      for the maintaining the fluidized bed. Such coarse particles may be
      discharged through a discharge opening along with some still usable sand
      which must then be replaced. In this case, however, the usual discharge
      openings are to be correspondingly enlarged. The compensation of the bed
      material thus lost becomes increasingly expensive with the increasing
      quantities of coarse particles in the sludge.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a fluidized bed furnace which is
      constructed so that as little as possible of the useful bed material is
      lost during the discharge of coarse particles. In addition, the
      construction is such that coarse particles will not be discharged prior to
      being sufficiently treated in the fluidized bed. Also, the discharge of
      the coarse particles is effected by a construction which is simple in
      design and great importance is attached to the possibility of
      re-establishing the operational capacity as soon as possible in case of
      disturbances. This importance is due to the fact that the storage property
      and possibility of sludges to be burned is limited while, at the same
      time, they are produced continually as municipal or industrial sewage
      sludges. Therefore, as far as possible, the continous operation must not
      be interrupted.
PAR  In accordance with the invention, there is provided a furnace bottom
      construction which has a plurality of step portions at different levels
      and which levels vary in a descending order from the inlet toward the
      discharge opening of the furnace. In a particularly advantageous
      embodiment of the invention, the bottom is subdivided into individual
      steps which extend at different levels and transversely to the connection
      line between the discharge opening and the side remote therefrom. Coarser
      particles which cannot be so easily fluidized as the fill of refractory
      grains provided for the fluidized bed are thus accumulated near the
      discharge opening. This happens also in cases where the coarse particles
      are relatively light in themselves. The time necessary for the
      accumulation of the coarse particles near the discharge opening can be
      influenced by appropriately dimensioning the level of differences of the
      individual step portions as well as by the correspondingly sloping the
      step surfaces. A particularly advantageous treatment of the coarse sludge
      particles and a minimized loss by discharge of the useful bed material is
      obtained by providing a level difference between the adjacent steps of
      approximately 20 mm. An additional advantage is to provide an inclination
      of the steps up to 3.degree. .
PAR  In order to insure a sludge treatment which is as extensive as possible,
      particularly with sludges containing coarse particles to be discharged, it
      is useful to provide a furnace feed opening near the portions of the
      bottom extending at the highest level. In such a construction, the sludge
      to be treated passes through the fluidized bed which, in itself, is
      intended for vertical operation substantially in the horizontal direction
      until the residual coarse particles are accumulated near the discharge
      opening. For this kind of treatment in the horizontal direction, the
      fluidized bed has proved surprisingly suitable.
PAR  Accordingly, it is an object of the invention to provide an improved
      fluidized bed furnace for burning particularly partly dehydrated sludge
      which includes a bottom for supporting the fluidized bed which is made up
      of a plurality of step portions arranged at heights in descending order
      from an inlet side of the furnace to a discharge side of the furnace.
PAR  A further object of the invention is to provide a fluidized bed furnace
      construction which is simple in design, rugged in construction and
      economical to manufacture.
PAR  The embodiment of the invention in which an exclusive property or privilege
      is claimed is defined as follows:
DRWD
PAC  In the Drawings:
PAR  FIG. 1 is a top plan view of a fluidized bed furnace with the top wall or
      roof removed and constructed in accordance with the invention;
PAR  FIG. 2 is a longitudional sectional view of the furnace shown in FIG. 1.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, in particular, the invention embodied therein
      comprises a fluidized bed furnace having a bottom generally designated 1
      which supports a fluidized bed. Side walls 28, 28' rise upwardly from each
      side of the bottom 1 and the bottom slopes downwardly from an inlet 3 for
      the sludge on one side wall to an opposite side with a discharge 2
      extending outwardly from the opposite side wall 28.
PAR  In accordance with the invention, the bottom one is made up of a plurality
      of step portions generally designated 4, 5, and 6 respectively disposed
      between the inlet 3 and the outlet 2 at distinct levels which are in
      descending order from the inlet to the outlet. In the preferred
      arrangement, the step portions 6 and 5 at the higher level project over
      the next lower step 5 and 4 of the next adjacent lower level. These
      projections form ovalized or step edges 5' and 6' which project in a
      direction of the discharge opening 2 by approximately 2 cm over the
      respective lower steps 5 and 4.
PAR  Means are provided for supplying air upwardly through each of the step
      portions 4, 5, and 6 and these advantageously comprise nozzles 7 which
      extend through openings in the individual steps and are supplied with
      heated gases which include combustion air from individual wind boxes 14,
      15 and 16, respectively.
PAR  The sludge to be treated is fed in through the inlet 3 or through an
      opening 8 in a top wall or roof 50 which is above the fluidized bed.
      However, particularly with rack sludges wherein the sludge can be fed
      laterally, it is fed through a flange connection line of the opening 3.
PAR  In the preferred arrangement, free blow openings 10 and 11 are defined
      between adjacent step sections and air is continuously blown out of these
      openings to prevent the bed material from passing into the interspace
      between the step portions 4, 5 and 6.
PAR  The bottom parts forming the step portions 4, 5 and 6 are advantageously
      made of a steel sheet material reinforced by intersecting ribs such as
      ribs 12 and 13. Each wind box is provided with a connection inlet for
      blowing in hot air at locations 17 and 18 and 19, respectively. Individual
      wind boxes can be controlled independently, and this is advantageous in
      view of the different heights of the bed layers above the individual steps
      and it also permits an adapatation to the condition of the sludge in
      respect to its preparation and combustibility. In addition, the step
      portions and their associated wind boxes 14, 15 and 16 are accommodated in
      a floor frame 20 which is provided with supporting wall portions 21 and
      and 22 upon which the wind boxes 14, 15 and 16 rest. The boxes also rest
      on angles 23 and 24 which are provided at the periphery of the floor
      frame. The angles 23 and 24 also project from the floor frame outwardly
      and rest with their flange portions 25 on an annular member 26 which is
      secured to the bottom of the furnace body or housing. Advantageously, the
      supporting surface is provided with a seal 27. With such a design, the
      furnace housing is also advantageously suspended above its bottom from
      carrier supports. Thus, all of the parts of the bottom are accessible from
      below and this is very useful for maintenance and control.
PAR  The discharge opening 2 provided in the wall 28 is advantageously designed
      as a flange discharge connection. Through this opening, the coarse parts
      or the ashes which have not been pulverized to flue dust may be discharged
      without losing the still usable bed material.
PAR  The steps in their wind boxes may also be received in a carrier frame which
      is secured to the lower edge of the furnace and can be lowered so that the
      individual steps and their wind boxes can be dismounted and replaced.
PAR  A further advantage is obtained by designing the bottom with steps
      extending at different levels so that a vertical circulation of the
      material of the fluidized bed and the sludge is produced so that the
      preparation and combustion conditions are improved. Finally, it is
      advantageous, due to the division of the bottom into individual steps, the
      natural oscillation frequencies of the bottom are increased and primarily
      differentiated so that during the operation, disturbances which could
      otherwise occur through resonance oscillations of a closed bottom are
      avoided. For this purpose, the natural oscillation frequencies of the
      individual steps differ from each other so that the steps can never be set
      in vibration together.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluidized bed furnace for burning partly dehydrated sludge, comprising
      a furnace housing having a bottom forming a fluidized bed support, side
      walls extending upwardly from said bottom and above the fluidized bed and
      defining a combustion chamber above the fluidized bed, an inlet for sludge
      on one side of said housing extending through said side walls, a discharge
      for the sludge on the opposite side of said housing extending outwardly
      through said side walls, said bottom comprising a plurality of step
      portions arranged at distinct elevations in descending order from said
      inlet to said discharge, and means for directing air upwardly through said
      step portions for maintaining a vertical operation of said bed and for
      supporting combustion in said combustion chamber.
NUM  2.
PAR  2. A fluidized bed furnace according to claim 1, wherein said step portions
      of said bottom extend at different levels transversely to the path between
      said inlet at one side of said furnace to said discharge on the opposite
      side.
NUM  3.
PAR  3. A fluidized bed according to claim 1, wherein said step portions include
      surfaces which are inclined downwardly in a direction toward said
      discharge opening.
NUM  4.
PAR  4. A fluidized bed furnace according to claim 1, wherein said step portions
      and higher elevations project over the next adjacent lower step portions.
NUM  5.
PAR  5. A fluidized bed furnace according to claim 1, wherein each step portion
      is vertically spaced from the next adjacent step portion by about 20 mm.
NUM  6.
PAR  6. A fluidized bed furnace, according to claim 1, wherein each of the step
      portions includes surfaces which have an inclination up to 3.degree..
NUM  7.
PAR  7. A fluidized bed furnace according to claim 1, including an opening for
      the sludge extending downwardly from the top of the furnace into the
      combustion chamber.
NUM  8.
PAR  8. A fluidized bed furnace according to claim 1, wherein said inlet is
      located adjacent the bottom of said furnace on one of said side walls.
NUM  9.
PAR  9. A fluidized bed furnace according to claim 1, including free flow
      opening between each step portion for blowing the fluidized bed away from
      the joint between said portions.
NUM  10.
PAR  10. A fluidized bed furnace according to claim 1, wherein said step
      portions each include sheet steel platforms reinforced by inner ribs and
      including a separate wind box connected to each platform beneath each of
      said platforms.
NUM  11.
PAR  11. A fluidized bed furnace according to claim 1, including a floor frame,
      said bottom step portions being carried by said floor frame, said furnace
      having an annular flange supporting said floor frame.
NUM  12.
PAR  12. A fluidized bed according to claim 1, wherein said step portions
      include parts which have different natural oscillation frequencies.
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PAL  Technical sector: Incinerator unit of average capacity having a rotary
      grate for household refuse and industrial waste. Main technical
      characteristic of the invention: The incinerator is formed of a stationary
      casing and a metallic rotary grate of frusto-conical configuration made of
      juxtaposed cylindrical rings of decreasing diameters, formed of plane or
      curved members which may be modular plates identical for the entire grate.
      The incinerator has a pre-drying chamber. The ash pit serves as a basis
      for the entire unit. Main applications of the invention: Basic members of
      mobile, removable or stationary incinerator units and of incinerator
      plants for household refuse and industrial waste.
BSUM
PAR  The present invention concerns incinerators and in particular incinerators
      for household refuse and industrial waste.
PAR  In the present state of the art the incinerators having an average
      destructive capacity, with their associated charging, smoke purification,
      and ash evacuation units, constitutes heavy complexes which are cumbersome
      and expensive, while their installation leads to the realization of a
      plant whose maintenance is important and the erection of which requires a
      certain time.
PAR  The incinerators according to the invention make it possible to obviate the
      above drawbacks because they are basically constructed as a compact, light
      and possibly self-contained.
PAR  According to one embodiment of the invention said selfcontained
      incineration unit is mounted on an autotruck, allowing to incinerate the
      refuse in proportion to its collection. The selfcontained incineration
      units according to the invention are basically composed of a filling
      device, an incinerator proper, a smoke purification system, an ash pit
      provided with ash extinction means and finally a power source.
PAR  The incinerator according to the invention is constituted by a casing of
      sheet steel wherein rotates a grate having the form of a body of
      revolution constituted by sheet steel members adapted to be easily
      replaced and for permitting their free expansion, said assembly being
      self-sustaining and having no armature. The entrance of the incinerator is
      connected by a pre-drying chamber to the filling apparatus. The exit of
      the incinerator opens into an ash pit, disposed underneath a water
      reservoir of the smoke purification system. The smoke purification system
      comprises zones for post-combustion of smoke and an apparatus for smoke
      dust removal, said various members being distributed above and adjacent
      the entrance and the exit of the incinerator. The ash pit extends
      underneath the entire length of the incinerator unit towards the
      incinerator exit, and is situated underneath a water reservoir of the dust
      removal apparatus, extending underneath the incinerator proper, then
      underneath the filling apparatus to open into the lower part of the end
      face of the filling apparatus. The water contained in the reservoir,
      located at the other end of the unit, is emptied in the as pit at the end
      of the operation, so as to extinguish the ashes and to remove same for
      evacuation.
PAR  The following description with respect to the enclosed drawings will
      explain how the invention can be realized; it is given by way of a
      non-limitative example of an embodiment of the present invention, the
      characteristics of which appear both from the drawings and from the
      pertinent text.
DRWD
PAR  FIG. 1 is a longitudinal section of an incinerator unit according to the
      invention,
PAR  FIG. 2 is a top view corresponding to the FIG. 1,
PAR  FIG. 3 is a detail of the rotary grate in longitudinal section,
PAR  FIG. 4 is a detail view of the rotary grate in transverse section,
PAR  FIG. 5 is a perspective view illustrating a variant embodiment of the grate
     .
DETD
PAR  The described embodiment is the one wherein the incinerator unit is mounted
      on the chassis of a truck 1. It comprises an incinerator 2, a filling
      apparatus 3, a smoke purification system 4, an ash pit 5 and a power
      source 6.
PAR  The incinerator 2 is constituted by a stationary sheet steel casing 7
      wherein rotates the rotary grate 8 which can have the form of a frustum of
      cone or of a frustum of pyramid without limitation of the number of faces.
      The revolution body formed by said grate is constituted by the assembly of
      sheet steel members forming a self-sustaining unit.
PAR  Said members 9 form a succession of crowns whose diameters diminish after
      the incinerator entrance towards the exit thereof. They are assembled one
      to the other by their radial faces 10 and 11, provided with holes 12 and
      13 adapted to receive a pin 14 assembling the faces 10 and 11, and a
      junction plate 15 adapted to conceal the systematic clearance provided
      between said faces 10 and 11 in order to enable their free expansion in
      the longitudinal direction of the system. In radial sense the members are
      mounted in overlapping relationship, as shown in FIG. 4; one of their
      longitudinal edges 17 is raised towards the interior of the incinerator;
      its function is to entrain the refuse in rotation with the grate. A
      deflector 18, mounted on the external face of member 9, leaving a
      clearance 19 to allow free expansion of the said members in the transverse
      direction of the system, has the function to limit the passage of air
      blown through the rotary grate by the interstices of the overlapping
      members 9, because said air has to pass through the orifices 20 provided
      in the members 9, both on their longitudinal surfaces and on their radial
      faces, and properly distributed.
PAR  The air is blown between the grate 8 and the external casing 7 by a fan not
      shown and penetrates into the interior of said grate 8 by orifices 20.
PAR  According to a variant shown in FIG. 5, the members constituting the grate
      have the form of plates 21 identical for the entire grate, provided with
      flanges 22 and 23, with bores 24, orifices 25, a longitudinal flange 26
      and a deflector 27, equivalent to radial faces 10 and 11, to bores 12 and
      13, to orifices 20, to edges 17 and to deflectors 18 of the members 9.
      Like said members 9, members 21 are assembled by their radial faces 22 and
      23 with the cover plates 15, by means of pins 14 provided with spacer
      sleeves 28 and split pins 29. The principle of free expansion in
      longitudinal direction is naturally preserved, as well as that of
      transversal expansion, providing a clearance 30 between the deflector 27
      and the end of the adjacent member. The dimensions of said members are so
      chosen as to constitute a module, it being sufficient for the transition
      from a given ring to one whose diameter is slightly smaller, to remove one
      or a specific number of module elements.
PAR  In order to enable the assembly of said members on all diameters, the bores
      24 are elongated and their dimensions are properly chosen relative to
      their center distances such that the passage of a pin 14 for all diameters
      of the rings is always ensured.
PAR  The grate 8 terminates at its exit end by a one-piece member, in the form
      of a conefrustum or pyramid frustum 31, to which the smallest of the rings
      9 or 21 is connected. Said end member 31 carries a rotary joint 32 to
      ensure its tightness relative to the exterior casing 7 of the incinerator
      2. It carries yet a ring gear 33, resting on the support pinions 34 and
      driving pinions 35 in rotation of the grate 8, the pinion 35 being mounted
      on the output shaft of a rotor reductor 36. Finally the end member 31 is
      provided with longitudinal ribs 37 to ensure the movement of the ashes in
      the incinerator.
PAR  At its entrance end the grate 8 is provided with a ring 38 carrying a
      rotary joint 39 to ensure its tightness with the exterior casing 7 of the
      incinerator 2. Said ring 38 runs on rollers 40 supporting the grate 8 in
      said end. Finally said ring 38 is assembled to the largest of the rings of
      members 9 or 21.
PAR  The members 9 or 21 are adapted to be mounted and replaced from the
      exterior of the system, enabling access to the grate 8 by means of movable
      panels of casing 7.
PAR  The refuse is burned on the grate by fuel burners 41, 42 disposed adjacent
      the entrance and the other adjacent the exit of the incinerator. The
      burners are fed by a reservoir and a pump (not shown), and are controlled
      by a known per se ignition and flame control equipment. A temperature
      regulation equipment known per se ensures an automatic operation; in case
      of insufficient temperature, oxygen injections or liquefied petroleum gas
      injections are made; in case of temperature excess, the fuel supply
      pressure is reduced.
PAR  The exterior casing 7 of the incinerator extends upstream of the entrance
      of the grate and contains in said place a pre-drying chamber 43,
      terminated by a charging spout 44. The back face of the chamber 43 adjoins
      the charging apparatus 3.
PAR  The charging apparatus 3 is of a know per se type and comprises a lifting
      member 45, also of a known per se type, having the function to transport
      refuse charged in the hopper 46 to the chamber 43. The lifting member can
      be advantageously associated with a crushing, tearing or compressing
      system, suitable for normalizing the dimension of the refuse.
PAR  The smoke purification system 4 comprises (following the movement of the
      smoke): the post-combustion zones, the dust removal apparatus, the smoke
      exhaust and evacuation fan transporting the air, then the mixture of air
      and impure gasses and afterwards the purified gasses across the entire
      unit starting at the end the entrance of the rotary grate through which
      the air is exhausted.
PAR  The smoke leaving the rotary grate 8 by its entrance end, passing in the
      upper part 47 of the casing 7, which forms the first post-combustion zone;
      this can be advantageously fitted with a fuel burner which is
      automatically put into operation when the temperature of the smoke is
      insufficient in said place. The other post-combustion zones 48 are formed
      by a succession of compartment for by a piping advantageously fitted with
      baffles. They extend to the dust removal apparatus which is located at the
      forward end of the unit behind the truck cabin.
PAR  The dust removal apparatus 49 is of a known per se type, as for example a
      centrifugal washer (shown) or a paddle washer. This washer is fed by a
      water reservoir 50 situated adjacent thereof behind the truck cabin
      through the intermediary of a pump. The purified smoke flue gasses leaving
      the apparatus 49 are exhausted by a pipe 51 provided with cooling ribs and
      connected to the section opening of the fan 52 which blows them to the
      atmosphere.
PAR  The ash pit 5 constitues the basis of the whole unit since it extends under
      the entire surface thereof, from the back face of the truck cabin to the
      back face of the charging apparatus 3. It is made of strong sheet steel
      strengthened by sections; it communicates by means of large gates with the
      water reservoir 50. Its lower faces are inclined from the front to the
      back to facilitate evacuation of ashes, which is effected under the
      influence of the presssure of the water reservoir 50. Ash distribution
      members such as endless screws or a scraper conveyors can be
      advantageously provided, and their putting into operation may be effected
      for instance by a differential gear driven by the shaft of the driving
      pinion of the rotary grate. The lower back end of the ash pit is closed by
      registers 53. A removable spout 54 may be disposed at this end for
      evacuating the ashes from underneath the truck.
PAR  The power source 6 may be a generating set mounted on the upper back part
      of the unit, above the filling apparatus 3.
PAR  Alternatively the incinerator unit according to the invention may be
      provided with a register which is automatically put into operation by a
      temperature control device, which register has the function to reduce the
      feed of the flue gas evacuation fan during the preheating period of the
      heating up.
PAR  The above description concerns the automobile version of the incinerator
      unit forming the object of the present invention, but it is also possible
      without leaving the scope of the invention to realize static units having
      all or part of the characteristics of the invention; said units might for
      instance not have a power source but be fitted with a known per se chimney
      and with dimensions in function of the administrative classification of
      the implantation. The automobile version has only been taken as an example
      because it contains all of the characteristics of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A furnace for incinerating waste materials which comprises:
PA1  a stationary casing;
PA1  a frusto-conically shaped grate mounted for rotational movement within said
      casing; said grate formed by a plurality of cylindrically-shaped,
      juxtaposed rings, said rings having radially and outwardly extending face
      members including orifice means for joining adjacent face members for
      expansion by pins, each ring member being formed of a plurality of
      overlapping subsections; and
PA1  means for rotating said grate.
NUM  2.
PAR  2. The furnace according to claim 1 characterized in that there are
      provided rotating joints at each end of the grate so as to ensure its
      tightness with respect to the stationary casing.
NUM  3.
PAR  3. The furnace according to claim 1 characterized in that oxygen and
      liquefied petroleum gas injections can be automatically effected by means
      of a known per se temperature control system in case of insufficient
      temperature to add their effect to that of the main fuel burners; the
      pressure thereof can be decreased by the same regulator device in case of
      excess of temperature.
NUM  4.
PAR  4. The furnace as defined in claim 1 including a cylindrically-shaped
      member mounted to said grate proximate to junctures of radially-extending
      face members.
NUM  5.
PAR  5. The furnace as defined in claim 1 wherein said subsections are of like
      sizes.
NUM  6.
PAR  6. An incinerator unit including the furnace as defined in claim 1 and
      additionally comprising an external casing which envelopes said stationary
      casing, said external casing provided with a predrying chamber means
      disposed upstream of the entrance to said furnace for predrying said waste
      materials to be treated with hot flue gases withdrawn from said furnace.
NUM  7.
PAR  7. The incinerator unit as defined in claim 6 and additionally comprising
      post combustion zone means for receiving said hot flue gas, said zone
      means including burner means for maintaining operational temperatures
      therein.
NUM  8.
PAR  8. The incinerator unit as defined in claim 6 and additionally comprising
      an ash pit means disposed between said furnace and said external casing to
      receive hot ashes, one end of said ash pit being disposed beneath a water
      reservoir to permit selective discharge of water from said reservoir into
      said pit to extinguish said ashes and to transport said ashes to a
      discharge zone of said incinerator unit.
NUM  9.
PAR  9. The incinerator unit as defined in claim 8 wherein said incinerator
      includes a flue gas purification system including a flue gas fan means for
      discharging flue gas from said incinerator.
NUM  10.
PAR  10. The incinerator unit as defined in claim 9 wherein a register is
      provided in said flue gas purification system to permit recycle of flue
      gas during start-up.
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ABST
PAL  An improved conduit for conveying fuel from supply to burner means and
      including a rigid floor disposed therebelow with a covered trench formed
      therein, the latter defining at least a portion of the conduit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to solid fuel firing and more particularly to a space
      saving conduit for conveying fuel.
PAR  The coal to be fired with a vapor generator has to be conditioned before
      delivery to the burners, which includes comminuting the fuel to a size
      compatible with the type of burners being used. The comminutors are
      normally located in the vicinity of other power plant auxiliaries, e.g.,
      condensers, pumps, fans, feedwater heaters, etc.; this concentration of
      relatively large apparatus will often create a space availability problem
      which is further aggravated by the requirement of large diameter piping
      for conveying comminuted fuel to the burners and by the supporting and
      bracing structure associated with this piping.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, there is provided a fuel conveying conduit having an
      intermediate segment which is a trench generally spanning the
      straight-line distance between the comminuting and burner means, and
      formed as part of the concrete flooring situated therebelow. The trench
      includes a top inlet and outlet opening at opposite ends thereof, and is
      covered by pressure-tight plate means disposed therebetween. The inner
      periphery of the covered trench is lined with wear resistant replaceable
      plate members. The fuel conveying conduit includes an inlet and an outlet
      segment, the former comprising relatively short pipe means flow connecting
      the comminuting means outlet with the trench inlet, and the latter
      comprising vertically oriented pipe means flow connecting the trench
      outlet with the burner means. The trench covering plate means include deck
      plate means which lie generally flush with the floor and provide an
      unencumbered walk area.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic sectional side view of the vapor generating
      facility embodying the invention.
PAR  FIG. 2 is a sectional side view of the trench embodied in the invention.
PAR  FIG. 3 is a plan view of the trench shown in FIG. 2.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2.
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a portion of a vapor generating and
      superheating unit 10 including a furnace 11, a pendant superheater 12, and
      a coal fired cyclone type combustion chamber 14. The vapor generating and
      superheating unit 10 is top-supported by structural steel members such as
      upright column 15 and cross beam 17. The support for the unit is provided
      by a plurality of hangers 19 extending downwardly from the beam 17 and
      attaching rigidly to the furnace roof. The weight of the vapor generating
      and superheating unit 10 is transmitted through the hangers, beams and
      columns to the floor 21 which is formed of concrete and generally serves
      as the power plant basement floor. The vapor generating and superheating
      unit 10 is fixed at the hanger connections with respect to thermal growth
      and expands downwardly and laterally as it is heated to operating
      temperature.
PAR  The cyclone combustion chamber 14 includes a scroll and a barrel section 16
      and 18, both being of substantially circular cross section. The scroll
      section 16 is smaller in diameter than the contiguous barrel section 18
      and is positioned at the front end of the cyclone chamber 14 to discharge
      concentrically into the barrel 18. The scroll section 16 is provided with
      inlets 20 and 22 for the tangential introduction of primary and tertiary
      air, the former having the added function of conveying the comminuted fuel
      to the cyclone combustion chamber 14 as will be hereinafter described. The
      barrel section 18 has a refractory lined inner periphery backed by fluid
      cooled tubes and includes an inlet 24 for the tangential introduction of
      secondary air. The rear end of cyclone chamber 14 is partly closed by
      fluid cooled tubes and includes a combustion gas outlet 26 in the form of
      a re-entrant throat arranged therein concentric with the barrel section
      18. A slag outlet 28 is disposed below the gas outlet 26 for the discharge
      of molten slag from the barrel section 18 to the furnace 11 which, in
      turn, discharges the slag through a bottom tap 25 into a slag tank 23
      situated therebeneath.
PAR  The following is a preferred distribution of the combustion air being
      delivered to the vapor generating and superheating unit 10 and taken as a
      percentage of the total air flow required for a cyclone combustion chamber
      operating at maximum capacity; 85-90 percent as secondary air, 15-20
      percent as primary air and 5 percent as tertiary air. Furthermore, the
      primary air has a minimum flow limit which insures that air provided in
      this manner will have sufficient velocity at all loads to achieve a
      thorough sweeping of the comminutor and fuel conduit means leading to the
      combustion chamber.
PAR  The combustion air is supplied by one or more forced draft fans (not shown)
      which raise it to super-atmospheric pressure, and is thereafter heated by
      one or more air preheaters (not shown). A major portion of the combustion
      air is conveyed to a windbox 30 to be distributed among the secondary and
      tertiary inlets of the respective cyclone combustion chambers. Dampers
      (not shown) are associated with the forced draft fans, and the secondary
      and tertiary inlets to regulate the admission of combustion air
      therethrough.
PAR  An air duct 32 receives preheated primary air at superatmospheric pressure
      from the air-side outlet of the air preheater (not shown). The air duct 32
      discharges into a conduit 34 which opens into a coal-air mixing bustle 36
      and includes a flow regulating damper 38. A tempering air duct 40 receives
      cold air at superatmospheric pressure from the forced draft fan outlet
      (not shown). A conduit 42 connects the tempering air duct 40 to the
      conduit 34 and includes a flow regulating damper 44.
PAR  The fuel supply includes a bunker 46 arranged to receive and store coal.
      The outlet end of bunker 46 is provided with a shutoff valve 48 and
      connects by way of conduit 50 to the inlet end of a drag-link or belt-type
      controllable feeder 52, the latter discharges through a conduit 54 into
      the mixing bustle 36. A conduit 56 connects the discharge end of the
      mixing bustle 36 to the inlet end of a motor drive comminutor 58. A
      conduit 60 connects the outlet of the comminutor 58 with the inlet 20 of
      the scroll section 16. The conduit 60 comprises an inlet segment 62, an
      intermediate segment 64 and an outlet segment 66. The junctures between
      the intermediate segment 64 and the inlet and outlet segments 62 and 66
      are fitted with vertical expansion couplings 70. The outlet segment 66
      includes a pair of horizontal expansion couplings 68. The expansion
      couplings are of a type well known in the art and are manufactured by
      Dresser Mfg. Div. of Dresser Industries, Inc. The couplings accommodate
      the thermal growth of metal parts associated with the coal piping and
      vapor generator as the unit is brought up to operating temperature.
PAR  Referring to FIGS. 2, 3, 4 and 5, and in accordance with the preferred
      embodiment, the intermediate segment 64 is in the form of a trench 72
      built into the concrete floor 21. The trench 72 is of generally
      rectangular cross section and has its longitudinal extent lying along a
      substantially horizontal plane and includes an inlet and outlet opening 74
      and 76 located at opposite ends thereof and a cover plate assembly 78
      disposed therebetween. The inner periphery of the trench 72 is protected
      by wear resistant liners comprised of upper and lower wear plates 79 and
      80, end wear plates 82 and side wear plates 84. A ledge 86 extends along
      the upper periphery of trench 72 and is lined with angle plates 88 which
      are fixedly attached thereto by anchor pins 90 embedded in the concrete
      floor 21. A pair of laterally projecting flanges 92 and 94 are weldably
      connected to the angle plates 88 and act as support members for cover
      plate assembly 78, the latter including one or more deck plates 96 and
      pressure cover plates 98.
PAR  The deck plate 96 rests on flanges 92 and has its upper surface lying
      generally flush with the floor level. The cover plates 98 are arranged in
      end-abutting fashion and joined to one another by junction plates 77
      located therebeneath and connected thereto by threadably engaged bolts 75
      and lock nuts 73, the latter being weldably fixed to the underside of
      junction plates 77. The joined cover plates 98 are attached to flanges 94
      by threadably engaged bolts 93 and lock nuts 97, the latter being weldably
      fixed to the underside of flanges 94. Copper wire reinforced asbestos
      gaskets 95 are inserted between the cover plates 98 and flanges 94 and
      junction plates 77. The bolt and gasket attachment effects a
      pressure-tight and dust-proof closure over the trench 72 while at the same
      time allowing for periodic removal of the cover plates 98 to facilitate
      inspection, cleaning and repair of the trench 72 and the wear-resistant
      liners associated therewith. The underside of each cover plate 98 includes
      longitudinal and transverse rib plates 91 weldably connected thereto and
      extending downwardly therefrom to bear upon the upper wear plate 79
      located therebeneath. Block insulation 89 lines the underside of cover
      plate 98 to insulate the cover plate assembly 78 from the heat of the
      primary air and fuel mixture passing through the trench 72. The block
      insulation 89 is held in place by retainer casing 87.
PAR  The upper, lower and side wear plates are formed with angular side surfaces
      85 shaped so that side-adjacent wear plates interlock with one another to
      line the inner periphery of trench 72. Each set of interlocked upper,
      lower and side wear plates end-abuts an adjoining set. The wear plates are
      fixedly secured by tightening the bolts 93 thereby exerting pressure
      through the rib plates 91 onto the upper wear plate 79 which locks into
      the side wear plates 84, the latter, in turn, interlocking with the lower
      wear plate 80. Each of the end wear plates 82 is preferably or unitary
      construction and is fixedly secured in the trench 72 by being inserted
      between the end faces of the respective outboard wear plate sets and the
      adjacent expansion coupling 70. An appropriate sealant is applied to the
      interlocking and abutting sides at the time of assembly. The wear surfaces
      of the upper, lower, side and end wear plates include arcuate segments
      formed to provide rounded corners when the plates are assembled thereby
      inhibiting the settling of coal and promoting the flow of the coal-air
      mixture through the lined trench 72.
PAR  In the operation of the preferred embodiment, heated primary air is
      supplied by the duct 32 and is tempered to the desired temperature with
      cold air supplied by the duct 40. The tempered primary air is introduced
      into the bustle 36 to mix with the coal being discharged from the feeder
      52. The primary air conveys the coal to a comminutor 58 wherein the fuel
      is comminuted to the desired size and is thereafter discharged into the
      inlet segment 62 of the conduit 60 and is passed through the intermediate
      segment 64 and through the outlet segment 66 for discharge into the
      combustion chamber 14 through the scroll inlet 20.
PAR  While in accordance with the provisions of the statutes there is
      illustrated and described herein a specific embodiment of the invention,
      those skilled in the art will understand that changes may be made in the
      form of the invention covered by the claims, and that certain features of
      the invention may sometimes be used to advantage without a corresponding
      use of the other features.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In combination with a fuel firing system comprising fuel supply and
      burner means spaced from one another, conduit means for conveying the fuel
      from the supply to the burner means, a rigid floor disposed below said
      supply and burner means, the floor being formed with trench means defining
      at least a portion of said conduit means, and said trench means being
      covered by detachable plate means.
NUM  2.
PAR  2. The combination according to claim 1 including replaceable wear plate
      means lining said trench means.
NUM  3.
PAR  3. The combination according to claim 1 including insulating means lining
      said detachable plate means.
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ABST
PAL  A sprig planting apparatus adapted to press sprigs such as bermuda into the
      surface of the earth has a frame, wheels mounted on the rear of the frame,
      a sprig hopper mounted on top of the frame, and a conveyor adapted to
      convey sprigs placed into the hopper to an opening in the front of the
      frame. At the opening is mounted a sprig separating and distributing
      device which lifts the sprigs from the conveyor and separates the bermuda
      sprigs and drops them through the opening onto the ground. Directly behind
      the opening and having the same width as the opening is mounted a
      plurality of discs journaled in a shaft to each side of the frame. These
      discs roll over the bermuda sprigs forcing them into the ground to a
      prescribed depth.
BSUM
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  The best prior art relating to the device disclosed herein is a bermuda
      sprig planter which has a frame, rear wheels mounted to the frame, a
      hopper mounted on top of the frame with a conveyor for conveying the
      bermuda sprigs to an opening in the front of the frame. A distributing and
      separating apparatus is mounted over the opening for lifting the bermuda
      sprigs from the conveyor terminus, separating them and dropping them
      through the opening. A plurality of plows are mounted at the front of the
      frame and extend downwardly into the ground. The plurality of
      furrow-closing discs are mounted behind the opening. As the bermuda is
      dropped through the opening, it falls into the furrow cut by the plows. As
      the planter proceeds, the discs mounted to the rear of the opening close
      the furrow burying the bermuda sprigs.
PAC  BRIEF DESCRIPTION OF THE INVENTION AND ITS ADVANTAGES
PAR  The sprig planter above described had several operational disadvantages.
      First, the sprigs were conveyed to an opening which had a plurality of
      shoots in the opening so that the bermuda when it was broken up and
      distributed it fell into the opening and was directed by the shoots to the
      particular furrow made beneath the shoot. One problem with this type
      construction is that bermuda sprigs tend to hang up on the individual
      shoot edges. This often resulted in jamming of the machine so that the
      operator necessitated stopping the machine, cleaning out the shoots so
      that the sprigs would again fall onto the furrows underneath the plows. It
      was also difficult to place the plows close enough together so that
      sufficient numbers of rows of bermuda sprigs could be planted to
      adequately cover some areas. The machine described herein has a
      continuously free opening so that bermuda sprigs can fall without having
      any form of divider or shoot edge to catch upon. Furthermore, a plurality
      of discs spaced two inches apart provide complete coverage of the surface
      of the land so that the bermuda sprigs can be continuously pressed in over
      the entire width of the opening. In addition to the above, the discs are
      spaced one behind the other and in between each other so that they are
      selfcleaning; thus the machine can be used in ground which would under
      ordinary circumstances be unplantable.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a perspective view of the sprig planting machine illustrating the
      plurality of rows of discs.
PAR  FIG. 2 is a side view of a spring planting machine illustrating the use of
      gauged wheels.
PAR  FIG. 3 is a side view of a spring planting machine illustrating the
      operation of the machine, and
PAR  FIG. 4 is an end view of the disc planting assembly illustrated in the
      above figures.
DETD
PAC  DETAILED DESCRIPTION OF THE FIGURES
PAR  The same numbers will be used throughout the specification for similar
      elements.
PAR  Referring to all of the figures, but in particular to FIGS. 1 and 3, a
      frame 10 has mounted thereon a plurality of side walls 11, a front wall
      12. A plurality of rear wheels 13 are journaled to frame 10 by bearings
      which are not illustrated. Contained between side walls 11 is a spring
      storage bin which has mounted therein a conveyor 14 which is of the usual
      type comprising a pair of chains 15, having a plurality of cross members
      16 attached between chains 15. A sprocket 9 is journaled in side walls 15
      and provides a means for holding the chains 15 in position. A metal bed 17
      lies directly beneath the upper portion of chains 15 and cross members 16.
      The metal bed is adapted to hold a plurality of sprigs 18, such as bermuda
      grass sprigs, for example. The forward end of conveyor 14 is attached to a
      sprocket 19 which in turn is journaled about a shaft 20. Shaft 20 is
      ridgedly attached to a chain sprocket 21 and to a gear 22. Sprocket 21 is
      coupled to a second sprocket 23 through a chain 24. Sprocket 24 is
      likewise attached to a shaft 25 and to a ratchet 26. A first distributor
      shaft 30 has a plurality of radial arms 31 attached thereto. A gear 32 is
      attached to distributor shaft 30 and meshed with gear 22. A second
      distributor shaft 33 likewise has a plurality of radial arms 34.
      Distributor shaft 33 is coupled through a gear 34 (see FIG. 1) and chain
      35 to a second gear 36. A second chain drive coupled to gear 36 (not
      shown) is coupled to a chain 37 to a sprocket 38 which is attached to a
      disc shaft 39. Disc shaft 39 is journaled to bearings which are mounted on
      U-frame 40. A second disc shaft 41 is likewise mounted through bearings 42
      to a second U-frame 43. Similar U-frames are mounted on both side of the
      frame and similarly spaced. The spacing between shafts 39 and 41 is
      determined by the diameter of disc 50. The preferred spacing is slightly
      greater than the radius of disc 50. The intermeshing of the discs
      furthermore provides selfcleaning of the discs; therefore, the assembly
      can be used in ground which is too tacky for other planting apparatuses.
PAC  Depth Control
PAR  Depth control for the embodiment illustrated in FIGS. 1 through FIG. 3 is
      provided as follows: Referring to FIG. 1, a drawbar assembly 55 has
      members 56 attached thereto at 57 and to the planting apparatus through
      pivots 58. Drawbar end 59 is attached to a tractor or other hauling device
      60 (see FIG. 2). In order to adjust the depth of the device shown in FIG.
      1, a vertical member 61 is attached through a hydraulic piston 62 through
      the piston rod 63 and piston housing extension 64 through pivotal mounts
      65 and 66, respectively. Hydraulic tubes 67 are connected to the tractor.
      Referring to FIG. 2, a method of depth control is illustrated having
      gauged wheels 68 mounted to the front of the planting apparatus through
      bearings not illustrated. The plane defined by the front wheels 68 and the
      rear wheels 13 define the total depth that the disc 50 will be permitted
      to penetrate the ground. A hydraulic cylinder 62 can also be used to lift
      gauged wheels 68 and disc 50 out of the ground and away from the ground so
      that the entire unit can be hauled without disc 50 touchcing or damaging
      the ground or road surface.
PAC  Operation of the Disc Planting Apparatus
PAC  Power Drive for Planter
PAR  The planter is provided with a means of operating the conveyors and
      distributors in the following manner: Disc 50 (see FIG. 3) rotates drive
      shaft 39 which in turn is coupled through a sprocket 80 to a chain 81, and
      to a second sprocket 82 which is likewise coupled to shafts 41. The
      conveyor is operated by a Pittman arm assembly which essentially comprises
      an eccentric drive 83 mounted to sprocket 82 and an arm 84 which is
      coupled to ratchet 26. Rotation of ratchet 26 is then operated by movement
      of arm 84.
PAC  Operation of the Sprig Planter
PAR  Referring to the drawings, drawbars 55 and 59 are connected to a tractor 50
      or other device, and hydraulic cylinder 62 is pressured up to lift disc 50
      clear of the ground. Tractor 50 may then move using rear wheels 13 as a
      method of supporting the planter during movement of the planter from
      location to location or during the actual planting operation. When
      planting is to begin, the storage bin formed by the sides 11 is filled
      with bermuda sprigs 18 or other sprigs or material to be planted into the
      ground. Hydraulic cylinder 62 is repositioned so that disc 50 settle into
      the ground a desired depth. The desired depth is normally reached by
      letting hydraulic fluid out of the cylinder, thereby shortening the
      distance between pivots 64 and 65. Once the discs have settled onto or
      into the ground, tractor 60 begins pulling, through drawbar 55, the
      planting apparatus in a forward direction. As the planter moves in a
      forward direction, disc 50 will turn in the direction of arrow 100.
      Movement of disc 50 will turn in the direction of arrow 100. Movement of
      disc 50 in the direction of arrow 100 will cause shaft 39 and shaft 41 to
      rotate in the same direction. Chain 37 will turn, causing sprocket 36 to
      likewise turn in the direction of arrow 101. Chain 35 will rotate, causing
      sprocket 29 and distributor shaft 33 to rotate in the same direction.
PAR  Referring to FIG. 3, rotation of the wheels in the direction of arrow 100
      will cause a movement of eccentric 83 and rod 84 to ratchet 26. Ratchet
      26, as previously explained, is coupled through chain drive 24 to shaft
      20, which causes the chain conveyor 14 to move in a direction toward the
      opening, generally referred to by No. 103. Bermuda sprigs or other types
      of material 18 will then be conveyed toward opening 103, be torn apart, or
      separated, and distributed by distributor radial projections 34 and by
      distributor radial projection 31, each of which tends to as previously
      mentioned to break up the sprigs or other material and distribute it
      throughout the opening 103. The material being thus distributed will fall
      in the direction of arrow 104 to the ground 105. Once on the ground, the
      rolls 50 will crush the bermuda sprigs 18 into the ground, as illustrated
      in FIG. 4.
PAR  A predetermined amount of material can be planted as follows: Eccentric
      gear 83 through an adjustment 106 can control the amount of eccentricity
      and thus movement of rod 84. The amount of eccentricity set by eccentric
      83 will cause rod 84 to move ratchet 26 to engage either 1, 2, 3, 4, or 5
      notches on ratchet gear 26. The setting will then give 5 different
      settings of bushels to the acre. For example, from 20 to 100 bushels to
      the acre can be dropped on the ground in accordance with the previously
      described setting adjustments. In the preferred embodiment, the ratchet
      assembly 26 has a 16-toothed sprocket 23 welded to the inside making it a
      transmission device to reduce the speed of the conveyor drag chain. Drag
      chains 15 moves material 18 forward to the opening. A 60-tooth sprocket 21
      is mounted on the front conveyer drive shaft 20 which is, of course,
      driven by the 16-tooth sprocket through chain 24. Distributor shaft 30 is
      driven by a 54-tooth gear 22 in the direction of arrow 110 which meshes
      with 30-tooth gear 32. Distributor shaft 30 in this way insures even
      feeding to the main distributor or planting cylinder 33. Because of the
      gear ratios, main distributor 30 drives at a rate 50 percent faster than
      the linear speed of the conveyor, thereby preventing overload of grass or
      sprigs from the conveyor to the outlet 103. The distributor shaft or
      cylinder 33 is driven by the movement of the disc 50, causing rotation of
      shaft 39, and thus rotation of sprocket 38. When sprocket 38 turns, chain
      37 moves, causing sprocket 36 to rotate in the direction of arrow 101.
      This movement causes chain 35 to turn, causing rotation of sprocket 29
      which is coupled to shaft  3.
PAR  When no gauge wheels as shown in FIG. 2 are utilized, the disc 50 vary from
      20 inches in diameter to 29 inches in diameter. The disc will also vary in
      thickness from 1/2 inch to 3/8 inch for loose soils and are 3/16 inch for
      hard ground. When gauge wheels are used, as illustrated in FIG. 2, the
      depths that disc 50 penetrate are determined by the placement of gauge
      wheels 68. These wheels may be fixed or they may be made adjustable.
PAR  It is also understood that the driving system may be incorporated either
      through the disc, as is illustrated, or through the gauge wheels 68 or
      gear wheels 13. Since there is not an excessive amount of weight on gear
      wheels 13, it is more difficult to drive the necessary conveyors and
      distributor cylinders under these conditions. When gauge wheels are used,
      smaller disc may also be used, since the drive can be coupled through the
      front gauge wheels 68 rather than through disc 50. When smaller discs are
      used, they may usually vary in the preferred embodiment from 12 inches to
      18 inches in diameter.
PAC  Conclusions
PAR  A unique sprig planting machine has been disclosed. In the preferred
      embodiment, the disc 50 have been illustrated as being welded to shaft 39.
      It is also obvious that where the power is not obtained through driving of
      the discs that the discs may be journaled on shaft 39 rather than welded
      to shaft 39; thus, the discs may be free to rotate about shaft 39. Several
      methods have also been illustrated to determine the exact depths that the
      machine will plant sprigs. It is obvious, of course, that other methods of
      setting the depth can be used and are still well within teachings of this
      invention. Other changes and modifications can be made in the particular
      embodiment disclosed and still be well within the scope of the invention
      as described in the specification and the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a device for planting sprigs into the surface of the earth said
      device having a frame having a forward and a rear end, a sprig storage bin
      mounted on top of said frame, a sprig outlet, a conveyer means for moving
      material in said sprig storage bin to and through said outlet and onto the
      surface of said ground, and means at said outlet for separating and
      distributing said sprigs along said outlet, an improved device comprising:
PA1  a. a shaft means mounted under said frame behind said outlet;
PA1  b. a plurality of disc sprig planting means axially mounted to and spaced
      along said shaft means by a distance substantially equal to the width of
      said outlet to roll said sprigs into said ground;
PA1  c. wheel support means mounted behind said shaft and journaled to the rear
      end of said frame;
PA1  d. draw bar means attached to the forward end of said frame; and
PA1  e. means on said device for controlling penetration of said disc sprig
      planting means into said surface of the earth.
NUM  2.
PAR  2. A device as described in claim 1 wherein said shaft means comprises a
      first and second shaft, parallelly spaced and journaled to said frame and
      wherein said disc means comprises a plurality of discs mounted to said
      first and second shafts, and wherein said discs are spaced on said first
      and second shafts to intermesh with one another.
NUM  3.
PAR  3. A device as claimed in claim 2 wherein said disc means are rigidly
      attached to said shaft means.
NUM  4.
PAR  4. A device as described in claim 2 wherein said disc means is rotatably
      attached to said shaft means.
NUM  5.
PAR  5. A device as described in claim 3 wherein each of said discs on said
      first and second shafts is spaced approximately 4 inches apart.
NUM  6.
PAR  6. A device as described in claim 4 wherein each of said discs on said
      first and second shafts is spaced approximately 4 inches apart.
NUM  7.
PAR  7. A device as described in claim 1 wherein said means for controlling the
      penetration of said disc means into the surface of the earth comprises a
      tractor, means for attaching said tractor to said draw bar means, and a
      hydraulic piston mounted between draw bar means and said frame wherein
      said draw bar means is pivotally attached to said frame.
NUM  8.
PAR  8. A device as described in claim 1 wherein said means for controlling the
      penetration of said disc means into the surface of the earth comprises
      gage wheel means journaled to the forward end of said frame and in front
      of said disc means whereby the plane defined by said wheel means and said
      gage wheel means and the mounting location of said shaft means will
      determine the penetration of said disc means into the surface of said
      earth.
NUM  9.
PAR  9. A device for planting sprigs in the surface of the earth comprising:
PA1  a. a frame having sides, front and back;
PA1  b. wheel means journaled under the back portion of said frame means;
PA1  c. sprig storage means mounted on top of said frame;
PA1  d. outlet means formed through said frame and at the front of said frame;
PA1  e. conveyor means for moving said sprigs from said storage means to said
      outlet;
PA1  f. distributor means mounted across said outlet and to said storage means
      for separating and distributing said sprigs;
PA1  g. shaft means journaled to each side of and under said frame;
PA1  h. disc means axially attached to said shaft means and spaced along said
      shaft means by a distance substantially equal to the width of said
      opening; and
PA1  i. means on said device for controlling the penetration of said disc means
      into the surface of the earth.
NUM  10.
PAR  10. A device as described in claim 9 wherein said shaft means includes
      first and second shafts, and wherein said disc means is secured to said
      first and second shafts parallelly spaced by a distance slightly greater
      than the radius of said discs and wherein said discs are spaced on said
      first shaft with respect to said second shaft to intermesh.
NUM  11.
PAR  11. A device as described in claim 10 wherein said discs are spaced at
      least four inches apart on each shaft.
NUM  12.
PAR  12. A device as described in claim 11 wherein said discs vary in diameter
      from 18 inches to 29 inches.
NUM  13.
PAR  13. A device as described in claim 10 wherein said means for controlling
      the penetration of said discs into said earth comprises a draw bar
      pivotally attached to the front of said frame and a hydraulic cylinder
      means attached from said frame to a point intermediate said pivot
      attachment and the end of said draw bar.
NUM  14.
PAR  14. A device as described in claim 13 wherein said discs have a diameter
      from 18 inches to 29 inches.
NUM  15.
PAR  15. A device as described in claim 10 wherein said means for controlling
      the penetration of said discs into said earth comprises a pair of gage
      wheels journaled to the front of said frame.
NUM  16.
PAR  16. A device as described in claim 15 wherein said discs have a diameter
      from 12 inches to 18 inches.
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ABST
PAL  A self-planter having a frame capable of being moved along the ground. A
      projector is mounted on the frame for forcing plants into ground being
      traversed by the frame. Plants are fed into a barrel of the projector by a
      carrying chain that passes through a slot in the bottom of a hopper
      mounted on the frame for holding a supply of plants to be planted. A catch
      is provided on the carrying chain for engaging a plant in the hopper and
      transferring the plant to the projector. The projector advantageously
      employs a reciprocating piston actuated by rotation of wheels movably
      supporting the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a machine for planting young plants,
      and particularly to a self-planter specifically designed for plating young
      trees such as pines, cedars, and the like.
PAR  2. Description of the Prior Art
PAR  In most areas where young pines, and the like, are planted, the country is
      wild, thick and rough. Some areas are cultivated lightly with very heavy
      tractors, and other areas are not. Because of the ruggedness of the
      ground, a special kind of machine is essential to achieve mechanized
      planting. Due to the lack of such machines, pine planters are confronted
      with dangerous, strenuous, and unpleasant work, and expose themselves to
      the possibility of being killed or injured because of setting on the back
      of a hand planter when same is struck by a root, or because of being
      bitten by a poisonous snake, or because of being knocked off a vehicle
      when same is passing over rough ground.
PAR  U.S. Pat. Nos. 510,925, issued Dec. 19, 1893 to C. O. Moore, 2,473,261,
      issued June 14, 1949, to G. P. Ruhl, and 2,890,665, issued June 16, 1959,
      to L. S. C. Kang, disclose examples of prior art plant setting machines.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a planting machine that
      eliminates the dangerous, strenuous, and unpleasant work that pine
      planters are confronted with.
PAR  It is another object of the present invention to provide a planting machine
      that will reduce high labor costs and eliminate injuries to pine planters.
PAR  It is yet another object of the present invention to provide a
      self-planting machine capable of planting small plants such as pine trees,
      and the like, in rough terrain by being towed behind a tractor, and the
      like.
PAR  These and other objects are achieved according to the present invention by
      providing a planting device having: a frame capable of being moved along
      the ground; and a projector mounted on the frame for sequentially forcing
      plants into the ground being traversed.
PAR  A preferred projector according to the present invention advantageously
      includes a cylinder having a pair of open ends, a piston slidably disposed
      in the cylinder, a rod connected to the piston and arranged extending out
      one of the ends of the cylinder, with the other of the ends of the
      cylinder being restricted to form a nozzle, and an opening provided in the
      cylinder for permitting a plant to pass into the cylinder between an
      extreme position of the piston and the other of the ends.
PAR  A hopper is advantageously mounted on the frame and arranged for holding a
      supply of plants to be planted. A feeding arrangement is mounted on the
      frame as well for transferring plants from the hopper to the projector.
      This feeding arrangement advantageously includes an endless carrying chain
      arranged extending between the hopper and the cylinder. A catch mounted on
      the chain for movement therewith engages a plant as the catch cyclically
      passes through a slot in the bottom of the hopper and removes the plant
      from the hopper to the cylinder. A plant chute may be arranged along the
      transferring portion or run of the chain for guiding a plant from the
      hopper slot to the cylinder opening.
PAR  Wheels are advantageously provided on the frame for movably supporting same
      over the ground, and the piston rod which forms part of the projector is
      actuated together with the carrying chain by an arrangement which operably
      connects these elements to at least some of the wheels for being imparted
      motion by the wheels as the frame moves along the ground.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a self-planter according to the
      present invention.
PAR  FIG. 2 is a fragmentary, sectional view taken generally along the line 2--2
      of FIG. 1.
PAR  FIG. 3 is a fragmentary, sectional view taken generally along the line 3--3
      of FIG. 2.
PAR  FIG. 4 is a fragmentary, sectional view taken generally along the line 4--4
      of FIG. 3.
PAR  FIG. 5 is a fragmentary, rear elevational view, with the ground shown in
      section, showing the self-planter of FIGS. 1 through 4.
PAR  FIG. 6 is a fragmentary, sectional view taken generally along the line 6--6
      of FIG. 2.
PAR  FIG. 7 is a fragmentary, sectional view taken generally along the line 7--7
      of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIGS. 1 through 3 of the drawings, a
      self-planter 10 according to the present invention has a longitudinally
      extending rail-like frame 12 capable of being moved along ground or other
      supporting surface S. A projector 14 is mounted on frame 12 sequentially
      forcing plants (not shown) into the ground.
PAR  As perhaps can best be seen from FIG. 4 of the drawings, projector 14
      includes a cylinder 16 having a pair of open ends. A piston 18 is slidably
      disposed in cylinder 16, with a piston rod 20 being connected to piston 18
      and arranged extending out end 22 of cylinder 16. The other of the ends of
      cylinder 16, that designated 24, is advantageously restricted to form a
      nozzle. An opening 26 is advantageously provided in the cylindrical wall
      forming cylinder 16 for permitting a plant 27 to pass into cylinder 16 at
      a time when piston 18 is in its uppermost position so that the plant will
      be disposed between the extreme upper position of the piston and end 24.
      An actuator arrangement 28, to be described in detail below, is connected
      to rod 20 for sliding same, and piston 18, along the longitudinal extent
      of cylinder 16.
PAR  Referring now to FIG. 5 of the drawings in addition to FIGS. 1 to 3, a
      substantially V-shaped hopper 30 is mounted on frame 12 and is arranged
      for holding a supply of plants to be fed to projector 14. A feed
      arrangement 32, which like arrangement 28 will be described in detail
      below, is mounted on frame 12 for individually and sequentially
      transferring the plants from hopper 30 to projector 14.
PAR  As mentioned above, hopper 30 is substantially V-shaped, and is provided
      with a bottom portion 34 having a bottomly disposed slot 36 extending
      along a portion of the apex 38 of the V formed by the hopper. Feed
      arrangement 32 includes an endless carrying chain 40 arranged extending
      between hopper 30 and cylinder 16. At least one, and advantageously a
      plurality of catches 42 are mounted on chain 40 for movement therewith.
      Chain 40 is arranged passing into hopper 30 through slot 36 so as to
      cyclically pass catches 42 into bottom portion 34 of the hopper and engage
      a plant therein for removing the plant to cylinder 16. A generally
      U-shaped plant chute 44 may be arranged along a portion of the plant
      carrying run of chain 40 for assisting in guiding a plant from hopper slot
      36 to cylinder opening 26.
PAR  Wheels 46 and 48 are advantageously provided on frame 12 for movably
      supporting the frame on surface S. Actuator arrangement 28 and the drive
      sprocket 49 of carrying chain 40 are both operably connected to the rear
      wheels 48 for being imparted motion thereby as frame 12 moves along the
      ground. Referring to FIG. 6 of the drawings together with FIGS. 1 through
      3, arrangement 28 includes a crank 50 mounted on the rotatable shaft of
      sprocket 49 for rotation with the sprocket. A link 52 is pivotally
      connected to crank 50 and to piston rod 20 for receiving reciprocating
      motion from crank 50 and imparting same to the piston rod. As perhaps can
      best be seen from FIG. 2 of the drawings, an arm 53 is mounted on the
      upper end of rod 20 to form a keyshaped member. A conventional coiled
      spring, and the like, designated 54, is arranged connected to and
      extending between rod 20 and frame 12, specifically chute 44, for
      providing piston 18 with a quick stroke toward end 24 in order to
      facilitate discharge of a plant.
PAR  By referring to FIGS. 2, 6, and 7 of the drawings, it can be seen that
      motion is transferred to crank 50 by a pair of perpendicularly arranged
      gears 56 and 58. Gear 56 is rotated by a drive shaft 60 itself connected
      to, and rotated by, a gear 62. Gear 62 in turn meshes with gears 64
      provided on the inner hub portions of the rear wheels 48. Thus, as can be
      readily appreciated from the drawings, rotation of wheels 48 as planter 10
      moves over surface S will rotate gears 64, gear 62, shaft 60, gears 56 and
      58, crank 50, link 52, and rod 20.
PAR  A tension cord 66 is attached to the crossbar formed by arm 53 and to link
      52 by a guide member 68. When piston 18 is lifted by action of guide 68 on
      arm 53, which action effects the connection of link 52 to arm 53, to its
      extreme uppermost position, shown by full lines in FIG. 4, then tension
      cord 66 is placed in the position seen in FIG. 4. Simultaneously, a
      trigger 70, formed by a wedge-shaped recess provided in rod 20, takes the
      position shown in FIG. 4 wherein the wedge engages with the lip
      surrounding the hole in end 22 of the cylinder 16. As link 52 retracts due
      to continued rotation of crank 50, piston 18 is left in its illustrated
      full line lifted position due to the action of trigger 70. Since tension
      cord 66 is attached to guide 68 and arm 53, trigger 70 will be released
      when guide 68 reaches a predetermined distance from, or with respect to,
      end 22 of cylinder 16. To amplify operation of the trigger mechanism, it
      will be appreciated that when, for example, guide 68 reaches its broken
      line position in FIG. 4, tension cord 66 will be in its broken line
      position and, thus, taut. Continued downward movement of guide 68 will
      force trigger 70 to release from end 22 and permit downward movement of
      piston 18 under the influence of spring 54. In this manner, a plant 27
      positioned in cylinder 16 beneath piston 18 will be driven through end 24
      and into the ground forming surface S.
PAR  As can best be seen from FIG. 5 of the drawings, bottom portion 34 of
      hopper 30 is advantageously formed by two pieces of metal 72 and 74
      clamped onto hopper 30 in a conventional manner so as to permit up and
      down adjustment of these pieces of metal. This adjustment of pieces 72
      permits slot 30 to be adjusted between a predetermined fully opened
      position and a closed position. Thus, slot 36 can be adjusted for
      optimumly accommodating any size plant, and assures that a particular
      plant placed in hopper 30 will fall one at a time into slot 36.
PAR  For rugged and/or rooty ground, a cutting plow 76 is advantageously
      arranged at the bottom of cylinder 16 between wheels 46. Plow 76 is
      capable of cutting through roots and opening a furrow at the same time.
      After a plant is kicked out of cylinder 16 by the action of piston 18
      moving downwardly in the cylinder, the plant falls into a plowed row, that
      may be formed by plow 76, which row is then packed by the two angled
      wheels 46. These wheels 46 cause the plant to sit upright, with the dirt
      being pulled tightly to the roots of the plant by the action of the
      wheels.
PAR  Planter 10 is designed to be pulled behind a tractor (not shown) and the
      like, which advantageously operates on the hydraulic system, which is the
      same mode of operation as that of a conventional sealed plow. When planter
      10 is connected to the tractor as by hitch 78, the large rear wheels 48
      turn causing the machine to perform its operation. First, the plants are
      loaded into hopper 30, with the hopper being the transit container for the
      plants. Then, one plant at a time drops into slot 36, with the slot acting
      as a plant divider for hopper 30. Then the divided or separated plant is
      received by a catch 42 traveling through slot 36. This catch 42 is
      advantageously a fork like device attached to chain 40 which is being
      rotated by the turning of wheels 48. Chain 40 and its associated catch or
      catches 42 act as the distributor for the machine.
PAR  Third, chain 40 and catch 42 deliver the plant into cylinder 16. The
      cylinder now becomes a temporary storage area for the plant. The
      restriction in end 24 forms a funnel-shaped device which may hold the
      plant deposited in cylinder 16. Next, the plant is kicked out of cylinder
      16 by the force from the downward movement of piston 18. The piston
      permitted to move downwardly in the manner described above, and the
      various elements are so arranged as to time the release of piston 18 so as
      to permit the projector 14 to act as a spotter for the machine.
PAR  Slot 36 is a very advantageous feature of the present invention, in that it
      can be considered as the filter of the machine. In general, the object of
      the V-shaped hopper is to maintain a constant flow of plants and to make
      sure that the plants are directed into slot 36. The plants drop one plant
      at a time into slot 36, which slot makes it possible for only one plant to
      be picked up by a catch 42 at a time. Once a plant is deposited in
      cylinder 16, the funnel-shaped device formed in end 24 functions as an
      orientating control arrangement for the plant. Further, this device
      directs the plant into the furrow.
PAR  As can be readily appreciated from the above description and the
      accompanying drawings, a self-planter according to the present invention
      greatly facilitates and simplifies the planting of young trees, such as
      pines, cedars, and the like.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A self-planter, comprising, in combination:
PA1  a. a frame capable of being moved along a supporting surface;
PA1  b. planting elements mounted on the frame, the elements including a furrow
      opener, setter, and packing wheels; and
PA1  c. projector means mounted on the frame for sequentially forcing plants
      into the ground, the projector means including a cylinder having a pair of
      open ends, a piston slidably disposed in the cylinder, a rod connected to
      the piston and arranged extending out one of the ends of the cylinder, the
      other of the ends of the cylinder being restricted to form a plant holding
      device, an opening provided in the cylinder for permitting a plant to pass
      into the cylinder between an extreme position of the piston and the other
      of the ends, and actuator means mounted on the frame and connected to to
      the rod for sliding the piston in the cylinder.
NUM  2.
PAR  2. A structure as defined in claim 1, wherein the plant holding device is
      funnel-shaped and further including a hopper mounted on the frame and
      arranged for holding a supply of plants, and feed means mounted on the
      frame for individually and sequentially transferring plants from the
      hopper to the projector means.
NUM  3.
PAR  3. A structure as defined in claim 2, wherein the hopper is substantially
      V-shaped, and is provided with a bottomly disposed slot extending along a
      portion of the apex of the V for separating plants in the hopper and
      passing the plants one at a time to the feed means.
NUM  4.
PAR  4. A structure as defined in claim 3, wherein the feed means includes an
      endless carrying chain arranged extending between the hopper and the
      cylinder, a catch mounted on the chain for movement therewith, the chain
      arranged for passing the catch cyclically into the slot and permitting the
      catch to engage a single plant therein for removing the plant to the
      cylinder, and a plant chute arranged along a portion of the chain for
      guiding a plant from the hopper slot to the cylinder opening.
NUM  5.
PAR  5. A structure as defined in claim 4, wherein wheels are provided on the
      frame, and the piston rod actuating means and the carrying chain are both
      operably connected to the wheels for being imparted motion thereby as the
      frame moves along the ground.
NUM  6.
PAR  6. A structure as defined in claim 5, wherein the actuating means includes
      a rotatably mounted crank, a link pivotally connected to the crank for
      reciprocating movement thereby and selectively connectible to the piston
      rod for moving same toward the one of the ends, and a spring arranged
      connected between the piston rod and the frame for providing the piston
      with a quick stroke toward the other of the ends.
NUM  7.
PAR  7. A structure as defined in claim 6, wherein the actuating means further
      includes a trigger mechanism associated with the piston rod and the
      cylinder for retaining the piston rod in a predetermined position with
      respect to the cylinder, and a cord attached to the piston rod and to the
      link for releasing the trigger mechanism when the link is in a
      predetermined position relative to the piston rod.
NUM  8.
PAR  8. A structure as defined in claim 4, wherein wheels are provided on the
      frame, and the piston rod actuating means and the carrying chain are both
      operably connected to the wheels for being imparted motion thereby as the
      frame moves along the ground.
NUM  9.
PAR  9. A structure as defined in claim 8, wherein the actuating means includes
      a rotatably mounted crank, a link pivotally connected to the crank for
      reciprocating movement thereby and selectively connectible to the piston
      rod for moving same toward the one of the ends, and a spring arranged
      connected between the piston rod and the frame for providing the piston
      with a quick stroke toward the other of the ends.
NUM  10.
PAR  10. A structure as defined in claim 9, wherein the actuating means further
      includes a trigger mechanism associated with the piston rod and the
      cylinder for retaining the piston rod in a predetermined position with
      respect to the cylinder, and a cord attached to the piston rod and to the
      link for releasing the trigger mechanism when the link is in a
      predetermined position relative to the piston rod.
PATN
WKU  039397874
SRC  5
APN  4987101
APT  1
ART  321
APD  19740819
TTL  Convenience closure with safe edges
ISD  19760224
NCL  1
ECL  1
EXP  Keenan; Michael J.
NDR  4
NFG  9
INVT
NAM  Morrison; John
CTY  Toledo
STA  OH
INVT
NAM  Elser; William F.
CTY  Toledo
STA  OH
ASSG
NAM  Owens-Illinois, Inc.
CTY  Toledo
STA  OH
COD  02
CLAS
OCL  113121C
XCL  113 15A
EDF  2
ICL  B21D 5126
FSC  113
FSS  15 A;121 C
FSC   29
FSS  522
FSC  220
FSS  67;269;270;272;273
UREF
PNO  2027137
ISD  19360100
NAM  Yeomans
OCL  113121C
UREF
PNO  3370743
ISD  19680200
NAM  Terriza
OCL  220267
UREF
PNO  3434623
ISD  19690300
NAM  Cookson
OCL  220270
UREF
PNO  3630408
ISD  19711200
NAM  Elser
OCL  220273
UREF
PNO  3705563
ISD  19721200
NAM  Elser
OCL  113121C
UREF
PNO  3765352
ISD  19731000
NAM  Schubert et al.
OCL  113121C
UREF
PNO  3825149
ISD  19740700
NAM  Brown et al.
OCL  220 54
UREF
PNO  3848557
ISD  19741100
NAM  Holk, Jr.
OCL  113121C
UREF
PNO  3853080
ISD  19741200
NAM  Zundel
OCL  113121C
LREP
FR2  McLary; Steve M.
FR2  Holler; Edward J.
ABST
PAL  A convenience closure having a removable central panel. A convenience
      closure is attached to a can end to seal the can. The closure includes a
      removable central panel; a panel fold with an endless severing line formed
      in its upper surface; a chuck wall fold which has a nose portion that
      extends radially inwardly farther than the severing line and overlies the
      severing line; and a pull tab, attached to the central panel, which has a
      nose portion that extends to the severing line. The panel fold includes a
      nose portion that extends to a position adjacent to and under the severing
      line. To remove the central panel, the pull tab nose is depressed to break
      the severing line. Then, the pull tab is moved upwardly to complete the
      breaking of the severing line and remove the central panel. Breaking the
      severing line forms two sharp raw edges; one lies under the nose of the
      chuck wall fold and is thus protected. The other raw edge is formed
      adjacent the nose of the panel wall fold. This edge is burnished and
      rolled into the panel wall fold nose by interference with the nose of the
      chuck wall fold during removal of the central panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to convenience closures. More
      specifically, this invention relates to such closures having removable
      central panel portions. Most particularly, this invention relates to such
      closures wherein the raw edge formed in the portion of the closure which
      is not removed is protected by the nose of a fold in the closure and the
      raw edge formed on the removable central panel is burnished and rolled
      during removal to thus render it harmless.
PAR  The use of convenience closures with removable central panels is quite
      common. A problem with such closures is the sharp edges formed when the
      central panel is removed. The central panel itself presents a sharp raw
      edge and a second edge is also left on the portion of the closure which
      remains on the container. Examples of prior art attempts to solve this raw
      edge problem may be seen in U.S. Pat. Nos. 3,696,961; 3,705,563; and
      3,819,083. However, none of these closures have been completely successful
      in rendering both raw edges harmless. We have found that the edge left on
      the portion of the closure remaining on the container may be protected by
      an extending nose portion of a fold. Then, the edge formed on the
      removable central panel can be burnished and rolled to thus render it
      harmless by forcing it into interference with the nose portion remaining
      on the container as the central panel is removed.
PAC  SUMMARY OF THE INVENTION
PAR  Our invention is a convenience closure for a container. The closure
      includes a removable central panel; a panel fold with an endless severing
      line formed in the upper surface thereof, the panel fold including a nose
      portion which extends to a position adjacent and under the severing line;
      a chuck wall fold with a nose portion which extends radially inwardly
      farther than the severing line and overlies the severing line; and a pull
      tab attached to the central panel, the pull tab including a nose portion
      which extends to the severing line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-6 are fragmentary elevational sectional views showing successive
      steps in a method of forming the convenience closure of the present
      invention;
PAR  FIG. 7 is a fragmentary elevational sectional view of the convenience
      closure of the present invention in place on a container;
PAR  FIG. 8 is a view similar to FIG. 7 showing depression of the pull tab to
      initially break the severing line; and
PAR  FIG. 9 is a view similar to FIGS. 7 and 8 showing the interference of the
      raw edge of the central panel with the nose of the chuck wall fold during
      removal of the central panel.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 6 illustrate the progressive stages in the formation of the
      convenience closure of the present invention from a blank. These steps are
      carried out in a conventional, progressive die-forming machine, and the
      application and use of such a machine should be quite clear to those
      skilled in the art of forming such closures. Therefore, the details of the
      dies themselves and the transfer mechanisms involved are omitted, since
      the major focus of interest is that of the closure itself rather than the
      precise configurations of the dies used. The convenience closure of the
      present invention is preferably made from a relatively thin aluminum sheet
      material. This material may be in the range of from 0.008 to 0.015 inch in
      thickness. In the first stage of the closure formation illustrated in FIG.
      1, a blank A has a seaming panel 10 formed from the peripheral edges of
      the blank. The seaming panel 10 is later used to double seam this
      convenience closure onto the end of a conventional can. Attached to the
      seaming panel 10 is a perimetrical upstanding wall portion of the closure,
      which is known in the art as a chuck wall 12. In the initial forming steps
      shown in FIG. 1, two ledges 14 and 15 are formed. Also formed in this
      initial step is a bubble portion 16, which will eventually be formed into
      a rivet for attaching a pull tab to this closure. The bubble 16 is formed
      from a portion of a central panel 18 of the blank A. An upstanding wall
      portion 20 connects the ledge 14 to the ledge 15. A similar wall portion
      22 is connected to the lower ledge 15 and to the central panel 18.
PAR  In the second stage of the forming operation shown in FIG. 2, the outer
      margin of the central panel 18 has been bent upon itself to form a loose
      loop 26, and the bubble 16 has been further shaped. Note that the loop 26,
      speaking with respect to the vertical center line of the entire closure
      blank A, has an inner portion 27 and an outer portion 28.
PAR  In FIG. 3, a scoring die 30 scores the blank A along an endless circular
      line 42 on the lower ledge 15. Also note that in FIG. 3, simultaneously
      with the scoring of the ledge 15, the upper ledge 14 and the upstanding
      wall portion 20 are bent to form a relatively loose loop 32.
PAR  In FIG. 4, the loop 26 has been bent upwardly so that the outer portion 28
      of the loop 26 is lying in abutting relationship with the lower ledge 15.
      Similarly, the inner portion 27 of the loop 26 has been bent upwardly so
      that it is in abutting relationship with the outer portion 28 of the loop
      26. Thus, at this point, there are three layers of material defining a
      panel fold 33 which has a projecting outer nose portion 34.
PAR  In FIG. 5, a pull tab 36 has been inserted over the completely formed
      bubble 16, and the bubble 16 has been compressed to form a rivet 38, which
      holds the pull tab 36 in place. The pull tab 36 includes a nose portion
      40, which is preferably positioned such that its outermost edge lies
      approximately over the center line of the score line or severing line 42,
      which was placed in the lower ledge 15 by the scoring die 30.
PAR  FIG. 6 shows the final operation to complete the convenience closure of the
      present invention. In this step, the loose loop 32 is folded inwardly,
      overlying completely the score line 42. It is to be noted that the loose
      loop 32 remains in a generally loose configuration, and the layers are not
      compressed together, as was the case with the loop 26. An end, or nose
      portion, 44 is positioned so that it is inward of the score line 42 and
      very close to the nose portion 40 of the pull tab 36. The loop 32 so
      folded constitutes a chuck wall fold 45.
PAR  FIGS. 7, 8 and 9 illustrate the removal of the central panel 18 of the
      convenience closure of the present invention from the end of a container
      to which it is fixed. In FIG. 7, the convenience closure of the present
      invention, now designated as 46, is seen as being double seamed, as
      generally illustrated at 48, to one end of a container 50, such as a can.
      In FIG. 7, the configuration of the closure 46 is essentially the same as
      that shown in FIG. 6. The nose portion 40 of the pull tab 36 is partially
      overlying the score line 42, and the score line 42 is under the nose
      portion 44 of the chuck wall fold 45. To state this another way, the
      diameter of the score line 42 is greater than the diameter defined by the
      nose portion 44. In FIG. 8, the nose portion 40 of the pull tab 36 has
      been depressed downwardly to break the score line 42. This is conventional
      practice in the art of convenience closure ends. The breaking of the score
      line 42 then allows the entire central panel portion 18 to be removed from
      the end of the container 50, thus allowing access to the interior of the
      container 50. Note that in breaking the score line 42, two raw edges,
      designated as 52 and 54, are formed. The raw edge 52 is protected from
      contact with a person's hands by the nose portion 44 of the chuck wall
      fold 45. By lying under the nose portion 44, it is impossible for a person
      to reach the raw edge 52 and thus be cut by it.
PAR  In theory, and according to the teaching of some of the prior art, the raw
      edge 54 should be recessed back far enough to be protected by the nose
      portion 34 of the panel fold 33. However, it is easy to see that the raw
      edge 54 cannot be completely protected by the nose portion 34, since the
      nose portion 34 is essentially on the same line as the score line 42.
      Thus, the raw edge 54 projects slightly beyond the end of the nose portion
      34. FIG. 9 illustrates how the raw edge 54 is successfully contained by
      the closure 46 of the present invention. As the pull tab 36 is pulled
      upwardly to remove the central panel 18, the raw edge 54 is unable to pass
      by the nose portion 44 of the chuck wall fold 45. This is because, as will
      be recalled from FIG. 6, the score line 42 was placed completely under the
      nose portion 44. Thus, if the raw edge 54 is to be removed from the
      container 50, it is necessary that there be an interference between the
      nose portion 44 and the raw edge 54. This occurs, as shown in FIG. 9, and
      causes a burnishing action on the raw edge 54. In addition to the
      burnishing action, which tends to smooth the raw edge 54, the raw edge 54
      is also rolled slightly downwardly into the nose portion 34 of the panel
      fold 33. This action provides substantial destruction of the raw edge 54
      and thus allows the central panel 18 to be completely safe with no raw
      edges exposed. It should be emphasized that this action essentially causes
      the raw edge 54 of the central panel portion 18 to disappear. It is not a
      question of attempting to protect the raw edge 54, as the raw edge 52 was
      protected, from contact with hands; rather, the interference with the nose
      portion 44 causes the raw edge 54 to be substantially eliminated. This
      presents a central panel section which, when completely removed from the
      container 50 is safe, in that it presents no raw or sharp edges which
      could cause injury.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for forming a metallic closure from a closure blank having a
      central panel and a perimetrical upstanding wall portion which comprises
      the steps of:
PA1  forming an upper and a lower ledge, connected by a wall portion, in said
      perimetrical upstanding wall portion;
PA1  bending the outer margin of said central panel to form a first loose loop;
PA1  scoring an endless severing line in said lower ledge;
PA1  bending said upper ledge and said wall portion connecting said upper and
      lower ledges to form a second loose loop;
PA1  folding said first loose loop into abutting relationship with said lower
      ledge to form a continuous three-layer panel fold having a projecting nose
      portion, said projecting nose portion being positioned below said severing
      line essentially in vertical alignment with said severing line;
PA1  fixing a pull tab to said central panel, said pull tab having a nose
      portion extending to said severing line; and
PA1  folding said second loose loop to a position overlying said severing line
      and said nose portion of said pull tab to form a continuous loose chuck
      wall fold so that said severing line lies completely under said chuck wall
      fold.
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ABST
PAL  The invention contemplates a method of making a child-resistant safety cap,
      locking ring and container-neck combination, wherein the container may be
      formed of multiple metal parts, wherein the locking ring is assembled to
      the neck, and wherein the cap has a threaded engagement to the neck, with
      releasable ratcheting one-way engagement between the cap and the ring, in
      approach to the closed relation of the parts. The particular feature of
      the invention resides in the manner in which a resilient plastic locking
      ring is assembled to the neck part of the container in axially located and
      angularly keyed relation to the neck part.
PARN
PAR  This application is a division of my co-pending application, Ser. No.
      414,448, filed Nov. 9, 1973 (now U.S. Pat. No. 3,892,326, issued July 1,
      1975).
BSUM
PAR  This invention relates to metal containers adapted to contain hazardous
      substances, and more particularly relates to the construction of such
      containers so that they may accept safety closures which render the
      container child-resistant, i.e., resistant to tampering by children.
PAR  It is an object of this invention to provide a new and improved container
      construction, with a child-resistant safety-cap feature, particularly of
      the variety having rotary engagement, as by threads.
PAR  Another object of the invention is to provide a new metal container
      construction with such a safety feature, such construction being
      economical to manufacture and readily lending itself to automatic
      production-line facilities for filling and capping the container.
PAR  A still further object is to meet the above objects with a construction of
      inherent low cost, involving minimum alteration of present constructions.
DRWD
PAR  Other objects and various further features of novelty and invention will be
      pointed out or will occur to those skilled in the art from a reading of
      the following specification in conjunction with the accompanying drawings.
      In said drawings, which show, for illustrative purposes only, preferred
      forms of the invention:
PAR  FIG. 1 is a fragmentary perspective view of a closed metal container of the
      invention, with contents sealed by a closure of the character indicated;
PAR  FIG. 2 is an exploded perspective view of the parts of FIG. 1, the cap
      being tilted up for a better showing of detail;
PAR  FIG. 3 is a side view, partly broken-away and in longitudinal section, to
      show the container-neck part of FIG. 1;
PAR  FIG. 4 is a plan view of the part of FIG. 3;
PAR  FIGS. 5 and 6 are enlarged vertical sectional views of portions of the part
      of FIGS. 3 and 4, taken respectively at sections 5--5 and 6--6 of FIG. 4;
      and
PAR  FIG. 7 is a fragmentary view, partly broken-away and in longitudinal
      section, to illustrate a modification.
DETD
PAR  Referring to FIGS. 1 to 6, the invention is shown in application to a
      multiple-part metal container having a threaded neck part 11 and
      selectively opened and closed by a cap 12 having a threaded bore 13. The
      container may be one of a variety of styles and constructions, and is
      shown as generally rectangularly prismatic, with an upper-end body part of
      panel 14 having a short cylindrical flange 15 struck up from panel 14 at
      the location of a dispensing opening therein. Cap 12 may be of any
      suitable construction, being typically an injection-molded plastic part.
PAR  The neck part 11 non-rotatably carries a locking ring 16 in the
      intermediate region 17 between the threaded region 18 and the base-end or
      container-attachment portion 19 of said ring part; as suggested by
      sectioning in FIG. 6, ring 16 is of suitable plastic, preferably
      injection-molded, and is proportioned for relatively stiffly compliant
      yieldability, for the deflections and transient deformations described
      below. The ring 16 may be of the type more fully discussed and disclosed
      in pending Landen Application, Ser. No. 351,266, filed Apr. 16, 1973, now
      U.S. Pat. No. 3,844,379. Briefly, it suffices here to indicate that such a
      ring 16 includes a cylindrical body 20 with a bore characterized as by
      spline teeth 21 for anti-rotational engagement with one or more key
      formations 22 in the neck part 11; the spacing between ribs 22 is
      preferably an integer multiple of the pitch interval of the spline teeth
      21. Peripheral-flange formations 23 terminate in substantially
      diametrically opposite axially compliant tabs 24 which extend radially
      outward for manual actuation, by downward depression to release an applied
      cap 12. Ratchet lugs 25 on the upper surface of tabs 24 have one-way
      ratcheting engagement with ratchet-tooth formations 26 in the bore 13 of
      cap 12, the relation of these formations being such as to permit escaping
      ratchet action as the cap approaches its full threaded advance on the
      threaded portion 18 of the neck part 11.
PAR  The neck and body parts 11-14 are intentionally patterned closely on
      existing practice in the metal container art. For example, the neck part
      11 may be of overall length L and diameter D corresponding to a
      conventional neck part; and the attachment region 19 may be a short
      cylindrical sleeve for telescoping fit over the body flange 15, the same
      being permanently and circumferentially continuously secured by soldering
      at the region of telescopic overlap. In accordance with the invention, the
      intermediate region 17 in neck part 11 and the bore of ring 16 are
      particularly characterized for simple and accurate assembly, at a point in
      time after the soldering operation has assembled the container parts
      11-14.
PAR  The neck part 11 is initially a straight cylindrical tube into which the
      threads 18 and lip 27 are rolled or otherwise formed. These operations may
      remain the same, in practicing the invention, in that the axial-locating
      and keying formations may be subsequent operations on otherwise
      conventionally formed neck parts; it will also be understood that all
      forming operations can be automatically performed, in a single machine and
      at the same time, if desired.
PAR  As shown, the axial-locating means comprises an upper circumferentially
      continuous bead or outward projection 28 near the lower end of threaded
      portion 18, and a lower circumferentially continuous bead or outward
      projection 29 near the upper end of attachment portion 19. The incremental
      radius or extent .DELTA.R.sub.1 of outward projection of bead 28 is less
      than that (.DELTA.R.sub.2) of bead 29, the relationship of .DELTA.R.sub.2
      to .DELTA.R.sub.1 being preferably in the order of 2:1, as shown, and the
      effective axial separation S between beads 28-29 is substantially the
      axial extent of the ring body 20. The keying formations 22 between beads
      28-29 are shown as angularly spaced, longitudinally extending, outward
      projections or ribs, the same being rounded or otherwise formed to engage
      between spline teeth 21 in the bore of ring 16; preferably, ribs 22 extend
      outwardly to substantially the same extent as the lower bead 29, as shown
      in FIG. 5.
PAR  To coact with the described neck-part formations, the spline teeth 21 are
      of radial depth substantially that of the lower bead 29, and the lower
      ends of teeth 21 are conically truncated or otherwise tapered, as shown at
      30 in FIG. 6. The extent of this taper is such as to reliably locate on
      bead 28 in the course of axial assembly, the taper 30 providing radially
      outward cam action as ring 16 is transiently and compliantly deformed in
      its progress past bead 28. Once past bead 28, the lower end of ring 16 is
      axially located by bead 29 and the upper end snaps into location beneath
      bead 28. The splines 21 engage lugs 22 in the course of such assembly, the
      location being completed upon the indicated snap-in action.
PAR  It will be seen that the described construction lends itself to low-cost
      realization of all stated objects, using to the maximum extent parts and
      techniques which are current and readily available. Ring assembly to
      preassembled container body and neck parts is a simple automated procedure
      and may if desired be performed at the same time as automated application
      of the cap 12 is made. In other words, rotation and axial advance of a
      tool which simultaneously assembles a ring 16 and its cap 12 will assure
      against fouling the keyed engagement 21-22, thereby ensuring proper ring
      location, followed by complete threaded advance of cap 12 to its
      ratchet-locked position. Also, the threaded advance of the cap 12 may be
      utilized to axially drive the ring 16 into its keyed detent-retained
      position.
PAR  FIG. 7 illustrates a modification wherein the principle of the invention is
      applied to another metal-container construction, wherein the neck part 11'
      includes threaded and intermediate regions 18'-17' as already described,
      but wherein the attachment region 19' is characterized by a frusto-conical
      outward flare to the diameter of an upwardly open cylindrical body part
      32. Container construction is completed by the usual chime connection 33
      between parts 19'-32. Since the base end 19' flares outwardly from the
      intermediate region 17', there is no need for a lower bead 29, but the
      upper bead 28' and keying ribs 22' will be understood to have the same
      relationship with splines 21 and ring 16 as already described, the lower
      limit of axial retention being determined by flared portion 19'.
PAR  It will be appreciated that the construction of FIG. 7 lends itself to
      various methods of assembly, depending upon the nature of the particular
      material contents of and filling devices for the container. For example,
      cap 12, ring 16, and the neck part 11' may be a complete preassembly, the
      same being assembled by chime connection 33 after the container-body part
      32 has been filled. Alternatively, parts 11'-32 may be preassembled at
      chime 33, so that filling is via the opening in neck 11', the ring 16 and
      cap 12 being thereafter applied. Still further, alternatively, the
      cylindrical body 32 may have an open bottom, to be later closed by a
      chimed connection to a bottom-end panel (not shown); in this event, the
      cylindrical (open-bottom) body part 32, chime-connected to neck part 11',
      and with ring 16 and cap 12 applied, may all be a subassembly adapted for
      bottom filling, the container being completed and sealed by the
      bottomchime connection to the bottom end panel.
PAR  While the invention has been described in detail for the preferred forms
      shown, it will be understood that modifications may be made without
      departure from the claimed invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making a self-locking safety closure for a metal container
      having a threaded neck to be closed by a threaded cap, which comprises
      selecting a threaded metal neck part and a container-body part to be
      assembled to each other, forming the neck part with threads at a region
      predominantly near the dispensing end and with means for attachment to the
      selected container-body part at a region near the other end, the thread
      and attachment regions being axially separated by an intermediate region,
      forming the intermediate region with first and second axially spaced
      outwardly projecting retaining beads and with an outwardly projecting key
      formation between the beads, selecting a plastic locking ring of stiffly
      yieldable material and with a splined bore sized to non-destructively
      interfere with the bead which is nearer to the threaded portion,
      assembling and securing the attachment region of the neck part to the
      container-body part, selecting a threaded cap compatible with the neck
      threads and having one-way ratchet-locking engageability with a part of
      the ring, the direction of locking being in the unthreading direction, and
      axially assembling the ring over the threaded end of said neck part and
      into keyed detent retention between the beads by using the threaded
      advance of the cap to axially drive the ring into its keyed
      detent-retained position.
NUM  2.
PAR  2. The method of claim 1, in which said container body part includes a top
      panel with a cylindrical flange struck up from an opening therein, the
      attachment means formed in the neck part being a cylindrical formation
      sized for telescopic overlap with the cylindrical flange, and in which the
      step of neck and body part assembly includes the step of circumferentially
      continuously soldering the region of telescopic overlap, the ring-assembly
      step being subsequent to assembly of the neck and body parts.
NUM  3.
PAR  3. The method of making a self-locking safety closure for a metal container
      having a threaded neck to be closed by a threaded cap, which comprises
      selecting a threaded metal neck part and a metal container-body part to be
      assembled to each other, forming the neck part with threads at a region
      predominantly near the dispensing end and with radially enlarged means for
      attachment to the selected container-body part at a region near the other
      end, the thread region and the radially enlarged means being axially
      separated by an intermediate region, forming the intermediate region with
      an outwardly projecting retaining bead adjacent the threads and with an
      outwardly projecting key formation between the bead and the radially
      enlarged means, selecting a plastic locking ring of stiffly yieldable
      material and with a splined bore sized to nondestructively interfere with
      the bead, assembling and securing the attachment region of the neck part
      to the container-body part, selecting a threaded cap compatible with the
      neck threads and having one-way ratchet-locking engageability with a part
      of the ring, the direction of locking being in the unthreading direction,
      and then axially assembling the ring over the threaded end of the neck
      part and into keyed detent retention beneath the bead by using the
      threaded advance of the cap to axially drive the ring into its keyed
      detent-retained position.
NUM  4.
PAR  4. The method of claim 3, in which the container body part is cylindrical
      with an upwardly open end, in which the radially enlarged portion of said
      neck part flares to the cylindrical diameter of the body part, and in
      which the step of neck and body part assembly includes the step of
      circumferentially continuously chime-connecting the frusto-conical base to
      the upwardly open end of the body part.
NUM  5.
PAR  5. The method of making a self-locking safety closure for a dispensing
      container having a threaded neck to be closed by a threaded cap, which
      comprises selecting a container having a body and a reduced neck part with
      threads at a region predominantly near the dispensing end and with an
      outwardly projecting retaining bead beneath the threads and axially spaced
      from the body by an intermediate region, the intermediate region having an
      outwardly projecting key formation between the bead and the body,
      selecting a stiffly yieldable plastic locking ring with a splined bore
      sized to fit between the bead and the body and to non-destructively
      interfere with the bead, selecting a threaded cap compatible with the neck
      threads and having one-way ratchet-locking engeageability with a part of
      the ring, the direction of locking being in the unthreading direction, and
      axially assembling the ring over the threaded end of the neck part and
      into keyed detent retention between the bead and the body by using the
      threaded advance of the cap to axially drive the ring into its keyed
      detent-retained position.
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ABST
PAL  An improved vessel for use in ice-covered waters has a motion inducing tank
      disposed in its hull at a location spaced from the even-keel center of
      buoyancy of the hull. Ports communicate from the lower extent of the hull
      to the exterior of the hull below the hull load waterline for flow of
      water into and out of the tank in response to pressure in the tank being
      different from ambient pressure outside the hull. The tank extends
      vertically in the hull from a lower end located below the hull load
      waterline to an upper end located above the waterline substantially as far
      as the location of the ports below the load waterline. Airflow devices are
      coupled to the upper extent of the tank and are operable alternately for
      generating superatmospheric and subatmospheric air pressure in the tank.
      The airflow devices include an air pressurizing device having a suction
      connection and a discharge connection. Ducts are provided for coupling the
      suction connection separately to the upper extent of the tank and to
      atmosphere, and also for coupling discharge connections separately to the
      upper extent of the tank and to atmosphere.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 183,466 filed Sept. 24, 1971, now U.S. Pat. No. 3,850,125.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to icebreakers. More particularly, it pertains to a
      double-acting pneumatic mechanism for shifting the center of buoyancy of a
      floating icebreaker back and forth along the length of the vessel to
      induce high amplitude, low frequency movements of the bow.
PAC  BACKGROUND OF THE INVENTION
PAR  My copending application describes an improved icebreaking vessel in which
      pitching motions are induced in the vessel at high amplitude and low
      frequency. These induced motions create considerable vertical momentum in
      the bow of the vessel. This momentum is applied to ice ahead of the vessel
      as the vessel moves along a desired path through ice-covered waters. The
      vessel breaks ice principally by reliance upon the vertical momentum of
      the bow, rather than by reliance upon the forward momentum of the vessel,
      although both forms of momentum cooperate to break ice as the vessel moves
      under power along its desired path.
PAR  The mechanism used to induce these pitching motions are pneumatic
      mechanisms in which air is applied to the upper extent of suitable
      pitching tanks to force water from the tanks through large openings
      through the hull at the lower ends of the tanks; to flood the tanks, the
      tanks are vented to atmosphere, in the usual case. This alternate flooding
      and emptying of the pitching tanks produces a fore-and-aft shift in the
      vessel center of buoyancy, relative to the fixed center of gravity of the
      vessel, to induce the desired high amplitude, low frequency pitching
      motions. Thus, the desired motions of the vessel are induced by
      manipulation of the vessel center of buoyancy relative to the stationary
      center of gravity of the vessel.
PAR  The location of a vessel's center of buoyancy is the centroid of volume of
      the water displaced by the submerged portions of the hull; the total
      volume of water displaced by the hull has a weight equal to the weight of
      the vessel and its contents. The location of the vessel center of gravity
      is defined by how steel and the like is distributed throughout the vessel
      during its construction, and how the contents of the vessel are
      distributed within the vessel. It is apparent that the location of the
      center of buoyancy is determined by the geometry, i.e., volume
      distribution, of the submerged portions of the hull. The copending
      application, therefore, describes pitching tanks which are located wholly
      below the even-keel load waterline of the vessel; that is, in the
      copending application, the pitching tanks are located essentially entirely
      in the submerged volume of the vessel because the tanks are used to
      manipulate the vessel's center of buoyancy, and buoyancy is a function of
      submerged volume. Similarly, in other buoyancy shifting systems provided
      for vessel motion stabilization and the like, such as U.S. Pat. No.
      3,689,953, the buoyancy regulation chambers are located wholly below the
      vessel's even-keel load waterline.
PAR  Where a fully submerged chamber is used to regulate the position of a
      vessel's center of buoyancy, the tank is inherently single-acting in that
      it can, by flooding or emptying thereof, operate to shift the center of
      buoyancy back and forth on one side of the normal even-keel position of
      the center. For example, a normally-empty pitching tank located forwardly
      of the vessel's normal center of buoyancy and below the even-keel load
      waterline, when alternately flooded and emptied, is effective to move the
      center of buoyancy aft of its normal position when the tank is flooded and
      to move the center to its normal (even-keel) position when the tank is
      emptied. Thus, a normally-empty bow pitching tank is operable to cause the
      bow to pitch downwardly from its usual (even-keel) position. Pitching of
      the bow upwardly from its usual position requires the use of a
      normally-empty fully submerged pitching tank near the stern of the vessel.
PAR  According to the copending application, high amplitude, low frequency
      pitching motions of the bow of the vessel are desired during icebreaking.
      The greater the amplitude of bow motion, the greater the momentum of the
      bow as it moves upwardly or downwardly through its even-keel position; the
      greater the vertical momentum of the bow, the thicker the ice which can be
      broken and, usually, the greater the amount, in area, of ice broken. The
      copending application describes vessels having double-acting bows, i.e.,
      bows which apply vertical bow momentum to break ice during both upstrokes
      and downstrokes of the bow. In view of these circumstances, the copending
      application describes vessels having both bow and stern pitching tanks
      which are operated out of phase with each other to produce both upward and
      downward excursions of the bow from its normal position, thereby producing
      high overall amplitudes of pitching motion to generate large amounts of
      vertical momentum in the bow.
PAR  Where an induced pitching icebreaker has a bow of conventional
      single-acting configuration, best performance of the vessel in ice is
      obtained where the induced motions of the bow are upwardly from the normal
      position of the bow.
PAR  Preferably the pitching tanks are of the normally-empty type. That is,
      during operation of the vessel in ice-free waters, the tanks are empty and
      their discharge ports are closed for maximum statical stability and
      maximum propulsive efficiency of the vessel.
PAR  These factors are at odds with the fact that, for greatest volumetric
      efficiency, a stern pitching tank should be located as far aft in the
      vessel as possible, and the fact that in most vessels, space, especially
      pitching tank space, is not readily available in the stern portion.
      Usually, there is considerably more space available near the bow for a
      pitching tank of given volume than near the stern.
PAR  It will be seen that a need exists, in the context of induced motion
      vessels for icebreaking and the like, for a double-acting motion inducing
      arrangement which can be located away from the stern of the vessel and
      which can be operated to produce vessel motions in both directions from
      the even-keel position of the vessel.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides simple, economic and reliable apparatus which
      satisfies the above-identified need. The present double-acting,
      pneumatically-activated motion inducing mechanism may be located in the
      forward portion of the vessel and is operable to induce motions of the bow
      both upwardly and downwardly from normal even-keel position of the bow.
      The present mechanism requires less energy to operate it than is required
      to operate single-acting bow and stern motion inducing tanks of equivalent
      volume.
PAR  Generally speaking, this invention provides an improved vessel in use in
      ice covered waters. The vessel includes a hull. A motion inducing tank is
      disposed in the hull at a location spaced from its even-keel center of
      buoyancy. Port means communicate from the lower extent of the tank to the
      exterior of the hull below the load waterline, for flow of water into and
      out of the tank in response to the pressure in the tank being different
      from ambient pressure outside the hull. The tank extends vertically in the
      hull from a lower end located below the hull load waterline to an upper
      end which is located above the load waterline substantially as far as the
      location of the port means below the load waterline. Airflow means are
      coupled to the upper extent of the tank and are operable alternately for
      generating super-atmospheric and subatmospheric air pressure in the tank.
      The airflow means include an air pressurizing device which has a suction
      connection and a discharge connection. Duct means couple the suction
      connection separately to the upper extent of the tank and to atmosphere
      and couple the discharge connection separately to the upper extent of the
      tank and to atmosphere.
PAR  The present invention, which pertains to a buoyancy shifting motion
      inducing mechanism, is to be distinguished from the technology pertaining
      to mass-transfer motion inhibiting systems for floating vessels, such as
      are used to stabilize a vessel from wave-induced pitching and rolling
      motions. Some prior patents pertaining to mass-transfer motion
      stabilization systems, such as U.S. Pat. No. 2,066,150, are only
      superficially relevant in terms of structure and procedure to the subject
      matter of the present invention. Structural arrangements and mechanisms
      for mass-transfer motion stabilization systems require that the vessel be
      subjected to some motion from an external source in order that they may be
      operative to stabilize such motions. When a vessel operates in waters
      covered by an ice sheet, the ice itself prevents the presence of waves,
      such that mass-transfer motion stabilization systems dependent upon
      wave-induced vessel motion will not function.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other features of this invention are more fully set
      forth in the following detailed description of the presently preferred
      embodiment of this invention, which description is presented with
      reference to the accompanying drawings, wherein:
PAR  FIG. 1 is an elevation view of an icebreaking drillship equipped with a
      double-acting buoyancy transferring mechanism;
PAR  FIG. 2 is an enlarged cross-sectional elevation view of the double-acting
      motion inducing mechanism;
PAR  FIG. 3 is an enlarged plan view taken along line 3--3 in FIG. 1; and
PAR  FIG. 4 is a graphical representation in which the air pressure and water
      height in the double-acting motion inducing tank are plotted against time
      to illustrate certain features of this invention.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  The present invention is described in the context of a self-pitching, i.e.,
      induced pitching, icebreaking drillship 10, as shown in FIG. 1. An
      icebreaking drillship constitutes the presently preferred environment of
      this invention, but it will be appreciated that the double-acting
      pneumatically operated motion inducing mechanism described herein may be
      used in other types of vessels intended for use in ice covered waters,
      such as icebreakers per se, tankers, freighters, and work boats used for
      logistical support of drillships and the like.
PAR  Drillship 10 has a positively buoyant hull 11 which is shown floating in
      its icebreaking even-keel position at load waterline 9. The hull has an
      icebreaking bow portion 12 and a stern portion 13. The hull also defines a
      centerwell 14 through the hull from main deck 15 to keel 16 at about
      amidships. The centerwell preferably is centered on the longitudinal
      center plane 22 (see FIG. 3) of the vessel below a drilling rig 17
      supported on the main deck of the vessel. The drilling rig includes a
      foundation structure 18 which defines a drilling platform 19 over which a
      conventional derrick structure 20 is mounted. A conventional rotary table
      21 is mounted in the drilling platform over the centerwell. The drilling
      rig preferably also includes conventional draw works and associated
      equipment (not shown). To facilitate transit of the vessel, through ice
      covered waters, and also to facilitate station-keeping of the vessel over
      a desired well site during drilling operation, the hull includes
      fore-and-aft athwartship reversible thruster mechanisms 23 and 24 in the
      bow and stern portion of the hull, respectively, for generating thrust to
      port or to starboard of the hull as desired.
PAR  Vessel 10 has a center of gravity 26 located approximately amidships above
      a center of buoyancy 27 when the hull has an untrimmed icebreaking
      even-keel attitude as shown in FIG. 1. A double-acting buoyancy modulating
      pitching mechanism 28 is located in the hull in bow portion 12 for
      shifting center of buoyancy 27 in a fore-and-aft direction at a selectable
      frequency. As described more fully below, the pitch inducing mechanism is
      pneumatically operated and is operative to accomplish the shift in
      buoyancy without significantly altering the displacement, i.e., total
      weight of vessel 10 or the location of center of gravity 26. The
      selectable frequency associated with operation of the pitch inducing
      mechanism typically is a frequency within a range of frequencies each of
      which has a period of several seconds. The pitching motions induced in the
      vessel, as measured at the bow, have an amplitude of at least a foot and
      preferably are on the order of 4 to 5 feet or more depending upon the
      overall dimensions of the vessel, the volumetric capacity of the motion
      inducing mechanism, and the character of ice which it is expected that the
      vessel will encounter during its useful life.
PAR  As shown best in FIG. 3, pitch inducing mechanism 28 preferably includes
      essentially identical port and starboard pitching tanks 29 and 30,
      respectively, disposed symmetrically on opposite sides of a dividing
      bulkhead 31 disposed on the longitudinal center plane 22 of the vessel.
      The forward and rear walls of the tanks are defined by tranverse bulkheads
      32 and 33 while the outer, i.e., outboard, walls of the tanks are defined
      by respective portions of the shell of hull 11. The lower extent of the
      tanks conveniently may be defined by the innerbottom 34 of the vessel.
      Each tank has an upper wall 36 disposed substantially horizontally in the
      vessel above load waterline 9 but below main deck 15. Except for the water
      flow ports and airflow duct openings to them, the pitching tanks are
      airtight. Inasmuch as pitching tanks 29 and 30, and the airflow means for
      these two tanks, are essentially identical, a description of starboard
      pitching tank 30 and its airflow means 35 will suffice as a description
      for both tanks.
PAR  As shown best in FIG. 2, which is an elevation view taken along line 2--2
      in FIG. 3 of starboard pitching tank 30, pitching tank 30 extends
      vertically above and below hull load waterline 9. As noted above, load
      waterline 9 is the waterline at which the vessel floats in an even-keel
      attitude during icebreaking, as shown in FIG. 1. A plurality of ports 37
      are formed through hull 11 adjacent the lower end of tank 30 to provide
      communication between the tank space and the exterior of the vessel below
      waterline 9. The aggregate area of ports 37 is large relative to the
      volume of tank 30 so that water may flow into and out of the tank from the
      exterior of the vessel without any significant restrictions of such nature
      as to cause the water in the tank to be held captive within the tank as
      the vessel experiences induced pitching motions. That is, the effective
      waterflow area of ports 37 is sufficiently large that water flows freely
      through the ports in response to the difference between the pressure
      within tank 30 and ambient pressure outside the hull. Preferably ports 37
      are defined in the hull at a level below a level 38 which corresponds to
      the lowest level of water in tank 30 in response to the application of air
      at super-atmospheric pressure to the tank from airflow means 35. The upper
      wall of tank 30 is disposed above a level 39 located above waterline 9.
      Water level 39 corresponds to the uppermost level of water in tank 30 in
      response to the generation of subatmospheric pressure within the tank by
      airflow means 35. Preferably, low water level 38 and high water level 39
      of tank 30 are approximately equidistantly spaced on opposite sides of
      waterline 9.
PAR  Airflow means 35 includes an air pressurizing device 40 of the continuously
      operating type, such as a squirrel cage blower or axial flow compressor.
      The air pressurizing device is a high volume, low pressure device and has
      a suction connection 41 and a discharge connection 42. Ducting 43 couples
      suction connection 41 to the upper extent of tank 30 via an airflow
      regulating valve 44 and separately to atmosphere, as through main deck 15,
      via a regulating valve 45. Similar ducting 46 couples the discharge
      connection of air pressurizing device 40 to the upper extent of tank 30
      via regulating valve 47 and separately to atmosphere, as through main deck
      15, via regulating valve 48. Regulating valves 44, 45, 47, and 48 are
      operated by a control mechanism 49 and are suitably coupled to the control
      mechanism as illustrated in broken lines in FIG. 2.
PAR  Where tanks 29 and 30 are to be operated only for inducing pitching motions
      in vessel 10, airflow means 35 may be common to both of the pitching
      tanks. Such an instance centerline bulkhead 31 may be deleted so that only
      a single pitching tank is provided in the vessel on centerplane 22; if
      provided, bulkhead 31 may be perforated so as to serve only as a stability
      enhancing swash plate for damping movement of water in the tank from side
      to side of the vessel. On the other hand, where it is desired to operate
      tanks 29 and 30 out of phase with each other for generating rolling
      motions of the vessel, in addition to pitching motions, each of tanks 29
      and 30 is equipped with its own airflow means, the two airflow means being
      essentially identical.
PAR  During operation of vessel 10 in open waters, i.e., waters not covered by
      ice, in which induced pitching mechanism 28 is not used, ports 37 from
      tanks 29 and 30 are covered by suitable doors or covers, not shown, which
      are removably affixed to the hull in any suitable manner. Preferably, when
      ports 37 are closed by the removable doors, tanks 29 and 30 are dry, i.e.,
      contain no water. In such a case the vessel has an open water even-keel
      position in which bow portion 12 rides somewhat higher out of the water
      than in the icebreaking even-keel position of the vessel as shown in FIG.
      1.
PAR  During operation of induced pitching mechanism 28 to induce pitching
      motions in vessel 10, valves 44 and 48 are operated in tandem by control
      mechanism 49, and valves 45 and 47 are also operated in tandem out of
      phase with valves 44 and 48 as determined by control mechanism 49.
PAR  Assume that vessel 10 has encountered ice either during movement of the
      vessel along an intended route or while station-keeping during drilling
      operations. Ports 37 are opened by removing the closure doors so that
      water floods the tanks to water level 9. Air pressurizing device 40 is
      activated and desired pitching motions of the vessel are induced at the
      appropriate frequency by cycling valves 44 and 48, on the one hand, and
      valves 45 and 47, on the other hand, between their open and closed
      positions. When valves 44 and 48 are closed, as shown in the solid lines
      in FIG. 2, the discharge, i.e., superatmospheric connection, of air
      pressurizing device 40 is connected to the upper extent of tank 30 via
      valve 47 and the suction, i.e., subatmospheric connection, of the air
      pressurizing device is connected to atmosphere via valve 45. (At this
      time, valves 44 and 48 are closed as shown in FIG. 2.) The application of
      air at superatmospheric pressure to tank 30 results in water being driven
      out of the tank until the pressure of water in the tank inside the tank
      adjacent ports 37 is equal to the hydrostatic pressure of water outside
      the vessel adjacent the ports. If the discharge pressure of device 40 is
      on the order of two pounds per square inch, lower water level 38 within
      tank 30 will be approximately 4 1/2 feet below icebreaking load waterline
      9. Such out-flow of water from tank 30, and concurrently from tank 29, is
      effective to increase the buoyancy of vessel 10 in its bow portion such
      that the center of buoyancy of the vessel shifts forwardly along the
      length of the vessel from below center of gravity 26, thereby resulting in
      the application to the vessel of a moment which tends to raise the bow of
      the vessel.
PAR  Once the water level in tanks 29 and 30 has been lowered to low water level
      38, and bow 12 has raised or begun to raise above its icebreaking
      even-keel position, the operative positions of valves 44, 45, 47 and 48
      are reversed (as shown in broken lines in FIG. 2) so that valves 44 and 48
      are open and valves 45 and 47 are closed. In this condition of the air
      regulating valves, the suction connection of the air pressurizing device
      is coupled to the upper extent of the tank via valve 44 and the discharge
      connection of the air pressurizing means is connected to atmosphere via
      valve 48. Accordingly, subatmospheric pressure is generated in the upper
      extent of the tank so as to allow water to flood into the tank through
      ports 37. The height of level 39 above icebreaking load waterline 9 is
      determined by the amount by which the subatmospheric pressure generated by
      air pressurizing device 40 is less than atmospheric pressure. If the
      discharge pressure of the airflow means is approximately two pounds per
      square inch greater than atmospheric pressure, the subatmospheric pressure
      generated in the tank will be on the order of about two pounds per square
      inch less than atmospheric pressure. Thus, high water level 39 within
      tanks 29 and 30 is on the order of 4 1/2 feet above icebreaking waterline
      9. When water is present in the pitching tanks to level 39, the effective
      buoyancy in the bow portion of the vessel is reduced below the effective
      buoyancy corresponding to the icebreaking load waterline on the vessel,
      such that the center of buoyancy for the vessel as a whole shifts
      rearwardly of center of gravity 26. A moment is thus applied to the vessel
      which induces the bow portion 12 to move downwardly toward an ice sheet 50
      floating on water surface 51 ahead of the vessel. As shown in FIG. 1, bow
      portion 12 has an ice breaking configuration so that the downward momentum
      of the bow is effectively applied to the upper surface of the ice sheet to
      break the ice in front of the vessel.
PAR  The valves of airflow means 35 are again operated to apply superatmospheric
      pressure to tank 30 (and also to tank 29) at a time when the bow is below
      its icebreaking even-keel position, thereby to again induce the bow to
      pitch upwardly to and above its even-keel position.
PAR  The icebreaking bow configuration shown in FIG. 1 is a conventional
      single-acting downwardly effective bow. It will be apparent, however,
      especially in view of the patent issued on my copending application, that
      the bow design of vessel 10 may have a double-acting configuration, if
      desired.
PAR  From the foregoing description concerning FIG. 2, it is apparent that pitch
      inducing mechanism 28 is effective to change the water level in the
      pitching tanks to level 38, below the icebreaking load waterline of the
      vessel, and to water level 39 above the icebreaking load waterline of the
      vessel. In comparison to the pitching tanks described in my copending
      application which are located below the load waterline of the vessel,
      pitching mechanism 28 is a double-acting pitch inducing mechanism
      effective to produce movements of the vessel bow above and below the
      normal position of the bow during icebreaking operations. As shown in FIG.
      4, the double-acting pitch inducing arrangement shown in FIG. 2 is more
      effective, in terms of the horsepower required to operate the same, than
      is obtained by distributing the volume of tanks 29 and 30 between
      single-acting pitch inducing tanks located in the bow and the stern of the
      vessel, respectively.
PAR  FIG. 4 is a graphic representation of the variations in air pressure p and
      water level h in tank 30, for example, as a function of time. Thus in FIG.
      4, line 55 represents the variation of pressure p with time in tank 30,
      positive pressure being plotted above the time axis and negative pressure
      being plotted below the time axis. Variations in water level h by line 56
      relative to the icebreaking load waterline of the vessel are plotted
      vertically against time, water levels below the icebreaking load waterline
      being plotted above the time axis and water levels above the load
      waterline being plotted below the time axis. From an inspection of FIG. 4,
      therefore, it will be apparent that the pressure and water level lines 55
      and 56 coincide with each other during the first application of positive
      pressure to water in tank 30 through the first half cycle of the operation
      of pitch inducing mechanism, which operation corresponds to the first half
      cycle of pitching motion of the vessel. FIG. 4 further illustrates that
      during the second half of the first cycle of the operation of the pitch
      inducing mechanism, as well as through remaining cycles of the mechanisms,
      the pressure and water level lines are not coincident, the difference
      between these lines represented by the shaded areas 57 in FIG. 4. The
      amount of shaded area in FIG. 4 between lines 55 and 56 represents work
      done upon the mechanism in a manner additive to the energy required to
      operate the air pressurizing device 40. Stated in another way, the areas
      57 in FIG. 4 represent stored or potential energy in the pitch inducing
      mechanism. To the extent that stored energy is present in the operation of
      the pitch inducing mechanism, less power is required to drive the airflow
      means for the same net effect of the vessel upon the ice. Specifically, as
      the valves of airflow means 35 are shifted from their solid line positions
      to their broken line positions, as shown in FIG. 2, the water level in
      tank 30 corresponds to low water level 38. As the valves of the airflow
      means are shifted to connect the suction connection of the pressurizing
      device to tank 30, the air pressure in the tank drops substantially
      instantaneously to atmospheric pressure. In the interval immediately
      following coupling of the suction connection of the air pressurizing
      device to the tank, the hydrostatic pressure outside of the tank is
      substantially greater (by an amount corresponding to the difference in
      elevation between load waterline 9 and low water level 38) than pressure
      within the tank. Thus, water floods rapidly into the tank through ports 37
      so as to assist the airflow means in reducing the pressure within the
      pitching tank. This circumstance is illustrated by the deviation between
      pressure and water level curves 55 and 56, respectively, during the second
      half of the first cycle of operation of the pitch inducing mechanism. In
      other words, the momentum of water flowing into the tank, in conjunction
      with the concurrent downward movement of the bow, causes water to rise in
      the tank of its own accord above icebreaking load waterline 9, such that
      less energy is required to raise water in the tank to high water level 39
      than if only evacuation of air from the tank were relied upon. It will be
      seen from FIG. 4 that as the vessel continues its pitching motion into and
      through the second and succeeding cycles of operation of the pitch
      inducing mechanism, the same energy conserving effect occurs during both
      the upstroke and the downstroke of the bow.
PAR  It is thus apparent that, for given volumetric capacity of a double-acting
      pitch inducing tank located in the bow of vessel 10, the double-acting
      tank is more efficient, in terms of energy required to induce pitching
      motion of the vessel, than if the volume of the double-acting tank were
      distributed between two single-acting tanks located in the bow and stern
      portions of the vessel, respectively.
PAR  In the case where pitch inducing mechanism is composed of a pair of
      separate tanks 29 and 30 located on opposite sides of the longitudinal
      center plane of the vessel, and each tank is equipped with its own airflow
      means, a common control mechanism 49 is provided for the two airflow
      means. This circumstance is illustrated in FIG. 2. Also, in this
      circumstance, i.e., that of two pitching tanks with their own airflow
      means, the tanks can be operated 180.degree. out of phase with each other
      to produce pure rolling motion of the vessel, if desired. Also, two port
      and starboard pitch inducing tanks may be operated out of phase with each
      other, but at something other than a 180.degree. phase differential, to
      produce composite pitching and rolling, i.e., wallowing of the vessel as
      is sometimes desired in icebreaking depending upon the character of the
      ice encountered by the vessel. To impart maximum flexibility and
      versitility to the motion inducing apparatus included in the vessel,
      ducting 43 of one pitching tank may be cross-connected, as by
      cross-connection duct 58, to ducting 46 of the airflow means for the other
      tank, and vice versa as by a second cross-connection duct 59. In this
      manner, especially where port and starboard motion inducing tanks are
      present with their own airflow means, the suction connection of one
      airflow means may be coupled to the discharge connection of the other
      airflow means, via appropriate valving in the cross-connection ducts, for
      best usage of available power during induced rolling of the vessel. During
      induced rolling of the vessel, control mechanism 49 may be relied upon to
      operate the valves of the respective airflow means in a somewhat different
      manner than during pure pitching motions, the different modes of control
      exercised by the control mechanism upon the valves being determined by the
      state of a mode selection device 60 coupled to the control mechanism.
PAR  The invention has been described above by reference to presently preferred
      apparatus in the context of a presently preferred environment or
      application of the invention. Workers skilled in the art and technology to
      which this invention pertains will grasp readily the principal teachings
      presented herein and will appreciate that variations of the illustrated
      apparatus and procedures can be used to advantage in other applications
      without departing from these teachings. For this reason, the foregoing
      description is illustrative rather than exhaustive of the many forms and
      structural embodiments which this invention may take, and the preceding
      description should not be considered as limiting the scope of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved vessel for use in icecovered waters comprising a hull, a
      motion inducing tank disposed in the hull at a location spaced from the
      hull even-keel center of buoyancy, port means for communicating the lower
      extent of the tank to the exterior of the hull below the load waterline
      for flow of water into and out of the tank in response to pressure in the
      tank being different from ambient pressure outside the hull, the tank
      extending vertically in the hull from a lower end located below the hull
      load waterline to an upper end located above said waterline substantially
      as far as the location of said port means below said waterline, and air
      flow means coupled to the upper extent of the tank and operable
      alternately for generating superatmospheric and subatmospheric air
      pressure in the tank, the airflow means including an air pressurizing
      device having a suction connection and a discharge connection, duct means
      for coupling the suction connection separately to the upper extent of the
      tank and to atmosphere and for coupling the discharge connection
      separately to the upper extent of the tank and to atmosphere, and valve
      means in the duct means operable between
PA1  a. a first state in which
PA2  1. the suction connection is coupled to the tank and
PA2  2. the discharge connection is coupled to atmosphere thereby to generate
      subatmospheric pressure in the tank, and
PA1  b. a second state in which
PAR  1.  the suction connection is coupled to atmosphere and
PA2  2. the discharge connection is coupled to the tank thereby to generate
      superatmospheric pressure in the tank.
NUM  2.
PAR  2. A vessel according to claim 1 wherein the tank is located in the hull at
      a location spaced forwardly along the length of the vessel from said
      center of buoyancy.
NUM  3.
PAR  3. A vessel according to claim 1 wherein the tank is located in the hull at
      a location spaced along the beam of the vessel from said center of
      buoyancy.
NUM  4.
PAR  4. An improved vessel for use in ice-covered waters comprising a hull, a
      pair of motion inducing tanks disposed in the hull at a location spaced
      forward from the hull even-keel center of buoyancy on opposite sides of
      the hull longitudinal center plane, port means for communicating the lower
      extent of each tank to the exterior of the hull below the load waterline
      for flow of water into and out of the tank in response to pressure in the
      tank being different from ambient pressure outside the hull, each tank
      extending vertically in the hull from a lower end located below the hull
      load waterline to an upper end located above said waterline substantially
      as far as the location of said port means below said waterline, separate
      airflow means for each tank coupled to the upper extent of the tank and
      operable alternately for generating superatmospheric and subatmospheric
      air pressure in the tank, each airflow means including an air pressurizing
      device having a suction connection and a discharge connection, means for
      coupling the suction connection of each airflow means separately to the
      upper extent of the respective tank and to atmosphere and for coupling the
      discharge connection of each airflow means separately to the upper extent
      of the respective tank and to atmosphere, and control means for operating
      the airflow means for the tanks in phase for inducing pitching of the
      vessel and for operating the airflow means for the tanks out of phase with
      each other for inducing rolling of the vessel.
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PAL  A transport ship for transporting floatable cargo comprises a hull having a
      ballast system with a plurality of ballast tanks and with at least one
      cargo space which is capable of being flooded. The cargo space is closed
      by at least one sea door. The ballast system is capable of flooding the
      cargo space and adjusting the ballast of the hull in order to bring the
      water level of the cargo space level with the surrounding sea so that the
      sea doors may be opened and the floatable cargo may be floated directly
      into the cargo space. With the method of the invention, after the vessel
      is ballasted and the cargo space flooded in order to adjust the level of
      the cargo space water to the surrounding water level the sea doors are
      opened and the cargo floated into the space and aligned in stowage
      position. The water level is then adjusted in order to either lower the
      cargo to position it in a secured position in which further elements are
      anchored to the individual cargo elements or containers; or the level in
      the cargo space is raised even higher in order to position the cargo into
      an upper tier stowage position. In the upper tier stowage position hanging
      devices are provided for securing the cargo and/or holding it in the upper
      tier position. A plurality of tiers may be loaded in this manner by
      successively loading the vessel from the uppermost tier downwardly.
      Intermediate tiers are supported preferably by holding elements which are
      moved outwardly from the sides of the cargo space. These may comprise
      extendable brackets which are carried in the bulkhead walls running along
      the sides of the cargo space. After each whole tier length of cargo is
      pushed into the cargo space the sea water is adjusted to locate the cargo
      in a stowage position and then the cargo is secured in that position.
      Thereafter the level of the water in the cargo space is again adjusted and
      if more than one tier is to be loaded it is adjusted downwardly to float
      the next level or cargo in below the upper tier level. Each tier level of
      a cargo space is floated in along the complete length or selected parts of
      that cargo space at a time, and the individual cargo elements are secured
      in position before the adjustment of the ballasting in the cargo space is
      effected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  This invention relates in general to the construction of transport ships
      and in particular to a new and useful transport ship for handling floating
      cargo and to an improved method of loading the floating cargo.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Transport ships for carrying floating cargo are known and are referred to
      as lash ships and as barge carriers. The loading and discharging of
      floating containers or vessels with such ships is as a rule done on free
      water by shipborne lifting devices which pick up the floating vessels from
      the water for transfer to the ship and vice versa. Such expensive
      shipborne lifting devices have the common disadvantage that they require
      an assembly of a large number of individual parts with a relatively low
      degree of reliability and in most cases the loading and unloading
      operations are impaired by the sea water conditions and the atmospheric
      environment of the ship. A further disadvantage is that such vessels
      usually have to be operated by shore side personnel because of the
      prevailing agreements between ship owners and longshoremen unions. Such
      personnel are normally unable to operate such gear as carefully and safely
      as a trained crew of the ship. In addition with the use of travelling ship
      cranes for the handling of floating vessels, the cranes sensitivity to the
      ship's inclination is a further disadvantage.
PAR  So-called float in and float off ships are also known in which the floating
      cargo is floated into the ship's cargo space in superposed tiers in order
      to avoid the disadvantages of the use of ship borne lifting devices. A
      disadvantage of this arrangement is however that the ship must be lowered
      for each tier to an immersion of the ship which allows the floating
      vessels to be stowed into a stowage level vertically fixed within the
      ship. In addition they must be adjusted to fix deck or girder structures
      which segregate the cargo containers at various cargo levels. With such
      ships the height of the stowage spaces for each tier of floating cargo or
      floating containers has to be increased beyond and above the height of the
      floating vessels by an amount which results from the height differential
      between the light and deep load line of the floating vessels from the
      upper and lower safety margin in order to allow an undisturbed and
      accident free float in an float off of the vessels and from the requisite
      height to accommodate the structures of the ship which segregate the cargo
      levels. This results in the creation of a dead space in each cargo level
      above each settled tier of floating vessels and this requires that the
      depth of the transport ship be increased by this height differential for
      each tier of the floating vessels. The increased depth of the ship results
      in an increased ship's weight. This also requires that the ship's beam to
      be increased in order to maintain sufficient stability against capsizing
      of the ship. The increased beam again results in further increased ship's
      weight and all of this additional weight requires additional propulsive
      power. Therefore, the known ships of this type become more expensive in
      construction as well as in operation.
PAR  The water depth requisite to accommodate such a ship when docking or
      releasing the floating vessels increases with the ship's depth. Thus, this
      limits the employment possibilities or prohibits the employment of such a
      ship precisely where the cargo loading and discharging has to be carried
      out that is in the coastal waters and as a rule restricts the use of the
      ships in respect to the depth of such waters.
PAC  SUMMARY OF THE INVENTION
PAR  The disadvantages of the known transport ships are overcome by providing a
      transport ship which has a cargo space which may be flooded and which
      includes an improved tier stowage system for the individual cargo which
      permits the loading of the ship by floating each tier into position and by
      ballasting the space to permit anchoring of the floated tier at a desired
      holding level. The construction provides a ship which has a lower water
      depth requirement when either loading or discharging and the floating
      cargo can be loaded and discharged in a more economic simpler as well as
      technically feasible and safe arrangement without requiring lifting
      devices which are operated by shipside personnel.
PAR  The cargo hold is designed as a floodable dock chamber inside which the
      floating containers or vessels can be moved vertically from the level of
      the lowest tier to that of the uppermost tier by carrying out flooding
      operations. The flooding operations can be executed either with the dock
      chamber communicating with the outside sea water similar to a floating
      dock by lifting or lowering the whole ship by ballasting operations or
      with the dock chamber closed by sea doors and the level therein controlled
      by flooding or draining the dock chamber.
PAR  In accordance with the method of the invention, the vessel is ballasted to
      flood the cargo space and to adjust the level of the water therein to the
      level of the sea. The first and uppermost tier of floating cargo is then
      pushed into the cargo space and either the ship water line level is
      adjusted or the water level in the cargo space is adjusted to position the
      first tier in the uppermost securing or stowage level. The floating cargo
      is then secured at the level in the proper orientation along the complete
      length of the cargo stowage space. The vessel and/or the floodable cargo
      space are de-ballasted and the level of the water in the dock is adjusted
      to permit the next lower level to be floated in below the first level.
      This second tier may be secured within a small spacing from the floating
      vessels which are already stowed above in a first tier. After the second
      tier is secured additional tiers may be floated in down to the lowermost
      level of the cargo space.
PAR  The ship constructed in accordance with the invention has an advantage over
      the known float in and float off ships in the following respects:
PAR  With the vessel of the invention which for instance is intended to
      transport two tiers of the known LASH barges the saving in height compared
      with corresponding ships of the float-in and float-off type lies in the
      range of about three and one half to four meters. When the ships
      accommodate either three or four tiers the savings in height will double
      and triple respectively. The reduction in depth on account of the saving
      in height will in addition result in reduction of the requisite depth of
      water which is necessary for the docking procedures when handling the
      floating vessel and in a corresponding amount and this is obviously a
      decisive advantage since the handling will take place in coastal waters.
      In addition, the quantity of water ballast which has to be handled will be
      less and this in turn results in another economy in construction and
      operation due to a reduction in size of the ballast pumps and the ballast
      piping systems which are necessary.
PAR  In the embodiment wherein the cargo space is sealed off from the sea water
      by closable sea doors the dock space itself may be changed in respect to
      water level independently of the draft of the ship. Such a construction
      insures that the draft necessary for the loading operation may be reduced.
      With such a construction the ballast water may be taken from the ballast
      tanks of the ship or water from the sea may be used separately or at the
      same time. The draft of the transport ship itself will either remain
      unaltered or will become only insignificantly deeper when the dock chamber
      itself is ballasted, either from the ballasting tanks of the ship or from
      the outside sea water.
PAR  The ship of the invention advantageously includes a single sea door opening
      for example at the bow of the ship however when several floating openings
      are employed they are all arranged at the same level.
PAR  In order to provide space saving stowage of the floating cargo the
      uppermost tier stowage space includes hanging devices which extend below
      the main deck or weather deck and terminate in a respective dock chamber
      visible at the weather deck. The hanging devices include means for locking
      the floating cargo which is moved into position in the uppermost tier by
      flotation within the cargo space. The transport ship advantageously also
      includes inflatable or press on devices which extend outwardly from the
      side bulkheads bounding each dock chamber. The devices for holding the
      cargo against transverse movement may for example comprise wedges or
      pneumatically or hydraulically inflatable hollow bodies arranged in the
      side walls of the respective dock chamber. A transport ship of this
      construction is advantageously loaded from a float in opening at one of
      the ends of the ship because it facilitates the operation of the ship.
      Such an opening would be closed by water tight movable dock gate elements
      or doors and perhaps by an additional outer portion of the ship's hull
      which is favorable streamlined and perhaps arranged out in front of the
      gate.
PAR  During the docking procedure with such ships, the water entering from
      outboard into a ship's region mainly concentrated toward the open ship's
      end usually provokes trimming which will have to be equalized by
      ballasting the opposite ship's end in order to safely float in and float
      off the floating cargo which is to be loaded and discharged. This
      additional ballasting will result in an increased demand for depth of
      water for the loading and unloading procedure. This affect can
      advantageously be avoided by producing or maintaining buoyancy by
      appropriate measures at the openable ship's end so that the same trimming
      effect as resulting from the draft increasing ballasting of the opposite
      end of the ship can be effected.
PAR  The increase in draft of the ship caused during the loading or docking
      procedure and which is caused by trimming ballast can be avoided by the
      present invention and in addition a reduction in draught during the
      docking procedure can even be obtained by the additional buoyancy. The
      additional buoyancy at the end which is temporarily opened is obtained by
      the following technical measures described below which are chosen
      individually or combined depending upon the operating conditions given:
PA2  A. by draining the space between the closed inboard dock gate and the
      removable ship's parts which are arranged in front of the dock gate.
PA2  B. by arranging two water tight movable dock gates inside the ship in front
      of the cargo space and by draining the space between these two gates.
PA2  C. by constructing the removable ship's parts in front of the exterior dock
      gate as water tight hollow bodies which will advantageously remain
      connected to the rest of the ship after opening in the sense that forces
      and moments can be transmitted therethrough into the rest of the ship's
      hull.
PAR  In the Examples A and B above the procedure will be inverse when draining
      the dock chambers from the arrangement described in A and B wherein they
      are flooded. In case C the trimming moments of a ship with removed
      removable hull parts which occurs when the dock chambers are being flooded
      are considerably reduced or wholly avoided since the buoyance of these
      removed parts of the ship will also increase as the draught for the
      loading operation increases. A further advantage of the use of hollow
      parts for the door elements is that these parts are buoyant and this is
      useful in the operating procedure.
PAR  In order to facilitate the guidance of the floating vessels or cargo into
      the dock chamber, the removable parts of the ship's hull have bell mouth
      shape construction toward the floating opening and are protected from
      damage by roller fenders or similar devices.
PAR  In accordance with the invention floating vessels or cargo can be floated
      into or out of the respective dock chamber or cargo chamber by self
      propelled small water craft such as push boats which may push each unit
      individually or groups comprising several units or vessels. It is also
      possible however to have the floating cargo led by small water craft to
      the float in opening only from where they are pulled into or out of their
      respective dock chamber while they are floating by means of a ship's
      winch. The self propelled water craft used for pushing can be docked and
      carried inside or in front of the dock chamber within the ship. For
      positive guidance of the floating vessels during the vertical movement
      after the cargo is floated in or before it is floated off the transport
      ship carries positioning devices which are movable out of the side walls
      of each dock chamber and which may be arranged in a predetermined position
      in respect to the fore and aft direction of the ship. The cargo which is
      once floated in will be automatically held in a fore and aft position once
      they are in a location in which they are oriented for stowage by the use
      of movable catching devices located inside the docking chamber. Such
      devices are preferably located along the side walls of the dock chamber
      and also at its entrance. Undesired drifting of the floating vessels once
      they are floated into the dock chamber and particularly the possibility
      they may drift out of the transport ship especially where it is taking in
      the cargo in a fast flowing stream will be avoided or controllably
      limited. Such automatic catching devices can be used also as positioning
      devices and will be urged into the dock chamber by a permanent restoring
      force out of a recess in the longitudinal dock bulkheads. The restoring
      forces of the automatic catching devices are advantageously produced by
      the buoyance effects of the dock water action on catching devices
      constructed as floating bodies or by the influence of their own gravity or
      are restoring forces produced by machanical, hydraulic or pneumatic
      springs. Those cathing device parts which protrude into the dock chamber
      space are wedge, roll or spherically shaped objects to facilitate their
      being pressed back into dock chamber's recesses by the sides of the
      floating cargo when this cargo is pressed in or out of the dock chamber by
      preferably tug push or winch pull. The holding forces are such that they
      will release articles when push boats or winch forces are employed for
      moving them in a forward and after direction of the ship. Such devices may
      advantageously comprise rolling fenders which simultaneously protect the
      vessel and the cargo from damage.
PAR  Accordingly it is an object of the invention to provide an improved
      transport ship for the transportation of floating vessels or floating
      cargo which includes at least one cargo space which may be selectively
      flooded or emptied of water and which includes a ballasting system
      permitting the vessel to be oriented or the dock chamber to be filled to a
      level which brings the level in the dock chamber equal to the level of the
      surrounding sea and wherein the vessels may be stacked in successive
      vertically arranged tiers by varying the liquid level in the cargo space
      during loading and positioning of the vessels and the unloading of such
      vessels.
PAR  A further object of the invention is to provide a method of loading
      floating cargo onto a ship having at least one cargo space which is
      closable by at least one openable cargo space door and having a ballast
      system permitting the flooding of the cargo space which comprises
      ballasting the vessel to flood the cargo space and to adjust the level of
      the water therein to the level of the sea, opening the cargo door to
      expose the cargo space to the sea and pushing the floating cargo into the
      cargo space and aligning it in the stowage position and thereafter
      ballasting the ship to move the cargo vertically in the cargo space in
      order to put it in a securing position arranged in a vertical tier, and
      thereafter adding additional tiers by regulating the draught of the vessel
      and the water level in the cargo space during the loading of each tier.
PAR  A further object of the invention is to provide a transport ship which has
      at least one cargo space which is closable by sea doors so that it may be
      separately filled and unfilled with liquid and which includes a ballasting
      system permitting the draught of the vessel to be changed and the level of
      the liquid in the cargo space to be changed in order to effect the
      floating in of successive tiers of cargo and their arrangement in the
      vertical tiers.
PAR  A further object of the invention is to provide a transport vessel which is
      simple in design, rugged in construction and economical to manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the Drawing:
PAR  FIG. 1 is a longitudinal sectional view partly in elevation of a transport
      vessel having a cargo space for the floatable loading of two vertically
      arranged tiers of floating cargo or floating vessels constructed in
      accordance with the invention;
PAR  FIG. 2 is a transverse sectional view of a vessel similar to that shown in
      FIG. 1 but having an arrangement for loading three tiers of floatable
      cargo.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in particular, the invention embodied therein in
      FIG. 1 comprises a transport ship generally designated 50 which is
      designed for accommodating two vertically arranged tiers of floating
      vessels or floating pieces of cargo such as individual lighters or
      containers 1. In accordance with the invention the vessel includes a cargo
      chamber or dock chamber 2 which is not subdivided by transverse bulkheads
      and which extends from the front of the engine room 3 which is arranged in
      the after portion of the vessel all the way up to the fore portion of the
      vessel in the vicinity of the bow where it is closed by a dock gate or
      cargo space door 4. In the embodiment shown the dock gate is hinged on its
      lower end substantially even with the level 11 of the bottom of the cargo
      space 2. The vessel 50 includes a hull structure with spaced walls on each
      side and the bottom and it is subdivided into a plurality of individual
      floodable water ballast tanks 5. The forward portion of the ship's hull
      ahead of the dock gate 4 comprises two hinged fore body parts or a
      moveable body part 6 which hinge open toward the sides of the ship and
      which open under the force of gravity. The body parts 6 are subdivided in
      a center joint and extend from about the weather deck 7 to the tank top 8
      of a forward tank portion 5' which is of a height which is lower than the
      remaining tank 5. The gate 4 is hinged so that it may be pivoted
      downwardly to a substantially horizontal position overlying the tank 5'
      and in this position its top surface will be level with the bottom 11 of
      the cargo space. The dock gate 4 can be opened after flooding of the dock
      chamber 2 and the space between the dock gate 4 and the body part 6 so as
      to form a roofed-in substantially U-shaped dock basin for the cargo or
      lighters 1 inside the ship. The dock gate 4 and the body part 6 constitute
      operable elements at the forward end of the cargo space which form sea
      door means.
PAR  The transport ship includes fittings which are not shown in detail which
      run through the water ballast tanks 5 and the dock gate 4 and which
      provide conduits for ballasting purposes. The dock chamber 2 as well as
      the space between the dock gate 4 and the body part 6 is controllably
      flooded or drained either from or to the surrounding sea through the
      conduits or fittings by the ship's own ballast system which may be
      connected from or to the water ballast tank 5 the space between the gate 4
      and the body part 6 may be used to store self-propelled water craft for
      handling the cargo.
PAR  As indicated in the embodiment shown in FIG. 2 both the vessels shown in
      FIGS. 1 and 2 include a service alleyway or passage 9 and two vacuum flood
      tunnels 10, 10 which are arranged at each side of the ship's center line
      under the bottom 11 of the docking chamber 2 as shown in FIG. 2.
PAR  The vessel 50 includes additional ballast tanks 12 located around and aft
      of the engine room 3 which are provided for vessel trimming purposes.
PAR  In accordance with a feature of the invention the transport vessel includes
      a weather deck 7 above the docking chamber 2 which carries hanging devices
      or supporting members 13 in the form of cylinders 13a having a stepped
      bore 14 with a lower part of smaller diameter which widens in the form of
      a truncated pyramid downwardly. A mechanical visual indication device 15
      is located in the cylinder 13a and heavy locking bolts 16 in the lower
      part of the cylinder are hydraulically insertable into matching openings
      which face each other for the purpose of securing each floatable container
      1. For the lateral fixing of containers 1 inflatable stowage cushions or
      wedges 18 arranged in bulkhead walls or side walls 17 are provided which
      engage against the respective sides of the individual containers 1. Each
      container 1 is advantageously provided with an eyelet 1a through which the
      securing bolts of the hanging devices 13 extend in order to suspend the
      container 1 in the first or vertically uppermost tier. In respect to the
      vessel shown in FIG. 1 which only includes two tiers the lowermost tier
      may be positioned in a receiving portion of the cargo space and it may
      rest directly on a bottom 11.
PAR  The construction shown in FIG. 2 includes a vessel 52 which includes parts
      which are identical with that shown in FIG. 1 and the construction differs
      from that of FIG. 1 by the arrangement of positioning means for separating
      the cargo containers in the form of holding brackets or seats 19 which are
      carried in the side walls of the cargo space 2 and which may be moved out
      of the walls in order to provide a receiving cradle or support for an
      intermediate tier of containers 1' which are arranged directly above the
      uppermost tier of containers 1. The lowermost tier is indicated by
      containers 1" in FIG. 2. The seats 19 may also be referred to as
      supporting members similar to the devices 13 inasmuch as each support
      cargo is above the first tier.
PAR  The loading procedure for the two tier ship shown in FIG. 1 is as follows:
PAR  With the ship trimming by the stern in the empty condition and with water
      ballast only in the ballast tanks 5 located in the forward portion of the
      ship water from the sea is let in into the docking chamber 2 to flood this
      chamber. At the same time it is preferable to flood the ballast tanks 12
      by pumping water either from the sea or from those of the ballast tanks 5
      located forward in the ship or by pumping from both locations
      simultaneously. During this controlled flooding procedure the ship will
      immerse deeper into the water and will incline forwardly until she floats
      on an approximately even keel and the interior water level 20 within the
      cargo space 2 is level with the exterior water level 21 outside the ship.
      The fore body parts 6 are then released so that they open outwardly and
      the deck gate 4 is permitted to drop downwardly to the horizontal position
      so that the docking chamber 2 is opened to the sea and the level therein
      is the same as the sea level. In some instances it may be necessary to add
      additional ballasting water to the ship in order to increase its draught
      for the inward movement of the floatable containers 1.
PAR  The floatable containers 1 are pushed from outside the vessel into the
      docking chamber 2 by push boats 22 either individually or arranged in
      groups of two or more which are connected together to form a unit. The
      loading of the containers 1 proceeds until a complete tier of containers
      or a desired part of the cargo is floated into the cargo space 2. In this
      position all of the individual containers 1 are fixed in a position by
      positioning devices (not shown) which are movable out of the side walls 17
      of the dock chamber and which inhibit or prevent the movement of the
      individual containers in a fore and aft direction. A device of this nature
      may comprise a guide which is collapsible within a space within the double
      wall structure of the side of the vessel and which may be moved outwardly
      behind a cargo member and thus block its passage in a forward or aft
      direction.
PAR  After the first tier of lighters is floated into the dock chamber 2 the
      dock gate 4 is closed. The hinged fore body parts 6 will also be closed
      for example by means of the warping arrangement and then they are locked.
      The remaining space between the dock gate 4 and the fore body parts 6 is
      then drained of water. The level in the dock chamber is then regulated in
      order to position the upper tier into a position in which it will engage
      with the hanging devices 13. During this time the water may be pumped into
      the ballast tanks 12 and these tanks may also be filled by sea water from
      the exterior of the vessel as well as water from the ballast tanks 5. The
      dock chamber 2 requires additional water and it is possible to flood it
      with water obtained from the ballast tanks 5 only. Such a procedure has
      the advantage that when flooding the dock chamber 2 the lighters 1 in the
      chamber will be lifted on the water level 20 more quickly than the
      exterior water level 21 will rise in respect to the ship because of the
      water ballast which is taken on by the tanks 12.
PAR  When the water level inside the cargo space 2 rises the containers 1 will
      be moved upwardly to cause the truncated pyramid tops of their lifting
      posts 23 to engage into correspondingly constructed guides of the hanging
      devices 13. In doing so they automatically actuate mechanical visual
      indication devices 15 above the weather deck 7 to indicate that the
      containers 1 have arrived at their uppermost position. The lightest laden
      containers 1 will reach this position first and those which are most
      heavily laden will reach it last.
PAR  When all of the containers 1 have arrived in the upper position underneath
      the deck 7 they will be held as illustrated in FIG. 2 by four heavy
      locking bolts 16 which are pushed by means of hydraulically driven locking
      devices through openings 54 of eyelets 1a of lifting post elements 23. A
      similar procedure is employed in the handling of containers by means of a
      ship's crane in the case of transport ships which are presently known. The
      hung containers 1 will then be protected from possible deformation during
      navigation in stormy waters by additional lateral pressure at the bottoms
      of the lighters which is applied by means of inflatable stowage cushions
      18. In the embodiment shown the second tier or the intermediate tier of
      containers 1' are secured by placing them on brackets or seats 19 which
      are movable out of the side walls or bulkheads 17 of the dock chamber 2.
      It is also possible to support the uppermost tier on supporting brackets
      19 movable out of the side walls 17 of the dock chamber 2. The system of
      securing the lighters on the supports 19 is also applied with ships
      carrying more than two tiers of lighters for the tiers which are located
      between the uppermost and the bottom most tier.
PAR  After the upper tiers are all secured in a stowage position water is
      gradually-withdrawn from the chamber 2. This takes place by directing some
      of it into the ballast tanks 5 or into the intermediate space between the
      dock gate 4 and the fore body parts 6 or overboard as designed in order to
      bring the interior water level 20 in the dock chamber 2 back to the level
      of the water level 21 around the ship. After this the dock gate 4 and the
      fore body parts 6 are opened again and the next tier of lighters 1' will
      be floated in as described previously and then positioned in the fore and
      aft directions by dividing members (not shown). The dock gate 4 and the
      fore body parts 6 will then be closed again and the intermediate space
      between the dock gate 4 and the fore body parts 6 will be completely
      drained while the deck chamber 2 is ballasted again by the ship's own
      ballast system. When each container 1'  is lifted up to in the proper
      position below the container 1 it is lowered onto its support 19 by
      lowering of the water level. The containers 1' are advantageously guided
      onto supports 24 which act to transmit the weight forces into the
      supporting structure. The lowermost tier of containers 1 is floated in as
      the previous tiers will be supported directly on the floor or bottom 11
      and after the cargo space is finally drained the supporting structures 24
      distribute the supporting force over this floor or bottom structure.
PAR  During the final drainage of the dock chamber 2 and of the space between
      gate 4 and the fore body parts 6 a push boat 22 may be docked and lashed
      on the forward double bottom 8 between the gate 4 and the fore body parts
      6. The ship is then ready for departure.
PAR  The unloading procedure is performed in the opposite sequence. Loading of
      the vessel with more than two tiers of containers in accordance with the
      embodiment shown in FIG. 2 is performed in the same manner as the
      embodiment of FIG. 1 and the loading procedure is repeated for each tier.
PAR  Deviating from the procedure of loading with a two tier ship shown in FIG.
      1, the positive guidance of the containers of the intermediate tier of a
      several tier ship like the three tier ship as shown in FIG. 2 during the
      water level rise in the cargo space 2 will be performed either by contact
      between the matching shapes of the lifting post 23 of the floated in tier
      and those of a tier hanging thereabove or by contact between tops of the
      lifting posts 23 of the containers 1' and the lower portion of supports 19
      which advantageously have matching receiving recesses to engage. Position
      control of each container can be performed from an upper service alleyway
      which is situated in a side wall 17 of the dock chamber 2.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transport ship for the transportation of floating cargo such as a
      buoyant container, particularly barges, comprising a ship's hull having at
      least one vertically undivided plural tier cargo space with means in said
      cargo space for stowing containers in a plurality of tiers one above the
      other, said cargo space being capable of being flooded to float the cargo
      therein and to be drained and being communicable with the open sea to
      permit the floating in of buoyant cargo, said floating cargo being
      vertically movable within said cargo space from the level of the lowermost
      tier to the uppermost tier by flotation upon variations of the level of
      the water in the cargo space.
NUM  2.
PAR  2. A transport ship for transporting floatable cargo comprising a hull
      having an engine room spaced aft with side and bottom walls having ballast
      tanks and having a vertically undivided plural tier cargo storage space
      forward of the engine room extending toward the bow, said cargo storage
      space having an opening toward the bow, a gate pivoted to said hull and
      closing said storage space opening, the space between said gate and the
      bow of the ship partially or fully being a removable body portion and
      defining a separate chamber between said cargo space and the forward end
      of the ship, said ship having its own ballasting system for ballasting
      said tanks and for flooding and draining said cargo space, said cargo
      space having storage means in said cargo space for securing floatable
      cargo at at least two tier levels.
NUM  3.
PAR  3. A transport ship for transporting floatable cargo comprising a hull
      having an engine room spaced aft with side and bottom walls having ballast
      tanks and having a vertically undivided plural tier cargo storage space
      forward of the engine room extending toward the bow, said cargo storage
      space having an opening toward the bow, a gate pivoted to said hull and
      closing said storage space opening, the space between said gate and the
      bow of the ship partially or fully being a removable body portion and
      defining a separate chamber between said cargo space and the forward end
      of the ship, said ship having its own ballasting system for ballasting
      said tanks and for flooding and draining said cargo space, said cargo
      space having means for securing floatable cargo at at least two tier
      levels, said means for securing cargo at at least two tier levels
      including hanging means carried at the upper end of the cargo space for
      handing an upper tier of the cargo therefrom.
NUM  4.
PAR  4. A transport ship for transporting floatable cargo comprising a hull
      having an engine room spaced aft with side and bottom walls having ballast
      tanks and having a vertically undivided plural tier cargo storage space
      forward of the engine room extending toward the bow, said cargo storage
      space having an opening toward the bow, a gate pivoted to said hull and
      closing said storage space opening, the space between said gate and the
      bow of the ship partially or fully being a removable body portion and
      defining a separate chamber between said cargo space and the forward end
      of the ship, said ship having its own ballasting system for ballasting
      said tanks and for flooding and draining said cargo space, said cargo
      space having means for securing floatable cargo at at least two tier
      levels, said means for securing at least two tiers or cargo including
      supporting brackets carried on each side of said cargo space extending
      into and being retractable out of said space and forming seats for
      receiving a tier of cargo.
NUM  5.
PAR  5. A transport ship to claim 4, wherein said removable body parts in front
      of said cargo space gate, when in open position, form with their inner
      surface a bell mouth shaped guide for the cargo to be floated in, said
      guide being protected against damage by roll fenders or similar devices.
NUM  6.
PAR  6. A transport ship for transporting floatable cargo comprising a hull
      having an engine room spaced aft with side and bottom walls having ballast
      tanks and having a vertically undivided plural tier cargo storage space
      forward of the engine room extending toward the bow, said cargo storage
      space having an opening toward the bow, a gate pivoted to said hull and
      closing said storage space opening, the space between said gate and the
      bow of the ship partially or fully being a removable body portion and
      defining a separate chamber between said cargo space and the forward end
      of the ship, said ship having its own ballasting system for ballasting
      said tanks and for flooding and draining said cargo space, said cargo
      space having means for securing floatable cargo at at least two tier
      levels, and means along the length of said cargo space for separating said
      floatable cargo into separate rows and for holding them against forward
      and after movement in said rows.
NUM  7.
PAR  7. A transport ship for transporting floatable cargo comprising a hull
      having an engine room spaced aft with side and bottom walls having ballast
      tanks and having a vertically undivided plural tier cargo storage space
      forward of the engine room extending toward the bow, said cargo storage
      space having an opening toward the bow, a gate pivoted to said hull and
      closing said storage space opening, the space between said gate and the
      bow of the ship partially or fully being a removable body portion and
      defining a separate chamber between said cargo space and the forward end
      of the ship, said ship having its own ballasting system for ballasting
      said tanks and for flooding and draining said cargo space, said cargo
      space having means for securing floatable cargo at at least two tier
      levels, said means for securing said cargo into at least two tiers
      including hanging devices for hanging an uppermost tier, seats carried by
      said vessel for supporting intermediate tiers and securing means on the
      floor of said cargo space for supporting a lowermost tier.
NUM  8.
PAR  8. A transport ship for transporting floatable cargo, comprising a hull,
      having at least one vertically undivided plural tier cargo space, a
      substantially horizontal cargo deck located at the bottom of said cargo
      space, a dock gate pivoted at its lower end to said cargo deck and being
      pivotal downwardly to open said cargo space, said hull having a bow
      forward of said dock gate with an openable hull part, said cargo space
      being floodable to permit the floating of cargo through said openable hull
      part and into said cargo space and being adjustable in level to permit the
      in- and off-loading of cargo in at least two distinct levels, with the
      first level of cargo being supportable on said cargo deck, and a
      supporting member carried by said hull at a level above the first cargo
      space tier for engaging and supporting the cargo in a tier above said
      first tier, there being three tier loading levels, said supporting member
      comprising a seat carried in said hull on at least one side of said cargo
      space engageable with an intermediate cargo tier, and a hanging device
      overlying the top of said cargo space and supporting the upper tier of
      cargo.
NUM  9.
PAR  9. A transport ship for transporting floatable cargo, comprising a hull
      having a ballast system with ballast tank means and at least one
      vertically undivided plural vertical tier cargo space capable of being
      flooded and drained and having a space for a plurality of floatable cargo
      at each vertical tier level, and at least one sea door means for opening
      and closing said cargo space to the sea, said ballast system being capable
      of flooding and draining the entire cargo space and adjusting the ballast
      of said hull to bring the water level of the cargo space level with the
      surrounding sea so that when said sea door means are opened, the floatable
      cargo may be floated into the cargo space, the water level of said cargo
      space being adjustable with said sea door means closed to raise and lower
      said floatable cargo selectively to and between each of said tiers and
      said cargo space being unobstructed to permit the free raising and
      lowering of said cargo through the height of said cargo space, said vessel
      having cargo space stowage means in said cargo space for securing cargo
      which is floated into said cargo space at at least two separate tier
      levels.
NUM  10.
PAR  10. A transport ship according to claim 9 wherein the lowermost tier of
      cargo is secured on the bottom of said cargo space.
NUM  11.
PAR  11. A transport ship according to claim 9 wherein said sea door means
      comprises an opening to said cargo space and a gate pivoted on said hull
      and adapted to close said opening.
NUM  12.
PAR  12. A transport ship according to claim 9 said stowage means including
      engagement means on each side of said cargo space for engaging the
      containers to protect them against transverse deformations by forces of
      seaway.
NUM  13.
PAR  13. A device according to claim 12 wherein said engagement means for
      engaging each side of said container comprises mechanical wedges.
NUM  14.
PAR  14. A transport ship according to claim 12 wherein said engagement means
      for engaging said containers on each side includes inflatable elastic
      hollow bodies.
NUM  15.
PAR  15. A transport ship according to claim 9 wherein said sea door means
      comprises a gate closing said cargo space and being pivotal downwardly to
      open said space, said ship's hull having streamlined removable body parts
      in front of said gate.
NUM  16.
PAR  16. A transport ship according to claim 15 wherein the space between said
      gate and said ship's body parts may be flooded and drained.
NUM  17.
PAR  17. A transport ship according to claim 5 wherein said body parts are
      hollow.
NUM  18.
PAR  18. A transport ship according to claim 9 including positioning means
      movable outwardly from recesses in said side walls for separating said
      containers after they are floated into the vessel in order to orient them
      within said cargo space for stowage.
NUM  19.
PAR  19. A transport ship according to claim 9 including resilient means forming
      catching devices and carried on the sides of said cargo space for engaging
      containers moved therebetween to hold them in a position against fore and
      aft movement but being pressable back into said side walls of said cargo
      space upon the application of sufficient force to permit the held
      containers to be released and to be shifted to another holding location.
NUM  20.
PAR  20. A transport ship according to claim 19 wherein said catching device
      parts protruding in resting position into the cargo space are of wedge
      shape.
NUM  21.
PAR  21. A transport ship according to claim 20 wherein said catching devices
      are pressed into said cargo space by expanding compressible members.
NUM  22.
PAR  22. A transport ship according to claim 19 wherein said catching devices
      are pressed into said cargo space by their own buoyancy in the dock
      chamber water or by their own gravity.
NUM  23.
PAR  23. A transport ship for transporting floatable cargo, comprising a hull
      having a ballast system with ballast tank means and at least one
      vertically undivided plural tier cargo space capable of being flooded and
      drained, and at least one sea door means for opening and closing said
      cargo space to the sea, said ballast system being capable of flooding or
      draining the entire cargo space and adjusting the ballast of said hull to
      bring the water level of the cargo space level with the surrounding sea so
      that when said sea door means are opened the floatable cargo may be
      floated into said cargo space, said vessel having cargo space stowage
      means in said cargo space for securing cargo which is floated into said
      cargo space of at least two separate tier levels, said vessel including a
      deck overlying the cargo space, and cargo space stowage means for securing
      said cargo at at least two separate tiers including means at said deck for
      securing the uppermost tier therefrom.
NUM  24.
PAR  24. A transport ship according to claim 23 including at least one hanging
      device supported on said deck for engagement with each container of the
      uppermost tier.
NUM  25.
PAR  25. A transport ship for transporting floatable cargo, comprising a hull
      having a ballast system with ballast tank means and at least one
      vertically undivided plural tier cargo space capable of being flooded and
      drained, and at least one sea door means for opening and closing said
      cargo space to the sea, said ballast system being capable of flooding or
      draining the entire cargo space and adjusting the ballast of said hull to
      bring the water level of the cargo space level with the surrounding sea so
      that when said sea door means are opened the floatable cargo may be
      floated into said cargo space, said vessel having cargo space stowage
      means in said cargo space for securing cargo which is floated into said
      cargo space of at least two separate tier levels, said means for securing
      said containers in at least two tiers including removable brackets forming
      seats supported on the side walls of said cargo spaces for supporting each
      container at a selected tier height.
NUM  26.
PAR  26. A transport ship for transporting floatable cargo, comprising a hull
      having a ballast system with ballast tank means and at least one
      vertically undivided plural tier cargo space capable of being flooded and
      drained, and at least one sea door means for opening and closing said
      cargo space to the sea, said ballast system being capable of flooding or
      draining the entire cargo space and adjusting the ballast of said hull to
      bring the water level of the cargo space level with the surrounding sea so
      that when said door means are opened the floatable cargo may be floated
      into said cargo space, said vessel having cargo space stowage means in
      said cargo space for securing cargo which is floated into said cargo space
      of at least two separate tier levels, said sea door means comprising a
      gate closing said cargo space and being pivotal downwardly to open said
      space, said ship's hull having streamlined removable body parts in front
      of said gate, said body parts comprising a hinged element on each side of
      the forward end of said hull being hinged to said hull to open outwardly
      on each side, the hinge being such that the body parts open by gravity
      when they are unlocked.
NUM  27.
PAR  27. A transport ship for transporting floatable cargo, comprising a hull,
      having at least one vertically undivided plural tier cargo space, a
      substantially horizontal cargo deck located at the bottom of said cargo
      space, a dock gate pivoted at its lower end to said cargo deck and being
      pivotal downwardly to open said cargo space, said hull having an openable
      bow forward of said dock gate with an openable hull part, said cargo space
      being floodable to permit the floating of cargo through said openable hull
      part and into said cargo space and the entire cargo space being adjustable
      in water level to permit the in and off-loading of cargo into at least two
      distinct levels, with the first level of cargo being supportable on said
      cargo deck, and a supporting member in said cargo space carried by said
      hull at a level above the first cargo space tier for engaging and
      supporting the cargo in a tier above said first tier, a weather deck above
      said cargo deck closing said cargo space, said supporting member
      comprising a hanging device which hangs downwardly from said weather deck
      and is engageable with the cargo to hold the cargo in a tier above said
      first tier.
NUM  28.
PAR  28. A transport ship for transporting floatable cargo, comprising a hull,
      having at least one vertically undivided plural tier cargo space, a
      substantially horizontal cargo deck located at the bottom of said cargo
      space, a dock gate pivoted at its lower end to said cargo deck and being
      pivotal downwardly to open said cargo space, said hull having an openable
      bow forward of said dock gate with an openable hull part, said cargo space
      being floodable to permit the floating of cargo through said openable hull
      part and into said cargo space and the entire cargo space being adjustable
      in water level to permit the in- and off-loading of cargo into at least
      two distinct levels, said cargo space being of a size to accommodate a
      plurality of floatable cargo and being adjustable in water level with said
      dock gate closed to raise and lower the cargo selectively to and between
      all of said tiers, one tier level of the cargo being supportable on said
      cargo deck, and a supporting member in said cargo space carried by said
      hull at a level above said one tier level for engaging and supporting the
      cargo in a higher tier.
NUM  29.
PAR  29. A transport ship for transporting floatable cargo, comprising a hull,
      having at least one vertically undivided plural tier cargo space, a
      substantially horizontal cargo deck located at the bottom of said cargo
      space, a dock gate pivoted at its lower end to said cargo deck and being
      pivotal downwardly to open said cargo space, said hull having a bow
      forward of said dock gate with an openable hull part, said cargo space
      being floodable to permit the floating of cargo through said openable hull
      part and into said cargo space and being adjustable in level to permit the
      in- and off-loading of cargo into at least two distinct levels, one tier
      level of cargo being supportable on said cargo deck, said cargo space
      being of a size to accommodate a plurality of floatable cargo and being
      adjustable in water level with said dock gate closed to raise and lower
      the cargo selectively to and between all of said tiers, and a supporting
      member carried by said hull at a level above the one tier for engaging and
      supporting the cargo in a higher tier above said one tier, said supporting
      member comprising a seat, said seat being mounted in said hull along at
      least one side of said cargo space and being positionable below a cargo at
      a tier above said tier to support the cargo above said first tier.
NUM  30.
PAR  30. A method of loading floating cargo containers onto a ship having a
      vertically undivided plural tier cargo space with each tier having space
      for a plurality of containers which may be arranged longitudinally one
      behind the other therein and which is closeable by an openable cargo space
      door and which has a ballast system permitting the flooding of the cargo
      space, comprising adjusting the level of the water in the cargo space to
      the level of the sea, opening the cargo door to expose the cargo space to
      the sea, pushing the floating cargo into the cargo space and aligning each
      of a plurality of separate cargo containers longitudinally in stowage
      positions one behind the other along the length of the cargo space,
      regulating the water level in the cargo space to adjust the cargo
      vertically and to shift it selectively to any one of the tiers, including
      moving the cargo on the water level through a tier level, if necessary, in
      order to position the cargo in a selected tier after the cargo space door
      has been closed, securing the cargo in a selected tier, thereafter
      adjusting the water level in the cargo space to a level which is different
      from the selected level and a level which corresponds to the sea level,
      pushing in another tier of a plurality of separate floating cargo
      containers into the cargo space and aligning them longitudinally in
      stowage positions, and closing the door and regulating the water level in
      the cargo space to position the other tier at a second tier stowage level,
      securing the cargo at the second tier stowage level and thereafter
      discharging the water from the cargo space.
NUM  31.
PAR  31. A method according to claim 30 wherein the floating cargo is moved
      vertically in the ship by ballasting the ship to raise it or lower it in
      respect to the sea water level while the cargo space water is in
      communication with the water of the sea.
NUM  32.
PAR  32. A method according to claim 30 wherein the cargo is movable vertically
      in the vessel by regulating the height of liquid in the cargo space while
      it is closed to the sea.
NUM  33.
PAR  33. A method according to claim 30 wherein the cargo space is flooded from
      and drained into the water ballast tanks of said ship.
NUM  34.
PAR  34. A method according to claim 30 wherein the cargo space is flooded from
      and drained into surrounding sea.
NUM  35.
PAR  35. A method according to claim 30 wherein the vessels are moved into or
      out of the cargo space by self propelled small water craft.
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ABST
PAL  A ship having a hold with a bottom, and a vertically positioned tank with a
      top and bottom standing in gravity support on the hold bottom, said tank
      having a portion circular in horizontal section between the tank top and
      tank bottom, a circular restraining wall horizontally positioned around
      the tank, and equally spaced from, the circular portion of the tank, and a
      plurality of pairs of cross-braces joined to the cylindrical portion of
      the tank and extending therefrom and joined to the circular restraining
      wall, said cross-braces accommodating expansion and contraction of the
      tank with temperature change while providing support against lateral
      movement of the tank during pitching and rolling of the ship.
BSUM
PAR  This invention relates to ships used for transporting cryogenic liquefied
      gases. More particularly, this invention is concerned with improvements in
      transporting cryogenic liquefied gases in ship tanks which are
      free-standing and are supported by the ship hold bottom.
PAR  Many useful gases are available or are produced at geographical locations
      far removed from the locations where they are used or needed. Although
      some such gases can be economically transported under pressure in the form
      of a gas, it is generally more desirable to liquefy the gas and transport
      it in that state because of the increased volume of gas which can be
      transported in liquid state compared to the gaseous state.
PAR  Some gases can be liquefied at moderate pressures and shipped in tanks
      capable of maintaining the gas under such pressure to keep it in the
      liquefied state. Propane and butane are representative of such gases.
      Because the pressure needed to liquefy such gases at atmospheric
      temperature is not unduly great, a pressure vessel required for storage of
      the so-liquefied gas can be built economically and of a relatively large
      size. Other gases, however, cannot be readily liquefied even at fairly
      high pressures unless the temperature of the gas is also reduced
      substantially below atmospheric temperature. Because it is difficult and
      expensive to construct a pressure vessel capable of storing a cryogenic
      liquefied gas at high pressure in large volume, it has been found more
      practical and less expensive to cool the liquefied gas to a temperature at
      which it can be stored in a tank designed to withstand a minimum internal
      pressure plus dynamic loads due to ship motions. For example, it has been
      found convenient to store liquefied natural gas, which is essentially
      methane, at about -260.degree.F. and at about 15 psia or just slightly
      above atmospheric pressure. Other cryogenic liquefied gases such as
      hydrogen, helium and ethylene can be similarly stored at about atmospheric
      pressure following their refrigeration to a temperature below the boiling
      point of the gas at such pressure.
PAR  Tanks for transporting cryogenic liquefied gases at about atmospheric
      pressure in a ship are of two main types. The first type of tank is one in
      which the tank walls and bottom are substantially continuously supported
      by the ship hold bottom and walls. Such a tank relies upon the structure
      of the ship for the strength and support needed to contain the liquid
      being stored. The second type of tank is a structurally self-supporting or
      free-standing tank which is spaced or separated from the ship hold wall.
      Such a tank does not rely on the strength of the hold walls for necessary
      reinforcement because it is structurally independent of the ship walls
      insofar as its ability to effectively contain a stored liquid is
      concerned.
PAR  One of the structurally independent type of tanks is cylindrical with a
      hemispherical bottom and top. Such a tank can be mounted in the ship hold
      on a metal cylindrical vertical skirt or on a plurality of columns.
PAR  Another type of free-standing tank has a structurally self-supporting or
      shape retaining vertical cylindrical wall and roof which is spaced or
      separated from the ship hold walls and which has a bottom structure which
      spreads the weight of the tank and any load therein over a substantial
      area of the ship hold bottom. The bottom is either flat over its entire
      area extending to the tank wall or it is flat over most of the area with a
      toroidal knuckle or conical section, or combination of such elements,
      joining it to the tank wall. Load bearing insulation between the hold
      bottom and the tank bottom prevents the tank contents from cooling the
      hold bottom to a low temperature which could affect its strength.
PAR  Although free-standing tanks can be readily placed on a ship hold bottom to
      bear static gravity loads, ancillary supporting means should be provided
      to prevent lateral movement of the tank in the hold. The supporting means
      needed for that purpose must provide the desired support during all
      vertical and horizontal dimensional expansions and contractions induced in
      the tank with temperature changes.
PAR  According to the present invention, there is provided, in combination, a
      ship having a hold with a bottom, a vertically positioned tank with a top
      and bottom standing in gravity support on the hold bottom, said tank
      having a vertical portion circular in horizontal section between the tank
      top and tank bottom, a circular restraining wall horizontally positioned
      around the tank, and equally spaced from, the circular portion of the
      tank, and a plurality of pairs of tank supporting cross-braces joined to
      the circular portion of the tank and extending therefrom and joined to the
      circular restraining wall, said cross-braces accommodating expansion and
      contraction of the tank with temperature change while providing support
      against lateral movement of the tank during pitching and rolling of the
      ship. The circular restraining wall, to which the cross-braces are joined,
      can be a separate girder in a ship hold of square or rectangular shape, or
      it can constitute the wall of a circular cylindrical vertical ship hold
      wall.
PAR  The bracing system of the invention can be used with vertical cylindrical
      tanks, spherical tanks, conical tanks and tanks which are combinations of
      such shapes or similar shapes. An important feature, regardless of the
      particular overall shape of the tank, is that the cross-braces be joined
      to a circular part of the tank taken along a horizontal line so that
      forces due to radial and vertical expansion and contraction of the tank
      are applied equally to all of the braces. The connection of the braces
      substantially tangentially to the tank further aids in achieving this
      goal.
PAR  To achieve equal distribution of forces in the bracing system, induced by
      temperature change in the tank, it is advisable for each pair of
      cross-braces to be identical and uniformly spaced around the tank. Equal
      distribution of such forces is further effected by having the circular
      restraining wall equally positioned about the adjacent periphery of the
      tank so that the cross-braces can be made of essentially the same length.
      In addition, joining the cross-braces to a restraining wall at a height
      lower than the height at which they are joined to a tank permits the
      cross-braces to more readily accommodate the temperature induced
      dimensional changes in the tank. This is because as the tank height is
      decreased with decrease in temperature, so will the braces decrease in
      length since they are also cooled at the ends joined to the tank.
PAR  Each pair of cross-braces can comprise two elongated members arranged and
      positioned so that when one member is in tension the other member can be
      in compression. In addition, each of the two elongated members is
      advisably positioned to function as a load bearing element independent of
      the other.
PAR  The cross-braces can be installed in a predetermined pre-stressed condition
      at ambient atmospheric temperature so that when the tank is cooled, as
      when a liquefied gas is stored in the tank, the positional change and
      displacement of the tank relative to the braces will result in internal
      stress-free braces.
PAR  Either the tank exterior or the ship hold wall interior surface is
      insulated to keep the ship from becoming cold and thereby reducing its
      strength. Furthermore, the cross-braces should be insulated at least along
      that part of their end which is subjected to the extremes of hot and cold
      to facilitate development of an internal temperature gradient in the
      braces.
DRWD
PAR  The invention will be described further in conjunction with the attached
      drawings in which:
PAR  FIG. 1 is an isometric view of a liquefied gas transporting ship containing
      tanks supported by the bracing system of this invention;
PAR  FIG. 2 is a vertical lateral sectional view taken through the ship, and one
      of the tanks, shown in FIG. 1;
PAR  FIG. 3 is an enlarged sectional view of the bracing structure on one side
      of the tank shown in FIG. 2;
PAR  FIG. 4 is a horizontal sectional view taken along the line 4--4 of FIG. 2;
PAR  FIG. 5 is an enlarged plan view of the cross-braces shown in FIG. 4;
PAR  FIG. 6 is an elevational view of the cross-braces of FIG. 5 but with the
      restraining wall, to which the braces are joined, removed for clarity; and
PAR  FIG. 7 is a perspective view showing dimensional changes in a tank and
      cross-braces with temperature changes.
DETD
PAR  So far as is practical, the same elements or parts which appear in the
      different views of the drawings will be identified by the same numbers.
PAR  With reference to FIG. 1, the ship 10 has five tanks 11 for storing and
      transporting a liquefied gas, such as liquefied natural gas at about
      -260.degree.F. and 15 psia. As shown in FIG. 2, each ship tank 11 is in a
      hold which has a bottom 12 and sides 13 which define the hold 14. Load
      bearing insulation 15 is on the bottom of the ship hold 14. The tank 11
      has a flat metal bottom 17 which is joined to a toroidal metal shell
      knuckle 18 which extends to a conical metal shell section 19. The conical
      shell section 19 joins the vertical cylindrical circular central shell
      portion 20 of the tank. The lower edge of the semi-elipsoidal metal top 21
      is joined to cylindrical shell portion 20 to thereby form a completely
      enclosed tank. Insulation 22 is positioned on the entire exterior side and
      top surfaces of the tank. Exterior metal cover 23 over the tank is joined
      at its lower peripheral edge to the ship deck to complete enclosure of the
      tank and the ship hold to thereby protect the entire hold interior from
      the environment.
PAR  Positioned inside of the ship hold 14 is a circular restraining wall in the
      form of a girder 31 as shown in FIGS. 2 to 4. The girder 31 is equally
      spaced from the adjoining tank surface. A plurality of beams 32 (FIG. 4)
      hold the circular girder 31 in fixed position in the ship hold.
PAR  Positioned between the girder 31 and the tank wall 20 is a plurality of
      pairs of cross-braces 33. Each pair of cross-braces 33 is joined at its
      outer end to the girder 31 and at its inner end to the tank.
PAR  Each pair of cross-braces 33 is composed of two elongated members. One of
      these elongated members 35 is joined at its outer end to a plate 36 which
      is joined to the inner vertical surface of girder 31. The inner end of
      elongated member 35 is welded to a plate 37 which is positioned
      horizontally. The plate 37 is joined by bolts 40 to a horizontally
      positioned flange 38 which is welded to the outer periphery of the tank
      shell portion 20. The flange 38 extends completely around the tank. A pair
      of vertical plates 39 reinforce plate 38 in the location where each plate
      37 is bolted to it.
PAR  Each pair of cross-braces 33 has a second elongated member 43 placed so as
      to cross the elongated member 35. Elongated member 43 consists of two
      metal bars 44 and 45. Elongated member 35 is positioned between the bars
      44 and 45 comprising elongated member 43. Each of the said elongated
      members 35 and 43 is free to move with respect to the other. The inner
      ends of bars 44 and 45 are welded to metal plate 37 and the outer ends of
      the bars are welded to plate 36. To keep the two bars 44 and 45 equally
      spaced apart when under load, shear plates 50 and 51 (FIG. 6) can be
      welded to the sides of the two bars.
PAR  The described cross-bracing system secures the tank 11 against lateral
      movement in the ship hold. In addition, the cross-braces secure the tank
      against vertical movement produced by over-turning forces or an uplift
      force on the tank shell such as can result from internal pressure or
      product load. The elongated cross-braces 35 and 43 are arranged in X
      bracing arrangement with the ends joined to the tank approximately
      tangentially. Tangential positioning of the braces provides the necessary
      flexibility for accommodating the dimensional changes which result from
      expansion and contraction of the tank as a result of temperature changes.
PAR  As shown in FIG. 4, when a horizontal force is applied along the line F as
      shown in the drawing, the elongated members 43 in the areas C and D of the
      cross-braces are placed in tension, while the elongated members 35 in
      those areas are placed in compression. Each pair of cross-braces
      progressively located away from the areas C and D towards the area B of
      the tank has the tensile load in members 43, and the compression load in
      members 35, reduced. The cross-braces in the area B are both in
      compression. Similarly, in the area A of the tank, the cross-braces of
      each pair are in tension, although they do not bear a tensile load
      anywhere near as high as that in members 43 in the areas C and D when the
      force F is applied. Of course, when the lateral force is applied in a
      different direction than the force F the cross-braces will respond in a
      similar manner. It should be understood that, regardless of the lateral
      force which is applied to the tank, those braces which are more or less
      parallel to the line of force are subjected to the greatest compressive
      and tensile loads.
PAR  The size of the cross-braces and the dimensions of each of the elongated
      members 35 and 43 must be precalculated to accommodate the dimensional
      change of the tank shell with changes in temperature. The cross-braces
      obviously must be of adequate strength to withstand the loads to which
      they are subjected. The anticipated temperature contractions of the
      bracing and the tank shell and the stress growth of the tank shell are
      first computed. The geometry of the pairs of cross-braces is then
      determined so that the calculated movements can occur without producing
      loads in the cross-braces. The cross-braces are then installed at ambient
      atmospheric temperature with an initial flexure equal to the resultant of
      the radial and vertical tank shell calculated movements. The tank shell
      movements will occur as the tank is cooled and filled with a liquefied gas
      product, such as liquefied natural gas at about -260.degree.F. and 15
      psia. After the movements take place upon cooling of the tank, the
      cross-braces will be essentially stress free and in position to assume the
      loads which are imposed on them. The cross-braces accordingly must be
      designed so that they are sufficiently flexible for the ambient
      temperature springing and yet have sufficient stiffness to act as
      compression members when lateral loads are applied to the tank.
PAR  FIG. 7 illustrates in a schematic perspective view the mathematical
      measurements to be taken into account in determining the length of the
      cross-braces and their positioning on the tank and the ship hold girder.
      In FIG. 7:
PA1  C = one-half of the chord distance between adjacent points of attachment of
      the cross-braces to the ship hold girder
PA1  H = the radial horizontal distance from the chord to the attachment of the
      braces to the tank girder
PA1  D.sub.h = computed radial temperature contraction of the tank girder
PA1  D.sub.v = computed vertical movement of the tank girder due to the
      temperature contraction of the tank shell
PA1  L = cross-brace length
PA1  D.sub.l = contraction in length of the cross-brace due to temperature
PA1  L = .sqroot.c.sup.2 + h.sup.2 + v.sup.2
PA1  v = 1/2 d.sub.v [2h(d.sub.h) + 2l(d.sub.l) + d.sub.v.sup.2 + d.sub.h.sup.2
      - d.sub.l.sup.2 ] exact expression for V
PA1  V = l(d.sub.l) + h(d.sub.h)/d.sub.v approximate expression for V
PAR  The following procedure can be followed for determining V.
PAR  1. Assume a length for V
PAR  2. Compute L from L = .sqroot.L.sup.2 + H.sup.2 + C.sup.2
PAR  3. Compute temperature contraction D.sub.L
PAR  4. Compute V using the approximate expression
EQU  V = L(D.sub.L) + H(D.sub.H)/D.sub.V
PAR  5. Compare computed length of V with the assumed length. Repeat the
      procedure with a new length for V until the computed length and assumed
      length agree.
PAR  6. Make a final check of the assumed length by comparing with the computed
      length obtained from the exact expression.
EQU  V = 1/2 D.sub.V  [2H(D.sub.H) + 2L(D.sub.L) + D.sub.V.sup.2 + D.sub.H.sup.2
      - D.sub.L.sup.2 ]
PAR  It is thus seen that the positioning and length of the cross-braces
      required in the invention can be determined mathematically by a structural
      engineer.
PAC  EXAMPLE
PAR  A 57 foot radius tank of 9% nickel alloy steel is supported by 48 pair of
      cross-braces. Each pair of cross-braces comprises a steel bar 5 .times.
      3.5 inches by an average length of 8 feet 23/8 inches long, and a pair of
      plates 11.5 .times. 0.75 inches by an average length of 8 feet 23/8 inches
      long.
PAR  The space between the tank wall and the ship hold is 2 feet 0.5 inch and
      the horizontal distance from the center of attachment of the cross-braces
      to the tank girder to the center of attachment of the cross-braces to the
      hold girder is 1 foot 5 inches. The vertical distance from the same points
      of attachment is 2 feet 3 inches.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom as modifications will be obvious to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination:
PA1  a ship having a hold with a bottom,
PA1  a vertically positioned tank with a top and bottom standing in gravity
      support on the hold bottom, said tank having a portion circular in
      horizontal section between the tank top and tank bottom,
PA1  a circular restraining wall horizontally positioned around the tank, and
      equally spaced from, the circular portion of the tank, and
PA1  a plurality of pairs of flexible cross-braces fixedly joined substantially
      tangentially to the circular portion of the tank and extending therefrom
      and fixedly joined to the circular restraining wall, said cross-braces
      accommodating expansion and contraction of the tank with temperature
      change while providing support against lateral movement of the tank during
      pitching and rolling of the ship.
NUM  2.
PAR  2. A combination according to claim 1 in which the tank is insulated.
NUM  3.
PAR  3. A combination according to claim 1 in which the pairs of cross-braces
      are essentially identical and uniformly spaced around the tank.
NUM  4.
PAR  4. A combination according to claim 1 in which the cross-braces are joined
      to the restraining wall at a height lower than the height at which they
      are joined to the tank.
NUM  5.
PAR  5. A combination according to claim 1 in which each pair of cross-braces
      has two elongated members, and when one member is in tension the other
      member of the pair can be in compression.
NUM  6.
PAR  6. A combination according to claim 1 in which each of the two elongated
      members functions as a load bearing element independent of the other.
NUM  7.
PAR  7. A combination according to claim 1 in which the cross-braces are in
      prestressed condition at ambient atmospheric temperatures and are free of
      internal stresses at sub-atmospheric temperatures at which a liquefied gas
      is stored in the tank.
PATN
WKU  039397920
SRC  5
APN  4829948
APT  1
ART  315
APD  19740625
TTL  Vertically liftable rudder blade
ISD  19760224
NCL  10
ECL  1
EXA  Basinger; Sherman D.
EXP  Blix; Trygve M.
NDR  2
NFG  3
INVT
NAM  Wasenius; Reidar
STR  Signalveien 6
CTY  1500 Moss
CNT  NO
PRIR
CNT  NO
APD  19730626
APN  2639/73
CLAS
OCL  114162
XCL  115 18B
EDF  2
ICL  B63H 2506
FSC  114
FSS  162;164;165;167
FSC  115
FSS  18 B
UREF
PNO  3001502
ISD  19610900
NAM  Stoker
OCL  114167
UREF
PNO  3285219
ISD  19661100
NAM  Linsley
OCL  115 18B
LREP
FRM  Darby & Darby
ABST
PAL  A rudder for an outboard motor having fins normally located in the
      slipstream produced by the motor propellor. The force of the water on the
      fins at a predetermined speed of the boat lifts the rudder vertically so
      that the steering of the boat is substantially independent of the rudder.
BSUM
PAR  The invention concerns a vertically liftable rudder blade preferabely
      intended for use on vessels equipped with outboard motors and
      inboard/outboard motor units. The invention is particularly well suited
      for planing and semi planing vessels which lose their directional
      stability and steer poorly at low speeds.
PAR  In order to increase the directional stability of said types of vessels,
      there have previously been used rudder blades attached to the submerged
      parts of the motors or drive units so that the rudder blade is located in
      the slip stream of the propeller and follows the motion of the submerged
      parts. The disadvantage of the known constructions is that the rudder
      force becomes to large at speeds above about 10 knots. Consequently, at
      high speeds the vessel may become dangerous to steer in that the large
      rudder force may capsize the vessel even by moderate movement of the
      steering mechanism. In addition, the vessel will require very large
      steering effort at high speeds.
PAR  The purpose of the invention is to improve the pertinent vessels'
      directional stability and steering ability at low speeds while avoiding
      the disadvantages associated with previously known constructions at high
      speeds. This object is obtained in accordance with the invention in that a
      rudder blade stays in the slip stream of the propeller only up to a
      certain speed. Above this speed the rudder blade moves vertically and
      automatically out of the slip stream so that it has little or no influence
      on the directional stability and steering ability of the vessel above the
      predetermined speed. The vertical force required to move the rudder blade
      is obtained by letting a part of the slip stream of the propeller change
      direction to act against adjustable wings or planes supported on an axis
      intersecting a vertical axis through the center of gravity of the rudder
      blade.
PAR  In accordance with the invention extra rudder force will be had only when
      this necessary, i.e. at low speed. This make the vessel directionally
      stable and it can run on a straight course, thereby saving fuel, and the
      pilot does not have to be tense and alert in order to correct the frequent
      directional changes of the vessel. The rudder blade may also be lifted
      manually when running in very shallow water. Furthermore, the rudder blade
      will lift if the vessel should run aground or the like, and this should to
      a large degree prevent the rudder blade from being damaged. The rudder
      blade is locked in top position, for instance for preventing the rudder
      blade from falling down at high speeds when the vessel "skips" from one
      wave to the next. The desired rudder area in the propeller slip stream can
      be adjusted by supporting the mechanism distance pieces. This makes it
      possible to use the same rudder blade for several vessel sizes.
DRWD
PAR  An embodiment of the invention to be taken merely as an example, is shown
      on the drawings.
PAR  FIG. 1 shows a side view of a rudder according to the invention mounted on
      the cavitation plate of an outboard drive unit.
PAR  FIG. 2 shows a rear view of a rudder according to the invention where the
      cavitation plate of the outboard drive unit is shown in broken lines.
PAR  FIG. 3 is section A--A from FIG. 2 where the adjustable planes or wings and
      the attachment of the steering rods to the rudder blade is shown, together
      with the mechanism for locking the rudder in the top position.
DETD
PAR  As shown in the drawings, angle irons 5, a top plate 6 and flat irons 8
      form a frame for attachment to the cavitation plate of the outboard drive
      unit shown. The top plate 6 has a longitudinal slot for the rudder blade 1
      which has adjustable planes 2 near its bottom. The rudder blade is guided
      transversely by the angle irons 7. Furthermore, steering rods 3 moveable
      in guides 4 will contribute further to guiding the rudder blade both in
      the direction of travel and sidewise. In operation, a vertical force will
      be exerted on the adjustable planes 2 due to their inclined orientation
      with respect to the water stream from the propeller of the outboard drive
      and this force will under certain conditions lift the rudder blade to the
      top position. When the vessel has reached a certain speed, the rudder
      blade is left to a point where it is locked in top position by a
      cylindrical pin 15 attached to a leaf spring 11 bolted to the top plate 6
      moving into a correspondng recess 16 in one of the steering rods 3. This
      is shown in FIG. 3. The condition for locking is that the vessel has a
      speed that brings the leaf spring 11 above the water. Releasing of the
      rudder blade occurs when the speed of the vessel is reduced sufficiently
      for the water to hit the leaf spring and force it backwards so that the
      cylindrical pin moves out of engagement with the steering rod 3. The
      backward motion of the leaf spring is limited by a stop 14 placed on the
      guide 4 for the correspondng steering rod 3. The resilient locking means
      11 also may be released by pulling the leaf spring backwards by a
      mechanical interconnection with the motor speed adjusting so that the leaf
      spring can thereby be released in synchronization with motor power. Any
      suitable mechanism may be used, for example a linkage between the motor
      throttle and the spring 11. This is shown schematically by a dotted line
      in FIG. 1. Any other suitable mechanical arrangement can be used, for
      example, a speed governor controlled system.
PAR  Although the invention has been described above in conjunction with a
      specific embodiment it will be obvious to a person skilled in the art that
      modifications as to form and materials may be done without departing from
      the spirit of the invention and the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The combination comprising
PA1  a motor for a boat, said motor having a propelling means which produces a
      slipstream as the boat moves through the water,
PA1  a rudder for steering the boat at speeds below a predetermined speed,
PA1  means independent of the boat mechanically coupling the rudder to the motor
      propelling means so that the rudder is in a position to react to the
      slipstream produced by the propelling means and both turn together as the
      boat is steered,
PA1  and means on said rudder responsive to the movement of the water at said
      predetermined speed and above lifting the entire rudder up in the water
      and out of the slipstream when the boat has reached said predetermined
      speed to make the steering of the boat substantially independent of the
      rudder.
NUM  2.
PAR  2. The combination of claim 1 wherein the lifting means lifts the rudder
      substantially out of the water.
NUM  3.
PAR  3. The combination of claim 1 wherein said lifting means comprises planes
      mounted on said rudder.
NUM  4.
PAR  4. The combination of claim 1 further comprising means for adjusting the
      position of the planes with respect to the horizontal.
NUM  5.
PAR  5. The combination of claim 4 wherein said planes are pivotally mounted on
      said rudder and the pivot axis for the planes intersects the vertical axis
      through the center of gravity of the rudder.
NUM  6.
PAR  6. The combination of claim 1 wherein said motor is an outboard drive
      having a cavitation plate, said means for coupling the rudder to the motor
      comprising a frame mounted on said cavitation plate, said frame including
      guide means for holding the rudder in a fixed vertical plane, and means
      for permitting the rudder to move vertically as it is lifted to move up in
      the water.
NUM  7.
PAR  7. The combination of claim 1 further comprising means for locking the
      rudder in its lifted position.
NUM  8.
PAR  8. The combination of claim 7 wherein said locking means comprises
      resilient means having means thereon for engaging said rudder to lock it
      in its lifted position.
NUM  9.
PAR  9. The combination of claim 8 wherein said resilient means includes means
      adapted to be hit by the water to release the engaging means from the
      rudder.
NUM  10.
PAR  10. The combination of claim 7 further comprising means responsive to the
      speed of the motor for releasing the locking means.
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ABST
PAL  An anchor bracket and cleat includes spaced rings attached to a pair of
      parallel rods and inclined in opposite directions to define a cleat. An
      annular horn shaped collar member is attached to extensions from the rods
      and serves as an anchor bracket particularly useful in combination with a
      mushroom anchor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved anchor bracket and cleat particularly
      useful for fishing boats and the like having a small deck space.
PAR  When fishing from a small boat, it is often desirable to anchor and cast a
      bait. If fishing efforts are not successful at a first anchorage, then it
      is common to move to successive anchorages in an effort to improve
      results. With each move, it is necessary to weigh anchor and then drop the
      anchor. In those instances where the anchor is retained inside the boat,
      pulling up the anchor each time may require coiling of the anchor rope and
      proper setting of the anchor in the boat. If these actions are not
      properly attended to, it is possible to foul the anchor line and, perhaps,
      the anchor, causing in some instances a hazard.
PAR  In an effort to obviate the problems associated with constant moving of a
      boat and attendant anchor movement, many boats now incorporate winch
      mechanisms for weighing the anchor as required. Such mechanisms work
      exceedingly well, though in many instances comprise a great expense,
      particularly for a pleasure fisherman. As a result, an anchor holder and
      guide is a desirable feature, particularly for small boats. Such a guide
      desirably includes a cleat mechanism or a gripping mechanism for the
      anchor rope to retain the rope in the event a locking winch is not used.
      Of particular desirability is an anchor bracket compatible with the
      popular mushroom anchor. These foregoing considerations, among others,
      prompted development of to the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  In a principal aspect, the present invention comprises a combined anchor
      bracket and cleat including first and second opposed spaced rings joined
      to a common member and inclined in opposite directions from each other to
      form a cleat. An extension from the common member includes an attached
      collar member which receives an anchor rope. Thus, the anchor rope may be
      directed through the collar member and rings. The collar member is
      cooperative with an anchor. The entire structure is attached to a deck of
      a boat by a bracket.
PAR  Thus, it is an object of the present invention to provide a combination
      anchor bracket and cleat.
PAR  It is a further object of the present invention to provide an anchor
      bracket and cleat comprised of a pair of rings and a collar member all
      attached to a single support member with the rings forming the cleat.
PAR  Still another object of the present invention is to provide a combination
      anchor bracket and cleat including an annular horn shaped collar member
      for cooperation with a mushroom type anchor.
PAR  Still another object of the present invention is to provide an inexpensive
      yet sturdy and useful anchor bracket and cleat especially useful for boats
      having minimum deck space.
PAR  These and other objects, advantages and features of the invention will be
      set forth in the detailed description which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the detailed description which follows, reference will be made to the
      drawing comprised of the following figures:
PAR  FIG. 1 is a perspective view of the improved anchor bracket and cleat of
      the present invention attached to a typical boat deck surface;
PAR  FIG. 2 is a perspective view similar to FIG. 1 wherein the anchor has been
      lowered;
PAR  FIG. 3 is an exploded perspective view of the invention;
PAR  FIG. 4 is a top plan view of the invention;
PAR  FIG. 5 is a side elevation of the invention; and
PAR  FIG. 6 is a cross-sectional view of the improved anchor bracket
      construction taken along the line 6--6 in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the Figures, the anchor bracket and cleat construction is
      comprised of a first metal ring 10 and a second metal ring 12. The rings
      10 and 12 are welded to first and second metal rods 14 and 16,
      respectively. Rods 14 and 16 are arranged in nearly parallel fashion so
      that the rings 10 and 12 are arranged in opposed inclined relationship.
      The planes defined by the rings 10 and 12 intersect at a substantially
      60.degree. angle. This is the preferred value of the angle defined by the
      planes of rings 10 and 12. However, any desired angular relationship is
      possible so long as the rings 10 and 12 are inclined outwardly with
      respect to each other and with respect to the rods 14 and 16.
PAR  The diameter of the rings 10 and 12 is not a limiting feature of the
      invention. The diameter should be sufficient to enable passage of an
      anchor rope 21. Additionally, the rings 10, 12 should be of sufficient
      diameter and size to enable the anchor rope 21 to be wrapped thereabouts
      in order that the rings 10, 12 may serve as a cleat as shown in FIG. 1.
      Note also that the rings 10, 12 need not be circular in shape. Various
      other shapes such as a trapezoidal shape or the like will suffice in the
      performance of a function of the rings 10 and 12.
PAR  The rods 14 and 16 extend beyond the intermediate ring 10 and, as
      illustrated in the drawing, are angled downward from the deck surface 24
      of the boat 26. The rods 14 and 16 terminate by attachment to an annular
      horn shaped collar 18. The collar 18 is flared outward and includes a
      center opening 19 sufficient for receipt of the stem portion 20 of a
      mushroom anchor 22. In this manner, the anchor line 21 may be drawn
      tightly to hold the anchor 22 against the collar 18, thereby preventing
      undesirable sway of the anchor during movement of the boat 26.
PAR  As mentioned previously, the collar 18 is preferably disposed downward
      toward the water surface. However, it is possible, because of the shape of
      the collar 18, to dispose of the collar 18 in other directions.
PAR  The rods 14 and 16 are attached to the deck surface 24 of boat 26 by a
      mounting plate 28. Plate 28 includes grooves 30 and 32 which receive the
      rods 14 and 16 respectively. The plate 28 thus fits over the rods 14 and
      16 and maintains the bracket construction tightly on deck 24. Preferably,
      fasteners such as bolts, screws or the like 34 extend through the mounting
      plate 28 and attach to the deck surface 24. Preferably, the plate 28
      extends across the rods 14 and 16 and in between the rods 14 and 16 so
      that fasteners 34 may be attached to the deck 24 on both sides of the rods
      14 and 16.
PAR  In operation, anchor line 21 extends through collar 18 and rings 10 and 12
      for connection to a winch, for example. To weigh anchor, the winch (not
      shown) is operated to draw the anchor 22 tightly against the collar 18. It
      is recommended that the anchor 22 be secured for travel by wrapping the
      rope 21 around the cleat formed by the rings 10 and 12 or by tying a half
      hitch around either one of the rings 10 or 12 so that the anchor 22 cannot
      creep down as the line or rope 21 stretches or compacts on the reel of the
      winch. Clearly, it is also possible to use the bracket construction of the
      present invention without a winch mechanism.
PAR  While in the foregoing there has been set forth a preferred embodiment of
      the present invention it is to be understood that equivalent constructions
      are to be included within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anchor bracket and cleat comprising, in combination:
PA1  support member means including first and second parallel, spaced rods;
PA1  first and second opposed spaced ring means joined to the support member
      means, said ring means being inclined in opposite directions and spaced
      from each other to form a cleat, said ring means including openings for
      guiding a line;
PA1  means for attaching the ring support member means to a deck surface; and
PA1  an extension of said support member means, including first and second
      diverging rod extensions of said first and second rods, respectively, said
      rod extensions connected to a support collar member, being spaced from
      said ring means to form a separate anchor support, whereby an anchor may
      be retained by the collar member.
NUM  2.
PAR  2. The combination of claim 1 wherein said collar member is comprised of an
      annular horn shaped member having a flared outer surface.
NUM  3.
PAR  3. The combination of claim 1 wherein said first ring means is attached
      intermediate the ends of said rods, the second ring means and said collar
      member being attached to the opposite ends of said rods.
NUM  4.
PAR  4. The combination of claim 1 wherein said ring means define planes of
      intersection substantially equal to 60.degree..
NUM  5.
PAR  5. The combination of claim 1 wherein said means for attaching the ring
      means to a deck comprise an attachment plate cooperatively engaging said
      support member means.
NUM  6.
PAR  6. The combination of claim 1 wherein said ring means define a cleat for a
      deck surface and said collar member is positioned outward and downward
      from said cleat below the level of the deck surface.
NUM  7.
PAR  7. The combination of claim 1 wherein said rods and ring means are attached
      to a deck and wherein the rod extensions are inclined downwardly from the
      deck with the collar member positioned below the plane of the deck.
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PAL  This invention relates to mechanically-actuated ahead-and-astern propulsion
      of marine vessels by means of a reversible hydraulic-jet ejector structure
      composed in part of oppositely-directed ejector stagings disposed
      centrally within a longitudinal open-channel conduit formed into the hull
      of the vessel. The reversible ejector structure may be alternately
      actuated by members of an oppositely-directed pair of remotely-driven
      pump-jet rotor nacelles submerged within the open-channel conduit, and
      disposed to supply high-velocity motive fluid to their respective
      secondary-nozzle pair members of the oppositely-directed ejector stagings.
      The pump-jet rotor nacelles may be remotely driven by right-angle drive
      shafts housed within supporting structural struts, and actuated by
      machinery internal to the vessel. The rotor assembly of each pump-jet
      nacelle may include variable-pitch blading whose operating adjustment may
      regulate the quantity and velocity of motive fluid supplied to its
      respective ejector staging.
PARN
PAR  The present application is a continuation-in-part of my patent application
      Ser. No. 814,475 entitled "Marine Jet Propulsion System", filed Feb. 17,
      1969 (now U.S. Pat. No. 3,620,183, issued Nov. 16, 1971) and my presently
      pending patent application Ser. No. 182,760 entitled "Marine Jet
      Propulsion System", filed Sept. 22, 1971 (now U.S. Pat. No. 3,779,200).
BSUM
PAR  The invention includes as propelling means a reversible
      mechanically-actuated hydraulic-jet ejector structure composed in part of
      oppositely-directed thrust-augmenting secondary-nozzle ejector stagings
      disposed centrally within a longitudinal open-channel conduit formed by
      opposite chines or keels which depend downwardly from the hull structure
      of a marine vessel. The after end of this complex ejector passage may be
      warped or flared into an effective diffuser section to reduce fluid
      friction and provide location for a pivoted steering nozzle used in ahead
      propulsion. Each of the oppositely-directed ejector stagings includes a
      submerged remotely-driven pump-jet rotor nacelle which is structurally
      supported from the vessel and disposed to supply variable quantities of
      motive fluids at variable velocities to secondary-nozzle pair members of
      its respective ejector staging. Each pump-jet rotor is remotely driven via
      right-angle drive shafts by machinery internal to the marine vessel, and
      may include variable-pitch impeller blading actuated by servomotors common
      to the arts of hydraulic systems.
PAR  As used herein:
PA1  The term `fluid` shall refer to any liquid or gaseous medium;
PA1  The term `reversible` shall relate to a marine propulsion system which may
      direct its propelling fluid discharge with comparable facility in opposite
      directions;
PA1  The term `motive fluid` shall refer to the energized fluid stream which
      initiates a propulsion reaction, and to its piping system;
PA1  The term `suction fluid` shall relate to the fluid which is being
      accelerated by contact with a higher-velocity fluid stream;
PA1  The term `ejector passage` shall include the configuration of nozzle
      passageways within an ejector structure which guide the acceleration of
      suction fluids;
PA1  The term `ejector staging` shall relate to the ejector structure composed
      of motive nozzle and one or more secondary nozzles disposed in tandem with
      respect to each other downstream of the motive nozzle so that an upstream
      nozzle member discharges its fluid jet into the central bore of the next
      downstream nozzle member, and each secondary-nozzle member is disposed to
      admit suction fluids thereinto from the direction of positive differential
      pressure;
PA1  the term `open conduit` shall refer to a channel or trough having a
      non-continuous peripheral cross section used for guiding the flow of
      fluids which are exposed to the pressure of ambient surroundings;
PA1  the term `closed conduit` shall refer to a tube, pipe or duct having a
      continuous peripheral cross section which is capable of conveying fluids
      with pressures which are substantially different from that of its ambient
      exterior surroundings;
PA1  the term `open-channel conduit` shall relate to the exposed longitudinal
      ejector passage of the reversible hydraulic-jet ejector structure used to
      facilitate ahead-and-astern propulsion of marine vessels.
PAR  For a mobile vehicle which is propelled by the acceleration of fluids
      surrounding the vehicle, and where the intake of the fluid being
      accelerated through the propulsor is directed opposite the direction of
      final discharge, propulsion efficiency is given by the expression:
      ##EQU1##
      Where: V.sub.s is the absolute velocity of the vehicle, and
PA1  V.sub.j is the absolute final velocity of the propelling fluid leaving the
      propulsion system in the direction of final discharge.
PAL  Maximum theoretical propulsion efficiency in this case is limited to 100%.
      In a practical sense the highest propulsion efficiencies are attained
      where the maximum of fluid kinetic energy has been converted to propulsive
      thrust, and final discharge velocities relative to the vessel are very
      low.
PAR  With the declared objects in view together with others which will emerge as
      the description proceeds, the invention resides in the novel construction,
      assemblage and arrangement of elements which will be described more fully
      in the discussion, illustrated in the annexed drawings, and particularly
      pointed out in the claims.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a partially segmented longitudinal sectional view of a
      semi-planing type of marine vessel which is propelled in the fore-and-aft
      direction by a reversible mechanically-actuated hydraulic-jet ejector
      structure formed in the hull structure of the vessel.
PAR  FIG. 2 is a longitudinal sectional view of the segmented reversible
      hydraulic-jet ejector structure taken along broken line A--A of FIG. 1.
PAR  FIG. 3 is a transverse sectional view of the ship structure substantially
      taken along line B--B of FIG. 1.
PAR  FIG. 4 is a transverse sectional view of the ship structure substantially
      taken along line C--C of FIG. 1.
PAR  FIG. 5 is a transverse sectional view of the ship structure substantially
      taken along line D--D of FIG. 1.
PAR  FIG. 6 is a transverse sectional view of the ship structure substantially
      taken along line E--E of FIG. 1.
PAR  FIG. 7 is a longitudinal sectional view of a remotely-driven submerged
      2-stage pump-jet nacelle assembly which is structurally supported by
      struts from the ship structure, and which may be used for ahead
      propulsion.
PAR  FIG. 8 is a longitudinal sectional view of a remotely-driven submerged
      single-stage pump-jet nacelle assembly which is structurally supported by
      struts from the ship structure, and which may be used for astern
      propulsion.
DETD
PAC  LEGEND
PAC  Exhibit A
PA1  11 stern Section
PA1  12 Mid-body
PA1  13 Bow section
PA1  14 Left-side (port) bilge keel or chine
PA1  15 Right-side (starboard) bilge keel or chine
PA1  16 Ejector passage
PA1  17 2-Stage pump-jet nacelle for ahead propulsion
PA1  18 1st Stage secondary nozzle
PA1  19 2nd Stage secondary nozzle
PA1  20 Rotary steering nozzle
PA1  21 Single-stage pump-jet nacelle for astern propulsion
PA1  22 Single-stage secondary nozzle
PA1  23 Lateraly-disposed athwartship maneuvering tube
PA1  24 Annular pump-jet nacelle (ahead)
PA1  25 Nozzle discharge section
PA1  26 Nozzle throat
PA1  27 Protective intake grating
PA1  28 Support and transmission strut
PA1  29 Support and transmission strut
PA1  30 Internal centering strut
PA1  31 Internal centering strut
PA1  32 Right-angle drive shaft
PA1  33 Bevel gear (driver)
PA1  34 Right angle drive shaft
PA1  35 Bevel gear (driver)
PA1  36 Hydraulic transmission lines
PA1  37 Hydraulic transmission lines
PA1  38 Fixed bevel gear housing
PA1  39 Fixed bevel gear housing
PA1  40 Bevel gear (driven)
PA1  41 Drive shaft
PA1  42 Bevel gear (driven)
PA1  43 Drive shaft
PA1  44 2-Stage pump rotor hub
PA1  45 Variable-pitch impeller blades
PA1  46 Deflector
PA1  47 Fairing
PA1  48 Nozzle passage
PA1  49 Annular pump-jet nacelle (astern)
PA1  50 Nozzle discharge section
PA1  51 Nozzle throat
PA1  52 Protective intake grating
PA1  53 Support and transmission strut
PA1  54 Support and transmission strut
PA1  55 Internal centering strut
PA1  56 Internal centering strut
PA1  57 Right-angle drive shaft
PA1  58 Bevel gear (driver)
PA1  59 Right-angle drive shaft
PA1  60 Bevel gear (driver)
PA1  61 Hydraulic transmission lines
PA1  62 Hydraulic transmission lines
PA1  63 Fixed bevel gear housing
PA1  64 Fixed bevel gear housing
PA1  65 Bevel gear (driven)
PA1  66 Drive shaft
PA1  67 Bevel gear (driven)
PA1  68 Drive shaft
PA1  69 Single-stage pump rotor hub (astern)
PA1  70 Variable-pitch impeller blades
PA1  71 Deflector
PA1  72 Fairing
PA1  73 Nozzle passage
PAR  The longitudinally disposed open-channel conduit of the reversible ejector
      structure is bounded by opposite chines or keels which depend downwardly
      from the vessel's hull structure. Oppositely-directed secondary-nozzle
      ejector stagings are centrally disposed in the open channel conduit to
      develop propulsive thrust in either propelling direction by discharging to
      adjacent ends of the ejector passage. A submerged remotely-driven pump-jet
      nacelle disposed to supply high-velocity motive fluids is an integral
      member of each oppositely-directed secondary-nozzle ejector staging. Each
      pump-jet nacelle is disposed to receive suction fluids from the direction
      of positive differential pressure when it is propelling the vessel.
PAR  The vessel may be steered in ahead propulsion by means of a pivoted
      steering nozzle. As shown in FIGS. 1, 2 and 3 the steering nozzle may be
      located centrally in the after end of the submerged longitudinal open
      conduit and disposed to rotate about a vertical axis. When the vessel has
      headway, waters from the after end of the submerged ejector passage are
      partially diverted into the large elliptical steering nozzle 20. When
      nozzle 20 is rotated about a vertical axis through an angular displacement
      from the fore-and-aft centerline, waters accelerated therethrough develop
      a substantial unbalanced thrust which reacts on the nozzle and the
      vessel's stern. The lateral component of this unbalanced thrust acts about
      the vessel's turning center to produce a moment about the vertical which
      alters the vessel's course.
PAR  The segmented semi-planing vessel shown in FIG. 1 may also be maneuvered by
      thrusting effects developed by laterally-disposed submerged reaction tubes
      23. Operation of the maneuvering variation of the reversible jet-reaction
      ejector structure per se is described in the parent patent application
      Ser. No. 814,475 now U.S. Pat. No. 3,620,183 issued Nov. 16, 1971.
PAR  FIG. 1 depicts the general outline of a segmented and sectional view of a
      semi-planing type of marine vessel which is propelled in the fore-and-aft
      direction by a reversible mechanically-actuated hydraulic-jet ejector
      structure. The marine vessel shown in FIG. 1 is comprised of aft-body
      section 11 having any appropriate length (shown in partial longitudinal
      center section) mid-body section 12 of any appropriate length (shown in a
      full-section exterior view), and fore-body section 13 of any appropriate
      length (shown in partial longitudinal center section). A substantially
      coextensive submerged open-channel conduit or ejector passage 16 is
      longitudinally disposed below the normal waterline and defined in the
      bottom hull structure of marine vessel 11-13 inclusive by the boundaries
      of downwardly depending, left-side or port keel member 14 and right-side
      or starboard keel member 15.
PAR  Suitably disposed within the open-channel conduit, and supported from the
      vessel's hull structure by any suitable structural members, are widely
      spaced oppositely-directed pairs of secondary-nozzle ejector stagings
      17-19 and 21-22 inclusive, each ejector staging discharging towards the
      most adjacent propelling end of the ejector passage 16. Ahead propulsion
      ejector staging 17-19 inclusive, which discharges to the adjacent after
      end of ejector passage 16, is composed of remotely-driven 2-stage pump-jet
      nacelle 17, 1st stage secondary-nozzle member 18 and 2nd stage
      secondary-nozzle member 19. Astern propulsion ejector staging 21-22
      inclusive dischages towards the adjacent forward end of ejector passage
      16, and is comprised of remotely-driven single-stage pump-jet nacelle 21
      and secondary-nozzle member 22. The after section of submerged
      open-channel conduit 16 within the vessel aft-body section 11 may be
      warped or flared into an effective diffuser section adjacent the discharge
      of forward propulsion ejector staging 17-19, by altering the configuration
      of downwardly depending chine or keel members 14 and 15 (FIG. 2).
PAR  Arranged centrally within the diffuser section of submerged ejector passage
      16 is pivoted steering nozzle 20, which is disposed to rotate about a
      vertical axis as shown in FIGS. 1, 2 and 3. The angular position of
      steering nozzle 20 with respect to its fore-and-aft axis is longitudinal
      open-channel conduit 16 is controlled by steering machinery housed within
      the vessel, and which may be any of a number of types presently common in
      the marine engineering arts. Elliptical steering nozzle 20 may be further
      stabilized in its vertical orientation by additional structural struts or
      braces (not shown).
PAR  FIG. 7 is a longitudinal sectional view in simplified form of a
      remotely-powered 2-stage pump-jet nacelle assembly, as shown at 17 in
      FIGS. 1 and 2, to actuate ahead propulsion. Pump-jet nacelle 24-27
      inclusive is a protective enclosure for rotor assembly 40-45 inclusive and
      includes annular housing 24, annular nozzle section 25, annular nozzle
      throat 26 and intake grating 27.
PAR  Rotor assembly 40-45 inclusive is supported by end bearings (not shown)
      about shaft members 41 and 43. The end bearing for shaft member 41 is
      suitably mounted in annular gear housing 38, which is suitably secured to
      support and transmission strut member 28. The end bearing for shaft member
      43 is suitably mounted in annular gear housing 39, which is suitably
      secured to support and transmission strut member 29. Support and
      transmission strut members 28 and 29 are rigidly secured to the vessel
      structure outside of the boundaries of ejector passage 16. Support and
      transmission strut member 28 contains drive shaft 32 with bevel gear 33
      and hydraulic supply line 36 as shown, while support and transmission
      strut member 29 contains drive shaft 34 with bevel gear 35 and hydraulic
      supply line 37 as shown. Shaft member 32 with bevel gear 33 and shaft
      member 34 with bevel gear 35 are counter-rotating with respect to each
      other, and may be simultaneously powered from internal machinery within
      the vessel.
PAR  Rotor assembly 40-45 may be driven simultaneously at attached bevel gear 40
      by bevel gear 33 and at attached bevel gear 42 by bevel gear 35. Rotor
      assembly 40-45 includes 2 sets of variable-pitch impeller blades 45, which
      are adjusted by an internal hydraulic servomotor assembly (double-acting
      piston) of any of the types which are well-known in the hydraulic arts
      and, accordingly is not shown. The internal hydraulic blade operating
      mechanism is actuated by differences in hydraulic oil pressure supplied
      through lines 36 and 37 (shown in phantom) into the center of bevel gear
      and shaft assembly 40-41 and into the center of bevel gear and shaft
      assembly 42-43 from a hydraulic pump and oil reservoir carried inside the
      vessel. The angular pitch of all impeller blade members 45 may be
      simultaneously adjusted by remote pressure adjustments of the internal
      hydraulic servomotor system of rotor assembly 40-45.
PAR  FIG. 8 is a longitudinal sectional view in simplified form of a
      remotely-powered single-stage pump-jet nacelle assembly, as shown at 21 in
      FIGS. 1 and 2 to facilitate astern propulsion. Pump-jet nacelle 49-52
      inclusive is a protective enclosure for rotor assembly 65-70 inclusive and
      includes annular housing 49, annular nozzle section 50, annular nozzle
      throat 51 and intake grating 52.
PAR  Rotor assembly 65-70 inclusive is supported by end bearings (not shown)
      about shaft members 66 and 68. The end bearing for shaft member 66 is
      suitably mounted in annular gear housing 63, which is suitably secured to
      support and transmission strut member 53. The end bearing for shaft member
      68 is suitably mounted in annular gear housing 64, which is suitably
      secured to support and transmission strut member 54. Support and
      transmission strut members 53 and 54 are rigidly secured to the vessel
      structure outside boundaries of ejector passage 16. Support and
      transmission strut member 53 contains drive shaft 57 with bevel gear 58
      and hydraulic supply line 61 as shown, while support and transmission
      strut member 54 contains drive shaft 59 with bevel gear 60 and hydraulic
      supply line 62 as shown. Shaft member 57 with bevel gear 58 and shaft
      member 59 with bevel gear 60 are counter-rotating with respect to each
      other, and may be simultaneously powered from internal machinery within
      the vessel.
PAR  Rotor assembly 65-70 may be driven simultaneously; at attached bevel gear
      65 by bevel gear 58 and at attached bevel gear 67 by bevel gear 60. Rotor
      assembly 65-70 includes single-stage variable-pitch impeller blades 70
      which are adjusted by an internal hydraulic servomotor assembly
      (double-acting piston) of any of the types which are common in the
      hydraulic arts. The internal hydraulic blade operating mechanism is
      actuated by differences in hydraulic oil pressure supplied through lines
      61 and 62 (shownin phantom) into the center of bevel gear and shaft
      assembly 65-66 and into the center of bevel gear and shaft assembly 67-68
      from a hydraulic pump and oil reservoir carried inside the vessel. The
      angular pitch of all impeller blade members 70 may be simultaneously
      adjusted by remote pressure adjustments of the internal hydraulic
      servomotor system of rotor assembly 65-70.
PAR  It is, of course, well-known that conventional propeller-driven marine
      vessels are difficult to stop quickly, especially when they are heavily
      laden and propelled ahead under full power. Even after rotation of the
      propeller has been reversed under full power, these vessels normally
      travel ahead for many nautical miles before their momenta are
      counteracted.
PAR  This problem is considerably ameliorated by the present invention.
PAR  When the hydraulic-jet propelled marine vessel has headway and ducted axial
      pump 17 is shut off, sea water flowing in the longitudinal open-channel
      conduit of the reversible ejector structure exerts substantial drag forces
      on secondary-nozzle members 18 and 19 in the astern direction. When the
      marine vessel has sternway and ducted axial pump 21 is shut off, sea water
      flowing in the longitudinal open-channel conduit of the reversible ejector
      structure exerts substantial drag forces on secondary-nozzle member 22 in
      the ahead direction. The kinetic energy of the moving vessel causes sea
      water flowing in the longitudinal open-channel conduit relatively into an
      idle secondary-nozzle member to be accelerated thereinto, causing a
      dissipation of vessel energy by transfer of momentum. Sea water flowing in
      the longitudinal open-channel conduit and on into the enlarged inlet of an
      idle secondary-nozzle member also exerts substantial drag forces thereon
      which help to decelerate the vessel in the direction of relative fluid
      flow. When ejector propulsion stagings 17-19 and 21-22 are idle while the
      vessel has either headway or sternway, secondary-nozzle members thereof
      will exert substantial braking forces which greatly assist the positive
      and accurate control of vessel movement.
PAR  Accordingly, the reversible open-channel ejector structure functions as a
      reversible fluid brake or sea anchor which will rapidly decelerate a
      moving vessel in either the ahead or astern direction when ducted axial
      pumps 17 and 21 are shut off.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. A marine propelling device to facilitate ahead-and-astern propulsion
      comprising a reversible hydraulic-jet ejector structure extending
      longitudinally within the hull of a marine vessel and disposed below the
      normal waterline; said reversible ejector structure being bounded by
      sidewalls of a longitudinal open-channel conduit formed by downwardly
      depending chines or keels from the hull structure of said marine vessel;
      oppositely-directed thrust-augmenting secondary-nozzle ejector stagings
      centrally disposed in said open channel conduit to discharge towards their
      respective adjacent propelling end of said ejector structure; each ejector
      staging having a ducted axial pump disposed within said open-channel
      conduit to supply high-velocity motive fluids into the central bore of at
      least one adjacent secondary-nozzle member; the inlet casing of each
      ducted axial pump being disposed to admit pump suction fluids from the
      direction of positive differential pressure when underway and the outlet
      casing of each ducted axial pump being disposed to discharge high-velocity
      motive fluids therefrom.
NUM  2.
PAR  2. The reversible hydraulic-jet ejector structure for marine propulsion of
      claim 1 wherein each ducted axial pump is mechanically powered by
      machinery internal to the marine vessel.
NUM  3.
PAR  3. The reversible hydraulic-jet ejector structure for marine propulsion of
      claim 1 wherein the outlet casing of each ducted axial pump comprises a
      discharge nozzle.
NUM  4.
PAR  4. The reversible hydraulic-jet ejector structure for marine propulsion of
      claim 1 wherein the rotor of each ducted axial pump includes
      variable-pitch impeller blades, and means for remotely adjusting the pitch
      angle of said variable-pitch impeller blading.
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ABST
PAL  A new and improved protective cover for the lower portion of an outboard
      motor including the skeg, rudder and propeller shaft housing to increase
      the strength of the motor parts covered and protect such parts against
      water damage and wear. A reinforcing rib may be added for additional
      strength and an insert plate may be inserted in the cover to replace a
      missing skeg.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to protective covers for outboard motors.
PAR  2. Description of Prior Art
PAR  As is known, outboard motors typically extend into the water below the hull
      of the boat or other vessel driven by such motor.
PAR  When the boat was moving in shallow water or in the vicinity of submerged
      objects or material, the lower portions of the motor, particularly the
      skeg and the housing for the propeller shaft at the lower portion of the
      motor were often damaged. For example, the skeg would be broken off,
      dented or otherwise damaged, or the propeller shaft housing would be
      dented or damaged, sometimes to a degree sufficient to impair motor
      operation.
PAR  Further, the aluminum external surfaces of the lower portions of the
      outboard motor were often eroded away by sand and corrosive substances,
      particularly in salt water.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  Briefly, the present invention provides a new and improved protective cover
      apparatus for protecting an outboard motor having a first cover member
      means for covering a first portion of the motor, a second cover member
      means for covering a second portion of the motor and coupling means for
      connecting the first and second cover member means together to enclose the
      covered portions of the outboard motor therein.
PAR  The first cover member means and second cover member means are mounted on
      opposite sides of, and enclose portions of the outboard motor
      therebetween. Lower cover portions of the cover members enclose and cover
      the skeg of the motor, intermediate cover portions of the cover members
      enclose and cover the propeller shaft housing of the motor, and upper
      cover portions of the cover members enclose and cover the cooling water
      inlet housing of the motors, suitable openings are formed in the cover
      members to permit passage of cooling water into the cooling water inlet
      and to provide access to the oil filler plug of the motor.
PAR  An insert plate may be inserted and mounted between the first and second
      cover member means to replace a missing skeg on the motor, where desired.
      A reinforcing rib may be mounted between the first and second cover member
      means for additional strength. The first and second cover member means are
      formed in substantial conformity to the portions of the outboard motor
      covered thereby for unimpaired hydrodynamic flow characteristics for the
      motor.
PAR  It is an object of the present invention to provide a new and improved
      protective cover apparatus for an outboard motor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view, partly in phantom, of the apparatus of the
      present invention mounted with an outboard motor;
PAR  FIG. 2 is an exploded isometric view of the apparatus of FIG. 1; and
PAR  FIG. 3 is an elevation view of the apparatus of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the letter A designates generally the apparatus of the
      present invention for protecting an outboard motor O (shown in phantom in
      FIG. 1). The outboard motor O may be any conventional, commercially
      available outboard motor such as, for example, the type sold by the
      Johnson Outboard Division, Outboard Marine Corp. of Waukegan, Ill. It
      should be understood, however, that the apparatus A of the present
      invention is adapted for use and may be used with other makes and models
      of outboard motors as well.
PAR  Since the outboard motor O is conventional, only those features thereof
      relevant to an understanding of the present invention will be referred to
      herein. As is conventional, the outboard motor O includes a propeller P
      driven by an internal combustion engine mounted within a cowl 10. The
      propeller P is driven by a propeller drive shaft mounted within a
      generally tubular horizontal propeller shaft housing H (FIG. 2). A
      conventional, triangular, rearwardly tapered propeller skeg S of the
      outboard motor O is mounted below the propeller shaft housing H, while a
      cooling water inlet housing W is mounted above the propeller shaft housing
      H between the housing H and an anti-slip plate L.
PAR  Considering the apparatus A more in detail, a first cover member M-1 and a
      second cover member M-2 are mounted with the outboard motor O to enclose
      and cover the propeller skeg S, the propeller shaft housing H and the
      cooling water inlet housing W. The first cover member M-1 and the second
      cover member M-2 are mounted on opposite side surfaces of the skeg S and
      housings H and W being covered.
PAR  The first cover member M-1 includes a lower cover portion 12 of a
      configuration substantially conforming to the external surface
      configuration of a side surface 14 of the skeg S, tapering outwardly from
      a front or leading edge 12a to a central portion 12b and tapering inwardly
      to a rear or trailing edge 2c. Where the outboard motor O is of the type
      having an oil filler plug 16 formed on the side surface 14 of the skeg S,
      an opening 18 is formed in the lower cover portion 12 adjacent the oil
      filler plug 16 to provide access thereto. On outboard motors having oil
      filler plugs located elsewhere within the surfaces covered by either of
      the cover members M-1 and M-2, an opening is formed in the cover M-1 or
      M-2, as the case may be, adjacent the oil filler plug to provide access to
      such plug.
PAR  An intermediate cover portion 20 of the first cover member M-1 is of a
      generally tubular configuration substantially conforming to the external
      surface configuration of a curved side surface 22 of the propeller shaft
      housing H. The cover portion 20 has a tapered nose or prow portion 20a, a
      tubular body portion 20b and a semicircular rear collar 20c adjacent an
      opening 21 for passage of the shaft of the propeller P therethrough.
PAR  The first collar member M-1 further includes an upper cover portion 24 of a
      configuration substantially conforming to an external surface 26 of the
      cooling water inlet housing W of the motor O. The upper cover portion 24
      tapers outwardly from a front or leading surface 24a through a central
      portion 24b and tapers therefrom inwardly to a rear or trailing edge
      portion 24c. An opening 28 is formed in the upper cover portion 24
      adjacent a cooling water inlet 30 of the cooling water inlet housing W to
      permit water to pass through the cover member M-1 into the cooling water
      inlet 30 to be used in the motor O for cooling purposes. It should be
      understood that on outboard motors having cooling water inlets located
      elsewhere within the surfaces covered by the cover members M-1 and M-2, an
      opening is formed in the cover member M-1 or M-2, as the case may be,
      adjacent such cooling water inlet to permit water to enter therein.
PAR  The second cover member M-2 includes a lower cover portion 32, an
      intermediate cover portion 34 having a collar 35 and an upper cover
      portion 36, whose inner surfaces 32a, 34a, 35a and 36a, respectively, are
      shown in FIG. 2. The lower cover portion 32, intermediate cover portion 34
      and upper cover portion 36 are of a configuration substantially conforming
      to the configuration of the portions of the outboard motor O covered
      thereby, namely a side surface of the skeg S opposite the surface 16
      thereof, a side surface of the tubular propeller shaft housing H opposite
      the surface 22 thereof, and a side surface of a cooling water inlet
      housing W opposite the surface 26 thereof, respectively. The external
      surfaces of the cover portions 32, 34 and 36 of the cover member M-2 are
      of like configuration to the corresponding cover portions of the cover
      member M-1.
PAR  Front mounting flange members 25 and 38 on the cover members M-1 and M-2,
      respectively, are formed extending forwardly from the leading surfaces of
      the cover portions of such cover members. Suitable openings 40 are formed
      in the mounting flange members 25 and 38 along lower segments 25a and 38a
      thereof and along upper segments 25b and 38b thereof so that coupling or
      connecting bolts B or other suitable connecting means may be inserted
      therethrough to connect the front or leading portions of the cover members
      M-1 and M-2 together.
PAR  Rear lower mounting flanges 42 and 44 are formed extending rearwardly from
      the lower cover portions 12 and 32, respectively, with suitable openings
      46 formed therein for bolts or other suitable connecting means to be
      inserted therethrough to connect lower rear portions of the cover members
      M-1 and M-2 to each other. Rear upper mounting flanges 48 and 50 are
      formed extending rearwardly from rear surfaces of the upper cover portions
      24 and 36, respectively, with suitable openings 52 formed therein for
      insertion of bolts or other suitable connecting means therethrough to
      connect the upper rear portions of the cover members M-1 and M-2 to each
      other.
PAR  The external surfaces of the cover members M-1 and M-2 are preferably
      formed having a stainless steel or other suitable material thereon for
      wear and corrosion resistance purposes.
PAR  A reinforcing rib R of like configuration to the front mounting flange
      members 25 and 38, and having opening 54 formed therein for passage of the
      connecting bolts B therethrough may be mounted between the cover members
      M-1 and M-2 at a position leading the covered portions of the outboard
      motor O for strengthening the cover members M-1 and M-2 and to further
      protect the portions of the motor O covered thereby.
PAR  When the skeg S of the outboard motor O has been broken or damaged, an
      insert plate I preferably of like configuration to the missing portion of
      the skeg may be inserted between the lower cover portions 12 and 32 and
      held in place therebetween when the cover members M-1 and M-2 are
      connected together. When so mounted, the insert plate I serves as a
      replacement for the broken or damaged skeg S. The insert plate I may also
      be a flat metal plate, if desired.
PAR  In the operation of the present invention, the cover members M-1 and M-2 of
      the apparatus A are assembled onto the lower portion of the outboard motor
      O and connecting bolts B inserted through the openings in the mounting
      flange members of the cover members M-1 and M-2. When the cover members
      M-1 and M-2 are connected together in this manner, they enclose covered
      portions of the outboard motor O, protecting the portions of the motor O
      so covered and increasing the strength of the parts so covered. Further,
      with the cover members M-1 and M-2 of a configuration in substantial
      conformity to the portions of the outboard motor O covered thereby, the
      hydrodynamic flow characteristics of the motor O through the water are
      substantially unimpaired. Accordingly, the apparatus A does not
      appreciably impair or detract from the operating and handling
      characteristics of the outboard motor O in the water.
PAR  Although in the preferred embodiment the connecting bolts B are the
      preferred means for connecting the cover members M-1 and M-2 together, it
      should be understood that welding, gluing or other suitable connecting
      means may be used as well. Further, it should be understood that sealing
      gaskets may be mounted between the mounting flanges on the cover members
      M-1 and M-2 if desired. Also, sealing gaskets may be mounted adjacent the
      openings formed in the apparatus A for the cooling water inlet 30 and oil
      filler plug 16, if desired.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for protecting an outboard motor, which motor includes a
      skeg, a propeller shaft housing for a propeller shaft and a propeller,
      comprising:
PA1  a. first cover member means for enclosing and covering a first portion of
      the outboard motor;
PA1  b. second cover member means for enclosing and covering a second portion of
      the outboard motor;
PA1  c. said first and second cover member means enclosing and covering the skeg
      and propeller shaft housing of the motor and each having a recess formed
      therein for passage of the propeller shaft for connection with the
      propeller, said first and second member means each comprising:
PAR  1. a lower cover portion for enclosing and covering the skeg; and
PA2  2. an intermediate cover portion for enclosing and covering the propeller
      shaft housing;
PA2  3. a rear collar formed on said intermediate cover portion adjacent said
      recess for forming an opening for passage of the propeller shaft
      therethrough wherein the propeller is external of said first and second
      cover member means;
PA1  d. said first and second cover member means being formed from a solid
      member and in substantial conformity to the portions of the outboard motor
      enclosed and covered thereby for reducing impairment of the hydrodynamic
      flow characteristics of the outboard motor; and
PA1  e. coupling means for connecting said first cover member means and said
      second cover member means together to enclose the covered portions of the
      outboard motor therein.
NUM  2.
PAR  2. The structure of claim 1, wherein the skeg and propeller shaft housing
      of the outboard motor are formed at a lower end of cooling water inlet
      housing of the outboard motor and wherein each of said first and second
      cover member means comprises:
PA1  an upper cover portion for covering the cooling water inlet housing.
NUM  3.
PAR  3. The structure of claim 2, wherein at least one of said upper cover
      portion comprises:
PA1  an upper cover plate having an opening formed therein adjacent the cooling
      water inlet for passage of water to the motor through said upper cover
      body.
NUM  4.
PAR  4. The structure of claim 1, wherein at least one of said lower cover
      portions comprises:
PA1  a lower cover plate having an opening formed therein adjacent an oil filler
      plug formed in the skeg to provide access to the oil filler plug.
NUM  5.
PAR  5. The structure of claim 1, wherein the skeg of the motor has been damaged
      and is missing and further including:
PA1  insert plate means mounted between said first and second cover member means
      for replacing the missing skeg on the motor.
NUM  6.
PAR  6. The structure of claim 1, further including:
PA1  reinforcing rib means mounted between said first and second cover member
      means at a position leading the covered portions of the motor for
      strengthening said first and second cover member means.
NUM  7.
PAR  7. The apparatus of claim 1, wherein:
PA1  each of said first cover member means and said second cover member means
      are formed having a stainless steel external surface for wear resistance.
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ABST
PAL  Apparatus for indicating when a swimming pool filter needs to be cleaned,
      which comprises a flexible diaphragm covering an opening in the conduit on
      the inlet side of a pool filter and a housing covering the diaphragm with
      a movable piston member inside the housing and engaging the surface of the
      diaphragm. Spring means urges the piston against the diaphragm to
      counteract pressure of water in the conduit against the diaphragm. A
      movable flag is operated by the piston means to indicate through a window
      in the housing when the piston has moved a predetermined distance.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to fluid pressure indicators, and more
      particularly, is concerned with an indicator responsive to inlet pressure
      to a swimming pool filter to indicate when the filter is dirty.
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known to use pressure gauges on the inlet side of swimming pool
      filters to indicate the inlet water pressure. As the filter accumulates
      dirt and foreign matter from the water being filtered, its porosity is
      reduced, the flow rate is reduced, and inlet pressure increases. However,
      conventional pressure gauges are relatively expensive to manufacture and
      install and are sometimes difficult to read. Furthermore they require the
      user to know at what pressure level it is desirable or necessary to clean
      the filter.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a relatively inexpensive and easily
      read indicator for signaling when a pool filter has reached the stage
      where it should be cleaned or replaced. In brief, the indicator includes a
      conduit adapted to be connected into the inlet line to the filter. A hole
      in the conduit wall is covered by a flexible diaphragm within a housing. A
      piston in the housing is urged by a spring against the diaphragm to resist
      the opposing water pressure in the conduit. A lever connected to the
      piston moves a flag into viewing position in front of a window in the
      housing by a small movement of the piston against the spring.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a more complete understanding of the invention, reference should be
      made to the accompanying drawings, wherein:
PAR  FIG. 1 is a front elevational view of the invention;
PAR  FIG. 2 is a top view; and
PAR  FIG. 3 is a sectional view taken substantially on the line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail, the numeral 10 indicates generally a
      conduit molded of plastic. One end of the conduit has an external pipe
      thread 12 for connecting into the outlet fitting of a conventional
      swimming pool pump or other source of water under pressure. The other end
      of the conduit 10 may be provided with any suitable arrangement for
      connecting to the inlet of a pool filter.
PAR  An integrally molded tangential wall section forms a flat outer surface 14
      extending along one side of the conduit, and tangential sidewalls 16 and
      18 extend perpendicularly to the flat surface 14. The conduit has an
      opening 19 through the surface 14, the opening being substantially
      rectangular in outline. A diaphragm 20 of flexible material, such as a
      sheet of neoprene rubber or the like, overlays the surface 14 and extends
      across the opening 19 in the wall to conduit 10. The diaphragm is held
      tightly in place against the surface 14 by a housing indicated generally
      at 22. The housing includes a bottom wall 24 which extends along the lower
      margin of the opening 19, clamping the lower end of the diaphragm 20 to
      the surface 14 adjacent the bottom edge of the hole 19. The housing
      includes vertical sidewalls 26 and 28 which extend on either side of the
      opening 19, and a front wall 30. A slanted top wall 32 is made of
      transparent plastic material to form a viewing window in the housing. The
      top wall 32 is sealed in place to the rest of the housing around the edges
      to prevent dirt and moisture from entering the interior of the housing.
PAR  The housing is secured to the surface 14 of the conduit 10 by means of
      flanges 34 and 36 at the edges of the sidewalls 26 and 28. Screws 38
      extend through the flanges and threadably engage the conduit to secure the
      housing 22 in position. The diaphragm 20 is securely clamped between the
      surface 14 and the edges of the housing 22.
PAR  The housing 22 is formed with an integral ledge 40 which bridges the space
      between the inner surfaces of the sidewalls 26 and 28 immediately above
      the upper margin of the opening 19 in the conduit when the housing 22 is
      in assembled position. The ledge provides a hinged support for a piston
      member 42. Brackets 44 projecting downwardly from the ledge 40 receive a
      hinge pin 46 which passes through the piston member 42 adjacent the upper
      corner thereof. The piston member has a surface 48 which engages the
      diaphragm 20 opposite the opening 19.
PAR  The piston member 42 is urged inwardly toward the opening 19 by a
      compression coil spring 50, one end of which is seated in a cup-shaped
      recess 52 in the back side of the piston member 42. The other end of the
      spring 50 is seated in a recessed screw 54 positioned in a threaded
      opening 56 through the lower front wall 30 of the housing 22. The screw
      has a recess 58 in which the compression spring 50 is seated. Threading of
      the screw in or out adjusts the amount of compression under which the
      spring 50 is restrained.
PAR  As the fluid pressure inside the conduit 10 increases, it forces the
      diaphragm against the piston 42, and the piston 42 in turn compresses the
      spring 50. Movement of the piston 42 activates an indicator or flag 59
      through a linkage 60 pivotally connected to the piston 42. The piston 42
      has an integral lever arm 62 projecting from the back of the piston to
      which the linkage 60 is pivotally connected by a pivot pin 64. The pin 64
      passes through an elongated or oval opening 65 in the arm 62 to provide
      lost motion in the linkage. The flag element 59 is hinged at one end to
      the housing 22 for rotation about a pivot axis 66. The linkage 60 is
      connected to the flag member 59 through a pivot pin 68. By making the
      distance between the pivot axis 66 of the flag element and the pivot pin
      68 of the linkage 60 very small compared to the distance between the pivot
      pin 64 and the hinge pin 46, very small movement of the piston 42 inwardly
      against the spring 50 rotates the flag member 59 up into the dotted
      position 59' where it is clearly visible through the top wall 32. The
      lever arm 62 of the piston 42 acts as a stop member which engages the
      ledge 40 when the piston 42 rotates through a predetermined distance.
PAR  In the absence of water pressure inside the conduit 10, the spring 50
      pushes the piston 42 against a stop 70 projecting up into the opening 19
      from the lower margin of the opening. The flag 59 may be provided with a
      decal 72 on the front surface thereof on which appears a suitable legend
      such as "Clean Me". The indicator is operated with a very small
      incremental increase in pressure by setting the spring to a preload
      compression which holds the piston 42 against the stop 70 until the upper
      limit of normal operating pressure is reached. A slight increase in
      pressure over the preset upper limit moves the piston 42 off the stop.
      When the lost motion of slot 65 is overcome, further movement of the
      piston causes the flag to go from the hidden to the visible position with
      a very small additional incremental pressure increase. Thus as the filter
      accumulates dirt and reaches the point where flow of water through the
      filter is greatly restricted, the indicator device flops over to give a
      clear indication that the filter needs to be cleaned or replaced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for indicating when a swimming pool filter needs to be
      cleaned, comprising a conduit member adapted to be connected to the inlet
      side of a pool filter for directing water into the filter, the conduit
      having an opening along the side, means projecting around the opening
      forming a flat surface, a diaphragm of flexible material in contact with
      said surface and extending across the opening, housing means covering the
      diaphragm and clamping the diaphragm against said surface, a piston member
      movably supported in the housing means, the piston member having a surface
      engaging the diaphragm, spring means urging the piston surface and
      diaphragm toward the conduit against the pressure exerted against the
      diaphragm by water in the conduit, the housing means having a window
      therein, a pivoted flag positioned adjacent the window, and linkage means
      connecting the piston means to the flag for moving the flag in response to
      movement of the piston means, the flag being movable between a position
      viewable through the window and a position out of view through the window,
      the linkage means moving the flag into the viewable position when the
      piston means moves against the urging of the spring a predetermined
      distance, the piston means including a hinged member extending across said
      opening with one side in contact with the diaphragm, the linkage means
      being pivotally connected at one end to the flag means and at the other
      end to the hinged member, the linkage means including lost motion means
      for allowing the hinged member to move a predetermined distance before it
      begins to move the flag through the linkage means.
NUM  2.
PAR  2. Apparatus of claim 1 further including means for adjusting the force of
      the spring means against the piston member.
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ABST
PAL  A compact rotary instrument for accurately measuring small movements of a
      machine tool leadscrew, the instrument having one continuous decimally
      divided scale which indicates the measurement in either the metric or the
      inch system as selected by an operator. The instrument encloses a gear
      system which can be changed from a direct drive condition in which the
      rotary motion of the leadscrew drives an annular scale at a 1:1 ratio to
      an indirect drive condition in which the rotary motion of the leadscrew
      drives the scale through a gear train having two externally formed ring
      gears and two pinion gears carried on a stub shaft, at a 1.27:1 ratio. The
      selection is by means of an annular rotatable selector having two spaced
      marks formed thereon against which the scale can be read by an operator,
      the rotational positions of the selector and the spacing of the marks
      being such that when direct drive is selected only one mark is visible by
      an operator and when indirect drive is selected only the other mark is
      visible.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to rotary instruments for indicating measurements in
      English and Metric units alternatively and suitable for use with
      apparatus, for example machine tools, having a shaft, for example a
      leadscrew, whose rotational movement is proportional to a linear movement
      to be measured by the instrument.
PAC  BACKGROUND OF THE INVENTION
PAR  An instrument of this type is described in my U.S. Pat. No. 3,651,780; it
      has a fixed pointer or mark and a rotatable cylindrical scale which is
      read against the mark. The instrument of U.S. Pat. No. 3,651,780 includes
      an epicyclic gear system drive which although efficient and effective is
      relatively expensive to manufacture.
PAR  An object of the present invention is to provide an instrument which is
      simpler and hence cheaper to manufacture than the instrument of U.S. Pat.
      No. 3,651,780.
PAR  A further object is to provide such a simpler instrument in which the drive
      ratio can be 1.27:1 instead of 2.54:1 so that when the instrument is
      adapted for use with an English leadscrew, the increase in the speed of
      rotation of the scale when set for Metric representation is more
      acceptable to the eye. Also the rate of wear is reduced.
PAR  Yet a further object of the invention is to provide an instrument which is
      simple to adapt for use with either English or Metric leadscrews.
PAR  Yet a further object of the invention is to provide an instrument in which
      the setting of a zero reading is readily and positively accomplished.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects are fulfilled in the preferred embodiment
      of the invention in which a rotary instrument, for indicating measurements
      in English and Metric units alternatively and suitable for use with
      apparatus having a shaft whose rotational movement is proportional to a
      linear movement to be measured by the instrument, includes in combination,
      a first rotary unit adapted to be secured to the shaft and
PA1  A secondary rotary unit rotatable with respect to the first rotary unit,
PA1  A first external annular gear member fixed to said first rotary unit,
PA1  A second external annular gear member fixed to said secondary rotary unit
      and co-axial with said first gear member,
PA1  An annular scale member, on which a single continuous scale is formed,
      carried by said second rotary unit,
PA1  an annular stationary unit,
PA1  a drive unit for transmitting rotary movement between said first rotary
      unit and said second rotary unit including a first pinion gear member
      meshing with said first annular gear member, a second pinion gear member
      meshing with the second annular gear member, and an axially shiftable stub
      shaft upon which the first and second pinion gear members are fixed,
PA1  location means to anchor the stub shaft selectively to the stationary
      member, wherein a drive ratio which corresponds to or bears a simple
      relationship to the ratio between English and Metric units of length is
      provided between said first and said second rotary unit, or to the second
      rotary unit, wherein a 1:1 gear ratio is provided between said first and
      said second rotary unit,
PA1  gear ratio shift means, operatively associated with said stub shaft, and
PA1  co-operating means mounting said shift means on said stationary member such
      that rotation of said shift means effects axial translation of said stub
      shaft from a position anchored to said stationary unit to a position
      anchored to said second rotary unit, and
PA1  two spaced marks formed upon said shift means against which the continuous
      scale can be read, the marks being so spaced that when the stub shaft is
      anchored to said stationary unit only one mark is visible to an operator
      and when the stub shaft is anchored to said second rotary unit only the
      other mark is visible.
PAR  Preferably the drive ratio between the first and second rotary units when
      the third and fourth gear members are anchored with respect to the
      stationary unit is 1.27:1 or the reciprocal thereof.
PAR  Preferably the gear location means comprises an axially movable shaft.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One preferred embodiment of the invention is described in the accompanying
      drawings. In these drawings:
PAR  FIG. 1 is a part-sectional part-plan view of an instrument for use with a
      machine having an English lead screw, the instrument being set to provide
      a reading in Metric units, and
PAR  FIG. 2 similar is a part-plan view of the same instrument set to provide a
      reading in English units, that is to say the gear ratio shift means has
      been rotated through one half of one turn.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, an instrument is mounted on a shaft 1 of a
      machine tool adjacent a handwheel 2. The instrument has a first rotary
      unit which includes an annular gear 3, having 127 teeth, formed upon a
      sleeve 4 which is secured to the shaft 1 for rotation therewith. The shaft
      1 is coupled to an English leadscrew (not shown) of the machine tool. The
      instrument further has a second rotary unit including an annular gear 5,
      having 125 teeth, formed upon a sleeve 6 co-axially mounted for rotation
      on the sleeve 4. Mounted on a radially extending extension 7 of the sleeve
      6 for rotation therewith is an annular carrier member 8. This latter
      member itself carries a cylindrical scale member 9 upon which a scale 9a
      is formed. Rotational movement is transferred from the gear 3 to the gear
      5 by means of a drive unit including a gear 10, having 16 teeth, meshing
      with the gear 3, and a gear 11, having 20 teeth, meshing with the gear 5,
      the gears 10 and 11 being formed integrally with one another. The gears 10
      and 11 are mounted for rotation, upon a gear location means, shown being
      constituted by a stub shaft 12 projecting from a selector plate 13 which
      is carried by an annular selector member 15. The items 13 and 15 form a
      gear ratio shift means which is part of a stationary unit which further
      includes an annular backing member 14 secured to a stationary part of the
      machine tool by bolts (not shown). The backing member has an external
      screw thread which co-operates with an internal thread formed upon the
      selector member 15. The selector member 15 is rotatable through half of
      one turn between defined positions during which movement it, together with
      its selector plate 13, which being separate from the selector member 15
      does not rotate, is caused to shift axially by a predetermined amount. The
      backing member 14 has an axially extending bore 16 within which a spigot
      17 formed on the left hand end (as drawn) of the stub shaft 12 can
      slidably locate. Similarly, that radial portion 7 of the sleeve 6 has an
      axially extending bore 18 within which a spigot 19 formed on the right
      hand end (as drawn) of the stub shaft 12 can slidably locate. The amount
      by which the stub shaft 12 can shift axially under the action of the
      selector plate 13 is determined by these bores 16 and 18; when the spigot
      17 is engaged with the bore 16 the spigot 19 is free of the bore 18 and
      vice versa.
PAR  The carrier member 8 has an annular radially extending face 20 upon which a
      series of serrations are formed. These serrations are matched by a further
      series of serrations formed upon an opposing annular radially extending
      face 21 on the scale member 9. The two sets of serrations are urged into
      mating engagement by a spring member 22 anchored between the radial
      portion 7 and the carrier member. In this position the members 8 and 9
      cannot rotate relatively, but when the member 9 is urged axially by hand
      against the bias of the spring member 22 so that the sets of serrations
      dis-engage, then relative rotation is possible.
PAR  The selector member 15 carries a mark 23 (FIG. 1) which lies on an upper
      region of the member 15 when the spigot 17 is fully engaged with the bore
      16 and so is viewable by an operator. The member 15 also carries a mark 24
      (FIG. 2) which lies 180.degree. from the mark 23 and therefore cannot be
      seen by an operator in the condition of FIG. 1. The mark 24 lies in the
      upper region, as shown in FIG. 2, when the spigot 19 is fully engaged with
      the bore 18.
PAR  When it is desired to obtain a reading in Metric units, the instrument is
      set as shown in FIG. 1. The mark 23 is positioned coincident with the axis
      of rotation of the shaft 1 when viewed as by an operator from above. The
      rotation of the selector member 15 to effect such positioning of the mark
      23 draws the stub shaft 12 to the left, as drawn, and causes its spigot 17
      to locate within the bore 16. The stub shaft 12 is, accordingly, anchored
      to the stationary backing member 17 and the drive from the gear 3 to the
      gear 5 is by way of the gears 10 and 11 thus providing a 1.27:1 ratio
      between the shaft 1 and the scale member 9. The mark 23 is provided with
      an indication that the scale is reading in 0.01 mm steps.
PAR  When it is desired to obtain a reading in English units the selector member
      15 is rotated through one half of one turn (180.degree.) so that the stub
      shaft 12 is moved axially to the right until its spigot 19 engages the
      bore 18. In this condition the stub shaft 12 is anchored to that member
      carrying the gear 5; there is thus a direct connection between the gear 3
      and the scale member 9 which thus rotates solidly with the shaft 1 in a
      ratio of 1:1.
PAR  As shown in FIG. 2, the selector member 15 now presents the mark 24 to the
      operator. This mark is provided with an indication that the scale 9a now
      reads in 0.0005 inch steps.
PAR  Alternatively the scale can be engraved to read in the larger steps of 0.02
      mm and 0.001 inch.
PAR  To effect adjustment of the scale member 9 relatively to its carrier member
      8, for example to align a zero indication against either the mark 23 or
      the mark 24, the scale member 9 is pushed axially towards the selector
      member 15 against the bias of the spring 22. The serrations 20 and 21 thus
      become disengaged so that the member 9 can be rotated. When a desired
      adjusted position is reached the member 9 is released and is urged back so
      that the serrations again become engaged. The pitch of the serrations is
      chosen to be one half that of the graduations of the scale 10; the maximum
      zero error is thus 0.00025 inches or 0.005mm in the embodiment
      illustrated.
PAR  In an alternative arrangement suitable for use with a shaft coupled to a
      Metric lead screw the same gears 10 and 11 are used but are reversed
      axially relative to each other so that the gear 10 meshes with the annular
      gear 5 whilst the gear 11 meshes with the annular gear 3. The number of
      teeth on the two annular gears are also altered so that the gear 3 has 125
      teeth whilst the gear 5 has 127 teeth.
PAR  Thus, when the drive to the scale member 9 is via the gears 10 and 11 the
      ratio will be the reciprocal of 1.27:1 and the conversion will be from
      Metric to English units.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary instrument for selectively indicating measurements in English
      and Metric units and suitable for use with apparatus having a shaft whose
      rotational movement is proportional to a linear movement to be measured by
      the instrument, including in combination,
PA1  a first rotary unit adapted to be secured to the shaft,
PA1  a secondary rotary unit rotatable with respect to the first rotary unit,
PA1  a first external annular gear member fixed to said first rotary unit,
PA1  a second external annular gear member fixed to said second rotary unit and
      co-axial with said first gear member,
PA1  an annular scale member, on which a single continuous scale is formed,
      carried by said second rotary unit,
PA1  an annular stationary unit,
PA1  a drive unit for transmitting rotary movement between said first rotary
      unit and said second rotary unit including a first pinion gear member
      meshing with said first annular gear member, a second pinion gear member
      meshing with the second annular gear member, and an axially shiftable stub
      shaft upon which the first and second pinion gear members are fixed,
PA1  location means to anchor the stub shaft selectively to the stationary
      member, wherein a drive ratio which corresponds to or bears a simple
      relationship to the ratio between English and Metric units of length is
      provided between said first and said second rotary unit, or to the second
      rotary unit, wherein a 1:1 gear ratio is provided between said first and
      said second rotary unit,
PA1  gear ratio shift means, operatively associated with said stub shaft, and
PA1  co-operating means mounting said shift means on said stationary member such
      that rotation of said shift means effects axial translation of said stub
      shaft from a position anchored to said stationary unit to a position
      anchored to said second rotary unit, and
PA1  two spaced marks formed upon said shift means against which the continuous
      scale can be read, the marks being so spaced that when the stub shaft is
      anchored to said stationary unit only one mark is visible to an operator
      and when the stub shaft is anchored to said second rotary unit only the
      other mark is visible.
NUM  2.
PAR  2. A rotary instrument according to claim 1 wherein the drive ratio between
      the first and second rotary units when the stub shaft is anchored to the
      stationary member is 1.27:1 or the reciprocal thereof.
NUM  3.
PAR  3. A rotary instrument according to claim 1 wherein said location means
      comprise axially extending spigots formed on each end of said stub shaft
      and co-operating recesses formed within said stationary member and said
      second rotary unit.
NUM  4.
PAR  4. A rotary instrument according to claim 1 wherein said two spaced marks
      are formed 180.degree. apart and the co-operating means are such that
      rotation of said shift means to effect full axial translation of the stub
      shaft is one half of one turn.
NUM  5.
PAR  5. A rotary instrument according to claim 1 wherein the said co-operating
      means comprise a screw and nut arrangement.
NUM  6.
PAR  6. An instrument according to claim 1 wherein the second rotary unit
      includes an annular carrier member on which only the scale member is
      carried, the carrier member and the scale member having mating annular
      serrated faces which can be moved apart from an engaged position in which
      there is no relative rotation to a free position in which the carrier and
      the scale member are relatively rotatable so that a desired part of the
      scale can be aligned with the mark against which the scale is read.
NUM  7.
PAR  7. An instrument according to claim 6 wherein biasing means are provided to
      urge the serrated faces into engagement.
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ABST
PAL  Disclosed is an improved optical thin film coating system comprising all
      essential elements of resistive and electron beam evaporation systems,
      chemical vapor deposition systems and reactive plasma deposition systems.
      Sequences of cleaning and deposition processes which previously required
      moving substrates through several chambers are performed in a single
      vacuum chamber. The evaporative sources also efficiently vaporize solid
      materials to provide reactive gases for reactive plasma and chemical vapor
      deposition processes, which were previously difficult or impossible to
      perform. Substrate movement, masking, and monitoring means previously used
      with evaporative sources are used to control thickness and uniformity of
      films deposited by chemical vapor and reactive plasma processes, to
      provide optical quality films.
BSUM
PAR  This invention relates to thin film deposition systems and more
      particularly to systems for deposition of optical quality thin films.
PAR  Highly transparent materials used as windows for IR and optical
      applications are often soluble, soft or fragile and require protective
      coatings before they may be exposed to atmospheric conditions. More
      durable window materials are available but generally have high indices of
      refraction and require antireflection coatings to increase transmittance.
      Many of the better antireflection coating materials are themselves soft,
      soluble or fragile and thus often require a mechanically protective
      coating to protect the antireflection coating. Since the thickness of any
      type of coating on an optical window determines its optical
      characteristics it is essential that the coating thickness be closely
      controlled and uniform over the surface of the window.
PAR  Only thin film deposition by resistive heating or electron beam evaporation
      techniques has been refined to the extent required to provide optical
      quality thin films. These refinements include planetary motion substrate
      holders for improving uniformity and monitors and substrate masks for
      controlling deposition thickness. But these evaporation techniques are
      limited to materials which can be easily evaporated and which do not
      decompose upon heating or which, if they do decompose, recombine
      reactively to form a suitable thin film coating. Many other materials are
      desirable as either antireflection coatings or mechanical protective
      coatings for optical windows but cannot be deposited by traditional
      evaporation techniques.
PAR  Two other thin film deposition processes, chemical vapor deposition, CVD,
      and reactive plasma deposition, RPD, are being used in general thin film
      deposition work. These processes are typically used in integrated circuit
      fabrication to provide coatings having improved durability or coatings of
      materials which cannot be deposited by evaporation. Both CVD and RPD have
      been used to deposit films with desirable optical properties but neither
      has been developed to provide the thickness uniformity and material
      homogeneity required in coating many optical components. Both of these
      processes produce a desired coating from one or more gases which either
      decompose or react chemically very close to the surface to be coated. In
      CVD heat from the surface to be coated causes the chemical reaction to
      occur. In RPD radio frequency energy is applied to the gas to cause it to
      decompose or react and the substrate surface may remain relatively cool.
      Both of these processes depend upon the availability of suitable gases
      which will react or decompose to produce the desired coating material.
      Alternatively, liquid or solid sources have been used by lowering the
      pressure in the reaction chamber and vaporizing the source by heat. Solid
      sources are difficult to use due to recondensation of the material before
      it reaches the substrate surfaces.
PAR  Optical coatings often include from ten to thirty layers of various
      materials including bonding layers for causing the optical layers to
      adhere to each other. If coating materials are selected according to
      optimum optical and mechanical characteristics there are many situations
      for which the selected materials can not be deposited by any single
      deposition system presently being used. Deposition of such a coating
      therefore requires that the substrate be moved from one chamber to another
      with resulting exposure to air and contaminants that degrade optical and
      mechanical properties of the coating. Alternatively the selection of
      coating materials may be limited to those which may be deposited in a
      single chamber. This approach necessarily prevents the use of some
      desirable materials and often results in the use of a larger number of
      layers to achieve the desired optical response. Thus, present multilayer
      antireflection coatings must either be limited to the materials which may
      be deposited in a single system or suffer degradations due to exposure to
      air between deposition of layers.
PAR  Accordingly, an object of the present invention is to provide an improved
      optical thin film deposition system.
PAR  Another object of the present invention is to provide a thin film
      deposition system which efficiently provides reactive gases from solid
      sources for chemical vapor deposition and reactive plasma deposition.
PAR  Still another object of the present invention is to provide a thin film
      coating system in which a plurality of materials may be co-deposited upon
      a substrate by means of evaporation, chemical vapor deposition and
      reactive plasma deposition techniques.
PAR  Yet another object of the present invention is to provide a thin film
      deposition system in which a plurality of materials may be deposited upon
      a substrate sequentially by means of evaporation, chemical vapor
      deposition and reactive plasma deposition techniques without removal of
      the substrate from a vacuum chamber.
PAR  Still yet another object of the present invention is to provide a thin film
      deposition system in which substrates may be cleaned by an in situ plasma
      etch process prior to any thin film deposition step.
PAR  Briefly stated the optical thin film deposition system of the present
      invention comprises a vacuum chamber, substrate support and movement means
      for improving deposition uniformity, thermal and electron beam means for
      vaporizing solid materials, substrate heating means, inlet and outlet
      baffles for providing a laminar gas flow across the surface of substrates,
      and an antenna for providing an RF field at the substrate surface. The
      evaporative sources are used to deposit thin films of the solid materials
      being vaporized or to provide gases for reaction with other gases in a RPD
      or CVD process. The baffles are used to provide a flow of reactive gases
      across the substrate surface for RPD and CVD processes, but do not
      interfer with evaporative deposition. The RF antenna is used to generate a
      RF field at the substrate surface for RPD. Substrate heaters are used to
      provide high substrate temperatures required for CVD and to provide
      optimum substrate temperatures for evaporative deposition and RPD.
      Reactive plasma cleaning is used prior to any sequence of depositions and
      depositions are performed in any sequence without breaking vacuum or
      removing substrates from the chamber.
DRWD
PAR  Other objects, features and advantages of the invention will be more
      readily understood from the following detailed description when read in
      conjunction with the drawing which illustrates a thin film deposition
      system constituting the present invention.
DETD
PAR  The optical thin film deposition system as shown in the drawing includes a
      vacuum chamber 2 which may be, for example, a Balzers High Vacuum
      Corporation, Type BA k550. A resistive evaporation station 3 is included
      within the chamber. This station includes a pair of electrodes 4 extending
      through the bottom of the chamber in sealing relationship and a resistive
      heating boat 5 for holding solid materials to be evaporated. Suitable
      boats, for example, are those known in the art as filaments, point
      sources, baskets, crucible heaters and box sources sold by the R. D.
      Mathis Company of Long Beach, Ca. Also included with the resistive
      evaporation station is a shutter or mask 6 attached to a rotatable shaft 7
      which extends through the bottom of the chamber. The mask 6 is positioned
      over the material in boat 5 prior to its evaporation to prevent
      contamination of the material by vaporized materials from other sources.
      Mask 6 is also used to control carefully the deposition thickness by being
      positioned over the source when a desired thickness has been reached. Also
      positioned on the bottom of chamber 2 is an electron beam evaporation
      source 8. This source 8 is controlled by connections passing through the
      bottom of chamber 2 in sealing relationship. Source 8 may be, for example,
      a Sloan Instruments Corporation multihearth electron beam gun Part No.
      126-200. A mask or shutter 10 is also provided for source 8 and is used in
      the same way as mask 6. A heat source 40 such as an Airco Temescal Model
      HA-2 quartz heater assembly is also located on the bottom of chamber 2 and
      positioned to radiate heat toward the top of the chamber where substrates
      to be coated are located. This heater is used in evaporative deposition
      processes which require that the surface being coated be hot. A diffusion
      pump 12 is connected at the rear of chamber 2. A cryogenic baffle 14
      covers the top of the opening into pump 12 to block the path of particles
      traveling from the pump back towards the chamber 2. A standard roughing
      pump is attached to outlet 13. The roughing pump removes the majority of
      gases from chamber 2 during a pump down sequence while the diffusion pump
      12 provides and maintains high vacuum when needed. A substrate support and
      movement device 11 is attached to the top of the chamber above the
      resistive and electron beam evaporation stations 3 and 8. The surfaces to
      be coated are exposed at the bottom of this support device as is necessary
      in any optical coating system to prevent contamination by particles
      settling under the force of gravity. The preferred substrate support
      comprises six circular support members 15 geared to and driven around a
      larger circular member 16 to provide planetary motion for the substrates
      as they are coated. At the center of the planetary motion substrate
      support is a hollow vertical cylindrical shaft 17 with an optical monitor
      glass slide-covering the bottom of this shaft. A light source 36 provides
      a light beam through optical window 37 in the center of the bottom of
      chamber 2. The light beam travels up through the chamber to the optical
      monitor slide and can be transmitted through the hollow vertical shaft 17
      in the substrate support out through an optical window 39 in the top of
      chamber 2 to a light detector 38 or reflected to a similar detector
      arrangement below the baseplate. The electrical output of detector 38 is
      functionally related to the thickness of material deposited on the optical
      monitor slide and is used to stop deposition when a desired thickness has
      been reached.
PAR  A gas inlet baffle 18 is attached to one side of the chamber 2 with the top
      of the baffle close to the substrates and substantially aligned with the
      plane of rotation of the substrates in the substrate supports 15. A
      perforated gas inlet line 20 is supported within baffle 18 with the
      perforations oriented to direct laminar gas flow horizontally across the
      chamber and the substrates. One end of gas inlet line 20 extends out
      through a wall of chamber 2 to form an input 22 for connection to a source
      of reactive gases. Where a mixture of reactive gases is needed for the
      deposition process and the gas cannot be mixed before being piped into the
      chamber, additional gas lines 20 and inlets 22 may be added to the baffle
      18 as necessary. A screen or perforated cover may also be added to the
      open side of baffle 18 to improve laminar flow across the substrates and
      to aid in mixing of inlet gases when two or more inlet lines 20 are used.
      An exhaust baffle 14 is attached to a wall of the chamber 2 across from
      the inlet baffle 18 and at substantially the same height from the bottom
      of the chamber. A perforated exhaust line 26 is supported in exhaust
      baffle 24 and extends through an outlet 28 in the side of chamber 2 for
      connection to a high capacity vacuum pump 29. The location and shape of
      exhaust baffle 24 is not as important as that of inlet baffle 18 in
      providing a flow of gases across the substrate surfaces. The fact that
      baffle 24 is positioned on the opposite side of supports 15 increases the
      probability that gases from inlet tube 20 pass through a reactive zone
      near the substrate surfaces before being removed from the chamber. The
      gases react due to high substrate temperature (CVD) or due to an RF field
      applied via an antenna 30 mounted in the chamber (RPD). Baffles 18 and 24
      also provide a convenient mounting for RF antenna 30.
PAR  The exhaust line outline 28 could be connected to a standard roughing pump
      and could replace the roughing pump outlet 13. In the preferred embodiment
      an additional pump 29 is employed to prevent contamination of the roughing
      pump by the ractive gases used in the CVD and RPD processes. The preferred
      pump 29 is sold under the trademark VacSorb by Varian Associates, Vacuum
      Division.
PAR  A U-shaped antenna 30 is supported on insulating stand offs 32 attached to
      the inside bottom surfaces of baffles 18 and 24. The plane of this antenna
      is parallel to and several inches below the plane of rotation of
      substrates in the substrate supports 15. One end of the antenna 30 is
      coupled to a feedthrough 34 in a wall of chamber 2 for connection to a
      source of radio frequency power.
PAR  The heater 40 previously described is used to heat substrates in supports
      15 for CVD and RPD processes. Many standard heaters used for evaporative
      deposition steps provide sufficient heat for CVD processes. In the
      preferred embodiment additional quartz halogen lamp heaters 40 are used to
      supplement the standard heater and provide higher substrate temperatures
      for CVD steps.
PAR  In operation, this system may be used as an evaporative deposition system,
      a reactive plasma deposition system, or a chemical vapor deposition system
      or any combination of these. For example, material such as chrome and gold
      may be evaporated in the resistively heated boat 5 for deposition on the
      substrates. More refractory material may be placed in electron beam source
      8 to be vaporized by a narrow electron beam being focused upon its
      surface. Materials which cannot be deposited from the standard evaporation
      sources such as boron nitride may be deposited by a reactive plasma
      deposition process.
PAR  To produce a boron nitride coating a gaseous mixture of, for example,
      diborane and ammonia is fed into the system through inlet tube 20. The
      gases flow across the chamber along the bottom surface of substrates in
      substrate supports 15 and are drawn out of the system by the vacuum pump
      29 attached to exhaust tube 26. Since the vacuum chamber is operated at a
      low pressure the reactive gases fill the entire chamber but the
      positioning of the inlet and exhaust baffles provides a primary gas flow
      across the substrate surfaces. RF power from an external source is coupled
      through input 34 to antenna 30 to generate a radio frequency electric
      field between the antenna and the substrate supports 15 which are at
      ground potential. The RF energy generates a plasma from the diborane and
      ammonia gases to produce boron nitride which is deposited upon the exposed
      surfaces of the substrates. This and other RPD processes are disclosed in
      British Pat. No. 1,104,935 issued to Sterling and Swann. Similar
      deposition processes may be performed by heating the substrate surfaces
      with radiant heat from heater 40 and supplying a mixture of gases which
      react to form a coating material when they come in contact with the hot
      substrate surface.
PAR  Each of the above deposition processes could individually be performed in
      various prior art deposition systems. Other processes and sequences of
      processes which are performed in this system could not be performed in any
      single prior art deposition system. For example, plasma etch cleaning of
      substrates such as disclosed in U.S. Pat. No. 3,615,956 to Irving et al.
      is performed in this system before deposition of materials by any of the
      processes. This cleaning step is normally performed by feeding carbon
      tetraflouride gas into the inlet tube 20 while supplying RF energy to the
      antenna 30. The resulting plasma contains fourine ions which are highly
      reactive and very effectively clean all exposded surfaces. Other gases
      such as O.sub.2 or HF can be used as required. The reactive plasma
      cleaning step may be followed by a resistive heater evaporation process
      without removal of the substrates from the chamber and without breaking
      the vacuum.
PAR  An example of a combination process which is performed in this chamber is
      the deposition of a thin film of zinc sulfide. Zinc sulfide is produced
      from zinc chloride, a solid, and hydrogen sulfide, a gas. The zinc
      chloride is placed in the resistive heating boat 5 and heated to generate
      zinc chloride gas. Hydrogen sulfide gas in argon diluent is fed into the
      chamber through inlet tube 20 and allowed to flow across the substrate
      surfaces. RF energy is coupled to antenna 30 to generate a plasma at the
      substrate surfaces. RF energy is coupled to antenna 30 to generate a
      plasma at the substrate surfaces. The hydrogen sulfide gas and vaporized
      zinc chloride react under the influence of the RF energy at the substrate
      surfaces and deposit a layer of zinc sulfide.
PAR  Another example is the fabrication of a multilayer antireflection coating.
      The improved antireflection coating of this example is used for high index
      of refraction windows, such as germanium, which are transparent in the
      infrared spectrum. In theory such a coating has only three layers
      comprising a sequence of high, medium and low refractive index materials.
      In the prior art only evaporative systems could provide optical quality
      films, but there is no suitable high index of refraction material which
      may be deposited by evaporation. The prior art solution to this problem
      was to use two coatings, a first layer of zinc sulfide and a second layer
      of germanium, as a substitute for the desired high refractive index layer.
      This double layer was then followed by layers of zinc sulfide and thorium
      fluoride. This four layer coating was deposited entirely in a single
      evaporative system. In the present invention a single layer of gallium
      arsenide deposited by RPD is used for the desired high index of refraction
      layer. The second layer is zinc sulfide and is deposited in a combination
      process as described above or may be deposited by evaporation as in the
      prior art process. The third layer is thorium flouride and is deposited by
      evaporation as in the prior art process.
PAR  The gallium arsenide layer is deposited by a standard RPD process. Arsine
      gas is bubbled through tetramethylgallium, a liquid, and is then coupled
      into the chamber through inlet tube 20. RF power coupled to antenna 30
      generates a plasma in the gas to generate gallium arsenide from the
      reaction between the arsine and the tetramethylgallium carried into the
      chamber by the arsine.
PAR  It is also very desirable to place a protective coating on this
      antireflection coating. The boron nitride coating described above is
      suitable for this purpose and is deposited over the thorium flouride layer
      without removing the substrate from the chamber. Deposition of a
      protective coating on a prior art antireflection coating required exposure
      of the coating to the atmosphere as it was moved from an evaporative
      system to a RPD system since no suitable protective layer could be
      deposited by evaporation.
PAR  Thus, it is seen that the present invention provides an improved
      antireflection coating comprising the optimum three layers only and in
      addition provides a protective layer deposited before the antireflection
      coating has been exposed to any atmospheric contaminants.
PAR  Although the present invention has been shown and illustrated in terms of
      specific apparatus, it will be apparent that changes or modifications can
      be made without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical thin film deposition system comprising a vacuum chamber,
      evaporative deposition means within said chamber, reactive plasma
      deposition means within said chamber, chemical vapor deposition means
      within said chamber, a movable substrate support means within said
      chamber, and means for selectively activating the evaporative deposition
      means, the reactive plasma deposition means, and the chemical vapor
      deposition means whereby thin films are deposited upon a substrate by
      evaporative deposition, RPD, and CVD in any sequence or in combination
      without removal of the substrate between deposition of layers.
NUM  2.
PAR  2. A deposition system according to claim 1 wherein said evaporative
      deposition means comprises:
PA1  a resistive evaporation source within said chamber including a pair of
      electrodes extending through a wall of said chamber in sealing
      relationship for connection to a source of electrical power and a
      resistive heating element connected between said electrodes within said
      chamber, said heating element being shaped to hold materials to be
      vaporized.
NUM  3.
PAR  3. A deposition system according to claim 1 wherein said evaporative
      deposition means comprises:
PA1  an electron beam evaporation source within said chamber including an
      electron gun for providing an electron beam, support means for holding
      material to be vaporized by said beam, and control means coupled to said
      gun for activating said gun and for directing said beam onto the surface
      of material to be vaporized.
NUM  4.
PAR  4. A deposition system according to claim 1 wherein said reactive plasma
      deposition means comprises:
PA1  reactive gas inlet means within said chamber including a baffle for
      directing a primary flow of inlet gases across said substrate support
      means, said inlet means coupled in sealing relationship through a wall of
      said chamber to a source of reactive gases,
PA1  reactive gas exhaust means within said chamber for removing gases from the
      chamber after they have flowed across the substrate support, said exhaust
      means coupled through a wall of said chamber to a vacuum pump, and
PA1  an antenna within said chamber spaced from said substrate support, said
      antenna coupled through a wall of said chamber to a source of radio
      frequency power for generating a radio frequency electrical field at the
      surface of said substrate support means.
NUM  5.
PAR  5. A deposition system according to claim 4 wherein said chemical vapor
      deposition means comprises said reactive gas inlet means, said reactive
      gas exhaust means, and heating means within said chamber for heating the
      surface of the substrate support.
NUM  6.
PAR  6. A deposition system according to claim 1 wherein said movable substrate
      support is positioned in the path of particles generated by said
      evaporative deposition means and is coupled to a source of mechanical
      power which drives the support on a planetary path.
NUM  7.
PAR  7. An optical thin film deposition system comprising:
PA1  a vacuum chamber including at least one vacuum pump connected to said
      chamber for providing a preselected level of vacuum within said chamber;
PA1  a resistive evaporation source within said chamber including a pair of
      electrodes extending through a wall of said chamber in sealing
      relationship for connection to a source of electrical power and a
      resistive heating element connected between said electrodes within said
      chamber, said heating element being shaped to hold materials to be
      vaporized,
PA1  an electron beam evaporation source within said chamber including an
      electron gun for providing an electron beam, support means for holding
      material to be vaporized by said beam, and control means coupled to said
      gun for activating said gun and for directing said beam onto the surface
      of material to be vaporized,
PA1  a movable substrate support within said chamber for holding substrates to
      be coated in the path of particles generated by said resistive and
      electron beam evaporation sources and for moving said substrates to
      improve uniformity of deposition,
PA1  reactive gas inlet means within said chamber including a baffle for
      directing a primary flow of inlet gases across the surface of said
      substrate support, said inlet means coupled in sealing relationship
      through a wall of said chamber to a source of reactive gases,
PA1  reactive gas exhaust means within said chamber for removing gases from the
      chamber after they have flowed across the surface of the substrate
      support, said exhaust means coupled through a wall of said chamber to a
      vacuum pump,
PA1  an antenna within said chamber spaced from the surface of said substrate
      support, said antenna coupled through a wall of said chamber to a source
      of radio frequency power for generating a radio frequency electrical field
      at the surface of said substrate support, and
PA1  heating means within said chamber for heating the surface of the substrate
      support, said heating means coupled through a wall of said chamber to a
      source of electrical power.
NUM  8.
PAR  8. In an optical thin film deposition system of the class having resistive
      and electron beam evaporative sources, a movable substrate support for
      holding substrates to be coated in a path of vaporized materials, source
      masking means for blocking the path of vaporized material in response to a
      monitor signal indicating a preselected deposition thickness, and
      substrate heating means for maintaining substrates at an elevated
      temperature during deposition, said sources, supports, masks, monitor, and
      heating means mounted in an evacuable chamber which is maintained at low
      pressure during deposition, the improvement comprising gas inlet means
      within said chamber and coupled to a source of gases outside said chamber,
      gas exhaust means within said chamber and coupled to a vacuum pump outside
      said chamber, said gas inlet and gas exhaust means being positioned to
      provide a flow of gases across the surface of the substrate support, and
      an antenna mounted in said chamber spaced from said substrate support and
      coupled to a source of radio frequency energy outside said chamber for
      providing an RF field at the surface of said support.
PATN
WKU  039397998
SRC  5
APN  4880560
APT  1
ART  352
APD  19740712
TTL  Magnetic force sealant for plating tank
ISD  19760224
NCL  4
ECL  1
EXP  Kaplan; Morris
NDR  1
NFG  2
INVT
NAM  Kanbara; Shigeo
CTY  Yokohama
CNT  JA
INVT
NAM  Adaniya; Takeshi
CTY  Fukuyama
CNT  JA
ASSG
NAM  Nippon Kokan Kabushiki Kaisha
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730717
APN  48-79812
CLAS
OCL  118620
XCL   13 33
XCL  118405
XCL  164 49
EDF  2
ICL  B05C  502
FSC  118
FSS  404;405;620;429
FSC  164
FSS  49
FSC   13
FSS  33
FSC  427
FSS  12;45;46;431;433;434
UREF
PNO  2707720
ISD  19550500
NAM  Tama
OCL   13 33
UREF
PNO  2743492
ISD  19560500
NAM  Easton
XCL   13 33
UREF
PNO  3014255
ISD  19611200
NAM  Bussard et al.
XCL   13 33
LREP
FRM  Flynn & Frishauf
ABST
PAL  There is provided a molten metal plating method and apparatus wherein at
      each of the strip feeding and discharging ends of a horizontal molten
      metal plating tank arranged in a horizontal strip pass line, each of a
      current and a magnetic field which intersect each other at right angles is
      applied in a direction perpendicular to the direction of travel of a steel
      strip to apply to the molten metal at each end an electromagnetic force
      which is directed toward the inside of the plating tank, whereby by
      adjusting the intensity of the magnetic field or the amount of the
      current, the run-out or leakage of the molten metal from the strip feeding
      and discharging ends of the plating path is reduced to zero or controlled
      to a desired value. The effect of this is that the molten metal is
      effectively prevented from leaking out at the strip feeding end of the
      plating tank, while at the discharging end of the tank the coating
      thickness or the weight of coating on the plated strip is controlled, and
      a horizontal linear coating line is provided thus making the plating of
      heavy-gauge steel strip or plate and the application of thicker coatings
      possible.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a molten metal plating apparatus of the
      type in which the run-out of the molten metal contained in a horizontal
      molten metal plating tank inserted in a horizontal strip pass line is
      prevented or controlled to a desired value at the feeding and discharging
      ends of the plating tank for the strip.
PAR  Continuous molten metal plating methods and apparatus for the coating of
      steel strip with zinc, tin, lead and aluminium and their alloys are known
      in the art in which the coating of the strip to be plated is effected by
      obliquely introducing the strip from the top of the plating tank into the
      plating bath and vertically delivering the strip to the top of the plating
      tank again after passing through around the lower side of sink rolls
      arranged at the bottom of the plating bath in the tank.
PAR  A disadvantage of the method and apparatus of the above type is that since
      the sink rolls are arranged at the bottom of the bath in the plating tank
      to change the direction of movement of the strip, the sink rolls are
      eroded due to their contact with the molten metal (plating bath) and the
      strip, and this erosion eventually reaches to such an extent that surface
      defects are caused in the coated strip, thus necessitating the periodic
      replacement of the sink rolls. Another disadvantage is that the coating of
      heavy-gauge steel strip or plate requires the use of sink rolls having a
      greater diameter, and at present the maximum strip thickness for
      successful coating is considered to be on the order of 4 to 5 mm, thus
      failing to meet the requirements for the recent continuous molten metal
      plating of heavy-gauge steel strip or plate. Still another disadvantage of
      the method and apparatus of the above type is that due to the fact that
      the strip emerges vertically from the plating bath, a portion of the metal
      deposited on the strip runs down due to the force of gravity, and
      therefore in order to ensure an increased coating weight and uniform
      plating of the strip there is a certain limit to the maximum coating
      weight which is, for example, 300 g/m.sup.2 in the case of zinc plating,
      in consideration of the viscosity of molten metal, the surface properties
      of base metal, etc. And therefore such conventional method and apparatus
      are not capable of providing coating thicker than the limit just stated.
PAC  SUMMARY OF THE INVENTION
PAR  With a view to overcoming the foregoing difficulty, it is the object of the
      present invention to provide a molten metal plating apparatus which are
      capable of accomplishing the continuous coating of steel strip with
      various metals on a horizontal line without the use of any sink rolls and
      which are thus well suited for the continuous molten metal plating of
      heavy-gauge material as well as for the heavy coating of material.
PAR  In accordance with the present invention, there is thus provided a molten
      metal plating apparatus in which at each of the feeding and discharging
      ends for strip of a horizontal molten metal plating tank arranged in a
      horizontal strip pass line, a current and a magnetic field which intersect
      each other at right angles are respectively applied in a direction
      perpendicular to the direction of travel of the strip to apply to the
      molten metal at each end an electromagnetic force which is directed toward
      the inside of the plating tank, whereby the run-out or leakage of the
      molten metal at either of the strip feeding and discharging ends of the
      plating tank is controlled to zero or to a desired value by adjusting the
      intensity of the magnetic field or the amount of the current. Thus, the
      apparatus of this invention is capable of preventing the leakage of the
      molten metal at the feeding end of the plating tank for the strip and
      controlling the weight of coating on the plated strip at the discharging
      end of the plating tank and provides a horizontal linear coating line
      which makes the coating of heavy-gauge strip or plate and the application
      of heavier coating weights possible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram showing the general arrangement of a
      continuous molten metal plating line embodying the present invention; and
PAR  FIG. 2 is an enlarged perspective view showing the detailed construction at
      the strip feeding end of the plating tank used in the embodiment of FIG. 1
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention will now be described in greater detail with
      reference to the illustrated embodiment.
PAR  As shown in the drawings, in a plating tank 1 according to the invention, a
      strip S travels in a horizontal direction and the strip S is plated as it
      is passed through a molten metal bath 2 in the plating tank 1. Disposed
      respectively at a feeding end 3 and a discharging end 4 of the plating
      tank 1 for the strip S are insulated chutes 5 and 5' which are filled with
      the molten metal, and the line between the chute 5 at the feeding end 3
      and the chute 5' at the discharging end 4 extends linearly in a horizontal
      direction. Within each of the chutes 5 and 5', two electrodes 6 and 6' are
      arranged in parallel to the side edges of the strip S to cause a flow of
      current in the direction of the width of the strip S as shown in FIG. 2,
      and an electromagnet 7 is externally provided for each of the chutes 5 and
      5' so that a magnetic field is applied substantially over the entire area
      of each chute in the thickness direction of the strip. Of course, a
      permanent magnet may be used in place of the electromagnet 7, in which
      case a constant magnetic field is applied. The arrangement of the
      electromagnet 7 and the electrodes 6 and 6' is not limited to the
      illustrated one. For example, they may change positions with each other.
PAR  When a current I and a magnetic field H are respectively applied to the
      electrodes 6 and 6' and the electromagnet 7 in the directions of arrows in
      FIG. 2, an electromagnetic force acts on the molten metal in the chute 5
      in the direction of an arrow F, and consequently the molten metal 2 in the
      plating tank 1 may be prevented from flowing out of the chute 5 at the
      feeding end 3 by suitably adjusting the intensity of the magnetic field or
      the amount of the current. On the other hand, the run-out of the molten
      metal through the chute 5' at the discharging end 4 may be prevented in
      the similar manner, in which case it is necessary to change the polarity
      of either the electromagnet 7 or the electrodes 6 and 6' so that the
      resultant electromagnetic force acts in a direction opposite to that on
      the feeding side.
PAR  Preferably, the same polarity is used for the electrodes 6 and 6' at both
      of the feeding and discharging ends, and the electromagnets 7 are opposite
      in polarity with each other. In this case, the electrodes 6 and 6' at both
      of the feeding and discharging ends may be connected to a common power
      unit.
PAR  In the above-described chute 5' on the discharging side, the weight of the
      molten metal deposited on the strip S which will be delivered from the
      plating tank 1, may be controlled to a desired value by adjusting the
      intensity of the magnetic field or the amount of the current. This is done
      by regulating the magnitude of the electromagnetic force that prevents the
      above-mentioned run-out of the molten metal, so that the amount of the
      molten metal carried on the strip S as it emerges from the plating tank 1
      is limited to an extent allowable within the range of control. In this
      case, coupled with the reduced effect of the gravity owing to the
      horizontal coating line, a considerably increased coating weight can be
      obtained as compared with that obtainable by the conventional methods.
PAR  The following example describes in greater detail the novel molten metal
      plating apparatus according to the present invention.
PAC  EXAMPLE
TBL  Metal of molten plating bath:                                             
                          zinc                                                 
     Head of zinc:        20 mm                                                
     Dimensions of chute                                                       
     Width:               100 mm                                               
     Height:              10 mm                                                
     Dimensions of steel strip                                                 
     Thickness:           1.0 mm                                               
     Width:               95 mm                                                
     Active length of electromagnetic force current:                           
                          50 mm                                                
     DC current:          50 A/cm.sup.2                                        
     Electromagnetic force:                                                    
                          2,000 gauss                                          
PAR  The level of the zinc bath was regulated by a separately provided molten
      bath level regulator (not shown). With the conditions described above, the
      force acting on the molten zinc was about 0.05 kg/cm.sup.2 and the force
      of the molten zinc tending to run out was about 0.014 kg/cm.sup.2. The
      run-out of the molten zinc was prevented by the action of the
      electromagnetic force current. The amount of the zinc deposited was in the
      range 350-550 g/m.sup.2 and was considerably greater than those obtained
      with the conventional methods.
PAR  It will thus be seen from the foregoing description that the present
      invention can, by virtue of the fact that current is directly supplied to
      the molten metal in a horizontal plating tank at each of its strip feeding
      and discharging ends to apply an electromagnetic force to the molten metal
      itself in association with the action of an ecternally applied magnetic
      field, provide operation which is characterized by a very high efficiency
      as compared with the conventional methods such as one in which is utilized
      the action of an indirect force produced by an induction field. Further,
      by virtue of the greatly simplified construction and the fact that the
      intensity of the electromagnetic force acting on the molten metal can be
      directly controlled by adjusting either the magnetic field or current, the
      control has improved application properties and it can also be carried out
      easily. In view of the fact that various operating difficulties
      encountered in the conventional molten metal plating methods for steel
      strip have been overcome by the novel horizontal linear coating line of
      this invention and that the coating of heavy-gauge material and the
      application of thicker coatings have been made possible by the apparatus
      of the invention, it should be appreciated that the effects of the present
      invention are highly useful industrially.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A molten metal plating apparatus comprising: two electrodes arranged
      within a chute at each of a feeding and discharging ends of a plating tank
      in parallel with the side edges of a strip to supply a flow of current in
      the direction of the width of said strip; and a magnet arranged on the
      outside of each of said chutes to apply a magnetic field substantially
      over the whole area of said chute in the direction of the thickness of
      said strip, whereby on simultaneous application of said current and
      magnetic field a magnetic force is developed which is directed inwardly
      with respect to said tank and whereby the amount of leakage of said molten
      metal through each of said chutes at said strip feeding and discharging
      ends is controlled to zero or to a desired value by suitably adjusting the
      amount of said current or the intensity of said magnetic field.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said magnet is a permanent
      magnet.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein either said pair of
      electrodes or said electromagnet at said feeding end has the same polarity
      as that of the counterpart at said discharging end, and the other of said
      pair of electrodes and said electromagnet at said feeding end is opposite
      in polarity to the counterpart at said discharging end.
NUM  4.
PAR  4. An apparatus according to claim 1 wherein said magnet is an
      electromagnet.
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PAL  An apparatus for depositing electrostatically and magnetically responsive
      particulate matter on a conductive surface having an electrostatically
      charged latent image comprises an elongate permanent magnet that is
      disposed adjacent to the conductive surface and that is capable of
      producing a magnetic field having a region of concentrated magnetic flux
      that permeates the surface and also a region of dilute magnetic flux that
      is inclined and generally adjacent to the surface, a hopper for storing
      the particulate matter, and a channel connected to the hopper disposed in
      the region of dilute magnetic flux having two opposite converging walls
      that terminate adjacent to the conductive surface in the region of
      concentrated magnetic flux. The particulate matter when introduced to the
      region of dilute magnetic flux is caused to be moved by magnetic forces
      and gravitational forces from the region of dilute magnetic flux to the
      region of concentrated magnetic flux. The particulate matter is deposited
      on the surface by the electrostatic forces overcoming the magnetic forces
      in the region of concentrated magnetic flux. The application also
      discloses a process for depositing particulate matter on a moving
      conductive surface by producing a magnetic field having a region of
      concentrated magnetic flux that permeates the surface and a region of
      dilute magnetic flux that is inclined and generally adjacent to the
      surface, introducing a quantity of the particulate matter to the region of
      dilute magnetic flux, and then placing the conductive surface into the
      region of concentrated magnetic flux whereby the particulate matter is
      caused to move from the region of dilute magnetic flux to the region of
      concentrated magnetic flux by magnetic forces and gravitational forces and
      thence to the conductive surface by overwhelming electrostatic forces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  This invention relates to an apparatus and process for use in electrostatic
      copying machines, and more particularly, to an apparatus and process for
      depositing electrostatically and magnetically responsive particulate
      matter on a moving photoconductive surface bearing a latent electrostatic
      image.
PAR  B. Discription of the Prior Art
PAR  In typical electrostatic photocopying processes a surface of a
      photoconductive insulating material is charged with a uniform
      electrostatic charge. The charged surface of the photoconductive material
      is then exposed to a light image through a photographic transparency or
      some other suitable means. The portions of the charged surface that are
      irradiated by light are discharged while the remaining portions of the
      charged surface maintain their charge to form a latent electrostatic image
      that corresponds to the light image. The latent electrostatic image on the
      surface is developed by applying electrostatically responsive powder to
      the surface. The powder image thus formed is fixed directly to the
      photoconductive surface by fusing or the like.
PAR  More recently, magnetic forces and electrostatic forces have been used to
      develop latent electrostatic images in electrostatic photocopying
      machines. In some instances, the developer powder is applied to the
      conductive surface by using the well known "magnetic brush" technique. The
      developer powders that have been employed are well known in the art and
      generally comprise dyed or colored pigmented thermoplastic powders
      referred to as "toner" that are mixed with more course particles known as
      "carriers", such as, for example, iron filings. Developer powders can be
      formulated so that the toner carries a negative or positive charge. A
      typical positive developer powder is formulated from carbon black
      pigmented, polystyrene resin toner mixed with iron magnetites or ferrites.
      In any case, the toner and the carrier are selected so that the toner
      particle acquires the proper charge with respect to the latent
      electrostatic image. When the "developer brush" is brought into contact
      with the conductive surface greater attractive electrostatic forces of the
      charged image cause the toner particles to leave the carrier particles and
      adhere to the conductive surface.
PAR  Apparatus for using the magnetic brush technique are well known in the art.
      Typically a magnetic brush consists of a non-magnetic rotatably mounted
      cylinder having magnets fixed inside the cylinder. The cylinder is adapted
      to rotate with a portion of its surface immersed in a hopper having a
      supply of developer powder. The developer powder, being a mixture of iron
      carrier particles and electrostatic toner particles, is magnetically
      attracted to the surface of the cylinder to form a brush-type arrangement
      thereon as a result of the magnetic flux developed by the magnets. The
      bristles of the brush conform to the lines of magnetic flux. The
      conductive surface such as, for example, a sheet of paper bearing a latent
      electrostatic image is brought into physical contact with the brush and
      toner is thereupon deposited on the sheet of paper.
PAR  The rotating cylinder continues to attract developer powder and returns
      part or all of this material to the hopper within one revolution.
      Accordingly, a fresh mix is always available to the copy sheet surface at
      its point of contact with the brush.
PAR  In every instance the systems and apparatuses of the prior art require a
      delicate balance between the ratio of iron carrier particles and the
      electrostatic toner particles as well as an intimate admixture of uniform
      quality. Quite often variations in the ratio of the inro carrier particles
      to the electrostatic toner particles is experienced resulting in poor
      coverage of the image to be developed. Furthermore, the iron carrier
      particles gradually deteriorate and frequently the entire system must be
      cleaned and replaced with a fresh admixture of carrier and toner.
PAR  It is well recognized that the step of developing the latent electrostatic
      image is perhaps the most critical step in all of the process steps of
      electrostatic copying. The final print quality can be no better than the
      quality of development step. Recently significant improvements have
      developed in the method of image developing, and particularly, a new
      developer powder has been developed as shown for example in U.S. Pat. No.
      3,639,245 involving a composite developer powder comprising magnetizable
      particles embedded in the toner particles. The composite developer powder
      of the above mentioned patent is used with the prior art apparatuses such
      as, for example, the brush-type applicators that use the rotating cylinder
      to carry the developer powder from its supply to the conductive surface.
PAR  Despite this improvement in developer powders there is still a need for
      improvements in the devices employing such powders. For example, the
      cylinder being journalled to a shaft for rotation developes considerable
      misalignment between the cylinder and the conductive surface resulting in
      a poor nonuniform deposition of developer powders to the surface. Such
      failures result in customer complaints and considerable expense in
      replacing the cylinders and the like. Furthermore, the prior art devices
      are complex; a need for simplifying the structures utilizing the
      brush-type technique and to obtain savings in the cost of manufacture of
      such devices without sacrificing performance dependability are needed.
PAR  Accordingly, I have developed an apparatus and process that substantially
      eliminates the number of moving parts and, particularly, the necessity for
      the rotating cylinder of the prior art devices. My device and process
      being of a less complicated structure is considerably less expensive to
      manufacture than the prior art devices. My apparatus and process using the
      improved magnetically and electrostatically responsive developer powders
      is capable of developing latent electrostatic images of greater clarity
      and resolution than the prior art devices.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my invention, my apparatus for depositing
      electrostatically and magnetically responsive particulate matter on a
      conductive surface bearing a latent image comprises a magnetic field
      producing means disposed adjacent to the conductive surface that is
      capable of producing a magnetic field having a region of concentrated
      magnetic flux and a region of dilute magnetic flux that is inclined and
      generally adjacent to the surface, storage means for storing the
      particulate matter and channel means adapated for use with the storage
      means and disposed adjacent to the surface in the region of dilute
      magnetic flux that is capable of channelling a quantity of the particulate
      matter from the storage means to the region of concentrated magnetic flux
      whereby the gravitational forces and magnetic forces in the region of
      dilute magnetic flux move the quantity of particulate matter from the
      storage means to the region of concentrated magnetic flux and the
      electrostatic forces cause the quantity of particulate matter to be
      deposited on the conductive surface.
PAR  In a preferred embodiment of my invention my apparatus includes an electric
      field producing means disposed adjacent to the magnetic field producing
      means and the conductive surface that is capable of producing an electric
      field at the region of concentrated magnetic flux and that is capable of
      imparting an electric charge to the particulate matter.
PAR  In accordance with the process of my invention a magnetic field is produced
      having the region of concentrated magnetic flux and the region of dilute
      magnetic flux, a quantity of the particulate matter is introduced to the
      region of dilute magnetic flux, and the conductive surface is placed into
      the region of concentrated magnetic flux whereby the particulate matter is
      caused to move from the regions of dilute and concentrated magnetic flux
      by forces of magnetism to the conductive surface by electrostatic forces.
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PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In the drawings;
PAR  FIG. 1 is a side view in elevation illustrating a preferred embodiment of
      the invention;
PAR  FIG. 2 is a prospective view more clearly illustrating the preferred
      embodiment of the invention;
PAR  FIG. 3 is a front view in elevation of the device of FIG. 1 at line 3--3;
PAR  FIG. 4 is a plan view of the device of FIG. 1; and
PAR  FIG. 5 is an isolated view of the preferred embodiment of the magnet used
      in accordance with the invention illustrating the lines of magnetic flux.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 there is illustrated an elongate permanent magnet 11 producing a
      region of concentrated magnetic flux generally indicated at 13 (although
      the lines of magnetic flux are not illustrated in FIG. 1) and a region of
      dilute magnetic flux generally indicated at 15 (although the lines of
      magnetic flux are not illustrated in FIG. 1), a storage hopper generally
      indicated at 17 that contains particulate matter 19, and a channel 21 that
      is capable of channelling the particulate matter 19 from the storage
      hopper 17 through the region of dilute magnetic flux 15 to the region of
      concentrated magnetic flux 13. Suspended beneath the hopper 17 is a
      conductive surface 23.
PAR  As more clearly illustrated in FIG. 4 the permanent magnet 11 is elongate
      and extends entirely across the hopper 17 and transversely across and
      beyond the conductive surface 23. In the embodiment of FIG. 1, the
      permanent magnet 11 has a generally quarter-spherical cross-sectional
      configuration and comprises an arcuate face 25 facing towards the
      particulate matter 19 and storage hopper 17, a first planer face 27
      extending from one end of the arcuate face 25 from a point 29 and a second
      planar face 31 extending from the other end of the arcuate face to the
      first planar face 27. The permanent magnet 11 is oriented with respect to
      the hopper 17 the particulate matter 19 contained therein and surface 23
      so that the point 29 from which the region of concentrated magnetic flux
      emanates is facing the conductive surface 23 and the region of dilute
      magnetic flux extends towards the hopper 17.
PAR  The elongate magnet is carried by the structure of the hopper 17 and is
      integral therewith as will be more fully explained. If desired, the
      permanent magnet need not be integral with the hopper but may comprise a
      separate component and either be appropriately suspended above the surface
      or fixed to a side wall of the hopper (not illustrated).
PAR  The elongate magnet is carried to the right of the slit 51 in the drawings
      but it could also be carried to the left of the slit 51 with appropriate
      design changes in the hopper 17 and trough 43 in accordance with my
      invention.
PAR  The permanent magnet 11 is composed of a non-magnetic matrix which may be a
      resinous or plastic composition, an elastomeric semi-solid or a viscous
      liquid that is capable of hardening, setting or being cured to a solid
      state in which there is evenly dispersed anisotropic ferrite domain-sized
      particles that are capable of achieving a physical orientation when acted
      upon by internal sheer stresses. The example of such particles are certain
      fine-grain permanent magnet materials, particularly the ferrites of
      barium, lead and strontium that are easily magnetized to saturation. The
      non-magnetic matrix may also be composed of natural rubber with compound
      agents, plasticizers, vulcanizing agents and the like to provide the
      hardness of the matrix desired, or may be thermoplastic or thermosetting
      materials, such as for example, polyvinyl chloride. Such magnets may be
      formed by extrusion and manners well known in the art.
PAR  Alternatively, rather than using permanent magnets, electromagnetic devices
      may be used in accordance with the invention.
PAR  The elongate magnet 11 as illustrated in the drawings comprises a single
      member; however, the permanent magnet may comprise a plurality of members,
      all of which must possess the same orientation of polarity across its
      entire length so that uniform fields of magnetic flux extend across the
      length of the elongate magnet and permeate the surface 23.
PAR  FIG. 5 illustrates the lines of magnetic flux emanating from the pole
      surfaces of the magnet. As illustrated, the north pole of the magnet
      exists at point 29 and the south pole exists at the second planar face 31,
      although the polarity of the magnet could be reversed. Lines of magnetic
      flux emanate from the point 29 and pass through the air, through a portion
      of the hopper 17 to return to the second planar surface 31 at the south
      pole. The lines of magnetic flux are distorted and asymmetrical. There is
      a greater concentration of magnetic flux on the west side of the
      north-sough magnetic line 33 away from the hopper 17, than on the east
      side of the north-south magnetic line 33 towards the hopper FIG. 5. The
      distorted and asymmetrical nature of the magnetic flux of the magnet in
      FIG. 5 is a desirable feature of my invention in that a longer magnetic
      distance is provided between the poles on the east side of the north-south
      magnetic line and a shorter magnetic distance is provided on the other
      opposite west side of the north-south magnetic line. This distortion
      results in a magnet having a lower gauss level and a wider array of flux
      travel around the east side of the magnet than the west side of the
      magnet. The magnet being oriented with respect to the hopper 17 and the
      conductive surface 23 presents magnetic flux of the lower gauss level
      facing the hopper 17 as illustrated in FIGS. 1 and 5. Consequently, there
      will not be any magnetic attraction of particulate matter 19 on the side
      walls of the hopper 17, and there will not be any magnetic attraction
      until the particulate matter is in close proximity to the region of dilute
      magnetic flux.
PAR  The cross-sectional configuration of the magnet illustrated in the drawings
      is not particularly critical, although as previously explained, the
      orientation of the magnetic flux with respect to the hopper and conductive
      surfaces is critical. Any cross-sectional configuration that develops a
      distorted and asymmetrical magnetic flux with the magnetic flux having the
      lower gauss level being oriented towards the hopper 17 will be
      satisfactory. Alternatively, a magnet providing a uniform magnetic flux
      such as for example, a magnet having a square or circular cross-sectional
      configuration may be employed, however, such magnets will require
      appropriate magnetic shielding to reduce the magnetic flux emanating from
      the magnet in the area facing the hopper 17. The disadvantage of employing
      magnetic shielding is that such designs are complicated, expensive and may
      well tend to restrict the design of the interior walls of the hopper as
      magnetic shielding does ont actually block magnetic flux but simply
      attenuates the flux to a point where it will not cause an attraction of
      the particulate matter to the side walls of the hopper 17.
PAR  The magnets employed in accordance with the preferred embodiment of the
      invention contemplate a gauss level of about 120 measured directly at the
      pole surface. A magnetic strength of 120 gauss is adequate for my
      invention, however, it will be recognized that the actual gauss level
      required in any embodiment of my invention will be dictated in great
      measure by the configuration and dimensions of the hopper and location of
      the magnet so as to provide a sufficient quantity of particulate matter
      for development in accordance with the invention.
PAR  In the drawings hopper 17 comprises two oppositely facing in end walls 35
      and 37 that are generally vertically disposed in the drawings, oppositely
      facing side walls 39 and 41 to provide a generally rectangular
      configuration as viewed from the plan view of the device at FIG. 4. The
      side walls 39 and 41 of the hopper 17 converge towards each other as
      illustrated in FIGS. 1 and 2 to provide an elongate opening or slit 43.
      The opening 43 enters into a channel or trough 45. Trough 45 comprises two
      converging faces, a leading face 49 and a trailing face 47 that converge
      to form a trough opening or slit 51 that is disposed adjacent to surface
      23 in the region of concentrated magnetic flux 13 as illustrated in FIG.
      1.
PAR  The trough opening 51 extends across the entire length of the hopper 17 as
      well as across the width of the conductive surface 23 so that a uniform
      deposition of particulate matter 19 may be provided on the conductive
      surface 23.
PAR  The trough 45 illustrated in the drawings is generally inclined to and must
      have its leading face or wall 49 inclined to the conductive surface 23 at
      an angle. The trough itself is positioned so as to lie within the region
      of dilute magnetic flux. I have found that the leading wall 49 must be
      inclined to the conductive surface 23 at an angle not less than
      26.degree., especially in the region of dilute magnetic flux. If the angle
      is less than 26.degree. the particulate matter will tend to clog and poor
      deposition of particulate matter will occur. The angle of inclination is
      designed in accordance with the flow properties of the particulate matter
      used. It should be recognized that the trough is inclined to the left in
      FIG. 1 but it could be reversed and inclined to the right if desired. In
      such case the trailing wall would have to be inclined at an angle not less
      than 26.degree..
PAR  The particulate matter will move from the hopper 17 through the trough 45
      by the forces of gravity and the magnetic forces generated by the region
      of dilute magnetic flux. The trough opening 51 will have a width that will
      be determined by the flux density of the magnetic field employed and the
      magnetic permeability of the particulate matter employed. I have found
      that the region of the dilute magnetic flux should range from 90 to 95
      gauss and in such instances, I have discovered that the trough opening
      should be within at least one quarter of an inch in distance from the
      magnetic pole of the magnet on the point 29 where the region of maximum
      flux density occurs and that the trough opening must have a width not in
      excess of three eights of an inch. A wider trough opening would cause a
      portion of the particulate matter to fall from the hopper to the trough
      solely by the forces of gravity thereby forming lumps of particulate
      matter on the conductive surface as well as depositing particulate matter
      on the unexposed regions of the conductive surface.
PAR  The hopper 17 further comprises exterior side walls 53 and 55 that are
      generally parallel to each other and are essential perpendicular to the
      conductive surface 23, although their particular orientation is not
      critical. Further, there is provided exterior bottom walls 57 and 59
      meeting the respective exterior side walls 53 and 55 and terminating at
      the trough opening 51 or slit, as illustrated in FIG. 1. Bottom wall 59 is
      inclined away from the conductive surface 23 to provide ample clearance
      for the deposition of particulate matter 19 onto the conductive surface
      23. Bottom wall 57 at the region nearest the trough opening 51 is
      essentially parallel to the conductive surface 23 and in rubbing contact
      therewith to stabilize and guide the movement of the conductive surface 23
      with respect to the trough opening 51.
PAR  The hopper may be extruded from such materials as rigid nylon, polyvinyl
      chloride, polystyrene, acrylonitrile butadiene styrene resins, aluminum
      and the like. Such materials have electrical conductivity properties that
      are compatible with the triboelectric properties of the particulate matter
      so that the particulate matter does not adhere to the walls of the hopper.
PAR  I have found that the performance of my device may be significantly
      improved by the use of an electric field at the region of concentrated
      magnetic flux 13. In the drawings there is illustrated a conductive strip
      61 that extends along the length of the hopper and transversely to the
      conducitve surface 23 and that is adjacent thereto. In the drawings the
      conductive strip 61 is fixed to bottom wall 59 of hopper 17. On the other
      side of the conductive surface 23, there is another conductive strip 63,
      substantially underneath conductive strip 61. Conductive strip 63 is in
      essentially rubbing contact with the conductive surface 23 and serves as a
      guide for the conductive surface 23 as it moves with respect to the trough
      opening 45. Conductive strip 61 is connected to a source of potential and
      conductive strip 63 is connected to a ground although the respective
      conductive strips could be connected in reverse order. The conductive
      strips when energized provide an electric field between them and serve a
      dual purpose in accordance with the invention. First, the electric field
      of an opposite polarity to the charge of the latent electrostatic image on
      the conductive strip 23. Secondly, the electric field is capable of
      neutralizing any residual electrostatic charges on the conductive strip 23
      that are undesirably left on the non-image portions of the surface. Thus
      the field is capable of "washing" undesirable images from the conductive
      surface 23 to provide a final copy product of improved resolution and
      clarity.
PAR  The amount of biasing voltage applied to the conductive strip may vary in
      accordance with my invention. The biasing voltage is determined by several
      factors including the amount of charge contained on the conductive surface
      23, the affinity of the particulate matter to such charge, the distance
      from the conductive surface 23 to the outer-most surface of the
      particulate matter being deposited on the conductive surface 23. I have
      found that a voltage varying from a fraction of a volt for some materials
      to between 200 and 600 volts for other types of materials such as for
      example, zinc oxide and resin binder systems, may be used in accordance
      with the invention.
PAR  It is preferred that a smooth direct current (D.C.) be employed by a
      transformer and appropriate rectifying and filtering equipment that
      normally operates from a common 115 volt 60 cycle power source. It is to
      be understood however, that for some applications an alternating current
      (A.C.) may be preferred over a D.C. field to achieve special results. It
      is also to be recognized that in some applications a non-filtered D.C.
      voltage source may be employed in accordance with the invention.
PAR  As illustrated in the drawings the electric field produced by the
      conductive strips 61 and 63 is positioned coincidentally with the region
      at which the particulate matter is being deposited upon the conductive
      surface 23. The position of the electric field must exist at this point so
      that the field may neutralize the undesired residual charges existing on
      the conductive surface 23.
PAR  As previously explained, the particulate matter must possess an electric
      charge that is opposite in polarity to the charge of the latent
      electrostatic image on the conductive surface 23. In the devices of the
      prior art, the particulate matter is charged triboelectrically, or an
      electric charge must be induced on the particulate matter being contained
      in the hopper.
PAR  In my invention, the particulate matter does not have the opportunity to be
      charged triboelectrically as compared to the devices of the prior art
      because of the reduced amount of agitation in my invention. Accordingly,
      the electric field previously described may be necessary to impose such a
      charge on the particulate matter. Alternatively, suitable probes and the
      like mounted within the hopper (not illustrated) may be employed to induce
      a static charge on the particulate matter.
PAR  In FIG. 1 the conductive surface 23 comprises a sheet of paper that is
      esentially a photoconductive surface having thereon a coating of zinc
      oxide with a resin binder. In operation a latent image is formed on the
      photoconductive surface by first imposing a uniform electrostatic charge
      onto the surface by any conventional means (not illustrated) and then
      subjecting the surface to a pattern of light by conventional means (not
      illustrated) whereby the regions on the photoconductive surface that have
      been impinged with light will have their electrostatic charge dissipated
      by the proton energy of the light beam. Areas on the surface not receiving
      light energy will retain their charge to be later developed with the
      electrostatically and magnetically responsive particulate matter as
      previously described.
PAR  The paper or photoconductive surface is then drawn through contact rollers
      65 and 67 both of which are aligned with respect to each other as
      illustrated in FIG. 1. In FIG. 1 there is illustrated a guide plate 69
      that is used to guide the paper between the guide plate 69 and bottom wall
      57 of the hopper. Alternatively, two guide plages one above and one below
      the paper could be employed instead of using the bottom wall 57 of the
      hopper, however, in such an instance the configuration of the hopper would
      have to be modified.
PAR  Beneath the paper and between contact rollers 65 and 67 and the guide plate
      69 there is an aligning roller 71 used for the purpose of urging the paper
      against the bottom wall 57 of the hopper to assure a perfectly flat
      transverse contact of the paper's surface with the region in which the
      particulate matter is being deposited onto the paper.
PAR  Down stream of the region in which particulate matter is being deposited
      there exists a conveyor means 73 comprising a continuous conveyor belt 75
      that is mounted on conveyor rollers 77 and 79 and that is used to pull the
      sheet of paper through the system. Preferably the conveyor belt 75 extends
      transversely across the entire width of the sheet of paper to provide a
      uniform base upon which the paper may be drawn through the system and the
      conveyor means 73 are coordinated and synchronized in their movement to
      provide a uniform movement of the sheet of paper through the system. The
      synchronized movement is accomplished as illustrated in FIG. 4 (but not
      illustrated in FIG. 1) by the contact roller 67 (the bottom roller in FIG.
      1) and the conveyor rollers 77 and 79 being linked together with an
      appropriately designed cog and chain arrangement 81 connecting all rollers
      together as shown in FIG. 4. A suitable drive system such as for example,
      an electric motor, is connected with the cog and chain arrangement of FIG.
      4 (not illustrated) to drive the moving parts in synchronization.
PAR  Contact rollers 65 and 67 are appropriately linked together by a spring 83
      mounted in bushings 85 on both ends as shown in FIG. 4 (but not shown in
      FIG. 1). This connection provides synchronized movement of both contact
      rollers 65 and 67 for the uniform movement of the sheet of paper 23
      through the system.
PAR  In use the elongate magnet 11 produces a magnetic field that has a region
      of concentrated magnetic flux 13 that permeates the conductive surface 23
      and a region of dilute magnetic flux 15 that is inclined and generally
      adjacent to the surface 23. The region of concentrated magnetic flux
      emanates from the north pole of the magnet at point 29 that is adjacent to
      the surface 23. The lines of magnetic flux emanating from the point 29 are
      substantially perpendicular to the conductive surface 23. Subsequently a
      quantity of particulate matter 19 is introduced into the regions of
      magnetic flux by the trough 45 that lies within the region of dilute
      magnetic flux. A conductive surface is placed into the region of
      concentrated magnetic flux having thereon a latent electrostatic image
      developed in a manner well known to the art. Consequently the particulate
      matter is caused to move from the region of cilute magnetic flux to the
      region of concentrated magnetic flux by magnetic forces and gravity and
      thence to the surface by electrostatic forces overcoming the magnetic
      forces there.
PAR  Preferably the conductive strips are biased with a voltage to produce an
      electric field at the region of concentrated magnetic flux for the purpose
      of inducing a charge to the particulate matter and for the purpose of
      neutralizing diffuse unwanted electrostatic charges on the surface to
      improve the quality and clarity of the deposition of particulate matter
      onto the surface.
PAR  As illustrated in FIG. 4, the conductive surface 23 has a latent
      electrostatic image in the form of an arrow illustrated in phantom lines
      on the left of the hopper. As the paper is advanced through the contact
      rollers underneath the hopper and through the region of concentrated
      magnetic flux, the particulate matter is deposited onto the conductive
      surface to develop an image as illustrated by the darkened arrow on the
      surface 23 as shown in FIG. 4 to the right of the hopper. Subsequently,
      the image is fixed to the surface in manners well known to those skilled
      in the art.
PAR  While my invention has been described with the hopper being positioned
      above the conductive surface to develop images on the upper portion of the
      surface, it will be understood that the hopper could be used to develop
      images on the underneath portions of the surface by disposing the hopper
      under the conductive surface 23 and employing various mechanical means to
      convey the particulate matter to the region of dilute magnetic flux and
      thence to the surface as above described. Such device, however, would
      require additional equipment and more moving parts.
PAR  The advantages of my invention are readily recognizable. My invention
      minimizes and eliminates the need to rely on multiple mechanical devices
      to convey and transfer particulate matter from the storage hopper to the
      region of deposition on the image surface. Several beneficial results are
      obtained by my invention such as reducing the cost of the apparatus and
      eliminating the possibilities of various parts failing under use. Further,
      my system and apparatus has a performance dependability that is extremely
      reliable in contrast to the devices and processes of the prior art. By the
      use of the electric field as described I am able to develop latent images
      with greater clarity and precision than heretofore known in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for depositing electrostatically and magnetically responsive
      particulate matter comprising:
PA1  a. A conductive surface bearing a latent electrostatic image;
PA1  b. Storage means for storing electrostatically and magnetically responsive
      particulate matter;
PA1  c. Channeling means that is disposed adjacent to said conductive surface
      and that is capable of channeling a quantity of said particulate matter
      from said storage means to said conductive surface; and,
PA1  d. Magnetic field producing means disposed adjacent to said conductive
      surface that is capable of producing a distorted and asymmetrical magnetic
      field having a region of concentrated magnetic flux permeating said
      conductive surface, and a region of dilute magnetic flux that is inclined
      and adjacent to said conductive surface; said distorted and asymmetrical
      field being oriented with respect to said conductive surface and said
      channeling means so that said quantity of said particulate matter is
      caused to move from said storage means through said channeling means by
      gravitational and magnetic forces of said region of dilute magnetic flux
      and caused to be moved from said channeling means to said conductive
      surface by magnetic forces of said region of concentrated magnetic flux,
      and further caused to be deposited on said conductive surface by the
      electrostatic forces thereon overcoming the said magnetic forces of said
      concentrated magnetic flux.
NUM  2.
PAR  2. The apparatus of claim 1 including an electric field producing means
      disposed adjacent to said magnetic field producing means and said surface
      that is capable or producing an electric field at said region of
      concentrated magnetic flux.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said region of concentrated magnetic
      flux is generally perpendicular to said surface.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said magnetic field producing means is
      a permanent magnet.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said magnetic field producing means is
      an electromagnet.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said magnetic field producing means
      comprises an elongate permanent magnet having an arcuate face, a first
      planar face extending from one end of said arcuate face to provide a
      point, and a second planar face extending from the other end of said
      arcuate face to said first planar face thereby providing a quarter
      spherical cross-sectional configuration; said magnet being oriented so
      that said point faces said conductive surface.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said electric field producing means
      comprises a first conductive strip adjacent to and on one side of said
      conductive surface and a second conductive strip on the other side of said
      conductive surface; one of said strips being connected to a source of
      electrical potential and the other strip being connected to a ground or
      electrical potential whereby a potential exists between said strips when a
      biasing voltage is applied to one or both strips.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said storage means comprises a hopper.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said channelling means comprises a
      trough; said trough being generally inclined to said conductive surface at
      an angle and being connected to said hopper and having two opposite
      converging walls that start from said hopper and converge to a slit and
      terminate at said region of concentrated magnetic flux adjacent to said
      conductive surface.
NUM  10.
PAR  10. The apparatus of claim 1 wherein one of the converging walls of said
      trough is inclined with respect to said conductive surface at an angle not
      les than 26.degree..
NUM  11.
PAR  11. The apparatus of claim 1 including the means to move said conductive
      surface through said region of concentrated magnetic flux.
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ABST
PAL  A magnetic brush developing apparatus for use in a dry process
      electrophotographic copying apparatus which includes a developing roller
      rotatably provided adjacent to a movable photoreceptor surface and
      comprising a rotatable outer cylinder and a plurality of pairs of
      stationary magnets fixedly disposed around the outer cylinder at
      predetermined angles from one another with a first pair of the stationary
      magnets directed toward the photoreceptor and with a second pair directed
      toward a sump of developing material. In each pair of magnets, especially
      in the first pair for development, two magnets are spaced from each other
      at a predetermined distance to form soft magnetic brush bristles for
      uniform quality of copied images.
BSUM
PAR  The present invention relates to a dry copying process electrophotographic
      copying apparatus, and more particularly to a unitary magnetic brush
      developing apparatus for use therein.
PAR  Conventionally, in a dry copying process electrophotographic copying
      apparatus for xerographic or similar systems, subsequent to projection of
      a light image of an original to be copied onto a charged photoreceptor
      surface to form an electrostatic latent image thereon, the latent image is
      developed at a developing apparatus disposed along the path of the
      photoreceptor by rubbing the latent image bearing portion of the
      photoreceptor with magnetic brush bristles of developing material
      comprising magnetizable carrier material and electroscopic toner powder to
      develop the latent image into a visible toner powder image for transfer
      onto a copy paper sheet.
PAR  Such a conventional developing apparatus commonly includes a developing
      roller rotatably provided adjacent to and in spaced relation to the
      photoreceptor surface, which developing roller further comprises a
      rotatable outer cylinder and a plurality of single stationary magnets
      fixedly disposed around the outer cylinder at predetermined angles from
      one another with one of the stationary magnets directed toward the
      photoreceptor surface for forming the magnetic brush bristles on the outer
      cylinder to effect the developing.
PAR  Fundamentally, development by a magnetic brush is a development, as
      described in the above conventional apparatus, in which magnetic brush
      bristles somewhat undulating at the tips thereof are formed on the surface
      of the outer cylinder enclosing a plurality of stationary magnets,
      corresponding to the magnetic lines of force of the stationary magnets
      with the brush bristles adapted to contact the latent image containing
      portion on the photoreceptor.
PAR  Such a magnetic brush comprises a large number of bristles formed by
      magnetizable carrier beads with toner particles tribo-electrically
      adhering to the surface of said beads and with the carrier beads connected
      to one another as in a chain along the magnetic lines of force of the
      magnet directed toward the photoreceptor surface for developing.
PAR  Since the plurality of stationary magnets are fixedly disposed around the
      outer cylinder at predetermined angles from one another with alternately
      different polar orientation in such conventional developing apparatuses,
      the magnetic fields on the surface of the outer cylinder vary as the outer
      cylinder rotates with each of the carrier beads transported rotating on
      its axis.
PAR  In the conventional magnetic brush developing apparatus of the above
      described type, a wide single magnet with strong magnetic force directed
      toward the photoreceptor surface is employed so as to a form magnetic
      brush with long bristles on the outer cylinder at the developing position
      for effecting high speed developing. However, such a single magnet tends
      to form a magnetic brush with comparatively hard bristles since the
      distribution of field strength thereof toward the photoreceptor surface to
      be developed is approximately uniform and constant, which fact results in
      a hard tone in the developing and a decrease in the quality of the copied
      image. Furthermore, the magnetic brush with such hard bristles not only
      has a tendency to scrape toner particles off part of the developed toner
      powder image and spoil the same, but tends to give copied images of low
      toner concentration. Although the field strength of such a wide single
      magnet has a distribution which is approximately uniform and constant, the
      intensity thereof is strong toward the edges of the same pole, which fact
      results in strong magnetic lines of force formed between said pole and the
      opposite pole of the same magnet with some of the brush bristles some what
      inclined along these magnetic lines of force, affecting adversely or not
      contributing at all to the developing.
PAR  On the contrary, even when rather soft brush bristles are formed by
      replacing the strong single magnet by a magnet having a comparatively weak
      magnetic force, the resultant weak magnetic attraction of such a weak
      magnet for the carrier beads causes not only the toner particles necessary
      for developing but also the carrier beads to be transferred onto the
      latent image carrying portion of the photoreceptor, thus seriously
      deteriorating the quality of the developed image.
PAR  Furthermore, in the conventional developing apparatus of the above
      described type, as the outer cylinder rotates simultaneously with the
      rotation of the photoreceptor, the brush bristles contact the
      photoreceptor surface even when the developing is not carried out, thus
      resulting in soiling of the photoreceptor surface and also deterioration
      or fatigue of the developing material. In order to remove such
      disadvantages by suspending the supply of the developing material to the
      outer cylinder when the developing is not carried out, provision of a
      scraping plate adapted to contact the surface of the outer cylinder for
      scraping the developing material therefrom during rotation of the outer
      cylinder or replacing the stationary magnets enclosed in the outer
      cylinder with electromagnets which can be de-energized during the time
      developing is not taking place have been proposed. However, these methods
      have such disadvantages that in the former, the developing material tends
      to be fatigued due to heat caused by friction between the scraping plate
      and the developing material, and in the latter, the developing device
      unavoidably becomes large and complicated in construction, requiring extra
      electric power necessary for excitation of the electromagnets and is
      unsuitable for a copying apparatus of compact size.
PAR  It is another disadvantage in the conventional developing device that the
      magnetic brush bristles formed on the outer cylinder tend to slip on the
      surface of the outer cylinder due to friction caused by the contact of the
      bristle tips with the photoreceptor surface or due to distribution of
      magnetic lines of force of the stationary magnets etc. as the outer
      cylinder rotates, which trend results in an insufficient supply of the
      developing material to the photoreceptor and consequent adverse effects on
      the copied images especially in high speed development.
PAR  Accordingly, an essential object of the present invention is to provide a
      magnetic brush developing apparatus which forms soft magnetic brush
      bristles so as to maintain uniform copying quality with substantial
      elimination of the disadvantages inherent in the conventional magnetic
      brush developing apparatuses.
PAR  Another important object of the present invention is to provide a magnetic
      brush developing apparatus of the above described type which is simple in
      construction and compact in size, and can be manufactured at low cost.
PAR  A further object of the present invention is to provide a magnetic brush
      developing apparatus of the above described type in which the amount of
      the developing material to be fed onto the developing roller is properly
      controlled for preventing any fatigue of the developing material and
      soiling of the photoreceptor surface.
PAR  According to a preferred embodiment of the present invention, the magnetic
      brush developing apparatus includes a developing roller rotatably disposed
      adjacent to and in close spaced relation to the photoreceptor surface,
      which developing roller further comprises a rotatable outer cylinder of
      non-magnetic material and three pairs of elongated bar magnets fixedly
      disposed around said outer cylinder at angles of approximately 90.degree.
      to one another with alternately different polar orientation and with a
      first pair thereof directed toward the photoreceptor surface for formation
      of magnetic brush bristles on the outer cylinder. In each pair of the
      magnets, two magnets of the same dimension and polar orientation are
      fixedly disposed parallel to and at a predetermined distance from each
      other to provide a space therebetween. The space between the two magnets
      is almost free from the influence of magnetic force, since magnetic lines
      of force of the two magnets with the same polar orientation repel each
      other at the space and the resultant magnetic brush bristles are much
      softer than brush bristles formed by a conventional single strong magnet,
      which fact advantageously eliminates disturbance of the developed toner
      power image by hard brush bristles during developing as experienced in the
      conventional device.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent form the following description taken in conjunction with the
      preferred embodiment thereof with reference to the accompanying drawings,
      in which;
PAR  FIG. 1 is a schematic cross sectional view of a magnetic brush developing
      apparatus according to an embodiment of the invention,
PAR  FIGS. 2, (a) and (b), are graphs showing distribution of magnetic flux
      density of single magnets,
PAR  FIG. 3 is a graph showing distribution of magnetic flux density of magnets
      in pairs,
PAR  FIG. 4 is a schematic cross sectional view, in partial section, showing a
      modification of the developing device of FIG. 1,
PAR  FIG. 5 is a schematic cross sectional view explanatory of the principle of
      the modification of FIG. 4,
PAR  FIG. 6 is a schematic cross sectional view, in partial section, explanatory
      of the principle of the surface finish of a developing roller of the
      invention,
PAR  FIG. 7 is a schematic cross sectional view, in partial section, of a
      modification of the surface finish of the developing roller of FIG. 1,
PAR  FIG. 8 is a top plan view of a section of another modification of the
      surface finish of the developing roller of FIG. 1,
PAR  FIG. 9 is a similar view to FIG. 8, but shows a third modification of the
      surface finish of the developing roller of FIG. 1, and
PAR  FIG. 10 is a schematic cross sectional view, in partial section, of the
      modification in FIG. 8.
DETD
PAR  Before the description of the present invention proceeds, it is to be noted
      that like parts are designated by like numerals throughout the several
      views of the accompanying drawings.
PAR  Referring to FIG. 1, there is shown a magnetic brush bristle developing
      apparatus D according to the present invention which is disposed adjacent
      to a known photoreceptor drum 3 having a photoreceptor surface 3a on the
      outer periphery thereof and rotated in the direction of the arrow A by a
      conventional means. The developing device D extending the width of the
      photoreceptor surface 3a is substantially enclosed in a housing h except
      for an opening h1 adjacent to the photoreceptor surface 3a whereat the
      development of an electrostatic latent image formed on the surface 3a is
      effected, and an opening h2 in which a toner tank 11 is releasably
      received to replenish toner powder depleted from developing material 10
      during development of the electrostatic latent image. At the lower portion
      of the housing h, there is provided a sump h3 containing the developing
      material 10 comprising magnetizable carrier material and electroscopic
      toner particles. A developing roller 1 is rotatably provided, at a lower
      portion of the housing h, adjacent to and in close spaced relationship
      relative to the photoreceptor surface 3a through the opening h1, which
      roller 1 comprises an outer cylinder 2 of a nonmagnetic material extending
      nearly the width of the housing h and rotatably journaled in the side
      walls of said housing h so as to be rotated by a suitable driving means
      (not shown) with three pairs of stationary elongated bar magnets 4a, 4b,
      5a, 5b and 6a, 6b enclosed therein.
PAR  The outer periphery of the cylinder 2 should preferably be formed with many
      small concave portions for a friction increasing finish so as to prevent
      slippage of magnetic brush bristles to be formed on the cylinder 2 during
      developing.
PAR  In each pair of the bar magnets 4a, 4b, 5a, 5b and 6a, 6b, two magnets of
      the same dimension and the same polar orientation are disposed in parallel
      to and slightly spaced from each other, while the three pair of magnets
      4a, 4b, 5a, 5b and 6a, 6b are fixedly mounted at intervals along the drum
      of approximately 90.degree. to one another with alternately different
      polar orientations on a stationary core or bar 7, and with the first pair
      of the magnets 5a, 5b for development directed toward the photoreceptor
      surface 3a and the second pair 4a, 4b directed toward the sump h3. A
      stirring and scraping member 8 of a magnetic material at the configuration
      of a roller is rotatably provided in a position adjacent to and in contact
      with the outer cylinder 2 below a slit 9' formed in the bottom of a toner
      dispensing means 9 held at the lower portion of the toner tank 11.
PAR  In this arrangement, the outer cylinder 2 is rotated in the direction of
      the arrow B, as the photoreceptor surface 3 bearing the electrostatic
      latent image rotates in the direction of the arrow A with rotation of the
      drum 3, during which process the outer cylinder 2 picks up the developing
      material 10 pooled in the sump h3 by the attraction of the stationary
      magnets 4a, 4b and carries the same toward a developing position C to form
      magnetic brush bristles of the developing material 10 on the outer
      periphery of the cylinder 2 first by the action of the magnet 5a. The
      magnetic brush bristles thus formed are adapted to rub, at the tips
      thereof, against the latent image formed on the photoreceptor surface 3a
      to develop said latent image into a visible toner powder image, after
      which the developing material 10 in the form of the brush bristles with
      toner concentration at the tips thereof considerably reduced as a result
      of the developing reaches a position between the magnets 5a and 5b as the
      outer cylinder 2 rotates the remaining developing material is momentarily
      released from the attraction of the magnet 5a and the brush bristles
      collapse and the developing material is stirred uniformly, and is
      subsequently formed into fresh brush bristles by the action of the
      neighboring magnet 5b.
PAR  The developing material 10 remaining on the outer cylinder 2 after the
      development is further attracted by the magnets 6a and 6b and carried
      forward as the outer cylinder 2 rotates, subsequently being scraped off
      the surface of the cylinder 2 by the stirring and scraping member 8 so as
      to be sufficiently stirred and mixed with fresh toner powder from the
      toner tank 11, and falls into the sump h3 provided at the lower portion of
      the housing h.
PAR  As described above, the magnet means directed toward the photoreceptor
      surface 3a is composed of a pair of stationary magnets 5a, 5b of the same
      dimension and the same polar orientation, and it should be noted that the
      space provided between the two magnets 5a and 5b plays a very important
      part for effecting optimum development.
PAR  In the developing apparatus of the present invention, it is preferable that
      the space between the two magnets 5a, 5b should be in the region from 5 mm
      to 20 mm, which arrangement will be described in more detail later.
PAR  Fundamentally, by disposing the two magnets 5a and 5b fixedly with the
      space therebetween as described above, two fields formed by these magnets
      are distributed toward the photoreceptor surface 3a, and although
      comparatively hard brush bristles are formed by these two magnetic fields,
      the magnetic lines of force of the two magnets 5a, 5b of the same polarity
      repel each other, thus resulting in soft brush bristles on the whole which
      makes it possible to effect a soft tone of developing.
PAR  Accordingly, should the carrier beads of the developing material 10 be
      transferred onto the latent image bearing portion of the photoreceptor 3a
      from the brush bristles formed by the magnetic force of the first magnet
      5a, such carrier beads can be retrieved by the magnetic force of the
      subsequently disposed second magnet 5b as the outer cylinder 2 rotates.
      Furthermore, since hardly any magnetic field strength is present between
      the magnets 5a, 5b, the developing material 10 is positively stirred at
      the developing position during development.
PAR  Although in the embodiment of FIG. 1, all of the magnets 4a, 4b, 5a, 5b and
      6a, 6b are composed of magnets in pairs respectively, it is sufficient for
      the purpose of efficient developing to provide only the magnets 5a and 5b
      for development as a pair magnets with the rest of the pair of magnets 4a,
      4b and 6a, 6b being replaced by single magnets as in the conventional
      apparatuses. However, if all magnets are composed of pairs of magnets as
      4a, 4b, 5a, 5b and 6a, 6b in FIG. 1, the developing material 10 is
      advantageously stirred and transported most positively.
PAR  In order to determine the optimum distance between the two developing
      magnets 5a and 5b, a series of experiments were carried out by the present
      inventors under the conditions as described below.
PAR  Referring to FIGS. 2(a), 2(b) and 3, distributions of magnetic flux density
      for various magnets employed in the experiments are graphically shown.
PAR  In these experiments, a photosensitive photoreceptor layer comprising an
      electrically conductive base having a selenium film layer deposited
      thereon and further coated with polyvinyl carbazole (P.V.K.) which
      photoreceptor layer was negatively charged to 800 volts with subsequent
      exposure to image light rays of an original to be copied for the formation
      of a latent image thereon, and an outer cylinder for developing having a
      bias voltage of - 300 volts imparted thereto and adapted to rotate, in a
      position spaced away from said photoreceptor layer by 3 to 5 mm at a
      relative surface speed of 40 cm/sec. with the outer cylinder enclosing
      therein a stationary magnet or a pair of stationary magnets having a
      predetermined distance therebetween, which magnets were disposed so that
      the magnetic lines of force thereof were directed toward the photoreceptor
      layer to give a flux density of 700 gauss/cm.sup.2 on the surface of the
      outer cylinder, and with magnetizable particles closely scattered and
      fixed on the surface of the outer cylinder by a bonding material as
      described later, and a developing material composed of magnetizable
      carrier beads of 200 to 300 mesh and electroscopic toner particles were
      employed for experimental developing of the latent image formed on said
      photoreceptor layer with subsequent transfer of the developed toner powder
      image onto a copy paper sheet for assessing the quality of the transferred
      image.
PAR  In the following experiments, the above conditions remained the same with
      the thickness of magnets and the distance between the magnets varied in
      each experiment as shown below.
TBL  ______________________________________                                    
     Experiment No.                                                            
               Single magnet                                                   
                          Magnets in pair                                      
             (thickness)                                                       
                      (thickness)                                              
                                distance betwen                                
                                two magnets)                                   
     ______________________________________                                    
     1          5 mm      --        --                                         
     2         10 mm      --        --                                         
     3         20 mm      --        --                                         
     4         30 mm      --        --                                         
      1'       --         5 mm       1 mm                                      
      2'       --         5 mm       2 mm                                      
      3'       --         5 mm       3 mm                                      
      4'       --         5 mm       4 mm                                      
     5         --         5 mm       5 mm                                      
     6         --         5 mm      10 mm                                      
     7         --         5 mm      15 mm                                      
     8         --         5 mm      20 mm                                      
     ______________________________________                                    
PAR  In the above experiments 1 to 4 using single magnets of different
      thickness, since toner particles once applied to the latent image formed
      portion of the photoreceptor surface by the magnetic brush bristles tend
      to be scraped off by the hard brush bristles, the density of the copied
      image on the copy paper sheet was generally decreased, the maximum density
      of which was only in the region of 0.9 to 1.0. Moreover, as the scraping
      off of the toner particles by the hard brush bristles varied from part to
      part on the toner powder image, uneveness in density in the form of
      scratching was observed on the copied image in the scanning direction by
      the magnetic brush bristles.
PAR  The graphs in FIG. 2(a) illustrate the magnetic fields of single magnets of
      different thickness at poles thereof adjacent to the inner periphery of
      the cylinder 2, from which it will be seen that the magnetic fields fall
      only to a slight extent at the middle portions, resulting in hard brush
      bristles as in the conventional developing apparatuses.
PAR  In the experiments 1' to 4' illustrated in the graphs of FIG. 2(b), pairs
      of magnets spaced from each other by distances from 1 to 4 mm were
      employed. However, it will be seen from the graphs 1' to 4' that the fall
      of the magnetic fields between the two magnets was still insufficient,
      although an improving trend is noticed in the graph 4' with the space of 4
      mm.
PAR  On the other hand, in the experiments 5 to 8 in FIG. 3 employing a pair of
      magnets spaced from each other in the range from 5 mm to 20 mm, the defect
      as described above was eliminated, since the magnetic brush bristles
      formed were rather soft because of the presence of the space almost free
      from the effect of magnetic lines of force, and clear and definite copied
      images with maximum density of 1.4 to 1.5 were obtained.
PAR  Sharp falls of the magnetic fields noticed in the graphs of FIG. 3
      illustrate the absence of magnetic influence in the space between the two
      magnets which is effective for the formation of the soft brush bristles in
      the developing apparatus of the invention.
PAR  From the above description, it will be noticed that the distance between
      the two magnets 5a and 5b should be in the range from 5 mm to 20 mm to
      obtain the optimum developing results in the developing apparatus of the
      present invention.
PAR  A further experiment carried out by the present inventors using an outer
      cylinder 2 of 60 mm in diameter, stationary magnets 5a and 5b each 5 mm
      thick and 15 mm high with a distance of 5.5 mm between the magnets 5a and
      5b, and with magnetic flux density of 800 gauss/cm.sup.2 at the surface of
      the outer cylinder showed a better developing result than the result in a
      similar experiment under the same conditions as above with the magnets 5a
      and 5b replaced by a single magnet 10 mm thick and 10 mm high.
PAR  As is clear from the above description, in the developing device of the
      present invention, the provision of the pair of magnets 5a and 5b for
      developing spaced from each other at a predetermined distance in the
      region from 5 mm to 20 mm and directed, with the same polar orientation,
      toward the developing position on the photoreceptor surface is very
      advantageous in sufficiently stirring the developing material during the
      developing and forming comparatively soft magnetic brush bristles without
      spoiling by hard brush bristles, the toner powder image once formed on the
      photoreceptor surface, thus improving the developing efficiency and the
      quality of copied images to a large extent. Moreover, since two thin
      magnets can be employed as the developing magnets, the cost of the
      developing device is considerably reduced.
PAR  Referring to FIGS. 4 and 5 there is shown a modification of the embodiment
      of FIG. 1. In this modification, a control member m for the developing
      material in the form of a bar is rotatably mounted on the side wall of the
      housing h, by a pin p through an opening mo formed in the middle portion
      of the member m, at a position below the sump h3 approximately opposite
      the stationary magnets 4a and 4b for transporting the developing material,
      with the pin p extending parallel to the axis of the outer cylinder 2.
PAR  The member m further comprises a strong permanent magnet bar m1 and a
      non-magnetic bar m2 fixedly connected at the middle portion of the member
      m so as to form the member m, and is adapted to rotate about the pin p so
      that the magnet bar m1 is directed toward the magnets 4a and 4b when the
      developing is not carried out, while the non-magnetic bar m2 is directed
      toward the magnets 4a and 4b during developing.
PAR  In this arrangement, when the non-magnetic bar portion m2 of the member m
      is directed during development toward the magnets 4a and 4b, the magnetic
      force of the magnet m1 of the member m does not at all affect the
      stationary magnets 4a and 4b enclosed in the cylinder 2, so that the
      developing material 10 is attracted by the magnets 4a and 4b and carried
      forward, as the outer cylinder 2 rotates, to effect development of the
      latent image on the photoreceptor surface 3a as earlier described.
PAR  On the contrary, if the member m is rotated through an angle of 180.degree.
      to allow the magnet m1 to face the magnets 4a and 4b when the development
      is not to be carried out, the magnetic lines of force of the stationary
      magnets 4a and 4b and those of the permanent magnet m1 repel each other
      with the former almost disappearing in the vicinity of the cylinder 2, in
      which case, even if outer cylinder 2 rotates, carrier beads b of the
      developing material 10, slip off the surface of the cylinder 2 without
      being transported toward the photoreceptor 3a as shown in FIG. 5, the
      carrier beads b present in the neighborhood of the magnet m1 being
      attracted by the magnet m1.
PAR  The stationary magnets 4a and 4b described as employed in the above
      modification may be replaced by a single magnet, in which case, however, a
      magnet of large size with a strong magnetic force is required for
      sufficient transportation of the developing material 10, and consequently
      the magnet m1 should also be one of large size with a powerful magnetic
      force to overcome the strength of the single magnet, thus resulting in a
      large size of the developing device itself and consequent higher cost.
PAR  Accordingly, the magnet means 4 is preferably a pair of magnets spaced from
      each other as at 4a and 4b toward which the magnet m1 is adapted to face
      as described in the modification of FIG. 4, since, in the above
      arrangement, the magnet m1 may be one of small size having a magnetic
      force equivalent to one of the magnets 4a and 4b.
PAR  Furthermore, if a passage g (FIG. 4) for the developing material 10 formed
      between the sump h3 and the lower periphery of the cylinder 2 is further
      narrowed for increasing the influence of the magnetic force of the magnet
      m1, not only can a smaller magnet be used for the magnet m1 for the
      control of the developing material 10, but the length of the magnetic
      brush bristles formed on the surface of the cylinder 2 can be regulated by
      the height of the passage g.
PAR  As is clear from the above description, according to the modification of
      the invention as described above, since the supply of the developing
      material toward the photoreceptor is controlled, depending upon the
      developing operation, by the control member of simple construction and
      compact size rotatably provided below the sump of a developing material at
      the position, opposite the stationary magnets for developing material
      transportation, the soiling of the photoreceptor surface due to the
      contact by the magnetic brush bristles when the developing is not carried
      out and deterioration and fatigue of the developing material inherent in
      the conventional means are completely eliminated.
PAR  Referring now to FIGS. 7 to 10, there are shown modifications of the finish
      for increasing friction on the outer periphery of the cylinder 2 of FIG.
      1.
PAR  Before the description of the above modifications of the invention
      proceeds, it is to be noted that these modifications in FIGS. 7 to 10 are
      based on the fact described below.
PAR  In FIG. 6, the provision of the concave portions H on the outer periphery
      of the outer cylinder 2 for increasing friction between the carrier beads
      b carrying toner particles t of the developing material and the surface of
      the cylinder 2 still allows the magnetic brush bristles M to slip off the
      surface of the cylinder 2 to a certain extent due to frictional force
      resulting from the contact of the brush bristles M with the photoreceptor
      surface 3a if the speed of rotation of the outer cylinder 2 or the
      photoreceptor surface 3a is increased, even in which case, however, the
      brush bristles M still remain formed approximately along the magnetic
      lines of force .gamma. of the magnets 5a and 5b. This is because each of
      the carrier beads b is magnetized by the magnetic force of the magnet 5a
      or 5b and is formed into a small magnet with the attraction between the
      carrier beads b being larger than the attraction between the carrier beads
      b and the outer cylinder 2.
PAR  In FIG. 7, a mixture of magnetizable particles b' of iron, iron oxide or
      various kinds of ferrite particles having a diameter of 10 to 500 .mu. and
      a bonding material l of alkyd resin, acrylic resin, polyvinyl acetate, or
      thermosetting epoxy resin with the quantity of the latter being in the
      range of 1/5 to 1/10 of the former by weight is diluted by a resin solvent
      and applied onto the surface of the outer cylinder 2 to a thickness of
      approximately 0.05 to 0.5 mm with subsequent drying so as to fix the
      magnetizable particles b' in a closely scattered array on the surface of
      the cylinder 2.
PAR  By the above arrangement, since the fixed magnetizable particles b' are
      magnetized by the stationary magnets 5a and 5b so as to form small magnets
      which locally disturb the magnetic field on the surface of the cylinder 2
      and attract the carrier beads b of the magnetic brush bristles as strongly
      as the attraction between the carrier beads b in the brish bristles, no
      slipping between the brush bristles and the surface of the cylinder 2 is
      caused even when the tips of the brush bristles contact the photoreceptor
      surface 3a.
PAR  Furthermore, in the above modification of the invention, as the brush
      bristles are positively formed at the positions of the fixed magnetizable
      particles b' magnetized in advance, the density of the formed brush
      bristles is much less than in conventional means so as to provide
      sufficient quantity of developing material to the developing position
      together with the effect of preventing slippage of the brush bristles,
      thus eliminating the possibility of producing copied images of excessively
      light shade which may result from the fact that the number of brush
      bristles formed is limited because the carrier beads b  attracted onto the
      cylinder 2 tend to repel other carrier beads b present in the vicinity
      thereof to prevent the latter from adhering to the surface of the cylinder
      2.
PAR  In FIGS. 8 and 9, many concave portions or dents H' or splines H" are
      formed on the entire outer periphery of the cylinder 2 instead of the
      layer of the mixture of the magnetizable particles b' and the bonding
      material l uniformly formed on the cylinder 2 in the modification in FIG.
      7. The dents H' or the splines H" are filled with the mixture of
      magnetizable particles b' and bonding materail l as shown in FIG. 10 with
      the excessive mixture on the surface of the cylinder 2 wiped off
      thereafter, thus, fixing the particles b' in a scattered array in the
      dents H' or the splines H".
PAR  It should be noted here that the proper depth of each of the dents H' or
      the splines H" is in the region from 0.1 to 3 mm, and that the dents H'
      should be formed evenly over the entire surface of the cylinder 2 in the
      direction of rotation of the cylinder 2, for example, in a zigzag pattern
      for obtaining uniform copied images.
PAR  In the above modifications in FIG. 7 to 9, it is necessary to employ the
      magnetizable particles b' having a diameter equal to or slightly larger
      than the diameter of the carrier beads b for the developing material 10,
      and also to properly scatter the magnetizable particles b' so as not to
      reduce the magnetic force of the stationary magnets 5a and 5b through the
      cylinder 2 by a shielding action of the fixed particles b'. If the
      surfaces of the magnetizable particles b' are adapted to be exposed on the
      surface of the cylinder 2, the magnetic force of the particles b' is
      strengthened with improved attraction toward the carrier beads b for
      magnetic brush formation.
PAR  As is clear from the above description, according to the modifications of
      the surface finish of the outer cylinder of the invention shown in FIGS. 7
      to 9, the slippage of the magnetic brush bristles formed on the rotating
      outer cylinder during development is advantageously prevented with
      improved adhesion of the developing material to the photoreceptor surface
      by simply scattering magnetizable carrier particles on the entire surface
      of the outer cylinder or in the concave portions formed on the outer
      periphery of the outer cylinder, which surface finish provides a
      developing cylinder particularly suitable for high speed development.
PAR  Although the present invention has been fully described by way of example
      with reference to the attached drawings, it is to be noted that various
      changes and modifications will be apparent to those skilled in the art.
      Therefore, unless otherwise such changes and modifications depart from the
      scope of the present invention, they should be construed as included
      therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a magnetic brush developing apparatus for use in an
      electrophotographic copying apparatus which has a housing, and a
      developing roller rotatably provided adjacent to and in close spaced
      relation to a movable photoreceptor surface on which an electrostatic
      latent image on an original to be copied is formed, said developing roller
      including a rotatable outer cylinder and magnet means fixedly enclosed in
      said outer cylinder and disposed in such a position that the magnetic
      field of said magnet means intersects said cylinder to form magnetic brush
      bristles of developing material on said outer cylinder for developing said
      latent image into a visible toner powder image, the improvement in which,
      for forming soft magnetic brush bristles on said outer cylinder to
      maintain uniform quality of copied images, said magnet means comprises a
      pair of stationary magnets directed with the same polar orientation toward
      the photoreceptor surface and disposed in parallel to and at a distance
      from 5 to 20 mm from each other, said distance providing a space between
      said two magnets in which space magnetic lines of force of said two
      magnets repel each other with said space almost free from influence of
      said magnetic lines of force of said two magnets.
NUM  2.
PAR  2. A magnetic brush developing apparatus as claimed in claim 1, wherein
      said two magnets are of the same dimension.
NUM  3.
PAR  3. In a magnetic brush developing apparatus for use in an
      electrophotographic copying apparatus which has a housing, a developing
      roller rotatably provided adjacent to and in close spaced relation to a
      movable photoreceptor surface on which an electrostatic latent image of an
      original to be copied is formed, said developing roller including a
      rotatable outer cylinder having an outer periphery thereof finished to
      increase friction and a plurality of stationary magnet means enclosed in
      said outer cylinder and disposed in such positions that magnetic fields of
      such magnet means intersect said outer cylinder to attract and feed
      developing material into said outer cylinder so as to form magnetic brush
      bristles on said outer cylinder for developing the electrostatic latent
      image formed on said photoreceptor surface into a visible toner powder
      image, a toner dispensing means provided above said outer cylinder for
      replenishing said developing material with fresh toner powder, and a sump
      for said developing material provided at a lower portion of said housing
      below said developing roller, the improvement in which, for forming soft
      magnetic brush bristles on said outer cylinder with controlled supply of
      developing material to said outer cylinder for uniform quality of copied
      images, each magnet means comprises a pair of stationary magnets fixedly
      disposed on said outer cylinder at a predetermined angle from one another
      with alternately different polar orientation and with a first pair of said
      magnets directed toward said photoreceptor surface and a second pair
      thereof directed toward said sump for attraction and transportation of
      said developing material, in each of which pairs of magnets the two
      magnets have the same dimension and the same polar orientataion and are
      fixedly disposed in parallel to and at a distance from each other, said
      first pair of magnets directed toward the photoreceptor surface being
      spaced at a distance of from 5 to 20 mm and acting as magnets for
      effecting development by forming magnetic brush bristles of said
      developing material on said outer cylinder at a position immediately above
      said first pair of magnets.
NUM  4.
PAR  4. A magnetic brush developing apparatus as claimed in claim 3, wherein
      said developing roller is further provided with a control member rotatably
      mounted below said sump approximately facing said second pair of magnets
      directed toward said sump, said control member comprising a strong magnet
      bar and a non-magnetic bar fixedly connected to each other at a middle
      portion of said control member at which middle portion said control member
      is rotatably supported on a side wall of said housing so that said magnet
      bar can be directed toward said second magnets when said developing is not
      carried out and said non-magnetic bar can be directed toward said second
      magnets during said developing.
NUM  5.
PAR  5. A magnetic brush developing apparatus as claimed in claim 3, wherein
      said outer periphery of said outer cylinder is coated with a mixture of
      magnetizable particles and a bonding material so as to fix said
      magnetizable particles in a closely scattered array on said outer
      periphery of said outer cylinder for increasing friction.
NUM  6.
PAR  6. A magnetic brush developing apparatus as claimed in claim 3, wherein
      said outer periphery of said outer cylinder is provided with a large
      number of concave portions which are filled with a mixture of magnetizable
      particles and a bonding material so as to fix said magnetizable particles
      scattered on said outer periphery of said outer cylinder for increasing
      friction.
NUM  7.
PAR  7. A magnetic brush developing apparatus for use in an electrophotographic
      copying apparatus comprising;
PA1  a developing roller rotatably provided adjacent to and in close spaced
      relation to a movable photoreceptor surface on which an electrostatic
      latent image of an original to be copied is formed,
PA1  said developing roller including a rotatable outer cylinder and at least
      three magnet means fixedly enclosed therein,
PA1  one of said three magnet means including a pair of stationary magnets
      having the same polar orientation and the same dimensions and separated by
      a distance of about 5 to 20 mm so that the magnetic lines of force of said
      two magnets repel each other with the space defined by said distance
      almost free from the influence of said magnetic lines of force of said two
      magnets,
PA1  said pair of magnets facing the photoreceptor surface for developing the
      image formed thereon and having a polar orientation opposite from the
      remaining magnet means.
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ABST
PAL  A device and method are disclosed for feeding insects to animals. The
      abundant natural supply of flying insects is used as a food supply. Thus,
      the insects, which normally are not eaten by humans, are used to grow
      animals which form a valuable source of protein for humans. In feeding
      insects to fish, for example, insects are attracted to the surface of the
      water, preferably at night by means of a light source, and are guided into
      contact with the water where they can be eaten by the fish. The light not
      only attracts the insects, but also attracts the fish to the feeding spot.
      The light source preferably is supported on a floating platform. If
      needed, several such platforms can be tied together and spread over the
      surface of a body of water such as a pond or lake to feed the entire fish
      population in the water. The light source preferably is an electric lamp
      energized by batteries or by a cable extending from a power supply on the
      shore. Alternatively, the light source can be a non-electric lamp, such as
      a kerosene or gasoline lamp.
PARN
PAR  This invention relates to means and methods for harvesting and feeding
      insects to animals, particularly to aquatic animals such as fish. This
      patent application is a continuation-in-part of U.S. application Ser. No.
      213,966, filed Dec. 30, 1971, now abandoned.
BSUM
PAR  The ever-burgeoning human population of the world causes an ever-increasing
      need for protein to feed the people. Aquatic life offers much promise as a
      source of this badly needed protein. However, a large part of natural
      aquatic life grows in oceans, rivers and other large, deep bodies of
      water. Although such bodies of water once teemed with fish, many now have
      little to offer fishermen because of heavy fishing and pollution of the
      waters by the increased populace. Furthermore, the cost of fishing in such
      waters has increased, along with the cost of preserving and transporting
      fish from the fishing sites to inland areas, with the result that the cost
      of fish, especially in inland areas, has increased undesirably.
PAR  For the foregoing and other reasons, inland fish farming has become
      increasingly widespread. For example, there are commercial trout
      hatcheries and farms in the cooler parts of the world, and catfish farms
      in the southern part of the United States. Other types of food fish have
      been raised in various different parts of the world.
PAR  To the best of my knowledge, fish raised in hatcheries and fish farms
      around the world have been fed solid food such as pellets of ground up
      meat by-products, fish, and other foods eaten by humans, together with
      whatever natural food happens to be present. The feeding of such solid
      foods to the fish can be quite attractive in that it permits a relatively
      large number of fish to be raised in a relatively small volume of water.
      However, the use of such foods is relatively expensive and is a
      substantial deterrent to the introduction of fish farming in
      poverty-stricken and famine-ridden areas of the world. In such areas, the
      meat by-products, cereals, and other food fed to the fish in the U.S. and
      other advanced countries would be at such a high premium for human
      comsumption that feeding it to fish would be virtually out of the
      question. Furthermore, even in the more advanced countries, the costs of
      the usual commercial feeds often are so high that the fish raised on the
      food become too expensive to compete effectively with other protein
      sources such as beef, pork, lamb and chicken.
PAR  Insects have been fed to fish on a rather limited scale for some time. At
      some fish hatcheries electric lights have been hung above or submerged
      below the surface of a pond to attract the insects to the pond. Those
      insects which happen to collide with the water surface are eaten by the
      fish. See: Doze, J. B., "The Barbed Trout of Kansas", Transactions of the
      American Fisheries Society, Vol. 55, pp. 175-176 (1925); "Neon Lights
      Attract Insects to Trout Ponds", Progressive Fish Culturist, Vol. 48, p.
      37 (1940); Micheev, V. "Feeding of Fish By the Aid of Light" (In Russia)
      Ryborod. Ryborod i Ryboloust 3:17-18 (1960). Furthermore, the prior
      literature describes the experimental feeding of insects to caged fish by
      the use of ultra-violet lamps with barriers for the insects to hit and
      fall into the water. See: Heidinger, R. C., "Use of Ultraviolet Light to
      Increase the Availability of Aerial Insects to Caged Bluegill Sunfish",
      Progressive Fish Culturist, Vol. 33, No. 4; pp. 187-192 (Oct. 1971);
      Heidinger, R. C., "Feeding Fish With Light", The American Fish Farmer,
      Dec. 1971, pp. 12-13.
PAR  To the best of applicant's knowledge, the feeding of insects to fish has
      not been adopted in commercial fish farming operations despite the face
      that it has been known for many years. One of the reasons for this lack of
      commercial acceptance, it is believed, is the relatively low efficiency of
      the prior devices and methods in collecting and feeding insects to the
      fish. Furthermore, with prior devices and methods, many insects were
      allowed to escape without being eaten. Additionally, the insects collected
      by prior methods include many which are too large for small fish such as
      minnows, fry and yound fingerlings to eat. Thus, the span of fish life
      during which prior methods were effective has been somewhat limited. An
      additional problem, it is believed, lies in the maintenance of an adequate
      supply of insects in the vicinity of the water holding the fish.
PAR  The high cost of feed is a problem which is not limited to the fish farming
      industry. The retail prices of many food animals such as chicken and other
      fowl prevent many people from buying them, and a major reason for such
      prices is the cost of feed.
PAR  In view of the foregoing problems, it is an object of the present invention
      to provide a relatively low-cost means and method for feeding both
      land-based and aquatic animals, but particularly aquatic animals such as
      fish. It is a further object of the invention to provide a device and
      method for growing fish for food and/or sport relatively rapidly and
      easily. It is another object to provide a device and method for fish
      farming with the use of substantial amounts of natural food for the fish.
      It is a further object of the invention to provide a means and method for
      harvesting or catching fish. It is yet another object of the invention to
      provide insect feeding equipment and methods which are relatively more
      efficient and are effective for use with smaller fish. It is an object to
      provide efficient insect collection systems and methods so that it can be
      economically beneficial to feed insects to land animals.
PAR  In accordance with the present invention, the foregoing objects are met by
      the provision of systems and methods for harvesting insects and feeding
      them to both landbased and aquatic animals. In feeding aquatic animals,
      insects are attracted to the surface of a body of water inhabited by the
      animals (e.g., fish) to be fed, and guiding the insects toward the water
      surface so that the animals can eat the insects and to prevent the insects
      from escaping. It is preferred that the insects be attracted at night by
      means of a source of illumination such as an electric, kerosene or
      gasoline lamp which floats on the surface of the water. Where electric
      power is available, it is preferred that a fan be used to create air
      drafts to force the insects against the surface of the water for maximum
      rate of capture by the fish. There also is provided an insect trap which
      holds the insects close to the water over a relatively wide-spread area to
      ensure eventual capture by fish. The source of illumination is so
      structured that it attracts not only the insects to the water, but also
      attracts the fish to the insects. Alternative means and methods for
      preventing the escape of insects before being eaten include killing or
      stunning the insects. Also provided is a device and method of comminuting
      the insects to provide small insect bits to feed to small fish and other
      animals. Cages for the cage culture of fish and frogs are provided in
      which the cage structure is used both to retain the fish or frogs and to
      hold insects. A method of using cages for the cage culture of fish is
      described in which the cages are spaced apart from one another far enough
      so that they do not interfere with one another in their insect-catching
      abilities. They are aligned along the shore of a body of water such as a
      lake, river, canal or pond so that they attract terrestrial as well as
      aquatic insects. When the insects in one area become scarce, the cages are
      towed to new locations, and then returned when the insects in the original
      area have replenished themselves. Insect harvesting systems using plural
      insect traps and conduits connecting the traps together in series and
      parallel networks also are provided. The feeding of insects to land
      animals such as chickens and other fowl, as well as cattle, hogs, etc. is
      another feature of the invention.
PAR  The foregoing and other objects and advantages of the invention will be
      described in or apparent from the following description and drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a fish feeding device constructed in
      accordance with the present invention;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a schematic perspective view of a fish feeding system constructed
      in accordance with the present invention;
PAR  Each of FIGS. 4, 5 and 6 comprises a separate embodiment of the fish
      feeding device of the present invention;
PAR  FIG. 7 is a schematic and cross-sectional view illustrating a fish
      harvesting device and method of the present invention;
PAR  FIG. 8 is a cross-sectional elevation view of another embodiment of the
      invention;
PAR  FIG. 9 is a plan view of the device shown in FIG. 8;
PAR  FIG. 10 is a cross-sectional view of another embodiment of the invention;
PAR  FIG. 11 is a schematic view of a cage culture system utilizing the
      invention;
PAR  FIG. 12 is a perspective view of an insect collecting and fish feeding
      system of the present invention;
PAR  FIG. 13 is a fragmented cross-sectional view taken along line 13--13 of
      FIG. 12;
PAR  FIG. 14 is a cross-sectional, partially schematic view of an embodiment of
      the invention useful for the culture of frogs;
PAR  FIG. 15 is a perspective view of an insect gathering system in use in
      delivering insects to feed animals in an elongated rearing enclosure;
PAR  FIG. 16 is a fragmented cross-sectional view taken along line 16--16 of
      FIG. 15; and
PAR  FIG. 17 is a perspective schematic view of a parallel-form insect
      collection system of the invention.
DETD
PAC  PREFERRED FEEDING DEVICE
PAR  The fish feeding device 10 shown in FIGS. 1 and 2 includes a float and cage
      unit 12, with an attractor assembly 14 mounted over a central hole 16 in
      the center of the unit 12. The inlet opening 16 is defined by a
      funnel-shaped guide structure 18 with four flat walls 34 preferably made
      of a transparent material such as Lucite.
PAR  The attractor assembly 14 includes a fan having an electrical drive motor
      36 and a pair of blades 38. The assembly 14 also includes a lamp having an
      electric light bulb 44 and a socket for the light bulb, together with a
      glass cover 46. The lamp is of the outdoor variety in which the cover 46
      protects the bulb 44 from rain, snow and other natural elements.
PAR  The float and cage unit 12 includes four side members 26, preferably of a
      buoyant material such as wood, and four elongated blocks 28 of buoyant
      material secured to the outside surfaces of the members 26. The side
      members 26 are joined together to form an approximately square-shaped
      base. The float members 28 are attached to the side members 26 to give the
      unit greater buoyancy than that provided by the wood. The unit 12 also has
      four spokes, preferably made of a buoyant material such as wood, and four
      support members 32 to which the guide structure 18 and the attractor
      assembly 14 are secured. The spokes 30 are secured at their lower ends to
      the members 28 at the corners of the base. The spokes 30 are inclined
      upwardly so that their inner ends are considerably higher than their outer
      ends, as is shown in FIG. 2. Relatively fine-mesh screen 20, such as
      aluminum household screen, is secured to the under-surfaces of the spokes
      30 and members 32, and to the members 26 so as to form a cage to hold
      insects close to the surface of the water 24 upon which the unit 12
      floats.
PAR  An electrical cable 48 conducts electrical energy to the fan motor 36 and
      the bulb 44. Another cable 50, which is connected to a spoke 30 opposite
      the one to which cable 48 is attached, extends from the other corner of
      the unit 12 to transmit power to a subsequent fish feeding unit 10 which
      may be connected to it as shown in FIG. 3.
PAR  The fan motor 36 and the lamp are secured together by means of a clamp 42
      to which four legs 42 are secured. Only two of the legs 42 are shown in
      FIG. 2, for the sake of clarity in the drawings. The legs 42 are secured
      inside of the guide 18 by means of bolts or screws, as is shown in FIG. 2,
      and thus support the fan and lamp on the floating base.
PAC  METHOD OF OPERATION
PAR  FIG. 2 shows the fish feeding device 10 in use, floating on the surface of
      the water 24. The buoyancy of the parts 26 and 28 maintains the bottom
      edge of the funnel structure 18 just above the surface of the water.
      Preferably, the device 10 is operated at night. The glowing lamp attracts
      flying insects 8 to it. When the flying insects come near the lamp, the
      draft of air created by the spinning fan blades 38 blows the insects
      downwardly through the funnel-shaped guide 18 into the cage formed by the
      screening 20.
PAR  Most of the insects 8 will float on the water. The lamp shines into the
      water, thus attracting fish such as the trout 70 to the area. The walls 34
      of the guide 18 preferably are transparent so as to permit more light to
      reach the water than would be the case if the walls were made of an opaque
      material. The rising fish then eat the insects 8 resting on the surface of
      the water. If any of the insects leaves the water before being eaten, its
      escape will be prevented by the screening 20 and the air draft flowing
      through the guide 18. Inevitably, the insects will collide with or fall
      back into the water, eventually to be eaten by the fish.
PAR  Some of the insects 8 may sink instead of floating on the water. Most of
      those insects will be eaten too.
PAR  The relatively wide expanse of the base of the device 10 spreads the
      floating insects over a relatively great surface area so as to permit a
      maximum number of fish to feed at the same time.
PAR  The glass shield 46 not only protects the bulb 44 from rain and other
      natural elements, but it also protects the bulb from any water which might
      be splashed upwardly by the feeding fish.
PAC  TYPICAL INSTALLATION
PAR  FIG. 3 shows the invention in use on a typical trout pond 66 of one to five
      acres or less in size. A total of five feeding units 10 are shown in use.
      The number of devices 10 used will vary with the size of each unit, the
      fish population and size, the insect supply available, etc. Power is
      supplied from a motor-generator set 54 or other electrical power source
      through the cable 48 to each of the units 10. The cable 48 also forms the
      connecting link between the units, except for the lines 56 which are
      beyond the portion of the system requiring electrical power. The lines 56
      are simply ropes which are used to tether the system and hold it in place.
PAR  The cable 48, of course, is of a variety which is impervious to water, and
      has a series of floats 52 to keep if floating on the water so that it will
      not sag and will hold the floating devices 10 firmly in place. Four posts
      or trees 58, 60, 62, and 64 are provided on shore and lines 56 and 48 are
      secured to the posts as shown. This holds the system stationary and keeps
      it from drifting too much with the wind.
PAR  If it is not desired to keep the devices 10 in place during the daytime, it
      is a simple matter to loosen the ropes 56 and walk around the shore,
      pulling the floating units to one side of the pond 66 where they will be
      out of the way. However, since the lamp, the cables 48 and 50, the fan,
      the motor 36 and the electrical connections are of a type which is
      impervious to rain and other natural elements, the devices 10 can be left
      floating in the water during the entire growing season.
PAR  In accordance with one aspect of the present invention, the color of the
      light emitted by the bulb 44 can be varied in order to attract the largest
      number of insects and most desired varieties of insects. For example, an
      ordinary white light bulb can be used, and the results compared with those
      obtained by the use of a yellow, green, blue, etc. lamp, until the best
      color is found. Lamps specially adapted to attract insects into insect
      traps can be used. The colors of the light also can be changed in
      accordance with changes in the makeup of the insect population at various
      times of the year.
PAR  In using multiple fish feeders 10 as shown in FIG. 3, a broader range of
      light colors can be used, thus attracting a broader range of insects, by
      the use of a different colored lamp in each of the units. Thus, insects of
      predominately one type might be attracted to one of the units 10, while
      insects of another type might be attracted to another of the units.
PAR  The material used for the floats 28 can vary widely; it can be any of the
      naturally-buoyant materials such as balsa or similar woods, cork, hollow
      reeds, encased kapok, etc. The float material also can be any of the
      synthetic foam materials of the closed cell variety; e.g. polystyrene
      foam, polyvinyl clhloride (PVC) foam, polyolefin (polyethylene or
      polypropylene) foam, etc. Such foams are widely used to form floats for
      rafts, piers and other aquatic structures. The floats also can be made of
      air-tight hollow bodies made of metal, plastic, or other sheet material.
PAR  The wooden components of the feeding device should be painted or otherwise
      treated to keep them from rotting or becoming water-soaked. Alternatively,
      rust-free light-weight aluminum or plastic tubing can be used in place of
      the wooden members.
PAR  The screening 20 also should be rust-free. In addition to aluminum
      screening, fine mesh netting of nylon or other fibers can be used.
PAR  The form of the invention shown in FIGS. 1 and 2 is preferred primarily
      because it can be built by hand in small quantities at a reasonably cost,
      without the need for complicated tools or machines. In quantity
      production, it is believed that it would be preferable to give the base a
      ring shape and fabricate it as an integral part, much in the manner of the
      embodiments to be described below.
PAC  ADVANTAGES: DAY-NIGHT FEEDING METHOD
PAR  One major advantage of the fish feeding device 10 is that it uses as food
      insects which are free for the taking. In fact, the insects usually are
      considered to be pests, and the use of the invention may well
      significantly reduce the annoyance to man created by the pests.
      Furthermore, it is preferred that the feeding of insects take place at
      night. The fish also can be fed solid food in the daytime, by conventional
      methods such as spreading pellets in the water. Thus, the fish can be fed
      both at night and in the daytime to increase their growth rate.
      Alternatively, if the insect supply in the vicinity is adequate, the
      insects can be the sole food fed to the fish. In the latter case, it is
      believed that feeding and growing the fish can be made very inexpensive,
      hopefully bringing the art of fish farming within the means of even the
      poorest and hungriest people.
PAC  ENCLOSED FEEDER
PAR  FIG. 4 shows another embodiment of the fish feeding device of the present
      invention. This embodiment, as well as that described above, involves the
      use of an insect trap floating on the water. Parts which are the same in
      this embodiment as in that shown in FIGS. 1 and 2 are given the same
      reference numerals.
PAR  The fan motor 36 and its blades 38 are mounted inside of a transparent
      (preferably Lucite) housing 72 of approximately hemispherical shape. The
      motor 36 is secured in place by means of a nut 80 on a bolt extending
      through a hole in the upper surface of the housing 72. A ring-shaped neon
      or fluorescent lamp 74 is mounted inside the canopy in a position in which
      it surrounds the motor 36. A transparent plastic shield 76 encloses the
      lamp 74 so as to protect it from the splashing or water by the fish. The
      lamp and the fan thus are enclosed in the housing 72 and protected from
      the elements by it.
PAR  Several horizontal slots 78 are cut in the housing 72 adjacent the lamp 74
      so as to permit insects to enter the housing. The lower edge of the
      housing 72 is secured by means of screws 84 to a ring-shaped float member
      70' which may be made out of the same buoyant material as that used to
      make the floats 28 shown in FIGS. 1 and 2. Preferably, a plurality of
      slots 82 are cut in the lower surface of the float 70'. The slots 82 are
      dimensioned so that their upper wall normally is just slightly above the
      surface of the water when the unit is floating.
PAR  In this embodiment, when the insects 8 fly into the housing 72 through the
      slots 78 towards the lamp 74, the fan creates a down-draft of air which
      prevents the insects from again leaving through the slots 78, and forces
      them down towards the surface of the water.
PAR  The device shown in FIG. 4 covers relatively less surface area of the water
      than does the device shown in FIG. 2. Therefore, means are provided for
      spreading the insects outside of the housing. The air draft created by the
      fan flows out of the enclosure through the slots 82 and carries floating
      insects with it. The floating insects then can be eaten by additional fish
      which cannot reach the area directly beneath the interior of housing 72.
PAC  NON-ELECTRICAL FEEDER
PAR  FIG. 5 shows an embodiment of the invention which does not require electric
      power. Instead, it uses a kerosene or gasoline lamp to attract the
      insects. This can be very desirable in remote areas where there is no
      inexpensive source of electric power, and in areas in which the people
      cannot afford to use electrical power, fans and lights.
PAR  The device 88 shown in FIG. 5 includes a kerosene lamp consisting of a fuel
      tank 102, a burner 104 and a flame 106, together with a glass chimney 110.
      Two rods 98 are secured to the chimney 110 and tank 102 and are fastened
      to a conically-shaped metallic roof 86 by means of a pair of fasteners
      such as nuts 98. The roof 86 is fastened by means of screws 100 to a
      housing having a cross-section which looks generally like the letter "V"
      lying on its side. The housing is formed by a pair of walls 90 and 92 with
      a series of holes 94 at the junction of the walls. The holes are large
      enough to permit the largest expected insects to enter. Other smaller
      holes 96 appear at the top of the housing to let excess heat from the lamp
      escape.
PAR  The housing is secured along its lower edge by means of screws 84 to float
      70' which is identical to float 70' shown in FIG. 4.
PAR  In use at night, the lamp flame attracts insects into the housing. The
      sloping walls 92 and 94 of the housing guide the insects toward the holes
      94, through which they enter.
PAR  Since there is no fan with which to force the insects down towards the
      water 24, other means are provided. This means is the heat generated by
      the flame of the lamp. The heat is deliberately allowed to rise to such a
      level that the insects are stunned or killed and fall to the surface of
      the water below. Of course, some of the insects will fall or fly into the
      water by chance. The insects can be eaten by the fish while in the
      enclosure formed by the device, or else the insects can float out through
      the slots 82. Although there is no air flowing through the slots 82 to
      force the insects out, the insects 8 can be spread over a greater surface
      area by allowing the device 88 to float at the end of a relatively loose
      anchor rope. The anchor rope 122 is secured to an eyebolt 120 fastened to
      the under-surface of the float 70', and is attached at its other end to an
      anchor 126 resting on the bottom of the body of water. The dashed portion
      124 of the rope 122 indicates that the anchor 126 actually is not as close
      to the unit 88 on the surface of the water as it would appear from FIG. 5.
      The water depth, however, has been foreshortened for the sake of
      compactness in the drawings.
PAR  If desired, the device 88 also can be maintained relatively stationary by
      means of tether ropes such as the rope 118 fastened to another eye-bolt
      116 on the float 70.
PAC  NON-TRAPPING FEEDER
PAR  Each of the devices shown in FIGS. 1-5 includes an insect trap for trapping
      the insects on or near the water surface, and at least temporarily holding
      the insects in the enclosure.
PAR  The embodiment shown in FIG. 6 has no insect trap. Instead, the fan motor
      36 and its blade 38 and an electrical lamp 128 are mounted on a
      frustro-conical Lucite housing 130 secured to a foam float member 132 by
      means of screws 138. A light bulb 128 is mounted inside the housing 130,
      and the fan is mounted outside the housing 130. Downwardly-slanting holes
      146 are provided to allow some of the heat of the light bulb to leave the
      enclosure. The motor 36 and the bulb 128 are energized by means of
      electrical current delivered through a cable 140, or from a battery 142
      mounted in the housing 130.
PAR  A keel 134 with a weighted lower end 136 is provided in order to minimize
      the chances of the device tipping over in the water. The lamp 128, with
      its light shining through the transparent walls of the housing 130,
      attracts the flying insects at night. When the insects approach the
      housing 130, they are caught in a down-draft 112 or 114 of air which
      forces the insects towards the sloping sides of the housing 130. They are
      then forced downwardly towards the water and away from the floating fish
      feeding unit. Thus, the device shown in FIG. 6 spreads the insects over
      the water after forcing them into the water. However, they are free to
      leave the water surface if they can escape before being eaten by fish.
PAR  The unit shown in FIG. 6 has the advantage that it can be made smaller and,
      perhaps more cheaply than some of the other embodiments of the invention.
      Although many of the insects that it catches may escape and not be eaten
      by the fish, this may not be objectionable if the insect population is
      large enough so that the fish feed adequately regardless of the number of
      insects which escape. Furthermore, since the insect population in the
      vicinity of a lake is converted by the invention into a food source for
      the fish, since some of the trapped insects may not be eaten, it may be
      desirable to allow a number of the insects to escape and multiply rather
      than simply drowning them in one of the trap embodiments. In this manner,
      a now-valuable natural resource; i.e. the insects, is conserved.
PAR  The devices shown in FIGS. 4, 5 and 6 can be arranged as shown in FIG. 3,
      and modified in other ways in the manner described above in connection
      with FIG. 2.
PAR  The feeding devices need not float on the water. Instead, they can be
      mounted on posts driven into the bottom of the body of water, with the
      upper ends protruding just above the water, or they can be hung from tree
      branches, docks, or other structures near or above the water. However, it
      is believed that the floating of the devices is the best mode of
      supporting them.
PAC  FISH HARVESTING
PAR  The invention can be used to assist in harvesting the fish fed by the
      invention, as well as in feeding the fish. FIG. 7 illustrates a device
      which is adapted for this purpose. The device shown in FIG. 7 is identical
      to that shown in FIGS. 1 and 2, except that a wire mesh fish trap 148
      hangs downwardly from the bottom of the floating base of the unit 10. The
      trap has vertical side-walls 150, and a frustro-conical bottom 152 with a
      small inlet opening 154. The fish are attracted into the trap 148 to feed
      on the insects and find it difficult to escape. The unit 10 then simply is
      pulled onto the shore for removal of the fish.
PAR  Baited hooks and gill nets suspended from the unit 10 also can be used to
      catch the fish.
PAR  If the locale of the body of water in which the fish are raised does not
      have a large enough natural insect population, desirable insects can be
      raised in nearby swampy areas or ponds designed specifically for the
      breeding of the insects.
PAC  CAGE CULTURE
PAR  The harvesting of fish using the device shown in FIG. 7 of the drawings is
      a special type of cage culture of fish, in that the fish first are lured
      into the fish cage or trap 148 and then are fed insects. However, for the
      intensive, long-term culture of fish in cages, the embodiment of the
      invention which is shown in FIGS. 8 and 9 is preferred.
PAR  The fish feeding device 200 shown in FIGS. 8 and 9 includes a conventional
      cage 202 floating on the surface 221 of a body of water. The cage contains
      a substantial number of fish such as the channel catfish 223 (ictalurus
      punctatus). The cage 202 includes frame members 204 fastened together to
      form a rectangular parallelepiped, and wire mesh 206 secured to the frame
      members. Four slabs 208 of styrofoam or other flotation material extend
      completely around the cage near its top, and abutt against a frame member
      210.
PAR  The cage 202 has a solid top including plywood side portions 212 and 214,
      and a central hatch cover 216 secured to the frame members 210 by means of
      hinges 218.
PAR  Mounted in a circular hole in the cover 216 is an insect trap 204. The trap
      204 is quite similar to the trap shown in FIG. 4. It includes an electric
      "blacklight" bulb 224, a roof 222, a cowling 226, and an electric fan 228
      within the cowling. The bulb 224 is close to the upper edge of the cowling
      and the lower edge of the roof, so that air drafts are created by the fan
      to draw insects into the trap through the annular gaps between the bulb
      224 and the cowling and roof. Paths of insects drawn into the traps in
      this manner are shown at 234 in FIG. 8. In this manner insects are
      attracted and drawn into the air space 220 between the top of the cage and
      the surface of the water, and into the water where they can be eaten by
      the fish in the cage. Details of construction, such as the electric cord
      and the support members which hold the components of the trap 204 together
      have been omitted from the drawings for the sake of clarity.
PAR  A grille 230 is mounted at the lower end of the cowling by means of ends
      232 of the grille wires which extend through holes in the wall of the
      cowling. These grille wire ends 232 rest on the edge of the hole in the
      cover 216 to support the insect trap on the cover. As it is shown in FIG.
      9, L-shaped brackets 236 are used to fasten the cowling to the cover 216.
      The size of the mesh of the grille 230 is large enough to let insects
      through, but small enough to protect the fish from contact with the fan
      blades and to keep large predators out of the cage.
PAR  A small screen-covered door 225 is mounted on hinges 227 over a rectangular
      hole in the cover 216. The screened door 225 permits observation of the
      fish while they are feeding without allowing insects to escape, and
      provides an access hole through which pelletized commercial fish foods and
      supplements can be fed to the fish.
PAR  The flat slab 208 of flotation material not only floats the cage on the
      water surface, but it also keeps insects from escaping from the enclosure
      220.
PAR  The feeding cage device 200 shown in FIGS. 8 and 9 is especially desirable
      because its major components are readily available. The case 202 is
      manufactured and sold by the C. E. Shepherd Co., Houston, Texas. The
      insect traps 204 are sold by Atlantic Research Labs Corp., Long Island
      City, New York. Thus, fabrication of the feeders 200 requires little or no
      expensive manufacturing equipment. The bulb 224 is a ring-shaped
      "blacklight" (ultraviolet) bulb sold by the General Electric Company.
PAR  FIG. 11 of the drawings shows a preferred method of using the feeders 200
      in the cage culture of fish.
PAR  Strings of feeders 200 are aligned along the shores 248 and 250 of a
      relatively large, elongated body of water such as a canal or river.
      Alternatively, the body of water can be a lake or large pond. The feeders
      200 are spaced from one another by a distance X which is great enough to
      prevent the lights of the insect traps from interfering with the catching
      abilities of one another. For example, a distance of X of around 50 feet
      might be suitable for this purpose. The feeders 200 are connected together
      by cables 254, preferably the same cable as that used to carry electrical
      energy to the insect traps, which float on the water by means of floats
      256. The cables are reinforced and anchored to the cages so as to permit
      towing of the entire string of feeders without breaking the cables.
PAR  The insect traps are energized from a shore-bound motor-generator 258 and a
      timer 260 which is used to automatically turn the insect traps on and off
      at the times desired. Of course, if utility-supplied electric power is
      available, unit 258 then is simply a receptacle into which the cable
      terminal is connected.
PAR  The feeders 200 are lined along both shores 248 and 250 of the body of
      water 252, with the units 200 on one shore being staggered with respect to
      those on the other shore so as to maintain a minimum distance D sufficient
      to prevent interference with feeders on the other shore. The feeders are
      located as close to the shore as the water depth will permit so that as
      many terrestrial insects as possible will be attracted to the feeders.
      Also, if the body of water 252 is a river, the water currents will be
      slowest near the shores.
PAR  In accordance with one feature of the invention, the fish which are being
      grown are kept caged (as opposed to being allowed to roam freely in a
      pond), and the strings of cages are towed to a new location when the
      insect population becomes depleted in a given area. After the insect
      population becomes depleted in the new area, the strings of feeders 200
      can be towed to still another new location, or they can be returned to the
      original area where the insects by then have replenished themselves.
PAR  An important advantage of the use of the invention in cage culture in the
      manner described above is that it makes good use of the vase areas of
      swampy, insect-infested, presently useless land for growing food. For
      example, many acres of canals and lakes in the Florida Everglades have
      abundant water and insects, but are presently unused. The abundance of
      insects, usually considered a detriment, becomes an asset because of the
      present invention. These waters can be used to raise catfish and other
      warm-water species at a lower cost, it is believed, than if the fish were
      raised in ponds on level land usable for growing row crops (e.g., corn,
      cotton, soybeans, rice, etc.) and being fed standard commercial feeds. One
      reason for this, it is believed, is that the food and feeding cost less,
      and another is that the swamp land usually costs much less to buy and pay
      taxes on than fertile crop land. Thus, the total food output within a
      given country can be increased by shifting fish production to the unused
      swamp land, and using fertile crop land for growing row crops or feeding
      land animals.
PAR  The feeding of insects to fish in the cages is much easier than the feeding
      of standard food pellets. Instead of boating out to the cages and
      depositing feed in them one-by-one, all that need be done is to flick an
      electrical switch. Even this can be eliminated by the use of timers. The
      timers can be of the type which operate automatically at nightfall and
      daybreak, such as those used to turn street lights on and off
      automatically.
PAC  DISABLING OF INSECTS
PAR  The disabling of insects in order to prevent them from escaping prior to
      being eaten by the fish is described above in the description of the
      operation of the device shown in FIG. 5. There, the insects are stunned or
      killed by heat and fall into the water where they are eaten.
PAR  FIG. 10 shows another method of disabling the insects - a method in which
      the insects also are chopped into bits or comminuted so as to make them
      suitable for feeding to minnows, goldfish, the young fry or fingerlings of
      food or sport fish such as trout, bass, catfish, carp, tilapia, etc.
PAR  The device used for communiting the insects is an insect trap such as the
      trap 204 shown in FIG. 8, with an additional motor 240 which drives a
      wheel 238 with thin wire spokes in a direction opposite to the direction
      of rotation of the fan 228. The counter-rotating wire spokes hit the
      insects and cut them into bits, thus providing food particles small enough
      for tiny fish to eat, as well as killing the insects so that they cannot
      escape from the water. See U.S. Pat. No. 3,123,933, for example, for
      further details of a typical insect comminution device.
PAR  The feed device shown in FIG. 10 also includes a ring-shaped float 242, and
      a plurality of spokes 244 supporting the insect trap and comminution
      device above the water. An enclosure to hold the insects is not needed
      because the dead insects cannot escape. The ring 242 holds the floating
      insect bits near the light.
PAR  Other means are known for killing or stunning insects. Electrocution
      devices are known, for example. These can be used instead of spinning
      wheel 238. Such devices leave the insects whole, which can be preferable
      to comminuting the insects.
PAC  INSECT HARVESTING
PAR  The efficient feeding of insects to land or aquatic animals requires
      efficient harvesting or gathering of the insects. An improved system and
      method for harvesting insects and feeding them to aquatic animals is shown
      in FIGS. 12 and 13 of the drawings.
PAR  FIGS. 12 and 13 show a plurality of insect traps 204 of the type shown in
      FIGS. 8 and 9 dispersed in a swamp area with tall grass 262. The insect
      traps are connected together in two groups of three traps each. The traps
      are connected together in series by means of a conduit 266 or 268 of
      relatively large diameter. The traps urge the insects they catch towards
      two fish cages 200 floating in an adjacent body of water 260 near one
      another. A generator 258 on the shore 264 supplies power to the traps 204.
PAR  The conduits 266, 268 and traps 204 which are on land are supported by
      posts 270, 272 driven into the ground so that the traps 204 are above the
      top of the vegetation 262, but the conduit 266 and 268 slopes toward the
      fish cages 200, as is shown in FIG. 13. The supports can be wheeled
      vehicles or floating to facilitate shifting the harvesting system to a new
      location.
PAR  FIG. 13 shows the internal components of the traps 204, which components
      have the same reference numerals as in FIGS. 8 and 9. The bottom openings
      of the traps 204 are connected by means of smooth curved sections 274 and
      282 to the conduit 266 so that the downward thrust of the fans 228 in the
      traps will force air and insects through the conduit.
PAR  Check-valves 276 are provided adjacent the land-based traps 204 in order to
      prevent insects from escaping when the trap fans are turned off. One or
      more blowers 284 can be positioned in the conduit 266 to assist in moving
      the insects along the conduit. The check valves are thin metal or plastic
      disks pivoted at the bottom of the conduit and spring-biased to spring up
      when there is no air draft from a fan. The spring bias is relatively weak
      so that when the fan of an insect trap or blower is on, the check valves
      lie down close to the bottom of the conduit to allow air and insects to
      pass by. The vertical (closed) position of the valves is indicated by the
      dashed line 278 in FIG. 13.
PAR  It well may be that fish and other animals cannot keep up with the insect
      traps and feeding systems -- they will continue to catch insects all
      night, while the animals can be expected to eat their fill and stop. In
      order to store insects for future use, a reservoir arrangement, is
      provided in the system of FIGS. 12 and 13. The reservoir is formed within
      and by the conduit 266 itself, together with a screen 286 and the check
      valves 276. The screen 288 is pivoted at the bottom of the conduit.
      Normally it lies along the bottom of the conduit, in the position shown in
      FIG. 13 in solid lines. A cord 288 is fastened to the top of the screen
      286, passes through a small hole in the conduit wall, and is fastened to a
      pull ring 290. When it is desired to form the reservoir, the ring 290 is
      pulled to lift the screen 286 to its upright position indicated by a
      dashed line in FIG. 13. With the screen 286 up, the air goes through it,
      but the insects do not -- they accumulate and are held in the resulting
      reservoir until needed.
PAR  It is preferred to transport the insects relatively slowly and to keep them
      alive, because they take much of the work out of transporting them when
      their ability to fly is left substantially unimpaired.
PAR  The system shown in FIGS. 12 and 13 need not be overly expensive because
      the conduit 266 and other components can be light-weight and inexpensive.
      The conduit can be plastic tubing, and the stress on it normally will not
      be great.
PAR  The system of FIG. 12 has an advantage in that the fish cages 200 can be
      much closer together than before - this saves space. Also, the cages can
      be bigger in volume and can support more fish.
PAC  LAND ANIMAL FEEDING
PAR  Insects are a known source of protein. They are relished not only by fish,
      but also by many fowl -- chickens, ducks, turkeys, geese, etc. Also, it is
      believed taht other animals such as cattle, hogs, etc., will relish or eat
      insects, especially when the insects are mixed with food more familiar to
      the animals.
PAR  FIG. 15 shows an elongated chicken raising enclosure 316 with conduits 318
      extending out from the enclosure and into swampy areas on both sides of
      the enclosure. An insect trap 204 is at the end of each conduit. There can
      be several traps 204 in series with each conduit, as shown in FIGS. 12 and
      13, or a parallel branch conduit system as shown in FIG. 17 can be used if
      desired. In any event, the system of FIG. 15 has insect collection traps
      204 distributed over the swampy land to gather insects and feed them into
      the enclosure.
PAR  FIG. 16 is a cross-sectional view of one conduit 318 and its trap 204. A
      blower 320 (marked by and "X" in FIG. 15) is located in each conduit, if
      needed. The conduit 318 passes through the wall of the enclosure 322. The
      inner end 324 of the conduit contains a fan to help urge the insects on,
      and a counter-rotating high-speed motor-driven spoked wheel as described
      above for comminuting the insects. Other means, such as electrocution
      means, can be used to kill the insects, if preferred. The insects then
      accumulate in a trough 330 where they are eaten by the chickens, or are
      mixed with other foods and fed to the chickens. Suitable electrocution
      grilles are sold, for example, by Insect-O-Cutor, Inc., Stone Mountain,
      Georgia, as parts of their insect electrocutiontype traps.
PAR  FIG. 17 shows a parallel-branch insect collection system with
      parallel-connected branch conduits 344, 346, 348 and 350 connected to
      central conduit 336. Each insect trap 204 and length of conduit is
      supported by a foam block 342 because, in this instance, the system floats
      on water. A collection barge 334 collects the comminuted insects in piles
      340. A blower 320 and comminution device 326, 328 are provided in the end
      portion 338 of the conduit, as in FIG. 16.
PAR  The system of FIG. 17 is preferred when it is desired to collect insects at
      one point rather than at linearly distributed points as in FIGS. 12 and
      15.
PAR  In many of the foregoing figures of the drawings, the electrical
      connections to the lamps and fans of the insect traps are not shown.
      However, the electrical wiring can be located along or within the insect
      conduits. Portable electrical generators or utility power supplies can be
      used.
PAC  TYPES OF AQUATIC ANIMALS
PAR  The types of fish believed to be capable of being fed by means of the
      invention include both freshwater and saltwater fish which are known to
      feed upon insects at the surface of the water in their natural habitat.
      Such fish include, for example, trout, salmon, bass, "panfish" such as
      crappie, sunfish, etc., and other fish considered to be game fish.
      Furthermore, it is expected that other types of fish, such as catfish and
      carp, and especially channel catfish, all of which are normally
      bottom-feeders, can be taught to rise to the surface to feed on insects.
PAR  The aquatic animals intended to be fed by means of the invention primarily
      constitute fish, but also can include such animals as turtles and others
      which feed on insects on the surface of the water.
PAC  FROG CULTURE
PAR  FIG. 14 shows the use of a cage 292 like that shown in FIGS. 8 and 9 in
      frog culture. The cage 292 has a frame 294 with fine mesh
      insect-restraining screen 296 on the top and sides. A larger mesh screen
      300 is used on the bottom of the cage.
PAR  An insect trap 204 of the construction already disclosed above is mounted
      on a plywood panel 297 fastened to the frame 294. A pair of baffles 308
      are mounted below the trap 204 to deflect insects to both sides of the
      cage.
PAR  The cage 292 is shallower than the fish cage of FIGS. 8 and 9, and also has
      a larger airspace above the water level 302. The cage is floated by means
      of foam blocks 304 and 306 which are secured to transverse frame members
      312 and to one another. The blocks 304 extend to positions just below the
      water surface in the cage 292, and the blocks 306 extend just above the
      water surface. Thus, the blocks serve the dual purpose of providing
      resting platforms for frogs such as the frog 310, and also floating the
      cage on the water.
PAR  The reason for providing the baffles 308 and a larger airspace in the cage
      is that it is not necessarily desired to maximize contact of the insects
      with the water because the frogs have very efficient catching mechanisms
      for plucking the insects out of the air.
PAC  VARIATIONS
PAR  The insect trap devices can be converted for use in the daytime by using,
      instead of light, any of a number of known substances having an odor or
      appearance or other quality which attracts insects.
PAR  Although the usefulness of the invention in inland fish farms and
      hatcheries has been emphasized, it should be understood that it is not so
      limited. It is believed that the invention can be used to advantage in
      quiet salt water or brackish estuaries in which certian fish-raising areas
      have been fenced off, in both natural and artificial ponds or tanks, and
      in any body of water in which fish will rise to feed on the insects.
PAR  Some large fish may prefer eating smaller fish rather than insects. In such
      cases, the present invention can be used to raise the small fish (e.g.,
      minnows, chubs or shiners) to be fed to the large fish. Alternatively,
      such small fish can be raised to be sold as bait fish to sports fisherman.
      Rough fish can be raised for used as fertilizer or other commercial
      products. In any such event, the invention is used to convert unused and
      previously useless insects into valuable food or commercial products.
PAR  The above description of the invention is intended to be illustrative and
      not limiting. Numerous variations or modifications other than those
      specifically described above may occur to those skilled in the art, and
      these can be made without departing from the spirit or scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for feeding aquatic animals in a body of water, said device
      comprising, in combination, insect retention means including a canopy
      structure, support means for supporting said canopy structure above the
      surface of said water, said canopy structure defining an enclosed
      peripheral area of substantial size with said canopy structure covering
      said area for preventing insects from escaping from the vicinity of the
      surface of said body of water below the canopy, insect attraction means
      supported by said support means with said canopy means so as to attract
      insects towards said area covered by said canopy structure, and insect
      directional means supported by said support means with said attraction
      means for directing insects towards said covered area.
NUM  2.
PAR  2. A device as in claim 1 in which said directional means comprises a guide
      structure having an inlet opening and an outlet opening of substantially
      smaller size than said inlet opening, said guide structure being supported
      with said inlet opening facing upwardly and said outlet opening facing
      downwardly into the area covered by said canopy structure.
NUM  3.
PAR  3. A device as in claim 2 in which said attraction means comprises a lamp,
      and including means for supporting said lamp above said outlet opening.
NUM  4.
PAR  4. A device as in claim 3 in which said directional means includes a fan
      supported with said lamp for urging insects downwardly through said guide
      structure and into the area covered by said canopy structure.
NUM  5.
PAR  5. A device as in claim 1 in which said retention means includes means for
      comminuting said insects.
NUM  6.
PAR  6. A device as in claim 1 in which said attraction means includes lamp
      means for emitting light energy attractive to said insects.
NUM  7.
PAR  7. A device as in claim 6 in which said lamp means is a blacklight emitting
      predominantly ultra-violet radiation.
NUM  8.
PAR  8. A device as in claim 6 in which said lamp means is a fuel-burning lamp.
NUM  9.
PAR  9. A device as in claim 1 including fan means mounted on said support means
      for creating an air draft to urge insects towards said water.
NUM  10.
PAR  10. A device as in claim 1 in which said support means includes buoyant
      means secured to said canopy means for floating said device on said
      surface of said water.
NUM  11.
PAR  11. A device as in claim 10 in which said buoyant means has a central
      opening providing free access to the water surface within said opening,
      said canopy structure forming a cover over said central opening to form an
      insect cage adjacent said surface, said covering having at least one
      restricted access hole to permit the entrance of said attracted insects.
NUM  12.
PAR  12. A device as in claim 11 including a lamp and a fan mounted over said
      access hole, with said fan being positioned to blow the attracted insects
      through said access hole.
NUM  13.
PAR  13. A device as in claim 11 including means for heating the interior of the
      enclosure formed by said buoyant means and said cover so as to kill or
      stun the insects and cause them to drop into the water.
NUM  14.
PAR  14. A device as in claim 11 including a fan under said cover and an egress
      hole closely adjacent the water to allow insects to float out of said
      device.  pg,37
NUM  15.
PAR  15. A device as in claim 1 in which said attracting means comprises means
      for directing light radiation into said water.
NUM  16.
PAR  16. A device as in claim 15 in which said light radiation is blacklight.
NUM  17.
PAR  17. A device as in claim 16 including an elongated blacklight radiating
      member, and including means for mounting said radiating member
      substantially parallel to the surface of said water.
NUM  18.
PAR  18. A device as in claim 15 inlcuding a cage secured to and extending
      beneath said support means for containing said animals in said water
      adjacent said source to eat the insects attracted towards said source.
NUM  19.
PAR  19. A device as in claim 15 in which said radiating member is a circular
      fluorescent blacklight bulb.
NUM  20.
PAR  20. A device as in claim 1 including a cage secured to and extending below
      said canopy structure to contain aquatic animals below said canopy.
NUM  21.
PAR  21. A device as in claim 20 in which said aquatic animals are fish and said
      cage is secured at the periphery of said canopy structure.
NUM  22.
PAR  22. A device for feeding aquatic animals in a body of water, said device
      comprising, in combination, a float means, an insect directional means
      supported by the float means and positioned substantially centrally
      thereof and elevated with respect thereto, attraction means supported with
      the directional means, and retention means including a canopy structure
      connected with the float means and the directional means and defining an
      enclosed peripheral area of substantial size, with said canopy structure
      covering said enclosed peripheral area for preventing insects from
      escaping from the vicinity of the surface of said water.
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ABST
PAL  A process for vaporizing liquid water which allows the use of relatively
      impure boiler feed water comprising providing a heat-carrying liquid at a
      predetermined elevated temperature to the boiler, providing liquid water
      to the boiler, transferring heat from the heat-carrying liquid directly to
      the liquid water to be vaporized within the boiler and separately
      withdrawing the produced steam from the boiler. Suitable heat-carrying
      liquids include lead, tin and bismuth and alloys principally thereof. A
      process for the production of superheated steam from natural waters which
      have not been previously purified utilizing the above described process
      for production of steam in combination with a process for superheating the
      steam by passing the produced steam in heat exchange relation with a
      plurality of liquid droplets of molten metal or a molten inorganic salt
      which has been heated to a predetermined temperature for superheating the
      steam.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our pending application Ser.
      No. 414,202 filed Nov. 9, 1973.
PAR  The problems of boiler and heat exchanger deterioration coupled with high
      maintenance requirements and decreasing heat exchange efficiencies has
      long plagued industry where generation of steam is required. Natural
      waters used for steam generation invariably contain impurities such as
      suspended solids; dissolved gases; dissolved inorganic matter such as
      silicas, and the chlorides, carbonates, sulfates of sodium, calcium,
      magnesium, and the like; dissolved organic matter and frequently waste
      materials from industry. The use of impure water in conventional boilers
      lead to corrosion, particularly on the heat exchange surfaces such as the
      boiler tubes or the boiler vessel walls, formation of scale causing
      overheating of the heat transfer surfaces, priming causing bumping and
      droplet entrainment in the steam and foaming. These problems and the
      previous necessity for heat transfer through boiler tubes or the vessels
      themselves, have created severe limitations upon materials of construction
      of such boilers. The difficulties resulting from use of impure water are
      greatly increased with higher boiler temperature and pressure requirements
      desired by industry.
PAR  One method of reducing these difficulties involves recycling condensed
      steam as in most power plants. Such condensate is relatively free from
      impurities which were left behind in vaporization. However, losses of
      condensate always recur so that some make-up feed water is always
      required, involving need for purification.
PAR  In attempts to control the above difficulties encountered with impure
      water, boiler feed water has been purified by various methods such as
      chemical treatment with lime or soda, ion exchange purification,
      evaporation and the like. Such purification methods become increasingly
      costly and less efficient when water of lower quality is used. Even when
      recycled condensate is available for addition to boiler feed, as in
      steam-power plants, purification problems cannot be avoided. When the
      produced boiler steam is principally used for further processing so that
      there is little or no returnable condensate the problems created by
      continual utilization of impure feed water are correspondingly large. Even
      though purified water is utilized as boiler feed, the materials of
      construction of the boiler vessel and tubes is limited due to the
      necessity for heat exchange taking place through these structures.
PAR  It is an object of this invention to provide an improved process and
      structurally simplified apparatus for vapor generation, especially steam
      generation, which avoids the above disadvantages.
PAR  It is another object of this invention to provide a process and apparatus
      which allows use of relatively impure boiler feed water in a highly
      efficient steam generation process.
PAR  It is still another object of this invention to provide a process and
      apparatus for the production of steam from relatively impure water under
      conditions of high temperature and pressure.
PAR  A still further object of this invention is to provide a process and
      apparatus for production of superheated steam from natural waters which
      have not been previously purified.
PAR  Another object of this invention is to provide a process and apparatus for
      the total evaporation of natural waters which have not been previously
      purified.
PAR  A further object of this invention is to provide a process and apparatus
      which allows corrosion-resistant materials of construction having poor
      heat transfer characteristics to be utilized in boiler construction.
DRWD
PAR  These and other objects, advantages and features of this invention will be
      apparent from the description together with the drawings wherein:
PAR  FIG. 1 is a perspective view of an apparatus with parts broken away to show
      interior detail of a boiler of this invention;
PAR  FIG. 2 is a perspective cutaway view of a gaseous high-temperature thermal
      exchanger for the production of superheated steam from steam produced in
      the boiler of FIG. 1; and
PAR  FIG. 3 is a cross-sectional view of another boiler of this invention.
DETD
PAR  This invention provides direct thermal exchange between a liquid water
      phase to be heated and a heat-carrying liquid. The heat-carrying liquid
      should have a vapor pressure as low as possible and preferably negligible
      over the temperature range used. Thus, evaporation of the heat-carrying
      liquid is kept to a minimum and heat entering or leaving the heat-carrying
      liquid serves to change its temperature rather than to supply the heat for
      its vaporization. The heat-carrying liquid used in a boiler, according to
      this invention, is selected to be chemically non-reactive with components
      present in the liquid water system. This chemical non-reactivity may be a
      property of the heat-carrying liquid itself, or may be achieved by
      introduction of another chemical such as hydrogen to prevent oxidation of
      liquid metals. The heat-carrying liquid is selected to be one whose
      melting temperature lies below the minimum desired boiler operating
      temperature to maintain a safe margin between heat-carrying liquid
      solidification and the minimum boiler temperature.
PAR  The term "boiler" as used throughout this description and appended claims
      is used to mean the vessel in which thermal exchange takes place between
      the heat-carrying liquid and liquid water being vaporized and/or
      superheated and is not meant to be limited to specific designs of water
      boilers now in use.
PAR  Generally, this invention is carried out by introducing at least a part of
      the heat into a boiler by injection of a heat-carrying liquid into the
      boiler, transferring heat by direct contact between the heat-carrying
      liquid and the liquid water to be vaporized and/or superheated within the
      boiler; draining the heat-carrying liquid from the boiler and externally
      reheating, pressurizing and purifying, if necessary, the heat-carrying
      liquid for reinjection to the boiler. Thus, a major part or all of the
      heat may be inntroduced into the boiler in the heat-carrying liquid
      thereby avoiding the necessity for conduction of heat through the boiler
      and/or tube walls. The heat-carrying liquid cycles continuously between
      the boiler and reheater and thus with a constant rate of addition to the
      liquid water to be heated, steady state conditions may be approached. The
      flow rates of the heat-carrying liquid and water are adjusted to obtain
      desired thermal balance. The maximization of heat transfer rates between
      the heat-carrying liquid and the liquid water within the boiler is, of
      course, desired and may be achieved in a variety of specific apparatuses
      which will be come obvious upon further reading of this disclosure.
PAR  FIG. 1 shows one preferred embodiment of this invention. The boiler
      generally referred to as 40 is a vertical cylindrical vessel having sides
      52, a conical top 51 and a conical bottom 44. The liquid water to be
      heated within the boiler is introduced at the bottom portion of the
      cylindrical side walls through inlet tube 41. In the embodiment shown in
      FIG. 1, the level of the water in boiler 40 is maintained such that the
      upper boundary is maintained at level 42 and the lower boundary is
      maintained at level 43.
PAR  A suitable heat-carrying liquid may be introduced at the upper portion of
      boiler 40 through spary 46. The distance of spray 46 from upper boundary
      42 of the process liquid is not critical, but should be sufficient to
      provide for dispersion of droplets of heat-carrying liquid across the
      entire cross-sectional area of the boiler before reaching upper boundary
      42 of the liquid water. It may be desired to superheat the vapor of the
      liquid water passing through the headspace and to achieve this, the
      distance of spray 46 to the liquid water may be increased and the
      temperature of the heat-carrying liquid may be increased to obtain some
      superheating in the headspace.
PAR  The heat-carrying liquid passes in droplet form through the liquid water
      from the upper boundary maintained at level 42 to the lower boundary
      maintained at level 43 in direct heat exchange relation with the liquid
      water. Thus, the heat-carrying liquid directly transfers thermal energy to
      the water to form steam which passes through the upper boundary 42 and
      upward through the boiler headspace countercurrent to the droplets of
      heat-carrying liquid from spray 46. The heat exchange and vaporization
      takes place at the surface of the heat-carrying liquid droplets and the
      soluble impurities will tend to remain in the water phase and can be
      purged by bleeding a small side stream 70. Some impurities will be
      captured by the heat-carrying liquid, which is removed from the boiler to
      heat-carrying liquid heater 61, pump 62, and if necessary, purifier 63.
PAR  The embodiment shown in FIG. 1 is one in which the major portion of
      heat-carrying liquid is recycled through spray 46. When the heat carrying
      liquid is recycled both through spray 46 and a major portion is returned
      to the pool of heat-carrying liquid at the bottom of the boiler, a much
      thinner layer of water is present in the boiler than shown in FIG. 1.
PAR  Heating the heat-carrying liquid can be achieved by heater means 61 of any
      suitable type, several of which will be apparent. For example, the
      heat-carrying liquid can travel through heater tubes in a conventional
      furnace or alternatively, submerged combustion can be carried out with the
      flame directly in the heat-carrying liquid under conditions such that no
      undesirable reactions take place involving the heat-carrying liquid, such
      as oxide formation with molten metal, is used. The heater means may
      utilize any readily available fuel such as electricity, fossil fuels or
      thermal energy available as a result of plant operation or a nuclear
      reactor. The only requirements of the heat is that it heat the
      heat-carrying liquid to sufficiently high temperature as will be discussed
      later herein annd that it not provide a situation wherein reaction with
      the heat-carrying liquid takes place.
PAR  Pump means 62 may be any suitable liquid pumping means which is adequate to
      recirculate the heat-carrying liquid through the boiler in desired
      volumes. Suitable pumping means such as electric impeller pumps, are
      readily known in the art.
PAR  When the feed water contains contaminants which are removed by the
      heat-carrying liquid, it is necessary to provide purifier means 63 for the
      recycled heat-carrying liquid to prevent undesired buildup of the
      contaminants. The impurities in the heat-carrying liquid may generally be
      readily removed from the heat-carrying liquid by filtration, by skimming
      of the solids from the top of the liquid phase, or similar methods. When
      operating with a layer of liquid water on top of the molten metal in the
      boiler, then those inpurities which collect in the water layer rather than
      in the molten metal can be removed by purging of the water layer.
PAR  While loss of the heat-carrying liquid with the steam produced or by
      solution is not very great, a heat-carrying liquid makeup source should be
      provided in the recycle loop before the pump and heater means as shown in
      FIG. 1 as 51.
PAR  The produced steam rises and due to the conical shape of the top of boiler
      40, readily flows from the boiler in conduit 50.
PAR  When the liquid phase of water is present, as in the process just
      described, the transition from liquid to vapor takes place at the pressure
      and temperature indicated by the vapor pressure curve for water. Thus,
      saturated steam may be produced by this embodiment and superheating within
      the boiler is somewhat limited. The steam removed by conduit 50 may be
      passed to a conventional superheater in cases where it is sufficiently
      clean. In cases where the steam contains impurities it is preferred to
      utilize the high temperature thermal exchanger shown in FIG. 2 and further
      described below for superheating.
PAR  The process of this invention may be operated substantially without a
      liquid phase of the water. Under conditions of lower pressure the feed
      water can be introduced below the surface of the heat-carrying liquid. As
      a result of the sudden complete vaporiization of the water, droplets of
      heat-carrying liquid mat rise and fall in the upper (headspace) zone of
      the boiler. In those cases where the resultant agitations is too violent,
      the feed water can be sprayed directly onto the surface of the hot molten
      metal. The heat-carrying liquid may fill the boiler to upper boundary
      location shown as 42 in FIG. 1 and while spray 46 may still be
      advantageously utilized, the recycle of the heat-carrying liquid from the
      recycle loop may be returned directly to the body of the heat-carrying
      liquid within the boiler as shown by conduit 48. The flow of the
      heat-carrying liquid can be controlled as desired between spray 46 and
      return to the liquid pool by conduit 48 by proper adjustment of valves 64
      and 65. The vapor generated will be superheated by suitable adjustment of
      the temperature of the heat-carrying liquid relative to the boiler
      pressure.
PAR  An alternative way of superheating produced steam is shown in FIG. 2
      wherein the steam produced in the boiler of FIG. 1 is carried directly
      into a high temperature thermal exchanger providing efficient transfer of
      thermal energy between molten liquid and a gas stream. A suitable
      apparatus and process is more fully described in our pending application,
      Ser. No. 414,202, filed Nov. 9, 1973.
PAR  Referring to FIG. 2, enclosed chamber 10 is provided with through shaft 12
      suitably journaled in opposing walls 13 and 14. Paddle wheels 15 and 16
      are fixedly mounted on shaft 12 and rotate therewith. Pool 17 comprising a
      molten or liquid substance (primary liquid) is present at the bottom of
      enclosure 10 to a level such that the lower portions of paddle wheels 15
      and 16 are immersed therein. Pool 17 may be maintained at the desired
      temperature by heat exchange through the chamber walls or by a heat
      exchange surface within the pool as shown by coil 18. Hot gas to be heated
      is supplied to chamber 10 via conduit 19, and exits from chamber 10 via
      exit port 20 and conduit 21.
PAR  In operation, pool 17 is maintained at a desired, predetermined temperature
      by heater means 18 and shaft 12 is driven so as to rotate paddle wheels 15
      and 16, thus generating a spray of liquid droplets in the confined gas
      flow passageway defined by chamber 10. The resulting large surface area of
      the droplets provides a very rapid and effective heat transfer with a gas
      stream which is passed through chamber 10. Chamber 10 is filled with
      droplets of the primary liquid flung upward by rapidly rotating wheels,
      which are partly submerged in pool 17 of liquid filling the bottom part of
      the vessel. The droplets fly up through the gas, and then fall back again
      through the gas to pool 17 below, exchanging heat with the gas in the
      process. Some of the droplets strike the top of chamber 10 and drip off,
      falling back through the gas. The primary liquid in the pool of this
      exchanger can in turn be heated with a second circulating liquid traveling
      through coils 18 submerged in liquid pool 17 and maintained at the disired
      temperature. This second liquid can be molten salt or molten metal with
      heat transfer as sensible heat in this liquid. Alternatively, the primary
      heat-carrying liquid itself can be withdrawn and circulated through
      external cooling coils. Methods of adding heat to the primary liquid are
      readily apparent. A high heat flux between the gas and primary heat
      transfer liquid can be attained because of high concentration of liquid
      droplets which can be maintained by several methods in spray chamber 10.
PAR  The primary heat-carrying liquid selected can be a molten metal or a molten
      salt, depending upon desired properties. When the gases involved carry
      entrained liquids or solids, then a portion of such liquids or solids will
      be picked up in the primary heat transfer liquid. Removal of such
      material, when insoluble in the heat transfer liquid, can be accomplished
      by filtration, by skimming of the solids from the top of the liquid phase,
      or similar methods. Likewise, the process more fully described in our
      co-pending application, Ser. No. 414,202, filed Nov. 9, 1973, provides for
      removal of undesired solid, liquid or gaseous components of the steam
      effluent from the boiler operated in accordance with this invention.
PAR  FIG. 3 illustrates another embodiment of this invention wherein water is
      supplied to boiler 40 by conduit 53 at the upper surface 54 of
      heat-carrying liquid within the boiler. The layer of water is maintained
      relatively thin having upper surface shown as 55. The heat-carrying liquid
      is heated internally to the desired temperature by heater means 61 as
      described above. The water is vaporized by direct thermal transfer from
      the heat-carrying liquid to the water under conditions forming saturated
      steam. The steam leaves the boiler by conduit 50. Impurities in the supply
      water are deposited on the upper surface 54 of the heat-carrying liquid.
      The upper surface of the heat-carrying liquid may be continuously removed
      for purification and recycled as previously described in further detail
      and shown in FIG. 3.
PAR  Selection of a suitable heat-carrying liquid depends upon the chemical
      reactivity of impurities in the water and the operating temperature range
      contemplated in the boiler operation. Suitable materials for use as
      heat-carrying liquid for water vaporization are primarily metals which
      remain liquid and have low vapor pressures and low viscosities over the
      temperatures of interest. Further, it is desired that the heat-carrying
      liquid not chemically react with the water, consequently, sodium metal
      could not be used. Further, selection of a suitable heat-carrying liquid
      depends upon the melting temperature of the heat-carrying liquid relative
      to the lowest temperature of the boiler operation contemplated.
PAR  It is generally important to have the gases leaving the boiler as
      uncontaminated with vapor of the heat-carrying liquid as possible.
      Contaminates in the off-gas are undesirable for several reasons such as
      loss of the heat-carrying liquid, toxicity of the off-gas, and
      complications in later processing. Thus, mercury or sodium metal
      respectively boiling under atmospheric pressure at 648.degree.F. and
      660.degree.F. would be unacceptable for an atmospheric operation, mercury
      because of its high vapor pressure and sodium because of its reactivity
      with water. Magnesium would be a relatively poor liquid for use at
      932.degree.F., for at this temperature, its vapor pressure is relatively
      high, (namely about 0.1 mm of mercury) and it reacts with water. Lead,
      with a vapor pressure at 930.degree.F. of about 10.sup.-.sup.5 mm of Hg,
      would be much better for use at this temperature. The same reasons apply
      to the selection of other liquid materials.
PAR  Preferred metals for use as heat-carrying liquids include lead, melting at
      620.degree.F., tin, melting at 450.degree.F., and bismuth, melting at
      520.degree.F. Alloys can advantageously be used at heat-carrying liquids
      when they have substantially lower solidifying temperatures than the
      constituent metals. For example, a lead-tin alloy containing 6.19 percent
      tin melts at 361.degree.F. versus melting points of 620.degree.F. for lead
      and 450.degree.F. for tin. Common alloys principally of lead, tin and
      bismuth, may be used.
PAR  Tin and lead are especially preferred metals for use as heat-carrying
      liquids according to our invention. However, like most metals, they tend
      to oxidize when water is used. Such oxidation may be eliminated by
      maintaining a suitable concentration of hydrogen or other reducing gas in
      the boiler chamber. Table I shows the ratio (percent of volume) of
      hydrogen to water to avoid metal oxidation.
TBL                TABLE I                                                     
     ______________________________________                                    
     Minimum Ratio of Partial Pressures (H.sub.2 /H.sub.2 O)                   
     in the Vapor Phase to Avoid Metal Oxidation                               
     Temperature                                                               
     .degree.F        Tin            Lead                                      
     ______________________________________                                    
     620               12            1                                         
                                     55000                                     
     980               1             1                                         
                                     15000                                     
     1340             0.3            1                                         
                                      6000                                     
     ______________________________________                                    
PAL  It is seen from Table I that lead is much more easily protected against
      oxidation by water than tin, requiring a much smaller concentration of
      hydrogen. In many instances, steam generated in the boiler system is
      utilized by being mixed with a reducing gas. Often in such occasions the
      reducing gas itself can be added to the boiler to provide the necessary
      protection against oxidation. Hydrogen is a preferred reducing gas and may
      be introduced below the surface of the heat-carrying liquid to obtain
      vigorous agitation.
PAR  The temperature and pressure for the process of this invention will be
      governed by the vapor pressure curve of water and whether or not there is
      a pool of water within the boiler. Thus, the pressures from atmospheric to
      about 4000 psia are suitable for conduct of the process of this invention.
      The upper number of 4000 psia is not critical nor limited by the process,
      but is merely set forth in view of present day materials and technology.
      The selection of suitable temperature and pressure relationships are
      readily apparent to one skilled in the art.
PAR  Apparatus for use in the process of this invention may be construced of
      conventional materials, but as differentiated from present boilers may be
      a containment vessel constructed of steel and effectively lined with a
      thermal insulating material or corrosion protecting coating such as
      ceramics. This has not been possible in existing boilers due to the
      necessity for thermal exchange through the vessel walls or other heat
      exchange surfaces.
PAR  The following Examples shown specific preferred embodiments of this
      invention.
PAC  EXAMPLE I
PAR  A boiler as shown in FIG. 1 is used to produce a gaseous mixture of
      hydrogen and water vapor at 650.degree.F. and 2500 psia. In this gas
      mixture, the hydrogen partial pressure is 300 psia, and the water vapor
      partial pressure is 2200 psia, the latter corresponding to the saturation
      vapor pressure for water at this for water at this temperature. The
      partial pressure ration of hydrogen to water, namely 300/2200, is far
      above the value needed to protect the molten lead from oxidation by water
      at that temperature.
PAR  In operation, molten lead at 1200.degree.F., liquid water at 100.degree.F.
      and hydrogen gas at 100.degree.F., are all pumped continuously and
      separately into the boiler. In passing through the boiler, the molten lead
      exchanges heat with the water and leaves at a temperature of 650.degree.F.
      for reheating and recycle. A liquid water layer floating on the molten
      lead in the boiler is formed with both layers substantially at
      650.degree.F. The feed water to the boiler enters this floating layer,
      vaporizes, and leaves as steam. Hydrogen is introduced below the surface
      of the molten lead layer to secure more vigorous agitation in the system.
      Hot liquid lead is fed in part directly below the top of the molten lead
      layer and in part into the water layer to improve mixing.
PAR  The supply of feed water is regulated by a liquid level controller within
      the boiler, which maintains six inches of liquid water lying as a layer on
      top of the molten lead. Hot molten lead is recycled through the boiler --
      recycle system at a rate adequate to maintain the temperature of the lead
      poor constant at 650.degree.F. The presence of the water layer assures the
      maintenance of the water vapor pressure at 2200 psia. The hydrogen
      containing gas is introduced at a rate so proportioned to the feed water
      rate that the total pressure remains at 2500 psia in the boiler system.
      Under these conditions, the product gas is saturated with water vapor at
      460.degree.F. and a total pressure of 2500 psia.
PAC  EXAMPLE II
PAR  The hydrogen-water vapor mixture produced according to Example I, at 2500
      psia and 460.degree.F. is superheated to 900.degree.F. by passing through
      the superheater of FIG. 2. The lead pool in the bottom of this superheater
      is maintained at 1000.degree.F. by withdrawing lead continuously from this
      pool, reheating it to 1200.degree.F. and recycling it at the appropriate
      rate. The droplets of lead in the gas space of the superheater serve to
      heat the gases from 460.degree.F. to 900.degree.F.
PAC  EXAMPLE III
PAR  The process is conducted as in Examples I and II, except that the reducing
      gas injected is hydrogen diluted with N.sub.2, CO and CO.sub.2. Thus, the
      gas composition is 65 percent H.sub.2, 10 percent N.sub.2, 20 percent CO,
      five percent CO.sub.2. This gas composition is still reducing to lead in
      the boiler and provides good protection against oxidation of the lead.
PAC  EXAMPLE IV
PAR  The boiler of FIG. 1 is operated to produce a superheated product gas
      stream at 850.degree.F., but at a total pressure of 100 psia. Liquid water
      at 100.degree.F., hydrogen gas at 100.degree.F., and two streams of
      recycled lead at 1200.degree.F., are pumped into the boiler. One stream of
      liquid lead enters directly into the pool in the bottom of the boiler, the
      other enters through a spray high in the vapor space, falling down through
      the rising gas and heating this gas to 850.degree.F. by direct thermal
      transfer. Flow rates of feed water, hydrogen and the two lead streams are
      so balanced that the lead pool in the bottom of the boiler remains at
      650.degree.F. Water fed to the surface of this pool heats to its boiling
      temperature at 100 psia of 327.8.degree.F. At this temperature, the water
      vaproizes immediately, mixes with the injected hydrogen and then heats to
      850.degree.F. as the gas mixture passes countercurrent through the boiler
      headspace past the falling lead droplets. Under these conditions of
      operation, no liquid water layer of any finite magnitude can form within
      the boiler.
PAR  While in the foregoing specification this invention has been described in
      relation to certain preferred embodiments thereof, and many details have
      been set forth for purpose of illustration, it will be apparent to those
      skilled in the art that the invention is susceptible to additional
      embodiments and that certain of the details described herein can be varied
      considerably without departing from the basic principles of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for vaporizing liquid water comprising the steps:
PA1  providing a heat-carrying liquid having a low vapor pressure over the
      temperature range used selected from the group consisting of lead, tin and
      bismuth and alloys consisting principally thereof at a predetermined
      elevated temperature to a boiler;
PA1  providing liquid water to said boiler; transferring heat from the
      heat-carrying liquid directly to the liquid water to be vaporized within
      the boilers; and
PA1  separately withdrawing the produced steam from the boiler.
NUM  2.
PAR  2. The process of claim 1 wherein said heat-carrying liquid is lead and
      alloys thereof.
NUM  3.
PAR  3. The process of claim 1 wherein said heat-carrying liquid is tin and
      alloys thereof.
NUM  4.
PAR  4. The process of claim 1 wherein said heat-carrying liquid is introduced
      to said boiler by a spray located in the upper portion of said boiler,
      droplets of said heat-carrying liquid falling through the headspace of
      said boiler into a pool of said liquid water, and passing through said
      liquid water to a pool of heat-carrying liquid at the bottom of said
      boiler.
NUM  5.
PAR  5. The process of claim 4 wherein said heat-carrying liquid is withdrawn
      from the bottom of said boiler and recycled to said spray through purifier
      means, pump means and heater means.
NUM  6.
PAR  6. The process of claim 5 wherein the temperature of said heat-carrying
      liquid is elevated to superheat steam by countercurrent flow with said
      droplets of heat-carrying liquid in said headspace.
NUM  7.
PAR  7. The process of claim 1 wherein said heat-carrying liquid is introduced
      to said boiler both through a spray in the upper portion of said boiler
      and directly to the pool of heat-carrying liquid at the bottom of the
      boiler.
NUM  8.
PAR  8. The process of claim 1 wherein said boiler is operated substantially
      without a liquid phase of water being present by introducing water below
      the surface of said heat-carrying liquid obtaining sudden complete
      vaporization of said liquid water.
NUM  9.
PAR  9. The process of claim 1 wherein said liquid water is natural water which
      has not been previously purified.
NUM  10.
PAR  10. A process for vaporizing liquid water comprising the steps:
PA1  providing a heat-carrying liquid at a predetermined elevated temperature to
      a boiler;
PA1  providing liquid water to said boiler;
PA1  providing a reducing gas to said boiler to prevent oxidation of the
      heat-carrying liquid;
PA1  transferring heat from the heat-carrying liquid directly to the liquid
      water to be vaporized within the boiler; and
PA1  separately withdrawing the produced steam from the boiler.
NUM  11.
PAR  11. The process of claim 10 wherein said reducing gas is hydrogen.
NUM  12.
PAR  12. A process for producing superheated steam from unpurified natural
      waters comprising in combination the steps:
PA1  providing a heat-carrying liquid at a predetermined elevated temperature to
      a boiler;
PA1  providing natural liquid water to said boiler;
PA1  transferring heat from the heat-carrying liquid directly to the natural
      liquid water to be vaporized within the boiler;
PA1  separately withdrawing the produced steam from the boiler;
PA1  passing said produced steam to a confined flow passageway;
PA1  providing a plurality of liquid droplets of a liquid selected from the
      group consisting of a molten metal and a molten inorganic salt in said
      passageway;
PA1  passing the steam through said passageway and in a heat exchange
      relationship with said droplets;
PA1  recovering the liquid droplets after heat exchange with said steam; and
PA1  adjusting the recovered liquid to a predetermined temperature for
      superheated steam, said liquid providing recycle for production of said
      droplets.
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ABST
PAL  Water is heated to steam in bayonet tubes and the steam is superheated in
      bayonet tubes which are heated by helium and which extend from a single
      tube sheet in which there are no excessively large temperature gradients.
      Feed water enters the inner tube of a bayonet tube assembly so that it is
      heated in the annulus between the inner tube and its associated outer tube
      and then flows into the annular space between the inner and outer tube of
      a second bayonet tube assembly so that it is heated to steam to leave by
      the inner tube of the second bayonet tube assembly to then flow into the
      annular space between the inner and outer tubes of a third bayonet tube
      assembly to be superheated and leave the third bayonet assembly through
      the inner tube thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In some designs for nuclear power plants, water is heated to form
      superheated steam which is used to drive turbines which in turn provide
      the mechanical energy necessary to generate electricity. The water and
      steam are often flowed through helically coiled tubes which are heated by
      helium which has been used to cool a nuclear reactor. Helically coiled
      tubes have been used primarily because of their economy. The helical coils
      provide for a fairly large heat transfer surface within a relatively small
      space. Helium heated helical coil heat exchangers have have certain
      disadvantages. For one, it is difficult to inspect the walls of the tubes
      tube for defects after they have been in service. This is so because an
      inspection device cannot be easily passed through a coiled tube. Another
      disadvantage is due to the fact that if helical tubes are to be used in a
      heat exchanger where there are economizer, evaporator and superheater
      tubes, more than one tube sheet will be necessary in order to protect
      against large temperature gradients created by the difference in
      temperatures of the fluid entering and leaving the helical coils.
PAR  The disadvantages can be overcome to some extent by utilizing bayonet tubes
      in place of the helical coil tubes. Bayonet tubes can be inspected much
      more easily than helical coil tubes because inspection devices can be
      inserted and withdrawn quite easily. However, a heat exchanger using
      bayonet tubes will retain many of the dissadvantages found in a heat
      exchanger in which helical tubes are employed. For one, if tubes used for
      different phases of steam generation such as economizer tubes, evaporator
      tubes, and superheater tubes are connected to the same tube sheet, a large
      temperature gradient will result because of the different temperatures of
      the fluids flowing through the bayonet tubes and which exchange heat with
      the tube sheet. The use of several tube sheets makes for a design which
      requires a comparatively large amount of space and which is expensive to
      build.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome drawbacks found in the
      prior art such as those discussed above. Accordingly, an economizer
      bayonet tube assembly, evaporator bayonet tube assembly, and a superheater
      bayonet tube assembly are connected to a tube sheet positioned within a
      pressure vessel so that helium can be passed over the bayonet tube
      assemblies after having been used to cool a nuclear reactor and water can
      be flowed to the inner tube of the economizer bayonet tube assembly so
      that it will be heated as it flows between the inner and outer tubes of
      said economizer bayonet tube assembly, the water leaving said economizer
      bayonet tube assembly being directed into the space between the inner and
      outer tubes of the evaporator bayonet tube assembly so that it boils, the
      steam being formed flowing out through the inner tube of said evaporator
      bayonet tube assembly to flow into the space between the inner and outer
      tube of said superheater bayonet tube assembly to leave through the inner
      tube of the superheater bayonet tube assembly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front view, partly in section, showing a heat exchanger made in
      accordance with the present invention; and
PAR  FIG. 2 is a view, partly in section, showing a modification of the
      structure in the vicinity of the tube sheet of the heat exchanger shown in
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There is shown in FIG. 1 a steam generator indicated generally as 10 having
      an output shell 12 surrounded by concrete 14 and includes a helium intake
      16 and a helium exhaust 18. An annular generally outer cylindrical flow
      shroud 20 is adjacent to the outer shell 12 and extends from a level
      adjacent to the top of the outer shell 12 to a location slightly lower
      than the helium intake 16. A middle flow shroud 22 is concentric with the
      outer flow shroud 20 and an inner flow shroud 24 is concentric with the
      outer and middle flow shrouds 20 and 22. The middle flow shroud 22 is of a
      smaller diameter than the outer flow shroud 20 and the inner flow shroud
      24 is of a smaller diameter than the middle flow shroud 22.
PAR  An annular plate 26 extends over and connects with the tops of each of the
      flow shrouds 20, 22 and 24. A number of openings 28 in the upper portion
      of the middle flow shroud 22 permit helium to flow through the middle
      shroud immediately below the plate 26.
PAR  The outer flow shroud 20 and the middle flow shroud 22 define with the
      annular plate 26, an annular outer flow chamber 30 and the middle flow
      shroud 22 and the inner flow shroud 24 define with the annular plate 26, a
      middle flow chamber 32. The inner flow shroud 24 encircles a center flow
      chamber 34. Helium entering through the helium intake 16 cannot flow
      upward between the outer flow shroud 20 and the outer shell 12 because
      seal rings 36 and 37 are positioned between the outer flow shroud 20 and
      the outer shell 12 above the helium intake 16. Any helium escaping past
      the seal rings 36 and 37 will be blocked by the bellows seal 38 which
      brings the outer shroud 20 and the outer shell 12 at the upper portions
      thereof above the seal ring 36. A stagnant layer of helium will form
      between the outer shell 12 and the outer flow shroud 20 above the helium
      intake 16 and a flow of helium downward between the outer flow shroud 20
      and the outer shell 12 will be created.
PAR  The helium flowing downward from the helium intake 16 will flow down
      against a tube sheet 40 which is positioned slightly below the bottom of
      the outer flow shroud 20. The tube sheet 40 is a member which along with
      the outer shell 20 functions to contain the helium, that is, the heating
      medium. The middle flow shroud 22 extends down to the tube sheet 40 so
      that helium flowing under the outer flow shroud 20 will reverse its
      direction to flow upward through the outer flow  chamber 30 between the
      outer flow shroud 20 and the middle flow shroud 22. The helium will flow
      upward until it can rise no further because of the annular plate 26. The
      helium will then flow radially inward under the plate 26 through the flow
      openings 28 and into the middle flow chamber 32 between the inner flow
      shroud 24 and the middle flow shroud 22. Helium will then flow downward
      through the middle flow chamber 32 and since the inner flow shroud 24 does
      not extend down to the tube sheet 40, the helium will flow under the inner
      flow shroud 24 and radially inward to the central flow chamber 34 where it
      will flow upward to the helium exhaust 18 where it will leave the steam
      generator 10.
PAR  The helium flow then is generally a threepass flow, the first pass being
      upward through the outer flow chamber 30 then down through the middle flow
      chamber 32 and finally upward through the central flow chamber 34.
PAR  The present steam generator provides for the reheating of steam which
      enters through a steam line 50 which is connected to several tees 52. Each
      of the tees 52 is connected with one of a number of bayonet tube
      assemblies 54, each of which includes an outer tube 56 and an inner tube
      58. The outer tubes 56 are each closed at their upper end at 60 and the
      tees allow the steam to enter the bayonet tube assemblies 54 in the
      annulii between the inner tubes 58 and the outer tubes 56. The steam will
      flow upward in the annulii until it can go no higher because of the closed
      ends 60 where it reverses direction to flow downward through the inner
      tubes 58 to a header 62 which connects with the inner tubes 58 by a
      thermal sleeve 64. The steam will be heated as it passes upwardly through
      the annulii between the outer tubes 56 and the inner tubes 58 by the hot
      helium gas which is flowing upward through the outer flow chamber 30.
      Preferably, the inner tubes 58 are insulated so that no heat will be lost
      by the steam passing down through them. The lower ends of the outer tubes
      56 seal with the inner tubes 58 so that steam in the annulii between those
      tubes will not leak out.
PAR  The steam generator 10 also provides for the generation and superheating of
      steam from feed water. Feed water enters the steam generator 10 through a
      feed water inlet 70 which opens into a feed water chamber 72 below the
      tube sheet 40. The feed water chamber 72 is encircled by a cylindrical
      side wall 74 which is centrally located below the tube sheet 40 and an
      inwardly flared annular plate 76 which is connected at its top with the
      bottom of the wall 74. Economizer bayonet tube assemblies 80 each have an
      inner tube 82 and an outer tube 84, each of which is closed at its upper
      end 86. The upper portions of some of the economizer tube assemblies 80
      are broken off for clarity in FIG. 1. The inner tubes extend down to an
      auxiliary tube sheet 88 which extends below the tube sheet 40 and which
      defines the top of the chamber 72. At the periphery of the auxiliary tube
      sheet 88, an annular vertical wall 90 joins the auxiliary tube sheet 88 to
      the tube sheet 40 to define a chamber 92. The outer tubes 84 extend
      downward only to the bottom of the tube sheet 40 and at their outer
      surfaces seal with the tube sheet 40 so that no fluid will pass between
      the outer tubes 84 and the tube sheet 40.
PAR  Feed water which has entered the feed water chamber 72 through the water
      inlet 70 will pass upward through the inner tubes 82, of the economizer
      bayonet tube assemblies 80, to the upper ends of the inner tubes 82 and
      then pass downward in the annulii between the inner tubes 82 and outer
      tubes 84 to the chamber 92. The feed water will be heated while passing
      downward through the bayonet tube assemblies 80 by helium flowing upward
      through the central flow chamber 34.
PAR  The water in the chamber 92 communicates with a plurality of evaporator
      bayonet tube assemblies 96 each of which includes an outer tube 98 and an
      inner tube 100. The outer tubes 98 are each connected with the tube sheet
      40 in the same manner as are the outer tubes 84 of the bayonet tube
      assemblies 80. The inner tubes 100 extend down to the auxiliary tube sheet
      88 where they are connected thereto outward of the vertical wall 74. Thus
      water from the chamber 92 will pass upward in the annulii between the
      outer tubes 98 and the inner tubes 100 and then pass downward through the
      inner tubes 100 to pass through the auxiliary tube sheet 88. As the water
      passes upward, it will be heated by helium passing downward through the
      middle flow chamber 32 and changed into steam. The steam coming out of the
      inner tubes 100 passes into a steam chamber 102 which is defined by a
      marginal edge portion 104 of the tube sheet 40 which projects downward and
      inward, the auxiliary tube sheet 88, annular vertical walls 74 and 90 and
      a ring 106 which seals off the bottom of the steam chamber 102.
PAR  Steam from the steam chamber 102 then passes through superheater bayonet
      tube assemblies 110. The superheater bayonet tube assemblies 110 each have
      an outer tube 112 closed at its upper end 114 and an inner tube 116. The
      outer tubes 112 are connected with the tube sheet 40 in a manner similar
      to the outer tubes of the bayonet tube assemblies 80 and 96. The inner
      tubes project downward and through the marginal edge portion 104 to
      thermal sleeves 118 which connect to an outlet header 120. The superheated
      steam is then piped to a point where it is used, for example, in a high
      pressure turbine.
PAR  FIG. 2 is a view showing a modification in the vicinity of the tube sheet
      40 of the steam generator of FIG. 1. In the embodiment of FIG. 2 anything
      now shown in FIG. 2 is identical to the embodiment of FIG. 1. FIG. 2 shows
      a main tube sheet 140, a steam line 150 which is connected to a number of
      tees which connect with reheater bayonet tube assemblies 154, each of
      which extend through the main tube sheet 140 and each of which has an
      outer tube 156 and an inner tube 158. The inner tubes are connected with a
      header 162 through a thermal sleeve 164 as shown. The bayonet tube
      assemblies 154 and the inner and outer tubes thereof function in the same
      way as the bayonet tube assemblies 54 and the inner and outer tubes 58 and
      56 shown in FIG. 1.
PAR  Two feed water inlets 170 in a generally circular plate 171 directs feed
      water into feed water chambers 172 each of which is defined by a central
      column 173, an annular vertical wall 174 and an auxiliary annular tube
      sheet 175. The water then flows through several economizer bayonet tube
      assemblies 180 each having an inner tube 182 and an outer tube 184. The
      outer tubes 184 extend downward only to the bottom of the tube sheet 140
      but the inner tubes extend down to the auxiliary tube sheet 175 so that
      feed water will pass up through the inner tubes and be heated as it passes
      downward through the annulii between the inner tubes 182 and the outer
      tubes 184. The hot water will collect in the annular collection chamber
      185 above the auxiliary tube sheet 175. Openings 187 in the vertical wall
      174 allow the water to flow outward and over an annular auxiliary tube
      sheet 189 which bridges between the vertical wall 174 and a concentric
      annular vertical wall 190. The vertical walls 174 and 190 and the
      auxiliary tube sheet 189 define a water chamber 192 below the tube sheet
      140. The water flowing into the chamber 192 will then flow through a
      plurality of evaporator bayonet tubes assemblies 196 by passing first
      through the annulii between outer tubes 198 and inner tubes 200 to be
      heated and generated into steam. The chamber 185, openings 187, and the
      chamber 192 define a first conduit which serves as a means for placing the
      economizer bayonet tube assemblies 180 in communication with the
      evaporator bayonet tube assemblies 196. The steam then passes downward
      through the inner tubes 200 and into a steam chamber 202. The steam
      chamber 202 which is defined by the walls 174 and 190 as well as the
      auxiliary tube sheet 189 and the plate 171 is not completely closed
      because of the presence of an opening 203 in the vertical wall 190. Steam
      from the chamber 202 will pass through the openings 203 and then enter a
      chamber 205 within the tube sheet 140 laterally outward of the vertical
      wall 190. The steam then communicates with a plurality of superheater
      bayonet tube assemblies 210 each of which has an outer tube 212 and an
      inner tube 216. The chamber 202, openings 203 and chamber 205 define a
      second conduit. The second conduit serves as a means for placing the
      evaporator tube assemblies 196 in communication with the superheater tube
      assemblies 210. The outer tubes are secured to the main tube sheet 140
      above the chamber 205, whereas the inner tubes 216 extend down through the
      chamber 205 and into end caps 208. The steam which passes into the chamber
      205 passes up through the annulii between the inner tubes 216 and the
      outer tubes 214. It then flows downward through the inner tubes 216 to
      thermal sleeve 218 which connects with a steam header 220.
PAR  The advantage of the structure shown in FIG. 2 over the structure shown in
      FIG. 1 is not one of operation but an advantage of structural rigidity
      which allows the use of a thinner tube sheet. This is due to the three
      vertical walls which define the chambers 172, 202 and 205. In the
      embodiment of FIG. 1 only one vertical wall 74 is present and it does not
      support the tube sheet 40 directly but only through the auxiliary tube
      sheet 38 and the annular vertical wall 90.
PAR  Typically, the feed water coming in  the economizer section will be between
      600.degree.F. and 700.degree.F. In the present invention it passes through
      the tube sheet while contacting the outer tubes of the economizer section.
      The water, which is brought close to the boiling point, then passes
      through the evaporator bayonet tubes in the annulii between the inner and
      outer tubes at only a slightly higher temperature than the feed water. In
      these tubes the water is generated into steam which is only slightly
      superheated. The steam then passes to the superheater section to pass
      between the inner and outer tubes of the superheater bayonet tubes. Here
      the temperature of the steam is raised considerably but it passes through
      the tube sheet through the inner tubes of the superheater bayonet tube
      assemblies so that no heat is transferred from the superheated steam to
      the tube sheet. Thus, with the present design the fluids which transfer
      heat with the main tube sheet are always within a relatively small
      temperature range. Therefore, there will be no substantial temperature
      gradients across the main tube sheet. The absence of temperature gradients
      will prevent the failures concomitant with large temperature gradients in
      the presence of intake tube sheets.
PAR  The present heat exchanger also includes a reheater section in which the
      steam to be reheated passes through bayonet tubes between the inner and
      outer tube sheets at a temperature fairly close to the feed water, the
      water heated in the economizer section and the unsuperheated steam which
      exchange heat with the tube sheet. Thus, even with the reheater section
      there will be no excessive temperature gradient at the tube sheet.
PAR  In both embodiments the reheater and superheater sections are both located
      within the same helium flow chamber 30 so that available heat can be
      allocated between these two sections. To that end a series of dampers 222
      (FIG. 1) are provided between the upper ends of the bayonet tube
      assemblies which make up the reheater and superheater sections. By
      adjusting the dampers 222 the flow of hot helium can be divided between
      the two sections selectively for optimum efficiency.
PAR  The use of a single main tube sheet allows for easy maintenance because
      each of the bayonet tube assemblies can be reached from one side of the
      main tube sheet without dismantling any thick tube sheets. This is
      advantageous when it is desired to radiologically inspect the tubes after
      a period of operation.
PAR  Another advantage found in having each of the bayonet tubes connected with
      a single main tube sheet is that after a period of operation it is often
      necessary to change the heat transfer area in one of the sections. A
      change in heat transfer area is often necessitated by a greater change in
      average wall thickness in the tubes of one section than in the tubes of
      another section due to erosion or corrosion removal. Often tubes must be
      plugged in order to avert leakage and this will change the effective heat
      transfer area of the associated section.
PAR  Typically, the heat transfer area is trimmed by removing a section of the
      inner tube of one or more bayonet tube assemblies in the section in which
      it is desired to reduce the effective heat transfer area. In the present
      design it is a comparatively simple matter to remove a small section of an
      inner tube because access can be had to each inner tube below the main
      tube sheet.
PAR  Further, the use of a single tube sheet permits the placement of all of the
      headers and piping necessary for the water and steam below the tube sheet
      where it can be more easily reached for maintenance.
PAR  The present invention permits the incorporation of reheater tubes without
      requiring the additional space and structure which are usually required
      when a reheater is included within the outer shell of a steam generator of
      this type. Setting the reheater around the superheater using the downward
      projecting marginal edge portion 104 permits the addition of reheater
      without introducing a significant enlargement in the size of the steam
      generator.
PAR  The foregoing describes but one preferred embodiment other embodiments
      being possible without exceeding the scope of the present invention as
      defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A helium heated steam generator comprising:
PA1  an outer shell;
PA1  a helium intake in said outer shell;
PA1  a helium exhaust in said outer shell;
PA1  a main tube sheet in said outer shell;
PA1  a plurality of economizer bayonet tube assemblies extending upward from
      said main tube sheet;
PA1  a plurality of evaporator bayonet tube assemblies extending upward from
      said main tube sheet;
PA1  a plurality of superheater bayonet tube assemblies extending upward from
      said main tube sheet;
PA1  each of said bayonet tube assemblies having an inner tube and a coaxial
      outer tube of larger diameter, said outer tubes having closed upper ends
      and being connected with said main tube sheet, said inner tubes extending
      below said main tube sheet;
PA1  a feed water inlet for supplying fluid to said economizer bayonet tube
      assemblies;
PA1  first conduit means permitting communication between said economizer
      bayonet tube assemblies and said evaporator bayonet tube assemblies;
PA1  second conduit means permitting steam leaving said evaporator bayonet tube
      assemblies to flow into the annular space between the inner and outer
      tubes of said superheater bayonet tube assemblies; and
PA1  a steam outlet through said shell connected with the inner tubes of said
      superheater bayonet tube assemblies;
PA1  whereby when hot helium gas is flowed through said helium intake over said
      outer tubes and out of said helium exhaust, and feedwater is flowed
      through said feedwater inlet, and said economizer bayonet tube assemblies
      to said evaporator bayonet tube assemblies and steam flows from said
      evaporator bayonet tube assemblies through said superheater bayonet tube
      assemblies and through said steam outlet, steam will be superheated in
      said superheater bayonet tube assembly while flowing upward in the space
      between said outer and inner tube of said superheater bayonet tube
      assemblies and leave said superheater bayonet tube assemblies by said
      inner tubes of said superheater bayonet tube assemblies.
NUM  2.
PAR  2. The steam generator defined in claim 1 wherein said second conduit means
      permits the steam leaving said evaporator bayonet assemblies to leave from
      said inner tubes of said evaporator bayonet tube assemblies.
NUM  3.
PAR  3. The steam generator defined in claim 2 wherein saifirst conduit means
      permits communication between the annular spaces between said inner and
      outer tubes of said economizer bayonet tube assemblies and said spaces
      between said inner and outer tubes of said evaporator bayonet tube
      assemblies.
NUM  4.
PAR  4. The steam generator defined in claim 1 further comprising:
PA1  a plurality of reheater bayonet tube assemblies, said reheater bayonet tube
      assemblies each having an inner tube, and a coaxial outer tube connected
      to the main tube sheet adjacent its bottom and closed at its upper end, a
      steam line connected with the space between said inner tube and outer tube
      of said reheater bayonet tube assembly for admitting steam to be reheated
      so that reheated steam leaves said reheater bayonet tube assemblies
      through the lower ends of said inner tubes thereof.
NUM  5.
PAR  5. The steam generator defined in claim 4 further comprising a damper
      positioned between said reheater and superheater assemblies for regulating
      the flow of helium gas over said reheater and superheater assemblies.
NUM  6.
PAR  6. A helium heated steam generator comprising:
PA1  an outer shell;
PA1  a helium intake in said outer shell;
PA1  a helium exhaust in said outer shell;
PA1  a main tube sheet extending horizontally within said outer shell;
PA1  a plurality of evaporator bayonet tube assemblies extending upward from
      said main tube sheet;
PA1  a plurality of superheater bayonet tube assemblies extending upward from
      said main tube sheet;
PA1  each of said bayonet tube assemblies having an inner tube and a coaxial
      outer tube of larger diameter, said outer tubes each having a closed upper
      end and being connected adjacent the lower end thereof with said main tube
      sheet, each of said inner tubes extending below said main tube sheet;
PA1  means for supplying water to the annular spaces between the inner and outer
      tubes of said evaporator bayonet tube assemblies so that said water will
      flow upward to be transformed into steam when hot helium gas from said
      helium intake is flowing over said evaporator bayonet tube assemblies;
PA1  means for flowing steam leaving the bottoms of said inner tubes of said
      evaporator bayonet tube assemblies to the spaces between said inner and
      outer tubes of said superheater bayonet tube assemblies so that the steam
      from said evaporator bayonet tube assemblies will flow upward in the
      annular spaces between the inner and outer tubes of said superheater
      bayonet tube assemblies to be superheated by heat supplied by said helium
      gas flowing over said superheater bayonet tube assemblies; and
PA1  means to flow the superheated steam leaving the lower ends of said inner
      tubes of said superheater bayonet tube assemblies out of said shell.
NUM  7.
PAR  7. The helium heated steam generator defined in claim 6 further comprising:
PA1  a plurality of economizer bayonet tube assemblies extending upward from
      said main tube sheet, each of said economizer bayonet tube assemblies
      having an inner tube and a coaxial outer tube of larger diameter, said
      outer tubes having a closed upper end and being connected with said main
      tube sheet, said inner tubes extending below said main tube sheet;
PA1  means to flow feedwater upward through said inner tubes of said economizer
      bayonet tube assemblies so that the feedwater will flow downward through
      the annular spaces between said inner tubes and said outer tubes of said
      economizer bayonet tube assemblies to be heated by said helium gas flowing
      in said shell; and wherein
PA1  said means for supplying water to said annular spaces between the inner and
      outer tubes of said evaporator bayonet tube assemblies receives water from
      said economizer bayonet tube assemblies.
NUM  8.
PAR  8. The helium heated steam generator defined in claim 7 further comprising;
      an outer flow shroud, said outer flow shroud being generally cylindrical,
      within said outer shell and encircling said superheater bayonet tube
      assemblies, a middle flow shroud and an inner flow shroud, said middle
      flow shroud and said inner flow shroud each being cylindrical and
      concentric with said outer flow shroud, said inner flow shroud having a
      smaller diameter than said middle flow shroud and said middle flow shroud
      having a smaller diameter than said outer flow shroud, whereby helium will
      flow upward between said outer flow shroud and said middle flow shroud,
      downward between said inner flow shroud and said middle flow shroud and
      upward within said inner flow shroud, said helium exhaust being located
      above said inner flow shroud so that the helium leaving the space within
      said inner flow shroud can leave said helium heated steam generator; said
      economizer bayonet tube assemblies extending within said inner flow
      shroud; said evaporator bayonet tube assemblies extending between said
      inner flow shroud and said middle flow shroud and said superheater bayonet
      tube assemblies extending between said middle flow shroud and said outer
      flow shroud.
NUM  9.
PAR  9. The helium heated steam generator defined in claim 8 further comprising;
      a plurality of reheater bayonet tube assemblies, each of said reheater
      bayonet tube assemblies having an inner tube and a coaxial outer tube of
      larger diameter, said outer tubes of said reheater bayonet tube assemblies
      having closed upper ends and being connected with said main tube sheet,
      said reheater bayonet tube assemblies being positioned within said outer
      flow shroud, means to flow steam to be reheated upward through the annular
      spaces between said inner tubes of said reheater bayonet tube assemblies
      and said outer tubes of said reheater bayonet tube assemblies so that the
      upward flowing steam will be reheated by hot helium gas and the reheated
      steam will flow downward through said inner tubes of said reheater bayonet
      tube assemblies and subsequently out of said helium heated steam
      generator.
NUM  10.
PAR  10. The helium heated steam generator defined in claim 9 wherein said
      reheater bayonet tube assemblies are spaced outward of said superheater
      bayonet tube assemblies within said outer shroud and further comprising; a
      plurality of dampers positioned between said reheater bayonet tube
      assemblies and said superheater bayonet tube assemblies to allocate the
      helium gas flowing between said middle shroud and said outer shroud
      between said reheater bayonet tube assemblies and said superheater bayonet
      tube assemblies.
NUM  11.
PAR  11. The helium heated steam generator defined in claim 10 wherein said
      inner tubes of said evaporator bayonet tube assemblies extend down to and
      are connected with an auxiliary tube sheet extending horizontally below
      said main tube sheet so that water coming from said economizer bayonet
      tube assemblies will flow to the space between said auxiliary tube sheet
      and said main tube sheet and then upward in the annular spaces between
      said inner tubes of said evaporator bayonet tube assemblies and said outer
      tubes of said evaporator bayonet tube assemblies and the steam leaving the
      inner tubes of said evaporator bayonet tube assemblies will flow below
      said auxiliary tube sheet and subsequently to the annular spaces between
      said inner tubes of said superheater bayonet tube assemblies and said
      outer tubes of said superheater bayonet tube assemblies.
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ABST
PAL  A pressurized-water reactor steam generator has a preheater surrounding the
      cold leg of its U-tube bundle heat exchanger, the preheater discharging
      being separated by a horizontal partition into upper and lower sections
      which are each connected with its own feed-water inlet and which
      respectively discharge the preheated feed water upwardly and downwardly.
      When the generator is operated under low-load conditions, the feed water
      supplies are cut off from the two preheater sections, resulting in
      possible boiling of the water in the preheater because of the lack of
      circulation through the preheater. To prevent such boiling, means are
      provided for interconnecting the two preheater sections in series, around
      the horizontal partition, so that feed water can by thermal action
      circulate upwardly through the preheater, bypassing its partition, the
      water entering what would normally be the downwardly discharging outlet of
      the preheater and going upwardly, bypassing the partition and upwardly
      through the preheater's upper section so as to be discharged upwardly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A steam generator of the type often used for a pressurized-water reactor
      coolant loop, is disclosed by the U.S. Webster Pat. No. 3,766,892, dated
      Oct. 26, 1973. Such a steam generator has a vertical casing with its
      bottom closed by a tube plate in which the bottom ends of the hot and cold
      legs of a U-tube bundle heat exchanger, are mounted, the U-tube bundle
      being encircled by a shroud having a bottom end spaced above the tube
      plate and a top mounting water separators. The casing has one or more
      feed-water inlets and is kept filled with water held at a level such that
      the water thermally rises within the shroud while vaporizing, flows over
      the top of the shroud, possibly being water separated from the rising
      vapor, and flows down a descent space formed between the shroud and the
      inside of the casing, to then flow inwardly over the tube plate and rise
      again, thus maintaining a circulation.
PAR  The type disclosed by the Webster patent has a preheater formed by a
      vertical wall extending through the corridor formed between the two legs,
      and connecting with the inside of the shroud, the shroud being
      substantially cylindrical and forming a substantially semicylindrical side
      for the preheater. A horizontal partition divides the preheater into upper
      and lower sections, the generator's casing having two feed-water inlets
      respectively connected individually with the two sections at a position
      adjacent to the partition, both the top and bottom of the preheater having
      outlets so that incoming feed-water flows after preheating, are discharged
      downwardly towards the tube plate and upwardly in the direction of the top
      of the shroud. Baffles in both sections provide sinuous water flows wiping
      heat from the tubes of the cold leg.
PAR  The two feed-water inlets connect with the bottom and top, respectively, of
      the upper and lower preheater sections, by what is in effect a single
      arcuate manifold which is itself separated into upper and lower sections
      by an arcuate horizontal partition into upper and lower sections, the two
      manifolds feeding through an arcuate series of holes formed through the
      shroud in each instance and positioned, in each instance, adjacent to the
      preheater's partition. The preheater and manifold partitions are
      necessarily positioned in the same or approximately the same planes, and
      they may be formed by a single appropriately shaped flat plate extending
      from the preheater and through the shroud and into the manifold.
PAR  It can be seen that with the reactor coolant continually circulating
      through the U-tube bundle, that heat is removed from the cold leg by
      upwardly and downwardly directed flows of incoming feed water, the water,
      while in the preheater and flowing, remaining at temperatures which under
      the steam pressure existing in the generator, avoid boiling of the water.
      It is desirable to avoid such boiling because it results in operational
      instabilities, such oscillations in the water circulating in the
      generator, and, boiling within the preheater throws down concentrations of
      corrosive products inevitably contained by the feed water.
PAR  When the demand for steam produced by this type of steam generator drops or
      terminates for any reason, and the generator operates under low-load
      conditions as compared to its normal loading, the demand for the input of
      feed water correspondingly drops or is eliminated. Under such conditions,
      it may be necessary to entirely stop the flow of feed water through the
      two feed-water input connections, and to provide through another and
      smaller input connection, just enough feed water to maintain the water
      level in the steam generator as required to maintain the described
      circulation up within the shroud and down outside the shroud through the
      descent space between the shroud and casing of the generator.
PAR  However, with the normal feed water to the two preheater sections, then
      terminated, there is no circulation through either section of the
      preheater and, therefore, the described boiling within the preheater
      occurs or can occur. The partitions in the preheater and its manifold
      block thermal upwardly flow through the preheater inside of the shroud.
PAR  Now it can be seen that the practical operation of the described type of
      steam generator, presents a problem when the generator must be operated
      under low-load conditions.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to solve the above problem and,
      according to the invention, this is done by providing a means for
      controllably bypassing the partition in the preheater, to establish a flow
      path from the lower outlet, or at least the opening that normally
      functions as such as outlet, up through the preheater's lower section,
      around the partition and to above its top, and thus interconnect the two
      sections in series, so that the flow can continue upwardly through the
      preheater's upper section, following the normal water flow path as to that
      section. In this way the normal thermo-siphon circulation within the
      generator, can be used to force a water flow entirely through both
      sections of the preheater even though their respective feedwater inlets
      are completely closed.
PAR  The preferred mode for effecting such bypassing, is by forming an arcuate
      series of holes through the manifold's partition and providing an arcuate
      plate which slides on this partition and has generally corresponding
      holes, the holes being interspaced so that by sliding the valve plate
      arcuately, the openings in the manifold's partition can be open and shut.
PAR  The manifold partition may be formed by a circular flat ring plate which
      completely encircles the shroud and is fixed to the inside of the shroud,
      and the arcuate valve plate also having a corresponding second ring plate
      that completely encircles the shroud and slides on the first-mentioned
      ring plate by rotative action. These ring plates must both extend through
      the ends of the manifolds but this may be done without appreciable
      misdirection of the feed-water supplied to the manifold.
PAR  Throughout the area outside of the manifold, the two ring plates may be
      provided with openings of such lengths and separated from each other by
      such small solid plate areas, as to always be more or less registered and,
      therefore, permitting the downward flow of the water in the descent space
      not more or less closed by the arcuate manifold.
PAR  When the upper ring plate is slid to close the openings in the manifold's
      partition, the operation of the steam generator proceeds in its normal
      manner, the feed-water flow through the two preheater sections avoiding
      any possibility of boiling. Under low-loading conditions, by rotation of
      the upper ring plate to register its openings with those formed in the
      manifold partition, the bypassing around the preheater's partition so that
      upward water circulation through both preheater sections in series, is
      established to prevent the boiling within the preheater.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing is illustrated by the accompanying drawings in which:
PAR  FIG. 1 is a vertical section mainly showing only the lower portion of the
      steam generator with the section taken through the preheater, this view
      showing the generator operating normally or under its rated load;
PAR  FIG. 2 is the same as FIG. 1 but shows the bypassing action during low-load
      operation, the two feed-water inlet nozzles being blocked; and
PAR  FIG. 3 is an exploded perspective view showing the two ring plates which
      provide for the described bypassing through the manifold.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the above drawings the vertical cylindrical steam generator casing 1 has
      its lower portion closed by the horizontal tube plate 2 below which the
      casing's primary header 3 forms a pressurized-coolant inlet chamber 4 and
      outlet chamber 5, the two chambers being separated by the partition 6. The
      U-tube bundle 8 is indicated by broken lines, the hot leg being shown at 9
      and the cold leg at 10.
PAR  Used as the part of a coolant loop of a pressurized-water reactor, the hot
      coolant, directly from the reactor, enters the chamber 4, goes up through
      the hot leg 9 and around the tube bends (not shown) and down through the
      cold leg 10, the chamber 5 connecting with the part of the loop that
      returns the coolant, now somewhat cooled, to the reactor.
PAR  The feed-water preheater 12 has the two flow paths, indicated by the arrows
      13 and 14, separated from each other by the horizontal partition 15 which
      divides the preheater into the upper and lower sections. The descent space
      18 is formed around the cylindrical shroud 19 which is radially spaced
      from the inside of the casing 1, and it is this cylindrical shroud that in
      an approximately semicylindrical fashion forms the outer side wall of the
      preheater. The baffles and top and bottom end walls and the vertical flat
      back wall, are illustrated but not numbered because they may follow the
      prior art construction. The two sections 16 and 17 of the arcuate manifold
      are individually supplied with feed water, respectively through the upper
      feed-water nozzle 20 and the lower feed-water nozzle 12.
PAR  The partition of the arcuate manifold is formed by the bottom ring plate 26
      which encircles the cylindrical shroud 19 and the upper rotative ring
      plate 27, these rings plates being in the plane of the horizontal
      partition 15 of the preheater. When the two rings are in their closed
      relationship throughout the area of the manifold, this manifold is divided
      into its usual upper and lower sections, respectively feeding the
      preheater with the feed water from the nozzle 20 and 21, in the direction
      of the flow path indicated by the arrows 13 and 14 in FIG. 1. For the
      reason previouly explained, on the other side the normal descent flow,
      indicated by the arrow 18a is normal, the generator operating in its
      normal fashion.
PAR  Under low-load conditions, as shown by FIG. 2, the plate 27 is rotated to
      effect the bypassing, the thermally induced flow, as indicated by the
      arrows 28, then being reversely and upwardly through the lower section of
      the preheater below the partition 15, and out through what would normally
      be the inlet openings, but now being a reverse flow, into the lower
      manifold section, upwardly through the now open manifold partition, and
      then proceeding through the normal flow path indicated by the arrows 13.
      Under such conditions there need be no feed-water input through the end of
      the nozzles 20 and 21, as indicated in FIG. 2 by these nozzles being
      closed by plugs 29.
PAR  Because the U-tube bundle remains heated by the pressurized-water coolant
      flow, it is necessary to maintain the water level in the casing 1, this
      being done through an inlet 30 provided with a valve 31, in the upper
      portion of the casing 1. The general construction of the two ring plates
      is illustrated in more detail by FIG. 3.
PAR  As shown, the lower ring plate 26 slides on an extension of the preheater's
      partition 15, this being within the arcuate manifold, and has the
      rectangular cutouts 26.1 arranged as an arcuate series and separated by
      relative extensive solid portions 26.2, the portion of the plate 26
      extending outside of the preheater manifold and around within the descent
      space, having arcuately longer openings 26.3 separated from each other by
      solid portions that are only extensive enough to provide structural
      strength. The upper ring plate 27 which rotates on the lower ring plate 26
      has the arcuate series of rectangular openings 27.1 with these openings
      separated from each other by somewhat less extensive solid portions 27.2,
      as compared to the solid portions 26.2. The pitch of the holes 26.1 and
      27.1 are substantially equal. The solid portions 27.2 can completely cover
      the holes 26.1 as indicated at S, to effect the closing, rotation of the
      ring plate 27 effecting registration of the holes 27.1 and 26.1 to effect
      the opened position. Outside of the manifold, the holes 27.3 in the ring
      plate 27, and the holes 26.3 in the ring plate 26 are so arcuately
      extensive and closely interspaced, that they can never close regardless of
      rotation of the plate 27.
PAR  Although not shown, it is to be understood that the rotation of the upper
      ring plate 27 can be effected by remote controlled equipment, operated
      from outside of the steam generator. Normally, the inlet nozzles 20 and 21
      are supplied by feed-water lines, operating under adequate pressure,
      through controllable valves which may be adjusted to adjust the upward and
      downward flows through the preheater, when the generator is operating
      normally. When these valves are completely closed, the inlet nozzles 20
      and 21 are, in effect, plugged, it being for this reason that the plugs 29
      are shown in FIG. 2. Other details required by the complete steam
      generator are disclosed by the previously referred to U.S. Webster patent
      and the disclosure of that patent is to be considered as incorporated into
      the present disclosure insofar as concerns details such as the water
      separators, the steam dome with its steam output outlet above the water
      separators, and the like.
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STM  I claim: What is claimed is:
NUM  1.
PAR  1. A steam generator comprising an upstanding substantially cylindrical
      casing having a lower portion and a tube plate closing said portion, a
      U-tube bundle in said casing and having hot and cold legs mounted in said
      plate, means for flowing primary fluid up through said hot leg and down
      through said cold leg, a substantially cylindrical shroud encircling said
      bundle and forming a descent space therearound inside of said casing and
      opening to the inside of the shroud adjacently above said tube plate, a
      feed-water preheater enclosing a lower portion of said cold leg and having
      upper and lower outlets separated by a partition normally closing the
      preheater against through-flow by way of said outlets, said casing having
      upper and lower feed-water inlets, upper and lower manifold sections
      respectively connecting said upper and lower inlets with said preheater
      respectively above and below said partition, means for closing said
      inlets, and means for controllably bypassing said partition to establish a
      flow path from said lower outlet through said preheater and out through
      said upper outlet.
NUM  2.
PAR  2. The generator of claim 1 in which said upper and lower manifolds are
      separated by a common partition and said means for bypassing is formed by
      at least one opening in said manifold's partition and a valve means for
      controlling flow through said opening.
NUM  3.
PAR  3. The generator of claim 2 in which said common partition is positioned in
      substantially the same horizontal plane as is said preheater's partition
      and said valve is formed by a plate normally covering said opening and
      having at least one hole which by sliding said plate can be registered
      with said opening.
NUM  4.
PAR  4. The generator of claim 3 in which the manifold's said common partition
      and valve is formed by a portion of superimposed flat ring plates
      horizontally encircling said shroud, said ring plates being relatively
      rotative and having openings forming said at least one opening and
      mutually positioned to be opened and closed by relative rotation of said
      ring plates, said ring plates extending through said manifolds and outside
      of the manifold having openings which remain at least partially registered
      regardless of said relative rotation.
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ABST
PAL  An internal combustion engine in which heat is derived from the engine
      cooling system and/or the exhaust to heat a working fluid in a closed
      circulatory system. This heat transforms the working fluid into a gas
      which is delivered to a turbine which drives a generator. The generator
      delivers DC current to an electrolysis cell in which water is decomposed.
      The water is decomposed by the electric current into its oxygen and
      hydrogen components. The oxygen is passed to the air intake of the engine
      carburetors, while the hydrogen is conveyed to a carburetor therefor. Also
      included is a carburetor for conventional hydrocarbon fuels. The two
      carburetors are connected by linkage which may be operated either manually
      or by pressure to vary the ratio of the carbureted fuels which are
      delivered to the engine.
PAL  Certain auxiliary equipment is provided in the form of an air-cooled
      condenser in the working fluid system, a supply tank for the hydrocarbon
      fuel, which ordinarily is gasoline, a water supply tank, a tank for
      receiving hydrogen under pressure, a pump for the hydrogen fuel, a pump
      for the working fluid system, a pump for delivering water from the water
      tank to the electrolysis cell and a hydrogen pump which passes hydrogen to
      the hydrogen carburetor and/or the hydrogen tank.
PAL  In a modification, power is derived from the engine exhaust to drive a
      turbo-generator which delivers DC current to the electrolysis cell. This
      current may be supplemented by that provided by a generator that is driven
      by a turbine powered by the working fluid of a system that is heated by
      the cooling system of the engine.
BSUM
PAR  The present invention relates to internal combustion engines and is
      concerned primarily with the generation of power derived from engine heat
      to produce an electric current which decomposes water to provide hydrogen
      which is used as fuel for the engine.
PAC  BACKGROUND OF THE INVENTION
PAR  At the present time, the public is confronted with two basic problems
      related to the consumption of fuel in an internal combustion engine. One
      of these problems is the pollution of the ambient atmosphere by the
      products of combustion. These noxious products are oxides of nitrogen
      (NO.sub.x), carbon monoxide (CO) and unburned hydrocarbons (HC). Of late,
      considerable attention has been devoted in attempt to minimize if not
      completely obviate these noxious products of combustion. The other problem
      deals with the conservation of fuel. The country is now faced with an
      energy shortage and much effort has been directed to the broad object of
      regenerating fuel from the heat of the engine, with the regenerated fuel
      being passed back to the engine for consumption therein.
PAR  It is now a well recognized phenomenum that when hydrogen is used as a fuel
      in an internal combustion engine the noxious products of combustion which
      pollute the atmosphere are reduced to a high degree if not completely
      eliminated. This has been found to be true not only when the hydrogen is
      the only fuel used, but also when the hydrogen is combined with
      conventional hydrocarbon fuels such as gasoline, diesel oil and the like.
PAR  The decomposition of water into its components of oxygen and hydrogen by
      passing an electric current therethrough is also a now well recognized
      phenomenum. Other methods of decomposing water to provide oxygen have also
      been proposed. One of these is to pass water or steam into contact with
      heated ferrous balls. Moreover, it has been proposed to use hydrogen so
      generated as a fuel in internal combustion engines. However, from the
      apparent lack of public acceptance of such technology, it is believed that
      this failure is due to the highly inefficient nature of such processes.
PAR  The present invention is founded on the basic concept of utilizing heat
      derived from an internal combustion engine to generate electric power
      which decomposes water to provide hydrogen which is used in the engine.
      Thus, air pollution is reduced or avoided to a large extent and energy is
      conserved.
PAC  OBJECTS OF THE INVENTION
PAR  With the foregoing conditions in mind, the present invention has in view
      the following objectives:
PAR  1. To provide an internal combustion engine including means for deriving
      heat from the engine, utilizing this heat to generate an electric current,
      decomposing water by passing the electric current therethrough to provide
      hydrogen, and then using the hydrogen as a fuel in the engine.
PAR  2. To provide, in an internal combustion engine of the type noted, a
      circulatory system for a working fluid and which includes means for
      heating the working fluid either from the engine cooling system and/or the
      engine exhaust.
PAR  3. To provide, in an internal combustion engine of the character aforesaid,
      a turbine which is driven by the working fluid as it is expanded into
      gases. This turbine generator system may be of the type commonly known as
      a Rankine Cycle.
PAR  4. To provide, in an internal combustion engine of the kind described, a
      generator which is driven by the turbine and which generates a DC current
      which is conducted to an electrolysis cell.
PAR  5. To provide, in conjunction with an internal combustion engine of the
      type noted, a water supply tank from which water is passed to the
      electrolysis cell.
PAR  6. To provide, in conjunction with an internal combustion engine of the
      character aforesaid, a hydrogen tank into which hydrogen is introduced
      from the electrolysis cell under pressure.
PAR  7. To provide, in an internal combustion engine of the kind described, a
      conduit which conducts hydrogen from the electrolysis cell and/or the
      hydrogen tank to a hydrogen carburetor.
PAR  8. To provide, in an internal combustion engine of the type noted, a
      conduit for passing oxygen from the electrolysis cell to the air intake of
      the engine.
PAR  9. To provide, in an internal combustion engine of the character aforesaid,
      a fuel pump for conducting hydrocarbon fuel from a fuel tank to a
      carburetor, a pump for the working fluid system, a pump for delivering
      water from the water tank to the electrolysis cell, and a pump for
      introducing hydrogen into the hydrogen tank under pressure.
PAR  10. To provide, in an internal combustion engine of the kind described, a
      turbo-generator that is powered by exhaust gases to provide DC current to
      an electrolysis cell.
PAR  11. To provide, in an internal combustion engine of the type noted, a
      second generator in addition to the turbo-generator aforesaid, that is
      driven by a working fluid that is heated by the engine cooling system.
PAR  Various other more detailed objects and advantages of the invention, such
      as arise in connection with carrying out the above ideas in a practical
      embodiment will, in part, become apparent and, in part, be hereafter
      stated as the description of the invention proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are achieved by providing an internal combustion
      engine which includes a cooling system, a fuel intake manifold and an
      exhaust manifold having an exhaust pipe extending therefrom, with a
      circulatory system which derives heat from the cooling system and the
      exhaust pipe for a working fluid which may be water or freon. A turbine in
      a Rankine Cycle is included in the working fluid system and is operated by
      the gases derived from heating the working fluid. The working fluid system
      is closed and also includes a condenser for converting the gaseous working
      fluid back to its liquid form and a pump for circulating the working
      fluid. A generator is driven by the turbine and is connected by
      appropriate conductors with an electrolysis cell into which the water is
      introduced from a water supply tank.
PAR  Mounted on top of the engine in accordance with conventional practice is an
      air filter, and immediately below this air filter are two carburetors
      which communicate with the intake manifold of the engine. One of these
      carburetors is for conventional hydrocarbon fuel and the other is for
      hydrogen. The hydrocarbon fuel is conducted from a supply tank therefor to
      the carburetor for hydrocarbon fuel through a conduit including a pump.
      Another conduit extends from the other carburetor which is for hydrogen to
      that portion of the electrolysis cell in which hydrogen is collected. A
      pump connected to this portion of the cell is connected to a conduit which
      extends both to the hydrogen carburetor and a tank for receiving hydrogen
      under pressure. A valve is included in this conduit and is operable to
      determine when hydrogen is delivered to the hydrogen carburetor.
PAR  The air filter includes an air intake and oxygen from the electrolysis cell
      is passed to this air intake where it is mixed with ambient air to provide
      oxygen-enriched air which is delivered to both carburetors.
PAR  In a modification, a turbo-generator is driven directly by gases from the
      engine exhaust to provide DC current to the electrolysis cell. This
      turbo-generator may be used alone or in combination with another generator
      driven by a turbine which is powered by the working fluid in a closed
      system that is heated by the engine cooling system.
PAR  Now known internal combustion engines may be catalogued into three types.
      One is the conventional Otto cycle internal combustion engine now widely
      used in which the fuel is ignited by spark plugs. The second is the well
      known diesel cycle engine in which the fuel is ignited by compression of
      the intaken air gases. The third is the Brayton cycle turbine type
      internal combustion engine in which the fuel is burned at constant
      pressure to drive a turbine rather than a piston. The present invention is
      susceptible of embodiment in the internal combustion engines of each of
      the above noted types. The invention as applied to the first type is
      summarized in the preceding paragraphs. The apparatus required for a
      diesel engine is substantially the same, with the notable exception that
      the carburetor for the hydrocarbon fuel and the fuel intake manifold are
      replaced by fuel injectors. In the case of the turbine engine, the working
      fluid circulatory system, turbine included therein, generator,
      electrolysis cell, fuel supply tank, water supply tank, hydrogen tank and
      pumps therefor are the same as described in the preceding paragraphs. The
      difference between this embodiment of the invention and the others resides
      in the construction of the turbine engine.
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PAR  For a full and more complete understanding of the invention, reference may
      be had to the following description and the accompanying drawings,
      wherein:
PAR  FIG. 1 is a diagrammatic view illustrating the essential elements of the
      present invention as applied to a conventional internal combustion engine
      of the piston type in which the fuel is ignited by spark plugs;
PAR  FIG. 2 is a diagrammatic view depicting the invention as applied to a
      turbine engine;
PAR  FIG. 3 is another diagrammatic view of the invention as incorporated into a
      diesel engine;
PAR  FIG. 4 is a schematic view of a modification of the diesel engine
      embodiment, and
PAR  FIG. 5 is a schematic view of an embodiment including a turbo-generator
      that is powered by exhaust gases.
DETD
PAC  DESCRIPTION -- FIRST EMBODIMENT
PAR  Referring now to the drawings, wherein like reference characters denote
      corresponding elements throughout the several views, and first to FIG. 1,
      an internal combustion engine of the piston type in which the fuel is
      ignited by spark plugs is shown as including an engine block represented
      at 10. Mounted on engine block 10 is a fuel intake manifold 11 having a
      main stem 12 on which is mounted a carburetor or injector 13 for
      hydrocarbon fuel such as gasoline and a hydrogen carburetor or injector
      14. Both of the carburetors 13 and 14 communicate with stem 12. Mounted
      above carburetors 13 and 14 is an air filter 15 having an air intake 16.
PAR  Carried by engine block 10 is an exhaust manifold 17 from which extends an
      exhaust pipe 18. Engine block 10 includes a cooling system in accordance
      with accepted practice and hence is not herein illustrated. However, a fan
      which may be considered as a part of the cooling system is illustrated at
      19.
PAR  A closed circulatory system as in a Rankine Cycle for a working fluid such
      as water or freon is designated generally 20. It comprises a conduit 21
      which is in heat conducting relation to the cooling system of the engine
      at the point indicated at 22. It extends to and passes through a heat
      exchanger 23 which is disposed about exhaust pipe 18. From heat exchanger
      23 conduit 21 is continued to a turbine 24 which is of the kind typified
      by the Rankine Cycle. The working fluid which originally is in liquid form
      is converted into a gaseous state by the heat derived from the cooling
      system of the engine and the exhaust pipe and drives the turbine 24. From
      the latter, another conduit 25 extends to a condenser 26 which returns the
      working fluid to its liquid form. From condenser 26 another conduit 27
      extends to a pump 28, and from the latter a conduit 29 extends to the
      engine block 10 at point 30, from whence it is connected to conduit 21 at
      point 22, being in heat conducting relation to the cooling system of the
      engine.
PAR  The operation of the closed system 20 may be summarized by noting that the
      working fluid in liquid form is delivered by pump 28 to that portion of
      the system which is in heat conducting relation to the cooling system of
      the engine. Thus, the working fluid is heated from the latter. It is
      further heated by heat exchanger 23 and this heat transfers the working
      fluid into a gaseous state which operates Rankine turbine 24. It is
      conducted in gaseous form to condenser 26 which returns it to liquid form.
PAR  An electric generator is indicated at 31 and an electrolysis cell at 32.
      The electrolysis cell is shown as having two legs 33 and 34. A conductor
      35 connects a terminal 36 of generator 31 to a terminal 37, while another
      conductor 38 extends from a terminal 39 of generator 31 to a terminal 40
      of cell 32. Generator 31 provides DC current.
PAR  A water supply tank is shown at 41. From the latter upstands a pipe 42
      which is connected to a pump 43. The latter is electrically driven by
      current derived from generator 31. From pump 43 a conduit 44 extends to
      the lower portion of electrolysis cell 32 and is effective to introduce
      water into the cell. The direct current passes through this water and
      decomposes the water into its components of hydrogen and oxygen. The
      hydrogen collects in leg 33 and oxygen in leg 34. A pipe 45 extends
      upwardly from hydrogen leg 33 and included therein is a pump 46 which is
      electrically driven from generator 31. Pipe 45 communicates with a cross
      conduit 47 at point 48. From the latter, one side of cross conduit 47 is
      connected to a conduit 49 which extends to a hydrogen tank 50. The other
      side of cross conduit 47 is connected to a hydrogen supply conduit 51
      which communicates with hydrogen carburetor 14. A valve 52 is included in
      hydrogen supply conduit 51.
PAR  It is evident that with generator 31 in operation, hydrogen is provided in
      leg 33 and with pump 46 in operation, this hydrogen is either delivered to
      tank 50 under pressure or to hydrogen carburetor 14, depending on whether
      valve 52 is open or closed.
PAR  While substantially all of the advantages of the present invention are
      obtained if the oxygen resulting from the decomposition of the water is
      merely passed to the ambient atmosphere, some benefit will be derived
      therefrom because of oxygen having a higher density than air which is
      mostly nitrogen, and which will deliver more pounds of working fluid to
      the engine to somewhat compensate for the lost volume and weight flow
      resulting from the use of hydrogen gas which is of low density. Thus, a
      tube 53 is shown as extending from oxygen leg 34 of electrolysis cell 32
      to air intake 16.
PAR  A fuel supply tank is shown at 54 and extending therefrom is a feed pipe
      55, the upper end of which is connected to a hydrocarbon fuel carburetor
      13. A fuel pump 56 is included in feed pipe 55 and is driven from the
      engine in a conventional manner.
PAR  The operation of carburetors 13 and 14 may be controlled by a link 57 which
      may be manually operable or operable under pressure from hydrogen gas from
      conduit 47.
PAC  OPERATION - FIRST EMBODIMENT
PAR  While the manner in which the embodiment of FIG. 1 operates is believed to
      be evident from the illustration of the drawings and description of parts
      set forth above, it may be briefly outlined as follows:
PAR  With hydrogen available from tank 50, the engine may be started on hydrogen
      alone. This may be accomplished by opening valve 52 and adjusting linkage
      57 so that no hydrocarbon fuel is initially delivered to fuel intake
      manifold 11. Starting by hydrogen is preferred because of its gaseous
      state and wide flammability range.
PAR  With the engine in operation, the water in the cooling system of the engine
      is heated and heat therefrom is conducted to that portion of closed system
      20 which is included in the engine. Exhaust gases are generated and passed
      out of exhaust pipe 18. Heat is derived therefrom by heat exchanger 23 and
      transferred by conduction to tube 21 of the closed system.
PAR  After the engine is started in operation, pump 56 is activated to deliver
      fuel to carburetor 13 and pump 28 is operated to circulate the working
      fluid in system 20. The heat transfers the liquid working fluid into a
      gaseous form to operate turbine 24. The latter drives generator 31 to
      generate a direct current which is conducted to electrolysis cell 32. With
      generator 31 in operation, punp 43 is also activated to deliver water from
      41 to cell 32. This water is decomposed by the direct current passing
      therethrough which results in decomposition of the water into its oxygen
      and hydrogen components.
PAR  With generator 31 in operation, pump 46 is also activated to deliver the
      hydrogen from leg 33 of cell 32 either to hydrogen tank 50 or hydrogen
      carburetor 14. After the engine has been started, linkage 57 is adjusted
      to provide a desired ratio between the hydrocarbon fuel and the hydrogen
      which is delivered to the engine.
PAC  DESCRIPTION -- SECOND EMBODIMENT
PAR  This embodiment diagrammatically illustrates the incorporation of the
      present invention into an internal combustion engine of the turbine type
      as illustrated in FIG. 2. The turbine engine is represented at 58. It
      includes a casing 59 providing a combustion chamber into which fuel is
      introduced through an intake 60. A metering control 9 for hydrocarbon fuel
      is mounted over intake 60 as is a metering control 8 for hydrogen. An
      exhaust pipe 61 extends from casing 59 and disposed thereabout is a heat
      exchanger 62, which corresponds to the heat exchanger 23 of FIG. 1. An air
      intake for engine 58 is represented at 63. The remaining elements
      illustrated in FIG. 2, with some exceptions, are the same as the
      corresponding elements of FIG. 1 and have been so designated by like
      reference characters.
PAR  The working fluid system is somewhat different from that of FIG. 1 and is
      designated generally 64. It comprises a conduit 65 which extends from pump
      28 and passes through heat exchanger 62 and emerges therefrom as a conduit
      66 which goes to turbine 24. From the latter, another conduit 67 extends
      to condenser 26. Another conduit 68 connects condenser 26 with pump 28.
PAR  The main difference between the apparatus of that of FIG. 2 and that of
      FIG. 1 is the fact that heat is derived from the exhaust pipe 61 alone and
      not from a cooling system of the engine.
PAR  The operation of the turbine embodiment is substantially the same as that
      described above in connection with FIG. 1, with the notable exception that
      the fuel pump indicated at 56 includes a fuel metering control governing
      the rate at which fuel is delivered from fuel tank 54 to the fuel metering
      nozzle 9. Also, the hydrogen gas is delivered by conduit 51 to a fuel
      metering nozzle 8.
PAC  DESCRIPTION -- THIRD EMBODIMENT
PAR  This embodiment is illustrated in FIG. 3 and shows the invention as applied
      to a diesel engine. The difference between the diesel engine of FIG. 3 and
      the conventional engine of FIG. 1 resides in the elimination of the intake
      manifold 11 and carburetor 13 which are replaced by fuel injectors. Thus,
      manifold 69 is mounted on engine block 10 and receives diesel fuel from
      fuel injector pump and distribution supply tank 54 through tube 55.
      Distribution tubes 70 extend from manifold 69 to injection ports 71 in
      block 10.
PAR  The operation of the diesel engine embodiment is the same as that of the
      conventional internal combustion engine of FIG. 1.
PAC  THE DIESEL ENGINE MODIFICATION
PAR  Referring more particularly to FIG. 4, a modification of the diesel engine
      embodiment is therein illustrated in which hydrogen gas is delivered
      directly to injection ports in the engine block rather than to the air
      intake.
PAR  Conduit 51 is connected to a hydrogen fuel injector pump and distribution
      manifold 72 from which extend four distribution tubes 73 which are
      connected at their other ends to injection ports 74.
PAR  In diesel engines, the fuel is ignited by the heat derived from compressing
      the air. Hydrocarbon fuels have an ignition temperature which is much less
      than that of hydrogen. Thus, hydrogen is delivered to the engine block
      only in combination with diesel fuel because, once the fuel is ignited, it
      will in turn ignite the hydrogen gas.
PAC  THE TURBO-GENERATOR
PAR  Referring now to FIG. 5, a modification is therein illustrated in which a
      turbo-generator is driven directly by exhaust gases. Thus, engine block 10
      is shown as having the usual exhaust manifold 17 from which extends an
      exhaust pipe 18. Mounted on exhaust pipe 18 and in communication therewith
      is a turbine 75 which is powered by the exhaust gases from pipe 18. Spent
      exhaust gases pass out of turbine 75 at gas discharge 76. A generator 77
      is driven by a turbine 75. Generator 77 is connected by conductors 78 to
      the electrolysis cell 32 which is not illustrated in FIG. 5 but
      corresponds to cell 32 of FIGS. 1, 2 and 3.
PAR  It is believed that the turbo-generator method of providing a direct
      current for the electrolysis cell when used alone will present certain
      advantages. However, to improve its efficiency, it also may be used in
      combination with a closed circuit working fluid system which derives heat
      from the cooling system of the engine, with the heated working fluid
      driving the turbine of the Rankine Cycle. Thus, as shown in FIG. 5, the
      closed system for the working fluid comprises a conduit 79 which extends
      from a condenser 26 to a pump 28 and from the latter another conduit 80
      extends to a point 81 where it enters and passes through engine block 10
      in a position closely adjacent to the cooling system of the engine,
      whereby the working fluid in conduit 80 derives heat from the engine
      cooling system. Conduit 80 passes out of the engine block at point 82 from
      which point it takes the form of conduit 83 which is connected to turbine
      24. From turbine 24 another conduit 85 extends to the other end of
      condenser 26. Generator 84 is connected to electrolysis cell 32 in the
      same manner as illustrated and described in connection with FIGS. 1, 2 and
      3.
PAR  While preferred specific embodiments are herein disclosed, it is to be
      clearly understood that the invention is not to be limited to the exact
      constructions, mechanisms and devices illustrated and described because
      various modifications of these details may be provided in putting the
      invention into practice.
CLMS
STM  What is Claimed is:
NUM  1.
PAR  1. In an internal combustion engine,
PA1  a. an engine block;
PA1  b. an exhaust pipe extending from said block;
PA1  c. a closed system for a working fluid including a pump for circulating the
      working fluid through the system, a turbine which is operated by the
      working fluid when in a gaseous state and a condenser for returning the
      working fluid from a gaseous state to a liquid;
PA1  d. a heat exchanger disposed about said exhaust pipe and through which said
      closed system passes to derive heat from the exhaust pipe and heat the
      working fluid;
PA1  e. a generator driven by said turbine to produce a DC electric current;
PA1  f. an electrolysis cell containing water and connected to said generator so
      that the DC current therefrom decomposes the water into oxygen and
      hydrogen;
PA1  g. a water tank for supplying water to said electrolysis cell;
PA1  h. a hydrogen carburetor on said engine block for delivering hydrogen to a
      combustion chamber in said block;
PA1  i. a conduit extending from said electrolysis cell to said hydrogen
      carburetor which conveys hydrogen from the cell to the carburetor;
PA1  j. a fuel tank for a hydrocarbon fuel;
PA1  k. a hydrocarbon fuel carburetor on said engine block and connected to said
      hydrocarbon fuel tank, and
PA1  l. linkage connected to said carburetors and operable to vary the ratio of
      hydrogen and hydrocarbon fuel which is introduced into the combustion
      chamber of said engine block.
NUM  2.
PAR  2. The internal combustion engine of claim 1, together with a hydrogen tank
      with connections therefrom to said electrolysis cell to receive hydrogen
      therefrom, a pump in said connections to generate pressure in the hydrogen
      which is delivered to said hydrogen tank, and a valve in the conduit
      between the electrolysis cell and the hydrogen carburetor for controlling
      the flow of hydrogen therethrough.
NUM  3.
PAR  3. The internal combustion engine of claim 1, in which an air filter is
      positioned over said carburetors and includes an air intake, with the
      electrolysis cell having a leg in which oxygen is collected, and a conduit
      extending from said leg to said air intake.
NUM  4.
PAR  4. The internal combustion engine of claim 1 in which the engine block
      includes a cooling system and the working fluid system passes through the
      engine block to acquire heat from said cooling system by conduction.
NUM  5.
PAR  5. The internal combustion engine of claim 1 in which a conduit extends
      from the fuel tank to the hydrocarbon fuel carburetor together with a pump
      in said last mentioned conduit.
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ABST
PAL  Disclosed herein is an internal combustion engine including a cooling
      system having a first coolant jacket portion for cooling the engine in the
      vicinity of the engine cylinder and a second coolant jacket portion from
      which the coolant is discharged. Flow of coolant from the first coolant
      jacket portion to the second coolant jacket portion is selectively
      controlled by a thermostatic valve which includes a temperature responsive
      element which is mounted in heat exchanging relationship with an engine
      block member at least partially defining a cylinder and which is operable
      to afford coolant flow from the first coolant jacket portion to the second
      coolant jacket portion when the temperature of the block member is above a
      predetermined level.
PARN
PAR  This application is a continuation of my application Ser. No. 384,063 filed
      July 30, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the cooling of internal combustion engines and,
      more particularly, to the cooling of marine engines.
PAR  In the past, various types of cooling systems have been employed for marine
      engines, including, for example, systems which merely pump coolant in an
      uncontrolled manner through engine cooling passages, so-called blocking
      systems which employ a thermostatic valve for blocking coolant flow
      through the engine cooling passages until the coolant has reached a
      predetermined level, and recirculating systems which recirculate the
      coolant through engine cooling passages until the predetermined coolant
      temperature is reached, after which some of the warm coolant overflows and
      sufficient make-up coolant is introduced to maintain the coolant at the
      predetermined temperature.
PAR  For optimum engine performance under idling speed conditions, it is
      desirable for the areas of the engine in the vicinity of the cylinders to
      be relatively warm. This condition assists in maintaining smooth engine
      operation and preventing spark plug fouling, which is particularly
      advantageous for two-cycle engines employing a fuel containing a
      lubricating oil. Under high speed conditions, optimum engine performance
      is obtained by maintaining the cylinders as cool as possible. Although
      providing satisfactory cooling at some engine speeds, the above-described
      cooling systems do not provide optimum cooling throughout the entire range
      of engine speeds.
PAR  U. S. Kueny et al U.S. Pat. No. 3,667,431, issued June 6, 1972, describes
      an improved cooling system having separate coolant jacket portions. The
      primary flow of coolant from one coolant jacket portion to the other is
      selectively controlled by thermostatic valve and/or pressure relief valve.
      The thermostatic valve prevents coolant flow until the temperature of the
      coolant in the first coolant jacket portion has reached a predetermined
      level and, if used, the pressure relief valve opens to afford coolant flow
      when the pressure of the coolant in the first coolant jacket portion
      reaches a predetermined level.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an internal combustion engine cooling system having
      first and second coolant jacket portions. The first coolant jacket portion
      is connected to a coolant supply pump and the second coolant jacket
      portion is connected to a conduit for discharging the coolant, either
      overboard or for recirculation. The flow of coolant from the first coolant
      jacket portion to the second coolant jacket portion is selectively
      controlled by a normally closed valve including means for opening the
      valve when the temperature of an engine block member at least partially
      defining an engine cylinder is above a predetermined temperature and for
      preventing the valve from opening when the temperature of the block member
      is below the predetermined temperature. More specifically, such means
      comprises a temperature responsive element which is mounted in heat
      exchanging relationship with the engine block member, such as in a recess
      provided in the block member adjacent to a cylinder, and which is operable
      to open the valve when the temperature of the block member is above a
      predetermined level.
PAR  Also, in accordance with the invention, a spring can be provided for
      maintaining the valve in a closed position until the engine block member
      temperature is above the predetermined level, irrespective of the
      temperature of the coolant and irrespective of the pressure of the coolant
      being supplied to the first coolant jacket portion by the pump.
PAR  With this arrangement, the area of the engine in the vicinity of the
      cylinder is maintained at a predetermined temperature more representative
      of that desired for optimum engine operation at lower engine speeds and
      adequate coolant flow is provided at higher engine speeds.
PAR  One of the objects of the invention is to provide an improved cooling
      system for an internal combustion engine and, particularly for a two-cycle
      outboard motor internal combustion engine.
PAR  Another object of the invention is to provide an internal combustion engine
      having a cooling system wherein the flow of coolant through the cooling
      system is controlled primarily in response to the metal temperature of an
      engine block member.
PAR  Other objects, aspects and advantages of the invention will become apparent
      upon reviewing the following detailed description, the drawing and the
      appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially diagrammatic view of an outboard motor in accordance
      with the invention.
PAR  FIG. 2 is a fragmentary, sectional view, partially broken away, of the
      engine incorporated in the outboard motor shown in FIG. 1.
PAR  FIG. 3 is a sectional view taken along the plane designated 3--3 in FIG. 2.
PAR  FIG. 4 is a sectional view taken along the plane designated 4--4 in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before explaining the invention in detail, it is to be understood that the
      invention is not limited in its application to the details of construction
      and the arrangement of the components set forth in the following
      description or illustrated in the drawing. The invention is capable of
      other embodiments and of being practiced and carried out in various ways.
      Also, it is to be understood that the phraseology and terminology employed
      herein is for the purposes of description and should not be regarded as
      limiting.
PAR  Shown in FIG. 1 is an outboard motor 10 embodying various features of the
      invention. The outboard motor includes a power unit 12 mounted on top of a
      lower unit 14. The power unit 12 includes an internal combustion engine 16
      having two cylinders 18, each including a cylindrical portion 20 and a
      head portion 22 having a spark plug 24 mounted therein. The power unit 12
      also includes a crankshaft 26 which is connected to a drive shaft 28 in
      the lower unit 14. The drive shaft 28 is connected to and drives a water
      or coolant pump 30 which communicates through a suitable inlet 32 with the
      water from a lake or stream in which the boat mounted outboard motor 10 is
      operating. The pump 30 is capable of providing an increasing volume of
      water as the engine speed is increased and discharges water through a
      conduit 34 into an engine cooling water jacket 36 located in surrounding
      relation to the cylinders 18.
PAR  While various arrangements can be used, in the construction illustrated,
      the coolant jacket 36 is divided into a first portion 38 which is arranged
      to primarily cool the engine in the vicinity of and surrounding the
      cylinders 18 and a second portion 40 which is arranged to primarily cool
      the engine in the vicinity of the head portion 22 of the cylinders. In the
      construction illustrated, the main engine block member 42 defines a major
      part of the cylindrical portion 20 of each of the cylinders. A first or
      main section 44 of the first coolant jacket portion 38 is formed
      integrally into the main engine block member 42 in surrounding relation to
      each cylindrical portion 20 and is in communication at the bottom thereof
      with the pump supply conduit 34.
PAR  Attachably connected to the main engine block member 42 is an intermediate
      engine block member 46 which includes walls defining the head portion 22
      of each cylinder. Detachably connected to the top of the intermediate
      block member 46 is a cylinder head cover member 48 which cooperates with a
      recess 50 provided in the top surface of the intermediate block member 46
      to define another section 52 of the first coolant jacket portion 38.
PAR  In order to afford coolant flow from the section 44 into the section 52 of
      the first coolant jacket portion 38 and thereby insure flow generally
      throughout the first coolant jacket portion, a passage 54 communicating
      with both sections is provided in the intermediate engine block member 46
      at a location remote from the pump supply conduit 34. As shown in FIGS. 2
      and 3, the recess 50 in the top surface of the intermediate engine block
      member 46 is divided by a vertically extending partition 56 into two
      sections 58 and 60 which communicate with each other and with the passage
      54. Recess 50 covers a large portion of the cylinder heads 22 to thereby
      provide an effective coolant jacket therefor.
PAR  Formed in the top surface of the cylinder head cover member 48 is an open
      recess 62 which, in part, forms the second coolant jacket portion 40. As
      shown in FIG. 4, the recess 62 is divided by a vertically extending
      partition 64 into two sections 66 and 68 which communicate with each
      other. Attached to the top of the cylinder head cover member 48 is a cap
      member 72 which cooperates with the cylinder head cover 48 to complete the
      second coolant jacket portion 40.
PAR  The cylinder head cover member 48 includes a discharge passage or an outlet
      74 which communicates, at one end, with the section 68 of the second
      coolant jacket portion 40 and through which the coolant is freely
      discharged from the coolant jacket. The discharge outlet 74 can be
      arranged to pass the discharging coolant in heat exchanging relationship
      with the engine exhaust components (not shown) for cooling, prior to being
      returned to the lake or stream.
PAR  In accordance with the invention, coolant flow from the first coolant
      jacket portion 38 to the second coolant jacket portion 40 is selectively
      controlled by means which is operated in response to the temperature of an
      engine block member. More specifically in accordance with the invention, a
      normally closed valve connects the first coolant jacket portion 38 and the
      second coolant jacket portion 40 and means are provided for opening the
      valve, when the temperature of the intermediate engine block 46 is above a
      predetermined level, and for preventing the valve from opening, when the
      temperature of the intermediate engine block 46 is below the predetermined
      level.
PAR  While various arrangements can be used, in the construction illustrated,
      the cylinder head cover member 48 is provided with a port 78 for receiving
      a thermostatic valve assembly 80 including a valve member 82 which is
      urged into sealing engagement with a valve seat 84 surrounding the port 78
      by a spring 86 which at one end bears against the cap member 72. The
      spring 86 is designed to maintain the valve member 82 in a closed position
      irrespective of the coolant pressure in the first coolant jacket portion
      38, i.e., maintains the valve member 82 in a closed position even at the
      maximum coolant pressure provided by the pump 30 when the engine 10 is
      operating at full speed. The engine valve member is operably connected,
      via a push rod 88, to a temperature responsive element 90 which is mounted
      in a recess 92 provided in the intermediate block member 46 generally
      adjacent to the cylinder head portion 22 of one of the cylinders 18.
PAR  The temperature responsive element 90 is mounted in heat exchanging
      relationship with the metal surrounding the recess 92 and is suitably
      arranged so that, when the temperature of this metal reaches a
      predetermined level, the temperature responsive element 90 moves the push
      rod 88 upwardly to overcome the biasing force of the spring 86, and
      thereby moves the valve member 82 to an open position. The predetermined
      temperature corresponds to the temperature of the cylinder head portion 22
      which provides smooth engine operation and assists in preventing spark
      plug fouling under idling speed conditions. For example, this temperature
      can be about 140.degree.F.
PAR  Thus, once the metal temperature of the intermediate engine block member 46
      reaches the predetermined level, the temperature responsive element 90
      opens the valve member 82 to permit coolant flow from the first coolant
      jacket portion 38 into the second coolant jacket portion 40. With this
      arrangement, the primary flow of coolant is controlled in response to the
      cylinder head portion metal temperature which is more representative of
      the actual temperature desired inside the engine cylinder for smooth
      operation than the temperature of the coolant. If desired, the temperature
      responsive element 90 can be arranged so that the valve member 82 is
      variably opened as may be required to obtain sufficient flow of coolant to
      minimize metal temperature above the predetermined level.
PAR  The temperature responsive element 90 can fit loosely in the recess 92 and
      be sealed therein with a suitable sealing compound. However, in order to
      minimize the response time between the time when the intermediate engine
      block member 46 reaches the predetermined temperature and the time when
      the valve member 82 opens, the temperature responsive element 90
      preferably fits snugly in the recess 92 and is in intimate contact with
      the surrounding metal. In order to reduce the effect of the water
      temperature on those portions of the thermostatic valve exposed to the
      water, it is preferable to incapsulate the exposed portions of the
      thermostatic valve as much as possible with an insulating material 93,
      such as an insulating plastic material. Thus, the effect of the water
      temperature on the operation of the thermostatic valve is minimized and it
      will more accurately respond to the engine block temperature as compared
      to the water temperature.
PAR  Details of the construction of the thermostatic valve assembly 80 and the
      means for securing the temperature responsive element 90 in the recess 92
      are not part of the invention. For instance, the thermostatic valve
      assembly 80 generally can be the same type as that commonly used in engine
      cooling systems, but which is adapted so that the temperature responsive
      element thereof is mounted in heat exchanging relationship with the
      cylinder head portion metal as described above.
PAR  In order to provide a continuous, restricted flow of coolant from the first
      coolant jacket portion 38 whenever the pump 30 is operating, a by-pass
      conduit or passage 94 extending directly from the first coolant jacket
      portion 38 into the discharge outlet 74 can be provided in accordance with
      a preferred embodiment of the invention. Preferably, the by-pass passage
      94 is dimensioned to accommodate a coolant flow approximating the flow
      provided by the pump at the engine idling speed, e.g., about 600 RPM.
      Alternately, the by-pass flow can be provided by a by-pass port (not
      shown) in the valve member 82.
PAR  In operation under idle speed conditions, the coolant supplied by the pump
      30 travels through the first coolant jacket portion 38, and through the
      restricted bypass passage 94 if provided. Because of the relatively low
      rate of heat generation, the temperature of the intermediate engine block
      member 46 does not reach a level where the temperature responsive element
      90 opens the valve member 82 and the spring 86 maintains the valve member
      82 in a closed position. However, the heat generated is sufficient to
      increase the temperature of the coolant in the first coolant jacket
      portion 38 to a relatively hot level desired for promoting good engine
      performance at idling speeds. Also, since there is no coolant flow through
      the second coolant jacket portion 40, the upper portion of the cylinder
      head 22 become relatively hot, thereby further assisting in maintaining
      smooth engine operation and preventing spark plug fouling.
PAR  As the engine speed is increased above idling, the additional generated
      heat increases the temperature of the intermediate engine block member 46
      above the predetermined level and the temperature responsive element 90
      opens the valve member 82 as described above, permitting flow of coolant
      through the port 78. As a result, a relatively high volume flow of
      relatively cool coolant is thereafter provided by the pump 30 (which also
      is operating at a higher speed) through both the first coolant jacket
      portion 38 and the second coolant jacket portion 40. The increased cooling
      provided by the coolant restricts or diminishes elevation of the engine
      temperature above the predetermined temperature.
PAR  Since the cooling system of the invention does not employ a pressure relief
      valve, but instead employs a single valve means which is operated in
      response to the engine block temperature, the relatively large pressure
      drop associated with the use of a pressure relief valve is eliminated,
      thereby allowing much higher coolant flow, and thus better cooling, at
      high engine speeds. Also, the coolant in the first coolant jacket portion
      38 must reach a relatively high temperature before a high volume flow of
      coolant is initiated, even though the engine is operating at high speeds,
      thereby insuring that the engine becomes sufficiently warm to obtain
      optimum performance.
PAR  Although the cooling system has been described for a two cylinder engine,
      it is to be understood that this system can be used in a single cylinder
      engine, as well as multi-cylinder engines.
PAR  Various of the features are set forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An internal combustion engine comprising an engine block member
      including wall means at least partially defining an engine cylinder, and a
      cooling system including a coolant jacket having a first portion for
      cooling a first part of said engine and a second portion for cooling a
      second part of said engine, means for supplying coolant to said first
      coolant jacket portion, a discharge conduit connected to said second
      coolant jacket portion for discharging coolant from said second coolant
      jacket portion, a normally closed valve connecting said first and second
      coolant jacket portions, and means including a temperature responsive
      element in direct contact with said block member and operably connected to
      said valve for opening said valve to afford flow of the coolant from said
      first coolant jacket portion to said second coolant jacket portion when
      the temperature of said engine block member is above a predetermined
      level, and means for preventing said valve from opening when the
      temperature of said engine block member is below said predetermined level.
NUM  2.
PAR  2. An internal combustion engine according to claim 1 wherein said coolant
      supply means comprises an engine driven pump, and wherein said means for
      preventing opening of said valve includes a spring for maintaining said
      valve in a closed position irrespective of the coolant flow supplied to
      said first coolant jacket portion by said pump, so long as the temperature
      of said engine block member is below said predetermined level.
NUM  3.
PAR  3. An internal combustion engine according to claim 1 wherein said
      predetermined temperature is about 140.degree.F.
NUM  4.
PAR  4. An internal combustion engine according to claim 1 including a by-pass
      means for affording restricted coolant flow between said first coolant
      jacket portion and said discharge conduit.
NUM  5.
PAR  5. An internal combustion engine according to claim 1 including a recess in
      said engine block member adjacent to said wall means for receiving said
      temperature responsive element.
NUM  6.
PAR  6. An internal combustion engine according to claim 1 wherein said engine
      cylinder includes a cylindrical portion and a head portion, wherein said
      first engine part includes the area in the vicinity of said cylindrical
      portion, and wherein said second part includes the area in the vicinity of
      said head portion.
NUM  7.
PAR  7. An internal combustion engine according to claim 1 including a recess in
      said engine block member adjacent to said wall means for receiving said
      temperature responsive element.
NUM  8.
PAR  8. An internal combustion engine according to claim 7 wherein said
      predetermined temperature is about 140.degree.F.
NUM  9.
PAR  9. An internal combustion engine comprising an engine block member
      including wall means at least partially defining an engine cylinder having
      a cylindrical portion and a head portion, an engine cooling system
      including a coolant jacket having a first portion for cooling a first part
      of said engine including the area in the vicinity of said cylindrical
      portion and having a second portion for cooling a second part of said
      engine including an area in the vicinity of said head portion, an engine
      driven pump for supplying coolant to said first coolant jacket portion, a
      discharge conduit connected to said second coolant jacket portion for
      discharging coolant from said second coolant jacket portion, a normally
      closed valve connecting said first and second coolant jacket portions, a
      temperature responsive element mounted in direct contact with said walls
      means and connected to said valve for opening thereof when the temperature
      of said engine block member adjacent to said wall means is above a
      predetermined level, and a spring for maintaining said valve in closed
      position irrespective of the coolant flow supplied to said first coolant
      jacket portion by said pump so long as the temperature of said engine
      block member is below said predetermined level.
NUM  10.
PAR  10. An internal combustion engine comprising an engine block member
      including wall means at least partially defining an engine cylinder, and a
      cooling system including a coolant jacket, means for supplying coolant to
      said coolant jacket, a discharge conduit connected to said coolant jacket
      for discharging coolant from said coolant jacket, a normally closed valve
      connecting said coolant jacket and said discharge conduit, and means
      including a temperature responsive element in direct contact with said
      block member and operably connected to said valve for opening said valve
      to afford flow of the coolant from said coolant jacket portion to said
      discharge conduit when the temperature of said engine block member is
      above a predetermined level, and means for preventing said valve from
      opening when the temperature of said engine block member is below said
      predetermined level.
NUM  11.
PAR  11. An internal combustion engine according to claim 10 wherein said
      predetermined temperature is about 140.degree.F.
NUM  12.
PAR  12. An internal combustion engine according to claim 10 including a by-pass
      means for affording restricted coolant flow between said first coolant
      jacket portion and said discharge conduit.
NUM  13.
PAR  13. An internal combustion engine comprising an engine block member
      including wall means at least partially defining an engine cylinder, and
      an engine cooling system including a coolant jacket, an engine driven pump
      for supplying coolant to said coolant jacket, a discharge conduit
      connected to said coolant jacket for discharging coolant from said coolant
      jacket, a normally closed valve connecting said coolant jacket and said
      discharge conduit, a temperature responsive element mounted in direct
      contact with said wall means and connected to said valve for opening
      thereof when the temperature of said engine block member adjacent to said
      wall means is above a predetermined level, and a spring for maintaining
      said valve in closed position irrespective of the coolant flow supplied to
      said coolant jacket by said pump so long as the temperature of said engine
      block member is below said predetermined level.
NUM  14.
PAR  14. An internal combustion engine according to claim 13 wherein said
      predetermined temperature is about 140.degree.F.
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ABST
PAL  A revolving cylinder internal combustion engine in which a rotor carrying a
      plurality of piston and cylinder assemblies with their axes at right
      angles to the rotor axis is mounted in an outer body for rotation
      responsive to reciprocation of the pistons in the cylinders.
PAL  In order to improve inlet and exhaust gas control inlet and exhaust to the
      individual cylinders responsive to rotational movement of the rotor is
      controlled by cams adjustably carried by the body. Circulation of coolant
      and/or lubricant through the rotor may be assisted by a centrifugal
      pumping action responsive to rotor rotation.
BSUM
PAR  THIS INVENTION relates to a revolving cylinder internal combustion engine,
      that is an internal combustion engine in which a plurality of piston and
      cylinder assemblies are carried by a rotor for rotation within a
      stationary body or housing, the piston and cylinder assemblies having
      their axes extending at right angles to the axis of rotation of the rotor.
PAR  It is known that with conventional piston-cylinder arrangements inertia
      forces are a problem, thus in conventional multi-cylinder internal
      combustion engines there are major rotating masses which rotate in spaced
      parallel planes with the direction of reciprocation of the cylinders being
      parallel one with the other. Also exhaust emission in a conventional
      engine is difficult to control under different operating conditions for
      the engine due to the profiles on the cams utilised for controlling the
      engine being fixed and invariable. This has two effects, firstly the time
      between the inlet valve closing and exhaust valve opening is fixed and
      secondly the length of time during which both valves remain open for each
      cylinder is also fixed. As a result, with conventional engines the flow of
      gases through the cylinder for efficient clean burning is controlled for
      any given speed of the engine. This fact shows up in conventional engines
      when they are running at a low speed the carbon monoxide count in the
      exhaust is high, falling off as speed of the engine is increased.
PAR  According to the present invention there is provided a revolving cylinder
      internal combustion engine comprising an outer body, a rotor mounted for
      rotation within the body, a plurality of piston and cylinder assemblies
      carried by the rotor with their axes extending at right angles to the axis
      of rotation of the rotor, each of the cylinders having an inlet and an
      exhaust port provided respectively with inlet and exhaust valves supported
      for rotation with the rotor, means for rotating the rotor in the body
      responsive to reciprocating movement of the pistons in the cylinders, and
      cams carried by the body for co-operation with the inlet and exhaust
      valves for controlling opening and closing of the valves responsive to the
      rotational movement of the rotor in the body. Conveniently the means for
      rotating the rotor in the body responsive to reciprocating movement of the
      pistons and the cylinders may comprise a circular toothed main gear
      carried by the body and a plurality of drive gears carried by the rotor
      and engaging the main gear, each of the drive gears being rotatable in
      response to reciprocation of an associated one of the pistons. The
      connection of the piston to the drive gear may be by way of a conventional
      pivotal connecting rod and crank arrangement or, in an alternative
      embodiment, drive gears may be driven by an eccentric pin and slot
      arrangement.
PAR  Preferably at least one of the cams is adjustably mounted on the body to
      permit valve control to be varied. Suitably the position of the cam may be
      movable circumferentially on the body to vary closing times of the valves
      controlled thereby relative to the top dead centre position of the pistons
      in the respective cylinders. Thus conveniently the cams may comprise
      profiled metal rings upon which the valve stems of inlet and outlet poppet
      valves ride, the profile of the cam rings governing the operation of the
      valves within the cylinder head. Preferably each cam comprises an
      adjustably displaceable portion movable to vary the dwell time at which
      valves controlled by that cam are open relative to rotational displacement
      of the rotor.
DRWD
PAR  The invention will be described, by way of example, with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic elevational view, with parts broken away, of an
      air cooled revolving cylinder internal combustion engine embodying the
      invention;
PAR  FIG. 2 is a longitudinal sectional view illustrating an arrangement of
      inlet ducts for the engine of FIG. 1;
PAR  FIG. 3 is an axial section of a drive gear utilised in the engine of FIG.
      1;
PAR  FIG. 4 is a diagrammatic view partly in longitudinal section of the engine
      of FIG. 1;
PAR  FIG. 5 is a cross sectional view of a further embodiment of rotating
      piston-cylinder reciprocating internal combustion engine in which the
      cylinders are liquid cooled;
PAR  FIG. 6 is a diagrammatic cross sectional view of the engine including the
      rotor of FIG. 1;
PAR  FIG. 7 is a diagrammatic part cross sectional view of the engine including
      the rotor but with the rotor rotated through 45.degree. from the position
      of FIG. 6;
PAR  FIG. 8 is a diagrammatic view illustrating a manner of mounting a cam ring
      for controlling the inlet valve of the engine;
PAR  FIG. 9 is a plan view of an electrical contact carried by the engine body;
PAR  FIG. 10 is a cross-sectional detail view taken along line X--X of FIG. 8;
PAR  FIG. 11 is a diagrammatic sectional view of a detail of the cam ring shown
      in FIG. 8;
PAR  FIG. 12 is a diagrammatic view of a modified inlet valve control cam
      arrangement where two inlet valves are provided to each cylinder; and
PAR  FIG. 13 is a diagrammatic sectional view showing a cylinder head and inlet
      valve arrangement for use in an engine utilising the twin inlet valve
      control cams shown in FIG. 12.
DETD
PAR  Referring to FIGS. 1 to 4 of the drawings, an internal combustion engine is
      shown as comprising a body formed of two housing or casing parts 20 and
      20a. Mounted between bearings 22, 22a in the housing parts is a shaft 24
      carrying a rotor 26 within the body. The rotor 26 carries four cylinders 2
      each containing a piston 4 connected by a pivotal connecting rod 6 to a
      crank 10 of a drive gear 3. Each of the drive gears 3 meshes with a
      circular main gear 21 carried by the housing part, whereby reciprocation
      of the pistons 4 in the cylinders 2 will cause rotation of the drive gears
      3 carried by the rotor 26 which by engagement with the main gear 21 will
      cause rotation of the rotor 26 about the axis of the shaft.
PAR  Each of the cylinders 2 is provided with an inlet valve 25a and an outlet
      valve 25 biased to a valve closed position by springs 23. An exhaust valve
      control cam 19 is mounted to the interior of the casing 20 and an inlet
      valve control cam 19a is mounted on the inside of casing 20a. The position
      of each cam is adjustable on the associated casing. The valve control cams
      are arranged to extend circumferentially in the housing so that upon
      rotation of the rotor 26 valve control rods 12 and 12a of the valves 25
      and 25a ride on the cams to control opening of the respective valves.
PAR  The flow of fuel to the cylinders 2 and exhaust from the cylinders 2 as
      well as supply of oil to the rotor 26 is provided by passages extending
      axially of the shaft 24 as best seen in FIG. 2. Thus an exhaust port 13
      from each exhaust valve communicates with an exhaust passage B extending
      centrally of the shaft 24 while an inlet port 18 for each cylinder
      communicates with an annular inlet passage C extending axially of the
      shaft 24 to a series of inlet ports 30 communicating with a plenum chamber
      32 fed from a carburettor not shown, to be mounted on the flange 34 shown
      in FIG. 4. With this arrangement fuel laden air from the carburettor
      passes through the passage C to the inlet ports 18 of the various
      cylinders 2 while exhaust gases from those cylinders pass from the exhaust
      ports 13 to the exhaust passage B. Also provided within the shaft is an
      oil supply passage as shown at A for supplying lubricating oil to moving
      parts of the engine.
PAR  Generally the lubrication system comprises the inlet passage A which
      communicates with four oil chambers of which one is shown at 7 in FIG. 1.
      There is one oil chamber for supplying oil to each individual cylinder and
      its associated components although instead there may be used a single
      annular oil chamber 7. Lubricating channels 1 lead from the periphery of
      the oil chamber 7 to lubricate the cylinders 2 and various moving
      components. Thus certain of the channels 1 lead to bearings supporting the
      drive gears 3 which include stub shafts 9 received in such bearings.
      Conduits 8 lead within the drive gears 3 from the bearings to provide
      lubrication to the bearing of the eccentric crank 10 engaged by the
      connecting rod 6. Oil conduits 11 and 11a also lead from the oil chamber
      10 for supplying oil to cams 19 and 19a engaged by the valve stems 12 and
      12a. During rotation of the rotor oil is urged centrifugally from the or
      each oil chamber 7 through the lubricating channels 1 and 11 to the
      various moving components. A sump 28 is provided in the bottom of the
      housing formed by the casing 20 and 20a and is connected by a delivery
      tube 27 to the oil inlet passage A. A separate oil pump may be provided
      for circulating oil through the lubricating system should insufficient
      circulation be achieved from the self pumping action of the lubricating
      system itself although in general it is to be expected that an adequate
      centrifugal pumping action will be obtained from the system as illustrated
      responsive to rotation of the rotor.
PAR  Each of the cylinders is provided with a sparking plug 15 connected by an
      insulated connector 16 with respective ones of conductors carried for
      rotation by the shaft and respectively engageable by brushes 40 connected
      by leads 42 to a distributor 44. The distributor 44 is driven by a gear 29
      carried by the shaft 24 for rotation therewith. With the illustrated
      arrangement the distributor 44 of FIG. 4 delivers a properly timed
      electrical impulse to each of the leads 42 in turn whereby each of the
      sparking plugs 15 will cause ignition three times during each rotation of
      the rotor 26. Thus with the particular arrangement illustrated three
      working circles of each piston and cylinder will occur during each
      rotation of the rotor as a whole.
PAR  The distributor 44 can be arranged to have its timing controlled in
      response to variations in speed of the rotor 26, for example by using a
      conventional vacuum advance and retard control, while the adjustable cams
      19 and 19a can be properly positioned on the casings 20 and 20a in order
      to provide the optimum valve opening and valve closing positions in
      relation to strokes of the pistons 4 in their associated cylinders 2 in
      order to obtain optimum operating characteristics for the engine under the
      particular working conditions under which it is required to operate.
PAR  FIG. 5 illustrates in cross-section a rotor 48 of a liquid cooled engine
      embodying the invention. As shown the rotor 48 comprises four working
      cylinders 38 each containing a piston 34. The cylinders 38 are each
      provided with a domed head and the pistons 34 themselves are also domed.
      The pistons 34 are provided each with a base portion 50 having a slot 52
      extending therethrough. Received within the slot 52 is a bearing 35a
      through which extends a crank portion of a driving crank 35b which is
      connected with drive gears 54 (FIG. 6) in meshing engagement with annular
      main gears 56 (FIG. 6). It will be apparent that with this arrangement
      reciprocation of the pistons 34 will cause rotation of the drive gears 54,
      the crank bearing 35a moving to and fro in the slot 52 transversely of the
      direction of piston movement during such piston reciprocating movement. As
      shown in FIG. 5 each cylinder is provided with a sparking plug 56 and also
      a central shaft portion of the rotor includes a passage A for the supply
      of lubricating fluid communicating with the cylinders 38 by supply ducts
      58, an annular passage D for the supply of cooling liquid to the cylinders
      38 and a central exhaust outlet passage B.
PAR  FIG. 6 illustrates the rotor 48 of FIG. 5 mounted in a body or housing 60
      constituted by end walls 62, 62a and a peripheral casing 64. The main
      gears 56 engaged by the drive gears 54 are in the form of two annular
      members provided at a peripheral inner surface with the gear teeth engaged
      by the drive gears 54, each of the annular members serving as a connecting
      member between an end wall 62 or 62a and the casing 64 of the housing 60.
      Lubrication channels 58 are shown leading to the bearings in the cylinders
      supporting the crank 35b, the left-hand ducts 58 shown in FIG. 6
      communicating with the oil inlet passage A via an oil chamber 66. The
      water inlet passage D is shown communicating with the jackets E around the
      cylinders by means of inlet ducts 68 while a water outlet passage F is
      shown also in the shaft portion of the rotor 48. About the passage F is
      provided an inlet C for an air/fuel mixture. With the arrangement shown
      the drive from the engine will be taken via the left-hand end 70 of the
      rotor shaft while at the right-hand end fixed seal connections are
      provided for connection at 72, 74, 76 and 78 respectively for the supply
      of oil to the oil passage A, for the supply of cooling liquid to the
      coolant inlet passage D, for the supply of the fuel/air mixture to the
      inlet passage C and for receiving coolant from the coolant outlet passage
      F for direction to a radiator or the like. The rotor 48 itself is
      supported by the housing via bearings 80. Cam rings 82 and 82a are shown
      mounted to the inner end walls 62 and 62a of the housing 60 for
      controlling inlet and outlet ports of the cylinders. The connection for
      oil inlet to the inlet passage A is shown by means of a line 84 leading
      from a sump 86 formed at the bottom of the housing 60.
PAR  From the view of FIG. 7 can be seen the valve control rods 88 urged
      outwardly by valve springs 89 into contact with the cams 82 and 82a. Also
      shown are inlet ducts 90 which communicate with inlet passage C and outlet
      ducts 92 which communicate with the exhaust passage B.
PAR  FIG. 8 illustrates in greater detail the arrangement of the controllable
      inlet cam 82a. The annular inlet cam 82a is shown with an arrangement by
      which each inlet valve is opened three times during each revolution of the
      rotor. The inlet cam 82a for the major portion of its circumferential
      length comprises a low track portion 92 which when engaged by the valve
      rod 88 of an inlet valve permits that inlet valve to be held in its closed
      position by the action of the associated valve spring 89. At three
      locations around the periphery of the cam 82a are provided adjustably
      displaceable portions 83 which are pivotally mounted to the cam 82a. Each
      adjustably displaceable portion 83 has a low part L corresponding in
      height with the track portion 92 of the cam 82a and a high part H. The
      relative proportions of the high and low parts of each adjustably
      displaceable portion lying in the path of movement of the valve rods is
      adjustable by changing the pivotal position of the adjustably displaceable
      portion 83 about the axis 94. Accordingly during operation of the engine
      an inlet valve rod tracking around the cam 82a will be opened at the time
      it passes over the high portion H of the displaceable portion 83, the
      proportion of the rotational movement of the rotor during which each valve
      controlled by the cam 82a is opened depending upon the adjusted pivotal
      position of each displaceable portion 83.
PAR  Each displaceable portion 83 is provided with a control arm 96 which is
      securable to a control ring 98 mounted for rotational movement about the
      periphery of the casing 64. The control ring 98 is provided with three
      projections 99 each having a slot 100 receiving an adjustment bolt 102
      from associated ones of the control arms 96. By adjusting the position of
      the bolt 102 in its associated slot 100 the pivotal position of the
      displaceable portions 83 of the cam ring 82a may be adjusted as required.
      The control ring 98 itself is displaceable about the periphery of the
      casing 64 by means of a control projection 104 whereby simply by
      controlled movement of the control ring the high portions H of the control
      cam 82a can be simultaneously moved relative to the housing for advancing
      or retarding as required the opening and closing times of the controlled
      inlet valves relative to top dead centre of the pistons in the cylinders.
      Conveniently the circumferential position of the control ring can be
      controlled responsive to engine speed, for example by means of a fuel
      inlet vacuum pressure as used for controlling the timing of a distributor
      in a conventional internal combustion engine.
PAR  FIG. 11 shows the manner in which the cam 82a comprises a base ring
      carrying individual low track sections 92 and having the displaceable
      portions 83 pivotally secured thereto at 94.
PAR  FIG. 10 illustrates the manner in which the cam ring 82a is slidably
      secured to the member carrying the gear 58 by clamping slide members 108.
PAR  A similar arrangement is provided for controlling the exhaust valves of the
      engine.
PAR  Shown in FIG. 8 are fixed contacts 106 for the supply of electrical
      impulses to the individual sparking plugs. The contact 106 comprises, as
      shown in FIG. 9, two bowed conducting portions 108 which receive a
      conductor on the end of the sparking plug therebetween for supply of
      electrical current thereto. While the contacts 106 are shown as fixed to
      the casing 64 they may themselves be attached to a ring about the housing
      the position of which is rotatably adjustable to vary the position of the
      contacts and thus the time of ignition relative to piston top dead centre.
      Normally, however, such control is not necessary, adequate control of
      operating conditions within the cylinders being given by simultaneous
      control of time of opening and closing of the inlet and outlet valves by
      movement of the inlet and outlet valve control cams. Alternatively the
      contacts 106 may be extended so that they provide a contact with the
      individual sparking plugs along a substantial arcuate path with the supply
      of electrical impulses to the contacts being controlled by a separate
      conventional type of distributor. Alternatively again instead of using
      exteriorly mounted contacts 106 the supply of electrical impulses to the
      sparking plugs may be made in a manner similar to that described in
      relation to the embodiment of FIGS. 1 to 4.
PAR  Utilising the arrangement of contacts 106 for supplying electrical impulses
      to the sparking plugs of the engine insulation needs to be provided for
      preventing leakage of electric current from the contacts other than to the
      sparking plugs. Conveniently this can be done by utilising a sprayed-on
      insulating material.
PAR  With operation of both the described embodiments the gearing between the
      drive gears and the main gears is such that each piston and cylinder has
      three power strokes during each revolution of the rotor, the engine
      operating, in the embodiments shown, with a four stroke cycle. It will be
      appreciated that the principles of the invention are also applicable to
      engines operating on a two stroke, diesel or other cycle. Due to the
      diametrical opposite arrangement of the cylinders the pistons of
      diametrically opposite cylinders reciprocate relative to the cylinders in
      opposite directions in order to provide a counterbalancing effect.
      Consequently during rotation of the engine a very smooth balanced output
      is obtained. With both embodiments fuel is fed axially through inlet
      passages C in the supporting shaft and from thence led via the inlet
      valves to the individual cylinders as required. The exhaust from the
      exhaust valves of the individual cylinders is led from the engine through
      the central exhaust passage B extending axially of the shaft. Also in both
      embodiments an oil inlet passage A is provided within the supporting
      shaft, oil being pumped from this inlet passage by centrifugal action
      during rotation of the rotor, individual channels being provided for
      conducting the oil flow to the various components requiring lubrication.
      The housing body itself acts as a sump for collecting oil for
      recirculation to the inlet passage A. Normally adequate oil circulation is
      obtained by the pumping action of the engine although if necessary a
      separate oil pump may be provided in the feed line from the sump. In the
      embodiment of FIGS. 5 to 11, also the circulation of coolant liquid from
      the inlet passage D through the jacket around the cylinder to the outlet
      passage F is produced by the centrifugal pumping action arising during
      rotation of the rotor.
PAR  Instead of having a single inlet valve to each chamber as described above
      two inlet valves may be provided as shown in FIG. 13. In FIG. 13 a
      cylinder head 130 is shown as comprising a single exhaust outlet 134
      provided with an exhaust valve 135 and two inlets 136 and 138 provided
      respectively with control valves 137 and 139. Separate fuel supply
      passages are provided for supplying fuel air mixture to the respective
      inlets 136 and 138, the outer inlet 136 being arranged to receive a rich
      fuel air mixture and the inlet 138 being arranged to receive a lean fuel
      air mixture from respective fuel supply chambers in the service shaft. The
      rich fuel inlet valve 137 is controlled by a cam ring 120 shown in FIG. 12
      as being provided with dwell control cams 124. Similarly a cam ring 122
      provided with dwell control cams 126 shown in FIG. 12 for controlling the
      lean fuel inlet control valve 139. The cam rings 120 and 122 are
      independently controllable circumferentially for adjusting the time at
      which the valves are opened relative to piston displacement as explained
      previously while the dwell control cams 124 and 126 are independently
      movable for controlling the relative length of time of opening of the rich
      and lean fuel inlet valves. With this arrangement it is possible to
      provide for subsequent ignition by the sparking plug 132, a variable
      fuel/air mixture stratification in the cylinder utilising the variable
      cam. By being able to vary the two inlet fuel/air flows into the chamber
      it is possible to control not only when the fuel enters the cylinder and
      the length of time during which the fuel will enter the cylinder, but also
      the degree of stratification of fuel in the cylinder. That is, for any
      given load condition or speed condition the amount of rich fuel entry to
      the amount of lean fuel entry into the cylinder can be controlled to
      satisfy the requirements of the motor at that given time, then richer
      fuel/air mixture being adjacent the sparking plug for easy ignition and
      the leaner fuel/air mixture being adjacent the piston.
PAR  It will be appreciated that generally a very simple engine construction has
      been described giving a balanced arrangement of the moving parts and also
      permitting very ready and simple control of valve opening giving the user
      of the engine the opportunity carefully to adjust its operating
      characteristics to its conditions of use such that it will operate very
      efficiently while at the same time having good combustion properties
      providing for a clean exhaust. Thus by being able to control the
      positioning of the valve control cams and, preferably, by also being able
      to control the dwell timing of the cams to maintain the valves open, this
      control being possible either manually or through a reflex adaptor, for
      example a vacuum control mechanism of the type used to advance or retard
      the timing in a conventional distributor, it is possible to obtain very
      good control of the engine characteristics. Thus if both inlet and outlet
      cams were rotated by the same amount in the same direction this would have
      an effect equivalent to advancing or retarding ignition of a charge in the
      cylinder relative to the valve opening and closing times. Also with the
      independent control of the cams a very full and efficient control of the
      flow of gases through each cylinder is possible to match the optimum for
      any required engine operating conditions. The engine itself, because of
      the high power which is obtainable with a relatively light and small
      dimensioned engine, is particularly suitable for use in vehicles. Because
      of its balanced and vibration free operation the engine is of especial
      interest for use in aircraft. However it is also highly suitable for use
      in stationary locations as well as for marine applications since in these
      two latter cases an engine may often be required to act under steady state
      conditions where exact and careful control of the operating parameters of
      the engine can be of extreme benefit.
CLMS
STM  We claim:
NUM  1.
PAR  1. A revolving cylinder internal combustion engine comprising an outer
      body, a rotor mounted for rotation within the body, a plurality of piston
      and cylinder assemblies carried by the rotor and having axes extending at
      right angles to the axis of rotation of the rotor, each of the cylinders
      having an inlet and an exhaust port provided respectively with inlet and
      exhaust valves supported for rotation with the rotor, means for rotating
      the rotor in the body responsive to reciprocating movement of the pistons
      in the cylinders, and cams carried by the body for co-operation with the
      inlet and exhaust valves for controlling opening and closing of the valves
      responsive to the rotational movement of the rotor in the body, at least
      one of the cams comprising an adjustable portion displaceable relative to
      the remainder of the cam to change the cam profile to vary the dwell time
      proportion of rotational movement of the rotor during which each valve
      controlled by the cam is open.
NUM  2.
PAR  2. An internal combustion engine according to claim 1, wherein the means
      for rotating the rotor in the body responsive to reciprocating movement of
      the pistons in the cylinders comprises a circular toothed main gear
      carried by the body and and a plurality of drive gears carried by the
      rotor and engaging the main gear, each of the drive gears being rotatable
      in response to reciprocation of an associated one of the pistons.
NUM  3.
PAR  3. An internal combustion engine according to claim 2, comprising an
      eccentric pin and slot arrangement for driving the drive gears, each of
      the drive gears being provided with an axially extending pin eccentric
      from the axis of rotation thereof and engaging in a slot in the piston
      whereby reciprocation of the piston moves the eccentric to cause rotation
      of the drive gear.
NUM  4.
PAR  4. An internal combustion engine according to claim 1, wherein the
      displaceable portion has a high dwell portion of the cam thereon and is
      pivotally movable to vary the proportion of high dwell portion which is
      co-operable with the valves controlled by the cam.
NUM  5.
PAR  5. An internal combustion engine according to claim 4, wherein the cam is
      in the form of a ring concentric with the axis of the rotor, the
      displaceable portion being pivotally carried by the ring.
NUM  6.
PAR  6. An internal combustion engine according to claim 5, including a
      plurality of displaceable portions carried by the cam ring.
NUM  7.
PAR  7. An internal combustion engine according to claim 6, including a control
      ring provided about the body for simultaneously controlling said
      displaceable portions.
NUM  8.
PAR  8. An internal combustion engine according to claim 7, wherein the
      displaceable portions each have a control arm individual thereto
      adjustably secured to the control ring.
NUM  9.
PAR  9. An internal combustion engine according to claim 7, wherein both the cam
      controlling the inlet valves and the cam controlling the outlet valves are
      controllable.
NUM  10.
PAR  10. An internal combustion engine according to claim 1, which comprises two
      fuel inlet valves for each cylinder and a separate adjustable cam
      controlling each of the inlet valves.
NUM  11.
PAR  11. An internal combustion engine according to claim 1, including an
      electrical contact carried by the body for supplying electrical impulses
      to sparking plugs mounted with the respective cylinders.
NUM  12.
PAR  12. An internal combustion engine according to claim 11, including a
      plurality of said electrical contacts spaced about the circumference of
      the body.
NUM  13.
PAR  13. An internal combustion engine according to claim 12, including a ring
      mounted on the housing and carrying the electrical contacts, the position
      of the ring being rotatably adjustable about the housing to vary the time
      of ignition relative to piston top dead centre.
NUM  14.
PAR  14. An internal combustion engine according to claim 1, comprising a rotor
      supporting shaft mounted for rotation within the body, the shaft having
      axial passages defined therein for conducting fuel/air mixture to and
      exhaust gases from the respective cylinders.
NUM  15.
PAR  15. An internal combustion engine according to claim 1, comprising a rotor
      supporting shaft, an oil inlet passage extending axially of the shaft and
      oil channels connecting the oil inlet passage to those components of the
      engine on the rotor requiring lubrication, the circulation of oil through
      the inlet passage to the components requiring lubrication being at least
      assisted by a centrifugal pumping action consequent upon rotation of the
      rotor.
NUM  16.
PAR  16. An internal combustion engine according to claim 1, comprising a rotor
      supporting shaft, a liquid cooling jacket about each cylinder, and inlet
      and outlet passages for the flow of coolant to and from the jackets
      extending axially of the shaft.
NUM  17.
PAR  17. An internal combustion engine according to claim 1, wherein at least
      one of the cams is mounted on the body for movement circumferentially of
      the body to permit valve control to be varied, the cam being movable
      circumferentially on the body to vary opening and closing times of the
      valves controlled thereby relative to the top dead centre position of the
      pistons in the respective cylinders.
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ABST
PAL  Axial-piston combustion engine having a rotating drum journaled in a
      housing and having therein a number of pistons and the usual cylinder
      bores, an inclined crank disc coupled with the drum, the disc being
      supported against the encountered gas pressures both by the customary
      axial thrust bearing and, according to the invention, by two consecutive,
      hydraulically interconnected hydrostatic axial thrust bearings fed by an
      oil-pressure source, wherein only the rearward one of the two bearings has
      a slit for controlling oil pressure, while the rearward bearing of the two
      constitutes a hydraulic relief for the customary bearing.
BSUM
PAR  The invention relates generally to an axial-piston combustion engine
      comprising a rotating drum journaled in a stationary housing and provided
      with cylinder bores, with an inclined crank disc being coupled with the
      drum, to which disc rods of pistons are pivotally attached, which latter
      are guided in the cylinder bores.
PAR  In such an axial-piston engine, substantial axial gas-pressure forces act
      on the crank disc and its journaling. At the same time one has to insure
      that the drum is guided with the front face on the piston side tightly
      along the inner side of the housing face to avoid compression losses. This
      is particularly important if at least one combustion chamber is provided
      in the housing front face, this resulting in particular sealing problems.
PAR  It is the object of the present invention to provide support for the crank
      disc against the encountered axial thrust forces, the support being
      capable of receiving these thrust forces without substantial frictional
      forces even at high disc revolutions. With the hitherto used conventional
      axial thrust bearings this was not possible.
PAR  In accordance with major features of the invention, the combustion engine
      comprises a rotating drum journaled in a stationary housing and provided
      with cylinder bores, an inclined crank disc coupled with the drum, rods of
      pistons being pivotally attached to the disc, which pistons are guided in
      the cylinder bores, characterized in that the crank disc is supported
      against the encountered gas pressures, on the one hand, on a customary
      axial thrust bearing, and on the other hand, on two consecutive,
      hydraulically interconnected hydrostatic axial thrust bearings fed by an
      oil-pressure source, only the rearward one of the two thrust bearings
      having a slit for controlling the oil pressure, and the forward bearing
      constituting a hydraulic relief for the customary bearing.
PAR  As a result of the latter being connected in parallel with the forward
      bearing, and the forward bearing assuming the relief of the rearward
      bearing, the encountered axial thrust forces are taken up by both bearings
      in a primary manner.
PAR  It is considered advantageous in this connection that the useful bearing
      surface of the rearward thrust bearing is slightly larger than that of the
      forward bearing. This ensures that the normal bearing takes up a certain
      although small portion of the thrust forces so that satisfactory contact
      of the crank disc on the setting sleeve is guaranteed.
PAR  The necessary control of the forward bearing results herein from the
      surface difference between the bearings of which the rearward bearing has
      to take up the entire axial thrust force.
PAR  The invention recommends that the surface ratio of the rearward to the
      forward thrust bearing be about 100 : 95. In this case, the forward
      bearing takes up about 95% of the applied axial thrust forces while the
      usual bearing has to endure about 5% of the thrust forces, whereby smooth
      contact of the crank disc is ensured on the setting sleeve, and the entire
      axial journaling is statically determined.
PAR  A preferred embodiment according to the invention is further characterized
      in that the crank disc sits on a cylindrical setting sleeve that has a
      bore slanting with respect to its geometrical center axis, the rear
      portion of the sleeve being formed as a stepped flange, the inner and
      outer envelope surfaces of the sleeve constituting the forward thrust
      bearing, while another flange surface forms a bearing surface for the
      customary bearing, to which a corresponding surface of the crank disc is
      assigned.
PAR  Alternatively, the inner and outer envelope surfaces of the sleeve can
      simultaneously form hydrostatic radial bearings for the crank disc.
PAR  According to a further, similarly optional feature, the rear face of the
      setting sleeve rests on a pressure plate disposed on the housing, the
      front face of the plate forming a bearing surface for the rearward thrust
      bearing and being connected with the oil-pressure source by way of a bore.
PAR  Furthermore, at least one auxiliary bore may be provided in the stepped
      flange of the setting sleeve, which bore interconnects the two thrust
      bearings so that the oil pressure that is set through the control slit on
      the rearward bearing is transmitted onto the forward bearing.
PAR  An additional control effect of the hydrostatic axial thrust bearing is
      preferably obtained in that the rearward bearing is additionally in
      hydraulic connection with a hydrostatic axial thrust journaling on the
      drum-side face of the housing, and this journaling is fed with the oil
      pressure controlled by the control slit.
PAR  Advantageously it is also provided that the useful surfaces of the forward
      and reearward bearings define an angle which corresponds to that between
      the geometrical center axis of the setting sleeve and the bore of the
      same.
PAR  A further, specific embodiment of the invention consists in that a
      collecting device is provided for leak or overflowing oil on at least one
      of the hydrostatic bearings, which device is connected through conduits
      with the piston-rod journaling, or the rods themselves. It is hereby
      possible to guide possibly leaking oil directly to the piston rod where it
      can be brought in a usual manner as a coolant to the piston.
PAR  Further objects, features and advantages of the inventive axial-piston
      combustion engine will be fully explained in the description that follows,
      with reference to the sole figure of the accompanying drawing, which
      constitutes a longitudinal section of the exemplary engine.
DETD
PAR  The drawing shows a cylindrical housing 1 with a cover 2, in which a
      rotating drum 3 is supported in a hydrostatic axial thrust bearing 4. The
      drum 3 has a shaft 37, broken away on the left-hand side of the
      illustration. The drum 3 also has through cylinder bores 5 that are
      uniformly distributed about a pitch circle, are coaxial, and which have
      air-inlet slots 5', a number of pistons 6 being guided in the bores 5.
      Piston rods 7 act on the pistons 6 and they are uniformly pivoted to the
      circumference of an inclined, rotating crank disc 8. Each piston rod 7 has
      a head portion 40 within the crank disc 8. The latter is connected with
      the drum 3 by way of a jaw clutch 41 that is similar to a bevel gear.
      Instead of such a clutch a Cardan-type joint could also be used.
PAR  In the housing cover 2, which also serves as a cylinder head for all
      cylinder bores 5, are disposed an exhaust-gas conduit 9 and a sole
      combustion chamber 10 with a suitable fuel feed pipe 11 (schematically
      shown by an arrow). The chamber 10 is placed in successive communication
      with the bores 5 as the drum 3 rotates. The hydraulic circuit of the
      engine will be described somewhat later.
PAR  The crank disc 8 has a concentric bore 12, the rear end of which has a
      similarly shaped recess 13. The bore 12 and the recess 13 constitute
      hydrodynamic friction bearings of different diameters, with envelope
      surfaces 18, 42 of a setting sleeve 14 assigned to the bearing surfaces,
      the resulting annular surface constituting a support surface for a forward
      hydrostatic bearing 32. The other bearing, numbered 33, will be explained
      later.
PAR  Furthermore, a flange face 17 of the crank disc 8 and a similar flange face
      19 of the setting sleeve 14 form a customary axial thrust bearing 34. The
      sleeve 14 has a flange portion 15, to be mentioned again later.
PAR  It should be noted that the inner and outer envelope surfaces 18, 42 can
      also form hydrodynamic radial bearings for the crank disc 8.
PAR  The setting sleeve 14, the geometrical center axis 20 of which defines a
      particular acute angle .alpha. with the center axis 21 of the drum 3, has
      an axle bore 22 that is inclined with respect to the center axis 20, and
      the geometrical axis 23 of which passes through the section point of the
      axes 20 and 21, and which defines an angle .beta. with the center axis 20
      of the setting sleeve 14.
PAR  The rear end of the setting sleeve 14 is cut off at right angles with
      respect to the axle bore 22 and forms a bearing surface 24 which latter
      constitutes the earlier-mentioned hydrostatic bearing 33, with a control
      slit 16, together with a corresponding annular bearing surface 25 of a
      pressure plate 26 secured in the housing 1.
PAR  The bearing 33 is connected with an oil-pressure conduit 28 through a bore
      27, the conduit being connected with an oil pump 29 and an oil-pressure
      conduit 30 which leads to the axial thrust bearing 4. The required oil
      pressure is set by means of the control slit 16.
PAR  In the drawing, the hydraulic circuit is only schematically shown with
      lines and arrows, including the schematic pump 29, which however will be
      understood by those skilled in the art.
PAR  Auxiliary bores 31 are provided in the flange 15 of the setting sleeve 14,
      which bores interconnect the thrust bearings 32 and 33.
PAR  The setting sleeve 14 sits on a trunnion 35 which passes through the
      setting sleeve 14 through an angle .beta.. The forward end of the trunnion
      has an angularly bent journal part 36 which protrudes into a bore of the
      drum shaft 37. The rear portion of the crank disc 8 is surrounded by an
      annular housing 38 which is connected with the earlier-mentioned heads 40
      of the piston rods 7 by way of respective bores 39. In the hollow piston
      rods 7 the leaking oil is led from the hydrostatic bearing 32 and from the
      axial thrust bearing 34 as a coolant to the pistons 6.
PAR  The construction described herein allows the adjustment of the setting
      sleeve 14 depending on the combustion-chamber pressure, whereby various
      load conditions can be obtained.
PAR  The combustion-chamber pressure is proportional to the axial force which
      has to be received in the axial thrust bearing because the value: piston
      surface x combustion-chamber pressure corresponds to the axial thrust
      force. This, in turn, is proportional to the oil pressure which builds up
      in the hydrostatic system because the useful surface of a hydrostatic
      axial thrust bearing x the oil pressure corresponds to the axial thrust
      forces to be received.
PAR  In the present case the two successively connected hydrostatic axial thrust
      bearings 32, 33 are provided, the surface of the bearing 33 being larger
      by a small degree than that of the bearing 32, namely at the ratio of
      about 100 : 95. It becomes possible hereby that hydrostatics take over 95%
      of the applied axial thrust forces while 5% thereof are absorbed by the
      normal axial thrust bearing 34. This allows unambiguous contact between
      the setting sleeve 14 and the crank disc 8.
PAR  When starting the engine, naturally full oil pressure is not yet available.
      In this case the normal bearing 34 takes over first the entire applied
      forces. They are then gradually decreased as the hydrostatic pressure is
      being built up. The serial connection of the two bearings 32, 33 is
      accomplished through the indicated auxiliary bore 31.
PAR  It is normally not possible to connect in parallel ordinary bearings,
      either roller or sliding bearings, with hydrostatic bearings because the
      latter have a much higher journaling rigidity. This however is possible
      with the embodiment according to the invention. The normal bearing 34 and
      the hydrostatic bearing 32 can take up together the applied axial thrust
      force. This is due, in the first place, to the control slit 16 between the
      journaling surfaces of the bearing 33, and to the circumstance that there
      is only one non-controlled relief in the hydrostatic axial thrust bearing
      32. The non-controlled relief would however mean an indifferent
      equilibrium if the hydrostatic bearing 32 had to receive the entire axial
      thrust force.
PAR  By the constructive expedient that the latter bearing has to carry only
      one, although considerable, portion of the applicable axial thrust forces,
      namely 95 to 97%, a circumstance which is caused by the different sizes of
      the journaling surfaces, now a true parallel connection is achieved
      between the bearings 32 and 34.
PAR  Considering that very high axial thrust forces act on the cylinder head of
      the present axial-piston engine, which simply cause considerable forces of
      reaction from the sealing system, it is possible to provide a hydrostatic
      relief also on the cylinder head, which relief is brought into connection
      with the journaling 32, 33 by way of the conduit 30.
PAR  The axial thrust journaling of the drum in accordance with the present
      invention is particularly satisfactory at high drum speeds, and is
      obtained with a minimum of frictional forces. Consequently the journaling
      itself contributes to a high efficiency of the described engine.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to a preferred, exemplary embodiment of the invention, and that it is
      intended to cover all changes, optional features and modifications of the
      example described which do not constitute departures from the spirit and
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An axial-piston combustion engine comprising, in combination, a rotating
      drum (3) journaled in a stationary housing (1) and provided with cylinder
      bores (5), an inclined crank disc (8) coupled with said drum, pistons (6)
      with their rods (7) being pivotally attached to said drum, said pistons
      being guided in said cylinder bores, wherein said crank disc is supported
      against the encountered gas pressures, on the one hand, on a customary
      axial thrust bearing (34), and on the other hand, on two consecutive,
      hydraulically interconnected series arranged hydrostatic axial thrust
      bearings (32, 33) fed by an oil-pressure source (28 to 30), only the
      rearward one (33) of said two thrust bearings having a control slit (16)
      for controlling oil pressure, and the other one (32) of said two bearings
      constituting a hydraulic relief for said customary bearing.
NUM  2.
PAR  2. The axial-piston combustion engine as defined in claim 1, wherein the
      effective bearing surface of said rearward thrust bearing (33) is slightly
      larger than that of said forward bearing (32).
NUM  3.
PAR  3. The axial-piston combustion engine as defined in claim 2, wherein the
      ratio between the effective bearing surfaces in said rearward (33) and
      said forward (32) thrust bearing is about 100 : 95.
NUM  4.
PAR  4. The axial-piston combustion engine as defined in claim 1, wherein said
      crank disc (8) surrounds a cylindrical setting sleeve (14) that has a bore
      (22) slanting with respect to its geometrical center axis (20), the rear
      portion of said sleeve being formed as a stepped flange (15), the inner
      (42) and outer (18) envelope surfaces of said sleeve constituting said
      forward thrust bearing (32), while another flange surface (19) forms a
      bearing surface for said customary bearing (34), to which a corresponding
      surface (17) of said crank disc (8) is assigned.
NUM  5.
PAR  5. The axial-piston combustion engine as defined in claim 4, wherein said
      inner (42) and said outer (18) envelope surfaces of the sleeve (14) also
      constitute hydrostatic radial bearings for said crank disc (8).
NUM  6.
PAR  6. The axial-piston combustion engine as defined in claim 4, wherein the
      effective surfaces of said two thrust bearings (32, 33) define an angle
      which corresponds to that (.beta.) between the geometrical center axis
      (20) and said bore (22) of the setting sleeve (14).
NUM  7.
PAR  7. The axial-piston combustion engine as defined in claim 1, wherein the
      rear face (24) of said setting sleeve (14) rests on a pressure plate (26)
      disposed in said housing (1), the front face (25) of said plate forming a
      bearing surface for said rearward thrust bearing (33) and being connected
      with said oil-pressure source (28 to 30) by way of a bore (27).
NUM  8.
PAR  8. The axial-piston combustion engine as defined in claim 1, wherein at
      least one auxiliary bore (31) is provided in said stepped flange (15),
      which bore interconnects said two thrust bearings (32, 33) so that the oil
      pressure that is set through said control slit (16) of the rearward
      bearing (33) is transmitted to said forward bearing (32).
NUM  9.
PAR  9. The axial-piston combustion engine as defined in claim 1, further
      comprising a hydrostatic axial thrust journaling (4) on the drum-side face
      of said housing (1), and an additional hydraulic connection (30) between
      said rearward thrust bearing (33) and said hydrostatic journaling, the
      latter being fed with the oil pressure controlled by said control slit
      (16).
NUM  10.
PAR  10. The axial-piston combustion engine as defined in claim 1, further
      comprising a collecting device (38) for leak oil on at least one of said
      hydrostatic thrust bearings (32, 33), said device being connected through
      conduits (39) with said piston rods (7).
NUM  11.
PAR  11. The axial-piston combustion engine as defined in claim 1, wherein said
      axial thrust bearing and one of said hydrostatic axial thrust bearings are
      arranged in parallel.
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ABST
PAL  A stop limits movement of a vacuum spark advance motor operating element
      connected to the distributor breaker plate, and the position of the stop
      is changed in response to selected changes in engine or vehicle speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a series of devices that can be easily applied to
      conventional vacuum spark advance (V.S.A.) motors of existing cars or new
      cars to limit the vacuum spark advance normally produced by engine intake
      suctions under certain driving conditions. It relates particularly to a
      device which changes a limit on the movement of the V.S.A. motor operating
      element in response to changes in engine speed. It can be adjusted to be
      responsive to different engine speeds corresponding to different speed
      limits imposed by authorities.
PAR  The conventional vacuum spark advance motors of most existing cars normally
      produce about one-half inch of travel at high intake suction, such as more
      than 12 to 15 inches of mercury (Hg) below atmosphere. This amount of
      travel may amount to about 15.degree. spark advance (more than the
      governor spark advance at many engine speeds).
PAR  This amount of spark advance at high intake suction (such as may be
      produced at level cruise at 50-70 m.p.h.), produces high combustion
      temperatures in the engine cylinders and improved mileage. However, high
      combustion temperatures tend to increase the amount of nitrous oxides
      (NO.sub.x) and therefore contribute undesirable exhaust emissions.
PAR  In an attempt to remedy this problem of undesirable NO.sub.x emissions, the
      prior art has disconnected the vacuum spark advance at all engine speeds
      or below a selected engine or road speed. However, such disconnection
      substantially reduces the engine efficiency and fuel economy.
PAR  Recent reports indicate that NO.sub.x is not as important a source of
      pollutant as was previously thought. Fuel consumption is becoming more
      important because of the present and the projected future fuel shortage
      and the adverse effect of foreign oil purchases on our balance of trade.
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  My prior U.S. application Ser. No. 396,235, filed Sept. 11, 1973, and
      entitled "Retrofit Adapter to Limit Travel of Vacuum Spark Advance Motors"
      discloses a retrofit adapter constructed so as to be easily installed on
      conventional V.S.A. motors of existing cars to reduce the maximum amount
      of vacuum spark advance that is normally produced by engine intake
      suction. This application Ser. No. 396,235 discloses a stop arrangement in
      which the vacuum spark advance is limited to a maximum amount by a stop
      which is installed in a fixed position with respect to the operating
      mechanism of the V.S.A. motor.
PAR  The present invention is an improvement over that disclosed in my prior
      application Ser. No. 396,235 because the limit on the movement of the
      V.S.A motor operating element is changed in response to changes in engine
      speed, to allow more V.S.A. at and near the highway cruise speed for
      better mileage and still less than full V.S.A. as was used on some
      production automobile engines.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to construct a series of
      devices that can be easily applied to conventional V.S.A motors of
      existing cars both to limit the movement of the V.S.A. operating element
      to an amount less than the normal maximum movement and to change the limit
      on the movement in response to changes in engine speed.
PAR  It is a related object to construct a variable stop that will provide less
      restriction on the normal V.S.A. spark advance at higher engine speeds
      than at lower engine speeds.
PAR  In a specific embodiment of the present invention a mechanical stop limits
      the movement of the V.S.A. operating element connected to the electrical
      interrupter mechanism (e.g. the distributor breaker plate for a point
      ignition system or the stator of an electronic ignition system) that
      controls some of the timing of the ignition advance or retard. The stop is
      held at a first position at all speeds below a selected engine speed (e.g.
      55 m.p.h.) to permit only a relatively small ignition advance (e.g.
      6.degree.). A diaphragm actuated motor powered by the pressure
      differential between the inlet and a pitot tube near the perimeter at the
      pump rotor of the water pump shifts the stop to a second position in
      response to an increase in engine speed above the selected speed. In the
      second position the stop permits a greater ignition advance (e.g.
      11.degree.) but still limits the advance to less than the normal advance
      that would be produced by high intake suctions.
PAR  The speed sensing technique using the engine cooling liquid pump is similar
      to the speed sensing technique disclosed in my prior U.S. Pat. No.
      3,204,620 issued Sept. 7, 1965 and entitled "SPEED SENSING DEVICE."
PAR  Travel limiting apparatus and methods for a V.S.A. motor which incorporate
      the structure and techniques described above and which are effective to
      function as described above constitute specific objects of this invention.
PAR  Other objects, advantages and features of my invention will become apparent
      from the following detailed description of one preferred embodiment taken
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic plan view, mostly in cross section, showing a speed
      responsive V.S.A. limiter device constructed in accordance with one
      embodiment of the present invention. FIG. 1 shows the limiter device and
      the component parts in the positions assumed when the motor is running at
      idle;
PAR  FIG. 2 is a view like FIG. 1 showing the limiter device and the parts in
      the positions assumed at speeds up to a selected speed such as 45 m.p.h.;
PAR  FIG. 3 is a view like FIG. 2 showing the positions of the parts at speeds
      over a selected speed such as 45 m.p.h. where the speed limit might be 50
      or 55 m.p.h.;
PAR  FIG. 4 is a schematic plan view of a second embodiment of the present
      invention. In the FIG. 4 embodiment the movable stop is a cam member. FIG.
      1 illustrates the positions of the parts at idle, allowing limited V.S.A.;
PAR  FIG. 5 is a view like FIG. 4 showing the positions of the parts at speeds
      over a selected speed such as 45 m.p.h., allowing more V.S.A.;
PAR  FIGS. 6, 7 and 8 are schematic views showing how the engine speed can be
      sensed from the speedometer cable (FIG. 6), the engine transmission (FIG.
      7) or the engine ignition system (FIG. 8).
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In all figures like numerals of reference refer to corresponding parts.
PAR  In FIG. 1 a speed responsive V.S.A. limiter device constructed in
      accordance with one embodiment of the present invention is indicated
      generally by the reference numeral 10.
PAR  Where I use vacuum herein I mean a partial vacuum as generally used in the
      industry to describe the differential pressure on the diaphragm of the
      motor which controls a portion of the advance and retard of the ignition
      (as opposed to the governor advance of the rotor) whether the plate that
      is controlled controls the pivot of the breaker points in a point ignition
      system or the motion of the stator in an electronic ignition system, both
      of which are well known in the industry.
PAR  The suction available to the motor is generally developed in the intake
      manifold but may be controlled or limited by valve means such as the high
      port on the upstream of the butterfly commonly used on many engines or
      other appropriate valve means.
PAR  The device 10 is associated with a V.S.A. motor 12. The motor 12 has two
      sections 11 and 13 joined at their peripheries to form an outer housing. A
      flexible diaphragm 14 extends across the interior of the housing to
      provide a first chamber 16 and a second chamber 18.
PAR  The chamber 16 is connected to the high port 21 (see FIG. 5) of the engine
      carburetor by a fitting 20 and tube 25.
PAR  The high port is the port above the upstream upper edge of the throttle
      butterfly 23 in the engine carburetor 9 as illustrated in FIG. 5. The
      chamber 18 is connected to ambient atmospheric pressure through an opening
      illustrated around operating element 22 in FIG. 1.
PAR  An operating element 22 is connected at one end to the diaphragm 14 by a
      pair of metal washers 24. The other end of the operating element 22 is
      connected to the movable breaker plate of the distributor in the usual
      manner as in the usual practice but not shown.
PAR  A biasing spring 26 biases the arm 22 outwardly of the V.S.A. motor housing
      (leftwardly as viewed in FIG. 1), and a sleeve 28 limits this outward
      movement of the operating arm 22 towards V.S.A. retard.
PAR  In the operation of the V.S.A. motor 12 thus far described, increasing
      engine suction at the high port lowers the pressure within the chamber 16
      relative to atmospheric pressure so that ambient atmospheric pressure
      operating on the chamber 18 side of the flexible diaphragm 14 moves the
      diaphragm and washers 24, against the force of the biasing spring 26, to
      retract the operating arm 22 within the V.S.A. motor housing. This rotates
      the breaker plate of the distributor to increase the spark advance by an
      amount depending upon the suction at the high port so that V.S.A. may
      start at about 6 inches Hg below atmosphere and be full V.S.A. at about
      10-12 inches Hg below atmosphere; at and near wide open throttle there is
      normally no V.S.A. only the distributor governor advance not shown but
      usually used, as is well known in the art.
PAR  At high intake suctions, such as more than 12-15 inches Hg below
      atmosphere, the conventional vacuum spark advance motors of most existing
      cars normally produce about one-half inch of linear travel of the
      operating arm 22. This corresponds to about 15.degree. V.S.A. of the
      breaker plate of the distributor.
PAR  The present invention includes a movable stop (in the form of the rods 30
      and 36 in the FIG. 1 embodiment) for limiting the retraction of the
      operating arm 22 to an amount which is controlled by the engine speed.
PAR  The rod 30 is slidable back and forth within a sealed opening 32 in the
      part 13 of the motor housing 12. The inner end 30a abuts against the
      clamping head 22a of the rod 22 to limit retraction of the rod 22 within
      the motor housing 12 during certain conditions of engine operation, as
      will be described in more detail below.
PAR  A sleeve 34 is threaded on the other end 30b of the rod 30, and a locking
      nut 36 locks the sleeve 34 in an adjusted position.
PAR  One end 36a of the rod 36 is mounted for reciprocation within the end of
      the sleeve 34 opposite that engaged with the locking nut 36.
PAR  The position of this rod 36 is determined by engine speed, as sensed by the
      liquid pressure on each side of a diaphragm 38 of a motor 40 as resisted
      by spring 56, as will be described herein.
PAR  The motor 40 comprises an outer housing made up of two housing members 42
      and 44, and the housing is mounted by a mounting plate 46 to the same
      baseplate 48 to which the motor 12 is mounted by mounting plate 50.
PAR  The position of the motor housing 40 is thus fixed with respect to the
      motor housing 12.
PAR  The outside periphery of the diaphragm 38 is clamped between the two
      housing sections 42 and 44, and the central section of the diaphragm 38 is
      clamped between two washers 52. The washers 52 are in turn connected to
      the rod 36, as indicated above.
PAR  The rod 36 is reciprocable within a sealed opening 54 in the housing
      section 44.
PAR  A biasing spring 56 biases the diaphragm washers 52 and rod 36 outward and
      into engagement with the sleeve 58. The sleeve 58 acts as a fixed stop for
      determining the position of the rod 36 when the engine is not running or
      running below a selected engine speed.
PAR  The inward movement of the rod 36 within the housing 40 is limited by
      adjustable stop 59 which may be locked in an adjusted position by a
      locking nut 61.
PAR  The diaphragm 38 divides the interior of the housing 40 into two chambers
      60 and 62. The chamber 60 is connected, by a fitting 64 and a line 66, to
      a probe 58 which senses the static pressure in an inlet conduit 70 of a
      water pump 72.
PAR  The chamber 62 is connected, by a fitting 74 and a conduit 76, to a probe
      78 which picks up the velocity of impact of liquid following the perimeter
      of the impeller on the pitot opening in fitting 78 of the engine water
      pump 72. As illustrated in FIG. 1, the water pump 72 is a centrifugal type
      pump having generally radially extending impeller blades 82 as described
      in my said issued U.S. Pat. No. 3,204,620, issued Sept. 7, 1965.
PAR  The purpose of the speed responsive limiter device 10 is to restrict the
      normal vacuum spark advance a greater amount at low engine speeds than at
      high engine speeds. Thus, the device permits a greater amount of ignition
      advance at high suctions at high engine speeds than at high intake
      suctions at low engine speeds because the problem of nitrous oxide
      formation at the high engine speed is not as great as that at low engine
      speed and to improve mileage per gallon of fuel.
PAR  The device 10 permits a specific set of engine operation specifications to
      be met because of the adjustments provided and the mode of operation of
      the structure described above.
PAR  In the operation of the device 10, the difference between the total
      pressure sensed by the pitot opening facing the flow at the perimeter at
      the impeller of the probe 78 of the water pump and the static pressure
      sensed by the probe 68 at the intake to the engine water pump provides an
      accurate indication of the engine speed. Having the two pressures on the
      opposite sides of the diaphragm compensates for the pressure build up in
      the cooling liquid due to a pressure radiator cap. This pressure
      differential, when applied across the diaphragm 38, positions the end 36a
      of the rod 36 with respect to the facing end 30b of the rod 30 to
      determine both the point in the engine operation at which the rod 30 is
      effective to start limiting the movement of the arm 22 connected to the
      distributor breaker plate and also the amount of movement which is
      permitted at a selected particular engine speed after the rod 30 is
      engaged with the rod 22.
PAR  In a specific embodiment of the present invention illustrated in FIGS. 1, 2
      and 3, the device 10 is constructed to allow the ignition to advance about
      6.degree. at speeds below 45 m.p.h. and 11.degree. above 45 m.p.h.,
      assuming a normal 15.degree. V.S.A. with no stops. Adjustments to other
      advances and other engine speed limits are also possible to meet different
      engineering requirements or emission and mileage limits or different speed
      limits.
PAR  In FIG. 1, the parts are shown in the positions assumed with the motor
      running at idle or low speeds. In this condition of operation the pressure
      differential across the diaphragm 38 is not sufficient to move the washers
      52 off the sleeve 58, and the end 36a is spaced about three-sixteenths
      inch from the end 30b within the sleeve 34. In this condition of operation
      the sleeve 34 is freely slidable over the end 36a of the rod 36 and
      therefore offers no restriction to any slight inward retraction of the
      operating arm 22 and arm 30 within the housing 13 as may occur during
      engine low cruise speed operations below the selected speed such as 45
      m.p.h. above which arm 30 will be retracted toward spring 56.
PAR  As illustrated in FIG. 2, the length of the sleeve 58 is made long enough
      and spring 56 strong enough so that at speeds up to about 45 m.p.h. the
      pressure differential across the diphragm 38 is still not great enough to
      unseat the washers 52 from engagement with the sleeve 58 against the force
      of spring 56 at speeds up to 45 m.p.h. The end 36a of the rod 36 is
      therefore maintained, by the bias of the spring 56, at the same position
      as in FIG. 1. However, the suction at the high port increases to cause the
      pressure differential across the diaphragm 14 to overcome the biasing
      force of the spring 26 and to push the end 30b into contact with the end
      36a. This limits the movement of the operating arm 22 to the amount of
      free play between the ends 30b and 36a as originally set by the adjustable
      sleeve 34, in this case about three-sixteenths inch. This three-sixteenths
      inch of travel of the operating arm 22 provides a maximum of about
      6.degree. of ignition advance at speeds up to 45 m.p.h. at high intake
      suctions as the differential fluid pressure on diaphragm 38 increases such
      differential pressure plus the pressure on diaphragm 14 from the high port
      may allow an increase in V.S.A. as 45 m.p.h. is approached.
PAR  At speeds over 45 m.p.h. the pressure differential across the diaphragm 38
      is large enough to move the washers 52 off the sleeve 58 and into
      engagement with the end 59a of the adjustable threaded stop 59. This
      permits an additional one-eighth inch of axial travel of the operating arm
      22 and permits the ignition to advance 11.degree. at speeds above 45
      m.p.h. Other advance limits and speed changes can be used if desired for
      emission and mileage controls.
PAR  While the water pump 72, motor 40 and probes 58 and 78 have been
      illustrated as a specific device for limiting the movement of the stop 30,
      other speed sensing apparatus can be used. For example, the speed can be
      sensed from the speedometer cable as shown in FIG. 6, from the
      transmission as shown in FIG. 7 or from other engine operated accessories
      such as the ignition system as shown in FIG. 8. In the latter case, the
      frequency of ignition can be sensed from a sleeve over a single spark plug
      wire from the distributor and close a switch at a selected speed to
      operate a solenoid to affect the V.S.A.
PAR  The specific water pump speed sensing device illustrated has an advantage
      of providing a sharp signal at a selected speed of about 45 to 55 m.p.h.
      or higher. That is, the pressure differential between the pitot opening in
      probe 78 and probe 68 plots as a curve which has a definite curvature
      above 1000 RPM of the engine and many speeds can be selected if desired.
PAR  The engine speed could also be sensed by a single pitot tube 78 at the
      periphery of the water pump. However, providing a counteracting pressure
      from the static pressure probe 68 at the intake compensates for increases
      in cooling system pressure produced by spring biased pressure caps on the
      engine radiator.
PAR  The water pump speed sensor thus gives good action to move from no motion
      to full motion on a short increase on RPM at about 45 or 55 m.p.h.
PAR  While the operation of the present invention has been described with
      reference to a specific construction which produces certain ignition
      advances at certain engine speeds, it will be recognized that the
      flexibility of control provided by the adjustments of the sleeve 34, the
      length of the sleeve 56, the bias of the spring 56 and the adjustment of
      the variable stop 59 permit variation of the settings and facilitate
      calibration of the device.
PAR  Another embodiment of a speed responsive V.S.A. limiter stop is shown in
      FIGS. 4-7 and is indicated generally by the reference numeral 100.
PAR  In the embodiment shown in FIGS. 4-7 parts which correspond to those of the
      FIGS. 1-3 embodiment are indicated by the same reference numerals.
PAR  In the V.S.A. limiter device 100 shown in FIG. 4 the arm 22 connected to
      the breaker plate of the distributor has a stop member 102 connected
      between the section of the arm 22 that goes to the distributor and the
      section of the arm 22 that is connected to the washers 18 of the flexible
      diaphragm 14 in the V.S.A. motor 12.
PAR  The stop member 102 has a longitudinally extending part 102a and an
      upstanding lug 102b which actually serves as the stop element. The part
      102a is threaded onto the end of the arm 22 that is connected to the
      washers 18, and the section of the arm 22 that is connected to the
      distributor is also threaded into or otherwise suitably attached to the
      member 102.
PAR  The section of the arm 22 connected to the washers 18 is mounted for
      movement in an opening 104 in an upstanding guide member 106 mounted on
      the baseplate 48.
PAR  An additional upstanding guide member 108 provides a guide for the stop
      member 102. This guide 108 also provides backup support for a cam member
      110.
PAR  The cam member 110 is movable at right angles with respect to the direction
      of movement of the arm 22 and is connected to the rod 36 of the speed
      responsive motor 40. As illustrated in FIG. 4, the cam member 110 is
      threaded onto the end 36a of the rod 36, and the rod 36 is movable within
      an opening 112 in an upstanding guide member 114. An adjustable stop 166
      is connected to the rod 36 on the motor 40 side of the guide 114, and a
      set screw 168 permits the stop 166 to be clamped in any desired position
      on this part of the rod 36.
PAR  The cam element 110 has a first flat cam surface 110a and a second flat cam
      surface 110b joined by sloping cam surface 110c.
PAR  FIG. 5 illustrates the connection between the fitting 20 of the V.S.A.
      motor 12 and the high port 21 of the carburetor. The high port 21 is as
      illustrated, located just above the upstream edge of the throttle
      butterfly 23 with the butterfly valve in the closed position.
PAR  The fitting 20 is connected to the high port 21 by a line 25.
PAR  In the operation of the device 100, illustrated in FIG. 4, the parts are
      shown in FIG. 4 in the positions assumed at engine idle or low engine
      speed. This corresponds to the disposition of the parts shown in FIG. 1.
      In this engine idle condition of operation there is not enough suction at
      the high port to retract the operating arm 22 and there is about
      one-fourth inch of free travel permitted before the stop element 102b
      contacts the cam face 110b.
PAR  When the throttle is opened slightly past the high port 21, intake suction
      increases due to the butterfly passing the high port, and the suction at
      the high port 21 causes the pressure differential across the diaphragm 14
      to retract the arm 22, the stop 102b first engages the cam face 110b. This
      limits the ignition advance to the approximately three-sixteenths inch of
      travel of the arm 22 to restrict the advance to a maximum of 6.degree. at
      speeds below a selected speed such as 45  m.p.h.
PAR  When the engine speed becomes greater than the selected speed such as 45
      m.p.h., the differential pressure across the diaphragm 38 moves the
      washers 52 off the sleeve 58. This retracts the cam element 110 to cause
      the stop element 102b to engage the cam surface 110a. This permits about
      one-eighth inch additional retraction of the operating arm 22 and provides
      for an ignition advance of 11.degree. at engine speeds above 45 m.p.h.,
      assuming a normal 15.degree. V.S.A. with no stops. This cam eliminates the
      combined action of diaphragms 38 and 14 acting against springs 56 and 26
      as in the construction shown in FIGS. 1, 2 and 3, and may be more
      desirable in some cases.
PAR  On new cars where the V.S.A. motor can be designed for a V.S.A. less than
      the advance previously provided in some motors, for example, 11.degree.
      V.S.A. rather than 15.degree. V.S.A., the cam or rod limiter of FIG. 4 or
      FIG. 1 can then provide a lesser limit on the V.S.A. below a selected
      engine or car speed (while permitting the full V.S.A. for engine or car
      speeds above the selected engine or car speed) for the same basic
      advantages in emissions and miles per gallon.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vacuum spark advance mechanism for an internal combustion engine of
      the kind in which an operating element of an intake suction operated spark
      advance motor is connected to an electrical interrupter mechanism
      controlling some of the timing of the ignition advance or retard and is
      normally movable to a maximum vacuum spark advance position by high engine
      intake suction from the engine when transmitted past control valves, the
      improvement comprising,
PA1  limiting means for limiting the movement of the operating element to an
      amount less than said normal maximum vacuum spark advance position while
      still permitting a substantial vacuum controlled spark advance,
PA1  speed responsive means associated with the limiting means for changing the
      limit on the movement in response to a selected change in engine or
      vehicle speed to permit a greater amount of movement above the selected
      speed then below the selected speed,
PA1  said limiting means including a mechanical stop element having first and
      second stop surfaces for engaging the operating element to limit movement
      of the operating element, and
PA1  positioning means associated with the speed responsive means and effective
      at speeds below said selected speed to locate the first stop surface in an
      operating position where the first stop surface can engage the operating
      element and effective at speeds above said selected speed to move the
      first stop surface from said operating position and to locate the second
      stop surface in said operating position.
NUM  2.
PAR  2. The invention defined in claim 1 wherein the speed responsive means
      include differential pressures sensed from within the cooling liquid pump
      at different speeds of rotation of the engine and the cooling liquid pump.
NUM  3.
PAR  3. The invention defined in claim 1 wherein the speed responsive means are
      associated with the speedometer cable.
NUM  4.
PAR  4. The invention defined in claim 1 wherein the speed responsive means are
      associated with the automobile transmission.
NUM  5.
PAR  5. The invention defined in claim 1 wherein the speed responsive means are
      sensed by a portion of the ignition system of the engine.
NUM  6.
PAR  6. The invention defined in claim 1 wherein the mechanical stop element is
      a cam member and includes a sloping cam surface interconnecting the first
      and second cam surfaces.
NUM  7.
PAR  7. The invention defined in claim 6 wherein said first and second stop
      surfaces on said cam member offer two different travel limits available to
      said operating element in said suction operated spark advance motor, each
      less than the travel limits available in said suction operated spark
      advance motor.
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ABST
PAL  An ignition apparatus for supplying ignition energy of high voltage to the
      ignition plugs at the optimum ignition timing required of the internal
      combustion engine is disclosed, in which an electric or electronic adder
      in a control circuit begins to be energized after a time delay sufficient
      at least for completion of one ignition starting from the time of
      generation of at least one rotational angle signal occuring prior to the
      optimum ignition timing, the accumulating operation continues until the
      generation of the next rotational angle signal when a subtractor begins
      subtracting operation, and the next ignition is effected by causing
      electromagnetic induction in the ignition coils when the result of
      subtraction reaches a predetermined value. In the process, the length of
      the delay time, the accumulating and subtracting rate as relative to time
      and a reference value to be compared with the result of subtraction are
      maintained constant without regard to the engine rotational speed thereby
      to change the maximum amplitude at the time of change-over between
      addition and subtraction in accordance with the engine rotational speed,
      so that the time required for the result of subtraction to reach the
      predetermined reference is changed for regulation of ignition timing.
BSUM
PAR  The present invention relates to an ignition apparatus for the internal
      combusion engine or more in particular to an ignition apparatus in which
      ignition timing as relative to engine speed is capable of being advanced
      or delayed at will in an electrical and electronical way.
PAR  Generally, the ignition of the internal combustion engine is effected by
      the use of spark discharge of ignition plugs. The ignition timing, that
      is, the time at which a high voltage is applied to the ignition plugs for
      starting ignition has an important effect on the output characteristics of
      the engine and on the composition of exhaust gas. The optimum ignition
      timing for an engine varies with the rotational speed and load condition
      of the engine, each engine having its own optimum ignition timing.
PAR  In order to achieve the above-mentioned angle-lead characteristics, the
      conventional ignition apparatus includes a centrifugal angle advancing
      device using a centrifugal governor or a mechanical angle advancing device
      such as a vacuum angle advancing device using a diaphragm.
PAR  In view of the recent demand for higher engine performance, it is
      especially necessary to achieve optimum angle-lead characteristics for the
      purpose of air pollution control, thus purifying exhaust gas by optimum
      ignition. The conventional mechanical method to control ignition timing
      results in the great complication of the construction of the ignition
      apparatus on one hand and lacks the required reliability in accuracy on
      the other. As a result, fine adjustment is required, lowering the
      practical value of the apparatus.
PAR  In an effort to overcome such a problem, an electrical-electronic method
      for controlling the ignition timing was developed. It took the form of
      what is called the electronic angle advancing device.
PAR  In such a device, a disc is secured to a crank shaft or a shaft rotating at
      a predetermined speed ratio with respect to the crank shaft. A light
      source and a photoelectric pickup such as a phototransistor are disposed
      on opposedly to each other on both sides of the disc with a plurality of
      minute holes along its periphery. With the rotation of the disc, light
      beams interrupted continually by the rotation of the disc are converted
      into electrical pulses through the holes and output pulses from the
      photoelectric pickup are shaped into rectangular pulses through a trigger
      circuit, which rectangular pulses are again shaped by another electrical
      circuit into current in stepped form. This electrical circuit delivers an
      output pulse when the current in stepped form reaches a certain level,
      which pulse is used to energize an ignition circuit. Further, a bias
      current varying in proportion to the engine speed is superimposed on the
      current in stepped form, so that the time when the above-mentioned certain
      level is reached by the stepped current is delayed or advanced by the
      amount of change of the bias current in accordance with engine speed, thus
      adjusting ignition timing.
PAR  The above-described apparatus which performs every automatic angle
      advancing operation electronically for controlling ignition timing assures
      more accurate operation and is longer in service life than the mechanical
      automatic angle advancing device. Moreover, it offers the ease with which
      ignition timing is electrically controlled. In addition, the absence of
      any contact breaker or other mechanical contacts eliminates time and labor
      so far required for lapping of the contacts or other machine adjustment.
PAR  In the above-mentioned method, the resolution of a detector for detecting
      the rotational angle is determined by the number of holes bored in the
      disc, so that achievement of high accuracy of rotational angle requires
      minute holes provided at very short intervals. Technical limitations are,
      however, confronted in machining such small holes and passing light beams
      therethrough. Especially, it is extremely difficult to expect its
      successful operation on the automobile which jolts and bumps so often,
      thus making it impossible to achieve required precision.
PAR  The foregoing method employs separate detectors for detecting a rotational
      angle signal and a rotational speed signal. If only one signal is used for
      control purposes, one instead of two detectors is enough for detection of
      the signal, resulting in reduction in cost and elimination of variations
      of accuracy which otherwise might occur due to detection errors.
PAR  Accordingly, it is an object of the present invention to provide an
      ignition apparatus for the internal combustion engine which is capable of
      generating ignition energy at an optimum time point as relative to a wide
      variety of speed changes of the engine.
PAR  Another object of the invention is to provide an ignition apparatus for the
      internal combustion engine which is capable of determining an optimum
      ignition time point as relative to a wide variety of speed changes of the
      engine in response to an output signal of a detector representative of an
      engine speed.
PAR  Still another object of the invention is to provide an ignition apparatus
      for the internal combustion engine which, if used as an ignition apparatus
      of induction type, has the same ignition energy for the same engine speed
      in spite of any variations in source voltage.
PAR  According to one aspect of the present invention, a first signal
      representative of a rotational angle of the engine energizes means for
      producing a predetermined time interval, and upon completion of operation
      of such means another means for making additions and producing a sum at a
      predetermined gradient of time lapse is energized until arrival of a
      second signal representative of an engine speed. Also, means are provided
      which begin to make subtraction from the above-mentioned sum at a
      predetermined gradient of time lapse upon application thereto of the
      second signal, so that when the result of the subtraction reaches a
      predetermined value, a signal for controlling the ignition circuit is
      produced.
PAR  According to another aspect of the present invention, the time interval
      from generation of one rotational angle signal to that of next rotational
      angle signal is used as a rotational speed signal for the engine.
PAR  Still another feature of the invention lies in that the rise of the output
      of the detector makes up a rotational angle signal while on the other hand
      the time interval between the rise and fall of the same is used as a
      rotational speed signal.
PAR  A further feature of the invention resides in the fact that the signal for
      controlling the ignition circuit is inversely proportional to the
      variations of the source voltage.
DRWD
PAR  The above and other objects, features and advantages will be made apparent
      by the detailed description taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a block diagram showing the operating principle of an ignition
      apparatus according to the present invention;
PAR  FIG. 2A shows a circuit configuration of the well known ignition apparatus
      of capacitor discharge type;
PAR  FIG. 2B is a diagram showing a circuit configuration of the well known
      ignition apparatus of induction type;
PAR  FIG. 3 shows waveforms for explaining the ignition apparatus according to
      the invention;
PAR  FIG. 4 is a diagram showing an example of circuit arrangement embodying the
      principle of the present invention;
PAR  FIG. 5 is a diagram showing an example of circuit arrangement which is the
      result of digitalizing the circuit of FIG. 4;
PAR  FIG. 6 is a block diagram showing the operating principle of an ignition
      apparatus to which the present invention is applied;
PAR  FIG. 7 is a graph showing waveforms for explaining the operation of the
      application of FIG. 6;
PAR  FIG. 8 shows an embodiment of the circuit configuration based on the
      operating principle illustrated by FIG. 6;
PAR  FIG. 9 is a block diagram showing a digitalized case of the embodiment of
      FIG. 8;
PAR  FIG. 10 is a block diagram showing the operating principle of another
      embodiment of the invention;
PAR  FIG. 11 is a diagram showing waveforms for explaining the operation of the
      embodiment of FIG. 10;
PAR  FIG. 12 shows an example of circuit configuration based on the operating
      principle of the embodiment of FIG. 10; and
PAR  FIG. 13 is a diagram showing the circuit arrangement of a digitalized
      example of the circuit shown in FIG. 12.
DETD
PAR  In the block diagram of FIG. 1 showing the operating principle of the
      ignition apparatus according to the present invention, reference numeral 1
      shows a rotor rotating synchronously with the crank shaft of the engine
      which has a mark 1A for every ignition cycle, the shown rotor being for
      the four-cylinder internal combustion engine involving four times of
      ignition for each rotation of the rotor 1. Numeral 2 shows a pickup for
      detecting the mark 1A of rotor 1 and generating a rotational angle signal
      as shown in (a) of FIG. 3, which pickup specifically may employ
      electromagnetic or photoelectric means. Numeral 3 shows a first delay
      signal generator circuit for generating a signal as shown in (b) of FIG. 3
      which is lagging behind the rotational angle signal by a predetermined
      time interval T.sub.1. Numeral 4 shows a measuring circuit which as shown
      in (c) of FIG. 3 measures the time interval from the end of a delay pulse
      to the next rotational angle pulse by a predetermined coefficient m.sub.1
      and at the same time produces an output signal representing a time
      interval measured by the predetermined coefficient -m.sub.2 as from the
      rotational angle pulse. This measuring circuit specifically comprises a
      capacitor or up-down counter. Numeral 5 shows a comparator circuit which
      produces an output signal as shown in (d) of FIG. 3 when the output from
      the measuring circuit 4 reaches the predetermined level R. Numeral 6 shown
      a second time delay signal generator circuit excited by the output from
      the comparator circuit 5, which is de-energized after the lapse of a
      predetermined time T.sub.2 ' as shown in (d') of FIG. 3.
PAR  Time point .theta. when output T.sub.2 is produced from the comparator
      circuit 5 or the rise time of the output from the second delay time signal
      generator circuit has the following relationship with the repetition
      period T of the rotational angle signal:
      ##EQU1##
      where T' is the time interval from the gereration of the rotational angle
      signal to the generation of the output from the comparator circuit.
PAR  As will be apparent from (c) of FIG. 3,
EQU  m.sub.1 (T - T.sub.1)-m.sub.2.T' = R                       (2)
PAL  Erasing T' from equations (1) and (2) above, .theta. as relative to the
      position of generation of the rotational angle signal is expressed as:
EQU  .theta. = a + bf                                           (3)
PAL  where f is the repetition frequency of the rotational angle signal or 1/T,
      a is
      ##EQU2##
      and b is
      ##EQU3##
      Since m.sub.1, m.sub.2, T.sub.1 and R are constant, the timing .theta.
      when the output T.sub.2 is produced from the comparator circuit 5 or the
      rise time of the output from the second time delay signal generator
      circuit has the straight-line relation with the repetition frequency f of
      the rotational angle signal. Therefore, it is possible, by using this
      .theta. as the ignition time point, to advance or delay the ignition
      timing linearly with respect to rotational speed. Since the
      above-mentioned constants can be determined at will in a manner suitable
      for the optimum characteristics of the engine, optimum regulation of
      ignition timing can be achieved only by the rotational angle signal.
PAR  The fundamental circuit configurations of the well known ignition apparatus
      of capacitor discharge type and ignition apparatus of induction type are
      shown respectively in Fig. 2A and FIG. 2B. In FIG. 2A, reference numeral 7
      shows a battery power supply which makes up a closed circuit together with
      the primary winding 110a of a transformer 110 and a breaker comprising a
      transistor 111 in series with the primary winding 110a. As long as the
      breaker 111 is in the energized state, electromagnetic energy is stored in
      the primary winding 110a, whereas a high voltage is induced in the
      secondary winding 110b simultaneously with the breaking of transistor 111
      due to the electromagnetic induction caused in the transformer. This
      voltage causes the charging of the capacitor 113 forming a closed circuit
      together with the secondary winding 110b and diode 112. Another closed
      circuit is formed by this capacitor 113 together with the primary coil
      114a of the ignition coils 114 and a switch 115. When the switch 115 is
      energized at the ignition timing, electric charges stored in the capacitor
      113 are released and applied to the ignition coils 114, while an ultra
      high voltage is induced in the secondary coil 114b by the electromagnetic
      induction, thereby generating an ignition spark in the ignition plug 116
      connected to the secondary coil 114b. Reference numeral 117 shows a diode
      for promoting the opposite-polarity discharge of the capacitor 113, which
      diode may be eliminated from the circuit as desired.
PAR  In this type of ignition apparatus, the ignition timing can be adjusted by
      changing the discharge timing of the capacitor 113 as a result of the
      controlling of the time of energization of the switch 115. Therefore, if
      the ignition apparatus of FIG. 1 according to the invention is combined
      with the circuit of FIG. 2A in such a manner that the output of the
      comparator 5 or the rise portion of the output from the second delay time
      generator circuit 6 is applied to the input terminal "IN" of the switch
      115, the capacitor 113 discharge automatically at optimum ignition time
      point in accordance with the engine speed.
PAR  Referring to FIG. 2B, reference numeral 210 shows a switch which, together
      with the battery power supply 7 and the ignition coils 211, makes up a
      closed circuit. In this case, the electromagnetic energy stored in the
      primary coil 211a while the switch is in energized state is converted into
      a high voltage induced in the secondary coil 211b of the ignition coil
      211, which high voltage is used to generate an ignition spark on the
      ignition plug 212.
PAR  According to the above-mentioned ignition apparatus, ignition timing is
      adjustable by controlling the cut-off time of the switch 210. Therefore,
      if the output from the ignition apparatus according to the present
      invention is used as a cut-off signal for the switch 210, it is possible
      to effect optimum ignition as in the above-mentioned ignition apparatus of
      capacitor type.
PAR  Since it is uneconomical to apply battery power to the ignition coils all
      the time, it preferably begins to be applied a little before the optimum
      ignition time. For this purpose, the output T.sub.2 ' from the second
      delay time signal generator circuit 6 may be taken advantage of. In other
      words, an arrangement is made in such a manner that the switch 210 is not
      energized until application thereto of an output from the comparator
      circuit 5, that the energization period of the switch 210 is equal to a
      time interval determined by the second delay time T.sub.2 ', that such a
      time interval is sufficiently long to store electric energy in the
      ignition coils 211, and that at the fall time after the lapse of time
      T.sub.2 ', the switch 210 is cut off while at the same time causing
      electromagnetic induction in the ignition coils.
PAR  In this case, the ignition time is expressed as .theta.' in FIG. 3. Like
      equations (1) to (3) above, the ignition time point .theta.' has the
      relationship below with the rotational angle signal.
      ##EQU4##
      where similar symbols denote similar factors in (1) to (3).
PAR  It will be obvious from (c) of FIG. 3 that
EQU  m.sub.1 (T - T.sub.1)-m.sub.2.T' = R                       (2)
PAL  By erasing T' from equations (1)' and (2) above, .theta.' as relative to
      the point of generation of the rotational angle signal is expressed as
EQU  .theta.' = a + b'f                                         (3)
PAL  where f is the repetition frequency of the rotational angle signal or 1/T,
      a is
      ##EQU5##
      and b' is
      ##EQU6##
      Since m.sub.1, m.sub.2, T.sub.1, R and T.sub.2 ' are made constant,
      ignition time .theta.' may be changed linearly with the repetition
      frequency f of the rotational angle signal as in the foregoing case, so
      that, by selecting an optimum relation between the constants suitable to
      engine characteristics, optimum control is made possible of the ignition
      time based on only the rotational angle signal as in the aforementioned
      case.
PAR  In the present case, the time interval of the voltage applied to the
      primary winding 211a of the ignition coils 211, that is, the second delay
      time interval T.sub.2 ' is not dependent on the rotational speed, so that
      the electromagnetic energy stored in the ignition coils is kept stable,
      thereby making it possible to produce a stable ignition spark output for a
      wide range of speed changes.
PAR  An actual example of the apparatus will be now explained with reference to
      FIG. 4. In the drawing, reference numeral 1 shows a rotor of magnetic
      material having four protruded marks 1a. Numeral 2 shows a pickup
      comprising a permanent magnet 2a at the center, iron core 2b with its ends
      opposed to the protruded marks 1a, a power generating coil 2c wound on the
      iron core 2b, a circuit for grounding an end of the power generating coil
      2c, and resistor 2d and diode 2e through which the other end of the coil
      2c is connected to a delay signal generator circuit 3. The delay signal
      generator circuit 3 including a monostable multivibrator comprises a
      normally cut-off NPN transistor 3a with its emitter grounded and with its
      collector connected to a positive power line 11 through the cathode and
      anode of the diode 3b and the resistor 3c. The collector of the transistor
      3a is further connected through a resistor 3d to the base of a PNP
      transistor 4a for issuing a subtraction command to the measuring circuit
      4, whereas the base of the normally cut-off NPN transistor 3a is connected
      to the cathode of the diode 2e on one hand and to the collector of the
      normally-energized NPN transistor 3f through the resistor 3e on the other.
      The transistor 3f has an emitter connected to the base of NPN transistor
      4b for issuing an add command to the measuring circuit 4, a collector
      connected through a resistor 3g to the power line 11 and a base connected
      through a capacitor 3h to the anode of the diode 3b on one hand and to the
      power line 11 through a resistor 3i on the other. The measuring circuit 4
      comprises a charge-discharge or accumulate-subtract capacitor and a couple
      of constant-current circuits. The capacitor 4c has a terminal thereof
      grounded and the other terminal thereof commonly connected to the
      collectors of the transistors 4d and 4e . The transistor 4d is a PNP
      transistor making up a constant current circuit and has an emitter
      connected to the power line 11 through resistor 4f and a base connected to
      the terminals of voltage-dividing resistors 4g and 4h inserted in series
      between power line 11 and the ground. The transistor 4a has its emitter
      and collector connected in parallel with the voltage-dividing resistor 4g.
      The transistor 4e, which is an NPN transistor making up a constant-current
      circuit for discharge purpose, has an emitter grounded through a resistor
      4i and a base connected to the voltage-dividing terminals of
      voltage-dividing resistors 4j  and 4k connected in series between the
      power line 11 and the ground. The transistor 4b has its emitter and
      collecter connected in parallel to the voltage-dividing resistor 4k. The
      comparator circuit 5 comprises a couple of PNP transistors 5a and 5b the
      emitters of which are connected through a common resistor 5c to the power
      line 11. The base of transistor 5a is connected through the resistor 5d to
      the ungrounded terminal of the capacitor 4c, while the base of the
      transistor 5b is connected to the voltage-dividing terminals of the
      voltage-dividing resistors 5e and 5f inserted in series between the power
      line 11 and the ground, the collector of the same transistor being
      grounded. The second delay time signal generator circuit 6 comprises a
      monostable circuit including NPN transistors 6a and 6b, resistors 6c, 6d
      and 6e and capacitor 6f. The emitter of the transistor 6a is grounded, the
      base thereof connected to the collector to the transistor 5a in the
      comparator circuit 5, and the collector thereof connected through the
      resistor 6c to the power line 11 on one hand and to the base of transistor
      6b through the capacitor 6f. The transistor 6b has an emitter grounded, a
      base connected to the power line 11 through the resistor 6d and a
      collector connected to the power line 11 through the resistor 6e.
PAR  In the above-described circuit arrangement, a magnetic closed circuit is
      formed by the permanent magnet 2airon core 2b and the rotor 1 thereby to
      increase the magnetic fluxes in the iron core 2b when the marks 1a of the
      rotor 1 come to a position opposite to the ends of the iron core 2b of the
      pickup 2. A voltage in accordance with the amount of variations in the
      magnetic fluxes is induced in the power generating coil 2c, which voltge
      triggers the delay signal generator circuit 3, that is, the monostable
      multivibrator, energizing the transistor 3a and cutting off the transistor
      3f. Prior to the occurrence of this state, the transistors 3a and 3f were
      OFF and ON respectively, and accordingly the transistors 4a and 4b in the
      measuring circuit 4 were also OFF and ON respectively, with the result
      that the transistor 4d was ON thereby to maintain the capacitor 4c in a
      charged state at constant current. The changing of the monostable
      multivibrator to the other state, however, causes the transistors 4a and
      4b to be turned on and off respectively, so that the capacitor 4c effects
      a constant-current discharge through the transistor 4e. If the voltage
      across the capacitor 4c is so controlled as to exceed the base potential R
      of the transistor 5b dependent on the voltage-dividing resistors 5e and 5f
      in the process of its charging, both the transistor 5a and the transistor
      6a in the second delay time generator circuit 6 are in the OFF state. As a
      result, the transistor 6b is forward-biased into the ON state through the
      resistor 6d, while the capacitor 6f is charged at the shown polarity. If
      the voltage across the capacitor 4c of the measuring circuit 4 is
      decreased below the predetermined potential R as shown in (c) of FIG. 3 in
      the process of its discharge, however, the transistors 5a and 5b of the
      comparatar circuit 5 are turned off. As a result, the transistor 6a of the
      second time delay generator circuit 6 is energized and the positive
      terminal of the capacitor 6f is grounded, so that the transistor 6b is
      inversely biased by the voltage of the capacitor 6f and turned off. The
      potential at the output terminal 6g is raised to the potential at the
      grounded side of the resistor 6e as shown in (e) of FIG. 3. During the
      time period T.sub.2 '  when the transistor 6b is OFF, the capacitor 6f
      discharges as shown in (d)' of FIG. 3 through the transistor 6a and then
      the base and emitter of the transistor 6b is forward biased by the current
      flowing in the resistor 6d. If the circuit constants are determined in
      such a manner that the capacitor 6f is charged always up to the source
      voltage, the time interval T.sub.2 '  is fixed. And when the transistor 6b
      is turned on after time interval T.sub.2 ' , the output terminal 6b is
      short-circuited.
PAR  Under this condition, if the output terminal 5g OUT from the collector of
      transistor 5a is connected to the gate G.sub.2 "IN " of the switch 115 of
      the ignition apparatus of capacitor discharge type as shown in FIG. 2A,
      the closed circuit of capacitor 113 may be energized to obtain a high
      voltage for ignition at the optimum ignition time point determined by the
      apparatus according to the invention.
PAR  On the other hand, in the event that the output terminal 6g "OUT" of the
      collector of the transistor 6b is connected to the gate G.sub.3 "IN " of
      the switch 210 of the ignition apparatus of induction type as shown in
      FIG. 2B, the switch 210 is energized during the delay time interval
      T.sub.2 ' and cut off at the fall of the delay time interval T.sub.2 '.
      Therefore, by setting this delay time interval T.sub.2 ' in a manner
      sufficient to store electric energy in the primary coil 211a of the
      ignition coils 211, ignition spark energy is made constant regardless of
      the rotational speed of the engine. In the present case, the fall of the
      delay time interval coincides with the ignition time and therefore the
      circuit constants on which the values of T.sub.1, m.sub.1 , m.sub.2, R,
      and T.sub.2 depend are required to be determined in such a manner as to
      complete all the operations during a single interval between the
      rotational angle signals.
PAR  As will be seen from the above description, various modifications of the
      invention are possible if variations in output of the comparator circuit 5
      are used as a signal for determining the ignition timing.
PAR  Apart from the analog method of control as illustrated in the
      above-described embodiment, explanation will be made below of an actual
      example of digital control with reference to FIG. 5.
PAR  The pickup 2 is the same as that used in the analog method of controlling.
      The delay signal generator circuit 3 comprises a set-reset flip-flop 31,
      an AND gate 32, a first clock pulse generator circuit 33 and a first
      counter 34. The set input terminal S of the flip-flop 31 is connected to
      the power generating coil 2c of the pickup 2, while the terminal Q which
      produces an 1 signal in the set state is connected to an input terminal of
      the AND gate 32, the output terminal OUT of the clock pulse generator
      circuit 33 being connected to the other input terminal of the AND gate 32.
      The output terminal of the AND gate 32 is connected to the input terminal
      IN of the first counter 34, whereas the output terminal OUT of the counter
      34 is connected to the reset input terminal R of the set-reset flip-flop
      31, the terminal Q being connected to the clear terminal CL of the counter
      34 and producing a 1 signal in the reset state of the flip-flop 31. The
      measuring circuit 4 comprises a couple of AND gates 42 and 43, an OR gate
      44 and an up-down counter 45. One of the input terminals of the AND gate
      42 is connected to the output terminal OUT of the clock pulse generator
      circuit 41, while the other input terminal thereof is connected to the
      output terminal Q of the flip-flop 31. One of the input terminals of the
      AND gate 43 is connected to the output terminal OUT of the first clock
      pulse generator circuit 33, while the other input terminal thereof is
      connected to the output terminal Q of the flip-flop 31. The OR gate 44
      which receives the outputs from the AND gates 42 and 43 applies its output
      to the input terminal IN of the up-down counter 45. Symbol UD shows a
      terminal which receives a command for up or down counting for the counter
      45 and is connected to the output terminal Q of the flip-flop 31. Upon
      application of a 1 signal to the terminal UD, the counter 45 begins up
      counts, and it begins down counts upon receipt of a O signal. The
      comparator circuit 5 comprises a digital comparator 51, a reference
      generator circuit 52 and an AND gate 53. The digital comparator 51
      compares the output of the up-down counter 45 with the output of the
      reference generator circuit 52, and produces a 1 signal at its output
      terminal OUT when they coincide with each other. One of the input
      terminals of the AND gate 53 is connected to the output terminal Q of the
      flip-flop 31, and the other input terminal thereof to the output terminal
      OUT of the comparator 51. The second delay time generator circuit 6
      comprises an AND gate 61, a second counter 62, a second set-reset
      flip-flop 63 and an output terminals 64. One of the input terminals of the
      AND gate 61 is connected to the output terminal OUT of the first clock
      pulse generator circuit 33, while the output terminal of the AND gate 61
      is connected to the input terminal IN of the counter 62. The output
      terminal OUT of the counter 62 is connected to the reset input terminal R
      of the flip-flop 63. The set input terminal S of the flip-flop 63 is
      connected to the output terminal of the AND gate 53 in the comparator
      circuit 5, while its output terminal Q producing a 1 signal at set state
      is connected both to the other of the input terminals of the AND gate 61
      and to the output terminal 64. On the other hand, the output terminal Q
      producing a  1 signal at reset state is connected to the clear terminal CL
      of the counter 62.
PAR  In the afore-mentioned circuit arrangement, when a pulse output is produced
      from the pickup 2, the flip-flop 31 is set, thereby producing 1 and 0
      signals at output terminals Q and Q respectively, so that the AND gate 32
      is opened and the output pulses of the clock pulse generator circuit 33
      are applied to the counter 34 for being counted. When the counts stored in
      the counter 34 reach a predetermined level, it produces an 1 signal to be
      applied to the reset terminal R of the flip-flop 31. As a result, the
      output terminals Q and Q of the flip-flop 31 are put into states O and 1
      respectively, thereby closing the AND gate 32 and clearing the counter 34
      at the same time. This is the operation for obtaining the delay time
      T.sub.1. When the output terminal Q of the flip-flop 31 is put into state
      1, the AND gate 43 of the measuring circuit 4 is opened, thus setting the
      counter 45 in the up-count state. The output pulses of the clock pulse
      generator circuit 33 are applied through the AND gate 43 and OR gate 44 to
      the counter 45 where they are counted UP. The information stored in the
      counter 45 is applied to the comparator 51, which produces no output even
      if the input thereto coincides with the reference since the AND gate 53 is
      closed. Generation of the next pulse from the pickup 2 causes the
      flip-flop 31 of the delay signal generator circuit 3 to be set, whereupon
      the output terminals Q and Q of flip-flop 31 are put into states 1 and 0
      respectively, so that as in the preceding case the operation cycle for
      obtaining the delay time T.sub.1 is resumed. At the same time, the 1
      signal produced at the output terminal Q of the flip-flop 31 causes the
      AND gate 42 of the measuring circuit 4 to be opened, with the result that
      the output of the clock pulse generator circuit 41 is applied through the
      OR gate 44 to the counter 45. Under this condition, the counter 45 is in
      the down-count state because of the 0 input applied to the terminal UD
      thereof and therefore the information which was counted up therein is
      counted DOWN. If the resulting stored information coincides with the
      reference value as a result of comparison in the comparator 51, a 1 signal
      is produced by the comparator 51. Since the AND gate 53 is open, the
      output thereof puts the flip-flop 63 of the switching circuit 6 into the
      set state, thereby producing a 1 signal at the output terminal 64 "OUT ",
      which output opens the AND gate 61. With the opening of the AND gate 61,
      the output pulses of the clock pulse generator circuit 33 are applied to
      the counter 62, whereupon it counts them to a predetermined point where
      the output terminal OUT is put into state 1. The flip-flop 63 is reset,
      thereby producing 0 and 1 outputs at the output terminals Q and Q
      respectively, so that the output at the "OUT" terminal 64 "rises ",
      thereby clearing the counter 62 and closing the AND gate 61.
PAR  If, as in the case of the analog method of control, the input signal to the
      switch 115 is obtained from the output terminal 54 "OUT" for the ignition
      apparatus of capacitor discharge type of FIG. 2A and the input signal to
      the switch 210 from the output terminal 64 "OUT " for the ignition
      apparatus of induction type of FIG. 2B, it is possible to obtain ignition
      energy at optimum ignition timing as in the analog control.
PAR  The battery power supply which is generally used for driving the ignition
      apparatus of the induction type has such loads as an engine starting
      motor, an electromagnetic clutch for the car cooler compressor and other
      equipment, and for this reason its terminal voltage is subject to
      continuous variations. Especially at the engine starting time, the load is
      so increased that the voltage across the battery drops to an extremely low
      level, making it impossible to obtain sufficient ignition spark energy,
      resulting in ignition failure in some cases. A known method to prevent
      such a trouble in the ignition apparatus of induction type is by
      connecting a resistor in series with the ignition primary coil which
      resistor is short-circuited at the time of engine start. Because of the
      continued short-circuited condition of the resistor regardless of the
      degree of the voltage drop across the battery even after the normal
      voltage level has been restored as long as the starting switch is kept
      closed, however, an excessive large current flows in the ignition coils or
      an unnecessarily high output voltage is produced, thereby making it
      necessary to provide additional means for protection of the high voltage
      system as well as an additional margin of safety thereof, resulting in a
      higher cost. Further, the current flow time in the resistor and ignition
      coils is lengthened at low engine speeds for increased ineffective heat
      losses, thereby reducing the reliability of the apparatus. This is also
      the case for the present invention as far as the ignition apparatus of
      induction type is concerned.
PAR  In view of this, the improvement has been made in the present invention to
      maintain sufficiently high ignition spark energy even in the case of an
      excessive voltage drop of the battery power supply.
PAR  Referring to FIG. 6 showing the principle of the improvement, like
      component elements are denoted by like reference numerals in FIG. 1.
PAR  Reference numeral 8 shows a first variable time interval pulse generator
      circuit for generating a signal corresponding to variations of the voltage
      across the battery, which is inserted between the delay time generator
      circuit 3 and the measuring circuit 4. As shown in (c') of FIG. 7, a
      signal with time interval T.sub.1 ' corresponding to the battery voltage
      is generated at the fall point of the delay time interval T.sub.1, and at
      the fall time of T.sub.1 ' the measuring circuit 4 begins to operate.
      Numeral 9 shows a second variable time interval generator circuit provided
      at the stage following the comparator 5.
PAR  In this arrangement, the first delay time interval T.sub.1 is constant and
      therefore if the variable time interval pulse T.sub.1 ' changes with
      variations of the voltage across the battery, the rise point of the second
      variable time interval T.sub.2 ' varies accordingly. However, in view of
      the fact that the time interval between the generation of the rotational
      angle signal and the fall point of the second variable time interval
      T.sub.2 ' depends on the time interval from fall point of the first delay
      time interval T.sub.1 to the time of generation of the next rotational
      angle signal, the period of time of current flow in the ignition coils can
      be controlled in such a manner as to maintain constant amount of electric
      energy in the ignition coils without affecting the ignition timing for the
      same rotation speed.
PAR  More detailed explanation will be made below with reference to FIG. 8.
PAR  In the drawing, like reference numerals denote like component elements as
      in FIG. 4 and will not be described.
PAR  Reference numeral 8b shows an NPN transistor which has an emitter grounded,
      a base connected through the resistor 8a to the collector of the
      transistor 3f to the first delay time signal generator circuit 3, and a
      collector connected to the line 11 of the power supply 7 through the
      resistor 8c. Numeral 8d shows a capacitor with one end thereof grounded
      and the other end connected to the collector of the transistor 8b. Numeral
      8e shows a constant voltage diode having a cathode connected to the
      ungrounded side of the capacitor 8d and the other terminal thereof
      connected to the base of the transistor 8f. The collector of the
      transistor 8f is connected through the resistor 8g to the power line 11
      and the emitter thereof to the base of the transistor 4b of the measuring
      circuit 4 through the resistor 8h.
PAR  The variable time interval generator circuit 8 thus constructed is such
      that the fall of the output T.sub.1 of the delay time generator circuit 3
      in the preceding stage, that is, the energization of transistor 3f
      de-energizes the transistor 8b that has thus far been kept energized
      through the resistor 3g and base resistor 8aThe switching of transistor 8b
      from the ON to the OFF state causes the capacitor 8d to be released from
      the short-circuited condition between the emitter and collector of the
      transistor 8b and begins to be charged through resistor 8c. Until the
      charge voltage of the capacitor 8d reaches the breakover voltage V.sub.Z
      of the constant-voltage diode 8e, no current flows in the diode 8e and
      thereby the transistor 8f is kept off. When the charge voltage of the
      capacitor 8d reaches the breakover voltage V.sub.Z, the transistor 8f is
      energized as its base is driven by the breakover current of the constant
      voltage diode 8e.
PAR  In this way, simultaneously with the fall of the first delay time interval
      T.sub.1, the transistor 3a is turned off and the transistor 3f on, so that
      the transistor 4a of the measuring circuit 4 is turned off while
      transistor 4d thereof is turned on. In the meantime, the transistor 8b of
      the variable time interval generator circuit 8 is turned off thereby to
      form a charging circuit for the capacitor 8d. Until the charge voltage
      reaches the breakover voltage of the constant voltage diode 8e, the
      transistor 8f is not turned on and therefore the transistor 4b of the
      measuring circuit 4 is prevented from being energized, so that the
      capacitor 4c is subjected to a short-circuited condition between collector
      and emitter of transistor 4e, with the result that the starting of the
      measuring operation is delayed by T.sub.1 ' as shown in (c') of FIG. 7.
PAR  Let the electrostatic capacity of the capacitor 8d be C.sub.8, the
      resistance value of resistor 8c be R.sub.8, the breakover voltage of the
      diode 8e be V.sub.8 and the source voltage be E. The time interval T.sub.1
      ' is expressed as follows:
      ##EQU7##
PAR  Explanation will be made now of the second variable time interval generator
      circuit 9.
PAR  Reference numeral 9a shows a transistor having a base connected to the
      output terminal of the comparator 5, that is, the collector of the
      transistor 5a, an emitter grounded and a collector connected through the
      resistor 9d to the power line 11. Numeral 9i shows another transistor
      having a base connected through the resistor 9j to the collector of the
      transistor 9a, an emitter grounded and a collector connected through the
      resistor 9k to the power line 11. Numeral 9e shows a capacitor with an end
      thereof grounded and the other end connected to the collector terminal of
      the transistor 9i. Numeral 9f shows a constant voltage diode having an
      anode connected to the ungrounded terminal of the capacitor 9e and a
      cathode to the base of the transistor 9b. The emitter of the transistor 9b
      is grounded and its collector is connected through the resistor 9g to the
      power line 11. Numeral 9c shows a transistor with its emitter grounded,
      its collector connected to the collector of the transistor 9b and its base
      to the collector of the transistor 9a through the resistor 9h.
PAR  The second variable time interval generator circuit 9 thus constructed
      operates as described below.
PAR  When the transistor 9a is turned on in response to the output from the
      comparator circuit 5, the transistor 9i that has thus been ON is turned
      off, thus starting the charging of the capacitor 9e. At the same time, the
      transistor 9c that has also thus far been energized is cut off, thereby
      producing an output at the output terminal 9l. When the charge voltage of
      the capacitor 9e reaches the breakover voltage of the constant voltage
      diode 9f, the base of the transistor 9b is forward-biased into energized
      state, so that no output is produced at the output terminal 9l due to the
      short-circuiting between the collector and emitter of the transistor 9b.
PAR  Let the electrostatic capacity of the capacitor 9e be C.sub.9, the
      resistance value of resistor 9k be R.sub.9, the breakover voltage of the
      diode 9f be V.sub.9 and the source voltage be E. And the time interval
      T.sub.2 ' is expressed as
      ##EQU8##
PAR  It will be apparent from the foregoing explanation that when the source
      voltage is decreased, the time required for the charge voltage of the
      capacitor 8d of the first variable time interval generator circuit 8 to
      reach the breakover voltage of the diode 8e is lengthened and accordingly
      the starting of operation of the measuring circuit 4 is proportionally
      delayed, thus shortening the period of time required for the charging of
      the capacitor 4c of the measuring circuit 4 before the generation of the
      next rotational angle signal, so that it takes a shorter time for the
      predetermined value R to be reached by the capacitor 4c which begins to
      discharge simultaneously with the application thereto of the rotational
      angle signal. As a result, the output from the comparator circuit 5 is
      produced earlier and therefore the capacitor 9e of the second variable
      time interval generator circuit 9 begins to discharge earlier, so that, in
      spite of the voltage drop, the capacitor 9e is charged always up to the
      breakover voltage of the diode 9f, thereby lengthening the charging time
      of the capacitor 9e by the amount corresponding to the source voltage
      drop, with the result that the time interval of the output determined by
      the charging time of the capacitor 9e is lengthened, thus maintaining the
      output constant despite the voltage drop.
PAR  Considering the relation between the source voltage and the variable time
      intervals T.sub.1 ' and T.sub.2 ' on the basis of equations (4) and (5),
      T.sub.2 '/T.sub.1 ' is fixed for all values of voltage drop if the diodes
      8e and 9f are set at the same breakover voltage. So, it will be seen that
      the ignition time point or the rise time of the variable time interval
      T.sub.2 ' determined by the rotational speed is constant for the same
      rotational speed without being affected by the voltage drop. In this case,
      it is obvious that the factor k.sub.1 /k.sub.2 of the capacitor 4c of the
      measuring circuit 4 which charges and discharges at a constant current is
      not affected by the source voltage variations.
PAR  The digitalization of the circuit shown in FIG. 8 will be explained with
      reference to FIG. 9. In the drawing, like numerals denote like component
      elements in FIG. 5.
PAR  Reference numeral 81 shows a counter the input terminal of which is
      connected through the AND gate 82 to the clock pulse generator circuit 33
      and to the output terminal Q of the flip-flop 31. The output terminal of
      the counter 81, on the other hand, is connected to the up-down change-over
      terminal U/D of the up-down counter 45 of the measuring circuit 4. Numeral
      100 shows a signal generator circuit for generating a digital signal
      inversely proportional to the source voltage. Numeral 91 shows another
      counter whose set input terminal S is connected to the output terminal of
      the AND gate 53, while its input terminal IN is connected to the clock
      pulse generator circuit 33, the output terminal of the counter 91 being
      connected to a given circuit to be controlled. The output from the signal
      generator circuit 100 is applied to the two counters 81 and 91 as set
      inputs.
PAR  The operation of the above-described circuit will be explained below.
PAR  When the output terminal Q of the flip-flop 31 is turned to produce a 1
      signal, the counter 81 begins to count pulses through the AND gate 82,
      until the counts become equal to the pulses applied from the signal
      generator circuit 100 when the counter 81 produces a 1 signal. This output
      signal causes the up-down counter 45 of the measuring circuit 4 to be
      actuated, so that the clock pulses are counted up through the AND gate 43
      and OR gate 44. When a rotational angle signal is generated in the pickup
      2 thereby to reverse the state of the output of the flip-flop 31, the
      clock pulses produced by the clock pulse generator circuit 41 are counted
      down through the AND gate 42 and OR gate 44. When the number counted
      reaches the predetermined value R, a 1 signal is produced by the
      comparator 51 and thereby an output is produced from the AND gate 53. This
      output sets the counter 91, which begins to count the clock pulses up to
      the predetermined value. Meanwhile, output pulses are produced at the
      output terminal of the counter 91, thus energizing the circuit to be
      controlled. Next, when the counts reach the predetermined level, the
      output of the counter 91 is reduced to 0, thereby resetting the same.
PAR  As can be seen from the above description, digital signals inversely
      proportional to the source voltage are used for controlling the counts of
      the counters 81 and 91 included in the first and second variable time
      interval generator circuits 8 and 9, thereby to subject the time interval
      of the output generated by the counter 91 to variations inversely
      proportional to the source voltage. Such variations are achieved by
      variations in the time points when the counter 91 begins to operate, the
      latter variations being effected by varying the output of the comparator
      circuit 5 taking advantage of the variations of the output of the counter
      81, whereas the fall time point of the output of the counter 91 is
      determined only by the rotational speed. As a result, it is possible to
      prevent variations in the electric energy of the ignition apparatus which
      otherwise might occur due to variations in source voltage, thereby
      actuating the ignition apparatus always by a fixed amount of electric
      energy, without adversely affecting the optimum ignition time point
      depending on the rotational speed of the engine.
PAR  The operating principle of another embodiment of the invention will be
      explained below with reference to FIGS. 10 and 11 showing a block diagram
      and a waveform diagram showing the operation of the circuit of FIG. 10,
      respectively.
PAR  In FIG. 10, reference numeral 11 shows a battery with its negative
      electrode grounded. Numeral 12 shows a rotor rotating in synchronism with
      the engine which has four protrusions 12A as shown. Numeral 13 shows a
      contactless pickup such as a proximity switch which produces a signal
      indicating the presence or absence of the protrusions 12A of the rotor 12.
      Numeral 14 shows a first variable time interval pulse generator circuit
      which produces output pulses of different widths according to the
      magnitude of the voltage across the battery 11 and is triggered at the
      rise point of the signal produced by the pickup 13. The width of each
      output pulse produced by the first variable time interval pulse generator
      circuit 14 is hereinafter assumed to be Tx'. Numeral 15 shows a first
      constant current circuit which continues to operate from the fall time of
      the output of the first variable time interval pulse generator circuit 14
      to the fall time of the signal produced by the pickup 13. Numeral 16 shows
      a capacitor charged through the first constant current circuit 15. Because
      of the interposition of the constant current circuit 15, the voltage
      across the capacitor 16 changes linearly as it is charged, and the
      gradient of such voltage changes will be expressed hereinafter as k.sub.1
      (V/S). Numeral 17 shows a second constant current circuit which forms a
      discharge path for the capacitor 16 and is kept energized from the fall
      time of the signal produced by the pickup 13 until completion of release
      of all the charges in the capacitor 16. In this case, also, the gradient
      of voltage changes of the capacitor 16 is linear and will be referred to
      as -k.sub.2 (V/S). Numeral 18 shows a second variable time interval pulse
      generator circuit which produces output pulses of different widths in
      response to the voltage across the battery 11 and is triggered when the
      voltage across the capacitor 16 has been reduced to zero. The width of the
      output pulses produced by the circuit 18 will be hereinafter expressed as
      T.sub.Z. Numeral 19 shows an NPN transistor with its emitter grounded and
      its base driven by the output of the second variable time interval pulse
      generator circuit 18. Numeral 20 shows ignition coils comprising the
      primary coil 20a and the secondary coil 20b. One end of the primary coil
      20a is connected to the positive electrode of the battery 11 and the other
      end thereof to the collector of the NPN transistor 19. One end of the
      secondary coil 20b is connected to the collector of the transistor 19.
      Numeral 21 shows a discharge gap with a grounded electrode and ungrounded
      electrode, the ungrounded electrode being connected to the other end of
      the secondary coil 20b of the ignition coils 20.
PAR  The waveforms produced from the various component elements of the
      above-mentioned circuit are shown in (a) to (e) of FIG. 11. The graph of
      (a) represents an output signal from the pickup 13 the length or period Tx
      of which varies with the rotation of the engine. The rate of the length of
      high level state of this signal to the length of period Tx is a value
      fixed by the protrusion 12A and is expressed as .alpha.. The diagram of
      (b) shows an output signal from the first variable time interval pulse
      generator circuit 14, which is a signal with the pulse width of Tx'
      produced as from the rise time of the pickup signal. Symbol (c) shows a
      voltage across the capacitor 16 which is charged at the voltage gradient
      of k.sub.1 (V/S) through the first constant current circuit 15 after Tx'
      following the time when the pickup signal has reached its high level,
      while it discharges at the fixed voltage gradient of -k.sub.2 (V/S)
      through the second constant current circuit 17 when the pickup signal is
      decreased to the low level. The graph of (d) shows an output signal
      produced from the second variable time interval pulse generator circuit 18
      which produces a pulse with the width of Tz beginning at the end of
      discharge of the capacitor 16. The curve (e) shows a waveform of current
      flowing in the primary coil 20a of the ignition coils 20 which rises at a
      time point determined by the time constant due to the inductance and
      circuit resistance of the ignition coils and is cut off when the current
      level I is reached after Tz(S), due to the fact that the transistor 19 is
      made to conduct for the period of Tz(S) as its base is driven by the
      output of the second variable time interval pulse generator circuit 18.
      The cutting-off of the current I causes the electromagnetic energy stored
      in the ignition coils 20 to be released and as a result a high voltage is
      generated in the secondary coil 20b, whereupon a discharge occurs in the
      discharge gap, thereby igniting the mixed gas into combustion.
PAR  Ignition point .theta. in the aforementioned apparatus is obtainable in the
      manner mentioned below.
PAR  First, the maximum value Vc max of the voltage Vc stored in the capacitor
      16 is
EQU  Vc max = K.sub.1 (a.Tx-Tx')                                (1)
PAR  Let the time required for the voltage Vc to be completely discharged be Td.
      Then the following equations are obtained:
EQU  k.sub.2.Td=Vc=k.sub.1 (a.Tx-Tx')                           (2)
      ##EQU9##
      Therefore, the time Tig when ignition occurs as it is related to the rise
      time of the pickup signal is expressed by the equation below.
      ##EQU10##
      The angle of this ignition time point is given as
      ##EQU11##
      As a result,
      ##EQU12##
      In the equation (6) above, if the coefficient of 1/Tx in the second term
      is zero, the ignition time point is always the same. That is, if
      ##EQU13##
      ignition always at the same physical point is possible for all speeds of
      rotation. This is easily realized since k.sub.1, k.sub.2, k, Tz and Tx'
      are all determined by the circuits 14 to 18.
PAR  The output of the ignition apparatus under consideration depends on the
      cut-off current I of the ignition coils 20. Let the inductance of the
      ignition coils 20 be L, the voltage of the battery 11 be E and the
      resistance of the primary coil be Rx. The cut-off current I is
      ##EQU14##
      If the cut-off current I is to be maintained constant regardless of the
      variations of the source voltage E, the time interval Tz may be changed in
      accordance with the source voltage E to obtain the equation
      ##EQU15##
      In view of the fact that any change in time interval Tz results in a
      change in the ignition time point as the relation of equation (7) is not
      met any more, both Tx' and Tz are required to be changed in the same
      proportion with respect to voltage variations.
PAR  A particular embodiment of the present invention illustrated in FIG. 10
      will be explained below with reference to FIG. 12.
PAR  In the drawing, reference numerals 140 to 149 show component elements
      making up a first variable time interval pulse generator circuit 14.
      Numeral 140 shows a resistor connected to the pickup 13, and numeral 141
      an NPN transistor with its base connected to the resistor 140 and with its
      emitter grounded. Numeral 142 shows a resistor inserted between the
      positive electrode of the battery and the collector of the NPN transistor
      141, numeral 143 a resistor with one terminal thereof connected to the
      collector of the NPN transistor 141, numeral 144 an NPN transistor with
      its base connected to the other terminal of the resistor 143 and its
      emitter grounded, and numeral 145 a capacitor inserted between the
      collector and emitter of transistor 144. Numeral 146 shows a resistor
      connected between the collector of the transistor 144 and the positive
      electrode of the battery, numeral 147 a constant voltage diode with its
      cathode connected to the collector of the transistor of 144, numeral 148
      an NPN transistor with its base connected to the anode of the constant
      voltage diode 147 and with its emitter grounded, and numeral 149 a
      resistor inserted between the collector of the transistor 148 and the
      positive electrode of the battery. Numeral 121 shows a resistor with one
      of its terminals connected to the collector of the transistor 148 and
      numeral 122 an NPN transistor with its base connected to the other
      terminal of the resistor 121 and with its emitter grounded.
PAR  The circuit with the above-described arrangement operates in the manner
      mentioned below.
PAR  When the output level of the pickup 13 is raised with the protrusion 12A of
      the rotor 12 detected, the transistor 141 is energized through the
      resistor 140, whereupon the transistor 144 which has thus far been in
      energized state through the resistors 142 and 143 is cut off. As the
      result of stoppage of the short-circuited condition between collector and
      emitter of the transistor 144, the capacitor 145 begins to charge through
      the resistor 146. Until the charge voltage of the capacitor 145 reaches
      the breakover voltage Vz.sub.47 of the constant voltage diode 147, no
      current flows in the diode 147 and the transistor 148 remains cut off.
      When the charge voltage of the capacitor 145 reaches the breakover voltage
      Vz.sub.47, the transistor 148 begins to conduct with its base driven by
      the breakover current of the constant voltage diode 147. In other words,
      the transistor 148 begins to conduct when the time Tx' determined by the
      resistance value R.sub.46 of the resistor 146, the electrostatic capacity
      C.sub.45 of the capacitor 145 and the breakover voltage Vz.sub.147 of the
      constant voltage diode 147 has passed from the rise time of the output
      signal of the pickup 48. This time Tx' is given by the equation
      ##EQU16##
      At the same time, the transistor 122 is energized through the resistors
      149 and 121 and operates oppositely to the transistor 148.
PAR  The component elements 150 to 153 make up a first constant current circuit
      15 and the elements 170 to 173 a second constant current circuit 17.
PAR  Reference numeral 150 shows a resistor with one end thereof connected to
      the positive electrode of the power supply, and numeral 151 an NPN
      transistor with its emitter connected to the other end of the resistor 150
      and with its collector connected to the collector of the transistor 122.
      Numerals 152 and 153 show resistors connected in series across the power
      supply which have a junction point connected to the base of the transistor
      151.
PAR  The first constant current circuit having a similar configuration to the
      second constant current circuit includes a resistor 170, a transistor 171,
      a resistor 172 and a resistor 173 which correspond to the resistor 150,
      transistor 151, resistor 152 and resistor 153 respectively. The first
      constant current circuit is different from the second constant current
      circuit, however, in that the collector of the transistor 171 is connected
      not to the collector of the NPN transistor 122 but to the base of the NPN
      transistor 181 described later, while the emitter of the transistor 181 is
      grounded. Further, a capacitor 16 is inserted between the collectors of
      the NPN transistor 151 and 171.
PAR  The operation of the above-mentioned circuit will be explained below.
PAR  The transistor 122 remains energized for the period of time Tx' following
      the rise of the output signal from the pickup 3, and therefore during the
      same period, the potential of the capacitor 16 on the side of the
      collector of the transistor 151 is zero, while the capacitor 16 is also
      maintained at zero potential on its side of the collector of the
      transistor 171 through the base and emitter of the transistor 181,
      resulting in the zero voltage across the capacitor 16. After the lapse of
      time Tx' following the rise of the output signal of the pickup, the
      transistor 122 is cut off, so that the capacitor 16 begins to be charged
      through the resistor 150 and the transistor 151. Since the base potential
      of the transistor 151 is fixed by the resistors 152 and 153, the voltage
      drop of the resistor 150 is limited to a certain extent, thus maintaining
      a constant current in the collector of the transistor 151. As a result,
      the charge voltage of the capacitor 16 is increased linearly. When the
      output voltage of the pickup 13 is reduced to zero, the transistor 141 is
      cut off and the transistor 144 begins to conduct, with the result that the
      transistor 148 is cut off while the transistor 122 conducts. The potential
      of the capacitor 16 on the side of the collector of the transistor 151 is
      reduced to zero, while the potential of the capacitor 16 on the side of
      the collector of the transistor 171 is reduced by the amount corresponding
      to the charge voltage, thereby cutting off the transistor 181.
      Subsequently, the potential of the capacitor 16 on the side of the
      collector of the transistor 171 begins to be increased through the second
      constant current circuit 17. The current flows in this case through the
      resistor 170 and transistor 171 included in the circuit comprising the
      elements 170 to 173 similar to the circuit elements 150 to 153 of the
      first constant current circuit, and so such a current is constant,
      resulting in a linear change in voltage. This condition continues until
      the potential of the capacitor 16 on the side of the collector of the
      transistor 171 is again reduced to zero and clamped by the base and
      emitter of the transistor 181. The result is the voltage across the
      capacitor 16 as indicated by (c) of FIG. 11. The gradients of potential
      change k.sub.1 and -K.sub.2 are determined by the values of current
      flowing in the first and second constant current circuits 15 and 17
      respectively. The charge current Ic is thus expressed by the equation
      ##EQU17##
      where R.sub.150, R.sub.152 and R.sub.153 are the resistance values of the
      resistors 150, 152 and 153 respectively.
PAR  The gradient k.sub.1 is therefore given as
      ##EQU18##
      where C.sub.6 is the capacitance of the capacitor 6. In quite a similar
      manner, k.sub.2 is
      ##EQU19##
      Turning to FIG. 12, reference numerals 181 to 188 show component elements
      making up a second variable time interval pulse generator circuit 18. The
      component elements and their connections are quite similar to those of the
      first variable time interval pulse generator circuit 14 comprising the
      circuit elements 141 to 148. Reference numeral 181 shows an NPN transistor
      with its base connected to the collector of the NPN transistor 171 and its
      emitter grounded. The transistor 181 is constructed and connected quite
      the same way as the transistor 141, the resistor 182 as the resistor 142,
      the resistor 183 as the resistor 143, the transistor 184 as the transistor
      144, the capacitor 185 as the capacitor 145, the resistor 186 as the
      resistor 146, and the diode 187 as the diode 147. Numeral 188 shows an NPN
      transistor with its base connected to the anode of the constant voltage
      diode 187 and its emitter grounded.
PAR  The circuit with the above-described construction operates in the manner
      mentioned below.
PAR  The transistor 181 is cut off as it is inversely biased between base and
      emitter only during the discharge of the capacitor 16. As long as the
      transistor 181 remains cut off, the transistor 184 is energized through
      the resistors 182 and 183. When the transistor 181 begins to conduct again
      upon completion of discharge of the capacitor 16, the transistor 184 is
      cut off and the capacitor 185 is charged through the resistor 186. The
      transistor 188 conducts when the charge voltage of the capacitor 185
      exceeds the breakover voltage of the diode 187. The delay time Tz from the
      completion of discharge of the capacitor 16 to the conduction of the
      transistor 188 is obtained, like the equation (10), as follows:
      ##EQU20##
      where R.sub.86 shows the resistance value of the resistor 186, C.sub.85
      the electrostatic capacity of the capacitor 185, and Vz.sub.87 the
      breakover voltage of the diode 187. After all, the NPN transistor 188 is
      cut off at the beginning of discharge of the capacitor 16 and regains its
      conductive state after the lapse of time Tz following the completion of
      the discharge.
PAR  Again in FIG. 12, the elements 123 to 127 make up an output circuit.
      Reference numeral 123 shows a resistor with one end thereof connected to
      the collector of the transistor 181, numeral 124 an NPN transistor with
      its base connected to the other end of the resistor 123 and with its
      emitter grounded, and numeral 125 a resistor with one end thereof
      connected to the output terminal of the pickup 13, and numeral 126 another
      NPN transistor with its base connected to the other end of the resistor
      125 and with its emitter grounded. All of the collectors of the NPN
      transistors 188, 124 and 126 are connected to the base of the NPN
      transistor 9. Numeral 127 shows a resistor inserted between the positive
      electrode of the power supply and the base of the transistor 19.
PAR  In the circuit arrangement mentioned above, the transistor 124 is energized
      by the collector potential of the transistor 181 through the resistor 123,
      and therefore it conducts during the discharge of the capacitor 16 while
      it remains cut off when the capacitor 16 is not discharging. Further, the
      transistor 126, which is driven by the output of the pickup through the
      resistor 125, conducts at the high level of the pickup signal and remains
      cut off for the other period of time. As a result, it is only during the
      time Tz following the completion of discharge of capacitor 16 that all of
      the transistors 188, 124 and 126 are in cut-off state.
PAR  For this reason, the transistor 19 is driven through the resistor 127 into
      conductive state during the time period Tz, so that the current as shown
      in (e) of FIG. 11 is supplied to the primary coil 20a of the ignition
      coils 20.
PAR  Whereas the cut-off current in the abovementioned case is given by the
      equation (8), the time Tz has the voltage dependence characteristic as
      shown by equation (14). The comparison of the equation (14) with (9) shows
      that both the equations become equal to each other when L/Rx = R.sub.86 .
      C.sub.85 and Rx . I = Vz.sub.87. In other words, it is possible to obtain
      a stable cut-off current I desirable from the viewpoint of the output
      characteristics regardless of the variations of voltage E by appropriately
      determining the circuit constants L and Rx of the ignition coils and
      accordingly the values of C.sub.85, R.sub.86 and Vz.sub.87 in such a
      manner as to satisfy the above-mentioned relation therebetween.
PAR  By comparing the equation (10) with equation (14), on the other hand, it
      will be seen that Tz/Tx' is not voltage-dependent when Vz.sub.47 =
      Vz.sub.87. It is also obvious from equations (12) and (13) that k.sub.1
      /k.sub.2 is not voltage-dependent. Therefore, it is possible to eliminate
      the voltage dependence characteristics of the ignition time by selecting
      the same breakover voltage for both the constant voltage diodes 147 and
      148 and by determining the circuit constants in such a manner as to
      satisfy equation (7).
PAR  In this way, the cut-off current of the primary coil of the ignition coils
      10 is maintained constant even in the case of variations in source
      voltage, thus making it practicable to obtain an ignition apparatus with
      its ignition point not displaced from the predetermined one.
PAR  A digital application of the circuit shown in FIG. 12 will be explained
      with reference to FIG. 13.
PAR  In the drawing, reference numerals 12 and 13 show a rotor and a pickup
      respectively as in the preceding case. Reference numeral 200 shows a
      presettable counter for generating time Tx' the length of which depends on
      the output from the setting circuit 201 in accordance with the magnitude
      of the source voltage. The presettable counter 200 counts the output
      pulses of the first clock pulse generator circuit 202 and produces a 1
      signal after lapse of T.sub.1 corresponding to the magnitude of the source
      voltage following the production of a 1 output from the pickup 13. Numeral
      203 shows an AND gate which receives as inputs the output of the
      presettable counter 200 and that of the clock pulse generator circuit 202.
      Numeral 204 shows a first up-counter for counting the output pulses of the
      AND gate 203 as long as the output of the pickup 13 remains in the state
      of 1 . This counting operation corresponds to the charging of the
      capacitor 16 in the preceding case. Numeral 205 shows an inversion circuit
      for inverting the output of the pickup 13 and applying it to the AND gate
      206, so that the output pulses of the clock pulse generator circuit 207
      are applied to the second up-counter 208 to be counted thereby while the
      pickup signal is in the 0 state. This process of inversion circuit 205
      corresponds to the discharging of the capacitor 6. Numeral 209 shows a
      comparator circuit for comparing the counts C.sub.1 of counter 204 with
      the counts C.sub.2 of the counter 208 and producing a 1 signal when
      c.sub.1 .ltoreq. C.sub.2. Numeral 220 shows a presettable counter which,
      on the basis of information supplied by the setting circuit 221 on the
      counts to be made in accordance with the magnitude of the source voltage,
      begins to count the clock pulses from the pulse generator 207 through the
      AND gate 222 starting from the time when a 1 signal is produced by the
      comparator 209. In the process, that is, as long as actual counts are
      below the set counts to be made, the counter 220 produces a 1 signal,
      which signal is used to turn on the power transistor 19. When the counts
      reach the preset level, the counter 220 produces a 0 signal, thus cutting
      off the transistor 9 thereby to generate an ignition spark. The current
      involved in this case flows for the period of T.sub.2 referred to above.
      When the output of the counter 220 changes from 1 to 0, the reset cicuit
      223 is energized thereby to reset the counters and the comparator.
PAR  The above-mentioned digital method eliminates the requirement for circuit
      adjustment and therefore has the advantage of the ease with which
      integrated circuitry is achieved.
PAR  In spite of the provision of time Tx', in the above-mentioned two
      embodiments, to effect ignition exactly at the set time point, the means
      for providing the time Tx' may be eliminated in some cases where
      variations in source voltage are associated with the rotation of a
      starting motor and some displacement of ignition time point poses no great
      problem.
PAR  It will be seen from the above description that according to the present
      invention the switching between adding and subtracting operations of
      counter means at a predetermined rate without regard to the engine speed
      occurs at the time of generation of a first rotational angle signal
      associated with an engine rotational angle, so that the adding operation
      at the above-mentioned rate begins at the time of generation of a
      rotational angle signal immediately preceding to the first rotational
      angle signal or at a time point after the lapse of a predetermined period
      of time independent of the engine speed subsequent to such a time of
      generation of the preceding rotational angle signal, followed by the
      subtraction of the results of the addition upon generation of the first
      rotational angle signal. Means are also provided for generating an output
      signal when the counts of the subtraction reach a predetermined level,
      which output signal is used to energize the ignition circuit while at the
      same time determining the optimum ignition timing. Because of this
      arrangement, the present invention has the advantages that
PA1  1. the optimum ignition time point of the engine is easily and
      automatically achieved in accordance with each engine speed while assuring
      high accuracy of the ignition apparatus of this kind;
PA1  2. the optimum ignition time associated with the engine speed is capable of
      being determined by means of only one rotational angle signal associated
      with engine rotational speed;
PA1  3. it is possible to obtain an ignition apparatus of induction type with
      very small ineffective power consumption by providing means for generating
      a signal with a predetermined width in response to the output signal
      generated by the aforementioned means when the counts of subtraction
      reaches the predetermined point, so that current is made to flow in the
      primary coil of the ignition coils for a certain period of time and the
      circuit of the primary coil is opened simultaneously with the rise of the
      above-mentioned signal with a predetermined width; and
PA1  4. further, means are also provided for delaying the accumulating operation
      by the length of time inversely proportional to the magnitude of the
      source voltage for driving the ignition circuit, so that the time required
      for the predetermined level of the counts of subtraction to be reached
      varies with the source voltage and such variations are referred to in
      adjusting the period of time of current flow in the primary coil of the
      ignition coils, with the result that a fixed amount of electric energy is
      stored in the primary coil of the ignition coils all the time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ignition apparatus for an internal combustion engine comprising:
PA1  means for generating a rotational angle signal associated with the
      rotational speed of the engine prior to the optimum ignition timing of an
      engine;
PA1  first time delay establishing means adapted to be actuated from the
      simultaneous time point with the generation of a first rotational angle
      signal derived from said rotational angle signal generator means;
PA1  first measuring means for measuring at a first predetermined coefficient
      independent of the engine speed the length of time from the time point
      following the lapse of a predetermined period of time established by said
      first time delay establishing means until the time point of the generation
      of a second rotational angle signal derived from said rotational angle
      signal generator means;
PA1  second measuring means adapted to be actuated from the time point of the
      generation of said second rotational angle signal for measuring at a
      second predetermined coefficient independent of the engine speed the
      difference between the measured value of said first measuring means and a
      predetermined reference value;
PA1  means for generating an ignition timing signal when the measured value of
      said second measuring means reaches a predetermined value;
PA1  switching means disposed in a primary coil circuit of ignition coils and
      adapted to be controlled by the ignition timing signal so that
      electromagnetic induction is caused in said ignition coils by the
      actuation of said switching means to generate ignition energy of high
      voltage in a secondary coil circuit of said ignition coils.
NUM  2.
PAR  2. An ignition apparatus for an internal combustion engine according to
      claim 1, in which said ignition apparatus further comprises means for
      generating one rotational angle signal for each ignition cycle of the
      internal combustion engine and means for generating a delay signal with a
      predetermined width of time starting from the time point of the generation
      of said rotational angle signal, so that said first measuring means is
      actuated from the falling time of said delay time signal.
NUM  3.
PAR  3. An ignition apparatus for an internal combustion engine according to
      claim 2, in which said ignition apparatus further comprises pickup means
      for generating one rotational angle signal for each ignition cycle of the
      internal combustion engine, a first and second fixed frequency
      oscillators, a first counter adaptable actuated in response to the output
      signal from said pickup means to count the output pulses of said first
      fixed frequency oscillator so as to produce an output signal when the
      counted content of said counter reaches a predetermined number, an up-down
      counter adapted to be actuated in response to the output signal from said
      first counter to count up the output pulses from said first fixed
      frequency oscillator and then count down in response to the next
      rotational angle signal with the output pulses of said second fixed
      frequency oscillator from the number of said up counts, a comparator
      circuit for producing an output signal when the content of said counter
      reaches a predetermined value when said counter is effecting count-down
      operation, and an ignition circuit adapted to be actuated in response to
      the output signal from said comparator circuit.
NUM  4.
PAR  4. An ignition apparatus for an internal combustion engine comprising, in
      combination:
PA1  first means, responsive to the rotational speed of an engine, for
      generating a first signal for each rotational angle of the engine
      corresponding to a prescribed rotational angle;
PA1  second means, coupled to said first means, for generating a second signal
      delayed in time by a period of time starting with the instant of the
      generation of said first signal;
PA1  third means, coupled to said second means, for generating a third signal
      representative of the product of the length of time elapsed beginning with
      the instant of the generation of said second signal until the generation
      of the next first signal by said first means and a first predetermined
      coefficient, and for generating a fourth signal representative of the
      product of the length of time elapsed beginning with the instant of the
      generation of said next first signal independent of the speed of rotation
      of the engine and a second predetermined ccoefficient;
PA1  fourth means, coupled to said third means, for generating an ignition
      timing signal when the level of said fourth signal reaches a predetermined
      value, said ignition timing signal being applied to a primary coil circuit
      of an ignition circuit for said engine, so that electromagnetic induction
      is caused in the primary coil of said primary coil circuit to generate
      high voltage ignition energy in a secondary coil of said ignition circuit.
NUM  5.
PAR  5. An ignition apparatus according to claim 4, wherein said fourth means
      includes
PA1  a comparator circuit for comparing the level of said fourth signal with
      said predetermined value and for generating an output signal when the
      level of said fourth signal reaches said predetermined value, and
PA1  a delay circuit, coupled to the output of said comparator, for generating a
      signal having a preselected duration for a period of time beginning with
      the instant of generation of the output signal of said comparator circuit,
      the signal generated by said delay circuit being applied to said primary
      coil circuit as said ignition timing signal.
NUM  6.
PAR  6. An ignition apparatus according to claim 4, wherein said fourth means
      comprises a comparator circuit for comparing the level of said fourth
      signal with said predetermined value and for generating an output signal,
      as said ingnition timing signal, when the level of said fourth signal
      reaches said predetermined value.
NUM  7.
PAR  7. An ignition apparatus according to claim 4, wherein said second means
      comprises a first delay circuit for generating said second signal
      subsequent to a time delay period corresponding to said period of time
      delay starting with the instant of generation of said first signal.
NUM  8.
PAR  8. An ignition apparatus according to claim 4, wherein said second means
      comprises
PA1  a first delay circuit for generating a first delayed signal subsequent to a
      first preselected period of time starting with the instant of generation
      of said first signal, and
PA1  a second delay circuit, coupled to said first delay circuit, for generating
      a second delay signal, as said second signal, subsequent to a variable
      period of time starting with the instant of generation of said first
      delayed signal, the total of said first preselected period and said
      variable period corresponding to said period of the time delay of said
      second signal.
NUM  9.
PAR  9. An ignition apparatus according to claim 8, wherein said fourth means
      includes
PA1  a comparator circuit for comparing the level of said fourth signal with
      said predetermined value and for generating an output signal when the
      level of said fourth signal reaches said predetermined value, and
PA1  a third delay circuit, coupled to the output of said comparator circuit,
      for generating a signal, as said ignition timing signal, having a variable
      duration beginning with the instant of generation of the output signal of
      said comparator circuit.
NUM  10.
PAR  10. An ignition apparatus according to claim 5, wherein said ignition
      circuit is of the capacitor discharge type having a capacitor and a
      charging circuit therefor and includes a switch coupled to said primary
      coil, said switch being closed in response to said ignition timing signal
      being applied thereto, to discharge said capacitor through said primary
      coil.
NUM  11.
PAR  11. An ignition apparatus according to claim 5, wherein said ignition
      circuit is of the induction type, and includes a switch and a battery
      power supply coupled to said primary coil, said ignition timing signal
      being applied to said switch to open said switch.
NUM  12.
PAR  12. An ignition apparatus for an internal combustion engine comprising, in
      combination:
PA1  first means, responsive to the rotational speed of an engine, for
      generating a first signal for each rotational angle of the engine
      corresponding to a first portion of a prescribed rotational angle and a
      second signal subsequent to said first signal, for each rotational angle
      of the engine corresponding to a second portion of said prescribed
      rotational angle;
PA1  second means, coupled to said first means, for generating a third signal
      delayed in time by a period of time starting with the instant of the
      generation of said first signal;
PA1  third means, coupled to said first and second means, for generating a
      fourth signal representative of the product of the length of time elapsed
      beginning with the instant of the generation of said third signal by said
      second means until the generation of said second signal by said first
      means and a first predetermined coefficient, and for generating a fifth
      signal representative of the product of the length of time elapsed
      beginning with the instant of the generation of said second signal and
      second predetermined coefficient;
PA1  fourth means, coupled to said third means, for generating an ignition
      timing signal when the level of said fifth signal reaches a predetermined
      value, said ignition timing signal being applied to a primary coil of an
      ignition circuit for said engine, so that electromagnetic induction is
      caused in said primary coil to generate high voltage ignition energy in a
      secondary coil of said ignition circuit.
NUM  13.
PAR  13. An ignition apparatus according to claim 12, wherein the time width of
      said first signal is dependent upon the rotational speed of the engine.
NUM  14.
PAR  14. An ignition apparatus for an internal combustion engine comprising, in
      combination:
PA1  pickup means for generating one rotational angle signal for one ignition
      cycle of an internal combustion engine,
PA1  a monostable multivibrator coupled to said pickup means and energized for a
      predetermined period of time in response to the rotational angle signal,
PA1  a capacitor, coupled to said monostable multivibrator, and adapted to begin
      to be charged with a constant current immediately when said monostable
      multivibrator is de-energized and to begin to discharge with a constant
      current immediately when the next rotational angle signal is produced from
      said pickup means,
PA1  a constant current charging circuit for charging said capacitor,
PA1  a constant current discharging current for discharging said capacitor,
PA1  a comparator circuit, coupled to said capacitor, for comparing a voltage
      across said capacitor with a predetermined reference voltage during the
      discharge of said capacitor, so as to generate an output signal when the
      voltage across said capacitor coincides with said reference voltage, and
PA1  an ignition circuit, coupled to said comparator circuit, and adapted to be
      actuated in response to the signal produced by said comparator circuit.
NUM  15.
PAR  15. An ignition apparatus for an internal combustion engine comprising:
PA1  pickup means for generating a pair of rotational angle signals for each
      ignition cycle of an internal combustion engine;
PA1  a monostable multivibrator coupled to said pickup means and being energized
      for a predetermined period of time in response to a rotational angle
      signal;
PA1  a capacitor, coupled to said monostable multivibrator, and adapted to begin
      to be charged with a constant current immediately when said monostable
      multivibrator is de-energized and to begin to discharge with a constant
      current immediately when the next rotational angle signal is produced from
      said pickup means;
PA1  a constant current charging circuit for charging said capacitor in response
      to a first one of said pair of rotational angle signals,
PA1  a constant current discharging circuit for discharging said capacitor in
      response to the next one of said pair of rotational angle signals;
PA1  a comparator circuit, coupled to said capacitor, for comparing a voltage
      across said capacitor with a predetermined reference voltage during the
      discharge of said capacitor, so as to generate an output signal when the
      voltage across said capacitor coincides with said reference voltage; and
PA1  an ignition circuit, coupled to said comparator circuit, and adapted to be
      actuated in response to the signal produced by said comparator circuit.
NUM  16.
PAR  16. An ignition apparatus for an internal combustion engine comprising, in
      combination:
PA1  pickup means for generating one rotational angle signal for each ignition
      cycle of an internal combustion engine;
PA1  first and second fixed frequency oscillators;
PA1  a first counter actuated in response to the output signal from said pickup
      means and coupled to said first fixed frequency oscillator to count the
      output pulses of said first fixed frequency oscillator, so as to produce
      an output signal when the counted contents of said counter reach a
      predetermined number;
PA1  an up-down counter adapted to be actuated in response to the output signal
      from said first counter to count up the output pulses from said first
      fixed frequency oscillator and then count down, in response to the next
      rotational angle signal with the output pulses of said second fixed
      frequency oscillator, from the number of said up counts;
PA1  a comparator circuit, coupled to said up-down counter, for producing an
      output signal upon the contents of said counter reaching a predetermined
      value while said counter is effecting count-down operation; and
PA1  an ignition circuit adapted to be actuated in response to the output signal
      from said comparator circuit.
NUM  17.
PAR  17. An ignition apparatus for an internal combustion engine comprising, in
      combination:
PA1  pickup means for generating a rotational angle signal with a width varying
      with the rotational speed of an engine;
PA1  first and second fixed frequency oscillators;
PA1  an up-down counter adapted to be actuated at the rising time of the output
      of said pickup means, to count up to the output pulses from said first
      fixed frequency oscillator, and then count down, from the up count, in
      response to output pulses of said second fixed frequency oscillator from
      the point of the falling time of the output signal from said pickup means;
PA1  a comparator, coupled to said up-down counter, for producing an output
      signal upon the contents of said counter reaching a predetermined value
      while said counter is effecting a count-down operation; and
PA1  an ignition circuit adapted to be actuated in response to the output signal
      from said comparator circuit.
NUM  18.
PAR  18. An ignition apparatus according to claim l3, wherein the time width of
      said second signal is dependent upon the rotational speed of the engine.
NUM  19.
PAR  19. An ignition apparatus according to claim 18, wherein said second means
      includes a first variable time interval signal generator circuit for
      generating a first timing signal, the width of which is variable in
      inverse proportion to the magnitude of the voltage of said battery power
      supply and corresponds to the period of time delay of said third signal.
NUM  20.
PAR  20. An ignition apparatus according to claim 19, wherein said fourth means
      comprises a second variable time interval signal generator circuit for
      generating a second timing signal as said ignition timing signal, the
      width of which is variable in inverse proportion to the magnitude of the
      voltage of said battery power supply and upon said fifth signal reaching
      said predetermined value, said battery power supply being disconnected
      from said primary coil after the lapse of a given period of time
      corresponding to the width of said second timing signal.
PATN
WKU  039398129
SRC  5
APN  4928091
APT  1
ART  342
APD  19740729
TTL  Vacuum advance regulating valve
ISD  19760224
NCL  6
ECL  1
EXA  Cranson, Jr.; James Winthrop
EXP  Burns; Wendell E.
NDR  2
NFG  2
INVT
NAM  Gonzalez; Jose Leobardo
CTY  Mexico City
CNT  MX
ASSG
NAM  Monocar HC Internacional, S.A.
COD  03
PRIR
CNT  MX
APD  19730809
APN  145477
CLAS
OCL  123117A
EDF  2
ICL  F02P  504
FSC  123
FSS  117 A
UREF
PNO  3688753
ISD  19720900
NAM  Walker
OCL  123117A
UREF
PNO  3779220
ISD  19731200
NAM  Wu
OCL  123117A
LREP
FRM  Ladas, Parry, Von Gehr, Goldsmith & Deschamps
ABST
PAL  A valve to prevent atmospheric contamination which automatically regulates
      the vacuum advance of the distributor in internal combustion engines,
      which comprises a conduit having two terminals, one of which is
      communicated to the vacuum connection of said carburetor, and the other
      one is connected to the vacuum advance mechanism of the distributor,
      having said conduit a venting orifice, and the referred conduit can be
      obstructed by a valve closing element connected to a diaphragm confined
      between two main bodies, one of which comprises said conduit and the other
      one is composed of a tubular body with inside threading which houses a
      spring which presses with one of its ends against the diaphragm and with
      the other end biasing against the lower portion of a threaded nipple,
      which screws into said inside threaded of said tubular body; said threaded
      nipple comprising a lengthwise bore which extends through a tube which by
      means of a hose is connected to the intake manifold of the carburetor,
      permitting the opening of the valve when the engine is working with load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention refers to devices for preventing atmospheric contamination
      in general, and particularly relates to a valve for preventing atmospheric
      contamination which regulates automatically the vacuum advance of
      distributors in internal combustion engines equipped with carburetors.
PAR  One of the fundamental current problems of the human race related to the
      population explosion and to unrestricted industrialization is that of the
      contamination of the atmosphere, that is, the gradual destruction of our
      life environment.
PAR  It has been demonstrated that contamination of the atmosphere is due
      primarily to contamination caused by the gases generated by vehicles and
      particularly those produced by gasoline-powered internal combustion
      engines thereof.
PAR  One of the most harmful of the contaminating gases is carbon monoxide,
      which is particularly the result of imperfect combustion in the said
      engines.
PAR  Up to the present, massive efforts have been made in science and technology
      toward the objective of reducing this carbon monoxide, by regulating the
      air-fuel mixture at the proper moment, in order to obtain a more perfect
      combustion and free from residues, whereby production of the
      aforementioned carbon monoxide is notably reduced.
PAR  Notwithstanding the foregoing, it has been shown that as combustion becomes
      more perfect, reducing the carbon monoxide content, production of other
      gases which are also environmental contaminants increases: the oxides of
      nitrogen. These nitrogen oxides, among other harmful effects, causes
      problems for the eyesight such as irritation and burning of the eyes,
      besides smudging the atmosphere; accordingly it has been determined to
      regulate the production of these oxides at a certain level below which
      they cause no harm. Nevertheless, up to the present time the harmful level
      has been exceeded mainly through the use of anitcontamination devices to
      improve combustion; that is, a difficult problem to solve is facing
      technology, since on the one hand carbon monoxide has been reduced by more
      perfect combustion, on the other hand it increases the production of
      nitrogen oxides which are also contaminants.
PAR  Combustion occurs upon causing the ignition of the air-fuel mixture in the
      combustion chamber within a cylinder of an internal combustion engine.
      Perfect regulation of the mixture results in better combustion; however,
      if the ignition, which is accomplished by sending a high-voltage impulse
      from the distributor to the corresponding spark plug, takes place at a
      certain time, a very high temperature is produced, above 2,192.degree.F,
      which is what propiciate that the above mentioned oxides of nitrogen be
      originated.
PAR  At present regulation of the spark in the distributor is produced in two
      ways: one by means of centrifugally regulated mechanism, attached directly
      to the shaft of the distributor, aand the other by systems called vacuum
      advance which works by connection with a vacuum line from the carburetor,
      through a spring and a diaphragm to the distributor plate which retards or
      advances the instant in which the high voltage impulse is delivered to the
      spark plug which in turn will produce the spark for ignition.
PAC  SUMMARY OF THE INVENTION
PAR  If the conventional system of regulating ignition called vacuum advance is
      equipped with a device that consists in a valve which prevents the passage
      of air from the distributor to the carburetor at a given instant, the
      timing is retarded or advanced for passing the spark within the combustion
      chamber and accordingly ignition will be accomplished when the piston has
      not reached that point in its stroke where firing normally occurs, or it
      will have passed beyond it, whereby the temperature of combustion will be
      reduced and the oxides of nitrogen will not be generated above the level
      where they are harmful, and the efficiency of the internal combustion
      engine will not be substantially affected.
PAR  In view of the foregoing, it is an object of this invention to provide a
      simple valve device which alters, by advancing or retarding, the vacuum
      advance of the distributor at a given moment, preventing the production of
      oxides of nitrogen without detriment in handling of the vehicle.
PAR  This device has the great advantage that it can be installed in engines in
      production or already in use, with no need to redesign their internal
      parts.
PAR  The valve of the present invention consists in practice of two principal
      parts which are joined together, confining within a chamber formed between
      them a diaphragm which actuates a sealing means in the shape of a needle.
      One of the two principal parts is hollow and cylindrical and within it the
      cited sealing means is housed. This body has two outlets which form a
      conduit which is intercepted by the sealing means, and said outlets are
      connected by means of suitable hoses to the distributor and to the vacuum
      connection of the carburetor which regulates respectively the vacuum
      advance of the distributor.
PAR  The second principal body houses a spring the tension of which can be
      varied by means of a threaded nipple with locknut to secure it in
      position. This said locknut includes an annular elastomer sealing means to
      prevent any leakage. The said threaded nipple includes a longitudinal
      perforation which opens into a passage which in turn in connected by means
      of an appropriate hose to a vacuum line in the intake manifold.
PAR  During the period of acceleration or at full load, the vacuum in the intake
      manifold drops off, and this causes the spring to actuate the diaphragm of
      the valve and in turn the sealing means, blocking the passage of air to
      the carburetor from the distributor, and consequently the vacuum advance
      in the distributor does not occur under these conditions.
PAR  When the motor is under no load, the valve is actuated by the suction
      applied to it from the intake manifold and remains open, and under these
      conditions the original system of vacuum advance of the distributor
      operates normally, causing the engine accordingly to operate normally.
PAR  These and other objects to be obtained through the use of this invention
      will be more clearly understood and more fully appreciated through the
      following description which refers to the accompanying drawings of the
      preferred embodiment of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in vertical elevation of the valve of the present
      invention, and also shows diagrammatically and on a reduced scale the
      carburetor, the distributor and the intake manifold of an engine equipped
      with the valve.
PAR  FIG. 2 is a view in longitudinal cross-section of the valve illustrated in
      FIG. 1, showing its internal construction.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The valve which regulates the vacuum advance of the distributors of
      internal combustion engines in the present invention has for its object to
      control the time at which the spark is passed in the combustion chamber,
      at a different time from the conventional one of ignition and thereby to
      reduce the temperature of combustion below 2192.degree.F., whereby the
      production of contaminating oxides of nitrogen is reduced to below the
      harmful level; to achieve the foregoing this valve delay the vacuum
      advance during the initial period of suction from the carburetor to the
      distributor in its vacuum line which controls the vacuum advance of the
      distributor; this delay is desirable to control in a more efficient manner
      the vacuum advance operation, and for that purpose, valve 11 of the
      present invention includes sealing device for opening or closing an air
      suction line with terminals 12 and 13 which are connected by means of
      hoses 14 and 15; respectively, hose 15 communicates to the vacuum
      connection of the carburetor which is used to obtain the vacuum advance of
      the distributor, and hose 14 to the distributor, specifically in the
      mechanism which controls the vacuum advance thereof; the sealing mechanism
      of the valve is actuated by the suction which is applied upon diaphragm
      16, by way of orifice 17, to which is connected a suitable hose 18, which
      in turn is attached to the intake mainfold, whereby during the period of
      acceleration or full load the vacuum of the intake manifold decreases and
      in this instant the valve of the present invention deactivates because
      there is not sufficient suction to operate it, and automatically the air
      suction is interrupted in passages 12 and 13 of the valve, thus preventing
      suction along the tube which actuates the vacuum advance of the
      distributor, thus causing the ignition spark to be advanced or retarded in
      order to keep the combustion temperature below 2192.degree.F.
PAR  When the engine is not accelerated, suction from the intake manifold acts
      upon the valve of this invention, actuating diaphragm 16, which opens its
      passages 12 and 13 and permits normal suction from the carburetor to the
      distributor, thus maintaining at normal operation the vacuum advance of
      the distributor.
PAR  Valve 11 of the present invention is composed of the two bodies 19 and 20
      which are joined together, seizing between them a valve closure means
      consisting of diaphragm 16, which is integral with a sealing element 21 of
      needle type; two discs or plates 22 reinforce the junction between the
      sealing element and the diaphragm, one on each side of diaphragm 16, which
      moves in a chamber 23, formed by the juxtaposition of the two bodies 19
      and 20 above mentioned. Body 19 has a tubular portion 24, with an internal
      cylindrical bore 25 which ends in a tapering portion 26 which serves as
      the seat for the sealing element 21, which likewise has a conical end
      portion 27 and has in a general way the shape of a needle. In portion 24
      of body 19 there are two bores; one axial bore 29, which is the
      continuation of bore 25 above mentioned, within which sealing element 21
      moves, and which continues through tubular passage 13 to which hose 15 is
      fitted, and joins the vacuum line of the carburetor, which controls the
      vacuum advance of the distributor; also, in portion 24 of body 19 is the
      second bore 30, transverse in relation to the first bore which opens into
      bore 25 in which selaing element 21 moves; transverse bore 30 extends into
      tubular channel 12, to which hose 14 is attached, which in turn is
      connected to the distributor specifically in the vacuum advance mechanism.
      Body 20 extends as a tube from that portion of itself which seizes
      diaphragm 16, and includes an internal thread 31, into which is screwed
      threaded nipple 32. Said threaded nipple 32 when screwed into princiapl
      body 20 biases spring 33 which is contained within said tubular body 20,
      against one of the plates 22 which are integral with diaphragm 16, whereby
      the tension of said spring is adjusted for a certain suction of the
      intaake manifold of the internal combustion engine, to which the valve of
      the present invention is attached. The position of the threaded nipple 32
      in relation to principal body 20 is secured by means of locknut 34
      threadedly secured to said nipple 32, and said locknut has a counterbore
      35 in its portion contacting the edge of the end of principal body 20, to
      hold therein an elastomer sealing ring 36, to prevent any leakage.
PAR  Passage 17 above mentioned, through which the suction from the intake
      manifold acts to operate the valve of the present invention, is located as
      the lengthwise axial bore of threaded nipple 32. Said nipple 32 may have
      at its outer end an hexagonal enlargement like a bolt head 37, to
      facilitate the adjustments of the tension of spring 33 of the valve. Bore
      17 extends through tube 38, to which the said hose 38 is attached, which
      leads to the vacuum connection of the intake manifold of the carburetor of
      the engine to which said valve is attached, a venting orifice 39 is
      included for the equilibrium of pressures, said orifice, is located in the
      tubular portion 24, that permits a correct functioning of valve 11.
PAR  From the foregoing, it is evident that the conventional vacuum line which
      goes from the carburetor to the distributor of an internal combustion
      engine, to control the vacuum advance of the distributor which will
      determine the precise timing of the ignition, passes through hose 14,
      channel 12 with its orifice 30, bore 25 of the valve, passage 29 of tube
      13 and hose 15; and that to permit the travel of the suction which
      actuates the vacuum advance of the distributor, the required condition is
      that the sealing element of valve 21 has been actuated by suction acting
      on diaphrgm 16, to allow a clear air passage. This vacuum advance
      condition is only realized at the times when there is no load or
      acceleration on the internal combustion engine, which is when suction is
      produced in the intake manifold of the carburetor sufficient to overcome
      the tension of spring 23, through hose 18, connected to the said intake
      manifold and through lengthwise bore 17 of threaded nipple 32. This means
      that at the time of maximum acceleration the vacuum within the intake
      manifold decreases, and therefore the tension of spring 23 is sufficient
      to press diaphragm 16 down, through one of the plates 22, and compelling
      the sealing element 21 to close the passage between bores 29 and 30 of the
      valve, thus preventing the transmission of the required suction from the
      carburetor suction connection to the vacuum advance whereby the timing of
      the ignition is modified and hence the temperature is reduced to less than
      2,192.degree.F., avoiding the formation of the undesirable and
      contaminating oxides of nitrogen.
PAR  While the preceding description has been made in relation to one specific
      embodiment of the invention it will be understood by all experts in the
      field that any modification in form or detail is incuded within the spirit
      and scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve to prevent atmospheric contamination which automatically
      regulates the vacuum advance of the distributor in internal combustion
      engines, in which is included a passage which communicates a vacuum
      connection of the carburetor with a vacuum advance mechanism of the
      distributor, characterized in that it includes a conduit having two
      terminals, one of which is connected to the vacuum connection of said
      carburetor, and the other one is connected to the vacuum advance mechanism
      of the distributor, and in that the referred conduit can be obstructed by
      a valve closing element connected to a diaphragm confined between two
      principal bodies, one of which comprises said conduit and the other one is
      composed of a tubular body with inside threading which houses a spring
      that presses with one of its ends against the diaphragm and with the other
      end beasing against the lower portion of a threaded nipple, which screws
      into said inside threaded portion of said tubular body; said threaded
      nipple comprising a lengthwise bore which extends through a tube which by
      means of a hose is connected to the intake manifold of the carburetor,
      permitting the opening of the valve when the engine is working without
      load.
NUM  2.
PAR  2. A valve to prevent atmospheric contamination which automatically
      regulates the vacuum advance of the distributor in internal combustion
      engines, as set forth in claim 1, further characterized in that it has a
      locknut to secure the threaded nipple in a position with relation to the
      threaded tubular body giving a certain tension to the spring.
NUM  3.
PAR  3. The valve to prevent atmospheric contamination which automatically
      regulates the advance of the distributor in internal combustion engines,
      as set forth in claim 1, further characterized in that the locknut
      includes a counterbore in which is placed a sealing element between the
      upper edge of the threaded tubular body and the locknut.
NUM  4.
PAR  4. The valve to prevent atmospheric contamination which regulates
      automatically the advance of distributors in internal cobustion engines,
      as set forth in claim 1, characterized furthermore in that the sealing
      member of the valve ends in a conical point which rests in a trucated cone
      seat having a venting orifice in the body of the valve, which includes the
      conduit which is connected to the vacuum connection of the carburetor and
      to the vacuum advance mechanism of the distributor.
NUM  5.
PAR  5. The valve to prevent atmospheric contamination which regulates
      automatically the advance of the distributor in internal combustion
      engines, as set forth in claim 1, further characterized in that diaphragm
      which is integral with the sealing member of the valve includes two plates
      for reinforcement, one on each side thereof.
NUM  6.
PAR  6. The valve to prevent atmospheric contamination which regulates
      automatically the advance of the distributor in internal combustion
      engines, as set forth in claim 1, further characterized in that the
      threaded nipple ends in an enlargement shaped like a bolt head to adjust
      the tension of the spring.
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ABST
PAL  A liquid fuel vaporizing device for an internal combustion engine wherein a
      heat pipe containing a heat transfer fluid having a boiling point up to
      400.degree.C is disposed so that the heat transfer fluid transfers heat
      from a heat-receiving zone to a heat discharging zone which heat
      discharging zone is disposed to vaporize a mixture of said liquid fuel in
      the main portion or all of the combustion air.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a fuel vaporizing device suitable for vaporizing
      the liquid fuel charge in the inlet system of an internal combustion
      engine, and to an internal combustion engine which comprises such a
      device.
PAR  The invention also relates to a heat pipe.
PAR  The conventional spark-ignition gasoline engine relies on a carburetter to
      mix a desired proportion of a volatile fuel with the inlet air. For
      complete combustion of the fuel-air mixture the fuel needs to be uniformly
      dispersed in the air. Such a uniform mixture is seldom if ever obtained in
      practice with a conventional carburetter, and manifold fuel injection
      offers only marginal improvement.
PAR  In the fuel-air mixtures obtained with these conventional techniques the
      fuel is at least partly present in the form of small liquid droplets, and
      as a film of liquid on the walls of the manifold.
PAR  It has been proposed to supply, with the aid of a heat pipe, at a
      substantially constant temperature sufficient heat to vaporize the entire
      liquid fuel charge prior to mixing it with the major part of the
      combustion air, in order to obtain a uniform mixture of fuel and air.
      Backflowing of evaporated fuel in the air supply ducts, and condensation
      of the evaporated fuel in the air supply ducts was experienced in a number
      of cases. This is considered to be a drawback of the said method, because
      in the said cases no uniform air-fuel mixture will be achieved.
PAR  The invention provides a device in which the said drawback has been
      overcome.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a fuel vaporizing device
      suitable for vaporizing the liquid fuel charge in the inlet system of an
      internal combustion engine prior to its introduction into a combustion
      chamber of said engine, which comprises one or more heat pipes as herein
      specified, each of which is in the form of a substantially sealed vessel
      containing a heat transfer fluid having a boiling point at atmospheric
      pressure up to 400.degree.C and so constructed that in operation the heat
      transfer fluid in the liquid phase accepts heat in a heat receiving zone
      adapted to contact hot exhaust gases of the said engine, and said fluid in
      the vapor phase condenses and gives up heat in a heat discharging zone
      adapted to contact said fuel charge to be combusted after the said fuel
      charge has been mixed with at least the main portion of the combustion
      air.
PAR  The term "heat pipe" as used in this specification is intended to include
      devices known as "two-phase thermosyphons". This latter term is derived
      from the presence of both liquid and vapor phases in the device. The
      geometry of the heat pipe is in no way limited to a circular or tubular
      configuration. It is of advantage to have available in the heat pipe a
      provision for the return of condensed heat transfer fluid (e.g., a tube),
      which enables the said condensed heat transfer fluid to be transported to
      the bulk of the liquid in the heat pipe, without contacting the rising
      vapor or the heat transfer fluid.
PAR  The use of one or more heat pipes enables heat to be supplied to the fuel
      within a restricted temperature range virtually regardless of the rate at
      which the fuel is demanded. Furthermore, at start-up the heat pipe or
      pipes reach their operating temperature very much more quickly than a
      solid heat conductor.
PAR  The heat transfer fluid present in the heat pipe should preferably have a
      boiling point at atmospheric pressure of from 60.degree. to 400.degree.C.
      Heat transfer fluids with a higher boiling point at the pressure operating
      in the heat pipe may give rise to cracking of the fuel, while heat
      transfer fluids with lower boiling points are not able to vaporize all the
      fuel. Heat transfer fluids with a boiling point at atmospheric pressure of
      from 60 to 300.degree.C are most preferred.
PAR  The choice of the heat transfer fluid will depend on the general
      characteristics of the fuel to be employed and in particular the final
      boiling point of the latter. The boiling point at the operating pressure
      of the heat transfer fluid in the heat pipe will in general be higher than
      the final boiling point of the fuel. In liquid form the heat transfer
      fluid may be a pure substance or mixture such that the freezing
      temperature lies between 0.degree.C and 100.degree.C. It is to be
      chemically stable and non-corrosive to the materials of construction used
      at the operating temperature of the heat pipe and appreciable chemical
      decomposition or reaction should not occur within a period of several
      years when within the heat pipe. Examples of suitable heat transfer fluids
      are 2-octanol, decane, tetralin, fluids which comprise water such as water
      itself and mixtures of water and one or more alcohols such as methanol,
      ethanol, ethylene glycol.
PAR  In order to obtain a high heat flux along the heat pipe it is advantageous
      for the vapor of the heat transfer fluid to be as dense as possible. This
      tends to imply a high operating pressure in the heat pipe, but in order to
      avoid a very heavy construction this should be kept below 10 atmospheres
      under operating conditions.
PAR  The construction of the heat pipe must also take into account the maximum
      and minimum fuel vaporization requirements, so that at no time is all of
      the heat transfer liquid allowed to vaporize. Alternatively, complete
      evaporation of the liquid can be utilized to limit the maximum heat flux
      which can be conveyed.
PAR  The heat receiving zone of each heat pipe is arranged to receive heat from
      the exhaust gases. An auxiliary heat source for the heat transfer fluid in
      the heat pipe may be provided for use during start-up from cold. Such a
      heat source very suitably consists of e.g., an electric heater or a
      self-blowing petrol blowlamp, e.g., heating a tubular boiler in the heat
      transfer fluid. Very conveniently such an auxiliary heat source is
      automatically ignited from the ignition switch of the engine, and
      automatically extinguished when the heat pipe reaches running temperature
      heated by the exhaust gases. For the automatic operations mentioned
      conventional electrical circuits may very suitably be used.
PAR  As the heat demand from the heat pipe may vary considerably, surplus heat
      may either be removed by additional cooling means or by regulation of the
      heat intake. Additional cooling means may e.g., consist of a honeycomb or
      a multitubular condenser in the upper part of the heat pipe in which
      additional cooling means e.g., are cooled with the aid of the cooling
      system of the engine. In case additional cooling means are used very
      suitably a separate return line for heat transfer fluid condensed by these
      means to the liquid bulk of that fluid in the heat pipe, without
      contacting this condensed heat transfer fluid with the heat discharging
      zone or the rising vapor of the heat transfer fluid is applied. It is also
      possible to cool the upper part of the heat pipe itself by connecting it
      to the cooling system of the engine. Air may also be used as additional
      cooling agent.
PAR  In addition to the heat transfer fluid the inclusion of a non-condensable
      gas in the heat pipe and/or in a separate container in open connection
      with the heat pipe is also a convenient means for preventing overheating
      of the heat transfer fluid. In operation, the non-condensable gas will be
      driven to a relatively cool part of the vessel by the motion of the heat
      transfer fluid and progressively compressed as the temperature in the heat
      pipe rises in excess of requirements. The loss of heat from the vapor
      rising in the heat pipe at the level of the additional cooling means, that
      preferably are present, will determine the loss of surplus heat and thus
      prevent overheating.
PAR  The quantity of non-condensable gas within the heat pipe and/or in a
      container in open connection therewith will have a considerable effect on
      the stable operating temperature of the heat pipe and should thus be
      carefully controlled in manufacture.
PAR  The non-condensable gas, if present, should be gaseous at the operating
      pressure and chemically non-reactive within the thermosyphon or heat pipe.
      Examples are air, nitrogen, helium, argon, neon and krypton.
PAR  It is of advantage to have a physical separation between the
      non-condensable gas and the heat transfer fluid. This may be achieved
      e.g., by the use of a piston or by keeping the non-condensable gas in a
      closed compressible container, such as bellows made from stainless steel
      or from a rubber which is resistant to the heat transfer fluid at the
      prevailing temperature.
PAR  In order to remove surplus heat from the heat pipe by additional cooling
      means, it is also possible to use a piston which is attached with a spring
      to the upper end of the heat pipe. When the temperature of the heat
      transfer fluid, and consequently its pressure, increases, the spring is
      compressed, giving rise to an enlarged contact area between the vapor of
      the heat transfer fluid and the additional cooling means. In this case a
      non-condensable gas may or may not be present.
PAR  The additional cooling means are provided very conveniently as already
      mentioned, by part of the cooling system of the engine, in particular by
      the cooling (in general water-based) liquid of the cooling system. Air may
      also be used.
PAR  As mentioned above overheating of the heat pipe may also be avoided by
      regulation of the heat intake thereof. This may e.g., be achieved
      according to the invention in an engine containing an inlet system which
      comprises a device according to the invention by regulating the amount of
      exhaust gases which are contacted with the heat receiving zone of the heat
      pipe. This amount very conveniently may be regulated by a diverter valve
      in the exhaust system that bypasses part of the exhaust gases. It has been
      found of advantage to hinge the diverter valve centrally at the point of
      splitting the exhaust stream. The diverter valve is preferably regulated
      automatically according to e.g., the pressure in the heat pipe, or the
      position of the throttle in the inlet system, or the temperature of the
      exhaust gas. These automatic regulations may be made electrically (e.g.,
      if the pressure in the heat pipe or the temperature of the exhaust gas
      determines the position of the diverter valve in the exhaust system) or
      mechanically e.g., by connecting the throttle in the inlet system and the
      throttle in the exhaust system, or by controlling the diverter valve in
      the exhaust system in relation to the pressure in the heat pipe with the
      aid of e.g., a piston or a bellows filled with fluid, which are connected
      to the heat transfer fluid vapor in the heat pipe and to the said diverter
      valve. Mixed regulation systems may also be used.
PAR  The heat pipe consists of a substantially sealed vessel, which is meant to
      say that in most cases no air can enter from outside into the heat pipe.
      If desired a deaeration system may be attached to the heat pipe in case
      air or no non-condensable gas is present therein, but in general the heat
      pipe will be absolutely gas-tight and a deaeration system attached to it
      is superfluous.
PAR  The mixing of the fuel and the main portion of the combustion air is very
      suitably carried out with a (if desired suitably modified) conventional
      carburetter, or with a fuel injection system.
PAR  The method of the present invention, in which the fuel is mixed with the
      main portion of the combustion air (preferably with all of the combustion
      air) before being vaporized, results in a more homogeneous air/fuel
      mixture to be introduced into the cylinders, than a method in which the
      fuel is evaporated before being mixed with the main portion of the
      combustion air, because in the latter case no intensive mixing of the gas
      stream which comprises the vaporized fuel and the air may take place.
PAR  A very homogeneous mixture is of advantage because at the leanest possible
      air-fuel ratio at which the engine can be driven without misfiring, aa
      homogeneous mixture gives rise to lower amounts of carbon monoxide in the
      exhaust gas than a less homogeneous mixture. This feature is illustrated
      in the Example.
PAR  An additional advantage of the inlet system according to the invention over
      a system in which the fuel is vaporized before being mixed with the main
      portion of the combustion air, is to be found in the fact that no problems
      occur at acceleration or deceleration. With a system in which the fuel is
      evaporated separately and before being mixed with the main portion of the
      combustion air, at acceleration the amount of evaporated fuel which will
      be mixed with the air will not be optimal because the resistance of the
      two gas streams is not equal. At first instance at acceleration the
      vaporized fuel stream will be retarded as compared with the air stream,
      giving rise to lean mixtures, and accordingly to stalling. Subsequently a
      richer mixture will be obtained which gives rise to strong acceleration.
      This feature may occur repeatedly at acceleration, giving rise to unstable
      running of the engine. The reverse occurs at deceleration, leading to the
      same type of phenomena.
PAR  In case the fuel is evaporated in the presence of the combustion air
      according to the invention, no unstable running of the engine is
      experienced.
PAR  In the inlet system of an engine according to the invention the fuel is to
      be vaporized after it has been mixed with at least the main portion of the
      inlet air. In case the velocity of the air in the inlet system reaches a
      high value (which is the case if the engine is driven at high speed) the
      pressure drop downstream of the mixing point of the fuel and air becomes
      so high, that feeding of the mixture to the engine proper becomes
      restricted. For that reason it may be convenient that the inlet system
      contains an air bypass, introducing air at a point downstream of the heat
      discharging zone of the heat pipe in the inlet system. Very suitably the
      use of such a bypass is governed by a throttle, which is opened at high
      speed, e.g., automatically in conjunction with the throttle of the fuel
      supply e.g., the throttle of the carburetter or another fuel metering
      device (e.g., at fuel injection).
PAR  Another means for compensating for the pressure drop downstream of the heat
      discharging zone, which may be used without or in addition to a bypass,
      consists of a compressor (also called supercharger). The use of a
      compressor has an additional advantage which stems from the following.
PAR  In order to keep the amount of noxious compounds in the exhaust gases,
      which mainly consist of CO, nitrogen oxides (NO.sub.x) and hydrocarbons,
      as low as possible, it is of advantage to run the engine on weak mixtures,
      or in other words to use an amount of air in excess of the amount needed
      for total combustion of the fuel to CO.sub.2 and H.sub.2 O. By doing so
      less power is obtained from the engine as compared when running it with
      optimum amounts of fuel and air. The power output is increased by the
      compressor, thus compensating for the said power loss. The compressor may
      be present in the system downstream of the heat discharging zone but it is
      preferred that the supercharger compresses the air before it is mixed with
      the fuel.
PAR  As discussed above at cold start special devices can be used to have the
      heat pipe functioning as soon as possible and thus vaporizing the fuel as
      soon as possible after starting. Instead of the devices already discussed
      or in addition to them it may be of advantage to have independent heating
      means available in the stream which comprises the mixture of the fuel and
      at least the main portion of the combustion air. These heating means very
      conveniently consist of an electrically heated surface (e.g., a resistance
      coil). They preferably are automatically switched on at start, and
      automatically switched off e.g., when the heat pipe reaches running
      temperature heated by the exhaust gases. The temperature of these heating
      means preferably is controlled by an electric circuit to prevent
      overheating.
PAR  In order to minimize the noxious compounds in the exhaust gases at start as
      far as possible, it may be of advantage to insert in the inlet system of
      an engine according to the invention a small carburetter, which can only
      provide sufficient fuel-air mixture to let the engine run idle or at very
      low speed. This small carburetter is automatically used at start. The
      exhaust gases from the engine running in the small carburetter heat the
      heat transfer fluid in the heat pipe, and the main carburetter (or in case
      fuel injection is used the main fuel supply by injection) automatically
      starts functioning when the heat pipe reaches running temperature.
PAR  It will be clear that each device discussed to be used at cold start may be
      present alone, but it is also possible that two or more of these devices
      are present simultaneously in the inlet system of an internal combustion
      engine according to the invention.
PAR  In order to keep the heat pipes as short as possible, it is convenient to
      locate the part of the inlet system where the fuel and the air are mixed
      and the part of the inlet system where the fuel is vaporized with the aid
      of the heat pipe, at the exhaust side of the engine, preferably
      substantially above the exhaust system. The heated mixture of vaporized
      fuel and air is very conveniently ducted from there across the engine
      (e.g., over or alongside the engine) to the point where it is distributed
      amongst the cylinders of the engine.
PAR  It is of advantage, in order to avoid misfiring with the weak fuel-air
      mixtures that are preferably used, that near the inlet of each cylinder an
      adjustable valve for bleeding in air is present.
PAR  It is preferred that the internal combustion engine is a spark ignition
      engine.
PAR  The use of the device in accordance with the invention enables a gasoline
      engine to be run on such lean mixtures, in excess of 20:1 air-fuel ratio,
      that the levels of carbon monoxide and oxides of nitrogen are
      simultaneously very low.
PAR  The capability of burning fuel at ultra lean mixtures also enables fuel
      having a lower octane number to be used efficiently with the same
      compression ratio. This has a particularly important implication in that
      at the present time refining techniques in use cannot produce a lead-free
      fuel on an economical basis having the same high octane ratings as the
      leaded premium grades.
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PAR  The invention will now be further described by way of example with
      reference to the accompanying drawings.
PAR  FIG. 1 is a diagrammatic sectional side elevation of a vaporizing device in
      accordance with the invention;
PAR  FIG. 2 is similar to FIG. 1 except that the heat pipe additionally contains
      a quantity of non-condensable gas, and
PAR  FIG. 3 shows diagrammatically an alternative embodiment of the invention;
DETD
PAR  In all figures the same numbers relate to the same items.
PAR  The fuel vaporizing device to be used as part of an inlet system of a spark
      ignition engine shown in FIG. 1 comprises a heat pipe 10 whose heat
      receiving zone A is arranged to receive heat from exhaust gases in an
      exhaust passage 22. The liquid in the heat pipe is depicted by 12, the
      vapor by 16. A mixture of fuel and air is supplied via line 21 and the
      fuel-air mixture is via line 24 disposed in the heat discharging zone B of
      the heat pipe to receive sufficient heat, at constant temperature, to
      ensure that all the fuel is vaporized. The mixture so obtained is fed to
      the engine via line 26.
PAR  The necessary fuel metering equipment is not shown but it must be capable
      of delivering an appropriate quantity of fuel depending on such factors as
      engine speed and load.
PAR  FIG. 2 is similar to FIG. 1, save that the heat pipe 10 has been
      "temperature stabilized" by the provision of cooling means 30 at its upper
      end. The vapor 16 of the heat transfer fluid is normally kept out of
      contact with this part of the heat pipe by a small quantity of
      non-condensable gas 32. The interface between the non-condensable gas and
      the vapor of the heat transfer liquid is depicted by 20.
PAR  FIG. 3 differs from FIG. 2 only in that the fuel in the presence of the
      main portion of combustion air is vaporized in the heat discharging zone
      B. A small quantity of air may be bled from the main stream of combustion
      air through a bypass passage 29. The bypass stream may be regulated with
      the aid of the butterfly valve 28 which may be governed automatically by
      the throttle of the fuel supply. Fuel is mixed in with the main stream of
      air via device 33, which may e.g., be a carburetter or a fuel injection
      device.
PAC  EXAMPLE
PAR  In order to illustrate the influence of the homogeneity of a fuel/air
      mixture on the amounts of carbon monoxide in the exhaust gas the 1970
      Federal Test Procedure was carried out in a Triumph Herald 1500 cc car.
      This test is a seven-mode cycle test which is repeated seven times; the
      total duration of the test is 959 seconds. The measurements obtained
      during the first four cycles are considered to be the cold results and
      those during the sixth and seventh cycle are the hot results. A weighting
      procedure is used to obtain the total cycle emissions on a mass basis. The
      test procedure is fully described in Federal Register, Vol. 33, No. 8, Pt.
      II, June 4 1968.
PAR  The test cycles were driven at the leanest possible air-fuel ratio
      carburetter setting (or mixture generator composition). At settings leaner
      than this limiting condition the car would not follow the acceleration
      modes of the test cycle.
PAR  The tests were carried out with LPG vapour-air mixtures which were prepared
      in two ways viz. with a Mixture Generator (as described in SAE paper No.
      710588, "The influence of homogeneous charge on the exhaust emission of
      hydrocarbons, carbon monoxide and nitrogen oxide from a multicylinder
      engine" by R. Lindsay et al.) leading to a very homogeneous fuel/air
      mixture, and with a Lipton L.P. gas carburetter giving a less homogeneous
      air/fuel mixture.
PAR  The results are presented in the table. As can be seen the emission of
      carbon monoxide is lower when a mixture generator is used (which gives
      rise to a very homogeneous air/fuel mixture) than when a carburetter is
      used.
PAR  The evaporation of an air/fuel mixture obtained with the device according
      to the invention leads to a more homogeneous mixture of fuel and air than
      can be obtained with a device in which fuel is evaporated and subsequently
      mixed with combustion air, and use of the former device will accordingly
      give rise to a more favourable composition of the exhaust gases of the
      engine.
TBL                                    Table                                   
     __________________________________________________________________________
     Exhaust emissions in the 1970 US Federal Test Procedure                   
            Exhaust                                                            
                  Emission on a concentration                                  
                                   Total mass                                  
            component                                                          
                  basis, p.p.m. vol. or % vol.                                 
                                   emissions,                                  
                  "Cold" cycles                                                
                           "Hot" cycles                                        
                                   g/mile                                      
     __________________________________________________________________________
     LPG from                                                                  
     carburetter                                                               
            CO    0.45%    0.7%    16.1                                        
     LPG from                                                                  
     mixture                                                                   
     generator                                                                 
            CO    0.03%    0.09%   1.73                                        
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a device for vaporizing the liquid fuel charge in the inlet system of
      an internal combustion engine prior to its introduction into a combustion
      chamber of said engine, said inlet system including combustion air supply
      means which comprises a main air supply duct to supply the main portion of
      the combustion air, and liquid fuel supply means disposed to supply liquid
      fuel to said main air supply duct; said device comprising
PA1  at least one heat pipe, said heat pipe being in the form of a substantially
      sealed vessel;
PA1  said heat pipe containing a heat transfer fluid having a boiling point at
      atmospheric pressure up to 400.degree.C;
PA1  said heat pipe being disposed so that a liquid phase of the heat transfer
      fluid accepts heat in a heat-recovery zone adapted to contact hot exhaust
      gases from said engine, and a vapor phase of the fluid being disposed to
      condense in a heat-discharging zone, the improvement comprising that said
      heat discharging zone is disposed in heat transfer relationship with said
      main air supply duct to heat said liquid fuel charge which has been mixed
      with at least the main portion of the combustion air.
NUM  2.
PAR  2. A device as claimed in claim 1, in which the heat transfer fluid present
      in the heat pipe has a boiling point at atmospheric pressure of from
      60.degree. to 300.degree.C.
NUM  3.
PAR  3. A device as claimed in claim 1, in which the heat transfer fluid
      comprises water.
NUM  4.
PAR  4. A device as claimed in claim 1, in which the heat pipe contains
      additional cooling means in the upper part of the heat pipe which are
      cooled with the aid of the cooling system of the engine.
NUM  5.
PAR  5. A device as claimed in claim 1, in which the heat pipe contains a
      non-condensable gas.
NUM  6.
PAR  6. A device as claimed in claim 5, in which a physical separation is
      present between the non-condensable gas and the heat transfer fluid.
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ABST
PAL  A spark prolonging device having a winding on an electrically inert core
      and connected at one end to the secondary coil of an ignition system and
      at the other end to the distributor, a first portion of the winding
      comprised of coils spaced on said core and a second portion of the winding
      comprised of tightly wound coils; the second winding portion consisting of
      three sections with the direction of winding reversed between the first
      and second sections and between the second and third sections and the
      second section having approximately twice as many coil turns as said first
      and third sections.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The standard ignition system which has been utilized for automobile
      internal combustion engines consists of an ignition coil connected to the
      distributor which has a rotary switch connected sequentially to the
      various spark plugs. The ignition coil is a transformer in which the
      primary winding is connected to the battery and the secondary winding is
      connected to the distributor. When the breaker points in the distributor
      disrupt the voltage in the primary coil, a high voltage surges through the
      secondary coil. These breaks in the primary current are timed to take
      place near the top of each pistons compression stroke. A condenser across
      the breaker points prevents sparking across the points and helps provide a
      clean electrical break resulting in a high voltage spark in the cylinder.
      The voltage from the secondary of the ignition coil must be great enough
      to produce a spark across the spark plug electrodes which is hot enough to
      ignite the highly compressed gasoline-air mixture in the cylinder.
PAR  Ignition modifying devices have been previously proposed for insertion in
      the electrical line between the secondary winding of the coil and the
      distributor, such as described in U.S. Pat. Nos. 2,736,760 and 2,841,629.
      However, these devices do not utilize a structure in which the ignition
      coil secondary is connected to a spark prolonging device wound about an
      electrically inert material, in reversed directions in order to increase
      the effective time of the spark.
PAC  SUMMARY OF THE INVENTION
PAR  The device of the present invention is connected in the standard ignition
      system between the ignition coil secondary winding and the rotary switch
      of the distributor which controls the application of high voltage energy
      to the spark plugs. The presence of the device causes a prolonged flow of
      coil energy through the spark gap which helps to correct erratic
      combustion and misfiring in the firing chamber and increases engine
      performance, thus resulting in high gas mileage and greater horsepower. As
      the miles of engine operation with standard ignition increase, carbon
      accumulates due to inadequate spark, fouled plugs, sticky valves, etc.,
      and each misfire results in more carbon deposits in each cylinder
      accompanied with increased loss of power and engine emissions. The spark
      prolonging device of this invention also has the effect of removing carbon
      which has deposited on the plugs and valves.
PAR  The spark prolonging device consists of a winding structure on a solid rod
      or core of electrically inert material, such as polyethylene plastic. The
      winding is continuous but is divided into distinct portions. The first
      portion is connected to the secondary of the ignition coil and consists of
      a relatively few turns of wire which are somewhat spaced apart. This first
      portion is referred to as the primary of the device. The winding then
      continues on the core to form a second portion which is divided into three
      distinct sections collectively designated as the second portion. In these
      sections the wire coils are wound closely adjacent one another and the
      direction of winding is reversed between the first and second sections and
      between the second and third sections. Also, the number of coils in the
      first and third sections are approximately equal and the number of coils
      in the second section is approximately double the number of coils in the
      first and third sections.
PAR  The connection of the secondary of the ignition coil to the spark
      prolonging device of this invention can be compared to a Telsa high
      frequency swing-circuit, which consists of a basic iron-core coil
      (ignition coil) with the secondary winding connecting with another coil
      structure without an iron core (spark prolonging device). While the
      discharge voltage level at which the plugs fire is about the same whether
      or not the spark prolonger is utilized in the ignition circuit, the longer
      time interval during which the spark is maintained by the device of the
      present invention results in more complete and efficient burning of the
      fuel-air mixture. When the voltage firing level is the same, the longer
      spark time produced by this invention results in increased total
      electrical energy being imparted to the fuel mixture.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of the spark prolonging device of the
      present invention connected in a standard ignition systems between the
      ignition coil and the distributor;
PAR  FIG. 2 is a horizontal section along line 2--2 showing the winding
      structure of the invention;
PAR  FIG. 3 is a vertical section along line 3--3 of FIG. 2;
PAR  FIG. 4 is a schematic illustration of the first portion and the sections of
      the second portion of the winding structure of the invention;
PAR  FIG. 5 is an illustration of a typical diagram of ignition voltage vs. time
      of the ignition spark as observed on an oscilloscope;
PAR  FIGS. 6, 7 and 8 are actual oscilloscope diagrams of an engine equipped
      with standard ignition operating at 750 rpm, 1800 rpm and 3500 rpm,
      respectively;
PAR  FIGS. 9, 10 and 11 are actual oscilloscope diagrams of the same engine
      equipped with a preferred form of the invention and operating at 750 rpm,
      1800 rpm, and 3500 rpm, respectively;
PAR  FIGS. 12, 13 and 14 are actual oscilloscope diagrams of the same engine
      equipped with a modified form of the invention utilizing a different gauge
      wire and operating at 750 rpm, 1800 rpm and 3500 rpm, respectively;
PAR  FIGS. 15, 16 and 17 are actual oscilloscope diagrams of the same engine
      equipped with a modified form of the invention utilizing twice as many
      coils and operating at 750 rpm, 1800 rpm, and 3500 rpm, respectively;
PAR  FIG. 18 is a chart of test results obtained in a number of different
      engines and showing the increase in horsepower and miles/gallon obtained
      by use of the device of the present invention; and
PAR  FIG. 19 is a plot of maximum spark voltages for the same vehicles with and
      without the invention installed.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the spark prolonging device 10 of the present invention is shown
      connected in electrical line 11 leading from the secondary winding of the
      ignition coil 12 to the distributor 14. The device 10 consists of solid
      core 16 fabricated of an electrically inert material, such as plastic.
      Section 11a of line 11 connects the secondary winding (not shown) of coil
      12 with end 20a of wire 20 which is wound on the core 16 and then covered
      with plastic housing 22. The insulation on the end 20a is first removed
      and the end is then soldered to a conducting socket 23. The insulation at
      the end of line section 11a is removed so that the non-insulated end 11c
      can be doubled back to form a spring which is insertable into the socket
      23 to make electrical contact. Four plastic posts 25 extend from the core
      end 16a at ninety degree intervals and the wire end 20a wraps around one
      of the posts 25 before it is wound on the core 16.
PAR  From post 25, wire 20 then wraps around the core 16 in a counterclockwise
      direction as viewed from the right side of FIG. 2 to form the first
      winding portion 26 designated as the first portion of the winding
      structure of the invention. The wire 20 is preferably 22 gauge Formvar
      insuled magnetic wire. In the first winding portion, the coils are spaced
      apart approximately 0.078 inches and at the end of the first portion, the
      wire 20 passes projection 28 which extends outwardly a short distance from
      the core surface.
PAR  The wire continues to wind in side by side coils in the same direction over
      the core length between projection 28 and the next projection 29. This
      section 30 of the winding constitutes the first section of the second
      winding portion 31. The winding 20 reverses direction around projection 29
      and continues in side by side coils between projection 29 and the next
      projection 33 to form second section 34 of the second winding portion 31.
      The winding 20 again reverses direction around projection 33 and continues
      in side by side coils between projection 33 and one of posts 35 spaced
      90.degree. apart at the end 16b of core 16, thereby forming the third
      section 36 of the second winding portion 31. The insulation on end 20b of
      the wire 20 is removed and after the wire wraps around one post 35, the
      non-insulated end is soldered to conducting socket 37. The insulation at
      the end of line section 11d is removed and the end 11d is doubled back to
      form a spring which can be inserted into socket 37 for electrical
      connection. The opposite end of line section 11b is connected to the
      distributor in the usual manner. After the wire 20 has been wound upon
      core 16, the complete core is encapsulated in plastic casing 22. End
      projections 38 and 39 of the casing contain passsages 40 and 41,
      respectively which lead to and contain sockets 23 and 37, respectively.
PAR  In order to install the device 10, the casing 22 can be mounted on any
      suitable support available in the vicinity of the distributor by means of
      an adhesive pad 44 and the spring ends of line sections 11c and 11d are
      inserted through openings 40 and 41 into sockets 23 and 37 in order to
      make contact with the opposite ends 20a and 20b  of wire 20. A rubber boot
      45 can be slid over each of the end projections 38 and 39 of the casing to
      aid in maintaining the line connections.
PAR  In the preferred form of the device 10, the core is 11/4 inches in diameter
      and is approximately 61/2 inches long. The first portion 26 contains
      fifteen turns and covers approximately one and one-fourth inch of the core
      and the spacing between the coils is approximately 0.078 inches. As
      previously stated, 22 gauge wire is preferred for wire 20. The first and
      third sections 30 and 36 of the second winding portion 31 each contain
      forty-eight turns and extends approximately 11/4 inch along the core 16.
      The second section 34 contains ninety-six turns and extends approximate
      21/2 inches along the core. As is apparent, the number of turns in the
      second section of the second winding portion is twice the number of turns
      in the first and third sections of the second portion. Also, the length of
      the first portion 26 along the coil is approximately equal to the length
      of the first and third sections 26 and 36 of the second portion 31. The
      reversal of direction of the wire 20 occurs between the first and second
      sections and between the second and third sections of the second winding
      portion 31.
PAR  FIG. 5 is a typical display of firing voltage vs. time for a single spark
      plug in a standard ignition system as observed on an oscilloscope. The
      first part is the almost vertical line A-B, which represents an increase
      in secondary voltage from zero to the value required to break down the
      spark-gap between the plug electrodes and the gap between the distributor
      rotor and the cap insert. This would occur at the instant the distributor
      contacts separate. Once the spark plug gap has been ionized, less voltage
      is required to maintain current flow through the ionized gap, than was
      required to initially break down the gap. After the voltage rises from A
      to B and the spark plug gap ionizes, the voltage immediately decreases to
      the value shown at C. A voltage from C to D, called the spark-line, then
      prevails for approximately 0.002 seconds to maintain current flow through
      the ionized gap. A typical value of the spark-line voltage may be 5,000
      volts.
PAR  During the time interval from C to D energy in the coil is being dissipated
      as it maintains current flow across the two plug electrodes. At the point
      D, the spark terminates because insufficient energy remaining in the coil
      is then dissipated throughout the circuit in the form of a damped
      oscillation between points D and E. As the current in the ignition coil
      flows first in one direction and then in the other, due to the
      inductive-capacitive effect of the coil and the distributor-capacitor, the
      secondary voltage appears as an alternating voltage that decreases in
      magnitude between points D and E. The last section from E to A represents
      the dwell section, or the length of time during which the distributor
      contacts are closed. The contacts close at E at which time a comparatively
      small voltage is induced in the secondary winding, this voltage then
      oscillates and decreases in value until at point A, the secondary voltage
      is zero. When the contacts open at A, the cycle then repeats to fire the
      next spark plug. A complete cycle on an 8-cylinder engine with 3,000 rpm
      would required .005 seconds.
PAR  FIGS. 6 and 9 are displays of the oscilloscope diagram for an engine
      running at 750 rpm without the device 10 installed and with the device 10
      installed, respectively. In a similar manner, FIGS. 7 and 10 are
      oscilloscope displays of the same engine running at 1,800 rpm with the
      device 10 installed for the display of FIG. 10 and FIGS. 8 and 11 are
      displays of the same engine running at 3,500 rpm; FIG. 11 being with
      device 10 installed. The engine tested was a 1969 Continental Mark III
      with 100,000 miles and was the same car as car No. 2 in the Chart of FIG.
      18. These figures illustrate that the presence of device 10 extended the
      length of line C-D during which the plug fires and this resulted in a
      fifteen percent horsepower increase and a fourteen percent increase in gas
      mileage. At each speed, the time C-D of the spark was prolonged at least
      one unit on the time scale, the effect being most pronounced at 3,500 rpm
      when the prolongation was about two time units. While the curves indicate
      a slightly lower voltage level over the section C-D of the curves when
      device 10 is installed, the area under the line sections C-D with device
      10 installed, (FIGS. 9, 10 and 11) appear to be about equal to the same
      area in FIGS. 6, 7 and 8 without the device installed at 750 and 1,800
      rpm, and to be greater at 3,500 rpm. The vertical lines in FIGS. 9, 10 and
      11 correspond to the time value of point D in FIGS. 6, 7, and 8,
      respectively.
PAR  The test results depicted in FIGS. 6-11 demonstrate that device 10 extends
      the spark line (C-D), thus indicating a longer prevailing voltage than
      occurs in the standard system without device 10.  This has the effect of
      providing a more positive ignition of the fuel-air mixture, better flame
      propagation and prolonged combustion. The result is an increase in
      horsepower and a decrease in unburned fuel and hence, less output of
      pollutants.
PAR  A number of tests were conducted with and without device 12 installed on a
      variety of both foreign and U.S. cars and these tests are reported in FIG.
      18. The cars were all dynanmeter tested at an SCAC approved service center
      and mileage and performance reports were furnished by the car owners. Most
      owners reported quicker starting, improved torque and a smoother running
      motor at all speeds. Cars 2, 6, 7, 8 and 14 had new wires and plugs. Cars
      1 and 11 had solid wire (static resistant cables). Cars 4, 9 and 10 had
      old wires. Ignition wires must be in good condition to carry the spark
      prolonger charge. Sorenson or Essex solid wire (static resistant cable)
      are recommended. The improvement in horsepower output of these cars was
      due to two factors: a) improved combustion within the firing chamber and
      b) corrected erratic combustion and misfiring. The reported average gas
      mileage increase of 16% can only be considered approximately. However,
      when these findings are coupled with the average increase in horsepower of
      7.3%, a factual conclusion may be drawn that the improved combustion with
      device 10 results in increased torque, horsepower and mileage.
PAR  FIG. 19 is a plot of maximum plug firing voltage (point B on FIG. 5) for
      the fourteen cars listed in the chart of FIG. 18, the O being without
      device 10 installed and the X being with the device 10 installed. The
      effect of device 10 is to bring the maximum firing voltages into a
      narrower band range as indicated by the range of approximately 22 and 30
      KV for the X values versus a range of 14 to 34 KV for the O values. Thus,
      the device 10 has a positive modifying effect on the maximum firing
      voltage which could be in part responsible for the prolongation of the
      spark line C-D for different engines. The modifying effect is apparently
      due to the change in impedance of the complete system including the
      ignition coil and the device 10.
PAR  While 22 gauge wire was utilized in the device 10 for the test results,
      other wire sizes and winding patterns were also tested. FIGS. 12, 13 and
      14 are the test results on Car 2 at 750, 1,800 and 3,500 rpm,
      respectively, with device 10 wound with 20 gauge wire. It is noted that
      the length of the line C-D in these figures is also prolonged over the
      same line of FIGS. 6, 7 and 8 without the device 10 installed. FIGS. 15,
      16 and 17 are test results on Car 2 at 750, 1,800 and 3,500 rpm,
      respectively, when a second identical winding of 22 gauge wire was placed
      over a first winding of 22 gauge wire to provide twice as many windings on
      the core 16. At all speeds, the C-D line was extended over the line C-D
      produced without a device 10 installed. The vertical lines in FIGS. 12 and
      15, FIGS. 13 and 16 and FIGS. 14 and 17 correspond to the time value of
      point D in FIGS. 6, 7 and 8, respectively.
PAR  In general, it appears that the wire size and number of coils can be varied
      within limits without substantially affecting the prolongation of line C-D
      obtained with device 10. As the size of wire 20 increase, the current to
      the plugs would increase and it is important not to exceed a current flow
      which would damage the electrodes of the plugs over extended periods of
      operation of the engine. In general, it appears that when device 10 is
      installed, less energy remains to be dissipated after the firing of the
      spark plug since the firing occurs over a longer line C-D and more energy
      goes through the plug. Thus, more energy from the secondary of the
      ignition coil passes across the plug and less remains to be dissipated
      back into the ignition coil.
PAR  As previously discussed, the ratio of coil turns in the first, second and
      third sections of the second portion of the device is one to two to one.
      While the preferred number of turns for the first, second and third
      sections are 48-96-48, respectively, the number of turns can be varied. A
      second winding portion with coil turns of 40-80-40 was constructed with 24
      gauge wire and was found to work satisfactorily. Also, coil turns of
      50-100-50 for the first, second and third sections were found to work
      satisfactorily. Devices 10 with core diameters of 1 inch and 11/2 inches
      wound with 24 gauge wire have operated satisfactorily. However, as
      previously stated, the preferred device has a core diameter of 11/4 inches
      and is wound with 22 gauge magnetic wire. The use of wood for the core is
      not as suitable as plastic since wood usually contains some moisture.
PAR  The prolonged flow of individual coil energy through the spark gap, as
      observed on actual oscilloscope patterns when the invention is installed,
      will produce a more efficient, smoother running motor with better
      performance. Tests have also shown that after spark prolonging device 10
      is installed on used cars, it requires only 500 to 3,000 miles of driving
      (depending on motor condition) before the purging of removable carbon
      deposits is effected, after which many car motors run like new. It is not
      known why the device 10 removes carbon from the engine but it is only
      necessary to observe the exhaust to find that it contains carbon particles
      being blown out of the engine. It is possible that the output from device
      10 neutralizes the positive charge on the carbon and causes it to release
      from the engine.
PAR  As indicated, the structure of device 10 can be varied without
      substantially affecting the action of the device. It is necessary that
      device 10 have a first winding portion coupled to a second winding portion
      consisting of three sections with the winding reversing between each of
      these sections. The device 10 is employed in a high voltage application
      since it is connected to the secondary of the ignition coil usually
      producing voltages in the range of 25KV.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ignition spark prolong device located in the electrical line
      connecting the secondary winding of an ignition coil to the distributor
      comprising:
PA1  a core of electrically inert material;
PA1  an insulated wire conductor wound around said core and connected at one end
      to said secondary winding and at the other end to said distributor;
PA1  the end of said conductor connected to said secondary winding being wound
      into a first winding portion along said core in coils of wire spaced
      apart;
PA1  the other end of said first portion being connected to a first section of a
      second winding portion wound along said core in the same direction as said
      first portion in coils closely adjacent one another;
PA1  a second section of said second winding portion connected to the end of
      said first section and wound in a reverse direction from said first
      section along said core in closely adjacent coils; and
PA1  a third section of said second winding portion connected to the end of said
      second section and wound in a reverse direction from said second section
      along said core in closely adjacent coils;
PA1  the wire conductor at the end of said third section being connected to said
      distributor.
NUM  2.
PAR  2. In a device as defined in claim 1;
PA1  said core being constructed of a plastic material in the form of a solid
      cylindrical rod.
NUM  3.
PAR  3. In a device as defined in claim 1;
PA1  said first and third sections of said second winding portion being of
      approximately the same length along said core and having approximately the
      same number of coil turns.
NUM  4.
PAR  4. In a device as defined in claim 3;
PA1  said second section of said second winding portion being approximately
      twice the length of said first and third sections along said core and
      having approximately twice the number of coil turns as said first and
      third sections.
NUM  5.
PAR  5. In a device as defined in claim 4;
PA1  said first winding portion having approximately 1/3 the number of coil
      turns and having approximately the same length along said core as said
      first and third sections.
NUM  6.
PAR  6. In a device as defined in claim 1;
PA1  wherein the size of said wire conductor falls within the approximate range
      of 20 to 24 gauge.
NUM  7.
PAR  7. In a device as defined in claim 2;
PA1  wherein said core has a diameter falling within the approximate range of 1
      to 11/2 inches.
NUM  8.
PAR  8. In a device as defined in claim 6;
PA1  the ratio of coil turns in said first, second and third sections of said
      second winding portion being approximately one to two to one.
NUM  9.
PAR  9. In a device as defined in claim 8;
PA1  wherein the size of said wire conductor falls within the approximate range
      of 20 to 24 gauge; and
PA1  said core has a diameter falling within the approximate range of 1 to 11/2
      inches.
NUM  10.
PAR  10. In a device as defined in claim 9;
PA1  wherein said first and third sections have 48 coil turns each and said
      second section has 96 turns.
NUM  11.
PAR  11. In a device as defined in claim 10;
PA1  wherein said core diameter is 11/4 inches and said wire conductor is 22
      gauge.
NUM  12.
PAR  12. In a device as defined in claim 11;
PA1  wherein said first winding portion contains 15 coil turns.
NUM  13.
PAR  13. In a device as defined in claim 12;
PA1  said core being approximately 61/2 inches in length.
NUM  14.
PAR  14. In a device as defined in claim 13;
PA1  wherein said first portion and said first and third sections each extend
      approximately 11/4 inches along said core and said second section extends
      approximately 21/2 inches along said core.
NUM  15.
PAR  15. In a device as defined in claim 1;
PA1  a first post projecting outwardly from said core between said first portion
      and said first section, a second post projecting between said first
      section and said second section and a third post projecting between said
      second section and said third section;
PA1  said wire conductors being reversed in direction about both said second and
      third posts.
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ABST
PAL  In an engine assembly including a starter mechanism having a housing
      receiving a starter rope reel normally retained in the housing by ears
      integral with the housing and bent inwardly to underlie the reel; the
      provision of one or more brackets for supporting the reel in the event
      that one or more ears are damaged or broken off while being bent during
      removal or installation of the reel, as during replacement of the reel
      starting rope, for example. Columns support a reel receiving portion of
      the housing on a lower part of the housing. The brackets clamp to these
      columns and have an abutment on which the periphery of the reel is
      surmounted. Each bracket has opposed channels and is somewhat resilient to
      snap over and receive opposite edge portions of the column in the
      channels. The brackets are preferably formed of a heat and lubicant
      resistent plastic such as molded nylon.
BSUM
PAR  This invention relates to an engine starter and, more particularly, to a
      repair bracket for the starter mechanism.
PAC  BACKGROUND OF THE INVENTION
PAR  For many years Briggs and Stratton has built engines with top recoil
      starters in which a starting rope is pulled generally horizontally in
      order to start the engine. Engines of this type are extensively used on
      lawn mowers. After a period of time the starting rope must be replaced. In
      order to replace the starting rope it is necessary to remove its reel
      which is mounted in an upper housing of the engine and is retained therein
      by ears formed integrally with the housing and bent inwardly to underlie
      and support the reel. As these ears are bent during removal or replacement
      of the reel, they are likely to be damaged or to be broken off. It has
      previously been necessary to replace the entire upper housing when the
      reel supporting ears were broken off. This resulted in discarding on
      otherwise usable housing, and an ever increasing expenditure of money for
      a new housing.
PAR  The repair bracket of this invention obviates the necessity for replacing
      the housing in the event that the reel supporting ears are broken off of
      the housing. Each bracket is adapted to snap over a supporting column of
      the housing and to receive opposite edge portions of the column in opposed
      channels of the bracket, thereby positioning inwardly extending abutment
      of the bracket to receive and retain the starting rope reel operatively
      positioned within the housing.
PAR  It is a primary object of this invention to provide a new and useful
      starter mechanisim for an engine. It is a more specific object to provide
      a new and useful top recoil starter mechanisim in which a reel carrying a
      starter rope is retained in place by one or more supporting brackets
      secured to a housing of the mechanisim. A related object is provision of
      such a bracket having opposed channels adapted to be snapped over a
      portion of the housing, and an abutment on the bracket adapted to underlie
      and support the reel. Another related object is provision of a plurality
      of such brackets spaced along the periphery of the reel.
PAR  Still another object is provision of a new and useful repair bracket for
      supporting the starter rope reel of a top recoil starting mechanisim of an
      engine. A related object is provision of such brackets for replacing ears
      formed integrally with a starter housing and normally supporting the reel,
      in the event that the ears become damaged, or broken off of the housing.
PAR  A further object is provision in an assembly including a bracket mounted on
      a support having opposite edge portions, the bracket including a body
      having a face and an end portion, and further including a portion for
      mounting the bracket on the support, the mounting portion extending
      outwardly from the face of the body and including opposed channels, one
      for each of the support edge portions, the channels being transverse to
      the body end portion, and the body further including a portion for
      supporting an article, the supporting portion being proximate the body end
      portion and extending in a direction opposite that of the mounting
      portion. A related object is provision of the mounting portion having
      opposed flanges transverse to the body end portion and extending outwardly
      from the body face and the channels being in the flanges, and the
      supporting portions having an abutment for supporting the article, the
      abutment being generally intermediate the flanges, and the body end
      portion having shoulders spaced inwardly of the abutment with the
      shoulders extending from the abutment in opposite directions and past the
      adjacent one of the flanges. Another related object is provision of the
      abutment having an end surface supporting the reel and the abutment
      surface being at an oblique interior angle to the longitudinal axis of the
      channels. Still another related object is provision of the assembly
      including a starter mechanisim with a starter housing having a portion for
      receiving the article and the support depending from the article receiving
      portion, and the article supporting portion of the bracket being below and
      in abutting engagement with the article. Still another related object is
      provision in the starter mechanisim of the article in the form of a
      starter reel normally retained in the receiving portion of the housing by
      ears integral with the receiving portion and bent inwardly to underlie and
      support the reel, the ears being subject to breaking off when bent for
      removal or replacement of the reel, provision of a plurality of the
      housing supports spaced apart and depending from the receiving portions
      for receiving the brackets, whereby the brackets substitute for broken one
      of the ears in supporting the ears.
PAR  These and other objects and advantages of the invention will be apparent
      from the following descriptions and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary, schematic perspective view looking downwardly on
      an upper housing of a top recoil starter mechanisim for an engine and,
      more particularly, a Briggs and stratton engine of the type commonly used
      on lawn mowers;
PAR  FIG. 2 is an enlarged, fragmentary, schematic, elevational sectional view
      taken generally along the line 2--2 in FIG. 1, and showing brackets
      supporting a starter rope reel of the starter mechanisim;
PAR  FIG. 3 is an enlarged, fragmentary, schematic, elevational sectional view
      taken generally along the line 3--3 in FIG. 2, and showing details of the
      brackets;
PAR  FIG. 4 is a fragmentary, schematic bottom sectional view taken generally
      along the line 4--4 in FIG. 3;
PAR  FIG. 5 is a fragmentary, schematic, elevational sectional view taken
      generally along the line 5--5 in FIG. 3;
PAR  FIG. 6 is an elevational view of a face of the bracket opposite that shown
      in FIG. 3, and enlarged over that shown in FIG. 1; and
PAR  FIG. 7 is a perspective view of a bracket removed from the housing.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawings, FIG. 1 shows a portion of an upper housing 10 of
      a typical Briggs and Stratton lawn mower engine having a top recoil
      starter mechanisim 12. A speed control knob 13 is carried atop the housing
      10. A top portion 14 of the housing 10 is integrally formed with a
      plurality of depending columns 16 fixedly secured to a lower portion 18 of
      the housing 10. Seated against a protrusion 20 of the top portion 14 is a
      handle 22 on the free end of a starter rope 24 (FIG. 2), the handle 22
      being pulled generally horizontally outwardly in typical manner for
      starting the engine.
PAR  Referring to FIG. 2, the starter rope 24 is wound in the groove of a
      starter rope reel 26. An upper boss 28 of the reel 26 carries one end of a
      recoil spring 36, the opposite end of the spring being suitably secured to
      the top portion 14 of the housing 10. A lower boss 32 is detachably
      drivingly connected with a shaft 34 for starting the engine.
PAR  As originally manufactured, the reel 26 is retained in place by a plurality
      of ears formed integrally with a generally cylindrical side of the housing
      top portion 14, the ears being bent inwardly to underlie the bottom face
      36 of the reel. When it becomes necessary to remove the reel 26 from the
      housing, as when replacing the starter rope 24, these ears are bent
      outwardly and may break off, as shown by the ear stub 38 in FIG. 1. When
      these ears broke off, or were otherwise unusable in supporting the reel
      26, it was necessary to replace the otherwise usable upper housing 10.
PAR  To overcome this expense and waste, brackets 40 are provided. Each bracket
      40 has an integrally molded body of a suitable, slightly resilient
      material which is preferably resistant to lubricants and to the normal
      ambient temperature about the engine, such as nylon, for example.
PAR  With particular reference to FIG. 3-7, the bracket body includes a pair of
      opposed flanges 42 extending outwardly from an outer face 43 of the body.
      Opposed channels 44 in the flanges 42 are adapted to receive and snugly
      engage opposite edge portions of an associated one of the columns 16.
      Opposed inner faces of the flanges 42 are curved and tapered, as at 46, to
      permit the flanges to flex apart as the bracket is snapped over and
      installed on the column 16. A lower end face 48 of the body is proximate
      small fillets 49 at the juncture of the bottom of the column and a column
      foot, so that the bracket is retained against downward movement on the
      column 16.
PAR  An abutment 50 of the bracket 40 is positioned to receive the bottom face
      36 of the reel 26 for supporting the reel in lieu of the normal ears of
      the housing 10. More particularly, an outer end face 52 of the abutment 50
      receives the bottom face 36 of the reel. The face 52 forms an oblique
      interior angle 54 (FIG. 5) with the longitudinal axes of the channels 44.
      A gusset 56 is formed integrally with the body and extends from an inner
      face 58 of the body to the bottom of the abutment 50 to aid in supporting
      the abutment and to provide additional rigidity of the reel supporting
      portion of the bracket.
PAR  The bracket is firmly seated on the column 16, the height of the flanges 42
      is such that they fit closely between fillets 59 at the top and 49 at the
      bottom of the column, and to this end shoulders 60 are spaced inwardly
      from the abutment surface 52 and extend outwardly in opposite directions
      from the abutment 50 and past the adjacent one of the flanges 42 so that
      the flanges are restrained between the column fillets.
PAR  With reference to FIG. 5, it will be seen that a relatively rigid support
      is provided for the reel 26 because of the gusset 56 between the abutment
      50 and the remainder of the body of the bracket 40, while the flanges 42
      are relatively resilient for flexing about the edge portions of the column
      16 during installation of the bracket. While the housing 10 has five
      spaced apart columns 16, if all of the normal reel supporting ears have
      been broken off, three brackets 40 are adequate for supporting the reel
      26, although fewer brackets 40 may be used if a portion of the ears are
      intact. The starter mechanisim is assembled in normal manner with the
      housing 10 removed from the engine. With the reel 26 in place, the
      brackets 40 are snapped onto the column 16, as shown in the drawing, and
      the abutment surface 52 is automatically positioned for supporting the
      reel 26. If it is again necessary to service the reel mechanisim, a flange
      42 of the bracket may be grasped by a plier or other tool, and flexed
      outwardly out of engagement with the column edge portion to free the
      bracket.
PAR  While this invention has been described and illustrated with reference to a
      particular embodiment in a particular enviornment, various changes may be
      apparent to one skilled in the art and the invention is therefore not to
      be limited to such embodiment or enviornment, except as set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A starter mechanism comprising a housing having a support with opposite
      edge portions, a starter reel received within said housing, a bracket
      including a body having a face and an end portion, said body including
      means for mounting the bracket on the support, the mounting means
      extending outwardly from said face and including opposed channels, one for
      each of the support edge portions, for receiving the associated one of the
      support edge portions, the channels being transverse to the body end
      portion, said body further including means for supporting said reel, the
      supporting means being proximate said end portion and extending in a
      direction opposite that of the mounting means.
NUM  2.
PAR  2. A starter mechanism as set forth in claim 1 in which said starter
      housing has a portion receiving said reel and said support depending from
      the receiving portion, and the article supporting means of said bracket
      being below and in abutting engagement with said reel.
NUM  3.
PAR  3. The starter mechanism as set forth in claim 2 in which said reel is
      normally retained in the receiving portion of the housing by ears integral
      with the receiving portion and bent inwardly to underlie and support the
      reel, the ears being subject to breaking off when bent for removal or
      replacement of the reel, and including a plurality of the brackets for
      supporting the reel, and a plurality of the supports, one for each of said
      brackets, said supports being spaced apart and spaced along said receiving
      portion, whereby the brackets substitute for broken ones of said ears in
      supporting the reel.
NUM  4.
PAR  4. The starter mechanism as set forth in claim 3 in which the bracket is an
      integral molded unit, the mounting means is relatively resilient for
      snapping over and gripping the support edge portions, and the supporting
      means is relatively rigid for effectively rigidly supporting the article
      on the housing.
NUM  5.
PAR  5. The starter mechanism as set forth in claim 4 in which said mounting
      means includes opposed flanges transverse to the body end portion and
      extending outwardly from said face of said body and said channels being in
      said flanges, and said supporting means includes an abutment for
      supporting the article, said abutment being generally intermediate said
      flanges, and said body end portion having shoulders spaced inwardly of
      said abutment and said shoulders extending from the abutment in opposite
      directions and past the adjacent one of the flanges.
NUM  6.
PAR  6. The starter mechanism as set forth in claim 5 in which said abutment is
      an end surface of said body and is at an oblique interior angle to the
      longitudinal axes of said channels.
NUM  7.
PAR  7. The starter mechanism as set forth in claim 6 in which the bracket is
      integrally molded nylon.
NUM  8.
PAR  8. An article supporting bracket to be mounted on a support having opposite
      edge portions, said bracket comprising, a body having a face and an end
      portion, said body including means for mounting the bracket on the
      support, the mounting means extending outwardly from said face and
      including opposed channels, one for each of the support edge portions, for
      receiving the associated one of the support edge portions, the channels
      being transverse to the body end portion, said body further including
      means for supporting an article, the supporting means being proximate said
      end portion and extending in a direction opposite that of the mounting
      means, the mounting means being relatively resilient for snappping over
      and gripping the support edge portions, and the supporting means being
      relatively rigid for effectively rigidly supporting the article.
NUM  9.
PAR  9. A bracket as set forth in claim 8 in which said mounting means includes
      opposed flanges transverse to the body end portion and extending outwardly
      from said face of said body and said channels being in said flanges, and
      said supporting means includes an abutment for supporting the article,
      said abutment being generally intermediate said flanges, and said body end
      portion having shoulders extending outwardly from the abutment in opposite
      directions and one along each end of an adjacent one of the flanges.
NUM  10.
PAR  10. A bracket as set forth in claim 8 in which said abutment is an end
      surface of said body and is at an oblique interior angle to the
      longitudinal axes of said channels.
NUM  11.
PAR  11. A bracket as set forth in claim 10 in which said body is an integral
      molded nylon unit said mounting means includes opposed flanges transverse
      to the body end portion and extending outwardly from said face of said
      body and said channels being in said flanges, and said supporting means
      includes an abutment for supporting the article, said abutment being
      generally intermediate said flanges, and said body end portion having
      shoulders extending outwardly from the abutment in opposite directions and
      one along each end of an adjacent one of the flanges.
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ABST
PAL  A self-energized plasma compressor which compresses plasma discharged from
      coaxial plasma generator. The device includes a helical shaped coil which
      is coaxially aligned with the center axis of the coaxial plasma generator.
      The plasma generator creates a current through the helical coil which, in
      turn, generates a time varying magnetic field that generates a force which
      acts radially upon the plasma. A seal is carried on the end of the coaxial
      plasma generator for containing gas therein. As the plasma is accelerated
      out the outer end of the generator, it forces the gas outwardly also
      compressing such. Beads are carried adjacent the small end of the helical
      shaped coil for being accelerated to hypervelocities by the plasma and
      gas. As a result of utilizing gas in the coaxial plasma generator, such
      minimizes ablation of the beads as well as accelerates such to higher
      velocities.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a plasma generator and more
      particularly to a plasma generator constructed to propel small projectiles
      to hypervelocities. Heretofore, in order to propel small objects such as
      beads, at hypervelocities for simulating meteoroids that may be
      encountered while traveling in outer space, it has been necessary to
      propel such from chemical explosions, from electrical exploded wires, or
      from electrostatic accelerometers. While these apparatus may be able to
      propel very small particles at hypervelocities, they are not satisfactory
      for larger particles.
PAR  In order to obtain high velocity bursts, devices have been developed, such
      as shown in U.S. Pat. No. 3,579,028 and U.S. Pat. No. 2,992,345. In a
      co-pending application, bearing Ser. No. 367,606, entitled "Self-Energized
      Plasma Compressor," also assigned to the National Aeronautics and Space
      Administration, there is disclosed a self-energized plasma compressor
      which has a helical coil coaxially aligned with the center axis of a
      coaxial plasma generator so as to compress the plasma for engaging beads
      to accelerate such to hypervelocities.
PAR  However, such devices do not disclose utilizing gas as well as a helical
      coil for moving plasma to a narrow end of a coil for engaging objects to
      propel them at hypervelocities. The disadvantages of prior devices was
      generally the limitation in mass and velocity achievable for particles.
      These limitations resulted from the combined characteristic limitation in
      velocity density and controllability of temperatures of the accelerating
      medium.
PAC  SUMMARY OF THE INVENTION
PAR  The plasma generator constructed in accordance with the present invention
      is a self-energized plasma compressor wherein gas is inserted within the
      plasma generator for being compressed by ionized particles. The device
      includes an elongated cylindrical first electrode with a central rod
      electrode disposed coaxially thereof and out of contact therewith. An
      electrically conductive element extends between the central rod electrode
      and an inner end of the first electrode. The inner end of the first
      electrode is sealed with a plug and a rupturable seal is carried on the
      other end thereof. Means is provided for inserting gas within the
      elongated cylindrical first electrode.
PAR  An elongated electrically conductive helical coil having a large diameter
      end and a small diameter end is carried adjacent the outer end of the
      first electrode with the small diameter end being spaced longitudinally
      therefrom. Means is provided for electrically connecting the small
      diameter end of the helical coil to the first electrode. Means is provided
      for applying a high voltage to the first electrode and the central rod
      electrode for causing the electrically conductive element to ionize
      producing a plasma which is accelerated forcing the gas out of the outer
      end of the first electrode rupturing the seal. The helical coil is carried
      in axial alignment with the elongated cylindrical first electrode so that
      a current path is formed between an outer end of the central electrode and
      the helical coil as the plasma and gas are accelerated out the outer end
      of the first electrode producing current flow through the helical coil
      which, in turn, produces a time varying magnetic field that compresses the
      plasma and gas adjacent the small diameter end of the coil.
PAR  Beads are carried on a mylar seal carried adjacent the small diameter end
      of the helical coil for being engaged by the plasma and gas. The gas in
      the accelerator system adds to the driving mass and is accumulated in a
      "snow plow" effect in front of the discharging material, such as aluminum,
      so as to produce a lower eroding effect on the particles which are to be
      accelerated as a result of the lower temperature thereof. Such also
      increases the achievable velocities of the particles or beads carried on
      the mylar seal.
PAR  Accordingly, it is an important object of the present invention to provide
      a plasma generator which can propel objects such as glass beads to
      hypervelocities.
PAR  Another important object of the present invention is to provide a gas
      filled coaxial accelerator equipped with a compressor coil so as to
      increase the driving mass of the accelerator.
PAR  Still another important object of the present invention is to provide a
      plasma type hypervelocity accelerator wherein gas is discharged with
      ionized plasma minimizing the eroding effect on particles that are to be
      accelerated.
PAR  Still another important object of the present invention is to provide a
      plasma type hypervelocity accelerator wherein gas is utilized therein for
      increasing the density of the accelerating medium.
PAR  These and other objects and advantages of the invention will become
      apparent upon reference to the following specification, attendant claims
      and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal, sectional view, partially in schematic form,
      illustrating a self-energized plasma compressor constructed in accordance
      with the present invention, and
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in more detail to the drawing, there is illustrated a plasma
      generator which has a cylindrical elongated annular electrode 10
      constructed of any suitable material such as steel. An insulating plug 12
      is carried on the inner end of the electrode 10 and has an O ring 14
      provided in an annular groove therein for producing a positive seal
      between the cylindrical electrode 10 and the plug 12. An elongated rod
      electrode 16 extends through the plug 12 along the longitudinal axis of
      the cylindrical electrode 10. The outer end of the rod electrode 16
      terminates slightly within the cylindrical electrode 10. A sealed
      insulator housing 18 is carried on the outer end of the cylindrical
      electrode 10 and is secured thereto by any suitable means such as
      adhesive. The outer end of the insulator housing 18 is constructed of a
      conductive plate 20 which will be described more fully below.
PAR  An electrically conductive helical compressor coil 22 has one end secured
      within a groove 24 provided in the insulating housing 18 closely adjacent
      the outer end of the electrode 10. The helical compressor coil 22 extends
      outwardly from adjacent the outer end of the electrode 10 in a helical
      spiral. As can be seen, the large diameter end of the helical coil 22 is
      spaced from the outer end of the electrode 10. The outer or small diameter
      end of the helical coil 22 is attached to the conductive plate 20 such as
      by welding. An electrical path is provided through the conductive plate
      20, screws 26, and cylindrical housing 28 back to the outer electrode 10
      by the downwardly extending cylindrical arm 30 which is welded to the
      electrode 10. It is noted that the plate 20 has an opening 32 provided
      therein which is in axial alignment with the helical coil 22. Positioned
      over the opening 32 is a mylar disc 34 which has a plurality of glass
      beads 36 or the like positioned thereon for being accelerated by the
      accelerator.
PAR  In order to energize the plasma generator, an electrical conductor 38 is
      connected between the cylindrical electrode 10 and one side of a capacitor
      bank 40 shown schematically as a single capacitor. Also, connected to the
      same side of the capacitor bank 40 is the output of a DC power supply 42.
      The other side of the DC power supply 42 is connected through a switch 44
      to one electrode of an ignitron switch 46. Interposed between the ignitron
      switch 46 and the switch 44 is a junction 48 to which the other side of
      the capacitor bank 40 is coupled. A control electrode 50 of the ignitron
      switch 46 is connected through a switching mechanism shown schematically
      at 52 to one side of a DC power supply 54. The other side of the DC power
      supply 54 is grounded.
PAR  The insulator plug 12 has a passage 56 extending therethrough to which a
      gas line 58 is connected. Such is to permit gas to be inserted within the
      cylindrical electrode 10. In order to contain the gas a mylar sheet 60 is
      secured over the outer end of the cylindrical electrode 10 by gluing such
      to the insulating housing 18. In some situations it is also desirable to
      insert a gas within the insulated housing 18. Such is accomplished by
      connecting a gas line 62 to a port 64 extending through the insulated
      housing 18.
PAR  In operation, upon closing the switch 44 of the DC power supply 42, such
      causes the capacitor bank 40 to charge to a predetermined level. When
      switch 44 is closed such, in turn, causes the ignitron switch 46 to close.
      Upon closing of the ignitron switch 46, the capacitor 40 discharges
      through the central electrode 16, a circular aluminum foil 66, cylindrical
      electrode 10 and back through lead 38 completing the circuit. As current
      flows through the aluminum foil 66 such causes the foil to be heated and
      ionized. When the foil 66 is ionized, it forms a plasma which is
      accelerated out of the cylindrical electrode 10 by the magnetic field
      surrounding the elongated electrode 16. As the plasma is accelerated out
      of the cylindrical electrode 10 the residual gas included therein is
      accumulated in a snow plow effect in front of the discharging plasma.
PAR  Compressed gas and plasma rupture the seal 60. As the gas and plasma exit
      from the end of the cylindrical electrode 10, it forms an electrical path
      from the end of the elongated electrode 16 to the helical coil 22. Current
      begins to flow through the helical coil 22 creating a longitudinal
      magnetic field within the coil 22 which varies in time with the potential
      applied to the electrodes 10 and 16 of the coaxial plasma generator.
PAR  This time varying magnetic field creates a circular current within the
      plasma inside the coil 22. This circular current interacts with the axial
      magnetic field and creates a radial force by which the plasma is contained
      within the coil. Since the plasma leaves the cylindrical electrode 10 of
      the coaxial generator with a velocity component directly along the
      longitudinal axis, it is compressed into the narrow end of the compressor
      coil 22 along with the gas contained therein.
PAR  When the potential applied to the rod electrode 16 and the cylindrical
      electrode 10 of the coaxial generator begins to decrease, the magnetic
      field created by the helical coil 22 also begins to decrease, and the
      current induced in the plasma by the magnetic field changes direction.
      Since the magnetic field has not changed direction but the current in the
      plasma has, the force on the plasma tends to drive it away from the
      longitudinal axis and the plasma is forced out of the coil 22 in a
      direction parallel to the longitudinal axis of the coil.
PAR  During the compression, the dense plasma and gas in the narrow end of the
      coil 22 are under high pressure and temperature and are thus available for
      use as a high pressure gas. This plasma ruptures the thin mylar foil 34
      and strikes the beads 36 causing the beads 36 to be propelled at
      hypervelocities.
PAR  As a result of the gas being forced ahead of the ionized plasma, such adds
      to the driving medium engaging the beads 36. Furthermore, the accumulated
      gas is cooler than the metal plasma thus there is a lower eroding effect
      on the particles 36 being accelerated.
PAR  During the energization of the plasma compressor, it is positioned within a
      vacuum chamber which surrounds the entire apparatus. In one particular
      test, the beads which are expelled when the mylar member 34 is ruptured by
      the plasma, are propelled towards a target carried on an inner end of the
      vacuum chamber. This target may be any suitable material, such as the skin
      of a spacecraft, and from these tests it can be determined if meteoroids
      will damage or penetrate such in space flight. Of course, other tests
      could be performed on similar objects. The compressor could also be used
      for providing a dense high temperature plasma that may possibly have many
      applications and use.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for accelerating and compressing plasma comprising:
PA1  a. an elongated cylindrical first electrode;
PA1  b. a central rod electrode disposed coaxially of said first electrode out
      of contact therefrom;
PA1  c. an electrically conductive element extending between said central rod
      electrode and an inner end of said first electrode;
PA1  d. a plug sealing said inner end of said first electrode;
PA1  e. a rupturable seal carried over an outer end of said first electrode;
PA1  f. means for inserting gas within said elongated cylindrical first
      electrode;
PA1  g. an elongated electrically conductive helical coil having a large
      diameter end and a small diameter end;
PA1  h. said large diameter end of said helical coil being carried adjacent said
      outer end of said first electrode and said small diameter end being spaced
      longitudinally therefrom;
PA1  i. means for electrically connecting the small diameter end of said helical
      coil to said first electrode;
PA1  j. means for applying a high voltage to said first electrode and said
      central rod electrode for causing said electrically conductive element to
      ionize producing a plasma which is accelerated forcing said gas out of
      said outer end of said first electrode; and
PA1  k. said helical coil being in axial alignment with said elongated
      cylindrical first electrode so that a current path is formed between an
      outer end of said central rod electrode and said helical coil as said
      plasma is accelerated out the outer end of said first electrode producing
      current flow through said helical coil, which in turn produces a time
      varying magnetic field that compresses said plasma and gas adjacent said
      small diameter end of said coil;
PA2  whereby a source of compressed plasma is produced adjacent said small
      diameter end of said helical coil.
NUM  2.
PAR  2. The apparatus as set forth in claim 1, further comprising:
PA1  a. an insulating housing having an inner end and an outer end with said
      outer end carried on and encircling said outer end of said cylindrical
      first electrode;
PA1  b. a main body portion of said insulating housing encircling said helical
      coil;
PA1  c. an electrically conductive member enclosing said outer end of said
      insulating housing and being in electrical contact with said small end of
      said helical coil; and
PA1  d. means for electrically connecting said electrically conductive member to
      said first electrode.
NUM  3.
PAR  3. The apparatus as set forth in claim 1 further comprising:
PA1  a. a thin foil member carried adjacent said small diameter end of said
      helical coil; and
PA1  b. a supply of beads carried on an outer surface of said thin foil member
      so that said compressed plasma and gas penetrate said thin foil member
      propelling said beads to high velocities.
NUM  4.
PAR  4. An apparatus for accelerating and compressing plasma comprising:
PA1  a. an elongated cylindrical first electrode having open inner and outer
      ends;
PA1  b. a central rod electrode disposed coaxially of said first electrode out
      of contact therefrom;
PA1  c. means for sealing said inner end of said first electrode;
PA1  d. an electrically conductive element extending between said central rod
      electrode and said inner end of said first electrode;
PA1  e. an elongated electrically conductive helical coil having a large
      diameter end and a small diameter end;
PA1  f. said large diameter end of said helical coil being carried adjacent but
      spaced from said outer end of said first electrode and said small diameter
      end being spaced longitudinally therefrom;
PA1  g. a sealed housing having a chamber therein encompassing said outer end of
      said cylindrical first electrode and said helical coil;
PA1  h. means for inserting gas within said elongated first electrode and said
      chamber in said sealed housing;
PA1  i. means for applying a high voltage to said first electrode and said
      central rod electrode for causing said electrically conductive element to
      ionize producing a plasma which is accelerated forcing said gas out of
      said outer end of said first electrode, and
PA1  j. said helical coil being in axially alignment with said elongated
      cylindrical first electrode so that a current path is formed between an
      outer end of said central rod electrode and said helical coil as said
      plasma is accelerated out the outer end of said first electrode producing
      current flow through said helical coil, which in turn produces a time
      varying magnetic field that compresses said plasma and gas adjacent said
      small diameter end of said coil;
PA2  whereby a source of compressed plasma is produced adjacent said small
      diameter end of said helical coil.
NUM  5.
PAR  5. The apparatus as set forth in claim 4, further comprising:
PA1  a. a thin foil member carried adjacent said small diameter end of said
      helical coil, and
PA1  b. a supply of beads carried on an outer surface of said thin foil member
      so that said compressed plasma and gas penetrates said thin foil member
      propelling said beads to high velocities.
PATN
WKU  039398170
SRC  5
APN  530072&
APT  1
ART  344
APD  19741206
TTL  Oven door handle construction
ISD  19760224
NCL  3
ECL  1
EXA  Schwartz; Larry I.
EXP  Sprague; Kenneth W.
NDR  2
NFG  4
INVT
NAM  Nuss; James J.
CTY  Louisville
STA  KY
ASSG
NAM  General Electric Company
CTY  Louisville
STA  KY
COD  02
CLAS
OCL  126190
XCL  126200
EDF  2
ICL  F23M  700
FSC  126
FSS  190;193;198;200
UREF
PNO  3439669
ISD  19690400
NAM  Winkler
OCL  126200
UREF
PNO  3710776
ISD  19730100
NAM  Frick
OCL  126200
ABST
PAL  An oven door of sheet metal construction having cooling air channels which
      allow room air to pass up through the door. An elongated door handle is
      mounted across the top portion of the front face of the door. The handle
      has a base portion attached to the door and an elevated gripping portion
      extending above the top edge of the door and spaced away from the door by
      a plurality of spaced strut members to allow cooling air to pass up behind
      the gripping portion. The elevated gripping portion serves as both an
      upward hot air deflector and as a shielding means to prevent touching
      areas adjacent the top edge of the door.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  A related design of ventilated oven door cooperating with an exhaust nozzle
      of an exterior oven cooling system is described in a copending patent
      application of the present inventor filed July 31, 1974, Ser. No. 493,332,
      now U.S. Pat. No. 3,889,099, entitled "Oven Door Cooling System." This
      earlier ventilated oven door design has a standard door handle below the
      top edge of the door, while the above-mentioned exhaust nozzle serves as
      an aspirator for the cooling air passing up through the door.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The invention relates to a ventilated oven door construction, and
      particularly to an elevated door handle which serves as both a hot air
      deflector and a shielding means.
PAR  2. Description of the Prior Art:
PAR  A ventilated oven door with a cooling air channel behind the outer door
      panel so that currents of cooling air may pass up through the air channel
      is described in the patent of James A. White, U.S. Pat. No. 3,736,916,
      which is also assigned to the assignee of the present invention. This
      patent shows another example of a simple oven door handle located below
      the top edge of the door.
PAR  Another such ventilated oven door with a different kind of simple oven door
      handle is shown in a second patent of James A. White, U.S. Pat. No.
      3,760,792 of the present assignee. This door handle is also located below
      the top edge of the door.
PAR  One problem experienced with ventilated oven doors is that high operating
      temperatures are likely to appear along the top edge of the door, the area
      directly above the door, and the door handle. Ventilated doors are used
      most often with pyrolytic self-cleaning ovens, where the internal oven
      temperatures rise to a maximum temperature of about 950.degree.F during
      the automatic cleaning of the food soils and grease spatter from the walls
      forming the oven cooking cavity.
PAR  The allowable surface temperatures permitted by the Underwriters'
      Laboratories, Inc. for range components mounted above 36 inches from the
      floor is 182.degree.F for bare or painted metal, 190.degree.F for
      porcelain enamel finishes, 202.degree.F for glass and 212.degree.F for
      plastics. Allowable surface temperatures for handles and knobs is about
      50.degree.F less than the above temperatures for the same materials.
PAR  A principal object of the present invention is to provide a ventilated oven
      door with an elevated door handle extending above the top edge of the door
      to serve as both a hot air deflecting means and a shielding means.
PAR  A further object of the present invention is to provide an oven door
      construction with a door handle of the class described for reducing as
      well as preventing access to the areas of maximum outer surface
      temperatures adjacent the top edge of the door.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, in accordance with one form thereof, relates to a
      ventilated door of a high temperature oven, where cooling air is allowed
      to pass up through the door and exit adjacent the top edge of the door. An
      elongated door handle has attaching means for fastening the handle to the
      door adjacent the top portion of the front face of the door. The handle
      also includes an elevated gripping means spaced away from the door and
      extending above the top edge of the door to serve as both an upward
      deflector means for the hot air discharging from the top edge of the door
      as well as a shielding means to prevent touching areas above the door that
      are at maximum temperatures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be better understood from the following description
      taken in conjunction with the accompanying drawings and its scope will be
      pointed out in the appended claims.
PAR  FIG. 1 is a side elevational view of a built-in, electric wall oven that
      includes a ventilated oven door and elevated door handle of the present
      invention.
PAR  FIG. 2 is an enlarged fragmentary view similar to that of FIG. 1 of the
      area centered around the upper portion of the door to show the various air
      flow patterns.
PAR  FIG. 3 is an enlarged fragmentary view similar to that of FIG. 2 except the
      ventilated door of the present invention is shown in use below a cooktop
      of a range.
PAR  FIG. 4 is a top plan view on a reduced scale of the oven door of the
      present invention arranged in its vertical closed position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to a consideration of the drawings, and in particular to FIG.
      1, there is shown a built-in, electric wall oven 10 having an outer oven
      body or cabinet structure 12 which surrounds an oven cooking cavity 14
      formed by a box-like oven liner 16 and a front-opening, access door 18.
      This oven is adapted to be heated by a lower bake element 20 and an upper
      broil element 22. These heating elements are shown as metal sheathed
      electrical resistance heating elements. However, it will be understood by
      those skilled in this art that the door design of the present invention is
      not limited to use with an electrically heated oven. It could just as well
      be used with a gas-fired oven without departing from the present
      invention.
PAR  The oven liner 16 is surrounded by a layer of thermal insulation 26 for
      retarding the escape of heat energy from the oven cavity. Located above
      the insulated oven liner is a control compartment 30 which is furnished at
      the front with a control panel 32 which may support a plurality of control
      components 34 such as an oven selector switch, an oven thermostat, an oven
      clock-timer, controls for a meat thermometer as well as for an oven
      rotisserie and the like.
PAR  An oven exhaust duct 38 is shown above the insulated oven liner and it
      extends forwardly beneath the lower portion of the control panel 32, and
      it has an upwaradly inclined discharge nozzle 40 directed at an angle of
      about 45.degree.. This exhaust duct 38 would be joined to an oven vent
      opening (not shown) in the top wall of the oven liner 16. An open grill 42
      is shown in the control panel 32 beneath the control components 34. This
      grill serves as a thermal break, as well as an exhaust vent for an oven
      cabinet cooling system (not shown) which circulates room air between the
      insulated oven liner and the oven cabinet 12 and exhausts them through the
      grill 42 for holding down the exterior oven cabinet temperatures. For more
      information on an oven cabinet cooling system, see the patent of George A.
      Scott and James K. Newell, Jr., U.S. Pat. No. 3,310,046, which is also
      assigned to the present assignee.
PAR  As is best seen in FIG. 1, the oven door 18 is of generally sheet metal
      construction having three main elements: an outer door panel 44, an inner
      door liner 46 and an inner panel 48 that is adapted to telescope into the
      throat of the oven liner 16 in the manner of a plug. A resililent thermal
      gasket 52 such as woven fiber glass is sandwiched between the periphery of
      the inner panel 48 and the inner door liner 46, and this gasket is adapted
      to seal against the front flange 56 of the oven liner 16. Thermal
      insulation 58 is shown within the inner panel 48, and another layer of
      thermal insulation 60 is within the inner door liner 46. A sheet metal
      insulation guard 62 serves to hold the layer of insulation 60 in place. A
      viewing window 66 is shown in the outer door panel 44 in the form of a
      high temperature glass pane 68. Similar glass panes in a sealed
      subassembly (not shown) would be mounted within the inner door liner 46
      and the inner panel 48 in order to permit viewing into the oven cooking
      cavity 14, while retarding heat loss through the window subassembly.
PAR  A plurality of air inlet openings 72 are formed in the bottom portion of
      the rearwardly-turned flange 74 of the outer door panel 44. Similarly, a
      plurality of air outlet openings 76 are formed in the top portion of the
      same rearwardly-turned flange 74 of the outer door panel. An air channel
      78 is created by the spacing of the insulation guard 62 back from the
      outer door panel 44. Thus, relatively cool room air is drawn into the door
      18 by way of the air inlet openings 72. This cooling air stream rises
      through the door and is able to pick up some of the heat energy stored in
      the thermal insulation 60, insulation guard 62 and the sealed window
      subassembly (not shown). This rising air stream then exits from the door
      by way of the air outlet openings 76. The temperature of this air stream
      as measured at the top edge of the door may reach as high as 350.degree.F
      if this oven is operated on a pyrolytic self-cleaning oven cycle as
      discussed above. This high temperature tends to overhead the top portion
      of the door and the overhanging trim.
PAR  The present invention relates to means for protecting the user of the oven
      from touching overheated areas of the oven front in the vicinity of the
      top edge of the door. The door 18 is furnished with an elongated door
      handle 80, that is nearly as long as the full width of the door as is seen
      in the top view of FIG. 4. The door handle may be formed of a high
      temperature plastic such as a phenolic or it may be a die casting or a
      mixture of the two materials. The door handles has an attaching portion 82
      and an elevated, hand-gripping portion 84 that is spaced away from the
      attaching portion. The attaching portion 82 is placed flush against the
      outer door panel 44 at the top edge thereof. It would be held in place by
      fastening screws (not shown) that are threaded in place from the inner
      side of the outer door panel. The gripping portion 84 is joined to the
      attaching portion 82 by a plurality of widely spaced strut members 88 as
      is best seen in the top view of FIG. 4. The central area of the handle is
      an open area free of the strut members 88 so as not to interfere with the
      ease of grasping the hand-gripping portion 84.
PAR  Notice that room air is allowed to flow up through the handle 80 in the
      areas defined between the attaching portion 82 and the gripping portion 84
      and the widely spaced strut members 88. This room air mixes with the hot
      air expelling from the air outlet openings 76 and reduces the temperature
      thereof. This combined air then mixes with the discharge from the nozzle
      of the oven exhaust duct 38 to propel it in an upward direction for mixing
      with the frontward discharge from the grill 40.
PAR  Notice also that the gripping portion 84 is elevated above the top edge of
      the door and above a portion of the discharge nozzle of the oven exhaust
      duct 38. Thus, the gripping portion 84 serves as an air deflector as well
      as a shielding means to prevent the fingers from inadvertently reaching
      the top edge of the door or the front and underside surfaces of the
      discharge nozzle 40 and the overhanging trim.
PAR  A method of increasing the air flow up through the door is to provide more
      air outlet openings. Secondary outlet openings 92 are formed in the outer
      door panel 44 underneath the attaching portion 82. Slots 94 are formed in
      the attaching portion to communicate with these secondary openings 92 and
      to be open at the top, as is seen in FIGS. 1, 2 and 4.
PAR  FIG. 3 shows a second modification 100 of the door handle of this invention
      except the ventilated oven door 18 is shown in use below a cooktop 96 of a
      range. The same elements are identified with the same reference numerals
      as were used in the first modification. The elevated hand-gripping portion
      102 rises higher than the gripping portion 84 of the first modification.
      This tends to shield the entire front edge of the cooktop 96 and eliminate
      hot spots which are subject to touch.
PAR  Modifications of this invention will occur to those skilled in thio art,
      therefore, it is to be understood that this invention is not limited to
      the particular embodiment disclosed but that it is intended to cover all
      modifications and their equivalents which are within the true spirit and
      scope of this invention as claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A door construction for a high temperature oven comprising an outer door
      panel and a spaced inner door liner that is adapted to be exposed to the
      high temperatures within the oven, thermal insulating means within the
      door for retarding the flow of heat from the inner door liner to the outer
      door panel, and cooling air channel means behind the outer door panel to
      allow room ambient air to enter the bottom of the door and rise up through
      the door and exit adjacent the top edge of the door; the invention
      comprising an elongated door handle having attaching means fastened to the
      door adjacent the top edge thereof and elevated gripping means spaced away
      from the door and extending above the top edge of the door, said gripping
      means also serving as an upward deflector means for the hot air expelling
      from the door and as a shielding means to prevent ready access to the oven
      area immediately above the door, wherein the said door handle
      substantially extends from one side of the door to the other and the door
      gripping means is spaced away from the said attaching means by a plurality
      of spaced strut members thereby forming air passages up through the handle
      so that room air may pass up through the handle and mix with the hot air
      coming from the oven.
NUM  2.
PAR  2. A door construction for a high temperature oven as recited in claim 1
      wherein the said door handle attaching means is provided with a plurality
      of cooling air passages to assist in holding down the maximum temperature
      experienced by the handle.
NUM  3.
PAR  3. A door construction for a high temperature oven as recited in claim 2
      wherein the top portion of the front face of the outer door panel is
      provided with a plurality of openings communicating with the plurality of
      cooling air passages in the handle attaching means to increase the flow of
      room ambient air up through the door.
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ABST
PAL  The instant invention relates to a solar energy heating module comprising a
      sealable chamber having cross-flow radiator means therein dividing the
      chamber into a fluid inlet compartment and a fluid outlet compartment,
      and, preferably, at least one perforated sleeve in said inlet compartment.
      The invention also comprises an assembly of the modules into a unitary
      heater having a common intake manifold.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of solar energy to heat fluids is an old and well-known procedure
      which has in recent years evoked greater interest because of the
      increasing shortage of fossil fuels which are most commonly used for such
      heating purposes.
PAR  While the basic technology of utilizing the sun's rays to heat a fluid,
      such as a liquid or a gas, is known, this technology has found limited
      application because of the difficulty in making apparatus for this purpose
      which is efficient and relatively inexpensive. In large measure, cost of
      equipment and of on-site assembly thereof have been a major problem
      mitigating against use of solar energy cells to heat small structures such
      as one-family residences.
PAR  Thus, most solar heating units must be especially fabricated for the
      particular structure to be heated. Therefore, such units being custom
      fabricated are quite expensive and their use generally limited to large
      commercial or educational buildings. Attempts to overcome this problem by
      having a standard factory manufactured solar collector for smaller
      structures have not been successful since such structures vary so widely
      in heating requirements because of their size differences, various types
      of construction, local climatic conditions, and the like, that there is no
      one collector size that is suitable for any large percentage of these
      structures. Modular units have, heretofore, also not been entirely
      practical because of the difficulty and cost of assembling and
      disassembling them for use.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention overcomes the difficulties of the prior art by
      providing solar energy heating modules which can be used alone or readily
      assembled into solar heating assemblies of varying capacity dependent upon
      the heating desired.
PAR  Briefly stated, the present invention comprises a solar energy heating
      module comprising a sealable chamber having cross-flow radiator means
      therein dividing said chamber into a fluid inlet and a fluid outlet
      compartment, means to supply a fluid to said chamber, and means to remove
      fluid from said chamber. In its preferred embodiment, the invention
      includes at least one perforated sleeve in said inlet compartment. The
      invention also comprises an assembly of the modules having a common intake
      manifold.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, partially broken away, of an assembly of
      solar heating modules in accordance with the present invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is an elevational view, partially broken away, of an alternate
      embodiment of the present invention; and
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1 to 4, there is shown solar energy heating assembly 10
      comprising a plurality of individual modules 11. While modules 11 have
      been shown in perspective view as being in an essentially vertical
      position, in use the assembly will be made to face toward the south and
      tilted at an approximate 60.degree. angle from the horizontal.
PAR  The modules 11 comprise sealable fluid-tight chambers of generally
      rectangular shape formed by a top wall 12, bottom wall 13, side walls 14,
      rear wall 15, and front wall 16. All of the walls, with the exception of
      front wall 16, are preferably made of a non-heat conductive material, such
      as wood or plastic, although metals can also be used. Front wall 16 is
      formed of a transparent material such as glass or plastic film 17,
      preferably a plastic film such as polycarbonate (LEXAN). It is preferred
      to use two spaced-apart layers of plastic film 17 as best shown in FIG. 4;
      the spacing aiding in preventing heat loss through the front wall.
PAR  The interior of the chamber, again with the exception of front wall 16, is
      preferably lined with insulating material 18 such as an expanded plastic
      foam (Styrofoam) or any other material commonly used for this purpose. The
      exposed outer surface of insulating material 18 is covered with a heat
      absorbing material such as a black film or black paint of the type
      conventionally used.
PAR  Upper aligned openings 19 are provided in side walls 14 and upper
      perforated sleeve 20 extends across the interior of the module from one
      opening 19 to the other. Sleeve 20 can be attached to the chamber by
      having the diameter of openings 19 and sleeve 20 matched so that sleeve 20
      is force-fit into openings 19 and securely held in place as shown in FIG.
      3. Alternately, the sleeve can be held in place by seals as is illustrated
      in FIG. 6. Though not shown, the seals can be fashioned so that the
      flanges thereof extend for a substantial distance into the chamber. The
      flanges can then be perforated to aid in control of fluid flow as
      discussed below and sleeve 20 dispensed with. In like manner, lower
      aligned side openings 21 are provided in side walls 14 with lower
      perforated sleeve 22 or seals with extended flanges affixed therein and
      spanning the module 11. Although not depicted, there can be two or more
      upper and lower sleeves, or seals with extended flanges, utilized together
      with the necessary complementary additional upper and lower aligned
      openings.
PAR  Radiator means 23 are provided in the module and are attached to the
      insulation 18 as by nailing thereto or embedment therein. Radiator means
      23, preferably extending diagonally from the top wall 12 to bottom wall
      13, divide the interior of the module into fluid inlet compartment 24 and
      fluid outlet compartment 25 with perforated sleeve 22 in inlet compartment
      24 and perforated sleeve 20 in outlet compartment 25. Radiator means 23 is
      preferably a cross-flow radiator of the honeycomb type having cells 26
      therein permitting a ready passage of fluids therethrough in a cross-flow
      path. Such honeycomb is commercially available under the trade name
      "HEXCEL". Radiator means 23 is coated with a heat-absorbing material of
      same type used on insulating material 18. Honeycomb cells 26 act as heat
      traps and further give a greater amount of surface area to increase the
      heating efficiency of the module by collecting as much of the radiation as
      possible. In addition, as opposed to conventional flat plate collectors,
      honeycomb radiator 23 because of the depth of cells 26 can collect heat
      across a wide angle of sun exposure.
PAR  As used herein, the term "fluid" is intended to mean both liquids and
      gases, such as air and water, which can be heated by electromagnetic
      radiation such as the sun's rays.
PAR  As best shown in FIGS. 1 and 2, the individual modules 11 are assembled
      simply by placing one against the other in abutting relation and sealing
      the entire assembly by utilizing suitable sealing means such as bushings
      27 at side wall openings 19 and 21. The bushings are of a size so as to
      also function to interconnect the perforated sleeves 20 and 22 in each of
      the modules to form, when the modules 11 are assembled, an aligned series
      of perforated sleeves 20 and sleeves 22 all being in fluid flow
      communication.
PAR  Perforated manifolds 30 and 31 made of metal or plastic, are then inserted
      through the perforated sleeves so as to extend through the entire module
      assembly with the outermost ends of each manifold suitably sealed as by
      attaching cap 32 thereto. Not shown is the fan or other means used to
      drive the fluid, such as water or air, into the bottom manifold 31 out
      through the perforations in the manifold 31 and sleeve 22 and into the
      chambers where the fluid is heated by the rays of the sun. The heated
      fluid, due to the force of the fan and by being heated, will flow into
      inlet compartment 24, through radiator 23, and into outlet compartment 25
      where the fluid will enter into the perforations of sleeves 19 and
      manifold 30 to be returned to the structure being heated.
PAR  Suitable means such as gaskets 33 are utilized to seal the manifolds 30 and
      31 where they extend beyond the limits of the module assembly. An
      important feature of the instant invention is that the manifolds are
      perforated only along certain spaced intervals of their length. This is
      best illustrated in FIG. 3 wherein the manifold 30 is not perforated for a
      portion of its length where the two modules are abutted. Perforations 34
      can be varied in size so as to control the flow of fluid into the modules.
      Perforations in sleeve 22 can also be varied in size and location to
      assist in controlling the flow of fluid in conjunction with perforations
      in manifold 31. In addition, there is no need to insulate the manifolds
      since they are enclosed in modules 11.
PAR  It is readily apparent that a single module with the manifolds therein is
      suitable for use, but the instant invention provides the flexibility of
      having a plurality of the same size modules assembled to form a heating
      means capable of heating larger amounts of fluid. In addition, it is
      possible in each module, to eliminate the upper perforated sleeve 20 and
      manifold 31 in the module and simply utilize a single opening 19 in one of
      the side walls 14 of an individual module as an egress for the fluid to a
      manifold at the opening. Moreover, lower perforated sleeve 22 need not
      have perforations around its entire circumference, but only for a limited
      portion thereof permitting adjustment of the sleeve 22 during installation
      to vary fluid flow. While described with reference to a single module, it
      is intended that these modifications be applied to an assembly of a number
      of modules.
PAR  Thus, the modules 11 and manifolds 30 and 31 can be prefabricated and
      readily assembled on the site where they are to be used. Since every
      module has a standard size, the manifolds can be made so that the
      perforations are placed therein at the factory. The manifolds can be made
      of lengths much longer that the individual modules so that there is no
      need for welding, brazing, and/or gluing to unite individual pieces of
      manifold for the entire length of the assembly. The manifolds being of
      lengths much longer than that of combined number of modules it is a simple
      matter to simply cut off the excess length and cap the manifold as shown
      in FIG. 1. Thus, for purposes of illustration, the individual units of
      FIG. 1 can be made so as to be 4 feet wide by 8 feet high and to have a
      thickness of 6 inches. The thickness of the modules has been exaggerated
      in the drawings in order to be able to better illustrate the interior
      thereof. Thus, the eight modules shown in FIG. 1 will span a distance of
      32 feet. A plastic pipe of 36 or 40 foot length can be prefabricated at
      the plant with perforations therein, inserted through the assembled
      modules on the site and the extra length simply sawed off and the sawed
      end capped as shown in FIG. 1.
PAR  It will be understood that the size of the individual units can be varied
      so as to enable production of several standard models having different BTU
      capacities when operating under optimum conditions. Thus, once the heating
      requirements of a structure are known, the number of already prefabricated
      modules needed to meet such requirements are brought to the site and
      assembled as discussed above. It will be evident that, by maintaining the
      height of the module as standard and by varying the width, it is possible
      to combine modules of varying heating capability to meet a wide variety of
      heating requirements.
PAR  Referring to FIGS. 5 and 6, there is shown therein an alternate embodiment
      of the present invention wherein the individual modules are hexagonal in
      shape and can be combined as illustrated in FIG. 5 to give a honeycomb
      effect. Modules 51 having a hexagonal shape are combined so that their
      side walls 54 abut and the combined assembly presents a face consisting of
      the front walls 56 of modules 51. Several of modules 51 have been broken
      away to show honeycomb cross-flow radiators 63 therein as well as sleeves
      60 and 62 and manifolds 59 and 61. The major difference in this embodiment
      is that a larger number of manifolds are required to pass fluid into and
      carry heated fluid from the module assembly. In FIG. 6, seals 70 are shown
      having cap portions 71 with flanges 72 extending therefrom into the
      chamber. Sleeve 60 is shown supported on flanges 72.
PAR  From the foregoing, it will be evident that a large variety of structural
      shapes can be used in accordance with the present invention, thus
      permitting use of the instant invention on a wide variety of buildings. In
      fact, in the instant invention, the modules can be incorporated, if
      desired, as part of the structure of the building by forming a portion of
      the roof or wall of the building that faces south.
PAR  While the invention has been described in connection with a preferred
      embodiment, it is not intended to limit the invention to the particular
      form set forth, but, on the contrary, it is intended to cover such
      alternatives, modifications and equivalents as may be included within the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solar energy module comprising a sealable chamber having cross-flow
      radiator means having honeycomb cells and dividing said chamber into fluid
      inlet and outlet compartments, means to supply fluid to said inlet chamber
      including at least one perforated sleeve extending through said inlet
      compartment and supported by said chamber, and a perforated manifold
      extending through said inlet compartment and generally concentrically
      disposed within said perforated sleeve, wherein said manifold and said
      sleeve are positionable relative to each other for enabling adjustment in
      direction and volume of fluid flow through said sleeve.
NUM  2.
PAR  2. The module of claim 1 including at least one perforated sleeve in said
      outlet compartment and a perforated manifold extending through the module
      through said perforated sleeve in said outlet compartment.
NUM  3.
PAR  3. The module of claim 2 wherein the perforated sleeve in the inlet
      compartment is located in the bottom portion of the module, the perforated
      sleeve in the outlet compartment is located in the upper portion of the
      module, and the radiator means is a cross-flow radiator of the honeycomb
      type.
NUM  4.
PAR  4. The module of claim 3 wherein the perforated sleeves communicate with
      openings in the side walls of the chamber.
NUM  5.
PAR  5. A solar energy heating assembly comprising a plurality of modules
      including a sealable chamber having cross-flow radiator means having
      honeycomb cells and dividing said chamber into fluid inlet and outlet
      compartments, means to supply fluid to said inlet chamber including at
      least one perforated sleeve extending through said inlet compartment and
      supported by said chamber, and a perforated manifold extending through
      said inlet compartment and generally concentrically disposed within said
      perforated sleeve, each of said modules abutted together wherein said
      manifold and said sleeve are positionable relative to each other for
      enabling adjustment in direction and volume of fluid flow through said
      sleeve.
NUM  6.
PAR  6. An assembly as set forth in claim 5 wherein respective ones of
      perforated sleeves extend through and are supported by each of said outlet
      compartments in each of said modules and a perforated manifold extends
      through and is supported by said assembly such that it is disposed within
      said sleeves in said outlet compartment wherein said second manifold is
      relatively movable with respect to said sleeves in said outlet compartment
      for enabling continuous adjustment in direction and volume of fluid flow
      therethrough.
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ABST
PAL  A solar energy collector having a transparent pane(s) with a flowing
      "black" liquid medium to absorb the solar energy directly. The specific
      apparatus comprises in a general embodiment a tubing of various planar
      configuration to provide a flat surface. Alternative embodiments include
      the free flow of a black liquid over a flat surface. Other structure is
      described for heat retention and environmental control. The black liquids
      have a high rate of absorption to solar energy.
BSUM
PAC  BACKGROUND
PAR  The prior art flat-plate solar energy collectors generally consist of a
      number of transparent panes and an absorbing surface, the surface in turn
      is of metal coated with a suitable black absorbing material. A liquid or
      gas is passed either in front, behind, or around the absorbing surface to
      extract energy from the absorbing surface. The energy absorbed is then
      transported by the liquid or gas to the point of application. Suitable
      insulation is placed behind the collector and along the edges to reduce
      heat loss. Improvements have been made in the performance of flat-plate
      collectors by the use of selective black coatings which have a high rate
      of solar absorption and low infrared emittance. Other improvements include
      evacuating the gas between the transparent panes and the absorbing
      surface. In some instances a honeycomb structure is utilized to reduce
      conduction losses.
PAR  Other prior art solar energy absorption systems utilize tubing -- but the
      tubing is either metal or of clear plastic coated with a black absorbing
      material. In operation these collectors have a nearly uniform temperature
      over the entire surface; accordingly, being susceptible to radiant heat
      losses.
PAC  SUMMARY OF INVENTION
PAR  The present invention comprises configurations wherein the solar radiation
      is directly absorbed. The metal absorbing surface and/or absorbing coating
      material are eliminated. In this way the solar energy is directly absorbed
      in the heat transfer medium. The principal advantage of this type of
      structure is that the heat losses are lessened since the heat transfer
      medium is the hottest material in the collector. Also the structure of the
      embodiments of the present invention provide a gradual elevation of
      temperature as fluid moves through the collector; only the outlet of the
      collector is at the maximum temperature. With this structure the radiant
      heat losses and edge losses are considerably lessened.
PAR  The structure of the present invention generally comprises in a first
      embodiment a clear-transparent tubing of a considerable length wound or
      folded into a planar surface. The liquid passing through the tubing is a
      black liquid -- a liquid having a high rate of absorption to solar energy.
PAR  The preferred embodiment encompasses a closed structure to prevent heat
      losses from environmental conditions. An alternative embodiment has a
      sheet of black liquid passing over a reflecting or absorbing surface in an
      enclosed structure. Data substantiates the intended result of raising the
      temperature of the liquid to a useful range -- even under non-optimum
      conditions.
PAC  OBJECTS
PAR  It is accordingly a principal object of the present invention to provide a
      new and improved solar energy collector wherein the heat transfer
      intermediate is eliminated.
PAR  Another object of the present invention is to provide a solar energy
      collector that is relatively simple in operation and in actual
      construction and yet overcomes the prior art disadvantage of heat losses.
PAR  Still a further object and other features of the present invention will
      become apparent from the following detailed description when taken in
      conjunction with the drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIGS. 1 and 2 illustrate a first preferred embodiment of the present
      invention where the tubes are wound in a circular and spiral planar
      surface.
PAR  FIG. 3 is that structure of FIG. 1 wound to provide a rectangular planar
      surface.
PAR  FIGS. 3A, 3B, and 3C is each represents that structure of FIG. 1 wound to
      provide several alternative zig-zag patterns.
PAR  FIG. 4 is a cross sectional view of a constructed embodiment illustrating
      another alternative structure of liquid flow.
PAR  FIGS. 5 and 6 are graphical illustrations of solar time versus calculated
      radiation and measured temperature of the black liquid.
PAR  FIGS. 7 and 8 are still other graphical illustrations of solar time versus
      temperature of the black liquid, and
PAR  FIG. 9 is a constructed embodiment of the entire system of the invention.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  With particular reference to FIGS. 1 through 3 there is illustrated the
      basic structure of the invention. An elongated tubing 14 of transparent
      material is wound in a manner for greatest solar exposure -- but, yet,
      covering a minimum overall flat sheet area. In FIG. 1 the tubing 14 is
      wound in a circular path, in FIG. 2 a curved path, in FIG. 3 a rectangular
      path and in FIGS. 3A, 3B, and 3C in a back and forth path.
PAR  It is appreciated that with each configuration there is a liquid input
      means 10 and liquid output means 12, such as, couplings.
PAR  The tubing 14 is in a preferred embodiment plastic since there are plastic
      tubings commercially available that can be physically wound. The essential
      critereon is that the tubing be clean -- that is, a minimum amount of
      radiant energy absorption by the tubing per se.
PAR  Equally significant to the transparent tubing 14 is that the liquid passing
      therethrough is black. The liquid utilized in the invention is the energy
      collector; accordingly, black is intended to include colloidal
      suspensions, selective or nonselective black materials such as carbon
      black, a mixture of colloids, selective or nonselective pure liquid
      compounds -- of single or a mixture of -- components, or liquids with dyes
      or solutes.
PAR  In the embodiment of the invention, the need for a metal absorbing surface
      along with its coating material is eliminated and the solar radiation is
      directly absorbed in the liquid heat transfer medium. In this way the heat
      losses are reduced since the liquid heat transfer medium is the hottest
      material in the collector.
PAR  In that the radiant energy collector is the liquid passing through the
      tubing 14 it can be appreciated that the liquid at the outlet 12 has the
      maximum exposure time. In this way there is a gradual elevation of
      temperature as fluid moves from the input 10 through the tubing 14 with
      the maximum temperature at the outlet 12. This is in contrast to the metal
      collectors which operate with a more nearly uniform high temperature over
      their entire surface. The lower surface temperatures reduce the radiant
      heat losses from the black liquid collector. In addition, edge losses from
      the collectors would be lower as the entire outside edges of the
      configurations in FIGS. 1 and 2 would be at the lower temperatures while
      at least one edge of collectors in FIGS. 3 and 4 would be at the lower
      temperatures.
PAR  With reference to FIG. 9 there is illustrated a constructed embodiment
      having an overall liquid collector configuration similar to the schematic
      of FIG. 1. This embodiment comprised the clear plastic tubing 14
      approximately 25 turns.
PAR  In this embodiment the tubing had an overall planar arrangement. In this
      way the tubing was wound but yet retained maximum exposure to solar
      radiant energy. The tubing 14 was enclosed in a box-like housing 16. The
      housing 16 in turn providing heat insulation to prevent losses but yet
      permitting radiation to pass to the tubing 14. The box-like housing 16 had
      as its base a layer of foam insulation 18; the tubing 14 positioned
      directly thereon. Placed immediately above the tubing 14 is a sheet of
      clear plexiglas 20, thereafter an air space and another sheet of clear
      plexiglas 22.
PAR  In the first test, of this embodiment, the black liquid comprised mixing 91
      grams of Acheson's Aquadag paste (a dispersion of high purity colloidal
      graphite in water) with 1 liter distilled water. The fineness, purity and
      excellent suspension properties of the graphite particles enabled the
      diluted product to be employed in an extensive range of applications for
      which large particle size dispersions and graphite powders are unsuitable.
PAR  The overall structure was oriented 40.degree. above the horizontal facing
      magnetic South. The highest liquid temperature achieved in the collector
      (no flow) during the first test was 185.degree.F at an ambient temperature
      OF 78.degree.F. The estimated direct solar radiation intensity was at
      solar noon calculated to be 283 Btu/hr-ft.sup.2.
PAR  The second test conducted included modifications on the housing structure
      to provide more efficient insulation and heat retention to reduce heat
      losses. The highest liquid temperature achieved in the collector (no flow)
      was 210.degree.F (the boiling point of this black liquid) at an ambient
      temperature of 36.degree.F. With reference to FIG. 5 the estimated
      incident solar radiation intensity at solar noon was calculated to be 271
      Btu/hr-ft.sup.2. The angle of incidence at solar noon was estimated at
      16.degree.. This temperature was achieved in about 45 minutes after the
      collector was exposed to the solar radiation at 10:30 solar time.
PAR  With this improved embodiment of FIG. 9 it was concluded that had the black
      liquid not vaporized, a much higher temperature would have been achieved
      with this collector.
PAR  The next test included a glycal ethylene liquid mixed with the black liquid
      at 3 parts with 1 part of black liquid. This liquid had a boiling point of
      260.degree.F. The incident solar radiation intensity at solar noon was
      calculated at 266 Btu/hr-ft.sup.2. The angle of incidence at solar noon
      was estimated at 18.degree.. Due to cloudy sky and very strong winds, the
      highest liquid temperature (no flow) achieved in the collector was about
      173.degree.F as shown in FIG. 7. However, when flow was initiated in the
      tubing 14 the liquid temperature was suddenly increased to 190.degree.F.
      It was reasoned that the thermocouple slipped relative to other components
      and failed to record the liquid temperature in the coil.
PAR  In a fourth test the glycal ethylene liquid was mixed with the black liquid
      at 3 parts (vol) with 1 part (vol) of black liquid. This liquid has a
      boiling point of 260.degree.F at 800 feet above sea level. The black
      liquid was a mixture 91  grams of Acheson's Aquadag paste to 1 liter of
      distilled water. The calculated incident solar radiation intensity at
      solar noon was 266 Btu/hr-ft.sup.2. The angle of incidence at solar noon
      was estimated at 18.degree..
PAR  The highest liquid temperature achieved in the collector (no flow) was
      250.degree.F, just about 10.degree.F below the boiling point of this
      liquid. The test was initiated at 11:45 solar time. It is presumed had the
      test started earlier, the liquid would have reached its boiling point.
      Results of this test are illustrated in FIG. 8.
PAR  Although FIG. 9 illustrates a preferred embodiment, it is to be understood
      that modifications may be had without departing from the spirit and scope
      of the invention, such as, the embodiment of FIG. 4. In this alternative
      embodiment the coil is eliminated. A liquid flow 13 is entered at input 11
      and permitted to flow in a heat absorbing solar relationship before
      exiting at 15. In this embodiment all losses that may be attributed to the
      tubing are eliminated.
PAR  It is of course understood once the liquid is heated its utilization as an
      energy source may be utilized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solar radiant energy collector comprising a source of liquid having a
      medium dispersed therein with a high absorptance to solar energy, a
      transparent tube of an extended length wound in a configuration to provide
      a flat-like planar surface for maximum exposure to solar radiant energy, a
      reflector surface positioned on the opposite side of said planar surface
      to that exposed to said solar radiant energy a liquid inlet and outlet
      joined with said transparent tube; and liquid pressure means to cause said
      liquid to flow from said inlet through said tube and to said outlet.
NUM  2.
PAR  2. The solar radiant energy collector of claim 1 wherein said reflecting
      surface is a sheet-like surface in a heat-loss type enclosure.
NUM  3.
PAR  3. The solar radiant energy collector of claim 1 wherein said medium
      dispersed in said liquid is a colloidal suspension.
NUM  4.
PAR  4. The solar radiant energy collector of claim 1 wherein said medium
      dispersed in said liquid is a carbon black.
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ABST
PAL  A device to be inserted in a blood vessel in order to aid the pumping of
      blood in only one direction within that vessel which comprises a gas
      inflatable and deflatable chamber mounted on support means and divided
      into an occluding section and a pumping section in direct communication
      with each other, such that it is necessary to deliver gas directly only to
      the occluding section, thereby enabling the occluding and pumping sections
      to be mounted on the support means in any order which further enables the
      device to be inserted from either above or below the vessel and which also
      permits thinner and therefore more easily insertable support means when
      the sections are mounted for insertion from below.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Intra-aortic counterpulsation employing an inflatable balloon within the
      aorta has become a recognized method for assisting a failing heart and
      augmenting the flow of blood to the body's various circulatory beds. It
      has also been shown that uni-directional movement of blood, preferentially
      to the coronary arteries which nourish the heart muscle itself, is of
      particular value in aiding the recovery of a failing heart to an adequate
      and self-sustaining state.
PAR  An ordinary, simple, single-chambered balloon was the first type of balloon
      employed for intra-aortic counterpulsation. However, this simple type of
      balloon does not insure any degree of preferential flow toward the mouths
      of the coronary arteries. Rather, it provides omnidirectional flow, i.e.,
      the blood displaced as the balloon inflates will flow toward those
      vascular beds of lowest resistance. Thus, some blood may flow back within
      the aorta toward the heart and coronary arteries and some is propelled
      forward toward the abdomen and lower extremities.
PAR  One method of providing uni-directional flow or preferential flow back
      toward the heart and coronary arteries is disclosed in U.S. Pat. No.
      3,692,018. That patent discloses two balloons of different size separated
      from each other and mounted on a single tubular conduit through which gas
      is pumped. The tubular conduit passes within both balloons and has holes
      opening into both balloons so that they may be inflated by the gas pumped
      through the tube. They are inflated so that the smaller balloon inflates
      first to occlude the aorta, and the larger balloon second to pump blood
      away from the occluding balloon. To insure inflation of the occlusive
      balloon prior to the larger pumping balloon, an obstructing member is
      placed within the tubular conduit at a point inside the occlusive balloon
      so that gas first enters the occlusive balloon to inflate it, then flows
      back into the tubular conduit through holes on the other side of the
      obstructing member, and continues within the tubular conduit until it
      reaches holes communicating with the larger pumping balloon, which is then
      inflated.
PAR  There are several disadvantages of this device. First, the pattern of gas
      flow in and out of the tubular conduit through small holes tends to be
      turbulent flow, thereby requiring more pumping pressure or time to inflate
      the balloons. Second, the full diameter of the tubular shaft must be
      maintained along the axis of both balloons in order to convey the gas.
      This results in a bulky device to insert into the patient's artery since
      the ballons must be wrapped around a tubular conduit of full diameter.
      Third, because of the obstructing member, the occlusive balloon must
      always be placed on the tubular conduit closer to the pump than the
      pumping balloon since gas must exit from the occlusive balloon back into
      the tubular shaft beyond the internal obstructing member, in order to
      reach the pumping balloon. Because of this order of the two balloons along
      the tubular shaft, the device can only be used when it is to be inserted
      into the aorta from the lower portion of the human body, e.g., via the
      femoral artery in the thigh, so that the pumping balloon lies closer to
      the heart and the occlusive balloon more distal. This same device cannot
      be employed for preferential pumping toward the heart and coronary
      arteries when the operator desires to insert a device from above, as via
      the brachial or axillary artery, since the device would come to reside in
      the aorta with the two balloons in the opposite direction or sequence from
      that required for preferential coronary blood flow, i.e., toward the
      heart.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a device for cardiac assistance consisting of a
      single balloon so constructed as to provide preferential or
      uni-directional pumping without the disadvantages discussed above. The
      single balloon is constructed so that two sections exist which are only
      partially separated from each other. Gas enters only one of these sections
      forcing this section to expand first and occlude the aorta. Then gas
      entering the first section flows into the second section directly, without
      any need to re-enter a tubular conduit. The second section is thereby
      inflated, displacing or pumping blood in one direction only.
PAR  Because the pumping section of the balloon fills directly from the
      occlusive section, no obstructing member is required and the order of the
      sections in relation to the pump may be selected in accordance with the
      desired direction of preferential flow and the route of entry to the
      aorta. Further, holes in the conduit are required only in the occlusive
      section thereby producing less turbulent flow and requiring less pumping
      pressure and time to inflate the balloon. Another advantage accrues when
      the desired order of the occlusive and pumping sections calls for the
      occlusive section to be closer to the pump and the pumping section just
      further beyond. In this case, the tubular conduit for gas delivery need
      only reach the first section, the occlusive section which is to be blown
      up first and from which the pumping section will be filled with gas. Thus,
      the full diameter of the tubular conduit need not be maintained within
      either section of the balloon. Only a thin, supportive member need reside
      within the balloon sections, thereby enabling a much smaller diameter of
      the device when the balloon is initially wrapped snugly around the conduit
      for insertion into the patient's artery. These and other advantages will
      be apparent from the following description and drawings wherein:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal, mid-line sectional view of one embodiment of the
      present invention.
PAR  FIG. 2 is a longitudinal, mid-line sectional view of a variation of the
      embodiment of the present invention shown in FIG. 1.
PAR  FIG. 3 is a longitudinal, mid-line sectional view of a second embodiment of
      the present invention.
PAR  FIG. 4 is a longitudinal, mid-line sectional view of one embodiment of the
      present invention inserted into the descending aorta from below.
PAR  FIG. 5 is a longitudinal, mid-line sectional view of one embodiment of the
      present invention inserted into the descending aorta from above.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to the figures, where like numerals designate like parts, FIG. 1
      shows a balloon member generally designated 1 which is divided into
      occluding section 2 and pumping section 3. The occluding section 2 and
      pumping section 3 are not isolated from each other but rather communicate
      with each other through opening 13. Opening 13 is formed by fabricating
      balloon 1, as shown, so that the bottom of occluding section 2 and the top
      of pumping section 3 "neck" down to form opening 13. Occluding section 2
      is of larger cross sectional area than pumping section 3 so that when
      placed within the aorta and inflated, as shown in FIGS. 4 and 5, occluding
      section 2 will inflate to such a diameter as to substantially block the
      flow of blood through the aorta, while pumping section 3 will expand
      enough to increase the pressure within the aorta and thereby aid in
      pumping the blood, but not enough to fill the aorta and thereby stop the
      flow as does occluding section 2. It has been found that if occluding
      section 2 is made substantially spherical and pumping section 3
      substantially cylindrical, the above result will be accomplished although
      other shapes are possible. Balloon 1, as described, is mounted on hollow
      tube 4 and secured thereto at end points 14 and 15 by any convenient
      means. Tube 4 has a member 6 at the end thereof to facilitate insertion
      into the blood vessel. At the opposite end of member 6, tube 4 is attached
      to line 7 which in turn is connected to pneumatic pump 12. Within
      occluding section 2 only, tube 4 contains holes 5 which permit gas from
      pump 12 to enter occluding section 2. When the device is to be inserted
      into the patient, balloon member 1 in its deflated condition is tightly
      wrapped around tube 4 and inserted as hereinafter described.
PAR  In all devices of this type known today, the device is inserted from below,
      for example, through the femoral artery. This is because, as explained
      earlier, the construction of present day devices does not permit the
      occlusive balloon to be placed further from the pump than the pumping
      balloon. Also, even when inserted from below through the femoral artery,
      present day devices require the gas delivery tube to maintain its full
      thickness to obtain proper gas delivery to both sections. However, this
      makes insertion difficult because of the overall thickness of the device.
      The present invention solves both these problems in the following manner.
PAR  The gas delivered to the balloon of the present invention is delivered
      directly only to occluding section 2, where after inflating occluding 2 it
      flows through opening 13 to pumping section 3. It need not re-enter tube 4
      in order to reach pumping section 3. Thus, as shown in FIG. 2, in the case
      where the device is to be inserted from below, as in the prior art,
      through the femoral artery, there is no need to have tube 4 run the entire
      length of the balloon. Rather, tube 4' need only slightly enter occluding
      section 2 where its holes 5 can deliver the gas. Thereafter all that is
      needed is a very thin support member 8 to support the balance of the
      structure. Thus, since the device can be made very much thinner, its
      insertion in the patient is facilitated reducing the severity of the
      surgery needed for its insertion. Such a device inserted in the aorta is
      illustrated in FIG. 4. As can be seen, the device is inserted through
      femoral artery 10 into the descending aorta 9 where it is lodged and
      connected to pump 12 through line 7. Line 7 is in turn connected to tube
      4' which just enters occluding section 2 and terminates having holes 5 in
      the end thereof. Connected to tube 4' is thin support member 8 which
      supports the balance of occluding section 2 and pumping section 3. Support
      section 8 terminates in member 6 which guided the insertion of the device
      into the aorta. In operation, pump 12 pumps gas through line 7, into tube
      4' out of holes 5 and into occluding section 2. Because of the geometric
      relationship of occluding section 2 to pumping section 3, most of the gas
      goes to fill occluding section 2 before passing through opening 13 to
      pumping section 3. Although some gas may leak into pumping section 3, it
      is not sufficient to cause pumping. Only when occluding section 2 has
      substantially completely filled with gas, thus occluding the aorta, does
      sufficient gas pass through opening 13 into pumping section 3 to cause
      section 3 to expand and pump blood away from the occlusion toward the
      heart.
PAR  The fact that gas need only directly enter the occluding section, also
      makes it possible to construct the device so that, if desired, it may be
      inserted from above as, for instance, through the axillary artery. This
      may be required or desirable because of the physical condition of the
      patient but, as explained earlier, has heretofore been impossible with the
      prior art devices. Such an embodiment is illustrated in FIG. 3 and as
      inserted in a patient in FIG. 5. As illustrated in FIG. 5, the device is
      inserted through axillary artery 11 into aorta 9 where it is lodged and
      connected to pump 12 through line 7. Line 7 is in turn connected to tube 4
      which passes through pumping section 3 and occluding section 2. Tube 4 has
      holes 5 in the end thereof to permit gas to enter occluding section 2 as
      previously described. It will be noted that in this embodiment tube 4 must
      run the entire length of balloon 1 in order to enable the gas to reach
      occluding section 2. However, unlike the prior art devices, the occluding
      section 2 does not have to be closer to pump 12 than pumping section 3
      thus allowing insertion from above as described.
PAR  It can also be seen that in both embodiments, it is only necessary to have
      holes 5 in tube 4 within occluding section 2, not within the pumping
      section 3. This provides less turbulent gas flow than occurs with more
      holes which in turn requires less pumping pressure and less time to
      inflate the balloon than if tube 4 contained holes in pumping section 3 as
      well.
PAR  Thus, it can be seen that the present invention can be used in a manner not
      possible with devices of the prior art, i.e., inserted from above, and
      that even when used in a manner similar to the prior art devices, i.e.,
      inserted from below, it provides the added advantage of utilizing a much
      thinner support member facilitating insertion and simplifying the surgery
      required and in both cases it provides for less turbulent and more
      efficient gas delivery.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device to be inserted within a blood vessel for assisting
      unidirectional blood flow within said vessel comprising:
PA1  a. an inflatable and deflatable chamber mounted upon support means within
      said chamber, said chamber being divided into an occluding section and a
      pumping section, said sections being secured to said support means only at
      their non-adjacent ends, their adjacent ends being only partially
      separated from each other, not secured to said support means, and thus in
      direct communication with each other;
PA1  b. gas delivery means terminating only in said occluding section; and
PA1  c. gas providing means connected to said gas delivery means such that gas
      passes from said providing means to said delivery means and from said
      delivery means into said occluding section and then from said occluding
      section directly to said pumping section so as to inflate said occluding
      section and said pumping section in that order causing said pumping
      section to pump blood in a direction away from said occluding section.
NUM  2.
PAR  2. The device of claim 1 wherein said occluding section is distal from and
      said pumping section is proximate to said gas providing means and a single
      hollow tube having holes only in the portion thereof within said occluding
      section constitutes said support means and said gas delivery means.
NUM  3.
PAR  3. The device of claim 1 wherein said occluding section is proximate to and
      said pumping section is distal from said gas providing means, and a hollow
      tube extending only into said occluding section and having holes only in
      the portion thereof within said occluding section constitutes said gas
      delivery means and part of said support means, and a rod substantially
      thinner than said hollow tube and attached to the end thereof which
      contains said holes constitutes the balance of said support means.
NUM  4.
PAR  4. The device of claim 1 wherein said occluding section is proximate to and
      said pumping section is distal from said gas providing means, and a single
      hollow tube having holes only in the portion thereof within said occluding
      section constitutes said support means and said gas delivery means.
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ABST
PAL  A valve for compressing a duct or vessel within a living animal having a
      permanent magnetic core enveloped by a biochemically inert sheath
      surgically implanted adjacent the duct or vessel and actuated by a magnet
      topically positioned by a belt, adhesive patch or other means.
PARN
PAR  This is a continuation of application Ser. No. 415,645, filed Nov. 14,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION 1. Field of the Invention
PAR  This invention relates to tube compressing valves having a permanent magnet
      actuator and particularly relates to such a valve which may be
      advantageously used within an animal's body to extracorporeally control
      fluid flow. 2. Description of Prior Art
PAR  Within the body of animals and particularly humans are many liquid-carrying
      tubes or ducts subject to voluntary or involuntary control by the body.
      Such control is often lost due to spinal cord or brain injury, disease,
      accidental or surgical damage, congenital defect, or other similar cause.
      It is then desirable that such control be re-established by artificial
      means which would cause the least disruption to the system involved as
      well as other tissues in the body. It is also occasionally desirable to
      establish an external or extracorporeal control to experimentally examine
      abnormal bodily functions or periodically prevent the fluid flow in
      particularly important time frames.
PAR  Previous means for controlling the liquid flow through tubes of ducts
      within the body have often required placing an element within the duct or
      tube, thus subjecting that element to possibily detrimental chemical
      action. With the element so placed, the liquid flow is never returned to
      normal due to the constriction presented by the element even when fully
      opened.
PAR  Other efforts to establish control over fluid transport have involved
      surgical procedures for a rearrangement of muscles and fascias with or
      without the implantation of bone segments or inert foreign bodies for the
      purpose of appropriate compression of the tubes.
PAR  Still other means have been suggested requiring major surgery, which
      establishes control by the fluid pressure exerted by silicone filled
      elements placed adjacent the duct with control straps or tubes extending,
      often over a considerable distance, to an accessible control point.
      Considerable postoperative treatment is generally required and the results
      are not always as satisfactory as one might reasonably wish.
PAR  Previous means having moving elements face the additional problem of being
      susceptable to tissue infusion over a period of time, thereby preventing
      the relative movement necessary for correct operation and ultimately
      resulting in failure of the control means.
PAR  Examples of prior art are to be found in U.S. Pat. Nos. 3,731,670;
      3,642,004; 3,419,008; 2,921,584 and 2,455,859.
PAC  SUMMARY OF THE INVENTION
PAR  A first permanent magnet is enclosed and sealed within a biologically and
      biochemically inert sheath means. The sheath means which contiguously
      surrounds the first magnet is adapted to be attached to tissue adjacent
      the tube or duct to be controlled by suturing or other equivalent methods.
      The sheath can additionally be adapted for tissue infusion, thereby
      increasing the positional stability of the first magnet.
PAR  The first magnet and contiguous sheath means is surgically implanted in the
      tissue adjacent the duct sought to be controlled on a side opposite the
      nearest convenient body surface. A second magnet is selectively positioned
      extracutaneously to interact with the first magnet causing the first
      magnet and contiguous sheath means to exert a force on the tube or duct,
      thereby clamping the duct in such a position as to stop the flow of liquid
      therethrough.
PAR  Appropriate means for positioning the second magnet for insuring magnetic
      interaction is designed to conform to the demands of the particular
      application. The means for positioning the second magnet can be an
      adhesive patch, a strap or belt, or portion thereof for securing the
      second magnet to a particular position of the body. The positioning means
      can also include a slim, elongated element having the second magnet at one
      end thereof for retrievably inserting the second magnet in an appropriate
      natural body cavity.
PAR  The first magnet and contiguous sheath means is not exposed to the actual
      liquid flow through the duct, but is positioned and secured to tissue
      adjacent to the duct. This allows the free and unobstructed flow of liquid
      through the duct in a natural fashion when the valve is not in a clamping
      position. Further, the first magnet and contiguous sheath means are
      compact and secured only to adjacent tissue, thus eliminating the need for
      major surgical procedures.
PAR  The second magnet and means for positioning the second magnet can also
      include a magnetic shielding or pole shading means for preventing the
      magnetic interaction between the first and second magnet without the
      necessity of positionally displacing the second magnet.
PAR  Other features and advantages will become apparent from the following
      examples utilizing the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective detail of a first permanent magnet and contiguous
      sheath means.
PAR  FIG. 2 is a diagrammatic median section of the human male pelvic region.
PAR  FIG. 3 is a diagrammatic median section of the human female pelvic region.
PAR  FIG. 4 is a perspective detail of a second magnet and positioning means
      therefor.
PAR  FIG. 5 is a diagrammatic detail of a canine with the carotid artery and
      adjacent tissues exposed.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A first element of a valve according to the invention, shown in FIG. 1,
      comprises a first permanent magnet 10 enveloped by a contiguous sheath
      means 12. The magnet preferably has a high field strength. Acceptable
      materials for the permanent magnet are oriented ferrite, platinumcobalt,
      and the ALNICO series. The preferred material is the REACO-1 samarium
      cobalt rare earth permanent magnet material available from Raytheon
      Company of Waltham, Massachusetts.
PAR  The contiguous sheath means can have an inner impermeable core portion 14
      immediately adjacent the permanent magnet for preventing the chemical
      interaction between the permanent magnet 10 and any surrounding
      environment. The sheath means can also have an outer portion 16 having a
      radially extending portion 18 for securing the permanent magnet and sheath
      means to any surrounding tissue by means of sutures or other equivalent
      means. The outer portion 16 can be porous to allow tissue infusion into
      the surface from the adjacent tissue areas, thereby increasing the
      positional stability of the magnet and sheath without preventing the
      necessary valving action.
PAR  Both portions of the contiguous sheath are preferably made of a
      biochemically inert and non-allergenic organic polymer, such as the
      halogenated polyolefins, for example, polytetrafluoroethylene. Other
      similar materials can be used which meet the biochemical requirements and
      which can withstand the necessary preoperative sterilization.
PAR  The second permanent magnet and means for positioning the second magnet are
      best discussed in conjunction with the examples of use which follow, but
      generally the choice of materials for the second magnet are the same as
      for the first magnet. The second magnet is placed extracutaneously
      adjacent the first implanted magnet to interact therewith for causing a
      clamping of the desired duct or tube. Although the second magnet may be
      positioned by appropriate means within natural body cavity, this is to be
      considered as within the meaning of extracutaneously; that is, on the
      outside of the continuous natural barrier formed by the skin and natural
      body cavity walls. This is to be distinguished from the placement of the
      first magnet which is subcutaneous and within the tissue immediately
      adjacent the duct over which control is sought.
PAC  EXAMPLE I
PAR  In the event of incontinence of urination in the human male, it may be
      desirable to reestablish control of the urethra according to this
      invention. As shown in FIG. 2, a first magnet and continuous sheath means
      20 is surgically implanted between the corpus cavernosum penis 22 and the
      corpus cavernosum urethae 24, also known as the corpus spongiosum, as
      close as possible to the urogenital diaphragm 26 and secured to the tunica
      albuginea membrane or other adjacent tissue.
PAR  A second magnet 28 is extracutaneously positioned in the crotch area
      immediately behind the scrotum by an appropriate positioning means 30 such
      as a belt or adhesive patch. The interaction between the first and second
      magnets is such as to pinch the urethra 32 to such an extent as to
      prohibit the flow or urine from the urinary bladder 34 and yet not cause
      damage to the cellular makeup of the corpus spongiosum or other tissues.
      The strength or force of the magnetic interaction is controlled by the
      choice of size of magnet, the strength of the permanent magnetic field,
      and the distance between the two magnets.
PAC  EXAMPLE II
PAR  In the event of incontinence of urination of the human female, due to the
      dramatic structural differences, a somewhat different solution is
      necessary. As shown in FIG. 3, a first magnet and sheath means 42 is
      positioned in front of the urethra 44 as close to the urinary bladder 46
      as possible and attached to the areolar tissue, or under the surface of
      the pubic symphysis in the prevesical space 48.
PAR  To effect the desired valving action, a slim elongated element 50, as shown
      in FIG. 4, having a second magnet 52 in one end thereof is inserted in the
      vaginal cavity 54. The second magnet 52 interacts with the first magnet
      causing a force on the first magnet in such a way as to clamp the urethra
      44 in a position to stop the flow of urine. The positioning means and
      second magnet fixed therein may be rotated thru 180.degree. to reverse the
      magnetic polarity of the second magnet, thus applying an opposite force on
      the first magnet to allow the free and natural flow of liquid through the
      urethra.
PAR  The positioning means can have a removable outer portion 56, for absorbing
      the natural body emissions during mensuration, thus operating additionally
      as a conventional tampon.
PAR  The means for positioning the second magnet can also have a magnetic
      shielding means 58 which can be slidably positioned around the second
      magnet 52 for selectively preventing the magnetic interaction between the
      first and second magnet, thus allowing urination to occur. A positioning
      means having a magnetic shielding means removably adjacent the second
      magnet has the advantage of eliminating any shearing forces on the first
      magnet, sheath means, and surrounding tissue which would be present if the
      second magnet were to be slidably removed from the position of magnetic
      interaction. The removal of the positioning means and second magnet as
      well as any tampon cap cover or the changing of position of the magnetic
      shielding or pole shading means may be accomplished with the use of a
      length of flexible cord 60 appropriately attached.
PAC  EXAMPLE III
PAR  It may often become advantageous to constrict or occlude a blood vessel or
      other similar passageway to conduct studies on abnormally functioning body
      organs. The occlusion of vessels has proved difficult due to the constant
      need for adjustment and control, especially in the case of animal
      specimens. Studies of reduced blood flow due to arteriosclerosis can be
      simulated by a partial constriction of an artery as shown in FIG. 5.
PAR  A first magnet and contiguous sheath means 62 is surgically implanted
      behind the carotid artery 64 or a branch thereof and attached to the
      longus colli 66, brachiocephalicus 68, sternocephalicus 70 and/or deep
      cervical fascia 72 as the particular use may require. A second permanent
      magnet 74 may be placed within a securely positioned collar 76 to interact
      with the first magnet. Alternatively, an electromagnet 78, having a
      magnetic field functionally related to the current therein, can be used to
      constrict the artery at a predetermined pattern or with a particular
      designated force. The variables of such a magnetic interaction are well
      known. The control of the flow of blood through the artery is then simply
      a function of the current in the electromagnet positioned on the outside
      of the animal by the positioning means.
PAR  Other uses for a valve according to this invention will become apparent to
      the practitioner from these examples. In all uses it is intended that the
      first magnet be positionally secured to tissue adjacent to the tube or
      duct sought to be controlled by means of sutures passing through the
      periphery of the sheath means contiguously enveloping the first magnet. A
      second magnet is positioned topically by an appropriate positioning means
      to effect a pinching or clamping of the duct. Release may be achieved by
      either moving the second magnet, shielding the second magnet, or otherwise
      controlling the field of the second magnet.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve means for controlling the flow of liquid through an
      intercorporeal duct having tissue adjacent thereto comprising a first
      permanent magnet, a biologically inert sheath means contiguously
      surrounding the first magnet and immovably fixed with respect to the first
      magnet for securely attaching the first magnet to said tissue adjacent to
      said duct, a second magnet, and means for selectively positioning the
      second magnet extracutaneously adjacent the duct for magnetically
      interacting with the first magnet thereby causing the first magnet and the
      sheath means to clamp the duct in a position to stop the flow of liquid
      therethrough.
NUM  2.
PAR  2. A valve means according to claim 1 further comprising magnetic shielding
      means removably adjacent the second magnet for selectively preventing
      magnetic interaction between the first and second magnet.
NUM  3.
PAR  3. A valve means according to claim 1 wherein the second magnet is a
      permanent magnet.
NUM  4.
PAR  4. A valve means according to claim 1 wherein the second magnet is an
      electromagnet.
NUM  5.
PAR  5. A method for selectively preventing the flow of fluid within a duct or
      vessel of an animal's body comprising the steps of
PA1  implanting a first permanent magnet and contiguous sheath on only one side
      of the duct or vessel, the sheath being immovably fixed with respect to
      the permanent magnet,
PA1  securing the sheath to tissue adjacent the duct, and
PA1  topically situating a second magnet so that the magnetic interaction
      between the first and second magnet provides such a force on the first
      magnet and sheath as to pinch closed the duct.
NUM  6.
PAR  6. The method of claim 5 wherein the duct sought to be controlled is the
      urethra of the human female, and the second magnet is positioned within
      the vaginal cavity.
NUM  7.
PAR  7. The method according to claim 5 wherein said duct is located between
      said first and second magnets and the magnetic interaction between the
      magnets causing the first magnet and sheath means to clamp the duct is one
      of attraction.
NUM  8.
PAR  8. The method according to claim 5 wherein said duct is located on the
      opposite side of said first magnet from said second magnet and the
      magnetic interaction between the magnets causing the first magnet and
      sheath means to clamp the duct is one of repulsion.
NUM  9.
PAR  9. A valve means adapted to be surgically implanted adjacent to a duct or
      vessel for selectively controlling the flow of fluid through the duct or
      vessel, said means comprising a permanent magnet, an inert, impermeable
      inner sheath enveloping the magnet for preventing any chemical interaction
      with the magnet and an outer sheath, surrounding the inner sheath and
      permeable to tissue infusion, for securing the element in a substantially
      fixed location, the inner sheath and the outer sheath being immovably
      fixed with respect to the permanent magnet.
NUM  10.
PAR  10. A valve means for controlling the flow of liquid through an
      intercorporeal duct having tissue adjacent thereto comprising a first
      permanent magnet, a biologically inert sheath means contiguously
      surrounding the first magnet and permeable to tissue infusion for securely
      attaching the first magnet to said tissue adjacent to said duct, a second
      magnet, and means for selectively positioning the second magnet
      extracutaneously adjacent the duct for magnetically interacting with the
      first magnet thereby causing the first magnet and the sheath means to
      clamp the duct in a position to stop the flow of liquid therethrough.
NUM  11.
PAR  11. A valve according to claim 10 wherein the sheath means has an inner
      impermeable portion immediately adjacent the first magnet and an outer
      portion permeable to tissue infusion for increasing position stability.
NUM  12.
PAR  12. A valve means for controlling the flow of liquid through an
      intercorporeal duct having tissue adjacent thereto comprising a first
      permanent magnet, a biologically inert sheath means contiguously
      surrounding the first magnet for securely attaching the first magnet to
      said tissue adjacent to said duct, a slim, elongated element adapted for
      insertion in a body cavity and having a removable absorbent outer portion
      for absorbing body fluids, a second magnet enclosed within one end of said
      slim, elongated element for insertion within the body cavity adjacent the
      duct for magnetically interacting with the first magnet, thereby causing
      the first magnet and the sheath means to clamp the duct in a position to
      stop the flow of liquid therethrough.
NUM  13.
PAR  13. A valve means adapted for insertion within a natural body cavity
      comprising a slim, elongated element, a permanent magnet incorporated
      within said element and adapted to interact with another subcutaneously
      placed magnet, and an absorbent, outer portion removably covering said
      element for absorbing natural body fluids.
NUM  14.
PAR  14. A valve means for controlling the flow of liquid through an
      intercorporeal duct having tissue adjacent thereto, comprising a first
      permanent magnet, a biologically inert sheath means contiguously
      surrounding the first magnet for securely attaching the first magnet to
      said tissue adjacent to said duct, a second magnet, magnetically shielding
      means removably adjacent the second magnet for selectively preventing
      magnetic direction between the first and second magnet, and means for
      selectively positioning the second magnet extracutaneously adjacent the
      duct for magnetically interacting with the first magnet, thereby causing
      the first magnet and the sheath means to clamp the duct in a position to
      stop the flow of liquid therethrough.
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ABST
PAL  A blood collection and handling device having an elongate body comprising
      first and second evacuated test tubes connected by a coaxially disposed
      rubber conduit having a frangible valve in the bore, a compressible middle
      portion at the valve, and a filter in the bore; the first test tube
      connects to the rubber conduit proximate the valve and has an elastomeric
      end adapted for drawing blood into it by means of a double-ended needle,
      and the second test tube connects to the rubber conduit proximate the
      filter and has a rounded end.
BSUM
PAR  This invention relates generally to blood analysis and specifically to
      means and method for handling and separating components of blood.
PAR  Many syringe systems appear in the prior art, including these U.S. Pat.
      Nos. 3,753,432 issued Aug. 21, 1973, to L. A. Guerra, disclosing use of
      plural syringe chambers; 3,706,305 issued Dec. 18, 1972, to H. J. Berger
      et al, disclosing use of two double ended needles respectively supplying a
      first vacuum chamber and connecting to it a second vacuum chamber;
      3,596,652 issued Aug. 31, 1971, to J. W. Winkelman, disclosing use of one
      form of ball valve between syringe chambers; and 3,539,300 issued Nov. 10,
      1970, to E. W. Stone, disclosing first and second portions of a vacuum
      syringe chamber separated by a filter. Two foreign patents, French Pat.
      Nos. 968,833 and 60,891, disclose particular type ball valves in syringe
      structure.
PAR  However, the prior art devices fall short of achieving the objects of the
      present invention, a principal object of which is to provide an easily
      used disposable blood collection and handling system which simplifies,
      speeds and reduces error and cost in collecting and filtering biological
      sera.
PAR  Other objects are to provide a system as described which has an annular-end
      external configuration conducive of sanitary storage and induction of
      blood samples, which has no internal exposure to uncontrolled environments
      when assembled, which has frangible valve structure positively eliminating
      accidental re-use and affording optional modes of operation, which has
      differently contoured ends providing instant indication of proper
      orientation during stages of use, which has separately usable components,
      and which is outstandingly safe, secure and efficient in use.
PAR  In brief summary given for purposes of cursive description only, the
      invention includes plural separable vacuum chambers connectable through a
      frangible valve and filter and provided with means for introducing blood
      for separation thereby into components.
DRWD
PAR  The above and other objects and advantages of the invenction will become
      more readily apparent from examination of the following description,
      including the Figures, in which like numerals designate like parts:
PAR  FIG. 1 is a plan view in partial section;
PAR  FIG. 2 is a plan view;
PAR  FIG. 3 is a plan view;
PAR  FIG. 4 is an isometric view; and
PAR  FIGS. 5, 6 and 7 are side elevations.
PAR  FIGS. 1, 2 and 3 illustrate respectively the two component subassembly
      units of the invention and the complete assembly.
PAR  Referring to FIG. 1, Unit 1, designated by reference numeral 16, consists
      of a standard test tube 18 of any chosen length, depending on volume of
      filtrate to be accumulated, a cylindrical rubber connector or resilient
      tubular conduit 20 tightly fitted in the test tube, a thinwall glass
      sphere 22 forcibly inserted in the coaxially disposed bore 24 of the
      conduit to act as a frangible valve, and a filter disc 26 held in a socket
      28 in the connector transversely across the bore at the mouth of the test
      tube.
PAR  The conduit has a cylindrical flange 30 extending axially at the midportion
      in the region of the glass sphere, serving as a test tube locator stop and
      double seal, and as a safety flange during assembly of rubber into test
      tube. The unit is evacuated by any standard techniques, as by assembly in
      a vacuum, or through a needle.
PAR  Unit 1 is separately usable as a vacuum filter by supporting it in the
      vertical position indicated by markings 32, containing fluid to be
      filtered in the upper end as by means of a funnel stem fitted in the bore,
      and crushing the glass sphere by pinching the flange. Alternatively a test
      tube can be used in place of the funnel.
PAR  Referring to FIG. 2, separately usable test tube like Unit 2, designated by
      reference numeral 34, consists of a cylindrical glass tube 36 with a
      rubber closure 38 hermetically sealing one end.
PAR  A cylindrical flange 40 at one end of the closure serves as a stop, safety,
      and seal, and has an end face 42 square with the axis, which serves as a
      base on which to stand the unit (and the full assembly) as directed by
      markings 44 on the tube. A conical exterior recess 46 makes the base more
      stable on uneven surfaces by leaving a peripheral annulus, and more
      sanitary by recessing the center, through which blood is supplied through
      a needle, as will be described. An interior conical recess 48 in the
      closure provides flexibility and lessens the needle travel required for
      penetration.
PAR  The tube is dimpled adjacent the closure, providing interior protrusions 50
      for retaining coagulated blood, as referred to in the next Figures.
PAR  Diameter of the tube, like that of the test tube of Unit 1, is such as to
      form a hermetic seal with the connector of Unit 1.
PAR  Referring to FIGS. 3-5, Units 1 and 2, (16 and 34) assemble to form the
      complete embodiment 10 of the present invention, both units being
      preliminarily evacuated to a predetermined degree, depending on pumping
      capacity desired for the particular application.
PAR  FIG. 4 shows the first step in using the assembly; a double-ended needle N
      of any suitable conventional design is inserted into the blood vessel at
      one end and then through the center of the rubber closure 38, thus drawing
      a determinable quantity of blood into Unit 2 (34), which in this context,
      is a first chamber, Unit 1 being the second chamber to receive fluid.
PAR  In the next step, FIG. 5, the assembly is rested on the base or annulus of
      the rubber closure, in accordance with the arrow and legend on the side of
      Unit 2, to separate into clotted portion C and serum S. It may be
      centrifuged in this position if desired for any special reason. A
      conventional rack R is employed to guard against tipping over during the
      waiting interval.
PAR  Next, FIG. 6, the assembly is inverted in accordance with the arrow and
      legend on Unit 1 (16). The clotted portion C is held by the interior
      protrusion 50, with the serum S below, in this position. The sphere 22 is
      then crushed by manual pressure on the sides of the elastic conduit
      (arrows) causing the serum to be drawn down through the filter 26 into
      Unit 1 (16). The sphere is of very thin wall construction, in the region
      of a few thousands of an inch thick, so that a light pinch in the region
      crushes it.
PAR  Finally, FIG. 7, the test tube 18 containing the filtered serum to be
      analyzed is separated and the upper portions of the unit are discarded.
PAR  From the foregoing it will be apparent that this invention realizes the
      numerous objects set out and more.
PAR  Efficiency of design permitting rapid use and economical discard appear
      throughout.
PAR  The need to centrifuge is eliminated in most applications. The frangibility
      of the spherical valve prevents accidental re-use of the filter, since the
      user immediately feels the lack of resistance when squeezing the elastic
      conduit. The static design eliminates plungers and internal sliding
      operations, and provides the positive sealing of oversize glass sphere in
      smooth wall elastic conduit. The general design affords wide
      interchangeability tolerances through the use of elastic-to-rigid
      connections throughout. Retention of clotted material by integral
      deformations in the glass tubular portions (the glass parts may be of any
      suitable plastic) avoids the need for additional filter structure to
      prevent clogging the filter with the clotted portion. The glass fragments
      themselves comprise a coarse filter bed. The filter disk itself, which may
      be of any conventional rigid or semi-rigid material and porosity, is
      easily inserted during manufacture and is additionally retained and sealed
      by compression of the elastic conduit on insertion in the test tube
      portion. The different configurations of the two ends and the directive
      markings doubly insure correct orientation and quick visual and tactile
      checking of large numbers on the devices during the successive steps of
      use, and the coaxial relation of the parts provides for easy, secure
      handling without surprises, and for uniformity of observation.
PAR  Finally, it will be appreciated that the hollow glass sphere itself is a
      capacious container as well as a valve, and can contain preservative or
      other substance to be released immediately prior to filtration, or can be
      gas filled or evacuated, for coaction with the serum, and also with the
      filtration process.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. For example, the spherical shape
      of the valve member could be elliptical and so of greater capacity even
      though the uniformity of the sphere is greater, and the entire member
      could be of some solid, easily frangible material. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be protected by United States Letters Patent
      is:
NUM  1.
PAR  1. In a blood handling system having first and second evacuated chambers,
      means for affixing the chambers together detachably, means for admitting
      fluid into the first chamber including a resilient closure at one end
      thereof, means for valving fluid from the first chamber to the second
      chamber, and means for separating components of the fluid, the improvement
      comprising: the means for affixing comprising a resilient tubular conduit
      having a first end resiliently fitted into the first evacuated chamber, a
      second end resiliently fitted into the second evacuated chamber, a middle
      portion larger in diameter than said first and second ends spacing-apart
      the ends of said first and second evacuated chambers a distance permitting
      said middle portion to be manually squeezed inward between the ends of the
      first and second evacuated chambers; means for valving, comprising a
      spherical member of frangible material resiliently fitted in sealing
      contact within the bore of the resilient tubular conduit in said middle
      portion between the ends of said first and second evacuated chambers in
      position to be crushed by a said manual squeeze; and a filter resiliently
      fitted in the bore within said second end of the resilient tubular conduit
      inserted in said second evacuated chamber, with the end of said second
      evacuated chamber positioned for retaining the filter against disturbance
      by a said manual squeezing to crush the frangible member.
NUM  2.
PAR  2. In a blood handling system as recited in claim 1, the means for
      separating components of the fluid including a plurality of dimple-like
      contours forming a plurality of interior protrusions in the first chamber
      for retaining coagulated blood.
NUM  3.
PAR  3. In a blood handling system as recited in claim 1, said evacuated
      chambers having directional indication thereon, a first directional
      indication indicating that the first evacuated chamber be oriented
      downwardly for clotting and spinning and a second directional indication
      indicating that the second evacuated chamber should be oriented downwardly
      for filtering.
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ABST
PAL  An esophageal transducer measures pressure due to esophageal contractions.
      The transducer is inserted into the esophagus at the end of a catheter.
      The transducer is fully contained within a housing at the end of the
      catheter and is capable of measuring pressure variations at all points
      about its entire circumference. The housing has a flexible portion
      extending around its entire circumference which encloses a fluid-filled
      section. The fluid of the fluid-filled section contacts a
      pressure-sensitive piezoelectric material which produces an electrical
      output indicative of pressure changes in the fluid-filled section.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to the measurement of pressure, and, more
      particularly, to a transducer for measuring pressure due to esophageal
      contractions, which is fully contained within a transducer housing
      inserted into the esophagus at the end of a catheter.
PAC  BACKGROUND OF THE INVENTION
PAR  In the field of the diagnosis of various ailments of the esophageal region
      of the body, such as achalasia, scleroderma, spasm, hiatal hernia, etc.,
      the measurement of the pressure in the esophagus can be very helpful.
PAR  Insertion of a catheter having a piezoelectric transducer mounted thereon
      to measure pressures in internal body cavities such as the esophagus is
      known in the presently existing art. One such of a flexible tube has at
      least one piezoelectric transducer mounted on the outer surface of the
      flexible tube. The transducer arrangement on the catheter is for a
      transducer which is only sensitive to an area on the surface of the
      flexible tube which corresponds to less than one-half the circumference of
      the flexible tube. Furthermore, the configuration of the apparatus is of a
      transducer diaphragm, which is mounted on the external portion of the
      flexible tube and, therefore, is susceptible to certain inaccuracies
      created when only a portion of the transducer diaphragm is in contact with
      the surface of the internal body cavity into which the flexible tube
      catheter is inserted.
PAR  It would, therefore, be desirable to have a transducer which is insertable
      on a catheter, which transducer is sensitive to pressure variations about
      the entire circumference of the catheter. In addition, it would be
      desirable to have a housing for the transducer such that the diaphragm of
      the transducer does not itself contact the walls of the internal body
      cavity into which the catheter is inserted.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to alleviate the
      shortcomings of the pressure measuring devices of the prior art.
PAR  It is a further object of the present invention to provide for better
      pressure measurement within internal body cavities.
PAR  It is an additional object of the present invention to provide a transducer
      for internal body cavity pressure measurement which is mounted on a
      catheter and which transducer is sensitive to pressure variations about
      the entire circumference thereof.
PAR  It is still a further object of the present invention to provide a catheter
      transducer device for internal body cavity pressure measurement which
      prevents the diaphragm of the transducer from contacting the wall of the
      internal body cavity into which the catheter is inserted.
PAR  The above and other objects of the present invention are accomplished by
      constructing a transducer device which may consist of a two-part housing,
      one part of which may be bullet-shaped to facilitate insertion into the
      internal body cavity. The two parts of the housing may be joined together
      by suitable means such as a plurality of steel pins such that there is a
      separation between the two parts of the housing at the junction thereof.
      The housing is connected to a catheter which contains therein electrical
      connections. The part of the two-part housing which is connected to the
      catheter also contains a transducer, e.g., a semiconductor strain gage,
      with a cavity which has an opening into the area of the steel pins. The
      area containing the steel pins is closed by a flexible sleeve and contains
      a fluid medium for transferring pressure from the entire circumference of
      the transducer housing to the transducer contained within the cavity.
PAR  For a better understanding of the invention, a possible embodiment thereof
      will now be described with reference to the attached drawing, it being
      understood that this embodiment is merely exemplary and not limitative.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects and the nature and advantages of the present
      invention will be more fully understood by the detailed description of
      illustrated embodiments with reference to the drawing wherein:
PAR  FIG. 1 is a side elevational view of an embodiment of an assembled
      transducer housing of the present invention;
PAR  FIG. 2 is a side elevational cut-away view of one portion of the transducer
      housing of the embodiment of FIG. 1;
PAR  FIG. 3 is a side elevational cut-away view of a second portion of the
      transducer housing of the embodiment of FIG. 1;
PAR  FIG. 4 is a cross-sectional view of the transducer housing taken along
      lines IV--IV of FIG. 1; and
PAR  FIG. 5 is a cross-sectional view of a second embodiment.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a transducer assembly housing 12 of the present
      invention is seen to be comprised of a first portion 14 and a second
      portion 16. The second portion 16 has a fitting 18, e.g., screw threads or
      a friction fitting, for connecting the transducer housing assembly 12 to a
      catheter 32. The first portion 14 is located most distally on the
      transducer housing assembly 12 from the catheter, and may be bullet-shaped
      as shown in FIG. 1 in order to facilitate insertion into an internal body
      cavity.
PAR  The first portion 14 and second portion 16 of the transducer housing
      assembly 12 of the present invention are joined together by steel pins 20
      in order to form a cavity 15 between the first portion 14 and the second
      portion 16. The first portion 14 and second portion 16 each have a
      recessed section 22. A sleeve 38 made of suitable flexible material, such
      as silicone rubber (e.g., Silastic) is cemented to the recessed areas 22
      in order to cover the cavity 15 created by steel pins 20 separating the
      first portion 14 and second portion 16. The second portion 16 has a
      semiconductor transducer 30 mounted therein noting FIG. 5, as more fully
      described below, which is in pressure communication with the cavity 15
      between the portions 14 and 16, which cavity 15 may be filled with a
      pressure transmitting fluid, such as silicone oil, which permits pressure
      variations created in the cavity by the flexing of the flexible sleeve 38
      to the transducer 30 contained within the second portion 16.
PAR  Referring to FIG. 2, the first portion 14 of the transducer housing
      assembly 12 of the present invention is shown to be made up of a body
      member 23 and a nose member 21. The body member 23 has an internal
      screw-threaded passage 41 which joins with an internal tubular passage 40,
      which in turn communicates with the cavity 15. A tapered sealing member
      26, having screw threads 24, is threaded into the passage 41 such that the
      stop member 26 seals the passage 40 in order to prevent pressure
      variations within the cavity 15 due to internal leakage of the pressure
      transfer fluid; the tapered body of the sealing member 26 with its seat in
      the bore of the body member 23 enables the oil chamber to be sealed
      without pressure to the sensing element. The bullet-shaped nose 21 may
      then be threaded onto the body member 23 in order to facilitate the
      insertion of the transducer housing assembly 12 into the internal body
      cavity.
PAR  Referring to FIG. 3, the second portion 16 of the transducer housing
      assembly 12 of the present invention is shown to contain a hollow passage
      28 into which is inserted the transducer 30 having a diaphragm section 31,
      the face of the diaphragm 31 being perpendicular to the axis of the
      housing; the transducer 30 may be a semiconductor strain gage such as
      model CQML-125-10 manufactured by KULITE. The main body of the transducer
      sensing element 30 is fixed into the channel 28 such as with epoxy resin
      and is sealed with suitable sealant such as silicone rubber, e.g., RTV
      Silastic, around the circumference of the diaphragm section 31 of the
      sensing element 30.
PAR  Electrical connectors 34 pass through the hollow channel 28 in the
      connecting ferrule end 18 of the second portion 16. These electrical
      connectors are passed through the catheter 32 to a pressure measuring
      device, including an amplifier and readout device, outside of the body.
      Also, since the pressure measurements are desirably referenced to
      atmospheric pressure, a hollow tube 36 provides an air path to supply
      atmospheric reference pressure to the pressure sensing element 30.
PAR  Referring to FIG. 4, the arrangement of the steel pins 20 in the body of
      first portion 14 can be seen. As shown, the steel pins 20 serve to connect
      the first portion 14 and the second portion 16 such that the steel pins
      join the first portion 14 and second portion 16 without interferring with
      the flexing of the flexible sleeve 38.
PAR  The apparatus of the present invention is constructed by fabricating the
      first and second portions 14, 16 and the sensing element 30. The sensing
      element 30 is then affixed into the hollow opening 28 of second portion
      16. The stainless steel pins 20 are then inserted into the first portion
      14 and the second portion 16 and the second portion 16 is then pressed
      onto the stainless steel pins 20.
PAR  The Silastic sleeve 38 is then cemented around the recessed area 22 of the
      first and second portions 14, 16 and a silicone oil is then placed into
      the cavity thus formed, such that it fills the space closed by the
      Silastic sleeve and contacts the sensing element 30. The transducer unit
      is then placed in a vacuum oven and the temperature raised to
      approximately 100.degree.C, while the oven is evacuated to remove the air
      bubbles from the silicone oil.
PAR  The element 12 is then removed from the vacuum oven and the sealing member
      26 is carefully screwed into hollow threaded opening 41 of the first
      element 14, while monitoring the sensing element 30 to be certain that
      high pressures are not applied to the sensing element 30, until the
      sealing member 26 is fully seated as shown in FIG. 2. Final assembly
      includes screwing the bullet-shaped end 21 onto the body member 23 and
      attaching the catheter tube 32 to the connector 18 of the ferrule end of
      the transducer housing assembly 12.
PAR  A second embodiment of the present invention is shown in FIG. 5 which may
      be used when it is desired to attach more than one pressure sensing
      element 30 to a single catheter. This may be accomplished as shown in FIG.
      5 by replacing first portion 14 of the FIG. 2 device with a duplicate
      portion 16' constructed substantially identically to second portion 16. In
      this embodiment, one or more of the steel pins 20' may be hollow. Channels
      44 extend through the body of the second portion 16 and the first portion
      16' from the hollow steel pins 20' to the hollow channels 28', 28
      respectively of the portion 16' and the portion 16. The hollow channels 44
      may provide a passageway for electrical connectors 34' and also for air
      pressure through pressure equalizing tube 36'.
PAR  When this construction is used a further short length of catheter is
      attached to the connector 18' of the ferrule end of first portion 16' and
      an identical unit to that shown in FIG. 5 may be then attached to the
      other half of this short length of catheter. A plug member 50 preferably
      similar to the sealing member 26 with tapered plug and seat, may be used
      to seal the hollow opening 28' of the first element 16' in order to insure
      functioning of the pressure transfer fluid medium contained with the
      Silastic sleeve, not shown, between portion 16' and portion 16.
PAR  From the above description it can thus be seen that the present invention
      provides a pressure transducer for insertion into internal body cavities
      which is capable of measuring pressure about the entire circumference of
      the pressure transducer housing assembly 12. Means are provided for
      equalizing the pressure of each individual pressure sensing element with
      atmospheric pressure outside of the body and electrical connections are
      provided between each transducer and a pressure measuring device outside
      of the body. In addition the pressure transducer housing assembly is small
      and compact, easily attached to a catheter, and easily inserted within a
      body cavity. Also, the present invention has the capability of attaching
      more than one pressure transducer housing assembly to a single catheter.
PAR  The embodiments described above are particularly designed for use in the
      gastrointestinal environment which is extremely acid. Accordingly, the
      transducer body is preferably made of stainless steel and the sleeve and
      sealant are of silicone material, so that the device will be fully
      resistant to the hostile environment. It will be understood, however, that
      a device in accordance with the present invention for use in less hostile
      environments may be formed of less resistant materials.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is shown in the drawings and
      described in the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure sensing device for measuring pressure circumferentially in
      internal body cavities comprising:
PA1  a catheter for introducing said pressure sensing device into the internal
      body cavities,
PA1  a rigid cylindrical transducer housing connected to said catheter and
      defining an open cavity therein spaced along the length thereof, said
      housing having a distal end,
PA1  pressure sensing means, mounted entirely within said housing and in
      pressure communication with said cavity, for generating an electrical
      signal in response to pressure in said cavity,
PA1  means for sensing the pressure impinging on said transducer housing
      circumferentially comprising an annular flexible sleeve member contacting
      said housing coaxial therewith and surrounding said cavity,
PA1  a liquid medium contained within said cavity and in contact with said
      flexible sleeve and said pressure sensing means for transferring pressure
      from the entire circumference of said flexible sleeve member to said
      pressure sensing means,
PA1   electrical transmitting means connected to said pressure sensing means and
      passing through the distal end of said housing and passing through said
      catheter for transmitting said electrical signal to a receiver external to
      the body.
NUM  2.
PAR  2. The pressure sensing device as recited in claim 1 wherein said housing
      further includes:
PA1  a first portion and a second portion;
PA1  joining means for joining said first portion and said second portion such
      that said first and second portions do not contact each other;
PA1  said flexible sleeve extending between said first and second portions,
      thereby forming said cavity; and
PA1  said pressure sensing means comprising a pressure transducer contained in
      said first portion, and having a pressure sensitive element in contact
      with said liquid medium in said cavity.
NUM  3.
PAR  3. The pressure sensing device as recited in claim 2 wherein said pressure
      sensing means is a semiconductor strain gage having a diaphragm and said
      diaphragm comprises said pressure sensitive element.
NUM  4.
PAR  4. The pressure sensing device as recited in claim 2 wherein said flexible
      sleeve is composed of silicone rubber.
NUM  5.
PAR  5. The pressure sensing device as recited in claim 2 wherein said liquid
      medium is silicone oil.
NUM  6.
PAR  6. The pressure sensing device as recited in claim 2 further comprising a
      second transducer housing attached to said first transducer housing, said
      housings having a common longitudinal axis.
NUM  7.
PAR  7. The pressure sensing device as recited in claim 6 further including
      pressure equalizing means connected to one of said transducer housings and
      passing through said catheter for supplying an atmospheric reference
      pressure to said transducer housing, and wherein said joining means
      contains at least one hollow tube providing a passageway for said
      electrical transmitting means for transmitting electrical signals and said
      pressure equalizing means.
NUM  8.
PAR  8. The pressure sensing device as recited in claim 1 further comprising a
      second transducer housing attached to said first transducer housing, said
      transducer housings having a common longitudinal axis.
NUM  9.
PAR  9. The pressure sensing device as recited in claim 1 further including
      pressure equalizing means connected to said pressure sensing means and
      passing through said catheter for supplying an atmospheric reference
      pressure to said pressure sensing means.
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ABST
PAL  A physiological waveform detector such as for cardiac R-wave and blood
      pressure uses a comparator to compare the derivative of the waveform
      signal with a reference signal representing some percentage of the
      magnitude of the derivative of the waveform. If the derivative is of
      sufficient magnitude to trip the comparator a timing circuit begins
      counting. If the comparator remains tripped for a predetermined interval,
      the waveform is considered to be the desired one. Means are provided for
      detecting waveform peaks and valleys. The detector recognizes desired
      waveforms by two characteristics, one being magnitude and the other being
      duration.
PARN
PAR  This is a division of application Ser. No. 404,408, filed Oct. 9, 1973, now
      U.S. Pat. No. 3,878,833.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for detecting electric waveforms which
      are functionally related to physiological characteristics such as the
      electrocardiograph (ECG), blood pressure and respiration of a patient. Two
      uses of the invention will be illustrated and described, the first being
      for detecting the R-wave or QRS complex of the ECG and the second being
      for detecting systolic and diastolic blood pressure.
PAR  R-wave detectors used in the past generally fall into two classes. The
      first employs a notch filter and is based on the principle that the QRS
      complex is rich in 10 to 17 Hz frequency components and that the ECG
      waveform can be passed through a filter which has a center frequency of
      about 10 Hz so that the accentuated frequency can be detected. A problem
      with this class of detectors is that the T-wave of the ECG signal and
      other bioelectric muscle noise often present in the waveforms of
      critically ill patients contain components with about the same frequency
      range so it is difficult for the detector to distinguish them from a true
      R-wave or QRS complex. Moreover, the QRS portion of the ECG waveform with
      certain types of heart defects is much wider than the normal or average
      width for a healthy subject so it is also rich in frequencies lower than
      the center frequency of the filter which is set for the normal QRS
      complex. In addition, the peak-to-peak amplitude of a QRS complex can vary
      between patients and within a single patient by a factor of 25 to 1 which
      precludes use of an effective automatic gain control since such control
      usually cannot cover this wide variation and still be linear.
PAR  Another class of R-wave detectors operates on the principle that the slope
      of the leading and trailing edges of the QRS complex are uniquely
      different from those of the P and T wave portions of the ECG. The
      assumption is, therefore, that the derivative of the ECG waveform can be
      obtained and that when the output exceeds some preset threshold value, the
      equivalent of some preset slope, that this can be detected. The
      disadvantage of prior derivative class detectors is that some technique
      must be used to limit the slew rate of the amplifier prior to the detector
      circuit or muscle spikes and artificial electronic pacemaker pulses which
      are often present will have slopes equal to or greater than that of the
      QRS complex. Such similar slopes are hard to distinguish from the R-wave
      slopes. This class of detectors also cannot be compensated effectively
      with automatic gain control since the amplitude variation range is very
      great and the control will not respond in a linear fashion throughout a
      wide enough range.
PAR  Detection of other physiological waveforms or signals present similar
      problems. The blood pressure signal is an example. The rising edge of this
      waveform has a characteristic slope which is used to detect the arterial
      blood pressure signal. When the upslope is detected, the past minimum
      point is sampled and called the diastolic pressure and the following peak
      is sampled and called the systolic pressure. In detection of systolic
      upslope with presently available equipment, an integration of the original
      pressure waveform is compared with the unintegrated waveform to detect the
      arterial blood pressure signal. When the upslope is detected, the
      diastolic and systolic points are sampled. Since the peak and valley
      detection is done with diodes in an open loop scheme, the voltage drop
      produced by these diodes must be compensated for in the sample and hold
      circuit, thus requiring an adjustment. Two basic disadvantages of this
      class of detectors are: 1) the detection of the upslope is such that low
      pulse pressures such as pulmonary arterial pressure are missed, thus
      leaving the peak and valley detection to automatically update; and 2)
      since the diode drops are evident in the systolic and diastolic detectors,
      a change in slope will cause a different diode drop, thus changing the
      peak voltage detected.
PAR  Another technique for detection of the systolic and diastolic pressure is
      to discharge two capacitors used for peak detection alternately such that
      one or the other capacitor maintains the peak voltage of the systolic
      pressure at all times. The same technique is used for valley detection. No
      systolic upslope detector is used. This approach has the following
      disadvantaes: 1) without the use of the systolic upslope detector,
      accurate measurement of the systolic and diastolic points are hard to
      obtain; 2) if a noise spike causes one of the two capacitors to charge to
      an erroneous level, it will be held until that capacitor is discharged
      which could take as long as 5 seconds; and 3) with the loss of a signal,
      it may take as long as one complete discharge cycle to identify the
      problem and this could take 5 seconds.
PAC  SUMMARY OF THE INVENTION
PAR  In general terms, the new physiological waveform detector is characterized
      by using two criteria of the waveform; namely, magnitude and time to
      affirm that the waveform desired to be detected exists. The detector
      operates on the principles that the slopes of a QRS complex and a blood
      pressure waveform as examples, are unique as compared with other portions
      of the waveforms and other low frequency artifacts or noise and that the
      time during which the magnitude is maintained is uniquely different from
      that of muscle spikes, pacemaker pulses and other high frequency artifacts
      which may be sensed in the patient's body. The invention is further
      characterized by recognizing that the magnitude of the derivative, which
      is the first criteria for detecting a waveform, is itself directly
      proportional to the actual slope of the individual patient's QRS complex
      and, therefore, varies from patient to patient. The device further depends
      on establishing the optimum value for the time duration of the waveform
      portion in question and, as indicated above, this is used as the second
      criteria for detecting the wave characteristics. The reference threshold
      value is also varied by way of a closed loop circuit to compensate for
      variations in the slope of the waveforms from patient to patient.
PAR  Accordingly, a general object of this invention is to increase the
      reliability of detecting physiological waveforms obtained from patients
      even though the waveform may be suppressed or distorted as is often the
      case in critically ill patients.
PAR  A further object is to provide a physiological waveform detector which
      rejects noise such as muscle spikes, electronic pacemaker pulses or other
      artifacts which are common in the waveforms of critically ill patients and
      even in reasonably healthy patients.
PAR  Yet another object is to automatically compensate for slope variations in
      waveforms obtained from different patients or from a given patient over a
      period of time.
PAR  Another object is to reduce the number of instances in which sensitivity
      adjustments must be made in order to obtain reliable physiological
      information.
PAR  Other objects are to provide for accurately identifying peaks and valleys
      in waveforms and to reject artifacts whose slopes are greater or less than
      the upslope of the waveform portion under examination.
PAR  A further general object of this invention is to provide a detection
      circuit for a variety of physiological waveforms which are characterized
      by having unique up and down slopes.
PAR  How the foregoing and other more specific objects of the invention are
      achieved will appear in the detailed description of illustrative
      embodiments of the invention which will be set forth in reference to the
      drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a device for detecting the R-wave or QRS
      complex of an ECG waveform;
PAR  FIG. 2 is a more detailed circuit diagram of the device shown in FIG. 1;
PAR  FIG. 3 depicts some waveforms which are useful for explaining the R-wave
      detector;
PAR  FIG. 4 is a block diagram of a blood pressure detector using the principles
      of the invention;
PAR  FIGS. 5A and 5B, connected by lines M to R, represent a more detailed
      circuit diagram of the device depicted in FIG. 4; and
PAR  FIG. 6 shows some waveforms that are useful in explaining the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A general description of a device for detecting the QRS or R-wave in the
      ECG of a patient will first be described in reference to the FIG. 1 block
      diagram of this type of detector. As is well known, the presence of an
      R-wave is indicative of the ventricles of the heart being stimulated by a
      natural heart signal to contract.
PAR  In FIG. 1, the ECG waveform having a configuration similar to that which
      appears in part 3A of FIG. 3 is applied to input terminal 31 and is fed
      into a derivative stage 20 wherein the first derivative of the incoming
      ECG waveform such as that shown in part 3B of FIG. 3 is obtained. Since
      the slope of the QRS complex can be either positive or negative, the
      derivative of the leading edge can be either positive or negative.
      Accordingly, the derivative is processed in an absolute value circuit 21
      which converts all portions of the derivative output signal to one
      polarity such as positive polarity as indicated by the curve in part 3C of
      FIG. 3.
PAR  A comparator 22 is used to compare the absolute value signal against a
      reference amplitude to determine if the input ECG signal or other signal
      present meets the derivative magnitude criteria of a QRS complex. If so,
      the signal is possibly an R-wave. As soon as the derivative of the ECG
      waveform trips the comparator, a timing circuit 23 begins counting. If the
      comparator 22 remains tripped for a selected time interval, then the
      possible candidate is accepted as a QRS complex. In this example, the
      timing circuit 23 produces output pulses at about 11 milliseconds, about
      125 milliseconds and about 203 milliseconds. The production of a pulse at
      about 11 milliseconds is based upon the fact that the minimum time of the
      derivative of the R-wave upslope and/or downslope is substantially 11
      milliseconds or greater as indicated by the dimension line 24 on the
      derivative curve, part B of FIG. 3. One may see that the derivative
      circuit 20 is designed so that the derivative of the upslope or QR segment
      of the QRS complex is a straight line or constant as is the derivative of
      the uniform downslope or RS segment. This 11 millisecond time interval 24
      is the time criteria mentioned earlier as being used in conjunction with
      magnitude to verify existence of an R-wave. If the comparator 22 falls
      back to zero before the 11 millisecond time is up, such as it might do if
      it had switched due to a noise pulse of shorter duration, the counters in
      the timing circuit 23 clear and are made ready to test a new candidate
      waveform after having rejected the last one for failing to meet the time
      criteria even though it may have met the magnitude criteria.
PAR  In the FIG. 1 system, the most positive peak of the derivative waveform
      absolute value such as in part C of FIG. 3, is detected or monitored in a
      peak detector 25. The amplitude of the reference value, in terms of
      voltage, which is fed into the comparator 22 is a function of the peak of
      the derivative. This is an important aspect of the circuit. When a QRS
      complex is found, the sample and hold circuit 26 is energized and it
      samples the peak of the QRS complex. The peak detector is then reset to a
      lower value ready to look for a new peak. When the peak is sampled, this
      sample voltage is fed through a buffer 27 which sets the reference voltage
      to about 44% of the peak value of a valid QRS complex. If no QRS complex
      is found for a certain length of time, an automatic update circuit 28 is
      energized to cause the automatic reference circuit which includes blocks
      25, 26 and 27 to set a minimum voltage level.
PAR  Attention is now invited to FIG. 2 which shows the device depicted in FIG.
      1 in greater detail.
PAR  In FIG. 2, the ECG waveform is supplied to the input terminal 31 of
      derivative circuit 20 which includes an operational amplifier AR1
      connected as a differentiator. A capacitor 32 and a resistor 33 in a
      feedback circuit do the differentiating. A low valued input resistor 34
      and a small capacitor 35 are used to minimize the response of the
      amplifier to noise, particularly noise with high frequency components.
PAR  The absolute value circuit includes operational amplifiers AR2 and AR3. AR3
      is a unity gain amplifier and is used to invert the negative portions of
      the differential waveform. AR2 is involved in handling the positive
      signals which will be described first.
PAR  Positive signals from differentiator AR1 are supplied to the inverting
      terminal of AR2 through an input resistor 36. The output terminal of AR2
      connects with the intermediate point of two diodes 37 and 38. Diode 38 is
      in a feedback circuit to the inverting terminal of AR2. The positive input
      signals to the inverting terminal of AR2 appear as negative signals on the
      output terminal of this amplifier. These negative output signals cause
      diode 37 to conduct. On the other hand, when negative portions of the
      differentiated signal are fed to the inverting terminal of AR2, the output
      signal from that amplifier is positive and diode 37 does not conduct.
PAR  Negative portions of the differentiated signals from AR1 go through a
      resistor 40 to the inverting terminal of AR3 and appear on its output
      terminal as positive signals. AR3 has a feedback resistor 41 which has the
      same value as resistor 40, thus giving AR3 unity gain for negative
      signals. The inverting terminal of AR3 serves as a summing junction 42.
      The signal at the anode of diode 37 is equal and opposite to the signal on
      line 43 for positive signals. The ratio of resistor 41 to 44 is two to
      one. The summing junction thus causes a gain of two for the signal at the
      anode of diode 37 and a gain of one for the signal on line 43 which
      results in a gain of one for the signal on the anode. Thus, the output
      signal of AR3 is unity and is always positive. This signal has
      substantially the shape shown in part 3C of FIG. 3.
PAR  From the output terminal 45 of AR3 the positive absolute value signal is
      fed to the noninverting terminal of an operational amplifier AR7 through
      an input resistor 46. AR7 is the positive peak detector of the absolute
      value of the differentiated waveform and has a substantially zero
      impedance feedback line 47 which makes it a substantially unity gain
      amplifier. Positive output signals from the output terminal 48 of AR7 are
      supplied to a resistor 49 and a diode 50 to a peak detector capacitor C51
      which has one side connected to the negative supply. When there is a
      positive input to the noninverting terminal of AR7, capacitor C51 charges
      to peak value. When C51 reaches the peak of the input signal it can no
      longer charge through forward biased diode 50 but it cannot discharge
      because of the reverse biased diode 50. C51 charges to the highest
      positive peak of whatever waveform is differentiated. Since diode 50 is in
      the feedback loop of AR7, it introduces no voltage drop on the input
      signal.
PAR  Now to be described is the manner in which the reference voltage is
      developed which, if exceeded, fulfills one criteria for the differentiated
      waveform being considered an R-wave candidate. As mentioned earlier, the
      other criteria is that the reference voltage magnitude must be exceeded
      for about 11 milliseconds in this example before the circuitry makes a
      final decision that the differentiated signal represent an R-wave.
PAR  The absolute value of the differentiated waveform depicted in part 3B of
      FIG. 3 is compared with the reference voltage in a comparator AR4 The
      reference voltage, whose generation will be described soon, is supplied to
      the inverting terminal of AR4 through an input resistor 55. The absolute
      value of the differentiated waveform is supplied simultaneously to the
      noninverting terminal of AR4 through an input resistor 56 and a feedback
      resistor 57. When the reference voltage applied to the inverting input of
      AR4 is exceeded by the absolute value of the differentiated signal applied
      to the noninverting input, the output of AR4 goes high. This high signal
      is fed to one input 60 of a NOR gate G1. A resistor 58 and a zener diode
      59 limit the input voltage to the one terminal of G1 to about 5 volts for
      compatibility with other logic elements in this example. When the input
      terminal 60 of G1 goes high the output of G1 will go low and this causes a
      counting or timing cycle to be initiated as will be explained in more
      detail later. It is sufficient to know at this time that the first
      interval counted in this embodiment is the approximate 11 millisecond
      interval during which the output of AR4 must be high to fulfill the time
      criteria for the existence of an R-wave. In a commercial design the
      interval is actually about 11.5 milliseconds which results from a whole
      number of counts at the particular clock rate used. The minimum
      permissible interval is probably about 6 milliseconds and the maximum
      about 20 milliseconds.
PAR  If the output of comparator AR4 switches high and drops back low before
      about 11 milliseconds has expired, it would be an indication that a true
      R-wave has not been detected for reasons which will be explained later.
PAR  The circuit for developing and automatically updating the reference voltage
      for comparator AR4 will now be described in detail. The detected peak
      voltage on C51 is supplied to pin 14 of an analog switch (ANS) 61 which
      may be a type DGM111. On a proper command, such as when an R-wave has been
      detected and 125 milliseconds has been timed out by another part of the
      circuitry to be described, the ANS 61 will switch and take a sample of the
      peak voltage on C51 and hold it on a sample and hold capacitor C62. Such
      sample is only taken when an R-wave is detected. The sampled voltage held
      on C62 is applied to the noninverting input of operational amplifier AR8
      which is connected as a follower. The output of AR8 is supplied to the
      noninverting input of an operational amplifier AR6 through a filter
      circuit including resistors 64, 65 and capacitor C66. The filter smooths
      out the input voltage for the equivalent of about 3 or 4 heartbeats so
      that no instant change in the input of AR6 nor its output is obtained if a
      noise spike gets into the system or if the differentiated QRS complex
      would have changed suddenly due to a premature ventricular contraction,
      for example. It is undesirable for the reference voltage to change quickly
      by a great amount. Resistor 67 which connects to the noninverting terminal
      of AR6 may be considered a feedback resistor and its ratio in respect to
      resistor 65 is such that the output of AR6 will be established at
      preferably about 43 or 44% of the peak of the derivative voltage value in
      this embodiment but a percentage between 20 and 60% may be employed in
      some cases. Thus, the output terminal 68 of AR6 always has about 43 or 44%
      of the peak voltage which exists on the output of AR8.
PAR  When the circuit is first energized, the reference voltage is undetermined
      so it is necessary to set it at some definite value. As will be explained,
      the circuitry is such that if an R-wave is not detected for four seconds
      the sample and hold capacitor C62 is set to a predetermined d-c level.
      This is done by commanding ANS 61 to switch and apply a voltage of about 1
      volt, in this example, to sample and hole C62 from a divider circuit,
      comprised of resistors 80 and 81 which are grounded at one end and
      connected to a power supply terminal 79.
PAR  AR6 also establishes a minimum voltage which the automatic reference, to be
      described, will drive down to and stop. The reason for setting a minimum
      is that if the R-wave becomes very small it is hard to distinguish it from
      noise so the reference should not go down so far that noise becomes a
      factor. The minimum voltage is established as follows: The output signal
      from AR6, as long as it is positive, will forward bias diode 69 and cause
      a positive voltage to appear on the junction 70 on top of a grounded
      resistor 71. Junction 70 cannot go negative and stays at zero regardless
      of how low the noninverting input of AR6 goes. However, normally when the
      input signal AR6 is adequate, 43% of this voltage will appear on point 70.
      An operational amplifier AR5 assures that the output voltage on its output
      terminal 74 and, hence, the reference voltage applied to the inverting
      terminal of comparator AR4 will not go below this predetermined value. For
      instance, if the output of AR6 at point 70 goes to zero, 0 volts will be
      applied to the noninverting input of AR5 which has an input resistor 75
      and a grounded resistor 76 connected to it. AR5 also has a feedback
      circuit including a high value resistor 77 and a relatively low value
      resistor 78. The ratio of these resistors is such that the voltage
      appearing at output terminal 74 of AR5 can never go below 0.5 volts
      minimum in this example. Of course, the reference voltage on output
      terminal 74 of AR5 is normally higher if the peak voltage represented by
      the R-wave derivative is higher. There is a need for this minimum
      reference voltage for if it went too low the comparator AR4 would be
      triggered by noise or any transient in the system and it would sample all
      signals for their possibility of being an R-wave. It should be recognized,
      however, that the output of comparator AR4 may go high upon occurrence of
      a short duration noise spike under 11 milliseconds but this merely starts
      the counting period which is reset to zero if the noise signal disappears
      before 11 milliseconds which would be indicative of an R-wave. Thus, it is
      evident that comparator AR4 output must exceed the reference voltage
      magnitude for a predetermined amount of time before the presence of an
      R-wave is certain.
PAR  As mentioned earlier, NOR gate G1 responds to comparator AR4 tripping as a
      result of the absolute value of the derivative which is fed to its
      noninverting terminal exceeding the reference voltage on its inverting
      terminal. NOR gate G1 has to do with measuring and controlling the 11
      millisecond period and other periods which are pertinent to operation.
PAR  Initiation of the timing periods will now be described. The output of NOR
      gate G1 is normally high. When it goes low as a result of one of its
      inputs going high due to the proper waveform magnitude or first criteria
      of R-wave detection being met, the low signal is applied to pins 2 and 3,
      respectively of a pair of counters 90 and 91. These may be type 7493
      integrated circuit counters. A 1024 Hz clock pulse signal is applied to
      pin 14 of counter 90. The counters cooperate with a group of inverters
      92-97, NAND gates G2-G5, NOR gates G7-G9 and a dual JK flip-flop 98 to
      produce some timing signals as will be explained.
PAR  Consider first how a pulse is produced at the end of an 11 millisecond
      interval if the derivative of the R-wave signal maintains a value above
      the reference level for the 11 millisecond interval. When the output of
      NOR gate G1 goes low in response to the ECG signal exceeding the reference
      voltage, this low signal is applied to pins 2 and 3 of counters 90 and 91
      to start them counting. When a number of clock pulses is counted
      equivalent to about 11.5 milliseconds, pins 1, 12 and 9 of counter 90 go
      low so that the outputs of inverters 92 and 93 go high. At the same time,
      pins 8 and 11 of counter 90 go high. Thus, at the end of about 11
      milliseconds, all inputs to NAND gate G2 are high and its output will be
      low. Similarly, at the end of the 11 millisecond interval, all of the
      outputs from pins 1, 8, 9, 11, and 12 of counter 91 will be zero and,
      because of inversion by the respective inverters 94-97, all inputs to NAND
      gate G3 will be high and its output will be low. These two simultaneous
      low outputs of G2 and G3 are inputs to NOR gate G7 which is inverting so
      its output goes high. This high signal is applied to the J terminals or
      pin 1 and pin 8 of JK flip-flop 98, causing pin 3 and pin 5 to go high.
      When pin 3 goes high, this signal is applied to the other input 100 of Nor
      gate G1 which causes its output to continue low and thereby continues
      counting by the counters 90 and 91 after expiration of the 11 millisecond
      interval which has verified that a true R-wave has been detected. If the
      differentiated input signal to comparator AR4 would not have been
      maintained above the reference voltage input thereto for 11 milliseconds,
      it would have been indicative of no R-wave and counters 90 and 91 would
      have been reset to zero as a result of the output of G1 going high. The JK
      flip-flop 98 may be an integrated circuit type 74107. As indicated,
      adjacent its clock input terminal 101, this flip-flop is supplied with a
      2048 Hz input clock signal which gates it.
PAR  Since the counters 90 and 91 continue counting when an R-wave is indicated
      by expiration of the 11 millisecond counting interval, the counters will
      continue to count for about 203 milliseconds in this example. This 203
      millisecond interval is long enough to assure that a QRS complex has been
      completed but there would be reasonable certainty after about 140
      milliseconds. At such time, the outputs of NAND gates G2 and G4 will go
      low and the output of NOR gate G8 will go high. This high signal is
      applied to the K terminal or pin 4 of JK flip-flop 98 which causes its pin
      3 to go low. The low signal is applied to input 100 of NOR gate G1 which
      causes its output to go high, thus resetting counters 90 and 91 to zero.
PAR  When counters 90 and 91 have been energized for such length of time as to
      count 125 milliseconds equivalent, the inputs to a NOR gate G9 are such
      that its output will be high. This high output is applied to the K
      terminal or pin 11 of dual JK flip-flop 98 and this causes pin 5 of the
      flip-flop to go low at the end of 125 milliseconds. This 125 millisecond
      pulse appears on pin 5 and line 102 which may supply some R-wave detection
      indicating means, not shown. The pulse is also used for other purposes.
PAR  Pin 5 of JK flip-flop 98 is high for 125 milliseconds after counting
      begins. As indicated, when the output of this pin goes low at the end of
      125 milliseconds it is used to operate an R-wave indicator. This change of
      state at the end of 125 milliseconds is used to reset the automatic update
      circuit of the detector. For this purpose a divide by N counter 106 is
      provided. This may also by a type 7493 integrated circuit counter. Its pin
      14 is provided with a 4 Hz clock signal. Counter 106 is turned on at the
      end of 125 milliseconds by applying the low signal to its pins 2 and 3. If
      for some reason an R-wave is not detected, counter 106 and the logic of
      NAND gates G11 and G10 in conjunction with G6 provide about 4 seconds
      delay after the last 125 millisecond period has elapsed. If 4 seconds
      elapse, G11, G10 and G6 are enabled to produce a pulse. This results from
      the fact that after 4 seconds all of the inputs to NAND gate G11 are high
      and its output is low but inverted again by inverter 107 so the signal to
      one input of G10 is high. The other input 108 of G10 is also high as a
      result of it being connected to pin 11 of counter 106 which is also high.
      The two high inputs of G10 cause its output to go low. This low signal is
      applied to pin 10 of ANS 61 which causes it to switch and results in
      applying to the sample and hold C62 the potential established by the
      midpoint of the voltage divider comprised of resistors 80 and 81. Thus,
      sample and hold C62 will have a predetermined minimum voltage on it which
      is reestablished at least every four seconds if an R-wave is not detected.
PAR  The voltage on peak detector capacitor C51 is also reset if an R-wave is
      not detected in 4 seconds. C51 is set to a d-c level which is slightly
      lower than the voltage that existed on it during the 4 second waiting
      period. It keeps resetting every four seconds or at least until the
      reference circuit has reached its chosen minimum d-c level of 0.5 volts on
      output terminal 74 of AR5.
PAR  At the end of 203 milliseconds, pin 2 of JK flip-flop 98 goes high. This
      high signal is applied to one input 111 of G6 NAND gate. The other input
      of G6 is high since the QRS complex is still being detected and the output
      of G6 now goes low. This low output signal is applied to the base of a
      transistor 112 in the peak detector resetting circuit. The peak detector
      capacitor C51 is reset to a little lower d-c level such that the next peak
      will drive it back up to where it was originally or where it will seek a
      new peak. Transistor 112 has a collector resistor 113 and a coupling
      capacitor 114 which applies a positive pulse to another transistor 115
      through a diode 116, thus turning transistor 115 on when transistor 112 is
      off. The collector of transistor 115 connects to the positive side of peak
      detector capacitor C51. The value of the emitter resistor 117 associated
      with transistor 115 is such that only sufficient current will drain off of
      C51 during the resetting pulse to reset its voltage at only about 0.5
      volts lower than it was. Thus, after every R-wave is detected, there is
      resetting of the peak capacitor C51 after the sample and hold circuit has
      taken effect, that is, after 125 milliseconds so C51 will be able to
      charge to the next highest peak. When pin 5 of JK flip-flop 98 goes low,
      then C122 and R120 form a derivative circuit function which produces a
      negative pulse or spike which is applied to pin 12 or internally to pins
      14 and 2 of ANS 61 which turns it on to put the peak voltage of C51 onto
      the sample and hold C62.
PAR  In summary, an R-wave detector has been described which produces output
      pulses or state changes on a line 102 indicative of each R-wave that has
      been detected. The reference circuit operates automatically to establish a
      reference voltage which is about 43% of the peak voltage detected from the
      R-wave derivative. The QR and RS segments of the QRS complex have a
      substantially constant slope so their derivatives are constant. The
      patient's ECG signal is compared to a reference value normally of about
      43% of the peak of these voltages and the automatic resetting feature
      maintains this relationship. Noise signals do not affect detection
      adversely because they do not fulfill the time criteria for R-wave
      detection. Other components of the ECG waveform, such as the P and T
      waves, do not affect detection because they fulfill neither the time nor
      magnitude criteria. Thus, the detector is responsive to the R-wave only.
PAR  Attention is now invited to the FIG. 4 block diagram of a device for
      measuring systolic and diastolic blood pressure by means of a systolic
      upslope detector that employs the principles of the invention which are
      determining slope magnitude and duration of the systolic waveform upslope
      to distinguish it from other signals. In FIG. 4, the input arterial blood
      pressure waveform, such as depicted in part 6A of FIG. 6, is fed into
      three circuits from an input terminal 150 which obtains its waveform
      signal from a blood pressure sensor, not shown. The first of the three
      circuits is a derivative circuit 151 which is used to detect the upslope
      of the arterial waveform. The second circuit into which the waveform is
      fed is the systolic pressure detector 152 which is used to detect the peak
      pressure point. The third circuit is the diastolic detector 153 which is
      used to detect the minimum or valley pressure point. When the arterial
      blood pressure waveform signal is differentiated it is compared with a
      reference voltage in a comparator 154. This reference voltage is a
      function of the peak of the derivative of the pressure waveform; that is,
      when the systolic upslope is identified, the output of the peak detector
      155 is fed into a buffer circuit represented by block 157 where the signal
      is reduced to about 50% of the peak value and smoothed. The output of the
      buffer 157 is the reference voltage which is supplied to the comparator
      154.
PAR  When the comparator 154 switches to a high output state as a result of the
      differentiated signal input being greater than the reference voltage,
      counters in the timing circuit 158 begin to count and if the comparator
      remains tripped for a specified period of time that is indicative of a
      systolic upslope, it is accepted as a systolic upslope (SUS). If the
      comparator trips back before the time limit set for the counters, the
      counters will be cleared and the circuit will be ready to respond to the
      next upslope candidate which may trip the comparator 154.
PAR  When an SUS is found, timing pulses are suplied to the reference voltage
      circuit, an automatic updating circuit 159 and the systolic and diastolic
      detectors 152 and 153, respectively. If no SUS is found for more than 4
      seconds, the automatic update circuit 159 generates pulses to reduce the
      reference voltage until an SUS is found or to a minimum level to keep from
      picking up noise, and the pulses also act on the systolic and diastolic
      detectors 152 and 153 so they will begin seeking new pressure levels.
PAR  A typical blood pressure waveform to be processed in the system just
      outlined is shown in part 6A of FIG. 6 and the signal resulting from
      differentiating this waveform is depicted in part 6B of FIG. 6. A more
      detailed circuit diagram of the device will now be described in reference
      to FIG. 5A primarily.
PAR  In FIG. 5A the input terminal 150 receives a waveform signal which
      corresponds with blood pressure and is generally similar to the waveform
      in part 6A of FIG. 6 which is produced by a blood pressure sensor, not
      shown, applied to the patient. The manner in which the signal is
      differentiated will be considered first. The waveform signal is applied to
      the noninverting terminal of a unity gain operational amplifier AR160
      through an input resistor 161. The purpose of AR160 is to match
      impedances. The output signal or blood pressure representative waveform
      and any other signal from AR160 is fed to the inverting terminal of a
      differentiating operational amplifier AR162 which has a differentiating
      capacitor 163 and a differentiating resistor 164. High frequency noise is
      suppressed by coaction of a resistor 165 and a capacitor C166. A pair of
      zener diodes 167 set positive and negative limits on the output voltage of
      AR162. The differentiated signal appearing on the output terminal 168 of
      AR162 has the general shape of part 6B in FIG. 6 where it will be noted
      that the negative differential is taken and it is the negative peak of the
      derivative which is of value in the operation of the circuit as will be
      explained. The output signal from AR162 is supplied through an input
      resistor 169 to the inverting terminal of a comparator AR170. The
      noninverting terminal of AR170 receives a reference voltage which is
      developed in a manner which will be described hereinafter. For present
      purposes it is sufficient to know that when the derivative signal applied
      to the inverting terminal of comparator AR170 exceeds the reference
      voltage applied to the noninverting terminal, the comparator AR170 will
      trip which means that its output terminal 171 voltage will go high and
      this voltage will be applied to one input 172 of a NOR gate G15 which will
      switch and initate a counting period as will be explained more fully
      later. A zener diode 173 limits the high level of the AP 170 output signal
      to that which is compatible with the logic elements in the circuit.
PAR  The system is based on the principle that the best way to distinguish the
      blood pressure signals from other signals is to detect some unique
      characterstic of the arterial pressure waveform. The characteristic deemed
      to be the best is the systolic upslope of the waveform which is marked 177
      in part 6A of FIG. 6. It has a specific magnitude and time duration and
      its slope is always substantially the same or merely changes slowly. When
      the upslope is detected, it follows that the previous minimum point or
      valley 178 of the waveform represents diastolic pressure and the next
      suceeding peak 179 represents systolic pressure. In the present system,
      the existence of a differentiated signal voltage which exceeds the
      reference voltage for about 21 milliseconds is taken as a criteria for the
      existence of a true systolic upslope. This time interval may be in the
      range of 10 to 40 milliseconds but about 21 milliseconds is preferred. If
      the signal to the inverting terminal of the comparator AR170 from the
      differentiator persists for somewhat less than 21 milliseconds in this
      example, the counters, to be described, reset and the system searches for
      the next true systolic upslope.
PAR  As stated, when the apparent systolic upslope signal exceeds the reference
      voltage for about 21 milliseconds, a true systolic upslope is assumed.
      Thus, it is necessary to develop a reference voltage for comparison and it
      is also necessary to detect the minimum value of the waveform or its
      valley and its maximum value or peak to determine diastolic and systolic
      pressures, respectively. The reference voltage circuit will now be
      described.
PAR  In FIG. 5A, the negative differential from output terminal 168 of the
      differentiator AR 162 is fed to the noninverting input of an operational
      amplifier AR 180. the output 181 of AR 180 connects to a resistor 182 and
      a pair of diodes 183 and 184. When the negative differentiated signal to
      AR 180 goes negative enough, its output goes negative and diode 183
      conducts and charges a minimum peak or valley detector capacitor C184
      negatively. C 184 in conjunction with a resistor 185 and another capacitor
      C186 constitutes an averaging circuit for all the peak derivative signals.
PAR  A voltage divider comprised of resistors 187 and 188 along with a diode 189
      establishes a minimum boltage on C186 such that when its voltage goes
      below the voltage difference between resistors 187 and 188 minus the diode
      189 voltage drop, the divider will hold the input of AR 187 at that
      minimum value. The d-c voltage level on C186 is always negative. The
      voltage on C186 is fed to the noninverting terminal of an amplifier AR187
      which has feedback resistors 198 and 199. The ratio of the value of
      resistor 198 to that of 199 and resistor 185 to that of 196 results in a
      gain of 0.5 so that the voltage on the terminal 190 of AR 187 is about 50%
      of the negative peak derivative on C184 and it is this voltage which is
      used as a reference for comparator AR 170 to compare with the
      differentiated waveform signal to determine if it has sufficient magnitude
      to be a candidate for a systolic upslope. The minimum peak or valley
      detection circuit just described also has a reset circuit comprised of a
      transistor 191, diode 192, resistor 193, C194 and voltage divider
      resistors 195 and 196. A reset signal which is coupled through C194 will
      be described later.
PAR  The manner in which the peak 179 of the blood pressure waveform in FIG. 6A
      is detected will now be described. The waveform, in terms of volts per
      millimeter of mercury, comes in on input terminal 150 in FIG. 5A. This
      signal is applied through a resistor 210 to the noninverting terminal of
      an amplifier AR211 which acts as a gain buffer. AR 211 has an input
      resistor 212, a feedback resistor 213 and a capacitor 214 for establishing
      some gain. A true waveform signal appears on the output terminal 215 of AR
      211 and this is fed to a peak detector amplifier AR220 which has an input
      resistor 221 connecting to the amplifier's noninverting terminal.
PAR  Peak detector amplifier AR220 has connected to its output terminal 222 a
      resistor 223 which is in series with a diode 224 connected to a peak
      detector capacitor C225. C225 connects to a negative supply through a
      resistor 226. C225 charges to the peak voltage of the blood pressure
      waveform and is prevented from discharging to a lower value by diode 224
      which is reversely nonconductive after the peak is reached.
PAR  About 200 milliseconds after a systolic upslope has been detected there is
      high degree of certainty that the peak has been passed since it is
      unlikely that the upslope would persist actually for more than 150
      milliseconds in any patient. Thus, the peak voltage on C225 is sampled in
      about 200 milliseconds after the output of comparator AR170 goes high by
      means which will be described later. C225 connects to pin 14 of an analog
      switch ANS 229. When pin 12 of ANS 229 receives a trigger pulse at about
      200 milliseconds after a systolic upslope has been detected, pin 14 is
      switched or connected to pin 2 which thereby connects C225 to a sample and
      hold capacitor C230. Thus, C230 has a voltage which is representative of
      the peak of the blood pressure waveform or, in other words, systolic
      pressure. The voltage on C230 is supplied to the noninverting terminal of
      a unity gain operational amplifier AR231 on whose output terminal 232
      systolic blood pressure, in terms of millivolts per millimeter of mercury
      appears. This signal may be fed to a systolic blood pressure indicator,
      not shown, by way of a line 233.
PAR  The valley point 178 or diastolic pressure of the blood pressure waveform
      in part 6A of FIG. 6 is also detected. This is done in FIG. 5A with an
      amplifier AR 240 and its associated circuitry. The blood pressure waveform
      from AR211 is fed to the noninverting terminal of AR240 through a resistor
      241. The negative peak or valley 178 drives the output of AR240 negatively
      and this valley voltage appears on a capacitor C242. This valley voltage
      is held on C242 by the diodes 243 and 244. C242 is connected with pin 8 of
      ANS 229. By means which will be explained after the valley or threshold of
      a systolic upslope has been detected, the voltage on C242 is transferred
      to a valley voltage sample and hold capacitor C248. This is done, as will
      be explained by applying a trigger signal to pin 10 of analog switch ANS
      229 in which case pins 8 and 6 thereof are connected together and C248 is
      charged.
PAR  The voltage on C248 which is representative of the most negative peak 178
      of the blood pressure waveform is applied to the noninverting terminal of
      a unity gain amplifier AR249 whose output terminal 250 has an average
      voltage on it representative of diastolic blood pressure in terms of
      millivolts per millimeter of mercury. This diastolic pressure signal may
      be sent to a suitable indicating meter, not shown, by way of line 251.
PAR  Consideration will now be given to the various timing and reset features of
      the circuit. Recall that two criteria must be met before the detected
      differentiated waveform signal is considered a systolic upslope signal.
      These criteria are the duration of the upslope and its magnitude. As
      mentioned earlier, the magnitude of the differentiated waveform is
      compared with a reference voltage in comparator AR 170. If this reference
      voltage is exceeded for about 21 milliseconds, it is evidence that a
      systolic upslope has occurred and has been detected. The manner in which
      this and other time intervals for indicating and resetting are measured
      will now be described.
PAR  The timing circuit includes two integrated circuit counters 260 and 261
      which may be type 7493. Counters 260 and 261 are enabled when the peak
      negative differential input signal exceeds the reference voltage on
      comparator AR170. As explained earlier, when the output of comparaator
      AR170 goes high, this signal is applied to an input 172 of NOR gate G15,
      causing its normally high output to go low. The low output signal is
      applied to pins 2 and 3 of counters 260 and 261, thus turning them on and
      initiating a counting period. Counter 260 will count for 21 milliseconds
      provided the differentiated signal peak exceeds the reference voltage for
      that period of time which is indicative of a systolic upslope being
      detected. If the reference voltage is not exceeded for that period, the
      counters 260 and 261 will reset when the output of comparator AR170 drops
      back low. If the counter reaches the 21 millisecond time period, the other
      input 262 of NOR gate G15 will go high and counting will continue for
      another 200 milliseconds or so when there is certainty that a waveform
      peak has been reached.
PAR  Counter 260 is provided with a 1024 Hz clock frequency through inverter
      263. When counter 260 is enabled, it will reach a count which is
      equivalent to about 21 milliseconds at which time NAND gates G17 and G18
      will both have all high inputs in which case their outputs will both be
      zero or low. The low signals are applied to the inputs of a NOR gate G22
      whose output will then go high. This high output signal is applied to pin
      1 of a dual JK flip-flop 264 which may be type 74107. Those skilled in the
      art will be able to trace the signal from counter 260 through the various
      inverters 265-270 and determine how the output of G22 may go high when a
      count equivalent to 21 milliseconds is reached. In any event, when pin 1
      of JK flip-flop 264 goes high its output pin 2 goes low and this signal is
      applied to one of the inputs of a NAND gate G26 which, of course, is
      normally high. Application of the low signal, causes the output of G26 to
      go high and this high signal is applied to input 262 of NOR gate G15 whose
      output then will continue to remain low to thereby sustain counting by
      counter 260 for about 200 milliseconds even though the signal may have
      disappeared from the other input 172 of G15 because of the upslope having
      peaked in much less time.
PAR  At about 200 milliseconds, the inputs to NOR gate G23 are low and its
      output which is applied to pin 4 of the JK flip-flop 264 is high. This
      causes pin 2 of flip-flop 264 to go high again at the end of 200
      milliseconds. The output of G23 also goes to pin 8 of TK flip-flop 264 to
      begin the 15 milliseconds time out after the end of the 200 millisecond
      period. The counting status is such that the output of NOR gate G24 goes
      high and pin 11 of JK flip-flop 264 therefore goes high. Pin 11 is the K
      input to JK flip-flop 264 and when it goes high, its complement output pin
      6 goes high. This happens about 15 milliseconds after expiration of the
      200 millisecond period. When pin 5Q output goes high, the high signal is
      transferred by way of a line 251 to an input of a NOR gate G30 which goes
      high so its output goes low. This signal is transferred through an
      inverter 271 which enters the resetting circuit for the peak and valley
      detector amplifiers AR220. and AR240. The peak detector AR220 is reset by
      applying this resetting signal to the base of a transistor switch 272
      having a collector resistor 273 and a base resistor 274. The collector
      connects to a capacitor C275 which couples the resetting signal through a
      diode 276 to the base of a transistor 277 which has base and emitter
      resistors 278 and 279, respectively. When resetting transistor 277 is
      caused to conduct, the voltage on peak detector capacitor C225 is dropped
      slightly so that it can respond to the next ensuing peak if it is somewhat
      lower than the previous one.
PAR  Similarly, the valley detector AR240 is reset when the output of G30 NOR
      gate goes low. When transistor 272 conducts in response to the resetting
      signal, the signal is also coupled through a capacitor C280 through a
      diode 281 to the base of a transistor 282 whose collector is connected to
      the positive supply. The conduction interval is such that the output of
      valley detector amplifier AR240 goes more positive and charges capacitor
      C242 slightly more positive so that it can seek the next ensuing valley.
      Transistor 282 has an emitter resistor 283 and a base resistor 284, the
      latter of which sets the time constant of the discharge such that the
      voltage on C242 is not raised excessively.
PAR  Attention is now invited to the automatic update circuit which constantly
      causes the systolic and diastolic pressures to be sampled at a 2 Hz or
      twice per second rate to quick step them for finding a new valley and a
      new peak if the systolic upslope should be lost. In such case the existing
      d-c levels should be found as quickly as possible.
PAR  The automatic update circuit comprises a capacitor C290 which is located
      near the top and center of FIG. 5B. C290 is charged from positive supply
      through an adjustable resistor circuit 293 which is limited by a zener
      diode 294. As long as there is a high going low pulsating signal available
      from pin 2 of JK flip-flop 264, C290 does not charge. If the signal from
      pin 2 of JK flip-flop 264 remains high, C290 has a chance to charge up, at
      a charge rate set by resistor 293. Resistor 293 is adjusted such that
      after 31/2 seconds the charge on C290 is high enough to allow line 298 to
      be at a level to trigger pin 13 and turn on JK flip-flop 300 which is here
      used as a simple counter. This is done, of course, by tying the J and K
      inputs 1, 4, 8 and 11 together. Flip-flop 300 is provided with a 4 Hz
      clock input 301. At the end of the 31/2 second period, when a trigger
      pulse is applied to pin 13 of flip-flop 300, it will produce pulses on its
      pins 3, 5 and 9. The pulses are applied to the inputs of a NAND gate G27.
      The output of G27 is low when all of its inputs are high. this low pulse
      is applied to one input 302 of an AND gate G28. The other input 303 to AND
      gate G28 is connected back to pin 2 on JK flip-flop 264 which remains high
      when no systolic upslope is found. The low input 302 to AND gate G28
      results in its output being low or negative. This low signal is coupled
      through a derivative circuit including a capacitor C304 and a resistor
      305. The other junction of the resistor 305 is tied to positive supply 308
      which has a voltage level compatible with digital logic such as five
      volts. The negative differentiating pulse through C304 is applied to pin
      10 of analog switch ANS 229 which causes pins 6 and 8 thereof to be
      effectively connected in which case charge from valley detector capacitor
      C242 is transferred to sample and hold capacitor C248 to thereby update
      diastolic pressure if the arterial pulse is missing for about 31/2
      seconds.
PAR  Secondly, systolic pressure is automatically sampled and updated. When the
      sampling pulse coming from the output of NAND gate G27 returns to low,
      thus causing the input 309 to a NAND gate G29 to be low, and since there
      is no systolic upslope being detected, input 310 of NAND gate G29 is high
      causing its output to go high due to inversion. When input 309 to G29
      switches high the output of G29 goes low and it is coupled through a
      derivative circuit including capacitor C311 and a resistor 312. The pulse
      is applied to pin 12 of analog switch ANS 229 which, when it goes low,
      causes conduction between pins 14 and 2 thereof in which case sample and
      hold capacitor C230 begins to charge to the level of peak detection
      capacitor C225. In this manner, diastolic pressure is updated first
      whenever something happens to lose pulse pressure for 31/2 seconds and
      systolic pressure is updated secondly.
PAR  As mentioned earlier, resetting of the peak and valley detectors AR 220 and
      AR240 is done about 15 milliseconds after the 200 millisecond count period
      has terminated. A one-shot multivibrator 315 is involved. Each time a 4 Hz
      pulse comes into counter 300 and a 2 Hz pulse comes along, its pin 3 and
      pin 9 go low and the one-shot multivibrator 315 is triggered by way of its
      pin 4. When the one-shot 315 is triggered there is an output on its pin 6
      which goes high for 15 milliseconds. This signal is coupled to NOR gate
      G30 and since the other input to G30 is low at this time, its output goes
      low. Then, as explained earlier, it goes through inverter 271 which then
      has a high output. After 15 milliseconds has elapsed, the output of
      inverter 271 goes low again. Up to this time the collector of transistor
      272 is low and it goes high and effects resetting of the peak and valley
      detectors as explained earlier.
PAR  At the right side of FIG. 5B there is a JK flip-flop marked 286 which is
      used for supplying a rate indicating meter, not shown. It has an output on
      its pin 3 at the end of the 125 millisecond count interval which drives
      the rate indicator. Pin 6 of flip-flop 286 is a 2 millisecond output that
      is triggered at the same time as the 200 millisecond pulse is triggered on
      as a result of the tie with pin 1 of JK flip-flop 264. Pin 6 of 286 goes
      high when pin 8 of 286 goes high. When inputs to NOR gate G25 go low, its
      output goes high and cause pin 4 of flip-flop 286 to go high. Pin 4 is the
      K input which causes pin 3 of flip-flop 286 to reset to low.
PAR  Although an R-wave detector embodiment and a systolic upslope detector and
      a diastolic and systolic pressure indicating embodiment of the invention
      have been described in considerable detail, such description is intended
      to be illustrative rather than limiting since the principle of
      multi-criteria waveform identification can be applied to various
      physiological waveform detectors and the invention is to be limited only
      by construing the claims which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for detecting a waveform signal portion in the presence of
      other signals by using the characteristic time rate of change or slope of
      the waveform signal portion as criteria for its existence, comprising:
PA1  A. means for differentiating said waveform signal to produce a
      differentiated signal having a portion whose magnitude is representative
      of said slope criteria,
PA1  b. means for detecting the peak magnitude of said differentiated signal,
PA1  c. means for producing a reference signal including means for converting
      said peak magnitude signal to a signal representing a predetermined
      percentage thereof, said last named signal constituting said reference
      signal and corresponding in magnitude with the derivative of the slope of
      said waveform signal portion,
PA1  d. comparator means having inputs for receiving said differentiated signal
      and reference signal, respectively, said comparator means producing an
      output signal change when said differentiated signal magnitude is greater
      than said reference signal,
PA1  e. timing means responsive to occurrence of said last named output signal
      change by initiating measurement of a first time interval which, if
      completed, is indicative of said waveform portion meeting the time
      criteria, said timing means also being responsive to terminate measurement
      of said first interval if said output signal discontinues before
      expiration of said predetermined period,
PA1  f. means responsive to completion of said first time interval by actuating
      said timing means to continue to measure a second time interval, and
PA1  g. resetting means responsive to completion of said second interval by
      resetting said reference signal producing means to produce a reference
      signal having a different value than the preceding reference signal
      existing when said comparator produced the aforementioned output signal.
NUM  2.
PAR  2. A device for detecting a particular waveform signal in the presence of
      other signals, comprising:
PA1  a. means for differentiating said signals,
PA1  b. means for detecting a peak value of said differentiated signal,
PA1  c. means for sampling said detected peak value signal in response to a
      signal indicative of said particular waveform being detected,
PA1  d. means for producing a reference signal from said sampled peak signal
      which said reference signal is a predetermined percentage of the sampled
      peak magnitude of said differentiated signal,
PA1  e. means for continuously comparing said differentiated signal with said
      reference signal, said comparing means changing its output signal in
      response to said differentiated signal exceeding said reference signal as
      an indication of a magnitude characteristic of said particular waveform,
PA1  f. timing means responsive to said output signal change by initiating
      measurement of a first predetermined time interval indicative of a time
      characteristic of said particular waveform, and
PA1  g. output means responsive to said timing means reaching said predetermined
      interval by producing an output signal incidative of said particular
      waveform being detected.
NUM  3.
PAR  3. A device for detecting the minimum and maximum magnitudes of a
      particular waveform signal in the presence of other signals by using
      plural characteristics of said waveform signal for identification thereof,
      comprising:
PA1  a. means for receiving and differentiating said signals,
PA1  b. means for producing a reference signal,
PA1  c. means for comparing the magnitude of said differentiated signals with
      the magnitude of said reference signal, said comparing means changing its
      output signal in response to said differentiated signal magnitude being
      greater than said reference signal magnitude, said signal change being
      indicative of one characteristic of said waveform if said change is
      sustained for a predetermined time interval and being indicative of a
      waveform which it is not desired to detect if it is sustained for less
      than said predetermined time interval.
PA1  d. timing means for measuring the duration of said change,
PA1  means for detecting said undifferentiated waveform signal, and
PA1  f. means for sampling the minimum and maximum magnitudes of said last named
      detected signal in response to said timing means measuring a change
      duration at least as long as said predetermined interval, and
PA1  means for storing said minimum and maximum signals.
NUM  4.
PAR  4. A device for detecting a particular waveform signal in the presence of
      other signals, comprising:
PA1  a. means for receiving and producing differentiated signals whose time
      intervals correspond with the slopes of the signals wherein the slope of
      the waveform signal of interest is identified by it having a known first
      predetermined time interval,
PA1  b. means for producing a reference signal which is representative of the
      magnitude of said derivative of said waveform signal;
PA1  c. means for sampling the peak of said differentiated signal in response to
      said particular waveform being detected,
PA1  d. means responsive to said timing means timing a second interval by
      resetting said reference signal producing means to a new signal level,
PA1  e. means for comparing said differentiated signals with said reference
      signal whereby if any differentiated signal is greater than said reference
      signal for said first predetermined time interval it is indicative of
      detecting said particular waveform signal of interest and if greater than
      said reference signal for other than said predetermined interval it is
      indicative of a signal which is not of interest, said comparing means
      producing an output signal when said differentiated signal is greater, and
PA1  f. timing means for determining the intervals of said signals whereby to
      accept signals of interest and reject signals which are not of interest.
NUM  5.
PAR  5. The device set forth in claim 4 wherein:
PA1  a. said means for producing a reference signal includes means for detecting
      the peak value of said differentiated signal,
PA1  b. first storage means for storing said peak value,
PA1  c. second storage means,
PA1  d. switch means operable by selected signals to transfer said peak value to
      said second storage means,
PA1  e. said means for producing said reference signal being controlled by the
      value in said second storage means to produce a reference signal which is
      a predetermined percent of said peak value.
PA1  f. said timing means being responsive to said differentiated signal
      exceeding said reference signal for a predetermined time by continuing
      timing and producing a first output signal and a later second output
      signal,
PA1  g. said switch means responding to said first output signal by said
      transferring of said peak value from said first to said second storage
      means, said second output signal resetting said first storage means to
      enable said first storage means to store the ensuing detected peak value.
NUM  6.
PAR  6. The device set forth in claim 5 including:
PA1  a. further timing means adapted to be reset to restart a substantial time
      interval upon occurence of each of said first output signals and to
      produce a further output signal at the end of said substantial timing
      interval if said further timing means is not reset, and
PA1  b. means for producing a predetermined potential, said switch means being
      responsive to occurrence of said further output signal by applying said
      predetermined potential to said second storage means whereby to update the
      potential in said second storage means if said first output signal does
      not occur within said substantial time interval.
NUM  7.
PAR  7. The device set forth in claim 5 including:
PA1  a. circuit means including switch means connected to said first storage
      means, said last named switch means being operated in response to
      occurrence of said second output signal from said timing means to update
      the signal in said first storage means.
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ABST
PAL  Apparatus for pedicure comprises an open top treatment chamber receptive of
      at least one human foot within an upwardly opening generally channel
      shaped foot-receiving device within the chamber and provided with
      foot-scrubbing means, a foot rest within the device, and means for
      effecting relative reciprocation between the device and the foot rest for
      foot-scrubbing action. Provisions are made for spraying treatment fluid on
      the foot, alternating with drying air. Recirculation of liquid treating
      fluid can be effected.
BSUM
PAR  This invention relates to pedicure, and in particular for treatment of
      human feet including at least washing such as with a medicated solution
      while providing a scrubbing action, and then at least optionally followed
      by drying.
PAR  Two earlier examples of pedicure apparatus are disclosed in my U.S. Pat.
      No. 3,612,052, issued Oct. 12, 1971 and U.S. Pat. No. 3,810,463, issued
      May 14, 1974. In the first of those patents, a basin-shaped scrubbing
      brush arrangement is disclosed rotatably driven about its central axis. In
      the second patent, a generally basin-shaped arrangement is disclosed
      wherein the bottom and side wall structures provided with scrubbing brush
      means are relatively rotatable and thereby attain a reduction in the
      turque or torsional moment acting upon the foot being treated. Each of the
      patented arrangements provides for application of treating liquid to the
      feet, in the first patent the liquid being sprayed from one edge of the
      basin, and in the second patent an improved arrangement providing for a
      treating shower or spray from the center of the basin. In one arrangement
      according to the second patent, the basin wall structure is rotatable and
      the bottom is stationary and provided with a plurality of rotatable
      generally disk-shaped brushes and this arrangement does reduce to a
      considerable extent torsional moments acting upon the treated feet.
PAR  However efficiently the described prior arrangements have been, these
      apparati have various complications as to structure and driving means.
      Because of the generally braking action of the feet under treatment
      standing on or against the rotating parts, fairly powerful driving motors
      must be used. In addition, to achieve contact of the brush elements with
      all the surfaces of the foot is a rather complex designing problem.
      Therefore the prior devices cannot be provided in as compact a form in
      production as would be desirable. Production of the scrubbing or brush
      areas or devices of the prior arrangements cannot be accomplished as
      economically as desirable, and removal and replacement and cleaning
      presents some problem.
PAR  It is therefore an important object of the present invention to overcome
      the disadvantages, deficiencies, inefficiencies, shortcomings and problems
      in prior devices of the class of pedicure devices indicated, and to
      provide new and improved apparatus for pedicure as will become more
      apparent herein.
PAR  According to the present invention, there is provided an improved apparatus
      for pedicure having at least one and preferably two foot-receiving
      scrubbing devices within an open top treatment chamber and which devices
      are of upwardly opening generally channel shape to receive individual feet
      to be treated and provided with foot scrubbing means, there being a foot
      rest within each of the devices, and means for effecting relative
      reciprocation of the devices and the foot rest to provide a foot scrubbing
      action of the scrubbing means, i.e., brushes, with respect to the foot on
      the foot rest within each of the devices.
PAR  According to other features of the invention means are provided for
      applying treating fluid from one end of the devices and drying air from
      the opposite end of the devices.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of the preferred embodiment
      thereof, taken in conjunction with the accompanying drawings although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts embodied in the disclosure, and in
      which:
PAR  FIG. 1 is a small scale plan view of apparatus embodying the invention;
PAR  FIG. 2 is a longitudinal sectional view of the device taken substantially
      along the line II--II of FIG. 1; and
PAR  FIG. 3 is a transverse vertical sectional view taken substantially along
      the line III--III of FIG. 2.
DETD
PAR  Apparatus embodying the invention, as exemplified in the drawings,
      comprises a neat, compact unit within a housing 5 of any preferred shape
      in plan, such as rectangular, round, oval, polygonal or other desirable
      geometric form. In a preferred arrangement, the housing 5 is in a two part
      construction comprising a lower chamber and stand section 7, and an upper
      treatment chamber section 8. Preferably the lower section 7 provides
      therein a housing chamber or compartment 9 for various operating
      mechanisms and control devices for the unit and separated by a horizontal
      leakproof upper sealing wall or partition 10 from a treatment chamber 11
      within the upper section 8. Both of the housing sections 7 and 8 are
      adapted to be made from suitable rigid, chemically inert, synthetic
      plastic material. For convenience in assembly and separation, the upper
      section 8 is mounted on the lower section 7 in a separable leakproof
      manner as by having a lower vertical edge portion seated in frictional
      snug relation within a generally rabbet groove seat 12 provided in the
      upper rim portion of the section 7. To assure position retention of the
      top section 8, one or more retaining screws 13 may secure the lower margin
      of the section 8 to a rib 14 providing the upper rim of the section 7 and
      serving as a curb about a sump area 15 on top of the partition 10. At its
      upper end, the upper section 8 is open topped providing an access opening
      17 into the chamber 11 and defined by a down turned lip flange 18 about
      the opening.
PAR  One or both of a person's feet to be treated are adapted to be received
      through the opening 17 into the chamber 11. Treating means within the
      chamber 11 comprise at least one, and preferably two upwardly opening,
      generally channel-shaped foot-receiving devices 19. One of the devices 19
      is adapted to receive the left foot, and the other of the devices 19 is
      adapted to receive the right foot. In a preferred form, the devices 19 are
      molded integrally in one piece from a self-sustaining but elastic
      synthetic plastic material comprising a base wall 20 for each of the
      devices, an outer upstanding longitudinally extending side wall 21 and an
      upstanding central common longitudinally extending dividing wall 22, the
      opposite ends of respective foot-receiving cavities 23 within the devices
      being open. As best seen in FIG. 3 the side walls 21 are turned
      progressively upwardly into slightly overhanging relation to the cavities
      23, and the dividing wall 22 has its cavity-facing wall surfaces similarly
      and complementary arched. In width across the bottom of each of the
      cavities 23, the devices are as large as the widest foot that it may be
      expected to accommodate therein. In length, each of the devices is
      slightly shorter than the longest foot that may be expected to be
      accommodated within the cavities 23. While the center or divider wall
      partition 22 is preferably of substantial mass and thus stiffness and with
      a wide handle thickness upper portion so as to facilitate grasping the
      same for manipulation into and out of the treating chamber 11, the side
      walls 21 are preferably elastically deformable to facilitate entry and
      removal of a foot through the top opening gap provided thereby relative to
      the associated cavity 23. A smoothly rounded side edge 24 is provided
      along each side of the crown handle portion of the divider 22, and each of
      the side walls 21 is provided with a generally outwardly flaring upper
      edge cam lip 25 with which the inwardly sloping rim 18 of the upper
      section 8 may be generally aligned, as best viewed in FIG. 3. For best
      results, the plan geometry of the devices 19 has the rear or heel portion
      within the cavity 23 slightly narrower than the forward portion, generally
      conformable to a human foot. In addition, the rear or heel end portion of
      each of the devices 19 preferably has the side walls relatively open at
      the top, generally as seen in FIG. 3, while the forward toe and instep
      receiving areas of the devices are arched inwardly to a greater extent so
      as to partially cover over the toe and instep portions of the foot
      received within the cavity 23.
PAR  Scrubbing means are provided within each of the cavities 23 therein, so
      constructed and arranged that efficient scrubbing of any size foot to be
      accommodated within the chamber will be effected in operation of the
      apparatus. For this purpose, the surfaces defining the opposite sides of
      each of the chambers 23 are provided with inwardly projecting flexible
      elements 27 of any preferred form such as brush bristles or narrow fins
      and suitable length to project inwardly sufficiently to assure thorough
      brushing, scrubbing contact with feet from the largest size to be
      accommodated to the smallest size to be accommodated. Preferably the
      entire areas of the device surfaces which will confront surfaces of the
      foot to be treated within each of the cavities 23 is covered with the
      flexible elements 27. At the maximum turned in portions of the cavity wall
      surfaces, the flexible elements 27 project generally downwardly as well as
      inwardly so as to make efficient scrubbing contact with the toes and
      instep of the foot.
PAR  Along the bottom wall 20 of each of the devices 19 upstanding flexible
      bristle or narrow vane flexible elements 28 are provided in a suitable
      overall pattern consistent with a pattern of drainage holes wherein
      extending through the base walls 20.
PAR  Means are provided for effecting a reciprocating scrubbing action of the
      devices 19. For this purpose the one-piece unit providing the devices 19
      is separably mounted on a carriage comprising a rigid plate 30 which may
      be constructed of any suitable material such as a chemically inert
      synthetic plastic material, stainless steel, or the like and which is
      desirably slightly wider at each side than the base structure 20 of the
      devices 19 so that anti-friction means such as bearing rollers or balls 31
      can support the carriage to ride reciprocably along upwardly facing track
      surfaces 32 provided by the curb rib 14 along the sides of the chamber 11.
      Releasable assembly of the foot cavity scrubbing unit which the carriage
      30 is facilitated by the provision of bosses 33 projecting from the bottom
      of the base structure 20 and received in respective sockets 34 provided in
      the carriage plate. Drainage holes 35 in the carriage plate 30 are aligned
      with the drainage holes 29 to communicate with the sump 15.
PAR  The length of the foot-receiving and scrubbing cavity unit provided by the
      devices 19 and the corresponding lengths of the carriage 30 is suficiently
      less than the length of the chamber 11 so that a substantial range of
      reciprocating foot scrubbing movement can be imparted to the carriage and
      the supported scrubbing devices. Means for reciprocating the carriage
      comprise in a simple and efficient arrangement an eccentric or crank
      comprising a shaft 37 extending through and journaled in the partition 10
      and driven by a suitable motor 38 mounted within the compartment 9 to
      rotate a crank arm 39 in the space below the carriage 30 to actuate an
      upwardly extending stud 40 in a transversely extending crank follower
      groove 41 provided in the underside of the carriage 30. Thereby, as the
      crank is rotated, the carriage 30 and the scrubbing unit transported
      thereby will be reciprocated longitudinally within the chamber 11. The
      length of the reciprocation stroke depends on the length of the crank arm
      39 and may range from 10 to 50 mm, or longer.
PAR  In order to relieve the feet to be treated from strain and to relieve
      scrubbing devices 19, and thereby the carriage 30 and likewise the motor
      38 from foot imposed load, foot rest means 42 are provided within each of
      the devices 19 wherein a simple and convenient construction, the foot rest
      means comprise respective grids or gratings made up of suitable small bars
      or rods 43 extending longitudinally through each of the cavities 23 in
      narrowly spaced relation above the floor panel or wall 20 and resting at
      opposite ends on suitable shoulders 44 (FIG. 2) provided for this purpose.
      Uniform spacing of the rods 43 may be effected in any suitable manner such
      as by means of transversely extending cross or tie rods 35 adjacent to the
      opposite ends of the rods 43, and if desired at other intervals along the
      rods. In a preferred arrangement, spacing of the foot rest rods 43 is such
      as to alternate with the transverse spacing of rows of the drain holes 29.
      Further, the spacing between the rods is ample to permit projection
      upwardly in the spaces between the foot rest rods of the upwardly
      extending resiliently flexible scrubbing elements 28 so that these
      elements can make efficient scrubbing contact with the bottom of a foot
      resting on the foot rest. It will thus be apparent, that the scrubbing
      elements 27 are well as the scrubbing elements 28 can efficiently scrub
      the foot resting stationarily upon the foot rest 42, and with minimum
      power expenditure in effecting reciprocations of the scrubbing devices.
      Therefore, the motor 38 may be an inexpensive relatively low power unit,
      and the power transmission structure including the crank devices may be of
      minimal, economical construction.
PAR  Means are provided for supplying treating liquid to the footreceiving
      cavities 23, and preferably into the front or toe end portions thereof.
      For this purpose a double shower head arrangement is desirable comprising
      a shower head 37 aligned with each of the cavities 23 and supported by an
      elevation within the chamber 11 adjacent to the front end of the
      associated cavity 23 as by means of suitable supply pipe structure 48
      extending upwardly from within compartment 9 and receiving the treating
      liquid under suitable pressure from a pump 49 within the compartment 9,
      delivering the liquid preferably through a heater 50. Since the
      foot-receiving cavities 23 are at least partially open at the top and at
      the end, the liquid spray from the shower heads 47 will be impinged with
      excellent results upon the feet being treated. In addition, or
      alternatively, the shower heads 47 may be located to direct spray into the
      rear or heel ends of the cavities 23. Treating liquid may be in the form
      of water either plain or medicated derived from a suitable source through
      a supply duct 51 communicating through a multi-stage and suitably
      controlled valve 52 with the pump 49. Where it is desired to recirculate
      medicated solution, a drain 53 from the sump 15 may be selectively
      connected through the valve 52 with the pump 49 alternatively to the fresh
      liquid supply from the supply duct 51. For waste drainage of fluid from
      the sump 15 through the drain 53, the valve 52 is operated to provide a
      connection with a waste drain duct 54.
PAR  After a suitable interval of liquid and scrubbing treatment, the shower
      heads 47 are discontinued, that is disconnected or at least the pump 49
      stopped, and the treated feet may be removed from the cavities 23. In a
      preferred arrangement, however, drying air is supplied to the cavities 23
      while the feet are still in the cavities, and while the scrubbing devices
      19 are still reciprocated. For this purpose a drying air nozzle 55 of
      horizontally elongated form is desirably mounted at either end of the
      cavities 23, but preferably at the heel or rear ends thereof with supply
      pipe means 57, or the like, supporting the nozzle 55 across the upper
      portions of the end openings into the cavities 23. Air of suitable volume
      and velocity is provided by a blower 58 mounted within the compartment 9,
      with a suitable heater 59 in the line for assuring a comfortable and fast
      drying temperature for the drying air.
PAR  Suitable means for controlling the several operating components of the
      apparatus are provided, and which may be either automatic or manual
      controls, exemplified by the electrical control system schematically
      depicted in FIG. 2 and comprising an electrical energy source lead such as
      a plug-in extension 60 connected through a switch 61 with the blower 58
      and the heater 59, connected through a switch 62 with the motor 38,
      connected through a switch 63 with the pump 49 and desirably connected
      through a switch 64 with the liquid heater 50. If preferred, a control
      system for the various switches and the valve 52 may be of the automatic
      cyclical type as exemplified in my prior Patent 3,810,463.
PAR  In a typical operating cycle, the user will place one or both feet into the
      treating chamber 11, with each foot in the respective cavity 23 within the
      respective scrubbing device 19, substantially as indicated by the phantom
      outline F in FIG. 2, with the feet resting upon the respective rests 42.
      By reason of the resilient flexibility of the side walls 21 of the devices
      19 and the resilient flexibility of the scrubbing elements 27 and 28, the
      foot can be easily moved into position and subsequently easily withdrawn.
      Because the devices 19 are reciprocated in operation, full scrubbing
      contact can be effected even though the devices 19 are slightly shorter
      than the largest foot received therein, thereby maintaining the overall
      length dimensions of the housing desirably small, thus contributing to
      compactness of the apparatus unit. Treating solution is supplied onto the
      feet within the cavities 23, and the devices 19 are reciprocated, whereby
      the feet are thoroughly scrubbed and massaged by action of the scrubbing,
      i.e. brushing, elements 27 and 28, the action being especially effective
      in the area of the toes and insteps of the feet. After a suitable interval
      of liquid treatment, the liquid supplied may be discontinued, For some
      purposes, it may be desirable to operate the 52 to close the drain 53 and
      permit the treating liquid to accumulate in a bath of some depth within
      the treating chamber 11 while the apparatus continues to operate in that
      the scrubbing devices 19 continue to reciprocate. If desired an automatic
      shut-off may be provided to avoid overflow. After the desired liquid
      treatment has been concluded, drying air may be supplied through the
      nozzle 55, while the scrubbing devices 19 continue reciprocating whereby
      the flexible elements 27 and 28 will continue massaging the feet and
      excellerating drying.
PAR  It will be understood that variations and modifications may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Apparatus for pedicure, comprising:
PA1  means defining an open top treatment chamber receptive of at least one
      human foot;
PA1  at least one foot-receiving scrubbing device within said chamber provided
      with an upwardly opening generally channelshaped cavity having foot
      scrubbing means therein affixed to the device;
PA1  foot rest means within said cavity; and
PA1  means for effecting relative reciprocation of the device and the foot rest
      means for foot scrubbing action between the scrubbing means with respect
      to a foot located on the foot rest means within the cavity.
NUM  2.
PAR  2. Apparatus according to claim 1, comprising a pair of the scrubbing
      devices in side-by-side unitary relation, each of which has foot rest
      means therein, and said means for effecting relative reciprocation
      reciprocates both of said devices in unison.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said scrubbing device is open at
      respectively opposite ends and is generally conformed in plan to human
      foot shape, having inside dimensions adequate to receive the largest foot
      size freely, and said foot scrubbing means comprising elongated
      resiliently flexible scrubbing elements projecting from wall surfaces of
      the device within said cavity.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said foot rest means comprises
      an elongated member extending lengthwise of said cavity and projecting
      beyond opposite end openings from the cavity, means supporting opposite
      ends of the foot rest in stationary relation to said chamber defining
      means, said scrubbing means comprising elongated flexible elements
      projecting upwardly within said cavity and extending through said openings
      in the foot rest.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said device has a resiliently
      flexible wall provided with said scrubbing means in the form of elongated
      resiliently flexible bristle-like elements.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said device comprises a molded
      plastic element, a carriage reciprocably mounted in said chamber, and
      means separably connecting said device to said carriage.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said means for effecting
      relative reciprocation comprise a crank drivingly coupled with said
      carriage, and a motor for driving said crank.
NUM  8.
PAR  8. Apparatus according to claim 6, including means for spraying treating
      liquid into said cavity, and means for draining the liquid through said
      carriage and from said treatment chamber.
NUM  9.
PAR  9. Apparatus according to claim 8, including means for recirculating
      through said spraying means the liquid drained from said chamber.
NUM  10.
PAR  10. Apparatus according to claim 1, including means for delivering treating
      liquid to said cavity, and means for delivering drying air to said cavity.
NUM  11.
PAR  11. Apparatus according to claim 1, comprising a pair of said
      foot-receiving scrubbing devices in side-by-side unitary relation, a
      common wall between said devices, said common wall providing a handle for
      manipulating the devices.
NUM  12.
PAR  12. Apparatus according to claim 1, wherein said device has side walls
      which arch in convergent relation toward one another, the opposite ends of
      the cavity of the device being open, and said scrubbing means comprising
      resiliently flexible bristle-like elements projecting inwardly from the
      side walls and from the bottom of said cavity.
NUM  13.
PAR  13. A method of pedicure, comprising:
PA1  placing at least one foot into an upwardly opening generally channel-shaped
      cavity within a foot-receiving scrubbing device in an open top treatment
      chamber;
PA1  placing the foot on a foot rest within the cavity; and
PAR  effecting relative reciprocation of the device and the foot rest and
      thereby applying scrubbing action to the foot by scrubbing means affixed
      to the device.
NUM  14.
PAR  14. A method according to claim 13, comprising applying treating liquid to
      the foot within said cavity.
NUM  15.
PAR  15. A method according to claim 13, comprising alternately applying
      treating liquid and drying air to the foot within the cavity while
      continuing relative reciprocation of the device and the foot rest.
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ABST
PAL  An electromotive massage apparatus for beating and kneading body comprises
      clutch means with a movable gear and pulley blocks in association with
      said clutch means. Said movable gear which is slidable according to
      revolution of a motor engages with either of pulley blocks and then
      transmit said revolution to the gear engaged pulley block. This gear
      engaged pulley changes said revolution into reciprocating motion by means
      of eccentric members and further transmit the reciprocating motion to a
      pair of oscillating yokes. Accordingly, said oscillating yokes which are
      cooperable with the gear engaged pulley block are oscillated pivotally
      with respect to axes for pivotal movement, so that vibrators beat and
      knead body as the motor rotates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electromotive massage apparatus and more
      particularly to vibrators operating means of the massage apparatus to beat
      and knead body with a single unit as the motor rotates clockwise or
      counterclockwise.
PAR  Massage is used primarily to aid circulation of blood and relieve local
      pain or muscle spasm. It is usually applied by the hands, although
      swirling water or mechanical devices may be employed. With tendency of
      increased rationality and speed with which massage is being used, various
      types of mechanical devices have been utilized in order to massage
      efficiently. Generally, the most common strokes on the electromotive
      massage apparatus are alternatively either of beating or kneading body and
      therefore it has been impossible to beat and knead body with a single
      unit. Thus it is always necessary to have an electromotive massage
      apparatus for beating as well as kneading body in order to increase
      therapeutic effect and desirable ecconomic advantages.
PAC  SUMMARY OF THE INVENTION
PAR  An electromotive massage apparatus for beating and kneading body comprises
      clutch means having a movable gear and pulley blocks in association with
      said movable gear. Said movable gear to be slid according to revolution of
      a motor engages with either of pulley blocks and then transmit said
      revolution to the gear engaged pulley. This gear engaged pulley block
      changes said revolution into reciprocating motion by means of eccentric
      members which are mounted with said gear engaged pulley block and further
      transmit this reciprocating motion to a pair of oscillating yokes which
      are cooperable with the gear engaged pulley block. When the motor rotates
      clockwise or counterclockwise, said oscillating yokes oscillate pivotally
      horizontally and vertically with respect to the pivots so that vibrators
      may beat and knead body.
PAR  Accordingly, an object of the present invention is to overcome the
      aforementioned disadvantages of prior arts and to provide an improvement
      which resides in the novel parts and combination of parts.
PAR  Another object of the present invention is to effect a secure and speedy
      change of the vibrators movements by simple switch operation.
PAR  A further object of the present invention is to provide the device of the
      aforesaid type which is simple in construction and inexpensive to
      manufacture.
PAR  Other object and many of the attendent advantages of this invention will be
      readily appreciated as the same becomes better understood by reference to
      the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate the preferred embodiment of the
      present invention. In the drawings, the same reference numerals illustrate
      the same parts of the invention, in which:
PAR  FIG. 1 is a diagrammatic illustration suitable for carrying out several
      embodiments of the present invention,
PAR  FIG. 2 is a rear elevation and partial cutaway view,
PAR  FIG. 3 is a side elevation of the line 3--3 in FIG. 1,
PAR  FIG. 4 is a top plane view and partial cutaway view,
PAR  FIG. 5 is a greatly enlarged detail view of a movable gear,
PAR  FIGS. 6 and 7 is a diagrammatic illustration of vibrators movement in the
      sleeve crossed direction and along the axis of the sleeve.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings there is shown according to a preferred
      embodiment of the invention, four guide columns 2 secured to a base 1. An
      elevating yoke 3 is mounted with said guide columns for longitudinal
      movement relative to the base. Support plates 5 are positioned at both
      upper sides in the elevating yoke and also the other support plate 6
      positioned at the upper central portion. A pair of oscillating yokes 7 are
      pivotally mounted on said support plates assemblies 5, 6 so as to
      oscillate horizontally and vertically with respect to axes 8, 9, 10 for
      pivotal movement. Rotary shafts 11 are provided with said oscillating
      yokes and further is arranged within drum shafts or sleeves 12 fixed in a
      required position of the yokes 7. There are on the sleeves oval pieces 13
      projecting outwardly from sleeve outer surface. Each of spindles 14 have a
      pair of vibrators 15 of flexible synthetic resin at its both end portions
      and is further connected at the central portion to each of the outer end
      portions of the rotary shafts 11 extending outwardly through openings 17
      which are formed in a front plate 4 of the elevating yoke.
PAR  Down the oscillating yokes in the elevating yoke, there is provided a first
      power transmission shaft 18 on which a pulley 19 of a second lever means
      is journalled at the central portion and also outer eccentrics operably
      connected to the oscillating yokes are mounted at its both end portions.
      When the first transmission shaft rotates, the oscillating yokes 7 are
      oscillated pivotally vertically during eccentric pitch with respect to the
      pivots 8, 9, 10 by means of the outer eccentrics, so that vibrators 15
      move along the axis of sleeve as shown in FIG. 7. At the backside of and
      down the first transmission shaft, there is a second power transmission
      first lever means such as shaft 21 on which a pulley 22 is journalled at
      one end portion and a eccentric rod 24 is mounted at the other end portion
      to be operably connected to the oscillating yokes through a T-shaped steel
      connector 25. Connector rods 26 are connected to each of the horizontal
      upper end portions of said steel connector and is further connected at the
      other end portion to each of projecting pieces 13 of the sleeves. On
      rotating of the second transmission shaft, the oscillating yokes are
      oscillated pivotally horizontally in the same manner as above so that the
      vibrators 15 move in the sleeve crossed direction as shown in FIG. 6.
PAR  A secondary shaft 27 of the motor is provided down the second transmission
      shaft and at the central portion of the secondary shaft 27, a racing
      pulley 30 with toothed engaging portions 31 on its inner surface is
      journalled in opposition to the pulley 19 of the first transmission shaft
      of the second lever means, and the other racing pulley 28 with inner
      toothed engaging portions 29 is journalled at its one end portion distant
      from the motor in opposition to the pulley 22 of the second transmission
      shaft. On a generally square shaft 32 is axially journalled a movable gear
      33, through the full length of which gear teeth 34 are longitudinally
      threaded. Toothed engaging portions 35, 36 are respectively mounted on
      both end portions of the movable gear so as to engage with said engaging
      portions 29, 31 of the opposite racing pulleys. It is within the scope of
      the present invention to provide an anti-racing assembly which includes a
      lever selector means such as ratchet 37 engaging with the gear teeth 34 of
      the slidable gear and biasing means to prevent racing of the ratchet 37.
      Said ratchet with gear teeth 38 is positioned to securely rotate the
      movable gear according to revolution of the secondary shaft and further to
      slide the gear in the direction of progress. Accordingly, the movable gear
      can engage with either of the opposite racing pulleys to transmit power to
      the gear engaged pulley block.
PAR  It is to be noted that, in FIG. 5, the movable gear 33 also rotates
      clockwise according to clockwise rotation of the secondary shaft 27 and
      the availability of said rotation enables the gear to slide in a left
      direction as shown in solid line's arrow, whereby the gear can rotate the
      pulley 28 after engaging with this pulley. When the secondary shaft
      rotates counterclockwise, the gear enables the pulley 30 of the second
      lever means in the same manner as described above. At one end portion of
      the secondary shaft adjacent the motor is journalled a pulley transmitting
      power from a primary shaft 41 of the motor. In the attached drawings, the
      numeral 43 indicates a small size motor, the numeral 44 indicate each of
      belts of the first lever means and 45 of the second lever means, and the
      numeral 46 indicates a housing. By reason of such construction, a complete
      rectilineal motion of the movable gear can be obtained and we can
      therefore effect a secure and speedy change of the vibrators movements,
      i.e., a beating and kneading body.
PAR  In operation, when the secondary shaft rotates clockwise according to
      clockwise revolution of the motor by switch operation, the movable gear
      enables the second transmission shaft to rotate through the belt 44 and
      the pulley 22 after engaging with the racing pulley 28. Said revolution on
      the second transmission shaft is changed into reciprocating motion by the
      eccentric rod and hereafter said reciprocating motion is transmitted to
      each of the oscillating yokes through the T-shaped steel connector and the
      connector rods. Furthermore, the availability of said reciprocating motion
      enables the oscillating yokes to oscillate pivotally horizontally during
      eccentric pitch with respect to the pivots and thereby can move the
      vibrators in the sleeve crossed direction so as to knead body. On the
      other hand, when the secondary shaft rotates counterclockwise, the movable
      gear enables the first transmission shaft in the same manner as above, so
      that the vibrators can move along the axis of sleeve to beat body.
PAR  The invention may be embodied in other specific forms without departing
      from its spirit or essential characteristics. The described embodiment is
      to be considered in all respects only as illustrative and not respective
      and the scope of the invention is, therefore, indicated by the appendant
      claims rather than by the foregoing description. All changes which come
      within the meaning and range of equivalency of the claims are to be
      amended within their scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electromotive massage device comprising in combination: an
      electrically-driven power means for driving a shaft rotatably; first drive
      shaft means including a first drive shaft adapted to be driven by the
      electrically-driven power means, and a second drive shaft spaced axially
      from the first drive shaft, and a third drive shaft mounted as a tubular
      shaft coaxially around and separately rotatably from the first drive
      means; and a tubular gear means providing a tubular gear slidably
      shiftable axially to and fro for shifting driving torque alternately
      between engagement with the second drive shaft and the third drive shaft
      providing for alternate driving of the second and third drive shafts
      selectively intermittently as desired; lever selector means for
      selectively moving the tubular gear means in either of to and fro axially
      engageable directions for alternate driving of the second and third drive
      shafts; a massage means providing for alternate use as a massager and a
      tapping device, including a pivotably mounted shaft element and a mounting
      base therefor; a first lever means for drivably interconnecting said
      pivotably mounted element and one of the second drive shaft and the third
      drive shaft and including a first eccentric cam mounted to impart
      reciprocatable upright motion to said pivotably mounted element; and a
      second lever means drivably interconnected to the remaining one of the
      second drive shaft and the third drive shaft and including a second
      eccentric cam mounted to impart reciprocatable upright motion to the
      massage means, and a tapping element axially reciprocatably mounted and
      adapted for horizontal movement on the mounting base and drivably
      connected to said second lever; such that the pivotably mounted element is
      movable pivotably uprightly intermittently selectively and alternately
      said tapping element is reciprocatable axially horizontally intermittently
      selectively.
NUM  2.
PAR  2. An electromotive massage device of claim 1, in which the massaging means
      further includes vibrator means mounted on a distal end of the tapping
      element, the vibrator means being for imparting vibrating percussions to a
      persons body, the pivotably mounted shaft element being mounted on said
      mounting base and adapted to be reciprocated axially by rotary motion of
      said first eccentric cam when the first lever is drivably engaged with the
      tubular gear means.
NUM  3.
PAR  3. An electromotive massage device of claim 2, in which the tubular gear
      means includes an outer cylindrical female threaded surface, and said
      lever selector means includes male engaging elements for meshing with the
      female threaded surface, adapted such that selectively clockwise or
      counter clockwise motion may be alternately imparted to the tubular gear
      means whereby alternately one or the other of the first and second
      eccentric cam are drivable rotatably.
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PAL  The ventral surface of a penis between the base and the glans is supported
      by a semi-cylindrical splint or frame of a firm but bendable material, and
      the front end of the split is shaped to conform to and to lie directly
      behind the coronal ridge of the glans. A thin rubber cover encloses the
      remainder of the penis between the base and the glans and has its edges
      secured to the edges of the splint, or may be wrapped around the splint so
      that only one of its edges is secured to one of the edges of the splint
      with its other edge secured to a wrapped-around portion of the cover.
BSUM
PAR  Impotency in a male can be due to neurogenic or non-neurogenic
      difficulties. Various devices have previously been suggested to aid in
      obtaining an erection when the impotency is due to non-neurogenic causes.
PAR  In U.S. Pat. No. 1,216,099 to Falck, there is shown a device for assisting
      coitus by enclosing a penis within a semi-rigid sleeve with the glans of
      the penis exposed. The sleeve is split, and fits tightly around the penis.
      However, the device is rather cumbersome and relies upon a pocket within
      the sleeve to prevent compression of the large veins on the sides of the
      penis to permit some expansion of the penis. In addition, the sleeve is
      not fully expansible so that there could be restriction of the lumen of
      the urethra and of the blood flow through the penis to the glans.
PAR  U.S. Pat. No. 3,401,687 to Hood discloses an aid for obtaining an erection
      in which a supporter of resilient material is wrapped around the penis
      between the glans and the root or base of the penis. A cover of an elastic
      rubber is then disposed over the supporter. This arrangement tends to
      produce a light pressure on the corpus cavernosum at all times to restrict
      the blood flow to the glans of the penis. Furthermore, the cover also
      supplements this light pressure. Thus, the aid of the aforesaid Hood
      patent tends to unduly restrict the blood flow through the penis and could
      occlude the lumen of the urethra due to the light pressure applied by the
      supporter and the cover.
PAR  A surgical splint has been suggested in U.S. Pat. No. 3,495,588 to Walters
      to aid in inserting a penis into a female vagina irrespective of the
      extent of erection of the penis. The splint is formed of a plastic to give
      rigidity to the penis and has resilient sides causing the splint to have a
      grasping engagement with the shaft of the penis. After the penis is
      inserted in the vagina, the splint can be removed without removing the
      penis from the vagina. The tight fit of the splint of the aforesaid
      Walters patent tends to restrict the flow of blood through the penis.
      Furthermore, the splint could occlude the lumen of the urethra due to its
      tight fit on the penis. Thus, if one were not able to obtain a full
      erection with the splint of the Walters patent so that the splint could
      not be removed, the occlusion of the lumen of the urethra could prevent
      ejaculation.
PAR  The erection aid of the present invention satisfactorily overcomes the
      problems of the previously suggested devices in that there is no
      restriction of the flow of blood through the penis while still supporting
      the penis during insertion of the penis into the vagina and throughout
      coitus; and further permits the circumference of the penis to enlarge when
      erection occurs after penetration of the vagina is achieved. Thus, the
      full erection aid of the present invention permits a full erection without
      any restriction of blood flow through the penis or occlusion of the lumen
      of the urethra since the glans of the penis is fully exposed during
      penetration of the vagina and during coitus. The glans of the penis has
      many sensory nerve endings which aid in erection of the penis when
      stimulated and in a successful orgasm ultimately, the full exposure of the
      glans of the penis along with no interruption of blood flow through the
      penis, aids in obtaining a normal erection. Furthermore, this exposure of
      the glans aids in maintaining this erection if it should occur.
PAR  Preferably, the erection aid of the present invention accomplishes the
      foregoing through utilization of a splint or frame, which preferably has a
      semi-circular cross-section around the ventral surface of the penis and a
      cover of flexible material secured to the splint to retain the latter on
      the penis. The splint is of a firmness such that it does not pinch the
      penis whereby there is no occlusion of the lumen of the urethra and at the
      same time does not excessively bend during insertion of the penis into the
      vagina. The flexible material of the cover allows expansion and
      enlargement of the penis when a full erection is obtained.
PAR  It is therefore an object of the present invention to provide a novel and
      improved aid to obtain erection of a penis during intercourse.
PAR  Another object of the present invention is to provide an erection aid for a
      penis in which there is no restriction of the blood flow through the penis
      or any occlusion of the lumen of the urethra during intercourse.
PAR  It is a further object of the present invention to provide for the unique
      combination of an expandible first component and a non-expandible second
      component which can be removably positioned on the penis prior to
      intercourse to aid in penetrating the vagina and will not interfere with
      enlargement of the penis during intercourse and where such device is
      characterized by its ease of placement and removal, is snug-fitting and
      readily adjustable and will not irritate the vaginal walls during
      intercourse.
PAR  In its preferred form, an erection aid for a penis includes a support
      splint enclosing at least the bottom half of the penis and extending from
      adjacent the base to a point directly behind the glans of the penis. The
      splint is formed of a firm but bendable material to have a snug fit on the
      penis to support the penis for penetration into a vagina but without
      causing any restricton of blood flow through the penis. A thin resilient
      cover encloses the portion of the penis not enclosed by the splint with
      the cover extending from the rear end of the splint and also terminating
      behind the glans of the penis. The cover, which overlaps at least the
      edges of the splint, is removably and adjustably secured to the splint
      along mating longitudinal edges by suitable means, such as, adhesive
      strips.
DRWD
PAR  Other objects, advantages and features of the present invention will become
      more readily apparent when taken together with the following detailed
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of a preferred form of erection aid in
      accordance with the present invention.
PAR  FIG. 2 is a top plan view of the preferred form of erection aid of the
      present invention.
PAR  FIG. 3 is a sectional view of the erection aid of the present invention
      taken along lines 3--3 of FIG. 1.
PAR  FIG. 4 is a fragmentary perspective view, partially in section, of a
      portion of one of the components of the erection aid of the present
      invention.
PAR  FIG. 5 is a fragmentary sectional view showing the edges of the two
      components of the erection aid of the present invention secured to each
      other and taken along lines 5--5 of FIG. 1.
PAR  FIG. 6 is a sectional view, similar to FIG. 3, and showing a modified form
      of the erection aid of the present invention.
PAR  FIG. 7 is an elevational view of another modified form of the present
      invention; and
PAR  FIG. 8 is a sectional view taken about lines 8--8 of FIG. 7.
DETD
PAR  Referring to the drawings, and particularly to FIG. 1, there is shown by
      way of illustrative example an erection aid 10 disposed on a penis
      represented at 11. The erection aid 10 extends forwardly from base 12 of
      the penis 11 and terminates just behind the glans 14 or enlarged head of
      the penis 11.
PAR  The erection aid 10 includes a splint or frame 15 and a cover 16 removably
      secured together along mating longitudinal edges to be hereinafter
      described in snug, closely surrounding relation to the body or shaft of
      the penis.
PAR  The splint or frame 15 must be bendable while being firm and relatively
      thin. The degree of firmness or durometer of the material of the splint or
      frame 15 is such as to preclude excessive bending thereof during insertion
      into the vagina by the penis while still not causing any pinching or
      restriction of the penis before or after erection. The material of the
      splint or frame 15 also should be non-toxic and preferably is formed of a
      thin, firm, bendable rubber or medical grade plastic having the desired
      properties enumerated.
PAR  As shown in FIG. 3, the splint or frame 15 has a substantially
      semi-circular cross-section but may be dimensioned to encircle as much as
      three-fourths of the penis. The splint or frame 15 has its longitudinal
      edges 17 and 18 rounded so as to prevent any injury or irritation to the
      penis 11 or vagina during intercourse.
PAR  Since the coronal ridge of the glans 14 of the penis 11 extends or curves
      somewhat forwardly and downwardly toward the end, the splint or frame 15
      has a forwardly extending portion 19 at its front end so as to follow the
      contour of the ridge. The forwardly extending portion 19 is formed as a
      continuation of the longitudinal edges 17 and 18 extending or curving
      forwardly and downwardly along a curved edge 20, which is rounded in
      cross-section as shown, and terminates in a forward extremity 22. In this
      way, the splint 15 will support the lower half of the penis 11
      substantially along its entire length.
PAR  As further shown in FIG. 3, the cover 16 has a substantially semi-circular
      cross-section with diametrically opposed longitudinal edges 23 and 24
      overlapping the longitudinal edges 17 and 18, respectively, of the splint
      15. Preferably, the longitudinal edges 23 and 24 extend for the full
      length of the longitudinal edges 17 and 18 of the splint 15. The material
      of the cover 16 can be any flexible material which is non-toxic and has a
      medical grade quality. One suitable example of the material of the cover
      16 is the expansible rubber material of which prophylactics are composed.
PAR  The cover 16 is retained on the splint 15 by detachable fastening or
      securing means preferably in the form of an adhesive strip 25 as shown in
      FIGS. 4 and 5 on the exterior of the splint or frame 15 along each of the
      edges 17 and 18, each of the strips 25 cooperating with an adhesive strip
      26 on the inside of the cover 16 extending along each of the edges 23 and
      24. Each of the adhesive strips 25 and 26 is formed of a non-toxic
      pressure-sensitive, adhesive strip of material which is permanently
      applied to each of the edges as described on the splint 15 and the cover
      16. One suitable example of the adhesive is a reusable fabric adhesive
      strip sold under the trademark Velcro and characterized by being
      positively but releasably attachable, will permit some adjustment in
      overall size and which can be reused a number of times.
PAR  As shown in FIG. 4, the adhesive strip 25 of the splint or frame 15 has a
      removable protective strip 27 thereon. The removable protective strip 27
      may be placed on the adhesive strip 25 when the splint or frame 15 is not
      in use. Although not shown, a similar protective strip is applied to each
      of the adhesive strips 26.
PAR  Accordingly, after the shaft of the penis 11 is disposed within the splint
      15, the cover 16 is placed over the upper portion of the shaft of the
      penis 11, and the edges 23 and 24 of the cover 16 are secured to the
      mating edges 17 or 18 on the splint or frame 15 through the adhesive
      strips 25 and 26 either prior to or after placing the shaft of the penis
      11 within the splint or frame 15.
PAR  The use of the splint or frame 15 insures that the lumen of the urethra is
      not occluded when the cover 16 has a snug fit around the penis 11. There
      also is no restriction of the flow of blood through the penis so as to
      permit complete erection.
PAR  Referring to FIG. 6, a modified form of erection aid 30 once again includes
      the frame or splint 15 for use in cooperation with a cover 31 which is
      wrapped around the splint or frame 15 more than once. In this arrangement,
      only one of the longitudinal edges of the cover 31 is secured to one of
      the longitudinal edges 17 and 18 of the splint or frame 15. The other
      longitudinal edge of the cover 31 is secured to a portion of the cover 31
      wrapped around the splint or frame 15.
PAR  Preferably, the cover 31 is formed of the same material as the cover 16.
      Thus, by completely enclosing the splint or frame 15 with the cover 31,
      any possible irritation to the vagina by the splint or frame 15 is
      eliminated when using the erection aid 30.
PAR  The splint or frame 15 may be formed in different sizes and lengths so as
      to enable a precise fit and minimize any possibility of pinching the
      penis, even when fully erect. Most desirably, the splint or frame 15 is a
      reusable component of the erection aid 10, but the cover 16 or 31, which
      forms the other component of the erection aid 10, would not be reusable.
PAR  While the splint or frame 15 has been shown as having a semi-circular
      cross-section, it should be understood that the splint or frame 15 could
      enclose slightly more or less than one-half of the penis 11. It is only
      necessary that there be sufficient space between the edges 17 and 18 of
      the splint or frame 15 to enable expansion both of the length and
      circumference of the penis until a full erection is obtained. Thus, the
      splint or frame 15 may enclose as much as three-fourths of the penis 11 if
      desired without occluding the lumen of the urethra or restricting blood
      flow through the penis.
PAR  In the modified form of invention shown in FIGS. 7 and 8, a tapered form of
      splint 40 is embedded between layers of a flexible sheath which is defined
      by a cover strip or sheet 42. Here, the sheet 42 is of elongated generally
      rectangular configuration, preferably composed of a latex rubber material,
      and the splint is bonded or otherwise suitably affixed between the layers
      and adjacent to one end of the strip 42 as shown. In the same manner as
      shown in FIG. 6, the sheet 42 may be wrapped around the penis and the
      splint at least once to form the sheath, and the end opposite to that
      nearest the splint 40 is provided with an adhesive strip 25 to secure the
      erection aid snugly in place. In the modified form, it will be noted that
      the splint 40 is tapered in cross-section toward the side edges and also
      tapered forwardly; and the splint is of a composition possessing physical
      characteristics corresponding to those described with reference to the
      splint or frame 15 so as to assure a firm support but with a limited
      degree of pliability or flexibility so as to closely conform to the
      underside of the penis. Although the sheath 42 may be of tubular
      configuration, it is preferred to make it in the form of a rectangular
      sheet as shown so as to permit suitable adjustment for maximum comfort in
      use and ease of removal.
PAR  Among the advantages and features of this invention is that it can be
      easily and quickly placed in position, leaving the head or glans exposed
      and permitting full erection; also it insures that the lumen of the
      urethra is not closed or that there is any restricton of blood flow
      through the penis. After intercourse, the aid can be easily removed by
      separating either or both pairs of adhesive strips.
PAR  For purposes of exemplification, particular embodiments of the invention
      have been shown and described according to the best present understanding
      thereof. However, it will be apparent that changes and modifications in
      the arrangement and construction of the parts thereof may be resorted to
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An erection aid for a penis including:
PA1  a support splint adapted to extend along the ventral surface of the penis,
      said splint adapted to extend from adjacent to the base of the penis to
      the glans of the penis prior to erection and said splint being formed of a
      firm, bendable material;
PA1  a thin, resilient cover adapted to enclose at least that portion of the
      penis not enclosed by said splint and adapted to extend from the rear end
      of said splint and terminating behind the glans of the penis;
PA1  said cover including releasable retaining means to secure longitudinal
      edges of said cover to mating, longitudinally extending edges of said
      splint and being dimensioned together with said splint so as to effect a
      snug but non-tight fit on the penis to support the penis for penetration
      into a vagina without causing any restriction of blood flow through a
      penis.
NUM  2.
PAR  2. The erection aid according to claim 1 in which the front end of said
      splint extends further at its bottom and is adapted to support the penis
      in conformity with the shape of the glans.
NUM  3.
PAR  3. The erection aid according to claim 2 in which said cover is wrapped
      around said splint, said retaining means operative to secure one edge of
      said cover to one edge of said splint and the other edge of said cover to
      a wrapped-around portion of said cover.
NUM  4.
PAR  4. The erection aid according to claim 1 in which said splint has a
      generally semi-circular cross-section and said splint has its edges
      rounded.
NUM  5.
PAR  5. The erection aid according to claim 3 in which said splint has a
      generally semi-circular cross-section, and said splint has its edges
      rounded.
NUM  6.
PAR  6. The erection aid according to claim 1 including releasable adhesive
      retaining means to secure longitudinal edges of said cover to mating
      longitudinal edges of said splint.
NUM  7.
PAR  7. The erection aid according to claim 6 in which said splint has a
      semi-circular cross-section, and said splint has a front rounded edge.
NUM  8.
PAR  8. The erection aid according to claim 1 in which said cover is adapted to
      be wrapped around said splint and around the shaft of the penis, and
      retaining means to secure one edge of said cover to one edge of said
      splint and the other edge of said cover to a wrapped-around portion of
      said cover.
NUM  9.
PAR  9. The erection aid according to claim 8 in which said splint has a
      semi-circular cross-section and said splint has its front and longitudinal
      side edges rounded.
NUM  10.
PAR  10. A penis erection aid comprising:
PA1  a support splint adapted to extend along the ventral surface of the penis
      from adjacent ot the base of the penis to the glans of the penis prior to
      erection;
PA1  a thin, resilient and stretchable sheath adapted to enclose at least that
      portion of the penis not enclosed by said splint, said sheath being in the
      form of a generally rectangular sheet of material adapted to be wrapped
      around the penis, and means adhesively securing the outer free end of said
      sheet against loosening or removal once wrapped in position around the
      penis; and
PA1  said splint being embedded in and covered by said sheath so as to form an
      integral portion thereof, said sheath being dimensioned together with said
      splint so as to effect a snug fit on the penis to support the penis for
      penetration into a vagina without causing any restriction of blood flow
      through the penis.
NUM  11.
PAR  11. A penis erection aid according to claim 10, said rectangular sheet of
      material being composed of layers of latex rubber, and said splint being
      embedded between the layers of the rectangular sheet.
NUM  12.
PAR  12. A penis erection aid according to claim 10, said splint being composed
      of a firm, bendable material and being of arcuate configuration, said
      splint tapering laterally away from its midsection toward opposite lateral
      edges and further tapering forwardly from its midsection toward the
      leading end of the splint.
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ABST
PAL  A clasp formed of spring material is Z-shaped in top plan and in side
      elevation shows two legs which converge downwardly at about a 15.degree.
      angle, one leg depending from each end of the Z. In end elevation the legs
      are perpendicular to the horizontal portion of the clasp. To install the
      clasp, bone segments are manually or mechanically manipulated to desired
      position. A hole is drilled on each side of the osteotomy equidistant
      therefrom at an angle of about 15.degree. from the perpendicular, and
      converging toward the osteotomy preferably using a template which
      determines hole locations, dependent on the size of clasp selected. One
      leg of the clasp is inserted in one hole. The other leg is pulled toward
      the other hole, preferably using an instrument with a hook-like extremity.
      As the second leg is pulled into position the clasp is stressed, the Z
      shape spreading apart; and after the clasp is fully installed, the
      resiliency of the clasp applies a continuous force compressing the bone
      segments with a constant force and immobilizing same.
BSUM
PAR  This invention relates to a new and improved clasp for internal osseous
      fixation. The clasp is formed of a spring-like surgical quality steel
      which is compatible with body tissues and allows for conventional
      sterilization techniques. The clasp is rapidly inserted in a variety of
      bone location, as hereinafter described in detail, eliminating other time
      consuming methods of internal fixation while developing immobilization of
      the bone segments with a constant compressive force promoting early
      healing.
PAR  One feature of the advantage of the present invention is the fact that the
      clasp is biologically compatible with surrounding bone and soft tissues.
PAR  Another advantage of the invention is the fact that it may be rapidly
      inserted, whereas conventional techniques of the prior art are more time
      consuming.
PAR  A still further advantage of the invention is the fact that the clasp
      develops constant compressive force, within physiological limits, thus
      promoting early healing at the site of application.
PAR  A still further advantage of the invention is that it continually maintains
      bone alignment established at the time of the surgery.
PAR  Another feature of the invention is the fact that the clasp is radiopaque
      so that x-ray evaluation of the placement may be made.
PAR  The converging legs of the clasp reduce the risk of dislodgement after
      insertion.
PAR  Resterilization, if the clasp is contaminated, may be performed.
PAR  Another advantage of the invention is the fact that the placement is
      completely internal, eliminating the necessity of removal once bone
      healing occurs.
PAR  Other objects of the present invention will become apparent upon reading
      the following specification and referring to the accompanying drawings in
      which similar characters of reference represent corresponding parts in
      each of the several views.
DRWD
     In the drawings:
PAR  FIG. 1 is a top plan view of a clasp in accordance with the present
      invention shown in unstressed condition.
PAR  FIG. 2 is a side elevation thereof.
PAR  FIG. 3 is an end elevation thereof.
PAR  FIG. 4 is a schematic view partly broken away in section showing bone
      segments separated by an osteotomy in the position at the beginning of the
      operation and also showing a template used in preparation of the bone
      segments as a guide for drilling locating holes.
PAR  FIG. 5 is a side elevational view of the structure of FIG. 4 showing
      drilling of the hole through the template.
PAR  FIG. 6 shows insertion of one leg of the clasp in one of the holes drilled
      in the bone.
PAR  FIG. 7 shows schematically the pulling of the clasp by means of an
      instrument to stretch the clasp preparatory to inserting the other leg in
      the opposite hole.
PAR  FIG. 8 shows the clasp in place at the completion of the operation.
DETD
PAR  Illustrated herein are first bone segment 11 and second bone segment 12
      separated by an osteotomy 13 which may have been created by fracture or by
      surgery. The bone segments are brought together by manual or mechanical
      manipulation as close as possible and aligned and opposed. The surgeon
      then estimates the proper size clasp 16 to be used, the sizes of clasps
      varying from about 8 millimeters to 16 millimeters in overall length.
      Preferably, the clasp is inserted in an area of the bone which is flat
      rather than over a ridge or convexity so that it lies flat after
      insertion.
PAR  Clasp 16 in its unstressed condition is shown in FIGS. 1-3. Viewed in top
      plan, as in FIG. 1, there is a central horizontal stretch 17 and
      approximately parallel thereto are first and second horizontal stretches
      18, 19, respectively, each jointed to the central stretch 17 by a U-bend
      21. At the opposite end of stretches 18 and 19 are first and second legs
      22, 23, respectively, joined to stretches 18, 19 by approximately
      75.degree. bends 24. As best shown in FIG. 2, the legs 22, 23 converge
      downwardly when viewed in side elevation, each varying from the vertical
      by an angle of approximately 15.degree.. As viewed in end elevation in
      FIG. 3, the legs 22,23 are parallel and perpendicular to the plane of
      stretches 17-19. The diagonal distance between legs 22, 23, as viewed in
      FIG. 1, determines the size of the clasp; and, as has been stated, such
      size varies between 8 millimeters and 16 millimeters.
PAR  Preparatory to installation of clasp 16, a template 26 is preferably used
      for the purpose of locating the drill sites, it being understood that
      other templates or visual approximation may be used. The holes to be
      drilled are to be spaced apart a distance at least two millimeters greater
      than the distance between legs 22, 23 in the unstressed position of the
      clasp and not greater than four millimeters. Template 26 has a plate 27
      and central handle 28 integral therewith or attached thereto. Handle 28
      preferably angles at about 45.degree. away from the plane of plate 27. A
      first locating hole 29 is formed on one side of the plate 27. On the
      opposite side of plate 27 is a series of second locating holes 31 at
      varying known distances from hole 29. The template 26 is located relative
      to the fracture 13, as viewed in FIG. 4. A hole 31 is selected depending
      on the size clasp 16 to be inserted. Template 16 is positioned so that
      holes 29 and selected hole 31 are equidistant from osteotomy 13. Further,
      as has previously been mentioned, the holes are approximately two to four
      millimeters farther apart than the legs 22, 23. The drill 39 selected is
      preferably between 0.045 and 0.052 inch in diameter and the holes are
      drilled at an angle of 15.degree. from the perpendicular directed toward
      the osteotomy site. Thereupon, the template is removed.
PAR  Directing attention to FIG. 6, one of the legs of clasp 16 is inserted in
      hole 37, as shown the leg selected being leg 23. As shown in FIG. 7, a
      puller instrument 41 having a hook 42 at its distal end is used to stretch
      the clasp 16. The hook 42 is placed around leg 22 at its most superior
      aspect. While maintaining pressure on the inserted leg 23 with the thumb
      of one hand, the puller 41 is used to stretch the clasp apart with a
      steady pull toward the hole 36. Leg 22 is then inserted in hole 36 and the
      puller 41 removed. The clasp 16 is then under tension and is finally
      positioned by pressing down until the stretches 17-19 are flat on the bone
      surface. At the completion of this operation, as shown in FIG. 8, it will
      be seen that the angle between stretches 18 and 19 and central stretch 17
      have increased and that the stretches 18, 19 are no longer parallel to
      each other. Since the clasp 16 is of a resilient material, the clasp is
      under tension thus immobilizing the opposed and aligned bone segments with
      a constant compressive force.
PAR  To complete the operation, soft tissue should be interposed between the
      clasp and the skin.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clasp for osseous fixation formed of a unitary piece of resilient wire
      and having a horizontal portion formed of first, second and third
      stretches, a first 180.degree. bend interconnecting a first end of said
      first stretch with a first end of said second stretch, a second
      180.degree. bend interconnecting a second end of said second stretch with
      a first end of said third stretch, said first, second and third stretches
      in the unstressed condition of said clasp being substantially parallel to
      each other and being of substantially identical lengths, a first leg
      depending from a second end of said first stretch, a second leg depending
      from a second end of said third stretch, said legs being located on
      diagonal corners of said clasp, said legs converge and each said leg is
      disposed at an acute angle relative to said horizontal portion said
      horizontal portion being stressed when said legs are pulled away from each
      other by increasing the arcuate extents of said bends, said legs being
      remote from each other so that said legs may be inserted in holes drilled
      in bone segment on opposite sides of an osteotomy or fracture.
NUM  2.
PAR  2. A clasp according to claim 1 and a template, said template having a
      plate formed with a first hole and a plurality of spaced second holes
      remote from said first hole and a handle extending outward away from said
      plate, said holes all lying along a straight line, said first hole and the
      second hole closest to said first bore being spaced apart a distance
      substantially greater than the distance between said first and second legs
      when said clasp is unstressed, said first and one of said second holes
      being adapted for use as guides in drilling holes in the bone segments.
NUM  3.
PAR  3. A clasp according to claim 1 and a puller instrument having a handle and
      a shank formed with a hook whereby when said first leg is adapted to be
      inserted in a first hole in a first bone fragment, said second leg may be
      pulled by said hook away from said first leg for insertion of said second
      leg in a second hole in a bone fragment on the opposite side of an
      osteotomy by placing said hook around said second leg and pulling said
      handle in a direction away from said first hole in a direct line between
      said holes.
NUM  4.
PAR  4. A method of osseous fixation comprising drilling a first hole in a bone
      fragment on a first side of an osteotomy, drilling a second hole in a bone
      fragment on a second side of an osteotomy opposite said first side,
      providing a clasp in accordance with claim 1, said first and second holes
      being spaced apart a greater distance than said first and second legs when
      said clasp is in unstressed condition, inserting said first leg in said
      first hole, and stressing said clasp by pulling said second leg away from
      said first leg until said second leg fits into said second hole, said
      clasp when stressed being disposed with said second stretch disposed at
      acute angles to said first and second stretches.
NUM  5.
PAR  5. The method claim 4 wherein said first and second holes are slanted
      toward said osteotomy and said legs are slanted in complementary
      direction.
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ABST
PAL  A restraining cuff and the like is formed from a block of polyurethane foam
      having resilient characteristics, capable of permitting the passage of air
      and being of such configuration as to include a continuous substantially
      cylindrical internal wall extending longitudinally of the block for
      receiving the extremities of a hospitalized patient so as to provide a
      closed circumferential layer of resilient deformable material which may be
      connected as by a flat strap to the patient so as to distribute the weight
      of the extremity upon a substantial area of foam and cushion against
      bruises and other forms of injury to the patient.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, leather straps and the like have been employed to restrain the
      limbs of hospitalized patients against thrashing around as after surgery
      has been performed. Such straps and the like tend to produce raw skin on
      the patient since engagement is confined to a relatively small area of the
      skin. Injury can be caused as a result of movement permitting the hand or
      foot to strike the sides of the bed. A jerking of the arm, for example,
      would remove tubes and the like from the arm of the patient. Other such
      devices utilize relatively thin foam strips with straps attached thereto
      in an effort to avoid chaffing. Such devices are relatively expensive and
      are maintained as a permanent part of the hospital's equipment.
PAR  In the case of a patient's feet prolonged bed rest often results in the
      formation of ulcers on the heel as a result of the concentration of weight
      on the heel bearing against the mattress. Prior art devices include the
      use of a large boot generally constructed of polyvinyl chloride with a
      polyethylene foam liner. Such devices have been found not to prevent
      ulcers because the weight is still concentrated at the heel.
PAR  Accordingly, it is an important object of the present invention to provide
      a restraining cuff and the like for use on the arms generally adjacent the
      wrist and forearm and on the ankles and lower calf of patients who are
      either confined to prolonged bed rest or those who tend to thrash around
      as would be the case with a patient in the recovery room after an
      operation.
PAR  A further object of the invention is to provide such a restraining member
      which is constructed of resilient material which will permit air flow
      around the limb and spread the area of engagement with the skin to avoid
      raw skin and chaffing of the limbs so as to prevent unwanted movement of
      the limb and afford a good grip of a limb area.
PAR  Another important object of the invention is to provide such a device which
      will cushion the limb since an extensive area of thick foam material is
      provided entirely about the limb to avoid bruises. The device is
      comfortable and is especially useful with old people whose bones are
      brittle and require prolonged care.
PAR  Still another object of the invention is to provide comfortable restraining
      devices which may be inexpensively produced so that use may be confined to
      one patient and which elevates the extremity to avoid prolonged contact
      with the mattress.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that a restraining member may be constructed of a
      resilient, deformable polyurethane foam block so as to provide a central
      opening for reception of the extremity of a hospital patient affording a
      thick continuous circumferential layer of material which will provide a
      good grip over a large area of the extremity permitting elevation of the
      extremity to avoid prolonged contact with the mattress and facilitate
      restraint of the extremity by permitting easy fastening to a bed frame or
      the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawings
      forming a part thereof, wherein an example of the invention is shown and
      wherein:
PAR  FIG. 1 is a front elevation illustrating a restraining cuff constructed in
      accordance with the present invention,
PAR  FIG. 2 is a perspective view further illustrating the restraining cuff,
PAR  FIG. 3 is a perspective view illustrating the restraining cuff of FIGS. 1
      and 2 carried upon the wrist and forearm of a patient for restraining the
      limb against undesired movement,
PAR  FIG. 4 is a front elevation of a restraining cuff constructed in accordance
      with a modified form of the invention,
PAR  FIG. 5 is a perspective view further illustrating the modified form of the
      invention, and
PAR  FIG. 6 is a perspecctive view illustrating the modified form of the
      invention positioned upon the ankle and lower calf of a patient
      restraining the limb against undesired movement.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawings illustrate a restraining cuff and the like for placement upon
      the extremities of a patient confined to prolonged bed rest, and for
      restraining undesired movement of a patient reclining upon a bed.
PAR  An elongated block of resilient deformable polyurethane foam material has a
      substantially cylindrical internal wall A extending longitudinally of the
      elongated block defining a thickened closed circumferential layer B of
      resilient deformable material capable of maintaining an extremity placed
      within the wall in elevated position above a mattres of the bed. A strap C
      encircles a medial outer portion of the block and extends free of the
      block providing a tie portion for fastening to the bed. Adjustable
      fastening means D secures the strap encircling the block constricting said
      circumferential layer of foam resiliently engaging an extremity of a
      patient. Thus, chaffing of the extremity engaged by the cuff is avoided as
      well as prolonged contact between the extremity and the mattress. The
      structure is especially adapted for receiving the ankle and lower calf as
      the internal wall is positioned longitudinally eccentrically of the block
      so that the block may be positioned on the extremity to position same at a
      selected height above the mattress.
PAR  Referring especially to FIGS. 1, 2 and 3, it will be noted that the
      elongated block of resilient deformable polyurethane foam has been formed
      as by cutting or sawing a block to provide a front face 10 and a plurality
      of flat side faces 11. It has been found that the outer surface of the
      block is most advantageously formed into a series of flat surfaces 11 to
      facilitate manufacture and use. It will be noted be referring to FIG. 3
      that the restraining cuff may be tied as by a knot 12 to the frame 13 of a
      hospital bed. A strap portion 14 encircles a medial portion of the outer
      periphery of the block and is secured by the fastening means accommodating
      a free extending portion 15 which is of sufficient length to permit the
      tying of the knot 12.
PAR  The fastening means D preferably includes a buckle of the type employing a
      pair of rings 16 and 17 which are fastened to one end of the back portion
      14 as by stitching illustrated at 18. The strap may be fastened by passing
      the free hand through both rings and then passing same over the upper ring
      16 and thence beneath the lower ring 17. The strap may be pulled to the
      desired tightness and it will maintain the foam layer in a constricted
      relation about the arm or leg to provide protection against release of the
      limb as well as unwanted movement of the limb. It will be observed that
      the thickened, closed circumferential layer B may be provided with a
      series of circumferentially and randomly spaced holes 19 extending
      radially through the thickened layer. Thus, air flow is further promoted
      about the limb as a result of pumping action which occurs as a result of
      compression and decompression of the foam as results from any force
      tending to move the limb. It will be further noted from referring to FIG.
      3 that the arm is held in somewhat elevated position above the mattress
      tending to spread the weight of the limb over a substantial area of the
      foam minimizing contact between the limb and the mattress 20.
PAR  Refferring now especially to FIGS. 4, 5 and 6 wherein like reference
      characters are used to designate like parts, it will be noted that the
      internal wall is eccentrically positioned longitudinally of the block
      rather than on a central axis as in the restraining device illustrated in
      FIGS. 1, 2 and 3. The transverse openings 19 may, of course, be used in
      any embodiment of the invention. By positioning the cylindrical internal
      wall A eccentrically of the block, the block may be turned upon the
      extremity as in the case of FIG. 6 to place the major thickness of the
      block in contact with the mattress permitting substantial elevation of the
      extremity in the area of contact by the restraining device in a
      substantially elevated position to minimize contact of the extremity with
      the mattress spreading the area of contact of the limb with the mattress,
      especially minimizing contact of the heel of the patient reducing the
      tendency to cause ulcers as often occurs on the heel of those confined to
      extended periods of bed rest. The eccentric opening may also be utilized
      upon arm supporting versions of the device of the invention. If desired,
      as in the case of a woman, child or small patient, a minimum thickness of
      the circumferential layer may be placed in engagement with the mattress by
      turning the block upon the limb so as to provide such adjustment. The
      block may assume any such positions so as to vary the height of the limb
      between the maximum and minimum heights resulting from the positioning of
      the block set forth above.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A restraining cuff and the like comprising:
PA1  restraining means for placement upon the extremities of a patient confined
      to prolonged bed rest for elevating the extremities, and for restraining
      undesireable movement of a patient reclining upon a bed;
PA1  said restraining means including,
PA2  an elongated block of resilient deformable polyurethane foam material;
PA2  said elongated block including a bore therethrough defining a continuous
      internal wall extending longitudinally of said elongated block for
      receiving an extremity:
PA2  said restraining means further defining a thickened, closed integral
      circumferential cylindrical layer of resilient deformable material,
      wherein the distance in cross section from said internal wall to the
      perimeter of said layer maintains an extremity placed within said wall in
      elevated position above a mattress of the bed so as to avoid pressure
      point contact between the extremity and the mattress as would result in
      the formation of decubitus ulcers;
PA1  a strap encircling a medial outer portion of said block and extending free
      of said block providing a tie portion for fastening to the bed; and
PA1  adjustable fastening means for securing said strap encircling the block
      constricting said circumferential layer of foam resiliently engaging an
      extremity of a patient;
PA1  whereby chaffing of the extremity engaged by the cuff may be avoided and
      the extent of contact between the extremity and the mattress reduced.
NUM  2.
PAR  2. The structure set forth in claim 1 wherein said internal wall is
      positioned longitudinally eccentrically of said block, whereby the block
      may be positioned on the extremity to position same at a selected height
      above the mattress.
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PAL  A manually operable device susceptible of use as a dechoker for removing an
      obstruction from the throat of a person, generating artificial
      respiration, or alleviating a heart failure by applying pressure from the
      lungs to the heart to compress the latter and cause some blood
      circulation. The device consists essentially of a face mask, a cylinder
      having an open end, and an end wall connected to the mask with the mask
      and end wall having aligned openings, a spring biased piston reciprocal in
      the cylinder with a rod connected thereto and a handle on the end of the
      rod, a frame on the cylinder presenting a crossbar spaced from the handle
      whereby the crossbar and handle may be grasped by the hand of an operator,
      a one-way check valve in the cylinder end wall, a removable detent for
      said valve, and a safety valve on said piston which opens when the suction
      effect of the piston reaches a safe limit. A perforated tube is connected
      to the mask in connection with the opening therein and is of a length
      providing for its insertion between the teeth of a patient when the mask
      is applied to his face. This tube functions as a gag and a tongue
      depressor.
BSUM
PAR  The present invention relates to the removal of a throat obstruction,
      artificial respiration and the alleviation of a heart failure. The
      invention is concerned primarily with a manually operable device which by
      a simple operation may be adapted for use as a dechoker or a resuscitator
      and by a change in the size of a cylinder rendered suitable for use to
      apply pressure to the heart of a patient from the lungs to generate
      circulation of blood to a small degree.
PAC  BACKGROUND OF THE INVENTION
PAR  For a long time people have been subjected to the possibility of choking to
      death from an obstruction in the throat which inhibits breathing. Such an
      obstruction is usually a piece of food of a size which literally closes
      off the throat. At the present time the public has been alerted to this
      danger by instances of people dying in the rest rooms of restaurants or at
      home. It is, of course, easy to remove such an obstruction in the
      emergency room of a hospital where adequate equipment is available.
      However a customer of a restaurant or a person at home will ordinarily not
      have immediate access to such equipment and there is now no known device
      which is particularly adapted to be maintained available in the rest rooms
      of commercial establishments or the home and is so simple that it may be
      operated with ease and facility. In many cases the choking person has died
      in transit to a hospital.
PAR  Many people suffer from impairment of their respiration by being immersed
      under water for a long time, from the smoke of a burning building or other
      causes. Rescue workers in attempt to literally bring such a person back to
      life have resorted to artificial resuscitation by mouth to mouth
      respiration. The prior art embraces many examples of devices for either
      replacing mouth to mouth respiration or facilitating this operation.
      However it is believed that there is no simple device which is capable of
      use as a dechoker and which by an easy operation converts to use for
      artificial respiration.
PAR  When a person suffers from a heart failure, whatever its cause, circulation
      of the blood ceases and if this occurs for a prolonged period the person
      dies. It is now a well recognized fact that a heart may be started in its
      pumping action to circulate blood by alternately applying and relieving
      pressure to and from the heart. Thus many qualified rescue workers have
      resorted to massaging an exposed heart to start the blood circulating.
PAR  One facet of the present invention is founded on the belief that if
      sufficient air pressure is built up in the lungs it will be effective on
      the heart, which is closely adjacent to the lungs, to compress the heart
      and when the pressure is relieved or rendered negative the heart will
      expand to its normal condition. It is believed that there is now no known
      device that is adapted to be kept available in public places such as rest
      rooms, swimming pools, beaches and the like which will supply sufficient
      air under pressure to the lungs of a person undergoing a heart failure to
      start blood circulation. This belief is emphasized as to a manually
      operable device which, with exception of changes in dimension comprises
      the essential elements of a dechoker and resuscitator.
PAC  OBJECTS OF THE INVENTION
PAR  With the foregoing conditions in mind the present invention has in view the
      following objectives:
PAR  1. To provide a manually operable device for removing an obstruction from
      the throat of a person by creating a suction or vacuum condition in the
      throat on the external side of the obstruction.
PAR  2. To provide a device of the type noted which by a simple operation is
      converted to use for artificial respiration by alternately introducing air
      under pressure to the lungs and withdrawing air from the lungs by suction.
PAR  3. To provide a manually operable device of the character aforesaid which
      includes the essential elements of the resuscitator mentioned in the
      second object with the dimensions of certain elements enlarged to provide
      for the delivery of an adequate amount of air under pressure to the lungs
      to compress the heart and generate blood circulation.
PAR  4. To provide a device of the kind described in which air pressure is
      created by a pump of the cylinder and piston type and in which the piston
      has a safety valve to prevent an unsafe vacuum condition being engendered
      on the suction stroke of the piston.
PAR  5. To provide, in a device of the type noted, a face mask that is applied
      over the nose-chin area of a person and from which projects a tube that
      extends into the mouth between the teeth and over the tongue of the person
      to whom the mask is applied whereby it functions as a gag and a tongue
      depressor; and
PAR  6. To provide, in a device of the character aforesaid, a pump of the piston
      type which is susceptible of operation by a single hand of an operator
      whereby the other hand of said operator is free and available for use in
      urging the mask against a person's face to create an airtight seal
      therewith.
PAR  Various other objects and advantages of the invention such as arise in
      carrying out the above ideas in a practical embodiment, will in part
      become apparent, and in part be hereinafter stated as the description of
      the invention proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are achieved by providing a device comprising a
      flexible face mask designed to fit over the nose-chin area of a person and
      presenting a cavity defined by a peripheral edge which is pressed against
      the face of the person to create an airtight seal. A rigid cylinder having
      an open end and an end wall is attached to the mask with the end wall
      engaging the mask and having a central opening in alignment with an
      opening in the mask. A piston in the form of a plate or disc is reciprocal
      in the cylinder.
PAR  Upstanding from one face of the piston is a rod which projects a small
      distance beyond the open end of the cylinder. Secured to the outer end of
      this rod is a handle in the form of a transverse member that is adapted to
      be engaged by the fingers of an operator. The rod is tubular and housed
      therein is an expansion coil spring having one end secured to the outer
      end of the rod and its other end anchored to the end wall. This spring
      biases the piston towards the end wall.
PAR  A U shaped frame is mounted in an inverted position on the cylinder. This
      frame has a pair of legs secured to the exterior of the cylinder and
      extends an appreciable distance beyond the open end of the cylinder.
      Extending between the outer ends of these legs is a crossbar substantially
      parallel to the transverse member on the piston rod. This crossbar is
      engaged by the palm of the hand of an operator whose fingers engage the
      transverse member at the same time. Thus the piston is moved outwardly by
      the operator tightening his grip over the crossbar and transverse member
      and permitted to be moved inwardly under the influence of the spring by
      loosening his grip.
PAR  The end wall of the cylinder is formed with a small aperture offset from
      the central opening therein and spaced thereabout are a plurality of air
      passages. A one-way check valve is moveably mounted in the aperture and
      has a lower head in the form of small disc that closes the air passages
      when this disc engages the underface of the end wall. The disc is moved
      into position closing the air passages on the outstroke of the piston by
      suction and into open position of the instroke by air pressure. A swinging
      detent is pivotally mounted on the underside of the end wall and is swung
      into engagement with the valve disc to hold the latter in closed position
      when the device is used for artificial respiration.
PAR  A small bleed hole, such as one in the order of 3/32 inch diameter is
      formed in the cylinder closely adjacent to the end wall. This bleed hole
      supplies air for artificial respiration. but its size does not materially
      impair the suction effect when the device is used for dechoking purposes.
      The piston is formed with an orifice offset from the piston rod which is
      controlled by a safety valve in the form of a flap mounted on the inner
      face of the piston adjacent to this orifice.
PAR  Secured to the inner or face confronting side of the mask is a perforated
      tube which extends from a mask sufficiently to provide for its insertion
      between the teeth of a person to the face of whom the mask has been
      applied. This tube functions as a gag to prevent the person from closing
      or clenching his teeth as from a spasm and also as a tongue depressor.
PAR  When the device is designed for the alleviation of a heart failure by
      causing blood circulation the size of the cylinder is increased to a
      capacity of about 6 liters. As this increase in size will require a longer
      stroke of the piston certain minor alterations are made in the piston
      cylinder mechanism as by providing a guide rod for the piston, the handle
      arrangement, and safety valves on the piston.
DRWD
PAR  For a full and more complete understanding of the invention reference may
      be had to the following description and accompanying drawings wherein:
PAR  FIG. 1 is a perspective of a portion of the face mask and the piston pump
      connected thereto.
PAR  FIG. 2 is a vertical section taken on the plane of the line 2--2 of FIG. 1.
PAR  FIG. 3 is a perspective looking at the underside of the piston and
      depicting the one-way check valve in exploded relation.
PAR  FIG. 4 is a horizontal section taken on the plane of the line 4--4 of FIG.
      1.
PAR  FIG. 5 is a perspective of the device as modified for alleviation of a
      heart failure.
PAR  FIG. 6 is a vertical section on the plane of the line 6--6 of FIG. 5; and
PAR  FIG. 7 is a phantom outline of a person suffering from a heart failure with
      whom the device of FIG. 5 and 6 is intended to be used.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like elements are identified by the
      same reference characters throughout the several views and first more
      particularly to FIGS. 1 to 4 a face mask is referred to in its entirety at
      10 (FIG. 2). It is of a flexible plastic, such as rubber and comprises a
      main body portion 11 which is integrally joined to a concave wall 12
      terminating in a free edge 13. The mask structure described is dimensioned
      to fit over the nose-chin area of the face of a person leaving a cavity 14
      between body portion 11 and the face to which it is applied. The marginal
      areas immediately adjacent to edge 13 are urged against the face to form
      an airtight seal therewith. Body portion 11 is formed with an opening 15.
PAR  A cylinder 16 of a rigid plastic has an open end 17 and its other end is
      closed by an end wall 18. The latter is formed with a central opening 19
      and aligning with opening 15 in body portion 11 of the mask. While any of
      several arrangements may be provided to secure end wall 18 to mask 10 one
      such arrangement is shown in FIG. 2. Thus a neck 20 depends from end plate
      18 about opening 19 and has a lower end portion 21 of increased thickness
      formed with an annular grove 22 which receives the marginal portion of
      body 11 at hole 15.
PAR  A piston 23 in the form of a metallic plate or disc is fitted for
      reciprocation in cylinder 16. Simple engagement of the peripheral edge of
      piston 23 with the bore of the cylinder may be adequate to afford the
      airtight relation required but a piston ring 24 is provided for this
      purpose in accordance with accepted practice in the pump art.
PAR  Upstanding from the outer or upper face of piston 23 at the center thereof
      is a tubular rod 25. Secured to the upper end of rod 25 is a handle or
      finger engageable member 26 which is normal to rod 25 and closes the upper
      end of the bore of the latter. An expansion coil spring 27 is disposed in
      rod 25 with its upper end anchored to member 26 as indicated at 28 and its
      lower end to end wall 23 by a cross pin 29 extending across opening 19.
      Spring 27 biases piston 23 inwardly towards end wall 18.
PAR  An inverted U shaped frame is designated generally 30. It comprises a pair
      of legs 31 lower portions of which are secured to the outer surface
      cylinder 16 as illustrated in FIG. 1. The outer ends of legs 31 are
      spanned by a crossbar 32 formed with a central hole 33. Crossbar 32 is
      parallel to cross member 26 which enables an operator to simultaneously
      grasp these two elements with one hand thereby leaving his other hand free
      to press mask 10 against a person's face. This is accomplished by placing
      the palm of the hand over crossbar 32 and the fingers under handle member
      26. If convenient the thumb may be inserted in opening 33 rather than
      using the palm to grip crossbar 32.
PAR  Referring now to FIG. 3 end wall 18 is shown as formed with an aperture 34
      which is surrounded by a plurality of air passages 35 circularly arranged.
      A valve member having a structure similar to a conventional collar button
      is identified generally at 36. It cooperates with air passages 35 to
      provide a one-way check valve. Thus valve 36 comprises a stem 37 that is
      slidably received in aperture 34. A stop 38 is formed on the upper end of
      stem 37 and engages the upper surface of end wall 18 to limit downward
      movement of valve 36 and maintain the latter assembled in end wall 18 (see
      FIG. 2). A disc like head 39 on the lower end of the stem 37 is
      dimensioned to cover air passages 35 when valve 36 is in its uppermost
      position. It is evident that on an instroke of piston 23 valve 36 moves
      inwardly under air pressure to open passages 35. On the outstroke of
      piston 23 valve 36 is moved outwardly by suction to close passages 35.
PAR  A detent is shown at 40. It is pivotally mounted at 41 on the underface of
      end wall 18 whereby it is adapted to be swung into and out of position
      engaging head 39. When so engaged valve 36 is held in closed position.
      Thus the device is adapted for artificial respiration.
PAR  Piston 23 is formed with an orifice 42 (FIG. 2) offset from its center.
      Secured to the inner face of piston 23 adjacent to orifice 42 is a flap
      valve 43 which, together with the orifice constitutes a safety valve. Flap
      valve 43 is flexible to a predetermined degree so as to open when a safe
      limit of the vacuum condition created by an outstroke of piston 23 is
      reached.
PAR  Cylinder 16 is formed with a small bleed hole 44 adjacent to end wall 18.
      Hole 44 has a diameter in the order of 3/32 inch. Thus air is supplied to
      cylinder 16 for respiratory purposes but the creation of a vacuum
      condition on the outstroke of piston 23 is not materially impaired.
PAR  A tube 45 of a material which preferably is rigid or slightly flexible has
      an enlarged or bell shaped end portion 46 which is connected to the lower
      end of neck 20. This connection is illustrated as being integral. Tube 45
      has perforations 47 and is of a length which provides for it being
      inserted between the teeth and over the tongue of a person to whom the
      mask 10 is fitted. Thus if the person should, under spasm, exhibit a
      tendency to clench his teeth tube 45 prevents closing of the mouth. It
      also acts as a tongue depressor to hold the tongue in a position in which
      it cannot block the throat.
PAC  OPERATION OF THE PREFERRED EMBODIMENT
PAR  While the mode of operation and means of using the above described device
      are believed to be obvious from the illustrations of the drawings and
      description of the elements they are briefly outlined as follows:
PAR  If a person has an obstruction in his throat that requires immediate
      removal he is positioned with his head and trunk bent forwardly,
      preferably at an angle of 45.degree. whereupon an operator first swings
      detent 40 out of engagement with valve head 39. With one hand he grasps
      handle member 26 and crossbar 32 and with the other hand places mask 10
      over the nose and mouth of the person 16 then tightens his grip on member
      26 and crossbar 32 to generate an outstroke of piston 23. This creates a
      vacuum condition in cylinder 16 which closes passages 35 and the vacuum
      becomes effective in the throat of the person. This causes air pressure
      from the lungs and/or partial regurgitation of the stomach contents to
      eject the obstruction or at least move it partially outwardly in the
      throat.
PAR  If the obstruction is not completely removed the operator loosens his grip
      which permits spring 27 to move piston 23 inwardly. This inward movement
      is not effective on the obstruction because valve 36 is moved into
      position opening passage 35. Moreover, bleed hole 44 permits but limits
      the rate of inhalation to that which cannot cause return propulsion of the
      obstruction. The cycle of operation is repeated until the obstruction is
      removed.
PAR  Hole 33 in crossbar 32 constitutes a convenient means for suspending the
      device from a hook or other supporting member in a location which is
      readily accessible to an operator needing it.
PAC  THE MODIFICATION
PAR  FIGS. 5, 6, and 7 illustrate the device as modified for alleviation of a
      heart failure by starting blood circulation. The modified device includes
      many of the essential elements of FIGS. 1 to 4 and they have been so
      designated. Thus mask 10 and tube 45 are the same. Cylinder 16 has been
      replaced by a cylinder 48 of a capacity much greater than that of cylinder
      16. This cylinder 48 has a capacity of about 6 liters.
PAR  Because of this capacity cylinder 48 is much longer than cylinder 16 and
      the piston is not as suitable for one handed operation as in FIGS. 1 to 4.
      Cross pin 29 of FIG. 2 is replaced by a large cross piece 49 which serves
      as a base for a guide rod 50 which extends vertically and centrally from
      cross piece 49 for the full length of cylinder 48. Piston 23 has the same
      tubular rod 25 but the bore of the latter is continued through piston 23
      so that guide 50 is received in tubular rod 25.
PAR  It is believed that the piston pump of FIGS. 5 and 6 will require a two
      handed operation. Thus handle 51 at the end of rod 25 is designed for full
      grip as compared to the finger engagement intended for handle 26 and U
      frame 30 is replaced by a handle 52 outstanding from cylinder 48. Cylinder
      48 has a bleed hole 44 the same as in cylinder 16. Piston 23 of FIG. 6 is
      provided with pressure and relief valves 55 and 56.
PAR  A human body is depicted in FIG. 7 as having lungs 53 which communicate
      with the mouth and nasal passages via a trachea. A heart is shown at 54 in
      close proximity to lungs 53. The lungs of an adult human being have a
      capacity slightly less than 6 liters. Thus with mask 10 of the device of
      FIG. 5 and 6 applied over the nose and mouth of a person having heart
      failure an operator grasps handle 51 with one hand and handle 52 with the
      other hand. Piston 23 is then reciprocated in cylinder 48 to substantially
      the full length of cylinder 48.
PAR  On the instroke or piston 23 lungs 53 are filled to the limit of their
      capacity by air under pressure. Thus the lungs are expanded against heart
      54 to compress the latter. On the outstroke of piston 23 the lungs
      contract to relieve the pressure on the heart to permit it to expand to
      its normal condition. This alternate compression and expansion of heart 54
      causes the latter to perform its pumping function to initiate blood
      circulation. Under many conditions the circulation will be sufficient to
      sustain life.
PAR  Bleed hole 44 in cylinder 48 adds fresh air to the air that is forced into
      lungs 53 on the instroke of piston 23.
PAR  While preferred specific embodiments of the invention are herein disclosed
      it is to be clearly understood that the invention is not to be limited to
      the exact conditions, mechanisms, and materials illustrated and described
      because various modifications may be provided in putting the invention
      into practice.
CLMS
STM  What is claimed is
NUM  1.
PAR  1. In a device for removing an obstruction from the throat of a human being
      or generating artificial respiration in said being,
PA1  a. a face mask of a flexible material for application over the mouth and
      nose of said human being including a main body portion and side wall
      structures having marginal peripheral portions that are pressed against
      the nose-chin area in airtight relation therewith to define a cavity over
      said mouth and nose,
PA1  b. an opening in said main body portion,
PA1  c. a rigid cylinder having one end open and its other end closed by an end
      wall formed with a central opening in alignment with the opening in the
      main body portion of the mask,
PA1  d. means for securing said end wall to said main body portion,
PA1  e. a one way check valve in said end wall offset from said central opening
      which when open permits passage of air from the interior of said cylinder
      to the exterior thereof and which when closed inhibits passage of air
      through the end wall to the interior of said cylinder,
PA1  f. a moveable detent means on said end wall for holding said check valve in
      closed position,
PA1  g. a piston reciprocal in said cylinder,
PA1  h. said piston having an orifice together with a safety valve controlling
      the passage of air through said orifice which opens when a safe limit of
      suction is reached on an outstroke of said piston,
PA1  i. a rod upstanding from said piston centrally thereof and projecting
      beyond the open end of the cylinder when the piston is in its innermost
      position,
PA1  j. a finger engageable handle on the outer end of said rod,
PA1  k. spring means biasing said piston towards said end wall whereby instrokes
      of the piston are powered by said spring means,
PA1  l. a frame including a cross-members extending transversely of said open
      end and mounted on the exterior of said cylinder whereby said member is
      gripped by the hand of an operator whose fingers are in engagement with
      said finger engageable member and tightening of the grip of said hand
      causes an outstroke of said piston against the influence of said spring
      means,
PA1  m. a bleed hole in said cylinder adjacent to said end wall; and
PA1  n. a tube secured to said main body portion and communicating with the
      opening therein, said tube having an extent just long enough to provide
      for its insertion between the teeth and over the tongue of said human
      being to function as a gag and tongue depressor.
NUM  2.
PAR  2. The device of claim 1 in which the means for securing said end wall to
      the mask comprises a neck depending from the end wall and about said
      central opening, said neck having an outer annular grove receiving
      marginal portions of said body portion about the opening therein.
NUM  3.
PAR  3. The device of claim 1 in which said one way check valve comprises an
      aperture in the end wall offset from the central opening therein; a
      plurality of air passages spaced apart and about said aperture, and a
      valve member consisting of a stem moveable in said aperture, a stop on one
      end of said stem engageable with the inner surface of said end wall and a
      disc on the other end of the stem moveable into position closing said air
      passages by engaging the outer surface of said end wall.
NUM  4.
PAR  4. The device of claim 3 in which the moveable detent comprises a member
      pivotally mounted on the underface of said end wall and swingable into and
      out of position engaging said disc.
NUM  5.
PAR  5. The device of claim 1 in which the safety valve takes the form of a flap
      having the properties of flexibility to a required degree and secured at
      one point to the inner face of said piston.
NUM  6.
PAR  6. The device of claim 1 in which the rod is tubular and the spring means
      comprises an expansion coil spring in the tubular rod and having one end
      anchored to the outer end of the rod and its other end anchored to said
      end wall.
NUM  7.
PAR  7. The device of claim 1 in which the finger engageable handle takes the
      form of a transverse member normal to said rod.
NUM  8.
PAR  8. The device of claim 7 in which the frame is of inverted U shape and
      comprises legs having portions secured to the external surface of the
      cylinder and a crossbar spanning outer ends of said legs and parallel to
      said transverse member on said rod.
NUM  9.
PAR  9. The device of claim 8 in which the crossbar has a thumb receiving hole
      midway its ends.
NUM  10.
PAR  10. The device of claim 1 in which the tube is perforated.
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ABST
PAL  Collagen-based medicinal dressings are produced by freezing a collagen
      aqueous polydispersion obtained from cattle hide in a concentration of
      0.66 to 2% by weight at a temperature of at most -65.degree.C and
      subjecting the frozen polydispersion to vacuum at a pressure of
      10.sup.-.sup.3 to 10.sup.-.sup.5 torr for a period of 24 to 48 hours while
      maintaining a temperature thereof of at most +35.degree.C. The resulting
      spongy mass has a density of 0.03 to 0.06 gram/cm.sup.3.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to medicinal dressings of the collagen type
      and more particularly to a method of making a foam or cellular collagen
      dressing and to a dressing made by this method.
PAC  BACKGROUND OF THE INVENTION
PAR  Collagen foam dressings have been made heretofore by a number of processes
      and have been found to be advantageous as skin dressings or skin plasters
      particularly suitable for the treatment of burns (see British Pat. No.
      942,226).
PAR  In one prior-art technique a 1.2% by weight aqueous solution of collagen is
      homogenized and introduced into a cylinder having a fritted-glass bottom
      through which air or another gas is introduced under pressure to foam the
      collagen. The collagen is then gelled by treating it with a cadmium
      nitrate solution, the cadmium nitrate solution being washed out of the gel
      product. The result is a porous collagen foam which may be used
      effectively as a bandage and may include a bacteriocidal or a
      bacteriostatic agent. Because this collagen gel is friable and sensitive
      to mechanical breakdown, it is frequently covered with a nonfoamed
      collagen foil of tougher character. The disadvantage of this system is
      that it requires a relatively large number of steps and a foil overlay
      dense enough to obstruct secretion from the wound and hence interfere with
      an advantageous property of the porous collagen layer.
PAR  In another system for the formation of collagen dressings, a spongy product
      can be produced by freezing a collagen sol for at least 12 hours at
      -20.degree.C and then eliminating the water by contacting the frozen sol
      with an organic solvent having an affinity for water and which does not
      attack the collagen. The latter treatment (water removal) is carried out
      in three or four successive extractions which together require about 8
      hours for removal of water to the point that the product has the required
      spongy character. The sponge layer has a density of 0.015 to 0.6
      gram/cm.sup.3, is of good porosity and is a highly desirable bandage or
      dressing material. However, the process for making it is laborious and
      takes a relatively long time.
PAR  It has also been proposed to freeze an acidic collagen sol at a temperature
      close to the freezing point of the aqueous system and to subject the
      system to a high vacuum so that water is removed by sublimation. This
      technique has the disadvantage that it yields a product having large pores
      and hence little or no utility for dressing material.
PAC  OBJECTS OF THE INVENTION
PAR  Is is the principal object of the present invention to provide an improved
      method of making collagen-based dressing.
PAR  Another object of the invention is to provide a method for the purposes
      described which avoids the aforementioned disadvantages.
PAR  Still another object of the invention is to provide a high-porosity,
      small-pore collagen-based dressing at relatively low cost and with good
      mechanical and surgical properties.
PAC  DESCRIPTION OF THE INVENTION
PAR  We have found, most surprisingly, that notwithstanding earlier work with
      frozen collagen systems and vacuum sublimation of water therefrom that a
      collagen-based dressing material can be made with excellent handling and
      other mechanical properties, small pores but high porosity and hence with
      a more satisfactory density than some earlier systems without interfering
      with its ability to drain exudatious wounds when the dressing material is
      prepared by freezing a collagen polydispersion, preferably obtained from
      cattle hide, and of a concentration of 0.66 to 2% in water to a
      temperature of at most -65.degree.C (-65.degree.C or lower) and subjecting
      the same to drying by vacuum sublimation until the product has a density
      of about 0.03 to 0.06 gram per cm.sup.2, the vacuum sublimation being
      carried out such that the temperature during this process does not rise
      beyond 35.degree.C. We have found that a homogeneous pore distribution
      requires that certain time limitations be placed upon the freezing and the
      sublimation steps and thus it is important to carry out the freezing of
      the collagen polydispersion at a temperature between - 65.degree.C and
      -70.degree.C (exclusively) for a period between 2.5 and 3.2 hours
      (exclusively).
PAR  Furthermore, the vacuum sublimation step should be carried out at a
      pressure of 10.sup..sup.-3 torr to 10.sup..sup.-5 torr over a period of 24
      to 48 hours.
PAR  The product may, according to another feature of the invention, contain a
      bacteriostatic or bacteriocidal agent which preferably is of the steroid
      and/or antibiotic type and/or may contain one or more agents promoting
      healing. These agents may be added to the polydispersion before freezing
      in an amount ranging between 0.5 and 5 grams per 1000 ml of the
      polydispersion. Preferably the agents include tetracycline (in an amount
      of 0.5 to 2 grams per 1000 ml of the polydispersion) and/or hydrocortisone
      (in an amount of 0.5 to 0.75 grams per 1000 ml). Suitable other additives
      include boric acid in an amount of 0.1 to 5% (preferably about 2%) by
      weight of the polydispersion and sodium merthiolate in an amount of 0.05
      to 0.5 grams (preferably 0.1 gram per 1000 ml).
DETD
PAC  SPECIFIC EXAMPLES
PAC  Example I
PAR  1000 Ml of 0.8% collagen polydispersion (derived from cattle hide)
      containing 2% by weight boric acid and 0.1 gram sodium merthiolate is
      suggested to homogenize in a Turmix-type homogenizer until all fiber
      agglomerations are dispersed. The homogeneous polydispersion was placed in
      jars of epoxy resin which insure a uniform heat exchange with surroundings
      and to which the collagen solution does not adhere. The layers in each jar
      had a thickness of 15 mm.
PAR  The jars containing the collagen polydispersion were introduced into a
      freezer and maintained at a temperature of -68.degree.C for a period of 3
      hours to allow equilibration of the crystal structure of the ice.
      Thereupon the frozen solvent was sublimated at a vacuum of 10.sup..sup.-4
      torr, the temperature rising from an initial value of -40.degree.C to
      -50.degree.C over a period of 30 hours, the temperature being held at
      35.degree.C during this time.
PAR  A spongy collaged material was obtained with a density of 0.03 to 0.06 gram
      per cm.sup.3. The product was white, elastic, compressible, easy to mold,
      and extremely finely pored. The material was removed from the jars and
      placed in polyethylene bags which were sealed and sterilized by gamma
      radiation.
PAC  Example II
PAR  Example I was followed except that the temperature at freezing was
      -65.degree.C and the frozen material was permitted to stand in the freezer
      for 32 hours before being removed for vacuum sublimation. Vacuum
      sublimation was carried out at 10.sup..sup.-5 torr for a period of 24
      hours. The polydispersion initially contained about 1 gram of tetracycline
      per 1000 ml of the polydispersion. The results obtained were similar to
      those obtained in Example I except that the antibiotic appeared to promote
      healing of the wound.
PAC  Example III
PAR  Another healing-promoting dressing was made using the composition of
      Example I to which 0.6 gram of hydrocortisone was added and modifying the
      process of Example I as follows:
PAR  The freezing temperature was -70.degree.C, the freezing duration was 2.5
      hours, vacuum sublimation was carried out at 10.sup..sup.-3 torr, and the
      duration of vacuum sublimation was 48 hours.
PAC  Example IV
PAR  The process of Example I was carried out using a polydispersion which, in
      addition, contained 0.5 grams of tetracycline and 0.5 grams of
      hydrocortisone. Again the product was similar to that of Example I except
      that it had noticeable healing promotion qualities when applied to burns.
      In all of the examples the material had good capillitary and was useful
      for substantially all superficial dressing purposes.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making a collagen-based medicinal dressing comprising the
      steps of:
PA1  freezing a collagen polydispersion containing a bacteriocide, bacteriostat
      or healing-promotion agent in water to a temperature between -65.degree.C
      and -70.degree.C for a period of 2.5 to 3.2 hours,
PA1  drying the frozen polydispersion by vacuum sublimation over a period of
      substantially 24 to 48 hours at a pressure of 10.sup..sup.-3 to
      10.sup..sup.-5 torr, and
PA1  maintaining the temperature during the vacuum sublimation period up to
      +35.degree.C.
NUM  2.
PAR  2. The method defined in claim 1 wherein said polydispersion has a collagen
      concentration of 0.66 to 2%.
NUM  3.
PAR  3. The method defined in claim 2 wherein 0.5 to 2 grams of tetracycline is
      added per 1000 ml of the polydispersion.
NUM  4.
PAR  4. The method defined in claim 2 wherein 0.5 to 0.75 grams of
      hydrocortisone is added per 1000 ml of the polydispersion.
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ABST
PAL  Apparatus for use in hospitals and the like for administering to a patient
      medicated liquid. The improvement comprises a control for regulating and
      visually indicating the rate of fluid flow into the body. The system is
      equally applicable to intravenous, intrarterial, or subcutaneous. A
      positive action liquid control valve together with a flow meter is
      positioned on the patient adjacent the point of entry of the fluid into
      the body. The apparatus -- adaptable to the commercial single use
      disposeable kits -- in its preferred embodiment, is strapped to the wrist
      of the patient. The apparatus is further adapted to receive the
      conventional injection needle for the addition of other medication.
BSUM
PAC  BACKGROUND
PAR  Liquids are administered in hospitals to patients for many purposes -- the
      most common perhaps being the intravenous fluid infusion. These infusion
      systems generally include an inverted glass bottle filled with sterile
      liquid such as salt, mineral, sugar solution, electrolytes, and
      antibiotics. As the solution is drained from an intravenous bottle through
      the flexible tube for infusion into the patient through a needle in the
      patient's vein, air is vented into the bottle for displacement of the
      fluid drained from the bottle. Other bottles in use are of the collapsible
      type and hence do not require the replacement of air. Commercial apparatus
      on the market also include disposeable kits that comprise a plastic tubing
      with a means at one end for entering the bottle to drain the fluid and an
      air inlet to replace the fluid as it is drained. At the other end of the
      tube means are provided to connect with an injection needle.
PAC  PRIOR ART
PAR  The most common technique for metering the liquid output from conventional
      intravenous bottles has the human process. This comprises the operator
      mentally counting the number of drops falling into the drip chamber of the
      intravenous bottle during a predetermined time period. The manually
      manipulated mechanical valve in the liquid output tube controls or stops
      the flow of liquid through the tubing. The drip rate from an intravenous
      bottle often tends to vary over a period of time due to changes in the
      bottle height and changes in resistance to flow in the system or patient.
      The suggested systems and apparatus for the elimination of the manual
      counting of the drop rate of an intravenous bottle are complex in nature.
      Each system known requires the regulating and monitoring the liquid flow
      through the liquid output tube leading to the patient. Such devices have
      ranged from those which physically sense the passage of liquid drops
      through the drip chamber of the intravenous bottle to flowmeter devices
      which are physically inserted in the tube leading from the liquid output
      of the intravenous bottle to the patient.
PAR  Prior devices installed in the liquid output tube are required to be
      sterile, and have often required expensive filters which tend to clog when
      heavy liquids are passed. Also flow-metering systems installed in the
      liquid output of corporeal infusion systems have tended to be difficult to
      both calibrate and operate due to variances in liquid viscosity from one
      type of infusion to another.
PAR  Although more elaborate and perhaps sophisticated systems of measuring the
      liquid flow have been proposed, the improvements -- as noted -- are
      generally at the sacrifice of something else. Also since the drip chamber
      and the shut off valve are generally adjacent the liquid container, a
      substantial amount of unmeasured liquid in the line (from the stopper to
      the needle) may be administered to the patient. Alternatively, if this
      excess liquid is drained there is a possibility that air may be injected
      into the veins of the patient.
PAR  The above-mentioned mechanical valve is extremely erratic due to slippage
      -- and most importantly, crimp the line. Other medical, technical, or
      mechanical reasons cause variations in liquid flow from the container to
      the patient and erratic replacement of air to the container. In addition,
      any break of the seal or the liquid supply system between the control
      valve and the body entry point may permit air to enter and mix with the
      liquid and flow into the body. This can easily happen when strain is
      applied to the connections of present infusion systems or by cuts in the
      tubing by sharp surgical instruments common to operating rooms.
      Accordingly, proper administration requires frequent or continuous
      attendance of a nurse and in some instances a physician.
PAR  Also in present day medical practice, it is customary to utilize an
      intravenous opening in the tubing for the injection of medication -- in
      lieu of the hyperdermic needle. The primary benefit being the time control
      of the medication into the body and the elimination of further injections.
PAC  SUMMARY OF INVENTION
PAR  The present invention, in its preferred embodiment, is particularly
      adaptable to the present day commercial apparatus for the administration
      or infusion of fluids into the body. The improvements alleviate the
      above-noted disadvantages of the regulating and metering devices in use.
      Particularly a flow meter and a control valve are inserted at or
      immediately adjacent to the entry point to the patients body. This may be
      either at the needle -- or as in certain instances -- to a catheter. The
      flow meter and the control valve are in themselves incorporated in an arm
      band to be worn by the patient.
PAR  The flow meter, at the body end of the tubing indicates the exact amount of
      liquid entering the body -- irrespectfully of whether or not the flow
      through the tubing has been impeded. The control valve is a positive
      on/off and partial valve positioned at the end of the tubing and hence
      does not pinch or crimp in any way impede the liquid flow through the
      tubing.
PAC  OBJECTS
PAR  It is accordingly a principal object of the present invention to provide a
      new and improved reliable apparatus for controlling the infusion of
      liquids into the body of the patient.
PAR  A further object of the invention is to provide such apparatus that is
      compatable with and does not change in any way commercial apparatus for
      infusion of liquids presently marketed.
PAR  Another object of the invention is to measurably control the fluids infused
      into the body without the attended disadvantages noted in the prior art.
PAR  Other objects and features of the present invention will become apparent
      from the following detailed description when taken in conjunction with the
      drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is an overall illustration of the present invention adapted to and
      in use with commercial apparatus for the infusion of liquids into the
      body, and
PAR  FIGS. 2, 2A and 2B are enlarged illustrations of the preferred embodiment
      of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With particular reference to FIG. 1, a pair of conventional intravenous
      bottles or liquid containers 10 are supported in the conventional manner
      by an upstanding support pedestal 12. The bottles 10 are filled with a
      sterile liquid solution 14 and 14a  intended is to be infused into a
      patient. For instance, the solution 14 may comprise a sugar, salt or
      mineral solution, and the solution 14a may be electrolytes or antibiotics
      to be added to the primary solution. Although an intravenous bottle is
      illustrated, the present invention may be used in any one of a number of
      infusion systems wherein a liquid is to be infused into the body of a
      patient. Thus, the solution 14 may be infused into any of the veins or
      into the arteries of the patient. The bottle 10 and solution 14 may be
      used as a renal infusion system wherein the patient is to be irrigated
      with water and/or antibiotics. Alternatively, blood may be metered from
      the bottle 10 into a patient or again the liquid may be an anesthetic.
PAR  The stopper 16 and 16a are connected to the bottles 10 and includes a spike
      for piercing the seal on the ends of the bottles. The spike includes an
      outlet aperture to allow the liquid solution 14 to flow from bottle 10 to
      the tubing 18. The liquid solutions 14 and 14a fall into a drip chamber 19
      and flows down the flexible tube 20 for infusion into the patient.
      Generally, the end of tube 20 is connected to a needle inserted into the
      patient. Bottles 10 are generally comprised of glass or may be of the
      collapsible type. Tube 20 is generally comprised of plastic.
PAR  Stopper 16 includes an air inlet 22 also extending into the inverted bottle
      for venting of air or other gas into the bottle 10. The venting of air is
      to enable the replacement of the liquid solution 14 flowing from the
      bottle 10 with air for proper operation of the infusion system. An
      unimpeded air inlet is desired to enable the venting of air into the
      bottle. As noted above, however, air venting is not needed in a plastic
      collapsible bag used in lieu of the bottle 10. Since the bottle 10, caps
      16, the Y tubing, drip chamber 19 and flexible tube 20 are all
      conventional and are widely used throughout hospitals, further detail
      description is not necessary. Also normally included with the commercial
      IV sets is a flow control mechanism either of the screw-in or the sliding
      ramp type. Since the present invention eliminates such a mechanism it is
      not shown.
PAR  In accordance with the general concepts of the invention a
      control/flowmeter valve is strapped to the arm of the patient. The end of
      the tubing 20 is fitted into the input side and a needle, catheter, needle
      set, or parenteral set is fitted into the output side. In this way the
      entire system is unimpeded -- in no way is the fluid flowing through the
      line affected and only that fluid going into the body of the patient is
      measured. The overall system remains air tight and sterile.
PAR  Referring again to FIG. 1 and specifically to FIG. 2 there is illustrated
      the preferred embodiment of the present invention in operation with a
      conventional intravenous liquid infusion systems. Particularly the end 20a
      of the tubing 20 is normally fitted with a somewhat enlarged tubing
      adapted to have fitted thereon an injection needle or adapted to be
      inserted into a catheter in the body of a patient. The apparatus of the
      present invention is intermediate the output end 20a and the input end of
      injection needle 30.
PAR  The input end 26 of control/indicator valve 36 is of a size to be fitted
      directly into the output end of the enlarged tubing 20a. The other end 28
      of the control/indicator valve is of a size to be fitted directly into the
      needle, catheter, needle set, or parenteral set 30. Interconnecting the
      input end 26 and the output end 28 of control/indicator valve 36 is a
      fluid passage (not seen). The fluid passage is controlled in opening (from
      full open to closed) in a conventional manner responsive to an
      interfitting rotating member. The control knob 32 is an open-shut control
      with a pointer 32a to indicate on the scale 24 the rate of fluid flow. In
      this embodiment the full span of the control valve is in the order of
      60.degree.. Hence, the points will vary from zero (off) to full scale
      (open) in an arc scale of approximately 60.degree..
PAR  The strap 40 is a wrist-band strap to hold in position the
      control/indicator and the injection needle. As shown in FIG. 2a, the strap
      is adjustable by the plurality of apertures 34a n in the straps one end
      and the plurality of capped inserts 34b n in the straps other end. The
      relative sizes of the apertures and inserts are such to permit ease of
      entry but nonetheless security when strapped. The length of the band, of
      course, varies with the size of the patients arm, and the length of the
      band also varies with its usage, that is, whether the injection is in the
      arm or the leg of the patient.
PAR  The female fitting 26 in the input side of control indicator is somewhat
      extended to permit capping with cap 26a as shown in FIG. 2b. In this way
      the entire assembly may remain in position at all times -- not requiring
      new openings into the body and with the least inconvenience and discomfort
      to the patient.
PAR  It can be seen from the above the entire assembly is simple and relatively
      inexpensive. The liquid control flow indicator is a positive action valve
      with a quick turn-off. There is no changes in fluid flow due to changes in
      temperature, tube crimps, viscosity, or with time. Sterilization is
      maintained together with the assurance that there will be no air entering
      the line.
PAR  It is to be understood that while the detailed drawings and specific
      examples given describe preferred embodiments of my invention, they are
      for purposes of illustration only, that the apparatus of the invention is
      not limited to the precise details and conditions disclosed and that
      various changes may be made therein without departing from the spirit of
      the invention which is defined by the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for administering medicated liquid to a patient including a
      container for the liquid, a drip chamber immediately adjacent to said
      container and connected thereto with a hose line, and an extended hose
      line connecting said fluid in the container through said drip chamber to a
      body insertable cannula, means for suspending said liquid container above
      the body of the patient for gravitational flow of said liquid through said
      drip chamber and said extended hose line; the improvement comprising:
PA1  liquid flow control means having an input fluid passage directly connected
      to the terminal end of said extended hose line opposite to that of said
      drip chamber, and an output fluid passage;
PA1  said control means including metering means for metering and indicating the
      liquid passing therethrough;
PA1  means for securing said control and metering means to the body of a patient
      adjacent to the point of entry of said body insertable cannula;
PA1  said output fluid passage in said control means directly connected to said
      body insertable cannula and;
PA1  valve means connected with said control means to vary the size of said
      fluid passage;
PA1  whereby said control and metering means controls and meters the fluid
      passage at the point of entry of said body insertable cannula.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein said valve means further
      includes a scale for determining and indicating the size of said passage.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein said valve means further
      comprises a manual adjustment for varying said passage from full to
      closed.
NUM  4.
PAR  4. Apparatus as set forth in claim 3 wherein said manual adjustment is a
      rotatable knob.
NUM  5.
PAR  5. Apparatus as set forth in claim 4 wherein said rotatable knob has a full
      span rotation of the order of 60.degree..
NUM  6.
PAR  6. Apparatus as set forth in claim 5 wherein said rotatable knob includes a
      pointer and wherein said scale is in the order of a 60.degree. arc.
NUM  7.
PAR  7. Apparatus as set forth in claim 1 wherein said securing means is an
      adjustable strap.
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ABST
PAL  A cartridge for a prefilled hypodermic syringe of the type sealed at its
      forward end with a destructible diaphragm is provided with a piston-piston
      rod assembly in which the piston of resilient material is molded in the
      form of a hollow cylinder and has an auxiliary short, cup-shaped member of
      reduced diameter coaxially enclosed within its forward end, and sealed in
      yieldable engagement with the inner walls of said hollow cylinder by a
      transverse, annularly-shaped elastic membrane. The piston rod has a
      forward portion of lateral cross-section smaller than the inner
      cross-sectional area of the piston and slidably receivable in the latter,
      and a following portion having a lateral cross-section dimension greater
      than the inner cross-sectional area of the piston, the junction of the two
      rod portions forming a forwardly directed shoulder. When the piston rod is
      actuated, the forward reduced portion slides forwardly in the piston until
      it engages the auxiliary member and causes such member to distend
      forwardly, while the main body of the piston remains stationary. Continued
      actuation of the piston rod then brings the shoulder formed by the
      following rod portion into engagement with the main body of the piston to
      cause the piston to move as a whole within the syringe cartridge.
BSUM
PAC  THE INVENTION
PAR  This invention relates to piston constructions and more particularly to a
      piston which is especially useful in connection with prefilled hypodermic
      syringes of the disposable type which are provided at their forward ends
      with a closure composed of a destructible diaphragm.
PAR  A disposable, prefilled hypodermic syringe of the indicated type usually
      comprises a rigid, tubular cartridge of glass or other suitable material,
      provided at one end with a piston and piston rod assembly, and provided at
      the other end, which may be constricted to form a neck of reduced
      diameter, with a penetrable closure for sealing the contents of the
      cartridge. The cartridge is also provided at such other end with a
      closure-piercing means such as the pointed end of a hypodermic needle and
      which is mounted in spaced relationship with said penetrable closure to
      prevent accidental puncture and contamination or release of the contents
      of the cartridge. The syringe may be constructed to have the penetrable
      closure pierced by movement of the needle or other closure-piercing means
      relative to the cartridge, or to have a closure which may be ruptured by
      forcing, stretching or ballooning it into contact with the piercing means
      provided in the structure.
PAR  In the illustrated embodiment of the invention, the improvement thereof is
      utilized with a syringe having a flexible, membrane-like closure which is
      caused to stretch or balloon by reason of fluid pressure created in the
      column of fluid contents of the cartridge when the piston-piston rod
      assembly is actuated.
PAR  A relatively small force or pressure need be exerted on the piston of a
      cartridge of small diameter, such as a cartridge having a volume of up to
      5 ml., for example, to stretch or balloon the membrane closure thereof to
      the required extent for destruction. However, cartridges of larger bore
      for volumes up to, for example, 50 ml., require substantially higher
      pressures proportional to the surface area of the piston to effect proper
      stretching or ballooning of their membrane closures. For example, the
      average pressure required to rupture the diaphragm on a 5 ml. cartridge
      having a piston of 1.2 cm. diameter is 8 pounds. A cartridge having a
      capacity of 50 ml., and provided with a plunger of 3 cm. diameter,
      requires approximately 50 pounds pressure to rupture the diaphragm.
PAR  The principal purpose of the present invention is to provide an improved
      piston contruction which will enable the membrane closures in cartridges
      having a capacity of from 5 to 50 and higher ml. to be ruptured by
      applying to the piston rods thereof a relatively small force.
PAR  In accordance with the aforesaid object, the present invention provides a
      novel piston construction for syringes having large volume cartridges,
      that causes the force exerted thereon by the operator to be transmitted to
      the stretchable membrane closure of the syringe through an auxiliary
      piston member of small cross-sectional area, thereby reducing the pressure
      or driving force which is required to be applied to the piston to effect
      rupture of the closure. While the invention will be hereinafter described
      in connection with a disposable hypodermic syringe of a particular
      construction, it will be readily apparent that this same piston structure
      could be employed in connection with other types of closures or sealing
      means for cartridges in which the release of the contents of the
      cartridges is effected by movement or action on the sealing means thereof
      through pressure applied by an operator to the pistons thereof.
PAR  In the type of syringes with which this invention is particularly
      concerned, the piston is normally molded of resilient material having the
      characteristics of soft rubber, in the form of a hollow cylinder or cup
      which is closed at one end and has annular grooves in axially spaced
      relation to increase the efficiency of the seal with the inner wall of the
      cartridge. The inner-facing or closed end of such a piston may be slightly
      shaped, but is generally smooth surfaced. The following or outer end may
      be hollow and threaded, or otherwise formed, to accept and hold a piston
      rod through which the driving force is transmitted by the operator to the
      piston.
PAR  The body of a piston made in accordance with the present invention is
      molded in the form of a cylinder having an annular wall of sufficient
      thickness to engage the walls of the cartridge, and has an auxiliary
      cup-shaped member of reduced diameter coaxial with the cylinder and held
      in yieldable engagement with it by a transverse, annularly-shaped, elastic
      membrane. The inner portion of the auxiliary cup-shaped member may be
      formed to engage a mating protuberance on the piston rod.
PAR  The forward section of the piston rod is smaller in lateral cross-section
      than the remainder of the rod. The lateral cross-sectional and
      longitudinal dimensions of such smaller piston rod section are such as to
      enable such piston rod section to slidably travel within the opening in
      the piston and into engagement with the inner end of the auxiliary member
      to distend the latter without movement of the annular wall of the piston,
      the longitudinal dimension or length of such rod section being sufficient
      to enable the auxiliary member to be advanced a given distance.
PAR  The remaining length of the piston rod has a cross-sectional dimension
      greater than that of the opening in the piston and less than the outer
      diameter of the annular wall or main body of the piston so that when the
      auxiliary member of the piston has been distended to the maximum distance
      desired, continued application of pressure to the piston rod will cause a
      forwardly directed shoulder formed by such piston rod section and the
      remaining length of the rod to engage such main body of the piston and
      move the piston as a whole within the cartridge to discharge the contents
      of the cartridge.
PAR  It is to be noted that in the use of the improved piston construction of
      this invention, when a relatively small force is applied to the piston
      rod, the auxiliary piston member is distended forwardly while the main
      body of the piston remains stationary within the cartridge. The force that
      is thus transmitted through the fluid column by such distention of the
      auxiliary member is sufficient to cause the rupture of the sealing
      closure. With the resistance of the sealing closure removed and the body
      of the piston rod engaged directly with the main body of the piston only
      nominal force is required to be exerted on the piston to effect the
      discharge of the contents of the cartridge.
DRWD
PAR  Other advantages of the piston construction of this invention, as well as
      the features of novelty thereof, will appear from a consideration of the
      following description when read in connection with the accompanying
      drawings; in which
PAR  FIG. 1 is a side view, partly in section, of a disposable hypodermic
      syringe embodying the invention and showing the syringe in the condition
      in which the contents are still sealed in the cartridge thereof;
PAR  FIG. 2 is a similar view showing the syringe piston rod advanced to the
      extent that the auxiliary piston member has been distended sufficiently to
      bring the sealing diaphragm at the reduced end of the syringe into a
      condition for rupture by a needle point provided for such purpose; and
PAR  FIG. 3 is a similar view showing the piston advancing as a whole to
      discharge the contents of the cartridge into a needle, cannula, or other
      delivery means.
DETD
PAR  In the drawings, the reference numeral 10 designates generally the
      cartridge of a disposable hypodermic syringe. At its discharge end, the
      cartridge is provided with a neck 11 and an external flange 12 having an
      outer planar surface 13. Seated on the surface 13 is the flange portion 14
      of a closure or stopper having a tubular plug portion 15 which snugly
      engages the interior wall of the neck 11. The stopper is made of a
      resilient, compressible material such as rubber and its tubular portion 15
      is sealed off by a very thin wall or membrane 16 which is integral with
      the portions 14 and 15 of the stopper. The membrane 16 is capable of
      stretching and thinning out under the influence of pressure applied to the
      under surface in the manner of an inflatable thin walled rubber balloon as
      is indicated in FIG. 2 of the drawings.
PAR  Seated on the outer surface of the closure flange 14 is the outwardly
      flanged lower end 19 of the needle mounting 20. The flange 19 is firmly
      clamped to the outer surface of the closure flange 14 by a suitable
      clamping ring 21 having an outer inturned flange 22 engaging the outer
      surface of the mounting flange 19. The outer end 23 of the clamping ring
      is crimped around the inner end of the cartridge flange 12. The clamping
      ring 21 thus holds the needle mounting 20, the cartridge stopper and the
      cartridge together.
PAR  The inner end 25 of the needle mounting 20 which is provided with the
      flange 19, is cylindrically-shaped. At a place spaced from the membrane 16
      of the stopper, the mounting 20 tapers inwardly and terminates in a
      cylindrically-shaped needle holder 26. Extending through the holder 26 and
      having an intermediate portion thereof permanently gripped by such holder
      in any suitable fashion is a hypodermic needle 27. The outer projecting
      portion of the needle 27 is of such length as may be found desirable for
      the particular use of the syringe and is pointed at its outer terminal
      end. The inner portion 28 of the needle within the mounting 20 extends
      through the space defined by the cylindrical and tapering portions of the
      mounting toward the membrane 16 and has a pointed end which terminates a
      short distance away from the membrane 16. The space between the membrane
      16 and the pointed end of the inner portion 28 of the needle is such that
      when such membrane bulges into the space provided within the mounting 20
      under fluid pressures exerted thereon from within the cartridge 10, as is
      shown in FIG. 2, the membrane will come into contact with the point on the
      inner portion 28 of the needle and be ruptured.
PAR  The medicament in the cartridge 10 is sealed between the diaphragm 16 and a
      piston 30 provided on the head 31 of a piston rod 32. The piston 30 is
      generally cup-shaped and made of a suitable resilient material, such as
      rubber. The body 33 of the piston is tubularly-shaped and relatively thick
      walled so that it takes relatively large pressures to compress it
      longitudinally. The exterior cylindrical surface 44 of the piston 30 has a
      diameter slightly less than the interior diameter of the tubular barrel of
      the cartridge 10. The surface is provided with integral spaced annular
      ridges or protuberances 35 of a diameter greater than the interior
      diameter of the tubular barrel of the cartridge 10 so that they press with
      sufficient force against the interior barrel wall to provide a seal
      against the escape of liquid past the piston.
PAR  Surrounded by the forward end of the piston body 33 is a cup-shaped
      auxiliary piston member 36 formed integrally with such body but having an
      exterior cylindrical surface 37 spaced from the interior cylindrical
      surface 38 of the cup body 33. The auxiliary piston member 36 is connected
      to the cup body 33 by an integral transverse annular membrane 39 capable
      of stretching and thinning out under relatively little stress to enable
      the auxiliary member 36 to move forwardly relative to the cup body 33 and
      of restoring such parts to normal arrangement upon removal of such stress.
      In the normal arrangement of the main body of the piston 33 and the
      auxiliary piston member 36, the forward rounded end of such body and the
      forward closed end of the auxiliary piston member are substantially flush
      and give the forward end of the piston 30 a crowned configuration having
      provided therein an annular recess 40, the inner end of which is closed by
      the transverse annular membrane 39. The auxiliary piston member 36 is also
      cup-shaped and is provided with a cylindrically-shaped recess 41 which is
      open at the following end of said member. The inner end of the recess 41
      is enlarged and configured to receive a formed knob 42 located on the
      outer end of a connecting rod 43 of reduced cross-sectional area. The
      connecting rod 43 extends through the opening 41 and is secured at its
      other end to the central portion of a disc 44 forming the forward terminal
      end of the head 31 of the piston rod 32. The connecting rod 43 and knob 42
      are coaxial with and form a forwardly projecting extension of the piston
      rod head 31. As the form of the rod 43 and knob 42 conform to the
      configuration of the recess 41 they form a mating projection which
      securely fastens the auxiliary piston member 36 in locked relation to the
      piston rod 32.
PAR  At the following end of the piston rod 32 there is provided a disc-shaped,
      fingers engageable member 46 for actuating the piston rod. The body of the
      piston rod 32 between member 46 and the head 31 thereof, and such head 31,
      are constituted of an integral piece of plastic material molded to provide
      four radial, 90.degree. disposed longitudinally extending flanges 45
      forming a "beam" type of piston rod. The radial dimension of the portions
      of the flanges 45 forming the body or main portion of the piston rod 32 is
      greater than the radius of the internal cylindrical surface 38 of the
      piston body 33, but less than the internal radius of the barrel of the
      cartridge 10. The radial dimension of the portions of the flanges 45
      forming the piston rod head 31 is less than that of the flange portions
      forming the main portion of the piston rod 32, similar to that of the disc
      44, and approximating the radius of the internal surface 38 of the piston
      so as to enable such piston rod head 31 to slidably move within such
      surface 38. Due to the difference between the radial dimensions of the
      portions of the flanges 45 in the piston rod head 31 and the portions of
      such flanges constituting the main portion of the piston rod there is
      formed at the junctures of such flange portions outwardly projecting
      shoulders 50. The length of the piston rod head 31 is such as to permit
      the auxiliary piston member 36 to travel the distance required to effect
      the rupture of the closure seal 16 before the shoulders 50 come into
      engagement with the open end of the cup body 33 to advance the piston 30
      as a whole to discharge the contents of the syringe cartridge 10 through
      the needle 27.
PAR  It will be understood from the foregoing that in the use of a syringe
      provided with a piston assembly embodying the invention, a relatively
      small force applied to the piston rod 32 will initially advance the
      forward portion 31 of the piston rod within the piston body 33 which
      because of its frictional contact with the internal wall of the syringe
      barrel 10 will remain stationary until the shoulders 50 on piston rod 32
      come into contact with the outer end of such piston body. During such
      advancement the forward portion 31 of the piston rod will force the
      auxiliary piston member 36 forwardly as shown by comparison of FIGS. 1 and
      2. As is also shown in such figure, the advancing auxiliary piston member
      36 will exert a force through the liquid column as is indicated in FIG. 2
      by the arrows 51. This force exerted through the liquid contents of the
      syringe will cause the diaphragm 16 to balloon outwardly toward the inner
      point of the needle 27. By the time the piston rod has advanced to the
      extent that the shoulders 50 thereof come into engagement with the open
      end of the piston 33, the force exerted in the liquid contents of the
      syringe by the advancing auxiliary piston member 36 will have caused the
      diaphragm 16 to balloon to the extent that it has come into engagement
      with and has been ruptured by the needle 27. With the rupture of the
      diaphragm or membrane 16 which permits a free flow of the liquid contents
      toward the inner end of the needle 27, a nominal force only need be
      exerted on the piston rod 32 to advance the piston 30 as a whole for
      complete discharge of the contents of the cartridge through the needle 27.
      The nominal force required for this purpose is only a fraction of the
      amount of force that would otherwise be required if a solid piston cap of
      the same size were operated as a single element to effect the destruction
      of the membrane 16.
PAR  While there has been described hereinabove and illustrated in the drawings,
      a preferred embodiment of the invention, it will be apparent to those
      skilled in the art that various changes may be made thereto without
      departing from the spirit of the invention or the scope of the appended
      claims. For example, the mating projection composed of the connecting rod
      43 and knob 42 may be dispensed with without a material difference in the
      effectiveness of the two step action of the piston 30. It is also apparent
      that the disc 44 is not necessary for a proper operation of the piston.
      With the absence of the disc the forward ends of the flanges 45 will
      provide an adequate engagement between the piston rod head 31 and the
      following end of the auxiliary piston member 36. Instead of being
      constructed as a beam type of piston rod, the piston rod 32 may be made in
      the cylindrical form so that there will be formed between the body of the
      piston rod and the head thereof an annularly-shaped shoulder 50.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a prefilled, disposable hypodermic syringe, or cartridge intended
      therefor, of the type sealed at its foward end with a destructible
      diaphragm, a piston and piston rod construction comprising:
PA1  a. a unitary piston of molded resilient material and composed of a main
      piston body constituted of a hollow cylinder having an annular inner wall
      and an exterior formed to sealably engage the inner surface of a syringe
      barrel;
PA1  b. an auxiliary member or reduced diameter and substantially shorter than
      said hollow cylinder coaxially enclosed within the forward end of said
      main cylindrical piston body with the external surface of said auxiliary
      member spaced from said inner piston body wall, and
PA1  c. a transverse, annularly-shaped elastic membrane connecting said
      auxiliary member in yieldable sealed engagement with the inner wall of
      said main cylindrical piston body;
PA1  d. a piston rod having a forward portion and a following portion fixedly
      connected together, and movable as a unit relative to the main piston
      body, said forward portion having a lateral cross-section dimension
      approximating the inner cross-sectional area of the main piston body and
      slidably engageable with the inner wall of said main piston body, said
      forward portion being of such length that when advanced within the chamber
      formed by the inner wall of said main piston body it comes into contact
      with the inner-facing end of the auxiliary member spaced from such inner
      wall and moves said member forwardly for a predetermined distance limited
      by the length of said forward position without causing movement of said
      main piston body, the outer-facing end of the auxiliary member having an
      area substantially less than the cross-sectional area of the syringe
      barrel and such that as said member moves through such predetermined
      distance while said main piston body remains stationary, it exerts a
      forwardly directed force through the liquid contacts in the syringe barrel
      sufficient to rupture the distructible diaphragm; and
PA1  e. a forwardly directed shoulder formed by said forward piston rod portion
      and the following portion of said piston rod, and having a lateral
      cross-section dimension greater than the inside diameter of said main
      piston body so that when the auxiliary member has been distended to the
      desired distance, continued application of pressure to the piston rod will
      cause such shoulder to engage the main piston body and to coact with said
      forward piston rod portion in engagement with the auxiliary member to move
      the piston as a whole with said auxiliary member distended within the
      syringe barrel.
NUM  2.
PAR  2. A piston as defined in claim 1, in which said annular membrane is
      connected to said main piston body at a place spaced from the advanced end
      thereof and to an intermediate part of said auxiliary piston member, the
      outer-facing end of said auxiliary member being substantially flush with
      the advanced facing end of said main piston body and said membrane, main
      piston body and auxiliary piston member forming an annular recess in the
      advanced end of said piston, the inner end of said auxiliary piston member
      projecting into and terminating in the chamber formed by the inner wall of
      said main piston body and slidably receiving said forward piston rod
      portion.
NUM  3.
PAR  3. A method for reducing piston pressures required to rupture or otherwise
      dispose the seal of a prefilled, disposable hypodermic syringe of large
      volume, sealed at its forward end by a destructable diaphragm, comprising
      utilization of:
PA1  a. a piston of resilient material having a main body molded in the form of
      a hollow cylinder with an annular wall in sealable relation with the inner
      wall of a syringe body and having an auxiliary member of reduced diameter
      and substantially shorter length coaxially enclosed within the forward end
      of said main cylindrical piston body, so that the inner end of such
      auxiliary member is spaced from such annular wall and terminates in the
      space defined thereby, the auxiliary member being sealed in yieldable
      engagement with the annular wall by a transverse, annularly-shaped,
      elastic membrane;
PA1  b. a piston rod coacting with said piston having a forward portion and a
      following portion fixedly connected thereto so that they are movable as a
      unit relative to the main portion body, the forward portion being slidably
      engageable with the inner side of the annular main piston body wall, and
      of such length that when advanced within said piston into contact with the
      inner-facing end of said auxiliary piston member, said member is distended
      forwardly for a desired distance while the main body portion remains
      stationary, the outer-facing end of the auxiliary piston having such area
      that as it is distended it exerts a forwardly directed force through the
      liquid contents of the syringe sufficient to balloon the diaphragm, and
      said forward portion forming with the following portion of said piston rod
      a forwardly directed shoulder of lateral cross-section dimension greater
      than the inside diameter of said main body so that when the auxiliary
      piston member has been distended to the desired distance, continued
      application of pressure to the piston rod will cause it to engage the main
      body of the piston and move it within the syringe body, whereby;
PA2  pressure exerted on the fluid column by the coaction of the forward portion
      of the piston rod with the annular main piston body wall and the auxiliary
      piston member without movement of the main piston body during the travel
      of such member during the desired distance ruptures or otherwise disposes
      the seal, and continued pressure on the piston rod engages the shoulder of
      the piston rod with the main body of the piston causing it and the
      auxiliary piston member to move as a whole within the syringe body for
      discharge of the contents of the syringe.
PATN
WKU  039398340
SRC  5
APN  5088275
APT  1
ART  335
APD  19740924
TTL  Metal coated articles
ISD  19760224
NCL  17
ECL  1
EXP  Medbery; Aldrich F.
INVT
NAM  McMahon; Patrick J.
STR  87 Interlaken Ave.
CTY  New Rochelle
STA  NY
ZIP  10801
CLAS
OCL  128272
XCL  215 13R
XCL  204298
EDF  2
ICL  A61J  100
FSC  128
FSS  272
FSC  106
FSS  3
FSC  117
FSS  97;227
FSC  215
FSS  3;13 R;1 R
FSC  204
FSS  192;298
UREF
PNO  2622598
ISD  19521200
NAM  Rosenblum
OCL  128272
UREF
PNO  2643021
ISD  19530600
NAM  Freedman
OCL  215 13R
UREF
PNO  2825687
ISD  19580300
NAM  Preston et al.
OCL  204192
UREF
PNO  3779891
ISD  19731200
NAM  Vegh
OCL  204298
UREF
PNO  3793167
ISD  19740200
NAM  Glaser
OCL  204298
UREF
PNO  3828960
ISD  19740800
NAM  Walles
OCL  215 13R
UREF
PNO  3833410
ISD  19740900
NAM  Ang
OCL  117227
LREP
FRM  Depaoli & O'Brien
ABST
PAL  A transparent container is provided which is coated on the interior surface
      with a coherent barrier layer of metal. Stainless steel is a preferred
      barrier coating for glass equipment adapted to contain biological media.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A variety of techniques have been developed for applying a coherent coating
      on the interior surface of containers. The coatings are designed to
      prevent corrosion of the container interior by the contents which are in
      contact with the interior surface. In many cases, the coating serves as a
      barrier to prevent contamination of the contents of the receptacle by
      material which is leached or dissolved out of the container substrate by a
      liquid medium contained therein.
PAR  Silicone treatment of pharmaceutical and other type containers is known in
      the art, particularly for imparting drain-clear properties. In U.S. pat.
      No. 2,504,482 a silicone is dissolved in an organic solvent such as
      chloroform, and the solution is applied to the inner walls of a container
      and thereafter the container is heat-treated to fuse a film of silicone on
      the interior surface of the container. U.S. Pat. Nos. 2,504,482 and
      2,776,172 describe other methods for silicone coating the interior surface
      of pharmaceutical vials, and the like.
PAR  U.S. Pat. No. 3,337,321 relates to the production of glassware which has
      improved resistance to chemical attack. This is accomplished by applying
      an insoluble film on the surface of the of the glass during the blowing
      and cooling stage of production while the glass surface is in a highly
      reactive condition. A colloidal sol of alumina, silica or zirconia is
      preferred for forming the protective surface film on the interior wall of
      glass containers.
PAR  In U.S. Pat. No. 3,452,503 there is described the provision of a hydrogen
      impermeable container formed of a metal selected from the group of
      magnesium, palladium and nickel which is coated on the interior surface
      with a layer of catalytic poisoning sulfide to prevent catalytic
      dissociation of hydrogen at the metal surface.
PAR  U.S. Pat. No. 3,395,997 describes glass vessels which are rendered highly
      resistant to helium permeation by treating one of the surfaces thereof
      with cesium. This is accomplished by the heating of the vessel to a
      temperature between 250.degree. and 400.degree.C., and under high vacuum
      introducing a decomposable cesium compound into contact with the heated
      vessel surface thereby deposited a cesium metal coating on the surface.
PAR  In U.S. Pat. No. 3,669,719 metal coatings on non-metallic and metallic
      substrates are prepared by directing a plasma flame at a non-metallic
      substrate such as a polyimide or a metal substrate such as titanium, and
      injecting into one of the gas streams entering the plasma flame a
      copper-nickel-indium alloy in solid particulate form and depositing on the
      said substrate as an adherent dense coating.
PAR  U.S. Pat. No. 3,690,928 describes a method of coating the interior walls of
      glass bottles by applying a solution of polyvinyl chloride in a volitile
      liquid solvent containing an organic coupling agent.
PAR  U.S. Pat. No. 3,717,498 relates to a method for coating the inside surface
      of quartz or ceramic containerrs with a diffusion-preventive coating. In
      the process, a stream of nitrogen saturated with silicone tetrachloride or
      a stream of silane diluted with nitrogen is passed into a quartz or
      ceramic container which is heated to a temperature between 500.degree. and
      1000.degree.C. When ammonia is added to the gas stream a thin layer of
      silicon-nitride is formed on the interior surface of the container. Or,
      when oxygen is added to the gas stream, a thin layer of silicon oxide is
      deposited on the interior surface.
PAR  The present invention generally relates to the above described prior art in
      that it involves the provision of containers which have the interior
      surface lined with a barrier coating to overcome interaction of the
      container interior surface with contents in contact with the surface.
PAR  In many aspects of research and development work, particularly relating to
      microbiology, enzymology, and the like, there is involved the handling and
      storing of minute quantities of complex biological molecules which are to
      be identified or purified or subjected to other required procedures. In
      such specialized fields of activity it has been a serious disadvantage
      that laboratory equipment such as glass test tubes, vials and pipettes
      often cause contamination of biological fluids, or the walls of the
      equipment act to absorb biochemical moieties which are present only in
      trace quantities but which are essential elements in a quantitative
      determination. For example, proteins are particularly susceptible to
      absorption by the walls of glass containers.
PAR  It has also been found that plastic containers or plastic coated containers
      also absorb proteins and the like, and have the further disadvantage that
      invariably plasticizers or additives or low molecular weight polymers are
      leached into biological fluids as contaminants. Also, plastic containers
      tend to breath, so that vapor and moisture is transmitted through the
      container walls in a deleterious manner. Stainless steel or other metallic
      containers have advantages over glass and plastic containers. However,
      metallic containers have limited use because in most pharmaceutical and
      microbiological research and development procedures it is essential that
      the container be sufficiently transparent to permit viewing of the liquid
      medium in the container. Hence, there has been a long-term need for a
      transparent container adapted for handling of biological and other such
      media without the disadvantage of glass, plastic or metal containers known
      and used in the art.
PAR  It is an object of the present invention to provide a container which is
      inert to corrosive media contained therein.
PAR  It is another object of the present invention to provide transparent
      laboratory receptacles such as test tubes, centrifuge tubes, erlenmeyer
      flasks, sealable vials, and the like, which do not have impurities
      incorporated in the receptacle walls which contaminate liquid media
      contained in the receptacles.
PAR  It is another object of this invention to provide transparent or
      translucent glass or plastic containers which have an impermeable interior
      surface, and do not absorb proteins and other biochemical molecules which
      are present in a biological fluid in minute quantities.
PAR  It is a further object of this invention to provide a method for coating
      the interior of transparent glass and plastic containers without employing
      severe temperature conditions or using plating or coating solutions.
PAR  Other objects and advantages will become apparent from the following
      description of preferred embodiments of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Accordingly, one or more objects of the present invention are accomplished
      by the sputtering of a thin metallic coating on the interior of
      transparent or translucent plastic receptacles, such as test tubes or
      centrifuge tubes.
PAR  The metallic coating is continuous and uniform on the entire interior
      surface of the receptacle. The metallic coating is strongly adherent, and
      is sufficiently coherent and thick to constitute an impermeable barrier.
      The metallic coating varies in thickness between about 50 and 1000
      angstroms, preferably between about 300 and 600 angstroms. In many cases
      the coating is essentially invisible. it is important that the metallic
      coating be impermeable to media constituents such as protein molecules
      (e.g., enzymes and enzyme inhibitors), and it is highly desirable that the
      coating be sufficiently transparent or translucent to permit viewing of
      the receptacle contents. This is essential if visible transformation of
      the receptacle contents is to be observed, or if the volume is to be
      calibrated or reagents are to be added, or if aliquots of the receptacle
      contents are to be removed.
PAR  The particular metal which is applied onto the receptacle interior as a
      coating must be substantially inert to the contents of the receptacle. It
      must form a nonporous impermeable barrier between the receptacle interior
      walls and the receptacle contents. Furthermore, since sputtering is a
      highly preferred method of coating the interior of the receptacles, the
      metal must be capable of being sputtered with standard sputtering
      equipment under average conditions (e.g., at a voltage of about 200-2000).
      Also, the metal must be capable of forming a strongly adherent coating on
      glass or plastic surfaces.
PAR  Metals which are useful as coatings in the practice of the present
      invention are selected from stainless steel, chromium, gold, nickel,
      platinum, palladium, rhodium, vanadium, cadmium, tin, tantalum, tungsten,
      and the like. Alloys such as those of titanium-vanadium can also be
      employed.
PAR  The preferred metals are stainless steel, chromium, gold and nickel; and of
      these, stainless steel and chromium are highly preferred for coating glass
      and plastic receptacle interiors by sputtering techniques.
PAR  It is particularly preferred, for example, to coat the interior of glass
      test tubes and sample vials with stainless steel. These are then useful in
      the same manner as the corresponding stainless steel equipment and with
      all the advantages of such equipment, and with the additional unique
      advantage of being transparent or translucent for the viewing of
      receptacle contents. Such containers are also advantageous in that they
      may be cleaned in standard laboratory dishwashers without degradation of
      the metallic film.
PAR  Other methods besides sputtering can be practiced to accomplish the
      metallic coating operation. For example, the coating can be applied to a
      substrate by evaporation from a filament under high vacuum conditions.
PAR  As mentioned hereinabove, the present invention is particularly suitable
      for the provision of metallic coated glass and plastic receptacles and
      containers adapted for use in pharmaceutical and microbiological research
      and develpment laboratories. These include test tubes, sample tubes,
      sealable vials, centrifuge tubes, erlenmeyer flasks, beakers, round bottom
      reaction flasks, pipettes, petri dishes, watch glasses, and the like.
PAR  Transparent or translucent plastic receptacles and containers generally are
      produced from thermoplastic polymers such as cellulose esters,
      polyacrylate and polymethacrylate homopolymers and copolymers,
      polyethylene, polypropylene, polycarbonates, polyimides, polyvinyl
      halides, polyvinylidene halides, polystyrenes, and the like.
PAR  The following examples are further illustrative of the present invention.
      The reactants and other specific ingredients are presented as being
      typical, and various modifications can be devised in view of the foregoing
      disclosure within the scope of the invention.
PAC  EXAMPLE 1
PAR  Equipment is assembled which is suitable for symmetrical AC sputtering.
PAR  Two thin (0.062 inch) stainless steel rods are set approximately 0.2 inch
      apart and inserted into the interior of a standard glass test tube. The
      rods are insulated from each other and from the test tube.
PAR  The test tube is evacuated and argon gas is introduced to a pressure of
      about 400 microns. High voltage AC (600-1200 volts) is connected across
      the stainless steel target rods. Material is sputtered from each targon
      rod on alternate half cycles of the AC voltage, and within 2 minutes the
      entire interior surface of the test tube is coated with a transparent
      coherent layer of stainless steel.
PAR  The coating operation can also be achieved by DC sputtering, either with
      two thin rods, or with one rod coaxial with a cylinderical screen.
PAR  In the case where a large volume of receptacles are to be interior coated
      simultaneously, RF sputtering is preferred, employing an assembly of
      individual rods for sputtering connected to a grounding system outside the
      receptacles.
PAC  EXAMPLE 2
PAR  A glass test tube is interior coated with a coherent transparent layer of
      stainless steel in accordance with the procedure of Example 1.
PAR  An aqueous solution of a hormone is prepared and introduced into stainless
      steel coated test tubes. The hormone is "vaso pressin," which is also
      referred to as the "anti-diuretic" hormone. The concentration of the
      hormone in solution is about 100 PPM.
PAR  After several minutes, the aqueous solution is removed from the test tubes
      and the loss of hormone from the solution is determined. The procedure is
      repeated with standard glass test tubes, plastic test tubes, teflon-coated
      glass test tubes.
PAR  The loss of hormone by absorption into the interior surface of the test
      tubes is over 80% in the glass test tubes, and the loss is even greater in
      the case of the plastic test tubes and the teflon-coated test tubes. With
      the test tubes of the present invention, wherein the interior surface is
      coated with a coherent layer of stainless steel, the loss of hormone by
      absorption is less than 10%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container for biological media comprising a transparent or translucent
      receptacle having the interior surface coated with a coherent light
      transmitting barrier layer of metal selected from stainless steel,
      chromium, gold, nickel, platinum, palladium, vanadium, cadmium, tin,
      tantalum and tungsten.
NUM  2.
PAR  2. A container for biological media which is sufficiently light
      transmitting for viewing container contents and which has a coherent
      barrier layer of metal coated on the interior surface, wherein said metal
      coating is selected from stainless steel, chromium, gold and nickel.
NUM  3.
PAR  3. A transparent or translucent receptacle for containing biological fluids
      which comprises a hollow glass vessel having the interior surface coated
      with a coherent light transmitting barrier of stainless steel.
NUM  4.
PAR  4. A glass receptacle in accordance with claim 3 wherein the stainless
      steel coating is between about 300 and 600 angstroms in thickness.
NUM  5.
PAR  5. A glass receptacle in accordance with claim 4 wherein the receptacle is
      a test tube.
NUM  6.
PAR  6. A glass receptacle in accordance with claim 4 wherein the receptacle is
      an erlenmeyer flask.
NUM  7.
PAR  7. A glass receptacle in accordance with claim 4 wherein the receptacle is
      a breaker.
NUM  8.
PAR  8. A glass receptacle in accordance with claim 4 wherein the receptacle is
      a petri dish.
NUM  9.
PAR  9. A glass receptacle in accordance with claim 4 wherein the receptacle is
      a centrifuge tube.
NUM  10.
PAR  10. A glass receptacle in accordance with claim 4 wherein the receptacle is
      a sealable vial.
NUM  11.
PAR  11. A glass receptacle in accordance with claim 4 wherein the receptacle is
      a pipette.
NUM  12.
PAR  12. A transparent or translucent container for biological fluids having a
      coherent light transmitting barrier coating of metal on the interior
      surface, wherein the metal coating is deposited on the surface by a
      sputtering technique.
NUM  13.
PAR  13. An article in accordance with claim 12 wherein the metal coating is
      inert to biological fluids.
NUM  14.
PAR  14. An article in accordance with claim 12 wherein the metal coating is
      stainless steel.
NUM  15.
PAR  15. An article in accordance with claim 12 wherein the metal coating is
      chromium.
NUM  16.
PAR  16. An article in accordance with claim 12 wherein the metal coating is
      gold.
NUM  17.
PAR  17. An article in accordance with claim 12 wherein the metal coating is
      nickel.
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ABST
PAL  A medical aspiration system vacuum level indicator. The system preferably
      to be used for vacuum abortions and diagnostics. It is designed for
      operation at high vacuum and includes an aspiration collection bottle. The
      vacuum level indicator comprises an expandable non-porous membrane charged
      with a pre-determined quantity of gas. The membrane is positioned inside
      the collection bottle, and provides a visual indication of the vacuum
      level in the bottle.
PARN
PAR  This is a division of Application Ser. No. 258,960 filed June 2, 1972 now
      U.S. Pat. No. 3,833,000.
BSUM
PAR  The invention relates generally to medical aspiration equipment. The
      invention will find particular application in uterine aspiration such as
      vacuum abortions or sampling of tissue for endometrial cancer detection.
PAR  Within the past years a technique called uterine aspiration or vacuum
      curettage has been developed for performing abortions during the early
      months of pregnancy. The earliest reference to this technique appeared in
      an article by Y. T. Wu and H. C. Wu, entitled "Suction in Artificial
      Abortion-300 Cases" in the Chinese Journal of Obstetrics and Gynecology,
      Vol. 6, 1958, beginning at page 447. A recent survey of the subject
      appeared in an article by Kerslake and Casey, entitled, "Abortion Induced
      by Means of Uterine Aspirator" in Obstetrics and Gynecology, Vol. 30,
      July, 1967, pages 35-45. Very briefly, the technique described in the
      Kerslake and Casey article is to aspirate and conceptus from the uterus
      using a tube which has a flexible connection to a source of suction. A
      typical apparatus as described in the article includes a suction curette
      having an oval mouth at its end, or on one side, and an air hole at the
      other end to control the suction. A rubber suction tubing connects the
      curette to a glass container which in turn is connected to a source of
      suction. Aspiration of the uterine contents usually takes less than two
      minutes and the fetal material can readily be seen as it appears in the
      glass container. The method employed may be very briefly reviewed. The
      perineum, vagina, and cervix are disinfected. The cervix is then drawn
      forward with a tenaculum. The direction of the cervical canal and the
      depths of the uterine cavity are determined with a uterine sound. It is a
      common practice to dilate the cervix to allow easy insertion of the
      suction curette. When dilation is required, preferably a local anesthesia
      is administered. General anesthesia is rarely used. The suction curette of
      appropriate diameter and design is inserted carefully through the cervix
      into the uterus. The suction is then started. In a few seconds the suction
      reaches a working level which, according to the Kerslake and Casey
      article, is at a mean level of 18 inches of mercury (relative). The
      suction curette is moved gently up and down over all aspects of the
      uterine cavity. The products of conception pass visibly into the glass
      container either whole or piecemeal. The degree of suction can be
      controlled with some aspirators by putting a thumb over an airhole at the
      base of the curette as well as by using a pressure control device on the
      pump. During the aspiration process, the uterus reacts by contracting and
      decreasing in volume. Aspiration usually takes less than a minute or two.
      It is thought to be complete when the uterine wall feels smooth and no
      further remnants emerge. A typical prior art apparatus used for uterine
      aspiration consists of a curette connected by a hose to a collection
      bottle which in turn is connected by a second hose to a vacuum source.
PAR  In the prior art system described by Kerslake and Casey the source of the
      vacuum or suction, the collection bottle, and the curette or cannula, are
      connected by hoses or pressure tubing. The working level of vacuum or
      suction typically is 15 to 18 inches of mercury (relative) and is
      gradually raised to this level after the curette is inserted into the
      uterus.
PAR  Uterine aspiration, is not limited to abortions, but is a general technique
      with a further application in diagnostics. For example, in a recent
      article by B. A. Bjerre, et al, entitled "Aspiration Curettage -- a New
      Diagnostic Method" in the Journal of Reproductive Medicine, Vol. 7, No. 5,
      November, 1971, the technique of aspiration curettage was recommended for
      routine use in collecting tissue for endometrial diagnosis and other
      diagnostic purposes. Here the curette is of a small outside diameter,
      typically 3mm, welded to a plastic cap of a tubular chamber which in turn
      is connected to a suction pump. The plastic chamber contains a perforated
      plastic cylinder that serves as a filter and arrests mucosal fragments
      which are to be laboratory tested for either polyps, endometrial "atypia",
      or an adenocarcinoma. The technique employed in the diagnostic aspiration
      curettage is similar to that employed for the abortions by vacuum
      curettage. Here the vagina and portico are cleaned, typically with soap.
      The portico is gripped with a tenacucoum forceps; a uterine sound is
      passed in the cervix and without further dilation the curette is advanced
      into the fundus. Suction is introduced and the curette is passed over the
      entire uterine wall; tissue and some blood is scraped from the uterine
      wall and aspirated by suction. The tissue is trapped in the tubular
      chamber and a histopathological examination is subsequently done on the
      aspirated and trapped tissue.
PAR  In one embodiment a high vacuum is used, e.g. 28 to 30 inches of mercury,
      which is applied with full strength at the very beginning of the
      procedure. By using this high vacuum, it is possible to construct an
      aspiration system in which the collection bottle, source of vacuum, and
      handle for the curette are all one. This does away with a separate source
      of suction, whether that be an electric pump (which is commonly used in
      the United States), or a vacuum jar (as used in China). It might be noted
      that electric pumps are subject to failure -- due to electrical
      interuptions, or to accidental carry-over of fluids from the collection
      bottle -- with the very serious consequence that the procedure is
      interupted and has to be completed by sharp D & C or in extreme cases by a
      hysterectomy. The system of the invention, moreover, does away with the
      prior art hoses which connect the curette to the collection bottle and the
      collection bottle to the suction source. These hoses encumber the
      physician. Furthermore, if the curette is not provided with a handle and
      swivel, which are heavy, it is difficult to rotate the curette in the
      uterus. This feature is considered very desirable by many surgeons. In the
      present invention there are no encumbering hoses, and the surgeon may
      rotate the curette easily without heavy swivels or other attachments.
PAR  In one embodiment of the invention, a high vacuum is induced in a
      transparent bottle typically less than one-half liter in volume. A cap
      with a valve is mounted on this bottle and a cannula or curette rigidly
      fits into a seat on the valve. In a typical procedure, the cannula is
      introduced into the uterus, the valve is then opened and the full vacuum
      rapidly sucks the products of conception from the interior of the uterus.
      The surgeon may grasp the bottle in one or both of his hands and move the
      cannula tip over the wall of the uterus. The valve is then closed, and the
      apparatus is withdrawn.
PAR  It will be noted that the apparatus is relatively small. The volume of a
      typical bottle is 0.35 liters, small enough to be conveniently held in a
      surgeon's hand. This size is possible because of (1) the initial high
      vacuum and (2) the absence of hoses, which dilute residual vacuum by
      reason of expansion, and (3) the discovery that the material extracted
      from the uterus is a fluid with virtually no gas content. The latter point
      might be examined a little more fully. The products of conception
      extracted from the uterus is a fluid with entrained semi-solids. This
      apparently was not previously appreciated, nor was it applied to the
      practical design of uterine aspiration apparatus. Experimentation has
      confirmed that the collection bottle may be filled approximately 70% full
      with aspirated material before the pre-induced vacuum level falls more
      than 12%. (In one measurement, a 475 milliliter container starting with an
      initial vacuum of 28.64 inches of mercury was filled to 400 milliliters
      and had a remaining vacuum of 26.85 inches of mercury. When subsequently
      filled to 450 milliliters, it still had 23.34 inches of mercury vacuum).
      The important point is that it is not until the aspirated volume reaches
      about 70% of collection bottle volume that the initial induced vacuum
      begins to deteriorate appreciatly. This fact apparently had not been
      appreciated nor was it applied heretofore to uterine aspiration systems.
PAR  A further advantage of this system is that the aspirated products may be
      easily observed by the physician because the collection bottle is attached
      directly to the cannula and is in his hand during the procedure. In prior
      art abortion systems the collection bottle is remotely positioned. When
      connected by a hose, the collection bottle -- in order to avoid being
      accidentally toppled over when the hose was pulled on -- is securely
      mounted onto a stable platform which is usually some distance away and the
      physician has to look up and away from the patient and the point of
      operation to see the aspirated material. With the apparatus of the present
      invention, the doctor applies his sense of touch to the collection bottle,
      and also concentrates visually on the collection bottle to observe the
      products of conception being removed.
PAR  A further advantage, is lack of dependence on the electric vacuum pump. In
      addition to mechanical failure, possible contamination, and electric power
      failure, the pump has the further drawback in that its noise is
      psychologically upsetting and stress-producing on the patient. It has been
      observed that when the pump is turned on and running, the patient reacts
      with an undesirable tension, complicating the emotional, as well as the
      physical completion of the operation. The system of the present invention
      it will be noted is completely silent.
PAR  It may be noted that this embodiment has the further advantages of being
      compact in that it occupies but a small volume, and it is simple to
      assemble, disassemble and clean as well as to operate.
PAR  The initial vacuum in the bottle of this system may be induced by an
      electric pump, or by any other means.
PAR  Other objects and features of the invention disclosed will become apparent
      to those skilled in the art upon reference to the following specifications
      and accompanying drawings wherein several embodiments are disclosed by way
      of illustration.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a plane view of a preferred embodiment of the invention, and
      auxiliary apparatus that may be used therewith.
PAR  FIG. 2 is a graph illustrating the relation between pressure (vacuum)
      remaining in the bottle in terms of fluid volume aspirated.
DETD
PAR  Referring now to the drawing of FIG. 1, there is shown a preferred
      embodiment of a collection apparatus of the invention, which will find
      typical application in terminating early pregnancies. The apparatus
      consists basically of three parts: a collection vacuum bottle, 10, a cap
      valve socket assembly, 12, and a mesh filter or trap, 14. A cannula, 16,
      fits directly into a socket connection of the cap valve socket assembly,
      12. Two accessories are also shown in FIG. 1. The first is a floating
      relief and check valve, 18, which may be used when the vacuum in the
      collection bottle is to be produced thermodynamically, as described more
      fully below. The second, is a test gauge, 20, to measure the vacuum in the
      collection bottle, and which is more fully described below.
PAR  The collection bottle itself, 10, is preferably made of a clear (i.e.
      transparent) heat resistent material (e.g. Pyrex). The dimensions of the
      collection bottle are such that it may be conveniently hand-held. A
      preferred bottle has a lower portion, 22, which is larger than its upper
      portion, 24. A checkered or textured surface, 26, may be provided on the
      lower portion, 22, of the bottle, to facilitate gripping. A typical bottle
      is 61/2 inches long, with the upper portion 21/4 inches in diameter and
      the lower portion 21/2 to 3 inches in diameter. During a procedure the
      bottle is held in one hand and manipulated. Alternatively, the surgeon may
      loosely hold the upper portion in one hand, and graps the lower portion
      with his other hand, swivelling the apparatus so as to move the cannula
      tip over the wall of the uterus. It should be noted that the assembled
      apparatus includes the cannula rigidly connected to the collection bottle
      so that the bottle in addition to being the collection chamber, and the
      resevoir of the vacuum, is also the handle for the cannula. It should be
      further noted that the collection bottle during the procedure is in the
      hands of the surgeon and the extracted products of conception can be
      readily viewed through its transparent walls by the doctor as he performs
      the operation.
PAR  The upper end of the bottle terminates in a screw fitting, 28, which
      mechanically mates with a corresponding fitting on the cap valve socket
      assembly, 12. It should be understood, however, that any convenient or
      convenitonal fitting may be used so long as the connection is vacuum
      tight, and for certain embodiments, are also heat resistent.
PAR  The cap valve socket assembly, 12, includes a cap portion, 30, which
      connects to the screw thread, 28, on the upper portion of the bottle. A
      plug valve, 32, is mounted on the cap, 30, and terminates in a suction
      curette socket connection, 34. The cannula or curette, 16, fits directly
      into the socket connection, 34, and is secured tightly therein by either a
      friction fit, as is common with many curettes commercially available, or
      by any other convenient or conventional securing means. The plug valve,
      34, includes a handle, 36, which is movable between first and second
      positions to permit, or to block, a freeflow having at least 3/8 inches
      diameter passage from the socket connection at 34, to the interior of the
      bottle at the inside of the cap, 30.
PAR  The mesh filter or trap, 14, may be a rigid plastic or metal mesh strainer
      which fits inside the collection bottle, and may be attached either to the
      inner face of the cap, or along the interspace between the cap and the top
      lip of the bottle. In practice, the traps collect the fetal parts and
      other solid material which are subsequently examined by the surgeon or
      pathologist. In the case of endometrial tissue collection, it is this
      tissue material which is sought for the subsequent diagnostic testing. In
      the case of abortion the semi-solid material is examined to make sure all
      of the products of conception have been removed.
PAR  In a typical procedure, the trap, 14, is connected and the cap assembly,
      12, is attached to the bottle, 10 (with the handle, 36, in the open
      position). Vacuum is induced inside the bottle, 10, the handle, 36, is
      closed A sterile cannula, 16, is fitted into the socket, 34, and the
      apparatus is ready for the procedure. After the patient has been prepared,
      the cannula is introduced into the uterus, and the surgeon opens the
      valve, 34, at the handle, 36; and then, by manipulating the bottle, 10,
      with one or both hands, moves the opened end of the cannula over the
      surface of the uterus wall, extracting the conceptus. When all the
      material is believed to be removed, the handle, 36, is closed, and the
      apparatus is removed. In the case of endometrial tissue extraction, a
      similar routine is followed.
PAR  The vacuum inside the bottle, 10, may be produced immediately before the
      operation, by an electrical or mechanical pump. Alternatively the
      apparatus may be vacuum pre-packaged with the vacuum induced several weeks
      or months before the procedure and the apparatus rests on the shelf until
      ready.
PAR  It has been discovered that the aspirated products have very little, if
      any, gaseous content, and the high vacuum pre-induced inside the
      collection bottle remains relatively stable until approximately 70% has
      been filled with liquid and semi-solid material! For example, with an
      initial vacuum of 28.43 inches of mercury a collection bottle was filled
      73% full and the remaining vacuum was still 25 inches of mercury.
PAR  The relationship can be generalized and expressed mathematically as
      follows:
      ##EQU1##
      Where
PAR  Pr = Pressure (vacuum remaining in collection bottle for any amount of
      fluid volume aspirated).
PAR  Ps = Initial pressure in collection bottle (pre-induced vacuum).
PAR  Pa = Atmospheric pressure.
PAR  V = Volume of collection bottle.
PAR  Vf = Free volume between suction tip opening and valve.
PAR  Va = Fluid volume aspirated.
PAR  All Expressed in Absolute Units.
PAR  In the apparatus of the present invention the quantity Vf (the free volume
      between the suction tip opening on the cannula and the valve) is held to a
      minimum because there are neither hoses nor intermediate connections
      between the cannula and the valve to deplete the available vacuum. When
      Pr, (the vacuum remaining in the collection bottle) is expressed in terms
      of Va (the fluid volume aspirated) for any set of given conditions, it is
      found that Pr does not change appreciably until the fluid volume aspirated
      reaches about 70% of the collection bottle volume. Thus, relatively large
      volumes of fluid may be aspirated at nearly constant pre-induced vacuum
      levels. This relationship is shown graphically in FIG. 2.
PAR  A further accessory for use with the apparatus is shown in FIG. 1. It is
      the vacuum test gauge, 20, which has a conventional vacuum gauge, 70,
      connected to a lower mating plug, 72, which fits into the socket, 34. The
      available vacuum can be measured without the loss of any pressure, (other
      than the vacuum associated with the gauge, 20, which is negligable) by
      placing the plug, 72, in the socket, 34, and opening the handle, 36. The
      gauge, 20, is also provided with a bleeder control knob, 74, which permits
      the controlled introduction of ambient air into the collection bottle.
      With this arrangement the vacuum inside the bottle may be adjusted to a
      lower level, if desired, while monitoring the remaining pressure on the
      gauge, 70.
PAR  An alternative gauge, 80, is shown in FIG. 1. It will find particular
      application with pre-packaged vacuums that may remain on the shelf for
      several weeks or months. Gauge 80, is a non-porous elastic membrane,
      filled with a given quantity of gas. It is positioned inside the bottle,
      10. When there is vacuum in the bottle, the membrane is completely
      inflated through the expansion of entrapped air sealed in at atmospheric
      pressure. As the vacuum decreases, the membrane correspondingly collapses.
      Thus, the size of the membrane, 80, provides a rough indication of the
      amount of vacuum remaining in the bottle. During a procedure, as the
      vacuum bottle fills, the gauge, 80, provides a continuous measure of
      remaining vacuum. This is possible because it is light and floats on top
      of any collected liquids, and is always readily visible.
PAR  Although the invention has been described with examples applicable to
      abortions, it is not so limited, and may find application elsewhere. For
      example, where the apparatus is to be used for endometrial cancer
      detection, or for removal of cysts and drain other body cavities,
      different sized cannula, and different sized collection bottles may be
      used. For example for endometrial testing the cannula typically has an
      outside diameter of 3 mm (this may be contrasted with the cannula used in
      the early weeks of pregnancy of approximately 6 to 8 mm) and the
      collection bottle is small in size, typically having a volume of about 100
      ml.
PAR  Thus there has been shown and described a uterine aspiration system which
      is self-contained, easy to use and frees the doctor from the encumbrances
      of connecting hoses, swivels, etc. Furthermore, the collection bottle
      forms the "handle" of the curette and thus not only provides a good
      support, but also permits inspection of the extracted products during the
      procedure. The apparatus of the invention moreover, does not depend upon
      an electric pump as its source of vacuum during the operation, and thus is
      free from the noise, and the resulting psychological stress associated
      therewith and possibility of power failure. There has also been explained
      that it is possible to perform the vacuum curettage with a relatively
      small volume high vacuum collection bottle
PAR  There has also been described various gauges, and accessory valves, for use
      with the apparatus of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vacuum level indicator for use in an evacuated empty medical uterine
      aspiration collection bottle comprising an expandable non-porous elastic
      membrane positioned inside said collection bottle and adapted to be used
      with means for regulating the introduction of material from the uterus
      into said evacuated bottle, said bottle being transparent to permit
      viewing of said indicator, said membrane defining an enclosed volume
      inside said evacuated bottle, a predetermined quantity of gas within said
      enclosed volume sufficient to provide a first visually observable
      expansion of said elastic membrane when said bottle is empty and
      evacuated, and a different expansion when said bottle is either
      substantially filled with aspirated material or when said bottle is no
      longer evacuated.
NUM  2.
PAR  2. A medical uterine aspiration system indicator comprising a transparent
      collection bottle having a volume in the range of 50 to 500 milliliters; a
      cap for said bottle; an operator operative valve mounted in said cap and
      adapted to be connected to a cannula, said valve providing on/off or flow
      through passage from said portion connectable to said cannula and to the
      interior of said bottle; said bottle, cap, and valve when closed being
      hermetically tight and capable of withstanding when evacuated a high
      vacuum within said bottle; an expandable non-porous membrane extending
      inside said bottle, sealing off a portion of the space inside said bottle,
      said sealed-off portion being charged with a predetermined quantity of
      gas; said membrane expanding due to the presence of said gas when said
      bottle is evacuated, and contracting to a readily observable different
      indication when said bottle is filled to more than seventy percent of its
      capacity by aspirated uterine liquids and semi-solids.
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ABST
PAL  A water dispersible nonwoven fabric comprising one or more layers of
      overlapping, intersecting fibers and from about 4 percent to about 35
      percent by weight of a binder comprising an alkali salt of a sulfated
      cellulose ester, said nonwoven fabric having good tensile strength and
      abrasion resistance in the presence of body fluids such as urine, blood,
      and menstrual fluid. The nonwoven fabrics may be incorporated in body
      fluid absorbent products such as sanitary napkins, diapers, surgical
      dressings, tampons, nursing pads and the like.
BSUM
PAR  This invention relates to new nonwoven fabrics which are readily
      dispersible in water and are flushable. More particularly, this invention
      relates to nonwoven fabrics which, in addition to having the
      above-mentioned desirable characteristics, exhibit satisfactory tensile
      strength when they are contacted with body fluids.
PAR  Nonwoven fabrics are widely used as components of such disposable goods as
      sanitary napkins, diapers, wound dressings, bandages, nursing pads and the
      like. Such fabrics, if they are to function effectively, must maintain
      their structural integrity, as well as exhibit satifactory tensile
      strength, when they are wet or damp with the various body fluids, for
      example, blood, menstrual fluid, milk and urine, with which they come into
      contact during use. It has been recognized that if such nonwoven fabrics,
      while retaining their strength in body fluids, were to lose substantially
      all their tensile strength when exposed to water and become readily
      dispersible therein, disposal problems would be substantially eliminated
      since the fabrics could be easily and conveniently flushed away in a water
      closet.
PAR  Unfortunately, in an attempt to provide nonwoven fabrics having certain
      in-use characteristics, prior methods have rendered the fabric
      nondispersible in water. For example, nonwovens have been bonded with body
      fluid-insoluble resins which impart in-use strength. Generally, however,
      such resins have also been water insoluble as well and have impeded
      flushing of the fabric. Therefore, less desirable methods of disposal such
      as incineration or dumping must be employed.
PAC  SUMMARY OF INVENTION
PAR  I have now discovered a bonded nonwoven fabric which, in addition to having
      good strength when dry, and satisfactory strength and abrasion resistance
      in the presence of most body fluids, such as urine, blood, menstural fluid
      and the like, is easily dispersible in water and hence is flushable in
      home water closets and capable of disposal in standard sewer systems or
      septic systems. In this connection when an article, for example, a barrier
      means, an absorbent core, a nonwoven fabric or the like is referred to
      herein as being flushable, it is meant that that article may be deposited
      in, and flushed through, a water closet without any undue clogging of the
      water closet or its auxiliary piping. When such an article is referred to
      herein as being water dispersible, it is meant that that article, when
      placed in water, loses its integrity and is flushable.
PAR  The improved nonwoven fabric of this invention comprises one or more layers
      of overlapping, intersecting fibers and from about 4 percent to about 35
      percent by weight of the fabric of binder. The binder comprises an alkali
      salt of a sulfated cellulose ester resin, such as, for example, sodium,
      potassium, or lithium cellulose acetate sulfate; sodium, potassium or
      lithium cellulose acetate-butyrate sulfate; potassium cellulose butyrate
      sulfate; and sodium cellulose propionate sulfate. Most preferably the
      resin binder used in the present invention comprises sodium cellulose
      acetate sulfate. If so desired, the binder may comprise mixtures of the
      various alkali cellulose ester sulfates.
PAR  The fabrics prepared in accordance with this invention have good dry
      tensile strength depending upon, among other things, the amount of binder
      applied to the fabric and the manner in which it is applied. They are
      abrasion resistant and retain a significant part of their dry tensile
      strength in solutions containing about 0.8% or more by weight of sodium
      chloride, and yet are readily dispersible in water. Because of this latter
      property, the nonwoven fabrics of this invention are uniquely suited for
      use in products to be contacted with such body fluids as blood, menstrual
      fluid, urine and the like. These fluids, in general, exhibit properties
      which, with respect to the binder, are analogous to aqueous salt solutions
      having a salt content which varies from about 0.8% to about 2.0% by weight
      of sodium chloride. On the other hand tap water normally supplied to water
      closets and the like generally has an extremely low concentration of salt,
      as indicated by a chloride ion cencentration of less than 250 parts per
      million. It has been discovered that the nonwoven fabrics made as
      described herein maintain their integrity for a substantial period of time
      in solutions having a salt concentration exhibiting the properties of body
      fluids whereas they display a far lower resistance to dispersion in tap
      water. This unique property is a function of the degree of sulfate
      substitution which expresses the average number of sulfate groups per
      anhydroglucose unit of the cellulosic ester. The nonwoven fabric bonded by
      the aforementioned cellulosic resins will exhibit increasing
      dispersibility in water and decreasing strength in salt solutions as the
      degree of sulfate substitution of the cellulosic resin is increased. It
      has been discovered that a nonwoven fabric bonded by resins having a
      degree of sulfate substitution varying from about 0.10 to about 0.45 is
      useful in products designed to be contacted by various body fluids. In
      another aspect of this invention, the nonwoven fabrics are incorporated
      into such body fluid absorbent products as sanitary napkins, diapers,
      surgical dressings, nursing pads, and the like. These products generally
      include an absorbent core, comprising one or more layers of an absorbent
      fibrous material. The core may also comprise one or more layers of a
      fluid-pervious element, such as tissue, gauze, plastic netting, etc. These
      are generally useful as wrapping materials to hold the components of the
      core together. Additionally, the core may comprise a fluid-impervious
      element or barrier means to preclude the passage of fluid through the core
      and on to its outer surfaces. In accordance with this aspect of the
      instant invention, a body fluid absorbent product is provided having a
      nonwoven fabric in contact with an absorbent core, the nonwoven fabric
      comprising a layer of overlapping intersecting fibers and from about 4 to
      about 35 percent by weight of the fabric of a binder comprising an alkali
      salt of a sulfated cellulose ester having an average of from about 0.10 to
      about 0.45 sulfate groups per anhydroglucose unit.
PAR  The invention will be more clearly understood by reference to the attached
      drawings taken together with the following description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a bonded nonwoven fabric in accordance with the
      present invention;
PAR  FIG. 2 is a perspective view of a sanitary napkin embodying this invention
      with parts broken away to show the interior construction thereof;
PAR  FIG. 3 is a cross-sectional view taken approximately along lines 3--3 of
      FIG. 2;
PAR  FIG. 4 is a perspective view of a disposable diaper embodying this
      invention with parts broken away to show the interior construction
      thereof; and
PAR  FIG. 5 is a cross-sectional view taken approximately along lines 5--5 of
      FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown a water dispersible nonwoven fabric 10.
      The fabric comprises a layer of overlapping, intersecting fibers 11 having
      substantially uniformly distributed therein a binder comprising an alkali
      salt of a sulfated cellulose ester 12 as hereinafter described.
PAR  The sulfated cellulose esters used to form the binders of this invention
      may be produced by first forming the sulfate derivative of cellulose and
      then esterifying with a suitable acylating agent.
PAR  The sulfated cellulose is prepared by slurrying cellulose, for example in
      the form of woodpulp, in an inert liquid reaction medium such as glacial
      acetic acid and reacting the cellulose slurry with a sulfating mixture
      prepared from reactants comprising acetic anhydride, an alkali sulfate,
      glacial acetic acid and sulfuric acid. The sulfated cellulose so obtained
      is reacted with an acylating agent such as acetic anhydride to form a
      solution of the desired alkali salt of the sulfated cellulose ester in the
      reaction mixture. The cellulose ester sulfate is then precipitated from
      solution by adding the reaction mixture in which it is dissolved to an
      aqueous precipitation medium maintained at a pH of from about 3 to about
      8. The pH of the aqueous precipitation medium is maintained within the
      specified range by the addition, as necessary, of suitable amounts of an
      aqueous base. Examples of suitable bases are the alkali metal hydroxides
      such as sodium, potassium or lithium hydroxide; the salts of alkali metal
      hydroxides with weak acids, such as sodium carbonate, potassium carbonate,
      and lithium acetate; and ammonium hydroxide.
PAR  Alternatively, solutions of alkali salts of sulfated cellulose esters may
      be prepared by dissolving a commercially available cellulose ester in an
      inert liquid reaction medium and then sulfating the cellulose ester with
      alkali acetyl sulfate, or by other well known procedures. The alkali
      cellulose ester sulfate may then be recovered by recipitation in an
      aqueous precipitating medium in the manner described above.
PAR  In accordance with this invention, it has been discovered that by modifying
      the degree of sulfate substitution of the cellulosic resin binder, the
      salt resistance and water dispersibility of the bonded nonwoven fabric can
      be modified to provide fabrics which will function effectively when
      contacted by various body fluids and which may be flushed away in a water
      closet. Specifically, by lowering the degree of sulfation of the
      cellulosic resins, the fabrics of this invention become more resistant to
      salt solutions in that they retain their integrity after being subjected
      to these solutions for longer periods of time and in that they exhibit
      higher tensile strengths when subjected to a given salt concentration for
      a given period of time. In general, if the degree of sulfate substitution
      of the cellulosic resin is maintained at below about 0.45, an adequately
      salt resistant nonwoven fabric results. Preferably, the degree of sulfate
      substitution should be maintained at below about 0.40. While the
      resistance of the nonwoven fabrics to salt solutions having a salt
      concentration exhibiting the properties of body fluids increases greatly
      with decreasing sulfate substitution, the ability of the fabrics to
      disperse readily in water is maintained until extremely low sulfate
      substitutions are reached. Adequate water dispersibility is achieved when
      the degree of sulfate substitution of the cellulosic resin is maintained
      at a value of at least about 0.10. Preferably, the degree of sulfate
      substitution should be at least about 0.15, and more preferably, at least
      about 0.27.
PAR  The aforementioned alkali salts of sulfated cellulose esters are used to
      bond a base layer of fibers to provide the nonwoven fabric of this
      invention. Suitable base layers comprise most of the well-known fibers,
      the choice depending upon, for example, fiber cost and the intended end
      use of the finished fabric. For instance, the base layer may include
      natural fibers such as cotton, linen, jute, hemp, cotton linters, wool,
      wood pulp, etc. SImilarly, regenerated cellulosic fibers such as viscose
      rayon and cuprammonium rayon, modified cellulosic fibers, such as
      cellulose acetate, or synthetic fibers such as those derived from
      polyvinyl alcohol, polyesters, polyamides, polyacrylics, etc., alone or in
      combination with one another, may likewise be used. Natural fibers may be
      blended with regenerated, modified, and/or synthetic fibers if so desired.
PAR  The length of the fiber is important in producing the fabrics of the
      present invention. The minimum length of the fibers depends on the method
      selected for forming the base layer. For example, where the base layer is
      formed by carding, the length of the fiber should usually be a minimum of
      one-half inch in order to insure uniformity. Where the base layer is
      formed by air deposition or water deposition techniques, the minimum fiber
      length may be about 0.05 inch. It has been found that when a substantial
      quantity of fibers having a length greater than about 2 inches is placed
      in the fabric, though the fibers will disperse and separate in water,
      their length tends to form "ropes" of fibers which are undesirable when
      flushing in home water closets. It is preferred that the fiber length be
      about 11/2  inches or less so that the fibers will not "rope" when they
      are flushed through a toilet.
PAR  The base layers suitable for conversion into the fabric of the present
      invention may be formed by carding, garnetting, air deposition, water
      deposition, or any of the other various techniques known in the art. The
      fibers in the layer may be oriented predominantly in one direction as in a
      card web or a card web laminate or they may be randomly oriented as in a
      layer formed by air deposition techniques. For sanitary napkin coverings,
      disposable diaper facings and similar uses where the fabric is to be
      flushable, the web is fairly thin and should weigh between 150 to 400
      grains per square yard. Where the fabric must possess a substantial amount
      of strength, uniform fiber distribution is important so as to avoid weak
      spots in the final nonwoven fabric. Uniform base layers may be produced by
      carding in which case it is advantageous to use fibers which have good
      carding characteristics and can be blended into a uniform carded wed with
      facility. Fibers of viscose rayon and cotton are both satisfactory in this
      respect.
PAR  The amount of sulfated cellulose ester binder distributed in the base layer
      should be from about 4 to about 35 percent by weight of the final nonwoven
      fabric. If less than about 4 percent of the cellulosic binder is employed,
      the fabric does not have sufficient strength and abrasion resistance to be
      of any utility. If more than about 35 percent of the cellulosic binder is
      employed, the fabric may lose desirable properties such as absorbency and
      softness.
PAR  It is preferred that the amount of sulfated cellulose ester binder be
      between about 10 to about 30 percent by weight of the final nonwoven
      fabric in order to ensure an optimum balance of water dispersibility and
      wet tensile strength in the presence of various body fluids.
PAR  The binder may be distributed in the base layer by printing, spraying,
      impregnating or by any other technique wherein the amount of binder may be
      metered and the binder can be distributed uniformly within the base layer.
      The binder may be distributed throughout the entire base layer or it may
      be distributed therein in a multiplicity of small closely spaced areas.
      The binder may be distributed in lines running across, or at an angle to,
      the width of the web or in separate small shaped areas having circular,
      angular, square, or triangular configurations. It is preferred that when
      the binder is applied to the fibrous layer there be left unbonded areas in
      the layer.
PAR  For ease of application to the base fibrous layer, the cellulosic resin
      binder may be dissolved in water; mixtures of water with acetone, methyl
      ethyl ketone or methylene chloride; or mixtures of methanol with acetone,
      methyl ethyl ketone or methylene chloride, to provide solutions containing
      up to about 30 percent by weight of binder solids. Plasticizers, such as
      glycerol, polyethylene glycol, and castor oil, may be added to the
      solution of the cellulosic resin, the amount of such plasticizers varying
      according to the softness required in the final fabric. Perfumes, coloring
      agents, antifoams, bactericides, surface active agents, thickening agents
      and similar additives may be incorporated into the solution of the
      cellulosic resin binder if so desired. Other binding agents such as
      polyvinyl alcohol or aqueous dispersions of, for example, polyvinyl
      chloride, polyvinyl acetate, polyacrylates, polymethacrylates, copolymers
      of acrylates and methacrylates, copolymers of vinyl acetate with acrylates
      and/or methacrylates and copolymers of acrylates and/or methacrylates with
      vinyl chloride may be added to the cellulosic binder solution in order to
      obtain fabrics having various desired properties.
PAR  Referring now to FIGS. 2 and 3 of the drawing, illustrated therein is an
      embodiment of the water dispersible nonwoven fabric of this invention as
      used with a sanitary napkin 20.
PAR  Napkin 20 comprises an absorbent core which is contacted by a
      fluid-pervious cover 26 comprising the bonded nonwoven fabric of this
      invention. The absorbent core comprises a pad 22 of absorbent fibrous
      material such as comminuted wood pulp fibers, cotton linters, rayon
      fibers, cotton staple, bleached sulfite linters, other cellulosic or
      modified cellulosic fibers and the like. The absorbent core further
      comprises a fluid-impervious element or barrier means 24 which, for
      example, may be a thin polyethylene sheet or any other suitable material.
      As best seen in FIG. 3, barrier means 24 overlies the sides and the bottom
      surface of absorbent pad 22 (the bottom surface being that portion worn
      away from the body). Fluid-pervious cover 26 surrounds absorbent pad 22
      and barrier means 24 with the lateral edges thereof overlapped and secured
      on the bottom surface of napkin 20. Cover 26 is extended beyond the ends
      of the absorbent core to form the usual attachment tabs 28. While FIGS. 2
      and 3 illustrate a tabbed napkin, it will be understood by one skilled in
      the art that the advantages accruing to the use of the nonwoven fabrics of
      this invention are equally applicable to a tabless product, e.g., one
      where tabs are not used as attachment means and other attachment means
      such as, for example, adhesive means, are used. It will also be understood
      that the absorbent core may comprise, in addition to the absorbent pad and
      barrier means, a fluid-pervious element such as gauze, tissue, plastic
      netting and the like if increased strength and/or dimensional stability
      are desired. It will be further understood that the fluid pervious cover
      of this invention need not completely surround the absorbent pad as
      illustrated in FIGS. 2 and 3. For example, one could provide a fluid
      pervious cover, the edges of which are adhered to the edges of the barrier
      means; in such a case, the barrier means and fluid pervious cover would
      cooperate to form an enclosure for the pad of absorbent fibrous material.
PAR  The nonwoven fabric of this invention is uniquely suited to serve as a
      fluid-pervious covering in a sanitary napkin, such as shown in FIGS. 2 and
      3, because it is resistant to abrasion and exhibits satisfactory tensile
      strength when it has been dampened or wetted with menstrual fluid, which
      has a salt content of about 0.8 percent to about 1.5 percent by weight.
      The fabrics of this invention are resistant to solutions containing more
      than about 0.8 percent salt, but are completely dispersible when
      introduced into water. It will be apparent that, by employing a
      water-dispersible material for the barrier means and a water-dispersible
      absorbent pad, the sanitary napkin of FIGS. 2 and 3 may be conveniently
      and completely disposed of by flushing through a water closet.
PAR  Alternatively, the illustrated napkin may be provided with a non-water
      dispersible barrier means and a water-dispersible absorbent pad. In that
      case, fluid-pervious covering 26 is first removed and the barrier means is
      separated from the pad; the pad and covering can then be dropped into a
      water closet for disposal. In either case, the unique nonwoven fabric of
      this invention will be completely dispersed in a water closet under the
      swirling action of the water supplied thereto and will not impair the
      normal operation of the water closet and associated plumbing.
PAR  Referring to FIGS. 4 and 5 of the drawing, there is illustrated therein
      another embodiment of the water dispersible nonwoven fabric of this
      invention as used with a disposable diaper 30.
PAR  Diaper 30 comprises an absorbent core and a fluid-pervious facing 36
      comprising the nonwoven fabric of this invention. The absorbent core
      comprises an absorbent layer 32 of fibrous material such as comminuted
      wood pulp fibers, cotton linters, rayon fibers, cotton staple, bleached
      sulfite linters, other cellulosic or modified cellulosic fibers, and the
      like. The absorbent core further comprises a body fluid-impervious element
      or barrier means 34 which overlies the bottom surface of absorbent layer
      32. Barrier means 34 may comprise for example, a thin sheet of
      polyethylene or other suitable material. Where barrier means 34 is not
      water-dispersible, it is convenient that it be easily removed from the
      remainder of the diaper so as to minimize disposal problems.
      Fluid-pervious facing 36 overlies the top surface of absorbent layer 32.
      In the embodiment illustrated in FIGS. 4 and 5, it will be observed that
      barrier means 34 and fluid-pervious facing 36 are substantially
      coextensive and are joined together at their peripheries 38 by methods
      well known in the art such as adhesive bonding, stitching, and heat
      sealing techniques.
PAR  While FIG. 4 illustrates a disposable diaper having a particular
      construction, it will be recognized by those skilled in the art that the
      advantages accruing to the use of the nonwoven fabrics of this invention
      are equally applicable to disposable diapers having other, widely varying
      constructions. The absorbent core is not limited to the structure
      illustrated, but may include a fluid-pervious element, such as gauze,
      tissue, plastic netting and the like, if it is desired to increase
      strength and/or structural integrity.
PAR  The nonwoven fabric of this invention is uniquely suited to serve as the
      fluid-pervious facing of a disposable diaper as shown in FIG. 4 because it
      is resistant to abrasion and exhibits acceptable tensile strength when
      dampened or wetted with urine. Urine, as in the case of menstrual fluid,
      has a salt content of about 0.8% to about 1.5% by weight. As already
      indicated, the nonwoven fabrics herein are resistant to solutions
      containing about 0.8% or more by weight of sodium chloride. It will be
      apparent that by employing a water-dispersible material for the barrier
      means and a water-dispersible, absorbent layer, the diaper of FIG. 4 can
      be safely and conveniently disposed of by flushing through a water closet.
      When the diaper of FIG. 4 has been provided with a barrier sheet that is
      not water dispersible, but has a water-dispersible, absorbent layer, then
      the layer and the facing may be safely flushed after they have been
      separated from the barrier means.
PAR  Those skilled in the art will readily understand that the water-dispersible
      nonwoven fabric of this invention may be advantangeously employed in the
      preparation of a wide variety of absorbent products designed to be
      contacted with body fluids. Many such absorbent products need only
      comprise a core of absorbent material in combination with said nonwoven
      fabric. For example, an absorbent surgical dressing could be made
      comprising a relatively thin, rectangular layer of absorbent material with
      the nonwoven fabric overlying one or more sides thereof. Similarly, as in
      the case of a tampon, the nonwoven fabric could overlie a cylindrical core
      of absorbent material. Alternatively, the core of absorbent material could
      be in the form of a sphere, a cube, a disc, or other desirable geometrical
      configuration.
PAR  In order to better illustrate the invention, the following examples are
      given:
PAC  EXAMPLE 1
PAR  This Example describes the preparation of a water dispersible, salt
      solution insoluble cellulose ester sulfate resin according to a process
      which comprises slurrying the cellulose (in the form of woodpulp) in an
      inert organic liquid, sulfating the cellulose by reacting the cellulosic
      slurry with a sulfating mixture comprising an alkali acetyl sulfate,
      esterifying the sulfated cellulose in a reaction mixture comprising the
      inert organic liquid, sulfated cellulose and an acylating agent and
      precipitating the desired alkali salt of the sulfated cellulose ester from
      solution in said reaction mixture by combining said reaction mixture with
      an aqueous precipitation medium maintained at a specified pH range.
PAR  400 grams of woodpulp (ITT Rayoniers Placetate-F) was ground and added to
      2000 grams of glacial acetic acid to form a slurry which was tumbled in a
      closed cylindrical reactor for 20.5 hours at 24.degree. C.
PAR  A sulfating mixture comprising sodium acetyl sulfate was prepared as
      follows: 162.9 grams acetic anhydride and 52.5 grams glacial acetic acid
      were added to a 1 liter jacketed resin flask. 30.8 grams of sodium sulfate
      were added and the contents stirred for 5 minutes. 20.15 grams of
      concentrated sulfuric acid (98% by weight) were added dropwise at such a
      rate that the temperature of the reactor contents did not exceed
      55.degree. C. The rate of addition of sulfuric acid may be increased, if
      desired, if cooling is applied by circulating ice water through the jacket
      of the reactor. The reactor was stirred for 30 minutes after the addition
      of the sulfuric acid was completed.
PAR  The slurry of woodpulp in glacial acetic acid was transferred to a
      jacketed, double planetary mixer (Ross reactor) equipped with a
      thermometer and a stirrer and was cooled to 18.degree. C. The sulfating
      mixture was added to the Ross reactor at a rate such that the temperature
      of the contents did not exceed 32.degree. C. The use of external cooling
      permits faster addition of the sulfating mixture. Stirring was continued
      for 30 minutes after the addition of the sulfating mixture has been
      completed. 112.0 grams of concentrated sulfuric acid were then added to
      the Ross reactor at a rate such that the temperature of the contents did
      not exceed 32.degree. C.
PAR  The sulfated cellulose was then acylated by adding 1080 grams of acetic
      anhydride, pre-cooled to -10.degree. C to the contents of the Ross
      reactor, the temperature in the reactor being maintained below 32.degree.
      C during this addition. When the addition of the acetic anhydride was
      completed, stirring was continued and the temperature of the contents of
      the Ross reactor was maintained at 32.degree. C, until 2 hours, counting
      from the time the acetic anhydride addition was begun, had elapsed.
PAR  In order to precipitate the sodium cellulose acetate sulfate from solution
      in the reaction mixture, the reaction mixture was added to an aqueous
      precipitation medium comprising 6000 mls. of water, cooled to 5.degree. C.
      The pH of the aqueous precipitation medium was maintained at a pH of 5.3
      during the precipitation procedure by simultaneously adding a 50% by
      weight solution of aqueous sodium hydroxide. The aqueous precipitation
      medium was stirred and cooled during the addition of the sodium hydroxide
      solution and the reaction mixture thereto, and the product precipitated in
      the form of a fine powder. The precipitated resin was recovered from the
      aqueous precipitation medium by filtering in a Buchner funnel and was
      dried at 53.degree. C. Taking advantage of the fact that the desired
      cellulose ester sulfate is substantially less soluble in cold water than
      hot, the precipitated product, after grinding in a Wiley mill, was washed
      with 5000 mls. of water cooled to 5.degree. C, after which the product was
      isolated by filtration. The washing and isolation steps were repeated 4
      times. Upon completion of the wash steps, the product was filtered and
      dried at 53.degree. C.
PAR  528.9 grams of sodium cellulose acetate sulfate were recovered. Analysis
      gave the following results: 3.82% by weight sulfur, corresponding to a
      degree of substitution of SO.sub.4.sup.=  of 0.36; 1.81% by weight sodium;
      34.51% by weight acetyl
      ##EQU1##
      corresponding to a degree of acetyl substitution of 2.40. 6.25 grams of
      the final product were dissolved in 93.75 g. of a 3:1 weight mixture of
      acetone and water to form a clear solution. The solution was cast on a
      piece of silicone release paper and the solvents evaporated. The resulting
      film was translucent and had good flexibility.
PAC  EXAMPLE 2
PAR  A second sample of sodium cellulose acetate sulfate was prepared as
      follows:
PAR  400 grams of woodpulp (ITT Rayoniers Placetate-F) were ground, added to
      2000 grams of glacial acetic acid, and tumbled in a closed cylindrical
      reactor for 20.5 hours at 24.degree. C. The resulting slurry was
      transferred to a jacketed Ross reactor equipped with suitable stirring
      means. The following reagents were then added, with stirring, to the
      reactor in the following order: 1297.0 grams of acetic anhydride; 70.0
      grams glacial acetic acid; 41.1 grams Na.sub.2 SO.sub.4 ; and 146.9 grams
      of sulfuric acid (98% by weight). Cooling was applied during the above
      additions so that the temperature in the reactor did not exceed 32.degree.
      C. Stirring was continued at 32.degree. C for 2 hours, counting from the
      time the acetic anhydride was added to the reactor. The resulting product
      was precipitated at pH 5.2 using the precipitation method of Example 1.
      The resin was then purified and dried as in Example 1.
PAR  The resulting resin had the following analysis: 4.08% by weight sulfur;
      2.92% by weight sodium; and 34.2% by weight acetyl, degree of sulfate
      substitution = 0.39; degree of acetyl substitution = 2.40; degree of
      hydroxyl substitution = 0.22.
PAC  EXAMPLE 3
PAR  A third sample of sodium cellulose acetate sulfate was prepared as follows:
PAR  An "Activated cellulose mixture" was prepared by slurrying 100 grams of
      ground woodpulp (ITT Rayoniers Placetate-F) in 2350 grams of water at room
      temperature. The aqueous slurry was stirred for 2 minutes, after which
      excess water was removed by filtration, leaving behind a total of 271.4
      grams of damp woodpulp. The damp woodpulp was then slurried in 500 grams
      of glacial acetic acid and stirred for 2 minutes. Excess liquid was
      removed by filtration, leaving 334.1 grams of wet woodpulp behind. The
      latter was slurried in a mixture of 487 grams of acetic anhydride and 500
      grams of glacial acetic acid and stirred for 2 minutes. Excess liquid was
      filtered from the slurry, leaving an "activated cellulose mixture"
      comprising 100 grams of woodpulp and 262.2 grams of an acetic acid/acetic
      anhydride mixture.
PAR  A sulfating mixture was then prepared in a jacketed, one liter reactor
      equipped with a thermometer and stirring means. 234 grams of acetic
      anhydride (precooled to 5.degree.C) was added to the reactor. 66.7 grams
      of 98% by weight sulfuric acid was then added at a rate such thhat the
      temperature in the reactor did not exceed 55.degree.C. External cooling
      may be applied to the reactor if it is desired to increase the rate of
      addition of the sulfuric acid. The reactor contents were cooled to
      0.degree. C, after which 60 grams of sodium acetate were added. The
      contents of the reactor were then stirred until the sodium acetate was
      completely dissolved.
PAR  The above mentioned "activated cellulose mixture" was transferred to a
      stirred 5 liter, jacketed reactor containing 2200 grams of glacial acetic
      acid.
PAR  The above described sulfating mixture was slowly added to the reactor,
      cooling being applied to insure that the temperature in the reactor did
      not exceed 32.degree. C. Stirring was continued for 30 minutes after all
      of the sulfating mixture had been so added. The temperature in the reactor
      was maintained at 16.degree. C.+-.1.degree. C during the latter 30 minute
      stirring period.
PAR  The desired product, at this point dissolved in the reaction medium, was
      precipitated by adding it, with stirring, to 4200 grams of an aqueous
      precipitation medium comprising 10% by weight each of sodium chloride and
      sodium hydroxide. During this precipitation step, the pH of the aqueous
      precipitation medium was maintained at about 6 to 7 by adding thereto, at
      appropriate intervals and in appropriate amounts, a 50% by weight aqueous
      solution of sodium hydroxide. The product was isolated by filtration and
      purified by washing three times with water. The product, after purifying
      and drying at 50.degree. C, was analyzed and found to have a degree of
      sulfate substitution = 0.61; a degree of acetyl substitution = 0.14; and a
      degree of hydroxyl substitution = 2.25.
PAC  EXAMPLE 4
PAR  Binder solutions of the cellulose acetate sulfates of Examples 1, 2, and 3
      were prepared by dissolving these resins in a 3:1 weight mixture of
      acetone and water to give solutions containing 6.25% by weight resin
      solids. A fibrous web of 1-9/16 inch, 1.5 denier, surgical grade viscose
      rayon weighing about 1 ounce per square yard was formed by a standard
      air-laying technique. Nonwoven fabrics were then prepared by spraying 12
      inch .times. 15 inch samples of the fibrous web with the above indicated
      binder solutions and drying at 72.degree. F for 2 hours. The weight
      percent binder solids in the resulting nonwoven fabrics are given in Table
      I.
PAR  The resulting nonwoven fabrics, identified as 4A, 4B, and 4C in Table I,
      were tested for their tensile strength properties after immersion in
      water, and after immersion in aqueous solutions containing, respectively,
      0.9 percent by weight and 2.0 percent by weight sodium chloride.
PAR  The following procedure was used for the determination of tensile strengths
      in tap water and in aqueous salt solutions. The fabric to be tested was
      equilibrated for 24 hours at 72.degree. F and 65% relative humidity. Three
      by one inch strips were cut from the fabric, immersed in the desired test
      solution, removed, drained for 15 seconds, and gently blotted between
      paper toweling. The test strips were then tested on an Instron tester
      using a jaw spacing of 2 inches and a pull speed of 2 inches per minute.
      The tensile strength of the fabric is measured and reported in units of
      pounds per inch width of fabric (hereinafter, "Lbs./In.").
PAR  The results of the tensile strength tests, which are set forth in Table I,
      show generally that the tensile strength of a given nonwoven fabric
      increases as the salt content of the solution in which the fabric is
      immersed is increased. It is also noted that as the degree of sulfate
      substitution in the cellulosic binder decreases, tensile strength after
      immersion in water remains at the same general level, or increases
      slightly, while tensile strength after immersion in each of the salt
      solutions increases significantly. Nonwoven fabric 4C, bonded with a resin
      which has a degree of sulfate substitution (0.61) that lies outside the
      limits set forth in this patent, shows no difference in its tensile
      strength in water as compared to the tensile strength in salt solutions.
PAC  EXAMPLE 5
PAR  Six by six inch swatches of the nonwoven fabrics prepared in accordance
      with Example 4 are placed in approximately 600 mls. of water contained in
      a standard 1000 ml. beaker. The water is stirred by hand, care being taken
      not to touch the fabric swatch under test. In every case, the fabric
      disperses in the water and cannot be removed in a single piece or in a
      series of pieces from the water.
TBL                TABLE I                                                     
     ______________________________________                                    
     Nonwoven Fabric 4A        4B        4C                                    
     ______________________________________                                    
     Binder Resin    Ex. 1     Ex. 2     Ex. 3                                 
     D.S. (Sulfate)  0.36      0.39      0.61                                  
     D.S. (Acetyl)   2.40      2.40      0.14                                  
     D.S. (Hydroxyl) 0.24      0.22      2.25                                  
     Wt. % Binder in Fabric                                                    
                     21.2      33.8      3.6                                   
     Dry Tensile (Lb./in.)                                                     
                     3.6       9.8       3.7                                   
     Wet Tensile-Water (Lb./in.)                                               
      30 sec.        0.13      0.10      0.03                                  
      1 min.         0.12      0.08      0.02                                  
      3 min.         0.09      0.04      0.02                                  
      5 min.         0.10      0.05      0.03                                  
      10 min.        0.09      0.05      0.03                                  
      20 min.        0.09      0.03      --                                    
      30 min.        0.07      0.04      0.03                                  
     120 min.        0.10      0         0.03                                  
     Wet Tensile-0.9% by weight NaCl (lbs./in.)                                
      30 sec.        0.38      0.63      0.04                                  
      1 min.         0.50      0.31      0.04                                  
      3 min.         0.26      0.30      0.04                                  
      5 min.         0.41      0.25      0.04                                  
      10 min.        0.31      0.29      0.04                                  
      20 min.        0.38      0.34      --                                    
      30 min.        0.35      0.20      0.04                                  
     120 min.        0.28      0.23      0.04                                  
     Wet Tensile-2.0% by weight NaCl (lb./in.)                                 
      30 sec.        0.56      0.75      0.05                                  
      1 min.         0.62      --        0.05                                  
      3 min.         --        0.66      0.04                                  
      5 min.         0.66      0.51      0.04                                  
      10 min.        0.61      0.44      0.05                                  
      20 min.        --        0.63      --                                    
      30 min.        0.60      0.49      0.04                                  
     120 min.        --        0.56      0.05                                  
     ______________________________________                                    
      D.S. = Degree of Substitution                                            
PAC  EXAMPLE 6
PAR  Two samples of sodium cellulose acetate sulfates, designated 6A and 6B were
      prepared by the method described in Example 1 by varying the amounts of
      the sulfating mixture used and by varying the quantities of acetic
      anhydride and sulfuric acid comprising the acetylation mixture. The pH
      maintained during the precipitation step is indicated in Table II. The
      resulting sodium cellulose acetate sulfate resins had the degrees of
      substitution of sulfate (SO.sub.4 .sup.=) and acetyl
      ##EQU2##
      groups as shown in Table II.
PAR  Resins 6A and 6B are dissolved in 3:1 mixtures by weight of acetone and
      water to give separate binder solutions containing 30% by weight resin. A
      fibrous web of 11/8  inch, denier viscose rayon weighing about one
      ounce/yd.sup.2 is formed using a standard carding technique. Nonwoven
      fabrics are then prepared by spraying swatches of the fibrous web with the
      respective binder solutions to achieve about 100% wet pick-up of the
      binder solution. The sprayed webs are then air dried, after which they are
      heated in a vacuum oven for 15 minutes at 50.degree. C. The resulting
      nonwoven fabrics are tested for their tensile strength. The tensile
      strength of the nonwoven fabric having resin 6A (D.S.=0.27) as its binder
      is found to have a tensile strength after exposure to a 0.9% by weight
      aqueous solution of sodium chloride that is about 3-5 times its tensile
      strength after exposure to distilled water; and a tensile strength after
      exposure to a 2.0% by weight aqueous solution of sodium chloride that is
      about 8-10 times its tensile strength in distilled water.
TBL                                    TABLE II                                
     __________________________________________________________________________
     SULFATING MIXTURE     ACETYLATING MIXTURE       DEGREES OF                
     GRAMS USED            GRAMS USED                SUBSTITUTION              
                                       pH of AQUEOUS    O                      
     SAMPLE                                                                    
          (Ac).sub.2 O                                                         
              HAc                                                              
                 Na.sub.2 SO.sub.4                                             
                     H.sub.2 SO.sub.4 (98%)                                    
                           (Ac).sub.2 O                                        
                                H.sub.2 SO.sub.4 (98%)                         
                                       PRECIPITATION MEDIUM                    
                                                     SO.sub.4 =                
                                                        CH.sub.3 --C.angle.    
                                                               OH              
     __________________________________________________________________________
     6A   162.9                                                                
              52.5                                                             
                 30.8                                                          
                     20.15 1080 112    5.45          0.27                      
                                                         2.62  0.11            
     6B   122 39.4                                                             
                 23.1                                                          
                     15.1  1080 60     5.2           0.15                      
                                                         1.97  0.88            
     __________________________________________________________________________
      All parts are parts by weight per 400 parts of woodpulp                  
      (Ac).sub.2 O = acetic anhydride; HAc = acetic acid.                      
PAR  The tensile strength of the nonwoven fabric having resin 6B (D.S. = 0.15)
      as its binder is found to have a tensile strength after exposure to a 0.9%
      by weight aqueous solution of sodium chloride that is about 4-6 times its
      tensile strength after exposure to distilled water, and a tensile strength
      after exposure to a 2.0% by weight aqueous solution of sodium chloride
      that is about 7-9 times its tensile strength in distilled water.
PAR  The two fabrics are tested and found to be dispersible in water, i.e., the
      dispersed fabric cannot be removed in a single piece or in a series of
      pieces from the water. It is observed that, other variables being
      constant, the time required for the fabric to become dispersed in water
      increases as the degree of sulfate substitution is decreased.
PAC  EXAMPLE 7
PAR  A disposable diaper is made as follows: An absorbent fibrous layer,
      measuring about 11 inches by about 15 inches, is prepared from comminuted
      woodpulp. The absorbent layer, which weighs about 20-25 grams, is then
      placed on a piece of 1 mil. polyethylene film measuring about 12 inches by
      about 16 inches. This polyethylene film serves as a backing layer. A piece
      of nonwoven fabric 4A (Example 4), also measuring about 12 inches by 16
      inches, is placed over the absorbent layer in substantially coextensive
      relationship with the polyethylene film. This nonwoven fabric serves as
      the facing of the disposable diaper. Nonwoven fabric 4A and the
      polyethylene film are joined along their peripheries with any suitable
      adhesive means, for example, an aqueous based polyvinyl acetate adhesive,
      so that the absorbent layer is confined therebetween. Nonwoven fabric 4A
      has acceptable strength and good abrasion resistance in the presence of
      urine. After use, nonwoven fabric 4A and the absorbent layer are separated
      from the polyethylene film. The nonwoven fabric and the absorbent layer
      are then easily and safely disposed of by flushing in a toilet. It will be
      understood that the above example is given for purposes of illustration
      only. Those skilled in the art will recognize that the polyethylene film
      could be replaced by other types of film or by any suitable woven orr
      nonwoven fabric. The absorbent layer may comprise any of the other
      absorbent materials, for example, cellulose wadding, well known in the
      art. Additionally, it will be recognized that if the diaper comprises, in
      addition to the nonwoven fabric of this invention, a flushable absorbent
      layer and a flushable backing material, then the entire diaper may be
      disposed of by flushing in a toilet.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water-dispersible nonwoven fabric comprising: a layer of overlapping,
      intersecting fibers, said fibers having a length not more than about 2
      inches; and from about 4 to about 35 percent by weight of the fabric of an
      alkali salt of a sulfated cellulose ester resin binder distributed in said
      fabric, said resin binder having an average of from about 0.1 to about
      0.45 sulfate groups per anhydroglucose unit.
NUM  2.
PAR  2. A water-dispersible nonwoven fabric according to claim 1, wherein said
      sulfated cellulose ester resin has an average of from about 0.27 to about
      0.40 sulfate groups per anhydroglucose unit.
NUM  3.
PAR  3. A water dispersible nonwoven fabric according to claim 1, wherein the
      ester group of said sulfated cellulose ester resin has from 1 to 6 carbon
      atoms.
NUM  4.
PAR  4. A water-dispersible nonwoven fabric according to claim 3, wherein said
      sulfated cellulose ester is sodium cellulose acetate sulfate.
NUM  5.
PAR  5. A water-dispersible nonwoven fabric according to claim 1 wherein said
      fibers are viscose rayon fibers.
NUM  6.
PAR  6. A water-dispersible nonwoven fabric according to claim 1 wherein the
      length of said fibers does not exceed about one and one half inches.
NUM  7.
PAR  7. A water-dispersible nonwoven fabric according to claim 1, wherein said
      resin binder is distributed in said fabric in a predetermined pattern.
NUM  8.
PAR  8. A water-dispersible nonwoven fabric according to claim 1, wherein said
      fibers are viscose rayon fibers having a length of from about one half
      inch to about one and one half inches and said resin binder is sodium
      cellulose acetate sulfate.
NUM  9.
PAR  9. A water-dispersible nonwoven fabric according to claim 1, wherein there
      is from about 4 to about 20 percent of said resin binder by weight of the
      fabric.
NUM  10.
PAR  10. A water-dispersible nonwoven fabric according to claim 1 wherein said
      fibers are woodpulp fibers.
NUM  11.
PAR  11. A water-dispersible nonwoven fabric comprising: a layer of overlapping,
      intersecting textile fibers, said fibers being viscose rayon fibers from
      about 1/2 inch to about 11/2 inches in length and from about 4 percent to
      about 20 percent of sodium cellulose acetate sulfate distributed in said
      fabric, said sodium cellulose acetate sulfate having an average of from
      about 0.27 to about 0.40 sulfate groups per anhydroglucose unit.
NUM  12.
PAR  12. An absorbent product for contacting body fluids comprising: an
      absorbent core and a fluid-pervious, water-dispersible nonwoven fabric
      covering at least a portion of said absorbent core; said nonwoven fabric
      comprising a layer of overlapping, intersecting fibers, said fibers having
      a length not more than about 2 inches; and, distributed in said fabric,
      from about 4 to about 20 percent by weight of the fabric of an alkali
      cellulose ester sulfate resin binder, said resin binder having an average
      of from about 0.27 to about 0.40 sulfate groups per anhydroglucose unit.
NUM  13.
PAR  13. An absorbent product according to claim 12, wherein said absorbent core
      includes a fluid-pervious element.
NUM  14.
PAR  14. An absorbent product according to claim 13, wherein the fluid-pervious
      element is tissue.
NUM  15.
PAR  15. An absorbent product according to claim 13, wherein the fluid-pervious
      element is gauze.
NUM  16.
PAR  16. An absorbent product according to claim 13, wherein the fluid-pervious
      element is a plastic netting.
NUM  17.
PAR  17. An absorbent product according to claim 12, wherein said absorbent core
      includes a fluid-impervious element.
NUM  18.
PAR  18. An absorbent product according to claim 17, wherein the
      fluid-impervious element comprises polyethylene.
NUM  19.
PAR  19. An absorbent product according to claim 12, wherein the absorbent core
      includes a fluid-pervious element and a fluid-impervious element.
NUM  20.
PAR  20. An absorbent product according to claim 19, wherein the fluid-pervious
      element is tissue and the fluid-impervious material comprises
      polyethylene.
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ABST
PAL  A folded disposable diaper having lateral margins, a front section, and a
      back section. The folded configuration places the diaper lateral margins
      into contact with each other and those margins are releasably secured to
      each other thereby permitting the temporary retention of the front section
      in the folded configuration while the back section is unfolded for
      application of the diaper to an infant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to disposable diapers.
PAR  In recent years there have appeared a number of disposable diapers which
      provide a tapering of the diaper in the crotch portion thereof in order to
      achieve a better fit of the diaper on an infant. In each such diaper,
      however, the taper is built into the diaper during its manufacture. This
      typically has increased the difficulty of manufacture and has left the
      consumer with little or no choice as to whether or not to use the tapering
      feature and as to the degree of taper which is desirable for a particular
      infant in particular circumstances.
PAC  Summary of the Invention
PAR  It is a principal object of the present invention to provide a diaper
      construction which permits a tapered configuration for the diaper, as
      applied to an infant, while minimizing manufacturing complexity and
      permitting a degree of freedom for the consumer to adjust the diaper shape
      for a particular infant.
PAR  The invention features a disposable diaper having lateral margins and
      having front and rear sections on opposite sides of a longitudinal
      midpoint. The diaper is folded into a configuration in which the lateral
      margins are at least in contact, and preferably somewhat overlapping. The
      lateral margins are releasably secured to each other in the diaper front
      section, whereby the front section may be temporarily retained in the
      folded configuration while the back section is unfolded for application of
      the diaper to an infant.
PAR  In preferred embodiments of the invention an adhesive is employed to
      releasably secure the lateral margins; the lateral margins are releasably
      secured to each other at a single location; and that single location is
      between about two inches to about four inches along the diaper margins
      from the diaper midpoint.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects, features, and advantages of the invention will appear from
      the following description of a particular preferred embodiment taken
      together with the accompanying drawing in which:
PAR  FIG. 1 is a plan view of a diaper constructed according to the present
      invention;
PAR  FIG. 2 is a view taken at 2--2 of FIG. 1; and
PAR  FIG. 3 is a plan view of the diaper of FIG. 1 as partially unfolded for
      application to an infant.
PAC  DETAILED DESCRIPTION OF A PARTICULAR PREFERRED EMBODIMENT
PAR  Referring to the drawing, a diaper 10 has a generally conventional
      construction with an outer water impervious plastic backing sheet 14, an
      inner water pervious liner 16, and an absorbent body 18 therebetween. The
      diaper has front and back sections 20, 22 on opposite sides of the
      longitudinal midpoint of the diaper (indicated at reference line 24).
      Conventional tape fastener units 26 are provided in the back section 22
      adjacent the diaper lateral margins 28, 30.
PAR  The diaper is folded along longitudinal fold lines 32, 34. The lateral
      location of the fold lines 32, 34 with respect to the associated lateral
      margins 28, 30 are chosen such that the margins 28, 30 slightly overlap,
      as best seen in FIG. 2. In the front section 20 of the diaper, the
      overlapping marginal portions are releasably secured to each other, as by
      a spot of adhesive 36.
PAR  This diaper construction assists in the application of the diaper to an
      infant, and achieves a taper in the diaper as applied to the infant. The
      diaper is presented to the consumer in the configuration shown in FIG. 1.
      (Although for packaging the diaper might be folded about the reference
      line 24, it would be flipped open to the configuration of FIG. 1 by the
      consumer as it was taken from the package and placed on a surface
      preparatory to application to an infant.) The back section 22 may then be
      unfolded about the fold lines 32, 34 to achieve the configuration shown in
      FIG. 3. In this configuration, most of the back section 22 is fully opened
      for placement of the diaper around the infant. Portions of both sections
      20, 22 adjacent the reference line 24 are constrained by the adhesive 36
      to a tapered configuration in the longitudinally central portion (i.e.,
      the crotch portion) of the diaper 10. The infant is then placed upon the
      opened part of the diaper. The weight of the infant will be sufficient to
      retain the tapering caused by the spot of adhesive 36 even though the bond
      produced by the adhesive is severed and the front section unfolded and
      placed around the infant.
PAR  While the precise location of the spot of glue 36 is not critical, it has
      been found that for a diaper having an overall length of about 17 inches,
      the spot of glue 36 may be desirably located between about two and about
      four inches from the reference line 24. Preferably, the glue spot 36 is
      spaced from the reference line 24 a distance approximately equal to one
      sixth the total length of the diaper.
PAR  While a particular preferred embodiment of the invention has been
      illustrated in the accompanying drawing and described in detail herein,
      other embodiments are within the scope of the invention and the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a generally rectangular disposable diaper comprising an outer water
      impervious backing sheet, an inner water pervious liner and an absorbent
      body therebetween and having opposite lateral margins and having a front
      section and a back section on opposite sides of a longitudinal midpoint of
      the diaper, the improvement wherein said diaper is folded into a
      configuration with said lateral margins in contact, said lateral margins
      being releasably adhesively secured to each other only in said diaper
      front section at a location between from about two inches to about four
      inches along said margins from said diaper midpoint, whereby said front
      section may be temporarily retained in said folded configuration while
      said back section is unfolded for application of the diaper to an infant.
NUM  2.
PAR  2.  A disposable diaper as claimed in claim 1 wherein said lateral margins
      are releasably secured to each other at a single location.
NUM  3.
PAR  3. In a generally rectangular disposable diaper having a predetermined
      length and comprising an outer water impervious backing sheet, an inner
      water pervious liner and an absorbent body therebetween and having
      opposite lateral margins and having a front section and a back section on
      opposite sides of a longitudinal midpoint of the diaper, the improvement
      wherein said diaper is folded into a configuration with said lateral
      margins in contact, said lateral margins being releasably adhesively
      secured to each other only in said diaper front section at a location
      spaced from said diaper midpoint along said margins a distance
      approximately equal to one sixth said predetermined length, whereby said
      front section may be temporarily retained in said folded configuration
      while said back section is unfolded for application of the diaper to an
      infant.
NUM  4.
PAR  4.  A disposable diaper as claimed in claim 3 wherein said lateral margins
      are releasably secured to each other at a single location.
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ABST
PAL  An article for treating menstrual fluid employs a cover member forming an
      enclosure, an absorbent layer positioned within the enclosure for
      absorbing the menstrual fluid, a water-proofing layer also positioned
      within the enclosure for preventing the menstrual fluid absorbed by the
      absorbent layer from permeating to the outside of the cover member and a
      deodorizer composition such as active carbon and the like located within
      the enclosure and having the function of absorbing and holding the
      menstrual fluid and simultaneously removing the odor released from the
      menstrual fluid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an article, such as a sanitary napkin, sanitary
      pad and the like, having a deodorizer composition for absorbing and
      holding the menstrual fluid and simultaneously removing the odor released
      from the menstrual fluid.
PAR  The articles for treating menstrual fluid of the prior art have certain
      disadvantages. For instance, conventional articles for treating menstrual
      fluid have merely had the function of only absorbing and holding the
      menstrual fluid and exudates discharged from the body, and have heretofore
      paid no consideration to the so-called menstrual odor that is released
      from the menstrual fluid and exudates. Therefore, this has been an
      inconvenience to the women during their monthly periods and the persons
      who happened to be in contact with such women feel uncomfortable, and such
      persons come to know that such women are in their monthly periods of
      illness.
PAR  The present invention is intended to obviate the above mentioned
      difficulties, and especially to avoid the occurrence of the odor effect
      from the moment of application of the deodorant composition.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to an article for treating
      menstrual fluid and, more particularly, to sanitary napkins, sanitary
      pads, and the like for absorbing and holding the menstrual fluid and
      simultaneously removing the odor released from the menstrual fluid and
      exudates.
PAR  It is accordingly a primary object of the invention to provide an article
      for treating menstrual fluid having the function of effectively removing
      the odor that is released from the menstrual fluid, in addition to the
      function of absorbing and holding the menstrual fluid, and further being
      capable of solving said conventional inconvenience because the deodorizing
      capacity is extremely large as compared with the conventional articles of
      the same kinds.
PAR  Another object of the present invention is to provide a multilayer sanitary
      napkin having a high capacity for retaining the menstrual fluid and
      simultaneously removing the odor released from the menstrual fluids and
      exudates.
PAR  With the above and other objects in view, the present invention is
      characterized in that a deodorizer composition is interposed in a proper
      portion in the article for treating menstrual fluid which comprises an
      absorbent layer that absorbs the menstrual fluid, a water-proofing layer
      that prevents the menstrual fluid absorbed by the absorbent layer from
      permeating to the outside, and a cover member that wholly covers both said
      layers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view showing the outward appearance of each of the
      embodiments of the sanitary napkins of the present invention;
PAR  FIG. 2 is a sectional view taken along the X--X line in FIG. 1 showing one
      embodiment;
PAR  FIG. 3 is a sectional view taken along the X--X line in the FIG. 1 showing
      another embodiment;
PAR  FIG. 4 is a sectional view taken along the X--X line in the FIG. 1 showing
      yet another embodiment;
PAR  FIGS. 5 and 6 are sectional views taken along the X--X line in the FIG. 1
      showing slightly modified forms of the napkin embodiments shown in FIGS. 2
      and 4, and
PAR  FIG. 7 is a graph showing a comparative example of deodorization capacity
      between a sanitary napkin of the present invention and a conventional
      napkin.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, a sanitary napkin 11 in FIG. 1 shows the
      outward appearance of a sanitary napkin according to each of the
      embodiments shown in FIGS. 2 to 6. In napkins 21, 31, 41, 51 and 61 shown
      in FIGS. 2 to 6 respectively, the following inner piled members are
      respectively covered with cover members 22, 32, 42, 52 and 62 so that the
      longitudinal portions of each cover member are properly superposed in the
      bottom face of each napkin, and simultaneously the width portions material
      each cover member are sealed. As to the materials of the cover members, a
      porous non-woven sheet prepared by mixing cellulose fiber with an
      artificial fiber is used so as to have a proper wet strength. Moreover,
      when a proper amount of a thermofusible fiber is mixed with the non-woven
      fiber, there occurs an advantage that the width portions are easily sealed
      by thermal adhesion under pressure, and also the cellulose fiber is
      treated for water-resisting, if necessary.
PAR  The napkins 21, 31, 41, 51 and 61 of the embodiments shown respectively in
      FIGS. 2, 3, 4, 5 and 6 include respectively absorbent layers 23, 33, 43,
      53 and 63 for absorbing the menstrual fluid and water-proofing layers 24,
      34, 44, 54 and 64 for preventing the menstrual fluid absorbed by each
      absorbent layer from permeating from the undersurface of each napkin. Each
      of the water-proofing layers is positioned under the respective absorbent
      layer. Each of the respective napkins also include water-proofing layers
      25, 35, 45, 55 and 65 for preventing the menstrual fluid absorbed by each
      absorbent layer from permeating from the longitudinal portions of each
      napkin. Each of the water-proofing layers 25, 35, 45, 55 and 65 is
      positioned so as to cover the undersurface and the longitudinal side
      portions of each absorbent layer. Web, piled body of thin sheets, powdery
      material, and the like made of cellulose fiber are used for the absorbent
      layers 23, 33, 43, 53 and 63. A sheet made of cellulose fiber forming a
      thin film made of a resin, for instance, polyethylene, polypropylene, PVA,
      and the like is used for the water-proofing layers 24, 34, 44, 54 and 64.
      A paper prepared from cellulose fiber to which a water-proofing agent, for
      instance, a wax sizing agent, a petroleum resin sizing agent, or the like
      is added is used for the water-proofing layers 25, 35, 45, 55 and 65.
PAR  Napkins 51 and 61 of embodiments shown respectively in the FIGS. 5 and 6
      are slightly modified forms of the structure of the napkins 21, 31 and 41.
      Namely, the absorbent layer 53 of the napkin 51 shown in FIG. 5, is
      spirally folded with covering web 53a with elasticity in the direction of
      thickness by a thin sheet 53b. A cottony thin web 67 having a low fiber
      density such as defatted cotton, rayon staple cotton, sodium CMC cotton,
      or the like is attached to the inside of the cover member 62 of the napkin
      61 shown in the FIG. 6. Therefore, there occurs an advantage that the
      napkin 61 makes the contact with an user further comfortable, and the air
      permeability in the napkin area becomes preferable because of the porosity
      between the cover member 62 and the absorbent layer 63. Simultaneously the
      napkin has a function of spot-like absorption whereby the menstrual fluid
      that is discharged to the upper surface of the cover member 62 immediately
      attains to be absorbed by the absorbent layer 63 without widely staining
      the upper surface by widely permeating and dispersing within the enclosure
      of the cover member. Consequently, the napkin has an advantage that the
      user does not feel uncomfortable, and even in case the following
      deodorizer is separated from the holding fiber of the absorbent layer for
      some reason, the deodorizer is enclosed in the second water proof layer
      65, thereby preventing the outside of the napkin from staining, or
      preventing the deodorizer from being exposed from the outside.
PAR  Most important characteristic of the present invention is to interpose a
      material for deodorizing the menstrual fluid in the napkin. Active carbon,
      active silica, active alumina, ion exchange resin, chlorophyl, and the
      like are used as the deodorizers. The deodorizer is interposed between the
      absorbent layer and the water-proofing layer, or in the absorbent layer
      and/or the water-proofing layer. Namely, the deodorizer is contained in
      sheets 26, 56 and 66 that are made of cellulose fiber interposed between
      the respective absorbent layers 23, 63 and the respective water-proofing
      layers 24, 64 in the sanitary napkins 21 and 61 shown in the FIGS. 2 and
      6. Further, the deodorizer is respectively contained: in the absorbent
      layer 33 in the sanitary napkin shown in the FIG. 3; in the water-proofing
      layer 44 in the sanitary napkin 41 shown in the FIG. 4, and in a sheet 56
      made of cellulose fiber interposed between the absorbent layer 53 and the
      waterproofing layer 54 in the sanitary napkin 51 shown in the FIG. 5.
PAR  There are many methods of making the deodorizer contents in each napkin.
      For instance, a method in which 80 to 240 mesh powder of active carbon,
      active silica, active alumina, and ion exchange resin is mixed with
      cellulose fiber to prepare a paper, or a method in which the powdery
      deodorizer is dispersed into a cottony web, piled body of thin paper, or
      powdery material made of cellulose fiber. The former example is shown
      respectively in the napkins 21, 41, 51 and 61 in FIGS. 2, 4, 5 and 6 as
      the layers 26, 44, 56 and 66, and the latter example is shown in the
      napkin 31 in FIG. 3 as the layer 33. Then the addition amount of active
      carbon, active silica, active alumina, and ion exchange resin is regulated
      so that, for instance, one napkin of 6 g contains 1 to 8% by weight of the
      deodorizer. Also, chlorophyl, for instance, dissolved in an organic
      solvent to regulate the concentration to 20 to 40% is preferably adhered
      to an absorbent sheet made of cellulose fiber by spraying, and the
      addition amount of the chlorophyl crystal is regulated so that one napkin
      of 6 g contains 1 to 8% by weight of the chlorophyl crystal, interposed in
      the layers 26, 56 and 66 in the napkins 21, 51 and 61 shown respectively
      in FIGS. 2, 5 and 6.
PAR  Attention is directed to a case where the powdery deodorizer such as active
      carbon, and the like is contained in water-proofing layer 44 of the napkin
      41 shown in the FIG. 4. For instance, the resin for applying the
      water-proofing function to the water-proofing layer is positioned to the
      undersurface of the water-proofing layer 44 in the FIG. 4 so that the
      absorptive surface of the deodorizer is not covered with the film resin.
PAR  In each napkin formed as described above, the odor of the menstrual fluid
      can be removed by the deodorizer interposed therein. As further described
      in detail, in a case where active carbon, active silica, active alumina,
      and ion exchange resin are interposed in the inside of the napkin, the
      odor from the menstrual fluid is absorbed by very small holes of the
      surface of the deodorizer. In a case where chlorophyl crystal is
      interposed in the inside of the napkin, the odor from the menstrual fluid
      is cancelled or weakened by the chlorophyl. Consequently, users of such
      napkins do not feel uncomfortable by the odor.
PAR  Also, active carbon can be said to be most suitable as a deodorizer in the
      present invention, since the active carbon has an extremely developed fine
      porous structure because of being a fine crystalline carbon. Thus it has
      an excellent absorption for low concentration gas, water-insoluble gas and
      many component system gas, and has a selective performance that though a
      material having large polarity such as water is not so absorbed, a
      material having small polarity is absorbed, and even if water is absorbed,
      water is extruded in contact with the odor gas, or the other gases having
      small polarity to absorb those gases, and so on.
PAR  In order to more fully understand the invention, the following examples are
      set forth:
PAC  Example 1
PAR  The structure of the sanitary napkin was formed similarly to the sanitary
      napkin in FIG. 5 described above. A non-woven sheet which was made with a
      wet-type paper preparation method by mixing cottony pulp to rayon staple
      cotton was used for the cover member 52. A cottony pulp web was used for
      the absorbent layer 53a. An absorbent tissue paper was used for the
      absorbent layer 53b. A paper was prepared from a mixture of pulp and
      carboxymethyl cellulose, subsequently forming a thin film of polyethylene
      thereon was used for the water-proofing layer 54. A paper was prepared
      from pulp to which a wax sizing agent was added was used for the
      water-proofing layer 55. A pulp sheet containing 30% by weight of 120 mesh
      active carbon powder per 25 g/m.sup.2 of the scaled amount was used as the
      deodorizing member 56. Then the ratio of active carbon was 3% by weight
      for one sanitary napkin of 6 g.
PAR  The deodorizing effect was tested between the sanitary napkin in the
      Example 1 and the normal sanitary napkin having the same structure without
      containing active carbon, to obtain the results shown in the following
      table and FIG. 7.
PAR  In this test, 210 ppm concentration isovaleric acid, which is known as one
      of typical uncomfortable odors, and whose odor limit concentration is
      0.00062 ppm, was used as an odor gas, and two kinds of napkins cut in 4 cm
      diameter were used as bodies to be tested, and the odor gas was passed
      through each napkin under the same condition. But, the waterproofing layer
      (shown as numeral 54 in FIG. 5) that was positioned in the inside of each
      napkin enclosure was removed so as to promote passage of the odor gas. In
      the odor gas, the flow velocity was 0.066 cm/sec., the flow volume was 50
      cc/min., the temperature was 30.degree.C, and the humidity was 0 at the
      test time. In FIG. 7, Co represents a gas concentration before passing
      through each tested body, C represents a gas concentration after passing
      through each tested body, and C/Co represents a value for testing the
      deodorizing capacity of each tested body. 71 and 72 are curves of the
      tested bodies formed by plotting the values for testing the odor capacity
      against time, the former numeral represents the curve for the napkin in
      the Example 1, and the latter represents the curve for the normal napkin.
      The absorbed amounts in the following table are calculated from the
      integrated area of the partial curves to C/Co = 1.0, namely extending till
      the absorption capacity becomes zero. The values in the A and A' columns
      in the table represent absorbed gas amounts in the napkins and the values
      in B and B' columns are values that the absorbed gas amounts of the normal
      napkins are reduced from the values in A and A' columns, representing gas
      amounts absorbed by the active carbon purely contained in the napkins in
      the Example 1.
PAR  It is to be understood from the following table, the absorbed gas amount in
      the napkin in the Example 1 was about 6.2 times (24.3/3.9 = 6.2) of that
      of the normal napkin. Also, though the normal napkin became zero in the
      deodorizing capacity after about 60 min. from the time when isovaleric
      acid gas was passed through, the napkin in the Example 1 needed about 150
      min. to reach the same condition.
TBL                                    TABLE                                   
     __________________________________________________________________________
                      Tested Result                                            
     Items            Normal Sanitary                                          
                                Sanitary Napkin                                
                      Napkin    in Example 1                                   
     __________________________________________________________________________
     Absorbed amount per                                                       
                   A.sub.1                                                     
                      0.44      2.72                                           
     tested body in 4 cm                                                       
     diameter (mg/4 cm                                                         
                   B.sub.1                                                     
                      0         2.28                                           
     diameter tested body                                                      
     Absorbed amount per                                                       
                   A  3.9       24.3                                           
     one sanitary napkin                                                       
     (mg/piece)    B  0         20.4                                           
     Ratio of absorbed amounts                                                 
                   1  6.2                                                      
     __________________________________________________________________________
PAC  Example 2
PAR  The structure of the sanitary napkin to be tested was made by dispersing
      and mixing about 4% by weight of 120 mesh active carbon powder into the
      absorbent layer 53a of the napkin for the cottony pulp in the layer
      instead of the sheet containing active carbon in the sanitary napkin in
      Example 1, and forming the other parts similarly to Example 1.  The
      deodorizing effect was tested for the sanitary napkin in Example 2 and the
      normal sanitary napkin having the same structure without containing active
      carbon by the same method as Example 1. Consequently, it was found that
      the deodorizing effect of the sanitary napkin in Example 2 was almost
      similar to that of the sanitary napkin in Example 1, and the absorbed gas
      amount was about 6.4 times of that of the normal sanitary napkin.
PAC  Example 3
PAR  The structure of the sanitary napkin to be tested was formed similarly to
      the structure in FIG. 3 described in the foregoing, where the same
      materials corresponding to the cover member and water-proofing layers in
      the sanitary napkin in Example 1 were used for the cover member 32,
      water-proofing layers 34 and 35, and the absorbent layer 33 was prepared
      by mixing the same amounts of 120 mesh silica and active carbon into N-BSP
      powder. Then the mixed deodorizer was about 3% by weight for one sanitary
      napkin of 6 g. The deodorizing effect was tested for the sanitary napkin
      in Example 3 and the normal sanitary napkin having the same structure
      without containing the deodorizer to find that the deodorizing effect of
      the sanitary napkin in Example 1, and the absorbed gas amount was about
      5.9 times of that of the normal sanitary napkin.
PAC  Example 4
PAR  The structure of the sanitary napkin to be tested was formed similarly to
      that in the FIG. 2 described in the foregoing, where the same materials
      corresponding to the cover member and water-proofing members in the
      sanitary napkin in Example 1 were used for the cover member 22,
      water-proofing layers 24 and 25, and two sheets prepared by containing 40%
      of about 150 mesh active alumina and active carbon powder in N-BKP sheets
      of 25 g/m.sup.2 scaled amount were used as the deodorizing sheet 26. Then
      the mixed deodorizer was 3.3% by weight for one sanitary napkin of 6 g.
      Deodorizing effect was tested for the sanitary napkin in Example 4 and the
      normal sanitary napkin having the same structure without containing the
      deodorizer by the same method as Example 1, to find that the deodorizing
      effect of the sanitary napkin in Example 4 was almost similar to that in
      Example 1, and the absorbed gas amount was about 5.6 times of that of the
      normal sanitary napkin.
PAC  Example 5
PAR  The structure of the sanitary napkin to be tested was formed similarly to
      that in the FIG. 2 described in the foregoing, where the same materials
      corresponding to the cover member and water-proofing layers in the
      sanitary napkin in Example 1 were used for the cover member 22, the
      water-proofing layers 24 and 25, and three sheets prepared by spraying a
      chlorophyl solution of 30% concentration in ethyl alcohol toward N-BKP
      sheets of 25 g/m.sup.2 scaled amount to attach 30% by weight of chlorophyl
      for the pulp sheets were used as the deodorizing sheet 26. Then the
      chlorophyl crystal was 3.75% by weight for one 6 g sanitary napkin. The
      deodorizing effect was tested for the sanitary napkin in the Example 5 and
      the normal sanitary napkin having the same structure without containing
      the deodorizer by the same method as Example 1, to find that the
      deodorizing effect of the sanitary napkin in Example 5 was almost similar
      to that in Example 1.
PAR  The invention has been described in detail with particular reference to the
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article for treating menstrual fluid comprising: a cover member
      forming an enclosure, said cover member being made of a porous non-woven
      sheet of cellulose fiber and artificial fiber; a cottony thin web attached
      to the inside of said enclosure; an absorbent layer means positioned
      within said enclosure and said web for absorbing the menstrual fluid; a
      first water-proofing layer means positioned under said absorbent layer
      means; a deodorizer means located within said enclosure and having the
      function of absorbing and holding the menstrual fluid and simultaneously
      removing the odor released from the menstrual fluid; and a second
      water-proofing layer means in contact with the cottony web and positioned
      under and around the sides of said first water-proofing layer, said
      absorbent layer and said deodorizer means; said first and second
      water-proofing layers defining means for preventing any menstrual fluid
      not absorbed by the absorbent layer from permeating to the outside of said
      cover member.
NUM  2.
PAR  2. An article for treating menstrual fluid as defined in claim 1 wherein
      said deodorizer means consists of at least one material selected from the
      group consisting of active carbon, active silica, active alumina and ion
      exchange resin.
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PAL  The disclosed apparatus includes a resectoscope with a novel working
      element stem, a novel cutting electrode for use with the stem and novel
      electrical features including a dielectric moving block element for
      reciprocating the electrode. The stem portion of the working element has a
      telescope channel member with a central axis and a pair of cutting
      electrode guide channel members spaced apart and mounted on opposite sides
      of the telescope channel member above its central axis. The cutting
      electrode consists of a single length of electrically conductive wire with
      a loop portion in the middle of the wire and a pair of substantially
      straight, flexible, parallel, spaced apart insulation covered arms having
      similar lengths and extending rearwardly from the loop in the same
      direction. The arms of the electrode are inserted within the cutting
      electrode channel members in the working element stem. The size and number
      of electrically conductive exterior parts of the instrument are minimized
      and the capacitive and ohmic coupling of these parts to the active
      conductors is minimized to reduce the chance of accidental burns to the
      doctor or the patient.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to resectoscopes and more particularly to an
      improved resectoscope and a novel cutting electrode for use with it.
PAR  Resectoscopes are surgical endoscopes for transurethral resection of the
      prostate gland or bladder growths and for the coagulation of bleeding
      vessels in the area of the prostate and bladder. The basic components of a
      resectoscope are a telescope, a working element assembly, a cutting
      electrode and a sheath. The sheath portion of the instrument is inserted
      in the urethra using an obturator which is then removed from it in order
      that the stem portion of the working element assembly with the telescope
      and cutting electrode can be mounted in the sheath. The telescope,
      typically about 4 mm. in diameter and about a foot long, lies in a snug
      yet slidable relationship in a channel in the stem portion of the working
      element assembly. It has a viewing system with an eyepiece at its proximal
      end and an objective lens at its distal end as well as means, such as a
      bundle of light carrying fibers or an incandescent lamp, for illuminating
      the telescope's field of view. The cutting electrode (typically formed of
      insulated tungsten wire between about 0.010 to 0.018 inches in diameter)
      is also carried by the working element assembly inside the sheath and has
      an uninsulated or bare arcuate cutting loop portion which is reciprocated
      forward and back through the sheath's fenestra in front of and within the
      field of view of the telescope.
PAR  The mechanical arrangement for reciprocating the electrode varies in
      different resectoscopes and forms no part of the present invention. Some
      instruments use a rack and pinion, others a spring and thumb control,
      while others use a fixed thumb position and move the electrode with the
      fingers via a movable block in the working element assembly. Cutting is
      accomplished by reciprocating the electrode while applying electrical high
      frequency currents to the electrode at voltages of between about 250 volts
      to about 4,000 volts or more at frequencies of from about 0.4MHz to about
      3MHz. To facilitate clearing the telescope's field of view of the blood
      and other debris which tend to obstruct the doctor's view during
      resection, clear irrigation fluid is typically passed through the sheath
      and in front of the telescope's objective lens. In some resectoscopes a
      drain is also provided to allow continuous irrigation fluid flow through
      the sheath both in and out of the bladder.
PAR  Heretofore, insulation breakdown and capacitive coupling in resectoscopes
      in which the electrode is operated at the above indicated voltages and
      frequencies, has often caused accidental electrical burns to the doctor
      using the instrument and to the patient in whom the instrument is being
      used. Further, without an expensive stabilizer structure, prior art
      cutting electrodes used in such instruments lack adequate rigidity against
      upward and lateral deflection created by forces to which the electrode is
      subjected during resection. Without adequate rigidity, the extended
      electrode may be deflected out of the field of view, and the retracting
      electrode can be pushed out of alignment with the sheath, frequently
      contacting and burning the sheath's lower lip or causing electrical arcing
      between the electrode and the telescope. This often results in expensive
      damage to the latter and can cause termination of the surgical procedure.
      In addition, with prior art resectoscopes, the field of view is too often
      obscured by bubbles, blood and other debris which is not swept away by
      adequate irrigation flow, thus making uninterrupted operation of the
      instrument difficult.
PAR  One object of the invention, therefore, is to provide a new resectoscope
      which has substantially higher electrical safety than prior art devices
      and hence is less likely to cause accidental burns to either doctor or
      patient.
PAR  Another object is to provide a resectoscope with a high flow capacity
      continuous irrigation system which maintains a clearer visual field in
      front of the telescope and permits longer periods of uninterrupted
      operation of the instrument than heretofore.
PAR  Still another object is to provide a simple novel cutting electrode for use
      in the improved resectoscope.
PAR  A further object is to provide a novel resectoscope in which the cutting
      electrode loop is more adequately stabilized and supported in its path of
      travel than in prior art devices.
PAR  A still further object is to provide a novel resectoscope which maximizes
      the space inside the sheath available for irrigation fluid flow.
PAR  Yet another object is to provide a resectoscope in which: (a) the telescope
      is more effectively insulated from the ground or patient plate potential;
      (b) the size and number of exterior electrically conductive parts of the
      resectoscope are minimized; and (c) the capacitive coupling of these parts
      to the active conductors is reduced.
PAR  Further, other and additional objects and advantages of the invention will
      become apparent from the summary and detailed description of the invention
      which follow, as well as from the drawings and the appended claims.
PAC  Summary Of The Invention
PAR  In one aspect, the invention comprises a working element assembly for use
      in a resectoscope having a sheath, said assembly including a stem portion
      for insertion within the sheath, and having a telescope channel member
      with a central axis and a pair of parallel cutting electrode guide channel
      members spaced apart and sealingly mounted along the length of the
      telescope channel member on opposite sides thereof above its central axis.
      In the preferred embodiment, the telescope channel member and electrode
      guide channel members are integral with each other so no fluid can pass
      between them and the radial peripheries of the guide channel members
      sealingly engage the sheath wall in a snug yet slidable relationship so
      the stem alone divides the space inside the sheath into a space above and
      a space below the electrode guide channel members and no fluid will pass
      by them from one space to the other. The irrigation fluid conduits are
      formed between the stem and the sheath with the drainage conduit being
      defined by either the upper or the lower of these two spaces. The
      irrigation fluid inflow conduit, naturally, is defined by the one of these
      two spaces not used as the drainage conduit.
PAR  In a second embodiment, the radial peripheries of the cutting electrode
      guide channel members do not engage the interior wall of the sheath.
      Instead, the working element stem includes a cover which fits snugly and
      fixedly over and against the peripheries of these members. This cover also
      engages the sheath in a snug but slidable relationship to allow the stem
      to be inserted into and removed from the sheath. In this embodiment, the
      space between the cover, the electrode guide channel members and the upper
      portion of the telescope channel member defines a conduit between them
      which can be used for irrigation fluid drainage or inflow purposes.
PAR  In a third embodiment, the working element stem includes a complete conduit
      mounted on top of the telescope channel and between guide channel members
      of the stem. In this third embodiment, the interior area of this conduit,
      which also can be used as an irrigation fluid drain or inflow conduit, is
      somewhat reduced, due to the thickness of the material forming it. There
      is only a single thickness of such material in the second embodiment due
      to the cover itself and no conduit forming material between the stem and
      the sheath in the preferred embodiment. The preferred embodiment,
      therefore, maximizes the cross sectional area between the sheath and the
      working element stem available for bringing in and draining the irrigation
      fluid.
PAR  Another advantage of the preferred embodiment is that the upper conduit,
      formed between the stem and the sheath, is cleaned more easily (when the
      stem and the sheath are separated) than when the stem is covered or a
      fully enclosed conduit is provided.
PAR  In another aspect, the invention comprises terminating the lower portion of
      the working element stem at a point within the sheath while extending its
      upper portion (including the upper portion of the electrode guide channel
      members and the upper portion of the telescope channel member between
      them), forwardly within the sheath. This upper portion of the stem
      comprises a roof which is extended in the forward direction a distance
      through the sheath above the sheath's window or fenestra through which the
      cutting electrode does its cutting. This extension serves two functions
      and provides two fundamental advantages. First, it moves the irrigation
      fluid conduit above the telescope to a point in front of and above the
      distal end of the telescope. When used as a drainage conduit, this helps
      create and maintain a flow of fresh clear irrigation fluid through the
      telescope's field of view to keep it clear for easy viewing of the area of
      interest to the doctor. Secondly, by extending part of the cutting
      electrode channel members to a point forward of the telescope's objective
      lens, a rigid non-moving support is provided for holding the cutting
      electrode against upward and lateral movement throughout at least a
      portion of its path of travel forward and back in front of the telescope.
PAR  Still another aspect of the invention comprises providing a simple cutting
      electrode for use with the improved resectoscope. The electrode comprises
      a single length of electrically conducting wire (preferably tungsten)
      having a conventional exposed arcuate cutting loop portion in the middle
      of the wire and two novel substantially straight flexible parallel spaced
      apart arms covered with insulation and extending rearwardly from the loop
      in the same direction throughout the remaining length of the electrode.
      Each arm terminates in a free end portion which preferably includes a
      quick disconnect male electrical terminal. The insulation covering the
      wire is preferably made from a known fluorocarbon resin (comprising a
      group of synthetic resins based on tetrafluoroethylene polymers) which is
      available from Dupont De Nemours & Company under the trademark Teflon-FEP.
      The insulation encapsulates the wire arms with a thickness of preferably
      at least about 0.015 inches. The preferred embodiment of the electrode
      according to the invention also includes a stiffened wire portion on each
      arm extending rearwardly from the loop portion of the electrode a distance
      longer than the electrode's length of travel when reciprocated forward and
      back its full distance in the instrument. The addition of such a feature
      helps ensure rigidity of the loop portion of the electrode when it is
      reciprocated beyond the roof portion of the working element stem and
      pressure is exerted against the loop in the lateral or vertical
      directions.
PAR  A further aspect of the invention includes forming the moving block portion
      of the working element assembly and other exterior and interior parts of
      the instrument from a known physically strong dielectric material such as
      acetal resin. This material is available from the DuPont de Nemours &
      Company under the trade-mark DELRIN. Upwardly sloping channels are formed
      in the moving block for the free ends of the electrode arms to keep the
      electrical connections of the arms far enough away from the telescope
      shaft, which is made of metal, to reduce the risk of dielectric breakdown
      in the block. In addition, to the extent possible all other parts of the
      resectoscope which are exposed to contact by the doctor or patient are
      formed of dielectric material. Necessary external parts which are capable
      of conducting electricity have a minimum of conductive interconnections
      and are made as small as possible. Further, they are preferably spaced as
      far as practicable from the active conductors to reduce the capacitive
      coupling to such conductors to below about 4 pico farads and preferably
      below about 2 pico farads. The ohmic coupling of these parts should be
      minimized by maintaining the resistance between them and the active
      conductors at a level of not less than about 25,000 ohms. As far as
      possible, the metal shaft of the telescope is isolated from all conducting
      materials which assume a ground or patient plate potential. Hence, the
      telescope can assume high voltage without a substantial flow of current to
      the telescope shaft which can damage it severely.
PAR  A still further aspect of the invention includes providing one or more feet
      on the exterior of the telescope channel portion of the stem spaced a
      distance rearwardly from the distal end of its bottom portion. This foot
      or feet serve to support the distal end of the stem from the bottom of the
      sheath. In the preferred embodiment, this helps maintain portions of the
      cutting electrode guide channel members of the stem tightly sealed against
      the sheath to minimize or prevent irrigation fluid leakage between the
      irrigation fluid supply and drainage conduits. The foot or feet also space
      the bottom portion of the stem far enough away from the sheath to allow
      the fluid to flow past the distal end of the telescope smoothly.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the preferred embodiment of a resectoscope
      according to the invention.
PAR  FIG. 2 is a perspective view of from underneath, partially cut away, of the
      distal end portion of the embodiment of FIG. 1.
PAR  FIG. 3 is a perspective view of the preferred embodiment of a cutting
      electrode according to the invention.
PAR  FIG. 4 is a vertical elevation view of the embodiment of FIG. 1 with a
      portion of the sheath cut away to show a supporting foot on the bottom of
      the working element stem.
PAR  FIG. 5 is a vertical elevation view of the working element assembly of FIG.
      1.
PAR  FIG. 6 is a plan view in elevation of a portion of the embodiment of FIG.
      1.
PAR  FIG. 7 is a cross sectional view of the preferred embodiment of the
      invention taken along lines 7--7 of FIG. 2.
PAR  FIG. 8 is a vertical cross section view in elevation of the distal end of
      the preferred embodiment of the resectoscope, taken along line 8--8 of
      FIG. 6.
PAR  FIG. 9 is a vertical elevation view of the main sections of the working
      element assembly and sheath portions of the embodiment of FIG. 1, shown
      partially cut away and partially in section to illustrate the irrigation
      fluid inflow and drainage conduit connections.
PAR  FIG. 10 is a profile view in vertical elevation of the moving block portion
      of the working element assembly taken along lines 10--10 of FIG. 9 with
      the electrical connection mechanism inside it partially shown in phantom.
PAR  FIG. 11 is a cross sectional vertical elevation view of the second
      embodiment of the working element stem portion of a resectoscope according
      to the invention taken through the middle of the sheath and showing a
      cover over the cutting electrode guide channel members.
PAR  FIG. 12 is a vertical cross sectional elevation view similar to that of
      FIG. 11, showing a third embodiment of the working element stem portion of
      a resectoscope according to the invention in which the irrigation fluid
      drain conduit defines a tube mounted on the upper surface of the telescope
      channel member between the cutting electrode guide channel members.
PAR  FIG. 13 is a vertical elevation view of a second embodiment of a cutting
      electrode according to the invention.
PAR  FIG. 14 is a blow up vertical elevation view in partial cross section
      illustrating the quick release electrical connections in the moving block
      for the male terminals on the free ends of the electrode arms.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIGS. 1 through 5 & 7-9 of the drawings, the preferred
      embodiment of a resectoscope according to the invention includes a
      telescope 10, having an eyepiece 11, an insulated tungsten cutting
      electrode 12, a working element assembly 14 and a dielectric sheath 16
      made of conventional known material. The distal, or forward, end 18 of the
      sheath has its lower portion cut away to form a window or fenestra 20
      through which the doctor views the area of interest and through which the
      electrode 12 operates. The sheath above the fenestra holds tissue above
      that portion from falling into the field of view or against the electrode.
      The proximal, or rearward, end 17 (FIG. 9) of the sheath 16 is mounted in
      the dielectric female cone block 22 which carries a conventional sheath
      locking mechanism 24 for connecting the sheath to the working element
      assembly portion 14 of the resectoscope.
PAR  The working element assembly 14 includes a stainless steel thin wall stem
      26, a dielectric cone portion 28, a movable dielectric block 30, a
      dielectric end block 32, a pair of metal rails covered with insulation 34
      and a curved dielectric bridge 36. The rails 34 are spaced apart and
      rigidly connect the block 32 to the cone portion 28. The bridge 36 forms
      an upwardly facing trough betwen the rails 34 and likewise connects the
      cone portion 28 with the end block. The movable block 30 contains openings
      through it enabling the block to slide back and forth over the rails and
      bridge. The movable block 30 & end block 32 also include channels 38 & 40
      (FIGS. 10 & 4) respectively through which the telescope 10 is inserted
      over the bridge 36 into the working element stem portion of the
      instrument. A similar channel for the telescope through the cone portion
      28 is not shown.
PAR  The stem portion 26 of the working element assembly is mounted in the cone
      28 by a metal collar 42 and includes tubular cutting electrode channel
      members 46 sealingly mounted on a tubular telescope channel 44 member
      along its length. Preferably the guide channel members 46 are soldered or
      otherwise mounted on opposite sides of the upper portion of the stem and
      form what look like mouse ears on the stem when seen in cross section,
      (FIG. 7). Further, as best seen in FIGS. 2, 5 & 8, the lower portion of
      the distal end 48 of the stem 26 is cut away leaving the upper portions of
      the guide channel members 46 and the upper portion of the telescope
      channel member 44 between them defining a cantilevered roof 50. The guide
      channel member portions of this roof seal against both the sheath and the
      telescope channel member and project forward of the distal end of the
      telescope. A pair of openings 51 are formed in the roof 50 adjacent the
      front end of the telescope 10. When the upper conduit is used for drainage
      of irrigation fluid this enables bubbles formed during operation of the
      instrument to be drawn into the drain conduit above the roof.
PAR  In addition, as seen in FIGS. 2 & 8, there is a member 53 mounted on the
      distal end of the roof 50. This member extends generally upwardly and is
      rounded to fit the curvature of but be spaced away from the upper inside
      wall of the sheath 16. Further, this member has a plurality of openings or
      slots 55 distributed over its surface so that irrigation fluid will flow
      into the conduit through at least some of these openings even if others
      become clogged by pieces of tissue during resection. The sheath 16 also
      preferably includes a plurality of openings 57 proximally adjacent the
      member 53 and above the roof 50 to facilitate drainage. The member 53 may
      be fixed to the roof as shown or formed from an extended portion of the
      roof and bent upwardly toward the sheath. This latter form may be
      preferable in certain circumstances.
PAR  On the bottom of the working element stem 26, within the sheath and spaced
      a distance rearwardly of the roof 50 is a metallic foot 52 which supports
      the distal or forward end of the stem upwardly in the sheath 16 to ensure
      a good seal between the guide channel members 46 of the stem and the
      sheath.
PAR  Referring now to FIGS. 1, 4 & 9, the female cone block 22 has curved
      portions 54 above and below the sheath 16. The block 22 includes a conical
      cavity 56 in which the cone portion 28 of the working element assembly 14
      nests when the sheath 16 is connected to the assembly. The sheath
      connection locking mechanism 24 includes a dielectric U-shaped member 58
      pivotally mounted about the ends of its arms 60 on opposite sides of the
      block 22 and has a pair of locking pawls 62 which engage a pair of
      projecting pins 64 on the distal ends of the rails 34 on opposite sides of
      the block 22 to hold the block and sheath on the working element assembly
      14. Preferably, the U-shaped member 58 is spring biased downwardly by a
      spring to maintain a locking condition between the block and cone.
PAR  The preferred embodiment of the cutting electrode 12 includes a loop 68 at
      the distal end of the electrode and a pair of substantially parallel
      spaced apart arms 69 extending rearwardly from the loop in the same
      direction. The distal portions of these arms are reinforced to give added
      strength to the loop (if the wire is not sufficiently rigid). The
      reinforcement preferably comprises stiffening elements 70 such as metal
      sleeves which extend from the loop 68 rearwardly a distance which is
      greater than the length of travel of the electrode 12 when reciprocated
      back and forth in the instrument. Normally, this length is about 25 mm. or
      more. The entire electrode 12 from the ends of the loop 68 to the free
      ends 71 of the arms 69 is covered with a layer of electrical insulation
      material 73 at least about 0.015 inches thick to isolate the guide channel
      members 46 of the stem 26 from the electrode wire 72 itself when the
      electrode is inserted into these members. If desired the stiffening
      elements 70 may surround the insulation rather than lie beneath as shown
      in FIG. 3. Preferably, the free ends 71 of the arms 69 have snap-in quick
      release male terminals 74 connected to them for easy electrical connection
      with the release from the active wire 76 which feeds electrical power into
      the block 30.
PAR  Referring now to FIGS. 1, 10 & 14, an insulated active wire 76 enters the
      block 30 from the top and connects electrically to a downwardly spring
      biased electrode 78 which is slidable within a brass sleeve 79. The
      electrode has a pair of conducting pins 80 projecting downwardly into a
      pair of transverse channels 81 in the sleeve 79 for receiving the free
      ends 71 of the arms 69. The electrode also includes a sideway 84 which
      cooperates with a spring biased dielectric cam member 86 having a finger
      operated portion 88 extending outwardly of the block. In operation, when
      the finger operated portion 88 is pushed into the block against the force
      of its biasing spring 90 it moves through the slideway 84 and raises the
      electrode 78 against the force of its biasing spring 92 thus disengaging
      the pins 80 from the male terminals 74. When the finger operated portion
      88 is released, the pins 80 descend again to their bottom position. In
      this position (shown in FIG. 14) they can be raised out of the way
      slightly on urging the male terminals into engaged position and will
      automatically snap back to engage the grooves 94 in these terminals when
      the electrode arms are fully seated in the block 30. The channels 81 in
      the block 30 are tapered slightly at the entrance to the block to
      facilitate insertion of the terminals and slope upwardly from this
      entrance as they penetrate the block away from the telescope 44. This
      causes the terminals 74 in the middle of the block to engage the pins 80
      at a point above the telescope channel. As already indicated the terminals
      and contacting conductors should be at least about 0.03 inches away from
      this channel and preferably not less than about 0.06 inches from it.
PAR  When preparing the resectoscope for use, the cutting electrode 12 is
      inserted into the working element assembly 14 by placing the male terminal
      of each arm 69 in the front end of its guide channel member 46 and pushing
      the electrode rearwardly until the arms 69 emerge from the corresponding
      channels at the rear of the cone portion of the working element assembly.
      From there the arms 69 pass above the bridge over the telescope shaft 96
      and into the channels 81 in the block 30. Terminals 74 then move upwardly
      and rearwardly finally becoming connected with the pins 80.
PAR  Though, preferably, the guide channel members 46 comprise tubes mounted on
      the telescope channel member 44, in resectoscopes in which the interior
      space within the sheath is not large enough to accommodate the wall
      thickness involved in such a structure, the telescope channel member and
      guide channel members may be formed from a single metal tube in which the
      guide channel members protrude radially from the telescope channel member
      and are open inwardly to it along their lengths.
PAR  Referring now to FIGS. 1 & 9, if desired the irrigation fluid may flow into
      the resectoscope through a conventional metal valve 98 in the upper
      portion of the finger grip block 22. From there it can flow through a
      channel 100 in the block into an annular groove 102 in the forward portion
      of the cone 28. From there it may pass through a radially inward opening
      104 in the groove 102 and stem collar 42 forwardly between the sheath and
      the lower portion of the telescope channel 44 to the fenestra 20. A
      rectangular gasket 106 is provided around the stem 26 at the front of the
      cone 28 to form a seal between the sheath 16 and the collar 42. In the
      preferred embodiment, this gasket also seals against the guide channel
      members 46 of the stem 26 and in this way keeps the fluid below the guide
      channel portions 46 of the stem 26 separate from that above them. If
      desired, the draining fluid may pass rearwardly between the stem 26 and
      the collar 42 and then upwardly through a radially outwardly extending
      opening 108 in the collar 42 and cone 28 to an annular groove 110 in the
      cone. From there it may flow downwardly around the grove into a channel
      112 in the lower portion of block 22 and out through a conventional metal
      valve 114.
PAR  The operation of the resectoscope according to the invention is
      conventional and in the preferred embodiment shown in the drawings uses a
      rack and pinion mechanism for moving the block 30 forward and back. A
      dielectric rack 130 is attached to the bottom of the bridge 36 and the
      pinion (not shown) is mounted on a dielectric shaft 132 through a
      horizontal opening through the block 30. A channel in the block (not
      shown) permits the block to move forwardly and back over the rack 130. A
      dielectric lever arm 134 is mounted on a dielectric knob 136 at one end of
      the shaft 132 (see FIG. 6) to rotate the shaft. The teeth on the rack and
      pinion mesh together so about a 180.degree. turn of the shaft moves the
      block all the way forward or back. As the block moves, it drives the
      electrode arms 69 through the cone 28, block 22 and guide channels 46. The
      loop 68 is thereby moved forward and back along its path of travel in
      front of the telescope 10. The path of travel of the loop 68 extends from
      a couple of millimeters within the sheath to about 25 millimeters
      forwardly of the lower lip of the fenestra 20.
PAR  In the resectoscope according to the preferred embodiment of the invention,
      when the electrode 12 is in its forward position, its loop portion 68 is
      supported by its reinforced sections 70 in the guide channels 46 against
      lateral or upward movement. When in its rearward or retracted position,
      the loop portion 68 lies above the bottom portion of the sheath 16 and in
      front of the distal end of the telescope 10. It is also held in this
      position by the reinforced portions 70 of the electrode 12 in the guide
      channel members 46 so that the loop 68 will not contact the sheath 16 or
      the telescope 10. As indicated previously, the telescope shaft 96 is
      isolated electrically from all other conductive material at the ground or
      patient plate potential. Accordingly, even if it should be touched by the
      electrode the resulting effect would be minimal and no harm should be done
      to the telescope.
PAR  Referring now to FIG. 11 of the drawings, a second embodiment of the
      working element stem portion 26a of the resectoscope according to the
      invention will be described. The use of alphabetical letters in connection
      with numbers for certain parts in this specification and in the drawings
      is to identify the parts which are the same in each of the various
      different embodiments. The stem 26a includes a telescope channel member
      44a and electrode guide channel members 46a as in the preferred embodiment
      but, instead of having these guide channel members seal directly against
      the sheath 16a, as in the preferred embodiment, a cover 138 is provided
      which seals against the guide channel members 46a on one side and nests
      snugly against the sheath 16a on the other. This cover 138 extends the
      length of the stem 26 including the portion of it forming the roof 50a.
      This cover includes at least one slot or other opening (not shown)
      adjacent the drainage openings 57 in the sheath (see FIGS. 2 & 8) to
      facilitate the passage of irrigation fluid into the drainage conduit. In
      all other respects this second stem embodiment is like that of the
      preferred embodiment.
PAR  Referring to FIG. 12, a third embodiment of a working element stem 26b
      according to the invention includes telescope channel and electrode guide
      channel members 44b and 46b respectively, but instead of a cover as in the
      second embodiment it includes an enclosed drainage conduit 140 which is
      mounted on the upper side of the stem 26b, nesting between the guide
      channel members 46b and fitting against the sheath 16b at its upper
      surface. In this embodiment as in the second, the guide channel members
      46b of the stem do not sealingly engage the sheath 16b. Similarly, the
      conduit 140 extends the length of the stem including the roof portion 56b
      and has the same slots or other drainage openings (not shown) referred to
      above in connection with the second stem embodiment.
PAR  Turning finally to FIG. 13, a second embodiment of an electrode 12a
      according to the invention comprises the same electrode as the preferred
      embodiment, but without the reinforcement portion at the distal end of the
      electrode. Thus, it includes a loop 68a, arms 69a, wire 72a, insulation
      73a and male terminals 74a at its free ends 71a.
PAR  While various embodiments of the invention have been described in the
      foregoing specification, it will be understood that various modifications
      may be made to these embodiments within the scope of the invention as
      defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A working element assembly for use in a resectoscope having a sheath,
      said assembly including a stem portion for insertion within the sheath,
      and having a telescope channel member with a central axis and a pair of
      parallel cutting electrode guide channel members spaced apart and
      sealingly mounted on the telescope channel member on opposite sides
      thereof substantially along its full length above its central axis and in
      which a portion of the cutting electrode guide channel members and the
      telescope channel member portion between them and above said axis form a
      roof member which extends a distance distally beyond the portion of the
      telescope channel member below said axis.
NUM  2.
PAR  2. A stem for a working element assembly for use in a resectoscope, the
      stem having a telescope channel member along its length with a central
      axis and a pair of parallel cutting electrode channel members spaced apart
      and sealingly mounted on the telescope channel member on opposite sides
      thereof substantially along its full length above its central axis and in
      which a portion of the cutting electrode guide channel members and the
      telescope channel member portion between them and above said axis form a
      roof member which extends a distance distally beyond the portion of the
      telescope channel member below said axis.
NUM  3.
PAR  3. In a resectoscope having a sheath and a working element assembly
      including a stem portion having a telescope channel member for insertion
      within the sheath, said member having a central axis, an irrigation fluid
      inflow conduit and an irrigation fluid drain conduit, both also within the
      sheath, the improvement in which the stem portion of the assembly includes
      a pair of substantially parallel spaced apart cutting electrode guide
      channel members sealingly mounted on the telescope channel member on
      opposite sides thereof substantially along its full length above its
      central axis.
NUM  4.
PAR  4. The improvement according to claim 3 in which the cutting electrode
      guide channel members sealingly engage the telescope channel member and
      sealingly engage the sheath above said axis to partition the space between
      the sheath and the working element stem into said irrigation fluid drain
      and inflow conduits, one of which lies above and between said guide
      channel members and the other below and between them, and in which said
      electrode guide channel members also have a snug yet slidable relationship
      with the sheath to permit insertion and removal of the stem into and out
      of the sheath.
NUM  5.
PAR  5. In a resectoscope according to claim 4 the improvement wherein there is
      a foot member mounted on the lower portion of the stem a distance
      rearwardly of its distal end in contact with the sheath for spacing the
      stem's lower portion a predetermined distance away from the lower portion
      of the sheath and for urging the electrode guide channel members into said
      sealing, snug yet slidable relationship with the sheath.
NUM  6.
PAR  6. The improvement according to claim 4 wherein the telescope channel
      member has a portion adjacent the bottom of the sheath, there is a foot
      member mounted on said telescope channel member portion for spacing said
      portion a predetermined distance away from the bottom of the sheath and
      for causing the electrode guide channel members to engage upper portions
      of the sheath in a snug yet slidable relationship and the stem has an
      upper portion comprising a roof which extends a distance distally of said
      telescope channel member portion adjacent the bottom of the sheath for
      extending one of the irrigation fluid conduits distally of the other.
NUM  7.
PAR  7. The improvement according to claim 3 in which a separate conduit member
      is fixedly mounted on the stem along the length of its telescope channel
      member, said conduit member having a snug yet slidable relation with the
      sheath, defining one of the two irrigation fluid flow conduits and having
      a cross sectional area which maximizes fluid flow through the conduit.
NUM  8.
PAR  8. The improvement according to claim 3 in which one of the conduits is
      defined by a cover which lies over the telescope channel member, in a snug
      but slidable relationship against the sheath and sealingly engages the
      cutting electrode guide channel members adjacent the sheath.
NUM  9.
PAR  9. In a resectoscope according to claim 3, wherein the stem and sheath have
      upper and lower portions, the improvement comprising a foot member mounted
      on the lower portion of the stem in contact with the lower portion of the
      sheath for urging the upper portion of the stem against the upper portion
      of the sheath into a snug yet slidable relation therewith.
NUM  10.
PAR  10. In a resectoscope having a sheath and a working element assembly
      including a stem portion having a telescope channel member for insertion
      within the sheath, said member having a central axis, an irrigation fluid
      inflow conduit and an irrigation fluid drain conduit, both also within the
      sheath the improvement in which the stem portion of the assembly includes
      a pair of substantially parallel spaced apart cutting electrode guide
      channel members sealingly mounted on the telescope channel member on
      opposite sides thereof substantially along its full length above its
      central axis and in which a portion of the cutting electrode guide channel
      members and the telescope channel member portion between them and above
      said axis form a roof member which extends a distance distally beyond the
      portion of the telescope channel member below said axis.
NUM  11.
PAR  11. The improvement according to claim 10 wherein the roof member includes
      at least one aperture in its telescope channel member portion through
      which fluid can flow.
NUM  12.
PAR  12. A cutting electrode for use in a working element assembly for use in a
      resectoscope having cutting electrode guide channel members on opposite
      sides of the working element above its central axis, said electrode
      consisting of a continuous unbranched length of an electrical conductor
      with an uninsulated loop portion in the middle of the conductor and a pair
      of similar, free, substantially straight, flexible, parallel, spaced apart
      insulation covered arms extending rearwardly from the loop in the same
      direction for the remaining length of the electrode, and means for
      connecting the electrical conductor to a source of electric current.
NUM  13.
PAR  13. A cutting electrode according to claim 12 in which the arms beginning
      at the loop portion and extending a predetermined distance rearwardly from
      the loop are stiffer than the remaining portions of the arms to provide
      additional rigidity and support to the loop.
NUM  14.
PAR  14. A cutting electrode according to claim 13 wherein the conductor portion
      of the arms are covered with stiffening elements under the insulation
      throughout the stiffer section of the electrode.
NUM  15.
PAR  15. A cutting electrode according to claim 12 wherein the electric
      connecting means comprises quick disconnect electrical terminals on the
      ends of the electrode arms.
NUM  16.
PAR  16. In a resectoscope having a metal working element stem and a cutting
      electrode reciprocatingly mounted within the stem, the improvement
      comprising having all other parts of the resectoscope which are exposed to
      contact by the operator using the instrument or the patient in which it is
      used formed, as far as possible, of dielectric material, having any
      necessary external parts which are capable of conducting electricity made
      as small as possible, having these external parts formed with a minimum of
      electrically conductive interconnections between them and having these
      parts spaced by a dielectric from those parts of the instrument intended
      to carry electricity to produce a capacitive coupling between them of less
      than about 6 pico farads and an ohmic coupling of not less than about
      25,000 ohms.
NUM  17.
PAR  17. A resectoscope according to claim 16 wherein the conductive surfaces
      are sufficiently small and the dielectric layer is of adequate thickness
      to result in an isolation capacitance of less than about 4 pico farads.
NUM  18.
PAR  18. A resectoscope according to claim 16 in which there is also a telescope
      having a metal shaft within the working element stem and there is a
      dielectric material which isolates the telescope's shaft from the
      instrument's external conductive surfaces with a capacitive coupling of
      less than about 6 pico farads and a resistive coupling of more than about
      25,000 ohms and there is dielectric material between the shaft and the
      electrode which does not break down under the electrical voltages and
      frequencies used.
NUM  19.
PAR  19. A resectoscope according to claim 16 having a cutting electrode with at
      least one terminal, a telescope and a working element assembly with a
      moving block portion comprising a dielectric material, the block portion
      including at least one upwardly sloping channel for the cutting electrode
      and terminal, there being means in said block for connecting electricity
      to said terminal of said electrode in the channel, said means and terminal
      being located in said channel at least about 0.03 inches away from said
      telescope.
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PAL  The elongated, hollow, thin-walled metal shaft of an operation endoscope is
      lined internally throughout its length by a separate thin-walled sleeve of
      electrical insulating material, the shaft and sleeve being mounted
      removably on a common head independently of each other in such manner that
      they are separable by relative longitudinal movement in the direction by
      which the sleeve is retracted rearwardly relative to the shaft, thereby
      affording retraction and replacement of the sleeve without removing the
      shaft from the operation site.
BSUM
PAR  This invention relates to an operation endoscope for the treatment of the
      urethra and bladder which, in addition to the endoscope, has a working
      member constructed as an electrotome with a wire electrode through which
      high frequency current flows during the operation, whereby the working
      member and the endoscope are covered by a common detachable metal
      endoscope shaft insulated relative to the electrotome by a member made
      from insulating material.
PAR  Operation endoscopes are already known wherein the member made from
      insulating material is constructed in one piece with the metal endoscope
      shaft. The endoscope shaft is made either wholly or partly of insulating
      material whereby the said endoscope shaft is preferably insulated over its
      entire length because this also ensures its insulation relative to the
      urethra if through an oversight the high frequency current is switched on
      when the working member, i.e. the electrotome with its wire electrode is
      located in the endoscope shaft. However, with electrical cutting, sparking
      occurs and the end of the endoscope shaft frequently catches fire. Thus
      the endoscope shaft becomes unusable. In known manner this disadvantage
      has been eliminated by constructing the endoscope shaft from two portions,
      whereby the outer portion consists of insulating material and the inner
      portion of metal for stabilization purposes. However, as a result of the
      outer and inner portions the wall thickness is considerably increased
      which is particularly disadvantageous when draining off or evacuating the
      washing liquid. In this operation it is advantageous for the internal
      diameter of the shaft to be as large as possible.
PAR  Finally, from German Patent No. 1,102,341 an endoscope constructed as an
      esophagoscope is known whose endoscope shaft contains a light source, a
      viewing tube and a suction device. Such suction devices were once used to
      remove by suction secretion in front of the viewing tube lens. However,
      this suction is impossible with introduction tubes with a rubber bulb. In
      fact the vision of the person carrying out the investigation is further
      imparied by the secretion. In addition, all suction devices have the
      disadvantages that the suction duct can become easily blocked and cannot
      be made permeable during the examination. To eliminate these disadvantages
      the esophagoscope has an introduction tube which is introduced into the
      endoscope shaft and has a longitudinal recess forming a duct with the
      inner wall of the shaft. This duct can be used to remove secretion by
      suction during examinations both with and without the above-indicated
      rubber bulb. If this duct becomes blocked it is easy to clean even during
      an examination by removing the introduction tube from the shaft and then
      reinserting it after cleaning the duct.
PAR  The problem of the invention is in particular to eliminate this
      disadvantage and to so improve the operation endoscope of the type
      described hereinbefore that a very small wall thickness of the endoscope
      shaft with a large internal diameter of the shaft can be obtained.
PAR  According to the invention, this problem is solved in that the portion made
      from insulating material is formed by a sleeve assembled with the
      electrotome which can be introduced into the endoscope shaft together with
      the electrotome.
PAR  As a result the endoscope shaft walls can be kept very thin because the
      sleeve has no insulation and therefore has an extremely large internal
      diameter. The necessary insulation relative to such an endoscope shaft is
      obtained by the said sleeve which is constructed completely separately
      from the endoscope shaft and forms a structural unit with the working
      member.
PAR  According to a further development of the invention, the insulating sleeve
      is detachably connected with the electrotome. Consequently the sleeve is
      replaceable. Thus, if during the operation the sleeve is damaged, it can
      easily be replaced by another after removing the working member. The
      endoscope shaft can then remain in the urethra, thereby eliminating the
      danger of injury resulting from reinsertion. Preferably the insulating
      sleeve is fitted in a corresponding mounting of the fixed head of the
      electrotome. In this way it is extremely easy to replace the sleeve.
DRWD
PAR  Further advantages and details of the invention can be gathered from the
      following description of two embodiments with reference to the drawings,
      wherein show:
PAR  FIG. 1, a side view of the operation endoscope according to the invention;
PAR  FIG. 2, a greatly enlarged front view of the remote end of the operation
      endoscope;
PAR  FIG. 3, a view as in FIG. 2 of a further embodiment.
DETD
PAR  To the left of FIG. 1 is shown the endoscope shaft 1 provided at its
      right-hand end with a reinforcement 9 for receiving a washing pipe 10 and
      a bayonet catch 11, operable by a bayonet ring 8 which can be turned by
      means of attachment 12 in order to release the endoscope shaft 1 which can
      then be removed to the left.
PAR  Besides the fixed endoscope 3 with the eye piece 13 and the not shown lens
      at the remote end is arranged a working member by means of the axially
      movable operating rod 6 with wire electrode 7. This working member is a
      so-called electrotome because the wire electrode 7 operates with high
      frequency current in not shown manner of FIG. 2. Such electrotomes and
      their operation are already known. The operation takes place by means of
      the two handles 14 and 15, whereby handle 14 is fixedly connected by the
      head 4 of the electrotome, while handle 15 for the thumb is movable by
      rods 16, 17, 18. Sleeve 19 together with operating rod 6 then slides in
      the axial direction towards endoscope 3. The details of this operation
      need not be explained because they are already known. It is also possible
      to provide a further bayonet catch 20 in order to detach the endoscope and
      remove it from the endoscope sleeve 2 to the right in FIG. 1.
PAR  According to the invention, endoscope shaft 1 has in addition to the
      above-indicated reinforcement 9 a thin-walled metal sleeve which embraces
      an insulating sleeve 2 made of insulating material. This can be best
      gathered from FIG. 2 which also shows operating rod 6 with wire electrode
      7 fixed thereto at the remote end of the endoscope 3. According to the
      invention, the insulating sleeve 2 forms a structural unit with the
      electrotome and is fitted in a corresponding mounting 5 of the fixed head
      4 of the electrotome. This is shown in broken lines in FIG. 1. As can be
      seen, the insulating sleeve 2 is somewhat longer than endoscope shaft 1 so
      that it projects somewhat at the remote end to the left in FIG. 1.
PAR  In order to disassemble the operation endoscope shown in FIG. 1, the
      bayonet ring 8 is turned so that endoscope shaft 1 with its reinforcement
      9 can be removed to the left. However, according to the invention the
      insulating sleeve 2 remains fitted in the head 4 of the fixed electrotome.
      If necessary, it can be then removed and replaced. This is extremely
      important because if the insulating sleeve 2 is damaged it can be easily
      and rapidly replaced in the indicated manner, whereby during the operation
      it is also possible to proceed in the reverse manner. The endoscope shaft
      1 then for example remains in the urethra and after detaching the
      indicated bayonet catch 8, 9 the remaining equipment is removed together
      with the insulating sleeve 2. This avoids the danger of injury through
      reinsertion of the endoscope shaft 1 into the urethra or the like.
PAR  FIG. 3 shows a further preferred embodiment which differs from that
      according to FIGS. 1 and 2 in that the sleeve 2 is provided with a
      rolled-in portion 21 representing a longitudinal recess. As a result
      between endoscope shaft 2 and rolled-in portion 21 a cavity is formed in
      the longitudinal direction which can be used as an additional washing duct
      22. This is often very advantageous in order to remove by suction the
      washing liquid supplied, for example, to the inner area of the insulating
      sleeve 2 by means of washing duct 22. It is also possible to remove
      secretion by suction.
PAR  In this case it is particularly easy to clean the washing duct 22 by
      removing sleeve 2 from endoscope shaft 1. After cleaning the outer duct 22
      the sleeve can then be reinserted.
PAR  It is naturally necessary to provide for this additional washing duct 22 a
      corresponding connection on the operation endoscope according to FIG. 1,
      i.e. a second additional washing pipe corresponding to washing pipe 10
      visible in FIG. 1. This is readily comprehensible to the skilled expert so
      that there is no need to show this second washing pipe.
PAR  It will be apparent to those skilled in the art that various changes may be
      made in the size, shape, type, number and arrangement of parts described
      hereinbefore, without departing from the spirit of this invention.
CLMS
STM  Having now described my invention and the manner in which it may be used, I
      claim:
NUM  1.
PAR  1. An operation endoscope, comprising:
PA1  a. an electrotome including an electrode, an elongated operating rod
      connected to said electrode and a head member slidably supporting the
      operating rod for longitudinal movement relative thereto,
PA1  b. an elongated hollow sleeve of electrical insulating material mounted at
      its rearward end on the head member and extending forwardly therefrom
      freely around the operating rod, and
PA1  c. an elongated hollow metal endoscope shaft freely encircling the sleeve
      and mounted removably at its rearward end on the head member independently
      of the sleeve, whereby the endoscope shaft and sleeve are separable from
      each other by relative longitudinal movement in the direction by which the
      sleeve is retracted rearwardly relative to the shaft,
PA1  d. the sleeve extending forwardly at least to the forward end of the shaft.
NUM  2.
PAR  2. The operation endoscope of claim 1 wherein the sleeve is connected
      detachably at its rearward end to the head member.
NUM  3.
PAR  3. The operation endoscope of claim 1 wherein the sleeve is provided with a
      rolled-in portion in the longitudinal direction thereof which forms a
      washing duct with the adjacent inner surface of the separable endoscope
      shaft.
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ABST
PAL  A locating device for transmitting a mild electrical direct current or
      pulsating direct current through the body of a patient to locate through
      increased resistance, as indicated on the meter, areas in the body that
      may benefit from the application of an acupuncture needle. The locating
      device has an elongated handle with the necessary electrical connection.
      At one end portion of the handle a transversely formed hole receives an
      elongated, tubular, electrically conductive needle support and guide.
      Acupuncture needles are very thin and flexible, and require support to
      obtain best usage thereof. A restraint, formed of a resiliently yieldable
      strip of metal or wire extends across one end of the tubular guide and is
      disposed thereon to frictionally engage a needle to resist travel of the
      needle downwardly through the tubular guide. Acupuncture needles are
      formed with a head substantially thicker than the needle itself, and the
      aforesaid restraint is sufficiently yieldable to afford passage of the
      head past the wire and downwardly into the tube where desired. A spring is
      provided to yieldably retain the tubular guide in a predetermined position
      relative to the longitudinal axis of the handle, and further means is
      provided to apply a more positive resistance to dislodgement of the
      tubular guide from a predetermined position.
BSUM
PAC  FIELD OF INVENTION
PAR  The field of invention is that of devices for locating areas in the body of
      a patient which would benefit from acupuncture therapy, with a subsequent
      employment of an acupuncture needle in the area located, and electrical
      therapy, if needed.
PAC  BACKGROUND OF INVENTION
PAR  This invention is related to that disclosed in U.S. Pat. application Ser.
      No. 368,037, filed on June 7, 1973, and matured into U.S. Pat. No.
      3,859,983 on Jan. 14, 1975. With a needle disposed approximately as is
      illustrated in FIG. 3, and with the lower end of the guide placed over an
      area requiring treatment, an operator, or physician, may tap the end 43 of
      the needle, as with a finger, to imbed the needle in the patient's body to
      a desired depth. The guide assembly may then be withdrawn from the needle
      to leave the needle in the desired position.
PAR  It is desired that the needles be restrained from undesired movement
      longitudinally of the tube, and further that adequate electrical contact
      be made between the needle and the tube to establish an adequate
      electrical circuit where desired. In prior practice, when the needle was
      inserted the tube was removed, and if electrical therapy was desired, an
      electrical connection had to be made with the needle. With the present
      device, electrical contact is already available, if desired, when the
      needle is applied.
PAC  SUMMARY OF INVENTION
PAR  Invention resides in employing a tubular needle guide to be secured and
      carried by a handle, and providing on said needle guide a yieldably
      resistant restraint to engage a needle firmly against interior surface of
      the side wall of the tubular conductor, to resist undesired movement of
      the needle in the tubular guide, and to establish an adequate electrical
      contact of the needle with the tubular guide.
DRWD
PAR  This invention is achieved by the construction hereinafter described and
      illustrated in the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic view showing in small scale, and without detail, a
      hand-held, electrical locating device connected by a wire to a meter,
      through which meter the electrical probe is in circuit with an electrode,
      preferably of a bracelet type.
PAR  FIG. 2 is a side elevational view of the electrical locator on a
      substantially larger scale than FIG. 1.
PAR  FIG. 3 is a partial, sectional, vertical elevational view of one end
      portion of said electrical locator.
PAR  FIG. 4 is a top view of a bracelet-type electrode.
PAR  FIG. 5 is a side elevational view of said bracelet electrode taken on line
      5--5 of FIG. 4.
PAR  FIG. 6 is a horizontal, partial, sectional view of said electrode taken on
      line 6--6 of FIG. 5.
PAR  FIG. 7 is a vertical, sectional view taken on line 7--7 of FIG. 2.
PAR  FIG. 8 is a vertical, elevational view of the upper portion of the tubular
      guide and needle, showing a modification of the applied yieldably
      resistant wire.
PAR  FIG. 9 is a partial plan view taken on line 9--9 of FIG. 7.
DETD
PAR  In these views the reference character 1 designates a manually employable
      electrode assembly, in circuit with a meter generally designated as 2, and
      intended to provide (either through batteries or by a transformer, not
      shown) direct electrical current to be transmitted to and through a
      patient. The meter is provided with an off-on switch 3, and a control 4 of
      a conventional type, to regulate the flow of current. There is also
      provided a calibrated dial 5 and the usual conventional gage arm 6. The
      meter, of course, would be provided with a means of evaluating a
      characteristic of electrical current, preferably resistance, which will
      change when current passes through areas of the body which are less
      conductive than normal areas, and which evaluation would indicate the
      possible beneficial application of an acupuncture needle.
PAR  The reference character 7 designates an electrode, desirably of the
      bracelet type, so that the same need not be grasped in the hand of a human
      patient, because the adequacy of electrical contact may vary with the
      variations in the grip of a patient, and produce misreadings on the meter.
PAR  Referring now to FIGS. 2, 3, and 4, which are of a larger scale than FIG.
      1, the reference character 8 designates a handle, of electrically
      non-conductive material, and formed at one end portion thereof with a
      diametrically transverse hole 9. A tubular needle guide 10 is received in
      said hole 9, and carries at one end a wire restraint 12 having an end
      portion 12a bent to extend freely and resiliently across the upper end of
      the tubular guide. A hole 11 extends longitudinally through the needle
      guide to give it the aforesaid tubular character.
PAR  An elongated tubular sleeve 13 is received in a hole 14 elongated in the
      handle, and preferably concentrically therewith. Said hole intersects the
      aforesaid hole 9, and the sleeve is adapted to receive a coil expansion
      spring 15 which reacts between a metallic ball 16 and a metallic pin 17,
      the latter being received diametrically through the walls of said sleeve
      13. The spring 15 and the ball 16, pin 17, and the sleeve 13 are all
      electrically conductive.
PAR  To resist withdrawal of the sleeve 13 from the handle 8, it is desired to
      drill and tap a hole in the handle to receive a set screw 18. To avert the
      possibility of the set screw conducting electricity to the hand of an
      operator of the device, it is desired to fill the hole 18 with a wax
      filler or some other electrically non-conductive substance, 19. It is also
      desirable to form a slot 20 in an end of the sleeve 13. This affords the
      use of solder 21 to secure an end portion of a wire 22 disposed in the end
      portion of said sleeve 13. The wire shown is of the single strand type,
      and has insulation 23.
PAR  A screw 24 is threadedly received in the end portion of the handle 8, so
      that the end of said screw may bear against the needle guide 10 to
      positively prevent dislodgment of the needle guide. It is intended that
      the needle guide have sliding adjustable travel in the hole 9, so that the
      portion protruding beneath the handle may be adjusted to suit the purposes
      and convenience of the operator of the device, and such sliding adjustment
      is available upon loosening of the screw 24 so that it does not engage
      tightly against the surface of the guide 10. To maintain the guide in the
      desired position until the screw can be tightened, is the function of the
      steel ball 16 and spring 15. As is best seen in FIG. 3, it may be
      desirable to crimp the end 13a of the sleeve 13 to resist the escape of
      the ball 16 should the guide 10 be withdrawn, to replace it with either a
      longer or shorter guide. A lock nut 25 may be employed to resist undesired
      rotation of the screw 24.
PAR  A cup 26 is formed by an annular wall 27, and has a bottom wall 28. As may
      be clearly seen from FIGS. 2 and 3, the shank of the screw 24 passes
      through the bottom wall to engage in the handle, and the head 24a of the
      screw clamps the bottom wall against the nut 25. It is desirable that the
      diameter of the chamber be several times the diameter of the tubular
      guide, and it is also desirable that said chamber, which is of
      non-conductive material, be filled with an absorbent material and soaked
      with a saline solution or alcohol, or the like, to serve as a conductor of
      electrical current.
PAR  The electrical wire 22, 23, extends from the handle to make an appropriate
      electrical connection (not shown) within the meter. From the opposite side
      of the meter a wire 38, 39 leads to a bracelet-type of electrode
      designated generally in FIGS. 5 and 6, as 30. The bracelet portion of the
      electrode is designated as 31, and the ends of the bracelet are connected
      between two conductive metal plates 32 and 33. Screws 34 extend through
      holes in the flattened end plates 35 of the bracelet to maintain the
      bracelet and said plates in said assembly. The two plates 32, 33 are
      formed with a groove, respectively designated as 36 and 37 in the
      respective lower and upper plates, and this groove is dimensioned to clamp
      on the insulation 39 of the wire 38. It is proposed that the wire 38 be
      extended beyond the insulation so that it will be engaged with the
      conductive surfaces of the plates 32, 33. If desired, a soldered
      connection may also be employed. A conventional expansion strap is
      contemplated, but, of course, any strap that will grip a limb of a
      patient, human or animal, will serve.
PAR  It may now be seen that by engaging a bracelet electrode on the wrist of a
      patient or the limb of an animal, and by tracing either the cotton-filled
      chamber 26 or the tubular electrode 10 over the skin over areas suspected
      of requiring treatment, the current will pass from the meter through one
      electrode or the other, and thence through the body of a patient to the
      other electrode and then back to the meter where the dial gage 5 will
      indicate resistance. Clearly the area can at first be generally located by
      the larger diameter chamber 26, and the specific area, should it be a
      small one, may be narrowed down by subsequent use of the tubular guide.
      Once the precise area has been determined, a needle 42, having a sharply
      pointed end may be dropped into the guide, and tapped in position in the
      body of a patient without first having to remove the locator and provide
      some form of marking or indentation of the skin for a later application of
      the needle after the locating device has been removed.
PAR  Obviously, it may require a medically skilled person to be aware of areas
      of the body where additional resistance might normally be anticipated, and
      which would therefore not normally require or benefit from treatment.
PAR  It should be noted that the needle 42 is formed with a shank 43, of greater
      diameter than the needle itself. It frequently occurs that a needle is
      tapped into position by a finger tip of the operator, and the shank 43
      affords a surface which may be tapped.
PAR  As may be seen clearly in FIGS. 3, 7, and 9, the end portion 12a of the
      coil spring 12 is disposed across the end of the tubular guide 10 so as to
      engage the needle 42 with the side wall of said tubular guide. It is
      proposed to use a spring 12 of adequate resilience that the end portion
      12a may be yieldably forced to move and permit passage of the needle shank
      43. It is believed clear that the restraint 12a releasably restrains the
      needle in a desired position, but permits ready adjustment of said
      position. It also, as is desired for this invention, engages the needle
      against the wall of the tubular guide with sufficient firmness to make an
      adequate electrical contact therewith.
PAR  In FIG. 8, a modified version of the invention has a rectilinear length 41
      of spring wire secured to the outer wall of the tubular guide, as by
      silver soldering, or the like. Downwardly said wire terminates in an
      arcuate section 41b, also secured to said outer wall. The yieldably
      resistant end portion of such wire, extending across an open end of the
      tube, is designated 41a.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A guide assembly for an acupuncture needle, including
PA1  a tubular guide to receive and guide an acupuncture needle,
PA1  said tubular guide having both ends open, and
PA1  a yieldably resilient restraint carried by said tubular guide,
PA1  and having a section extending substantially transversely across an open
      end thereof to form an opening between the interior surface of the guide
      and the section, said section being adapted to yieldably engage a needle
      against the interior surface of said guide to frictionally resist
      undesired movement of such needle longitudinally of said tubular guide.
NUM  2.
PAR  2. A guide assembly for an acupuncture needle as set forth in claim 1,
PA1  said restraint having a portion elongated downwardly and exteriorly of said
      tubular needle guide, and being rigidly secured thereto.
NUM  3.
PAR  3. A guide assembly for an acupuncture needle, as set forth in claim 2,
PA1  said restraint including a coil spring rigidly received and secured upon an
      end portion of said tubular guide,
PA1  said coil spring having an end portion thereof bent to extend across the
      end of said tubular guide to form said section, and
PA1  said end portion being so disposed across said end of said guide as to
      yieldably engage a needle in said guide.
NUM  4.
PAR  4. A guide assembly for an acupuncture needle, including
PA1  a tubular guide to receive and guide an acupuncture needle, said tubular
      guide having both ends open,
PA1  a yieldably resilient restraint carried by said tubular guide, and
      extending across an open end thereof, to yieldably engage a needle in said
      guide and frictionally resist undesired movement of such needle
      longitudinally of said tubular guide, and
PA1  an elongated handle adapted to carry said tubular guide,
PA1  said tubular guide having sliding travel in said handle for adjustment to
      desired positions relative to said handle, and a first hole extending
      through said handle transversely of its longitudinal axis, and said
      tubular guide being slidably received in said first hole.
NUM  5.
PAR  5. The combination as set forth in claim 4,
PA1  said handle further having a second hole elongated longitudinally thereof,
      and said second hole intersecting said first hole,
PA1  a first means disposed within said second hole to react against said
      tubular guide to yieldably resist undesired adjustable travel of said
      guide.
NUM  6.
PAR  6. The combination as set forth in claim 5,
PA1  a second means carried by said handle and adapted thereof for releasable
      engagement, with said tubular guide to restrain said guide from travel.
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ABST
PAL  A disposable rectal insert of plastic material chemically inert to body
      fluids encapsulating a freezable medium having a freezing point of about
      0.degree. to 32.degree.F. The insert has a small bulbous end for rectal
      insertion which is collapsible upon melting of the medium and compensating
      dilation of the other enlarged reservoir end maintains constant internal
      volume of the insert.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A common physical disorder that has plagued humans from time immemorial,
      particularly adult humans, is that of hemorrhoids, a livid and painful
      swelling formed by vein dilation in the anal cavity or rectum. Many
      treatments have been devised over the years, including chemical, thermal,
      electrical and surgical, some involving elaborate treatment procedures and
      others somewhat drastic, and some of those already mentioned as well as
      still others having possible damaging side effects. Many of the prior art
      techniques require administration by trained technicians or, in some
      cases, physicians.
PAR  There has been a long recognized need for a simple inexpensive, non-toxic,
      self-administered device or procedure that has no possible harmful side
      effects or after effects and which is completely disposable after a single
      use. Several attempts have been made, some of these goals have been
      achieved, but heretofore none has been entirely satisfactory for one or
      more reasons.
PAR  As long ago as 1868 Schevenell et al. in U.S. Pat. No. 77,539 proposed an
      instrument for treating piles or hemorrhoids involving a tapered hollow
      electrode of different metals to provide galvanic action when brought into
      contact with the body fluids, which was claimed to reduce the rectal
      inflammation. The electrode was to be inserted into the rectal cavity and
      held in place for several hours in order to achieve the asserted
      beneficial treatment. Optionally includable within the hollow electrode
      was a frozen substance. Apart from the prolonged length of required
      treatment, the other main deficiencies of the device were the need for
      cleaning and sterilization between uses and the likelihood that the
      metallic constituents would form toxic acids or salts in contact with body
      fluids that would enhance, rather than diminish, the bodily disorder.
PAR  Another unsuccessful attempt was proposed by Cowie in U.S. Pat. No. 969,134
      dated Aug. 30, 1910, who suggested the use of a hollow device, presumably
      of metal, having a removable screw cap so that crushed ice or other
      freezing, cooling, or heating medium could be employed. The device of
      Cowie, albeit some forty or more years after Schevenell et al., did not
      advance the technology, but rather had the same drawbacks and deficiencies
      as the proposal of Schevenell et al.
PAR  Other more recent efforts have been made to meet this long-felt need, but
      heretofore no one had devised or even suggested a conveniently packaged,
      self-administered, completely disposable rectal insert for hemorrhoidal
      therapy.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Each rectal insert encapsulates a freezable medium and has an elongated
      tubular body or stem with a relatively small insertable bulbous end and an
      enlarged non-insertable end constituting a stop member and providing a
      reservoir for said freezable medium. Both the first said end and a portion
      of the other end have relatively thin wall sections such that the first
      said end is collapsible under rectal sphincter pressure when said medium
      is in the liquid state and said portion of the other end is extensible
      outwardly to provide compensating additional volume in said reservoir for
      said liquid upon collapse of the first said end.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of an embodiment of the package of the present
      invention;
PAR  FIG. 2 is an enlarged isometric view of the package shown in FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary cross-sectional view taken along lines
      3--3 of FIG. 1; and
PAR  FIG. 4 is an enlarged view of a removed portion of the package shown in
      FIG. 2.
PAR  FIG. 5 is an enlarged isometric view of the rectal insert;
PAR  FIG. 6 is an enlarged longitudinal section taken along lines 6--6 of FIG. 5
      and shown in the inserted condition;
PAR  FIG. 7 is a longitudinal section of the rectal insert shown under
      retraction conditions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1-4 of the drawings, a package constructed according
      to the principles of the present invention is shown and designated
      generally by reference number 10. As shown, said package 10 is comprised
      of a pair of individual sheets 11 which are preferably each composed of a
      highly durable, transparent, water-repellent film of polystyrene. Other
      similar materials may be used as desired.
PAR  The sheets 11 have a plurality of complementary pockets or recesses 12
      impressed by vacuum forming at spaced positions therealong to provide,
      when the sheets are joined together as shown in FIGS. 1-3, a corresponding
      plurality of receptacle portions 13 containing respective receptacles 14,
      each holding an individual rectal insert 15 to be described in detail
      hereinafter.
PAR  The sheets 11 of the package in assembly may be adhered to one another by
      heat sealing.
PAR  Aligned weakened portions 16 in the sheets 11 constituted by perforations,
      indentations or the like as shown, are adapted for selective manual
      separation of each receptacle portion 13 from the rest of the package as
      desired (see FIG. 2).
PAR  The separated portion 17 (see FIG. 4) may then be manipulated as shown to
      manually separate the sheets 11 and liberate the rectal insert 15
      contained in the associated receptacle 14.
PAR  As shown in FIGS. 5-7 rectal insert 15 is comprised of an elongated hollow
      tubular stem portion 18 and bulbous portion 19 of insertable dimensions at
      one end thereof and a stop or reservoir portion 20 at the other end.
      Sealed within the insert 15 is liquid 21 (see also FIG. 3) which may be
      any suitable freezing at or near 0.degree.-32.degree.F., such as, for
      example, water, ethylene glycol, propylene glycol and mixtures thereof,
      etc.
PAR  Insert 15 is fabricated from low density polyethylene tubing that is
      extruded with varying wall thicknesses and then blow molded, filled and
      sealed in accordance with well-known conventional techniques. Low density
      polyethylene is described, for example in 1973-1974 Modern Plastics
      Encyclopedia, pp. 78-82 and 550, which is incorporated herein by
      reference. The entry end 19 and the rearward wall 22 of reservoir end 20
      are extruded with thicknesses ranging from about 3 to about 10 mils
      whereas the remainder of the device has a wall thickness in excess of
      about 15 mils to provide, after complete fabrication, certain novel
      features and characteristics that lend exceptional utility and
      effectiveness to the device.
PAR  The particular shape or configuration of the reservoir end 22 may vary as
      long as it provides the required functions of (a) a stop member limiting
      the extent of anal insertion and insuring proper positioning during use
      and (b) a compensating reservoir for giving the desired total cooling
      capability to the device and compensating for the shift in volume caused
      by the collapse of the bulbous end 19 to be explained.
PAR  The particular shape or configuration of the entry end 19 may also vary so
      long as it provides (a) enhanced caloric transfer between the treated
      rectal area and the contained liquid medium and (b) wall collapse in
      response to rectal pressures upon melting of the frozen liquid to
      facilitate ultimate withdrawal of the device after completion of the
      therapeutic treatment as described below.
PAR  Stem 18 is generally dimensioned to be about 3 inches in length, about 1/2
      inch in diameter and the stop or reservoir end is usually about 3/4 inch
      or larger in diameter or transverse dimension.
PAR  To provide enhanced structural strength in the embodiment shown, the sheets
      11 are provided with outwardly and oppositely turned flanged edges 24
      along two adjacent edges as shown in FIGS. 1, 2 and 4. Such flanged edges
      provide gripping portions on the removed receptacle portion as shown in
      FIG. 4 to enhance manual separation of the two sheets 11 to free the
      rectal insert 15 for use.
PAR  Each package 10 in the embodiment shown is of elongated rectangular
      configuration to permit insertion thereof in a corresponding rectangular
      shaped shipping container 25.
PAR  In use each package 10 is removed from the shipping container 25 and either
      as an entity or in one or more severed portions is normally placed in a
      refrigerating environment before use if the rectal device 15 is to be used
      in cold therapy.
PAR  After freezing of the contained liquid, the sheets 11 of the selected
      receptacle portion 13 are separated and the stem 18 of the rectal device
      15 may be inserted rectally as shown in FIG. 6 for a period of time
      usually from about 1 to about 6 minutes or longer as desired to achieve
      beneficial results in alleviating hemorrhoidal discomfort.
PAR  In the inserted condition as shown in FIG. 6 bulbous end 19 is disposed
      internally just beyond the sphincter muscle 23 and dilation of the
      sphincter muscle during insertion of the device may, in itself, have some
      beneficial effect on the treatment area since the hemorrhoidal veins span
      the sphincter muscle.
PAR  The reduced wall portion of bulbous portion 19 gives optimum heat transfer
      between the frozen medium 21 and the treatment area. As the contained
      medium gradually melts the rectal pressure on bulbous end 19 exerted by
      the sphincter muscle 23 causes collapse thereof which, because water is
      incompressible, causes dilation of rear wall 22 of reservoir end 20 (see
      FIG. 7). The reduction in size of bulbous end 19 facilitates withdrawl of
      the insert device 15 after completion of the treatment.
PAR  It can be seen from the foregoing descriptions that a rectal insert and
      package are provided affording features that are substantial improvements
      over prior art devices and which were long sought but not conceived
      heretofore.
PAR  While one embodiment of the invention has been shown and described herein,
      it is to be understood that changes and additions may be made to the
      described structures without departing from the scope and spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A disposable hollow rectal insert adapted for self-administered
      treatment of hemorrhoids by cold temperature therapy comprising a unitary
      molded plastic enclosure containing a freezable medium including an
      elongated tubular stem portion having enclosed ends and dimensioned for
      manual rectal insertion at a first of said ends and having an enlarged
      stop portion at the second of said ends to prevent rectal insertion of the
      latter, said stem portion adjacent said first end having a relatively thin
      wall thickness rendering the same collapsible under rectal pressure when
      said medium is in the liquid state, said stop portion being of bulbous
      shape and having a relatively thin wall portion being extensible and
      providing increased internal volume therein to compensate for the collapse
      of said first end portion under said rectal pressure, said first end
      portion in the absence of rectal pressure having a bulbous configuration
      of insertable dimensions.
NUM  2.
PAR  2. In the insert of claim 1, said freezable medium being a liquid having a
      freezing point of about 0.degree. to 32.degree.F.
NUM  3.
PAR  3. An insert according to claim 2 in which said medium is water.
NUM  4.
PAR  4. An insert according to claim 3 composed of low density polyethylene.
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ABST
PAL  A transvenous lead including a conductor encased in an insulating material
      which is generally inert in body fluids and tissues, the conductor being
      connected to an exposed, electrically conductive electrode at, or adjacent
      to, the lead terminus. At least one tine extends from the casing adjacent
      the lead terminus for engaging the inner wall or trabeculae of an internal
      body organ or chamber to urge the electrode in a given generally
      transverse direction, all of such tines extending from the casing in
      directions which fall within an 180.degree. arc around its periphery with
      no tine extending in a direction less than 90.degree. from the given
      direction. In one preferred embodiment, the electrode forms a conductive
      lead tip and includes a portion skewed toward the given direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electrical contact with various portions of the body through a transvenous
      approach has found increasing interest in recent years. Of particular
      interest is a reliable endocardial electrical contact with the atrium.
      Such a contact allows atrial pacing or atrial synchronized pacing without
      a thoracotomy thereby preserving the contribution of atrial contraction in
      the overall cardiac output while significantly lowering patient risk and
      morbidity. Additionally, an atrial contact would be advantageously
      employed for arrhythmia management and other purposes which may not be
      accomplished through ventricular electrical stimulation. For reasons well
      known to those skilled in the art, the greatest advantages from an
      electrical contact with the heart can be obtained by contacting the right
      atrium, the right atrial appendage providing a suitable site.
PAR  In the U.S. Pat. application Ser. No. 372,269, of Paul Citron and Eugene A.
      Dickhudt, filed June 21, 1973, now U.S. Pat. No. 3,902,501 and commonly
      owned with the present application and incorporated herein by reference,
      there are discussed several prior attempts to accomplish an endocardial
      electrical contact with the atrium. Part of that discussion centers upon a
      paper co-authored by me which described a J-shaped catheter with a flange
      near the tip. The catheter was inserted into the right atrium through a
      transvenous approach after being straightened by the insertion of a
      stylet. The catheter assumed its preformed J-shape within the atrium to
      facilitate placement of the electrode tip in the artrial appendage when
      the stylet was withdrawn. The atrial trabeculae and shape of the catheter
      were relied upon to maintain the lead in location until the heart tissue
      itself enveloped and fixed the tip.
PAR  A sensing atrial endocardial electrode is also described in the referenced
      patent application. This prior art electrode employed a J-shaped
      applicator catheter which was used to direct the electrode tip into the
      right atrial appendage. The lead was provided with two fine wire hooks
      positioned at its tip each ending in a relieving loop. The hooks were held
      back by the applicator catheter to spring out and anchor the electrode in
      the trabeculae of the right atrial appendage when the electrode tip left
      the end of the applicator catheter.
PAR  The deficiencies in the prior art techniques described above are detailed
      in the referenced patent application which provides a novel electrode
      uniquely adapted for use as an atrial endocardial electrode. In essential
      part, the lead of the referenced patent application, as shown in FIG. 1
      thereof, is comprised of a body member terminating at an exposed
      electrically conductive tip having a plurality of tines extending at an
      acute angle from the body member from a position adjacent the tip. As so
      constituted, the tines will become involved with the cooperating
      trabeculae of the right atrial appendage to push against them and maintain
      the tip in electrical contact with the inner wall of the right atrial
      appendage. For this purpose, it is contemplated that the tines extend
      generally around the circumference of the body member with the number of
      tines not being critical to the operativeness of the invention. The tines
      of the referenced patent application are intended to push against the
      coperating trabeculae to urge the lead in a direction defined generally by
      its longitudinal axis. This, the tines of the referenced patent
      application are effective to urge only the terminus or tip of its lead
      into electrical contact with the inner wall of the atrial appendage, or
      similar organs or chambers.
PAC  BRIEF SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a transvenous lead including a conductor
      encased in an insulating material which is generally inert in body fluids
      and tissues, the conductor terminating at an exposed electrically
      conductive electrode at, or adjacent to, the lead terminus. At least one
      tine extends from the casing adjacent the lead terminus for engaging the
      inner wall or trabeculae of an internal body organ or chamber to urge the
      electrode in a given, nominally transverse, direction. Through this
      transverse urging, the lead of the present invention may be employed in
      any body organ or chamber to urge the electrode against the organ or
      chamber side wall through the engagement of the tines with such trabeculae
      as might exist and/or the opposing sidewall of the organ or chamber. Also,
      the electrode may be positioned at any point along the lead that is within
      the influence of the tines. Thus, the lead of the present invention has a
      wider application than that of the referenced patent application. Also, in
      the particular environment of the referenced application, namely the right
      atrial appendage, it has been found that a lead constructed according to
      the present invention is easier to position and provides at least as
      reliable electrical contact with no indication of any deficiencies in its
      securement.
PAR  The many advantages of the present invention are provided by configuring
      the tines of the referenced patent application such that all of the tines
      extend from the casing in directions which fall within a 180.degree. arc
      around the casing periphery. In this way, the tines cooperate to urge the
      electrically conductive electrode in a given, nominally transverse,
      direction and no tine extends in a direction less than 90.degree. from the
      given direction. In a preferred embodiment, the electrode comprises a
      conductive tip including a portion skewed from the longitudinal direction
      of the conductor towards the given direction.
PAR  The many objects, advantages and novel features of the present invention
      will become apparent from the following detailed description of the
      invention when considered in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a preferred embodiment of the present invention.
PAR  FIG. 2 shows a cross section of the preferred embodiment of FIG. 1 taken
      along the Line 2--2 in FIG. 1.
PAR  FIG. 3 shows a modification of the embodiment of FIG. 1 as viewed along the
      Line 2--2 in FIG. 1.
PAR  FIG. 4 shows another preferred embodiment of the present invention.
PAR  FIG. 5 shows a cross section of the preferred embodiment of FIG. 4 taken
      along the Line 5--5 in FIG. 4.
PAR  FIG. 6 shows an additional preferred embodiment of the present invention.
PAR  FIG. 7 shows a cross section of the preferred embodiment of FIG. 6 taken
      along the Line 7--7 in FIG. 6.
PAR  FIG. 8 shows a modification to the preferred embodiment of FIG. 7.
PAR  FIG. 9 shows a partial cutaway of the heart with an embodiment of the
      present invention in position therein.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1, which illustrates a preferred embodiment of the present invention,
      shows a lead 10 having a connector portion 11, electrode protion 12 and
      central portion 13. The cross section of the central portion 13 may be as
      illustrated in FIG. 7. That is, an electrical conductor formed of a coiled
      member 15 having a void lumen 16 is encased in an insulating material 17
      which is generally inert in body fluids and tissues, for example, silicone
      rubber or polyurethane. The conductor 15 is in electrical contact with a
      conductive tip 19 and extends from the conductive tip 19 through the
      central portion 13 and the connecting portion 11 and into electrical
      contact with a connecting pin 20. The connecting pin 20 is adapted for
      connection with a remote electrical device in known manner and has a lumen
      therethrough coincident with the lumen 16 of the conductor 15. With this
      configuration, it is possible to insert a stylet through the end of the
      connecting pin 20, through the lumen 16 of conductor 15 into abutment with
      the conducting tip 19. The electrically conductive tip 19 may be of any
      material suitable for the environment, platinum-iridium, for example.
      Also, although the conductive tip 19 is a preferred electrode embodiment,
      any electrode within the electrode portion 12 may be employed.
PAR  Extending from the casing material 17 from locations adjacent the
      conductive tip 19 are a plurality of tines 22. The tines 22 are of a
      pliant material which is generally inert to body fluids and tissues,
      silicone rubber or polyurethane, for example, and may be attached to the
      electrode portion 12 of the lead 10 in any convenient manner. For example,
      they may be molded so as to be unitary with the electrode portion 12.
      Alternatively, the tines 22 may extend from a ring which surrounds the
      electrode portion 12 and is adhered thereto in any convenient manner. The
      tines 22 are shown making an acute angle with the longitudinal axis of the
      lead 10. As will be fully appreciated from the following description, the
      angle of inclination of the tines 22 with respect to the longitudinal axis
      is not critical and may have any convenient value consistent with their
      purpose to cooperate with body tissues to maintain the tip 19 in
      electrical contact.
PAR  Referring now to FIG. 2, there is shown a cross-sectional view of the
      embodiment of FIG. 1 taken along the line 2--2. From FIG. 2, it is
      apparent that the tines 22 of FIG. 1 extend in the same general direction
      from different locations on the casing material 17. Inasmuch as the
      direction of the tines with respect to the longitudinal axis is not
      critical, the term `direction` as employed herein and in the claims is
      intended to mean a direction within a plane transverse to the longitudinal
      axis of the electrode 10. For example, although the tines may extend in a
      direction which has a component along the longitudinal axis of the
      electrode, the term `tine direction`, unless specifically stated
      otherwise, shall mean the component of tine direction which is transverse
      to the longitudinal axis of the lead 10.
PAR  It is apparent from FIG. 2, that if the tines 22 are brought into contact
      with a surface oriented such as that designated by reference numeral 23
      which may be the inner surface of a body organ or chamber, the tines would
      tend to urge the electrode portion 12 of the lead in the transverse
      direction indicated by the arrow 24. Thus, the tines oriented as
      illustrated in FIG. 2 can be said to have a tendency to urge the lead in a
      given, nominally transverse, direction, that direction being the direction
      indicated by the arrow 24. Of course, depending upon the orientation of
      the body tissues with which the tines 22 cooperate, and the form of that
      cooperation, the actual direction may differ from the given nominal
      direction. In any event, the transverse component of the direction in
      which the tines 22 actually urge the lead 10 will sufficiently approximate
      the given direction 24 so that a lead constructed within the constraints
      detailed below will be operative.
PAR  Referring now to FIG. 3, there is shown a modification of the preferred
      embodiment of FIG. 2 as seen in cross section taken along the Line 2--2 of
      FIG. 1. In this embodiment, the tines 22 are shown spaced partially around
      the periphery of the casing material 17. The tines may be within the same
      transverse plane or spaced along the longitudinal axis as in the
      embodiment of FIG. 1. In either case, the transverse component of the
      direction in which the tines will tend to urge the lead is again shown at
      24. An additional preferred embodiment is illustrated in FIGS. 4 and 5.
      Here, the tines 22 again extend at acute angles with respect to the
      longitudinal axis. The transverse components of their direction of
      extension all lie within an arc of 180.degree. around the periphery of the
      casing material 17. Again, the transverse component of the direction in
      which the tines 22 urge the lead 10 is indicated at 24 and none of the
      tines extend from the casing material 17 in a direction less than
      90.degree. from the given direction 24. Indeed, the embodiments of FIGS. 2
      and 3 similarly fall within the same constraints and, from FIGS. 2-5 it
      can be seen that tines configured within those constraints will tend to
      urge the lead 10 in the direction 24 without impeding that motion to
      result in contact of the electrode 19 with the inner wall of a body organ
      or chamber. Again, the constraints can be alternatively phrased: all of
      the tines 22 must extend from the casing 17 in directions which fall
      within no more than an 180.degree. arc around the periphery of the casing;
      or none of the tines must extend in the direction whose transverse
      component is less than 90.degree. from the direction indicated at 24.
      Also, it should be noted that in the embodiments of FIGS. 1 - 5 the tines
      are generally symmetrically arranged with respect to the direction 24
      although it is possible to arrange them otherwise within the contrraints
      given above while still maintaining the operativeness of the invention.
PAR  Referring no to FIG. 6, there is shown another preferred embodiment of the
      present invention. In this embodiment, the tines 22 are configured as
      illustrated in FIGS. 1 and 2 although other tine configurations within the
      stated constraints may be employed. As shown in FIG. 6, the lead of this
      embodiment has a preformed J member 24 intermediate the central portion 13
      and electrode portion 12. The central portion 13 may run to a connector
      portion 11 such as that illustrated in FIG. 1.
PAR  The preformed J member 24 is intended to adapt the lead of the present
      invention for use in the right atrial appendage. A stylet is threaded
      through the lumen 16 of the electrical conductor 15 to straighten the J
      member 24. As straightened, the lead is inserted through a blood vessel in
      known fashion. When the electrode portion 12 and J member 24 reach the
      atrium, the stylet is removed and the lead assumes the J configuration
      illustrated in FIG. 6. In this configuration, the electrode portion 12 is
      easily inserted into the atrial appendage with the tines 22 cooperating
      with the atrial trabeculae to urge the conductive tip 25 into contact with
      the appendage wall. To facilitate the electrical contact with the
      appendage wall, the conductive tip 19 is shown with a portion 25 which is
      skewed from the longitudinal axis of the electrode portion towards the
      direction indicated as 24 in FIG. 2. The tip 19 need not be skewed, it
      being necessary only that the tip extend, in the direction 24 of FIG. 2,
      at least to or past the casing material 17 which forms the electrode
      portion 12. The skewed portion 25 is a preferred form of accomplishing the
      extension.
PAR  The J member 24 may be formed as described in the article I co-authored,
      which article is discussed and identified in the referenced application.
      Alternatively, the J portion may be formed in the manner described in U.S.
      Pat. No. 3,729,008, issued Apr. 24, 1973, to Barough V. Berkovitis. In
      either case, the J member 24 has a cross-sectional area greater than that
      of either the central portion 13 or electrode portion 12. This greater
      cross-sectional area in the J member 24 adds rigidity to that member and
      tends to overcome the tendency of the coil 15 to straighten as well as
      having a greater ability to overcome the effects of gravity on the lead.
      Of course, any other techniques for preforming the J member 24 may be
      employed whether or not it results in a J member having a greater
      cross-sectional area than either the electrode portion 12 or the central
      portion 13. Alternatively, the J applicator catheter technique described
      in the referenced application may be employed to position the lead of the
      present invention within the right atrial appendage thereby eliminating
      any need to preform a J member within the lead itself.
PAR  FIG. 9 is a partial cutaway of the heart showing the lead and tip electrode
      of the present invention in a position within the right atrial appendage.
      For reference, 30 is the inferior vena cava, 31 is the aorta and 32 is the
      superior vena cava. The electrode of the present invention 10 is shown
      entering the right atrium through the superior vena cava. Within the right
      atrium, the electrode 10 angles and its tip is within the right atrial
      appendage 32. As shown, the tines 22 engage the side wall of the appendage
      and urge the tip 19 into engagement with the opposing sidewall. FIG. 9 is
      intended only to illustrate the lead of the present invention in one
      operative position. Other positions and tine configurations may be
      employed and the lead may be placed in other body organs or chambers.
      Within the environment of FIG. 9, the lead may be configured as shown in
      FIGS. 1 or 6, and placed in position in any known manner.
PAR  Referring now to FIGS. 7 and 8, there are shown alternative conductor
      embodiments which may be employed in any of the embodiments of FIGS. 1, 4
      or 6. In FIG. 7, there is shown a coiled conductor 15 having an internal
      lumen 16, the coil 15 being encased by an insulating material 17. This
      embodiment had been discussed with reference to FIG. 1. FIG. 8 shows a
      multistrand wire 25 which may be of platinum, for example, and is commonly
      referred to as "tinsel wire". With this type of conductor and assuming a
      preformed J configuration, it is necessary to provide a stylet lumen as at
      26 to straighten the J member 24. The wire 25 and lumen 26 are surrounded
      by an insulating material 17 which may be identical to that in the
      embodiments of FIGS. 2 and 7. In the embodiment of FIG. 8, the conductor
      25 and lumen 26 are shown spaced off of the longitudinal axis of the
      insulating material 17. Alternatively, the conductor 25 may be positioned
      along the longitudinal axis with the stylet lumen 26 spaced therefrom.
      Further, in both the embodiments of FIGS. 7 and 8 the lumens 16 and 26 may
      be lined with Teflon or any other appropriate material to facilitate the
      insertion and removal of the stylet.
PAR  From the above, it can be seen that the present invention provides an
      improved medical lead uniquely adapted to make electrical contact with the
      inner wall of an internal body organ or chamber through a transvenous
      approach. The lead provides means for cooperating with body tissue to urge
      the electrode portion of the lead and an electrode carried by the
      electrode portion into contact with the organ or chamber wall. In one
      embodiment, the lead is provided with a preformed J-shaped member which
      adapts the lead advantageously for use in the atrial appendage. In this
      and other forms, the lead may be employed in any appropriate internal
      organ or chamber. The tines are dimensioned according to the application
      and are of a pliant material which is sufficiently rigid to accomplish
      their purpose without having a tendency to damage tissue while being
      sufficiently pliable so that they may be disengaged if necessary.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. An example of such a
      modification would be to make all or a portion of the lead 10 or the tines
      22, or both, radiopaque to facilitate the positioning by observation
      through X-ray, fluoroscopy, etc. This can be accomplished through
      impregnation with carbon, barium sulfate, or Tantalum. Of course, any
      suitable substance and method will be acceptable for this purpose. Also,
      since the tines have the ability to urge the entire electrode portion 12
      into contact with the side wall of a body organ chamber or organ, the
      electrode may be positioned at any point within the electrode portion.
      Alternatively, the lead may be provided with a tip electrode as well as a
      second electrode spaced from the tip to operate in a bipolar mode. It is
      therefore to be understood that, within the scope of the appended claims,
      the invention may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a transvenous electrode carrying lead of the type having an
      electrical conductor encased in a material which is generally inert to
      body fluids and tissue and having body tissue engaging means of a material
      which is generally inert to body fluids and tissue extending from the
      casing at a location adjacent to the lead terminus, the improvement
      wherein said body tissue engaging means comprises a plurality of
      non-conducting tine means extending from said casing material in
      directions which fall within no more than a 180.degree. arc around the
      periphery of said casing material for urging the electrode carrying
      portion of lead in a transverse direction outside of said 180.degree. arc,
      said tine means being entirely of a pliant material having sufficient
      rigidity to cooperate with body tissue and effect said urging while being
      sufficiently pliant to prevent penetration of said body tissue.
NUM  2.
PAR  2. The transvenous lead of claim 1 wherein said tine means each extend in a
      direction generally opposed to said transverse direction from different
      locations on said casing material.
NUM  3.
PAR  3. The transvenous lead of claim 2 wherein said electrode is at the
      terminus of said lead, said electrode comprising a conductive tip having a
      skewed portion extending from said casing material generally in said
      transverse direction.
NUM  4.
PAR  4. The transvenous lead of claim 1 wherein said electrode is at the
      terminus of said lead, said electrode comprising a conductive tip having a
      skewed portion extending beyond said casing material in a direction having
      a transverse component outside said 180.degree. arc.
NUM  5.
PAR  5. The transvenous lead of claim 4 wherein said tine means are generally
      symmetrically arranged with respect to said transverse direction.
NUM  6.
PAR  6. The transvenous lead of claim 1 wherein said casing means has a
      preformed J configuration and a lumen adapted to accept a stylet.
NUM  7.
PAR  7. The transvenous lead of claim 6 wherein the portion of said casing means
      which forms said J configuration has a larger cross-sectional area than
      the remainder of said casing means.
NUM  8.
PAR  8. The transvenous lead of claim 7 wherein said electrode is at the
      terminus of said lead, said electrode comprising a conductive tip having a
      skewed portion extending beyond said casing material in a direction having
      a transverse component outside said 180.degree. arc.
NUM  9.
PAR  9. The transvenous lead of claim 8 wherein said tine means are generally
      symmetrically arranged with respect to said transverse direction.
NUM  10.
PAR  10. The transvenous lead of claim 9 wherein said tine means each extend in
      a direction generally opposed to said transverse direction from different
      locations on said casing means.
NUM  11.
PAR  11. A body implantable lead adapted to make electrical contact with the
      inner wall of an internal body organ or chamber which comprises:
PA1  electrical conductor means;
PA1  means for connecting said electrical conductor means to a source of
      electrical energy;
PA1  insulating means encapsulating and electrically insulating said conductor
      means, said insulating means being of a material which is substantially
      inert in body fluids and tissue;
PA1  electrode means electrically connected to said electrical conductor means;
      and
PA1  a plurality of pliant non-conducting tine means extending from said
      insulating means for engaging body tissue, without penetration of the
      tissue, to urge said electrode means in a given, nominally transverse
      direction, none of said tine means extending in a direction less than
      90.degree. from said given direction.
NUM  12.
PAR  12. The body implantable lead of claim 11 wherein said electrode means
      extends beyond said insulating means in at least said given direction.
NUM  13.
PAR  13. The body implantable lead of claim 11 wherein said tine means are
      generally symmetrically arranged with respect to said given direction.
NUM  14.
PAR  14. The body implantable lead of claim 13 wherein said tine means extend in
      substantially the same general direction from different locations on said
      insulating means.
NUM  15.
PAR  15. The body implantable lead of claim 14 wherein said electrode means
      comprises conductive tip means including a portion skewed from the
      direction of said conductor means toward said given direction.
NUM  16.
PAR  16. The body implantable lead of claim 11 wherein said electrode means
      comprises conductive tip means including a portion skewed from the
      direction of said conductor means toward said given direction.
NUM  17.
PAR  17. The body implantable lead of claim 16 wherein said tine means extend in
      substantially the same general direction from different locations on said
      insulating means.
NUM  18.
PAR  18. The transvenous lead of claim 11 wherein said insulating means has a
      preformed J configuration and a lumen adapted to accept a stylet.
NUM  19.
PAR  19. The transvenous lead of claim 18 wherein the portion of said insulating
      means which forms said J configuration has a larger cross-sectional area
      than the remainder of said insulating means.
NUM  20.
PAR  20. The body implantable lead of claim 19 wherein said electrode means
      extends beyond said insulating means in at least said given direction.
NUM  21.
PAR  21. The body implantable lead of claim 20 wherein said tine means are
      generally symmetrically arranged with respect to said given direction.
NUM  22.
PAR  22. The body implantable lead of claim 21 wherein said electrode means
      comprises conductive tip means including a portion skewed from the
      direction of said conductor means toward said given direction.
NUM  23.
PAR  23. The body implantable lead of claim 22 wherein said tine means extend in
      substantially the same general direction from different locations on said
      insulating means.
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ABST
PAL  A method and apparatus for stimulating a heart to eliminate rhythmic
      abnormalities, especially tachycardias. In accordance with a method of
      orthorhythmic stimulation, the electric stimulation is applied after a
      delay period following a natural electrosystole. The electric stimulation
      comprises a train of pulses, preferably between three and twenty, which
      straddles the end of the delay period. Such trains of pulses may also
      alternate with one or more trains of a single pulse. The stimulator
      comprises a trigger responsive to the natural electrosystole of the heart,
      a first counter of predetermined frequency and a second counter of
      adjustable higher frequency serially connected to the first counter for
      driving a pulse generator generating the trains of pulses.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to electric stimulation of the
      heart of a person afflicted with rhythmic abnormalities, and more
      particularly, but not exclusively, with the speed-up of the heart beat
      known as tachycardia.
PAC  BACKGROUND OF THE INVENTION
PAR  As is known, numerous tachycardial arrhythmias may be reduced
      instantaneously by the electric stimulation of the heart provided that the
      stimulation is delivered within a narrow zone of the cardiac cycle called
      the effective zone.
PAR  It has been found that the location of effective zone in the cardiac cycle,
      as well as the duration per se of the effective zone, varies markedly from
      one cardiac cycle to another mainly in accordance with the duration of the
      preceding cardiac cycle called the R--R interval (the interval between
      consecutive R's); in general, the shorter the duration of the preceding
      cardiac cycle, the closer the effective zone comes to the beginning of the
      cycle, with a corresponding reduction in its own length.
PAR  Further, according to a method called orthorhythmic stimulation with
      automatically variable hysteresis, it has been proposed to make the
      delivery of the electric stimulation pulse dependent upon the duration of
      the preceding cardiac cycle with a view to ensuring the delivery of the
      pulse inside the effective zone of the instant cardiac cycle; in practice,
      and according to the method, the application of the desired electric
      stimulation of the heart is effected after a period of time called the
      delay period, which, counting from the natural electrosystole triggering
      the stimulation, is variable as a function of the duration of the
      preceding cardiac cycle.
PAR  The term "natural electrosystole" is used throughout the present
      specification as meaning the electrical expression of a natural or induced
      systole, i.e. the mechanical contraction of the heart.
PAR  Yet there may be large and abrupt variations in frequency of the
      tachycardial arrhythmia treated-namely, when the patient undergoes an
      intensive drug treatment at the same time. In this case, the effective
      zone of the cardiac cycle may be sufficiently shortened and/or
      sufficiently displaced so that, despite the correction provided by the
      method of orthorhythmic stimulation with automatically variable
      hysteresis, the stimulation pulse falls outside the effective zone.
PAR  Consequently, the stimulation pulse is not able to alleviate cardiac
      arrhythmias; on the contrary, such a stimulation pulse is capable of
      provoking an additional contraction of the heart thereby accelerating the
      heart beat.
PAC  SUMMARY OF THE INVENTION
PAR  The general objects of the present invention are the provision of a method
      and apparatus for overcoming these drawbacks.
PAR  The method according to the invention is of the type in which the electric
      rhythm of a patient's heart is monitored, and in case of an abnormality,
      electric stimulation is applied to the heart muscle after a delay period
      which, counting from the natural electrosystole of the heart muscle
      triggering the stimulation, is variable as a function of the duration of
      the cardiac cycle immediately preceding said electrosystole, wherein the
      improvement comprises, for at least one of the electrosystoles triggering
      stimulation, said stimulation comprising a train of n consecutive
      stimulation pulses, n being greater than two, the length of the pulse
      train being chosen to straddle the end of the delay period.
PAR  The train of pulses according to the invention permits the straddling of an
      optimum point in the cardiac cycle, as previously determined by the method
      of orthorhythmic stimulation with automatically variable hysteresis, so
      that with all probability at least one of the pulses of the train falls in
      the particular effective zone desired.
PAR  It has already been proposed to apply to a patient's heart an electric
      stimulation in the form of a train of consecutive pulses, but up to now
      such stimuli were delivered in response to a single natural electrosystole
      after a constant coupling interval or period and only at the auricles of
      the heart.
PAR  The present invention provides only one short stimulation train applied to
      the heart because the point in time of application in the cardiac cycle is
      already more precisely located in the R--R interval by the orthorhythmic
      method which permits application at the ventricles of the heart, this
      electric stimulation being particularly effective owing to the fact that
      it is delivered at the precise moment, as indicated above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features and advantages of the invention will be more apparent from the
      description which follows, given by way of example, with reference to the
      accompanying schematic drawings, in which:
PAR  FIG. 1 illustrates the electrocardiogram of a normal person;
PAR  FIG. 2 illustrates an electrocardiogram of a person having a tachycardial
      abnormality and for which conventional electrical stimuli are applied to
      the patient's heart;
PAR  FIG. 3 is similar to FIG. 2 and illustrates the application of electric
      stimulation to the patient's heart according to the invention;
PAR  FIG. 4 shows a block diagram of the electric stimulation apparatus or
      stimulator according to the invention;
PAR  FIG. 5 shows a diagram illustrating the operation of the apparatus; and
PAR  FIG. 6 is a block diagram similar to that of FIG. 4 for an alternative
      embodiment of the electric stimulator according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE STATE OF THE ART
PAR  It is possible, as is known, to distinguish in a person's electric cardiac
      cycle having a period .theta. three distinct consecutive zones; these
      zones are schematically illustrated in FIG. 1 in which the R--R interval
      is also shown.
PAR  Starting from the origin .theta..sub.o of an electrosystole 10 there is
      first of all a zone ZR called the refractory zone during which the
      application of any electric stimulation on the heart muscle is without
      effect.
PAR  Then, starting from a point in time .theta..sub.1 which marks the end of
      the refractory zone ZR, there is a second zone ZE called the effective
      zone.
PAR  The effective zone is relatively short, its duration is between about 15
      milliseconds and about 100 milliseconds depending, namely, on the
      individual and the possible pathological condition of the speeded up heart
      muscle.
PAR  Finally, after the point .theta..sub.2 marking the end of the effective
      zone ZE there is a third zone ZNR called the nonrefractory zone during
      which the application of an electric stimulation on the heart muscle is
      capable of provoking its contraction.
PAR  The refractory zone ZNR ends with the appearance of a new electrosystole 10
      marking the beginning of another electric cardiac cycle.
PAR  It is also known that in the case of a rhythmic abnormality of the
      tachycardia type, it is possible to bring the rhythm back to normal, and
      in rarer cases it is possible to slow the rhythm of the heart by
      continuous stimulation, applying an electric stimulation to the heart
      muscle at the auricles or the ventricles, provided that the electric
      stimulation occurs precisely during the effective zone defined
      hereinabove.
PAR  In practice, and as shown in FIG. 2, the application of such an electric
      stimulation is effected at the present time by means of a single pulse 12;
      this pulse is applied to the heart muscle after a delay period A starting
      from the origin .theta..sub.o of the natural electrosystole 10 which,
      occuring prematurely, electronically triggers the detection of a rhythm
      abnormality and applies an electric stimulation.
PAR  Now, as mentioned above, the duration .theta..sub.1 --.theta..sub.2 of the
      effective zone ZE is very short.
PAR  If the stimulation pulse 12 falls exactly in the effective zone ZE which is
      the case for the line 2A in FIG. 2, it is possible, as illustrated, to
      bring the heart back to normal electric rhythm.
PAR  If, on the other hand, as indicated in line 2B, a large increase in the
      tachycardial abnormality brings about concomitantly a reduction in the
      duration of the effective zone ZE, now .theta.'.sub.1 -.theta.'.sub.2 and
      a reduction of the time .theta..sub.o -.theta.'.sub.1 separating the
      origin of the effective zone from the origin of the preceding natural
      electrosystole 10, the electric stimulation pulse 12 then falls in the
      nonrefractory zone ZNR and is no longer capable of ensuring a return to
      the normal heart rhythm, but, on the contrary, may accelerate the heart
      rhythm.
PAR  Finally, if an abrupt slowdown of the heart rhythm simultaneously brings
      about, as shown on line 2C in FIG. 2, an increase of the duration
      .theta..sub.o -.theta.".sub.1 between the origin of the effective zone ZE
      and the origin of the preceding natural electrosystole 10 with a possible
      concomitant increase in the duration .theta.".sub.1 -.theta.".sub.2 of the
      effective zone, the stimulation pulse 12 falls in the refractory zone ZR
      and is ineffective.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the invention, and for at least one of the electrosystoles 10
      triggering the stimulation, the stimulation is effected, not by means of a
      single pulse 12, but by means of a train 15 of successive pulses, the
      number n of pulses in the train 15 being greater than two and the time
      length E of the train 15 being effectivelly chosen so that the train
      straddles the normal end of the delay period A.
PAR  In other words, and as shown in FIG. 3, the first pulse of the train 15
      preferably occurs before the end of the delay period A, and the last pulse
      12 of the train 15 preferably occurs after the end of the delay period.
PAR  In the illustrated example, the pulses of the train 15 according to the
      invention are identical in shape and duration and are of constant
      frequency.
PAR  It goes without saying that, alternatively, the pulses 12 of a train of
      pulses 15 may be of different shape, and/or duration, and/or frequency,
      for example, the pulses may be in increasing or decreasing order of
      frequency.
PAR  By way of nonlimiting example, the pulse train 15 preferably comprises a
      number n of pulses 12 between three and twenty, each of the pulses 12
      being rectangular and having a duration of 1 millisecond and an amplitude
      in the order of 0.5 to 6 volts, and each pulse 12 being separated from the
      next pulse by a free interval of between 2 and 10 milliseconds.
PAR  As shown in FIG. 4, a stimulator apparatus according to the invention
      generally comprises a probe wire 20 which when placed in a catheter 21, is
      adapted to detect the electrical activity in the auricle or the ventricle
      of a person's heart.
PAR  The probe wire 20 is connected to the input lead of an amplifier 22 with a
      feedback loop (not shown) which permits, in a known manner, level control.
PAR  The output of the amplifier 22 is connected to a trigger 24, for example a
      Schmitt trigger, by means of a filter 23 adapted to eliminate the effects
      of possible interference.
PAR  The trigger 24 controls a first clock signal counter 25 having a
      predetermined frequency F which, in turn, controls a second clock signal
      counter 26 having an adjustable frequency F" which is chosen greater than
      the frequency F of the first clock signal counter 25.
PAR  The second clock signal counter 26 controls, in turn, a pulse generator 27;
      the output of the pulse generator is connected to a stimulation conductor
      28 which, together with the probe wire, 20, is arranged in the catheter 21
      for introduction into the auricle and/or ventricle of the heart to be
      stimulated.
PAR  A voltage signal 29 is thus present after each electrosystole.
PAR  From each voltage signal 29 to the following voltage signal the clock
      signal counter 25 records the number n of frequency F pulses.
PAR  The end of the count of the first clock signal counter 25 marks the
      beginning of the count of the second clock signal counter 26. The second
      clock signal counter 26 counts during its operative period a number N of
      pulses 31 equal to the number of pulses 30 initially recorded by the first
      clock signal counter 25.
PAR  However, since the frequency F" of the second clock signal counter 26 is
      greater than the frequency F of the first clock signal counter 25, the
      counting period .theta." of the second clock signal counter 26 is less
      than the counting period .theta. the first clock signal counter 25
      corresponding to the period of the detected cardiac cycle.
PAR  Since, in accordance with the known method of orthorythmic stimulation, we
      are dealing with a single stimulation pulse produced after a delay period
      A, the frequency of the second clock signal counter 26 is adjusted to a
      value F' so that the duration of the corresponding counting period
      .theta.' is a fraction a'.theta. of the period of the cardiac cycle equal
      to the delay period A.
PAR  Preferably, the second clock signal counter 26 is adjusted to an even
      higher frequency F", selected so that the corresponding counting period
      .theta." is a fraction a".theta. of the period .theta. of the cardiac
      cycle less than the fraction a'.theta. corresponding to the delay period
      A.
PAR  For this reason, the pulse generator 27 is turned on before the end of the
      delay period A defined above.
PAR  The pulse generator 27 is adjusted so as to emit a train 15 of pulses from
      the end of the counting phase of the second clock signal counter 26 up to
      a predetermined time period after the delay period A.
PAR  The construction of such a pulse generator as well as other components of
      the stimulator apparatus is known per se and within the skills of the man
      in the art. Their construction will therefore not be described in detail
      here.
PAR  It is also within the skills of the man in the art to ensure the
      possibility of manually or automatically adjusting the shape and/or the
      duration and/or the frequency of the pulses 12 of the pulse train 15
      furnished by the pulse generator 27.
PAR  From the above, an electric stimulation is systematically delivered by the
      stimulation conductor 28 during each electric cycle of the heart.
PAR  According to the alternative embodiment shown in FIG. 6 and as is known per
      se, such stimulations are only supplied in case of necessity, i.e., only
      when the monitored electric cycle is higher than a predetermined reference
      value.
PAR  In addition, according to this embodiment, two second clock signal counters
      26', 26" with adjustable frequencies are arranged in parallel and
      connected at the output end of the first clock signal/counter 25 and
      selected by a selection switch 40.
PAR  As above, the first clock signal counter 25 is adjusted to the frequency F"
      greater than the frequency F' corresponding to the delivery of a single
      stimulation pulse after a delay period A.
PAR  One of the second clock signal counters 26', 26" on the other hand is
      adjusted to the frequency F' which is also greater than the frequency F of
      the first clock signal counter 25.
PAR  The output leads of the second clock signal counters 26' and 26" are
      connected in parallel to one of the input leads of an AND gate 32, the
      other input lead of which carries the output of the frequency comparator
      33 which is connected to the output of the trigger 24 and to the display
      device showing the predetermined reference frequency.
PAR  The selection switch 40 determines which of the second clock signal
      counters 26' and 26" is to be put into operation depending on whether the
      electric stimulation to be applied is to consist of a single pulse, as is
      conventional, or a train of pulses as described above.
PAR  In any case the application of electric stimulation is produced according
      to FIG. 6 only when the comparator 33 has detected a speed up in the
      frequency of the heart cycle with respect to the reference frequency shown
      on the display device.
PAR  By means of the selection switch, it is possible to alternate a single
      pulse cardiac stimulation, possibly repeated during several cardiac
      cycles, with a cardiac stimulation formed as a train of pulses which may
      also be repeated over several cardiac cycles; the permutations of one type
      of stimulation with another may even be programmed automatically.
PAR  Although the present method and apparatus have been described with respect
      to human beings it is clearily applicable to the hearts of mammals, in
      general.
PAR  The present invention is, of course, not limited to the embodiments
      described and illustrated herein nor the particular modes of carrying out
      the invention described, but includes, on the contrary, all modifications
      and variations within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of electrically stimulating a heart, comprising monitoring the
      heart for rhythmic abnormalities, measuring the duration of a first
      cardiac cycle immediately preceding a second cardiac cycle during which
      the heart is to be electrically stimulated, determining a delay period as
      a function of the said first cardiac cycle, generating a train of n
      consecutive stimulation pulses, n being greater than two, so that the
      train of n pulses straddles the end of the delay period running from the
      natural electrosystole at the beginning of said second cardiac cycle, and
      applying said train of n pulses to the heart.
NUM  2.
PAR  2. A method according to claim 1, further comprising alternating at least
      one said train of n successive stimulation pulses with at least one train
      of a single electric stimulation pulse.
NUM  3.
PAR  3. A method according to claim 1, wherein the duration of the pulses of a
      given train is variable.
NUM  4.
PAR  4. A method according to claim 1, wherein the shape of the pulses of a
      given train of pulses is variable.
NUM  5.
PAR  5. A method according to claim 1, wherein the frequency of the pulses of a
      given train of pulses is variable.
NUM  6.
PAR  6. A method according to claim 1, wherein the pulses of a given train are
      identical and of constant frequency.
NUM  7.
PAR  7. A method of electrically stimulating a heart, comprising monitoring the
      heart for rhythmic abnormalities, measuring the duration of a first
      cardiac cycle immediately preceding a second cardiac cycle during which
      the heart is to be electrically stimulated, determining a delay period as
      a function of the first cardiac cycle, generating a train of more than two
      consecutive rectangular stimulation pulses each having a duration of about
      one millisecond and an amplitude in the order of 0.5 to 6.0 volts, the
      train of n pulses straddling the end of the delay period running from the
      natural electrosystole at the beginning of said second cardiac cycle, and
      applying said train of n pulses to the heart.
NUM  8.
PAR  8. A method as claimed in claim 7, the pulses of said train being separated
      from one another by free intervals between 2 and 10 milliseconds.
NUM  9.
PAR  9. Apparatus for electric stimulating of a heart muscle, comprising a probe
      wire for monitoring the electric activity of the heart muscle, a trigger
      operatively connected to the probe wire, a first clock signal counter
      having a predetermined frequency F, a second clock counter having an
      adjustable frequency F" greater than F driven by the first clock counter,
      a pulse generator driven by the second clock counter, and a stimulation
      conductor connected to the pulse generator adapted to be applied to the
      patient.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein there are two second clock
      counters having adjustable frequencies F' and F" resepectively greater
      than the frequency F of the first clock counter, said second clock
      counters being arranged in parallel, a selection switch being provided for
      selecting one of said second clock counters.
NUM  11.
PAR  11. Apparatus according to claim 10, further comprising an AND gate
      connected between the second clock counters and the pulse generator, a
      comparator connected to a trigger and a display device, the outlet of said
      comparator being connected to an input of the AND gate.
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ABST
PAL  A brassiere having two fabric pouches coupled to each other through the
      inner ends of their lower edges, and including ties of adjustable length,
      wherein two of the edges of each pouch are provided with hems in the form
      of tubes inside of which the ties may slide freely. At least one of the
      hem tubes is common to the two pouches, and the lengths of the ties are
      adjustable by the wearer to vary the height, the width, the depth, and the
      visible area of each pouch. The position of the brassiere with respect to
      the shoulders of the wearer is also adjustable through the lateral ties
      connected to each other behind the neck of the wearer.
BSUM
PAR  The present invention relates to a brassiere, and particularly to a bathing
      suit, the brassiere of which is adjustable.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that one of the drawbacks in the brassieres of known types lies
      in the fact that they are constituted by pouches the depth and area of
      which are defined upon the making thereof. Now the users have figures
      which differ from each other, so that the number of sizes for a given
      model of bathing suit should be very great. A user, besides, cannot vary
      the area of her skin which she wants to expose to the sun.
PAR  An object of the present invention is to obviate such drawbacks and provide
      an adjustable brassiere, in particular for a bathing suit, wherein the
      ties slide inside the hems of the pouches, the size of the latter being
      adapted to be varied.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a brassiere having two fabric pouches
      coupled to each other through the inner ends of their lower edges, and
      ties of adjustable length. Two of the edges of each pouch are provided
      with hems which define tubes inside of which the ties of adjustable length
      may slide freely. At least one of the tubes is common to the two pouches.
      The lengths of the ties are adjustable by the wearer to vary the height,
      the width, and, consequently the depth and the visible area of each pouch.
      The position of the brassiere with respect to the shoulders of the wearer
      is also adjustable through predetermined ones of the ties connected to
      each other behind the neck of the wearer.
PAR  A brassiere according to the invention, in particular for a bathing suit,
      comprises two pouches made of textile yarn, each in the general shape of a
      pyramid with a triangular base, interconnected through the inner ends of
      their lower edges, and is characterized in that two of the edges of each
      pouch are provided with hems which define tubes inside of which ties of
      adjustable length slide freely, at least one of said tubes, as defined by
      the lower hems, being common to the two pouches, while the length of the
      ties is set by the user, the latter being able to vary the height, the
      width, and, therefore, the depth and the visible area of each pouch, while
      the position of the brassiere with respect to the shoulders is adjusted
      through the lateral ties, which are connected to each other behind the
      neck of the user.
PAR  According to another feature of the invention, the ties, which may be three
      in number, may be either longitudinally rigid textile, or elastic braids,
      or else textile-covered rubber threads.
PAR  According to another feature of the invention, the tubular hems of each
      pouch are converging towards the outer tip of the latter, while two ties
      extend out of said tip and have their ends connected on the back of the
      user to the ends of the ties extending freely out of the outer tip of the
      opposite pouch.
PAR  According to another feature of the invention, the ties form in each pouch
      a sliding "V" which allows adjusting the position of the brassiere on the
      breast, on the one hand, and the height and width of each pouch, on the
      other hand. Thus, a user is able to adapt a given model to her own figure,
      on the one hand and to the area of skin she wants to expose, for instance,
      to a sun bath, on the other hand.
PAR  According to another feature of the invention, the connection between the
      ties behind the neck and on the back of a user may be ensured merely by a
      knot tightened to the length required, whereby a quick adjustment of the
      size of the brassiere is made possible. On the other hand, the two ties
      extending out of each pouch tip under the armpits of the user may be tied
      together, near the free end thereof, by a knot, whereby adjusting the size
      and position of the brassiere is made easier.
PAR  It should be understood that the connections between the ties might be
      ensured by an adjustable system of a known type, such as, for instance, a
      sliding buckle mounted on one of the ties, and in which the other tie is
      clamped.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a brassiere according to the invention.
PAR  FIG. 2 is an exploded view of the elements constituting the brassiere of
      FIG. 1.
PAR  FIGS. 3 and 4 illustrate two different adjustments of said brassiere.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a bathing suit brassiere including two fabric pouches 1 and 2.
      Each of said pouches is made of a single piece and is broadly shaped as a
      hollow pyramid, the lower edges of the faces of which are constituted by
      the hems of the piece of fabric. The lower edges 3 and 6, respectively, of
      the two pouches, are interconnected to define a common portion or "base".
      The hems on the inner side of each pouch are plain flat hems 5 and 8,
      respectively. The hems 4 and 7 on the outer sides of the pouches 1 and 2,
      respectively, are stitched in a manner such that they each define a
      flexible tube open throughout. On the other hand, the "base" constituted
      by the lower edges 3 and 6 is hemmed so as to form a single tube 9 open
      throughout from the tip 10 of the pouch 1 to the tip 11 of the pouch 2.
      The tubes 4, 7 and 9 are continuous throughout their lengths.
PAR  The brassiere also includes three ties or strings 14, 15 and 16, each of
      which is inserted in one of said tubular hems, wherein it can slide freely
      from one end of the tube to the other (doubles arrows 20, 21 and 22 in
      FIG. 2).
PAR  The brassiere of the invention is used as follows:
PAR  The strings 14, 15 and 16 are inserted into the tubular hems 4, 7 and 9,
      respectively. The strings 14 and 15 are tied together by a knot 17,
      adjustably tied at a distance from the ends of the strings. The user
      passes said knot 17 behind her neck, and then makes the tubes 4 and 7 of
      the pouches slide along the strings 14 and 15, respectively. On the other
      hand, the string 16 is inserted into the horizontal common tube 9, and its
      ends are tied together on the back of the user. The relative displacement
      of the pouches 1 and 2 with respect to the strings 14, 15 and 16 (in the
      direction of the double arrows 20, 21 and 22, respectively, FIG. 2) allows
      first positioning the fabric correctly regardless of whatever figure the
      user may have. Moreover, the distances between the pouch tips 10 and 12,
      13 and 11, and 10 and 11 can be modified. As a matter of fact, since the
      strings are fully free inside the tubes defined by the hems 4, 7 and 9,
      the user may, for instance, bring the pouch tips 10 and 11 nearer to each
      other merely by making them slide over the string 16, whereby the fabric
      becomes puckered at the lower part of the brassiere. In the same way, the
      tips 10 and 12, on the one hand, and the tips 13 and 11, on the other
      hand, may be brought closer to each other, respectively. This adjustment
      is particularly advantageous in that:
PAR  the fabric does not interfere with the armpits of the user;
PAR  the user is able to modify at will the area of skin covered by each pouch,
      that is, increase or reduce the exposure to sun;
PAR  combining the adjustments in the directions 23 and 24 (FIGS. 1 and 2)
      allows modification of the depth of the pouches.
PAR  It will thus be seen that a brassiere of a given pattern can be readily
      adapted to various substantially different figures, while the same user is
      able to modify the appearance of her bathing suit as in FIGS. 3 and 4.
PAR  In FIG. 1, knots 25 and 26 are illustrated, the first of which ties the
      lower end of the string 14 to the corresponding end of the string 16,
      while the second knot 26 ties the lower end of the string 15 to the
      corresponding end of the string 16. Said knots 25 and 26, which are
      adapted to be untied, facilitate the connection between the ends of the
      strings on the back of a user. Of course, the two ends of the string 16,
      on the one hand, and the lower ends of the strings 14 and 15, on the other
      hand, may also be tied separately.
CLMS
STM  I claim:
NUM  1.
PAR  1. A brassiere comprising, in combination:
PA1  two fabric pouches directly connected to each other only at the inner ends
      of their lower edges;
PA1  three ties of adjustable length;
PA1  two of the edges of each said pouch being provided with hems which define
      tubes inside of which said ties of adjustable length may slide freely;
PA1  at least one of said tubes being common to the two pouches;
PA1  one of said three ties is substantially horizontal and common to the two
      pouches and slides inside the lower hems of said pouches which define the
      common tube;
PA1  the length of said ties being adjustable by the wearer to vary the length,
      the width, and, consequently, the depth and the visible area of each said
      pouch; and
PA1  the position of the brassiere with respect to the shoulders of said wearer
      also being adjusted through predetermined ones of said ties connected to
      each other behind the nech of the wearer.
NUM  2.
PAR  2. A brassiere according to claim 1 wherein the adjusting ties are
      longitudinally rigid textile bands, such as laces.
NUM  3.
PAR  3. A brassiere according to claim 1 wherein the adjusting ties are elastic
      braids.
NUM  4.
PAR  4. A brassiere according to claim 1 wherein the adjusting ties are
      textile-covered rubber threads.
NUM  5.
PAR  5. A brassiere according to claim 1, wherein said pouches are in the
      general shape of pyramids with triangular bases, and the tubular hems of
      each pouch converge towards the side tip of the pouch, from which tip two
      of said ties come out, the ends of which are connected on the back of the
      wearer with the ends of those ties which come freely out of the tip of the
      opposed pouch.
NUM  6.
PAR  6. A brassiere according to claim 1 ties define in each pouch a sliding "V"
      which allows adjusting the location of the brassiere on the breast of the
      wearer, and the height and width of the pouches.
NUM  7.
PAR  7. A brassiere according to claim 1 wherein the relative sliding of the
      fabric pouches with respect to the ties enables a same wearer to reduce or
      increase the area of skin exposed to the sun, such adjustment being
      facilitated by a removable knot which ties together at least two of said
      ties coming out of a same lateral pouch tip.
NUM  8.
PAR  8. A brassiere according to claim 1 wherein connections between the ties
      are ensured by an adjustable device, such as a sliding buckle, mounted on
      one of the ties and in which another of said ties is clamped to allow
      adjusting the brassiere depending on the figure of the wearer and the area
      of skin covered.
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ABST
PAL  A device includes a transducer for measuring the amount of grain lost by
      the thresher and a transducer for measuring the amount of grain supplied
      to the hopper of a grain combine which transducers are connected through
      an electronic unit in the form of a ratio detector to an indicator
      calibrated in relative units to register the ratio of the output signals
      of the transducers for indicating the the magnitudes or rates of grain
      flow and of the changes in the process of separation of grain in the grain
      combine. The transducer for measuring the amount of grain supplied to the
      hopper of the grain combine is installed under the sieve of the cleaner
      and has an elongated form and a width which is smaller than that of the
      sieve of the grain combine. The utilization of the device reduces the
      losses of grain in the thresher and improves labour productivity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to devices used in agricultural equipment,
      and more particularly, to devices applied to controlling the magnitudes or
      rates of flow and losses of grain in the grain combine thresher.
PAR  The present invention can most efficiently be utilized in grain harvesters
      and grain cleaning machines.
PAR  Known in the prior art are devices for determining losses of grain in the
      grain combine thresher by determining the amount of grain sieved at the
      end of the rack, the amount of grain being proportional to grain losses
      through the rack.
PAR  One of these devices incorporates a funnel for collecting the separated
      grain at the end of the rack and an electroacoustic transducer or pick-up
      which is acted upon by grain from the funnel and connected to the means
      for registering the readings of the pick-up which is used as an indicator
      located in the sight view of the operator.
PAR  The grain seaved from the straw at the end of the rack is supplied through
      the funnel to the sensitive surface of the electroacoustic pick-up. The
      grains falling onto the sensitive surface generate electric pulses whose
      frequency is converted to the readings of the indicator calibrated in
      number of grains per unity of time.
PAR  In the mentioned device the errors for determining the losses of grain are
      influenced by the physical condition of grain, and particularly, the
      absolute weight of the grains which is changed depending on the conditions
      or duration of crop harvesting. This leads to errors in assessing and
      selecting the mode of operation of the grain combine.
PAR  Also known is a device which concurrently with the control of grain loss in
      the grain combine thresher measures and controls the amount of grain
      supplied to its hopper.
PAR  The mentioned device comprises a grain pick-up or transducer which measures
      the grain lost by the thresher and installed on the grain outlet from the
      additional separator of grain whose amount is proportional to total losses
      or transducer which measures the grain in the thresher, and a pick-up of
      the amount of grain supplied to the hopper of the combine and located in
      the upper head of the grain elevator feeding grain to the hopper. Each of
      the mentioned pick-ups in the device is independently connected with the
      independent means for registering the readings of the pick-ups which are
      used as indicators which, in turn, indicate the amount of grain lost by
      the thresher and the amount of grain supplied to the hopper of the grain
      combine. For transducer or pick-ups use can be made of electromechanical
      or capacitance pick-ups or volumetric pick-ups.
PAR  The pick-up for measuring the amount of grain proceeding to the hopper
      takes measurements of the total amount of grain supplied to the hopper at
      any given time.
PAR  The pick-up which measures the amount of grain lost by the rack of the
      thresher takes measurements of the amount of grain which is proportional
      to the total amount of grain lost by the rack at any given time.
PAR  The readings of the corresponding indicators are proportional to the
      quantity or rates of grain flow controlled by the pick-ups.
PAR  In the known device the pick-up which measures the amount of grain supplied
      to the hopper is located behind the transporting mechanisms of the grain
      combine which transfers the cleaned grain to its hopper. The flow of grain
      supplied to the hopper and measured by the pick-up is non-uniform due to
      the peculiarities of the auger or scrubber transporting mechanisms which
      supply grain in fluctuating quantities. The fluctuations in supply of
      grain results in considerable variations of the indicator readings and
      makes it difficult for the operator to use the readings of the instrument.
PAR  The location of the pick-ups which measure the amount of grain proceeding
      to the hopper directly in the hopper increases the lag period of the
      signal sent therefrom to the indicator as compared with the moment of
      supply of the plant mass to the grain combine. This results in a delay in
      changing the mode of operation of the grain combine which is changed by
      the operator in accordance with the signal obtained.
PAR  In the mentioned devices the errors of determining the losses of grain and
      the amount of grain supplied to the hopper are considerably influenced by
      the physical condition of grain, namely, its humidity and absolute weight
      which are varied due to the condition and duration of harvesting, thereby
      leading to establishing faulty modes for the combine operation.
PAR  The measurement of the total amount of grain supplied to the hopper calls
      for the utilization of large-size pick-ups of complex design which makes
      them expensive.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a device which makes it
      possible to carry out measurements of the grain flowing to the hopper of
      the grain combine with a lower time lag as compared to the moment when the
      plant mass arrives at the grain combine.
PAR  Another object of the invention is to provide a device which makes it
      possible to take measurements of the grain losses in the thresher of the
      grain combine characterized by the ratio of the output signals of the
      device pick-ups eliminating the effect of the absolute weight of the grain
      on the pick-up.
PAR  An additional object of the present invention is to provide a device
      ensuring a more accurate and complete assessment of the grain losses in
      the grain combine thresher as compared to the known devices and the
      detection of faults in the production process accomplished therein.
PAR  To solve the formulated task a device is provided for controlling the
      magnitudes or rates of flow and losses of grain in the grain combine
      thresher, comprising the first means on the combine for detecting the
      amount of grain lost in its thresher and second means for detecting the
      amount of grain supplied to the hopper of the grain combine, and means for
      registering the readings of said detecting means, wherein, according to
      the invention, said second detecting means for detecting the amount of
      grain supplied to the hopper of the grain combine is in the nature of a
      piezoelectric transducer with an elongated sensitive surface located under
      the sieve whose elongated side is oriented in the direction of the
      longitudinal axis of the grain combine and having a width smaller than
      that of the sieve, with the outputs of said detecting means being
      connected to an electronic unit generating an output signal proportional
      to the ratio of the output signals of said detecting means and sent to the
      indicator which is connected to the output of the electronic unit and
      calibrated in relative units characterizing the relative magnitudes or
      rates of grain flow and the variation in the process of separation of
      grain in the thresher.
PAR  The arrangement of said second means for detecting of the amount of grain
      supplied to the hopper as specified in the invention is the place from
      where the flow of cleaned grain starts moving in the grain combine.
PAR  Detection of the amount of grain in any point of the flow is immediately
      after the location of interest where the transducers or pick-ups are
      located. The time lag of the signal arriving from the pick-up as compared
      to the moment at which the plant mass proceeds to the combine is thereby
      decreased. Therefore, the location of the pick-up under the cleaning sieve
      in the flow of the separated grain provides a minimum time lag for the
      signal indicating the amount of grain supplied to the hopper, thereby
      making it possible to rapidly detect a change in the production process of
      grain separation during the operation of the grain combine.
PAR  The location of the pick-up for measurement of the amount of grain supplied
      to the hopper of the grain combine under the sieve makes it possible to
      eliminate the effect of the transport working members on the uniformity of
      the grain flow, thus improving the conditions for measuring its magnitudes
      or rates of flow.
PAR  The magnitude or rate of the flow of grain separated by sieve is smaller
      than the magnitude of the flow of grain transferred to the hopper by the
      transport working member of the grain combine. This makes it possible to
      use a piezoelectric pick-up for determining the amount of grain since such
      pick-up is substantially immune or totally insensitive to the vibrations
      of the combine as compared with other known pick-ups, and being at the
      same time least sensitive to differences in physical condition of the
      grain. In addition, the piezoelectric pick-up does not require electric
      energy to be directly supplied thereto or mechanical movement, and is
      convenient in operation.
PAR  Making the sensitive surface of the pick-up having an elongated form with a
      width smaller than the width of the sieve and the location of the
      elongated side of the surface along the longitudinal axis of the grain
      combine allows measurements to be taken of only a portion of the amount of
      grain proportional to the total amount of grain supplied to the hopper of
      the grain combine. This simplifies the design of the pick-up and makes it
      less costly as compared to those of the prior art.
PAR  According to the invention, the inputs of the pick-up for measurement of
      the amount of grain lost by the thresher and the pick-up for measurement
      of the amount of grain supplied to the hopper are connected to the
      electronic unit which generates a signal proportional to the ratio of the
      output signals of the mentioned pick-ups, and which is applied to the
      indicator connected to the output of the electronic unit which is
      calibrated in relative units.
PAR  An objective and adopted assessement for the operation of the grain combine
      consists in the variation in the value of losses with respect to the
      amount of grain supplied to the hopper, i.e. the value of the relative
      losses. The determination of the values of relative losses is also
      preferable because this value is less changeable in time than the value of
      the absolute losses, making it easier for the operator to use the readings
      of the device. The device of the invention provides indicator readings
      proportional to the ratio of the output signals of the mentioned pick-ups.
PAR  The ratio of the signals arriving from the pick-ups eliminate the error
      resulting from the change of physical properties of grain, which takes
      place in case of separate measurements of grain losses in the thresher and
      of the total amount of grain supplied to the hopper of the grain combine.
PAR  When the mentioned values are related, the change in the physical
      properties of grain does not increase the error in determining the
      relative losses in the thresher of the grain combine.
PAR  According to the invention the pick-up is measurement of the amount of
      grain supplied to the hopper of the grain combine should be rigidly
      fastened by means of a bracket installed on the grain chute of the grain
      combine.
PAR  The piezoelectric pick-up is rigidly fastened by means of a bracket to
      ensure permanent conditions for interaction between the grain separated by
      the sieve and the sensitive surface of the pick-up.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better illustration of the subject of the invention use is made of a
      detailed description of the invention with reference to the accompanying
      drawings, wherein:
PAR  FIG. 1 is a side elevational schematic diagram of a grain combine with a
      device located thereon for controlling the magnitudes or rates of flow and
      losses of grain in the thresher of the grain combine;
PAR  FIG. 2 is partially fragmented perspective view of a portion of the device
      shown in FIG. 1, showing the transducer for measuring the amount of grain
      supplied to the hopper of the grain combine; and
PAR  FIG. 3 represents a block diagram of an electrical circuit which is used in
      conjunction with the device shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  During the operation of a grain combine losses in its thresher occur in
      places where the straw comes off the rack and is cleaned and those are
      places where transducers or pick-ups 1 and 3 are installed for determining
      the losses of grain behind the mentioned working members of the thresher.
      It is possible to determine both the total losses of grain and separate
      losses behind individual separating working members.
PAR  The proposed invention provides a device for controlling the magnitudes or
      rates of flow and losses of grain in the thresher of the grain combine.
      The device includes a transducer or pick-up 1 (FIG. 1) which measures the
      amount of grain lost by the rack 2 and is installed at the end of the rack
      2, a transducer or pick-up 3 which measures the amount of grain lost by
      the cleaner 4 located at the end of the cleaner 4, and a piezoelectric
      transducer or pick-up 5 which measures the grain supplied to the hopper 6
      of the grain combine and is installed under the sieve 7 to be in the flow
      of the separated grain separated by the seive 7.
PAR  The piezoelectric pick-up 5 exhibits the highest immunity or insensitivity
      to the vibrations of the combine as compared to other inown transducers
      and is least sensitive to changes in the physical condition of the grain.
PAR  The disposition of the piezoelectric transducer 5 under the sieve 7 in the
      flow of separated grain ensures minimal lag time for the signal indicating
      the amount of grain supplied to the hopper 6, thereby making it possible
      to rapidly detect the variation in the production process of the grain
      combine, as well as to improve the conditions for measuring the magnitudes
      or rates of flow.
PAR  The sensitive surface 8 (FIG. 2) of the piezoelectric transducer 5 or for
      measuring the grain supplied to the hopper 6 of the grain combine has an
      elongated form and its elongated side is oriented along the longitudinal
      axis of the grain combine. The width of the surface of the pick-up 5 is
      smaller than the width of the sieve 7 of the cleaner 4.
PAR  By constructing the sensitive surface 8 of the pick-up 5 elongated with a
      width smaller than the width of the sieve 7 and by locating the elongated
      side of the surface 8 along the longitudinal axis of the grain combine, it
      is possible to measure only a portion of the amount of grain that is
      proportional to the total amount of grain sieved through the entire
      surface of the sieve 7 and supplied to the hopper 6 of the grain combine.
PAR  The pick-up 5 is rigidly fastened by means of the bracket 9 installed on
      the grain chute 10 of the cleaner 4 of the grain combine.
PAR  The rigid fixture of the pick-up 5 by means of the bracket 9 provides
      consistency for the conditions of interaction between the grains separated
      by the sieve 7 and the sensitive surface 8 of the pick-up 5.
PAR  The device incorporates an electronic unit 11 (FIG. 3) designed for
      generating a signal proportional to the ratio of the output signals of the
      mentioned transducers or pick-ups. The electronic unit includes a channel
      12 of losses of grain and a channel 13 of grain supply. The outputs 14 and
      15 of the pick-ups 1 and 3 which measure grain losses, installed behind
      the rack 2 and the cleaner 4, respectively, are connected through the
      switch 16 to the input 17 of the channel 12 of losses of grain of the
      electronic unit 11.
PAR  The output 18 of the pick-up 5 which measures the amount of grain supplied
      to the hopper 6 of the grain combine is connected to the input 19 of the
      grain supply channel 13 of the electronic unit 11.
PAR  The outputs 20 and 21 of the channel 12 of the losses of grain and the
      channel 13 of the grain supply are connected to the inputs 22 and 23,
      respectively, of the electronic circuit in the nature of a ratio detector
      24 which forms ratios of the signals at the inputs 22 and 23 of the
      electronic unit 11.
PAR  The output 25 of the electronic circuit or ratio detector 24 is, in turn,
      connected to the input 26 of the indicator 27 calibrated in relative units
      characterizing the relative magnitude or rates of grain flow and the
      changes in the process of separating grain in the thresher.
PAR  The indicator 27 is located in the operator's view sight.
PAR  The output 25 can also be connected to the input 28 of the device 29 for
      automatically controlling the speed of the grain combine or regulating its
      working members.
PAR  The principle of the device operation is founded on the comparison of the
      amount of grain proportional to that lost by the thresher of the grain
      combine and the amount of grain proportional to that which is supplied to
      the hopper of the grain combine at every moment of time.
PAR  The device operates in the following manner.
PAR  The mechanical pulses generated during the impact between the grains and
      the sensitive surfaces of the pickups or transducers 1, 3 and 5 are
      converted by the transducer or pick-ups to electrical signals which are
      supplied from the pick-ups 1 and 3 which measure the amount of grain lost
      by the thresher through the output 14 or 15 and the switch 16 to the input
      17 of the channel 12 of the losses.
PAR  In case of the total measurements taken of the losses behind the rack 2 and
      the cleaner 4, the pick-ups 1 and 3 are connected in series, and their
      signals are summed up through the switch 16 installed in the position of
      "a" are supplied to the channel 12 of the losses.
PAR  When determining the losses individually behind the cleaner 4, the signal
      from the output 15 of the pick-up 3 is supplied through the switch 16
      installed in the position of "b" to the channel 12 of the losses.
PAR  The electrical signals from the output 18 of the pick-up 5 of the amount of
      grain supplied to the hopper 6 are fed to the input 19 of the channel 13
      of the supply. The channels 12 and 13 are designed to amplify and form
      signals coming from the pick-ups 1, 3 and 5.
PAR  The electrical output signals generated by the channels 12 and 13 of the
      losses and supply, respectively, are proportional to the number of pulses
      generated by the grains dropping onto the sensitive surfaces of the
      pick-ups 1, 3 and 5 and are supplied from the outputs 20 and 21 to the
      inputs 22 and 23, respectively, of the electronic circuit or ratio
      detector 24.
PAR  The electrical signal from the output 25 obtained in the electronic circuit
      24 is supplied to the input 26 of the indicator 27 whose readings are
      proportional to the ratio of the amount of grain supplied to the pick-up.
PAR  The electrical signal from the output 25 can simultaneously be supplied to
      the input 28 of a device 29 for automatically controlling the speed of the
      combine or regulating its working members.
PAR  The device of the present invention allows the operator to detect in time
      the faults in the production process of separation which are caused due to
      changes in the operating conditions of the combine or changes in the
      conditions in plant mass being harvested, since these changes result in
      the variation of the grain flows controlled by the pick-ups, and,
      consequently, to the change in the indicator readings, thereby making it
      possible, in turn, to eliminate the causes of the faults in time.
PAR  The device makes it possible to detect abrupt variations in the amount of
      losses due to exceeding the value of the plant mass supply to the grain
      combine over that which is allowed under the given conditions of
      harvesting.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Device for controlling the magnitudes or rates of flow of grain supplied
      to the hopper of a grain combine having a sieve and the losses of grain in
      its thresher, comprising: first means located on a grain combine for
      detecting the amount of grain lost by the thresher and having an output
      and generating an output signal proportional to the amount of grain lost
      by the thresher; second means for detecting the amount of grain supplied
      to the hopper of the grain combine located under the sieve of the thresher
      and having an output and generating an output signal proportional to the
      amount of grain supplied to the hopper, a sensitive surface of said second
      means for detecting having an elongated form, with the elongated side of
      the surface being oriented in the direction of the longitudinal axis of
      the grain combine and the width of the surface being smaller than that of
      the sieve; an electronic unit having first and second inputs and an
      output, said first input of said electronic unit being connected to said
      output of said first means for detecting the amount of grain lost by the
      thresher for supplying a signal to said electronic unit proportional to
      the amount of grain lost by the thresher, said second input of said
      electronic unit being connected to said output of said second means for
      detecting the amount of grain supplied to the hopper of the grain combine
      for supplying to said electronic unit a signal proportional to the amount
      of grain supplied to the hopper, said electronic unit generating a signal
      proportional to the ratio of said signals of said first and second means
      for detecting; and an indicator having an input and an output, said input
      of said indicator being connected to said output of said electronic unit
      for receiving said signal of the electronic unit and transferring its
      value through the output to a scale connected therewith and calibrated in
      units characterizing the relative magnitudes or rates of the grain flow
      and the changes in the process of separation of the grain in the thresher.
NUM  2.
PAR  2. A device as set forth in claim 1 wherein said second means for detecting
      the amount of grain supplied to the hopper of the grain combine is rigidly
      fastened by means of a bracket installed on the grain chute of the
      thresher.
NUM  3.
PAR  3. A device as set forth in claim 1, wherein said second means for
      detecting is a piezoelectric transducer.
NUM  4.
PAR  4. Device for controlling the rates of flow of grain supplied to the hopper
      of a grain combine and the losses in the latter, comprising first means
      mounted on the combine at a location where grain is lost for detecting the
      amount of grain lost from the combine and having an output and generating
      an output signal proportional to the amount of grain lost at said
      location; second means mounted on the combine at a location along the path
      which the grain moves on the way to the hopper for detecting the amount of
      grain supplied to the hopper of the grain combine and having an output and
      generating an output signal proportional to the amount of grain supplied
      to the hopper; electronic circuit means having first and second inputs and
      an output, said first input of said electronic circuit means being
      connected to said output of said first means for receiving a signal
      proportional to the amount of lost grain, said second input of said
      electronic circuit means being connected to said output of said second
      means for receiving a signal proportional to the amount of grain supplied
      to the hopper, said electronic circuit means generating a signal
      proportional to the ratio of said signals supplied by said first and
      second means; and an indicator having an input and an output and a scale
      calibrated in units characterizing the relative magnitudes of grain flow
      and losses, said input of said indicator being connected to said output of
      said electronic circuit means for receiving said signal proportional to
      said ratio and transferring its value through the output to said scale to
      provide an indication of the relative values of grain stored and lost in
      the combine.
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ABST
PAL  In a combine having a header to cut crop material and an elevator to
      deliver the cut crop material to auger means in an undershot manner for
      feeding the same to threshing rotors of an axial flow combine, there is
      provided an improved transition or feed plate between the upper end of the
      elevator and the forward end of the rotor means to postpone or delay the
      discharge of crop material by the rear discharging portion of the elevator
      until leading portions of the discharging crop material are at least
      partially engaged by the auger means whereby more positive control is
      maintained over the transfer of crop material from the elevator to the
      auger feeding means.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is one of a limited series of applications co-pending
      herewith and respectively pertaining to different improvemnt inventions
      applicable generally to an axial flow combine of the type, for example,
      shown and described in U.S. Pat. No. 3,664,100, dated May 23, 1972, and
      assigned to the same assignee as the instant invention.
PAC  BACKGROUND OF THE INVENTION
PAR  Combines for harvesting grain crops such as wheat, barley, oats and the
      like have been known for many years. The use of combines to harvest grain
      crops of this type has permitted the efficient production of said type
      grain grown on very extensive fields with minimum use of labor and
      consumption of time. Progressively, combines have been developed capable
      of harvesting wider swaths of grain than previously harvested by earlier
      combines and this has resulted in the combines being larger and more
      powerful, as well as more expensive than such earlier combines.
PAR  The increase in cost of such aforementioned improved combines also has led
      to attempts to develop combines capable of harvesting a wider variety of
      seed or grain crops than capable of being handled by earlier combines,
      adapting such combines for said harvesting of a wider variety of crops
      however being made possible by minimum requirements of exchanging certain
      elements of the combine for others, especially the headers and elevators.
      For example, harvesting corn requires a different type of header to cut
      and elevate the corn stalks and ears to the threshing mechanism than is
      required for harvesting wheat, oats, and similar headed stalk crops.
      Further, harvesting bean or other pod-like crops requires different header
      structures from those used to harvest corn and wheat-like crops for
      example.
PAR  With respect to the threshing and separating mechanism of the combine
      however, it is preferred that the same be adapted to thresh and separate
      substantially all types of seed type crops for purposes of threshing and
      separating the seed from the stalks, vines and other waste material, the
      latter being discharged upon the field as the combine moves along the same
      in a harvesting operation.
PAR  It readily can be appreciated that adapting a combine to harvest, thresh
      and separate a wide variety of crop materials of the type referred to
      above makes it necessary that the combine handle a substantial variety of
      different types of crops varying as to bulk, moisture content, toughness
      of the stalk or vine included in the crops and otherwise. Preferably, by
      adjusting the spacings between the rotors and concaves in threshing and
      separating areas of the combine, this part of the apparatus has been
      developed successfully and comprises, for example, the subject matter of
      the following prior patents, all of which are assigned to the assignee of
      the present invention.
TBL  ______________________________________                                    
     3,626,472           Dec. 7, 1971                                          
     3,645,270           Feb. 29, 1972                                         
     3,664,100           May 23, 1972                                          
     3,794,047           Feb. 26, 1975                                         
     ______________________________________                                    
PAR  Notwithstanding the capabilities of the inventions comprising the subject
      matter of the foregoing patents, it now has been found that additional
      features render such universal type combines even more efficient and
      effective. For example, referring to said aforementioned U.S. Pat. Nos.
      3,626,472 and 3,794,047 there is a ramp, transition or feed plate which
      extends between the upper end of the bottom plate of the elevator,
      upwardly and rearwardly toward the forward end of the rotor of the
      threshing and separating mechanism. Said combines are of the type in which
      the lower span of the elevator feeds the crop material upwardly and
      rearwardly toward the forward end of the rotors, delivering the same to
      the rotors in a so-called undershot manner. The rotors conventionally
      employ an auger at the forward end thereof which is rotated by power means
      in a direction to feed the crop material inwardly to the rotors for
      engagement by said rotors and concaves associated therewith in the combine
      which is of the axial flow type, the same being the type to which the
      present invention pertains.
PAR  The ramp plate employed heretofore, as illustrated in aforementioned U.S.
      Pat. Nos. 3,626,472 and 3,794,047, relies on the crop material being
      delivered by the elevator to the lower end of the ramp to push the
      previously-delivered crop material upwardly along the ramp and into the
      working paths of the augers.
PAR  However, depending upon the nature and character of the crop 30 and
      especially the toughness thereof, moisture content, bulk and the like, for
      example, crop material having green or unripened stems, stalks or vines,
      such crop material tends to drag and build-up on the lower end of the ramp
      adjacent the rear end of the elevator and impede the flow of incoming
      material from the elevator. This is believed to be caused by the loss of
      positive control over the movement of the crop material once it exits from
      the elevator due to the particular configuration and positional
      relationship of the aforementioned ramp to the discharge end of the
      elevator and the forward end of the augers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention renders an axial flow combine capable of
      accommodating a wide variety of different types of crops, such as those
      varying in bulk, moisture content and the like, by providing more
      continuous positive control over movement of the crop material during
      transfer thereof from the elevator to the infeeding augers of the axially
      arranged threshing and separating units. The maintenance of such degree of
      control provides more even transfer of crop material which substantially
      eliminates plugging of the elevator and augers and thereby results in less
      damage to the crop material and less stress on the drive components of the
      combine.
PAR  The type of axial flow combine to which the present invention pertains, has
      at least one axially arranged threshing and separating unit which includes
      elements arranged for coaction together to thresh and separate crop
      material and feeding means forwardly thereof having peripherally-arranged
      crop material engaging structure and being operable for feeding crop
      material to the threshing and separating elements. The combine further has
      means for elevating crop material from the field to the feeding means,
      which means is disposed generally forwardly of the threshing and
      separating unit. The elevating means includes a bottom wall inclined
      upward and rearward and having a rear terminal end located in a position
      spaced below a forward end of the engaging structure of the feeding means.
      Also, the elevating means includes operable means disposed above the
      bottom wall and having a rear discharging portion extending upwardly
      beyond the terminal end of the bottom wall to adjacent the forward end of
      the engaging structure for conveying crop material rearwardly along the
      bottom wall to a discharge location above the terminal end thereof and
      spaced below the forward end of the engaging structure of the feeding
      means.
PAR  The present invention broadly relates to such type of axial flow combine in
      combination with improved feed ramp means for guiding crop material from
      the elevating means of the combine to feeding means and onto the threshing
      and separating elements thereof.
PAR  The improved feed ramp means comprises a forward portion which extends
      generally longitudinally from proximate the terminal end of the elevating
      means to rearwardly of and in close proximity to the lower boundary of the
      working area of the forward end of the engaging structure of the feeding
      means. The forward feed ramp means portion together with the discharging
      portion of the conveying means and the forward end of the engaging
      structure of the feeding means defines an upward and rearward inclined
      forward passageway for crop material from the terminal end of the bottom
      wall to the engaging structure. The forward feed ramp means portion
      defines the lower boundary of the forward inclined passageway and is
      adapted to guide crop material from the terminal end of the bottom way
      through the forward inclined passageway upon operation of the conveying
      means so as to postpone or delay the discharge of the crop material by the
      discharging portion of the conveying means until leading portions of the
      discharging crop material are at least partially engaged by the forward
      end of the engaging structure of the feeding means. Preferably, the
      forward feed ramp means portion is longitudinally aligned with, and forms
      an upward and rearward inclined extension of, the bottom wall from the
      terminal end thereof.
PAR  The improved feed ramp means further comprises a rear portion which is
      spaced below the engaging structure of the feeding means and extends
      generally longitudinally rearwardly from a forward edge which merges from
      an upper end of the forward feed ramp means portion to adjacent the
      threshing and separating elements, the rear feed ramp means portion
      together with the engaging structure of the feeding means defining a rear
      passageway for crop material to the threshing and separating elements. The
      rear feed ramp means portion defines the lower boundary of the rear
      passageway and is adapted to guide crop material through the rear
      passageway upon operation of the feeding means.
PAR  Still further, preferably, the forward and rear portions of the feed ramp
      means are in the form of separate structural elements and yieldable means
      is interposed between the upper end and forward edge of the respective
      portions at the location of merger therebetween to provide a sealed
      relationship at such location.
PAR  Also, the forward feed ramp means portion is pivotally supported at a lower
      end adjacent the terminal end of the bottom wall of the elevating means
      and spring means is provided for engaging the forward feed ramp means
      portion and biasing the upper end thereof toward the forward edge of the
      rear feed ramp means portion to maintain the sealed relationship
      therebetween.
PAR  The advantages and attainments of the axial flow combine incorporating the
      present invention will become apparent to those skilled in the art upon a
      reading of the following detailed description when taken in conjunction
      with the drawings in which there is shown and described a preferred or
      illustrative embodiment of the invention.
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PAC  BRIEF DESCRIPTIONN OF THE DRAWINGS
PAR  In the course of the following detailed description reference will be
      frequently made to the attached drawings in which:
PAR  FIG. 1 is a side elevational view of an exemplary combine of the axial flow
      type to which the present invention pertains, with a part thereof being
      broken away to illustrate details of the interior thereof;
PAR  FIG. 2 is a fragmentary vertical sectional view of the portion of the
      combine in the area which is broken away in FIG. 1, the same being
      illustrated on a substantially larger scale than that of FIG. 1 and
      showing details of the feed ramp or transition plate comprising the
      improvement of the present invention; and
PAR  FIG. 3 is a fragmentary front elevational view partially showing details of
      the portion of the combine which is illustrated in FIG. 2, as seen along
      line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the following description, right hand and left hand references are
      determined by standing at the rear of the combine and facing in the
      direction of forward travel. Also, in the following description, it is to
      be understood that such terms as "forward," "left," "upwardly," etc., are
      words of convenience and are not to be construed as limiting terms.
PAC  THE AXIAL FLOW COMBINE
PAR  Referring now to the drawings, and particularly to FIG. 1, the combine 10
      is generally of the type illustrated, for example, in said aforementioned
      U.S. Pat. Nos. 3,626,472 and 3,794,047. Said combine is of the axial flow
      type and includes a housing 12 in which the threshing and separating
      mechanism of the combine is included. Said housing is defined by opposite
      side plates 14. The forward end of the combine 10 has a header 16
      detachably connected thereto for replacement by different types of crop
      cutting and converging mechanism. The header 16 shown in FIG. 1 also
      includes a reel 18 and a converging auger 20 which is at the forward end
      of the elevator 22 which is of the undershot type.
PAR  After the grain is threshed and separated within the housing 12, the grain
      is elevated by suitable means of conventional type to the grain bin 24 and
      the straw, vines and other waste material of the crop are discharged
      through the rear discharge compartment 26. All of the moving elements of
      the combine 10 are driven by an internal combustion engine within the
      engine compartment 28, said engine being of substantial horsepower and
      adapted not only to drive all of the moving components of the combine but
      also operating the drive wheels 30 of the combine which, together with the
      rear wheels 32, render the combine mobile.
PAR  Referring to FIG. 2, it will be seen that the elevator 22 comprises an
      upper plate 34 which extends transversely across the entire width of the
      elevator and terminates in a rearwardly and downwardly curved extremity
      36. The elevator 24 also includes a bottom wall or plate 38 which, as can
      be seen from FIG. 1, normally extends upwardly and rearwardly from the
      header 16 to an auger 40 mounted on the forward end of a rotor 42, the
      forward end of the latter being fragmentarily illustrated in FIG. 2. As
      can be seen from FIG. 3, in the preferred construction of the combine 10,
      there is a pair of augers 40 which are respectively operable adjacent the
      forward end of substantially cylindrical casings 44 which also enclose the
      rotors 42. The rotors 42 and casings 44 comprise coacting crop threshing
      and separating elements which, although not shown herein in detail, are
      shown in said aforementioned patents, to which attention is directed for
      further information on the same.
PAR  The power means within engine compartment 28 is suitably connected to the
      rear ends of the rotors 42 to drive the same and the augers 40 mounted to
      the forward ends thereof in opposite rotary directions, as indicated by
      the arcuate arrows on the rotors shown in FIG. 3. Also, the spiral flights
      46 of the augers 40 respectively are spiralled in opposite direction so
      that when the rotors and augers are driven respectively in opposite rotary
      directions, as indicated in FIG. 3, the flights 46 of the augers 40
      respectively will feed the crop material rearwardly to the rotors 42.
PAR  The elevator 22 also includes operable conveying means, generally
      designated by 48, disposed above the bottom wall or plate 38 and having a
      rear discharging portion 50 extending upwardly beyond an upper or terminal
      end 52 of the bottom wall 38 to adjacent the forward end of the auger
      flights 46 for conveying crop material rearwardly and upwardly along the
      bottom wall 38 to a discharge location above the terminal end 52 thereof
      and spaced below the forward end of the auger flights 46.
PAR  The conveying means 48 includes at opposite ends of the elevator 22 (only
      the upper end being shown in FIG. 2) a series of sprocket gears 54 mounted
      at laterally spaced locations upon transverse shafts 56 (only the upper
      gears and shaft being shown) and endless chains 58 which extend around the
      sprocket gears respectively at opposite ends of the elevator for purposes
      of supporting a series of longitudinally spaced, transversely extending
      elevator bars 60 which aggressively engage the crop material and slidably
      advanced the same along the bottom wall 38 to deliver the same in an
      undershot manner toward the lower portions of the augers 40. It will be
      seen in FIG. 2 that the upper end 52 of bottom wall 38 terminates adjacent
      the sprocket gears 48 (below the conveyor discharging portion 50) and
      therefore it is necessary to provide suitable feed or guiding means for
      the crop material betweeen the upper or terminal end 52 of bottom wall 38
      of the elevator and the forward ends of the rotors 42.
PAC  IMPROVED FEED RAMP MEANS
PAR  The improvement provided by the present invention comprises feed ramp
      means, generally designated as 62, for guiding crop material from the
      elevator 22 to the auger flights 46 and onto the rotors 42. Details of
      such improved feed ramp means are illustrated in FIGS. 2 and 3, said
      details and the function thereof being described as follows.
PAR  The means 62 includes a forward portion 64 and a rear portion 66. While the
      portions 64 and 66 are, preferably, separate elements as illustrated in
      FIG. 2, it is to be understood that the portions could be constructed as a
      single element.
PAR  The forward ramp portion 64 is in the form of a plate and, preferably,
      extends generally longitudinally aligned with, and forms an upward and
      rearward inclined extension of, the bottom wall 38 from the terminal or
      upper end thereof. In such arrangement, the plate 64 extends to an upper
      end 68 which is located generally rearwardly of, and in close proximity
      to, the lower boundary B of the working area (encompassed by broken line
      W) of the forward end of the flights 46 which comprise the crop material
      engaging structure of the feeding augers 40. Further, in such arrangement,
      the plate 64 is positioned in closely spaced relationship rearwardly of
      the conveyor discharging portion 50 and together therewith and with the
      forward end of the auger flights 46 defines an upward and rearward
      inclined forward passageway, indicated as P.sub.1, for crop material from
      the upper or terminal end 52 of the bottom wall 38 to the auger flights
      46. The plate 64 defines the lower boundary of the inclined forward
      passageway P.sub.1, and will guide crop material from the upper end 52 of
      bottom wall 38 through forward passageway P.sub.1 and into the working
      area of the auger flights 46 at the forward end thereof. In defining the
      lower boundary of passageway P.sub.1 in close spaced proximity to the
      conveyor discharging portion 50, the plate 64, while so guiding the crop
      material, also postpones or delays the discharge of crop material by the
      conveyor discharging portion 50 until leading portions of the discharging
      crop material at least partially is engaged by the forward end of the
      auger flights 46. It is thus seen that positive control is maintained over
      the transfer of crop material from the elevator 22 to the augers 42,
      thereby eliminating the potential for crop material build-up in this
      critical infeed area.
PAR  The plate 64 transversely extends between opposite sides of the housing of
      elevator 22 of which bottom wall 38 is a part and between the side plates
      14 of the combine. Preferably, the plate 64 is pivotally supported by
      transversely extending rod 70 around which a cylindrical lower end 72 of
      plate 64 extends. The rod 70 is preferably mounted to opposite side of the
      elevator housing. The pivotal mounting of the plate 64 allows it to
      generally maintain its desired longitudinally-extending position while
      accommodating vertical pivotal raising and lowering of the elevator 22.
      Alternatively, if plate 64 and ramp portion 66, which will be described
      hereinafter, were of one-piece structure, the lower end portion of the
      structure could be arranged to slide with respect to the bottom wall 38 to
      thereby accommodate pivotal movement of the elevator 22.
PAR  The rear ramp portion 66 is in the form of a plate which has a rearward
      generally planar part 74, a convex intermediate part 76 (as viewed from
      above plate 66) forming the forward edge of the rearward part 74 and a
      rearward and upward inclined concave forward part 78 (as viewed from above
      plate 66) which merges from the convex part 76. The plate 66 also extends
      between the opposite side plates 14 of the combine and the rear end of
      part 74 of the plate 66, which is adjacent a forward inlet opening 80 of
      casing 44, is connected by suitable hinge means 82 to a transversely
      extending pivotal means 84 which extends between the opposite side plates
      14 of the combine housing. The lower forward end 86 of concave forward
      part 78 of the plate 66 is supported by a stationary transverse member 88
      also connected to opposite side plates 14 of the combine housing.
PAR  It is seen that the planar part 74 of rear plate 66 is spaced below and
      extends generally parallel to the lower boundary B of the working area of
      auger flights 46. The forward edge of part 74, being constituted by
      intermediate convex part 76, is located rearwardly of, and in close
      proximity to the lower boundary of the working area of the forward end of
      the auger flights 46 and supports the upper end 68 of the plate 64 at such
      location. In such arrangement, the part 74 of plate 66 together with the
      auger flights 46 defines a rear passageway P.sub.2 for crop material to
      the rotors 42 and casings 44. The part 74 of plate 66 defines the lower
      boundary of the rear passageway P.sub.2 and will guide crop material
      through the rear passageway P.sub.2 upon rotation of the augers 42. It is
      readily apparent that forward and rear passageways P.sub.1, P.sub.2
      communicate with each other at the location of the forward edge of the
      part 74 of plate 66 and the upper end 68 of the plate 64.
PAR  In order that there will be no appreciable possibility for crop material to
      escape between the plates 64, 66, the present invention also, preferably,
      provides a compressible or yieldable sealing gasket strip 90, such as
      rubber or material similar in nature thereto, affixed to the underside of
      the upper end 68 of forward plate 64 and slidably abutting the upperside
      of the forward edge of the part 74 of the rear plate 66.
PAR  To insure maximum sealing effect by the plate 64 and strip 90, coiled
      portions of springs 92 are mounted about transverse rod 70, each having
      legs 94 on the opposite ends thereof which respectively abut the upper
      surfaces of forward plate 64 and bottom wall 38, as clearly shown in FIGS.
      2 and 3, for the purpose of constantly biasing the upper end 68 of plate
      64 and the strip 90 mounted thereon into firm engagement with the forward
      edge 76 of planar part 74 of rear plate 66. Actually, the spring legs 94
      which engage the bottom wall 38 seat within recesses formed in the upper
      surface of the bottom wall, as seen in FIG. 2.
PAR  From the foregoing, it will be seen that the present invention provides
      relatively simple, very durable and highly effective feed ramp means for
      guiding crop material from the elevator of the combine to the forward ends
      of the flights of the feeding augers and onto the rotors which maintains
      continuous positive control over the crop material during transfer thereof
      from the elevator to the feeding augers.
PAR  While the invention has been described and illustrated in its preferred
      embodiment, it should be understood that the invention is not to be
      limited to the precise details herein illustrated and described since the
      same may be carried out in other ways falling within the scope of the
      invention as illustrated and described.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. In an axial flow combine having at least one axially arranged threshing
      and separating unit which includes elements arranged for coaction together
      to thresh and separate crop material and feeding means forwardly thereof
      having peripherally-arranged crop material engaging structure and being
      operable for feeding crop material to said threshing and separating
      elements, said combine further having means for elevating crop material
      from the field to said feeding means and being disposed generally
      forwardly of said threshing and separating unit, said elevating means
      including a bottom wall inclined upward and rearward and having an upper
      terminal end located in a position spaced below a forward end of said
      engaging structure of said feeding means and operable means disposed above
      said bottom wall and having a rear discharging portion extending upwardly
      beyond said terminal end of said bottom wall to adjacent said forward end
      of said engaging structure for conveying crop material rearwardly and
      upwardly along said bottom wall to a discharge location above said
      terminal end thereof and spaced below said forward end of said engaging
      structure, the improvement which comprises: feed ramp means for guiding
      crop material from said elevating means of said combine to said feeding
      means and then to said threshing and separating elements thereof, said
      feed ramp means including a forward portion which extends generally
      longitudinally from proximate said terminal end of said bottom wall to an
      upper end of said forward portion being spaced below, rearwardly of and in
      close proximity to, a lower boundary of the working area of said forward
      end of said engaging structure of said feeding means, said forward ramp
      means portion together with said discharging portion of said conveying
      means and said forward end of said engaging structure of said feeding
      means defining an upward and rearward inclined passageway for crop
      material from said terminal end of of said bottom wall to said engaging
      structure, said forward ramp means portion defining a lower boundary of
      said inclined passageway and being adapted to guide crop material from
      said terminal end of said bottom wall through said inclined passageway
      upon operation of said conveying means so as to postpone or delay the
      discharge of said crop material by said discharging portion of said
      conveying means until leading portions of said discharging crop material
      are at least partially engaged by said forward end of said engaging
      structure of said feeding means.
NUM  2.
PAR  2. The combine according to claim 1, wherein said forward ramp means
      portion is longitudinally aligned with, and forms an upward and rearward
      inclined extension of, said bottom wall from said terminal end thereof.
NUM  3.
PAR  3. The combine according to claim 1, wherein said feed ramp means further
      includes a rear portion which is spaced below said engaging structure of
      said feeding means and extends rearwardly to adjacent said threshing and
      separating elements, said rear feed ramp means portion having a forward
      edge being disposed adjacent said upper end of said forward ramp means
      portion.
NUM  4.
PAR  4. The combine according to claim 3, wherein said rear feed ramp means
      portion together with said engaging structure of said feeding means
      defines a rear passageway for crop material to said threshing and
      separating elements, said rear feed ramp means portion defining a lower
      boundary of said rear passageway and being adapted to guide crop material
      through said rear passageway upon operation of said feeding means.
NUM  5.
PAR  5. The combine according to claim 4, wherein said inclined passageway
      communicates with said rear passageway.
NUM  6.
PAR  6. The combine according to claim 3, wherein said forward and rear feed
      ramp means portions are in the form of separate structural elemetns.
NUM  7.
PAR  7. The combine according to claim 6, wherein said feed ramp means further
      includes means for maintaining said upper end of said forward feed ramp
      means portion in a sealed relationship with said forward edge of said rear
      feed ramp means portion.
NUM  8.
PAR  8. The combine according to claim 7, wherein said forward feed ramp means
      portion is pivotally supported at a lower end adjacent said terminal end
      of said bottom wall and said maintaining means includes means operably
      associated with said forward ramp means portion to bias said upper end
      thereof into said sealed relationship with said forward edge of said rear
      feed ramp means portion.
NUM  9.
PAR  9. The combine according to claim 8, wherein said bias means comprises
      spring means engaging said lower end of said forward feed ramp means
      portion and said terminal end of said bottom wall.
NUM  10.
PAR  10. The combine according to claim 7, wherein said maintaining means
      includes yieldable material mounted to one of said upper end of said
      forward feed ramp means portion and said forward edge of said rear feed
      ramp means portion and engaged with the other to provide said sealed
      relationship therebetween.
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PAL  The smoking article disclosed includes a novel filter for removing a
      substantial portion of the potentially harmful tars, resins, nicotine,
      etc. from the tobacco smoke from the smoking article. The novel filter
      comprises an assemblage of crimped, cellulose acetate fibers and includes
      first and second zones having elongated, elliptical traverse crosssections
      and a transition zone therebetween. A portion of the fibers in the first
      zone and a portion of the fibers in the transition zone are orientated
      transversely to the longitudinal axis of the filter.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to smoking articles, and more particularly,
      to an improved smoking article, such as a cigarette or the like, having a
      novel filter for removing the potentially harmful tars, resins, nicotine,
      etc. from the tobacco smoke.
PAR  For a number of years, it has been recognized that the inhalation of
      tobacco smoke may be injurious to the smoker's health. In fact, a report
      by the Surgeon General of the United States indicates that excessive
      inhalation of tobacco smoke may cause lung cancer and that there may be a
      direct relationship between the number of cigarettes smoked and incidents
      of circulatory diseases.
PAR  Consequently, a significant percentage of the cigarettes manufactured and
      sold in the United States today include filters, with these filters being
      designed and intended to remove, to the extent possible, the injurious
      tars, resins, nicotine, etc. from the tobacco smoke. A variety of
      different filters and filtering devices have been proposed over the years
      for use with cigarettes and other smoking articles. Examples of such
      filters and filtering devices are disclosed in U.S. Pat. Nos. 2,954,778,
      issued in the name of H. A. Lebert; 3,010,458, issued in the name of H. A.
      Lebert; 3,062,218 issued in the name of C. E. Temkovits; 3,079,926 issued
      in the name of H. R. Litchfield et al; 3,334,636 issued in the name of A.
      A. Zuber; 3,504,678 issued in the name of R. E. Pitt; 3,515,146, issued in
      the name of R. N. Nealis; 3,690,326, issued in the name of F. R.
      Davenport; and 3,738,375, issued in the name of G. C. Doumas.
PAR  While the filters and filter devices disclosed in the aforementioned
      patents are said to remove the potentially harmful tars, resins, nicotine,
      etc. found in tobacco smoke, none has apparently enjoyed commercial
      success and acceptance. The most common type of cigarette filter utilized
      commercially today is a cylindrical rod comprising an assemblage of fibers
      or filaments made of a cellulose or similar material wherein the fibers or
      filaments are oriented in direction parallel to the longitudinal axis of
      the cigarette filter.
PAR  It is a primary object of the present invention to provide an approved
      smoking article, such as a cigarette, which includes a novel filter that
      is capable to removing a substantial portion of the potentially harmful
      tars, resins, nicotine, etc. from the tobacco smoke. More specifically,
      the novel filter of my invention includes an assemblage of crimped,
      cellulose acetate fibers which are disposed within an outer wrapper and
      attached to one end of a cigarette in a conventional manner. My filter
      includes: a first zone which is adjacent to the rear end of the cigarette
      and which has an elongated, elliptical cross-section in a plane transverse
      to the longitudinal axis of the filter; a second zone which is adjacent to
      the end of the filter adapted to be placed in the mouth of a smoker and
      which has an elongated, elliptical cross-section in a plane transverse to
      the longitudinal axis of the filter, with the major axis of the elliptical
      cross-section of the second zone being substantially perpendicular to the
      major axis of the elliptical cross-section of the first zone; and a
      transition zone which is disposed between the first and second zone and
      which has a varying, non-circular cross-section that provides a smooth
      transition between the first and second zones. A portion of the fibers in
      the first zone are oriented in a direction transverse to the longitudinal
      axis of the filter and is disposed adjacent to the rear end of the
      cigarette. A portion of the fibers in the transition zone are likewise
      oriented in a direction substantially transverse to the longitudinal axis
      of the filter, with the orientation of the fibers in these two portions
      being parallel. The remaining fibers in the cigarette filter are oriented
      in a direction substantially parallel to the longitudinal axis of the
      filter. Thus, the smoke must travel through multiple zones or filter
      portions before inhalation by the smoker.
PAR  Aside from the improved filtering characteristics of my improved filter,
      one of the principal advantages of the novel filter of my invention is
      that it can be manufactured relatively inexpensively, as compared to the
      filters and filter devices shown in the aforementioned patents. Moreover,
      my novel filter can be made from materials that are already being used to
      manufacture cigarettes marketed today. This should facilitate the
      commercial acceptance of the smoking articles utilizing my novel filter.
PAR  These and other objects and advantages of the present invention will become
      apparent from the following description of the preferred embodiment of my
      present invention described in connection with the accompanying drawings:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an improved smoking article of the present
      invention.
PAR  FIG. 2 is an exploded, perspective view illustrating the various zones
      included in the novel filter utilized with the improved smoking article.
PAR  FIG. 3 is a side plan view of the rear end of the improved smoking article
      shown in FIG. 1.
PAR  FIG. 4 is a longitudinal, cross-sectional view taken along the line 4--4 in
      FIG. 3.
PAR  FIG. 5 is a transverse, cross-sectional view taken along the line 5--5 in
      FIG. 3.
PAR  FIG. 6 is a transverse, cross-sectional view taken along the line 6--6 in
      FIG. 3.
PAR  FIG. 7 is a transverse, cross-sectional view taken along the line 7--7 in
      FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a smoking article, or more specifically a
      cigarette, embodying the principals of my present invention is shown
      generally at 10. The cigarette 10 includes a generally cylindrical or
      tubular outer wrapper 12 which is made from conventional cigarette paper
      and which is quite thin and readily combustible. A rod or elongated
      tubular amount of relatively tightly packed tobacco 14 is disposed within
      the outer wrapper 12. The tobacco 14 is a type commonly utilized in
      commercially available cigarettes and may be prepared by chopping or
      shredding tobacco leaves. When the cigarette 10 is smoked, the outer
      wrapper 12 and the tobacco are burned and their products of combustion are
      drawn rearwardly through the cigarette 10 and into the respiratory system
      of the user or smoker if he inhales. These products of combustion
      entrained in the smoke include certain potentially harmful tars, resins,
      nicotine and the like which are said to be detrimental to the health of
      the smoker if they are inhaled.
PAR  A novel filter 16 is connected to the rear end 18 of the cigarette for the
      purpose of removing all or substantially all of the tars, resins,
      nicotine, etc. from the smoke. The filter 16 includes an assemblage of
      several thousand crimped, cellulose acetate fibers which are arranged
      together in a generally unitary rod. The fibers 20 may be made of
      commercially available materials through the use of conventional
      processes. The fibers 20 are disposed in and are surrounded by a
      commercially available outer wrapper 22 which provides the filter 16 with
      a smooth outer appearance.
PAR  In order to obtain the improved filtering results, the filter 16 is divided
      into a plurality of zones. A first zone 24 is disposed adjacent to the
      rear 18 of the cigarette 12. The first zone 24 has a generally elongated,
      elliptical cross-section, in a plane transverse to the longitudinal axis
      of the filter 16.
PAR  A second zone 26 is formed adjacent to the rear end 28 of the filter 16;
      the rear end 26 being the end of the filter which is adapted to be placed
      in the smoker's mouth. This second zone has a generally elongated,
      elliptical cross-section, in a plane transverse to the longitudinal axis
      of the filter 16. The major axis of the elliptical cross-section of the
      first zone 26 is disposed at an angle substantially equal to ninety
      degrees with respect to the major axis of the elliptical cross-section
      configuration of the first zone 24.
PAR  A third zone 30 is disposed between the first and second zones 24 and 26
      and provides a smooth transition from the first and second zones 24 and
      26. The third zone 30 has a varying, non-circular cross-section in a plane
      transverse to the longitudinal axis of the filter 16.
PAR  The first zone 24 is divided into two sub-zones 34 and 36. The sub-zone 34
      is disposed adjacent to the rear end of the cigarette 10 while the
      sub-zone 36 is disposed between the third or transition zone 30 and the
      sub-zone 34. The fibers 20 in the sub-zone 32 are orientated transversely
      to the longitudinal axis of the filter while the fibers 20 in the sub-zone
      34 are orientated so that they are generally disposed in a direction
      substantially parallel to the longitudinal axis of the filter 16.
PAR  A portion 36 of the fibers 20 in the third zone are likewise orientated
      transversely to the longitudinal axis of the filter and are aligned in a
      direction generally parallel to the fibers in the portion 32 of the first
      zone 24. The remaining fibers 20 in the third zone 30 and the fibers in
      the second zone 26 are disposed generally parallel to the longitudinal
      axis of the filter 16.
PAR  Thus as a result of construction of the filter 16, smoke from the
      cigarrette 12 must pass through four different and distinct zones, i.e.,
      zones 26 and 30 and the sub-zones 32 and 34 of the zone 24. This passage
      affords a significant filtering action and smoke emitted from the rear end
      28 of the filter 16 is relatively free of potentially harmful tars,
      resins, nicotine, etc.
PAR  Although the particular shape or configuration of the novel filter 16 can
      be achieved through the use of automatic machinery, the same shape or
      configuration may also be obtained through manual manipulation as follows:
      starting with a cylindrically or tubularly shaped filter, the portion of
      the filter 16 adjacent to the rear end 28 of the filter is "pinched"
      between the thumb and forefinger of one hand. The filter 16 is then
      rotated through an arc of 90 degrees and the portion of the filter 16
      adjacent to the rear end 18 of the cigarette 10 is likewise "pinched"
      between the thumb and forefinger of the person's other hand. This double
      "pinching" effect causes the first and second zones 24 and 26 of the
      filter 16 to assume an elongated, elliptical shape or configuration. As
      noted above, the third zone 30 provides a smooth transition between the
      first and second zones 24 and 26.
PAR  In view of the foregoing it should be apparent to those having skill in
      this art that the improved cigarette of my present invention provides a
      novel means for filtering the products of combustion from the cigarette
      smoke. My novel filter is relatively simple in design and construction,
      and therefore may be manufactured relatively inexpensively. This, of
      course, is a significant advantage from the standpoint of commercializing
      the improved smoking article of the present invention.
PAR  Since the invenion disclosed herein may be embodied in other specific forms
      without the parting from spirit or central characteristics thereof, the
      preferred embodiment described hereinabove is therefore to be considered
      in all respects as illustrative and not restrictive, the scope of the
      invention being indicated by the appended claims, rather than by the
      foregoing description, and all changes which come within the meaning and
      range of equivalency of the claims are therefore intended to be embraced
      therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved smoking article comprising:
PA1  a generally cylindrical, combustible first outer wrapper having first and
      second ends;
PA1  an amount of tobacco disposed in and filling the first outer wrapper
      between its ends and adapted, with the first outer wrapper, to be burned;
      and
PA1  filter means for filtering products of combustion which pass there through
      in a direction parallel to the longiudinal axis of the filter means and
      which result from the burning of the tobacco, the filter means comprising:
PA1  one end that is connected with a first end of the first outer wrapper;
PA1  another end that is adapted to be placed in the mouth of the smoker;
PA1  a second outer wrapper; and
PA1  an assembly of crimped, cellulose acetate fibers disposed in and filling
      the second outer wrapper; the filter means comprising:
PA1  a first zone adjacent to the one end of the filter means and having an
      elongated, elliptical cross-section in a plane transverse to the
      longitudinal axis of the filter means;
PA1  a second zone adjacent to the other end of the filter means and having an
      elongated, elliptical cross-section in a plane transverse to the
      longiudinal axis of the filter means, with the major axis of the
      transverse cross-section of the second zone being disposed at an angle of
      substantially ninety degrees to the major axis of the transverse
      cross-section of the first zone; and
PA1  a third zone disposed between the first and second zones and having a
      varying, non-circular cross-section containing fibers transverse to the
      central longitudinal axis wherein said third zone provides a smooth
      transition between the first and second zones.
NUM  2.
PAR  2. The improved smoking article described in claim 1 wherein the first
      filter zone comprise a plurality of sub-zones and the fibers in one said
      sub-zone are orientated transversely to the longitudinal axis of the
      filter means.
NUM  3.
PAR  3. The improved smoking article described in claim 2 wherein said sub-zone
      is disposed adjacent to the first end of the first outer wrapper.
NUM  4.
PAR  4. The improved smoking article described in claim 2 wherein the remaining
      fibers in the first and second filter zones are orientated generally
      parallel with respect to the longitudinal axis of the filter means; and
      wherein the fibers in said sub-zone in the first zone and in said portion
      of the third zone are orientated parallel to each other.
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ABST
PAL  A polyolefin filter for tobacco products and the like was prepared. The
      extruded element is an open-cell foamed polyethylene or polypropylene
      having a TPM filtration efficiency greater than 20 percent. The filter rod
      can be made by extruding polyethylene containing less than 0.2 moles of a
      volatile blowing agent per 100 grams of resin at a melt temperature
      between 130.degree.C. and 150.degree.C., the temperature of the die being
      between 120.degree.C. and 136.degree.C. Higher melt temperature and die
      temperature are required for polypropylenes.
PARN
PAR  This is a continuation, of application Ser. No. 193,710, filed Oct. 29,
      1971. now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cigarette filters.
PAR  The increasing use of filters in cigarettes, not only for the purpose of
      removing tars and other undesirable substances from the tobacco smoke but
      also to save the cost of tobacco which would otherwise be thrown away in
      the butt-end, has led to the investigation and development of many kinds
      of filters.
PAR  Cigarette filters made for instance of crimped paper or cellulose acetate
      tow have met with commercial success, though these entail the use of
      relatively complex machinery for handling the loose starting materials
      which must be rolled in paper or otherwise bound together into the desired
      shape of filter before being incorporated in the cigarette. These
      particular types of filter can also be comparatively heavy. Many other
      types of filter have been investigated, among which are certain kinds of
      filters of foamed plastics. One problem here is that there is liable to be
      a free flow of tobacco smoke through the filter but an inadequate
      absorption of the substance it is desired to remove.
PAR  The best types of cigarette filter need to have an agreeable feel to the
      lips yet resist damage by highspeed cigarette-making machinery, they need
      to exert less than a certain degree of hindrance to the passage of tobacco
      smoke on drawing, and yet they must remove an adequate proportion of the
      undesirable substances.
PAR  These qualities are not easy to obtain. It is possible for instance by
      foaming such resins as polypropylene to obtain foamed products which
      sometimes have a potential as a cigarette filter. Nonetheless, not all
      such foams are suitable; some are quite useless and others very
      inefficient. For instance, it is evident in any event that an open-cell
      structure is necessary, because otherwise there will be no effective
      passage of the tobacco smoke through the filter at all. In some examples
      of open-cell foam, however, the tobacco smoke passes through the filter
      almost unhindered, with little or no removal of the undesirable substances
      present in the smoke. Thus foamed polyethylene and foamed polypropylene
      filters of various types have been proposed, but it has not previously
      been suggested that it is possible by forming a micro-structure of the
      nature described later in this specification to obtain a filter having the
      characteristics set out below, nor has any process for producing cigarette
      filters been described which would teach how to obtain such a
      microstructure.
PAC  SUMMARY
PAR  We have indeed now found that the behaviour of such a filter depends
      considerably on the micro-structure of the foam, and that if a correct
      type of structure is present a very effective filter can be obtained. In
      particular, if a thermoplastic high-density polyethylene resin or a
      thermoplastic polypropylene resin containing an expanding agent is
      extruded to form a foam, it is possible by controlling the conditions to
      obtain a product of this desired micro-structure. The precise nature of
      the micro-structure is a rather complicated matter and is dealt with at
      length later in this specification, though it can readily be recognized
      from the performance of the filter. Its formation needs specially
      controlled conditions of extrusion. However, we have found that by
      carefully controlling these conditions it is possible to extrude a rod of
      a foamed high-density polyethylene resin or polypropylene resin, which
      when cut up and used as cigarette filters is a considerable advance on
      many earlier filters.
PAR  It is possible, in fact, by adopting extrusion conditions of the type
      illustrated later in this description, to obtain a cigarette filter of a
      microstructure such that the filter is sufficiently hard to withstand
      high-speed handling, does not hinder the passage of the smoke unduly, and
      yet is capable of removing at least a minimum amount of the tarry
      substances present in the smoke. Moreover, in practice the filter normally
      has a smooth, non-porous skin which assists in preventing air from leaking
      into the filter in use. The hardness can be measured as a percentage
      figure using the definition given below, the passage of the smoke can be
      measured in terms of the pressure drop under certain conditions along a
      10-millimeter length of the filter (.DELTA.P.sub.10, as defined below),
      and the absorption from the smoke can be measured in terms of the TPM
      filtration efficiency, also defined below.
PAR  The new cigarette filter of the invention is in fact one comprising an
      extruded element of a substantially open-cell foamed thermoplastic
      polyolefin selected from the group consisting of high-density polyethylene
      resin and polypropylene resin having a cross-section corresponding to that
      of the relevant cigarette and a micro-structure such that the filter has a
      hardness greater than 50 percent, a .DELTA.P.sub.10 less than 15
      centimeters water gauge, and a TPM filtration efficiency greater than 20
      percent.
PAR  It has moreover been found that a particularly advantageous cigarette
      filter according to the invention is one having a hardness greater than 80
      percent, a .DELTA.P.sub.10 of less than 10 centimeters water gauge and a
      TPM filtration efficiency greater than 30 percent. Preferably the resin
      employed in such a filter is a high-density polyethylene resin.
PAR  By the hardness of a cigarette filter is meant its hardness as measured by
      means of a Filtrona Tester (manufactured by Cigarette Components Limited),
      by a test in which a rod (for example a length of say 120 millimeters of
      the foamed resin having a mean diameter (D), for example about 7.8
      millimeters, is compressed between two plates provided in the instrument.
      The rod is subjected to compression for 15 seconds by a load of 300 grams
      applied to opposite sides of the cylindrical surface of the rod and the
      average depression (A), that is, the decrease in diameter of the rod, is
      measured. The hardness is the diameter of the sample measured at a load of
      300 grams and expressed as a percentage of the original diameter, that is,
      it is given by the following formula:
EQU  Hardness = [(D-A)/D] .times. 100 percent.
PAR  By .DELTA.P.sub.10 is meant the pressure drop of a filter, and this is
      measured by the following method. Air is pumped through a 10-millimeter
      length of the filter at a steady rate of 1050 cubic centimeters per minute
      as indicated on a rotameter gauge, and the resulting pressure difference
      across the filter is measured by means of a water manometer. The result is
      expressed in centimeters of water gauge.
PAR  The TPM filtration efficiency is a measure of the effectiveness with which
      the filter absorbs tar particulate matter, and is measured according to
      the following method. Filter tips of length 15 mm. are attached to
      cigarettes. These are smoked using a multiport smoking machine which takes
      one puff of 35 cc. of air over a period of 2 seconds every minute through
      each cigarette, the cigarettes being extinguished when 8 mm. of tobacco
      rod remains. The smoke is collected on a glass fibre pad held in a holder,
      the complete unit of pad and holder being commonly known as a Cambridge
      filter and such that the glass fibre pad retains all tar particulate
      matter from smoke passing through it. The smoke from five cigarettes is
      collected on each Cambridge filter, and a total of 10 cigarettes is
      smoked, the Cambridge filters being weighed before and after smoke
      collection to obtain a measurement of the weight of tar particulate matter
      collected. The tar particulate matter is similarly collected and weighed
      from the same number of cigarettes that are identical except that they are
      not fitted with the filter tips. The TPM filtration efficiency is
      calculated from the formula:
EQU  [(S.sub.1 -S.sub.2)/S.sub.1 ] .times. 100 percent.
PAL  where S.sub.1 is the delivery of tar particulate matter (mg/cigarette) for
      the plain cigarettes and S.sub.2 is the delivery of tar particulate matter
      for the cigarettes having the filters.
PAR  In the instance of .DELTA.P.sub.10 and TPM as defined above the values will
      of course be proportionately and appropriately different where a filter
      length of less or greater than 10 millimeters is in question.
PAR  As has been made clear above, very effective cigarette filters comprising
      an extruded element of substantially open-cell foamed resin can be
      obtained by use of carefully controlled extrusion conditions, and for a
      thermoplastic high-density polyethylene resin the process is one of
      extruding the resin containing a volatile blowing agent in an amount less
      than 0.2 moles per 100 grams of the final extruded product at a melt
      temperature between 130.degree.C. and 150.degree.C., the temperature of
      the die (that is the metal temperature measured within 5 millimeters of
      the metal/resin interface) being between 120.degree.C. and 136.degree.C.
      When the resin is a thermoplastic polypropylene resin the conditions are
      similar except that the melt temperature is between 160.degree.C. and
      180.degree.C. and the die temperature is between 155.degree.C. and
      165.degree.C. Cigarette filters made by these processes have excellent
      properties, and the values of hardness, .DELTA.P.sub.10 and TPM referred
      to above can be achieved.
PAR  The melt temperature is the temperature of the mixture of resin and blowing
      agent immediately before it enters the extrusion die, as measured by a
      totally immersed fine thermocouple that is substantially unaffected by
      heat flows to or from its immediate environment. An example of such a
      thermocouple is described later in this specification.
PAR  Included within the invention are an extruded foamed rod from which the
      filters are produced and a cigarette having a filter according to the
      invention. By "rod" is meant the extruded foam in a length which can
      conveniently be handled and cut into shorter filter lengths in a further
      operation. Normally a rod has a length that is a simple multiple between 2
      and 10 times the length of an individual filter, and it can therefore for
      example be in the range of 90 to 120 or 150 millimeters.
PAR  The thermoplastic resin is a thermoplastic highdensity polyethylene resin
      or a thermoplastic polypropylene resin, the former being preferred in
      general. Both these resins are normally made by a low-pressure
      polymerisation process employing for example a Ziegler or a Phillips
      catalyst, and are characterised by a linear molecular structure that is
      relatively free of branch polymer chains. A Natta catalyst can be used to
      make polypropylene resin. These resins have a high degree of
      crystallinity, and where there is a possibility of stereo-specificity they
      are preferably isotactic although syndiotactic resins are also useful.
      There can be present a small proportion, for example up to about 5 percent
      by weight, of a comonomer in the resin; for example in the case of
      polypropylene the comonomer can be ethylene or n-butene and with
      polyethylene the comonomer can be for example propylene or n-butene. The
      thermoplastic resin can also consist of a mixture of two or more polymers
      or copolymers.
PAR  High-density polyethylene has a density greater than 0.940, preferably
      between 0.950 and 0.970 grams per cubic centimeter. Preferably its melt
      index as measured by ASTM Test No. D-1238 is from 1 to 12 grams per 10
      minutes, for example from 2 to 8 and especially from 2 to 5 grams per 10
      minutes, at 230.degree.C. under a 2.16 kilogram weight.
PAR  Where the filter is polypropylene this preferably has a melt index of from
      1 to 12 grams per 10 minutes, for example from 2 to 10 and especially from
      2 to 8 grams per 10 minutes as measured at a temperature of 190.degree.C.
      and under a weight of 2.16 kilograms (ASTM Test No. D-1238).
PAR  The hardness of a cigarette filter of the invention as measured in the way
      described above is greater than 50 percent and it is often greater than 75
      percent. Preferably it is more than 80 or 85 percent, and for many
      applications and particularly where the whole of the filter consists of a
      foamed element of the invention a hardness range of from about 90 or 92
      percent to 99 percent includes the majority of the most desirable filters.
      Even a figure of 100 percent could be approached in favourable
      circumstances.
PAR  The pressure drop across the cigarette filter (.DELTA.P.sub.10) is less
      than 15 centimeters, and in practice is usually less than 10 centimeters
      water gauge. A particularly acceptable pressure drop is one below 7
      centimeters and sometimes considerably below, such as down to 0.5
      centimeter; the pressure drop can be for example from 1 to 6 centimeters
      and particularly between 2 and 5 centimeters of water gauge.
PAR  In general the TPM filtration efficiency of a cigarette filter according to
      the invention is greater than 20 percent but it is preferably greater than
      30 percent and can for example be in the range of from 35 to 60 percent or
      more.
PAR  For a single filter consisting of a foamed element of the invention a TPM
      in the vicinity of 30 or 35 percent is often very suitable, but where a
      composite cigarette filter is to be used only part of which consists of a
      foamed element of the invention this can in many instances usefully have a
      TPM greater than 35 percent and perhaps up to 60 or 70 percent or even
      higher.
PAR  The cigarette filter is usually cylindrical in shape and of the same
      diameter as the cigarete. It can for instance be 0.6 to 0.9 centimeters in
      diameter and for example from 0.8 to 2 centimeters in length, particularly
      from 1.0 to 1.5 centimeter, although other shapes and sizes can optionally
      be used. For example, longer filters, such as 2.5 centimeters long, can be
      used if desired and there is no fundamental reason why the filter should
      not be of for example oval rather than circular cross-section.
PAR  The density of the cigarette filter of the invention is preferably
      relatively low, usually not more than 0.15 gram per cubic centimeter and
      preferably from 0.015 to 0.1 gram per cubic centimeter, such as 0.03 to
      0.08 gram per cubic centimeter. Between 0.04 and 0.07 gram per cubic
      centimeter is often a very suitable density.
PAR  There has been mentioned above our discovery that the open-cell foamed
      resin element needs to have the right microstructure if it is to fulfil
      the conditions necessary for a good cigarette filter. This micro-structure
      is normally of a fibrous nature, and arises because of the existence of
      fibre elements that bridge the perforations in the cell walls, the
      perforations being of course present because of the open-cell character of
      the foamed resin. The majority of the cells of the foam, that is to say
      more than half of them, have walls containing perforations bridged by one
      or more (and in practice considerably more) fibre elements. Usually the
      proportion of such cells is from 70 or 85 percent upwards, the materials
      within the higher ranges being particularly desirable in many instances;
      in certain circumstances the percentage can approach 100 percent. The
      number of cell walls containing perforations in any one individual cell
      can vary; there can be occasional cells containing a single perforated
      cell wall, or none at all, but because such cells cannot contribute to the
      through flow of smoke they are in a minority. In practice a open-cell of
      the foamed resin contains two, three or more perforated cell walls,
      including the preferred case where the majority (or indeed sometimes all)
      the cell walls are perforated in the particular way described; it follows
      that the majority of the cell walls of the foamed resin will then contain
      perforations. An especially preferred open-cell foamed resin is one in
      which the majority of the cell walls of more than 85 percent of the cells
      contain perforations that are bridged by fibre elements. Because of the
      relatively large number of perforations in the cell walls the structure of
      the foamed resin resembles in some respects that of a reticulated foam
      (that is to say a foam having a "skeleton" or three-dimensional network of
      thicker elements), the reticular structure being formed by the resin
      contained in the boundaries between the perforated walls of the cells,
      these boundaries having been enlarged by the resin originally present in
      the cell walls, although the reticulated structure of the foamed resin
      elements of the invention is of course distinguished from other
      reticulated foams by the presence of the bridging fibre elements giving
      the special properties described.
PAR  Fibre elements are referred to and not fibres because the elements are
      preferably interconnected with each other or with the part of the cell
      wall that forms the boundary of the perforation. Accordingly the number of
      loose "ends" due to the presence of "fibres" as such is low and in many
      cases there are no such loose ends.
PAR  An individual perforated cell wall can contain one or two or more
      perforations but generally the number is relatively small, for example
      less than 5 perforations, and in general the preferred number is one. In
      most instances perforations take up the major part of the appropriate cell
      wall and usually more than 60 percent, for example from 70 to 95 percent,
      or more, per cent, of the total surface area is accounted for by the
      perforations. In the preferred structures a cell wall contains a single
      perforation that takes up the major part such as from 70 or 80 to 95
      percent of the total area of the wall, and here the structure resembles
      most closely the reticulated form previously referred to although it is
      again distinguished from other reticulated foams by the presence of the
      bridging fibre elements. There are thus in these preferred structures both
      the fine bridging fibre elements and a reticular structure of thicker
      elements often in part rod-like for example, although many different
      cross-sections are possible. The thicker elements are often 10 to 100
      times thicker than the fibre elements on average, but wide variations in
      the thickness of both are possible. It is believed that the presence of
      both these types of elements is responsible for the particularly useful
      combination of properties possessed by the cigarette filters the reticular
      structure for example contributing to the hardness and the fibre elements
      giving the filtration properties.
PAR  Each perforation can be bridged by one or more fibre elements and in
      individual instances the number of fibre elements per perforation can be
      up to 100 or more, such as from 1 to 100. In some instances the number of
      fibre elements bridging a perforation is within the range of from 1 to 20
      or 50, in other cases 200 or 300 or more. On average there is more than
      one fibre element per perforation. The fibre elements can be of
      substantially circular or of some other cross-section. A fibre element
      preferably has a thickness of less than 10 microns, its thickness usually
      being of the order of from 0.1 to 2 microns, for example about 1 micron.
      The fibre elements are often (but not always) branched or interconnected
      to form a two-dimensional array of interconnected fibre elements in the
      form of a fine web that extends across part, often the major part, of the
      perforation area. If the web is complex it can be associated with a higher
      .DELTA.P.sub.10, but this effect can be compensated for by having a
      relatively coarse reticular cell structure. In one type of preferred
      structure, the majority of the cell walls of the foamed resin element each
      contain a single perforation that takes up the major part of the cell
      wall, the perforation being bridged by a web of interconnected fibre
      elements.
PAR  The perforations can be of roughly circular or elliptical shape but they
      can also be quite frequently of entirely irregular shape, and in the most
      preferred structures where the cell wall contains a perforation extending
      substantially over the whole of the cell wall the shape will be polygonal,
      and its dimensions will accordingly depend mainly on the surface area of
      the original cell wall.
PAR  Preferably most of the cells have a diameter within the range of from 0.004
      to 0.1 centimeter, for example from 0.01 to 0.05 centimeter, and the cell
      walls can have an average surface area of from 3 .times. 10.sup..sup.-5 to
      2 .times. 10.sup..sup.-2, especially from 2 .times. 10.sup..sup.-4 to 5
      .times. 10.sup..sup.-3 square centimeter.
PAR  The open-cell foamed resin can also contain some cell walls that are not of
      the kind described above but for example are perforated by a multiplicity
      of simple holes that are small in relation to the total surface area of
      the cell wall. These structures if present account for the minority of
      cell walls however, and foams that consist substantially of cell walls
      containing perforations bridged by fibre elements are the usual ones.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Examples of open-cell foamed resin cigarette filter elements according to
      the invention are illustrated in FIGS. 1 to 5 of the accompanying
      photographs taken with a scanning electron microscope. FIG. 6 illustrates
      a further example of an open-cell foamed resin cigarette filter according
      to the invention. FIGS. 7 and 8 are photographs of different open-cell
      foamed resins included for the purposes of comparison. The sections
      photographed were cut from an appropriate extruded element, and
      accordingly in some instances show loose "ends" and fragments arising from
      the cutting operation.
PAR  FIG. 1 illustrates the micro-structure of a preferred filter element
      according to the invention. A number of cells are shown and most of the
      cell walls each contain a single large perforation that is bridged by
      fibre elements. In this instance the perforations are so large that they
      occupy almost all the cell walls and the micro-structure as a whole takes
      on a complex appearance; there is a reticular structure bridged with fine
      fibre elements many of which are interconnected with one another.
PAR  FIG. 2 illustrates the micro-structure of another cigarette filter of the
      invention. It shows a section through a single cell of the foam and parts
      of the adjacent cells, and again in this example an individual cell wall
      is almost entirely taken up by a single perforation that is bridged by a
      number of interconnected fibre elements forming a web. This is most
      clearly shown in the cell wall indicated by an arrow.
PAR  FIG. 3 illustrates the micro-structure of a further cigarette filter of the
      invention. It shows a section through a single cell and parts of the
      adjacent cells, some of them fragmentary. Some of the fibre elements that
      bridge the perforations are detached one from another, being relatively
      free of interconnection; others form a web similar to that seen in FIG. 2.
      FIG. 3 also demonstrates that cell walls having different structures can
      be present in the open-cell foamed resin. For instance the upper arrow
      indicates an intact cell wall free from perforations.
PAR  FIG. 4 illustrates the micro-structure of a portion of a further cigarette
      filter of the invention. It shows a section through a single cell of the
      foam and parts of the adjacent cells. The majority of the cell walls, for
      example those indicated by an arrow, have perforations bridged by fibre
      elements. In some instances the fibre elements are interconnected and form
      a web across part of a perforation.
PAR  FIG. 5 shows the outer skin of an example of a cigarette filter according
      to the invention; this skin is non-porous and is smooth to the touch and
      eye.
PAR  FIG. 6 illustrates the micro-structure of a very effective high-density
      polyethylene element for a cigarette filter; there is a three-dimensional
      reticular structure composed of red-like elements with webs of fine fibre
      elements bridging the original cell walls.
PAR  FIG. 7 illustrates the micro-structure of a portion of an open-cell
      polyurethane foam. The photograph shows a single cell and parts of the
      adjacent cells which clearly have a simple reticular structure of a
      three-dimensional array of ribs. The total absence of bridging fibres in
      this reticular structure is one of the properties that distinguishes it
      from the open-cell foamed resin cigarette filters of the present invention
      as exemplified in FIGS. 1 to 4 and 6.
PAR  FIG. 8 shows the micro-structure of a portion of an open-cell
      urea-formaldehyde foam. This photograph shows a number of cell walls
      perforated by holes unassociated with the characteristic fibrous
      micro-structure of the cigarette filters of the invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  When cigarette smoke flows through a filter having the preferred
      micro-structure, tar particles become trapped on the fibre elements giving
      a good TPM filtration efficiency figure. On the other hand, there is
      little resistance to the flow of gas or vapour constituents in the smoke,
      and the pressure drop across the filter is low. Also, the relatively
      strong open-cell foam structure gives the filter hardness. The foamed
      resin has the added advantage that it can, under suitable conditions as
      described in this specification, be produced continuously and directly by
      extrusion. When it is produced by extrusion through a circular die orifice
      the resulting cylindrical strand can be cut up into suitable portions, and
      this method allows the properties and dimensions of the extruded material,
      and hence of the cigarette filters cut from it, to be closely controlled.
      The shape and size of the die orifice are one determining factor, and
      these are chosen so as to give the desired product.
PAR  Thus a very effective cigarette filter is made by a process of extruding a
      strand of the foamed resin with the required micro-structure and having a
      transverse cross-section substantially corresponding to that desired in
      the final filter element. The strand is cut into pieces that are the
      length of an individual filter element or (for ease of handling) into
      intermediate pieces (that is to say rods) that are a simple integral
      multiple of this length, preferably from 2 to 10 times the length of an
      individual filter element; the production of rods is the standard
      procedure. THe extrusion process is simple and efficient and avoids many
      difficulties in the construction of the filter element; for instance there
      is no need to use adhesive or wrapping paper to form the filter element
      into an appropriate shape or to use material in the form of a tightly
      rolled cylinder. Moreover a filter can be produced with properties that
      make it particularly suitable in cigarettes. An extruded strand of the
      foamed resin in practice usually has a smooth, non-porous, skin which
      prevents air leaking into filters made from it when in use and can make
      some contribution to the hardness of the filter. The skin also obviates
      wrapping the filter in paper before incorporation in a cigarette.
PAR  While it is preferred that the cigarette filter should consist wholly of
      the extruded foamed resin element, a portion of some other substance such
      as for example paper wadding or cellulose acetate tow can of course be
      combined with the proportionately smaller foamed resin element to make a
      composite filter. Foamed elements having a relatively high TPM filtration
      efficiency (60% for instance) are particularly useful for such composite
      filters. In such a composite filter the element of extruded foam according
      to the invention can also be somewhat less hard than would otherwise be
      employed. In a composite filter the extruded foamed element can be in any
      position, for example it can be located before or after a different
      component.
PAR  The extrusion die is preferably a simple orifice of circular cross-section,
      and can for example have a diameter of 1 to 3 millimeters, more preferably
      1.5 to 2 millimeters. A "land," that is the length of the orifice measured
      along the extrusion direction, from 1 to 10 times the orifice diameter, is
      often suitable although this dimension can often be greater if desired,
      for example to increase the back pressure behind the die where a
      low-viscosity resin is being extruded. On the other hand, a die having a
      very short land, only 0.1 to 1 millimeter for example, has been
      successfully used and was found to give a fine-celled product. Very often,
      however, a land of from 1.5 to 3 times the orifice diameter is found to be
      suitable. The entrance to the orifice can be flared or stepped if desired.
      Preferably the die exit is plain, although this can be slightly flared if
      desired.
PAR  In a preferred process for making a filter element according to the
      invention the extruded open-cell foam is produced by a direct-injection
      extrusion process in which a blowing agent is injected into the
      heat-plasticised resin as it is fed along the length of the barrel of a
      screw-extruder.
PAR  The extruder is preferably a screw extruder and preferably comprises
      plasticising, injection, mixing and cooling zones. In order to obtain the
      desired micro-structure in the extruded foam a number of factors need to
      be carefully controlled. For instance the melt and the die temperatures
      are important factors in the production of foamed resins suitable for use
      in the cigarette filters of the invention.
PAR  It has been mentioned that the melt temperature (that is, the temperature
      of the mixture of resin and blowing agent behind the die entrance) needs
      to be measured with a totally immersed fine thermocouple that is
      substantially unaffected by heat flows to or from its immediate
      environment. This means that the junction of the thermocouple needs to be
      physically small and that it is so far as possible thermally insulated
      from supports or other objects that might be at a substantially different
      temperature. One construction that has been found useful comprises a
      stainless steel tube of outside diameter 1.5 millimeter containing fine
      iron and constantan wires insulated with powdered magnesia and brazed or
      welded together to one closed end of the tube. The tube can be inserted
      into the extruder transversely to the direction of the melt flow but
      preferably the tube is bent at a right angle so that the end three
      centimeters or so of the tube extend along the melt flow direction and the
      junction itself is positioned about half a centimeter or less behind the
      die entrance.
PAR  The melt temperature employed mainly depends on the nature of the resin,
      and particularly whether it is high-density polyethylene or is
      polypropylene. Thus for high-density polyethylene the melt temperature is
      between 130.degree.and 150.degree.C., and preferably between 134.degree.C.
      and 146.degree.C. It can for instance be between 136.degree.C. or
      137.degree.C. and 140.degree.C. or 142.degree.C. for good results. Where a
      polypropylene resin is employed the temperature is higher, in the range of
      160.degree.C. to 180.degree.C., and preferably between 162.degree.C. or
      165.degree.C. and 175.degree.C; a temperature between 167.degree.C. and
      170.degree.C. is often especially useful. In many instances the melt
      temperature is in the region of a temperature which is between 5.degree.C.
      less than and 15.degree.C. greater than the crystalline melting point of
      the resin; for high-density polyethylene for example this point is about
      135.degree.C.
PAR  A particularly sensitive temperature factor is the temperature of the die.
      This needs to be measured within 5 millimeters of the orifice itself, that
      is, of the interface between the extruding resin and the metal of the die;
      otherwise the result obtained can be misleading because of any temperature
      gradient that might exist outwards from the orifice into the body of the
      die. When the die is constructed of a relatively bad heat conductor such
      as steel, the measurement should be made as close as possible to the
      orifice; for a better conductor such as brass 5 millimeters is normally
      close enough. The die temperature can for instance be measured by drilling
      to within 5 millimeters of the orifice and inserting the tip of the fine
      thermocouple described above in connection with the measurement of melt
      temperature. Normally the die temperature is not substantially higher than
      the melt temperature, and is usually equal to or lower than the melt
      temperature. When using the small amounts of volatile blowing agent
      employed in extruding the filter elements of the invention, it is most
      surprisingly found that careful control of the die temperature to within a
      few degrees Centigrade leads to formation of the desired micro-structure
      Too high a die temperature results in collapse of the extruding foam to a
      thin strand useless in a cigarette filter. On the other hand, a die
      temperature only three or four degrees lower leads to unstable extrusion,
      with uncontrollable variations in thickness and density of the extruded
      product. Between these two extremes, a product having the desired
      micro-structure is obtained, and it should be emphasised again that the
      die temperature range is very narrow, and that this effect is not observed
      where too much blowing agent is employed. The exact die temperature to be
      employed in a particular case depends mainly on the amount of blowing
      agent and the rheological properties of the resin, and to a lesser extent
      on the presence or absence of a nucleating agent or filler and on the
      geometry of the extruder and die, but it can be found by experiment using
      the criteria given above. for highdensity polyethylene for example it will
      be found that the correct die temperature lies between 120.degree.C. and
      136.degree.C., and is usually between 125.degree.C. and 135.degree.C. and
      often between 126.degree.C. or 127.degree.C. and 133.degree.C. or
      134.degree.C. In the case of polypropyles the die temperature will be
      between 155.degree.C. and 165.degree.C., and often a temperature between
      157.degree.C. and 163.degree.C., such as between 159.degree.C. and
      162.degree.C., is necessary.
PAR  The proportion of blowing agent is expressed in this specification in terms
      of the number of moles per 100 grams of the final extruded product, and by
      the latter is meant the weight of the extruded product after the blowing
      agent and any other volatile constituents of the extrudate have diffused
      into the atmosphere. Such diffusion takes place extremely rapidly and is
      normally substantially complete with in a few seconds. The proportion of
      blowing agent is a most important factor in ensuring the formation of the
      desired micro-structure. Too little of the blowing agent, for example 0.01
      moles per 100 grams of the final extruded product, can result in a coarse
      open-cell foam without any fibrous micro-structure. This is not suitable
      as a cigarette filter because it does not retain sufficient tar. Equally
      an amount of blowing agent greater than 0.2 moles per 100 grams of the
      final extruded product, for example 0.22 moles, tends to change the nature
      of the foam and often results in a high value for .DELTA.P or even a
      substantially closed-cell structure. Larger amounts still, such as 0.27
      moles per 100 grams of the final extruded product, can give a foam having
      some open cells, but the product lacks sufficient hardness, resists the
      flow of air too much and has a low filtration efficiency when employed in
      lengths sufficiently short to give an acceptable pressure drop. In general
      according to the invention, much less blowing agent is used than is
      normally employed in extruding a foamed resin of similar density, and the
      proportion of blowing agent is in any event not more than 0.2 moles per
      100 grams of the extruded product; it is preferably from 0.02 or 0.05 to
      0.17 such as from 0.05 to 0.13 moles per 100 grams of the final extruded
      product. Surprisingly, the optimum extrusion temperatures do not appear to
      be much affected by the proportion of blowing agent provided the latter is
      below the critical amount. It is therefore convenient when establishing
      the correct extrusion conditions to set firstly the melt temperature
      within the stated range, using about 0.17 or 0.18 moles of blowing agent
      per 100 grams of the final extruded product and a die temperature at the
      top of the stated range, then to lower the die temperature to achieve
      stable extrusion of an uncollapsed foamed product and finally
      progressively reduce the amount of blowing agent (at the same time raising
      the melt temperature slightly if necessary so as to maintain stable
      extrusion) until tests performed on samples of the product as described
      above show that the correct balance of properties and the right
      micro-structure has been achieved. Final achievement of the desired filter
      element is obtained by small adjustments up or down in melt or die
      temperature until all the characteristics of the foam are as required. In
      this respect, for example, an increase in melt temperature can lead to a
      decrease in .DELTA.P.sub.10 of the product, the die tip temperature can
      influence the filter size, and a further small decrease in blowing agent
      can also decrease .DELTA.p.sub.10.
PAR  It is very often found that for high-density polyethylene the extrusion
      conditions lie within the range of 1 to 10 percent by weight of blowing
      agent based on the weight of polyethylene (which for the preferred blowing
      agent isobutylene corresponds to 0.018 to 0.18 moles per 100 grams of
      extruded product), with a melt temperature of 135.degree.C. to
      145.degree.C. and a die temperature 128.degree.C. to 135.degree.C.
PAR  In many instances the volatile blowing agent is one that is a gas or vapour
      under normal atmospheric conditions (such as 20.degree.C. and 1 atmosphere
      pressure), but which while under pressure before extrusion is present in
      solution in the heat-softened thermoplastic resin. The blowing agent can
      also be one, such as pentane or a pentane fraction, that is liquid under
      normal conditions. Examples of volatile blowing agents that can be used
      include lower aliphatic hydrocarbons (that is to say, those containing up
      to 5 carbon atoms) such as methane, ethane, ethylene, propane, propylene,
      butane, a butylene (especially isobutylene), or a pentane; a fluorocarbon
      such as dichlorodifluoromethane; a low boiling point ester such as methyl
      or ethyl acetate; acetone; and inorganic gases such as carbon dioxide or
      nitrogen. Also the blowing agent can be a polar compound such as for
      example water, or a low boiling point alcohol such as methanol, ethanol or
      propanol. Mixtures of two or more volatile blowing agents can be used if
      desired.
PAR  The pressure under which the blowing agent is injected into the extrusion
      system may be quite low, and although higher pressures can be used if
      desired there is not normally any advantage to be gained by this, the
      injection pressure being largely a matter of extruder screw design. For
      example, the pressure profile along the length of the extruder can rise to
      a maximum in the platicising section and fall to substantially atmospheric
      pressure at the injection point before rising again in the mixing and
      cooling zones, finally falling to atmospheric pressure again at the die
      exit.
PAR  The blowing agent is in many instances preferably employed in conjunction
      with a nucleating agent, which assists in the formation of a large number
      of relatively fine cells. A wide range of nucleating agents can be
      employed, including finely divided inert solids, especially for example
      calcium carbonate, which can be in the form for instance of calcite, chalk
      or ground limestone. Where calcium carbonate is employed it can optionally
      be used in conjunction with a small proportion of sodium carbonate. Other
      suitable finely divided nucleating agents include talc, silica, alumina
      and titanium dioxide. A salt of an aliphatic carboxylic acid containing up
      to 16 carbon atoms as described in British Pat. Specification No.
      1,148,119, for example calcium propionate or acetate, or a salt of an
      aromatic carboxylic acid as described in British Pat. Specification No.
      1,203,498, for example calcium benzoate, gives good results. A small
      proportion of the nucleating agent, for example up to 5 percent by weight
      of the resin, is usually effective. Often the amount of nucleating agent
      employed is in the range of from 0.1 to 5 percent by weight, preferably
      from 1 to 2 percent by weight. Where the nucleating agent is a finely
      divided inert solid such as calcium carbonate, larger amounts such as for
      instance 10 percent to 30 percent can be present if desired and in such
      cases the finely divided solid acts additonally as a filler. By choice of
      a suitable die, particularly one that has very short land or is otherwise
      designed to exert a high rate of shear on the extruding foamable resin, it
      is however often possible to dispense with a nucleating agent altogether.
PAR  uniform dispersion of a nucleating agent can be assisted by the additional
      presence of an adhesive material The adhesive material can act as a
      carrier for the nucleating agent and in general it can be chosen from a
      wide variety of substances provided it is thermally stable under the
      extrusion conditions and it does not adversely interact with the
      nucleating agent or the resin. Amongst the materials that are especially
      suitable there are included polyisobutylene, methyl cellulose, a higher
      molecular weight liquid hydrocarbon, and a polyalkylene glycol. Preferably
      the adhesive material is present in the process to the extent of from 3 to
      15 percent by weight based on the nucleating agent. A preferred adhesive
      material is a polyalkylene glycol which is best employed in quantities
      ranging from 5 to 10 percent by weight based on the nucleating agent. The
      polyalkylene glycol is, of course, one that is non-reactive with the
      polymer and nucleating agent and is thermally stable under the extrusion
      conditions, and it can be, for example, polymethylene glycol, polyethylene
      glycol, polybutylene glycol, or polyisobutylene glycol. Polyethylene
      glycol is the particularly preferred glycol and excellent results have
      been obtained using about 10 percent bu weight based on the nucleating
      agent. In general the polyethylene glycol employed has a molecular weight
      of from 200 to 600, more preferably from 300 to 500, for example about
      400.
PAR  After extrusion the foamed strand is conveyed away from the die. Preferably
      it is pulled away at a speed slightly higher than the extrusion speed;
      this assists in controlling the final diameter. It is desirable to control
      the diameter of the strand by additional means, and it has been found that
      very accurate and consistent size control can be achieved by passing the
      newly extruded strand through a sizing tube and thereafter cooling it. The
      cooling treatment preferably comprises passing the strand through another
      tube that is cooled. Preferably the cooling tube has a cross-section
      substantially the same as that of the sized strand so that contact between
      the surface of the strand and the walls of the channel is made and heat is
      withdrawn from the strand surface. The sizing and cooling tubes preferably
      have highly polished interior surfaces, and for example final adjustments
      of their size is conveniently done by honing. Each tube should preferably
      have a diameter at its exit end substantially the same as that desired in
      the foamed resin strand (and accordingly in the final cigarette filter),
      although the exit end of the sizing tube can be slightly smaller because a
      small amount of expansion takes place after the strand leaves this tube.
      The inlet end of each tube can be slightly larger than the strand.
      Preferably each tube is constructed so that it can be readily split
      longitudinally and reassembled to assist in threading the foamed strand
      through it on starting up the apparatus.
PAR  The sizing and cooling tubes can each be for instance from 1 to 10
      centimeters long. About 5 centimeters is often a suitable length. The
      sizing tube is preferably situated between 15 and 200 centimeters for
      example 20 to 100 centimeters, from the outlet of the extrusion die. At
      this position the foamed resin strand is substantially fully expanded but
      has not cooled sufficiently to solidify its interior. The heat of
      extrusion warms up the sizing tube, for instance to about 100.degree.C.,
      and although external heating or cooling can be applied if this is found
      desirable it is usually convenient to rely on natural air cooling.
PAR  After leaving the sizing tube the foamed strand preferably passes through
      air for a few centimeters for example 5 to 20 centimeters, before it
      enters the cooling tube. Preferably the cooling tube is set in the end
      wall of an elongated trough of cooling water (or other suitable liquid)
      into which the strand passes as it emerges from the cooling tube. The
      water in the trough thus cools the tube by conduction, and further cools
      the strand as it passes through the trough. The water temperature can for
      example be 10.degree. to 40.degree.C., preferably 10.degree. to
      30.degree.C. The trough can for example be 1 to 3 meters long, although it
      can if desired be shorter or longer. Preferably the strand leaves the
      trough through a sealing tube which can conveniently be similar to the
      cooling tube. More than one sealing tube can be employed if desired and a
      blast of air can be used to blow any surplus water off the strand.
PAR  The foamed strand needs to be pulled through the tubes, and it has been
      found that this "haul-off" rate can be used as a fine control of the
      diameter. For example, a variation in the haul-off rate of 3 percent has
      been found to produce a change in the strand diameter of about 1 percent.
      Preferably the haul-off system comprises rollers or an endless belt and is
      faced with a soft material such as polyurethane foam so as to avoid
      crushing the foam structure. After the haul-off system the foamed strand
      can be stored before use but is more conveniently cut up into rods as
      mentioned above. The rods are then normally cut into multiples of two
      filters, tobacco is rolled in the form of a cigarette on each side of the
      "double" filter, and this is finally cut across the centre to give two
      cigarettes.
PAR  The foamed resin of the invention is not only useful in cigarettes but is
      also applicable to general filtration, for example air conditioning,
      central heating, mining, oil or water filtration and so on. It is
      particularly useful in filtering entrained dust or smoke particles from
      streams of air or other gases.
PAR  This invention is illustrated by the following Examples:
PAC  EXAMPLE 1
PAR  This Example describes cigarette filters according to the invention of high
      density polyethylene, and their production by a method according to the
      invention.
PAR  High density polyethylene of density 0.965 grams/cc crystalline melting
      point 135.degree.C. and melt index 4.5 grams per 10 minutes (at
      190.degree.C. under a 2.16 kg. weight) was blended with 5 percent by
      weight, based on polyethylene, of calcium propionate to act as nucleating
      agent and 0.5 percent by weight of polyethylene glycol of molecular weight
      400 to act as an adhesive. The mixture was fed to a 3.81 cm. diameter
      screw extruder equipped with a two-stage screw, a nozzle for injecting
      fluids into the extruder barrel, and a circular orifice die of diameter
      1.58 mm. and land 3.18 mm. The screw speed was 21 revolutions per minute,
      the throughput was 47 grams per minute and isobutylene was injected as
      blowing agent at a rate corresponding to 0.128 moles per 100 grams of the
      final extruded product.
PAR  The temperature in the plasticating zone of the extruder, that is, the part
      upstream of the injection point was 180.degree. to 200.degree.C. but
      cooling was applied downstream of the injection zone and as a result the
      melt temperature immediately behind the die was 138.degree.C., measured
      using a fine thermocouple as described above. The temperature of the die,
      measured as described above, was 130.degree.C. These conditions gave
      stable extrusion to an open-cell foamed polyethylene rod having a smooth
      exterior skin. After passing through air for 20 centimeters, the rod was
      pulled into a cylindrical brass tube of internal diameter 0.815 cm. and
      length 5 cm., and thence into a second cylindrical brass tube of internal
      diameter 0.875 cm. and length 5 cm. The second tube was set in the end
      wall of a water trough of length 3 meters so that it was thereby cooled,
      the water temperature being 20.degree.C. The rod passed along the trough
      and at the end passed through two more cylindrical tubes of length 5 cm.
      and internal diameter 0.875 cm., to act as a water seal. After passing
      between haul-off rollers faced with soft polyurethane foam it was cut into
      90 mm. lengths.
PAR  It was found that all the lengths were of circular cross-section and had a
      circumference of 24.8 mm. with a standard deviation of only 0.07 mm. They
      could each be cut into six 15 mm. long filter tips, which when tested had
      a density of 0.05 g/cc.sup.3, hardness 88 percent, .DELTA.P.sub.10 5 cms.
      water-gauge and TPM filtration efficiency 38 percent. On microscopic
      examination with a deep-focus microscope they had a complex open structure
      similar to that shown in FIG. 1, with many fibre elements bridging large
      single openings that took up most of the cell wall area of the foam.
PAR  In a comparative experiment, the die temperature was varied over the range
      128.degree. to 133.degree.C. At the lower temperature, the extrusion
      became unstable with major variations about a reduced product diameter and
      an increase in density, whereas at the higher temperature the product
      diameter was drastically decreased and .DELTA.P.sub.10 was greatly
      increased.
PAR  In another comparative experiment, the proportion of injected isobutylene
      was varied between 0.054 and 0.22 moles per 100 grams of the final
      extruded product whilst keeping the other extrusion conditions constant.
      The hardness of the product decreased with increase in the isobutylene
      concentrations, and although .DELTA.P.sub.10 remained less than 15 cms.
      water-gauge over the range 0.054 to 0.19 moles isobutylene per 100 grams
      of the final extruded product, there was a sudden and steep increase in
      .DELTA.P.sub.10 above an isobutylene concentration of 0.16 moles per 100
      grams and at 0.22 moles per 100 grams .DELTA.P.sub.10 was more than 25
      cms. water-gauge.
PAC  EXAMPLE 2
PAR  This Example describes the production of a range of cigarette filters
      according to the invention, and demonstrates the variation in properties
      obtainable by control of the extrusion process.
PAR  High density polyethylene of density 0.965 grams/cc., crystalline melting
      point 135.degree.C. and melt index 4.5 grams per 10 minutes (at
      230.degree.C. under a 2.16 kg weight) was blended with 1 percent by weight
      of polyethylene glycol of molecular weight 400 and with 20 percent of talc
      to act as nucleating agent and filler. The mixture was fed to the extruder
      and die used in Example 1. The screw speed was 21 revolutions per minute,
      the throughput was 50 grams per minute and isobutylene was injected as
      blowing agent at the rates shown in the table below. The temperature in
      the plasticating zone of the extruder, that is, the part upstream of the
      injection point, was 180.degree.C. but cooling was applied downstream of
      the injection zone and as a result the melt temperature immediately behind
      the die was 142.degree.C., measured using a fine thermocouple as described
      above. The die temperature, measured as described above, was 133.degree.C.
      These conditions gave stable extrusion to a foamed polyethylene rod. After
      passing through air for 20 centimeters, the rod was pulled into a sizing
      and cooling system as described in Example 1. The rod had a circumference
      of 24.5 millimeters with a standard deviation of 0.05 millimeters. On
      cutting into 90 mm. lengths, and thence into 15 mm. cigarette filters, the
      following properties were measured:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Isobutylene                                                               
             Density                                                           
                  .DELTA.P.sub.10                                              
                         TPM.sub.15                                            
                              Hardness                                         
                                   Structure                                   
     moles/100 g.                                                              
             (g/cm.sup.3)                                                      
                  (cms H.sub.2 O)                                              
                         (%)  (%)                                              
     final product                                                             
     __________________________________________________________________________
     0.068   0.104                                                             
                  1.8    26   97   Reticular.                                  
                                   Bridging                                    
                                   fibres                                      
     0.085   0.082                                                             
                  3.2    40   96   Reticular.                                  
                                   Branched                                    
                                   bridging                                    
                                   fibres                                      
     0.090   0.066                                                             
                  4.8    43   95   Reticular.                                  
                                   More highly                                 
                                   branched                                    
                                   fibres                                      
     0.107   0.058                                                             
                  9.0    60   94   Reticular.                                  
                                   Fine                                        
                                   bridging                                    
                                   fibrous webs                                
     0.125   0.052                                                             
                  14.7   64   93   Reticular.                                  
                                   Intricate                                   
                                   gossammer                                   
                                   webs.                                       
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  This Example describes cigarette filters according to the invention of
      polypropylene, and their production by a method according to the
      invention.
PAR  Polypropylene of crystalline melting point about 170.degree.C. and melt
      index 1.5 grams per 10 minutes (at 230.degree.C. under a 2.16 kg weight)
      was blended with 0.1 percent by weight of polyethylene glycol of molecular
      weight 400 and 1 percent by weight of talc to act as a nucleating agent.
      The mixture was fed to the extruder and die used in Example 1, the screw
      speed being 22 revolutions per minute and the throughput 53 grams per
      minute, and isobutylene was injected at a rate corresponding to 0.142 mole
      per 100 grams of the final extruded product.
PAR  The temperature in the plasticating part of the extruder was 200.degree.C.,
      the melt temperature behind the die was 170.degree.C. and the die
      temperature was 162.degree.C.
PAR  These conditions gave stable extrusion to an open-celled foamed
      polypropylene rod having a smooth exterior skin. The interior of the rod
      consisted of open cells bridged by fibre elements. It was cut up into
      appropriate lengths that were found to be excellent cigarette filters.
PAC  EXAMPLE 4
PAR  This Example describes two further cigarette filters according to the
      invention.
PAR  The extrusion was as described in Example 1, except that calcium acetate
      was substituted for calcium propionate, 0.139 mole of isobutylene per 100
      grams of the final extruded product was employed, the melt temperature was
      137.degree.C. and the die temperature was 132.degree.C. The extruded rod
      had a micro-structure and surface skin similar to those of the product of
      Example 1, a circumference of 21 millimeters, density 0.047 g./cc. and
      .DELTA.P.sub.10 3.3 cms. water gauge. On being cut into appropriate
      lengths it made excellent cigarette filters.
PAR  In a further run using the same polyethylene and nucleating agent under the
      same conditions but injecting only 0.110 mole of isobutylene per 100 grams
      of the final extruded product, the extruded rod had a slightly more open
      structure with a similar surface skin and .DELTA.P.sub.10 was 2.2 cms.
      water gauge. The circumference was 20.4 mm. and the density 0.057 g./cc.
      This product also made excellent cigarette filters.
PAC  EXAMPLE 5
PAR  This Example describes further cigarette filters according to the invention
      of high density polyethylene. In this case no nucleating agent was
      employed.
PAR  High density polyethylene of density 0.965 g./cc., crystalline melting
      point 135.degree.C. and melt index 4.5 grams per 10 minutes (at
      190.degree.C. under a 2.16 kg weight) was fed to the extruder used in
      Example 1 but fitted with a circular orifice die of diameter 1.58 mm. and
      0.2 mm. land. The screw speed was 21 revolutions per minute, the
      throughput was 67 grams per minute and isobutylene was injected at a rate
      corresponding to 0.17 mole per 100 grams of the polyethylene. The melt
      temperature was 137.degree.C. and the die temperature was 126.degree.C.
      The extrudate was a rod of fine open-celled foamed polyethylene having a
      smooth skin and a circumference 22 mm. Its density was 0.069 g./cc. and
      .DELTA.P.sub.10 was 4.4 cms. water gauge. When cut up into 15 millimeter
      lengths it made excellent cigarette filters.
PAR  An experiment using the same polyethylene under the same conditions but
      with a die of the same diameter and land 3.18 mm. gave a foam cell
      structure that was not so fine as when the short land die was used.
PAC  EXAMPLE 6
PAR  This Example describes an open-cell foamed polyethylene resin according to
      the invention, a process for producing it by a preferred method and its
      use as a filter tip for a cigarette.
PAR  A dry blend of 100 parts by weight of high density polyethylene having a
      density of 0.96 grams per cubic centimeter and a melt index of 0.9
      decigrams per minute, and 0.1 part by weight of polyethylene glycol having
      a molecular weight of about 400, was first prepared in a Banbury mixer.
      1.0 Part by weight of talc as nucleating agent was then added and the
      mixing continued until the polyethylene glycol and talc were thoroughly
      dispersed throughout the blend.
PAR  The blend was placed in the hopper of an extruder of 3.81 cms. diameter and
      having a two stage screw. 0.16 Moles of isobutylene as blowing agent per
      100 grams of the final extruded product were injected into the injection
      zone of the extruder and the heat-softened composition was extruded
      through a circular die orifice (diameter 1.58 mm.) at a throughput of 44
      grams per minute, the various parts of the extruder being maintained at
      the following temperature (the melt temperature being about
      138.degree.C.):-
TBL  Plasticating zone   174.degree.C. to 211.degree.C.                        
     Injection zone      152.5.degree.C.                                       
     Cooling zone        157.0.degree.C.                                       
     Die block zone      123.5.degree.C.                                       
     Die                 137.5.degree.C.                                       
PAR  A cylindrical polyethylene foamed rod about 8.4 mm. in diameter was
      produced with a density of 0.038 grams per cubic centimeter. On
      examination by electron-scan microscopy the foamed strand was observed to
      have an impervious white outer skin similar to that shown in FIG. 5, and
      an open-cell structure, a part of which is illustrated in FIG. 4 of the
      accompanying photographs.
PAR  Samples of the foam were examined by means of electron scan microscopy and
      it was seen that more than half of the cells had one or more walls
      containing perforations bridged by fibre elements. More than 85 per cent
      of the cells contained one or more cell walls perforated in the way
      described and it was observed that in general the majority of the
      individual walls of those cells were perforated. Those cell walls that had
      perforations contained relatively few perforations, for example between 1
      and 4 perforations, and these perforations occupied the major part of the
      total surface area of each cell wall. Some of the fibre elements bridging
      the perforations were detached from each other whilst others were
      interconnected in a two dimensional array or network, the majority of the
      perforations being bridged by fibre network. The average diameter of the
      cells of the foam was approximately 0.03 centimeter. Some of the other
      properties of the foamed rod are given in Table 2 below.
PAR  The rod was chopped up into pieces about 1.5 centimeters long and these
      were used as filter tips for cigarettes. When the cigarette was smoked it
      was found that the tips had a pleasing resilience without any adverse
      effect on taste or detectable resistance to the flow of smoke. The
      cigarette tip had an excellent overall appearance, a smooth feel and a
      fine cell structure. When the tips were later cut out they were found to
      have removed a considerable quantity of tar from the smoke.
PAC  EXAMPLE 7
PAR  This Example describes an open-cell foamed polyethylene resin according to
      the invention, a process for producing it by a preferred method and its
      use as a filter tip for a cigarette.
PAR  A blend of 100 parts by weight of high density polyethylene having a
      density of 0.958 grams per cubic centimeter and a melt index of 4.5
      decigrams per minute, and 0.1 part by weight of polyethylene glycol having
      a molecular weight of about 400, was first prepared in a Banbury mixer.
      1.0 Part by weight of talc as nucleating agent was then added and the
      mixing continued until polyethylene glycol and talc were thoroughly
      dispersed throughout the blend.
PAR  The blend was placed in the hopper of an extruder of 3.81 cms. diameter and
      having a two stage screw. 0.141 Moles of isobutylene as blowing agent per
      100 grams of the final extruded product were injected into the injection
      zone of the extruder and the heat-softened composition was extruded
      through a circular die orifice (diameter 1.58 mm.) at a throughput of 42
      grams per minute, the various parts of the extruder being maintained at
      the following temperatures:
TBL  Plasticating zone   169. to 210.5.degree.C.                               
     Injection zone      160.degree.C.                                         
     Cooling zone        137.degree.C.                                         
     Die block zone      111.degree.C.                                         
     Die                  122.5.degree.C.                                      
PAR  A cylindrical polyethylene foamed rod 7.9 mm. in diameter was produced with
      a density of 0.048 grams per cubic centimeter. On examination the foamed
      strand was observed to have an impervious white outer skin similar to that
      shown in FIG. 5, and an open-cell structure, parts of which are
      illustrated in FIGS. 2 and 3 of the accompanying photographs.
PAR  Samples of the foam were examined by means of electron scan microscopy and
      it was seen that more than half the cells had one or more walls containing
      perforations bridged by fibre elements. More than 85 per cent of the cells
      contained one or more cell walls perforated in the way described and it
      was observed that the majority of the walls of these cells were
      perforated. Those cell walls that had perforations contained relatively
      few perforations, for example from 1 to 4 perforations, and these
      perforations occupied the major part of the total surface area of each
      cell wall. Some of the fibre elements bridging the perforations were
      detached from each other, whilst others were interconnected in a two
      dimensional array or network, the majority of the perforations being
      bridged by fibre networks. The average diameter of the cells of the foam
      was approximately 0.03 centimeter. Some of the other properties of the
      foamed rod are given in Table 2 below.
PAR  The rod was chopped into pieces about 1.5 centimeters long and these were
      used as filter tips for cigarettes. When the cigarette was smoked it was
      found that the tips had a pleasing resilience without any adverse effect
      on taste or detectable resistance to the flow of smoke. The overall
      appearance of the filter tip was excellent. It had a smooth outer skin and
      a fine cell structure. When the tips were later cut out they were found to
      have removed a considerable quantity of tar from the smoke.
PAC  EXAMPLE 8
PAR  This Example describes an open-cell foamed polyethylene resin according to
      the invention and a process for producing it employing a high level of
      nucleating agent in order to obtain a filter tip for a cigarette having
      special properties.
PAR  A dry blend of 100 parts by weight of high density polyethylene having a
      density of 0.965 grams per cubic centimeter and a melt index of 4.5
      decigrams per minute, and 1 part by weight of polyethylene glycol having a
      molecular weight of about 400, was first prepared in a Banbury mixer. 20.0
      Parts by weight of talc as nucleating agent were then added and the mixing
      continued until the polyethylene glycol and talc were thoroughly dispersed
      throughout the blend.
PAR  The blend was placed in the hopper of an extruder of 3.81 cms. diameter and
      having a two stage screw. 0.062 Moles of isobutylene as blowing agent per
      100 grams of the final extruded product were injected into the injection
      zone of the extruder and the heat-softened composition was extruded
      through a circular die orifice (diameter 1.98 mm.) at a throughput of 49.1
      grams per minute, the various parts of the extruder being maintained at
      the following temperatures (the melt temperature being about
      140.degree.C.):
TBL  Plasticating zone   185.degree.C. to 210.degree.C.                        
     Injection zone      182.degree.C.                                         
     Cooling zone         142.5.degree.C.                                      
     Die block zone      118.degree.C.                                         
     Die                 130.degree.C.                                         
PAR  A cylindrical polyethylene foamed rod 8.8 millimeters in diameter was
      produced with a density of 0.069 grams per cubic centimeter. On
      examination the foamed strand was observed to have a very smooth
      impervious white outer skin similar to that illustrated in FIG. 5, and an
      open-cell structure similar to that illustrated in FIGS. 2 to 4 of the
      accompanying photographs.
PAR  Samples of the foam were examined by means of electron scan microscopy and
      it was seen that more than half of the cells had one or more walls
      containing perforations bridged by fibre elements.
PAR  More than 85 per cent of the cells contained one or more cell walls
      perforated in the way described and it was observed that in general the
      majority of the individual walls of these cells were perforated. Those
      cell walls that had perforations contained relatively few perforations,
      for example from 1 to 4 perforations, and these perforations occupied the
      major part of the total surface area of each cell wall. Some of the fibre
      elements bridging the perforations were detached from each other whilst
      others were interconnected in a two dimensional array or network, the
      majority of the perforations being bridged by fibre networks. The average
      diameter of the cells of the foam was approximately 0.03 centimeter. Some
      of the other properties of the foamed rod are given in Table 2 below.
PAR  The rod was chopped up into pieces about 1.5 centimeters long and these
      were used as filter tips for cigarettes. When the cigarette was smoked it
      was found that the tips had a specially good resilience and hardness
      without any adverse effect on taste or detectable resistance to the flow
      of smoke. The cigarette tip had an excellent overall appearance, a
      specially smooth feel and a fine cell structure. When the tips were later
      cut out they were found to have removed a considerable quantity of tar
      from the smoke.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Property of 15 mm. long cigarette                                         
                        Example                                                
                              Example                                          
                                    Example                                    
     filter tip         6     7     8                                          
     __________________________________________________________________________
     Weight (mg.)       33.8  34.8  48.0                                       
     Density (grams per cubic centi-                                           
     meter)             0.038 0.048 0.069                                      
     *Tar uptake per tip (mg.)                                                 
                        23.0  23.2  12.0                                       
     *Tar uptake as percentage of                                              
      filter weight (per cent of                                               
      original weight)  68.1  66.7  25.0                                       
     **Pressure drop P.sub.15 (centi-                                          
      meters water gauge)                                                      
                        17    7     4.0                                        
     Hardness (percent) 90.2  81.0  97.7                                       
     __________________________________________________________________________
      *Tar uptake figures are not the same as "TPM filtration efficiency". They
      were obtained by weighing a filter tip before incorporation in a cigarett
      and after the cigarette had been smoked and subtracting the first reading
      from the second.                                                         
      **Pressure drop .DELTA.P.sub.15 is approximately one-and-a-half times    
      .DELTA. P.sub.10.                                                        
PAC  EXAMPLE 9
PAR  This Example describes the production of a cigarette filter according to
      the invention, using chalk as nucleating agent.
PAR  One hundred parts by weight of high-density polyethylene of density 0.965
      grams per cubic centimeter, crystalline melting point 135.degree.C. and
      melt index 4.5 grams per 10 minutes (at 230.degree.C. under a 2.16
      kilogram weight) were blended with three parts by weight of polyethylene
      glycol of molecular weight 400 and thirty parts by weight of chalk
      (Britomya BSH) to act as nucleating agent. (Britomya BSH in a trade mark
      for a ground chalk of maximum particle size 10 microns and average
      particle size 2.5 microns, surface-treated with stearic acid to make it
      wettable by organic fluids). The mixture was fed to the extruder and die
      used in Example 1. The screw speed was 20 revolutions per minute, the
      throughput was 59 grams per minute and isobutylene was injected as blowing
      agent at a rate corresponding to 0.097 moles per 100 grams of the final
      extruded product. The temperature in the plasticating zone of the
      extruder, that is, the part upstream of the injection point, was
      180.degree.C. but cooling was applied downstream of the inject zone and as
      a result the melt temperature immediately behind the die was
      138.degree.C., measured using a fine thermocouple as described above. The
      die temperature, measured as described above, was 134.degree.C. The
      pressures within the extruder barrel were 10.5 kilograms per square
      centimeter in the post-injection zone, 14.1 kilograms per square
      centimeter in the cooling zone and 49.2 kilograms per square centimeter
      immediately behind the die. These conditions gave stable extrusion to a
      foamed polyethylene rod. After passing through air for 20 centimeters, the
      rod was pulled into a sizing and cooling system as described in Example 1.
      The rod had a smooth outer skin and a fine uniform cell structure, and had
      a circumference of 24.5 millimeters with a standard deviation of 0.1
      millimeter. On cutting the rod into 90-millimeter lengths, and thence into
      15-millimeter cigarette filters, the following properties were measured:
TBL  Density          0.065 grams per cubic                                    
                      centimeter                                               
     .DELTA. P.sub.10                                                          
                      2.8 centimeters of water                                 
     TPM             29.7%                                                     
     Hardness        92%                                                       
PAR  On examination by electron-scan microscopy, the foam structure was seen to
      be composed of a reticular skeleton in which a majority of the cell walls
      had each a large perforation extending over most of the area of the wall
      and which was bridged by a number of fine fibre elements.
PAR  The cigarette filters could be incorporated into cigarettes by high-speed
      machinery, and they did not produce any taste or otherwise spoil the
      satisfaction given by the cigarettes when smoked.
PAC  EXAMPLE 10
PAR  This Example describes the production of a cigarette filter according to
      the invention, using ground calcite as nucleating agent.
PAR  One hundred parts by weight of high-density polyethylene of density 0.965
      grams per cubic centimeter, crystalline melting point 135.degree.C. and
      melt index 4.5 grams per 10 minutes (at 230.degree.C. under a 2.16
      kilogram weight) were blended with two parts by weight of polyethylene
      glycol of molecular weight 400 and twenty parts by weight of ground
      calcite of average particle size 5 microns to act as nucleating agent. The
      mixture was fed to the extruder and die used in Example 1. The screw speed
      was 16 revolutions per minute, the throughput was 57 grams per minute and
      isobutylene was injected as blowing agent at a rate corresponding to 0.1
      mole per 100 grams of extruded product. The temperature in the
      plasticating zone of the extruder, that is, the part upstream of the
      injection point, was 180.degree.C. but cooling was applied downstream of
      the injection zone and as a result the melt temperature immediately behind
      the die was 138.5.degree.C., measured using a fine thermocouple as
      described above. The die temperature, measured as described above, was
      134.degree.C. The pressures within the extruder barrel were 14.3 kilograms
      per square centimeter in the post-injection zone, 17.6 kilograms per
      square centimeter in the cooling zone and 70.3 kilograms per square
      centimeter immediately behind the die. These conditions gave stable
      extrusion to a foamed polyethylene rod. After passing through air for 20
      centimeters, the rod was pulled into a sizing and cooling system as
      described in Example 1. The rod had a circumference of 24.7 millimeters
      with a standard deviation of 0.1 millimeter. On cutting into 90-millimeter
      lengths, and thence into 15-millimeter cigarette filters, the following
      properties were measured:
TBL  Density         0.055 grams per cubic                                     
                     centimeter                                                
     .DELTA.P.sub.10 8.9 centimeters of water                                  
     Hardness        92%                                                       
PAR  On examination by electron-scan microscopy, the foam structure was similar
      to that of the foamed resin of the previous Example although the cells
      were smaller and the fibre elements were finer.
PAR  The cigarette filters could be incorporated into cigarettes by high-speed
      machinery, and they did not produce any taste or otherwise spoil the
      satisfaction given by the cigarettes when smoked.
PAC  EXAMPLES 11 to 19
PAR  These Examples describe the production of a series of different cigarette
      filters according to the invention; a number of nucleating agents and
      various extrusion conditions are employed to give filters of differing
      characteristics.
PAR  In a series of runs, the procedure described in Example 9 was followed
      except that the nucleating agent and extrusion conditions were as shown in
      Table 3 below and the amount of polyethylene glycol employed in each run
      corresponded to 10 percent by weight of the nucleating agent employed in
      that run. Table 3 also shows the properties of the cigarette filters
      obtained. The cell structure of the filter of Example 18 is illustrated in
      FIG. 6.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Example                                                                   
          Nucleating*                                                          
                 Screw speed                                                   
                        Throughput                                             
                              T melt                                           
                                  T die                                        
                                      Isobutylene                              
                                             TPM .DELTA. P.sub.10              
                                                       Hardness                
                                                            Density            
     No.  agent  RPM    g./minute                                              
                              .degree.C.                                       
                                  .degree.C.                                   
                                      moles/100g                               
                                              %  cms.H.sub.2 O                 
                                                       %    g/cc.              
          % of resin                  product                                  
     __________________________________________________________________________
          1.9% CaAc                                                            
     11   +      21     48    138 130 0.121  49  4.6   91   0.055              
          1.9% CaPr                                                            
     12    5% CaPr                                                             
                 21     47    132 130 0.136  34  3.8   89   0.05               
     13   10% BSH                                                              
                 20     56.5  136 133 0.143  41  4.9   92   0.07               
     14   2.5 CaAc                                                             
                 21     45    141 133 0.102  60  5.0   68   0.047              
          2.5 CaPr                                                             
     15    5% CaAc                                                             
                 21     45    142 133 0.118  53  6.3   88   0.064              
            H.sub.2 O                                                          
     16   10% BSH                                                              
                 20     38    137 128 0.125  45  6.2   88   N/A                
          0.5 Water                                                            
     17    1% BSH                                                              
                 20     48    137 134 0.107  50.5                              
                                                 3.1   93   N/A                
           1% Na.sub.2 CO.sub.3                                                
     18   30% BSH                                                              
                 20     59    138 134 0.107  52.4                              
                                                 3.6   92   0.07               
     19   30% BSH                                                              
                 20     59    138 134 0.089  40  3.0    89.5                   
                                                            0.07               
     __________________________________________________________________________
      *Notes:                                                                  
      (a) CaAc = Calcium acetate                                               
      (b) CaPr = Calcium propionate?                                           
      (c) CaAc.H.sub.2 O = Calcium acetate monohydrate                         
      (d) BSH = Britomya BSH as described in Example 9.                        
PAC  EXAMPLE 20
PAR  This Example describes three different cigarette filters according to the
      invention in which the resin was polypropylene.
PAR  The polypropylene employed had a crystalline melting point about
      170.degree.C. and melt index 1.5 grams per 10 minutes (at 230.degree.C.
      under a 2.16 kilogram weight). Three runs were carried out by the
      procedure described in Example 9; in all three the extruder screw speed
      was 20 revolutions per minute and the throughput was 48 grams per minute.
      In the first two runs the melt temperature was 170.degree.C. and the die
      temperature was 162.degree.C., and in the third run the melt temperature
      was 168.degree.C. and the die temperature was 162.degree.C.
PAR  In the first run the nucleating agent was 2 percent of talc based on the
      weight of polypropylene, and 10 percent by weight of polyethylene glycol
      of molecular weight 400, based on the weight of talc, was used as adhesive
      agent. The blowing agent was isobutylene in an amount corresponding to
      0.15 moles per 100 grams of final extruded product.
PAR  In the second and third runs, the nucleating agent was 1 percent by weight
      of talc based on the weight of polypropylene and the adhesive agent was 10
      percent by weight of polyethylene glycol based on the weight of talc. The
      blowing agent was isobutylene, in amounts corresponding to 0.15 and 0.19
      moles per 100 grams of final extruded product respectively.
PAR  Each run gave a fine-celled foamed polypropylene rod of diameter 1.1
      centimeter, having the following properties:
TBL            Run No. 1                                                       
                        Run No. 2   Run No. 3                                  
     ______________________________________                                    
     .DELTA. P.sub.10 (cms. H.sub.2 O)                                         
                 2.5        1.8         3.5                                    
     Hardness (%)                                                              
                 84         78          74                                     
     Density (g./cc)                                                           
                 0.039      0.036       0.025                                  
     ______________________________________                                    
PAR  The foamed elements were seen on examination by electron-scan microscopy to
      consist of a reticular structure bridged by webs of fibre elements,
      similar to that shown in FIG. 6.
PAR  When cut into appropriate lengths these rods were suitable for use as
      cigarette filters although somewhat thicker than is customary.
      Nevertheless, when the filters were incorporated into hand-made cigarettes
      of the appropriate diameter and the cigarettes were smoked, a high
      proportion of tobacco tar was removed from the smoke. Thinner rods could
      be produced if desired by using a smaller diameter die; these would have
      slightly higher values for .DELTA.p 10 and slightly lower values for
      hardness.
PAR  In a comparative experiment carried out under conditions similar to those
      of the second and third runs but using 0.25 moles of isobutylene per 100
      grams of final extruded produce, .DELTA.P.sub.10 of the product was
      unacceptably high for use as a cigarette filter.
PAC  EXAMPLE 21
PAR  This Example describes the production of high-density polyethylene
      cigarette filters according to the invention by extrusion using
      dichlorodifluoromethane as blowing agent.
PAR  The procedure was similar to that of Example 9, dichlorodifluromethane
      being used as blowing agent and the extrusion conditions being as follows:
TBL  Nucleating agent  :                                                       
                  10% by weight Britomya BSH based on                          
                  polyethylene.                                                
     Adhesive agent  :                                                         
                   5% by weight polyethylene glycol                            
                  (M.W. 400) based on nucleating agent.                        
     Extruder speed                                                            
                  20 revolutions per minute.                                   
     Throughput   53 grams per minute.                                         
     Melt temperature  :                                                       
                  138.degree.C.                                                
     Die temperature  :                                                        
                  134.degree.C.                                                
     Amount of blowing                                                         
     agent  :     0.091 moles per 100 grams of                                 
                  final extruded product.                                      
PAR  The cigarette filters produced had .DELTA.P.sub.10 2.2 centimeters of water
      gauge and hardness 78 percent and when smoked in cigarettes extracted a
      good proportion of the tar particulate matter in the smoke. The cell
      structure was fairly fine and similar to that of the filters of Example 9.
PAR  Experiments using propylene as blowing agent gave results substantially the
      same as those obtained using isobutylene.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rod shaped cigarette filter comprised of a polypropylene foam or a
      foam of high density polyethylene, said foam having a substantially
      opencell structure wherein more than half of the cells present contain
      cell walls which are perforated, and wherein the microstructure of said
      foam is characterized by the presence of numerous fine fibre-like elements
      having thicknesses within the range of from about 0.1 to 2 microns which
      bridge across said perforations in the cell walls, said fibre-like
      elements being interconnected with each other or with the part of the cell
      wall that forms the boundary of the perforation and thereby being
      substantially free of loose ends; said cigarette filter having a TPM
      filtration efficiency of from 20 to 60 percent, a .DELTA.P.sub.10 of from
      about 0.5 to 15 centimeters water gauge, and a hardness of from about 50
      to 100 percent, said percent hardness being determined by subjecting a 120
      millimeter length sample of said cigarette filter rod of predetermined
      initial diameter to compression under a 300 gram load for 15 seconds and
      thereafter measuring the rod diameter to determine the decrease in initial
      diameter, the percent hardness is then calculated from the equation:
EQU  Percent hardness = [(D - A)/D] .times. 100
PAL  wherein D represents the initial diameter of the rod and A represents the
      decrease in said initial diameter following 15 seconds under said load.
NUM  2.
PAR  2. An extruded rod of substantially open-cell foam as defined in claim 1
      which can be cut up into filters.
NUM  3.
PAR  3. A cigarette having a filter as defined in claim 1.
NUM  4.
PAR  4. A cigarette filter in accordance with claim 1 in which said foam is
      comprised of a high density polyethylene, wherein said high density
      polyethylene has a density in the range of from about 0.950 and 0.970
      grams per cubic centimeter and a melt index from about 1 to 8 grams per 10
      minutes.
NUM  5.
PAR  5. A cigarette filter in accordance with claim 1 wherein more than half of
      the cell walls of said foam each contain a perforation that takes up from
      about 70 to 95 percent of the total area of the cell wall, giving a
      reticular structure formed by the boundaries between the remaining parts
      of said cell wall.
NUM  6.
PAR  6. A cigarette filter in accordance with claim 1 wherein the filter has a
      hardness of from 80 to 100 percent, a .DELTA.P.sub.10 of from 0.5 to 10
      centimeters water gauge, and a TPM filtration efficiency of from 30 to 60
      percent.
NUM  7.
PAR  7. A cigarette filter in accordance with claim 1 in which there are at
      least 100 fibre-like elements bridging each perforation.
NUM  8.
PAR  8. A cigarette filter in accordance with claim 1 in which said foam is
      comprised of a polypropylene resin having a melt index of from 1 to 12
      grams per 10 minutes as measured at a temperature of 190.degree.C. and
      under a weight of 2.16 kilograms.
NUM  9.
PAR  9. A cigarette filter in accordance with claim 1 wherein more than half of
      the cell walls of said foam are perforated.
NUM  10.
PAR  10. A composite filter for a cigarette wherein a portion thereof consists
      of a rod shaped foam as defined in claim 1.
NUM  11.
PAR  11. A composite filter in accordance with claim 10 wherein the rod shaped
      foam is highdensity polyethylene.
NUM  12.
PAR  12. A cigarette having a composite filter as defined in claim 10.
NUM  13.
PAR  13. A rod shaped cigarette filter comprised of a polypropylene foam or a
      foam of high density polyethylene, said foam having a substantially
      opencell structure wherein more than half of the cells present contain
      cell walls which are perforated, and wherein the microstructure of said
      foam is characterized by the presence of two-dimensional webs of
      interconnected fibre-like elements which extend across said perforations
      in the cell walls, said interconnected fibre-like elements having
      thicknesses within the range of from 0.1 to 2 microns; said cigarette
      filter having a TPM filtration efficiency of from 20 to 60 percent,
      a.DELTA.P.sub.10 of from about 0.5 to 15 centimeters water gauge, and a
      hardness of from about 50 to 100 percent, said percent hardness being
      determined by subjecting a 120 millimeter length sample of said cigarette
      filter rod of predetermined initial diameter to compression for 15 seconds
      under a 300 gram load and thereafter measuring the rod diameter to
      determine the resulting decrease in said initial diameter, the percent
      hardness is then calculated from the equation:
EQU  Percent hardness = [(D - A)/D]  .times. 100
PAL  wherein D represents the initial diameter of the rod and A represents the
      decrease in said initial diameter following 15 seconds under said load.
NUM  14.
PAR  14. A cigarette filter in accordance with claim 13 in which said foam is
      comprised of a high density polyethylene, wherein said high density
      polyethylene has a density in the range of from about 0.950 and 0.970
      grams per cubic centimeter and a melt index from about 1 to 8 grams per 10
      minutes.
NUM  15.
PAR  15. A cigarette filter in accordance with claim 13 wherein more than half
      of the cell walls of said foam each contain a perforation that takes up
      from about 70 to 90 percent of the total area of the cell wall, giving a
      reticular structure formed by the boundaries between the remaining parts
      of said cell walls.
NUM  16.
PAR  16. A cigarette filter in accordance with claim 13 wherein the filter has a
      hardness of from 80 to 100 percent, a .DELTA.p.sub. 10 of from 0.5 to 10
      centimeters water gauge, and a TPM filtration efficiency of from 30 to 60
      percent.
NUM  17.
PAR  17. A cigarette filter in accordance with claim 13 in which said foam is
      comprised of a polypropylene resin having a melt index of from 1 to 12
      grams per 10 minutes as measured at a temperature of 190.degree.C. and
      under a weight of 2.16 kilograms.
NUM  18.
PAR  18. A cigarette filter in accordance with claim 13 wherein more than half
      of the cell walls of said foam contain perforations.
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ABST
PAL  A hair comb and dryer device which has an elongated casing enclosing a fan,
      motor and heating device, and which serves as a handle, and a comb
      structure having a comb element in a plane transverse of the longitudinal
      axis of the casing, so enabling the device to be used in the manner of a
      rake. The device includes a passageway having baffles arranged to focus
      the warm air moving through the device toward the hair just as the hair
      has moved through the comb.
BSUM
PAR  This invention pertains to a hair comb and dryer device, and more
      particularly to such a device which is effective for discharging drying
      air onto hair immediately after the hair has been straightened or
      untangled by the comb.
PAC  BACKGROUND
PAR  Many devices for combing and drying hair have previously been provided but
      these devices are usually lacking with respect either to the convenience
      of use or effectiveness in performing the drying function. In most of such
      devices the drying air is delivered lengthwise of the base of the comb to
      an area in the vicinity of the hair being combed, and with this
      arrangement the drying air comes into contact with the hair before it
      passes the teeth of the comb making the removal of tangling more
      difficult. It is an object of the present invention to provide a comb and
      dryer device which delivers drying air only at a point the hair has just
      passed through the comb and where the hair is under slight tension due to
      being combed. Another object is to provide such a device where the comb is
      arranged transversely with the body or handle of the device so that the
      operator may move the device through the hair in a manner of a rake. Still
      another object is to provide such a device in which air is circulated
      through the body or handle and through a passageway for directing the air
      along the face of the comb and into the hair as it emerges from the comb.
      Other more specific objects and advantages will become apparent as this
      specification proceeds.
DRWD
PAC  DETAILED DESCRIPTION
PAR  One embodiment of the invention is illustrated in the accompanying drawings
      in which:
PAR  FIG. 1 is a view in perspective of the improved device;
PAR  FIG. 2 is a longitudinal sectional view exposing the fan, motor and heating
      element contained within the casing or handle of the device;
PAR  FIG. 3 is a plan view of the comb structure; and
PAR  FIG. 4 is a front elevational view of the comb structure.
DETD
PAR  As illustrated, the improved device includes an elongated casing A which
      serves as a handle, and a comb structure B at the top end of the casing.
PAR  The casing A is generally cylindrical, its longitudinal axis being shown in
      a vertical direction. The casing may be molded in two parts and these two
      parts assembled together with the heating element 10, the motor 11 and the
      fan 12 secured inside the casing, the arrangment being such that the fan
      12 when rotated by motor 10, draws air into the casing through the inlet
      opening 13 at the bottom of the casing, passes the air over the motor and
      through heating element 10 and out of the casing through the top opening
      14.
PAR  The casing A is fitted at its bottom end into a base structure 15 having
      legs 16 on which the device may be supported on a dressing table or like
      supporting surface. An electric cord 17 is provided to energize the
      heating coil and motor, and this cord is led into the casing in an
      inclined manner to the fitting 18. A switch 20 is located on the side of
      the casing for convenience in starting the device in operation.
PAR  The comb structure B has a lower cylindrical band portion 30 which fits
      over the cylindrical top of the casing A. The structure is held in place
      by this frictional engagement, but may be turned with respect to the
      casing or may be removed simply by pulling the structure up axially of the
      casing.
PAR  Extending forwardly from band portion 30 is the comb 31. This comb extends
      in a plane transverse with the longitudinal axis of the casing. As shown
      more clearly in FIG. 2 the comb is in a plane substantially at 90.degree.
      with the casing axis. The comb includes a row of spaced teeth 32 which
      extend laterally from the comb base 33. The comb base 33 joins the edges
      of the band portion 30 and forms a baffle which on its underside serves to
      guide the rising air to the backside of the passageway 40 within structure
      B, and on its upperside to provide a surface which guides the air toward
      the teeth of the comb. On the backside of the passageway 40 within
      structure B is the inclined wall 41 which, as shown particularly in FIG.
      2, is arranged to turn the direction of the rising air toward the front of
      the structure. This wall reaches its highest point at the place designated
      by the character 42, and from this place forwardly is inclined in a
      downward direction, so as to turn the air moving through the device in a
      direction which is inclined downwardly, to cause the plane of the moving
      air to intersect the plane of the comb.
PAR  The forward end of the wall 41 forms the top edge of the air discharge
      opening 43, and the back edge of the baffle 33 forms the lower edge of
      this opening. It will be noted that the air rising from the casing A moves
      upwardly through the passageway 40 to points above or beyond the plane of
      the comb 31 and then is turned toward the comb and discharged from opening
      which is above or beyond the plane of the comb and from which the air is
      directed along the top face of the comb and in the direction in which the
      teeth 32 extend. The plane of the opening 43 is preferably parallel with
      the axis of the casing A. Side portions 44 and 45 join the edges of the
      opening with the comb base 33 at their lower edges, and these side
      portions together with the comb base provide a channel through which the
      air may move from the discharge opening toward the teeth 32.
PAR  In the use of the device the operator grasps the casing A as a handle and
      turns the switch 20 to energize the heating element and start the fan, and
      then proceeds to move the comb through her hair in a manner of a rake,
      pulling the comb through her hair starting near the scalp and moving
      toward the end of the hair. This serves to produce a slight tension in the
      hair between the scalp and the comb and the device very effectively
      delivers a strong current of warm air out of the discharge opening 43
      against the hair at the top side of the comb just as the teeth of the comb
      have untangled or straightened the hair and while it is under slight
      tension as above mentioned. Any discharge of warm air to the yet
      unstraightened hair is in this way avoided and the air is most effectively
      utilized in drying the hair where drying is needed.
PAR  When the device is not being used by hand as above explained the device may
      be rested on its feet 16 on top of the dressing table and if desired the
      fan left to run so that the device delivers a stream of warm air in a
      general direction toward the hair being dried. In such case the air
      proceeds between the legs 16 and the dressing table, upwardly through the
      casing and through passageway 40 of the comb structure where it is turned
      to move in a lateral or horizontal path, toward the hair of the operator.
PAR  I believe it to be an advantage that as the warm air moves through the comb
      structure it is guided by the baffle formed by the comb base 33 toward the
      back of the passageway 40, and further that the air so guided toward the
      back of the passageway is again turned by the inclined wall 41 of the
      passageway to a direction which is downwardly inclined toward the teeth 32
      of the comb, in a plane which intersects the plane of the comb. The
      direction of the air as it traverses passageway 40 is diagrammatically
      illustrated by the arrows 45 in FIG. 2 of the drawing. By this arrangment
      of baffles in the passageway through the comb structure the warm air is
      confined and channeled in a way to produce most effective contact with the
      hair to dry the hair most efficiently.
PAR  Also I regard it as an advantage that the operator of the improved device
      may hold the device by grasping the casing as a handle and with the handle
      more or less in a vertical position use the instrument as a rake, passing
      the comb from near the scalp downwardly to the ends of the hair. In a
      similar manner the operator may move the casing or handle A axially toward
      the right or toward the left in a raking kind of motion, and so dry the
      hair using the warm air currents delivered by the device in a most
      efficient way.
PAR  While I have illustrated and described in detail only one embodiment of my
      improved comb and hair drying device, it will be apparent to those skilled
      in the art that this invention may take many and different forms, and this
      application is intended to embrace all such forms of the invention falling
      within the spirit of the invention and within the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a hair comb and drying device, an elongated tubular casing, means
      contained within said casing for projecting air therethrough and
      discharging air through an outlet at one end thereof, and a comb structure
      at said one end of said casing including a row of teeth extending in a
      plane which makes an angle of substantially 90.degree. with the axis of
      said casing, said structure having an internal passageway connecting with
      said outlet and leading to an air discharge opening which is above the
      transverse plane of said row of teeth, said discharge opening facing
      toward said row of teeth, whereby upon the passing of air through said
      casing and through said passageway the air is directed along the top of
      said row of teeth.
NUM  2.
PAR  2. A device as set forth in claim 1 wherein said comb structure contains a
      baffle for directing air entering said passageway toward the backside of
      said structure opposite said row of teeth.
NUM  3.
PAR  3. A device as set forth in claim 2 wherein the end of said baffle forms a
      lower edge of said discharge opening.
NUM  4.
PAR  4. A device as set forth in claim 1 wherein the top of said passageway is a
      curved surface extending downwardly toward the top edge of said discharge
      opening.
NUM  5.
PAR  5. A device as set forth in claim 1 in which said casing is cylindrical and
      wherein said comb structure has a lower cylindrical band which
      frictionally engages the outside of said end of said casing.
NUM  6.
PAR  6. A device as set forth in claim 1 wherein there is contained within said
      casing a heating element and wherein said means includes a fan and motor
      for driving said fan, said fan being positioned to drive air across said
      heating element and into said passageway of said comb structure.
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ABST
PAL  This invention pertains to a hair curler having a roller rotatably mounted
      on end supports whose base portions are adapted to rest on the head of the
      user. Each end support operates independently of the other and one or both
      includes a self-contained securing tension mechanism in the form of a
      ratchet device. This ratchet device in no way restricts the winding of
      hair around the roller portion of the curler assembly. After a section of
      hair has been wound around the roller, the base of the rotatable end
      support is positioned on the head and the roller remains in this condition
      with the end support sustaining the curler while retaining the hair wound
      thereon until the desired drying, styling or curling effect of the hair
      has been achieved. The base of the end support is constructed in such a
      proportioned manner that the support retains and restricts movement of the
      hair roller from the prescribed and seated position on the user's head.
      The roller can be easily disengaged from this position by tipping the
      roller over and releasing the tension thereby enabling the user to unwind
      the hair. Both internal and external independent, self-contained
      supporting, securing and tension mechanisms are shown. These include
      ratchet devices as well as an insertable support ratchet end member which
      may be utilized in conjunction with conventional hair curlers and/or
      rollers now known to the trade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  With reference to the classification of art as established in the U.S.
      Patent Office the present invention pertains to art found in the general
      Class entitled, "Toilet" (Class 132) and in the subclasses thereunder of
      "crimpers or curlers" (subclass 31) and more particularly to "winding
      forms or mandrels" (subclass 33) and also "with rotating means" (subclass
      34).
PAR  2. Description of the Prior Art
PAR  Hair rollers and curlers, of course, are well known and particularly those
      of plastic wherein all kinds of clamping attachments, securing devices and
      hair tension methods are employed. The present invention pertains to a
      hair roller having rotatable supports on each end operating independently
      of each other. Each roller end is adapted to rest upon the head of the
      user while the roller member between these supports is rotated to wind the
      selected portion of hair thereon. One or both of these support ends of the
      roller has a self-contained securing and tension mechanism in the form of
      a ratchet device. The ratchet intervals are spaced so that when the
      desired tightness and/or tension of the hair wound around the roller is
      reached the rotating of the roller by the user is stopped. The roller
      remains fixed in position permitting the hair to dry with the desired
      tightness and/or tension and in the selected diameter of curl as
      established by the size of the roller. The single step hair curler of this
      invention uses no additional members such as pivotally attached clips or
      as with other rollers spring clip retainers which are pushed into place
      after the hair is wound on the roller.
PAC  SUMMARY OF THE INVENTION
PAR  This invention may be summarized at least in part with reference to its
      objects.
PAR  It is an object of this invention to provide, and it does provide, a hair
      roller having rotatably mounted end supports contoured and sized so that
      their bases are adapted to seat on the head of the user. One of both of
      the supports has a ratchet means associated with the roller to prevent
      rotation of the roller in the direction opposite to that which the hair is
      wound. Ratchet stops are spaced a few degrees apart so that the roller
      rotation may be stopped at or very near the desired tension.
PAR  It is an object of this invention to provide, and it does provide, a hair
      roller for rolling hair, said roller having a support rotatably attached
      to each end, the support being totally retained at the end of the roller.
      In conjunction with at least one support end there is provided a
      spring-type ratchet finger. This ratchet finger is adapted to engage a one
      way ratchet gear carried by the roller.
PAR  It is a further object of this invention to provide, and it does provide,
      an inexpensive hair roller in which a ratchet and support are carried on
      at least one end of the roller, this support adapted to rest upon the head
      of the user while the roller is being rotated around a pivot carried by
      the support. A toothed ratchet gear is carried by the roller and is
      engaged by a ratchet pawl carried by the support so that the roller may be
      rotated in only one direction. The roller remains in the rotated condition
      on the head after the determined amount of turns of the roller have been
      made by the user. The ratchet gear is engaged by the pawl on the support
      to prevent reverse rotation of the roller.
PAR  The hair curler of this invention is contemplated to be made of plastic
      with both the roller and end supports molded. In at least one end support
      there is provided a ratcheting means which carries a finger or an engaging
      lug adapted to engage a toothed ratchet provided on or carried by the
      roller. The ratchet has a substantial number of equally spaced teeth
      arranged circularly in either an internal or external ring.
      Preferably,rotatable ratchet supports are provided on both ends of the
      roller and absent the ratchet means the roller is freely rotatable around
      an axle associated with said support.
PAR  Three embodiments of the roller are shown, each embodiment providing
      substantially identical operation permitting the roller to be rotated in
      only one direction and with ratcheting means providing a stop for the
      winding of the roller at or within a very small degree of the desired
      amount of tension and rotation.
PAR  In addition to the above summary the following disclosure is detailed to
      insure adequacy and aid in understanding of the invention. This
      disclosure, however, is not intended to prejudice that purpose of a patent
      which is to cover each new inventive concept therein no matter how it may
      later be disguised by variations in form or additions of further
      improvements. For this reason there has been chosen three embodiments of
      the hair roller with end supports and showing three arrangements for the
      end supports and the one way ratcheting means used therewith. These
      embodiments have been chosen for the purpose of illustration and
      description as shown in the accompanying drawing wherein:
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 represents a fragmentary isometric view of one end of the roller of
      this invention with a portion broken away to expose the ratchet
      construction of the roller end and ratchet supporting end member;
PAR  FIG. 2 represents a sectional view in a slightly enlarged scale of the end
      of the roller assembly of FIG. 1 and showing in detail the construction
      and assembly of this particular roller assembly;
PAR  FIG. 3 represents an end view of an alternate roller assembly wherein the
      ratchet gear is carried on the external end of the roller and the pawl is
      carried as a protruding extension of a flexible base leg portion of the
      end support member;
PAR  FIG. 4 represents a plan view taken on the line 4--4 of FIG. 3 and showing
      the relationship of the various components in the roller end of FIG. 3,
      and
PAR  FIG. 5 shows an alternate arrangement whereby a conventional roller is
      fitted with a ratchet and support member to provide a roller assembly
      quite similar to the roller as seen in FIGS. 1 or 2.
DETD
PAR  In the following description and in the claims various details will be
      identified by specific names for convenience. These specific
      identifications are intended to be generic in their application.
      Corresponding reference characters refer to like members throughout the
      five figures of the drawing.
PAR  The drawing accompanying, and forming part of, this specification discloses
      certain details of construction for the purpose of explanation but it
      should be understood that structural details may be modified and that the
      invention may be incorporated in other structural forms than shown.
PAC  DESCRIPTION OF THE EMBODIMENT OF FIGS. 1 AND 2
PAR  Referring now in particular to the drawing and the roller embodiment as
      shown in FIGS. 1 and 2 there is depicted a conventional cylindrical hair
      roller member 10 having an open or mesh-type construction allowing
      circulation of air and also employing the minimum use of material. This
      roller is formed with a closed end 12 which carries on its inside
      periphery a series of ratchet teeth 14. These teeth are peripherally
      spaced in a circle around the interior of the roller end and are of a
      determined depth and preferably of equal spacing. A support block or end
      16 has an aperture 18 therethrough and carried in this aperture is the
      shank 19 of a ratchet arm 20. This aperture 18 is formed as a rectangle or
      square and shank 19 is formed to be a tight locking fit in aperture 18.
      This ratchet arm 20 may be of plastic or the like and as retained by the
      rectangular or square shank portion is maintained in a fixed relationship
      to the bottom of the end member 16. A round shank portion 22 is formed and
      sized to be rotatable in an aperture in roller end 12 and permits free
      rotation of the roller 10 around this round shaft portion. The ratchet arm
      20 is disposed to engage at its outward end the ratchet teeth 14 and as
      configured permits rotation in only one direction. The other end of the
      roller may be similary provided with a ratchet apparatus or may have a
      support 16 which is freely rotatable on a shaft portion carried by or in
      the support. The ends of the shank 19 may be heated to form a rivet head
      24 to retain the shank 19 in the cooperatively formed socket 18.
PAC  USE OF THE ROLLER OF FIGS. 1 AND 2
PAR  In use the hair is stranded in the desired amount and the distal ends wound
      upon the basket portion 10 of the roller. The supports 16 are then caused
      to rest upon the head of the user and the roller is then tightened in the
      one way direction which the ratchet is designed to permit. When the
      desired winding of the roller and the hair thereon has been brought to the
      desired tension the user merely releases the roller with the end portions
      16 still seated upon the head. The pawl end engages the adjacent ratchet
      stop which insures that the tightly wound hair and the roller remain in
      this tensioned position until the hair has reached the desired degree of
      dryness. To remove the roller from the hair and head the user merely lifts
      the roller slightly from the head an amount sufficient to allow the end
      member 16 to be turned from the seated position. A three-quarter unwinding
      turn of the roller permits the roller to be freely manipulated to unwind
      the hair in the conventional manner. Whether both ends of the roller 10
      have ratchet means such as seen in FIGS. 1 and 2 is merely a matter of
      selection, however, once the molds have been made the additional material
      required for the ratchet stops provided by the molded teeth 14 and arms 20
      are of little expense and it is contemplated that in most instances both
      ends of the roller will have a ratcheting arrangement and components.
PAC  DESCRIPTION OF THE EMBODIMENT OF FIGS. 3 AND 4
PAR  In the hair roller of FIGS. 1 and 2, above-described, the ratchet teeth 14
      and the arm 20 are on the inside of the roller. As an opposite arrangement
      the roller assembly depicted in FIGS. 3 and 4 has the ratchet external of
      the roller end 30 and also may have the intermediate roller 31 provided as
      a lattice construction or a straight rib-type. The ratchet teeth 32 in
      this embodiment are arranged as an external ring on the end 30. The
      outward projection of the teeth is made as small as possible to prevent
      catching the hair in the teeth of the ratchet. An end member 36 is
      rotatably retained on and by the end of the roller by means of an axle 38
      which may be riveted or otherwise secured in place. As shown, particularly
      in FIG. 3, the base 39 of end member 36 is made as a bowed spring. Molded
      intermediate the ends of the base portion 39 is a lug portion 40. This lug
      portion 40 extends inwardly to engage the teeth 32 of the ratchet gear on
      end 30 and is biased into this engaged position by this formed portion 39.
      This lug portion may have an outwardly extending portion to provide a
      finger engaging portion which is manipulated by the user to temporarily
      push the ratcheting lug portion 40 away from engagement of the teeth 32 of
      the ratchet gear.
PAC  USE OF THE ROLLER OF FIGS. 3 AND 4
PAR  In use this roller assembly as with the roller of FIGS. 1 and 2 requires
      the user to grasp the roller portion 31 and the ends of the hair and begin
      rotating the roller in one direction with the member 36 seated upon the
      user's head. When the desired amount of rotation of the roller has been
      achieved to wind the hair to the desired tension the user merely stops the
      rotation of the roller and with member 36 in seated condition upon the
      head the engaging lug or pawl 40 is allowed to engage the adjacent tooth
      of ratchet gear 32 to retain the roller 30 in the desired position. The
      roller 30 remains in this position on the user's head until the desired
      amount of drying has been achieved. When the roller 30 is to be removed
      the user with a finger manipulates the outwardly protruding portion of lug
      40 to cause the pawl portion to disengage from the ratchet tooth gear and
      allow the roller to freely reverse turn with the hair on the roller
      unwinding until the tension is removed. The roller is then rotated until
      the hair is free of the roller. In this particular embodiment it is
      contemplated that the ratchet will be formed upon only one end of the
      roller with the other supporting end being absent a ratchet but still
      having a support similar in size and configuration to support 36 enabling
      the other end of the hair roller to seat upon t he user's head.
PAC  EMBODIMENT OF FIG. 5
PAR  Referring next and finally to FIG. 5, it is to be noted that many existing
      conventional rollers are made which have open ends. It may be desirable to
      utilize these already available rollers in the instant invention. It is
      assumed that these rollers are presently available and owned by the
      housewife. Toward that end it is contemplated that an end member such as
      that shown in FIGS. 1 or 3, instead of being molded as an integral portion
      of the roller assembly, will be made as an end assembly which will seat
      within and be mounted in the end of already existing and owned rollers.
      Attachment of these ratchet ends may be made by solvent or with other
      adhesive means. A heat press fit also may be used to achieve attachment.
      The use and operation of the roller assemblies is exactly as in the case
      of FIGS. 1 and 3, above-described.
PAR  As depicted, an end such as that of FIGS. 1 and 2 is mounted in a
      conventional roller. The existing conventional roller 50 is adapted to
      receive end plate 52 which is sized and shouldered to seat in and be
      attached to the end of roller 50. Teeth 14, support end 16 and ratchet arm
      20 are assembled to end plate 52 as in FIG. 2 with the end 24 holding arm
      20 in place. When mounted in an existing roller 50 the end 52 and
      associated components provide the desired ratcheting mechanism.
PAR  In like manner, the roller 50 could be mounted on an end assembly similar
      to that shown in FIGS. 3 and 4. The assembled roller would then operate
      and provide all the advantages of the roller of FIG. 3.
PAR  It is to be further contemplated that as an alternate construction the
      teeth of the ratchet gear might be formed on the end member and
      accordingly the cooperative pawl is carried by an end plate to which the
      roller is molded or otherwise secured. The pawl as thus arranged revolves
      with the roller while the teeth remain in a nonrotating fixed relationship
      to the support member.
PAR  It is also to be further contemplated that the ratchet and pawl assembly
      may be constructed so as to permit either way rotation against a detent
      means. Such a detent or ratchet system usually includes a pawl or plunger
      having more-or-less symmetrical configuration adapted to enter and engage
      equally sided and configured detent recesses. To maintain the detent
      plunger in an equally sided or angled recess usually requires a stiff
      spring action to maintain the seated position of the plunger. This would
      require a relatively stiff rotative motion to be employed whereas a one
      way ratchet permits an easily turned action to be employed.
PAR  The present invention further contemplates that all rollers will have
      supports on each end and that the roller will be independently rotatable
      with respect to each end member. Detent or ratcheting means is provided in
      one or both of the ends and insures that a roller when wound to bring the
      hair to the desired tension remains in this wound condition until the
      roller is manipulated for unwinding.
PAR  Terms such as "up," "down," "bottom," "top," "front," "back," "in," "out"
      and the like are applicable to the embodiments shown and described in
      conjunction with the drawing. These terms are merely for the purpose of
      description and do not necessarly apply to the position in which the hair
      roller assemblies above-described may be constructed or used.
PAR  While particular embodiments of the hair roller have been shown and
      described it is to be understood the invention is not limited thereto and
      protection is sought to the broadest extent the prior art allows.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hair roller assembly having independently rotatable end supports with
      at least one of the end supports restricted as to the freedom of rotation,
      said roller assembly including: (a) an intermediate roller member of
      generally cylindrical configuration; (b) a closed end member of disc-like
      configuration secured to each of the ends of the intermediate roller
      member so as to seat in and close the open end; (c) a short axle rotatably
      carried in each of the closed end members, said axle independently movable
      with respect to the other axle; (d) a support member carried by the axle,
      each support member independently movable with respect to the other
      support member, each support member formed with a broad base support
      portion adapted to rest on the hair of the user's head and while in
      resting condition lifting the roller sufficiently for the hair of the user
      to be wound on the intermediate roller member while said member is being
      rotated on the axles; (e) at least one ratchet gear carried by one of the
      closed end members and the associated end of the roller member, and (f) a
      ratchet engaging pawl carried by and with the support member and moved as
      the support member moves in an arch around the axis of the intermediate
      roller member, this pawl adapted to prevent rotating of the roller with
      the hair thereon it until the desired tension has been developed in the
      hair wound on the roller after which the rotation of the intermediate
      roller is terminated with the pawl engaging this ratchet gear and
      preventing unwanted reverse rotation of the roller.
NUM  2.
PAR  2. A hair roller assembly as in claim 1 in which the ratchet gear has
      internally directed teeth and in engaging relationship with the teeth of
      said gear is a ratchet arm having one end fixedly secured to the axle, the
      other end of the ratchet arm having a gear tooth engaging portion disposed
      to seat in and engage a tooth portion of the ratchet gear to permit only
      one-way movement thereof, the ratchet arm including a bias means
      permitting said tooth engaging portion to be cammed from its seated
      engagement of the tooth portion of the gear and to move to seating
      engagement with the next adjacent tooth portion of the gear.
NUM  3.
PAR  3. A hair roller assembly as in claim 1 in which the ratchet gear has
      externally directed teeth and in engaging relationship with the teeth of
      said gear is a ratchet arm having one end fixedly secured to a supporting
      means, the other end of the ratchet arm having a gear tooth engaging
      portion disposed to seat in and engage a tooth portion of the ratchet gear
      to prevent movement thereof, the ratchet arm and support thereof including
      a bias means permitting said tooth engaging portion to be cammed from its
      seated engagement of the tooth portion of the gear and to move to seating
      condition with the next adjacent tooth portion of the gear.
NUM  4.
PAR  4. A hair roller assembly as in claim 1, in which the intermediate roller
      member is a conventional roller having substantially open ends and into
      these open ends are fixedly mounted end plates which carry the restrictive
      ratchet means as well as the axle by which the associated end member is
      carried.
NUM  5.
PAR  5. A hair roller assembly as in claim 2 in which the ratchet gear is
      carried by the intermediate roller member and the ratchet arm is fixed to
      the associated end member.
NUM  6.
PAR  6. A hair roller assembly as in claim 3 in which the ratchet gear has teeth
      formed so as to provide a "one-way" rotation in association with the
      ratchet arm which then becomes a pawl.
NUM  7.
PAR  7. A hair roller assembly as in claim 4 in which the end plate has an
      annular ring portion which is a press fit with a mating diameter end
      portion of the intermediate roller member and this end plate has a stop
      shoulder by which is established a limit to the amount of engagement of
      the annular ring portion, the annular ring aligning the end plate to
      establish the attitude of the end member to the axis of the intermediate
      roller member.
NUM  8.
PAR  8. A hair roller assembly as in claim 6 in which the ratchet gear is
      carried by the intermediate roller member and the ratchet arm is fixed to
      the associated end member.
NUM  9.
PAR  9. A hair roller assembly as in claim 8 in which the ratchet arm is carried
      on a spring portion of the end member support and there is provided
      manipulating means for selectively disengaging the gear engaging portion
      from the gear tooth.
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PAL  A hair curling method in which the hair is wound on a longitudinally
      slotted curler supported by a removable cylindrical core. With the hair
      wound a desired amount, the core is moved axially to remove it from the
      curler, leaving the hair wound on the curler. A bobby pin is then inserted
      through one of the slots of the curler to grip the layers of hair wound on
      the curler and secure the hair in a curl. The curler is removed from the
      hair curl by sliding axially, leaving the curl supported only by the bobby
      pin. The hair curler and core are then used for forming additional hair
      curls. The curler and core are provided in a plurality of different
      diameters so as to produce curls of the desired size and may be combined
      in kit form.
BSUM
PAR  The curler used with the method is hollow, and is generally cylindrical in
      form. The curler has an annular flange extending outwardly on one end
      thereof and is provided with a plurality of relatively wide slots
      extending longitudinally inwardly from the opposite end thereof to a point
      spaced from but closely adjacent the annular flange. A core used with the
      curler has a diameter to closely fit within the curler and is hollow. The
      core has internal annular flanges at its opposite ends to provide a grip
      for the fingers of the user. The external flange on the curler assists the
      user in identifying the position of the curler by touch.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method of curling hair and a hair curler
      used therewith particularly adapted, but not limited, to home use.
PAC  SUMMARY OF THE INVENTION
PAR  The present method involves the forming of a hair curl on a curler,
      securing the curl with a bobby pin and completely removing the curler so
      that the same curler may be used for forming another curl.
PAR  The curler consists of a hollow, cylindrical member having an external
      annular flange at one end and longitudinally extending slots extending
      inwardly from the opposite end to a point spaced from but closely adjacent
      the annular flange. A core for supporting the curler is hollow and
      cylindrical in form with internal annular flanges at opposite ends to form
      a grip for handling the core.
PAR  The primary object of the invention is to provide a method of curling hair
      which permits the use of a single curler of the desired diameter for
      forming the curl and which is immediately removed from the formed curl so
      that the user need not retain the curler in place while the curl is being
      set.
PAR  Another object of the invention is to permit the hair to dry faster.
PAR  Other objects and advantages will become apparent in the following
      specification when considered in light of the attached drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the curler used with the invention with the
      hair being wound thereon;
PAR  FIG. 2 is a view similar to FIG. 1 with the curler wound more tightly into
      the hair;
PAR  FIG. 3 is an exploded perspective view showing the core removed and a bobby
      pin clamped onto the curl within one of the slots of the curler;
PAR  FIG. 4 is an exploded perspective view of the curler removed from the curl
      showing the curl still supported by the bobby pin;
PAR  FIG. 5 is an end elevation of the curler and core in assembled position;
PAR  FIG. 6 is a side elevation of the curler; and
PAR  FIG. 7 is an exploded longitudinal sectional view taken along the line 7-7
      of FIG. 5, looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail wherein like reference characters
      indicate like parts throughout the several figures, the reference numeral
      10 indicates generally a hair curler used with the method of the present
      invention.
PAR  The hair curler 10 is formed of a generally cylindrical hollow tube 11
      having an external annular flange 12 formed on one end thereof.
PAR  A plurality of longitudinally extending relatively wide slots 13 extend
      inwardly from the end of the tube 11 opposite the flange 12 terminating at
      a point spaced from the flange 12 but closely adjacent thereto. The slots
      13 are arranged in equispaced parallel relation and, as illustrated in the
      drawing, are three in number. The slots 13 delineate a plurality of spaced
      parallel fingers 14 as integral parts of the tube 11.
PAR  A generally cylindrical core 15 is dimensioned to fit within the tube 11 so
      as to be readily removable therefrom, as can be seen in FIGS. 1 and 2. The
      core 15 is hollow and is provided with an internal annular flange 16 at
      each end thereof.
PAR  The tube 11 and core 15 may be formed of any smooth material having a low
      coefficient of friction, such as plastic.
PAR  The method of the present invention is practiced in the following manner.
      The core 15 is first completely inserted into the tube 11 and the hair H
      of the user is then wound on the tube 11 with the fingers 14 supported by
      the core 15. After the hair H has been wound to some extent on the tube
      11, the core 15 is withdrawn from the tube 11 by engaging the fingernail
      of the user with one of the flanges 16 and axially sliding core 15 from
      the tube 11, leaving the hair H wound on the tube 11. Tube 11 is then
      rotated toward the head in order to tighten the curl. A bobby pin P is
      engaged over the layers of hair H by inserting it through one of the slots
      13 of the tube 11. The tube 11 is withdrawn from the curl C and the bobby
      pin P holds the curl C while the curler 10 or another similar curler of
      different diameter is used to form additional curls.
PAR  With the method of the present invention, the hair curls are held without
      the necessity of supporting each curl on a separate curler for an extended
      period of time, thus eliminating the unsightly appearance created by a
      head full of curlers.
PAR  Using this method to curl the hair will permit the air to circulate more
      freely because it eliminates the use of bulky curlers in the hair.
      Therefore the hair will dry faster.
PAR  Having thus described the method and curler used with the present
      invention, it should be understood that numerous structural changes and
      deviations in the method may be restored to without departing from the
      spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hair curler comprising:
PA1  a first member; and
PA1  a second member, said second member being tubular having at least one open
      end, said first member being telescopingly receivable within said second
      member establishing a close fitting relationship therebetween, said second
      member having a plurality of longitudinal slots connecting with one end of
      said second member and extending to a point close to but spaced from the
      other end of said second member, said slots being spaced apart with the
      portions of said second member between adjacent said slots forming
      inwardly deflectable fingers, a lock of hair is to be tightly wound upon
      said second member and said first member is to be removed which permits
      said fingers to deflect inwardly which facilitates removal of the
      resultant hair curl after insertion of a hair pin through a said slot
      across the hair curl to clamp the curl and maintain its curled position.
NUM  2.
PAR  2. The hair curler as defined in claim 1 wherein:
PA1  both said first member and said second member being basically cylindrical
      in configuration.
NUM  3.
PAR  3. The hair curler as defined in claim 2 wherein:
PA1  therebeing three in number of said slots with said slots being
      equiangularly spaced apart about said second member.
NUM  4.
PAR  4. The hair curler as defined in claim 3 wherein:
PA1  each said slot being of constant width causing said fingers to be parallel.
NUM  5.
PAR  5. The hair curler as defined in claim 5 wherein:
PA1  said second member including an external annular flange formed on one end
      thereof, said slots extending longitudinally into said second member from
      the end thereof opposite said flange and extending to a point close to but
      spaced from said flange.
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PAL  A Dental Flosser is described wherein an elongated handle is provided at
      one end with a bifurcated flosser head including a pair of downwardly
      extending, spaced and curved arms having concaved and notched extremities
      to receive a length of dental floss and at the opposite end with the usual
      tufts of teeth brushing bristles, whereby the one end of the device can be
      provided with a length of dental floss for use in cleaning food particles
      and dental plaque from the opposed faces of adjacent teeth, below the free
      gum margin, and along the margins of dental restorations, and detecting
      incipient decay of the teeth, and whereby the opposite end can be used for
      brushing and cleaning the teeth in the usual manner. At the base of the
      bifurcated head, the device includes a unique floss anchoring button on
      the top surface and a bulbed fulcrum portion on the bottom surface. The
      interior tip surface portions of the spaced arms are flared outwardly for
      safety purposes and protect the gums from injury while the length of floss
      bridging the bifurcations is engaged between adjacent teeth during the
      cleaning operation. The spaced arms are further provided with a reduced
      cross-section adjacent to the base of the bifurcated head to provide more
      flexibility of the arms and thus, allow a more efficient and complete
      cleaning of the teeth. Diagonal grooves are provided on the exterior
      surface of the spaced arms to guide and support the dental floss when it
      is threaded through the Dental Flosser.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a novel dental flosser adapted for manual
      use in cleaning the opposed faces of adjacent teeth and dental
      restorations of food particles and dental plaque, and detecting incipient
      decay of the teeth, the same comprising an elongated handle having at one
      end, a bifurcated flosser head including a pair of downwardly extending,
      spaced and curved arms having concaved and notched extremities to receive
      a length of dental floss and at the opposite end, the usual tufts of teeth
      brushing bristles. The handle portion may include a centrally located
      cavity that is adapted to receive a removable floss spool assembly. At the
      base of the bifurcated head, the dental flosser includes a unique floss
      anchoring button on the top surface and a bulbed fulcrum portion on the
      bottom surface. The interior tip surface portions of the spaced arms are
      flared outwardly for safety purposes and protect the gums from injury
      while the length of the floss bridging the bifurcations is engaged between
      adjacent teeth during the cleaning operation. The bulbed fulcrum portions
      allow the bifurcated end to be fulcrumed on the face of an adjacent tooth
      of a back molar to thereby permit the dental flosser to reach and
      effectively clean the back molars. In lieu of or in addition to the
      removable floss spool assembly, the dental flosser may embody an interior
      fluid line having an opening directly above the flossing element to allow
      simultaneous and combined action of the flosser and hydraulic pressure
      when the fluid line is connected to a fluid source.
PAR  Heretofore, dental floss holders of the same general type have been found
      undesirable and unacceptable due to sundry reasons, including, inter alia,
      their bulky size, insufficient cleaning and removal of debris and tendency
      to injure or cut the gums when the flossing element is engaged between or
      manipulated around adjacent teeth.
PAR  At least two considerations are of utmost importance in effectively
      cleaning the mouth. The first consideration deals with food particles and
      other debris that become lodged around the teeth. The second consideration
      involves dental plaque which becomes attached to and forms a coating upon
      the teeth. In both cases, the foreign matter (i.e., food particles, debris
      and dental plaque) must be removed for effective cleaning of the teeth.
PAR  Dental debris is usually caused by chewing action whereby food particles
      and juices broken up during mastication are lodged in cavities and spaces
      about the teeth. Generally this debris is loosely packed and can be
      removed by such well known devices as the toothbrush, dental floss or by
      hydraulic means. Directing a stream of water with sufficient pressure to
      those areas in which the dental debris is located will sometimes be
      sufficient to dislodge the debris.
PAR  Dental plaque which is a complex bacterial type coating attached to a tooth
      is much more difficult to remove than dental debris. Removal entails
      something more than a jet or spray of water and will usually require some
      type of mechanical action. Such mechanical action is best afforded today
      by a toothbrush scrubbing the external and lingual surfaces of the teeth.
      Dental plaque which is attached to the interproximal tooth surfaces is
      currently best removed by dental floss, or other means which have the
      ability to get between the teeth and mechanically engage the plaque and
      forcibly rub it off the tooth surfaces.
PAR  The recommended procedure for scrubbing the teeth with dental floss on all
      sides, and particularly below the gum line and between the teeth is to
      slip the floss between two teeth, hold the floss in a taut loop around
      about half of the side of a tooth, and reciprocate the floss in a seesaw
      manner across the tooth while at the same time moving the floss from the
      bottom of the tooth to the top. This procedure is repeated for the front
      and back of each tooth so that scrubbing is accomplished from bottom to
      top all the way around the tooth.
PAR  At the present time such flossing is accomplished by holding the floss with
      the fingers. This requires considerable dexterity and time. Moreover, it
      is necessary to insert one and sometimes at least two fingers in the mouth
      in order to accomplish the proper movement on all the teeth. This is quite
      difficult to accomplish and moreover the fingers obstruct vision so that
      flossing is not always accomplished in the desired manner.
PAR  Various dental floss holders have been provided in the past for using floss
      to remove food particles from between the teeth. However, because the
      above described technique for flossing the teeth is a recent development,
      holders heretofore provided are not suitable for accomplishing all the
      desired movements of the floss. Moreover, such holders are bulky in size,
      difficult to use without injuring or cutting the gums when the flossing
      element is manipulated around adjacent teeth, and fail to effectively
      clean back molars.
PAR  Insofar as hydraulic devices, the prior art has numerous examples of water
      spray devices for the purpose of directing a flow of liquid into the
      mouth. Certain drawbacks, however, become immediately apparent such as the
      fact that the water spray alone can only do part of an effective cleaning
      job because it is able only to remove the debris which is loosely situated
      on and between the teeth. The water spray devices will not be effective in
      cleaning dental plaque nor in cleaning debris which may have lodged more
      securely between the teeth since they fail to mechanically engage the
      dental plaque. Devices having only a weak single spray will be
      insufficient to even clean the loose debris from between the teeth;
      conversely, those devices which have a harder spray or jet produce
      physical displeasures which unfortunately make their use undesirable and
      even act as a deterrent to the use of hydraulic cleaning devices. The
      major disadvantages inherent in the single jet dental nozzle is the
      inability of the user to confine the water jet to the dental structures.
      This results in impingement of the single jet stream upon the soft tissues
      of the floor of the mouth, tongue, cheeks, or throat which in turn results
      in such undesirable side effects as pain, gagging, nausea and even
      vomiting. Another drawback of the prior art devices is that they are not
      adapted to be used with other cleaning devices nor are they particularly
      adapted for use within a time element normally considered sufficient for
      cleaning the mouth.
PAR  Accordingly, there is a need in the industry for a dental flosser,
      preferably of simple construction, easy to use, inexpensive, capable of
      removing debris and dental plaque from between the teeth in a safe and
      reliable fashion, and adaptable to auxiliary dental care attachments, such
      as a Water Pik, electric toothbrush assembly, polishing element or mirror.
PAC  OBJECTS OF INVENTION
PAR  An object of the present invention is to provide an improved dental flosser
      of convenient size to be held in the hand while applying dental floss to
      the teeth and which is simple and durable in construction, economical to
      manufacture, efficient and sanitary in use, and neat and attractive in
      appearance.
PAR  Another object of the present invention is to provide an improved dental
      flosser which offers an effective cleaning mechanism without the usually
      accompanying pain or nuisance to the user.
PAR  Another object of the present invention is to provide an improved dental
      flosser of the character having a handle provided at one end with a unique
      bifurcated flosser head including a pair of downwardly extending, spaced
      and curved arms having concaved and notched extremities to receive a
      length of dental floss and at the opposite end with the usual tufts of
      teeth brushing bristles, whereby the device can be initially used in the
      usual manner as a toothbrush, and thereafter as a flosser device to remove
      debris and dental plaque from the teeth.
PAR  Another object of the present invention is to provide an improved dental
      flosser, wherein a unique scrubbing element can be easily and quickly
      slipped over the bifurcated ends of a flosser head, the latter being made
      flexible and drawn together when the scrubbing element is fitted on the
      bifurcated ends so that the scrubbing element becomes tightly stretched
      and securely positioned in the flosser head when the bifurcated ends are
      released.
PAR  A further object of the present invention is to provide an improved dental
      flosser of the character having a bifurcated flosser head including an
      improved slit configuration at the outer front end of each bifurcation,
      and a unique floss anchoring button at the base thereof to positively hold
      dental floss in tension and without slippage while in use, thereby
      rendering the dental flosser effective for the purposes already set out,
      with the additional function of permitting a light massaging of the
      interdental papillea.
PAR  A further object of the present invention is to provide an improved dental
      flosser of the character having a bifurcated flosser head including a
      bulbed fulcrum portion to allow the bifurcated end to be fulcrumed on the
      face of an adjacent tooth to the back molar to thereby permit the dental
      flosser to reach back molars and the back-side of the last molar, thereby
      rendering the dental flosser effective for the purposes already set out,
      with the additional function of protecting the gums from injury during the
      fulcruming and cleaning operation.
PAR  Another object of the present invention is to provide an improved dental
      flosser of the type having a bifurcated flosser head, wherein the spaced
      bifurcated ends define a gap across which is adapted to span a length of
      dental floss, the ends of which floss are anchored to a button at the base
      of the bifurcated head, and wherein the interior tip surface portions of
      the bifurcated ends are flared outwardly for safety purposes and function
      in a fashion to protect the gums from injury while the length of floss
      bridging the bifurcations is engaged between adjacent teeth during the
      cleaning operation.
PAR  A further object of the present invention is to provide an improved dental
      flosser which successfully incorporates and combines a mechanical and
      hydraulic cleaning action in one simple-to-use apparatus.
PAR  A further object of the present invention is to provide an improved dental
      flosser which is inexpensive, but yet effective and relatively simple to
      use, as well as interchangeable with and attachable to other dental care
      accessories.
PAR  These, other, and further objects, important features, and advantages of
      the present invention to which attention has not been specifically
      directed hereinbefore, will be better understood and appreciated by those
      skilled in the art from the following detailed description of the
      invention taken in conjunction with the acccompanying drawings.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The present invention will now be described by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view of the dental flosser without the dental floss
      threaded therein for use.
PAR  FIG. 2 is a side elevation view of the dental flosser, showing the
      bifurcated flosser head in conjunction with a toothbrush head, and further
      illustrates the underside of the floss anchoring button and the removable
      floss spool assembly.
PAR  FIG. 3 is a perspective view of the bifurcated flosser head, showing the
      dental floss threaded therein for use.
PAR  FIG. 4 is a fragmentary side view of the toothbrush head of a modified
      dental flosser in accordance with this invention.
PAR  FIG. 5 is a fragmentary top view of the bifurcated flosser head illustrated
      in FIG. 1, wherein the flexibility features of the spaced arms are shown
      in typical use with a series of teeth and further, wherein the dental
      floss is depicted as cleaning the edges of the teeth when the dental
      flosser is moved along the longitudinal path of the teeth.
PAR  FIG. 6 is a fragmentary end view of the bifurcated flosser head of FIG. 1,
      wherein the spaced and curved arms are more clearly shown in typical use
      with a series of teeth, and illustrates the interior tip surface portions
      of the arms as being flared outwardly to avoid injury to the gums.
PAR  FIG. 7 is a fragmentary side elevation view of the bifurcated flosser head
      of FIG. 1, wherein the bulbed fulcrum portion is more clearly shown in
      typical use with a series of teeth, and illustrates the effective cleaning
      of back molars.
PAR  FIG. 8 is a top plan view of another embodiment of the dental flosser,
      wherein a fluid line is shown for connection to a fluid source.
PAR  FIG. 9 is a fragmentary top view of a modified bifurcated flosser head and
      shows the spaced arms as being drawn together to allow a scrubbing element
      to be quickly slipped over the bifurcations.
PAR  FIG. 10 is a fragmentary perspective end view of the bifurcated flosser
      head of FIG. 9 wherein the side recessed indentations are more clearly
      shown as receiving the mechanical scrubbing element and further
      illustrates the use of a fluid line in conjunction with the mechanical
      scrubbing element.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The dental flosser 10 provided by this invention and illustrated in the
      drawings includes generally an elongated handle 13, preferably formed of a
      suitable transparent material, such as synthetic resin plastic which is
      preferably of one piece construction and in general is no larger than the
      standard size toothbrush in normal use. The elongated handle 13 is
      provided at one end with a bifurcated flosser head 12 and at the opposite
      end with the usual tufts of teeth brushing bristles 11, whereby the one
      end 12 of the device can be provided with a length of dental floss 37 for
      use in cleaning food particles and dental plaque from the opposed faces of
      adjacent teeth, below the free gum margin, along the margins of dental
      restorations, and detecting incipient decay of the teeth, and whereby the
      opposite end 11 can be used for brushing and cleaning the teeth in the
      usual manner.
PAR  Referring to FIGS. 1-3, the bifurcated flosser head 12 is shown as
      including a pair of downwardly extending, spaced and curved arms 27 and 28
      having concaved and notched extremeties 30 which are adapted to receive a
      length of dental floss 37 for use in cleaning and removing debris from the
      teeth. The notched extremeties 30 are more clearly shown in FIGS. 2-3 and
      each comprises a slit 30a at the outer front end of the spaced arms 27 and
      28 which terminates at its inner end in an enlargement 30b. These notched
      extremities 30 enable one to thread and install the dental floss 37
      through the spaced arms 27 and 28 quickly and with relative ease.
      Moreover, by positioning the slit 30a at the outer front end of the spaced
      arms 27 and 28, the user of the dental flosser is able to reciprocate the
      device in an up and down or rotational fashion in relation to the teeth
      without releasing the floss from the enlargement 30b. At the base of the
      bifurcated head 12, the device includes a floss anchoring button 16 which
      may be secured to the base of the bifurcated head 12 by any known securing
      means, such as a screw member 25, as illustrated in FIG. 3. The underside
      surface of the button 16, as shown in FIG. 2, is tapered outward from its
      center and provided with a scored surface 17 to positively hold the dental
      floss 37 taut and without slippage while the dental flosser is in use.
PAR  As shown in FIG. 2, the elongated handle 13 is provided with a centrally
      located cavity 70 for a removable floss spool assembly 14 disposed
      therein. The removable floss spool assembly 14 includes a detachable lid
      member having a pair of projections on opposite ends of the underside
      surface of the lid. These projections are adapted to receive a spool or
      bobbin of dental floss 37 and thus, allow the entire removable floss spool
      assembly 14 to be replaced as a complete package. At the respective ends
      of the detachable lid, protrusions 19 and 20 are integrally formed thereon
      to provide an efficient securing means for the assembly 14. These
      protrusions 19 and 20 are adaptable to being secured within indentations
      22 and 23 which are formed at the respective ends of the centrally located
      cavity as shown in FIG. 2. The exploded view of the assembly 14 in FIG. 2
      illustrates the floss 37 as being withdrawn through the opening 36 in the
      detachable lid and subsequently tied around knob 15 prior to being
      threaded through the bifurcated flosser head 12. While the dental flosser
      10 is illustrated as including removable floss spool assembly 14, it
      should be understood that this assembly 14 could be eliminated and the
      user could use the dental flosser by merely taking a strand of dental
      floss, quickly inserting it through the notched extremities 30 and tightly
      securing both ends of the floss by wrapping both ends once around the same
      side of the floss anchoring button 16 and pulling the floss tightly
      transverse to the longitudinal axis of the dental flosser. As heretofore
      described, the floss anchoring button 16 embodies a unique under surface
      which allows one to positively hold the dental floss 37 in tension and
      without slippage by merely wrapping it once around the botton 16. This is
      primarily due to the scored and tapered undersurface which cooperates with
      the top surface of the elongated handle 13 to tightly secure the dental
      floss 37 for use.
PAR  On the bottom side of the elongated handle 13, is a bulbed fulcrum 26 shown
      more particularly in FIGS. 2, 3 and 7, comprising an integral bulbed
      protrusion having an arcuate outer face, said fulcrum portion being
      directly disposed on the opposite face of the elongated handle 13 from the
      floss anchoring button 16. Referring now to FIGS. 6 and 7, in a typical
      operation, the bulbed fulcrum portion 26 is seated upon a tooth 44
      adjacent the tooth 34 to be cleaned. The fulcrum portion 26 is allowed to
      rock in an up and down or rotational fashion on the tooth 44 such that the
      dental floss 37 projects downwardly to clean the entire surface 39 above
      and below the free gum margin. This is extremely useful for the cleaning
      of back molars and particularly, the last molar which is hard to reach.
      During cleaning, the user is able to grip the elongated handle 13 and
      cause the bridging portion of floss 37 to enter the space between adjacent
      teeth 34 and 64 so that the floss may be worked up and down or across the
      teeth as desired. Because of the unique design of the fulcrum portion 26,
      one is able to use the device with a high degree of care and avoid injury
      to the gums 35 adjacent the teeth to be cleaned. As shown more
      particularly in FIG. 6, the interior tip surface portions 33 of the spaced
      arms 27 and 28 are flared outwardly from the longitudinal axis of the
      device for safety purposes and to protect the gums 35 from injury while
      the length of floss 37 bridging the bifurcation is engaged between the
      adjacent teeth 34 and 64 during the cleaning oepration. The spaced arms 27
      and 28 are further provided with a reduced cross-section 29 adjacent to
      the base of the bifurcated head 12 to provide more flexibility of the arms
      27 and 28 and thus, allowing more efficient and complete cleaning of the
      teeth. This improved cleaning results since, as illustrated in FIG. 5,
      when one pushes the dental flosser 10 forward or backwards along the teeth
      line, the taut dental floss 37 being engaged between adjacent teeth 34 and
      64 causes the arms 27 and 28 to assume a new location 29. In the position
      29, the floss 37 is allowed to encircle the outer edges of the tooth 34
      and thus clean a greater surface area of the tooth than by merely
      reciprocating the flosser 10 in an up and down fashion. While FIG. 5
      illustrates the flosser when it is moved in a backward fashion, it should
      be apparent that when the flosser 10 is moved forward, the floss 37
      encircles the outer edges of the tooth 64, and not the tooth 34. Diagonal
      grooves 31 are provided on the exterior surface of the spaced arms 27 and
      28 to guide and support the dental floss when in use. While these grooves
      31 are not essential, they are included in the preferred embodiment.
PAR  The toothbrush portion 11 may be secured in any convenient manner to the
      elongated handle 13 and for this purpose, as shown in FIG. 4, there is
      provided an threaded stud embeded in the plastic handle 13 for cooperation
      with a corresponding interior threaded portion 32 of the tooothbrush
      portion 11. This alternative embodiment allows one to adapt the dental
      flosser to many auxiliary dental cleaning attachments, such as a polishing
      element, mirror or rubber tipped massaging element, all of which would
      have a threaded portion 32.
PAR  Now describing the modification shown in FIG. 8, the elongated handle 13 is
      shown as being provided with a longitudinal cavity 42 which functions as a
      fluid line, in which event, an opening 49 is provided directly above the
      cleansing element, such as illustrated in FIG. 10. The elongated handle 13
      may be provided with an adaptable tip portion 41 for connection to a fluid
      source, such as a Water Pik. While not shown, the dental flosser could in
      lieu of being attached to a fluid source, be attached to a battery charged
      source and function in the same fashion as an electric toothbrush. All of
      these various modifications of the other end of the dental flosser are
      well within the scope of the present invention. During operation of the
      embodiment of FIG. 8, a user may place the bifurcated flosser head in his
      mouth locating the dental floss 37 between two adjacent teeth. He then
      commences reciprocating motion of the floss in a seesaw manner across the
      teeth while at the same time moving the floss from bottom to top. At the
      same time, the water line can be actuated from the water source and cause
      a fluid to begin flowing through the cavity 42 which in turn will exit
      directly above the flossing element and achieve effective cleaning by
      simultaneous and combined action of the floss and hydraulic pressure. The
      major features of this type of arrangement are speed, ease of use and the
      simplicity of what would normally be a most complex operation.
PAR  Referring now to FIGS. 9 and 10, another embodiment is illustrated wherein
      a unique scrubbing element 43 is used as a cleaning element in lieu of
      dental floss. In order to adapt the bifurcated flosser head to receive the
      unique scrubbing element 43, the bifurcated arms 27 and 28 are provided
      with recessed indentations 48, which preferably are triangular in nature
      and which are only provided on the extreme outer extremities of the spaced
      arms. The scrubbing element 43 in turn, is provided with triangular end
      portions 46 and 47. By virtue of providing the bifurcated flosser head
      with a reduced cross-section 29, one may bias the spaced arms 27 and 28
      together in order to insert the scrubbing element 43 as illustrated in
      FIG. 9. Such an embodiment allows the unique scrubbing element 43 to be
      easily and quickly slipped under the bifurcated ends 27 and 28, so that
      when the bifurcated ends are released, the bifurcated ends resume their
      original position and the scrubbing element 43 becomes tightly stretched
      and secured in the flosser head. The scrubbing element 43 is provided with
      a raised pattern or texture 45, which facilitates the cleaning of the
      teeth of debris and dental plaque. As described above in the description
      of the embodiment FIG. 8, it is well within the scope of this invention to
      include an interior fluid line in the dental flosser, whether the cleaning
      element employed is dental floss, such as illustrated in FIG. 3, or a
      scrubbing element as illustrated in FIG. 10. In both cases, the interior
      fluid line 42 is located within the interior of the elongated handle 13
      and an opening 49 is provided directly above the cleaning element. Such an
      arrangement allows the embodiment of FIG. 10 to achieve an effective
      removal of debris and dental plaque by simultaneous and combined action of
      the scrubbing element and hydraulic pressure.
PAR  From the foregoing, it will be apparent that I have provided a dental
      flosser which is novel, highly versatile, simple and durable in
      construction, economical to manufacture and extremely effective in the
      cleaning and removal of debris and dental plaque from the teeth.
PAR  It is believed that the present invention, its mode of construction,
      assembly and operation and many of the advantages attendant thereto,
      should be readily understood from the foregoing description and it should
      also be manifest, that while several preferred embodiments of the
      invention have been shown and described for illustrative purposes, the
      structural details are nevertheless capable of wide variations within the
      purview of the artisan. For example, if desired a dental floss cutter
      could be provided on the elongated handle to enable one to quickly cut the
      dental floss. Also, a notch could be provided in the handle for hanging
      the dental flosser from a hook or a bracket. Also, the removable floss
      spool assembly could be eliminated and the dental flosser comprised of two
      detachable portions, which could easily be transported by the user in a
      carrying case.
PAR  It is believed that the present invention, its modus operandi, and many of
      the advantages attended thereto should be understood from the foregoing
      without further description. It should also be manifest that the present
      invention is capable of wide variations within the purview of the
      invention as defined in the appended claims.
PAR  The embodiment of the invention in which an exclusive property right is
      claimed is defined as follows:
CLMS
STM  I claim:
NUM  1.
PAR  1. A dental flosser for cleaning and removing debris and dental plaque from
      the opposed surfaces of adjacent teeth comprising in combination an
      elongated handle having a longitudinal axis, a bifurcated head provided
      integrally at one end of said handle, and including a pair of downwardly,
      extending spaced and curved arms having concaved and notched extremities
      for receiving a length of dental floss, and floss anchoring means
      comprising a button affixed to the top surface and at the base of the
      elongated handle, said floss anchoring means having an undersurface which
      is tapered outward from its center, and a bulbed fulcrum portion being
      formed as an integral protrusion on the bottom surface of the elongated
      handle, said fulcrum portion being directly disposed on the opposite face
      of the elongated handle from the floss anchoring button, whereby during
      the cleaning operation the bulbed fulcrum portion may be seated upon an
      adjacent tooth and allowed to rock in an up and down or rotational fashion
      on the tooth such that a length of floss bridging the spaced arms may
      project onto the backside of the next back molar to clean the entire
      surface above and below the gum margin, and wherein said floss anchoring
      means is capable of positively securing a length of dental floss between
      the spaced arms by virtue of the ends being wrapped around one side of the
      floss anchoring means and pulled tightly transverse to the longitudinal
      axis of the dental flosser, said spaced arms having interior tip surface
      portions which are flared outwardly from the longitudinal axis of the
      dental flosser to protect the gums from injury when a length of floss
      bridging the spaced arms is engaged between adjacent teeth during the
      cleaning operation.
NUM  2.
PAR  2. A dental flosser as defined in claim 1, wherein the notched extremities
      comprise an improved slit configuration at the outer front end of each
      spaced arm, said slit configuration comprising a slit at the outer front
      end of the spaced arms which terminates at its inner end in an
      enlargement, and further wherein a pair of diagonal grooves are provided
      on the exterior surface of the respective spaced arms adjacent to the base
      of the elongated handle to guide and support a length of floss when in
      use.
NUM  3.
PAR  3. A dental flosser as defined in claim 1, wherein the other end of the
      elongated handle includes an integral toothbrush portion, and wherein the
      elongated handle is provided with a centrally located cavity having
      indentations formed at the opposite ends of the cavity for receiving a
      removable floss spool assembly.
NUM  4.
PAR  4. A dental flosser as defined in claim 1, wherein an interior cavity is
      provided along the longitudinal axis of the elongated handle to form a
      fluid line for hydraulic pressure, said cavity extending from the other
      end to the bifurcated head of the dental flosser, said bifurcated head
      having an opening directly above the notched extremities, said fluid line
      being adapted for connection to a fluid source and providing a more
      effective cleaning of the teeth by simultaneous and combined action of the
      flosser and hydraulic pressure.
NUM  5.
PAR  5. A dental flosser as defined in claim 1, wherein the spaced arms are
      provided with recessed indentations on the outer side peripheral areas,
      and further wherein a mechanical scrubbing element is securely held
      between the spaced arms.
NUM  6.
PAR  6. A dental flosser as defined in claim 4, wherein the removable floss
      spool assembly comprises a detachable lid portion to which a bobbin of
      floss may be secured on the under-surface of the detachable lid, said
      detachable lid having securing means on the respective ends thereof so as
      to cooperate with the indentations at the respective ends of the centrally
      located cavity to securely position the removable floss spool assembly
      therein.
NUM  7.
PAR  7. A dental flosser as defined in claim 5, wherein the scrubbing element is
      provided with triangular end portions, and wherein the recessed
      indentations of the spaced arms are triangular so as to cooperate with and
      securely receive the triangular end portions of the scrubbing element in a
      coupling arrangement.
NUM  8.
PAR  8. A dental flosser as defined in claim 7, wherein the spaced arms are
      provided with a reduced cross-section adjacent to their attachment to the
      base of the elongated handle, so as to enable the spaced arms to be biased
      together during the installation of the scrubbing element, so that when
      the bifurcated ends are released, the bifurcated ends resume their
      original position and the scrubbing element is stretched tightly and
      secured between the bifurcated ends.
NUM  9.
PAR  9. A dental flosser for cleaning and removing debris and dental plaque from
      the opposed surfaces of adjacent teeth comprising in combination an
      elongated handle having a longitudinal axis, a bifurcated head provided
      integrally at one end of said handle, and including a pair of downwardly,
      extending spaced and grooved arms having concaved and notched extremities
      that are adapted to receive a length of dental floss, and floss anchoring
      means comprising a button affixed to the top surface and at the base of
      the elongated handle, said floss anchoring means having an undersurface
      which is tapered from its center outwardly and having an underscored
      surface, and a bulbed fulcrum portion being integrally formed at the base
      of the elongated handle on the bottom surface of the handle, said spaced
      arms having interior tip surface portions which are flared outwardly from
      the longitudinal axis of the dental flosser, said spaced arms being
      provided with a reduced cross-section adjacent to this attachment to the
      base of the elongated handle to provide more flexibility of the spaced
      arms, diagonal grooves being provided on opposite exterior surface of the
      respective space arms to guide and support dental floss when it is
      threaded through the outer extremities of the spaced arms and both ends of
      which are secured around the same side of the floss anchoring means, and
      said floss being pulled tightly transverse to the longitudinal axis of the
      dental flosser.
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ABST
PAL  A tray washing system includes conveyors which transport compartmented food
      service trays from a tray receiving mechanism to inverting and scrapping
      mechanisms and through washing, rinsing and drying mechanisms to a
      stacking mechanism. The receiving mechanism restricts trays to insertion
      in a predetermined orientation in which the food receiving surfaces face
      upwardly, and the inverting mechanism inverts each tray so that the food
      receiving surface faces downwardly. As each tray is inverted, the
      scrapping mechanism discharges substantially the entire contents of a
      cleaning fluid reservoir onto the food receiving surface of the tray, and
      thereby dislodges refuse and silverware that may be on the tray. The
      washing, rinsing and drying mechanism apply a water-detergent solution,
      rinse water, and drying air to the trays, respectively, and the stacking
      mechanism deposits the trays onto a mobile self-depressing tray receiver.
      The tray washing system further includes a silverware separating and
      soaking mechanism comprising a chute which receives cleaning fluid and
      refuse and silverware entrained therein, a dam which removes the heavier
      silverware from the cleaning fluid, and a door in the bottom of the chute
      for dropping the silverware into a soaking sink.
PARN
PAR  This is a division of application Ser. No. 89,401, filed Nov. 13, 1970, now
      U.S. Pat. No. 3,798,065.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a tray washing system, and more particularly to a
      fully automated system for cleaning compartmented food service trays.
PAR  Various institutions, particularly elementary schools, now serve lunches
      and other meals on compartmented food service trays, rather than on
      conventional tableware, such as dinner plates, salad plates, sauce dishes,
      etc. This is advantageous in that when compartmented food service trays
      are employed, the purchasing, stocking, distributing, collecting and
      washing of ware is reduced to a single item. Also, small children are
      considerably more adept at handling a compartmented food service tray than
      they are at handling the numerous tableware items that must be used when a
      meal is served in the conventional manner.
PAR  The main disadvantage that has been experienced in the use of compartmented
      food service trays relates to the human effort involved in washing the
      trays after each meal. At the present time, tray washing includes manually
      scraping each tray, manually loading each tray into a dishwashing machine,
      and to subsequently manually unloading each tray from the machine. Because
      conventional dishwashing machines are not designed for use with
      compartmented food service trays, it is often necessary to manually
      inspect each tray after washing, and to re-wash many of the trays. At
      today's labor rates, any system involving so much manual labor can be
      prohibitively expensive. Also, due to social connotations, it is often
      impossible to hire "dishwashers," even though good salaries are offered.
PAR  One approach to solving the foregoing problem involves the use of
      disposable compartmented food service trays. In order to reduce volume of
      material involved, machines for shreading and/or compacting disposable
      trays and the food and paper refuse associated therewith have been
      proposed. Unfortunately, the use of presently available disposable
      compartmented food service trays is not wholly satisfactory. For example,
      it costs more to purchase disposable compartmented food service trays than
      to wash conventional, permanent-type compartmented food service trays, so
      that no real savings are realized. Also, when a shreading and/or
      compacting machine is employed, the use of compartmented food service
      trays necessitates the handling of a great volume of refuse. Perhaps most
      importantly, presently available disposable compartmented food service
      trays are flimsy in construction and unappetizing in appearance, and are
      therefore unsatisfactory to students, dieticians and educators.
PAR  The present invention comprises a fully automated compartmented food
      service tray cleaning system. In accordance with the preferred embodiment
      of the invention, trays are moved in timed sequence to a mechanism that
      pours a cleaning fluid over each tray and thereby removes refuse and
      silverware from the tray. Thereafter, the trays are moved through washing,
      rinsing and drying stations to a mechanism that automatically deposits the
      trays on a mobile self-depressing tray receiver. Preferably, each tray is
      loaded into the system by the person who has used the tray so that all the
      manual labor that has heretofore been necessary in the washing of
      compartmented food service trays is completely eliminated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by referring to
      the following Detailed Description when taken in conjunction with the
      drawings, wherein:
PA1  Fig. 1 is a top view of a compartmented food service tray;
PA1  Fig. 2 is a perspective view of a tray washing system employing the present
      invention;
PA1  Fig. 3 is an enlarged perspective view of the tray receiving, tray
      inverting, scrapping, and silverware separating and soaking mechanisms of
      the tray washing system shown in FIG. 1;
PAR  FIG. 4 is a schematic illustration showing various steps in the operation
      of the tray inverting mechanism;
PAR  FIG. 5 is a sectional view taken generally along the line 5--5 in FIG. 3 in
      the direction of the arrows;
PAR  FIG. 6 is an exploded view of the drive mechanism of the tray receiving,
      tray inverting, scrapping mechanism and silverware separating and soaking
      mechanisms;
PAR  FIG. 7 is a longitudinal sectional view of the tray washing system showing
      the tray washing, rinsing and drying mechanisms thereof;
PAR  FIG. 8 is a perspective view illustrating the operation of certain portions
      of the tray washing, rinsing and drying mechanisms shown in FIG. 7;
PAR  FIG. 9 is a perspective view showing the tray stacking mechanism of the
      tray washing system;
PAR  FIG. 10 is an enlarged side view of a portion of the mechanism shown in
      FIG. 9;
PAR  FIG. 11 is a perspective view of a portion of the mechanisms shown in FIG.
      10, and
PAR  FIGS. 12 and 13 are top and side views, respectively, of the operating
      portions of the tray washing system.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, and particularly to FIG. 1 thereof, a
      compartmented food service tray T is shown. The tray T is preferably
      formed from a durable material that is capable of withstanding repeated
      washings, such as plastic, fiberglass, or metal. The upper surface U of
      the tray T comprises a food receiving surface that is divided into a
      number of food receiving compartments F and a silverware receiving
      compartment S. It will be understood that the tray T actually comprises a
      sheet of uniform thickness, and that the compartment F and S comprise
      depressions formed in the sheet, so that a groove extends between the
      silverware compartment S and the remainder of the tray T.
PAR  Compartmented food service trays of the type shown in FIG. 1 are used in
      elementary schools to serve school lunches. Typically, a quantity of trays
      sufficient in number to serve all of the students is delivered to one or
      more serving stations. At the serving stations, various food items are
      deposited directly on the food receiving surface of each tray, and the
      tray is then delivered to a student. The student also receives various
      pieces of silverware and additional food items, such as a beverage and a
      dessert. It will be understood that the latter items are normally
      distributed in individual cartons or containers.
PAR  After receiving his tray, each student carries the tray to a table, where
      the lunch is eaten. Upon completion of the meal, the students carry the
      trays to a refuse disposal area where paper refuse, i.e., milk cartons,
      straws, napkins, etc., from the meal is deposited in trash containers.
      Then, the students deposit the trays for cleaning with all refuse from the
      meal still on the tray, and simultaneously deposit silverware in a chute
      that leads to a silverware soaking sink. It will be understood that since
      the lunch was served directly on the upper surface of the trays in the
      food receiving compartments thereof, the trays must be scrapped,
      thoroughly washed and sterilized before they can be returned to the start
      of the cafeteria line for use in the next meal.
PAR  Referring now to FIG. 2, a tray washing system 20 employing the present
      invention is shown. The system 20 is adapted to automatically clean
      compartmented food service trays of the type shown in FIG. 1, and
      comprises: a tray receiving mechanism 22; a tray inverting mechanism 24; a
      scrapping mechanism 26; washing, rinsing and drying mechanisms 28, 30 and
      32; and a tray stacking mechanism 34. The tray washing system 20 further
      includes a silverware separating and soaking mechanism 36.
PAR  The structural details of the tray receiving, tray inverting, scrapping,
      and silverware separating and soaking mechanisms of the tray washing
      system 20 are best shown in FIG. 3, wherein the functional components of
      the tray washing system are shown in full lines and the housing and other
      non-functional components are shown in phantom lines. The tray receiving
      mechanism 22 includes a plate 40 which may comprise a portion of a wall
      separating a school lunch room from a school kitchen. The plate 40 has a
      passageway 42 formed in it through which compartmented food service trays
      are inserted into the tray washing system 20 by the users of the trays.
      The edges of the plate 40 define the passageway 42 and include spaced
      pairs of opposed surfaces 44 which prevent the insertion of two stacked
      trays through the passageway 42. An upstanding ridge 46 formed in the
      bottom of the passageway 42 receives the groove between the silverware
      compartment and the food compartments of each tray, and thereby prevents
      the insertion of the trays other than with the silverware compartment
      positioned to the right and the food receiving surface facing upwardly.
PAR  A tray blocking member 48 is pivotally supported on the tray washing system
      20 just beyond the passageway 42 in the plate 40. The tray blocking member
      48 is normally positioned in the path of trays inserted through the
      passageway 42, and therefore prevents the insertion of trays in an endwise
      orientation. Two pairs of rollers 50 are pivotally supported at the
      opposite sides of the tray washing system 20 and are interconnected by a
      bar 52 that extends under the tray blocking member 48. The rollers 50
      cooperate with the surface 44 of the plate 40 to prevent the insertion of
      two stacked trays. Also, a properly inserted compartmented food service
      tray engages the rollers 50 and pivots the rollers upwardly. This action
      pivots the bar 52 upwardly, which in turn pivots the blocking member 48
      upwardly, out of the path of the tray. The pair of rollers 50 are arranged
      to maintain the blocking member 48 out of the path of a properly inserted
      tray until the tray clears the blocking member 48.
PAR  From the foregoing, it will be understood that the passageway 42, the ridge
      46, and the tray blocking member 48 cooperate to constrain trays inserted
      into the tray washing system to a predetermined orientation. Properly
      oriented trays inserted through the passageway 42 are engaged with a
      conveyor 54 comprising a pair of V-belts 56 by the rollers 50. The V-belts
      advance each tray into engagement with a triangularly shaped spacer member
      58 comprising a portion of a tray timing mechanism 60. The spacer member
      58 is normally positioned in the path of trays entering the tray washing
      system 20, and therefore normally prevents the movement of the trays into
      the tray washing system 20 under the action of the conveyor 54. At a
      predetermined point in each operating cycle of the tray washing system 20,
      a drive mechanism 62 actuates the timing mechanism 60 to pivot the spacer
      58 out of the path of the trays, whereupon the conveyor 54 advances one
      tray into the tray washing system 20. By this means, the timing mechanism
      60 assures a predetermined spacing between compartmented food service
      trays passing through the tray washing system 20. Because of its
      triangular shape, the spacer 58 enters the space between trays inserted
      sequentially through the passageway 42, and thereby prevents the insertion
      of trays other than at the proper point in the cycle of operation of the
      tray washing system.
PAR  Upon release by the timing mechanism 60, each tray is transported by the
      conveyor 54 to the end of the V-belts 56, whereupon it is engaged by a
      pin-type conveyor 64. The conveyor 54 includes a plurality of pins 66
      spaced to receive trays from the conveyors 54 and to transport each tray
      entering the tray washing system 20 from the receiving mechanism 22
      through the tray inverting mechanism 24. During this movement, the tray
      inverting mechanism 24 inverts each tray from its initial orientation
      wherein its food receiving surface faces upwardly to an orientation
      wherein the food receiving surface of the tray faces downwardly.
PAR  The tray inverting mechanism 24 includes a first pair of arms 68 which are
      supported for pivotal movement about the axis of a shaft 70 under the
      action of gravity. As the tray moves through the tray washing system 20
      under the action of the pin-type conveyor 64, a pair of hooks 71 formed on
      the ends of the arms 68 engage the forward edge of the tray, whereupon the
      arms 68 cooperate with the conveyor 64 to pivot the tray into a vertical
      orientation. As the tray approaches the vertical orientation, the drive
      mechanism 62 operates through a rod 72, a lever 73, a rod 74 and a lever
      75 to pivot a second pair of arms 76 about the axis of a shaft 78. This
      action engages a pair of hooks 79 formed on the ends of the arms 76 with
      the same edge of the tray that is engaged by the arms 68, whereupon the
      arms 76 pivot the tray from the vertical orientation to a horizontal
      orientation in which the food receiving surface of the tray faces
      downwardly.
PAR  The tray inverting mechanism 24 further includes an arm 80 mounted for
      pivotal movement with the arms 76. A tray engaging member 82 is secured to
      one end of the arm 80 and a roller 84 is secured to the other end. As the
      arm 80 pivots downwardly with the arms 76, the roller 84 follows the upper
      surface of the cam 86 and cooperates with the cam 86 to urge the tray
      engaging member 82 outwardly. This action grips the tray between the tray
      engaging member 82 and the hooks 79 of the arms 76.
PAR  The functions of the various components of the tray inversion mechanism 24
      of the tray washing system 20 will be better understood by referring to
      FIG. 4, wherein various steps in the operation of the tray inverting
      mechanism 24 are schematically illustrated. As a compartmented food
      service tray is moved through the tray washing system 20 by the pin-type
      conveyor 64, it is engaged by the hooks 71 of the first pair of arms 68.
      Further forward motion of the tray under the action of the conveyor 64
      causes the forward end of the tray to pivot upwardly about the axis of the
      shaft 70.
PAR  As the tray reaches a substantially vertical orientation, the drive
      mechanism 62 pivots the hooks 79 of the arms 76 into engagement with the
      same edge of the tray that is engaged by the arms 68. Upon further
      movement of the tray by the conveyor 64, the tray moves over center,
      whereupon the arms 68 drop out of engagement with the tray under the
      action of gravity. Then, the arms 76 complete the inversion of the tray.
      It should be noted that during the latter portion of the tray inversion
      process, the arms 76 push the tray forwardly to a point beyond the forward
      end of the conveyor 64.
PAR  Referring again to FIG. 3, the scrapping mechanism 26 of the tray washing
      system 20 includes a cleaning fluid reservoir 90 that is pivotally
      supported by a pair of trunnions 92 and a pair of yokes 94. A pipe 96
      extends into the reservoir 90 through an elongated slot 98 formed in the
      upper surface thereof, and a cleaning fluid is continuously supplied to
      the reservoir 90 through the pipe 96. A pivotally supported shaft 100
      extends under the reservoir 90 and an arm 102 extends perpendicularly from
      the shaft 100. Normally, the reservoir 90 is maintained in a retracted
      position wherein the reservoir 90 rests on the arm 102, and the arm 102
      rests on a stationary shaft 104.
PAR  The shaft 100 is connected to the drive mechanism 62 through a bell crank
      106 and a rod 108. As each tray passing through the tray washing system 20
      is manipulated into a substantially vertical orientation by the tray
      inversion mechanism 24, the drive mechanism 62 moves the rod 108 upwardly.
      The action pivots the arm 102 upwardly about the axis of the shaft 100,
      and therefore tilts the reservoir 90 about the trunnions 92 from the
      position shown in FIG. 2 to the position shown in FIG. 3. During the
      tilting of the reservoir 90, cleaning fluid pours out of the reservoir
      onto the food receiving surface of the tray. This action "scraps" the
      tray, that is, the cleaning fluid flowing out of the reservoir 90
      dislodges refuse and any silverware that may be on the tray. It has been
      found that the scrapping action of the present invention is superior to
      that of prior tableware cleaning systems in that by dumping substantially
      the entire contents of the reservoir 90 onto the food receiving surface of
      each tray passing through the tray washing system 20, the removal of all
      refuse and silverware from each tray is virtually assured, due to the
      weight and even distribution of the cleaning fluid flowing across the food
      receiving surface of the tray.
PAR  Cleaning fuid flowing over the food receiving surface of a tray from the
      reservoir 90 entrains refuse and any silverware that may be on the food
      receiving surface, and carries the refuse and silverware into a hopper
      120. From the hopper 120, the cleaning fluid and the refuse and silverware
      entrained therein flow into the chute 122, and through the chute 122 into
      a refuse receiving mechanism 124. The refuse receiving mechanism 124 is
      conventional in design and operates to separate refuse dislodged by the
      scrapping mechanism 26 from the cleaning fluid employed in the scrapping
      mechanism. In accordance with the preferred embodiment of the invention,
      the cleaning fluid from the refuse receiving mechanism 124 is reused in
      the scrapping mechanism 26, that is, cleaning fluid from the refuse
      receiving mechanism 124 is returned to the reservoir 90 through the pipe
      96.
PAR  As is best shown in FIG. 2, the silverware separating and soaking mechanism
      36 of the tray washing system 20 includes a silverware chute 130 that
      slopes downwardly from a silverware receiving passageway 132 formed in the
      plate 40 to a silverware soaking sink 134 which includes a removable
      silverware collecting basket (not shown). Preferably, all silverware is
      removed from each tray and is inserted into the silverware separating
      mechanism 36 through the passageway 132 before the tray is inserted
      through the passageway 42. It will be appreciated, however, that
      elementary students will often neglect to remove silverware from their
      trays before inserting the trays into the passageway 42. To this end, the
      chute 122 is provided with a dam 136 which disentrains silverware from the
      cleaning fluid employed in the scrapping mechanism 26 as the cleaning
      fluid flows through the chute 122. As is best shown in FIG. 5, the dam 136
      is positioned in the bottom of the chute 122 at the end thereof adjacent
      the refuse receiving mechanism 124. During the flow of cleaning fluid and
      refuse and silverware entrained therein through the chute 122, the dam 136
      engages the heavier silverware and restrains the silverware from further
      movement through the chute 122, while at the same time permitting the
      cleaning fluid and refuse to flow out of the chute 122 and into the refuse
      receiving mechanism 124. It will be understood that by providing a chute
      of proper length and inclination, it is possible to disentrain silverware
      from cleaning fluid without providing a dam, per se.
PAR  As is best shown in FIG. 3, the silverware separating and soaking mechanism
      36 further includes a normally closed trapdoor 138 that is connected to
      the drive mechanism 62 through a link 140. At a point in a cycle of the
      tray washing system 20 when little or no cleaning fluid is flowing through
      the chute 122, the drive mechanism 62 opens the trapdoor 138. As is best
      shown in FIG. 5, the trapdoor 138 is positioned directly above the
      silverware chute 130. Thus, any silverware that enters the tray washing
      system 20 on a compartmented food service tray is entrained in cleaning
      fluid by the scrapping mechanism 26, and is thereafter disentrained from
      the cleaning fluid by the dam 136, and is finally deposited in the chute
      130 by the trapdoor 138. Once the silverware enters the chute 130, it
      enters the silverware soaking sink 134 in the same manner as if it had
      been inserted into the chute 130 through the silverware passageway 132.
PAR  Referring now to FIG. 6, the construction of the drive mechanism 62 of the
      tray washing system 20 is shown in detail. The drive mechanism 62 includes
      a sprocket 150 that is continuously rotated by the motor (not shown). The
      sprocket 150 drives a sprocket 152 and a large sprocket 154 through a
      chain 156. A cam 158 is mounted on the sprocket 154 for rotation thereby.
      Once during each revolution of the sprocket 154, the cam 158 engages a
      bell crank 160 which is connected to the tray spacer member 58 by a link
      162. The cam 158, the bell crank 160, the link 162 and the spacer 58 are
      so arranged that upon engagement of the cam 158 with the bell crank 160,
      the spacer 58 is pivoted out of the path of trays inserted into the tray
      washing mechanism 20 through the passageway 42.
PAR  Somewhat later during each revolution of the sprocket 154, the cam 158
      engages a roller 164 that is mounted on a pivotally supported lever 166.
      The lever 166 is connected through the link 140 to the trapdoor 138 of the
      silverware separating and soaking mechanism 36 so that, upon rotation of
      the gear 150, the cam 158 actuates the trapdoor 138 of the silverware
      separating mechanism 38. Thus, upon rotation of the sprocket 154, the cam
      158 actuates both the spacer 58 and the trapdoor 138 at the proper point
      in each operating cycle of the tray washing system 20.
PAR  The drive mechanism 62 further includes a pair of cams 168 and 170, which
      are connected to the rod 72 of the tray inverting mechanism 24 and the rod
      108 of the scrapping mechanism 26, respectively. The cams 168 and 170 are
      pivotally supported on a pair of bolts 172 and 174, respectively, and have
      camming slots 178 and 180 formed through them. The slots 178 and 180
      receive a drive pin 182 mounted on the sprocket 154 and, accordingly, upon
      rotation of the sprocket 154, the drive pin 182 oscillates the cams 168
      and 170 to provide the motions necessary for the operation of the tray
      inverting mechanism 24 and the scrapping mechanism 26.
PAR  Referring now to FIG. 7, the conveyor 64 of the tray washing system 20
      drives a pin-type conveyor 190 through a chain and sprocket drive
      mechanism 191. Each tray passing through the tray washing system 20 is
      transported by the conveyor 64 and arms 76 into engagement with the
      conveyor 190, and is thereafter engaged by a pin 192 projecting from the
      conveyor 190 for transportation along a path 194 defined by a plurality of
      pairs of opposed rollers 196. The path 194 extends through the washing
      mechanism 28, the rinsing mechanism 30, and the drying mechanism 32 of the
      tray washing system 20, and accordingly, each tray passing through the
      tray washing system is sequentially washed, rinsed and dried as it is
      transported by the conveyor 190.
PAR  The washing mechanism 28 of the tray washing system 20 is separated from
      the scrapping mechanism 26 by a baffle 199 and includes a pair of pipes
      200 positioned on opposite sides of the path 194 defined by the opposed
      rollers 196. In use, a washing fluid, which may comprise a solution of hot
      water and a suitable detergent or any other suitable washing fluid is
      directed into the pipes 200 and is discharged from the pipes through a
      plurality of spray heads 202 mounted thereon. As is best shown in FIG. 8,
      the pipes 200 are connected to a lever 204 by a pair of links 206 and a
      pair of levers 208. The lever 204 is mounted for rotation by the conveyor
      64, and the links 206 and the levers 208 are arranged to oscillate the
      spray heads 202 upon rotation of the lever 204. By this means, contact
      between washing fluid discharged from the spray heads 202 and all portions
      of each tray passing through the tray washing mechanism 20 is assured.
PAR  Referring again to FIG. 7, the rinsing mechanism 30 of the tray washing
      system 20 is separated from the washing mechanism by a baffle 209 and
      comprises a pair of pipes 210 positioned on opposite sides of the path 194
      defined by the opposed rollers 196. In use, a rinsing fluid, which
      preferably comprises extremely hot water, is directed into the pipes 210
      and is discharged from the pipes through spray heads 212 mounted thereon.
      Rinsing fluid from the pipes 210 engages the trays passing through the
      tray washing system 20 under the action of the conveyor 190, and thereby
      clears the trays of washing fluid that was applied to the trays by the
      washing mechanism 28.
PAR  The drying mechanism 32 comprises a pair of triangularly shaped ducts 214
      positioned on opposite sides of the path 194 defined by the rollers 196.
      The ducts 214 direct a drying fluid across the trays passing through the
      tray washing system 20, and thereby strip the trays of the rinsing
      mechanism 30. The drying fluid preferably comprises high velocity air,
      which may be heated, depending upon the temperature of the rinsing fluid,
      and the nature of the trays.
PAR  From the foregoing, it will be understood that after all of the
      compartmented food service trays used in a particular meal have been
      washed by the tray washing system 20, all of the silverware that was used
      in the meal is located in the silverware soaking sink 134. In accordance
      with the preferred embodiment of the invention, the silverware is removed
      from the sink 134 and is placed in a specially designed silverware washing
      rack (not shown). The rack is then positioned in the tray washing system
      20 through a door 216, and is thereafter transported through the washing
      mechanism 28, and the rinsing mechanism 30. During this action the
      mechanisms 28 and 30 apply the washing fluid and the rinsing fluid to the
      silverware, respectively, so that the silverware is thoroughly cleaned and
      sanitized.
PAR  In use, the specially designed silverware rack is positioned on two of the
      upper rollers of the pairs of opposed rollers 192 and is transported
      through the mechanism 28 and 30 by the conveyor 190. After passing through
      the mechanism 30, the rack moves up a ramp 217 and into engagement with a
      switch 218, which upon actuation interrupts the operation of the conveyor
      190. Then, the silverware rack is removed from the tray washing system 20
      through a door 219, and the silverware is removed from the rack and is
      positioned as necessary for use in the next meal. Thus, the tray washing
      system 20 functions not only to wash compartmented food service trays, but
      also the silverware that is used in conjunction with the trays in serving
      a meal.
PAR  In the operation of the portion of the tray washing system 20 shown in FIG.
      7, washing and rinsing fluids are sprayed onto each tray and are
      subsequently stripped therefrom. In accordance with the preferred
      embodiment, the spent washing and rinsing fluids are not discarded.
      Instead, the runoff from the rinsing mechanism 30 and the runoff from the
      washing mechanism 28 are combined with a portion of the output of the
      refuse receiving mechanism 124 to form the cleaning fluid that is employed
      in the scrapping mechanism 26. In this manner, the cost of operating the
      tray washing system is greatly reduced in that both water costs and water
      heating costs are held to an absolute minimum.
PAR  Referring now to FIGS. 9, 10 and 11, the conveyor 190 drives a pin type
      conveyor 220 through a chain and sprocket drive mechanism 222 and a pair
      of gears 224. Each tray passing through the tray washing system 20 is
      transported by the conveyor 190 into engagement with the conveyor 220,
      whereupon the tray is engaged by a pin 226 projecting from the conveyor
      220 and is transported into the tray stacking mechanism 34 of the tray
      washing system 20. The stacking mechanism 34 in turn stacks the trays on a
      conventional mobile self-depressing tray receiver 228. The self-depressing
      tray receiver illustrated in FIG. 9 is conventional in design in that it
      receives two parallel stacks of trays each comprising trays stacked upside
      down and one on top of another. This is advantageous in that the trays are
      not contaminated by dirt, etc. while they are in the tray receiver.
PAR  The self-depressing tray receiver 228 is secured to the tray washing system
      20 by a latch mechanism 230. The latch mechanism 230 comprises a pair of
      spring loaded latches 231 which are arranged to prevent either the
      engagement or the disengagement of a tray receiver with the latch
      mechanism 230 by a straight line movement. Instead, the latch mechanism
      230 requires a pivoting motion in first one direction and then the other
      relative to a line extending along the conveyors 190 and 220 in order to
      latch or unlatch a tray receiver. In this manner, the latch mechanism 230
      retains the tray receiver in the position shown in FIG. 9 unless it is
      intentionally removed.
PAR  The tray stacking mechanism 34 comprises a pair of inner opposed tray
      stacking ledges 232 and a pair of outer opposed tray stacking ledges 234.
      In use, both pairs of tray stacking ledges are initially pivoted between
      the tray receiving position illustrated in FIG. 9 and a tray depositing
      position in timed relationship to the movement of trays into the tray
      stacking mechanism 34. Since the ledges 232 are positioned closer to the
      conveyor 190, the stacking mechanism 34 initially forms an inner stack of
      trays in the self-depressing tray receiver 228.
PAR  When the inner stack has been completed, the stacking mechanism 34
      automatically discontinues the reciprocation of the tray stacking ledges
      232 and retains the tray stacking ledges 232 in the horizontal position
      illustrated in FIG. 9. Thereafter, the conveyor 220 advances each tray
      passing through the tray washing system 20 across the inner tray stacking
      ledges 232 and onto the ledges 234. The ledges 234 are pivoted from the
      tray receiving position to the tray depositing position throughout the
      operation of the stacking mechanism 34, so that after it has formed an
      inner stack of trays, the stacking mechanism 34 forms an outer stack of
      trays in the tray receiver 228. When the outer stack has been completed, a
      limit switch (not shown) is actuated, whereupon the operation of the tray
      washing system 20 is discontinued.
PAR  More specifically, the conveyor 190 drives the tray stacking mechanism 34
      through a pair of cams 240 and 242. The cams 240 and 242 are mounted for
      rotation by the conveyor 190 into engagement with a pair of levers 244 and
      246, respectively, each of which is supported for pivotal movement about a
      pin 248. Thus, during each operating cycle of the tray washing system 20,
      the cams 240 and 242 engage the levers 244 and 246, respectively and pivot
      the levers about the pin 248.
PAR  The lever 244 is connected to a link 250. As is best shown in FIG. 11, the
      link 250 is in turn connected to a pin 252 that is mounted on a lever 254
      for rotation about an axis 256. Thus, each time the lever 244 is rocked by
      the cam 240, the pin 252 is moved arcuately about the axis 256. A lever
      258 is supported on the pin 252 for actuation by the cam 240 and the lever
      244 through the link 250. However, the effect of the actuation of the
      lever 258 is controlled by a tray responsive control mechanism 260.
PAR  As is best shown in FIG. 10, the tray responsive control mechanism 260
      includes a tray sensing pin 262 which is positioned in the path of the
      inner stack of trays in the tray receiver 228. A lever 264 is connected to
      the pin 262 for pivotal movement therewth about a shaft 266. The lever 264
      is connected to a lever 268 through a link 270, and the lever 268 is
      connected to a lever 272 for pivotal movement about a pivot 274.
PAR  The lever 272 is supported on the pivot 274 for movement between extreme
      positions which are defined by a pair of pins 276 and 278. A spring 280
      extends between the lever 272 and a lever 282 which is supported on a
      pivot 284 for movement between extreme positions defined by a pair of pins
      286 and 288. Thus, the levers 272 and 282 and the spring 280 comprise an
      overcentering toggle mechanism which is constrained to occupy either the
      position shown in full lines in FIG. 10 or the position shown in dashed
      lines therein.
PAR  As is shown in FIGS. 10 and 11, the lever 272 is connected to a link 290,
      and the link 290 is connected to a pin 292 that is secured to the upper
      end of the lever 258. As is shown in FIG. 9 and 11, a link 294 extends
      from the pin 292 to a lever 296. The lever 296 in turn controls the
      rotational position of one of the inner tray stacking ledges 232. A
      mechanism identical in construction and operation to that comprising the
      parts 252 through 296 is employed on the remote side of the tray stacking
      mechanism 34 to control the rotational position of the other inner
      stacking ledges 232. Since the cam 240 is operated by the conveyor 190, it
      will be understood that whenever the tray sensing pin 262 is positioned as
      shown in full lines in FIG. 10, the mechanism shown in FIGS. 10 and 11 and
      the corresponding mechanism located on the remote side of the tray
      stacking mechanism 34 cooperate to deposit each tray passing through the
      tray washing system 20 onto the inner stack of trays in the mobile
      self-depressing tray receiver 228.
PAR  When a predetermined number of trays have been deposited on the inner stack
      of the receiver 228, the stack is depressed to such an extent that it
      engages the tray sensing pin 262 of the mechanism 260. The pin 262 is
      thereupon rotated about the pivot 266, which in turn rocks the lever 268
      about the pivot 284. Sufficient pivoting of the lever 268 snaps the
      mechanism 260 overcenter, whereupon the spring 290 drives the levers 272
      and 282 into the position shown in dashed lines in FIG. 10. Since the link
      290 is connected to the pin 292 which is in turn connected to the upper
      end of the lever 258, movement of the mechanism 260 into the position
      shown in dashed lines in FIG. 10 positions the lever 258 as shown in
      dashed lines in FIG. 11.
PAR  Assuming now that the cam 240 engages the lever 246 while the component
      parts of the mechanism 260 are positioned as shown in dashed lines, the
      pin 252 is again moved arcuately about the axis 256 by the link 250.
      However, the mechanism 260 now retains the pin 292 in alignment with the
      axis 256. Thus, both the lever 254 and the lever 258 pivot arcuately about
      the axis 256, with no resulting upward motion being imposed on the link
      294. The lever 296 is therefore retained in the position shown in FIG. 9,
      as is the tray stacking ledge 232 that is connected to the lever 296. It
      will be understood that the corresponding mechanism located on the remote
      side of the tray stacking mechanism 34 operates similarly to retain the
      other tray stacking ledge 232 in the tray receiving position.
PAR  The lever 246 is connected to a link 300 which is in turn connected to a
      lever 302. The lever 302 is supported for pivotal movement about the axis
      of a shaft 304, and is connected to a lever 306 by a link 308. The lever
      306 controls the rotational position of one of the outer tray stacking
      ledges 234, and a similar mechanism located on the remote side of the tray
      stacking mechanism 34 controls the rotational position of the other ledge
      234. Thus, each time the lever 246 is pivoted by the cam 242, the ledges
      234 are pivoted downwardly. This action occurs regardless of whether the
      inner stack on the tray receiver 228 is full, but it is effective only
      after the pin 262 has been actuated to position the mechanism 260 as shown
      in dashed lines in FIG. 10. Thereafter, the conveyor 220 transports trays
      across the inner stack of trays on the tray receiver 228 and onto the
      outer pair of opposed tray ledges 234. Then, the ledges 234 are rotated to
      form an outer stack of trays in the tray receiver 228.
PAR  When the outer stack in the mobile self-depressing tray receiver is full, a
      limit switch (not shown) is actuated, whereupon the operation of the tray
      washing system 20 is stopped. Then, the tray receiver 228 is removed from
      the position shown and is replaced by another, similar device. The tray
      sensing pin 262 of the tray responsive control mechanism is so positioned
      that it is returned to the position shown in full lines in FIG. 10
      whenever a tray receiver is removed from the tray washing system 20. In
      this manner, the system is returned to its original condition.
PAC  OPERATION
PAR  The operation of the tray washing system 20 in cleaning compartmented food
      service trays is best illustrated in FIGS. 12 and 13. At the conclusion of
      his meal, each student inserts his tray through the passageway 42 of the
      plate 40 with the food receiving surface of the tray facing upwardly and
      with the silverware receiving compartment positioned to the right. The
      tray engages the rollers 50, whereupon the blocking member 48 is pivoted
      out of the path of the tray. Upon insertion through the passageway 42, the
      tray is engaged by the conveyor 54, and is advanced by the conveyor into
      engagement with the tray spacer member 58. At the proper point in the next
      cycle of the tray washing mechanism 20, the spacer 58 releases the tray
      for movement by the conveyor 54 into engagement with the conveyor 64.
PAR  The conveyor 64 advances the tray to the tray inverting mechanism 24 which
      initially pivots the tray into a vertical orientation. At this point, the
      scrapping mechanism 26 dumps substantially the entire contents of the
      reservoir 90 onto the food receiving surface of each tray, and thereby
      dislodges refuse and any silverware that may be on the tray. After the
      scrapping action, the tray inverting mechanism 24 continues the inversion
      of the tray, so that the tray passes through the remainder of the tray
      washing system 20 in an inverted orientation.
PAR  The tray inverting mechanism 24 delivers the tray to the conveyor 190 which
      transports the tray through the washing mechanism 28, the rinsing
      mechanism 30, and the drying mechanism 32 of the tray washing system 20.
      During its movement, the tray is constrained by the opposed rollers 196
      which prevent fluttering of the tray due to the spraying actions of the
      washing, rinsing and the drying mechanisms.
PAR  Upon leaving the drying mechanism 32, the tray is transported by the
      conveyor 190 and the conveyor 220 to the tray stacking mechanism 34. The
      stacking mechanism 34 forms inner and outer stacks of the trays on a
      conventional mobile, self-depressing tray receiver 228. When the receiver
      228 is full, it is disengaged from the tray washing system 20, and is
      thereafter employed to dispense trays during a subsequent meal.
PAR  Preferably, each student deposits his silverware in the silverware chute
      130. Any silverware remaining on a compartmented food service tray is
      dislodged during the scrapping of the tray, and comes to rest in
      engagement with the dam 136. In either event, all of the silverware that
      is used in a particular meal ultimately comes to rest in the silverware
      soaking sink 134.
PAR  After all of the trays from a meal have been washed, the silverware from
      the meal is removed from the sink 134 by lifting the silverware basket
      therefrom and is placed in a silverware rack. The silverware rack is then
      inserted through the door 216 for transportation through the washing and
      rinsing of the tray washing system 20. After the silverware rack has
      passed through the rinsing mechanism, it is removed through the door 219,
      and the silverware is removed from the rack for use in the next meal.
PAR  Those skilled in the art will immediately appreciate the fact that
      compartmented food service trays are useful in serving meals at
      institutions other than elementary schools, for example, summer camps,
      military bases, prisons, etc. Obviously, the present invention is adapted
      for use at any of these institutions, and is not limited to use at
      elementary schools. Also, the present invention is not limited to use with
      the particular compartmented food service tray shown in FIG. 1. Quite to
      the contrary, the invention is easily modified for use with any of the
      compartmented food service trays that are presently on the market.
      Finally, various features of the present invention are readily adaptable
      to the cleaning of tableware items other than compartmented food service
      trays.
PAR  From the foregoing, it will be understood that the present invention
      comprises a fully automated system for cleaning compartmented food service
      trays. In accordance with the preferred embodiment of the invention, each
      tray is inverted from an initial orientation in which the food receiving
      surface of the tray, through a vertical orientation, to a horizontal
      orientation in which the food receiving surface faces downwardly. While
      the tray is oriented vertically, a cleaning fluid is poured over the tray
      to dislodge refuse and silverware from the tray. After it is inverted, the
      tray is washed, rinsed and dried. Finally, the tray is stacked on a mobile
      self-depressing tray receiver. The use of the invention is advantageous in
      that it completely eliminates the manual labor that has heretofore been
      necessary to the cleaning of compartmented food service trays.
PAR  Although the preferred embodiment of the invention has been illustrated in
      the drawings and described in the foregoing specification, it will be
      understood that the invention is not limited to the embodiment disclosed,
      but is capable of rearrangement, modification and substitution of parts
      and elements without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tray cleaning system, a tray inverting mechanism comprising:
PA1  means for moving a tray along a predetermined path;
PA1  at least one rigid arm supported for pivotal movement about a horizontal
      axis and for cooperation with the moving means to pivot the tray from a
      first orientation wherein the food receiving surface of the tray faces
      upwardly to a second orientation wherein the food receiving surface
      extends vertically;
PA1  at least one second rigid arm pivotally supported for pivoting the tray
      from the second orientation to a third orientation wherein the food
      receiving surface faces downwardly; and
PA1  drive means including a source of rotational motion and lever means
      drivingly interconnecting the source of rotational motion and the second
      arm for pivoting the second pivotally supported arm into engagement with
      the tray when the tray is in the second orientation.
NUM  2.
PAR  2. In a tray cleaning system, a tray inverting mechanism comprising:
PA1  means for moving a tray along a predetermined path;
PA1  first pivotally supported arm means for cooperation with the moving means
      to pivot the tray from a first orientation wherein the food receiving
      surface of the tray faces upwardly to a second orientation wherein the
      food receiving surface extends vertically;
PA1  a second pivotally supported arm for pivoting the tray from the second
      orientation to a third orientation wherein the food receiving surface
      faces downwardly;
PA1  means for pivoting the second pivotally supported arm into engagement with
      the tray when the tray is in the second orientation;
PA1  said second pivotally supported arm being mounted for pivotal movement
      about the axis extending transversely of the path, and
PA1  means mounted for movement with the second pivotally supported arm for
      gripping the tray in engagement with the second pivotally supported arm.
NUM  3.
PAR  3. The tray inverting mechanism according to claim 2 further including
      timing means for coordinating the movement of the secondly pivotally
      supported arm into engagement with the tray with the movement of the tray
      to the second orientation under the action of the moving means and the
      first pivotally supported arm.
NUM  4.
PAR  4. The tray inverting mechanism according to claim 1 further including a
      cleaning fluid reservoir and means for dumping substantially the entire
      contents of the reservoir onto the tray while it is in the second
      orientation.
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PAL  The disclosure relates to automatic paint spray systems, typically but not
      necessarily of the electrostatic type, provided with color change means
      and facilities for recovery and re-use of the residual paint increment
      contained in the system at the start of a color change cycle. The system
      of the invention provides for an automatic color change cycle in a paint
      spray system, in which original paint is purged from the system by
      terminating the supply of the original paint and introducing purge fluids,
      including solvent and possibly also air. Principally, the original paint
      is purged through a discharge line, on the downstream side of the paint
      spray devices, and is collected in a suitable receptacle, along with the
      purged solvent. A unique feature of the new system resides in the ability
      of the discharge system to automatically separate and isolate the original
      paint from the new color paint, so that the purged paint may be collected
      in a segregated container and re-used.
PAL  In a high volume appliance production operation, for example, it may be
      necessary or desirable to execute a color change cycle dozens of times in
      a typical production day, so that significant savings can be realized by
      enabling segregated collection and ultimate re-use of the purged
      materials. In a typical commercial installation, savings in excess of
      $20,000 per year are to be anticipated. Perhaps more importantly, the
      savings of materials is of great significance because of the limited
      availability from time to time of some paints and solvents, regardless of
      cost.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to paint spray systems, most typically but
      not necessarily of the electrostatic type. More particularly, the
      invention relates to a new and improved system for effecting a color
      change cycle in an industrial paint spray system, in a manner permitting
      segregation and separate collection of the residual paint remaining in the
      system at the commencement of a color change cycle.
PAR  In the R. F. Wiggins U.S. Pat. No. 3,348,774, owned by the assignee of the
      present invention, an advantageous arrangement is shown for effecting a
      color change cycle in an industrial painting system. This arrangement
      includes an in-line valve manifold containing a series of paint color
      valves, as well as purge valve means for solvent and air. When it is
      desired to change over the system from one paint color to another, a cycle
      control is initiated to sequentially terminate the supply of original
      paint, flush out the system with solvent, and possibly also with air, and
      introduce paint of a new color into the system. To avoid having to
      discharge a substantial volume of paint and solvent into the spray booth
      area, discharge conduits are provided, communicated with the spray devices
      only substantially at the spray nozzles, immediately upstream of the
      discharge valves for the nozzles. When a color change cycle is initiated,
      the spray nozzle valves are closed and so-called "dump" valve means in the
      discharge lines are opened, enabling the original paint and the cleaning
      solvent to be discharged from the dump valve and into a suitable
      receptacle. The new paint flows through the system until it commences to
      flow into the discharge line, on the downstream side of each spray gun,
      after which the dump valve means can be closed and the spray nozzles
      re-opened.
PAR  In prior color change systems, there has been no convenient facility for
      easily segregating and separately collecting the unused paint of an
      original color, as it is purged from the system in preparation for a new
      color. While, of course, it has been theoretically possible to accomplish
      this, the practical economics of performing an effective segregation with
      existing equipment has not been favorable.
PAR  As a feature of the present invention, a novel, yet highly simplified
      arrangement is provided which enables successive colors to be readily
      isolated from each other, and effectively and separately collected, all as
      a part of a substantially automatic cycle requiring a relative minimum
      amount of time and operator attention. In part, this is achieved by
      providing a pair of spaced trap valves, with an "inventory line" of
      substantial length connected therebetween and desirably formed of
      transparent or translucent material. During the course of a color change
      cycle, it is readily possible to time with the cycle timer the purging of
      the existing paint through the inventory line, and the subsequent entry
      into the inventory line of the new color paint. When the new color has
      entered the inventory line, the timer then closes both trap valves. This
      provides for an uninterrupted column of paint upstream of the inventory
      line and complete segregation of the original paint downstream of the
      inventory line. Upon closing of the trap valves, the painting system may
      be reactivated to apply the new color at the spray station. Independently,
      additional purging solvents and fluids may be introduced downstream of the
      inventory line to effect thorough clean out of the discharge line in
      preparation for a subsequent color change cycle.
PAR  To advantage, the system of the invention permits all of the paint
      recirculation and supply functions to be confined substantially within a
      segregated paint mix room or area although such is not required by the
      invention. Moreover, the discharge section of this system may terminate
      remotely, within the paint mix room, so that all paint mixing and handling
      functions can be accomplished entirely remote from the spray area.
PAR  In cases where a relatively elaborate system is desired, the segregation
      and separate collection of paints, during a color change cycle, may be
      sequenced in such manner that the purged material is discharged back into
      a segregated auxiliary paint supply associated with the vessel from which
      the paint was supplied in the first instance. In a more economical system,
      suitable for many applications, purged paint is segregated into separate
      vessels and remixed at a subsequent convenient time.
PAR  In those instances where the purged materials are to be returned a
      substantial distance to a remotely located mixing room, the trap valves
      and inventory line are, according to the invention, located in reasonably
      close proximity to the spray booth area. This maintains at a minimum the
      volume of new paint required to properly charge the system in preparation
      for painting of a new color, and thus tends to minimize the increments of
      paint required to be purged when a color change cycle is effected.
PAR  The system of the invention is readily adaptable to effecting sequential
      color change cycles in a series of paint stations. Thus, the system is
      ideally suited for typical industrial paint spray installations, in which
      a plurality of paint spray stations are located at spaced positions along
      a conveyor route.
PAR  For a better understanding of the above and other features and advantages
      of the invention, reference should be made to the following detailed
      description, and to the accompanying drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a highly simplified, schematic representation of a typical
      industrial paint spray installation incorporating a color change system
      according to the present invention.
PAR  FIGS. 2 and 3 are simplified, schematic representations of a control
      circuit arrangement, suitable for use in connection with the system of
      FIG. 1.
PAR  FIGS. 4 and 5 are simplified, schematic representations of a modified form
      of the invention of FIGS. 1-3, illustrating an arrangement for returning
      the purged paints selectively to their original supply containers or to
      individual auxiliary vessels associated therewith.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawings, and initially to FIGS. 1 and 2 thereof, the
      reference numerals 10, 11 designate generally a pair of reciprocator
      stations of a typical industrial spray painting installation. As will be
      readily understood by those skilled in the art, the reciprocator stations
      10, 11 may be placed in side-by-side relation, adjacent the path of a
      suitable conveyor system (not shown) arranged to carry workpieces past the
      reciprocator stations in succession. By way of example only, the first
      reciprocator station 10 may apply paint to one side of a large panel or
      cabinet, while the second station 11 coats another side. As many stations
      in succession may be utilized as needed to adequately coat the part with
      one or more layers of the coating material. In general, the principles of
      the invention are applicable to systems utilizing one or more reciprocator
      stations.
PAR  Although the number and type of spray devices utilized in the reciprocator
      stations is not material, a typical and desirable reciprocator
      installation may utilize a series of several vertically stacked spray guns
      12, each reciprocator in the illustrated arrangement having four such
      spray guns. A particularly desirable form of such spray gun is the model
      LCV-P2 low velocity electrostatic spray gun marketed by the Gyromat
      Corporation of Stratford, Connecticut. In the illustrated system, each of
      the reciprocator installations is of similar construction, and similar
      reference numerals will be applied wherever the context admits thereof.
PAR  In the illustrated system, each of the spray guns 12 is connected by a
      short conduit 13 to the downstream or regulated side of a paint or fluid
      pressure regulator 14. The inlet side of the fluid regulator is connected
      through a line 15 to a header line 16, and this in turn is connected to a
      supply line 17 leading from a fluid selection system to be described.
      Thus, fluid supplied through the line 17 is delivered to the various spary
      guns 12 at controlled, regulated pressure determined by the several fluid
      regulating devices 14.
PAR  In accordance with the teachings of the E. O. Norris U.S. Pat. No.
      3,219,276, the fluid regulators 14 are physically arranged for vertical
      reciprocation with the spray guns 12, to provide for adjustably controlled
      fluid pressure at the discharge of the spray guns, regardless of the
      vertical movements of the spray devices relative to a stationary supply of
      paint or other coating material. Control of the regulated pressure on the
      downstream side of the fluid regulator 14 is, in accordance with the E. O.
      Norris U.S. Pat. No. 3,219,276, effected by controlling air pressure
      applied to the upper portion of a fluid regulator diaphragm. The control
      air pressure is supplied through a flexible insulating conduit section 18
      connected through a check valve 19 to a manually adjustable air pressure
      regulator 20. It will be noted, in this respect, that the fluid regulator
      14 for each spray device is provided with a separate, independently
      adjustable air pressure regulator 20, so that the several spray devices
      may be individually adjusted. The upstream or high pressure side of each
      of the air pressure regulators 20 is connected through a header line 21 to
      an additional pressure regulator 22, and the upstream side of the last
      mentioned regulator may be connected to the plant air source designated by
      the reference numeral 23.
PAR  For normal pressure control operations, the plant air pressure is regulated
      at 22 to some intermediate pressure level, which is applied to the high
      pressure side of the several independently adjustable control regulators
      20. For purposes to be described, it is desirable at times to bypass the
      control regulators 20 to cause a higher regulated pressure to be delivered
      to the spray devices 12. To this end, an intermediate pressure line 24 is
      teed off of the line 25, containing air at the intermediate control
      pressure from the pressure regulator 22. A solenoid actuated control valve
      26 is connected in the line 24 and serves to close it off during normal
      operations. When it is desired to apply the intermediate pressure level at
      the fluid regulator devices 14, the solenoid valve 26 is actuated to its
      open condition, admitting fluid at intermediate levels into lines 27, 28.
      This fluid passes through the several check valves 29, in bypassing
      relation to the low pressure regulators 20 and their associated check
      valves 19, causing the intermediate pressure to enter the lines 18 and be
      applied to the several fluid pressure regulators 14. Upon subsequent
      deenergizing and closing of the solenoid valve, the intermediate pressure
      within the lines 18 will be dissipated through appropriate bleed openings,
      and the controlled pressure will drop back to that determined by the
      respective low pressure regulator 20 for each spray device. As will be
      appreciated, the several low pressure regulators 20, the intermediate
      pressure regulator 22, the solenoid valve 26, the several check valves 19,
      29, and related components may be housed remotely of the spray devices 12
      in a suitable control cabinet 30.
PAR  In the system of the invention, the supplies of paint or other coating
      material, typically may be housed remotely of the reciprocator station in
      an isolated paint room R. To this end, there may be provided a series of
      paint drums or other containers 31, each containing a coating material of
      specific color or other characteristic. To simplify the description, fluid
      connections are illustrated only to one container 31. These include an
      outlet line 32 and a return line 33. The outlet line 32 communicates with
      a recirculating loop 34, which connects with color selection manifold
      valve asemblies 35, 36, there being one such color selection manifold for
      each of the reciprocator stations 10, 11. By means of an appropriate
      pumping system, coating material enters the outlet line 32 flows through
      the recirculating loop 34, through the appropriate individual color
      selection valves 37, 38 associated with the color selection manifolds, and
      then flows through the return line 33 to the container drum. As coating
      material is called for by the reciprocator stations, it is permitted to
      flow through the outlet conduits 39, 40 of the color selection manifolds
      and into the supply conduits 17.
PAR  To advantage, the color selection system reflected in FIG. 1 may
      incorporate features of the R. F. Wiggins U.S. Pat. No. 3,348,774. Such a
      system includes one or more of the color selection manifolds 35, 36
      located remotely of the reciprocator stations, with each of a plurality of
      independently controlled paint selection valves being associated with a
      separate supply container for a designated paint color. At the upstream
      end of each of the color selection manifolds, there are provided solvent
      and air inlet lines 41, 42. The solvent line 41 is connected through a
      check valve 43 and solenoid valve 44 to a suitable source (not shown) of
      solvent under pressure. In a similar manner, the air line 42 is connected
      through a check valve 45 and solenoid valve 46 to a suitable source of
      compressed air.
PAR  In a typical painting operation, paint from each of the several containers
      31 is continuously circulated in the lines 32-34, being maintained under a
      suitable pressure higher than that desired at the spray devices 12. Any
      suitable means, such as a pump 47 in the outlet line and the back pressure
      valve 48 in the return line may be utilized for maintaining a desired
      pressure in the recirculating loop 34.
PAR  During the course of a painting operation, a selected pair of valves,
      connected to the recirculating loop 34 of a desired color, will be opened,
      admitting fluid of that color into the manifold outlets 39, 40 and into
      the supply conduits 17. This fluid is discharged by the spray devices 12
      in the manner before described. To effect change of paint color in the
      system, a cycle of color change operations is inititated, in which the
      original paint is purged from the system, and then a new paint is
      introduced.
PAR  In accordance with the teachings of the before mentioned R. F. Wiggins U.S.
      Pat. No. 3,348,774, a discharge or purge system is connected to the paint
      delivery system for each of the spray devices 12, substantially at the
      spray devices themselves, as close to the spray discharge outlet as is
      reasonably practicable. In the illustrated system, a purge line header 49
      is connected through individual check valves 50 and individual purge lines
      51 to the various spray devices 12, at or downstream of the regulated side
      of the fluid regulators 14. The purge header line 49 is connected through
      a first trap valve 52, an elongated inventory line 53, and a second trap
      valve 54 to a purge outlet line 55. In the system of FIG. 1, each of the
      reciprocator stations 10, 11 is provided with a separate purge system
      including trap valves 52, 54 and elongated inventory lines 53, feeding a
      common purge outlet line 55. Desirably, the second or downstream trap
      valves 54 are part of a purge manifold 56, the common cavity of which is
      connected to the purge outlet line 55. Desirably, the purge manifold is
      located near the reciprocator stations, while the purge outlet line 55 may
      lead back to an isolated paint mixing room R, where the line terminates in
      a discharge manifold assembly 57. In the system illustrated in FIG. 1, the
      discharge manifold 57 has a plurality of selectively actuated discharge
      control valves 58-61 connected to the common cavity manifold 57 and
      operative selectively to permit discharge of purged material into any one
      of discharge lines 58a-61a.
PAR  In the system of FIG. 1, the discharge lines lead to a limited number of
      collection vessels 58b-61b. In a more comprehensive system, reflected in
      FIG. 3 to be described, a discharge manifold may be provided with as many
      valves as there are paint containers, and the discharge material may be
      flowed directly through the discharge lines to auxiliary mixing vessels
      associated with the individual supply containers or, in some cases, back
      to the original containers themselves. The system of FIG. 1, is, of
      course, of lower initial cost and may be more appropriate for many
      applications, as where color change cycles are not executed with unusually
      high frequency.
PAR  To advantage, the inventory lines 53 are located relatively near the
      reciprocators. These inventory lines are of relatively small diameter
      (e.g. 1/4 inch - 3/8 inch inside diameter), of relative substantial length
      (e.g. 10 to 15 feet), and typically they are formed of transparent or
      translucent material. Typically, although not necessarily, the inventory
      lines are in a coiled configuration, so that the entire length of a line
      occupies a relatively small area which may be easily observed.
PAR  At the commencement of a color change operation, the reciprocator spray
      devices are closed, as are the original paint selection valves back at the
      color selection manifolds. The trap valves 52, 54 are opened, and a
      selected one of the discharge manifold selection valves 58-61 is opened.
      The solvent valve 46, at the upstream end of the color selection manifold,
      is opened, permitting solvent to enter and flow through the color
      selection manifold, through the supply conduit 17, and into and through
      the fluid regulators 14 associated with each spray device. With the spray
      devices being closed, and the various valves of the purge system being
      opened, the original paint is pushed out through the purge system by the
      advancing solvent. The solvent flow cleanses the supply system leading to
      the reciprocator, including the regulators 14, of the original paint. In
      addition, at some point after the regulators 14 are filled with solvent,
      the spray devices 14 are opened momentarily to effect a spray-out of the
      small residual (usually 1-2 cc) of paint, which is otherwise bypassed by
      the purging system.
PAR  Typically, after the solvent flow has continued for an appropriate
      interval, the solvent valve 46 can be closed and the air valve 44 opened.
      The air thus admitted in the upstream end of the color selection manifold
      drives ahead of it the solvent, and also the original paint which is in
      front of the solvent, and all of this material is driven out of the purge
      system and into the selected containers 58b-61b. The air purge operation,
      while not necessary for clean out purposes, is desirable, particularly
      where the supply line 17 may be of substantial length, to reduce the
      overall quantities of solvent required to purge the system.
PAR  After cleansing of the original paint from the system and with the air and
      solvent valves 44, 46 closed, a new color selection valve is opened,
      admitting paint of a new color into the color selection manifold 36 and
      its associated supply conduit 17. The new color paint flows through the
      system pushing ahead of it the purging air from the preceding stage of the
      color change cycle. In due course, the new paint enters and fills the
      regulators 14 and then flows into the purge header line 49 and begins to
      flow through toward the purge outlet line 55.
PAR  In accordance with a significant feature of the invention, it is not
      required, in the primary color change cycle, to cleanse and refill the
      system on the downstream side of the spray guns, all the way back to the
      paint mix room, which may be located a substantial distance from the
      reciprocators. It is only necessary to cleanse the system up to the purge
      manifold 56, at the upstream end of the purge outlet line 55. And
      desirably, the purge manifold may be located as close as reasonably
      preacticable to the reciprocators. Once the purged fluids have advanced to
      a point downstream of the purge manifold, no further purging is required
      to be done through the spray guns themselves. Instead, in accordance with
      the invention, a secondary purge system is provided, to be described in
      more detail, which purges the system from the purge manifold on downstream
      through the discharge manifold 57.
PAR  As shown in FIG. 1, the purge manifold 56 includes a fluid valve 62,
      connecting a secondary solvent line 63 to the manifold, and a solenoid
      valve 64 connecting a secondary air line 65 to the purge manifold, through
      a check valve 66. Thus, after completion of a color change cycle at both
      of the reciprocator stations 10, 11, the reciprocators can be isolated
      from the secondary purge system by closing off the trap valve 54, and a
      secondary purge operation may be carried out by sequentially opening the
      solvent valve 62, followed by the air valve 64. The residual materials in
      the purge outlet line 55, leading all the way back to the paint mix room,
      thus can be purged independently of the reciprocators 10, 11, and even
      after those reciprocators have been returned to production operations,
      coating the new color paint.
PAR  Even with the secondary purge system, it is important to isolate the new
      color paint from the purge outlet line 55, in order to be able to
      segregate and re-use the residual materials in the purge outlet line. To
      this end, it is necessary to block off the incoming flow of new paint
      before it reaches the downstream trap valve 54. This is accomplished, in
      accordance with the invention, by providing the elongated inventory lines
      53, connected between the pairs of trap valves 52, 54. As the color change
      cycle for a reciprocator nears completion, an appropriate timing device,
      after allowing for the advancing new color paint to enter the inventory
      line, terminates the color change cycle. This operation includes closure
      of the trap valves 52, 54.
PAR  As will be readily appreciated, of course, termination of the color change
      cycle could be accomplished by manual means, if desired. The significant
      consideration is that the advancing "front" of the new paint be reliably
      isolated and trapped between the valves 52, 54. In this respect, the
      provision of the upstream valve 52 is regarded as having significance in
      providing a solid column of paint between the valve and the spray
      discharge devices 12. Particularly, where an air purge spray is utilized,
      there will be a quantity of air under pressure trapped between the "front"
      of the new paint and the closed isolating valve 54. This creates a danger
      that some of this air will, during the course of paint spray operations,
      migrate to the spray discharge devices, causing sputtering at the
      discharge and resulting in defective production. By providing the upstream
      isolating valve 52, which will close with a solid column of paint upstream
      from it, migration of air to the discharge devices is precluded.
PAR  Referring now to FIGS. 2 and 3, there is shown, in a highly simplified
      representation, a circuit arrangement for effecting a color change cycle
      in accordance with principles heretofore outlined. A manual or other
      switch 70 is closed to energize, through normally closed contacts CR260a
      of a relay CR260, a timing motor TM1, and this commences the color change
      cycle for the first reciprocator 10. The timing motor is a one revolution
      device which actuates a number of timing switches in sequence, to carry
      out the desired color change functions.
PAR  Immediately upon energizing of the timing motor TM1, a switch TS1a is
      closed. This switch is in parallel with the switch 70 and contacts CR260a,
      and serves to keep the timing motor energized throughout a single cycle of
      operation.
PAR  Early in the color change cycle, timing switch TS1b closes, energizing a
      relay CR105. Among other things, contacts CR105a (FIG. 3) are closed,
      completing a circuit through a closed contact of cycling step switch 71,
      energizing one of a selected plurality of solenoid valves 58a-61a
      controlling air-operated discharge control valves 58-61 associated with
      the discharge manifold 57. In this respect, any of the fluid valves
      located in the painting area are generally precluded by regulation from
      being electrically operated, so solenoid-operated pilot valves are
      remotely located and function to control air under pressure for opening
      and closing the fluid valves themselves. See U.S. Pat. No. 3,572,366 for
      example of such valves.
PAR  In the illustrated arrangement, the switch 71a is closed, such that the
      discharge valve 58 will be energized and opened upon closing of contacts
      CR105a. The switch 71 may be a conventional step switch, which is advanced
      sequentially with each color change cycle, so that the contacts 71a-71d
      are closed one at a time and in sequence. Thus, with successive color
      change cycles, the purged materials are discharged into separate
      collection receptacles 58b-61b.
PAR  When the last of the series of the discharge valves has been energized, a
      latch relay LR1 is energized through the contact 71d and the normally
      closed latch relay contact LR1a. This results in the energizing of a horn
      or other signal 72, through normally open contacts LR1b, assuring that the
      operator is aware of the fact that the last of the series of receptacles
      has been utilized. The signal will continue to be energized until manually
      reset, through a manual switch 73, a set of normally closed contacts
      CR260b and now-closed contacts LR1c of the latch relay. Thus, after power
      has been removed from step switch contact 71d, the latch relay 71 may be
      reset by momentary closing of the manual switch 73, to reset the alarm.
PAR  In addition to opening the selected discharge valve, the relay CR105
      functions through now-closed contacts CR105b and CR105c to energize
      solenoid valves 52a, 54a, to open the trap valves 52, 54 for the first
      reciprocator, and also to energize the pressure override valve 26. Thus,
      fluids are now directed to the reciprocator and into the purging system at
      a desirably higher pressure than the typical operating pressure at the
      spray devices. In this respect, whereas typical operating pressures for
      the paint may be in the neighborhood of 5- 7 psi, the increased pressure
      for purging may be in the neighborhood of 15-20 psi or greater, enabling a
      more rapid fluid flow through the system during the purging and color
      change cycle. In addition, as is described more fully in the
      aforementioned Wiggins U.S. Pat. No. 3,348,774, the discharge valves of
      the spray devices 12 advantageously are closed (by appropriate control
      means, not shown) throughout most of the color change cycle to prevent
      unnecessary discharge into the spray booth area. However, it may be
      appropriate to provide in the color change cycle for a momentary opening
      of the discharge devices during the solvent purge cycle. At this time, the
      small residual amount (1-2 cc) of paint in the extreme forward end of each
      discharge device is sprayed out into the booth, followed immediately by
      solvent itself, which cleanses the spray nozzles.
PAR  After opening of the purge system and energizing the pressure override,
      timing contacts TS1c and TS1d close and open in sequence, to energize
      first the solenoid-operated pilot valve 44a for the solvent valve 44 and
      then the air valve 46. The timing of the switches TS1c and TS1d is such
      that an adequate volume of solvent is introduced into the supply conduit
      17 to properly clean the system including the fluid regulators 14 and
      spray discharge devices 12. Thereafter, the solvent valve 44 is closed and
      air is introduced into the system through opening of the valve 46, to push
      the solvent on into the system and toward the discharge receptacles.
PAR  As will be understood, an air purge is not necessary as a theoretical
      matter, but is highly desirable, where the supply line 17, leading from
      the paint mix room to the reciprocator station 10 or 11, is of substantial
      length. In such cases, savings may be realized by introducing no more
      solvent than is necessary to effect clean out, and following this up with
      an air purge to drive the solvent throughout the system in the desired
      manner.
PAR  In the system of the invention, the primary color change cycle for the
      first reciprocator station 10 continues until adequate amounts of solvent
      and air have been introduced, after which the selected new paint is
      introduced, as by closing of contacts TS1e associated with a paint color
      selection circuit (not shown). The incoming new paint purges ahead of it
      the previously introduced solvent and air.
PAR  In the illustrated circuit the relay CR105 is kept energized throughout the
      cycle by now-closed contacts LR2a of a latch relay LR2. The latch relay
      LR2 is initially energized through normally closed contacts LR2b, in
      series with timing switch TS1b. When the new paint has entered, but not
      fully traversed, the inventory line 53 of the first reciprocator, timing
      contacts TS1f momentarily close to release the latch relay LR2,
      deenergizing the relay CR105 and closing the trap valves 52, 54 for the
      reciprocator station 10.
PAR  In the illustrated arrangement, with two reciprocator banks arranged in
      tandem for sequential operation, a further set of timing contacts, TS1g
      closes momentarily at the completion of the primary purge cycle for the
      first reciprocator, to start a second timing motor TM2 initiating a color
      change cycle for the second reciprocator bank 11. After momentary closure
      of TS1g, timing switch contact TS2a closes, keeping the timing motor TM2
      energized throughout a single type of operation.
PAR  With the color change cycle for the second reciprocator station now under
      way, closing of the timing switch TS2b has already energized relay CR205,
      maintaining the discharge valve 58 energized through now-closed contacts
      CR205a. Additional contacts CR205b have also now closed to energize pilot
      solenoids 52a, 54a and open the trap valves 52, 54 for the second
      reciprocator bank 11. Contacts CR205c also have closed to energize the
      pressure override valve 26 for the second reciprocator.
PAR  As in the first described color change cycle, timing switch contacts TS2c
      and TS2d close in sequence to effect operation of the solvent and air
      valves 44, 46, for the second reciprocator, and bring about a purging of
      the existing paint therefrom. In due course, contacts TS2e close, causing
      the new paint to be introduced into the system, by the separate color
      selection control means, not shown. Although, timing switch TS2b is now
      open, relay CR205 remains energized through closed contacts LR3a of latch
      relay LR3, the latter having been initially actuated and latched upon
      closure of timing switch TS2b, through normally closed contacts LR3b.
      CR205 thus remains energized, keeping the second reciprocator trap valves
      52, 54 open. However, when new "front" of paint enters the inventory line
      53 for the second reciprocator, the timer motor momentarily closes switch
      TS2f to release the latch relay LR3, and thereby deenergize the control
      relay CR205. This closes the second set of trap valves 52, 54, so that the
      second reciprocator stage may now be returned to active production.
PAR  Referring now to FIG. 3, deenergizing of the control relay CR205, at the
      conclusion of the primary purge cycle for the second reciprocator, closes
      a set of contacts CR205d and, a moment later, opens a set of normally
      open, time-delay-open contacts CR205e. This momentarily completes an
      energizing circuit for a third timing motor TM3, initiating a timing cycle
      of that motor for controlling the secondary purge cycle. A timing switch
      TS3a is closed immediately by the timing motor TM3 and maintains the
      energizing circuit for the complete cycle. At the same time, a control
      relay CR260 is energized. Among other things, this opens contacts CR260a
      (FIG. 2) to preclude energization of the first timing motor TM1, so that a
      color change cycle of the reciprocators 10, 11 cannot be initiated during
      the secondary purge cycle.
PAR  As the timing motor TM3 cycles, a solenoid valve 62a is energized, opening
      the solvent valve 62 for the secondary purge system and admitting solvent
      into the purge manifold 56 and purge outlet line 55. After an appropriate
      interval, the contacts TS3b are opened and a further set of contacts TS3e
      are closed, energizing a solenoid air valve 64. This admits air into the
      purge manifold and purge outlet line, to drive out the solvent. It may be
      noted in this respect that air valves may conveniently be located remotely
      of the reciprocator area and generally do not have to be air operated.
PAR  At the end of the secondary purge cycle, the holding contacts TS3a open,
      deenergizing the timing motor TM3 and the control relay CR260. After a
      predetermined time delay, calculated to permit the air pressure within the
      purge outlet line 55 to be reduced to ambient levels, time-delay-off
      contacts CR260a and CR260b to open, closing the then-open dump valve 58
      and deenergizing the step switch solenoid valve 71e to shift the step
      switch 71 to the next dump valve 59 in sequence.
PAR  As will be appreciated, the secondary purge operation may be taking place
      after the reciprocator stations 10, 11 have returned to normal production.
      Perhaps more importantly, the flow of purged materials during the
      secondary purge cycle, is limited to the area from the purge manifold 56
      to the discharge vessels, and is not required to be circulated out from
      the paint mix room, through the reciprocator stage and then back to the
      paint mix room. The advantageous arrangement of this invention, thus
      enables substantial savings to be realized in both time and materials.
PAR  After a series of color change cycles (four in the illustrated arrangement
      FIG. 3), it is necessary that the collection vessels 58b-61b be emptied.
      To be sure that this is carried out and to avoid intermixing paints of
      different color, a latch relay LR1 is connected through its normally
      closed contacts LR1a, in parallel with the actuating solenoid valve 61a
      for the dump valve 61. Thus, when the step switch contacts 71d are closed,
      and the solenoid valve 61a is actuated, the latch relay LR1 is momentarily
      energized and latched. Contacts LR1b are thereupon locked closed. When
      relay CR260 is later deenergized, at the end of the secondary purge cycle,
      contacts CR260b close, energizing a horn 72 or other alarm. This will
      remain activated until the operator at the paint mix room momentarily
      closes a reset switch 73 to release the latch relay.
PAR  Referring now to FIGS. 4 and 5, there is shown a system according to the
      invention, which includes somewhat more elaborate circuit arrangements for
      directing the purged materials back into the individual mixing vessels
      associated original containers of coating material, or possibly directly
      back to the supply vessel itself. To this end, the system of FIGS. 4 and
      5, has a series of four paint return valves 80, 81, 82, 83, which are
      mounted on an in-line common cavity manifold block 84. It is contemplated,
      that there will be as many paint return valves as there are paint
      selection valves in the system. Thus, although only four valves are shown,
      for the sake of simplicity, a typical commercial system may utilize a
      rather large number, depending upon the number of coating materials and
      colors utilized regularly in production.
PAR  As reflected in FIG. 5, the purge discharge line 55 is connected to one end
      of the common cavity manifold 84, upstream of all of the paint return
      valves 80-83. In addition, waste dump valve 85 is connected to the
      opposite end of the manifold downstream of all of the paint return valves.
      The waste dump valve discharges through a waste line 86 into a waste
      discharge vessel 87.
PAR  In conjunction with the system of FIGS. 4 and 5, there is conventionally
      provided a paint selection circuit, (not shown, and forming no part of the
      present invention), which includes a series of latch relays, one for each
      color of the selection system. These color selection latch relays are
      actuatable one at a time and, in the illustrated circuit, will bring about
      the closing of one of a plurality of sets of latch relay contacts
      LR201a-LR204a. The selected contacts will, of course, have been closed at
      the commencement of the paint cycle, as part of the original color
      selection operations, and, as will appear hereinafter, will have actuated
      a selected latch relay LR10-LR40 which remains latched until near the end
      of the secondary purge cycle.
PAR  Assuming that the latch relay LR20 is in the latched condition at the
      commencement of a primary purge cycle, then the energizing of relay CR105
      (FIG. 2) to commence color change for the reciprocator stage 10, will
      close contacts CR105a and energize, through contacts LR20a, a solenoid
      pilot valve 81a associated with the paint return valve 81. Thus, at the
      initiation of color change, the return valve 81 is opened, connecting the
      purge system with the paint vessel used to supply paint during the just
      completed painting cycle. The sequence of events involved in the color
      change cycle for the reciprocator stage 10, is the same as previously
      described in connection with the system of FIG. 3, bearing in mind that
      the purged materials in this instance are being returned to a separate
      pre-mix vessel associated with the original vessel, rather than one of a
      limited number of separate collection vessels.
PAR  Likewise, when the timing motor TM1 times out the primary color change
      cycle for reciprocator stage 10, it energizes the second timing motor TM2
      and commences the primary purge cycle for the second reciprocator stage
      11, substantially, as previously described, again bearing in mind that the
      purged materials are being returned to a pre-mix vessel associated with
      the original vessel.
PAR  At the end of a primary purge cycle for the second reciprocator 11, the
      relay CR205 is deenergized, and the secondary purge cycle is commenced by
      energizing of a timing motor TM4. This is accomplished by a series
      connected set of normally closed time-delay-open contacts CR205d and
      normally open contacts CR205e. Once started, the timing motor TM4 is kept
      energized for one cycle of operation by closing of its own timing switch
      TS4a.
PAR  Immediately after commencement of the timing cycle, timing switch TS4b is
      actuated to complete a circuit through solenoid valve 62a, controlling the
      solvent valve 62. Simultaneously, a latch relay LR4 is momentarily
      actuated, through normally closed contacts LR4b, and latched. This closes
      contacts LR4a, maintaining the energizing circuit for the selected
      solenoid pilot valve 81a controlling the paint return valve 81.
PAR  After an appropriate period of solvent flush, the timing switch TS4b opens
      the circuit to solenoid valve 62a and a timing switch TS4c closes the
      circuit to solenoid valve 64 controlling the purging air. This
      simultaneously completes the energizing circuit to a control relay CR5.
      After a predetermined time delay period, time-delay-on contacts CR5a
      close, energizing a solenoid valve 85a controlling the waste dump valve
      85, and opening the purge system to the waste receptacles 87 through the
      waste line 86. The timed closing of contacts CR5a is such that most of the
      solvent will have been advanced through the open return valve 81. Upon the
      subsequent opening of the valve 85, only a small quantity of solvent is
      discharged to waste, and the purging air is exhausted to atmosphere. In
      this respect, it is sometimes preferable to avoid directing of the purging
      air back into the original paint vessel, or associated pre-mix vessel,
      particularly if the coating material is sensitive to foaming. In such
      cases, it may even be desirable to eliminate the air purge step from the
      primary purge cycle or, alternatively, to provide for the timed discharge
      to atmosphere of air during the primary purge cycle, as well as during the
      secondary purge cycle. In this respect, an air purge operation generally
      is required in situations where water-based and solvent-based paints are
      being used interchangeably in the painting system. The air is desirable,
      in such cases, to separate the immiscible materials.
PAR  Continued cycling of the timing motor TM4 causes a further timing switch
      TS4d to close, energizing a reset circuit connected through conductor 88
      to each of the latch relays LR10-LR40 through normally open contacts
      LR10c-LR40c. At this time, whichever latch relay is in the latched
      condition, will be released in preparation for selection of a new color of
      paint to be introduced in the next subsequent color change cycle.
PAR  Immediately prior to the closing of timing switch TS4d, the timing switch
      TS4c is actuated to open the circuit to solenoid valve 64 and control
      relay CR5. Switch TS4c at this time also completes a circuit to the latch
      relay LR4, releasing that relay from its latched condition and thus
      opening contacts LR4a and deenergizing the selected solenoid valve 81a to
      close the paint return valve 81. With relay CR5 now deenergized, solenoid
      valve 85a is deenergized. To advantage, this valve is a three-way valve
      connecting the waste dump valve 85 to a source of actuating air 89, when
      energized, and through a restriction R to a discharge line 90, when
      deenergized. The restriction R delays the closing of the waste dump valve
      85, to be certain that the purge outlet line 55 is at ambient pressure
      before the valve closes.
PAR  At some point, usually prior to commencement of the color change cycle, and
      in any event prior to termination of a color change cycle, a new paint
      color is selected by means of a color selector system (not shown). Upon
      this occasion, a selected set of latch relay contacts will have been
      closed. In the example, the just purged paint corresponded to latch relay
      LR20, which had been energized at the end of the previous cycle by closing
      of latch relay contacts 202a from the color selection system. At this
      stage of the cycle, a new color having been selected, a new set of
      contacts (e.g. LR204a) will have been closed. Thus, as the end of the
      secondary purge cycle approaches, timing contacts TS4e are momentarily
      closed, energizing a selected latch relay, in this illustrated case, LR40.
      This relay remains in the latched condition until completion of the purge
      cycle, during which the just-selected color is directed properly to the
      appropriate supply vessel.
PAR  At the end of the cycle, contacts TS4a are again opened, deenergizing the
      timing motor TM4. The purged system thereafter remains inactive after
      commencement of a subsequent color change cycle and purge cycle.
PAR  The new color change system is particularly advantageous for use in
      installations utilizing a separate paint mix room or area which is located
      remote from the reciprocator stations. By providing for primary and
      secondary purging cycles, it is possible to complete the necessary color
      change operations for a reciprocator stage during a primary cycle and
      permit it to be returned to production while a secondary purge cycle is
      being carried out, to complete the full color change cycle. In this
      respect, the secondary purge cycle may, in accordance with the invention,
      be confined to that portion of the system downstream of the reciprocator
      station, leading back to the paint mix room, providing for savings in both
      reciprocator time and the use of cleaning materials.
PAR  A further significant advantage of the new color change system resides in
      the fact that a color change cycle may be carried out successively for a
      plurality of reciprocator stations, by performing a series of primary
      purging cycles, with a single secondary purging cycle being performed
      after completion of the primary cycle for the last reciprocator station.
      Thus, in a typical commercial spray painting line, in which parts of large
      sizes are conveyed through the spray area, presenting a variety of
      surfaces to be coated, it is frequently necessary to provide a succession
      of reciprocator stations, with successive stations coating different
      surfaces of the workpieces, which are indexed to a new orientation while
      traveling from one reciprocator to another. In such cases, when a color
      change is to be effected on the production line, it is carried out for all
      of the reciprocator stations. In the system of the invention, the primary
      purging cycle for the second reciprocator also serves to displace the
      clean out materials from the first reciprocator back to the desired
      collection vessel in the paint mix room and so on. After the primary purge
      cycle for the last reciprocator, a single secondary purge cycle cleans out
      the return line downstream of the reciprocators so that, at the time of
      the next subsequent color change, there will be no undesirable
      contamination of one color by another.
PAR  In a simplified form of the system of the invention, the purged materials
      from successive color change cycles are directed sequentially into a
      limited number of collection vessels, on an effectively segregated basis,
      so that the purged materials may be returned and mixed with the original
      paints for re-use. After all of the collection vessels have been utilized
      an alarm is sounded, to be certain that the operator at the paint mix room
      attends to emptying replacement of the collection vessels.
PAR  In a somewhat more elaborate system, the purge system, downstream of the
      reciprocators, has a multiple outlet, common cavity manifold, with
      separately controllable valves for each color of coating material
      furnished in the color selection system. When a designated color of paint
      is originally selected, to be introduced into a color change cycle, the
      system also selects a corresponding discharge valve of the purge manifold.
      Subsequently, when that designated color is purged from the system, it is
      purged through the selected discharge valve and returned, either directly
      to the original paint supply container or (more likely) to a separate,
      associated pre-mix vessel. In this form of the invention, the purge
      manifold includes, in addition to the individual color discharge valves, a
      waste discharge valve located downstream of the paint discharge valves and
      which is selectively opened shortly before the end of the secondary purge
      cycle, permitting a quantity of solvent, as well as residual air to be
      discharged to waste. This assures that the purge manifold is properly
      cleaned for the next cycle, and also prevents or minimizes the discharge
      of air back to the original supply vessel.
PAR  An important feature of the invention resides in the provision of trap
      valve means, located downstream of the reciprocator stage and straddling
      an elongated inventory line. This feature permits reliable segregation of
      one paint color from another during color change cycles, so that the
      flushed-out materials may be collected and saved for re-use. While in the
      illustrated examples given herein, the system of the invention has been
      utilized in conjunction with a paint mix room or area located remotely
      from the reciprocators, such a feature is not necessarily required in
      conjuntion with this last-stated feature of the invention. Even in a
      highly simplified system, where the paint supply and return vessels are
      located immediately adjacent to the reciprocator apparatus, the provision
      of the inventory line straddled by trap valves serves to provide the
      desired, reliable segregation of materials.
PAR  Typically, the actuation of the trap valves 52, 54 will be effected under
      the control of a timing mechanism. However, in certain simplified
      installations, it may be desirable to operate the trap valve manually. In
      such cases, the inventory line will be formed of a transparent or
      translucent tubing. The machine operator, standing by the machine during a
      color change cycle, is able to observe the entry into the transparent or
      translucent inventory line of the frontier of new color paint. As soon as
      the new paint is downstream of the first trap valve, the operator may
      manually close the two valves, such that the new frontier of new paint is
      trapped between them. In this respect, even in the automatic or timed
      system, it may be desirable to form the inventory line of transparent or
      translucent material to aid in initial setting of the timing switches and
      to enable the automatic operation of the equipment to be monitored by the
      operator.
PAR  It should be understood, of course, that the specific forms of the
      invention herein illustrated and described are intended to be
      representative only, as certain changes may be made therein without
      departing from the clear teachings of the disclosure. Accordingly,
      reference should be made to the following appended claims in determining
      the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of performing a color change cycle for a paint spray
      installation of the type including a paint supply means, a paint spray
      station and discharge conduit means for receiving the fluids discharged
      during a color change operation, which comprises
PA1  a. communicating with the paint spray station by separate supply and purge
      conduit means,
PA1  b. initially supplying coating material of a selected color to said spray
      station through said supply conduit,
PA1  c. during a color change cycle, initially supplying cleaning fluids to the
      paint spray station through the supply conduit, and subsequently supplying
      coating material of a new color through said supply conduit,
PA1  d. the initially supplied cleaning fluids displacing coating material of
      the first color in advance thereof through said supply conduit and into
      said discharge conduit,
PA1  e. displacing said cleaning fluids through said supply conduit and into
      said discharge conduit by a coating material of a new color,
PA1  f. continuing the last mentioned displacement until the coating material of
      said new color flows into said discharge conduit,
PA1  g. determining the presence of the front of the new color of coating
      material in said discharge conduit, and
PA1  h. thereafter blocking said discharge conduit at locations upstream and
      downstream of the front of the new coating material.
NUM  2.
PAR  2. The method of claim 1, further characterized by
PA1  a. the presence of the front of new color coating material is determined by
      timing.
NUM  3.
PAR  3. The method of claim 1, further characterized by
PA1  a. fluids in said discharge conduit being caused to flow through an
      elongated visible passage in the vicinity of said paint spray station, and
PA1  b. the presence of the new coating material in said discharge conduit is
      determined by visually observing the presence of said material in said
      visible passage.
NUM  4.
PAR  4. A method of performing a color change cycle for a paint spray
      installation of the type having a plurality of paint spray stations, a
      paint mix area located remotely of the paint spray station, separate
      supply lines leading from said paint mix area to each of said paint spray
      stations, and a common purge line leading from said plurality of stations
      back to said paint mix area, which comprises
PA1  a. initiating a primary color change cycle for a first paint spray station,
      including the sequential introduction into the separate supply line for
      said station of cleaning fluid and coating material of a new color,
PA1  b. flowing purged fluids including the old color for said first station and
      the cleaning fluid introduced therein out through said common purge line,
PA1  c. terminating the primary color change cycle for said first paint spray
      station after the new color coating material has flowed downstream to a
      point of said first paint spray station, but prior to said new color
      coating material reaching said common purge line,
PA1  d. said terminating step being carried out by isolating said first paint
      spray station from said common purge line while continuing to flow said
      new color to said first station and initiating a subsequent primary color
      change cycle for another paint spray station,
PA1  e. terminating the subsequent color change cycle and isolating said another
      paint spray station from said common purge line after the new color
      coating material has flowed downstream of said another paint spray
      station, but before it reaches said common purge line, and
PA1  f. after terminating the primary color change cycle for the last paint
      spray station, introducing cleaning fluid into said common purge line
      while maintaining all of said paint spray stations isolated therefrom.
NUM  5.
PAR  5. The method of claim 4, further characterized by
PA1  a. the step of introducing cleaning fluid into said common purge line,
      while maintaining said paint spray stations isolated therefrom and being
      continued for a sufficient period to purge from said line all coating
      material of the initial color.
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PAL  A rotational speed responsive type fluid pressure signal control valve
      comprises a plurality of fly weights rotated by a drive shaft, a sleeve
      operated by the fly weights, fluid passages provided in the valve and
      valve bodies actuated by the sleeve so as to open and close the fluid
      passages, thereby getting a fluid pressure signal from the fluid passages.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a rotational speed responsive type fluid pressure
      signal control valve which provides a fluid pressure signal in response to
      the rotational speed. In a conventional fluid pressure control device, the
      rotational speed is converted into an electric signal, which controls an
      electromagnetic valve to open and close a fluid passage. Therefore such a
      device necessitates an electrical signal generator, electrical controller
      and electromagnetic valve to cause increment of cost and parts.
PAC  SUMMARY OF THE INVENTION
PAR  With a view to overcome the problem described above, it is a primary object
      of the present invention to provide a rotational speed responsive type
      fluid pressure signal control valve of a signal unit, which achieves
      complete fluid pressure signal switching function without causing
      increment of manufacturing cost. It is another object of the present
      invention to provide a rotational speed responsive type fluid pressure
      signal control valve of a single unit which is installed on a speedometer
      cable between a transmission of an engine and a speedometer of a vehicle
      and used to control pressure responsive devices, e.g., an ignition timing
      control device for reducing harmful exhaust gases emitted from the engine.
PAR  The above and other objects, features and advantages of the present
      invention will be apparent from the following detailed description of
      preferred embodiments taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a cross sectional view of the first embodiment of the present
      invention.
PAR  FIG. 2 shows a cross sectional view of the second embodiment of the present
      invention.
PAR  FIG. 3 shows a cross sectional view of a dished spring valve used in the
      present invention.
PAR  FIG. 4 shows an elevational view of the dished spring valve shown in FIG.
      3.
PAR  FIG. 5 shows a Load-Deflection characteristic graph of the dished spring
      valve shown in FIG. 4.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 showing the first embodiment, numeral 1 designates a
      drive shaft installed in a housing 17. The upper end of the drive shaft 1
      is connected with a speedometer 20 of a vehicle and the lower end thereof
      is connected with a transmission 21 connected with an engine 19. Numeral 2
      designates a couple of fly weights which are pivotally supported by a
      support member 1a fixed on the drive shaft 1 and have arms 2a extending to
      the drive shaft 1 respectively. Numeral 3 designates a sleeve slidably
      fitted on the drive shaft 1 to enable reciprocal movement therealong. The
      lower end of the sleeve 3 engages with the arms 2a of the fly weights 2.
      Numerals 5 and 5a designate push rods fixed to a flange member 4 which is
      rotatably secured to the upper portion of the sleeve 3. Numerals 12 and
      12a designate first pipes fixed to the housing 17 and connected with an
      intake pipe 22 of the engine 19 to lead vacuum pressure produced in the
      intake pipe 22 into the housing 17. Numerals 15 and 15a designate second
      pipes fixed to the housing 17 and connected with pressure responsive
      actuators 14 and 14a which actuate such divices as ignition timing control
      device and air switching device for reducing harmful exhaust gases of the
      engine 19. Numerals 7 and 7a designate first valve bodies installed in
      valve chambers 18 and 18a formed in the housing 17 to connect the first
      pipes 12 and 12a with the second pipes 15 and 15a.  The first valve bodies
      7 and 7a have sealing members 6 and 6a at the lower ends thereof
      respectively and are biassed by coil springs 8 and 8a so as to seat the
      sealing members 6 and 6a on the first valve seats 9 and 9a provided in the
      housing 17. Further the lower end surfaces of the first valve bodies 7 and
      7a face to the top ends of said push rods 5 and 5a respectively. Numerals
      11 and 11a designate second valve bodies installed partially in the first
      balve bodies 7 and 7a. . The second valve bodies 11 and 11a which are
      biassed by respective coil springs 10 and 10a of the first valve bodies 7
      and 7a and restricted by respective stoppers 16 and 16a have sealing
      members 26 and 26a,  at the respective upper ends, which face to second
      valve seats 13 and 13a formed at the ends of the first pipes 12 and 12a.
PAR  The operation of the pressure signal control valve described above is as
      follows. On starting the engine 19 to drive the vehicle, the drive shaft 1
      begins to rotate and the speedometer 20 begins to operate simultaneously.
      The vacuum pressure produced in the intake pipe 22 is led through the
      first pipes 12 and 12a,  the valve chambers 18 and 18a and the second
      pipes 15 and 15a,  to the actuators 14 and 14a to apply vacuum pressure
      signal to the pressure responsive actuators 14 and 14a,  thereby operating
      some devices, such as ignition timing control device and air switching
      device, since the first valve bodies 7 and 7a are biassed by the springs 8
      and 8a to seat the sealing members 6 and 6a on the first valve seats 9 and
      9a, and unseat the sealing members 26 and 26a of the second valve bodies
      11 and 11a from the second valve seats 13 and 13a, and further the first
      valve bodies 7 and 7a are inserted in the valve chambers 18 and 18a to
      remain enough gap to lead vacuum pressure signal therethrough. On this
      situation, the fly weights 2 rotate also according to the rotation of the
      drive shaft 1 as a matter of course. Then, when the vehicle speed, that is
      the rotational speed of the drive shaft 1 reaches a predetermined value,
      the fly weights 2 strech outwardly and the arms 2a push the sleeve 3
      upwards, therefore the rod 5 pushes the first valve body 7 upwards to
      unseat the sealing member 6 from the first valve seat 9 and to seat the
      sealing member 26 on the second valve seat 13, so that the vacuum pressure
      signal is cut off at the first pipe 12 and the atmospheric pressure is
      applied to the actuator 14 through the second pipe 15 and the opening 17a
      to change the operation of the device. And then, when the rotational speed
      reaches another predetermined value, the push rod 5a pushes the first
      valve body 7a upwards to get similar operation as the above. Needless to
      say, when the rotational speed goes down, the reverse operation arises.
PAR  Next, referring to FIGS. 2, 3 and 4 showing the second embodiment which
      differs from the first embodiment only in respect of the second valve
      bodies, therefore only about the second valve bodies, explanatory
      description will be made hereinafter. Numerals 23 and 23a designate dished
      spring valves installed in the valve chambers 18 and 18a, which are made
      of phosphor bronze and have sealing members 24 and 24a respectively at the
      center portions thereof. The outer edges of the valves 23 and 23a are
      pivotally secured to the housing 1. These dished spring valves 23 and 23a
      have such a characteristic that when the load which is to be applied to
      the valve 23 and 23a increases according to the increase of the rotational
      speed, the deflection of the valves varies as shown by a solid line in
      FIG. 5, and that when the load decreases, the deflection varies as shown
      by a broken line in FIG. 5. Numerals 25 and 25a designate leading
      apertures provided in the dished spring valves 23 and 23a for leading
      vacuum pressure therethrough.
PAR  The operation of the pressure signal control valve of the second embodiment
      is as follows. When the rotational speed of the drive shaft 1 reaches at
      the predetermined value, the rod 5 pushes the first valve body 7 upwards
      to unseat the sealing member 6 from the first valve seat 9 and then the
      second valve body 11 pushes the center portion of the dished spring valve
      23 upwards to seat the sealing member 24 on the second valve seat 13.
      Therefore the vacuum pressure signal is cut off at the first pipe 12 and
      the atmospheric pressure is applied to the actuator 14 through the second
      pipe 15 and the opening 17a to change the operation of the device. When
      the sealing member 24 of the dished spring valve 23 seats on the second
      valve seat 13, the dished spring valve 23 deforms to cause quick valve
      action. Therefore the vacuum pressure signal is cut off sharply at the
      first pipe 12. This action is easily understood from FIG. 5; that is, when
      the load reaches P.sub.1, the deflection turns suddenly from .delta..sub.1
      to .delta..sub.2, because the load is smaller than P.sub.1 in this
      intermediate part, thereby to get quick valve action. In this condition,
      the inner edge of the valve must be positioned beneath the outer edge in
      FIG. 3. Because if the inner edge is positioned above the outer edge, the
      valve 23 deforms to be a reverse dish, which is not able to return to the
      initial state. And then, the rotational speed reaches at another
      predetermined value, the push rod 5a pushes the first valve body 7a
      upwards to get similar operation as the above. Further, when the
      rotational speed goes down, the reverse operation arises. Then, since the
      force to seat the sealing member 24 or 24a on the second valve seat 13 or
      13a differs from the force to unseat the sealing member 24 or 24a from the
      second valve seat 13 or 13a, the hysteresis of valve operation can be
      obtained to result in stable operation of the valve. It is easily
      understood from FIG. 5 that when the distance between the sealing member
      24 or 24a and the second valve seat 13 or 13a is chosen equal to
      .delta..sub.3, the load to get the deflection .delta..sub.3, when
      increasing, necessiates value P.sub.1, while the load to get the same
      deflection .delta..sub.3, when decreasing, corresponds to the value
      P.sub.2. Therefore, the difference of the load between P.sub.1 and P.sub.2
      produces the hysteresis of valve operation.
PAR  Furthermore, although the speedometer cable is used in the above two
      embodiments, other rotating parts of the vehicle are available to operate
      the pressure signal control valve of the present invention. And although
      the vacuum pressure is led to the first pipes 12 and 12a, and the
      actuators 14 and 14a are connected with the second pipes 15 and 15a, the
      reverse combination is also available for the similar operation as the
      above. Further, using liquid instead of gas enables also similar operation
      as the above.
CLMS
STM  What we claim is;
NUM  1.
PAR  1. A rotational speed responsive type fluid pressure signal control valve
      comprising, a drive shaft for transmitting rotating force, fly weights
      connected with said drive shaft, means combined with said fly weights for
      reciprocating according to the rotation of said fly weights including a
      push rod member for operating a valve body means, fluid passage means
      connected to a vacuum pressure source, actuators and atmospheric area, and
      valve body means associated with said fluid passage means for operation by
      said push rod member and said reciprocating means for opening and closing
      said fluid passage means according to the operation of said reciprocating
      means to provide a fluid pressure signal including a first valve body
      member associated with said push rod member to connect said actuators with
      said atmospheric area and a second valve body member comprising a dished
      spring valve thereby providing hysteresis of valve operation and for
      cutting off connection between said vacuum pressure source and said
      actuators.
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ABST
PAL  A dual piezoelectric fluid jet transfer valve having two opposing
      piezoelectric tubes that can carry fluid. One end of each tube is clamped
      to provide cantilever action. The free ends of the tubes are in alignment
      when they are unenergized or when both are energized to the same magnitude
      and polarity. Then flow occurs across the gap at the free ends. The free
      ends of the tubes will be out of alignment when one tube is energized and
      the other not, or when both are energized to different magnitudes and/or
      polarity. Then flow will be discontinued across the gap at the free ends.
      By using two opposing and separate tubes, it is possible to use a single
      or dependent sources of energization. Easier opening therefore will
      result, since less deflection is required of each tube to attain
      misalignment. Further, two independent sources of energization may be
      used, which can provide outputs of various polarities and magnitudes, to
      attain a "balanced bridge" effect. That is, only when there is no
      unbalance of magnitude or polarity of the sources of energization, will
      flow occur between the free ends.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to jet transfer valves often used in
      fluidic systems and more particularly to a dual piezoelectric fluid jet
      transfer valve for easy and independent control of fluid flow.
PAR  Tyically, fluid jet transfer valves of the prior art have been of the
      mechanical type having a jet tube with a nozzle which is adjacent to two
      closely spaced ports aligned to selectively receive a jet stream of fluid
      from the nozzle when the nozzle is slightly deflected to different
      positions. The jet may be diverted or deflected as by outside means such
      as an airstream, movable orifice, the jet tube may be bent, or the jet may
      be disrupted to change the "free-air" flow stream into one or the other of
      the spaced ports. Further some jet transfer valves are controlled by
      merely interrupting the jet stream. Two types of mechanically bent jet
      tubes are known to the inventor, one being an electromagnet or solenoid
      attached to the tube for moving it from one port to the other. The other
      is a piezoelectric bender tube that may be bimorphic that is two
      piezoelectric U-shaped bars may be cemented together to form a tube, or a
      unitary tube may be formed that is polarized radially so as to bend in a
      plane. In summary, each of the prior art devices shows only one movable
      jet transfer valve with one control means that can be moved to impinge
      upon either of two ports.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to the use of a fluid jet transfer valve
      having two opposing and coaxially aligned piezoelectric bender tubes to
      transfer fluid over a small gap. The tubes may be bimorphic, that is, each
      tube may consist of two piezoelectric channel-shaped pieces cemented
      together, or they may be unitary and polarized radially, so as to bend in
      a single plane. When the tubes are in substantial alignment, due to being
      unenergized or energized to the same magnitude and polarity, transfer flow
      occurs, and obviously the deflection must be limited. When the tubes are
      out of alignment, due to one tube being energized and the other not, or
      energized to the different magnitude and/or polarity, fluid transfer will
      not occur from one tube free end to the other and will be lost to the
      environment.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide a new and
      improved fluid jet transfer valve.
PAR  Another object of the instant invention is to provide a dual controlled
      fluid jet transfer valve.
PAR  A further object of the present invention is to provide a fluid jet
      transfer valve utilizing piezoelectric bender tubes.
PAR  A still another object of the invention is to provide a jet transfer valve
      having redundancy in case of failure of operation one control element.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention and many of the attendant
      advantages thereto will be readily appreciated as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a top plan view of the dual piezoelectric bender tube fluid jet
      transfer valve;
PAR  FIG. 2 is a side view in cross section showing the valve in an unenergized
      state for fluid transfer.
PAR  FIG. 3 is a side view showing the valve energized with each element bent
      equally for fluid transfer;
PAR  FIG. 4 is a side view showing the valve, energized with each element bent
      unequally or in different directions to interrupt fluid transfer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing wherein like reference numerals refer to like
      parts throughout the several views, there is shown generally in the
      figures a dual bender tube piezoelectric fluid jet transfer valve 10,
      having opposing piezoelectric bender tubes 12 and 14. These tubes are
      mounted or clamped to a base 16 made of an electrical insulator material.
      The securing method for each bending tube 12, 14 is by using clamping
      screws 18, holding down a clamping block 20 made of an insulating
      material. The screws 18 then pass along side top electrical connectors 22
      which are pressed against one side of the elements 12, 14. The screws then
      pass along side bottom electrical connectors 24 which are pressed against
      the other side of elements 12, 14. The screws are insulated from the
      connectors and tubes by mere spacing, and are thence threadably engaged in
      the base 16 to clamp down the whole assembly. Each of the tubes 12 and 14
      are therefore clamped at their fluid connection ends 26 for free,
      unobstructed cantilever bending movement at their free inside ends 27,
      forming transfer jet that do not interfer upon relative movement. Further,
      each side of each tube has a conductive plating 13, and 15, respectively
      and is adapted for electrical connection by the connectors 22 and 24.
PAR  Referring now particularly to FIG's 2-4, showing a side view of the jet
      transfer valve elements in different positions, the clamps 20 are extended
      inwardly, and threadably engaged therein are top adjusting set screws 28
      passing through to have there tip adjacent and capable of engaging the
      bender tubes 12, 14 to limit the upward bending thereof.
PAR  Coacting with the top adjusting screws 28, are bottom adjusting set screws
      30 threadably engaged in base 16 from the bottom and recessed in their
      threaded holes. These bottom adjusting screws limit the downward bending
      of the tubes 12, 14.
PAR  A power source 34 providing a controlled electrical charge is electrically
      connected by two output leads 36 to the conductive platings 13 and 15 of
      the piezoelectric bender element 12 through the top and bottom electrical
      connectors 22 and 24 clamped thereto. Similarly, a power source 38 also
      providing an electrical charge is electrically connected by output leads
      40 to the conductive platings 15 of the piezoelectric element 14 through
      its top and bottom electrical connectors 22 and 24.
PAR  In general, the operation of this dual piezoelectric fluid jet transfer
      valve is stated hereinafter. In this embodiment, each bender tube 12, 14
      is a piece of piezoelectric material which can be bimorphic with two
      piezoelectric channels cemented together or preferably they are fabricated
      from a hollow piece formed of piezoelectric ceramic, or the like, that is
      polarized radially so as to be capable of bending only in one plane; in
      this case, up and down. It is to be understood, and it is shown, that each
      bender tube 12, 14 is connected to a separate power source 34 and 36,
      therefore each may be bent independent of the other. Conductive coatings
      along the tube cause transferal of the charge.
PAR  Essentially there are two opposing and coaxially aligned fluid jets that
      can transfer fluid over a small gap at the free ends 27. When the bender
      tubes 12, 14 are not energized, or are energized through the electrical
      connectors 22 and 24 to the conductive coatings 13 and 15 to the same
      magnitude and polarity, the free ends 27 will be in substantial alignment,
      (FIG. 2 and FIG. 3) and fluid transfer will occur across the gap. When
      energized, deflection of the bender tubes 12, 14 is limited by the top and
      bottom adjusting screws 28 and 30, otherwise unlimited bending would
      discontinue flow. When one bender tube is energized and the other not, by
      the independent power sources, the free ends 27 of the tubes 12, 14 will
      be out of alignment (FIG. 4 for example) and fluid transfer will not occur
      across the gap and as shown, the fluid will be lost to the environment.
      Also when both tubes 12 and 14 are energized to a different magnitude
      and/or polarity, fluid transfer will not occur across the gap.
PAR  From the above described operation, the dual piezoelectric fluid jet
      transfer valve can be seen to have many applications, for example, it may
      be used in fluidic control circuits particularly where dual independent
      control is desired. Also, as can be readily seen, the bender tubes 12, 14
      must not be energized, or else energized to the same magnitude and
      polarity for fluid transfer to occur. In other words, it simulates the
      operation of an electrical "balanced-bridge," that is, the power sources
      must be balanced to obtain an "output" or fluid transfer from one fluid
      jet tube to the other. The energy required for each bender tube 12 or 14
      from its respective power source 34 and 36 also will be less than for a
      single bender tube, since if different polarities are used, each bender
      tube need only bend one-half its thickness or diameter to obtain
      discontinuity of flow across the gap.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. For example, the fluid
      transfer quantity could be varied by varying the adjustment of the
      adjusting screws or by varying the magnitude of the controlled electrical
      charge to the bender tubes. It is therefore to be understood that, within
      the scope of the appended claims, the invention may be practiced otherwise
      than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dual piezoelectric fluid jet transfer valve comprising:
PA1  a pair of piezoelectric bender tubes each mounted at one end for cantilever
      action and the free ends coaxially opposing each other;
PA1  means for mounting said tubes at their outer, ends; and,
PA1  means for applying controlled amounts of electrical charge independently to
      each of said bender tubes on selected faces to cause said free end to move
      in a plane;
PA1  whereby when the bender tubes are unenergized or energized to the same
      magnitude and polarity fluid transfer will occur, but when energized to a
      different magnitude and/or polarity, fluid transfer will not occur.
NUM  2.
PAR  2. The jet transfer valve of claim 1 wherein said means for applying
      electrical charge further comprises:
PA1  a conductive plating on opposite faces of said bender tubes insulated from
      each other;
PA1  electrical connectors in contact with said platings and clamped by said
      means for mounting;
PA1  electrical leads connected to said electrical connectors; and
PA1  a power source connected to said leads for providing said electrical charge
      independently to each of said bender tubes.
NUM  3.
PAR  3. The jet transfer valve of claim 2 wherein said means for mounting said
      tubes comprises:
PA1  a base of insulating material under said bender tubes;
PA1  a clamping block over said bender tubes; and
PA1  a plurality of threadable fasteners between said clamping block and said
      base for clamping said bender tubes therbetween.
NUM  4.
PAR  4. The jet transfer valve of claim 3 wherein said bender tubes comprise:
PA1  a pair of channel-shaped pieces of a piezoelectric material cemented
      together at their adjoining edges to form a tube.
NUM  5.
PAR  5. The jet transfer valve of claim 3 wherein said bender tubes comprise:
PA1  a unitary tube of piezoelectric material polarized radially so as to bend
      in a single plane.
NUM  6.
PAR  6. The jet transfer valve of claim 5 further comprising:
PA1  a pair of deflection limiting screws, one threadably engaged in said
      clamping block and one into said base for contacting and thereby limiting
      the deflection of each bender tube in both the up and down direction.
NUM  7.
PAR  7. The jet transfer valve of claim 6 wherein:
PA1  said free ends of said bender tubes are convex so as not to obstruct the
      relative movement therebetween when energized.
PATN
WKU  039398587
SRC  5
APN  5058937
APT  1
ART  341
APD  19740913
TTL  Assembly and method of obtaining a controlled gas mixture
ISD  19760224
NCL  8
ECL  1
EXA  Spiegel; H. Jay
EXP  Cline; William R.
NDR  1
NFG  1
INVT
NAM  LeMay; Dan B.
CTY  Palos Verdes Estates
STA  CA
ASSG
NAM  Tylan Corporation
CTY  Torrance
STA  CA
COD  02
CLAS
OCL  137 90
XCL   48195
EDF  2
ICL  G05D 1113
FSC  137
FSS  90
FSC  239
FSS  34
FSC  338
FSS  20
FSC   55
FSS  386
FSC   23
FSS  254 E;255 E
FSC   48
FSS  195
UREF
PNO  1767588
ISD  19300600
NAM  Hutton
OCL  137 90
UREF
PNO  2349521
ISD  19440500
NAM  Schmidt
OCL  137 90
UREF
PNO  2352584
ISD  19440600
NAM  Ziebolz et al.
OCL  137 90
UREF
PNO  3205465
ISD  19650900
NAM  Lambertson et al.
OCL  338 20
UREF
PNO  3412935
ISD  19681100
NAM  O'Keeffe
OCL  239 34
UREF
PNO  3634053
ISD  19720100
NAM  Klass et al.
OCL   48195
LREP
FRM  Nilsson, Robbins, Bissell, Dalgarn & Berliner
ABST
PAL  Apparatus and method for obtaining a controlled gas mixture of
      predetermined proportionality using a temperature dependent permeation
      tube or like source for the addition of a small amount of a constituent
      gas in a higher flow rate carrier gas. A thermistor having a negative
      coefficient of resistance is associated with the permeation source and
      electrically connected to a flow controller for the carrier gas to
      automatically regulate the flow rate of the carrier gas in accordance with
      temperature variation of the permeation source.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The fields of art to which the invention pertains include the fields of
      fluid handling and proportionating systems.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In the pollution monitoring industry it is often necessary to create blends
      of certain pollutants in carrier gases in known quantities for use as
      calibration mixtures for calibrating pollution monitors. Similarly, in the
      semiconductor industry it is often necessary to create blends of dopants
      at very dilute ratios in carrier gases for the doping of semiconductors in
      reactors. These very dilute blends, in parts per million or fractions of a
      part per million, are not sufficiently stable to be stored in compressed
      gas cylinders as pre-mixed blends; therefore, they must be created
      dynamically at the time of use. In one conventional method, a high ratio
      blend of the material is stored in a cylinder with a carrier gas. At the
      time of use this relatively concentrated blend is diluted with a much
      larger flow rate of carrier gas, using conventional means for measuring
      and controlling the flow rates of both the mixed gas and the added
      diluent. In another conventional method, a permeation tube or like source
      is used to store a small amount of the pure material. The permeation
      source emits this material at a consistent flow rate at a given
      temperature. The permeation source is contained in an oven to control the
      temperature, and the emission rate (typically a few hundred nanograms per
      minute) is measured by successive weighings. A carrier gas of known flow
      rate is passed over the permeation source, thereby delivering a known
      blend in the sub-ppm range. See, in this regard, O'Keeffe U.S. Pat. No.
      3,412,935.
PAR  The first method described above is somewhat cumbersome because of the
      large storage cylinders, and the need to control two flow rates to give
      the required dilution ratio. A further problem for precision work is the
      unreliability of the mixture stored in the pressure cylinder. The second
      method described above works well except for a requirement for very
      precise temperature control. The typical O'Keeffe permeation source is a
      tube having an emission rate which varies approximately 10 to 15 percent
      per degree centigrade. This permeation source must therefore be maintained
      in an oven with an extremely precise temperature control and requires from
      5 to 24 hours for stabilization after the oven is activated following a
      period of storage or transportation without oven control. In a newer
      version of a permeation source, devised by R. Chand, temperature
      dependence is reduced to about four percent per degree centigrade for
      liquid-phase devices and to about 1.0 percent per degree centigrade for
      gas-phase devices. Such improved devices, therefore, are less subject to
      temperature variations, but they still require at least modest temperature
      control when utilized in precision applications.
PAR  The present invention utilizes a permeation source, but overcomes the
      foregoing drawbacks by controlling the rate of delivery of the carrier gas
      without exercising control over the rate of emission from the permeation
      source. Carrier gas flow is automatically regulated by an electronic mass
      flow controller in accordance with temperature variations of the
      permeation source to compensate for temperature dependent changes and
      emission from the permeation source, thereby maintaining the desired
      proportionality of the blend. Accordingly, no temperature-controlled oven
      is needed and fixed, known, dilute gaseous blends are delivered upon
      command.
PAR  In a specific embodiment, automatic regulation of the mass flow controller
      is obtained by an electrical signal circuit including a thermistor closely
      associated with the permeation source. The thermistor has a negative
      temperature coefficient of resistance which is adjustable by a voltage
      divider to compensate for the positive temperature coefficient of emission
      of the permeation source.
PAR  Prior art, additional to the foregoing, includes U.S. Pat. Nos. 1,719,898
      and 3,702,619.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a generally diagrammatic showing of an electronic mass flow
      controller, a permeation source and electrical circuit therefor in
      accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  As required, details of an illustrative embodiment of the invention are
      disclosed. However, it is to be understood that these details merely
      exemplify the invention which may take forms different from the specific
      illustrative embodiment disclosed. Therefore, specific structural and
      functional details are not necessarily to be interpreted as limiting, but
      as a basis for the claims.
PAR  Referring to the FIGURE, a source 10 supplies carrier gas, e.g. purified
      air, to an electronic mass flow controller 12 which delivers the carrier
      gas at a precise predetermined flow rate to a conduit 14. Within the
      conduit 14, the stream of air passes over a permeation source 16
      containing permeand (gas to be diluted), during which process the carrier
      gas is impregnated with gaseous permeand escaping from the permeation tube
      16 to form a blend 18 of permeand and carrier gas of desired
      proportionality. The gaseous blend 18 is then available for use, for
      example, in calibrating air monitoring instruments.
PAR  In accordance with the present invention, the mass flow controller 12 is
      regulated by an electrical circuit 20 which includes as components a
      source 22 of D.C. current, one or more circuit resistors 24, a thermistor
      26, a potentiometer 28 in parallel with the thermistor 26, and a voltage
      divider (command signal) potentiometer 30 for adjusting the flow rate of
      the flow controller 12. The thermistor 26 has a negative coefficient of
      resistance and is closely physically associated with the permeation source
      assembly 16, e.g. by being taped to the permeation source 16, as indicated
      schematically at 32.
PAR  The permeation source 16 and the thermistor 26 both respond to changes in
      ambient temperature. With increases in temperature, the permeation source
      16 emits an increased amount of permeand and the thermistor 26 decreases
      in resistance, and vice-versa. Accordingly, as the temperature increases,
      current flow to the command signal potentiometer 30 increases, the command
      voltage to the mass flow controller 12 will increase, correspondingly
      increasing its flow rate to deliver an increased level of carrier gas to
      the permeator tube 16 which, with appropriate resistance values, serves to
      compensate for the increased flow of permeand, thereby maintaining the
      desired proportionality of the blend.
PAR  The potentiometer 28 is placed in parallel with the thermistor 26 so as to
      permit adjustment of the temperature coefficient of resistance of the
      thermistor-potentiometer combination to match that of the permeator source
      16. Of course, one would choose a thermistor 26 having a negative
      temperature coefficient of resistance which is close in magnitude to the
      positive temperature coefficient of emission of the permeation tube 16. If
      an exact match can be made, the potentiometer 28 can be omitted; however,
      it remains useful as a means of adjustment.
PAR  Initial setting of the mass flow controller 12 is obtained by means of the
      voltage divider potentiometer 30 as necessary to deliver carrier gas at
      the desired rate. Thereafter, the thermistor 26 automatically regulates
      the mass flow controller 12. Different settings of potentiometer 30 serve
      to command corresponding different settings of the output concentration at
      18.
PAR  Electronic mass flow controllers are well known commercial instruments as
      are permeation sources. For the mass flow controller 12, one can
      conveniently use a flow controller sold by Tylan Corporation, Torrance,
      California, under the trade designation FC-200. Such a controller will
      maintain a preset mass flow to within .+-.0.25 percent of setting at an
      operating pressure of 5-40 psid at 5.degree.-43.degree.C.
PAR  Permeation sources consist of fluorinated ethylenepropylene copolymer
      tubing or other permeable substances usually containing a liquefied
      substance in equilibrium with its gaseous phase. The permeation source is
      preferably one having a temperature coefficient of emission of less than 5
      percent per degree C, such as the Chand-type devices referred to above, as
      temperature compensation therefor is most readily achieved by the
      foregoing circuit. Such devices are obtainable from Ecology Board, Inc.,
      Chatsworth, California, and are available for a wide variety of permeands
      including SO.sub.2, NO.sub.2, H.sub.2 S, H.sub.2 O and many hydrocarbons,
      and can be used for other materials. Chand permeation sources exhibit a
      temperature coefficient of emission of about 4 percent per degree C for
      liquid phase devices and as low as 0.5 percent per degree C for gas phase
      devices.
PAR  One can use any commercial thermistor, for example, one can use a Gulton
      Type D thermistor having a resistance of 3,000 ohms at 30.degree.C and a
      negative coefficient resistance of 4.4 percent per degree C. In place of a
      thermistor 26, one could use any other suitable temperature-compensation
      device such as a resistance thermometer bridge and amplifier, as known, or
      the like. One could use a thermistor with a positive coefficient of
      resistance with appropriate circuit logic, as known.
PAR  The other components of the circuit are chosen as required for appropriate
      operation of the mass flow controller 12 and thermistor 26. With the Tylan
      FC-200 Flow Controller, Gulton Type D thermistor and Chand gas-phase
      permeation tube referred to above, one can use a power supply 22 of 15
      volts D.C., a resistance 24 of 6,980 ohms and voltage divider
      potentiometers 28 and 30 of 5,000 ohms each.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for obtaining a controlled mixture of a first gas and a
      carrier gas, comprising:
PA1  a mass flow controller for delivering carrier gas at a controlled rate of
      flow;
PA1  a source of said first gas which emits said gas at a mass flow rate which
      is a repeatable function of the ambient temperature of said source;
PA1  means for adding said first gas into carrier gas delivered by said mass
      flow controller for dilution in predetermined proportionality with said
      carrier gas; and
PA1  means for automatically changing the flow rate of said mass flow controller
      in accordance with variations in said ambient temperature of said source
      to compensate for temperature-dependent changes in the emission rate
      therefrom whereby to substantially maintain their proportionality.
NUM  2.
PAR  2. The apparatus of claim 1 in which said source of said first gas
      comprises a permeation source.
NUM  3.
PAR  3. The apparatus of claim 1 in which said flow controller is a gas mass
      flow controller.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said flow controller is responsive to
      an electrical signal for delivery of said carrier gas proportional
      therewith and wherein said rate-changing means includes means for
      generating said electrical signal proportional to said temperature
      variation.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said source of said first gas has a
      positive temperature coefficient of emission and said signal-generating
      means includes an electrical circuit component having a negative
      temperature coefficient of resistance.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said signal-generating means includes
      means for adjusting the temperature coefficient of resistance of said
      circuit.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said circuit component comprises a
      thermistor.
NUM  8.
PAR  8. Apparatus for obtaining a controlled mixture of first gas and carrier
      gas, comprising:
PA1  a mass flow controller for delivering carrier gas at a controlled rate of
      flow proportionally responsive to a voltage applied thereacross;
PA1  a permeation source containing said first gas for emitting said first gas
      at a mass flow rate which is a repeatable function of the ambient
      temperature of said source and which is lower than said controlled rate,
      into carrier gas delivered by said mass flow controller for dilution in a
      predetermined proportionality with said carrier gas, said permeation
      source having a significant positive temperature coefficient of emission;
      and
PA1  an electrical circuit including, as components thereof, a source of said
      voltage for said mass flow controller, a thermistor, closely and
      physically associated with said permation source, having a negative
      temperature coefficient of resistance, and a voltage-dividing means for
      adjusting the temperature coefficient resistance of said circuit for
      substantially maintaining said proportionality.
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ABST
PAL  An unloader valve with flow divider having a fluid pressure source, a first
      fluid pressure circuit with an accumulator, and a second fluid pressure
      circuit, comprising a main body having a large diameter cylinder and a
      small diameter cylinder which are provided as coaxial circles, a spool
      valve slidably inserted into the large diameter cylinder, a piston
      slidably inserted into the small diameter cylinder and the spool valve,
      respectively, a first chamber provided in the large diameter cylinder and
      fluidly connected with the fluid pressure source, orifice means provided
      in the spool valve and always fluidly connected with the first chamber, a
      second chamber provided in the large diameter cylinder and fluidly
      connected with the first chamber via the orifice means, spring means
      disposed within the second chamber for biasing the spool valve to the
      first chamber side, first valve means controlling the communication
      between the fluid pressure source and the first fluid pressure circuit via
      the orifice means, and second valve means controlling the communication
      between the first chamber and the fluid pressure source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an unloader valve with flow divider and
      more particularly to an unloader valve with flow divider for dividing the
      hydraulic fluid into two hydraulic circuits and for regulating the fluid
      pressure.
PAR  2. Description of the Prior Art
PAR  In general, it is well-knnown that a flow divider is provided for dividing
      a certain discharging amount of hydraulic fluid into two hydraulic
      circuits in certain amounts and it is also well-known that one of the two
      hydraulic circuits is arranged for a closed circuit and therefore a valve
      system specially with an unloader valve is provided.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide an improved unloader
      valve with flow divider for dividing the hydraulic fluid into two
      hydraulic circuits and for regulating the fluid pressure.
PAR  Another object of the present invention to provide a unique and highly
      simplified unloader valve with flow divider.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily appreciated as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein like
      reference numerals designate like or corresponding parts throughout the
      views and in which:
PAR  FIG. 1 is a schematic view of an unloader valve with flow divider
      constructed according to the invention;
PAR  FIG. 1a shows an enlarged view of a portion of FIG. 1;
PAR  FIG. 2 is a similar view to FIG. 1, however, showing another embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 1a of the accompanying drawing, the first
      embodiment of the invention will be described hereinbelow in detail.
PAR  The numeral 10 represents a main body having a large diameter cylinder 11
      and a small diameter cylinder 12. A spool valve 13 is slidably inserted
      into the large diameter cylinder 11 and a piston 14 is slidably provided
      within the spool valve 13 and the small diameter cylinder 12,
      respectively. An axial passage 15 is formed within the piston 14, and
      radial holes 16, 17 which intersect the axial passage 15 are provided
      therein as best shown in FIG. 1a. A valve seat 18 is formed on the left
      end portion of the passage 15 in the piston 14 and cooperates with a ball
      valve 19. The right end portion 20 of the piston 14 contacts a ball 21
      which cooperates with a valve seat 23 of a valve seat member 22. The
      sealing diameter of the valve seat 23 and the ball 21 is smaller than the
      cross-sectional diameter of the piston 14. Therefore the ball 21 contacts
      a spring biasing retainer 24 at the back portion thereof and the spring
      retainer 24 receives one end of a compression spring 25. The other end of
      the compression spring 25 contacts a plug 26 screwed into the main body
      10.
PAR  A pump P is fluidly connected with an inlet chamber 28 through a conduit 27
      and the chamber 28 is fluidly connected with an outlet chamber 31 through
      an orifice 29 provided in the spool valve 13, an annular groove 30, and
      the holes 16, 17 in the piston 14. (see FIG. 1a) An annular groove 32 is
      provided within the large diameter cylinder 11 and is fluidly connected
      with a conduit 33 to a power circuit steering P/S. The communication
      between the annular groove 32 and the inlet chamber 28 is interrupted by
      the spool valve 13 as shown in FIG. 1. However by the rightward movement
      of the spool valve 13 the annular groove 32 and the inlet chamber 28 are
      communicated. A compression spring 34 is disposed between the spool valve
      13 and the valve seat member 22 and urges the spool valve 13 to the left
      as shown in FIG. 1.
PAR  A chamber 35 within the plug 26 is fluidly connected with a reservoir Re
      through a conduit 36 and a chamber 38 within a plug 37 is fluidly
      connected with an accumulator ACC and a power brake circuit P/B or other
      fluid actuating mechanism through a conduit 39. The ball 19 is biased by a
      compression spring 40 so as to seat on the valve seat 18. A valve seat 41
      is formed on the left end portion of the small diameter cylinder 12 and
      cooperates with ball valve 19 when the circuit of the accumulator side
      becomes unloaded.
PAR  The operation of the unloader valve with flow divider so far shown and
      described is as follows:
PAR  When actuated the power steering circuit P/S restricts the hydraulic fluid
      from the pump P by a valve, not shown, so that the power steering P/S
      generates fluid pressure for steering the running wheels, not shown, by
      this fluid pressure. Accordingly, fluid pressure is not generated within
      the power steering circuit when the power steering P/S is not actuated.
PAR  The hydraulic fluid from the pump P is transmitted into the inlet chamber
      28 through the conduit 27 and then this hydraulic fluid is transmitted to
      the annular groove 30 through the orifice 29 and thereafter to the outlet
      chamber 31 through the holes 16, 15 and 17. Therefore, pressure of the
      outlet chamber 31 becomes lower than that of the inlet chamber 28. By the
      differential pressure between the chambers 28 and 31, the spool valve 13
      is moved in the rightward direction, so that the inlet chamber 28 and the
      annular groove 32 are fluidly connected. Therefore, the hydraulic fluid
      applied to the power steering P/S through the conduit 33.
PAR  In short, a part of the discharged hydraulic fluid from the pump P is
      supplied through the orifice 29 and the other part is supplied to the
      power steering P/S. The hydraulic fluid via the orifice 29 is fully
      transmitted into the outlet chamber 31 and thereafter releases the ball 19
      from the valve seat 18 so that the fluid pressure in the chamber 38
      increases and accumulates within the accumulator ACC and is transmitted
      into the power brake circuit P/B.
PAR  After the above-mentioned accumulation of pressure, the pressure within the
      chamber 38 is applied to the chamber 31 via passage 15, holes 16 and 17
      and this pressure releases the ball 21 from the seat 23. In consequence,
      the outlet chamber 31 is fluidly connected to the chamber 35 and to the
      reservoir Re via the conduit 36. Therefore, the outlet chamber 31 attains
      atmospheric pressure. The hydraulic fluid within the chamber 38 is applied
      to the cross-sectional area of the piston 14 so that the piston 14 is
      moved in the rightward direction and the ball 19 is seated on the valve
      seat 18 and the ball 21 is fully opened by the right end portion 20 of the
      piston 14. At this time, the pressure within the chamber 31 increases and
      the ball 21 is released from the seat 23 by the fluid pressure in the
      chamber 31. When the fluid pressure within the chamber 31 is decreased,
      the ball 21 is moved into the opening direction thereof by the piston 14
      by a snap-action.
PAR  After the outlet chamber 31 is fluidly connected to the reservoir Re, the
      fluid pressure within the inlet chamber 28 compared to the fluid pressure
      of the outlet chamber 31 becomes high because of the restriction by the
      orifice 29.
PAR  When the outlet chamber 31 is fluidly connected with the reservoir Re in
      the above-mentioned inactive state of the power steering P/S, the pump P
      becomes almost un-loaded. When the fluid pressure in the accumulator ACC
      is, thereafter, decreased to a predetermined pressure, the piston 14 is
      moved into the leftward direction or into the position shown in FIG. 2 and
      the above-mentioned accumulation is repeated. As mentioned above, the
      hydraulic fluid to the power steering circuit is always maintained and the
      accumulation of pressure in the accumulator ACC is attained.
PAR  Next, the operation of the power steering P/S in the actuating state
      thereof is hereinafter described;
PAR  By starting of the pump P, the spool valve 13 is firstly moved into the
      rightward direction, and the inlet chamber 28 and the outlet chamber 31
      are fluidly connected through the orifice 29, the annular groove 30, the
      holes 16 and 17. In this state, even when the power steering P/S is
      actuated, the difference of the pressure between the inlet chamber 28 and
      the outlet chamber 31 through the orifice 29 is generated to the same
      degree as in the inactive state of the power steering P/S. Accordingly,
      the pressure is accumulated in the accumulator ACC and the pressure for
      actuating the power brake P/B is obtained.
PAR  In the event the ball 21 is released from the seat 23 during the actuating
      state of the power steering P/S, the fluid pressure in the outlet chamber
      31 becomes the same as the fluid pressure in the reservoir Re or almost
      atmospheric and then the difference of the pressure between the inlet
      chamber 28 and the outlet chamber 31 becomes larger than it was. As a
      result, the quantity of the hydraulic fluid passing through the orifice 29
      is increased and the quantity of the hydraulic fluid to the power steering
      P/S is decreased. In consequence, the power steering P/S which is in the
      actuating state is shocked. However, this shock to the power steering P/S
      doesn't create any substantial interference, if the quantity of the
      hydraulic fluid accumulated in the accumulator ACC is small. In the
      actuating state of the power steering P/S, the required fluid pressure to
      the accumulator ACC and the circuit of power brake P/B is supplied.
PAR  The valve for the flow divider, namely, the spool valve 13 and the piston
      14 disposed between the cylinders 11 and 12 provides a simple construction
      of the unloader valve with flow divider.
PAR  Referring now to FIG. 2 of the accompanying drawing, the second embodiment
      of the invention will be described hereinbelow in detail, however, in this
      embodiment the construction and the operation of the unloader valve with
      flow divider are substantially the same as in FIG. 1 so that the
      description thereabout will be omitted and just the different construction
      and the operation thereof will be described.
PAR  The outlet chamber 31 is divided into two chambers 43 and 44 by an annular
      member 42 and the chamber 43 is fluidly connected with the chamber 44 via
      an annular groove 45 serving as a variable orifice according to the
      rightward movement of the spool valve 13, and via a passage 46. The piston
      14 is slidably inserted into the center portion of the annular member 42.
      The spring 34 is interposed between the spool valve 13 and the annular
      member 42. So the inlet chamber 28 and the outlet chamber 44 are fluidly
      connected through the orifice 29, the chamber 43, the annular groove 45
      and the passage 46.
PAR  By starting the pump P in FIG. 2, the spool valve 13 is moved in the
      righward direction and then the hydraulic fluid is supplied to the power
      steering P/S. At the same time, the hydraulic fluid is accumulated in the
      accumulator ACC via the check valve 19'. When the ball 21 is released from
      the seat 23 by the rightward movement of the spool valve 13, the fluid
      pressure of the outlet chamber 44 is decreased, but the fluid pressure of
      the chamber 43 is not decreased immediately, for the spool valve 13 is
      shifted in the rightward direction and the annular groove 45 is reduced in
      size by the spool valve 13 and the large diameter cylinder 11.
      Accordingly, even if the ball 21 is released from the seat 23, the
      quantity of hydraulic fluid passing through the orifice 29 is not
      increased immediately as in the first embodiment. Therefore, no shock is
      applied to the power steering P/S. That is to say, since the passage 46 is
      provided between the outlet chamber 44 and the chamber 43, the change in
      the quantity of the hydraulic fluid is not generated by the orifice 29 as
      much as by the change in the quantity of the hydraulic fluid released by
      the relief operation of the passage 46.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood
      therefore, that within the scope of the appended claims, the present
      invention may be practiced otherwise than as specifically described
      herein.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. An unloader valve with flow divider having a fluid pressure source with
      a pump and a reservoir for providing a substantially constant hydraulic
      fluid pressure, a first fluid pressure circuit with an accumulator, and a
      second fluid pressure circuit, comprising:
PA1  a main body having a large diameter cylinder and a small diameter cylinder
      coaxial therewith,
PA1  an annular spool valve slidably inserted into said large diameter cylinder
      and having an inner bore;
PA1  a piston slidably inserted into said small diameter cylinder and in the
      bore of said spool valve, respectively;
PA1  a first chamber provided in said large diameter cylinder and defined by
      said spool valve and said large diameter cylinder and a passage fluidly
      connecting said first chamber with said fluid pressure source;
PA1  a second chamber provided in said large diameter cylinder and defined by
      said spool valve, said piston and said large diameter cylinder and a
      passage fluidly connecting said second chamber with said first chamber, an
      annular member disposed within said second chamber for dividing said
      second chamber into third and fourth chambers, the passage of hydraulic
      fluid within said third and fourth chambers being controlled according to
      the movement of said spool valve,
PA1  orifice means within the fluid passage between said first chamber and said
      second chamber;
PA1  spring means disposed within said second chamber and biasing said spool
      valve into said first chamber;
PA1  first valve means controlling the communication between said fluid pressure
      source and said first fluid pressure circuit via said orifice means, said
      spool valve controlling the communication between said first chamber and
      said second fluid pressure circuit; and
PA1  second valve means controlling the communication between said second
      chamber and said reservoir of said fluid pressure source, said second
      valve means being operated by actuation of said piston according to the
      pressure in said accumulator and said second chamber when the pressure
      within said second chamber reaches a preset value and being closed by
      actuation of said piston when the pressure in said accumulator falls below
      a preset value.
NUM  2.
PAR  2. An unloader valve with flow divider as claimed in claim 1, wherein an
      annular groove is provided on said large diameter cylinder for fluidly
      connecting said third and fourth chambers, the effective size of said
      groove being reduced according to the movement of said spool valve.
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ABST
PAL  A double-valved closure for a container, particularly a beer container,
      comprises a cup assembly for insertion into the opening of the container
      and includes a tubular component of plastics material having legs between
      which a reaction ring can be sprung during assembly of the closure. A
      downtube is received in the ring and extends from the lower end of the cup
      assembly into the container and surrounds one of the valves and a spring
      biasing the valve closed. The valve is carried by the top of the downtube
      and the reaction ring provides an abutment for the spring for this other
      valve and which biases the valve closed. The legs are held together after
      insertion of the reaction ring by means of an outer ring engaging external
      grooves in the legs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to closure units for containers. Such closure units
      are particularly suitable for use with beer containers but have other
      applications.
PAR  2. Description of the Prior Art
PAR  More particularly, the invention is concerned with a closure unit,
      hereinafter referred to as being of the kind specified, for an opening in
      a container and comprising a cup assembly having first and second opposite
      ends and adapted to be received in the opening, a down-tube having an end
      portion within the assembly and projecting from said first end of the
      assembly, the down-tube providing an inner passage while an outer passage
      is provided between said end portion and the assembly, and inner and outer
      concentric valve members associated with the inner and outer passages
      respectively and spring biased to close said passages, the valve members
      being engageable from said second end of the assembly by a suitable head,
      e.g. a racking or dispensing head, whereby the valve members can be moved
      to open the passages thus permitting the connection of the passages to
      separate external conduits.
PAR  The object of the present invention is to provide a closure unit
      construction suitable for manufacture, at least partially in plastics
      material.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention we provide a closure unit of the kind specified
      wherein the cup assembly comprises (1) a component of plastics material
      having a collar adjacent to said second end of the assembly and a
      plurality of legs projecting from the collar to said first end of the
      assembly and (2) a reaction ring received within the legs adjacent to said
      first end and surrounding the down-tube, the ring forming a reaction
      member for the spring means acting on the outer valve member and having
      abutment means which are forced by the spring means into engagement with
      oppositely facing abutment means on the legs, the component being such
      that the legs are sufficiently resilient to be sprung apart to allow the
      ring to be inserted into position between the legs from said first end
      during assembly of the closure unit, and on outer ring embracing the legs
      adjacent to said first end to prevent the legs springing apart in the
      assembled closure.
PAR  The major component of the cup assembly is thus made of plastics material
      and allows the reaction ring to be sprung into position during assembly of
      the closure unit and the legs are held against springing apart in the
      assembled closure by means of the outer ring.
PAR  Preferably, the abutment means comprises a flange on the reaction ring and
      inwardly extending lugs on the legs. Preferably the reaction ring is made
      of plastics material and is of generally L-shape in cross section.
PAR  Preferably, each of the legs is provided with an external groove adjacent
      said first end of the assembly to receive the outer ring. The free end
      portions of the legs may also be chamfered to provide a lead for the outer
      ring to allow it to be sprung into position. Preferably the outer ring is
      of substantially D-shape in cross section and dimensioned so that when it
      is received in said groove its outer surface is flush with the outer
      surfaces of the legs.
PAR  Preferably, the outer valve member is carried by, and received within, the
      down-tube. Preferably the down-tube is made of plastics material and has
      an internal shoulder near its upper end to provide a reaction abutment for
      the spring means acting on the inner valve member. Said spring means is
      preferably engaged by a spider which in turn engages the shoulder in the
      down-tube. Both the spider and the inner and outer valve members are
      preferably formed from plastics material. Preferably, the bore of the
      down-tube diverges downwardly from the shoulder, this provides a
      convenient construction of down-tube which may easily be manufactured as
      will be described below.
PAR  Preferably, the collar provides an inturned lip which forms a valve seat
      for the outer valve member and the latter also provides a valve seat for
      the inner valve member.
PAR  In a preferred construction, the collar is surrounded by a metal sleeve
      which is externally screw-threaded so as to enable the closure unit to be
      threadedly engaged in an internally threaded neck on the container. In an
      alternative construction the collar itself may be externally threaded so
      as to engage directly in the neck.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in detail by way of example with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a vertical cross section through a closure unit embodying the
      invention showing it fitted in the neck of a container; and
PAR  FIG. 2 is a cross section through the main plastics component of the cup
      assembly in combination with a metal sleeve.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the closure unit comprises a cup assembly
      indicated generally at 10. The cup assembly comprises a component 11 which
      is formed from plastics material and will be described in detail in
      relation to FIG. 2. The component comprises a collar 12 and four legs, two
      of which are indicated at 13, extending downwardly from the collar to the
      first or lower end of the assembly. The legs are equiangularly spaced
      about the vertical axis 14 of the component and there is a space 15
      between each adjacent pair of legs. At the lower end of each leg there is
      provided an inturned lug 16 which has inclined upper and lower surfaces 17
      and 18 respectively. Formed in the external surface of each leg, adjacent
      the free end thereof, is a groove 19 which is of substantially D-section.
      The external surface of the free end of each leg is chamfered as indicated
      at 20.
PAR  The collar 12 has a flange 21 with a lower surface 22 and an inturned lip
      23 having a conical surface 24 which forms a valve seat for the outer
      valve member as will be described. A circular recess 25 is formed in the
      upper surface of the collar and this merges with a downwardly converging
      portion 26. Above the flange 21 there is a peripheral recess 27 and above
      that is a downwardly diverging external surface 28.
PAR  The upper part of the component 11 at the second or upper end of the
      assembly is surrounded by a metal sleeve indicated generally at 29. The
      sleeve has an upper thicker portion 30 which is provided with an external
      screw-thread 31. The sleeve has, below the portion 30, a thin web 32 and
      then a rib 33 which is a good fit within the recess 27. The sleeve 29 is
      assembled to the component 11 by engaging the upper end of the collar
      within the rib 33 and then forcing the sleeve downwardly thus deflecting
      the rib 33 outwardly as it moves over the surface 28. This outward
      movement is permitted by the flexibility of the web 32 and then the rib 33
      springs into position in the recess 27.
PAR  The component 11 is made of plastics material which is sufficiently
      resilient to enable the legs 13 to spring inwardly and outwardly as will
      be described below. The sleeve 29 is of metal and may be made either of
      brass or stainless steel.
PAR  Referring now to FIG. 1, the unit includes a down-tube 34 which is made of
      plastics material. The down-tube has a bore, the lower part 35 of which
      diverges from an upwardly directed shoulder 36 to the lower end of the
      downtube. The upper part of the bore 37 of the downtube above the shoulder
      36 is of substantially constant cross section and is cylindrical. At its
      upper end, the downtube has an outwardly directed flange 38.
PAR  An outer valve member 39 is received within the upper end of the down-tube
      and has a skirt 40, which is received within the bore part 37, and a
      flange 41 which overlies the flange 38. The flange 41 has bonded thereto a
      rubber ring 42 of generally L-section and which has a chamfered surface
      43. The skirt 40 is sealed within the down-tube bore part 37 by means of a
      sealing ring 44 which is received in an external groove in the valve
      member. A spring 45 engages at its upper end under the flange 38 of the
      down-tube and at its lower end it engages a reaction ring indicated
      generally at 46. The reaction ring is of generally inverted L-section and
      has a generally cylindrical portion 47 which is received within the lugs
      16 and has a flange 48 which engages the upper inclined surfaces 17 of the
      lugs 16. The reaction ring 46 thus provides a reaction abutment for the
      lower end of the spring 45 which urges the outer valve member 39 upwardly
      so that its rubber ring 42 is in engagement with the conical surface 24 on
      the component 11. The space between the down-tube 34 and the legs 13
      provides an outer passage 50.
PAR  An inner passage 51 is provided within the bore portion 37 of the down-tube
      and within this inner passage is mounted an inner valve member indicated
      generally at 52. The inner valve member has a shank 53 and a head 54 which
      has moulded thereto a rubber ring 55 of generally L-shape having an upper
      chamfered surface. This rubber ring engages a generally conical valve seat
      56 on the outer valve member 39 and is forced into engagement with the
      valve seat by means of a spring 57 which closely surrounds the shank 53
      and engages at its lower end with a spider indicated generally at 58 and
      which has three legs 59 which rest on the shoulder 36 in the down-tube.
      The legs 59 are equiangularly spaced about, and are secured to, a central
      collar 59a which receives the shank 53 with clearance and the lower end of
      the spring 57 engages the upper end of the collar 59a.
PAR  The inner valve member 52 and the outer valve member 39 are preferably made
      of plastics material as is the spider 58.
PAR  A metal ring 60, preferably of stainless steel, is received in the grooves
      19 in the legs 13 and prevents them from springing apart. It will be noted
      that the ring 60 is of substantial D-cross section so that its outer
      surface is generally flush with the outer surfaces of the upper parts of
      the legs 13.
PAR  The closure is received within the neck of a container e.g. a beer
      container, the neck being shown in dotted lines at 61. The neck has an
      internal screw thread 62 with which the screw thread 31 on the sleeve 29
      engages. A rubber setting ring 63 is engaged between the flange 21 on the
      component 11 and an inturned flange 64 on the neck. It will be seen that
      the sleeve 29 is screwed downwardly into the neck, the ring 63 will be
      compressed and in fact the flange 21 of the component will be compressed
      between the rib 33 on the sleeve and the ring 63.
PAR  The operation of the valve is conventional, thus a racking or dispensing
      head can be received in the recess 25 and parts thereof will engage the
      outer valve member 39 and inner valve member 51 and will move them
      downwardly against their springs 45 and 57 thus to open the outer and
      inner passages 50 and 51 and allow these to be connected to separate
      passages in the head body. Gas will be supplied from the head and will
      flow passed the valve member 39 into the outer passage 50 and between the
      legs 13 and into the container. The gas forces the liquid e.g. beer, up
      the downtube 34, between the legs of the spider and past the inner valve
      member 51 into a passage in the head.
PAR  The closure unit is assembled as follows. Firstly, the sleeve 29 is
      assembled onto the component 11 in the manner described above. The spider
      58 is then inserted into the down-tube so that it rests on the shoulder 36
      and the inner and outer valve members 52 and 39 are inserted into the
      inner end of the down-tube together with the spring 57. The down-tube is
      then inserted into the component 11 from the lower end thereof, the
      assembly is preferably carried out with the component inverted but the
      description will be made referring to the fitting in the position shown in
      FIG. 1. The spring 45 is then placed in position after which the reaction
      ring 46 is placed in position. The legs 13 are sufficiently resilient to
      allow them to spring apart to allow the flange 48 on the reaction ring to
      pass the lugs 16 at the free ends of the legs. A tool is then slipped over
      the down-tube and compresses the spring 45 and moves the reaction ring 46
      upwardly so that its skirt 47 is clear of the lugs 16. The free end
      portions of the legs are then sprung towards one another and the ring 60
      is sprung into position in the grooves 19. The spring 45 is then allowed
      to expand pushing the reaction ring to the position shown in FIG. 1 to
      provide a reaction for the spring 45.
PAR  As described, the whole of the fitting is made of plastics material with
      the exception of the springs 45 and 57 the sleeve 29 and ring 60. It is,
      however, within the scope of the invention to make any of the parts of
      metal except for the component 11 although it is preferred that a
      substantially completely plastic valve is used. The down-tube of the
      design shown can conveniently be moulded from plastics material by having
      two cores which are withdrawable from opposite ends. Thus there will be a
      first cylindrical core which will form the bore part 37 and a second
      tapered bore which will form the bore part 35 and which can be withdrawn
      from the lower end of the down-tube due to the taper.
PAR  It will be seen that the valve is easily made and assembled and may easily
      be disassembled for cleaning purposes by inserting a tool over the
      down-tube and pushing the reaction ring 46 upwardly to compress the spring
      and then springing the legs together and removing the ring 60 whereupon
      the reaction ring can be removed and all the other parts removed in the
      reverse order to that described above.
PAR  Preferably the valves 39 and 52 are made of nylon, for example
      glass-reinforced, high temperature nylon such as that sold by Imperial
      Chemical Industries Limited under the Trade Mark Maranyl. Preferably the
      other plastic parts, i.e. the component 11, the down-tube 34 and the
      reaction ring 46 are made of an acetal resin. Suitable resins are the
      homopolymer known as Delrin sold by Dupont or the copolymer sold by Amcel
      Limited and known as Chemetal.
CLMS
STM  I claim:
NUM  1.
PAR  1. A closure unit for an opening in a container comprising a cup assembly
      having first and second opposite ends and adapted to be received in the
      opening, a downtube having an end portion within the assembly and
      projecting from said first end of the assembly, the down-tube providing an
      inner passage while an outer passage is provided between said end portion
      and the assembly, and inner and outer concentric valve members associated
      with the inner and outer passages respectively and spring biased to close
      said passages, wherein the cup assembly comprises (1) a component of
      plastics material having a collar adjacent to said second end of the
      assembly and a plurality of legs projecting from the collar to said first
      end of the assembly and (2) a reaction ring received within the legs
      adjacent to said first end and surrounding the downtube, the ring forming
      a reaction member for the spring means acting on the outer valve member
      and having abutment means which are forced by the spring means into
      engagement with oppositely facing abutment means on the legs, the
      component being such that the legs are sufficiently resilient to be sprung
      apart to allow the ring to be inserted into position between the legs from
      said first end during assembly of the closure unit, and an outer ring
      embracing the legs adjacent to said first end to prevent the legs
      springing apart in the assembled closure.
NUM  2.
PAR  2. A unit according to claim 1 wherein the abutment means comprises a
      flange on the reaction ring and inwardly extending lugs on the legs.
NUM  3.
PAR  3. A unit according to claim 1 wherein the reaction ring is made of
      plastics material and is of generally L-shape in cross section.
NUM  4.
PAR  4. A unit according to claim 1 wherein each of the legs is provided with an
      external groove adjacent said first end of the assembly to receive the
      outer ring.
NUM  5.
PAR  5. A unit according to claim 4 wherein the free end portions of the legs
      are chamfered to provide a lead for the outer ring during assembly of the
      unit.
NUM  6.
PAR  6. A unit according to claim 4 wherein the outer ring is of substantially
      D-shape in cross section and is dimensioned so that when it is received in
      said grooves its outer surface is flush with the outer surfaces of the
      legs.
NUM  7.
PAR  7. A unit according to claim 1 wherein the outer valve member is carried
      by, and received within, the downtube.
NUM  8.
PAR  8. A unit according to claim 1 wherein the downtube is made of plastics
      material and has an internal shoulder near its upper end to provide a
      reaction abutment for the spring means acting on the inner valve member.
NUM  9.
PAR  9. A unit according to claim 8 wherein the spring means for the inner valve
      member is engaged by a spider which in turn engages said shoulder.
NUM  10.
PAR  10. A unit according to claim 8 wherein the bore of the down-tube diverges
      downwardly from the shoulder.
NUM  11.
PAR  11. A unit according to claim 1 wherein the collar provides an inturned lip
      which forms a valve seat for the outer valve member and wherein the latter
      also provides a valve seat for the inner valve member.
NUM  12.
PAR  12. A unit according to claim 1 wherein the collar is surrounded by a metal
      sleeve which is secured to the collar and which is externally
      screwthreaded.
NUM  13.
PAR  13. A unit according to claim 1 wherein the collar is externally
      screwthreaded for engagement in an opening in a container.
NUM  14.
PAR  14. A combination of a unit according to claim 1 with a container and in
      which the unit is received in an opening in a container.
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ABST
PAL  A fire hydrant designed to prevent the unauthorized use of an outlet nozzle
      which is located on the above ground barrel portion of the stand pipe. The
      hydrant includes a valve means located within the barrel portion and
      provided with a valve member which is biased to a closed position
      extending across the upstream end of the outlet nozzle. A valve actuator
      is provided to be threaded onto the outlet nozzle for moving the valve
      member away from the closed position to an open position permitting the
      flow of water through the outlet nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fire hydrants and more particularly to a fire
      hydrant construction provided with means for preventing the unauthorized
      use of the fire hydrant.
PAR  The fire hydrants in use today comprise a stand pipe which extends upwardly
      from an elbow which is connected to the main water supply pipe line. A
      control valve is located at the juncture between the bottom of the stand
      pipe and the elbow for controlling the flow of water to the fire hydrant.
      At its upper end, the stand pipe is provided with an above ground portion
      or barrel which includes at least one steamer nozzle or outlet nozzle
      extending laterally therefrom. The control valve operating rod also
      extends upwardly from the control valve through the barrel portion to the
      top thereof whereat it is accessible to authorized personnel for opening
      the control valve when desired, such as in the case of a fire when a fire
      hose is connected to the fire hydrant.
PAR  Unfortunately, the fire hydrant is completely unprotected and may be
      operated at will by unauthorized persons. The resultant water loss, and
      drop in water pressure, is a matter of major concern to many cities.
PAR  Unauthorized persons are able to open the fire hydrant by gaining access to
      an operating nut at the upper end of the operating rod and opening the
      control valve.
PAR  The prior art attempts to prevent the unauthorized operation of fire
      hydrants have generally been directed to preventing access to the
      operating mechanism at the upper end of the barrel. However, this has not
      proved to be satisfactory and the problem in most cities is still a very
      serious one and has not been solved.
PAR  Another problem encountered in many cities is the abuse of the fire hydrant
      by using it as a depository. Presently, many water departments are having
      difficulty with people throwing cans and bottles and other debris down the
      fire hydrant. The articles are thrown into the fire hydrant by way of the
      steamer nozzle which can be opened by removing a cover. This is a serious
      problem with the fire department personnel because they are unaware of the
      article in a fire hydrant which may make it unusable during a fire.
      Sometimes the article causes damage to the fire hose and also blocks the
      proper flow of water.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a fire hydrant construction which prevents the
      unauthorized use and abuse of fire hydrants.
PAR  Briefly stated, the invention comprises the provision of a valve means
      which is located within the barrel portion of the stand pipe for blocking
      the flow of water through the steamer nozzle. The valve means includes a
      valve member movable between a closed position in which the valve member
      extends across the upstream end of the outlet nozzle to thereby block the
      flow of water from the interior of the barrel into the outlet nozzle and
      at the same time prevent the insertion of articles into the barrel through
      the outlet nozzle. The valve member is movable to an open position spaced
      from the upstream end of the outlet nozzle to permit the flow of water
      from the interior of the barrel into the outlet nozzle when it is desired
      to use the fire hydrant. The valve means includes a spring means for
      biasing the valve member towards the closed position. A valve actuator
      means is provided for moving the valve member from the closed position to
      the open position against the bias of the spring means. To this end there
      is provided a collar means which is adapted to be mounted on the fire
      hydrant in a position surrounding the outlet nozzle. The collar means
      carries a valve actuating member which is arranged to move into the outlet
      nozzle to contact the valve member to move it from closed position to open
      position as the collar is mounted on the fire hydrant.
PAR  The above-described novel construction prevents the unauthorized use of the
      fire hydrant by maintaining the steamer or outlet nozzle closed at all
      times except when authorized personnel wish to use the fire hydrant. The
      valve means is located entirely within the barrel of the fire hydrant so
      that it cannot be easily removed by unauthorized personnel. Moreover, the
      construction is such as to provide a minimum of resistance to flow when in
      the open position.
PAR  The invention possesses other advantages and features which, together with
      the foregoing, will be pointed specifically hereinafter. It is to be
      understood that the invention is not to be limited to the scope of the
      specific forms herein shown and described and that various embodiments
      thereof may be employed within the scope of the claims set forth
      hereinafter.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view, partly in section, of a fire hydrant in
      accordance with the invention;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is an end view of a valve actuator for use with the fire hydrant of
      the invention;
PAR  FIG. 5 is a sectional view of the valve actuator shown in FIG. 4 taken on
      line 5--5 of FIG. 4 and in larger scale for illustrative purposes;
PAR  FIG. 6 is an elevational view, partly in section, of a second form of fire
      hydrant construction in accordance with the invention;
PAR  FIG. 7 is a sectional view taken on line 7--7 of FIG. 6; and
PAR  FIG. 8 is a sectional view taken on line 8--8 of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the fire hydrant in accordance with the invention
      comprises the usual stand pipe 10 which is connected at its bottom end to
      a conventional elbow casting located under ground and connected to the
      main water supply pipe as is conventional in the art. Above ground, the
      hydrant comprises a barrel portion 14, which has a laterally extending
      steamer or outlet nozzle 16 mounted thereon and having a circular opening
      18. The nozzle 16 is provided with external threads 20 which are
      engageable with a cap 22 for closing the nozzle 16 when the fire hydrant
      is not in use.
PAR  As is conventional, the fire hydrant is operated from the top by means of a
      top operating nut 24 which is angular and projects above a hood 26
      threadedly mounted on the upper end of the barrel 14. The operating nut 24
      is connected through conventional operating mechanism to an extension stem
      28 connected to a conventional plug valve at the lower end of the stand
      pipe 10 for controlling flow from the elbow casting into the lower end of
      the stand pipe 10. There is also provided a drip rod 30 which extends from
      the upper end of the barrel 14 downwardly to control a drip port, which
      construction is conventional in the art.
PAR  In accordance with the invention, means are provided for preventing the
      unauthorized operation of the fire hydrant to supply water from the
      steamer nozzle 16 and to prevent the insertion of articles into the barrel
      14 through the nozzle 16. To this end, there is provided a disk-like valve
      member 32 which is located within the barrel 14 and is arranged to
      cooperate with the valve seat provided by the side opening 18 in the
      barrel 14. The valve member 32 is arranged to be positioned to block flow
      from the interior of the barrel 14 outwardly through the nozzle 16. This
      position is shown in solid lines in FIG. 1, the valve member 32 being
      arranged to block the upstream end of the nozzle 16 to thereby block flow
      therethrough. An O-ring seal 34 is mounted on the valve member 32 to
      cooperate with the valve seat provided by opening 18.
PAR  Means are provided for guiding the valve member 32 for movement from the
      closed position shown in solid lines in FIG. 1 to an open position shown
      in dashed lines in FIG. 1. To this end, the valve member is provided with
      four tubular sleeves 36 which project inwardly therefrom in a transverse
      direction across the barrel 14. The sleeves 36 slidably receive four
      transversely extending guide pins 38 which are mounted on and project
      inwardly from the opposite portion of the barrel 14 to extend into an
      associated sleeve 36 for guiding the movement thereof.
PAR  Spring means are provided for biasing the valve member 32 toward its closed
      position, comprising a compression spring 40 mounted on each cooperating
      pin 38 and sleeve 36 as is shown in the drawings. Each spring 40 extends
      between the valve member 32 and a washer 42 positioned on an associated
      pin 38. A nut 44 is threadedly mounted on each pin 38 and is axially
      adjustable thereon to adjust the position of the associated washer 42 to
      thereby vary the amount of compression of an associated spring 40. The
      springs 40 are adjusted to a compressed condition so as to maintain a
      considerable force biasing the valve member 32 toward the closed position.
      Moreover, this force is adjustable by the axial adjustment of the nuts 44
      so as to achieve the desired conditions of operation.
PAR  Means are provided for moving the valve member 32 from the closed position
      to the open position to permit the authorized operation of the fire
      hydrant. Such means comprises a valve actuator 46 which is shown in FIGS.
      4 and 5 and comprises a collar means 48 which can be threaded onto threads
      20 of the nozzle 16. The collar means 48 is shown as a hose connection and
      is provided with a valve actuating member which moves into the outlet
      nozzle 16 to contact the valve member 32 to move it from closed to open
      position as the collar means 48 is threaded onto the outlet nozzle 16. The
      collar means 48 comprises a pair of cooperable collars 50 and 52, with
      collar 50 being mounted on the end of the collar 52 by means of a snap
      ring 51 which permits free relative rotatable movement between the collars
      50 and 52. Collar 50 is internally threaded at 54 which threads are
      cooperable with the threaded portion 20 of the nozzle 16. Collar 50 is
      also provided with a pair of handles 53 for use in turning the collar.
      Collar 52 is a typical collar for connection to a fire hose 55 and is
      provided with internal threads 56 for connection to the fire hose 55.
      Collar 52 is also provided with a suitable washer 58 and operating handles
      59.
PAR  The valve actuating means comprises a pair of arcuate members 60 which are
      secured to the internal wall of the collar 52 as by welding. The arcuate
      members 60 extend from the collar 52 beyond the end of the collar 50 as is
      shown in FIG. 5 for contacting the valve member 32 to open the valve as
      the collar means 48 is being screwed onto the fire hydrant threads 20 of
      nozzle 16.
PAR  It will be apparent that the fire hydrant in accordance with the invention
      prevents its unauthorized use. If an unauthorized person desired to
      operate the fire hydrant and was able to open the main control valve by
      operating the nut 24 or the stem 28, water passing up through the stand
      pipe 10 and into the barrel 14 could not flow out of the nozzle 16 because
      of the blocking action of the valve member 32. The unauthorized person
      could not open this valve member 32 since it is extremely difficult to
      gain access thereto through the top of the hydrant because of the
      obstruction provided by the top cover 26 and all the operating mechanism
      for the main control valve. To open the valve member 32 by way of the
      outlet nozzle 16 is also extremely difficult and would require a specially
      constructed opening device which would not be available to unauthorized
      persons.
PAR  Since the valve means for closing the outlet nozzle is located completely
      within the barrel 14, it cannot be removed without considerable time and
      effort. To remove this mechanism it is necessary to take the hydrant
      almost completely apart by taking off the top cap, the top plate, all the
      seals and gaskets that are associated therewith, and much of the mechanism
      used to operate the stem 28 and the rod 30.
PAR  The valve means also serves to prevent the insertion of articles into the
      barrel 14 through the outlet nozzle 16 since it blocks access to the
      interior thereof. Accordingly, the fire hydrant is constructed to prevent
      its use as a depository by unauthorized persons and thus prevents possible
      damage to the fire hydrant and the fire hose that is used therewith.
PAR  When it is desired to operate the fire hydrant for delivering water to a
      fire hose or the like, the cap 22 is removed and a hose connection
      comprising the valve actuator 46 as shown in FIGS. 4 and 5 is connected to
      the nozzle 16. This is achieved by threadedly engaging the collar 50 with
      the external threads 20 of the nozzle 16. As the collar 50 is threaded
      onto the nozzle 16 the pusher bars 60 move the valve member 32 away from
      the upstream end of the nozzle 16 to the dashed line position shown in
      FIG. 1. The upstream end of the nozzle 16 is now open to permit the flow
      of water upwardly through the stand pipe 10 and the barrel 14 through the
      opening 18 and through the nozzle 16 to the hose 55 for the use by the
      firemen or other authorized personnel.
PAR  In FIGS. 6, 7 and 8 there is shown another form of fire hydrant in
      accordance with the invention. The conventional parts of the fire hydrant
      shown in FIG. 6 are the same as those shown in FIG. 1 and like parts have
      been given the same reference numerals. The only difference is that there
      is provided another form of valve means for preventing the unauthorized
      operation of the fire hydrant. This valve means comprises a valve member
      70 located within the barrel 14 and consisting of an arcuate plate which
      conforms in curvature to the internal wall of the cylindrical barrel 14 in
      the region of the outlet nozzle 16. The valve member 70 is provided with
      an O-ring 71 arranged to contact the internal wall of the barrel 14 in the
      region surrounding the opening 18. The valve member 70 is biased to a
      position blocking the flow from the interior of the stand pipe 10 and the
      barrel 14 outwardly through the steamer nozzle 16, the flow blocking
      position being shown in solid lines in FIG. 6.
PAR  Means are provided for guiding the valve member 70 for movement from the
      closed position to an open position shown in dashed lines in FIG. 6. To
      this end, the valve member 70 is provided with four tubular sleeves 72
      which project inwardly therefrom in a transverse direction across the
      barrel 14. The sleeve members 72 slidably receive four transversely
      extending guide pins 74 which project inwardly from a back plate 76
      located on the opposite portion of the barrel 14 from the opening 18. The
      back plate 76 consists of an arcuate plate which conforms in curvature to
      the internal wall of the barrel 14.
PAR  Spring means are provided for biasing the valve member 70 and the back
      plate 76 outwardly relative to one another against the opposed internal
      wall portions of the barrel 14 as is shown in FIG. 6. To this end, a
      compression spring 78 is mounted on each of the cooperating pins and
      sleeves. Each spring 78 extends between the valve member 70 and a washer
      80 positioned on the associated pin 74. A nut 82 is threadedly mounted on
      the pin 74 for adjusting the axial position of the washer 80 to thereby
      vary the compression force provided by the spring 78. The parts are
      adjusted so that the springs 78 are maintained in a compressed condition
      so as to maintain a considerable force biasing the valve member 70 toward
      the closed position and also to hold the valve member 70 and the back
      plate 76 in a position aligned with the steamer nozzle 16.
PAR  The valve member 70 and the back plate 76 and the associated guide means
      and spring means form a unit which can be inserted into the barrel 14
      through the top end thereof. In order to install this unit it is necessary
      to remove the top cap 26 and the associated valve operating mechanism. The
      unit is inserted by squeezing the valve member 70 and back plate 74
      together so that they fit within the diameter of the barrel 14 and sliding
      the unit down into the position shown in FIG. 6 with the valve member 70
      blocking the upstream end of the nozzle 16.
PAR  When it is desired to operate the fire hydrant for deliverying water to a
      fire hose or the like, the cap 22 is removed and a hose connection such as
      that shown in FIGS. 4 and 5 is connected to the nozzle 16. As the collar
      50 is threaded onto the nozzle 16 the pusher bars 60 move axially inwardly
      to contact the valve member 70 and move it away from the upstream end of
      the nozzle 16 to the dashed line position shown in FIG. 6 to thereby open
      the upstream end of the nozzle 16 and permit the flow of water
      therethrough.
PAR  It will be apparent that the valve means employed in the fire hydrants
      shown in FIGS. 1 to 3 and in FIGS. 6 to 8 prevent the unauthorized use of
      the fire hydrant by maintaining the steamer nozzle closed except under
      conditions when authorized personnel operate the fire hydrant by the use
      of the actuator means shown in FIGS. 4 and 5. Moreover, the valve means
      are located entirely within the barrel 14 wherefore they cannot be
      tampered with or removed by unauthorized personnel. Furthermore, the
      construction of the valve means is such that there is a minimum of
      resistance to flow when they are actuated to the open position.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fire hydrant having a barrel portion located above ground and
      provided with a laterally extending flow outlet nozzle, the improvement
      comprising:
PA1  valve means located within the barrel portion for controlling the flow of
      water through the outlet nozzle,
PA1  said valve means including a valve member movable between a closed position
      in an outlet opening extending across the upstream end of the outlet
      nozzle to block the flow of water from the interior of the barrel portion
      into the outlet nozzle and to prevent the insertion of articles into the
      barrel portion through the outlet nozzle and an open position spaced away
      from the upstream end of the outlet nozzle to permit the flow of water
      from the interior of the barrel portion into the outlet nozzle and spring
      means biasing said valve member towards said closed position, and
PA1  valve actuator means for moving said valve member from said closed position
      to said open position away from the outlet nozzle against the bias of said
      spring means,
PA1  said valve actuator means comprising a collar means adapted to be mounted
      on the outlet nozzle of the fire hydrant, and a valve actuating member
      mounted on said collar means and arranged to move the same from said
      closed position to said open position as said collar means is mounted in
      said position on the fire hydrant,
PA1  said valve means being adapted to be located entirely within the barrel
      portion of the fire hydrant with only the valve member being exposed to
      view and accessible through the outlet nozzle, and
PA1  guide means for guiding said valve member between said closed and open
      positions, said guide means extending transversely across the barrel
      portion and including a plurality of pins slidable within cooperating
      sleeves.
NUM  2.
PAR  2. In a fire hydrant according to claim 1 wherein said spring means
      comprises a compression spring associated with each cooperating pair of
      pins and sleeves.
NUM  3.
PAR  3. In a fire hydrant according to claim 2 including means for varying the
      compressed condition of said springs.
NUM  4.
PAR  4. In a fire hydrant according to claim 1, wherein said valve means
      comprises a unit which is removable from said barrel portion through the
      upper end thereof, and wherein said unit comprises said valve member, an
      arcuate back plate having a curvature conforming with the internal wall of
      the barrel portion, and said spring means.
NUM  5.
PAR  5. In a fire hydrant according to claim 4 wherein said valve member
      comprises an arcuate plate having a curvature conforming to the internal
      wall of the barrel portion.
NUM  6.
PAR  6. In a fire hydrant according to claim 1,
PA1  said valve actuator means including a first collar adapted to be mounted on
      the outlet nozzle of the fire hydrant,
PA1  a second collar adapted to be attached to a hose,
PA1  connecting means attaching the collars together so that they are freely
      rotatable relative to each other,
PA1  and handles mounted on the collars to provide for easy rotation of the
      collars.
NUM  7.
PAR  7. In a fire hydrant having a barrel portion located above ground and
      provided with a laterally extending flow outlet nozzle, the improvement
      comprising
PA1  valve means located within the barrel portion for controlling the flow of
      water through the outlet nozzle,
PA1  said valve means including a valve member movable between a closed position
      extending across the upstream end of the outlet nozzle, to block the flow
      of water from the interior of the barrel portion into the outlet nozzle
      and to prevent the insertion of articles into the barrel portion through
      the outlet nozzle, and an open position spaced from the upstream end of
      the outlet nozzle to permit the flow of water from the interior of the
      barrel portion into the outlet nozzle, and spring means biasing said valve
      member towards said closed position, and
PA1  valve actuator means for moving said valve member from said closed position
      to said open position against the bias of said spring means,
PA1  said valve actuator means comprising a collar means adapted to be mounted
      on the fire hydrant in a position surrounding the outlet nozzle, and a
      valve actuating member mounted on said collar means and arranged to move
      into the outlet nozzle to contact the valve member to move the same from
      said closed position to said open position as said collar means is mounted
      in said position on the fire hydrant,
PA1  said valve means comprising a unit which is removable from said barrel
      portion through the upper end thereof,
PA1  said valve means including said valve member, an arcuate back plate having
      a curvature conforming with the internal wall of the barrel portion, said
      back plate engaging the internal wall of said barrel portion, and said
      spring means,
PA1  said spring means being positioned in compression between said back plate
      and said valve member, said valve member being movable toward and away
      from said back plate when moved between said open and closed positions
      thereof.
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ABST
PAL  A hose reel apparatus for garden and other type hoses which rewinds the
      hose after it has been pulled from the reel and automatically shuts off
      the flow of fluid through the hose and drains the fluid from the hose
      after it has been rewound. The apparatus includes a fluid motor powered by
      the fluid which is also directed through the hose, and fluid valving
      utilizing fluid pressure for stopping fluid flow through the hose. The
      valving is responsive to an increase in fluid pressure resulting from
      restriction in the rotation of the hose reel after the hose has been
      rewound.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hose reel apparatus for winding and storing
      garden and other type hoses and, more particularly, to a hose reel which
      automatically rewinds the hose utilizing the force of the fluid
      transmitted through the hose and automatically shuts off the flow of
      liquid after rewinding.
PAR  Hose reels for garden hose and other types of hoses are known. Many of the
      prior known devices have included complex mechanisms for turning on the
      flow of fluid through the hose when the hose is pulled from the reel,
      various mechanical and hydraulic means for rewinding the hoses on the
      reel, and various mechanical devices for shutting off the flow of fluid
      through the hose after the hose has been rewound. The major drawback of
      the prior devices has been their extremely complex construction making
      them expensive as well as subject to various forms of mechanical failure.
PAR  Specifically, prior reels have failed to provide simple and efficient
      apparatus for shutting off the flow of fluid after the hose has been
      rewound. A typical example is U.S. Pat. No. 2,193,288 disclosing one of
      the many prior known shut-off devices. This device includes numerous
      small, pivotable, and rotational elements subject to corrosion, and other
      elemental effects which can hinder or completely prevent proper operation.
PAR  Other drawbacks included the failure to provide simple and efficient means
      for evenly winding the hose on the reel. Many of the prior known winding
      devices used complex threaded or geared mechanisms which were also subject
      to breakdown and mechanical failure.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered that the above-mentioned drawbacks can be overcome with a
      simple and efficient hose reel apparatus which utilizes the power of the
      fluid flowing through the hose intended to be wrapped on the reel for both
      powering the rewinding of the hose and operating fluid valving to shut off
      the flow of fluid through the hose after rewinding. The pressure of the
      fluid transmitted through the hose is utilized, by setting a valve means
      for rewinding the hose, for both rewinding the hose on the reel and for
      shutting off the flow of fluid through the hose after rewinding. After
      rewinding, the fluid in the hose is automatically drained therefrom
      through the free end of the hose in order to prevent freezing, corrosion,
      or the like, especially if the fluid is water and the apparatus is used in
      cold or other adverse weather.
PAR  Preferably, an even-winding, following device is provided for guiding and
      directing the hose into a helical groove provided on the hose reel. The
      follower moves axially along a rod positioned parallel to the hose reel
      and includes an annular convex section engaging one axial portion of the
      helical groove and an annular concave section directing the hose into
      another portion of the groove spaced axially from the groove-engaging
      portion.
PAR  These and other objects, advantages, purposes, and features of the
      invention will become more apparent from a study of th FOLLOWING
      DESCRIPTION WHEN TAKEN IN CONJUNCTION WITH THE DRAWINGS.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the present invention;
PAR  FIG. 2 is a cross-sectional plan view of the hose reel apparatus taken
      along plane II--II of FIG. 1;
PAR  FIG. 3 is an elevation of the cylindrical hose reel of the present
      invention;
PAR  FIG. 4 is an enlarged, fragmentary, sectional view of the even wind
      mechanism and a portion of the cylindrical hose reel taken in area IV of
      FIG. 3;
PAR  FIG. 5 is a plan view of the fluid control apparatus of the present
      invention taken along plane V--V of FIG. 1;
PAR  FIG. 6 is a fragmentary, sectional elevation of the swivel fluid connection
      of the hose reel taken along plane VI--VI of FIG. 3;
PAR  FIG. 7 is a sectional illustration of the fluid valving of the present
      invention shown in the closed portion wherein fluid is prevented from
      flowing through the fluid motor and hose and residual fluid is being
      drained from the rewound hose;
PAR  FIG. 8 is a sectional illustration of the fluid valving of FIG. 7 in
      position to direct fluid through the hose; and
PAR  FIG. 9 is a sectional illustration of the fluid valving of FIGS. 7 and 8 in
      position to direct fluid through both the hydraulic motor and the hose.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in greater detail, FIGS. 1-3 and 5 generally
      illustrate the hose reel apparatus 10 of the present invention. The
      apparatus 10 includes a support structure 12 for housing and supporting
      the hose reel 25 (FIG. 3) for rotation about a generally vertical axis 26.
      Reel 25 receives a flexible hose 11 having a generally circular cross
      section therearound. Even wind mechanism 50 guides and directs hose 11
      onto the reel 25. A fluid motor 60 is included for rotating the reel 25
      about its vertical axis 26 through appropriate gearing, and fluid valving
      70 is included for directing fluid through the hose only, or through the
      fluid motor 60 and through the hose, and for automatically shutting off
      the flow of fluid through the hose after the hose has been rewound to a
      predetermined point. The apparatus 10 is especially adapted for garden and
      other type hoses but may be adapted by changing its dimensions to handle
      virtually any type flexible hose.
PAR  Support structure 12 includes a base 14, a generally cylindrical housing
      16, including a recess 18 having an elongated vertical aperture 20, and a
      top cover 22 over an upper platform 24. The cylindrical hose reel 25 is
      rotatably secured between base 14 and platform 24 with the hydraulic motor
      60 and fluid valving 70 secured between platform 24 and top cover 22.
PAR  Referring to FIGS. 2, 3, and 4, reel 25 is a right, circular cylinder 28
      including a continuous, helical groove 30 formed in and around the
      cylinder sides. The bottom end of the cylinder is covered by a plate 34
      while the top portion is covered by a circular plate 36. Plate 36 includes
      an upstanding rim or flange 38 (FIGS. 3 and 5) extending parallel to the
      axis 26 and generally upwardly away from the cylinder 28 including a
      plurality of gear teeth on its inside surface for engaging appropriately
      sized teeth on gears associated with the fluid motor 60 as shown in FIG.
      5. Axles 40 and 42 extending normally to circular plates 34 and 36 provide
      means for engaging the base 14 and platform 24 to support the reel
      vertically in its housing.
PAR  As is best seen in FIG. 4, a plurality of ball bearings 44 are included
      between the lower plate 34 and the base 14 in suitable, annular, aligned,
      receiving grooves formed in each part to support the reel rotatably about
      axis 26. The cylindrical portion 28 of reel 25 may be made tall enough to
      include a helical groove of sufficient length to accept any desired length
      of hose. Normally, the reel will be made in a standard size to accept
      standard length garden hoses or the like.
PAR  As seen in FIG. 6, axle 42 extending above circular plate 36 at the top of
      reel 25 also provides a liquid fluid inlet swivel coupling 43 to direct
      fluid from fluid valving 70 to the attached end 45 of a hose 11 wound on
      reel 25. Swivel coupling 43 is of the conventionally known type and also
      serves as a bearing for rotatably supporting the upper end of the reel.
      Further, the swivel coupling includes sealing means which prevent the
      leakage of fluids transmitted therethrough during such rotation. An elbow
      conduit 46 extends from the lower portion of the swivel coupling and
      includes a collar 47 for securing the end 45 of the hose thereto. The hose
      thereafter extends out through an aperture in the reel and is wound in
      helical groove 30 on the exterior of the reel. Thus, fluid is transmitted
      from the stationary valving 70 to the hose without leakage even while
      cylinder 25 is rotating.
PAR  Referring now to FIG. 4, the even wind mechanism for guiding the hose into
      the helical groove 30 includes a rod 52 having a circular cross section
      secured in aligned apertures 53 provided in base 14 and platform 24
      adjacent the periphery of the reel 25. Rod 52 extends parallel to the axis
      26 of cylinder 25 and is spaced a distance from the outer periphery
      thereof such that the groove following member 55 is slidably mounted
      thereon and matingly engaged with the groove 30.
PAR  Follower 55 includes an upper, annular, concave section 56 having its outer
      edge surface formed in a concave semicircular shape as shown in FIG. 4. A
      generally transverse, annular, connecting shoulder 57 extends between one
      edge of the annular concave section 56 and a lower, annular, convex
      section 58 forming the lower portion of the cylinder 55. The outer edge
      surface of convex section 58 is formed in a convex, semicircular shape
      which mates with the concave, semicircular shape of the helical groove 30.
      The ridges 31 between the individual coils 32 extend adjacent the shoulder
      57. A longitudinal bore 54 extending generally perpendicular to the planes
      of the annular convex and concave sections 56 and 58 extends through the
      follower 55 for axially movably supporting the follower on rod 52.
PAR  As will be understood from FIG. 4, convex section 58 engages a portion of
      groove 30 spaced axially parallel to the axis 26 from another portion of
      groove 30 which is adjacent concave section 56. Concave section 56
      adjacent the other coil 32 forms a space 59 having a substantially
      circular cross-sectional shape which receives the generally circular
      cross-sectional shape of hose 11. Since follower 55 is slidably mounted on
      rod 52, rotation of the cylinder 25 with convex section 58 mating with
      helical groove 30 causes the follower 55 to be advanced axially parallel
      to the axis of the cylinder and to receive and guide the hose 11 into the
      portion of groove 30 immediately above the convex section 58. Accordingly,
      the guiding portion of the follower is positioned immediately adjacent the
      groove portion into which the hose is directed resulting in a more
      positive efficient wrapping of the hose.
PAR  Referring now to FIGS. 5 and 7-9, fluid motor 60 is positioned and secured
      on platform 24 generally above the top plate 36 of the reel 25. Fluid
      motor 60 is of the type including a series of impeller blades 62 secured
      to a shaft 64 (FIGS. 7-9). The blades and shaft are driven by the force of
      a stream of liquid directed thereon from fluid valve means 70. Shaft 64 in
      turn drives a small gear 66 having a plurality of gear teeth therearound
      and engaging the toothed periphery of another gear wheel 68 positioned
      between small gear 66 and the toothed rim 38 of hose reel 25 (see FIGS. 1
      and 5). Hence, when valve apparatus 70 is positioned to direct a stream of
      fluid into motor 60, gears 66 and 68 will be rotated thereby imparting a
      rotation to reel 25 via rim 38 to wind the hose 11 thereon.
PAR  Typical hydraulic fluid powered motors which may be used in the present
      invention include the "Tru-Test Sprinkler" motor manufactured by
      International Plumbing Products Company of Freeport, New York, and motors
      manufactured by Servess of Princeville, Illinois. Although these motors
      typically include shafts driven by streams of fluid impinging on impeller
      blades secured thereto, other types of fluid motors may also be used.
      Provision may also be made for driving shaft 64 via a hand crank inserted
      in a suitably provided aperture in the fluid motor such as aperture 69
      shown in the top of motor 60 in FIGS. 1 and 5.
PAR  Electric motors or other motive power means may also be used to power the
      rotation of the reel. An electric motor would require appropriate switches
      coordinated with the reel to start and stop the motor at appropriate
      times. If such other motive power sources were used, the invention would
      include appropriate fluid valving to shut off flow through the hose. For
      instance, shaft 64 would be connected to the drive shaft of an electric
      motor for rotating the reel. When a predetermined amount of hose was
      rewound, limit switches would shut off the electric motor and blades 62
      would be stopped. The resulting back pressure would then shut off fluid
      flow through the fluid valving and hose as is described below.
PAR  As shown in FIGS. 7-9, the fluid valve apparatus 70 includes a housing 72
      including a central bore 74 extending through the middle thereof. Bore 74
      receives a spool shaft 76 including enlarged, circular, cylindrical
      sections or lands 78, 80, and 82 spaced axially along the shaft 76. Land
      82 has a diameter larger than either enlargement 78 or 80 providing a
      greater surface area on end 83 of the spool shaft than is provided on
      either side of either of the lands 78 or 80. Lands 78, 80, and 82 mate
      with the interior of the bore 74 and are sealed with suitable sealing
      means such as O rings 84 mounted in annular grooves in each of the lands.
      Additionally, annular shoulder 86, adjacent end 81 of the spool shaft,
      includes an O ring 88 providing a seal for closing the end of bore 74
      opposite end 83 of the spool shaft. The various lands on shaft 76 and
      shoulders in bore 74 therefore define fluid flow chambers or spaces
      therebetween. An annular member 90 is positioned adjacent end 83 of the
      spool shaft and includes annular channel 92 therein for receiving a coil
      spring 94 which helps bias the entire spool shaft 76 toward the right in
      FIGS. 7-9.
PAR  End 81 of the spool shaft includes a knob 96 for positioning the spool
      shaft in one of three positions A, B, or C as shown in FIGS. 7-9. The
      spool shaft is held in a desired position unless moved axially by fluid
      pressure and the force of spring 94 by a spring-biased ball 98 engaging
      one of three detents A, B, or C spaced axially along spool shaft 76
      adjacent end 81.
PAR  Fluid flow to and from the valve apparatus 70 is provided by liquid supply
      inlet 100, which includes a coupling 101 for attaching the inlet to a
      standard water faucet of a house or other dwelling as shown in FIG. 5, and
      a pair of fluid outlet conduits 102 and 104. Conduit 102 extends to fluid
      motor 60 providing a stream of fluid for driving that motor while conduit
      104 extends into communication with conduit 106, the outlet for fluid
      motor 60. A fluid passageway 108 is provided in the housing 72 for
      admitting atmospheric pressure through a suitable check valve 110 shown
      schematically mounted in passageway 108. Another check valve 112 is shown
      schematically in FIGS. 7-9 and mounted adjacent the outlet of motor 60 in
      conduit 106. A fluid conduit 114 extends from conduit 102 to the end of
      bore 74 in housing 72 providing a passageway for admitting fluid against
      the end 83 of the spool shaft 76. The opposite end of conduit 106 is
      connected to the swivel coupling 43 at the upper end of the reel 25 to
      provide fluid flow through the hose 11.
PAR  The operation of the valve apparatus 70 and the reel apparatus will now be
      apparent. The operation is controlled by positioning shaft 76 in position
      A (FIG. 7), position B (FIG. 8), or position C (FIG. 9). In position A,
      all fluid flow is stopped. Position B causes fluid flow through the hose.
      Position C causes rewinding of the hose on the reel and fluid flow through
      the hose. When the hose is rewound to a predetermined point, fluid
      pressure causes the spool shaft to be moved from position C to position A,
      shutting off all fluid flow.
PAR  Normal use of the apparatus begins with the spool valve 76 positioned as
      shown in FIG. 7. In this position, lands 78 and 80 cover the mouths of
      conduits 102 and 104 preventing the flow of fluid from inlet 100 to either
      of those conduits. Hence, fluid does not flow either through fluid motor
      60 or through the hose 11. Since there is no fluid pressure in line 104,
      the check valve 110 opens and atmospheric pressure is introduced into the
      hose 11 through passageway 108, conduits 104 and 106. The atmospheric
      pressure causes the fluid remaining in hose 11 to be drained from the free
      end of the hose positioned adjacent the bottom of the hose reel as shown
      in FIGS. 1 and 2. Check valve 110 and passageway 108 are located at the
      top of the hose reel apparatus thereby facilitating drainage from top to
      bottom through the wound hose.
PAR  When it is desired to have liquid flow through hose 11, spool valve 76 is
      pulled axially to the right with knob 96 such that spring-biased ball 98
      seats in detent B as shown in FIG. 8. In this position, flow from inlet
      100 passes around spool shaft 76 between lands 78 and 80 through conduit
      104 and conduit 106 and on out through hose 11. Fluid is prevented from
      passing through fluid motor 60 by the position of land 80 between inlet
      100 and the mouth of conduit 102 in bore 74. Spring 94 and biased ball 98
      retain the shaft in position B. Fluid passing through conduit 104 enters
      passageway 108 to close check valve 110 thereby preventing the entry of
      atmospheric pressure when the spool valve is positioned in position B. The
      same fluid pressure in conduit 106 closes check valve 112 to prevent
      leakage back through motor 60.
PAR  After use of the unwound hose 11 is concluded and it is desired to rewind
      the hose on reel 25, spool 76 is pushed axially to the left into position
      C as shown in FIG. 9. In this position, flow from inlet 100 passes around
      spool 76 between lands 78 and 80 through conduit 102, fluid motor 60, and
      on out through conduit 106 and hose 11. The spool is retained in position
      C by the force of ball 98 in detent C which balances the force of spring
      94 acting against end 83. Passage of fluid through fluid motor 60 causes
      the rotation of shaft 64 by impeller blades 62 imparting a rotation to
      reel 25 and causing the hose 11 to be wound in helical groove 30 of the
      reel by follower 55 in the manner described above.
PAR  When a predetermined amount of hose 11 is rewound on reel 25, normally the
      entire hose, an abutment or enlargement on the hose engages a restricted
      portion of the vertical aperture 20 (FIG. 1) preventing rotation of the
      reel 25. Normally, the hose coupling 48 (FIGS. 1 and 2) at the free end of
      hose 11 will engage opening 20 when the hose has been completely rewound.
      However, other abutments such as a collar or the like may be clamped at
      any position along the length of the hose to stop the rotation of the reel
      when a desired length of hose has been rewound.
PAR  When the reel is stopped from rotating in the above-described manner, gears
      66, 68, and shaft 64 cannot rotate, fluid cannot move blades 62 of motor
      60, and therefore, fluid cannot pass out through the outlet of the motor.
      The stream of fluid thus cannot enter inlet 100 causing a back-pressure
      upstream of the motor. Such back-pressure causes the fluid to be directed
      through conduit 114 and against end 83 of spool 76. The force of the fluid
      against the large cross-sectional area of the end 83 of spool 76 in
      combination with the biasing force of spring 94 overcomes the force of
      ball 98 in detent C causing the spool 76 to move axially to the right in
      FIG. 9. Such axial movement returns spool 76 to position A as shown in
      FIG. 7. Further movement of the spool to the right past position A is
      prevented by the sealing of the mouth of conduit 102 by land 80 in
      position A. Thus, when rotation of the reel 25 is stopped when a
      predetermined amount of hose is reeled thereon, the fluid pressure is
      increased against end 83 of the spool forcing the spool to the right to
      close off the flow of fluid through both the fluid motor 60 and hose 11.
      Check valve 110 is closed in position C by the force of fluid in conduit
      104 and passage 108.
PAR  Preferably, housing 72, spool shaft 76, and the fluid conduits are all
      formed from a noncorrosive, synthetic material or plastic which may be
      molded in the configuration shown in FIGS. 7-9. Although such synthetic
      materials are preferable to prevent corrosion and to provide more
      durability and longer life for the apparatus, other more conventional
      materials may also be used such as cast iron, steel, brass, or the like.
PAR  While one form of the invention has been shown and described, other forms
      will now be apparent to those skilled in the art. Therefore, the
      embodiment shown in the drawings and described above is merely for
      illustrative purposes and is not intended to limit the scope of the
      invention which is defined by the claims which follow.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Hose reel apparatus comprising in combination, a cylindrical hose reel;
      support means for rotatably supporting said reel on an axis of rotation;
      winding means for directing and guiding a hose around and along said reel
      as said reel is rotated on said axis including fluid motive power means on
      said support means for rotating said reel about said axis; fluid valve
      means for controlling operation of said fluid motive power means and for
      controlling fluid flow to a hose on said reel when the hose is connected
      to said fluid valve means, said fluid valve means having a first fluid
      conducting means for admitting and directing fluid through the hose, a
      second fluid conducting means for directing said fluid through said fluid
      motive power means for rotating said reel to wind the hose on said reel
      prior to the passage of the fluid through the hose, and movable valve
      sealing means responsive to a fluid pressure increase for closing said
      first and second fluid conducting means and shutting off the flow of said
      fluid through said fluid motive power means and the hose on said reel; and
      fluid control means responsive to the winding of a predetermined amount of
      hose on said reel for providing an increase in fluid pressure in said
      fluid valve means whereby the increase in fluid pressure moves said valve
      sealing means to shut off fluid flow through the hose and stop rotation of
      said reel when the predetermined amount of the hose is wound on said reel.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said fluid control means include means
      for restraining rotation of said reel about said axis when the
      predetermined amount of hose is wound on said reel whereby a back-pressure
      is built up in said fluid valve means and moves said movable valve sealing
      means.
NUM  3.
PAR  3. The apparatus of claim 2 including a housing surrounding said reel and
      having an aperture extending parallel to said axis through which the hose
      is passed during winding and unwinding from said reel; said reel rotation
      restraining means comprising a restricted area of said housing aperture
      for engaging an enlargement along the length of the hose to prevent
      further winding of the hose on said reel.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said winding means include a helical
      groove extending around the exterior of said reel and a hose guiding
      member axially slidably mounted along a rod extending parallel to but
      spaced from the circumference of said reel, said guiding member having a
      convex section matingly engaging one portion of said groove for axially
      moving said guiding member along said rod in response to rotation of said
      reel, and an annular, rounded, concave recess merging into said convex
      section for receiving and guiding the hose into another portion of said
      groove spaced axially along said reel from said one groove portion as said
      reel is rotated.
NUM  5.
PAR  5. The apparatus of claim 1 including base means for vertically supporting
      said reel with said rotational axis extending vertically; a housing
      surrounding said reel mounted on said base means, said housing including a
      generally vertical elongated aperture for winding and unwinding said hose
      from said reel, said aperture including a restricted area preventing
      passage of an enlargement on the end on the hose when the hose is
      completely rewound; said enlargement on the end of the hose and said
      restricted area of said housing aperture comprising said fluid control
      means; said reel including a helical groove extending around its
      circumference; said winding means including guide means for following said
      groove and for receiving and guiding said hose into said groove as said
      reel is rotated.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said fluid valve means includes
      additional valve means responsive to a reduction in fluid pressure in said
      fluid valve means for admitting atmospheric pressure into the hose for
      draining said fluid from the hose when said flow of fluid has been shut
      off.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said fluid valve means includes a spool
      shaft axially movably mounted in a housing, sealing means on said spool
      shaft defining a plurality of chambers within said housing, a plurality of
      fluid conduits separately connected to said housing including a first
      fluid inlet conduit directing fluid to said chambers, a first fluid outlet
      conduit comprising said first fluid conducting means for directing fluid
      through said hose while bypassing said fluid motive power means, a second
      fluid outlet conduit comprising said second fluid conducting means for
      directing fluid to said fluid motive power means, and a second fluid inlet
      conduit connected to said first outlet intermediate said housing and fluid
      motive power means for transmitting said increased fluid pressure against
      said spool shaft whereby said spool is axially moved to shut off said
      fluid flow through both said first and second fluid outlet conduits when
      said predetermined amount of the hose is wound on said reel; means for
      holding said spool in a plurality of desired axial positions such that
      said spool shaft will direct fluid from said first inlet to at least one
      of said first and second fluid outlets and said second fluid inlet.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said fluid motive power means includes
      impeller blade means for preventing fluid flow therethrough and for
      increasing fluid pressure in said second inlet when said reel is prevented
      from rotating; abutment means adapted to engage an enlargement on the hose
      for preventing rotation of said reel when said predetermined amount of the
      hose is wound on said reel; biasing means acting in combination with said
      increased fluid pressure against said spool shaft for axially moving said
      spool shaft to shut off said flow; said holding means including a
      plurality of detents spaced axially along said spool shaft and detent
      engaging means biased against said detents for resisting movement of said
      spool shaft.
NUM  9.
PAR  9. The apparatus of claim 7 including an additional fluid conduit
      connecting said second fluid outlet conduit with the atmosphere; said
      additional fluid conduit including said atmospheric pressure admitting
      valve means comprising a check valve which prevents fluid from escaping
      from said additional fluid conduit when fluid is directed through said
      second fluid outlet conduit and allows atmospheric pressure to be admitted
      through the hose when no fluid pressure is present within said second
      fluid outlet conduit; and check valve means located adjacent the outlet
      from said fluid motive power means for preventing fluid from flowing in
      reverse through said fluid motive power means.
NUM  10.
PAR  10. The apparatus of claim 9 including fluid conducting means for providing
      fluid communication between said fluid outlet of said fluid motive power
      means and said atmospheric pressure check valve to prevent entrance of
      atmospheric pressure into the hose when fluid is directed through said
      fluid motive power means.
NUM  11.
PAR  11. Hose reel apparatus comprising in combination, a cylindrical hose reel;
      support means for rotatably supporting said reel on an axis of rotation;
      fluid motive power means on said support means for rotating said reel
      about said axis; guide means mounted for movement along the side of said
      reel generally parallel to said reel axis and engaging the side of said
      reel for receiving, guiding, and wrapping a hose evenly around and axially
      along said reel as it is rotated on said axis; fluid valve means for
      controlling a flow of fluid through the hose and for controlling a flow of
      fluid through said fluid motive power means to wind the hose on said reel
      including first fluid conduit means for directing said fluid through the
      hose, second fluid conduit means for directing said fluid into said fluid
      motive power means, movable valve sealing means responsive to a change in
      fluid pressure for shutting off the flow of fluid through said first and
      second fluid conduit means and thus the hose when said reel is prevented
      from rotating; and fluid control means for preventing rotation of said
      reel when a predetermined amount of hose is wound on said reel, said fluid
      control means including means responsive to said prevention of rotation of
      said reel for changing the fluid pressure in a portion of said fluid valve
      means whereby when said reel is prevented from rotating by said control
      means, said valve sealing means is moved to shut off fluid flow to both
      said hose and fluid motive power means.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said fluid control means include
      means on said support means for abutting and preventing passage of an
      enlarged portion of the hose, the hose including an end adapted for
      connection to said reel, a free end, and an enlarged portion positioned a
      predetermined distance from the free end of the hose; said fluid motive
      power means including a fluid inlet connected to said second fluid conduit
      and a fluid outlet connected to said hose; said valve sealing means being
      movable between at least a first position directing fluid flow through
      said second fluid conduit and thus through said fluid motive power means
      and into said hose and a second position closing off the flow through said
      second fluid conduit and thus said fluid motive power means and hose; said
      means responsive to said fluid control means for changing the fluid
      pressure including fluid flow restriction means for producing a
      back-pressure at said fluid inlet to said fluid motive power means and
      thus in said second fluid conduit and additional fluid conduit means
      connected to said second fluid conduit for directing fluid pressure
      against said valve sealing means upon the occurrence of said back-pressure
      to move said valve sealing means to said second position.
NUM  13.
PAR  13. In a hose reel apparatus of the type including a cylindrical hose reel,
      support means for supporting said hose reel for rotation about a
      rotational axis, means for rotating said reel about said axis to wind a
      hose thereon, and valve means for directing a fluid through the hose, the
      improvement comprising a hose receiving and guiding means for evenly
      winding the hose on said reel, said guiding means including a helical
      groove extending around and axially along said cylindrical reel, a support
      rod positioned parallel to said reel axis and spaced from said reel, and a
      guide member mounted for axial movement along said rod; said guide member
      including an annular convex section having a shape corresponding to the
      cross-sectional shape of said groove in mating engagement with one portion
      of said groove, an annular concave section flaring inwardly from said
      convex section and located adjacent another portion of said groove spaced
      a distance parallel to said reel axis from said one groove portion for
      engaging and guiding the hose, and a longitudinal bore extending
      transversely through said annular sections for receiving said rod whereby
      rotation of said reel with said helical groove moves said guide member
      along said rod to guide said hose into said reel.
NUM  14.
PAR  14. The improvement of claim 13 wherein said helical groove, said annular
      concave section, and said annular convex section each have the
      cross-sectional shape of a semicircle.
NUM  15.
PAR  15. Hose reel apparatus comprising in combination, a cylindrical hose reel;
      support means for rotatably supporting said reel on an axis of rotation;
      winding means for directing and guiding a hose around and along said reel
      as said reel is rotated including motive power means on said support means
      for rotating said reel about said axis; fluid valve means for controlling
      fluid flow to a hose on said reel when the hose is connected to said fluid
      valve means including fluid conducting means for admitting and directing
      fluid through the hose, movable valve sealing means responsive to a fluid
      pressure increase for closing said fluid conducting means and shutting off
      the flow of said fluid through the hose on said reel; and fluid control
      means responsive to the winding of a predetermined amount of hose on said
      reel for providing an increase in fluid pressure in said fluid valve means
      whereby the increase in fluid pressure moves said valve sealing means to
      shut off flow through said hose when a predetermined amount of the hose is
      wound on said reel.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said fluid control means for
      providing an increase in fluid pressure comprise means for restraining
      rotation of said reel about said axis when said predetermined amount of
      hose is wound on said reel whereby a back-pressure is built up in said
      fluid valve means and moves said movable valve sealing means.
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ABST
PAL  A basement sump construction characterized by a sump chamber including a
      side wall provided with a drain outlet opening. A trap apparatus for the
      unidirectional flow of water is removably mounted on the sump side wall so
      as to be easily accessible to cleaning and servicing through a top access
      opening in the sump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to basement sump constructions and more
      particularly to a device of this character which is provided with a trap
      for the prevention of back flow of flood water.
PAC  PROBLEMS IN THE ART
PAR  In the construction of sumps for basements a problem has been present in
      the art in that back-flow preventing traps for flood prevention have
      always tended to clog and become inoperative so as to be useless at the
      time flooding conditions occur. Moreover, such prior trap constructions
      have generally been inaccessibly mounted in drain pipes beneath concrete
      slab floors whereby their cleaning or replacement has heretofore been
      extremely difficult and expensive.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the present invention comprises a sump chamber provided with a
      top access opening and a sump side wall including a drain outlet opening.
      The latter is provided with a hinged trap assembly removably mounted on
      the sump side wall so as to be accessible by way of said access opening
      for cleaning or servicing.
PAR  As another aspect of the present invention the trap assembly is provided
      with a seal and gasket arrangements which are readily accessible and
      replaceable such that the leak preventing efficiency of the device can
      easily be maintained.
PAR  It is therefore an object of the present invention to provide a novel
      basement sump construction which includes a trap mechanism for the
      prevention of the back flow of flood water which mechanism is accessibly
      and removably mounted for cleaning and servicing.
PAR  Further object and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein a preferred form of embodiment of the invention is clealy
      shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial top elevational view of a sump constructed in
      accordance with the present invention;
PAR  FIG. 2 is a side sectional view taken along line 2 -- 2 of FIG. 1; and
PAR  FIG. 3 is a front elevational view of the sump construction of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in detail to the drawings, FIG. 1 illustrates a basement sump
      constructed in accordance with the present invention which includes a sump
      chamber 8 formed by poured concrete side walls 14 and 16 and a bottom wall
      12, said walls being positioned below a basement floor 20.
PAR  Side walls 14 includes a drain outlet opening 31 that communicates with a
      sewer tile 44 and such opening is provided with a removable trap assembly
      indicated generally at 15.
PAR  Such trap assembly 15 comprises a frame plate 22 including an outlet
      opening 40 with such plate being removably mounted on side wall surface 18
      by bolts imbedded in the concrete and nuts 28.
PAR  A gasket or suitable sealing mastic 24 is disposed between frame plate 22
      and side wall surface 18.
PAR  The trap mechanism further includes a door assembly indicated generally at
      35 which consists of a main door plate 30 mounted to the outer surface of
      frame plate 22 by a hinge 42 with such hinge being secured to the frame
      plate by bolts and nuts 46 - 48 and to door plate 30 by cap screws 37.
PAR  Door assembly 35 is further provided with a flexible seal 32, formed of
      synthetic rubber or the like which is sandwiched between floor plate 30
      and a seal retainer plate 34 with such plates being joined together by
      bolt and nut 36 - 38.
PAR  In operation, the sump is normally drained by water passing from chamber 8
      to tile 44 since the trap door assembly 35 is free to open outwardly. When
      sump chamber 8 is empty the action of gravity will maintain door assembly
      35 normally closed such that any flood water that may occur in the
      surrounding earth fill will exert pressure against the outer surface of
      the door and thereby urge it in a sealed closed position.
PAR  In the event that door assembly 35 should become clogged open it can
      readily be cleaned via the top opening of the sump chamber 8.
PAR  Moreover, the entire trap assembly 15 can be easily removed from the sump
      merely by loosening the nuts 28 whereby the assembly can be easily
      repaired or replaced.
PAR  While the form of embodiment of the present invention as herein disclosed
      constitutes a preferred form, it is to be understood that other forms
      might be adopted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A basement sump construction comprising, in combination, a sump chamber
      including a top access opening, a sump side wall provided with an inner
      wall surface and a drain outlet opening; a trap frame plate mounted on
      said inner wall surface and including a plate side facing said drain
      outlet opening and a trap opening communicating with said drain outlet
      opening; a trap door pivotally mounted to said frame plate above said trap
      opening for unidirectional opening movement towards said drain outlet
      opening responsive to pressure exerted on said door when water is present
      in said sump chamber, said door being normally disposed in a closed
      position covering said trap opening; and mounting means accessible through
      said top access opening and removably securing said trap frame plate to
      said sump side wall.
NUM  2.
PAR  2. The apparatus defined in claim 1 that includes a resilient seal between
      said trap door and said trap frame plate.
NUM  3.
PAR  3. The apparatus defined in claim 1 that includes a gasket mounted between
      said trap frame plate and said sump side wall.
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ABST
PAL  Disclosed is a lock for a valve having a stem which by rotation controls
      the opening and closing of the valve. The lock essentially comprises a
      housing having a first opening therein to receive the stem and a second
      opening; a locking member is disposed in the second opening and comprises
      a terminal portion which in its closed position contacts the stem and
      prevents the stem from rotating, a middle portion connected to the
      terminal portion and having a periphery substantially equal to the
      greatest periphery of the second opening, and an end portion connected to
      the middle portion and having a periphery less than the greatest periphery
      of the second opening. A spring is disposed within the second opening
      about the end portion and tends to force the terminal portion into its
      locking position in contact with the stem to prevent rotation of the stem
      whereby a force must be exerted axially along the locking member against
      the pressure exerted by the spring in order to move the terminal portion
      out of contact with the stem in order to permit rotation of the stem to
      open the valve.
BSUM
PAR  The subject matter of this application is directed to a lock for a value.
      More particularly, the present invention relates to a lock for a valve
      which is opened by rotation of a stem connected thereto. The lock of the
      present invention functions to restrain the stem from rotation, thereby
      preventing opening of the valve.
DRWD
PAR  For the purpose of illustrating the invention, there is shown in the
      drawings a form which is presently preferred, it being understood,
      however, that the invention is not limited to the precise
      instrumentalities and arrangements shown.
PAR  FIG. 1 is a view of the valve housing and the lock in accordance with the
      present invention;
PAR  FIG. 2 is a cross sectional view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view taken along lines 3--3 of FIG. 1;
PAR  FIG. 4 is a cross sectional view taken along lines 4--4 of FIG. 2.
DETD
PAR  Referring now to the drawings, FIG. 1 is a view of a valve assembly
      designated generally by the numeral 10. A valve handle 11 (shown in dotted
      lines) is mounted on the free end of a valve stem 12 mounted in a valve
      housing 14 such that rotation of the valve handle 11 will produce rotation
      of stem 12 which, in turn, produces rotation of a valve 13 which is
      rigidly associated with said shaft. While in the particular embodiment
      shown, the stem shaft 12 is connected to a butterfly valve, it is to be
      clearly understood that the present invention is equally applicable to
      other types of known valves such as ball valves. When valve 13 is rotated
      90.degree. from its closed position shown in FIG. 2, it reaches its
      maximum open position.
PAR  A lock housing assembly designated generally by the numeral 20 is rigidly
      mounted to valve assembly 10. A lock housing 21 is provided with a bore in
      which a locking member 22 in the form of a cylindrical plunger which is
      composed of terminal portion 23 of reduced diameter, first piston portion
      24, second piston portion 25 and main body portion 26. A lock handle 27 is
      connected to the free end of main body portion 26. Helical spring 28 is
      disposed within the bore of lock housing 21 about the main body portion
      26. As will be more fully explained hereinafter with reference to FIG. 4,
      placement of the terminal portion 23 in the position shown in FIG. 1
      prevents rotation of stem 12 thereby preventing opening of valve 13.
      Terminal portion 23 is biased toward this locking position by the spring
      28. Thus, in order to unlock stem shaft 12 to permit valve 13 to be opened
      it is necessary that axial pressure be exerted against handle 27 to
      compress spring 28 to withdraw terminal portion 23 from its locking
      position.
PAR  FIG. 2 is a view taken along lines 2--2 of FIG. 1 and shows valve 13 is in
      its closed position and cooperates with a sealing element 15. Stem shaft
      12 is rigidly connected to valve body 13 so that rotation of shaft 12
      produces rotation of the valve body 13. As shown in the leftmost portion
      of FIG. 2, stem 12 passes through a second bore 21B provided in lock
      housing 21 and has a flat portion or land 29 formed thereon for abutting
      against terminal portion 23 of locking member 22 when locking member 22 is
      in its shown locked position. It can therefore be seen from FIG. 2 how
      placement of terminal portion 23 in its locked position prevents rotation
      of shaft 12 thereby preventing the opening of valve 13.
PAR  FIG. 3 is a view in partial cut away fashion along lines 3--3 of FIG. 1
      showing the positional relationship between valve handle 11 and lock
      handle 27. Valve handle 11 and lock handle 27 are closely spaced with
      respect to each other so that it is possible for a single operator to open
      the valve by exerting an axial force on lock handle 27 while, at the same
      time, rotating shaft 12 to open the valve once it has been unlocked.
PAR  FIG. 4 is a cross-sectional view taken along lines 4--4 of FIG. 2. Disposed
      within the first bore of lock housing 21 is above-described locking member
      22. Lock handle 27 is connected to the free end of main body portion 26
      extending outside of the lock housing 21. Spring 28 is disposed about main
      body portion 26 within the first bore 21A in lock housing 21. Shaft 12 as
      well as flat portion 29 thereof is disposed within another bore 21B in
      lock housing 21 which is arranged perpendicular to the first bore and
      whose axes do not intersect.
PAR  A terminal assembly in the form of a cover plate 30 is secured to lock
      housing 21 by bolts 31. Disposed within plate 30 is a seal means 32 and a
      similar seal 33 is disposed between the opposed faces of pistons 25 and
      24. Spring 28 acts against the plate 30 and piston 25 so as to urge the
      terminal portion 23 towards its locking position.
PAR  As best shown in FIG. 4, the positioning of terminal portion 23 in abutting
      relationship with flat portion 29 of stem 12 prevents the rotation of the
      stem about is axis, thereby preventing the opening of valve 13. Locking
      member 22 is biased to its closed position by the action of spring 28
      against element 25. In order to permit the opening of valve 13, it is
      necessary to apply a force to handle 27 in the direction shown by the
      arrow in FIG. 4 in order to move terminal portion 23 of locking member 22
      out of abutting relationship with flat portion 29 of stem 12. Once this
      has been accomplished, handle 11 may be rotated which will rotate stem 12
      and thus open valve 13. When it is desired to move the valve body 13 into
      closed position with its cooperating sealing element 15, valve handle 11
      may be moved to its closed position, thus permitting spring 28 to act upon
      piston 25 forcing terminal portion 23 of locking member 22 to its locking
      or abutting position.
PAR  In order to prevent contaminants from entering the portion of lock housing
      21 wherein spring 28 is disposed, seal 33 disposed between the opposed
      faces of pistons 25 and 24 and seal 32 disposed within the terminal
      assembly or cover plate 30 are provided, thus preventing the entry of
      contaminants into the open area between them.
PAR  The present invention may be embodied in other specific form without
      departing from the spirit or essential attributes thereof. For example,
      the lock of the present invention can be used for a tank car valve in
      order to hold a valve body in the form of a disc in the closed position
      against hydro-dynamic forces from the commodity (e.g. liquid) being
      carried. In such application, the disc valve body will be held in a closed
      position even in the event of the tank car being derailed with high forces
      being applied to the valve stem handle. Accordingly, reference should be
      made to the appended claims rather than to the foregoing specification as
      indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lock for a valve having a stem, the opening and closing of the valve
      being controlled by rotation of the stem, said lock comprising:
PA1  a housing having a first opening therein to receive the stem, a second
      opening in said housing, a locking member disposed in said second opening,
      the longitudinal axis of said second opening being substantially
      perpendicular to and offset from the longitudinal axis of said first
      opening, said locking member including an elongated terminal portion which
      in the closed position of the locking member extends beyond said
      longitudinal axis of said first opening so that the elongated periphery of
      said terminal portion is disposed adjacent to a flat on the stem to
      prevent rotation thereof, said locking member also including biasing means
      to bias said terminal portion into its locking position whereby a force
      must be exerted axially along said locking member against the force of
      said biasing means in order to move said terminal portion away from its
      locking position and permit rotation of the stem.
NUM  2.
PAR  2. The lock of claim 1 wherein said locking member includes a piston
      portion attached to said terminal portion, said piston portion having a
      periphery substantially equal to the greatest periphery of said second
      opening, a body portion having a periphery less than the periphery of said
      piston portion, and said biasing means is a coil spring disposed about
      said body portion and bearing against the end of said piston portion away
      from said terminal portion and against means at one end of said second
      opening.
NUM  3.
PAR  3. The lock of claim 1 wherein the periphery of said terminal portion is
      substantially equal to the periphery of the portion of said second opening
      that surrounds said terminal portion when in its locking position to
      provide support for said terminal portion.
NUM  4.
PAR  4. The lock of claim 1 wherein said housing has seal means in said first
      opening between said second opening and the fluid conduit of the valve
      whereby entry of external contaminants into the fluid conduit is
      prevented.
NUM  5.
PAR  5. The lock of claim 4 wherein said seal means is resilient means disposed
      about the stem.
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ABST
PAL  A diverter spout valve mechanism comprises a hollow pressure chamber having
      an inlet, an outlet on a vertical wall spaced from the inlet, and a
      vertically movable valve member formed of a moldable plastic or similar
      light weight material mounted in the outlet. The valve member is movable
      from an open position, wherein the valve member is substantially below the
      outlet and the outlet is open, to a closed position, wherein the valve
      member is raised so as to block the outlet. The valve member is formed so
      that when the valve member is in the open position, the flow of liquid
      through the spout exerts a downward force on the valve member and causes
      the valve member to remain in its open position. The valve member includes
      a vertically disposed face plate mounted inside the pressure chamber
      adjacent the outlet, with the face plate comprising a curved bottom that
      mates with the interior surface of the pressure chamber when the valve
      member is open; a back face that slides across the wall containing the
      outlet to seal the outlet when the valve member is closed; and a front
      face that tapers upwardly and outwardly from the bottom of the face plate
      to a downwardly curved frontal cavity adjacent the top of the valve
      member. A connecting web extends from the face plate through the outlet to
      a body mounted adjacent the outlet on the outside of the pressure chamber.
      A pair of vertically disposed vanes are attached to the body and extend
      away from the outlet in order to minimize turbulence on the outside of the
      pressure chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a diverter spout and more specifically to an
      improvement in a diverter spout valve member.
PAR  2. Description of the Prior Art
PAR  A diverter spout is a conventional bathroom fixture which is usually
      mounted above a bathtub for diverting the flow of water away from the
      spout to an overhead shower fixture by a simple raising or lowering of a
      valve member. One type of diverter spout includes corrosion resistant
      metal housing and has a diverter valve mechanism mounted therein adjacent
      the fluid input end of the spout. The diverter valve mechanism includes a
      pressure chamber having an inlet and an outlet, with a movable valve
      member at least partially disposed within the pressure chamber being
      selectively actuatable to open and close the outlet of the pressure
      chamber.
PAR  An improved diverter spout construction that has heretofore been employed
      by applicant's assignee is shown in Bastian U.S. Pat. No. 3,576,197, dated
      Apr. 27, 1971. In the Bastian structure, the pressure chamber is formed of
      integrally molded plastic components. However, it was not possible to
      replace the heavy metal valve member in this type of diverter valve with
      an inexpensive plastic counterpart, because the weight of the metal valve
      member was necessary to hold the valve in an open position during the
      normal operation of the spout. In this type of diverter valve, the valve
      member normally is disposed beneath the outlet when water is permitted to
      flow through the spout, with the valve member being raised to cover the
      outlet opening when water is to be diverted from the bathtub spout to the
      shower fixture. When the valve member is raised, the water pressure forces
      the valve member against the outlet of the pressure chamber with
      sufficient force to hold the valve member in its raised position. When the
      water is turned off, the weight of the valve member causes the valve to
      fall downwardly to its open position, thus automatically reopening the
      spout when the shower is turned off.
PAR  Attempts have been made heretofore to make the heavy metal valve member
      from a light weight plastic material. However, with such designs water
      turbulence resulting from water flowing through the spout results in an
      upward force on the valve member that causes the valve member to
      automatically rise undesirably to a closed or semi-closed position during
      normal operation of the spout. This impairs the flow of liquid through the
      diverter spout and causes a diverting action when none is desired.
PAC  SUMMARY OF INVENTION
PAR  In accordance with the present invention, an improved diverter spout
      mechanism comprises a hollow pressure chamber with an inlet and an outlet
      on a substantially vertical wall, with a vertically movable valve member
      integrally formed of moldable plastic or similar light weight material,
      mounted in the outlet. A vertically disposed face plate is mounted
      adjacent to the vertical wall with the outlet in the interior of the
      pressure chamber, and a connecting web extends from the face plate through
      the outlet. A body is connected to the connecting web adjacent to the
      outlet on the outside of the pressure chamber. The valve member has an
      open position below the outlet and a closed position over the outlet and
      is formed so that when the valve member is placed in its open position,
      the flow of liquid through the spout past the valve member causes the
      valve member to remain in its open position by applying a net downward
      force on the face plate.
PAR  The face plate is shaped so that the water flowing through the outlet
      supplies a net downward force on the face plate to keep it in the open
      position. The face plate includes a curved bottom portion that mates with
      the interior surface of the pressure chamber when the valve member is
      opened, so as to minimize the upward liquid force against the bottom of
      the face plate when the valve is open. A back face on the face plate is
      formed so as to be slidable across the outlet to form a sealing
      relationship with the outlet when the valve member is closed. A front face
      on the face plate faces the interior of the chamber and extends upwardly
      and preferably tapers at the same time from the bottom of the face plate
      to a downwardly curved frontal cavity adjacent to the top of the valve
      member. The shape of the face plate alters water flow patterns so as to
      prevent the water from raising the valve means when no diverting action is
      desired.
PAR  Another feature of the present invention is the inclusion of at least one
      vertically disposed guide or vane attached to the body and extending away
      from the outlet. Preferably, a pair of vertically disposed parallel vanes
      are attached to the body. These vanes minimize the water turbulence and
      resultant upward forces on the valve member outside the pressure chamber.
PAR  These and other advantages and features of the present invention will
      hereinafter appear, and for purposes of illustration, but not of
      limitation, a preferred embodiment of the present invention is described
      in detail below and is shown in the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a side elevational view, partly cut away, of a diverter spout
      according to the invention, illustrating the diverter valve in the opened
      position;
PAR  FIG. 2 is a cross-sectional view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a partial sectional view taken along lines 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged partial view of the diverter plate illustrated in
      FIG. 1; and
PAR  FIG. 5 is a partial view like FIG. 1 showing the valve in the diverting or
      closed position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, a diverter spout 2 is illustrated mounted
      on a wall 4. A fluid input pipe 6 is threaded into a pressure chamber 8 of
      the diverter spout so that fluid may flow through the spout when the
      diverter valve is in an open position as illustrated in FIG. 1. The
      pressure chamber 8 comprises a first member 10, which is substantially
      circular. The outer contour of first member 10 is approximately equivalent
      to the outer contour of the opening in the spout housing 5 directly
      adjacent the wall 4. An outer rim 12 of the first member 10 forms a lip
      against which the outer rim 14 of the diverter spout housing 5 seats. The
      diverter spout housing 5 is composed of metal and the pressure chamber 8
      is composed of plastic, so that outer rim 12 prevents the diverter spout
      housing from scuffing the wall 4 against which the spout is mounted. The
      plastic, which is softer than the tile which it contacts, protects the
      wall against scuffing and scratching by the spout when the spout is
      installed. The spout can thus be screwed onto the threaded end of pipe 6
      without marring the tile. Inwardly from the outer rim 12 of first member
      10 is an annular recessed cavity 16 which is suitable for packing with a
      sealing material to prevent leakage of fluid from between the outer rim 12
      and the wall 4.
PAR  The fluid input pipe 6 extends through an opening 18 in the wall 4 and
      engages a threaded portion 20 of the first member 10 in order to deliver
      fluid to the pressure chamber 8. An outlet port 21 in the end of threaded
      portion 20 provides fluid communication between input pipe 6 and the
      interior of pressure chamber 8.
PAR  The pressure chamber also includes a cup shaped second member 22, which is
      substantially circular in cross section. Second member 22 has tapered
      sidewalls 23 that fit snugly within the tapering spout housing 5, an open
      end at the left hand side, and a vertically disposed wall or end plate 25
      that encloses the front or right hand end of the pressure chamber. End
      plate 25 is spaced apart from opening 21 in first member 10 and includes a
      rounded outlet opening 24 having a flattened top surface. Outlet opening
      24 provides an outlet from the pressure chamber to the outlet of the
      spout.
PAR  The first member 10 of the pressure chamber 8 is ultrasonically welded to
      the open end of the cup shaped second member 22 of the pressure chamber 8
      along the border formed by the inner surface of the outer rim 12 of first
      member 10. The ultrasonic weld assures the integrity of the joint between
      the pressure chamber's first and second members and prevents any leakage
      of fluid from the pressure chamber.
PAR  A shoulder 26 extends horizontally to the right (FIG. 1 orientation) from
      second member 22 and has a vertical opening therein through which a valve
      stem 28 extends. Valve stem 28 includes an inner end that is removably
      attached to a valve member 30 and an outer end on which a knob 34 is
      mounted. Valve stem 28 can be attached to the valve member by being
      provided with a threaded inner end that mates with an internally threaded
      opening in the valve stem.
PAR  Valve member 30 is of light weight construction and is preferably made from
      a plastic material of the same nature as the pressure chamber 8. Suitable
      materials are Marbon Cycolac ABS grade X-27 or Kralastic 2926.
PAR  Valve member 30 comprises a face plate 32 vertically disposed in the
      pressure chamber, with the face plate including a flat back face 34 that
      abuts a sealing ring 50 on the second member 22 and a contoured front face
      36 that faces the interior of the pressure chamber.
PAR  Front face 36 slopes upwardly and outwardly from the bottom of face plate
      32 and terminates in a downwardly curved frontal cavity 40 that curves
      downwardly from an upper lip 41 and then upwardly to a portion 43 that
      forms the top of face plate 32. The bottom 38 of face plate 32 is arcuate
      in shape and conforms substantially to the interior curved shape of the
      member 22, as illustrated in FIG. 2. Bottom 38 is formed so that when the
      valve is open, the bottom seats against the casing.
PAR  A connecting web 42 connects the face plate 32 with a body 44 having a
      threaded vertical bore 46, which threadably engages the threaded inner end
      of stem 28. A pair of vertically disposed vanes of guides 48 extend
      rearwardly from the outer sides of the body 44 to minimize water
      turbulence as it passes forwardly from opening 24.
PAR  In operation, the valve is normally in the position illustrated in FIG. 1,
      with the water passing through the inlet pipe 6 into the pressure chamber
      8. The water then passes through outlet opening 24 and thereafter out the
      outlet opening of the spout. As the water flows over body 44 and past the
      guides 48, turbulence in the water and resultant upward forces on the
      diverter valve 30 are minimized.
PAR  Further, as the water passes over the top of the face plate 32, a bottom
      portion of the water stream will be directed downwardly into the frontal
      cavity 40 in a clockwise motion as viewed in FIG. 4. This flow of water
      tends to provide a downward force on the face plate 32 to maintain the
      face plate in its lowered or open position. Also, because the rounded
      bottom 38 seats against the bottom of the member 22, no upward water
      pressure is exerted on the bottom of the face plate 32.
PAR  With the use of the unique design of the face plate 32 and the guides or
      vanes 48, the diverter valve can be molded entirely from a light weight,
      synthetic plastic and the valve member will remain in its open or closed
      position until the operator desires to alter the diverting action of the
      valve. Heretofore, diverter valve members for this type of valve have been
      made of a heavy metal in order to resist a natural upward pressure of the
      water which tended to lift lighter valve members upwardly to their open
      positions during normal operation of the valve. The use of the valve
      member design of the present invention permits the use of an inexpensive
      molded plastic part instead of an expensive and bulky metal component, and
      this greatly reduces the manufacturing cost of the valve structure.
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure, drawings, and appended claims, without departing
      from the spirit and scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a diverter spout comprising a hollow pressure chamber having an inlet
      and a substantially vertical wall with an outlet; a vertically movable
      valve member including a face place mounted for reciprocable movement
      between an open position wherein the face plate is substantially below the
      outlet so as to permit liquid to flow from the pressure chamber through
      the outlet, and a closed position wherein the face plate is raised so as
      to block the outlet from the inside of the pressure chamber; and a
      manually actuatable valve stem means connected to the valve member for
      opening and closing the valve member; an improvement in said valve member
      which comprises:
PA1  the valve member being integrally formed of a light weight plastic material
      and the face place thereof having a downwardly curved frontal cavity at an
      upper portion of said face plate for reacting with the flow of water
      through the outlet such that the water flowing through the outlet applies
      a downward force on the valve member to hold it in the open position when
      water flows through the outlet.
NUM  2.
PAR  2. A diverter spout as claimed in claim 1 wherein the face plate comprises:
PA1  a curved bottom that mates with the interior surface of the pressure
      chamber when the valve member is in the open position;
PA1  a back face opposing the outlet and formed so as to be slidable across the
      outlet to form a sealing relationship therewith when the valve member is
      closed; and
PA1  a front face that faces the interior of the pressure chamber and extends
      upwardly from the bottom of the face plate to the downwardly curved
      frontal cavity in the front face adjacent to and below the top of the
      valve member.
NUM  3.
PAR  3. A diverter spout as claimed in claim 2 wherein the front face of the
      face plate tapers upwardly and outwardly as it extends upwardly from the
      bottom of the face plate.
NUM  4.
PAR  4. A diverter spout as claimed in claim 2 wherein the valve member further
      comprises a body connected by a web to the face plate adjacent to the
      outlet on the outside of the pressure chamber, the body including
      vertically disposed guide means connected to the body and extending away
      from said outlet, said guide means being adapted to reduce liquid
      turbulence outside the outlet.
NUM  5.
PAR  5. A diverter spout as claimed in claim 4 wherein the body is positioned
      substantially below the outlet when the valve member is open and the guide
      means comprise a pair of integrally formed and vertically disposed
      parallel vanes attached to opposite sides of the body and said vanes
      positioned so as to be disposed below the outlet when the valve member is
      in the open position.
NUM  6.
PAR  6. A diverter spout as claimed in claim 1 wherein the pressure chamber
      comprises:
PA1  a circular first member formed of moldable plastic, with the inlet being a
      threaded central opening therein that engages a threaded input pipe
      extending from a wall; and
PA1  a cup shaped second member formed of moldable plastic and having an open
      end that is sealingly attached to the outer periphery of the first member
      and a closed end spaced apart from the first member, said outlet being
      formed in the closed end of the second member.
NUM  7.
PAR  7. A diverter spout as claimed in claim 1 wherein:
PA1  the valve stem means comprises a vertically disposed valve stem having a
      threaded inner end inside the spout and an outer end extending outside the
      spout through an opening in the spout; and
PA1  the means for attaching the valve stem means to the body is a vertically
      disposed threaded opening in the body that threadably receives the inner
      end of the valve stem.
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ABST
PAL  This invention relates to means for restricting the "breathing" of closed
      containers of volatile fluids within desired limits of pressure and/or
      vacuum, and in one embodiment includes two coaxial counter-directional,
      pressure relief valves for use in auto gasoline tanks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Frequently, containers of volatile liquid are subject to internal pressure
      changes of such magnitude as to cuase the containers to burst from
      internal pressure or to collapse from internal vacuum unless they are
      reinforced to a degree which is prohibitive from the standpoint of cost
      and/or utilization, or unless they are vented. Thus, automobile gasoline
      tanks, for example, must be manufactured in a manner and from materials
      which are not prohibitively costly, or too heavy or cumbersome. Yet the
      gasoline which they contain is notoriously volatile and subject to
      vaporization, not only as a function of its temperature and surface area,
      but also as a result of the "sloshing" which takes place as the gasoline
      is agitated when the vehicle is in motion since, in effect, the gasoline
      and the atmosphere at its surface are being actively "churned" into each
      other, thus, by well-known physical principles, effectively increasing the
      surface area of the liquid gasoline which is available for evaporation to
      take place. In accordance with other well known physical principles
      relating to gases, changes in phase from liquid to gas will produce an
      increased volume if pressure is held constant; the alternative being to
      restrict volume increases causing the pressure to increase. Such pressure
      increases can be so substantial as to cause the tank to burst. Such
      pressure increases can also cause an associated fuel system of a vehicle
      to go out of control since the flow of fuel into the carburation system
      will be increased by the internal tank pressure independent of the
      regulation devices by which fuel flow normally is controlled.
PAR  In addition, when such pressures are not present, as the fuel is consumed
      from the tank, a vacuum is induced within the tank as a result of which,
      by operation of atmospheric pressure on the outside of the tank, makes it
      possible for the tank actually to collapse or, short of that, for fuel
      flow into an associated carburetion system to be reduced or even stopped
      since the vacuum can become of sufficient magnitude to overcome the fuel
      pump and/or the vacuum inducing capability of the carburetor.
PAR  Various means have been used to circumvent these problems, including
      incorporation of a vent tube or hole, usually in the top of the tank, or
      in the filler cap, whereby vapors under internal tank pressure may be
      relieved to the atmosphere, and tank vacuum may be relieved by air coming
      into the tank. Satisfactory as this may have been for the purpose of
      solving pressure differential problems, it has fallen into disfavor
      because of its environmental impact and wasting of energy, for as a
      practical matter the tank pressure and vacuum inducing causes are
      constantly changing, as a result of which the tank "breathes," alternately
      expelling gas vapor and sucking in air from the atmosphere. One adverse
      effect of this is to contaminate the atmosphere. Further, since those
      fractions of the gasoline most susceptable to evaporation are the lightest
      hydrocarbons, that is, components with the 4, 5 or 6 carbon atoms of the
      paraffinic, olefinic or aromatic series, and since there is now opinion in
      the technical community that these components are among those most
      susceptible to reaction with nitrogen dioxide in the presence of sunlight
      to produce the basis for the " photochemical smog" so well known, for
      example, in Southern California, the adverse effects of such emissions
      produce greater consequences than merely their presence in the atmosphere.
      With this in mind primarily, it has been proposed that all such gasoline
      tank vapor emissions must be fed into the carburetion system of the
      associated vehicle, but while this may help alleviate the environmental
      problem, it is not significantly effective with respect to mitigating the
      energy losses which also result from such tank "breathing."
PAR  According to well known physical principals, gasoline evaporates at its
      surface so long as the adjacent atmosphere remains unsaturated. Those
      constituents which so evaporate first and most readily are the ones having
      the lowest flash point, representing a valuable energy constituent of the
      gasoline. Thus, in a system where the atmosphere adjacent the surface of
      the gasoline is being maintained below the saturation level as by removal
      of vapors into the atmosphere or the associated carburetion system, there
      is a material and significant reduction in the energy potential of the
      gasoline as a fuel, due to removal therefrom by evaporation of low flash
      point constituents, and this is exagerated even more under conditions such
      as those which obtain in an automotive fuel system, where "sloshing"
      occurs and temperatures frequently become comparatively high.
PAR  Furthermore, in view of the highly competitive nature of such businesses as
      the automotive industry, an over-riding consideration of devices to
      circumvent these problems is that they must be structurally simple,
      operationally reliable, have low maintainence costs, and be cheap and easy
      to install and replace.
PAR  Accordingly, it is an object of the present invention to produce a device
      which will reduce or eliminate the venting from containers of volatile
      liquids or the introduction into such containers of atmospheric gases
      within desired pressure and vacuum limits.
PAR  It is another object of the present invention to provide a means for
      maintaining to the greatest degree practicable the saturation level of the
      atmosphere in a container for volatile liquids. Another object of the
      present invention is to provide a means for achieving the other objects of
      the present invention which is inexpensive to produce, structurally
      simple, and cheap and easy to install.
PAC  DESCRIPTION OF THE INVENTION
PAR  These and other objectives which will be apparent to those skilled in the
      arts may be achieved through practice of the present invention wherein
      two-directional pressure relief valves maintain container pressure and
      vacuum within prescribed limits, in one embodiment of which the valves are
      coaxial in a unit structure which may be affixed to the air vent or the
      filler cap of an automotive gasoline tank.
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PAC  DESCRIPTION OF DRAWINGS
PAR  This invention may be more clearly understood by reference to the
      discription and claims which follow, and to the attached drawings, in
      which,
PAR  FIG. 1 is a cross-section of one embodiment of the present invention,
PAR  FIG. 2 is a depiction of one mode of application to an automotive gasoline
      tank of the embodiment of the present invention illustrated in FIG. 1, and
PAR  FIG. 3 is a depiction of another mode of application to an automotive
      gasoline tank of the embodiment of the present invention illustrated in
      FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates one embodiment of the present invention in the form of a
      valve 10 which is particularly suited for use in the gasoline tank of
      automotive vehicles. This valve comprises an upper body 12, a lower body
      14, and a main body 16. To facilitate manufacture and assembly, the main
      body 16 is divided into upper and lower halves which are integrally formed
      with the upper body 12 and the lower body 14 respectively, and join each
      other at the abuttment 17 and are held in place by a ferrule 19. Although
      they may be made from any of a wide variety of materials suitable for the
      intended use, it has been found that the upper body 14, lower body 16,
      shaft 22, and the ferrule 19 may advantageously be made from aluminum, and
      that the springs 24, 26 may advantageously be made from stainless steel.
      Within the upper body 12 is a vent conduit 13, and within the lower body
      14 is a tank conduit 18.
PAR  Within the main body 16 is an enlarged cavity 20 in which are positioned
      the components of a two-directional pressure relief valve device. This
      device comprises a shaft 22, a pressure relief spring 24, a vacuum relief
      spring 26, a pressure valve gate 28, a pressure valve O-ring seal 30, a
      vacuum valve O-ring seal 32, a stop washer 34, and an anchor clip 36. The
      seals 30, 32 may be made from neoprene or other suitable material. The
      seal 32 resides in annular groove 38 in the lower end of the shaft 22, and
      the seal 30 resides in an annular groove 40 in the gate 28. As assembled
      and shown, the upper end of the pressure relief spring 24 resides against
      the upper surface of cavity 20, and since the spring 24 is under
      compression and its lower end resides in an annular groove 44 in the upper
      surface of the gate 28, the associated seal 30 is forced downward against
      the beveled annular surface 46 at the lower end of the cavity 20 which, in
      effect, forms a valve seat. As such, this portion of the assembly provides
      a pressure relief valve which will release as pressure within the
      associated tank is transmitted via the tank conduit 18 against the valve
      gate 28, causing the spring 24 to further compress and allow the valve to
      open, the pressurized vapor then moving through the cavity 20 and the vent
      conduit to the atmosphere or into the carburetion system of the associated
      vehicle as hereinafter described.
PAR  The annular O-ring seal 32 seated in the annular groove 38 of the shaft 22,
      is biased toward the beveled faces 48 in the gate 28 by vacuum relief
      spring 26 which is held under compression by means of the washer 34 that
      is held in place by the anchor clip 36 positioned in an annular ring 50 in
      the upper end of the shaft 22. By this means, when vacuum in the tank
      exceeds the ability of the spring 26 to hold the seal 32 against the
      beveled face 48 of the gate 28, the shaft 22 will move downward permitting
      air or other gas to move through the conduit 13, the cavity 20, vertically
      oriented flutes in the exterior of the shaft 22 or the interior of the
      associated hole in the gate 28, or other known per se passage means (not
      shown) and the conduit 18, and into the associated tank to relieve the
      vacuum.
PAR  It should be noted that in effect, the vacuum relief valve and the pressure
      relief valve as heretofore described are coaxial and, in effect, are
      counter-directional pressure relief valves; that is, one is capable of
      relieving relative pressure from one direction, and the other is capable
      of relieving relative pressure from the opposite direction. This
      configuration makes the composite valve particularly advantageous, both
      from the standpoint of simplicity of construction and from the standpoint
      of simplicity of installation, as hereinafter described.
PAR  FIG. 2 illustrates one mode of use of the embodiment of the present
      invention in vehicular gasoline tank 60. As illustrated, the lower body 14
      of the valve 10 has been secured to the vent 62 in the tank 60 by means of
      a tube 64 made from neoprene or other suitable material, by means of
      clamps 66. The upper body 12 or the main body 16 may be further secured
      against movement by means of clamps (not shown).
PAR  FIG. 3 depicts another mode by which the embodiment of this invention
      illustrated in FIG. 1 may be used in a gasoline tank of a motor vehicle.
      As illustrated, the filler pipe 68 has a cap 70, with a hole in the center
      in which the upper body 12 of the valve 10 is secured by means of a nut 72
      screwed on to threads 74 on the outside of the upper body 12. As in
      further illustrated in FIG. 1, a gasket 76 made from neoprene or other
      suitable material is positioned at the base of the threads 74 in order to
      effect a liquid and vapor tight seal between the inside of the cup 70 and
      the valve 10. The springs 24, 26 are selected as to length and strength
      such that the valve associated with them will open at pre-selected
      pressure valves. For use in automobile gasoline fuel tanks, for example,
      it has been found desirable for the tank pressure valve, i.e., the one
      effected by the seal 30, the gate 28, and the spring 24, to be so
      constructed as to open at a pressure of about 0.45 Kilograms per square
      centimeter, and for the tank vacuum valve, i.e., the one effected by the
      seal 32, and spring 26, to be so constructed as to open at a pressure of
      about 0.04 Kilograms per square centimeter. By this means, it is possible
      to maintain the pressure within the tank within a predetermined range of
      positive pressure to negative pressure (i.e., vacuum) thereby assuring
      that within that range, vapor 80 above the surface of the gasoline 82 will
      neither be vented from the tank nor diluted by fresh injection of
      sub-saturated air from outside tank, thus preserving the saturated
      condition of the vapor region once saturation is reached so that any new
      evaporation from the gasoline results in an equivalent return to the
      liquid gasoline from the vapor regions above it. By this means, the
      proportion in the gasoline of low vapor point constituents is not further
      decreased, and consequently the fuel value of the gasoline is not
      therefore further diminished.
PAR  Neither does contamination of the atmosphere occur at such times since no
      hydrocarbon laden vapor will then be emitted into the atmosphere.
PAR  At the same time, however, it is assured that the tank will neither burst
      in the event of internal pressure developing past its bursting strength,
      nor collapse in the event internal vacuum develops in excess of the
      structural strength of the tank to resist such pressures.
PAR  Yet, as will be apparent from the foregoing discussion, the practice of
      this invention is easily and inexpensively accomplished because the
      structure itself is simple, inexpensive to produce and maintain, and can
      be installed with a minimum of reconstruction of existing parts of a fuel
      system.
PAC  EXAMPLE I
PAR  An "Innocenti Mini Minor MK2" having an engine displacement of 848cc, in
      generally good service condition, was operated twice in Rome, Italy and
      its environs over the same course of approximately 200 KM first with, and
      then without an embodiment of the present invention attached to the auto's
      fuel system. In both cases fuel was purchased from the same gasoline
      station. Traffic and other conditions were substantially the same at the
      time of both tests.
PAR  In the first run, the vehicle covered an average of 9.5 KM per litre of
      fuel, and in the second run it covered an average of 11.05 KM per liter;
      the latter being about 16 percent greater mileage than the former.
PAC  EXAMPLE II
PAR  A Fiat "124" was operated over a 300 KM, extra-urban road course in Italy
      of varying altitude, using the same driver, fuel from the same filling
      station, and substantially identical speed, acceleration and pickup
      profiles, first without and then with an embodiment of the present
      invention as part of the fuel system. On the first run, the vehicle went
      8.26 KM on average per liter of fuel, and on the second it went 9.4 KM per
      liter; an increase in the latter case of about 13.9 percent.
PAR  It should be understood that it is also possible to comply simply and
      easily with environmental requirements merely by having the upper body of
      the valve connected to the carburetion system by means of a tube made from
      neoprene or other suitable materials. It will also be clear that although
      the exact embodiment herein described is particularly useful on automotive
      fuel systems, the principles of this invention may be practiced
      advantageously on fuel systems having other applications, as well as in
      connection with any other containers for volatile materials where potency
      diminution and/or atmospheric contamination are desired to be avoided,
      such as in chemical processes and the like. Thus, it will be apparent that
      the foregoing discussions and the drawings which accompany this
      application, and the embodiments disclosed therein, are by way of
      illustration but not of limitation, and that this invention may be
      practiced in a wide variety of other embodiments without departing
      materially from the spirit or scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve device for restricting the flow of gaseous material into and out
      of a container for volatile material owing to relative pressure
      differentials between the interior and exterior of said container,
      comprising in combination a housing consisting of an upper part and a
      lower part, a ferrule connecting said two parts with oneanother, a tank
      conduit in said lower part opening at its lower end toward the interior of
      said container, a vent conduit in said upper part opening at its upper end
      toward the exterior of said container and having a threaded outer surface,
      an enlarged cavity within said lower and upper parts communicating with
      said vent conduit and said tank conduit, an annular pressure valve gate
      arranged on the bottom of said cavity, a shaft inserted into a central
      bore of said annular gate and extending upwardly in the center of said
      cavity and downwardly toward the upper end of said tank conduit, an
      annular groove provided at the lower end of said shaft within said annular
      gate, a first O-ring seal arranged in said annular groove to contact a
      beveled annular inner surface of said gate, a second O-ring seal placed in
      an outer annular groove of said gate to contact a beveled annular lower
      wall surface of said cavity, a pressure relief spring arranged around said
      shaft within said cavity and abutting at its lower end on the upper
      surface of said annular gate and at its upper end on the upper surface of
      said cavity, a stop washer fastened to the upper end of said shaft by
      means of a groove-clip connection, a vacuum relief spring abutting at its
      lower end on the upper surface of said annular gate and at its upper end
      on said stop washer.
NUM  2.
PAR  2. A valve device as claimed in claim 1, wherein said threaded outer
      surface of said vent conduit is inserted in a bore in a closure cap of
      said container and fastened thereto by means of a nut screwed on said
      threaded surface.
NUM  3.
PAR  3. A valve device as claimed in claim 1, wherein said tank conduit is
      connected to the upper surface of said container by means of a vent tube
      in a bore made in said container upper surface and a plastic tube inserted
      on both said tank conduit and vent tube and fastened thereon by a
      plurality of annular clamps.
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ABST
PAL  A valve structure for compressors or the like comprising a flexible valve
      body normally seated over an exhaust aperture in the compressor and a
      valve catcher connected jointly with the valve body at one end to a valve
      plate and extending at an angle above and along the length of the valve
      body, the valve catcher having a recess in which a layer of resilient
      material is seated to permit the valve body to flex away from the exhaust
      aperture along a gradually increasing curve in response to excessive
      pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a valve for a compressor arranged on a
      valve plate on the compressor. The valve is of the type which covers an
      aperture in the valve plate with a corresponding laminated valve body, the
      valve body being supported by a valve catcher in the form of a curved
      plate which is attached, together with the valve body, to the valve plate
      by means of at least one screw. This type of valve is rather usual in
      cooling compressors.
PAR  As mentioned, the valve body is laminated and usually consists of one or
      more thin plates of spring steel. In order to ensure a gradual deformation
      of the valve body, this is covered by a valve catcher. The aperture in the
      valve plate usually comprises several slots, the valve body as well as the
      catcher being divided into a corresponding number of fingers.
PAR  Even though the valve catcher and the attachment of the valve body are
      carefully constructed, the life of the latter will not be satisfactorily
      long. This is a problem, particularly with cooling compressors which must
      be able to operate automatically without any maintenance for long periods.
      The fault is caused either because the curve of the valve body is
      concentrated in one area or a few small areas where the material becomes
      fatigued and cracks, or because the material becomes fatigued and cracks
      as a result of repeated impact.
PAR  In order to remedy this, it is proposed according to the invention to coat
      the under side of the valve catcher with an elastic material, preferably
      plastic or rubber so that there is less strain on the valve body. At the
      same time, this considerably dampens the noise from the valve in
      operation. The valve according to the invention is described in the
      following specification and defined in the accompanying claims.
PAR  It is obvious that the elastic coating on the valve catcher must be of a
      material which will tolerate both the compressor oil and the operating
      medium of the compressor, for example a coolant. Teflon has proved to be
      suitable in this respect.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described with reference to the accompanying
      drawings in which
PAR  FIG. 1 shows a section through a valve according to the invention, while
PAR  FIG. 2 shows the valve seen from above.
PAR  FIG. 3 shows a section through one finger of a valve catcher.
DETD
PAR  The valve rests on a valve plate 1 having an aperture or slots 2, above
      which is a valve body 3. The valve body usually consists of at least one
      thin layer of steel. The movement of the valve body is guided by a curved
      valve catcher 4 having an elastic coating 5 on the under side, preferably
      of teflon, to ensure a gradual curve of the valve body 3 and to dampen the
      impact. The valve body and the valve catcher are attached to the valve
      plate by means of one or more screws 6, a spacer 7 being fitted over the
      screws between the valve body and the valve catcher.
PAR  FIG. 2 shows the valve seen from above and it can be seen that the valve
      catcher 4 is divided into fingers 8. If the apertures 2 in the valve plate
      are in the form of slits, the valve body 3 should also be divided in a
      corresponding manner.
PAR  FIG. 3 shows a section through one finger 8 of the valve body where it can
      be seen how the coating 5 is designed with a dovetail inserted in a
      corresponding groove 9 in the finger 8. As shown in FIG. 1, the groove 9
      is suitably closed at its outer end so that the coating 5 is inserted in
      the groove from the inside, after which the coating is kept in position by
      the spacer 7.
PAR  As can be seen from FIG. 3, the dovetail should not entirely fill the
      groove 9, but there should be space to allow the coating material to swell
      slightly in the groove. Furthermore, the edges of the finger 8 are
      suitably slightly bevelled, as shown, and thus the coating 5 is
      correspondingly thicker in the middle than at the edges so that it is
      firmly guided. In this way the coating is well embedded on all sides and
      can expand and shrink without risk of falling out.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a valve having a valve plate defining an aperture, a flexible
      longitudinally extending valve body normally seated and connected at one
      end thereof to the valve plate over the aperture, a longitudinally
      extending valve catcher connected at said one end thereof to the valve
      plate, the valve catcher being positioned above the valve body and curving
      away from the valve body, and the valve catcher acting as a limiting
      support for the valve body when the latter is flexed, the improvement in
      the valve catcher providing a gradual curve of the valve body when flexed
      and reducing the strain therein while dampening the valve body impact and
      operation noise, comprising a layer of resilient material retained by said
      valve catcher and extending along the entire length of the valve catcher
      portion positioned over the length of the flexible portion of the valve
      body, the resilient layer being positioned to permit the valve body to
      flex away from the aperture along a gradually increasing curve in response
      to increased pressure.
NUM  2.
PAR  2. The improved valve as claimed in claim 1 wherein the valve catcher
      portion positioned over the length of the flexible portion of the valve
      body has a recess extending along the portion length and a portion of the
      resilient material layer is seated in the recess.
NUM  3.
PAR  3. An improved valve according to claim 2, in which said portion of
      resilient material is dovetailed in said recess.
NUM  4.
PAR  4. An improved valve according to claim 3, in which said dovetailed portion
      fills only a portion of said recess.
NUM  5.
PAR  5. An improved valve according to claim 2 in which the edges defining the
      opening of said recess and said portion of resilient material are
      bevelled.
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ABST
PAL  An air volume regulator adapted for use in an air distribution system for
      maintaining a constant flow of air therethrough regardless of variations
      in pressure of the air being supplied to the regulator is provided with
      adjustment means to permit adjusting the regulator for maintaining
      constant flow at a variety of different flow rates. The regulator includes
      a housing defining a passageway for the flow of air therethrough, valve
      means movable within the housing for adjustably restricting the flow of
      air therethrough, and a coil compression spring cooperating with the valve
      means for exerting an opening bias thereon in opposition to a closing bias
      imparted on the valve means by the pressure of the air in the housing.
      Adjustment means is provided cooperating with the coil spring for
      immobilizing a selected number of the turns of the coil spring so as to
      vary the biasing characteristics of the spring and thereby adjust the
      regulator for maintaining a different flow rate.
BSUM
PAR  This invention relates to air-conditioning systems and more particularly to
      an air volume regulator adapted for maintaining a substantially constant
      volume flow of air therethrough.
PAR  In air-conditioning systems where air is supplied from a central
      conditioning device to a plurality of individual distribuing units or
      terminals, changing demands for air in the rooms or zones being
      conditioned will cause pressure variations in the air delivery lines with
      resultant variations in the volume of air flowing therethrough.
      Accordingly, the individual air distributing units are conventionally
      provided with air volume regulators adapted for maintaining a
      substantially constant volume flow of air therethrough regardless of
      variations in pressure in the air delivery lines leading thereto.
PAR  Air volume regulators conventionally employed in such systems include a
      valve member mounted in the path of air flow and adapted for movement in
      response to variations in air supply pressure for thereby adjustably
      restricting the size of the air passageway through the regulator, and a
      spring cooperating with the valve member for exerting an opening bias on
      the valve member in opposition to a closing bias exerted thereon by the
      pressure of the air flow in the housing. Thus, an increase in pressure of
      the air being supplied to the regulator causes the valve to provide a
      greater restriction to the air flow therethrough, while a decrease in
      pressure permits the valve to open more fully to thereby maintain the flow
      of air through the regulator at a substantially constant rate. One
      regulator of this type is disclosed in Werder U.S. Pat. No. 2,890,716,
      issued June 16, 1959, which employs a flexible curtain type of valve
      member and a coil compression spring cooperating with the flexible curtain
      valve member for biasing the same open against the flow of air.
PAR  Conventional air volume regulators such as the type described in the above
      patent are adapted for being manually adjusted for maintaining a different
      flow rate by varying the pre-tension exerted on the coil compression
      spring. However, this type of adjustment is effective only over a
      relatively narrow range of flow rate. When adjustment of the regulator to
      a substantially different flow rate is desired, it is necessary to replace
      the coil compression spring with one of different biasing characteristics.
      Since volume regulators are generally mounted within a duct or housing and
      are therefore not readily accessible, manual adjustment of the spring
      pre-tension or replacement of the spring is a difficult and time consuming
      operation. Further, since a variety of different coil springs are required
      for several various ranges of flow rates, it is necessary to maintain an
      inventory of the springs to permit ready adjustment of the regulators in
      an air-conditioning system.
PAR  Air volume regulators have also been provided which are adapted for being
      adjusted automatically to a different flow rate. Regulators of this type
      have particular applicability in variable volume air-conditioning systems
      where the volume of the air being supplied to a room or zone is varied in
      response to changing demand for conditioned air in the room or zone. The
      prior adjustable air volume regulators have had several shortcomings,
      including the inability to accurately maintain constant volume flow at all
      flow rate settings, a narrow range over which the regulator is adjustable,
      and the inability to completely shut off the air flow when this is
      desired.
PAR  One such adjustable regulator is disclosed in Warren Jr. U.S. Pat. No.
      3,433,410, issued Mar. 18, 1969. This regulator employs a pair of
      side-by-side coil spring biased valve means, each being adapted for
      maintaining a predetermined constant flow of air therethrough With the
      total air flow from the two valves corresponding to the desired maximum
      flow of air from the regulator. Means are provided for overriding the
      biasing spring of one of the two valve means to thereby force this valve
      into a closed position when a minimum flow of air is required, and for
      partially closing the valve when an intermediate flow of air is required.
      When this valve is maintained in a partially closed position by the
      overriding means, so as to thereby provide an intermediate flow of air
      through the regulator, the valve is unable to move in response to
      variations in pressure of the supply air and therefore does not maintain
      uniform flow therethrough. Thus, this type of regulator is not able to
      accurately maintain a constant volume flow of air at intermediate settings
      between the desired maximum and minimum rates since at such settings the
      biasing spring of one of the valves is not operative. Additionally, this
      regulator is not adapted for completely shutting off the air flow.
      Further, this type of adjustable regulator has a fairly narrow operating
      range of flow rates through which it may be automatically adjusted, and
      relies upon manual adjustment of spring pre-tension or manual spring
      replacement for adjusting the regulator to a different operating range.
PAR  With the foregoing in mind, it is an object of this invention to provide an
      air volume regulator for air-conditioning systems which is easily
      adjustable for accurately maintaining a constant volume flow of air over a
      wide range of flow rates.
PAR  It is another object of this invention to provide an adjustable volume
      regulator of the type described which is adapted for being mounted in an
      air distribution duct and which may be easily adjusted over a wide range
      for maintaining a different flow rate without requiring access to the
      regulator or replacement of the biasing spring component thereof.
PAR  It is another object of this invention to provide an adjustable volume
      regulator of the type described wherein a reciprocable movement of short
      stroke and relatively low force will operate the spring adjustment
      mechanism over its entire range of adjustment.
PAR  It is a further object of this invention to provide an adjustable air
      volume regulator of the type described which is suitable for use in a
      variable volume air-conditioning system and which includes means
      responsive to a demand for an increase or decrease in the quantity of air
      being supplied to an air-conditioned room or zone for automatically
      adjusting the regulator to maintain a different flow rate.
PAR  In accomplishing the above objects of this invention, means are provided
      cooperating with the coil compression spring of the regulator for changing
      the biasing characteristics thereof to thereby obtain, in essence, a
      variety of different coil springs for controlling the air flow in the
      regulator. Thus, the need for manual spring replacement is eliminated.
PAR  Since the biasing characteristics of the coil spring may be varied as
      required, the regulators of this invention are able to maintain constant
      flow much more accurately at each control point or setting than the prior
      regulators and it is not necessary to alter or to compensate the biasing
      force of the spring by adjusting the pre-tension on the same. Regulators
      in accordance with the present invention easily maintain constant flow
      within an accuracy of .+-. 5% at a given flow setting, and often have
      demonstrated an ability to maintain constant flow within an accuracy as
      great as .+-. 0.5%.
PAR  In accordance with this invention, the biasing characteristics of the coil
      compression spring are varied by immobilizing a selected number of the
      turns of the spring so as to vary the effective length of the spring. This
      is accomplished by providing means defining a plurality of spaced abutment
      shoulders alongside of said coil spring, and means cooperating with the
      plurality of abutment shoulders for successively positioning a desired
      number of the abutment shoulders between the turns of the spring
PAR  More particularly, the plurality of abutment shoulders are preferably in
      the form of two opposing series of spaced abutment shoulders positioned on
      opposite sides of the coil compression spring and adapted for movement
      into the spring from opposite sides thereof. The abutment shoulders in
      each series are preferably spaced apart a distance corresponding to the
      spacing of the turns of the coil spring in its unbiased condition to
      thereby facilitate movement of the abutment shoulders into the spring. The
      abutment shoulders in each series are adapted for being successively
      positioned between adjacent turns of the spring to thereby facilitate
      progressively moving the valve means toward an open position due to the
      insertion of an increasing number of the abutment shoulders into the
      spring. Thus, a relatively low force is required in adjusting the spring,
      and the spring may thereby be easily adjusted manually or by use of a
      relatively low powered and inexpensive prime mover. Further, the abutment
      shoulders are arranged so that a relatively small amount of movement is
      required for adjusting the spring whereby a conventional reciprocable
      operator, such as a pneumatic or electric motor may be employed.
DRWD
PAR  Some of the objects and advantages of the invention having been stated,
      others will appear as the description proceeds when taken in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view, with parts broken away, of a portion of an
      air distribution unit employing an adjustable air volume regulator in
      accordance with a first embodiment of the invention;
PAR  FIG. 2 is a vertical sectional view of the air volume regulator taken
      substantially along line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged detailed perspective view, with parts broken away,
      showing the spring adjustment mechanism of the adjustable air volume
      regulator of FIG. 1;
PAR  FIG. 4 is a sectional view of the spring adjustment mechanism illustrated
      in FIG. 3;
PAR  FIG. 5 is an elevational view of the spring adjustment mechanism;
PAR  FIG. 6 is a sectional view of a spring adjustment mechanism in accordance
      with a second embodiment of the invention;
PAR  FIG. 7 is a fragmentary detailed sectional view of the spring adjustment
      mechanism of FIG. 6, but shown in a different position of adjustment; and
PAR  FIG. 8 is a fragmentary detailed view of the spring adjustment mechanism of
      FIG. 6, taken substantially along line 8--8 of FIG. 6.
DETD
PAR  Referring now more particularly to the drawings, FIG. 1 illustrates an air
      distribution unit or terminal adapted for being installed in a central
      air-conditioning system for controlling the flow of conditioned air into
      an air-conditioned zone or room. The air distribution unit includes a
      hollow, generally rectangular housing 11 having opposing pairs of side
      walls and an end wall 12 at the upstream end thereof. Thermal and sound
      insulation 11a is provided on the walls of housing 11. An air distribution
      line 13 supplying conditioned air under relatively high pressure and
      velocity from a central conditioning device communicates with housing 11
      through an opening in end wall 12 thereof. Housing 11 also includes a wall
      14 near the upstream end thereof in spaced relation from wall 12 and
      having an opening therein through which the air from air distribution line
      13 may flow.
PAR  As noted earlier, changing demands for air in the various zones or rooms of
      an air-conditioned building will cause pressure variations in the air
      distribution lines with resultant variations in the volume of air flow
      therethrough. Accordingly, an air volume regulator, generally indicated by
      the reference character 20, is mounted on wall 14 surrounding the opening
      therein and is adapted for controlling the flow of air therethrough for
      maintaining a substantially constant volume flow of air to the room or
      zone being conditioned.
PAR  Referring now more particularly to the construction of the volume regulator
      20, the regulator includes a peaked housing having the base or inlet end
      thereof open and connected to wall 14 for receiving the flow of air
      therethrough, and having opposed parallel generally rectangular upper and
      lower side walls 21 and 22 extending downstream from the base or inlet end
      of the housing for a short distance. Inclined perforated upper and lower
      side walls 23, 24 extend angularly toward one another from the downstream
      edge of side walls 21 and 22 to the apex of the peaked housing where they
      join a downstream wall 25. Volume regulator 20 also includes opposing end
      walls 26 at opposite ends of the regulator.
PAR  Valve means is provided within the housing of the regulator and comprises a
      curtain 28 of flexible imperforate material which is attached to the inner
      surface of downstream wall 25 and extends upstream therefrom a sufficient
      distance to cover the perforated inclined upper side wall 23 of the
      housing. An identical curtain means 28 is provided on the lower side of
      the regulator extending upstream for covering the lower perforated
      inclined side wall 24.
PAR  The free ends of each of the pair of curtain means 28 are affixed to a pair
      of parallel rod means 29 extending transversely of the housing generally
      parallel to the side walls 21, 22, 23 and 24. The valve means also
      includes a linkage assembly, generally indicated at 30, which is connected
      to each of the rod means 29 and is adapted for controlling movement of the
      curtain means 28 into and out of engagement with inclined perforated side
      walls 23, 24 for adjustably covering or uncovering the perforations
      therein to thereby adjust the area of the air passageway through regulator
      20.
PAR  Linkage assembly 30 includes a pair of oppositely disposed link arms 31 and
      32 at opposite ends of the housing, each having one end thereof pivotally
      connected to downstream wall 25, and having the opposite end thereof
      connected to an end of one of the rod means 29 for thereby moving the same
      toward and away from inclined perforated walls 23 and 24. An additional
      rod means 33 is provided extending transversely of the housing in parallel
      relation to each rod means 29 and interconnects corresponding link arms 31
      or 32 at opposite ends of the housing. A generally U-shaped support
      bracket 34 has opposite ends thereof mounted on wall 25 and a medial
      portion thereof extending inwardly and transversely of the housing.
      Linkage assemblly 30 also includes a reciprocable push rod 35 extending
      outwardly from within the housing through a hole in downstream wall 25. A
      coil compression spring 44 is positioned surrounding the outer exposed
      portion of push rod 35, as will be described in more detail later, and an
      abutment 35a is provided on the outermost threaded terminal portion of
      push rod 35 for engaging one end of the coil compression spring 44.
PAR  The innermost end of push rod 35 has pivotally connected thereto pairs of
      oppositely disposed link arms 36, 37, which, in turn, have their free ends
      pivotally connected to a medial portion of rod means 33. In accordance
      with this linkage arrangement, the movement of curtain means 28 toward a
      closed position will cause push rod 35 to be moved axially inwardly into
      the housing of regulator 20 while compressing the coil compression spring
      44.
PAR  From the foregoing description, it will be apparent that variations in
      pressure on the upstream side of regulator 20 will cause movement of the
      flexible curtain means 28 toward and away from the inclined perforated
      side walls 23 and 24 to progressively cover and uncover the perforations
      therein, for thereby maintaining a substantially uniform flow of air
      through the regulator regardless of the variations in the supply air
      pressure. Volume regulators having a housing and flexible curtain valve of
      this general construction and operation are known, and disclosed for
      example, in the above-noted Werder U.S. Pat. No. 2,890,716.
PAR  In order to prevent hunting and fluttering of the curtain means 28 when
      upstream air pressure periodically varies, linkage 30 also includes a
      dampening mechanism adapted for resisting any rapid movement of the
      curtain means 28. This dampening mechanism includes an elongate spiral
      threaded member 38, connected to the inner end of push rod 35 and
      extending coaxially therewith, and a flywheel 39 carried by support
      bracket 34 and cooperating with the threaded member 38 so as to revolve
      upon axial movement of push rod 35. A dampening mechanism of this type is
      disclosed in Smith et al U.S. Pat. No. 3,394,769, issued July 20, 1968, to
      which reference may be made for further details of the structure and
      operation of this type of mechanism.
PAR  Referring to FIGS. 1 and 2, the volume regulator 20 is provided with a
      spring adjustment mechanism, generally indicated at 40, mounted on the
      downstream end of the regulator and including a pair of spaced apart
      generally parallel frame members 41 and 42 mounted on opposite sides of
      the outwardly extending portion of push rod 35 and the coil compression
      spring 44 which is positioned surrounding the push rod 35. The frame
      members 41 and 42 are fastened together in spaced apart relation by means
      of cooperating fastener members 43 and cylindrical spacer members 43a.
PAR  As seen in FIG. 3, the spring adjustment mechanism 40 is mounted for
      longitudinal sliding movement on the exterior of the regulator housing by
      means of inturned flanges 41a, 42a provided along the lower edge of each
      of the frame members 41 and 42. Flanges 41a and 42a cooperate with
      longitudinally extending notches 45a provided in opposite sides of an
      elongate mounting member 45 which is secured to the outer surface of
      downstream wall 25 of the regulator housing. A linkage assembly 46 is
      provided interconnecting the spring adjustment mechanism 40 with the
      reciprocable operator of a conventional prime mover 47 (FIG. 1), such as a
      flexible diaphragm-type pneumatic motor.
PAR  Referring more particularly to the frame members 41 and 42 of the spring
      adjustment mechanism 40, it will be noted that the opposing inner walls
      thereof are provided with a series of elongate parallel longitudinally
      extending ridges 50. As illustrated, seven ridges 50 are provided on the
      inner wall of each of the frame members 41 and 42, with the lowermost
      ridge 50 of frame member 42 being spaced a slightly greater distance from
      the inturned flange 42a than the corresponding spacing between flange 41a
      and the lowermost ridge on frame member 41 to compensate for the pitch of
      the helical turns of the coil spring 44 so that the ridges 50 will
      properly engage the turns on opposite sides of the coil spring. It will be
      understood that a different number of ridges than that shown may be
      employed on the frame members, depending upon the size of the spring
      employed.
PAR  The elongate ridges of each series are of graduated lengths, but are
      preferably of substantially equal height as measured inwardly from the
      walls toward the coil spring, and of substantially equal width and spacing
      from adjacent ridges. The ridges of each series serve as abutment
      shoulders for immobilizing the turns of the coil spring when positioned
      therebetween.
PAR  As illustrated, the leading end portions 50a of successive elongate ridges
      in each series terminate in a staggered laterally offset relation to
      permit successively positioning the ridges between the turns of the coil
      spring 44 during longitudinal movement of the spring adjustment assembly
      40 relative to the spring. Also, the leading end portions 50a are tapered
      or pointed to facilitate easy insertion of the ridges 50 between the turns
      of coil spring 44 during longitudinal movement of the spring adjustment
      assembly 40. A pair of support posts 48, 49 extend upwardly from mounting
      member 45 alongside opposite sides of the coil spring 44 and serve to
      limit lateral movement of the spring during movement of the ridges into or
      out of engagement with the spring.
PAR  The operation of the spring adjustment mechanism 40 is best understood by
      referring initially to FIG. 3. As illustrated therein, the spring
      adjustment mechanism 40 is laterally positioned so as to locate all but
      one of the ridges 50 between successive turns of the coil spring 44 to
      thereby immobilize those turns of the spring and thereby reduce the
      effective length of the spring. With the spring adjustment mechanism in
      this position, the biasing characteristics of the spring are such that the
      spring will be compressed only a relatively short distance when a
      predetermined biasing force is exerted thereagainst. Thus, the valve means
      of the volume regulator is maintained in a relatively widely opened
      position so as to allow a large volume of air to flow through the
      regulator.
PAR  When it is desired to adjust the regulator to decrease the flow of air
      therethrough, the spring adjustment mechanism is moved to the left as
      viewed in FIG. 3 so that a fewer number of the turns of the coil spring
      are immobilized. When the adjustment mechanism is in the position
      illustrated in FIG. 5, for example, the spring will be compressed a
      greater distance by the same predetermined force so as to therefore
      position the valve means in a more fully closed position and thereby
      maintain the flow of air through the housing at a lower rate.
PAR  It will be appreciated that when the adjustment mechanism is moved so as to
      cause the curtains to be opened more fully to allow a greater flow of air
      through the regulator, it is necessary to open the curtains in opposition
      to a considerable closing bias on the curtains brought about by the force
      of the air thereagainst. The successive positioning of each ridge 50 of
      the series between adjacent turns of the spring serves to incrementally
      open or expand the spring against the closing bias exerted thereon, and in
      so doing, facilitates the positioning of the next successive ridge 50
      between the next successive adjacent turns of the coil spring. This
      wedging or opening action of each successive ridge 50 facilitates
      adjustment of the regulator to a more fully opened condition with the
      application of a relatively low amount of force on the spring adjustment
      mechanism 40, even though the force of the air within the regulator
      tending to bias the valve means to a closed position is considerably
      higher. This permits using a relatively low powered and inexpensive prime
      mover. Further, the spring adjustment mechanism 40 has a short stroke of
      travel between one extreme position wherein a maximum member of the turns
      of the spring are immobilized and the opposite extreme wherein none of the
      turns of the spring are immobilized. This short distance or stroke of
      travel, which may be less than about two inches, permits the use of the
      conventional type of prime mover employed in air-conditioning control
      systems, such as a pneumatic or electric motor, wherein a reciprocable
      motion of relatively short stroke is imparted, generally no more than
      about 1 to 2 inches.
PAR  As illustrated in FIG. 1, a pneumatic prime mover 47 is connected to the
      spring adjustment mechanism 40 for moving the same and thereby varying the
      biasing characteristics of the spring 44. In the arrangement illustrated,
      the regulator is adapted for being adjusted automatically in response to
      varying external conditions and is therefore adapted for use in a variable
      volume air-conditioning system wherein the flow rate setting of the
      regulator is varied in accordance with varying demands in the room or zone
      being conditioned. More particularly, a control or sensing unit 48,
      located remotely of the regulator, is operatively connected to the
      pneumatic prime mover 47 through a pneumatic control line 49. Sensing unit
      48, for example, may comprise a thermostat located in the room or zone
      being conditioned and which is responsive to the varying temperature in
      the room for thereby varying the control air pressure in the pneumatic
      control line 49 and thereby causing an increased or decreased flow of air
      through the regulator into the air-conditioned room or zone.
PAR  It will appreciated that the volume regulator 20 may also be used in a
      constant volume system where it is not necessary to automatically vary the
      volume of the regulator but where is may be desirable to provide means for
      easily manually adjusting the regulator externally of the housing 11 to a
      different flow rate. In these instances, the spring adjustment mechanism
      40 may be provided with any suitable manual adjustment linkage (not shown)
      so as to permit conveniently adjusting the regulator from externally of
      the housing 11.
PAR  In certaian installations of the volume regulator in air-conditioning
      systems, it may be desirable to provide means for, at times, completely
      shutting off the flow of air through the regulator. This may be easily
      accomplished with the spring adjustment mechanism of this invention in
      several ways. For example, the abutment 35a may be adjusted so that when
      the spring adjustment mechanism 40 is positioned with the ridges 50
      thereof out of engagement with the turns of the spring, a small amount of
      slack or "play" will be present upon inward movement of push rod 35 prior
      to engagement of the spring 44 by the abutment 35a. Alternatively, a
      spring of sufficient compressibility may be employed so that when the
      ridges 50 of the spring adjustment mechanism are moved out of engagement
      with the spring, the closing bias of the air in the regulator housing will
      be sufficient to overcome the opposing opening bias of the spring and
      thereby push the valve to a closed position. By similar means, the air
      regulator of this invention may be adjusted, if desired, so as to always
      deliver a predetermined minimum flow of air therethrough even when the
      spring adjustment mechanism is moved so that the abutment shoulders
      thereof are completely out of engagement with the spring.
PAR  An alternate means for varying the biasing characteristics of the coil
      compression spring is provided in accordance with the second form of the
      invention, illustrated in FIGS. 6-8. This embodiment of the invention is
      quite similar to the first form of the invention illustrated in FIGS. 1-5,
      and differs thereover only in the mechanism by which the successive turns
      of the coil spring are immobilized. Accordingly, to avoid repetitive
      description, only the spring adjustment mechanism is illustrated and
      described in detail, it being understood that the regulator housing and
      valve assembly previously described would be employed in this second form
      of the invention as well, with the spring adjustment mechanism being
      similarly mounted on the downstream end of the regulator housing. Thus,
      like reference numerals, with prime notation added, will be employed for
      those parts of the regulator which have been previously described, with
      the following description being primarily directed to the details of the
      spring adjustment mechanism.
PAR  Referring to FIG. 6, it will be seen that the spring adjustment mechanism
      60 of the second form of the invention comprises an opposing pair of
      elongate arcuate adjustment members 61 positioned on opposite sides of the
      coil spring 44', with the lower flanged ends 61a thereof being mounted by
      suitable fastener means 62 to a mounting plate 63 carried by the
      downstream wall 25' of the regulator housing. The inner opposing surfaces
      of the elongate adjustment members 61 have a series of spaced teeth 61b
      formed thereon adapted for engaging the turns of the coil spring. The
      teeth are preferably spaced apart a distance corresponding to the spacing
      of the turns of the spring in its normal relaxed condition and pointed so
      as to facilitate positioning the teeth 61b between the turns of the
      spring. The adjustment members 61 are preferably formed of a strong
      resilient material such as spring steel so as to be adapted for being
      biased inwardly toward and into engagement with the coil spring 44'.
PAR  Like the ridges 50 of the previous embodiment, the teeth 61b on adjustment
      member 61 serve as abutment shoulders for engaging and immobilizing a
      desired number of the turns of the coil spring for thereby varying the
      biasing chacteristics of the spring. As illustrated, the teeth are adapted
      for being successively positioned between adjacent turns of the spring and
      thereby facilitate returning the spring to its original uncompressed
      length with a relatively low amount of force, in the manner previously
      described, in spite of the relatively larger compressive force applied on
      the spring by the air pressure in the regulator.
PAR  As illustrated, a linkage assembly is provided cooperating with the
      elongate adjustment members 61 for facilitating positioning the adjustment
      members so as to engage the desired number of turns of the coil spring
      44'. The linkage assembly comprises a pair of parallel rods 64 located in
      engagement with the back surfaces of the adjustment members 61 and adapted
      for travel upwardly therealong in parallel elongate slots 65a in guide
      plates 65 on opposite sides of the spring so as to thereby straighten the
      arcuate flexible adjustment members 61 and successively position the teeth
      61b thereof in engagement with the coil spring 44'. The rods 64 are
      carried by opposite ends of a generally U-shaped yoke 66, the medial
      portion of which, in turn, is connected to the reciprocable operator 67 of
      a conventional prime mover, such as the flexible diaphragm-type pneumatic
      motor 68 illustrated. Pneumatic motor 68 is supported by a bracket 69 in
      suitable position overlying the coil spring 44' on the downstream end of
      the housing of regulator 20'.
PAR  As in the previous embodiment, the pneumatic prime mover 67 may be
      connected to a suitable control or sensing unit, such as a thermostat,
      located remotely of the regulator which serves to thereby adjust the
      controlled output of the regulator automatically in response to varying
      external conditions. Alternatively, the spring adjustment mechanism 60 may
      be provided with a suitable manual adjustment linkage to permit convenient
      manual adjustment of the regulator from externally of the duct or housing
      in which the regulator is mounted. Thus, the regulator is adapted for use
      either in a variable or constant volume air-conditioning system as
      desired.
PAR  In the drawings and specification there have been set forth preferred
      embodiments of the invention and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In an air volume regulator comprising a housing defining a passageway
      for the flow of air therethrough, valve means mounted for movement in said
      housing for adjustably restricting the air flow therethrough, and a coil
      compression spring cooperating with said valve means for exerting an
      opening bias on the valve means in opposition to a closing bias exerted
      thereon by the pressure of the air in the housing whereby said valve means
      is adapted for maintaining the air flow through the housing at a
      substantially constant rate, the combination therewith of spring
      adjustment means carried by said housing and positioned alongside of said
      coil spring and including means normally positioned out of engagement with
      said coil spring but movable into said spring from opposite sides thereof
      between a plurality of the turns of the spring for varying the number of
      working turns in the coil spring so as to thereby adjust the regulator to
      maintain a different rate of air flow therethrough.
NUM  2.
PAR  2. In an air volume regulator comprising a housing defining a passageway
      for the flow of air therethrough, valve means mounted for movement in said
      housing for adjustably restricting the air flow therethrough, and a coil
      compression spring cooperating with said valve means for exerting an
      opening bias on the valve means in opposition to a closing bias exerted
      thereon by the pressure of the air in the housing whereby said valve means
      is adapted for maintaining the air flow through the housing at a
      substantially constant rate, the combination therewith of sensing means
      for sensing a demand for an increased or decreased flow of air through the
      regulator, spring adjustment means positioned alongside said coil
      compression spring and being movable into and between the turns thereof
      for progressively immobilizing a selected number of the turns upon
      movement of the spring adjustment means into the spring for thereby
      varying the number of working turns in the coil spring so as to vary the
      biasing characteristics of the spring, and motive means operably connected
      to said sensing means and to said spring adjustment means and operable for
      effecting movement of the spring adjustment means in response to a sensed
      demand for an increased or decreased flow of air through the regulator so
      as to vary the biasing characteristics of the spring and thereby adjust
      the regulator to maintain a different rate of air flow therethrough.
NUM  3.
PAR  3. In an air volume regulator comprising a housing defining a passageway
      for the flow of air therethrough, valve means mounted for movement in said
      housing for adjustably restricting the air flow therethrough, and a coil
      compression spring cooperating with said valve means for exerting an
      opening bias on the valve means in opposition to a closing bias exerted
      thereon by the pressure of the air in the housing whereby said valve means
      is adapted for maintaining the air flow through the housing at a
      substantially constant rate, the combination therewith of means for
      adjusting the regulator to maintain a different flow rate and comprising
      means defining a plurality of spaced abutment shoulders normally
      positioned alongside of said coil spring, and means cooperating with said
      plurality of abutment shoulders for successively positioning the abutment
      shoulders between the turns of said spring for immobilizing a selected
      number of the turns of the spring and thereby varying the biasing
      characteristics of the spring.
NUM  4.
PAR  4. In an air volume regulator according to claim 3, wherein said means
      defining said plurality of abutment shoulders comprises two opposing
      series of abutment shoulders positioned on opposite sides of said coil
      spring and being adapted for movement into the spring from opposite sides
      thereof.
NUM  5.
PAR  5. In an air volume regulator according to claim 4, wherein the abutment
      shoulders in each of said series are spaced apart a distance corresponding
      to the spacing of the turns of the coil spring in its unbiased condition
      to facilitate movement of the abutment shoulders into the spring.
NUM  6.
PAR  6. In an air volume regulator according to claim 3, wherein said means for
      successively positioning the abutment shoulders between the turns of said
      spring comprises reciprocable motive means cooperating with said plurality
      of spaced abutment shoulders and responsive to a demand for an increased
      or decreased flow of air through the regulator for moving the abutment
      shoulders successively into or out of engagement with the spring and
      thereby varying the biasing characteristics of the spring.
NUM  7.
PAR  7. In an air volume regulator according to claim 3, wherein said means
      defining said plurality of abutment shoulders comprises a pair of parallel
      walls carried by said housing and positioned closely adjacent opposite
      sides of said coil spring, opposing inner surfaces of said walls having a
      series of elongate parallel ridges thereon extending generally
      perpendicular to the axis of said coil spring and defining said plurality
      of abutment shoulders, the leading end portions of successive elongate
      ridges in each series terminating in staggered laterally offset, relation,
      and means mounting said pair of walls for sliding movement with respect to
      said coil spring along a direction parallel to said elongate ridges so as
      to position the leading end portion of an increasing number of said ridges
      between successive turns of said spring for thereby immobilizing the same
      and varying the biasing characteristics of the spring.
NUM  8.
PAR  8. In an air volume regulator according to claim 3, wherein said means
      defining said plurality of abutment shoulders comprises an opposing pair
      of elongate members positioned on opposite sides of said coil spring in
      spaced relation therefrom, inner opposing surfaces of said elongate
      members adjacent said coil spring having a series of spaced teeth thereon
      defining said plurality of abutment shoulders, and means cooperating with
      said opposing pair of elongate members for moving the same toward said
      spring so as to position increasing numbers of said teeth between
      successive turns of said spring for thereby immobilizing the same and
      varying the biasing characteristics of the spring.
NUM  9.
PAR  9. In an air volume regulator comprising a housing defining a passageway
      for the flow of air therethrough, valve means mounted for movement in said
      housing for adjustably restricting the air flow therethrough, and a coil
      compression spring cooperating with said valve means for exerting an
      opening bias on the valve means in opposition to a closing bias exerted
      thereon by the pressure of the air in the housing whereby said valve means
      is adapted for maintaining the air flow through the housing at a
      substantially constant rate, the combination therewith of means for
      adjusting the regulator to maintain a different flow rate and comprising
      means defining two opposing series of spaced abutment shoulders normally
      positioned adjacent opposite sides of said coil spring, and means
      cooperating with said two series of abutment shoulders for successively
      positioning the abutment shoulders of each series into opposite sides of
      said coil spring between the turns thereof beginning adjacent one end of
      the spring and progressively along the length thereof toward the opposite
      end of the spring, said abutment shoulders being thereby adapted to
      immobilize a selected number of the turns of the spring so as to vary the
      biasing characteristics of the spring.
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ABST
PAL  A hydraulic control valve for transmitting power from a transmitter to a
      receiver which is remote from the transmitter. The power is transmitted
      through an actuating line from the transmitter. The transmitter is in the
      form of a housing which contains both a pressure relief valve permanently
      connected to the line and synchronising mechanism for synchronising
      movement of the transmitter with the receiver.
BSUM
PAR  This invention relates to hydraulic control valves and is more particularly
      concerned with a hydraulic control valve for transmitting fluid pressure
      from a transmitter to a receiver to cause movement of an operating member
      in a receiver. Such hydraulic control valves are particularly suitable for
      use where it is desired to have remote control of a receiver which may be
      removed some distance from the transmitter.
PAR  A hydraulic control valve for transmitting fluid to a receiver through an
      actuating line according to the present invention comprises a housing
      containing an actuating element, a pressure relief valve permanently
      connected to the actuating line and means for synchronising movement of
      the element with the receiver. Thus the synchronising means are built into
      the housing and synchronising can be carried out simply without having to
      dismantle, bleed or any other such operation.
PAR  The synchronising means are preferably operable at a preselected point in
      the travel of the element, and the synchronising means may be arranged to
      be actuated by an operating member operating the actuating element.
PAR  In a preferred arrangement the synchronising means are carried by the
      actuating element and the relief valve may also be carried by the
      actuating element, conveniently the relief valve synchronising means being
      carried in a bore in the element.
PAR  The relief valve and the synchronising means may be interconnected and the
      element may comprise a piston slidable in a cylinder in the housing. In
      this case the element may have a rack engaging a pinion rotation of which
      causes movement of the element. In one construction the housing may
      contain two such pistons and cylinders opposite sides of the pinion
      engaging the respective racks so that the elements may move in opposite
      directions on rotation of the pinion. The pinion may be connected to an
      operating shaft extending outside the housing and the extension of the
      shaft may carry an operating handle. The shaft may be hollow and adapted
      to receive a second concentric shaft adapted to operate a second control
      valve coupled to the control valve in question, the control valves being
      coupled, for example, by connecting the housings together.
PAR  In any case the synchronising means may comprise a subsidiary piston
      assembly adapted on movement of the operating element to a selected
      position to actuate a valve assembly adapted to put in communication a
      fluid reservoir and the actuating line. Conveniently the subsidiary piston
      causes the relief valve to open in the synchronising position. The
      subsidiary piston assembly may engage biasing means biasing the relief
      valve into its closed position during an actuating stroke.
PAR  Preferably the subsidiary piston is actuated by movement of the actuating
      element and conveniently the length of the subsidiary piston assembly is
      arranged to determine the position of synchronising.
DRWD
PAR  The invention may be performed in various ways and one specific embodiment
      and a modification thereof will now be described by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is an elevation of a hydraulic control valve according to the
      present invention,
PAR  FIG. 2 is a section on the line A--A of FIG. 1,
PAR  FIG. 3 is a section on the line B--B of FIG. 1,
PAR  FIG. 4 is a plan view of the element shown in FIG. 1,
PAR  FIG. 5 is an enlarged view of the control element shown in FIG. 3,
PAR  FIG. 6 is an enlarged view of an alternative element which may be used in
      the control valve shown in FIG. 3, and,
PAR  FIG. 7 is an enlarged view of a further alternative embodiment which may be
      used in the control valve of FIG. 3.
DETD
PAR  The control valve shown in FIGS. 1 to 3 comprises a rectangular housing
      indicated generally at 10 having extending through it parallel to its
      longer axis and spaced respectively on each side thereof two bores which
      are similar and of which only one, indicated by 11 together with the
      control element in it, will be described, the other being substantially
      identical.
PAR  A transverse bore 13 extends through the housing perpendicular to its
      longitudinal axis, and has a shaft 14 journalled in it which has an
      extension extending outwardly from one face of the housing onto which an
      operating handle can be mounted (not shown). Inside the housing the shaft
      has mounted on it a pinion indicated at 15 which engages a rack on each
      valve element, as shown at 16 on the valve element in FIG. 5. The racks on
      two valve elements mounted respectively in the two bores 11 and arranged
      to engage opposite sides of the pinion 15 so that rotation of the shaft 14
      will cause the valve elements in the respective bores to move in opposite
      directions.
PAR  The valve element shown in FIG. 3 is shown in more detail in FIG. 5. As
      mentioned previously the valve element has a rack 16 engaged by the pinion
      15. The rack 16 is mounted on one side of a generally cylindrical element
      indicated at 18 which slides in the bore 11. The element 18 is provided
      with an axial bore 20 extending through it and a counter bore 21 at one
      end. Located in the bore 20 is a piston indicated at 22 having connected
      to it a series of stepped portions 23, 24 and 25. The stepped portion 25
      extends into an axial bore 26 which is joined to a counterbore 27 by a
      shoulder 28, the bores 26 and 27 being formed in the interior of a
      pressure relief valve indicated at 30 and the operation of which will be
      described in the more detail below.
PAR  A ball 31 is arranged to be biased by means of a spring 32 against the
      valve seat formed by the bore 26 and the shoulder 28. The end of the
      spring 32 opposite the ball 31 abuts against a shoulder 33 on a retaining
      element 34 which has a passage 35 communicating with the space below the
      piston and indicated on FIG. 3 at 36.
PAR  The element 18 has a transversely extending bore 37 in its side providing
      communication between a fluid reservoir (not shown) and the annular space
      surrounding the relief valve 30.
PAR  Surrounding the stepped portions 23, 24 and 25 of the piston 22 is a
      compression spring 38 one end of which engages the piston 22 and the other
      end of which is mounted to engage a shoulder 41 on the relief valve 30.
      The relief valve 30 is arranged in its closed position (i.e. the position
      shown) to have a shoulder 42 abutting against a relief valve seat 43,
      sealing being accomplished by an O ring 44 mounted in a groove 45 and
      engaging the tapered end 46 of the relief valve 30.
PAR  The piston 22 is provided with a transverse bore 47 through which passes a
      piston retaining pin 48. The piston retaining pin is of considerably
      lesser diameter than the transverse bore 47 and serves to permit limited
      movement of the piston in the axial bore 20 and to retain it in the bore.
PAR  The space 36 below the piston is coupled to an actuating line which is
      connected to a receiver. Movement of the element 18 by means of the
      operating lever serves to transmit fluid to the receiver.
PAR  In operation when it is desired to synchronise the element 18 with respect
      to the fluid receiver the handle is moved to rotate the pinion 15 to cause
      the rack 16 to be moved so that its end 50 remote from the operating line
      is moved towards the corresponding end of the bore 11. As the end 50
      approaches the end of the bore the piston 22 strikes a pin 51 extending
      across the bore 11 and mounted in the housing 10 and then continued
      movement of the element 18 causes the piston 22 to move in the bore 20 to
      unseat the ball 31 from its seat. In this condition the passage between
      the fluid reservoir and the space 36 below the piston is open and fluid
      can flow either from the reservoir towards the space 36 or vice versa to
      equalise the pressure in the reservoir and in the actuating line. When the
      handle is returned to the non synchronising position the spring 38
      surrounding the stepped parts of the piston will move the piston back into
      the position shown in FIG. 5 and hence return the ball to its seat to
      close the valve.
PAR  The pressure relief valve 30 provides pressure relief from the space 36 at
      any time whilst the valve is operating. If a pressure build up takes place
      in the system this will be transmitted to the valve 30 and will cause it
      to unseat from its seat to allow fluid to flow back into the reservoir.
      Additional flow can also take place past the ball valve 31 since this will
      probably be unseated as well if the excess pressure in the fluid line is
      sufficiently great to move the pressure release valve far enough back from
      its seat to engage the ball 31 against the end of the stepped portion 25
      of piston 22.
PAR  An alternative arrangement of element for incorporation in the bores 11 is
      shown in FIG. 6. With this arrangement synchronising can take place when
      the element is in the centre of the bore, or in other positions as
      described below. Although only one assembly is shown this arrangement it
      is used in tandem with a second such assembly in the other bore 11 so that
      when one element is moved forwardly by one side of the pinion acting on
      its rack the other element will be moved backwardly by the other side of
      the pinion acting on its rack.
PAR  In this arrangement the element comprises a piston indicated generally at
      60 slidable in the bore 11 and having on it a rack 17 similar to the rack
      16.
PAR  Again the element 60 is provided with an axial bore 61 having a counterbore
      62 at one end. Mounted for sliding movement in the bore 61 is a piston 63
      having an axially extending rod 64 connected to it and the end 65 of which
      remote from the piston 63 enters a bore 66 in a relief valve indicated
      generally at 67, and which relief valve is slidable on the rod 64. The
      relief valve engages a valve seat 68. An O ring 71 is located in an O ring
      groove 72 and ensures a seal between the valve 67 and the mating surface
      73 of the seat 68 in the closed position. The relief valve 67 is biased by
      means of a spring 74 into its closed position.
PAR  The piston 63 has a slot 75 in it, which also extends substantially
      throughout its length, a pin similar to the pin 48 being provided at 76 to
      limit the movement of the piston within the slot, the position of the
      inner end of the slot being determined by the point in the travel of the
      element at which synchronising is to take place, in this arrangement at
      the mid point.
PAR  In operation to perform an actuating stroke the piston is moved from the
      position shown to the left in FIG. 6 and downwardly in FIG. 3 to expel
      fluid from the space 36 into the actuating line. The pin 76 engages the
      end of the slot 75 and thus moves the piston 63 with the element. In this
      condition the spring 74 biases the relief valve 67 into engagement with
      its seat 68 throughout the actuating stroke. In the event of a fluid
      pressure build up in the system beyond that at which the relief valve is
      arranged to open the relief valve can move against the bias of the spring
      to lift off the seat 68.
PAR  On the return stroke the rack is moved by the pinion in the opposite
      direction and the element will travel with the parts in the position shown
      in FIG. 6 until the mid point is reached and these parts will be held in
      this position by the spring 74. When the element reaches the mid point of
      its travel the end 63A of piston 63 engages the pin 51 (FIG. 3) in the
      bore 11 and its movement is arrested and thus with further movement of the
      element 60 the pin 76 disengages from the end of the slot 75. This then
      causes piston 63 to move in bore 61 thus unseating face 73 from seal 72.
PAR  A transverse bore 77 provides communication between the interior of the
      bore 61 and the reservoir and the rod 64 is provided with a number of
      axially extending grooves 64a on its end which provide a flow passage.
PAR  The area of the relief valve exposed to the pressure in the actuating line,
      i.e. that portion in the bore 61 is greater than that on the sealing line
      on face 73 so that the relief valve automatically tends towards an opening
      position under the influence of the differential area when pressure exists
      in cavity 36.
PAR  The above arrangement has been described for synchronising at its mid
      point. Such an arrangement is particularly applicable where the receiver
      is arranged to have an element which moves from a central position to two
      operating positions equidistant from and on either side of the centre
      position. Thus movement of the handle on the extension shaft 14 will cause
      the pinion to rotate in one direction which will move one of the elements
      in an actuating direction to cause movement of the element in the receiver
      in one direction from its central point and movement of the handle on the
      shaft 14 in the opposite direction will cause the other actuation element
      in the other bore 11 to move the element on the receiver in the opposite
      direction. The receiver element may be spring biased into the central
      position.
PAR  In order, therefore, to synchronise the element of the receiver with the
      actuating element it is merely necessary to move the operating handle once
      in each direction to ensure full synchronisation.
PAR  The element on the receiver may be synchronised at a point other than its
      mid point in which case the elements 60 could be arranged to synchronise
      at any desires point. In this case the length of the piston could be
      adjusted accordingly, and also its attendant slot to relieve the pressure
      on the synchronising valve at the appropriate point.
PAR  For example, it could be shortened to the position shown in dotted lines at
      78 and the slot accordingly modified so as to synchronise at the end of
      the stroke as with the arrangement described in FIG. 5.
PAR  A further alternative and preferred arrangement is shown in FIG. 7 the
      element shown replacing the valve element shown in FIG. 3. In this present
      arrangement, as with the arrangement shown in FIG. 6 synchronising can be
      arranged to take place at any pre-selected position as more fully
      described below, but where synchronising takes place in positions other
      than the end of the bore a second element will be arranged in tandem in
      another bore 11 so that when one element is moved forwardly by one side of
      the pinion acting on its rack the other element will be moved backwardly
      by the other side of the pinion acting on its rack, in a similar manner to
      that described with reference to FIG. 6.
PAR  In the arrangement shown in FIG. 7 the element comprises a piston indicated
      generally at 81 slidable in the bore 11 and having on it a rack 82 similar
      to the rack 16.
PAR  The element 81 is provided with an axial bore 83 having a counter bore 84
      at one end. Mounted for sliding movement in the bore 83 is a piston 85
      having an axially extending rod 86 connected to it and the end 87 of which
      remote from the piston 85 passes through a bore 88 in a piston 89. To the
      end 87 of the rod 86 is secured a relief valve assembly 90. The assembly
      90 includes a O ring 91 which is trapped in that assembly and which
      ensures a seal between the assembly and a sealing face 92 of the piston
      89. The relief valve assembly 90 is biased into its closed position under
      the action of a spring 93 acting on the piston 85 so that the O ring 91
      seals on the sealing face 92. The movement of the relief valve assembly 90
      to the right in FIG. 7 is limited by a circlip 94 in the counterbore 84.
      In a similar manner the movement of the piston 89 to the left in FIG. 7 is
      also limited by the circlip 94.
PAR  FIG. 7 shows the assembly in the synchronising position. In this position
      the piston 85 has contacted the pin 51 extending across the bore 11 (shown
      in FIG. 3) causing the relief valve assembly 90 to disengage from sealing
      face 92. The rod 86 is of such a shape that there is a flow passage
      between it and the bore 88 in the piston 89. In the synchronising position
      there therefore exists a flow passage between space indicated at 96, which
      corresponds to the space 36, and a transverse bore 95 which communicates
      with the reservoir. The position at which this synchronisation takes place
      can be predetermined by varying the length of piston 85.
PAR  If the piston 81 is moved to the left in FIG. 7 the relief valve assembly
      90 will contact piston 89 effecting a seal between O ring 91 and sealing
      face 92. Further movement of the piston 81 causes an increase in pressure
      in the fluid in the space 96 which is connected to the receiving element.
      This increase in pressure will cause the receiving element to move in
      sympathy with the actuating element.
PAR  If the fluid pressure in space 96 should for any reason rise above a
      predetermined level, this pressure will cause the piston 89 to move away
      from the relief valve assembly 90. This pressure acts on the difference in
      area between piston seal 97 and O ring 91 in the relieve valve assembly
      and directly opposes the force exerted by the spring 93.
PAR  Relief valve assembly 90 is so shaped that there is a flow path around its
      outside and through the circlip 94. Therefore, when piston 89 is lifted
      from the relief valve assembly 90 there exists fluid flow path between
      space 96 and the reservoir. The piston 89 will reseat on the relief valve
      assembly 90 when the pressure has dropped below the predetermined relief
      valve setting.
PAR  Thus, in one simple assembly is provided a relief valve and synchronising
      valve, the precise function of which can be varied by altering the length
      of piston 85.
PAR  A bank of assemblies such as shown in FIGS. 1 to 5 or as modified as shown
      in FIGS. 6 or 7 may be coupled together. To this end the assemblies are
      provided with openings extending through them as indicated at 98 and
      through which bolts may be passed to connect two or more elements in back
      to back relationship. Where there are elements with no communication to
      the exterior the shafts 14 may be arranged to be hollow so that a
      concentric shaft of smaller diameter can pass through it into an inner
      element. Thus a bank of valve assemblies may be built up. Also concentric
      shafts may be arranged to extend from opposite sides.
PAR  It will be appreciated that with the present invention a simple valve
      assembly has been provided which has built in synchronising and relief
      valves.
PAR  Also the present invention provides a closed circuit hydraulic remote
      control system. The transmitter unit with the built in oil reservoir and
      operating handle can be connected by a small bore piping to rotary action
      or linear motion receiver units located considerably distances away, for
      example up to 150 ft. Moreover, with the present invention it is possible
      to provide positive and accurate remote control operation with the full
      retention of operator "feel". The receiver unit can operate in any plane
      and in any position and a number of transmitting units can be assembled in
      banks. The transmitter and receiver can be connected by rigid or flexible
      piping, in addition the built in end of stroke synchronisation or
      rephasing and automatic overload protection assists in obtaining trouble
      free operation.
PAR  The invention has many applications, for example, the remote control of
      engine throttles of governors on industrial power plants, vehicles and
      test beds, positioning on machine tools systems by remote contro, remote
      operation of directional control valves with retention of "inching"
      characteristics.
PAR  Moreover, it can be used in the field of marine engineering for the remote
      control of winches, capstans, loading mechanisms and product valves, also
      in dock and harbours, with dockside loading arms, lock gates, sluices etc.
      and also on pump control, for example, to provide remote control for servo
      input on variable capacity pumps.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hydraulic control valve for transmitting fluid under pressure from a
      fluid pressure source to an actuating line of a receiver, said control
      valve comprising a housing, a bore in said housing, first means carried by
      said housing for coupling one end of said bore to a fluid pressure source
      and second means carried by said housing for coupling an opposite end of
      said bore to an actuating line, an actuating element slidably mounted in
      said bore, a manually movable operating member operatively connected to
      said actuating element for shifting said actuating element in said bore
      with movement of said operating member causing said actuating element to
      slide in said housing to transmit fluid under pressure from said first
      means to said second means, fluid flow passage means through said
      actuating element for placing said first means and said second means in
      fluid communicating relation, a pressure relief valve carried by said
      actuating element normally closing said fluid flow passage means and for
      relieving excess pressure at said second means, and cooperating
      synchronizing means carried by said actuating element and said housing for
      automatically opening said fluid flow passage means at a predetermined
      point in the shifting of the actuating element.
NUM  2.
PAR  2. A control valve as claimed in claim 1 in which said actuating element
      has a bore therein at least in part defining said fluid flow passage
      means, and the relief valve and at least a portion of the synchronizing
      means are carried in said bore.
NUM  3.
PAR  3. A control valve as claimed in claim 1 in which the relief valve and the
      synchronizing means are each interconnected.
NUM  4.
PAR  4. A hydraulic control valve as claimed in claim 1 in which said bore is in
      the form of a cylinder, and said actuating element comprises a piston
      slidable in said cylinder.
NUM  5.
PAR  5. A control valve as claimed in claim 4 in which the connection between
      said operating member and said actuating element includes a rack on said
      actuating element engaging a pinion connected to said operating member for
      rotation thereby.
NUM  6.
PAR  6. A control valve as claimed in claim 5 in which there are two of said
      actuating elements, and said housing contains two of said piston and
      cylinder disposed on opposite sides of said pinion with said pinion
      engaging respective racks of said actuating elements for moving said
      actuating elements in opposite directions upon rotation of said pinion.
NUM  7.
PAR  7. A control valve as claimed in claim 6 in which the pinion is connected
      to an operating shaft extending outside the housing.
NUM  8.
PAR  8. A control valve as claimed in claim 7 in which an extension of said
      shaft carries said operating member.
NUM  9.
PAR  9. A control valve as claimed in claim 1 in which said synchronizing means
      comprises a valve assembly for controlling communication between said
      first and second means through said fluid flow passage means, and a
      subsidiary piston assembly coupled to said valve assembly and operable
      upon movement of said actuating element to a selected position to effect
      said communication.
NUM  10.
PAR  10. A control valve as claimed in claim 9 in which said subsidiary piston
      has means for causing said relief valve to open in the synchronizing
      position of said actuating element.
NUM  11.
PAR  11. A control valve as claimed in claim 10 in which there are biasing means
      for biasing the relief valve into its closed position, and said subsidiary
      piston assembly engages said biasing means during an actuating stroke of
      said actuating member.
NUM  12.
PAR  12. A control valve as claimed in claim 11 in which there are means for
      actuating said subsidiary piston assembly in response to movement of the
      actuating element.
NUM  13.
PAR  13. A control valve as claimed in claim 12 in which said subsidiary piston
      assembly has a preselected length to determine the position of said
      actuating element at the time of synchronizing.
NUM  14.
PAR  14. A control valve as claimed in claim 1 in which said actuating element
      is in the form of a tubular piston having an axial bore entirely
      therethrough and at least in part defining said fluid flow passage means,
      said pressure relief valve being carried by said actuating element at
      least partially within said bore at one end thereof, and said
      synchronizing means includes a secondary piston slideable in said bore at
      the opposite end thereof, and means operatively interconnecting said
      secondary piston and said pressure relief valve.
NUM  15.
PAR  15. A control valve as claimed in claim 14 wherein said pressure relief
      valve includes a first part and a second part, said first part mounted for
      movement in said bore towards said secondary piston under fluid pressure,
      resilient means urging said first part away from said piston, said second
      part being cooperable with said first part to seal said actuating element
      bore, and said secondary piston being cooperable with said second part to
      unseat said second part relative to said first part.
NUM  16.
PAR  16. A control valve as claimed in claim 15 wherein said resilient means
      urges said secondary piston away from said first part.
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PAL  A regular manual lever operated directional control valve is converted to a
      remote pilot controlled valve without loss of the manual operation
      feature. A double acting cylinder is attached to the end of the valve
      housing remote from the manual lever and the piston rod in the cylinder is
      directly attached to the valve spool. Semi-automatic operation is provided
      by mounting a valve positioning unit to the end of the operating cylinder
      and attaching it to the other end of the piston rod. This unit includes
      pressure released detent mechanism. Pressure buildup in the valve ports is
      transmitted to a detent release piston by passages through the valve spool
      and piston rod.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to hydraulic controls and more
      particularly to directional control valves for controlling pressure fluid
      actuating a hydraulic cylinder.
PAR  Manually operated hydraulic directional control valves are well known for
      controlling power cylinders in a wide variety of applications. Manual
      operation is provided by a lever mounted at one end of the valve housing
      and connected by a linkage to the longitudinally movable valve spool.
      Semi-automatic operation is provided by a valve positioning unit mounted
      on the other end of the valve housing. Such units include a pair of
      biasing springs which bias the valve spool to its neutral or center
      position, and a detent mechanism for holding the valve spool in either
      power position until pressure buildup indicates the power stroke of the
      cylinder has been completed.
PAR  Pilot controlled directional control valves are also well known in the art.
      These valves have included two cylinders mounted at opposite ends of the
      valve spool, one cylinder pushing the spool in one direction and the other
      cylinder pushing the spool in the opposite direction. Manual operation of
      these valves is not possible.
PAR  Where both remote control and manual operation at the valves are desired,
      it has been customary to operate the valves from the remote point by push
      pull cables. The cables often present an an installation problem
      especially in mobile applications with tilt cab vehicles. In addition,
      after a period of time these cables become unreliable.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The primary object of the invention is the provision of a directional
      control valve which can be pilot controlled from a remote point and also
      actuated manually.
PAR  This arrangement permits the valve to be operated from two or more
      locations without complicated heavy linkages. It also permits the manual
      feature to be used as one of the operating stations. It further provides
      an important safety feature as the manual operator is always available in
      case of failure of the remote control system.
PAR  In the case of mobile applications, the valve and manual operator can be
      located on the outside of the vehicle and the remote controls in the cab
      with only small flexible lines running between them. The valve can be
      operated directly by people outside the vehicle and also can be operated
      from inside the cab.
PAR  A further object of the invention is the provision of a pilot operated
      directional control valve with a manual overide, which can be used at any
      time to position the valve. This is achieved by a double acting cylinder
      having one end attached to one end of the valve body in combination with a
      valve positioning unit attached to the other end of the cylinder. In
      operation, fluid pressure is momentarily applied to one side of the
      piston, moving the valve to one power position where it is retained by the
      valve positioning unit. As the pilot controlled fluid pressure is only
      momentary the valve can be returned to the neutral position either
      automatically by release of the valve positioning unit or by the manual
      overide which overcomes the holding mechanism in the valve positioning
      unit.
PAR  Another object is the provision of a piston actuated directional control
      valve in which only momentary pressure on the piston is required to
      position the valve and hold it in place.
PAR  A further object of the invention is the provision of a single double
      acting cylinder for positioning a directional control valve, in which
      pressure areas on the piston are equal for both directions of spool
      travel.
PAR  Other objects will appear from the following detailed description and
      appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a cross section of a directional control valve assembly embodying
      the invention in combination with an automatic return to neutral type
      spool positioning mechanism and including a schematic representation of
      the pressure operated pilot control system;
PAR  FIG. 2 is a partial sectional view of the mechanism shown in FIG. 1 but
      with the spool valve at the opposite end of its stroke;
PAR  FIG. 3 is a schematic view of the pilot control system including two
      separate stations for controlling the pilot operator.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIGS. 1 and 2, reference character 1 indicates generally a
      conventional spool valve assembly including a valve body 2 having a spool
      valve bore 3 extending from the right end 4 of the body to the left end 5
      of the body. The bore 3 receives a double ended spool valve member 6 which
      is axially movable in the bore 3. The right end of the spool 6 extends
      beyond the end of the valve body and is manually actuatable by a manual
      operating means generally indicated as 7. This manual operating means may
      be of usual construction including an operating handle 8 having a portion
      9 extending into a slot formed in the end of the valve spool 6 and being
      attached thereto by a pin 10. The handle 8 is also supported by one or a
      pair of links 11, the left end being secured to the valve body by a pin 12
      and the right end being attached to the lever 8 by a pin 13. With the
      parts in the positions shown the valve spool 6 is in its right hand
      position. It will be apparent that pulling the handle 8 to the right as
      seen in FIG. 1 will cause manual movement of the valve spool toward its
      left hand position. It will also be apparent that movement of the
      operating handle 8 to the left will cause right hand motion of the valve
      spool 6.
PAR  The valve spool 6 also extends beyond the left end 5 of the valve body 2
      and is sealed by an O-ring 15. A similar O-ring 16 seals the right end of
      the valve spool. The valve body 2 is of conventional construction
      including a high pressure well 17 and a low pressure exhaust passage 18
      which are enlargements of the spool valve bore 3 and located adjacent the
      center of the valve body. The high pressure well 17 communicates through a
      flow passage with a load check valve chamber 19 receiving a load check
      valve member 20 carried in a plug 21 screwed into the valve body. This
      load check valve member 20 is biased upwardly by an internal spring (not
      shown) toward its valve seat formed at the bottom of passage 19. A
      bifurcated passageway is located beneath the valve seat, this passageway
      including one leg leading to the right and upwardly to a high pressure
      well 22 located to the right of the high pressure well 17. The other leg
      of this bifurcated passageway leads to the left and upwardly to a high
      pressure well 23 located to the left of the exhaust passage 18. The valve
      body 2 is also formed with a left exhaust passage 25 near the left end of
      the valve body and with a right exhaust passage 26 near the right end of
      the valve body. A pressure well 27 is located between the exhaust passage
      25 and the high pressure well 23, this well communicating with a pressure
      port 28. A similar pressure well 29 is located between the high pressure
      well 22 and the low pressure passage 26, this pressure well communicating
      with a pressure port 30 leading to the outside of the valve body.
PAR  Ports 28 and 30 are for attachment to lines 31 and 32 leading to opposite
      ends of a power cylinder 33 (shown schematically) this power cylinder
      including a piston 34 and a piston rod 35. It will be understood that the
      high pressure port 17 is connected by a means not shown but well known in
      the art to the high pressure side of a hydraulic pump, and that the
      exhaust ports 18, 25 and 26 are connected to the usual hydraulic fluid
      reservoir leading to the inlet side of the pump. The spool valve member 6
      controls the hydraulic fluid in and out of the cylinder 33 to cause
      movement of the piston 34 between its two end positions.
PAR  In accordance with the invention, the valve spool 6 is also actuated in
      both directions by a pilot controlled actuator generally indicated as 37.
      This actuator includes a cylinder 38 attached to the left end 5 of the
      valve body 3. This cylinder is positioned accurately relative to the spool
      valve bore by an adaptor 39 having a reduced portion extending into the
      recess 40 which is located adjacent the end of the spool valve bore and
      receives the O-ring 15. The cylinder 38 includes an interior cylinder wall
      41 receiving a piston 42 which is carried by a piston rod 43 attached to
      the end of the spool valve member 6. Preferrably the piston rod 43 is
      formed with a small diameter at its right hand end, a large diameter at
      its left hand end and an intermediate diameter which receives the piston
      42. The small diameter portion extends into a bore 44 formed in the left
      hand end of the spool valve member. The shoulder between the small
      diameter and the intermediate diameter abuts the end of the spool valve
      member and the piston 42 is held against the shoulder between the
      intermediate and large diameters of the piston rod by a spacer 47.
PAR  As shown, the cylinder 38 is formed with a bore defined by the cylinder
      wall 41 for the piston 42. It is also formed with an enlarged bore at its
      right hand end which receives the adaptor 39, the shoulder between the two
      bores serving to hold the adaptor 39 in position. The arrangement shown
      serves to locate the cylinder bore defined by wall 41 in accurate
      alignment with the spool valve bore in the valve body. The reduced portion
      of the adaptor 39 extending into the bore 40 in the valve member
      accurately locates the adaptor 39 relative to the spool valve bore and the
      adaptor in turn accurately locates the cylinder bore relative to the spool
      valve bore.
PAR  Located to the left of the pilot controlled operator 37 is a detent type
      valve positioning unit 50. This valve positioning unit is of conventional
      construction and includes a cylindrical cap 51 which may have the usual
      rectangular base portion 52 which is recessed to receive a spacer 52 which
      extends into a recess in the end wall of cylinder 38 and retains an O-ring
      54. The cap 51 and cylinder 38 are preferrably fastened to the valve body
      2 by means of four equally spaced screws, one of which is shown at 55.
      These screws extend through the rectangular base portion 52 of cap 51 and
      through suitable bores 56 into threaded holes in the valve body.
PAR  Inside the cap 51 is a detent groove sleeve 57 having detent grooves 58 and
      59 arranged to receive detent balls 60. These detent balls are carried in
      side openings of detent pin 61. This detent pin 61 is formed with a
      reduced threaded portion 62 fitting into the bore in the left end of the
      piston rod 43. This end of the detent pin is bored out to receive a detent
      release piston 63 which extends to the left, engaging a detent camming
      ball 64 which in turn engages the detent balls 60. The camming ball 64 is
      urged to the right by a spring 65, the left hand end of which is
      adjustably supported by a shoulder pin 66 fitting into a plug 67 which in
      turn is threaded into the end of detent pin 61. An adjusting screw 68 is
      threaded in the plug 67 and abuts the shoulder pin 66. Adjusting of this
      screw 68 determines the tension on the spring 65 holding the detent balls
      60 in place. The end of the cap 51 is covered by a plug 69 held in place
      by a retainer 70. The plug 69 includes a rubber removable portion 71 which
      gives access to the set screw 68.
PAR  The valve spool 6 is biased to its center or neutral position by means of a
      centering spring 73 which is supported by spring holders 74 and 75. Both
      spring holders are loosely mounted on a reduced diameter end portion of
      the detent pin 61, this providing a shoulder 76 on the detent pin. This
      shoulder 76 serves as a stop for limiting movement of the spring holder 75
      to the right relative to the detent pin 61. The spring holder 74 fits over
      the plug 67 and is inturned behind this plug, this serving to limit
      outward movement of the spring holder 74 relative to detent pin 71. When
      the parts are in the positions shown in FIG. 1, the spring holder 75 bears
      against an internal shoulder portion 77 formed in the cap 51, which
      shoulder portion also serves to retain sleeve 57 in place.
PAR  The detent release piston 63 of the valve positioning unit has fluid
      pressure applied to it from the directional control valve means. To this
      end the piston rod 43 is provided with a bore 78 which communicates with a
      bore 79 in the spool valve 6. The bore 79 in the spool valve member in
      turn communicates with a cross bore 80 which extends to the outside of the
      spool valve member into communication with either the high pressure well
      22 or the high pressure well 17 in the valve body.
PAR  The cylinder 38 of the pilot controlled actuator 37 is provided with ports
      81 and 82 located at opposite ends of the cylinder so as to apply fluid
      pressure to one side or the other of the piston 42. Port 81 is connected
      by a fluid pressure line 83 to control port 84 of a three-way self
      centering pilot valve 85 and the port 82 is connected by line 86 to
      control port 87 of the pilot valve. This pilot valve is also connected to
      a fluid pressure line 88 and to an exhaust 89. It will be apparent that
      when the pilot valve is in the neutral position shown, both lines 83 and
      86 are connected to the exhaust and no pressure is applied to the piston
      42. If the pilot valve is actuated to the left it will apply fluid
      pressure to line 83 which applies fluid pressure to the left side of
      piston 42 causing it to move the spool valve 6 to its right hand position.
      Conversely if the pilot valve is actuated to its right hand position it
      will apply fluid pressure to line 86 which applies pressure to the right
      side of piston 42 causing it to move the spool valve to its left hand
      position.
PAR  Preferrably the piston is provided with a peripheral seal 90 (see FIG. 2)
      engaging the cylinder wall 41, this seal being located in a peripheral
      slot on the piston. For ease in operation it is preferred that the piston
      42 will "float" on the piston rod 43. To this end the hold in the piston
      is made slightly larger than the diameter of the piston rod 43 on which
      the piston fits. Also the piston rod is grooved to receive an O-ring 91
      which serves as a yieldable seal between the piston and the rod.
      Preferrably Teflon washers 92 are located in the piston rod groove on
      either side of the ring 91. This arrangement in which the piston floats on
      the rod avoids binding of the piston in its cylinder without requiring
      perfect alignment of the piston rod with the cylinder walls. Leakage at
      the right hand end of the cylinder 38 is preferrably prevented by an outer
      O-ring 93 at the edge of the adaptor 39 and by an end O-ring 94 between
      the adaptor and the valve body 2.
PAC  OPERATION OF FIGS. 1 AND 2
PAR  With the parts in the positions shown in FIG. 1, the spool valve 6 has just
      been moved to its right hand power position which may have occurred either
      by manipulation of the pilot valve 85 or by manipulation of the manual
      operating handle 8. At this time, the piston 42 is in its right hand
      position adjacent adaptor 39. There is no force on either side of the
      piston as the pilot valve is in its neutral position in which the space on
      both sides of the piston is connected to exhaust. The spring holder 74 has
      been carried with the detent pin to its right hand position and has
      compressed the spring 73. This spring is urging the spring holder 74 and
      the spool valve assembly to the left but this force is resisted by the
      detent balls 60 being held in groove 59 by the force of the detent spring
      65. Pressure fluid is flowing from the pump into the high pressure well 17
      through passage 19 and past check valve 20 into the high pressure well 23,
      past the spool valve member into pressure chamber 27 to the valve port 28,
      and through line 31 to the left side of power piston 34. This urges the
      power piston 34 to the right and fluid from the other side of this piston
      passes through line 32 into port 30 to chamber 29 and past the spool valve
      member 6 into the low pressure passage 26. This action continues until the
      piston 34 reaches the right end of its stroke. At this time the back
      pressure from the pump increases and the fluid pressure in chamber 22 is
      applied through bores 80, 79 and 78 to the end of detent piston 63. This
      pressure rises suddenly and piston 63 overcomes the tension of spring 65
      releasing the detent balls 60. This permits the spring 67 to push spring
      carrier 74 to the left until it abuts plug 69. This carries the assembly
      consisting of detent pin 61, piston rod 43 and spool valve 6 to its middle
      or neutral position where the detent balls 60 are midway between grooves
      58 and 59. At this time the spool valve 6 is in its neutral position and
      both pressure passages 27 and 29 are blocked off, blocking flow from
      either side of the piston. Also the high pressure well 17 is now in
      communication with the low pressure passage 18 so that pressure fluid from
      the pump passes directly back to the pump unloading same.
PAR  When it is desired to return the power piston 34 to its left hand position,
      the pilot valve 85 may be actuated to its right hand position which
      applies pressure through tube 86 to the right side of the piston 42. The
      left side of the piston is now connected to exhaust and the fluid pressure
      drives the piston to its left hand position as shown in FIG. 2. This
      action is almost instantaneous and the pilot valve may be released to
      return to its neutral position in which both sides of the piston are
      connected to exhaust. During this movement the spring holder 75 is pushed
      to the left by shoulder 76 on the detent pin 57. Spring 67 is once again
      compressed but is now urging the spool valve assembly to the right back to
      its neutral position. However the detent balls 60 have now dropped into
      the groove 58 and are held in this groove by the spring 65. Thus the spool
      valve is now held in its left hand power position and no pressure is
      required by either the piston 42 or the manual operator in order to
      maintain the spool valve in this left hand power position.
PAR  As shown in FIG. 2, pressure fluid now flows from the high pressure well 17
      into the check valve chamber 19 past check valve 20 into the high pressure
      well 22 and from there past the spool valve 6 to pressure well 29 and from
      thence through tube 32 to the right hand side of piston 34. This drives
      the piston to the left and fluid from the other side of the piston passes
      through tube 31 to pressure well 27 past the spool valve to the exhaustt
      passage 25. This action continues until the power piston 34 reaches the
      left end of its stroke at which time the pressure from the pump builds up
      and is applied to the detent release piston through passages 80, 79 and
      78. This build up in pressure forces the detent release piston 63 to the
      left against the force of spring 65, this releasing the detent balls 60.
      The spring 73 now pushes the spring holder 75 to the right. At this time
      the spring holder 75 is engaging shoulder 76 on the detent pin 61 and
      pushes this detent pin, the piston rod and the spool valve to the right.
      This action continues until spring holder 75 engages the internal shoulder
      77 in the cap 51. This is the central or neutral position for the spool
      valve which blocks off both sides of the power piston and connects high
      pressure well 17 with exhaust passage 18 for unloading the pump.
PAR  It will be apparent that the present invention provides a combination pilot
      and manually actuatable directional control valve. It will also be
      apparent that the arrangement permits pilot operation of the spool valve
      in either direction and this does not interfere with manual operation of
      the valve by the operating handle 8. Only momentary application of
      pressure to either side of the piston is needed to move the valve to the
      desired position and hold it there until the power stroke is completed.
      The removal of pressure from either side of the piston by the self
      centering pilot valve allows overcontrol by the manual operator at any
      time in event of an emergency. It also provides for more than one station
      at which the spool valve may be controlled and the manual operator is
      always available in event of failure of the pilot valve system.
PAC  FIG. 3
PAR  FIG. 3 shows schematically a method of providing two independent stations
      for controlling the directional control valve through the pilot operator.
      This includes two separate three position type pilot valves 100 and 101
      having their inlet ports connected to a common source of pressure 102.
      Control ports 103 and 104 of each valve are connected by lines 105 and 106
      to a shuttle valve 107 the common of which is connected by line 108 to the
      cylinder port 81. Similarly the other control ports 110 and 111 of the
      pilot valves are connected to opposite ends of shuttle valve 112 which is
      in turn connected by line 113 to port 82 of the pilot operator.
PAR  It will be apparent that either station 1 or station 2 can cause movement
      of the power operator piston 41 in either direction and that the shuttle
      valves serve to block off the unused station when one station is being
      operated.
PAR  While a preferred form of the invention has been shown and described it is
      apparent that many changes may be made without departing from the spirit
      and scope of the invention as defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fluid power system including a combination manually operable and
      pilot operable spool valve, the combination of, a multi-ported spool valve
      body having two ends and receiving a double ended spool valve member
      axially movable in the valve body relative to its two ends, manual
      operating means at one end of the valve body for engaging the
      corresponding end of the spool valve member for actuating same, pilot
      operated means associated with the spool valve member for actuating same
      independently of the manual operating means, said pilot operated means
      including a piston and a cylinder therefor arranged to provide a first
      pressure chamber on one side of the piston, and a second pressure chamber
      on the other side of the piston whereby the pilot operated means is
      operable to drive the spool valve member in both directions, means
      including pilot valve means for controlling pressures in said pressure
      chambers, said pilot valve means being constructed and arranged to
      selectively apply pressures to said chambers to cause positive pressure
      powered movement of the spool valve member in either one direction or the
      other, said pilot valve means also having a neutral position arranged to
      neutralize the pilot operated means by neutralizing said pressure chambers
      to permit free and independent movement of the spool valve member when the
      pilot valve means is in said neutral position, a valve positioning
      mechanism also associated with the spool valve member, said mechanism
      including yieldable detent means arranged to hold the spool valve member
      in position after movement by the pilot operated means and subsequent
      neutralization thereof, said mechanism also including automatic means for
      releasing said detent means and moving the spool valve member in response
      to a predetermined condition, said yieldable detent means allowing
      movement of the spool valve member at any time by the manual operating
      means after the pilot operated means is neutralized, the manual operating
      means being located at one end of the valve body and engages one end of
      the spool valve member and the pilot operated means being mounted at the
      other end of the valve body and actuates the other end of the spool valve
      member, said pilot operated means and valve positioning mechanism being
      mounted at the same end of the valve body and include axially movable
      parts in axial alignment with the valve member, said pilot operated means
      being mounted between the valve member and valve positioning mechanism,
      said pilot operated means including a movable piston rod actuated by the
      piston, said rod serving to connnect the valve member with the valve
      positioning mechanism.
NUM  2.
PAR  2. The combination recited in claim 1 in which the automatic means for
      releasing the detent means is pressure operated and is in communication
      with the interior of the valve body through a pressure passage extending
      through the piston rod and valve member.
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PAL  A burner block valve assembly for controlling the flow of oil and steam to
      a steam atomized oil burner which includes a tapered valve plug rotatable
      in a tapered bore of a valve body between an open burner ignited position
      and a closed burner extinguished position, the valve body including upper
      and lower diametrical ports having inlets respectively connected to an oil
      source and a steam source, and outlets commonly connected to the oil
      burner. Passages in the valve plug directly connect respective inlets and
      outlets in the open position to provide atomizing steam and oil to the
      burner tip, the steam passage including circumferential offset passage
      which provide steam flow to the burner tip in advance of oil flow as the
      valve plug is rotated to the open position thereby assuring atomizing
      steam prior to initial oil flow. The valve includes supplementary
      passageways which in the closed position route steam through both outlets
      to purge the oil line to prevent coking and also to provide steam at the
      tip for cooling purposes and further includes an oil bypass passage which
      recirculates oil to an oil return port to provide continuous oil flow
      thereby preventing stagnation when the oil burner is not ignited.
BSUM
PAC  Background of the Invention
PAR  The present invention relates to valves for use with oil burners and, in
      particular, a burner block valve assembly controlling the flow of oil and
      steam to a steam atomized oil burner.
PAR  In oil burners using the steam atomization principle, steam is commonly
      supplied with oil at the burner tip to atomize the oil as it is forced
      therethrough. All the oil going through valve is burned and no surplus
      return is provided. To assure complete initial atomization, for good
      ignition, I have found it is desirable to allow steam to arrive at the
      burner tip slightly before the oil flow. Also, I have determined that
      since there is no surplus return line, it is necessary to purge the oil
      line during the periods when the burner is not ignited. I have also found
      that to prevent stagnation in the oil supply line when the valve is in the
      closed position, a continuous oil flow should be provided.
PAR  In accordance with the above objectives, the present invention provides a
      simplified burner block valve structure which, in a single assembly,
      incorporates the aforementioned supply, atomization, purging, and
      recirculation functions. More particularly, the burner valve block
      assembly comprises a tapered valve plug rotatable between open and closed
      positions within a tapered bore in a valve body. The valve body includes
      upper and lower diametrical throughports respectively having inlets
      communicating with an oil source and a steam source and outlets commonly
      connected upstream of the burner tip. An oil bypass return port
      communicates with the bore adjacent the upper oil inlet. The valve plug
      includes upper and lower diametrical through passages providing direct
      fluid communication with the respective inlets and outlets in the open
      position, thereby supplying oil and steam to the burner tip for ignition.
      Additionally, to provide the aforementioned advance flow of steam, the
      lower plug passage includes circumferential offset passages which provide
      for advance steam flow as the valve plug is moved to the open position. In
      the closed position, the plug has an upper passageway fluidly connecting
      the oil inlet with the oil return loop for continuous recirculation of the
      oil supply to prevent oil stagnation through the cooling of the viscous
      fuel oil. The plug includes a second passageway fluidly connecting the
      steam inlet with the steam outlet in the closed position via a restricted
      orifice and additionally with an intersecting axial passage communicating
      with the oil outlet. The reduced steam flow through the oil and steam
      lines thereby purges the excess oil to prevent coking and also provides
      steam for cooling the burner tip. In this manner within a single assembly,
      the multiple functions of supply, atomization, purging and recirculation
      are incorporated into a single valve structure.
PAR  The above and other features of the present invention will be apparent to
      those skilled in the art upon reading the following detailed description
      taken in conjunction with the accompanying drawings illustrating the
      preferred embodiment in which:
DRWD
PAC  Description of the Drawings
PAR  FIG. 1 is a cross-sectional view of a burner block valve assembly made in
      accordance with the present invention showing valve in the closed purging
      and recirculation position;
PAR  FIG. 2 is a view taken along line 2--2 showing the porting for oil
      recirculation and steam purging through the oil line; and
PAR  FIG. 3 is a view taken along line 3--3 of FIG. 1 showing the porting for
      supplying purging steam to the oil and steam lines.
DETD
PAC  Description of the Invention
PAR  Referring to the drawings, and in particular FIG. 1, there is shown burner
      block valve assembly 10 made in accordance with the present invention
      which is operative as hereinafter explained to selectively distribute oil
      and steam to burner tip of an oil burner of the steam atomization type. In
      such a system, steam is used to break up and atomize the oil as it is
      forced through the burner tip.
PAR  The valve assembly 10 generally comprises a valve body 12, a valve plug 14,
      a valve stem 16, and a stop collar 20. The valve body 12 is cylindrical
      with a circular cross-section and includes an upper axial circular passage
      22 which rotatably journals the valve stem 16 and a lower frusto-conical
      valve bore 24 which rotatably journals the valve plug 14 and is coaxial
      with the passage 22. The larger end of the bore 24 is at the lower surface
      of the valve body 12.
PAR  The valve body 12 further includes a radial lubrication passage 26 adjacent
      the upper surface thereof, the outer end of which is closed by a grease
      fitting 28 supplying lubricant to the valve stem 22. A diametrical packing
      passage 30 is located axially intermediate the stem 22. The passage 30 has
      one end closed by a pipe plug 32 and the other end closed by a packing
      injector 34.
PAR  The valve body 12 further includes upper and lower supply ports 40 and 42
      extending diametrically through valve body 12 axially between the upper
      and lower surfaces of the valve plug 14. The ports 40 and 42 outwardly
      terminate with counterbores which receive pipes leading to and from
      various components of the oil burner supply system. More particularly, the
      upper ports 40 includes an inlet oil supply passage 44 supplied with oil
      through an oil supply pipe 46 leading to a source of oil (not shown) and
      an oil distribution passage 48 connected to the burner tip (not shown) by
      an oil distribution pipe 50. The lower port 42 includes a steam inlet
      passage 51 connected to a source of steam (not shown) by a steam supply
      pipe 52 and a steam distribution passage 54 connected to the burner tip by
      a steam distribution pipe 56. Further, as shown in FIG. 2, and oil bypass
      port 60 in the valve body intersects the bore 24 in the same axial plane
      as oil supply passage 44 angularly disposed at about 45.degree. with
      respect thereto. A counterbore formed at the outer end of the bypass port
      60 receives an oil return pipe 62 which is connected to the oil source.
PAR  The inner end of the stem 22 is rotatably connected to the valve plug 14 at
      a coupling collar 64. The adjusting collar 20 is retained at the
      projecting outer end of stem 22. The outer end of the stem 22 is provided
      with square head section 68 adapted to receive an adjusting tool such as a
      wrench for rotating the collar 20 and the plug approximately 90.degree.
      between an open burner igniting position and a closed burner extinquished
      position. The limits of permissible movement are established by coaction
      between the stop tang 70 on the collar 20 and a pair of stop pins 72
      carried on the upper surface of the valve body 12.
PAR  The valve plug 14 has a frusto-conical outer surface closely conforming to
      the frusto-conical bore 24. The plug 14 is held in the bore 24 by means of
      thrust ball 74 and thrust washer 76 which are adjustable axially by an
      adjusting mechanism 78 that forces the ball against the inner surface of a
      frusto-conical surface 80 formed at a lower surface of the plug 14.
      Adjustment effects secure seating engagement between the plug 14 and the
      bore 24. The adjusting mechanism 78 is carried by a cover plate 82 which
      is fixedly secured to the lower surface of the valve body 12 by means of
      six bolts 84. A flexible diaphragm 86 seals the space between the end
      cover 82 and the valve body 12.
PAR  The plug 14 is provided with various passageways for selectively connecting
      pipes 46, 52, 56 and 50 to supply steam and oil therethrough. More
      particularly, the upper section of the plug is provided with a passage
      network comprising, as shown in FIG. 2, a diametrical throughpassage 90
      intersected at right angles by a branch passage 92 and an angularly
      intersecting bypass passage 94 of reduced diameter. A shallow radial
      non-intersecting passage 96 is formed in the outer surface of the plug 14.
      The passage 96 is radially spaced from the passage 90 and is diametrically
      opposite passage 92. In the illustrated closed position, the passage 92 is
      aligned with oil supply passage 44, the passage 96 is aligned with the oil
      distribution passage 48, and the passage 94 is aligned with the bypass
      port 60. In the non-illustrated open position which is rotated 90.degree.
      counterclockwise therefrom the passage 90 connects the passage 44 and 48
      while the port 60 is blocked by the outer surface of the plug 14.
PAR  The lower section of the plug 14 is provided with the distribution network
      shown in FIG. 3 wherein a diametrical passage 100 is intersected at right
      angles by a radial steam outlet passage 102 and a radial steam inlet
      passage 104 including a reduced diameter orifice 106.
PAR  The outer ends of the passage 100 are provided with shallow semicircular
      circumferentially offset recesses 108. The recesses which are offset
      counterclockwise from the axis of the passage 100.
PAR  Additionally, an axial passage 110 is drilled from the bottom surface of
      the plug 14 and intersects passages 96 and 102. The lower end of the
      passage 110 is sealed by a plug 112.
PAR  The burner block assembly above-described is manually rotatable by
      adjusting the collar 20 between an open burner ignited position and a
      closed burner extinguished position. At these positions, the assembly
      provides a fuel atomizing mode, a purging mode, and an anti-stagnation
      flow mode. More particularly, in the closed position herein illustrated,
      oil from the source flows through the oil supply pipe 46, the oil supply
      passage 44, passage 92, passage 94, port 60 and pipe 62 in an oil bypass
      route. This provides for continuous circulation of the fuel oil and
      prevents stagnation of the oil supply between the supply header and the
      valve when the burner is not ignited. Also, in this position, steam is
      supplied from the source through pipe 52, passage 51, passage 104, orifice
      106 wherein the flow rate is reduced and outwardly through passage 102,
      passage 42, pipe 56, and in a branch passage leading from passage 102,
      through passage 110, passage 96, passage 48 and oil distribution pipe 50.
      Therein, oil in the supply line 50 is purged by the flowing steam which
      purges the oil line to prevent coking and also provides steam through the
      distribution lines to cool the burner tip during the non-ignition period.
      When it is desired to light the burner, the operator rotates the collar 20
      to move the plug to the non-illustrated open position. Therein oil is
      supplied from the source through oil supply pipe 46, passages 44, 90, 48,
      and oil supply pipe 50 to the burner tip. Steam is supplied from the steam
      source through steam supply pipe 52, passages 51, 100, 42 and steam
      distribution pipe 56. By virtue of the offset recesses 108, steam is
      allowed to flow into the pipe 56 in advance of the opening of the flow
      passage to the oil supply line. Accordingly, steam is preliminarily
      delivered to the top to secure complete atomization of the fuel oil. Thus,
      with a single valve assembly, I have provided an accurately, and simply
      sequenced valve in which a single valve plug controls the supply of steam
      and oil in a steam atomization oil burner system.
PAR  While the present invention has been set forth with respect to a particular
      embodiment selected for descriptive purposes, it will be appreciated that
      other modifications and embodiments thereof will be obvious to one skilled
      in the art. Accordingly, the scope of the invention is to be limited only
      by the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A burner block valve assembly for selectively distributing oil and steam
      to a steam atomized oil burner, comprising:
PA1  a valve body having a bore therein;
PA1  a valve plug in the bore rotatable between first and second positions;
PA1  an oil inlet in the body communicating with the bore for fluid connection
      with the oil source;
PA1  a steam inlet in the body communicating with the bore for fluid connection
      with the steam source;
PA1  an oil bypass port in the body communicating with the bore for fluid
      connection with the oil source;
PA1  a first outlet port in the body communicating with the bore for fluid
      connection with the burner;
PA1  a second outlet port in the body communicating with the bore for fluid
      connection with the burner;
PA1  first passage means in the plug establishing in the final position a fluid
      connection between the oil inlet and the first outlet for supplying oil
      thereof through the valve from the oil source and the burner, and
      establishing in the second position a fluid connection in an oil bypass
      route between the oil inlet and the oil bypass port;
PA1  second passage means in the plug establishing in the first position a fluid
      connection between the steam inlet and the second outlet for supplying
      steam from said steam source to the burner and including supplementary
      passage means for establishing the fluid connection in advance of the
      communication between the oil source and the burner through said first
      passage means, said second passage means establishing in said second
      position a fluid connection between the steam source and the first outlet
      for routing purging steam through the latter;
PA1  whereby steam and oil are supplied through the valve in the first position
      and purging steam is delivered to both outlets in the second position with
      oil flowing through the bypass route to prevent oil stagnation, return of
      the plug to the first position providing steam at the burner through said
      supplementary passage means in advance of oil.
NUM  2.
PAR  2. In a steam atomization oil burner system, a burner block valve assembly
      for controlling the flow of oil from an oil source and steam from a steam
      source for selective distribution to an oil burner, comprising: a valve
      body; an axially extending bore in the valve body; a valve plug rotatably
      disposed in the bore; a stem connected to the valve plug for rotating the
      latter between an open position and a closed position; an upper passage
      extending diametrically through the valve body, said upper passage having
      an oil inlet communicating with the bore for fluid connection with the oil
      source and an oil outlet communicating with the bore for fluid connection
      with the burner; a lower passage extending diametrically through the valve
      body, said lower passage having a steam inlet communicating with the bore
      for fluid connection with the steam source and a steam outlet
      communicating with the bore for fluid connection with the burner; an oil
      bypass port in the body communicating with the bore in the same plane as
      the upper passage for fluid connection with the oil source; a first
      diametral passage in the upper portion of the valve plug for directly
      connecting the oil inlet and the oil outlet in the open position; a second
      radial passage intersecting said first passage for fluid connection with
      the bypass port in said closed position; a third radial passage in the
      valve plug intersecting said first passage for connection with the oil
      inlet in said open position; a fourth radial passage spaced from said
      first diametral passage and coaxial with said second radial passage for
      connection with said oil outlet in said closed position; a fifth diametral
      passage in the lower portion of said valve plug for directly connecting
      the steam inlet and the steam outlet in said open position, said fifth
      diametral passage including circumferentially offset semi-circular
      recesses providing advance opening of the fifth diametral passage in
      advance of direct fluid communication therewith and prior to opening of
      the first diametral passage; sixth diametral passage intersecting said
      fifth diametral passage including an orifice directly connecting the steam
      inlet and the steam outlet in the closed position; a seventh axial passage
      extending axially through the valve plug intersecting said sixth diametral
      passage and said fifth diametral passage for completing a branch fluid
      connection between the steam inlet and the oil outlet in the closed
      position, whereby the open position steam and oil are directly routed
      through the valve between the inlets and respective outlets to the burner
      for ignition thereof and, in said closed position steam is commonly routed
      from the steam inlet through the oil outlet and steam outlet for providing
      purging of the latter and supplying cooling steam to the burner through
      the former, with oil flowing through the oil bypass port to maintain
      continuous circulation thereof to prevent stagnation in the oil supply
      line.
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ABST
PAL  A pressure transfer unit having a movable partition including a flexible
      bellows for separating an internal, controlled-pressure chamber from a
      reference-pressure chamber. A valve is provided for limiting the volume of
      liquid that can be injected into and received in the controlled-pressure
      chamber during filling or refilling thereof. A spring biases the partition
      to apply a predetermined force to the partition and to shut off fluid
      transfer in the event of bellows failure. The unit is arranged for simple
      and rapid assembly and disassembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improved pressure transfer units, and more
      particularly to an improved pressure transfer unit for separating a fluid
      in a conduit or vessel from another fluid which is pressurized for various
      purposes, say, for example, to maintain a relationship of fluid pressure
      in vessels or conduits, while maintaining a positive barrier between the
      fluids; to transmit pressure in a pressure sensing device where the fluid
      being sensed must be excluded from the pressure indicating means; to act
      as a snubber for modulating pressure surges; to feed a liquid to a system
      at a controlled pressure; to accumulate fluid; to translate changes in
      pressure into mechanical action for operating various devices such as
      switches, solenoids, valves, and the like; and to provide a hydraulic
      piston.
PAR  2. Description of Certain Prior U.S. Applications
PAR  A pressurizing and cooling system for mechanical seals is shown and
      described in the pending application for U.S. Pat. filed June 29, 1972,
      Ser. No. 267,449, by Martinez et al., for "Pressurized Cooling System for
      Mechanical Seals," wherein a buffer fluid is pressurized in response to
      the pressure of fluid in a conduit, such as a pump intake, whereby the
      buffer fluid is maintained at a pressure in a double mechanical seal
      chamber greater than the pressure in the pump housing. The pressurizing
      systems disclosed in the Martinez et al. application employ pressure
      transfer units having elastomeric diaphragm assemblies. However, such
      diaphragm assemblies are not universally applicable due to the tendency of
      certain fluids to attack and/or penetrate the elastomeric material.
PAR  Another pressure transfer unit is shown and described in the application
      for U.S. Pat. filed Aug. 7, 1972, Ser. No. 278,475, by Charles H. Diehl.
      This pressure transfer unit also employs an elastomeric diaphragm
      assembly, and also is not universally applicable.
PAR  Still another pressure transfer unit is shown and described in the
      application for U.S. Pat. filed Sept. 7, 1972, Ser. No. 287,166, by Lee
      Joe Alley. This pressure transfer unit employs a pressure transferring
      separator having a metallic bellows. However, this unit has no means for
      limiting the quantity of fluid that can be pumped into it, and hence the
      bellows and other of its parts can be subjected to unduly high fluid
      pressures that may damage the bellows and other components of the unit. In
      order to partially meet this difficulty, the bellows should be especially
      rugged and strong to withstand any inadvertently applied excessive fluid
      pressures.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a pressure transfer unit that may
      not be overfilled with fluid.
PAR  Another object is to provide a pressure transfer unit that signals when the
      unit is full of fluid.
PAR  Another object is to provide a pressure transfer unit having a
      pressure-transmitting partition including a flexible bellows that is
      assured of not being overstressed when filling the unit with fluid.
PAR  Another object is to provide a pressure transfer unit that will shut off
      fluid transfer in the event of bellows failure.
PAR  Another object is to provide a pressure transfer unit that is easy to
      assemble and disassemble, as for replacement of worn or damaged parts.
PAR  The foregoing and other aims, objects and advantages of the invention are
      realized in a pressure transfer unit comprising: a housing having walls
      defining an internal cavity; partition means mounted in said cavity and
      sealed to said walls to divide said cavity into a first pressure chamber
      and a second pressure chamber, and being movable to expand and contract
      the volume of said first chamber; said walls providing first port means
      communicating with said first chamber and second port means communicating
      with said second chamber; spring means biasing said partition means to
      move in a direction to contract the volume of said first chamber; liquid
      conduit means through which liquid is introduced into said first chamber,
      thereby moving said partition means against the bias of said spring means
      in a direction to expand the volume of said first chamber; and valve means
      for limiting the volume of liquid introduced through said conduit means
      and received in said first chamber, said valve means having a stationary
      valve member and a cooperating movable valve member actuable to close said
      valve means in response to movement of said partition means in a direction
      to expand the volume of said first chamber and to a position corresponding
      to a preselected volume of said first chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing, the sole FIGURE is an axial sectional view of an exemplary
      pressure transfer unit in accordance with the invention, a moved position
      of certain of the parts being indicated by broken lines.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, the pressure transfer unit shown has a housing 1
      having the general form of a body of revolution about a vertical axis. The
      housing has a horizontal top wall 2 and a cylindrical side wall 3. The
      bottom wall includes a ring member 4 having a central opening 5. The ring
      member is received in a bore 6, and is provided with an O-ring groove 7 in
      its upper side in which an O-ring 8 is positioned to seal the ring member
      to the bore. The walls of the housing define an internal cavity 9 of
      cylindrical configuration.
PAR  A movable partition, designated by the general reference numeral 11, is
      mounted in and transversely of the cavity 9. This partition is provided by
      a flexible, metallic bellows 12 extending longitudinally in the cavity 9,
      and a rigid, metallic, discoid member 13 extending across the top of the
      bellows and transversely of the cavity. The bellows is of the welded type,
      being fabricated of a plurality of stacked, generally annular elements 14,
      welded at alternate outer and inner diameters to provide an hermetic
      structure. The inner edge of the bottom element of the bellows is welded
      to an upturned inner rim 15 of the ring member 4, and the outer edge of
      the top element is welded to a downturned outer rim 16 of the discoid
      member 13.
PAR  An annular horizontal flange 17, having a width slightly greater than the
      width of the annular bellows elements 14, is provided by the outer part of
      the disc member 13, and the central part of the discoid member is in the
      form of a truncated cone 18 that projects downwardly into the open,
      central portion of the bellows, and terminates adjacent to the bottom
      thereof.
PAR  The underside of the top wall 2 of the housing has an annular groove 19
      formed therein, overlying the flange 17 and accommodating a rubber O-ring
      providing a valve seat that is engaged by the flange 17, in its uppermost
      position, as shown in the drawing. The flange functions as a valve head,
      and in cooperation with the O-ring 21, provides a valve that operates in a
      manner to be hereinafter described.
PAR  Rising axially from the center of the cone 18 is a stem 22 that is fitted
      in an opening 23 in the cone and is welded therein as indicated at 24.
      Depending centrally from the top wall 2 of the housing is a cylindrical
      boss 25 that extends into hollow interior of the cone 18. The boss has an
      axial bore 26 in which the stem 22 is slidable with a close fit. The stem
      has an extension 27, external to the housing 1, which is threaded at its
      distal end 28. A cap 29, having a body 31 with a circular crown 32 and an
      interiorly threaded, dependent portion 33, is screwed on the threaded end
      of the stem. Welded, as at 34, to the crown is a downwardly extending,
      cylindrical skirt 35 having an inturned rim 36 at its bottom.
PAR  An axial well 37 is provided in the top wall of the housing, and positioned
      therein is a ball thrust bearing 38 that encircles the stem 22. A helical
      spring 39 is mounted in compression between the top of the thrust bearing
      and the under side of the crown 32. The well 37 has an internally threaded
      counterbore 41 in which a tubular shroud 42 is threadedly mounted. As
      shown in the drawing, the shroud projects into the open bottom of the
      skirt 35, and has an outturned rim 43 overlapping the inturned rim 36 of
      the skirt. A free-sliding fit is provided between the cap 29 and the
      shroud 42. The overlapping arrangement of the rims 36 and 43 minimizes the
      entry of dirt and foreign particles into the interior of the cap and
      shroud.
PAR  Interiorly of the housing 1, the stem 22 has a portion 44 providing a
      movable valve member, the boss 25 providing a cooperating stationary valve
      member, these two members forming a valve for limiting the volume of
      liquid that can be injected into and received in an upper, internal
      chamber 45, defined between the movable partition 11 and the surrounding
      walls of the housing, as will be described more fully hereinafter. The
      stem portion 44 has a longitudinal slot 46 milled in one side thereof and
      providing a movable valve element. A cooperating stationary valve element
      is provided by an annular recess 47 cut in the bore 26 in which the stem
      portion 44 slides. The stem is slidably sealed in the bore 26 by an upper
      O-ring 48 located in a groove 49 in the boss 25 above the recess 47, and
      by a lower O-ring 51 located in another groove 52 below the recess.
PAR  A liquid-injection conduit 53, defined in the upper wall 2 and boss 25,
      communicates the recess 47 with the exterior of the housing through a
      pressure-relief, liquid-injection fitting 54. The conduit 53 is
      counterbored at its outer end to form an enlarged section 55 that is
      internally threaded at 56 to accept the fitting 54 that is complementally
      threaded. A fluid passasge 57 extends longitudinally through the fitting,
      and has an inlet-port 58. An inwardly opening, outwardly closing check
      valve 59 has its stem 61 slidably fitted in the passage 57 and its head 62
      positioned in the counterbore 55. An O-ring 63 is carried by the check
      valve head and sealingly cooperates with a seat 64 on the fitting. A coil
      spring 65 is mounted in compression between the check valve head 62 and
      the bottom of the counterbore 55 to normally hold the check valve closed.
      The fitting 54 has a flange 66, to which a conventional grease gun (not
      shown) may be applied for the injection of grease, oil or other fluid into
      the upper internal chamber 45.
PAR  The fitting 54 has a pressure relief valve 67 threadedly mounted therein
      and communicating the fluid passage 57 with the exterior. This valve has a
      vent 68 extending through it. A ball check valve 69 is pressed into
      engagement with a seat 71 by a compression spring 72 in the vent 68.
PAR  A liquid conduit 73 provides fluid communication from the upper internal
      chamber 45 to the zone (not shown) to be pressurized. A coupling 74
      connects the conduit 73 to the housing 1, as shown, and fluid
      communication of the coupling with the chamber 45 is completed through the
      coupling and through the fluid passages 75 and 76.
PAR  The pressure transfer unit shown has a lower internal chamber 77 defined by
      the interior of the bellows 12 and the discoid member 13. This pressure
      transfer unit is shown, by way of illustration, as being mounted on a
      flange 78 welded at 79 to the top of a riser pipe 81. Bolts 82,82 passing
      through aligned holes in the flange 78 and the housing 1, are provided
      with washers 83,83 and nuts 84,84 to fasten the pressure transfer unit to
      the flange. An annular gasket 85 seals the pressure transfer unit to the
      flange, and presses the annular ring member 4 into sealing engagement in
      the bore 6 when the nuts 84 are tightened.
PAR  The riser pipe 81 communicates the lower internal chamber 77 with a
      reference source of fluid pressure (not shown).
PAR  It will be seen from the description thus far that the internal cavity 9 of
      the pressure transfer unit is divided by the partition 11 into two
      chambers designated, respectively, as the upper and lower internal
      chambers 45 and 77.
PAR  Assuming that the zone to be pressurized through the liquid conduit 73 may
      be substantially closed, as for example the interior cavity of a double
      mechanical seal which leaks but slightly between its opposed sealing
      faces, the filling of the upper internal chamber 45 of the pressure
      transfer unit with oil, grease or other sealing fluid will now be
      described. A grease gun (not shown) containing oil, for example, is
      applied to the flange 66 of the fitting 54. The grease gun is operated to
      inject oil through the fitting into the liquid injection conduit 53, the
      check valve 59 opening to pass the oil. From the conduit 53, the oil flows
      into the annular recess 47, and thence through the slot 46 and around the
      bottom of the boss 25 into the chamber 45. As oil continues to be pumped
      into the chamber 45, it forces the discoid member 13 down against the bias
      of the helical spring 39, thereby shortening the spring and also
      contracting the bellows 12. The downward movement of the discoid member is
      limited to the position shown in broken lines in the drawing, by abutment
      of the inturned rim 36 of the skirt 35 of the cap with the upper surface
      of the top wall 2. When the discoid member is in its broken-line position,
      the top edge of the longitudinal slot 46 in the stem 22 is located
      adjacent to the bottom of the lower O-ring groove 52, and is thus
      positioned beneath the bottom edge of the annular recess 47 in the boss
      25, and the valve elements 46 and 47 are in closed disposition. It is seen
      that the initial closing of the valve actually occurs at a point somewhat
      above the lowermost position of the discoid member 13, i.e., at a point
      where the top of the slot 46 is just beneath the bottom of the recess 47,
      and that a valve-closed condition obtains from this point to the lowermost
      position of the top edge of the slot 46.
PAR  Oil is injected until the valve elements 46,47 reach the initial closed
      position, thereby stopping the flow of oil into the upper chamber 45 and
      preventing its being overfilled. When the valve is closed, continued
      actuation of the grease gun causes the pressure relief valve 67 to open,
      and oil is forced out through the relief valve, thereby preventing the
      build-up of undue pressure in the oil injection channels and,
      incidentally, giving an indication that the upper chamber 45 is full. A
      visual indication of the amount of oil in the chamber is also afforded by
      the vertical position of the cap 29 on the shroud 42.
PAR  In operation, the discoid member 13 is ordinarily located above the initial
      closed position of the valve elements 46 and 47 and below the uppermost
      position illustrated in the drawing. In this range of positions, the valve
      elements 46 and 47 open, but the check valve 59 holds the pressure in the
      upper chamber 45 and prevents escape of oil. In operation, the controlled
      pressure in the chamber 45 is equal to the sum of the reference pressure
      existing in the lower internal chamber 77 and transmitted to the upper
      chamber by the movable partition 11, and the pressure engendered by the
      force of the helical spring 39. The need to refill to upper chamber 45
      with oil is indicated by the position of the cap 29 on the shroud 42.
PAR  If a sudden loss of pressure should occur in the upper chamber due, for
      instance, to failure of the check valve 59 or mechanical failure
      downstream of the coupling 74, the force of the spring 39 and of the
      reference pressure in the lower chamber 77 will move the discoid member 13
      to its uppermost position to thereby close the valve comprised of the
      flange 17 and the O-ring 21 at the top of the cavity 9. In the closed
      position of this valve, some of the oil in the upper chamber is trapped
      between the outside of the bellows 12 and the surrounding walls of the
      housing. Although the reference pressure inside the bellows may be
      relatively great, the bellows will not be subjected to any substantial
      pressure gradient thereacross, as the reference pressure is opposed by the
      incompressible oil trapped outside the bellows. Therefore, the bellows
      need be designed to withstand only the fluid pressures expected to be
      encountered in normal operation, and not the extreme pressure differences
      referred to above.
PAR  If the pressures above and below the partition 11 should become equalized,
      as upon the accidental failure of the bellows 14, the spring 39 would
      effect closure of the flange 17 against the O-ring 21 and prevent the flow
      of reference fluid from the riser pipe 81 and the lower chamber 77 into
      the upper chamber 45.
PAR  The pressure transfer unit of this invention, is constructed and arranged
      for ready disassembly for the replacement of worn parts, such as the
      O-rings 8, 48, 49 and 21, or for occasional cleaning. To this end, the
      fasteners 82, 83, 84 are released, and the unit is removed from the flange
      78. The cap 29 is then unscrewed from the stem 22, the thrust bearing 38
      allowing the helical spring 39 to rotate with the cap in order to
      facilitate its removal. After the cap has been removed, the spring 39 and
      the thrust bearing 38 may be withdrawn for cleaning and lubrication. The
      ring member 4, the bellows 12, the discoid member 13, and the stem 22 are
      then withdrawn as a unit through the opening at the bottom of the internal
      cavity 9. This opening has a diameter somewhat greater than the outside
      diameter of the bellows 12 to permit passage of the bellows therethrough.
      After cleaning and replacement of the worn O-rings, the unit is
      reassembled by merely reversing the foregoing steps.
PAR  From the foregoing description, it will be understood that the helical
      spring 39 is designed to exert a force on the partition 11 which will
      increase the pressure in the controlled pressure chamber 45 above the
      pressure in the reference pressure chamber 77 by a desired amount,
      depending upon the use to which the controlled pressure fluid is put. The
      force of the pressure relief valve spring 72 will be selected to permit
      the relief valve to open when the fluid injection pressure exceeds the
      normal pressure in the controlled pressure chamber 45 by a small amount,
      so that excessive pressure will not be imposed in the chamber 45 when it
      is being filled with fluid.
PAR  From the foregoing, it is seen that the invention provides a fluid pressure
      transfer unit that accomplishes the objects of the invention. Changes and
      modification in the preferred embodiment will be apparent to those skilled
      in the art without departing from the spirit and scope of the invention as
      defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pressure transfer unit comprising: a housing having walls defining an
      internal cavity; partition means mounted in said cavity and sealed to said
      walls to divide said cavity into a first pressure chamber and a second
      pressure chamber, and being movable to expand and contract a volume of
      said first chamber; said walls providing first port means for
      communicating said first chamber with a zone to be pressurized and second
      port means for communicating said second chamber with a reference source
      of fluid pressure; spring means biasing said partition means to move in a
      direction to contract the volume of said first chamber; liquid conduit
      means through which liquid is introduced into said first chamber, thereby
      moving said partition means against the bias of said spring means in a
      direction to expand the volume of said first chamber; valve means for
      limiting the volume of liquid introduced through said conduit means and
      received in said first chamber, said valve means having a stationary valve
      member and a cooperating movable valve member mounted on said partition
      means and actuable to close said valve means in response to movement of
      said partition means in a direction to expand the volume of said first
      chamber and to a position corresponding to a preselected volume of said
      first chamber, and conduit closure means in said liquid conduit means
      operable to close said liquid conduit means for preventing the flow of
      liquid outwardly from said first chamber through said liquid conduit
      means.
NUM  2.
PAR  2. A pressure transfer unit as defined in claim 1, wherein said movable
      valve member is actuable to open said valve means in response to movement
      of said partition means from said position and in a direction to contract
      said first chamber.
NUM  3.
PAR  3. A pressure transfer unit as defined in claim 2, wherein said stationary
      valve member comprises a cylinder carried by said housing, said movable
      valve member comprises a stem portion carried by said partition means and
      reciprocable in said cylinder in response to said movements of said
      partition means, and said cylinder and said stem portion have valve
      elements cooperable to close and open said valve means.
NUM  4.
PAR  4. A pressure transfer unit as defined in claim 3, wherein said conduit
      closure means comprise check-valve means.
NUM  5.
PAR  5. A pressure transfer unit as defined in claim 4, including pressure
      relief port means in said liquid conduit means.
NUM  6.
PAR  6. A pressure transfer unit as defined in claim 3, wherein said partition
      means includes a rigid plate and a flexible bellows having one end and an
      other end sealed at one end to said plate and at the other end to said
      walls.
NUM  7.
PAR  7. A pressure transfer unit as defined in claim 6, wherein said movable
      valve member is mounted on said rigid plate and has an extension
      projecting outwardly from said housing, said spring means comprising a
      coil spring surrounding said extension, and means mounting said coil
      spring in compression between said extension and said housing.
NUM  8.
PAR  8. A pressure transfer unit as defined in claim 7, including a cap member,
      thread means removably connecting said cap member to said extension, said
      coil spring being mounted between said cap member and said housing, and
      thrust bearing means supporting said coil spring on said housing.
NUM  9.
PAR  9. A pressure transfer unit as defined in claim 8, wherein said walls
      comprise a ring member in part defining said second pressure chamber and
      being separable from said walls, means sealing said ring member to said
      walls, said ring member providing said second port means, and said
      flexible bellows sealed at the said other end to said ring member.
NUM  10.
PAR  10. A pressure transfer unit as defined in claim 6, wherein said walls
      comprise valve seat means circumscribing said first port means, and said
      rigid plate comprises valve head means movable with said partition means
      into sealing engagement with said valve seat means to close said first
      port means.
NUM  11.
PAR  11. A pressure transfer unit as defined in claim 9, wherein said ring
      member, said flexible bellows, said rigid plate, and said movable valve
      member with its said extension are arranged to be withdrawn as a unit from
      said walls following unthreading of said cap member from said extension.
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ABST
PAL  An inner liner for glass-reinforced plastic pipes comprising a nonwoven
      fabric bonded to each side of a plastic film. In the manufacture of pipe,
      the composition is saturated with the plastic resin, e.g., polyester
      resin, and wound onto the pipe mandrel. The resin-glass body of the pipe
      is then wound over the liner and the entire composition cured.
PAL  The liner prevents damage to the pipe as a result of corrosive material,
      e.g., mineral acids.
PARN
     This is a division, of Ser. No. 391,866 filed Aug. 27, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Glass-reinforced plastic pipe is generally prepared by spirally winding a
      glass fabric which has been resin-impregnated around a mandrel and
      thereafter curing the resin prior to removing the mandrel. Suitable resins
      for such pipe are polyester resins, epoxy resins, etc.
PAR  Though such pipe of commerce has distinct advantages over concrete or iron
      pipe, it suffers of an inherent weakness, to wit: areas of the glass
      fabric may not be completely saturated with resin. Thus, the glass is
      subject to attack by corrosive material by wicking of the corrosive
      materials, e.g., alkali, acids, etc., into the glass backing at points
      where the backing is not fully coated with resin.
PAR  Attempts have been made to alleviate this problem by lining the pipe with
      an inert material, e.g., polyolefin film. These attempts have met with
      marginal success since the polyolefins do not themselves bond to the resin
      used to manufacture the pipe.
PAC  SUMMARY OF THE INVENTION
PAR  It has surprisingly been found that an effective barrier to corrosive
      materials for glass-reinforced plastic (GRP) pipe may be prepared by using
      as a liner in the manufacture of GRP pipe a composition comprising a
      central core of polyolefin sandwiched between two porous members which
      have been thermally bonded to the polyolefin core.
PAR  Suitable polyolefins are polyethylene and polypropylene while suitable
      porous members are nonwoven fabrics of polyolefins, open celled sponges of
      urethanes, etc.
PAR  The GRP pipe is produced by saturating the liner with the plastic resin
      used to manufacture the pipe, winding the saturated liner about a mandrel
      and thereafter winding resin impregnated glass fabric over the liner. The
      mass is then cured and the mandrel removed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the liner of this invention comprising an inner plastic
      core sandwiched between two porous members.
PAR  FIG. 2 shows a method of preparing the pipe liner.
PAR  FIG. 3 shows a die configuration suitable for use in the manufacture of the
      liner.
DETD
PAC  DETAILED DESCRIPTION
PAR  The glass-reinforced plastic (GRP) pipe liner of this invention comprises a
      core of polymeric film which is impervious to corrosive materials such as
      alkalis and acids sandwiched between two similarly resistant porous
      layers.
PAR  The polymeric film core may be prepared from polyolefins such as
      polyethylene or polypropylene. Any thermoplastic substance which is
      sufficiently flexible to be wrapped around a mandrel and is impervious to
      liquids, especially corrosive materials such as acid and alkalis may be
      used. The liner is constructed in a sandwich fashion wherein the outer
      layers of the sandwich are porous members.
PAR  Although the preferred porous members are nonwoven fabrics such as a
      nonwoven polyethylene, nonwoven polypropylene, or nonwoven polyethylene
      terphthalate fabric, any porous membrane may be used. It is not essential
      that the porous material form a bond with any resin used in making the GRP
      pipe. It is sufficient if the porous material is sufficiently porous to
      absorb a quantity of resin thereby producing a good mechanical
      entanglement.
PAR  The liner material may be prepared in several ways. It is essential,
      however, that the outer porous members be thermally bonded to the inner
      core. The term "thermally bonded"  as used in the specification and claims
      means a mechanical bonding by heat plasticizing the inner core material
      and imbedding of the outer porous member into the inner core.
PAR  In a preferred embodiment, the pipe liner is prepared by feeding two webs
      of porous material into the nip of rolls into which is extruded core
      material. FIG. 1 illustrates a typical liner. The core 1 may be any
      flexible thermoplastic material such as polyethylene, polypropylene, etc.,
      or elastomers such as butyl rubber, natural rubber, styrene butadiene
      rubber, etc. Similarly the porous outer members 2 may be any porous
      material. The preferred porous materials are nonwoven polyolefins or
      polyesters such as polyethylene, polypropylene, or polyethylene
      terphthalate or nonwoven glass matting. Illustrative of the glass matting
      is a product known as "E-glass".
PAR  It will be obvious to those skilled in the art that the preferred porous
      elements are fibrous in nature whether they be nonwoven or woven fabric.
      Included in this fibrous porous element is fibrous steel mat commonly
      known as steel wool.
PAR  It is possible, of course, to use any sponge material such as polyurethane
      sponge or cellulose sponge. The only requirement of the porous material is
      that it be sufficiently porous to absorb the resin used in preparing the
      GRP pipe and be capable of thermal bonding to the core material. Where
      sponges are used, an open celled sponge structure is preferred.
PAR  FIG. 2 illustrates a method of preparing the liner. A core material 1 is
      extruded through a die head 3 located at the end of an extruder. The core
      material is extruded into the nip of compression rolls 4. Webs of porous
      material 2 are fed into the compression roll nip onto either side of the
      core material 1. The mass is compressed in the compression rolls and
      thereafter cooled by cooling rolls 5. In another embodiment of this
      invention, the compression rolls may act as the cooling rolls.
PAR  An alternate method of manufacture is to pass the porous outer layers
      directly into the die and out of the die nip as illustrated in FIG. III.
      The thermoplastic material 1 is extruded through the die between the two
      porous layers 2. The composition so formed is then passed through chill
      rolls 4 to cool it. By this method of manufacture, a mechanical bond
      between the thermoplastic core and the porous outer member is formed.
PAR  The core film thickness is not critical. Its thickness will be determined
      by the type of thermoplastic material selected, the strength of said
      thermoplastic material and its flexibility. Generally a thickness of about
      5-40 mils is acceptable; preferably the core film is about 10-30 mils,
      more preferably about 10-20 mils, most preferably 15 mils. The thickness
      of the porous outer members is not critical.
PAR  In preparing the pipe liner it is essential that the porous members be
      mechanically imbedded into the core film. Ahdesive bonding has been found
      to be inadequate; hence the requirement for a thermoplastic core into
      which the porous member will imbed. Illustrative of the porous material
      which may be used in the practice of this invention is duPont spunbonded
      nonwoven polyethylene terphthalate sold under the trademark "Reemay". A
      typical liner composition comprises two layers of Reemay between which is
      sandwiched a polyethylene film of about 10 mils, the product being
      manufactured by passing layers of Reemay into the nip of compressor rolls.
      Using a 60-inch extrusion die attached to a 41/2-inch extruder,
      polyethylene is extruded through the nip simultaneous with drawing of the
      Reemay through the nip. The composite is thereafter passed through chill
      rolls. The composite sheet is then slit into 7-inch wide sections. The
      7-inch wide liner elements are saturated with polyester resin. These
      saturated strips are spirally wound about a pipe mandrel.
PAR  Glass cloth which has been similarly saturated is then wound onto the same
      mandrel over the liner. This laminate of resin impregnated liner and resin
      impregnated glass cloth is cured by heating in an oven, then cooled and
      the mandrel removed. The resulting paper is lighter in weight than
      conventional pipe and has the added advantage that it is resistant to
      attack by corrosive materials. Conventional pipe may be damaged by wicking
      of corrosive materials through the glass reinforcing.
PAR  Although the preferred use of the product of this invention is as a liner
      for reinforced pipe, it is obvious to those skilled in the art that the
      "liner" may be the sole reinforcing element. Of course, a multiplicity of
      such liner elements may be used as the reinforcing means. In its preferred
      embodiment, at least two layers of liner element are used. In the event no
      reinforcing element other than the liner element of this invention is
      used, it is preferred that the porous element of the liner be nonwoven
      glass mat.
PAR  It has been found that the liner must have porous members on both sides of
      the core. Attempts to use a liner made up of a core barrier and one porous
      member have failed. In the manufacture of pipe, the liner is spirally
      wound over the mandrel in an overlapping fashion. The overlapping is
      necessary in order to form a continuous liner surface, where the liner
      comprises only one porous member and the core barrier, overlapping results
      in resin impregnated porous members coming into contact with the core
      member to which the resin will not bond. Conversely, bonding occurs with
      the sandwich construction when porous element contacts porous element,
      both of which have been resin impregnated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reinforced plastic pipe wherein said reinforced pipe is made by
      impregnating the reinforcing material with a curable plastic resin and
      curing said reinforcing material-resin composite which comprises:
PA1  a. an innerliner of a composition comprising a central barrier core of
      flexible thermoplastic material sandwiched between two porous members,
      said liner being impregnated with a curable plastic resin; and
PA1  b. an overlayer of resin impregnated glass reinforcing material selected
      from the group consisting of glass mat, glass fabric and mixtures thereof.
NUM  2.
PAR  2. The plastic pipe of claim 1 wherein
PA1  a. the core material material is polyethylene or polypropylene having a
      thickness of about 10 to about 30 mils;
PA1  b. the porous fibrous material is nonwoven polyethylene, nonwoven
      polypropylene, nonwoven polyethylene terphthalate or nonwoven glass mat;
      and
PA1  c. the resin is a polyester resin or epoxy resin.
NUM  3.
PAR  3. A reinforced plastic pipe wherein said pipe comprises at least one layer
      of a reinforcing element impregnated with a curable resin selected from
      the group consisting of polyester resin and epoxy resins, the reinforcing
      element-curable resin composition being exposed to curing conditions,
      thereby bringing the resin to a fully cured state wherein said reinforcing
      element comprises a central core of a thermoplastic flexible polymeric
      material sandwiched between two layers of a porous element, said porous
      element being thermally bonded to said core.
NUM  4.
PAR  4. The composition of claim 3 wherein said pipe comprises a multiplicity of
      reinforcing elements.
NUM  5.
PAR  5. The composition of claim 4 wherein the pipe comprises two layers of
      reinforcing element.
NUM  6.
PAR  6. The reinforced plastic pipe of claim 3 wherein the core material is
      polyethylene or polypropylene, the porous element comprises nonwoven
      polyethylene, nonwoven polypropylene, nonwoven polyethylene terphthalate,
      nonwoven glass mat or steel wool and the plastic resin is polyester or
      epoxy resin.
NUM  7.
PAR  7. The composition of claim 3 wherein the porous material is a fibrous
      porous material, cellulose sponge or polyurethane sponge.
NUM  8.
PAR  8. A composite reinforced plastic pipe which comprises:
PA1  a. an innerliner of a composition comprising a central barrier core of
      elastomeric material selected from the group consisting of butyl rubber,
      natural rubber, and styrene butadiene rubber sandwiched between two porous
      members, said liner being impregnated with a curable plastic resin; and
PA1  b. an overlayer of resin impregnated glass reinforcing material selected
      from the group consisting of glass mat, glass fabric and mixtures thereof.
NUM  9.
PAR  9. The plastic pipe of claim 8 wherein the porous members are selected from
      the group consisting of nonwoven polyethylene, nonwoven polypropylene,
      nonwoven polyethylene terphthalate or nonwoven glass mat and the curable
      plastic resin is a polyester resin or epoxy resin.
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ABST
PAL  Metal pipes are protected from corrosion by externally coating the pipe
      with a layer of coal tar and wrapping the pipe with at least one
      extensible material which is porous to allow the coal tar to pass through
      to form a layer on the outside. This type of wrap avoids any cracking of
      the protective materials during the commissioning and operation of the
      pipe.
BSUM
PAR  This invention relates to the wrapping of metal pipes with a suitable
      material for corrosion protection.
PAR  The purpose of coating the external surface of a pipeline is essentially to
      minimise the risk of corrosion and also to afford a certain amount of
      protection from mechanical damage. Historically, in the Gas Industry, coal
      tar or bitumen materials have been used for a great number of years. More
      recently, with an increase in the size of pipeline diameter, these enamels
      have been reinforced with glass fibre tissues to give added strength and
      also to enable the thickness of the enamel coating to be increased.
PAR  With the development of gas transmission to higher pressures using
      increasingly bigger pipelines, there has been a realisation that the above
      type of coating is not entirely satisfactory because it cannot withstand
      high tensile strains without cracking and this has resulted in a search
      for an improved coating material.
PAR  The major cause of coating failure is due to the inability of the coating
      to withstand high tensile strains. The coatings on the pipe need to
      withstand the severe handling which a pipe receives during laying,
      commissioning, and operation. In addition, the coating needs to be able to
      withstand such tests as pressure testing, soil movement and during cold
      bending in the field. It is essential that the coatings adheres strongly
      to the pipe surface if it is going to withstand the forces exerted on the
      pipeline and thus protect the metal surface from corrosion. This property
      is particularly important since the area of the pipeline beneath a
      disbonded coating, which may be associated with coating failure through
      cracking, is shielded from the influence of any cathodic protection.
      Another important property of the coating is that it should be thermally
      stable because under very heavy transmission loads anticipated the gas
      temperature at the outlet of a compressor station can be as high as
      50.degree.C. The coatings as well as being thermally stable must be
      chemically stable because of the possible attack from bacteria and
      chemicals contained in the surrounding soil. Another important property is
      that the coating must be reasonably impermeable to water if it is going to
      provide a satisfactory protection against corrosion.
PAR  Currently the material used for wrapping the pipes is a plastisised coal
      tar enamel, reinforced with glass fibre.
PAR  There have been cases of the coal tar enamel cracking when they have been
      subject to localised and excessive levels of tensile strain. These
      conditions have arisen as a result of ground movement, cold bending etc.,
      of pipe and occassionally hydrostatic testing. It would appear that the
      ideal alternative to the present reinforcing tissue needs to possess
      properties of high ductility and mechanical properties which are
      compatible with coal tar enamel.
PAR  It is an object of the invention to try to overcome some or all of the
      above disadvantages.
DETD
PAR  According to the invention there is provided a method of protecting metal
      pipes by depositing a layer of coal tar on the external surface of the
      pipe and wrapping the coated surface with a layer of a longitudinally
      extensible material which can be synthetic organic polymer tissue or a
      glass based fabric.
PAR  Preferably the pipe is wrapped using layer or layers of coal tar,
      impregnated organic polymer tissue, and non-impregnated glass based
      material.
PAR  There is also a preferance of wrapping a pipe using combinations of the
      above materials.
PAR  Preferably the organic polymer tissue is a synthetic tissue which comprises
      a polyester/polyamide bi component filament yarn manufactured as a tissue
      fabric to 100 grams/meter.sup.2 fabric weight prior to pre-impregnated
      with coal tar, resulting in a material with about 30% longitudinal
      extensibility.
PAR  Preferably the glass based materials is the knitted glass material which
      comprises a glass yarn of 204 filaments per yarn, i.e., 340 decitex
      knitted to 180 grams/meters.sup.2 material weight resulted in a material
      with longitudinal extensibility of about 25%.
PAR  It is preferred that the metal pipes are cleaned before wrapping by either
      chemical or mechanical means.
PAR  To enable to advantage of the invention to be more clearly understood and
      solely by way of example one embodiment of the wrapping process is
      described.
PAR  The metal pipe is cleaned either chemically or mechanically to remove any
      oxides of scale formed on the outer surface. The pipe is then primed with
      a suitable paint. Coal tar is flooded onto the pipe and forms an inner
      layer of a required thickness and the knitted glass yarn is wound around
      the coal tar layer. An impregnated synthetic organic polymer tissue is
      wound around the outside of the layer of coal tar and this tissue is of a
      porous variety and consequently the coal tar passes through this layer and
      forms a further coal tar layer around the outside of the synthetic organic
      polymer tissue.
PAR  A table is shown below, showing that the inventive wrapping method using
      combinations of material mentioned in the specification that can stand
      appreciably higher strains than the conventional methods:
TBL  WRAPPING SYSTEMS       % STRAIN ON THE PIPE LEADING                       
                            TO:-                                               
     __________________________________________________________________________
     INNER LAYER                                                               
             OUTER LAYER    SURFACE CRACKING                                   
                                      FAILURES                                 
     __________________________________________________________________________
     Knitted glass                                                             
             Pre-impregnated knitted                                           
                            11        13.5                                     
     fabric  glass fabric                                                      
     none    Pre-impregnated Synthetic                                         
                            20        36                                       
             organic tissue                                                    
     Knitted glass                                                             
             Pre-impregnated Synthetic                                         
                            19.7      42                                       
     fabric  organic tissue                                                    
     Conventional                                                              
             Conventional pre-impregnated                                      
                            1.5       1.5                                      
     Glass fibre                                                               
             Glass fibre tissue.                                               
     tissue                                                                    
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a metal pipe for the transmission of a fluid under pressure, the
      exterior of said metal pipe being coated with a reinforced protective
      layer comprising coal tar for corrosion protection reinforced with a layer
      of reinforcement fiber, the improvement wherein resistance to cracking and
      failure of the protective layer due to strain on the metal pipe are
      increased by utilizing, as the reinforcement fiber, a layer of
      longitudinally extensible porous synthetic organic polymer tissue and a
      layer of longitudinally extensible glass based fabric, both of said layers
      of reinforcement fiber being wrapped around the pipe in contact with said
      coal tar layer whereby the coal tar passes freely through to form a second
      layer of coal tar on the outside of said organic polymer tissue.
NUM  2.
PAR  2. An improved metal pipe according to claim 1 wherein, said layer of
      synthetic organic polymer tissue is pre-impregnated with coal tar.
NUM  3.
PAR  3. An improved metal pipe according to claim 1 wherein said reinforcement
      fiber includes a further layer of longitudinally extensible knitted glass
      fabric reinforcement wrapped outside said metal pipe and a further coal
      tar layer interposed between the glass fabric reinforcement layers.
NUM  4.
PAR  4. An improved metal pipe according to claim 3 wherein the outermost glass
      fabric reinforcement layer is pre-impregnated with coal tar.
NUM  5.
PAR  5. A metal pipe according to claim 1 wherein the porous organic polymer
      tissue comprises a synthetic organic polymer tissue comprising a
      polyester/polyamide bi-component filament yarn manufactured as a tissue
      fabric to 100 grams/meters.sup.2 fabric weight resulting in a material
      with approximately 30% longitudinal extension at a failure load of about
      60 newtons/centimeters width.
NUM  6.
PAR  6. A metal pipe according to claim 2 wherein the glass based material is a
      warp knitted - E glass yarn composed of 204 filaments per yarn, knitted to
      180 grams/meters.sup.2 fabric weight, resulting in a material with a
      longitudinal extensibility of about 25% and a failure load of about 20
      newtons/centimeters width.
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PAL  Flexible tubing, particularly suitable for irrigation purposes, consists of
      a plurality of superposed, elongated, flexible strips, heat sealed along
      their longitudinal edges and is substantially flat when empty. At least
      one of said strips is thermoplastic and at least one has a permeable,
      fibrous structure and is preferably formed from a non-woven fabric such as
      spun-bonded polyethylene fiber.
PARN
PAR  This is a division of application Ser. No. 66,661, filed Aug. 6, 1970, now
      U.S. Pat. No. 3,830,067.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to irrigation systems and, more
      particularly, to subsurface irrigation systems and to flexible conduits or
      tubing particularly adapted for irrigation systems.
PAR  Surface irrigation systems in which a network of troughs or ditches is
      formed in the earth's surface for conveying and distributing water to
      plants, trees and the like in arid areas or those afflicted with a drought
      are well known. Also, it is well known to employ underground piping
      systems for conveying water to outlets or sprinkler heads disposed at or
      above ground level for discharging or spraying such water on adjacent
      vegetation. Although these systems are often admirably suited for the
      purposes for which they were designed, they also have certain
      disadvantages. For example, in open ditch irrigation water wastage from
      evaporation and deep seepage in porous soils can be extensive. On the
      other hand, in non-porous soils water tends to collect and stagnate in
      pools thereby creating pollution problems and providing breeding areas for
      mosquitoes and other insects. In the use of sprinkler or spray systems,
      insecticides are often washed off plants, thereby aborting their purpose
      and needlessly contaminating the soil. Also, in some instances, the
      resultant wet foliage promotes plant diseases.
PAR  In view of experience with the above-mentioned systems, it has been found
      that underground or subsurface irrigation systems offer many advantages
      over surface irrigation systems, However, subsurface systems have in many
      instances been impracticable because of the high cost of providing and
      laying out suitable piping and the expensive accessory equipment such as
      high pressure pumps, flow regulating devices, and the like, required with
      such systems. Moreover, their performance has often been unsatisfactory
      since the water outlet perforations or orifices in these underground pipes
      become clogged, thus reducing efficiency and making it even more difficult
      to control properly the rate of flow of water delivered therefrom and to
      confine the delivered water to the desired area.
PAC  SUMMARY OF THE INVENTION
PAR  The irrigation system of the present invention obviates the above
      disadvantages by employing for distribution of water, particularly in a
      subsurface irrigation system, novel flexible tubing. Such tubing, having
      at least a portion of the surface thereof composed of a permeable, fibrous
      material through which water may pass at a slow, controlled rate with a
      negligible pressure drop through the system, is inexpensive to manufacture
      and install and is capable of confining the delivered water to the desired
      areas only.
PAR  Generally speaking, the novel flexible tubing of the present invention is
      characterized as a tubular body formed by joining together, along their
      longitudinal edges only, a plurality of elongated flexible strips of
      plastic or other suitable and similar material. At least one of said
      strips is composed of a permeable, fibrous material, preferably a
      non-woven fabric, capable of slowly passing a liquid, such as water, or a
      gas. Another of said strips may be solid and impervious or may be formed
      of the same or a different permeable, fibrous material. If desired,
      additional strips of suitable material may be incorporated in the tubing
      for purposes set forth hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a roll of the novel flexible tubing of the
      present invention with a layer of parting material between the
      convolutions of tubing;
PAR  FIG. 2 is an enlarged perspective end view, taken on line 2--2 of FIG. 1,
      of the tubing and parting material layer shown in FIG. 1;
PAR  FIG. 3 is a perspective end view similar to FIG. 2, with the parting
      material removed;
PAR  FIGS. 4-7 are views similar to FIG. 3, illustrating various modified forms
      of tubing according to the present invention;
PAR  FIG. 8 is a plan view of an underground or subsurface irrigation system
      utilizing the novel tubing of the present invention; and
PAR  FIG. 9 is a detail view, showing how spliced connections are formed with
      tubing according to the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now in detail to the drawings, FIG. 1 shows a roll 10 of
      flattened, flexible tubing 11 having a layer 20 of parting material
      thereon. Tubing 11, as shown in detail in FIG. 3, is a simple form of
      flexible tubing which is particularly useful in subsurface irrigation. The
      tubing 11 comprises a first side 12 and a second side 14 joined together
      along their longitudinal edges as at 16 and 18, respectively. The side 12
      is preferably composed of flexible, impermeable, thermoplastic material
      but may be formed of any suitable impermeable material available in web or
      strip form. The side 14 is preferably formed of a flexible, non-woven,
      fibrous, thermoplastic material, such as the spun-bonded, polyethylene,
      non-woven fabric sold under the name "TYVEK" (a registered trademark of
      E.I. duPont de Nemours & Co.), but may be formed of any suitable flexible,
      fibrous material which is available in web or strip form and which will
      permit the slow passage therethrough of a liquid, e.g. water, by seeping
      or a "wicking" action. The sides 12 and 14 of tubing 11 are preferably
      composed of heat-weldable thermoplastic materials to enable the
      longitudinal edges thereof to be readily heat-sealed together.
PAR  A convenient and economical method of making tubing of the type described
      is set forth in copending U.S. patent application, Ser. No. 326,157 filed
      Jan. 22, 1973, now abandoned. According to such method, two webs of
      heatweldable, flexible, thermoplastic material corresponding to sides 12
      and 14 in the instant application and a flexible web of non-thermoplastic,
      parting material, such as tissue paper 20 (see FIG. 2), are wound on a
      spool or mandrel to form a composite roll. The roll is then sliced into
      discrete discs of approximately the same thickness as the width of the
      flattened tubing desired and the flat side faces of said discs are
      subjected to heat to fuse the longitudinal edges of the thermoplastic
      strips together in a fluid tight relation. Thus, there is produced a
      continuous length of tubing 11, wound flat as a roll 10 on a spool 24
      which can be stored and transported in a compact, easy to handle form and
      readily unwound for use. To use the tubing 11, it is simply unwound from
      the spool and severed at any desired point, the layer of parting material
      20 being removed and discarded or left in place, as desired.
PAR  FIG. 8 illustrates one specific use of the novel tubing in an underground
      or subsurface irrigation system. For illustrative purposes, the irrigation
      system is shown as comprising a manifold or main line 26 having a
      plurality of distribution lines or branches 28, formed at last in part of
      tubing such as shown in FIG. 3, extending laterally therefrom and disposed
      beneath the surface of the soil and between rows of bushes or plants 30.
      The manifold 26 and branches 28 are supplied with water through a feed
      line 32 and a pump 34 from a suitable source (not shown). The free ends of
      the branches 28 may be heat-sealed or closed in any other suitable manner.
      The particular arrangement of the branches 28 and manifold 26 depicted in
      FIG. 8 is exemplary only and it should be understood that any suitable
      number of branches arranged in any desired or convenient pattern is
      contemplated within the purview of this invention. For example, various
      branches 28 can be of different sizes, may be disposed at different
      vertical levels, curved in any desired path, and extend in any desired
      direction to any desired length. It will also be obvious that the flow
      characteristics of the different branches, or even portions of the same
      branch, may be different to provide the optimum water supply to different
      types of vegetation.
PAR  It will be evident that in an irrigation system according to the present
      invention the water is not forced through orifices punched or drilled in
      the distribution lines. Rather, it is released through a large pervious
      area, at least half of the inside wall of the distribution lines or
      branches. Indeed, if the distribution lines are merely kept filled, the
      pervious fibrous side or sides of the tubing will act as wicks to transfer
      appreciable water from the inside to the outside thereof. Since a very low
      pressure or head is required, the heavy duty pumps, pressure regulators,
      and attendent hardware necessary for the usual subsurface irrigation
      systems are not needed. The slow seepage of the water from the branches 28
      at a controllable uniform rate over a large area of the tubing permits the
      saving of water since it may be released at such a rate as to provide
      water only in desired areas of the soil.
PAR  As a consequence of these factors mentioned above, a subsurface irrigation
      system according to the present invention is not only inexpensive to
      install, since the tubing, itself inexpensive, is merely laid out in
      covered trenches, but is economical in operation. It may be noted that the
      "wicking" action described above is not interfered with by slimes, silt,
      and the like, whereas flow through orifices may be at least partially
      blocked thereby. Although, as described above, the irrigation system
      utilizes flexible tubing in the distibution lines or branches 28, it will
      be understood that the manifold 26 and feed line 32 may also be of
      flexible tubing, if desired, and that such tubing may be pervious in whole
      or in part. Also, of course, since the permeability of flexible tubing
      according to the invention can be varied by the use therein of fibrous
      material having the desired porosity, it is possible to have different
      flow characteristics in different portions of an irrigation system even
      when using tubing of uniform size.
PAR  FIGS. 4, 5 and 6 illustrate other forms of flexible tubing according to the
      present invention which are similar to the form of tubing shown in FIG. 3,
      but comprise strips or layers of flexible thermoplastic material which are
      different in kind and/or number from those used in the form illustrated in
      FIG. 3.
PAR  The modified form shown in FIG. 4 has an additional flexible strip or layer
      or strip 36 which is provided with a plurality of perforations 38. The
      strip 36 is of heat-weldable thermoplastic material and the
      three-component tubing may be readily produced by the method set out in
      the above-mentioned copending application or by other known procedures in
      which the longitudinal edges of the strips are sealed together. It will be
      evident that the perforated strip 36 protects the permeable fibrous strip
      14 against damage in handling and provides additional strength to the
      tubing. The number, size, and arrangement of the perforations 38 may vary
      as desired. However, the perforations should be large enough to preclude
      their becoming clogged by soil and, preferably, should all be arranged
      between the edges of the layer or strip 36.
PAR  The modified form of tubing shown in FIG. 5 differs from that shown in FIG.
      3 in that the impermeable strip 12 of the latter is replaced by a
      permeable or pervious flexible strip 14' composed of a thermoplastic,
      fibrous material which may be identical with the strip 14 or may be of a
      different material. This modified form of tubing allows water to seep or
      ooze through substantially the entire circumferential surface of the
      tubing, rather than through only about half of the surface, as in the
      forms shown in FIGS. 3 and 4.
PAR  FIG. 6 illustrates still another modified form of flexible tubing
      comprehended by this invention, which form is similar to the form shown in
      FIG. 5 but incorporates a feature from the form shown in FIG. 4. In FIG. 6
      both flexible strips 14 and 14' are permeable, as above described, and the
      tubing also comprises a flexible thermoplastic strip 36 having
      perforations 38 therein, also as above described, on the outer side of
      each of the strips 14 and 14'. Thus the tubing is given additional
      strength and resistance to damage. As in the forms previously described
      the several superposed strips are bonded together along their edges,
      preferably by heat-sealing.
PAR  FIG. 7 illustrates yet another modified form of tubing in accordance with
      the present invention. This form is similar to the form illustrated in
      FIG. 4 but has a second perforated strip 36 interposed on the inner side
      of the permeable, fibrous strip 14. The permeable strip is thus
      additionally reinforced and by suitable choice of the relative size and
      arrangement of the perforations 38 in the two strips 36, the rate of flow
      of liquid through the permeable strip 14 at a given pressure may be
      predetermined.
PAR  It will be evident that lengths or sections of the novel, flexible,
      pervious or permeable tubing of the present invention can be joined
      together as desired to provide any required length. A simple, inexpensive
      way to join together such sections is illustrated in FIG. 9. As there
      shown, the ends of tubing sections 40 are merely placed over the ends of a
      tubular nipple 42 and held in place thereon by clamping means 44. Such
      means may be a metal or plastic mechanical clamp or may be merely a ring
      of a heat-shrinkable plastic, for example, an irradiated polyolefin or
      polyvinyl choloride, which when heated to cause shrinking thereof, firmly
      clamps the tubing on the nipple.
PAR  As previously stated, the flexible strips from which tubing according to
      the present invention is formed are preferably of heat-weldable
      thermoplastic. This is indicated in the drawing by the use in FIG. 3 of
      section lining suitable for plastic material in depicting flexible strip
      12. Various thermoplastic materials may be employed, the choice being
      influenced by cost, degree of flexibility and durability desired, and the
      environment in which the tubing will be used. Among generally suitable
      thermoplastic materials are polyolefins, polyvinyl chloride, fluorinated
      hydrocarbons, polyesters, nylons, polyacrylates, other polymerized vinyl
      esters and vinyl copolymers, and silicone rubber. However, as pointed out
      below, non-thermoplastic, flexible strips may be employed if desired. It
      may be pointed out here that, if desired, any or all of the strips used in
      forming the present novel tubing may be reinforced with embedded wires or
      filaments, e.g. glass fibers. It may also be noted that the wicking action
      of the novel pervious tubing can be aided by initially incorporating in
      the water (by suitable means not shown) a small amount of a surface active
      or wetting agent. Although there are many other suitable wetting agents,
      alkyl aryl sulfonates and lauryl sulfonic acids have been found quite
      satisfactory. The agents may be employed in amounts as small as 0.1% or
      less in some instances. Only a short initial period of use is necessary
      even with hydrophobic materials.
PAR  In addition to the several embodiments of the present invention
      specifically described above and illustrated, the present invention also
      comprehends flexible tubing made from other combinations of strips of a
      pervious or permeable fibrous material in either woven or nonwoven form,
      an impermeable material, and an impermeable material having perforations
      therethrough, the strips being firmly bonded together along their
      longitudinal edges. In some cases it may be desirable to utilize a strip
      of flexible non-thermoplastic material as a portion of tubing according to
      the present invention. In many instances this presents no great problem
      since the thermoplastic strip or strips with which it is in contact will,
      when heated, adhere and bond to the edges of the non-thermoplastic strip
      to give a fluid tight seal. It will be appreciated that heat-sealing of
      the edges of the tubing when a strip of non-thermoplastic material is
      employed will often be easier, particularly in the absence of preheating
      the entire disc-like composite rolls, if the non-thermoplastic material is
      fibrous in character, e.g. non-woven fabric formed from asbestos or glass
      fibers, since penetration of the softened thermoplastic material there
      into aids bonding.
PAR  It will also be understood that tubing according to the present invention
      may be made by methods other than that disclosed in the above-mentioned
      copending U.S. patent application. Thus, for example, heat-sealing of the
      edges of the tubing when a thermoplastic strip or strips are employed in
      forming it may be accomplished by passing the edges between heated
      rollers. Also, of course, adhesives may be used or a suitable solvent
      which softens the edges of the strips to permit bonding them with
      pressure.
PAR  Not only is the composite, flexible, pervious tubing of the present
      invention particularly adapted for use in systems for subsurface
      irrigation, but it also has utility for surface irrigation and other
      purposes. Indeed, it may be employed wherever it is desired to release
      fluids, either liquid or gaseous, along the length of a line of conduit.
      Thus, it is useful in the aereation of soil and water and can also be used
      to supply treating materials, for example, disinfectants or nutrients, to
      soil or water. Tubing according to the invention is particularly useful
      for such purposes because of its capability of slowly passing fluids into
      an ambient atmosphere or other environment at a uniform, controlled rate,
      under a minimum of applied pressure.
PAR  It is evident that the materials used in forming flexible tubing according
      to the present invention and their form and thickness will be determined
      by the intended usage of the tubing and that the materials in one portion
      of a length of tubing may vary from those in another portion. In general,
      the thickness of the strips used may vary from about 0.025 mm to about
      0.25 mm. It will be understood that when in the present application
      reference is made to a permeable material, materials having substantial
      permeability or perviousness, such as that characteristic of fabrics, are
      meant. Obviously, from the foregoing description, a material having a
      degree of permeability such as to permit only molecular diffusion of gases
      or liquids therethrough would be unsuitable for use in the present process
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. Flexible thermoplastic tubing adapted for use which comprises: a
      plurality of superposed, elongated, flexible thermoplastic strips, said
      strips being firmly heat-sealed together along their longitudinal edges;
      at least one of said strips having a permeable, fibrous structure and
      consisting of a non-woven fabric formed of spun-bonded polyethylene fiber,
      communication between the inside of said tubing and the outside thereof
      being provided by the pores in said permeable strip.
NUM  2.
PAR  2. Flexible tubing as defined in claim 1 wherein a plurality of said strips
      have a permeable, fibrous structure and consist of a non-woven fabric
      formed of spun-bonded polyethylene fiber.
NUM  3.
PAR  3. Flexible tubing as defined in claim 1 wherein at least one of said
      strips is of impermeable material.
NUM  4.
PAR  4. Flexible tubing as defined in claim 3 wherein a strip of impermeable,
      flexible, thermoplastic material is interposed between two strips, each of
      said latter strips having a permeable fibrous structure and consisting of
      a non-woven fabric formed of spun-bonded polyethylene fiber.
NUM  5.
PAR  5. Flexible tubing as defined in claim 3 wherein said tubing includes at
      least three thermoplastic strips including a strip of impermeable,
      flexible material having a plurality of spaced perforations therein, said
      last mentioned strip being immediately adjacent to at least one strip that
      has a permeable fibrous structure and consists of a non-woven fabric
      formed of spun-bonded polyethylene fiber.
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PAL  A weft-beating mechanism with variable-stroke reed for use in a loom for
      weaving toweling fabric in which, between the sley and the drive, there is
      provided a transmission operable by a control element to vary the stroke
      of the sley. The transmission comprises a sleeve having a multiplicity of
      axial grooves juxtaposed with axial grooves on the control element, the
      confronting grooves receiving balls for coupling the control element with
      the sleeve. The control element is provided additionally with helical
      grooves which confront helical grooves on the sley, the confronting
      grooves receiving balls for coupling the sley to the control element. When
      axial displacement of the control element is prevented, therefore, the
      sley undergoes full stroke displacement whereas, when the control element
      permits axial displacement, a less than full stroke is applied.
BSUM
PAR  The invention relates to apparatus for beating up the weft or pick, which
      can be applied to a weaving loom for the production of a towelling fabric,
      wherein a complete beating movement in each case follows a plurality of
      partial beating movements by the reed by the shortening the stroke of the
      loom sley.
PAR  According to the invention there is provided a mechanism for use in a loom
      for weaving towelling fabric and in which the sley has a stroke having an
      unvarying rear position and in which a complete beating stroke of the sley
      follows a plurality of partial beating operations produced by reduction of
      the stroke of the sley. The mechanism comprises a respective transmission
      unit located between each end of the sley and a driving mechanism with a
      constant stroke of operation. The transmission units each comprise at
      least one input member driven by said driving mechanism and a driven
      member connected with the sley. The input member and the driven member are
      provided with a series of pairs of opposed grooves and are connected by
      sets of corresponding sliding or rolling members, one of these pairs of
      grooves being parallel to the axis of the transmission unit and at least
      one of the other pairs of grooves having a helical profile. A shaft
      parallel to the sley serves to connect a control member for one
      transmission unit to a control member for the other transmission unit so
      that change in angular position of the shaft gives either a complete or a
      partial stroke for the sley.
PAR  According to a first embodiment, each of the transmission units comprises a
      drive member, a driven member and a control member disposed concentrically
      and in connection with each other by means of two pairs of gooves, the
      pair located between the drive member and the control member being
      parallel to the axis, while the pair located between the control member
      and the driven member is helical and has a fairly long pitch.
PAR  According to this first embodiment, each of the control members is equipped
      with its own shaft, which is held in alignment with the shaft of the other
      member, each of these two half shafts being equipped with a finger or
      roller, capable of turning in a ramp, in which a flat part follows a
      helical part, these two ramps being integral with each other and capable
      of simultaneous displacement by means of an angular movement, which
      compels the aforementioned fingers or rollers to follow the profile of
      this movement, thus effecting axial displacement of the two half shafts.
PAR  According to a second embodiment, an intermediate member is interposed
      between the drive member and the driven member, the transmission of the
      movement being effected through this intermediate member to the control
      member by a third pair of grooves having a helical profile and a short
      pitch.
PAR  According to this second embodiment, the two control members are rigidly
      connected to each other by a common shaft, for which change of the angular
      position is obtained by a lever emerging through an elongated hole
      provided in the loom sley and yoked to a connecting arm and lever system,
      in which the position of the fixed point can be varied.
DRWD
PAR  Two specific embodiments of the invention will now be described by way of
      example with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a diagrammatic overall view, in elevation, as seen from the front
      of the loom, of a mechanism for beating the pick;
PAR  FIG. 2 shows an axial section, taken along line II--II in FIG. 1, of a
      detail of one of the transmission units;
PAR  FIG. 3 shows a developed view of one of the guide ramps shown in FIG. 1;
PAR  FIG. 4 is a perspective view, partly broken away, of the control device for
      these guide ramps;
PAR  FIG. 5 is a section taken along line V-- V of FIG. 1 of the mounting of the
      end of the shaft; and
PAR  FIG. 6 is a perspective view in exploded for of the mechanism of FIG. 2.
DETD
PAR  In the drawing, I show the housing 1, 1' of two mechanisms with coupled
      cams 1 and 1' are of a known type for oscillating the shafts 1a.
PAR  These mechanisms actuate a one-piece sley carried by tubes or hollow shafts
      3, which via supports 3' carrying a reed 4, by the agency of two
      transmission units 2 and 2', which are identical to each other and a
      detail of which is shown in FIG. 2. The sley is not directly connected to
      the two mechanisms 2, 2', which have a constant angular stroke and impart
      movement to the sley and are at opposite ends thereof.
PAR  Each of these units 2, 2' is connected to a respective shaft 5, 5'
      supported, for example, at 5a (FIG. 5), carrying rollers 6, 6', which pass
      through the tubes 3 of the sley 3 and are guided in ramps of drums 7, 7'
      integral with or connected to each other by a member 8. The drums 7, 7'
      and shaft 5 or f' are also supported by the respective bearing 5a.
PAR  Each of these transmission units 2 or 2' comprises (see FIGS. 2 and 6): a
      drive member 10, clamped on an output shaft 1a of the corresponding
      mechanism 1 and carrying grooves 10a on its external periphery, a control
      member 11, disposed concentrically relative to the aforementioned member
      10 and comprising grooves 11a on its internal periphery opposite the
      grooves 10a; this control member further comprises another series of
      grooves 11b on its external periphery and is integral with the
      corresponding shaft 5, and a receiver or driven member 12, integral with
      the sley 3, which is in turn disposed concentrically relative to the
      control member 11 and comprises grooves 12a on its internal periphery
      opposite the grooves 11b.
PAR  The pairs of grooves 10a and 11a are disposed parallel to the axis and are
      connected to each other by bearings or balls 17.
PAR  As regards the pairs of grooves 11b and 12a, these are also connected to
      each other by bearings or balls 18, but they have the characteristic
      feature of being helical and of having a fairly long pitch.
PAR  Owing to the member 10, the member 11 thus receives the entire oscillatory
      movement imparted by the mechanism 1 with coupled cams, but its movement
      remains free and is compulsorily accompanied in relation to the member 12,
      by rotation of one of these members relative to the other.
PAR  The guide ramps of drum 7, one of which is shown in FIG. 3, each comprise a
      straight transverse section 7a which prevents axial displacement of the
      roller 6 during the oscillatory movement of the sley and a helical section
      7b permitting axial displacement of the roller 6. These two sections 7a
      and 7b are connected to each other by a curve having a shape suitable for
      the prevention of shocks when the roller passes from one section to the
      other.
PAR  It follows that, when the control mechanism brings the section 7a of the
      ramp into the position opposite the path of the roller 6, the member 11
      does not undergo any axial displacement; the sley carries out a complete
      stroke.
PAR  On the other hand, when the control mechanism brings the helical section 7b
      into the path of the roller 6, the member 11 can undergo an axial
      displacement by the agency of the shaft 5. The member 11 thereby slides on
      the members 10 and 12, and the member 12 is pivoted relative to the member
      11 and therefore also relative to the member 10; the sley carries out an
      incomplete stroke.
PAR  If the roller 6 encounters the helical ramp 7b immediately on commencing
      its displacement, the sley carries out the shortest possible stroke.
      However if the roller starts on the section 7a of the ramp so as to later
      encounter the helical section 7b, the stroke or beat of the sley will be
      incomplete, but longer than previously. Thus a pre-determined beat stroke
      of the sley corresponds to each position of the ramps and it can be seen
      that any intermediate stroke can be attained, that is, any desired height
      of the loop can be obtained simply by changing the position occupied by
      the ramps during the incomplete strokes.
PAR  According to the method of control for the ramps of drums 7, 7' illustrated
      in FIG. 4, a shaft 20 is controlled by a cam mechanism of a known type,
      capable of being disengaged as desired, but only in the position for the
      complete stroke. This mechanism has a sector 21 which meshes with an
      opposed sector 22, secured on the same support 8 as the ramps 7 and 7'.
      The angular position of the shaft 20 also determines the position of the
      ramps. The connection by means of gear teeth was selected as giving the
      greatest degree of longitudinal freedom to the ramps, but connection by
      means of rods can also be envisaged.
PAR  When the shaft 20 occupies the position shown in FIG. 4, the ramps are in
      the lower position; the rollers 6 roll on the transverse sections 7a and
      the members 11 do not undergo movement, the stroke is complete.
PAR  On the other hand, when the shaft 20 and the section 21 occupy the position
      shown by broken lines, the rollers 6 roll on helical section 7a and permit
      movement to the members 11, thus producing rotation of the member 12
      relative to the members 10, and the orientation of the grooves on the
      members 11 is such that the stroke is shorter than previously.
PAR  The shape of the ramps 7 is such that, when the sley is in the rear
      position, the roller 6 is always on the flat section of the ramp, even if
      this member is positioned so as to produce an incomplete stroke. In this
      manner, the rear position of the sley is retained without there being any
      need for operation of the control.
PAR  Because the straight grooves 10a, 11a disposed on the members 10 of the
      unit 2, on one side, and on corresponding members of the unit 2' on the
      other, the mechanisms with coupled cams 1,1' do not receive any particular
      axial thrust.
PAR  Because the helical grooves 11b and 12a, which are disposed in opposite
      senses in the units 2 and 2', axial thrust on the members 11 and 12 is
      counterbalanced through the agency of the sley 3, without action on any of
      the bearings. Axial thrust on the members 11 is also counterbalanced
      through the agency of the shafts 5 and 5' the rollers 6 and 6', the ramps
      7 and 7', and their common support 8, which is capable of longitudinal
      movement.
PAR  The support 8 retains a certain degree of longitudinal freedom, and thus
      slight angular displacement of one control mechanism 1, 1' relative to the
      other produces longitudinal displacement of the unit formed by the members
      5,5'; 6,6'; 7, 7'; 8. Counterbalancing of the effects of slight faults in
      mounting is an important factor for the longevity of a mechanism under
      such stress.
PAR  It should be noted that the shape of the ramps 7,7' is such that the sley
      occupies a single rearward position whatever may be the required stroke of
      the reed.
PAR  It should also be noted that this mounting hand permits several different
      strokes to be programmed for the purpose of obtaining loops of different
      heights in one fabric and, on the other hand, adjustment is obtained by
      acting on a single member.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a loom for weaving toweling fabric having a reed carried by a sley
      for beating up the weft and a sley drive having an output shaft for
      displacing said sley, the improvement which comprises a transmission
      between said shaft and said sley for varying the stroke of said reed, said
      transmission including a first cylindrical member connected to said drive,
      a second cylindrical member coaxial with said first member and connected
      to said sley, a cylindrical control element coaxial with and interposed
      between said members, said first member and said element being formed with
      a first set of confronting grooves and respective bridging elements
      received in the confronting grooves and mobile therein, said control
      element and said second member being formed with a second set of mutually
      confronting grooves and respective bridging elements received in and
      mobile in the confronting grooves of said second set, the grooves of one
      of said sets being rectilinear parallel to the axis of said members and
      said control element and the grooves of the other set lying on a helix
      centered on said axis; and means for selectively regulating the axial
      displacement of said control element to vary the stroke of said sley.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein said sley drive comprises a
      pair of drive units disposed at opposite ends of said sley, each of said
      units having an output shaft, a respective such transmission being
      provided between each of said shafts and the respective end of the sley,
      said control elements of said transmissions being interconnected for joint
      displacement.
NUM  3.
PAR  3. The improvement defined in claim 2 wherein said means for selectively
      regulating the axial displacement of said control elements includes a
      respective roller mounted on each of said control elements, a respective
      guide formed with a slot receiving the respective roller, said slots each
      having a circumferential portion and a helical portion interconnected with
      the respective circumferential portion, and means coupling said guides for
      joint angular displacement about said axis.
NUM  4.
PAR  4. The improvement defined in claim 3 wherein said means coupling said
      guides for joint angular displacement about said axis includes a gear
      sector, said means for selectively regulating the axial displacement of
      said control element including a second gear sector meshing with the first
      gear sector.
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ABST
PAL  The means for forming a fabric border is constructed with a cover to cover
      over the opening in the housing through which the operating element
      projects. The cover is formed by flange projections on the drive means for
      moving the operating element or by a separate sleeve-like part having a
      flanged appendage on the operating element. The cover is intended to
      prevent dust and lint from entering the housing.
BSUM
PAR  This invention relates to a weaving machine having a border forming means.
PAR  Heretofore, weaving machines have been provided with various means for
      forming a border of turned over weft thread ends along the edges of a
      fabric being produced. Generally, these means have included a housing with
      one or more openings through which an operating element projects. The
      operating element has usually been a rod for operating a border-thread
      clamp or a lever for cutting the weft threads. In either case, the
      operating element has been moved approximately transversely of the opening
      during the operation of a drive means.
PAR  Because of this, the opening has been made large enough for the transverse
      movement of the operating element to take place. The opening, moreover,
      has been unobstructed around the operating element. As a result, during
      operation or when the weaving machine is cleaned, dirt, e.g. fibrous lint
      from the fabric can get into the border-forming housing. This has lead to
      disturbances in the operation of the parts and in the lubrication of the
      parts from an oil supply.
PAR  Accordingly, it is an object of the invention to provide a means for
      preventing the entry of dirt into a housing of a border-forming means.
PAR  It is another object of the invention to provide a simple economical means
      for closing off a housing of a border-forming means in a weaving machine.
PAR  Briefly, the invention is directed to a weaving machine having a means for
      forming a fabric border of turnedover weft thread ends. The means is
      constructed with a housing having at least one opening through which an
      operating element extends to project into the path of a weft extending
      across the loom. The operating element can be in the form of a rod, e.g.
      for operating a border thread clamp, or a lever, e.g. for cutting the weft
      thread ends. This operating element is movably mounted in the housing and
      is driven by a drive means in order to move transversely of the housing
      opening. In accordance with the invention, a cover means is disposed about
      the operating element for covering over the opening for every transverse
      position of the operating element.
PAR  In one embodiment, where the drive means for the cover means also projects
      out of the opening of the housing, the cover means is incorporated in the
      drive means to not only cover over the opening with respect to the
      operating element but also with respect to the drive means. Further, where
      the operating element is caused to reciprocate, provision is made for the
      element to slide within the drive means. In this way, the cover means on
      the drive means need not be modified to accomodate the reciprocating
      movements of the operating element.
PAR  In another embodiment, for example, where only the operating element
      extends out of the housing, the cover means is secured to the operating
      element. In this case, the cover means can be resiliently biased against
      the housing to slide on the housing while the operating element moves up
      and down.
PAR  In order to facilitate the sealing effect of the cover means, the opposed
      surfaces of the housing and cover means may be suitably rounded or
      otherwise matched to compensate for the arcuate movements of the operating
      element relative to the housing.
PAR  The cover means thus prevents dirtying of the part inside the
      border-forming housing, e.g. such dirtying as might occur during cleaning
      of the weaving machine by blown compressed air.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 illustrates a front view of a gripper-shuttle weaving machine having
      border forming means therein according to the invention;
PAR  FIG. 2 illustrates a sectional side view through a border forming means
      which utilizes a cover means in accordance with the invention;
PAR  FIG. 3 illustrates a view taken on line III--III of FIG. 2;
PAR  FIG. 4 illustrates a view of a modified cover means according to the
      invention; and
PAR  FIG. 5 illustrates a view similar to FIG. 4 of a further modified cover
      means according to the invention.
DETD
PAR  Referring to FIG. 1, the weaving machine, as is known, has a pair of side
      cheeks or frame 1, 2 which are connected together by a middle beam.
      Between the cheeks 1, 2 are disposed a warp beam 17, shafts 9, a reed 8,
      and a fabric beam consisting of two part-beams 3, 18. One cheek 2 carries
      a shuttle mechanism 13 out of which shuttles 12 are shot to pass through a
      guideway 14 in the shed. Each shuttle 12 which is shot carries a
      weft-thread 10 which is pulled off a supply spool 11. The other cheek 1
      carries a catching mechanism 15 for catching the shuttles 12. The weaving
      machine also includes a drive-motor 7, whose drive is carried through the
      intermediary of a flywheel 6 to a main shaft 5 of the machine. All mobile
      parts, e.g. the shafts 9, reed 8, shuttle mechanism 13, and catching
      mechanism 15, are driven off the main shaft 5 in synchronism.
PAR  In addition, a border forming device 16 is disposed near each of the
      shuttle mechanism 13 and the catching mechanism 16. Similarly, a
      separating border-forming device 21 is disposed in the middle of the
      machine on the rod 20 in order to form borders on the inner edges of the
      two fabric webs 4, 19 as shown. The devices 16, 21 which are operated as
      described in more detail in the following serve to insert the ends of the
      weft threads shot through one shed into the following shed, so that fabric
      borders are formed at the edges of the fabric webs 4, 19. The edge-border
      or selvage forming devices 16 and the separating-border or selvage forming
      device 21 are substantially similar. In the following, only one of these
      parts will be described.
PAR  The above described parts of the weaving machine are of conventional
      structure and are operated in known manner. Therefore, no further
      description is believed to be necessary for an understanding of the
      invention.
PAR  Referring to FIGS. 2 and 3, the separating border forming device 21
      includes a housing 31 having a cover 31a on the top. The various inner
      working parts of the device 21 are driven by a suitable driven means e.g.
      off the main shaft 5 in known manner via cam discs of which only two discs
      32, 33 are shown for clarity. These cam discs 32, 33 rotate in the
      direction indicated by the arrow 34. In addition, the drive means includes
      a lever 35 which is movable in a to and fro manner as indicated by the
      arrow 36 and which is connected to a pair of operating elements such as
      bars or rods 37. The rods 37 are each articulated at one end to the lever
      35 via a pin 38 and extend out of the housing 31 via an opening 49. The
      opposite free ends of each rod 37 carries a border thread clamp 41 as is
      known. As indicated by the arrow 39, the rods 37 are caused to reciprocate
      longitudinally under the action of the lever 35 with the thread clamps 41
      making the same movement. The thread clamps 41 serve to grip a weft thread
      after insertion in a shed for further operations as are known.
PAR  The drive means also includes a pair of roller levers 43 (so designed a
      number of times for clarity) which are pivotable about a stationary
      journal 40 in the housing 31. Each lever 43 carries a rotatable slide disc
      42 which is of circular form and which is slotted (FIG. 3) to slidably
      receive a rod 37. As shown, the slide disc 42 is mounted within the plane
      of the opening 49. The roller levers 43 also have an appendage 44 which
      supports a roller 45. Each roller lever 43 has a cover means 46 thereon in
      the form of a pair of flange projections 47 which define a
      trapezoidal-shaped enlargement of the lever 43. Each projection 47 extends
      over the housing parts 48 which form the opening 49 for the passage of the
      border thread clamp rods 37. The roller 45 is biased into contact with a
      cam disc 32 under the force of a spring 30 which is mounted between the
      housing 31 and the levers 43.
PAR  During operation, each rod 37 is caused to reciprocate via the lever 35 and
      to pivot as indicated by the arrow 51 on the pin 38 due to a transverse
      motion of the roller lever 43 via the cam disc 32. Because of this, the
      opening 49 in the housing 31 is made large enough for each slide disc 42
      to make a complete upward and downward movement The projections 47 of the
      roller levers 43 are made large enough so that the opening 49 is covered
      in each transverse position of the rod 37, slide ring 42 and the cover
      means 46.
PAR  In order to facilitate movement of the cover means 46 relative to the
      housing 31, a small clearance 57 is maintained between the projections 47
      and the housing parts 48. In addition, the surfaces 55 of the cover means
      46 and the opposed surfaces 56 of the housing 31 are slightly curved. This
      curvature corresponds to the pivotaing motion 51 of the cover means 46
      about the journal 40.
PAR  In order to open a border thread clamp 41 prior to gripping of a weft
      thread, a lever 92 is pivotally mounted in the housing 31 on a pin 91 and
      extends outwardly over a rod 93 of the clamp 41. The lever 92 is actuated
      in a known manner in order to press the pin 93 downwardly.
PAR  In addition to the rod 37 for a clamp 41, a lever 61 (designated a number
      of times) is pivotally mounted on the journal 40 and extends out of the
      opening 49. This lever 61 carries a link-on point 67 at the free end to
      which a shears (not shown) for cutting a weft thread is mounted. In order
      to actuate the lever 61, the lever 61 has an appendage 63 which carries a
      roller 64 in contact with the cam disc 33. The lever 61 is under the
      influence of a spring 65 so that the roller 64 is biased into contact with
      the cam disc 33. The lever 61 is thus moved in an up and down movement as
      indicated by the arrow 68 under the action of the cam disc 33.
PAR  The shears lever 61 like the rod 37 also carries a cover means 62 in the
      region of the housing opening 49. This cover means 62 is in the form of a
      pair of flange projections 69 which define a trapezoidal-shaped
      enlargement of the lever 61. The projections 69 of the cover means 62 are
      curved similarly to the projections 47 of the cover means 46 to facilitate
      pivoting relative to the housing 31.
PAR  The shears lever 61 merely pivots about the journal 40 without longitudinal
      motion. Further, the motions of the rod 37 and lever 61 and synchronized
      in known manner.
PAR  Referring to FIG. 4, wherein like reference characters indicate like parts
      as above, instead of forming the cover means on the actuating levers, a
      cover means 80 can be secured on the rod 37. This cover means 80 includes
      a sleeve 81 which has a flange 82 for covering over the housing opening 49
      as well as a pressure spring 83 for biasing the sleeve 81 via the flange
      82 against the housing 31. In order to secure the spring 83 in place, a
      ring 85 is fixed on the rod 37 by any suitable means such as a set screw.
      In this case, the housing 31 need not have any curved parts about the
      opening 49 as above described.
PAR  Referring to FIG. 5, wherein like reference characters indicate like parts
      as above, the sleeve 81a is provided with a rounded bore 89 so that the
      sleeve 81a can roll on the rod 37 during a pivoting motion 51 of the rod
      37 in order to prevent jamming of the sleeve 81a against the housing 31.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a weaving machine having at least one means for forming a fabric
      border, said means including a housing having an opening, at least one
      operating element movably mounted in said housing and extending through
      said opening and a drive means for moving said operating element
      transversely of said opening, said drive means extending through said
      opening; a cover means disposed about said operating element and secured
      to said drive means for covering over said opening in each transverse
      position of said operating element.
NUM  2.
PAR  2. In a weaving machine having at least one means for forming a fabric
      border, said means including a housing having an opening, a lever
      pivotally mounted in said housing and extending through said opening into
      the path of a weft yarn extending across the weaving machine, said lever
      having a link-on point at a free end to mount a weft-cutting shears
      thereon and a drive means for moving said operating element transversely
      of said opening; a cover means integrally disposed on said lever and
      including a pair of projections defining enlargements of said lever for
      covering over said opening in each transverse position of said lever.
NUM  3.
PAR  3. In a weaving machine having at least one means for forming a fabric
      border, said means including a housing having an opening, at least one
      operating element movably mounted in said housing and extending through
      said opening and a drive means for moving said operating element
      transversely of said opening; a cover means integral with said drive means
      disposed about said operating element for covering over said opening in
      each transverse position of said operating element, said cover means
      including a pair of flange projections defining an enlargement of said
      drive means and extending over and in facing relation to said opening.
NUM  4.
PAR  4. In a weaving machine having at least one means for forming a fabric
      border, said means including a housing having an opening, at least one
      operating element movably mounted in said housing and extending through
      said opening and a drive means for moving said operating element
      transversely of said opening; a cover means having a sleeve disposed about
      said operating element, a flange on said sleeve for covering over said
      opening in each transverse position of said operating element, and a
      spring for biasing said sleeve against said housing.
NUM  5.
PAR  5. In a weaving machine as set forth in claim 4 wherein said drive means is
      connected to said operating element to move said element longitudinally of
      said opening, and said cover means is secured against longitudinal
      displacement relative to housing.
NUM  6.
PAR  6. In a weaving machine as set forth in claim 4 wherein said flange bears
      against said housing about said opening.
NUM  7.
PAR  7. In a weaving machine as set forth in claim 4 wherein said cover means is
      located outside said housing.
NUM  8.
PAR  8. In a weaving machine having at least one means for forming a fabric
      border, said means including a housing having an opening, at least one
      operating element movably mounted in saaid housing and extending through
      said opening and a drive means for moving said operating element
      transversely of said opening, said drive means including a first pivotally
      mounted lever extending through said opening for moving said operating
      element transversely of said opening, a slide ring rotatably mounted in
      said lever, said slide ring slidably receiving said operating element
      therein, and a second pivotally mounted lever connected to said operating
      element to move said element longitudinally of said opening whereby said
      operating element is guided in said slide ring during transverse and
      longitudinal movements of said elements; a cover means disposed on said
      first lever about said operating element for covering over said opening in
      each transverse position of said operating element.
NUM  9.
PAR  9. In a weaving machine as set forth in claim 8 wherein said operating
      element is a rod and wherein said rod caries a border thread clamp at a
      free end for movement into the path of a weft yarn extending across the
      weaving machine.
NUM  10.
PAR  10. In a weaving machine as set forth in claim 8 wherein said slide ring is
      mounted within said opening.
NUM  11.
PAR  11. In a weaving machine as set forth in claim 8 wherein said cover means
      and said housing have curved matching surfaces to permit pivoting of said
      operating element relative to said housing.
NUM  12.
PAR  12. In a weaving machine as set forth in claim 11 wherein said surfaces are
      spaced apart to define a clearance therebetween.
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PAL  The shuttle is formed with a nose member which overlaps the front edges of
      the housing while being disposed within the projected plane of the
      housing. The housing may also be compressed between the pin and nose
      member to press the mating surfaces of the housing and nose member
      together. Gaskets may also be used between the nose member and housing or
      between the pin and housing to effect a resilient connection.
BSUM
PAR  This invention relates to a gripper shuttle for picking weft yarns in a
      weaving machine particularly weaving machines in which the weft supply
      remains outside a shed during weaving.
PAR  As is known, gripper shuttles normally consist of a generally tubular
      shuttle body or housing, a gripping mechanism within the body, and a nose
      portion closing the front end of the shuttle body. It has also been
      proposed, for example in British Pat. Specification No. 1,143,888, to make
      the shuttle body of a plastics material, such as polyethylene or
      polytetrafluoroethylene. Since the nose portion and the gripping mechanism
      are generally made of metal, the use of a plastics shuttle body makes the
      shuttle nose heavy. This improves the dynamic behavior of the shuttle as
      the shuttle passes through the teeth of a shuttle race. Also, the total
      weight of the shuttle is reduced, which allows a higher picking speed for
      a given picking energy.
PAR  The external surface of the nose portion should ideally merge smoothly into
      the surface of the plastics shuttle body. However, in the previously
      proposed shuttles, it is difficult to maintain this condition throughout
      the life of a shuttle. In some cases, the front end of the plastics
      shuttle body may become upset, or a gap may appear between the shuttle
      body and the nose portion. Consequently, there is a risk of the warp
      threads being damaged by the shuttle.
PAR  Accordingly, it is an object of the invention to prevent a gap from forming
      between the housing and nose member of a multi-component gripper shuttle.
PAR  It is another object of the invention to avoid upsetting of a nose member
      of a gripper shuttle relative to a housing of the shuttle.
PAR  It is another object of the invention to reduce the risk of a gripper
      shuttle damaging wrap yarns in a shed of a weaving machine during a
      picking operation.
PAR  Briefly, the invention provides a gripper shuttle with a housing of
      generally tubular construction, a nose member which projects from a front
      end of the housing and includes surfaces which engage corresponding
      surfaces of the housing, and a means for securing the nose member to the
      housing to press the surfaces of the housing and nose member together
      under a longitudinally directed compressive force. The means for securing
      the nose member to the housing is in the form of a spigot which is
      received in the front end of the housing and which is integrally formed
      with the nose member. In addition, the securing means includes a pin which
      is disposed in bores of the spigot and housing to retain the spigot in the
      housing.
PAR  In order to press the housing against the nose member, the bore in the
      spigot is disposed relative to the bores in the housing in a direction
      towards the front end so as to place the housing under a compressive force
      between the pin and nose member. This produces a prestressing of the
      shuttle body which ensures that a gap will not appear between the nose
      member and the shuttle body, even if some creep of the shuttle components
      should occur. This arrangement also provides a reliable connection that
      can easily be assembled or released for dismantling.
PAR  The surfaces of the nose member which engage the housing are disposed as
      inwardly and rearwardly facing surfaces to overly at least a part of a
      forward edge of the housing front end. The inclination of the surfaces of
      the nose member ensures that the front end of the shuttle body is retained
      in position, and cannot become upset.
PAR  In a preferred construction, the shuttle body is of a tough
      impact-resistant plastics material. As well as the advantages previously
      mentioned, the resilience of the plastics material may make it unnecessary
      to provide special resilient components in a shuttle which is to be
      prestressed. Plastics materials which have proved satisfactory are
      polyethylene and polytetrafluoroethylene which, advantageously, can be
      reinforced with glass fibers or contain fine glass pellets. Materials of
      this kind have the required strength and resilience, plus very
      advantageous rubbing and sliding properties which can be controlled by the
      nature and amount of the glass loading and which are very important for
      correct shuttle behavior in the catching brake and when passing through
      the teeth of the shuttle race. The shuttle body may alternatively be made
      of a metal, such as steel or an aluminum alloy, or a sintered material. In
      this case, resilience may be provided by a resilient insert.
PAR  The front end of the shuttle may have a reduced external cross-section.
      Preferably, this is achieved by providing outwardly and forwardly facing
      inclined surfaces, which engage the inclined surfaces of the nose member.
      When the shuttle housng is of generally oblong transverse cross-section,
      at least those parts of the front end of the shuttle housing which extend
      along the wider sidewalls of the housing engage the inclined surfaces on
      the nose member. This is desirable because it is the wider sidewalls of
      the shuttle housing which come closest to the wrap threads during picking,
      and which cooperate with the jaws of the catching brake. The transverse
      thickness of the shuttle housing measured between the wider sidewalls may
      then be greater than the greatest dimension of the nose member measured in
      the same direction. The teeth of the shuttle race and the jaws of the
      catching brake will touch only the shuttle housing of such a shuttle. If
      the shuttle housing is made of a plastics material, there is then no risk
      at all of producing metal particles by metal-to-metal abrasion. Also,
      lubrication of the shuttle can be largely or completely dispensed with,
      thereby eliminating the risk of oil soiling the produced cloth.
PAR  In one embodiment, the inclined surfaces of the nose member may be curved
      about an axis extending perpendicularly to the wider sidewalls of the
      shuttle housing and located to the rear of the nose member. This allows
      the nose member to be made shorter, measuring along the longitudinal
      center line of the shuttle, for a given weight of the nose member. The
      securing pin for the nose member can therefore be positioned closer to the
      front of the nose member, allowing more room for the gripping mechanism.
PAR  In a preferred construction, the spigot forms a yoke connecting two gripper
      spring arms which are housed within the shuttle housing and carry gripping
      jaws at their free ends. Since the force which the spring arms can exert
      on the jaws when closed is limited by the stress which will occur in the
      arms when the jaws are opened longer more flexible arms will allow higher
      gripping forces to be obtained.
PAR  The use of curved inclined surfaces on the nose member may allow the
      gripper spring arms and yoke to pivot about the securing pin, whereas
      planar surfaces will fix the position of the yoke. Since it is desirable
      for the gripping jaws to be positioned symmetrically in the shuttle to
      ensure that the weft yarn is correctly transferred from the yarn feeder,
      the shuttle housing may contain an abutment between the gripper spring
      arms. The abutment need not be arranged so that both spring arms contact
      the abutment at once. There is usually a tolerance on the position of the
      gripping jaws, and a clearance corresponding to this tolerance an be
      allowed.
PAR  The abutment may for part of a wall joining the wider sidewalls of the
      shuttle housing and extending over a substantial part of the length of the
      shuttle. This stiffens the shuttle housing considerably, and therefore
      helps the shuttle to withstand forces such as those imposed by picking and
      catching.
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PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 illustrates a shuttle embodying the invention viewed in a direction
      perpendicular to a wide sidewall;
PAR  FIG. 2 illustrates a sectional view through the shuttle of FIG. 1 taken on
      line II--II of FIG. 1;
PAR  FIG. 3 illustrates a view of the shuttle of FIG. 1 in a direction
      perpendicular to one of the narrow sidewalls;
PAR  FIG. 4 illustrates a view looking onto the nose end of the shuttle taken in
      the direction indicated by the line IV of FIG. 3;
PAR  FIG. 5 illustrates a view similar to FIG. 1 of a second embodiment of the
      invention but partly sectioned;
PAR  FIG. 6 illustrates a view taken on line VI--VI of FIG. 5;
PAR  FIG. 7 illustrates a sectional view to an enlarged scale taken on line
      VII--VII of FIG. 1; and
PAR  FIG. 8 illustrates a sectional view similar to FIG. 7 but showing another
      embodiment of the invention.
DETD
PAR  The same reference numbers will be used in the following description to
      identify similar parts of different embodiments.
PAR  Referring to FIG. 1, the gripper shuttle has a sleeve-like shuttle housing
      of tubular construction which is of oblong, e.g. rectangular,
      cross-section having four sidewalls 6, 6', 10, 10' and is made of a
      resilient material, such as a glass-reinforced plastics material. The
      wider sidewalls 10, 10' are formed with oppositely aligned bores 5', 5".
      In addition, the shuttle has a metal nose member 8 at the front end of the
      housing which is secured to the housing by a spigot. The spigot is in the
      form of a yoke 4 which is integrally formed with the nose member 8 and
      which, in turn, is secured to the housing by a securing pin 7 which may,
      for example, be made of a tough plastic material. The pin 7 is disposed
      into bores 5, 5', 5" within the yoke 4 and housing to connect the shuttle
      housing to the yoke 4. The nose member 8 which provides weight at the
      leading end of the shuttle can alternatively be manufactured separately
      from the yoke 4 and subsequently connected to the yoke 4 for example, by
      electron beam welding.
PAR  Thee gripper shuttle also includes a gripper spring having two
      rearwardly-directed resilient arms 1, 1', each of which carries a clamping
      jaw 2, 2' at the free end. The jaws 2, 2' are pressed together by the
      resilience of the arms 1, 1'  so that the end of a weft thread 3 may be
      retained between the jaws 2, 2'. The other ends of the spring arms 2, 2'
      are rigidly interconnected by the yoke 4.
PAR  The nose member 8 is thicker in the direction of viewing FIG. 1 than is the
      yoke 4. Those parts of the rear surface of the nose member 8 which lie
      outside the thickness of the yoke 4 are inclined outwardly and rearwardly
      to the center line of the shuttle, for example, at an angle of about
      45.degree.. Thus, as can be seen from FIG. 7, the nose 8 has two barb-like
      projections at the rear end. The front end of the shuttle housing is
      correspondingly tapered, so that when assembled, the front ends of the
      wide sidewalls 10, 10' fit against the rear surfaces 9, 9' of the
      projections and are inclined outwardly and face forwardly. In this
      embodiment, the surfaces 9, 9' are planar, and extend generally at right
      angles to the narrow side walls 6, 6'.
PAR  In order to ensure that the shuttle housing is firmly pressed against the
      surfaces 9, 9', the positions of the bores 5, 5', 5" are so chosen that
      when the front end of the shuttle housing is just touching the surfaces 9,
      9', without being stressed, the bore 5 in the yoke 4 is one or a few
      tenths of a millimeter nearer the surfaces 9, 9' than are the bores 5', 5"
      in the wide sidewalls 10, 10'. On assembly, the shuttle housing is pushed
      from the rear, i.e. from the left in the drawings, over the spring arms 1,
      1' and pressed so strongly against the surfaces 9, 9' by an external force
      acting in the same direction, that the three bores 5, 5', 5" are brought
      into line by longitudinal compression of the shuttle housing. The pin 7 is
      then inserted into the bores 5, 5', 5". FIG. 7 shows the relative position
      of the parts after assembly.
PAR  The shuttle housing may alternatively be made of steel or some other
      relatively rigid substance. In this case, as shown in FIG. 8, resilient
      means such as resilient rings or grommets 22, 22' are provided in the
      bores 5, 5' and/or resilient means such as resilient inserts 23, 23' are
      provided on the surfaces 9, 9', to ensure that the shuttle housing is in
      compression between the pin 7 and the surfaces 9, 9'. Where grommets 22,
      22' are used, a different method of assembly must be used, since the
      grommets 22, 22' cannot be stressed by applying a compressive force to the
      shuttle housing. One method of stressing the grommets is to insert a
      tapered drift into the bores 5, 5', 5". By making the pin 7 hollow and
      providing a concentric spigot at the large end of the drift on which the
      pin 7 can be mounted, the pin 7 can follow the drift into the bores.
      Because of the resilient deformation of the shuttle housing or of the
      rings 22, 22', the pin 7 always presses in the same direction against the
      walls of the bores 5, 5', 5".
PAR  The shuttle housing is constructed to be an expendable wearing element. To
      dismantle the shuttle, the pin 7 can be pressed or drilled out whereafter
      the gripper spring can be re-assembled in a new body.
PAR  The wide sidewalls 10, 10' at the rear end of the shuttle housing are each
      formed with a slot 11, 11' so that the jaws 2, 2' can receive the end of a
      weft thread from a thread feeder (not shown) after the spring arms 1, 1'
      have been opened by the introduction of a wedge-shaped spring opener (not
      shown) through bores 12, 12' in the side walls 10, 10' and between the
      arms 1, 1'. The spring opener acts on two thickened parts 13, 13' which
      are provided on the arms 1, 1'. The spring arms 1, 1' have similar
      thickened parts 14, 14' near the slots 11, 11' on which a spring opener on
      the catching side acts upon the completion of the pick.
PAR  The narrow sidewalls 6, 6' of the shuttle housing have flange-like
      thickenings 16, 16' at the rear end where the picking stick (not shown)
      strikes the shuttle for picking.
PAR  Referring to FIG. 4, the overall thickness of the shuttle, i.e. the
      distance between the surface of the wider sidewalls 10, 10', which are the
      surfaces which cooperate with the guide teeth and catching brake, is
      greater than the greatest thickness of the nose member 8. Thus, there can
      be no direct contact between, on the one hand, the shuttle nose member
      and, on the other hand, the guide teeth or braking jaws.
PAR  In the embodiment shown in FIGS. 1 to 4, the shape of the bearing surfaces
      9, 9' is such that the engagement between these surfaces and the front end
      of the shuttle housing is sufficient to retain the gripper spring with
      sufficient accuracy in the correct position in the shuttle housing, i.e.
      in the position in which the jaws 2, 2' can engage properly with the end
      of the fed weft thread 3. In the construction shown in FIG. 5, however,
      the bearing surfaces 9, 9' are curved about an axis lying near the axis of
      the pin 7. This feature enables the central part of the nose member 8 to
      be made of shorter length as measured in the direction of movement of the
      shuttle, than in the case of a nose member of the same weight having
      planar surfaces 9, 9'. Thus, the pin 7 can be moved nearer the front of
      the nose member 8. The yoke 4 is much shorter than in the shuttle shown in
      FIG. 1. While the shuttles shown in FIGS. 1 and 5 have the same external
      dimensions, the spring arms 1, 1' shown in FIG. 5 are considerably longer
      than those shown in FIG. 1, so that for a given maximum stressing of the
      spring arms, a higher clamping force is available when the spring is in
      the closed state.
PAR  Also, as has been proposed in U.S. Pat. No. 3,854,506 the shuttle housing
      shown in FIGS. 5 and 6 has a longitudinal wall or abutment 15 which is
      secured to and extends between the side walls 10 and 10' to increase the
      rigidity of the shuttle housing. The abutment 15 is interrupted to avoid
      obstructing the bores 12, 12'. The part of the abutment 15 to the rear of
      the bores is denoted 15a. Any tendency of the gripper spring to shift from
      a normal position in which the spring is symmetrical of the shuttle axis
      is limited by the abutment 15a. A thickened part or hard-metal tip 21, 21'
      is also provided on the inside of each of the arms 1, 1' and contacts the
      abutment 15a in the event of a slight misalignment of the spring. It is of
      course possible to provide an abutment such as 15a without providing a
      wall over the rest of the length of the shuttle housing.
PAR  It is also possible to provide a stiffening wall in the body of the shuttle
      shown in FIGS. 1 to 4.
PAR  The invention thus provides a shuttle in which the edge of the front end of
      the housing is overlaid by the rear end of the nose member to avoid the
      occurrence of a gap therebetween during use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gripper shuttle for picking weft yarns in a weaving machine comprising
PA1  a shuttle body housing of tubular construction having a front end;
PA1  a nose member at said front end of said housing and having inwardly and
      rearwardly facing inclined surfaces thereon engaging at least part of said
      front end of said housing;
PA1  a spigot within said front end of said housing secured to said nose member;
      and
PA1  means securing said spigot to said housing to press said surfaces of said
      housing and said nose member together under a longitudinally directed
      compressive force.
NUM  2.
PAR  2. A gripper shuttle as set forth in claim 1 wherein said spigot and said
      housing include bores therein and said means comprises a pin disposed in
      said bores to retain said spigot in said housing, said bore in said spigot
      normally being displaced relative to said bores in said housing in a
      direction towards said front end to place said housing under a compressive
      force between said pin and said nose member when said pin is in place.
NUM  3.
PAR  3. A gripper shuttle as set forth in claim 2 wherein said housing is made
      of a tough impact-resistant plastics material.
NUM  4.
PAR  4. A gripper shuttle as set forth in claim 1 wherein said nose member has a
      smaller longitudinal cross-section than said housing.
NUM  5.
PAR  5. A gripper shuttle as set forth in claim 4 wherein said front end of said
      housing has outwardly and forwardly facing inclined surfaces engaging said
      surfaces of said nose member.
NUM  6.
PAR  6. A gripper shuttle as set forth in claim 1 wherein said housing has an
      oblong cross-section and engages with said surfaces of said nose member
      along the wider sidewalls thereof.
NUM  7.
PAR  7. A gripper shuttle as set forth in claim 6 wherein said housing is of a
      thickness transverse to said wider sidewalls greater than the transverse
      thickness of said nose member.
NUM  8.
PAR  8. A gripper shuttle as set forth in claim 6 wherein said surfaces of said
      nose member are curved about an axis extending perpendicularly to said
      wider sidewalls and rearwardly of said nose member relative to said
      housing.
NUM  9.
PAR  9. A gripper shuttle as set forth in claim 1 wherein said spigot is in the
      form of a yoke connecting two gripper spring arms, said arms being
      disposed within said housing and including gripping jaws for gripping a
      weft yarn.
NUM  10.
PAR  10. A gripper shuttle as set forth in claim 9 which further comprises an
      abutment integrally mounted to and within said housing between said arms
      for abutting of said arms thereagainst upon closing of said jaws together.
NUM  11.
PAR  11. A gripper shuttle as set forth in claim 10 wherein said housing is of
      oblong cross-section with a pair of opposite wide sidewalls and said
      abutment interconnects said sidewalls and extends longitudinally of said
      housing.
NUM  12.
PAR  12. A gripper shuttle comprising
PA1  a housing of synthetic plastics material having a front end;
PA1  a nose member projecting from said front end of said housing having
      surfaces overlying at least part of a forward edge of said front end and
      being of a reduced transverse cross-section relative to the transverse
      cross-section of said housing; and
PA1  means for securing said nose member to said housing to press said surfaces
      of said housing and said nose member together under a longitudinally
      directed compressive force.
NUM  13.
PAR  13. A gripper shuttle comprising
PA1  a shuttle body housing of tubular construction and of a tough
      impact-resistant resilient plastics material, said housing having a front
      end and a pair of oppositely aligned bores therein;
PA1  a metal nose member at said front end of said housing having inwardly and
      rearwardly facing inclined surfaces thereon engaging at least part of said
      front end of said housing;
PA1  a spigot secured to said nose member and mounted within said housing, said
      spigot having a bore therein normally disposed nearer said surfaces of
      said nose member than said bores of said housing; and
PA1  a pin passing through said bores of said housing and said spigot to connect
      said housing to said spigot while longitudinally compressing said housing
      between said pin and said nose member.
NUM  14.
PAR  14. A gripper shuttle as set forth in claim 13 wherein said nose member is
      of less thickness than said housing.
NUM  15.
PAR  15. A gripper shuttle comprising
PA1  a shuttle body housing of tubular construction and of relatively rigid
      substance, said body having a front end and a pair of oppositely aligned
      bores therein;
PA1  a metal nose member at said front end of said housing having inwardly and
      rearwardly facing inclined surfaces thereon engaging at least part of said
      front end of said housing;
PA1  a spigot secured to said nose member and mounted within said housing, said
      spigot having a bore therein normally disposed nearer said surfaces of
      said nose member than said bores of said housing;
PA1  resilient means disposed in said pair of bores and/or on said surfaces; and
PA1  a pin passing through said bores of said housing and said spigot to connect
      said housing to said spigot while compressing said resilient means to
      place said housing in compression between said pin and said surfaces.
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ABST
PAL  Apparatus for forming a closed loop object such as a pipe reinforcing cage
      from wire fabric includes an infeed carriage assembly receiving sections
      of wire fabric and transporting the fabric to a pair of gripping
      assemblies. Each gripping assembly includes rotatable gripping jaws
      mounted on a slide in turn positioned on a carriage for motion toward and
      away from each other such that opposite ends of the fabric can be brought
      together while rotating the gripping jaws to form a cylindrical cage.
      Speed control means are provided for assuring the gripping jaws advance
      toward each other in synchronism with the rotation of the jaws thereby
      forming a perfect cylindrical cage. Welding means are provided for welding
      the ends of the cage so formed while held in position by the gripping
      jaws.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for forming wire fabric cages
      used in reinforcing concrete pipe. In the manufacture of pipe reinforcing
      cages, wire fabric is typically passed through a set of forming rollers
      which bend it into a cylinder. Its ends are then welded together. Such a
      system is represented by U.S. Pat. No. 3,678,971 issued July 25, 1972 to
      Alfred A. Nordgren. Also, cages have been manufactured by laying out the
      longitudinal wires for the pipe cage and holding them in position while
      circumscribing them with a spiral wrap wire, welding the junctions to
      complete the cage. Such a system is disclosed in U.S. Pat. No. 3,437,114
      issued Apr. 8, 1969 to D. P. Whitacre et al.
PAR  Both of the above methods are time-consuming. After cages are formed by
      bending them through forming rollers, the ends of the fabric must be
      welded. Such welding is typically done manually and automatic welders for
      such cages have not been particularly commercially successful.
PAR  Both the Nordgren and Whitacre machines require readjustment every time one
      wants to manufacture different sized cages. Thus, the machine must first
      be set up for a run of a large number of cages. To then do cages of a
      different size, the machine has to be reset up for the new sized cages.
PAR  This is inconvenient since cage assemblies are frequently used in which a
      smaller diameter cage is positioned inside a larger diameter cage for
      subsequent molding into a concrete pipe. The necessity of doing large runs
      requires that a number of cages of the same size be stored at some point
      on the manufacturing floor for later assembly with different sized cages
      of a subsequent run.
PAC  SUMMARY OF THE INVENTION
PAR  The method and apparatus of the present invention facilitates the fully
      automated production of pipe reinforcing cages or of any like cylindrical
      or closed loop object, and even facilitates sequentially manufacturing
      cages of different sizes by simply feeding into the system wire fabric
      sections, or work pieces, of differing lengths.
PAR  In the present invention, the ends of the work piece are gripped by
      gripping means which are simultaneously rotated towards one another and
      advanced towards one another whereby the free ends of the work piece are
      rolled over inwardly towards one another and advanced towards one another
      to create a closed loop. In a preferred aspect of the invention,
      synchronism means are provided for synchronizing the rate of rotation of
      the gripping means with the rate of advancement of the gripping means
      towards one another.
PAR  Other preferred aspects include the provision of a welding means located
      approximately at the point where the two gripping means bring the ends of
      the work piece together. A unique line upset welding method is employed in
      accordance with the present invention to facilitate a sound weld and
      indeed, 100% line upset welding is facilitated whereby the ends of the
      pipe reinforcing cage or the like are squared rather than skewed. To feed
      different sized work pieces into the apparatus, a unique infeed carriage
      assembly is employed.
PAR  These and other advantages, features and objects of the present invention
      will be more fully understood and appreciated by reference to the written
      specification and appended drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is a front elevational view of the left end of apparatus embodying
      the present invention;
PAR  FIG. 1B is a front elevational view of the middle section of apparatus
      embodying the present invention and is contiguous with FIGS. 1A and 1C;
PAR  FIG. 1C is a front elevational view of the right end of apparatus embodying
      the present invention;
PAR  FIG. 2A is a top plan view of the left end of apparatus embodying the
      present invention;
PAR  FIG. 2B is a top plan view of the middle section of apparatus embodying the
      present invention and is contiguous with FIGS. 2A and 2C;
PAR  FIG. 2C is a top plan view of the right end of apparatus embodying the
      present invention;
PAR  FIG. 3 is a right end elevational view partly broken away of the apparatus
      embodying the present invention;
PAR  FIG. 4 is an enlarged detailed front elevational view partly broken away
      and partly in cross section of the infeed means shown in FIGS. 1A and 2A;
PAR  FIG. 5 is a fragmentary left end elevational view of the apparatus shown in
      FIG. 4;
PAR  FIG. 6 is a top plan view of the infeed means shown in FIG. 4 and further
      showing the movable support bed associated therewith;
PAR  FIG. 7 is an enlarged front elevational view partly in cross section of one
      of the gripper assemblies shown in FIGS. 1 and 2 showing the combing means
      associated therewith in detail;
PAR  FIG. 8 is a fragmentary right end elevational view of the combing means
      shown in FIG. 7;
PAR  FIG. 9 is a schematic view of the gripper assembly slide and carriage;
PAR  FIG. 10 is a cross section of the gripper assembly slide and carriage taken
      along section lines X--X in FIG. 11;
PAR  FIG. 11 is a fragmentary front perspective view partly broken away of one
      of the gripper assemblies;
PAR  FIG. 12 is a fragmentary front elevational view of the apparatus of the
      present invention shown during one portion of a cycle of operation;
PAR  FIG. 13 is a fragmentary front elevational view of the apparatus of the
      present invention shown during a successive portion of a cycle of
      operation;
PAR  FIGS. 14A and 14B are fragmentary front elevational views of the apparatus
      of the present invention shown during a successive portion of a cycle of
      operation;
PAR  FIG. 15 is an enlarged fragmentary front elevational view of the apparatus
      of the present invention shown during a successive portion of a cycle of
      operation;
PAR  FIG. 16 is a fragmentary front elevational view of one of the gripper
      assemblies;
PAR  FIG. 17 is an enlarged fragmentary perspective view partly broken away of
      the welding apparatus of the present invention;
PAR  FIG. 18A is a fragmentary perspective view of the overlapped juxtaposed
      circumferential wires prior to welding;
PAR  FIG. 18B is an enlarged fragmentary view of the electrode jaws of the
      welding apparatus showing the relative position of a pair of wires to be
      welded;
PAR  FIG. 19A is a fragmentary perspective view of the welded wire junction;
PAR  FIG. 19B is an enlarged fragmentary view of the jaws of the welding
      apparatus after the welding has been completed;
PAR  FIG. 20 is an enlarged right end elevational view of the apparatus of the
      present invention showing the outfeed means;
PAR  FIG. 21 is a block diagram of the control system of the present invention;
      and
PAR  FIG. 22 is an enlarged cross section of one of the lower jaw members.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before discussing the structural details of the apparatus embodying the
      present invention, a brief description of the principal elements of the
      machine together with their function is presented here. The machine
      receives a precut section of wire fabric 10 at the left end as seen in
      FIGS. 1 and 2. Fabric 10 includes longitudinally extending parallel wires
      12 which when the cage is formed, define the circumferential wires of the
      reinforcing cage. Extending transversely to the circumferential wires 12
      are transverse wires 14 which become the longitudinally extending wires of
      the formed cylindrical cage. The precut section 10 of wire fabric is
      received from a shear machine (not shown) which draws fabric from a roll
      supply of such fabric, cuts the fabric to a desired length which
      corresponds to the circumference of a cage to be formed, slightly bends
      the free ends of the circumferential wires 12 extending from the adjacent
      transverse wire and introduces the precut section 10 into the cage forming
      machine infeed means 20 shown at the left end of FIGS. 1 and 2.
PAR  Means 20 includes a movable carriage 100 (FIG. 4) and clamping means 140
      which are in an open position to receive the wire section and which can be
      closed to clamp the wire section therebetween for transporting the fabric
      section to the right in the direction indicated by arrow A in FIGS. 1 and
      2 for introducing the fabric section to awaiting gripping members (FIG.
      13). The clamping means of the carriage include movable belts which can be
      intermittently driven for forcing the fabric section from the carriage
      means and into the awaiting gripping members. Once this is accomplished,
      the clamping means open and the carriage returns to its leftmost position
      shown in FIGS. 1 and 2.
PAR  The gripping means comprises a left gripping assembly 30 and a right
      gripping assembly 40 movable toward the middle of the machine when forming
      a wire cage (FIG. 15) and receiving a new section of wire and to an
      outermost position, best seen in FIGS. 1 and 2, where they grip the fabric
      section near the ends and are in preparation of advancing toward one
      another. Each of the gripping assemblies includes a pair of gripping jaws
      240 and 250 (FIG. 11) for holding the fabric. The gripping jaws are
      mounted between rotatable mounting plates 244 and 276 such that as the
      gripping members are advanced toward the center of the machine to bring
      the free ends of the fabric section together, the fabric ends are rotated
      in synchronism to form the circular cross section cage. The gripping jaw
      plates are coupled to slides 280 which are coupled in turn to carriages
      280' for advancing the gripping jaws toward and away from each other. The
      slides are coupled to the carriages by biasing means and include inertial
      detection means for controlling the speed of advancement of the carriages
      to be in synchronism with the jaw rotation for assuring that a perfect
      cylindrical cage is formed.
PAR  As seen in FIGS. 1 and particularly 1B, a plurality of different sized pipe
      reinforcing cages 12a -12e can be manufactured with the largest diameter
      being shown in FIGS. 1 and 2 corresponding in circumference to the
      distance between the outermost position of the gripping assemblies. It is
      to be understood that any diameter cage, intermediate to those shown, can
      be manufactured equally as well.
PAR  A welding assembly 50 is supported above the machine and movable
      transversely across the formed fabric cage in a direction indicated by
      arrow C in FIG. 2 and includes a plurality of welding heads which clamp
      the mating ends of the fabric section held in place by the gripping
      members for providing a 100% upset weld to each of the circumferential
      wires forming the cage. Once the welding operation is completed, the
      gripping jaws are opened permitting the formed fabric cage to be
      dispatched from the machine by means of a take-away conveyor 60 (FIG. 20)
      which is mounted on a vertical adjustment means for accommodating
      different diameter cages.
PAR  Having very briefly described the principal elements of the present
      invention, a detailed description of each of the elements will be
      presented herein followed by a description of a cycle of operation.
PAC  MACHINE FRAME
PAR  As best seen in FIGS. 1A-1C and 2A-2C, the infeed means, the gripper
      assemblies, and the welding assembly are each movably mounted on guide
      rails of a stationary framework of the machine. The framework comprises a
      plurality of vertical stanchions 70 extending between the floor 72 of an
      installation and the bed of a rectangular framework comprising lower
      longitudinal support members 74, upper longitudinal support members 76,
      lower cross supports 73 at opposite ends of the machine, and upper cross
      supports 75. The lower rectangular frame is coupled to the upper
      rectangular frame by means of vertical posts 77 and cross braces 78. Posts
      77 are preferably located in line with stanchions 70. Reinforcing braces
      79 are positioned to support the junctions betweenn the vertical
      stanchions and the frame members. In the preferred embodiment as seen in
      FIG. 1B, the take-away conveyor 60 can be mounted in a pit 80 in the floor
      of the installation such that the machinery height is not excessive for
      handling the largest diameter pipe cage.
PAR  Extending significantly the entire length of the framework on opposite
      sides thereof is a pair of guide rails 82 and 84 which support both the
      gripping assemblies 30 and 40 for motion therealong as well as the infeed
      means 20. Positioned below guide rails 82 and 84 is a second pair of rails
      86 and 88 (FIGS. 1A-1C and 4 and 5) which, as best seen in FIG. 4,
      comprises a gear rack having a plurality of teeth 89 formed in the lower
      surfaces thereof. Racks 86 and 88 serve to provide intercoupling of the
      drive means for the infeed carriage and gripping assemblies as described
      in detail below.
PAC  INFEED MEANS
PAR  It is noted here that one of the circumferential wires 12 is utilized as a
      tracking wire identified in FIG. 2 as wire 12'. As the incoming section of
      wire fabric enters the forming machine, the tracking wire 12' is spanned
      by a pair of star wheels 90 and 92 rotatably mounted to axle 94 by means
      of bearings 95 and 96, which axle in turn is mounted to bracket 79 as best
      seen in FIGS. 1A and 6. The star wheels include a plurality of rounded,
      star-like projecting teeth 97 which define notches therebetween which
      engage the transverse wires 14 as the wire section is advanced to the
      input end of the forming machine. Thus, the star wheels, which are
      vertically positioned to lie in the plane of travel of the wire fabric,
      assure the longitudinal alignment of the fabric as it enters the forming
      machine by spanning the tracking wire 12' and prevent skewing of the
      fabric.
PAR  It is noted here that in the drawings, arrow A indicates motion from left
      to right in the machine as shown in FIGS. 1 and 2 and is seen in the end
      view either as an encircled dot indicating the arrow is coming out of the
      plane of the drawing or a circle with cross hairs indicating the arrow is
      moving into the plane of the drawing. The infeed means 20 shown in FIG. 1A
      is used to provide gross motion of the web fabric from the input end of
      the forming machine to the center section whereupon an incremental
      transferring motion is imparted to the fabric to feed it to the awaiting
      gripping members. The infeed means is now described in detail with
      reference to FIGS. 1A, 2A and 4-6.
PAR  The infeed means 20 comprises a carriage assembly 100 movably supported
      between guide rails 82 and 84. Carriage 100 comprises a pair of tubular
      support members 102 and 104 extending between upstanding end brackets 104
      and 106 at opposite ends thereof. Cross braces 103 (FIG. 6) extend between
      members 102 and 104. Braces 105 reinforce these junctions at opposite
      ends. Extending from the outer face of each of the end brackets 104 and
      106 are horizontally spaced pairs of vertically spaced guide rollers 108
      which span the upper and lower surfaces of guide rail 82 and rollers 110
      associated with bracket 106 which span the upper and lower surfaces of
      guide rail 84. A pair of horizontally oriented guide wheels 112 are
      coupled to end bracket 104 as seen in FIGS. 5 and 6 and similar wheels 114
      are rotatably coupled to end bracket 106 and extend through slots therein
      such that carriage 100 captures three sides of each of the guide rails 82
      and 84 to provide guided movement of the carriage along the guide rails
      with minimum friction and play.
PAR  A hydraulic carriage drive motor 116 is coupled between members 102 and 104
      and is coupled to a gear reducing unit 118. The output shaft of unit 118
      drives a first drive gear 120 associated with rack 88. A second drive gear
      122 associated with rack 86 is driven through a drive shaft 125 coupled to
      gear box 118 and to gear box 119 associated with drive gear 122. Drive
      shaft 125 extends through sleeve bushings 126 and 127 mounted in
      downwardly depending support arms 128 and 130, respectively, of the
      carriage.
PAR  Arms 128 and 130 extend downwardly from arms 102 and 104 of carriage 100 to
      the movable clamping means 140. A cross member 129 (FIG. 5) extends
      between support arms 128 and 130. Means 140 consists of a lower platform
      150 (i.e., first element) which is stationary with respect to arms 128 and
      130 and an upper platform 160 (i.e., second element) vertically movable as
      indicated by arrow B in FIG. 4 to alternately engage and disengage
      platform 150 to clamp and unclamp the wire fabric 10 between the upper and
      lower movable platforms.
PAR  The lower platform 150 comprises forward and rearward end rollers 152 and
      154, respectively, (FIGS. 5 and 6) which are horizontally spaced and
      rotatably mounted to the ends of end brackets 151 and 152 in turn coupled
      to arms 130 and 128, respectively. Bearings rotatably mount these rollers
      to the forward and rearward portions of the end brackets. Extending over
      and between rollers 152 and 154 is a relatively wide endless loop support
      belt 155 forming a movable support bed for the undersurface of wire fabric
      10. Roller 154 is mounted on an axle 156 which is coupled to a hydraulic
      drive motor 157 (FIG. 5) at one end and includes a chain sprocket 158 at
      the opposite end. Roller 152 is mounted to axle 153 and includes a
      sprocket 159 which aligns and is coupled with sprocket 158 by means of an
      interconnecting drive chain 158' (FIG. 6). Thus, drive belt 155 and both
      rollers 152 and 154 are driven by a single hydraulic drive motor 157.
      Drive motor 157 is controllably actuated to rotate belt 155 about rollers
      152 and 154 to move the wire mesh 10 in a direction indicated by arrow A
      from the infeed means 20 as described below.
PAR  The upper movable clamping platform 160 comprises a pair of spaced forward
      roller members 162 and 164 and a pair of rearward roller members 166 and
      168. Rollers 162 and 166 are rotatably coupled between brackets 161 and
      163 by means of suitable axle and bearing means while rollers 164 and 168
      are similarly mounted between end brackets 165 and 167.
PAR  A drive shaft 170 (FIG. 5) is coupled to rollers 166 and 168 and to drive
      motor 172 for rotatably driving rollers 166 and 168. Shaft 170 extends
      from an end of roller 168 remote from motor 172 terminating in a sprocket
      174. A chain 175 (FIG. 6) engages a similar sprocket 176 mounted on shaft
      173 extending through rollers 162 and 164 such that the single drive motor
      172 actuates each of the four rollers associated with the upper platform.
      An endless loop belt 177 extends between rollers 162 and 166 while an
      endless loop belt 178 extends between rollers 164 and 168. Motor 172 is
      intermittently driven to rotate belts 177 and 178 in a direction opposite
      the lower platform belt 155 such that when the upper platform is in its
      clamping position, the wire fabric is driven through the infeed means in
      the same direction by the upper and lower movable clamping members.
PAR  In order to raise and lower the upper movable platform 160 between an
      unclamping and clamping position, respectively, a pair of brackets 180 and
      182 extend between end brackets 161 and 163 and 165 and 167 respectively
      (FIG. 6). A pair of pivot arms 181 and 183 are each pivotally coupled at
      their lower ends to brackets 180 and 182, respectively, by means of a yoke
      interconnection 185 (FIG. 5). These arms are pivotally coupled at their
      upper ends to cross member 129 by means of a similar pivot connection 187.
      Such construction permits the pivotal movement of the upper movable
      platform 160 with respect to the lower movable platform 150. In order to
      raise and lower the upper movable platform, a cylinder 190 is pivotally
      coupled at its upper end to cross member 104 as best seen in FIG. 4 and
      has a shaft 191 which is pivotally coupled to arm 181 by pivot connection
      192 (FIG. 5). Cylinder 190 is selectively actuated to lower or raise the
      upper movable platform 160 for clamping and unclamping the wire fabric
      between the endless loop belts.
PAR  As the infeed means 20 moves from left to right as illustrated in FIGS. 12
      and 13, a movable expandable support bed 200, coupled to the carriage,
      provides support for the trailing portion of the wire fabric. The
      construction of the movable support bed 200 is now presented with
      reference to FIGS. 4-6 and 12-14A.
PAR  The expandable traveling bed support structure comprises four
      channel-shaped cross members 202, 204, 206 and 208 which extend between
      end plates 210 at opposite ends of each of the cross members. Mounted to
      the vertical support stanchion 70 and extending longitudinally therealong
      on the inner side thereof on each side of the forming machine is a guide
      rail 212. Each of the end plates 210 includes upper and lower pairs of cam
      followers rotatably mounted to the end plates 210 for spanning each of the
      guide rails 212 in much the same fashion as the carriage 100 is mounted to
      guide rails 82 and 84. Thus, each of the cross members 202, 204, 206 and
      208 is rollably supported along and between guide rails 212. Positioned on
      the upper surfaces of each cross member is a pair 214 of freewheeling
      conveyor rollers mounted thereto by conventional mounting brackets
      including bearings. The upper portion of the rollers 214 lie in the plane
      of travel of the wire fabric.
PAR  Four chains 220, 222, 224 and 226 are extended between pairs of associated
      sprockets 230, 232, 234 and 236, respectively, as best seen in FIGS. 5 and
      13. Each set of the horizontally spaced sprockets is mounted and keyed to
      a rotatable axle 221 extending from brackets 225 at the left end and near
      the center of the forming machine. The sprockets are of progressively
      different diameters such that for a given motion of the outermost chain,
      the chains associated with the smaller sprockets will move a greater
      distance. Channel-shaped member 208 includes a clamping member 209
      extending from its lower surface and coupling channel 208 to chain 222
      which is the chain associated with the second largest diameter sprocket
      232. Similarly, each cross member is coupled to an associated chain. Thus,
      member 204 is coupled to chain 226 via clamp 205 and member 206 is coupled
      to chain 224 via clamp 207 (FIG. 13).
PAR  Member 202 is coupled to the base of the machine via clamp 203 and is
      stationary. Chain 220 is further coupled to the carriage arm 128 by means
      of a bracket 211 (FIG. 5) such that as carriage 100 is progressively
      advanced toward the middle of the cage forming machine, the freewheeling
      rollers 214 mounted on the associated cross members are progressively
      advanced to expand in a uniformly, progressively spaced fashion to provide
      continuous support for the wire fabric as it is advanced to the middle
      section of the machine. Such construction, therefore, provides an
      expandable traveling support bed for the infeed means which provides
      continuous rolling support for the wire fabric and which expands and
      collapses as the carriage extends to advance to a fabric transferring
      position and retracts to receive a successive sheet of precut fabric.
PAC  GRIPPING ASSEMBLIES
PAR  Initially, it is noted that the gripping assemblies 30 and 40 are
      substantially identical with the exception that jaw assembly 30 includes a
      movable guide ramp 282 for guiding the leading end of wire fabric through
      the jaw assembly as it is transferred from the infeed means 20. Each of
      the gripper assemblies includes a pair of jaws one of which is movable
      with respect to the other for opening and closing the jaws for alternately
      receiving annd gripping the wire fabric. Both such jaws are rotatably
      mounted to a slide in turn slidably mounted to a carriage for motion along
      the guide rails of the forming machine. Each gripper assembly further
      includes combing means which can be retracted between inoperative and
      operative positions, which combing means are coupled to the slide and
      selectively actuated for combing the protruding free ends of the
      circumferential wires to assure their alignment with mating ends of
      corresponding circumferential wires as the cylindrical cage is formed. The
      comb means includes means for detecting the end of the wire fabric for
      controlling the advancement of the fabric into the gripping assembly and
      the subsequent combing operation. Having briefly described the common
      elements of each of the gripper assemblies, a detailed description of the
      gripper assemblies is presented in conjunction with FIGS. 7-11 and 16.
PAR  Each of the gripper assemblies includes a lower gripping jaw 240 which
      comprises a bar having a flat upper surface 242 which extends continuously
      between jaw end plates 244 and 246. The lower gripping jaw is bolted to a
      rectangular support channel 248, also welded between end plates 244 and
      246. Each of the gripper assemblies also includes an upper gripping jaw
      250 comprising an elongated bar having a gripping surface 252 facing the
      gripping surface 242 of lower jaw 240 and spaced slightly therefrom when
      in a closed position to accommodate the thickness of the wire fabric. As
      seen in FIG. 22, lower jaw 240 includes an elongated blade 241 fitted in
      an elongated slot in an elongated support bar 243. Blade 241 includes a
      plurality of oversized apertures 241' extending along the blade and
      through which extends a plurality of capture pins 243'. This mounting
      arrangement permits blade 241 to move in and out of member 243 in a
      limited fashion. Backing blade 241 on a surface opposite wire engaging
      surface 242 is a plurality of spaced pistons 245' mounted in spaced
      cylinder 246' formed in member 243. An O-ring seal 247' seals each of the
      pistons and associated cylinder walls. An elongated aperture 248
      communicates with the lower end of each of the pistons and serves as a
      manifold to supply hydraulic fluid to force the pistons against blade 241
      and apply a predetermined pressure against the wire fabric. This permits
      some compensating motion for the gripping jaws to accommodate any
      unevenness along the width of the fabric while still securely holding it
      in place.
PAR  Upper jaw 250 is pivotally mounted with respect to the lower jaw by a
      support member 248 and pivot mounting bracket 249 including a pivot pin
      251 extending between an aperture in bracket 249 and an aperture formed in
      one end of the jaws 250. The opposite end of upper jaw 250 is rounded and
      includes a relatively large roller 254 mounted thereon for engagement by a
      hook-shaped jaw latch 256 which is pivotally mounted to a bracket 257 by
      means of pivot pin 258. The end of latch 256 remote from the concavely
      curved latching portion 255 is pivotally coupled to a latch cylinder 260
      by means of a pivot connection 262 coupling the end of the latch to
      cylinder shaft 264. The remote end of latch cylinder 260 is pivotally
      coupled to support member 248 at pivot connection 265.
PAR  The pivot end of jaw 250 includes a bell crank 266 coupled to the upper jaw
      at its pivot connection and pivotally coupled at its remote end to shaft
      268 of upper jaw actuating cylinder 270. The end of cylinder 270 remote
      from pivot connection 267 with crank arm 266 includes a pivotal coupling
      272 to support member 248. Thus, by actuation of cylinders 260 and 270,
      upper jaw 250 can be opened for removal of a wire cage therefrom as shown
      in FIG. 20 (in which the upper jaw has been rotated to a lower position)
      or closed and locked in position by latch 256 for securely holding the
      ends of the wire fabric during the forming and welding steps.
PAR  Jaw end plates 244 and 246 include stub axles 245 and 247, respectively,
      extending outwardly therefrom and through downwardly depending end plates
      274 and 276 of slide 280. A commercially available rotary actuator 275 is
      coupled to shaft 245 (FIG. 11) and is mounted to end plate 274 and is
      actuated for rotating the upper and lower jaw members during the forming
      operation as described in detail below. Stub shaft 245 includes a splined
      connection with rotary actuator 225 permitting axial motion of the upper
      and lower jaws in a direction indicated by arrow C in FIG. 11. Stub shaft
      247 extends into and communicates with a rotating cylinder 253 mounted to
      end plate 276 and actuatable for providing incremental motion as indicated
      by arrow C which is utilized to shift one end of the wire fabric with
      respect to the stationary remaining end of the wire fabric. As will be
      described in greater detail below, as the wire cage is made, the extending
      circumferential wire ends are initially skewed with respect to each other
      so that as the cylindrical cage is made, the wire ends will not interfere
      with each other. Once the cylinder is formed, however, it is desired to
      make 100% upset weld thus necessitating the axial shifting of one of the
      ends of the wire fabric such that the free ends of the circumferential
      wire will be aligned with and in contact (i.e., abutted) with each other.
      This is achieved by actuating cylinder 253 which engages stub shaft 247
      for shifting the jaws of gripper assembly 40 an incremental distance.
PAR  Before describing the slide and carriage construction for each of the
      gripper assemblies, a description of the movable guide ramp for assembly
      40 is presented followed by a description of the combing mechanism for
      straightening the free ends of the circumferential wires. As noted above,
      the guide ramp assembly is required only in the left end gripping assembly
      30 through which the leading end of wire fabric advances into the forming
      machine.
PAR  The lower jaw member 240 includes at least three notches which accommodate
      movable guide arms 282 as best seen in FIG. 7. Each ramp arm 282 includes
      a tapered leading edge 283 which when the arm 282 is pivoted to its raised
      position (shown in phantom form in FIG. 7), engages a transverse wire of
      the incoming wire fabric to guide the fabric between the open gripper
      jaws. Arm 282 is pivotally coupled to the upper plate 284 of support
      member 248 by means of pivot coupling 285. Each arm is coupled to an
      actuating cylinder 286 mounted within support box 248 by means of a
      pivotal coupling 287 mounted to the inner surface of floor 288 of box 248.
      A slot 289 is provided in the forward wall 290 of box 248 permitting
      cylinder shaft 292 to extend therefrom and be pivotally coupled to arm 282
      by means of pivot connection 295. In FIG. 7, the ramp is shown in its
      normally lowered position in solid lines and is shown in phantom form in
      its momentarily raised position upon actuation of cylinder 286 prior to
      the transfer of wire fabric into the gripping assemblies from infeed means
      20. Once the wire fabric has advanced through gripper assembly 30 and into
      gripper assembly 40 (which does not require a guide ramp since the wire
      fabric is entering in an opposite direction as shown in the gripper
      assembly 30 of FIG. 7) and is detected by gripper assembly 40, the guide
      arms 282 are lowered by the deactuation of cylinders 286 associated
      therewith.
PAR  Each of the gripper assemblies 30 and 40 includes a comb assembly 300 which
      can be pivoted and raised out of the way of the gripping jaws during the
      forming operation as seen in FIG. 12 and which are lowered to provide the
      combing of the free ends of the circumferential wires as well as providing
      a reference for controlling the position of the fabric in the gripping
      assemblies. While the combing assemblies are substantially identical,
      their operation with respect to the wire cages are different. A
      description of the detailed functioning of the comb assemblies will be
      deferred until the subsection OPERATION below. A detailed description of
      the construction of each of the comb assemblies, however, is now presented
      with reference to FIGS. 7, 8 and 11.
PAR  Each of the comb assemblies 300 includes a plurality of spaced comb
      supporting arms 302 rigidly secured to a shaft 304 which is pivotally
      mounted between slide end plates 274 and 276. Pivotally mounted on shaft
      304 to provide relative motion between itself and arm 302 is a plurality
      of spaced drive arms 306. Arms 302 and 306 are biased in a spread position
      by means of at least a pair of spaced spring block couplings 310 including
      a coupling rod 312 (FIG. 7) circumscribed by a compression spring 314
      extending between pivotable mounting blocks 316. Cross support 334'
      extends between arms 306. Shaft 312 is permitted to extend through one of
      the mounting blocks 316 such that when arm 306 is moved toward arm 302,
      shaft 312 can extend therethrough. Arms 302 and 306 are simultaneously
      moved by a rotary drive 320 mounted to the end of shaft 304 on the side
      opposite end support 276 and shown in phantom form in FIG. 11. Thus, each
      of the comb assemblies 300 can be rotated in an out of the way position by
      actuation of rotary drive 320 to rotate the assembly in a direction
      indicated by arrow D in FIG. 7 during the forming operation.
PAR  When in its lowered and operative position as shown in FIG. 7, however, arm
      302 is substantially vertically extending such that a multiple tooth comb
      plate 325 having a plurality of teeth 326 formed along the lower edge can
      be lowered to engage the circumferential wires. Comb plate 325 is mounted
      to a backing plate 328 which is slidably supported at opposite ends for
      vertical motion about vertically extending shafts 329 by means of sleeves
      330. Shafts 329 are supported on arms 302 rotatably coupled at the upper
      end to shaft 304 by means of sleeve 334. Arms 306 extend upwardly and are
      secured to shaft 304 by means of sleeve 339 keyed to the shaft.
PAR  The comb 325 is raised and lowered by means of a pair of comb cylinders 340
      positioned at opposite ends of the comb plate 328 and including rods 342
      pivotally coupled to the comb plate 328 by means of a pivotal joint 344.
      The end of each cylinder 340 remote from shaft 342 is pivotally coupled to
      a bracket 341 by means of pivot connection 343. Bracket 341 in turn is
      secured to arm 302. A sleeve 346 surrounds a journal 348 and serves as a
      torque shaft for two pivot rods 350 spaced at two extremes of comb support
      plate 328 to assure uniform raising and lowering of comb 325. Each of the
      pivot rods 350 is pivotally coupled at an upper end to sleeve 346 by pivot
      coupling 352 and at a lower end to the comb plate 328 by pivot coupling
      354.
PAR  It is noted here that the comb teeth 326 shown in FIG. 8 are selected to
      converge at an angle of approximately 60.degree. and have sufficient depth
      such that they engage standard mesh wire fabric and straighten
      circumferential wires as described below even through the
      circumferentially extending free ends are relatively bent initially. As
      the wire mesh varies significantly with different wire fabrics, it may
      required that the comb plate 325 be changed. To facilitate changing the
      plate, a plurality of bolts 327 and dowels 327a are employed to secure the
      comb plate to the backing support plate 328. To assure reproducible and
      proper registration of the wire fabric with respect to the gripping jaws
      during the combing operation, each end of the comb 325 includes a stop 333
      which engages a projecting stop 337 (FIG. 7) associated with the lower jaw
      240 of the gripping assembly to assure correct registration during the
      combing operation.
PAR  The support arms 302 include a two-position stop 360 comprising a step cut
      block 362 coupled to a carriage 364 slidably supported on the bracket 366
      and movable by cylinder 368 as seen in FIG. 7. An adjustable stop 365 is
      threaded through block 367 attached to arm 306 and includes end 369 which
      engages the step cut block 362 depending upon the actuation of cylinder
      368, to provide a greater or lesser angular spacing between arms 302 and
      306. This compensates for two sizes of wire fabric where a greater
      extension is required on the extending free ends of circumferential wires
      for prebending the wires to form the cylindrical cage. This also
      accommodates different amounts of overlap required for welding different
      wire sizes. A limit switch 371 is actuated by a plunger 369' extending
      through stop 369 to provide a signal indicating when the wire fabric is
      registered.
PAR  Drive arm 306 includes a programmable rotary limit switch unit 370 for
      detecting the angular relationship between arms 306 and 302 and providing
      a control signal representative thereof to control the actuation of rotary
      drive 320. Unit 370 includes a plurality of limit switches and having a
      rotary shaft 374 on which there is provided a plurality of cams for
      sequentially actuating the limit switches within unit 372 as the angular
      relation between shafts 302 and 306 changes. Shaft 374 is coupled to
      sprocket 375 (FIGS. 7 and 8) mounted to collar 334. A chain 376 (FIG. 7)
      couples sprockets 375 and 377 such that a change in angular position
      between arms 302 and 306 will rotate shaft 374.
PAR  Additionally, drive arms 306 include means for detecting the end of the
      wire fabric and for engaging the wire fabric for squaring the fabric. The
      detecting means includes a shoe 380 having a shaft 382 extending through a
      sleeve 384 mounted to a cross support member 386 extending between the
      spaced arms 306. The end of shaft 382 is coupled to a multiple position
      limit switch 388 by a pivot connection 387 and arm 389. As the wire fabric
      engages the contact shoe 380, it will move rearwardly actuating limit
      switch 388 which provides control signals for controlling the motion of
      the means feeding the wire fabric. Shoe 380 fits within a recess formed in
      a continuous pusher block 390 which extends across the length of the
      combing assembly 300 and which is mounted to a backing plate 392 also
      secured to cross channel member 386.
PAR  Once the edge of the wire fabric has been detected and shoe 380 pushed
      rearwardly as indicated by arrow E in FIG. 7, limit switch 388 generates
      an additional signal initiating deceleration of rotary actuator 320 (FIG.
      11) for advancing drive arm 306 and comb support arm 302 in a direction
      opposite arrow D in FIG. 7 while pushing the wire fabric (in one instance)
      until the comb plate 333 prevents further rotation of arm 302. At a point
      determined by signals from limit switches 388 and 370, the comb 325 is
      lowered such that it misses the last transverse wire. As arm 306 continues
      swinging in an arc, the wire fabric is forced between the teeth of the now
      lowered comb 325 straightening the free ends of the cimcumferential wires.
      Thus, the comb assembly 300 includes not only combing means but means for
      providing relative motion between the wire fabric and the combing means
      and means for detecting the ends of wire fabric for controlling its motion
      through the machine. Having described the structure of the combing
      assembly and briefly described its operation, the continued description of
      the gripper assembly slide and carriage is now presented in conjunction
      with FIGS. 9-11.
PAR  The slide and carriage assemblies 280 and 380', respectively, (FIG. 11)
      comprises an external slide movably mounted with respect to the internally
      positioned carriage. The slide comprises upper and lower plates 400 and
      402 each secured at opposite ends to slide end plates 274 and 276. Plates
      400 and 402 are vertically spaced and supported along opposite edges by a
      plurality of vertically extending support members 404. This construction
      defines an interior space in which the carriage cross member 410 is
      positioned. Cross member 410 comprises a pair of rails 412 joined by
      support members 414. Rails 412 are spaced from each other to permit
      clearance in a horizontal direction of about 2 inches between the outer
      edges of rails 412 and vertical support members 404 of the slide.
PAR  Plates 274 and 276 include relatively large apertures (not shown)
      permitting the rails to extend outwardly therefrom without contacting the
      slide end plates and terminating in carriage end plates 414 and 416.
      Between the carriage cross member 410 and the slide plates 400, 402 and
      slide end plates 274 and 276, there is positioned a plurality of air
      bearings of two varieties. First, there is a plurality of elongated air
      bearings 418 interposed between which there is provided circular
      adjustable air bearings 420. To provide lateral support preventing
      shifting of the slide with respect to the carriage cross members, air
      bearings are also provided on each of the end walls of the slide assembly.
      Air bearings 418 and 420 are positioned on both the upper and lower
      surfaces of the carriage cross member such that the carriage cross member
      is slidably held within the slide plates 400 and 402 and provided with an
      interengagement approaching zero friction at the upper and lower surfaces
      and along the end walls such as cross brace 414a (FIG. 10) with respect to
      end plate 274. A suitable source of air pressure (not shown) is coupled to
      each of the air bearings which are commercially available from the Air
      Float Corporation of Decatur, Ill.
PAR  Intercoupling the slide assembly and the carriage cross member is at least
      a pair of spring interconnections 425 (FIG. 10). Unit 425 includes a shaft
      424 secured to the carriage cross member and slidably extending into a
      housing 426 secured within an aperture of one of the vertical extending
      support members 404 of the slide. A spring 428 having a spring constant
      K.sub.1 engages the housing 426 and a thrust washer 429 mounted to shaft
      424 to couple cross member 410 to the slide by means of a spring 428. The
      construction of unit 425 is disclosed in greater detail in U.S. Pat. No.
      3,543,609 issued Dec. 1, 1970 to D. J. Borodin in FIGS. 24 and 25 of such
      patent, incorporated herein by reference. It is noted that only one unit
      425 is shown. In the preferred embodiment, two or more spring coupling
      units spaced along the edge of each of the gripping members spring couple
      the slide to the carriage cross member.
PAR  In addition to the spring coupling, means for detecting the acceleration of
      the carriage assembly and the slide is provided. The acceleration
      detection means 430 comprises a shaft 432 coupled at one end to the
      carriage cross member 410 and extending through an aperture 433 in support
      404. Slidably coupled to the extension of shaft 432 outside of the slide
      by means of a cylindrical air bearing 434 is a seismic mass 435. Air
      bearing 434 is coupled to a pressurized source of air (not shown). The
      seismic mass is seated against a thrust washer 436 against which a spring
      438 having a spring constant K.sub.2 and surrounding shaft 432 is
      positioned. Spring 438 is positioned within a housing 439 secured to a
      threaded end of shaft 432 by means of nut 431. Spring constant K.sub.2 is
      related to spring constant K.sub.1 as described below.
PAR  Coupled to a downwardly extending leg 440, which is a part of seismic mass
      435, is the shaft 442 of a motion sensing device 444 secured to the slide
      280. Sensor 444 can be a linear voltage differential transformer or other
      suitable sensing device which will provide an output signal directly
      related to the relative motion between the seismic mass 435 and the slide.
      This signal is utilized to control the acceleration of the carriage
      assembly as described below in conjunction with FIG. 9. Before discussing
      this aspect of the system, however, the carriage drive is discussed in
      conjunction with FIG. 11.
PAR  The carriage end plates 414 and 416 are secured to carriage slide plates
      450 and 452, respectively, which in turn are rollably coupled to guide
      rails 84 and 82, respectively, of the machine support structure as best
      seen in FIG. 11. Plate 450 includes two pairs of vertically spaced rollers
      455 which span the upper and lower surfaces of guide rail 84 and a pair of
      horizontally oriented and spaced rollers 456 engaging the inner surface of
      guide rail 84. Plate 452 includes a similar construction for engaging
      guide rail 82. The carriage is driven by means of drive gears 460 at
      opposite ends of a drive shaft 462 and which are positioned to engage
      teeth 89 of drive rails 86 and 88. The drive shaft 462 extends through
      elongated apertures 464 in slide end plates 274 and 276 (to permit
      relative motion between the slide and carriage without interference) and
      terminates in a transmission 465. Transmission 465 includes a right angle
      drive and is driven by a variable speed hydraulic motor 466 which receives
      drive signals controlled in part by the output of sensor 444 for
      controlling the motion of the gripper assembly on which it is mounted.
      Each of the gripper assemblies includes similar drive and control
      structure. Having described the construction of the slide and carriage
      assembly, a description of the function and control of this unique
      structure is provided in conjunction with FIG. 9.
PAR  Initially, it has been discovered that if material to be formed into a
      circle is gripped at opposite ends by gripping members which are free to
      rotate without resitance, as the ends are brought together along a
      straight line in the same plane, a perfect circle is formed. This assumes,
      of course, that the material is free to deflect out of the plane of the
      ends held by the gripping members. In order to utilize this discovery in
      the present apparatus where it is desired to form a cylindrical wire
      fabric cage held in position for subsequent welding, it has been
      determined that the carriage drives should be positively driven in
      synchronism with rotation of the gripping members such that at each point
      of travel the cage will have a true circular shape. The gripping members
      should be positively rotated in synchronism with the carriage drives for
      each of the gripping members such that as the gripping members arrive at
      the midpoint as shown in FIG. 15, the gripping jaws will have rotated
      180.degree. forming the completed circular cross section construction.
PAR  Should the cage deviate from a circle during the forming process, a
      resistive linear force component is exerted on the slide assembly on which
      the gripping members are mounted. This force is directly related to the
      resistance to translation of the slide due to the natural tendency of the
      material to assume circular shape and is converted into relative motion
      between the slide and carriage which can be detected by the inertially
      responsive detecting means. The sensor output signal is employed to change
      the carriage speed of both of the gripping assembly carriages to
      compensate for the momentary tendency of the material to form anything
      other than a perfect cylinder. In order to generate a signal which is
      directly proportional to the resistive force of the fabric and, therefore,
      the deviation of the forming of the fabric from a perfect circle or
      cylindrical shape, the spring constants K.sub.1 and K.sub.2 are chosen
      with respect to the seismic mass and mass of the slide assembly to satisfy
      the following equation with respect to the elements identified in FIG. 9:
EQU  K.sub.2 .div. K.sub.1 = m.sub.2 .div. m.sub.1
PAR  Assuming a frictionless system, which is certainly true of the seismic
      mass, which is mounted on air bearings and is virtually true of the slide
      which has a relatively high mass and, therefore, its accelerational force
      will be much greater than any frictional force which is insignificant.
      Thus, the following relationship exists between the slide and seismic
      mass: Deflections due to acceleration
      ##EQU1##
      but because
EQU  m.sub.1 /m.sub.2 = (K.sub.1 /K.sub.2)
      ##EQU2##
      therefore
      ##EQU3##
      since
EQU  a.sub.1 .fwdarw. a.sub.2 (m.sub.1 a.sub.2 /K.sub.1) .fwdarw. (m.sub.1
      a.sub.1 /K.sub.1)
PAR  Hence deflections due to acceleration are equal.
PAR  The purpose of the mechanism 430 is, therefore, to cancel out the effect of
      the acceleration in the reading of the deflection. The remaining
      deflection registered by sensor 444 is essentially due to the force
      produced by the cage due to its deviation from a perfect circle at any
      point during the forming cycle.
PA1  F.sub.t = total force acting on spring 428 =  F.sub. c + F.sub.2
PA1  where F.sub.c = force exerted by cage
PA1  F.sub.2 = force due to acceleration
PA1  F.sub.1 = force acting on seismic mass due to acceleration
PA1  .DELTA.L.sub.T = total deflection of spring 428 = .DELTA.L.sub.1 +
      .DELTA.L.sub.c
PA1  where .DELTA.L.sub.c = deflection due to cage
PA1  then .DELTA.L.sub.T - .DELTA.L.sub.1 = .DELTA.L.sub.c
PA1  = .DELTA.L.sub.T - .DELTA.L.sub.2 = .DELTA.L.sub.c
PAR  This relative motion is detected by the LVDT sensor 444 (FIG. 10) or a
      Servalve sensor 444' (schematic FIG. 9) and converts such motion into an
      electrical signal which can be employed to control the speed of the
      carriage through the drive motor 466 (FIG. 11). The feedback of the force
      F.sub.c through the deflection detected by sensor 444 enables the
      maintenance of the proper relationship between the angular position of the
      grippers and that of the carriage. An accelerometer also could be coupled
      to the slide to detect the acceleration of the slide and employed to
      develop a signal together with a load cell coupled between the slide and
      carriage in place of spring 428. The difference in the output signals
      would then be employed to provide the speed control signal for the
      carriage.
PAR  Thus, given any length of wire fabric, the gripping assemblies are moved
      toward each other while the gripping jaws are rotated 180.degree. in
      synchronism to form a perfect circle with self-compensation for any out of
      synchronism condition caused by the gripper jaw slide being in advance or
      behind the rotational motion of the gripping jaws, which condition
      deviates from the locus of points of the wire when a cylinder is being
      formed. The control system which operates as an inertia detection system,
      can be employed to automatically adjust the motion of gripping jaws to
      form the fabric into a perfect cylinder regardless of the fabric length,
      the stiffness or the like. Although the parameter control in the preferred
      embodiment is the speed of the slide, it is readily apparent that the
      rotational drive for the gripping jaws likewise could be speeded up or
      slowed down to compensate for the asynchronous motion between the jaws and
      their slides. Also, the control system can be used in machines for forming
      single wire circiles or cylinders from any deformable planar stock.
PAR  Once the gripper assemblies 30 and 40 have advanced together to a position
      shown in FIG. 15, the free ends of the circumferential wires are
      overlapped and once adjusted to lie immediately adjacent each other by the
      actuation of cylinder 253 as described above in conjunction with FIG. 11,
      the cage is in position for welding by the welding apparatus 50 as best
      seen in conjunction with FIGS. 17-19 now described.
PAR  Initially, it is noted that upset welding with orthogonally oriented wires
      is known. To distinguish the unique welding method and apparatus of this
      invention, the term "line upset weld" is employed. This term thus refers
      to the longitudinal alignment of the ends of the circumferential wire
      providing a line contact therebetween before welding. The resultant line
      upset weld can be complete (100%) as shown in FIG. 19A or partial to join
      the wire ends.
PAR  The welding unit 50 as best seen in FIG. 17 comprises a carriage 500
      movably mounted between transverse support members 502 and 504, each of
      which includes a guide rail 506 on facing surfaces thereof. Carriage 500
      includes a pair of support beams 508 and 510 having a plurality of pairs
      of vertically spaced rollers 515 which span upper and lower surfaces of
      the guide rails 506 on beams 502 and 504 for providing support for
      carriage 500 permitting its motion along these beams as shown by arrow F
      in FIGS. 2B and 17. For actuating carriage 500 there is provided a
      hydraulic cylinder 520 mounted on backing plate 522 in turn attached to
      the support beams 75 and 76 on opposite sides of the forming machine.
PAR  Cylinder 520 includes shaft 524 extending therefrom and coupled to end
      bracket 514 of the carriage for moving the carriage in a stepwise fashion
      between various welding positions as described below. As seen in FIGS. 2B
      and 17, the carriage 500 includes a plurality of welding heads 525 such
      that a plurality of circumferential wire ends can be welded
      simultaneously. Each welding head 525 includes a pair of electrode jaws
      530 which are pivotally mounted between the ends of a pair of downwardly
      depending arms 540 by means of insulating pivot connections 532. A jaw
      cylinder 545 is pivotally coupled between the electrode jaws at an end
      remote from their pivot connection and actuatable for moving the jaws
      between an open position as seen in FIG. 17 and a closed position under
      constant pressure as shown in FIGS. 18 and 19. The cylinder is
      insulatively mounted to at least one of the jaws so as not to short out
      the electrodes.
PAR  Each of the electrode jaws 530 includes a cylindrical recess 532 for
      partially circumscribing a circumferential wire.
PAR  Arms 540 are mounted to a slide 550 slidably captured by guide rail 560 for
      vertical motion therealong in the direction indicated by arrow G in FIG.
      17. A cylinder 555 supported between arms 508 and 510 by means of a plate
      556 includes a shaft (not shown) coupled to slide 550 for raising the
      slide and, therefore, electrode jaws 530 between an inoperative position
      and lowering the jaws to an operative position. Mounted to each of the
      slides 550 are power supplying transformers 554 for supplying operating
      power to the electrode jaws.
PAR  To provide a line upset weld, the jaws initially are clamped against the
      edges of a pair of aligned, overlapped circumferential wires 12 as seen in
      FIG. 18B. By virtue of the comb assembly stop discussed above, the overlap
      can be selected to fall within the desired range of 0.25-0.75 inches to
      provide the upset weld desired. With the jaws clamped with a predetermined
      pressure, the power supplies are actuated for heating the wires and fusing
      them as shown in FIG. 19. Closely controlled values of clamping pressure,
      current, current duration and holding time enable a 100% line upset weld
      to be made. The resultant structure is shown in FIG. 19A and comprises a
      100% line upset weld with greater strength than available with typical
      offset welds previously provided with wire cage formation. Also, with the
      circumferential wires coaxially welded, skewing of the reinforcing cage is
      avoided. Additionally, the flash wings 13 extending from opposite sides of
      the welded junction of the circumfer-ential wires serve as an anchor when
      the concrete is molded around the cage so formed.
PAR  Once one of the welding steps has been completed, the cylinder 545 is
      actuated to open the jaws while the jaw assemblies are raised by cylinders
      555 and the welding heads are moved an incremental distance corresponding
      to the spacing between adjacent circumferential wires and the welding
      cycle is repeated. With this construction, several welds are made
      simultaneously and the cycle is repeated as required to weld each of the
      circumferential wire junctions. The following parameter values have been
      found effective in providing 100% upset weld using the welding unit
      construction disclosed herein.
TBL  ______________________________________                                    
     Wire    Wire      Welding   Jaw     Time                                  
     Diameter                                                                  
             Overlap   Current   Force   of Weld                               
     ______________________________________                                    
     .175 in.                                                                  
             .25 in.   7900 Amp  500 lbs.                                      
                                         .3 sec.                               
     .226 in.                                                                  
             .25 in.   8000 Amp  650 lbs.                                      
                                         .5 sec.                               
     .292 in.                                                                  
             .4  in.   8800 Amp  900 lbs.                                      
                                         .5 sec.                               
     .306 in.                                                                  
             .25 in.   8800 Amp  900 lbs.                                      
                                         .5 sec.                               
     ______________________________________                                    
PAR  Since the bell end circumferential wires of the fabric are frequently
      spaced a greater distance apart than the remaining wires, in the preferred
      embodiment a second welding carriage assembly 500' (FIG. 2B) is provided
      with a single welding head 525'. The construction and control of this unit
      is the same as that of units 500 and 525 and is not repeated herein.
PAR  Once the welding step has been completed, the upper gripping jaws (now
      rotated to be in the lower position) are opened by actuating the jaw latch
      cylinder 260 and jaw actuating cylinder 270 permitting the completed
      cylindrical cage to be removed from the jaw assembly in a direction
      indicated by arrow H in FIG. 20 which is at right angles to the motion of
      the fabric into the machine and transported by means of the outfeed
      conveyors 60. Conveyor 60 is a powered conveyor bed mounted on scissor
      jacks 580 and tilted to provide transportation of the completed
      cylindrical cage from the forming machine to the successive bell end
      forming machine disclosed in detail in concurrently filed U.S. Pat.
      application entitled PIPE CAGE END FORMING MACHINE Ser. No. 542,342 filed
      Jan. 20, 1975. The outfeed conveyor 60 includes a pair of spring
      adjustable arms 582 on either side of the cage to provide stability to the
      cage as it is transported from the forming machine into the bell end
      forming machine. Having described the construction of the machine, a
      description of a cycle of operation is now presented together with the
      control elements for actuating the various cylinders and motors disclosed
      herein.
PAC  OPERATION
PAR  At the beginning of a cycle of operation, the infeed carriage and gripper
      assemblies are positioned as basically seen in FIG. 12. The movable
      clamping means of the carriage assembly is, however, in an open position
      ready to receive a section of wire fabric from the preceding fabric
      shearing stage. As the gripper assemblies complete the forming operation
      on an existing piece of fabric and the welding is completed, the infeed
      carriage assembly is receiving the next successive section of wire fabric
      which can be the same length as the preceding section or can be any number
      of different lengths for forming a different diameter cage. A detector 702
      (FIG. 21) is positioned slightly upstream of the infeed clamping means to
      detect the incoming wire fabric and is coupled to the infeed logic circuit
      700 for supplying a signal to the logic circuit indicating that a section
      of wire is present. The infeed logic circuit generates a signal to actuate
      cylinder 190 for closing the clamping means and also actuating motor 157
      for advancing the wire fabric by the movable belts of the clamping means
      until the leading transverse wire of the fabric is detected by a second
      transverse wire detector 704 (FIG. 21) positioned on the clamping assembly
      160 at the leading edge and coupled to circuit 700. Circuit 700 responds
      to a signal from detector 704 to deactuate motor 157 with the leading
      transverse wire of the fabric section protruding slightly forwardly of the
      clamping means associated with the infeed system.
PAR  At this time, the welding step is being completed and subsequently, the
      gripping jaws are in an open position to receive the subsequent section of
      fabric. Upon deactuation of motor 157, the logic circuit provides a
      control signal to motor 116 to actuate infeed carriage 100 advancing the
      wire section to a position slightly downstream of gripping assembly 30. A
      counter 706 coupled to the infeed carriage provides a plurality of pulses
      to circuit 700 corresponding to the length of travel of the infeed
      carriage and, therefore, the position of the wire fabric. Circuit 700
      includes a digital memory and comparator for comparing the incoming pulses
      from counter 706 with the number of stored counts corresponding to the
      desired end position of the infeed carriage. As the stored count is
      reached, circuit 700 generates a decelerating signal applied to initially
      slow down and then stop motor 116 to stop the infeed carriage. As this
      occurs, a signal from circuit 700 actuates motor 157 to expel the fabric
      section from the infeed means into the awaiting gripping assemblies.
PAR  At the same time motor 157 is actuated, the infeed logic circuit 700
      applies a signal to the gripper assembly logic circuit 710 which actuates
      cylinder 286 of the gripping assembly 30 for raising guide ramp 282 to
      guide the leading edge of the fabric between the open jaws of this
      gripping assembly. It is noted here that the combing mechanism 300 of
      assembly 30 is in its raised position as seen in FIG. 13.
PAR  The wire fabric enters gripping assembly 40 and contacts the lowered comb
      and detection unit 300, contacting shoe 380 which actuates limit switch
      388 (identical to the structure shown in FIG. 7) which applies signals to
      circuit 710 which responds to apply a control signal to motor 157 via the
      feedback coupling 715 between circuits 710 and 700 which causes the
      successive deceleration and stopping of the drive motor 157.
PAR  Upon actuation of limit switch 388 by fabric section 10 indicating the
      leading edge of the fabric is extended through the jaws of gripping
      assembly 40 such that the leading transverse wire is immediately adjacent
      the upstream side of the comb, circuit 710 generates a signal applied to
      actuate comb cylinder 340 to lower the comb into position. A limit switch
      373 (FIG. 21) is positioned on the comb assembly to be actuated when the
      comb is fully lowered. Switch 373 is coupled to circuit 710 to actuate
      motor 320 of the comb assembly for forcing the free ends of the
      circumferential wires through the comb straightening them. During this
      step, the fabric section is supported by the open infeed means. Limit
      switch 370 is actuated indicating when the combing step is completed.
      Switch 370 is a multiple-position switch which is coupled to circuit 710
      for applying a control signal to rotary actuator 320 for successively
      decelerating and stopping rotary actuator 320 for smooth operation.
PAR  Upon actuation of limit switch 371 coupled to circuit 710 and indicating
      that the leading edge of the fabric is in its predetermined reference
      position, jaw cylinder 270 of assembly 40 is actuated closing the pivoted
      upper jaw which when closed, actuates a limit switch 715' coupled to the
      gripper assembly logic circuit for subsequently actuating the latch
      cylinder 260 for locking the gripping jaws of gripping assembly 40 in
      position.
PAR  Upon completing the combing of the leading edge of the infed fabric, the
      signal from jaw closed limit switch 715' circuit 710 responds to actuate
      carriage motor 466 of gripper assembly 40 and the equivalent motor 466 of
      gripper assembly 30 causing the gripper assemblies to spread apart moving
      in opposite directions. A signal is also applied to circuit 700 via
      conductor 715 to move the infeed means to the left end as seen in FIG. 12.
      At this time, the gripper jaws of assembly 30 are still in an open
      position. A detector 712 positioned on gripper assembly 30 to detect the
      fabric passing therethrough as the gripper assemblies move outwardly from
      the center position and provides a signal when the trailing edge of the
      fabric section has approached a position such that the trailing transverse
      wire is slightly downstream of the comb associated with assembly 30. The
      signal from detector 712 effects the generation of a signal by circuit 710
      to decelerate the gripper carriage motors 466 and simultaneously actuate
      rotary actuator 320 of the left gripper assembly to lower the comb and
      detecting assembly 300 to its reference position and lower the comb into
      its operative position.
PAR  As the drive arm 306 of assembly 30 continues swinging down to the right in
      the figures forcing the comb through the ends of the trailing
      circumferential wires until the detection shoe 380 engages the free
      trailing edge of the fabric and actuates limit switch 388. Switch 388 is
      coupled to circuit 710 for developing a signal applied to decelerate and
      stop comb rotary actuator 320 and also activate the jaw locking and latch
      cylinders associated with gripper assembly 30 after combing has been
      accomplished.
PAR  With the free ends of the leading and trailing edges of the fabric combed
      and, therefore, straightened, and the fabric clamped at a position spaced
      inwardly slightly from the free ends, the forming operation is commenced,
      initiated by the jaw closed limit switch associated with the jaws of
      assembly 30. Circuit 710 applies a signal to the carriage motors 466 of
      both gripping assemblies to drive the gripper assembly carriages toward
      each other to a center position (FIG. 15) while simultaneously actuating
      motor 225 of each of the gripper assemblies to provide rotation of the
      gripping jaws of each assembly.
PAR  Detectors 444 of each assembly detect any motion caused by deviation of the
      synchronous motion between the rotation of the gripping jaws and the
      lineal advancement of the gripping assemblies to correct the drive speed
      for motors 466. Circuit 710 includes conventional dual closed loop
      servoamplifier systems coupled to detectors 444 and motors 466 for
      providing this control function for each of the gripper assemblies. The
      gripper assemblies advance to the center position as shown in FIG. 15
      whereupon they engage a limit switch 714 detecting the completion of their
      travel and which initiates actuation of cylinder 253 for abutting the free
      ends of the circumferential wires. After a predetermined delay sufficient
      to achieve this abutting operation, circuit 710 generates a pulse applied
      to the welding logic and timer circuit 720 via conductor 716 to initiate
      the welding sequence.
PAR  Upon receipt of a control signal from circuit 710, the welding control
      circuit 720 actuates cylinder 520 to horizontally position the welding
      heads at a predetermined position aligned with overlapped wire ends. The
      motion of slide 500 is detected by a multiposition limit switch 722 and
      cam means positioned between the slide and the guide support rails 502 and
      504 such that the position of the slide along the support members is
      always known. Once the initial position has been reached, limit switch 722
      actuates circuit 720 to in turn actuate cylinders 555 to lower the welding
      jaw electrodes. Once the electrodes are in a lowered position, a limit
      switch 724 is actuated indicating this positioning of the welding heads
      whereupon cylinders 545 are actuated to clamp the welding jaws around the
      abutted ends of the circumferential wires as seen in FIG. 18B.
      Simultaneously, the welder power supply including transformers 554
      associated with each welding jaw are actuated for a predetermined time
      depending upon the diameter of the wire for providing a 100% upset weld.
      To provide adjustable clamping pressure by the welding jaws, the cylinders
      520 are commonly coupled to a pressurized source of hydraulic fluid
      including an adjustable pressure regulator 519.
PAR  After a conventional timer circuit included in welding control circuit 720
      has run out indicating the welding operation has been completed, the jaw
      cylinders 545 are actuated to open the jaws. Cylinders 555 are then
      actuated to raise the welding heads and cylinder 520 is moved
      incrementally to the next welding position whereupon limit switch 722
      generates a second welding sequence initiation signal.
PAR  Thus, each welding step is repeated until all of the circumferential wires
      have been welded in 100% upset fashion as seen in FIG. 19A. Upon
      completion of the last welding sequence, circuit 720 provides a control
      signal to the gripper assembly logic circuit 710 via interconnecting
      conductor 725 to actuate the jaw and latch cylinders 270 and 260,
      respectively, of each gripping assembly permitting the release of the
      completed cylindrical cage as seen in FIG. 20. This signal likewise can be
      employed to actuate the powered outfeed conveyor 60. A cage detector can
      bee employed to detect when the completed cage has cleared the gripping
      assembly area whereupon a new cycle of operation can be commenced.
PAR  It will be appreciated that with the unique gripping assemblies of the
      present invention, including the rotatable and lineally movable gripping
      jaws which include detecting means for assuring that any length of wire
      fabric will be gripped in a predetermined reference by the pair of
      gripping jaws, the forming machine of the present invention can
      successively manufacture different sized cages from different lengths of
      fabric without readjustment of the machine. This is particularly useful
      when successively manufacturing inner and outer reinforced cages for
      relatively large concrete pipes.
PAR  It will be understood by those skilled in the art that various
      modifications to the preferred embodiment disclosed herein can be made.
      Further, it will be understood that the system is not limited to the
      manufacture of cylindrical pipe reinforcing cages from wire fabric. It has
      equal application for manufacturing closed loop objects from any type of
      material including sheet metal and plastic. Further, the inertial
      detection and speed control utilized in conjunction with the gripper
      assembly will have application to other types of machinery. In addition,
      the infeed carriage likewise can be employed with a variety of equipment
      requiring positive advancement of materials with continuous support along
      the length of travel of the material being transported. In some
      embodiments, the carriages for the gripper means can be mounted in a
      virtually frictionless fashion and only the gripping means rotated to
      advance the ends of the work piece together. These and other modifications
      and uses of the present invention will, however, fall within the various
      aspects of the invention as defined by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows.
NUM  1.
PAR  1. Apparatus for forming a formable work piece into a closed loop structure
      comprising:
PA1  spaced rotatably and movably mounted gripping means for gripping opposite
      ends of the work piece; and
PA1  means for rotating said gripping means and simultaneously advancing said
      gripping means toward one another such that the ends of the work piece are
      brought together and the work piece is formed to define a closed loop as
      said gripping means approach one another.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein each said gripping means
      comprises a pair of gripping jaws.
NUM  3.
PAR  3. The apparatus as defined in claim 2 wherein each of said gripping jaws
      comprises a pair of elongated jaw members and means for opening and
      closing said jaw member and wherein one of said jaw members includes an
      elongated recess formed therein and a movable blade extending along said
      gripping jaw captively held within said recess; and
PA1  means between said blade and the floor of said recess for urging said blade
      outwardly from said one jaw member toward the remaining jaw member such
      that said gripping jaws can accommodate an uneven surface being held by
      said gripping jaws.
NUM  4.
PAR  4. The apparatus as defined in claim 3 wherein said means for opening and
      closing said jaw members comprises a pivotal coupling means for pivotally
      coupling one end of at least one of said jaw members to the other.
NUM  5.
PAR  5. The apparatus as defined in claim 4 and further including latch means
      for locking said jaws in a closed position and actuating means for opening
      and closing said jaws and said latch means when said jaws are closed.
NUM  6.
PAR  6. The apparatus as defined in claim 1 wherein said means for rotating and
      advancing said spaced gripping means comprises:
PA1  a carriage for each said gripping means;
PA1  means for rotatably coupling each said gripping means to one of said
      carriages;
PA1  carriage drive means coupled to each said carriage for advancing said
      carriage; and
PA1  a separate rotating drive means coupled to said gripping means for rotating
      said gripping means.
NUM  7.
PAR  7. The apparatus as defined in claim 6 comprising: synchronization means
      for synchronizing said carriage drive means and said rotating drive means
      whereby said carriages are brought toward one another in accordance with
      the rate at which the ends of the work piece are rotated toward one
      another.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said synchronization means includes:
PA1  a slide member slidably coupling each gripping means to an associated
      carriage and bias means extending between each slide and its associated
      carriage;
PA1  detection means for detecting relative movement between said carriage and
      its associated slide means for providing a control signal representative
      thereof; and
PA1  control means coupled to said detection means and to said carriage drive
      means for controlling said carriage speed to insure that the ends of the
      work piece come together at a rate synchronized with the rate at which
      they are rolled over inwardly towards one another.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein said detection means
      includes a guide means coupled to said carriage and including a seismic
      mass mounted thereto and bias means anchored at one end of said guide
      means and engaging said seismic mass, and a motion detector positioned on
      said slide and including a detecting element engaging said seismic mass to
      provide a varying signal when said mass moves relative to said detector.
NUM  10.
PAR  10. The apparatus as defined in claim 8 wherein the ratio of the mass of
      said seismic mass and said slide is directly proportional to the ratio of
      the elastic constant of said bias means associated with said mass and the
      bias means coupling said slide and said carriage.
NUM  11.
PAR  11. The apparatus as defined in claim 8 wherein said means rotatably
      coupling said gripping means to said carriage comprises each said gripping
      means being rotatably coupled to its said associated slide; said slide
      including said rotating drive means, said drive means rotating said
      gripping jaws approximately 180.degree. as said carriages travel from a
      maximum spaced apart position to come together.
NUM  12.
PAR  12. The apparatus as defined in claim 11 wherein each of said gripping jaws
      comprises a pair of elongated jaw members for gripping generally planar
      stock, pivotal coupling means for pivotally coupling one end of at least
      one of said jaw members to the other, latch means for locking said jaws in
      a closed position, and actuating means for opening and closing said jaws
      and actuating said latch means when said jaws are closed whereby said
      object can be removed from said apparatus when said jaws are open.
NUM  13.
PAR  13. The apparatus as defined in claim 1 and further including infeed means
      for advancing a work piece to said gripping means.
NUM  14.
PAR  14. The apparatus as defined in claim 13 wherein said infeed means
      comprises a carriage guidably supported by guide means and including drive
      means for moving said carriage along said guide means, and article support
      means coupled to said carriage and extensible and retractable as said
      carriage moves for providing continuous support for an elongated work
      piece transported by said apparatus.
NUM  15.
PAR  15. The apparatus as defined in claim 14 wherein said article support means
      comprises a plurality of rollers each mounted to a roller support movable
      along the path of travel of said carriage and positioned with respect to
      said carriage such that said rollers support articles transported by said
      carriage, and a plurality of intercoupled drive means for providing
      progressively greater lineal motions when one of said drive means is
      coupled to said carriage and wherein each of said roller supports is
      coupled to one of said drive means such that as said carriage is advanced
      from an end position, successive support rollers are advanced to extend in
      spaced supporting relationship behind said carriage, and as said carriage
      is returned to said end, said support rollers are collapsed together.
NUM  16.
PAR  16. The apparatus as defined in claim 15 wherein said drive means
      associated with said support rollers includes first and second spaced
      rotatable axles each including a plurality of sprockets fixedly mounted
      thereto wherein each sprocket has a progressively different diameter than
      the remaining sprockets and a plurality of chains coupling sprockets of
      the same diameter mounted on each of the spaced axles and means coupling
      one of said chains to said carriage and each of the remaining chains to
      one of said roller supports in a predetermined relationship.
NUM  17.
PAR  17. A machine for forming reinforcing cages for concrete pipe from lengths
      of wire fabric comprising:
PA1  support means including elongated guide means extending therealong;
PA1  a pair of carriage means movably mounted on said support means for movement
      along said guide mean;
PA1  a pair of gripping assemblies, each including gripping jaws rotatably
      mounted therein;
PA1  means for coupling each one of said gripping assemblies to one of said
      carriage means;
PA1  means for rotating said gripping jaws within said gripping assemblies;
PA1  infeed means for advancing a section of wire fabric to said gripping
      assemblies;
PA1  means for actuating said gripping jaws to grip opposite ends of said fabric
      section; and
PA1  carriage drive means coupled to said carriages for advancing said carriages
      towards one another while said gripping jaws are rotated by said rotating
      means for forming a cylindrical cage as said gripping assemblies meet one
      another.
NUM  18.
PAR  18. The apparatus as defined in claim 17 wherein each of said gripping
      assemblies includes slide means slidably mounted to said carriage and
      coupled thereto by biasing means.
NUM  19.
PAR  19. The apparatus as defined in claim 18 and further including detector
      means for detecting relative movement between each of said slides and said
      carriages, which relative movement is related to resistive forces
      generated by said fabric section during formation of a cylinder; and
      control means coupled to said detector means and to said carriage drive
      for varying the carriage speed to control movement of said carriages in
      accordance with the rate of rotation of said gripping jaws.
NUM  20.
PAR  20. The apparatus as defined in claim 17 wherein said gripping assemblies
      further include means for combing wire ends of said fabric section for
      generally straightening said wires before the cylindrical cage is formed,
      whereby said wire ends will be predictably located when the ends of said
      fabric section are brought together.
NUM  21.
PAR  21. The apparatus as defined in claim 20 wherein each of said combing means
      includes means for positioning an end of said fabric in predetermined
      relationship to said gripping jaws such that as said cylinder is formed,
      said wire ends overlap slightly and are spaced slightly from one another
      such that tangling of said wire ends is avoided as the ends of said fabric
      are brought together.
NUM  22.
PAR  22. The apparatus as defined in claim 21 wherein one of said gripping jaws
      is movable transversely with respect to the motion of said gripping
      assembly in which it is positioned whereby after said fabric ends have
      been brought together, said gripping jaw can be moved transversely to
      bring said slightly spaced wire ends into abutment.
NUM  23.
PAR  23. The apparatus as defined in claim 17 and further including a welding
      unit positioned on said support means to align with the junction of said
      ends of said circumferentially extending wires and including clamping
      electrodes for clamping abutting wires with a predetermined pressure and
      for applying a predetermined welding energy to said abutting wires for
      providing an upset weld to each junction of said ends of said
      circumferentially extending wires.
NUM  24.
PAR  24. The apparatus as defined in claim 17 wherein said infeed means
      comprises a carriage guidably supported by guide means and including drive
      means for moving said carriage along said guide means, and article support
      means coupled to said carriage and extensible and retractable as said
      carriage moves for providing continuous support for an elongated work
      piece transported by said apparatus.
NUM  25.
PAR  25. The apparatus as defined in claim 24 wherein said article support means
      comprises a plurality of rollers each mounted to a roller support movable
      along the path of travel of said carriage and positioned with respect to
      said carriage such that said rollers support articles transported by said
      carriage, and a plurality of intercoupled drive means for providing
      progressively greater lineal motions when one of said drive means is
      coupled to said carriage and wherein each of said roller supports is
      coupled to one of said drive means such that as said carriage is advanced
      from an end position, successive support rollers are advanced to extend in
      spaced supporting relationship behind said carriage, and as said carriage
      is returned to said end, said support rollers are collapsed together.
NUM  26.
PAR  26. The apparatus as defined in claim 25 wherein said drive means
      associated with said support rollers includes first and second spaced
      rotatable axles each including a plurality of sprockets fixedly mounted
      thereto wherein each sprocket has a progressively different diameter than
      the remaining sprockets and a plurality of chains coupling sprockets of
      the same diameter mounted on each of the spaced axles and means coupling
      one of said chains to said carriage and each of the remaining chains to
      one of said roller supports in a predetermined relationship.
NUM  27.
PAR  27. The apparatus as defined in claim 17 wherein said infeed means
      comprises:
PA1  infeed carriage means guidably supported by said guide means and including
      drive means for moving said carriage along said guide means; and
PA1  clamping means including first and second elements for selectively clamping
      said fabric section therebetween, said clamping means being coupled to
      said carriage assembly for movement therewith; said first and second
      elements including movable means engaging said fabric section held
      therebetween for moving said work piece with respect to said clamping
      means whereby said fabric section can be fed from said clamping means to
      said gripping means by said movable means.
NUM  28.
PAR  28. Apparatus for advancing a work piece comprising:
PA1  a support structure including guide means extending therealong;
PA1  carriage means guidably supported by said guide means and including drive
      means for moving said carriage along said guide means; and
PA1  clamping means including first and second elements for selectively clamping
      a work piece therebetween, said clamping means coupled to said carriage
      assembly for movement therewith and wherein said first and second elements
      include movable means engaging a work piece held therebetween for moving
      said work piece with respect to said clamping means.
NUM  29.
PAR  29. The apparatus as defined in claim 28 and further including article
      support means coupled to one of said carriage and clamping means and
      extensible and retractable as said carriage moves for providing continuous
      support for an elongated work piece transported by said apparatus as said
      clamping means and carriage travel along said guide means.
NUM  30.
PAR  30. The apparatus as defined in claim 29 wherein said article support means
      comprises a plurality of rollers each mounted to a roller support movable
      along the path of travel of said carriage and positioned with respect to
      said carriage such that said rollers support articles transported by said
      carriage, and a plurality of intercoupled drive means for providing
      progressively greater lineal motions when one of said drive means is
      coupled to said carriage and wherein each of said roller supports is
      coupled to one of said drive means such that as said carriage is advanced
      from an end position, successive support rollers are advanced to extend in
      spaced supporting relationship behind said carriage, and as said carriage
      is returned to said end, said support rollers are collapsed together.
NUM  31.
PAR  31. The apparatus as defined in claim 30 wherein said drive means
      associated with said support rollers includes first and second spaced
      rotatable axles each including a plurality of sprockets fixedly mounnted
      thereto wherein each sprocket has a progressively different diameter than
      the remaining sprockets and a plurality of chains coupling sprockets of
      the same diameter mounted on each of the spaced axles and means coupling
      one of said chains to said carriage and each of the remaining chains to
      one of said roller supports in a predetermined relationship.
NUM  32.
PAR  32. The apparatus as defined in claim 31 wherein at least one of said
      movable means of said first or second elements comprises an endless loop
      belt supported between rollers and including drive means for moving said
      belt.
NUM  33.
PAR  33. The apparatus as defined in claim 32 wherein said first and second
      elements each include a frame and wherein means are provided for coupling
      said frames for moving said frames between an open position spaced from
      one another for receiving a work piece and a closed position toward one
      another for clamping a work piece between said frames to be engaged by
      said belt.
NUM  34.
PAR  34. The apparatus as defined in claim 33 and further including control
      means for selectively actuating said carriage and said drive means for
      said endless loop belt such that a work piece can be sequentially gripped
      by said clamping means transported by said carriage along said guide means
      and ejected from said clamping means by the actuation of said drive means
      for said movable belt.
NUM  35.
PAR  35. Welding apparatus for welding free ends of circumferential wires
      defining a cylindrical wire cage to provide a line upset welded junction
      between said wires comprising:
PA1  means for holding opposite ends of a section of wire fabric with
      circumferentially extending wires having free ends positioned in
      overlapping abutment with each other;
PA1  a carriage assembly movable along the length of said cylinder and means
      coupling at least one welding head to said carriage for movement toward
      and away from said cylinder, said welding head including at least one pair
      of gripping electrodes movably and insulatively mounted with respect to
      each other, said head including means coupled to said electrodes for
      opening and closing said electrodes;
PA1  power suppply means coupled to said electrodes; and
PA1  positioning means for sequentially positioning said welding head in aligned
      relationship to a circumferential wire, lowering said gripping electrodes
      into proximity with said free ends of said circumferential wire, closing
      means for closing said electrodes to grip said free ends and means for
      applying welding energy to said electrodes for providing a line upset weld
      between the ends of said circumferential wire.
NUM  36.
PAR  36. The apparatus as defined in claim 35 wherein said carriage includes a
      plurality of spaced welding heads each including at least one pair of
      gripping electrodes movably and insulatively mounted with respect to each
      other, each head including means coupled to said electrodes for opening
      and closing said electrodes; and power supply means coupled to said
      electrodes such that a plurality of welds can be made simultaneously.
NUM  37.
PAR  37. The apparatus as defined in claim 35 wherein each gripping electrode
      includes a recess formed therein for circumscribing a portion of a
      circumferential wire to be welded such that said gripping electrodes
      surround a significant portion of said circumferential wires during
      welding.
NUM  38.
PAR  38. The apparatus as defined in claim 37 wherein said gripping electrodes
      are spaced from one another during the welding so that resultant flash can
      escape from the welded wire between the spaced opposed surfaces of the
      gripping electrodes during welding.
NUM  39.
PAR  39. For use in manufacturing pipe reinforcing cages of cylindrical
      construction whereby free ends of circumferentially extending wires are
      welded to provide a cylindrical cage, apparatus for straightening the free
      ends prior to welding comprising:
PA1  combing means having a plurality of teeth defining circumferential wire
      receiving notches therebetween;
PA1  support means for the wire fabric for positioning said fabric with said
      free ends engaged within said notches of said combing means; and
PA1  means for providing relative motion between said combing means and said
      wire fabric such that said combing means straightens said circumferential
      wire ends.
NUM  40.
PAR  40. Apparatus for advancing an article such as an elongated work piece
      comprising:
PA1  a base including guide means extending therealong;
PA1  carriage means for holding an article, said carriage means guidably
      supported by said guide means and including drive means for moving said
      carriage along said guide means; and
PA1  article support means coupled to said carriage and extensible and
      retractable as said carriage moves for providing continuous support for an
      elongated work piece transported by said apparatus as said carriage
      travels along said guide means.
NUM  41.
PAR  41. The apparatus as defined in claim 40 wherein said article support means
      comprises a plurality of rollers each mounted to a roller support movable
      along the path of travel of said carriage and positioned with respect to
      said carriage such that said rollers support articles transported by said
      carriage, and a plurality of intercoupled drive means for providing
      progressively greater lineal motions when one of said drive means is
      coupled to said carriage and wherein each of said roller supports is
      coupled to one of said drive means such that as said carriage is advanced
      from an end position, successive support rollers are advanced to extend in
      spaced supporting relationship behind said carriage, and as said carriage
      is returned to said end, said support rollers are collapsed together.
NUM  42.
PAR  42. The apparatus as defined in claim 41 wherein said drive means
      associated with said support rollers includes first and second spaced
      rotatable axles each including a plurality of sprockets fixedly mounted
      thereto wherein each sprocket has a progressively different diameter than
      the remaining sprockets and a plurality of chains coupling sprockets of
      the same diameter mounted on each of the spaced axles and means coupling
      one of said chains to said carriage and each of the remaining chains to
      one of said roller supports in a predetermined relationship.
NUM  43.
PAR  43. A method for forming pipe reinforcing cages, pipe or like closed loop
      member from a formable work piece comprising:
PA1  gripping opposite ends of the work piece and advancing the ends toward one
      another while simultaneously rotating said ends towards one another such
      that the work piece is formed to define a closed loop as the ends thereof
      are brought together.
NUM  44.
PAR  44. The method as defined in claim 43 and including the additional step of
      synchronizing said advancing step with said rotating step to define a
      predetermined shaped loop as the ends are brought together.
NUM  45.
PAR  45. The method as defined in claim 44 for use in forming a cylindrical wire
      reinforcing cage from a sheet of wire fabric and comprising the additional
      step of straightening the wire ends extending from said opposite ends of a
      wire fabric section before said advancing step is completed whereby said
      wire ends will be predictably positioned relative to one another when said
      fabric ends are brought together.
NUM  46.
PAR  46. The method as defined in claim 45 and further including the steps of
      holding the closed loop in position after said advancing step and welding
      the wire ends during said holding step.
NUM  47.
PAR  47. A method of welding wire reinforcing cages for joining free ends of
      circumferential wires of the cage comprising the steps of:
PA1  holding the cylindrical cage with the free circumferential wire ends
      abutting and overlapping;
PA1  line upset welding the overlapped circumferential wire free ends.
NUM  48.
PAR  48. The method as defined in claim 47 wherein said line upset welding step
      is carried out to produce a 100% line upset weld.
NUM  49.
PAR  49. The method as defined in claim 48 wherein said line upset welding step
      includes the steps of clamping a pair of electrode jaws around abutted
      overlapped circumferential wire ends and applying electrical energy and a
      clamping force to the electrode jaws in relationship to the welding time
      as generally set forth in the following table to provide a 100% line upset
      weld:
TBL  Wire    Wire      Welding   Jaw     Time                                  
     Diameter                                                                  
             Overlap   Current   Force   of Weld                               
     ______________________________________                                    
     .175 in.                                                                  
             .25 in.   7900 Amp  500 lbs.                                      
                                         .3 sec.                               
     .226 in.                                                                  
             .25 in.   8000 Amp  650 lbs.                                      
                                         .5 sec.                               
     .292 in.                                                                  
             .4  in.   8800 Amp  900 lbs.                                      
                                         .5 sec.                               
     .306 in.                                                                  
             .25 in.   8800 Amp  900 lbs.                                      
                                         .5 sec.                               
     ______________________________________                                    
NUM  50.
PAR  50. The method as defined in claim 49 and further including the steps of
      providing a plurality of welding heads, each of which is operable to clamp
      abutting wire free ends together and to apply sufficient current to effect
      said line upset welding sequentially positioning said welding heads with
      respect to said wire ends and repeating said clamping and applying steps
      until each circumferential wire defining a cylindrical wire reinforcing
      cage is welded.
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ABST
PAL  Method and apparatus for filling viscous dampers in which the method
      comprises assembling a damper housing with an inertia weight placed
      loosely therewithin and a housing top having a single aperture therein and
      adapted to provide a complete closure for the inertia weight, placing the
      assembly in a vacuum chamber equipped with an electron beam welding device
      and means for effecting relative movement between the assembly and the
      electron beam welding device, and inserting a valve and fitting sealingly
      within said aperture with the valve in an open position, evacuating the
      vacuum chamber to provide a vacuum within the chamber and within the
      damper assembly, effecting movement between the assembly and the device to
      sealingly weld the top to the damper housing, closing the valve, attaching
      means for supplying a viscous fluid under pressure to said valve, removing
      the valve from the damper assembly, and welding a plug within the aperture
      to sealingly retain the fluid within. In its apparatus form, the invention
      comprises a vacuum chamber, an electron beam welding device mounted for
      welding within said chamber, means for positioning a viscous damper
      assembly within said chamber, said damper assembly comprising a damper
      housing and a cover therefor with an inertia weight disposed therewithin,
      said damper assembly also comprising a single aperture for filling the
      damper with a viscous fluid, means for evacuating the vacuum chamber and
      damper assembly disposed within, means for providing a relative movement
      between said assembly and said welding device for effecting a complete
      weld between the housing and cover, and means for filling the welded
      assembly through said aperture. In its preferred form, the apparatus also
      comprises a valve having a fitting adapted to sealingly fit in the
      aperture and provide communication from within the damper assembly to the
      vacuum chamber whereby evacuation of the chamber also evacuates a space
      within the assembly, and in which the valve has a closure means positioned
      to be actuated by the welding device upon completion of the welding
      operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for filling viscous
      dampers, and more particularly to a method and apparatus for filling
      viscous dampers in which the fabrication of the dampers include an
      electron beam welding step.
PAR  Torsional vibration dampers which comprise an inertia weight carried in a
      viscous fluid such as silicone are well known, and the present invention
      relates to a method and apparatus for making such dampers and in
      particular to a method of filling said dampers with viscous fluid. In
      accordance with prior methods, the damper was completely secured together
      by welding or the like with the inertia weight enclosed therein, and with
      the top of the housing being provided with two holes. These holes are
      utilized for filling, with one of the holes being present to provide for
      egress of air and the other of the two holes being present to provide for
      entering of the viscous fluid. It is very important that the viscous
      damper be filled with viscous fluid and substantially no air be present
      within the housing in order to assure proper operation of the damper
      assembly when absorbing torsional vibrations and the like. It is also
      advantageous to utilize electron beam welding in the fabrication of the
      damper as set forth more fully in Canadian Pat. No. 878,847 issued Aug.
      24, 1971 for Torsional Vibration Damper.
PAR  In view of the high viscosity fluid being placed within the damper
      assembly, and the close clearances likely to be present between the
      inertia weight and the housing wall in certain locations during filling,
      it is difficult to force viscous fluid into the damper housing and fill
      the space therein. However, it is important to positively assure that all
      of the air that might otherwise be present within the housing in the
      completed unit be removed, and that the interior be sealed so as to retain
      the interior of the housing free from trapped air and the like which would
      interfere with the proper operation of the damper. The present invention
      is directed to an improved method of making and filling said dampers in
      which improvements are provided both with respect to the simplicity of
      processing and reliability of manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, torsional vibration dampers of
      the character described are filled by evacuating the housing to remove
      substantially all of the air therein, supplying a viscous fluid through a
      single aperture to fill the evacuated space within the housing, and
      sealingly securing a plug in said aperture to provide a complete airtight
      viscous fluid-filled housing interior.
PAR  Thus, the present invention utilizes a single aperture for removal of air
      from within the housing and for filling the housing with viscous fluid. In
      this way, the manufacture of the device is simplified by utilizing only
      one aperture for filling and therefore requiring only one aperture to be
      plugged in the final fabrication step. In addition, the use of a single
      aperture for filling provides for a simple quality control with respect to
      the sealing relation of the housing itself, because any tendency of air to
      leak into the housing during the filling step can be easily detected.
      Therefore, the method of the invention provides the simple quality control
      in fabricating the viscous damper in accordance with the invention.
PAR  In addition, the method of this invention provides for a simplified process
      of making viscous dampers by utilizing a step of providing a vacuum for
      two different purposes. In other words, in the preferred method of making
      a viscous damper in accordance with this invention, the damper housing and
      top is sealingly secured by electron beam welding in a vacuum chamber. The
      vacuum, which is utilized for the electron beam welding process, is also
      utilized to provide the vacuum within the interior of the welding housing
      incident to the filling operation described above.
PAR  Thus in a preferred method, the housing is finally secured by electron beam
      welding to provide a sealed interior, with the electron beam welding
      taking place within an evacuated vacuum chamber. Prior to effecting the
      welding step, the housing is assembled with the inertia weight therein,
      and a valve is placed in a single aperture provided in the damper housing.
      The valve is left open so as to assure that the evacuaction of the vacuum
      chamber will also provide evacuation for the interior of the damper
      housing. The electron beam welding is then effected, and the valve is
      closed. The vacuum chamber may then be allowed to assume normal
      atmospheric pressure, and the valve is attached to a source of viscous
      fluid with the attachment being made in such a way that no air is present
      between the valve connection and the viscous fluid source. The valve is
      then opened and the viscous fluid is forced into the interior of the
      housing through the aperture with the vacuum within the housing assisting
      in bringing the viscous fluid into position, and assuring that the housing
      is filled with viscous fluid.
PAR  Since the housing should be completely sealed after the welding is
      completed, the time required to fill the device with viscous fluid will be
      relatively constant, unless a leak is present that would allow air to
      enter the interior of the housing. In such a case, the apparent filling
      would not occur during the expected time period and the malfunction would
      be obvious to the operator.
PAR  It should be noted that an important characteristic of the method of this
      invention is the utilization of a single aperture for removing air and
      supplying viscous fluid to the interior of the damper housing. It may also
      be noted that it is generally conventional to provide the aperture at the
      top of the housing for easy application of a product for sealing the
      interior. However, it will be appreciated that the use of a single
      aperture allows the aperture to be placed in the housing itself, and it
      may be advantageous to provide the aperture somewhere on the side of the
      damper housing instead of within the lid. This relocation is made possible
      by virtue of the single aperture and the fact that a single aperture may
      be located on the side of the housing and still be oriented to the
      uppermost position of the unit during subsequent operational steps.
PAR  In its apparatus form, the apparatus comprises a vacuum chamber equipped
      with means for effecting electron beam welding in accordance with
      conventional electron beam welding procedures. The apparatus also
      comprises means for effecting relative movement between the damper housing
      and the electron beam welding apparatus so that the welding may be
      accomplished in all of the areas which are to be welded. In other words, a
      typical damper will have an annular chamber carrying a ring-shaped inertia
      weight, and a cover or top which is in the form of a flat disk adapted to
      complete the annular space within and provide a flange for attachment to
      the vehicle in the usual way. With this construction, the cover will be
      welded onto the annular housing by two concentric circular welds with one
      on each side of and at the top of the annular space within the housing.
PAR  The means for effecting relative rotation between the electron beam welding
      device and the damper, is preferably constructed to provide for rotation
      of the damper with respect to the electron beam welding device. in order
      to move to the second circular weld, the electron beam welding device is
      then displaced laterally and rotation of the housing again effected so
      that the two concentrically disposed circular welds may be formed. the
      apparatus also will comprise a valve having a fitting adapted to sealingly
      fit into the aperture provided in the damper housing or cover, pump means
      operatively connected to a source of viscous fluid to be provided within
      the housing and a suitable passage leading from the pump means to said
      valve.
PAR  In the preferred method utilizing the apparatus specifically described
      herein, the aperture is placed on the housing cover, and the valve is
      provided with a handle disposed to be actuated by the electron beam
      welding device at the termination of the welding operation, whereby
      automatic closing of the valve occurs within the vacuum chamber. In
      accordance with this procedure, however, with the valve in the cover of
      the device, it is necessary to have the hose from the supply source of
      viscous fluid removed from the valve in order to allow proper welding to
      occur on each side of the valve. However, this hose is easily connected
      and disconnected as required. It will be appreciated that the valve could
      be placed in an aperture located in the side of the housing where the
      connection to the filling device could be retained at all times. With such
      an arrangement, the valve could be a three position valve whereby the
      interior of the housing is communicated to the interior vacuum chamber in
      one position, the valve shut-off in the second position, and the valve
      communicating to the supply source in still another position. In such a
      case, the valve would be actuated at the end of the welding step to shut
      off the valve, the chamber opened and the valve turned on. Alternatively,
      a two-position valve could be provided, in which a shut-off position is
      not utilized, but instead the valve is switched from the communication to
      the interior of the vacuum chamber to the supply source upon completion of
      the welding operation. With such an arrangement, the filling could take
      place entirely within the vacuum chamber, or other variations in the
      process could be provided. In this last procedure any leaks in the damper
      housing would become apparent because fluid would migrate therethrough to
      reach the evacuated chamber. Accordingly, all of these operational
      variations are to be construed to be within the ambit of the present
      invention.
PAR  It is thus seen that a primary object of the present invention is to
      provide an improved method and apparatus for filling vibrational torsion
      dampers with viscous fluid in which the filling operation is carried out
      in a simplified and more reliable manner.
PAR  Another object of the invention is to provide a method and apparatus for
      filling and making viscous dampers in which a single aperture is utilized
      for filling and in which only said single aperture needs to be plugged up
      in the final assembly step to achieve complete sealing.
PAR  A further object of the invention is to provide a method of making viscous
      dampers in which quality control is built into the procedure whereby
      simplified production of reliable dampers is positively assured.
PAR  Further objects and features of advantage of the invention will become
      apparent as the specification progresses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred form of the invention is illustrated in the accompanying
      drawings forming part of this description, in which:
PAR  FIG. 1 is a perspective view of an apparatus of the invention with a
      viscous damper shown in place therein and with certain of the parts being
      broken away to show interior elements;
PAR  FIG. 2 is a fragmentary side elevational view of a portion of the apparatus
      in its operative stage showing the viscous damper in section; and
PAR  FIG. 3 is a fragmentary isometric view of the finally plugged portion of
      the damper.
DETD
PAR  While only the preferred form of the invention is shown, it should be
      understood that various changes or modifications may be made within the
      scope of the claims attached hereto without departing from the spirit of
      the invention.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings, there is shown in FIG. 1 an
      apparatus 10 constructed in accordance with the invention. The apparatus
      comprises a vacuum chamber 11, formed by a housing 12, and various other
      conventional structures (not shown) generally associated with vacuum
      chambers such as exhaust pumps, and the like. The chamber is equipped with
      rails 13 and 14 for supporting a wheeled table 15 and for allowing
      movement of the table into and out of the chamber 11. Table 15 comprises a
      rotatable pedestal 16 mounted thereon and journalled therethrough with its
      lower end connected to a spur gear 17 provided for rotating the pedestal
      16. A spur gear 18 is provided in vacuum chamber 11 and positioned to
      engage the spur gear 17 as the table is brought into operative position.
      Spur gear 18 is journalled through the floor of the vacuum chamber and
      connected to a power source (not shown). A rack 19 is also provided on the
      underside of table 15, with the rack engaging spur gear 20, which is also
      journalled through the floor of the vacuum chamber and externally powered
      for moving the table into position within the vacuum chamber.
PAR  The apparatus 10 also comprises an electron beam welding device 21 mounted
      on suitable frame members 22 within the vacuum chamber 11. This welding
      device operates in a vacuum and provides a welding operation that has the
      advantages of deep penetration and elimination of distortion all without
      the use of additional welding materials.
PAR  The apparatus 10 is constructed to receive a torsional vibration damper
      assembly 23 on the pedestal 16 as shown in FIG. 1. The torsional vibration
      damper assembly 23 comprises a main housing 24 which is generally U-shaped
      in cross section and provides an annular chamber 25 therewithin. The main
      housing 24 also has an internally extending flange 26 formed as shown to
      provide a flat upper surface in contact with top 27. The top 27 and flange
      26 are equipped with suitable bore holes 28 for securing the device in
      place on the crankshaft of a vehicle or at any other desired location. An
      inertia weight 29 is provided within the annular chamber 25, and this
      completes the assembly as it is provided in vacuum chamber 11. However, it
      should be noted that the top 27 of the torsional vibration damper assembly
      23 also comprises an aperture 30, and that this aperture is the only
      opening communicating between the interior and exterior of the damper
      assembly.
PAR  The apparatus 10 also comprises a valve 31 equipped with a suitable fitting
      adapted to fit sealingly within aperture 30. As here shown, valve 31 is a
      three-position valve communicating in one position to an orifice 32, in a
      second position shut-off, and in the third position, to a conduit 33; said
      positioning being effected by handle 34.
PAR  The apparatus 10 also comprises a container 35 having an outlet hose 36
      adapted to fit onto conduit 33. A conduit 37, is also provided to supply
      viscous fluid into the chamber 35 under pressure by means of a pump (not
      shown), so that the fluid may be moved through hose 36, conduit 33, valve
      31, aperture 30 and into annular chamber 25.
PAR  The operation of the apparatus shown in FIG. 1 is substantially as follows:
PAR  Torsional vibration damper assembly 23 is positioned on the rotatable
      pedestal 16 and wheeled into vacuum chamber 11 on rails 14. When rack gear
      19 reaches engagement with spur gear 20, the table may be driven through
      spur gear 20 into position. Once the operating position is achieved, gears
      18 and 17 will come into engagement and the electron beam welding device
      21 will be in a beginning position to weld the top 27 onto the main
      housing 24. It should be noted that the torsional vibration damper
      assembly 23 has valve 31 sealingly placed in aperture 30 and with the
      valve open so that orifice 32 is in communication to the interior annular
      chamber 25 of the damper assembly 23.
PAR  With the damper assembly thus in position in the vacuum chamber 21, the
      chamber is sealed and evacuated in order to provide a vacuum therein. This
      vacuum not only exists within the chamber, but also within the annular
      chamber 25 of damper assembly 23 so as to simultaneously provide a vacuum
      within the damper assembly while providing a vacuum for electron beam
      welding. The electron beam welding operation is then carried out to
      provide a circular weld along circle 38 as shown in FIG. 1 to secure top
      27 of the damper assembly to the flange 26 of the main housing. The beam
      is moved laterally and welding is then directed around edge 39 to secure
      the outer portion of top 27 to the main housing 24. This welding
      completely integrates the top 27 into the housing 24, and provides a
      single sealed unit, except for aperture 30.
PAR  It will be noted that electron beam welding device 21 is equipped with an
      actuating member 40 positioned to contact handle 34 and close valve 31.
      Each of the circular welds is achieved by electron beam 41 positioned to
      strike the appropriate circle and by driving gear 18, which in turn
      rotates gear 17 and rotatable pedestal 16 to provide the desired rotation
      to the torsional vibration damper assembly 23. Each weld circle may be
      conducted simultaneously, or separately, from two different beam sources.
      Alternatively, two weld circles can be made from a single beam by means,
      such as an air cylinder (not shown), for moving the beam 41 laterally from
      one circular position to the other.
PAR  After the welding has been completed and the valve shut-off, the vacuum
      chamber is allowed to assume atmospheric pressure and the outlet hose 36
      is secured to conduit 33 to supply viscous fluid into valve 31. It is
      important in making this connection that no trapped air be present in the
      conduit or in the hose, so that the complete contact of viscous fluid is
      made right up to the valve member in communication with the vacuum within
      annular chamber 25. With the connection thus made, valve 31 is positioned
      to communicate with container 35 and viscous fluid is forced under
      pressure into the chamber 25. It will be noted, that the vacuum in chamber
      25 not only solves the problem of air removal therefrom during filling,
      but also assists in bringing in the viscous fluid and enabling it to fill
      all of the close-fitting spaces.
PAR  It will also be appreciated that a quality control is apparent to the
      operator at this point, because any leaks would destroy the vacuum inside
      the vibration damper assembly. This would change the apparent filling time
      and alert the operator to be aware of an imperfect unit.
PAR  Thus, it is seen that the apparatus 11 is utilized in partially carrying
      out the filling method and in making a viscous damper according to the
      invention, and that the method is used to complete the overall filling
      operation. In its method aspect, the manufacture of the damper assembly is
      continued after filling by removal of the valve 31, and welding of a plug
      42 into the aperture 30 as illustrated in FIG. 3.
PAR  In the foregoing description, it is seen that an improved method of filling
      the viscous dampers is provided in which the filling method is
      incorporated into a procedure for making the damper itself with economy of
      fabrication steps being achieved together with advantageous results.
      Specifically, the method of this invention provides improvements in the
      manner of handling of trapped air and positively assures the absence of
      any substantial amount of air within the completed damper assembly. This
      is particularly important in certain damper articles which contain
      synthetic coatings on the inertia weight, which coatings are subject to
      corrosion caused by air. Thus an anaerobic surrounding is desirable for
      these types of structures. The removal of air contact by evacuation of air
      prior to the filling with viscous fluid is advantageous in assuring
      complete removal of contacting air and avoidance of continued contact of
      air with said coatings after assembly. The invention is also particularly
      applicable to improvements in making damper assemblies which are already
      known and proven to be eminently satisfactory for their intent and
      purpose, because the method is in no way dependent upon the specific shape
      or materials utilized in the damper assembly itself.
PAR  From the above description it is seen that an improved method of filling
      viscous dampers is provided together with an improved method and apparatus
      for making viscous dampers employing this filling method. It is also seen
      that said improved method provides an economy of construction together
      with improved reliability in the fabrication process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A torsional vibration damper filling method, the damper comprising a
      housing having an inertia weight mounted therein to define a space
      therebetween adapted to be at least partially filled with a viscous
      damping fluid and an aperture formed through said housing, comprising the
      steps of:
PA1  fitting a valve in sealing relationship within said aperture;
PA1  placing the viscous damper in a chamber;
PA1  simultaneously evacuating said chamber and evacuating said space through
      said valve;
PA1  maintaining said space in an evacuated state by closing said valve;
PA1  connecting said valve to a source of viscous damping fluid under pressure;
PA1  communicating said pressurized viscous damping fluid to said evacuated
      space through said valve;
PA1  removing said valve from the aperture; and
PA1  securing a plug in sealing relationship in said aperture.
NUM  2.
PAR  2. The method of claim 1 wherein said communicating step includes timing
      the period during which viscous damping fluid is communicated into said
      evacuated space.
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ABST
PAL  Apparatus for precipitating dust from a region surrounding an area from
      which dust emanates. The apparatus includes a fluid supply conduit for
      carrying water under pressure to the region adjacent the dust, area, a
      proportioning pump for injecting a preselected quantity of a surfactant
      into the water, and nozzles on the conduit adjacent the dust emanating
      region. The mixture of water and surfactant is atomized and sprayed from
      the nozzles in a curtain of finely dispersed spray, or fog, adjacent the
      dust region. The substantially continuous curtain of finely dispersed
      spray surrounding the dust region acts to precipitate dust particles from
      the air. The mixture of a surfactant with the water allows the water to
      easily wet the dust particles, whereby smaller quantities of water may be
      used with improved dust precipitation occurring.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to apparatus and a method, for precipitating dust
      from the air in a region surrounding the area from which dust emanates.
PAR  In recent years, and particularly because of governmental air pollution
      regulations various manufacturers, processors, etc., have been forced to
      take action to reduce the amount of dust which escapes from their
      activity. Two examples of activities which present large dust emission
      problems are the manufacture, or batching, of concrete and rock crushing
      operations.
PAR  Various methods attempting to control dust emissions have been attempted in
      the past. Such prior methods have either been very expensive or for other
      reasons have met with little success. Included in such prior attempts are
      bag houses and water scrubbers using large suction fans, and systems in
      which large quantities of water are sprayed directly onto the material
      from which dust would emanate, thus producing a substantial wetting of the
      base material. Examples of the prior water spray systems include systems
      where a large quantity of water is sprayed directly onto material on a
      conveyor belt to prevent dust from emanating therefrom and a system where
      large quantities of water are sprayed directly onto the material being
      batched to manufacture concrete. Not only does such a system provide
      massive amounts of water which must be carried away in some manner, but
      also produces a significant and undesirable change in the proportion of
      moisture in either the crushed material or the batched material.
PAR  A general object of the invention is to produce novel apparatus for
      effectively controlling dust emissions, which apparatus is inexpensive to
      construct and operate.
PAR  Another object of the present invention is to provide novel apparatus which
      is operable to produce a very finely dispersed, fog-like spray of fluid in
      a region surrounding the area from which dust emanates, thus to
      precipitate dust particles from the air, without adding significantly to
      the moisture in the base material from which the dust emanates.
PAR  Yet another object is to provide such apparatus in which a surfactant is
      added to the working fluid in a proportioned ratio, whereby smaller
      quantities of water may be used with improved dust precipitation
      occurring.
PAR  A further object of the invention is to provide such apparatus in which
      concentrated surfactant is injected in small quantities into water flowing
      toward spray nozzles, thus precluding the need for mixing large quantities
      of surfactant and water prior to use.
PAR  A still further object is to provide novel apparatus for precipitating dust
      from a region surrounding a dust originating area, in which a double
      curtain of finely dispersed, fog-like spray is provided surrounding the
      region thus assuring that dust will be captured and precipitated out of
      the region.
DRWD
PAC  DRAWINGS
PAR  These and other objects and advantages will become more fully apparent as
      the following description is read in conjunction with the drawings,
      wherein:
PAR  FIG. 1 is an elevation view of a concrete batch plant with apparatus
      according to the invention for controlling dust;
PAR  FIG. 2 is an enlarged top plan view of dust controlling apparatus taken
      generally along the line 2--2 in FIG. 1;
PAR  FIG. 3 is an enlarged view of a set of nozzles in the apparatus taken
      generally along the line 3--3 in FIG. 2;
PAR  FIG. 4 is an enlarged view taken generally along the line 4--4 in FIG. 2,
      illustrating fluid and surfactant supply means in the system;
PAR  FIG. 5 is an enlarged view of a spray nozzle in the system;
PAR  FIG. 6 is a view taken generally along the line 6--6 in FIG. 2 illustrating
      the spray pattern of a pair of laterally spaced nozzles in the system;
PAR  FIG. 7 is a schematic side elevation view illustrating apparatus according
      to the invention used in conjunction with a rock crushing plant;
PAR  FIG. 8 is a front elevational view of the rock crusher taken generally
      along the line 8--8 in FIG. 7; and
PAR  FIG. 9 is an enlarged view of a form of spray nozzle which may be used in
      the system illustrated in FIGS. 7 and 8.
DETD
PAC  DETAIL DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to the drawings, and first more particularly to FIG. 1, at 10 is
      indicated generally a concrete batch plant, also referred to herein as
      material handling means, under which a concrete mixing truck 12 is parked.
      A chute 14 on the batch plant is positioned to discharge material from the
      batch plant into the truck.
PAR  Referring to FIGS. 1 and 2, a horizontally disposed, substantially square
      plate 16 is suspended on the batch plant and has a hole cut therethrough
      through which chute 14 extends. The materials discharged from chute 14 may
      be dry cement, crushed aggregate, etc., from which dust emanates as it is
      dumped into the truck. The area at the bottom of chute 14 thus may be
      considered a dust originating area.
PAR  Referring to FIG. 2, a plurality of elongate pipe sections 20, 22 are
      interconnected by pipe tees 24, 26 and unions 28 to define a rectangular
      piping frame, or system, having generally the dimensions of plate 16. Tees
      26 form corners for the rectangular pipe frame. Tees 24 have upwardly
      projecting reducing legs 24a as seen in FIG. 3. The pipe frame is secured
      to the top of plate 16 adjacent the outer margins of the plate.
PAR  Pipe plugs 30 close off one leg of each of three of tees 26. One leg of the
      fourth tee 26 has one end of an elongate, flexible, conduit 34 connected
      thereto. Referring to FIG. 4, the opposite end of flexible conduit 34 is
      connected, through various devices in an enclosing box 38, to a water feed
      line 40. Water line 40 may be connected to a conventional water supply,
      such as a city water main.
PAR  Referring still to FIG. 4, and proceeding from line 40 toward line 34 in
      the fluid supply system, first is a gate valve 42 permitting manual
      opening or closing of the line. Following gate valve 42 is a strainer 44
      operable to remove particulate matter from water flowing into the system
      through line 40. In the embodiment illustrated, strainer 44 includes a
      straining screen of 100 mesh size (100 mesh to the inch).
PAR  Following strainer 44 is a pressure regulating valve 48 which is operable
      to maintain the pressure at its outlet side at a preselected pressure.
      Following pressure regulating valve 48 in the line is an electrically
      operated, solenoid controlled valve 50.
PAR  Following solenoid controlled valve 50 is a check valve 52 permitting fluid
      flow therethrough only in the direction from line 40 toward line 34. A
      pressure gauge 54 follows check valve 52 in the line, and the pressure
      gauge is followed by a reducing tee 56. The reducing leg 56a of tee 56 is
      connected, through an elongate, flexible conduit 60 to the discharge side
      of an electrically operated proportioning pump 62. The inlet side of pump
      62 is connected to a reservoir 64 of a desired surfactant material. The
      proportioning pump is operable to draw a desired quantity of surfactant
      from reservoir 64 and inject it into the fluid flowing in the fluid supply
      lines at a preselected proportioned rate.
PAR  Solenoid controlled valve 50 and pump 62 are operatively connected, through
      conventional switching means, to the batch plant controls, whereby when
      the batch plant is operating to discharge materials which may produce
      dust, valve 50 is opened to permit a flow of fluid under pressure
      therethrough and pump 62 is operated to inject a desired quantity of
      surfactant into the water flowing toward conduit 34. When the batch plant
      is not operating, valve 50 is closed and pump 62 is not operating.
PAR  A surfactant which has been found to work well in this system is Tritron
      n-128 sold by Rohm and Haas Co. mixed with water in reservoir 64 in a
      solution containing 30% Triton N-128 and 70% water. Using such surfactant,
      it has been found that it works well, when injected by the proportioning
      pump at a rate of about 1 part surfactant to 200 parts water flowing in
      the system. Another surfactant which works well in this system is Ecowet
      produced and sold by West Mount Corp. of Portland, Oreg. The Ecowet
      material works well when injected by pump 62 at rates as low as 1 part
      Ecowet per 2,000 parts water flowing in the system.
PAR  The fluid supply system just described, thus is operable to provide a
      mixture of water and proportioned quantity of surfactant through conduit
      34 to the previously described pipe frame secured to plate 16.
PAR  Referring to FIGS. 2 and 3, operatively connected to the reducing leg 24a
      of each of tees 24 is a spray nozzle tree indicated generally at 70. Each
      nozzle tree is constructed generally as illustrated in FIG. 3. A pipe tee
      72 is connected to reducing leg 24a of tee 24 through a pipe nipple 74. An
      elbow 72 supports an elongate, substantially horizontal pipe 78 on tee 72.
      Another tee 80 is connected to the outer end of pipe 78, and an elbow 82
      pointing inwardly toward tee 72 is connected to the lower leg of tee 80.
      Spray nozzles 86a, 86b, 86c are connected to the central leg of tee 72,
      the upwardly projecting leg of tee 80 and the inwardly facing end of elbow
      82, respectively. Nozzles 86a, 86c are positioned to direct a spray of
      fluid downwardly, as illustrated by the dashed spray patterns at 90, 92,
      respectively, and nozzle 86b is positioned to direct a spray of fluid
      inwardly over the top of plate 16 as indicated by the dashed spray pattern
      at 93.
PAR  Referring to FIG. 5, where a nozzle 86 is illustrated in greater detail, it
      will be seen that a nozzle in the system includes a notch 94 having
      opposed, angularly disposed sides 94a, 94b. A small diameter orifice 96
      opens into notch 94 adjacent the inner end of the notch. The orifice may
      range in size from 0.016 inch to 0.150 inch depending on the fluid
      pressure used in the system. It has been found that a nozzle having a
      0.033 inch diameter orifice works well when supplied with fluid in a
      pressure range between 30 and 60 psi. At 30 psi fluid is dispensed from a
      nozzle at the rate of about 0.17  gallons per minute and at 60 psi the
      rate is about 0.24 gallons per minute. Fluid under pressure supplied to
      the nozzle is directed outwardly from the orifice against side 94a which
      atomizes the fluid. A finely dispersed fog-like spray of fluid then is
      emitted therefrom in a fan-shaped spray pattern as illustrated in FIGS. 5
      and 6. Due to the substantially fan-shaped pattern of spray emanating from
      the nozzles, and referring to FIG. 6, laterally spaced nozzles along a
      peripheral side of the region from which dust emanates produce spray
      patterns, wherein the sprays from the nozzles intermix in a region between
      adjacent nozzles. This produces a substantially continuous spray curtain
      about the dust producing region.
PAR  Referring to FIG. 3, the set of spray nozzles 86a connected to tees 72 in
      the various spray trees 70 provide a first curtain of finely dispersed,
      fog-like, spray extending downwardly past the outer edge of plate 16.
      Spray nozzles 86c connected to elbows 82 produce a second curtain of spray
      speced spaced outwardly from the spray curtain from nozzles 86a. Thus, a
      double curtain of finely dispersed spray is provided about the dust
      producing area to capture and precipitate dust. The spray from nozzles 86b
      on the upper legs of tees 80, projecting substantially horizontally over
      the tops of the other spray curtains and over the top of plate 16 captures
      dust which otherwise might rise upwardly over the top of the plate.
PAR  Referring to FIGS. 1 and 2, elongate, substantially rectangular sheets of
      material 100, 102 are suspended in regions spaced radially outwardly from
      plate 16 to form a windscreen to prevent air currents from disturbing the
      spray from nozzles 86.
PAR  Describing the operation of the apparatus thus far described, as operation
      of the batch plant is initiated to dump material into truck 12, solenoid
      controlled valve 50 is opened permitting water from line 40 to pass into
      conduit 34 and into the pipe frame feeding nozzles 86. Pump 62 also is
      started. As water flows from line 40 toward conduit 34 surfactant material
      is drawn from reservoir 64 by pump 62 and injected in a preselected,
      proportioned rate into the water flowing into conduit 34. This
      water-surfactant mixture is sprayed from nozzles 86 downwardly in a double
      spray curtain pattern peripherally about the discharge chute and
      substantially horizontally over the top of the plate through which the
      chute extends.
PAR  The nozzles are so constructed that when fluid is discharged therefrom at a
      preselected pressure it is atomized and a very finely dispersed fog-like
      spray in a fan-shaped pattern emanates from the nozzles. The curtains of
      finely dispersed spray captures dust particles which may fly from the
      chute and precipitate them from the atmosphere. The surfactant acts as a
      wetting solution to aid in wetting of the dust particles, and causes the
      dust particles to be attracted to each other to unite and, due to the
      increase in mass, precipitate more rapidly from the air.
PAR  Referring to FIGS. 7 and 8, a rock crusher 110 is illustrated
      schematically. An elongate, inclined conveyor belt 112 is operable to
      carry rock to a position above the top of crusher 110 and drop such rock,
      as indicated by stream of material 114, into the top of the crusher.
      Aggregate, after crushing, is discharged through a chute 116 at the bottom
      of crusher 110 onto the top of a conveyor belt 120.
PAR  In such operation, small particles of aggregate, also referred to as fines,
      are released from the aggregate mass and fly into the surrounding
      atmosphere as dust, both at the region where material is dumped into the
      top of the crusher and where material is discharged onto conveyor 120.
PAR  To control the dust emanating from the material dumped into the crusher and
      discharged from the crusher a plurality of spray devices, as illustrated
      generally at 124, 126, are mounted above and below the discharge end of
      conveyor 112, respectively, and spray devices 128, 130 are mounted on
      opposite sides of the discharge end of chute 116 over conveyor 120.
      Devices 124, 126, 128, 130 are substantially similar in construction, and
      thus only one will be described in detail.
PAR  Referring to device 124, it includes an elongate, substantially horizontal
      pipe 134 supported adjacent its opposite set of ends by a pair of support
      posts 135. A plurality of spray nozzles, such as that illustrated in
      detail in FIG. 9 at 136, are mounted at spaced positions along pipe 134.
      Nozzles 136 are of a type operable to atomize fluid and discharge the same
      therefrom to radiate a finely dispersed fog-like spray of fluid in a
      360.degree., circular, pattern.
PAR  As is seen in FIG. 9, where a nozzle 136 is illustrated in greater detail,
      it includes a disc 138 at the discharge end thereof with a small orifice
      140 extending therethrough. Orifice 140 may be on the order of 0.094 inch
      in diameter. Spaced above disc 138 is another disc 142. Small openings,
      such as that indicated at 144, extend through disc 142 on opposite sides
      of the center of the disc. Deflectors, as indicated at 146, are secured
      below openings 144 to swirl fluid in a circular pattern between discs 138,
      142 before it exits from orifice 140.
PAR  A valve actuated by lever arm 148 is built into the nozzle assembly for
      controlling flow through individual nozzles in the system. Nozzles 136 are
      spaced at sufficiently close intervals along pipe 134 so that the spray
      from adjacent nozzles overlap, to intermix in a substantially continuous,
      finely dispersed spray, or fog, of fluid along one side of the region from
      which dust emanates.
PAR  Fluid supply means, as illustrated in FIG. 4 and previously described, may
      be connected to each of spray devices 124, 126, 128, 130 to provide a
      mixture of water and surfactant thereto under pressure.
PAR  In operation, material 114 discharged into the crusher and crushed
      aggregate discharged from chute 116 onto conveyor 120 produce dust. The
      spray from devices 124, 126, 128, 130 wet dust particles, and precipitate
      them out of the atmosphere to reduce pollution. Another advantage of a
      system as illustrated with the rock crusher is that a portion of the dust
      precipitated may fall back into the mass to be crushed, or into the
      crushed mass of aggregate. In this way, the natural fines may be returned
      to the base material, which fines may be important when the resulting mass
      is used in the manufacture of asphalt or concrete. Since the finely
      dispersed sprays of water and surfactant mixture may be supplied in such
      small quantities to produce the desired precipitation of the dust, only
      minimal amounts of moisture are added to the base material should it
      precipitate back into the base quantity. Such minimal quantities of
      moisture have substantially no effect on screening of the aggregate for
      gradation and resultant use of the aggregate in concrete or asphalt.
PAR  Although the invention has been described in relation to precipitating dust
      produced by a concrete batch plant and in a rock crushing operation, it
      should be realized that it is adapted for use in almost any activity in
      which dust becomes a problem.
PAR  While preferred embodiments of the invention has been described herein, it
      should be apparent to those skilled in the art that variations and
      modifications are possible without departing from the spirit of the
      invention.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. In combination with material handling means, which during operation,
      produces dust which drifts into a region adjacent said material handling
      means, dust control apparatus for precipitating dust from the air in said
      region comprising
PA1  a first set of nozzles comprising a first nozzle spaced radially outwardly
      from said material handling means and a second nozzle spaced a distance
      radially outwardly from said first nozzle,
PA1  a second set of first and second radially spaced nozzles, spaced laterally
      from said first-mentioned set,
PA1  fluid supply means connected to said nozzles operable to supply a flow of
      fluid under pressure to said nozzles, and
PA1  injecting means for injecting a preselected quantity of surfactant into
      such flow of fluid to produce a mixture having preselected proportions of
      fluid and surfactant,
PA1  each of said nozzles being operable to atomize said mixture and dispense it
      in a curtain of finely dispersed spray, said nozzles being so disposed
      that the sprays from said first and second nozzles in each set are
      directed in substantially the same direction to produce a double curtain
      of spray in said region, and said second set is positioned sufficiently
      closely to said first set to produce intermixing of the spray dispensed
      from said first and second sets of nozzles in a region therebetween to
      provide a substantially continuous spray curtain.
NUM  2.
PAR  2. The combination of claim 1, which further comprises a third set of
      nozzles spaced above said area in which dust originates in said material
      handling means and directed inwardly over the top of said area.
NUM  3.
PAR  3. In combination with material handling means, which, during operation,
      produces dust which drifts into a region adjacent said material handling
      means, dust control apparatus for precipitating dust from the air in said
      region comprising
PA1  a first set of nozzles comprising a first nozzle spaced radially outwardly
      from said material handling means and a second nozzle spaced a distance
      radially outwardly from said first nozzle,
PA1  a second set of first and second radially spaced nozzles, spaced laterally
      from said first-mentioned set, and
PA1  fluid supply means connected to said nozzles operable to supply a flow of
      fluid under pressure to said nozzles,
PA1  each of said nozzles being operable to atomize said mixture and dispense it
      in a curtain of finely dispersed spray, said nozzles being so disposed
      that the sprays from said first and second nozzles in each set are
      directed in substantially the same direction to produce a double curtain
      of spray in said region, and said second set is positioned sufficiently
      closely to said first set to produce intermixing of the spray dispensed
      from said first and second sets of nozzles in a region therebetween to
      provide a substantially continuous spray curtain.
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ABST
PAL  Cable reclamation method and apparatus by which moisture is precluded from
      entering or is purged from an electrical cable by injecting a two-part
      polymerizable compound in liquid phase into and along the cable. Any
      moisture present is purged through an outlet port distant from the
      compound entry port. The compound takes a permanent soft-solid set at
      normal ambient temperatures within a few hours as a paste-like gel readily
      removable at any future time to permit cable splicing and servicing
      operations. This soft-solid gel forms a moisture-proof nonconductive
      sealing barrier precluding entry of moisture and restoring normal cable
      operating conditions. The compound supply tank is pressurized with air or
      gas to transfer the compound in liquid phase into the cable, the
      pressurized gas being used initially to agitate and intermix the compound
      constituents. The supply tank is preferable mounted on a carriage to
      facilitate its mobility in the field and the tank access closure features
      dual safety locks requiring separate deliberate manipulation to release
      the closure.
BSUM
PAR  This invention relates to a unique method and apparatus usable to reclaim
      electrical cables by charging the interior thereof with a moisture purging
      compound which polymerizes to a soft-solid paste-like consistency readily
      re-enterable at any time for cable servicing operations.
PAR  During recent years a higher and higher percentage of lead sheath cables
      are being supplanted by plastic insulated cables. The latter sometimes
      possess or develop pinholes through which moisture can enter the cable and
      interfere seriously with the operating characteristics of the conductors
      and the circuits to which the conductors are connected. Various expedients
      have been resorted to to prevent moisture damage and signal fidelity but
      these are not always reliable and are subject to disadvantages well known
      to those skilled in this art. Pressurization of the cable with air,
      nitrogen or other gas is helpful but not always effective. For example,
      this expedient does not protect the cable in case of a break in the sheath
      caused by an act of God or a workman's tool. Pinholes or larger breaks in
      the sheath are also sometimes caused by lightning or a short circuit
      caused by contact of the electrical cables with a high tension cable. Once
      moisture has entered a length of cable it is customary practice to replace
      the damaged cable with a new length spliced to the ends of the cable to
      either end of the damaged section. Irrespective of whether the inoperative
      section is buried or above ground the replacement operation is a
      laborious, costly, time-consuming operation, to say nothing of the need
      for suspending service during repairs.
PAR  To avoid these and other disadvantages and shortcomings of prior practice,
      there is provided by this invention a greatly improved method and a
      simple, effective apparatus for quickly and economically reclaiming a
      damaged length of cable and restoring it to normal operating efficiency.
      To this end there is provided portable equipment easily moved into the
      field and effective to purge the damaged cable of moisture by introducing
      pressurized freshly mixed potting compound in liquid phase. Prior to
      gelation, this composition possesses precursor properties in that it has
      preferential surface wettability over water present on a solid surface.
      Accordingly, the advance of the compound displaces both free flowing water
      present in the cable as well as that previously in wetting contact with
      interior surfaces. Within a matter of hours, the compound completely
      filling all voids interiorly of the cable completely gels into a
      soft-solid. The cured solid is waterproof, an excellent electrical
      insulator and adheres tenaciously to metal, plastic, paper, cloth and the
      like surfaces with which the liquid blend was in contact during curing.
      Accordingly, it will be understood the gelled composition is a highly
      effective sealant filling all interior cable voids and safeguarding
      against the entry of moisture. Yet the cable is readily re-entered at any
      time for servicing operations, splicing and the like, it being a simple
      matter to fragment and remove all portions of the compound needed to
      provide access to the conductors.
PAR  The ingredients of the two-part compound are thoroughly intermingled and
      mixed in a gas pressurizing tank immediately prior to introduction into
      the cable by bubbling pressurizing gas through the mixture for a few
      minutes. Thereafter, the tank is closed and the compound transfer hose is
      connected to a charging fitting clamped over a charging port in the side
      of the cable following which the gas pressure is utilized to transfer the
      compound into and along the interior of the hose toward an outlet port at
      the other end of the portion of the cable under reclamation. Prior to
      introducing the compound, the interior portions of the cable to either end
      of the part being reclaimed are suitably plugged.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved method and apparatus for sealing electrical cables against the
      entry of moisture and other foreign material.
PAR  Another object of the invention is the provision of an improved method and
      apparatus for charging an electrical cable with curable potting compound
      while simultaneously purging the cable of moisture.
PAR  Another object of the invention is the provision of simple, portable
      equipment utilizing pressurized gas to charge the interior of electrical
      cables with a liquid compound possessing preferential surface wettability
      over water prior to curing into a soft-solid condition.
PAR  Another object of the invention is the provision of apparatus and method
      for introducing a two-part polyurethane compound into and along the
      interior of an electrical cable which gels in a few hours into a
      soft-solid at ambient temperatures thereby effectively sealing the cable
      against the entry of moisture and which cable is re-enterable at any time
      with a minimum of inconvenience.
PAR  These and other more specific objects will appear upon reading the
      following specification and claims and upon considering in connection
      therewith the attached drawings to which they relate.
DRWD
PAR  Referring now to the drawings in which a preferred embodiment of the
      invention is illustrated:
PAR  FIG. 1 is a view of an illustrative embodiment of the invention charging
      apparatus in use to charge a length of moisture-contaminated cable with
      compound from the midlength thereof;
PAR  FIG. 2 is a plan view on an enlarged scale of the cable showing details of
      the charging port before assembly of the charging fitting thereover;
PAR  FIG. 3 is a side elevational view of FIG. 2 but showing the charging
      fitting assembled to the cable;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 on FIG. 3;
PAR  FIG. 5 is a fragmentary cross-sectional view on an enlarged scale taken
      along line 5--5 on FIG. 1;
PAR  FIG. 6 is a fragmentary elevational view partly in section of the charging
      apparatus; and
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 on FIG. 5.
DETD
PAR  Referring initially more particularly to FIG. 1, there is shown an
      illustrative embodiment of the cable reclamation apparatus, designated
      generally 10, comprising a pressurizing charging tank 11 supported in an
      upright position on a two-wheeled cart or truck 12. This truck is equipped
      with a pair of wide tread carriage wheels 13 permitting the equipment to
      be moved readily into the field or wherever there may be need for the
      apparatus along installed cabling. The purging compound contained in the
      tank is transferred via a flexible hose 14 into the interior of an
      electrical cable 15 through a charging fitting 16. Air, nitrogen, or some
      inert gas under pressure is supplied into tank 11 via a hose 18 connected
      to any suitable source of pressurized gas.
PAR  Cable 15 is prepared for the reclaiming operation by cutting a window or
      charging port 20 (FIG. 2) through the sidewall either at one end of the
      section to be reclaimed or at the midlength of this portion, the latter
      mode being illustrated in FIG. 1. Outlet ports 21, 21 (FIG. 1) are
      likewise cut through the sheath at one or both ends of the portion being
      reclaimed and the interior of the cable closely downstream from the outlet
      ports 21, 21 is suitably plugged as indicated at 22, 22. These plugs are
      formed in known manner by injecting a plugging compound thereby confining
      the flow of compound to the portion of the cable being reclaimed. If the
      cable 15 has a double sheath, then it is desirable to apply separate rings
      of mastic 23, 24 about the charging port 20; otherwise a single outer ring
      of mastic 24 suffices. The inner rim of the smaller ring 23 of mastic is
      pressed inwardly along the sidewalls of port 20 thereby precluding risk of
      the pressurized compound entering between the inner and outer cable
      sheaths 25, 26.
PAR  Charging fitting 16 has a C-shaped main body 28 of high strength flexible
      sheet material such as stainless steel. The opposite lateral edges 29 of
      this sheet material are wrapped about clamping bars 30, 30 in the manner
      best shown in FIG. 4. These bars have pairs of clamping lugs 31, 32
      projecting laterially through openings in the sheet material in the manner
      best shown in FIGS. 3 and 4. Lugs 31 are formed with openings 33 whereas
      lugs 32 are provided with open ended notches 34. A clamping bolt 35
      extends through a related opening 33 and slot 34 as is best shown in FIG.
      4. Bonded to the interior of the main body 28 of fitting 16 is a thick
      resilient elastomeric gasket 36 provided with an opening 37 encircling the
      charging port 20. Gasket 36 extends the full length of the main body and
      cooperates with mastic rings 23, 24 in sealing the charging fitting about
      the cable charging port 20 as clamping bolts 35 are tightened.
PAR  Referring now more particularly to FIGS. 5-7, it will be understood that
      tank 11 has a large charging opening 40 at its upper end normally closed
      by a closure plate 41. Closure 41 is detachably held sealed against the
      edge of opening 40 by separate and independent locking devices one of
      which is of the bayonet coupling type and the other of which utilizes a
      hand-operated locking bar. The first of these locking devices comprises a
      pair of notched lugs 42, 42 having their slots facing in opposite
      directions and seating snugly about the shanks of a pair of rivets 43
      having their lower ends welded to the top of the tank on diametrically
      opposed sides of opening 40 (FIGS. 5, 7). As is made clear by FIG. 5,
      slight rotary movement of closure 41 in a clockwise direction serves to
      disengage lugs 42 from beneath the heads of rivets 43, whereas when the
      lugs are in the position shown in FIG. 5 rivets 43 are snugly seated at
      the inner ends of the notched lugs and the gasket 44 (FIG. 5) is seated
      against the rim edge of opening 40.
PAR  The second lock for closure 41 comprises an L-shaped locking bar 46 the
      larger diameter leg of which is insertable crosswise of closure 41
      provided closure 41 is in its fully locked position beneath the heads of
      rivets 43, 43. Assurance against assembly of the locking bar except when
      the closure is so assembled to the bayonet connectors is provided by a
      channel-shaped member 47 riveted or otherwise firmly secured to the
      exterior of closure 41 with its axis at right angles to a plane through
      rivets 43, 43. The main body of the locking bar extends through a pair of
      inverted retainer loops 49, 49 welded or otherwise secured to the top of
      tank 11. The opposite end portions of locking bar 46 are radially offset
      or eccentrically disposed relative to the midportion of this bar and
      provide camming surfaces which cooperate to press closure 41 under high
      pressure across the rim edge of the tank opening 40 when the locking bar
      is rotated to the closed position shown in FIGS. 5 and 6 by manual
      manipulation of its operating handle 50. Thus, when handle 50 is in the
      four o'clock position shown in FIG. 6, the closure is held clamped under
      high pressure against opening 40 whereas, when handle 50 is rotated
      counterclockwise toward an upright position, the pressure between the
      closure plate and the camming surface of the locking bar is released and
      the locking bar may be withdrawn and removed from loops 49, 49. The
      operator may then rotate closure 41 clockwise about its center to
      disengage the bayonet couplings 42, 43 and lift the closure away from the
      tank opening.
PAR  The interior of the tank includes a compound mixing probe or tube 53 (FIG.
      6) and a compound outlet tube 54 (FIG. 7). The latter is provided
      exteriorly of the tank with any suitable manual valve 55 and is coupled to
      the charging hose 14 by a fitting 56. The outlet tube 54 extends to the
      bottom of the tank where it is in open communication with the contents of
      the tank.
PAR  Mixing probe 53 likewise extends to the bottom of the tank and is provided
      with a plurality of outlet ports 58 through which pressurized gas issues
      into the contents of the tank as a multiplicity of widely distributed
      bubbles which rise through the ingredients of the compound to thoroughly
      intermix the same. The upper end of probe 53 includes a suitable check
      valve and a threaded outer end to which the gas pressurizing hose 18 is
      readily attachable. When hose 18 is not in use to mix the ingredients of
      the compound, it is coupled to a conduit 60 mounted in an opening through
      closure 41. As shown in FIG. 6, the intermediate portion of the air inlet
      conduit 60 is equipped with any suitable flow gauge 61 providing a visual
      indication of gas flow into the tank. Each of the inlet conduits 53 and 60
      is equipped with check valves which are normally closed unless pressurized
      air is being supplied into the interior of the tank. It is also pointed
      out that the tank includes a pressure relief valve 62 of any suitable
      construction operable to release air if the supply pressure exceeds a
      preselected value such as 80 psi.
PAR  Referring to FIGS. 5 and 6, it will be noted that tank 11 is provided with
      a liquid level gauge designated generally 70 having its lower end 71 in
      communication with the bottom of the tank and its upper end in
      communication with the upper sidewall through a valve fitting 72. The
      transparent portion 73 of the level gauge is preferably protected by a
      U-shaped guard 74. Also connected to the sight gauge valve 72 is a
      normally closed drain valve 75 which is useful for various purposes
      including flushing of interior surfaces of the equipment after use.
PAR  In use, apparatus 10 is charged with the requisite portion of liquid
      prepolymer and a curing solution therefor, a particularly suitable
      compound being that disclosed in my copending application for U.S. Letters
      Patent, Ser. No. 444,264, filed Feb. 21, 1974, entitled A SOFT-SOLID
      POLYURETHANE COMPOSITION. The prepolymer part of this compound is packaged
      separately from the curing solution since intermixing of these parts
      initiates the gelation cycle. The two liquid parts in appropriate
      quantities are charged into tank 11 following which the pressurized
      gasline 18 is coupled to the upper end of mixing probe 53. The pressurized
      air, nitrogen or other appropriate inert gas is bubbled through probe
      openings 58 and into the liquid mixture for an adequate period to assure
      thorough intermixing of the two parts of the composition, namely, the
      prepolymer and the curing solution. The liquid blend of this composition
      has a viscosity of the order of about 200 cps at 70.degree.F. and is
      readily introduced into the cable by gas suitably pressurized to say 60,
      80 or 100 psi depending on working conditions, the size, length and
      strength of the cable being purged and sealed. Injection pressure varies
      with the viscosity of the liquid blend, the construction of the cable, and
      the size of the voids interiorly of the cable. This specially compounded
      polyurethane composition gels at normal ambient temperature in about 8-24
      hours at 70.degree.F. and usually in a period of 12-16 hours. Curing takes
      place under no significant exotherm conditions with no noticeable
      expansion or shrinkage during gelation. The fully gelled composition
      adheres tenaciously to any surface with which the liquid blend is in
      contact as curing progresses.
PAR  As the liquid composition advances along the interior of the cable toward
      the one or both outlet ports 21, 21, all water in liquid condition is
      purged by the advance of the composition. Of particular significance is
      the fact that the precursor properties of the compound, i.e., its
      preferential wettability characteristic of the compound over that of
      moisture, result in all traces of any moisture present being removed and
      pushed ahead of the advancing compound and in front of the leading edge of
      the flowing liquid. Charging of the compound continues until the compound
      reaches the purging port 21 and seals the latter closed.
PAR  Preferably the two parts of the compound are handled and stored together in
      a two-part package assembly containing the precise requisite proportions
      of each part of the compound. In excess of the requisite amount of
      compound required for the length of cable being charged is charged into
      tank 11 since the charging operation should preferably be continued
      without interruption until the selected length of cable is properly and
      fully charged. Up to 500 feet of cable is reclaimable in a single charging
      operation. If longer sections are in need of reclamation, the charging
      operation is repeated in separate increments and from the required number
      of charging ports until the full length of the cable has been charged and
      sealed.
PAR  Progress of the charging operation is ascertainable both by noting the
      liquid level of the composition in sight gauge 70 and in observing the
      operation of the flow gauge 61. Should it be desirable to gain access to
      the interior of the tank for any purpose, the operator first manipulates
      the pressure relief valve 62 to release all air pressure. Once the
      operator is certain that the air pressure has been released, he rotates
      the operating handle 50 of locking bar 46 to release this second or safety
      lock, detaches the locking bar, and then rotates the closure 41. Before
      attempting to depressurize tank 11 the operator should of course detach
      the air hose 18 from the inlet conduit 60. Initial pressurization of the
      tank is preferably done through the mixing probe 53 thereby making
      efficient use of the gas flow to assure mixing of the compound parts. Once
      the tank has been pressurized, hose 18 is transferred from the mixing
      probe to inlet conduit 60.
PAR  While the particular cable reclamation method and apparatus herein shown
      and disclosed in detail is fully capable of attaining the objects and
      providing the advantages hereinbefore stated, it is to be understood that
      it is merely illustrative of the presently preferred embodiment of the
      invention and that no limitations are intended to the details of
      construction or design herein shown other than as defined in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Cable reclamation apparatus for injecting a pre-mixed two-part liquid
      compound into and along a sheathed electrical cable, through a compound
      entry port in the sheath of the cable, to purge the cable of moisture,
      comprising a gas-pressurized tank having compound dispensing hose means
      terminating in a charging means sealably engageable with the exterior of
      the cable around the compound entry port with the hose means in
      communication with the compound entry port, means for supplying
      pressurized gas to said tank to pressurize and dispense liquid compound
      therefrom and into the cable along said dispensing hose means, and mixing
      means, comprising means for bubbling pressurized gas through the liquid
      compound, for mixing the two parts of the compound before starting to
      dispense the compound into the cable.
NUM  2.
PAR  2. Cable reclamation apparatus as defined in claim 1 characterized in the
      provision of a compound charging opening in the wall of said tank, closure
      means for said opening, and separate independently operable means for
      locking said closure means in assembled position over said charging
      opening.
NUM  3.
PAR  3. Cable reclamation apparatus as defined in claim 2 characterized in that
      said separate closure locking means includes a plurality of bayonet
      connectors distributed about said compound charging opening and the
      periphery of said closure means and cooperating to lock said closure means
      releasably assembled over said charging opening.
NUM  4.
PAR  4. Cable reclamation apparatus as defined in claim 3 characterized in that
      said separate closure locking means includes a locking bar insertable
      crosswise of the exterior of said closure means and through retainer lug
      means fixed to said tank on either side of said charging opening, and said
      locking bar having cam means engageable with said closure means as said
      locking bar is rotated about the longitudinal axis thereof to lock said
      closure means sealed across said charging opening.
NUM  5.
PAR  5. Cable reclamation apparatus as defined in claim 1 characterized in that
      said means for mixing said two-part compound comprises normally closed
      tubular means extending through the tank wall for supplying pressurized
      gas into the tank to mix the parts of said compound together, and the
      inner end of said tubular means being perforated and normally submerged in
      said compound and effective to bubble pressurized gas therethrough.
NUM  6.
PAR  6. Cable reclamation apparatus as defined in claim 1 characterized in that
      said charging means includes a channel-shaped charging fitting shaped to
      snugly embrace the cable to be reclaimed, and straight fastener means
      connected to and spanning the edges of the open side of said charging
      fitting and adapted to be tightened to hold said charging fitting clamped
      against the cable in a fluidtight manner while pressurized compound is
      being injected into the cable through the compound entry port.
NUM  7.
PAR  7. Cable reclamation apparatus as defined in claim 6 characterized in that
      said charging fitting is provided with a semi-cylindrical inner surface
      and including resilient gasket means engaging such surface and engageable
      with the cable sheath around the compound entry port therein.
NUM  8.
PAR  8. Cable reclamation apparatus as defined in claim 1 characterized in the
      provision of carriage means secured crosswise of the lower end of said
      tank on which said tank can be wheeled from place to place.
NUM  9.
PAR  9. Cable reclamation apparatus as defined in claim 1 characterized in the
      provision of a wheeled truck having a main frame extending upwardly along
      one side of said tank and secured thereto, and said tank being readily
      movable from place to place by tilting said truck and tank in a direction
      such that said tank is fully supported on the truck wheels.
NUM  10.
PAR  10. Cable reclamation apparatus for displacing moisture within an
      electrical cable with a polymerizable compound initially in liquid phase
      as charged into the cable, said apparatus comprising: a pressurizable tank
      for liquid polymer and having an outlet conduit for polymer, means for
      pressurizing said tank with gas under pressure, a cable charging fitting
      having its midportion connected to the outlet end of said outlet conduit,
      said charging fitting having an elongated C-shaped main body of flexible
      sheet material, clamping fastener means extending straight across the
      edges of said C-shaped main body and effective upon being tightened after
      said main body has been assembled about a cable to clamp said fitting
      against the exterior of a cable in a fluidtight manner, and gasket means
      interposed between the cable sheath and the interior surface of said main
      body to assure a fluidtight fit between juxtaposed surfaces of the cable
      sheath and of the main body of said charging fitting.
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ABST
PAL  A new apparatus for metering insect diet accurately and efficiently into
      individual insect rearing cells is disclosed. Insect diet is accurately
      metered into a set of plastic rearing cells which are preformed by a
      form-fill-seal machine. The insect diet is transferred from a thermally
      controlled reservoir through a pneumatic cylinder type metering device by
      means of a negative pressure on the intake and a positive pressure on the
      discharge. Thus very high viscosity diet materials can be utilized. The
      diet is discharged through a set of nozzles into individual plastic
      rearing cells. A ball type check valve is used on both the intake and
      discharge ends of the metering device, which can be incrementally
      calibrated by a threaded collar type mechanism. The whole apparatus is
      mounted to a stationary frame with a movable lower cross-head which
      imparts function to the metering devices. The number of metering devices
      can be varied and assembled in series and operated simultaneously with the
      number of rearing cells.
BSUM
PAR  This invention relates to equipment that meters insect diet (food) into
      insect rearing cells. More specifically, this equipment was developed for
      use on a form-fill-seal machine which utilizes high impact polystyrene to
      mold individual rearing cells.
PAR  In prior art the literature teaches that the majority of experimentors used
      hand techniques to fill individual cells with diet for insects. This
      placed a severe limitation on the number of insect cells which could be
      handled for any one program. Rapid advances in insect rearing technology
      and increasing demands for laboratory reared insects at the lowest
      possible cost created a need for mechanization. To our knowledge there is
      no commercial equipment available that might be used in place of the
      instant invention.
PAR  Heretofore existing automatic equipment available on the market is limited
      to individual cell diet fillers and low viscosity diet filling machines.
PAR  In the instant invention it was necessary to use production equipment such
      as the form-fill-seal machine in mechanizing the insect rearing.
PAR  Prior art also teaches that there are varying degrees of viscosities of
      insect diet which must be used in the rearing of different kinds and types
      of insects. Variation in viscosity of material can completely frustrate
      automatic devices. Variation in temperature of diet as required by
      different insects can also add to design criteria.
PAR  The main objective of this invention is to provide an apparatus and method
      to suitably produce filled insect cells with diet (food).
PAR  Another object of the present invention is to produce filled cells with
      diet on a multiple basis and in mass assembly.
PAR  A third object of the invention is to handle multiple cells for filling
      with diet which varies widely in viscosity.
PAR  A fourth object of this invention is to be able to meter accurately and
      efficiently diet into insect rearing cells.
PAR  A fifth object of this invention is to be able to accurately control and
      vary the amount of insect diet fed to each cell.
DRWD
PAR  Other objects and advantages of this invention will further become apparent
      hereinafter and in the drawings, in which:
PAR  FIG. 1 is a pictorial view of the diet filler machine.
PAR  FIG. 2 is a top view of the diet filler machine.
PAR  FIG. 3 is a detail view of the filling cylinder and valves as attached to
      the frame.
DETD
PAR  In describing the preferred embodiment of the invention illustrated in the
      drawings, specific terminology will be resorted to for the sake of
      clarity. However, it is not intended to be limited to the specific terms
      so selected, and it is to be understood that each specific term includes
      all technical equivalents which operate in a similar manner to accomplish
      a similar purpose.
PAR  Turning now to the specific embodiment of the invention selected for
      illustration in the drawings, the equipment was developed for use on a
      form-fill-seal machine which utilizes high impact polystyrene to mold
      individual rearing cells at a variable speed measured in strokes. The
      form-fill-seal machine portion is not shown in the illustrative drawings.
      The number of cells can be varied and the number of strokes can be varied.
      For purposes of this demonstration, 32 individual rearing cells per stroke
      at a variable speed of up to 17 strokes per minute were chosen. The
      continuous plastic is formed in a web of cells and advanced horizontally
      11 inches per stroke, then held motionless while the subsequent group of
      32 cells are formed in a 4 .times.  8 cell pattern. Thus the insect diet
      filler was designed and synchronized with the operation of the form-seal
      machine to meter 5 ml of diet into each of 32 rearing cells per cycle.
      These cycles are continuous until the desired number of cells are
      fabricated and filled.
PAR  In operation insect diet comes to the filler reservoir 11 through pipe 27.
      It may come from a sterilizer or a pump (not shown in illustrative
      drawings). Reservoir shape and size is of importance only to support
      adequate capacity. Reservoir material is of major importance in that it
      must be compatible with resistance to deterioration by the insect diet
      composition. Reservoir 11 has adapters 28 in the bottom for attaching
      hoses 23. Insulation and electrical heater 12 are provided on the
      reservoir to keep the diet from cooling too rapidly. If the diet
      temperature is not too important the equipment may be used with or without
      the heaters. Most diets with high agar content should be heated. Agar
      content is the amount of material in the diet which is responsible for the
      gelling properties.
PAR  There is a metering cylinder 14 for each rearing cell to be filled. Since
      the insect diet is a viscous material it requires both negative and
      positive pressure to meter properly with this equipment. The negative
      pressure fills the metering unit and the positive pressure forces the diet
      from the metering unit through a hose and nozzle into the rearing cell.
      Each cylinder also has an inlet valve 15 which is a ball type intake check
      valve and an outlet valve 16 which is a ball type outlet check valve plus
      negative pressure hoses 23 and positive pressure hoses 22, as well as a
      safety valve 31 to regulate pressure. All cylinders are mounted to frame
      13 which is set on casters 19. The instant invention was designed and
      built for 32 cylinders in this experiment. The top of the cylinders are
      held rigid since they are attached to stationary member 24, of the frame.
      Stem 45 which protrudes from the bottom of the cylinders is attached to a
      movable section 25 which is a bushing circumambient to a vertical post
      forming a vertical sliding means and is part of frame 13. Section 25 moves
      up and down and is powered by pneumatic cylinder 18. Braces and rollers 17
      operating on stationary tracks 26 keep section 25 plumb, so that stem 45
      in all 32 cylinders travels the same distance. When stem 45 is moved
      downward, a negative pressure is created inside cylinder 14. The negative
      pressure causes valve 16 to close and valve 15 to open, and this lets diet
      flow from the reservoir 11 through hoses 23 into each metering cylinder.
      Conversely, as stem 45 moves up, a positive pressure is created inside the
      metering cylinders. This positive pressure causes valve 15 to close and
      valve 16 to open, which lets diet flow from the cylinder through valve 16,
      hose 22, nozzles 20, and into the rearing cells 21.
PAR  The volume of diet is controlled by limiting the stroke of the driving
      cylinder. Therefore, the amount of diet placed in each cell is controlled
      by adjusting a collar on driving cylinder 18 to limit the stroke. Fine
      adjustments of less than two centimeters are made by using adjusting
      collar 30. Screwing the threaded collar in or out shortens or lengthens
      the stroke. Coarse adjustment of greater than two centimeters can be made
      by changing the collars.
PAR  Nozzles 20 are mounted in the same configuration of a 4 .times.  8 pattern
      and over the plastic web cell configuration. There is one nozzle per cell
      unit. The stroke of the metering cylinder 14 is adjusted to deliver
      between five and ten mls of insect diet to each of the 32 cells. The
      metering cylinder 14 is synchronized to deliver the diet to the cells
      during the period of time that the web is stationary in the form-fill-seal
      machine, and filling can be accomplished in less than two seconds.
      Metering cylinders 14 which are attached to movable part 25 are thus
      simultaneously driven by pneumatic cylinder 18, which is preset at the
      proper stroke.
PAR  The equipment is designed to deliver up to a maximum of 17 strokes per
      minute. However, empirical data indicate between 10 and 12 strokes per
      minute to be optimum. It should be coupled with a form-fill-seal machine
      that allows two second intervals for filling. Adequate space must be
      provided for the nozzles over the plastic cells.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. An apparatus for filling insect rearing cells with diet comprising in
      combination:
PA1  a. a means of storing insect diet, provided with a heater and insulated for
      temperature retention, said storing means attached to
PA1  b. a plurality of vertical metering means wherein each vertical metering
      means comprises in combination:
PA2  1. a vertical pneumatic cylinder having its upper end affixed to a upper
      horizontal stationary support for stability, and its lower stem end
      affixed to a lower horizontal movable support to impart function by upward
      and downward movement,
PA2  2. an adjusting collar on said lower stem end for calibrating dispensed
      quantities of insect diet,
PA2  3. a single passage serving for volume intake and outlet and communicating
      intermediate its ends with
PA2  4. a working intake and outlet chamber in said cylinder
PA2  5. a safety valve in said single passage to regulate pressure control
PA2  6. an intake check valve at one end of said single passage operating within
      a negative pressure limitation and attached to
PA2  7. a pressure hose supplying insect diet from said storing means under a
      negative intake pressure,
PA2  8. an outlet check valve at the other end of said single passage operating
      within a positive pressure limitation and attached to
PA2  9. a pressure hose dispensing insect diet under a positive outlet pressure,
PA1  c. a frame comprising:
PA2  1. a base mounted on casters,
PA2  2. vertical post supports,
PAR  3.  said upper horizontal stationary support affixed to said vertical post
      supports at the ends thereof and also attached to the upper end of each
      vertical metering means,
PA2  4. said lower horizontal movable support affixed to the vertical post
      supports by a vertical sliding means and also attached to the lower end of
      each vertical metering means thereby imparting controlled function by
      upward and downward movement to each metering means and said lower
      horizontal movable support attached to and actuated into upward and
      downward movement by a pneumatic means, said lower horizontal support also
      affixed to a system of braces and rollers which travel on vertical tracks
      affixed to the vertical post supports thus imparting stability and
      maintaining the vertical metering means plumb,
PA1  d. a nozzle means communicating with said pressure dispensing hose for
      dispensing insect diet in controlled and preset quantity and into
PA1  e. a rearing cell structure comprising individual cells.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein the adjusting collar is
      changeable to allow for both fine calibrations dispensing insect diet
      filler volumes of less than two centimeters and coarse calibrations
      dispensing insect diet volumes of greater than two centimeters.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein 32 metering means operate
      simultaneously arranged in 4 .times. 8 patterns.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein the materials of
      construction are of corrosion resistant materials.
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ABST
PAL  A multi-purpose funnel with handle, a flanged rim to prevent overflow and a
      discharge spout. The funnel comprises two co-axial connections with male
      thread, the smaller diameter connection having a tubular extension and a
      rubber seal. Discharge pipes are provided, there pipes can be bushed into
      the connection spout.
BSUM
PAR  The invention relates to a multi-purpose funnel with handle, a flanged rim
      to prevent overflow, and a discharge spout, e.g. for use in garages,
      work-shops and petrol filling stations.
PAR  Funnels with handle and flanged rim are known with the funnel discharge
      pipe arranged in the funnel axis or, for filling through less easily
      accessible openings, with the discharge pipe designed as an elbow piece.
PAR  The requirement became evident, however, to have a funnel which can either
      be attached to, and detached from, the container to be filled or,
      alternatively, can be fitted with a removable vertical discharge pipe or,
      alternatively, can be connected to a discharge pipe elbow piece which is
      adjustable both horizontally and vertically.
PAR  This requirement can be met by the multipurpose funnel according to the
      invention. A characteristic feature of it is that two co-axial connections
      with male thread are provided, the smaller diameter connection having a
      tubular extension and a rubber seal, and that discharge pipes can be
      bushed into the connection spout.
DRWD
PAR  The illustrations show an example of the invention, i.e.
PAR  FIG. 1 a vertical section through the funnel with its connections;
PAR  FIG. 2 an elbow piece with a threaded union socket end, side elevation;
PAR  FIG. 3 an elbow piece with rubber sleeve and adjustment collar, side
      elevation;
PAR  FIG. 4 a cylindrical reduction pipe with rubber sleeve and adjustment
      collar, side elevation;
PAR  FIG. 5 the funnel with telescopically jointed pipe lengths in operating
      position and, indicated by the dash-dotted lines, with the discharge end
      piece in drip-proof rest position.
DETD
PAR  The multi-purpose funnel shown in FIG. 1 comprises a cup or bowl 1 with a
      flanged rim 2 and a handle 3. At the bottom of bowl 1 are two co-axial
      connections 4 and 5. The larger connection 4 consists of a cylindrical
      ring welded to the bowl 1 with a male thread 6 around its upper portion
      and a collar 7 at its bottom portion. The connection 4 is designed to
      screw the bowl 1 on to a vessel, e.g. a barrel used for petrol, oil etc.
      The smaller connection 5 is a discharge pipe length which in its upper
      portion is designed as a thicker cylindrical collar 8 whilst the thinner
      lower portion 9 is a plain pipe connection piece. Sleeved over the upper,
      thicker portion 8 is a flat rubber seal 11 which ocvers the uppermost turn
      of the thread 10. Discharge pipes 12, 16, 25 are provided which can be
      jointed to the bowl 1. The elbow piece 12 (FIG. 2) is intended for pouring
      a liquid through an aperture which would be less accessible in a
      horizontal direction. This elbow consists of a short, wider portion 13 and
      a long, narrower portion 14. The centre lines of these two parts 13 and 14
      are at an angle of 110.degree. one to another. The short, thicker portion
      13 is fitted with a threaded collar 15 so as to enable the elbow 12 to be
      screwed on to the smaller connection 5 of the bowl 1.
PAR  Where the aperture of the vessel to be filled is at a lower lateral
      position, the elbow 16 can be used (FIG. 3). Same comprises a long, wider
      portion 17 and a short, narrower portion 18. The centre lines of the two
      parts 17 and 18 are also angled through 110 degrees relative to each
      other. At the upper end of the long, wider portion 17 is a rubber sleeve
      19 which is locked in place by the clamping collar 20 in such a manner
      that it projects with half its length beyond the pipe 17. Arranged at the
      upper end of the rubber sleeve 19 is a locking ring 21 with a female,
      nut-shaped block 22 and an abutment washer 23. By turning the pinch bolt
      24 one can alter the inner diameter of the sleeve 19. It is possible for
      the pipe 16, by means of the sleeve 19, to be clamped direct to the
      tubular portion 9 of the smaller funnel end piece 5.
PAR  If the aperture through which a liquid has to be fed, is at the top of a
      vessel which is not accessible from the side, pipe 16 with its long, wider
      portion 17 and rubber sleeve 19 can be telescoped over the long, narrower
      portion 14 of the elbow 12 (FIG. 5).
PAR  Filling through small openings is by means of a cylindrical reduction pipe
      25 with a narrower end piece 26 and a wider portion 27 (FIG. 4). Arranged
      at the upper end of this wider portion 27 is a projecting rubber sleeve 19
      which is locked in place by the clamping collar 20. At the upper end of
      the rubber sleeve 19 is an adjustable locking device 21, 22, 23 with pinch
      bolt 24. It is possible for the reduction pipe 25, by means of the rubber
      sleeve 19, to be clamped direct to the tubular portion 9 of the smaller
      funnel end piece 5. It can also be attached in a telescopically adjustable
      manner to pipe 14 of elbow 12 or to pipe 18 of elbow 16.
PAR  In FIG. 5 all of the pipes 12, 16 and 25 are joined together with elbow 12
      connected to the bowl 1. Funnel discharge pipes 12, 16 and 25 are
      ajjustable both horizontally and vertically.
PAR  To prevent liquid residues from dripping off when the funnel assembly is
      stored after use, the elbow piece 16 together with the reduction pipe 25
      can be turned into the position indicated by the dash-dotted lines.
PAR  The multi-purpose funnel described above is designed for use in particular
      by garages, workshops and filling stations.
CLMS
STM  I claim:
NUM  1.
PAR  1. The combination of a multi-purpose funnel and attachment therefor, said
      funnel comprising a bowl with inwardly flanged open top and a bottom
      opening, a handle on said bowl, a ring being fixed to said bowl and having
      a threaded periphery, an outflow tube being fixed to said bowl around said
      bowl opening and within said ring, said tube having a partially threaded
      periphery and portion of smaller diameter than said tube threaded
      periphery, a gasket being mounted on said tube, said attachment comprising
      a second tube having an internally threaded end portion in threaded
      engagement with said first mentioned tube threaded periphery, said second
      tube having said first
PA1  mentioned tube portion of smaller diameter telescopically extending therein
      and said second tube having a portion of smaller diameter relative to and
      extending angularly from said threaded portion of said second tube.
NUM  2.
PAR  2. The combination of a multipurpose funnel and attachment therefor as
      claimed in claim 1 wherein said attachment comprises a second tube having
      a straight portion with a second straight portion of smaller diameter than
      said first straight portion, a resilient sleeve having said second tube
      first portion extending in one end thereof and said first tube portion
      partially extending in the other end thereof, an adjustable collar
      surrounding said sleeve and said first tube portion connecting the same
      and a collar surrounding said sleeve and said second tube first portion
      therein connecting the same.
NUM  3.
PAR  3. The combination of a multi-purpose funnel and attachment therefor as
      claim in claim 2 wherein said second tube second portion extends on an
      angle to said first portion thereof.
NUM  4.
PAR  4. The combination of a multi-purpose funnel and attachment therefor as
      claimed in claim 2 wherein said second tube second portion extends in line
      with said first portion thereof.
NUM  5.
PAR  5. The combination of a multi-purpose funnel and attachment therefor as
      claimed in claim 1 including a resilient sleeve having said second tube
      angular portion partially extending therein, an adjustable collar
      surrounding and connecting said sleeve and said second tube angular
      portion therein, a third tube partially extending into said sleeve and a
      collar retaining said third tube in said sleeve.
NUM  6.
PAR  6. The combination of a multi-purpose funnel and attachment therefor as
      claimed in claim 5 wherein said third tube has a straight portion and a
      portion of relatively smaller diameter than and extending on an angle to
      said first portion.
NUM  7.
PAR  7. The combination of a multi-purpose funnel and attachment therefor as
      claimed in claim 6 including a second resilient sleeve having said third
      tube angular portion partially extending therein, a second adjustable
      collar surrounding said second sleeve and said third tube angular portion
      therein, a fourth tube partially extending in said second sleeve and a
      collar connecting said fourth tube and said sleeve.
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ABST
PAL  Equipment for transferring tree trunks one-by-one from a heap onto a
      longitudinal transporter comprises a reception table positioned between
      the heap and said transporter and provided with a feeding device movable
      back and forth over the table in a direction transversal to the
      longitudinal direction of the tree trunks in the heap. The feeding device
      is provided with a gripper for drawing each tree trunk in its longitudinal
      direction from the heap onto conveyors which are arranged on the table for
      transporting of the tree trunk in a direction perpendicular to its
      longitudinal direction onto the longitudinal transporter.
PARN
PAR  This is a division of application Ser. No. 502,587 filed Sept. 3, 1974.
BSUM
PAR  The subject of the present invention is equipment for one-by-one
      transferring of tree trunks stored in heaps, onto a longitudinal
      transporter transporting the trunks to further processing, whereby the
      equipment comprises a reception table on which a transporter carries the
      tree trunks transversally from the heaps onto said longitudinal
      transporter.
PAR  It is a previously known method to bring the felled tree trunks to the
      handling site as heaped into bundles and to take apart the bundles on the
      reception table so that only one tree trunk at a time is carried from the
      reception table to the extension transporter. In this case the procedure
      has usually been such that either entire bundles of trunks have been
      lifted onto the reception table by means of a portable crane moving across
      the heaps consisting of tree trunks, or an appropriate number of trunks
      has been lifted from the heap of trunks by means of a fork-lift truck onto
      the reception table. Thus, in both cases the bundles of tree trunks have
      been taken apart on the reception table while the trunks are proceeding on
      the table towards the extension transporter.
PAR  Both of the ways of taking apart described above involve the drawback that
      the reception table with its transporter and supporting structure must be
      made very robust and strong, because they must stand loads of entire
      bundles of tree trunks. Moreover, particular devices are required for
      taking apart the bundles lifted onto the reception table, by means of
      which devices it is possible to grasp both the top part and the root part
      of the tree trunk, because individual trunks must be pulled off the bundle
      in their transversal direction. In the latter method a particular bundle
      transfer vehicle is required additionally.
PAR  A purpose of the present invention is to provide a feeding equipment that
      eliminates the above drawbacks, and this is achieved by means of the
      equipment in accordance with the invention, which is characterized by at
      least one feeding device that moves above the reception table
      transversally in relation to the longitudinal direction of the heaped tree
      trunks and that is provided with a gripping device so as to move the tree
      trunks one by one substantially in their longitudinal direction onto said
      reception table.
PAR  The feeding equipment in accordance with the present invention is based on
      the idea that the tree trunks are pulled one by one from the heaps in the
      longitudinal direction of the trunks and are moved further in their
      longitudinal direction onto the transversal transporters of the reception
      table. In such a case the tree trunks are unloaded from vehicles into
      heaps alongside the reception table at such a place and position that the
      trunks are directed substantially towards a side of the reception table
      while one end of the trunks is located next to said side of the reception
      table. Since a tree trunk can be pulled off the heap considerably easier
      in the longitudinal direction than in the transversal direction, one
      simple gripping device is sufficient for the equipment, by which device
      the end of a trunk in the heap is caught and the trunk pulled off the heap
      and further onto the reception table. In this way it is completely
      unnecessary to move the trunks as bundles onto the reception table,
      whereby the transporters and support constructions of the reception table
      may be made as of a considerably lighter construction.
PAR  When unlopped tree trunks are to be moved from the heap onto an extension
      transporter, it is possible to provide the feeding equipment with a
      lopping machine through which the tree trunk taken off the heap passes
      when it is fed onto the reception table. The feeding equipment in
      accordance with the invention is thus suitable for feeding of both lopped
      and unlopped tree trunks.
PAR  By making the feeding equipment mobile all over the reception table, taking
      apart of trunk bundles is permitted at one section of the heap area while
      the heap area is being refilled at another section. Also, it is possible
      to use several feeding equipments at the same time, which increases the
      feeding capacity of the reception table.
DRWD
PAR  The invention will be described in more detail below with reference to the
      attached drawing, which gives a schematical view of a preferred embodiment
      of the feeding equipment in accordance with the invention as a top view.
DETD
PAR  In the drawing the reference numeral 1 denotes the heap area for tree
      trunks in general, 2 denotes the feeding equipment in accordance with the
      invention, 3 denotes the reception table, and 4 denotes the extension
      transporter.
PAR  The reception table 3 comprises a horizontal transporter consisting of
      several parallel transporter chains 7 passing around horizontal drive
      shafts 5, 6. The direction of movement of the transporter is indicated by
      arrow A.
PAR  At opposite sides of the reception table 3, parallel rails 8 have been
      provided, along which the feeding equipment 2 moves, consisting of a
      transversal beam 9 extending perpendicularly across the transporters 7.
      The transversal beam supports a transporter which consists of a horizontal
      transporter chain 11 passing around drive shafts 10. The beam additionally
      supports a lopping machine 12 with feeding rollers 13, mounted at one of
      its ends, as well as an articulated arm 14 turning around a vertical shaft
      and provided with a gripping chuck 15.
PAR  At the end of the reception table 2 next to the drive shaft 5 there is an
      extension transporter that consists of a horizontal transporter chain 16
      positioned perpendicularly to the transporter chains 7 of the reception
      table. The direction of movement of the extension transporter is denoted
      with arrow B.
PAR  The feeding equipment operates as follows:
PAR  Tree trunks 17 collected from chopping areas are unloaded into heaps on the
      heap area 1 positioned alongside one side 3a of the reception table so
      that the londitudinal direction C of the tree trunks is substantially
      perpendicular to the direction of movement A of the transporter chains 7
      of the reception table and that the ends of the trunks are positioned next
      to said side 3a of the reception table.
PAR  The feeding equipment 2 is driven along its rails so that it faces the
      heap, whereupon one grips the end of trunk 17A by the gripping chuck 15 of
      the arm and pulls the trunk longitudinally off the heap. By means of the
      arm, the tree trunk is guided into grip between the feeding rollers 13 and
      further into the lopping machine 12. When leaving the lopping machine, the
      tree trunk comes onto the transporter chain 11, which moves the trunk
      longitudinally above the reception table. Reference numeral 17B denotes
      such a lopped tree trunk.
PAR  After the tree trunk has moved entirely to above the reception table, it is
      dropped, by a mechanism not shown, onto the transporter chains 7. The
      transporter chains move the tree trunk transversally towards the extension
      transporter 4, and reference numeral 17C shows such a tree trunk.
PAR  At the end of the reception table, the tree trunk is dropped onto the
      transporter chain 16 of the extension transporter, which chain moves the
      trunk longitudinally forwards to the next processing step. Reference
      numeral 170 denotes such a tree trunk.
PAR  From the drawing it is noticed that the tree trunks can be unloaded from
      the heap one by one by removing them from same longitudinally. Thus, the
      bundles of trunks need not be lifted onto the reception table from the
      heap area. While one heap is being emptied, new heaps of trunks can be
      formed in another section of the area. After one heap has been emptied,
      the feeding equipment is driven to another heap. When the tree trunk is
      still in the lopping machine, the arm 14 can already prepare the
      feeding-in of the next trunk.
PAR  The drawing and the related specification are only intended to illustrate
      the idea of the invention. In its details the feeding equipment in
      accordance with the invention may vary even considerably within the scope
      of the patent claims. Thus, it is possible to mount on the rails several
      independently operating sets of feeding equipment. When ready-lopped
      trunks are handled, the lopping machine can, of course, be omitted. The
      transporter 7 may be of a different construction, e.g. consisting of a
      gliding plane that can be tilted.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Equipment for transferring tree trunks one-by-one from a first region to
      a second region, the equipment comprising a feeding device for removing
      the tree trunks from the first region, a receiving table, and a conveyor
      means on the receiving table for receiving tree trunks which have been
      removed from the first region by the feeding device and conveying them to
      the second region, the feeding device comprising:
PA1  a gripper for gripping a tree trunk disposed in said first region;
PA1  a roller conveyor having its feeding direction transverse to the feeding
      direction of said conveyor means and positioned to receive the tree trunk
      from the gripper and advance it longitudinally;
PA1  a second conveyor having its feeding direction aligned with the feeding
      direction of said roller conveyor and arranged to receive the tree trunk
      from the roller conveyor and advance it longitudinally to discharge it
      onto said conveyor means; and
PA1  a lopping machine arranged between the gripper and the second conveyor to
      lop the tree trunk as it passes from said first region to the second
      conveyor.
NUM  2.
PAR  2. Equipment as claimed in claim 1, wherein the feeding device is movable
      with respect to the receiving table substantially parallel to the feeding
      direction of the conveyor means.
NUM  3.
PAR  3. Equipment as claimed in claim 2, comprising rails positioned at opposite
      sides of the receiving table and extending parallel to the feeding
      direction of the conveyor means, the feeding device being mounted so as to
      be movable on said rails.
NUM  4.
PAR  4. Equipment as claimed in claim 1, wherein the gripper comprises a feeding
      arm provided with a gripping chuck.
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ABST
PAL  Apparatus for harvesting, delimbing and cutting trees into sections is
      disclosed herein. The harvesting apparatus includes grapple means and
      cutter means on a mast which is supported on a boom of a vehicle. The
      delimbing and cutting into sections is accomplished with a separate frame
      that may be in the form of a trailer processor attached to the vehicle and
      positioned so that the mast and boom may be utilized for forcing the tree
      into engagement with a tree advancing mechanism on the trailer and the
      cutter means on the mast may be utilized to cut the delimbed tree into
      sections. The system is also designed so that the hydraulic circuitry for
      driving the vehicle may be used as the power source for the processor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various types of tree cutting and processing apparatus have developed in
      recent years. Many of these devices also incorporate some type of
      mechanism for delimbing the tree and/or cutting the tree into a plurality
      of sections. Examples of such devices are shown in the following U.S. Pat:
      Propst, No. 3,140,736; Gutman et al., No. 3,669,161; Siiro, No. 3,461,928;
      Maradyn, No. 3,498,350; and Gibson, No. 3,542,099. While virtually all of
      these devices are capable of performing the numerous operations such as
      delimbing, the topping of trees, the cutting of trees, etc., manufacturers
      of such equipment are constantly striving to provide a machine that is
      simple in construction yet highly effective in operation at a minimum
      cost.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a simple and inexpensive processing
      attachment may be provided for a tree harvesting machine of the type that
      is self-propelled and wherein a portion of the harvesting mechanism can be
      utilized in delimbing and cutting the tree into sections.
PAR  More specifically, the processing attachment is in the form of a trailer
      that has a tree advancing roll supported thereon and a tree delimbing
      mechanism adjacent the tree advancing roll. The trailing vehicle is
      positioned so that the cutting mechanism used for the initial severing of
      the tree at its base may also be utilized for cutting the tree into
      sections after it has been delimbed. Also, the hydraulic mechanism forming
      part of the boom that supports the tree cutting mechanism can be utilized
      as the power source for holding the tree into engagement with the
      advancing roll.
PAR  In addition, the present invention contemplates utilizing the existing
      hydraulic circuit, which is utilized for propelling the vehicle, as the
      power source for the delimbing and tree advancing mechanisms. This is
      accomplished by a simple diverter valve incorporated into the basic
      hydraulic circuitry for the vehicle.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 of the drawings shows the tree harvester and processor of the
      present invention;
PAR  FIG. 2 is an enlarged view of the processing portion of the mechanism shown
      in FIG. 1;
PAR  FIG. 3 is a transverse sectional view as viewed along line 3--3 of FIG. 2;
PAR  FIG. 4 is a partial plan view, along line 4--4 of FIG. 2, showing the
      delimbing and tree advancing mechanism;
PAR  FIG. 5 is an end view, as viewed along line 5--5 of FIG. 4 showing the
      delimbing mechanism;
PAR  FIG. 6 is a view similar to FIG. 5 showing the delimbing mechanism in a
      closed position; and
PAR  FIG. 7 is a schematic illustration of the novel hydraulic circuit forming
      part of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will herein be described in detail a
      preferred embodiment of the invention with the understanding that the
      present disclosure is to be considered as an exemplification of the
      principles of the invention and is not intended to limit the invention to
      the embodiment illustrated.
PAR  While not limited to any specific details, many of the parts of the present
      tree harvester may be of the type disclosed in U.S. Pat. No. 3,575,222,
      the portions of which are not inconsistent with this disclosure, being
      incorporated herein by reference. Tree harvesting apparatus 10, shown in
      FIG. 1 consists of a vehicle 12 having a base or undercarriage 14
      supported by a pair of driven tracks 16, only one of which is shown in
      FIG. 1. A turntable 18 is rotatably supported about a vertical pivot axis
      on undercarriage or base 14 and turntable 18 has an overhead assembly 20
      supported thereon. Overhead assembly 20 has the inner end of boom 22
      pivotally supported about a horizontal pivot axis, defined by pin 24
      thereon, and pivoted about pivot axis 24 through a fluid ram 26. A dipper
      stick assembly 30 is pivoted about a pivot pin 32 on the outer end of boom
      22 by a further fluid ram 34. Boom 22 and dipper stick assembly 30 may be
      considered boom sections of an articulated boom that is power actuated by
      fluid ram 34.
PAR  An elongated mast 36 is pivotally supported by a pivot pin 38 on the outer
      end of dipper stick or boom section 30 by a further fluid ram 40 with a
      linkage 42 interposed between fluid ram 40, boom section 30, and mast 36.
PAR  The elongated mast 36 incorporates tree gripping means 46 and tree severing
      means 48 which are respectively capable of gripping the tree and holding
      the tree by the gripping means while the severing means severs the
      standing tree adjacent its base. Tree gripping means 46 may be of the type
      disclosed in the above mentioned Tucek patent wherein the gripping means
      consists of a pair of arms 50 and 52 that are respectively pivoted on mast
      36 at vertically spaced points by fluid rams (not shown). The two gripping
      means or arms 50 and 52 define opposed jaws for grasping a tree
      therebetween.
PAR  Severing means 48 again can be of the type disclosed in the above mentioned
      Tucek patent which shows the severing means as being a pair of blades
      pivoted on mast 36 by a single hydraulic fluid ram.
PAR  With the structure so far described, fluid rams 26, 34 and 40 may be
      manipulated so that elongated mast 36 is positioned generally parallel to
      a standing tree, adjacent the base thereof, with arms 50 and 52
      respectively located on opposite sides of the standing tree while the
      severing means is in an open position for receiving the base of the tree.
      The fluid rams associated with the respective arms 50 and 52 can then be
      actuated to securely grip the tree and the severing means subsequently be
      actuated to sever the standing tree adjacent its base. All of the above is
      accomplished, as explained more fully in the above mentioned Tucek patent.
PAR  According to the present invention, the existing apparatus for cutting
      trees can readily be converted into a machine for also delimbing the trees
      after they are cut and then cutting the trees into a plurality of
      sections. All of this may be accomplished by a simple processing
      attachment or trailer that can be attached to the main vehicle 12 when
      delimbing and cutting of the tree into sections is desired.
PAR  More specifically, processing attachment 60 consists of a pair of wheels 61
      supported on opposite ends of an axle 62. A tongue structure 64 extends
      from axle 62 with a conventional releasable attachment 66 at the forward
      end of tongue 64 for attaching the trailer to undercarriage 14. A frame
      member 68 is secured to axle 62 and has a tree advancing roller 70
      rotatably supported thereon by a shaft 72 which has drive means in the
      form of a hydraulic motor 74 (FIG. 4) secured thereto.
PAR  Tree advancing roll 70 may take any number of forms but preferably includes
      a pair of plates 76 with a cradle structure 78 between the plates that
      generally define a generally arcuate peripheral surface when viewed as
      shown in FIG. 4. The elements defining cradle structure may be in the form
      of plates that have sharp edges for penetrating the periphery of the tree,
      as will be described later.
PAR  Processing attachment 60 also has tree delimbing means 82 thereon adjacent
      tree advancing means 70. Again, tree delimbing means 82 may take various
      forms but preferably is of the type shown in FIGS. 5 and 6 which includes
      a pair of jaws 84 respectively pivoted by pivot pins 86 on frame member 68
      through fluid rams 88. The two jaws 84 have an endless chain 90 supported
      thereon by pivot pins 92 so that actuation of fluid rams 88 from the
      position shown in FIG. 5 to that shown in FIG. 6 will completely encircle
      a tree T. Chain 90 has a plurality of blades 96 secured to the respective
      links for severing branches from the main trunk of the tree, as will be
      described later. The advantage of the link chain arrangement for the
      delimbing means is that the mechanism encircling the tree can readily
      conform to the peripheral configuration of the tree. Furthermore, by
      utilizing hydraulic fluid ram 88, pressurized fluid can continuously be
      supplied to the rams so that the size of the opening within endless chain
      90 automatically decreases as the diameter of the tree T decreases. This
      has the advantage of automatically maintaining blades 96 as close as
      possible to the periphery of the tree so that the limbs or branches are
      removed in close proximity to the tree trunk.
PAR  According to one aspect of the invention, the articulated boom consisting
      of boom sections 22 and 30 as well as fluid ram 34 may be utilized for
      pressing the tree trunk into contacting engagement with tree advancing
      roll 70. For this purpose, mast 36 has tree engaging means 100 defined
      thereon for engaging the periphery of the tree at a point directly
      opposite the point of engagement by tree advancing roll 70. Tree engaging
      means 100 may include fixed or rotatable pipes 102 supported on a frame
      element 104 secured to mast 36.
PAR  With this arrangement, manipulation of fluid rams 26, 34 and 40 can readily
      locate mast 36 adjacent roll 70 and the power articulated boom including
      fluid ram 34 or fluid ram 26 can be utilized for providing a large amount
      of force for forcing the periphery of the tree into engagement with tree
      advancing roll 70. Another advantage of the arrangement described above is
      the fact that the tree severing means 46 can be utilized for severing the
      tree into individual sections after the limbs have been removed.
PAR  According to another aspect of the invention, the tree sections which are
      severed by severing means 46 are automatically moved transversely to be
      stacked in a common stack for a given tree. Referring to FIGS. 2 and 3,
      stacking apparatus 110 includes an endless conveyor 112 supported on
      processor or frame 60, more specifically tongue structure 64 with the
      upper flight of the conveyor 112 extending transversely of the elongated
      frame 60. Conveyor 112 consists of a plurality of slats 114 extending
      between chain flights 115 which are supported on drive sprockets 116 and
      adjustable idler sprockets 118, the latter of which may be adjusted by
      fluid rams 120. Drive sprockets 116 are again preferably driven by a
      hydraulic motor 122, for a purpose that will be described later.
PAR  Tree harvesting apparatus 10 also incorporates means 130 for indicating the
      length of various tree sections. Indicating means 130 consists of
      telescoping rods 132 and 134, one of which is fixed with respect to frame
      60 and the other of which is adjustable relative thereto. The end of rod
      134 has a bar extending transversely therefrom with a plurality of chains
      138 extending from bar 136. With this arrangement, the operator can
      readily visualize when a desired length of tree section has been moved
      through the delimbing mechanism, as will be described later.
PAR  Before describing the operation of the tree harvesting apparatus, the novel
      hydraulic circuit must be described. The novel hydraulic circuit,
      according to the present invention, utilizes hydraulic fluid that is
      normally used for propelling the vehicle as the fluid source for operating
      the tree advancing roll and the delimbing rams 88 as well as conveyor
      motor 122.
PAR  Vehicle 12 incorporates first and second hydraulically operated fluid
      motors 130 and 132 (FIG. 7) that respectively cooperate with tracks 16 for
      propelling and controlling the direction of the vehicle. Fluid is supplied
      to the respective motors from a source 134 through separate pumps 136 and
      138 and the flow of fluid to and from the motors is controlled by
      individual valves 140 and 142. Valves 140 and 142 are normally operated by
      separate foot pedals 144 and 146 so that the amount and direction of fluid
      under pressure through conduits 148, 149, 150 and 151 can be controlled.
PAR  According to the present invention, pumps 136 and 138 are utilized for
      supplying the fluid to the processing portion of the tree harvesting
      apparatus. More specifically, conduits 148 and 149 as well as conduits 150
      and 151 respectively have diverter valves 160 and 162 located therein. The
      two diverter valves define diverting valve means which, when actuated,
      supply fluid under pressure from pumps 136 and 138 to fluid rams 88, and
      fluid motors 74 and 122 through a hydraulic circuit 164 that will now be
      described.
PAR  Hydraulic circuit 164 includes first and second conduits 166 and 168 that
      respectively lead from diverter valve 160 to opposite ends of fluid rams
      88. First conduit 166 has a branch conduit 170 leading therefrom to
      conveyor motor 122 and from conveyor motor to second conduit 168 with a
      one-way check valve 172 located therein. Branch conduit 170 also has a
      restrictor 174 between conveyor motor 122 and first conduit 166. The two
      conduits 166 and 168 are also interconnected by pressure responsive means
      176 that will open when a predetermined pressure is reached in conduit 166
      to interconnect the two conduits, for a purpose that will be described
      later.
PAR  Second diverter valve 162 also has conduits 180 and 182 leading therefrom
      with both conduits connected to the tree advancing motor 74. Motor 74 is a
      reversible motor and rotates in one direction when fluid under pressure
      from pump 138 is delivered through conduit 180 and rotates in the opposite
      direction when fluid under pressure is delivered to conduit 182, which may
      be accomplished by actuating control valve 142. Conduits 166 and 180 are
      interconnected through a branch line 184 having a pressure responsive
      relief valve 186 located therein and a line 188 bypassing pressure
      responsive relief valve 186 with a unidirectional check valve 190 located
      therein. Conduits 168 and 182 are also interconnected by a line 202 having
      a unidirectional valve 204 therein.
PAR  Pressure responsive valve 186 is actuated by fluid from conduit 180 passing
      through line 192 and conduit 180 has a restrictor 194 located therein and
      a parallel line having a unidirectional valve 196 therein. Also, first
      conduit 166 has a restrictor 198 located downstream of the connection of
      branch conduit 184 thereto.
PAR  According to one aspect of the invention, diverting valve means 160 and 162
      are automatically actuated when the rotatable turntable is in a
      predetermined position with respect to base 14 and this position is
      preferably the position illustrated in FIG. 1 wherein the power
      articulated boom and mast 36 extend generally parallel to elongated frame
      60. In this position, a lever or first element 210 engages an actuating
      element 212 on each of the diverting valves 160 and 162 to move the valves
      to a position where reservoir 134 and pumps 136 and 138 are connected to
      the hydraulic circuit for the trailer processor attachment.
PAC  OPERATION
PAR  The operation of the hydraulic circuits will be described in connection
      with the overall operation of the tree cutting apparatus and the trailer
      processor attachment.
PAR  Initially, fluid under pressure is delivered from a source by pumps (not
      shown) to fluid rams 26, 34 and 40 to position elongated mast 36 alongside
      the base of a standing tree while clamping jaws 50 and 52 and cutting
      means 48 are in an open position. The clamping jaws are then moved to a
      closed position to securely grip the tree and the tree is severed adjacent
      its base by operating cutting means 48. The severed tree is then
      repositioned to be generally parallel to the ground with the base end
      above tree advancing wheel or roll 70 while the opposite end of the tree
      is supported on the ground. When this position is reached, lever 210
      actuates both diverting valves 160 and 162 to connect pumps 136 and 138 to
      hydraulic circuits 164.
PAR  Gripping jaws 50 and 52 as well as cutting means 48 are then opened and the
      tree is supported at its base on driven wheel 70 which at this time is not
      being driven. The operator then manipulates power articulated boom 22, 30
      through fluid ram 34 or fluid ram 26 to force tree engaging means 100 into
      engagement with the tree at a location directly opposite to the point of
      contact with tree advancing wheel 70. At the same time or just prior
      thereto, foot pedal 144 is actuated to supply fluid under pressure from
      pump 136 through conduit 166 to fluid rams 88 to encircle the tree with
      delimbing chain 90. The fluid under pressure delivered to conduit 166 also
      passes through restrictor valve 174, which is preferably adjustable, to
      drive hydraulic motor 122 in one direction and conveyor 112 in the
      direction indicated by the arrow in FIG. 3. When the delimbing mechanism
      fully encircles the tree as shown in FIG. 6, hydraulic pressure rapidly
      builds up in first conduit 166 and, when the pressure setting of
      adjustable pressure responsive valve 176 is reached, conduits 166 and 168
      will be interconnected so that fluid under pressure from conduit 166 is
      automatically returned to reservoir 134. The advantage of having
      adjustable pressure responsive valve means 176 is that the clamping
      pressure supplied by fluid rams 88 to delimbing mechanism 90 can readily
      be adjusted.
PAR  The second foot pedal 146 is then actuated to supply fluid under pressure
      through conduit 180 to drive means or motor 74 to rotate tree advancing
      roll 70 in a generally counterclockwise direction, as viewed in FIGS. 1
      and 2, so that the base of the tree is advanced through the delimbing
      mechanism 82 and the free end thereof is moved toward indicating means
      130, more specifically chains 138. During this movement, the hydraulic
      fluid under pressure from conduit 166 is also utilized for driving fluid
      motor 74. This is accomplished by pressure responsive valve 186. By having
      restrictor valve 194 located in conduit 180, there will be a pressure drop
      across restrictor 194 and the higher pressure side, being connected to
      pressure responsive valve 186 through conduit 192, will open the valve so
      that fluid under pressure from pump 136 through conduit 166 will be
      delivered to motor 74. Again, restrictor valve 198 in conduit 166 will
      prevent most of the fluid from flowing through pressure responsive bypass
      valve 176.
PAR  When a predetermined length of tree section has passed through the
      delimbing mechanism 82, which is indicated by the adjustable indicating
      means 130, pedals 146 and 144 are released so that valves 142 and 140 move
      to the neutral position which will automatically interrupt flow of fluid
      from conduit 180 as well as conduit 166 to fluid motor 74. At this time,
      cutting means 48 is actuated and a tree section TS is severed from the
      main tree and deposited on conveyor 112. After the severing operation is
      completed, the hydraulic motors 74 and 122 are again actuated to actuate
      conveyor 112 while at the same time advancing another tree section through
      delimbing mechanism 82 to be severed by cutting means 46. During such
      operation, continued actuation of pedal 144 will continuously supply fluid
      to the head end of fluid rams 88 so that a clamping pressure will always
      be applied to endless chain 90 to closely encircle the tree, as the
      diameter thereof decreases.
PAR  The unique hydraulic circuit 164 for tree advancing and tree delimbing
      mechanism also incorporates many other features that allows the operator
      to advance the tree without having the delimbing mechanism actuated and
      reverse the direction of rotation of tree advancing mechanism, should the
      need arise.
PAR  By having the two control valves 140 and 142 respectively controlling the
      flow to the four main conduits, fluid under pressure may be supplied to
      conduit 168 from pump 136 to open delimbing mechanism while control valve
      142 can still be utilized for supplying fluid under pressure to conduit
      180 from pump 138. This arrangement may, in certain instances, be
      desirable as, for example, when a tree has the large knot or other
      obstruction on the periphery thereof which may be of sufficient size to
      prevent being severed by delimbing mechanism 82. The separate set of
      conduits 180 and 182 connected to hydraulic motor 74 may also be utilized
      for reversing the direction of rotation of motor 74 and thus tree
      advancing roll 70 by actuating control valve 142 to supply fluid under
      pressure from pump 138 to conduit 132. In this instance, the fluid under
      pressure passes through hydraulic motor 74 and then is returned to
      reservoir 134 through unidirectional valve 196.
PAR  At the same time, the fluid under pressure in conduit 182 passes through
      conduit 202 interconnecting conduits 182 and 168 so that the delimbing
      rams are automatically actuated in the opposite direction to at least
      partially open delimbing mechanism 82. This is of course desirable to
      prevent having the delimbing mechanism become an obstruction in moving the
      tree in the opposite direction. During such condition of operation for
      hydraulic circuit 164, fluid motor 122 is prevented from being operated in
      the reverse direction by unidirectional valve 172.
PAR  As can be understood from the above description, the present invention
      provides a unique processing attachment that can readily be attached to an
      existing tree harvesting mechanism to convert the mechanism into a unit
      which is capable of delimbing trees and severing and stacking the trees in
      sections. Since the entire processing attachment is in the form of a
      trailer, it can readily be disconnected from the remainder of the
      harvesting unit if desired.
PAR  It should be understood that, while a specific type of cutting and clamping
      mechanism for the basic harvester have been shown and described as being
      identical to those disclosed in the above mentioned Tucek patent, it is
      readily apparent that any other types of severing and gripping mechanisms
      could be utilized on mast 36.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tree harvesting apparatus including an articulated power actuated boom
      pivoted thereon by a first fluid ram, and elongated mast pivoted on the
      outer end of said boom by a second fluid ram, tree gripping means and tree
      severing means on said mast, said articulated boom and fluid rams adapted
      to be manipulated to position said mast adjacent the base of a tree, so
      that said tree may be gripped by said gripping means and severed adjacent
      the base by said severing means, a frame adjacent said mast, a tree
      advancing roll on said frame for engaging and supporting said tree on said
      frame, drive means for rotating said tree advancing roll, tree delimbing
      means on said frame adjacent said tree advancing means for encircling said
      tree, and tree engaging means on said mast for pressing said tree into
      engagement with said tree advancing roll so that said power actuated boom
      or said fluid rams may be utilized to press said tree into engagement with
      said tree advancing roll and actuation of said drive means will pull said
      tree through said delimbing means, said tree engaging means being
      positioned on said mast so that said severing means is aligned with said
      tree to sever said tree into sections.
NUM  2.
PAR  2. Tree harvesting apparatus as defined in claim 1, further including
      conveyor means on said frame for receiving severed tree sections and
      stacking said sections.
NUM  3.
PAR  3. Tree harvesting apparatus as defined in claim 1, in which said frame is
      part of a trailer assembly releasably attached to said vehicle.
NUM  4.
PAR  4. Tree harvesting apparatus as defined in claim 1, in which said vehicle
      includes fluid operated motor means for propelling said vehicle and pump
      means for supplying fluid to said motor means and in which said drive
      means for said tree advancing means includes a fluid motor and said
      delimbing means includes a fluid ram, further including diverting valve
      means on said vehicle between said pump means and said motor means, and
      actuating means on said vehicle for actuating said diverting valve means
      to direct fluid from said pump means to the delimbing fluid ram and the
      fluid motor in said drive means.
NUM  5.
PAR  5. Tree harvesting apparatus as defined in claim 4, in which said vehicle
      includes a turntable rotatable about a vertical axis on a base with said
      boom pivoted on said turntable and in which said actuating means includes
      first and second elements respectively on said base and said turntable so
      that said diverting valve means is actuated when said turntable is in a
      predetermined position with respect to said base.
NUM  6.
PAR  6. Tree harvesting apparatus as defined in claim 4, in which said vehicle
      includes first and second pumps defining said pump means and first and
      second fluid motors defining said individually actuated control valves
      between the pumps and respective motors, and in which said diverting valve
      means includes first and second diverter valves connected to the
      respective control valves, a first set of conduits connecting said first
      diverter valve to said delimbing fluid ram and a second set of conduits
      connecting said second diverter valve to said drive means fluid motor so
      that said drive means fluid motor and said delimbing fluid ram may be
      independently operated by actuation of the respective control valves.
NUM  7.
PAR  7. Tree harvesting apparatus as defined in claim 6, further including
      adjustable pressure responsive valve means interconnecting said first set
      of conduits for controlling the pressure applied to said delimbing fluid
      ram.
NUM  8.
PAR  8. Tree harvesting apparatus as defined in claim 6, further including a
      pressure responsive valve interconnecting said first and second sets of
      conduits so that excess fluid under pressure from said first set of
      conduits is directed to said drive means fluid motor.
NUM  9.
PAR  9. Tree harvesting apparatus as defined in claim 8, in which said drive
      means fluid motor is reversible and fluid under pressure is supplied one
      direction to said conduits to drive said motor in one direction, further
      including interconnecting means between said sets of conduits for opening
      said delimbing means when said drive means fluid motor is operated in the
      opposite direction.
NUM  10.
PAR  10. A method of harvesting trees with a vehicle having a boom pivoted
      thereon with an elongated tree harvesting mast pivoted on the boom and a
      tree gripping assembly and a cutting assembly supported on the mast,
      comprising the steps of positioning the elongated mast adjacent the base
      of a standing tree, gripping the tree with the tree gripping assembly,
      severing the tree adjacent the base with the cutting assembly,
      repositioning the mast so that the severed tree is in a generally
      horizontal position with the base end above a drive mechanism, releasing
      the gripping assembly to deposit the base end of the tree onto the drive
      mechanism, encircling the tree with a delimbing mechanism, forcing the
      base of the tree into engagement with said drive mechanism by engaging an
      opposed portion with tree engaging means on said mast, intermittently
      operating said drive mechanism to pull said tree through the delimbing
      mechanism, and intermittently operating said cutting assembly on said tree
      harvesting mast to sever the tree into sections.
NUM  11.
PAR  11. The method as defined in claim 10, further including depositing the
      severed sections on a moving conveyor and stacking the sections with the
      conveyor.
NUM  12.
PAR  12. The method as defined in claim 10, in which the vehicle is propelled by
      hydraulic pumps connected to hydraulic motors and the delimbing mechanism
      is operated by a hydraulic ram and the drive mechanism is operated by a
      drive hydraulic motor, further including connecting the hydraulic pumps to
      the hydraulic ram and the drive hydraulic motor when the mast is
      positioned to locate a severed tree above the drive mechanism so that the
      hydraulic pumps operate the hydraulic ram and the drive hydraulic motor.
PATN
WKU  039398870
SRC  5
APN  5075874
APT  1
ART  241
APD  19740919
TTL  Hermetically sealable collapsible container
ISD  19760224
NCL  17
ECL  1
EXP  Norton; Donald F.
NDR  2
NFG  11
INVT
NAM  Scarnato; Thomas J.
STR  381 Valley Road
CTY  Barrington
STA  IL
ZIP  60010
RLAP
COD  72
APN  162551
APD  19710714
PSC  03
RLAP
COD  75
APN  324756
APD  19730118
PSC  03
CLAS
OCL  150   5
XCL  150   5X
EDF  2
ICL  B65D  102
FSC  215
FSS  1 C
FSC  150
FSS  .5
FSC  222
FSS  107;215
UREF
PNO  2685316
ISD  19540800
NAM  Krasno
OCL  150   .5
UREF
PNO  2899110
ISD  19590800
NAM  Parker
XCL  150   .5
UREF
PNO  3027044
ISD  19620300
NAM  Winstead
OCL  220 63R
UREF
PNO  3083877
ISD  19630400
NAM  Gash
OCL  222107
UREF
PNO  3143429
ISD  19640800
NAM  Swanson
UCL  215  1C
UREF
PNO  3199701
ISD  19650800
NAM  Santelli
OCL  215  1C
UREF
PNO  3434589
ISD  19690300
NAM  Valtri
XCL  150   .5
UREF
PNO  3547294
ISD  19701200
NAM  Williams
OCL  215  1C
UREF
PNO  3586084
ISD  19710600
NAM  Redmond
OCL  150   .5
LREP
FRM  Heise & Coolahan
ABST
PAL  A self-expandable, foldable and reusable container made of elastic material
      which is adapted to be collapsed progressively from top to bottom to a
      volumetric dimension substantially equal to the substance contained
      therein to minimize air space in the container. An air tight closure is
      tightened about an access opening in said container while the same is held
      in collapsed condition. The folds of said container are formed with
      sections of different geometry to effect progressive flexibility from the
      top to the bottom thereof.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      162,551 filed July 14, 1971 and a continuation-in-part application Ser.
      No. 324,756 filed Jan. 18, 1973, both now abandoned.
BSUM
PAC  DISCUSSION OF THE ART
PAR  As far as is known to the inventor, there was heretofore never been known a
      container which is self-expanding and which is collapsible to the volume
      of material remaining in the container, and which self-indicates and
      imperfect seal. Rigid containers are available which have plastic caps
      adapted to snap over their access openings. Their deficiency is twofold,
      one that they are not good seals and secondly, as the volume of the
      perishable food dimishes through use, the volume of trapped air between
      the cap and the surface of the remaining food increases. If the container
      is large and the opening and closing are frequent, a change of air occurs
      at every opening and thus food spoilage is accelerated.
PAR  A general object of the present invention is to provide a novel collapsible
      container in which the folds are constructed to progressively collapse
      from top to bottom.
PAR  A specific object of the invention is to provide a container made of an
      inert plastic substance such as polyethylene and like class of materials
      and to so construct the body of the container that it can be readily
      collapsed and sealed.
PAR  A further object of the invention is to provide a container having an
      accordion type body so that it may be compressed, and which is
      self-expanding so as to create a vacuum in the container.
PAR  A still further object of the foregoing is to provide a container having
      folds which are constructed such that they are progressively thicker from
      the top to the bottom of the container.
PAR  A still further object of the invention is to provide a container which is
      constructed to prohibit gas permeability through the materials from which
      the container is made wherein a partial vacuum may be maintained upon the
      container being sealed at a partially expanded position.
DRWD
PAR  A still further object of the invention is to provide a container with
      inicia which would readily inform the user of the loss of vacuum. These
      and other objects and advantages inherently in and encompassed by the
      invention will become more readily apparent from the specifications and
      the drawings wherein:
PAR  FIG. 1 is a side elevational view of one embodiment of the invention showed
      partly in vertical section;
PAR  FIG. 2 is a top view taken substantially on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken substantially on line 3--3 of FIG.
      1;
PAR  FIG. 4 is a side elevational view of the container in collapsed condition;
PAR  FIG. 5 is a fragmentary axial section view of a modification of the
      container shown in FIG. 1;
PAR  FIG. 6 is a side elevational view of another embodiment of the invention
      shown partly in vertical section;
PAR  FIG. 7 is a top view taken substantially on the line 7--7 of FIG. 6;
PAR  FIG. 8 is cross sectional view taken substantially on line 8--8 of FIG. 6;
PAR  FIG. 9 is a side elevational view of the structure of FIG. 6 in a collapsed
      position;
PAR  FIG. 10 is a fragmentary axial section view of the embodiment shown in FIG.
      6; and
PAR  FIG. 11 is a fragmentary axial section view of a modification of the
      container shown in FIG. 6.
DETD
PAC  DESCRIPTION OF FIGS. 1-4
PAR  Describing the invention in detail, there is shown a container generally
      designated 2 formed preferably of polyethylene or nylon or like plastic
      material which is inert to foods and possesses the characteristics of
      resiliency and memory to expand to its original condition.
PAR  The container comprises a preferably cylindrical body portion 3, a base 4
      at the top of the body portion and a threaded neck 5 at the upper end of
      the body portion.
PAR  The body portion 3 is formed with pleats of corrugations 6, 6 which are
      defined by frusto conical annular segments 7, 7 which join in apical
      external and internal ridges 8, and 9 which rigidify the structure
      transaxially as well as circumferentially. Thus, a volume of substance
      such as liquid as well as solid particulate material is readily contained
      without radial distension of the container. The pleating or accordion
      shape of the body is so constructed that it tends to assume an expanded
      free state as seen in FIG. 1. In order to collapse the container it must
      be forcibly pressed down to the level of the particulate or fluid within
      the container. Thus the volumetric dimension of the container approximates
      the volume of the material within the container. As the material is
      depleted through the ingress-egress opening 10 of the neck portion the
      container is progressively collapsed. Inasmuch as the material composing
      the container is biased to expand, it will tend to do so which prevents
      the contents from spilling out of the container, if the container tended
      to collapse.
PAR  In the embodiments of the invention chosen for illustration, the neck 5 is
      threaded at 11 and receives a closure cap 12 threaded thereon. The cap 12
      has a top portion 13 with a sealing ring 14 of any suitable elastomeric
      material for engaging the rim 15 of the neck as the cap is screwed on.
PAR  In actual tests the container would, after the cap has been applied,
      slightly expand from its extended collapsed position and thus create a
      partial vacuum above the contents therein. If the cap were not turned down
      tightly enough or if the seal was defective, the container would expand.
      The rapidity with which this would occur depends upon the extent of the
      defect in the seal. Thus it became readily apparent to the user that the
      contents were not adequately protected from possible deterioration. It
      will be noted that the thickness of the wall section composed of the
      segments 7, 7 of the body portion is essentially uniform in this
      embodiment.
PAC  EMBODIMENT OF FIG. 5
PAR  The structure of the container of this embodiment designated 20 is
      essentially the same as in the container described in FIGS. 1-4, except
      that the corrugation 25 of the side wall 26 of the body 3a of the
      container are spiraled or formed in a helix 27 in the nature of a
      compression spring and the thickness of the wall section progressively
      becomes thinner from the base 28 to the neck 29. In other words the
      segments which form the corrugations 25 of the side wall 26 at any
      particular point will be constructed such that the upper segment is
      thinner than the lower segment at that particular point. Thus a more rigid
      structure is at the bottom than at the top so that as the contents of the
      container are depleted, the upper portion of the container is more easily
      collapsed without sacrificing transverse strength since in the container
      the loads progressively increase toward the base.
PAR  Of course, it is within the scope of this invention to form the body walls
      of any shape and to vary the dimensions of various portions of the walls
      to achieve the desired flexibility and strength. In other words, the helix
      may be of thicker section at the crest and progressively become thinner
      toward the nadir of the corrugation.
PAC  EMBODIMENT OF FIGS. 6-10
PAR  This embodiment has all of the characteristics of the materials and
      purposes of the previously described embodiments but distinguishes in
      several principal features as will be hereinafter described.
PAR  It will be understood that the parts described in embodiment 1 through 4
      will carry the same reference numerals except that in the present
      embodiment they will be designated with a prime.
PAR  It can be seen that the container comprises a preferably cylinder portion
      3', a base 4' at the bottom of the body portion and a threaded neck 5' at
      the upper end of the body portion.
PAR  The body portion 3' is formed with pleats of corrugations 6', 6' which
      defined by frusto conical annular segments 7', 7' which join in apical
      external and internal ridges 8', and 9' and which rigidify the structure
      transaxially as well as circumferentially. Thus, a volume of substance
      placed in this embodiment such as a liquid as well as solid particulate
      material is readily contained without radial distension of the container.
      The pleating or accordion shape of the body is so constructed that it
      tends to assume an expanded state as seen in FIG. 6. In order to collapse
      the container it must be forcibly pressed down to the level of the
      particulate or fluid within the container. Thus the volumetric dimension
      of the container approximates the volume of the material within the
      container. As the material is depleted through the ingress-egress opening
      10' of the neck portion of the container is progressively collapsed.
      Inasmuch as the material composing the container is biased to expand from
      the inherit nature of the material from which it is constructed, it will
      tend to do so which prevents the contents from spilling out of the
      container, if the container tended to collapse. In this embodiment
      described in FIG. 6, the neck 5' is threaded at 11' and receives a closure
      cap 12' threaded thereon. The cap 12' has a top 13' which is designed to
      engage with the upper edge of the neck 5' to effect a seal thereat.
PAR  Attention now is directed toward FIG. 6 and more particularly toward that
      portion of FIG. 6 through which a plane designated X--X transverses a
      corrugation through the apex 8' of the corrugation. It can be seen that
      the top segment 7' of each corrugation is related to the hypothetical
      plane X--X by an angle .beta. and the bottom segment of each corrugation
      is related to that same plane by an angle designated .phi. . It is
      understood that the angles .beta. and .phi. are of different dimensions
      and that the angle .beta. is greater than the angle .phi. by a few
      degrees. The actual values of the angles will be dependant upon the
      lengths of the segments and the width of the corrugation. It also can be
      seen that the segments of any particular corrugation become progressively
      thicker from the top of the container as it approaches the bottom thereof
      and that the corrugations in this particular embodiment are parallel to
      one another as contrasted to the embodiment described in FIG. 5.
PAR  This embodiment also shows a gas impermeable envelope designated L which is
      contained within the container and has a body portion 9a which is
      introduced into the container through 10'opening 1'. The envelope has a
      neck portion 10a which fits complimentary within the opening 10' and is
      connected as at 11a to the upper edge of the neck portion 5' by any
      suitable adhesive such as well known to those skilled in the art. The
      envelope L is comprised of a material, such as aluminum foil, which upon
      introduction to the container can be expanded by means, such as air, to
      form and conform to the internal convolutions and shape of the container
      in the expanded position. It is also contemplated that adhesive could be
      sprayed into the container before the insertion and expansion of the
      envelope wherein this would promote adherence of the entire envelope to
      the internal shape of the container. With such a liner L disposed within
      the container it can be appreciated that permeation of gas is minimized
      and, therefore, any food stuffs which would be stored therein would not be
      exposed to the seepage of such gas through the side walls of the container
      itself. It can also be appreciated that such a liner by preventing a gas
      permeation through the walls of the container will assure that upon
      collapsing the container at some position that a partial vacuum therein
      will be maintained. It should be understood that although a metal liner is
      disclosed it is contemplated that the reduction of gas permeability can be
      accomplished within the scope of the invention by forming a laminate from
      plurality of layers of thermoplastic material, one of the layers being
      formed from a thermoplastic resin which would exhibit high gas barrier
      properties such as polyvinylidene chloride, and acrylonitrile polymers.
      Reference is made to U.S. Pat. Nos. 3,453,173, 3,464,546, and 3,615,308
      which teach such methods. Also it is contemplated that such resins such as
      nylon or saran which have high gas barrier properties (U.S. Pat. No.
      3,093,255 and U.S. Pat. No. 3,373,224) may be used.
PAC  DESCRIPTION OF FIG. 11
PAR  Structure of the container 20' in this embodiment is the same as that
      described in FIGS. 6 through 10 which may be formed of polyethylene or
      polypropalene or like materials. It can be seen, however, the liner L in
      this particular embodiment is disposed on the outside of the container. In
      this embodiment the body 3' comprises corrugations 25' which have sections
      26' merging into an apical formation 27'. It can also be seen that this
      embodiment incorporates the features previously described in the
      aforementioned embodiment in that the corrugations in the segments thereof
      become progressively thicker from the top to the bottom of the container.
      It can also be seen that the body 3' comprises a neck 29' which is shown
      of smaller diameter than that of the body portion but which, of course,
      could be the same or even larger if desired.
PAR  It is contemplated that if the envelope L is a metalized foil, the
      container 3' may be inserted into said envelope and then the envelope
      evacuated in order to cause it to collapse against the external side walls
      and surfaces of the container and thereby conform to the configuration of
      the container itself. If necessary, adhesive could be applied to the
      external surfaces of the container before evacuation of the envelope is
      effected in order to bond the envelope through the external walls and
      surfaces of the container. This could be accomplished in many ways as well
      known to those skilled in the art. However, if a plastic gas barrier media
      is used, such as heretofor described in connection with the previous
      embodiment, such material may be applied either by spraying or by
      coextrusion during the injection molding proceedures forming the
      container.
PAR  It can be appreciated that the embodiments heretofor described show
      containers which are so constructed to collapse from the top in a
      progressive manner toward the bottom of the container. This feature
      follows down through the full depth of the container thus accomplishing an
      evacuation of air from the top to the bottom of the container, and also
      providing a method by which the container may be selectively reduced in
      volumetric dimension to the level of unused product or condiment contained
      therein. In other words, as a product is withdrawn from the top of the
      container, that portion being more flexible than the portions below, it
      can be collapsed as seen in FIG. 9 and the cap screwed on. The interior
      volume of air above the level of the product is thus reduced to the
      minimum, which retards spoilage.
PAR  This sequence of container compression is extremely important, because
      considering the broad application of this type of container and the
      various types of products to be preserved in a partial vacuum, it is best
      not to disturb the contents in the area of the container below the level
      of usage.
PAR  For example, it is best not to disturb certain jellies or preserves below
      the level of usage to avoid chances of spoilage from excessive exposure to
      air.
PAR  Another example is when containing fragile articles such as potato chips,
      crackers, cookies, etc., compression of segments in increments from top to
      bottom will allow evacuation of air from the container to the level of the
      contents without wedging against and fracturing the contents in the lower
      portions of the container.
PAR  It will be appreciated that the embodiments of the invention heretofor
      described were chosen for the purpose of illustration and description and,
      therefore, are preferred based upon requirements for achieving the objects
      of the invention and developing the utility thereof in the most desirable
      manner, due regard being had to existing factors of economy, simplicity of
      design and construction, production methods and improvements saught to be
      effected. It will be understood, that the particular structure and
      functional aspect emphasized herein are not intended to exclude but rather
      to suggest such other modifications and adaptations as fall within the
      spirit and scope of the invention as defined in the appended claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reusable plastic container comprising: a self-expanding pleated
      cylindrical body having an access opening at the top and a base at the
      bottom thereof; said body comprising a plurality of folds disposed between
      said top and base and having upper and lower converging portions; and each
      fold characterized by increased rigidity from the upper to the lower
      portions thereof whereby upon pressure being applied to the top of said
      container, said body will collapse progressively from the top to the
      bottom thereof.
NUM  2.
PAR  2. A reusable plastic container comprising: a self-expanding pleated
      cylindrical body having an access opening at the top and a base at the
      bottom thereof; said body comprising a folded portion having upper and
      lower converging segments; said folded portion spiraled about said body in
      the form of a helix from the top to the base thereof; and said upper and
      lower segments becoming continually and progressively thicker from the top
      of said container toward the bottom thereof whereby said folded portion
      becomes increasingly rigid from the top of the container to the bottom
      thereof to effect a progressive collapse from the top to the bottom of
      said container upon pressure being applied to the top thereof.
NUM  3.
PAR  3. The invention as recited in claim 2 wherein said upper segment is
      thicker than the corresponding lower segment at any particular point along
      the folded portion.
NUM  4.
PAR  4. The invention as recited in claim 3 wherein said body comprises a neck
      portion circumferentially disposed about said access opening; and closure
      means releasably connectable to said neck portion operative to seal the
      container thereat.
NUM  5.
PAR  5. The invention as recited in claim 4 and said fold being foldable axially
      of the container, said body being held in collapsed condition by vacuum
      developed in the container attendant to expansion of the container to a
      state of equilibrium upon said closure means sealing the access opening of
      the container.
NUM  6.
PAR  6. The invention as recited in claim 3 wherein said body defines internal
      and external surfaces; means disposed in nestling relationship on at least
      one of said surfaces effective to prohibit the permeation of gas through
      the walls of said container.
NUM  7.
PAR  7. The invention as recited in claim 6 body in claim 6 body is constructed
      of polyethylene.
NUM  8.
PAR  8. A resuable plastic container comprising; a pleated cylindrical body
      having an access opening at the top and a base at the bottom thereof; said
      body comprising a plurality of pleats successively connected from the top
      of said container to the base thereof, and each pleat having upper and
      lower converging portions; and each upper portion of a particular pleat
      being more flexible than the corresponding lower portion, and each pleat
      having less flexibility than one thereabove whereby said pleats
      progressively collapse from top to bottom of said container upon a load
      being applied to the top thereof.
NUM  9.
PAR  9. The invention as recited in claim 8 wherein said pleats from the top to
      the bottom of the container being of progressively increasing thickness.
NUM  10.
PAR  10. The invention as recited in claim 9 wherein the upper portion of any
      particular pleat is thicker than the corresponding lower portion of that
      pleat.
NUM  11.
PAR  11. The invention as recited in claim 10 wherein the upper and lower
      portions of any particular pleat join in an outwardly directed apex and
      adjacent portions of respective pleats merging into bights and an angle
      between the upper portion of any particular pleat and hypothetical plane
      passing through the apex of that pleat is greater than an angle between
      the corresponding lower portion and that same plane.
NUM  12.
PAR  12. The invention as recited in claim 11 wherein said body comprises a neck
      portion circumferentially disposed about said access opening, and closure
      means releasably connectable to said neck portion operative to seal the
      container thereat.
NUM  13.
PAR  13. The invention as recited in claim 12 wherein said pleats being foldable
      axially of the container, said body being held in collapsed condition by
      vacuum developed in the container attendant to expansion of the container
      to a state of equilibrium upon said closure means sealing the access
      opening of the container.
NUM  14.
PAR  14. The invention as recited in claim 13 wherein said body defines internal
      and external surfaces, means disposed about at least one of said surfaces
      effective to prohibit the permeation of gas through the walls of the
      container.
NUM  15.
PAR  15. The invention as recited in claim 14 wherein said means comprises an
      envelope having high gas barrier properties, and said envelope disposed in
      nestling relationship on at least one of said surfaces.
NUM  16.
PAR  16. The invention as recited in claim 15 wherein the surface on which said
      envelope is disposed is treated with an adhesive to promote conformation
      of said envelope to the pleats and shape of the container.
NUM  17.
PAR  17. The invention as recited in claim 12 wherein said container is
      constructed of polyethylene.
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ABST
PAL  A resuable container made of elastic material which is formed with sections
      of different geometry wherein when the container is opened it will
      self-expand to a fully extended position. However, when pressure is
      applied to the top of said container it will progressively collapse from
      the top to the bottom thereof thereby allowing reduction of volumetric
      dimension substantially equal to the substance contained therein for easy
      access to that substance. An air tight closure is tightened about the
      access opening while the container is held in collapsed condition whereby
      a partial vacuum is then created therein.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      162,551 filed July 14, 1971 and a continuation-in-part application Ser.
      No. 324,756 filed Jan. 18, 1973, both now abandoned.
BSUM
PAC  DISCUSSION OF THE ART
PAR  As far as is known to the inventor, there has heretofore never been known a
      container which is self-expanding and which is collapsible to the volume
      of material remaining in the container, and which self-indicates an
      imperfect seal. Rigid containers are available which have plastic caps
      adapted to snap over their access openings. Their deficiency is twofold,
      one that they are not good seals and secondly, as the volume of perishable
      food diminishes through use, the volume of air trapped between the cap and
      the surface of the food increases. If the container is large and the
      opening and closings are frequent, a change of air occurs at every opening
      and thus the food spoilage is accelerated.
PAR  A general object of the present invention is to provide a novel collapsible
      container in which the geometry of the container itself effects a
      progressive collapsing from top to bottom upon pressure being applied to
      the top thereof.
PAR  A specific object of the invention is to provide a container made of an
      inert plastic substance such as polyethylene and like class of materials
      and to so construct the body of the container that it can be readily
      collapsed and sealed.
PAR  A further object is to provide a container having an accordion type body
      having a truncated configuration so that it may be compressed, and which
      is self-expanding so as to create a vacuum in the container upon sealing
      the same.
PAR  A still further object of the invention is to provide a container having a
      liner or coating about the body thereof to prevent the permeability of gas
      through the walls of said container.
DRWD
PAR  A still further object of the invention is to provide a container with
      indicia which would readily inform the user of loss of vacuum. These and
      other objects and advantages inherent in and encompassed by the invention
      will become more readily apparent from the specifications and the drawings
      wherein:
PAR  FIG. 1 is a side elevational view partly in axial section of the preferred
      form of my novel container;
PAR  FIG. 2 is a side elevational view of the container in a partially collapsed
      condition;
PAR  FIG. 3 is a side elevational view of the container in collapsed condition;
      and
PAR  FIG. 4 is a fragmentary axial sectional view of the container.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Describing the invention in detail, and directing attention to FIG. 1,
      where there is shown a container generally designated 50 formed preferably
      of polyethylene or nylon or like plastic material which is inert to foods
      and possesses the characteristics of resiliency and memory to expand to
      its original condition.
PAR  The container 50 comprises a base 51, and upper threaded inlet neck 52 and
      preferably a cylindrical body generally designated 53.
PAR  The body is in the form of a truncated conical shape comprising a plurality
      of upper and lower segments 54, 55 which at their outer edge merge into an
      outwardly directed apex 56 forming folds or bellow-like pleats 57. The
      inner edges of each upper segment 54 merge into the inner edge of the
      lower segment 55 of the fold thereabove and form a bight 59 therewith (see
      FIG. 3). This construction tends to rigidify the structure transaxially as
      well as circumferentially. Thus, a volume of substance such as a liquid as
      well as a solid particulate material is readily contained without radial
      distension of the container.
PAR  As best seen in the drawings, each fold or pleat section beginning from the
      top is of smaller diameter than the one above and the geometry of the
      structure is so arranged that the diameter of the apex of each segment in
      its relaxed condition is larger than the next succeeding section when
      considered from bottom to top, and each segment diameter increases the
      same amount in terms of inches or fractions thereof when the segments are
      compressed.
PAR  The pleating or accordion shape of the body is so constructed that it tends
      to assume an expanded free state as seen in FIG. 1. In order to collapse
      the container it must be forcibly pressed down to the level of the
      particulate or fluid within the container. Thus the volumetric dimension
      of the container approximates the volume of the material within the
      container. As the material is depleted through the ingress-egress opening
      at the upper threaded inlet neck 52 the container is progressively
      collapsed. Inasmuch as the material composing the container is biased to
      expand, it will tend to do so which prevents the contents from spilling
      out of the container, if the container tended to collapse.
PAR  The progressive collapsing of the container from top to bottom is a
      function of the truncated conical shape of the body itself and those
      geometric relationships as illustrated in FIG. 4. It can be seen in that
      figure that if a hypothetical plane X--X is constructed through any
      particular pleat 57 and passes through the apex 56 of that pleat the upper
      and lower segments 54, 55 are disposed in angular relationship to the
      plane X--X by angles designated .alpha., .theta. respectively. The
      relationship between these angles is that angle .alpha. is greater than
      angle .theta.. Also, in one embodiment for any particular pleat 57 the
      upper segment 54 will have a greater length than that of the lower segment
      55. However, it is also contemplated that the upper conical portion 54 may
      be of lesser radial length than the lower conical portion 55 thereof in
      order to obtain different folding characteristics. One of the principal
      features of the invention is in providing upper and lower section of
      different lengths of the pleat or fold. It also has been found that the
      angular differences between the two angles is approximately 5.degree. in
      other words angle .theta. would be approximately 5.degree. less than angle
      .alpha.. . Furthermore it also has been found that the feature of
      progressive collapsibility from top to bottom is optimised when the angle
      .alpha. is between 35.degree. and 36.degree. and the angle .phi. is
      between 31.degree. and 32.degree. when the container is in the relaxed or
      fully expanded position.
PAR  In this embodiment of the invention chosen for illustration, the neck 52 is
      threaded at 61 and receives a closure cap 60 threaded thereon the closure
      cap 60 has a top portion 62 which is operative to effect a seal of an
      annular opening 52' with the upper annular edge of the neck 52 upon the
      cap 60 being threaded thereon.
PAR  In actual tests the container would, after the cap has been applied,
      slightly expand from its intended collapsed position and thus create a
      partial vacuum above the contents therein. If the cap were not turned down
      tight enough or if the seal was defective, the container would expand. The
      rapidity with which this would occur depended upon the extent of the
      defect in the seal. Thus, it became readily apparent to the user that the
      contents were not adequately protected from possible deterioration. It
      will be noted that the thickness of the wall section composed of segments
      54, 55 of the body portion is essentially uniform in this embodiment.
PAR  It is also pointed out that since the upper most segment has the largest
      diameter it will have the least percentage increase of its diameter from
      its normal (expanded/relaxed) diameter to its compressed diameter. The
      increasing percentage of diameter change for each segment from top to
      bottom will result and, therefore, less force is required to compress any
      given segment from its succeeding lower segment. The arrangement follows
      down through the full depth of the container thus accomplishing a desired
      effect, and that is evacuation of air from the top of the container, and
      at the time that the container is empty as the product therein is being
      consumed.
PAR  This embodiment also shown a gas impermeable envelope designated L which is
      contained within the container and has a body portion 9a which is
      introduced into the container through the opening 52'. The envelope has a
      neck portion which fits complimentary within the opening 52' and is
      connected as at to an upper edge of the neck portion by any suitable
      adhesive such as well known to those skilled in the art. The envelope L is
      comprised of a material, such as aluminum foil, which upon introduction to
      the container can be expanded by means, such as air, to form and conform
      to the internal convolutions and shape of the container in the expanded
      position. It is also contemplated that adhesive could be sprayed into the
      container before the insertion and expansion of the envelope wherein this
      would promote adherence of the entire envelope to the internal shape of
      the container. With such a liner L disposed within the container it can be
      appreciated that permeation of gas is minimized and, therefore, any food
      stuffs which would be stored therein would not be exposed to the seepage
      of such gas through the side walls of the container itself. It can also be
      appreciated that such a liner by preventing a gas permeation through the
      walls of the container will assure that upon collapsing the container at
      some position that a partial vacuum therein will be maintained. It should
      be understood that although a metal liner is disclosed it is contemplated
      that the reduction of gas permeability can be accomplished within the
      scope of the invention by forming a laminate from plurality of layers of
      thermoplastic material, one of the layers being formed from a
      thermoplastic resin which would exhibit high gas barrier properties such
      as polyvinylidene chloride, and acrylonitrile polymers. Reference is made
      to U.S. Pat. Nos. 3,453,173, 3,464,546, and 3,615,308 which teach such
      methods. Also it is contemplated that such resins such as nylon or saran
      which have high gas barrier properties (U.S. Pat. No. 3,093,255 and U.S.
      Pat. No. 3,373,224) may be used.
PAR  It is also contemplated that the liner L could be placed about the exterior
      of the container to accomplish similar results. If this is done the liner
      L is formed about the outside of the container. If the envelope L is a
      metalized foil, the container 50 may be inserted into said envelope and
      then the envelope evacuated in order to cause it to collapse against the
      external side walls and surfaces of the container and thereby conform to
      the configuration of the container itself. If necessary, adhesive could be
      applied to the external surfaces of the container before evacuation of the
      envelope is effected in order to bond the envelope through the external
      walls and surfaces of the container. This could be accomplished in many
      ways as well known to those skilled in the art. However, if a plastic gas
      barrier media is used, such as heretofor described in connection with the
      previous embodiment, such material may be applied either by spraying or by
      coextrusion during the injection molding proceedures forming the
      container.
PAR  It can be appreciated that the embodiments heretofor described show
      containers which are so constructed to collapse from the top in a
      progressive manner toward the bottom of the container. This feature
      follows down through the full depth of the container thus accomplishing an
      evacuation of air from the top to the bottom of the container, and also
      providing a method by which the container may be selectively reduced in
      volumetric dimension to the level of unused product or condiment contained
      therein. In other words, as a product is withdrawn from the top of the
      container, that portion being more flexible that the portions below, it
      can be collapsed as seen in FIG. 3 and the cap screwed on. The interior
      volume of air above the level of the product is thus reduced to the
      minimum, which retards spoilage.
PAR  This sequence of container compression is extremely important, because
      considering the broad application of this type of container and the
      various types of products to be preserved in a partial vacuum, it is best
      not to disturb the contents in the area of the container below the level
      of usage.
PAR  For example, it is best not to disturb certain jellies or preserves below
      the level of usage to avoid chances of spoilage from excessive exposure to
      air.
PAR  Another example is when containing fragile articles such as potato chips,
      crackers, cookies, etc., compression of segments in increments from top to
      bottom will allow evacuation of air from the container to the level of the
      contents without wedging against and fracturing the contents in the lower
      portions of the container.
PAR  It will be appreciated that the embodiments of the invention heretofor
      described were chosen for the purpose of illustration and description and,
      therefore, are preferred based upon requirements for achieving the objects
      of the invention and developing the utility thereof in the most desirable
      manner, due regard being had to existing factors of economy, simplicity of
      design and construction, production methods and improvements saught to be
      effected. It will be understood, that the particular structure and
      functional aspect emphasized herein are not intended to exclude but rather
      to suggest such other modifications and adaptations as fall within the
      spirt and scope of the invention as defined in the appended claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hermetically sealable container comprising; a self-expanding body
      having an access opening at the top and a base at the bottom thereof; said
      body comprising at least one fold disposed between said top and base and
      having upper and lower fold portions of substantially uniform thickness
      joined in an outwardly directed apex; and said upper fold portion being of
      different radial length than said lower fold portion and said fold being
      characterized by increased rigidity from the upper to the lower portions
      thereof whereby upon pressure being applied to the top of said container,
      said body will collapse progressively from the top to the bottom thereof.
NUM  2.
PAR  2. The invention as recited in claim 1 wherein an angle between the upper
      portion and a hypothetical plane passing through the apex is greater than
      the angle between the lower portion and said plane.
NUM  3.
PAR  3. The invention as recited in claim 1 wherein the upper portion of each
      fold is of greater radial length than the lower portion thereof.
NUM  4.
PAR  4. A hermetically sealable container comprising: a self-expanding body
      having an access opening at the top and a base at the bottom thereof; said
      body comprising a plurality of pleats successively connected from the top
      of the container to the bottom thereof, and each pleat having upper and
      lower converging portions of substantially uniform thickness joined in an
      outwardly directed apex; each pleat defining a progressively decreasing
      transaxial cross-sectional area from top to bottom of the container, and
      the upper portion of any particular pleat having a greater length than the
      corresponding lower portion of that same pleat radially of the container,
      and each pleat having less flexibility than one thereabove whereby said
      pleats progressively collapse from top to bottom of said container upon a
      load being applied to the top thereof.
NUM  5.
PAR  5. The invention as recited in claim 4 wherein an angle between the upper
      portion of any particular pleat and a hypothetical plane passing through
      the apex of that pleat will be greater than an angle between the
      corresponding lower portion and the same plane.
NUM  6.
PAR  6. The invention according to claim 5 and said body being shaped as an
      inverted truncated cone.
NUM  7.
PAR  7. The invention as recited in claim 6 wherein said body comprises a neck
      portion circumferentially disposed about said access opening, and closure
      means releasably connectable to said neck portion operative to seal the
      container thereat.
NUM  8.
PAR  8. The invention as recited in claim 7 wherein said pleats being foldable
      axially of the container, said body being held in collapsed condition by
      vacuum developed in the container attendant to expansion of the container
      to a state of equilibrium upon said closure means sealing the access
      opening of the container.
NUM  9.
PAR  9. The invention as recited in claim 8 wherein said body defines internal
      and external surfaces, means disposed about at least one of said surfaces
      effective to prohibit the permeation of gas through the walls of the
      container.
NUM  10.
PAR  10. The invention as recited in claim 9 wherein said means comprises an
      envelope having high gas barrier properties, and said envelope disposed in
      nestling relationship on at least one of said surfaces.
NUM  11.
PAR  11. The invention as recited in claim 10 wherein the surface on which said
      envelope is disposed is treated with an adhesive to promote conformation
      of said envelope to the pleats and shape of the container.
NUM  12.
PAR  12. The invention as recited in claim 11 wherein said container is
      constructed of polyethylene.
NUM  13.
PAR  13. A hermetically sealable container comprising a self-expanding structure
      of plastic material with an access opening, a reusable closure adapted to
      seal said opening, said structure comprising a bellows-like body adapted
      to be compressed to bring said access opening to the level of the product
      therein to proportion the volumetric dimensions of the interior of the
      container to approximately the volume of the contents therein such that as
      the contents are depleted the container size is reduced to approximately
      the volume of the remainder of the contents, and said container adapted to
      be hermetically resealed in such collapsed condition by application of the
      closure, said body characterized in being self-expandable to original
      dimension if an air leak occurs, whereby indicating deficiency of the seal
      to the user, said container comprising folds having sections of
      progressively decreasing compressibility from top to bottom of said
      container, and said folds formed and arranged in an axial series and said
      folds from top to bottom of the container being progressively less
      compressible, and said section of each of said folds being formed by
      opposing upper and lower truncated conical portions joined in an outwardly
      directed apex and adjacent portions of respective sections merging into
      bights, the apex of each fold from top to bottom of the container being
      disposed outwardly of the one therebelow, the upper conical portion of
      each fold being of lesser radial length than the lower conical portion of
      the fold.
NUM  14.
PAR  14. The invention according to claim 13 and a threaded neck about said
      opening integral with said wall structure and said closure comprising a
      cap threaded onto said neck.
NUM  15.
PAR  15. The invention according to claim 14 and said folds being foldable
      axially of the container, said body being held in collapsed condition by
      vacuum developed in the container attendant to expansion of the container
      to a state of equilibrium, and said bights being offset inwardly of each
      other from top to bottom of the container.
NUM  16.
PAR  16. The invention according to claim 15 and said portions of all of said
      folds being of the same thickness from top to bottom of the container.
NUM  17.
PAR  17. The invention as recited in claim 16 wherein said body defines internal
      and external surfaces, means disposed about at least one of said surfaces
      effective to prohibit the permeation of gas through the walls of the
      container.
NUM  18.
PAR  18. The invention as recited in claim 17 wherein said means comprises an
      envelope having high gas barrier properties, and said envelope disposed in
      nestling relationship on at least one of said surfaces.
NUM  19.
PAR  19. The invention as recited in claim 18 wherein the surface on which said
      envelope is disposed is treated with an adhesive to promote conformation
      of said envelope to the convolutions and shape of the container.
NUM  20.
PAR  20. The invention as recited in claim 19 wherein said container is
      constructed of polyethylene.
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ABST
PAL  The preferred embodiment of this invention includes a member having an
      external thread and a nut received thereon. The nut has an annular plastic
      insert. A locking wedge, received in a keyway or groove in the member, is
      in wedged engagement with the plastic insert whereby the nut is prevented
      from rotating and the wedge is prevented from accidental dislodgement.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates generally to threaded fasteners, and more
      particularly to a means for securing a nut on a threaded shaft.
PAR  It is well known in the fastener art to provide a plastic insert in a nut
      that engages the external threads of a bolt in order to make a
      self-locking nut. It is also known in the art to use keepers such as
      cotter pins to retain a nut on a threaded shaft. The present invention
      provides an improvement in the art whereby a nut may be threaded on a
      shaft and locked in position by a locking wedge whereby the nut is
      positively retained against accidental angular displacement.
PAR  In the presently preferred embodiment of the invention, the nut has an
      inwardly facing annular channel and an annular plastic insert is
      positioned in the channel. The nut is constructed to be threaded onto a
      shaft with the annular plastic insert in engagement with the external
      threads of the shaft. The shaft is provided with a groove or a keyway in
      which a wedge shape locking element or keeper is inserted. The locking
      element is forcibly inserted in the groove and has a pair of inclined
      surfaces that engage the plastic insert. The wedge prevents accidental
      rotation of the nut. The engagement between the plastic insert and the
      inclined surfaces prevent the wedge from being accidentally dislodged.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The many objects and advantages of a threaded assembly constructed in
      accordance with this invention will become apparent upon consideration of
      the following detailed description and the accompanying drawings, in
      which:
PAR  FIG. 1 is a side elevational view, partly in section, of a threaded shaft,
      a nut and a locking wedge constructed in accordance with the invention;
PAR  FIG. 2 is an end view of the shaft, the nut and the locking wedge of FIG.
      1;
PAR  FIG. 3 is a side elevational view of the locking wedge;
PAR  FIG. 4 is an end view of the wedge; and
PAR  FIG. 5 is a top plan view of the wedge.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The several figures of the drawing disclose the presently preferred
      embodiment of a locking system for a nut threadedly positioned on a shaft.
PAR  FIG. 1 shows a shaft 10 having an external threaded portion 12. A nut 14
      has internal threads that engage the threaded portion 12 of the shaft 10.
      The nut 14 engages the inner race 16 of a roller bearing 18.
PAR  The nut 14 is carefully rotated to a specified torque loading in order to
      provide the bearing 18 with a precise amount of initial bearing load. The
      nut 14 is provided with a series of flats 20 along its exterior surface in
      a customary manner to form a tool receiving surface to permit the nut to
      be tightened against the bearing 18.
PAR  In accordance with the present invention, means are provided for retaining
      the nut 14 in a set position after the bearing 18 is loaded.
PAR  The nut 14 is provided with an inwardly opening annular channel 22 in which
      an annular plastic element 24 is situated. The element 24 may be formed of
      nylon or other similar rigid plastic. The inner diameter of the annular
      plastic piece 24 is slightly less than the maximum diameter of the
      threaded portion 12 whereby the plastic engages the thread and functions
      to a limited extent as a locking means for preventing accidental rotation
      of the nut 14. The channel 24 is defined, in part, by an inwardly
      extending flange 26. The inner diameter of the extremity of the flange 26
      is greater than the inner diameter of the plastic 24 whereby a portion 28
      (see FIG. 2) is exposed.
PAR  The shaft 10 is provided with a longitudinally extending keyway or groove
      30 in the surface of the threaded portion 12. A locking wedge 32 is
      positioned in the groove 30 in locking engagement with the plastic element
      24 to prevent accidental rotation of the nut 14.
PAR  As seen in FIG. 4, the locking element 32 has a generally U-shape with a
      base portion 34 and a pair of parallel side flanges 36 and 38. The upper
      edges 40 and 42 of the locking element 32 are inclined in the side
      elevational view and are bent or angled outwardly as shown in FIGS. 4 and
      5 to form barb-like structures.
PAC  OPERATION
PAR  The locking element 32 is positioned in the groove 30 in the shaft 10 and
      driven longitudinally inwardly whereby the inclined portions 40 and 42
      bite into the exposed portion 28 of the plastic element 24. The wedge 32
      is driven inwardly with the inclined portions 40 and 42 passing through
      the plastic element 24 and into engagement with the wall of the annular
      channel 22 in the nut 14. The inclination of the portions 40 and 42 serve
      a barb-like function to prevent accidental withdrawal of the wedge 32. In
      addition, the width of the wedge 32 is dimensioned so that the wedge 32
      has a snug fit in the groove 30.
PAR  The locking wedge 32 is effectively interposed between the nut 14 and the
      shaft 10 so as to prevent accidental rotation of the nut. The engagement
      of the inclined surfaces or edges 40 and 42 with the plastic 24 prevents
      the locking wedge 32 from being accidentally dislodged.
PAR  Thus, the present invention provides a locking device for a nut and shaft
      assembly that is characterized by its simple and economical construction.
      The locking device 32 effectively prevents accidental rotation of the nut
      14 and is itself wedged against accidental dislodgement due to its
      engagement with the plastic 24. The exposed ends of the flange portions 36
      and 38 provide a convenient means for gripping the wedge 32 with a pair of
      pliers for withdrawing the wedge in the event it is desired to remove the
      nut 14.
PAR  The foregoing description presents the presently preferred embodiment of
      this invention. Modifications and alterations may occur to those skilled
      in the art that will come within the scope and spirit of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A threaded device comprising a member having an externally threaded
      portion,
PA1  a longitudinally extending groove formed in said portion,
PA1  a nut having an internal thread positioned on said member,
PA1  said nut having an inwardly opening annular channel and an annular organic
      plastic insert positioned in said channel engaging said externally
      threaded portion,
PA1  an elongated locking element operatively interposed between said member and
      said nut,
PA1  said locking element being positioned in said groove and constructed to
      prevent the angular displacement of said nut relative to said member,
PA1  said locking element having a greater dimension in the radial direction
      than the depth of said groove whereby said locking element extends
      radially outwardly beyond the circumference of said externally threaded
      portion,
PA1  said plastic insert engaging said locking element and constructed to
      prevent the longitudinal displacement of said locking element relative to
      said nut,
PA1  said locking element having a generally channel shape defined by a base
      portion and a pair of parallel flange portions,
PA1  said flange portions each having an inclined surface in wedged engagement
      with said plastic insert,
PA1  said inclined surfaces causing the deformation of said plastic insert,
PA1  at least one of the edges of said inclined surfaces being bent outwardly to
      enhance the retaining effect of said wedged engagement between said
      locking element and said plastic insert.
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ABST
PAL  A wide base type pneumatic tire for construction vehicle has a given
      sectional thickness distribution of crown portion, a tread pattern of lug
      arrangement and a crown radius of at least 75% of overall tire width, and
      is usable for dump truck, earth mover and the like.
BSUM
PAR  The present invention relates to pneumatic tires and more particularly to
      wide base type pneumatic tires for construction vehicle which are
      advantageously usable for dump trucks, earth movers such as scraper and
      the like.
PAR  In the tires of this type, operating conditions are considerably severe
      because the load per tire is usually large and running is effected on
      off-road including sharp-edged stones, macadams and the like. Fortunately,
      these tires have been used at low speed rather.
PAR  Recently, however, tires for said earth movers are intended to operate at
      high speed in association with improvement of working efficiency and
      high-performance or large-sized and high-speed ability of vehicles owing
      to the increase of personal expenses and the like. As a result, troubles
      due to the heat build-up of tire are conspicuous remarkably.
PAR  In general, the wide base type tires have such merits that the outer
      diameter can be reduced at the same load capacity as compared with that of
      regular type tires, that the stability is good because the tire width is
      wide and the rigidity is large, and that the floating force and tractive
      force are high because the ground contact area is large and the ground
      contact pressure is low. However, in order to hold these merits and to
      obtain a desired wear resistance, these tires are necessary to have crown
      width and radius above certain extents.
PAR  In order to satisfy such requirements, it has hitherto been designed to
      gradually thicken the sectional thickness of the tire from the crown
      center to the shoulder portion; that is, the thickness of the shoulder
      portion is considerably large as compared with that of the crown center.
      Therefore, the sectional thickness of the shoulder portion must be larger
      (for example, 1.2 times) in case of the wide base type tire than that of
      the regular type tire. As a result, the wide base type tire is liable to
      evolute a significant amount of heat and is forced to reduce a value of
      ton-miles-per-hour rating (hereinafter abbreviated to TMPH rating) by
      about 25% as compared with that of the regular type tire.
PAR  An object of the invention is to provide wide base type tires having less
      heat evolution, i.e. a thermal durability without sacrificing a wear life
      of tire even if said tire is used at high speed under heavy load. In other
      words, the invention aims at the prevention of local heat build-up by
      wholly suppressing the heat evolution and uniformizing the temperature
      distribution of tire while maintaining wear life.
PAR  The present invention lies in a wide base type pneumatic tire for
      construction vehicle comprising a crown portion and a shoulder, said tire
      having such a sectional thickness distribution that a thickness at a
      middle point between crown center and shoulder is 0.95-1.08 times and a
      thickness at the shoulder is 1.00-1.30 times on the basis of the thickness
      of the crown center measured at meridional section of tire, said crown
      portion having at its surface a tread pattern forming a lug arrangement as
      a whole, the width of said lug measured along the circumferential
      direction of tire being 2.0-2.2 times at the crown center area and
      1.25-1.35 times at the shoulder area with respect to a width of a groove
      between the lugs measured along the circumferential direction of tire, and
      the radius of said crown portion being not less than 75% of the overall
      tire width under normal inflation pressure.
PAR  According to a preferred embodiment of the invention, the crown portion is
      composed of tread rubber having a resilience of not less than 60%.
PAR  According to another preferred embodiment of the invention, a plurality of
      auxiliary channels are provided on either side of the tread at a position
      corresponding to 30-38% of the tread width from the crown center in the
      circumferential direction of tire as a whole, and have a depth
      corresponding to 30-60% of the groove depth and a width corresponding to
      1.5-4.5% of the tread width.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, wherein:
PAR  FIGS. 1a and 1b are diagrammatically cross-sectional views showing a
      comparison of wide base type tire of the invention with conventional tires
      at meridional section, respectively;
PAR  FIG. 2 is a graph showing a sectional thickness distribution at meridional
      section of tire;
PAR  FIGS. 3a and 3b are diagrammatical plan views showing tread patterns of
      wide base type tires of the invention and the prior art, respectively;
PAR  FIGS. 42  and 4b  are diagrammatical plan views showing tread patterns of
      FIGS. 3a and 3b after a half of wear life, respectively;
PAR  FIG. 5 is a graph showing a relation between tire temperature and TMPH; and
PAR  FIG. 6 is a graph showing a tire temperature distribution at various
      positions of crown portion.
PAR  The meridional section of the wide base type pneumatic tire according to
      the invention is shown by a solid line in FIGS. 1a and 1b, while that of
      the conventional tires is shown by a dotted line in the same figures. In
      this figure, 1 respresnts a crown portion, 2 a sidewall, 3 a shoulder, 4 a
      crown center, and 5 a middle point between the crown center and the
      shoulder. The term "shoulder" used herein means an intersection of the
      tread surface and a perpendicular line drawn from an intersection of an
      extending line of the crown portion and an extending line of outer surface
      of the sidewall to the tread surface.
PAR  The crown portion 1 has a sectional thickness distribution shown by the
      following equation:
EQU  tc : tm : ts = 1 : 0.95-1.08 : 1.00-1.30
PAL  wherein tc represents a sectional thickness of the crown center 4 including
      a thickness of tread rubber and a thickness of carcass, tm represents a
      thickness of the middle point 5 and ts represents a thickness of the
      shoulder 3. The preferred sectional thickness distribution is as follows:
EQU  tc : tm : ts = 1 : 1.00-1.06 : 1.00-1.25
PAL  The term "sectional thickness" used herein means a thickness extending from
      the tread surface to the inner surface of the carcass measured along the
      perpendicular line drawn from the tread surface to an interface between
      the tread and the carcass ply.
PAR  The crown portion 1 is composed of low-heat evoluting tread rubbers,
      particularly a tread rubber having a resilience of not less than 60%. The
      resilience is generally a standard with respect to the heat evoluting
      property of tire rubber.
PAR  Further, the crown portion 1 has at its surface a tread pattern forming a
      lug arrangement 6 as a whole in conformity with the principle of such a
      wide base type tire.
PAR  As shoown in FIG. 3a, the width w of the lug 6 taken along the
      circumferential direction of tire has the following expressions at the
      crown center area and the shoulder area based on a width of a groove g
      between the lugs, respectively.
EQU  w.sub.c = (2.0-2.2) g.sub.c
EQU  w.sub.s = (1.25-1.35) g.sub.s
PAR  A plurality of auxiliary channels a are provided on either side of the
      crown portion at a position correponding to 30-38% of the tread width from
      the crown center so as to intersect with the groove g and to substantially
      extend in the circumferential direction of tire, and have a depth
      corresponding to 30-60% of the groove depth and a width of 10-30mm
      corresponding to 1.5-4.5% of the tread width.
PAR  Furthermore, the crown portion 1 has a radius corresponding to not less
      than 75% of the overall tire width under normal inflation pressure.
PAR  As mentioned above, it is necessary to ensure the crown width and radius of
      the tire above certain extents in order to provide a desired wear life.
      For this purpose, it has been designed to make the sectional thickness of
      the shoulder portion large in the prior art. Accoding to the invention, a
      required crown radius is ensured and the sectional thickness of the
      shoulder portion is restrained as small as possible by applying a
      so-called concave molding method wherein the shoulder has a diameter
      larger than that of the crown center in the mold.
PAR  In the tire of the invention, the ratio of the width between bead portions
      (rim width) to the overall tire width is 0.75-0.90 and the ratio of
      sectional height of tire measured from the bead base to the overall tire
      width (aspect ratio) is 0.75-0.93 when the tire is left to stand at room
      temperature under normal inflation pressure for 24 hours. By such
      limitations, the increase of TMPH rating value can be achieved as
      described on the following example.
PAR  The structure of the carcass according to the invention is not particularly
      restricted, but when a bias structure is used, an angle of cord
      arrangement with respect to the rotation axis of tire (cord angle) is very
      important.
PAR  That is, there is a close relation between the cord angle and the tire
      shape in case of the bias structure.
PAR  When the tire having a certain cord angle is filled with air of inflation
      pressure, the carcass possesses a fundamental property intending to take a
      certain shape through "balance of force" . Such equilibriumed shape is
      usually called as "natural shape". This natural shape is dynamically
      introduced assuming that the tire is very thin shell, and is approximately
      completely coincident with the tire shape in the practical tires for
      passenger car and is sufficiently coincident with the tire shape for truck
      and bus within the practical range.
PAR  In case of tires for construction vehicle (hereinafter referred to as OR
      tire), since the thickness cannot be considered as the thin shell, the
      inner stress is large and the natural shape is not always taken. However,
      these tires have a strong tendency of approaching to the natural shape.
      Therefore, in order to obtain the aspect ratio (ratio of sectional height
      to overall width in tire) within the aforesaid range, it is naturally
      necessary to make the cord angle to a certain range. In the wide base type
      tire of the invention, the cord angle is generally 50.degree. to
      60.degree., preferably 53.degree. to 57.degree. (average value of overall
      plies) with respect to the rotation axis perpendicular to the
      circumferential direction of tire.
PAR  When the cord angle exceeds 60.degree., the aspect ratio varies under
      normal inflation pressure, so that there are caused problems in tire
      dimension, and the breaking strength of carcass, spring constant and other
      properties are deteriorated, and further there is a problem in the
      manufacture of the tire.
PAR  According to the invention, in order to lower the heat build-up of the
      tire, there is used low-heat evoluting rubber as a tread, an effectiveness
      of which is well-known. In addition to the heat build-up, properties such
      as wear resistance, cut resistance and the like are required for the tread
      rubber. However, it is very difficult that properties required in
      large-sized OR tires for the earth mover are satisfied only by practical
      rubber compoundings and optimum design cannot be obtained.
PAR  At first, the inventor aims at such a point that the temperature
      distribution is uniformized so as to prevent the heat build-up at locally
      particular positions.
PAR  For this purpose, the sectional thickness distribution from tread center to
      ends thereof is substantially uniform or is thinned toward the ends. On
      the other hand, it is desirable to make the crown radius as large as
      possible in view of the maintenance of wear life.
PAR  If it is intended to simply accomplish both the above mentioned facts, the
      crown radius in the mold is sufficiently large, but the sectional
      thickness distribution is substantially uniform from the crown center 4 to
      the shoulder 3 or is thinned toward the shoulder 3, so that the rigidity
      of the shoulder portion is relatively insufficient. Further, when the
      resulting tire is filled with air of normal inflation pressure (for
      example, 3.15 kg/cm.sup.2), the crown radius becomes small undersirably as
      compared with that before filling with air, so that tires having bad wear
      life are only obtained.
PAR  In order to restrain the change of the crown radius before and after
      filling with air as small as possible, it is necessary that the sectional
      thickness of the shoulder portion is thickened to a certain extent in view
      of rigidity distribution.
PAR  Therefore, it is important to optimize the sectional thickness distribution
      of the crown portion.
PAR  According to the invention, the optimum sectional thickness distribution of
      the crown portion is such that the thickness at the middle point between
      the crown center and the shoulder is 0.95-1.08 times and the thickness of
      the shoulder is 1.00-1.30 times on the basis of the sectional thickness of
      the crown center as mentioned above, whereby a best result can be
      obtained.
PAR  In the tire of the invention, the sectional thickness near the shoulder is
      thinner than that of the conventional tire if the sectional thickness of
      the crown center in both the tires is the same. Preferably, this may be
      advantageously accomplished by adjusting the depth of the groove without
      changing the case thickness and skid base rubber thickness.
PAR  In order to obtain tires having high-speed performance and durability
      against heavy load for vehicles such as earth mover, only the sectional
      thickness distribution as mentioned above is still insufficient.
      Therefore, the inventor further attempted an improvement of tread pattern
      to organically be combined with the said sectional thickness distribution.
PAR  This is, according to the invention, the tread pattern fundamentally
      follows lug arrangement in accordance with the conventional OR tires and
      is particularly constructed as follow in order to suppress the heat
      evolution due to the sectional thickness of the shoulder portion.
PAR  1. The width of lug is large at the crown center area and becomes small
      gradually toward the shoulder; in other words, the width of groove between
      the lugs is diverged toward the shoulder, whereby the temperature
      reduction due to heat radiation near the shoulder portion, where is apt to
      cause heat build-up, is particularly attempted.
PAR  In order to accomplish this attempt effectively, it is necessary that the
      ratio of the width of the groove to the width of the lug is 1 : 2.0-2.2 at
      the crown center area and 1 : 1.25-1.35 at the shoulder area (measured
      along the circumferential direction of tire) because the lug must have a
      width enough to provide the effective ground contact area in order to
      maintain the wear life.
PAR  2. A plurality of auxiliary channels a for heat radiation are provided on
      both sides of the crown portion at a position corresponding to 30-38% of
      the tread width from the crown center in the circumferential direction of
      tire.
PAR  When the channel is inside the position of 30%, the temperature
      distribution becomes ununiform, while when the channel is outside the
      position of 38%, there is caused a fear of coming off the outer part of
      the lug and the movement of such a part becomes large, whereby the heat
      build-up is promoted.
PAR  Furthermore, the depth and width of the auxiliary channel a are critical.
PAR  That is, the depth of the auxiliary channel a is 30-60% of the depth of the
      groove between the lugs at the position of the channel. When the depth is
      less than 30%, the effect of heat radiation is poor, while when the depth
      is more than 60%, the outer part of the lug acts as a block and the
      movement thereof becomes large in accordance with use conditions, so that
      the heat build-up is promoted rather.
PAR  Next, the width of the auxiliary channel a at meridional section of tire is
      1.5-4.5% of the tread width. Further, such a width must be 10-30mm as an
      absolute value (independent of tire dimension) in view of prevention of
      catching stones. Similarly, an angle between the side wall of the
      auxiliary channel and the line perpendicular to the tread surface is
      10.degree.-20.degree. in view of prevention of catching stones.
PAR  According to the invention, it is essential that the crown radius is at
      least 75% of the overall tire width under normal inflation pressure so as
      not to sacrifice the wear resistance of the tire.
PAR  The invention will be described in detail with reference to the following
      example.
PAR  Three kinds of tires, i.e. tire A of the invention and tires B and C of the
      prior arts were provided each having a tire size of 33.25-35 inclusive of
      a body ply consisting of 18 layers of 1,260 d/2 nylon cords and a breaker
      consisting of 4 layers of 1,260 d/2 nylon cords.
PAR  FIGS. 1a and 1b show meridional sections of tires A, B and C, particularly
      crown portions in molds when compairing the tire A with the tire B or C,
      respectively. FIG. 2 shows a sectional thickness distribution at
      meridional section in tires A, B and C. In each tire, property and
      compound recipe of tread rubber are as follows.
TBL  ______________________________________                                    
                Tire A     Tire B     Tire C                                   
     ______________________________________                                    
     Resilience   60%          50%        50%                                  
     Main compounding                                                          
     recipe       mainly NR    NR/SBR     NR/SBR                               
     ______________________________________                                    
PAR  The sectional thickness at any position of the crown portion as shown in
      FIG. 2 is as follows on millimeter unit.
TBL           Each of quarter points between                                   
              crown center and shoulder                                        
     Crown      near       middle   near   Shoulder                            
     center     crown center                                                   
                           point    shoulder                                   
     ______________________________________                                    
     Tire A 88.1    89.0       90.2    97.5  101.7                             
     Tire B 88.1    90.0       98.2   112.0  120.7                             
     Tire C 93.1    95.0       103.2  117.0  125.7                             
     ______________________________________                                    
PAR  Accordingly, the sectional thickness distribution at each point of the
      crown portion is as follows.
     ______________________________________                                    
             Crown center                                                      
                        Middle point Shoulder                                  
     ______________________________________                                    
     Tire A    1            1.02         1.15                                  
     Tire B    1            1.11         1.37                                  
     Tire C    1            1.11         1.35                                  
     ______________________________________                                    
PAR  FIGS. 3a and 4a show tread patterns of the tire A before use and after a
      half of wear life, respectively, while FIGS. 3b and 4b show tread patterns
      of the tires B and C before use and after a half of wear life,
      respectively.
PAR  Next, these tires were sufficiently run under the following conditions and
      thereafter the tire temperature above the breaker was measured 3 to 5
      times every one hour. This test was repeated at three running speed levels
      to obtain a result as shown in FIG. 5 when the running condition is
      expressed as TMPH rating value.
     ______________________________________                                    
     Test conditions:                                                          
     Vehicle        CAT. 631 type scraper                                      
     Road           6.1 Km cicuit course                                       
     Tire load      13,740 Kg                                                  
     Inflation pressure                                                        
                    3.15 Kg/cm.sup.2                                           
     ______________________________________                                    
PAR  The term "TMPH" used herein means a product of load and speed and has the
      following technical meaning.
PAR  The TMPH is a measure of heat separation depending upon the temperature
      inside the tire which is one of important factors influencing on the tire
      life. That is, the value of TMPH when the temperature inside the tire
      reaches to 107.degree.C (225.degree.F) at an ambient temperature of
      38.degree.C (100.degree.F) is called as a TMPH rating value inherent to
      that tire and estimates a possible working quantity in view of the heat
      evolution.
PAR  Therefore, by the TMPH rating value in the classified tire, the size of
      that tire can be determined according to the working quantity, and also
      the allowable load and speed can be calculated when the tire size is
      defined.
PAR  The value of TMPH is calculated by the following equation:
PA1  Tmph = average tire load .times. Average speed for the day
PAR  In the calculation of TMPH, there are adopted the following terms:
      ##EQU1##
PAR  Each of tires A, B and C was run at three or more TMPH values until the
      temperature inside the tire is substantially saturated and then the
      maximum temperature inside the tire at each of TMPH values was graphed as
      shown in FIG. 5, from which the TMPH rating value at 107.degree.C was
      read.
PAR  As seen from FIG. 5, the conventional tires B and C have TMPH rating values
      of 145 and 130, respectively, while the tire A of the invention shows a
      very high rating value of 240 and has an extremely improved load capacity.
PAR  This fact shows that the conventional tire C is run only at average speed
      of 16 Km/h under a certain loaded tire load, while the tire A of the
      invention can be run at an average speed of 30 Km/h.
PAR  Next, the temperature distribution of tire was measured in which the
      temperature above the breaker was measured at intervals of 25 mm from the
      crown center to the shoulder under the substantially equal TMPH value with
      respect to the tires A and B. The thus obtained data are shown in FIG. 6.
PAR  As seen from FIG. 6, the conventional tire B produces a high temperature
      area of about 120.degree.C near the shoulder, while the tire A of the
      invention shows only the temperature difference of about 4.degree.C
      between the crown center and the shoulder and has an approximately uniform
      temperature distribution.
PAR  In connection with wear resistance, it has been found that the tire A of
      the invention has a wear life corresponding to about 90-95% of that of the
      conventional tire B.
PAR  As mentioned above, the invention makes it possible to run the tire at high
      speed under severe conditions, particularly heavy load and contributes to
      enhance the construction working efficiency.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wide base type pneumatic tire for construction vehicle comprising a
      crown portion and a shoulder, said tire having such a sectional thickness
      distribution that a thickness at a middle point between crown center and
      shoulder is 0.95-1.08 times and a thickness at said shoulder is 1.00-1.30
      times on the basis of the thickness of said crown center measured at
      meridional section of tire, said crown portion having at its surface a
      tread pattern forming a lug arrangement as a whole, the width of said lug
      measured along the circumferential direction of tire being 2.0-2.2 times
      at the crown center area and 1.25-1.35 times at the shoulder area with
      respect to a width of a groove between said lugs measured along the
      circumferential direction of tire, and the radius of said crown portion
      being not less than 75% of the overall tire width under normal inflation
      pressure.
NUM  2.
PAR  2. A wide base type pneumatic tire as claimed in claim 1, wherein said
      tread pattern further comprises a plurality of auxiliary channels provided
      on either side of said tread at a position corresponding to 30-38% of the
      tread width from said crown center in the circumferential direction of
      tire as a whole, said channel having a depth corresponding to 30-60% of
      said groove depth and a width corresponding to 1.5-4.5% of said tread
      width.
NUM  3.
PAR  3. A wide base type pneumatic tire as claimed in claim 2, wherein said
      auxiliary channel has a width of 10-30 mm.
NUM  4.
PAR  4. A wide base type pneumatic tire as claimed in claim 2, wherein in said
      auxiliary channel an angle between a side wall of the channel and a line
      perpendicular to the tread surface is 10.degree.-20.degree..
NUM  5.
PAR  5. A wide base type pneumatic tire as claimed in claim 1, wherein said
      crown portion is composed of tread rubber having a resilience of not less
      than 60%.
NUM  6.
PAR  6. A wide base type pneumatic tire as claimed in claim 1, wherein said tire
      has such a sectional thickness distribution that the thickness at said
      middle point is 1.00-1.06 times and the thickness at said shoulder is
      1.00-1.25 times on the basis of the thickness of said crown center
      measured at meridional section of tire.
NUM  7.
PAR  7. A wide base type pneumatic tire as claimed in claim 1, wherein said tire
      has a ratio of a width between bead portions to the overall tire width of
      0.75-0.90 and a ratio of a sectional tire height measured from bead base
      to the overall tire width of 0.75-0.93 under normal inflation pressure.
NUM  8.
PAR  8. A wide base type pneumatic tire as claimed in claim 1, wherein in said
      tire is provided carcass cord plies having a cord angle of
      50.degree.-60.degree., preferably 53.degree.-57.degree. with respect to
      the rotation axis perpendicular to the circumferential direction of tire.
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PAL  A non-skid device in which the road engaging part is a long flexible member
      formed of one or more twisted steel wire cables embedded in a thick
      coating of rubber and in which said road engaging part, when on a tire,
      extends back and forth zigzag fashion diagonally across the tread of the
      tire and is secured in place on the tire by two belt type anchor members
      which are positioned respectively at opposite sides of the tire. The
      anchor member at the inner side of the tire has readily detachable parts
      which, when detached, allow the non-skid member to be applied to a tire
      from the outer side of the wheel without using a jack to lift the wheel.
      Means is provided for tightening the non-skid device on a tire after it is
      applied thereto. The flexible zigzag road engaging parts have good
      non-skid qualities and have longer life than metal cross chains when used
      on bare pavements.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  A general object of this invention is to improve non-skid devices of the
      type commonly known as the tire chaim to make these devices quicker and
      easier to apply to and remove from a tire and to make them more durable
      and capable of withstanding more miles of service, especially when they
      are being used on paved roads that are partly or entirely bare of snow and
      ice.
PAR  Another object is to provide a non-skid device in which the skid resisting
      part that contacts or engages with the road is a relatively long flexible
      strip formed of one or more twisted steel wire cables embedded in a thick
      coating of flexible material, such as strong and durable tread rubber or
      plastic, said coating being either continuous or interrupted, and in which
      said road engaging strip is positioned and arranged so that, when the
      nonskid device is on a tire, said strip extends in zigzag fashion,
      diagonnaly, back and forth across the tread portion of the tire and is
      secured on the tire by two belt or loop type anchor members that are
      connected with it and are positioned respectively against the inner and
      outer sides of the tire.
PAR  A further object is to provide a non-skid device of this type having an
      inside anchor member that is provided with readily detachable connector
      means which, when disconnected makes it possible to apply the nonskid
      device to a tire from the outer side of a wheel without jacking up the
      wheel.
PAR  Another object is to provide quickly and easily operable means for
      tightening the non-skid device on a tire after it has been correctly
      positioned on the tire.
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PAR  Other objects of the invention will be apparent from the following
      description and accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an outside elevational view of this device showing the same
      substantially as it would appear if it were opened up or expanded to the
      shape it would assume when applied to a tire and before it had been
      tightened thereon.
PAR  FIG. 2 is an edge view of the same, looking in the direction indicated by
      line 2 -- 2 of FIG. 1. FIG. 3 is an elevational view showing the inner
      side of a tire with this non-skid device supported on the tire in
      approximately the position it would occupy. After being placed on the tire
      and before being fastened and tightened thereon.
PAR  FIG. 4 is an inside elevational view similar to FIG. 3 except that all
      parts of this non-skid device have been fastened and its application to
      the tire completed.
PAR  FIG. 5 is a side elevational view showing the outer side of a tire with the
      non-skid device installed and fastened on it.
PAR  FIG. 6 is an edge view looking in the direction indicated by line 6 -- 6 of
      FIG. 5.
PAR  FIG. 7 is a detached side elevational view showing a lever type take-up or
      tensioning device used in an outer side anchor member.
PAR  FIG. 8 is a fragmentary detail view showing the construction of a flexible
      ground engaging part of the device.
PAR  FIG. 9 is a detached side view showing a preferred type of hook used to
      connect parts of the device.
PAR  FIG. 10 is an outside view of a modified form of this non-skid device
      showing the same as it might appear if it were expanded to the shape it
      would assume if it were on a tire and before it had been tightened on said
      tire.
PAR  FIG. 11 is an outer side elevation showing the device of FIG. 10 on a tire
      and tightened thereon.
PAR  FIG. 12 is an edge view looking in the direction indicated by line 12 -- 12
      of FIG. 11.
PAR  FIG. 13 is a detached plan view of a fastening device showing the same in a
      wide open position.
PAR  FIG. 14 is an edge view of said fastening device showing it open.
PAR  FIG. 15 is a plan view of said fastening device showing it closed.
PAR  FIG. 16 is an edge view of said fastening device showing it closed.
PAR  FIG. 17 is a plan view showing a fragment of a skid resisting member. Like
      reference numerals refer to like parts throughout the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In a general way this non-skid device comprises two endless belt or loop
      type side parts which, when they are applied to a tire on a wheel and
      properly fastened, lie close to the side walls of the tire and form two
      endless loops of smaller size than the tread of the tire and serve as
      anchor members to which a road engaging part of the non-skid device is
      secured. This road engaging part is flexible and of strip form and when
      the non-skid device is on a tire it extends in zigzag fashion diagonally
      back and forth across the tread portion of the tire.
PAR  The structure of the anchor parts used at the sides of the tire can be
      varied. As herein shown the inner anchor part, see FIGS. 1, 3 and 4, is
      formed of a flexible cable 20, preferably of twisted steel wire, having a
      snap type fastener 21 attached to one end and an eye member 22 attached to
      its other end for readily releasable engagement by said snap type fastener
      21 when the two ends of cable 20 are secured together it forms a closed
      anchor loop at the inner side of the tire.
PAR  The outer side part, FIGS. 1 and 5, comprises two frame members 23 and 24
      which cooperate to form a closed anchor loop. The member 23 is preferably
      an arcuate metal rod or the like about three fifths of a circle in extent.
      Member 24 is shown to be a metal rod but can be a flexible steel wire
      cable. It spans the gap between the two ends of member 23.
PAR  Two take-up devices, one of which is shown detached FIG. 7, and each of
      which comprises a lever 25 and two devises 30, connect the respective ends
      of frame member 23 with the adjacent ends of frame member 24. Levers 25
      serve as leverage means by which the circumferential length of the outside
      anchor member, formed by parts 23, 24, 25 and 30, can be varied to tighten
      or slacken the non-skid device on a tire. A hook 25' or similar readily
      releasable fastening device is provided to secure each lever 25 in
      tensioning position in which levers 25 are shown in FIG. 5.
PAR  The road or ground engaging part of the non-skid device shown in FIGS. 1 to
      9 is a strong, flexible strip type member of round cross section formed of
      a fairly thick outer part 26, FIG. 8, of tough, durable, tread rubber
      molded or otherwise rigidly secured on a core part 27 in the form of a
      strong cable, preferably of twisted steel wire.
PAR  A plurality of curved metal tubes 28, which form parts of connector member
      by which the road engaging part of the device is connected with the inside
      and outside anchor parts, are provided at equally spaced intervals on the
      road engaging member 26 and preferably are secured to member 26 so they
      are not liable to move thereon. The two ends of said road engaging member,
      and particularly the two ends of cable part 27 thereof, are permanently
      secured together.
PAR  A lug 29 is rigidly attached to and protrudes from the convex side of each
      tube 28 on the outer side of the non-skid of the device. Three similar
      lugs, also numbered 29, and a fourth lug numbered 29a and a hook numbered
      29b are respectively rigid with and protrude from the convex sides of the
      five tubes 28 on the inner side of the non-skid device.
PAR  Because of the zigzag arrangement of the road engaging member 26 the member
      can be a strip type endless member and it has circumferentially offset
      points of connection with the inner and outer anchor members.
PAR  The outside anchor parts 23 and 24 pass through the lugs 29 at the outer
      side of the non-skid device and are rigidly secured to them. The inside
      anchor cable 20 passes through and is rigidly secured to the three lugs 29
      at the inner side, is slidable in the fourth lug 29a and is adapted to be
      detachably engaged with the hook 29b.
PAR  When the end portion of the cable 20 is left free by disengaging its two
      ends and releasing it from hook 29b one side of a V-shaped area between
      two skid resisting parts of member 26 is left unobstructed by said member
      20 and the two divergent skid resisting parts can be pushed under the tire
      from the outer side of the wheel, one at each side of the flattened part
      of the tire which rests on the road, to a position where the cable
      fasteners 21, 22 and 29b can be made fast by reaching inside of the tire.
      This allows the non-skid device to be applied without jacking up the
      wheel.
PAR  The hook 29b is positioned to be engaged with the inside anchor member 20
      at the location closest to the detachable end of said member 20 to which
      the snap type fastening device 21 is secured. Said member 20 is slidably
      held in the next adjacent perforated lug 29a.
PAR  The non-skid device shown in FIGS. 10 to 17 has an inside anchor member or
      part which is substantially a duplicate of the inside anchor member or
      part shown in FIGS. 1 to 9. It comprises a cable 31 connected by
      perforated lugs 32 and 32a and a hook 32b with the inner edge portion of a
      road engaging part hereinafter described. The cable 31 has two ends
      provided respectively with a snap type fastener 33 and an eye member 34.
PAR  The outside anchor member shown in FIGS. 10 to 17 comprises a frame part 35
      similar to previously described frame part 23 and a flexible wire cable
      part 26 which functions similarly to previously described part 24.
      Obviously frame part 35 can be a flexible wire cable. The cable 36 is
      connected with a tightening device hereinafter described.
PAR  The road contacting part of the device shown in FIGS. group 10 to 17 is in
      the form of a continuous or endless member which is caused to assume a
      zigzag shape when on a tire T and is made up of a plurality of skid
      resisting members or parts 37 of firm and durable tread rubber each molded
      on or otherwise rigidly secured to two twisted steel wire cables 38, FIG.
      17, that extend lengthwise through the members 37. Obviously a single
      cable or more than two cables can be embedded in members 27. Said members
      37 are spaced apart on the cables 38 and a curved fitting 39 of
      non-flexible material is provided on the parts of the cables 38 between
      each two adjacent ends of the members 37. The curved fittings 39 are rigid
      with the cables 38 and form reverse bends at the two sides of the road
      contacting parts 37. Each curved fitting 39 at the outer side of the
      non-skid device has one of the perforated lugs 32 rigid with it and
      protruding from its convex side and the parts 35 and 36 which form the
      outside anchor loop or member pass through and are secured to these lugs
      32.
PAR  The take-up means disclosed in FIGS. 10 to 16, used for tightening the
      non-skid device on a tire, also serves as the means for connecting cable
      part 36 of the outside anchor member with a lug 32 of one of the curved
      fittings 39 at the outer edge of the road engaging part of the non-skid
      device. This take-up means comprises two toggle members 40 and 41,
      connected together, end to end, by a pivot member 42 so they can be folded
      together like the parts of a hinge. Member 40 is connected by a pivot 43
      with one of the lugs 32 at the outer edge of the road engaging part of the
      non-skid device. Member 41 has a transverse tube 44 rigidly secured to it
      near the end thereof remote from pivot 42 and the cable part 36 of the
      outer anchor member passes through said tube 44. When toggle parts 40 and
      41 are unfolded as shown in FIGS. 10, 13 and 14 the outside anchor loop
      formed by parts 35 and 36 will be slack and application to or removal of
      the non-skid device from a tire will be facilitated. When toggle part 41
      is moved from the extended position shown in FIGS. 10, 13 and 14 to the
      folded or closed position shown in FIGS. 11, 15 and 16 the cable part 36
      will be stretched to the wide V shape shown in FIG. 11 and the non-skid
      device will be tightened on the tire. Also as the toggle member 41 is
      being moved toward the member 40 the leverage due to the toggle action
      will increase, thus facilitationg the tightening operation.
PAR  The toggle part 41 is locked in its closed position by a hook 45 which is
      secured by a plate 50 and nut 51 to one end of a bolt 46. Said bolt 46 is
      guided for longitudinal movement in lugs 47 on the side of said member 41
      which is outermost when said member is folded. A compression spring 48 is
      interposed between one of the lugs 47 and a fixed collar 49 on the bolt 46
      and yieldingly urges said bolt 46 in the proper direction to retract the
      hook 45. Said hook 45 is moved into an extended position by exerting
      pressure on a suitable head on the outer end of the bolt 46. When the hook
      is thus extended it can be engaged with an adjacent curved fitting 39 on
      the road engaging part of the non-skid device and the spring 48 will hold
      it so engaged until the hook 45 is again moved outwardly by exerting a
      pressure on outer end of bolt 46.
PAR  The application to and removal from a tire on a wheel of the nonskid device
      disclosed in FIGS. 1 to 9 and the device disclosed in FIGS. 9 to 17 is
      similar except that the device of FIGS. 1 to 9 is tightened and loosened
      on the tire by manipulation of the levers 25 but with the device of FIGS.
      10 to 17 the tightening and loosening is done by manipulation of the parts
      40 to 51. Both of these tightening devices provide increasing leverage as
      they are being moved toward a tightened position.
PAR  To apply the device of FIGS. 1 to 9 to a tire on a wheel without lifting
      the wheel clear of the surface on which it rests, the snap type fastener
      21 is detached from eye member 22, the cable 20 is released from hook 29b
      and the tightening devices 25 released so as to allow for maximum
      slackness of all parts. It is then easy for a person at the outer side of
      the wheel to position the device on the tire so the inner parts thereof,
      including cable 20 will be in approximately the positions in which they
      are shown in FIG. 3. The inside anchor cable 20 is then engaged within the
      hook 29b and the fastener parts 21 and 22 snapped together by reaching
      back of the inner side of the wheel and the device is tightened on the
      tire by operating the tightening levers 25 from the outer side of the
      wheel and engaging the latch or hook members 25' on said levers with frame
      part 23.
PAR  The non-skid device can easily be removed from a wheel by releasing the
      tightening levers 25 from the outer side of the wheel, unfastening the
      parts 21, 22 and 29b which hold the inside anchor cable 20, pushing the
      device off of the wheel so it rests on the ground and moving the vehicle
      so the wheel is clear of the non-skid device.
PAR  The operation of the non-skid device shown in FIGS. 10 to 17 is similar to
      the just described operation except that the device of FIGS. 10 to 17 is
      tightened on a tire by moving toggle member 40 from its released position,
      FIGS. 10, 13 and 14 to its tightening position, FIGS. 11, 15 and 16, and
      engaging hook 45 with the adjacent fitting 39. It is loosened by releasing
      hook 45 and leaving toggle member 40 free to move to a released position.
CLMS
STM  We claim:
NUM  1.
PAR  1. A non-skid device for a pneumatic tire on a vehicle wheel comprising an
      inner anchor member having two ends; readily detachable means connected
      with said two ends operable in securing said two ends together; an outer
      anchor member; said two anchor members being adapted to be positioned at
      the inner and outer sides of a tire respectively and each anchor member
      being capable of forming a closed loop of substantially smaller size than
      the tire; and a plurality of skid resisting members secured to and
      extending diagonally in zigzag fashion between said two anchor members
      back and forth across the tire, the inside anchor member being detachable
      from the skid resisting members at a location adjacent its two relatively
      attachable and detachable ends, whereby when said two detachable ends of
      said inside anchor member are detached from each other and the adjacent
      detachable connection with the skid resisting members is detached
      slackness and clearance are provided and the non-skid device is applicable
      to a tire on a wheel with the tire resting on the ground.
NUM  2.
PAR  2. A non-skid device for application to a pneumatic tire on a vehicle wheel
      comprising a road engaging member of continuous length adapted, when on a
      tire, to extend back and forth diagonally in zigzag shape across the tread
      portion of the tire thereby forming reversely bent parts at opposite sides
      of the tire; a flexible inside anchor member adapted to be positioned at
      the inner side of the tire and having two separable ends; releasable means
      operable in detachably connecting said two separable ends with each other
      thereby providing a closed loop; an outside anchor member adapted to be
      positioned at the outer side of the tire and providing a closed loop;
      connector members operable in connecting the reversely bent parts at the
      outer side of said road engaging member with said inside anchor member,
      the connector member nearest one of the separable ends of said inside
      anchor member detachably holding said inside anchor member, whereby
      detachment of the two ends of said inside anchor member and detachment of
      said inside anchor member from said detachable connector member will
      provide slackness and clearance in said non-skid device for application of
      the same to a tire resting on a supporting surface.
NUM  3.
PAR  3. The non-skid device as claimed in claim 2 in which slack take-up means
      operable in tightening the non-skid device on a tire is connected with one
      of said anchor members.
NUM  4.
PAR  4. The non-skid device as claimed in claim 2 in which each connector member
      comprises a curved tubular part through which the road engaging part
      passes and a side lug to which one of the anchor members is secured when
      the non-skid device is operatively disposes on a tire.
NUM  5.
PAR  5. The non-skid device as claimed in claim 2 in which the inside anchor
      member is slidably held by the connector member next adjacent to the
      connector member that detachable holds the inside anchor member.
NUM  6.
PAR  6. The non-skid device as claimed in claim 2 in which take-up means
      operable in varying the circumferential length of said outer anchor member
      in tightening and loosening said non-skid device on a tire is operatively
      connected with said outer anchor member.
NUM  7.
PAR  7. The non-skid device as claimed in claim 2 in which the outer anchor
      member is formed of two non-flexible frame parts having two pairs of
      adjoining ends and in which the two adjoining ends of each pair are
      connected with each other by lever means operable in varying the
      circumferential length of said outer anchor member.
NUM  8.
PAR  8. The non-skid device as claimed in claim 2 in which the outside anchor
      member is a closed loop formed at least partly of a flexible cable and
      take-up means connecting said cable with one of the connector members at
      the adjacent outer edge of the road engaging member, said take-up means
      comprising two similar toggle members hinged together end to end for
      folding movement and having their outer ends connected respectively with
      said cable and said connector member; and means operable in locking said
      two toggle members in folded relation.
NUM  9.
PAR  9. The non-skid device as claimed in claim 2 in which the zigzag road
      engaging part is an endless strip formed of at least one twisted steel
      wire cable serving as a core and having on it a plurality of road engaging
      skid resisting strips of tread rubber, said strips extending lengthwise of
      the cable and being longitudinally spaced apart, providing space between
      the adjacent ends of the strips for the connector members at the two edges
      of the road engaging part.
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ABST
PAL  Methods for forming heat-insulative gasket structures permitting the
      selective variance of components thereof whereby high torque retention,
      heat-insulative and fluid-tight sealing characteristics are obtained in an
      internal combustion engine between the intake manifold and the carburetor
      throttle body or between the carburetor throttle body and bowl. The method
      provides for densified and non-compressible bolt hole portions to be
      achieved by mechanical compression, provision for suitable insert members,
      or a combination of the two. Such portions provide desirable
      characteristics to control spring action and torque retention of the
      structures. The method also provides for formation of fluid-tight
      compressible sealing beads from the gasket material on one or both sides
      of the insulator member.
PARN
PAR  This application is a division of our application Ser. No. 120,526, filed
      Mar. 3, 1971, which was a continuation-in-part of our application Ser. No.
      76,459, filed Sept. 29, 1970 (now U.S. Pat. No. 3,655,210), which was a
      continuation-in-part of our application Ser. No. 66,958, filed Aug. 26,
      1970 (now abandoned).
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PAC  BACKGROUND OF THE INVENTION
PAR  Today's high-powered and sensitive internal combustion engines have
      produced unique carburetion problems. Since most modern cars have low
      silhouettes, insulation under the hood, and restricted air ventilation
      over the engine, the tendency for temperature build-up in the carburetor
      is substantially increased, particularly when the engine is turned off
      after normal car operation. If the heat build-up is enhanced through
      conduction from the intake manifold to the carburetor, the problem is even
      greater, and hence the need for adequate gasket insulation from the intake
      manifold to the carburetor throttle body, and in some cases from the
      throttle body to the fuel bowl.
PAR  Along with the need to insulate the carburetor from engine heat is the need
      to provide a structure that will also effect sealability between the
      respective flanged parts in which the insulating structure is used. Thus,
      where it is desired to use an insulating structure between the throttle
      body and the intake manifold, due regard must be given to the provision of
      fluid-tight seals at the juncture surfaces of these components. Along with
      the insulating and sealability requirements for the above described
      structure or member, it is necessary to impart to that structure high
      torque retention characteristics so that, through long periods of usage
      under service conditions, the components of the carburetor assemblage will
      remain in fluid-tight relationship or are capable of being put back into
      such condition even when one component is removed from the other during
      various periods of servicing. The insulating-sealing structure must also
      possess the ability to perform these essential functions without creating
      distortion in mating metal parts between which it is placed, the metal
      parts usually being soft ductile materials, such as aluminum or zinc. By
      distortion is meant that, when an insulating-sealing structure is used
      between opposed flanged members, the bolting of one member to another with
      the insulating-gasket structure therebetween, bowing, arcing or other
      uneven mating of the components will result. Many times a structure that
      is clamped between two others produces a so-called spring effect, tending
      to distort one or both of the mating surfaces of opposed members.
      Obviously, distortion is quite undesirable in that it breaks the
      fluid-tight engagement or seal between opposed mating surfaces, and may
      also cause actual breakage of the throttle body adjacent to the bolt
      holes. To meet the aforedescribed criteria and overcome undesirable
      conditions found in today's automotive environment is the subject matter
      of this invention.
PAR  The prior art has suggested the use of one or more members for effecting
      thermal insulation, fluid sealing, torque retention and minimization of
      distortion in the highly sensitive carburetor bowl assembly of an internal
      combustion engine. However, for the most part, these suggestions have been
      unable to meet and satisfy all of the requirements necessary to provide
      insulating and sealing qualities, while maintaining high torque retention.
      Where one problem was solved, an undesirable one offset it, and the
      selective and independent control of the variables intrinsic to the
      overall problem was not obtainable. It is now believed that a gasket
      heat-insulating structure is available meeting all of the criteria
      dictated for satisfactory use in the carburetor assemblage, all of which
      is attained within economically feasible boundaries.
PAC  SUMMARY OF THE INVENTION
PAR  This application is a division and continuation-in-part of our copending
      application Ser. No. 66,958 filed Aug. 26, 1970 for High Torque Retention
      Heat Insulator Gasket. The invention pertains to the methods for
      manufacturing insulator gasket structures of the type disclosed in our
      application Ser. No. 66,958 of Aug. 26, 1970, and our continuation-in-part
      application Ser. No. 76,459 of Sept. 29, 1970. The disclosures of these
      two applications are hereby incorporated herein by reference to the extent
      that they are not inconsistent with the present disclosure.
PAR  In an exemplary embodiment, this invention pertains to an automotive
      gasket-insulator structure comprising an at least two-component assembly
      of a first member of heat-insulative character and a second member of
      fluid-sealing character, wherein the first member defines peripheral
      portions adapted to encircle and be retained within the assemblage of use
      by retaining means such as bolts and the like, and wherein the density of
      these portions is substantially greater than the density of the remainder
      of either of the said members. More specifically, the invention pertains
      to a heat-insulative and fluid-sealing gasket structure comprising a
      heat-insulative member of selected thickness and configuration generally
      having a central opening and having a plurality of spaced bolt holes
      therethrough, the holes being peripherally spaced therearound. The bolt
      holes in one embodiment are larger than are necessary to accommodate the
      bolts and each has a non-metallic, generally congruent, annular insert
      member therein of high strength and low thermal conductivity so as to form
      a properly sized bolt hole. A layer of gasket material is positioned on at
      least one side of the heat-insulative member and generally is of the same
      configuration, and it may be secured to the heat-insulative member by an
      adhesive bond. A continuous sealing bead may be fashioned from a portion
      of one of the gasket layers inward of and around the central opening of
      the structure, and the sealing bead is of considerably less density than
      the remainder of the gasket layer from which it is formed, thereby lending
      considerable resilience and conformability to the sealing bead in order to
      aid and effect sealing of the carburetor assemblage in which the structure
      is used.
PAR  The bolt holes in another embodiment are sized to properly accommodate the
      bolts. The entire core is of the high strength and low thermal
      conductivity material used in the inserts referred to above. The material
      in the bolt hole area is raised from the general plane of the core and the
      layers of gasket material are positioned so that they extend no higher
      than the plane of the bolt holes. Sealing beads will generally be required
      when the gasket material is lower than the bolt holes to create a fluid
      tight seal and insulating air pockets.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of how the structures of this invention
      are used;
PAR  FIG. 2 is a perspective view of one of the embodiments of the invention as
      it might be applied to the FIG. 1 environment;
PAR  FIG. 3 is a fragmentary, sectional view in cross section taken along the
      lines 3--3 of FIG. 2;
PAR  FIGS. 4A and 4B are fragmentary views in cross section illustrating various
      embodiments of the invention;
PAR  FIGS. 5A and 5B illustrate in somewhat exaggerated and simplified cross
      section a component of the structure depicted in FIG. 3;
PAR  FIG. 6 is a perspective partial view of another one of the embodiments of
      the invention as it might be applied to the FIG. 1 environment;
PAR  FIG. 7 is a fragmentary, sectional view in cross section taken along the
      line 7--7 of FIG. 6;
PAR  FIG. 8 is a cross-sectional view showing the component parts of the
      sectional view in FIG. 7 before fabrication;
PAR  FIG. 9 is an illustration of the cross-sectional view of FIG. 7 in use in
      the FIG. 1 environment;
PAR  FIGS. 10A and 10B are fragmentary, sectional views of an apparatus for
      fabricating the structures of FIG. 2 taken along line 3--3 of FIG. 2; and
PAR  FIG. 11 is a fragmentary, sectional view of an apparatus for curing the
      structures of FIG. 2 taken along line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings wherein like numerals of reference will designate
      like elements throughout, and referring specifically to FIG. 1, the
      intended field of use for the inventive structures of this invention is
      illustrated. It will be noted that the conventionally-found carburetor
      assembly 2 having the usual air filter or horn 4 is secured by a wing nut
      to the carburetor bowl 12, which in turn is secured by bolts 5 to the
      throttle body 14, the latter being secured by bolts 6 to the intake
      manifold, as shown at 8. This is a very diagrammatic illustration but will
      serve the purposes to show that the heat-insulating gasket structure 10 of
      this invention is positioned between the flanged portions 3 and 7 of
      components 2 and 8, respectively, so as to prevent heat build-up from the
      remainder of the engine (not shown) in the sensitive carburetion area. By
      the provision of the structure 10, distortion of the flanged mating areas
      3 and 7 of components 2 and 8 is substantially prevented; a high degree of
      torque retention is maintained; and last, but not least, effective
      fluid-tight sealing is obtained. This latter facet is important when
      considering the low vaporization temperatures of fuel hydrocarbons that
      are normally consumed in the operation of internal combustion engines.
PAR  Referring to FIG. 2, a preferred type of heat-insulating gasket structure
      that may be used in the particular environment shown in FIG. 1 is depicted
      (although it should be understood that the structures of this invention
      may also be used between the sensitive throttle body 14 and carburetor
      bowl 12). Here, heat-insulating gasket structure 16 has an outer
      configuration generally conforming to the size and shape of the flanged
      surfaces that it will be positioned between. It will be noted that there
      are spaced tab, ear or bolt hole portions, such as 18, and central
      aperture or opening 20 forming the interior of the structure. Spaced
      inwardly from bolt hole portions 18 and radially from central opening 20
      is sealing bead 22, the specifics of which will be hereinafter detailed.
PAR  The heat-insulating gasket structure 16 is fabricated in this particular
      instance of a central core member or laminate 24, here illustrated as
      being composed of two thicknesses 24a and 24b being secured to one another
      by an adhesive bond layer such as 26. Laminate 24 may comprise a single or
      a plurality of individual laminae and should be of low thermal
      conductivity. A satisfactory type of material has been found to be a
      phenolic-resin impregnated vegetable fiberboard having on either side a
      congruently shaped gasket layer 28 and 30 of a suitable, conformable
      gasket material, the specifics of which will be detailed in the following
      commentary. Gasket layers 28 and 30 are adhered to elements 24a and 24b of
      laminnate 24 by an adhesive layer, omitted for purposes of clarity but
      similar to layer 26 between elements 24a and 24b.
PAR  Each of the bolt hole, ear or tab portions 18 is provided with an oversized
      hole or aperture, such as 32, within which annular reenforcing member 34
      is firmly held by friction and/or chemical bonding. Member 34 is also
      provided with an aperture, such as 36, which forms a sized bolt hole
      opening to receive retaining bolts 6 to be used in the final assemblage to
      maintain the flanged components of the carburetor, with the gasket 16
      therebetween in firm, rigid relationship. The specifics of member 34 will
      be described in detail later.
PAR  The bottom gasket layer 30 is essentially planar and coextensive with the
      laminated core member 24, but may, if found desirable, be provided with a
      sealing bead similar to bead 22 located on the upper planar surface of
      structure 16 and also being formed of the same material as gasket layer
      28. While bead 22 is formed of the same material as gasket layer 28, it is
      of a less dense quality so as to be compressible or conformable in the
      carburetor assemblage. Sealing bead 22 may take any shape, depending upon
      the configuration of the two mating carburetor components between which
      gasket structure 16 is to be used, but generally, it will be continuous in
      form. In some instances, a similar type bead around the apertures 32
      formed in tab portions 18 may be found to be desirable. Bead size and
      shape will be governed by specific end uses, but generally the bead may
      have a height within the range of about 0.005 - 0.015 inches, and in the
      preferred form will have a rounded cross section about 0.050 - 0.080
      inches wide. Other heights and cross-sectional configurations are, of
      course, contemplated.
PAR  In the FIG. 2 embodiment the insert reenforcing member 34 is shown as a
      solid member of synthetic, non-metallic material, but it may also be, as
      will immediately become apparent, a laminated structure, a metal member,
      or one of solid molded character. A wide range of materials, sizes and
      shapes will also serve desired purposes.
PAR  The embodiment of the invention just described is a preferred one, but
      there are other arrangements contemplated, and some of these are shown in
      FIGS. 4A and 4B. Referring specifically to these Figures, it will be noted
      that a heat-insulating member or core 40 is shown as fabricated of a
      single, unitary board, but again, it may be a laminated one as earlier
      described with two or more individual layers or components. For purposes
      of illustration, however, the central core 40 is illustrated as a single
      thickness comprising low thermal conductivity material such as
      resin-impregnated vegetable fiberboard of the type that is commercially
      available about 0.090 inch thick, but which is reduced, when densified, at
      the ear or tab portions about 0.015 inch as by coining or high pressure
      compression. The primary distinction in this embodiment is that bolt or
      tab portions 18' differ from those tab portions 18 shown in FIGS. 2 and 3.
      In each of the illustrations, a gasket layer is used on both top and
      bottom of the central core member 40, but it should be understood that
      only one such gasket layer with, or without sealing bead on either upper
      or bottom surface may be used under certain conditions.
PAR  Referring specifically now to FIG. 4A, a bolt hole tab portion 18' is shown
      as having a highly densified construction as indicated by the heavy
      cross-hatching. This extreme densification is obtained by pressing,
      coining, or otherwise decreasing the volume of the fiberboard 40 in the
      tab area 18' of the bolt hole opening. Upper gasket layer 42 is provided
      with a sealing bead, such as 44, of less density, and hence more
      conformability than the remainder of the surrounding gasket layer 42. It
      should be noted also that gasket layer 42 is of greater thickness in the
      area of the core densification and preferably has approximately the same
      density of the bead 44. Positioned on the bottom of core insulating board
      40 is another gasket layer, such as 46, and is coextensive with the tab
      portion 18', and each of the gasket layers 42 and 46 may be secured to the
      core 40 by means of an adhesive bond layer omitted for purposes of
      clarity.
PAR  Referring now to FIG. 4B, a structure similar to that shown in FIG. 4A is
      depicted, with the exception that densification of the fiberboard core 40
      in the area of the tab 18' is carried to an extent so as to form
      depression or recess 48 in the outermost portion of tab 18'. The gasket
      layers 42' and 46, as well as sealing bead 44, are the same as earlier
      described for the FIG. 4A embodiment, except that the gasket 42' is
      preferably of uniform thickness and density except for the bead 44. In
      order to obtain high torque retention and proper sealing when the unit is
      clamped between mating flanges of the carburetor assembly, an annular
      insert member or washer, such as 50, is fitted and press fitted or
      otherwise secured in recess 48. Obviously, because it is desired to cut
      down on heat transmission between metal components in which the structures
      of this invention are used, it is desirable to use a metal of low
      conductivity for insert 50, if a metal washer is to be used, but still
      preferred is a high density, highly compressed resin-impregnated asbestos
      fiber material or molded plastic material of low thermal conductivity.
PAR  Referring now specifically to FIGS. 5A and 5B, a preferred mode of
      obtaining densification or high torque retention is by means of an insert
      of a type that may be used especially in the FIGS. 2, 3 and 4B embodiments
      of the invention. In FIG. 5A, the insert 60 is shown as comprising a
      plurality of laminae 62 of a thin, porous asbestos paper construction with
      long asbestos fibers 64 being laid perpendicularly to the longitudinal
      axis of the central aperture 66. In this particular structure, the
      individual lamina 62 are placed in a vertical stack and then subjected to
      a vacuum impregnation process, the impregnation utilizing a heat-resistant
      thermosetting resin such as the phenolic resins to form interconnecting
      links, such as 68, between the individual laminate layers 62. These links
      68 are merely diagrammatically illustrated, and it is not intended to show
      in micro-photographic fashion the impregnated structure that would
      actually result after such impregnation process. Suffice it to say,
      however, that an annular or tubular laminate member 60 is formed having a
      multiplicity of interconnecting resin links, such as 68, and being totally
      encased by a layer of the same material on the outside and, indeed, the
      inside surfaces, such as shown. After the plurality of lamina 62 have been
      vacuum impregnated or otherwise interconnected with phenolic resin, the
      member 60 is highly compressed and densified to produce a member of high
      strength, good torque retention, and low heat or thermal conductivity.
PAR  The FIG. 5B embodiment shows another construction for an insert member 70,
      and such member is depicted as comprising a plurality of asbestos board
      lamina 72 which have been impregnated or dipped in a phenolic resin so as
      to saturate its pores and having adhesive phenolic resin layers 74
      therebetween, and fabricated under high pressures to produce a highly
      compressed, densified mameber having similar characteristics as member 60
      in FIG. 5A.
PAR  It should be understood that the products described in FIGS. 5A and 5B are
      suitably post-cured and are adapted for use for the insert 34 of FIG. 3 or
      the washer 50 of FIG. 4B.
PAR  A modified form of the invention is shown in FIGS. 6 through 9 inclusive,
      and in this embodiment of the invention the core, generally designated 85,
      is made from asbestos millboard and is essentially the same as the
      asbestos millboard used in the fabrication of the inserts 34 previously
      described. In this case, the core 85 is formed by taking two or more
      die-cut pieces 86 which have been suitably impregnated with the
      water-alcohol, phenolic resin mix, and placing them on a heated pin mold
      with a washerlike member 87 interposed therebetween (see FIG. 8), and
      flanked on their outer sides with die-cut gasket pieces 88 and 89. The
      core members 86 have openings 90 corresponding in diameter to the O.D. of
      the bolts that will be used for clamping the mating metal flanges
      together, and the washer member 87, which is also made of asbestos
      millboard and impregnated with the phenolic resin mix, has an interior
      opening 91 which also corresponds in diameter to that of the clamping
      bolts. The outer diameter of the washer 87 is roughly the same as that
      used for the inserts 34 in the embodiments of the invention shown in FIGS.
      2 and 3, and the gasket material 88 and 89 may be the same as the gasket
      stock shown at 28 and 30 in FIGS. 2 and 3. The gaskets 88 and 89 are
      die-cut with openings 92 which are approximately the same diameter as the
      O.D. of the washers 87, so that when the gasket components are hot-pressed
      in the pin mold to form the finished gasket, the core 85 will be of
      substantially homogeneous character with protuberances 93 and 94
      projecting through the openings 92 in the gasket stock, and with the
      density of the core substantially that of the inserts 34. After the
      hot-press formation of the composite gasket, it may be taken through final
      cure.
PAR  It will, of course, be understood that the core 85 and the gasket covers 88
      and 89 are die-cut with the other openings that are necessary to form the
      configuration shown in FIG. 6 of the drawings.
PAR  Either or both of the gasket covers 88 and 89 have a continuous bead 95
      formed on their outer faces during the compression of the mold, this being
      accomplished by grooves in the mold faces, as previously described. Also,
      in some instances it is desirable to form a number of small protuberances
      or buttons 96 adjacent to the edges of the gasket for a purpose that will
      be later described, these buttons being formed during the compression of
      the mold in the same manner that the bead 95 is formed.
PAR  The fundamental objective in forming a heat-insulating gasket in the manner
      just described is so that when the mating flanges 3 and 7 are clamped
      together by the bolts 6, as shown in FIGS. 1 and 9, the flanged areas 3
      and 7 will bottom on the protuberances 93 and 94, respectively, thereby
      providing firm clamping together of the parts and high torque retention,
      with the bead 95 on one or both sides of the gasket providing the required
      sealing of the opening 97 from the atmosphere, and with an air space 98
      formed between the metal flanges and the gasket structure. The buttons 96,
      when used, help to maintain that air space when the distance between the
      bolts and the character of the flanged areas are such that distortion
      could bottom the flanged areas on the main portion of the gasket
      structure. It has been found in tests that the heat transmission with a
      gasket of this type is substantially lessened when the mating faces 3 and
      7 are not permitted to have face-to-face contact with the gasket coverings
      of the composite gasket, and that providing any type of air space, on the
      order of 0.010 of an inch or less, the insulating qualities of the
      composite gasket are substantially enhanced.
PAR  Although it is preferred to actually maintain an air space, such as 98,
      between the flanges and the composite gasket, some advantage is gained
      even when there is some face-to-face contact, as long as such face-to-face
      contact is not a truly pressure contact. It is for that reason that in
      this embodiment of the invention the outer faces of the gasket pieces 88
      and 89 should be level with the outer faces of the protuberances 93 and
      94, or below these protuberances, as distinguished from the embodiment of
      the invention shown in FIGS. 2 and 3 where it is intended that the cover
      stock 28 and 30 should be slightly compressed during the clamping of the
      parts together by the bolts.
PAR  Merely by way of specific illustration, and not by way of limitation, it
      has been found satisfactory to have the air space 98 on the order of from
      about 0.005 to 0.010 inch, with the free height of the sealing bead being
      from about 0.005 to about 0.007 inch greater than the designed air space,
      with the bead being compressed during the clamping action sufficiently to
      have the mating flanges 3 and 7 bottom on the protuberances 93 and 94 and
      provide the desired air space 98. The buttons 96, when used, might have a
      normal free height of approximately 0.002 to 0.004 inch less than the
      height of the bead, and would be slightly compressed during the clamping
      action to assure the desired air space. The bead 95 is formed in the same
      manner as the bead 22 of FIGS. 2 and 3, and has lesser density than the
      main body of the cover stock when the gasket is formed, as previously
      described.
PAR  For some installations, it may be desirable to use in place of the buttons
      96 a continuous bead running around the peripheral margin of the composite
      gasket and being located perhaps 1/8 inch inwardly of the peripheral
      margin. This bead would be formed in the same manner as the bead 95, but
      would have a height corresponding to that prescribed for the buttons 96
      and would serve, not only as a limiting abutment to assure the air space
      remote from the clamping bolts, but also to seal the exposed faces of the
      gasket material from the elements and preserve the life of the gasket.
PAR  It should be understood that although it is preferred to have the core 85
      made of asbestos millboard in the manner that has just been described, it
      is also possible to use the core structure disclosed in the FIGS. 2 and 3
      embodiment of the invention, with the inserts 34 being sized so that they
      are either flush with the covers 28 and 30 or slightly above their level
      in order to obtain the desired improvement in heat insulating properties.
PAR  When the inserts 34 are above the level of the cover stock, or when the
      protuberances 93 and 94 are above such level, the need for the buttons 96
      is lessened, and in most instances eliminated.
PAC  THE CORE OR INSULATING MEMBER
PAR  Because it is highly desirable to provide suitable insulation between
      carburetor components as referred to herein, the thickness of the
      insulating member will be dictated by space requirements and structural
      characteristics of the carburetor as well as the temperatures developed in
      the carburetor area. Generally speaking, the insulator member may be one
      having a low heat conductivity and will have a k value of approximately
      1.0 - 1.2, but this will vary depending upon other factors. Generally
      speaking, the insulating member may be made up of one or more layers or
      laminae depending upon space and other requirements and the form in which
      the insulative materials are commercially available. The materials of
      construction for the insulative or core member may be any of those
      presently regarded in the art as meeting the afore-defined requirements.
      Materials contemplated include the well-known synthetic materials, but
      because of economic factors, a resin reenforcced vegetable or similar
      fiberboard is both practical and economical. Generally, such materials may
      be described as semi-porous fiberboard reenforced with thermo-setting
      resin. In some of the illustrated specific embodiments, particularly where
      portions of the board are to be densified or materially compressed,
      compressibility of the core or insulator member becomes important.
      Generally speaking, the thickness that the insulator member may take will,
      as earlier indicated, be dictated by other considerations, but in the
      specific embodiments disclosed a fiberboard core of about 0.030 - 0.125
      inch thick will be most practical. Because a material, such as fiberboard,
      reenforced with thermosetting resin, is compressible, its torque retention
      capability will be relatively low, somewhere on the order of 40% to 50%,
      measured at a 250.degree. F temperature using an ASTM, F 38, Method B test
      for a 0.125 inch thick core; thus, the need for densification in the bolt
      hole portion, or the alternate use of an insert of one type or another as
      previously disclosed, is highly desirable. Due regard for thickness
      reduction where densification of the core itself is contemplated is
      necessary, such reduction being typically in the range of about 0.015
      inch.
PAR  When the structure is of the character where the only compressibility is
      with the sealing bead and the bolt hole members are to take virtually all
      flange pressure, the core structure can be manufactured from a
      water-alcohol, phenolic resin reenforced asbestos millboard. It is
      substantially non-compressible and has a very high torque retention
      capacity -- on the order of 75% to 85%. The k factor of this material is
      on the order of 2.0 to 2.5. This higher k factor is acceptable because the
      reduced area of surface to surface contact lowers the total heat
      transference.
PAC  THE GASKET LAYERS
PAR  In general, the materials contemplated in order to perform the fluid-tight
      sealing function in the structures of this invention are those materials
      commonly used in the gasket art because these materials have proven
      themselves in service to be able to withstand the rigors of service
      conditions generally found in carburetor environments. Typical such gasket
      materials are those made in accord with the teachings of Kao Pat. No.
      2,676,099, issued Apr. 20, 1954. A satisfactory type of gasket material
      has been one found to be using a mineral fiber and cured nitrile rubber.
      Such material is available from the F. D. Farnam Co. under the trade name
      "Kaobestos 66015." Other gasket materials and the like may be used, as
      disclosed in U.S. Pat. No. to Farnam et al., 3,158,626. Other materials
      for other applications are also contemplated. Typical thicknesses of
      suitable materials will be within the range of about 0.020 inch which will
      be reduced or compressed to about 0.015 inch during bonding thereof to the
      core.
PAR  Generally speaking, however, the gasket materials should be of elastomeric
      material so as to be easily compressible in order to achieve fluid-tight
      sealing under light clamp loads, and generally should be those that are
      rather resilient, or "bulked", that is, somewhat light in density so as to
      be capable of being compressed to form. Where desired, a sealing bead of
      sufficient size may be provided to contribute to the sealing function.
      Also, because it is desired to fashion a structure which will provide
      fluid sealing, the gasket layer or layers should be conformable enough to
      take up the differences in mating tolerances generally found in carburetor
      components, and also be of a material which has low heat transmissibility.
PAR  A sealing bead, in order to effect efficient fluidtight sealing, may be
      formed during the sandwiching or molding process of the insulating gasket
      structures of this invention. The bead may be formed on one or both gasket
      layers, although it has been found that the utilization of a sealing bead
      on the upper gasket layer will normally suffice. This bead may take many
      configurations, but generally, one having a rounded crosssectional shape
      of a height of about 0.005 - 0.015 inch and a cross section width of about
      0.050 - 0.080 inch has been found to be satisfactory. Although 0.005 -
      0.015 inch is the general range, a preferred range is about 0.011 inch to
      about 0.014 inch for the bead height. Further, while 0.005 - 0.015 inch is
      a general range in those embodiments of the invention which do not provide
      the air gap 98, the range does extend upwardly to as much as about 0.060
      inch where the air gap feature is to be used. When the bead is formed of
      the same material as the gasket layer adjacent thereto, the density
      thereof will be much less than that of the surrounding gasket material for
      the reason that it is not compressed as much during the molding or
      pressing process as the gasket material layer adjacent thereto. This,
      then, provides a conformable or resilient protuberance or projection in
      order to permit satisfactory sealing.
PAR  An adhesive bond layer is contemplated for securing both upper and, where
      used, bottom gasket layer to the core or insulating member, and types of
      adhesives and the like that may be used may vary considerably just so long
      as they are capable of forming an effective bond and will not deteriorate
      under the service conditions contemplated for the structures of this
      invention. Generally, the neoprenes have been found to be capable of
      forming effective bonds, and the addition of phenolic resins to some of
      these formulations has also been found to be effective. A preferred type
      of adhesive is a phenolic resin and neoprene combination which is
      thermosetting at a temperature of about 325.degree. - 350.degree. F. It is
      preferred that the adhesive layer bond between the insulating member and
      gasket layer or layers be only that thickness necessary to form an
      effective bond and no more. Where applied, the bonding material layer
      should not exceed approximately 0.0003 - 0.0007 inch at any one layer. A
      controlled thin bond line is desired to avoid the introduction of too
      thick a bond line, thus introducing additional torque loss problems or
      possible bond line flow and consistent with use of a bond material that
      must be somewhat conformable since the gasket is tightly clamped when
      applied. These same types of materials may also be used to form the
      adhesive bond between individual lamina of the core or insulating member
      where it is desired to build up and have a core insulator of a thickness
      greater than can be made from commercially available stocks.
PAR  There are a number of elastomer-resin compositions available, each of which
      has specific advantages. It is only important that the adhesive be capable
      of being applied as a continuous thin layer and that it be such that it
      can be dried or partially cured for easy handling prior to the final
      assemblage of the structures of this invention, and that it also be
      capable upon final or ultimate curing of producing a bond between adjacent
      laminae of the core member or between the core member and one or more
      gasket layers that will withstand the environmental conditions found in a
      carburetor assemblage. The types of elastomer compositions found desirable
      may be those disclosed in Farnam Et Al. U.S. Pat. No. 3,158,626.
PAC  AREA DENSIFICATION
PAR  As briefly alluded to hereinbefore, in order to maximize the attributes of
      the structures of this invention, and to have high torque retention,
      several means are available for achieving the desired end results. One
      such way has been previously mentioned, i.e., area densification of the
      insulator member itself at the area of the bolt holes, as shown in FIG.
      4A. Another means of achieving substantially the same results is by
      densifying this area to the extent that a recess is formed within which an
      annular or tubular insert member may be positioned (see FIG. 4B) with or
      without a gasket layer covering, and the member may be of metal, solid
      molded plastic, or fabricated from phenolic resin-impregnated laminations
      of asbestos paper, asbestos board and similar such materials. Also, the
      members, inserts or the like, when made of metal may be very similar to
      bushings, washers, and similar such structures, and will be fabricated of
      steel and similar such metals of preferably low heat conductivity or k
      value. Any of the insert members may run half the thickness,
      three-quarters of the thickness, or greater than the entire thickness of
      the finished insulator-gasket structure which generally will be about
      0.115 - 0.120 inch in thickness but may vary in the range of from about
      0.03125 inch upwardly to about 0.625 inch. In a preferred embodiment, an
      insert member of asbestos lamina is placed in an oversized bolt hole and
      retained therein in friction-fit manner and extends about the entire
      thickness of the finished structure, but in the fabricating process it is
      of slightly less thickness, say about 0.005 inch, to thereby act as a
      limiting compression factor in the gasket-insulator structure itself. For
      instance, because the materials of construction are compressible in nature
      and an insert member either of metal or highly densified asbestos phenolic
      resin-impregnated asbestos is substantially unyielding in comparison, the
      insertion of such a member prior to the actual volume reduction,
      compression or molding of the overall structure will limit the extent to
      which the overall structure may be compressed. More specific details of
      this aspect will be delved into under manufacturing techniques.
PAR  In the preferred embodiment, however, where a separate non-metallic insert
      is utilized, the insert comprises a plurality of layers of asbestos paper
      or asbestos millboard which has been saturated or impregnated with a
      thermosetting phenolic resin. Preferably, the number of laminations is
      kept to a minimum, but this will generally be dictated by the thickness or
      height of the insert that will be used in the particular insulator-gasket
      structure. The heat-resistant thermosetting, phenolic resin provides the
      necessary strength and torque retention, and in a preferred form, the
      fibers (where asbestos paper or asbestos fiberboard is used) have
      relatively long lengths and are laid at right angles to the clamping
      force, or, in other words, are normal to the longitudinal axis of the bolt
      hole which the insert, itself, forms. Other nonmetallic fibers will also
      perform satisfactorily. When a lamination has been built up, it will be
      subjected to a pressing operation which will materially reduce the
      thickness to as great as 40% and more of its original thickness, thereby
      producing a highly compressed and dense non-metallic insert which may be
      subjected to a curing step to insure total curing step to insure total
      curing of the phenolic resin or other material used in fabricating the
      insert. The dry weight of a phenolic resin impregnated asbestos millboard,
      for example, will show that the dry resin component is about 25% of the
      completed material.
PAR  The preferred non-metallic inserts of the invention using the phenolic
      asbestos combination will normally have a finished density on the order of
      110 to 120 pounds per cubic foot, a thermal conductivity or k factor of
      approximately 2 to 2.5, or thereabouts, (as compared to about 50 for
      steel), a phenolic resin content of about 25 percent by weight, and will
      show a high compression strength and chemical resistance to the
      environment in which the insulator gasket structures will be used. Proper
      high temperature cure insures that the inserts will maintain high torque
      retention values on the order of 90 to 95 percent at high clamp loads and
      elevated temperature. The inserts will preferably be able to take a torque
      load of approximately 15,000 to 20,000 pounds per square inch without
      fracture.
PAR  In another preferred embodiment, the bolt hole areas of the insulator
      gasket structure are densified by means of a washer of the same phenolic
      resin impregnated asbestos millboard as the core members between which it
      is inserted and pressed. The less dense gasket cover stock covers the core
      member only to a height no greater than that in the bolt hole areas.
PAC  FABRICATION TECHNIQUES
PAR  Keeping in mind the materials used in the insulatorgaskets of this
      invention, a more comprehensive understanding of the exemplary methods of
      fabricating the overall structures may now be had, taken in conjunction
      with earlier alluded to manufacturing techniques.
PAR  In the following example, it will be assumed that a structure having a
      double lamina core with top and bottom gasket material layers is desired.
      Suitable cover stock, generally of a slightly bulkier nature than is usual
      (especially where a sealing bead is to be formed), is cut to an
      appropriate width, this width being dictated by the width of the core or
      heat-insulating member. In some instances, however, even the commercially
      available resin-impregnated vegetable fiberboard will have to be cut to
      size, and thus the size will be dictated by the configuration of the
      ultimate insulator-gasket structure to be formed. After appropriate sizing
      of, for instance, a gasket layer and the heat-insulating member board, a
      first laminate is formed by taking a continuous roll of cover stock, and
      laminating it with an adhesive bond material to a sheet of core material
      approximately 90 inches long and one-half the final core thickness, with
      periodic cutting off from the continuous roll of cover stock to form a
      plurality of gasket covered core sheets. Thereafter, the panels will be
      coated on the side opposite the cover stock with a thin coating of
      elastomer-resin adhesive and then allowed to dry. After suitable drying,
      the thusly gasket-layered panels may be laminated to one another to form a
      second laminate by means of the adhesive layer and cut into appropriate
      widths.
PAR  The second or final laminate may then be die-cut into the ultimate
      structure configuration that is intended with oversized bolt hole openings
      which will later receive non-metallic inserts in order to form properly
      sized bolt hole openings. Depending upon the total thickness of the
      insulator-gasket structure, it may be from two layers of core board, or
      one layer of core board, or more than two layers. If there are more than
      two layers, the inner layers of the core board will also be coated on
      either side with a thin layer of adhesive as just described.
PAR  The thickness range of the bonding material requires some control so that
      it will not exceed approximately 0.0003 - 0.0007 inch at any one layer.
      Double this thickness would occur where two coated surfaces are brought
      together.
PAR  Next, the sandwich or assemblage is subjected to a hot pressing operation
      in a pin mold, the upper mold being provided with a groove to ultimately
      fashion the sealing bead in the upper gasket cover stock. Before
      initiation of the hot pressing operation, however, it is desirable to
      insert the non-metallic bushings or inserts which will act as a sizing
      means for the over-all thickness of the final structure, since they are
      relatively non-compressible in relation to the remainder of the structure.
      This permits the production of structures of this invention to very close
      thickness tolerances. Obviously, where warranted, these inserts may be
      placed in position after the hot-pressing operation. During the
      hot-pressing operation, the sandwich of members is considerably reduced in
      thickness, and hence, the inserts may be slightly less in height than the
      intended overall thickness of the ultimate structure (as indicated at 32
      in FIG. 3) to thereby insure a properly sized insulator-gasket member. The
      bead is best formed by means of a groove in the upper mold half, and by
      bulking both the cover stock and the core slightly (within the range of 5%
      - 10%), and then bringing the assemblage to full density during the
      pressing operation, which procedure produces a conformable bead and which
      provides for ease of forming the bead. Where it is contemplated that the
      insulating member, itself, be densified in the area of the bolt holes,
      this is accomplished by building up those portions, and thereafter
      densifying to a much greater extent than would be the case where the
      member itself was not to be densified. The formation of a recess with
      partial densification and insertion of a metallic or non-metallic partial
      insert may, of course, be accomplished at the same pressing step, as will
      be apparent from the drawings. Suffice it to say, however, that the
      insertion of insert elements, where contemplated, may be subsequent to the
      entire pressing step, or it may be before or at the time of the mold
      pressing operation. The hot pressing is carried out over a dwell time,
      depending upon the thickness in the area of the bond line, at a
      temperature sufficient to cure, set, or otherwise insure bonding of all
      the members making up the structure. Obviously, where an epoxy resin-type
      bonding material or adhesive is contemplated, it may not be necessary to
      hot-press or to carry on curing at an elevated temperature, since such
      systems normally involve a curing agent or catalyst not requiring heat,
      pressure, etc.
PAR  Thereafter, the insulator-gasket structure may be subjected to a post-cure,
      if required, and the insert member 34 may then be pressed into position,
      if not already there. This positioning may be done by hand,
      semi-automatically, etc., and these as well as other modifications,
      depending upon the structures involved, will at once make themselves
      apparent when considering the materials employed and the desired results
      to be achieved.
PAR  In an alternative procedure, the non-metallic washers 70 are made from
      asbestos millboard having long asbestos fibers with preferably no organic
      binder and made at the low end of density within the limits of the bond as
      manufactured. The board, preferably, is of the lowest possible density
      consistent with the bonding strength of the non-organic binder used. This
      millboard is selected to have a thickness compatible to precision
      die-cutting without chipping or forming rough surfaces. Sheets of
      millboard are shear cut to a size convenient for use with gang dies. The
      cut sheets are placed in a chamber which is evacuated and then filled with
      a water alcohol mixture of phenolic resin. The chamber is then drained and
      the sheets are permitted to drip for a short while. The sheets are then
      dried. An example of drying time for a 0.200 inch thick board is from
      about 48 hours at room temperature to about three hours at 140.degree.F.
      This drying does not effect a cure of the resin in the sheets. The
      impregnated sheets may then be stored at low temperatures (from 30.degree.
      to 50.degree.F.) to prevent air curing. It has been found the impregnated
      sheets stored at 40.degree.F. have a shelf life in excess of 6 months. The
      impregnated sheets are removed from storage only at the rate of
      consumption in making washers or inserts. The resin content of these dried
      sheets is from 10% to 30% by weight of the sheets, ordinarily within 20%
      to 25% of such weight. The phenolic resin impregnated asbestos millboard
      has the consistency of firm leather when it is ready for die-cutting. The
      sheets of impregnated millboard are die-cut with gang dies to produce
      annular washer sections.
PAR  The finished washers or inserts can be fabricated in two ways. First, the
      annular washer sections can be put into a conventional compression mold
      that compresses the material into a cavity with a suitably sized pin to
      form the i.d. and with stops to set the thickness. There is a slight
      lateral flow of the material under high compression and heat in the range
      of 325.degree. to 350.degree.F. The thermosetting resin softens
      momentarily to become very tacky, and then hardens. The time in the mold,
      called dwell time, will vary with the thickness and volume of the
      individual washer. A dwell time of five to ten minutes will produce a
      finished part, but not with suitable economics. Using a shortened dwell
      time, of say 30 seconds to 2 minutes, will produce hardened parts which
      are then subjected to curing in a forced air oven at about 350.degree.F.
      for three to seven hours. In following this procedure, care is exercised
      as to time and temperature to avoid over-cure of the gasket core material
      or cover stock. With either of these procedures, the part gains its
      ultimate properties, such as torque retention, crush and heat resistance,
      deflection resistance, fuel, oil and water resistance, etc. The
      compression of the washer in the gasket produces a bond that can withstand
      a push-out force in excess of five hundred pounds.
PAR  In using prefabricated washers or insert members, regardless of whether
      they are laminates or unitary members, it is difficult to maintain
      tolerances between an extremely hard and dense insert member and a
      relatively soft and compressible insulator gasket structure when indexing
      these inserts into the insulator gasket structures.
PAR  It is, therefore, anticipated that an alternative procedure, as illustrated
      in FIGS. 10A and 10B, for the single step fabrication of the
      heat-insulative gasket structures will be used in most cases of production
      of the gasket structures of FIG. 2. Here, the component parts of the
      gasket structure 16 are shown, consisting of top gasket layer 28, the
      insulator core members 24a and 24b, and the bottom gasket layer 30. The
      illustrated structure 16 is provided with the top sealing bead 22 and the
      bottom sealing bead 22'. The annular washer sections (discussed above) of
      asbestos millboard are placed in the vicinity of the oversized bolt hole
      apertures 32. Upon completion of the structure, the washer sections become
      a laminated insert such as 70 in FIG. 5B. The entire insulation gasket is
      formed in a single hot press operation with the bushing material being
      densified simultaneously with the compression of the core material to its
      final dimension to obtain the proper thickness in relation to that of the
      bushing. This affords a simplified method of curing the bushing in
      conjunction with its manufacture as a part of the whole and minimizes
      handling.
PAR  The pin mold 115, illustrated as open in FIG. 10A and as closed in FIG.
      10B, consists of an upper mold half generally designated 113 and a lower
      mold half generally designated 114. The upper mold half has the following
      components: a back up plate 100, a spring retainer plate 102, a high
      compression spring 104 located in the spring retainer plate, and a mold
      plate 106 into which a cavity 108 is machined with concentric bores. A top
      setting plug 110 is adapted to travel in the cavity 108 against the force
      of spring 104. A groove 116 is machined into the face of mold plate 106 to
      form the sealing bead 22 in the gasket cover stock layer 28.
PAR  The lower mold half 114 is constructed in a similar manner. Its components
      are a back up plate and pin retainer 101, a spring retainer plate 103, a
      high compression spring 105 located in the spring retainer plate, a mold
      plate 107 into which a cavity 109 is machined with concentric bores, and a
      pin 112 secured to the back-up plate and spring retainer which runs
      vertically through the mold. A bottom setting plug 111 is adapted to
      travel in the cavity 109 against the force of spring 105. A groove 116' is
      machined into the face of mold plate 107 to form sealing bead 22' in the
      gasket cover stock layer 30.
PAR  As illustrated in FIG. 10A, when the pin mold is in an open position
      immediately prior to the hot pressing, the setting plugs 110 and 111
      protrude from mold plates 106 and 107, respectively, since the high
      compression springs 104 and 105 can fully expand to force the flanges of
      the setting plugs to seat at the terminal of the larger bores in the
      cavities 108 and 109. The initial contact with the insulator gasket
      structure is made by the setting plug faces meeting the laminates of
      insert 70. The insert 70 is loosely in place with respect to the rest of
      the insulator gasket members and at this time is approximately 160% of its
      final thickness when compressed. Pin 112 makes gentle contact with the
      interior of the insert member 70.
PAR  Upon compression, the pin mold and insulator gasket structure will attain a
      configuration, as is illustrated in FIG. 10B. The bushing distorts
      slightly, taking an irregular shape where it joins the body of the gasket,
      as shown in FIG. 10B. In this figure, the illustration indicates the
      lateral flow of the insert but, due to the small scale of this drawing, it
      has not been attempted to show the irregular shape in specific detail.
      During closing of the mold the following events occur: the setting plugs
      compress the insert against the force of the high compression springs, the
      setting plugs come to rest on the spring retainer plates, the pin 112
      serves to size the interior aperture of the insert, the phenolic resin and
      solid material of the insert tends to be laterally squeezed into the
      surrounding insulator gasket members, the gasket layers are compressed
      somewhat, and the sealing beads are formed by being squeezed into the
      grooves 116 and 116'. Stops (not illustrated) are provided to limit the
      final compression of the mold. Equal sized setting plugs will produce a
      completed structure with the insert centered with respect to the remainder
      of the structure. By increasing the height of the top plug and decreasing
      the height of the bottom plug, the insert would be offset to a position
      below center. Other variations will become apparent when it is desired to
      maintain the insert in a particular position above or below center.
PAR  The compression of the insert members, which takes place at temperatures of
      150.degree. to 350.degree.F. for a period of 5 to 10 seconds, provides
      improved bonding. This bonding is a result of the material of the insert
      members being laterally forced to flow in a plane normal to that of the
      compressive force. This causes the densified inserts to be mechanically
      forced into the adjacent portions of the insulator gasket structure.
      Chemical bonding also occurs because the thermo-setting resin in the
      insert members is also squeezed into the adjoining gasket areas and is
      cured. The insert members become integral with the insulator gasket
      structures being both mechanically and chemically united. This method is
      advantageous because the adjoining materials are in effect made as one and
      the bond achieved is far more effective than could be achieved with a
      preformed insert and an adhesive due to the relative compressibility of
      the structure before pressing, and because of the economics of eliminating
      one step from the process. This single step process permits densification
      in three discrete areas. The relative thicknesses of the insulating
      bushing and adjacent gasket body portions are more readily controlled and
      the lateral squeezing of the bushing material outwardly tends to firmly
      lock the bushing within the gasket body since the bushing tends to spread
      somewhat at the top and bottom thus forming annular flared edges which
      interlock with the core. The insert members are highly densified with
      little tendency to return to their original free height of 160 % of their
      completed height when compressed. The great bulk of the elastomeric gasket
      cover stock is densified by the mold faces. The attendant heat tends to
      set them up in a compressed state, although far less dense than the
      inserts. The sealing beads are of still lesser density because the grooves
      in the mold faces let the elastomeric material flow to fill them, and thus
      subject the material to less compression.
PAR  The pressing time of the composite structures can be from 21/2 minutes at
      250.degree.F to 15 seconds at 350.degree.F. While this is sufficient for
      most of the heat insulator gasket structure, and, indeed, a longer
      pressing time would be detrimental to the gasket cover stock, it is to be
      realized that the inserts have only a partial cure.
PAR  Upon removal from the pin mold 115, the pressed gasket structures 16 are
      immediately placed in a stacking fashion over the pins 119 of a heated pin
      jig 120, illustrated in FIG. 11 crosssectionally along line 3--3 of FIG.
      2. The bottom plate 117 of this apparatus is provided with heat-insulative
      areas 118 from which the pins designated 119 rise. Heating elements, such
      as Calrod units are provided in the pins. A top plate 121 having an
      insulator pad 122 is desirable in order to prevent heat dissipation from
      the insert members. The low thermal conductivity of the inserts impedes
      the flow of the heat of curing toward the heat insulator core and gasket
      cover and thus prevents any charring or disintegration of the heat
      insulator core or gasket cover. An effective heat barrier exists at the
      juncture of the heat insulator core with the insert member because the
      thermal conductivity of the core is approximately one-half that of the
      insert member. Virtually no heat passes into the core from the insert
      member. The pins may be from six to twelve inches high to accommodate many
      finished parts. Rheostats may be used to control the temperature of the
      heater elements in attaining the desired final cure of the insulator
      bushing and which may be started at approximately 275.degree.F. to degas
      the material and then raised to 300.degree. to 375.degree.F. to insure
      complete cure without injuring other portions of the gasket. The cure time
      may be 11/2 to 5 minutes, depending on the thickness and the volume of the
      inserts.
PAR  The sealing beads on opposite faces of the gasket may be omitted and in
      this event the height of the less dense main body of the gasket will be
      greater than the height of the relatively denser bushing whereby to obtain
      the sealing function when compressed between the carburetor mounting
      areas. The core material may be made sufficiently conformable so that
      sealing may be obtained without utilizing the beads, or the gasket covers,
      or the elastomeric coating on the core.
PAR  In another alternate procedure, it will be assumed that a structure having
      a non-compressible core with top and bottom gasket layers is desired.
      Suitable cover stock, as used above, is cut to size, the size being
      dictated by the size of the core or heat sealing member. The phenolic
      resin impregnated asebestos millboard sections 86 and washers 87 are cut
      to size. The cover stock 88 and 89 has an adhesive bond to adhere it to
      the millboard members. The components are assembled in the general manner
      of gasket material, core section, core washer, core section, and gasket
      material. This sandwich is then subjected to hot pressing in a pin mold,
      the mold halves being provided with recesses to permit the formation of
      raised bolt hole portions, and with appropriate grooves to provide desired
      sealing and auxiliary beads, and recesses to provide levelling buttons.
      The gasket cover stock is compressed so that it is no higher than the
      raised bolt hole areas. The pressing and curing operations are similar to
      those described above and need no further explanation. The gasket may be
      formed with the relatively denser bushings in the bolt hole areas with the
      sealing function effected by the insulator body itself without the top and
      bottom gasket covers used for the purpose. As a further alternative the
      gasket core structure might be coated with an elastomeric type material
      that would provide the conformability required for sealing purposes.
PAR  These modifications as well as other embodiments and interchangeables will
      make themselves apparent to those working in this art, and such matters
      will not detract from the essence of the herein disclosed invention as
      measured by the appended claims.
PAR  While the hardened resin impregnated asbestos core and insert members have
      been discussed as having a k factor of approximately 2 to 2.5, this has
      been merely by way of illustration and not as a limitation. Generally
      speaking a k factor of less than about 3 is preferred to prevent heat
      transfer and build-up from the remainder of the engine in the sensitive
      carburetion area, but higher k factors may be utilized if circumstance so
      indicate consistent with the invention and as long as the amount of heat
      conducted through the hardened part does not reach unacceptable levels in
      the carburetor area.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of forming heat insulating gasket structures for installation
      between an automotive engine and a carburetor mounted thereon comprising:
PA1  a. die-cutting a member from a sheet of heat insulating material to form a
      core;
PA1  b. providing said core with tab-like portions, some of which have a bolt
      hole therethrough; and
PA1  c. pressing the core only at the tab-like portions to densify and decrease
      the volume of the core at the tab-like portions, and
PA1  d. applying a gasket layer to at least one side of the core having a
      density less than that of the core, said gasket structure being thus
      densified, prior to installation of the gasket structure between said
      engine and carburetor.
NUM  2.
PAR  2. The method in accordance with claim 1 wherein extra gasket material is
      provided in the tab-like portion.
NUM  3.
PAR  3. The method in accordance with claim 2 wherein a sealing bead is formed
      on the outer face of the layer.
NUM  4.
PAR  4. The method in accordance with claim 1 wherein a partial insert member in
      the form of a washer is inserted.
NUM  5.
PAR  5. The method in accordance with claim 4 wherein a sealing bead is formed
      on the outer face of the layer.
NUM  6.
PAR  6. The method of forming a heat-insulating gasket structure and the like
      comprising:
PA1  a. die-cutting from phenolic impregnated asbestos millboard duplicate core
      parts having a tab-like portion containing a bolt-hole;
PA1  b. interposing between said parts in the area of said tab-like portion a
      relatively dense substantially non-compressible washer-like member having
      a bolt-hole therethrough in alignment with the bolt holes provided in said
      core parts;
PA1  c. placing the said components in a heated pin mold provided with at least
      one cavity in alignment with and approximately the same configuration as
      said washer component;
PA1  d. applying heat and pressure to said pin mold to force at least one of the
      core parts into the mold cavity due to the incompressibility of the washer
      component to provide the core with a protuberance in the area of said bolt
      hole; and
PA1  e. curing the composite core.
NUM  7.
PAR  7. The method in accordance with claim 6 wherein a gasket layer is applied
      to at least one side of the composite core member.
NUM  8.
PAR  8. The method in accordance with claim 7 wherein a sealing bead is formed
      on the outer face of the gasket layer.
NUM  9.
PAR  9. The method in accordance with claim 8 wherein an additional sealing bead
      is formed around the periphery of the gasket structure.
NUM  10.
PAR  10. The method in accordance with claim 8 wherein peripheral buttons are
      formed from such gasket layer.
NUM  11.
PAR  11. The method in accordance with claim 8 wherein said sealing bead and
      said protuberance in the bolt-hole area are above the surface of the
      gasket covering.
NUM  12.
PAR  12. The method in accordance with claim 7 wherein said gasket layer is
      provided with an opening of similar diameter to the outside diameter of
      said washer-like member into which said protuberance is forced by the
      application of said heat and pressure.
PATN
WKU  039398935
SRC  5
APN  5179890
APT  1
ART  311
APD  19741025
TTL  Tire cord fabric
ISD  19760224
NCL  1
ECL  1
EXP  Hoffman; Drayton E.
NDR  1
NFG  2
INVT
NAM  Schmidt; Calvin P.
CTY  Clemson
STA  SC
ASSG
NAM  Deering Milliken Research Corporation
CTY  Spartanburg
STA  SC
COD  02
RLAP
COD  74
APN  374556
APD  19730628
PSC  04
CLAS
OCL  152362CS
XCL  152359
EDF  2
ICL  B60C 1506
FSC  152
FSS  362 CS;362 R;354;357;359
UREF
PNO  2273200
ISD  19420200
NAM  Hoff
OCL  152362CS
UREF
PNO  2934126
ISD  19600400
NAM  Wilson
OCL  152362CS
UREF
PNO  2947340
ISD  19600800
NAM  French
OCL  152362CS
UREF
PNO  2947341
ISD  19600800
NAM  Hershey
OCL  152362CS
UREF
PNO  3003537
ISD  19611000
NAM  Engstrom et al.
OCL  152362CS
UREF
PNO  3040797
ISD  19620600
NAM  Saint Paul
OCL  152362CS
UREF
PNO  3419061
ISD  19681200
NAM  Morikawa et al.
OCL  152362CS
LREP
FR2  Marden; Earle R.
FR2  Petry; H. William
ABST
PAL  A woven chafer fabric for tires which uses a round monofilament warp yarn
      and a bulked multifilament fill yarn.
PARN
PAR  This is a division of Application Ser. No. 374,556, filed June 28, 1973.
BSUM
PAR  Automotive tires as conventionally constructed employ as a carcass a
      polymeric material, such as rubber, reinforced with textile cords. The
      wheel engaging portion of the tire is further reinforced by
      circumferentially extending cores of wire or other relatively rigid
      material. The cores are covered by strips of chafer fabric known as
      "flipper strips" that extend upwardly into the side walls of the tire and
      stiffen the latter over the exterior of the tire carcass. Extending at
      least partially about the beads are "finishing strips" of chafer fabric
      which are intended to resist abrasion of the tire by the rim flanges when
      the tire is mounted, as well as adding sidewall stiffness just above the
      bead area in the turn-up area.
PAR  Chafer fabric is conventionally prepared by flat weaving a fabric,
      wick-proofing and then friction calendering green rubber to both faces of
      the flat woven fabric and then bias cutting the laminated fabric into
      strips of from one to five inches in width. The step of friction
      calendering green rubber to the woven fabric and/or skim calendering is
      carried out to facilitate the ease of bias cutting of the fabric, and also
      in order to promote the vulcanization of the components making up the tire
      body in the final product.
PAR  It should be understood that the chafer fabric of this invention is a woven
      chafer fabric, that is to say a fabric having substantially straight warp
      and filling threads interlaced at substantially right angles. A woven
      fabric should not be confused with a braided or plaited fabric wherein
      individual threads are skewed and are intertwined at acute angles with
      each other. Plaited fabrics which are not contemplated in this invention
      are plaited fabrics of the type disclosed in U.S. Pat. No. 3,183,135.
      Plaited fabrics are not useful as chafer fabrics due to a lack of
      dimensional stability of the fabric structure.
PAR  It is therefore an object of the invention to provide a chafer fabric for
      tires which can be readily wick-proofed, calendered and molded.
PAR  Other objects and advantages of the invention will become apparent as the
      specification proceeds to describe the invention with reference to the
      accompanying drawing.
PAR  For purposes of this invention, the term "wick-proofing" may be defined as
      a process wherein each cord of a fabric sheet is made impervious to the
      passage of air. A wick-proofed fabric is essential in the preparation of
      tires of the tubeless type and especially high pressure tubeless tires. In
      tires of the aforementioned type, high air pressure in the air cavity
      pushes against and under the tire bead and if the fabric in the chafer is
      not impervious to the passage of air, air will penetrate the individual
      cords which then serve as conduits to wick air into the tire body causing
      blistering and delamination of rubber or leading to the atmosphere thereby
      reducing the internal load supporting air pressure of the tire with
      undesirable results. Any of a wide variety of wick-proofing processes are
      satisfactory for use in conjunction with this invention, such as, for
      instance, wick-proofing processes of the type set forth in U.S. Pat. No.
      2,978,784.
PAR  For purpose of this invention the term "tackifying" or "rubberizing" may be
      defined as a process wherein a fabric is rendered amenable to being
      adhered to unvulcanized vulcanizable rubber. The tackifying operation may
      be conveniently conducted by applying a rubber solution to the fabric. A
      fabric which has been tackified lends itself to tire building operations
      by its ready adherence to green rubber so as to form rubber-fabric
      sandwich layers. It should be understood that any of a wide variety of
      tackifying or rubberizing operations may be employed in conjunction with
      this invention such as, for instance, the tackifying or rubbberizing
      operations set forth in U.S. Pat. No. 2,947,343.
PAR  The bias cutting operation may involve a single cutting operation or a
      plurality of cutting operations with cutting operations taking place
      simultaneously or at varying stages of the process. While a variety of
      bias cutting angles may be employed for cutting the tubular woven fabric,
      it is preferred that an angle of from about 40.degree. to about 50.degree.
      and still more preferably about 45.degree. be employed.
DRWD
PAR  FIG. 1 is a cross section of a conventional automotive tire showing the
      relationship of the various components of the tire; and
PAR  FIG. 2 is a schematic view of the new and improved chafer fabric used in
      the tire shown in FIG. 1.
DETD
PAR  Looking now to FIG. 1 a typical tire construction is shown in cross
      section.
PAR  Basically the tire consists of a ply turn-up portion 10, a bead area 12, a
      sidewall area 14, a shoulder area 16 and a tread area 18.
PAR  The ply turn-up portion 10 and the bead area 12 are composed of the bead
      toe 20, the bead heel 22, the bead flipper 24, the chafer fabric 26 and
      the insulated bead wire 28.
PAR  The sidewall area 14 and the shoulder area 16 surround the ply area of the
      tire consisting of the turn-up ply portion 30, the drum ply 32, the
      carcass ply 34 and the cap ply 36.
PAR  The tread area 18 basically consists of the cap base junction 38, the tread
      cap 40 and the voids 42 in the tread cap.
PAR  As briefly discussed before, the chafer fabric 26 is a rubber impregnated
      fabric, in the form of strips, which is applied to the bead area 12 of the
      tire in green tire construction. Originally the chafer strip was employed
      to reduce the chafing effect between the tire and the tire rim 44 and to
      protect the plies underneath as well as aiding in producing bead shape and
      firmness in the bead area. In tubeless tires it provides the further
      function of preventing air diffusion between the plies to prevent
      separation thereof and consequently must be wick-proofed.
PAR  For use as chafer fabric it is desired to employ a woven fabric which has a
      low end count and closed interstices between the adjacent yarns in the
      fabric. To this end, the chafer fabric 26, as schematically represented in
      FIG. 2, is a standard weave fabric having a round monofilament synthetic
      warp yarn 46 and a bulk multifilament synthetic fill yarn 48. In the
      preferred form of the invention the warp yarn is a 400 denier monofilament
      nylon yarn and the fill yarn is a 930 to 965 denier bulked nylon
      multifilament fill yarn.
PAR  The above-described fabric provides numerous advantages not present in the
      other chafer fabrics. The round monofilament warp allows for better
      stability in processing to provide 100% wick-proofing in the warp
      direction of the fabric. Furthermore, the round monofilament allows for
      better stability during calendering. The bulked multifilament fill yarn
      reduces the effect of shifting of the warp and fill yarns by reducing the
      openings or interstices between the warp and fill yarns. Furthermore, the
      combination of a round monofilament warp yarn and a bulked multifilament
      fill yarn allows for better ease of turn-up of the chafer fabric during
      the tire building operation.
PAR  Although I have described the preferred embodiment of my invention, I
      contemplate that many changes may be made without departing from the scope
      or spirit of my invention and I desire to be limited only by the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tubeless tire having a ply turn-up portion, a bead area, a sidewall
      area, a shoulder area and a tread area the improvement comprising: a
      chafer fabric connected to the outside of the ply turn-up area adapted to
      contact the inside of a tire rim, said chafer fabric being a woven fabric
      constructed of a round monofilament warp yarn and a bulked multifilament
      fill yarn.
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ABST
PAL  A valve stem lock for motor vehicle tires comprises a plate member having a
      forked end for surrounding the base of the stem, and having a flange
      perpendicular to the plate formed with opposing pairs of locking
      projections for clamping onto a portion of the stem. One pair of the
      locking projections lies in the plane of the flange, and the other pair
      thereof is formed on a spring finger which extends toward the one pair of
      projections.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to motor vehicle wheels, and more
      particularly to a lock for the wheel valve stem.
PAR  2. Description of the Prior Art.
PAR  In each of the following patents,
PAR  U.S. Pat. No. 2,984,283 to Ransom issued May 16, 1971,
PAR  U.S. Pat. No. 3,039,510 to Cardi issued June 19, 1962,
PAR  U.S. Pat. No. 1,069,953 to Baxa issued Oct. 15, 1963, various types of
      clips or holder means are provided for preventing the tire valve stem of
      motor vehicle tires from pulling through the wheel into the tire and thus
      preventing damage to the tire interior upon deflation of the tire. It is
      known that, when a tire becomes deflated, the valve stem is pulled through
      the wheel inside the tire and oftentimes renders the tire useless if the
      valve stem revolves about and lacerates the inside of the tire. Several
      approaches have therefore been taken, as shown by the above prior art
      patents, in retaining the valve stem outside the wheel rim to avoid its
      being pulled through the inside of the tire upon deflation. However, these
      prior art valve stem holders or clamps are of a relatively complex
      construction and are therefore not made available for widespread economic
      use. Moreover, the holders have been found to ineffectively clamp the
      valve stem for preventing it from being pulled through the wheel into the
      tire and, most importantly, these prior art valve stem holders are
      incapable of being effectively used over and over again since the means
      used in clamping the holder in place is oftentimes distorted after first
      use. Reference is made specifically to the Ransom patent wherein an
      opposing pair of spring fingers having notches at their ends are used in
      clamping the holder in place on the valve stem.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a valve stem lock or holder for motor
      vehicle tires, such lock being designed to engage the valve stem in such a
      manner as to effectively prevent it from being pulled through the wheel
      and into the tire. The lock is of simple construction and is easy to
      install, completely reliable and easy to remove for repeated subsequent
      use for locking the valve stem in place as effectively as for the first
      use. Such is the principal object of the invention.
PAR  Another object is to provide such a valve stem lock for motor vehicle tires
      wherein locking projections are integrally formed and are coplanar with a
      transversely extending flange of the holder, other opposed locking
      projections being located at the free end of a spring finger, the
      projections cooperating together for engaging the valve stem to clamp the
      holder in place. Movement of the spring finger in a direction opposite its
      holding direction relieves the clamping force against the valve stem so
      that the lock may be removed without the use of any tools.
PAR  Another object of this invention is to provide such a valve stem lock
      wherein the locking projections on both the flanage and the spring finger
      are defined by the opposite ends of circular arcs each of which are
      non-concentric to the central axis of the opening defined therebetween.
PAR  Other objects, advantages and novel features of the invention will become
      more apparent from the following detailed description of the invention
      when taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view showing a part of a dual wheel assembly with
      the tires omitted for clarity and the valve stem locks shown secured in
      place.
PAR  FIG. 2 is a view similar to FIG. 1 except that a single wheel and part of a
      tire mounted thereto are shown at an enlarged scale.
PAR  FIG. 3 is a perspective view of the valve stem lock in accordance with the
      invention.
PAR  FIG. 4 is a side elevational view showing the valve stem lock of the
      invention clamped in place on the valve stem, at a slightly enlarged scale
      as compared to FIG. 2.
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 4 showing the
      valve stem holder in engagement with the valve stem.
DETD
PAR  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, wherein like reference characters refer to like and
      corresponding parts throughout the several views, a dual wheel assembly is
      partially shown in FIG. 1 as comprising wheel rims 10 and 11
      interconnected in the normal manner with the outer wheel mounted on a
      wheel hub 12. As shown more clearly in FIG. 2, and being omitted in FIG. 1
      for the sake of clarity, wheel rim 11 typically carries a tire 13 inflated
      by means of a tire tube 14. Of course, a similar tire and tube are carried
      by inner wheel 10. Each wheel rim has a slot 15 therein through which an
      L-shaped tire valve stem 16 extends in the normal manner. Also, the valve
      stem is connected to tube 14 at the air passageway 17 thereof to
      facilitate inflation of the tire. The valve stem includes a generally
      vertical portion 18 which extends into opening 15, and an integrally
      connected horizontal portion 17 which may be capped at its free threaded
      end 21.
PAR  The valve stem holder of the invention, generally designated 22, and shown
      in FIG. 3, is shown mounted in place in FIGS. 2 and 4 between the valve
      stem and the wheel rim and in engagement with the valve stem. The lock or
      holder 22 comprises a flat plate member 23 which may be of spring metal
      having a forked end defined by an open slot 24. The legs 25 at this forked
      end are slightly turned at their outer ends to facilitate easy
      installation of the valve stem lock. A transversely extending flange 26 is
      provided on flat plate 23 and lies in a plane substantially perpendicular
      thereto. Plate 26 has a cutout portion 27 therein which, as shown in FIG.
      5, is partially defined by a downwardly opening circular arc edge 28.
      Horizontal edges 29 extend outwardly of the opposite ends of arc 28 so as
      to define locking projections 31 lying in the plane of the flange.
PAR  A spring finger 32 is formed in the flange and is coplanar therewith when
      initially made. The spring finger extends toward edge 28, and its free end
      is formed as having a circular arc edge 33 defining another pair of
      locking projections 34 at the opposite ends of this arc edge togehter with
      side edges 35 of the spring finger.
PAR  Arc edges 28 and 33 are spaced apart to define an opening 36 having a
      central point 37. The longitudianl axis of cylindrical valve stem 16
      coincides with this point when the valve stem lock is mounted in place.
      Also, the circular arcs defining edges 28 and 33 are not concentric with
      this central point for a purpose to be discussed more fully hereinafter.
PAR  The valve stem is easily installed by moving it in the direction of the
      arrow of FIG. 4 such that the legs at the forked end thereof engage the
      opposite sides of vertical portion 18 of the stem. During installation of
      the valve stem holder, the horizontal portion 19 of the valve stem is made
      to extend through opening 36 of the flange and, since the size of opening
      36 is slightly less than the valve stem diameter, spring finger 32 is
      sprung slightly outwardly of the flange by the valve stem until the forked
      end comes to rest at vertical portion 18 as shwon in the drawing. The
      spring finger is thereupon biased against the valve stem in its position
      of FIGS. 2 and 4, and locking projections 31 and 34 engage the valve stem
      as in the manner of FIG. 5 to clamp the valve stem holder securely in
      place thereon. By reason of the single spring finger having its locking
      projections 34 bearing against the valve stem out of the plane of flange
      26 and its locking projections 31, the valve stem lock will assume a
      position when completely installed whereby it plate member 23 is urged
      away from the wheel rim in the position of FIGS. 2 and 4. Accordingly, the
      inner edge of open slot 24 bears against the bent portion of the valve
      stem as the locking projections bear against horizontal portion 19. Also,
      the width of the spring finger at its base is less than the width at its
      free end. Side edges 35 therefore diverge from the base. With such design,
      the spring finger is rendered more flexible and is therefore more likely
      to spring back toward the flange after lock is removed.
PAR  Valve stem locks in accordance with the invention may easily be installed
      on each of the motor vehicle wheels with one hand and without the need for
      tools of any kind. Such valve stem locks may likewise be easily installed
      for valve stems of inner wheels such as 10 of the dual wheel assembly in a
      similar manner.
PAR  As described above, the stem receiving opening 36 of the valve lock is
      partially defined by a rigid arcuate edge 28 which opens downwardly and is
      non-concentric with central point 37 of the opening. Locking projections
      31 are thereby formed together with edges 29 of the cutout. Arcuate edge
      33 opens upwardly toward the valve stem and is non-concentric with the
      central point of the opening. This edge defines locking projections 34
      together with side edges 35. However, these locking projections are formed
      on spring finger 32 which is capable of shifting out of the plane of the
      flange upon installation. The opposing forces of the locking projections
      against the valve stem are are therefore dependent on the particular angle
      of the spring finger relative to the flange as well as dependent on the
      size of the arc edges. The locking effect achieved with such design is
      unlike that of a pair of spring fingers having simple notches therein for
      engaging the valve stem as in the manner shown for example in the Ransom
      patent. These upset spring fingers are cut in such a manner as to form a
      helix as if to accept a threaded fastener. The present invention departs
      from such an approach and provides the necessary holding action and
      furthermore permits easy removal of the lock by a non-concentric and a
      non-helical design of the means used in locking the valve lock in place.
PAR  With the use of a single spring finger the spring effect, as compared to
      that of the opposing fingers as in the prior art, is not compromised
      during the removal of the present valve lock. The single finger of the
      presently devised lock may be tilted or relieved in a direction opposite
      its holding direction so as to relieve the force of its locking
      projections on the valve stem. The valve lock may thereafter be removed
      without the need for tools by, for example, simply urging flat plate
      member 23 with one hand toward the valve stem so as to slightly bend the
      flat plate portion of the holder to thereby relieve the force of the
      spring finger locking projections. Since the valve lock is of spring metal
      removal is easy and repeated use of the same valve lock is made possible.
PAR  On the other hand, with a pair of spring fingers used in clamping an object
      onto a cylindrical member, the twin fingers take the path of least
      resistance when an object is pushed therethrough and the fingers line
      themselves up in an offsetting relationship. Therefore, removal of the
      valve holder is difficult even with the use of tools and, even if
      successfully removed, the valve holder is not effectively available for
      subsequent use. In the present invention, on the other hand, the use of
      locking projections on a single spring finger in cooperation with locking
      projections which are rigid, no opposing helical form counters entry of
      the object such as the valve stem. The clamping form is along a straight
      line which straight line action prevails for both opening and closing of
      the clamping effect on the valve stem so that multi-use of the valve lock
      is made possible. This positive holding feature is due to the rigid
      portion of the locking projections.
PAR  The present lock or holder is available not only for valve stems of motor
      vehicle tires but also for example in the construction industry. Concrete
      reinforcing bars could be clamped in place during the concrete pouring
      operation and until the concrete has cured. Also, repeated use of the
      holders renders them highly economical and available for widespread use
      such as cable handling and the like.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve stem lock for motor vehicle tire, comprising a flat plate member
      of springy material having an open slot at one end for embracing the valve
      stem, a transverse rigid flange on said plate member extending
      perpendicular thereto, said flange having an opening through which the
      valve stem extends, opposing pairs of locking projections on said flange
      extending into said opening, one pair of said locking projections defining
      a portion of said opening, a portion of said flange defining a spring
      finger member connected at its base, the other pair of said locking
      projections being located at the free end of said spring finger member,
      whereby during installation of said plate member wherein said opening
      surrounds the valve stem and said slot embraces the valve stem, said
      spring finger is shifted outwardly of said flange for spring locking said
      plate member to the valve stem as said locking projections engage the
      valve stem, and whereby said locking projections may be disengaged from
      the valve stem as said plate member is spring bent toward the valve stem
      thereby causing said flange to shift therealong.
NUM  2.
PAR  2. The valve stem according to claim 1, wherein the valve stem is
      cylindrical and wherein said pairs of said opposing locking projections
      are respectively defined by circular arc segments each being
      non-concentric with a central point of said opening.
NUM  3.
PAR  3. The valve stem according to claim 1, wherein said plate member is of
      spring metal.
NUM  4.
PAR  4. The valve stem according to claim 1, wherein the width of said base of
      said spring finger is less than the width of said free end thereof.
NUM  5.
PAR  5. In an arrangement of a support member having an opening through which a
      cylindrical member extends outwardly of one side thereof, an element
      bearing against the opposite side of said flat support member, said
      cylindrical member being connected to said element, a lock member for
      retaining said cylindrical member outwardly of said one side of said
      support member, said lock member comprising a flat plate member of spring
      material having a forked end defined by an open slot for engagement with
      said cylindrical member, a transverse rigid flange element on said plate
      member extending perpendicularly thereto, an opening in said flange
      element, a first pair of locking projections on said flange element
      extending into said opening, said locking projections lying wholly within
      the plane of said flange element and defining a portion of said opening, a
      spring finger member on said plate member extending in the same direction
      as said flange element, a second pair of locking projections located at
      the free end of said spring finger member and extending into said opening,
      said first and second locking projections being adapted for engagement of
      said cylinder member when it extends through said opening for spring
      locking said plate member to the cylindrical member, said plate member
      being releasable from the valve stem as said plate member is spring bent
      toward the valve stem thereby causing said flange to shift therealong.
NUM  6.
PAR  6. The lock member according to claim 5, wherein said opening has a central
      point and is defined by circular arcs respectively in said flange element
      and at said free end of said spring finger, said arcs being non-concentric
      with said central point, and said first and second locking projections
      lying at the opposite ends of said arcs, respectively.
NUM  7.
PAR  7. The lock member according to claim 5, wherein said plate member is of
      spring metal.
NUM  8.
PAR  8. The lock member according to claim 5, wherein the width of said spring
      finger at its base is less than the width thereof at said free end.
NUM  9.
PAR  9. A valve stem lock for motor vehicle tires, comprising a flat plate
      member of spring metal having a forked end defined by an open slot, a
      transverse rigid flange element on said plate member and extending
      perpendicularly thereto, a cutout portion in said flange element defined
      partially by a first circular arc and shoulders at the opposite ends
      thereof presenting a first pair of locking projections coplanar with said
      flange, the lock further comprising a spring finger member extending
      toward said locking projections, the free end of said spring finger member
      being formed as a second circular arc presenting a second pair of locking
      projections at the opposite ends thereof facing said first locking
      projections, whereby said plate member is capable of being locked onto the
      valve stem as its cutout portion surrounds the valve stem and its open
      slot embraces the valve stem, said spring finger member being shifted
      outwardly of said flange for spring locking said plate member to the valve
      stem as said locking projections engage the valve stem, and whereby said
      locking projections may be disengaged from the valve stem as said plate
      member is spring bent toward the valve stem thereby causing said flange to
      shift therealong.
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ABST
PAL  The invention relates to a method of casting superalloy articles and more
      particularly to directionally solidifying eutectic superalloy compositions
      to produce a composite structure of a superalloy matrix reinforced with
      aligned carbide fibers.
BSUM
PAR  Superalloys are heat resistant materials having superior strength and
      oxidation resistance at high temperatures. Many of these alloys contain
      iron, nickel or cobalt alone or in combination as the principal element,
      together with chromium to impart surface stability and usually containing
      only one or more minor constituents such as molybdenum, tungsten,
      columbium, titanium and aluminum for the purpose of effecting
      strengthening. The physical properties of the superalloys make them
      particularly useful in the manufacture of gas turbine components.
PAR  The strength of superalloys is determined in part by their grain size. At
      low temperatures fine grained equiaxed structures are preferred. At high
      temperatures large-grained size structures are usually found to be
      stronger than fine-grained. This is believed related to the fact that
      failure generally originates at grained boundaries oriented perpendicular
      to the direction of the induced stress. An improved technique for casting
      superalloys used in gas turbine engines was developed by Ver Snyder, U.S.
      Pat No. 3,260,505 which discloses the preparation of a blade having an
      elongated columnar structure with unidirectional crystals aligned
      substantially parallel to the long axis of the blade. This procedure
      involves directional solidification whereby almost a complete elimination
      of grained boundaries normal to the primary stress axis occurs. A further
      advance was made by Piearcy, U.S. Pat. No. 3,494,709 wherein grained
      boundaries in superalloys were eliminated by making single crystal
      castings.
PAR  Directional solidification to produce columnar casting and the apparatus
      used for this purpose are described in The Superalloys, Edited by C. T.
      Sims et al., John Wiley & Sons, (1972), Pages 479-508. Columnar grains are
      formed when the melt temperature is greater than the freezing temperature
      and when the flow of heat is unidirectional from the liquid through the
      solid. Typically a ceramic inventment casting mold is attached to a
      water-cooled copper chill plate and placed in an induction-heated graphite
      susceptor. The mold is heated above the melting point of the alloy being
      cast and the superheated melt is poured into the mold. Heat enters the
      upper portion of the mold by radiation from the susceptor and is removed
      through the solidified metal by the chill at the bottom. Thus,
      solidification occurs in an upward direction through the casting and the
      rate of solidification is a function of the amount of heat entering at the
      top of the casting and the amount of heat extracted from the casting
      through the solid. In the Stockbarger method the furnace heat-flow
      configuration requires a sharp temperature difference between the lower
      and upper furnace portions which is provided by a baffle. The mold is
      gradually withdrawn through the baffle so that the solid-liquid interface
      remains essentially parallel with the plane of the baffle.
PAR  The temperature gradient in any directional solidification apparatus is a
      major factor which regulates the maximum rate unidirectional
      solidification can occur while maintaining good phase alignment throughout
      the length of the ingot. An increase in growth velocity requires an
      increase in temperature gradient in order to maintain the same temperature
      gradient to growth velocity. The Bridgman-type apparatus has been used to
      produce acceptable phase alignment of certain alloys but only at very low
      solidification rates of about 1/4inch per hour. Here the susceptor is
      heated inductively, which melts the charge in the crucible. After
      equilibrium is established, the mold assembly is lowered out of the heat
      zone and nucleation of solid occurs in the bottom of the crucible.
      Directional freezing continues upward as the mold unit is lowered. Faster
      rates at this inherent temperature gradient introduces structure breakdown
      to cellular and/or dendritic morphologies which deleteriously affects the
      properties. Bottomless crucibles which allow contact. between the ingot
      and a copper chill have increased the allowable solidification but the
      heat path may still be interrupted by oxide formation at the contact site
      or poor contact between the ingot and the chill due to surface roughness,
      lack of alignment or separation due to shrinkage of the ingot during
      cooling.
PAR  The conditions at the chill face are critical for proper unidirectional
      heat flow. The chill must be water cooled and have a high thermal
      conductivity. The surface of the chill must be cleaned before each casting
      run so that resistance to heat flow by oxide layers is minimized.
      Difficulties in obtaining uniform heat transfer at the chill face require
      that the mold be securely clamped to the chill plate. A major problem with
      this method is that solidification rate and temperature gradient decrease
      with distance from the chill.
PAR  It is therefore an object of the present invention to overcome the
      deficiencies of the prior art by establishing a direct heat flow path from
      the solid-liquid interface to the coolant media.
PAR  In accordance with the invention, I have discovered a method of producing
      directionally solidified cast alloy article in a shell mold. The method
      includes providing a mold having a cavity divided into an upper portion
      and a lower portion, the mold being disposed in a heating zone, placing
      one end of a longitudinal heat extractor element of said alloy into the
      lower portion of the cavity, said other end of said heat extractor
      extending therefrom and being exposed to a continuous flow of fluid
      coolant, heating said mold and said one end of said heat extractor placed
      therein at a temperature above the melting range of said alloy to melt a
      portion of said one end of the heat extractor, filling the mold with said
      alloy in a molten state, controllably lowering said mold out of the
      heating zone to allow the mold and the contents thereof to cool and to
      establish directional solidification of the alloy in said cavity. The
      essential improvement of my apparatus is that the heat extractor is a
      solid bar formed from the same alloy as the casting and provides direct
      cooling by the fluid coolant. A separate chill plate with the problems
      created by its use is thereby avoided.
DRWD
PAR  The invention is more clearly understood from the following description
      taken in conjunction with the accompanying drawing which is a sectional
      view through a mold showing the invention.
DETD
PAR  In the Fig., the furnace 10 conventionally used for directional
      solidification is heated from outside by induction heating coils 12.
      Within the furnace 10 is a susceptor 14 comprised of graphite or a similar
      material which is insulated with an insulation 16 of a ceramic material.
      Disposed within the susceptor is a shell mold 18 which in this instance is
      shaped to produce a gas turbine blade. The top portion of the mold is
      provided with an opening into which the molten alloy may be poured, while
      the bottom portion of the mold is adapted to insert a heat extractor
      element 20 of an identical alloy which is water cooled at its bottom
      through channels located at 22. At an intermediate location on the heat
      extractor element 20 there is a water-tight seal 24 which also firmly
      mounts the element 20 to a moveable platform 26 arranged to permit
      vertical movement with respect to the furnace 10. A representative seal 24
      such as a compression seal is illustrated having a compression screw 28
      acting against a spacer 30 and an O-ring 32.
PAR  In the operation of the furnace the heat extractor 20 is first mounted in
      the position shown by means of the seal 24 and inserted into the shell
      mold 18. The mold assembly is then preheated to a sufficiently high
      temperature to insure melting the tip of the heat extractor, while at the
      same time water cooling is established. The power setting and position of
      the mold assembly in the susceptor will govern the length of the melt-back
      into the heat extractor. When the predetermined settings have allowed the
      system to equilibrate, the desired alloy is melted in a crucible
      positioned above the mold using a separate power source.
PAR  The entire mold assembly is then lowered at a preselected rate utilizing
      the illustrated drive withdrawal mechanism. The solid liquid interface
      will advance upward as heat is conducted directly through the heat
      extractor and carried away by water flowing through the coaxial water
      header.
PAR  Using the apparatus and method of the present invention, unidirectionally
      solidified nickel-base carbide reinforced cast superalloy bodies having
      high strength and high stress rupture properties particularly at elevated
      temperatures have been prepared as disclosed by Walter et al., U.S. Pat.
      No. 3,793,012. The reinforced fibers present in the matrix were aligned
      single crystal fibers of metal monocarbides. The range of compositions of
      the unidirectionally solidified castings in weight percent was reported to
      be about 6.5-10% chromium, 14-23% tantalum, 0.5-1.5% carbon, up to 6%
      aluminum, up to 1% titanium, up to 8.5-% cobalt, up to 5.0% molybdenum,
      and the balance essentially nickel. A preferred composition, designated as
      TaC-1900 had high strength and high stress-rupture properties. The
      nickel-base superalloy can also be modified as disclosed by Walter, U.S.
      Pat. application Ser. No. 482,589, filed June 24, 1974, and having the
      same assignee as the instant application, to include by weight at least 2%
      rhenium, and at least 6% tungsten, but containing less than 5% aluminum
      and less than 7% chromium and an aligned reinforced fibrous phase of
      tantalum monocarbide embedded in the matrix.
PAR  Other alloys which can be employed in my process are cobalt-base tantalum
      carbide eutectic alloys as disclosed by Walter et al, U.S. Pat. No.
      3,793,013 and having a composition in weight percent of up to 26%
      chromium, 13.5-19.0% tantalum, up to 10.0% nickel, up to 6.5% tungsten, up
      to 1% iron, 1.2-1.5% carbon and the balance essentially cobalt.
PAR  It will be appreciated that the invention is not limited to the specific
      details shown in the illustrations and that modifications may be made
      within the ordinary skill in the art without departing from the spirit and
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of producing a directionally solidified cast alloy article in a
      shell mold, said method comprising
PA1  providing a mold having a cavity divided into an upper portion and a lower
      portion, said mold being disposed in a heating zone,
PA1  placing one end of a longitudinal heat extractor element of said alloy into
      the lower portion of the cavity, said other end of said heat extractor
      extending therefrom and being exposed to a continuous flow of fluid
      coolant,
PA1  heating said mold and said one end of said heat extractor placed therein at
      a temperature above the melting range of said alloy to melt a portion of
      said one end of the heat extractor,
PA1  filling said mold with said alloy in a molten state, and
PA1  controllably lowering said mold out of the heating zone to allow said mold
      and contents thereof to cool and to establish directional solidification
      of the alloy in said cavity.
NUM  2.
PAR  2. The method of claim 1, wherein said alloy is a nickel-base superalloy.
NUM  3.
PAR  3. The method of claim 2, wherein said alloy contains tantalum and carbon
      in an amount sufficient to form tantalum monocarbide fibers during
      directional solidification.
NUM  4.
PAR  4. The method of claim 1, wherein said alloy is a cobalt-base superalloy.
NUM  5.
PAR  5. The method of claim 4, wherein said alloy contains tantalum and carbon
      in an amount sufficient to form tantalum monocarbide fibers during
      directional solidification.
NUM  6.
PAR  6. The method of claim 1, wherein said heat extractor is exposed to a
      continuous flow of water coolant and wherein the heat extractor is mounted
      to a moveable platform by means of a fluid tight seal.
NUM  7.
PAR  7. The method of claim 1, wherein said mold is shaped to produce a gas
      turbine blade.
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ABST
PAL  A method envisaging the use of a movable stand with shaped rolls featuring
      a working portion with the reversible rotation of said rolls being limited
      by an angle encompassing said working roll portion, and the rolling of an
      ingot being cast is effected by carrying the stand with the rotating rolls
      "forward" -- "backward".
PAL  With a stable rolling process the rolling cycle comprises the following
      steps: setting the rolls with their working portions to one of their
      extreme positions, carrying the stand with the standing rolls "backward"
      in the direction opposite to that of the ingot being cast into a position
      corresponding to the next reduction of the ingot, reducing the ingot
      between the rolls with the stand carried "backward," setting the rolls
      with their working portions to another extreme position, displacing the
      stand with the stopped rolls "backward" at a distance which is the
      function of the assigned shrinkage during the next "forward" stroke of the
      stand, reducing of the ingot between the rolls with the stand moving
      "forward," carrying the stand with the stopped rolls "backward" at a
      distance which is the function of the assigned shrinkage during the next
      "backward" stroke of the stand. Next the "backward" -- "forward" strokes
      are repeated until an ingot portion extracted from the mould over the
      withdrawal period is rolled out, whereafter the movable stand with the
      stoppeding rolls is carried "forward" at a distance equal to the ingot
      length extracted from the mould over the withdrawal period. Further, after
      the next extraction of the ingot being cast from the mould the rolling
      cycles are repeated for the next portions of the ingot being extracted
      from the mould. To provide the reciprocation of the stand and reversible
      rotary motion of the rolls the rolling mill is equipped with a gear made
      as hydraulic rams mounted on the movable stand and to ensure the
      displacement of the stand when the work rolls do not interact with the
      ingot being rolled the mill is furnished with the second transfer gear.
BSUM
PAR  The present invention relates to the rolling of continuous cast ingots on
      casting-and-rolling units, referred to hereinafter as rolling casters and,
      more particularly, to methods of rolling continuously cast metal ingots
      withdrawn periodically from a mould, and to rolling mills for effecting
      said methods.
PAR  Known in the art are rolling casters which have been successful in carrying
      out the combined casting and rolling of a number of non-ferrous metals,
      aluminum and lead in particular.
PAR  The rolling casters for rolling continuous cast steel ingots are also being
      used on a large scale.
PAR  As to the combined processes of continuous casting and rolling of steel,
      casting machines with radially curved moulds are most frequently utilized
      for that purpose.
PAR  The rolling of ingots on the rolling caster is carried out either in
      several stands, or in a single stand which is adapted for rolling ingots
      at heavy reductions.
PAR  When rolling casters with several mill stands are employed, the rolls in
      certain stands are often arranged horizontally and in other ones
      vertically.
PAR  Also known is the use of rolling casters comprising specially designed
      rolling mills, such as planetary or pendulum mills, etc.
PAR  The planetary rolling mills comprise one or two pairs of backup rolls of a
      large diameter around which are arranged work rolls of a small diameter.
      On such mills the ingot is reduced repeatedly by the work rolls of small
      diameter during one revolution of the backup roll, the number of such
      reductions corresponding to that of the work rolls.
PAR  The pendulum mills are equipped with the work rolls being mounted in
      roll-holding means which are actuated by a drive imparting to them a
      rocking motion about a stationary axle. On this mill the repeated
      reduction of the ingot being cast is performed during one minute, due to
      the continuous rocking of the roll-holding means together with the rolls,
      with the ingot being cast also moving continuously.
PAR  The shrinkage of the ingot which is being rolled on the mills of the
      planetary and pendulum types completely satisfies the requirements for the
      combined casting and rolling process.
PAR  One of the advantages of such mills lies in that they are most suitable for
      the rolling of ingots whose speed of motion is comparable to that of an
      ingot being cast on modern continuous casting machines.
PAR  Also known are mills of the tube cold-rolling mill type, wherein the work
      shaped rolls are arranged in a movable stand which is imparted a
      reciprocating motion at a preset distance. In such mills when the movable
      stand reciprocates, the shaped rolls perform a reversible rotary motion to
      effect a single reduction of a prescribed section of the strip being
      rolled during one "forward" - "backward" stroke of the stand.
PAR  To enable the next reduction of the ingot during the following "forward" -
      "backward" stroke of the movable stand, the ingot is displaced at a preset
      distance.
PAR  Insofar as, in the rolling caster, the ingot being cast moves continuously,
      a mill of the tube cold-rolling mill type may be employed for reducing
      continuous cast ingots.
PAR  However, the above-mentioned known mills of the planetary and pendulum
      types as well as those of the tube cold-rolling mill type, are subject to
      disadvantages.
PAR  The planetary and pendulum mills require a sophisticated construction.
PAR  In rolling ingots at heavy reductions, the planetary rolling mill can
      operate only when an ingot being cast is positively fed between its rolls.
      Hence, a special device with pinch rolls is required for that mill.
PAR  All of the three above-mentioned mill types are incapable of operating with
      the ingot being withdrawn from a mould periodically when the ingot
      withdrawal time is several times less than a pause between the
      extractions.
PAR  Where the mills are nevertheless adapted for rolling continuous cast ingots
      moving alternately with standstills, their power requirements would be so
      great that they would be inefficient economically.
PAR  The main object of the present invention is to provide a method of rolling
      continuous cast ingots withdrawn periodically from a mould which would
      make it possible to accomplish the rolling of the ingot being cast by
      using for that purpose a rolling mill whose power input can be several
      times smaller than that of a mill which would have been employed if an
      ingot is rolled only over a period it is withdrawn from the mould.
PAR  Another object of the invention is the provision of a rolling mill which
      would allow rolling the ingot being cast whose movement alternates with
      standstills.
PAR  Still another object of the invention is the provision of a rolling mill
      which would be simple in construction and would feature a small weight per
      unit power.
PAR  The foregoing and other objects are achieved by providing a method of
      rolling continuous cast ingots which are withdrawn periodically from a
      mould, the method utilizing a stand with shaped rolls having at least one
      working section, whose reversible rotation is limited by an angle
      encompassing said working roll section comprising a shaped section and two
      cylindrical sections located at the edges of the above section and having
      different radii - a large one corresponding to a final thickness of an
      ingot being rolled, and a small one corresponding to the thickness of the
      ingot being cast, with the shaped section being arcuated so as to provide
      the prescribed drafting schedule of the ingot portion being rolled, said
      method comprising the following steps: feeding an ingot being cast to a
      rolling mill; forming an ingot head by reducing it to a final thickness
      corresponding to the cylindrical section with a large radius of the roll
      working portion and ensuring the possibility of further rolling the
      remaining portion of the ingot by progressive repeated reduction between
      the shaped rolls of the stand which is carried "backward" -- against the
      direction of movement of the ingot, and "forward" -- in the direction of
      movement of the ingot; the rolling of the remaining portion of the ingot
      being cast with the stand with the rotating rolls being carried "forward"
      -- "backward", during which strokes the ingot is reduced first by the
      cylindrical sections of the rolls with the large radii, then by the shaped
      sections and tempered by the cylindrical sections having the small radii.
PAR  According to the invention, in forming the ingot head, before each
      "backward" -- "forward" stroke, the stand together with the shaped rolls
      enclosed therein is positioned so that during each next working stroke of
      the stand the shaped portions on its rolls would reduce the ingot only to
      a certain predetermined degree, whereas in rolling the remaining portion
      of the ingot the movable stand with the rolls contained therein and set to
      one of their extreme positions is moved, before the ingot has been reduced
      by the rolls, in the "backward" with respect to the ingot direction, to a
      position corresponding to the subsequent preset reduction degree,
      whereafter upon reducing the ingot between the cylindrical roll portions
      with large radii and shaped section of the working roll portion and
      tempering it between the cylindrical sections with small radii the rolls
      of the movable stand are set to another extreme position and the stand
      with the rolls being stopped is carried "backward" at a distance which is
      the function of the assigned reduction during the next "forward" stroke of
      the stand. Then the stand is carried "forward" and after its work rolls
      have come out of contact with the rolled ingot, it is displaced "backward"
      at a distance which is the function of the assigned shrinkage to be
      obtained during the next "backward" stroke of the stand with the
      "backward" -- "forward" strokes being repeated until the entire portion of
      the ingot extracted from the mould over the withdrawal period is rolled
      out, whereafter the movable stand with the standing rolls is carried
      "forward" at a distance equal to the ingot length extracted from the mould
      over the withdrawal period. Further, after the next extraction of the
      ingot being cast from the mould the rolling cycles are repeated after each
      next extraction of the ingot being cast from the mould to enable the
      rolling of the remaining portion of the ingot being cast.
PAR  The present invention results in the provision of a method of rolling
      continuously cast ingots withdrawn periodically from a mould which makes
      it possible to effect the rolling of an ingot moving alternately with
      standstills, with the rolling process being carried out essentially during
      the standstill which is several times greater in duration than the
      withdrawal period. This enables a mill of a comparatively small rating
      and, hence, weight to be utilized for rolling purposes.
PAR  For effecting the above method of rolling continuous cast ingots withdrawn
      periodically from a mould there is proposed a rolling mill comprising a
      stage with guides along which transfers a movable stand mounted thereon
      and furnished with shaped work rolls and with a gear adapted for
      reciprocation of the stand and for reversible rotation of the mill rolls.
      According to the invention, the rolling mill is also equipped with a gear
      for an idle transfer of the stand, said gear being adapted to provide the
      stand movement when the work rolls are brought out of contact with the
      ingot being rolled, with the gear for working reciprocation of the stand
      and reversible rotation of the rolles being made as hydraulic rams mounted
      on the movable stand and connected to a working fluid supply source, with
      their rods being coupled with racks in mesh with gears mounted on roll
      necks.
PAR  The herein-proposed rolling mill is characterized by a rather small weight
      per unit power.
PAR  It is expedient that the stand transfer gear, which is adapted to displace
      the stand when the work rolls do not interact with the ingot being rolled,
      be made as a hydraulic ram whose rod is connected to the stand.
PAR  It would be sound practice to use the above gear when the length of the
      ingot portion extracted over the withdrawal period does not exceed one
      meter.
PAR  It is also expedient that the stand transfer gear adapted to carry it when
      the work rolls do not interact with the ingot being rolled be made as a
      hydraulic engine fastened to the movable stand with the engine shaft
      carrying a gear in mesh with a rack mounted on the stage in the direction
      of rolling by which virtue the stand transfer gear may be made more
      compact, simple, light-weight and convenient in use when the ingot portion
      extracted over the withdrawal period exceeds one meter.
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PAR  The present invention will be better understood from a consideration of a
      detailed description of an exemplary embodiment thereof, to be had in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 shows a general view of the rolling mill according to the invention
      (a side view);
PAR  FIG. 2 section II--II of FIG. 1;
PAR  FIG. 3 is a modification of unit "B" of FIG. 1 (the gear adapted for an
      idle transfer of the movable stand with a hydraulic engine) with a
      fregmentary cutaway along the driving gear and toothed rack;
PAR  FIG. 4 section IV--IV of FIG. 2 (a cross-section along the horizontal
      shaped rolls and the ingot being rolled).
DETD
PAR  With reference to FIGS. 1 to 4, the rolling mill embodying the features of
      the present invention comprises a stationary-mounted stage 1 (FIG. 1).
      Mounted in parallel to the ingot rolling axis on the stage 1 are two pairs
      of vertical slideways 2 (FIG. 2) to which shafts 3 having supporting
      rollers 4 fitted with flanges 5 are fastened.
PAR  The mill comprises a movable stand 6 (FIG. 1) with two vertical housings 7
      (FIG. 2) whose apertures accommodate chocks 8 arranged in pairs.
      Intermediate of the vertical housings 7 a top-housing separator 9 and a
      bottom-mill separator 10 are positioned.
PAR  Connected to the bottom part of the housings 7 of the movable stand 6 are
      guide straps 11 through which the weight of the movable stand is
      transmitted to the supporting rollers 4 fitted with the flanges 5.
PAR  Secured in the chocks 8 are bearings (not shown in the drawing) mounting a
      pair of work shaped horizontal rolls 12.
PAR  The work shaped rolls 12 comprise necks 13 protruding from the outer planes
      of the housings 7 and carrying gears 14 mounted thereon.
PAR  The gears 14 engage toothed racks 15 (FIG. 1) which in turn are coupled
      with rolds 16 of hydraulic rams 17 installed on the housings 7 of the
      movable stand 6 and connected through openings 18 and 19 by hoses (not
      shown in the drawing) to a working fluid supply source.
PAR  The length of both the hydraulic rams 17 and toothed racks varies with the
      angle of deflection of the work rolls about their longitudinal axes and
      with the diameter of a pitch circle of the gear 14.
PAR  Potential sagging of the extreme toothed racks 15 is limited by supporting
      rollers 20 (FIG. 2) mounted so as to allow their rotation about pivots 21
      fastened to the housings 7 of the movable stand 6.
PAR  On the inner sides of the housings 7 of the movable stand 6 after the
      horizontal rolls 12, if viewed in the direction of movement of the ingot
      being cast, are mounted on brackets 22 vertical rolls 23 adapted for
      tempering side edges of the ingot being rolled.
PAR  Intermediate of the housings 7 is articulated beam 24 (FIG. 2) which is
      connected in its middle portion to a rod 25 (FIG. 1) of a hydraulic ram 26
      which serves as a drive adapted for an idle transfer of the movable stand
      6. The hydraulic ram 26 is articulated in braces 27 set up on a support 28
      fastened to the stage 1.
PAR  It is expedient that the hydraulic ram 26 be utilized for an idle transfer
      of the movable stand 6 in case the mill is designed for a rolling caster
      wherein the ingots are periodically extracted from a mould with the ingot
      portion withdrawn from the mould over a withdrawal period not exceeding
      one meter. If the ingot portion extracted from the mould over the
      withdrawal period exceeds one meter, it would be reasonable to employ
      another gear to provide the idle transfer of the movable stand 6.
PAR  The gear in question (a modification of unit "B" of FIG. 1) is illustrated
      in FIG. 3. It comprises hydraulic engines 29 (FIG. 3) anchored at the
      bottom-mill separator 10 of the movable stand 6 (FIG. 1). The shafts of
      the hydraulic engines 29 mount gears 30 in mesh with toothed racks 31
      attached to the vertical slideways 2 which are mounted stationary on the
      stage 1.
PAR  The work shaped roll 12 (FIG. 4) has two working portions 32 (another
      number of the working portions may be used being dependent on the possible
      layout of the working portions on the work roll).
PAR  Each working portion 32 of the roll is made up of a shaped section limited
      by an angle .alpha. and arcuated so as to ensure the assigned drafting
      schedule of an ingot 33 along the length L of its portion being rolled,
      and two cylindrical sections located at the edges of the shaped section
      and having different radii - a large one equal to R.sub.1 which
      corresponds to the final thickness h of the ingot 33 being rolled and is
      limited by an angle .alpha..sub.1, and a small one equal to R.sub.2 and
      corresponding to the thickness H of the ingot being cast and limited by an
      angle .alpha..sub.2.
PAR  The working portions 32 of the rolls are separated by idle sections limited
      by an angle .alpha..sub.3 and arcuate with a radius R.sub.3 (the idle
      portions of the rolls may be not cylindrical).
PAR  In case the work rolls 12 have several working portions, to provide their
      alternate operation it is necessary that after certain working roll
      portions have operated over the preset time period, other working roll
      portions be put into operation by turning the rolls, together with the
      gears 14 (FIG. 2) mounted on their necks 13, with respect to the toothed
      racks 15 through a certain angle which depends upon the layout of other
      roll sections on the rolls.
PAR  To perform the above operation the toothed racks 15 (FIG. 1) are made so
      that they are capable of being quickly detached from the gears 14 by
      disconnecting them (the racks 15) from the rods 16 of the hydraulic rams
      17.
PAR  The profile of the horizontal rolls 12 (FIG. 4) is calculated in terms of
      an adopted shrinkage "n" of an ingot, the length L of its portion being
      rolled and changes in deformation (draft) of the ingot 33 along the length
      of its portion being rolled. In this case the requisite strength of the
      rolls should not be overlooked.
PAR  The radii R.sub.1 and R.sub.2 are determined in accordance with the adopted
      shrinkage n = H/h.
EQU  R.sub.1 = (A-h)/2;
EQU  R.sub.2 = (A-H)/2,
PAL  where A -- the spacing between the centers of the mill rolls.
PAR  The strength of metal of the ingot portion being rolled, equal in length to
      L, is a variable quantity. In order to equalize loads acting on the rolls
      during the rolling process the radius of the shaped section of the work
      rolls should vary from R.sub.1 to R.sub.2 in the zone of angle .alpha. not
      uniformly but according to the alteration of the metal strength in the
      rolling zone.
PAR  It should be noted that the mill is intended essentially for the rolling of
      a completely solidified ingot being cast, through on certain occasions an
      ingot with a just solidified core and, hence, with irregular temperature
      distribution along the ingot section can be fed to the mill or an ingot
      with a not yet solidified core (as shown in FIG. 4) comprising a solid
      portion 34, solid-liquid portion 35 and a liquid portion 36 would be
      supplied.
PAR  The shrinkage during rolling depends also upon the displacement of the
      movable stand at a distance .DELTA.l.sub.1 or .DELTA.l.sub.2 prior to the
      next "backward" or "forward" working stroke after the rolls have been
      brought out of contact with the metal.
PAR  Thus, owing to an assigned change in the radius of the shaped section of
      the work rolls form R.sub.1 to R.sub.2 and a possibility to alter the
      stand displacement .DELTA.l.sub.1 and .DELTA.l.sub.2 the rolling process
      may be carried out taking into account an average speed of movement of the
      ingot being cast, ingot solidifying conditions, variations in the ingot
      strength in the zone of the ingot portion being rolled, etc.
PAR  When rolling the ingot 33 being cast, the rolling procedure is initiated by
      feeding the ingot to a roll mill stand.
PAR  Further, to provide the possibility of further rolling, an ingot head is
      formed by reducing it to a final thickness h corresponding to a
      cylindrical section of the work rolls 12 arcuated with a large radius
      R.sub.1. This is effected by reducing the ingot head progressively and
      repeatedly between the shaped rolls 12 of the movable stand 6 carried
      "backward" -- against the direction of movement of the ingot, and
      "forward" -- in the direction of movement of the ingot, with both the
      stand proper and the shaped rolls incorporated therein being positioned,
      prior to each "backward" and "forward" stroke, so that during each next
      stroke of the stand the shaped sections of the rolls would provide only
      the specified reduction of the ingot.
PAR  Following that the remaining portion of the ingot being cast is to be
      rolled, the rolling process being started by carrying the stand
      "backward".
PAR  But before the stand has been carried "backward", the work rolls 12 are set
      with the help of the hydraulic rams 17 to one of their extreme positions
      which makes it possible to commence the reduction of the ingot between the
      cylindrical sections of the work rolls arcuated with a large radius
      R.sub.1.
PAR  When the rolls are set to the above-mentioned extreme position, they are
      brought out of contact with the rolled portion of the ingot. This creates
      the requisite conditions for an idle transfer of the movable stand to be
      set to a strictly definite, with respect to the ingot, being rolled,
      position. The shrinkage or reduction of the ingot portion to be rolled
      during the next working "backward" stroke of the stand would depend upon
      the position of the movable stand in relation to the ingot being rolled.
PAR  Upon carrying the movable stand 6 with the help of the hydraulic ram 26
      (FIG. 1) or hydraulic engines 29 (FIG. 3) to the assigned with respect to
      the ingot position the work rolls are brought into rotation with the aid
      of the hydraulic rams 17 and after a small idle run commence to reduce the
      ingot with the stand being carried in this case "backward".
PAR  During the "backward" working stroke of the stand the ingot portion being
      rolled is first tempered and cogged (reduced) between the cylindrical
      sections of the rolls with a large radius, then it is reduced between the
      shaped sections of the work rolls, with the working stroke of the stand
      being completed by tempering the ingot being cast between the roll
      sections featuring a small radius, during which possible slight bulging of
      the ingot being cast is eliminated.
PAR  Next the work rolls of the movable stand of the mill are brought out of
      contact with the ingot and set to another extreme position and the stand
      with the standing rolls keeps moving "backward" with the help of the
      hydraulic ram 26 or hydraulic engines 29 at a distance equal to
      .DELTA.l.sub.2 which is the function of the assigned shrinkage to be
      obtained during the next "forward" working stroke of the stand.
PAR  After that the work rolls of the movable stand are reversed by the
      hydraulic rams 17 until they grip the ingot, whereupon the movable stand 6
      is carried "forward" and the ingot is first tempered between the
      cylindrical sections with a small radius R.sub.2 provided on the working
      portions of the rolls, then it is reduced by the shaped roll sections and
      finally by the cylindrical sections with a large radius R.sub.1 of the
      working roll portions. When the ingot is being reduced between the
      cylindrical sections feacturing a large radius with the stand carried
      "forward", an ingot portion resulting from its extension (drafting) during
      two "backward" -- "forward" stand strokes is rolled.
PAR  Further, after the rolls have come out of contact with the ingot with the
      work rolls in their extreme position, the movable stand is displaced into
      its "backward" position at a distance .DELTA.l.sub.1, the "backward" --
      "forward" stand strokes being repeated until an ingot length withdrawn
      from the mould over the withdrawal period is rolled out.
PAR  Next the movable stand with the standing rolls enclosed therein is carried
      "forward" by the hydraulic ram 26 or hydraulic engines 29 at a distance
      equal to the length of the ingot extracted from the mould over the
      withdrawal period.
PAR  Further, after the next withdrawal of the ingot being cast from the mould
      the rolling cycles are repeated after each next extraction of the ingot
      being cast from the mould to enable the rolling of the remaining portion
      of the ingot being cast.
PAR  A distinctive feature of the mill operation is worth noting. It consists in
      that during the idle stroke the movable stand is carried by a special
      drive comprising a hydraulic ram 26 or hydraulic engines 29.
PAR  As to the working stroke, the movable stand is carried by the main
      hydraulic ram 17 on account of friction forces originating between the
      work rolls brought into rotation by said hydraulic rams and the ingot
      being rolled.
PAR  However, at the beginning of the working "backward" -- "forward" strokes,
      when the cylindrical section of the work rolls can skid in relation to the
      ingot being cast, the hydraulic ram 26 or hydraulic engines 29 aid the
      movement of the movable stand until the ingot being rolled is reliably
      gripped by the work rolls.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of rolling continuous cast ingots which are periodically
      withdrawn from a mould, including the use of a stand with reversibly
      rotatable shaped rolls each having at least one working portion, with the
      reversible rotation of the rolls being limited to an angle encompassing
      said working roll portion comprising a shaped section and two cylindrical
      sections located at the edges of the above section having different radii,
      one radius being large and corresponding to a final thickness of an ingot
      being rolled and one radius being small and corresponding to the thickness
      of the ingot being cast, the shaped section being arcuate so as to provide
      a prescribed drafting schedule to the ingot portion being rolled, said
      method comprising the following steps: feeding an ingot being cast to a
      rolling mill; forming an ingot head by reducing said ingot to a final
      thickness corresponding to the cylindrical section of the large radius of
      the roll working portion and further rolling the remaining portion of the
      ingot by progressive repeated reduction between the shaped rolls of the
      stand through reciprocation against the direction of movement of the ingot
      and in the direction of movement of the ingot, the stand with the shaped
      rolls incorporated therein being set prior to each reciprocating stroke to
      such a position that during each next working stroke of the stand the
      ingot is rolled between the shaped sections of the rolls only with a
      preset reduction degree; said further rolling including the operations of
      (a) setting the rolls of the movable stand to one of their extreme
      positions, (b) displacing the stand in a "backward" direction with respect
      to the ingot direction to a position corresponding to the subsequent
      preset reduction of the ingot, (c) carrying the stand further "backward"
      together with the rotating rolls while reducing the ingot first between
      the cylindrical roll sections with large radii of the roll working
      portion, then between the shaped roll sections, and finally between the
      cylindrical sections with small radii, said cylindrical sections with
      small radii tempering the ingot and eliminating any slight bulging of the
      ingot being cast at the end of the stand "backward" stroke, (d) setting
      the rolls of the movable stand to another extreme position, (e) moving the
      stand with stopped rolls further "backward" at a distance which is the
      function of the required reduction during a successive "forward" stroke of
      the stand, (f) reversing the rolls of the movable stand until they grip
      the ingot and (g) carrying the stand "forward" together with the rotating
      rolls while successively tempering the ingot between the cylindrical
      sections with small radii on the roll working portions and reducing the
      ingot between the shaped roll sections and then between the cylindrical
      sections with large radii of the working roll portions, the ingot portion
      rolled between the cylindrical sections with large radii is that resulting
      from the stand extension during two reciprocating stand strokes, (h)
      removing the work rolls of the movable stand from contact with the rolled
      ingot, (i) displacing said movable stand in a "backward" direction at a
      distance which is the function of the preset reduction during the next
      "backward" stroke of the stand, (j) repeating the "backward" -- "forward"
      strokes of the stand until the portion of the ingot extracted from the
      mould over the withdrawal period is rolled out, (k) carrying the movable
      stand with the stopped rolls "forward" at a distance equal to the ingot
      length extracted from the mould over the withdrawal period, and repeating
      the rolling cycles after each next extraction of the ingot being cast from
      the mould so as to enable the rolling of the remaining portion of the
      ingot being cast.
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ABST
PAL  A method for producing a heat-insulating casting characterized by placing a
      flexible ceramic semifinished product having a smooth surface, a modulus
      of elasticity of 200-5000 Kg/mm.sup.2, a bending strength of 8-200
      Kg/cm.sup.2, and a wall-thickness less than 1/4 of the inside diameter,
      inside a casting mold, and casting molten metal so as to enclose the
      ceramic semifinished product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has become a matter of serious public concern recently that one source
      of air pollution is the exhaust gas of automobiles, which contains a large
      amount of harmful unburned gas such as carbon monoxide and hydrocarbon.
PAR  It is known that, when these harmful gases are mixed with a proper quantity
      of secondary air before exhausting into the atmosphere, combustion again
      takes place and almost all the unburned gases are burned. Devices for such
      purposes have been developed which include a port liner, of which the
      exhaust port portion in the cylinder head is arranged to retain heat, an
      exhaust manifold of large capacity, a manifold reactor, and an
      afterburner.
PAR  These devices, however, have various disadvantages in that the adiabatic
      effect is small and performance insufficient for cleaning exhaust gas,
      their durability is inferior over an extended period of use at high
      temperatures, the devices are complicated, or their manufacture is not
      economical, i.e. low volume production and/or high cost, because the
      devices are made mainly of metallic material.
PAR  An attempt has been made to overcome these difficulties by using a ceramic
      material having a lower thermal conductivity than metallic material and
      which is more durable at high temperatures in combination with metallic
      material. In this device only the outer surface of a hollow ceramic core
      is made porous, and molten metal is poured to solidify on the outer side
      of the core to form a composite pipe of metal-ceramics.
PAR  In making this composite pipe attention must be paid to prevent either the
      metal or ceramic side from failing when solidifying or cooling;
      accordingly, only the outer surface of the ceramic is made porous, the
      ceramic is set as necessary and a casting mold is heated as a whole to
      pour molten metal so that the metal may be fully impregnated into the
      porous cavities on the ceramic surface.
PAR  As a result, the compressive force produced when the metal is solidified
      and cooled is released due to a yielding phenomenon occurring locally in
      the mechanical joint portion between the ceramic permeating into metal and
      the metal. The result is a composite structure having a ceramic side and a
      metal side at the juncture of which there is no apparent failure.
PAR  Nonetheless, the composite material formed according to this method is in a
      yielding state where minute cracks exist potentially in the mechanical
      joint portion of the ceramic and metal, although there exists no apparent
      crack. Consequently, when the composite is used in a system where it is
      subject to severe vibration, as in an automobile engine, or the like,
      cracking between the ceramic and metal develops rapidly. It is proved by
      experience that the durability of this construction to mechanical
      vibration is markedly inferior.
PAR  It is also known that ceramics which are porous only on the outer surface
      are produced by complicated processes and, as a result, it is difficult to
      manufacture complicated parts of exhaust systems of engines or relatively
      thin-walled parts.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method for producing a heat-insulating
      casting, comprising placing in a casting mold a flexible ceramic
      semifinished product having restricted physical properties and pouring
      molten metal to enclose the ceramic semi-finished product; the product is
      suited to internal combustion engines and exhaust gas purifying devices of
      internal combustion engines.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a longitudinal cross-sectional view of a heat-insulating
      casting enclosing a heat-insulating casting member according to a method
      of the present invention;
PAR  FIG. 2 shows a cross-sectional view of a cylinder head manufactured by the
      method of the present invention; and
PAR  FIG. 3 shows a cross-sectional view of a manifold of large capacity
      manufactured by the method of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present inventors invented and accomplished the following method as a
      result of ardent study for solving the problems found in the conventional
      heat-insulating casting.
PAR  The present invention comprises forming a ceramic pipe 1 having low modulus
      of elasticity, bending strength within the restricted range, and a smooth
      outer surface, setting the pipe in a predetermined casting mold, and
      pouring molten metal thereinto to solidify the metal thereon, thus forming
      a metallic layer 2 outside the ceramic 1 as shown in FIG. 1.
PAR  It is important in this case to first select an optimum range of the
      wall-thickness of the ceramic pipe in consideration of the modulus of
      elasticity and bending strength of the ceramic and the inside diameter of
      the ceramic pipe. Secondly, the outer surface of the ceramic pipe must be
      a smooth surface. There must not be cavities on the ceramic surface
      through which molten metal permeates.
PAR  When such ceramics are used as satisfying the above-mentioned two points,
      pipes will be obtained which are apparently sound and endurable without
      potential cracking between the ceramic part and the metal part, forming a
      double structure consisting of a metal part and the ceramic part.
PAR  The reason why a sound pipe of double structure is obtained by this method
      of the present invention will be explained as follows. The metal cast on
      the outer surface of the ceramic pipe naturally causes a contracting
      phenomenon when solidifying and cooling; at this time, a compressive force
      acts on the ceramic side and a tensile force acts on the metallic side
      simultaneously.
PAR  Since the conventional ceramics have a high modulus of elasticity, the
      deformation scarcely occurs in the range of force of elasticity; as the
      compressive force is also high, a high tensile force acts on the metallic
      side, thus frequently causing a breaking of metal.
PAR  In some cases when the wall-thickness of the ceramic part is small and the
      compressive force is relatively small, the ceramic side is compressed to
      breaking.
PAR  It is necessary for the present invention to lower the elastic modulus of
      the ceramics to select a proper range of bending strength, and to make the
      wall-thickness of ceramic pipes correspond to the elastic modulus, bending
      strength, and the contracting force of the cast metal occurring at the
      time of solidification and cooling. It is possible for the ceramic pipe to
      reduce its diameter within the elastic limit with the contracting
      phenomenon of the cast metal during solidification and contraction, so
      that the stress may be released and may not break while the metal side
      retains its sound state.
PAR  The boundary portion of the ceramic pipe and metal is not mechanically
      joined as by permeation of the metal into the ceramic interior; thus no
      potential cracking problem is created. The joint of the ceramic part and
      the metal in this case is formed by a sort of shrink fit due to
      contraction of the metal during solidification and cooling, and the
      compressive stress is accordingly in a balanced condition with tensile
      stress within the limit of elasticity. Because of this fact, the joint can
      withstand the mechanical vibration with sufficient durability. Against
      repeated heating and cooling by the gas passing through the interior, the
      compressive force acting on the ceramic part does not reduce to zero
      unless the metal fuses; accordingly, a sufficient interference is retained
      without possibility of failure.
PAR  The manufacturing method according to the present invention will be
      explained in successive order.
PAR  As one method for producing ceramics having low elastic modulus, an
      aggregate of refractory material, controlled in the largest grain size to
      be less than 3/4 of the smallest wall-thickness is used. One hundred parts
      (by weight part hereinafter) of aggregate is compounded with 10 to 40
      parts of alumina cement as a bonding agent, and 15 to 30 parts of water is
      added to 100 parts of that mixture and then agitated and mixed thoroughly
      to prepare a slip-like substance.
PAR  Refractory materials which are used include clayish chamotte, alumina,
      sillimanite, mullite, zircon, chromite, magnesia clinker, silicon carbide,
      fused corundum, fused silica, cynite, magnesia, chrome, fused spinel,
      silicon nitride, chrome-magnesia, magnesite-chrome, vermiculite,
      vermiculite asbestus, baryte, burned diatomaceous earth, pumice stone,
      etc.
PAR  In the next step, a proper core is provided for forming a hollow part in
      the casting mold having a predetermined shape, using wood, synthetic
      resin, plaster, etc. The aforesaid slip is then quickly poured into the
      mold. The casting mold or core in the case of ceramic pipes having
      complicated shapes is easily formed if materials like foamed polystyrene,
      etc. soluble in organic solvents, such as acetone, benzene, toluene,
      methyl ethyl ketone are used.
PAR  The pouring of the slip is improved if a moderate vibration is applied to
      the casting as a whole, thereby preventing the occurrence of large bubbles
      on the ceramic surface. Especially when the wall-thickness of the ceramics
      is thick, application of pressure to the slip is effective as an aid in
      pouring.
PAR  After pouring, the slip is left for 4 to 24 hours as it is in the mold for
      curing. After the desired strength is acquired, the slip is taken out and,
      at the same time, the core is taken out. Thereafter the slip is
      preliminarily dried at temperatures from 70.degree. to 105.degree.C;
      however, in this case care must be exercised not to elevate the
      temperature rapidly to prevent the possibility of causing cracks.
PAR  The high temperature heating is finally performed. Since the elastic
      modulus and bending strength vary depending on the temperature of this
      heating, proper heating conditions must be selected in consideration of
      the material quality and shape of the ceramics and the metal to be cast.
PAR  It is recommended that the ceramics be heated at least to the casting
      temperature of the metal to be poured for preventing casting defects, for
      instance, blow casting, in case of pouring the metal for enclosing the
      ceramics. However, if the temperature is raised too high, the refractory
      aggregate itself starts baking and changes the elastic modulus and
      mechanical strength, and the ceramics shrink to a great degree. Necessary
      precautions must therefore be taken. When high temperature strength is
      desired a phosphate bonding agent such as aluminum primary phosphate may
      be used. To set a ceramic pipe to a prescribed position of a casting mold,
      the portion for core print is necessary for both ends of the ceramic pipe;
      this may be provided integrally when the ceramic pipe is made, or may be
      made of molding sand of carbon dioxide process, shell mold process, oil
      sand process, etc.
PAR  Where the wall-thickness of ceramic pipes is thin and likely to fail due to
      the pressure of molten metal during the pouring operation, it is effective
      to fill the hollow portion of the ceramic pipe with molding sand as
      mentioned before. Finally, molten metal is poured in the casting mold to
      which the ceramic pipe is set.
PAR  There is no limitation to the quality of molten metal. Gray cast iron,
      nodular graphite cast iron, alloy cast iron, cast steel, alloy cast steel,
      aluminum alloy, copper alloy, magnesium alloy, zinc alloy, etc. are
      usually used.
PAR  In the manufacturing method of this invention, the bending strength,
      elastic modulus, and wall-thickness of the ceramics as well as the size of
      the pipe cross-section and the kind of metal cast to enclose the outside
      are important factors as described above. The typical experimental results
      conducted on the pipe having a shape illustrated in FIG. 1 are shown in
      Tables 1 and 2.
TBL                TABLE 1                                                     
     ______________________________________                                    
     * Ceramic pipe is enclosed with aluminum alloy                            
     Quality Bending  Elastic  Wall                                            
     of      Strength modulus  thickness                                       
                                        Result                                 
     Ceramics                                                                  
             Kg/cm.sup.2                                                       
                      Kg/mm.sup.2                                              
                               mm                                              
     ______________________________________                                    
     Siliceous                                                                 
              80       3,500   12     Small cracks occur                       
                                      on ceramics                              
     Siliceous                                                                 
              80       3,500   8      No abnormality                           
     Aluminous                                                                 
             150       5,000   11     Minute cracks occur                      
                                      on ceramics                              
     Aluminous                                                                 
             150       5,000   6      No abnormality                           
     "       500      10,000   8      Ceramics fail                            
     "       500      10,000   5      Large cracks occur                       
                                      on ceramics                              
     ______________________________________                                    
TBL                TABLE 2                                                     
     ______________________________________                                    
     * Ceramic pipe is enclosed with gray cast iron                            
     Quality Bending  Elastic  Wall                                            
     of      strength modulus  thickness                                       
                                        Result                                 
     Ceramics                                                                  
             Kg/cm.sup.2                                                       
                      Kg/mm.sup.2                                              
                               mm                                              
     ______________________________________                                    
     Siliceous                                                                 
             100       4,000   15     Small cracks occur                       
                                      on ceramics                              
     Siliceous                                                                 
             100       4,000   10     No abnormality                           
     Aluminous                                                                 
             150       5,000   12     Small cracks occur                       
                                      on ceramics                              
     "       150       5,000   8      No abnormality                           
     "       700      15,000   10     Both metal and                           
                                      ceramics fail                            
     "       700      15,000   5      Ceramics fail                            
     ______________________________________                                    
PAR  In the experiments shown in Tables 1 and 2, the inside diameter of the
      ceramic pipes is 40 mm; the wall-thickness of the metal side is 6 mm in
      the case of aluminum alloy and 4.5 mm in the case of gray cast iron.
PAR  Overall estimation of the results on Tables 1 and 2 reveals that the
      following conditions are necessary for ceramics in order to obtain sound
      pipes of double-structure.
PAR  1. Modulus of elasticity is to be in a range from 200 to 5,000 Kg/mm.sup.2.
PAR  If the elastic modulus is lower than 200 Kg/mm.sup.2, the ceramic pipe
      deflects too much and the product is of questionable practical durability
      although the product is apparently sound. In excess of 5,000 Kg/mm.sup.2,
      sufficient deflection is not obtained and the ceramic pipe tends to crack
      and sound products are not obtainable.
PAR  2. The wall-thickness is to be less than 1/4 of the inside diameter at that
      part.
PAR  If the wall-thickness exceeds the above-mentioned limit, deformation is
      difficult even though the elastic modulus is low and sound products are
      not obtainable.
PAR  If the cross-section of a pipe is rectangular, the diagonal length shall be
      taken into consideration.
PAR  3. The bending strength is to be in the range from 8 to 200 Kg/cm.sup.2.
PAR  A bending strength less than the above limit presents a durability problem,
      and if it exceeds the upper limit, sound products are not obtainable even
      though the elastic modulus and wall-thickness dimensions are within
      acceptable limits.
PAR  The bending strength is limited within the above-mentioned range in order
      to impart flexibility to the ceramic pipes.
PAR  4. The outer surface of the ceramic in contact with metal must be smooth
      and not be so porous as to be permeated by metal.
PAR  The homogeneity of the elastic modulus, bending strength, porosity, and
      other mechanical properties must be retained all through the product. In
      the event that the strength is locally unsatisfactory, the stress will
      concentrate at that point and the balance of forces is lost, causing the
      ceramic pipe to fail.
PAR  The product obtained according to the present invention accelerates
      re-combustion as the ceramic portion is much less heat conductive than the
      metal and has excellent adiabatic characteristics so as to effectively
      retain the heat of the gas passing through the interior.
PAR  The ceramic material also has a large heat capacity. Accordingly, even when
      the running condition of the engine varies and the gas temperature falls
      as a consequence, the wall portion retains its high temperature and can
      maintain repeated combustion. Because of this, the harmful unburned gas in
      the exhaust gases can be burned. Seen from the viewpoint of endurability,
      the product according to the present invention has a low elastic modulus
      and therefore readily absorbs mechanical vibrations; on the other hand,
      the boundary portion between the ceramic and the metallic part consists of
      a type of shrink fit as a result of the balance of compressive force and
      tensile force; this makes possible the use of the device in vigorously
      vibrating environments, like engines. From a thermal point of view, it
      does not present any difficulty since ceramics are superior to metal.
PAR  Depending upon the quality, some ceramic materials are unstable at high
      temperatures above 1,000.degree.C. It is useful for these materials, when
      used in practice, to coat the inner surface of the ceramics with a
      heat-resisting material or to impregnate them with a heat-resisting
      binder, for instance, colloidal silica, ethyl silicate, aluminum primary
      phosphate, etc. These processes may be applied before or after pouring the
      metal for enclosing the ceramics, as convenient.
PAR  The double-structure pipe according to the present invention may be used as
      the port liner of an exhaust port extending from the combustion chamber to
      the head outlet, a manifold of large capacity, the outer case of a
      manifold reactor, or the outer case of an afterburner.
PAR  The products according to this invention may also be applied not only to
      gasoline engines of 4- or 2-cycles but also to all internal combustion
      engines including rotary engines, diesel engines, etc. Besides
      purification of exhaust gas, the products of this invention may be
      satisfactorily applied for the purpose of heat retention of gas.
PAR  Practical examples will be cited to explain concretely the manufacturing
      method of the present invention.
PAC  Example 1
PAR  An example will be described which was used as a port liner of a cylinder
      head of a 1600 cc 4-cylinder gasoline engine. The cross-sectional view of
      the cylinder head is shown in FIG. 2. The port liner made of ceramics has
      a wall-thickness of 4 mm, a total length along the central line of 90 mm,
      and a rectangular cross-section of 27 .times. 32 mm.
PAR  The material used for the ceramics was prepared by adding 20 parts (part by
      weight hereinafter) of alumina cement to 75 parts of fused silica
      aggregate, the largest grain size of which is 2.5 mm, subsequently adding
      22 parts of water to 100 parts of the mixture, and then agitating the
      whole to a slip-like state.
PAR  To a mold made of resin fabricated in conformity to the outer contour of a
      port liner, a core of foamed polystyrene fabricated in conformity to the
      inner contour of the port liner was set. Then, while applying vibration to
      the mold as a whole, the slip was poured thereinto. The slip was then left
      for about 16 hours as it was poured; afterward it was taken out of the
      mold and the core was dissolved out by acetone. Subsequently, the molding
      was gradually dried for 24 hours at temperatures of 70.degree. to
      200.degree.C and then dried at high temperatures for 24 hours elevating
      the temperature to 850.degree.C.
PAR  The thus obtained ceramics exhibit a bending strength of 100 Kg/cm.sup.2,
      an elastic modulus of 950 Kg/mm.sup.2, a bulk specific gravity of 1.60 and
      a dimensional variation of -0.5%.
PAR  This molding was set to a prescribed wooden pattern and the part for the
      core print was formed integrally with a casting core using the carbon
      dioxide process. This casting core was set to a metal mold for casting the
      cylinder head and aluminum alloy was cast at 750.degree.C in a low
      pressure casting process. The composition of the aluminum alloy is 3.5%
      copper, 9.5% silicon, 0.5% magnesium, and the rest of aluminum. After
      casting, the core sand was removed and heat-treated (JIS-J5 treatment) at
      200.degree.C for 3 hours for improving the strength of aluminum alloy.
PAR  The cylinder head equipped with a ceramic port liner manufactured in the
      above manner was mounted on an engine, and the composition and temperature
      of exhaust gas examined. The result of the examination revealed that
      carbon monoxide and hydrocarbon decreased by about 50% as compared with
      the conventional liners, and that the temperature was raised about
      150.degree.C at the neighborhood of the port liner outlet. To study the
      durability of the liner, a 100-hour durability test was conducted at 6,000
      rpm under full load. No abnormality was observed.
PAC  Example 2
PAR  A further example is described which was used for a port liner of a
      cylinder head of a 2,000 cc, 4-cylinder gasoline engine.
PAR  The ceramic part has a thickness of 4.5 mm, a length of 110 mm along the
      central line, and a rectangular cross-section of 32 .times. 40 mm. The
      ceramic material was prepared by adding 20 parts of alumina cement to 80
      parts of aluminous aggregate, the largest grain size of which was 3.0 mm,
      adding 20 parts of water to 100 parts of the mixture, and then kneading to
      a slip-like state.
PAR  The succeeding processes up to the process of taking the ceramics out of
      the mold were conducted in the same manner as in Example 1. Drying was
      effected by first heating up to 200.degree.C, further heating up to
      1,400.degree.C, thereafter taking 48 hours.
PAR  The thus obtained ceramics exhibit a bending strength of 450 Kg/cm.sup.2,
      an elastic modulus of 1,500 Kg/mm.sup.2, a bulk specific gravity of 2.80,
      and a dimensional variation of -0.65%.
PAR  The molding was set to a heated metallic mold and shell mold sand was blown
      in, forming a shell mold core for casting so as to integrally include the
      part for the core print. This core was set to a green sand mold for
      casting a cylinder head, and gray cast iron was cast into it at
      1,380.degree.C. The composition of the gray cast iron was 3.3% carbon,
      2.0% silicon, 0.7% manganese, the rest being iron.
PAR  The cylinder head equipped with the ceramic port liner manufactured in the
      above manner was mounted on an engine, and the composition of exhaust gas
      investigated. The result of this investigation shows that carbon monoxide
      and hydrocarbon were reduced by about 40% as compared with the
      conventional liners. The durability of the liner was also tested,
      repeating up-and-down test 100,000 times in which the revolutions per
      minute was raised rapidly from 1,000 to 6,000 per minute and then
      immediately slowed down to 1,000 per minute. No abnormality was observed
      in this test.
PAC  Example 3
PAR  Example 3 was performed by adding 15 parts of aluminum primary phosphate to
      100 parts of alumina aggregate used as the ceramic material in Example 2
      and using the thus obtained slip-like substance.
PAR  The processes up to the removal of ceramics from the mold were performed in
      the same manner as in Example 1. Drying was effected by first heating up
      to 200.degree.C, further heating to a high temperature of 1,200.degree.C
      taking 48 hours. The thus obtained ceramics exhibit a bending strength of
      190 Kg/cm.sup.2, an elastic modulus of 4,800 Kg/mm.sup.2, a bulk specific
      gravity of 2.75, and a dimensional variation of -0.63%.
PAR  In the succeeding steps, a ceramic port liner was manufactured in the same
      manner as in Example 2. As a result of testing by mounting a cylinder
      head, the same results as in Example 2 were obtained in performance and
      durability.
PAC  Example 4
PAR  This example was used for an exhasut manifold of large capacity for a 2,000
      cc, 4-cylinder gasoline engine.
PAR  FIG. 3 shows the cross-sectional view of the manifold; the ceramic multiple
      pipe 4 is 6 mm thick, the inside diameter of an inlet 5 of exhaust gas is
      35 mm, and the inside diameter of an outlet 6 is 42 mm.
PAR  The ceramic material was prepared by adding 20 parts of alumina cement to
      80 parts of aluminous aggregate, the largest grain size of which was 4 mm,
      and adding 20 parts of water to 100 parts of the mixture to form a
      slip-like substance. The slip-like substance was poured into prepared
      molds in the same manner as in Example 1 to form the ceramic multiple pipe
      4 and thereafter heated to a high temperature of 1,550.degree.C. The
      obtained ceramics exhibited a bending strength of 180 Kg/cm.sup.2, an
      elastic modulus of 4800 Kg/mm.sup.2, a bulk specific gravity of 2.85 and a
      dimensional variation of -0.70%. This was formed integrally as a core for
      casting in the carbon dioxide process and set to a mold for casting
      manifolds; nodular graphite cast iron was poured at 1,350.degree.C. The
      composition of the nodular graphite cast iron was 3.8% carbon, 2.7%
      silicon, 0.5% manganese, 0.04% magnesium, the balance being iron. The
      manufactured manifold of large capacity was mounted on an engine for
      testing. The result shows that carbon monoxide decreased by 60% and
      hydrocarbons by 35%, respectively, as compared with the conventional
      manifolds. A durability test was conducted by actually running 50,000 Km
      at high speed. No abnormality was observed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for manufacturing heat-insulating castings comprising the steps
      of: setting a flexible semifinished ceramic product, having a smooth
      surface, an elastic modulus of 200 to 5,000 kg/mm.sup.2, a bending
      strength of 8 to 200 kg/cm.sup.2, and a wall-thickness less than 1/4 of
      its inside diameter, inside a casting mold and casting molten metal to
      enclose the ceramic semifinished product.
NUM  2.
PAR  2. A method for manufacturing heat-insulating castings according to claim
      1, comprising the further steps of: preparing a slip-like substance of
      ceramic material; pouring said ceramic material into a shaping mold;
      curing said ceramic material in said shaping mold; removing said ceramic
      material from said shaping mold; and drying said material under heated
      conditions to produce said semi-finished ceramic product.
NUM  3.
PAR  3. The method according to claim 2 wherein said ceramic material is cured
      in said shaping mold for a period of between approximately 4 and 24 hours
      and said drying step includes heating said material for a preset time at a
      temperature of between approximately 70.degree. and 200.degree.C.
NUM  4.
PAR  4. The method according to claim 3, wherein said drying step includes
      heating said material at said temperature of between approximately
      70.degree. and 200.degree.C for approximately 24 hours and thereafter
      further heating said material for a period of between approximately 24 and
      48 hours at a temperature of between approximately 850.degree. and
      1,550.degree.C.
NUM  5.
PAR  5. The method according to claim 4, wherein in said further heating step
      said ceramic material is heated to at least the casting temperature of
      said molten metal prior to casting said metal in said casting mold.
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ABST
PAL  In the manufacture of a mould by the so-called lost wax method, the
      position and space occupied by a set of blank-carrying elongate members of
      fusible or calcinable material supported on an ogival head or cone are
      controlled by a gauge including a ring slidably mounted along a vertical
      rod. The gauge is then replaced by a cylinder forming a receptacle which
      receives a hardenable refractory material embedding said set. After
      hardening, the cone is removed and the fusible or calcinable material
      removed by heating to provide mould cavities.
BSUM
PAR  The invention relates to moulding by the so-called "lost wax" method.
PAR  In known lost wax moulding, the mould is produced by placing on a
      crucible-forming supporting cone flow rods connected to blanks of wax or
      other fusible material, the assembly being embedded in a hardenable
      heat-resistant material which is then baked in an oven. There is thus
      obtained a mould for casting objects whose shape is given by cavities
      formed by spaces in the hardened material formerly occupied by the blanks.
      This known process only enables a limited number of pieces to be cast
      since, in view of the arrangement of the flow rods on the supporting cone,
      the blanks may be too close to one another and come to touch one another
      or come into contact with the envelope surrounding them, into which the
      hardenable material is poured. Moreover, the mould is formed without
      taking into account the optimal thermal conditions.
PAR  Placing the envelope around the set of blanks carried by the supporting
      cone, prior to filling the envelope with the hardenable heat-resistant
      material, is very delicate and involves difficulties since the joining
      members fixed on the cone and the blanks carried thereby must be confined
      in a space such that they cannot touch the inner wall of the cylinder or
      envelope when it is placed.
PAR  Also the set of blanks should have a given height in relation to the
      cylinder or envelope, this height always being the same for a certain type
      of manufacture. This is important since to obtain a flawless and
      homogeneous moulding, the cavities for moulding the pieces must be in a
      particular position in relation to the thermal centre of the mould.
PAR  The invention aims to provide a solution enabling these requirements to be
      taken into account.
PAR  The invention provides a mould manufacturing device comprising a support
      including an ogival head having a vertical axis and being adapted to
      support a set of elongate joining members carrying blanks of pieces to be
      moulded in calcinable or fusible material generally above the ogival head
      about said vertical axis; a tubular member adapted to be removably fitted
      on the support generally coaxial with said vertical axis to form, with the
      support, a receptacle for receiving a hardenable refractory material to
      cover the ogival head and a supported set of joining members and blanks,
      said tubular member being removable from the support after hardening of
      the refractory material together with the hardened refractory material and
      embedded set which form, after removal of the calcinable or fusible
      material by heating, a mould including a funnel-like opening communicating
      with cavities formed by spaces formerly occupied by said blanks; and gauge
      means for controlling the position of the blanks of a supported set prior
      to fitting of the cylindrical member on the support, said gauge means
      including a ring and means for mounting the ring on the support generally
      coaxial with said vertical axis and in a horizontal plane for a vertical
      sliding movement above and generally about the ogival head.
DRWD
PAR  The invention will now be particularly described, by way of example, with
      reference to the accompanying schematic drawings, in which:
PAR  FIG. 1 is a side elevational view, partly in cross-section, of a tubular
      cylindrical member and a plurality of blanks mounted on a support during
      one phase of the use of the device of the invention; and
PAR  FIG. 2 is a perspective view of a gauge device mounted on the support.
DETD
PAR  With reference to FIG. 1, an ogival head or cone 8 carries a set of blanks
      2 of pieces, for example teeth, to be moulded on rods 1' protruding from
      an axial cylindrical protuberance 1 of cone 8. Blanks 2 and rods 1' are
      provided in a suitable calcinable or fusible material. Near its base, cone
      8 is provided with a peripheral bulge 9 which fits in a corresponding
      groove 10 in a housing provided inside a ring 12 of greater diameter,
      forming a base part of a support. The ring 12 also has an external
      peripheral bulge 13 on which rests a tubular cylinder 14 fitting about the
      outer cylindrical surface of ring 12, and surrounding the set of blanks 2
      carried by cone 8.
PAR  The support may comprise several rings like ring 12, telescopically
      mounted, the last ring of greatest diameter serving to support a tubular
      cylinder of corresponding diameter adapted to surround a more bulky set of
      blanks carried by the cone.
PAR  FIG. 2 shows a gauge for measuring and controlling the space occupied by
      the set of blanks 2 on cone 8, with a view to ensuring an exact
      positioning thereof inside cylinder 14. This gauge comprises a ring 19
      made in two parts hingedly mounted (about a vertical axis) on a tube 20
      slidably mounted along a vertical rod 21, a screw being provided for
      setting tube 20 and ring 19 at any selected height along rod 21. Rod 21 is
      fixed at its lower end onto a ring 22 which is also made in two hingedly
      mounted parts. Ring 22, when closed by appropriate means, fits closely
      about the cylindrical outer surface of ring 12, resting on bulge 13. Rod
      21 can, as shown, be of circular cross-section, or can be polygonal, for
      example square.
PAR  The described gauge enables control of the space occupied by the set of
      rods 1' and blanks 2 carried thereby. For this purpose, the ring 19,
      closed by appropriate means, is slid along rod 21 and the positions of
      rods 1', which can be set by hand, are modified as necessary until the
      ring 19 can pass about the entire set without its inner surface contacting
      the set. Moreover, the height of the blanks 2 can be adjusted by gauging
      with the upper or lower edge of ring 19 set in any particular position, as
      a function of the height of the cylinder 14, which is always of a given
      value for each application. The rod 21 can, for example, carry a
      graduation 21' or graduations indicating that the upper or lower edge of
      ring 19 is at a height corresponding to the thermal or thermic centre of a
      finished mould (indicated by CT in FIG. 1), i.e. the zone of the mould
      that retains heat longest.
PAR  As a variation, the ring 19 could be narrower (heightwise) and its height
      adjusted in relation to a graduation 21' on rod 21 so that it can be set
      at the position corresponding to the thermal centre of the mould.
PAR  Once the ring 19 is secured in this position, the height of the set of
      blanks 2 carried by cone 8 is adjusted, for example by shortening or
      lengthening the rods 1'. It would also be possible to slidably mount
      protuberance 1 in cone 8 for this purpose.
PAR  The described gauge enables avoidance of the drawbacks involved in known
      methods of directly passing the cylinder 14 over the set of blanks 2
      without a prior control, notably an avoidance of damage to the set of
      blanks 2 and their support rods 1' carried by cone 8.
PAR  The gauge is removed by opening out rings 19 and 22 to provide an opening
      at least as great as the diameter of the closed rings, and withdrawing the
      rod 21 and rings 19 and 22 laterally, which avoids any catching with the
      supported set.
PAR  Once the gauge is removed, cylinder 14 is placed on ring 12 resting on
      bulge 13, as shown in FIG. 1.
PAR  A hardenable heat resistant material, for example a refractory plaster, is
      then poured into cylinder 14 which forms, with ring 12, a receptacle, to
      fill or almost fill this receptacle and thus entirely cover the supported
      set of blanks 2, rods 1' and the protuberance 1. This material is then
      allowed or caused to harden, and the supporting cone 8 is removed from the
      set material or, rather, the hardened material, together with cylinder 14,
      blanks 2 and rods 1' is removed from the support. The hardened material is
      then baked at a temperature sufficient to calcinate or melt the material
      forming rods 1' and blanks 2, the residual matter being removed by the
      central hole corresponding to the space previously occupied by
      protuberance 1.
PAR  There is thus provided a mould having a funnel-like opening, corresponding
      to the space previously occupied by cone 8, communicating via channels
      with casting cavities formed by the spaces previously occupied by blanks
      2. The funnel-like opening enables the supply, for example under pressure,
      of fused material for casting objects in the cavities formed by blanks 2.
PAR  Of course, accessories could be provided to enable the described gauge to
      be adapted to supports or tubular envelopes of other than cylindrical
      shape, and the annular gauge instead of being a circular ring could have
      an orifice of corresponding non-circular shape.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A mold manufacturing device comprising a support, an ogival head
      extending vertically above said support to support in turn a set of rods
      carrying blanks of pieces to be molded in calcinable or fusible material,
      a lower ring detachably secured to said support in surrounding
      relationship, a vertical rod carried by and upstanding from said lower
      ring, an upper ring mounted for vertical sliding movement on said rod
      coaxially with said lower ring, said upper ring being horizontally
      disposed, there being at least one graduation on said rod indicating the
      position of the upper ring along said rod relative to the location of the
      thermal center of a mold to be cast on said support about said head after
      said rod and rings are removed from said support, and means for releasably
      securing said upper ring in predetermined positions along said rod.
NUM  2.
PAR  2. A device as claimed in claim 1, said support having a cylindrical upper
      side wall that terminates downwardly in an upwardly facing annular
      shoulder that contacts the lower edge of said lower ring.
NUM  3.
PAR  3. A device as claimed in claim 1, each of said upper and lower rings being
      formed in two parts pivotally connected about an axis parallel to said rod
      thereby to permit the two parts of each ring to pivot between a closed
      position and an open position providing an opening at least as great as
      the diameter of the rings when closed.
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ABST
PAL  A vertical split shell molding machine characterized by comprising hanging
      top board rails which are movably and fixably mounted to the top board of
      the principal body of said machine, a blow head assembly which is arranged
      movably beneath said hanging top board rails, an assembly which rotates a
      core box by 180.degree. in the vise assembly, and an assembly which
      overturns a fixed core box outside the machine.
BSUM
PAR  This invention relates to a shell molding machine, and more in particular
      to a shell molding machine having a vertical split core box, in which a
      core box can be rotated 180.degree. in vise assembly, a system wherein a
      fixed core box is overturned outside the machine is provided, and core box
      exchange can be effected very easily.
PAR  In the shell molding machine having a vertical split core box in the
      present invention, the essential features of the invention are
      characterized by being provided with hanging top board rails which is
      mounted movably and fixably to the top board of the main body of said
      molding machine, a blow head assembly which is arranged movably below of
      said hanging top board rails, an assembly wherein the core box is rotated
      180.degree. in the vise assembly, and an assembly wherein the fixed core
      box is overturned outside the machine.
PAR  The molding machine according to the invention consists of the
      above-mentioned assemblies and has the operations referred to in detail
      below, and the principal functions and effects of the machine are as
      follows:
PAR  1.  The machine can be separate blowing system which carries out a rollover
      drain by overturning, so that it is possible to make the machine a molding
      machine for massproduction of hollow shell cores by providing molding
      cavity by dividing the vertical split core box into two stages, upper and
      lower.
PAR  2.  Since the fixed core box can be overturned outside the vise assembly to
      take out blown core, the ejecting direction of the blown core is not
      restricted and it is possible to eject out the core from any direction.
PAR  3. Since said hanging top board can be moved mounted with the blow head
      assembly, a sand feed assembly, a traverse cylinder and the like, the
      upper portion of the core box becomes an open state and the exchanges of
      both core boxes and blow-plate are easy.
PAR  4. A blown core conveying assembly is provided outside the vise assembly,
      so that the releasing and conveying of the blown core are easiler and more
      reliable than conventional machines in which they are effected at the
      lower side in an open stroke of the vice.
PAR  5. With the provision of a heating plate and core box setting plate between
      the core box and a die plate and of setting holes at the position except
      burner tip holes, it is possible to arrange multiple kinds of core boxes
      in smaller size, which arrangement has been impossible according to
      conventional means.
PAR  6. It is possible to change the moving and stopping positions of said blow
      head by varying the operation in item (4) above, so that it is also
      possible to mount one in which the thickness of the core box has been
      changed.
PAR  In conventional, known molding machines, machines such as mentioned below
      are known as molding apparatus which is provided with an assembly in which
      core box is rotated in vise and an assembly in which the core box is
      overturned outside the machine and blown core is released.
PAR  One example is a U-type shell core molding machine which is manufactured by
      Acme Cleveland Co. in the U.S.A. This molding machine is constructed in
      such a manner that a blow magazine is hung beneath a core box vise, said
      blow magazine is pressed against the blowing face of the core box to
      rotate the vise 180.degree., sands are blown into the core box by
      compressed air, the vise is overturned- return 180.degree. to its original
      position so as to make the core hollow body, and the extra sands are
      collected in the magazine. This molding machine consists of the same
      principle as a dumping type shell molding machine by which known shell
      main mold is molded. In said molding machine the magazine rotates fixed to
      the vise so that blowing can be effected only once, and therefore since
      the blowing is not top-blowing unlike in the present molding machine it is
      quite impossible to blow at both the faces. Further, it will be easily
      understood by those skilled in the art that the said known shell molding
      machine has a disadvantage in which the core mold cannot be easily
      exchanged unlike in the present invention.
DRWD
PAR  The present invention is explained in greater detail by way of an
      embodiment illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a side view showing an example of the shell molding machine of
      the invention;
PAR  FIG. 2 is an elevational view;
PAR  FIG. 3 is a cross-sectional view taken along the line III--III in FIG. 1;
      and
PAR  FIG. 4 is a plan view when the mold core is ejected downwards.
DETD
PAR  FIGS. 1 - 4 show a core box comprised of two halves 1 and 2. The core box
      half 1 is mounted from a die plate 11 which in turn is pivoted on pivot
      11'. An hydraulic piston-cylinder assembly 3 is pivoted at 3' to a bracket
      41 fixed to the die plate 11. The piston rod of the piston-cylinder
      assembly 3 is pivoted at 42' to a bracket 42 fixed to a rotating drum 4
      (see FIG. 2) which is supported in the main frame 30 of the machine by
      means of rollers 16 for reasons hereinafter set forth.
PAR  By virtue of the pivotal mounting 11' for the die plate 11 and the core box
      portion 1, the core box portion 1 may be moved by the piston-cylinder
      assembly 3 between the positions indicated at 1 and 1a in FIG. 1. In the
      position indicated at 1a the core box portions 1 and 2 are mated and
      closed to form a complete core box for shell molding as hereinafter
      described.
PAR  Also supported from the rotary drum 4 at one end are four guide rods 6. At
      their opposite ends the guide rods 6 are supported in a second rotary drum
      43. The rotary drum 43 is supported by rollers 35 in the main frame 30 for
      rotary motion with respect thereto. The guide rods 6 support a like number
      of guide sleeves 7 which in turn support a die plate 8 to which is secured
      by any conventional means the reciprocable or movable core box portion 2.
      It will be appreciated that the core box portions 1 and 2 may be changed
      for other like core box portions for molding different shapes and that
      such core box portions 1 and 2 are secured by known conventional means
      such as bolts or the like.
PAR  A second hydraulic piston-cylinder assembly 34 has the piston rod 34'
      thereof secured to the die plate 8 so that upon actuation of the
      piston-cylinder assembly 34 the die plate 8 and the core box portion 2
      mounted thereon may be moved to and from the other core box portion 1 when
      it is in the position 1a shown in FIG. 1.
PAR  When the piston-cylinder assembly 3 is actuated to move the first core box
      portion 1 to the position shown at 1a, it is locked in position by a
      stopper cylinder assembly 33 (see FIG. 2) which extends locking rods 33'
      laterally to engage in suitable receptors 33" on the drum 4 thus locking
      the die plate 11 and the core box portion 1 securely in the position shown
      at 1a. The numeral 9 indicates an ejector plate for ejecting cores from
      the core box portion 1, the details of which are not shown being well
      known in the art. Numeral 10 indicates a setting plate 10 having heating
      elements for heating the resin coated sand mixture in the core box to set
      the same as is also well known in the art.
PAR  It will be appreciated that when the piston-cylinder assembly 3 has been
      actuated and the core box portion 1 is in the position 1a shown in FIG. 1
      and locked in place by the locking rods 33' that then the drums 4 and 43
      together with the guide rods 6 interconnecting the same constitute a
      rotatable assembly referred to herein as the vise assembly since upon
      actuation of the piston-cylinder assembly 34 the core box portions 1 and 2
      will be held tightly together as in a vise. Further, this vise assembly,
      comprising the drums 4 and 43 as well as guide rods 6 and their associated
      parts, may be rotated. For this purpose a sprocket 36 is mounted on the
      vise assembly and is rotatably driven by a chain 37 also trained about a
      driving sprocket 38 secured to the shaft of a suitable electric motor or
      reduction gear 39.
PAR  Above the vise assembly and mounted for reciprocating movement is a blow
      head car 17. The car 17 as rollers 17' journaled therein which engage
      rails 20 to support car 17 therefrom. The rails 20 are in turn supported
      by rollers 22 from a portion 24 of the main frame of the machine. In this
      manner the car 17 may be moved by means of the piston-cylinder assembly 26
      from its solid line position shown in FIG. 1 to its dashed line position
      or to any chosen intermediate position. In its solid line position the
      blow car 17 positions its blow head 18 and blowplate 19 above the closed
      core box portions 1, 2 for filling the core box. By means of the
      piston-cylinder assembly 26, the car 17 may then be moved to an
      intermediate position beneath a hopper 25 for filling the car 17 from the
      hopper 25 with a suitable resin coated sand mix. The blow car 17 also
      carries a press cylinder 21 which operates in known manner. Since the
      operation of the press cylinder 21 is previously known from commercial
      devices, its structure is not shown in detail herein. Briefly, the
      piston-cylinder assembly 21 is provided with a compressed air reservoir
      for blowing resin coated sand from the blow head car 17 through the
      openings 19' (FIG. 3) of the blow plate 19 and into the molding cavity of
      the closed core box. Said piston-cylinder assembly 21 also includes a
      press cylinder to press the blow plate 19 onto the upper surface of the
      closed core box during the filling of the core box from the blow head car
      17 as just described.
PAR  The support of the blow head car 17 by rollers 17' from the rails 20, which
      rails 20 in turn are supported by rollers 22 permit, as mentioned above,
      very considerable lateral movement of the blow head car 17 as viewed in
      FIG. 1. During normal operation the blow head car 17 is not moved to the
      extreme dashed line position shown in FIG. 1 but only from its solid line
      position shown in FIG. 1 to the intermediate position below the hopper 25.
      The blow head car 17 is moved to the dashed line position shown in FIG. 1
      only when it is necessary to replace the blow head 19. Thus, in this
      dashed line position the blow plate is positioned well rearwardly of the
      entire device for easy accessability and replacement. The rods 23 serve to
      fix the rails 20 in the desired position by operation of handles (not
      shown).
PAR  After the core box 1a, 2 has been suitably filled with a sand mixture and
      set by heat, the vise assembly is rotated 180.degree. by the gear
      reduction unit or prime mover 39 to invert the same. If the objects being
      molded are small enough, the core box halves 1, 2 may each be divided into
      upper and lower mold compartments independent of each other. In this
      configuration it is possible to be filling mold compartment in the top
      portion of the closed core box while the mold compartments in the bottom
      portion of the core box are disposed downwardly.
PAR  Subsequently, after setting the sand further rotation of the vise assembly
      by the prime mover 39 through 180.degree. brings the mold compartments in
      the bottom portion to the uppermost position for filling from the car 17
      as the mold compartments in the top portion are positioned lowermost and
      emptied of excess sand into the sand drain outlet or conveyor 40. When the
      core box 1, 2 is free of any excess sand and contains only the molded
      articles, the piston-cylinder assembly 33 may be activated to withdraw the
      locking rods 33' whereupon the piston-cylinder assembly 3 may be activated
      to rotate the core box portion 1 from the position indicated at 1a to the
      position indicated at 1 in FIG. 1. The ejection mechanism for the core box
      portion 2 insures that the molded articles are removed from the portion 2
      and move with the core box portion 1 to the position shown in solid lines
      at 1 in FIG. 1.
PAR  A removing mechanism is provided for receiving ejected cores or molded
      articles from the core box portion 1. This conveyor comprises a continuous
      conveyor 12 supported on an unloading car 13 which is supported by the
      rollers 13' upon rails 30'. A piston-cylinder assembly 14 is arranged to
      raise and lower the assembly including the conveyor 12. The car 13 may be
      moved from its solid line position shown in FIG. 1 to the left where it
      will cooperate with the conveyor 15 transferring thereto the cores
      previously received upon the conveyor 12 from the core box portion 1 upon
      actuation of the ejector mechanism 9 (the operation of which ejector
      mechanism 9 is old and well known). No means for moving the car 13 as
      above described is shown since such mechanism is previously well known in
      machines of this type.
PAR  It will be appreciated that while FIG. 1 shows the ejection of the mold
      cores downwardly from the core box portion 1, such is a function of the
      degree to which the vise assembly including the drums 4 and 43 is rotated.
      That is to say that after emptying of all excess sand into the removing
      conveyor 40, the prime mover 39 may be operated to position the rotary
      drums 4 and 43 in any desired position including positions wherein the
      core box portion 1 is laterally disposed (toward the left or toward the
      right) or even upwardly disposed. In any of these positions, or any
      position intermediate therebetween, the ejector mechanism will be
      effective to eject the mold cores from the core box portion 1 from which
      they will then fall upon the conveyor 12.
PAR  A scraper 32' (FIG. 4) is mounted at the end of the piston-cylinder
      assembly 32. The piston rod of piston-cylinder assembly 32 moves the
      scraper to and fro (up and down in FIG. 4) in order to pass the scraper
      32' over the open mold halves 1 and 2 after each molding operation. Since
      different molds may be positioned at different positions vertically the
      piston-cylinder assembly 31 is provided to adjust the scraper 32' as well
      as the piston-cylinder assembly 32 vertically. Further cleaning is
      effected by means of a duster mounted on the end of the piston rod of the
      piston-cylinder assembly 27 also in known manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shell molding machine comprising a fixed frame, a blow head assembly
      supported from said fixed frame, said blow head assembly including an
      outlet, a vise assembly supported rotatably by said fixed frame below the
      outlet of said blow head, a pair of cooperating mold halves, said mold
      halves being mounted in said vise assembly, one of said mold halves being
      pivoted with respect to said vise assembly, means for pivoting said one
      mold half from a first position adjacent to the other of said mold halves
      to a second position substantially exterior of said fixed frame for
      ejection of molded articles from said one mold half, and means for so
      ejecting said articles when said one mold half is in said second position.
NUM  2.
PAR  2. The shell molding machine of claim 1 including means mounted from said
      vise assembly for clamping said mold halves together to form a core box
      having an inlet.
NUM  3.
PAR  3. The shell molding machine of claim 2 including means for rotating said
      vise assembly from a position in which said inlet of said core box is
      positioned below the outlet of said blow head assembly to receive material
      therefrom to a position for dumping excess material from said core box
      outwardly through said inlet by gravity.
NUM  4.
PAR  4. The shell molding machine of claim 3 in which said means for rotating
      said vise assembly rotates said assembly through at least 180.degree..
NUM  5.
PAR  5. The shell molding machine of claim 1 in which said blow head assembly is
      supported from said fixed frame by means of rails and rollers for
      rectilinear movement with respect to said frame.
NUM  6.
PAR  6. The shell molding machine of claim 5 including a feed hopper and said
      blow head assembly being moveable from a first position for filling said
      core box to a second position beneath said hopper for filling of said blow
      head assembly from said hopper.
NUM  7.
PAR  7. The shell molding machine of claim 6 in which said blow head assembly is
      also moveable to a third position sustantially exterior of said fixed
      frame.
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ABST
PAL  A process and apparatus for producing continuous length shaped metal
      filaments by casting a stream of molten metal within a groove formed in
      the inner periphery of a cylindrical chill roll. The groove is flanked by
      a tapered opening of a material which has low thermal conductivity and
      which is not wetted when contacted by the molten metal. This novel
      technique increases the tolerance of the position in which the molten
      stream may be introduced into the groove while ensuring the production of
      an approximately rounded cross section by preventing the molten stream
      from spreading out of the groove.
PARN
PAR  This is a division of application Ser. No. 416,720, filed Nov. 16, 1973,
      now U.S. Pat. No. 3,881,542.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  This invention relates to a process and apparatus for the production of
      shaped continuous metallic filaments directly from the melt by casting a
      stream of molten metal into a quenching groove on the inside of a
      revolving annular chill roll, the groove being flanked by a smooth
      inclined surface of a material which has low thermal conductivity, is
      relatively non-quenching and which is not wetted by the molten metal.
PAR  II. Description of the Prior Art
PAR  Research in recent years has been directed toward the development of
      methods of filament formation which avoid the restrections of die drawing
      or rolling. One of the approaches under investigation involves free
      casting or direct melt spinning and concerns the formation of a free jet
      of molten fluid and the transformation of the jet to the solid state. This
      procedure may be readily employed to form filaments of polymeric materials
      and oxide glasses, i.e. materials having very high viscosities and low
      surface tension in the liquid state. In contrast, however, metals have
      relatively inviscid melts of high surface free energy. A cylindrical jet
      of such a material is inherently unstable. Its surface becomes
      increasingly perturbed as it issues from the nozzle until at some distance
      the jet breaks up into droplets. Accordingly, a process, if it is to be
      capable of producing continuous metal filament, must provide a favorable
      balance between the kinetics of jet solidification and of jet breakup.
PAR  P. Duwez, R. H. Willens and W. Klement in "Continuous Series of Metastable
      Solid Solution in Ag-Cu Alloys," J. Applied Physics, 31 (1960) 1136-7
      disclose a method for the rapid quenching of metal alloys. The process
      disclosed by Duwez et al. comprises propelling a small liquid droplet, on
      the order of about 25 mg, by means of a shock wave against the inside
      surface of a high speed rotating copper annular chill roll or cylinder.
      The centrifugal force acting on the molten material insures a good thermal
      contact with the chill surface and the relative motion of the roll and the
      droplet also helps in spreading the liquid over a larger area. This
      spreading process leads to a thinner layer of solidified material and
      therefore a larger over-all thermal transfer rate.
PAR  R. Pond, Jr. and R. Maddin in "A Method of Producing Rapidly Solidified
      Filamentary Castings," Trans. Met. Soc. AIME 245 (1969) 2475-6 expands the
      concept which Duwez et al. employed to produce metal "splats" to encompass
      the production of metal filaments. Pond and Maddin disclose an apparatus
      comprising a small open tube furnace, a pneumatic cage which raised and
      lowers a graphite ejection mold and a motor-driven chill roll. To operate,
      the ejection mold is lowered from the furnace into the spinning roll and
      pressure is applied in the ejection mold which forces a stream of molten
      alloy through a sapphire orifice onto the inside surface of the spinning
      roll. The pneumatic cage subsequently pulls the ejection mold out of the
      chill roll, producing a spiraling specimen on the wall of the chill roll.
PAR  Since the ejection mold is pulled out of the cage during production, it is
      clear that this method can be used to produce only discontinuous lengths.
      Moreover, although the radial acceleration of the roll induces good
      thermal contact, it also spreads the stream into a flat filament prior to
      solidification. Thus, the filaments so produced are flat with blunt edges
      and have had maximum lengths of up to about seven meters, with thicknesses
      in the range of 5 to 50 microns and widths of 0.2- 1.5 mm.
PAR  There is a need in the art for a simple method for the production of metal
      filaments, particularly metal filaments having generally round cross
      sections. More specifically there is a need for continuous lengths of such
      "round" filaments, particularly those filaments having very fine
      cross-sections in the range of 0.004 to 0.010 inch. Moreover, there is a
      need for a simple and direct method for the production of fine diameter
      filaments of amorphous and metastable alloys, which in many cases can only
      be obtained by very rapid quenching from the melt, and of metals and metal
      alloys which are too brittle to be produced in the normal manner.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, we have found that a wire-like metal
      filament can be produced directly from the melt by casting a stream of
      molten metal within a groove formed in the inner periphery of a
      cylindrical chill roll. In order to increase the tolerance of the position
      in which the molten stream may be introduced into the groove and to ensure
      the production of an approximately rounded cross-section by preventing the
      molten stream from spreading out of the groove, the groove is flanked by a
      tapered opening of a material which has low thermal conductivity and which
      is not wetted when contacted by the molten metal. Thus, this novel method
      and apparatus prevents the molten metal from spreading over the surface of
      the roll and very substantially decreases the precision needed in casting
      the molten jet into the quenching groove. The velocity and diameter of the
      molten jet, the frequency of rotation and radius of the chill roll, and
      the radius of the groove on the roll can be selected so as to give a
      filament having the desired cross-section. In accordance with this
      invention, filaments with cross-sections of as little as 0.004 to 0.010
      inch are possible. Moreover, since the metal is rapidly quenched, the
      apparatus and method of the invention may be used to produce either
      amorphous or polycrystalline filaments.
PAR  The method and apparatus of the invention may readily be adapted to the
      simultaneous production of a plurality of filaments by incorporating a
      series of grooves into the quench surface and directing the flow of melt
      from a central heated reservoir through a corresponding series of nozzles
      and into the multiple grooves.
PAR  The leading end of the filament may be removed from the groove or grooves
      and directed to a collecting device by use of vacuum devices, doctor
      blades, etc. or, in the case of iron-based alloys, a radially magnetized
      magnetic pick-up wheel or the like could be incorporated into this
      apparatus. Production of continuous length filaments would be assured
      since there would be no need to stop production to remove the filament
      from the chill roll as is required in the Pond and Maddin technique.
PAR  There are a number of advantages to the use of the apparatus and method
      disclosed herein; the primary advantage being that this invention provides
      an extremely simple and direct technique for the production of fine
      filaments having a substantially uniform cross-section and does not
      require the sophisticated and precise controls which were required by the
      extremely sensitive melt spinning methods previously used. Further, rapid
      quenching of the molten metal as required in the production of totally
      amorphous metal filaments is possible in accordance with the present
      invention.
PAR  This invention thus provides a method and apparatus for the production of
      fine diameter filaments of polycrystalline metals and also of metastable
      alloys, such as amorphous metals and non-ductile or brittle alloys which
      are not readily formable into filaments using conventional processes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents a side view of the novel grooved cylinder of the present
      invention.
PAR  FIG. 2 shows a cross-sectional view of the cylinder clearly indicating the
      inclined insulating surface flanking the forming and quenching grooves.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The process and apparatus of the invention are illustrated in the attached
      FIGS. 1 and 2. For the purposes of illustration, we will describe an
      embodiment wherein a single continuous filament is produced, however, it
      is understood that the apparatus could be readily modified to
      simultaneously produce a plurality of such filaments.
PAR  The apparatus employed comprises a rotatable metal cylinder chill roll 1
      having a groove 2 (or grooves) formed in the inner periphery thereof. The
      groove 2 is flanked by a smooth tapered opening of a relatively insulating
      material 3 which has low thermal conductivity and which is not wetted when
      contacted by the melt.
PAR  The metallic material to be spun is charged in a reaction vessel (not
      shown) composed of suitable heat tolerant material for the particular
      metal to be processed. The charge is heated, preferably in an inert
      atmosphere and at substantially atmospheric pressure. When the temperature
      of the metal is approximately 50.degree.-100.degree.C above the melting
      point, the pressure in the charged vessel is raised 5-20 psig or until a
      molten stream 4 is ejected through a nozzle (not shown) and cast into the
      groove 2 in the chill roll. It is preferred that the nozzle be tapered
      since tapering of the nozzle enhances jet stability.
PAR  The velocity at which the molten stream is ejected, the rotational velocity
      of the roll, the diameter of the ejected stream and the diameter of the
      groove are interrelated quantities. The preferred surface speed of the
      groove is in the range of 1.00 to 1.16 times the speed of the ejected
      molten stream. If the rotational and ejection speeds are the same, the
      diameter of the groove and therefore the diameter of the resulting
      filament should be equal to the diameter of the molten stream; if the
      rotational speed is about 16% greater than the ejection velocity, the
      groove and filament diameter should be about 4% less than the diameter of
      the nozzle. One of the considerations involving the velocity of ejection
      is the jet stability, i.e. the velocity must be sufficient to ensure a
      continuous, uniform jet stream yet must not be so great as to cause
      break-up of the stream at the point of impact with the cylinder. This jet
      stability varies according to alloy composition; however, in general it
      has been found that ejection velocities within the range of 180-260 cm/sec
      will result in a satisfactorily stable jet. It is then possible to adjust
      the spinning conditions according to the form of the solidified filament
      being produced.
PAR  A feature of the present invention is that by increasing the tolerance
      required in positioning the molten stream it is unnecessary to deliver the
      filament exactly into the narrow groove in the conductor material in order
      to produce filaments of extremely fine cross-section. However, care must
      be taken to deliver the molten stream somewhere within the relatively
      wider area defined by the non-wettable insulating material. It is
      preferable that the molten stream be ejected at an acute angle to the
      inner surface of the cylinder and in the direction of movement of the
      rotating roll so that the stream is "laid into" the groove with as little
      bending of the stream as possible. The molten stream is directed down the
      tapered non-conducting surface of the material 3 and into the extremely
      narrow groove 2 defined in the conducting or quenching substrate 1 wherein
      the filament is solidified. The tapered, non-conducting surface prevents
      the molten stream from spreading out of the groove, and the surface
      tension of the molten metal is sufficient to cause the filament to be
      formed in a relatively circular cross-sectional diameter.
PAR  The filament as it is being solidified will be carried by the rotating
      chill roll 1, kept in contact with the quench surface thereof by optional
      guide or retaining means 5 until substantially solidified and then picked
      up from the groove 2 and subsequently collected. The removal of the
      filament 7 from the groove is initiated by using a pick-up device 6 to
      remove the leading end of the filament. The pick-up device 6 may comprise
      a variety of elements: we have found that a radially magnetized magnetic
      pick-up means is particularly satisfactory for removing iron-base
      filaments; suction or vacuum-creating tubes or other devices may be used
      in the case of non-magnetic filament. These devices are located within the
      spinning apparatus at a point beyond the point of solidification of the
      filament. The leading end of the filament is directed from the pick-up
      device 6 to any conventional collection or winding mechanism (not shown).
PAR  In order to prevent the filament from falling out of the groove either
      before complete solidification or before pick-up, it may be necessary to
      incorporate a retention or a guide device 5 into the apparatus. This
      device is preferably in the form of a freely rotating smooth surface
      wheel.
PAR  In constructing the novel apparatus of the present invention, the substrate
      material 1 comprising the actual quench surface of the chill roll can be
      any metal having high thermal conductivity. This requirement is
      particularly applicable to the spinning of amorphous or metastable
      filaments. Preferred materials include beryllium copper, oxygen-free high
      conductivity copper, or stainless steel. The insulating or non-conducting
      material 3, is about 10 .times.  10.sup.-.sup.3 to about 200 .times.
      10.sup.-.sup.3 inches in thickness, should be smooth surfaced and may
      comprise aluminum oxide, fired lava, zirconium oxide, vitrous carbon,
      zirconium titanate, chromium oxide, aluminum oxide/chromium oxide blend,
      calcium titanate, calcium zirconate or similar suitable material. It is to
      be understood that the particular insulating material employed must be
      chosen with respect to the metal to be cast since it is intrinsic that the
      insulating material not be wetted when contacted by the molten metal. To
      facilitate construction, a thin layer of the insulating material 3 may be
      coated on the interior surface of the conducting chill surface 1 by flame
      spreading or sputtering techniques and then the grooves or grooves can be
      created by machining with a laser or diamond tool. Alternatively, an
      insert of the insulating material may be employed. The groove 2 should be
      formed so that the upper opening of the groove in this insulating material
      is substantially larger, i.e., on the order of about 10 times larger than
      the conducting area of the groove wherein the fine filament is actually
      formed. In general, the width of the upper opening of the groove will be
      greater than about 10 .times. 10.sup.-.sup.3 inches and the lower groove
      will have a radius of curvature in the range of about 2 .times.
      10.sup.-.sup.3 to about 12.5 .times. 10.sup.-.sup.3 inch. By way of
      illustration, a thin surface film of ceramic approximately 0.05 inch could
      be flame sprayed on the inner surface of a 1 inch copper cylinder. An
      appropriate U-shaped diamond stylus could then be used to machine in a
      groove having an upper opening width of 50 .times. 10.sup.-.sup.3 inch,
      and a groove in the copper having a radius of curvature of 4 .times.
      10.sup.-.sup.3 inch. Thus a filament approximately 8 .times.
      10.sup.-.sup.3 inch could be easily produced by directing a molten stream
      through the orifice of a nozzle having a diameter of about 8 .times.
      10.sup.-.sup.3 inches into the substantially wider 50 .times.
      10.sup.-.sup.3 inch area thereby assuring the production of a very fine
      filament with a miniumum amount of precision required for forming.
PAR  In each case, the quenching chill roll may be sufficiently cooled by virtue
      of its own rotation or it may be necessary to employ external means to
      dissipate the excess heat. Such external means may be particularly
      necessary when a series of filaments are produced using multiple grooves
      in the chill roll. Such external cooling may comprise blowing gas on the
      inner surface of the roll or fitting the roll with internal cooling
      chambers through which a fluid can be passed.
PAR  Since the reservoir in which the metal is melted is, for geometric reasons,
      most preferably located outside the quenching roll, it may be necessary to
      apply resistance or induction heating to the nozzle in order to maintain
      the molten metal at a sufficiently high temperature so as to prevent
      solidification within the nozzle.
PAR  The following examples are presented for illustration and the invention is
      not to be considered as limited thereto.
PAC  EXAMPLE 1
PAR  An apparatus similar to that depicted in FIGS. 1 and 2 was used to produce
      continuous amorphous filaments. The inner surface of a copper cylindrical
      chill roll of 18 inches outer diameter, 17 inches inner diameter was flame
      sprayed with a 0.05 inch zirconium oxide coating and a diamond stylus was
      used to machine a U-shaped groove having an upper opening width of 50
      .times. 10.sup.-.sup.3 in. and a lower radius of curvature of 2.5 .times.
      10.sup.-.sup.3 width. The apparatus was constructed with a rubber guide
      roll and a radially magnetized pick-up wheel, located about 180.degree.
      from the point of impingement of the melt.
PAR  An insulated quartz crucible was charged with an ingot of an alloy composed
      of 38 at. % iron, 39 at. % nickel, 14 at. % phosphorus, 6 at % boron and 3
      at. % aluminum. The alloy was melted in a helium atomosphere at
      1,050.degree.C and extruded into the groove through an induction heated
      nozzle having an orifice 5 .times. 10.sup.-.sup.3 inc. in diameter
      directed at an angle of 30.degree. with the cylinder surface and in the
      plane of the groove in the direction of rotation of the cylinder. The
      ejection velocity of the metal and the linear rotational velocity of the
      cylinder were both approximately 200 cm/sec. The stream was quenched,
      directed past the guide roll and the filament picked up from the groove
      using a magnetic wheel and wound continuously on a tension controlled
      winder. Upon examination using x-ray diffraction, the filament was found
      to be amorphous in structure.
PAC  EXAMPLE 2
PAR  An apparatus similar to that employed in Example 1 but containing a series
      of five U-shaped grooves having an upper surface width of 100 mils and
      lower radius of curvature of 9.5 mils and adapted with a vacuum producing
      pick-up device was used to produce multiple continuous lengths of
      polycrystalline wire.
PAR  A stainless steel ingot was melted to 1,550.degree.C. in an Al.sub.2
      O.sub.3 crucible and ejected through a series of five induction heated
      nozzles each having an orifice of 10 .times. 10.sup.-.sup.3 inch. The
      ejection velocity of the jet was about 200 cm/sec and the linear
      rotational velocity of the cylinder about 225 cm/sec. The filaments were
      quenched, picked up using a vacuum tube and collected on a series of
      winders. We claim:
CLMS
NUM  1.
PAR  1.  In an apparatus for the production of continuous length shaped metal
      filaments from a molten stream wherein the filament is shaped by casting
      onto the inside surface of a rotating cylindrical chill roll, the
      improvement wherein said apparatus comprises:
PA1  a. at least one groove formed in the inner periphery of the roll, said
      groove being flanked by a smooth tapered surface of a thermal insulating
      material which has a substantially greater thermal insulating property
      than the chill roll and which is not wetted by the molten metal said
      tapered surface directing into the groove the molten metal impinged
      thereon; and
PA1  b. means for removing the solidified shaped filaments from the groove.
NUM  2.
PAR  2. The apparatus of claim 1 wherein a series of grooves are machined within
      the chill roll to allow simultaneous production of a plurality of
      filaments.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the means for removing the leading end
      of the filament is a radially magnetized magnetic pick-up wheel.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the thermal insulating material is
      chosen from the group consisting of aluminum oxide, fired lava, zirconium
      oxide, vitrous carbon, zirconium titanate, chromium oxide, calcium
      titanate and calcium zirconate.
NUM  5.
PAR  5. The apparatus of claim 1 wherein a guide means is incorporated to direct
      the filament for recovery.
NUM  6.
PAR  6. The apparatus of claim 1 wherein a retaining device is incorporated to
      ensure complete solidification of the filament.
NUM  7.
PAR  7. The apparatus of claim 1 wherein the groove of insulating material has
      an upper opening greater than 10 .times. 10.sup.-.sup.3 inch and a lower
      groove with radius of curvature within the range of 2 .times.
      10.sup.-.sup.3 to 12.5 .times. 10.sup.-.sup.3 inch.
NUM  8.
PAR  8. The apparatus of claim 1 wherein the non-conducting layer is 10 .times.
      10.sup.-.sup.3 to 200 .times. 10.sup.-.sup.3 inch in thickness.
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ABST
PAL  An internal combustion engine cooling system is disclosed which utilizes a
      coolant having a greater viscosity and film strength than water. Heat is
      transferred from the coolant as it flows through a radiator assembly. The
      coolant is directed through multiple heat transfer passes defined by core
      tubes and headers of the radiator with the coolant moving through the core
      tubes of each pass at a flow velocity which insures a Reynolds number of
      no less than 5000. The flow velocity is substantially reduced in a header
      communicating the core tubes of successive heat transfer passes so that a
      region of substantially quiescent coolant is produced in the header. Air
      or gas in the coolant is collected and expelled from the header adjacent
      the quiescent coolant region.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an internal combustion engine coolant
      system and more particularly relates to a method and apparatus for
      transferring heat from and degassing liquid coolant used in such a system.
PAR  2. The Prior Art
PAR  Internal combustion engine liquid cooling systems have traditionally
      employed a pump driven by the engine which circulated a liquid coolant
      through coolant passages in the engine and then through a radiator by
      which heat was transferred from the coolant to atmospheric air.
PAR  The radiators of these coolant systems have generally comprised
      manifold-like tanks disposed at opposite ends of core tubes. The coolant
      has been directed to one tank from the engine and thence through the core
      tubes to the other tank from which the coolant is returned to the engine
      by the pump. Atmospheric air forced across the core tubes cooled the
      coolant.
PAR  The use of multipass radiators was proposed in some early coolant systems.
      In these proposed radiators, the coolant traversed the core tubes two or
      more times before being returned to the engine. These proposed radiators
      were relatively bulky and complex. Furthermore, continuing improvements in
      materials generally and in engine and radiator designs over the years
      resulted in higher engine operating temperatures, pressurized high
      temperature coolant systems, and more efficient coolant heat rejection. As
      a result, relatively simple, compact single pass radiators have become
      standard for use with automotive I.C. engines.
PAR  Water has long been the usual coolant for liquid cooled internal combustion
      engines because of its availability and favorable heat transfer
      characteristics and the design of engine coolant systems has generally
      presupposed the use of water as the coolant. In winter, or in arctic
      locations, antifreeze additives were normally employed to prevent freezing
      of the water in the systems. These additives were known to alter the heat
      transfer characteristics of the coolant and reduce the ability of the
      coolant to reject heat in the radiator, but the normally low temperature
      of the ambient air compensated for the changes in heat transfer
      characteristics so that the effectiveness of the coolant system designs
      was largely unaffected by the use of coolant additives in cold seasons or
      climates.
PAR  Ethylene glycol has been used as a coolant system antifreeze additive for
      many years. In the past this substance was produced primarily as a coolant
      additive and therefore was not available in great quantities. Accordingly,
      ethylene glycol was expensive and its use was substantially limited to
      seasonal antifreeze protection. Ethylene glycol is now produced as a
      byproduct of certain processes for making plastics and consequently in
      recent years the availability of this material has increased markedly
      while its price has been significantly reduced.
PAR  Ethylene glycol has a number of properties which make its permanent use in
      coolant systems desirable. Engine coolants consisting of a mixture of
      ethylene glycol and water exhibit a higher boiling temperature than water,
      retard corrosion in the coolant systems and, as noted, protect the system
      against freezing particularly due to unpredicted changes in atmospheric
      air temperature. Accordingly, due to the noted advantages and to the
      relatively low price of ethylene glycol, coolants composed of ethylene
      gylcol and water have been increasingly used year around in many types and
      kinds of vehicles.
PAR  On the other hand, the specific heat or heat capacity of ethylene
      glycol-water coolants is less than that of water which restricts the
      ability of ethylene glycol-water coolants to carry heat away from the
      engine. Furthermore the film strength of ethylene glycol-water coolants is
      large when compared to that of water and this characteristic reduces the
      susceptibility of ethylene glycol-water coolants to deaeration.
      Consequently, air or gas tends to remain entrained in these coolants which
      has the effect of reducing their heat transfer capabilities. Year around
      use of this coolant has thus resulted in reductions in efficiency of the
      engine coolant systems, particularly in hot weather or warm climates, and
      as a consequence coolant system capacities have had to be increased. As
      engine power ratings have been increased over the years the amount of heat
      required to be dissipated by the radiators has likewise increased. The
      noted use of ethylene glycol-water coolants has also required that the
      radiators be modified to increase their abilities to transfer heat from
      the coolant.
PAR  It is well established that the heat transfer characteristics of a given
      radiator can be increased by increasing the area of the radiator core
      tubes through which heat is transferred from the engine coolant to
      atmospheric air. As a result, to increase coolant system capacity the heat
      transfer areas of the radiators have been increased by increasing the
      number and/or length of the core tubes. This practice has increased the
      size and weight of the radiators. Furthermore, the increases in size of
      the radiators has been disproportionately great when compared to the
      actual increases in cooling system capacities realized from the larger
      radiators.
PAR  In the passenger car industry, radiator size requirements have tended to
      conflict with styling considerations and in some circumstances where the
      conflicting interests of styling and cooling system effectiveness have
      been compromised, coolant system capacities have been barely adequate. In
      the trucking industry, the increased radiator sizes have resulted in
      increased cost, weight and size of tractors and truck cabs.
PAR  Heat transfer from the radiators is, as noted above, adversely affected by
      the presence of entrained gas or air in the coolant. Air is normally
      entrapped in cooling systems when the systems are filled with coolant.
      When the engine is operated, this air is entrained in the coolant. Air is
      also dissolved in the coolants, and when the engine reaches operating
      temperature the solubility of the air in the coolant is reduced and air
      comes out of solution resulting in entrained air bubbles in the coolant.
PAR  Combustion gases entrained in the coolants are perhaps more common and more
      troublesome than entrained air. Nearly every engine, particularly after it
      has been in service for a time, develops combustion gas leaks between the
      combustion chambers and the engine coolant passages. These leaks are
      normally such that small quantities of high pressure gases from a
      combustion chamber will flow into the coolant but the coolant will not
      normally flow into the combustion chamber because of its low pressure.
      Accordingly, in most engines combustion gases will flow into the coolant
      while the engine is operating, become entrained in the coolant, and reduce
      its heat transfer effectiveness.
PAR  Because ethylene glycol-water coolants are characterized by relatively high
      film strength when compared to water, entrained gas or air is not readily
      removable from the coolants. In conventional radiator constructions the
      facilities for deaerating or degassing the coolant in the radiators have
      not been reliable particularly when ethylene glycol-water coolants are
      employed. The prior art radiators provided with coolant deaeration
      constructions have, in the main, presupposed the use of water as an engine
      coolant. Since the heat transfer properties of water are generally quite
      favorable, the presence of some entrained air in the water has not been a
      cause for great concern and deaeration of coolant in radiators has been
      largely a hit-or-miss proposition. The use of ethylene glycol-water
      mixtures with their attendent less favorable heat transfer properties and
      high film strength has increased the need for thorough deaeration while
      rendering the prior art deaeration techniques even less effective.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a new and improved method and apparatus for
      increasing the heat transfer capabilities of engine coolant system
      utilizing ethylene glycol-water mixtures while assuring effective
      degassing or deaeration of the coolant passing through the radiator.
PAR  It has been discovered that the practice of increasing the number of
      radiator core tubes, or otherwise increasing the heat transfer areas of
      the radiators such as by lengthening the tubes, has had retrogressive
      effects on the efficiency of engine coolant systems although cooling
      capacities have been increased by such practices. Put another way, the
      increase in required radiator size has been disproportionately large as
      compared to the resulting increase in radiator heat transfer
      effectiveness.
PAR  It has been found that the kinematic viscosity of a coolant composed of
      one-half ethylene glycol and one-half water, by volume, is roughly three
      times that of water at engine operating temperatures, e.g. about
      200F.degree.. This difference in viscosity results in significantly
      different Reynolds numbers when the respective coolants flow through a
      radiator core tube at the same velocity, with the Reynolds number of the
      ethylene gylcol-water mixture being relatively low compared to that of the
      water. The Reynolds number of such a coolant is frequently below 2100
      resulting in the coolant passing through the core tubes exhibiting laminar
      flow characteristics.
PAR  The heat transferred to or from a cylindrical tube is generally
      proportional to an exponential power of the Reynolds number of the fluid
      flowing through the tube. Moreover, the magnitude of the exponent is
      larger when Reynolds numbers are high, and coolant flow is turbulent, than
      when the Reynolds number is below 2100 and flow is laminar.
PAR  The range of Reynolds numbers from about 2100 to 10,000 is a transitional
      range from laminar to turbulent flow and heat transfer characteristics of
      the fluid are generally thought of as indeterminant. However, when
      Reynolds numbers are 5000 or greater, the flow through radiator core tubes
      has been found to be sufficiently turbulent to assure favorable overall
      heat transfer coefficients for the radiators when compared to the heat
      transfer coefficients of the same radiator with coolant flows establishing
      Reynolds numbers substantially less than 5000.
PAR  It has been found that if the heat rejecting ability of a given radiator
      through which coolant passes in the laminar flow range is inadequate, very
      little improvement in heat transfer is realized by lengthening the core
      tubes. If the number of core tubes is increased, the coolant flow area is
      increased and the coolant flow velocity is reduced with the result that
      the Reynolds number is further reduced. This reduces the amount of heat
      transfer from a given core tube.
PAR  Experimentation has revealed that significantly improved heat transfer is
      obtained by passing the ethylene glycol-water coolant through core tubes
      at velocities which insure turbulent flow of the coolant in the core
      tubes. In particular, high heat transfer rates have been obtained when
      flow through the core tubes produces Reynolds numbers of 5000 or more. The
      differences in heat transfer are sufficiently great that the size of many
      automotive radiators can actually be reduced without reducing the amount
      of heat which the radiator is capable of transferring from the coolant and
      without altering any remaining components of the cooling system such as
      the coolant pump.
PAR  The achievement of a coolant velocity through a standard size radiator core
      tube, i.e. a tube having a hydraulic radius of one-fourth or three-eighths
      inches to achieve the desired minimum Reynolds number of 5000 can be
      determined in terms of gallons per minute per tube. The number of core
      tubes required to reject the desired amount of heat from the coolant can
      then be determined empirically.
PAR  In a preferred embodiment of the invention an engine is provided with a
      multipass radiator in which the Reynolds number of the coolant flowing
      through the radiator core tubes is 5000 or more in the normal operating
      speed range of the engine to assure substantially turbulent flow of the
      coolant in the core tubes and thus provide efficient heat transfer from
      the coolant without substantially affecting the capacity requirements of
      the system coolant pump. The new radiator also maximizes heat transfer
      from coolant passing through the radiator core tubes by positively
      degassing the coolant.
PAR  In one preferred embodiment of the invention a vertical two-pass radiator
      is provided having radiator inlet and outlet openings in a bottom tank.
      The bottom tank is partitioned to provide separate header chambers. First
      and second groups of core tubes extend from the respective bottom tank
      header chambers to a top tank.
PAR  The top tank defines a coolant reservoir, a head space above the coolant
      level for gas collection and a partition or baffle plate which defines a
      header chamber into which all of the core tubes open. The header chamber
      is constructed and arranged so that coolant directed into the header
      chamber from the first group of core tubes is decelerated and exhibits
      laminar flow characteristics as it flows toward the second group of header
      tubes. The coolant is fractioned off from the chamber by the core tubes of
      the second tube group and as the coolant passes through the tubes of the
      second tube group it is accelerated to produce Reynolds numbers of no less
      than 5000.
PAR  The baffle plate defines an enlarged header chamber portion adjacent the
      second group of core tubes having a cross sectional area which is
      sufficiently large that the coolant in this portion of the header chamber
      is substantially quiescent. This construction therefore enables entrained
      gas or air to rise through the quiescent coolant to the top of the
      enlarged chamber portion. A vent tube communicates the enlarged chamber
      portion with the head space in the top tank reservoir so that detrained
      gas or air is exhausted from the enlarged chamber portion.
PAR  The enlarged chamber portion also functions to facilitate filling of the
      system when another vent tube is connected between the chamber portion and
      an elevated location in the coolant system at which air in the system
      would otherwise be trapped during filling. This air flows to the reservoir
      head space from the chamber.
PAR  In a preferred construction, a static pressure line extends between the top
      tank reservoir and the inlet of the cooling pump. The static line
      functions to minimize coolant pump cavitation by assuring a positive
      coolant pressure at the pump inlet, particularly when the engine is
      operating at high speed and coolant temperatures are high. The static line
      also functions to provide pressure communication between the top tank
      reservoir and the pump inlet so that gas or air detrained from the coolant
      is positively expelled from the header chamber portion into the coolant
      reservoir head space during filling.
PAR  In another preferred embodiment of the invention, the radiator is
      constructed with horizontal core tubes and vertically extending side
      tanks. The radiator outlet and inlet openings are located in the upper and
      lower portions, respectively, of a first partitioned side tank. The
      opposite side tank defines the coolant reservoir and head space and
      includes a deaerating baffle plate which defines a header chamber for
      communicating the core tube groups. The baffle plate defines an enlarged
      header chamber portion adjacent its upper end for providing a region of
      substantially quiescent coolant from which gas or air detrained from the
      coolant is communicated to the reservoir head space.
PAR  The horizontal tube version of the radiator may also include a static
      pressure line extending from the reservoir to the coolant pump inlet for
      enabling positive deaeration of the header chamber portion and other
      functions mentioned above.
PAR  A principal object of the present invention is the provision of a new and
      improved method and apparatus for transferring heat from an engine coolant
      comprising an ehtylene glycol-water mixture wherein the coolant flows
      through a radiator at Reynolds numbers of no less than 5000 in the normal
      operating speed range of the engine so that heat transfer effectiveness of
      the radiator is maximized.
PAR  Another object of the invention is the provision of a new and improved
      method and apparatus for transferring heat from an engine coolant wherein
      the coolant is directed through a radiator at high flow velocities and
      wherein the coolant in the radiator is positively deaerated.
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description of preferred embodiments made with
      reference to the accompanying drawings which form a part of the
      specification.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic perspective view of an engine cooling system
      embodying the invention with portions broken away;
PAR  FIG. 2 is a front elevational view of a radiator constructed according to
      the invention with portions shown in cross section;
PAR  FIG. 3 is a view seen approximately from the plane indicated by the line
      3--3 of FIG. 2;
PAR  FIG. 4 is a view seen approximately from the plane indicated by the line
      4--4 of FIG. 3;
PAR  FIG. 5 is a cross sectional view seen approximately from the plane
      indicated by the line 5--5 of FIG. 3;
PAR  FIG. 6 is a schematic front elevational view of an alternate radiator
      construction embodying the invention with portions shown in cross section.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An engine cooling system 10 embodying the present invention is illustrated
      in FIG. 1. The system 10 comprises an engine block schematically indicated
      at 12 defining internal cooling passages through which engine coolant
      flows to carry the heat generated by the engine from the block. Coolant
      which has carried heat away from the engine block passes through a
      radiator assembly 14 which functions to dissipate the heat from the
      coolant to atmospheric air. The atmospheric air is directed across heat
      transfer surfaces of the radiator assembly by an engine driven fan which
      is not shown.
PAR  The coolant enters the block 12 through a block coolant inlet 20 which
      communicates with the pump 16 through a pump discharge line 22. After the
      coolant has flowed through the engine coolant passages it is exhausted
      from the block 12 through a block coolant outlet 24. In the illustrated
      embodiment of the invention, the coolant outlet 24 is formed by a housing
      of a thermostatic valve 26 which functions, when the engine has warmed up
      and the coolant approaches its operating temperature, to direct coolant
      from the outlet 24 through a coolant conduit 28 to a radiator coolant
      inlet 30. Coolant which has passed through the radiator assembly 14 flows
      from a radiator coolant outlet 32 through a conduit 34 to the inlet of the
      pump 16.
PAR  When the engine 12 is cold the low temperature coolant causes the
      thermostatic valve 26 to block the coolant outlet 24 and force the coolant
      flowing from the engine to flow directly to the inlet of the pump 16
      through a radiator bypass conduit 36. The coolant continues to bypass the
      radiator until the coolant in the system reaches a desired operating
      temperature. The valve 26 is then actuated to close the bypass conduit 36
      and open the conduit 28 so that the engine coolant is directed through the
      radiator assembly.
PAR  The engine cooling system 10 is particularly well adapted for use with an
      engine coolant consisting of a mixture of water and ethylene glycol which
      is used year around. Operators of most vehicles employing ethylene
      glycol-water engine coolants run mixtures consisting of about 50% water
      and 50% ethylene glycol and approximately such a mixture is assumed in the
      following description.
PAR  The radiator assembly 14 comprises a bottom tank structure 40, a top tank
      structure 42 and a radiator core assembly 44 extending between the top and
      bottom tanks. The preferred radiator assembly is constructed and arranged
      such that the coolant traverses the core assembly twice in passing through
      the radiator assembly and thus the radiator assembly 14 may be termed a
      "two pass" radiator. Referring now to FIG. 2, the bottom tank structure 40
      comprises a generally planar base plate 50 and a cup-like cover plate 52
      which is connected to the base plate 50 by a peripheral flange portion 53
      which extends around the cover plate 52. A fluid tight partition 54
      extends between the base plate 50 and the cover plate 52 about midway
      along the length of the bottom tank so that separate header chambers 56a,
      56b are formed between the cover and base plate on either side of the
      partition 54.
PAR  The radiator assembly 14 is connected to a vehicle frame member, not shown,
      by a support plate 58 fixed to the cover plate 52 and studs 59 which
      extend downwardly from the support plate 58 for connection to the vehicle
      frame member.
PAR  Substantially all of the heat transferred from the coolant in the radiator
      assembly 14 to ambient air is extracted from the coolant as it passes
      through the radiator core assembly 44. The core assembly 44 comprises a
      first group of thin-walled core tubes 60 which are composed of a thermally
      conductive material and sealingly connected to the base plate 50. The core
      tubes 60 extend from the plate 50 to the top tank structure 42. The core
      tubes 60 open into the header chamber 56a and into the top tank structure
      42 so that coolant flowing into the header chamber 56a through the
      radiator coolant inlet 30 traverses the core assembly once as it passes
      through the core tubes 60 to the top tank structure 42.
PAR  Coolant traverses the core assembly a second time via a second group of
      thin walled core tubes 62 which extend between the top and bottom tank
      structures and communicate the coolant which has flowed to the top tank
      structure through the core tubes 60 to the header chamber 56b of the
      bottom tank structure from which the coolant is directed from the radiator
      via the radiator coolant outlet 32. The groups of tubes forming the core
      assembly are supported and interconnected by heat transfer fins generally
      designated at 64 as is conventional.
PAR  The core tubes 60, 62 are all preferably of generally rectangular cross
      sectional shape with the long sides of the rectangles extending in the
      direction of air flow through the radiator. The leading and trailing sides
      of the tubes are radiused (see FIG. 4) to streamline the flow of air
      across the exterior of the tubes. Such core tubes provide large heat
      transfer areas. Furthermore, core tubes having this cross sectional shape
      tend to produce a fully turbulent flow of ethylene glycol-water coolant
      when Reynolds numbers are about 5000.
PAR  The number and size (i.e. the coolant flow area) of the core tubes of each
      group of tubes is determined primarily according to the capacity of the
      water pump 16. As noted previously the illustrated radiator assembly 14 is
      a two pass radiator in that the coolant traverses the core assembly twice
      as it flows through the radiator. It has been determined that in a
      standard 3/4 inch core tube (having nominal internal length and width
      dimensions of 0.728 inches and 0.076 inches, respectively); a 50--50
      mixture of water and ethylene glycol at 200.degree.F, flowing at a rate of
      about 0.6 gallons per minute produces a Reynolds number of about 5000 in
      the tube. A standard 1/2 inch core tube handling 0.45 gallons per minute
      will result in a Reynolds in excess of 5000.
PAR  The number of tubes in each heat transfer pass can be determined by
      dividing the gallons per minute of coolant discharge from the coolant pump
      when the engine is operating at the low end of its normal operating speed
      range, by 0.6 gallons per minute per tube. This will provide a radiator
      construction in which the Reynolds number of the coolant flowing in the
      tube is at least 5000 during normal operation of the engine so that the
      coolant flow is always turbulent, and in which the number of tubes per
      pass is maximized so that the coolant tube heat transfer areas are
      maximum. The low end of the normal operating speed range of the engine is
      known as the torque peak speed of the engine and the engine operates at or
      above this speed during normal operation except when idling. The torque
      peak speed may vary from engine to engine but is generally around 1500
      rpm.
PAR  The number of heat transfer passes required can be determined empirically,
      although it should be pointed out that because of the markedly greater
      heat transfer characteristics of tubes in which Reynolds numbers are at
      5000 or greater, a given engine can be more effectively cooled by a two
      pass turbulent flow radiator than a single pass nonturbulent flow radiator
      having the same number of core tubes and using the same coolant pump.
PAR  The top tank structure 42 comprises a base plate 66 to which the groups of
      core tubes 60, 62 are connected at their upper ends and a cup-like cover
      68 which is inverted over the base plate. The cover 68 comprises an
      upwardly extending body section 70 and a peripheral flange 72 which is
      sealingly connected to the base plate 66 around its periphery. The base
      plate and cover defines a reservoir or fill tank 74 between them which is
      accessible via a fill spout 75 and pressure cap 76 associated with the
      cover 68.
PAR  A baffle plate 78 extends between the base plate 66 and cover 68 along the
      length of the top tank. The baffle plate comprises a peripheral flange 80
      which coextends with and is sealingly connected to the peripheral flange
      72 of the cover and the base plate 66. The baffle plate 78 includes a body
      portion 82 which extends upwardly away from the base plate 66 to define a
      header chamber 84 extending over the upper ends of the core tubes 60, 62
      so that the coolant flowing through the core tubes 60 passes through the
      header chamber 84 and is fractioned off from the chamber by the core tubes
      62.
PAR  The radiator assembly 14 includes rigidifying structure (FIGS. 2-4)
      comprising channel shaped stiffeners 86, 88 which extend along opposite
      sides of the core assembly between the top and bottom tank structures and
      gussets, generally indicated at 90, which cooperate with the stiffeners to
      further stiffen the radiator assembly.
PAR  As is best seen in FIG. 3 the top tank structure extends rearwardly from
      the core assembly 44 with the base plate 66 forming a horizontally
      extending bottom wall of the reservoir tank 74. A static pressure conduit
      92 (FIGS. 1 and 2) opens into the reservoir through an opening in the
      rearwardly extending portion of the base plate 66 and extends to the pump
      inlet conduit 34. The conduit 92 functions to establish a positive
      pressure at the intake of the pump 16 by virtue of the column of liquid
      supported in the conduit 92 and the reservoir tank 74 over the inlet
      conduit 34. The existence of this static pressure at the pump inlet
      assures against cavitation in the pump particularly when the pump is
      operated under conditions of high engine speed and high coolant
      temperature.
PAR  Deaeration of the coolant flowing from the engine block 12 is accomplished
      by an engine deaeration tube 94 which extends from the housing for the
      thermostatic valve 26 into the head space of the reservoir tank 74.
      Detrained gas or air from the coolant tends to accumulate adjacent the
      thermostatic valve particularly when the engine has not been operated for
      a time. When the engine is started the air or gas is forced through the
      tube 94 and into the reservoir tank 74.
PAR  When the engine has been operating for a time, the tendency of air or gas
      in the circulating coolants to settle from the coolant in the vicinity of
      the thermostatic valve 26 is reduced and as a consequence the tube 94
      tends to direct a stream of coolant, containing relatively small amounts
      of entrained air or gas, into the reservoir tank 74 due to the pressure
      drop across the thermostatic valve. The operation of the tube 94 of itself
      is not sufficient to adequately deaerate or degas coolant circulating in
      the system when the engine is operating, particularly when combustion
      gases are leaking into the coolant as frequently occurs.
PAR  The radiator assembly 14 is constructed and arranged to positively deaerate
      or degas coolant flowing through it and is particularly effective in
      degassing ethylene glycol-water mixtures notwithstanding their relatively
      great film strengths which have the effect of resisting the removal of
      entrained gas or air from the coolant. As is shown in FIGS. 2, 3 & 5 the
      body 82 of the baffle plate 78 slopes upwardly proceeding along the upper
      ends of the groups of tubes 60, 62. The header chamber 84 thus provides a
      cross sectional flow area which increases proceeding along the upper ends
      of the core tubes 60 towards the core tubes 62. The flow area of the
      chamber 84 is of such size that coolant flowing into the chamber 84 is
      immediately decelerated as it passes into the chamber from the core tubes
      60. The Reynolds number of the coolant flowing in the chamber 84 is
      reduced from at least 5000 to below 2100 and the coolant flow through the
      chamber 84 is thus at low velocity in the chamber 84 permits entrained gas
      to gravitate upwardly to the inclined upper wall of the baffle plate body
      where the gas bubbles are moved slowly along toward the end of the chamber
      84 overlying the core tubes 62.
PAR  The chamber 84 defines a region of quiescent coolant in which the coolant
      flow virtually ceases the bubbles of detrained gas can accumulate. The
      flow area of the chamber 84 continuously increases proceeding along the
      core tubes 62. The tubes 62 successively fraction off coolant from the
      chamber and therefore the flow velocity in the chamber 84 is reduced
      substantially in the chamber portion overlying the ends of the tubes 62.
PAR  As is best seen in FIG. 5, the chamber flow area is maximum adjacent the
      core tubes 62 farthest from the core tubes 60 and defines a region 100 in
      which the coolant is substantially quiescent. Gas which has settled to the
      top wall portion of the chamber 84 gravitates towards the apex 102 of the
      baffle plate by virtue of the drift of the coolant through the chamber 84
      and due to the upward inclination of the top wall of the chamber toward
      the apex 102.
PAR  Detrained air and gas which is directed to the apex of the baffle plate is
      communicated to the head space in the reservoir tank and thus for
      practical purposes is eliminated from the coolant system. In a preferred
      embodiment of the invention the air or gas is expelled from the chamber 84
      via a vent tube 104 which is fixed to the baffle plate at its apex and
      extends from the baffle plate into the reservoir tank head space. The tube
      104 is illustrated as a straight cylindrical member having its opposite
      ends opening into the chamber 84 and the head space, respectively. Due to
      the connection of the reservoir tank to the coolant pump inlet line by the
      static pressure conduit 92, a moderate pressure differential normally
      exists across the vent tube 104 which causes flow from the chamber 84 into
      the reservoir tank. The pressure differential thus expels air or gas
      detrained from the coolant in the chamber 84.
PAR  The pressure differential also causes the flow of some coolant into the
      reservoir tank from the chamber 84 which is accompanied by flow of the
      same quantity of coolant from the reservoir back into the coolant circuit
      via the conduit 92. Continuous accumulation of air and gas in the head
      space will raise the system pressure until part of the gas in the head
      space is vented via the radiator pressure cap.
PAR  Another important feature of the invention relates to a construction for
      venting the coolant system while it is being filled with coolant.
PAR  In the system illustrated in FIG. 1, and assuming that the system 10 is
      empty, coolant is introduced into the system through the fill spout 75 and
      the reservoir. The coolant flows through the static pressure conduit 92 to
      the conduit 34 from which the coolant fills the radiator 14 via the
      radiator outlet port 32 and the engine block is filled by coolant flowing
      from the conduit 34 through the pump 16 and the conduit 22.
PAR  When the engine block is being filled the air in the block is displaced to
      the vicinity of the thermostatic valve 26 which is located at the highest
      elevation of the coolant passages in the engine block. Because the coolant
      temperature is low the valve 26 blocks flow of the air into the conduit 28
      and the air accumulated at the valve is vented to the coolant reservoir
      tank through the vent tube 94.
PAR  Coolant flowing into the radiator 14 fills the coolant tubes 62 from the
      bottom up, flows through the chamber 84 and downwardly through the tubes
      60 into the conduit 28. The conduit 28 extends from the radiator bottom
      tank to the upper side of the thermostatic valve 26 and forms an inverted
      U-shaped section adjacent the thermostat.
PAR  In order to avoid accumulation of a substantial amount of air in the
      conduit 28, a vent tube 106 is provided which extends from the top of the
      U-shaped conduit section, through the rear wall of the reservoir tank and
      into the chamber 84 adjacent the apex 102. The air trapped in the conduit
      28 is forced through the tube 106 and into the chamber 84. The air then
      moves into the airspace above the liquid level in the reservoir through
      the vent tube 104, from which the air is displaced from the system through
      the fill spout 75.
PAR  The connection of the tube 106 between the conduit 28 and the chamber 84
      results, during operation of the engine, in the bypassing of a small
      quantity of coolant around the core tubes 60 and into the chamber 84. The
      quantity of bypassed coolant is small because the tube 106 has a small
      flow area and because the pressure differential across the tube is
      relatively small, i.e. about equal to the pressure drop across the
      radiator pass defined by the core tubes 60. The chamber 84 thus provides
      an optimum location for venting the conduit 28 during filling of the
      system since during operation of the engine a much smaller quantity
      coolant is bypassed partially around the radiator than would bypass the
      radiator entirely were the tube 106 connected into the reservoir tank.
PAR  A modified radiator assembly 114, constructed in accordance with the
      invention, is schematically illustrated in FIG. 6. The radiator assembly
      114 comprises spaced apart vertically extending side tank structures 140,
      142, respectively, and a core assembly 144 extending horizontally between
      the side tank structures. The side tank structures and core assembly may
      be constructed substantially the same as the respective, corresponding top
      and bottom tanks 40, 42 and the core assembly 44 described in reference to
      FIGS. 1-5. The side tanks 140, 142 and core assembly 144 are therefore not
      described in greater detail than necessary to make their functions
      apparent.
PAR  The side tank 140 includes an internal partition 154 which divides the tank
      into separate vertically spaced header chambers 156a, 156b. Coolant enters
      the header chamber 156a from the engine through a radiator inlet opening
      158. The coolant, flows from the chamber 156a to the tank 142 via a first
      group of radiator core tubes 160. Coolant is returned to the header
      chamber 156b from the tank 142 through a second group of core tubes 162.
      The coolant is returned to the engine through an outlet opening 164 in the
      header chamber 156b.
PAR  The side tank 142 comprises a base plate 166 and a cover plate 168 and
      defines a vertically extending reservoir or fill tank portion 174. A fill
      spout 175 extends from the upper end of the tank 142 so that coolant can
      be introduced into the cooling system. A pressure cap 176 closes the fill
      spout. A head space 177 extends above the coolant level in the reservoir
      174 and in which air or gas removed from the coolant accumulates.
PAR  Like the radiator assembly of FIGS. 1-5, a static pressure conduit 192
      extends from the reservoir tank 174 to the coolant pump inlet (not shown)
      and an engine deaeration tube 194 extends from the engine block (not
      shown) to the head space 177 in the tank 142.
PAR  The core tubes 160, 162 are fixed to the base plate 166 and open into the
      tank 142. The open ends of the tubes are in fluid communication so that
      the coolant which has passed through the tubes 160 flows from the tank 142
      through the tubes 162. A baffle plate 178 extends vertically within the
      tank 142 and defines a header chamber 184 extending along the open ends of
      the core tubes 160, 162.
PAR  Like the radiator illustrated and described in connection with FIGS. 1-5
      the velocity of coolant passing through the tubes 160, 162 is sufficiently
      large in the normal operating speed range of the engine, that the Reynolds
      number of the flowing coolant is 5000 or greater. The header chamber 184
      is shaped to provide a maximum cross sectional flow area at the top end of
      the baffle plate and in the preferred embodiment of the invention the
      lateral side wall 186 of the baffle plate slopes away from the core tubes
      throughout its vertical extent. The cross sectional flow area of the
      chamber 184 at any given horizontal plane is greater than the total cross
      sectional flow area of the core tubes below the plane so that the velocity
      of the coolant flowing in the header chamber is maintained substantially
      less than the velocity of coolant in the core tubes. The velocity of
      coolant flowing upwardly in the header chamber preferably is sufficiently
      low that the Reynolds number is less than 2100, i.e. flow is laminar.
PAR  The chamber 184 defines a region of quiescent coolant at its upper end to
      which detrained gas bubbles migrate and can coalesce. The core tubes 162
      fraction off coolant from the chamber 184 as it flows upwardly past the
      open ends of the tubes 162, and since the cross sectional area of the
      header chamber continues to increase proceeding along the ends of the core
      tubes 162, the flow velocity of the coolant in the chamber 184 steadily
      decreases until the coolant is virtually quiescent at the upper end of the
      header chamber.
PAR  Gas and/or air bubbles in the coolant gravitate to the top of the chamber
      184 and are extracted from the coolant system. As shown in FIG. 6 a vent
      tube 204 extends from the top of the header chamber to the head space 177
      in the reservoir 174. Because of a pressure differential existing between
      the chamber 184 and the reservoir tank, the detrained air and gas is
      forced through the vent tube into the head space 177 where it is
      accumulated and vented from the system periodically.
PAR  While only two embodiments of the invention are illustrated and described
      additional constructions embodying the invention should be apparent to
      those skilled in the art. For example, radiators having more than two heat
      transfer passes may be constructed merely by increasing the number of
      header chambers at the opposite ends of the core tubes. Deaeration can be
      effected by providing multiple variable area header chambers, each
      providing a quiescent region and a vent tube extending to the reservoir
      tank. Other adaptations, modifications and uses of the invention may occur
      to those skilled in the art and it is the intention to cover all such
      adaptations, modifications and uses which do not depart from the
      principles of the invention.
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STM  What is claimed is:
NUM  1.
PAR  1. A method of cooling an internal combustion engine comprising:
PA1  a. circulating a coolant comprising a mixture of ethylene glycol and water
      through coolant passages in the engine by an engine driven pump;
PA1  b. communicating coolant exiting from the engine to a radiator header
      chamber via a radiator inlet;
PA1  c. passing the coolant through a plurality of first radiator coolant
      passages extending from said header chamber at velocities which establish
      a minimum Reynolds number of about 5000 at the torque peak speed of the
      engine;
PA1  d. exhausting coolant from projecting ends of said first radiator coolant
      passages into a second header chamber;
PA1  e. progressively reducing the coolant velocity as the coolant flows in said
      second header chamber;
PA1  f. establishing a region of substantially quiescent coolant in said second
      header chamber;
PA1  g. providing a coolant reservoir;
PA1  h. communicating said coolant reservoir with said substantially quiescent
      region;
PA1  i. detraining gas from the coolant in said substantially quiescent region
      and directing the detrained gas to said coolant reservoir;
PA1  j. fractioning off coolant from said second header chamber via a plurality
      of second radiator coolant passages opening into said second header
      chamber;
PA1  k. passing coolant through said second radiator coolant passages at
      velocities for establishing a minimum Reynolds number of about 5000 at the
      torque peak speed of the engine; and,
PA1  l. exhausting coolant from said second radiator coolant passages into a
      third header chamber.
NUM  2.
PAR  2. The method claimed in claim 1 further comprising establishing a pressure
      differential between said second header chamber and said coolant reservoir
      to force detrained gas from the second header chamber into said coolant
      reservoir.
NUM  3.
PAR  3. The method claimed in claim 1 wherein passing coolant through said first
      and second pluralities or radiator coolant passages comprises directing
      the coolant in opposite generally vertical directions, respectively, and
      further including directing the coolant generally horizontally through
      said second header chamber.
NUM  4.
PAR  4. The method claimed in claim 1 wherein passing coolant through said first
      and second pluralities of radiator coolant passages comprises directing
      the coolant generally horizontally in opposite directions through the
      respective pluralities of radiator coolant passages, and further including
      directing the coolant vertically upwardly in said second header chamber.
NUM  5.
PAR  5. The method claimed in claim 1 further including positioning said
      reservoir above the elevation of the coolant pump intake and at least
      partly above the elevation of said second header chamber and wherein
      detraining gas from the coolant includes moving gas upwardly from said
      substantially quiescent region into said reservoir.
NUM  6.
PAR  6. A method of deaerating and transferring heat from an internal combustion
      engine coolant comprising:
PA1  a. directing coolant through a plurality of first radiator core tubes at a
      velocity which insures turbulent flow of the coolant in the tubes;
PA1  b. transferring heat from the coolant flowing through said first core
      tubes;
PA1  c. directing coolant from the first core tubes into a header chamber
      communicating said first core tubes with a plurality of second core tubes;
PA1  d. reducing the velocity of coolant flowing in said header chamber from
      said first core tubes to said second core tubes to produce a region of
      substantially quiescent coolant in said header chamber;
PA1  e. deaerating the coolant by collecting gas from the coolant at a location
      in the header chamber adjacent said quiescent region;
PA1  f. venting gas from said location to a coolant reservoir;
PA1  g. fractioning coolant from said header chamber through said second core
      tubes;
PA1  h. flowing coolant through said second core tubes at a velocity which
      insures turbulent flow of the coolant through the second core tubes;
PA1  i. transferring heat from the coolant flowing through said second core
      tubes.
NUM  7.
PAR  7. A method of cooling an engine utilizing a liquid coolant comprised of a
      substantial volume of ethylene glycol and an approximately equal volume of
      water comprising:
PA1  a. pumping the coolant through cooling passages in the engine;
PA1  b. directing the coolant from the engine to a radiator;
PA1  c. flowing the coolant through a header chamber in the radiator and into a
      first plurality of radiator core tubes;
PA1  d. directing the coolant through the first plurality of core tubes at a
      velocity which corresponds to a Reynolds number of at least 5000 and
      transferring heat from the coolant as it passes through the core tubes;
PA1  e. flowing the coolant discharged from the first plurality of core tubes
      through a second header chamber to a second plurality of core tubes;
PA1  f. reducing the velocity of coolant flowing in said second header chamber
      from said first plurality of core tubes;
PA1  g. establishing a region of minimum coolant flow velocity in said second
      header chamber;
PA1  h. directing gas entrained in said coolant to said region;
PA1  i. directing the coolant through the second plurality of core tubes from
      said second header chamber at a velocity corresponding to a Reynolds
      number of at least 5000 and transferring heat from the coolant as it flows
      through said second plurality of core tubes;
PA1  j. providing a coolant reservoir;
PA1  k. communicating said coolant reservoir with said region of minimum coolant
      flow; and,
PA1  l. moving gas from said region to said reservoir.
NUM  8.
PAR  8. The method claimed in claim 7 wherein directing coolant through said
      first and second pluralities of core tubes comprises flowing the coolant
      through each tube at a flow rate of at least 0.45 gallons per minute.
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PAL  In accordance with the invention there is provided a heat exchanger for
      transferring heat from the exhaust gases of a turbine engine to the intake
      air for the engine, the heat exchanger comprising a rotatable cylindrical
      ceramic body having axially extending passages therethrough for passage of
      the exhaust gases in one direction on one diametric half of the body and
      for passage of the intake air in the other direction on the other
      diametric half of said body, one axial end of the body thereby being at a
      higher temperature than the other axial end of the body, an annulus of
      ceramic bordering a cylindrical surface of the body and having a radially
      extending annular flange bonded to the cylindrical surface of the body at
      the low temperature axial end thereof, there being an annular gap between
      the ceramic annulus and the cylindrical surface of the body at the high
      temperature axial end thereof and an annulus of resilient sealing material
      in the annular gap.
BSUM
PAR  The subject matter of the present invention is an improved cylindrical
      rotatable ceramic heat exchanger for use in transferring heat from the hot
      exhaust gases of a gas turbine engine to the intake air for the engine.
      More specifically, the subject matter of the present invention is an
      improved structure for the rim or hub, or both, of such a heat exchanger
      in order to eliminate or minimize failure because of the differential in
      temperature, and hence the differential in thermal expansion, between the
      hot axial end of the heat exchanger and the cold axial end thereof.
PAR  For many years now it has been proposed to use gas turbine engines in
      automotive ground vehicles such as trucks, buses and even non-commercial
      passenger automobiles. One reason why such proposals are attractive is
      that gas turbine engines simplify the problem of reducing harmful exhaust
      emissions. However, gas turbine engines present a different problem with
      respect to the use thereof in ground automotive vehicles. The problem
      stems from the high heat of the exhaust emitted from the turbine. The
      high-heat exhaust creates a danger and, of equal importance, results in
      inefficiency because of the great heat loss. It has long been proposed to
      correct this problem by means of a rotating cylindrical cellular ceramic
      heat exchanger, the hot exhaust gases being caused to pass through the
      heat exchanger on one diametric side thereof and in one axial direction as
      the heat exchanger rotates, and the incoming air to the gas turbine being
      caused to pass through the heat exchanger on the other diametric side
      thereof, and in the other direction, to thereby transfer heat from the
      exhaust gases to the intake air. Hence, not only are the exhaust gases
      cooled but the heat removed therefrom is utilized to pre-heat the incoming
      air fed into the engine. Ceramic is selected as the material for such heat
      exchangers because of its high heat resistance, low thermal conductivity,
      and high heat capacity. Typical of the ceramics used are alumina ceramic,
      mullite and cordierite.
PAR  It is desirable, of course, that the cellular ceramic body present minimum
      resistance to the flow of the exhaust gases and the intake air axially
      therethrough which, in turn, dictates that the cell walls be relatively
      thin. This results in a relatively fragile structure and for this and
      other reasons it is desirable that the cylindrical cellular ceramic body
      be provided with a rim and a hub of relatively dense ceramic of relatively
      high mechanical strength. The hub or the rim, generally the latter, is
      either itself usually formed with circumferentially arranged axially
      extending gear teeth to enable a driven matching gear to cause rotation of
      the heat exchanger or, alternatively, a metal annulus with the gear teeth
      formed thereon can be suitably bonded or otherwise secured to the ceramic
      rim or hub to provide means for rotating the heat exchanger. But whatever
      the means used for causing rotation of the heat exchanger a problem arises
      by reason of the temperature differential between that axial end of the
      heat exchanger which constitutes the entrance for the hot exhaust gases
      and the exit for the incoming air and the other axial end of the heat
      exchanger which constitutes the exit for the exhaust gases and the intake
      for the incoming air. For example, the hot axial end of the heat exchanger
      might typically be at a temperature of 1400.degree.F whereas the cold
      axial end of the heat exchanger might typically be at 400.degree.F. Hence,
      the hot axial end undergoes greater thermal expansion in a radial
      direction than does the cold axial end of the heat exchanger. In short,
      the temperature differential with resultant differential in thermal
      expansion tends to cause the cellular ceramic body to assume the shape of
      a lampshade i.e. a concave frusto-conical shape. On the other hand, the
      ceramic rim and hub, because they are not directly, and to such full
      extent as the cellular body, subject to the hot gases at the one end or to
      the cool gases at the other end, tend to maintain their cylindrical shape.
      This results in significant mechanical stress putting portions of the rim
      and hub into tension, and this mechanical stress along with that on the
      cellular body itself can be sufficient to cause failure of the ceramic.
PAR  It is an object of the present invention to provide a heat exchanger of the
      type described wherein means are provided to better assure against rim or
      hub failure due to differences in thermal expansion. More specifically, it
      is an object of the present invention to provide a heat exchanger of the
      type described wherein means are provided to enable radial expansion of
      the hot axial end of the heat exchanger cellular body without thereby
      placing the rim or hub of the heat exchanger under such mechanical stress
      as would cause cracking or other failure.
PAR  Briefly, these objects are accomplished in accordance with the invention by
      a heat exchanger of the type described but wherein the rim and/or hub
      comprises a ceramic annulus having a radially extending annular flange
      bonded to the cylindrical surface of the cellular body at the low
      temperature axial end thereof, there being an annular gap between the
      ceramic annulus and the cylindrical surface of the cellular body at the
      high temperature axial end thereof and the annulus of resilient sealing
      material in the annular gap. The resiliency of the sealing material in the
      gap allows radial expansion of the cellular body at the hot end without
      thereby placing stress on the ceramic annulus or on the cellular body
      itself.
DRWD
PAR  The above and other objects, features and advantages of the invention will
      appear more clearly from the following detailed description of a preferred
      embodiment thereof made with reference to the accompanying drawings in
      which:
PAR  FIG. 1 is a perspective view with parts broken away of a preferred
      embodiment of the invention; and
PAR  FIG. 2 is a view taken on the line 2--2 of FIG. 1.
DETD
PAR  Referring now to the drawings, the heat exchanger shown comprises a
      cylindrical cellular ceramic body 2, the cells constituting axially
      extending passages 4 from one end to the other end of the body. The heat
      exchanger has a rim 6 comprising a dense ceramic annulus bordering and
      bonded to the outer cylindrical surface of the cellular body and a hub 8
      comprising a dense ceramic annulus bordering and bonded to the inner
      cylindrical surface of the cellular body. The ceramic can, for example, be
      any of those mentioned above, cordierite generally being preferred for
      both the cellular body and for the rim and hub.
PAR  In operation, the cylindrical heat exchanger is mounted to the gas turbine
      engine such that the hot exhaust gases are caused to pass through the heat
      exchanger on one diametric side thereof and in one axial direction, and
      the intake air is caused to pass through the heat exchanger in the
      opposite axial direction and on the other diametric side thereof. Means
      such as gear teeth (not shown) on the rim or hub are provided to enable
      relatively slow rotation of the heat exchanger as the exhaust gases and
      intake air pass therethrough. Hence, heat is absorbed from the hot exhaust
      gases by the heat exchanger on one diametric side thereof, and this heat
      is transferred to the incoming air on the other diametric side of the heat
      exchanger. It will be understood, of course, that a pair of conduits, each
      of generally semi-cylindrical shape, are provided on one side of the heat
      exchanger (on the left side as the heat exchanger is shown in FIG. 2), to
      conduct the hot exhaust gases to the heat exchanger on the one diametric
      side thereof (the bottom side of the heat exchanger as it is shown in FIG.
      2) and to conduct away from the heat exchanger, and to the engine, the
      heated intake air exiting from the other diametric side (the top side as
      the heat exchanger is shown in FIG. 2) of the heat exchanger. The outer
      and inner walls of the semi-cylindrical conduit for the hot exhaust gas
      are depicted at 10 and 12, respectively, and the outer and inner walls of
      the semi-cylindrical conduit for the heated intake air are depicted at 14
      and 16, respectively. The diametric wall separating the two
      semi-cylindrical conduits is depicted at 18. As is well known in the art,
      suitable seals can be provided between the ends of the conduit walls and
      the rotating heat exchanger in order to minimize the escape of the exhaust
      gas and incoming air from between the conduits and the rotating heat
      exchanger, commensurate with relatively low friction rotation of the heat
      exchanger with respect to the conduits. The structure of the seals and the
      conduits form no part of the present invention.
PAR  Referring now in particular to FIG. 2, it will be manifest that there will
      be a significant temperature differential between the two axial ends of
      the cellular ceramic body 2. That is, the left hand (as shown) axial end
      of the cellular ceramic body will be relatively hot whereas the right hand
      end (as shown) will be relatively cool. Since the ceramic composition of
      the cellular body is uniform from one axial end to the other thereof, this
      temperature differential in turn means that the hot axial end of the
      cellular body will undergo greater radial thermal expansion than will the
      cold end of the body. Absent the present invention this differential in
      thermal expansion would put portions of the rim into tension by forcing,
      or tending to force, the axial end thereof at the hot end of the heat
      exchanger to assume a larger diameter. Likewise, and though not as
      significant a problem because of the smaller diametric dimension involved,
      the difference in thermal expansion would, absent the present invention,
      likewise put portions of the hub into tension by forcing, or tending to
      force, the diameter of the hub at the hot end of the heat exchanger to
      assume a smaller diameter. Absent the present invention, it is the
      mechanical stress thus imposed on the rim and hub, and also the stress on
      the cellular body itself, which can cause failure of the ceramic, failure
      at the rim being the most acute problem.
PAR  In accordance with the present invention, the ceramic rim 4 has a radially
      inwardly extending annular flange 20 which is bonded to the cylindrical
      outer surface of the cellular body 2 at the cold end thereof by a bonding
      material 22. Calcium aluminate or ordinary glazing material such as a
      glass or the like conventionally used to bond ceramics can be used as the
      bonding material though, if desired, a relatively resilientbonding
      material such as silicone rubber can be used. By reason of the radially
      inwardly extending flange 20 the other axial end portion 24 of the annular
      ceramic rim is radially spaced from the cellular ceramic body thereby
      providing an annular gap between the hot axial end of the cellular ceramic
      body and the rim portion 24. The length of the gap, axially of the
      cellular body, should preferably be from about 25% to 50% of the axial
      thickness of the body. The thickness of the gap need only be sufficiently
      large to accommodate the amount of radial expansion of the ceramic body
      anticipated, taking into account that the gap also accommodates packing to
      seal the gap. A gap thickness of from about 1/8 to 1/4 inch is typical.
PAR  Filling the annular gap is an annulus 26 of resilient sealing material to
      prevent or inhibit the escape of exhaust gas or air through the gap.
      Suitable as the resilient sealing material for the gap are mullite fiber,
      or fibrous alumina. Alternatively, a ceramic powder pack or potting
      compound can be used, for example packed magnesium oxide powder.
PAR  It is preferred that the rim and its flange 20 be a unitary or monolithic
      body as shown; however, the flange can, if desired, be a separate ceramic
      annulus bonded to the outer portion of the rim, the important point being
      that the rim construction be such as to provide the annular gap at the hot
      axial end of the cellular body.
PAR  As alluded to above, the hub of such a heat exchanger does not present as
      serious a problem as does the rim. However, the invention can be used for
      the hub and hence, further in accordance with the invention, the hub shown
      has a radially outwardly extending annular flange 28 which is glazed or
      otherwise bonded to the inner cylindrical surface of the cellular ceramic
      body at the cold end thereof as shown at 30. The hub portion 32 adjacent
      the hot axial end is radially spaced from the inner cylindrical surface of
      the cellular body at the hot end thereby providing the annular gap which
      is filled with an annulus 34 of resilient material, as aforesaid, to
      provide a seal. Just as in the case of the rim, so also the hub can be of
      separate ceramic parts bonded together though it is preferred that it be a
      unitary annular body.
PAR  In operation, the greater radial thermal expansion of the hot end of the
      cellular ceramic body places substantially no mechanical stress on the
      rim, or on the hub, this because such radial expansion is against the
      resilient sealing material within the annular gaps, the resiliency of the
      material enabling deformation thereof such that substantially no
      mechanical force is applied to the rim or hub portions at the hot axial
      end of the heat exchanger.
PAR  It will be understood that while the invention has been described with
      reference to a preferred embodiment thereof, various changes may be made
      all within the full and intended scope of the claims which follow.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A heat exchanger for use in transferring heat from the exhaust gases of
      a turbine engine to the intake air for the engine, said heat exchanger
      comprising a rotatable cylindrical ceramic body having axially extending
      passages therethrough, an annulus of ceramic bordering a cylindrical
      surface of said body and having a radially extending annular flange bonded
      to said cylindrical surface of said body at one axial end thereof, there
      being an annular gap between said ceramic annulus and said cylindrical
      surface of said body at the other axial end of said body, and an annulus
      of resilient sealing material in said annular gap.
NUM  2.
PAR  2. A heat exchanger as set forth in claim 1 wherein said ceramic body and
      said ceramic annulus have similar coefficients of thermal expansion.
NUM  3.
PAR  3. A heat exchanger as set forth in claim 1 wherein the length of said gap
      axially of the body is from about 25% to 50% of the axial length of the
      body.
NUM  4.
PAR  4. A heat exchanger as set forth in claim 1 wherein said resilient packing
      material comprises fibrous ceramic.
NUM  5.
PAR  5. A heat exchanger as set forth in claim 1 wherein said annulus of ceramic
      is a rim for said cylindrical body.
NUM  6.
PAR  6. A heat exchanger as set forth in claim 1 wherein said annulus is a hub
      for said cylindrical body.
NUM  7.
PAR  7. A heat exchanger as set forth in claim 1 wherein there is a second said
      annulus serving as a rim for said cylindrical body.
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PAL  A seal assembly comprising a seal element mounted on an interior wall of a
      casing having a porous carbon sealing face, and urging means to urge the
      seal element into sealing engagement with an adjacent end of a rotary heat
      accumulator rotatable within the casing.
BSUM
PAR  The present invention relates to a seal assembly for a rotary regenerative
      heat exchanger having a disc-type rotary heat accumulator, and more
      particularly to a seal element for such a seal assembly.
PAR  A rotary regenerative heat exchanger generally comprises a casing and a
      disc-type rotary heat accumulator rotatable therein formed of a heat
      storing material and having passageways permitting the flow of fluid
      through the disc from end to end in a direction substantially parallel to
      the axis of rotation of the disc. The casing has two flow passageways, one
      for an initially hot fluid and another for an initially cool fluid. As the
      disc-type heat accumulator rotates, it passes alternatively from the hot
      flow passageway in which it absorbs heat from the hot fluid, to the cool
      flow passageway in which it gives up heat to the cool fluid the hot and
      cool fluids generally flow through the disc in opposite directions, and,
      are prevented from mixing with each other by seal assemblies which are
      mounted on interior walls of the casing and slidably and sealing engage
      with the ends of the disc. The seals are usually formed of a ceramic or
      heat resistive metal because they are held in sliding contact with the
      ends of the disc under high temperatures. A problem in sealing a rotary
      regenerative heat exchanger has been frequently pointed out in that the
      seals tend to wear at relatively high rates, and sealing is not stable
      over the expected life of the rotary regenerative heat exchanger.
PAR  It is accordingly an object of the present invention to provide a seal
      assembly for a rotary regenerative heat exchanger having a rotary heat
      accumulator, which has a seal element having a highly wear-resistant
      sealing face.
DRWD
PAR  This and other objects, features and advantages of the present invention
      will become more apparent from the following description taken in
      conjunction with the accompanying drawing, wherein:
PAR  FIG. 1 is a longitudinal sectional view of a rotary regenerative heat
      exchanger having a disc-type rotary heat accumulator;
PAR  FIG. 2 is an end view of the accumulator of FIG. 1;
PAR  FIG. 3 is a sectional view of an embodiment of a seal assembly according to
      the present invention; and
PAR  FIG. 4 shows a modification of the seal assembly of FIG. 3.
DETD
PAR  As illustrated in FIG. 1, a rotary regenerative heat exchanger (no numeral)
      is provided with a disc-type rotary heat accumulator 10 having a porous or
      honeycomb structure formed of a ceramic or stainless steel. The heat
      accumulator 10 is mounted for rotation about an axis X within a casing 12
      having an exhaust gas flow passageway 14 and an air flow passageway 16.
      Air and exhaust gas are passed through the heat accumulator in the
      directions of arrows A and B respectively. Exhaust gas and air entering
      the accumulator 10 are initially hot and cool respectively. The heat
      exchanger, for the purpose of preventing air and exhaust gas from being
      mixed with each other, has seal assemblies 18 and 20 arranged to slidably
      and sealingly contact both end faces of the heat accumulator 10 as shown.
      The seal 18 is fixed to an interior wall 22 of the casing 12 such that it
      slidingly contacts a cool end 26 of the heat accumulator 10, which is
      subjected to relatively low temperatures, whereas the seal 20 is fixed to
      an interior wall 24 of the casing 12 such that it slidingly contacts with
      a hot end 28 of the heat accumulator 10 which is subjected to relatively
      high temperatures. As shown in FIG. 2, the assembly 18 is not provided at
      an upper portion of the heat accumulator 10, so that a pneumatic pressure
      P is applied to the periphery of the heat accumulator 10, and thus the
      rotation of heat accumulator 10 will not be affected by pneumatic
      pressure.
PAR  Referring now to FIG. 3 there is shown an embodiment of the seal assembly
      18 shown in FIG. 2. The seal assembly 20 is identical or similar. The seal
      assembly 18 comprises a retainer 32 mounted on the interior wall 22
      adjacent to the end 26 of the accumulator 10. A seal element 30 having a
      porous carbon sealing face 30a is partially imbedded in an elastomeric
      resilient member 34, which is fixed to the retainer 32. The element 30 has
      a base with a T-shape imbedded in the member 34, and the face 30a
      protrudes from the member 34 and is urged thereby into sealing contact
      with the end 26. The member 34 thus acts as an urging means, and may be
      formed of silicon rubber or a similar impact absorbing material.
PAR  Referring next to FIG. 4, the seal assembly 18 again utilizes the T-shaped
      seal element 30. However, the seal assembly 18 of FIG. 4 is different from
      that of FIG. 3 in that the retainer 32 has a channel 36. Also in FIG. 4,
      the urging means or resilient member 34 is a spring disposed in the
      channel 36 to urge the element 30 against the end 26.
PAR  The following Table is a result of a wear test of seal elements 30.
TBL  Sealing                                                                   
            Test    Sliding  Surface                                           
                                    Wear    Heat ac-                           
     face   temp-   velocity pressure                                          
                                    rate    cumulator                          
     material                                                                  
            era-    (m/s)    (kg/cm.sup.2)                                     
                                    (mm/100 material                           
            ture                    hr)                                        
            (.degree.C)                                                        
     ______________________________________                                    
     Carbon 300     0.5      0.4    0.10     Ceramic                           
     Carbon 300     0.5      0.7    0.05    Stainless                          
                                            steel                              
     ______________________________________                                    
PAR  It will now be appreciated that since a seal assembly according to the
      present invention has a sealing face formed of porous carbon, the carbon
      functions as a solid lubricant which improves the wear-resistance of the
      seal. Moreover, even if the sealing face wears, the wear can be
      compensated for by the elasticity of the resilient member 34 thereby
      maintaining sealing efficiency for a prolonged period of time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary regenerative heat exchanger having disc-type rotary heat
      accumulator mounted for rotation within a casing having an interior wall
      adjacent to and spaced from one end of the disc-type rotary heat
      accumulator, a seal assembly comprising:
PA1  a L-shaped retainer mounted securely to the interior wall of said casing;
PA1  an elastomeric resilient member fixed to said L-shaped retainer; and
PA1  a seal element having a carbon sealing face adjacent to the one end of said
      disc-type rotary heat accumulator and a base with a T-shape embedded in
      said elastomeric resilient member, said elastomeric resilient member being
      so constructed and arranged as to maintain said sealing face in sealing
      engagement with the end of said disc-type rotary heat accumulator.
NUM  2.
PAR  2. A seal assembly as claimed in claim 1, in which said elastomeric
      resilient member is made of a silicon rubber.
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ABST
PAL  Rotary disc regenerator, and regenerative air-cooled gas turbine engines
      embodying the same, characterized by non-rubbing seals which are effective
      to minimize air-to-exhaust leakage and make it possible to employ a sheet
      metal matrix as the heat exchange means of the regenerator.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No.
      300,774, filed Oct. 25, 1972, now Pat. No. 3,818,696, granted June 25,
      1974.
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been recognized that the inherent advantages of the turbine
      engine, particularly its inherent clean burning characteristics and its
      high power-to-volume ratio, make the tubine engine a desirable alternative
      to the reciprocating piston engine for many applications. However, the
      reciprocating piston engine having been more or less universally adopted,
      the automotive and other industries have very large investments in engine
      production facilities, and the design of automobiles and other products is
      predicated on the reciprocating piston engine, so that commercial interest
      in turbine engines has been inhibited. Recent anti-pollution requirements
      have increased the interest in all alternatives to the reciprocating
      piston engine, and new advances in turbine engines have been made. To
      date, however, no turbine engine has been devised which is truly
      satisfactory for automotive and like applications.
PAR  Failure of prior-art workers to provide such an engine has resulted from a
      number of difficulties. One problem has been that no regenerator structure
      has heretofore been available which would be economically feasible for low
      cost applications such, for example, as automotive applications.
      Particular difficulty has been encountered in attempting to provide
      effective yet economical means for sealing the regenerator against escape
      of the high pressure cool air to the exhaust. Another related problem has
      been that the seals and related structures proposed for rotary disc
      regenerators have been of such nature that it has not been practical to
      employ a relatively inexpensive sheet metal matrix as the heat exchanger
      for the regenerator.
PAC  OBJECTS OF THE INVENTION
PAR  A general object of the invention is to devise a rotary disc regenerator
      which is suitable for relatively low cost, higher efficiency regenerative
      gas turbine engines.
PAR  Another object is to provide such a regenerator having markedly improved
      seals which are effective to minimize air-to-exhaust leakage and which are
      useful even with inexpensive sheet metal heat exchange matrices.
PAR  A further object is to provide an improved heat exchanger configuration in
      regenerative gas turbine engines, characterized by improved regenerator
      effectiveness and greater economy of construction.
PAR  Yet another object is to provide, in a gas turbine engine, an improved
      mounting arrangement for disc regenerators.
PAR  A still further object is to provide an efficient, low cost rotary disc
      type regenerator which can be mounted to be concentric with the turbine
      axis in a gas turbine engine.
PAR  Another object is to devise, in such a regenerator, improved and easily
      manufactured flow means for confining the high pressure air supplied to
      the regenerator.
PAC  SUMMARY OF THE INVENTION
PAR  Regenerators according to the invention embody a rotary disc comprising a
      heat exchange matrix which has normally flat major faces lying in planes
      transverse to the axis of rotation of the disc, the matrix being of any
      type constructed to accommodate gas flow therethrough from major face to
      major face in directions parallel to the axis of rotation but
      advantageously being in the form of a closed spiral made by winding two
      thin metal sheets, one of which is corrugated and the other of which is
      uncorrugated, in such fashion that the convolutions of the spiral are in
      contact with each other and the uncorrugated sheet lies in line contact
      with the peaks of the corrugations of the corrugated sheet. Save at its
      inner and outer peripheries, the matrix itself has no means for laterally
      confining the gas flow or for maintaining cool high pressure air separate
      from the hot exhaust gases. These objectives are accomplished by
      stationary seal devices each of which is disposed adjacent one major fact
      of the matrix and constructed to enclose a gas flow space, the seal
      devices comprising bimetal means extending at least generally along a
      diameter of the disc in close proximity to but out of contact with the
      adjacent matrix face, the bimetal means being operative to warp the seal
      device in conformity to the adjacent face of the matrix as the matrix
      warps in response to temperature changes, the effect of the bimetal means
      thus being to preserve the close proximity of the seal device to the
      matrix while avoiding rubbing contact between the seal device and the
      matrix. Typically, there are four seal devices arranged in pairs opposed
      across the heat exchange matrix, so that each opposed pair of seal devices
      defines, in effect, an air flow confining passage through the matrix, the
      area of the matrix not covered by those passages being employed for
      passage of engine exhaust gases in the opposite direction from the air
      flow. Advantageously, each seal device comprises two bimetal bars each
      extending along a different diameter of the disc, the inner ends of the
      bars being secured to a stationary member located at the center or hub of
      the disc, the outer ends of the bars each carrying a roller engaged with
      the disc to stabilize the position of the seal device relative to the
      matrix face. The two bars are outwardly divergent, and the seal device
      includes a tubular bellows having one end fixed to a rigid support spaced
      from the matrix and the other end fixed to a structure including the two
      bimetal bars, the bellows communicating with an air inlet opening in the
      rigid support and being effective to conduct air to the space between the
      two bimetal bars and thus to the fact of the heat exchange matrix.
DRWD
PAR  In order that the manner in which the foregoing and other objects are
      achieved according to the invention can be understood in detail, one
      particularly advantageous embodiment thereof will be disclosed with
      reference to the accompanying drawings, which form a part of the original
      disclosure hereof, and wherein:
PAR  FIG. 1 is a view, partially in longitudinal section and partially in side
      elevation, of a turbine engine according to one embodiment of the
      invention;
PAR  FIG. 2 is an end elevational view taken at the cold end of the engine of
      FIG. 1;
PAR  FIG. 3 is an end elevational view taken at the opposite end of the engine,
      with the gear box removed and parts broken away for clarity;
PAR  FIG. 4 is a fragmentary longitudinal sectional view of that portion of the
      engine of FIG. 1 extending from the right-hand (as viewed in FIG. 1) end
      of the engine through the compressor rotor;
PAR  FIG. 5 is a longitudinal sectional view of that portion of the engine
      extending from the compressor rotor through the power turbine;
PAR  FIG. 6 is a fragmentary longitudinal sectional view of the remaining
      portion of the engine;
PAR  FIG. 7 is a view similar to FIG. 6 but taken on line 7--7, FIG. 3;
PAR  FIG. 8 is an enlarged fragmentary longitudinal sectional view illustrating
      the structure via which fuel is supplied to the engine;
PAR  FIG. 9 is a fragmentary transverse cross-sectional view taken generally on
      line 9--9, FIG. 5;
PAR  FIG. 10 is a fragmentary elevational view, with parts removed and broken
      away for clarity, showing a portion of the back shroud of the compressor;
PAR  FIGS. 11-15 are fragmentary sectional views taken generally on lines
      11--11, 12--12, 13--13, 14--14, and 15--15, respectively, FIG. 5;
PAR  FIG. 16 is a perspective view of the fuel slinger of the engine of FIG. 1;
PAR  FIG. 17 is an enlarged view, mainly in longitudinal section, of a portion
      of the structure shown in FIG. 5;
PAR  FIG. 18 is a fragmentary longitudinal sectional view taken at the location
      of one of the cooled nozzle vanes of the drive turbine of the engine;
PAR  FIG. 19 is an end elevational view, with parts broken away for clarity, of
      the nozzle vane of FIG. 18;
PAR  FIG. 20 is a sectional view taken generally on line 20--20, FIG. 18;
PAR  FIG. 21 is a fragmentary end elevational view of the rotor of the drive
      turbine, with parts broken away for clarity;
PAR  FIG. 22 is a fragmentary longitudinal sectional view of the drive turbine
      rotor;
PAR  FIG. 23 is a transverse sectional view of one of the rotor blades of the
      drive turbine;
PAR  FIG. 24 is a perspective view of the leading edge portion of one of the
      drive turbine rotor blades, with parts broken away for clarity;
PAR  FIG. 25 is a transverse sectional view taken generally on line 25--25, FIG.
      6;
PAR  FIGS. 26 and 27 are fragmentary sectional views taken generally on lines
      26--26 and 27--27, FIG. 3, respectively; and
PAR  FIG. 28 is a fragmentary transverse sectional view of a portion of the heat
      exchanger matrix.
DETD
PAC  DETAILED DESCRIPTION
PAC  Overall Combination
PAR  Referring to FIG. 1, the engine disclosed comprises a centrifugal
      compressor 1, an at least generally radial flow combustor 2, an air-cooled
      radial inflow drive turbine 3, a free power turbine 4, and a rotary heat
      exchanger 5, all of the components just recited being concentric with the
      longitudinal axis of the engine, compressor 1 being located at one end of
      the engine, heat exchanger 5 being located at the other end, and the
      combustor 2 surrounding the space between compressor 1 and drive turbine
      3. The rotor 6 of turbine 3 is connected to rotor 7 of compressor 1 by a
      tubular shaft 8. The rotor 11 of power turbine 4 is secured to a shaft 12
      which is coaxial with shaft 8 and projects through the center of heat
      exchanger 5. Shaft 12 is the output power shaft, being connected to the
      input of a reduction gear box 13. Compressor 1 is a radial outflow
      centrifugal compressor operated at a pressure ratio of, e.g., 6:11-8:1,
      and the air discharged therefrom is conducted to heat exchanger 5 via a
      tubular flow passage 14 defined by tubular outer casing 15 and a tubular
      wall, indicated generally at 16, spaced inwardly from casing 15 and
      comprising members 17-19.
PAR  Outboard of heat exchanger 5 is a circular flat plate 20 having
      circumferentially spaced outwardly projecting ears 21 secured rigidly to
      like ears 22 on the end of wall member 16, as by screws 23. At the other
      side of the heat exchanger, a circular flat plate 24 has circumferentially
      spaced outwardly projecting ears 25 disposed between and rigidly secured
      to like ears 26 on wall member 17 and 18. Plate 20 has two diametrically
      spaced air inlet openings 27 and 28. Plate 24 has two diametrically spaced
      air outlet openings 29 and 30 axially aligned with openings 27, 28,
      respectively. In locations angularly spaced 90.degree. from the locations
      of air inlet openings 27 and 28, plate 20 has two diametrically spaced
      exhaust gas outlet openings 31 and 32. Similarly, plate 24 has two
      diametrically spaced exhaust gas inlet openings 33 and 34 axially aligned
      with openings 31 and 32, respectively.
PAR  A tubular wall, indicated generally at 35, and forming an integral part of
      a casting 9, is spaced inwardly from wall member 18 and cooperates
      therewith to define a tubular passage portion 36 communicating between air
      outlet openings 29, 30 of the heat exchanger, on the one hand, and the
      space within wall 19, on the other hand, the latter space being occupied
      by combustor 2.
PAR  Combustor 2 includes an outer wall member 37 and an inner wall member 38
      which cooperate to define the combustion chamber and are of such shape as
      to define a circular gas discharge opening 39 which is disposed to
      discharge the combustion gases directly into the nozzle blade passage 40
      of drive turbine 3, i.e., the space between an outer extension of back
      shroud member 41 of drive turbine 3 and an outer extension of outer shroud
      member 42 of the drive turbine. Drive turbine 3 is a radial inflow, cooled
      turbine which discharges into a flow passage 43 of S-shaped radial cross
      section defined by an annular member 44, which projects inwardly from wall
      member 35, and a member 45. The outer portion of passage 43 opens axially
      into the power turbine nozzle vane passage 46 defined by members 35 and
      45.
PAR  Power turbine 4 is of the axial type and discharges into an annular flow
      diffusing passage 47, defined by members 35 and 35a and a cup-shaped inner
      shell 48. Communicating with passage portion 36, the air outlet openings
      29, 30 are located outside of wall 35. Exhaust gas inlet openings 27 and
      28 on the other hand, are located in the portion of plate 24 which extends
      inwardly of wall 35 and therefore communicate with the generally tubular
      passage 47. Accordingly, the exhaust gases discharged by power turbine 4
      are supplied to heat exchanger 5 via passage 47 and openings 27, 28.
      Passing through the heat exchanger as later described, the exhaust gases
      are conducted by tubes 49, 50 to the exhaust system 51 and thence to a
      point of discharge.
PAR  Heat exchanger 5 includes a rotary heat exchange disc, indicated generally
      at 52, driven by an electric motor 53. Heat exchange disc 52 is located
      between plates 20 and 24. A tubular support member 54 extends through
      central openings in plates 20, 24 and, as later described, is secured
      rigidly to plate 20. Power turbine shaft 12 extends freely through member
      54, projecting axially therebeyond, and is supported on member 54 by
      anti-friction bearings 55 and 56. Heat exchange disc 52 is rotatably
      supported on member 54 by a carbon bearing 57.
PAC  STRUCTURE AT COMPRESSOR END OF THE ENGINE
PAR  At the compressor, or cold, end of the engine, the structure includes an
      end member 60, a member 61 which serves both as a support member and an
      air inflow shroud member, and the outer shroud member 62 of compressor 1.
      Member 60 includes a flat circular end wall 63, a short cylindrical outer
      wall 64, and an outwardly projecting transverse annular mounting flange
      65. Member 61 is an integral casting and comprises a flat annular
      intermediate portion 66, a flat transverse annular outer portion 67 which
      is offset from portion 66 toward member 60 and has the same outer diameter
      as flange 65, a plurality of spacer portions 68 which extend from portion
      67 in a direction which, in the completed structure, is longitudinal of
      the engine and toward the heat exchanger 5, and a hub portion indicated
      generally at 69. Hub portion 69 includes an annular portion 70 joined to
      the inner periphery of intermediate portion 66 and curving smoothly to
      terminate in a right cylindrical nose portion 71 which is concentric with
      the axis of shaft 8 and projects toward compressor 1. Nose portion 71 is
      tubular and the bore therethrough opens into a larger diameter right
      cylindrical recess 72 at the opposite side of the hub portion 69. At its
      side opposite compressor 1, intermediate portion 66 is provided with two
      integrally formed tubular outwardly projecting bearing supports 73, one of
      which is seen at 73, FIG. 4. the two being angularly spaced by 45.degree.
      about the axis of the engine.
PAR  Outer shroud member 62 of compressor 1 is an integral casting comprising a
      flat transverse annular portion 75, a cylindrical tubular inner portion 76
      having an inner diameter substantially greater than the outer diameter of
      nose portion 72 of member 61 and which extends axially from portion 75
      toward member 61, a second flat transverse annular portion 77 which
      extends outwardly from the end of portion 76, and an outer tubular portion
      79 which extends from portion 75 toward heat exchanger 5. Portion 79 has a
      right cylindrical outer surface directly embraced by the corresponding end
      portion 80 of outer casing 15. Portion 75 projects outwardly beyond the
      outer surface of tubular portion 79 so that there is an exposed peripheral
      flange portion 78 of a diameter such that the corresponding ends of
      spacers 68 engage flange 78. A sleeve 81 embraces flange 78 and the
      adjacent part of tubular portion 79, the end of sleeve 81 being welded to
      the end of portion 80 of casing 15. Member 61 is secured rigidly to shroud
      member 62 by a plurality of screws 82 which extend through sleeve 81 and
      flange 78 and are each engaged in a threaded bore in the end of a
      different one of spacers 68.
PAR  Member 60 is similarly secured to member 61 by screws 83 each extending
      through flange 65 into a threaded bore in outer portion 67 of member 61.
PAR  Rotor 7 of compressor 1 embraces a tubular bolt shaft 85, later described,
      and is concentric with the longitudinal axis of the engine, defined by the
      bolt shaft. The rotor includes a hub 86 and blades 87 and occupies an
      axial position on bolt shaft 85 such that the curved outer edges of blades
      87 extend along lines closely adjacent to the adjacent inner surface of
      shroud member 62. Back shroud member 88 of compressor 1 comprises a
      generally flat transverse annular portion 89, an inner hub 90 which also
      acts as a bearing support, and an outer tubular portion 91. Portion 75 of
      shroud member 62 and portion 89 of shroud member 88 are spaced apart
      axially of the engine and are mutually parallel, defining an outwardly
      directed radial flow channel leading to the space between concentric
      shroud portions 79 and 91. A plurality of channel diffusers 92 are engaged
      between shroud portions 75 and 89. The combination of shroud portions 75
      and 89 and diffusers 92 is rigidly clamped by a plurality of axially
      extending bolts 93 which also serve to secure the inwardly projecting
      annular end portion 94 of wall member 19 and the outer peripheral portion
      95 of a sheet metal air flow confining wall member 96, later described.
      Spaced concentrically inwardly from tubular portion 79 of shroud member
      62, the outer tubular portion 91 of shroud member 88 carries a plurality
      of axial diffuser vanes 98 which are thus supported in the compressor
      discharge annulus defined by shroud portions 75 and 88. Thus,
      directionally controlled by vanes 98, the air from compressor 1 is
      discharged directly into the outer flow passage 14.
PAR  Portion 77 of shroud member 62 and portion 66 of member 61 are mutually
      parallel and spaced apart axially, a plurality of adjustable guide vanes
      99 being disposed between portions 77 and 66 and secured, e.g., by dowel
      bolts 100. With the outer diameter of nose portion 72 of member 16 equal
      to the outer diameter of the adjacent end of hub 86 of compressor rotor 7,
      member 61 cooperates with portions 77 and 76 of shroud member 62 to define
      the inlet air flow channel for compressor 1. That channel opens outwardly
      directly into the space between portion 67 of member 61 and portion 75 of
      shroud member 62. Two annular support plates 101 are provided, each
      secured rigidly to and extending outwardly from a different one of flange
      65 and shroud portion 78. A plurality of conventional swirl tube type
      dynamic air cleaner assemblies 102 are arranged between plates 101 in an
      annular series and are secured to plates 101, each air cleaner 102 being
      centered between a different pair of the spacers 68. Air cleaners 102 are
      so constructed and arranged as to pass air from the space surrounding the
      series of air cleaners inwardly into the space between portions 67 and 75
      and, therefore, to the inlet air flow channel for compressor 1.
      Particulate matter removed from the air by cleaners 102 is delivered to a
      dust manifold (not shown) under reduced pressure induced, e.g., from
      engine exhaust gas flow.
PAR  An oil tank 105 of semi-annular configuration is secured to member 60. The
      two bearing supports 73 of member 61 are axially aligned respectively with
      complementary bearing supports 106 on wall 63 of member 60. Each support
      73, 106 accommodates an antifriction bearing 108. The bearings
      accommodated by the two pairs of supports 73, 106, respectively support
      the shafts of a conventional electric starter motor-generator 110 and an
      oil pump and fuel pump unit indicated generally at 107, FIGS. 2 and 4. The
      drive means for both the starter motor-generator and the pump unit being
      identical, only the drive for the pump unit, seen in FIG. 4, will be
      described. The hub of a gear 115 is journalled in the aligned bearings 108
      and fixed to the drive shaft 112 of the pump unit. Gear 115, and the
      similar gear (not shown) for the motor-generator, are meshed with pinion
      124, later described. Shaft 112 drives conventional oil pump 113,
      conventional fuel pump 114, and a conventional pneumatic-mechanical fuel
      control device 114a.
PAC  SHAFT ASSEMBLY AND FUEL FEED
PAR  The combination of drive turbine rotor 6, tubular shaft 8, and compressor
      rotor 7 is secured together axially by bolt shaft 85. Shaft 8 is provided
      with splines 117, 118 at its respective ends, splines 117 being mated with
      face splines 119 on the adjacent end of rotor 6 and splines 118 being
      mated with face splines 120 on the adjacent end of rotor 7 so that the
      combination of rotors 6 and 7 and shaft 8 rotates as if integral.
      Compressor rotor 7 includes a tubular extension 121 of such length as to
      extend through and project beyond hub portion 69 of member 61. Supported
      in recess 72 of hub portion 69 are a roller bearing 122 and a seal 123
      both of which engage the cylindrical outer surface of extension 122.
      Immediately beyond hub portion 69, the extension has secured thereto a
      pinion 124 which is meshed with gear 115.
PAR  Bolt shaft 85 extends for a short distance beyond the tip of extension 121
      and the head 125 of the shaft is outwardly enlarged. Embracing bolt shaft
      85 between pinion 124 and head 125 is the rotor 126 of a conventional
      permanent magnet type generator employed to generate a control signal
      dependent upon engine speed and also useful, if desired, as the primary
      generator. Rotor 126 coacts with a stator or field winding 127 carried
      partly by a cylindrical extension 128 which is integral with hub portion
      69 of member 61 and partly by the wall of a central opening in wall 63 of
      member 60.
PAR  At its opposite end, bolt shaft 85 is threaded and carries a nut 129
      engaged with the tip of a tubular extension 130 on drive turbine rotor 6.
      Accordingly, nut 129 cooperates with head 125 to apply an axial clamping
      force to the combination of members 6, 8 and 7.
PAR  On its outer side, wall 63 is provided with a short cylindrical hub, the
      inner end of which defines the central opening of the wall and an outer
      portion of which is of larger diameter to accommodate the outer flange 131
      of a cup-shaped cover member 132 secured rigidly to member 60, as by
      screws 133. At its inner face, the end wall of member 132 has outer and
      inner cylindrical tubular projections 134 and 135, respectively, which are
      mutually concentric and concentric with the axis of bolt shaft 85. A
      start/idle fuel supply conduit 136 communicates with the annulus between
      projections 134, 135 and a run fuel supply conduit 137 communicates with
      the space within projection 135. An outer annular resilient metal bellows
      138 has one of its ends secured in fluid-tight relation, as by brazing or
      gluing, to the tip of projection 134. An inner bellows 139 is similarly
      secured to the tip of projection 135. The remaining ends of bellows 138,
      139 are secured to a carbon ring 140, FIG. 8, which bears in rubbing seal
      fashion against a hardened steel ring 141 fixed to the head of bolt shaft
      85. The mating faces of rings 140 and 141 have opposed manifold grooves
      142 and 143, respectively. Ring 140 has a plurality of through bores 144
      opening into groove 142. Similarly, ring 141 has a plurality of through
      bores 145 opening into groove 143.
PAR  As shown in FIG. 9, bolt shaft 85 comprises a main tubular shaft member
      146, which has a plurality of axially extending inner grooves 147, and a
      relatively thin-walled filler tube 148 which extends throughout the
      lengths of grooves 147 and covers the same. At head 125, the inner wall of
      shaft member 146 tapers sharply outwardly to embrace ring 141, and tube
      148 projects through the central opening of ring 141 and is sealed in
      fluid-tight fashion thereto. There is thus an annular space 149, FIG. 8,
      into which the bores 145 of ring 141 and the grooves 147 of member 146
      open. Accordingly, start/idle fuel supplied by conduit 136 flows into the
      grooves 147, and run fuel supplied by conduit 137 flows into the interior
      of tube 148.
PAR  Supply of start/idle fuel via conduit 136 is controlled by an on-off valve
      (not shown) forming part of fuel control device 114a, the on-off valve
      being conventionally operated to supply start/idle fuel when the shaft
      assembly attains, e.g., about 15% of full rotational speed. Run fuel
      supplied via conduit 137 is controlled by conventional modulating and
      limiting control valves (not shown) in response to signals from generator
      126, 127.
PAC  COMBUSTOR
PAR  Shaft 8 is so located on bolt shaft 85 that, in the completed assembly,
      shaft 8 is axially centered with respect to the inner peripheral portions
      of combustor walls 37 and 38. Secured to the central portion of shaft 8,
      so as to rotate therewith, is a fuel slinger indicated generally at 155,
      FIGS. 16 and 17. Fuel slinger 155 is an integral metal body having a
      central through bore which directly embraces shaft 8. The slinger body
      includes an inner hub portion 156 each face of which is equipped with a
      right cylindrical tubular axially projecting flange 157, a right
      cylindrical, tubular, axially projecting seal flange 158 concentric with
      the through bore and projecting axially therefrom in a location spaced a
      significant distance outwardly from flanges 157, and an outer peripheral
      disc portion 159 which is relatively thin as compared to the axial
      thickness of hub portion 156 and is of such diameter as to extend
      outwardly between the inner peripheral portions of combustor walls 37, 38.
      At its outer periphery, disc portion 159 has oppositely projecting tubular
      flanges 152 which are concentric with the shaft assembly. Since disc
      portion 159 is relatively thin and is axially centered on hub portion 156,
      hub portion 156 has right cylindrical outer peripheral surfaces 160 each
      on a different side of disc portion 158. A plurality of radial bores 161,
      FIGS. 8 and 17, extend completely through disc portion 159 and hub portion
      156. Each bore 161 communicates with a different one of a like number of
      axial grooves 162 in the wall of the central through bore of the slinger
      body. Hub portion 156 is also provided with a plurality of pairs of
      outwardly diverging bores 163, each bore 163 of each pair opening
      outwardly through a different one of the outer surfaces 160 of the hub
      portion. At their inner ends, bores 163 of each pair join and register
      with one of a plurality of radial bores 164, FIG. 17, in shaft 8. Bores
      164 open inwardly into an annular space 165 defined by a reduced diameter
      portion of bolt shaft member 146, that member in turn being provided with
      a plurality of radial bores 166 which are registered with like openings
      167 in tube 148 and therefore communicate between the interior of tube 148
      and space 165. As shown in FIG. 8, there are typically four bores 166 and
      eight bores 163, the bores 166 therefore being of larger diameter than are
      bores 164, and space 165 affording free communication between bores 166
      and bores 163. Bores 166 are each located between a different adjacent
      pair of axial grooves 147. In a location to the left of the slinger (as
      viewed in FIG. 5), a plug 168 closes the interior of tube 148 against
      fluid flow.
PAR  Hub and bearing support portion 90 of compressor shroud member 88 projects
      axially toward fuel slinger 155 and is concentric with the spaced
      outwardly from shaft 8. Portion 90 has an inner wall portion of larger
      diameter at 170 to accommodate a seal face ring and bearing retainer 171.
      The adjacent inner wall portion 172 is of smaller diameter to accommodate
      a bronze damper bearing 173 of plain cylindrical tubular form. The inner
      wall of portion 90 is completed by a portion 174 of still smaller
      diameter, that portion surrounding and being spaced only slightly
      outwardly from shaft 8. Wall portions 172 and 174 are joined by a
      transverse annular shoulder 175 which faces toward retaining ring 171.
      Each annular end face of bearing 173 is grooved to accommodate a high
      temperature silicone O-ring 176, one engaging ring 171 and the other
      engaging shoulder 175. Portion 90 has an inner annular recess 177 which is
      concentric with shaft 8 and opens toward the slinger to freely accommodate
      the corresponding tubular flange 157 of the slinger. Outwardly of recess
      177, portion 90 is completed by a tubular element 90a, secured by threads
      at its end opposite the slinger. Portions 90 and 90a cooperate to define
      an annular recess 178, coaxial with shaft 8 and opening toward the
      slinger, to freely accommodate the corresponding seal flange 158 of the
      slinger. The inner and outer walls of recess 178 are right cylindrical and
      spaced slightly from the inner and outer surfaces, respectively, of flange
      158. Outwardly of recess 178, portion 90 has an annular end face which is
      provided with a circular groove 179 concentric with shaft 8 and opening
      toward the corresponding face of slinger portion 156.
PAR  Back shroud 41 of compressor drive turbine 3 comprises a hub and bearing
      support portion 180 which is complementary to portion 90 of compressor
      shroud 88. Thus, shroud portion 180 includes larger diameter inner wall
      portion 181, to accommodate seal face ring and bearing retainer 182, an
      adjacent inner wall portion 183 of smaller diameter, to accommodate a
      bronze damper bearing 184, and an inner wall portion 185, of still smaller
      diameter, spaced slightly outwardly from shaft 8. Wall portions 183 and
      185 are joined by a transverse annular shoulder 186. Bearing 184 is
      disposed between retainer 182 and shoulder 186, the end faces of the
      bearing being suitably grooved to accommodate high temperature silicone
      O-rings 187. Portion 180 has an inner annular recess 188 which is
      complementary to recess 177 and accommodates the corresponding tubular
      flange 157. Outwardly of recess 188, portion 180 is completed by a tubular
      element 180a secured by threads at its end opposite the slinger. Portions
      180 and 180a cooperate to define an annular recess 189 which is
      complementary to recess 178 and accommodates the corresponding seal flange
      158.
PAR  The axial position of hub and bearing support portion 90 of compressor
      shroud member 88 is fixed by the annular series of bolts 93. Similarly,
      with transverse annular portion 191 of drive turbine shroud member 41
      secured rigidly by an annular series of bolts 192 to shroud member 42, and
      that member being secured to the integral casting 9, which includes wall
      18 and is later described, the axial position of hub and bearing support
      portion 180 of shroud member 41 is fixed. The fuel slinger hub is fixed on
      shaft 8 and the axial position of shaft 8 in the overall assembly is
      fixed. Accordingly, the slinger is centered between shroud portions 90 and
      180, sith only small clearances between the opposing transverse surfaces
      of the fuel slinger, on the one hand, and shroud portions 90 and 180, on
      the other hand.
PAR  At each side of the fuel slinger hub, shaft 8 has elongated portions
      embraced respectively by the bearings 173 and 184. The outer surfaces of
      these portions of shaft 8 are provided with helical pumping grooves 196
      and 197, respectively, FIG. 17. Groove 196 opens into a transverse annular
      groove 198, at the end remote from slinger 155, and into a transverse
      annular groove 199 at slinger 155, groove 199 communicating directly with
      all of the axial grooves 162 in the slinger hub. Groove 197 similarly
      opens into transverse annular grooves 200 and 201, the latter groove also
      communicating with all of the grooves 162. Shaft 8 and bolt shaft member
      146 are provided with a plurality of sets of aligned radial bores 202,
      203, respectively, each set communicating between a different one of bolt
      shaft grooves 147 and grooves 198. At the other end of shaft 8, that shaft
      and shaft member 146 are provided with a plurality of sets of radial bores
      204, 205, respectively, each such set communicating between a different
      one of grooves 147 and groove 200. Accordingly, whenever start/idle fuel
      is supplied via conduit 136, FIG. 8, that fuel is supplied to both grooves
      198 and 200. The combination of bearing 173 and ring 171 embraces the
      portion of shaft 8 which includes grooves 196, 198 and 199 and effectively
      covers those grooves. Similarly, the combination of bearing 184 and ring
      182 embraces the portion of shaft 8 which includes grooves 197, 200 and
      201 and effectively covers those grooves. The helical grooves 196 and 197
      are oriented to move the fuel from grooves 198 and 200 inwardly to grooves
      199 and 201, as the shaft assembly rotates during operation of the engine,
      and the fuel so moved is supplied via grooves 162 to the radial bores 161
      of slinger 155. Rotation of the slinger causes the fuel to be projected
      outwardly into the combustion chamber as later described. Simultaneously,
      any fuel supplied to slinger bores 163 is also projected outwardly.
PAR  At the end of shaft 8 adjacent drive turbine 3, a labyrinth gas seal 206
      embraces shaft 8 and has its fins positioned to cooperate with ring 182.
      Shroud portion 180 has a shallow annular recess which accommodates a
      radially elongated web 207 which forms an integral part of seal 206 and
      has a peripheral lip 208 which engages the outer peripheral portion of
      drive turbine bine rotor 6, for a purpose later described. Just outwardly
      of wall portion 181, shroud portion 180 is provided with a plurality of
      bores 209 which, as later described, supply air to the space between web
      207 and shroud portion 180. At the opposite end of shaft 8, a labyrinth
      air seal 210 is provided between the shaft and ring 171.
PAR  The outer surfaces of seal flanges 158 of the fuel slinger are each
      provided with a helical pumping groove 211, and each groove 211 opens into
      a transverse annular groove 212 at the outer end of the seal flange. The
      adjacent outer walls of the recesses 178 and 189 cover the respective
      grooves 211, 212. Grooves 211 are oriented to cause any fluid therein to
      flow away from the fuel slinger 155 when the slinger rotates with the
      shaft assembly during operation of the engine. Accordingly, the seal
      flanges 158, cooperating with the walls of recesses 178 and 189, serve to
      oppose and effectively block the flow toward the combustion chamber of any
      fuel escaping outwardly between the transverse faces of the fuel slinger
      and shroud portions 180 and 90. Any fuel actually so escaping is diverted
      by flanges 152 into the path of the air-fuel mixture discharged from
      preliminary mixing chambers 247 and 273, later described.
PAR  Combustor wal member 37 includes an outer peripheral portion 215 which is
      tubular and concentric with the shaft assembly. Combustor wall member 38
      has a tubular outer peripheral portion 216 which is spaced inwardly from
      portion 215 and concentric with the shaft assembly. Portions 215 and 216
      are secured respectively to outer peripheral portion 217 of drive turbine
      shroud member 42 and outer peripheral portion 218 of shroud member 41 by
      an annular series of hollow screws 219. Portion 215 is formed with axially
      extending corrugations 220, FIG. 15, so as to cooperate with the inner
      face of shroud portion 217 to form openings via which air can flow from
      the passage portion between walls 37 and 19 into the annular combustor
      outlet space between combustor wall portions 215 and 216, thus
      film-cooling these walls. A spacer sleeve 221 surrounds each screw 219 and
      has its ends engaged respectively with combustor wall portions 215 and 216
      to firmly position the same. Portion 216 has axially extending
      corrugations 222, FIG. 15, so as to cooperate with the outer face of
      shroud portion 218 to form openings via which air can flow from the space
      surrounded by wall portion 216 into the combustor outlet space.
PAR  Wall member 37 comprises an outer member 223, an intermediate member 224,
      and an inner member 225. From peripheral portion 215, outer member 223
      extends in tubular fashion toward compressor 1 and then curves inwardly to
      extend in a flat plane transverse to the shaft assembly. The inner
      peripheral portion of outer member 223 is deformed in flat hill-and-dale
      fashion, as shown in FIG. 11, to present a plurality of flat crest
      portions 226 which are spaced from the body of member 223 toward the
      interior of the combustor, portions 226 being secured, as by welding, to
      the flat outer peripheral portion of intermediate member 224. Accordingly,
      the inner peripheral portion of member 223 and the outer peripheral
      portion of member 224 cooperate to define an annular series of openings
      227 which are in the nature of conduits, in the sense of having adequate
      length to direct fluid flow, and which communicate between the space
      between wall member 37 and compressor shroud member 88, on the one hand,
      and the interior of the combustor, on the other hand. Intermediate member
      224 is flat and lies in a plane transverse to the shaft assembly,
      extending inwardly well beyond the outer periphery of member 225. At its
      outer periphery, member 225 is deformed in flat hill-and-dale fashion to
      present a plurality of flat crest portions 228 which are spaced from the
      plane of member 225 toward member 224. Portions 228 are secured, as by
      welding, to the adjacent portion of member 224, so that the outer
      peripheral portion of member 225 and the adjacent portion of member 224
      cooperate to define an annular series of openings 229 in the nature of
      conduits and communicating between the space between members 224 and 225,
      on the one hand, and the interior of the combustor, on the other hand.
PAR  Member 225 includes a frusto-conical intermediate portion 230 which tapers
      inwardly toward shaft 8 and away from shroud member 88, and is completed
      by a flat inner peripheral portion 231 which lies in a plane transverse to
      the shaft assembly, and a tubular portion 231a, which is concentric with
      the shaft assembly and projects from portion 231 toward member 88. As best
      seen in FIG. 13, intermediate portion 230 is pierced and bent to provide a
      plurality of rectangular openings 232 and associated air flow directing
      fins 233, the latter being on the side of portion 230 facing the interior
      of the combustor.
PAR  Commencing along a circular line outside of the ring of bolts 93, the face
      of inner compressor shroud member 88 which is directed toward the
      combustor is provided with a plurality of grooves 235 which extend first
      radially inwardly and then axially for a short distance along the outer
      surface of hub and bearing support portion 90. Wall 96 extends along this
      face of member 88 from the outer ends of grooves 235 to a position beyond
      the inner ends of grooves 235 and there curves outwardly to extend as a
      flat annular transverse flange 236 lying in face-to-face contact with the
      inner peripheral portion of member 224. As seen in FIG. 17, the outer
      diameter of portion 90a at the end thereof adjacent the inner ends of
      grooves 235 is approximately equal to that of a cricle including the
      bottoms of the grooves 235. Accordingly, this part of portion 90a simply
      presents a cylindrical surface spaced inwardly from wall member 96. At its
      other end, portion 90a is outwardly enlarged and provided with a plurality
      of grooves 237 each having an inlet end axially aligned with a different
      one of grooves 235 and an outlet end between the inner portion of wall
      member 225 and the adjacent peripheral surface 160 of the slinger hub.
      Grooves 237 are of smaller transverse cross-sectional area than grooves
      235, and grooves 237 are angularly displaced to direct air in opposition
      to the direction of rotation of the slinger.
PAR  At their outer ends, grooves 235 communicate with the annular space between
      outer tubular portion 91 of compressor shroud 88 and wall member 19, and
      that space in turn communicates with passage 14 via the small annular
      space 238 between the tip of portion 91 and wall 19. Accordingly, cool air
      discharged from compressor 1 is directly available to grooves 235. Since
      grooves 235 are covered by wall 96, the grooves act as air flow channels
      leading to the annular space between the inner end of wall 96 and the
      smaller diameter, ungrooved portion of element 90a. Part of the air thus
      supplied travels outwardly, via the space between combustor wall members
      224 and 225, to flow through openings 232 into the combustor. The
      remainder of the air from grooves 235 flows through grooves 237 to be
      discharged as hereinafter described.
PAR  The combination of inner peripheral portion 231 of combustor wall member
      225, the inner portion of wall member 224, and of wall member 96 supports
      a ring 239, FIG. 17, and a plurality of swirl vanes 240. A plurality of
      bolts 241 are arranged in an annular series and each extends through
      aligned openings in elements 236, 224, 231 and 239, a spacing sleeve 242
      being provided for each bolt, between portion 231 and member 224, to
      rigidify the structure. Riing 239 is of generally L-shaped radial cross
      section and is disposed with the annular web 243 projecting toward the
      adjacent face of disc portion 159 of slinger 155, the shape, dimensions
      and location of ring 239 being such that web 243 tapers frusto-conically
      inwardly toward the adjacent face of disc portion 159 and surrounds but is
      spaced significantly outwardly from the corresponding one of the
      peripheral surfaces 160 of the slinger hub portion. Web 243 terminates in
      an annular lip 244 which curves inwardly toward surface 160 and extends
      along a line closely adjacent to the face of disc portion 159. The main
      body 245 of ring 239 extends outwardly to terminate adjacent the
      corresponding flange 152 of slinger disc portion 159, there being adequate
      radial space between flange 152 and web 243 to accommodate the nuts 246
      for bolts 241. There is a substantial annular space between ring 239 and
      wall portion 231 which is interrupted only by the swirl vanes 240.
PAR  The combination of wall portion 231, surface 160, the adjacent face of
      slinger disc portion 159, and the web 243 of ring 239 defines an annular
      preliminary mixing chamber 247. For each divergent pair of bores 163, one
      bore 163 is directed toward the inner face of web 243, at an angle such
      that fluid discharged from the bore and striking the web is deflected
      toward wall portion 231. Accordingly, when slinger 155 rotates and fuel is
      supplied via conduit 137, fuel is continuously projected outwardly from
      the corresponding bores 163, passing through chamber 247 and impinging
      forcibly against the inner face of web 243. Concurrently, assuming that
      combustion has commenced, relatively cool air direct from the compressor
      is drawn through grooves 235 and 237 into chamber 247 and is uniformly
      mixed with the fuel, the fuel having been disrupted into droplets by the
      slinger action and by impingement against web 243. Further atomization of
      the fuel is accomplished by the opposite swirling air issuing from grooves
      237 which constitute air directing vane passages. Accordingly, a uniform
      mixture of cool air and atomized fuel passes radially outwardly through
      the space between ring 239 and wall portion 231 into the primary
      combustion zone 248 of the combustion chamber, with a predetermined spiral
      or swirl direction imparted by vanes 240. Concurrently, cool air from
      grooves 235 is also supplied directly to the primary combustion zone 248
      (without being mixed with fuel) via openings 232, an initial tangential
      direction being imparted to this air by louvres 233 in the same direction
      as the swirl of the fuel/air premixture. Cool air from grooves 235, again
      without being mixed with fuel, is introduced into the combustion chamber,
      generally at the outer boundary of primary combustion zone 248, via
      openings 229, this air being directed radially outwardly and serving
      mainly to cool the combustion products generated in zone 248. Passage of
      fuel outwardly between ring 239 and slinger disc portion 159 is impeded
      because of the close proximity of lip 244 to the slinger disc and of
      flange 152 to body 245 of ring 239.
PAR  The remaining structure of the combustor is generally complementary to that
      described with reference to wall member 37, and is mainly to confine the
      secondary air mixing zone when the hot gas is cooled to allowable turbine
      inlet temperatures. Thus, wall member 38 includes an outer member 255, an
      intermediate member 256, and an inner member 257. The inner peripheral
      portion of member 255 is bent in flat hill-and-dale fashion, with the flat
      crests secured to the outer peripheral portion of member 256 to provide
      openings 258. Intermediate member 256 is flat and its inner peripheral
      portion lies in face-to-face engagement with the outwardly projecting
      flange 259 of air flow confining wall member 260. The outer peripheral
      portion of inner member 257 is bent in flat hill-and-dale fashion and has
      its flat crests secured to member 256 to provide openings 261. Member 257
      includes a frustoconical intermediate portion having an annular series of
      rectangular openings 262 each equipped with an air flow directing louvre
      263 bent from the sheet metal of member 257. Inner peripheral portion 264
      of member 257 is flat and transverse to the shaft assembly, and member 257
      is completed by a tubular portion 265 which is concentric with the shaft
      assembly and projects toward drive turbine 3.
PAR  A ring 266 and swirl vanes 267 are secured by bolts 268 to the combination
      of flange 259, member 256 and portion 264 of member 257, spacer sleeves
      269 being provided between member 256 and portion 264 for rigidity.
      Portion 180 of drive turbine shroud member 41 includes a tubular element
      180a which corresponds to element 90a of compressor shroud member 88.
      Element 180a has a plurality of grooves 270 which are covered by tubular
      portion 265 of wall member 257. Drive turbine shroud member 41 is provided
      with a plurality of radial grooves 271 which are covered by wall member
      260 and each of which leads toward a different one of grooves 270. The
      combination of portion 264, web 272 of ring 266, the adjacent face of
      slinger disc 159, and the corresponding peripheral surface 160 of the
      slinger hub defines a preliminary mixing chamber 273 which is in all
      respects complementary to chamber 247. One bore 163 of each divergent pair
      of slinger bores is directed toward web 272 of ring 266. When run fuel is
      supplied via conduit 137, rotation of the slinger supplies fuel to chamber
      273 and that fuel is mixed with cool primary air from grooves 271, the
      mixture passing outwardly, through the space between portion 264 of member
      257 and the main body of ring 266, into primary combustion zone 248. Vanes
      267 impart a swirling motion to this fuel/air mixture in opposition to the
      spiral motion imparted to the fuel by rotation of the slinger.
      Concurrently, primary air from grooves 271 passes into the primary
      combustion zone via openings 262 and also outwardly into the combustion
      chamber via openings 261. Louvres 263 impart to the air passing through
      openings 262 an initial tangential direction opposing the spiral or
      swirling motion resulting from rotation of the slinger. This thoroughly
      atomized fuel premixed with the relatively cool compressor air minimizes
      local peak flame temperature and provides a minimum fuel residence time in
      the hot combustion zone, both of these characteristics minimizing exhaust
      pollutants, particularly the oxides of nitrogen.
PAR  Secondary air, heated by regenerator 5, is supplied to the combustion
      chamber outwardly of primary combustion zone 248, via openings 227 and
      258, and is directed radially outwardly due to the length and radial
      disposition of those openings. Additional secondary air enters the
      combustion chamber outwardly of openings 227, 258 via plain openings 249
      which have no significant directional effect. Finally, as will be clear
      from FIGS. 5 and 15, secondary air passes inwardly through the openings
      afforded by corrugations 220 and 222 to cool turbine nozzle inlet passage
      walls and then to join the combustion gasses as they pass from the
      combustor into the inlet of drive turbine 3.
PAC  DRIVE TURBINE
PAR  Intermediate portion 191 of shroud member 41 is generally flat and extends
      outwardly to join outer peripheral portion 218 in an essentially right
      angle bend. Portion 191 is of substantial thickness to allow for grooves
      271 and, on the opposite side of portion 191, a circular recesses 275,
      FIG. 18, which open into passage 40. Shroud member 42 includes an
      intermediate transverse annular portion 276 from which outer peripheral
      portion 217 projects and which extends inwardly to join generally tubular
      inner portion 277. At the juncture of portions 217 and 276, member 42
      includes an outwardly projecting transverse annular flange 278 the outer
      peripheral portion of which lies between an outwardly projecting end
      flange 279 of wall member 19 and the outer transverse annular wall portion
      280 of casting 9. Flange 278 is rigidly secured to flange 279 and wall
      portion 280 as by screws 281.
PAR  As best seen by comparing FIGS. 5 and 25, flange 278 and wall portion 280
      are each provided with a plurality of openings 282, FIG. 25, spaced in a
      circular series with the openings in flange 278 registed with those in
      wall portion 280, there being a radial portion 283 of flange 278 and a
      radial portion 284 of wall portion 280 between each adjacent pair of
      openings 282. Openings 282 communicate between passage portion 36 and the
      space between wall 19 and combustor 2.
PAR  The face of wall portion 280 directed toward combustor 2 is provided with a
      plurality of radial grooves 285, FIGS. 5 and 25, which open outwardly into
      passage 14 and inwardly into the space within wall 35 of casting 9. Since
      the unbroken radial portions 283 of flange 278 cover each groove 285, the
      grooves 285 function as ducts via which primary air is supplied from
      passage 14.
PAR  Intermediate portion 276 of shroud member 42 has a circular recess 286
      which opens into passage 40, recess 286 being opposed across passage 40
      from recess 275 of portion 191 of shroud member 42. Opposed recesses 275
      and 286 accommodate the nozzle vanes indicated generally at 287, FIG. 5,
      and shown in detail in FIGS. 18-20. Vanes 287 are identical and, as will
      be clear from FIG. 20, are angularly disposed in passage 40 to impart to
      the combustion gases from combustor 2 a direction which is optimum for
      driving rotor 6.
PAR  Nozzle vanes 287 are fabricated from sheet metal and include an outer shell
      288 and an inner member 289. Shell 288 is slightly wider than passage 40
      and is of rectangular plan, including an elongated flat portion 290, an
      arcuate end portion 291, and a portion 292 which first slants from portion
      291 toward portion 290 and then extends parallel thereto. Portion 292 is
      shorter than portion 290 and terminates in a straight transverse edge 293
      formed with a plurality of transversely spaced prongs 294, FIG. 19, which
      are bent out of the plane of portion 292 and extend at right angles to
      portion 290, each prong 294 projecting through a different one of a
      plurality of openings in portion 290. The prongs 294 are secured rigidly
      to portion 290 by welds 295, FIG. 20.
PAR  Formed from thinner sheet metal than shell 288, member 289 includes an
      arcuately bent intermediate portion 296 which, as seen in FIG. 18, is
      narrower than portion 291, a longer portion 297 and a shorter portion 298.
      Commencing at the tip of portion 298, longer portion 297 is corrugated
      longitudinally to provide longitudinal channels which are of V-shaped
      transverse cross section, every other one 299 of the channels being
      disposed with the V opening toward portion 292 of shell 288, the remaining
      channels being disposed with the V opening toward portion 290. Throughout
      most of the length of the corrugations, the crests thereof engage the
      inner face of shell portion 292 and the valleys of the corrugations
      engaging the adjacent face of portion 290. Advantageously, the crests and
      valleys of the corrugations include straight portions brazed to the
      respective portions 290, 292. As will be clear from FIG. 19, the size and
      location of prongs 294 are such that no prong is disposed at the mouth of
      any of the cooling air exit channels 299.
PAR  Intermediate portion 296 of member 289 can be of semi-circular cross
      section, with portions 297, 298 extending tangentially therefrom. At the
      juncture between portions 296 and 297, member 289 is provided with a
      plurality of dimples which form outwardly opening grooves 300, FIGS. 19
      and 20. Spaced apart transversely of the nozzle vane 287, grooves 300
      extend longitudinally of the nozzle vane, placing the space between
      portions 291 and 296 in communication with the space between portions 292
      and 297, so that air can flow from the space between portions 291 and 296
      along the inner face of portion 292, through channels 299 and over the
      corresponding face of the end portion of portion 290. At the juncture
      between portions 296 and 298, member 289 is similarly provided with
      dimples which form outwardly opening grooves 301 which, like grooves 300,
      are spaced apart transversely and extend longitudinally of the vane.
      Grooves 301 place the space between portions 291 and 296 in communication
      with the space between portions 298 and 290 so that air can flow from the
      former space into the latter space and thence through the corresponding
      channels, escape therefrom being impeded by prongs 294 but the air still
      escaping to combine with that discharged from channels 299. At this point,
      it is significant to note that the angular disposition of vanes 287 in
      passage 40 is such that the hot gases from the combustor 2 impinge
      directly on shell portion 292 and the corresponding face of the exposed
      end of portion 290. Considering FIG. 18, the flow of air via grooves 300,
      301 is supplemented by air escaping around the ends of narrower portion
      296 into both the space between portions 292 and 297 and the space between
      portions 290 and 298.
PAR  The assembly of vanes 287 is completed by a pair of complementary rings
      302, 303 which serve as side members for all of the vanes. Ring 302 is
      accommodated in a circular recess 286 in intermediate portion 276 of
      shroud member 42, and ring 303 is accommodated in a circular recess 275 in
      intermediate portion 191 of shroud member 41. For each nozzle vane 287,
      ring 302 is provided with a recess which opens toward the nozzle vane
      passage and is of a size and shape to snugly accommodate the corresponding
      side of the nozzle vane, and ring 303 is similarly provided with a
      complementary recess to snugly accommodate the other side of the vane.
      Rings 302, 303 completely fill the recesses in shroud portions 276, 191,
      so that the inner faces of the rings constitute continuation of the walls
      of the nozzle vane passage. As will be apparent from comparison of FIGS.
      18 and 20, for each nozzle vane 287, each ring 302, 303 has an opening 306
      outlined by the inner surfaces of shell portion 291 and adjacent portions
      290, 292, opening 306 being completed by an edge 306a, FIG. 20. The nozzle
      vanes 287 are secured in place by bolts 307, FIG. 18, which extend first
      through matched openings in member 260 and portion 191 of shroud member
      41, thence through opening 306 of ring 302 and through the space within
      portion 296 of member 289, thence through opening 306 of ring 303, and
      finally through an opening in portion 276 of shroud member 42. Since there
      is metal-to-metal contact lengthwise of the bolt between the shroud
      portions, rings 302, 303, and vane members 288, 289, bolts 307 serve not
      only to rigidly secure vanes 287 but also to fix shroud portions 191 and
      276 in stable positions relative to each other. And bolts 307 also secure
      the outer peripheral portion of wall member 260.
PAR  Portion 191 of shroud member 41 has a circular groove 308, FIG. 18, which
      opens toward combustor 2, interconnects all of the grooves 271 at the
      outer ends thereof, and is concentric with the shaft axis. The location of
      circular groove 308 is such as to be opposite all of the circularly
      arranged recesses 275. At each recess 275, shroud portion 191 is provided
      with an opening 309 communicating between opening 306 of the corresponding
      nozzle vane side member 302, on the one hand, and groove 308, on the other
      hand.
PAR  Portion 276 of shroud member 42 is provided with a plurality of openings
      310, arranged in an outer circular series, and a plurality of openings
      311, arranged in an inner circular series. Each opening 310 communicates
      with the outer end portion of opening 306 of a different one of the side
      members 303, outwardly of the bolt 307. Each opening 311 communicates with
      the inner end portion of opening 306 of a different one of the side
      members 303. Accordingly, during operation of the engine, a portion of the
      air supplied to the space within wall member 35 of casting 9 via grooves
      285 is directed through each opening 310 into the space between portions
      291 and 296 of the corresponding nozzle vane 287 and, from that space,
      flows through the nozzle vane via grooves 300, 301 and the channels
      provided by the corrugated end of portion 297, as hereinbefore described,
      to cool the nozzle vane. Concurrently, part of the air entering the space
      within wall member 35 is directed through each opening 311 and flows
      transversely through the nozzle vane, via the space between portions 297
      and 298, and thence through the corresponding opening 309 into groove 308
      and then into the grooves 271 to be supplied to preliminary mixing chamber
      273. Since the air supplied via openings 311 passes mostly through the
      inner space bounded by portions 297, 298 and travels at a relatively high
      flow rate, its temperature is raised by little despite the fact it has
      traversed the width of the nozzle passage 40.
PAR  Drive turbine rotor 6 comprises an integral structure including hub 315 and
      a plurality of blades 316 which are radial at the tips. The outer surface
      of hub 315 curves inwardly from a larger diameter, adjacent shroud 41, to
      a smaller diameter at the exit end of the turbine, the curve being such
      that the radial space between the hub and the surrounding inner surface of
      shroud 42 increases progressively toward the exit end. Blades 316 are
      identical, each having a straight leading edge 317 extending across
      passage 40, a straight edge 318 parallel to and adjacent the face of
      shroud portion 191, a straight trailing edge 319, and a curved edge 320
      which conforms to and is immediately adjacent the curved inner surface of
      shroud 42. As seen in FIG. 23, a substantial proportion of blade 316,
      commencing at edge 318, is flat and lies in a plane including the axis of
      the rotor, and the remainder of the blade constituting the generally axial
      exducer portion, is curved away from that plane. The flat or radial
      portion of each blade is divided into two inner flat mutually parallel
      portions 321, 322 spaced apart by a small distance to accommodate a thin
      sheet metal core member 323 which has a plan shape similar to that
      slightly smaller than that of portions 321, 322. Member 323 is corrugated,
      with the straight corrugations 324 extending at right angles to the hub
      axis and being of V-shaped transverse cross section with the crests of the
      corrugations extending along and being engaged in good heat transfer with
      the inner faces of the respective flat portions 321, 322. Throughout most
      of its length, the inner edge of member 323 is spaced outwardly from that
      portion of the outer surface of the hub between portions 321 and 322 so
      that a passage 325 is provided with which all of the channels formed by
      corrugations 324 communicate. At the end of passage 325 at edge 318, the
      inner edge of member 323 is offset to provide a locator portion 326
      engaged with the rim 327 of the larger diameter end of the hub. At the
      opposite end of passage 325, member 323 has a locator portion 328 which
      engages the adjacent outer surface of the hub.
PAR  At leading edge 317, a straight piece of wire 329, FIGS. 22 and 24, of
      rectangular transverse cross-section fills the space between portions 321
      and 322 and is secured rigidly thereto in fluid-tight fashion. At this
      location, member 323 has a straight edge but is bevelled on both sides, as
      shown in FIG. 24, so that the terminal edge is made up of the small
      straight surface 330 which lie in a common plane and engage and are
      secured rigidly to the inner face of wire 329. The bevelled edges 331,
      FIG. 24, increase in length from the center of leading edge 317 toward
      each side, so that the outlets they define are correspondingly larger for
      the corrugations nearer the sides of the blade. Adjacent the curved
      exducer portion of the blade, a second piece of wire 332 of square cross
      section is similarly secured between the outer edges of portions 321, 322.
      Between leading edges 317 and wire 332, the space between the outer edges
      of portions 321, 322 is open, so that air supplied by passage 325 to the
      channels formed by corrugations 324 discharges freely outwardly.
PAR  In that portion of member 323 extending between wire 332 and hub 315, the
      sheet metal is deformed to provide only a single corrugation 333, FIG. 23,
      of substantially larger transverse cross section than the corrugations
      324. Corrugation 333 is completed by a wall 334 which slants toward and
      engages the face of flat portion 321, Wall 334 is serrated, providing a
      plurality of outlet openings 335 via which air supplied to corrugation 333
      by passage 325 is discharged along the convex face 336 of the exducer
      portion of the blade, which not only film cools the exducer portion of the
      blade but also tends to activate the stagnant boundry layers.
PAR  As previously described, the radially extended web 207 of labyrinth seal
      206 extends adjacent to the larger diameter end face of hub 315 and
      terminates in a peripheral lip 208. As seen in FIG. 22, lip 208 directly
      engages the adjacent side face of rim 327. Just inwardly of rim 327, hub
      315 is provided with a plurality of circularly spaced ports 337 each
      communicating between the space between seal lip 207 and hub 315, on the
      one hand, and a different one of the passages 325, on the other hand.
      Inwardly of the circular series of ports 337, the end face of hub 315 is
      recessed, as indicated at 338, with the recess opening toward web 207 and
      provided with radial vanes 339. Adjacent plug 168, bolt shaft member 146
      and shaft 8 are provided with radial bores 340 communicating between the
      interior of member 146 and the space between seal web 207 and hub 315.
      Accordingly, air supplied through member 146 as later described is
      conducted to the space between web 207 and hub 315 and passing through
      recess 338 and in contact with vanes 339, cools this portion of the hub
      before being supplied to passage 325 via ports 337 to cool the rotor
      blades 316. At the opposite end of the hub, a cup-shaped annular member
      341 is secured to extension 130 and has its lip 341a engaged with the
      outer peripheral portion of the end face 342 of the hub. Shaft member 146
      and extension 130 are provided with aligned radial bores 343 and 344,
      respectively, to supply air to the space between member 340 and the hub.
      Lip 341a is provided with circularly spaced notches 345 via which cooling
      air is discharged outwardly.
PAR  During operation of the engine, the critical portion of each blade 316 is
      cooled by the air supplied from passage 325 through the channels defined
      by corrugations 324, while the less critical exducer portion is cooled by
      the air discharged through openings 335. Further, air discharged through
      openings 335 inhibits formation of a boundary layer of air along the
      convex face 336.
PAR  Rotor 6 can advantageously be made by rough forming the space between
      portions 321, 322 of each blade, either by casting or by preliminary
      removal of metal by laser cutting, and the space can then be finished by
      precision machining. Integral rotor and blade structures embodying the
      features of the above cooling means and minimum mass can also be
      constructed in other manners.
PAR  Wire 329 advantageously is very slightly wider than the space between blade
      portions 321 and 322, is initially forced into place and into engagement
      with surfaces 330 of member 323, and is then secured, advantageously by
      electron beam welding, both to portions 321, 322 and to member 323. Wire
      332 is installed in the same manner, advantageously being electron beam
      welded both to portions 321, 322 and to member 323 at corrugation 333.
      Though its engagement with and attachment to wires 329, 332 and with the
      hub at locator points 326, 328 locks member 323 in place, the crests of
      the corrugations of member 323 are advantageously brazed to the inner
      surfaces of flat blade portions 321, 322, both to restrain the core member
      against expansion at right angles to the corrugations and to improve heat
      transfer from portions 321, 322 to the core member.
PAR  Extension 130 of rotor 6, acting as part of the main turbine shaft, is
      journalled in a conventional anti-friction bearing 350 carried by the
      combination of member 44, which forms a part of casting 9, hollow bolts
      351, and member 45.
PAC  POWER TURBINE
PAR  At its inner periphery, member 44 includes an axial projecting tubular
      portion 352 which embraces the axial projecting end of portion 277 of
      shroud member 42, Belleville washers 353 being provided between the end of
      portion 352 and an opposing transverse annular shoulder on portion 277 to
      accommodate thermal expansion and contraction. Hollow bolts 351 extend
      through aligned openings in members 44 and 45, projecting beyond member 45
      to extend through and be plugged and welded to the thin back shroud member
      354 of the power turbine. Shroud member 354 has an outer tubular flange
      355 embraced by and shouldered against the outer tubular portion 356 of
      member 45 which forms one side of nozzle vane passage 46. Save for the
      openings for bolts 351, shroud member 354 is imperforate. Thus, member 354
      presents a continuous wall extending between the adjacent ends of shafts
      12 and 85. Further, member 45 and shroud member 354 cooperate to define a
      space 357 which is supplied with cooling air from the space within wall
      member 35 via openings 358 in the hollow bolts 351. Since the space within
      bolt shaft member 146 opens directly into space 357, air supplied via
      bolts 351 is conducted via shaft member 146 to drive turbine hub 315 to
      cool the drive turbine as hereinbefore described.
PAR  At the downstream end of passage 43, member 44 extends frusto-conically to
      provide an annular wall portion 44a which tapers outwardly toward heat
      exchanger 5 and cooperates with member 45 to define nozzle vane passage 46
      and with the hub of rotor 11 to define the rotor blade passage of the
      power turbine. Nozzle vanes 359 are cast integrally with member 45. Outer
      portion 356 of member 45 is provided with a plurality of radial bores 360
      at each nozzle vane, bores 360 opening inwardly into space 357 and
      extending outwardly completely through the nozzle vane. Accordingly, part
      of the air supplied to space 357 via openings 358 flows outwardly through
      bores 360 to cool both the tubular portion 356 and the vanes 359.
PAR  Inwardly of the circular series of bolts 351, the face of member 45
      directed toward the power turbine rotor is provided with a plurality of
      radial grooves 361 which allow offset portion 362 of shroud member 354 to
      bear directly on member 45 without interrupting space 357. At their inner
      ends, grooves 361 communicate with axial grooves 363 in the wall of the
      bore through member 45 which embraces the retainer for bearing 350. At its
      opposite face, member 45 is provided with radial grooves 364 each
      communicating with one of the axial grooves 363. Grooves 364 are covered
      by a sheet metal wall member 365 which is rigidly secured to member 45, as
      by brazing. At its inner periphery, member 365 is flanged over member 45,
      to close the ends of grooves 363. The outer periphery of member 365 is
      serrated to provide outlet openings (not shown) registered with the outer
      ends of grooves 364. Accordingly, some of the air supplied to space 357
      travels through grooves 363, to cool bearing 350, and through grooves 364,
      to cool the face of member 45 exposed to gases flowing through passage 43.
PAR  Rotor 11 includes a hub 366 bolted to flange 367 on shaft 12, and blades
      368. The turbine is completed by a thin front shroud member 369 secured,
      as by brazing, to an inturned end flange on shell 48, the latter member
      being secured at its inner periphery to plate 24, as by ring 370 and
      screws 371. Member 35a is an annular sheet metal member having outwardly
      projecting end flanges 372, 373. The portion of casting 9 which forms the
      juncture between portions 35 and 44a presents a flat transverse annular
      face directed toward heat exchanger 5, and flange 372 is secured thereto
      in fluid-tight fashion by ring 374 and screws 375. Flange 373 is secured
      in fluid-tight fashion to plate 24 by ring 376 and screws 377. As will be
      apparent from comparing FIGS. 5 and 25, the larger diameter end of member
      35a, at flange 373, surrounds the exhaust gas inlet openings 33, 34 in
      plate 24.
PAC  HEAT EXCHANGER
PAR  Heat exchanger disc 52 comprises an inner hub 380 which has a right
      cylindrical main inner surface terminating in an internally threaded
      portion 382 at each end of the hub. Portions 382 cooperate with externally
      threaded nuts 383. The main inner surface of the hub is provided with a
      plurality of axial grooves 378, all of which communicate with transverse
      manifold grooves adjacent each nut 383. Each nut 383 is provided with a
      pair of diametrically opposed radial grooves 379 which communicate between
      the corresponding manifold groove and the space surrounded by the nut.
      Carbon bearing 57 is engaged between nuts 383 and embraced by the main
      inner surface of hub 380. The cylindrical inner surface of bearing 57
      embraces the main cylindrical surface 384 of support member 54, the
      outboard end of member 54 being enlarged to provide a shoulder 385, and
      the inboard end thereof carrying an elongated cylindrical sleeve 386
      retained on support member 54 by a nut 386a. A metal thrust ring 387 is
      disposed between bearing 57 and shoulder 385, and a second ring 388 is
      disposed between the other end of bearing 57 and the adjacent end of
      sleeve 386, an axially resilient ring 388a being disposed between ring 388
      and sleeve 386. The outer face of ring 387 is provided with radial grooves
      389 and the inner face of the ring has axial grooves 390, the corner of
      the ring between those faces being bevelled so that grooves 389
      communicate with grooves 390. Ring 388 has internal axial grooves 391
      which communicate with internal axial grooves 392 which extend for the
      full length of sleeve 386, the bore of seal 388a being suitably grooved.
PAR  At its outer end, support member 54 includes an enlarged cylindrical
      portion 395 and an end flange 396 the inner face of flange 396 defining an
      annular recess 397, and portion 395 presenting a right cylindrical outer
      surface extending between flange 396 and shoulder 385. Plate 20 is secured
      to flange 396 by screws 398 and projects inwardly across recess 397. A
      tubular sheet metal sleeve 399, serving as a heat shield, has its
      outwardly projecting end flange 400 secured to the outer face of plate 20
      by screws 401, the main tubular body of sleeve 399 surrounding the outer
      surface of portion 395 and projecting over the inner face of the
      corresponding nut 383, which face is grooved to provide a labyrinth seal.
      Casing 15 includes a transverse cover member 402 spaced outwardly from
      plate 20 and secured both to flange 396, by screws 398, and to end flange
      403 of the cylindrical portion 404 of casing 15 which surrounds heat
      exchanger 5 and cooperates with wall member 17 to define a portion of the
      outer tubular passage 14. Accordingly, the space between plate 20 and
      cover member 402 constitutes an extension of passage 14. Flange 396 is
      provided with radial grooves 405 communicating between the space between
      plate 20 and cover member 402, on the one hand, and recess 397, on the
      other hand. Cool air directly from the compressor is thus supplied via
      grooves 405 and recess 397 to the space between heat shield 399 and
      portion 395 or mmber 54. This cooling air flows through grooves 389 and
      390, through the working space between bearing 57 and surface 384, and
      through grooves 391 and 392, discharging into the space within member 48,
      FIG. 5. This space communicates with power turbine diffuser passage 47 via
      the space between shroud 369 and the power turbine rotor hub 366. Cool air
      from grooves 405 also flows via grooves 379 in nut 383 into grooves 378 to
      cool the outer surface of bearing 57, that air escaping via the radial
      grooves in the right hand (as viewed in FIG. 6) nut 383 into the space
      surrounding sleeve 386, and discharges into the space within member 48. It
      will be noted that, at the end of the heat exchange disc 52 adjacent plate
      24, there is no element corresponding to heat shield 399. Accordingly,
      this area is left free for stiffening bars 393, FIGS. 6 and 25, to project
      inwardly to the outer surface of sleeve 386. Bars 393 are welded both to
      plate 24 and sleeve 386.
PAR  Heat exchanger disc 52 also comprises an outer annular member 406 and a
      heat exchange matrix indicated generally at 407. As will be apparent from
      FIG. 28, matrix 407 comprises two thin metal sheets 408, 409 each having a
      width equal to the axial thickness of disc 52. Sheet 408 is corrugated,
      the corrugations extending transverse to the length of the sheet and
      having a cross-sectional shape essentially in the form of an equilateral
      triangle. Sheet 409 is uncorrugated. The two sheets are placed together,
      with sheet 409 covering the corrugations of sheet 408 to form channels 410
      extending across the full width of the sheets. The two sheets are wound
      into a closed spiral, i.e., a spiral in which the uncovered crests of the
      corrugations of sheet 408 in each convolution are in direct live contact
      engagement with sheet 409 of the next adjacent outer convolution. The
      spiral has an effective radial thickness to completely fill the annular
      space between hub 380 and outer member 406.
PAR  The outer surface of hub 380 is of outwardly convex radial cross-sectional
      shape. The inner face of member 406 is of inwardly convex radial cross
      section. The outer and inner surfaces of matrix 407 are generally right
      cylindrical when the matrix is cool and therefore has its normal
      undistorted shape. Accordingly, when the matrix is cool, the central
      portion of inner surface of the matrix and the central portion of the
      outer surface of hub 380 are in essentially face-to-face contact, though
      the outer surface of the hub curves inwardly away from the matrix toward
      the ends of the hub. Similarly, the central portions of the outer surface
      of the matrix and the inner surface of member 406 are in essentially
      face-to-face contact, while the inner surface of member 406 curves
      outwardly away from the matrix toward the ends of member 406. The adjacent
      convolutions of the matrix are brazed together, the central portion of the
      inner surface of the matrix is brazed to the central portion of the outer
      surface of hub 380, and the central portion of the outer surface of the
      matrix is brazed to the central portion of the inner surface of member
      406. Since only the central portion of the matrix is brazed to the hub and
      the outer ring, and since the adjacent surfaces of those members curve
      away from the matrix, space is available for the end portions of the
      matrix, i.e., the portions adjacent faces 411 and 412, to expand and
      contract radially. Such freedom of expansion and contraction avoids
      distortion of the matrix from differential thermal expansion. The
      corresponding end faces of hub 380 and member 406 lie in common flat
      planes at right angles to the axis of member 54. The faces 411, 412 of
      matrix 407 are ground to lie in the common planes just mentioned.
PAR  For each air inlet opening 27, 28 in plate 20 and for each air outlet
      opening 29, 30 in plate 24, heat exchanger 5 includes a non-rubbing seal
      device indicated generally at 413 and constructed and arranged to confine
      the air supplied through openings 27, 27 to cylindrical spaces extending
      respectively between openings 27 and 28 and the respective openings 28 and
      30. Save for their position in the heat exchanger, all four seal devices
      413 are identical and only the seal device associated with air inlet
      opening 27 will be described in detail. The seal device comprises a flat
      plate 414, FIGS. 3, 6 and 26, an inner ring 415 which is concentric with
      and spaced outwardly from portion 395 of member 54 and conforms to the
      adjacent end face of hub 380, an outer arcuate bar 416 conforming to the
      adjacent end face of outer ring 406, two bimetal bars 417, and a resilient
      bellows 418. Plate 414 has an inner arcuate edge portion 419 secured to
      ring 415 by screws 420, two outwardly divergent side edges, and an outer
      arcuate edge portion 421 secured to bar 416 by screws 422. Each bar 417 is
      made up of two coextensive straight metal bars 423, 424 brazed together
      face-to-face and secured to one of the straight side edge portions of
      plate 414 by screws 425 which extend freely through bores in bar 423 and
      have their threaded tips engaged in threaded blind bores in bar 424. The
      inner end faces of bars 417 are secured, as by brazing, to the surface of
      ring 415, each bar extending along a line which is chordal with respect to
      ring 415.
PAR  As seen in FIG. 3, plate 414 is laterally enlarged at the outer end of each
      bimetal bar 417 to accommodate pillow blocks 426 which are secured to
      plate 414 by mounting blocks 427, FIG. 6, and screws 428. While the outer
      end portion of plate 414 extends across arcuate bar 416, the bimetal bars
      417 terminate at the inner face thereof and the two mounting blocks 427
      for each pillow block are disposed each on a different side of the end
      portion of bat 417. Journalled in each pillow block 426 is a shaft 429,
      FIG. 26, carrying a roller 430, the shaft extending radially relative to
      heat exchanger disc 52 and the roller being accommodated by a slot 431 in
      bar 416. The diameter of roller and the position of shaft 429 relative to
      plate 414 is such that, with rollers 430 in rolling contact with the end
      face of outer ring 406 of disc 52, and ring 415 spaced just from or in
      very light sliding engagement with the adjacent end face of hub 380, bars
      417 are parallel to the adjacent face of matrix 407 and spaced therefrom
      by, e.g., 0.003 in.
PAR  The combination of pillow block 426 and roller 430 is enclosed by a thin
      sheet metal heat shield 432, FIG. 26, having a peripheral flange 433 fixed
      by screws to the outboard face of plate 414. Outwardly of bar 416, shell
      432 includes a flat wall 434 which extends past bar 416 so that its free
      edge is spaced slightly from the end face of ring 406. Shaft 429 has a
      through bore 435 and a plurality of radial bores 436, one of the radial
      bores communicating through an opening in the pillow block with the
      interior of a bellows 437, one end of bellows 437 being secured to the
      pillow block and the other to plate 20. Plate 20 is provided, for each
      pillow block assembly, with a bore 438 communicating between passage 14
      and the interior of bellows 437. Accordingly, cooling air from passage 14
      is supplied through bellows 437 to the bores 435, 436 to cool the pillow
      block and roller, this air escaping outwardly past the adjacent end face
      of ring 406.
PAR  Plate 414 has a circular opening 439, FIGS. 3 and 6, which lies between
      bimetal bars 417. Bellows 418 has one end secured to plate 414, as by
      electron beam welding, and the other end similarly secured to a ring 440
      fixed to the inner face of plate 20 by screws 401. Bellows 418 surrounds
      openings 27 and 439, so that cool air passing from passage 14 through
      opening 27 is conducted via the seal device 413 to the adjacent face of
      matrix 407, the small clearance between the combination of ring 415,
      bimetal bars 417 and bar 416, on the one hand, and the heat exchanger disc
      52, on the other hand, being such that the air is constrained to flow
      through the matrix, with the seal device 413 which is associated with
      opening 29 in plate 24 operating in similar fashion to assure that the
      air, now heated by contact with matrix 407, is directed through opening 29
      into passage portion 36.
PAR  Each bellows 418 is surrounded by a sheet metal heat shield 442 having an
      inturned flange secured to the inboard face of plate 20 by screws,
      including appropriate ones of the screws 401. The tubular body of heat
      shield 442 projects inwardly, terminating short of plate 414 and serving
      to substantially insulate the bellows from the surrounding exhaust gas.
PAR  Adjacent face 412 of matrix 407, outer ring 406 is provided with gear teeth
      443, FIG. 6, meshed with the teeth of a pinion 444, FIG. 3, driven by
      electric motor 53, so that heat exchanger disc 52 is rotated continuously
      about support member 54 as the engine operates. To provide for engagement
      between pinion 444 and gear teeth 443, wall member 17 is provided with an
      opening 445, FIG. 3, and drive pinion 444 is enclosed by a sealed housing
      446 so that air cannot escape through opening 445 from passage 14. The
      outer face of ring 406 is provided with circumferential grooves 447, FIG.
      6, which open toward wall number 17 to provide a labyrinth seal between
      disc 52 and wall member 17.
PAR  During operation of the engine, with heat exchanger disc 52 rotating, hot
      gas from the power turbine entering the gas inlets 33, 34 and air from the
      compressor entering the air inlets 27, 28, the end of heat exchanger disc
      52 at the inboard matrx face 412 is substantially hotter than the end of
      the heat exchanger at the outboard matrix face 411. Accordingly, disc 52
      tends to warp spherically, with matrix face 411 tending to become
      outwardly concave and matrix face 412 tending to become convex. The
      temperature differential across matrix 407 is substantial. Thus, in this
      embodiment, the temperature at matrix face 412 can be on the order of
      1200.degree.-1400.degree. F., while the temperature at matrix face 411 is
      on the order of 600.degree.-800.degree. F. The amount of warpage resulting
      from such temperature differentials is significant, and the small clearage
      between the seal devices 413 and the matrix faces would be lost, with
      resulting mechanical interference and rubbing, were the seal devices not
      temperature compensating.
PAR  For the seal devices 413 at air inlet openings 27 and 28, bar 423 of each
      bimetal bar 417 is of a metal having a thermal coefficient of expansion
      greater than that of the bar 424 of each bimetal bar. Since the two seal
      devices which are respectively associated with inlet openings 27 and 28
      are joined together by inner ring 415, the combination of ring 415 and the
      bimetal bars 417 of the two seal devices acts as a beam extending
      diametrically relative to disc 52, and this difference in thermal
      coefficient of expansion between bars 423 and 424 causes this combination
      to warp substantially circularly in the same mode as the disc warps
      spherically, i.e., the outboard side of the combination of disc 415 and
      the two seal devices becomes outwardly concave.
PAR  For the seal devices 413 at air outlet openings 29 and 30, the bar 424 of
      each bimetal bar 417 is of a metal having a higher thermal coefficient of
      expansion than the metal from which the bar 423 of that bimetal bar is
      made. The bimetal bars 417 of these two seal devices are again joined by
      inner ring 415, so that the combination of bimetal bars and inner ring
      acts as a diametrically arranged beam. With bars 424 of the seal devices
      at this end of the disc 52 having the higher thermal coefficient of
      expansion, the combination of bimetal bars and inner ring tends to warp in
      the same mode as matrix face 412, i.e., the inboard side becomes convex,
      as viewed from the cold end of the engine.
PAR  The difference in thermal coefficient of expansion for the bars 423 and 424
      is carefully predetermined to provide warpage of the seal device-inner
      ring combination, at each end of the heat exchanger disc exhibited at the
      faces of the matrix 407, since both the heat exchanger disc 52 and the
      bimetal bars 417 are subjected to essentially the same temperature under
      all conditions of operation. The small, typically 0.003 in., clearance
      between the seal devices 413 and the adjacent matrix faces is thus
      preserved.
PAR  As seen in FIG. 7, exhaust gas inlets 33, 34 in plate 24 open directly into
      the space between plate 24 and heat exchanger disc 52, no seal devices
      being employed. Thus, the exhaust gas fills all of this space not occupied
      by seal devices 413 and is free to pass through those portions of the
      matrix 407 not sealed off by devices 413. After passing through the
      matrix, the exhaust gas enters the space between the heat exchanger disc
      52 and plate 20, there being no seal devices at exhaust gas outlet
      openings 31, 32. The short cylindrical exhaust tubes 49, 50 are rigidly
      secured to plate 20, as by welding, and project outwardly through openings
      in end cover 402, the outer end portions of tubes 49, 50 being externally
      threaded to accommodate nuts 450 which bear against the outer face of
      cover 402. An elbow 451 of the exhaust system 51 is secured, as by screw
      threads, in the outer end portion of each tube 49, 50.
PAR  Located between elbows 451, gear box 13 is rigidly secured to flange 396 of
      member 54 and is therefore supported by the combination of member 54,
      plates 20 and 24, and wall member 17. The reduction gear box can be
      conventional, comprising an input pinion gear 452, FIG. 1, secured to
      power shaft 12, and an output gear 453 having a splined tubular hut 454
      adapted to mate with, e.g., the input shaft of a standard vehicle
      transmission.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary heat exchanger, useful as a regenerator for gas turbine
      engines, the combination of a rotary disc comprising:
PA1  hub means at the center of the disc and having an outer surface which is of
      outwardly convex radial cross-sectional shape,
PA1  an annular member forming the outer periphery of the disc and having an
      inner surface of inwardly convex radial cross-sectional shape, and
PA1  a heat exchange matrix comprising two elongated thin metal sheets each
      having a width equal to the axial thickness of the matrix, one of said
      sheets being transversely corrugated and the other being uncorrugated,
      said sheets being disposed in mutual face-to-face engagement and arranged
      in a closed
PA1  spiral which is concentric with the axis of rotation and in which the
      uncovered crests of the corrugations of said one sheet in each convolution
      of the spiral are in contact with said other sheet in the next adjacent
      convolution of the spiral, the edges of said sheets at each side of the
      disc lying in a common plane and constituting the face of the matrix,
PA1  said spiral having an effective radial thickness such as to completely fill
      the annular space between said hub means and said annular member,
PA1  the inner and outer surfaces of said matrix being generally right
      cylindrical when the matrix is cool and undistorted,
PA1  the central portions of the inner and outer surfaces of said matrix being
      affixed to the central portions of said outer surface of said hub means
      and said inner surface of said annular member, respectively; and a
      stationary seal device disposed adjacent one of the
PAL  faces of the matrix constituted by the edges of said sheets, said seal
      device being constructed and arranged to enclose an air flow space through
      which air under pressure can be supplied to the matrix in a direction
      parallel to the axis of rotation of the disc, said seal device comprising:
PA1  bimetal means extending at least generally along a diameter of the matrix
      in close proximity to but out of contact with said one face, said bimetal
      means being operative to wrap the seal device in conformity to said one
      face of the matrix as the matrix warps under the influence of temperature
      changes, whereby close proximity of the seal device to the matrix is
      preserved and rubbing of the matrix against the seal device is avoided.
NUM  2.
PAR  2. The combination defined in claim 1, and further comprising:
PA1  a stationary ring located at the end of said hub means which is adjacent
      said one flat face of said matrix,
PA2  said bimetal means comprising at least one bimetal bar secured to said ring
      and extending outwardly therefrom; and
PA1  anti-friction means carried by the outer end of said at least one bimetal
      bar and bearing against the adjacent end of said annular member.
NUM  3.
PAR  3. In a rotary heat exchanger useful as a regenerator for gas turbine
      engines, the combination of a rotary disc comprising:
PA1  hub means located at the center of the disc and having an outer surface
      which is of outwardly convex radial cross-sectional shape, an annular
      member forming the outer periphery of the disc and having an inner surface
      of inwardly convex radial cross-sectional shape, and
PA1  an integrated axial through flow heat exchange matrix which, when cool and
      undistorted, has generally right cylindrical inner and outer peripheral
      surfaces and two circular major faces which are flat and lie in planes
      transverse to the axis of rotation of the disc,
PA2  said matrix defining heat exchange passages extending from one of said
      major faces to the other and through which gas can flow in heat exchange
      relation to the matrix,
PA2  said matrix, when cool and undistorted, having an effective thickness, in a
      plane intermediate said major faces, such as to completely fill the
      annular space between said hub means and said annular member in said
      intermediate plane, the intermediate portions of said inner and outer
      surfaces of said matrix being affixed to the intermediate portions of said
      outer surface of said hub means and said inner surface of said annular
      member, respectively,
PA2  said matrix, when heated, expanding radially in the portions thereof
      adjacent said major faces, with space for such expansion being afforded by
      the fact that the radial distance between said onvex surfaces increases
      from said intermediate portions toward said major faces, such expansion
      being accompanied by a corresponding bowing of said major faces; and
PA1  a stationary seal device mounted adjacent one of said major faces of said
      matrix, said seal device being constructed and arranged to enclose a gas
      flow space through which gas under pressure can be supplied to the matrix
      in a direction parallel to the axis of rotation of said disc, said seal
      device comprising:
PA2  bimetal means extending at least generally along a diameter of the matrix
      in close proximity to but out of contact with said one major face,
PA2  said bimetal means being operative to warp the seal device in conformity to
      said one major face of said matrix as that face warps under the influence
      of temperature changes, whereby close proximity of the seal device to said
      one major face of the matrix is preserved and rubbing of the matrix
      against the seal device is avoided.
NUM  4.
PAR  4. The combination defined in claim 3, wherein:
PA1  said hub means has an annular end face adjacent said one major face of said
      matrix; and
PA1  said annular member forming the outer periphery of the disc has an annular
      end face adjacent said one major face of said matrix,
PA1  the combination further comprising:
PA2  a ring located adjacent said end face of said hub means, said ringbeing
      concentric with the axis of rotation of the disc; and
PA2  stationary means supporting said ring independently with respect to the
      rotary disc,
PA2  said bimetal means comprising at least one bimetal bar secured to said ring
      and extending outwardly therefrom to a location adjacent said end face of
      said annular member forming the outer periphery of the disc.
NUM  5.
PAR  5. The combination defined in claim 4, wherein:
PA1  said bimetal means comprises two bimetal bars each secured at one end to
      said ringe,
PA2  said two bimetal bars divering outwardly from each other; and
PA1  said seal device further comprises:
PA2  an arcuate outer member disposed adjacent said end face of said annular
      member forming the outer periphery of the disc,
PA2  the outer ends of said two bimetal bars being connected to said arcuate
      outer member, and the combination of said bars, said ring and said arcuate
      outer member being interconnected as a unit defining a gas flow space.
NUM  6.
PAR  6. The combination defined in claim 5, wherein said seal device further
      comprises:
PA1  roller means carried by said arcuate outer member and disposed in rolling
      engagement with said end face of said annular member forming the outer
      periphery of the disc.
NUM  7.
PAR  7. The combination defined in claim 5, and further comprising:
PA1  a second stationary seal device mounted adjacent said one major face of
      said matrix in a location spaced from said first-mentioned seal device,
      said second seal device comprising:
PA2  two bimetal bars each connected at one end to said ring and extending
      outwardly therefrom in mutually divergent fashion, and
PA2  an arcuate outer member disposed adjacent said end face of said annular
      member forming the outer periphery of the disc,
PA2  the outer ends of the two bimetal bars of said second seal device being
      connected to said last-mentioned arcuate outer member.
NUM  8.
PAR  8. The combination defined in claim 7, and further comprising:
PA1  a stationary shaft on which said jub means is journalled;
PA1  a first tutublar member surrounding and closely adjacent said annular
      member which forms the outer periphery of the disc;
PA1  a support plate fixed to said stationary shaft and extending outwardly
      therefrom generally parallel to and spaced axially from said one major
      face of said matrix,
PA2  said seal devices being located between said support plate and said matrix,
PA2  said first tubular member being secured to said support plate,
PA2  said support plate having two gas inlet openings each alinged with a
      different one of said seal devices;
PA1  a wall member fixed to said stationary shaft and spaced from said support
      plate on the side thereof opposite said seal devices;
PA1  two axiallly distortable tubular members each having one end connected to a
      different one of said seal devices and the other end fixed to said support
      plate and communicating with a different one of said gas inlet openings of
      said support plate; and
PA2  means for supplying gas under pressure to the space between said support
      plate and said wall member.
NUM  9.
PAR  9. The combination defined in claim 8, wherein:
PA1  said last-mentioned means comprises:
PA2  a second tubular member generally concentric with and spaced outwardly from
      said first tubular member, said second tubular member being secured to
      said support plate;
PA1  said wall member being joined at its outer periphery to said second tubular
      member;
PA1  the annular space between said first and second tubular members being in
      communication with the space between said support plate and said wall
      member.
NUM  10.
PAR  10. The combination defined in claim 8, wherein:
PA1  said hub means comprises a bearing journalled on said stationary shaft,
PA1  the combination further comprising:
PA2  flow means constructed and arranged to receive gas from the space between
      said support plate and said wall member and to direct that gas in cooling
      flow relative to said hub means.
NUM  11.
PAR  11. The combination defined in claim 3, wherein:
PA1  said hub means has an annular end face adjacent said one major face of the
      matrix; and
PA1  said annular member forming the outer periphery of the disc has an annular
      end face adjacent said one major face of the matrix,
PA1  the combination further comprising
PA1  a stationary member disposed adjacent said annular end face of said hub
      means,
PA1  said seal device further including
PA2  an outer arcuate member located adjacent said end face of said annular
      member forming the outer periphery of the disc,
PA2  said bimetal means comprising a bimetal bar secured to said stationary
      member and extending outwardly to the location of said outer arcuate
      member, and
PA2  connection means forming part of said seal device and connecting the outer
      end of said bimetal bar to said outer arcuate member.
NUM  12.
PAR  12. The combination defined in claim 11, wherein:
PA1  said outer arcuate member is flat and lies in a plane parallel to and
      closely adjacent said end face of said annular member forming the outer
      periphery of the disc; and
PA1  said connection means is constructed and arranged to allow relative
      movement between the outer end of said bar and said outer arcuate member,
      whereby said outer arcuate member can retain its parallel relationship
      with said end face during warping of the seal device by said bar.
NUM  13.
PAR  13. The combination defined in claim 12, wherein:
PA1  said connection means includes a flat plate extending across the surfaces
      of said outer arcuate member and said bar on the side thereof opposite the
      disc, said plate being secured to said outer arcuate member and to said
      bar.
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ABST
PAL  A method and apparatus is provided for reducing the moisture content of air
      in a room prior to cooling by a pipeline in a structural element of the
      room. The moisture content is reduced by passing the air through a heat
      exchanger which lowers the temperature to below the condensation point
      thus condensing the moisture in the air. The condensed moisture is removed
      and the air is then cooled by ordinary room cooling means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method and system for regulating the
      temperature of rooms, more particularly, for cooling rooms, comprising a
      pipe line designed to be arranged in the structural layer of a floor,
      wall, or ceiling, and filled with a charge of water.
PAR  2. Description of the Prior Art
PAR  In known systems of the above-mentioned type, it is not possible to
      dehumidize the air in a room by reducing the latent heat contained
      therein, since when the surface temperature of the structural layer is
      below the condensation point of the air in the room, the water vapor in
      the air thus begins to condense on the structural layer. Apart from other
      unpleasant effects, it is then impossible to prevent the structural layer
      from being damaged. Existing systems have operated on the principle of
      cooling rooms by only reducing sensible heat, the condensation point of
      the air in the room thus confining the temperature range of the cooling
      water in the pipe line to within relatively narrow limits.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a system of the
      above-mentioned type, which makes it possible to cool rooms by reducing
      both the latent and sensitive heat in the air, thereby providing full air
      conditioning. According to the invention, this problem is solved in that,
      in addition to being conveyed through the pipe line, water is also
      circulated through a heat exchanger having a large, external, heat
      transmission surface. This heat exchanger is arranged in the same room as
      the pipe line and is connected in series or in parallel therewith. In this
      way, in order to remove the latent heat, the heat exchanger is charged
      with cooling water having a forward flow temperature far below the
      condensation point of the air in the room in order to effectively
      dehumidize the room at the same time the sensible heat is removed over the
      large emitting surface, for example, of the floor, by means of the cooling
      water having a temperature slightly above the condensation point of the
      air in the room.
PAR  According to an advantageous feature of the invention, the heat exchanger
      and the pipe line are connected in series according to an inflow technique
      in a common forward flow line. In this way, the water leaving the heat
      exchanger at a temperature above condensation point can be sent directly
      into the forward flow of the pipe line for further cooling without any
      risk of incurring the disadvantages mentioned initially.
PAR  However, it is also possible to connect the heat exchanger and the pipe
      line in parallel according to the inflow technique in a common forward
      flow line; the forward flow line; the forward and return flow sections of
      the pipe line being interconnected via a three-way mixing valve and a
      regulating line. For providing very rapid and effective dehumidization and
      cooling of the air in a room, the heat exchanger and pipe line are
      connected to two different forward flow lines. The surface temperature of
      the pipe line may then correspond to the condensation point of the air in
      the room and the surface temperature of the heat exchanger can vary widely
      with respect to it. In the process it is essential to the invention that
      there is interaction between the dehumidization at the heat exchanger, on
      the one hand, and the cooling by the pipe line at the surface of the
      structural layer, for with increasing dehumidization, the condensation
      point of the air in the room drops, and with it also the allowable
      temperature of the cooling water in the pipe line, as the absolute
      moisture content of the air in the room is constantly decreasing.
PAR  The heat exchanger consists of a conventional convector, preferably being
      supplied with air by a radial fan, and being provided with a tray for
      catching the condensate being extracted by the same. This relatively
      simple arrangement consitutes an "air conditioning device," which, used
      jointly with the pipe line, provides an effective, complete,
      air-conditioning system for the room in question.
PAR  To prevent any damage from occurring when there is a power cut, i.e., when
      the fan cuts out, a wound filament relay is provided between the fan and
      the convector (as lone as the latter is connected in series with the pipe
      line). When a power cut occurs, this relay closes a magnetic valve to
      prevent the cold water from entering the pipe line.
PAR  According to another feature of the invention, an additional cooling unit
      is provided in front of the heat exchanger, to further cool the charge of
      water. This unit preferably consists of a refrigerator, on account of its
      high cooling capacity.
PAR  According to another particularly advantageous feature of the invention,
      the necessary cooling water is fed into a conventional electrically
      powered storage tank for cooling therein during the periods when
      electricity is supplied at reduced rate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various embodiments of the system according to the invention are shown in
      the drawings, in which:
PAR  FIG. 1 shows a system with a heat exchanger and a pipe line connected in
      series in a common forward flow line, and constituting part of the overall
      system represented in FIG. 3,
PAR  FIG. 2 is a Mollier-i-x diagram with lines showing the state of the air in
      a room during the cooling process,
PAR  FIG. 3 is a circuit diagram of the overall system in which a heat exchanger
      is connected in series with a pipe line,
PAR  FIG. 4 is a circuit diagram of the entire system in which the heat
      exchangers and pipe lines are connected in parallel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the heat exchanger is designated by 1. 2 designates the pipe
      line, which consists of the two partial pipe lines 2' and 2". The
      exchanger 1 is in the form of a convector. A cylindrical radial fan 3 is
      rotatably mounted below the convector in the convector shaft 1'. A wound
      filament relay 4 is disposed in the convector shaft 1'. When a power
      cut-out occurs, the relay 4 closes the magnetic valve 5 in the forward
      flow section of the convector 1. In the event of a power cut-out, the
      relay 4 simultaneously opens the magnetic valve 6 to ensure the continued
      flow of cooling water into the pipe line 2 via the by-pass line 7, as may
      be seen from the top left hand section of FIG. 3. When this occurs, the
      cooling water flowing through the by-pass line 7 has a forward flow
      temperature, which is equivalent to or higher than the condensation point
      of the air in the room, as the cooling unit 14, which is connected in
      series, is also switched off at this juncture (see FIG. 3).
PAR  FIG. 2 represents the changing state of the air in the room during the
      cooling process using the system according to the invention. Starting with
      the air at point A at a temperature of 30.degree. C and a relative
      humidity of 50%, the air in the room is cooled and dehumidized in the
      convector by a very cold charge of water with a temperature of, e.g.,
      6.degree.-10.degree.C, to a state B, i.e., to a temperature of 28.degree.
      C and a 50% relative humidity. During the process of cooling air from A to
      B, the absolute water content x of the air in the room decreases from ca.
      13.2 to 11.8g water/kg dry air. This water content is condensed out in the
      convector 1 and drops into the tray 8 indicated in FIG. 1, from which it
      is removed. During the cooling and dehumidization process from state A to
      state B, the condensation point also decreases by about 2.degree.C. This
      means that the pipe line 2 can now also be charged with a correspondingly
      colder charge of water having, for example, a temperature of
      16.5.degree.C, without any risk of condensate being produced on the
      surface of the structure surrounding the pipe line 2.
PAR  When the water leaves the convector 1, it has a higher temperature, which
      is preferably such that it is either equivalent to or slightly higher than
      the condensation point of the air at point B. In the case in question,
      this would mean that the temperature of the water leaving the convector
      would have to be at least 16.5.degree.C. The pipe line 2 cools the air in
      the room from state B to state C with a temperature of 25.degree.C and 60%
      relative humidity, without dehumidizing the air merely by reducing the
      sensitive heat. Cooling and dehumidization of the air from state A to
      state C constitutes a complete air conditioning process.
PAR  A complete diagram of the system according to the invention is represented
      in FIG. 3. The forward flow water is circulated by the pump 9 through the
      vaporizer 10' of a refrigerating unit 10, from where it proceeds to the
      two forward flow distributors 11 and 12. The water, which is precooled
      hereby to, for example, 18.degree.C proceeds to the vaporizer 14' of an
      additionall refrigerating unit 14 via the forward flow line 13, and via
      the forward line 13' directly into a pipe line 2'". The precooled water is
      further cooled in the vaporizer 14', for example, to 10.degree.C. From
      there it proceeds to the heat exchanger 1 via the magnetic valve 5. The
      water is heated in the heat exchanger 1 to, for example, 16.5.degree.C,
      and is then circulated through the two partial pipe lines 2' and 2", which
      are connected in parallel. The partial pipe line 2' comprises a special
      feature in that its forward and return flow channels, by meeans of their
      directly juxtaposed position, form a counter-current heat exchanger,
      which, by reason of its counter-current arrangement, can be charged with
      forward flow water having a temperature below the condensation point of
      the air in a room. After the water has passed through the two partial pipe
      lines 2' and 2" or 2'", it proceeds to the reflux accumulators 15, 16, and
      from these via the return flow line 17 and the three-way mixing valve 18
      back to the pump 9, at which the cycle begins again. The two refrigerating
      units 10 and 14 consist essentially of the two above-mentioned vaporizers
      10' and 14', and are each provided with a compressor 10", 14", which
      receives the cooling agent vaporized in the vaporizers 10', 14',
      compresses it, and force it into the condenser 10'", 14' ". In the
      condenser 10'", 14'", the cooling agent is again condensed by heat
      extraction for example, by means of the aforementioned fan, and it returns
      to the vaporizer 10', 14', in the cooled state via the pressure reduction
      valve 10IV, 14IV.
PAR  In FIG. 4, the forward flow water, precooled in the vaporizer 10' of the
      refrigerating unit 10, is circulated by the pump 9 via the forward flow
      distributor 11 and the forward flow line 13 via an additional three-way
      mixing valve 19 into the pipe line 2 and via the vaporizer 14' of the
      additional refrigerating unit 14 into the convector 1. The cooling water
      than proceeds to the reflux accumulator 15 and the reflux line 17 and
      returns to the pump 9.
PAR  In the right-hand portion of FIG. 4, a circuit is represented, in which
      several convectors 1 connected in parallel, and several pipe lines 2
      connected in parallel, are connected to two different forward flow lines.
      In this case, the pipe lines 2 are supplied with water via the forward
      flow distributor 11 and the forward flow line 13", while the convectors 1
      are charged with water by the forward flow distributor 12 via the forward
      flow line 13"', the latter charge of water having a lower temperature than
      the precooled water in the forward flow line 13" by reason of it being
      cooled by an additional cooling unit 20 in the form of a refrigerating
      unit.
PAR  According to a particularly advantageous feature of the invention, the
      water required for cooling the system is fed into a conventional,
      electrically powered storage tank and cooled during the periods when
      electricity is supplied at a reduced rate. To this end, the valves 23, 24
      and 25 in FIG. 4 are closed and the valves 26, 27 and 28 are opened. The
      pump 9 then draws the non-cooled water out of the storage tank 22 via the
      valve 28 and circulates it through the vaporizer 10' of the refrigerating
      unit 10. From there it proceeds via the twin lead 26', the valve 26 and
      the valve 27 back into the storage tank 22, where it is filled from bottom
      to top. When cooling water is required -- for example, when the
      refrigerating unit 10 is switched off during the peak tariff periods --
      the valves 26, 27, and 28, are again closed, the valves 23, 24, and 25,
      are again opened and the cooling water, with or without reflux admixture
      (by means of the three-way mixing valve 18) is drawn off from the bottom
      of the tank 22 to cool the convectors and/or the pipe lines 2', 2", 2'".
PAR  The above-mentioned pipe lines 2 and convectors 1 may obviously also be
      used to heat rooms. To this end, the requisite hot water is produced in a
      heating tank 21 or the storage tank 22, from where it is circulated in the
      above-described manner by pump 9 to the convectors 1 or the pipe lines 2.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential characteristics thereof. The
      presently disclosed embodiments are therefore to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than the foregoing
      description, and all other changes which come within the meaning and range
      of equivalency of the claims are therefore intended to be embraced therein
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A water circulation type cooling system for regulating the temperature
      of air in rooms comprising:
PA1  a. a pipeline means included in a structural member such as a floor,
      ceiling or wall, the pipeline means being supplied with a charge of water;
      and
PA1  b. dehumidifier means in the room for reducing the temperature of the air
      to condense and remove moisture therefrom, the dehumidifier means
      comprising a convector coupled to the pipeline means, such that the charge
      water flows through the convector in series or in parallel with the charge
      water through the pipeline means, a blower and a collector tray for
      collecting the condensate from the convector, wherein the dehumidifier and
      pipeline means are positioned with respect to each other in the room, such
      that air first passes through the dehumidifier means and then is cooled by
      the pipeline means, whereby condensation on the structural members is
      reduced due to the removal of moisture by the dehumidifier means.
NUM  2.
PAR  2. A system according to claim 1. wherein the blower is a radial fan.
NUM  3.
PAR  3. A system according to claim 1, wherein the dehumidifier means and the
      pipe line means are arranged in series with common forward flow line.
NUM  4.
PAR  4. A system according to claim 1, wherein the dehumidifier means and the
      pipe line means are connected in parallel said system including a common
      forward flow line and wherein the forward and return flow sections of the
      pipe line means are interconnected via a three-way mixing valve means and
      a by pass means.
NUM  5.
PAR  5. A system according to claim 1, further including a plurality of forward
      flow lines wherein the dehumidifier means and the pipe line means are
      connected to two different forward flow lines.
NUM  6.
PAR  6. A system according to claim 1, further including a relay arranged
      between the blower and the convector, said relay preventing the cold water
      from entering the pipe line means by closing a magnetic valve in response
      to the cut off of the fan.
NUM  7.
PAR  7. A system according to claim 1, further including an additional cooling
      means for cooling the charge water still further the additional cooling
      means positioned in front of the dehumidifier means.
NUM  8.
PAR  8. A system according to claim 5, further comprising an additional cooling
      means connected in, or in front of, the forward flow line of the heat
      dehumidifier.
NUM  9.
PAR  9. A system according to claim 7 wherein the cooling means comprises
      refrigerating units.
NUM  10.
PAR  10. A system according to claim 1, further including a storage tank wherein
      cooling water having a very low temperature or heating water having a very
      high temperature, may be supplied as desired to said storage tank.
NUM  11.
PAR  11. A system according to claim 10 wherein said storage tank is a
      conventional electro-storage tank.
NUM  12.
PAR  12. A system according to claim 11 wherein said tank is supplied with
      electric current during the reduced rate supply periods.
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ABST
PAL  An air cooled exchanger is provided with a plurality of individual wind
      screens which are disposed to prevent wind from entering the exchanger,
      without adversely affecting normal cooling air flow. The load of the wind
      screens is carried by the exchanger; in particular, the tube frame.
BSUM
PAR  The present invention relates to heat exchangers, and more particularly to
      air cooled heat exchangers.
PAR  In air cooled heat exchangers, in which ambient air is used as the cooling
      medium, the fluid to be cooled is introduced into a plurality of tubes
      disposed in a tube bank, and a stream of ambient air is caused to flow
      over and in contact with the tubes to effect cooling of fluid therein. In
      such heat exchangers, the exterior of the tubes are exposed to the
      atmosphere, and on windy days, as a result of wind entering the tube
      bundle, the operation of the heat exchanger is difficult to control. The
      effect of high wind velocity is especially aggravated when the tube bundle
      is disposed in a vertical or inclined plane.
PAR  An object of the present invention is to provide an improved air cooled
      exchanger.
PAR  Another object of the present invention is to provide an air cooled
      exchanger which is not adversely affected by high winds.
PAR  These and other objects of the present invention will become more readily
      apparent from reading the following description thereof.
PAR  In accordance with the present invention, the exterior portion of an air
      cooled heat exchanger, which is to be exposed to the atmosphere, is
      provided with a plurality of wind screens or shields which are supported
      over the exterior of the tubes and disposed to prevent wind from entering
      the tubes without adversely affecting cooling air flow through the tubes.
PAR  More particularly, the wind screens or shields are in the form of a
      plurality of spaced baffles which extend across the width of the tubes.
      The baffles are spaced over the length of the tubes, with the height of
      the baffles and the spacing therebetween being coordinated to deflect the
      wind to thereby prevent wind from entering the tubes. The cooling air,
      which flows over the tubes, flows through the space between the baffles,
      whereby normal cooling air flow is not adversely affected by the use of
      the wind screens.
PAR  The load of the wind screens or shields is carried by the heat exchange
      structure; in particular, the tube frame for the tubes, and accordingly,
      the screens are preferably designed in a manner such that the screens are
      evenly distributed loads on the heat exchanger frame whereby the wind
      screens or shields do not effect the design of the air cooled exchanger
      structure.
PAR  The individual wind screens or shields can be of any shape which best
      deflects the wind and, accordingly, can be formed straight, curved, etc.
      The optimum shape of the wind screens can be determined by considering
      possible wind velocities, angle and shape of tube bundle, etc. The
      selection of an optimum design is deemed to be within the scope of those
      skilled in the art from the teachings herein. The wind screens are
      preferably mounted in a manner such that the baffles extend in a
      substantially vertical direction when the heat exchanger is in operating
      position.
DRWD
PAR  The invention will be described with respect to the accompanying drawing
      wherein:
PAR  FIG. 1 is a simplified isometric view, partially broken away, of an
      embodiment of the air cooled heat exchanger of the present invention;
PAR  FIG. 2 is a partial section taken along line 2--2 of FIG. 1; and
PAR  FIG. 3 is a partial section taken along line 3--3 of FIG. 1.
DETD
PAR  Referring to the drawing, there is shown an air cooled heat exchanger,
      generally designated as 10, mounted on a suitable support structure,
      generally designated as 11.
PAR  As particularly shown, the heat exchanger 10 contains a pair of oppositely
      inclined tube banks 12 and 13, each of which is comprised of a plurality
      of spaced, parallel, longitudinally extending, exposed heat exchanger
      tubes 14 supported in a frame 21. Although the tubes 14 are particularly
      shown as extending lengthwise, it is to be understood that the present
      invention is not limited to such a tube disposition. As known in the art,
      the tubes can extend across the width of the structure and can be in a
      serpentine form.
PAR  A fluid to be cooled is introduced into the top of the tubes 14 of bank 12
      and 13 through an inlet manifold 15 and fluid which has been cooled, in
      the tubes, is withdrawn from the tubes 14 through an outlet pipe at the
      bottoms of the tube banks 12 and 13, with only the outlet pipe 16 for tube
      bank 13 being particularly shown. As particularly shown, the tubes of
      banks 12 and 13 are fed through a common inlet manifold, but it is to be
      understood, that the present invention is not limited to such an
      arrangement.
PAR  The heat exchanger 10 is further provided with means for causing a stream
      of air to flow through the tube banks, in the form of a blower or fan 17
      positioned at the lower portion and between the tube banks 12 and 13.
      Alternatively the heat exchanger can be provided with means for causing a
      stream of air to flow through the tube banks by natural draft. The heat
      exchanger 10 is further provided with side walls 18 which extend between
      the tube banks 12 and 13, whereby the fan 17 draws air through the bottom
      of the exchanger 10 into a chamber 19 disposed between the lower surfaces
      of the tube banks 12 and 13 for passage through the tube banks.
PAR  As hereinabove described, the heat exchanger 10 is of a type well known in
      the art, which is generally referred to in the art as an A-shaped air
      cooled heat exchanger, but it is to be understood that the present
      invention is not limited to such an exchanger.
PAR  The upper surfaces of the tube banks 12 and 13 are provided with a
      plurality of wind shields or screens, generally designated as 51, in the
      form of a plurality of spaced imperforate baffles 52, which extend across
      the width of the tube banks 12 and 13. The baffles 52, as particularly
      shown, are comprised of a wind deflecting front wall 53 and triangularly
      shaped side walls 54, with the baffles being individually mounted on the
      frame 21 of the tube bank; e.g., by welding or bolting whereby the frame
      21 carries the load of the wind screens. The baffles 52 are preferably
      mounted on the tube bank in a manner such that the baffles are
      substantially vertical when the heat exchanger is mounted for operation,
      in that such a position, as shown, is best suited for deflecting wind,
      without adversely affecting cooling air flow through the tube bank.
PAR  The front walls 53 of the baffles 52 are longitudinally spaced from each
      other, whereby cooling air flowing through the exposed tubes 14 can flow
      from the tube banks parallel to the front walls 53 and into the
      atmosphere. The front walls 52 are spaced from each other and have a
      height such that wind is deflected and prevented from entering the exposed
      tubes 14, without adversely affecting cooling air flow from the exposed
      tubes into the atmosphere. Accordingly, the rear surface of front walls 53
      of baffles 52 in combination with the side walls 54 channel the cooling
      air upwardly from the exposed tubes 14, as designated by arrows 55, and
      the front surfaces of walls 53 of baffles 52 function to deflect wind from
      the tubes 14.
PAR  The baffles are particularly illustrated as being planar, but may be of any
      other shape which will function to deflect wind from the tube banks; e.g.,
      the baffles can be curved.
PAR  In general, the spacing between the baffles and the height of the baffles
      are coordinated in a manner such that the top of the front wall 52 is in a
      plane at or above the bottom of the front wall of the next succeeding
      baffle 51.
PAR  In operation, a fluid to be cooled flows from the inlet manifold through
      tubes 14, in banks 12 and 13, wherein the fluid is cooled by cooling air
      which passes over the tubes. The cooled fluid is withdrawn through outlet
      pipe 16.
PAR  Cooling air is drawn through the bottom of the heat exchanger into the
      chamber 19 by means of the blower or fan 17, as designated by arrows 57.
      The cooling air flows from the chamber 19 over the tubes 14 and exits into
      the surrounding atmosphere between baffles 52 as designated by arrows 55.
      In the event of high winds, the operation of the heat exchanger 10 is not
      affected in that the baffles 52 function to deflect the wind and prevent
      the wind from contacting the tubes 14.
PAR  It is to be understood that the present invention is not to be limited to
      the air cooled exchanger particularly described with reference to the
      drawing in that, as should be apparent to those skilled in the art, the
      teachings of the invention, in their broadest aspect, are not limited to a
      particular heat exchanger structure. For example, the present invention is
      also applicable to the so-called V-shaped air cooled exchanger, with the
      wind screens or shields being placed on the exterior surface of the tube
      banks. In such an embodiment, the cooling air enters the tube banks
      between the baffles for cooling fluid in the heat exchange tubes and exits
      from the tubes at the interior side of the exchanger. The present
      invention, however, is particularly suited for the A-shaped type of air
      cooled exchanger.
PAR  The present invention is particularly advantageous in that the operation of
      the air cooled heat exchanger is improved as a result of the fact that its
      operation is not subject to being upset by changes in atmosphere wind
      conditions. Moreover, such a result is achieved without adversely
      affecting normal cooling air flow through the tubes. Furthermore, the
      improved operation is achieved without the necessity of changing the
      structural design of the exchanger in that the load of the wind screen is
      born by the frame of the tube bank.
PAR  These and other advantages should be apparent to those skilled in the art.
PAR  Numerous modifications and variations of the invention are possible in
      light of the above teachings, and therefore, within the scope of the
      appended claims the invention may be practised otherwise than as
      particularly described.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. An air cooled heat exchanger, comprising:
PA1  a pair of tube banks positioned in oppositely inclined vertical planes to
      define an A-shape, each of said tube banks having exposed tubes supported
      in a tube plane;
PA1  a pair of side walls connected to the tube banks to define a chamber having
      an open bottom between the side walls and the lower portion of the tube
      banks;
PA1  means for passing fluid through the tubes;
PA1  means for drawing air from the atmosphere into the open bottom of the
      chamber to pass air upwardly through the tube banks and into the
      surrounding atmosphere; and
PA1  a plurality of individual and separate wind shields for each tube bank,
      said wind shields each being comprised of a wind defecting front wall and
      integral triangularly shaped side walls, said side walls being attached to
      the tube frame of each of the tube banks whereby each of the wind shields
      are separately supported by the tube frame, said front walls being
      disposed in a substantially vertical plane, each of said front walls
      extending across the width of the tube banks and being spaced over the
      length thereof to prevent wind from passing through each of the tube banks
      when the tube banks are exposed to the atmosphere and permitting air to
      flow through the tube banks and upwardly to the atmosphere between the
      wind shields and tube banks, said wind shields being supported as evenly
      supported loads on the tube frame.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to a rotary
      compressor and/or condenser for refrigerating systems. The rotary
      compressor has a rotor with a passage formed therethrough to be in fluid
      communication with an inlet port at one end of the rotor housing and in
      periodic fluid communication with an outlet formed at the other end of the
      rotor housing. The outlet passage is formed in a valve plate which is in
      sliding sealing contact with the terminating end of the rotor of the
      compressor. A condenser may be connected to a common shaft with the
      compressor rotor and has a rotating member with a helical passage
      extending therethrough. Heat radiating fins are formed on the condenser
      rotor to improve heat transfer for cooling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to improvements in the structure of
      apparatus used primarily in the field of refrigeration systems, and more
      particularly to compressors and condensers and their combination in such
      refrigeration systems that provides substantial useful improvement over
      existing refrigerating systems now commonly used in the field of freezers,
      refrigerators and air conditioners. However, it will be understood that
      while this invention is directed particularly to refrigeration systems,
      the specific devices disclosed herein can be used in other allied fields
      such as liquid compressors and rotating radiators for automobiles and the
      like.
PAR  Heretofore, compressors and condensers used in refrigerating systems and
      other allied fields have been relatively expensive and complicated to
      manufacture and/or operate over a relatively long period of time when they
      are to be made compact and light in weight. Rotating compressor devices
      are known in the art and provide means for moving fluid through the
      rotating portion of the motor drive. However, such prior art rotating
      compressors are deficient in that they do not achieve a progressively
      increasing compression of the gas or fluid passing therethrough because
      the fluid passage through the rotating armature is substantially of the
      same cross sectional area from beginning to end, and in many instances,
      have the inlet and outlet at the same radial dimension from the axis of
      the rotating shaft. Even in prior art structures where the fluid passage
      through the rotating armature diverges outwardly from the inlet to the
      outlet, there is no additional compression of the gas other than that
      obtained from centrifugal force.
PAR  Furthermore, prior art condenser means generally incorporate a stationary
      radiator through which the heated refrigeration gas passes during the
      condensing operation. Heat transfer is then obtained merely by radiation
      of heat to the outer atmosphere.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved
      compressor and condenser structure which can be used in a refrigeration
      system.
PAR  Another object of this invention is to provide an improved rotating
      compressor wherein the problems of prior art rotating compressors or pumps
      are overcome to provide improved operation.
PAR  Still another object of the present invention is to provide an improved
      refrigeration system which overcomes the disadvantages noted above with
      regard to prior art refrigeration systems of similar configuration, but
      which retains the advantages and attributes of similar refrigerating
      systems with respect to cost, ease of manufacture and freedom of
      maintenance problems, and which refrigeration system produces reliability
      in conjunction with the capabilities of present technology without
      substantially modifying the basic components of the system in which the
      rotating compressor and condenser are used.
PAR  A feature of particular commercial importance is the provision of a fluid
      flow passage extending through a rotating armature which is of
      progressively diminishing cross sectional area from the inlet to the
      outlet of the compressor and which diverges outwardly from inlet to
      outlet.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational sectional view of a rotating compressor
      constructed in accordance with the principles of this invention;
PAR  FIG. 2 is an end view of the rotating armature of the compressor of FIG. 1
      illustrating the progressively diminishing area of apertures formed in a
      plurality of stacked together laminations which constitute the rotating
      armature;
PAR  FIG. 3 is an end view of the valve plate formed at the outlet end of the
      compressor of FIG. 1;
PAR  FIG. 4 is an alternate embodiment of a rotating compressor constructed in
      accordance with the principles of this invention;
PAR  FIG. 5 illustrates a refrigeration system utilizing the rotating compressor
      of the present invention and further illustrates a rotating condenser for
      cooling refrigerating gas;
PAR  FIG. 6 is a perspective view illustrating a general configuration of the
      rotating condenser of FIG. 5;
PAR  FIG. 7 is a perspective view illustrating an alternate embodiment of a
      refrigeration system utilizing the rotary compressor and condenser
      arrangement as set forth by this invention;
PAR  FIG. 8 is a fragmentary sectional view illustrating the rotary compressor
      and condenser in a housing to provide heating and cooling chambers;
PAR  FIG. 9 is an end view illustrating the motor connection arrangement of the
      rotary compressor of FIG. 7;
PAR  FIG. 10 is an opposite end view of that of FIG. 9;
PAR  FIG. 11 is a diagrammatic representation showing the tubing for the heat
      exchanger and compressor wrapped about radially outwardly directed fins of
      a squirrel-cage-type cooling fin arrangement;
PAR  FIG. 12 is a diagrammatic representation of the rotary compressor and
      condenser illustrating the capillary tube joining the two sections; and
PAR  FIG. 13 is an alternate embodiment illustrating the cooling fins radially
      outwardly of the helically wound tubing of the rotary compressor and
      condenser arrangement.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to FIG. 1, there is seen a rotating compressor constructed in
      accordance with the principles of this invention and designated generally
      by reference numeral 10. The compressor 10 includes a housing member 11
      having spaced apart end walls 12 and 13. The rotating compressor 10 is
      formed substantially of a rotor armature element 14 formed of a plurality
      of laminated circular discs held together by threaded shafts or welded in
      rods 16, as seen in FIG. 2. Drive power is obtained for the rotor element
      14 by a stator structure designated generally by reference numeral 17 and
      positioned outwardly of the rotor and secured in place by the housing
      member 11. The stator 17 induces electromotive force into the rotor 14 so
      it functions substantially as a rotating armature of an induction motor.
      However, external drive power may be used if desired.
PAR  An inlet passage 18 is formed centrally of the shaft 19 of the rotor means
      and is in fluid communication with a fluid flow passage designated
      generally by reference numeral 20. In this embodiment the fluid flow
      passage 20 has a scoop or hooded element 21 which rotates in a recess 22
      formed in the end wall 11. The fluid flow passage 20 in one instance may
      be straight and diverging outwardly from the inlet 18 to an outlet 23.
      However, in the alternative, the fluid flow passage 20 may be partially
      helical in configuration as illustrated in phantom lines 24. Furthermore,
      it will be noted that the scoop member 26 thereof may be positioned at a
      more radially outward position.
PAR  The outlet 23 is formed through a valve plate member 27 which has the
      interface 27a thereof in sliding contact with the endmost lamination
      element of the rotor means 14. The interface 27a may have the area reduced
      by forming an undercut 28 which extends from slightly inwardly of the
      outlet 23 to the rotating shaft 19. This reduces the area of frictional
      contact. Furthermore, it will be noted that the interface 27a together
      with the last of the laminated discs of the rotor may be coated with a
      permanent dry lubricating substance such as Teflon, or the like.
PAR  A gas receiving chamber 30 is secured to the end wall 13 and is provided
      with an outlet passage 31 so that the rotating compressor structure 10 can
      be connected in fluid communication with a refrigerating system. As best
      illustrated in FIG. 2, the end view of the rotating armature 14 shows the
      fluid flow passage 20a extending therethrough. In this instance the
      laminations forming the rotor armature are provided with apertures, by
      drilling or punching, which are of progressively diminishing cross
      sectional areas so that they form a substantially uniformly decreasing
      passage. However, it will be understood that the passage 20a may be formed
      by molding or casting of the armature structure.
PAR  FIG. 3 illustrates the undercut portion 28 in the end wall 13 and further
      illustrates the arcuately shaped slot 34 which forms the outlet 23. The
      arcuate extent of the slot 34 determines the amount of time the fluid flow
      passage 20 is in registry therewith during each revolution.
PAR  By providing a fluid flow passage that is progressively diminishing in
      cross sectional area and which is diverging radially outwardly from the
      inlet to the outlet, centrifugal force and a compressing action of the
      diminishing cross sectional area provide improved compression of the
      refrigerating gases.
PAR  FIG. 4 illustrates an alternate embodiment of the rotary compressor of the
      present invention and is designated generally by reference numeral 40.
      Here the compressor 40 is provided with a housing member 41 having spaced
      apart end walls 42 and 43 and a rotating armature member 44 secured
      therein for rotation about a shaft 46. In this instance an inlet passage
      47 is formed displaced radially outwardly of the shaft 46 and is in fluid
      communication with a fluid flow passage 48 extending through the armature.
      Here also a scoop or hood member 49 may be provided to rotate in a recess
      50 to improve forcing refrigerant gas through the fluid flow passage 48.
      Here again, the cross sectional area of the fluid flow passage is
      progressively diminishing from inlet to outlet.
PAR  To improve the centrifugal force of compression, the bell-shaped section 52
      is formed at the end of the rotor 44 and thereby provides means for
      diverging the fluid flow passage 48 outwardly to an extent greater than
      the periphery of the rotor armature portion. An outlet 53 is formed in the
      end plate 43 and the fluid flow passage 48 is in periodic registry
      therewith so that compressed refrigerating gas will enter a chamber 54.
      The chamber 54 has an outlet 56 through which the rotating compressor 40
      is connected to a refrigerating system.
PAR  A refrigerating system utilizing the rotary compressor constructed in
      accordance with this invention is illustrated in FIG. 5 and is designated
      generally by reference numeral 60. Here the rotating compressor 40 has a
      common shaft 61 extending from the rotor structure 44 and through the
      chamber 54 so as to be in common rotation with a rotary condenser
      structure 62. In this instance the outlet 56 is not used and refrigerant
      gas passes from the chamber 54 into the rotating condenser 62 by a
      plurality of ports or openings 63 formed in the shaft 61. The ports 63 are
      in fluid communication with a helically shaped fluid passage 64 extending
      from one end of the rotating condenser to the other. The outlet end 66 of
      the rotating condenser is connected to a refrigerating line 67. which, in
      turn, is connected to the refrigerating coils designated by the
      refrigerating system 68.
PAR  A plurality of spaced apart outwardly directed heat transfer fins 69 are
      formed on the periphery of the rotary condenser and may include a
      plurality of spaced apart apertures 70 formed therein. The apertures 70
      preferably are formed at the interface of the fins 69 and the surface of
      the rotating condenser so that air can pass therethrough and more
      efficiently transfer heat to the surrounding air. Furthermore, the fins 69
      are inclined toward the direction of rotation, as seen in FIG. 6, so as to
      scoop air across the heat radiating fins and through the apertures 70.
PAR  To utilize the hot compressed gas captured in chamber 54 as a self-defrost
      medium, a sensing device 74 is positioned within the chamber so that
      registry between the fluid flow passage 48 and the outlet 53 can be sensed
      to effect a control signal to deenergize a motor control circuit 76. This
      then insures that reverse flow of the hot compressed gas is obtained from
      the outlet 53 through the fluid flow passage 48 and the inlet 47 back
      through the refrigeration system. The sensing element 74 and the motor
      control circuit 76 may take any conventional form and modifications
      thereof will not depart from the general overall concepts of the invention
      disclosed herein. Furthermore, the number of heat radiating fins secured
      to the rotating condenser may vary as desired.
PAR  Referring now to FIGS. 7, 8, 9, 10, 11, 12 and 13, there is seen an
      alternate embodiment of the present invention. Here the rotary compressor
      and condenser units have their functions interchangeable by reversing the
      direction of rotation of their associated drive motor. FIG. 7 illustrates
      the compressor and condenser units removed from their respective housing
      chambers and provide the basic structure for a refrigerating system and is
      designated generally by reference numeral 80. The refrigerating system 80
      has a section of tubing 81 wound about the radially outwardly directed
      fins of a squirrel-cage fan unit and a second section of tubing 82 placed
      adjacent thereto on substantially the same axis of rotation therewith. The
      sections 81 and 82 are connected together by a length of capillary tube 83
      which functions as the refrigerant metering orifice as is well-known in
      the art. The tubing sections 81 and 82 are rotated on the squirrel-cage
      fan configuration by an electric drive motor 84 connected thereto. The
      drive motor 84 has radially outwardly directed tab portions 86 secured to
      a mounting flange 87 which, in turn, can be secured to one end wall 88 of
      a housing 89, as best seen in FIG. 8. Electrical potential is applied to
      the motor 84 by a conductive lead 90.
PAR  In this embodiment of the invention no rotating seals are required since
      the entire refrigerating system is a closed loop arrangement, as best seen
      in FIG. 12. Here the section 81 is a fluid communication with the section
      82 by means of the centrally located return line 91. While the return line
      91 is illustrated as a straight length of tubing extending from end to end
      of the rotating compressor and condenser, it will be understood that it
      may be helically formed in the opposite direction so as to facilitate
      return flow of the refrigerant fluid within the system. The capillary
      tubing 83 between the sections 81 and 82 preferably is located
      substantially centrally of a partition wall 93 of the housing 89, thereby
      separating the tubing sections. Depending on the direction of rotation of
      the drive motor 84, one of the sections will function as a compressor
      while the other of the sections will function as a condenser within a
      refrigerating system. Therefore, the plenum chambers 100 and 101
      associated with the tubing sections 81 and 82, respectively, may be
      provided with output openings 102 and 103, respectively, through which
      cold or hot air may flow, depending on the direction of rotation of the
      motor 84. For example, if the motor 84 rotates in one direction, section
      81 may function as a cooling section while section 82 may function as the
      heat transfer section of a refrigerating cycle. When the motor 84 is
      reversed in direction, section 82 functions as the cooling section while
      section 81 functions as the heat transfer section.
PAR  FIG. 10 illustrates a filling connection 106 connected to one end of the
      helically wound tubing sections to provide means for filling the tubing
      with a refrigerant material such as Freon.
PAR  FIG. 11 illustrates more clearly a plurality of substantially equally
      spaced apart radially outwardly directed fins 107 which form part of a
      squirrel-cage configuration and upon which is wound the tubing sections 81
      and 82.
PAR  FIG. 13, however, illustrates an alternate configuration and shows a
      helically wound tubing section 108 having a plurality of radially
      outwardly directed fin members 109 positioned on the outside portion
      thereof. The tubing section 108 may be wound upon a mandrel which is
      removed or may be wound upon a form member which remains an integral part
      of the refrigerating system unit. In each embodiment the entire
      refrigerating system is a closed loop arrangement requiring no rotating
      seals of any kind. Furthermore, the tube sections wrapped about the
      cooling fins tend to break up the air flow providing a turbulent condition
      which adds to the efficiency of cooling on the hot side and the efficiency
      of absorbing heat on the cold side.
PAR  While the rotating condenser arrangement in each of the embodiments is
      illustrated as utilized in conjunction with a refrigerating cycle, it will
      be understood that the condenser configuration can be utilized as a high
      efficiency heat exchanger for cooling fluids of any kind. For example, the
      rotating tubular condenser may be utilized as a heat exchanger for an
      automobile cooling system or the like. The tremendous advantage obtained
      here is simplicity of design and construction and relatively low cost.
      Furthermore, the requirement of having complicated movable internal parts
      is substantially completely eliminated.
PAR  While several embodiments of the present invention have been illustrated
      herein, it will be understood that further variations and modifications
      may be effected without departing from the spirit and scope of the novel
      concepts disclosed and claimed herein.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A heat exchanger comprising in combination: a helically wound tubing, an
      inlet formed at one end of said tubing, an outlet formed at the other end
      of said tubing, a plurality of heat radiating fins secured to the tubing
      and arranged along a longitudinal axis of rotation of the helically wound
      tubing, drive means coupled to said helically wound tubing for rotating
      said tubing about said longitudinal axis of rotation, whereby heated fluid
      passing through said helically wound tubing will be cooled during rotation
      thereof.
NUM  2.
PAR  2. The heat exchanger according to claim 1 wherein said fins are located
      radially inwardly of said helically wound tubing.
NUM  3.
PAR  3. The heat exchanger according to claim 1 wherein said fins are located
      radially outwardly of said helically wound tubing.
NUM  4.
PAR  4. The heat exchanger according to claim 1 further including a length of
      tubing connected between said inlet and said outlet and passing through
      the helically wound tubing.
NUM  5.
PAR  5. The heat exchanger according to claim 4 wherein said length of tubing
      passes through said helically wound tubing along the longitudinal axis of
      rotation thereof.
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ABST
PAL  Radiator comprising tubes, tube plates fitting ends of said tubes, lateral
      flanges and corrugated fins inserted between the tubes and between the
      tubes and the flanges. A bearing area is designed along the flanges or the
      tubes close to the tube plate for applying end fins between the flange and
      the adjacent tube. Means are designed for at least limiting joining
      portions of said fins extending at the level of said area.
BSUM
PAR  The invention relates to heat exchangers, especially those which are used
      for cooling liquids. In those apparatuses it is frequent that tubes are
      submitted to important heat shocks. In fact, on a motor-car and upon
      starting the engine, the radiator is at ambient temperature and is fed in
      cooling liquid only after the opening of a thermostatic valve isolating it
      from the cooling sleeves of the engine. Thus, the radiator which may be at
      a very low temperature, suddenly receives a liquid at a temperature of
      about 100.degree.C. The radiator tubes being very thin are immediately
      heated and consequently become expanded. On the contrary, the lateral
      flanges, connecting the tube plates in which emerge the tubes, are heated
      only a long time later since they are not in direct heat contact with the
      liquid. Besides, their heat mass is notably more important than that of
      the tubes. On the other hand, the radiators comprise disturbers or
      corrugated fins placed between the end tubes and the flanges, these
      disturbers fins, besides acting as disturbing elements, constitute struts
      preventing distortion of the lateral walls of the tubes, said lateral
      walls being very thin could not stand, by themselves without risks of
      damage, the stresses due to the pressure of the liquid in circulation.
PAR  It has appeared that corrugated disturbers or fins, though being extremely
      thin, ensure a too rigid connection between the flanges and the lateral
      tubes of the radiator. Actually, in case of a more important heat
      expansion or shrinking of the tubes than of the flanges, the successive
      corrugations which are welded or brazed to the flanges as well as to the
      tubes cannot be distorted because they make a real triangulation between
      said tubes and said flanges. TThe expansion forces being obviously
      considerable, breakings of the tubes very often occur especially at the
      level of the tubes plates, which causes the heat-exchanger to leak. The
      above disadvantage is amplified by the cyclic succession of the heat
      expansions and shrinkings.
PAR  To try to cope with said disadvantage it has already been offered to
      reinforce the connection between the tubes and the tube plates but, it has
      then appeared that the wall of the tubes could itself be torn out. Also it
      has been offered to design, in the flanges, an expansion ring or a sliding
      link for the connection between the flange and the tube plate be not
      rigid. Said arrangement, which is satisfactory upon the brazing operation,
      is no longer satisfactory during the use of the heat exchanger since, as
      aforementioned, when an assembling through welding or brazing is realized,
      the fins act as a triangulated lattice, and the same disadvantages as the
      above mentioned ones are also present.
PAR  The present invention completely solves the problem.
PAR  According to the invention, the method for equalizing differential heat
      expansions produced upon operation of a heat exchanger of the type
      comprising tubes having ends fitted in two end plates and rigidly
      connected therewith lateral flanges and corrugated fins inserted between
      the tubes and between said tubes and the lateral flanges to form a unit,
      the unit being welded or brazed as a one-piece unit with the lateral
      flanges and tube plates rigidly connected together, is characterized by
      annihilating or at least limiting the connection between the flanges and
      the end tubes at least in portions thereof being close to each tube plate.
PAR  The invention also relates to a radiator embodying the above mentioned
      method.
PAR  According to this arrangement of the invention, a radiator for cooling a
      liquid and comprising tubes, tube plates in which are fitted ends of the
      said tubes, lateral flanges and corrugated fins inserted between said
      tubes and between said tubes and said flanges, is characterized by a
      bearing area designed along the flanges or the tubes at least on a limited
      length and close to the tube plates, said bearing area holding end fins
      applied between the flange and the nearest tubes, and means being designed
      for at least limiting joining portions of said fins extending at the level
      of said area while the flanges, the tube plates and the tubes are rigidly
      connected together.
PAR  Various other features of the invention are moreover shown in the following
      detailed description.
DRWD
PAR  Embodiments of the invention are shown by way of nonrestrictive examples in
      the accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary sectional elevation of a radiator embodying the
      invention.
PAR  FIG. 2 is a sectional view taken along line II--II of FIG. 1.
PAR  FIG. 3 is a sectional view similar to FIG. 1 of a first variant.
PAR  FIG. 4 is a diagrammatic sectional view of another variant.
PAR  FIGS. 5 and 6 are enlarged diagrammatic fragmentary sectional views of two
      other variants.
PAR  FIGS. 7 and 8 are diagrammatic sectional views of two further variants.
PAR  FIGS. 9 to 12 and 14, 15 are fragmentary sectional elevations similar to
      FIG. 1 and showing different variants of realization.
PAR  FIG. 13 is a sectional view taken along line XIII--XIII of FIG. 12.
PAR  FIGS. 16 to 18 are fragmentary elevations showing different embodiments of
      a detail of realization appearing in FIGS. 14 and 15.
PAR  FIGS. 19 and 20 are sectional elevations of still other variants.
DETD
PAR  The drawings fragmentarily show a radiator for cooling liquid of a heat
      engine. Said radiator comprises circulation tubes 1 of which the ends are
      fitted in tube plates 2 of which only one is represented, said tube plates
      being covered with header boxes 3. Lateral flanges 4 are placed on the two
      lateral sides of the radiator, and fins 5 in the shape of corrugated fins
      are placed between the different tubes 1 and between said tubes and the
      flanges 4. The connection between the tubes 1, the fins 5, the tubes
      plates 2 and flanges 4 is made through welding or brazing depending on
      whether the parts are made of coppery or ferrous metals or of aluminous
      metals. What is explained hereinbelow relates to radiators made of
      heterogeneous metals and in which the tubes are made of brass or steel,
      the fins 5 are made of aluminum or copper and the flanges 4 are made of
      steel or aluminum. Also the tube plates can be made of steel, stainless
      steel, aluminum or copper and the nature of the constituting material of
      the header boxes can be of any kind: either of metals which can be welded
      or brazed to the tube plates, or of synthetic materials in which case the
      connection is made by mere mechanical means.
PAR  In FIGS. 1 and 2, the flange bears on the whole width thereof and on the
      main portion of its length against the fins which form intercalary part 5,
      as shown at 4a. Thus the pressure developed in the tubes by the
      circulating liquid is balanced by the fins and the flanges. In their upper
      and lower portions, the flanges bear against the last fin section only by
      one or several ribs 6. The rib 6 extends on a height which ranges between
      3 to 25% of the tube length and preferably 10% of said length.
PAR  In addition, but this is not required, another element equalizing the
      expansion, for example, a loop 7 is designed close to at least one end of
      each flange 4. During the operation leading to welding or brazing of the
      different parts of the radiator, the differential heat expansions between
      the tubes are balanced by the loop 7. Then, the whole radiator forms a
      one-piece unit. During the operation of the radiator, the heat shocks,
      which are produced at the level of the tubes when very hot liquid is
      supplied to them upon opening of a thermostat regulating the cooling
      circuit, cause a sudden heat expansion of said tubes, while the flanges
      are not or very slightly expanded or, in any case are expanded with a
      certain delay relatively to the tubes. Due to the presence of the rib 6
      which is the only part fixed to the upper and lower portions of the fins
      separating the flange from the first tube 1, said fins can be partly
      distorted, and a breaking can even occur between the fins and the flange.
      However, said breaking then occurs close to the rib 6, which is then not a
      trouble for the normal operation of the radiator because, even in the case
      of the breaking of the fins close to or at the level of the rib 6, said
      fins will keep on acting as a reinforcement of the lateral wall of the
      tube 1, lateral wall which must not expand under the effect of an internal
      pressure of the fluid circulating in the tube.
PAR  According to the variant shown in FIG. 3, the flange 4a is continuous and
      does not have any longer the rib 6. In that case an intercalary screen 8,
      very thin, for example a few hundredth of millimeters, is inserted between
      the flange 4a and the fin 5, said intercalary screen extending like the
      rib 6 on a length within 3 and 25% of that of the tube. The screen is
      realized, as shown, by a band 8 made of a material which prevents welding
      or brazing of the corresponding portion of the flange and of the
      intercalary part. A particular resin can be used, as well as a very thin
      sheet of a metal or ink preventing the brazing. Thus, the fins 5 are
      welded or brazed both to the tube and to the flange except at the level of
      the intercalary screen 8, which enables the tube, upon heat shocks, to
      expand differentially relatively to the flange.
PAR  FIG. 4 shows a development of FIG. 3 wherein both the upper portion and the
      lower portion of the flange 4b have a separation 9 still extending within
      3 to 25% of the tube length, said separation being used as a housing for a
      small plate 10 selected as for not being brazed either to the flange or to
      the fins 5; thus fins 5 can slide in relation with the small plate 10 if
      it is not brazed thereto or, on the contrary it is the small plate which
      can slide in the separation 9.
PAR  FIG. 5 shows an embodiment more especially designed to be used in radiators
      made of aluminous metals. In that case tubes 1a are used which are
      outsidely covered with a plating 12 of a brazing alloy, the tube plates 2a
      being covered on their two sides with the same plating 12 while the flange
      4c is also covered on its inner side with said plating 12. The fins 5 are
      not covered with plating and an intermediate lug 13 is designed to connect
      the flange 4c to the tube plate 2a, said intermediate lug being not
      covered with plating and being possibly provided with the loop 7 balancing
      or compensating the heat expansion. It can be seen that through this
      embodiment, when the radiator is finished, the brazing is performed
      between the tubes and the tube plates, between the tubes and the fins,
      between each lug 13 and the flanges and between the fins and said flanges,
      except for portion of the fins bearing against the lug.
PAR  According to FIG. 6, the tubes 1, tubeplates 2 and flanges 4 are normally
      manufactured and assembled, but the fins, then designated by 5a, are
      shaped in such a way that their successive corrugations be not rectilinear
      but, on the contrary, delimit curves 14. Thus, upon the differential heat
      expansions between the tubes and the flanges, these are the fins which are
      distorted.
PAR  FIGS. 7 and 8 show how the invention can be embodied in already existing
      radiators. In such a case, according to FIG. 7, a saw-cut 15 is made in
      the portion of the fins 5 which are in the vicinity of each flange 4, this
      saw-cut extending on a length within 3 to 25% and preferably 10% of the
      length of the tubes.
PAR  In FIG. 8, saw-cuts 16 are made in the flange 4, transversely to said
      flange, thus the tubes can also expand differentially with respect to said
      flange. If desired, several saw-cuts can be made one above each other,
      each saw-cut approximately extending in a direction transverse to the
      flange, but not concerning the whole width of said flange. Thus, the
      flange can then be distorted at the same time as the fins.
PAR  In FIG. 9, each flange 4 delimits on a portion of its length a groove 17,
      and said flanges are made of plain metal, that is of metal not covered
      with brazing alloy. The groove 17 is used as a housing for a plate 18 made
      of metal covered on its two sides with brazing alloy. The thickness of the
      plate 18 is equal to the depth of the groove 17, thus the fin 5 fixed to
      the first tube 1 bears, by all its corrugations, against the flange 4 or
      against the plate 18. Since the plate 18 is covered with a brazing alloy
      at the moment when the radiator is brazed, said plate is also brazed both
      to the fin 5 and to the flange 4. On the contrary, the portions of the fin
      5 which bear directly against the metal of the flange are not brazed to
      said flange. As previously and in the following disclosure, the lengths of
      flanges which are not brazed to the fins ranges within 3 and 25% of the
      length of the tubes.
PAR  The radiators being usually brazed in a vertical position, according to an
      additional feature of the invention, it is designed, preferably at the
      lower portion of the plate 18, a retaining nose 19 forming a path of flow
      in the way that the liquid brazing can follow when tending to flow. Thus
      the brazing alloy, while flowing, cannot connect the flange 4 to the
      portion of fin 5 which extends beneath the plate 18. The retaining nose 19
      also prevents that brazing run-outs could come into the heat expansion
      balancing element 7a as it could otherwise happen in making said element
      inoperative.
PAR  It is advantageous that the plate 18 will comprise a retaining nose 19 at
      each of its ends to avoid any preferential hanging way for the radiator
      when it is to be submitted to brazing operations.
PAR  In FIG. 10, the flanges 4 bear on their whole length against the fins 5
      without said flanges being provided with the groove 17 as in FIG. 9.
PAR  Retaining noses 19 are formed by the flange itself, for example through
      folded back lugs from punctures 20, and a brazing alloy plating 21 is only
      provided between the retaining noses 19.
PAR  In FIG. 11, the flange is provided with intermediate lugs 13 comprising the
      heat expansion equalizing element 7, said lugs being designed to be brazed
      to the tube plates 2 which are covered with brazing alloys. The lugs 13,
      which have no brazing alloy, are connected together through the flange 4c
      which has an outer groove 17a to compensate the thickness of the lugs 13,
      the flange 4c being entirely covered with brazing alloy, as shown in 12.
      The ends of the lugs 13 are folded back to form the retaining nose 19.
PAR  In FIGS. 12 and 13, the flange bears on its whole width and the main
      portion of its length against the fins 5. In their end portions, the
      flanges bear against said fins only by a rib 6. To prevent the brazing
      alloy which normally covers the flange to flow towards the heat expansion
      equalizing element 7, said flange has also one or several retaining noses
      which, in such a case, are formed by moldings 19a protruding in a
      direction substantially transverse to that of the rib 6.
PAR  In FIG. 14, the flanges 4 form a bearing portion 4d and, on each side
      thereof, they delimit grooves 17b in which are made apertures 22 which,
      preferably, extend diagonally as shown in FIG. 17 or which are shaped as
      chevrons as shown in FIG. 18.
PAR  Lugs 23 are cambered along the apertures 22 to constitute bearing areas of
      small surface against which are bearing the ends of the fins 5. In this
      embodiment, the side of the flange facing the fins 5 can be covered with
      brazing alloy and said brazing alloy is prevented from flowing towards the
      heat expansion equalizing elements 7 by the apertures 22 delimiting a path
      of flow in a direction that can follow the melting brazing alloys while
      the cambered lugs 23 form, due to their diagonal direction, bearing areas
      for the end fin sections. It is also possible, in this embodiment, that
      the brazing alloy covers only the bearing portion 4d of the flange, as
      described in the above disclosure with reference to FIG. 10.
PAR  According to FIG. 15, the disturbers then constited by the fin 5a are
      shaped to prevent their successive corrugations to be rectilinear, and on
      the contrary they delimit curves 14. Thus, upon the differential heat
      expansions between the tubes and the flanges, these are the fins which are
      distorted at the level of their curve. In view of preventing the brazing
      alloy covering the flange to make inoperative the heat expansion
      equalizing elements 7, means are as previously designed at the two ends of
      each flange for introducing a path of flow in a direction that can be
      followed by the melting brazing alloy; these means are constituted by
      apertures 22a from which retaining noses 19 are upwardly folded.
PAR  The apertures 22a can be horizontally extended as shown in FIG. 16, though
      they can be also inclined, or chevronshaped as shown in FIGS. 17 and 18.
PAR  According to FIG. 19, the end tubes 1, which are covered with a brazing
      alloy, as in the above disclosure, are provided, at their end portions and
      on their side directed towards the end fin 5, with screens 24 respectively
      extending within 3 to 25% of their length.
PAR  In FIG. 20, the screen 24a is constituted by a small metal plate which is
      not covered with brazing alloy and which has a tongue 25 bearing against
      the tube plate 2 covered with brazing alloy in the very same way as the
      tubes 1. A retaining nose 19 and an aperture 22 are also provided in the
      small plate forming the screen to prevent the flow of the brazing alloy.
      In this embodiment, the screen is not brazed to the end fin but is brazed
      to the tube and thus constitutes a reinforcement for said tube. Besides, a
      groove 26 is designed at each end of the flanges 4 to compensate the
      thickness of the small plate, the depth thereof being small to enable the
      fin to be suitably brazed to the flanges on the whole length thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for compensating differential heat expansions produced upon
      operation of a heat exchanger of the type having inner tubes and end
      tubes, tube plates fitting ends of said tubes, and rigidly connected
      therewith, lateral flanges, and corrugated fins inserted between the tubes
      and between said tubes and the lateral flanges to form a unit, comprising
      the steps of welding or brazing as a one-piece unit with said lateral
      flanges and tube-plates rigidly connected together, and providing means
      for precluding bonding between said lateral flanges and said fins in the
      proximate area of said tube-plates wherein the connection of said end
      tubes to said lateral flanges through said fins in the proximate area of
      said tube plates is non-bonded.
NUM  2.
PAR  2. Method for compensating differential heat expansions as set forth in
      claim 1 wherein the non-bonded area is limited to an area extending from
      the tube plates and having a length within 3 and 25% of the length of the
      tubes.
NUM  3.
PAR  3. Method as set forth in claim 2, wherein is created at least one flow
      path close to the area of the non-bonded connection between the flanges
      and the end tubes, whereby said flow path substantially prevents flow of
      any liquid brazing material to said non-bonded connection upon brazing of
      the radiator.
NUM  4.
PAR  4. Method as set forth in claim 3, wherein the flow path is designed in a
      direction substantially transverse to the flanges when the radiators are
      held in a substantially vertical position upon the brazing operation.
NUM  5.
PAR  5. Method as set forth in claim 1, wherein distortion areas are formed in
      the flanges close to their junction with each tube plate, whereby
      equalizing axial expansion differences between said flanges and the tubes.
NUM  6.
PAR  6. A radiator for cooling a liquid, comprising inner and outer tubes, tube
      plates fitting ends of said tubes and rigidly connected therewith, lateral
      flanges, corrugated fins inserted between said inner tubes, said end
      tubes, and said lateral flanges, a bearing area along said lateral flanges
      and said end tubes in the proximate area of said tube plates, and means
      for limiting the joining portions of said fins extending at the level of
      said bearing area, wherein said bearing area holds said fins between said
      end tubes and said lateral flanges in a non-bonded condition.
NUM  7.
PAR  7. A radiator as set forth in claim 6, wherein said bearing area extends
      for a length within 3 to 25% of the length of the tubes and preferably 10%
      of said length.
NUM  8.
PAR  8. A radiator as set forth in claim 6, wherein said bearing area is
      delimited by at least a longitudinal rib formed by the lateral flange at
      its end portions and extending the normal bearing area of said flange.
NUM  9.
PAR  9. A radiator as set forth in claim 6, wherein said bearing area is
      delimited by a screen placed between the lateral flange and a contiguous
      fin, said screen preventing welding or brazing of said fin to said flange.
NUM  10.
PAR  10. A radiator as set forth in claim 9, wherein the screen is constituted
      by an interralary screen.
NUM  11.
PAR  11. A radiator as set forth in claim 9, wherein the screen is constituted
      by a small plate placed in a cavity of the lateral flange.
NUM  12.
PAR  12. A radiator as set forth in claim 6, wherein said bearing area is
      delimited by a lug placed between the end of said lateral flange and said
      tube plate, said lug being physically joined both to said tube plate and
      to said lateral flange but not to said fin.
NUM  13.
PAR  13. A radiator as set forth in claim 6, wherein said bearing area is
      delimited by a saw-cut made in the fin close to fin flange.
NUM  14.
PAR  14. A radiator as set forth in claim 6, wherein said bearing area is
      delimited by saw-cuts made transversely in said lateral flange.
NUM  15.
PAR  15. A radiator as set forth in claim 6, wherein said bearing area is
      delimited by curved portions formed in successive corrugations of the fin.
NUM  16.
PAR  16. A radiator as set forth in claim 6, comprising at least a nose or other
      protruding element forming a flow path in each flange beyond the limit of
      the area in which the corrugated fins are rigidly connected to said flange
      or to the tubes.
NUM  17.
PAR  17. A radiator as set forth in claim 16, wherein the element forming a flow
      path is delimited at least at one of the ends of a plate covered on two
      sides thereof with a brazing alloy and housed into a groove provided by
      each flange made of metal not covered with brazing alloy and delimiting,
      on each side of said groove, a bearing area holding the fins connected to
      the wall of the nearest tube.
NUM  18.
PAR  18. A radiator as set forth in claim 16, wherein the elements forming the
      flow path are constituted by lugs delimited from punctures formed in the
      bearing area of the lateral flange which is covered with brazing alloy
      only in portion thereof extending between said lugs.
NUM  19.
PAR  19. A radiator as set forth in claim 16, wherein the elements forming the
      flow path are made at the end of lugs not covered with brazing delimiting
      the bearing areas of the lateral flanges on the ends of the corrugated
      fin, said lugs being connected together by a portion of said flange
      covered with brazing alloy and delimiting a groove compensating the
      thickness of said lugs in portion thereof not connected to said lugs.
NUM  20.
PAR  20. A radiator as set forth in claim 16, wherein the elements forming the
      flow path are constituted by at least one molding element transverse to a
      longitudinal rib having a top delimiting the bearing area holding the ends
      of the fins against the wall of the end tubes.
NUM  21.
PAR  21. A radiator as set forth in claim 16, wherein the elements forming the
      flow path are constituted by lugs cambered from the edge of the diagonal
      transverse apertures, formed at the ends of each flange of which a side
      turned towards the fin is at least partly covered with brazing alloy.
NUM  22.
PAR  22. A radiator as set forth in claim 6, wherein said fins are brazed on the
      whole height of said lateral flanges and on only a portion of the tubes
      which are the nearest ones to the said flanges, thus said fins are
      removable from said tubes in portions thereof which are close to the tube
      plates.
NUM  23.
PAR  23. A radiator as set forth in claim 22, wherein screens are placed between
      each end fin and each end tube is covered with brazing alloy.
NUM  24.
PAR  24. A radiator as set forth in claim 23, wherein the screens are
      constituted by a small metal plate not covered with brazing alloy and
      which is fixed to said end tube by means of the brazing alloy covering
      said tube, said end small plate forming further a retaining nose for the
      brazing alloy and a brazed reinforced lug for the tube plate.
NUM  25.
PAR  25. A method for compensating differential heat expansion produced upon
      operation of a heat exchanger, said heat exchanger comprising inner tubes
      and end tubes, tube plates fitting ends of said tubes, lateral flanges,
      and corrugated fins inserted respectively between said tubes and between
      the lateral flanges and end tubes located adjacent to said lateral
      flanges, comprising the steps of:
PA1  providing brazing material on portions of at least said tube plates, said
      inner tubes, said end tubes and said lateral flanges;
PA1  limiting the introduction of brazing material between the lateral flanges
      and each end tube located adjacent said lateral flanges at least on
      portions thereof being close to each tube plate; and
PA1  submitting the heat exchanger to brazing;
PA1  whereby said tubes and tube-plates are rigidly connected, said tube plates
      and lateral flanges are also rigidly connected thus forming a frame and
      said tubes and corrugated fins inserted therebetween are also rigidly
      connected while at least a limited connection remains between the lateral
      flanges and portions at least of the end tubes adjacent to said lateral
      flanges.
NUM  26.
PAR  26. A heat exchanger comprising inner tubes and end tubes, tube-plates
      fitting ends of said tubes, lateral flanges and corrugated fins inserted
      respectively between said tubes and between the flanges and end tubes
      located adjacent to said lateral flanges, wherein:
PA1  the tubes are rigidly connected to the tube plates and said tube plates are
      rigidly connected to the flanges to form a rigid frame;
PA1  the tubes are rigidly connected to the corrugated fins inserted between
      said tubes; and
PA1  means are provided for limiting connection through the respective
      corrugated fins between the lateral flanges and portions of the end tubes
      adjacent to said lateral flanges.
NUM  27.
PAR  27. A radiator as set forth in claim 16, wherein the elements forming the
      flow path are constituted by lugs in the shape of chevrons formed at the
      ends of each flange of which a side turned towards the fin is at least
      partly covered with brazing alloy.
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ABST
PAL  A system is disclosed, suitable to suppress the discharge pipe string in a
      deep-well vertical pump. In said system, a top seal is provided located at
      the top end of the well to hermetically seal the well's wall and form a
      duct towards the discharge mouth of said well; another seal being located
      in a cooperative relationship to the upmost impellent device and to the
      inner wall of the well, in order to allow for the well's wall portion
      comprised between said both seals to operate as the discharge tubing; said
      seal being proportional to the fluid pressure inside said wall portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to deep-well vertical pumps. More particularly,
      relates to a system suitable to replace the discharge pipe string of a
      pump of said type, with the wall itself of said well.
PAR  2. The Prior Art
PAR  In general, there are presently three different types of deep-well pumps:
      those employing water for lubricating purposes, those lubricated by oil
      and those with underwater electric motor. Although certain substantial
      differences are present in the string or strings inside the well, coming
      from the wellhead into the aspirating end thereof, all said three types of
      pumps are coincident in the provision of a pipe string for conducting the
      fluid to be pumped from said well, e.g., water.
PAR  As it is well known in the art, a substantial portion of the pump costs is
      caused by the discharge pipe string, since said pipe must be formed from
      tubing the manufacture of which is subjected to high-precision standards
      as it is well known in the art. Since a drawn tube of the current type
      cannot be employed for these purposes, as the same serves both as a duct
      for the passing of the fluid towards the wellhead, and as an aligning
      means for the lower end of the string as well as for centering and
      connecting the sheath inside which there is the shaft and the
      bearing-supporting means, the tubing from which said discharge pipe string
      is made should be a very special one. Further, said string serves also as
      a conducting and supporting means, or simply for connecting and centering
      the shaft, when associated with a oil-lubricated pump, a water-lubricated
      pump or an underwater electric motor pump. Therefore, it should be highly
      desirable for a system to eliminate or suppress said discharge pipe string
      from said pumps.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides for the suppression of said discharge pipe string.
      Accordingly, it is the main object of this invention to provide a system
      wherein a deep-well pump can be employed without a discharge pipe string,
      without sacrificing the efficiency thereof.
PAR  It is another object of this invention to provide a string for deep-well
      from which the discharge pipe string has been suppressed.
PAR  A further object of this invention is to provide a deep-well pump, capable
      of working without the discharge pipe string, in an efficient manner, as
      those pumps presently employed.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The above and other further objects will become clearer upon examination of
      the following disclosure, together with the drawings accompanying hereof,
      wherein:
PAR  FIG. 1 is a partially diagrammatical and partially sectional view of a
      water-lubricated deep-well pump, of the prior art as employed presently.
PAR  FIG. 2 is a similar view to FIG. 1, of an oil-lubricated deep-well pump of
      the type presently in use.
PAR  FIG. 3 is a similar view to FIGS. 1 and 2, of an underwater electric motor
      deep-well pump showing the parts forming said pump, and
PAR  FIG. 4 is a view similar to FIGS. 1 and 2, showing a deep-well pump
      according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a water-lubricated pump. This pump, as generally referred to
      by numeral 10, is formed by a motor 12, located exteriorly to said well,
      on a wellhead 14 wherein there is also the discharge mouth 16. From said
      wellhead covering the wellhole 18, a string extends downwardly and is
      formed by pipe lengths specially built, forming a discharge tubing 20.
      Said pipe lengths of said discharge tubing 20 are connected to each other
      by means of couples 22. Said couples 22, in a preferred embodiment, form
      at the same time bearing holders 25, serving for aligning and to
      rotatively support a shaft 26. Said shaft 26 is formed by shaft portions
      27, connected to one another by means of couples, in order to obtain the
      required depth.
PAR  Said constitution of the tubing inside said well 18 continues as deep as
      necessary inside said well, and ends with a plurality of impelling bowls
      30, serially arranged near the lower end of the string. Said string
      continues beyond said bowls 30 into a suction end 32, provided with a
      strainer 33.
PAR  Therefor, the fluid to be extracted from the bottom of the well, e.g.
      water, enters through the strainer 33 towards the suction end 32, due to
      the action of said impelling bowls. These latter are moved, in turn, by
      the shaft rotation carrying said bowls and communicating thereto the motor
      power and in such a way, that water enters the discharge pipe string
      inside which goes upwardly until the discharge mouth 16 is reached and, at
      the same time, said water lubricates the shaft 26 connection with said
      bearings 25 inside said string 20.
PAR  On the other side, FIG. 2 shows an oil-lubricated pump, of a more
      complicated constitution. Similar numerals, with a "prime" suffix are
      employed in this FIG., relating to FIG. 1, for all corresponding parts.
      Thus, said pump 10' is constituted by a motor 12' located outside the
      well, on a wellhead 14' wherein there is also a discharge mouth 16'.
      Downwardly from the wellhead covering the wellhole 18', extends a string
      formed by pipe lengths specially built to form a discharge tubing 20'.
      Said tubing lengths of said discharge tubing 20' are connected to one
      another by couples 22' which, in the preferred embodiment, constitute the
      only connection between said lengths.
PAR  Located within said discharge tubing 20' there is also a shaft 26'
      constituted by lengths connected by shaft couplings 27'; however, said
      shaft, in turn, is exteriorly covered by a shaft sheath 24, formed by
      tubular elements connected to one another similarly to said discharge pipe
      string 20; the couplings 29 thereof also having bearings 31, generally
      made of bronze.
PAR  Said string inside said well 18' runs downwardly as deeply as required,
      ending in a plurality of impelling bowls 30', serially arranged near the
      lower end of said string; this latter projecting beyond said bowls 30',
      until a suction end 32'.
PAR  Thus, the fluid to be extracted from the bottom of the well, e.g. water,
      enters through the suction end 32' due to the action of said impelling
      bowls which, in turn, are moved by the shaft rotation transmitting to said
      bowls the motor power and, therefore, water passes into said discharge
      pipe string 20', going up thereinto to the discharge mouth 16' without
      contacting said shaft 26' or the bearings 31 protected by said sheath 24.
PAR  FIG. 3 shows a deep-well pump of the underwater electric motor type. In
      this Figure, all similar parts to those shown in FIGS. 1 and 2, are
      identified with same numeral, followed by "double prime" designation. So,
      pump 10" is constituted by a discharge pipe string or tubing 20,
      surrounded by wall 18"; said tubing 20" being constituted by a pipe string
      formed by short lengths connected to one another by couplings 22". In FIG.
      3, said discharge pipe string 22" is shown in dotted lines, since
      according to the teachings of this invention when applied to this type of
      pump, said discharge pipe string can be eliminated.
PAR  Said underwater electric motor pump comprises also a pumping body formed by
      bowls 30" connected to said discharge tubing 20" by means of the lower end
      of said discharge tubing; beyond the lowermost bowl there is a suction end
      provided with a strainer 33" avoiding the sorption or pumping of foreign
      matters; and finally, at the lowermost end thereof, there is an electric
      motor 40, connected to an outer power source through terminals 42. As can
      be appreciated from FIG. 3, said type of pump does not require a shaft 26
      or any other element such as the bearing carrying couplings along the
      entire length of said discharge tubing but as in all of the embodiments
      shown in FIGS. 1 and 2, this pump is capable of having applied the
      principles of this invention, as will be clearly pointed out hereinbelow.
PAR  As appears from the above recited embodiments, a special duct must be
      provided for water or other fluid impelled by said bowls upwardly, can
      reach the discharge mouth, as otherwise water would reach the top edge of
      the uppermost bowl and, thence will fall again to the bottom of the well,
      without reaching the earth surface. Therefore, as shown in FIGS. 3 and 4,
      this invention provides for water conduction to the earth surface, without
      employing a discharge tubing.
PAR  Thus, said pump, generally identified by numeral 50, FIG. 4, comprises a
      motor 52, mounted on a wellhead 54 wherein there is also a discharge mouth
      56 arranged to discharge therethrough water or other fluid from the bottom
      of the well. Said wellhead 54 is covering the wellhole 58 inside which
      there is a string formed by a sheath 64 which in turn supports said pump;
      said sheath covers a shaft 66 formed by lengths connected by couplings of
      the shaft 67. Said shaft is rotatively connected by means of bearings 69
      and the entire assembly goes inside the well as deep as necessary, ending
      in a plurality of impelling bowls 70 and a suction end 72.
PAR  In lieu of a discharge tubing, a seal 76 is provided at the upper end of
      said well, in direct physical contact with the conduit from the wellhead
      to the discharge mouth 56; said seal 76 connecting said conduit directly
      to the well wall 58, in order to isolate said upper end of the well from
      the exterior and has as the only communication therefor the wellhead
      conduit and the discharge mouth 56.
PAR  Likewise, at the upper edge contiguous the uppermost bowls, another seal 74
      has been provided, connecting directly the fluid outlet conduit of the
      last bowl to the wall 58 of said well, and therefore, the entire portion
      of the well from the top seal 76 to the lower seal 74, becomes enclosed
      and sealed, isolated from the rest of the wall and constitutes actually a
      discharge conduit for said fluid being extracted from the well.
PAR  Next, said fluid will pass from the bottom of the well, through the suction
      end 72, towards said bowls 70, and therefrom said fluid accumulates on
      said lower seal, so as to form a column of increasing height along the
      entire sealed portion the fluid reaches the top seal 76, wherein there is
      no other way for the fluid but the wellhead conduit and the discharge
      mouth, thus avoiding the need of employing discharge pipe strings.
PAR  Referring again to FIG. 3, it is seen that supporting means 43 have been
      shown in full lines; said means 43 can be rods, beams or any other means
      suitable for supporting the pump body 30 or bowls, as well as a motor 40.
      As can be seen, there are also two sealing elements 74" and 76", the
      structural nature of which allows the employment of the well 18", when
      this latter is in good state, as the discharge pipe. In said FIG. 3, the
      discharge casing string has been shown in dotted lines, which means that
      said string is removed once the well is employed for the conduction of the
      fluid being pumped.
PAR  As will be obvious for those skilled in the art, the material from which
      both the top and the lower seals are made, preferably is a resilient
      material, in order for the same to bear resiliently against the walls of
      said well. The seals 74 and 76 are each a frusto-conical seal with the
      greater diameter end formed inwardly at its extremity to form a smoothed
      curved surface tangentially engaging the wall of the well. The lower seal
      is located with the less-diameter end downwardly, and the greater diameter
      end upwardly, bearing against the wall; and said top seal is contrary
      arranged, i.e., with its greater diameter end downwardly.
PAR  The manner in which said top seal is connected to said wellhead can broadly
      vary, and it is within the skill of the technicians to employ suitable
      connecting devices. Likewise, the manner in which the lower seal can be
      connected to the outlet of the uppermost bowl varies broadly; in both
      cases being only required that said connection be fluid-tight and strong
      enough to support the pressures incident on the seals during their use.
      Said pressures, as it will be obvious, will broaden the resilient material
      in order to bear with greater force against the wall; with said bearing
      force being directly dependent of the pressure of the fluid flow from the
      well, and of the height of the fluid column; therefore, when in a
      non-stressed condition said seal provides a suitable elastic bearing, an
      efficient sealing action could be obtained to any normal pressure during
      the well's operation.
PAR  It will be obvious that the details of installation, shape and materials
      from which the seals are made, and other details can be different to those
      disclosed and depicted herein; it being only necessary that the discharge
      pipe string be dispensed with, and substituted by the well itself in order
      to be within the inventive teachings. Therefore, it is intended that all
      obvious changes are embraced by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pumping system for a deep-well having a wall including upper and lower
      ends, said system comprising:
PA1  driving means disposed adjacent the bottom of the well and having a lower
      suction inlet and an upper outlet for driving the fluid to be pumped from
      the bottom of the well to the surface;
PA1  actuating means for said driving means connected to a suitable power source
      and being suitably drivingly connected to said driving means;
PA1  a first sealing means located at the upper end of said wall to
      hermetrically seal said upper end of the wall and to form a discharge
      outlet of said well;
PA1  a second sealing means adjacent the bottom of the well for sealing said
      driving means to the wall of the well between the lower suction inlet and
      the upper outlet of the driving means;
PA1  said first and second sealing means providing a sealed wall section between
      the first and second sealing means forming the only conduit in the well
      from the upper outlet of the driving means to the discharge outlet of the
      well for the fluid being pumped; and
PA1  said second sealing means including a hollow frusto-conical seal portion
      with the greater diameter end of the seal portion extending upward and
      formed inwardly to form a smooth curved surface tangentially engaging the
      wall of the well, the lower smaller diameter end of the seal portion being
      secured to the driving means.
NUM  2.
PAR  2. A pumping system for a deep-well having a wall including upper and lower
      ends, said system comprising:
PA1  driving means disposed adjacent the bottom of the well and having a lower
      suction inlet and an upper outlet for driving the fluid to be pumped from
      the bottom of the well to the surface;
PA1  actuating means for said driving means connected to a suitable power source
      and being suitably drivingly connected to said driving means;
PA1  a first sealing means located at the upper end of said wall to hermetically
      seal said upper end of the wall and to form a discharge outlet of said
      well;
PA1  a second sealing means adjacent the bottom of the well for sealing said
      driving means to the wall of the well between the lower suction inlets and
      the upper outlet of the driving means;
PA1  said first and second sealing means providing a sealed wall section between
      the first and second sealing means forming the only conduit in the well
      from the upper outlet of the driving means to the discharge outlet of the
      well for the fluid being pumped;
PA1  a wellhead having a discharge conduit;
PA1  said first sealing means including a hollow frusto-conical seal portion
      with the greater diameter end of the seal portion extending downward and
      bearing resiliently against the wall and with the smaller diameter end of
      the seal portion extending upward and secured to the discharge conduit of
      the wellhead; and
PA1  said greater diameter end of the seal portion being formed inwardly to form
      a smooth curved surface tangentially engaging the wall of the well.
NUM  3.
PAR  3. A pumping system for a deep-well having a wall including upper and lower
      ends, said system comprising:
PA1  driving means disposed adjacent the bottom of the well and having a lower
      suction inlet and upper outlet for driving the fluid to be pumped for the
      bottom of the well to the surface:
PA1  actuating means for said driving means connected to a suitable power source
      and being suitable drivingly connected to said driving means;
PA1  a first sealing means located at the upper end of said wall to hermetically
      seal said upper end of the wall and to form a discharge outlet of said
      well;
PA1  a second sealing means adjacent the bottom of the well for sealing said
      driving means to the wall of the well between the lower suction inlets and
      the upper outlet of the driving means;
PA1  said first and second sealing means providing a sealed wall section between
      the first and second sealing means forming the only conduit in the well
      from the upper outlet of the driving means to the discharge outlet of the
      well for the fluid being pumped;
PA1  said second sealing means including a first hollow frusto-conical seal
      portion with its greater diameter end of the first seal portion extending
      upwardly and formed inwardly to form a smooth curved surface tangentially
      engaging the wall of the well, the lower smaller diameter end of the first
      seal portion being secured to the driving means;
PA1  a wellhead with a discharge conduit; and
PA1  said first sealing means including a second hollow frusto-conical seal
      portion with the greater diameter end of the second seal portion extending
      downward and bearing resiliently against the wall and with the lesser
      diameter end of the second seal portion extending upward and secured to
      the discharge conduit of the wellhead, the greater diameter end of the
      second seal portion being formed inwardly to form a smooth curved surface
      tangentially engaging the wall of the well.
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ABST
PAL  A cylindrical tube with a screw threaded packing gland in the upper end
      carries an upper guide rubber with a plurality of packing rubbers stacked
      thereabove and engaged by the gland which applies the necessary pressure
      to seal the polish rod reciprocating within the stuffing box. A blow-out
      preventor assembly is situated below the upper guide rubber and comprises
      a cylindrical rubber portion surrounding the polish rod and having O rings
      sealed adjacent the upper and lower ends of the cylindrical rubber. An
      annular chamber is formed on the outer surface of the cylindrical rubber
      between the O rings and communicates with a source of fluid under pressure
      which can firstly apply pressure to the rubber surrounding the polish rod
      and shut off the well so that the stuffing box can be serviced and
      secondly, can act as an automatic blow-out preventor if the polish rod
      breaks. Further protection is provided by a spring loaded hinged flap
      valve which is provided at the base of the stuffing box and which snaps
      shut if the polish rod breaks and disengages from the stuffing box.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in stuffing boxes and
      blow-out preventors associated therewith.
PAR  Stuffing boxes are used around the polish rod of oil well pumping units,
      said polish rod being reciprocated by a beam type pump situated above
      ground. The lower end of the polish rod is connected to a series of rods
      operating in a casing which in turn extends downwardly through the oil
      casing to the producing formation. As the polish rod reciprocates, it
      operates a pump situated at the base of the oil casing adjacent the
      producing formation and acts to pump oil upwardly to a discharge or flow
      "T" situated between the lower end of the polish rod and the upper end of
      the operating rods.
PAR  This oil and/or gas is under considerable pressure and the stuffing box is
      to prevent the oil from squirting past the polish rod during the operation
      of the pumping unit. However, this stuffing box which includes glands,
      seals and the like often wears or gives way thus allowing oil to be
      sprayed over some considerable distance thus polluting not only the
      atmsophere, but also the surrounding land.
PAR  It is therefore necessary periodically to shut down the well so that the
      stuffing box can be serviced and normally this is an expensive operation
      inasmuch as the well normally has to be killed and all pressure released.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel stuffing box which is most efficient
      in operation and which requires little servicing with the exception of
      lubrication and occasionally tightening the packing gland nut.
PAR  However, a blow out preventor assembly is provided below the stuffing box
      which enables the well to be shut down without killing same in the event
      that the stuffing box requires servicing.
PAR  Furthermore, if the polish rod is removed for servicing or if it breaks and
      therefore is inadvertently removed from the stuffing box, the blow out
      preventor can be utilized to shut off the bore of the stuffing box either
      manually operated or automatically operated.
PAR  Finally, an automatic shut off flap valve assembly may be provided at the
      base of the assembly which closes the bore in the event that the sucker or
      polish rod breaks and is displaced from the stuffing box.
PAR  The principal object and essence of the invention is therefore to provide a
      device of the character herewithin described which includes a normally
      constructed stuffing box which is easily serviced and which further more
      includes a blow out preventor device so that the stuffing box can be
      isolated from the well for servicing thus eliminating the necessity of
      killing the well.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which includes an automatic shut off valve assembly
      in the event that the polish rod breaks and is displaced from the stuffing
      box assembly.
PAR  A yet further object of the invention is to provide a device of the
      character herewithin described in which the packing rubbers are easily
      replaced in the field without having to remove the polish rod and which
      furthermore prevents the packing rubbers from spreading.
PAR  A still further object of the invention is to provide a device of the
      character herewithin described which is simple in construction, economical
      in manufacture and othewise well suited to the purpose for which it is
      designed.
PAR  With the foregoing objects in view, and other such objects and advantages
      as will become apparent to those skilled in the art to which this
      invention relates as this specification proceeds, my invention consists
      essentially in the arrangement and construction of parts all as
      hereinafter more particularly described, reference being had to the
      accompanying drawings in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section of the stuffing box and blow out preventor
      device in a common casing.
PAR  FIG. 2 is a fragmentary longitudinal sectional view of the lower end of the
      stuffing box casing showing the automatic flap valve in the closed
      position.
PAR  FIG. 3 is an underside view of FIG. 2.
PAR  In the drawings like characters of reference indicate corresponding parts
      in the different figures.
DETD
PAC  DETAILED DESCRIPTION
PAR  Proceeding therefore to describe the invention in detail, reference should
      first be made to FIG. 1 in which reference character 10 illustrates a
      substantially cylindrical body portion forming the housing for stuffing
      box aseembly and for the blow out preventor.
PAR  This housing is provided with a cylindrical bore 11 extending clear through
      from one end 12 thereof to the lower end 13 and internal screw threads are
      provided within the upper end 12 as clearly illustrated.
PAR  The lower end 13 reduces in diameter and is provided with external screw
      threading 15 for attachment to the well pump assembly (not illustrated).
PAR  What is conventionally known as an upper guide rubber is provided
      collectively designated 16 and in this embodiment, this guide rubber is
      formed from a flexible elastomeric material and is substantially
      cylindrical in configuration with a bore formed therethrough through which
      the conventional polish rod 17 extends and reciprocates.
PAR  This guide rubber 16 rests upon a snap ring 18 engaging a groove 19 within
      the bore 11 intermediate the ends of the casing or housing 10 and it will
      be noted that a bead 19 extends annularly around the lower end of this
      guide rubber to assist in the sealing characteristics at this point.
PAR  An annular groove 20 is formed around the guide rubber adjacent the upper
      end thereof so that an elastomeric O-ring 21 or the like may engage around
      the guide rubber and seal against the inner bore 11 of the casing or
      housing 10.
PAR  The upper end 22 of the guide rubber is formed in the shape of an annular
      cone with the apex 23 thereof extending upwardly when the guide rubber is
      positioned as shown in FIG. 1.
PAR  This guide rubber takes any side strain if the rod is off center and allows
      the packing rubbers, hereinafter to be described, to float with no strain
      upon the packing rubbers due to this misalignment.
PAR  Situated above the guide rubber 10 is a plurality of packing rubbers
      collectively designated 24A, B and C.
PAR  Each of these are formed from an elastomeric material which is flexible and
      these ring-like rubbers are provided with an annular convex conical groove
      25 on the underside thereof with the upper portion 26 being formed with a
      truncated conical cross section as clearly illustrated in FIG. 1. When in
      position, the lowermost rubber 24A rests upon the conical upper surface 23
      of the guide rubber and the remaining packing rubbers 24B and 24C in turn
      rest upon the other ends of the guide rubber immediately therebelow and it
      will be noted that the angle of the upper conical convex portions of the
      guide rubber and the packing rubbers is different from the angle of the
      underside convex grooves so that spaces 27 are provided therebetween. This
      means that when a gland nut 28 is screw threadably engaged within the
      screw threads 14, the lowermost coned surface 29 of the gland nut engages
      the uppermost surface of the packing rubber 24C and gradually forces the
      packing rubbers downwardly upon the upper end of the guide rubber. The
      configuration of the upper and lower surfaces hereinbefore described is
      such that the pressure causes the expansion of these packing rubbers
      against the polish rod 30 and effectively seals off the stuffing box from
      the well below.
PAR  These packing rubbers which are ring-like in configuration are initially
      installed with the polish rod 30 removed, but if servicing is required in
      the field, it is not always convenient to remove the polish rod so that it
      is conventional that the replacement packing rubbers be slit so that they
      can be expanded around the polish rod and placed into position whereupon
      the gland nuts 28 is engaged within the upper end 12 of the housing.
PAR  However, if these replacement packing rubbers are split as aforesaid, they
      tend to spread outwardly and are difficult to compress sufficiently so
      that an efficient seal is provided.
PAR  It has been found therefore that a cylindrical steel sleeve will prevent
      this spreading action. This steel sleeve designated 31, surrounds the
      three or more packing rubbers closely, but is spaced from the inner wall
      11 of the casing so that it does not interfere with the alignment and
      sealing action of the packing rubbers.
PAR  When replacement rubbers are inserted, the steel sleeve prevents outward
      expansion thereof thus allowing all the pressure to act inwardly against
      the polish rod and maintains the floating characteristic of the guide
      rubbers inasmuch as clearance is provided between the outer surface of the
      sleeve and the inner wall of the casing.
PAR  A lubrication nipple 32 is provided through the wall of the casing adjacent
      the mid-point of the guide rubber 16 so that lubricant can fill the
      annular space 33 between the upper O-ring 21 and the lower bead 19 and
      will work through apertures 34 through the wall of the guide rubber to the
      polish rod 30, it being understood that this polish rod reciprocates
      within the stuffing box assembly in the direction of double-headed arrow
      35.
PAR  An annular shoulder 36 is provided internally of the housing 10 adjacent
      the lower end 13 thereof and a blow out preventor assembly collectively
      designated 37, is situated within the housing or casing below the upper
      guide rubber 16.
PAR  This blow out preventor assembly includes a cylindrical elastomeric
      resilient sleeve 38 which rests upon the shoulder 36 and is retained
      against upward movement by a steel retainer ring 39 situated below the
      snap ring 18.
PAR  This elastomeric sleeve 38 is provided with an annular recess 40 within the
      outer wall 41 thereof having a cross sectional shape similar to that shown
      in FIG. 1. This recess includes an annular inner wall portion 45 and upper
      and lower side wall portions 45A which incline outwardly and towards one
      another one from each edge of the inner wall portion thus forming annular
      wedge portions 45B which are forced outwardly with contact with the inner
      wall 11 of the housing, when fluid is injected under pressure as will
      hereinafter be described. Annular grooves 42 are provided within the outer
      wall 41 above and below this recess 40 and spaced therefrom and resilient
      O rings or the like 43 engage these grooves and engage against the inner
      wall 11 of the housing thus acting as an effective seal between the sleeve
      38 and the housing so that the recess 40 defines with the inner wall of
      the housing, a fluid chamber designated 40A.
PAR  A fluid injection nipple 44 extends through the wall of the casing and
      communicates with this fluid chamber 40A so that fluid under pressure may
      be injected within the chamber and act upon the relatively thin resilient
      wall portion 45 remaining after the recess portion 40 has been formed in
      the wall of the sleeve 38.
PAR  A relief valve assembly 46 is provided through the wall of the casing also
      communicating with the fluid chamber 40A and the relief valve 47 may be
      screwed downwardly to shut off this escape valve assembly.
PAR  In operation, and assuming that the well is to be shut down so that the
      stuffing box assembly can be serviced, the polish rod 30 is stationary and
      not reciprocating. Fluid under pressure either air or liquid is injected
      into the fluid injection nipple 44 which forces the wall portion 45
      inwardly against the polish rod and completely closes off the gas and/or
      oil pressure from the well therebelow. This means that the packing gland
      nut 28 can be removed together with the packing rubbers 24 and, if
      necessary, the guide rubber 16.
PAR  New packing rubbers are inserted within the steel shell 31 whereupon the
      gland nut is screwed downwardly sufficiently to seal the stuffing box and
      the fluid pressure can then be removed from the injection nipple 44 with
      the pressure being relieved through relief valve 47 if necessary.
PAR  In the event that it is necessary or desirable to remove the polish rod for
      servicing purposes, then additional fluid pressure can be injected through
      the nipple 44 so that when the polish rod is removed, the relatively thin
      wall 45 collapses completely thus sealing off the bore 11 through the
      housing 10 without the necessity of killing the well.
PAR  If desired, this closing off operation can be made automatic by connecting
      a cylinder of high-pressure gas to the fluid injection nipple together
      with means to actuate same in the event that the polish rod breaks and is
      displaced from the stuffing box housing.
PAR  However, it is desirable that a shut off valve assembly be provided and
      this shut off valve assembly is collectively designated 48.
PAR  It is situated on the lower extremity 13A of the housing 10 and is secured
      thereto by means of a screw threaded bolt 49 engaging within the underside
      of the housing 10.
PAR  This bolt forms a cylindrical portion 50 through which a hinge pin 51
      engages, said hinge pin also engaging a pair of spaced and parallel
      apertured lugs 52 which extend from one side edge of a base plate 53.
PAR  A resilient elastomeric valve seat 54 is secured as by adhesive (not
      illustrated) to the plate 53 and is shaped as illustrated in FIG. 2.
PAR  When in the closed position shown in FIG. 2, it engages a conical valve
      seat 55 formed around the lower extremity of the bore 11 as clearly shown.
PAR  A spring 56 is operatively connected between the housing and the plate 53,
      being wound around the hinge pin 51 as shown in FIG. 3 and this spring
      normally biasses or urges the valve plate in the direction of arrow 57.
PAR  When the polish rod is in position within the bore of the housing, this
      spring urges the shut off valve assembly to the position illustrated in
      FIG. 1 and if the polish rod breaks and is displaced from the stuffing box
      housing 10, then the spring immediately snaps the valve assembly to the
      closed position shown in FIG. 2, thus sealing off completely the bore of
      the housing and preventing any escape of gas and/or oil from the well
      below. In this connection, the pressure of such gas or oil would assist in
      maintaining this valve assembly in the closed position.
PAR  Since various modifications can be made in my invention as hereinabove
      described, and many apparently widely different embodiments of same made
      within the spirit and scope of the claims without departing from such
      spirit and scope, it is intended that all matter contained in the
      accompanying specification shall be interpreted as illustrative only and
      not in a limiting sense.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A stuffing box for polish rods of oil well pumping units comprising in
      combination a cylindrically bored body portion, a cylindrically bored
      substantially cylindrical upper guide component formed of resilient
      elastomeric material situated in said body portion and surrounding the
      polish rod when said polish rod is positioned within said stuffing box for
      reciprocation therein, means to support said upper guide component within
      said body portion, and a plurality of substantially ring-line packing
      elements of resilient elastomeric material stacked one upon the other and
      upon the upper end of said guide component and a packing gland nut screw
      threadably engageable within said body portion and bearing upon the
      uppermost of said packing elements to compress same in sealing
      relationship with said guide component and said polish rod and a
      cylindrical sleeve surrounding said packing elements to enclose and
      restrain same against outward spreading movement, the diameter of said
      sleeve being slightly less than the inner diameter of said body portion
      whereby said packing elements and said sleeve are free floating within
      said body portion.
NUM  2.
PAR  2. The invention according to claim 1 which includes a shut-off valve
      assembly secured to the lower end of said body portion, said shut-off
      assembly including an annular valve seat surrounding the lower end of the
      cylindrical bore through said body portion, a frustro conical flexible
      valve element, a base plate upon which said valve element is secured,
      means to hinge said base plate by one side edge thereof to base of said
      body portion whereby when said shut-off valve assembly is in the closed
      position, said valve element engages said seat thereby shutting off said
      cylindrical bore through said body portion, and spring means operatively
      connected between said body portion and said base normally urging said
      valve element into engagement with said seat, said valve element
      registering against the side of said polish rod when said polish rod is in
      position within the bore of said body portion.
NUM  3.
PAR  3. The invention according to claim 1 in which the upper end of said guide
      component is conical when viewed in cross section, each of said packing
      elements having a concave conical under surface and a convex conical upper
      surface whereby the upper end of said guide component is engaged by the
      convex under surface of one of said packing elements, the remaining
      packing elements being engaged one upon the other in wedging relationship,
      the angle of inclination of the upper and lower conical surfaces being
      different from one another whereby the packing elements expand upon the
      polish rod when same are compressed as aforesaid.
NUM  4.
PAR  4. The invention according to claim 3 which includes a shut-off valve
      assembly secured to the lower end of said body portion, said shut-off
      assembly including an annular valve seat surrounding the lower end of the
      cylindrical bore through said body portion, a frustro conical flexible
      valve element, a base plate upon which said valve element is secured,
      means to hinge said base plate by one side edge thereof to base of said
      body portion whereby when said shut-off valve assembly is in the closed
      position, said valve element engages said seat thereby shutting off said
      cylindrical bore through said body portion, and spring means operatively
      connected between said body portion and said base normally urging said
      valve element into engagement with said seat, said valve element
      registering against the side of said polish rod when said polish rod is in
      position within the bore of said body portion.
NUM  5.
PAR  5. The invention according to claim 3 which includes a blow-out preventor
      assembly below said guide component, said blow-out preventor assembly
      comprising a cylindrically bored resilient elastomeric element normally
      freely surrounding said polish rod and situated within said body portion,
      means to restrain said element from upward and downward movement within
      said body portion, and an annular recess formed in the outer wall of said
      element defining with the wall of said body portion, an annular fluid
      chamber, sealing means surrounding said element above and below said
      recess for sealing off said chamber, fluid conduit means through the wall
      of said body portion communicating with said chamber for the injection of
      fluid under pressure to engage said element in sealing relationship with
      said polish rod and to close off said stuffing box completely if said
      polish rod is removed.
NUM  6.
PAR  6. The invention according to claim 5 which includes a shut-off valve
      assembly secured to the lower end of said body portion, said shut-off
      assembly including an annular valve seat surrounding the lower end of the
      cylindrical bore through said body portion, a frustro conical flexible
      valve element, a base plate upon which said valve element is secured,
      means to hinge said base plate by one side edge thereof to base of said
      body portion whereby when said shut-off valve assembly is in the closed
      position, said valve element engages said seat thereby shutting off said
      cylindrical bore through said body portion, and spring means operatively
      connected between said body portion and said base normally urging said
      valve element into engagement with said seat, said valve element
      registering against the side of said polish rod when said polish rod is in
      position within the bore of said body portion.
NUM  7.
PAR  7. The invention according to claim 5 in which the upper end of said guide
      component is conical when viewed in cross section, each of said packing
      elements having a concave conical under surface and a convex conical upper
      surface whereby the upper end of said guide component is engaged by the
      convex under surface of one of said packing elements, the remaining
      packing elements being engaged one upon the other in wedging relationship.
NUM  8.
PAR  8. The invention according to claim 7 which includes a shut-off valve
      assembly secured to the lower end of said body portion, said shut-off
      assembly including an annular valve seat surrounding the lower end of the
      cylindrical bore through said body portion, a frustro conical flexible
      valve element, a base plate upon which said valve element is secured,
      means to hinge said base plate by one side edge thereof to base of said
      body portion whereby when said shut-off valve assembly is in the closed
      position, said valve element engages said seat thereby shutting off said
      cylindrical bore through said body portion, and spring means operatively
      connected between said body portion and said base normally urging said
      valve element into engagement with said seat, said valve element
      registering against the side of said polish rod when said polish rod is in
      position within the bore of said body portion.
NUM  9.
PAR  9. The invention according to claim 1 which includes a blow-out preventor
      assembly below said guide component, said blow-out preventor assembly
      comprising a cylindrically bored resilient elastomeric element normally
      freely surrounding said polish rod and situated within said body portion,
      means to restrain said element from upward and downward movement within
      said body portion, and an annular recess formed in the outer wall of said
      element defining with the wall of said body portion, an annular fluid
      chamber, sealing means surrounding said element above and below said
      recess for sealing off said chamber, fluid conduit means through the wall
      of said body portion communicating with said chamber for the injection of
      fluid under pressure to engage said element in sealing relationship with
      said polish rod and to close off said stuffing box completely if said
      polish rod is removed.
NUM  10.
PAR  10. The invention according to claim 9 which includes a shut-off valve
      assembly secured to the lower end of said body portion, said shut-off
      assembly including an annular valve seat surrounding the lower end of the
      cylindrical bore through said body portion, a frustro conical flexible
      valve element, a base plate upon which said valve element is secured,
      means to hinge said base plate by one side edge thereof to base of said
      body portion whereby when said shut-off valve assembly is in the closed
      position, said valve element engages said seat thereby shutting off said
      cylindrical bore through said body portion, and spring means operatively
      connected between said body portion and said base normally urging said
      valve element into engagement with said seat, said valve element
      registering against the side of said polish rod when said polish rod is in
      position within the bore of said body portion.
NUM  11.
PAR  11. The invention according to claim 9 in which the upper end of said guide
      component is conical when viewed in cross section, each of said packing
      elements having a concave conical under surface and a convex conical upper
      surface whereby the upper end of said guide component is engaged by the
      convex under surface of one of said packing elements, the remaining
      packing elements being engaged one upon the other in wedging relationship.
NUM  12.
PAR  12. The invention according to claim 11 which includes a shut-off valve
      assembly secured to the lower end of said body portion, said shut-off
      assembly including an annular valve seat surrounding the lower end of the
      cylindrical bore through said body portion, a frustro conical flexible
      valve element, a base plate upon which said valve element is secured,
      means to hinge said base plate by one side edge thereof to base of said
      body portion whereby when said shut-off valve assembly is in the closed
      position, said valve element engages said seat thereby shutting off said
      cylindrical bore through said body portion, and spring means operatively
      connected between said body portion and said base normally urging said
      valve element into engagement with said seat, said valve element
      registering against the side of said polish rod when said polish rod is in
      position within the bore of said body portion.
NUM  13.
PAR  13. In a stuffing box which includes a cylindrically bored body portion
      through which a polish rod reciprocates; the improvement comprising a
      blow-out preventing assembly, said assembly including a cylindrically
      bored resilient elastomeric substantially cylindrical element normally
      freely surrounding said polish rod and situated within said body portion,
      means to restrain said element from upward and downward movement within
      said body portion, an annular recess formed in the outer wall of said
      element defining, with the wall of said body portion, an annular fluid
      chamber, fluid conduit means through the wall of said body portion
      communicating with said chamber for the injection of fluid under pressure
      to engage said element in sealing relationship with said polish rod, and
      to close off said stuffing box completely if said polish rod is removed,
      said recess being bounded by an inner wall and a pair of side walls one
      each extending from the upper and lower sides of said inner wall
      respectively and inclining outwardly from said inner wall towards one
      another thereby defining annular upper and lower wedge portions which are
      forced outwardly to contact with said wall of said body portion by the
      injection of fluid under pressure, and sealing means surrounding said
      elements above and below said recess for sealing of said chamber.
NUM  14.
PAR  14. The invention according to claim 13 in which said sealing means on said
      element includes annular grooves formed around the outer wall of said
      element on either side of said recess and spaced therefrom, and resilient
      O rings engaging said recesses.
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ABST
PAL  A three surfactant system usable in high temperature petroleum formations
      containing water having from about 200 to about 14,000 parts per million
      polyvalent ions such as calcium and/or magnesium dissolved therein and a
      pH of from 5 to 9, and a method of using said surfactant system for
      recovering petroleum from high temperature subterranean
      petroleum-containing formations. The three component surfactant system
      comprises (1) water-soluble salt of an alkyl or alkylaryl sulfonate
      wherein the alkyl chain may have from 5 to 25 carbon atoms, (2) a
      phosphate ester surfactant with an average molecular weight not to exceed
      1000, and (3) a surfactant having the following betaine-related structure:
      ##EQU1##
      wherein R is an alkyl group having from 12 to 24 carbon atoms, and n is an
      integer from one to five. The surfactant combination is stable up to at
      least 225.degree.F and resistant to bacterial attack and inhibits scale
      formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for recovering petroleum from
      subterranean petroleum-containing formations, and more particularly to a
      surfactant flooding method for recovering petroleum from high temperature
      subterranean petroleum-containing formations. Still more particularly,
      this invention pertains to a novel surfactant mixture which resists
      bacterial attack and functions effectively in high temperature formations
      containing water having high polyvalent ion concentrations, e.g., high
      calcium or magnesium concentrations, which cause precipitation of
      conventional surfactants, and to a method for using such novel surfactant
      composition in a surfactant flooding process for recovering petroleum.
PAR  2. Description of the Prior Art
PAR  Petroleum is normally recovered from subterranean formations in which it
      has accumulated by penetrating said formation with one or more wells and
      pumping or permitting the petroleum to flow to the surface through these
      wells. Recovery of petroleum from petroleum-containing formations is
      possible only if certain conditions exist. There must be an adequate
      amount of petroleum in the formation, and there must be sufficient
      porosity and permeability or interconnected flow channels throughout the
      formation to permit the flow of fluids therethrough if sufficient pressure
      is applied to the fluid. When the subterranean petroleum-containing
      formation has natural energy present in the form of an underlying active
      water drive, or gas dissolved in the petroleum which can exert sufficient
      pressure to drive the petroleum to the producing well, or a high pressure
      gas cap above the petroleum within the petroleum reservoir, this natural
      energy is utilized to recover petroleum. Recovery of petroleum by
      utilizing natural energy is referred to as primary recovery. When the
      natural energy source is depleted, or in the instance of those formations
      which do not originally contain sufficient natural energy to permit
      primary recovery operations, some form of supplemental recovery process
      must be applied to the formation to extract additional petroleum.
      Supplemental recovery is frequently referred to as secondary or tertiary
      recovery, although in fact it may be primary, secondary or tertiary in
      sequence of employment.
PAR  Water flooding, commonly referred to as secondary recovery, involves the
      injection of water into the subterranean, petroliferous formation for the
      purpose of displacing petroleum toward the producing well. This is the
      most economical and widely practiced supplemental recovery method. Water
      does not displace petroleum with high efficiency, however, since water and
      oil are immiscible, and also because the interfacial tension between water
      and oil is quite high. Persons skilled in the art of oil recovery have
      recognized this weakness of water flooding and many additives have been
      described in the prior art for decreasing the interfacial tension between
      the injected water and the formation petroleum. For example, U.S. Pat. No.
      2,233,381 (1941) disclosed the use of polyglycol ether as a surface-active
      agent or surfactant to increase the capillary displacement efficiency of
      an aqueous flooding medium. U.S. Pat. No. 3,302,713 and U.S. Pat. No.
      3,468,377  (1969) describe the use of petroleum sulfonates for oil
      recovery. Other surfactants which have been proposed for oil recovery
      include alkyl sulfates and alkyl or alkylaryl sulfonates.
PAR  The above described surfactants are satisfactory for surfactant flooding in
      petroliferous formations only if the calcium and magnesium concentration
      of the formation water is below about 500 parts per million. Petroleum
      sulfonate is a popular and desirable surfactant because of its high
      surface-activity and low unit cost, although it also suffers from the
      limitation that it can be used only when the total formation water
      hardness (calcium + magnesium) is less than about 500 parts per million.
      If the formation water calcium and/or magnesium content exceeds about 500
      parts per million, petroleum sulfonates precipitate rendering them
      inoperative for oil recovery and in some instances causing plugging of the
      formation.
PAR  Many subterranean petroleum-containing formations are known to exist which
      contain polyvalent ions such as magnesium and calcium in concentrations
      far in excess of 500 parts per million. The most common of such reservoirs
      are limestone formations which may have polyvalent ion concentrations from
      200 to as high as 20,000 parts per million in the original connate water,
      and the formation water, after the formation has been subjected to
      flooding with fresh water, may have concentrations of calcium and/or
      magnesium from about 500 to about 15,000 parts per million. Since many
      surfactants taught in the art as being usable for oil recovery operations
      precipitate when exposed to aqueous environments having a total hardness
      in excess of about 500 parts per million, such surfactants cannot be used
      in limestone reservoirs. If an aqueous solution of petroleum sulfonate,
      for example, were injected into a limestone reservoir, the petroleum
      sulfonate would precipitate on contacting the high calcium-containing
      formation water. In such a process, the flood water would have essentially
      no surfactant present in it to decrease the interfacial tension between
      water and petroleum. Furthermore, precipitated petroleum sulfonate plugs
      small flow channels in subterranean, petroleum-containing formations
      decreasing the formation porosity and injectivity, thereby causing a
      substantial decrease in the oil displacement efficiency.
PAR  In U.S. Pat. No. 3,508,612, J. Reisberg et al., 1970, an oil recovery
      method employing a mixture of sulfonates, specifically petroleum
      sulfonates and sulfated ethoxylated alcohol is disclosed which results in
      improved oil recovery in the presence of high concentrations of polyvalent
      ions including calcium. Field application of petroleum sulfonate has
      revealed numerous problems associated with the heterogeneous nature of the
      oleophilic moieties present, however. Specifically in a paper presented at
      the Society of Petroleum Engineers, Fall 1972, meeting held in San
      Antonio, the problem of fractionation of the petroleum sulfonate
      surfactant was noted. The paper, SPE 4084, is titled "Borregas Surfactant
      Pilot Test" by Messrs. S. A. Pursley and H. L. Graham. In the paper it is
      stated that "The higher equivalent weight materials were selectively
      absorbed on the mineral surfaces of the rock" and "the higher equivalent
      weight portions of the [petroleum sulfonate] surfactant are the prime
      contributors to low interfacial tensions that permit mobilization of
      residual oil." Thus a unique problem is recognized in the use of petroleum
      sulfonate in that the most effective portion of petroleum sulfonate is
      selectively removed from aqueous solution by adsorption on the rock
      surface and/or partitioning into the oil phase.
PAR  The Reisberg patent states that a concentration lower limit of one percent
      surfactant is mandatory. Our surfactant combination may be used very
      effectively at a much lower concentration.
PAR  Nonionic surfactants, such as polyethoxylated alkyl phenols,
      polyethoxylated aliphatic alcohols, carboxylic esters, carboxylic amides,
      and polyoxyethylene fatty acid amides, have a somewhat higher tolerance of
      polyvalent ions such as calcium or magnesium than do the more commonly
      utilized anionic surfactants. While it is technically feasible to employ a
      nonionic surfactant solution to decrease the interfacial tension between
      the injected aqueous displacing medium and petroleum contained in some
      limestone formations, such use would not be economically feasible for
      several reasons. Nonionic surfactants are not as effective on a per unit
      weight basis as are the more commonly used anionic surfactants, and
      furthermore, the nonionic surfactants have a higher cost per unit weight
      than do the anionic surfactants. Moreover, polyethoxylated alkyl phenol
      nonionic surfactants exhibit a reverse solubility relationship with
      temperature and become insoluble at temperatures in the range of
      125.degree.F, making them ineffective in many oil formations. Other types
      of nonionic surfactants hydrolyze at temperatures above about
      165.degree.F.
PAR  The use of certain combinations of anionic and nonionic surfactant to
      combat hard water formations is also taught in the art. For example, U.S.
      Pat. No. 3,811,505 discloses the use of alkyl or alkylaryl sulfonates or
      phosphates and polyethoxylated alkyl phenols; U.S. Pat. No. 3,811,504
      teaches the use of three component mixture including an alkyl or alkylaryl
      sulfonate, an alkyl polyethoxy sulfate and a polyethoxylated alkyl phenol;
      and U.S. Pat. No. 3,811,507 teaches the use of a water soluble salt of a
      linear alkyl or alkylaryl sulfonate and a polyethoxylated alkyl sulfate.
PAR  The pH of the formation water is also a factor which affects the
      operability of the surfactant flood. The surfactant should be effective at
      the pH of the formation water.
PAR  Other problems encountered in surfactant flooding operations of the type
      taught in the prior art include susceptibility of the surfactant to
      bacterial degradation in the formation, and serious scale deposition in
      the production well through which formation fluids and previously injected
      aqueous fluids are produced to the surface of the earth.
PAR  The use of the phosphate ester surfactant described more fully hereinafter
      below is taught in U.S. Pat. No. 3,488,289 as a scale inhibitor.
PAR  Thus it can be seen that while many surfactants have been proposed for
      supplemental oil recovery use, there is a substantial, unfulfilled need
      for a surfactant composition usable in formation water containing calcium
      and/or magnesium in excess of 500 parts per million in formations hotter
      than 125.degree.F which are effective over a broad pH range. There is an
      especially serious need for a surfactant system with the foregoing
      properties which is additionally resistant to bacterial degradation in the
      formation.
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to a novel three component surfactant system and to
      a method for recovering petroleum from subterranean petroleum-containing
      formations using said surfactant system, said petroleum-containing
      formation having a temperature greater than 125.degree.F and also
      containing water having a polyvalent ion content, for example calcium
      and/or magnesium, in the range of from about 200 to about 14,000 parts per
      million and a pH from 5 to 9. The novel surfactant system is an aqueous
      solution containing at least three components: (1) from about 0.05 to
      about 5.0 percent by weight of an anionic surfactant which is a
      water-soluble salt of an alkyl or alkylaryl sulfonate, such as, for
      example, sodium dodecylbenzene sulfonate. (2) From about 0.05 to about 5.0
      percent by weight of a phosphate ester surfactant containing alkyl or
      arylalkyl groups. (3) From about 0.05 to about 5.0 percent of a
      sulfonated, betaine-related compound having the following structure:
      ##EQU2##
      wherein R is C.sub.12 to C.sub.24 and n is from one to five. From about 2
      percent pore volume to about 50 percent pore volume of the surfactant
      solution is injected into the formation. The surfactant solution may be
      displaced through the formation by injecting water, or it may be followed
      immediately by a quantity of thickened water such as is formed by mixing a
      small amount of a hydrophilic polymer such as polyacrylamide or
      polysaccharide in water to increase its viscosity, which is in turn
      displaced through the formation with water. One or more slugs of gas may
      be injected into the formation after or in lieu of the hydrophilic polymer
      solution. The three component surfactant system is compatible with from
      about 500 to about 14,000 parts per million calcium and/or magnesium,
      operates in a pH range from 5 to 9, is stable up to at least 225.degree.F
      and additionally, the phosphate ester inhibits scale deposition in the
      production well. Our invention therefore incorporates the novel three
      surfactant system, and the method of using said surfactant system for the
      recovery of petroleum from subterranean, high temperature
      petroleum-containing formations having a polyvalent ion concentration in
      the formation water from about 500 to about 14,000 parts per million and a
      pH range from about 5 to about 9.0.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This invention concerns a novel, multiple surfactant system which can be
      used as subterranean petroleum-containing formations which formations also
      contain "hard water", or water having polyvalent ions such as calcium
      and/or magnesium dissolved therein in a concentration of from about 200 to
      about 14,000 parts per million. There are many petroleum-containing
      formations which contain water having calcium and/or magnesium
      concentrations in the range from about 200 to about 14,000 parts per
      million; the most common of such formations being limestone formations.
      These formations frequently contain a substantial amount of petroleum
      after primary production and even after water flooding, but surfactant
      flooding cannot be employed in them because surfactants previously
      proposed for oil recovery are insoluble or otherwise ineffective in the
      presence of calcium and/or magnesium in the range of from 200 to 14,000
      parts per million. In addition, the surfactants are thermally stable in
      solution up to temperatures of at least 225.degree.F, neither becoming
      insoluble nor hydrolyzing.
PAR  The combination of thermal stability and divalent ion tolerance is unique,
      since many surfactants are either thermally stable but intolerant to
      divalent ions or tolerant of divalent ions but either decompose as by
      hydrolysis, or become insoluble at temperatures over 125.degree.F.
      Moreover, the combination of thermal stability and divalent ion tolerance
      is quite valuable since many oil formations are at a temperature over
      125.degree.F and contain water having divalent ions dissolved therein in
      excess of 500 parts per million.
PAR  We have found that an aqueous solution of three surfactant materials, in a
      critical concentration range, will effectively reduce the interfacial
      tension between oil and water, and will function effectively in the
      presence of calcium and magnesium in a concentration of from about 200 to
      about 14,000 parts per million total hardness and over a fairly broad pH
      range, from about 5 to about 9. The three surfactant system comprises:
PAR  1. A sulfonated surfactant with average molecular weight not to exceed
      about 360 having one of the following general formulas:
EQU  a. [R -- X] Y
PAL  wherein R is an alkyl radical, linear or branched, having from 5 to 25 and
      preferably from 8 to 14 carbon atoms, X is an oxygen containing anionic
      radical, preferably a sulfonate (SO.sub.3), and Y is a monovalent cation
      such as sodium, potassium or ammonium, or
      ##SPC1##
PAL  wherein R, X and Y have the same meaning as above. For example, if R is
      linear dodecyl, X is sulfonate and Y is ammonium, the material is ammonium
      dodecylbenzene sulfonate.
PAR  2. A phosphate ester surfactant with average molecular weight not to exceed
      1000 having the general formula
      ##EQU3##
      wherein R is an alkylphenyl or an alkyl radical, linear or branched,
      having from 12 to 24 carbon atoms, m is an integer between 1 and 20, both
      x and y are 1 or 2 and the sum of x and y is 3, and M is a monovalent
      cation such as sodium, potassium or ammonium.
PAR  3. A surfactant having the following structure:
      ##EQU4##
      wherein R is an alkyl group having from 12 to 24 carbon atoms and n is an
      integer from one to five. A specific example of such a compound is
      Sulfobetaine CA manufactured by Textilana Corporation, Hawthorne,
      California. Sulfobetaine CA is described by Textilana as an acyl amido
      ammonium sulfonic acid betaine.
PAR  All of the above surfactant materials are individually known in the art as
      having surface-active properties and available commercially from
      surfactant manufacturers.
PAR  Neither the alkylaryl sulfonate nor the phosphate ester surfactant is
      suitable for use alone in oil formations such as those described herein,
      specifically in the presence of more than 200 parts per million calcium,
      but surprisingly the two materials together exhibit excellent performance
      over a broad divalent ion concentration range. The sulfonated substituted
      betaine expands the pH tolerance of the alkylaryl sulfonate and phosphate
      ester combination and imparts resistance to bacterial degradation.
PAR  The term surfactant encompasses a broad spectrum of materials which share
      the following common characteristics:
PA1  1. The compound must be at least slightly soluble in at least one phase of
      a liquid system,
PA1  2. The compound must have an amphipathic structure (the molecule is
      composed of groups with opposing solubility tendencies). For use in oil
      recovery operations, the molecule must have at least one hydrophobic or
      oil-soluble group and at least one hydrophilic or water-soluble group.
PA1  3. The surfactant molecules or ions must form oriented monolayers at phase
      interfaces.
PA1  4. The equilibrium concentration of the surfactant in any particular solute
      at the phase interface is greater than the concentration of the surfactant
      in the bulk of the solution.
PA1  5. The material must tend to form micelles or aggregates of molecules or
      ions whenever the concentration exceeds a certain limiting value which is
      a characteristic of the particular surfactant and solute.
PA1  6. The material must exhibit some combination of the following functional
      properties: detergency, foaming, wetting, emulsifying, solubilizing and
      dispersing.
PAR  Surfactants are generally classified on the basis of the type of
      hydrophilic or water-soluble group or groups attached to the molecule,
      generally being classified as anionic, cationic, or nonionic, as described
      below more fully.
PAR  1. Anionic surfactants are those surfactant materials where the hydrophilic
      or water-soluble group is a carboxylate, sulfonate, sulfate or phosphate
      group. This is the most important class of surfactants. Anionic
      surfactants are readily available, inexpensive, and have a high degree of
      surface activity. Petroleum recovery operations will generally involve the
      use of anionic surfactants unless there is some objection to the use of
      anionic surfactants, or some sufficient reason to resort to the use of
      some other compound. Petroleum sulfonates are currently very popular
      anionic surfactant for oil recovery, and are prepared by isolating a
      pre-selected boiling range fraction of a crude oil and subjecting it to
      sulfonation. Although this material is desirable for use because of its
      low unit cost, there are problems associated with the use of petroleum
      sulfonates because of the complex nature of the hydrophobic or oil-soluble
      portion of the molecule, as well as the limited tolerance for calcium and
      magnesium. Consequently petroleum sulfonates are not preferred for use in
      our invention.
PAR  2. Cationic surfactants employ primary, secondary, or tertiary amines, or
      quaternary ammonium groups, as the hydrophilic or water-soluble group.
PAR  3. Nonionic surfactants are materials which have no charge when the
      material is dissolved in an aqueous medium. The hydrophilic tendency is
      derived from oxygen atoms in the molecule which hydrate by hydrogen
      bonding to water molecules present in the solute. The strongest
      hydrophilic moiety in this class of surfactants is the ether linkage, and
      there must be a plurality of these linkages present to render the
      compounds sufficiently water soluble to permit the compound to exhibit
      surface activity. Polyoxyethylene surfactants having the following
      recurring ether linkages are examples or hydrophilic moieties for nonionic
      surfactants:
EQU  -- CH.sub.2 -- CH.sub.2 -- O -- CH.sub.2 -- CH.sub.2 -- O --
PAL  A nonionic surfactant molecule may have more than one chain containing
      either linkages and generally as much as 30 to 50 percent by weight of the
      molecule must be in the form of ether linkage containing chains in order
      to render the molecule sufficiently water soluble for it to function as a
      surfactant. It can be readily seen that the pressure of these large chains
      containing the ether linkages in addition to the relatively long aliphatic
      or other hydrophobic chains results in a high molecular weight compound,
      and this is one reason that nonionic surfactants have a low surface
      activity per unit weight of material.
PAR  Nonionic surfactants are more efficient in the presence of high
      concentrations of calcium and magnesium than are either anionic or
      cationic surfactants, and it is possible to conduct a surfactant flood
      operation in a subterranean limestone formation or other subterranean
      petroleum-containing formation wherein the formation water contains
      substantial quantities of calcium and/or magnesium, about 200 parts per
      million, although they cannot tolerate calcium and/or magnesium levels of
      the upper part of the hardness range encountered in limestone formations.
      Nonionic surfactants are also not particularly desirable for use as the
      sole surfactant because of their high cost per unit weight, low surface
      activity per unit weight, and at least in the case of certain
      polyethoxylated alkyl phenols, their tendency to become insoluble at
      temperatures above about 100.degree.-150.degree.F.
PAR  The optimum concentration of each material which constitutes the novel
      surfactant system of our invention will vary to a degree depending on the
      hardness, pH and other characteristics of the aqueous environment in which
      it is to be used. Ideally, this should be determined by test utilizing the
      actual formation water in which the material will be used. Generally from
      about 0.05 percent to about 5.0 percent and preferably from about 0.2 to
      about 0.5 percent by weight of each of the three components will be
      effective within the 200 to 14,000 parts per million hardness range of the
      aqueous environment.
PAR  The surfactant solution is advantageously prepared in field water,
      generally a low gravity brine. Moreover, it is preferable that the
      surfactant solution contain divalent ions in about the same range as the
      formation water if the surfactant mixture can be tailored to yield optimum
      results at that concentration. Similarly, the pH of the surfactant
      solution should match the pH of the formation water.
PAR  Ideally, the optimum concentration of each of the surfactants should be
      determined experimentally for each application, since the optimum ratio of
      the three surfactants will depend on several factors but particularly on
      the pH and calcium and magnesium concentration of the formation water in
      which they will be used. As a general rule, higher concentrations of the
      second surfactant, the phosphate ester, are preferred in use in water
      having polyvalent ion concentrations within the higher portions of the
      stated divalent ion concentration range, and relatively larger amounts of
      the sulfonated betaine are needed for lower pH waters.
PAR  In the practice of our invention, from about 2 to about 50 pore volume
      percent of an aqueous solution containing from about 0.05 to about 5.0
      percent and preferably from about 0.2 to about 0.8 percent of a sulfonated
      surfactant and from about 0.05 to about 5.0 percent and preferably from
      about 0.2 to about 0.8 percent by weight of the phosphate ester
      surfactant, and from about 0.05 to about 5.0 and preferably from about 0.2
      to 0.8 percent by weight of the sulfonated betaine is injected into the
      subterranean petroleum-containing formation. The subterranean
      petroleum-containing formation to which this invention will be applied may
      be a limestone formation, or any formation having water containing from
      about 500 to about 14,000 parts per million calcium and/or magnesium can
      effectively be exploited by means of the subject process.
PAR  Ordinarily, water injection will have been applied to the reservoir first,
      although this is not a requirement for the employment of this invention.
      Water injection or water flooding, is, however, a desirable first phase of
      the recovery program for several reasons. It is less expensive to conduct
      than the surfactant flooding program, and furthermore, the injection of
      relatively fresh water into a formation containing connate water having
      high concentrations of calcium and/or magnesium will result in the
      lowering of the connate water hardness to a point where a chosen
      surfactant composition may operate more effectively. We have found that
      the optimum interfacial tension reduction is not necessarily achieved at
      the lowest possible total hardness. This is another reason for the
      desirability that actual experimentation be undertaken utilizing the
      available formation water or a relatively close facsimile thereof, to
      determine the optimum surfactant composition and also the optimum hardness
      and pH at which the chosen composition will function.
PAR  In formations wherein it is known or expected that surfactants will be
      adsorbed from solution onto the formation rock, it is preferable either to
      provide in a preflush or in the surfactant solution, sacrificial inorganic
      material such as sodium polyphosphate to prevent surfactant adsorption or
      to use more than the optimum concentration of surfactant as determined by
      the capillary tests or other means in order to compensate for adsorption.
      It is generally satisfactory to use up to 5 percent by weight surfactant,
      and this surplus material need only be added to the first ten percent or
      so of the surfactant slug injected with subsequent portions of the total
      surfactant solution slug containing lesser amounts of each surfactant.
      Each surfactant may tend to adsorb onto the formation, or there may be a
      preferential adsorption of either the sulfonated or phosphate ester
      surfactant used, depending on the characteristics of the formation rock.
PAR  If the viscosity of the petroleum contained in the subterranean formation
      is sufficiently high, the ratio of viscosities of injected fluid to
      displaced fluid, or mobility ratio as it is referred to in the art of
      supplemental oil recovery, will result in an adverse sweep efficiency, and
      so it is preferable to utilize some type of additive to increase the
      viscosity of the injected aqueous fluid to more nearly match the viscosity
      of the subterranean petroleum to ensure good sweep efficiency. Hydrophilic
      polymers such as polyacrylamides or polysaccharides are effective for this
      purpose in a concentration from about 50 to about 500 parts per million in
      an aqueous solution. The use of this amount of polymer results in a fluid
      having an apparent viscosity of from about 5 to 15 centipoise, depending
      on the oil viscosity, which will generally improve the mobility ratio to a
      point that improved sweep efficiency can be achieved. It may be desirable
      to add a small concentration of the hydrophilic polymer to the surfactant
      solution, but it is generally satisfactory to follow the surfactant
      solution with a mobility buffer which comprises an aqueous solution of the
      hydrophilic polymer. This mobility buffer itself is then displaced through
      the formation by injecting water into the formation. Whether or not the
      mobility buffer solution is used, the final phase of the supplemental oil
      recovery operation will comprise the injection of water into the formation
      to displace the surfactant solution and the displaced oil through the
      formation to the producing well. Water injection will be continued until
      the water/oil ratio at the producing well rises to about 30 to 40.
PAR  Alternating injection of small slugs of an inert gas such as nitrogen, air,
      carbon dioxide with water or with the aqueous solution of hydrophilic
      polymer described above may also be used advantageously after the
      surfactant flood.
PAR  The invention can be more fully understood by reference to the following
      field example, which is offered only for the purpose of illustration and
      is not intended to be limitative or restrictive of the invention, which
      will be defined more precisely hereinafter in the claims.
PAC  FIELD EXAMPLE
PAR  A subterranean, petroleum-containing limestone formation is found at a
      depth of 9500 feet. The limestone formation is 40 feet thick and the
      porosity is 30 percent. The field is exploited first by primary
      production, utilizing a square grid pattern with 400 foot line spacing
      between wells. At the conclusion of primary recovery, which recovers only
      21% of the petroleum originally in place within the reservoir, injection
      wells are drilled in the center of each square grid to convert the field
      to an inverted five spot pattern for water injection. Although a large
      field entails a multiplicity of the square grid patterns, each 400 feet on
      a side and with an injection well in the center, it is possible to analyze
      the performance of the entire field by considering only a single grid
      unit. Water is injected into the injection well and production of oil is
      continued from the production wells until the water/oil ratio reaches a
      value above about 30, which is considered to be the economic limit for
      continued production. At the conclusion of the water flooding operation,
      only 42% of the oil originally in place in the reservoir has been
      recovered, and some form of tertiary recovery operation must be resorted
      to in order to obtain any significant portion of the remaining petroleum.
      The formation temperature is 220.degree.F. The formation water is analyzed
      and found to contain 3000 parts per million calcium and 1000 parts per
      million magnesium, and the total solids (salinity) is 170,000 parts per
      million. The pH of the formation water is 5.8. Capillary displacement
      tests are performed using actual formation water and it is determined that
      the maximum capillary displacement results from the use of 0.30 percent by
      weight of the ammonium salt of dodecylbenzene sulfonic acid, 0.20 percent
      by weight of a phosphate ester surfactant and 0.2 percent by weight of the
      sulfobetaine. Since the formation is known to adsorb all three
      surfactants, the first 10% of the surfactant slug will contain 2% by
      weight surfactant, and the remainder of the slug will contain 0.45 percent
      of each material. The surfactant solution is prepared in a field brine
      containing 3000 parts per million calcium 1000 parts per million magnesium
      with total dissolved solids of about 170,000 parts per million and having
      a pH adjusted to 5.8.
PAR  Since the pattern used results in 70 percent sweep efficiency, the total
      pore volume swept by injected fluid is 400Ft. .times. 400Ft. .times. 40Ft.
      .times. 0.30 .times. 0.70 = 1,344,000 Ct. Ft. A 10 percent pore volume
      surfactant slug of 134,000 Cu. Ft. (1,047,000) gallons is used. The first
      10 percent of this slug, or 104,700 gallons contains 2 percent by weight
      of each material. The balance contains 0.4 percent of the anionic
      surfactant, a dodecyl benzene and sulfonic acid and 0.30 percent of the
      phosphate ester surfactant and 0.3 percent of the sulfonated betaine. The
      surfactant solution is followed by injecting 1,000,000 gallons of an
      aqueous solution containing 250 parts per million of polysaccharide, a
      hydrophilic polymer, which increases the viscosity of the injected aqueous
      fluid to about 7 centipoise. Finally, water is injected into the formation
      to displace the surfactant, thickened water solution, and the displaced
      oil through the formation toward the production wells. Water injection is
      continued until the water/oil ratio rises to about 30, at which point the
      residual oil saturation in the swept area is reduced to 14 percent and
      approximately 85 percent of the original oil in place is recovered.
PAC  EXPERIMENTAL
PAR  In order to establish the operability of this invention, and further to
      determine the optimum operating conditions of the novel surfactant
      composition of our invention, the following experimental work was
      performed.
PAC  CAPILLARY DISPLACEMENT TESTS
PAR  Capillary (thin tube) displacement tests provide a convenient and accurate
      method for determining the performance of surfactants in any desired
      hardness, pH and salinity ranges for the chemical system employed. The
      tests are performed by filling a number of closed end capillary tubes with
      crude oil from the particular field being studied, and submerging the
      capillary tubes horizontally into the desired aqueous phase. In the
      instance of the subject series of tests, the aqueous phase comprised
      synthetic formation water plus the surfactant mixture being evaluated. In
      each instance of displacement of oil by the aqueous phase, a meniscus is
      formed at the oil-water interface. The only force tending to displace oil
      from the capillary tube was the force resulting from the difference in
      specific gravities of the two fluids. This force was offset by the
      interfacial tension between the oil and formation water. When the
      surfactant composition was successful in producing a movement in the
      meniscus, the distance traveled by the meniscus in millimeters in a 5
      minute exposure interval in the chemical system is recorded, and it is
      this displacement in millimeters that is recorded. There was essentially
      no displacement of the meniscus in the instance of capillary tubes
      submerged in formation water containing no surfactant of any kind,
      indicating that the interfacial tension between the crude oil and the
      formation water was too great to permit displacement of the oil from the
      capillary. The optimum reduction in interfacial tension is indicated by
      the maximum value of the displacement observed in the capillary tubes.
PAR  The surfactants tested were as follows: The first surfactant, the anionic
      surfactant, was an ammonium salt prepared from SA 597, a dodecyl benzene
      sulfonic acid manufactured by Continental Oil Corporation. The phosphate
      ester surfactant was Wayphos M-100 manufactured by Wayland Division of
      Philip A. Hunt Corp. This is a mixture of sodium salt of phosphate esters
      as described earlier in formula, wherein m is 10, R is a nonyl group and
      there is 55% monoester and 45% diester.
PAR  The sulfonated betaine was Sulfobetaine CA, an acyl amido ammonium sulfonic
      acid betaine wherein the liophilic radical is coco amido.
PAR  Two surfactant solutions were formulated as follows:
TBL  System I             System II                                            
     ______________________________________                                    
     0.3% Wayphos M-100                                                        
                       0.15% Sulfobetaine CA                                   
     0.3% SA-597       0.15% Wayphos M-100                                     
     0.2% (2000 ppm) Calcium                                                   
                       0.3% SA 597                                             
     10% Sodium Chloride                                                       
                       0.2% (2000ppm) Calcium                                  
                       10% NaCl                                                
     ______________________________________                                    
PAR  Five capillary displacement tests were performed with each system to
      demonstrate the effectiveness of the dual and three surfactant mixtures at
      this particular concentration of calcium with the pH varied over the range
      of 5 to 9 determine the optimum pH for each system. The data are given in
      Table I below.
TBL                TABLE I                                                     
     ______________________________________                                    
                  Capillary Displacement,                                      
     pH           mm, at 5 minutes                                             
                System I    System II                                          
     ______________________________________                                    
     5            2.5           10.3                                           
     6            8.6           13.0                                           
     7            11.5          13.7                                           
     8            10.5          11.8                                           
     9            2.8           9.3                                            
     ______________________________________                                    
PAR  It can be seen that the dual surfactant system I with the stated hardness
      and salinity performs best at a pH from about 6 to 8. System II, the three
      component system containing the sulfonated betaine, was effective over the
      entire pH range tested, from 5 to 9. Other blends and solution hardness
      values can be expected to produce optimum responses over somewhat
      different pH ranges.
PAR  No precipitation of the calcium salt of SA-597 nor bacterial attack of
      either surfactants was observed in the system after several days period.
PAR  Thus, we have demonstrated that aqueous solutions of a combination of three
      surfactants, namely water-soluble salts of an alkyl or alkylaryl
      sulfonates, phosphate ester surfactants containing arylalkyl groups, and
      sulfonated betaines perform efficiently in hard water systems over a wide
      pH range whereas either used alone will not exhibit surfactant properties
      in hard water, and a two component system comprising alkylaryl sulfonate
      plus phosphate ester are not effective over as wide a pH range as is the
      three component system. Moreover, the surfactants are temperature stable
      up to at least 225.degree.F, resistant to bacterial attack, and inhibit
      scale formation.
PAR  While our invention has been described in terms of a number of illustrative
      embodiments, it is not so limited since many variations thereof will be
      apparent to persons skilled in the art of supplemental oil recovery
      without departing from the true spirit and scope of our invention. It is
      our invention and desire that our invention be limited and restricted only
      by those limitations and restrictions contained in the claims appended
      hereinafter below.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for recovering petroleum from a subterranean,
      petroleum-containing formation penetrated by at least one injection well
      and at least one production well, said formation containing water having
      polyvalent ions dissolved therein in a concentration of from about 200 to
      about 14,000 parts per million and at a pH from 5 to about 9, said
      recovery method being of the type wherein an aqueous fluid is injected
      into the formation via the injection well, and oil displaced by the
      injected fluid is recovered from the formation via the production well,
      wherein the improvement comprises injecting into the formation an aqueous
      three component surfactant solution comprising:
PA1  a. an anionic surfactant with an average molecular weight not to exceed
      about 360 selected from the group consisting of water-soluble salts of
      alkyl sulfonates having from 5 to 25 carbon atoms, and water soluble salts
      of alkylaryl sulfonates wherein the alkyl chains have from 5 to 25 carbon
      atoms;
PA1  b. a phosphate ester surfactant with an average molecular weight not to
      exceed about 1000 having the following formula
      ##EQU5##
      wherein R is alkylphenyl or an alkyl radical having from 12 to 24 carbon
      atoms, m is an integer between 1 and 20, x and y are 1 or 2 and the sum of
      x and y is 3, and M is a monovalent cation; and
PA1  c. a sulfonated betaine having the following structure:
      ##EQU6##
      wherein R is an alkyl group having from 12 to 24 carbon atoms and n is an
      integer from 1 to 5.
NUM  2.
PAR  2. A method as in claim 1 wherein the cation associated with the salts of
      the alkyl or alkylaryl sulfonates is selected from the group consisting of
      sodium, potassium and ammonium.
NUM  3.
PAR  3. A method as in claim 2 wherein the cation is ammonium.
NUM  4.
PAR  4. A method as in claim 3 wherein the cation is sodium.
NUM  5.
PAR  5. A method as in claim 1 wherein the cation associated with the phosphate
      ester surfactant is selected from the group consisting of sodium,
      potassium and ammonium.
NUM  6.
PAR  6. A method as in claim 5 wherein the cation is ammonium.
NUM  7.
PAR  7. A method as in claim 5 wherein the cation is sodium.
NUM  8.
PAR  8. A method as in claim 1 wherein the alkylaryl sulfonate is a salt of
      dodecylbenzene sulfonic acid.
NUM  9.
PAR  9. A method as in claim 1 wherein the alkylaryl sulfonate is a salt of
      tridecylbenzene sulfonic acid.
NUM  10.
PAR  10. A method as in claim 1 wherein the alkyl or alkylaryl sulfonate, the
      phosphate ester and the sulfonated betaines surfactants are each present
      in amounts ranging from about 0.2 to 0.8 weight percent.
NUM  11.
PAR  11. A method as recited in claim 1 wherein the volume of surfactant
      solution injected is from about 2 to about 50 pore volume percent based on
      the volume of formation to be swept by the injected fluid.
NUM  12.
PAR  12. A method as in claim 1 wherein the aqueous surfactant solution has
      dissolved therein a hydrophilic polymer in sufficient quantity to increase
      the viscosity of the aqueous surfactant solution.
NUM  13.
PAR  13. A method as in claim 1 wherein the aqueous surfactant solution is
      followed by an aqueous polymer solution of viscosity greater than water.
NUM  14.
PAR  14. A method as in claim 1 wherein the aqueous surfactant solution is
      followed by gas.
NUM  15.
PAR  15. A method as in claim 14 wherein the gas is injected in combination with
      an aqueous fluid.
NUM  16.
PAR  16. A method as in claim 15 wherein the gas containing aqueous fluid
      contains sufficient polymer to increase viscosity.
NUM  17.
PAR  17. A method as in claim 1 wherein the aqueous surfactant solution is
      preceded by sacrificial material to lessen adsorption of the surfactants.
NUM  18.
PAR  18. A method as in claim 1 wherein the aqueous surfactant solution has
      divalent inorganic ions present therein.
NUM  19.
PAR  19. A method as recited in claim 18 wherein the concentration of divalent
      ions present in the surfactant solution is about equal to the
      concentration of divalent ions present in the formation water.
NUM  20.
PAR  20. A method as recited in claim 1 wherein the surfactant solution has a pH
      from 5 to 9.
NUM  21.
PAR  21. A method as recited in claim 20 wherein the pH of the surfactant
      solution is about equal to the pH of the formation water.
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PAL  A method for reducing the production of water from oil wells by injecting
      into the oil wells a viscous oil containing from about 0.01 to about 10
      weight percent of a coupling agent in an amount sufficient to saturate the
      subterranean formations penetrated by the wellbore radially for distance
      up to about 100 feet.
BSUM
PAR  A major problem in producing oil from subterranean formations is the
      production of water with the oil. Extra energy is required to lift the
      water to the surface where it is necessary to separate and dispose of the
      water. Many problems are associated with the separation and disposal of
      the water such as corrosion, sand production, emulsions, and the like.
PAR  A further problem exists in water injection wells in water-flooding
      operations where "thief" zones consume a disproportionately large amount
      of the injected water. The thief zones result in early water breakthrough
      in the thief zone areas and deficient flooding in other zones resulting in
      a suboptimum production of oil. The thief zones also necessitate the
      handling of increased quantities of water, increased water treating costs,
      and the like.
PAR  Heretofore numerous techniques have been used for plugging water zones.
      Some materials which have been used for this purpose are cement, plastics,
      silicates, and the like. These materials are normally placed in the
      vicinity of the water zone to form an impermeable barrier. Such barriers
      also tend to shut off oil production in producing wells thus requiring
      that the placement of the material be accurate since placement of the
      material over an oil producing zone will effectively shut off the oil
      production as well as any water production.
PAR  Polyacrylamide polymers and the like have also been used to reduce water
      production. Such polymers tend to coat the formation with hydrophilic
      molecules which are believed to restrict water flow and enhance oil flow.
      Some success has been achieved by the use of such materials, but the
      effect has been, in general, rather temporary. A further problem results
      from the fact that the polyacrylamide polymer tends to be produced with
      the produced fluids and has led to increased corrosion rates in producing
      wells, plugging of water disposal wells, and the like. In light of the
      fact that the production of water with the oil from oil producing wells is
      an ever-present problem, a continuing effort has been directed to the
      development of an improved method for reducing the production of water
      from oil producing wells.
PAR  It is an object of the present invention to provide a method for reducing
      the production of water from subterranean formations penetrated by a
      wellbore.
PAR  It is a further objective of the present invention to provide a method
      whereby the water permeability of subterranean formations penetrated by a
      wellbore is reduced.
PAR  It is a further objective of the present invention to provide a method for
      reducing the production of water from subterranean formations penetrated
      by a wellbore which does not require precise placement of the injected
      material.
PAR  It is a further objective of the present invention to provide a method for
      reducing the production of water from subterranean formations penetrated
      by a wellbore which does not require identification of or isolation of the
      water producing zone.
PAR  It is also an objective of the present invention to provide a method for
      restricting the flow of water into thief zones in water injection wells.
PAR  It has now been found that the objectives of the present invention are
      accomplished by injecting a viscous oil containing from about 0.01 to
      about 10 weight percent of a coupling agent into subterranean formations
      penetrated by a wellbore in an amount sufficient to saturate the
      subterranean formations radially for a distance up to about 100 feet.
PAR  In a preferred embodiment of the present invention, an oil having a
      viscosity from about 50 to about 10,000 cp (centipoise) and containing
      from about 0.01 to about 10 weight percent of a coupling agent selected
      from the group consisting of phenolic and furan resins and combinations
      thereof is injected into a subterranean formation penetrated by a wellbore
      in an amount sufficient to saturate the subterranean formation radially
      for a distance up to about 100 feet. The viscosity of the oil is measured
      at the temperature and pressure of the subterranean formation injected.
      The viscosity values of the oil discussed hereinafter are at the
      temperature and pressure of the subterranean formation unless otherwise
      stated. A useful formula for relating the viscosity at atmospheric
      pressure to the viscosity at varying pressures is:
EQU  u.sub.p = u.sub.o e.sup.ap
PAL  where
PA1  u.sub.p = viscosity (cp) under pressure, p;
PA1  u.sub.o = viscosity (cp) at one atmosphere;
PA1  a = 0.6 .times. 10.sup..sup.-4 /psia for hydrocarbon oils; and
PA1  p = pressure, psia.
PAR  Such formation conditions (bottom-hole conditions) may vary widely, and
      temperatures from about 70.degree.F to about 500.degree.F have been
      reported, although bottom-hole temperatures from about 120.degree.F to
      about 200.degree.F are more common. Bottom-hole pressures from about 100
      psi to about 20,000 psi have been reported, although typically bottom-hole
      pressures from about 1,000 to about 5,000 psi are encountered.
PAR  The viscous oils used are selected from hydrocarbon oils which have the
      viscosity characteristics described above. Some such oils are crude oils,
      heavy refined oils, tars, asphalts, heavy residual oils, pale oils, bright
      stock extracts, and the like. Many such oils are known to those skilled in
      the art and most such oils are suitable so long as they satisfy the
      viscosity requirements set forth above. While viscosities from about 50 to
      about 10,000 cp are useful, it has been found that the most desirable
      results are achieved when oils having a viscosity from 50 to 500 cp at the
      temperature and pressure of the formation injected are used.
PAR  The coupling agent is desirably selected from the group consisting of
      phenolic and furan resins and combinations thereof. Of these the phenolic
      resins are preferred and of these the phenolformaldehyde resins are
      particularly preferred.
PAR  As is well known in the art such resins vary from liquids to solids
      dependent upon the degree of polymerization and the degree of
      cross-linking in the resin. Such resins which are highly polymerized and
      highly cross-linked are thermosetting solids which are slightly soluble or
      insoluble in most oils and are not suitable for use in the method of the
      present invention.
PAR  Suitable resins are those phenolic and furan resins which are thermoplastic
      and which are partially cross-linked and partially polymerized. Such
      resins are liquids at the temperature and pressure of the formation into
      which the oils containing the coupling agent are injected. Desirably such
      resins are liquid at temperatures below about 100.degree.F and preferably
      below about 70.degree.F. Such partially polymerized and partially
      cross-linked resins have been found to be effective in forming solutions
      with the oils and in retaining the oils in the formations into which they
      are injected.
PAR  While applicants do not wish to be bound by any particular theory, it is
      believed that the partially polymerized partially cross-linked resins
      contain reactive sites which result in an increased retention of the
      oil-coupling agent mixture in said formations.
PAR  While the coupling agent is useful in concentrations from about 0.01 to
      about 10 weight percent, it has been found that particularly desirable
      results are achieved when from about 0.05 to about 1.0 weight percent is
      used.
PAR  The viscous oil containing the coupling agent is injected into the wellbore
      in an amount sufficient to saturate the subterranean formation radially
      for a distance up to about 100 feet. It is desirable that an amount
      sufficient to saturate the subterranean formation radially for a distance
      up to at least five feet be used, and desirably an amount sufficient to
      saturate the subterranean formation radially for a distance of about 10 to
      about 25 feet is preferred.
PAR  The viscous oil and coupling agent may be injected by means well known to
      those skilled in the art and will enter the formations, thus saturating
      the formations with viscous oil which tends to be retained in position by
      the coupling agent. In those instances wherein a highly porous oil-bearing
      formation is present, a high proportion of the viscous oil containing the
      coupling agent will tend to preferentially enter the oil-bearing
      formation. In such instances, it is desirable to use packers and the like
      to prevent such disproportionate injection of the viscous oil.
PAR  In some instances, it may be desirable to use packers and like techniques
      known to those skilled in the art to selectively inject the viscous oil
      containing the coupling agent into a selected formation such as thief
      zones and the like to prevent the injection or production of water from a
      particular formation. Such variations and modifications are obvious to
      those skilled in the art and need not be discussed further.
PAR  A further preferred embodiment of the present invention comprises the
      injection of viscous oil containing the coupling agent into an injection
      well in waterflooding operations wherein certain formations are absorbing
      a disproportionate amount of the water and functioning as thief zones,
      thereby reducing the efficiency of the waterflooding operation. In
      general, more viscous oil and higher concentrations of coupling agents
      should be used in thief zones than on producing zones. The injection of
      the viscous oil containing the coupling agent into such formations or into
      the well as a whole is effective in reducing the permeability of such
      thief zones to water, thereby improving the effectiveness of the
      waterflooding operation and the like. In such embodiments, it is preferred
      that the coupling agent be present in an amount equal to from 2.0 to 5.0
      weight percent of the viscous oil-coupling agent mixture.
PAR  Having thus described the invention, it is pointed out that the foregoing
      description of preferred embodiments is illustrative rather than limiting
      in nature, and many variations and modifications of the present invention
      are possible within the scope of the present invention. Many such
      variations and modifications may appear obvious or desirable to those
      skilled in the art in light of the foregoing description of preferred
      embodiments and the following examples.
DETD
PAC  EXAMPLE 1
PAR  Two 7/8-inch diameter tygon tubes were filled with about 30 ml of a fine
      mesh sand with a grain distribution predominately between 100 and 325 U.S.
      mesh sizes (Oklahoma No. 1 sand) and packed tightly in a Hassler sleeve
      test cell. The sand was saturated with tap water, and a pressure of 100
      psi was applied to the outside of the sleeve. Water was then flowed
      through the sand packs and the permeability measured. One sand pack was
      flushed with 180 ml of a heavy refined oil having a viscosity of 125 cp at
      72.degree.F. A treating fluid was prepared by mixing 1.4 volume percent of
      a coupling agent with the oil described above. The coupling agent was a
      phenolic furan resin blend (33 percent phenol formaldehyde resin in 67
      percent furfuryl alcohol. The resin was Resin No. 7421A, manufactured by
      Durez Plastics Division, Hooker Chemical Company.).
PAR  The second sand pack was then flushed with 180 ml of the treating fluid.
      Both samples were then flushed with water until clean water was coming
      through and the permeabilities then measured. Both samples were then
      flushed with diesel oil until the flow rate stabilized and clean diesel
      fuel was coming through. Both samples were then flushed again with water
      until clean water was coming through and the permeabilities measured
      again. The results are shown below in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
                     First Core                                                
                              Second Core                                      
     ______________________________________                                    
     Initial permeability (darcies)                                            
                       3.34       5.5                                          
     Permeability after treatment                                              
     (darcies)         0.55       0.13                                         
     Permeability after diesel oil                                             
     flush (darcies)   2.29       0.88                                         
     ______________________________________                                    
PAR  The tests clearly show that the use of the coupling agent in the treating
      fluid has resulted in a greater reduction in permeability than did the use
      of the heavy refined oil alone. This resulted in a permeability reduction
      which is retained in the presence of oils to a much greater extent than is
      the lesser permeability reduction achieved by the use of the heavy refined
      oil alone.
PAC  EXAMPLE 2
PAR  Approximately 30 ml of a fine mesh sand with grain size distribution
      predominately between 100 and 325  U.S. mesh sizes was packed tightly in a
      Hassler sleeve test cell. The sand was first saturated with tap water and
      a pressure of 100 psi applied on the outside of the sleeve. Water was then
      flowed through the sand packs and the permeability (K.sub.w) of the sand
      measured. FRACTOL oil,* diluted to 200 cp with diesel oil, was then flowed
      through the pack until equilibrium conditions were attained and then the
      permeability (K.sub.o) was measured with diesel oil.
FNT  *FRACTOL oil is a high viscosity fracturing fluid marketed by Humble Oil
      and Refining Company, Houston, Texas. The FRACTOL used was FRACTOL 4 which
      has the following physical properties:
TBL  viscosity                                                                 
           (cs at 140.degree.F)                                                
                     375                                                       
                        solubility in CCl.sub.4 (%)                            
                                     99.5                                      
           (SSF at 210.degree.F)                                               
                     30 Kiel filtration test                                   
                                     pass                                      
     flash point (.degree.F)                                                   
                    &gt;150                                                       
                        color        black                                     
     water content (%)                                                         
                    &lt;0.2                                                       
PAR  The sand pack was then treated by injecting 180 ml of treating fluid into
      the sand. The treating fluid was a mixture of the coupling agent of
      Example 1 mixed with the FRACTOL oil described above in the proportions
      shown below. The treating fluid was immediately followed by tap water
      until equilibrium was reached. The permeability (K.sub.w) was then
      measured with water. The treated sand was then flushed with diesel oil
      until equilibrium was reached, and the permeability (K.sub.o) was then
      measured with diesel oil. The results are shown below in Table II. All
      permeabilities are in darcies.
TBL  viscosity                                                                 
           (cs at 140.degree.F)                                                
                     375                                                       
                        solubility in CCl.sub.4 (%)                            
                                     99.5                                      
           (SSF at 210.degree.F)                                               
                     30 Kiel filtration test                                   
                                     pass                                      
     flash point (.degree.F)                                                   
                    &gt;150                                                       
                        color        black                                     
     water content (%)                                                         
                    &lt;0.2                                                       
TBL                                    TABLE II                                
     __________________________________________________________________________
     Resin Content                                                             
                INITIAL FINAL PERMEABILITY                                     
     of Treating Fluid                                                         
                PERMEABILITY                                                   
                            % Initial % Initial                                
     wt. %      K.sub.w                                                        
                    K.sub.o                                                    
                        K.sub.w                                                
                            K.sub.w                                            
                                  K.sub.o                                      
                                      K.sub.o                                  
     __________________________________________________________________________
     0          4.76                                                           
                    4.87                                                       
                        1.90                                                   
                            39.9  4.76                                         
                                      97.7                                     
     0.5        4.54                                                           
                    4.83                                                       
                        0.65                                                   
                            14.3  3.73                                         
                                      77.2                                     
                5.38                                                           
                    5.38                                                       
                        1.40                                                   
                            26.0  4.95                                         
                                      92.0                                     
     1.0        5.38                                                           
                    5.38                                                       
                        0.95                                                   
                            17.7  2.91                                         
                                      52.2                                     
                5.29                                                           
                    5.34                                                       
                        1.27                                                   
                            24.0  4.21                                         
                                      78.8                                     
     1.5        5.17                                                           
                    4.91                                                       
                        0.85                                                   
                            16.4  2.79                                         
                                      56.8                                     
                5.79                                                           
                    5.62                                                       
                        1.17                                                   
                            20.2  3.14                                         
                                      55.9                                     
     2.0        5.76                                                           
                    5.50                                                       
                        1.28                                                   
                            22.3  3.54                                         
                                      64.4                                     
                5.21                                                           
                    5.31                                                       
                        1.04                                                   
                            20.0  2.99                                         
                                      56.3                                     
     4.0        5.25                                                           
                    4.99                                                       
                        0.66                                                   
                            12.6  1.34                                         
                                      26.9                                     
                5.42                                                           
                    5.35                                                       
                        0.68                                                   
                            12.6  1.38                                         
                                      25.8                                     
     8.0        5.10                                                           
                    5.11                                                       
                        0.64                                                   
                            12.6  1.30                                         
                                      25.4                                     
                5.65                                                           
                    5.58                                                       
                        0.67                                                   
                            11.9  1.57                                         
                                      28.1                                     
     __________________________________________________________________________
PAR  The percent retained permeability K.sub.w and K.sub.o decreases with
      increasing resin concentrations. It would thus be desirable in wells
      containing fractures, thief zones, and the like to use a higher
      concentration of resin; for instance, 4 percent. In oil-producing wells,
      lower concentrations, i.e., 0.5 percent resin, are more desirable since
      the water permeability is reduced substantially, but the oil permeability
      is reduced to a lesser degree.
PAC  EXAMPLE 3
PAR  Tests similar to those in Example 2 were conducted using 0.5 weight percent
      resin and FRACTOL oils diluted to 300 and 400 cp.
TBL                                    TABLE III                               
     __________________________________________________________________________
                INITIAL FINAL PERMEABILITY                                     
     Fractol Oil                                                               
                PERMEABILITY                                                   
                            % Initial % Initial                                
     Viscosity (cp)                                                            
                K.sub.w                                                        
                    K.sub.o                                                    
                        K.sub.w                                                
                            K.sub.w                                            
                                  K.sub.o                                      
                                      K.sub.o                                  
     __________________________________________________________________________
     200        4.54                                                           
                    4.83                                                       
                        0.65                                                   
                            14.3  3.73                                         
                                      77.2                                     
     200        5.38                                                           
                    5.38                                                       
                        1.40                                                   
                            26.0  4.95                                         
                                      92.0                                     
     300        4.33                                                           
                    4.40                                                       
                        1.10                                                   
                            25.4  2.87                                         
                                      65.2                                     
     400        5.89                                                           
                    6.21                                                       
                        1.45                                                   
                            24.6  4.48                                         
                                      72.1                                     
     __________________________________________________________________________
PAL  Increasing the viscosity of the oil beyond 200 cp does not appear to
      significantly effect the results.
PAC  EXAMPLE 4
PAR  The viscosity of a fuel oil sample was determined. Other portions of the
      fuel oil were then blended with varying amounts of a resin and the
      viscosity then measured. The resin was a 33 percent solution of No. 7421A
      phenolic resin dissolved in furfuryl alcohol. The 7421A resin is a product
      of the Durez Division of Hooker Chemical Company, N. Tonowanda, New York.
      The viscosities on all samples were measured with a FANN-VG meter at 100
      rpm.
TBL  ______________________________________                                    
     Special                                                                   
     Fuel                                                                      
     Oil      Resin                   Viscosity                                
     (ml)     (ml)        Reading     (cp)                                     
     ______________________________________                                    
     300      0           250         750                                      
     300      1.5         233         699                                      
     300      9.0         188         564                                      
     300      30.0        155         465                                      
     ______________________________________                                    
PAR  The addition of the resin blend decreases the viscosity of the oil-coupling
      agent mixture thus facilitating injection of the mixture into the
      formation.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. A method for reducing the production of water from subterranean
      formations penetrated by a wellbore, said method consisting essentially
      of:
PA1  a. mixing an oil having a viscosity from about 50 to about 10,000 cp at the
      pressure and temperature of said subterranean formations with a coupling
      agent selected from the group consisting of phenolic and furan resins and
      combinations thereof to produce a mixture containing from about 0.01 to
      about 10 weight percent coupling agent, said resins being liquid at the
      pressure and temperature of said subterranean formations; and,
PA1  b. injecting said mixture into said formation in an amount sufficient to
      saturate said subterranean formations radially from said wellbore for a
      distance up to about 100 feet.
NUM  2.
PAR  2. The method of claim 1 wherein said oil has a viscosity from about 50 to
      about 500 cp at the pressure and temperature of said subterranean
      formations.
NUM  3.
PAR  3. The method of claim 2 wherein an amount of oil sufficient to saturate
      said subterranean formations radially for a distance equal to at least 5
      feet is used.
NUM  4.
PAR  4. The method of claim 2 wherein said coupling agent is present in an
      amount equal to from about 0.05 to about 1.0 weight percent.
NUM  5.
PAR  5. The method of claim 4 wherein an amount of oil sufficient to saturate
      said subterranean formations radially for a distance from about 10 to
      about 25 feet is used.
NUM  6.
PAR  6. The method of claim 5 wherein said coupling agent is a phenolic resin.
NUM  7.
PAR  7. A method for reducing the water permeability of subterranean formations
      penetrated by a wellbore, said method consisting of:
PA1  a. mixing an oil having a viscosity from about 50 to about 10,000 cp at the
      pressure and temperature of said subterranean formations with a coupling
      agent selected from the group consisting of phenolic and furan resins and
      combinations thereof to produce a mixture containing from about 0.01 to
      about 10 weight percent coupling agent, said resins being liquid at the
      pressure and temperature of said subterranean formations; and,
PA1  b. injecting said mixture into said formation in an amount sufficient to
      saturate said subterranean formations radially from said wellbore for a
      distance up to about 100 feet.
NUM  8.
PAR  8. The method of claim 7 wherein said coupling agent is present in an
      amount equal to from about 2.0 to about 5.0 weight percent.
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ABST
PAL  A pressure operated safety valve adapted to be mounted in a well tubing,
      which may be moved to open or closed positions independently of pressure
      in the tubing and locked in and unlocked from the open position using
      control fluid pressure.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS This is a continuation of
      application Ser. No. 362,784 filed May 22, 1973, now abandoned, which was
      a division of Ser. No. 171,710, filed Apr. 6, 1971 now U.S. Pat. No.
      3,750,751.
BSUM
PAR  The subject matter of the present application may be used in well tubing,
      as can the valves in my prior copending U.S. patent application
      "Subsurface Safety Valve with Lock means,"  Ser. No. 72,034, filed Sept.
      14, 1970, now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to pressure operated safety valves for
      disposition in well tubing.
PAR  2. Description of the Prior Art
PAR  In the past, it has been the practice to use devices in producing wells,
      particularly offshore wells, which automatically close when the well
      pressure reaches a predetermined amount for the purpose of preventing well
      blowouts and the resultant fires and pollution of the sea with oil.
PAR  The most common type has been marketed under the name "storm" choke, but it
      is not as widely used as it should be because it is generally damaged by
      sand or other abrasives flowing therethrough with the oil during normal
      production, so that it is not operative for preventing blowouts when they
      occur.
PAR  Ball-type safety valves, examples of which are found in U.S. Pat. Nos.
      2,894,715; Re25,471; 2,998,070; 3,035,808; 3,126,908 3,189,044 and
      3,059,913 have also been used in an attempt to provide automatic closing
      of wells to prevent well blowouts. However, even the best of the safety
      valves are subject to malfunctioning, particularly after having been left
      in a well for a period of time. Since the government requires periodic
      testing of the safety valves, those that are defective can be located, but
      with the previously known valves, even if they were found to be defective,
      nothing could be done to immobilize or replace the defective valve, short
      of shutting down the well and attempting a removal of the defective valve
      with all of the attendant problems.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention provides a new and improved safety valve for
      controlling flow through a well tubing wherein fluid pressure is
      controlled in a plurality of expansible chambers formed between a housing
      in the well tubing and an operating sleeve which controls the position of
      a ball-type valve. Differential fluid pressures are formed between the
      plural chambers to cause relative movement between the operating sleeve
      and the housing controlling the position of the valve to regulate and
      control flow through the well tubing independently of the pressure in the
      well tubing. Plural fluid conduits, each of which individually conveys
      fluid to one of the chambers, provide alternate fluid supply to the valves
      and thus prevent failure of fluid supply to one of said conduit means from
      rendering the valve inoperable. A locking piston mounted between the
      housing and the operating sleeve moves a locking detent into a locking
      recess formed in the housing in response to fluid pressure in one of the
      expansible fluid chambers in order to lock the operating sleeve in a
      position maintaining the valve in an open position when it is desired to
      retain the valve in such position.
PAR  It is an object of the present invention to provide a new and improved
      subsurface safety valve.
PAR  It is an object of the present invention to provide a new and improved
      safety valve for use in a well tubing which may be moved open or closed
      independently of the pressure in the well tubing.
PAR  It is an object of the present invention to provide a new and improved
      fluid operated safety valve which is not rendered inoperable if a fluid
      supply conduit for such valve should fail.
PAR  It is an object of the present invention to provide a new and improved
      safety valve for well tubing which may be locked in and unlocked from an
      open position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is an elevation, partly in section, of an upper portion of the
      safety valve of the present invention;
PAR  FIG. 1B is an elevation, partly in section, of a lower portion of the
      safety valve of the present invention;
PAR  FIG. 2 is an elevation of the valve in FIGS. 1A and 1B, but showing the
      parts thereof in different positions;
PAR  FIG. 3 is an elevation of the valve of FIGS. 1A, 1B and 2, but showing the
      parts in different positions;
PAR  FIG. 4 is a cross-sectional view, taken along the line of 4--4 of FIG. 1A;
PAR  FIG. 5 is an exploded isometric view of the rotatable ball-type valve and
      valve pivot means of the safety valve of the present invention; and;
PAR  FIGS. 6, 7 and 8 are elevations showing the ball-type valve of FIG. 5 in
      different operating positions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The safety valve of this invention has a housing H which includes two
      sections 12 and 13, coupled together at threads 15 and 16, and provided
      with an O-ring seal 15a. The upper housing section 12 terminates in an
      adapter 17 having a threaded box for attachment in a tubing string
      thereabove, not shown. At the lower end of lower housing section 13,
      female threads are provided for threaded engagement with male threads 20
      on an adapter 21 having external threads at its lower extremity for
      attachment to a section of the tubing string therebelow (not shown). An
      O-ring seal 20a is provided between the adapter 21 and the housing section
      13. One or more set screws 20b may be provided to prevent an inadvertent
      release of the threaded connection 19, 20.
PAR  The wall of the top housing section 12 (FIG. 1A) has a plurality of
      conduits including a first conduit or operating conduit 22 including a
      longitudinally formed operating passage 25 terminating in a threaded
      fitting or inlet socket for attachment of a hose or pipe 22a leading to
      the ground level or surface. The passage 25 connects through a port 28, an
      annular groove 28a and a longitudinal passage 28b (FIG. 1A) with an
      expansible operating chamber 29 between the section 12 and an operating
      sleeve 30 slidably received in the housing H. A locking detent or
      resilient metal split or snap ring 35 and a reduced nose or end portion
      36a of locking piston 36 normally bearing against the snap-ring 35 along a
      beveled edge form one end of the chamber 29, while the other end of the
      chamber is formed by an inclined shoulder 33 on an annular collar 34
      formed on the sleeve 30. The snap-ring 35 is resilient and engages an
      inner surface of the section 12. The snap ring 35 expands outwardly
      increasing the size of a slot 35a (FIG. 4) formed therein, to engage the
      walls of a locking recess 12a formed in the interior surface of the
      section 12. A lower surface of the locking detent 35 engages a shoulder
      surface 33b of the sleeve 30 adjacent the inclined wall 33 for causing
      downward movement of the sleeve 30, as will be more evident hereinbelow.
PAR  A slot or longitudinal groove 36b is formed in the locking piston 36 on a
      surface adjacent the portion of section 12 in which the control passage 25
      is formed. The slot 36b permits fluid communication from the control
      passage 25 and the port 28 to the chamber 29 when the piston 36 is to be
      moved upwardly, as will be set forth hereinbelow. The locking piston 36
      carries O-rings 36c and 36d to provide a seal between the locking piston
      36 and the upper section 12 and sleeve 30, respectively.
PAR  The collar 34 slidably engages the inner wall of housing section 12 and is
      provided with a sealing O-ring 34a.
PAR  A second expansible locking chamber 38 between the sleeve 30 and the
      section 12 above the piston 36 communicates with a locking passage 26 of
      the housing H through a port 27 for the egress and ingress of fluid during
      longitudinal movement of the sleeve 30 relative to the housing H. Packings
      31 and a packing nut 32 are provided in the chamber 38. The locking
      passage 26 is a part of a second conduit or locking conduit 23 including
      the passage 26 terminating in a threaded fitting or inlet socket for
      attachment of a hose or pipe 23a leading to the ground level or surface.
PAR  A stop ring 40 is provided which bears against an internal shoulder 41 of
      the section 12. The stop ring 40 forms one end of an expansible lower
      chamber 39 between the sleeve 30 and the section 12. The lower chamber 39
      communicates through a port 37 with the locking passage 26. An inclined
      wall 33a on the annular collar 34 forms the other end of the chamber 39.
PAR  It should be noted, as is evident from the drawings, that the locking
      chamber 38 forms a larger annular cross-sectional area with the locking
      piston 36 and the packing nut 32 than the annular cross-sectional area
      formed in the lower chamber 39 by the inclined wall 33a and stop ring 40.
      Accordingly, fluid pressure in the locking conduit 23 and passage 26
      exerts a net downward force on the sleeve 30 by operating across a greater
      annular cross-sectional area thereof in the locking chamber 38 than in the
      lower chamber 39.
PAR  A packing 42 is positioned between the ring 40 and the threaded end 16 of
      housing section 13. One or more securing set screws (not shown) may be
      provided to secure the housing section 13 to the housing section 12.
PAR  The upper valve actuating sleeve 30 has a mounting collar 62 (FIG. 1B)
      mounted to a lower end 30a thereof, with an O-ring 62a therebetween. A
      fourth annular chamber 63 is formed between the housing section 13, the
      mounting coller 62 and a ball-type valve B (FIG. 1B). The collar 62 has an
      upper surface 65 for engagement with a shoulder 67 on the housing section
      13. An annular seat ring 68 formed of rubber, metal, plastic or other
      suitable material is internally threaded in the collar 62 for sealingly
      engaging the upstream face of ball valve B.
PAR  The collar 62 has four external splines or wings (not shown) in quatrature
      slidably positioned in corresponding longitudinal grooves in the inner
      surface of housing section 13, with sector-shaped ridges therebetween
      which prevent rotation of the sleeve section 30 relative to the housing H.
PAR  Slidably received in a slightly enlarged upper portion 74 of the adapter
      sub 21 is a lower valve actuator sleeve 75 which, at its upper end, bears
      against the ball valve B.
PAR  The lower sleeve 75 has an intermediate external collar 76 extending into a
      chamber 77 for engagement by a heavy coiled compression spring 77a which
      also engages the adapter 21.
PAR  A valve pivot means 80 has a lower collar 81 and an upwardly extending
      tongue portion 85 (FIG. 5). An outer surface 81a of the coller 81 bears
      against the housing H (FIG. 1B). Two of the pivot means 80 are mounted
      within the housing section 13 on diametrically opposed sides thereof
      contacting each other at flat end surfaces 81b of the collars 81. A sleeve
      78 mounted in the chamber 77 above the adapter sub 21 maintains each of
      the pivot means 80 in proper position in the housing section 13. The pivot
      means 80 may be integrally formed with or otherwise suitably mounted with
      the housing 13 if desired. A set screw may be used to lock and retain the
      pivot means 80 in position in the housing section 13, if desired. The
      tongues 85 include inwardly projecting pivot pins 90 (FIGS. 1B and 5)
      which are received in slots or recesses 91 in a flat side surface 92
      formed on diametrically opposed faces of the ball valve B. An end wall 91a
      on the face of the ball valve B retains the pin 90 in the slot 91 and
      prevents the pin 90 from becoming unseated during movement of the ball
      valve B. The pivot pins 90 of the valve pivot means 80 slide within the
      grooves 91 in the surfaces 92 of the valve B and permit rotational
      movement, as will be set forth below, of the valve B with respect to the
      housing H from a closed position (FIG. 8) blocking the well tubing to a
      partially open position (FIG. 7) to an open position (FIG. 6), permitting
      passage of well fluid through the well tubing. The tongues 85 have
      complementary flat surfaces 95 abutting the valve surfaces 92 upon which
      the valve surfaces 92 rotate.
PAR  The valve B (FIG. 5) is generally ball shaped with a cylindrical through
      passage 96 which, in diameter, substantially equals the internal diameter
      of the valve actuator sections 30 and 75 and also the adapters 17 and 21
      which, in turn, have substantially the same internal diameter as that of
      the conventional tubing string (not shown) connected thereto. In other
      words, the valve has a full opening when in the open position (FIGS. 2 and
      6) for the passage of well tools and for performing well operations
      therethrough.
PAR  In use or operation, the safety valve of this invention is inserted in a
      production tubing string in a well where it is desired to provide for
      automatic closing of the well in the event the well pressure should become
      excessive, indicating possible imminence of a blowout. Normally, the
      spring 77 urges the lower actuator sleeve 75 upwardly to maintain the
      valve passage 96 transversely of the flow passage within the sleeves 30
      and 75 to thereby position the valve in the closed position (FIGS. 1B).
      The full force of well pressure then is exerted against the lower face of
      the ball valve B urging it into sealing contact with the ring 68, the
      upward movement of which is limited by the engagement of the shoulder 65
      with the shoulder 67, so that the flow passage is effectively sealed off.
PAR  In order to open the valve, control fluid under pressure is supplied
      selectively as indicated by an arrow 100 (FIG. 2) from the surface through
      the operating conduit 22 including operating passage 25 and port 28 and
      into the expansible operating chamber 29. A net downward fluid pressure is
      applied to the shoulder 33b the inclined shoulder 33 and the seal 34a on
      the operating sleeve 30 to move the operating sleeve 30 downwardly and
      causes rotation of the ball valve B about the pivot pins 90 from the
      closed position (FIG. 8) to a partically open position (FIG. 7) and
      finally to the open position (FIGS. 2 and 6) with the valve passage 96
      aligned with the flow passage through the valve actuator sections 30 and
      75.
PAR  It should be noted that when the control fluid is supplied through conduit
      22 to open the valve B, the conduit 25 is not pressurized, creating a
      pressure differential between the pressurized chambers 29 and the
      unpressurized chambers 38 and 39, causing the sleeve 30 to move downwardly
      and engage the valve B and open such valve independently of pressure in
      the well tubing, permitting use of the safety valve of the present
      invention at lower depths and with higher tubing pressures and at higher
      flow rates of fluid through the well tubing.
PAR  In the fully open position of the ball valve B, the spring 77 is
      substantially fully compressed (FIG. 2). Thus, in normal operation of the
      safety valve of this invention, the ball valve B is held in the open
      position by the control fluid which overcomes the returning force of the
      spring 77. To return the ball valve B to the closed position automatically
      when the well pressure reaches a predetermined point, such well pressure
      below the ball valve B must be sufficiently high to overcome the control
      fluid pressure in the chamber 29 and conduit 22. When the control fluid
      pressure is overcome or offset by the downhole well pressure acting
      upwardly below the valve B, the compressed spring 77 then acts to move the
      lower valve actuator sleeve 75 upwardly so that the ball B is rotated
      about the eccentric pivot pins 90 to rotate the ball valve B from the open
      position (FIG. 2) to the closed position (FIG. 1B).
PAR  When it becomes desirable to lock the ball valve B in the fully open
      position illustrated in FIG. 2, the pressure in the conduit 22 and chamber
      29 is abated. Control fluid under pressure is introduced into the conduit
      23 and locking passage 26 in the sleeve 30 from the surface as indicated
      by the arrows 101 and 101a (FIG. 3). The pressure of the control fluid
      operates across a larger annular surface area in the locking chamber 38
      than in the chamber 39, as has been set forth, causing a consequent
      downward movement of the piston 36 and locking detent 35. Operating sleeve
      30 is contacted by the locking detent 35 along the upper surface 33b
      thereof and also moved downwardly. Fluid pressure is maintained in the
      locking conduit 23, passage 26 and chambers 38 and 39 until the locking
      piston 36 moves the locking detent 35 adjacent the locking recess 12a. The
      locking detent 35 snaps outwardly against the locking recess 12a and
      engages the surface 33b (FIG. 3) preventing upward movement of the sleeve
      30 and retaining and maintaining the ball valve B locked in a open
      position, permitting passage of fluid through the well tubing. Pressure
      may then be removed from the locking conduit 23 and the ball valve B
      remains in the locked position (FIG. 3) with the locking piston 36 firmly
      locking the snap ring 35 in the locking recess 12, retaining the sleeve 30
      in position maintaining the ball valve B in the open position.
PAR  The safety valve of the present invention is not rendered inoperable in the
      event of damage or rupture to one of the conduits 22 or 23. Normally,
      failure of a conduit would cause the subsurface valve to lock in the
      closed position, requiring removal of the well tubing to replace the
      inoperable safety valve. With the plural conduits 22 and 23, failure of
      one of the conduits 22 and 23 does not prevent the introduction of
      pressure through the other to move the sleeve 30 downwardly. For example,
      in the event of failure of the conduit 22 or base 22a through which
      control fluid is normally conveyed to the chamber 29 to open the valve B,
      the conduit 23 is used to convey fluid under pressure to the chambers 38
      and 39. The fluid in the chambers 38 and 39 exerts a downward force on the
      piston 36 and locking detent 35, moving the sleeve 30 The sleeve 30
      engages the ball valve B and rotates such valve to the open position,
      preventing the necessity of shutting in the well to remove such valve to
      open the well tubing for passage of well fluids therethrough. Similarly,
      in the event of failure of the conduit 23, control fluid is introduced
      into the chamber 29 from the conduit 22, moving the sleeve 30 downwardly
      to engage the ball valve B and rotate the valve B to the open position,
      opening the well tubing for passage of well fluids therethrough.
PAR  The locking means illustrated and described is normally used when it is
      desired to leave the valve B in the open position (FIGS. 2 and 3) for an
      extended period of time, and sometimes permanently. Occasionally it is
      required that the ball valve B be closed even after it has been locked
      open by the locking means.
PAR  Control fluid under pressure is introduced into conduit 22, the passage 25,
      and through the port 28 and slot 36b into the chamer 29, expanding the
      size of the chamber 29 and moving the piston upwardly to the position
      illustrated in FIG. 2. The fluid pressure in the chamber 29 retains the
      locking detent 35 in the locking recess 12a and exerts a downward force on
      the upper surface 33b and inclined wall 33 retaining the sleeve 30 and
      locking the ball valve B open.
PAR  Subsequently, the downward fluid pressure in the conduit 22 and passage 25
      is abated, permitting the spring 77 to urge the valve pivot means 80
      upwardly rotating the ball valve B to the closed position blocking the
      well tubing. The spring 77 further urges the mounting collar 62 and
      operating sleeve 30 upwardly, with the upper surface 33b of the collar 33
      engaging the locking detent 35 and causing contraction and upward movement
      of such detent.
PAR  To facilitate such contraction, the detent ring 35 preferably has an upper
      tapered annular surface 35b which is in contact with a similar tapered
      suface 12b when the locking ring 35 is in the recess 12. Such surfaces
      permit an inward and upward sliding action of the ring 35, and since the
      ring is split and has sufficient space 35b to contract back to its
      original diameter so as to fit within the bore of the housing section 12,
      the upward force thus causes the upward movement of the locking ring
      detent 35 back to the position shown in FIG. 1A. After the ring detent 35
      has thus been released to the unlocked position, normal usage of the valve
      may take place if it is desired.
PAR  It should be understood that an alternate ball-type valve of essentially
      the same structure as the ball valve B, except that the pins and slots for
      the pivoting action have been reversed, may be used with the present
      invention. The movements of the alternate ball valve are the same as
      heretofore described in connection with the ball valve B, as will be well
      understood by those skilled in the art.
PAR  It should be further understood that alternate structure for mounting the
      ball valve B with the housing H, such as for example that set forth in my
      copending U.S. patent application, Ser. No. 72,034, may be used without
      departing from the scope of the present invention.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of regulating flow through a well tubing with a subsurface
      safety valve having a controllable stopper operating independently of the
      pressure in the tubing comprising the step of:
PA1  forming a pressure differential independent of well tubing pressure between
      first and second expansible control chambers formed by the valve when a
      greater pressure is selectively introduced in one of either first and
      second expansible chambers to control the movement of the stopper; and
PA1  adjusting the position of the stopper in response to the pressure
      differential between the first and second chambers to enable flow through
      the well tubing when the greater pressure is selectively introduced into
      one of either of the first and second expansible chambers.
NUM  2.
PAR  2. The method of claim 1, further including the steps of:
PA1  conveying control fluid to the first expansible control chamber through a
      first control conduit to control the pressure of the control fluid in the
      first expansible chamber.
NUM  3.
PAR  3. The method of claim 2, further including the steps of:
PA1  conveying control fluid to the second expansible control chamber through a
      second control conduit to control the pressure of the control fluid in the
      second expansible chamber.
NUM  4.
PAR  4. The method of claim 3, including the steps of:
PA1  increasing selectively the pressure of the control fluid in one of either
      of the first and second conduits to adjust the position of the stopper to
      enable flow through the well tubing.
NUM  5.
PAR  5. The method as set forth in claim 2 wherein step of locking includes the
      step of:
PA1  locking the stopper in the open position in a releasable manner by
      selective use of the second control.
NUM  6.
PAR  6. The method as set forth in claim 5, including the step of:
PA1  releasing the stopper from the locked condition by operation of the first
      control for enabling subsequent movement of the stopper to a closed
      position for blocking flow through the well tubing.
NUM  7.
PAR  7. The method of claim 1, further including the step of:
PA1  locking the stopper in an unlockable position to enable flow through the
      well tubing subsequent to said step of adjusting when the greater pressure
      is selectively introduced into the second expansible chamber.
NUM  8.
PAR  8. The method of claim 7, further including the step of:
PA1  unlocking the stopper when the greater pressure is selectively introduced
      into the first expansible chamber to enable subsequent adjusting of the
      position of the stopper to block flow of fluid through the well tubing.
NUM  9.
PAR  9. A method of operating a controllable valve having a movable stopper for
      controlling flow through a well tubing at a subsurface location in the
      well in response to use of one of first and second controls from the
      surface to open the valve, comprising the steps of:
PA1  moving the stopper to an open position by selective use of one of the first
      and second controls of the valve at the surface independent of the well
      tubing for enabling flow to the surface through the well tubing; and
PA1  locking the stopper in the open position when the second control is
      selectively used for moving the stopper to the open position.
NUM  10.
PAR  10. The method as set forth in claim 9, including the step of:
PA1  releasing the stopper from the locked condition for enabling subsequent
      movement of the stopper to a closed position for blocking flow through the
      well tubing.
NUM  11.
PAR  11. The method of operating a safety valve having a movable stopper for
      controlling flow through a well tubing at a subsurface location,
      comprising the steps of:
PA1  moving the stopper to an open position for enabling flow through the well
      tubing by selective use at the surface independent of the well tubing of
      one control of a first control and a second control; and
PA1  locking in an unlockable manner the stopper in the open position when the
      second control is used to move the stopper to the open position.
NUM  12.
PAR  12. A method of operating a safety valve having a movable stopper for
      controlling flow through a well tubing at a subsurface location,
      comprising the steps of:
PA1  moving the stopper to an open position for enabling flow through the well
      tubing by selective use at the surface independent of the well tubing of
      one control of a first control and a second control;
PA1  locking in an unlockable manner the stopper in the open position when the
      second control is used to move the stopper to the open position; and
PA1  unlocking the stopper from the open position with the first control.
NUM  13.
PAR  13. The method as set forth in claim 12, further including the step of:
PA1  moving the unlocked stopper to the closed position to block flow through
      the well tubing when the use of the first control is ended.
NUM  14.
PAR  14. The method of claim 12, including the step of:
PA1  moving the stopper to the closed position to block flow through the well
      tubing with the selective use of the first control to move the stopper to
      the open position is ended.
NUM  15.
PAR  15. The method of regulating flow through a well tubing with a subsurface
      safety valve having a controllable stopper comprising the steps of:
PA1  forming a pressure differential between first and second expansible control
      chambers provided by the safety valve independent of the well tubing when
      a greater pressure is selectively introduced in one of either the first
      and second expansible chambers; and
PA1  adjusting the position of the stopper in response to the pressure
      differential provided by increased pressure in one of either the first and
      second expansible chambers to enable flow through the well tubing.
NUM  16.
PAR  16. The method as set forth in claim 15 including the step of:
PA1  moving the stopper to enable flow independently of well pressure.
NUM  17.
PAR  17. The method of claim 15 further including the step of:
PA1  conveying control fluid to the first expansible control chamber through a
      first conduit to introduce control fluid pressure in the first expansible
      chamber.
NUM  18.
PAR  18. The method of claim 17 further including the step of:
PA1  conveying control fluid to the second expansible control chamber through a
      second conduit to introduce control fluid pressure in the first expansible
      chamber.
NUM  19.
PAR  19. The method of operating from the surface a controllable valve having a
      movable stopper for controlling flow through a well tubing at a subsurface
      location, comprising the steps of:
PA1  providing a first control having a control conduit communicating to the
      controllable valve from the surface for operation to move the stopper to
      the open position for enabling flow through the well tubing;
PA1  providing a second control having a control conduit communicating to the
      controllable valve from the surface for operation to move the stopper to
      the open position for enabling flow through the well tubing; and
PA1  operating selectively one of the first and second controls at the surface
      to move the stopper to the open position to enable flow through the well
      tubing.
NUM  20.
PAR  20. The method as set forth in claim 19, including the steps of:
PA1  locking the stopper in the open position by operating the valve with the
      second control; and
PA1  unlocking the stopper from the locked condition by operation of the valve
      with the first control.
PATN
WKU  039399141
SRC  5
APN  4643402
APT  1
ART  313
APD  19740426
TTL  Combination air conditioning and fire protection system for a building
ISD  19760224
NCL  6
ECL  1
EXP  Love; John J.
NDR  3
NFG  6
INVT
NAM  Carroll; John L.
STR  P.O. Box 42413
CTY  Portland
STA  OR
ZIP  97242
RLAP
COD  72
APN  307382
APD  19721117
PSC  03
CLAS
OCL  169 16
XCL  169 20
EDF  2
ICL  A62C 3500
FSC  169
FSS  5;13;20;16;17;18
FSC  165
FSS  138;50
FSC  239
FSS  125;77
UREF
PNO  1087136
ISD  19140200
NAM  Nutter et al.
OCL  169  5
UREF
PNO  1229071
ISD  19170600
NAM  Hammond
OCL  169  5
UREF
PNO  3050134
ISD  19620800
NAM  Multin
OCL  169  5
UREF
PNO  3212555
ISD  19651000
NAM  Schuss et al.
OCL  239125
UREF
PNO  3464172
ISD  19690900
NAM  McGee, Jr.
XCL  169 16
LREP
FRM  Kolisch, Hartwell, Dickinson & Stuart
ABST
PAL  A combination air conditioning and fire protection system for a building
      including a heat exchanger through which fluid may pass under pressure, a
      fluid conditioning unit operable to bring fluid to a desired temperature
      for passing through the heat exchanger, and fluid supply and return
      conduits interconnecting the heat exchanger and fluid conditioning unit
      for circulating fluid therebetween. The supply and return conduits have
      discharge heads spaced therealong which are openable in case of fire to
      discharge fluid therefrom to extinguish a fire in the vicinity of the
      head. The conduits may include risers in the form of hollow, fluid-tight
      structural columns which also act to provide structural support for the
      building. Flow control devices and check valves in the system assure that
      pressure will be maintained in either the supply or return conduits to
      discharge fluid onto a fire if the other conduit is damaged and loses
      pressure.
PARN
PAC  SUMMARY AND BACKGROUND OF INVENTION
PAR  This is a continuation of application Ser. No. 307,382, filed Nov. 17, 1972
      now abandoned.
BSUM
PAR  This invention relates to a combination air conditioning and fire
      protection system for a building, and more particularly to such a system
      in which conduits for supplying air conditioning fluid to and returning
      fluid from heat exchangers also act to supply fluid to discharge heads for
      fire protection.
PAR  Modern buildings generally are provided with air conditioning systems for
      heating and/or cooling the building. These generally require conduit
      systems for providing a circulating flow of temperature control fluid to
      heat exchangers within the building. It is desirable also to have some
      form of fire protection system in the building, such as a water sprinkler
      system which is actuated when a fire occurs. Due to the high cost of
      installing such fire protection systems, in the past, frequently they have
      not been installed.
PAR  A general object of the invention is to provide a novel combination air
      conditioning and fire protection system for a building which is simple to
      install, low in cost, and eliminates duplication of piping.
PAR  More specifically, an object is to provide a novel combination air
      conditioning and fire protection system for a building which includes a
      heat exchanger through which air-conditioning fluid may pass, a fluid
      conditioning unit spaced from the heat exchanger for bringing the fluid to
      a desired temperature, a conduit system for circulating such fluid between
      the heat exchanger and the fluid conditioning unit and fluid discharge
      means located along the conduit means operable to discharge fluid (which
      is a fire extinguishing fluid) in the case of fire. With this system the
      conduit system supplying fluid to and returning fluid from the heat
      exchanger serves also to provide fire protection in the building, which
      reduces the labor and material expenses over former systems.
PAR  Yet another object is to provide such a novel combination air conditioning
      and fire protection system which includes supply and return conduits for
      carrying fluid under pressure to and away from a heat exchanger, with
      fluid discharge means mounted on the conduits for discharging fluid in
      case of fire, and flow control and check valve means interposed between
      the supply and return conduits for maintaining a pressurized condition in
      one if there is a loss of pressure in the other.
PAR  Still more specifically, an object is to provide such a novel system
      wherein the heat exchanger and fluid conditioning units are spaced
      vertically from each other and the conduit system supplying the heat
      exchanger and fluid discharge units includes risers. In an embodiment of
      the invention, the risers may be hollow, fluid-tight structural columns
      which serve also to provide structural support for the building. The
      ability of a fluid (such as water) flowing through the columns to absorb
      heat increases the fire resistance of the structural columns. The low
      temperature range of the fluid necessary to produce comfort air
      conditioning, the availability of the same fluid throughout the building
      to charge an automatic fire protection system, and the dependability of
      the fluid supply all operate to produce maximum protection and economy in
      the combined system.
DRWD
PAC  DRAWINGS
PAR  These and other objects and advantages will become more fully apparent as
      the following description is read in conjunction with the drawings,
      wherein:
PAR  FIG. 1 is a schematic elevation view of a building incorporating the
      combination air conditioning and fire protection system of the invention;
PAR  FIG. 2 is a schematic top plan view of a portion of a floor in such
      building;
PAR  FIG. 3 is a perspective, cutaway view of a portion of a building
      incorporating such a system;
PAR  FIG. 4 is a schematic elevation view of a portion of a building
      incorporating a modified form of the invention;
PAR  FIG. 5 is a plan view, taken generally along line 5--5 in FIG. 4, of a
      portion of a floor in the building incorporating the modified form of the
      invention; and
PAR  FIG. 6 is an enlarged view of a portion of the modified system indicated by
      line 6--6 in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT TO THE INVENTION
PAR  Referring to the drawings, and first more specifically to FIG. 1, at 10 is
      indicated generally a multiple-story building having a basement 12 and
      floors 14, 16, and 18 at successively higher elevations in the building.
PAR  As is best illustrated in FIG. 3, each floor is supported on a set of
      substantially horizontal H-beams 22. Beams 22 are secured at their ends in
      a conventional manner to upright structural columns indicated at 24, 26.
      Each of the columns is a hollow, water and pressure tight, box-shaped
      section (as is seen where the two have been cut in FIG. 3) and extends
      fully the height of the building. As will be explained in greater detail
      below, the hollow interiors of columns 24, 26 define fluid passages
      extending vertically therethrough, whereby the columns are adapted to act
      as conduits, or risers, to carry fluid under pressure, such as water,
      either up or down through the building.
PAR  Mounted above the floor at each level of the building are a plurality of
      spaced-apart heat exchangers 30. Each heat exchanger has a fluid inlet
      indicated at 32 and a fluid outlet indicated at 34. A heat exchanger is
      adapted to have fluid at a preselected temperature and pressure passed
      therethrough either to heat or cool the portion of the building in the
      vicinity of the heat exchanger.
PAR  In the instant embodiment of the invention water is used as the fluid in
      the system. Other fluids also may be used if they are capable of being
      elevated or lowered to temperatures which may be required to provide
      comfort conditioning in the building and if they have fire extinguishing
      properties.
PAR  An elongate, substantially horizontal supply lateral pipe, or conduit, 40
      is connected, through a stub pipe 42, with the interior of column 26. A
      shut-off valve 41 in conduit 42 permits selective closing off of that
      conduit, as will be explained below. Supply header conduits 44 extend
      substantially horizontally and laterally outwardly from supply lateral 40
      and each connects to the fluid supply inlet 32 of a heat exchanger. Other
      horizontal conduits 46 also extend laterally outwardly from supply lateral
      40 intermediate conduits 44.
PAR  An elongate, substantially horizontal fluid return lateral pipe, or
      conduit, 50 is connected, through an elongate horizontal conduit 52, with
      the interior of column 24, and is connected through conduits 56 with the
      fluid outlets 34 of the heat exchangers. A shut-off valve 53 in conduit 52
      permits selective closing off of that conduit, as will be explained below.
PAR  All of the horizontal conduits are disposed at elevations adjacent support
      beams 22, and thus are a substantial distance above the underlying floor
      16.
PAR  Referring now specifically to FIG. 1, column 24 is connected at its upper
      end, through a conduit 60, to the inlet side of a conventional fluid
      cooling tower 62 and its lower end is connected to the outlet side of a
      conventional fluid heater 64. The lower end of column 26 is connected to
      the inlet side of heater 64.
PAR  The outlet side of cooling tower 62 is connected through a conduit 65 to
      the inlet side of a motor-driven pump 66. The outlet side of the pump is
      connected through a conduit 68 to the upper end of column 26. A bypass
      conduit 70, connected at its opposite ends to the upper ends of columns
      24, 26, respectively, provides a fluid flow path around pump 66 and
      cooling tower 62. A check valve 72 in conduit 70 permits fluid flow in one
      direction only, from column 24 to column 26.
PAR  A domestic water main, indicated generally at 76, is connected to column 24
      through a check valve 78 and a flow alarm 80. This connection with the
      domestic water main provides means for replenishing any fluid lost from
      the system. The flow alarm, is operable to produce a signal if the flow
      from the water main to column 24 rises above a predetermined level and may
      be connected to an annunciator or other signaling means.
PAR  A plurality of normally closed sprayer, or sprinkler, fluid discharge heads
      84 are connected to conduits 44, 46 at spaced-apart locations. These
      sprinkler heads may be of a conventional type which include means, such as
      fusible links, for sensing a fire in the vicinity of a head. Such sensing
      means is operable, on sensing a fire, to open the sprayer head to
      discharge fluid from the conduit to which it is attached to the region of
      the fire. As is seen in the figures, the sprayer heads are distributed at
      spaced intervals above their respective floors and thus are able to
      provide fire protection for wide areas of the building.
PAR  As mentioned previously the fluid supply and return conduits are disposed
      in horizontal planes adjacent beams 22. The conduits thus may be hidden by
      a suspended ceiling arrangement, with the sprinkler heads only being
      exposed.
PAR  Describing the operation of the apparatus thus far described the conduit
      system including columns 24, 26, conduits 40, 44, 46, 50, 52, and 60 are
      filled with water. Operation of pump 66 produces circulation of the water
      through the supply and return conduits, and thus through heat exchangers
      30, heater 64, and cooling tower 62. Depending upon the desired
      temperature to be maintained within the building, the fluid can either be
      heated by heater 64 to a predetermined temperature as it is circulated in
      the system, or cooled to a predetermined temperature in cooling tower 62.
      Generally the fluid is maintained in a tepid range of approximately
      75.degree.-90.degree.F.
PAR  With this system a substantially constant fluid pressure is maintained in
      the conduit system which is available to supply fluid to the heat
      exchangers 30 and to spray discharge heads 84.
PAR  Should a fire occur, the sprayer heads in the vicinity of the fire would be
      opened to discharge water onto the fire to extinguish it. As this occurs
      water from main 76 replenishes water to the system as it is discharged
      from the sprayer heads. Bypass conduit 70 and check valve 72 provide a
      path for the water to bypass pump 66 so that there is no pressure loss
      through the pump in the event of a power failure when the sprayer heads
      operate. As water is replenished from the main, the flow through flow
      alarm 80 increases to a point where a signal is given that a sprayer head
      has opened, thus acting as a fire alarm. Should it be necessary, to
      provide additional water, as in the event of a water pressure failure at
      the main, an auxiliary water supply may be connected to an inlet conduit
      90 which connects, through a check valve 92, to column 24.
PAR  Optionally a fluid storage tank may be positioned at a high point in the
      system (i.e., on the roof of the building) to provide storage for both
      fire protection and/or air conditioning. Such tank would be incorporated
      as a part of the circulating fluid system with fluid flowing therethrough.
PAR  Referring to FIGS. 4, 5 and 6, a modified form of the combination air
      conditioning and fire protection system is illustrated in a building
      somewhat similar to the building illustrated in FIG. 1, and with
      substantially similar fluid temperature conditioning means and auxiliary
      fluid supply for the building. Explaining further, building 100 has a
      basement region 102, floors 104, 106 at successively higher elevations,
      and a roof 108. Upright, hollow, water and pressure tight boxshaped
      upright structural columns 112, 114 extend fully the height of the
      building to provide support for the building. Columns 112, 114 are
      constructed and have substantially the same function as previously
      described for columns 24, 26. Columns 112, 114, however, are positioned
      adjacent exterior walls of the building, as opposed to the interior
      mounting for columns 24, 26.
PAR  Mounted above the floor at each level of the building are a plurality of
      spaced-apart heat exchangers 30, as previously described each having a
      fluid inlet 32 and a fluid outlet 34. Each heat exchanger is adapted to
      have fluid at a preselected pressure and temperature passed therethrough
      either to heat or cool the portion of the building in the vicinity of the
      heat exchanger. Each heat exchanger acts as a flow limiting condenser in
      the system.
PAR  Elongate, substantially horizontal fluid supply lateral pipes, or conduits,
      116 are connected at one set of their ends to the interior of column 114.
      Elongate, substantially horizontal fluid return lateral pipes, or
      conduits, 118 are connected at one set of their ends to the interior of
      column 112. As is best seen in FIG. 4, a pair of conduits 116, 118 extend
      adjacent and beneath each of floors 104, 106 and are spaced a distance
      above such underlying floors. Conduits 116, 118 associated with a floor
      are spaced apart laterally as seen in FIG. 5 to overlie different regions
      of the underlying floor, but are disposed at substantially a common
      elevation. Although each of conduits 116, 118 at a selected floor are
      disposed at substantially common elevations, they have been illustrated
      somewhat vertically spaced apart in FIG. 4 for illustrative purposes.
PAR  The fluid supply inlet 32 of each of heat exchangers 30 is operatively
      connected through a connecting conduit 120 to supply conduit 116. The
      fluid outlet 34 of each heat exchanger 30 is connected through a
      connecting conduit 122 to fluid return conduit 118.
PAR  Referring to FIG. 6, it will be seen that a constant flow valve 126 is
      connected in connecting conduit 120 intermediate supply conduit 116 and
      fluid inlet 32 of a heat exchanger. The flow control valve, or regulator,
      may be of conventional construction, as exemplified by the flow regulators
      designated as Dole regulators manufactured and sold by the Eaton
      Corporation. Such a flow control valve is operable to maintain a
      substantially constant volumetric flow of fluid therepast over a wide
      range of pressure variations.
PAR  A gate valve 128 is interposed in conduit 120 between supply conduit 116
      and flow control valve 126.
PAR  Mounted in conduit 122 is a check valve 130 operable to permit flow of
      fluid freely from fluid outlet 34 of the heat exchanger toward return
      conduit 118, but inhibiting flow of fluid in a reverse direction.
      Connected in conduit 122 intermediate check valve 130 and conduit 118 is a
      gate valve 132.
PAR  A plurality of normally closed sprayer, or sprinkler, fluid discharge heads
      as previously described at 84 are connected to conduits 112, 114 at
      spaced-apart locations over the floor.
PAR  As previously described in relation to the building and system illustrated
      in FIG. 1, in a system as illustrated in FIGS. 4 and 5, column 112 is
      connected at its upper end through a conduit 60 to the inlet side of a
      fluid cooling tower 62 and at its lower end is connected to the outlet
      side of a fluid heater 64. The lower end of column 114 is connected to the
      inlet side of heater 64.
PAR  The outlet side of cooling tower 62 is connected through a conduit 65 to
      the inlet side of a motor driven pump 66. The outlet side of the pump is
      connected through a conduit 68 to the upper end of column 114. A bypass
      conduit 70 connected at its opposite ends to the upper ends of columns
      112, 114, respectively, provides a fluid flow path around pump 66 and
      cooling tower 62. A check valve 72 in conduit 70 permits fluid flow in one
      direction only, from column 112 to column 114.
PAR  A domestic water main, indicated generally at 76, is connected to column
      112 through a check valve 78 and a flow alarm 80. This connection with the
      domestic water main provides means for replenishing fluid lost from the
      system. An auxiliary water supply may be connected to an inlet conduit 90
      which connects, through a check valve 92 to column 112 also.
PAR  Operation of the system illustrated in FIGS. 4, 5 and 6 is somewhat similar
      to that previously described for the system of FIGS. 1, 2 and 3. Columns
      112, 114, conduits 116, 118, 120, 122, 60, 65, 68 and 70 are filled with
      water, or other fluid which can provide proper air conditioning and fire
      extinguishing functions. Operation of pump 66 circulates water through the
      supply and return conduits and thus through heat exchangers 30, heater 64
      and cooling tower 62. The fluid will be heated or cooled as required and
      generally is maintained in a tepid range of approximately
      75.degree.-90.degree.F.
PAR  As fluid circulates through the system from supply column 114 to return
      column 112 the primary path for such circulation is through heat
      exchangers 30 and heater 64. Fluid passing, under pressure, from conduits
      116 through a heat exchanger 30 as illustrated in FIG. 6 to conduit 118
      passes through constant flow regulating valve 126 which maintains a
      substantially constant flow rate of fluid through the heat exchanger.
      Check valve 130 assures that flow will be maintained in a direction from
      conduit 116 to 118 and inhibits flow in a reverse direction.
PAR  Should a fire occur, the spray heads in the vicinity of the fire would be
      opened to discharge fluid onto the fire to extinguish it. As previously
      described for the first embodiment of the system water from main 76 or an
      auxiliary supply would replenish water discharged from the system.
PAR  Since fluid discharge heads are mounted on both the supply and return
      conduits on opposite sides of the heat exchangers additional safety in the
      system is provided. Explaining further, should a supply conduit 116 be
      damaged to the extent that pressure in such line is lost, line pressure in
      the return conduits will be maintained by virtue of the operation of check
      valves 130. These check valves prevent fluid under pressure from flowing
      back through the heat exchanger to the fluid supply conduits and thus
      maintain pressure within the return conduits for spraying on the fire.
      Likewise, should damage occur to the return conduits whereby pressure
      would be lost in the same, constant flow control valves 126 maintain
      sufficient pressure in supply conduits 116 to assure that fluid will be
      sprayed from the discharge heads mounted on the supply conduits to provide
      fire protection.
PAR  Further, the inherent flow limiting characteristics of the heat exchangers
      themselves further will aid in maintaining pressure in the supply conduit
      should pressure be lost in the return conduit.
PAR  In either of the systems described precautions should be taken to minimize
      the effects of oxidation, which may occur with a fluid such as water
      flowing through the support columns, and to minimize galvanic/electrolytic
      action which may produce corrosion in the columns. Dielectric unions may
      be employed in the structural connections to minimize
      galvanic/electrolytic action and oxidation problems may be minimized by
      the injection of sodium hexameta phosphate into the water in the system.
PAR  The system thus is able to provide air conditioning and fire protection
      fluid throughout the building without the need for separate sets of
      conduits for each. Further, the system incorporates watertight columns, or
      beams, which function as fluid conduits and also provide structural
      support for the building. The fluid flowing through the building support
      columns also increases the fire resistance of the columns.
PAR  By providing for substantially constant circulation of fluid through the
      system a further advantage is realized. In prior fire protection systems
      fluid has been allowed to remain substantially stagnant and the fluid, due
      to oxidation and other factors within the system, discolors, often turning
      brown or black. On activation of the discharge heads the discolored fluid
      has stained equipment, walls, and furnishings, thus increasing the damage.
      With the instant system providing substantially constant circulation such
      stagnation and discoloration of the working fluid does not occur and on
      activation of the spray system clean fluid is sprayed from the discharge
      heads.
PAR  While a specific embodiment of the invention has been described herein, it
      should be apparent to those skilled in the art that variations and
      modifications are possible without departing from the spirit of the
      invention.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. A combination air conditioning and fire protection system for a building
      comprising:
PA1  a heat exchanger through which fluid may be passed under pressure, said
      heat exchanger having a fluid inlet and a fluit outlet;
PA1  fluid temperature conditioning means spaced from said heat exchanger for
      bringing fluid to a preselected temperature,
PA1  fluid supply conduit means operatively connected to said conditioning means
      for carrying fluid under pressure from said conditioning means toward said
      heat exchanger,
PA1  fluid return conduit means operatively connected to said conditioning means
      through which fluid under pressure may be conveyed from the heat exchanger
      to the conditioning means,
PA1  discharge means mounted on said fluid supply and return conduit means
      operable to discharge fluid therefrom within said building in case of
      fire,
PA1  first connecting conduit means operatively connecting the supply conduit
      means to the inlet of the heat exchanger,
PA1  second connecting conduit means operatively connecting the return conduit
      means to the outlet of the heat exchanger,
PA1  check valve means in said connecting conduit means permitting flow of fluid
      therethrough in a direction from said supply conduit toward said return
      conduit and inhibiting fluid flow in the opposite direction, and
PA1  flow control means operable continuously to control the rate of fluid flow
      from said supply conduit to said return conduit as it passes through said
      heat exchanger for maintaining sufficient pressure in said supply conduit
      means to produce proper fluid discharge from said discharge means on said
      supply conduit means in the event of loss of pressure in said return
      conduit means or connecting conduit means downstream from said flow
      control means.
NUM  2.
PAR  2. The system of claim 1, wherein said discharge means comprises a
      plurality of spaced-apart, normally closed fluid discharge heads mounted
      on said supply and return conduit means and fire sensing means connected
      to said discharge heads operable to open a discharge head upon sensing a
      fire.
NUM  3.
PAR  3. The system of claim 1, wherein said supply conduit means comprises a
      riser and an elongate, substantially horizontal conduit connected adjacent
      one of its ends thereto, said return conduit means comprises a riser and
      an elongate substantially horizontal conduit connected adjacent one of its
      ends thereto, said horizontal conduits extending over regions of said
      building to be protected by said system with said discharge means mounted
      thereon, and said first and second connecting conduits are connected to
      the horizontal conduits of said supply and return conduit means
      respectively, with the flow of fluid from said supply conduit means to
      said return conduit means being through said heat exchanger.
NUM  4.
PAR  4. The system of claim 1, wherein said conditioning means and said heat
      exchanger are spaced apart vertically and at least one of said conduit
      means comprises a fluid-tight structural column constructed to provide
      structural support for the building and having a fluid passage extending
      vertically therethrough, and wherein said system further comprises means
      for circulating fluid under pressure through said conduit means including
      said column.
NUM  5.
PAR  5. The system of claim 4, wherein at least one of said conduit means
      further comprises an elongate, substantially horizontal conduit connected
      to and extending between said column and said heat exchanger and said
      discharge means comprises a plurality of normally closed discharge heads
      spaced apart along said conduit.
NUM  6.
PAR  6. The system of claim 5, which further comprises fire sensing means
      connected to said discharge heads operable to detect a fire in the
      vicinity of a discharge head and to open the same upon sensing a fire.
PATN
WKU  039399150
SRC  5
APN  5003849
APT  1
ART  325
APD  19740826
TTL  Saw guide
ISD  19760224
NCL  10
ECL  1
EXA  Bicks; Mark S.
EXP  Lake; Roy
NDR  1
NFG  6
INVT
NAM  Wood; James W.
STR  8612 Templeton Drive
CTY  Omaha
STA  NB
ZIP  68134
CLAS
OCL  269  2
XCL  269 871
XCL  145129
EDF  2
ICL  B25B  516
FSC   83
FSS  761-767
FSC  145
FSS  129
FSC  269
FSS  1;2;87;87.1;87.2;87.3;90;238;275
UREF
PNO  1855945
ISD  19320400
NAM  Denyer
OCL   83767
UREF
PNO  2906303
ISD  19590900
NAM  Abel
OCL   83767
UREF
PNO  3052461
ISD  19620900
NAM  Bateman
OCL  269275
UREF
PNO  3550486
ISD  19701200
NAM  Edwards
OCL   81177.8
UREF
PNO  3582060
ISD  19710600
NAM  Carter
OCL  269  2
FREF
PNO  614,071
ISD  19350500
CNT  DT
OCL  269  2
ABST
PAL  A saw guide assembly having a straight edge guide means attached to one of
      a pair of grip levers connected by a bolt and wing nut which latter, when
      tightened, assures clamping of a work-piece between the guide means and a
      pressing means such as a spring mounted on the other grip lever.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention is in the field of saw guides attachable to work-pieces such
      as lumber or metal for guiding a saw when the housing of the saw is placed
      against a guide edge thereof.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Workmen have long needed a quickly operating and inexpensive saw guide.
PAR  Important as a saw guide can be for assuring a straight cut, yet a saw
      guide that is cumbersome and costly will, in my opinion, be left
      unpurchased in preference to the simplicity of sawing to a pencil-mark.
PAR  And yet, it is very difficult to do a quantity of sawing with a
      hand-circular saw without making mistakes, the saw often tending to veer
      away from a pencil-marked line in a completely hand-operation. This
      problem is even more complex when the popular saber saws are used. Much
      work can be ruined.
PAR  To prevent ruined work in sawing to a pencilled line, a workman must go
      very slowly.
PAR  Many saw guides have been proposed and patented heretofore.
PAR  All have straight edges and all clamp to the work-piece, but the high cost,
      great bulk, and cumbersomeness of saw guides of the prior art have, in my
      opinion, been the reason why the bulk of sawing is still done without a
      saw guide.
PAR  Much sawing is done also without the workman taking the trouble to make a
      pencil-line. For these reason, a speedy clampable guide is needed, and in
      my opinion, it needs to be produceable, also, at a low cost.
PAR  Some of the guides of the prior art have had no good way of getting
      sufficient pressure into the clamping. Others have assured clamping
      pressure, but have accomplished that feature only at the expense of high
      cost, many, many parts, and cumbersome operation.
PAR  Some prior art saw guide proposals will clamp with speed only to
      work-pieces of one size, but required slow-threaded adjustment to readjust
      them to a work-piece of substantially different size.
PAC  SUMMARY OF THE INVENTION
PAR  A saw guide assembly having a straight edge guide means attached to one of
      a pair of grip levers connected by a bolt and wing nut which latter, when
      tightened, assures clamping of a work-piece between the guide means and a
      pressing means, such as a spring, mounted on the other grip lever, the
      pressing means being resilient, as accomplished by an elongated arcuate
      spring having outer ends engageable with a work-piece and the spring, by
      its flexibility, permitting its outer ends to assume good engagement with
      the work-piece, even at various amounts of spacing of the spring and the
      guide means.
PAR  The grip of the wing nut being enhanced by an engageable pair of serrated
      means each fixed to one of the grip lever assemblies, and a lock washer
      cooperating with the wing nut.
PAR  The two grip lever assemblies each comprising a basic portion formed of a
      piece of sheet metal having flat sides.
PAR  The guide means also having a work-piece-engaging fast-alignment flange at
      a right angle to the saw guiding edge for fitting flush against a
      work-piece, providing automatic alignment of the saw guiding edge so no
      carpenter's square is needed and no pencil mark is needed for a straight
      90.degree.cut.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation of a saw guide assembly of this invention shown
      as attached to a work-piece, the latter illustrated in dotted lines.
      Certain parts of the assembly are broken away, other parts shown in dotted
      lines.
PAR  FIG. 2 is a top plan view of the saw guide with a section of a flat plate
      portion broken away for showing the spring of a work-pressing section
      thereunder.
PAR  FIG. 3 is a view looking rearwardly at the work-pressing section from the
      forward side thereof.
PAR  FIG. 4 is a diagrammatic view of the wing bolt assembly and associated
      parts as seen from the rear thereof looking forwardly, with adjacent parts
      of the grip lever assemblies shown in cross-section.
PAR  FIG. 5 is a view of either one of the serrated friction fittings as seen
      along the line 5--5 of FIG. 4.
PAR  FIG. 6 shows in perspective view a broken away portion of the friction
      fitting of FIG. 5 taken from the area bounded by the line 6--6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The saw guide or saw guide assembly of this invention is generally
      indicated at 10 and comprises a guide means generally indicated at 12
      comprising an alignment member 14 having a flat plate portion 20 which in
      most uses would be disposed horizontally and having a flat undersurface 22
      for engaging the upper side of a work-piece, such as a piece of wood,
      shown in dotted lines at 24, which is to be cut.
PAR  Since most wooden items to be cut have a vertical edge, such as the edge 28
      in FIG. 1, the alignment member 14 is provided with a work-piece engaging
      flange 40 having a work-piece engaging surface 42 for engaging the
      vertical surface 28 of the work-piece 24.
PAR  The flange 40 is formed of one piece with the flat plate portion 20 and the
      surface 42 is disposed in a vertical plane at a right angle to the
      horizontal plane of the undersurface 22 of the flat plate portion 20 of
      the alignment member 14.
PAR  The alignment member 14 has a rigid, straight right side saw guiding
      surface 50 on the right-hand side of the plate 20 and a second rigid,
      straight left side saw guiding surface 52 on the left-hand side of the
      plate portion 20. The saw guiding surface 50 and 52 are actually
      preferably disposed in planar right and left outer surfaces 62 and 64 of
      right and left vertical planar saw-guide flanges 70 and 72, respectively.
      The saw guiding surfaces 50 and 52 and the flanges 70 and 72 are both
      disposed at right angles to the planar work-piece edge engaging planar
      surface 42, whereby the flanges 70 and 72 are adapted to guide the edge of
      a saber saw, or the housing of any power saw, as it is moved across the
      work-piece 24 during the cutting of a work-piece at a right angle to the
      edge 28 of the work-piece.
PAR  A pair of elongated lever assemblies are generally indicated at 100 and
      each has a central portion 102 and the latter are disposed in parallelism
      with each other and are secured together by a wing bolt assembly generally
      indicated at 120 and which comprises a threaded shank 122 having a head
      124 permanently fixed to the outer side of an adjacent one of the lever
      assemblies 100, such as by welding 132, to the left lever 142 of one of
      the left one of the lever assemblies 100.
PAR  A threaded shank 122 extends through the left lever 142 and then through
      left serrated washer or friction fitting means or member 154 which is
      attached to the left lever 142 by welding at 158 and then through a right
      serrated washer or friction fitting means 164, and then through a right
      lever 172, which latter is part of the right lever assembly 100. The right
      friction fitting 164 is attached by welding 178 to the right lever 172.
PAR  On the opposite side of the levers 142 and 172 from the bolt-head 124 is a
      wing-nut 200 threaded to the bolt 122. A lock washer 210 is on the
      threaded shank 122 between the wing-nut 200 and the right lever 172.
PAR  In FIG. 5, the inner most surface of either one of the serrated friction
      fittings 154 and 164 is there shown, since they both look alike on their
      inner surface and each are provided with serrations 230, best seen in FIG.
      6, so that the serrations 230 of one of the friction fittings 154 engages
      the serrations 230 of the other of the friction fittings 164 to prevent
      rotation of the lever assemblies 100 with respect to each other at times
      when the wing bolt assembly 120 is tight.
PAR  The friction fitting 154 has an opening 232 through it at its center for
      receiving the bolt shank 122.
PAR  Referring to FIG. 2, the forward end 250 of the left lever assembly 100 is
      suitably secured, such as by welding 252, to the upper side of the flat
      plate portion 20 of the alignment member 14 of the guide means 12.
PAR  Referring to FIG. 3, a pressing means 260 is there shown and can also be
      called a pressing means assembly 260 and comprises a spring 262 which is
      elongated in the direction transverse to and preferably at a right angle
      to the length of the right lever assembly 100 to the forward end 272 of
      which the spring 262 is attached by welding 270.
PAR  The elongated spring 262 is arcuate, having a generally concave upper side
      and particularly having a central section 274 which is arcuate and concave
      on its upper side, yet having end portions 275 which extend in directions
      such that their uppermost surfaces are disposed somewhat downwardly bent
      with respect to the inclination of adjacent portions of the arcuate
      central portion 274 whereby the portions 275 engage a work-piece first
      upon clamping.
PAR  Referring to FIGS. 1 and 2, it will be seen that each of the lever
      assemblies 100 has a basic portion 210 formed of a piece of sheet metal
      stock having flat, parallel side surfaces, whereby central sections 340 of
      the basic portions 210 are disposed adjacent the axis 123 of the bolt
      shank 122 and are disposed with their adjacent sides in parallelism, as
      best seen in FIG. 2.
PAR  The forward end sections 250 and 272 of the respective basic portions 210
      are disposed substantially in planes at a right angle to the planes in
      which the central portions 340 lie.
PAR  Each basic portion 210 has an intermediate section 352 which is disposed
      between its respective forward section 250 or 272, such intermediate
      sections being twisted to an angle of 90.degree..
PAR  Each of the basic portions 210 also has a rearward section 382, each of
      which latter receive thereon one of a pair of tubes 470 which are suitably
      attached thereto.
PAR  Each tube 470 is provided with an end cap 472 attached to it.
PAR  Each basic portion 210 can be further provided with a twisted portion 476
      disposed between its central section 340 and its rearward section 382.
PAR  All sections of the basic portions 210 are made from the same one piece of
      material respectively.
PAR  In operation, of particular importance is the possibility of fast alignment
      because the work-piece-engaging fast-alignment flange 40 is pressed
      against the adjacent edge 28 of the work-piece thereby immediately and
      automatically aligning the saw guiding surface 50 at a right angle to the
      work-piece edge 28.
PAR  For this reason, no carpenter's square is needed and no pencil mark is
      necessary and a straight 90.degree. cut can be made with great speed
      because of the fast clamping action of the levers 100 as rigidly set by
      the thumb nut 200 and maintained in an even more fixed way because of the
      serrations 230.
PAR  As described, it will be seen that the saw guide assembly of this invention
      is especially useful for flat-sided workpieces, such as workpiece of
      rectangular shape in cross-section, as seen in dotted lines at 24 in FIGS.
      1 and 2.
PAR  The pressing means assembly 260 of FIG. 3 can be seen in FIG. 1 to be
      disposed opposite the guide means 12 and disposed in what can be called
      one direction from the guide edge 50, namely, the downward direction when
      the parts are shown in use position in FIG. 1. It may be helpful to term
      the workpiece-engaging flange 40 as a workpiece-engaging positioning
      flange means 40, since its serves to position the guide on the work. The
      positioning flange means 40 can be considered to have forwardmost
      portions, which latter engage the work and which are spaced apart a
      substantial distance in a direction normal to the guide edge 50 for
      positioning the assembly with stability against twisting as pressure is
      applied onto the workpiece.
PAR  The saw guide assembly 10 is free of any impediment means disposed in a
      plane so closely adjacent to the saw guide edge 50 as to be located where
      a saw blade of any width would be interfered with by the impediment means,
      not shown, all as seen in FIGS. 1 and 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. A saw guide assembly for flat-sided workpieces comprising a guide means
      having a rigid straight saw guiding surface, a pair of elongated lever
      assemblies, means pivotally connecting central portions of said lever
      assemblies together for rotation about an axis transverse to said straight
      saw guiding surface, certain portions of said lever assemblies being
      disposed generally on a same side of said axis when said levers are in
      approximate parallelism and defining rearward portions thereof
      respectively and serving as handles, the opposite ends of said lever
      assemblies each extending generally forwardly, the forward end of one of
      said lever assemblies being attached to said guide means, a pressing means
      mounted on the forward end of the other of said lever assemblies, said
      pressing means having pressing surface means disposed opposite said guide
      means, said rearward portions of said lever assemblies being grippable in
      the hand of an operator to force them toward each other so as to
      simultaneously force said pressing means toward said guide means so as to
      be able to grip a workpiece disposed therebetween, clamping means operably
      correlated with said lever assemblies for clamping said lever assemblies
      laterally together into fixed positions with respect to each other, a
      workpiece engaging positioning flange means extending from said guide
      means, said flange means having a forwardly facing workpiece engaging
      surface having forwardmost portions disposed substantially on a flange
      means plane arranged parallel to said axis and at a right angle to said
      saw guiding surface, outermost portions of said flange means forwardmost
      portions being spaced apart a substantial distance in a direction normal
      to said saw guiding surface for positioning said assembly with stability
      against twisting as pressure is applied onto said workpiece, said assembly
      being free of any impediment means disposed in a plane so closely adjacent
      to said saw guiding surface as to be located where a saw blade of any
      width would be interfered with by said impediment means.
NUM  2.
PAR  2. The saw guide assembly of claim 1 in which said clamping means and said
      pivotal connecting means are together defined by a wing bolt assembly
      having a threaded shank fixed and projecting from one of said lever
      assemblies, said wing bolt assembly having a wing nut fixed on said
      threaded shank and cooperative therewith for pressing said lever
      assemblies toward each other.
NUM  3.
PAR  3. The saw guide assembly of claim 1 further comprising a pair of serrated
      friction fittings attached one to each of said lever assemblies, said
      fittings having serrated surfaces disposed opposite each other and
      engaging each other at times when said wing bolt assembly is in a clamping
      relationship.
NUM  4.
PAR  4. The saw guide assembly of claim 1 in which said pressing means comprises
      an arcuate elongated spring having a generally concave upper side, said
      spring being disposed transverse to the length of said other lever
      assembly, means attaching a central section of said spring to the forward
      end of said other lever assembly.
NUM  5.
PAR  5. The saw guide assembly of claim 1 in which said lever assemblies each
      have a basic portion formed of a piece of sheet metal having central
      sections disposed adjacent said axis which latter are in parallelism,
      forward end sections of said basic portions being disposed substantially
      in planes at a right angle to said central sections.
NUM  6.
PAR  6. The saw guide assembly of claim 5 in which intermediate sections of said
      basic portions are disposed between said forward sections and said central
      sections of said basic portions and are twisted through 90.degree..
NUM  7.
PAR  7. The saw guide assembly of claim 5 in which each of said basic portions
      has a rearward section, a pair of tubes each disposed around and attached
      to a respective one of said rearward sections of said basic portions.
NUM  8.
PAR  8. The saw guide assembly of claim 7 in which a pair of end caps are
      attached to the rearward ends of said tubes.
NUM  9.
PAR  9. The saw guide assembly of claim 1 in which said guide means has a
      flat-bottomed plate portion and in which said saw guiding surface and said
      positioning flange means are all formed of a single piece of material with
      said plate portion.
NUM  10.
PAR  10. The saw guide assembly of claim 1 in which said guide means has another
      rigid straight saw guiding surface disposed in parallelism with the first
      mentioned straight saw guiding surface and on the opposite side of said
      guide means therefrom, said other saw guiding surface bearing a similar
      relationship to other parts of the saw guide assembly as described herein
      above.
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ABST
PAL  The apparatus for cleaning tuberous plants of this invention comprises a
      frame, a plurality of digging wheels fastened on the lowermost side of a
      suitable horizontal framing member at the forwardmost terminal end of the
      frame, a disk-renk, a belt-renk subassembly, and a discharging
      subassembly. The disk-renk may include a multiplicity of pentagonally
      shaped plates fastened on a suitable shaft. The belt-renk subassembly may
      include a elevating conveyer operable to elevate and to move rearwardly
      tubers discharged from the disk-renk and a belt-renk disposed parallel to,
      and substantially beneath, the elevating conveyer, and a upwardly inclined
      chain conveyer-like belt inclined from its forwardmost terminal end to its
      rearwardmost terminal end. The chain conveyer-like belt is driven in an
      upwardly inclined, rearward direction. The discharging subassembly is
      operable to take plant tubers from the lowermost forwardmost terminal end
      of the belt-renk and to convey the tubers to a suitable transporting
      vehicle or similar containing apparatus.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to tuberous harvesting apparatus and, more
      particularly, to tuberous harvesting apparatus operable to separate
      tuberous plants from tare.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Means commonly used and employed to separate tuberous plants from tare and
      to generally clean earth and debris from tuberous plants have included
      high-speed flails, planting rollers, and renk bed cleaners. Flails
      commonly comprise semiflexible flail blades fastened to a suitable shaft
      driven by a suitable drive train. Flails clean plant tubers by striking
      the plant tuber, frequently resulting in cuts, cutting, severing, and
      bruising thereof. Cleaning rollers comprise a pair of rotatable shaft
      members set in rotating motion, such that the direction of rotation is
      between the shaft, a semiflexible resilient shaft covering, and a helical
      rib disposed about the outer circumference of the shaft covering. The
      helical rib is operable to direct a plant tuber in a rectilinear path
      along the shaft. The tuber is cleaned by friction and pressure caused by
      the rotating action of the rollers. In cleaning rollers, exposed bearings
      may require extensive maintenance, and tubers may become jammed between
      the rollers causing breakdowns. Renk beds comprise a plurality of shafts,
      each shaft having a multiplicity of renk stars comprising a plurality of
      outwardly projecting rigid tines. In operation, each of the shafts in the
      renk bed is set in the same direction of rotating motion. The plant tuber
      is cleaned by contact with the rotating renk tines and by agitation caused
      by the conveyor effect of the renk bed. Frequently, the high relative
      speed of the tines, with respect to the tuber, may cause cutting of the
      tuber, and the tuber may become caught between the shafts of the renk bed.
PAR  Accordingly, it is an object of the present invention to provide cleaning
      means for tuberous plants which may gently remove tare, earth, and debris
      therefrom.
PAR  It is a further object of this invention that the cleaning apparatus
      include a belt for cleaning tare, earth, and debris from tuberous plants,
      which is configured to protect its drive means and journal bearing means
      from contact with tuberous plants, tare, earth, and debris.
PAR  It is a further object of this invention that the cleaning belt which makes
      contact directly with the tuberous plants be provided with cleaning means,
      such as bars and rollers, which are operable to remove tare, earth, and
      drbris from a tuberous plant without striking the plant.
PAR  It is another object of this invention that a primary cleaning means to
      remove the largest earth, debris, plant tops be provided with pentagonally
      shaped renk stars.
PAR  These and other objects shall become apparent from the description
      following, it being understood that modifications may be made without
      affecting the teachings of the invention here set out.
PAC  SUMMARY OF THE INVENTION
PAR  Generally, the apparatus for cleaning tuberous plants of this invention
      comprises a frame, a plurality of digging wheels substantially
      upstandingly mounted to the lowermost side of a suitable horizontal
      framing member at the forwardmost terminal end of the frame, a disk-renk,
      a belt-renk subassembly, and a discharging subassembly. The disk-renk may
      include a multiplicity of pentagonally shaped stars or plates fastened on
      a suitable shaft. The belt-renk subassembly may include a elevating
      conveyor operable to elevate and to move rearwardly tubers discharged from
      the disk-renk and a belt-renk disposed parallel to, and substantially
      beneath, the elevating conveyor, and a upwardly inclined chain
      conveyor-like belt inclined from its forwardmost terminal end to its
      rearwardmost terminal end. The chain conveyor-like belt is driven in an
      upwardly inclined rearward direction. The discharging subassembly is
      operable to take plant tubers from the lowermost forwardmost terminal end
      of the belt-renk and to convey the tubers to a suitable transporting
      vehicle or similar containing apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the apparatus for cleaning tuberous plants of
      this invention, including belt and framing portions broken away for
      illustrative purposes.
PAR  FIG. 2 is a front elevational view of the apparatus for cleaning tuberous
      plants of this invention.
PAR  FIG. 3 is a rear elevational view of the apparatus of FIG. 1.
PAR  FIG. 4 is a side elevational view of the apparatus for cleaning tuberous
      plants of this invention.
PAR  FIG. 5 is a side elevational view of the apparatus of the FIG. 4 shown with
      the side framing member removed to show the interior configuration thereof
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and, more particularly, to the FIGS. 1, 2 and
      3, the apparatus for cleaning tuberous plants of this invention is shown
      to advantage and generally identified by the numeral 10. The apparatus 10
      is carried on a suitable frame 11. The frame 11 is provided at each of its
      sides, distally from its rearwardmost terminal end, with support wheels
      12. The forward portion of the frame 11 is provided with a detachable
      hitching drawbar (not shown) which is operable to suitably join the
      apparatus of 10 to a commonly known tractor, or similar suitable apparatus
      (not shown). It is to be understood that the apparatus 10 may be provided
      with mechanical power from the power-take-off of the tractor or from
      self-contained drive means. As shown to advantage in the FIGS. 1 and 2,
      the apparatus 10 includes a plurality of upstandingly mounted digging
      wheels 13. The wheels 13 are operable to dig plant tubers, such as sugar
      beets, to collect the tubers from the tare and debris of digging, to
      elevate the tubers, and to move them rearwardly with respect to the
      apparatus 10. The wheels 13 may be commonly known, cooperating, rotatable
      disk-like beet-harvesting wheels.
PAR  Referring now to the FIGS. 2 and 4, the apparatus 10 includes a disk-renk
      14 which is operable to clean large tare and debris from a plant tuber.
      The dish-renk 14 comprises a multiplicity of pentagonally shaped plates 15
      disposed distally at intervals on a horizontally, transversely disposed
      shaft 16. The shaft 16 is mounted on the frame 11 by means of journal
      bearings (not shown). The disk-renk 14 is disposed transversely on the
      frame 11 distally rearwardly, and below the uppermost arc of the wheels
      13. The shaft 16 is driven in a rearward direction of rotation by a
      sprocket and chain 17. The disk-renk 14 is operable to take plant tubers
      from the wheels 13 and to carry them rearwardly with respect to the
      apparatus 10. The sprocket and chain 17 are operable to set the speed of
      rotation of the plates 15 at such a speed that the tuber is set in a
      spinning, tumbling motion as it passes over the disk-renk 14. In practice,
      it has been found to advantage to fabricate the plates 15 in a pentagonal
      configuration. It is to be understood that the pentagonal configuration is
      operable to strike tare and debris from the tuber without cutting into the
      tuber.
PAR  Referring now to the FIGS. 4 and 5, the apparatus 10 includes a belt-renk
      subassembly 18. The belt-renk subassembly 18 comprises an elevating
      conveyor 19 and a belt-renk 20. The elevating conveyor 10 is operable to
      move tubers passed by the disk-renk 14 and to elevate the tubers above the
      belt-renk 20. The elevating conveyor 19 may be a chain-type conveyor
      provided with outwardly projecting elevating studs 19' which are operable
      to retain the tubers on the elevating conveyor 19. The elevating conveyor
      19 is supported by a suitably configured portion of the frame 11. The
      frame 11 may include upstandingly disposed deflector panels 11' parallelly
      disposed at each of the terminal sides of the elevating conveyor 19. The
      elevating conveyor 19 is provided with mechanical power by means of a
      sprocket and chain 21, similar to sprocket and chain 17. It is to be
      understood that, by nature, chain-type conveyors provided with mechanical
      power from a sprocket and chain necessarily have a vibrating
      characteristic. This vibrating characteristic is useful in cleaning plant
      tubers.
PAR  The renk 20 is disposed parallel to, and substantially beneath, the
      rearward portion of the elevating conveyor 19. The belt-renk 20 is a chain
      conveyor-like belt disposed at an upward angle from its forwardmost
      terminal end to its rearwardmost terminal end. In a fashion similar to the
      elevating conveyor 19, the belt-renk 20 is provided with upstandingly
      disposed deflector panels 11" which are parallelly fastened on a portion
      of the frame 11 at each of the terminal sides of the renk 20. The
      belt-renk 20 is provided with mechanical power by means of a sprocket and
      chain 22, similar to that set out above. The direction of rotation of the
      belt-renk 20 is in a rearward, upwardly inclined, direction. In operation,
      tubers discharged from the elevating conveyor 19 fall onto the belt-renk
      20, and roll and tumble down the inclined renk over the counteracting
      belt-renk 20. It is to be understood that the angle of inclination of the
      belt-renk 20 is operable to overcome the upward force of the links of the
      belt-renk 20. It has been found to advantage to provide a belt length for
      the belt-renk 20 which is operable to project rearwardly from the
      elevating conveyor 19. It has also been found to advantage to provide
      deflector means 23 to deflect plant tubers thrown from the elevating
      conveyor 19 onto the renk 20. This deflector means 23 may include a
      plurality of substantially parallelly disposed, rearwardly projecting,
      downwardly curved bars 23' fastened to deflector panels 11' above and
      rearwardly of the rearwardmost terminal end of the elevating conveyor 19.
      The opening between the lowermost terminal ends of the bars 23' and the
      uppermost rearwardmost terminal end of the renk 20 may be disposed a
      plurality of lengths of chain 23" which may be dependingly fastened from
      one of their terminal ends to the lowermost end of the bars 23'.
PAR  Referring now to the FIGS. 1, 4 and 5, the apparatus 10 includes a
      discharging subassembly 24. The discharging subassembly 24 is operable to
      carry tubers to a transporting vehicle, such as a truck and trailer (not
      shown). The discharging subassembly 24 may comprise a horizontal conveyor
      26 and an elevating conveyor 27. The horizontal conveyor 26 may be
      disposed transversely on the frame 11, and is provided with suitable
      mechanical power from a sprocket and chain (not shown), similar to that
      set out above. The horizontal conveyor 26 is disposed beneath the
      lowermost terminal end of the belt-renk 20. To facilitate the transfer of
      plant tubers from the renk 20 to the conveyor 26, a deflector wall 27 may
      be disposed distally forwardly from the forwardmost terminal end of the
      renk 20 on the frame 11. The elevating conveyor 27 is disposed at the
      discharging terminal end of the horizontal conveyor 26, and is operable to
      lift plant tubers onto the transporting vehicle. Similar to the elevating
      conveyor 19 of the belt-renk subassembly 18, the elevating conveyor 27 is
      provided at each of the terminal sides with outwardly projecting elevating
      studs 27' and suitable deflector panels 29. The elevating conveyor 27 is
      provided with suitable mechanical power by means of a sprocket and chain
      30, in the manner set out above. It has been found to advantage to provide
      a disk-renk 31 between the interfaces of the horizontal conveyor 26 and
      the elevating conveyor 27 to subject a plant tuber to a final cleaning
      step before being discharged to a transporting vehicle. The disk-renk 31
      is provided with pentagonally shaped plates 31', as set out above with
      respect to the renk 14. It is to be understood that the transversely
      disposed discharging subassembly 24 is operable to permit the apparatus 10
      to continue to harvest plant tubers while discharging plant tubers onto a
      transporting vehicle. It is also to be understood that, by this
      configuration of disk-renks, conveyers, and belt-renks, the apparatus 10
      forms a compact mechanical structure operable to facilitate maneuvering in
      the field.
PAR  Having thus described in detail a preferred apparatus which embodies the
      concepts and principles of the invention and which accomplishes the
      various objects, purposes and aims thereof, it is to be appreciated and
      will be apparent to those skilled in the art that many physical changes
      could be made in the apparatus without altering the inventive concepts and
      principles embodied therein. Hence, it is intended that the scope of the
      invention be limited to the extent indicated in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for cleaning tuberous plants, comprising
PA1  a frame;
PA1  a plurality of digging wheels substantially upstandingly mounted to the
      lowermost side of a suitable, horizontally disposed, framing member at the
      forwardmost terminal end of said frame;
PA1  a disk-renk including a plurality of pentagonally shaped plates fastened on
      a suitable shaft journally mounted horizontally and transversely on said
      frame, rearwardly of said digging wheels, said shaft being driven by a
      suitable drive means;
PA1  a belt-renk subassembly including an elevating conveyor and a belt-renk,
      said elevating being mounted on suitable framing members of said frame and
      being operable to elevate and to move rectilinearly rearwardly plant
      tubers from said disk-renk, said elevating conveyor being driven by
      suitable drive means similar to said disk-renk, said belt-renk being
      disposed on a suitable framing member of said frame parallel to and
      substantially beneath said elevating conveyor, said belt-renk including an
      upwardly inclined, substantially chain conveyor-like belt being driven by
      suitable drive means driving said belt-renk in an upwardly inclined
      rearward direction, the angle of said belt-renk being disposed to suitably
      reduce downward gravitational travel of a tuber on said belt-renk to
      overcome the counteracting rearward direction of travel of said belt-renk;
      and
PA1  a discharging subassembly being suitable mechanically powered and being
      carried on said frame, said discharging subassembly having means to
      collect said tubers discharged from said belt-renk and means to convey
      said tubers to a transporting vehicle.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said discharging subassembly comprises
      a horizontally, transversely disposed conveyer, said conveyer being
      disposed distally beneath and distally forward of said forwardmost
      terminal end of said belt-renk, said discharging subassembly including an
      elevating conveyer operable to elevate and move transversely plant tubers
      from said horizontal conveyer.
NUM  3.
PAR  3. The apparatus of claim 2, including a disk-renk comprising a
      multiplicity of pentagonally shaped plates fastened on a suitable shaft,
      said shaft being provided with mechanical power from a suitable drive
      means, said disk-renk being disposed between the interfaces of said
      horizontal conveyor and said elevating conveyer of said discharging
      subassembly.
NUM  4.
PAR  4. The apparatus of claim 1, wherein said plates of said disk-renk are
      pentagonally configured.
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ABST
PAL  A spiker blade for use on a turf spiker assembly to break and ventilate a
      ground surface thereby facilitating penetration of air, water and nutrient
      through the surface. The spiker blade has a tooth profile with a trailing
      edge having a counterdepression segment. The counterdepression segment
      functions to create a ground surface depression into which ruffled
      material kicked up by the tooth during spiking may be deposited. As a
      result, the ground surface after spiking has taken place is maintained
      relatively smooth with an unruffled appearance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to turf care equipment and more
      particularly concerns an improved blade for a turf spiker for aerating
      turf and reducing surface filming effects.
PAR  By way of background, a turf spiker is a device which creates small
      cross-sectional area, relatively deep holes in a turf ground surface to
      allow air, moisture and other elements to penetrate the ground surface.
      The spike holes reduce surface filming effects and stimulate the growth of
      desirable grasses in the turf. One of the primary uses for a turf spiker
      is for spiking of golf course greens.
PAR  Because of heavy demand for continuous play on golf courses, it is highly
      desirable to have turf care equipment which conditions the turf without
      substantially interfering with play. This has been a drawback of prior
      turf spikers. Prior art turf spikers have had what might be referred to as
      a star-shaped blade. The individual teeth of the blade have generally been
      substantially symmetrical about a line from the tooth tip to the axis of
      rotation of the blade. In general the leading and trailing edges of each
      tooth in prior art spiker blades have been straight line segments so that
      the portion of the blade penetrating the ground surface has been V-shaped.
      This type of prior art blade may be referred to for simplicity as a
      "straight" star-wheel blade.
PAR  In turf spiking apparatus using the straight star-wheel blade at a setting
      at which the blade penetrates any substantial percentage of its radius,
      say greater than ten percent, a great deal of dirt, turf and other
      materials are lifted out of the spiker hole by the spiker blade and
      deposited forward of the spiker hole above the existing ground surface.
      This leaves a ruffled, unsightly appearance on the turf, especially on
      golf course greens. It also renders a green spiked with such a blade
      annoying and almost impossible to use for its intended purpose by golfers
      for a substantial time period after spiking of the green with such a blade
      occurs.
PAR  The present invention is a spiker blade which accomplishes the important
      function of aerating and penetrating the ground surface but is capable of
      doing so without undesirable "ruffling" that is, deposit of substantial
      amounts of turf and dirt above the ground surface resulting from the
      spiking process. Thus after use of the turf spiker of the present
      invention for aeration of the green, the green surface has a relatively
      smooth, unruffled appearance which allows use of the green for putting
      immediately after the spiking operation has occurred.
PAR  Furthermore, prior art turf spikers using traditional spiker blade
      configurations may be fitted with the present invention to enable them to
      eliminate the substantial shortcomings of prior art devices.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a spiker blade adapted for mounting on
      the rotatable shaft of a turf spiker is provided. The spiker blade is
      configured with a plurality of teeth spaced about its periphery. Each of
      the teeth has a profile defined by its leading and trailing edges. The
      leading and trailing edges of the profile meet to form a tooth tip. The
      trailing edge of each tooth has a piercing segment leading upward from the
      tooth tip. Together with the entrance edge opposite the piercing segment
      these segments form a narrow tapered profile proximate the tip. Above the
      piercing segment on the trailing edge is a counterdepression segment
      directed at a substantially larger angle to said leading edge than said
      piercing segment.
PAR  In opeation, the spiker blade will be mounted to penetrate to depth so that
      the counterdepression segment comes into contact with the ground surface
      during spiking thereof. The counterdepression segment forms a
      counterdepression in the turf slightly in front of the normal area swept
      out by the piercing segment of the blade. This allows material lifted
      upward by the piercing segment to be deposited in the counterdepression
      below ground level, leaving virtually no ruffling above ground level.
PAR  In certain embodiments of the invention, the blade teeth will include an
      undercut segment separating the piercing and counterdepression segments of
      the trailing edges, the undercut segment sweeping out a lesser volume
      during spiking, therefore drawing less dirt, turf, and other material
      forward and upward during the spiking operation than would be lifted by a
      tooth without an undercut.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Additional desirable features and advantages of the invention will become
      apparent upon particular reference to the drawings and detailed
      description which follow, in which:
PAR  FIG. 1 is a sectioned side elevational view of a turf spiker assembly
      showing one embodiment of a spiker blade constructed according to the
      present invention;
PAR  FIG. 2 is a greatly enlarged fragmentary view of a portion of the spiker
      blade of FIG. 1 with emphasis on the tooth profile to illustrate the
      important features of the profile characterizing the present invention;
      and
PAR  FIGS. 3 and 4 respectively are sectional, partially subterranean
      representations showing successive positions of a spiker blade tooth
      constructed according to the present invention and a conventional spiker
      blade tooth during turf spiker operation, and illustrating the effect of
      each on the ground surface as well as resultant migration of material.
DETD
PAR  While the invention will now be described in connection with preferred
      embodiments thereof, it will be understood that the invention is not
      limited in scope to those embodiments. On the contrary, all alternatives,
      modifications and equivalents included within the spirit and scope of the
      invention as defined by the appended claims are covered.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning first to FIG. 1, there is shown in section a turf spiker assembly
      generally designated 10. Although a specific embodiment of a turf spiker
      assembly is shown and described in connection with the present invention
      in the sectional view of FIG. 1, it should be clearly understood that the
      spiker blade construction of the present invention is not limited to use
      with such an assembly. In fact, any spiker in which the spiking blades
      rotate into contact with the turf surface for the purpose of spiking could
      be adapted for use with the present invention.
PAR  Turf spiker assembly 10 is illustrated with a section taken vertically
      through the turf spiker near one of the frame members thereof. Turf spiker
      assembly 10 rides on front and rear supporting rollers 12 and 14
      respectively. Supporting rollers 12 and 14 provide rolling contact between
      turf spiker assembly 10 and a ground surface 16 defined by turf to be
      spiked. Assembly 10 includes two generally vertical frame members 18, only
      one of which is shown in the sectional view of FIG. 1. Extending
      horizontally and generally parallel between the two frame members are a
      tubular member 20, a spring tube 22 and front and rear supporting rollers
      12 and 14. Tubular member 20, spring tube 22, rotatable shaft 24, and
      front and rear supporting rollers 12 and 14 are all shown in section in
      FIG. 1.
PAR  Mounted generally parallel to member 20, spring tube 22 and rollers 12 and
      14 is a rotatable shaft 24. One end of rotatable shaft 24 is received in a
      one way slip clutch gear box 26. Gear box 26 is fastened to frame or
      housing 18 by means of a number of ears 28 extending outward from gear box
      26 through which bolts 30 fasten into frame 18. The opposite end of
      rotatable shaft 24 may extend through bearing means in the frame member
      opposite frame member 18.
PAR  Considerable drawbar force, that is, force exerted in a direction parallel
      to ground surface 16, is required to move turf spiker assembly 10 forward
      and rotate the spiker blades of assembly 10 when the blades are in a
      penetrating position.
PAR  Due to this significant drawbar force requirement, the traction unit used
      to move the assembly may not be able to develop enough traction to
      smoothly move the assembly depending upon the turf condition, moisture
      content, soil type and other factors. Therefore it may be desirable to
      apply power to rotatable shaft 24 from gear box 26 through conventional
      power transfer means not shown in the figure. In this way, the drawbar
      force exerted on the turf spiker assembly by the traction unit with which
      it is used may be supplemented by additional drawbar force supplied by
      powering rotatable shaft 24.
PAR  Since the purpose of the turf spiker is to penetrate the ground surface
      rather than till it, it is vital that rotatable shaft 24 be powered to
      drive the spiker blades at a rate less than or equal to the forward motion
      of the tractor or prime mover with which the spiker assembly is used. In
      the turf spiker assembly shown in FIG. 1, this is accomplished by use of a
      gear box 26 with one way slip clutch which allows the rotatable shaft 10
      to "free wheel" with no appreciable drag when the turf spiker assembly is
      pulled at a speed faster than it would normally travel under its own
      power.
PAR  Also, to assure that the traction unit is not driven by the power provided
      to the rotatable shaft, the gear box and associated power train may be
      designed to drive the spiker blades at a speed less than the resultant
      speed of the traction unit. For example, in one embodiment, the resultant
      speed of the spiker blades was designed to be 93% of or, 7% less than, the
      speed of the traction unit.
PAR  Keyed or otherwise fixed to rotatable shaft 24 by means of keys 32 is a
      spiker blade 34 constructed according to a preferred embodiment of the
      present invention. Although only one spiker blade 34 is shown in the
      sectional view of FIG. 1, it should be understood that a number of such
      spiker blades, say 8 or 10, would in the assembly be spaced along
      rotatable shaft 24 in different orientations to distribute the forces
      required for penetration and movement as evenly as possible over each
      revolution of shaft 24. Spiker blade 34 may be cut from a sheet of high
      carbon steel in a shape generally as shown in FIG. 1 or may be made from
      any other suitable material with strength and hardness appropriate to
      maintain its cutting edges. In one embodiment the spiker blades 34 were
      made from soft annealed, cold rolled steel 0.109 inch thick, then heat
      treated to give sufficient hardness.
PAR  Each spiker blade has a number of spiking teeth located about the periphery
      thereof. The teeth extend generally radially from the center of a hole
      provided for mounting of the blade on rotatable shaft 24. The normal
      direction of rotation of spiker blade 34 and rotatable shaft 24 is shown
      by an arrow on the blade 34.
PAR  In the particular embodiment shown, each tooth has a profile defined by a
      leading edge which is essentially a straight line segment and a trailing
      edge which includes a number of segments. One of the teeth on blade 34 has
      the leading edge thereof designated by reference numeral 36, and its
      trailing edge designated by reference numeral 38. These two edges meet to
      define a tooth tip 40. The details of spiker tooth construction and
      functions performed by various tooth segments are discussed in more detail
      in connection with FIG. 2.
PAR  Attached to tubular member 20 is a U-shaped lift bail 42. In FIG. 1, the U
      of the bail is in a plane substantially perpendicular to the plane of the
      figure. The lift bail receives a lift arm or lifting linkage (not shown)
      attached to the traction unit for lifting the turf spiker assembly from
      contact with the ground during turns or other times when spiking of turf
      is not desired.
PAR  Because turf spiker assembly 10 must exert a substantial downward force in
      order for the spiker blades to penetrate the ground surface, either the
      turf spiker must be heavily weighted or some downward force must be
      transferred to the assembly.
PAR  In the embodiment shown in section in FIG. 1, this is accomplished by means
      of a torsion spring arrangement which transfers forces from the traction
      unit to the spiker assembly. One end of a torsion spring 44 on turf spiker
      assembly 10 is fastened to spring tube 22 by means of a spring anchor bolt
      46. Torsion spring 44 is helically wound about spring tube 22. The end of
      torsion spring 44 opposite the end anchored by bolt 46 extends generally
      tangentially outward from spring tube 22 and ends in a hooked portion 48.
      Hooked portion 48 extends through a U-shaped bracket 50 attached to
      tubular member 20 to a position proximate lift bail 42.
PAR  When the lift arm on the traction unit (not shown) raises assembly 10 by
      lift bail 42 to discontinue spiking, hooked portion 48 bears against
      bracket 50. However, when the lift arm lowers the turf spiker assembly to
      the ground surface the lift arm may engage hooked portion 48, effectively
      providing a point against which torsion spring 44 can flex and transfer
      its stored force through assembly 10 to the spiker blade teeth to aid in
      effective penetration of the ground surface.
PAR  FIG. 2 is a greatly enlarged fragmentary view of a portion of spiker blade
      34 constructed in accordance with the present invention. Spiker blade 34
      has a center of rotation 56. Extending from center of rotation 56 to tooth
      tip 40 is a radial line which will, for purposes of this specification, be
      defined as a tooth axis 58. To the right of tooth axis 58 is entrance edge
      36 which, together with trailing edge 38, defines the tooth profile.
      Entrance edge 36 is in the specific embodiment shown essentially a
      straight cutting edge. Trailing edge 38, on the other hand, is constructed
      from a number of individual segments. Beginning from tooth tip 40 these
      segments include a piercing segment 60, which in the figure is a straight
      line segment making a sharp acute angle with tooth axis 58, a curved
      undercut segment 62 extending slightly back toward tooth axis 58 from a
      point of greatest width of piercing segment 60, and a counterdepression
      segment 64, which is a generally straight line segment in the figure.
PAR  Counterdepression segment 64 is directed more tangentially to the rotation
      center 56 than is piercing segment 60. Therefore, the portion of the tooth
      profile bounded by counterdepression segment 64 increases in thickness at
      a faster rate than the portion bounded by piercing segment 60.
PAR  Stated another way, counterdepressionn segment 64 makes a substantially
      greater angle with tooth axis 58 than does piercing segment 60.
PAR  Those of skill in the art will understand that the "ruffling" effect or
      migration of material caused by spiking will be minimized by minimizing
      the angle through which the tooth rotates while in contact with the turf
      and by minimizing the ratio d/r where d is the intended depth of tooth
      penetration, and r is the distance between the center of rotation of the
      spiker blade and the tooth tip. In order that counterdepression segment 64
      may provide a place for the ruffled material to be deposited below the
      ground surface, the position of the counterdepression segment with respect
      to the remainder of the tooth profile is preferably maintained within
      predetermined limits. It has been found that the spiker blades constructed
      according to the present invention function more desirably if the position
      of the beginning of the counter-depression segment described as the limits
      of the distance P between the beginning of the segment and the center of
      rotation of the blade (identified by dotted line 66 in FIG. 2), is as
      follows:
EQU  (r- 0.90d) .ltoreq. P .ltoreq. (R-  0.55d)                 (1)
PAR  Where r is the distance from the center of rotation to the tooth tip and d
      is the intended depth of spike penetration. From industry standards, d
      will normally be between 0.75 inches and 2.50 inches. The constants 0.90
      and 0.55 in the expressions above are the percentages of depth of spiker
      penetration that will not be disturbed by intrusion of the
      counterdepression edge. Stating the limits of P in words, the
      counterdepression segment functions most effectively to provide a
      counterdepression for deposit of ruffled material if it penetrates at
      least 10% of the total depth of spiked penetration, but it should not
      penetrate such a substantial portion of the total depth of penetration
      that in effect becomes a broad piercing segment.
PAR  The relative angle of the counterdepression edge is also extremely
      important. Turf and dirt displaced from the counterdepression area must be
      displaced in a downward direction to prevent ruffling ahead of the
      counterdepression area from occurring. The relative angle A of the
      counterdepression edge controls the direction of displacement. The angle A
      may be defined as the angle between counterdepression segment 64 and a
      straight line between the blade center of rotation and the beginning of
      the counterdepression segment (dotted line 66 in FIG. 2). The preferred
      range for the relative angle A is as follows:
      ##EQU1##
PAR  It should be noted that the constant 0.15 inches appears in this equation.
      This represents the maximum possible necessary ground clearance of the
      counterdepression segment. Expression (2) defines the limits within which
      the relative angle A can fall and still not significantly affect the
      direction that the material from the counterdepression segment is
      displaced, consistent with the limits placed on P by Expression (1).
PAR  Expression (2) means that the relative angle of the counterdepression
      segment must be small enough so that the counterdepression segment is not
      below the ground surface when the segment is horizontal, yet large enough
      so that the counterdepression dirt does not itself cause "ruffling."
PAR  To provide the most clearance for the spiker tooth as it rotates through
      the angle during which it is in contact with the ground surface, the value
      of the angle B between the tooth axis and the line from tooth tip 40 to
      the beginning of counterdepression segment 64 is important. The smaller
      this angle is, the more clearance is allowed. However, one can see that if
      this angle were selected too small the strength of the spiking tooth tip
      would be unacceptable. It has been determined that it is preferable to
      maintain this angle B less than or equal to 15 degrees, consistent with
      sufficient strength in the tooth tip to perform the spiking task.
PAR  In order to assure that the counterdepression segment results in an
      effective counterdepression area, it is desirable to maintain the length
      "L" of the counterdepression segment with preferred limits. These limits
      are set forth in the following expressions:
      ##EQU2##
PAR  If "L" were longer than the upper limit shown in expression (4), the
      counterdepression segment would tend to roll back down into the turf as
      the tooth completed its intended rotation. On the other hand if "L" were
      shorter than the lower limit which appears in expression (3), the
      counterdepression segment would not continue to and rise above the turf
      surface smoothly.
PAR  It should be clearly understood that the limits specified above are only
      preferred ranges for specific embodiments of the present invention. It is
      not necessary to the present invention that the spiker blade be
      constructed within all of the above limits. What is necessary is that the
      blade teeth be followed by some sort of counterdepression segment which
      creates a depression area by predominately compression force on the turf
      surface so that ruffled material lifted by the lower part of the tooth as
      it rotates through the earth may be deposited in the counterdepression
      area.
PAR  FIGS. 3 and 4 illustrate the operation of the present invention by
      contrasting sequential positions of a portion of a blade constructed
      according to the present invention with those of a prior art blade as turf
      spikers with the blades move from left to right across a ground surface
      70.
PAR  FIG. 4 illustrates a prior art star-wheel spiker blade and its effect on
      the turf and ground surface. The sequence of tooth positions in FIGS. 3
      and 4 are alphabetically labeled. Referring to FIG. 4, in position A the
      spiker blade tooth is beginning to pierce and penetrate surface 70 and is
      cutting into and downward through the ground surface. Positions B, C, and
      D show successive stages of greater penetration as the tooth moves
      downward and rotates toward a vertical position in the soil. At point E
      the blade is centered in the depression with the blade center of rotation
      directly over the tooth tip. Through the sequence of positions A, B, C, D,
      and E the turf and surrounding soil are put in compression by the movement
      of the tooth tip downward and forward into the turf. Continuing from
      position E in a cycloidal path, the tooth tip moves backward then forward
      and upward eventually clearing the ground surface. In so doing, the tooth
      sweeps out an area marked by crosshatching and identified with reference
      numeral 72. In positions occurring subsequent to position E, the trailing
      edge of the tooth is moving forward and upward. Friction between the
      trailing edge and the turf and soil draws the material previously in
      crosshatched area 72 forward of the hole above the ground surface to
      create a ruffle 74. This is the undesirable ruffle which the spiker blade
      construction in accordance with the present invention eliminates.
PAR  Referring now to FIG. 3, sequential positions of a portion of a spiker
      blade with teeth constructed according to the present invention are shown.
      In positions A, B, C, and D the entrance edge and the piercing segment of
      the trailing edge of a tooth pierce, penetrate and compress the turf and
      surrounding soil creating the basic depression. At positions D and E the
      counterdepression segment begins to contact and create a downward
      compression force on the ground surface slightly forward of the basic
      depression. As in FIG. 4, position E is the position at which the tooth
      tip is directly under the center of rotation of the spiker blade. After
      position E, the blade tooth tip rotates in cycloidal fashion backward then
      upward and forward and is lifted out of the hole by rotation of the spiker
      blade. As this occurs however, the counterdepression segment continues to
      move downward compressing an area shown by a crosshatched area 76. This
      provides a counterdepression immediately forward of the basic hole for
      deposit of material lifted by the spiker tooth as it is removed from the
      hole. From FIG. 3, it will be seen that the undercut segment of the
      trailing edge of the tooth allows the tooth to sweep out a significantly
      smaller area as it is being withdrawn from the hole. A crosshatched area
      identified with reference numeral 78 represents the area from which
      material will be displaced by the tooth upward and into the
      counterdepression area. Unlike the action of the spiker tooth of FIG. 4,
      the action of the spiker tooth of FIG. 3 creates no above-ground surface
      ruffle. The material previously present in area 78 is redeposited in
      counterdepression 76 below the ground surface. It is apparent that the
      improved spiker blade accomplishes spiking without creating ruffling at
      the turf surface.
PAR  From the foregoing description, it should be understood that it is not
      essential that the piercing or counterdepression segments of the trailing
      edge be straight line segments. It is sufficient that the piercing segment
      be configured to give as narrow as possible a tooth tip to minimize the
      amount of area swept out by the tooth tip, at the same time minimizing the
      size of the required counterdepression; and that the counterdepression
      segment exert a predominantly downward compression force so that it does
      not in itself cause above-ground ruffling of the turf.
PAR  While the improved spiker blade has been described in conjunction with
      specific embodiments and ranges of parameters it is evident that a number
      of alternatives, modifications, and variations will be apparent to those
      of skill art in light of this description. Accordingly, it is intended to
      embrace all alternatives, modifications and variations falling within the
      spirit and broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spiker blade for mounting on a rotatable shaft of a turf spiker
      assembly to break a ground surface and facilitate penetration of air,
      water and nutrients through the ground surface comprising:
PA1  a. blade means having a center of rotation and a plurality of teeth spaced
      about the periphery thereof, each tooth having a profile defined by a
      leading and a trailing edge which meet to form a tooth tip, said trailing
      edge having two segments thereon;
PA1  b. a piercing segment leading upward from the tooth tip which, together
      with said entrance edge, forms a tapered profile proximate said tip; and
PA1  c. a counterdepression segment above said piercing segment and directed
      outward from a line between the center of rotation and the tooth tip at a
      faster rate than said piercing segment so that the portion of the tooth
      profile bounded in part by said counterdepression segment increases in
      thickness at a rate faster than the portion bounded in part by said
      piercing segment.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said trailing edge has an undercut
      segment located between said counterdepression segment and said piercing
      segment.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the distance P between said center of
      rotation and the point on said counterdepression segment nearest said
      tooth tip is within the range (r- 0.90d) .ltoreq.P.ltoreq.(r-0.55d) where
PA1  r = the radius of each tooth tip from said center of rotation, and
PA1  d = the intended depth of tooth penetration.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said counterdepression segment is
      substantially a straight line segment and the angle A between said
      counterdepression segment and a straight line between the point on said
      counterdepression segment nearest said tooth tip and said center of
      rotation is in the range
      ##EQU3##
NUM  5.
PAR  5. The apparatus of claim 4 wherein the angle B between a line from said
      center of rotation to said tooth tip and from said tooth tip to the point
      on said counterdepression segment nearest said tooth tip is less than or
      equal to 15.degree..
NUM  6.
PAR  6. The apparatus of claim 4 wherein the length L of said counterdepression
      edge is in the range
      ##EQU4##
NUM  7.
PAR  7. In a spiker blade with a plurality of teeth radiating outwardly from a
      predetermined blade axis, said spiker blade being adapted for mounting on
      a rotatable shaft for rotation in a predetermined direction with its blade
      axis aligned with the shaft axis, each tooth of said blade having a tooth
      tip thereon, said tooth tips having predetermined widths in a direction
      parallel to said shaft axis, the improvement which comprises:
PA1  counterdepression means trailing each tooth tip when rotation of said blade
      in said predetermined direction occurs, said counterdepression means being
      of width at least equal that of the corresponding tooth tip in a direction
      parallel to said shaft axis, for creating counterdepression areas in the
      ground surface immediately adjacent depressions to be created by said
      tooth tips, for deposit of material lifted by said tooth tips from said
      depressions during spiking operation.
NUM  8.
PAR  8. The structure of claim 7 wherein said counterdepression means comprise a
      straight line counterdepression segment on the trailing edge of each
      tooth.
NUM  9.
PAR  9. The structure of claim 8 wherein the trailing edge of each tooth further
      includes a piercing segment leading upward from said tooth tip and an
      undercut segment between said piercing and counterdepression segments, all
      of said undercut segment lying within an area bounded in part by the
      extension of said piercing segment upward from said tip.
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ABST
PAL  A cultivator tine and mounting includes an elongated tube support that
      rotates about an upwardly extending shaft that is secured to a bracket at
      the upper central portion on the support. Each end of the support is
      closed by tine holders having vertical passageways with tapering surfaces
      to secure upper fastening portions of the tines. Each tine includes a
      soil-working portion which is integrally joined to the working portion. A
      collar with a conical surface is located adjacent and above the juncture.
      Also, projections on the tine immediately adjacent the collar extend
      laterally beyond the collar and the projections are received in their
      holders.
PARN
PAR  This application is a division application of copending Ser. No. 218,667
      now U.S. Pat. No. 3,809,166, filed Jan. 18, 1972.
BSUM
PAR  Strong resistance to the passage of rotating tines through soil has
      resulted in complicated and relatively expensive designs for the mountings
      and tines. It is an object of the present invention to provide a strong
      and relatively inexpensive tine and mounting for holding tines in working
      position, the parts being assembled for ease of service and replacement.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which:
PAR  FIG. 1 is a part-sectional elevation, showing details of a tine
      construction in accordance with the invention, and
PAR  FIG. 2 is a part-sectional elevation as seen in the direction indicated by
      an arrow II in FIG. 1.
DETD
PAR  FIGS. 1 and 2 of the drawings illustrate a construction in which a
      substantially horizontal support 55 is secured centrally to a vertical or
      substantially vertical shaft 56 affording the axis of rotation of
      soil-working member of a rotary harrow. The tine support 55 is afforded by
      a tube of circular cross-section in the embodiment of FIGS. 1 and 2 of the
      drawings but the tube could be of oval or angular cross-section if
      preferred. The connections between the shaft 56 and the tine support 55
      are afforded by wrought iron brackets 55A each of which is of
      substantially semi-cylindrical formation so that it embraces an upper
      central region of the corresponding support tube 55 throughout
      substantially 180.degree., rigid connections between the brackets 55A and
      supports 55 being established by welding. The construction of the brackets
      55A enables the supports 55 to be secured thereto in a simple, rapid and
      effective manner.
PAR  Each outermost end of the support 55 is closed by a corresponding
      substantially vertically disposed tine holder 57 carried by said support.
      The upper and lower ends of a holder 57 are shaped to define respectively
      downwardly and upwardly tapering conical surfaces whose angles of conicity
      are substantially 90.degree.. The holders 57 receive the fastening
      portions 59 of corresponding tines 58. Each tine 58 has a lower downwardly
      tapering soil-working portion 61 whose longitudinal axis makes an angle of
      substantially 8.degree. with the longitudinal axis of the fastening
      portion 58. Each tine 58 has a collar 60 just above the integral junction
      between its fastening portion 59 and its soil-working portion 61, said
      collar 60 having an upwardly directed conical surface shaped to cooperate
      with the internal conical surface at the bottom of the holder 57. An upper
      end of the fastening portion 59 is screw-threaded and cooperates with a
      nut 62 having a downwardly directed conical surface that will abut against
      the internal conical surface at the top of the holder 57 when the nut is
      tightened. As can be seen in FIG. 2 of the drawings, the nut 62 may
      incorporate an insert designed to prevent the nut from working loose. Each
      tine 58 has two diametrically opposed projections 63 at, and just beneath,
      the level of its collar 60, said projections 63, whose lower surfaces are
      inclined to the longitudinal axis of the soil-working portion, being
      received in corresponding recesses at the lower end of the holder 57. Once
      the fastening portion 59 of each tine 58 has been placed in its appointed
      position and has had the corresponding nut 62 applied thereto, the
      cooperation of the projections 63 and recesses at the foot of the tine
      holder 57 prevents that tine from turning angularly in the holder. The nut
      62 can be loosened to allow the tine 58 to be turned about 180.degree. in
      the holder 57 so that the soil-working portion 61 of the tine can "lead"
      rather than "trail" with regard to the intended direction of rotation of
      the whole soil-working member. The rigidity of the connections between the
      holders 57 and the supports 55 is strengthened, in this embodiment, by the
      provision of stiffening ridges 64.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tine for a rotary harrow, comprising an upper fastening portion and a
      lower soil-working portion, said fastening portion and said soil-working
      portion each having a longitudinal axis, the longitudinal axes of the
      portions being angled with respect to one another, said fastening portion
      comprising an upper threaded end portion adapted to receive a fastening
      nut, a collar having an encircling upper conical surface, an integral
      junction between said fastening and said soil-working portions, said
      collar being positioned immediately above said junction, said conical
      surface facing said threaded end portion, integral projection means on
      said tine, said projection means being located adjacent said collar and
      extending laterally beyond the periphery of said collar and in a direction
      substantially perpendicular to a plane extending through the longitudinal
      axis of said fastening portion.
NUM  2.
PAR  2. A tine as claimed in claim 1, wherein there are a plurality of
      projections and said projections have surfaces which face said fastening
      portion.
NUM  3.
PAR  3. A tine as claimed in claim 1, wherein the angle between said axes is
      about 8.degree..
NUM  4.
PAR  4. A cultivator tine mounting comprising an elongated substantially
      horizontal hollow support having a generally cylindrical tine holder at
      each end of said support, each tine holder comprising a substantially
      vertical passageway with upper and lower ends shaped to define,
      respectively, downwardly and upwardly tapering conical surfaces, said
      holders being connected to the outermost ends of said hollow support and
      said outermost ends terminating in said holders, an upwardly extending
      shaft connected to said support at the upper central region thereon, said
      shaft defining an axis about which said support is rotatable, and said
      shaft being connected to said support with a semi-circular bracket which
      embraces said upper central region.
NUM  5.
PAR  5. The mounting of claim 4, wherein said bracket and holders have welded
      connections to said support.
NUM  6.
PAR  6. The mounting of claim 4, wherein the lower end of each passageway has
      recess means for receiving a tine.
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ABST
PAL  Arm stress equalizer in tiltable, diagonal strut braced, bulldozer blade
      mountings, comprising an intervening link having closely adjacent portions
      of the link proper universally connected to the inner end of different
      ones of the diagonal struts, and having a prolongation to the link proper
      rendering the latter swingable toward and from the bulldozer blade. The
      prolongation is disposed in the central longitudinal plane of the
      bulldozer, is at the lower end of the link proper, and provides an offset
      therein which extends diagonally downwardly and forwardly from the struts
      and the one end of the link proper. The geometry selected insures
      equalization of side-load-imposed stress in the so-called pusharms
      provided for mounting the blade, and further insures limitation of stress
      in the pusharms when, under the special circumstance of an imposed side
      load condition and a tilted blade condition, the tilt induced stress then
      tends to be additively superimposed in one of the already side-stressed
      pusharms.
BSUM
PAR  This application appertains to a tiltable bulldozer blade and a mounting
      thereof. Generally, it relates to means for so mounting the blade on a
      bulldozer as to prevent damage from overstresses that might otherwise be
      expected to be set up in the mounting when the blade is side loaded in its
      tilt and untilted positions. The application particularly relates to a
      diagonal strut at each side or corner of the mounting, and the means of
      connection of each strut to the blade and a pusharm at that side, such
      means of connection being characterized by a bottom-hinged equalizer link.
PAR  There are three principal axes, all horizontal, for a dozer blade has in
      connection with its motions of adjustment. That is, the blade's lift axis
      is transverse to the line of bulldozer travel and passes through the rear
      or secured ends of the two pusharms. The blade's tilt axis is in the
      central longitudinal plane of the bulldozer. The blade's pitch axis, which
      passes through the front ends of the pusharms, is the significant axis
      here because the axis of the referred to bottom-hinge is at least in
      closely adjacent parallelism to the pitch axis and, preferably herein, is
      coaxial therewith.
PAR  While it should not necessarily have been the case in the past that changes
      in the pitch or suction angle of a dozer blade about its pitch axis
      disturb the equalizer linkage carried by such blade, or the case in the
      past that changes in angle of the equalizer link to relieve tilt stresses
      must disturb the suction angle at which the blade is set, such cases are
      common in prior art equalizer frames.
PAR  And, from the geometry standpoint, it is also common in prior art equalizer
      frames to employ, on the rear of the dozer blade thereof, a depending link
      either serving as the equalizer link itself or serving to support
      equalizer linkage at the rear of the blade.
PAR  The present invention employs an improved geometry design, materially
      alleviating if not substantially eliminating the situations of the
      foregoing cases and, in the intended way, our bottom-hinged design
      divorces the equalizer movement so that blade pitching transpires
      altogether independently thereof. Specifically, in carrying out our
      bottom-hinged link design for dozer blades, we provide a link supporting,
      single swing connection on the center rear of the blade in substantial
      coaxial alignment with, and in the direction of, the referred to
      transverse, horizontal, blade pitch axis; and we further provide, between
      the blade and inner ends of the diagonal struts, a generally upstanding
      one piece, connecting link proper, arranged with closely adjacent portions
      of the connecting link proper universally connected to different ones of
      the diagonal struts at their inner end, and arranged with a downward
      prolongation to the upstanding link proper connected to the single swing
      connection for the common link.
DRWD
PAR  Various features, objects, and advantages will either be specifically
      pointed out or become apparent when, for a better understanding of our
      invention, reference is made to the following description, taken in
      conjunction with the accompanying drawings which show certain preferred
      embodiments thereof and in which:
PAR  FIG. 1 is an isometric, three quarters showing of a crawler bulldozer
      embodying the invention, as viewed from the right rear and with only the
      front portion thereof appearing;
PAR  FIG. 2 is a similar showing, of a link detail of FIG. 1 but to larger
      scale;
PAR  FIG. 3 is a showing in side elevation of the bulldozer of FIG. 1, as viewed
      from the right side and with the link detail greatly exaggerated for
      illustrative purposes;
PAR  FIG. 4 is a rear elevational view taken along the section line IV--IV of
      FIG. 3;
PAR  FIG. 5 is a view similar to FIG. 2, but it shows a modification; and
PAR  FIG. 6 is similar, but shows a further modification.
DETD
PAR  In a dozer tiltable blade mounting having a compensating brace connection
      to the blade so as to embody the improved noninterfering geometry
      according to our invention, a frame 10 moves up and down with an upright
      dozer blade 12 mounted thereon to raise and lower the latter. The blade 12
      is independently moveable on the frame in the direction of the single
      tailed arrow in FIG. 1 into different pitched positions such as indicated
      by the broken lines 12a to change the suction angle, and is moveable by
      the frame in the direction of the double tailed arrow in FIG. 1 to
      different tilted positions such as indicated by the broken lines 12b.
PAR  The geometry of blade tilt will serve as background interest to the reader
      at this point. In known bulldozer frames, tilting the blade induces
      bending forces in the pusharms, both of which tend to bow outwardly under
      the strain. This tendency is explained in U.S. Pat. No. 3,452,828 and No.
      3,654,558, which are owned by the same assignee and the disclosure of
      which relative to the mechanics of pusharm bending is incorporated in
      entirety herein by reference. Various purposes are served by tilting the
      blade, such as accomplished by lowering the blade at one corner in order
      to get that corner under an obstructing boulder, and perforce to loosen
      and work the boulder out of the ground.
PAR  More particularly, in FIGS. 1 and 3, a crawler dozer 14 constituting an
      outside arm bulldozer includes a tractor which carries left and right
      trunnions 16 and 18 on the outside of, and generally adjacent the rear
      portions of, the tractor's left and right crawler tracks, not shown.
PAR  The trunnions 16, 18 form ball type universal joints with the rear ends of
      longitudinally extending laterally spaced apart, left and right pusharms
      20 and 22 included in the frame 10. The frame further includes left and
      right diagonal braces or struts 24 and 26 universally connected by ball
      joints 28 to an intermediate, inner side portion of the corresponding left
      and right pusharms 20 and 22.
PAR  The frame 10 further includes left and right tilt cylinders 30 and 32
      connected by pivot pins and brackets 34 to the top of the pusharms and
      connected by ball joints 36 to the back of the blade 12 adjacent its upper
      edge.
PAR  Means is provided for raising and lowering the dozer frame 10, and includes
      an appropriate lift frame, not shown, carried on the front of the
      bulldozer 14. Although hoist cables are equally adapted to raise and lower
      the frame and blade 12, it is preferably hydraulic lift cylinders and
      appropriate gimbaling which are provided. Blade lift control and gimbaling
      are explained in Pat. No. 3,422,729, which is owned by the same assignee
      and the disclosure of which lift controls and the gimbaling is
      incorporated in entirety herein by reference.
PAR  A universal action joint between each of the pusharms and the blade 12 is
      provided by crossed pins in each joint consisting of a horizontal pin
      parallel to the length of the athwartwise extending blade 12 and a
      vertical pin or, as illustrated, by a ball joint 52 for each pusharm.
      Generally adjacent the corners of the frame 10 so formed, the diagonal
      struts 24 and 26 extend from the ball joints 28 inwardly and forwardly
      from the inner sides of the push arms, and means of securement to the
      blade is provided at the inner ends of the struts, described as follows.
PAC  SECUREMENT -- FIGS. 1, 2, AND 3
PAR  For purposes for securing the struts, a link-supporting, horizontal pivot
      pin type of single swing connection 54 defining a horizontal axis 56 is
      secured to the bottom central rear portion of the blade 12 at a distance
      below the generally common level of the inner ends of the diagonal struts
      24 and 26. The struts have a one piece, common connecting link proper 58
      (FIG. 2). The common link is arranged with separated portions of the
      connecting link proper 58 having ball joints 60 forming universal
      connections to different ones of the diagonal struts at their inner end,
      and further arranged with an obtusely diagonal integral prolongation 62 at
      one end of the connecting link proper connected to the single swing
      connection 54 for the common link. Horizontally spaced apart lugs 64 (FIG.
      1) support the swing connection 54 on the blade 12 in a manner to
      rearwardly offset the axis 56 thereof and also to fix the level of the
      axis relative thereto.
PAC  HEIGHT -- FIG. 1
PAR  Conjoint extension and conjoint foreshortening of the lift cylinders, not
      shown, change the elevation of the bulldozer frame 10 and the blade 12
      thereon by pivoting the former up and down about the arthwartwise
      horizontal axis indicated at 66 and interconnecting the left and right
      trunnions 16 and 18 of the crawler bulldozer 14.
PAC  PITCH -- FIG. 1
PAR  Conjoint foreshortening and conjoint extension of the tilt cylinders 30 and
      32 pitch the blade 12 between its solid line upright position and a
      position indicated by broken lines 12a, the latter position being
      frontwardly pitched and providing an increased suction angle for ease in
      handling hard material, for example. To that end, the ball joints 52
      between the blade and the pusharms 20 and 22 at their forward end define
      an athwartwise blade pitch axis 68.
PAR  The horizontal swing connection axis 56 has either coaxiality with or
      closely spaced parallelism to the blade pitch axis 68. The upstanding
      position of the bottom hinged link is not changed during blade pitching,
      for the reason that the pin type single swing connection 54 divorces the
      link's movement from blade pitching movement because of the near or
      preferably actual coincidence of the swing axis 56 with the pitch axis 68.
PAC  TILT -- FIGS. 1 AND 3
PAR  When a first on the tilt cylinders remains at constant length while the
      other (e.g. cylinder 30) acts, as by foreshortening, or when the first
      named cylinder acts in the opposite direction, as by extending while the
      other (e.g., 30) is foreshortening, the blade 12 pivots generally about a
      longitudinal central axis 70. The result of the pivoting, called tilt, is
      that one end of the blade, e.g., the left end as shown in FIG. 1, goes
      down while the right end goes up, with the blade taking the position
      indicated by the broken lines 12b in conformity with the tilt angle
      selected. The equivalency of the tilting motion as indicated by the double
      tailed arrow in FIG. 1 is as if the pusharms 20 and 22 at their rear were
      to have been inwardly deflected, by increments forcing the inner ends of
      the diagonal struts 24 and 26 forwardly. About the bottom hinge of its
      swing connection 54, the link proper 58 moves generally toward the blade
      12 and causes the acute vertical angle of its generally upright axis 72
      (FIG. 2) to untilt slightly. Of course, the blade tilts either way from
      horizontal position, and the link must compensate accordingly.
PAR  Under such blade tilting, the link pivots only forwardly, and never angles
      rearwardly from its home position. Inasmuch as there is no solid metal
      path against which the inner or forward ends of the diagonal struts can
      react, the "give" in the mechanism relieves practically all of the
      pure-tilt-caused stress, and bending forces are not set up on the inner
      side of the pusharms 20 and 22 at the ball joint connections 28.
PAR  The tilt position just described is illustrated in FIG. 3, wherein the
      acute vertical angle A of the link upright axis has reduced to the
      slightly smaller acute vertical angel a of the axis 72 of the link proper
      58 as shown in solid lines. When the blade 12 is untilted, the link proper
      58 and the inner ends of the diagonal struts return from their position of
      advancement so that the link axis resumes its initial acute vertical angle
      A.
PAR  Obviously, stress relief accommodated through movement of the upstanding
      end of the connecting link proper 58 in guiding the ends of the diagonal
      struts is a necessity or else the basic purpose would not be served. In
      conjunction therewith, novelty is felt to reside in achieving one
      important design objective hereof, namely, divorce of the blade 12 so that
      it can maintain the same suction angle during tilting, by virtue of the
      bottom swing connection 54 enabling the link proper 58 to tilt to and fro
      relative to the unpivoting blade without necessarily disturbing the
      suction angle.
PAR  Importance resides in two more design objectives hereof in connection with
      our bottom hinged link. The two are: first nonparallelogram action with,
      and second equalized stress between, the pusharms as will be later
      detailed.
PAC  PURE SIDE LOADING -- FIG. 1
PAR  This condition results from a thrust on the blade 12 from either side, for
      instance, the one represented by the thrust vector S on the right side,
      resulting in a stress represented by the vector L in the pusharm 20 in
      reacting to diagonal compression in the strut 24, and a stress represented
      by the vector R in the pusharm 22 in reacting to diagonal tension in the
      strut 26. The geometry can readily be shown proving that the vectors L and
      R are equal loading vectors on the pusharms and prevent give or
      parallelograming of the frame; hence, the pusharms 20 and 22 equally
      strain in bending to actively resist the pure side load represented by the
      vector S.
PAR  That is to say, the pusharms geometrically share the pure side load
      represented by the vector S so that neigher pusharm is strained in excess
      of the other.
PAR  The methematics is equally readily developable to show load equalization
      between the pusharms 20 and 22 when the thrust represented by the vector S
      is applied to the blade 12 at the opposite side from the side of
      application illustrated in FIG. 1.
PAC  COMBINED TILT AND SIDE STRESS -- FIG. 3
PAR  FIG. 3 can aid in visualizing the vectorial arrangement but not the
      structural arrangement of prior art frames lacking the present stress
      equalization and/or limitation. A side load in the direction of the vector
      S previously described (FIG. 1) in a prior art frame vector diagram will
      cause compressive stress in the diagonal strut 24. The pusharm 20 reacts
      by outward bowing to the stut compressive stress, which stress is
      represented by a vector Y. The vector Y is superimposed additively in the
      strut to the stress of tilt therein represented by the existing vector Z,
      the combination of the two of which vectors causing reaction by the
      pusharm 20 through its ball joint 28 so as to overstress the prior art
      pusharm in bending.
PAR  By way of comparison, however, tilt stress on which side load stress is
      superimposed does not additively combine as such a bending force in our
      pusharm 20 when tilted due to the blade tilt illustrated in FIG. 3. All or
      most of the tilt stress which would generate as compression, as
      represented by the vector Z in the prior art frame being considered,
      dissipates in thin air as our link proper 58 freely swings to the
      forwardly tilted advanced position shown by solid lines in FIG. 3.
PAR  One of our design objectives of bottom hinging proves itself out in the
      basic simplicity of providing the single offset swing connection 54 for
      the compensating link. The link is single link, amounting essentially to
      one additional part which, when added to an unrelieved prior art frame,
      converts same to a stress relieved or stress limited frame.
PAC  SOCKETED STRUTS -- FIG. 4
PAR  The ball joints 60 are one of the types of universal connection preferred
      for the diagonal struts which, in that connection at their inner end, are
      each formed with an eye receiving socket halves 74 of the respective ball
      joints. The two balls 76 themselves are received in closely vertically
      spaced apart relation on the link proper 58 to keep the ball joints 60
      fixed vertically adjacent one another. The lower ball 76 as viewed in FIG.
      4 has an intervening spacer 78 therebelow resting against the prolongation
      62 of the bottom hinged link, and has another spacer 80 thereabove resting
      against the upper ball 76. A retainer collar shown at 82 holds the ball
      joints on the link proper 58 and means, not shown, retain the socket
      halves 74 firmly inside the eyes of the struts 24 and 26 at their inner
      end.
PAR  Other than for the essentiality of universal connections such as ball type
      joints carried at each end, or at least at the inner end, the diagonal
      struts 24 and 26 are of standard bipartite construction, adjustable to a
      fixed length by the usual screw threaded connection provided between the
      end parts of the strut.
PAR  The struts are used for alignment purposes during initial installation of
      the frame, made while the lengthwise mounted blade 12 is horizontal. The
      struts 24 and 26 are foreshortened to draw the link proper away from the
      blade until there is sufficient clearance for compensating movement by the
      link.
PAC  SOCKETED LINK PROPER -- FIG. 5
PAR  The vertically adjacent ball joint connections can be provided in
      accordance with our invention by having the sockets 184 aand 186 for the
      respective struts 124 and 126 formed vertically closely spaced apart on
      the link proper 158 so that the resulting ball joints are vertically
      adjacent. In the arrangement illustrated in FIG. 5, the struts such as the
      strut 124 will each be formed with an obtuse bend at the inner end
      enabling a ball, not shown, carried thereby to freely enter into, work
      within, and be retained inside the socket 184.
PAR  For relief of some of the hinging load arising from lateral forces, each of
      our upstanding links can be provided with a generally semi-circular
      bracket 188 secured at the top and the bottom to the back of the blade,
      not shown. Preferably the curve of the bracket 188 has its axis coaxial
      with the hinge axis 156.
PAR  The link works within a concentric arcuate guide slot 190 in the bracket as
      the link proper moves between its displaced forward position as shown by
      the broken lines 158a and its normal equilibrium or home position as shown
      by the solid lines 158.
PAC  HORIZONTALLY ADJACENT LINK SOCKETS -- FIG. 6
PAR  In this modification, the link sockets 294 and 296 for balls on the
      respective diagonal struts 224 and 226 are formed in faces 298 and 300
      which are at an obtuse angle to one another and formed at the upper end of
      the link proper 258. Proximity between the sockets renders the resulting
      ball joints horizontally adjacent one another as they move with the link
      proper about the hinge axis 256, while the link pivots between its home
      position as shown by solid lines and the advanced position shown by the
      broken lines 258a in FIG. 6.
PAR  The ball retainer plates, not shown, which fit upon the faces 298 and 300
      after the balls are socketed are secured to those faces by the usual
      expedient such as screws and tapped bores in the link proper 258.
PAR  Achieved in the desired manner with the foregoing, is the two way divorce
      as between pivoting of the equalizer link independently of the blade
      pivoting, and pivoting of the blade independently of the link pivoting.
PAR  Variations within the spirit and scope of the invention described are
      equally comprehended by the foregoing description.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a dozer blade frame including a pair of longitudinally extending and
      laterally spaced apart pusharms pivotally connected at the front end to
      the rear of the blade so as to define a generally horizontal blade pitch
      axis, a pair of diagonal struts connected to and extending forwardly from
      the pusharms inner sides toward one another with their inner ends
      terminating in mutual adjacency and adjacent the central rear of said
      blade, an interconnecting link disposed generally at an acute vertical
      angle for attachment between the diagonal struts and blade, and a pair of
      adjustable braces extending upwardly between the pusharm tops and the
      blade, each adjustable brace hydraulically responsive to be set
      simultaneously in the same motion of adjustment or in the opposite motion
      or at rest, when the other is set in motion of adjustment, respectively,
      to change the pitch angle or to change the tilt angle of the blade, the
      improvement effecting an equalization/limiting function in pusharm
      stressing characterized by having:
PA1  first, said link pivotally connected at a generally upstanding free end
      thereof to said inner ends of the diagonal struts whereby to move
      therewith to and fro relative to the blade without attendant disturbance
      necessarily of the pitch angle of the latter; and
PA1  second, said link pivotally connected at a secured lower end thereof to the
      central rear of said blade on a horizontal pivot axis essentially
      concentric with said blade pitch axis whereby the blade pitches to and fro
      relative to the link without disturbing the acute vertical angle of the
      latter.
NUM  2.
PAR  2. The invention of claim 1, characterized by the link-connected diagonal
      struts having mutually horizontally adjacent inner ends.
NUM  3.
PAR  3. The invention of claim 1, characterized by the link-connected diagonal
      struts having mutually vertically adjacent inner ends.
NUM  4.
PAR  4. The invention of claim 1, the end connections of the respective diagonal
      struts to the link comprising ball-and-socket joints.
NUM  5.
PAR  5. The invention of claim 4, the ball-and-socket joints characterized by
      the sockets thereof carried by mutually vertically adjacent inner ends of
      the diagonal struts.
NUM  6.
PAR  6. The invention of claim 4, the ball-and-socket joints characterized by
      the balls thereof carried by the inner ends of the diagonal struts.
NUM  7.
PAR  7. The invention of claim 6, characterized by vertically adjacent balls
      which are carried as described by the strut inner ends.
NUM  8.
PAR  8. The invention of claim 6, characterized by horizontally adjacent balls
      carried as described by the strut inner ends.
NUM  9.
PAR  9. In a dozer blade frame in which pusharms are provided, having mounting
      means of connection for mounting the blade thereon, having diagonal struts
      extending from the pusharm inner sides toward the blade, and having means
      to effect pitching of the blade on the blade mounting means about a
      horizontal pitch axis defined by the pusharm front ends, the improvement
      in stress equalization means for the pusharms, comprising:
PA1  a link supporting, single swing connection on approximately the center rear
      of the blade essentially in coaxial alignment with said generally
      horizontal pitch axis; and
PA1  a generally upstanding one piece, common connecting link proper, arranged
      with closely adjacent portions of the connecting link proper pivotally
      connected to different ones of the diagonal struts at their inner end, and
      arranged with a downward prolongation to the upstanding link proper
      connected to the single swing connection for the common link.
NUM  10.
PAR  10. The invention of claim 9, characterized by the closely adjacent link
      portions connected to the struts at their inner end being horizontally
      adjacent, said struts having longitudinal axes which intersect essentially
      adjacent the plane of the blade at a spaced apart height above said single
      swing connection.
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ABST
PAL  A tightening method and system for practicing same are disclosed herein for
      tightening a fastener to a desired axial load. According to the method,
      torque is applied to the fastener until it is tightened to its yield point
      and either the torque applied at the yield point or the angular rotation
      of the fastener at the yield point are determined and are used to
      determine the axial load acting on the joint assembly and these determined
      characteristics are used to determine either the torque or angular
      rotation required to tighten the fastener to the desired load. Thereafter,
      torque is again applied to the fastener and when the actual torque being
      applied or actual angular rotation of the fastener substantially equals
      that required to tighten the fastener to the desired load, the application
      of torque is discontinued.
PAL  The tightening system disclosed for practicing the method includes a wrench
      for applying torque to a fastener and including means for developing a
      signal representative of the torque applied to or angular rotation of the
      fastener and means for developing an actuating signal when the fastener
      has been tightened to its yield point. The actuating signal shuts off the
      wrench and feeds the signal representative of torque or angular rotation
      at the yield point to a memory device including predetermined load-torque
      relationships or a predetermined load-angular rotation relationship for
      the fastener. From these relationships the torque or angular rotation
      required to tighten the fastener to the desired load can be determined and
      a signal representative thereof is developed and stored for comparison
      with a signal representative of the actual torque or angular displacement
      of the fastener as the wrench again applies torque to the fastener. When
      the compared signals are substantially equal, a control signal is
      developed for shutting off the wrench.
BSUM
PAR  This invention relates to a method and system for tightening fasteners and,
      more particularly, to a method and system for tightening fasteners to a
      desired axial load.
PAR  In the design of structural joints secured by mechanical fastener systems,
      it is usual to provide for the fasteners to exert a desired clamping force
      or load on the structural members to insure the integrity of the joint.
      When the joints are assembled, therefore, it is desireable that the
      fasteners be tightened to exert a predetermined axial load on the
      associated structural members. However, prior art tightening techniques
      for tightening threaded fasteners such as nuts and bolts to exert a
      predetermined load on associated structural members are not entirely
      satisfactory. For example, the most accurate tightening technique involves
      a measurement of the axial strain or stretch of the bolt while it is being
      tightened and relating the stretch to the stress or axial load acting on
      the bolt through previously calculated stress-strain relationships. While
      most accurate, practical applications do not usually permit measurement of
      the stretch of the bolt and, in those instances where the stretch can be
      measured, it is a time consuming and relatively expensive technique.
      Accordingly, this technique is used in relatively few applications outside
      of laboratory testing.
PAR  Another known tightening technique and that most commonly used in most
      joint assembly operations involves the use of torque controlled tools,
      that is, tools that indicate when the torque applied to the fastener
      equals or exceeds a predetermined torque and stop tightening the fastener
      in response thereto. Torque measurement is relatively easy and since
      torque is related to the axial force induced in the fastener, and exerted
      on the structural members, the predetermined torque can be selected to
      theoretically correspond to the desired predetermined clamp load specified
      for the joint. However, when tightening threaded fasteners in assembly
      line operations, wide variations in the actual torque-load relationships
      are experienced. These variations are caused by a variety of factors
      including allowable tolerance variations in the dimensions and strength of
      the fasteners and structural members and lubrication or absence thereof on
      the mating surfaces of the fasteners and/or the structural members, all of
      which, in turn cause large variations in the coefficient of friction
      between the mating surfaces of the joint. In actual practice, variations
      of up to .+-. 30% of the axial load on the bolts used for a particular
      application can be experienced at the same torque level. Accordingly, the
      torque control technique is not very accurate.
PAR  It is an object of this invention, therefore, to provide a tightening
      method and system for tightening a fastener to a desired axial load.
PAR  It is yet another object of this invention to provide a tightening method
      and system for tightening a fastener to a desired axial load by utilizing
      general predetermined relationships characteristic of the type of fastener
      being tightened without using any specific predetermined relationships of
      the particular fastener being tightened.
PAR  It is still another object of this invention to provide a tightening method
      and system for tightening a fastener to a desired axial load by measuring
      tightening input characteristics at the yield point of the fastener.
PAR  Finally, it is an object of this invention to provide a tightening method
      and system for tightening fasteners to a desired axial load that is
      reliable, economical and accurate.
PAR  These and other objects of this invention are accomplished by tightening a
      fastener in a joint assembly to the yield point by the application of
      torque which causes rotation of the fastener and by measuring one of the
      input characteristics preferably of a torque-rotation curve which could be
      plotted while tightening the fastener, and determining the magnitude of
      the measured characteristic at the yield point to determine the axial load
      on the fastener at the yield point. Thereafter, the magnitude of the
      measured characteristic required to provide the desired load in the joint
      assembly is determined and torque is again applied to the fastener while
      the measured input characteristic is again measured and when the measured
      characteristic substantially equals that required to provide the desired
      load, the application of torque is discontinued.
PAR  The tightening system disclosed herein includes a wrench for tightening the
      fastener to its yield point by the application of torque causing rotation
      of the fastener and which includes means for measuring one of the input
      chracteristics, preferably of the torque-rotation curve, while the
      fastener is being tightened and developing a signal representative
      thereof. Also included is means for determining when the fastener has been
      tightened to its yield point and for developing an actuating signal which
      shuts off the wrench and actuates means responsive to the measured input
      characteristic signal at the yield point for determining the axial load on
      the particular fastener being tightened at the yield point. Further
      included is means responsive to signal representative of the axial load
      for determining the magnitude of the measured input characteristic
      required to develop the desired axial load in the fastener and for storing
      a signal representative thereof. Thereafter, the wrench is activated to
      again apply torque to the fastener while again measuring the input
      characteristic and developing a signal representative thereof. The signal
      developed while torque is again applied is compared to the stored signal
      and when the compared signals are substantially equal, a control signal is
      developed which can be used to again shut off the wrench.
PAR  More particularly, in either the preferred method or system, the torque or
      angular rotation of the fastener being tightened is measured and is
      utilized with a curve illustrating certain relationships between load and
      the measured characteristic for the general type of fastener being
      tightened. The relationship, of course, is predetermined and, in the
      system, is stored in a memory device which is scanned at the yield point
      to determine the axial load on the fastener at the corresponding measured
      characteristic.
DRWD
PAR  For a better understanding of the invention disclosed herein, reference is
      made to the following description of preferred embodiments taken in
      conjunction with the figures of the accompanying drawing, in which:
PAR  FIG. 1 is a plot of a curve illustrating the characteristics of a typical
      torque-rotation relationship experienced by a fastener during a tightening
      cycle and graphically illustrating an underlying principle of the
      invention;
PAR  FIG. 2 is a plot of a curve illustrating the relationship of combined axial
      and torsional loading on a fastener and its relationship at its yield
      point and FIG. 2A is a plot of a curve illustrating the relationship of
      axial load on an angular rotation of a fastener;
PAR  FIG. 3 is a plot of a curve illustrating the characteristics of a typical
      load-torque relationship experienced by a fastener during a tightening
      cycle in accordance with one embodiment of this invention;
PAR  FIG. 4 is a schematic illustration of a tightening system in accordance
      with one embodiment of this invention;
PAR  FIG. 5 is a schematic illustration of a portion of a tightening system
      similar to that illustrated in FIG. 4, but in accordance with another
      embodiment of this invention; and,
PAR  FIG. 6 is a schematic illustration of a tightening system in accordance
      with another embodiment of this invention.
DETD
PAR  Referring to FIG. 1, there is illustrated a typical torque-rotation curve
      for a threaded fastener being tightened with the torque plotted along the
      vertical axis and with the angular displacement or rotation plotted along
      the horizontal axis. The curve includes an initial or pretightening region
      extending from the intersection of the torque and rotation axes to point
      A. In the pretightening region, mating threads of the fastener assembly
      have been engaged and one of the fasteners is being rotated, but the
      bearing face of the rotating fastener has not contacted the adjacent face
      of the structural member included in the joint. At point A on the curve
      the structural members have been pulled together by the fastener assembly
      and actual tightening of the joint commences. In the art, the torque at
      point A is commonly referred to as the "snug" torque. In the tightening
      region of the curve, extending from point A to point B, axial force is
      developed in the fastener assembly members which is exerted on the
      structural members as the clamping force. In this region, the curve is
      generally linear. At point B, the limit of proportionality of the joint
      assembly has been exceeded and the rotation of the fastener member starts
      increasing at a faster rate than the torque. For purposes of this
      application, point B will be considered as the start of the yield region,
      but it will be understood that beyond point B, load will still be induced
      at the point assembly but at a non-linear rate of increase. Point C
      corresponds to the yield point of the joint assembly and while the
      definition of yield point varies slightly, can be considered to be the
      point beyond which strain or stretch of the bolt is no longer purely
      elastic.
PAR  Referring now to FIG. 2, there is illustrated a curve D representative of
      the yield point for any particular type of fastener under combined axial
      and torsional loading with the axial load plotted along the vertical axis
      and with the torque plotted along the horizontal axis. Curve D is actually
      comprised of an infinite number of yield points, three of which C.sub.1,
      C.sub.2 and C.sub.3 are specifically indicated, determined by various
      combinations of axial and torsional loads applied to the fastener. For
      fasteners, the various combinations of axial and torsional loads are
      determined by the coefficient of friction or frictional characteristic
      between the fastener and its mating surfaces. With no friction, that is,
      under axial load only, the yield point would correspond to point C.sub.a
      on curve D and for infinitely high coefficients of friction, that is under
      torsional load only, the yield point would correspond to point C.sub.t on
      Curve D. Accordingly, yield points C.sub.1, C.sub.2 and C.sub.3 correspond
      to the yield point on load-torque curves F.sub.1, F.sub.2 and F.sub.3,
      respectively, illustrating the load-torque relationship for a fastener
      under different frictional characteristics. Curves F.sub.1, F.sub.2 and
      F.sub.3 are linear to the yield point and FIG. 2 clearly illustrates that
      the variations experienced when utilizing load-torque relationships for
      tightening fasteners result from the variations in frictional
      characteristics. According to one of the underlying principles of
      operation of this invention, the frictional characteristic for any
      particular fastener can, in effect, be determined and, accordingly, the
      exact load-torque relationship or curve F.sub.1, F.sub.2 or F.sub.3 can be
      determined.
PAR  Still referring to FIG. 2, it can be seen that a portion of curve D
      extending from a point C.sub.x to point C.sub.t is generally parabolic so
      that each value of torque in that portion corresponds to two different
      load values. However, in practice, this portion of the curve represents
      the yield point under frictional characteristics significantly higher than
      those experienced in actual practice and can be ignored for purposes of
      this invention. If a torque value higher than the projection of point
      C.sub.t on the torque axis is experienced while tightening a fastener, it
      would indicate that a serious defect exists in the joint assembly and the
      tightening of the fastener would be discontinued.
PAR  Referring now to FIG. 3, a tightening cycle experienced by a fastener being
      tightened by a method in accordance with a preferred embodiment of this
      invention is illustrated on a load-torque curve. The axial load induced in
      the fastener is plotted along the vertical axis and the torque is plotted
      along the horizontal axis. Tightening torque applied to the fastener is
      illustrated to the right of the intersection of the load and torque axes
      and loosening torque applied to the fastener is illustrated to the left of
      the intersection of the load and torque axes. Torque is applied to the
      fastener and is measured as the fastener is tightened. At the yield point
      of the fastener, C.sub.n on FIG. 3, the application of torque is
      discontinued and the torque applied at the yield point is noted. Since the
      torque is now known, reference can be made to a predetermined relationship
      of combined axial and torsional loading at the yield point for the type of
      fastener being tightened, that is, a curve similar to curve D illustrated
      in FIG. 2, and the load developed in the fastener at the yield point can
      be determined as well as the exact frictional characteristic for the
      fastener.
PAR  For example, if the torque applied to the fastener at the yield point is
      located on the horizontal axis of curve D illustrated in FIG. 2, the
      corresponding point on curve D can be located as well as the corresponding
      point on the vertical axis which would indicate the axial load acting on
      the fastener. In addition, by knowing a particular point on curve D, the
      frictional characteristic for the particular joint being tightened is also
      known and can be determined by solving the following equation:
      ##EQU1##
      wherein F represents the frictional characteristic of the particular joint
      which is actually a combination of the various coefficients of friction
      between the fastener and joint mating surfaces and certain dimensional
      characteristics of the joint; T.sub.y represents the torque at the yield
      point; L.sub.y represents the axial load at the yield point; and D
      represents the basic diameter of the fastener being tightened.
PAR  From these known characteristics, the torque required to develop a desired
      axial load in the fastener can be determined. According to one technique
      for determining the torque required to develop the desired axial load, a
      simple equation can be solved as follows:
EQU  T.sub.d = L.sub.d FD
PAL  In the above equation L.sub.d represents the desired axial load to be
      developed in the fastener; T.sub.d represents the torque required to
      develop the desired axial load in the fastener; F represents the
      frictional characteristic of the joint; and D again represents the basic
      diameter of the fastener being tightened. Since both L.sub.d and since D
      are predetermined, when F is determined as noted above, the equation can
      be solved for T.sub.d.
PAR  An alternative technique for determining the torque necessary to develop
      the desired load in the fastener utilizes the essentially linear
      relationship between load and torque to the yield point which is shown in
      the curves F.sub.1, F.sub.2, F.sub.3 illustrated in FIG. 2 of the
      drawings. Referring to those curves, the following proportion should be
      clear:
      ##EQU2##
      In the above proportion, L.sub.d represents the desired axial load to be
      developed in the fastener; T.sub.d represents the torque necessary to
      develop the desired axial load in the fastener; L.sub.y represents the
      axial load on the fastener at the yield point; and, T.sub.y represents the
      torque applied to the fastener at the yield point. By cross-multiplying
      the above proportion can be written as the following equation:
      ##EQU3##
      Since L.sub.d is predetermined, T.sub.y is noted while tightening the
      fastener and L.sub.y is determined from a curve similar to curve D, the
      above equation can be solved for T.sub.d.
PAR  Regardless of the technique utilized to determine the torque required to
      develop the desired axial load, once it has been determined, torque is
      again applied to the fastener. However, the additional torque is applied
      so as to loosen the fastener and when the loosening torque now being
      applied substantially equals the torque required to develop the desired
      load in the fastener, the application of the torque may be discontinued.
      At this time, the load acting on the fastener approximately equals the
      desired load.
PAR  Referring to FIG. 3, the load-torque relationship during a typical
      tightening and loosening is illustrated in solid lines. Since the
      loosening torque acts in a direction opposite the tightening torque, the
      loosening torque is plotted on the left side of the load axes. It can be
      seen that the torque required to actually loosen the fastener is less than
      that required to tighten the fastener and that once the fastener is
      actually loosened, as indicated at point X on the curve, the loosening
      torque applied to the fastener decreases in a generally linear
      relationship with load until neither load nor torque acts on the fastener
      at which point the curve terminates at the intersection of the load-torque
      axes. From point X to its terminal point, the loosening torque curve does
      not correspond to the tightening torque curve so that loosening the
      fastener to a torque determined in accordance with the above techniques
      would develop an axial load in the fastener approximately, but not exactly
      equal to the desired load. For better accuracy, it has been determined
      that the fastener should be loosened to a torque slightly lower than that
      required to develop the desired load in the joint and is illustrated as
      point Y on the curve. The final loosening torque should be at least about
      5% lower than that required to develop the desired load in the joint.
      Thereafter, torque is again applied to the fastener to tighten it, as
      illustrated in dotted lines on FIG. 3 and when the tightening torque
      equals to torque required to develop the desired axial load on the
      fastener, point Z on the tightening curve illustrated in FIG. 3, the
      application of torque is discontinued. By retightening the fastener, the
      load-torque relationship experienced by the fastener when it was tightened
      to the yield point is again assumed and, thus, the accuracy of the method
      is improved.
PAR  Referring to FIG. 2A there is illustrated a curve E representative of the
      axial load-rotation relationship for any particular type of fastener in a
      similar joint. For any particular type of fastener in a similar joint, the
      load-rotation relationship is independent of the frictional
      characteristics of the joint so that a single curve can be plotted
      regardless of the frictional characteristics. However, the yield point is
      variable along the curve since the yield point is determined by both axial
      and torsional load and since the torsional load is dependent on the
      friction characteristics of the particular joint being tightened.
      Accordingly, the yield point is located in a region or zone indicated at G
      on the curve illustrated in FIG. 2A. With the above in mind, the method in
      accordance with this invention will now be explained wherein rotation is
      the measured characteristic. According to this method, torque is applied
      to the fastener and its angular rotation is measured. At the yield point
      of the fastener, the application of torque is discontinued and using a
      predetermined load-angle of rotation, as illustrated in FIG. 2A, the load
      on the fastener at the yield point is determined. Using the essentially
      linear relationship of axial load and rotation a proportion similar to
      that noted above, except using angular rotation rather than torque can be
      written. As in the above proportion by cross multiplying an equation for
      the angular rotation required to develop the desired axial load on the
      fastener can be written and solved. Once the determination has been made,
      torque is again applied to the fastener to loosen it until the actual
      angular rotation substantially equals that required to develop the desired
      axial load in the fastener. Unlike the method wherein torque is utilized
      as the characteristic input, however, the loosening load-angular rotation
      curve is generally symmetrical with the tightening load-angular rotation
      curve so that the fastener can be loosened directly to the angular
      rotation required to develop the desired load in the fastener and need not
      be retightened. Obviously, this is somewhat of an advantage over utilizing
      torque as the input characteristic. However it may be preferable to
      measure torque since the measurement of angular rotation involves a
      determination of a zero or starting point from which the measurements
      should be made and is subject to some interpretation and error. Using the
      proportion technique for determing the rotation required to develop the
      desired axial load minimizes the effect of such an error, but a slight
      error could be carried through the tightening cycle and affect the
      accuracy of the results. Torque on the other hand presents no such
      problems as torque is either present or not present and no interpretation
      is necessary.
PAR  Referring now to FIG. 4, there is illustrated a tightening system 10 in
      accordance with this invention. Tightening system 10 includes a wrench 12
      having a reversible motor 14, an output drive shaft 16 and driver bit 18.
      Drive shaft 16 is driven by motor 14 to apply torque and impart rotation
      to a fastener member engaged by driver bit 18. When the motor is driven in
      one direction tightening torque is applied to the fastener member and when
      the motor is driven in the other direction loosening torque is applied to
      the fastener member. Wrench 12 can be of any conventional type and as is
      most common, motor 14 can be air powered with the flow of motive fluid
      being controlled by suitable electrically operated control valves 20 and
      21, control valve 20 being operative to apply tightening torque and
      control valve 21 being operative to apply loosening torque. It should be
      understood that motor 14 could also be electric, hydraulic or any
      combination of pneumatic, hydraulic or electric. The exact details of the
      wrench are not necessary for a proper understanding of the invention and,
      accordingly, a more specific description is not provided.
PAR  Mounted between the housing of motor 14 and a rigid frame 22 on which the
      wrench is carried, is a suitable transducer or torque cell 24 for
      generating a varying signal representative of the instantaneous torque
      being applied to the fastener. Torque cell 24 can be any of a variety of
      conventional devices and in the embodiment disclosed herein comprises a
      somewhat flexible annular member having strain gauges 25 secured to its
      outer periphery so that the reaction torque on the wrench is measured and
      an electric signal representative of the torque is generated. The reaction
      torque is, of course substantially equal to and opposite the torque being
      applied to the fastener. Mounted on drive shaft 16 for rotation therewith
      and preferably within motor 14, is a suitable encoder 26 that cooperates
      with a proximity detector 28 for developing signals representative of the
      incremental angular displacement or rotation of the fastener. Encoder 26
      can be any of the variety of suitable devices and in this embodiment
      includes a series of teeth formed on its outer periphery. Proximity
      detector 28 senses the presence of metal and, thus, the passage of the
      teeth and develops electric signals representative of predetermined
      increments of angular rotation. While examples of torque and rotation
      measuring devices have been described, it should be understood that any of
      a variety of devices for accomplishing the noted result can be utilized
      with the invention.
PAR  A control circuit is operatively associated with wrench 12 for controlling
      the tightening of the fastener and includes a gradient calculating system
      that determines the instantaneous gradient or slope of the torque-rotation
      curve which could be plotted for the particular fastener being tightened
      and develops an electric signal representative thereof. The gradient
      calculating system comprises shift register means 32 to which the
      instantaneous torque signal is fed and whose output is clocked by the
      rotation signal at fixed increments of angular rotation. Accordingly, the
      output of shift register means 32 is a signal representative of torque a
      predetermined number of degrees of rotation previous to the instantaneous
      rotation. A comparator 34 in the form of a suitable subtraction circuit
      receives the output of shift register 32 and also the signal
      representative of instantaneous torque and provides an output signal
      representative of the difference. Since torque signals are subtracted over
      fixed increments of rotation, the output signal from comparator 34 is
      representative of the instantaneous gradient of the torque-rotation curve
      through which the fastener is being tightened.
PAR  At this point, it should be noted that while the torque-rotation curve is
      generally linear from points A to B, it may not be exactly linear and,
      further, that temporary spikes may be included in the curve for any
      particular fastener which are caused by lack of or excessive lubricant on
      a particular place on the mating surfaces of the joint. Thus, the output
      of comparator 34 which would be a signal of constant magnitude if the
      torque-rotation curve were exactly linear from the noted points may
      experience certain changes. For this reason the gradient calculating
      system may include circuits for determining and storing the maximum
      gradient experienced up to any point along the torque-rotation curve, that
      is, up to any point in the tightening cycle. In effect, the maximum
      gradient experienced in the generally linear region of the curve is
      considered the gradient for that region of the curve. Accordingly, a
      storage circuit 36 is provided which stores a signal representative of the
      maximum gradient and compares instantaneous gradient signals with the
      maximum, stored signal. If an instantaneous gradient signal is larger than
      a stored gradient signal, the instantaneous gradient signal is then stored
      for comparison with instantaneous gradient signals. For a more complete
      description of storage circuit 36, reference is made to co-pending
      application Ser. No. 507,417, filed by John T. Boys on Sept. 19, 1974, for
      Apparatus For and Method of Determining Rotational or Linear Stiffness
      which application is a continuation-in-part of application Ser. No.
      357,920, filed May 7, 1973 for Apparatus For and Method of Determining
      Rotational or Linear Stiffness.
PAR  As also explained in the above-noted co-pending application, when
      tightening conventional fasteners, the instantaneous torque gradient is
      related to the maximum torque gradient such that the former is
      approximately 25% to 75% of the latter at the yield point of the fastener
      and generally about 50%. By utilizing a comparator circuit 38 the
      instantaneous gradient signal from comparator 34 can be compared with the
      maximum gradient signal from storage circuit 36 and when the former is a
      predetermined percentage or less than the latter, comparator circuit 38
      can output a detection signal representative of the fastener assembly
      having been tightened to its yield point.
PAR  The detection signal from comparator 38 is fed to control valve 20 to close
      the valve and shut off the tool. Simultaneous with closing control valve
      20, the detection signal closes a switch device 42 allowing a signal from
      torque cell 24, representative of the instantaneous torque applied to the
      fastener at its yield point, to be fed to a memory device 40 which stores
      the predetermined relationship of combined axial and torsional loading at
      the yield point for the general type of fasteners being tightened, that
      is, a curve similar to curve D in FIG. 2. Thus, when the signal
      representative of the torque at the yield point is processed through
      memory device 40, the memory is scanned and the load corresponding to the
      torque applied at the yield point is determined. As will be explained
      hereinafter, the frictional characteristic of the joint may also be
      determined in memory device 40. Memory device 40 provides an output signal
      representative of the axial load on the fastener at the yield point and
      this signal is fed to a suitable comparator circuit 46 which receives an
      input signal from a signal generator 48 representative of the
      predetermined or desired load to be developed in the fastener. If the
      compared signals are equal, the fastener has been tightened to the desired
      load and comparator 46 provides no output and, the tightening cycle is
      terminated. If desired, however, comparator 46 could provide an output
      signal to an indicator light or some similar indicator device which would
      actuate that device and indicate that the tightening cycle is over and
      that the fastener has been tightened to its desired axial load. If the
      input signal from signal generator 48 is larger than the input signal from
      memory device 40, the desired load exceeds the axial load at the yield
      point indicating that the joint assembly is defective. If desired,
      comparator 46 could provide an output signal to another indicator light or
      some similar device which would activate that device and indicate the
      defect. As is most usual, however, the actual load on the fastener at the
      yield point will be greater than the desired load and comparator 46
      provides an output signal to close a switch device 47 connected between
      memory device 40 and a calculator circuit 50 operative to determine the
      torque required to develop the desired load in the joint.
PAR  Calculator circuit 50 functions in accordance with either of the techniques
      noted above for determining the torque required to develop the desired
      axial load in the fastener. In the embodiment illustrated in FIG. 3,
      calculator circuit 50 solves the equation T.sub.d = L.sub.d FD which has
      been explained above and therefore receives a signal representative of the
      desired load from signal generator 48, another signal representative of
      the diameter D from another preset signal generator 52 and an output
      signal from memory device 40 representative of the frictional
      characteristic F which signal is fed through switch device 47. Calculator
      circuit 50 is in the form of suitable multiplication circuits and provides
      an output signal representative of the torque required to tighten the
      fastener to the desired load.
PAR  As an alternative, calculator circuit 50 could solve the equation T.sub.d =
      L.sub.d (T.sub.y /Ly) and could be in the form of suitable multiplication
      and division circuits. FIG. 5 illustrates such a circuit 50A and its
      inputs for solving the alternative equation. Calculator circuit 50A
      receives a signal from signal generator 48 representative of the desired
      load to be developed in the fastener, a signal from memory device 40
      representative of the axial load on the fastener at the yield point which
      signal is fed through switch device 47 when the switch device is closed by
      the signal from comparator 46 and a signal representative of the torque
      applied to the fastener at the yield point from torque cell 24 which
      signal is fed through switch device 42. After the calculations have been
      performed, calculator circuit 50A provides an output signal representative
      of the torque required to tighten the fastener to the desired load.
PAR  Regardless of the exact operation of the calculator circuit the signal
      representative of the torque required to develop the desired axial load in
      the fastener is stored in a suitable storage circuit 54 for future
      comparison with the actual torque applied to the fastener during later
      operation of the wrench to determine when it should be shut off. Referring
      back to FIG. 3, it should again be noted that the loosening curve for the
      load-torque relationship is not symmetrical with the tightening curve.
      Thus, for greater accuracy, the preferred embodiment of the invention
      includes another calculator circuit 56 which receives an output signal
      from storage circuit 54 and calculates a torque slightly lower, preferably
      at least 5% lower, than that required to develop the desired load in the
      fastener and outputs a signal representative of a stopping point
      corresponding to point Z on the loosening curve illustrated in FIG. 3.
      Another signal from calculator circuit 56 is fed to reversing valve 21 to
      reverse motor 14 in wrench 12 and thereby apply loosening torque to the
      fastener. Simultaneously therewith, the signal from calculator circuit 56
      representative of the stopping point is fed to a comparator 58 which also
      receives an input signal from torque cell 24 representative of the
      loosening torque applied to the fastener. Comparator 58 compares the
      signals and when the compared signals are equal, a control signal is
      developed by comparator 58 which is fed to reversing valve 21, to close
      the valve and stop the application of loosening torque to the fastener and
      which is also fed to a pulse-delay circuit 60. After a sufficient period
      of time to assure that motor 14 has stopped, pulse-delay circuit 60 feeds
      a signal to control valve 20 opening the valve to again apply tightening
      torque to the fastener and also to a switch device 62 which is connected
      between storage circuit 54 and a comparator device 64. The signal from
      storage circuit 54 is now fed to comparator 64 and, as previously
      explained, is representative of the torque required to develop the desired
      axial load in the fastener. Comparator 64 also receives a signal from
      torque cell 24 now representative of the tightening torque being reapplied
      to the fastener. When the compared signals in comparator 64 are equal, an
      output signal is provided which is fed to control valve 20 to close the
      valve and stop motor 14. Thus, it can be seen that the fastener has been
      tightened to the desired axial load. If desired, the signal representative
      of the torque required to develop the desired axial load in the fastener,
      that is, the signal from storage circuit 54 can be fed to a comparator
      which receives a signal representative of the loosening torque and when
      the compared signals are equal, the motor is shut off and the tightening
      cycle terminated. Such a system while not as accurate as that illustrated
      in FIG. 5 would provide reasonable accuracy sufficient for some
      applications.
PAR  As noted in the discussion of the method in accordance with this invention,
      the input characteristic measured and utilized in practicing the invention
      need not be torque but could be the angular rotation of the fastener.
      Referring to FIG. 6, a tightening system 10B is illustrated which is
      similar to tightening system 10 illustrated in FIG. 4 except that the
      input characteristic utilized in the control circuit is angular rotation.
      Accordingly, like parts in the FIG. 6 embodiment will not be described in
      detail but will be indicated by the same reference numeral utilized in the
      description of FIG. 4 and including the suffix B. While the basic system
      are similar, since proximity detector 28B develops signals representative
      of incremental angular rotation a suitable adding and storing circuit 70
      is connected in the system to receive signals from the proximity detector,
      add them and provide a signal representative of the total angular rotation
      of the fastener. Thus, after the yield point has been reached the
      detection signal developed by comparator 38B is utilized to close control
      valve 20B and is also fed to a switch 42B between circuit 70 and memory
      device 40B which has stored therein the relationship of axial load and
      angular rotation for the type of fastener being tightened, that is, a
      curve similar to the curve illustrated in FIG. 2A. The signal from circuit
      70 scans memory device 40B and, in a manner similar to the torque signal
      in the FIGS. 4 and 5 embodiment, the memory device determines the axial
      load on the fastener at the yield point and provides output signals
      representative thereof.
PAR  The signal representative of the load at the yield point is fed to
      comparator 46B where it is compared with a signal from signal generator
      48B representative of the desired load to be developed in the fastener to
      determine if the actual load on the bolt is less than, equal to or greater
      than the desired load. If it is less than or equal to the desired load,
      either no output is developed by comparator 46B or an output signal is
      developed to actuate appropriate indicator lights as explained with
      respect to comparator 46 in the embodiment described in FIG. 4; if it is
      not, an output signal from comparator 46B is fed to switch device 47B
      allowing a signal representative of the axial load on the joint assembly
      to be fed from memory device 40B to a calculator circuit 50B which also
      receives an input signal from signal generator 48B representative of the
      desired load to be developed on the fastener and an input signal rom
      adding and storing circuit 70 representative of the angular rotation at
      the yield point of the fastener being tightened. Similar to calculator
      circuit 50A, circuit 50B includes suitable multiplying circuits for
      processing the input signals, and solving the equation R.sub.d =  L.sub.d
      (R.sub.y /L.sub.y) where R.sub.d represents the angular rotation of the
      fastener required to develop the desired axial load, L.sub.d represents
      the desired axial load, R.sub.y represents the angular rotation at the
      yield point and L.sub.y represents the axial load at the yield point.
      Thus, the output signal from calculator circuit 50B is representative of
      the angular rotation required to develop the desired axial load in the
      fastener.
PAR  The output signal from calculator circuit 50B is fed to a comparator 74
      which also receives a signal from adding and storing circuit 70
      representative of the angular rotation of the yield point and subtracts
      the signals to determine the change in angular rotation required to loosen
      the fastener from the yield point to the desired axial load. The output
      signal from comparator 74, then, is representative of this change in
      angular rotation and is fed to a storage circuit 54B which feeds another
      comparator 64B, also in the form of a subtraction circuit. Another output
      signal from comparator 74 opens control valve 21 for applying loosening
      torque to the fastener and also closes a switch 80 connected between a
      comparator 82 which receives signals from torque cell 24B and from a
      preset signal generator 84. The signal from signal generator 84 is
      representative of a minimal torque which should be applied to the fastener
      and the signal from torque cell 24B is, of course representative of the
      torque being applied to the fastener. When the instantaneous torque
      exceeds the minimal torque, comparator 82 provides an output signal which
      closes a switch 86 connected between proximity detector 28B and a counter
      88. Thus, as the fastener is loosened signals representative of increments
      of rotation of the fastener are added in counter 82 and are also fed to
      comparator 64B. When the signals fed to comparator 64B are substantially
      equal, the angular rotation of the fastener substantially equals that
      required to develop the desired load in the fastener. At this point
      comparator 68B provides an output signal which is fed to control valve 21
      closing the valve and stopping motor 14. It should be realized that use of
      comparator 82 assures that counter 88 does not count signals from
      proximity probe 28B which are representative of the backlash in wrench 14B
      caused by allowable tolerances for the component parts. As previously
      explained, when using angular rotation as the characteristic input, the
      fastener may be directly loosened to the angle of rotation required to
      develop the desired axial load and need not be retightened for improved
      accuracy as when torque is used as the characteristic input.
PAR  While in the foregoing there have been disclosed various embodiments of the
      invention, it should be understood that various modifications and changes
      will be obvious to one skilled in the art and, accordingly, are within the
      intended scope of the invention as recited in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A tightening system for tightening a fastener to a desired axial load,
      said system comprising:
PA1  wrench means for applying torque and imparting rotation to said fastener;
PA1  said wrench means including means for measuring one of the input
      characteristics experienced by said fastener as it is being tightened;
PA1  said wrench means further including means for determining when the yield
      point of said fastener has been reached and for stopping the application
      of torque;
PA1  means responsive to said yield point determining means and said measuring
      means for calculating said measured input characteristic required to
      develop the desired axial load in said fastener; and,
PA1  control means operatively connected between said wrench means and said
      means for calculating said measured input characteristic for reapplying
      torque to said fastener until said measured input characteristic
      substantially equals said calculated input characteristic.
NUM  2.
PAR  2. A tightening system in accordance with claim 1 wherein said means for
      calculating said input characteristic required to develop the desired
      axial load in said fastener includes memory means storing a predetermined
      relationship of axial load and the measured input characteristic for
      fasteners of a type similar to said fastener being tightened.
NUM  3.
PAR  3. A tightening system in accordance with claim 1 wherein said measuring
      means develops signals representative of the instantaneous torque being
      applied to said fasteners.
NUM  4.
PAR  4. A tightening system in accordance with claim 3 wherein said control
      means is operative to apply loosening torque to said fastener until the
      loosening torque being applied approximately equals said calculated
      torque.
NUM  5.
PAR  5. A tightening system in accordance with claim 4 wherein said control
      means is operative to apply loosening torque to said fastener until said
      loosening torque is a predetermined percentage of said calculated torque.
NUM  6.
PAR  6. A tightening system in accordance with claim 5 wherein said
      predetermined percentage is at least 5% less than said calculated torque.
NUM  7.
PAR  7. A tightening system in accordance with claim 6 wherein said control
      means is operative to reapply tightening torque to said fastener until
      said reapplied tightening torque substantially equals said calculated
      torque.
NUM  8.
PAR  8. A tightening system in accordance with claim 1 wherein said measuring
      means develops signals representative of the angular rotation of said
      fastener.
NUM  9.
PAR  9. A tightening system in accordance with claim 8 wherein said control
      means is operative to apply loosening torque to said fastener until said
      measured angular rotation substantially equals said calculated angular
      rotation.
NUM  10.
PAR  10. A tightening system in accordance with claim 8 wherein said control
      means includes means for activating said measuring means when a
      predetermined torque is reapplied to said fastener.
NUM  11.
PAR  11. A method of tightening a fastener to a desired axial load comprising;
PA1  applying torque and imparting rotation to said fastener and tightening said
      fastener to its yield point;
PA1  measuring one of the input characteristics experienced by said fastener at
      its yield point;
PA1  determining the magnitude of a parameter related to said measured input
      characteristic and thereafter calculating the magnitude of said measured
      input characteristic required to develop said desired axial load in said
      fastener using said parameter; and
PA1  reapplying torque to said fastener while measuring said input
      characteristic and stopping the reapplication of torque when said measured
      input characteristic approximately equals said calculated input
      characteristic.
NUM  12.
PAR  12. A method in accordance with claim 11 wherein said parameter is the
      axial load on said fastener at its yield point and said measured input
      characteristic required to develop said desired axial load in said
      fastener is calculated from a predetermined relationship of axial load and
      said measured input characteristic at the yield point for fasteners of the
      type being tightened.
NUM  13.
PAR  13. A method in accordance with claim 11 wherein said parameter is the
      frictional characteristic associated with said fastener and said measured
      input characteristic required to develop said desired axial load in said
      fastener is calculated from a predetermined relationship of axial load and
      said measured input characteristic at the yield point for fasteners of the
      type being tightened.
NUM  14.
PAR  14. A method in accordance with claim 13 wherein said measured input
      characteristic is torque.
NUM  15.
PAR  15. A method in accordance with claim 14 wherein torque is reapplied until
      the measured torque is a predetermined percentage of the torque required
      to develop said desired axial load in said fastener.
NUM  16.
PAR  16. A method in accordance with claim 15 wherein said predetermined
      percentage is at least 5% less than said torque required to develop said
      desired axial load in said fastener.
NUM  17.
PAR  17. A method in accordance with claim 16 wherein tightening torque is
      reapplied to said fastener until the measured torque of the fastener
      substantially equals the torque required to develop said desired axial
      load in said fastener.
NUM  18.
PAR  18. A method in accordance with claim 17 wherein torque is reapplied until
      the measured torque of the fastener substantially equals the torque
      required to develop said desired axial load in said fastener.
NUM  19.
PAR  19. A method in accordance with claim 13 wherein said measured input
      characteristic is angular rotation.
NUM  20.
PAR  20. A method in accordance with claim 18 wherein torque is applied to
      loosen said fastener until the angular rotation of the fastener
      substantially equals the angular rotation required to develop said desired
      axial load in said fastener.
NUM  21.
PAR  21. A method in accordance with claim 12 wherein said measured input
      characteristic is torque.
NUM  22.
PAR  22. A method in accordance with claim 21 wherein torque is reapplied until
      the measured torque of the fastener substantially equals the torque
      required to develop said desired axial load in said fastener.
NUM  23.
PAR  23. A method in accordance with claim 21 wherein torque is reapplied until
      the measured torque is a predetermined percentage of the torque required
      to develop said desired axial load in said fastener.
NUM  24.
PAR  24. A method in accordance with claim 23 wherein said predetermined
      percentage is at least 5% less than said torque required to develop said
      desired axial load in said fastener.
NUM  25.
PAR  25. A method in accordance with claim 24 wherein tightening torque is
      reapplied to said fastener until the torque substantially equals said
      measured torque required to develop said desired axial load in said
      fastener.
NUM  26.
PAR  26. A method in accordance with claim 12 wherein said measured input
      characteristic is angular rotation.
NUM  27.
PAR  27. A method in accordance with claim 26 wherein torque is reapplied to
      loosen said fastener until the measured angular rotation of the fastener
      substantially equals the angular rotation required to develop said desired
      axial load in said fastener.
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ABST
PAL  A method for damping the movement of the hammer piston of a hammer
      mechanism and for catching the hammer piston in a forward end position
      when the drill tool is situated outside the operating range of the hammer
      piston is disclosed. During the return stroke of the hammer piston gas is
      driven from one chamber to another chamber through a slot. When the hammer
      piston exceeds its normal range of operation gas is driven through the
      slot in the other direction and also through a channel in the machine
      housing so that a weaker damping is obtained than during the return
      stroke. A hammer mechanism to be operated according to the above method is
      also disclosed.
BSUM
PAR  The present invention relates to a method and a hammer mechanism for
      damping the movement of a hammer piston included in the hammer mechanism
      and for catching the hammer piston when a tool associated with the hammer
      mechanism is situated outside the operating range of the hammer piston.
PAR  By means of the present invention which has the characteristics given in
      the subsequent claims, the problem of preventing the hammer piston from
      hitting the machine housing during the return stroke and being damaged and
      making possible the catching of the hammer piston at its front end
      position is effectively solved. When the hammer piston is situated in its
      front end position a forceful flushing of a drill-hole is made possible as
      shown in the below described embodiment of the invention.
PAR  In a prior solution of the above mentioned problem a hammer ring being
      concentric with the hammer piston is used for stopping the hammer piston
      during its return stroke and a slot between the hammer piston and the
      hammer ring is used for catching the hammer piston when the tool is
      situated outside the operating range of the hammer piston.
PAR  Through the present invention it has been made possible to exclude the
      above mentioned hammer ring.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a part section through a hammer mechanism with the hammer
      piston in its rearward end position;
PAR  FIG. 2 shows a part section of the hammer mechanism with the hammer piston
      in the impact position; and
PAR  FIG. 3 shows the hammer mechanism partly in section with the hammer piston
      in its front end position.
DETD
PAC  DETAILED DESCRIPTION
PAR  The hammer mechanism shown comprises a machine housing 1 which comprises a
      lower part 17, a middle part 18 and an upper part 19. A driving piston 2
      is reciprocably movable in the machine housing 1 and driven by an internal
      combustion engine 26 (FIG. 3) via a crankshaft 20. The hammer mechanism is
      included in a rock drilling machine 24 which is provided with handles 25
      for easy operation by the operator. The driving piston 2 is meant for
      driving a hammer piston 3 towards a tool 5 via a pressure-gas cushion in a
      working chamber 4. This pressure-gas cushion is achieved in that the
      driving piston 2 compresses air which is let in through the air inlet 21
      when the driving piston takes the position shown in FIG. 1. The hammer
      piston 3 is provided with a flange 8. Between the flange 8 and the machine
      housing 1 there is a slot 10 through which air is driven for damping the
      movement of the hammer piston 3. Depending on the direction of movement of
      the hammer piston the air is driven either from a first chamber 22
      situated behind the flange 8 of the hammer piston 3 or from a second
      chamber 6 situated in front of the hammer piston. When the hammer piston 3
      is in the position shown in FIG. 2 air is driven from the working chamber
      4 via the check valve 16 and the conduit 14 to the chamber 27. From the
      chamber 27 air is driven via a channel 28 in a drill-sleeve 29 to a
      channel 15 in the drill-tool 5 for flushing the drill hole. During the
      drilling the pressure in the chamber 27 is about 0.15 atmosphere gauge,
      i.e. substantially atmosperic pressure. A channel 11 connects the chamber
      27 to either the first chamber 22 or the second chamber 6 depending on the
      position of the hammer piston 3. A channel 12 connects the second chamber
      6 to the channel 11 so that it together with the slot 10 forms the
      restriction which gives a weaker damping of the hammer piston 3 when it
      exceeds its normal working stroke to take the position shown in FIG. 3
      than during the return stroke when the slot 10 alone achieves the damping.
      The chambers 6 and 22 can be connected to the surrounding atmosphere
      instead of to the chamber 27. Since the hammer piston 3 passes the channel
      12 shortly before it comes to the position shown in FIG. 3 the hammer
      piston is prevented from becoming hurt during extreme operating
      conditions. Since air is expelled from the working chamber 4 through the
      conduit 14 during the working stroke, the return of the hammer piston 3 is
      secured because of the subatmospheric pressure created in the working
      chamber 4 during the return of the driving piston 2.
PAR  The hammer mechanism shown works in the following way. When the driving
      piston 2 is in the position shown in FIG. 1 the working chamber 4 is
      filled with air through the air inlet 21. When the driving piston 2 moves
      forwards the air inlet 21 is closed after which the air in the working
      chamber 4 is compressed. Through this a pressure-gas cushion is created
      which drives the hammer piston 3 towards the tool 5. In the position shown
      in FIG. 2 the hammer piston 3 impacts the tool and uncovers the
      connection, via the conduit 14, between the working chamber 4 and the
      chamber 27. Through this flushing air is achieved for flushing the
      drill-hole. Furthermore, the first chamber 22 is filled with air via the
      channel 11. After having impacted the tool 5 the hammer piston 3 recoils
      and is braked at its rearward end position by a first pneumatic means
      which comprises the first chamber 22 and the slot 10. When forceful
      flushing of the drill-hole is wanted the operator lifts the drilling
      machine 24 by means of the handle 25 so that the drill-tool 5 is displaced
      to a position outside the operating range of the hammer piston 3 as shown
      in FIG. 3. Through this the hammer piston 3 is driven past the position
      shown in FIG. 2 and is damped by a second pneumatic means which comprises
      the second chamber 6, the slot 10, and the channel 12. Since air now also
      is driven through the channel 12 a weaker damping of the movement of the
      hammer piston 3 is achieved than during the return stroke. Through this
      damping arrangement the hammer piston 3 can be stopped in the position
      shown in FIG. 3 so that the driving piston 2 only pumps air through the
      conduit 14 and the channel 15 for flushing the drill-hole.
PAR  The above described and illustrated embodiment of the invention is only to
      be regarded as an example which can be modified within the scope of the
      subsequent claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for damping the movement of a hammer piston (3) incorporated in
      a hammer mechanism, the hammer mechanism including a driving piston (2)
      reciprocably movable in a machine housing (1), the method comprising:
PA1  driving said hammer piston (3) towards a tool (5) by said driving piston
      (2) via a pressure-gas cushion formed in a working chamber (4) of said
      housing (1) between said driving piston (2) and said hammer piston (3),
      and
PA1  pneumatically damping the movement of said hammer piston (3) during the
      main part of the return stroke of the hammer piston (3), and pneumatically
      damping the movement of the hammer piston (3) when it exceeds its normal
      working stroke and catching the hammer piston (3) essentially without
      recoil at its forward end position when the tool is situated outside the
      operating range of the hammer piston,
PA1  the pneumatic damping during the return stroke being greater than that
      applied when the hammer piston (3) exceeds its normal working stroke.
NUM  2.
PAR  2. A method according to claim 1, wherein the step of pneumatically damping
      the hammer piston (3) during its return stroke comprises driving the gas
      during the return stroke of the hammer piston (3) from a first chamber
      (22) in the machine housing (1) through a restricted slot (10) between the
      hammer piston and the machine housing to a second chamber (6) in the
      machine housing, whereby hammer piston (3) is braked at its rearward end
      position.
NUM  3.
PAR  3. A method according to claim 2, wherein the step of pneumatically damping
      the hammer piston (3) when it exceeds its normal stroke comprises driving
      the gas from said second chamber (6) through said slot (10) to said first
      chamber (22) and also through a channel (12) in the machine housing (1) to
      substantially atmospheric pressure when the hammer piston (3) exceeds its
      normal working stroke, whereby the hammer piston is braked and caught at
      its forward end position.
NUM  4.
PAR  4. A hammer mechanism comprising:
PA1  a machine housing (1) having a working chamber (4) therein,
PA1  a driving piston (2) reciprocably movable in the machine housing,
PA1  a hammer piston (3) arranged to be driven towards a tool (5) by the driving
      piston (2) via a pressure-gas cushion formed in the working chamber (4),
PA1  a first pneumatic means (22,10) for damping the movement of the hammer
      piston (3) during its return stroke, and
PA1  a second pneumatic means (6,10,12) for damping the movement of the hammer
      piston (3) when it exceeds its normal working stroke and for catching the
      hammer piston (3) substantially without recoil at its forward end
      position,
PA1  said first pneumatic means damping the movement of the hammer piston (3)
      more than said second pneumatic means.
NUM  5.
PAR  5. A hammer mechanism according to claim 4, wherein said first pneumatic
      means comprises a first chamber (22) and a slot (10) formed between the
      hammer piston (3) and the machine housing (1), said first chamber (22)
      being situated behind said slot (10) relative to the forward end of said
      housing.
NUM  6.
PAR  6. A hammer mechanism according to claim 5, wherein said pneumatic means
      comprises a second chamber (6), a channel (12) in the machine housing (1)
      connected to said second chamber (6), and said slot (10), said second
      chamber (6) being situated in front of said slot (10).
NUM  7.
PAR  7. A hammer mechanism according to claim 5 wherein said first pneumatic
      means comprises a channel (11) coupling said first chamber (22) with a
      flushing chamber (27) of said hammer mechanism, said hammer piston
      including means (8) for blocking said channel (11) during a portion of the
      return stroke of the hammer piston (3).
NUM  8.
PAR  8. A hammer mechanism according to claim 6 wherein said hammer piston (3)
      includes means (8) for blocking said channel (12) from said second chamber
      (6) when said hammer piston (3) is moved toward its position wherein it
      exceeds its normal working stroke.
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ABST
PAL  A hydraulic hammer assembly is disclosed which comprises a stationary
      piston suspended within a tubular frame or casing and a cylinder locked
      inside a massive ram within the casing. The cylinder forms a differential
      hydraulic assembly with the piston and moves up and down along the piston.
      The cylinder is maintained locked to the ram by the pressure of the
      hydraulic fluid; and the piston, which is formed of two members, is held
      in assembly by a continuous hydraulic bias with a special hydraulic
      balancing arrangement which compensates for the pressure switching in the
      cylinder to which one portion of the piston assembly is exposed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to driving systems and more particularly it concerns
      novel hydraulic hammers for driving piles and similar elements.
PAR  2. Description of the Prior Art
PAR  Hydraulically driven hammers are described in copending U.S. application
      Ser. No. 391,569 filed Aug. 27, 1973 and in U.S. Pats. Nos. 3,283,832,
      3,298,447, 3,431,986. In each of these prior disclosures a piston, which
      is connected to or forms part of a ram, moves along inside a stationary
      cylinder. U.S. Pat. No. 3,298,447 also discloses a differential type
      actuating piston and cylinder assembly wherein a smaller diametrical, or
      working area region on one side of a piston is continuously supplied with
      hydraulic fluid at high pressure while the opposite side of the piston,
      which is of larger diametrical or working area is alternately switched
      between high and low pressure.
PAR  In U.S. Pat. No. 3,417,828 there is described a hydraulically driven hammer
      wherein a cylinder incorporated into a moveable ram is driven up and down
      along a stationary piston. This last mentioned patent, however, provides
      no disclosure of differential hydraulic driving. A similar arrangement,
      using steam, is disclosed in U.S. Pat. No. 1,158,839.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the present invention there is provided a
      differential type hydraulic hammer system which comprises a casing, a
      central piston secured at one end to the casing, a cylinder surrounding
      and slideable along the piston, a massive ram containing and carried by
      the cylinder, and an anvil mounted in the casing in the path of ram
      movement to be hammered on by the ram. The piston extends through and
      slides along both ends of the cylinder; and it has a central large cross
      section region which divides the interior of the cylinder into different
      hydraulic chambers. The piston cross section is different on the opposite
      sides of its large cross section region so that the two chambers have
      different diametrical or working areas. High hydraulic pressure is
      supplied continuously to the chamber of small working area while the other
      chamber is switched alternately between high and low hydraulic pressure.
PAR  By incorporating the cylinder into the moving ram, high pressure may be
      utilized without danger of outward bowing of the cylinder. Also, by
      providing piston portions which extend through both ends of the cylinder
      it is possible to obtain a reasonable differential area effect with a
      piston of sufficient diameter to provide strength and space for hydraulic
      conduits. Although it is theoretically possible to utilize a differential
      area effect in a piston which does not pass through both ends of a
      cylinder, such an arrangement is not practical for use with high pressures
      (e.g., in the order of 2000 pounds per square inch or higher) because in
      the case where the piston terminates inside the cylinder, the resulting
      driving forces would require an excessively heavy overall hammer
      structure. The only way to reduce this differential, outside the present
      invention, is to reduce the size of the piston rod; however, this would
      weaken the structure and would not allow sufficient room for hydraulic
      flow lines through the piston.
PAR  According to a further aspect of the invention there is provided a
      hydraulic hammer assembly with a cylinder structure capable of
      automatically locking itself to a massive ram which it drives, such
      locking being produced by the pressure of the driving fluid. This cylinder
      structure has elemental portions which are moveable into tight contact
      with the ram upon application of high hydraulic pressure to the interior
      of the cylinder. In a preferred embodiment the cylinder has a tubular
      sleeve which fits into a bore in the ram. The sleeve is closed at both
      ends and at least one end is longitudinally moveable by a finite amount. A
      stop element is fitted into a recess in the ram bore after the cylinder is
      in place and when the cylinder is subjected to operating pressure its end
      expands against the stop element to lock it in place.
PAR   In another of its different aspects the present invention provides a
      hydraulic hammer assembly wherein a piston and cylinder assembly is made
      up of several elements and is fitted to a reciprocal ram in a frame or
      casing. The various elements are laterally moveable with respect to each
      other by a finite amount; and they automatically become aligned when
      subjected to operating hydraulic pressure.
PAR  According to a still further aspect of the invention there is provided a
      piston assembly comprising first and second members extending into a
      differential cylinder with one of the members being exposed on one side to
      a first cylinder chamber maintained continuously at high pressure and
      exposed on the other side to a second cylinder chamber which is switched
      alternately between high and low pressures. A continuous longitudinal bias
      is maintained between the two members so that they may be held together
      even though one side of one of the members is exposed to different
      pressures. This continuous bias is obtained by forming a balancing chamber
      between the two members and maintaining this balancing chamber in fluid
      communication with the second cylinder chamber. The one member is formed
      with a diametrical or working surface in the balancing chamber which is
      equal in area but opposite to the diametrical or working surface thereof
      exposed to the second chamber. Thus as the pressure in the second chamber
      is switched a balancing effect is produced on the one piston member
      through the balancing chamber so that the continuous force produced on
      that member by the continuous high pressure in the first chamber is
      maintained.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the subject of the claims appended hereto. Those skilled in the
      art will appreciate that the conception upon which this disclosure is
      based may readily be utilized as a basis for the designing of other
      structures or methods for carrying out the several purposes of the
      invention. It is important, therefore, that the claims be regarded as
      including such equivalent constructions and methods as do not depart from
      the spirit and scope of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A specific embodiment of the invention has been chosen for purposes of
      illustration and is shown in the accompanying drawings, forming a part of
      the specification, wherein:
PAR  FIG. 1 is an elevational view, partially cut away, of a hydraulically
      driven pile driving hammer assembly in which the present invention is
      embodied;
PAR  FIGS. 2, 3 and 4 are views taken along lines 2--2, 3--3 and 4--4 of FIG. 1
      respectively;
PAR  FIG. 5A is an enlarged elevational section view showing the interior of the
      upper portion of the hammer assembly of FIG. 1 at one stage of its
      operating cycle;
PAR  FIG. 5B is an enlarged elevational section view showing the interior of the
      lower position of the hammer assembly of FIG. 1, at said one stage of its
      operating cycle;
PAR  FIGS. 6A and 6B are views similar, respectively to FIGS. 5A and 5B for the
      hammer at another stage of its operating cycle;
PAR  FIG. 7 is an exploded perspective view showing a cylinder and ram assembly
      for the hammer of FIG. 1;
PAR  FIG. 8 is an enlarged elevational view, partially in section, showing a
      piston and cylinder assembly for the hammer of FIG. 1;
PAR  FIG. 9 is an exploded view showing the separted components of the piston
      and cylinder assembly of FIG. 8.
PAR  FIG. 10 is a stylized elevational section view representing a piston
      cylinder and ram assembly forming a portion of the hammer of FIG. 1;
PAR  FIGS. 11 and 12 are cross section views taken along lines 11--11 and
      12--12, respectively of FIG. 10; and
PAR  FIG. 13 is an exploded perspective view illustrating a cylinder to ram
      retaining assembly used in the hammer of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIGS. 1-4, a hammer assembly 20, in which the present invention
      is embodied, is suspended by means of a lift cable 22 above a capblock 24
      which rests on a pile 26. The external construction of the hammer assembly
      20 includes an elongated tubular casing 28 (FIG. 1) which is outwardly
      flanged at its upper and lower ends, and a casing top section 30 (FIG. 2)
      and a bottom section 32 (FIG. 3) which rest upon the flanged upper and
      lower ends, respectively, of the casing. A sheave plate 34 (FIG. 4) is
      maintained a predetermined distance above the casing top by means of
      spacer elements 36. Sheaves 38 are journalled on the sheave plate 34 as
      shown in FIGS. 1 and 4; and the lift cable 22 passes around the sheaves
      and up to corresponding sheaves on a hammer support rig (not shown).
PAR  The tubular casing 28, the top section 30, the bottom section 32 and the
      sheave plate 34 are held together by means of a plurality of column cables
      40 which extend along the outside of the hammer assembly 20 from flanges
      42 on the bottom section 32 (FIG. 3) to threaded fasteners 44 above the
      sheave plate 34.
PAR  A hydraulic manifold 48 is incorporated into the casing top section 30.
      This manifold communicates between a valve assembly 50 located thereon and
      various internal elements (to be described hereinafter) within the tubular
      casing 28.
PAR  As shown in FIG. 3 the bottom section 32 has a central opening therein
      which is occupied by an anvil 52. During operation of the hammer this
      anvil, which rests on the capblock 24, is hammered by ram means within the
      casing; and the anvil transmits the hammer blows to the capblock for
      driving of the pile.
PAR  FIGS. 5A and 5B together show the internal construction of the hammer
      assembly 20 as it appears when the internal ram means thereof is in its
      uppermost position. A stationary piston rod assembly 54 extends axially
      down inside the tubular casing 28. The piston rod assembly includes an
      upper enlarged head portion 60 which extends through and is sealed to the
      casing top section 30 (FIGS. 2 and 5A). An intermediate diameter upper
      portion 62 extends down from the head portion 60. A tubular lower piston
      rod portion 64 surrounds a lower extension 62a of the upper portion 62.
      This tubular lower portion includes at its upper end a large diameter cup
      shaped formation 66 which telescopes over a step 67 in the upper portion
      62. The step 67 is somewhat higher than the bottom of the interior of the
      cup shaped formation; so that there is formed below the step an annular
      balancing chamber 68. An O-ring seal 69 is provided between the upper
      piston rod portion and the interior of the cup shaped formation 66 just
      above the balancing chamber. The tubular lower piston rod portion 64 also
      includes an elongated tubular small diameter section 70 which extends down
      from the large diameter cup shaped formation 66 and fits closely around
      the small diameter lower extension 62a of the upper portion 62. As shown
      in FIG. 5B the lower extension 62a, which is integral with the upper
      portion 62, extends down beyond the bottom of the tubular small diameter
      section 70; and it is threaded at its lower end. A retaining nut 72 is
      threaded onto the lower extension 62a and abuts the bottom of the small
      diameter section 70 to hold the tubular piston rod portion 64 to the upper
      portion 62.
PAR  The upper portion 62 of the piston rod assembly is longitudinally bored to
      provide hydraulic conduits for actuation of the hammer assembly. As shown
      in FIGS. 2 and 5A there are provided a pair of actuation conduits 74 which
      extend down from the head portion 60 and which open laterally as their
      lower ends through actuation ports 76 to the exterior of the lower portion
      64 just below the cup shaped formation 66. The conduits 74 also open into
      the balancing chamber 68. An axial pilot conduit 78 also extends down from
      the head portion 60 and opens laterally through a pilot opening 79 onto
      the surface of the intermediate diameter upper portion 62. A pair of upper
      chamber supply conduits 80 extend down from the head portion 60; and these
      open laterally at their lower ends through actuation ports 81 just above
      the cup shaped formation 66.
PAR  As shown diagramatically in FIG. 5A, the hydraulic manifold 48 is formed
      with an internal conduit 81 which connects the actuation conduits 74 to
      the output of the valve assembly 50. A pilot connection conduit 82 in the
      manifold 48 connects the pilot conduit 78 to a pilot stage 83 of the valve
      assembly 50. The inputs to the valve assembly 50 include a high pressure
      input 84 and a low pressure input 85 connected, respectively, to high and
      low pressure accumulators 86 and 87 mounted between the manifold 48 and
      the sheave plate 34. These accumulators are connected in turn to a pump 88
      and to a drain or reservoir 89.
PAR  The manifold 48 is also formed with a high pressure conduit 90 which
      interconnects the high pressure accumulator 86 with the upper chamber
      supply conduits 80. Also, a low pressure conduit 91 is provided in the
      manifold 48; and this interconnects a further low pressure accumulator 92
      with the interior of the casing 28.
PAR  A preferred form of the valve assembly 50 and arrangements for
      interconnecting same to a hydraulic system, including a differential type
      hammer, is shown and described in U.S. Patent application Ser. No. 507,425
      filed 9/19/74 in the name of Peter B. Olmstead. As therein described, the
      valve assembly operates to switch the actuation conduits 74 between high
      and drain pressure in response to pressure impulses detected by the pilot
      conduit 78, as a ram being controlled moves up and down.
PAR  A moveable hydraulic cylinder assembly 96 is formed about the stationary
      piston rod assembly 54. This cylinder assembly comprises a tubular sleeve
      98 with upper and lower end collars 100 and 102. The tubular sleeve 98 has
      an inner diameter corresponding to the diameter of the cup shaped
      formation 66 of the piston rod assembly 54; and it slides closely over
      this cup shaped portion. The upper end collar 100 fits closely over and
      slides along the intermediate diameter upper portion 62 of the piston
      assembly; and the lower end collar 102 fits closely over and slides along
      the small diameter section 70 of the piston assembly. The upper and lower
      end collars 100 and 102 have extensions 104 which fit closely inside the
      sleeve 98; and O-ring seals 106 are provided between these extensions and
      the inner surface of the sleeve. The sleeve 98 and collars 100 and 102 are
      longitudinally bored at various locations about their circumference; and
      tie rods 108 extend through these bores to hold the collars and sleeve
      together. As will be explained more fully hereinafter these tie rods do
      not hold the end collars tightly to the sleeve but instead they merely
      loosely hold the assembly together during assembly so that the entire
      assembly may be hydraulically locked together during operation.
PAR  A massive tubular ram 110 is provided inside the outer tubular casing 28.
      This ram is guided by means of spaced apart bushings 112 to move
      longitudinally within the casing. As shown in FIG. 5B, the lower end of
      the ram 110 is formed to conform to the configuration of the upper end of
      the anvil 52 so that when the ram moves downwardly within the casing it
      will strike the anvil sharply for efficient driving.
PAR  The ram 110 is formed with a main bore 113 which extends throughout its
      length; and a counterbore 114 at its upper end. This counterbore is of
      sufficient diameter to allow the hydraulic cylinder assembly 96 to fit
      down into it. A segmented retention member 116 fits into a groove 118
      formed in the ram counterbore 114 just above the upper collar 102 of the
      cylinder assembly. The retention member extends past way into the
      counterbore 114 so that it overlies the upper collar 100 of the cylinder
      assembly to hold the ram 110 locked to the cylinder assembly. A spreader
      ring 120 fits inside the retention member 116 to keep it spread into the
      groove 118; and a spring-like snap ring 122 is fitted into an upper groove
      124 formed in the ram counterbore 114 just above the groove 118 to hold
      the spreader ring 120 in place.
PAR  As shown in FIG. 5B the anvil 52 has a large diameter head 126 which slides
      up and down in an upper sleeve bushing 128 located in a counterbore 130 of
      the bottom section 32. A stem 132 projects down from the head 126 of the
      anvil and is guided by a lower sleeve bushing 134 in a central bore 136 of
      the bottom section. A central oil passage 138 and radially extending
      passages 140 are formed in the anvil 52 to connect the region under its
      large diameter head 126 with the region thereabove to prevent fluid
      entrapment which would otherwise resist movement of the anvil. An oil seal
      142 is provided around the anvil stem 132 below the lower sleeve bushing
      134 to prevent or minimize leakage from within the tubular casing while
      allowing the anvil to move up and down under the influence of hammer
      blows.
PAR  During operation of the hammer assembly the casing 28, including the region
      around and under the anvil head 126 is filled with hydraulic fluid which
      is maintained at drain or low pressure by the connection 91 to the low
      pressure accumulator 87. As the ram 110 moves up and down in the casing to
      hammer on the anvil 52, the oil in the casing becomes displaced around the
      outer surfaces of the ram and between the spaced apart bushings 112.
PAR  The ram 110 is moved up and down by the hydraulic cylinder assembly 96 to
      which it is connected. This cylinder movement in turn is obtained through
      the control of fluid flow through the actuation and upper chamber supply
      conduits 74 and 80 in the piston rod assembly 54. As can be seen in FIGS.
      5A and 6A, the large diameter cup shaped formation 66 of the piston rod
      assembly, which fits closely inside the tubular sleeve 98 of the cylinder
      assembly 96, divides the interior of the sleeve into upper and lower
      hydraulic chambers 144 and 146. Because the intermediate diameter upper
      portion 62 of the piston rod assembly is of large diameter than the
      elongated tubular small diameter section 68, the effective working of
      diametrical area of the lower hydraulic chamber 146 is greater than that
      of the upper hydraulic chamber 144. Thus when both chambers are subjected
      to the same high hydraulic pressure a greater total hydraulic force is
      produced in the lower chamber 146 and this forces the cylinder assembly 96
      and the ram 110 downwardly. On the other hand when the upper chamber 144
      is at high hydraulic pressure and the lower chamber 146 is switched to low
      or drain pressure the net hydraulic force on the cylinder assembly is
      upward and the cylinder assembly together with the ram 110 rises.
PAR  It will be seen from the foregoing that the hammer is operated by
      maintaining the upper hydraulic chamber 144 continuously at high pressure
      and by switching the lower hydraulic chamber 146 alternately between high
      and low pressure. The high pressure in the upper chamber is maintained by
      the connection from the high pressure accumulator 86 through the high
      pressure conduit 90 in the manifold 48 and the upper chamber supply
      conduits 80. The alternate switching of pressure in the lower chamber 146
      is obtained by the valve assembly 50 which alternately connects its high
      and low pressure inputs 84 and 85 to the internal conduit 81 in the
      manifold 48 and to the actuation conduits 74 which communicate with the
      lower chamber 146 through the actuation ports 76.
PAR  The switching of the valve assembly 50 is produced by its pilot section 83
      which operates in response to sharply rising and falling pressure impulses
      produced in the pilot connection conduit 82 as the upper end collar 100 of
      the cylinder assembly 96 passes by the opening 79 of the pilot conduit 78.
      As can be seen in FIG. 5A, when the ram 110 is in its uppermost position,
      the pilot opening 79 is exposed below the bottom of the upper cylinder
      assembly 100 to the high pressure upper hydraulic chamber 144. This high
      pressure is applied to the pilot portion 83 of the valve assembly 50
      causing it to place the high pressure input line 84 into communication
      with conduit 81 and the actuation conduits 74. This supplies high pressure
      fluid to the lower hydraulic chamber 146 and because the diametrical or
      workingg area of that chamber is greater than that of the upper chamber
      144, the net hydraulic force on the cylinder assembly 96 is in a downward
      direction. Thus the cylinder assembly and the ram 110 to which it is
      attached move downwardly together until the ram impacts on the anvil 52
      driving it and the capblock 24, as well as the pile 26 downwardly, as
      shown in FIG. 6B.
PAR  At about the time the ram 110 impacts the capblock 24, the pilot opening 79
      becomes exposed, above the top of the upper cylinder assembly collar 100,
      to the low or drain pressure within the casing 28. This low pressure is
      applied through the pilot conduit 78 and pilot connection 82 to the pilot
      portion 83 of the valve assembly causing it to switch so as to place the
      low pressure input line 85 into communication with the conduit 81 and the
      actuation conduits 74. As a result, the lower hydraulic chamber 146 is
      switched to low hydraulic pressure and its hydraulic effect is overcome by
      the constant high hydraulic pressure in the upper chamber 144 so that the
      cylinder assembly 96 and the ram 110 are driven upwardly. The upper extent
      of ram movement can be detected by means of a top of stroke indicator gage
      143 which extends through the casing top section 30 as shown in FIGS. 5A
      and 6A.
PAR  FIGS. 7-9 illustrate the manner in which the hammer assembly described
      above is assembled and FIGS. 10-13 illustrate the manner in which the
      assembled hammer assembly automatically adjusts and locks itself into
      position when subjected to operating hydraulic pressure.
PAR  As can be seen in FIGS. 7 and 8 the piston rod assembly 54 and the
      hydraulic cylinder assembly 96 may be pre-assembled as a sub-unit and this
      sub-unit can be inserted into the ram counterbore 114 either before or
      after the ram 110 is fitted into the casing 28. The segmented retention
      member 116 is then fitted into place and held there by the spreader ring
      120. Thereafter the casing top section 30 (FIG. 5A) is secured to the top
      of the casing 28 and to the head portion 60 of the piston rod assembly.
PAR  Alternatively, as shown in FIG. 9 the tubular lower piston rod portion 64
      of the piston rod assembly may be placed inside the tubular sleeve 98 of
      the hydraulic cylinder assembly and the upper and lower end collars 100
      and 102 may be fitted into place. The tie rods 108 are then inserted to
      hold this partial assembly loosely together so that the overall hammer
      assembly can be completed. The thus partially assembled hydraulic piston
      and cylinder assembly is then inserted into the counterbore 114 in the
      tubular ram 110 and the segmented retention member 116 used to hold the
      partial assembly in place. The casing top section 30 is then mounted on
      the casing 28; and thereafter the upper part of the piston rod assembly,
      comprising the head portion 60, the intermediate diameter upper portion 62
      and the small diameter lower extension 62a, all of which are integrally
      formed of one piece, is inserted down through the cylinder assembly. The
      lower end of the intermediate diameter upper portion 62 fits inside the
      cup shaped formation 66 while the small diameter lower extension 62a,
      passes down through the small diameter tubular section 70 until its
      threaded end projects beneath the tubular section 70. The retaining nut 72
      is then filled up into the ram bore 113 and is turned onto the threaded
      end of the lower extension 62a, to hold the piston rod assembly together.
PAR  The diagrammatic representations of FIGS. 10-13 are useful in visualizing
      the advantages of the above described structural arrangements. Firstly it
      will be appreciated that by using a ram encased moveable hydraulic
      cylinder, very high hydraulic pressures may be employed with little or no
      tendency for the cylinder to bow outwardly under high hydraulic pressures.
      Secondly, by providing a differential area piston assembly which passes
      through both ends of the cylinder assembly a small differential area may
      be provided between the upper and lower hydraulic chambers 144 and 146
      while at the same time the piston rod itself may be maintained at a
      diameter sufficient to ensure high strength and rigidity.
PAR  A third advantage obtained by the described construction is that the
      different elements of the piston rod assembly 54 and the hydraulic
      cylinder assembly 96 become self aligned when the system is subjected to
      operating hydraulic pressure. This is obtained because the upper and lower
      end collars 100 and 102, the tubular sleeve 98, the piston rod assembly 54
      and the ram 110 are all dimensioned to provide a small amount of lateral
      movement with respect to each other. The flow of hydraulic fluid through
      the clearances between these members maintains them in proper alignment.
      Further, seals are not required along the relatively sliding surfaces
      because any leakage of hydraulic fluid simply passes into the interior of
      the outer casing 28. Actually a certain finite flow of fluid past the
      relatively sliding surfaces provides a cooling effect and reduces wear.
PAR  A fourth advantage obtained by the above described construction is that the
      operating hydraulic pressure serves to maintain the ram and cylinder
      assembly locked together as an integral unit. As can be seen in FIG. 10,
      when the unit is first assembled there exists a finite space .alpha.
      between the top of the upper end collar 100 and the bottom of the
      segmented retention member 116. When operating hydraulic pressure is
      applied to the upper chamber 144 the upper end collar 100 is forced to
      abut up against the retention member 116 to lock the cylinder assembly
      tightly to the ram. At this point the tie rods 108 perform no holding
      function. FIG. 13 shows the relative positions of the segmented member
      116, the ram groove 118 and the spreader ring 120.
PAR  A still further advantage obtained by the described construction is that
      the piston rod assembly 54 is maintained under a constant stress with the
      elongated tubular small diameter section 70 pressing down continuously
      against the upper surface of the retaining nut 72 in the manner of a lock
      washer to prevent the nut from vibrating off during operation. This
      constant downward bias is maintained even though the lower hydraulic
      chamber 146 is alternately subjected to high and low pressure. As can be
      seen in FIG. 10 the upper hydraulic chamber 144 is maintained continuously
      at high hydraulic pressure to produce a constant downward force on the
      upper edge of the cup shaped formation 66 of the lower piston rod portion
      64. The alternate high and low fluid pressure applied via the actuation
      conduits 74 to the lower hydraulic chamber 146 is also applied to the
      balancing chamber 68. In the lower chamber 146 this pressure acts upwardly
      on a lower annularly shaped diametrical area 148 (FIG. 11) on the lower
      piston rod portion 64 defined between the outer diameter of its cup shaped
      formation 66 and the diameter of its lower section 70. An upper annularly
      shaped diametrical area 150 of the lower piston rod portion 64 is defined
      between the inner diameter of the cup shaped formation 66 and the diameter
      of the lower extension 71 of the piston rod upper portion 62. The upper
      and lower diametrical areas 148 and 150, as shown in FIGS. 11 and 12, are
      dimensioned to be equal to each other so that any change in the common
      pressure applied to these areas is automatically compensated. Thus the
      hydraulic effect produced on the lower piston rod portion 64 by the
      changing pressure in the lower hydraulic chamber 146 is always balanced or
      nullified; and the net hydraulic force acting on the lower piston rod
      portion 64 is that produced by the continuous high pressure applied
      through the upper hydraulic chamber 144 to the upper edge of the large
      diameter cup shaped formation 66. It is this continuous hydraulic force
      that urges the tubular small diameter section 64 down against the
      retaining nut 72 to hold it tightly in place.
PAR  Having thus described the invention with particular reference to the
      preferred forms thereof, it will be obvious to those skilled in the art to
      which the invention pertains, after understanding the invention, that
      various changes and modifications may be made therein without departing
      from the spirit and scope of the invention as defined by the claims
      appended hereto.
CLMS
STM  What is claimed and desired to be secured by letters patent is:
NUM  1.
PAR  1. A hydraulic hammer assembly comprising an outer casing, a central piston
      secured at one end to said casing, said piston having a large cross
      section region between regions of intermediate cross section and small
      cross section, a ram reciprocally moveable along said piston, said ram
      including a cylinder surrounding said piston and slideable therealong,
      said cylinder having a central internal region which closely accommodates
      said large cross section region of said piston and end regions which
      closely accommodate respectively, said regions of intermediate and small
      cross section of said piston said large cross section region of said
      piston thereby dividing said central internal region of said cylinder into
      two chambers of larger and smaller working area, respectively, an anvil
      mounted on said casing in the path of ram movement, hydraulic supply means
      including accumulator means for accommodating fluid flow while maintaining
      a substantially uniform high hydraulic pressure, said hydraulic supply
      means being in fluid communication with the chamber of small working area
      and hydraulic switching means being alternately connectable to said
      hydraulic supply means and to a drain, said hydraulic switching means
      being in fluid communication with the chamber of larger working area.
NUM  2.
PAR  2. A hydraulic hammer assembly according to claim 1 wherein said casing is
      tubular and encloses said ram.
NUM  3.
PAR  3. A hydraulic hammer assembly according to claim 2 wherein said casing is
      filled with hydraulic fluid.
NUM  4.
PAR  4. A hydraulic hammer assembly according to claim 3 wherein said ram is
      guided in said casing by spaced apart bushings.
NUM  5.
PAR  5. A hydraulic hammer assembly according to claim 1 wherein said hydraulic
      supply means comprises fluid conduits extending down through said piston.
NUM  6.
PAR  6. A hydraulic hammer assembly according to claim 1 wherein said casing is
      tubular and is provided with top and bottom sections held to said casing
      by means of tension elements extending longitudinally of said casing.
NUM  7.
PAR  7. A hydraulic hammer assembly according to claim 6 wherein said anvil
      includes a larger diameter head portion within said casing and a smaller
      diameter stem which projects out through an opening in said bottom
      section.
NUM  8.
PAR  8. A hydraulic hammer assembly according to claim 7 wherein the upper end
      of said piston projects through said top section.
NUM  9.
PAR  9. A hydraulic hammer assembly comprising an outer casing, a massive ram
      guided for reciprocal movement along said casing, an anvil positioned in
      said casing in the path of reciprocal ram movement to be hammered on by
      said ram, an actuating hydraulic piston and cylinder assembly including a
      piston rod extending out from a cylinder and secured to said casing, said
      cylinder fitting closely inside a cavity in said ram, said cylinder having
      elemental portions thereof which are moveable into tight contact with said
      ram upon application of high hydraulic pressure to the interior of said
      cylinder and hydraulic drive means connected to actuate said piston and
      cylinder assembly.
NUM  10.
PAR  10. A hydraulic hammer assembly according to claim 9 wherein said cylinder
      is formed with a tubular central casing and at least one end member
      moveable longitudinally a finite amount with respect to the other end
      member in response to hydraulic pressure within said central casing.
NUM  11.
PAR  11. A hydraulic hammer assembly according to claim 10 wherein said ram is
      formed with abutment elements which project into the path of finite
      longitudinal movement of said end member.
NUM  12.
PAR  12. A hydraulic hammer assembly according to claim 11 wherein said abutment
      elements comprise abutment ring segments which fit into a circumferential
      groove formed about said cavity just above one of said end members.
NUM  13.
PAR  13. A hydraulic hammer assembly according to claim 12 wherein a spreader
      ring is fitted within the inner circumference of said abutment ring
      segments to maintain them spaced apart and into said circumferential
      groove.
NUM  14.
PAR  14. A hydraulic hammer assembly according to claim 13 wherein a snap ring
      fits into a snap ring groove in said cavity to hold said spreader in
      place.
NUM  15.
PAR  15. A hydraulic hammer assembly according to claim 10 wherein said cylinder
      is formed with a tubular central casing and end members and wherein tie
      rods extend longitudinally of the cylinder to hold the central casing and
      end members loosely together for assembly.
NUM  16.
PAR  16. A hydraulic hammer assembly according to claim 15 wherein said end
      members have extensions which fit inside the ends of said central casing.
NUM  17.
PAR  17. A hydraulic hammer assembly according to claim 16 wherein O-ring seals
      are provided between said extensions and said central casing.
NUM  18.
PAR  18. A hydraulic hammer assembly comprising an outer casing, a massive ram
      guided for reciprocal movement along said casing, an anvil positioned in
      said casing in the path of said ram to be hammered on by the lower end of
      the ram, said ram being formed with a longitudinal bore opening out onto
      its upper end, a hydraulic piston and cylinder assembly including a piston
      rod extending out from a cylinder, means securing said piston rod to said
      casing near its upper end, said piston and cylinder assembly being fitted
      into the longitudinal bore of said ram with said cylinder locked to said
      ram and hydraulic drive means to actuate said piston and cylinder
      assembly, said drive means having hydraulic conduits extending through
      said piston rod.
NUM  19.
PAR  19. A hydraulic hammer assembly according to claim 18 wherein said cylinder
      has an outer diameter which is closely accommodated by the longitudinal
      bore of said ram.
NUM  20.
PAR  20. A hydraulic hammer assembly according to claim 19 wherein the
      longitudinal bore of said ram is longer than the length of said cylinder
      and wherein removeable abutment means are provided in said bore just above
      said cylinder to maintain it in place.
NUM  21.
PAR  21. A hydraulic hammer assembly according to claim 20 wherein said
      removeable abutment means comprises abutment ring segments which fit into
      a circumferential groove formed about said bore, said segments extending
      out into said bore.
NUM  22.
PAR  22. A hydraulic hammer assembly according to claim 21 wherein said
      removeable abutment means further includes a spreader ring which fits
      within the inner circumference of the abutment ring segments to maintain
      them spread apart and into said circumferential groove.
NUM  23.
PAR  23. A hydraulic hammer assembly according to claim 22 wherein said piston
      and cylinder assembly is self contained upon removal from said ram.
NUM  24.
PAR  24. A hydraulic hammer assembly according to claim 18 wherein said piston
      and cylinder assembly is formed with an enlarged head on a piston rod
      extending out from said assembly, said head being connected to the upper
      end of said casing.
NUM  25.
PAR  25. A hydraulic hammer assembly according to claim 24 wherein said casing
      is tubular and encloses said ram.
NUM  26.
PAR  26. A hydraulic hammer assembly according to claim 25 wherein said casing
      includes a top section secured to an enlarged head formed on one end of a
      piston rod portion of said piston and cylinder assembly.
NUM  27.
PAR  27. A hydraulic hammer assembly comprising an outer casing, a massive ram
      guided for reciprocal movement along said casing, an anvil positioned in
      said casing in the path of reciprocal ram movement to be hammered on by
      said ram, said ram being formed with a longitudinal bore opening out onto
      its upper end, a hydraulic piston and cylinder assembly comprising a
      central tubular cylinder member and upper and lower cylinder end members
      fitted into the ends of said tubular cylinder member, said end members
      being formed with central openings of different size, a piston rod
      comprising an elongated member attached at one end to said casing and
      extending down therefrom into said tubular cylinder member, said piston
      rod having a large diameter section which fits closely in but slides along
      the inner surface of said tubular cylinder member, said piston rod having
      upper and lower sections which fit closely into and slide along the
      different central openings, respectively, of said end members, said piston
      rod, said end members, said tubular cylinder member and said ram being
      relatively moveable a finite amount in the lateral direction so that upon
      subjecting said piston and cylinder assembly to high hydraulic pressure
      said members and said ram become automatically aligned.
NUM  28.
PAR  28. A hydraulic hammer assembly according to claim 27 wherein said piston
      rod is formed of two elements which comprise said upper section and lower
      section respectively, one of said elements having a large diameter cup
      shaped portion which telescopes over the other element.
NUM  29.
PAR  29. A hydraulic hammer assembly according to claim 28 wherein an O-ring
      seal is provided between said elements at said cup shaped portion.
NUM  30.
PAR  30. A hydraulic hammer assembly according to claim 27 wherein said cylinder
      end members are formed with extensions which fit inside the ends of said
      central tubular cylinder member.
NUM  31.
PAR  31. A hydraulic hammer assembly according to claim 30 wherein O-ring seals
      are provided between said extensions and said central tubular cylinder
      member.
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ABST
PAL  An improved impact-type tool driven by pneumatic or similar power means is
      provided with a hand grip assembly which is substantially insulated from
      impact and shaking movements of the drive portion of the tool when the
      latter is in operation. Both the hand grip assembly and a supplementary
      weighted ring are disposed coaxially around the tool drive housing and are
      individually mounted for axial movement with respect thereto. The hand
      grip assembly is divided into upper and lower chambers by means of an
      intermediate annular guide member. A first spring disposed in the upper
      chamber interconnects the hand grip assembly with a flange on the upper
      portion of the tool drive housing, while a second spring disposed in the
      lower housing interconnects the hand grip assembly with the weighted ring.
      The characteristic frequency of the subsystem including the second spring
      and the weighted ring is chosen to be equal to the normal impact frequency
      of the tool when the latter is in operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional power-driven impact tools, such as pneumatic hammers and
      boring tools, are spring-coupled to a surrounding hand grip assembly which
      has, on its upper end, a hand piece which is grasped by the tool operator.
      As is well known, unless suitable facilities are provided between the tool
      drive housing and the hand grip assembly, the strong vibratory forces
      generated by the tool via impact and shaking movements thereof are
      transmitted directly to the operator's body via the hand grip assembly. To
      avoid the obvious dangers thereof, various schemes have been proposed in
      the past to minimize the transmission of such vibrations.
PAR  In one suggested scheme, such vibrations are reduced by significantly
      increasing the mass of the hand grip assembly and/or providing a very soft
      spring between the tool drive housing and the hand grip assembly. Such
      construction, unfortunately, is too heavy and bulky for practical
      applications.
PAR  In another proposed scheme, suitable damping members are introduced in the
      mechanical circuit between the tool drive housing and the hand grip
      assembly. Such scheme has suffered from the fact that the introduction of
      such resistive damping itself sets up accompanying forces that prevent the
      attainment of the desired goal of isolating the hand grip assembly from
      the impact portion of the device.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved power-driven impact tool
      assembly which substantially protects the operator from impacts and
      shaking motions generated by the tool in operation while avoiding the
      above-mentioned disadvantages.
PAR  In an illustrative embodiment, the hand grip assembly is formed as a
      cylindrical shell having an intermediate, inwardly extending first guide
      member that divides the shell into upper and lower chambers. A first
      spring that provides axial movement between the hand grip assembly and the
      tool drive housing is disposed in the upper portion of the chamber. A
      second spring is terminated by a weighted ring in the lower chamber, such
      second spring extending downwardly from the first guide member to support
      the weighted ring in coaxial surrounding relation with the tool drive
      housing and for limited axial movement with respect thereto.
PAR  The characteristic frequency of the subsystem defined by the second spring
      and the weighted ring inside the lower chamber is chosen to be equal to
      the normal impact frequency of the tool during operation.
PAR  Preferably, a second annular guide member is disposed at the lower end of
      the hand grip assembly, and extends inwardly to terminate adjacent the
      periphery of the tool drive housing to define the lower boundary of the
      lower chamber.
PAR  Additionally, the spring constant of a first spring in the upper chamber
      and the mass of the hand grip assembly are chosen with respect to the
      spring constant of the second spring and the mass of the weighted ring so
      that the overall characteristic resonant frequencies of the tool are
      significantly separated from the normal impact frequency of the tool
      during operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is further set forth in the following detailed description
      taken in conjunction with the appended drawing, in which the single FIGURE
      illustrates in longitudinal section a power-driven impact tool having
      facilities in accordance with the invention for isolating the tool
      operator from vibratory forces set up during tool operation.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, a power-driven, impact-type tool designated
      by the numeral 50 is provided with a conventional, elongated tool housing
      2 at the lower end of which a conventional drive element 2a (such as a
      hammer or boring head) is disposed. A flange 2b is disposed at the upper
      end of the housing 2.
PAR  A hand grip assembly 4a is disposed coaxially around the tool drive housing
      2 for limited axial movement with respect thereto. The upper portion of
      the hand grip assembly is equipped with hand grips 4-4, which may be
      conventionally grasped by a tool operator.
PAR  The tool 50 is provided with facilities for substantially insultating the
      hand grips 4, and thereby the operator, from harmful impacts and shocks
      generated by the tool 2a during operation. In accordance with the
      invention, such facilities are provided in an inexpensive and streamlined
      way by incorporating a weighted ring 8 in coaxial surrounding relation
      with the tool drive housing 2, the weighted ring 8 being carried for
      limited axial movement with respect to the housing 2 and with respect to
      the hand grip assembly 4a by means of a spring 10. The spring constant of
      the spring 10 and the mass of the weighted ring 8 are chosen such that the
      characteristic resonant frequency of the subsystem defined thereby is
      equal to the impact frequency of the tool during operation, thereby
      effectively canceling the component of shock and vibration which would
      normally transmitted from the tool head 2a to the hand grips 4. As shown
      in the FIGURE, the hand grip assembly 4a is embodied as a cylindrical
      shell 51 which is disposed in surrounding relation to the housing 2.
PAR  The shell 51 includes a first annular guide member 4b which is disposed
      intermediate the ends of the shell and which extends radially inwardly
      from the shell periphery to terminate adjacent the outer periphery of the
      housing 2. The guide member 4b divides the interior of the shell 51 into
      upper and lower chamber 52 and 53, respectively.
PAR  In order to effect limited axial movement between the hand grip assembly 4a
      and the tool housing 2, a spring 6 is disposed between the upper surface
      of the guide member 4b and the lower surface of the flange 2b on the upper
      end of the housing 2.
PAR  The weighted ring 8 and the associated spring 10 are disposed in the lower
      chamber 53. In particular, an upper end of the spring 10 is carried on the
      lower surface of the guide member 4b, and the lower end of the spring 10
      is affixed to the upper surface of the weighted ring 8.
PAR  The above-described construction provides a compact, inexpensive and
      functionally effective mechanism for eliminating deleterious transmissions
      of vibrations and shocks from the tool head 2a to the operator's body via
      the hand grips 4. Preferably, an improved operation of the overall
      apparatus is obtained if in addition to designing the resonant frequency
      of the spring 10 and weighted ring 8 as indicated above, the spring
      constant of the spring 6 and the mass of the overall hand grip assembly 4a
      are chosen, relative to their counterparts in the spring 10 and the
      weighted ring 8, so that the characteristic resonant frequencies of the
      overall tool 50 are far removed from the normal impact frequency of the
      tool 2a during tool operation.
PAR  The lower portion of the lower chamber 53 is bounded by a second annular
      guide member 4c of the cylindrical shell 51. Like the first guide member
      4b, the lower guide member 4c extends radially inwardly from the periphery
      of the shell 51 to coaxially surround the outer periphery of the tool
      housing 2.
PAR  In the foregoing, the invention has been described in connection with one
      illustrative arrangement thereof. Many variations and modifications will
      now occur to those skilled in the art. It is accordingly desired that the
      scope of the appended claims not be limited to the specific disclosure
      herein-contained.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a power-driven impact tool including an elongated tool drive housing
      having a flange at its upper end and adapted to receive at its lower end a
      drive member operative at a predetermined first frequency, and a hand grip
      assembly coupled to the tool drive housing via a first spring for axial
      movement with respect to the tool drive housing, the hand grip assembly
      having at its upper end a hand piece adapted to be grasped by a tool
      operator, the improvement which comprises, in combination, a second spring
      surrounding the tool drive housing and having one end carried by the hand
      grip assembly, and a weighted ring surrounding the tool drive housing and
      affixed to the other end of the second spring, the characteristic
      frequency of the subsystem defined by the second spring and the weighted
      ring being chosen to be equal to the first frequency, whereby the hand
      piece is substantially isolated from impacts and shaking movements set up
      by the drive member when the latter is operative.
NUM  2.
PAR  2. A tool as defined in claim 1, in which the hand grip assembly comprises
      a cylindrical shell disposed coaxially around the tool drive housing and
      having a first annular guide member disposed intermediate its ends, the
      first guide member extending inwardly to terminate adjacent the outer
      periphery of the tool drive housing to define upper and lower chambers
      within the cylindrical shell, the first spring being disposed within the
      upper chamber and extending between the first guide member and the flange
      of the tool drive housing; and in which the second spring and the weighted
      ring are each disposed within the lower chamber, the second spring
      extending downwardly from the first guide member to engage the upper
      surface of the weighted ring.
NUM  3.
PAR  3. A tool as defined in claim 1, in which the hand grip assembly further
      comprises a second annular guide member disposed at the lower end of the
      cylindrical shell and extending inwardly to terminate adjacent the outer
      periphery of the tool drive housing, the second guide member forming the
      lower boundary of the lower chamber.
NUM  4.
PAR  4. A tool as defined in claim 1, in which the spring constant of the first
      spring and the mass of the hand grip assembly are chosen relative to the
      spring constant of the second spring and the mass of the weighted ring so
      that the overall characteristic resonant frequencies of the tool are
      significantly separated from the first frequency.
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ABST
PAL  A torque wrench adapted to applying predetermined maximum torque onto
      related work comprising an elongate lever arm, a work engaging ratchet
      head including a body coupled to one end of the arm and adapted to be
      rotated by the arm, a spindle with a work engaging projection rotatable in
      the body and ratchet means between the spindle and body to establish
      driving engagement therebetween when the body is rotated in one direction
      by the arm, a manually controlled prime mover carried by the wrench in
      substantially fixed position relative to the body and transmission means
      between the prime mover and the spindle, said prime mover and transmission
      operable to selectively rotate the spindle in said one direction and in
      overriding relationship to the ratchet means, the torque delivered to the
      spindle by the prime mover being less than the predetermined maximum
      torque to be applied by the wrench on to related work.
BSUM
PAR  This invention has to do with a power torque wrench and is more
      particularly concerned with a torque wrench for applying limited or
      controlled torque onto elements of screw fastening means and incorporating
      power drive means for advancing said elements preparatory to applying said
      limited or controlled torque.
PAR  In the hand tool art there are numerous instances where the torque applied
      to screw fasteners and the like must be accurately controlled. To this
      end, the art has provided that class of tool broadly classified as torque
      wrenches. Torque wrenches are provided in several basic types; first there
      is the release type of wrench which is such that driving engagement is
      interrupted between or from tool to fastener when predetermined torque is
      applied to a related fastener; second, there is the click-type of wrench
      which is such that when predetermined torque is applied to a related
      fastener, the wrench transmits an audible signal; and third, there is the
      dial type of wrench which includes a dial which indicates the torsional
      force applied onto a related fastener.
PAR  Each of the above noted types of wrenches is provided in a number of
      different forms; some with special or unusual features and others which
      combine certain attributes and features of the several types of wrenches.
PAR  All such wrenches include, basically, an elongate lever arm with a hand
      engaging rear end portion and a work engaging head at the other or front
      end of the arm. The work engaging head is generally characterized by a
      body portion, fixed or pivotally engaged or connected with the front end
      of the arm and has a polygonal drive member to engage in polygonal
      openings in related fastener engaging drive sockets and the like and/or a
      polygonal drive opening in which a polygonal end portion of a fastener
      engaging drive tool or the like is to be engaged. The polygonal drive
      members and/or drive openings in the heads are at right angle to the
      central longitudinal axes of the arms.
PAR  In accordance with common practice, in carrying forward of the instant
      invention, the work engaging heads are provided or include ratchet means
      within the bodies thereof or between the bodies and those parts which
      define the drive members and/or drive openings. The ratchet means permit
      or allow the drive members and/or openings in the heads to be
      intermittently advanced in one rotative direction, a fraction of one
      revolution thereof by manually moving the rear ends of the arms, back and
      forth, through an arc corresponding generally to each intermittent
      advancement of the drive members and/or openings. As a general rule, the
      ratchet means are provided with means to reverse the direction of drive
      afforded thereby.
PAR  The above noted ratchet type of work engaging heads is notoriously well
      known, in full detail, to those familiar with the art to which the instant
      invention pertains and require no specific illustration or further
      detailed description. Accordingly, in the following, when reference is
      made to a work engaging head, it is to be understood that the referred to
      head is a reversible ratchet type head, of ordinary, common form and
      construction, unless otherwise specified.
PAR  It can be presently noted and it will become apparent from the following
      that the details of the internal construction and operation of the torque
      wrenches, that is, the torque or force responsive means provided in the
      wrenches, can vary widely in construction and/or operation without in any
      way affecting the operation and novelty of the instant invention.
      Accordingly, except to the extent required to adequately disclose and
      explain the instant invention, the details of construction and operation
      of the torque wrenches employed in carrying out this invention will
      hereinafter be kept to a minimum and considered in a general manner to
      that extent possible.
PAR  In the course of advancing fasteners into or with related work and parts it
      is common and frequent that the fasteners, be they threaded male or female
      parts must be rotatably advanced a plurality of many turns before they are
      seated and in that position where final torqueing and setting of thereof
      can be effected. Advancing of the fasteners to a seated position generally
      requires little applied force, but requires considerably motion or
      movement. When once advanced to a seated condition, advancing the
      fasteners to a tight, torqued or set condition, generally requires
      considerable applied force and very little motion or movement. For
      example, to advance a fastener to seated condition may require turning it
      fifteen or more revolutions and to torque and set that fastener, once
      seated, frequently requires that the fastener be turned or further
      advanced, no more than 15.degree. to 30.degree..
PAR  In the industrial arts, it is common practice to employ electric, hydraulic
      or pneumatic fastener advancing hand tool to rapidly advance fasteners to
      a seated condition, preparatory to applying setting torque thereto, by
      means of torque wrenches. This practice requires the provision of the
      noted advancing tools and the torque wrenches and requires that the
      mechanic or tradesman expend considerable time and effort handling and
      switching from one tool to the other in the course of performing the
      required work. Further, it is not infrequent that the power operated
      advancing tools employed are not such that the torque applied thereby can
      be effectively controlled, with the result that in the course of advancing
      fasteners to a seated condition thereby, excess torque is applied thereto
      when the required seated condition is reached. When this condition occurs,
      the fastener must first be unset or loosened and then tightened or reset
      by the second to be used torque wrench.
PAR  It is an object and feature of the present invention to provide a
      combination power operated fastener advancing and torque wrench tool
      whereby screw fasteners can be easily and effectively advanced to seated
      condition by power drive means, without special manual movement of the
      tool and can thereupon be torqued and set by limited manual movement of
      the tool. Accordingly, it is an object and feature of this invention to
      provide a single tool of the character referred to which effectively takes
      the place of separate power operated advancing tools and torque wrenches
      and thereby greatly simplifies the manual efforts and materially shortens
      the time commonly expended in the application, advancing and torque
      setting of screw fasteners.
PAR  It is an object and feature of the instant invention to provide a new tool
      of the character referred to wherein the power operated fastener advancing
      means is such that it applies less torsional forces onto the fasteners
      worked upon than the torsional setting forces to be applied thereto by the
      tool subsequent to the fasteners being seated or fully advanced, but not
      set.
PAR  It is yet another object and feature of my invention to provide a tool of
      the character referred to wherein various forms and of commercially
      available fasteners advancing tools, or parts thereof, and torque wrenches
      can be effectively combined and/or cooperatively related with each other
      to provide an effective, convenient and easy to use fastener advancing to
      torque setting tool.
DRWD
PAR  The foregoing and other objects and features of my invention will be fully
      understood from the following detailed description of typical preferred
      forms and applications of the invention, throughout which description
      reference is made to the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation view of a wrench embodying the present
      invention;
PAR  FIG. 2 is a top view taken as indicated by line 2--2 on FIG. 1;
PAR  FIG. 3 is a bottom view taken as indicated by line 3--3 on FIG. 1;
PAR  FIG. 4 is an end view taken as indicated by line 4--4 on FIG. 1;
PAR  FIG. 5 is a sectional view taken as indicated by line 5--5 on FIG. 4;
PAR  FIG. 6 is a view similar to a portion of FIG. 3 showing another form of
      ratchet head;
PAR  FIG. 7 is a view similar to FIG. 1 showing another embodiment of the
      invention;
PAR  FIG. 8 is a view similar to FIG. 7 showing yet another embodiment of the
      invention;
PAR  FIG. 9 is a view taken as indicated by line 9--9 on FIG. 8;
PAR  FIG. 10 is a view taken as indicated by line 10--10 on FIG. 8;
PAR  FIG. 11 is a view similar to FIG. 7 showing another embodiment of the
      invention; and
PAR  FIG. 12 is a view taken as indicated by line 12--12 on FIG. 11.
DETD
PAR  Referring to FIGS. 1 through of the drawings, I have shown the present
      invention embodying or including a conventional torque wrench W. The
      wrench W can be a torque releasing type of torque wrench such as is
      disclosed in the French patent of M. Gustave Tourand, French Pat. No.
      965,788, issued Oct. 6, 1950, or can be and preferably is a click type
      torque wrench such as is disclosed in U.S. Pat. No. 3,772,942, of Bosko
      Grabovac for "Adjustable Torque Wrench", issued Nov. 20, 1973.
PAR  The wrench W includes an elongate tubular lever arm A with front and rear
      ends, a work engaging head H at the front end of the arm and a hand grip G
      are the rear end of the arm. The work engaging head H is characterized by
      an elongate polygonal tool or work engaging projection or drive member P
      on an axis normal to the longitudinal axis of the arm and projecting
      radially or, as shown, downwardly at the forward end of the wrench. The
      projection P is, for example, adopted to engage a desired drive socket 10,
      (as shown in phantom lines in FIG. 1 of the drawings) in accordance with
      well known and established practices. The work engaging head H in the form
      of the invention now under consideration, is a conventional ratchet head
      and includes a body 11 secured with or to the front end of the arm A. The
      body 11 rotatably carries a central, vertical spindle 12 on which the
      projection P is formed and from which the projection depends, as shown.
PAR  The manner in which the ratchet head body 11 is fixed or secured to the arm
      depends upon the type of wrench employed. For example, if the wrench is a
      torque release type wrench, such as referred to above, the body 11 is
      rigidly fixed to and may be formed integral with the front end of the arm
      A, whereas, if the wrench is a click type wrench, the body 11 is pivotally
      connected with the front end of the arm by means of a rearwardly
      projecting moment arm 11' on the body entering the front end of the arm
      and a pivot pin 11.sup.2 engaged through and between the arms A and 11'.
      In the case of dial type torque wrenches, the ratchet head is most
      commonly fixedly carried by the forward end of a deflection beam within
      the arm A (or an arm like body) and project freely from the front end
      thereof.
PAR  In the case of torque release type wrenches, the ratchet heads are most
      commonly provided with variably or adjustable, yieldingly releasable
      racket or clutch means between their bodies and spindles whereby driving
      engagement between the bodies and spindles is broken or is released upon
      the exertion of predetermined torsional forces therebetween. Further, the
      heads of such wrenches are or can be provided with secondary racket or
      clutch means which enable the spindles to be substantially freely rotated
      relative to the bodies and the arm, counter to the direction of movement
      of the arm for applied torque.
PAR  Since the structure and means provided in the above noted torque release
      wrenches to effect their operation can vary widely in form and details
      without affecting the instant invention, present detailed illustrations of
      such means and/or structure would serve no useful end, would only tend to
      unduly burden this disclosure,
PAR  In the case of click-type and dial-type wrenches, the ratchet heads are of
      a conventional form and nature, including suitable ratchet means R,
      (indicated diagrammatically in dotted lines) between their bodies and
      spindles and can be uni-directional, or bi-directional. In FIGS. 1 through
      4 of the drawings, I have shown the wrench W provided with or including a
      ratchet head H of one common configuration which might be uni-directional
      or bi-directional (reversible), while in FIGS. 5 through FIG. 9, I have
      shown the wrenches provided with or including ratchet head H', the
      configuration of which is typically that of reversible or bi-directional
      ratchet heads and which are provided with control levers 13, operable to
      select the direction of drive.
PAR  Summarizing the foregoing, in practice of and in carrying out this
      invention, substantially any torque wrench structure having an elongate
      lever arm with front and rear ends and a ratchet head comprising a body, a
      rotatable spindle and a drive member on the spindle, related to or at the
      front end of the arm, can be employed.
PAR  Referring once again to the wrench W illustrated in FIGS. 1 through 4 of
      the drawings, the wrench includes generally a prime mover or motor M fixed
      to the arm A and drive or transmission means D between motor M and the
      spindle 12 of the wrench ratchet head H and operable to rotate the spindle
      12 in the direction of applied torque and/or in overriding drive
      relationship to the direction of rotation of the arm A for applied torque.
PAR  The motor M is shown as an elongate pneumatic motor arranged in vertically
      spaced parallel relationship with the front portion of the arm and has a
      forwardly projecting output shaft 15 and a manually operable on and off
      control valve C at its rear end.
PAR  The motor M is releasably fixed to the arm A by suitable mounting means N
      which means is shown as including longitudinally spaced saddle blocks 16
      engageable with and between the motor and the lever arm and clamp bands 17
      related to and engaged about the motor, arm and blocks, substantially as
      illustrated.
PAR  The transmission means D is shown as a simple right-angle bevel gear drive
      unit carried by the front end of the motor M to overlay the spindle 12 of
      the head H in vertical spaced relationship and having a vertical depending
      output shaft 18 in axial alignment with the spindle. The output shaft 18
      is connected with the spindle 12 by a coupling means O which means is
      shown as including a polygonal extension or end portion on the shaft 18
      and a receiver member 19 fixed to the top or upper end of the spindle and
      cooperatively receiving the polygonal portion of the shaft to establish
      driving engagement therebetween. The receiver member 19 is a disc-like
      part fixed to the top of the spindle as by welding and has a slot 20 in
      which the shaft 18 is slidably engaged and which extends horizontally and
      transverse the longitudinal axis of the wrench in an arc concentric with
      the pivotal axis of the head H. That is, the center of which is
      coincidental with the pivot pin 11.sup.2 of the wrench. The means O is
      such that rotary driving connection is established between the
      transmission D and the head spindle 12 and, at the same time, the head is
      free to pivot relative to the arm A and the transmission D, when the
      wrench is employed to apply setting torque to a related piece of work. It
      is to be noted that the head H is deflected laterally or swings a very
      short or limited distance relative to the arm A when the wrench applies
      setting torque to the work and that the slot 20 need be of corresponding
      limited longitudinal extent.
PAR  In practice, the motor M is spaced a substantial distance forward from the
      hand grip G of the wrench and a manually engageable operating lever or
      extension L is provided for the control valve C, which lever extends
      rearwardly into convenient hand or finger engaging position adjacent the
      forward end of the handle, as shown.
PAR  In practice, the lever L illustrated and described above can be replaced by
      flexible cable means or, if desired, the valve per se could be detached
      from the motor, fixed to the arm adjacent the handle and suitably
      connected with the motor by an air line, without departing from the spirit
      of the invention.
PAR  In use or operation, the torque delivered by the motor is less than the
      setting torque to be applied by the wrench W. In the case of pneumatic or
      hydraulic motors, the torque delivered by the motor can be adjusted and
      set by controlling the fluid or air supply to the motor. This is most
      commonly effected by means of a pressure regulator (not shown) in the
      supply line to the motor.
PAR  In practice, the motor M can be reversible and such that when the ratchet
      head H is reversible, as shown in FIG. 6 of the drawing, the tool can be
      effectively employed to advance both right and left hand fasteners and the
      like into engagement with related work and/or can be employed to advance
      and retract such fasteners from the work. To the above end, FIGS. 1 and 2
      of the drawings show the motor M provided with a manually operable
      reversing member or button 25.
PAR  In FIG. 7 of the drawings, the motor M' is shown as a reversible electric
      motor with a reversing switch 25' and is under control of a pressure
      actuated on and off switch C' fixed to the arm A of the wrench, adjacent
      the hand grip G. The transmission D' is shown as a right angle, worm and
      pinion gear unit and is shown connected with the output shaft 15' of the
      motor by means of an adjustable clutch means F. The motor M' is secured to
      the arm A by block and band type mounting means N' similar to the means N
      described above. The transmission D and spindle 12 of the head H' are
      connected by coupling means O' similar to the means O in the first
      described embodiment of the invention.
PAR  In FIGS. 8, 9 and 10 of the drawings, I have shown another form of the
      invention wherein the transmission D.sup.2 is that form or type of
      transmission commonly referred to as a drive ratchet and consists of a
      body 30 with a forward portion rotatably carrying a drive spindle 31 with
      a depending drive shaft 32. The body 30 pivotally carries a horizontal
      drive arm 33 which is drivingly connected with the spindle by a suitable
      ratchet means R' and which projects rearwardly into the rear portion of
      the body 30. The arm 33 has a vertical and rearwardly opening slot 34. A
      drive plate 35 is rotatably supported in the body rearward of the arm 33
      and has a forwardly projecting drive pin 36 projecting into the slot 34 to
      establish sliding driving engagement therein and which is radially offset
      from the rotative axis of the plate 35.
PAR  The rear end of the body 30 is mounted in fixed position. For example, and
      as shown, it is connected to the forward end of the motor M.sup.2. The
      drive plate 35 is suitably connected with the output shaft 15' of the
      motor. It will be apparent that when the drive plate is rotated by the
      motor, the eccentric drive pin 36 in the slot 34 drives the arm 33
      laterally, back and forth, and that by virtue of action of the ratchet
      means R', the spindle 31 is intermittently turned or rotated, as desired.
PAR  The motor M.sup.2 can be reversible electric, pneumatic or hydraulic motor,
      as desired, or as circumstances require, and is secured to the forward
      portion of the arm A of the wrench by mounting means N.sup.2.
PAR  The mounting means N.sup.2 is shown as including a casting with parallel
      openings to slidably receive the motor M.sup.2 and the arm A and as being
      provided with jam or interfering lock screws 50 to secure components.
      together.
PAR  The output shaft 32 of the means D.sup.2 can be coupled with the ratchet
      head H.sup.2 of the wrench by coupling means O.sup.2 similar to the means
      O described in the preceding.
PAR  In FIGS. 11 and 12 of the drawings, I have shown (in elevation) one side
      and the top of a typical dial torque wrench structure W.sup.2. The wrench
      W' is characterized by an elongate, box-like lever arm A.sup.2 with a
      handle G.sup.2 projecting from its rear end and a ratchet head H.sup.2 is
      similar to either of the heads H in the preceding forms of the invention.
PAR  The arm has an elongate flat top surface 60 on the rear end portion of
      which is mounted a suitable indicator dial I.
PAR  The details of construction and operation of the wrench W.sup.2 is
      disclosed in U.S. Pat. No. 3,726,134 entitled "DIAL TORQUE WRENCH" issued
      to Bosko Grabovac on Apr. 10, 1973.
PAR  In the form of the invention now under consideration, a drive motor M.sup.3
      is mounted to the top surface 60 of the arm A.sup.2, forward of the dial I
      by longitudinally adjustable mounting means N.sup.3. The motor is
      preferably a reversible electric motor under control of a manually
      operable switch (not shown) and is provided with a reduction gear box B
      with a vertical output shaft 61. The shaft 61 carries a drive pully or
      wheel 62. The spindle 12.sup.2 of the ratchet head H.sup.2 carries a drive
      pully wheel 63, substantially as shown, and an endless, looped, helically
      wound, resilient drive spring 64 is engaged about and between the wheels
      62 and 63.
PAR  It will be apparent that when the wheel 62 is rotated by the motor M.sup.3,
      the spindle 12.sup.2 of the head H.sup.2 is effectively rotated. It will
      be further apparent by adjusting the position of the motor M.sup.3,
      longitudinally of the arm A.sup.2, by means of the mounting means N.sup.3
      illustrated, the tension of the drive spring 63 is varied and the torque
      applied to the spindle 12.sup.2 can be effectively adjusted so as not to
      exceed the desired setting torque to be applied by the wrench.
PAR  In practice, the pully wheel and drive spring means described above could
      be substituted by suitable chain and sprockets without departing from the
      spirit of this invention.
PAR  It is to be noted that with the last noted drive means the head of the
      wrench is free to be deflected laterally and the coupling means O, such as
      is provided in the previous forms of the invention, is not required or is
      substituted by the novel relationship of the pulley wheels and drive
      spring. Since the distance between the pulley wheels is greater than the
      distance between the axis of the head and the pivotal axes about which the
      head moves when it is deflected, upon deflection of the head, the tension
      of the drive spring is relieved slightly. Accordingly, the subject drive
      means or the spring, which is a coupling means, affords for free lateral
      deflection of the head, as does the afore-described coupling means O.
PAR  With the tool or tools provided by the present invention, the work engaging
      projections of the ratchet heads are engaged with or otherwise suitably
      coupled to threaded parts, such as bolts, which have been partially
      engaged in or with complimentary threaded work elements. The motors of the
      tools are then energized to rapidly advance the parts into non-set,
      untorqued, seated engagement with the elements, without notable manual
      effort. When the parts are thus seated, the motors are turned off and
      manual force is directionally applied to the rear ends of the lever arms
      to apply desired, predetermined setting torque onto and through the parts.
      In practice, though the parts may be turned 15 to 30 more revolutions in
      the course of being seated and torque set, the lever arm may need to be
      manually turned no more than 15.degree. to 30.degree.. Further, the time
      required to advance and set the part may often be reduced from several
      minutes to as little as 10 or 15 seconds.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A torque wrench comprising an elongate lever arm with front and rear
      ends, a hand grip at the rear end of the arm, a ratchet head pivotally
      connected with and projecting forward from the front end of the arm and
      selectively pivotally shiftable laterally relative thereto, said head
      including a body, a spindle rotatably carried by the body on an axis
      parallel to the pivotal axis of the head and normal to the longitudinal
      axis of the arm, ratchet means between the body and spindle establishing
      driving engagement therebetween upon rotation of the arm and body in a
      predetermined direction about the axis of the spindle and a work engaging
      projection in axial alignment with and projecting from the spindle and
      laterally relative to the axis of the arm, said wrench including means in
      and related to the arm and the head responsive to the torsional forces at
      said projection resolved from manually applied forces on the hand grip,
      whereby said torsional forces applied by the wrench can be controlled and
      result in lateral pivotal shifting of the head relative to the arm, a
      drive motor fixedly carried by the arm remote from the spindle, a
      transmission connected with and between the motor and the spindle and
      manually operable control means for the motor to selectively set the motor
      in operation, said motor and transmission operable to selectively rotate
      the spindle and projection relative to the body in the direction of
      driving rotation afforded by said ratchet means whereby the spindle and
      projection are drivingly rotated without rotation of said arm, said
      transmission including means to afford pivotal lateral shifting of the
      head relative to the motor and the arm.
NUM  2.
PAR  2. A torque wrench as set forth in claim 1 wherein said ratchet means and
      said motor are reversible.
NUM  3.
PAR  3. A torque wrench as set forth in claim 1 wherein the torsional force
      exerted onto and through the spindle and projection by the motor and
      transmission is less than the torsional force to be exerted onto and
      through the spindle by manually applied force on the arm.
NUM  4.
PAR  4. A torque wrench as set forth in claim 1 wherein the torsional force
      exerted onto and through the spindle and projection by the motor and
      transmission is less than the torsional force to be exerted onto and
      through the spindle by manually applied force on the arm, said ratchet
      means and said motor are reversible.
NUM  5.
PAR  5. A torque wrench as set forth in claim 1 wherein said motor has a
      forwardly projecting drive shaft, said transmission including a gear box
      accommodating the drive shaft for free rotation, an output shaft normally
      aligned with the axis of the spindle, and coupling means between the
      output shaft and spindle to afford lateral shifting of the head and axial
      misalignment of the output shaft and spindle, said gear box being spaced
      from the head opposite from the side thereof from which the projection
      projects.
NUM  6.
PAR  6. A torque wrench as set forth in claim 5 wherein the gear box includes
      bevel gears to transmit motion and force delivered by the drive shaft to
      the output shaft.
NUM  7.
PAR  7. A torque wrench as set forth in claim 5 wherein the gear box includes
      worm and pinion gears to transmit motion of forces delivered by the drive
      shaft to the output shaft.
NUM  8.
PAR  8. A torque wrench as set forth in claim 1 wherein said motor carried by
      the arm and said transmission includes a driven wheel secured to the
      spindle at the side of the head opposite from which the projection
      projects and in axial alignment with the spindle, a drive wheel spaced
      rearward from the drive wheel a greater distance then the distance between
      the spindle axis and pivotal axis of the head and driven by said motor,
      and coupling means comprising an elongate endless flexible drive member
      engaged about and between said wheels.
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ABST
PAL  A throttle valve construction for a pneumatic paving breaker and other
      types of percussion tools employing a reciprocating piston to impart blows
      to a work steel or the like is disclosed, wherein partial movement of the
      control lever of the tool from a fully depressed position to a partially
      depressed position permits the throttle valve to shift to a position which
      substantially reduces the quantity of air under pressure being supplied to
      the operating cylinder of the tool so that the reciprocation frequency and
      kinetic energy of the piston are reduced. The amplitude and frequency of
      the vibrations generated by the tool and transmitted to the operator
      thereof are likewise substantially reduced when the tool is operating in
      this mode, and a significant reduction in the level of the sound emitted
      by the tool is also obtained.
BSUM
PAR  This invention relates to percussion tools, and more particularly relates
      to a throttle valve construction for a pneumatic percussion tool, which
      substantially reduces the amplitude and frequency of vibration of the
      tool, as well as the sound level emitted thereby, when the tool is
      operated in a mode other than its normal working mode.
PAR  Manufacturers of percussion tools, such as pneumatic paving breakers and
      the like, have endeavored to reduce the amplitude and frequency of the
      vibrations transmitted to the operator of the tool when the latter is in
      use, and also to reduce the level of the sound emitted by the tool. As a
      result of this effort, the vibrations generated by many modern percussion
      tools are of substantially constant frequency and low amplitude, and thus
      can be tolerated by the operator for relatively long periods without
      fatigue. In addition, mufflers have also been employed to reduce the sound
      level of such tools to acceptable levels.
PAR  While many of the percussion tools presently in use are no longer
      objectionable either from an excess vibration or sound level standpoint
      while being used in a normal working mode, some tools, such as pneumatic
      paving breakers, are still objectionable for one or the other or both of
      the aforementioned reasons during the period when the tool is being
      withdrawn from a work area. The reason for this is that the operator of a
      paving breaker usually continues to hold the throttle lever of the tool
      closed while the tool is being withdrawn from the work. When this is done,
      the amplitude and frequency of the vibrations generated by the tool and
      transmitted to the operator become erratic and unsteady, and the tool is
      thus very difficult to control. In addition, the frequency and level of
      the sound emitted by the tool at this time increases, which is also
      objectionable.
PAR  Accordingly, it is a general object of the present invention to provide a
      novel percussion tool, particularly a pneumatic paving breaker, which is
      not subject to the aforementioned objections and disadvantages.
PAR  A more particular object is to provide a novel pneumatic paving breaker in
      which the vibration and sound levels of the tool are prevented from
      exceeding acceptable levels during the period when the work steel is being
      withdrawn from a work area and the tool is in operation.
PAR  A specific object is to provide a novel throttle valve construction for a
      pneumatic paving breaker, which throttles the supply of air entering the
      operating cylinder of the tool in response to partial movement of the
      throttle control lever of the tool toward its shut-off position so that
      the frequency and amplitude of vibration of the tool, as well as the sound
      level thereof, are substantially reduced.
PAR  Another object is to provide a novel throttle valve construction of the
      foregoing character, which incorporates a dual rate spring assembly to
      facilitate movement of the throttle valve to a position throttling the
      supply of air to the operating cylinder of the tool as a result of the
      change in shape of the operator's hands on the handles of the tool due to
      transition from pushing to pulling effort.
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description and accompanying sheets of drawings,
      wherein:
DRWD
PAR  FIG. 1 is a perspective view, on a reduced scale, of a pneumatic paving
      breaker incorporating a throttle valve construction embodying the features
      of the present invention;
PAR  FIG. 2 is a somewhat enlarged, fragmentary, longitudinal sectional view
      through the upper portion of the paving breaker illustrated in FIG. 1;
PAR  FIG. 3 is a fragmentary sectional view, on a somewhat larger scale, showing
      additional details of the throttle valve construction illustrated in FIG.
      2;
PAR  FIG. 4 is an enlarged cross-sectional view taken along the line 4-4 of FIG.
      3;
PAR  FIG. 5 is a fragmentary, longitudinal sectional view, with some parts in
      elevation, of the upper portion of the paving breaker illustrated in FIGS.
      1 and 2 and showing the position of the parts thereof at start-up and
      before the automatically shiftable valve has moved to its upper position;
PAR  FIG. 6 is a fragmentary, longitudinal sectional view, similar to FIG. 5,
      but showing the position of the parts of the paving breaker when the
      impact piston has reached the end of its upward stroke and is about to
      start its downward or impact stroke; and
PAR  FIG. 7 is a fragmentary, longitudinal sectional view showing the throttle
      valve of the invention in the position it occupies when the paving breaker
      is operating at a reduced frequency, such as when the tool is being
      withdrawn from a work area.
DETD
PAR  In FIG. 1, a percussion tool, is the present instance a pneumatic paving
      breaker, is illustrated and indicated generally at 10. The paving breaker
      10 is exemplary of one type of percussion tool with which the throttle
      valve construction of the present invention, to be hereinafter described
      in detail, is usable. The paving breaker 10 is conventional to the extent
      that it comprises an elongated tool body 11 which includes a cylinder
      assembly 12, a lower or front head assembly 13, and an upper or back head
      assembly 14. A tappet seat 15 is interposed between the cylinder assembly
      12 and the front head assembly 13 and the latter is provided with latching
      structure 16 at the lower end thereof for releasably retaining a
      worksteel, such as a moil point 17, engaged herewith. A pair of elongated
      bolts, only one of which is shown in FIG. 1 and indicated at 18, extends
      through flanges on the lower and upper ends of the cylinder assembly 12
      and front head assembly 13, as well as through the tappet seat 15, to
      maintain alignment between these parts, and a pair of coil springs, only
      one of which is shown in FIG. 1 and indicated at 22, bias the mating faces
      of the cylinder assembly 12, front head assembly 13 and tappet seat 15
      into engagement but permit separation between the interfaces of these
      assemblies when the tool is in operation.
PAR  The upper or back head assembly 14 is secured to the upper end of the
      cylinder assembly 12 by four bolts, only two of which are shown in FIG. 1
      and indicated at 23. The back head assembly 14 also includes a pair of
      laterally outwardly extending handles 24 and 25, and a throttle lever 26
      is pivotally mounted in the back head assembly 14 as by a pin 27.
PAR  Referring now to FIG. 2 in conjunction with FIG. 1, it will be seen that a
      tappet 28 is slidably mounted in a bore 32 in the tappet seat 15 for
      axially shifting movement. The tappet 28 has a somewhat enlarged head 33
      which is received in a counterbore 34 in the lower end of the tappet seat,
      the counterbore 34 defining a shoulder 36 in the tappet seat which limits
      upward movement of the tappet 28 therein. The upper end, indicated at 37,
      of the tappet 28 extends into the lower end of a bore 38 in the housing,
      indicated at 39, of the cylinder head assembly 12 so as to be in position
      to be engaged by and receive an impact blow from a piston 42 slidably
      mounted in the bore 38.
PAR  In order to cause the piston 42 to reciprocate in the cylinder bore 38,
      passage means is provided in the tool body 11 for communicating fluid
      under pressure, such as compressed air at 90 p.s.i., to the upper and
      lower ends of the cylinder 38, and an operating or control valve 45 is
      provided in the passage means for alternately directing the flow of
      compressed air to the upper and lower ends of the cylinder 38 each time
      the piston 42 approaches the end of its upward or downward stroke. To this
      end, the control valve 45 is shiftably mounted on the cylindrical portion
      46 of a valve guide 47, which is mounted the upper end of the housing 39.
      The valve guide 47 is supported by an annular, upper or rear valve chest
      member 48 and the latter is supported by an annular, lower or front valve
      chest member 49. The valve chest members 48 and 49 surround the
      cylindrical portion 46 of the valve guide 47.
PAR  A chamber 50, provided by a recess 51 in the lower or inner end face of the
      back head assembly 14, communicates with a ring of generally axially
      extending bores, one of which is indicated at 54, in the flange portion,
      indicated at 57, of the valve guide 47 and with another ring of generally
      axially extending bores, one of which is indicated at 62, in the upper
      valve chest member 48. The lower ends of the bores 62 open into an annular
      chamber 64 defined between the upper valve chest member 48 and the lower
      valve chest member 49. An annular, radially extending passage 67 connects
      the chamber 64 with a pair of axially spaced, annular chambers 68 and 69,
      which surround a radially enlarged portion 72 of the operating valve 45.
PAR  As best seen in FIG. 3, the control valve 45 includes a pair of axially
      extending sleeve portions 73 and 74, which closely fit the exterior of the
      cylindrical portion 46 of the valve guide 47 and which define annular,
      radially extending sealing surfaces 76 and 77 at the lower and upper ends,
      respectively, of the radially enlarged portion 72. The sealing surfaces 76
      and 77 coact with a corresponding pair of annular seats 78 and 79 on the
      lower and upper valve chest members 49 and 48, respectively. The seats 78
      and 79 are axially spaced by a distance somewhat greater than the axial
      distance between the sealing surfaces 76 and 77 of the control valve 45 so
      that the radially enlarged portion 72 of the valve 45 can shift upwardly
      and downwardly between the seats 78 and 79.
PAR  Referring now to FIG. 5 in conjunction with FIG. 2, it will be assumed that
      the throttle lever 26 has been moved to its fully depressed position shown
      in FIG. 5 so that air at line pressure is free to flow from an inlet
      fitting 80, threaded into the upper end of the housing 39, past a throttle
      valve means 100, which embodies the features of the present invention and
      which will be described more fully hereinafter, into the chamber 50. It
      will further be assumed that the control valve 45 is in its lower position
      shown in FIGS. 2 and 5 so that sealing surface 76 is engaged with the
      annular seat 78. With the foregoing conditions, air under pressure in the
      chamber 69 is prevented from flowing into the upper end of the cylinder
      bore 38. However, air under pressure in the chamber 68 is free to flow
      through the gap between the sealing surface 77 and the annular seat 79
      into an annular chamber 82 surrounding the cylindrical portion 46 of the
      valve guide 57. Air under pressure in the chamber 82 thus flows through a
      diagonally extending bore 83 in the upper valve chest member 48 and thence
      through a lateral bore 84 in the upper end of the housing 39 to enter the
      upper end of an axially extending bore 86.
PAR  The lower end of the axial bore 86 intersects another lateral bore 87 in
      the side wall of the housing 39, and the inner end of the bore 87
      intersects a shallow groove 88 in the lower end of the cylinder bore 38 to
      thus connect the lower end of the cylinder bore 38 with air at line
      pressure in the annular chamber 68. Consequently, the piston 42 will be
      caused to move rapidly upwardly in the bore 38 toward the lower valve
      chest member 49.
PAR  As the piston 42 begins to move upwardly in the bore 38, air in the
      cylinder above the piston will be compressed. No substantial compression
      occurs, however, until the upper full diameter edge, indicated at 92,
      moves past and closes the inner end, indicated at 93 (FIG. 2), of at least
      one and preferably a plurality of exhaust ports 94 in the side wall of the
      cylinder housing 39.
PAR  As the lower, full diameter edge, indicated at 96, of the piston moves
      beyond the inner ends 93 of the exhaust ports 94, the pressure in the
      cylinder bore below the piston 42, and hence in the annular chamber 82,
      begins to drop since the chamber 82 is then connected by axial passage 86
      and other bores and passages in the housing 39 with the exhaust ports 94.
      Consequently, as the piston 42 approaches the upper end of its stroke, the
      pressure in the cylinder above the piston will reach a value sufficient to
      cause the control valve 45 to shift from its lower position shown in FIGS.
      2, 3 and 5 to its upper position shown in FIG. 6. When this occurs,
      communication between the chambers 68 and 82 is cut off and communication
      is established between the annular chamber 69 and the upper end of the
      cylinder bore 38. Upward movement of the piston 42 is arrested primarily,
      however, by the pressure of the air in the cylinder 38 above the piston,
      which is substantially greater than line pressure due to compressive
      action of the piston. The piston 42 will stop its upward movement and
      begin to move downwardly in its bore 38 before engaging the lower surface
      of the lower valve chest member 49. The approximate point at which the
      piston 42 changes direction is illustrated in FIG. 6.
PAR  With the control valve 45 in upper position illustrated in FIG. 6, air at
      line pressure will flow into the cylinder bore 38 above the piston 42 as
      the latter moves downwardly toward the tappet 28. The piston is thus
      accelerated toward the tappet until the lower, full diameter edge 96
      thereof moves across and closes the inner ends 93 of the exhaust ports 94.
      When this occurs, pressure in the cylinder bore 38 below the piston 42
      begins to increase. Such pressure increase is also communicated through
      the axial passage 86 to the chamber 82 and consequently to the upper end
      of the control valve 45.
PAR  When the upper, full diameter edge 92 of the piston 42 moves across the
      inner ends 93 of the ports 94, the pressure in the cylinder bore 38 above
      the piston begins to drop. Consequently, sometime before the piston 42
      reaches the bottom of its downward stroke and impacts against the tappet
      28, the pressure in the chamber 82 acting on the upper end of the control
      valve 45 will exceed line pressure and cause the valve to shift downwardly
      to the position thereof illustrated in FIGS. 2, 3, and 5. When this
      occurs, communication is re-established between the chambers 68 and 82 so
      that air at line pressure may then flow into the chamber 82 and continue
      to hold the control valve 45 in lower position. However, since the
      pressure in the cylinder 38 below the piston 42 is substantially greater
      than line pressure at this time, some back flow occurs through the bore 86
      to the chamber 82. The pressure force opposing downward movement of the
      piston 42 is far less than the inertia force of the piston so that the
      latter continues to move downwardly and impact against the upper end 37 of
      the tappet 28. Consequently, an impact blow is applied to the upper end of
      the steel 17 and hence to the work with which the lower end of the steel
      is engaged. After the energy of the piston 42 has been expended, the
      piston will rebound upwardly and will continue to rise in the bore 38 with
      the assistance of air at line pressure, which is now flowing through the
      bore 87 and into cylinder 38 below the piston 42, for another cycle
      operation. The piston 42 will reciprocate continuously in the cylinder
      bore 38 and impart impact blows to the tappet 28 so long as air at line
      pressure is supplied to the chamber 50.
PAR  Referring now to FIGS. 2 and 3, the construction of the throttle valve
      means 100 will now be described. As will be apparent from these figures,
      the throttle valve means 100 comprises an elongated throttle valve member
      105 and spring means in the form of a dual rate spring pack 115. The
      throttle valve member 105 includes an elongated stem or guide portion 101
      that is shiftably mounted in a bushing 102 pressed into or otherwise
      secured in an axial bore 103 in the upper or back head assembly 14. A bore
      104, comprising a portion of the passage means in the tool body 11,
      extends diagonally upwardly from the chamber 50 and intersects the bushing
      bore 103 below the lower edge of the bushing 102. The margin of the bore
      103 in the end face of the back head 14 may be chamfered as at 106 to
      provide a sealing surface or seat.
PAR  The lower end of the stem 101 is enlarged to provide an annular closure
      portion 112 and an annular flow restricting portion 113 on the throttle
      valve member 105, the closure portion 112 being of somewhat greater
      diameter than the diameter of the bushing bore 103 and the flow
      restricting portion 113 being disposed above the portion 112 as viewed in
      FIGS. 2 and 3 and having a diameter substantially equal to the diameter of
      the bushing bore 103. An O-ring 114, or some other appropriate seal, is
      mounted in a groove between the portions 112 and 113 for engaging the seat
      106 and preventing air at line pressure from flowing past the throttle
      valve member 105 when the latter is in its first or closed position
      illustrated in FIGS. 2 and 3.
PAR  The spring pack 115 of the throttle valve means 100 biases the throttle
      valve member 105 upwardly or toward the seat 106 and, in the present
      instance, includes a compression coil spring 116 and a stack of Belleville
      washers 117. The upper end of the coil spring 116 engages the lower or
      inner end face of the closure portion 112 and the lower end of the coil
      spring bears against the upper washer of the Belleville stack 117. The
      Belleville washers 117 are received in a bore 118 in the housing 39,
      coaxial with the bushing bore 103.
PAR  A cylindrical spring retainer 122 is provided on the lower end face of the
      closure portion 112 and extends into the upper coils of the spring 116.
      The lower end of the spring retainer 122 is adapted to engage the upper
      end of a spacer 123 which is disposed between the lower coils of the
      spring 116 and which rests on the stack of Belleville washers 117. The
      spacer 123 has a length such that the lower end of the guide portion 122
      will engage the upper end of the spacer 123 substantially at the same time
      that the upper edge of the flow restricting portion 113 of the throttle
      valve member 105 moves out of the lower end of the bushing bore 103, as
      shown in FIG. 7.
PAR  As best seen in FIGS. 3 and 4, the flow restricting portion 113 includes a
      flat 124, which defines a gap 126 between the outer surface of the portion
      113 and the inner surface of the bushing bore 103. The gap 126 comprises
      orifice means for substantially restricting the quantity of air which can
      flow past the throttle valve member 105 and through the passages in the
      tool body when the throttle valve member is partially open. The purpose
      and function of the gap 126 will be described in conjunction with the
      operation of the throttle valve means 100, which is as follows.
PAR  Assuming that the tool 10 has been moved into position over a work area by
      the operator with the worksteel of the tool, such as the moil point 17,
      engaged with the work, and further assuming that air at line pressure is
      available at the inlet fitting 80, the tool is brought into operation when
      the operator depresses the throttle lever 26 downwardly to the position
      thereof illustrated in FIGS. 5 and 6. Movement of the throttle lever 26
      from the position thereof shown in FIG. 2 to the position shown in FIG. 5
      shifts the throttle valve member 105 downwardly from its first or shut-off
      position to a second position wherein the O-ring seal 114 is spaced from
      the seat 106 and the flow restricting portion 113 is completely out of the
      lower end of the bore 103. Consequently, a substantially unrestricted flow
      path is established for air at line pressure to flow around the throttle
      valve member 105 and into the air supply passages of the tool 10. The
      piston 42 will then begin to reciprocate in its bore 38, as previously
      described, and impart impact blows to the work steel 17. It should be
      noted that when the throttle valve member 105 is in its second or normal
      operating position, the latter will be biased toward its closed position
      by the combined force of the coil spring 116 and Belleville washers 17,
      which force is relatively strong.
PAR  Assuming that the work steel 17 has penetrated into the work area a desired
      distance and that the operator has decided to terminate the breaking
      operation and withdraw the steel from the work to place it in a new
      location, he will then pull upwardly on the handles 24 and 25 and perhaps
      rock the tool 10 to free the steel. In so doing, the contours of the
      operator's hand will change and permit the lever 26 to pivot upwardly away
      from its fully depressed position shown in FIG. 5 to a partially depressed
      position shown in FIG. 7. Consequently the throttle valve member 105 will
      shift upwardly from its second or normal operating position shown in FIGS.
      5 and 6 to a third or flow restricting position shown in FIG. 7 where at
      least a portion of the flow restricting portion 113 is positioned in the
      bore 103.
PAR  When the flow restricting portion 113 of the throttle valve member 105 is
      engaged in the bushing bore 103, the flow of the air into the supply
      passages of the tool 10 is substantially reduced. Such throttling action
      results from the fact that all the air must flow through the small gap 126
      provided by the flat 124 on the outer surface of the flow restricting
      portion 113. The reduced air flow through the passages of the tool 10
      causes a substantial reduction in the reciprocation frequency and kinetic
      energy of the piston 42. Consequently, the magnitude and frequency of the
      vibrations transmitted to the operator through the handles 24 and 25 of
      the tool are substantially reduced, as is the sound level thereof.
PAR  In this regard, tests have shown that the sound level emitted by a
      pneumatic paving breaker employing a throttle valve assembly constructed
      in the manner of throttle valve means 100 have a sound level of about 91
      dBA when the tool is being withdrawn from the work and the throttle valve
      is in the throttling position illustrated in FIG. 7. This sound level is
      to be contrasted with a sound level of about 100 dBA which is obtained
      when a standard paving breaker is being withdrawn from the work area with
      the throttle valve fully open.
PAR  If the paving breaker 10 is equipped with a muffler such as is disclosed
      and claimed in the Douglas Bennett U.S. patent application Ser. No.
      311,760, filed Dec. 4, 1973, now U.S. Pat. No. 3,815,705 and if the work
      steel 17 is equipped with a sound attenuating device such as is disclosed
      and claimed in the Danielson U.S. Pat. No. 3,783,970, issued Jan. 8, 1974,
      the sound level generated by the breaker while entering a work area is
      about 91 dBA and a sound level of about 79 dBA is obtained when the tool
      is being withdrawn from the work area and the throttle valve is
      restricting the flow of air through the passages of the tool.
PAR  While only one embodiment of the invention has been herein illustrated and
      described, it will be understood that modifications and variations thereof
      may be effected without departing from the scope of the invention as set
      forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a percussion tool including an elongated tool body having a cylinder
      therein and handle means at one end of said body for manipulating said
      tool, a piston mounted in said cylinder for reciprocating movement and
      operable to impart impact blows to a workpiece or the like mounted in one
      end of said body, said tool body also having passage means therein for
      conveying fluid under pressure to the opposite ends of said cylinder and
      control valve means for controlling the direction of the flow of fluid
      under pressure through said passage means so as to effect reciprocation of
      said piston in said cylinder, the improvement of throttle valve means
      including a throttle valve member adapted to be operatively connected to
      said passage means for controlling the quantity of fluid under pressure
      flowing therethrough, said throttle valve member having a first position
      preventing fluid flow through said passage means and into said cylinder to
      prevent operation of said tool, a second position permitting substantially
      unrestricted fluid flow through said passage means to permit normal
      operation of said tool, and a third position restricting the flow of fluid
      under pressure through said passage means so that the frequency of
      reciprocation and kinetic energy of said piston are substantially reduced,
      lever means mounted on said body adjacent to said handle means, said lever
      means being pivotal about an axis perpendicular to tool movement and
      operable to move said throttle valve member to said first, second and
      third positions, said lever means being positioned so as to hold said
      throttle valve member in said second position when said lever means is
      fully depressed by the operator, and said lever means also being
      positioned so as to permit movement of said throttle valve member to and
      to hold the same in said third position when a pulling force is applied to
      said handle means by the operator, whereby the magnitude and frequency of
      the vibrations generated by said tool and transferred to the operator
      thereof, and the operating noise level of the tool, when said throttle
      valve member is in said third position, are substantially less than when
      said throttle valve member is in said second position, said throttle valve
      member having a constant flow area for a substantial length of movement
      thereof adjacent said third position.
NUM  2.
PAR  2. The percussion tool of claim 1, in which said passage means includes a
      seat and said throttle valve member includes a closure portion movable
      toward and away from said seat, said throttle valve member being disposed
      in said first position when said closure portion is engaged with said seat
      and in said second position when said closure portion is spaced a
      predetermined distance from said seat.
NUM  3.
PAR  3. The percussion tool of claim 2, in which said throttle valve member
      includes orifice means for restricting fluid flow through said passage
      means, said orifice means being rendered operable to restrict fluid flow
      through said passage means when said closure portion is spaced from said
      seat by a distance less than said predetermined distance.
NUM  4.
PAR  4. The percussion tool of claim 3, in which said throttle valve member
      includes a flow restricting portion adjacent to said closure portion and
      sized to closely fit a portion of said passage means adjacent to said
      seat, and said orifice means comprises a clearance space between said flow
      restricting portion and said portion of said passage means.
NUM  5.
PAR  5. The percussion tool of claim 4, in which said portion of said passage
      means adjacent to said seat and said flow restricting portion of said
      valve member are circular in cross section, and said clearance space is
      provided by a flat on said flow restricting portion.
NUM  6.
PAR  6. The percussion tool of claim 2, in which said handle means includes at
      least one laterally extending handle at the end of said tool body opposite
      from said workpiece receiving end, said lever means comprises a manually
      operable lever pivotally mounted on said body with the free end thereof
      overlyng said handle, and said throttle valve member includes a stem
      portion adapted to engage and effect movement of said throttle valve
      member to said second and third positions.
NUM  7.
PAR  7. The percussion tool of claim 6, in which said throttle valve means
      includes spring means for biasing said throttle valve member toward said
      first position.
NUM  8.
PAR  8. The percussion tool of claim 7, in which said spring means has a dual
      rate such that the force biasing said throttle valve member toward said
      first position is substantially greater when said throttle valve member is
      in said second position than when said throttle valve member is in said
      third position.
NUM  9.
PAR  9. The percussion tool of claim 8, in which said spring means comprises a
      first spring member which acts on said throttle valve member when the
      latter is in said first, second and third positions, and a second spring
      member which acts on said throttle valve member only when the latter is in
      said second position.
NUM  10.
PAR  10. The percussion tool of claim 9, in which said first spring means
      comprises a coil spring and said second spring member comprises at least
      one Belleville washer.
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ABST
PAL  A portable earth boring machine for the horizontal boring of shafts and the
      insertion of pipeline casing sections in installations where excavation
      from the surface is undesirable. The machine is characterized by a
      steering head particularly adapted for rock drilling operations which head
      is positioned at the front of the casing with such steering head being
      automatically controlled so as to directionally control the direction of
      extension of the pipeline as the drilling operation progresses.
PARN
PAC  REFERENCE TO CO-PENDING APPLICATION
PAR  This application is a continuation-in-part of co-pending application Serial
      No. 497,245 filed Aug. 14, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to portable earth boring machines and more
      particularly to a machine adapted for horizontal boring of shafts for the
      insertion of pipelines at installations where excavation from the surface
      is undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the machine of the present invention comprises a base means
      that includes spaced track members which are disposed in a trench adjacent
      to the hill to be bored. The machine further includes a frame means
      mounted for movement along the track means and such carriage supports a
      power train for rotating connected sections of auger shafts which comprise
      a progressively extendable boring auger. The frame means further supports
      a pusher ring for driving sections of casings into the bored hole and an
      associated pushing cylinder means is provided for advancing and retracting
      the frame means and pusher ring along the track means.
PAR  In accordance with the present invention the earth boring machine is
      provided with a novel adjustable steering head which in general comprises
      a plurality of wedging means which are mounted in circumferentially spaced
      relationship on the front casing section with the wedging means being
      selectively extendable and retractable laterally outwardly against the
      rock surface. The steering head is provided with novel automatic control
      apparatus for varying the direction and magnitude of the wedging force
      applied by the wedging means so as to directionally control the path of
      the pipeline as the boring operation progresses.
PAR  As another aspect of the present invention the adjustable steering head is
      easily fabricated by modifying a standard casing section so as to include
      a bearing support for the rock boring head as well as the above mentioned
      steering apparatus.
PAR  It is therefore an object of the present invention to provide novel
      steering head means for automatically controlling the establishment of
      grade in the boring of pipeline holes in rock formations.
PAR  It is another object of the present invention to provide an apparatus of
      the type described that includes novel remote control apparatus for the
      steering head.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein preferred forms of embodiments of the invention are
      clearly shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a boring machine constructed in
      accordance with the present invention;
PAR  FIG. 2 is a partial side elevational view of a steering head comprising a
      portion of the apparatus of FIG. 1;
PAR  FIG. 3 is a side elevational view, partially in section, of a welding means
      comprising a portion of the apparatus of FIGS. 1 and 2;
PAR  FIG. 4 is a partial side elevational view showing a modified manually
      operated wedging means for the machine of FIG. 1;
PAR  FIG. 5 is a partial front perspective view of a control system for the
      remotely controlled apparatus of FIGS. 1 and 2;
PAR  FIG. 6 is a diagrammatic view of a hydraulic control system for the control
      system of the embodiment of FIGS. 1 and 2;
PAR  FIG. 7 is a front elevational view showing a remote grade indicating gauge
      and automatic control panel for the boring machine of the preceding
      figures; and
PAR  FIG. 8 is a diagrammatic view of a circuit for the automatic control system
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring in detail to the drawings, FIG. 1 illustrates the complete
      horizontal earth boring machine of the present invention which comprises a
      base means indicated generally at 20. Such base means includes spaced
      longitudinally extending track means 22 which support a carriage means
      indicated generally at 24.
PAR  The carriage means 24 is advanced and retracted along track 22 by a pair of
      hydraulic pushing cylinders seen at 162 in FIGS. 1 and 6, with such
      pushing cylinders being operatively connected between a power cylinder
      base 36 and the carriage means 24.
PAR  Details of typical power cylinders such as 162 and power cylinder base 36
      are disclosed and described in detail in the application of Albert R.
      Richmond, Ser. No. 867,816 filed Oct. 20, 1969, now U.S. Pat. No.
      3,612,195 issued Nov. 12, 1971.
PAR  It will be further seen that pressurized fluid for actuating power
      cylinders 162 is provided by a fluid power system, FIG. 6, including a
      pump 210 driven by an engine 42, FIG. 1, with such system being described
      in detail later herein. The fluid power circuit further includes control
      valve actuators 44 and 46 which are manually actuated to extend and
      retract the pushing cylinders 162 to move carriage 24 forwardly or
      rearwardly along the track means 22.
PAR  Referring again to FIG. 1, the boring machine further includes a pusher
      ring 52 including a front annular surface 53 for engaging the sections of
      pipe casing for pushing such sections into the bored hole. Such pusher
      ring 52 includes a thrust plate means 60 mounted on the carriage means for
      absorbing the pushing thrust and the boring thrust of the auger assembly
      74. A hydraulic drive assembly 61 is interposed between engine 42 and
      auger assembly 74, such hydraulic drive arrangement being described in
      co-pending application Ser. No. 337,211 filed Mar. 1, 1973, now U.S. Pat.
      No. 3,870,110.
PAR  A typical auger construction for connection with the machine of the present
      invention is disclosed and described in detail in the application of
      Albert R. Richmond, Ser. No. 85,614, filed Oct. 30, 1970, now U.S. Pat.
      No. 3,693,734 issued Sept. 26, 1972.
PAR  Reference is next made to the remote grade indicating apparatus of the
      present invention which is shown in assembled relationship with the boring
      machine in FIG. 1 and which comprises a sensing means indicated generally
      at 70 which is mounted on the foremost casing portion 72. The apparatus
      further includes a gauge means indicated generally at 45, which gauge
      means is located at the operator's station of the boring machine, as seen
      in FIG. 1. This serves to continuously provide read-out information with
      respect to deviation in the inclination or declination of the bored hole
      as the drilling operation progresses.
PAR  Details of the remote grade indicating apparatus are described and
      disclosed in detail in the co-pending application of Thomas W. Barnes,
      Ser. No. 354,998 filed Apr. 27, 1973 now U.S. Pat. No. 3,851,716.
PAR  In the present application of the remote grade indicating apparatus the
      fluid conduit connection between the sensing means 70 and gauge 45 is
      provided by a flexible line 75.
PAR  In general, the remote grade indicating apparatus 45-70 functions in
      accordance with the principle that liquid in a conduit system will seek a
      common level and since water is present in the sensing means and also in
      the visual gauge tube 78 of gauge 45 the level of the liquid in the gauge
      tube will always be the same as the level of the liquid in the sensing
      means 70. Hence it will be understood that by reading the level in the
      liquid tube 78, provided with grade indicia above and below a zero datum,
      the operator can at any time determine the height of the boring auger and
      steering head with respect to a predetermined datum line.
PAR  Reference is next made to the steering head apparatus of the present
      invention with the remote control embodiment being shown installed on the
      machine of FIG. 1 and illustrated in enlarged detail in FIGS. 2, 3, 5, and
      6. The steering head apparatus is indicated generally at 80 and is
      installed on a modified standard front casing section 72 and includes a
      heavy duty housing ring 81 of heavy tubular steel material which is joined
      to the front end of the casing section at a weld 83 as best seen in FIG.
      2.
PAR  A plurality of radially extending spaced legs 87 rigidly support a central
      bearing means 85, the latter including a housing that contains a tapered
      roller bearing assembly 89. Such bearing means rotatably supports a rock
      head mounting shaft 88 including a front head mounting plate 86 on which
      is removably mounted a rock bit indicated generally at 150 with a typical
      rock bit being disclosed and described in detail in U.S. Pat. No.
      3,693,734.
PAR  As seen in FIG. 2 rock head mounting shaft 88 is removably joined to a
      front auger section at a male and female joint of hexagonal
      cross-sectional shape.
PAR  With particular reference to FIGS. 2 and 3, the above mentioned steering
      head 80 comprises a plurality of circumferentially spaced wedging means
      indicated generally at 82 with four of such wedging means being utilized
      in the preferred embodiment and spaced at 90.degree. intervals around the
      inner surface of the rock head housing ring 81.
PAR  Referring particularly to FIG. 3, one of the wedging apparatus is
      illustrated in enlarged detail and includes a bracket 120 mounted on a
      respective radial leg 87 by cap screws 134. Such bracket supports a
      hydraulic cylinder 122, which is shown as a single acting type including a
      return spring 198, FIG. 6, with such cylinder being fed with and exhausted
      of pressurized fluid via a flexible hydraulic line 96 which is extended
      back along the outer surfaces of the casing sections such as 72 and 76.
PAR  Each of the power cylinders includes a ram 124 which is pivotally attached
      to a wedging element 126 at a pivot pin 128, with such wedging element
      being in turn pivotally mounted to the previously mentioned bracket 120 at
      a wedge mounting pivot 132.
PAR  It will be noted from FIG. 3, that wedging element 126 is disposed in an
      opening 130 provided in housing ring 81 so as to be extendable and
      retractable outwardly and inwardly to engage and apply force to the
      surrounding rock surface of the hole being drilled.
PAR  With continued reference to FIG. 3, each wedging apparatus is preferably
      provided with a removable housing 118 to protect the mechanism from
      drillings which continually progress rearwardly from rock head 150 and
      between the radial legs 87 to the auger blades which continually move the
      drillings rearwardly and outwardly through the discharge opening 51 in
      pusher ring 52, the latter being seen in FIG. 5.
PAR  Referring next to FIG. 5, the previously described fluid supply lines 96
      are of flexible construction and normally stored on a reel assembly
      indicated generally at 90 which assembly includes the four separate spools
      94, 95, 98 and 100, each of which is adapted to feed out and roll up a
      respective flexible hydraulic line 96 leading to a respective power
      cylinder 122.
PAR  With continued reference to FIG. 5, reel assembly 90 furhter includes a
      central manifold means 102 adapted to feed the flexible lines 96 with the
      manifold means being supplied with pressurized oil by respective conduits
      104 each of which includes a respective control valve 200, 202, 204, and
      206 as shown in FIG. 6.
PAR  With continued reference to FIG. 5, the reel assembly and a related control
      apparatus indicated generally at 118 are shown mounted on a control base
      92, which is preferably located on the top of pusher ring 52 at the
      operator's station, but it can be located at any remote location without
      departing from the spirit of the present invention.
PAR  Reference is next made to FIG. 6 which diagrammatically illustrates the
      hydraulic circuit for the machine of the present invention. The pushing
      cylinder portion of the circuit, during high speed operation, includes a
      fixed displacement pump 210 adapted to supply pressurized hydraulic fluid
      to the previously mentioned pushing cylinders 162 via line 196, diverter
      valve 192, line 186, a three-way "high-low" speed control valve 176, line
      172, and a four-way closed center control valve 164, the latter being
      connected to the pushing cylinders 162 via lines 166 and 168.
PAR  Directional control valve 164 includes a manual actuator 46 which can be
      shifted by the operator so as to either pressurize the base chambers of
      pushing cylinders 162 via line 168 or the rod ends of such pushing
      cylinders 162 via line 166. Hence it will be understood that valve 164 is
      used to either extend or retract the previously mentioned carriage 24 as
      well as pusher ring 52 so as to push the casing sections into the drilled
      holes.
PAR  The pushing cylinder portion of the circuit further includes a second fixed
      displacement pump 178 for low speed operation which is provided with an
      adjustable pressure relief valve 182 for establishing the maximum pressure
      delivered by pump 178, as well as a flow control valve 174. It will now be
      understood that the pushing cylinder portion of the circuit is adapted for
      both low and high speed operation by the availability of the second
      hydraulic pump 210 and the fluid flow from this pump can be added to the
      fluid flow delivered by the previously mentioned pump 178 by opening a
      three-way "high-low" speed control valve 176 when the operator actuates
      the manual actuator 44.
PAR  With continued reference to the circuit of FIG. 6, hydraulic pump 210
      serves the added functions of powering and controlling the steering head
      80 by supplying pressurized fluid to the previously mentioned power
      cylinders 122 which operate the wedging elements 126. This portion of the
      circuit includes a pressure relief valve 212 adapted to by-pass excess
      fluid back to reservoir 214 with pressurized fluid being delivered via
      line 196 to normally closed wedge control valves 200, 202, 204 and 206
      each of which is adapted to selectively pressurize the base end of a
      respective power cylinder 122, with each of said cylinders being adapted
      to operate a respective wedging element 126 in the manner previously
      described.
PAR  As seen in FIG. 6, when it is desired to operate the steering head portion
      of the circuit, a shut-off valve 192 is shifted by the operator, by
      actuating lever 194, to its closed position whereby pressurized fluid is
      made available to the four wedge control valves with each of the said
      valves including a manual operator 110.
PAR  It should be further mentioned that when it is desired to operate the
      pushing cylinders 162 at high speeds then valve 192 is maintained open and
      the previously mentioned "high-low" speed control valve 176 is opened so
      as to deliver the additional fluid capacity from pump 210 into the pushing
      cylinder portion of the circuit. When it is desired to operate the pushing
      cylinders 162 at low speed operation, then actuator 44 is used to close
      "high-low" speed control valve 176 whereby only the volumetric flow from
      the other pump 178 is delivered to the pushing cylinders 162.
PAR  With continued reference to FIG. 6, it should be mentioned that the
      actuators for the wedging elements 126 include the return springs 198
      thereby eliminating the need for a double acting power cylinder
      construction for wedge actuating cylinders 122.
PAR  It should further be mentioned that in the preferred embodiment, the
      wedging means 82 are preferably located at 90.degree. intervals with their
      positions being at the right side, left side, top and bottom. Hence by
      pressurizing the left wedging cylinder and depressurizing the right
      wedging cylinder then the biasing effect of left wedge 126 will direct the
      rock head 150 and the lead casing section to the right. The converse will
      of course be true when the right wedge actuating cylinder 122 is
      pressurized and the left wedging cylinder is relieved. Moreover, when the
      upper wedging element is pressurized by its respective cylinder, with the
      lower wedging element being relieved, then the rock head and front casing
      section will be wedged downwardly with the opposite being true when the
      lower wedging cylinder 122 is pressurized and the pressure in the upper
      wedging cylinder is relieved. Moreover, when the upper wedging element is
      pressurized by its respective cylinder, with the lower wedging element
      being relieved, then the rock head and front casing section will be wedged
      downwardly, with the opposite being true when the low wedging cylinder 122
      is pressurized and the pressure in the upper wedging cylinder is relieved.
PAR  Reference is next made to FIG. 4 which illustrates a modified manually
      controllable steering apparatus which includes elements identical to those
      previously described in connection with the hydraulic embodiment of FIG.
      3, with like elements being identified by identical numbers. Such manual
      embodiment does not require a hydraulic circuit and merely includes male
      and female screw elements 142 and 144, with the latter being mounted on
      bracket 120. Hence when the male element is rotated by application of a
      wrench to its head 146 then wedging element 126 is either extended or
      retracted depending on the direction of rotation. This manual steering
      apparatus, though less convenient, is operable where cost is a factor, and
      with larger casing sections where it is possible for the operator to
      remove the auger and crawl into the casing sections up to the forward end
      where the male screw members 146 can be actuated with a wrench as required
      to achieve the desired steering control.
PAR  Referring next to FIG. 7, the apparatus further comprises an automatic
      control panel indicated generally at 240 which includes electronic control
      circuits which are diagrammatically illustrated in the circuit of FIG. 8.
      This automatic system can be used to operate two of the previously
      described hydraulic cylinders 122 for the purpose of automatically
      maintaining the predetermined grade of the drilling operation. In this
      instance, the automatic control is applied to a "down power cylinder
      122-D" which is mounted on the top of the heavy duty housing ring 81 and a
      "up power cylinder 122-U" which is mounted on the bottom of the heavy duty
      housing ring 81. Such power cylinders 122-D and 122-U are identical in
      construction to the power cylinders 122 shown in FIGS. 1-3.
PAR  Referring particularly to the control panel 240 the apparatus includes a
      control tube 242 which communicates with the previously described water
      gauge tube 78 of the gauge means 45 via a connecting tube 256 such that
      the water level in the control water tube 242 will at all times be equal
      to the water level in gauge tube 78, as well as equal to the water level
      at the sensing means 70.
PAR  Referring again to FIG. 7, the existing water level is sensed by a level
      control sensor rod 244 mounted in control tube 242 with such rod 244
      including three axially spaced metal sensors diagrammatically represented
      at S-1, S-2, S-3. The lower sensor S-1 functions to sense a low water
      level which indicates that steering head 72 is working downwardly, whereas
      the middle sensor S-2 senses the high level of the water which in turn
      indicates that steering head 72 is working upwardly. The top sensor S-3
      functions to sense when the water in control tube 242 is at a high enough
      level for the supply to be turned off so that the system can settle out
      for a reading.
PAR  Sensors S-1, S-2, and S-3, diagrammatically illustrated in FIGS. 7 and 8,
      are small wires or metal elements the electrical resistance of which
      changes upon emersion in water when the level in control tube 242 changes
      to cause such emersion. Such changes in electrical resistance function as
      input signals to comparers in input conditioning circuits 268.
PAR  The above mentioned sensors are connected to input conditioning circuit 268
      by a loom of wires indicated diagrammatically at 246. When the water level
      reaches the metal sensors S-1, S-2, and S-3 the comparers in the input
      conditioning circuits 268 change state.
PAR  The system of FIG. 8 further includes an automatic control circuit 270 and
      an electronic controller 272 which effect a memory function and also
      control an output signal to a control motor and drive mechanism 276 with
      such output signal being selectively actuated by programming circuits 284.
PAR  Programming circuits 284 at the outset of operation serve to connect the
      system with a water supply via line 238 upon actuation of a solenoid 251
      of a water inlet valve 260. This allows water to flow up into the water
      level control tube 242. Subsequently, after a time delay to permit the
      system to stabilize, the sensing circuits function to determine the water
      level in the water level control tube 242 with the information being
      electronically stored in the memory circuits. At this time one of the
      signal lights 254 comes on to indicate to the operator that the boring
      machine should be started. After the machine is operating a signal is sent
      from the memory circuits to the programming circuits which institute
      operation of the control motor 276 to effect the necessary movement of the
      steering head as indicated by the memory signals.
PAR  Referring again to FIG. 8, the circuit further includes an output
      conditioner 274 which consists of a group of power output circuits which
      drive control motor 276.
PAR  As seen in FIG. 8, the operation of the control system is activated by
      control button 286.
PAR  Another feature of the control circuit comprises a machine turning limit
      switch 290 which is connected to the programming circuits 284 for the
      purpose of limiting the movement of the steering head beyond a
      predetermined maximum angle.
PAR  Still another feature of the automatic control circuit of FIG. 8 consists
      of an optional manual control circuit 278 which is shown provided with an
      "up" manual control button 280 and a "down" manual control button 282 with
      respective lights 250 and 252.
PAR  As seen in FIG. 8, previously described cylinders 122, FIGS. 1-6, are
      selectively pressurized responsive to the appropriate control signal when
      control motor 276, FIG. 8, operates to shift an actuator 302 of a control
      valve 300.
PAR  When control motor 276 extends to shift actuator 302 to the right, then the
      "down" cylinder 122-D is pressurized with the "up" cylinder 122-U being
      connected to tank 307. Pressurization of "down" cylinder is effected by
      pressurized fluid from a pump 304 which may be driven by the boring
      machine. This extends top shoe 126 outwardly which in turn forces the
      front of the casing section downwardly to decrease grade.
PAR  Similarly, when control motor 276 shifts valve actuator 302 to the left,
      then the other cylinder 122-U or "up" cylinder is connected to pump 304
      via valve 300 and at the same time "down" cylinder 122-D is connected to
      tank 307. This extends a bottom shoe 126 outwardly which forces the front
      of casing section 72 upwardly thereby increasing grade.
PAR  After a correction has been made, when the sensors detect that the steering
      head 72 is back on grade, then the circuits function to center valve 300
      and the boring angle is maintained until the sensors detect that another
      correction of boring angle is required.
PAR  When it is desired to bleed the circuit, valve 262 is actuated via a
      solenoid 294 with such bleeding function being automatically controlled by
      the programming circuits 284.
PAR  Referring in detail to FIGS. 1 and 7, the remote sensing apparatus further
      includes a gauge means indicated generally at 45 that includes a
      transparent tube 78 mounted on a frame 220 in overlying relationship with
      an indicia scale 222 which includes the zero base and the related indicia
      marks which divides the scale into units, for example one-hundredths of a
      foot.
PAR  Gauge means 45 communicates with a water supply via a tube 238 which enters
      a valve 230 leading to fitting 224.
PAR  The apparatus further includes a valve 236 communicating with tube 75 that
      in turn is connected to the previously described sensing means 70.
PAR  The system is charged from supply tank via gravity through open valves 230,
      236, 232 and 260. Valve 230 is closed when line 238 and 256 are full and
      free of air. Valve 236 is next closed and the valve 232 is closed when
      transparent tube 78 is full and valve 260 is closed when transparent tube
      242 is full.
PAR  Valves 236, 232 and 260 are next opened and the water will seek its level
      in transparent tube 78 and 242 as dictated by the vertical location of
      sensing means 70.
PAR  In the event the boring is being conducted at a declined angle the water
      level will be established at the top of a right reference pin since water
      can bleed out of a sensor outlet until such level is established.
PAR  When the boring operation is being conducted at an inclined angle then the
      water level in gauge tube 78 and 242 will correspond with the top of the
      other reference pin.
PAR  At the outset of the boring operation, before steering head 72, and the
      gauge 70 mounted thereon, are buried in the earth fill, the apparatus is
      zeroed merely by placing a conventional surveyor stake, not illustrated,
      on top of one of the reference pins. The zero indicia mark on gauge 45 is
      then established at the same horizontal level as one of the reference pins
      by sighting along an indicia mark on indicia scale 222 and a corresponding
      mark on the surveyors stake.
PAR  The surveyors stake is then removed after zeroing the apparatus and the
      drilling and pushing operations are next commenced.
PAR  It should be mentioned that the outlet of the sensing means 70 is
      superimposed over a drain hole through the wall of steering head 72 to
      provide means for releasing water from the outlet.
PAR  It will now be understood that after sensing means 70 disappears into the
      earth fill, as seen in FIG. 1, the zero grade position of the steering
      head 72 will be present when the water level is at the zero mark on the
      indicia scale of gauge 45. Moreover, as the steering head 72 inclines or
      declines the exact amount of such angular change will be reflected by the
      water level in the transparent tube 78 and 242 of the gauge.
PAR  It should further be mentioned that in instances where the boring apparatus
      and associated grade indicating apparatus are to be temporarily removed
      from the earth fill and it is desired to come back to the job and
      re-operate the apparatus at the same reference, then in such instances a
      reference means bench mark can be driven into the earth fill adjacent to
      the gauge and the location of the zero reference on the gauge can be noted
      on the bench mark using a surveyors transit as a sighting means with such
      bench mark being left in the boring bed when the apparatus is temporarily
      removed therefrom. When the apparatus is returned, the operator merely
      needs to line up the zero on the gauge 45 with the mark location on the
      bench mark using the transit and the boring operation can be resumed with
      the same zero reference with respect to grade deviations.
PAR  While the forms of embodiments of the present invention as herein disclosed
      constitute preferred forms, it is to be understood that other forms might
      be adopted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an earth boring apparatus of the type that forms horizontal holes and
      pushes sections of casing into said holes, the combination of casing means
      comprising a lead casing section provided with a plurality of side
      openings; bearing means mounted in said lead casing section; a rock head
      mounting shaft journaled in said bearing means; a rock drilling head
      mounted on the forward end of said mounting shaft; a wedging means
      radially moveably mounted at each of said side openings and extendable
      outwardly therefrom; wedge driving means for said wedging means for
      extending and retracting said wedging means against and away from the rock
      surrounding said lead casing section; sensing means for progressive
      extension into the earth fill; gauge means for location adjacent the earth
      fill and connected to the sensing means, said gauge means including
      read-out indicia for informing the operator of grade deviations of the
      sensing means; and automatic control means for energizing said wedge
      driving means responsive to sensing of a deviation in grade by said
      sensing means.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said wedge driving means
      comprises a fluid motor.
NUM  3.
PAR  3. In an earth boring apparatus of the type that forms horizontal holes and
      pushes sections of casing into said holes, the combination of casing means
      comprising a lead casing section provided with a plurality of side
      openings; bearing means mounted in said lead casing section; a rock head
      mounting shaft journaled in said bearing means; a rock drilling head
      mounted on the forward end of said mounting shaft; a wedging means
      radially moveably mounted at each of said side openings and extendable
      outwardly therefrom; wedge driving means for said wedging means for
      extending and retracting said wedging means against and away from the rock
      surrounding said lead casing section; sensing means for progressive
      extension into the earth fill and including a fluid passage for
      establishing a fluid level corresponding with grade deviations of the
      progression into the earth fill; gauge means for observation by the boring
      machine operator and including a gauge tube communicating with said fluid
      passage and containing a fluid, said gauge tube being provided with
      indicia, the level of the fluid in said gauge tube corresponding with said
      fluid level in said sensing means; and automatic control means for
      energizing said wedge driving means responsive to deviations in said fluid
      level.
NUM  4.
PAR  4. The apparatus defined in claim 3 wherein said automatic control means
      includes a level control rod emersed in said fluid; and water level
      sensors on said control rod for sensing changes in water level caused by
      grade deviation of the lead casing section with respect to a preselected
      zero reference line.
NUM  5.
PAR  5. The apparatus defined in claim 3 wherein said automatic control means
      includes sensing means emersed in said fluid, said sensing means
      comprising a lower sensor that senses downward movement of the fluid level
      in said gauge tube; a middle sensor that senses upward movement of said
      fluid level; and an upper sensor that senses a fluid level high enough for
      the grade indicating system to settle out for a reading.
NUM  6.
PAR  6. In an earth boring apparatus of the type that forms horizontal holes and
      pushes sections of casing into said holes, the combination of casing means
      comprising a lead casing section; bearing means mounted in said lead
      casing section; a rock head mounting shaft journaled in said bearing
      means; a rock drilling head mounted on the forward end of said mounting
      shaft; wedging means on said lead casing section and including a moveably
      mounted wedging element laterally extendable and retractable relative to
      said casing section; a fluid motor for driving said wedging element; means
      forming a source of pressurized fluid in circuit with said fluid motor;
      motor control valve means for the flow of pressurized fluid in said fluid
      circuit; sensing means for progressive extension into the earth fill and
      including a fluid passage for establishing a fluid level corresponding
      with grade deviations of the progression into the earth fill; gauge means
      for observation by the boring machine operator and including a gauge tube
      communicating with said fluid passage and containing a fluid, said gauge
      tube being provided with indicia, the level of the fluid in said gauge
      tube corresponding with said fluid level in said sensing means; and
      automatic control means for operating said motor control valve means
      responsive to deviations in said fluid level.
NUM  7.
PAR  7. The apparatus defined in claim 6 wherein said automatic control means
      includes a level control rod emersed in said fluid; and water level
      sensors on said control rod for sensing changes in water level caused by
      grade deviation of the lead casing section with respect to a preselected
      zero reference line.
NUM  8.
PAR  8. The apparatus defined in claim 7 wherein said automatic control means
      includes sensing means emersed in said fluid, said sensing means
      comprising a lower sensor that senses downward movement of the fluid level
      in said gauge tube; a middle sensor that senses upward movement of said
      fluid level; and an upper sensor that senses a fluid level high enough for
      the grade indicating system to settle out for a reading.
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ABST
PAL  A well tool apparatus having a perforating section at its lower end has an
      upper section comprised of a reservoir containing a compatible perforating
      fluid and a pump for pumping such fluid down through the perforating
      section and out the lower end of the apparatus. A protective shield
      containing a sand control medium is provided for causing the perforating
      fluid to displace the well bore fluid in the region along the length of
      the perforating section, such displaced fluid being recaptured above a
      floating piston in the reservoir containing the perforating fluid. Means
      are provided for releasing the compatible perforating fluid into the
      annulus between the shield and the perforating section, the lower end of
      the shield having a gravel screen and a port for releasing the perforating
      fluid into the annulus between the apparatus and the casing to be
      perforated. Upon perforating, the sand control medium settles into place
      inside the shield to provide sand control for the formation being
      produced.
BSUM
PAC  RELATED APPLICATIONS
PAR  This application is an improvement upon U.S. patent application Ser. No.
      411,982, filed Nov. 1, 1973, now U.S. Pat. No. 3,856,094, which is
      assigned to the assignee of this application.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to method and apparatus for
      producing clean perforations in wells and particularly to method and
      apparatus which provide sand control while displacing well fluids within a
      cased borehole in the area to be perforated with fluids which are
      compatible with perforations.
PAR  When an oil well casing is perforated in the presence of well fluids
      containing colloids and other particulate matter for pressure control, the
      perforation in the oil-bearing formation is often sealed with a filter
      cake. The prior art has recognized that it is desirable to displace the
      fluids in the area of the perforation with so-called "completion fluids"
      in order to produce clean perforations. Typical of such prior art is U.S.
      Pat. No. 3,138,206 to George H. Bruce et al; U.S. Patent No. 2,842,205 to
      Allen et al; and U.S. Pat. No. 2,963,088 to Corley. For example, in the
      Bruce et al patent, the completion fluid is pumped from a reservoir into
      the annulus between the perforating section and the casing to be
      perforated. This device attempts to cause the displaced well fluid to be
      pumped down to the open lower end of the perforating section and up
      through the interior of a packer and out into the annulus above the
      packer. However, such a device as is shown in the Bruce et al reference is
      quite complex and expensive to fabricate. Furthermore, in the Bruce et al
      system, the compatible fluid is introduced into the annulus above the
      perforator and is thus dependent upon the displaced fluid being pumped
      down the annulus and then back up through the interior of the perforator.
      Thus, the interior of the perforator has to be modified to provide a
      tortuous path around the shaped charges within the gun. It should also be
      appreciated that the Bruce et al apparatus is dependent upon extremely
      intricate piping to maintain a separation between the well fluids and the
      compatible perforating fluid.
PAR  The prior art has also used gravel packing processes, for example, U.S.
      Pat. No. 3,362,475 to J. L. Huitt et al, to provide sand control for
      producing formations. However, such processes have hereto been run
      separate from the perforating process, thus requiring two trips into the
      well.
PAR  It is therefore the primary object of the present invention to provide a
      new and improved method and apparatus for practicing sand control while
      displacing the well bore fluid in the area of the casing to be perforated
      with a fluid which is compatible with such perforations;
PAR  It is another object of the invention to provide a combined gravel packing
      and perforating apparatus for use during a single trip into a well bore;
      and
PAR  It is yet another object of the invention to provide a new and improved
      method and apparatus for practicing sand control while displacing well
      bore fluid with compatible perforating fluid without necessarily modifying
      the interior of the perforating gun.
PAR  These and other objects of the present invention are accomplished,
      generally, by a method and apparatus which utilizes a shield around a
      perforating apparatus and which utilizes a sand control medium in the
      annulus between the shield and the perforating apparatus to provide sand
      control. Means are also provided to pump a compatible perforating fluid
      through such sand control medium and out through a lower port in the
      shield to displace the well bore fluid along the length of the perforating
      apparatus
DRWD
PAR  These and other objects, features and advantages of the present invention
      will be more readily appreciated from a reading of the following detailed
      specification and drawing, in which:
PAR  FIG. 1 is an elevated schematic view, partly in cross section, illustrating
      the earth's subsurface having a borehole and having the apparatus of the
      present invention suspended therein and also showing the surface control
      unit which is used in conjunction with the apparatus according to the
      present invention;
PAR  FIG. 2 is an expanded elevated view, partly in cross section, of the
      apparatus according to the present invention.
DETD
PAR  Referring now to the drawing in more detail for a more complete description
      of the invention, in FIG. 1 is shown a well perforating apparatus 10
      suspended on a tubing string 11 in a well bore 12 in which a well pipe
      string or casing 17 has been run and set in place by a cement sheath. The
      tubing string 11 contains electrical cables 14 and 39 which extend to the
      earth's surface in a manner known to those in the art and is connected to
      the surface control panel 15. Quite obviously, if desired, cables 14 and
      39 can be combined in a single cable. The perforator apparatus 10, as is
      shown in more detail in FIG. 2, contains a plurality of shaped charges or
      other such well known perforating elements, for example, bullet
      perforators. A conventional well packer 16 is set in the casing 17 after
      the apparatus 10 is in a position in the earth borehole opposite the
      formation to be perforated in a manner well known to those skilled in the
      art. The packer 16 is used to restrict fluid movement to the area below
      the packer as will be more readily appreciated from the description given
      hereinafter.
PAR  Referring now to FIG. 2, there is illustrated in greater detail the
      apparatus 10 according to the present invention. The top sub 20 of
      apparatus 10 contains a DC motor 21 coupled to a rotary pump 22 through an
      appropriate gear box. The rotary pump is pressure balanced by drawing on
      well fluid through inlet 23 for intake at the hydrostatic head existing at
      the point of operation. A floating piston 24 contained within the fluid
      reservoir 25 is arranged such that the rotary pump 22 transfers well fluid
      to the top side of the floating piston 24. The reservoir 25 is filled with
      a compatible perforating fluid which may be, for example, water with
      starch or CMC to reduce filtration, or oil containing a soluble fluid loss
      additive or some other such completion fluids such as those disclosed in
      U.S. Pat. No. 2,898,294 entitled "Well Completion Fluids," or in U.S. Pat.
      No. 2,894,584 entitled "Well Completion," each of such patents being
      issued to G. G. Priest et al. It should be appreciated that the reservoir
      25 is preferably sufficiently large to equal or exceed the volume of the
      annulus area between the shield 26 hereinafter described and the casing 17
      along the length of the perforating section. The reservoir 25 is connected
      by means of a port 27 having a check valve consisting of the ball 28 and
      cage 29 and by lower port 30 into the annulus formed between the
      protective shield 26 and the perforating section 31. Although not
      illustrated, it should be appreciated that the perforating elements 32-38
      and 50 are connected in a conventional manner to the conductive cable 39
      which passes along with cable 14 to the earth's surface to enable
      activation of these elements.
PAR  A sand control medium is carried within the annulus formed by the
      protective shield 26 and the perforating section 31. The lower portion of
      the shield 26 has a port 41 which allows the compatible perforating fluid
      to be pumped out through the lower end of the annulus but which has a
      screen 42 thereover which maintains the sand control medium therein. The
      sand control medium is preferably comprised of gravel or other such
      elements well known in the art of "gravel packing" which are sized to be
      slightly larger than the holes formed within the protective shield by the
      perforating elements during operation of the apparatus. Smaller gravel,
      glass beads, sand or other such medium are either interspersed within the
      larger gravel or placed between the larger gravel and the perforating
      element 31 to provide a control over the sand in the formations being
      produced. Spacers 43 help to maintain the concentricity of the shield 26
      with respect to the perforator section 31.
PAR  In the operation of the apparatus according to FIG. 2, the rotary pump 22
      within the upper sub 20 is activated from the earth's surface by voltage
      applied over the conducting cable 14. The compatible well fluid in the
      reservoir 25 beneath the floating piston 24 is pumped through the check
      valve having the ball 28 and out through the port 30 into the annulus
      formed by the shield 26 and the perforation section 31. The continued
      pumping action causes the compatible fluid to be forced down through the
      sand control medium and out the lower port 41 and thus into the annulus
      between the shield 26 and the casing 17 of FIG. 1 and back up to the
      portion of the reservoir 25 above the floating piston 24.
PAR  It should thus be appreciated that there has been described with respect to
      the embodiment of FIG. 2 an apparatus which enables compatible perforating
      fluid to be released at the bottom of the perforating apparatus and which
      allows compatible perforating fluid to be located between the perforating
      apparatus and the casing to be perforated without resort to internal
      piping within the perforating gun and which thus allows conventional
      perforating guns to be used. As soon as the compatible perforating fluid
      has displaced the incompatible well bore fluid, the perforating elements
      are activated by the firing circuit from the earth's surface by means of
      cable 39 and the perforating section, for example, having a plurality of
      shaped charges, perforates through the sand control medium 40 and the
      expendible shield 26 and the casing 17 into the earth's formation. In
      formations where sand control is necessary, the sand in the formation must
      be kept out of the oil which is being produced up through the tubing
      string through the conduit 45 within the tubing string (labeled
      "production"). The screen 42 over the lower port 41 prevents the sand
      control medium 40, for example, gravel, from falling out the lower port,
      and, as previously explained, the sand control medium is preferably gravel
      which is large enough to not pass out through the perforated holes in the
      shield 26. The sand control medium also contains gravel or other small
      particles which keep the sand in the formations from passing into the
      interior of the perforating section 31 and up through the tubing string
      with the produced oil.
PAR  As the perforator elements pass through the sand control medium, the medium
      immediately "settles" down into place to provide a barrier to the sand in
      the production.
PAR  Thus, there has been described and illustrated herein the preferred
      embodiment of the present invention which provides new and improved method
      and apparatus for simultaneously perforating earth formations and
      providing a sand control over such formations. It should be appreciated,
      however, that those skilled in the art will be able to modify this
      embodiment and that such modifications will fall within the scope of the
      present invention. For example, if desired, the sand control medium can be
      sized such that some of the gravel or other medium will pass through the
      perforated holes in the shield 26 and into the formation in a manner known
      in the art. Furthermore, the sand control medium can be bonded such that
      it will not settle down to fill in the perforation holes passing
      therethrough and by packing off the shield with respect to the casing and
      thereafter rotating the perforating section, the sand control medium can
      still be placed between the formation oil and the interior of the
      perforating unit 31 to thus provide a control over the sand in the
      produced formations.
PAR  Furthermore, if desired, the compatible perforating portion of the
      apparatus can be eliminated and one can use only that section of the
      embodiment which causes the perforations and ultimately the produced oil
      or gas to pass through the sand control medium.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An apparatus for perforating casing in an earth borehole, comprising:
PA1  an elongated instrument adapted to traverse said borehole;
PA1  a perforating section carried by, and being a portion of, said instrument,
      said perforating section having at least one perforating element therein;
      and
PA1  an enclosure having a gravel pack medium therein carried by said instrument
      and positioned in the line of fire of said at least one perforating
      element, whereby the activation of said at least one perforating element
      causes at least a portion of said perforating element to perforate said
      gravel pack medium prior to perforating said casing.
NUM  2.
PAR  2. An apparatus attached to a string of oil well tubing for perforating
      casing in an earth borehole and for producing fluids through said tubing
      on the same trip, comprising:
PA1  an elongated instrument adapted to traverse said borehole;
PA1  a perforating section carried by, and being a portion of, said instrument,
      said perforating section having at least one perforating element therein;
PA1  an enclosure having a gravel pack medium therein carried by said
      instrument; and
PA1  channel means including said gravel pack medium and the interior of said
      tubing string and which is in fluid communication with fluids in the
      borehole following the activation of said at least one perforating
      element.
NUM  3.
PAR  3. An apparatus for perforating casing in an earth borehole, comprising:
PA1  an elongated instrument adapted to traverse said borehole;
PA1  a reservoir within said instrument;
PA1  a piston within said reservoir dividing said reservoir into an upper
      section and a lower section, said upper section having at least one intake
      port for receiving borehole fluids, and said lower section having at least
      one outlet port for releasing any fluid in said lower section;
PA1  a cylindrical perforating section connected to the lower end of said
      instrument having a plurality of perforating elements therein;
PA1  a cylindrical, expendable shield encircling said perforating section to
      form an annulus between said shield and said perforating section, said
      formed annulus containing a sand control medium, said lower section outlet
      port being in communication with said formed annulus, said shield having
      at least one outlet port at a location at least to the lower extremity of
      said perforating elements for releasing fluid from said formed annulus
      into the annulus between said shield and said casing; and
PA1  means for activating said piston.
NUM  4.
PAR  4. The apparatus according to claim 3 wherein said lower section of said
      reservoir contains a compatible perforating fluid.
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PAL  A weighing method and apparatus is provided wherein an excessive amount or
      number of objects to be weighed over the predetermined or target weight is
      distributed among a plurality of weighing machines and weighed with
      combinations of actually measured values being obtained from the plurality
      of weighing machines and calculated, and the combination of weights which
      is equal to or most approximates that of the target or predetermined
      weight is selected.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 387,314, filed Aug. 10, 1973, which is now abandoned.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The present invention relates to a weighing method and apparatus wherein
      divisional calculations are carried out on a plurality of weighing
      machines, and combinations of actually measured values provided by the
      individual weighing machines are calculated and a combination of weights
      which is equal or most approximate to the target value is selected.
PAR  2. Description Of The Prior Art
PAR  The conventional weighing systems employed heretofore oftentimes possessed
      errors in measurement due to a head or distance to be traveled by a
      falling object which is to be weighed, overfeeding of objects resulting
      from the disturbance of arrangement of the objects being conveyed on a
      trough, the damping motion of a weighing lever, and variations in the
      unit-weights of objects to be weighed, hereinafter referred to as
      single-weights, when the objects are solids or in mass form. It will be
      noted that particularly when the objects to be weighed are solid or mass
      form, errors oftentimes occur which will amount to one single-weight.
PAR  To provide an explanation of this with actual numerical values, it is to be
      noted that when a total weight of 150g is to be weighed off, if the
      single-weights vary in the range of 20-45g, the weighing lever has to
      execute a displacement corresponding to 150g or more before the feeding of
      objects can be stopped. If, for example, the weighing lever is set at a
      position corresponding to 145g, the feed of the objects will not be
      stopped and hence at least one more object will be fed into the hopper.
      Thus, if this additional or final object weighs, for example, 45g, then
      the total weight put into the hopper will be 190g. It will be noted,
      therefore, that the feed of objects to achieve the predetermined weight
      results in an excess of 40g over that desired. Thus, with such
      conventional weighing systems heretofore in use wherein the feed of
      objects to be measured cannot be stopped unless a displacement
      corresponding to a preset value is effected, an error corresponding to one
      single-weight will normally occur. Therefore, where a preset weight value
      is high or variations in single-weights are great, or the average
      single-weight is high, the conventional weighing systems heretofore in use
      have possessed fatal disadvantages.
PAR  Another conventional method which has been used heretofore, which may be
      called a correction charge system, employs a single-weight distribution
      technique which is divided into several parts which are thereafter pooled
      in advance for use as correction charges. According to this system, a
      first-step weighing is carried out to determine the differential weight
      value and if the operation results in a deficient value, an object to be
      weighed is taken out of a single-weight division corresponding to the
      differential weight and is fed into the first-weighed group to correct the
      weight. A disadvantage of this type of weighing system is that there are
      limitations on the division of single-weights which result in errors
      within the divisional range. Further, in dividing or classifying a
      single-weight distribution into groups for use as correction charges,
      since such single-weight distribution generally possesses a bias, the
      amount of objects contained in each division is normally different from
      the others. However, the amounts of correction charges required are
      generally uniform, so that each division should have approximately the
      same amount as the others. Thus, the supply and demand requirement will
      become unbalanced and if any one of the divisions becomes exhausted, the
      mechanism cannot be employed any longer.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a weighing method and apparatus for weighing
      vegetables and fruits, confectionery articles, secondary products,
      perishables and other articles having high variations in single-weight
      with high accuracy to produce packages having a predetermined weight, and,
      if necessary, impart limitations on the number of things taken at a time.
PAR  The weighing system provided in accordance with the present invention is
      capable of taking measurements with a high degree of accuracy while
      insuring that variations in a single-weight of the objects do not directly
      influence the accuracy of the measurement. The system also insures that
      disturbances in the arrangement or feed of the objects to the weighing
      hopper of a weighing machine does not result directly to an overfeed of
      the objects. Further, even if the present weight is high, the accuracy of
      the measurement of the articles can be maintained at a high level. Because
      of combinations of actually measured values provided by the individual
      weighing machines in the practice of the present invention, errors with
      respect to the setting of the weighing machines will have no effect or
      influence on the final value. The present invention will be found to be
      particularly suitable where individual single-weight, single-objects,
      bags, buckets or the like, which vary in weight, are used and such
      variances cannot be compensated for in the counting system where the
      objects must be packed to a predetermined weight. In the present
      invention, the error curve will be found to be such that values in the
      vicinity of zero will predominate, which is the ideal condition.
PAR  A further advantage of the present invention is that those articles which
      have fallen outside the optimum combination code selected will remain
      unused until the next calculation is carried out. Thus, there is no
      possibility of damaging the articles during the initial weighing operation
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of an illustrative embodiment of a weighing
      mechanism made in accordance with the weighing system of the present
      invention.
PAR  FIG. 2 is a block diagram for an electronic computer circuitry to be
      employed in the practice of the present invention.
PAR  FIG. 3 is a circuit diagram of the first adder F and the addition code
      selecting circuit shown in FIG. 2.
PAR  FIG. 4 is a circuit diagram of the addition code memory circuit J and the
      code read circuit K shown in FIG. 2.
PAR  FIG. 5 illustrates a pulse wave form diagram present in the operation of
      the present invention.
PAR  FIG. 6 is a table of the ROM operation that may be used in the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 schematically shows an illustrative embodiment of a weighing
      mechanism made in accordance with the present invention wherein the
      reference letters A1, A2 . . . An designate individual weighing machines.
      The reference letters B1, B2 . . . Bn designate the weighing hoppers
      associated with the weighing machines into which the articles will be fed.
      Reference letter C designates a common guide chute and the reference
      letter D designates a single pool hopper associated therewith. The
      reference letter E designates buckets operatively connected to a packaging
      machine or the like for delivering articles thereto. Each of the weighing
      hoppers is provided with an independent feeder (not shown) for feeding
      objects to be weighed. Such feeders are of a conventional type and are
      associated with conventional and well known weighing mechanisms. The
      operation of each feeder is such that its operation will be initiated when
      the associated weighing hopper becomes empty after the exhaustion of the
      objects to be weighed therefrom. The feeder will stop its operation after
      one object or a preset number or a substantially preset weight of objects
      to be weighed have been fed into its weighing hopper. The guide chute C is
      positioned so as to collect the objects delivered from the weighing
      hoppers B1, B2 . . . Bn to the pool hopper D. The pool hopper D is so
      constructed as to open at a predetermined time to discharge the objects
      collected therein into the bucket E therebelow, as will be later
      described.
PAR  The weighing mechanism A1, A2 . . . An feed the respective measured values
      of the objects received in the corresponding weighing hoppers to an
      electronic computer circuitry, to be described more fully hereinafter, in
      the form of inputs thereto. For example a1, a2 . . . an represent the
      measured value signals issued by the respective weighing machines A1, A2 .
      . . An. The electronic computer circuitry as shown in the block diagram in
      FIG. 2 and as described in detail in FIGS. 3 and 4 consists of first and
      second adders F and G capable of selectively adding together the delivered
      measured value signals a1, a2 . . . an, an addition code selecting circuit
      H for selecting combinations of addition codes for the first adder F, a
      comparator I for comparing the outputs from the first and second adders F
      and G, an addition code memory circuit J for the second adder G for
      memorizing a combination code most nearly approximating that of the
      desired preset weight in accordance with the result of comparison provided
      by the comparator I, and a read circuit K for reading the optimum addition
      code memorized in the addition code memory circuit J in response to a
      calculation end signal from the addition code selecting circuit H when all
      the combinations for the addition codes are completed. It will be so
      arranged that a signal from the read circuit K will result in the
      corresponding weighing hoppers to be opened. The term "addition code" as
      employed herein refers to the manner in which code numbers assigned to the
      weighing machines or weighing hoppers are combined.
PAR  Now, letting x1, x2 . . . xn represent the respective code numbers for the
      weighing machines, it will be seen that the number of combinations of n
      things taken one at a time will be n. Going forward, it will be noted that
      the number of combinations of n things taken two at a time will be
      n(n-1)/(2 .times. 1). Still further, the number of combinations of n
      things taken r at a time will be [n(n-1) (n-2) . . . (n-r+1)]/r!. All or
      some of these combinations are programmed and put in the addition code
      selecting H of the electronic computer circuitry in advance of operation.
PAR  The outputs from the first and second adders F and G of the electronic
      computer circuitry are placed in the comparator I, each in the form of the
      absolute value of a preset value subtracted by the respective addend. That
      is to say, if the preset value is represented by ao, the addend to the
      first adder F by Fx and the addend to the second adder G by Gx, then the
      inputs to the comparator I will be .alpha.=.vertline.Ao-Fx.vertline. and
      .beta.=.vertline.Ao-Gx.vertline., respectively. The comparator I is to be
      so arranged that only when .alpha.&lt;.beta., will it renew the memory code
      in the addition code member circuit J. In other words, except when
      .alpha.&lt;.beta., that is when .alpha..gtoreq..beta., the result of the
      comparison does not extend to the addition code memory circuit J, so that
      the memory code in the addition code member circuit J will be retained.
PAR  The manner of weighing, in which n weighing machines are employed with two
      of them being taken for combinations to provide a value most approximately
      that of the preset value ao will now be described. Let x1, x2 . . . xn
      represent the code numbers for the respective weighing machines and a1, a2
      . . . an represent the measured values provided by such machines. The
      addition combination codes therefore will be (X1 + X2 ), (X1 + X3 ) . . .
      (Xn - 1 + Xn ) and calculations will be carried out in this order by the
      first adder F. First, in the case of (X1 - X2 ), the addend to the first
      adder F is Fx = (a1 + a2 ) and this addend is placed in the comparator I
      in the form of .alpha.=.vertline.Ao-Fx.vertline.=.vertline.Ao - (a1 +
      a2).vertline. . On the other hand, as for the addend Gx to the second
      adder C, since the operation is at the start of the first calculation,
      there is no code memorized in the addition code memory circuit J, so that
      Gx = 0. Thus, the input provided by the second adder G to the comparator I
      is
      .beta.=.vertline.Ao-Gx.vertline.=.vertline.Ao-O.vertline.=.vertline.Ao.ver
     tline.. Here, .alpha. and .beta. are compared and the result will be either
      .alpha.&lt;.beta. or .alpha..gtoreq..beta.. If it is .alpha.&lt;.beta., then the
      code (X1 + X2 ) which has been selected by the addition code selecting
      circuit H is memorized in the addition code memory circuit J by means of
      the output from the comparator I. The next addend to the first adder F,
      i.e., (X1 + X3 ) = Fx = (a1 + a3 ) and the addend Gx = (a1 + a2 ) to the
      adder G are then put in the comparator in the form of
      .alpha.=.vertline.Ao= (a1 + a3 ).vertline. and .beta.=.vertline.Ao - (a1 +
      a3 ).vertline., respectively. These values will be compared and the result
      will be .alpha.&lt;.beta. or .alpha..gtoreq..beta.. Such an operation will be
      repeated automatically until all the combinations are completed. On the
      other hand, in the case of .alpha..gtoreq..beta. the memory code in the
      addition code memory circuit J is not renewed but is carried over to the
      calculation of the combination for the next code.
PAR  In short, .alpha. is the absolute value of the error in the addend based on
      the calculation of the combination in each case with respect to the preset
      weight, while .beta. is the absolute value of the currently minimum value
      of the error in the addend on the basis of the preceding calculations with
      respect to the preset weight. That is to say, the addend Gx to the second
      adder G always represents the most approximate of the previously
      calculated values to that of the preset weight. Therefore, the addition
      code memory circuit J will always be memorizing the addition combination
      code which is most nearly to that of the preset weight. Therefore, it
      follows that the comparator I compares the addend on the basis of the
      present combination code with the previous value which was most
      approximate to the preset weight. Furthermore, the renewal of the memory
      is effected only when the results of the comparison are such that the
      present value is more approximate to the preset weight than the previous
      value. When the calculation of all the combinations is completed in this
      manner, the addition code selecting circuit H issues a calculation and
      signal to read the memory code memorized in the addition code memory
      circuit J, causing the weighing hoppers of those weighing machines which
      correspond to the code numbers selected in the memory code to open through
      a code number discriminating circuit or the like. This will result in the
      objects thus weighed being collected in the pool hopper D by the chute C
      and then charged into the bucket E. The total weight of the objects will
      be most approximate to or equals of the predetermined or present weight
      requirement. In addition, those hoppers which have discharged their
      contents and are empty will be fed with fresh objects to be weighed, while
      the remaining weighing hoppers which have not discharged their contents
      will be ready for the next calculation.
PAR  Reference is now to be had to FIGS. 3 and 4 wherein the detailed circuitry
      of the units shown in FIG. 2 is shown in detail. As illustrated in FIG. 3,
      the addition code selecting circuit H shown in FIG. 2 comprises two sets
      of hexadecimal system counters 1 and 2 which constitute a counter for the
      address of R.O.M., to wit, a read only memory address counter, designated
      by reference numeral 3, which is provided with a programming of
      combinations, such as, for example, 225 ways, as shown in FIG. 3, and with
      two sets of shift registers designated by reference numerals 4 and 5. A
      number limiting circuit L has a number limitation commanding switch group
      SW, a NAND circuit group N, a Flip-Flop unit FF controlling R.O.M., and a
      wired OR group WO controlling the above noted Flip-Flip unit FF.
PAR  The first adder F has a circuit group comprising a transistor, a NOT
      circuit and resistances and an amplifying circuit. An addition code memory
      circuit J contains two sets of shift registers designated by reference
      numerals 6 and 7. A read circuit K is also provided which contains an AND
      circuit group and a circuit group having transistor, resistances, relay
      and diode units. The second added G contains in the same way as the first
      adder F a circuit group containing transistors, a NOT circuit and
      resistances and an amplifying circuit. The comparator I is a unit having a
      circuit which receives the outputs of the first and second adders as
      -.alpha.=.vertline.a.sub.o - f.sub.x .vertline. and
      .beta.=.vertline.a.sub.o = g.sub.x .vertline., respectively, and then puts
      the value under comparison between such as an H level signal where
      .alpha..gtoreq..beta.. In the circuitry just described, code output
      terminals 8, 9, 11 and 12 of the counter 4 and the code output terminal 12
      of the counter 2 are connected to code input terminals 10, 12, 13 and 14
      of the R.O.M. 3 as well as to the number limiting circuit L.
PAR  Respective switches of the number limitation commanding swith group SW are
      assumed to be SW.sub.7 .about.SW.sub.2 for the combination of 7, 6, 5, 4,
      3 and 2 sets in downward order. Moreover, the respective NAND circuits are
      connected to respective counters 1 and 2 so that the output of the L level
      is impressed on the NAND circuit N.sub.7 when the clock pulse is 0 in
      number on the circuit N.sub.6 when the pulse is 1, on the circuit N.sub.5
      when the pulse is 5, on the circuit N.sub.4 when the pulse is 12, on the
      circuit N.sub.3 when the pulse is 22 and on the circuit N.sub.2 when the
      pulse is 29 in number. Limiting numbers may be achieved with any of the
      desired one of the above mentioned switches being brought into contact
      with the NO terminals which are normally opened. The NC terminals which
      are normally closed and the NO terminals of the respective switches are
      connected to corresponding input leads of Flip-Flop unit FF by way of
      WO.sub.1 .about.WO.sub.10 respectively, with the output of the Flip-Flop
      unit FF being connected to the terminal 15 of the R.O.M. unit 3, with the
      content of the R.O.M. unit being read out by means of the L level output
      of the Flip-Flop unit being effected.
PAR  There are the same number of output terminals provided as beds of weighing
      machines, to wit, 8 terminals in the present description, which are
      connected to shift registers 4 and 5 of the next stage separated by four
      units respectively. While the shift registers 4 and 5 are set at the
      rising of the clock pulse CLK, the counters are set for the falling
      thereof. While the respective outputs of the shift registers 4 and 5 are
      being correspondingly connected to the respective NOT circuits, the
      outputs are correspondingly connected to the bases of the transistors
      through the resistances. The respective measured value signals (a.sub.1 -
      a.sub.8 ) from respective weighing machines A.sub.1 - A.sub.8 are
      correspondingly connected to the collectors of the respective transistors
      through resistances. All of these values are collected and are connected
      to the circuit of -.alpha.=.vertline.a.sub.o - f.sub.x .vertline. through
      an amplifying circuit. Since the input of NOT circuit corresponding to its
      combination attained at the level when the combination operation is
      effected by the first adder, the transistor will turn to the OFF position
      as a result of the measured value signals which are collected as a result
      in the analogue addition thereof. The respective outputs of the shift
      registers 4 and 5 are separately connected and passed to the respective
      shift registers 6 and 7 which constitute an addition code member circuit
      J.
PAR  Likewise with the first adder having the respective outputs of the shift
      registers 6 and 7 of the addition code memory circuit J being
      correspondingly connected to respective NOT circuits, the outputs thereof
      are collected into unity to be connected to .beta.=.vertline.a.sub.o -
      g.sub.x .vertline. circuit through amplifying circuit. Outputs of the
      above mentioned circuits -.alpha.=.vertline.a.sub.o - f.sub.x .vertline.
      and .beta.=.vertline.a.sub.o - g.sub.x .vertline. are then compared
      between one another by a comparator I containing an amplifier and a Zener
      diode, with the signal being put out as signals of H or L level. The
      signals together with the clock pulse CLK are connected to the input leads
      of the AND circuit 8. The output of the same is connected to the
      respective CLK terminals J. It will be seen that the preset value a.sub.o
      is changeable by changing the output voltage of a preset value changing
      circuit. Moreover, the output in the case of 32 clock pulses CLK enters
      into the counter I of the addition code selection circuit H. In the event
      of the whole combination operation being finished and taken out of the
      output terminal 9 of counter 2 as as finished calculation signals, the
      output is connected to one of the inputs of respective AND circuits of
      code read circuit K to reverse the NOT circuit to a rest position as a
      stop signal. The code read circuit K is connected to the base of the
      transistor by way of a resistance having eight sets of circuits with diode
      and relay units connected in parallel relation between the collector and
      the power source of said transistor and the key signals of the hoppers
      B.sub.1 - B.sub.8 of the respective weighing machines A.sub.1 - A.sub.8.
      Moreover, the other inputs of the respective AND circuits are
      correspondingly connected to the respective outputs of the respective
      shift registers 6 and 7 of the addition code memory circuit J.
PAR  Referring to the circuits just described, a functional example thereof is
      as follows:
PAR  First, at the same time as a switch corresponding to the desired number of
      things, such as, for example, switch SW.sub.5 corresponding to 5 things,
      is brought into contact with the NO terminal, the setting value a.sub.o is
      preset. Subsequently, the calculation command switch is put to an ON
      position either manually or automatically. With the start pulse of the H
      level by the switching on of the system, counters 1 and 2 of the addition
      code selection circuit H are reset to zero. However, with a start pulse of
      L level, the respective outputs of the shift registers 6 and 7 of the
      addition code memory circuit J are reset to L level. Accordingly, the
      respective transistors of the second adder G turn to an ON position with
      the addition not being effected, but the output of the second adder G then
      corresponds to the set value a.sub.o, namely .beta.= a.sub.o. The shift
      registers 4 and 5 are set at the rising of the clock pulse CLK with the
      counters 1 and 2 being set at a falling position thereof, and 8 ways of
      combinations corresponding to one address of R.O.M., as shown in FIG. 6,
      are effected in the period from the rise of the clock pulse to that of the
      next clock pulse movement. But since the output of the Flip-flop unit FF
      rests at an H level until 5 pulses are counted out by counters 1 and 2,
      the R.O.M. 3 does not yet indicate a reading out. On counting out five
      clock pulses CLK, the output of the NAND circuit N.sub.5 attains an L
      level with the output of the L level attaining the L level through the
      wired ORs. This is to be the input of the Flip-flop unit FF. When the
      input of the L level enters into the Flip-flop unit FF, the output thereof
      turns to the L level and with such output the R.O.M. unit 3 operates so
      that the combination may be fed by the first adder F.
PAR  The result of this operation is converted to -.alpha., -.alpha. and .beta.
      values and are compared by the comparator 1. The output thereof attains an
      H level only where .alpha.&lt;.beta., with the memory codes of the shift
      registers 4 and 5 memorizing the value on the addition code memory circuit
      J through the output of the K level together with the clock pulse CLK. The
      value of addition is then transferred from the second adder G to the
      comparator I.
PAR  Summing up, in the course of the counters 1 and 2 counting out from 5 to 11
      of the clock pulses CLK, the hereinbefore mentioned combination operation
      is achieved. On counters 1 and 2 counting out 12 clock pulses, the output
      of the Flip-flop unit FF resumes on the H level with the R.O.M. unit 3 not
      thereafter operating. On the 32nd pulse entering, the calculation END
      signal is transferred to read circuit K from the output terminal 9 of the
      counter 2 and finally codes memorized on the shift registers 6 and 7 of
      the addition code memory circuit J are read out so that weighing hoppers
      of the corresponding weighing machines are opened to discharge the object.
PAR  The calculation of all of the combinations in one weighing operation
      described above may be carried out in a very short time by the electronic
      circuitry. Because of combinations of weights contained in the respective
      weighing hoppers, objects totaling up to the preset weight can be
      automatically selected and taken out if only weight signals representing
      the contents of the weighing hoppers are derived. Further, in the case of
      placing limitations on the number of objects to be taken out, as well as
      on the total weight to be used, the number of objects put at a time in
      each weighing hopper may be constant and then combinations of addition
      codes may be made so that a desired number of objects may be extracted.
      Then calculations may be carried out to weigh off a desired number of
      objects totaling up to the preset weight. Because of the weighing system
      using combinations, it is necessary to determine the number of heads of
      the weighing machines depending upon the allowable limits of error. The
      higher the number of heads, the higher the accuracy attained.
PAR  Examples of the weighing operation according to the present invention will
      now be described.
PAC  1. Constant-Amount Weighing System
PA1  Objects to be weighed: Vegetables and fruits.
PA1  Limitations on the number of objects to be taken out: 4-6 objects.
PA1  Single-weight range: 20-45g
PA1  Preset weight: 150g
PA1  Number of heads of weighing machines: 8
PAR  Each weighing machine is charged with one object. Suppose that the
      following results are obtained:
TBL  X1    X2      X3      X4    X5    X6    X7    X8                          
     22g   20g     35g     22g   45g   31g   25g   30g                         
PAR  Of all combination classes with n = 8, that is, .sub.8 C.sub.1 + .sub.8
      C.sub.2 + .sub.8 C.sub.3 + .sub.8 C.sub.4 + .sub.8 C.sub.5 + .sub.8
      C.sub.6 + .sub.8 C.sub.7 + .sub.8 C.sub.8 255, the following three
      combination classes are calculated:
TBL  4 taken at a time:                                                        
                    .sub.8 C.sub.4 = 70                                        
     5 taken at a time:                                                        
                    .sub.8 C.sub.5 = 56                                        
                                  154                                          
     6 taken at a time:                                                        
                    .sub.8 C.sub.6 = 28                                        
PAR  The code finally selected as a result of the weighing operation is (X1 + X2
      + X4 + X6 + X7 + X8 ), which gives six objects totaling up to 150g.
PAC  2. Addition Weighing System
PAR  Of the above-mentioned conditions, the limitations on the number of objects
      to be taken out are excluded. In the case of the preset weight being 1kg,
      an optional amount which is less than the preset weight is released as a
      rough weight and charged directly into the bucket E or the pool hopper D,
      while the remaining weight is selected on the basis of the calculation of
      combinations and added to said rough weight.
TBL  __________________________________________________________________________
     Rough weight (850g) preset                                                
                    Correction charges                                         
                        X1  X2  X3  X4  X5  X6  X7  X8                         
     Actually measured value 872g                                              
                    22g 24g 37g 45g 35g 20g 30g 26g                            
     1000-872 = 128g                                                           
                    X1+X4+X5+X8 = 128g                                         
     rough weight                                                              
     872+128g = 1000 g                                                         
     __________________________________________________________________________
PAC  3. Subtraction Weighing System
PAR  In the case of the preset weight being 1kg, an optional amount which is
      greater than the preset weight is selected as a rough weight, while the
      excess is subtracted from said rough weight on the basis of the
      calculation of combinations.
TBL  __________________________________________________________________________
     Rough weight (1050g) preset                                               
     Actually measured value (1063g)                                           
                       X1  X2  X3  X4  X5  X6  X7  X8                          
                       14g 10g 12g 18g 15g 16g 21g 24g                         
     Inspection                                                                
       1063g-1000g = 63g                                                       
     Operation for correction                                                  
                       X1-X2-X4-X8 = 63g                                       
       1063g-63g = 1000g                                                       
     __________________________________________________________________________
PAR  While there have been described herein what are at present considered
      preferred embodiments of the several features of the invention, it will be
      obvious to those skilled in the art that modifications and changes may be
      made without departing from the essence of the invention. It is therefore
      to be understood that the exemplary embodiments thereof are illustrative
      and not restrictive of the invention, the scope of which is defined in the
      appended claims and that all modifications that come within the meaning
      and range of equivalency of the claims are intended to be included therein
     .
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STM  We claim:
NUM  1.
PAR  1. Apparatus for making up a predetermined weight of objects from a
      plurality of objects comprising a plurality of weighing machines including
      means for feeding objects into said weighing machines, a common chute
      associated with said weighing machines for receiving articles discharged
      therefrom and a single pool hopper for collecting the objects from said
      common chute, an addition code selected circuit associated with said
      weighing machines for determining the combinations of actually measured
      values provided by said plurality of weighing machines and to calculate
      the combinations thereof, a first adder for selectively adding together a
      plurality of actually measured values in accordance with a command given
      by said addition code selecting circuit and thereby providing an output
      corresponding to the absolute value of the difference from the
      predetermined weight, a second adder for adding together the actually
      measured values including the one of the preceding combinations which most
      approximates that of the predetermined weight and thereby providing an
      output value corresponding to the absolute value of the difference from
      the predetermined weight, a comparator for comparing the outputs from said
      first and second adders, an addition code memory circuit for memorizing
      the combination code present in the first adder only when the output from
      the first adder is smaller than the output from the second adder, and a
      code reading circuit for reading the combination code memorized in the
      addition code memory circuit to release the weighing hoppers of the
      weighing machines corresponding to said codes in question.
PATN
WKU  039399290
SRC  5
APN  5516552
APT  1
ART  214
APD  19750221
TTL  Apparatus for regulating supply quantity of textile fibers to a weighing
      device
ISD  19760224
NCL  10
ECL  1
EXP  Miller, Jr.; George H.
NDR  6
NFG  14
INVT
NAM  Hidaka; Hideo
CTY  Aichi
CNT  JA
INVT
NAM  Yamamoto; Setsuo
CTY  Obu
CNT  JA
ASSG
NAM  Kabushiki Kaisha Toyoda Jidoshokki Seisakusho
CTY  Kariya
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730509
APN  48-51382
PRIR
CNT  JA
APD  19730509
APN  48-51383
RLAP
COD  72
APN  466723
APD  19740503
PSC  03
CLAS
OCL  177121
EDF  2
ICL  G01G 1304
FSC  177
FSS  119-123;145
FSC  222
FSS  55
UREF
PNO  1579219
ISD  19260400
NAM  Lowndes
OCL  177210
UREF
PNO  2597831
ISD  19520500
NAM  Willis
XCL  177119
UREF
PNO  2702177
ISD  19550200
NAM  Jee et al.
XCL  177121
UREF
PNO  2825523
ISD  19580300
NAM  Bokum
XCL  177119
UREF
PNO  2891780
ISD  19590600
NAM  Reynolds
XCL  177145
UREF
PNO  2933281
ISD  19600400
NAM  Hyde et al.
OCL  177121
UREF
PNO  2995783
ISD  19610800
NAM  Lytton
XCL  177119
UREF
PNO  3119525
ISD  19640100
NAM  Flynn
XCL  177121
UREF
PNO  3258164
ISD  19660600
NAM  Stradling
XCL  177145
ABST
PAL  In a spinning machine having a weighing device for receiving fiber tufts
      from a hopper thereof and for intermittently supplying a block of fiber
      tufts of a predetermined quantity to a subsequent process by repeated unit
      supply operations, the gauge between a lifting apron and an evener
      cylinder of the opening machine is reduced to a predetermined small gauge
      during a last period of each unit supply operation. Further the driving
      speed of the lifting apron is capable of selectively reducing during the
      above-mentioned last period and the supplying operation is continued until
      the quantity of fiber tufts accumulated in a weigh pan of the weighing
      mechanism becomes a predetermined final quantity for the unit supply
      operation.
PARN
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an apparatus for regulating supply
      quantity of textile fibers to a weighing device of a textile machine such
      as an opening machine and is a continuation-in-part application of the
      pending patent application, Ser. No. 466,723, filed on May 3, 1974, now
      abandoned.
BSUM
PAR  In the conventional opening machine provided with a weighing device, the
      fiber tufts are supplied to the weighing device intermittently in such a
      manner that, when a predetermined quantity of fiber tufts are accumulated
      in the weighing device, the supply motion of fiber tufts to the weighing
      device is stopped and the accumulated block of fiber tufts is discharged
      from the weighing device toward a subsequent process, and then the supply
      of fiber tufts to the weighing device is again commenced, and when the
      quantity of fiber tufts accumulated in the weighing device becomes the
      above-mentioned predetermined quantity, further supply of the fiber tufts
      to the weighing device is stopped and the accumulated block of fiber tufts
      is discharged from the weighing device. As mentioned above, a unit supply
      operation from commencing the supply motion to stop the supply motion is
      repeated during the mill operation. The above-mentioned unit supply
      operation is hereinafter referred to as a unit operation or unit supply
      operation. And the above-mentioned predetermined quantity of fiber tufts
      accumulated in the weighing device during a unit operation is hereinafter
      referred to as "a supply unit of fiber tufts".
PAR  At the initial stage of a unit operation for supplying textile fibers to
      the automatic weighing device, a lifting apron for supplying the textile
      fibers to the weighing device is driven at a speed which is comparatively
      faster than the driving speed thereof at the final stage of each unit
      supply operation. At the final stage of the unit operation when the
      quantity of fiber tufts supplied to the weighing device has reached a
      predetermined value, the lifting apron is driven at a reduced speed in
      order to supply the fiber tufts in supply rates which are as small as
      possible.
PAR  According to our experience, if the speed ratio between the driving speeds
      of the lifting apron at the initial and final stages of the unit operation
      is fixed at a large value, the desired results of shortening the unit
      operation, maintaining machine efficiency, maintaining precision of
      weighing, etc., may be expected. However, there are still problems to be
      solved, for example, if the type of raw textile fibers are changed, the
      above-mentioned ratio of the driving speeds of the lifting apron should be
      changed to fit the material. Moreover, it has been confirmed that there is
      a certain upper limit of weighing precision which cannot be satisfied by
      applying the above-mentioned method.
PAR  The principle purpose of the present invention is to provide an improved
      apparatus for regulating the supply quantity of textile fibers in a unit
      operation whereby the most desirable results in the technical sense of
      productivity of the machine and creation of high precision blending of the
      textile materials can be achieved.
PAR  To attain the purpose of the present invention, in the apparatus provided
      with a lifting apron for supplying fiber tufts to a weighing device and an
      evener cylinder disposed at a position adjacent to a top roller of the
      lifting apron with an intervening space between the lifting apron and the
      evener cylinder, the evener cylinder is rotatably supported by a
      supporting means in such a way that the intervening space between the
      lifting apron and the evener cylinder is narrowed gradually or in steps in
      accordance with a predetermined program for each unit operation. Thus, the
      supply rate of the textile fibers supplied from the lifting apron to the
      weighing device becomes very small so as to increase the precision of the
      regulating operation for supplying the fiber tufts to the weighing device
      in a unit supplying operation. In a modified apparatus according to the
      present invention, the driving speed of the lifting apron is also lowered
      according to the predetermined program while applying the above-mentioned
      adjustment of the intervening space between the lifting apron and the
      evener cylinder. Therefore, more effective results in the precision of the
      regulating operation and the productivity of the apparatus can be
      expected. We have confirmed from mill tests that the above-mentioned
      modified apparatus is desirable for blending different kinds of textile
      fibers.
PAR  Other purposes and the characteristic features of the present invention
      will be clarified by the following illustration of the invention with
      reference to the attached drawings, although modifications of the
      following embodiments in the spirit of the claims are in no way limited.
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PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of the opening process with a plurality of
      opening machines provided with an apparatus for regulating the supply
      quantity of textile fibers according to the present invention;
PAR  FIG. 2 is a schematic side view of each opening machine shown in FIG. 1;
PAR  FIG. 3 is a plan view of a driving mechanism of the opening apparatus shown
      in FIG. 2;
PAR  FIG. 4 is a perspective view of a main part of the regulating apparatus
      according to the present invention;
PAR  FIG. 5 is a schematic side view of a weigh-pan utilized for the regulating
      device shown in FIG. 2;
PAR  FIGS. 6A and 6B are comparative diagrams to indicate the effect of the
      regulating motion of the apparatus according to the present invention and
      a conventional apparatus respectively;
PAR  FIGS. 7A and 7B are comparative diagrams to indicate the effect of the
      regulating motion of a modified apparatus according to the present
      invention and another conventional apparatus respectively;
PAR  FIG. 8 is a schematic side view of an opening apparatus provided with a
      modified apparatus for regulating the supply quantity of textile fibers in
      a unit operation according to the present invention;
PAR  FIG. 9 is a plan view of a driving mechanism of the opening apparatus shown
      in FIG. 8;
PAR  FIG. 10 is a schematic plan view (side view, plan view) of a speed
      regulating device utilized for the apparatus shown in FIG. 9;
PAR  FIG. 11 is a schematic side view of another embodiment of weigh-pan
      according to the present invention;
PAR  FIG. 12 is a perspective view of a main part of a modified regulating
      apparatus related to the weigh-pan shown in FIG. 11.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the opening process, as shown in FIG. 1, for opening supplied material
      fibers and blending them, a plurality of opening machines, for example 5
      opening machines 1 provided with an apparatus for regulating the supply
      quantity of textile fibers, are arranged in a row and an endless conveyer
      belt 2 for receiving fiber tufts from the above-mentioned regulating
      apparatus of each opening machine 1 is disposed at a position immediately
      below the discharge outlets of these regulating apparatus. The conveyer
      belt 2 is connected to a device 3 for opening and transferring the textile
      material to the subsequent process. Referring to FIGS. 2 and 3, in each
      opening machine 1, a feed apron 4 is driven by a gear motor 5 by way of a
      chain drive mechanism 6 and driving of the gear motor 5 is stopped or
      started by the action of an on-off limit switch (not shown) which is
      actuated by a detecting arm 11. In a hopper 8, a bottom apron 7 is
      disposed. A lifting apron 9, the driving speed of which can be changed, is
      disposed in the hopper 8 to supply textile fibers W carried from the
      bottom apron 7 to a weighing device. The driving mechanism of the lifting
      apron 9 is connected to the bottom apron 7 by way of a chain driving
      mechanism 10. A detecting arm 11 is disposed in the hopper 8. When a mass
      of textile fibers W in the hopper 8 reaches a predetermined quantity
      according to the difference between the rate of feeding textile fibers
      into the hopper 8 by the bottom apron 7 and the rate of transferring
      textile fibers from the hopper 8 into the weighing device, the detecting
      arm 11 is forced to turn by the pushing force created by the mass of the
      textile fibers so that a limit switch (not shown) is actuated by the
      turning motion of the detecting arm 11. Consequently, driving of the gear
      motor 5 and the feed apron 4 is stopped. In FIG. 2, a perforated sheet and
      a back sheet are represented by 12 and 13. An evener cylinder 14 is
      rotatably disposed at a position adjacent to a top end portion of the
      lifting apron 9 and a stripper 15 is rotatably disposed in such a way that
      fiber tufts adhering to the evener cylinder 14 are stipped away by the
      action thereof. As is clearly shown in FIG. 4, the evener cylinder 14 and
      the stripper 15 are rotatably supported by respective bearings rigidly
      mounted on a pair of Y shaped arms 16. Each arm 16 is provided with a pair
      of supporting arms 16a,  16b and a guide arm 16c which extends downwards.
      The guide arm 16c is provided with a guide slot 16d. That is, the evener
      cylinder 14 is turnably mounted on the bearing supported by the arm 16a
      while the stripper 15 is turnably mounted on the bearing supported by the
      arm 16c. Each arm 16 is capable of turning about a pivot shaft 17
      according to the motion of respective actuation mechanisms 18 which are
      controlled by a pilot motor 19. The pilot motor 19 is capable of turning
      clockwise or counterclockwise alternatively and is mounted on an upper
      portion of the opening machine 1 as shown in FIG. 2. As the construction
      of the Y shaped arms 16 on both sides of the machine are identical and the
      actuation mechanisms 18 are also identical, only those of the right hand
      side in FIG. 4 are illustrated hereinafter. A main bevel gear 20 is
      secured to an end of a motor shaft 19a, and a horizontal shaft 21 is
      transversely disposed in such a way that a bevel gear 22a secured to an
      end of the horizontal shaft 21 meshes with the main bevel gear 20. At the
      other end of the horizontal shaft 21, there is provided another bevel gear
      22b. A shaft 23 is turnably supported by a bearing (not shown) and a bevel
      gear 24 secured to the shaft 23 meshes with the bevel gear 22a enabling
      the shaft 23 to turn clockwise or counterclockwise alternatively according
      to the turning motion of the pilot motor 19. The shaft 23 is provided with
      a threaded portion 23a formed at the free end thereof and a nut-like
      member 25 is thread-engaged with the threaded portion 23a of the shaft 23.
      The member 25 is provided with a horizontal rod 25a extending therefrom
      toward the guide arm 16c such a condition that the horizontal rod 25a is
      slidably engaged with the slot 16d. Consequently, when the shaft 23 is
      rotated, the member 25 is displaced toward or away from the bevel gear 24
      according to the rotational direction of the shaft 23. Consequently, the
      guide arm 16c is turned clockwise or counterclockwise about the pivot
      shaft 17. The actuation mechanism 18 comprises the above-mentioned gear
      trains and the threaded engagement of the member 25 with the shaft 23 and
      the sliding engagement of the rod 25a into the slot 16d. The bevel gear
      22b meshes with the bevel gear 24 of the other actuation mechanism 18
      disposed at the left hand side of FIG. 4.
PAR  According to the above-mentioned mechanism, the intervening space, that is
      the gauge, between the lifting apron 9 and the evener cylinder 14, can be
      selectively adjusted. A doffer 26 is disposed at a position adjacent to
      the lifting apron 9 in order to take off textile fibers W in the direction
      of a feed chute 27 provided with a shutter 28. The motion of the shutter
      28 is actuated by a solenoid 62 disposed at a position outside the feed
      chute 27 in such a way that when the solenoid 62 is actuated, the shutter
      28 closes the discharge aperture of the feed chute 27.
PAR  The driving mechanism of the above-mentioned opening machine is hereinafter
      described in detail.
PAR  Referring to FIG. 3, the doffer 26 is driven by a main motor 35 by way of a
      first pulley-power transmission mechanism 36, which in turn drives a
      second pulley-power transmission mechanism 37 and a third pulley-power
      transmission mechanism 38. The second pulley-power transmission mechanism
      37 drives a fourth pulley-power transmission mechanism 39 provided with a
      clutch 40, and a fifth pulley-power transmission mechanism 41 is driven by
      the fourth pulley-power transmission mechanism 39 by way of a gear train
      42. The lifting apron 9 is driven by the fifth pulley-power transmission
      mechanism 41. The third pulley-power transmission mechanism 38 drives a
      sixth pulley-driving mechanism 43 which drives the evener cylinder 14. The
      stripper 15 is driven by a seventh pulley-driving mechanism 44 to which
      driving power is transmitted from the evener cylinder 14.
PAR  Referring to FIGS. 2 to 5, a weighing device 45 is mounted on a machine
      frame F independently from the supply mechanism of the opening machine 1.
      The weighing device 45 is provided with a weigh-pan 46 disposed below the
      feed chute 27, and the weigh-pan 46 pivotably mounted on the machine frame
      F and connected to a balance rod 47. The free end of the balance rod 47 is
      connected to a first balance measuring rod 48 by a connecting member 49.
      The first balance measuring rod 48 is supported by a fulcrum 50 and its
      free end is capable of moving along a passage facing a first sensing
      device 51 which actuates the above-mentioned pilot motor 19 in order to
      decrease the gauge between the lifting apron 9 and the evener cylinder 14
      when a detector of the first sensing device 51 meets the free end of the
      rod 48. A second balance measuring rod 52 is supported by a fulcrum 53 and
      connected to the first balance measuring rod 48 by a connecting member 54,
      and a free end thereof is capable of moving along a passage facing a
      second sensing device 55 which actuates the above-mentioned clutch 40 when
      a detector of the second sensing device 55 meets the free end of the rod
      52. A balance weight 56 is slidably mounted on the rod 50 and it is used
      to set the predetermined quantity of fiber tufts supplied into the
      weigh-pan 46 so as to actuate the pilot motor 19 for reducing the
      above-mentioned gauge between the lifting apron 9 and the evener cylinder
      14. An adjusting weight 57 is mounted on the other free end of the rod 52
      which is used for actuating the clutch 40 when the quantity of textile
      fibers in the weigh-pan 46 reaches a predetermined maximum value. As shown
      in FIGS. 1 and 2, the conveyer belt 2 is disposed below the weigh-pan 46.
PAR  The construction of the weigh-pan 46 is quite similar to that of the "Fiber
      Meter" manufactured by the U.S. Corporation "The Textile Equipment
      Corporation", and is actuated by an actuation mechanism 58 which is
      actuated by the signal issued from the second sensing device 55.
PAR  As mentioned above, the blocks of textile fibers W fed on the feed apron 4,
      which is driven by gear motor 5 are carried to the bottom apron 7 and then
      picked up by the lifting apron 9 and moved upwards. And when the textile
      fibers W are carried to the top portion of the lifting apron 9 to the
      entrance of the intervening space between the apron 9 and the evener
      cylinder 14, which is rotating at its initial position, the fiber tufts
      are opened by the beating action of the evener cylinder 14 and some of
      them are dropped toward the bottom apron 7. The fiber tufts, which pass
      the above-mentioned intervening space, are taken from the lifting apron 9
      by the action of the doffer 26 and dropped in the feed chute 27 so as to
      be supplied into the weigh-pan 46 successively.
PAR  When the quantity of fiber tufts supplied in the weigh-pan 46 reaches the
      above-mentioned predetermined value, the balance rod 47 inclines so that
      the free end of the first balance measuring rod 48 meets the detector of
      the first sensing device 51. Consequently, the sensing device 51 actuates
      the pilot motor 19 to operate the actuation mechanism 18. As a result, the
      shaft 23 is rotated in the direction which displaces the nut-like member
      25 so as to turn the guide arm 16c counterclockwise in FIG. 4. Therefore,
      the gauge between the lifting apron 9 and the evener cylinder 14 is
      reduced. To control the action of the pilot motor 19, a pair of limit
      switches 60 and 61 are disposed at positions along the path of movement of
      the nut-like member 25 in such a condition that the nut-like member 25
      actuates the limit switch 60 or 61 according to its displacement (FIG. 4).
      When the nut-like member 25 contacts the limit switch 60 according to its
      above-mentioned displacement, the connection between the electric source
      and the pilot motor 19 is opened in order to stop the rotation of the
      pilot motor 19. Consequently, the supply motion of the fiber tufts into
      the weigh-pan 46 at the above-mentioned reduced gauge is continued. When
      the second sensing device 55 detects the above-mentioned predetermined
      final condition, it issues a signal to actuate the clutch 40 so as to stop
      the driving of the lifting apron 9 and, simultaneously, to operate a
      solenoid 62 which closes the shutter 28 and to actuate a solenoid (not
      shown) of the actuation mechanism 58 to open the weigh-pan 46. Therefore,
      a block of accumulated fiber tufts in the weigh-pan 46 is dropped on the
      conveyer belt 2 and is carried to the device 3 for opening and
      transferring material. The above-mentioned signal from the second sensing
      device 55 is transmitted to the clutch 40, solenoid 62 and the actuation
      mechanism 58 by way of a conventional timer switch (not shown).
      Consequently, after a predetermined time interval, due to the action of
      the timer switch, the clutch 40 is actuated to return to its normal
      running condition, the solenoid 62 and the actuation mechanism 58 are
      de-energized so that the shutter 28 is opened and the weigh-pan 46 is
      closed again. During the above-mentioned time-interval, a relay (not
      shown), which connects the pilot motor 19 with the electric source,
      changes the mode of connection due to the signal from the second sensing
      device 55 in order to rotate the pilot motor 19 in a direction opposite to
      the above-mentioned rotation due to the action by the first sensing device
      51. And when the nut-like member 25 actuates the second limit switch 61,
      the connection between the pilot motor 19 and the electric source is
      opened and the motion of the pilot motor 19 is stopped. Therefore, before
      restarting the supply motion of the fiber tufts by the lifting apron 9,
      the gauge between the lifting apron 9 and the evener cylinder 14 is
      returned to its initial condition.
PAR  To clarify the characteristic feature of the above-mentioned embodiment of
      the present invention, the mode of supplying fiber tufts into the
      weigh-pan 46 is illustrated in comparison with that of a conventional
      apparatus. Referring to FIGS. 6A and 6B, in a conventional apparatus for
      regulating supply quantity of textile fibers, the driving speed S of the
      lifting apron is changed at a final stage for supplying textile fibers to
      the weigh-pan 46 in each unit operation. At the starting point of the unit
      operation, the lifting apron 9 is driven at a higher speed S.sub.1 and
      after operation for a time t.sub.1, the driving speed S is gradually
      reduced to a slower speed S.sub.2 in a period between the time points
      t.sub.1 and t.sub.2, and the supply motion by the lifting apron 9 is
      further continued from the time point t.sub.2 to time point t.sub.3 where
      the unit operation is completed, as shown in FIG. 6A. However, according
      to our experience, it is very difficult to restrict the quantity or size
      of fiber tufts fed into the weigh-pan 46 to a sufficiently small size to
      increase the precision of the supply motion because the gauge between the
      lifting apron 9 and the evener cylinder 14 is maintained constant.
      Further, as the speed for supplying the fiber tufts to the weigh-pan 46 is
      reduced, a longer time is required to complete the unit supply operation
      in comparison with a conventional apparatus having a lifting apron 14
      which is driven at a constant speed.
PAR  As previously described in the first embodiment of the present invention,
      even though the driving speed of the lifting apron 9 is maintained at a
      constant high speed, as the gauge between the lifting apron 9 and the
      evener cylinder 14 is quickly reduced in the period between the time
      points t.sub.1 and t.sub.2 after the accumulated quantity of the fiber
      tufts in the weigh-pan 46 reaches a predetermined first condition at the
      time point t.sub.1, the quantity or size of the fiber tufts can be
      considerably reduced and the supply rate of the fiber tufts into the
      weigh-pan 46 can also be reduced from S.sub.1 to S.sub.2 which is a
      desirable condition. After the time point t.sub.2, the supply motion is
      carried out with the above-mentioned reduced gauge as is indicated in FIG.
      6B. Therefore, the supply motion can be carried out very precisely.
      Further, the lifting apron 9 is driven at a high speed and the time
      interval between t.sub.1 and t.sub.3 can be reduced so that the entire
      time consumption for the unit operation can be reduced in comparison with
      the above-mentioned conventional apparatus indicated by FIG. 6A.
PAR  In the above-mentioned embodiment of the present invention, the weighing
      mechanism is separated from the opening and supplying mechanism of the
      opening machine 1. Consequently, any possible vibrations due to the
      driving mechanism or any possible influences on the weighing device due to
      air streams, etc., can be effectively avoided.
PAR  In the spinning mill, the so-called blended yarn is produced by mixing
      several different synthetic fibers and it is sometimes required to mix
      these different fibers with precise blending ratios, because of the high
      requirements for uniform dyeing. Under these circumstances, it is
      considered that, in the first embodiment where the lifting apron 9 is
      driven at a constant high speed, at the time point simultaneous to or just
      before or after changing the gauge between the lifting apron 9 and the
      evener cylinder 14, the driving speed of the lifting apron 9 may be
      reduced. For the sake of better understanding, the method of the supplying
      operation by the above-mentioned modification of the first embodiment is
      hereinafter illustrated in comparison with the conventional apparatus.
      Referring to FIGS. 7A and 7B, in the apparatus wherein the speed of the
      lifting apron 9 can be changed from the starting point of a unit
      operation, and the lifting apron 9 is then driven at a constant speed as
      shown in FIG. 7A, if it is required to reduce the entire time for
      operating the unit supply operation, the driving speed S should be
      increased to S.sub.1 and the quantity or size of the fiber tufts is not so
      small that the precision of the weighing operation becomes difficult. On
      the contrary, if it is necessary to increase the precision of the weighing
      operation, it is preferable to drive the lifting apron 9 at as low a speed
      S.sub.2 as possible. However, the entire time for the unit supply
      operation will inevitably be prolonged, in other words, the machine
      efficiency is reduced and as mentioned above, such a method of operation
      cannot be accepted. As shown in FIG. 6B, the method of the supplying
      operation wherein the driving speed S is decreased at the time point
      t.sub.1 and the supplying operation is carried out at a constant speed
      S.sub.2 from the time point t.sub.2 up to the time point t.sub.3, cannot
      satisfy the requirement of the present invention. However, in the second
      embodiment of the present invention, the driving speed of the lifting
      apron 9 is reduced between the time points t.sub.1 and t.sub.2 from
      S.sub.1 to S.sub.2. And, further, the gauge between the lifting apron 9
      and the evener cylinder 14 is reduced in the above-mentioned period
      between t.sub.1 and t.sub.2 or just before or after the period between
      t.sub.1 and t.sub.2. Therefore, the entire time for carrying out the unit
      supplying operation can be effectively reduced, while the precision of the
      weighing operation can preferably be increased.
PAR  The detailed construction of the second embodiment of the present
      invention, which is characterized by the above-mentioned function is
      hereinafter described in detail. However, in the following description,
      the elements having constructions and functions identical to the elements
      of the first embodiment, are represented by identical reference numerals
      and the explanation of those elements is omitted.
PAR  Referring to FIGS. 8, 9 and 10, a lifting apron 69 is capable of being
      driven at variable speeds and the driving mechanism of the lifting apron
      69 is connected to the bottom apron 7 by way of the chain driving
      mechanism 10. The actuation mechanism for driving the pilot motor 19 (FIG.
      4) is constructed in such a way that the motor 19 is driven simultaneously
      with or just before or after changing the driving speed of the lifting
      apron 69. The driving mechanism of the opening machine shown in FIGS. 8, 9
      and 10 is similar to the above-mentioned first embodiment except for the
      following points. That is, the first pulley-driving mechanism 36 drives a
      second pulley-driving mechanism 37 and the third pulley-driving mechanism
      38. The second pulley-driving mechanism 37 drives a speed adjusting device
      71 which is controlled by a control motor 70 electrically connected to the
      sensing means of the weigh-pan mechanism 45, and the fourth pulley-driving
      mechanism 39 provided with the clutch 40 is driven by the speed adjusting
      device 71, the fifth pulley-driving mechanism 41 is driven by the fourth
      pulley-driving mechanism by way of a gear train 42 and the lifting apron
      69 is driven by the fifth pulley-driving mechanism 41. In this embodiment,
      the weigh-pan mechanism 45 has a construction almost similar to the first
      embodiment and is disposed below the feed chute 27. Therefore, only the
      construction different from the first embodiment is illustrated
      hereinafter. That is, the first sensing device 51 is electrically
      connected to the control motor 70 of the speed regulating device 71 and
      the second sensing device 55 is electrically connected to the clutch 40.
PAR  Next, the characteristic function of the second embodiment is hereinafter
      illustrated in detail. For the sake of better understanding, parts of the
      following illustration duplicate the above-mentioned illustration related
      to the first embodiment. In the operation of the opener 1 the blocks of
      the textile fibers W fed on the feed apron 4 are carried to the bottom
      apron 7 and then picked up by lifting apron 69 moving upward. When the
      fiber tufts of the material W is carried to the top portion of the lifting
      apron 9 to an entrance of the intervening space between the apron 69 and
      the evener cylinder 14, which is rotating at its initial position, the
      fiber tufts are opened by the beating action of the evener cylinder 14 and
      some of them are dropped toward the bottom apron 7. The fiber tufts which
      pass the above-mentioned intervening space are taken from the lifting
      apron 69 by the action of the doffer 26 and dropped in the feed chute 27
      so as to be supplied into the weigh-pan 46 successively.
PAR  When the quantity of the fiber tufts accumulated in the weigh-pan 46
      becomes a predetermined weight, the first balance measuring rod 48 turns
      according to the turning motion of the balance rod 47, the first sensing
      device 51 meets the free end of the rod 48 anad the first sensing device
      51 issues a signal to control the motion of the control motor 70.
      Accordingly, the output speed of the speed regulating device 71 is changed
      to its slow speed by the control action of the control motor 70.
      Consequently, the driving speed of the lifting apron 69 is gradually
      lowered to a predetermined slow speed so that the supply rate of the
      material fibers W to the weigh-pan device 45 is gradually reduced. When
      the driving speed of the lifting apron 69 becomes the above-mentioned
      predetermined speed, (or during the above-mentioned period of reducing the
      driving speed), the motion of the control motor 70 is stopped by a
      conventional means, for example, limit switches or a cam mechanism. Such a
      mechanism is well known and, therefore, exampled construction utilizing
      limit switches 72, 73 is shown in FIG. 10. That is, the speed regulating
      device 71 comprises a bracket 74 provided with a pair of fulcrums 75, 76
      and a pair of levers 77, 78, which are capable of turning about the
      respective fulcrums 75, 76, and an input shaft 79 connected to the output
      shaft of the second pulley-driving mechanism 37, an output shaft 80
      connected to the third pulley-driving mechanism 38, an input pulley 81
      spline engaged to the input shaft 79 and an output pulley 82 spline
      engaged to the output shaft 80, a control shaft 83 provided with a pair of
      threaded portions 83a, 83b to which the levers 77 and 78 are thread
      engaged so that the distance betwen the engaged portions of these levers
      77 and 78 can be changed by turning the shaft 83 which is driven by the
      control motor 70. The pulleys 81, 82 comprise a pair of side pulleys 81a,
      81b and 82a, 82b which are capable of displacing along the respective
      spline shafts 79, 80 by turning the levers 77, 78 about the respective
      fulcrums 75, 76. Therefore, the driving ratio between the pulleys 81 and
      82 by way of an endless belt 84 can be easily changed by turning the shaft
      83. To restrict the changing of the above-mentioned driving ratio, the
      limit switches 72, 73 are provided along the path of movement of an end of
      the lever 77 as shown in FIG. 10. The limit switch 72 actuates to stop the
      control motor 70.
PAR  When the control motor 70 is stopped, the pilot motor 19 is actuated by the
      signal issued from the limit switch 72 via a relay (not shown) so that the
      actuation mechanism 18 is actuated. Consequently, the nut-like members 25
      are displaced in turn the Y shaped arm 16 so that the gauge between the
      lifting apron 69 and the evener cylinder 14 is reduced. According to the
      above-mentioned reduction of the gauge between the lifting apron 9 and the
      evener cylinder 14, and the lowering of the driving speed of the lifting
      apron 69, the mass of the fiber tufts supplied into the weigh-pan 46 is
      gradually changed to a smaller size and the supply rate of material into
      the weigh-pan is also gradually reduced. When the displacement of the
      evener cylinder 14 toward the lifting apron 69 is stopped at the
      predetermined small gauge, the limit switch 60 of the actuation mechanism
      18 (FIG. 4) contacts the nut-like member 25 so that the driving of the
      pilot motor 19 is stopped. Therefore, the gauge between the lifting apron
      69 and the evener cylinder 14 is fixed at the predetermined small value.
      After the above-mentioned changing motion of the gauge, the size of the
      fiber tufts supplied into the weigh-pan 46 is restricted by the
      above-mentioned gauge and the supply rate of fiber tufts into the
      weigh-pan 46 is defined by the slow driving speed of the lifting apron 69.
PAR  When the balance rod 47 is further turned according to the increased weight
      of the accumulated material fibers in the weigh-pan 46, and the free end
      of the second balance measuring rod 52 meets the second sensing device 55,
      the sensing device 55 detects the condition that the weight of the
      accumulated fiber tufts in the weigh-pan 46 becomes the predetermined
      maximum value of the unit operation and the clutch 40 of the fourth
      pulley-driving mechanism is actuated so as to stop the lifting apron 69.
      Simultaneously the solenoid of the shutter 28 is actuated so as to close
      the feed passage from the lifting apron 69 to the weigh-pan 46.
      Consequently possible excess supply of fiber tufts to the weigh-pan 46 is
      perfectly prevented. Then, the actuation mechanism 58 is actuated by the
      signal of the second sensing device 56 so as to open the doors of the
      weigh-pan 46.
PAR  In a manner similar to the first embodiment, after completion of the
      above-mentioned unit supply operation to the feed conveyer 2 from the
      opening machine 1, the driving condition of the lifting apron 69 and the
      gauge between the lifting apron 69 and the evener cylinder 14 are changed
      to their initial conditions and, thereafter, the subsequent supply
      operation is commenced.
PAR  As mentioned above, a very precise regulation of supply quantity of fiber
      material to the weigh-pan in a unit supply operation can be carried out by
      the second embodiment.
PAR  According to our experimental mill test of the second embodiment, it was
      found that the clutch 40 can be omitted if the user of the machine does
      not need so severe condition like the second embodiment. That is, in this
      modification of the second embodiment, when the second detecting device 56
      detects the predetermined final quantity of fiber tufts accumulated in the
      weigh-pan 46, the lifting apron 69 is not stopped, but driven at the
      reduced speed adjusted by the speed changing mechanism 70 when the first
      sensing device 51 detects the predetermined intermediate quantity
      accumulated in the weigh-pan 46. Therefore, fiber tufts of small size are
      continuously supplied by the lifting apron 69 into the chute 27. However,
      the shutter 28 closes the discharge aperture of the chute 27 so that any
      excess feed of the fiber tufts to the weigh-pan 46 is prevented. After a
      predetermined time interval, the driving speed of the lifting apron 69,
      the gauge between the lifting apron 69 and the evener cylinder 14, are
      returned to their starting condition of each unit supply operation, the
      weigh-pan 46 is closed by the same method as the second embodiment. Then
      the shutter 28 is opened in the chute 27 in order to start the next unit
      supply operation.
PAR  Further embodiment of the regulating device according to the present
      invention is shown in FIGS. 11 anad 12. In this embodiment, the mechanism
      of the weighing device 45 is almost similar to the weighing device 45 of
      the first embodiment shown in FIGS. 2 to 5, therefore these identical
      elements are represented by the identical reference numerals. However,
      instead of utilizing the balance mechanism, a hydraulic balance means is
      applied. Referring to FIG. 11, the above-mentioned hydraulic balance means
      comprises a hydraulic cylinder 92 provided with a plunger 93 and a change
      valve 94, and a L shaped connecting rod 91 turnably mounted on the frame
      of the weighing device 45 by a pivot pin 90. The balance rod 47 of the
      weighing device is provided with a slot 47aformed at a free end portion
      thereof, and a guide pin 91c secured to a horizontal portion 91a of the L
      shaped lever 91 is slidably engaged in a slot 47a. A free bottom end 91b
      of the L shaped lever 91 is provided with a roller 91c turnably mounted
      thereon. The hydralic cylinder 92 is provided with a piston (not shown)
      which is always urged toward the L shaped lever 91 by a spring 89,
      consequently, the head portion of the plunger 93 is always urged to the
      roller 91c. The change valve 94 is provided with an exhaust aperture (EX)
      and an inlet aperture (P) for supplying the pressurized fluid into the
      hydraulic cylinder 92, and apertures (A) and (B) which are capable of
      alternately connected with the exhaust aperture (EX) or the inlet aperture
      (P) respectively by displacing the piston. When the plunger 93 is
      displaced toward the hydraulic cylinder 92, the inlet aperture (P) is
      connected to the aperture (B) and the exhaust aperture (EX) is connected
      to the aperture (A), while the plunger 93 is displaced toward the opposite
      direction to the hydraulic cylinder 92, the exhaust aperture (EX) is
      connected to the aperture (B) and the inlet aperture (P) is connected to
      the aperture (A). The spring 89 is selected so as to satisfy the following
      condition that, when the weight of the fiber tufts fed into the weigh-pan
      46 becomes a predetermined value which corresponds to a predetermined
      intermediate quantity of fiber tufts accumulated in the weigh-pan at a
      time of shortly before the completion of the unit supply operation, the
      connection of the inlet aperture (P) to the aperture (B) and the
      connection of the exhaust aperture (EX) to the aperture (A) are capable of
      changing to the connection of the exhaust aperture (EX) to the aperture
      (B) and the connection of the inlet aperture (P) to the aperture (A). The
      gauge regulating means of this embodiment is quite similar to the first
      embodiment shown in FIG. 4. However, the device for actuating this gauge
      regulating means is different from the first embodiment. Referring to FIG.
      12, the actuating device comprising a hydraulic cylinder 96 provided with
      a piston (not shown) and a plunger 97 connected to the piston (not shown).
      This piston divides the hydraulic cylinder 96 into two separate chambers
      (not shown), and a pair of inlet conduits 96a and 96b are connected to the
      above-mentioned two separate chambers. For example, the conduit 96a is
      connected to a chamber which is an opposite side to the plunger 97 while
      the conduit 96b is connected to a chamber which is a side of the plunger
      97. The above mentioned inlet conduits 96a and 96b are connected to the
      apertures (A) and (B) of the hydraulic cylinder 94 respectively. An arm 98
      is turnably supported by a pin shaft 99 mounted on the machine frame and a
      two fork member 97a, which is secured to the plunger 97, is turnably
      connected to the arm 98 by a pin 98a. Therefore, the arm 98 is capable of
      turning about the pin shaft 99 by the motion of the plunger 97. A
      connecting rod 100 is connected to the arm 98 and the guide arm 16c of the
      arm 16 by pivot pins 101 and 102 respectively as shown in FIG. 12.
      Consequently, the turning motion of the arm 98 is transferred to the guide
      arm 16c. A pair of stoppers 103a and 103b are adjustably mounted on the
      machine frame in such a condition that these stoppers 103a and 103b
      restricts the range of the turning motion of the arm 98. At the opposite
      side of the machine, there is provided with the arm and the connecting rod
      which are similar to the arm 98 and the connecting rod 100 respectively,
      and these arms are connected by a connecting rod 104 which is secured to
      the top end portion of each arm. In FIG. 11, the top end portion of the
      arm 98 is represented by 98b.
PAR  According to the utilization of the above-mentioned actuation mechanism,
      when the quantity of the fiber tufts supplied into the weigh-pan 46
      becomes the above-mentioned predetermined intermediate value, the balance
      rod 47 turns upward in FIG. 10, consequently, the free bottom end 91b of
      the L shaped lever 91 pushes the head 93a of the plunger 93 so that the
      original condition, wherein the exhaust valve (EX) is connected to the
      aperture (A) which is connected to the inlet conduit 96a and the inlet
      valve (P) is connected to the aperture (B) which is connected to the inlet
      conduit 96b, is changed to the regulated condition wherein the exhaust
      valve (EX) is connected to the aperture (B) which is connected to the
      inlet aperture 96b, and the inlet valve (P) is connected to the aperture
      (A) which is connected to the inlet aperture 96a.
PAR  According to the above-mentioned changing of connection of fluid passage,
      the plunger 97 is displaced toward inside of the hydraulic cylinder 96,
      consequently, the arm 98 and the guide arm 16c are turned toward the
      directions D.sub.1 D.sub.2 as shown in FIG. 12. The intervened space
      between the evener cylinder 14 and the top end portion of the lifting
      apron 9 can be reduced. In this embodiment, a non-contact limit switch
      (not shown) is disposed in the weighing device 45 at a terminal position
      of the free end portion of the balance arm 47. When the quantity of fiber
      tufts supplied into the weigh-pan 46 becomes a predetermined final value,
      the free end of the balance arm 47 arrives at the above-mentioned terminal
      position, and the non-contact limit switch is actuated at this condition
      and issues an electrical signal to actuate the actuation mechanism 58 for
      opening the weigh-pan 46 and closing the shutter 28. The above-mentioned
      operation of the actuation mechanism 58 is carried out by the manner
      similar to the first embodiment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a spinning machine comprising a hopper for receiving textile fiber
      material and a weighing device for supplying a predetermined quantity of
      opened fiber tufts to a subsequent process by intermittently repeated unit
      operations, a lifting apron for carrying fiber tufts supplied into said
      hopper towards an upper portion of said spinning machine and an evener
      cylinder for preventing possible supply of fiber tufts having excess size
      to said weighing device and a doffer for stripping fiber tufts carried to
      a top portion of said lifting apron towards said weighing device, a feed
      chute disposed above said weighing device, a shutter disposed at a bottom
      aperture of said feed chute capable of closing said bottom aperture, said
      evener cylinder disposed at a position adjacent to a top portion of said
      lifting apron, a driving means for driving said lifting apron, said
      weighing device provided with a weigh-pan, an apparatus for regulating a
      supply quantity of fiber tufts to said weigh-pan in each unit supply
      operation, comprising in combination, means for selectively reducing a
      gauge between said lifting apron and said evener cylinder, a first device
      for actuating said gauge reducing means at a time of shortly before the
      completion of said unit supply operation, a second device for
      substantially opening said weigh-pan and closing said shutter when a
      predetermined final quantity of fiber tufts are accumulated in said
      weigh-pan during said unit supply operation.
NUM  2.
PAR  2. In a spinning machine comprising a hopper for receiving textile fiber
      material and a weighing device for supplying a predetermined quantity of
      opened fiber tufts to a subsequent process by intermittently repeated unit
      operations, a lifting apron for carrying fiber tufts supplied into said
      hopper towards an upper portion of said spinning machine and an evener
      cylinder for preventing possible supply of fiber tufts having excess size
      to said weighing device and a doffer for stripping fiber tufts carried to
      a top portion of said lifting apron towards said weighing device, a feed
      chute disposed above said weighing device, said evener cylinder disposed
      at a position adjacent to a top portion of said lifting apron, a driving
      means for driving said lifting apron, said weighing device provided with a
      weigh-pan, an apparatus for regulating a supply quantity of fiber tufts to
      said weigh-pan in each unit supply operation, comprising in combination,
      means for selectively reducing a gauge between said lifting apron and said
      evener cylinder, means for actuating said gauge reducing means, a first
      device for sensing a predetermined intermediate quantity of fiber tufts
      accumulated in said weigh-pan at a time of shortly before the completion
      of said unit supply operation, a second device for sensing a predetermined
      final quantity of fiber tufts accumulated in said weigh-pan during said
      unit supply operation, an actuation mechanism for opening, said weigh-pan
      by a signal issued from said second sensing device, means for selectively
      disconnecting said first sensing device electrically connected to said
      means for actuating said gauge reducing means, whereby, when said first
      sensing means detects said predetermined intermediate quantity of fiber
      tufts said actuating means actuates motion of said gauge reducing means,
      by a signal issued from said first sensing device, and when said second
      sensing means detects said predetermined final quantity of fiber tufts,
      said weigh-pan is opened by a signal issued from said second detecting
      device.
NUM  3.
PAR  3. An apparatus for regulating a supply quantity of fiber tufts to a
      weigh-pan in each unit supply operation according to claim 2, further
      comprising clutch means for selectively disconnecting said lifting apron
      from said driving mechanism, said second sensing device electrically
      connected to said clutch means, whereby when said second sensing device
      detects said final quantity of fiber tufts, said clutch means is actuated
      by an electrical signal issued from said second detecting device.
NUM  4.
PAR  4. An apparatus for regulating a supply quantity of fiber tufts to a
      weigh-pan in each unit supply operation according to claim 2, further
      comprising a shutter disposed at a position above said weigh-pan in a
      supply passage of fiber tufts to said weigh-pan and an electric means for
      closing said supply passage by turning said shutter, said electric means
      is connected to said second sensing device.
NUM  5.
PAR  5. An apparatus for regulating a supply quantity of fiber tufts to a
      weigh-pan in each unit supply operation according to claim 2, wherein said
      lifting apron is continuously driven at a high speed during said unit
      supply operation.
NUM  6.
PAR  6. An apparatus for regulating a supply quantity of fiber tufts to a
      weigh-pan in each unit supply operation according to claim 2, further
      comprising a speed change mechanism for selectively reducing a driving
      speed of said lifting apron at a predetermined time point of shortly
      before the completion of said unit supply operation, said speed change
      mechanism is actuated by a signal issued from said first sensing device.
NUM  7.
PAR  7. An apparatus for regulating a supply quantity of fiber tufts to a
      weigh-pan in each unit supply operation according to claim 2, wherein said
      first actuating device comprises a hydraulic change valve provided with a
      pair of apertures being capable of alternately connected either one of an
      exhaust valve or an inlet valve connected to a pressurized fluid source, a
      mechanical means for actuating said hydraulic change valve when quantity
      of fiber tufts accumulated in said weigh-pan becomes a predetermined
      intermediate valve at a time of shortly before the completion of said unit
      supply operation, a hydraulic cylinder provided with a pair of inlet
      conduits connected to either one of said appertures of said hydraulic
      change valve and a plunger, a pair of arms turnably mounted on a machine
      frame at both sides thereof, a connecting rod connecting both top end
      portions of said arms, one of said arm being pivotably connected to a free
      end portion of said plunger; said means for selectively reducing a gauge
      between said lifting apron and said evener cylinder is provided with a
      pair of Y shaped arms turnably supported by the respective pivot shafts
      mounted on said machine frame, said evener roller is rotatably supported
      by said Y shaped arms; said arms of said first actuating device are
      pivotably connected to corresponding Y shaped arms respectively.
NUM  8.
PAR  8. An apparatus for regulating a supply quantity of fiber tufts to a
      weigh-pan in each unit supply operation according to claim 2, wherein said
      means for selectively reducing a gauge between said lifting apron and said
      evener cylinder comprises a pair of Y shaped arm turnably supported by the
      respective pivot shafts mounted on a machine frame, and a pair of
      actuation mechanisms for turning said Y shaped arms about said pivot shaft
      simultaneously and a pilot motor for selectively operating said actuation
      mechanisms simultaneously, said pilot motor is electrically connected to
      said first sensing device.
NUM  9.
PAR  9. An apparatus for regulating a supply quantity of fiber tufts to a
      weigh-pan in each unit supply operation according to claim 8, wherein each
      of said Y shaped arms is provided with a pair of upwardly projected arms
      extended from a turning axis thereof and a downwardly projected arm
      extended from said turning axis thereof, one of said upwardly projected
      arms is provided with a bearing for turnably supporting an end of a shaft
      of said evener cylinder while the other upwardly projected arm is provided
      with a bearing for turnably supporting an end of a shaft of said stripper,
      said downwardly projected arm is connected to said actuation mechanism for
      selectively turning thereof.
NUM  10.
PAR  10. An apparatus for regulating a supply quantity of fiber tufts to a
      weigh-pan in each unit supply operation according to claim 9, wherein one
      of said actuation mechanisms is provided with a pair of limit switches for
      restricting a range of turning motion of said Y shaped arm, said limit
      switch is combined in an electrical connection between said pilot motor
      and an electric source.
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ABST
PAL  A track-carrying frame is attached to a vehicle axle, preferably as a
      temporary replacement for the vehicle wheel, as is disclosed in
      application Ser. No. 413,443, filed Nov. 7, 1973 now U.S. Pat. No.
      3,834,771. The present device comprises a track guide attached to the
      bottom of the frame which cooperates with lugs on the inner faces of the
      track to prevent the track from moving laterally off the frame and the
      sprockets, idlers and bogie wheels mounted thereon. Further, the device
      restrains the frame from movement relative to the vehicle from its normal
      horizontal position into an inoperative position when the frame
      momentarily is out of contact with the ground.
PARN
PAR  This application is a continuation-in-part of co-pending application, Ser.
      No. 372,220, filed June 21, 1973 now U.S. Pat. No. 3,860,080.
BSUM
PAR  This invention relates to a new and improved vehicle track retention
      device.
PAR  One of the principal objects of the present invention is to provide means
      to prevent the track from coming off the supports thereof in a structure
      such as shown in co-pending application Ser. No. 413,443, filed Nov. 7,
      1973. The present invention provides a means for resisting lateral forces
      which tend to disengage the endless track from its drive system. Such
      forces are encountered when the vehicle on which the device is installed
      is operating on a relatively steep hillside or when the vehicle encounters
      obstruction such as rocks, logs, etc., which tend to unseat the endless
      track from the drive sprockets, idlers, and bogie wheels which normally
      hold the track in proper position on the supporting frame.
PAR  Another feature of the invention is the provision of means for
      strengthening the frame by bridging the opening which otherwise exists at
      the lower ends of the plates which make up a substantial portion of the
      frame.
PAR  Another purpose of the invention is to provide means to prevent the frame
      from inverting from its normal position. It will be understood that when
      the vehicle passes over logs, deep holes or encounters a steep hillside
      there is an absence of support for the forward ends of the frames on which
      the endless tracks are mounted. Under such conditions, there is a tendency
      for the frame to rotate relative to the vehicle and even to invert from
      its normal ground engaging position because there is an absence of support
      for the forward end of the frame and hence the frame tends to turn about
      its drive axis in the direction of rotation of the track.
PAR  A principal purpose of the present invention is to resist such turning
      force.
PAR  Another feature of the invention is the fact that means are provided to
      attach the frame by means of chains, cable and other means to a stationary
      portion of a vehicle such as a bumper and thus prevent rotation or
      inversion of the track frame.
PAR  Still another feature of the invention is the provision of means to hold
      the chains heretofore mentioned relatively taut so that they do not become
      snagged in the rotating portions of the structure.
DRWD
PAR  Other objects of the present invention will become apparent upon reading
      the following specification and referring to the accompanying drawings in
      which similar characters of reference represent corresponding parts in
      each of the several views.
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary, side elevational view showing the present device
      mounted on a vehicle and showing in dot-and-dash lines the normal position
      of the track frame and in solid lines a partially rotated position of said
      frame resisted by the device of the present invention.
PAR  FIG. 2 is a front, elevational view of the structure of FIG. 1.
PAR  FIG. 3 is an enlarged, sectional view taken substantially along the line
      3--3 of FIG. 1.
PAR  FIG. 4 is a view similar to FIG. 3 of a modification.
PAR  FIG. 5 is a fragmentary view similar to FIG. 2 of the modification of FIG.
      4.
PAR  FIG. 6 is an enlarged, sectional view taken substantially along the line
      6--6 of FIG. 1.
PAR  FIG. 7 is a fragmentary, sectional view showing a portion of the structure
      of FIG. 6, taken substantially along the line 7--7 of FIG. 6.
DETD
PAR  The devices of the present invention are intended for mounting on a vehicle
      11, which preferably has a four-wheel drive. The structure is mounted on
      each drive wall 12 at opposite ends of the axles 13 of said vehicle.
      Reference is made to co-pending application Ser. No. 413,443, filed Nov.
      7, 1973, for one structure to which the present invention is adaptable, it
      being understood that the invention may be used with other similar
      structures.
PAR  A frame 16 is provided around which there travels a continuous track 17
      made up of a plurality of track sections 18 pivoted together by pivot
      means (not shown). Each track section has a plurality of upstanding lugs
      19 on its inside surface which function to help to keep the track 17 in
      place. Rotatably mounted in frame 16 are drive sprockets 21 at the upper
      angle of the substantially triangular frames 16, idler wheels 22 at each
      of the other angles of said frame and a plurality of bogie wheels 23, the
      wheels 22 and bogies 23 being suitably rotatably mounted in frame 16 by
      means of shafts 24.
PAR  Frame 16, in one form of the present invention, comprises two vertical
      parallel plates 26 each substantially triangular in side elevation as
      viewed in FIG. 1. The lower ends of plates 26 are normally horizontal.
      Fixed to the lower ends of plates 26 is an inverted channel 27, the web 28
      thereof being welded to the lower edges of plates 26 and the flanges 29
      being located immediately within the paths of travel of the lugs 19. As
      best shown in FIG. 6, the channel flanges 29 are immediately inside lugs
      19 while the idler wheels 22 or bogie wheels 23 are immediately outside
      said lugs. Accordingly, any tendency of the track 17 to move laterally out
      of position is resisted by the flanges 29. In order to prevent the lugs 19
      from striking against the flanges 29, at either end of channel 27 the
      flanges are severed from web 28 and curved inwardly in curved ends 31 (see
      FIG. 7). If there is any tendency for the lugs 19 to be out of line, the
      curved ends 31 guide the lugs into proper aligned relationship.
PAR  One structure for preventing the frame 16 from inverting or partially
      revolve is shown in FIGS. 1, 2 and 3. On either side of frame 16
      immediately behind idler wheels 22 are inner and outer brackets 36, 37
      which extend laterally of frame 26 and are joined by forwardly-upwardly
      slanted rear bracket 38, the rear end of which is attached to frame 16 on
      either side at approximately its midpoint. The brackets 36-38 are brought
      together and attached by a fastener 40 and the brackets or other means on
      either side of the frame are interconnected by a transverse cross tube 39
      which is located immediately above the path of track 17. In a preferred
      form, as is best shown in FIG. 3, a threaded rod 56 inside tube 39 extends
      through holes in brackets 36-38 and the assembly is held together by cap
      nuts 57 on the ends of rod 56. Chain sections 41 are connected at their
      lower ends to the bracket structure heretofore described, and that their
      upper ends are connected to the lower end of chain 42. The upper end of
      chain 42 is connected to a stationary portion of the vehicle such as the
      bumper by a clamp 44.
PAR  When the frames 16 are in their normal position (dot-and-dash line of FIG.
      1), the chains 41, 42 are slack and there is a danger that they may become
      caught in the track 17 or some other portion of the apparatus. Since there
      are devices installed on each side of the vehicle, a tightener cord 46 of
      elasticized material, or other tension means, interconnects chains 42 on
      either side by means of hooks 47 connected to opposite ends of cord 46.
PAR  In the modification of FIGS. 4 and 5, instead of a support being located on
      each side of frame 16a, the support is located only on the inner side
      thereof. Thus an upwardly-inwardly slanted bracket 51 is attached at its
      lower end to the inner plate 26a and a substantially horizontal brace 52
      is attached to said plate near its upper end. The bracket 51 and brace 52
      are brought together and formed with an upward extension 53 to which the
      lower end of chain 42a is attached. In other respects, the structure of
      FIGS. 4 and 5 is similar to that of the preceding modification and the
      same reference numerals followed by subscripts a are used to designate
      corresponding parts.
PAR  As is best shown in FIGS. 3 and 4, the lower end of brackets 37 and 51 are
      attached to the lower ends of plates 26a adjacent channels 27, 27a and
      thus the channels support the brackets and improve the strength of the
      structure, whereas without said channels the frames 16, 16a might tend to
      be distorted out of shape.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use with a vehicle track drive member suitable for attachment to a
      vehicle wheel drive wall to replace the vehicle wheel and wherein is
      provided a frame having a normally substantially horizontal bottom, a
      drive sprocket, idlers and bogie wheels rotatably mounted in said frame
      and an endless track extending around said sprocket, idlers and bogie
      wheels, said track having a plurality of sections pivotally connected
      together, each said section having on either side thereof a lug which
      protrudes inward on either side of said frame, the improvement which
      comprises an inverted channel extending longitudinally and having a web,
      means rigidly connecting said web flush with the underside of said bottom,
      and flanges on the underside of said web, said flanges disposed
      immediately inward of the path of travel of said lugs as said track is
      driven by said sprocket and holding said track sections spaced below said
      bottom.
NUM  2.
PAR  2. The improvement of claim 1 wherein each end of each said flange is
      severed from said web and bent inward, whereby lugs tending to be forced
      out of normal path of travel are deflected by said ends to the outsides of
      said webs.
NUM  3.
PAR  3. The improvement of claim 1 wherein said frame comprises two longitudinal
      parallel plates, said web connected to the bottom edges of said plates to
      reinforce said bottom edges.
NUM  4.
PAR  4. The improvement of claim 1 which further comprises a flexible member,
      first means for attachment of one end of said flexible member to a fixed
      position on said vehicle, and second means for attachment of a second end
      of said flexible member to a position adjacent one end of said frame,
      whereby said flexible member restrains within fixed limits rotation of
      said frame about the axis of rotation of said sprocket.
NUM  5.
PAR  5. The improvement of claim 4 wherein said second means comprises first and
      second bracket means fixed to opposite sides of said frame and a second
      flexible member interconnecting said first and second bracket means, said
      second end of said first-mentioned flexible means connected to said second
      flexible member.
NUM  6.
PAR  6. The improvement of claim 5 which further comprises a cross rod spanning
      the distance between said first and second bracket means and securing said
      bracket means in fixed spaced relation, said cross rod extending above the
      path of movement of said track.
NUM  7.
PAR  7. The improvement of claim 4 wherein each said bracket means comprises a
      plurality of bracket members fixed to discrete areas of said frame and
      converging at their upper ends for attachment to said second flexible
      member, one end of one said bracket member being fixed to said frame
      adjacent said channel.
NUM  8.
PAR  8. The improvement of claim 4 which further comprises a bracket fixed to
      the inward side of said frame and having a substantially vertical upward
      extension, said second end of said flexible member connected to the upper
      end of said upward extension.
NUM  9.
PAR  9. The improvement of claim 4 which further comprises an extendable,
      resilient tightener cord connected to said flexible member to take up
      slack in said flexible member.
NUM  10.
PAR  10. For use with a vehicle track drive member suitable for attachment to a
      vehicle wheel drive wall to replace the vehicle wheel and wherein is
      provided a frame, an endless track and drive means for said track
      rotatably mounted in said frame, the improvement which comprises a
      flexible member, first means for attachment of one end of said flexible
      member to a fixed position on said vehicle, and second means for
      attachment of a second end of said flexible member to a position adjacent
      one end of said frame, whereby said flexible member restrains within fixed
      limits rotation of said frame about the axis of rotation of said sprocket,
      said second means comprising first and second bracket means fixed to
      opposite sides of said frame and a second flexible member interconnecting
      said first and second bracket means, said second end of said
      first-mentioned flexible means connected to said second flexible member.
NUM  11.
PAR  11. The improvement of claim 10 which further comprises a cross rod
      spanning the distance between said first and second bracket means and
      securing said bracket means in fixed spaced relation, said cross rod
      extending above the path of movement of said track.
NUM  12.
PAR  12. For use with a vehicle track drive member suitable for attachment to a
      vehicle wheel drive wall to replace the vehicle wheel and wherein is
      provided a frame, an endless track and drive means for said track
      rotatably mounted in said frame, the improvement which comprises a
      flexible member, first means for attachment of one end of said flexible
      member to a fixed position on said vehicle, second means for attachment of
      a second end of said flexible member to a position adjacent one end of
      said frame, whereby said flexible member restrains within fixed limits
      rotation of said frame about the axis of rotation of said sprocket, and a
      bracket fixed to the inward side of said frame and having a substantially
      vertical upward extension, said second end of said flexible member being
      connected to the upper end of said upward extension.
NUM  13.
PAR  13. For use with a vehicle track drive member suitable for attachment to a
      vehicle wheel drive wall to replace the vehicle wheel and wherein is
      provided a frame, an endless track and drive means for said track
      rotatably mounted in said frame, the improvement which comprises a
      flexible member, first means for attachment of one end of said flexible
      member to a fixed position on said vehicle, and second means for
      attachment of a second end of said flexible member to a position adjacent
      one end of said frame, whereby said flexible member restrains within fixed
      limits rotation of said frame about the axis of rotation of said sprocket,
      and an extendable, resilient tightener cord connected to said flexible
      member to take up slack in said flexible member.
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ABST
PAL  A mechanism for engaging an electric starter motor with the drive shaft of
      an engine which is pivotably mounted on a vehicle and movable into and out
      of engagement with a drive wheel. The starter motor is pivotably mounted
      both to the engine mount and the vehicle frame so that disengaging the
      engine from the drive wheel spaces the starter motor shaft further away
      from the drive shaft of the engine thereby tensioning a belt connected
      between the engine drive shaft and the starter motor shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a powered unit which may be joined to a
      vehicle having an engine pivotally mounted for movement into and out of
      engagement with a vehicle driving wheel and more particularly to an
      electric starter motor drive for the engine of a motorized cycle.
PAR  Motorized cycles, either bicycles or tricycles, are known wherein an engine
      is provided with a drive shaft on which is mounted a friction wheel or
      wheels for engaging a driving wheel of the cycle. Typically, these engines
      are started with a pull rope or by engagement with the drive wheel, which
      is then moved. It is desirable to have these motors started with an
      electric starter. Such an electric starter is especially advantageous
      where the operator of the vehicle is handicapped, such as a paraplegic.
PAR  One of the most serious problems of the paraplegic or other nonambulatory
      person confined to a wheelchair is that of mobility. Wheelchairs provide a
      limited mobility which is determined by the ability of the person to
      propel and control the wheelchair by hand. Powered wheelchairs, which are
      extremely expensive as well as being heavy and cumbersome, provide a
      greater degree of mobility, but are still limited in terms of their
      stability, and particularly in terms of the speed at which they are
      capable of traveling. Such units, moreover, are relatively complex,
      requiring substantial maintenance, and are relatively uneconomical in
      terms of cost and range of operation. Furthermore, there are many
      occasions on which powered wheelchairs are disadvantageous as compared
      with nonpowered chairs. For example, a paraplegic who is capable of
      driving a car may be required to hold his own wheelchair and place it
      inside the car when he enters the car and to follow a reverse procedure
      when he leaves the car. A powered wheelchair has proven to be too large
      and heavy in such situations.
PAR  Accordingly, it has been found to be advantageous to provide a unit which
      may be coupled to a conventional nonpowered wheelchair to convert the
      wheelchair into a powered vehicle and which may be uncoupled from the
      wheelchair to permit normal use of the wheelchair when desired. Such a
      powered unit is described in detail in a co-pending application entitled
      WHEELCHAIR-ATTACHABLE POWERED UNIT, filed Nov. 26, 1973, and issued as
      U.S. Pat. No. 3,912,032, on Oct. 14, 1975, of which the present applicant
      is a co-inventor. The unit described therein basically comprises a frame
      structure and a pivotable or steerable wheel rotatably mounted on a fork
      assembly which is in turn pivotably mounted within a cylindrical member
      forming a part of the frame structure. Handlebars are coupled to the fork
      assembly within the cylindrical member. An engine is pivotably mounted on
      the fork assembly and is pivotable between a position clear of the wheel
      and a driving position in which the engine drive shaft frictionally
      engages the wheels.
PAR  The frame assembly includes means for supporting the powered unit in an
      upright position when detached from a wheelchair and is readily couplable
      to the frame of a conventional wheelchair which has been appropriately
      modified to form a powered, three-wheeled vehicle.
PAR  One problem is using such a frictional drive arrangement in a powered
      wheelchair unit is in providing a simple and reliable mechanism for
      starting the engine. While it is possible to start the engine by engaging
      it with the driving wheel and then accelerating the vehicle to a low
      speed, this obviously could be done only with some difficulty by a
      handicapped driver. A rope or windup starter could be used to start the
      engine while it is disengaged from the driving wheel, but again these
      procedures may require more strength than the driver possesses.
      Furthermore, the engine cannot be started while its drive shaft is in
      engagement with the driving wheel unless the vehicle is moving and the
      starter motor must not be engaged with the engine shaft while the engine
      shaft is engaged with the wheel since this would ultimately burn out the
      starter motor.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other problems are overcome by the present invention of an
      electric starter unit for an engine mounted for driving a wheel of a
      vehicle comprising a frame for rotatably mounting the driven wheel, an
      engine having a drive shaft, a pulley mounted on the drive shaft and means
      for pivotably mounting the engine on the frame so that the drive shaft is
      selectively engageable with the driven wheel. An electric starter motor
      having a drive shaft is pivotably attached at one position to the engine
      and at another portion to the frame so that the starter motor drive shaft
      is moveable from a first position relatively close to the engine pulley
      when the engine is engaged with the driven wheel and a second position
      further away from the engine pulley when the engine is not driving the
      wheel. A belt connecting the starter motor drive shaft and the pulley is
      thereby pulled taut when the engine is disengaged from the driven wheel.
PAR  It is therefore an object of the present invention to provide an electric
      starter for the engine of a powered wheelchair;
PAR  It is another object of the invention to provide a simple and reliable
      electric starter for the engine of a friction drive, powered vehicle; and
PAR  It is still a further object of the invention to provide an electric
      starter for a wheel mounted engine of a powered vehicle wherein the
      starter is engaged with the engine only when the engine is disengaged from
      the driving wheel of the wheelchair.
DRWD
PAR  The foregoing and other objectives, features and advantages of the
      invention will be more readily understood upon consideration of the
      following detailed description of certain preferred embodiments of the
      invention, taken in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view in elevation of a powered unit in accordance with the
      invention;
PAR  FIG. 2 is a top view of the powered unit of FIG. 1;
PAR  FIG. 3 is a front view of the powered unit of FIG. 1 with portions broken
      away; and
PAR  FIG. 4 is a vertical view, in section, taken generally along the line 4--4
      of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The various figures of the drawing illustrate a powered unit 10 according
      to the invention. The powered unit 10 has a frame 12, a front wheel 14
      pivotably mounted on the frame 12, and a handlebar assembly 16 coupled to
      the wheel 14 through the frame 12 to permit pivoting movement of the wheel
      14 by hand relative to the frame 12.
PAR  The frame 12 includes a hollow, generally cylindrical member 18 of the type
      used in bicycles which receives a fork assembly 20 in which the front
      wheel 14, also of conventional bicycle design, is rotatably mounted. The
      handlebar assembly 16 extends through the top end of the cylindrical
      member where it is coupled to the fork assembly 20. A pair of elongated,
      tubular members 22 and 24 which comprise part of the frame structure 12
      extend rearwardly from the cylindrical member 18 in parallel directions
      away from the front wheel 14. A pair of support legs 26 are coupled to the
      tubular members 22 and 24 respectively so as to extend downwardly
      therefrom. When the powered unit 10 is detached from the wheelchair the
      lower ends of the support legs 26 rest on the ground so as to support the
      powered unit 10 in an upright position together with the front wheel 14. A
      front wheel frictional drive motor assembly 28 is mounted just in front of
      the cylindrical member 18 and over the front wheel 14 to selectively
      engage and drive the front wheel 14.
PAR  The front wheel frictional drive motor assembly 28 may be of any
      appropriate size and configuration, but preferably is of the type sold
      under the trademark "SOLEX" by Solex Company of Paris, France. The Solex
      unit is ideally suited for this type of application since it utilizes a
      relatively small gasoline engine which requires relatively little torque
      to start and which is economical to operate. Because of engine's economy,
      only a small gas tank is required. The Solex unit also includes a small
      generator which may be used to power lights and other accessories for the
      vehicle. The power produced by the Solex unit is relatively low compared
      to that of other vehicles, and yet is adequate for vehicles in accordance
      with the invention.
PAR  The engine 28 is pivotably mounted by a bracket 29 to the fork assembly 20
      so that the engine can tilt into and out of frictional engagement with the
      wheel 14 as shown in hidden line fashion in FIG. 1. A control rod 30 is
      pivotably attached at one end to the top of the engine 28. The rod 30 is
      slidably mounted in a flat vertical bracket 32 which is attached to the
      handlebar 16. The rod 30 has a notch 34 which engages in a keyhole shaped
      slot 36 in the flat bracket 32 when the engine 28 is tilted up, off of the
      wheel 14. The end of the control rod 30 furthest from the engine 28 is
      provided with a hand grip 38. A pair of springs 46 are connected between
      the engine 28 and the fork assembly 20 to urge the engine shaft 31 against
      the wheel 14 when the engine is in the down position. A flywheel/pulley 40
      is mounted on the drive shaft 31 and is enclosed in a housing 42. A slot
      44 in the front of the housing 42 allows access to the pulley 40.
PAR  An electric starter motor 48 is rigidly mounted between a pair of brackets
      50, each one having upper protruding tabs 52 and lower protruding legs 54.
      The starter motor 48 is positioned over the wheel 14 and directly in front
      of the engine 28. One of the tabs 52 has a hole in which one end of a
      tension adjustment rod 56 is pivotably attached. The other end of the rod
      56 is threaded and adjustably mounted in a bracket 58 by means of nuts 60
      threaded onto the end of the rod 56. The bracket 58 is attached to the
      fork assembly 20.
PAR  The legs 54 of the starter motor bracket 50 extend rearwardly and beneath
      the engine 28 and are pivotably mounted to the bottom of the engine frame.
      A pair of slotted, arcuately shaped straps 62 are connected between each
      of the pivot points of the legs 54 and one of a pair of support brackets
      64 attached to the fork assembly 20. A bolt 66 is passed through each
      bracket 64 and the slot of each strap 62 and a nut is fastened on the end
      of the bolt to limit the extremes of the upward and downward positions of
      the engine 28.
PAR  The starter motor 48 has a circumferentially grooved drive shaft 68. A belt
      70 is fitted over the grooved starter drive shaft 68 and the engine pulley
      40. When the engine is tilted upwardly off of the wheel 14 by means of the
      rod 30, the leg 54 is also moved upwardly and forwardly of the engine 28.
      Because the tabs 52 of the starter brackets 50 are prevented from moving
      forwardly by the tension adjustment rod 56, the starter motor 48 and the
      support brackets 50 are pivoted counterclockwise about the point where the
      rod 56 joins the tab 52, as viewed in FIG. 1. The result of this movement
      is to displace the starter drive shaft 68 further away from the engine
      pulley 40 and to thus pull the belt 70 tight between the two.
PAR  A rechargable battery and key operated switch unit 72 is mounted on the
      frame 12 and is connected to supply electric power to the starter motor 48
      by means of a multi-conductor cable 74. After the engine 28 is tilted up
      to disengage it from the wheel 14 and to engage the engine pulley 40 with
      the starter drive shaft 68 through the belt 70, the vehicle operator may
      turn on the starter motor 48 and start the engine 28. When the operator
      lowers the running engine 28 on the wheel 14 by means of the rod 30 the
      starter motor 48 is pivoted downwardly and slightly clockwise to the
      position indicated in hidden line fashion in FIG. 1. Since the starter
      shaft 68 and the pulley 40 are thereby moved closer to each other in this
      position the belt 70 is slackened and the starter motor 48 is disengaged
      from the engine 28.
PAR  The handlebar assembly 16 comprises a closed, generally oval-shaped loop.
      It has been found that this particular configuration is easier to handle
      than the more conventional bicycle handlebar configuration. In particular,
      the closed loop handlebar configuration allows the occupant of the
      wheelchair to exercise complete control over the vehicle with one hand
      while sitting comfortably in the wheelchair. This is made possible, in
      part, by the location of a speed control 76 and handbrake controls 78
      within close proximity of one another of the handlebar assembly 16. With
      this particular arrangement the speed control 76 may be selectively
      adjusted to propel the vehicle forward at an optimum speed. The speed
      control 76 is coupled by a cable 80 to the motor 28. The handbrake
      controls 78 are coupled by a cable (not shown) to conventional bicycle
      caliper brakes (not shown) mounted on the fork assembly 20.
PAR  The controls 76 and 78 are located close to one another so as to be
      simultaneously operable by the occupant of the wheelchair. At the same
      time the occupant's hand rests on the handlebar assembly 16 to effect more
      than adequate steering control under all but the most demanding of
      situations.
PAR  While the invention has been described above with particular reference to a
      powered wheelchair it should be apparent that in other embodiments it may
      be utilized in conjunction with other, similar vehicles, such as two and
      three wheeled bicycles, for example.
PAR  The terms and expressions which have been employed here are used as terms
      of description and not of limitation, and there is no intention, in the
      use of such terms and expressions, of excluding equivalents of the
      features shown and described, or portions thereof, it being recognized
      that various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric starter unit for an engine having a drive shaft and mounted
      for driving a wheel of a vehicle, comprising a frame for rotatably
      mounting the driven wheel, a pulley mounted on the drive shaft, means for
      pivotably mounting the engine on the frame so that the drive shaft is
      selectively engageable with the driven wheel, electric starter means
      including a starter motor having a drive shaft, a belt connecting the
      starter motor drive shaft and the pulley, means for pivotably attaching
      one portion of the starter motor to the engine and another portion of the
      starter motor to the frame so that the starter motor drive shaft is
      movable from a first position relatively close to the engine pulley when
      the engine is engaged with the driven wheel and a second position further
      away from the engine pulley, thereby pulling the belt taut, when the
      engine is disengaged from the driven wheel.
NUM  2.
PAR  2. A power attachment for use with a vehicle comprising:
PA1  a frame adapted to be selectively coupled to the vehicle;
PA1  a wheel pivotably mounted on the frame;
PA1  steering means coupled to the wheel and being hand operable to pivot the
      wheel relative to the frame;
PA1  motor means having a drive shaft and pivotably mounted on the frame with
      the drive shaft being selectively engageable with the wheel when the motor
      means is tilted from a first position to a second position;
PA1  a pulley on the motor drive shaft;
PA1  starter means including a starter motor having a drive shaft;
PA1  a driving belt extending around both the pulley and the starter drive
      shaft; and
PA1  means for mounting the starter motor, including means for pivotably
      attaching it to the frame and to the motor means so that the starter drive
      shaft is moved closer to the motor drive shaft when the motor means is
      moved from the first position to the second position.
NUM  3.
PAR  3. A vehicle power attachment as recited in claim 2, further including at
      least one support member coupled to the frame and operative to support the
      power attachment in an upright position when the frame is not coupled to
      the vehicle.
NUM  4.
PAR  4. A power attachment as recited in claim 2, wherein the frame includes a
      hollow cylindrical member, a fork assembly partly mounted within the
      cylindrical member for pivoting movement relative to the frame and having
      the wheel rotatably mounted thereto, the steering means being partly
      mounted within the cylindrical member and coupled to the fork assembly,
      and wherein the motor means is mounted to the frame in the region of the
      cylindrical member and has the motor drive shaft selectively, frictionally
      engageable with the wheel to drive the wheel.
NUM  5.
PAR  5. A power attachment for use with a vehicle comprising:
PA1  a frame adapted to be selectively coupled to the vehicle;
PA1  a wheel pivotably mounted on the frame;
PA1  steering means coupled to the wheel and being hand operable to pivot the
      wheel relative to the frame;
PA1  motor means having a drive shaft and pivotably mounted on the frame with
      the drive shaft being selectively engageable with the wheel when the motor
      means is tilted from a first position to a second position;
PA1  a pulley on the motor drive shaft;
PA1  starter means, including a starter motor having a drive shaft;
PA1  a driving belt extending around both the pulley and the starter drive
      shaft; and
PA1  means for connecting the starter motor to the frame in a position such that
      the starter drive shaft is closer to the motor drive shaft when the motor
      means is moved from the first position to the second position, thereby
      slackening the driving belt and dispensing the starter motor shaft from
      the motor drive shaft.
NUM  6.
PAR  6. An electric starter unit for an engine having a drive shaft and mounted
      for driving a wheel of a wheelchair vehicle, comprising a frame for
      rotatably mounting the driven wheel, a pulley mounted on the drive shaft,
      means for pivotably mounting the engine of the frame so that the drive
      shaft is selectively engageable with the driven wheel, electric starter
      means including a starter motor having a drive shaft, a belt connecting
      the starter motor drive shaft and the pulley, means for pivotably
      attaching one portion of the starter motor to the engine and another
      portion of the starter motor to the frame so that the starter motor drive
      shaft is movable from a first position relatively close to the engine
      pulley when the engine is engaged with the driven wheel and a second
      position further away from the engine pulley, thereby pulling the belt
      taut, when the engine is disengaged from the driven wheel.
NUM  7.
PAR  7. A power attachment for use with a wheelchair comprising:
PA1  a frame adapted to be selectively coupled to a wheelchair;
PA1  a wheel pivotably mounted on the frame;
PA1  steering means coupled to the wheel and being hand operable to pivot the
      wheel relative to the frame;
PA1  motor means having a drive shaft and pivotably mounted on the frame with
      the drive shaft being selectively engageable with the wheel when the motor
      means is tilted from a first position to a second position;
PA1  a pulley on the motor drive shaft;
PA1  starter means, including a starter motor having a drive shaft;
PA1  a driving belt extending around both the pulley and the starter drive
      shaft; and
PA1  means for mounting the starter motor, including means for pivotably
      attaching it to the frame and to the motor means so that the starter drive
      shaft is moved closer to the motor drive shaft when the motor means is
      moved from the first position to the second position.
NUM  8.
PAR  8. A wheelchair power attachment as recited in claim 7, further including
      at least one support member coupled to the frame and operative to support
      the power attachment in an upright position when the frame is not coupled
      to a wheelchair.
NUM  9.
PAR  9. A wheelchair power attachment as recited in claim 7, wherein the frame
      includes a hollow cylindrical member, a fork assembly partly mounted
      within the cylindrical member for pivoting movement relative to the frame
      and having the wheel rotatably mounted thereto, the steering means being
      partly mounted within the cylindrical member and coupled to the fork
      assembly, and wherein the motor means is mounted to the frame in the
      region of the cylindrical member and has the motor drive shaft
      selectively, frictionally engageable with the wheel to drive the wheel.
NUM  10.
PAR  10. A power attachment for use with a wheelchair comprising:
PA1  a frame adapted to be selectively coupled to a wheelchair;
PA1  a wheel pivotably mounted on the frame;
PA1  steering means coupled to the wheel and being hand operable to pivot the
      wheel relative to the frame;
PA1  motor means having a drive shaft and pivotably mounted on the frame with
      the drive shaft being selectively engageable with the wheel when the motor
      means is tilted from a first position to a second position;
PA1  a pulley on the motor drive shaft;
PA1  starter means, including a starter motor having a drive shaft;
PA1  a driving belt extending around both the pulley and the starter drive
      shaft; and
PA1  means for connecting the starter motor to the frame in a position such that
      the starter drive shaft is closer to the motor drive shaft when the motor
      means is moved from the first position to the second position, thereby
      slackening the driving belt and disengaging the starter motor shaft from
      the motor drive shaft.
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ABST
PAL  A combination pedal and motor powered bicycle "moped"  having a chain
      tension sensor attached to the throttle so that the rider can control the
      power output of the motor by the degree of force he exerts in pedalling.
BSUM
PAR  This invention relates to motor vehicles and the like having associated
      therewith operator exercise apparatus and, more particularly, to such
      apparatus used in conjunction with a motor vehicle in such a way that the
      power output of the motor may be made to depend on physical use of the
      exercise apparatus by the operator of the vehicle.
PAR  It is well-known that the widespread use of motor vehicles has contributed
      to many of today's health and physical fitness problems. The growing
      general awareness of the importance of this problem, together with
      economic, environmental and other considerations has led to a marked
      increase in the use of bicycles for exercise, pleasure and basic
      transportation during the last few years. The bicycle, however, has some
      disadvantages not completely taken care of by lightweight modern design
      and multiple gears, particularly in hot or hilly areas, or where heavy
      baggage, longer distances or physical infirmities are involved.
PAR  One very successful answer to these problems has been found in the "moped,"
      or combination motor and pedal powered bicycle, which uses conventional
      pedalling to start the motor and if necessary, to help in going up hills.
      Being motor- powered, the moped designs can afford greater comfort and
      safety since the weight factors are less critical than in bicycles, with
      the result that most moped designs offer a better combination of bigger
      tires, better braking and suspension, lighting and seating than is
      possible with the bicycle. As the speed of the moped increases however,
      the relative contribution to this speed by the pedalling tends to decrease
      and in consequence, the rider most of the time neither needs nor chooses
      to pedal and thus largely loses the benefit of exercise he would have
      received with a bicycle.
PAR  Since many of those who might benefit from increased exercise lack the time
      or discipline necessary to follow a regular program, these people in
      particular could be helped by having a practical motor vehicle available
      that could be adjusted to give a degree of healthy bicycle-like pedalling
      exercise, while at the same time being able to offer with the aid of its
      motor a degree of comfort, range, acceleration, baggage capacity and
      safety in general traffic situations far superior than that afforded by
      the bicycle.
PAR  A typical application is found in commuting, where the commuter could
      exercise while commuting, and could not only go farther with less work,
      but could actually pre-select the degree of exercise he preferred for the
      commute and lock in the setting if necessary, to prevent the temptation of
      cutting down on his plan enroute; if he chose a lesser degree of exertion,
      for any reason, he would still suffer no loss in the performance of his
      machine by such a choice. With a well-mufflered machine, one could return
      to the quiet pleasures of the bicycle without having to face its
      discomforts and drudgery, and it is likely that under such conditions, one
      might well experience a significant increase in the motivation to exercise
      in this way, which would be really getting at the root of the problem.
PAR  While the discussion that follows will deal with the application of this
      invention to the moped, it is in no sense intended to be limited thereto;
      rather, it is intended to have application to a wide range of motor
      vehicles including motorcycles, powered tricycles, motorcars, motorboats,
      sno-mobiles, and the like, and a variety of exercise motions, including a
      rowing motion, for a combination of motorized transporation and exercise,
      wherein the exercise of the operator is necessary to the power output of
      the motor of the vehicle.
PAR  In general, this is accomplished, according to the invention, by providing
      a powered vehicle having operator exercise apparatus, comprising motor
      operated power means providing motive power for the vehicle, control
      means, such as a throttle, for controlling the effective power output of
      the motor operated power means, physical exercise means for application of
      vehicle operator applied force thereto and means to regulate the speed of
      the vehicle when under power responsive to the degree of force exerted by
      the exercising operator, comprising, preferably, force sensing means for
      the exercise means, the force sensing means being connected to the control
      means for varying the power output from the motor operated power means
      responsive to varying operator force applied to the exercise means.
PAR  The control means preferably operates by throttle adjustment, but could
      obviously be accomplished by a similar control of one or more of the
      elements affecting the vehicle's speed, including selective braking,
      timing adjustment, choke adjustment, gearing, electrical system control,
      and the like.
PAR  Adjustable means are also preferably provided whereby the operator can
      select the range of physical exercising effort he prefers, and whereby he
      can also elect to operate the vehicle either as a conventional bicycle or
      as a moped if he so desires.
PAR  The control means may be provided with manual actuating means and selection
      means may be provided for selective operation of the control means by the
      force sensing means. The physically operable exercise means preferably
      includes foot pedal means, as with a conventional bicycle or tricycle but
      may include other types of foot motion and further alternative means as
      noted above.
DRWD
PAR  For the purpose of more fully describing the above and still further
      objects and features of the invention, reference is now made to the
      following detailed description thereof, together with the accompanying
      drawings, wherein:
PAR  FIG. 1 is an overall side view of a combination motor and pedal bicycle
      according to the invention;
PAR  FIG. 2 is a detail side view of the bicycle of FIG. 1, illustrating the
      exercise and force sensing elements thereof, and
PAR  FIGS. 3 through 6 are detail views of the bicycle of FIG. 1 illustrating
      various situations in the operation of the throttle control elements
      thereof.
DETD
PAR  Referring to the drawings, and particularly to FIG. 1 thereof, a Velosolex
      3800 combination motor and pedal bicycle, manufactured by Velosolex, 68 bd
      de Verdun, 92-Courbevoie, France; modified according to the present
      invention, is illustrated therein. Conventionally, such vehicle has,
      mounted on its frame 12, a steerable front wheel 14 and rear wheel 16.
      Rear wheel 16 is driven by foot pedals 20 having crank arms 22 connected
      to front sprocket 24 which drives rear sprocket 26 through chain 28 in the
      usual manner. A coaster brake may be provided. Front wheel 14, mounted in
      front fork 30 and steered by handlebars 32, is frictionally driven by a
      gasoline motor 34 mounted on front fork 30 above front wheel 14. Motor 34
      has a throttle control, hereinafter more fully described, which in its
      conventional operation may be manually actuated by a rotatable handlegrip
      36 and a connecting cable 38. Other types of powered cycles, such as
      tricycles, are similar.
PAR  According to the present invention, the above described bicycle is provided
      with a chain tension force sensing device, generally designated 40 and
      illustrated in FIG. 2, connected to the motor throttle control for varying
      the power output from the motor responsive to varying chain tension as the
      rider pedals with varying force. More specifically, device 40 includes a
      three arm lever pivotally mounted on frame 12 by its shaft 42, its
      operating arm 44 carrying a roller 45 for contacting the upper surface of
      the upper flight of chain 28, its upper arm 46 being connected to spring
      47 attached to frame 12 for urging said roller into contact with said
      chain, and its lower arm 48 carrying control cable 50 for connection to
      the throttle control of motor 34. A bolt 15 slideably mounted for
      adjustment in a slot 13 in frame 12 is provided for connecting spring 47
      to frame 12 in its operative exercise mode position, said slot providing
      for operator selection of the range of exercising force to be applied to
      operate the vehicle under power at varying speeds. A bolt 17 is provided
      for connecting spring 47 to frame 12 in its inoperative position, bolts 15
      and 17 thus providing selective operation of chain sensing device 40. A
      fluid damper 49 may also be connected between upper arm 46 and frame 12 by
      bolt 17 for smoothing out pedalling irregularities and possibly for
      simulating a coasting type deceleration. Other types of sensors may be
      employed and will be needed with other types of drive mechanisms.
PAR  The modified throttle control of the invention, mounted on motor 34 and to
      which control cable 50 is connected, is shown in detail in FIGS. 3 through
      6. A throttle shaft 52, urged into its open position (FIGS. 3 and 5) by
      spring 58, in a counter clockwise direction as shown in the drawings,
      carries an arm 54 having a cam follower 56 which is operated by one of two
      cam levers 60 and 70 rotatably mounted on motor 34. Curved cam handgrip
      lever 60 is rotated by handgrip control cable 38 in opposition to its
      spring 62. Straight tension control cam lever 70 is rotated by tension
      device control cable 50 in opposition to its spring 72. The cam surfaces
      of said levers control the rotary position of throttle shaft 52 and hence
      the power output of motor 34 through cam follower 56 which is maintained
      in contact with at least one of said levers from its open position as
      shown in FIGS. 3 and 5; to its closed position, as shown in FIGS. 4 and 6.
PAR  Alternatively to moving spring 47 from bolt 15 to 17 to deactivate chain
      sensing device 40, or in combination therewith, a selection lever 80 may
      be pivotally mounted on motor 34 as shown in FIG. 3 to engage detent 71 of
      tension control cam lever 70 to maintain it in inoperative position, said
      selection lever 80 being moveable to its position 80a shown in dotted
      lines in FIG. 3 to permit tension control cam lever 70 to be operated by
      chain tension force sensing device 40.
PAR  In conventional operation, that is, with tension device spring 47 connected
      to frame 12 by forward bolt 17 or with selection lever 80 engaged with
      detent 71 of cam lever 70, the control of the power output of the motor is
      entirely by the handgrip 36 through its cable 38 and lever 60, as shown in
      FIG. 3, in which the throttle shaft 52 is illustrated in its open position
      by the full line position of lever 60 and in its closed position by the
      dash-dot position of lever 60.
PAR  In the exercise mode according to the present invention, with spring 47
      connected to bicycle frame 12 as shown in FIG. 2, selection lever 80
      disengaged from lever detent 71 and handgrip lever 60 in its full throttle
      position (FIGS. 4 and 5), the rotary position of tension device 40, as
      established by the tension in the upper flight of chain 28 and the
      adjustment of bolt 15 in slot 13, controls the rotary position of tension
      control cam lever 70 and hence throttle shaft 52. In the full line
      position of chain roller 45 in FIG. 2, chain 28 is slack so that the
      throttle shaft 52 is closed and in its dotted line position chain 28 is
      tensioned (or roller 45 has been positioned in its inoperative position as
      explained above).
PAR  Referring first to FIG. 4, with the chain 28 in slack position without
      operator force applied thereto, chain roller 45 will assume its full line
      position as shown in FIG. 2 and position chain tension cam lever 70 in its
      full line position in FIG. 4 to close the throttle, the inoperative
      position of said lever 70 being shown in dot-dash lines in said FIG. 4.
PAR  In FIG. 5, rotation of tension device 40 to its dotted position in FIG. 2
      by application of operator force to cause chain 28 to assume its tensioned
      position at 28a has caused cable 50 to rotate lever 70 to allow throttle
      shaft 52 to open under the influence of its spring 58, and the degree of
      such opening is proportional to the amount of force the bicycle rider
      applies to the pedals, -- as he pedals harder, the motor will provide an
      increased power output.
PAR  FIG. 6 illustrates that, regardless of the tension in chain 28, handgrip 36
      is still effective to move throttle shaft 52 to its closed position.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle having at least one traction wheel and foot peddling exercise
      means connectable to said wheel comprising:
PA1  motor operated power means providing motive power for said vehicle;
PA1  control means for variably controlling the effective motive power output of
      said motor operated power means to drive said vehicle at variable speed;
PA1  said foot pedalling exercise means including a pair of pedals operable by
      the application of pumping force thereto by the vehicle operator;
PA1  drive means for connecting said exercise means said traction wheel to apply
      as motive power thereto independently of said motor operated power means,
      the pumping force exerted by the operator on said exercise means;
PA1  force sensing means for sensing the pumping force applied by the operator
      to said pedals independently of the pumping speed thereof; and
PA1  connecting means for connecting said force sensing means to actuate said
      control means to vary the effective motive power output from said motor
      operated power means responsive to varying operator pumping force applied
      to said pedals for driving said vehicle at varying speed while said
      exercise means and said traction wheel are connected by said drive means.
NUM  2.
PAR  2. A vehicle as claimed in claim 1 which includes adjustment means for
      varying the response of said force sensing means to pumping force applied
      to said exercise means.
NUM  3.
PAR  3. A vehicle as claimed in claim 1 wherein said drive means includes a
      chain and sprocket connection between said exercise means and said
      traction wheel, and said sensing means senses the tension of said chain.
NUM  4.
PAR  4. A vehicle as claimed in claim 1 which includes operator adjustable means
      for actuating said control means, and selection means for selectively
      operatively connecting said operator adjustable means and said connecting
      means to actuate said control means.
NUM  5.
PAR  5. A vehicle as claimed in claim 4 wherein said selection means is operable
      to connect said connecting means to actuate said control means while
      inhibiting actuation of said control means by said operator adjustable
      means.
NUM  6.
PAR  6. A vehicle as claimed in claim 4 wherein said selection means includes
      means for inhibiting operative connection of said connecting means to said
      control means.
NUM  7.
PAR  7. A vehicle as claimed in claim 4 wherein said control means is a throttle
      for the motor of said motor operated power means.
NUM  8.
PAR  8. A vehicle as claimed in claim 1 wherein said drive means directly
      connects said exercise means and said traction wheel to apply directly as
      motive power to said traction wheel the pumping force applied by the
      operator to said pedals.
NUM  9.
PAR  9. A vehicle having at least one traction wheel and operator exercise
      apparatus connected thereto, comprising:
PA1  motor operated power means providing motive power for said vehicle;
PA1  control means for controlling the effective power output of said motor
      operated power means;
PA1  manual actuating means for said control means;
PA1  foot pedalling exercise means including chain and sprocket means for
      application of vehicle operator applied force thereto;
PA1  drive means for connecting said exercise means to said traction wheel to
      apply directly as motive power thereto the pumping force exerted by the
      operator on said exercise means;
PA1  force sensing means for sensing the tension of said chain for said manually
      operable exercise means; and
PA1  selection means for selective operation of said control means by said force
      sensing means in an exercise mode;
PA1  said force sensing means in said exercise mode sensing the tension of said
      chain and being connected to said control means for varying the power
      output from said motor operated power means responsive to varying operator
      force applied to said foot pedal exercise means while said pumping force
      is simultaneously applied directly to said traction wheel.
NUM  10.
PAR  10. A combination pedal and motor cycle having front and rear wheels
PA1  a motor providing motive power for driving one wheel of said cycle
PA1  a throttle for controlling the power output of said motor
PA1  actuating means for said throttle
PA1  a pair of foot pedals for providing motive power for driving the rear wheel
      of said cycle and
PA1  chain tension sensing means connected to said throttle for varying the
      power output from said motor responsive to increasing chain tension.
NUM  11.
PAR  11. A combination motor and pedal cycle having front and rear wheels
      comprising;
PA1  a motor providing motive power for said cycle;
PA1  a throttle for controlling the power output of said motor;
PA1  manual actuating means for said throttle;
PA1  foot operable power means including chain and sprocket means for driving
      said rear wheel by said pedals for direct application of cycle rider
      applied force thereto providing motive power for said cycle;
PA1  force sensing means for said foot operable means for sensing the tension of
      said chain; and
PA1  selection means for selective operation of said throttle by said force
      sensing means in an exercise mode;
PA1  said force sensing means in said exercise mode sensing the tension of said
      chain and being connected to said throttle for varying the power output
      from said motor responsive to varying operator force applied to said foot
      operable power means while said force is simultaneously applied directly
      to said rear wheel.
NUM  12.
PAR  12. A combination motor and pedal cycle having front and rear wheels
PA1  a motor for providing motive power for driving one of the wheels of said
      cycle
PA1  a throttle for controlling the power output of said motor
PA1  manual actuating means for said throttle
PA1  a pair of foot pedals having rotatable crank arms and a chain and sprockets
      for providing motive power for driving the rear wheel of said cycle and
PA1  chain tension sensing means connected to said throttle for increasing the
      power output from said motor responsive to increasing chain tension.
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PAL   Control system for a variable performance torque converter on a vehicle
      which has a number of auxiliary services such as brakes or cylinders
      served by a power source driven by the vehicle engine includes an actuator
      operating a control element on the torque converter in response to
      signalling means connected to the auxiliary services to proportion power
      from the engine between the torque converter and the power source for the
      auxiliaries.
BSUM
PAR  This invention relates to improvements in torque converter controls and
      more particularly to a control system for a torque converter installed in
      the tractive drive of a vehicle.
PAR  Torque converters are known which are provided with impeller, turbine or
      stator blades which are variable in pitch so that infinitely variable
      control of the torque output characteristics of the converter can be
      achieved. It is also known for such torque characteristics to be achieved
      by controlled filling of the torque converter. Such torque converters will
      hereinafter be referred to as conventional torque converters. One example
      of a conventional torque converter is described in British Pat. No.
      910,663 in which adjustable stator or reaction blades are provided, the
      attitude of which is adjustable by means of a manually operable hand-wheel
      and/or in association with gear changes to change the direction of
      rotation of the output member.
PAR  In industrial vehicles, such as diggers and other earth moving equipment
      which have a single engine, providing through a tractive drive tractive
      power for the vehicle and also power to drive the vehicle's auxiliary
      services, such as power assisted brakes, hydraulic rams and other
      pneumatic and hydraulic equipment, various disadvantages are encountered
      when, for economic reasons, it is not possible to provide the vehicle with
      an engine capable of supplying sufficient power to allow both the vehicle
      tractive drive and the auxiliary services to operate at their full
      potential. Furthermore, in such vehicles, when the vehicle is being
      braked, it is necessary to reduce the tractive power rapidly to zero so
      that the brakes can act most efficiently. This latter problem has been
      solved in the past by disconnecting the vehicle tractive drive when a
      predetermined degree of braking is applied. However, such a system has the
      disadvantage that when the braking effort is removed there is a time delay
      before the drive is reestablished, which delay can cause momentary loss of
      control of the vehicle.
PAR  An object of the present invention is to provide control for a torque
      converter of the kind aforesaid which enables the auxiliary services to
      act promptly and efficiently at the expense of the vehicle tractive drive
      while allowing the latter to continue to operate under such remaining
      power as is left to it.
PAR  The present invention provides a control system for a conventional torque
      converter in which the performance characteristic is adjustable by an
      actuator in response to a signal received from the auxiliary services,
      such signal being indicative of the state of the auxiliary services.
PAR  The invention also includes a vehicle having an engine adapted to provide
      tractive drive for the vehicle and to provide drive to the auxiliary
      services, in which power is transmitted from the engine to the tractive
      drive through a conventional torque converter and a control element
      therefor through which the performance is adjustable by the actuator which
      is operatively connected to it.
PAR  In the case of a torque converter having facility for adjusting at least
      one set of blades the attitude of the stator or reaction blades is
      adjusted to achieve the required performance. The auxiliary services may
      include a hydraulic pump adapted to supply pressurized fluid to at least
      one hydraulically operated device and the actuator is responsive to a
      change in hydraulic pressure acting on the device, the arrangement being
      that increases in hydraulic pressure on the device causes adjustment of
      the blades so as to reduce the power transmission from the engine to the
      tractive drive of the vehicle and reduction of pressure on the device
      restores the power to the tractive drive.
PAR  The hydraulically operated device may be a hydraulic motor in the form of a
      ram, vane motor or a hydraulic steering device or the like in which case
      the power transmission from engine to traction drive is reduced optionally
      to zero. In the case where the hydraulically operated device is
      constituted by brakes of the vehicle the power transmission is reduced to
      zero either by a pressure sufficient to apply the brakes or by a slightly
      smaller pressure than brake engagement pressure.
PAR  Likewise the auxiliary services may include an air compressor adapted to
      supply compressed air to at least one pneumatically operated device and
      said actuator is responsive to changes in pneumatic pressure at the device
      in a manner so as to reduce power transmissions from the engine to the
      tractive drive of the vehicle in response to an increase in the pneumatic
      pressure.
PAR  The pneumatically operated device may be a vehicle braking device,
      pneumatic motor, pneumatic ram or the like and the corresponding actuators
      will operate in a like manner to their hydraulic counterparts.
PAR  It can be arranged that mechanical signals originating from the brakes are
      operative to cause reduction to zero of power to the tractive drive.
DRWD
PAR  The preferred embodiment of the invention will now be described with
      reference to the accompanying drawings of which:
PAR  FIG. 1 is a partially sectioned diagrammatic elevation of a wheeled shovel
      vehicle;
PAR  FIG. 2 is a circuit diagram of the tractive drive and control system of the
      vehicle in FIG. 2;
PAR  FIGS. 3 and 4 are modifications of portions of FIG. 2; and
PAR  FIG. 5 is a diagrammatic cross section of one actuator in FIG. 2.
DETD
PAR  The wheeled shovel 10 consists of an articulated vehicle having front and
      rear parts 12 and 14 connected and articulated about a vertical axis 16.
      The rear part 14 carries the engine 18 and transmission assembly 20 and is
      supported by a two-wheeled axle assembly 22. The driver's seat 24 and
      steering wheel 26 are also mounted on the rear part 14. The front part 12
      carries a boom 28 pivoted thereon and a bucket 30 pivotally mounted on the
      front end of the boom 28. A front wheel and axle assembly 32 supports the
      front part 12. All the drive elements between the engine 18 and the wheels
      21 constitute the traction drive.
PAR  Steering rams 34 articulate the vehicle for steering purposes. Two boom
      rams 36 are adapted to elevate and lower the boom 38, and bucket rams 38,
      are adapted to pivot the bucket 30 on the boom 28. Brakes 40 and the above
      rams 34, 36 and 38 are all served hydraulically.
PAR  The engine 18 drives a hydrokinetic torque converter 42 and, through
      gearing 44, several hydraulic pumps and compressors identified
      collectively in FIG. 1 by a box 46. Fluid from the pumps and compressors
      are controlled by an array of valves under the hand of the operator and
      identified in FIG. 1 as a valve box 48. These valves control the boom rams
      36 and bucket rams 38. The steering wheel 26 controls the steering rams
      34, and a separate foot pedal 52 controls the brakes 40.
PAR  The output shaft 54 of the torque converter 42 drives through a gearbox 56
      and universally jointed shafts 58 and 60 to the front and rear axles
      respectively. The gearbox 56 may provide several gear ratios and in a
      vehicle of this kind will provide a quick forward and reverse gearchange
      facility.
PAR  FIG. 2 shows a circuit diagram in which certain of the parts have already
      been identified. The box 46 and valve box 48 are shown as enclosing a
      group of pumps and valves respectively.
PAR  The torque converter 42 is equipped with a variable angle stator such as
      can be seen in British Patent No. 910,663 and the control element therefor
      is shown diagrammatically as a lever 62 in FIG. 2. The lever 62 is moved
      by one of a series of actuators 64, 66, 68 and is biased by a spring 70
      into a position in which the torque converter is adapted to give maximum
      torque to the traction drive represented diagrammatically by shaft 61 and
      wheel w in FIG. 2. Movement of the lever 62 in the direction of arrow A
      adjusts the stator to give less torque conversion and therefore less
      energy throughput. The actuators 64, 66 and 68 are all equipped with lost
      motion connections 65, 67 and 69 to lever 62 to enable each one to move
      the lever without moving the others. Actuators 64, 66 and 68 also
      constitute detectors of the state of the respective auxiliary services and
      the movement they impart to the lever 62 is in response to a signal
      received from signalling means, described below, on the auxiliary
      services.
PAR  Actuators 64 and 66 are spring loaded by springs 71 on pistons 67 as shown
      in FIG. 5 so that progressive increase in pressure causes progressive
      compression of the spring 71 and movement of lever 62 in FIG. 2.
PAR  Two pumps 72 and 74 and one air compressor 75 identified collectively as
      box 46 in FIG. 2, are driven by the engine 18. Pump 72 delivers to two
      valves 76 and 78 of the open center type. These control the bucket rams 38
      and boom rams 36 respectively. Actuator 64 is tapped into this pump 72 by
      line 80.
PAR  Pump 74 supplies pressure fluid through line 83 to the steering valve 82
      which is controlled by the steering wheel 26. Actuator 66 is tapped into
      pump 74 by line 84.
PAR  Compressor 75 delivers through water trap 86 to tank 88 and on to valve 90
      which is controlled by pedal 52. The brake actuators 92 are hydraulically
      actuated through an air operated master cylinder 94 which is energized
      under the control of the pedal 52 and valve 90. Signalling means such as
      an air line 96 can be arranged to connect the brake system with actuator
      68. Also a dotted line 99 representing a mechanical connection can be
      connected from pedal 52 to lost motion connection 69.
PAR  In operation, the engine rotates the pumps 72 and 74 and compressor 75
      while it is running but the pump delivery is routed to a reservoir 97
      through valve box 48 unless brought into use, and the compressor is
      provided with a cut off as soon as the tank 88 is full. With no hydraulic
      or braking demand, all the engine 18 power is available for the traction
      drive, hence the stators of the torque converter 42 are set to the
      position in which they can make best possible use of the power available
      which corresponds to the position of lever 62 seen in FIG. 2. This is the
      situation when the bucket 30 is being filled by being driven into the pile
      of earth.
PAR  When the boom and bucket rams 36 and 38 respectively are brought into
      service pressure generated at rams 36 and 38 by the pump 72, is sensed by
      actuator 64 through signalling means such as line 80. The actuator 64
      responds to the pressure by moving lever 62 in the direction of arrow A
      while compressing spring 71, see FIG. 5, thus changing the stator angle
      and reducing the amount of energy routed through the converter to make it
      available to the pump 72. The strength of spring 71 is arranged to be such
      that the increase in power required by the device is matched by the loss
      of power through the torque converter caused by the appropriate movement
      of lever 62. This is the situation when all the power needs to be
      delivered to the rams 36, 38 to tear the bucket 30 free of the earth and
      lift it to a carrying position.
PAR  Articulated vehicles especially need considerable power for turning while
      they are at a standstill or are moving only slowly so when the steering
      wheel 26 is turned, pump 74 delivers pressure fluid for this purpose, such
      pressure being sensed by signalling means such as line 84 and causing
      actuator 66 to reset lever 62 again to reduce the energy flow through the
      converter 42 and to make it available to the pump 74. If the vehicle is
      moving with reasonable speed, no undue fluid pressure is required to steer
      and actuator 66 does not cause a movement of the lever 62.
PAR  Depression of pedal 52 causes the brakes 40 to be applied. Brake
      application pressure is sensed through line 96 and causes the actuator 68
      to act on lever 62 to reduce the power flow through the converter 42 to
      zero. The purpose of signalling to the converter 42 in this case is not so
      much to give preference of power flow between two power demands but to
      ensure that no power flows to the wheels 21 when the brakes 40 are
      applied. It can be arranged that as the pressure builds up in the brakes
      40 the lever 62 is moved to the zero power position just prior to the
      brakes 40 coming on.
PAR  The engine 18 usually used in the vehicle is governed diesel engine.
PAR  An alternative form of the invention would involve coupling the actuators
      64, 66 and 68, or any two of them, in such a way that the combination of
      signals received through their signalling means such as lines 80, 84 and
      96, as appropriate, has the effect of rotating lever 62 as required. An
      example of how this could be arranged is by the use of balancing beam 98
      as shown in FIG. 3. In this version the power demand by raising the loaded
      bucket 30 and steering the vehicle at the same time can be signalled to
      the lever 62 by the balance beam 98 which has a lost motion connecting
      link 100 connected to the lever 62. The brake pressure responsive actuator
      68 is required to move lever 62 on its own because its purpose is to stop
      power flow through the converter rather than reduce it.
PAR  The actuator 68 can be a pneumatic actuator connected to the air brake
      system by a pneumatic connection illustrated by dotted line 102 in FIGS. 2
      and 3. Alternatively, the intention to use brakes can be signalled to lost
      motion connection 69 by a direct mechanical link for instance if the
      torque converter 42 happens to be located close alongside the brake pedal
      52.
PAR  Clearly the use of mechanical or electrical methods or elements to signal
      the state of the service to the appropriate actuator is encompassed within
      the invention.
PAR  It is also envisaged that a delay be imposed on the release of the brakes
      in order to allow the torque converter to reestablish traction drive
      before the brakes are finally disengaged. This is illustrated in FIG. 4 in
      which there is shown a hydraulic delay circuit comprising a check valve
      104 and throttle 106 in parallel. This enables a quick flow of pressure
      fluid to the brakes through the check valve and a relatively slow release
      of the brake by outflow through the throttle 106. This enables the
      pressure in line 96 and actuator 68 to be dropped and consequently the
      traction drive to be reestablished by resetting lever 62 just prior to
      final release of the brakes.
PAR  The preferred embodiment has been illustrated by reference to three
      actuators 64, 66, 68. It would be possible to use a single actuator, there
      being pilot valve arrangements to connect the sole actuator to the service
      generating the highest pressure.
PAR  Alternative circumstances might prevail where an actuator would be required
      to increase the power delivered through traction drive in response to an
      increase in pressure on a service. In such a case it would be arranged for
      the actuator to be spring loaded such that increase of pressure would
      overcome the spring load and move the lever 62 to the position shown in
      FIG. 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vehicle having an engine, a tractive drive with at least one wheel,
      a selectively variable torque converter driven by said engine, said torque
      converter being connected to said driven wheel or wheels said torque
      converter having a control element for varying the torque of the
      converter, at least one auxiliary service including a pump directly driven
      by said engine, the improvement comprising a control system having an
      actuator operatively connected to and operable on the control element, and
      a conduit interconnecting said auxiliary service and actuator to position
      the control element with said actuator upon said conduit transmitting a
      signal from said auxiliary service to said actuator and thereby proportion
      the power from the engine between the tractive drive and said auxiliary
      service.
NUM  2.
PAR  2. A control system according to claim 1 wherein said auxiliary service
      includes a fluid pump and at least one fluid pressure operated device,
      said actuator being responsive to a change in fluid pressure acting on
      said device.
NUM  3.
PAR  3. A control system according to claim 1 wherein said actuator includes a
      spring to ensure progressive movement of the control element with
      progressive increase in pressure.
NUM  4.
PAR  4. A control system according to claim 1 wherein said actuator is a
      hydraulic motor.
NUM  5.
PAR  5. A control system according to claim 1 wherein said actuator is a
      pneumatic motor.
NUM  6.
PAR  6. A control system according to claim 1 including at least one additional
      actuator and means interconnecting a number of said actuators to act in
      concert upon the control element.
NUM  7.
PAR  7. A control system according to claim 6 wherein said means includes at
      least one balance beam.
NUM  8.
PAR  8. A control system according to claim 1 wherein said conduit is fluid
      pressure transmitting .
NUM  9.
PAR  9. A control system according to claim 8 including means for delaying the
      signal to said actuator.
NUM  10.
PAR  10. A control system according to claim 9 wherein said auxiliary service
      includes hydraulic brakes and said means for delaying includes a throttle
      in said fluid pressure transmitting conduit supplying said brakes.
NUM  11.
PAR  11. A control system according to claim 10 including a bypass by a second
      conduit incorporating a check valve to prevent fluid flowing therethrough
      away from said brakes.
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PAL  A longitudinal bearer arrangement in vehicles, especially in passenger
      motor vehicles, in which the longitudinal bearers rise in the vehicle
      longitudinal direction from the rear section of the vehicle to the front
      section.
PARN
PAR  This application is a continuation-in-part of Application Ser. No. 190,746,
      filed Oct. 20, 1971, now abandoned, and the benefit of the filing date of
      said prior application is claimed for common subject matter.
BSUM
PAR  The present invention relates to a longitudinal bearer arrangement in
      vehicles, especially passenger motor vehicles.
PAR  A motor vehicle is known in the art (British Pat. No. 728,593 and French
      Pat. No. 1,059,830) in which the longitudinal bearers are arranged
      paralled to the vehicle longitudinal axis and are arranged in a horizontal
      plane. The driver seat arranged in the center of the motor vehicle is
      slightly raised in the seating plane with respect to the slightly set-back
      co-driver seats provided laterally of the driver seat so that an
      inclination of the seat surfaces in the direction toward the rear section
      of the vehicle results. The advantage of this arrangement resides in that
      the driver seated in a raised position with respect to the co-drivers
      receives a good view over the entire vehicle and that, on the other, the
      lower-seated co-drivers receive an optimum head clearance and large
      space-comfort. However, when the motor vehicle rolls over, a large
      distance between the roof plane of the vehicle extending parallel to the
      longitudinal bearers and the longitudinal bearers has proved to be
      disadvantageous because the rigidity of the vehicle construction decreases
      with increasing distance of the roof surface from the longitudinal
      bearers, provided the constructive expenditures are not enlarged.
      Additionally, it is also disadvantageous that the vehicle equipped with
      the known longitudinal bearer arrangement may readily come into contact
      with and become seated on the ground in case of road unevenness, i.e. may
      hit the ground and become stuck, for example, in the open terrain,
      especially when the vehicle is loaded in the front section thereof by
      luggage and dynamically spring-deflects inwardly, i.e. downwardly.
PAR  In a small vehicle with a rear-engine provided preferably for city traffic,
      such as in U.S. Pat. No. 3,352,597 and German publication DOS No.
      1,430,871, published Dec. 12, 1968, by Barenyi and Sacco, it is disclosed
      to provide the seat planes of the driver seat and of the co-driver seat
      arranged to the rear of the driver with an inclination sloping down toward
      the rear section of the vehicle. With this prior art arrangement,
      exclusively the floor sheet metal plate is inclined in direct proximity of
      the driver seat in the rearward, downward direction by 1/10 degrees with
      respect to the horizontally arranged longitudinal bearers of the vehicle
      so that the distance between the knee joint of the driver and the floor
      plate is not increased by the inclination of the driver seat in the
      direction toward the rear. This prior art vehicle provided for city
      traffic, however, entails essentially the same disadvantages of the long
      roof columns as the prior art vehicle described in the British Pat. No.
      728,593.
PAR  The present invention is concerned with the task to eliminate the
      disadvantages provided by the known longitudinal bearer arrangements in
      vehicles and to provide a motor vehicle, in which the rigidity of the
      vehicle construction and therewith the safety during accident impacts is
      improved by a favorable longitudinal bearer arrangement and by simple
      constructive measures with the simultaneous reduction of the vehicle
      weight and in which the mounting and connections of seats, drive unit
      parts or the like is facilitated.
PAR  The underlying problems are solved according to the present invention in
      that the longitudinal bearers rise in the vehicle longitudinal direction
      from the rear part of the vehicle in the direction towards the front part.
      It is achieved by these measures that the accident impacts impinging on
      the vehicle from in front or from the side thereof, are not disposed
      directly in the longitudinal plane of the longitudinal bearers and instead
      lift the vehicle so that already by the conversion of the kinetic impact
      energy into rotation energy, a decrease of the accident impacts is
      produced. It is furthermore possible in an advantageous manner by the
      forwardly rising longitudinal bearers that the vehicle body is
      considerably reinforced by reason of the reduced distance in the forward
      part of the vehicle between the roof plane and the longitudinal bearers so
      that the safety of the vehicle passengers is increased also during rolling
      over. A further advantage of the construction of the present invention
      resides in the increased floor or ground clearance of the vehicle. Due to
      the forwardly raised longitudinal bearers, the danger of contact and of a
      seating of the vehicle on the ground, when loaded and when carrying out
      downward spring deflections, is reduced.
PAR  In a further advantageous construction of the present invention, the
      longitudinal bearers may extend parallel to the joint shaft of, for
      example, a vehicle equipped with front engine and rear drive, as viewed in
      top plan view and/or side view, whereby the assembly of the joint shaft at
      the floor surfaces of the vehicle extending parallel to the longitudinal
      bearers is facilitated. Furthermore, it has proved particularly
      appropriate for the assembly of the body if eventually provided separating
      planes of the framework extend perpendicularly to the longitudinal
      bearers.
PAR  Accordingly, it is an object of the present invention to provide a motor
      vehicle, especially passenger motor vehicle which avoids by simple means
      the aforementioned shortcomings and drawbacks encountered in the prior
      art.
PAR  Another object of the present invention resides in a longitudinal bearer
      arrangement for vehicles which increases the safety of the passengers and
      driver of the vehicle without significant increases in constructional
      expenditures.
PAR  A still further object of the present invention resides in a longitudinal
      bearer arrangement for passenger motor vehicles which permits an increase
      in the rigidity of the vehicle construction with simultaneous reduction of
      the vehicle weight while simultaneously facilitating the assembly of the
      various vehicle parts.
PAR  Still another object of the present invention resides in a motor vehicle in
      which the danger of getting stuck on road unevenness, especially in open
      terrain, is considerably minimized.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, an embodiment in accordance with the present invention,
      and wherein:
PAR  FIG. 1 is a somewhat schematic side view, partially in cross section, of a
      motor vehicle in accordance with the present invention.
PAR  FIG. 2 is a somewhat schematic perspective view of the framework in a motor
      vehicle according to the present invention.
PAR  FIG. 3 is a front view in perspective of the framework shown in FIG. 2.
PAR  FIG. 4 is a top plan view of the framework structure of FIG. 2.
DETD
PAR  Referring now to FIG. 1, the motor vehicle generally designated by
      reference numeral 1 and illustrated in this Figure partially in cross
      section includes a vehicle passenger cell 2 which is constituted
      essentially by the forwardly rising longitudinal bearers 3 and the front
      cross frame 4 and rear cross frame 5 connected thereto as well as by the
      roof structure 6. As can be clearly seen from this Figure, the
      longitudinal bearer 3 rises with respect to the horizontal ground plane by
      an angle of about 5.degree.. Furthermore, it may be seen from FIG. 1 that
      the longitudinal bearers extend only in the zone of the passenger
      compartment between the front and rear wheels. Moreover, it is
      contemplated that the longitudinal bearer extends in the longitudinally
      extending plane formed by the front and rear wheels on each side of the
      vehicle.
PAR  The longitudinal bearers 3 limit the door cut outs in the downward
      direction of the vehicle, and simultaneously represent the lateral bottom
      limit of the vehicle in the zone of the passenger compartment. That is,
      the longitudinal bearers 3 are connected with each other by the vehicle
      floor extending between the bearers 3 which are laterally spaced from one
      another as may be seen in FIGS. 2-4. The seats 7 and 8 are directly
      arranged on the vehicle floor so that the advantage of a higher seat
      arrangement of the driver compared to that of the passengers, together
      with simultaneous reduction of the lever arm from the center of gravity of
      the vehicle to the ground surface remains preserved. As may be further
      seen in FIGS. 2-4, the longitudinal bearers 3 are connected by means of
      the transverse cross beams 4 and 5, which may be disposed at the level on
      the lower edges of the windshield and/or the rear window and connected to
      the longitudinal bearers 3 by vertical supports 14 and 15. The vertical
      supports 14 and 15 may be slightly inclined toward the front and rear
      respectively in relation to the longitudinal bearers 3. These vertical
      supports 14 and 15 as may be seen in FIG. 4, for example, are arranged in
      the longitudinal plane at each side of the vehicle in which the
      longitudinal bearers 3 are included. The framework structure defined by
      the longitudinal bearers 3 and the front cross frame member 4 and rear
      cross frame 5 define the extent of the passenger compartment.
PAR  Toward the front and rear of the vehicle, end sections adjoin the
      transverse frames 4 and 5. These end sections are fashioned preferably to
      be more susceptible to deformation than the passenger compartment in order
      to absorb kinetic impact energy by deformation in case of an accident
      while the passenger compartment is still resistent to such deformation.
      The end section in the front may be, for example, the longitudinal support
      girder 10 between which the engine 9 of the vehicle is arranged. The joint
      shaft or Cardan shaft 11 for the rear drive 12 of the vehicle can then be
      supported in the vehicle advantageously in parallel to the longitudinal
      bearers 3.
PAR  Thus the framework members of this vehicle construction may be joined as
      seen for example in FIGS. 2-4. This structural arrangement provides an
      assembly that is constructionally simple but yet the forces can be
      absorbed in the framework to the greatest possible extent with the
      avoidance of shearing and torsional stresses. In particular, the
      structural arrangement includes the cross bearer members in planes that
      are at right angles to the planes in which the longitudinally extending
      bearers 3 are provided. Furthermore, because of the inclination of the
      longitudinal bearer members from the rear to the forward portion of the
      vehicle a larger ground clearance is obtained at the front of the vehicle,
      on the one hand, while, on the other hand, the length of the vertical
      supports 14 of the forward transverse frame 4 is shortened, for example,
      in comparison with the rear supports 15. As a result of this reduced
      length, these vertical supports of the forward transverse frame can absorb
      greater forces in the case of vertical stresses, i.e. if the vehicle is
      overturned due to an accident, without having to enlarge the cross
      section. This results very simply from the fact that the buckling
      resistance is the decisive factor for these supports during stress
      thereon, which buckling resistance is a function of their length. In this
      connection, it is to be kept in mind that the shortening of the length is
      important since the cross section of the vertical supports can not be
      chosen arbitrarily in most cases because otherwise the possible door cut
      out and the leg freedom of the passengers is impaired.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein, but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A framework arrangement for vehicles comprising at least two parallel
      transversely spaced longitudinal bearer members extending only between the
      areas of the front and rear wheels at each side of a vehicle, said at
      least two longitudinal bearer members rising from the horizontal upwardly
      from the area of the rear wheels to the area of the front wheels, forward
      and rearward cross frame means for connecting said at least two
      longitudinal bearer members, and at least one vehicle floor connected to
      said at least two longitudinal bearer members and having the inclination
      of the longitudinal bearer members.
NUM  2.
PAR  2. A framework arrangement according to claim 1, wherein said at least two
      longitudinal bearer members extend substantially parallel to a joint shaft
      as viewed in top plan view.
NUM  3.
PAR  3. A framework arrangement according to claim 2, wherein said at least two
      longitudinal bearer members extend substantially parallel to the joint
      shaft as viewed in side view.
NUM  4.
PAR  4. A framework arrangement according to claim 3, wherein the vehicle is
      equipped with a front engine and a rear drive interconnected by the joint
      shaft.
NUM  5.
PAR  5. A framework arrangement according to claim 4, wherein said cross frame
      means are disposed in transverse planes and said at least two longitudinal
      bearer members are disposed in longitudinal planes, said transverse planes
      extending substantially perpendicularly to said longitudinal planes.
NUM  6.
PAR  6. A framework arrangement according to claim 1, wherein said at least two
      longitudinal bearer members extend substantially parallel to a joint shaft
      as viewed in side view.
NUM  7.
PAR  7. A framework arrangement according to claim 1, wherein a front engine and
      a rear drive interconnected by a joint shaft are included, said joint
      shaft extending substantially parallel to the at least two longitudinal
      bearer members.
NUM  8.
PAR  8. A framework arrangement according to claim 1, wherein said cross frame
      means are disposed in transverse planes and the at least two longitudinal
      bearer members are disposed in longitudinal planes, said transverse planes
      extending substantially perpendicularly to the longitudinal planes.
NUM  9.
PAR  9. A framework arrangement according to claim 1, wherein said at least two
      longitudinal bearer members rise from the rear wheels to the front wheels
      of the vehicle by an angle of about 5.degree. .
NUM  10.
PAR  10. A framework arrangement according to claim 1, wherein vehicle passenger
      seats are directly disposed on the vehicle floor means.
NUM  11.
PAR  11. A framework arrangement according to claim 10, wherein the seats in the
      front section of the vehicle are disposed higher with respect to ground
      level than the seats in the rear section.
NUM  12.
PAR  12. A framework arrangement according to claim 1, wherein the at least two
      longitudinal bearer members at the front wheels of the vehicle are
      disposed at a reduced distance from a roof plane of the vehicle than the
      distance between the at least two longitudinal bearer members at the rear
      wheels of the vehicle and the roof plane whereby rigidity of construction
      of the vehicle is increased.
NUM  13.
PAR  13. A framework arrangement according to claim 1, wherein the at least two
      longitudinal bearer members at the front wheels of the vehicle are
      disposed at a reduced distance from a roof plane of the vehicle than the
      distance between the at least two longitudinal bearer members at the rear
      wheels of the vehicle and the roof plane, whereby rigidity of construction
      of the vehicle is increased, and wherein the at least two longitudinal
      bearer members at the front wheels of the vehicle rise to a distance
      whereby the ground clearance of the vehicle is increased.
NUM  14.
PAR  14. A framework arrangement according to claim 1, wherein the at least two
      longitudinal bearer members at the front wheels of the vehicle rise to a
      height above the ground whereby the ground clearance of the vehicle is
      increased at the front wheels.
NUM  15.
PAR  15. A framework arrangement according to claim 1, wherein said at least two
      longitudinal bearer members extend in the longitudinal planes formed by
      the front and rear wheels at each side of the vehicle.
NUM  16.
PAR  16. A framework arrangement according to claim 1, wherein said forward and
      rearward cross frame means each include vertical support members
      connecting respective cross frame means with said at least two
      longitudinal bearer members.
NUM  17.
PAR  17. A framework arrangement according to claim 16, wherein said vertical
      support members are slightly inclined from the vertical in the forward and
      rearward directions respectively corresponding to a connection with the
      forward and rearward cross frame means.
NUM  18.
PAR  18. A framework arrangement according to claim 1, wherein a front end
      section means is connected to said forward cross frame means and said at
      least two longitudinal bearer members for absorbing impact energy directed
      at the front end of the vehicle.
NUM  19.
PAR  19. A framework arrangement according to claim 1, wherein a rear end
      section means is connected to said rearward cross frame means and said at
      least two longitudinal bearer members for absorbing impact energy directed
      at the rear end of the vehicle.
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ABST
PAL  A plurality of individual batteries are independently mounted for
      reciprocatory movement according to the motion of a supporting vehicle,
      and means are actuated by the reciprocal movement of the batteries for
      converting such movement to constant rotary movement to drive means for
      regenerating said batteries. The batteries are disposed in spaced relation
      to facilitate cooling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For many years attempts have been made to supplement the electric power
      means for electric systems in vehicles and particularly vehicles that are
      driven by electric motors. For the most part these prior efforts have not
      been particularly successful because the drive for the generating means
      has been derived from motion between parts of the vehicle during travel
      and such motion has not been sufficient to produce the required current
      supply. Moreover, the batteries required for driving such vehicles or
      operating other electric systems in vehicles, normally are quite large and
      easily over-heat and also constitute a dead weight in the vehicle which
      requires more power for operating the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a plurality of individual batteries are
      independently resiliently mounted for reciprocatory movement according to
      motion of the vehicle and such movement is harnessed to drive the
      generating means. The individual mounting of the batteries in spaced
      relation from each other facilitates cooling of the batteries and thereby
      reduces if not eliminates over-heating of the batteries and the resilient
      mounting of the batteries for reciprocal movement eliminates the dead
      weight of the batteries and instead employs the physical movement of the
      batteries for actuating the generating means.
PAR  Conveniently, each battery is mounted on one end of a lever, the opposite
      end of which comprises a segment for driving means for converting
      reciprocal motion to rotary movement for driving a generating means. The
      batteries may be connected in series so that their voltage output is added
      to operate electric means requiring a stronger input, such as a motor for
      driving the vehicle.
DRWD
PAC  BRIEF IDENTIFICATION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic plan view of a vehicle chassis including self
      electric power generating units according to the present invention;
PAR  FIG. 2 is an enlarged fragmentary plan view of FIG. 1 showing one only of
      the self-generating units associated with a generating system;
PAR  FIG. 3 is a cross-sectional view of the self-generating unit of FIG. 2, and
PAR  FIG. 4 is a wiring diagram of the system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring specifically to FIG. 1 of the drawings, a vehicle chassis frame
      10 is mounted on road wheels 12 in the usual manner and carries an
      electric motor 14 for driving at least one set of the road wheels through
      a differential transmission 16, the motor 14 and transmission 16 being
      connected by a drive shaft 18 incorporating a universal joint 20.
      Normally, the motor will be powered by suitable battery means which will
      be carried by the frame 10 as a dead weight and due to heavy power
      requirements, large and heavy batteries have been employed. In the present
      instance, a plurality of batteries 22 respectively are carried by
      individual motion responsive units 24 to convert reciprocatory motion into
      rotary drive for regenerating the batteries.
PAR  There may be a plurality of battery carrying motion responsive units 24,
      each including a base frame 26 that readily is mountable within the
      chassis frame 10. As better shown in FIG. 2, each base frame 26 comprises
      two end members 28 adapted to be mounted on portions of the chassis frame
      10 and connected by opposed side members 30, each including at least two
      portions 32 and 34 adjustably connected in any suitable manner to
      accommodate longitudinal variation of the frame according to the limits
      permitted by the arrangement and disposition of the units 24 relative to
      the chassis frame 10. In FIG. 2, the two end portions 32 and 34 are shown
      as being secured directly together by bolted flanges 36 but obviously
      intermediate spacers 38 may be inserted to vary the length of the frames,
      as shown in the left hand unit in FIG. 1. Moreover, the flanges 36 may be
      adjustably secured to the respective portions 32 by bolt and slot
      connections or the like, as shown in FIG. 2, for minor variations in
      length.
PAR  As better shown in FIGS. 2 and 3, each frame portion 34 has a centrally
      slotted cross-web or plate 40 supporting two pair of spaced bearing blocks
      42 and 44. The bearing blocks 42 journal a cross-pin 46 that pivotally
      supports a lever 48 which at one end terminates in a gear segment 50 that
      meshes with a gear 52 that pivotally is mounted on a cross-shaft 54 which
      is journalled in the bearing blocks 44. At the other end, the lever 48
      carries a frame 56 including a cover plate 58 which securely supports a
      battery 22.
PAR  Each frame portion 32 supports a pair of cross-plates 60, 62 which support
      bumpers 64, such as springs, for engagement with the battery frame 56 and
      cover 58, respectively, and limit the oscillatory reciprocatory stroke of
      the lever 48. In addition, the cross-plate 60 has a well 66 carrying a
      stronger bumper 68, such as a spring, for additionally supporting the
      weight of the battery 22 when at rest on the downward stroke. Moreover,
      the inner walls of the frame portions 32 carry bearing plates 70
      constituting runways for rollers 72 journalled on opposite sides of the
      lever 48 adjacent the battery frame 56 to preclude lateral stresses and
      strains on the lever. To enable adjustment in length of the lever 48 in
      accordance with the length of the base frame 26, the lever constitutes two
      parts 48a and 48b releasably secured together as by a slidable fit secured
      by clamps such as bolts 48c. The part 48a may be mounted on the cross-pin
      46 and includes the segment 50 whereas the part 48b includes the battery
      frame 56 and rollers 72.
PAR  The gear 52 is centrally fixed on a sleeve 53 that is freely mounted on the
      shaft 54, the respective ends of the sleeve being drivingly connected with
      the inputs of a pair of one-way clutches 74 and 76 disposed on opposite
      sides thereof. The outputs of clutches 74 and 76 are drivingly connected
      with the shaft 54. The clutch 74 is operative in one direction, i.e.,
      clockwise rotation only of its input causes clockwise rotation of its
      output, whereas the clutch 76 is operative in the opposite direction,
      i.e., counterclockwise rotation only of its input causes clockwise
      rotation of its output. In this manner, as the gear 52 is oscillated the
      shaft 54 is driven constantly in the same direction of rotation. A
      fly-wheel 78 is fixed on the shaft 54 to cause the rotation of the shaft
      to be more constant despite variations in drive from the lever and a
      pulley or sprocket 80 also is fixed with the shaft 54 to be driven
      thereby.
PAR  The pulley or sprocket 80 drives a belt or chain 82 which is trained around
      another pulley or sprocket 84 fixed on a shaft 86 and through a torque
      brake or one-way clutch 88 drives a power reserve unit 90 that in turn
      drives a slip clutch pulley or sprocket 92 which is connected by a belt or
      chain 94 with the drive pulley or sprocket 96 of an alternator or
      generator 98. The power reserve unit 90 may comprisie comprise coiled
      spring having its inner end secured to the output shaft of gear
      transmission 89 whose input shaft is driven by the torque brake 88, the
      latter preventing overloading of the spring. The outer end of the spring
      may be fixed to a ring gear that meshes with a pinion which in turn drives
      the torque brake 92. The specific structure of this arrangement is more
      completely disclosed in application Ser. No. 374,127 filed June 27, 1973,
      now U.S. Pat. No. 3,861,487, issued Jan. 21, 1975.
PAR  There may be occasions when the vehicle travels over a long distance on a
      surface that is level and flat so that there is insufficient oscillatory
      movement of the lever 48 to drive the alternator or generator 98
      sufficiently to maintain the electric reserve in the batteries 22. As a
      safety factor a hand or foot operated lever 100 may be connected with a
      transmission 102 equivalent to the one-way clutches 74,76 and fly-wheel 78
      to drive a shaft 104 which carries a pulley or sprocket 106 around which
      is trained a belt or chain 108 which also is trained around a pulley or
      sprocket 110 that is secured through a one-way clutch 112 to the input
      shaft 86 for the power reserve unit. Thus, the lever 100 may be manually
      operated to wind the spring within the power reserve unit 90 and in turn
      drive the alternator or generator 98.
PAR  As shown in FIG. 4, the generator 98 is connected by circuitry 114 with a
      voltage regulator 116, an ammeter 118, to the battery means 22 and through
      a rheostat 120 to electric motor 14. The rheostat may be controlled by a
      foot or hand lever or any other type of control which would be convenient
      for the driver of the vehicle. While each power generating unit 24 may be
      connected to its own individual power reserve unit, it is preferred that
      the power generating units 24 be connected at least in pairs to one power
      reserve unit 90 by means of the belts and pulleys or chains and sprockets.
PAR  It is believed that the operation of the power generating units will be
      quite apparent to those skilled in the art. In this regard, it can be
      appreciated that any movements of the vehicle frame 10 relative to the
      supporting surface will produce a reciprocatory movement of the lever 48
      of each power generating unit 24. Such alternating oscillatory movement of
      the levers will be translated by the engaging segment 50 and gear 52 to
      continuous one-way rotation of the shaft 54. Through the belt or chain
      drive transmission the shaft 54 will rotate the shaft 86 that, through the
      connective gearing 89, drives the power input shaft of the power reserve
      unit 90.
PAR  The power reserve unit 90 will supply additional power for the electric
      drive motor 14 and/or battery means 22 when the vehicle 10 has stopped, as
      at a stop signal, or in coasting, until the power reserve is depleted. It
      can be appreciated that the power reserve unit will enable a smaller
      battery group to be used and will permit the battery group to operate for
      a considerably longer period of time over a greater distance than with the
      original charge of the batteries 22.
PAR  It will be apparent that a plurality of the units 24, which can be
      prefabricated and adjusted to size, can be mounted on a vehicle or within
      the frame 10 thereof according to the power requirements for the
      particular electric system to which the batteries are connected. The
      individual mounting of the batteries within the units 24 necessarily
      spaces the batteries so that they are individually subject to air
      circulation and thereby cooled. The units 24 preferably are arranged in
      pairs and disposed in opposite relation so that the weights and forces
      involved offset each other. Moreover, the movable supports for the
      batteries eliminates the dead weight of the batteries and instead employs
      their weight for effecting postive work.
PAR  The batteries preferably are connected in series so that voltages are
      cumulative in energizing the electric equipment to which they are
      connected. Thus eight 6-volt batteries spaced around the vehicle can
      cumulatively supply 48 volts for energizing a 48-volt motor which has
      sufficient power to drive a vehicle. Obviously, the number of units 24 can
      be varied according to electrical requirements. As previously stated the
      batteries can be connected with the power reserve means in any suitable
      manner such as in pairs to one power reserve unit or all of the units 24
      may be connected through suitable gear arrangements with a central power
      reserve unit.
PAR  While the specific disclosure is limited to an automotive land vehicle,
      particularly to the power system for driving the vehicle, it will be
      obvious that the invention may be adapted for use with any type of
      electric system in any type of vehicle including water craft and air
      craft, as long as there is sufficient movement of the supporting frame or
      chassis, transverse the direction of travel, to cause reciprocal movement
      of the battery supporting means. Thus, the invention may be employed for
      supplying power for lighting systems, communication systems, pumps for
      hydraulic control systems, or any other apparatus powered by electricity.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle having a frame supporting an electric system and battery means
      for operating said system, comprising two relatively reciprocatory parts
      on said frame means supporting one said part from the other said part for
      reciprocatory movement in accordance with variations in the supporting
      medium, at least one of said parts being reciprocatory relative to the
      vehicle frame, means connected between such parts for converting such
      reciprocal movement into rotary mechanical power, power reserve means
      receiving and storing said rotary mechanical power, and current generating
      means for recharging said battery and driven by said power reserve means,
      said battery means comprising a plurality of batteries and said one part
      comprising means individually supporting said batteries in spaced relation
      for reciprocal movement relative to the vehicle frame.
NUM  2.
PAR  2. A vehicle according to claim 1 wherein said one part comprises a
      plurality of means each supporting one said battery and connected with
      said reciprocal to rotary movement converting means.
NUM  3.
PAR  3. A vehicle according to claim 2 wherein said battery supporting means
      each comprises a pivotally mounted lever having battery carrying means at
      one end and including gear means engaged with said movement converting
      means.
NUM  4.
PAR  4. A vehicle according to claim 3 wherein said battery supporting means
      comprises a rectangular frame including means at one end portion thereof
      supporting said lever and said movement converting means, said lever gear
      means comprising a segment on the end of said lever opposite the battery
      carrying means end, and said movement converting means comprising a shaft,
      a pinion freely mounted on said shaft and in mesh with said segment, and a
      pair of one-way clutches respectively connected between said pinion and
      said shaft and operative in opposite directions to convert oscillation of
      said pinion to constant direction rotation of said shaft.
NUM  5.
PAR  5. A vehicle according to claim 3 wherein battery supporting means
      comprises a rectangular frame including means at one end portion thereof
      supporting said lever and said movement converting means, and means at the
      other end portion thereof for limiting movement of said battery.
NUM  6.
PAR  6. A vehicle according to claim 5 wherein said lever is pivotal about a
      horizontal axis and said battery movement limiting means comprises stop
      means including resilient bumper means respectively above and below said
      battery.
NUM  7.
PAR  7. A vehicle according to claim 6 wherein said battery movement limiting
      means comprises bearing surfaces on opposite sides of said other end
      portion of said frame, and rotatable means on opposite sides of said lever
      adjacent said battery and engaged respectively with said bearing surfaces
      to preclude lateral movement of said lever.
NUM  8.
PAR  8. A vehicle according to claim 7 wherein said rectangular frame and said
      lever are adjustable in length to fit available space in said vehicle.
NUM  9.
PAR  9. A vehicle according to claim 8 wherein said frame comprises at least two
      parts respectively including said end portions and having side frame
      members, and means releasably connecting the side frame members of said
      parts.
NUM  10.
PAR  10. A vehicle according to claim 1 further comprising a manually operable
      reciprocal lever, a second reciprocal to rotary motion converting means
      driven by said lever, and means connecting the rotary output of said
      latter means to said power reserve means.
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ABST
PAL  A vehicle, which includes a motor having rotary output means, further
      includes a pair of torque converters, both driven by the rotary output
      means of the motor. Each torque converter drives a multi-speed
      transmission, and both transmissions drive a rotatable shaft, the rotation
      of which drives the front and rear wheels of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to drive apparatus for a vehicle, and more
      particularly, to such drive apparatus which incorporates a pair of torque
      converters used to drive the forward and rearward wheels of the vehicle.
PAR  In the prior art, it is well-known to provide in a vehicle first and second
      torque converters, the pump of each torque converter being driven by the
      engine of the vehicle, and the turbine of each converter being driven by
      rotation of the pump thereof. The turbines of such first and second
      converters drive respective first and second shafts, the rotation of which
      in turn drive the forward and rearward wheels of the vehicle. Such a
      system is disclosed in U.S. Pat. No. 3,455,407 to Phillips. While such a
      system has proved relatively effective in use, it will be understood that,
      in order to achieve certain drive characteristics, along with a high
      degree of simplicity and economy, other dual torque converter drive
      systems might with advantage be utilized.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of this invention to provide, in a vehicle, a
      drive system incorporating dual torque converters.
PAR  It is a further object of this invention to provide, in a vehicle, a
      vehicle drive system which, while fulfilling the above object, is
      extremely simple in design, and permits the use of relatively small dual
      drive train components, meanwhile being efficient in operation.
PAR  Broadly stated, the invention is in combination with a vehicle including
      forward and rearward means rotatable to drive the vehicle, and a motor
      including rotary output means. Such invention comprises first torque
      converter means connected to the rotary output means to be driven thereby,
      and second torque converter means connected to the rotary output means to
      be driven thereby. A shaft is rotatably supported relative to the vehicle
      and is connected to the forward and rearward means, so that rotation of
      such shaft rotates the forward and rearward means to drive the vehicle.
      Means drivingly connect the shaft and first torque converter means, and
      means drivingly connect the shaft and second torque converter means, so
      that the shaft is driven through the first and second torque converter
      means by the rotary output means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention will become apparent from a study
      of the following specification and drawings, in which:
PAR  FIG. 1 is a side elevation of a vehicle incorporating the invention.
PAR  FIG. 2 is a plan view of the inventive drive means of the vehicle; and
PAR  FIG. 3 is an enlarged plan view of a portion of the system of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Shown in FIG. 1 is a vehicle 10. The vehicle 10 is of the articulated type,
      and includes a forward portion 12 and a rearward portion 14. The forward
      and rearward portions 12,14 are pivotally connected by a joint 16, and are
      supported by respective forward and rearward vehicle wheels 18,20. Such
      wheels are of course rotatable, so that rotation thereof drives the
      vehicle 10.
PAR  The vehicle 10 includes a motor or engine 22 which has well-known rotary
      output means, including a flywheel 24. The flywheel 24 is drivingly
      connected with a transfer gear box 26 which includes two sets of output
      gear trains 28,30, the output gear train 28 having an output gear 32 which
      rotates an output shaft 34, and the output gear train 30 having an output
      gear 36 which rotates an output shaft 38. The gears of the transfer gear
      box 26 are chosen so that shafts 34,38 rotate faster than the flywheel 24.
PAR  The shaft 34 rotates the casing 40 of a torque converter 42, and the shaft
      38 rotates the casing 44 of a second torque converter 46. Such torque
      converters 42,46 are spaced laterally of each other relative to the
      forward-rearward axis of the vehicle 10, and are positioned on either side
      of the general centerline 48 of the vehicle 10. A slipping modulating
      clutch 50 interconnects the casing 40 and the input means 52 of the torque
      converter 42, and a slipping modulating clutch 54 interconnects the rotary
      casing 44 and the input means 56 of the torque converter 46. Such
      individual slipping modulating clutches 50,54 are included so that engine
      torque may be controllably apportioned by centrifugal valves associated
      with such clutches 50,54 respectively to auxiliary fluid pumps 58,60
      associated with the vehicle.
PAR  The torque converters 42,46 are supplied with fluid and controlled
      simultaneously from a single remote operator control (not shown). The
      input means 52 rotates output means 62 of the torque converter 42, and the
      input means 56 rotates output means 64 of the torque converter 46, as is
      well known. The output means 62 of the torque converter 42 rotates shaft
      means 66 which in turn rotates the input gear means 68 of a multi-speed
      transmission 70. The output means 64 of the torque converter 46 rotates
      shaft means 72 which in turn rotates the input gear means 74 of a second
      multi-speed transmission 76. The multi-speed transmissions 70,76 are
      spaced laterally of each other in side-by-side relation relative to the
      forward-rearward axis of the vehicle 10, and on either side of the general
      centerline 48 of the vehicle 10. These transmissions may with advantage
      take the form of that disclosed in U.S. Pat. No. 3,077,795 (assigned to
      the assignee of this invention).
PAR  The output gears 78,80 of the transmissions 70,76 are both connected to a
      shaft 82. Such shaft 82 is rotatably supported relative to the vehicle 10,
      and is directly connected to a differential 84 so that rotation thereof
      drives the rear wheels 20 of the vehicle 10.
PAR  Such shaft 82 is also drivingly connected to a differential 86 through a
      transfer box 88 which allows articulation of the vehicle 10, so that
      rotation of such shaft 82 rotates the wheels 18, so that the vehicle 10 is
      four-wheel-driven.
PAR  It will be seen that the torque converters 42,46 are disposed in parallel,
      and the shaft 82 is driven through both torque converters 42,46 by the
      rotary output means of the motor 22.
PAR  Such system as described herein eliminates the need for a single large
      power train which would include large components. The system as disclosed
      herein also provides relatively greater energy absorption in forward and
      reverse shifts, by dividing the energy absorption through a dual power
      train. The modulated clutch torque converters allow directional shifts at
      part throttle while for example lifting a loaded bucket which may be
      associated with the vehicle 10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a vehicle including forward and rearward means
      rotatable to drive said vehicle, and a motor including rotary output
      means;
PA1  a first output gear train drivingly connected with said rotary output
      means;
PA1  a first output shaft rotated by the output gear of said first output gear
      train;
PA1  a second output gear train drivingly connected with said rotary output
      means;
PA1  a second output shaft rotated by the output gear of said second output gear
      train;
PA1  each output gear being independently driven through a respective one of
      said output gear trains to in turn drive a respective output shaft;
PA1  a first torque converter connected to said first output shaft to be driven
      thereby;
PA1  a second torque converter connected to said second output shaft to be
      driven thereby;
PA1  a third shaft rotatably supported relative to said vehicle and connected to
      the forward and rearward means, so that rotation of said third shaft
      rotates said forward and rearward means to drive said vehicle;
PA1  a first multi-speed transmission drivingly connecting said third shaft and
      first torque converter;
PA1  a second multi-speed transmission drivingly connecting said third shaft and
      second torque converter, so that said third shaft is driven through both
      said first and second torque converters by the rotary output means;
PA1  the first and second torque converters being spaced laterally of each other
      relative to the forward-rearward axis of the vehicle on either side of the
      centerline of the vehicle;
PA1  the first and second transmissions being spaced laterally of each other
      relative to the forward-rearward axis of the vehicle on either side of the
      centerline of the vehicle.
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ABST
PAL  Safety apparatus for simultaneously placing in neutral the automatic
      transmission of a service vehicle subject to frequent starting and
      stopping without moving the gearshift lever and setting the vehicle brake
      from a second drive station removed from the first drive station such that
      the vehicle is safely but temporarily parked.
BSUM
PAC  Background of the Invention
PAR  The field of this invention is safety devices for operating service trucks
      under repeated starting and stopping conditions.
PAR  The term "service" vehicle, as used in this application, includes any type
      of vehicle used for providing services from a street to a home, apartment
      or the like and thus subject to frequent starting and stopping during use.
      For example, solid refuse collection trucks are used to collect refuse on
      a house-to-house basis along a street. Thus, it may be necessary for a
      refuse collection vehicle to make hundreds of starts and stops during a
      day.
PAR  It has been recognized that the use in a service vehicle of a second or
      right hand drive station remote from the normal or left hand drive station
      can save some manpower. For example, U.S. Pat. No. 1,925,893 discloses a
      milk delivery truck having auxiliary controls and U.S. Pat. No. 3,059,716
      discloses a refuse collection vehicle with a remote control station. It
      has also been found advantageous to combine the vehicle controls to avoid
      multiple movements normally necessary in starting and stopping such
      vehicles. For example, U.S. Pat. Nos. 3,059,176; 1,903,977 and 1,874,526
      disclose controls for both brakes and clutches or shift levers for
      standard transmissions, which controls may even be actuated by the
      application of the brakes.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a new and improved safety apparatus for operating
      a service vehicle having a automatic transmission and first and second
      drive stations, wherein the automatic transmission has a gearshift lever
      at the first drive station and wherein the gearshift lever is in a drive
      position under frequent starting and stopping conditions. The apparatus of
      the preferred embodiment of this invention includes a brake-set means
      mounted at the second drive station for actuating the brakes of the
      vehicle independently of the first drive station. Safety means are mounted
      at the second drive station in operative connection with the vehicle
      automatic transmission for neutralizing the automatic transmission, with
      the gearshift lever remaining in the drive position, with actuation of
      said brakes by said brake-set means.
PAR  The safety means of the preferred embodiment of this invention includes a
      flow diverting valve mounted with the automatic transmission for diverting
      fluid pressure from the automatic transmission in response to the
      actuation of the brake-set means. The flow diverting valve is controlled
      by a fluid signal source, which source is actuated by an electrical
      switch, which electrical switch is activated substantially simultaneously
      with the activation of the brake-set means.
PAR  The method of the preferred embodiment of this invention for operating a
      service vehicle which is capable of making repeated stops along a street
      or the like, which vehicle includes a normal first drive station having
      automatic transmission controls mounted therewith, includes the first step
      of operating a second drive station which is removed from the first drive
      station. The second drive station is utilized for actually operating the
      vehicle during repeated stopping and starting activities. The automatic
      transmission controls are placed in a drive position at the first drive
      station. A brake-set control is mounted at the second drive station for
      setting the vehicle brakes independently of the first drive station; and,
      the automatic transmission is neutralized from the second drive station,
      without moving the automatic transmission controls at the first drive
      station, substantially simultaneously with the setting of the vehicle
      brakes at the second drive station whereby the vehicle is quickly rendered
      safe and may be left temporarily unattended.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view, partly in schematic, of a refuse collection
      vehicle of the preferred embodiment of this invention;
PAR  FIG. 2 is a top view of the power take-off pump connected to the main
      engine for the refuse collection vehicle of FIG. 1;
PAR  FIG. 3 is an isometric view of the auxiliary drive station controls mounted
      at the right side of the vehicle; and
PAR  FIG. 4 is a schematic view of the safety apparatus of the preferred
      embodiment of this invention for neutralizing the automatic transmission
      upon actuation of the brakes from the right or auxiliary drive station.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the letter V generally designates a service
      truck of the refuse collection variety which is used, for example, to make
      door-to-door refuse collections. The term "service" has been previously
      defined as including any of a variety of vehicles which are used to make
      multiple deliveries or pick-ups during a day, and in particular those
      vehicles used in making door-to-door deliveries in neighborhoods or the
      like. The refuse collection vehicle V of FIG. 1 basically includes a truck
      cab 10 having mounted therewith a refuse compartment 11. The vehicle V is
      powered by a main internal combustion engine which is mounted within the
      cab 10 in a well-known manner. The scored lines 11a represent a refuse
      compactor or ram which is hydraulically operated, by suitable means not
      shown, to compress or compact the refuse within the compartment 11. The
      compactor 11a, which is a well-known apparatus in the art, is powered by
      high pressure fluid. In the embodiment of the invention disclosed herein,
      a power take-off pump 12 is attached to a front end portion 14a of the
      main drive shaft for the internal combustion engine of the vehicle V. The
      power take-off pump 12 is connected to the main drive shaft portion 12a
      through a clutch 15. In one embodiment of this invention, the clutch 15 is
      electrically operated and is illustrated schematically in FIG. 4. The
      power take-off pump 12 receives hydraulic fluid from inlet line 12a and
      delivers hydraulic fluid at a higher pressure through outlet line 12b, the
      outlet line 12b is hydraulically connected to the compactor apparatus
      which has been designated as 11a. Thus whenever the clutch 15 is engaged,
      the main engine shaft 14a is used to drive the power take-off pump 12 for
      operating the compactor 11a.
PAR  The internal combustion or main engine mounted in the cab 10 is controlled
      by an automatic transmission 10a. Gearshift lever 10b for automatic
      transmission 10a is shown in FIG. 4. The vehicle cab 10 includes a main or
      normal drive station S1 which is located on the left side of the vehicle
      cab 10. The station S1 is equipped with the controls normally found in a
      main vehicle drive station of this nature. Thus, the drive station S1 will
      include a steering wheel for steering the vehicle, brake pedals for
      braking the vehicle and the gearshift lever 10b for controlling the
      position of the automatic transmission 10a. The gearshift lever 10b is
      movable between typical automatic transmission positions such as
      "neutral", "reverse", and "drive". Since this equipment is well known in
      the art, none of it will be described in any further detail. However, the
      automatic transmission utilized in the vehicle V is identified as
      automatic transmission, model No. MT 650, manufactured by the Allison
      Division of General Motors Corporation.
PAR  The vehicle V of the preferred embodiment of this invention includes a
      second or auxiliary drive station S2. The auxiliary drive station includes
      the controls illustrated in FIG. 3. Thus, the auxiliary drive station
      includes a steering mechanism generally designated as 16 which includes a
      second or auxiliary steering wheel 16a which may be used to drive the
      vehicle through steering linkage 16b, which extends between the steering
      mechanism 16 and the main steering mechanism mounted in the main drive
      station S1. Such steering linkage 16b is well known in the art. The
      auxiliary drive station S2 further includes a brake-set means generally
      designated as 20 which is utilized to set the vehicle brakes by hand.
      Further, a safety means generally designated as 21 is mounted adjacent to
      the brake-set means 20 in operative connection with the automatic
      transmission 10a for neutralizing the automatic transmission 10a with the
      gearshift lever 10b remaining in the drive position. The safety means 21
      neutralizes the automatic transmission 10a substantially simultaneously
      with actuation of the brake-set means 20.
PAR  The brake-set means 20 includes a valve 20a which is connected through an
      air supply line 20b to an air supply 20c. The air supply 20c is supplied
      from any of the wellknown types of air pumps which are driven by the main
      vehicle engine. The valve 20a is opened and closed by means of hand lever
      20d. The valve 20a is connected through line 20e to the vehicle brake
      system 23. The vehicle brake system 23 is a conventional pneumatic brake
      system wherein the vehicle brakes are set in response to the application
      through line 20e of air under certain pressures. Rotation of the hand
      lever 20d from the up position illustrated in FIG. 2 to a down,
      brake-setting position opens the valve 20a so that pressurized air from
      the air supply 20c passes into the vehicle brake system 23. In this
      manner, the brakes for the vehicle V are applied through rotation of the
      valve hand lever 20d. Thus, an operator can both steer the vehicle V
      through the steering system 16 and set the brakes through hand lever 20d
      from the auxiliary driving station S2, independently of the main drive
      station S1.
PAR  The safety means 21 is provided for placing the automatic transmission 10a
      in neutral from the auxiliary drive station S2 without effecting the
      position of the automatic transmission gearshift lever 10b, which is
      normally in the drive position during door-to-door vehicle operations. The
      safety means 21 is mounted adjacent to the brake air valve 20a and is
      operably connected to the automatic transmission 10a for neutralizing the
      automatic transmission in response to rotation of the air valve lever 20d
      to the down position. In this manner, the automatic transmission 10a is
      neutralized in response to the setting of the brake system 23. The safety
      means 21 includes a fluid power means generally designated as 24 which is
      connected with an electrical actuator switch 25 for neutralizing the
      automatic transmission 10a. The fluid power means 24 includes a flow
      diverting valve 26 which is connected to a solenoid-operated signal valve
      27 by air line 28. The signal valve 27 is connected to the air supply 20c
      through air line 29.
PAR  The signal valve 27 is illustrated in a normally closed position 27a but is
      movable to an open position 27b through actuation of solenoid 27c. The
      solenoid 27c is electrically connected with actuator switch 25. The signal
      valve 27 is resiliently biased to the normally closed position by a spring
      27d or other suitable bias means.
PAR  The flow diverting valve 26 is a three-way valve illustrated in the
      normally open position 26a. The flow diverting valve 26 is held in the
      normally open position by any suitable means such as spring 26b. The flow
      diverting valve 26 is movable to a closed position designated at 26c by
      the application of pressurized air from the air supply 20c through the
      signal valve 27 when moved to the open position 27b by actuation of the
      solenoid 27c.
PAR  A hydraulic tank 30 is connected through hydraulic line 30a to the flow
      diverting valve 26. The flow diverting valve 26 is connected to the
      automatic transmission 10a through lines 31a and 31b. In particular, the
      lines 31a and 31b are operably connected to the automatic transmission 10a
      such that flow from the automatic transmission 10a can be diverted when
      necessary to shift the automatic transmission to a neutral position
      without moving the gearshift lever 10b. In the preferred embodiment of
      this invention, as previously mentioned, the automatic transmission is a
      model MT 650 manufactured by the Allison Division of General Motors
      Corporation. In that particular automatic transmission, the lines 31a and
      31b are connected to the 1-2 feed line between the 1-2 shift valve and the
      main selector valve.
PAR  When the flow diverting valve 26 is in the open position 26a, the hydraulic
      fluid from the 1-2 hydraulic line in the automatic transmission 10a flows
      through line 31a, through the normally opened passages designated in 26a
      and outwardly through line 31b back into the 1-2 feed line of the
      automatic transmission 10a. Thus, in the normally open position, the flow
      taken out of the 1-2 automatic transmission flow line is simply circulated
      through the flow diverting valve 26 and back outwardly into the 1-2
      automatic transmission feed line.
PAR  However, when air pressure is applied through line 28 to the flow diverting
      valve 26, the valve 26 is moved to the closed position, which flow pattern
      is designated at 26c. In the closed position, flow through the flow line
      31a is blocked but, flow through line 31b is passed outwardly through the
      closed valve 26c into the return tank 30, thus diverting and draining
      fluid pressure from this side of the 1-2 feed line. This diversion of
      fluid outwardly through line 31b causes the deactuation of certain drive
      position fluid plates and effectively shifts the transmission into
      neutral. Movement of the flow diverting valve 26 back to the open position
      and return of fluid in tank 30 back into the automatic transmission fluid
      system causes the automatic transmission 10a to shift back into the drive
      position. Thus, the automatic transmission 10a is operated between drive
      and neutral positions by moving the signal valve 27 to the open position
      and thus moving the flow diverting valve 26 to the closed position without
      having to alter the position of the gearshift lever 10b, which is located
      at the main driver station S1.
PAR  The switch 25 is illustrated schematically in FIG. 4 as being in electrical
      connection through line 25a with the solenoid 27c for the purpose of
      moving the signal valve 27 between the schematically illustrated, normally
      closed position at 27a and the open or signalling position illustrated at
      27b. The actuator switch 25 is mounted adjacent to the valve 20 in
      alignment with the valve lever 20d such that actuator switch button 25b is
      depressed whenever the valve lever 20d is moved downwardly to set the
      brake system 23. In this manner, whenever the vehicle brake system 23 is
      set by opening the valve 20a, the valve lever 20d, which has been moved to
      a down position, depresses the switch button 25b thus closing the switch
      25. The closing of the switch 25 allows a dc power source 32 to energize
      the solenoid 27c and move the signal valve 27 to the open position at 27b,
       thereby allowing pressurized air to pass through lines 29 and 28 and thus
      actuate the flow diverting valve 26.
PAR  The electric clutch 15 is connected through electric line 15a to the line
      25a and thus to the dc power source 32. Thus, whenever the actuator switch
      25 is depressed, power is also supplied to the electric clutch 15. The
      electric clutch is normally in an open or disengaged position; but, upon
      the receipt of an electrical signal through lines 25a and 15a, the
      electric clutch 15 is moved to a closed or engaged position such that the
      power take-off pump 12 is actually driven by the main shaft 14a of the
      vehicle engine. Such electrical clutches are well-known in the art.
PAR  A secondary air line 28a is connected to the main air line 28 and thus to
      the signal valve 27. The air line 28a is connected to a pneumatic throttle
      control 34 of a known variety. Whenever the signal valve 27 has been moved
      to the open position, air pressure is also supplied through line 28a to
      the throttle control 34. The throttle control 34 is of a known variety and
      is connected to the carburetion system for the main engine of the vehicle
      V. Whenever air under pressure is supplied through the line 28a, the
      throttle control 34 increases the engine rpm so that the main engine drive
      shaft 14a is operated at sufficient rpm to drive the power take-off pump
      12 at desired fluid power pressure levels. Thus, the main engine rpm is
      increased through the throttle control 34 whenever the actuator switch 25
      is closed, thereby increasing the main engine rpm simultaneously with the
      engaging of the electric clutch 15. In this manner, the compactor 11a is
      provided with sufficient hydraulic fluid at sufficient pressure levels to
      properly compact refuse within the refuse compartment 11.
PAR  In the alternative, the clutch mounted between the main engine drive shaft
      14a and the power take-off pump 12 may be an air clutch 15', which is
      enclosed in scored lines in FIG. 4. The air clutch 15' is connected to the
      air supply line 28. In this manner, the air clutch is moved to an engaged
      position whenever the signal valve 27 is moved to the open position
      illustrated at 27b. This, of course, occurs whenever the actuator switch
      25 is closed. Therefore, an air clutch 15' can be utilized to actuate the
      power take-off pump substantially simultaneously with the shifting of the
      automatic transmission 10a to a neutral position, all of which operations
      occur by the rotation of the valve lever 20d to the down position at the
      auxiliary drive station S2.
PAR  In operation and use of the refuse collection vehicle V in conjunction with
      the brake-set means 20 and the safety means 21, the vehicle V is first
      driven from its storage plant to location using the normal, main drive
      station S1. After the vehicle V is in the neighborhood or the like where
      door-to-door pick-ups will be made, the driver will move from the main
      drive station S1 to the auxiliary drive station S2. This may be
      accomplished by having another person move into the auxiliary drive
      station S2 and rotate the valve lever 20d to a down position, which will
      automatically neutralized the automatic transmission in a manner
      heretofore described. The driver then moves around the cab 10 to the
      auxiliary drive station S2 and thereafter operates the vehicle V during
      door-to-door collections from the auxiliary drive station S2 exclusively.
      The driver also may move from the main drive station S1 to the auxiliary
      drive station S2 by putting the automatic transmission gearshift lever 10b
      in the neutral position or parked position and then moving to the
      auxiliary station. Thereafter, the driver can reach over to the main drive
      station S1 and move the gearshift lever 10b to the drive position.
      Thereafter, the driver can totally operate the vehicle V from the
      auxiliary drive station S2.
PAR  The vehicle V is operated from the auxiliary drive station S2 in the
      following manner. Whenever the operator desires to stop, he rotates the
      valve lever 20d downwardly to the down position in which the valve lever
      20d depresses the actuator switch button 25b. Movement of the valve lever
      20d to the down position causes the application of air under pressure to
      the brake system 23 which causes the vehicle to come to a stop in a known
      manner. Simultaneously with the actuation and setting of the brake system
      23, the switch 25 is closed and electrical power is provided to solenoid
      27c. Actuation of the solenoid 27c moves the signal valve 27 to the closed
      position illustrated at 27b. In the closed position, air is supplied from
      the air supply 20c, through the signal valve 27 to the air line 28. Air
      pressure in line 28 causes the flow diverting valve 26 to move to an open
      position. In the open position, flow through hydraulic line 31 is blocked.
      And, in the open position, flow through hydraulic line 31b is diverted
      from line 31b and thus from the automatic transmission 1-2 feed line into
      the return tank 30. This places the automatic transmission 10a in the
      neutral position without moving the gear lever 10b.
PAR  The electric clutch 15 is also closed at the same time that the brake
      system 23 is set and that the automatic transmission 10a is neutralized.
      The closing of the switch 25 causes the application of a suitable
      electrical signal to the electric clutch to close the electrical clutch so
      that the power take-off pump 12 can be driven through a main engine drive
      shaft front portion 14a. Further, at the same time, air is supplied
      through the signal valve 27 through line 28a and thus to throttle control
      34. The receipt of pressurized air by the throttle control 34 causes an
      increase in the engine rpm to provide proper rpm levels for driving the
      power take-off pump 12, which in turn operates the compactor 11a. Thus the
      vehicle V can be completely shut down safely and quickly simply by
      rotating the valve lever 20d. Thus the operator can safely stop the
      vehicle and place the automatic transmission in neutral from the auxiliary
      drive station S1. Certainly, when the vehicle V is utilized to make
      hundreds of stops per day, the amount of time and labor saved is enormous.
PAR  Whenever it is desired to start the vehicle again, the operator rotates the
      valve lever 20d to the up position illustrated in FIG. 3. Rotation of the
      lever 20d to the up position closes the valve 20a and releases the air
      pressure applied to the brakes 23 thereby releasing the brakes 23. At the
      same time, the actuator switch 25 is opened thus cutting off power to the
      solenoid 27c, which allows the spring bias 27d to move the signal valve 27
      to the normally open position illustrated at 27a. Movement of the signal
      valve 27a to the open position cuts off the supply of pressurized air to
      lines 28a and 28, which allows the spring bias 26b of the flow diverting
      valve 26 to return the valve to the normally open position at 26a. In the
      normally open position, the flow diverting valve portion 26a is utilized
      to interconnect the hydraulic lines 31a and 31b  and thus allow
      substantially uninterrupted flow within the transmission 1-2 feed line so
      that the transmission operates in the drive condition again. In this
      manner, the vehicle V may be quickly started up again after stopping
      merely by the rotation of the valve lever 20d.
PAR  Thus, in use of the vehicle V in making multiple starts and stops during a
      work period, the driver may quickly and easily start and stop the vehicle
      by simply rotating the hand lever 20d between up and down positions,
      thereby totally operating the vehicle during door-to-door collections
      without having to return to the main drive station and without having to
      make multiple hand and/or foot movements to set the brake, place the
      transmission in neutral, actuate the power take-off pump and increase the
      rpm of the idling main engine.
PAR  Although the neutralizing system has been described herein as operating
      substantially simultaneously with or in response to the brakes at the
      second drive station, it should be understood that it is within the scope
      of this invention to utilize the neutralizing system entirely independent
      of the brake system of the vehicle.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for operating a service vehicle making frequent starts and
      stops having a primary engine, an automatic transmission and first and
      second drive stations, wherein said automatic transmission has a gearshift
      lever at said first station, and wherein said gearshift lever is
      maintained in a drive position under such conditions, comprising:
PA1  brake-set means mounted at said second drive station for actuating the
      brakes of said vehicle;
PA1  safety means mounted at said second drive station in operative connection
      with said automatic transmission for neutralizing said automatic
      transmission with said gearshift lever remaining in said drive position
      substantially simultaneously with said brake-set means actuating the
      brakes of said vehicle;
PA1  pump means operably connected to the primary engine for providing hydraulic
      power to a power take-off unit substantially simultaneously with the
      actuation of said brakes; and
PA1  throttle control means for adjusting the throttle of said internal
      combustion engine substantially simultaneously with the actuation of said
      brakes.
NUM  2.
PAR  2. The structure set forth in claim 1, wherein said safety means includes:
PA1  fluid power means for neutralizing said automatic transmission; and
PA1  an actuating electrical switch mounted with said brake-set means for
      actuation in response to actuation of said brake-set means, said
      electrical switch being operably connected with said fluid power means for
      actuating same.
NUM  3.
PAR  3. The structure set forth in claim 2, including:
PA1  said fluid power means includes means diverting pressurized fluid from said
      automatic transmission for neutralizing same.
NUM  4.
PAR  4. The structure set forth in claim 1, wherein:
PA1  said pump means of said vehicle includes a power take-off compacting pump
      connected through a normally disengaged clutch to the primary engine of
      said vehicle; and
PA1  said safety means includes means for engaging said clutch substantially
      simultaneously with the neutralizing of said transmission whereby said
      power take-off pump is driven only when said brakes are set and said
      transmission is neutralized.
NUM  5.
PAR  5. The structure set forth in claim 1, wherein said safety means includes:
PA1  a flow diverting valve mounted with said automatic transmission, said flow
      diverting valve being normally in a closed position but being movable to
      an open position for diverting sufficient fluid from said automatic
      transmission to neutralize same in response to a fluid signal;
PA1  a fluid signal source connected to said flow diverting valve, said fluid
      signal source being controlled by an electrical switch; and
PA1  said electrical switch being actuated by said brake-set means.
NUM  6.
PAR  6. Apparatus for operating a service vehicle making frequent starts and
      stops having a primary engine, an automatic transmission and first and
      second drive stations, wherein said automatic transmission has a gearshift
      lever at said first station, and wherein said gearshift lever is
      maintained in a drive position under such conditions, comprising:
PA1  brake-set means mounted at said second drive station for actuating the
      brakes of said vehicle;
PA1  safety means mounted at said second drive station in operative connection
      with said automatic transmission for neutralizing said automatic
      transmission with said gearshift lever remaining in said drive position;
PA1  said safety means including a flow diverting valve mounted with said
      automatic transmission, said flow diverting valve being normally in a
      closed position but being movable to an open position for diverting
      sufficient fluid from said automatic transmission to neutralize same in
      response to a fluid signal;
PA1  said safety means further including a fluid signal source connected to said
      flow diverting valve, said fluid signal source being controlled by an
      electrical switch, and said electrical switch being actuated by said
      brake-set means;
PA1  said fluid signal source includes an electrically actuated signal valve
      connected with a fluid supply, said signal valve being normally closed,
      but movable to an open position to provide a fluid signal to said flow
      diverting valve; and
PA1  said electrical switch being mounted at said second drive station adjacent
      to said brake-set means, said switch being electrically connected to said
      signal valve for providing an electrical signal for opening said signal
      valve substantially simultaneously with the actuation of said brakes.
NUM  7.
PAR  7. Apparatus for operating a service vehicle making frequent starts and
      stops having a primary engine, an automatic transmission and first and
      second drive stations, wherein said automatic transmission has a gearshift
      lever at said first station, and wherein said gearshift lever is
      maintained in a drive position under such conditions, comprising:
PA1  brake-set means mounted at said second drive station for actuating the
      brakes of said vehicle;
PA1  safety means mounted at said second drive station in operative connection
      with said automatic transmission for neutralizing said automatic
      transmission with said gearshift lever remaining in said drive position;
PA1  said brake-set means including an operator valve mounted at said second
      station including a handle movable between an initial and a brake-setting
      position, said operator valve controlling the supply of fluid to said
      brakes for setting and releasing said brakes; and
PA1  said safety means including an electrical control switch mounted adjacent
      to said handle, said handle actuating said switch in a brake-setting
      position whereby said control switch is actuated substantially
      simultaneously with movement of said operator valve handle to a
      brake-setting position.
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ABST
PAL  Herein disclosed is an automotive power-assisted steering system which
      comprises a hydromechanical leverage unit drivingly connected to a
      steering linkage, a rotary piston-valve hydraulically connected to the
      leverage unit, a motor to move the piston-valve for actuating the leverage
      unit to a right-turn or left-turn position, and a valve re-set mechanism
      connected between the leverage unit and the piston-valve for moving the
      valve into an equilibrium position from a condition bringing the leverage
      unit into the right-turn or left-turn position, wherein the motor is
      energized by a pulsating current which is controlled in accordance with a
      signal representative of the angle and direction of turning of a steering
      wheel and, where desired, signals representative of a vehicle velocity and
      an external force which may be sideways imparted to the vehicle by a side
      wind blowing onto the vehicle. To make it possible to steer the vehicle in
      a manual, non-assisted fashion, clutch means may be interposed between the
      steering wheel and the leverage unit.
BSUM
PAR  The present invention relates to steering systems of automotive vehicles
      and, more particularly, to an automotive steering system of the nature
      which is controlled in an electro-hydraulic fashion.
PAR  Existing steering systems of automotive vehicles generally have steering
      wheels which are mechanically connected to steered road wheels and, for
      this reason, gear ratios available of the steering systems are dictated
      solely by the angular positions of the steering wheels. The steering wheel
      should therefore be turned through a relatively large angle to steer the
      road wheels when the vehicle is being driven at a relatively low velocity.
      When, conversely, the vehicle is being driven at a relatively high
      velocity, the road wheels are extremely sensitive to an angular motion of
      the steering wheel and thus the vehicle tends to be over-steered by a
      slight turn of the steering wheel, requiring highly skilled steering
      techniques and meticulous steering wheel manipulation of the vehicle
      driver for the purpose of driving the vehicle with safety. The prior art
      steering systems have thus been designed and engineered with a view to
      providing a compromise between mutually confilicting requirements of the
      steering systems under low and high speed driving conditions of the
      automotive vehicles.
PAR  Such a compromise gives rise to an importance of the role of the vehicle
      driver who predominates over the command of the vehicle responsive to
      various driving conditions to be encountered during cruising. When,
      especially, the vehicle is being driven at a relatively high velocity and
      thus tends to sensitively respond to cruising conditions, the driver of
      the vehicle is required to keep a strict vigilance over the behaviours of
      the vehicle so as to avoid a serious accident that would otherwise be
      caused as a result of an erroneous or slightly belated action of the
      driver to control the vehicle. When, for example, the vehicle being driven
      at a relatively high velocity is sideways blown with a high wind and is
      bodily urged to laterally move, the driver of the vehicle is compelled to
      steer the vehicle so as to quickly correct the course of the vehicle
      changed by a force which is thus imparted to the side of the vehicle. All
      these problems result from the difficulty of maintaining a driver's
      efficient control over the steering of the vehicle being driven at a
      relatively high velocity. Such problems will therefore be solved at a
      stroke if arrangements are made in the steering systems so that the
      factors which affect the performance characteristics of the steering
      systems. A variety of attempts have thus far been made to achieve this
      end, none of such attempts having proved completely successful primarily
      because of the unwieldy, disproportionately large-sized and intricate
      constructions which are costly to manufacture and space-taking to be
      installed in automotive vehicles. The present invention thus contemplates
      elimination of all the above mentioned drawbacks of the existing
      automotive steering systems.
PAR  It is, accordingly, an important object of the present invention to provide
      an improved automotive power-assisted steering system which is capable of
      stably and efficiently steering an automotive vehicle irrespectively of
      various external factors that affect the performance characteristics of
      the steering system.
PAR  It is another important object of the invention to provide an improved
      automotive power-assisted steering system which is adapted to efficiently
      steer an automotive vehicle being driven at a relatively low velocity and
      to provide sufficient stability in steering the vehicle being driven at a
      relatively high velocity.
PAR  It is still another important object of the invention to provide an
      improved automotive power-assisted steering system with which an operator
      of the steering system is releaved of the burden which has thus far been
      imposed on his in steering the vehicle especially when the vehicle is
      being driven at a relatively high velocity and/or the vehicle is sideways
      blown with a high wind.
PAR  It is still another important object of the invention to provide an
      improved automotive power-assisted steering system which is reliable in
      operation and which is simple in construction and accordingly economical
      to manufacture.
PAR  Yet, it is another important object of the present invention to provide an
      improved automotive power-assisted steering system which can be shifted
      from a power-assisted condition to a manually operated condition in the
      event a failure takes place in a hydraulic control circuit incorporated
      into the steering system.
PAR  It is, thus, a general object of the present invention to provide an
      automotive power-assisted steering system which will enable a vehicle
      driver to safely maneuver a vehicle without resort to skilful techniques
      under any cruising conditions of the vehicle.
PAR  In accordance with the present invention, these and other objects will be
      accomplished generally in a steering system which comprises, in
      combination with a usual steering wheel and a usual steering linkage
      connected to steered road wheels, a hydromechanical leverage unit
      mechanically connected to the steering linkage and movable between a
      right-turn positional range to drive the steering linkage into a condition
      effecting right-turn of the steered road wheels and a left-turn positional
      range to drive the steering linkage into a condition effecting left-turn
      of the steered road wheels, a rotary piston-valve rotatable about a
      longitudinal axis thereof and longitudinally movable between first and
      second positional ranges across an equilibrium position depending upon its
      rotational position about the axis, the rotary piston-valve being
      hydraulically connected to the leverage unit for moving the leverage unit
      into the right-turn or left-turn positional range when moved to the first
      or second positional range, respectively, thereof or holding the leverage
      unit in a locked condition when moved to the equilibrium position, a valve
      re-set mechanism operatively connected between the leverage unit and the
      rotary piston-valve and operative to be driven by the leverage unit for
      longitudinally moving the rotary piston-valve from the first or second
      positional range back to the equilibrium position when the leverage unit
      is moved by the piston-valve to the right-turn or left-turn positional
      range, respectively, thereof, a drive source having an output shaft
      drivingly connected to the rotary piston-valve for driving the
      piston-valve about the axis thereof when actuated, and an electric control
      circuit including means responsive to turning of the steering wheel for
      producing a signal related to the angle and direction of turning of the
      steering wheel whereby the drive source is actuated to have its output
      shaft rotated in a direction and through an angle dictated by the signal
      from the control circuit.
PAR  Where desired, the control circuit may further include means responsive to
      the velocity of the vehicle so that the electric signal produced by the
      control circuit is related not only to the turning angle of the steering
      wheel but to the velocity of the vehicle whereby the output shaft of the
      motor is rotated through an angle which is diminished as the velocity of
      the vehicle increases. The control circuit may still further comprise
      means responsive to an external force imparted sideways to the vehicle so
      that the electric signal produced by the control circuit is also related
      to the intensity of the force which is sideways imparted to the vehicle
      whereby the output shaft of the motor is caused to rotate through an angle
      which is modified in such a manner as to steer the road wheels through
      angles which are corrected to compensate for an influence of the force
      sideways exerted on the vehicle.
PAR  In order that the steering system of the nature above described may be
      shifted from a power-assisted condition to a manually operated condition,
      the steering system may further comprise hydromechanical clutch means
      disposed between the steering wheel and the hydromechanical leverage unit,
      the clutch means being biased into an uncoupled condition so that the
      steering wheel is urged to remain mechanically disengaged from the
      leverage unit, and control means responsive to the fluid pressure acting
      on the leverage unit and the rotary piston-valve for actuating the clutch
      means to be coupled in response to a decrease of the fluid pressure below
      a predetermined level so that the hydromechanical leverage unit is
      mechanically coupled to the steering wheel and rendered operative to be
      driven direct and mechanically by the steering wheel independently of the
      rotary piston-valve.
DRWD
PAR  The features and advantages of the automotive power-assisted steering
      system according to the present invention will become more apparent from
      the following description taken in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a sectional view which shows, partly in a block form, a preferred
      embodiment of the power-assisted steering system according to the present
      invention; and
PAR  FIG. 2a is one part of a view which is another preferred embodiment of the
      steering system according to the present invention.
PAR  FIG. 2b is the other part of the view of the another preferred embodiment.
PAR  FIG. 3 is a fragmentary enlarged view showing a portion around the steering
      wheel shaft shown in FIG. 2a.
DETD
PAR  Reference will now be made to the drawings, first to FIG. 1. Designated
      respectively by reference numerals 10 and 12 are a usual steering linkage
      and steered road wheels of an automotive vehicle into which the steering
      system according to the present invention is to be incorporated. The
      steering linkage 10 is connected to the steered road wheels 12 through
      steering knuckles and wheel spindle assemblies (not shown) as is
      customary.
PAR  A hydromechanical leverage unit 14 has a hermetically sealed housing 16
      having a generally cylindrical portion 16a and a pocket portion 16b
      projecting from the cylindrical portion 16a. A piston 18 is longitudinally
      slidably received in the cylindrical portion 16a of the housing 16. The
      piston 18 has an xial bore 20 which is closed at one end by an end wall
      18a of the piston 18. The housing 16 is thus internally divided into
      separate chambers 22 and 22' by means of the end wall 18a of the piston 18
      and is formed with ports 24 and 24' through which the chambers 22 and 22',
      respectively, are connected to a hydraulic circuit to be described later.
      The piston 18 is formed with a toothed rack 26 which is in constant mesh
      with a complementary sector gear 28 disposed in the pocket portion 16b of
      the housing 16. The sector gear 28 is connected to the steering linkage 10
      via a Pitman arm and bell-joint connection (not shown) as usual and is
      rotatable about its axis in directions of arrows a and b as the piston 18
      is moved back and forth thereon, the directions of arrows a and b being
      herein assumed to be those to effect right and left turns, respectively,
      of the steered road wheels 12 through the steering linkage 10.
PAR  The piston 18 is formed with a helical groove 30 in its inner wall defining
      the axial bore 20. A shaft 32 extends into the bore 20 of the piston 18
      and is also formed with a helical groove 34 corresponding to the helical
      groove 30 in the piston 18. A continuous chain of balls 36 are received in
      these helical grooved 30 and 34 so that the piston 18 and the shaft 32
      engage each other through the balls 36. The shaft 32 is rotatably received
      in bearings 38 mounted on the housing 16 and projects outwardly of the
      housing 16 through an end wall of the housing opposite to the end wall 18a
      of the bored piston 18 as shown. The axial movement of the piston 18 in
      the cylindrical portion 16a of the housing 16 thus brings about turning
      motion of the shaft 32 about an axis thereof through the balls 36. The
      grooved shaft 32 and the balls 36 form part of a valve re-set mechanism
      which acts on a hydraulic control valve unit designated by reference
      numeral 40.
PAR  The hydraulic control valve unit 40 comprises a valve housing 42 which is
      formed with a grooved bore 44 and ports 46 to 54 leading from the grooved
      bore 44. The ports 46 and 48 are in constant communication with the
      chambers 22 and 22', respectively, in the housing 16 of the leverage unit
      14 through fluid circulation passageways 56 and 58 and the ports 24 and
      24' respectively, whereas the port 50 is in communication with a source 60
      of a fluid under pressure through a fluid feed passageway 62. Though not
      shown in the drawing, the source 60 of the pressurized fluid is usually
      composed of a hydraulic pump and a fluid reservoir. The ports 52 and 54
      are drawing ports and are thus routed to a pump 64 via a fluid drain
      passageway 66. The fluid drained to the sump 64 is recirculated to the
      fluid source 60 through a fluid recirculation passageway 68 as usual. In
      the axial bore 44 of the valve housing 42 is received a rotary
      piston-valve 70 which is axially slidable in the bore 44 and rotatable
      about its longitudinal axis. The rotary piston valve 70 has axially spaced
      lands 72, 74 and 76 wherein the lands 72 and 74 are spaced apart from each
      other across a circumferential groove 78 and the lands 74 and 76 are
      spaced apart from each other across a circumferential groove 80. When the
      rotary piston-valve 70 is longitudinally in an equilibrium position, the
      lands 72, 74 and 76 are located to close the ports 52, 50 and 54,
      respectively, so that no passage of fluid takes place through the valve
      unit 40. When the rotary piston-valve 70 is axially moved rightwardly in
      the drawing from the equilibrium position, then the lands 72 and 74 are
      located to open the ports 52 and 50, respectively, so that fluid
      communication is established between the ports 46 and 52 through the
      circumferential groove 78 in the piston-valve 70 and between the ports 48
      and 50 through the circumferential groove 80 in the piston-valve 70. This
      longitudinal position of the rotary piston-valve 70 will be referred to as
      the "right-turn" position and will thus be assumed to effect right turn of
      the steered road wheels 12. When, conversely, the rotary piston-valve 70
      is axially moved leftwardly in the drawing from the equilibrium position,
      then the leads 74 and 76 thereof are located to open the ports 50 and 54,
      respectively, so that fluid communication is established between the ports
      46 and 50 through the circumferential groove 78 in the piston valve 70 and
      between the ports 48 and 54 through the circumferential groove 80 in the
      piston-valve 70. This longitudinal position of the rotary piston-valve 70
      will be referred to as the "left-turn" position and will thus be assumed
      to effect left turn of the steered road wheels 12.
PAR  The rotary piston-valve 70 is connected at one longitudinal end to a screw
      portion 82 which is rotatable about its axis and longitudinally movable
      together with the rotary piston-valve 70. The screw portion 82 is in
      engagement with an internally threaded nut member 84 so that the screw
      portion 82 and the nut member 84 are rotatable relative to each other
      about the axis of the screw portion 82. The relative rotation between the
      screw portion 82 and the nut member 84 brings about longitudinal movement
      of the piston-valve 70 in either direction, as will be discussed later.
      The nut member 84 is rotatable with a gear 86 which is carried on a shaft
      88 rotatably journalled to the housing 16 of the leverage unit 14 through
      bearings 90. The gear 86 is in constant mesh with a gear 92 which is
      connected to and rotatable with the helically grooved shaft 32. The
      combination of the internally grooved inner wall of the piston 18, the
      grooved shaft 32, the balls 36, the mating gears 92 and 86, the nut 84 and
      the screw portion 82 of the rotary piston-valve 70 constitutes a valve
      re-set mechanism which is operative to longitudinally move the rotary
      piston-valve 70 into the equilibrium position thereof by means of the
      relative rotation between the screw portion 82 and the nut member 84.
PAR  The rotary piston-valve 70 is connected at its end opposite to the screw
      portion 82 to a gear 94. The gear 94 is in constant mesh with and axially
      movable on a gear 96 having teeth which a smaller in number than the gear
      94. A pulsating-current d.c. motor 98 has an output shaft 100 which is
      rotatable in both directions when the motor 98 is energized. To have the
      motor energized to move the piston-valve 70 as desired, there is provided
      an electric control circuit which is responsive in various conditions in
      which the vehicle may be placed during operation. One of such conditions
      is an angular position of a steering wheel which is designated by
      reference numeral 102. The steering wheel 102, which per se is similar to
      that of the prior art, is connected through a steering wheel shaft 104 to
      a gear 106 which is in constant mesh with a gear 108 having a larger
      number of teeth than the gear 106. The gear 108 is connected to a sensor
      110 which is responsive to rotation of the gear 108 and which is thus
      operative to produce an electric signal representative of the angle and
      the direction of the turning of the steering wheel 102. The signal thus
      produced is fed to a control module 112, which is also supplied with an
      electric signal representative of a vehicle velocity from a vehicle
      velocity sensor 114. Where desired, the control module 110 may be further
      supplied with electric signals from a wind sensor 116 which is responsive
      to a force laterally imparted to the vehicle by a wind which may sideways
      blow onto the vehicle. The control module 112 is thus adapted to produce
      an analog output signal which is related to the angle and direction of
      turning of the steering wheel, the velocity of the vehicle and the force
      which may be laterally imparted to the vehicle. More specifically, the
      output signal from the control module 112 is approximately proportional to
      the angle of rotation of the steering wheel 102 and is decreased as the
      velocity of the vehicle increases and/or as the force laterally imparted
      to the vehicle increases if such a force is in the same direction as the
      direction of turning of the vehicle. As the vehicle velocity decreases
      and/or the force urging the vehicle sideways is in the opposite direction
      to the direction of turning of the vehicle, the output signal from the
      control module 112 is increased. In consideration, furthermore, of future
      traffic situations in which automotive vehicles are automatically steered
      by guide signals issuing from control lines embedded in motor highways, a
      guide signal sensor 118 may also be connected to the control module 112 so
      that the steering system can be shifted to an automatically controlled
      mode of operation.
PAR  The control module 112 has an output terminal connected to one input
      terminal of a comparator 120. The other input terminal of the comparator
      120 is connected to a sensor 122 responsive to rotation of the output
      shaft 100 of the pulsating-current d.c. motor 98. The sensor 122 is thus
      operative to produce an electric signal which is representative of the
      angle and the direction of rotation of the output shaft 100 of the motor
      98. The output signal from the control module 112 is representative of an
      angular position of the steering wheel 102 as modified by the vehicle
      velocity and the force urging the vehicle in a lateral direction. The
      signal from the control module 112 is compared with the signal from the
      angle sensor 122 by means of a comperator 120, which is thus operative to
      produce a signal representative of a difference between the angular
      position of the output shaft 100 of the motor 98 and the modified angular
      position of the steering wheel 102. The output signal from the comparator
      120 is fed to an analog-to-digital converter 124 and is thereby
      transformed into a digital signal. The digital signal thus produced is
      supplied to a drive pulse generator 126 which has an output terminal
      connected to an input terminal of the pulsating-current d.c. motor 98.
PAR  The operation of the steering system thus constructed and arranged will now
      be described.
PAR  When the steering wheel 102 is turned to effect right turn of the steered
      road wheels 12, the rotational motion of the steering wheel 102 is
      modulated by means of the combinations of the gears 106 and 108 and is
      thereafter transmitted to the angle sensor 110. The angle sensor 110 thus
      delivers to the control module 112 an electric signal which is largely
      proportional to the turning angle of the steering wheel 102. The control
      module 112 is simultaneously supplied with signals from the vehicle
      velocity sensor 114 and the wind sensor 116 and produces an output signal
      which is a function of the turning angle of the steering wheel 102, the
      velocity of the vehicle and, if the vehicle is being blown with a high
      side wind, the force which is imparted to the vehicle in a lateral
      direction. The steering angle dictated by the output signal from the
      control module is thus not only related to the turning angle of the
      steering wheel 102 but modulated in such a manner as to be diminished as
      the velocity of the vehicle increases and/or the vehicle is brown with a
      side wind in the same direction as the vehicle is to be steered or to be
      augmented as the vehicle velocity decreases and/or the vehicle is blown
      with a side wind in a direction opposite to the direction of turning of
      the vehicle. The output signal thus produced from the control module 112
      is compared by means of the comparator 120 with a signal supplied from the
      angle sensor 122 attached to the motor 98 to drive the rotary piston-valve
      70, the comparator 120 thus producing an output signal representative of a
      difference between the desired angular position and the actual or detected
      angular position of the output shaft 100 of the motor 98. The output
      signal from the comparator 120 is thus apparently an analog signal and is
      thus converted into a pulse signal by means of the analog-to-digital
      converter 124, causing the drive pulse generator 126 to produce a
      pulsating drive current with which the pulsating current motor 98 is to be
      energized. The motor 98 is energized until the pulse signal from the
      analog-to-digital converter 124 disappears or, in other words, the
      difference between the output signals from the control module 112 and the
      angle sensor 122 of the motor 98. As the motor 98 is thus energized with
      the current from the drive pulse generator 126, the output shaft 100 of
      the motor 98 is rotated in a direction and through an angle dictated by
      the pulse signal from the analog-to-digital converter 124 until the output
      shaft 100 has an angular position which is in agreement with the angular
      position dictated by the output signal from the control module 112.
PAR  The rotational motion of the output shaft 100 of the motor 98 is modified
      by the combination of the gears 96 and 94 and is thereafter transmitted to
      the rotary piston-valve 70 of the valve unit 40. The rotary piston-valve
      70 is thus driven to rotate about its longitudinal axis relative to the
      nut member 84 which at this instant is held stationary. As the rotary
      piston-valve 70 is rotated relative to the nut member 84, it is moved
      along its longitudinal axis by reason of the threaded engagement between
      the screw portion 82 of the valve 70 and the nut member 84. In this
      instance, the rotary piston-valve 70 is assumed to be moved leftwardly of
      the drawing, viz., toward the nut member 84 as it is rotated in the
      direction of arrow in FIG. 1 with the steering wheel 102 rotated in the
      direction to effect right turn of the steered road wheels 12. Under these
      conditions, the ports 46, 48, 50 and 54 in the valve housing 42 is held
      open whereas the port 52 is closed by the land 72 of the piston-valve 70
      so that fluid communication is established between the ports 46 and 50
      across the groove 78 of the piston-valve 70 and concurrently between the
      ports 46 and 54 across the groove 80. The fluid under pressure is
      consequently directed from the hydraulic fluid source 60 to the fluid
      passageway 56 through the port 50, the groove 78 and the port 46 and, at
      the same time, the fluid in the fluid passageway 58 is passed to the sump
      64 through the port 48, the groove 80 and the port 54. The fluid under
      pressure thus passed from the hydraulic fluid source 60 to the fluid
      passageway 56 is admitted into the chamber 22 in the housing 16 through
      the port 24 and acts on the piston 18, whilst the fluid in the chamber 22'
      in the housing 18 is discharged into the fluid passageway 58 through the
      port 24' and is drained from the passageway 56 into the sump 64 through
      the drain port 54 in the valve housing 42. A differential fluid pressure
      is thus developed across the piston 18, which piston is accordingly moved
      rightwardly of the drawing, viz., away from the end wall of the housing 18
      adjacent to the end wall 18a of the piston 18. This causes the sector gear
      28 to turn clockwise, viz., in the direction of arrow a about its axis,
      which rotational motion of the sector gear 28 is transmitted to the
      steering linkage 10 through the Pitman arm (not shown) so that the steered
      road wheels are turned rightwardly of the vehicle through an angle which
      is dictated by the angle of turning of the sector gear 28 and accordingly
      by the amount of longitudinal displacement of the piston 18. The amount of
      longitudinal displacement of the piston 18 is, in turn, disciated by the
      amount of displacement and accordingly the angle of rotation of the rotary
      piston-valve 70 so that the steered road wheels 12 are turned through an
      angle which is determined by the signal delivered from the control module
      112.
PAR  When the piston 18 is longitudinally moved in the housing 16 by reason of
      the differential fluid pressure built up between the chambers 22 and 22'
      as above mentioned, the grooved shaft 32 is caused to rotate about its
      axis by reason of a rotational action exerted thereon from the piston 18
      through the balls 36 received in between the aligned helical grooves 30
      and 34 in the piston 18 and the shaft 32, respectively. Such an angular
      motion of the grooved shaft 32 is transmitted through the mating gears 92
      and 86 to the nut member 84, which is consequently driven to rotate
      relative to the screw portion 82 of the rotary piston-valve 70 in the same
      direction as the rotary piston-valve has been turned about its axis by the
      motor 98. The rotation of the nut member 84 on the screw portion 82 of the
      rotary piston-valve 70 brings about rightward longitudinal movement of the
      piston-valve 70. The rotary piston-valve 70 is thus longitudinally moved
      away from the nut member 84 until the nut member 84 has turned about its
      axis through an angle which equals the angle through which the rotary
      piston-valve 70 has been rotated by the motor 98. When the nut member 84
      has turned the angle equal to the angle of rotation of the piston-valve
      70, then the rotary piston-valve 70 is brought into the equilibrium
      position closing all of the ports 46, 48, 50, 52 and 54 formed in the
      valve housing 42. The fluid passageways 56 and 58 are thus isolated from
      the hydraulic fluid source 60 and the sump 64 and, as a consequence, the
      piston 18 and accordingly the sector gear 28 are maintained in locked
      conditions.
PAR  The left turn of the steered road wheels 12 will be effected essentially in
      similar manners to those effecting the right turn of the road wheels.
      When, thus, the steering wheel 102 is turned to effect the left turn of
      the steered road wheels 12, the control module 112 produces an electric
      signal which is related to the angle of rotation of the steering wheel,
      the velocity of the vehicle, and the force which may be being imparted to
      the vehicle in a lateral direction by a wind, if any, which is sideways
      blowing onto the vehicle. the pulsating-current d.c. motor 98 is thus
      energized by the drive pulse generator 126 until the output shaft 100 of
      the motor 98 has been turned through an angle corresponding to a
      difference between the output signals from the control module 112 and the
      angle sensor 122 responsive to the angle of rotation of the motor output
      shaft 100. The rotary piston-valve 70 is consequently driven to rotate
      about its axis through an angle proportional to the angle of rotation of
      the motor output shaft 100 and is therefore longitudinally moved
      rightwardly of the drawing, viz., away from the nut member 84 on which the
      screw portion 82 of the piston-valve 70 is rotated. The rotary
      piston-valve 70 is in this manner moved to a longitudinal position in
      which the ports 46, 48, 50 and 52 are open and the port 54 is closed by
      the land 76 of the piston-valve 70. Under these condition, fluid
      communication is established between the ports 48 and 50 across the groove
      80 in the piston valve 70 and concurrently between the ports 48 and 50
      across the groove 78. The fluid under pressure is therefore directed from
      the hydraulic fluid source 60 to the fluid passageway 58 through the port
      50, the groove 80 and the port 48 and, at the same time, the fluid in the
      fluid passageway 56 is passed to the sump 64 through the port 46, the
      groove 78 and the port 52. The fluid under pressure thus passed from the
      hydraulic fluid source 60 to the fluid passageway 58 is admitted to the
      chamber 22' in the housing 16 through the port 24' and acts on the piston
      18 whilst the fluid in the chamber 22 in the housing 16 is discharged into
      the fluid passageway 56 through the port 24 and is drained from the
      passageway 56 into the sump 64 through the drain port 52 in the valve
      housing 42. The piston 18 in the housing 16 is consequently subjected to a
      differential pressure developed between the chambers 22 and 22' in the
      housing 16 and is consequently longitudinally moved by the differential
      pressure leftwardly of the drawing, viz., toward the end wall of the
      housing 16 adjacent to the end wall 18a of the piston 18. As a result of
      the longitudinal movement of the piston 18, the sector gear 28 meshing
      with the toothed rack 26 is turned about its axis counter clockwise of the
      drawing or in the direction of arrow b in FIG. 1, bringing about right
      turn of the steered road wheels 12 through the steering linkage 10.
PAR  As the piston 18 is moved leftwardly of the drawing, the grooved shaft 32
      is rotated about its axis so that the nut member 84 is rotated on the
      screw portion 82 of the rotary piston-valve 70 through the mating gears 92
      and 86. When the nut member 84 is turned in the same direction and through
      the same angle as the rotary piston-valve 70 has been turned about its
      axis by the motor 98, the piston-valve 70 is brought into the equilibrium
      position closing all of the ports 46, 48, 50, 52 and 54 in the valve
      housing 42 so that the piston 18, the sector gear 28 and the steering
      linkage 10 are held in locked conditions.
PAR  From the foregoing description, it will have been appreciated that the
      steered road wheels of the vehicle can be turned through angles which are
      related to the angles of turning of the steering wheel 102 and which are
      automatically modified in a manner to be optimum for the detected velocity
      of the vehicle and/or the force of the wind sideways blowing onto the
      vehicle. Where the vehicle is driven into a road equipped with automatic
      vehicle guide means, the control module 112 is supplied with signals from
      the guide signal sensor 118 and, where desired, the signals from the
      vehicle velocity sensor 114 and the wind sensor 116 as well so that the
      vehicle is steered independently of the steering wheel 102.
PAR  FIG. 2 illustrates another preferred embodiment of the automotive steering
      system according to the present invention. The embodiment herein
      illustrated in intended to add to the reliability of the embodiment thus
      far described with reference to FIG. 1 and thus has means which are
      adapted to shift the steering system from the power assisted mode to a
      manually operated mode in the event a failure happens to take place in the
      hydraulic arrangement of the steering system. Thus, the embodiment shown
      in FIG. 2 has incorporated therein all the components and parts of the
      embodiment of FIG. 1, such components and parts being therefore designated
      by the same reference numerals and characters as those illustrated in FIG.
      1.
PAR  In the embodiment shown in FIG. 2, the steering wheel shaft 104 is arranged
      to be axially in line with the helically grooved shaft 32. The steering
      wheel shaft 104 is supported on a steering shaft support structure 128
      through bearings 130 and has a leading end axial portion 132 formed with
      longitudinal grooves or serrations and projecting forwardly from the shaft
      housing 128. To the longitudinally grooved end portion 132 of the shaft
      104 is splined the gear 106 which is in mesh with the gear 108 connected
      to the steering wheel angle sensor 110 previously described. The gear 106
      is thus not only rotatable with the steering wheel shaft 104 as in the
      embodiment shown in FIG. 1 but is, different from the embodiment of FIG.
      1, longitudinally movable on the grooved or serrated end portion 132 of
      the steering wheel shaft 104. The gear 106 of the embodiment shown in FIG.
      2 is further formed with clutch teeth 134 on its face confronting the
      helically grooved shaft 32. Similarly to the gear 106, the gear 92
      connected to the helically grooved shaft 32 is formed with clutch teeth
      136 which are engageable with the clutch teeth 134 of the gear 106. The
      clutch teeth 134 and 136 thus formed on the gears 106 and 92,
      respectively, are biased to be disengaged from each other by means of a
      preload spring 138 which is seated on the gears 106 and 92 and which is
      operative to urge the axially movable gear 106 away from the gear 92 which
      is axially held stationary.
PAR  The steering shaft support structure 128 is formed with a generally
      cylindrical cavity 140 which concentrically surrounds an intermediate
      portion of the steering wheel shaft 104 and which is open at one axial end
      adjacent to the longitudinally grooved end portion 132 of the steering
      wheel shaft 104 and closed at the other axial end by an end wall 128a
      forming part of the steering shaft support structure, 128, as shown. In
      the cylindrical cavity 140 is received axially aligned sleeves 142 and 144
      which are axially slidable on the steering shaft support structure 128 and
      movable relative to the intermediate portion of the steering wheel shaft
      104. One sleeve 142 is located close to the end wall 128a of the steering
      shaft support structure 128 and the other sleeve 144 is engageable at one
      axial end with the former sleeve 142 and at the other axial end with the
      gear 106 having the clutch teeth 134. The sleeves 142 and 144 are urged to
      be axially spaced apart from each other by means of a preload spring 146
      which is seated at one end on an inner annular projection of the sleeve
      142 and at the other end on an inner annular projection of the sleeve 144.
PAR  The sleeves 142 and 144 are formed with annular pressure acting faces 142a
      and 144a, respectively, by which separate chambers 148 and 150 are formed
      in the cylindrical cavity 140 in the steering shaft support structure 128.
      One chamber 148 is in communication with an auxiliary hydraulic fluid
      source 152 through a port 154 formed in the steering shaft support
      structure 128, a fluid passageway 156 leading from the fluid source 152 to
      the port 154 and a control valve unit 158 interposed in the fluid
      passageway 156. The other chamber 150 in the steering shaft support
      structure 128 is in communication with the previously mentioned hydraulic
      fluid source 60 through a port 160 formed in the steering shaft support
      structure 128 and a fluid passageway 162 leading from the hydraulic fluid
      source 60 to the port 160. From the fluid passageway 162 thus
      interconnecting the hydraulic fluid source 60 and the chamber 150 in the
      steering shaft support structure 128 is branched a drain passageway 164
      which is in communication over a solenoid operated control valve 166 to a
      sump 168.
PAR  The control valves 158 and 168 are controlled by means of a valve actuator
      170 which in turn is controlled by a fluid pressure sensor 172. The
      pressure sensor 172 is interposed in the fluid passageway 162 leading from
      the hydraulic fluid source 60 and is adapted to produce an output signal
      when the pressure of the fluid acting on the hydraulic control valve unit
      40 and accordingly on the hydromechanical leverage unit 14 happens to drop
      below a predetermined level and thus fails to properly move the
      piston-valve 70 of the valve unit 40 and the piston 18 of the leverage
      unit 14. Where desired, a manual control switch 174 may be provided so as
      to manually make the valve actuator 170 to become operative to actuate the
      control valves 158 and 166. An indication lamp 176 may also be connected
      between the control valve 166 and the valve actuator 170 so as to visually
      indicate a manual or non-assisted steering condition of the vehicle.
PAR  The angle sensor 122 forming part of the control circuit to control the
      pulsating-current d.c. motor 98 is herein shown as having a gear 178 which
      is in mesh with a gear 180 rotatable with or formed on the gear 86
      rotatable with the nut member 84 of the valve re-set mechanism. The angle
      sensor 122 in the embodiment shown in FIG. 2 is thus adapted to a signal
      representative of the angle of rotation of the gear 86 and accordingly the
      amount of longitudinal displacement of the piston 18 of the leverage unit
      14. The amount of longitudinal displacement of the piston 18 is
      proportional to the angle of rotation of the output shaft 100 of the
      pulsating-current d.c. motor 98 and therefore the signal produced by the
      angle sensor 122 is representative of the angle of rotation of the motor
      output shaft 100 as in the case of the embodiment illustrated in FIG. 1.
      Designated by reference numeral 182 is a reaction unit which may be
      connected to the steering wheel 102 via the gears 106 and 108 and the
      steering wheel shaft 104 so as to give an operator of the steering system
      a feeling of reaction which is proportional to the steering load. The
      reaction unit 182 of this nature is in itself well known in the art and
      is, therefore, herein shown as merely in a block form for the brevity of
      illustration.
PAR  When, now, the hydraulic arrangement including the hydromechanical leverage
      unit 14 and the hydraulic control valve unit 40 is operating under proper
      conditions so that the fluid pressure acting on the piston-valve 70 of the
      valve unit 40 and accordingly the piston 18 of the leverage unit 14 is
      maintained at a proper working level, the fluid pressure delivered from
      the hydraulic fluid source 60 to the chamber 150 in the steering shaft
      support structure 128 through the fluid passageway 162 acts on the annular
      pressure working face 144a of the sleeve 144. The sleeve 144 is thus urged
      against the sleeve 142 against the opposing force of the preload spring
      146 so that the gear 106 splined to the longitudinally grooved end portion
      132 of the steering shaft 104 is urged away from the gear 82 on the
      helically grooved shaft 32. The clutch teeth 134 on the gear 106 is
      accordingly kept disengaged from the clutch teeth 136 on the gear 92 with
      the result that the steering wheel shaft 104 is maintained uncoupled from
      the helically grooved shaft 32. Under these conditions, the pressure
      sensor 172 produces no output signal so that the valve actuator 170 is
      held inoperative to actuate the control valve 158 and 166. The control
      valves 158 and 166 are thus kept closed so that no fluid pressure acts on
      the annular pressure acting face 142a of the sleeve 142. The leverage unit
      14 is consequently controlled in accordance with the electric control
      circuit comprising the control module 112 as previously discussed with
      reference to FIG. 1.
PAR  In the event, however, the pressure of the fluid delivered from the
      hydraulic fluid source 60 happens to drop or the hydraulic arrangement
      including the leverage unit 14 and the valve unit 40 happens to operate
      properly so that the fluid pressure acting on the piston-valve 70 of the
      control valve unit 40 and the piston 18 of the leverage unit 14 is reduced
      below the proper working level, then the pressure sensor 172 responds to
      the pressure drop and supplies a signal to the valve actuator 170. The
      control valves 158 and 170 are thus concurrently actuated to open so that
      the fluid under pressure is directed from the auxiliary hydraulic fluid
      source 152 into the chamber 148 in the steering shaft support structure
      128 through the fluid passageway 156 and the port 154 in the structure 128
      and at the same time the fluid in the passageway 162 is discharged to the
      sump 168 through the drain passageway 164. The fluid under pressure from
      the auxiliary fluid source 152 thus acts on the annular pressure acting
      face 142a of the sleeve 142 which accordingly presses the sleeve 144. In
      the absence of the fluid pressure acting on the annular pressure acting
      face 144a of the sleeve 144, the sleeves 142 and 144 are axially moved
      together away from the end wall 128 defining the cavity 140 in the
      steering shaft support structure so that the gear 106 is axially moved on
      the longitudinally grooved end portion 132 of the steering wheel shaft 104
      toward the gear 92 on the helically grooved shaft 32 against the opposing
      force of the preload spring 138 seated between the gears 106 and 92. The
      clutch teeth 134 on the gear 106 are thus meshed with the clutch teeth 92
      and as a consequence the steering wheel shaft 104 is coupled to the
      helically grooved shaft 32 via the clutch teeth 134 and 136 on the gears
      106 and 92, respectively. The rotational motion of the steering wheel 102
      is transmitted directly to the helically grooved shaft 32 so that the
      sector gear 28 of the leverage unit 14 is turned about its axis by reason
      of the engagement between the helically grooved shaft 32 and the piston 18
      through the balls 36 and the engagement between the toothed rack 26 and
      the sector gear 28. The mechanism thus constituted between the steering
      wheel 102 and the sector gear 28 is similar in effect to that of the known
      reciprocating-ball steering system and is accordingly manually operated
      without aid of hydraulic power assistance. When desired, the valve
      actuator 170 may be made operative through manipulation of the manually
      control switch 174 so that the manually operated condition of the steering
      system is brought into play even when the hydraulic arrangement of the
      steering system is operating properly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automotive power-assisted steering system comprising:
PA1  a steering wheel;
PA1  a steering shaft carrying the steering wheel and a steering linkage
      drivingly connected to steered road wheels;
PA1  a hydromechanical leverage unit mechanically connected to the steering
      linkage and movable between a right-turn positional range to drive the
      steering linkage into a condition effecting right-turn of the steered road
      wheels and a left-turn positional range to drive the steering linkage into
      a condition effecting left-turn of the steered road wheels;
PA1  a rotary piston-valve rotatable about a longitudinal axis thereof and
      longitudinally movable between first and second positional ranges across
      an equilibrium position depending upon its rotational position about said
      axis, the rotary piston-valve being hydraulically connected to said
      leverage unit for moving the leverage unit into the right-turn or
      left-turn positional range when moved to the first or second positional
      range, respectively, thereof or holding the leverage unit in a locked
      condition when moved to said equilibrium position;
PA1  a valve re-set mechanism operatively connected between the leverage unit
      and the rotary piston-valve and operative to be driven by the leverage
      unit for longitudinally moving the rotary piston-valve from the first or
      second positional range back to the equilibrium when the leverage unit is
      moved by the piston-valve to the right-turn or left-turn positional range,
      respectively, thereof;
PA1  a drive source having an output shaft drivingly connected to the
      rotary-valve for driving the piston-valve about said axis when actuated;
      and
PA1  an electric control circuit including means responsive to turning of the
      steering wheel for producing a first signal related to the angle and
      direction of turning of the steering wheel, means responsive to the
      velocity of the vehicle for producing a second signal related to the
      velocity of the vehicle, means responsive to an external force imparted
      sideways to the vehicle for producing a third signal related to the
      intensity of the force, a control module receiving the first second and
      third signals from the means for thereby producing an output signal
      representative of a desired angle of steering, means for producing a
      fourth signal representative of the rotational position of the output
      shaft of the said drive source, a comparator operative to compare the
      output signal from said control module with the fourth signal for
      producing an output signal representative of a difference between the two
      signals which are introduced thereto, an analog-to-digital converter for
      converting the output signal from the comparator into a pulsating signal,
      and a drive pulse generator for supplying to said drive source a pulsating
      current in accordance with the pulsating signal from the analog-to-digital
      converter, whereby the drive source is actuated to have its output shaft
      rotated in a direction and through an angle dictated by the pulsating
      current from the pulse generator.
NUM  2.
PAR  2. An automotive power-assisted steering system as claimed in claim 1,
      further comprising hydromechanical clutch means disposed between the
      steering wheel and the hydromechanical leverage unit, the clutch means
      being biased into an uncoupled condition so that the steering wheel is
      urged to remain mechanically disengaged from the leverage unit, and
      control means responsive to the fluid pressure acting on the leverage unit
      and the rotary piston-valve for actuating the clutch means to be coupled
      in response to a decrease of the fluid pressure below a predetermined
      level so that the hydromechanical leverage unit is mechanically coupled to
      the steering wheel and is rendered operative to be driven direct by the
      steering wheel independently of said control circuit and said rotary
      piston-valve.
NUM  3.
PAR  3. An automotive power-assisted steering system as claimed in claim 2, in
      which said leverage unit comprises a housing, a piston axially movable in
      the housing, toothed rack longitudinally movable with the piston, and a
      sector gear in mesh with the toothed rack and drivingly connected to the
      steering linkage, and in which said valve re-set mechanism comprises an
      internal groove formed in said piston of the leverage unit, a shaft
      rotatably supported on said housing and formed with an external helical
      groove which is in correspondence with the internal helical groove in the
      piston, and balls received in the corresponding helical grooves in the
      piston and the shaft on the housing so that the piston is axially moved as
      the shaft on the housing is rotated about its longitudinal axis, wherein
      said clutch means comprise a first clutch member rotatable with said shaft
      on the housing and a second clutch member rotatable with the steering
      shaft carrying the steering wheel.
NUM  4.
PAR  4. An automotive power-assisted steering system as claimed in claim 3, in
      which said steering shaft is positioned and directed substantially in line
      with the helically grooved shaft and in which said second clutch member is
      axially movably carried on the steering shaft and is biased to be axially
      spaced apart from the first clutch member.
NUM  5.
PAR  5. An automotive power-assisted steering means as claimed in claim 4, in
      which said control means associated with said clutch means comprise first
      and second sleeves in line with said second clutch member and movable
      along the steering shaft and having respective pressure acting faces, the
      pressure acting face of the first sleeve being acted upon by the fluid
      pressure acting on said leverage unit and said rotary piston-valve for
      urging the first and second sleeves into axial positions to have the
      second clutch member uncoupled from the first clutch member when the fluid
      pressure acting on the leverage unit and the rotary piston-valve is
      maintained on or over said predetermined level, a fluid pressure sensor
      responsive to the fluid pressure acting on the leverage unit and the
      rotary piston-valve for producing the signal in response to a decrease of
      the fluid pressure below said predetermined level, a source of fluid under
      pressure to act on the pressure acting face of the second sleeve, a first
      control valve operative to direct the fluid pressure from said source onto
      the pressure acting face of the second sleeve in response to the signal
      from said fluid pressure sensor, and a second control valve operative to
      drain the fluid acting on the first sleeve in response to the signal from
      the fluid pressure sensor so that said first and second sleeves are
      axially moved into positions to cause said second clutch member to be
      coupled with the first clutch member when the fluid presure acting on the
      leverage unit and the rotary piston-valve is decreased under said
      predetermined level.
NUM  6.
PAR  6. An automotive power-assisted steering system as claimed in claim 5, in
      which said control means further comprise a resilient biasing member
      urging said first and second clutch members away from each other and a
      resilient biasing member urging said first and second sleeves axially away
      from each other.
NUM  7.
PAR  7. An automotive power-assisted steering system as claimed in claim 1, in
      which said hydromechanical leverage unit comprises a hermetically closed
      housing, a piston axially slidable in said casing and dividing the housing
      into first and second chambers, a toothed rack formed longitudinally on
      the piston, and a sector gear which is in constant mesh with said toothed
      rack and mechanically connected to the steering linkage, said chambers
      being in communication with a source of fluid under pressure over said
      rotary piston-valve and axially moved to drive the sector gear through
      said toothed rack as said rotary piston-valve is moved between said first
      and second positional ranges.
NUM  8.
PAR  8. An automotive power-assisted steering system as claimed in claim 7, in
      which said valve re-set mechanism comprises a screw rotatable with said
      rotary piston-valve, a nut member rotatable on said screw member and held
      stationary in a longitudinal direction, the nut member having an internal
      thread through which the screw member is being rotatable engagement with
      the nut, and translatory means mechanically connected between said piston
      of the leverage unit and said nut member for translating an amount of
      axial displacement of the piston into a substantially proportional angular
      movement of said nut member for longitudinally moving the rotary
      piston-valve into the equilibrium position from the first or second
      positional range thereof when the piston of the leverage unit has been
      moved by fluid pressures in said chambers.
NUM  9.
PAR  9. An automotive power-assisted steering system as claimed in claim 8, in
      which said translatory means comprise an internal helical groove formed on
      said piston, a shaft rotatably supported on said housing of the leverage
      unit and formed with an external helical groove which is in correspondence
      with said internal helical groove in said piston, balls received in the
      corresponding helical grooves in said piston and said shaft on said
      housing so that the shaft on said housing is rotated about its
      longitudinal axis as said piston is axially moved on the shaft through
      said balls, a first gear rotatable with said shaft on the housing and a
      second gear which is in constant mesh with the first gear and which is
      rotatable with said nut member.
NUM  10.
PAR  10. An automotive power-assisted steering system as claimed in claim 1, in
      which the output shaft of said drive source is drivingly connected to said
      rotary piston-valve through a first gear rotatable with the output shaft
      and a second gear which is in constant mesh with the first gear and which
      is rotatable with the rotary piston-valve, said second gear having a
      greater number of teeth than said first gear.
NUM  11.
PAR  11. An automotive power-assisted steering system as claimed in claim 1, in
      which said control circuit further comprises means responsive to automatic
      steering signals issuing from a road furnished with vehicle guide means
      for controlling said drive source in accordance with the automatic
      steering signals.
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PAL  The selector lever in "N" is caught and locked by a notch of a plate moving
      in response to an actuated solenoid energized by failure of the driver to
      fasten his seat belt.
BSUM
PAR  The present invention relates generally to a locking device for preventing
      a transmission of a motor vehicle from being shifted to a driving gear and
      particularly to a device for compelling an occupant of the vehicle to
      fasten his seat belt before driving the vehicle by locking a selector
      lever controlling the transmission in a neutral or parking position if the
      occupant fails to fasten the seat belt.
PAR  Motor vehicles are at present required by law in many countries to have
      seat belts. The purpose of this is to prevent an occupant of the vehicle
      from being thrown forward from his seat by a collision of the vehicle to
      protect the occupant from injury by a collision of the occupant against
      structural parts of the vehicle which is called the "second collision".
      However, the occupants tend to fail to fasten the seat belts because of
      troublesome steps or procedures for fastening the seat belts and because
      of the seat belts restraining freedom to perform manipulation of the
      vehicle and to relax the body of the occupant. Thus, most of the seat
      belts are kind of surplus equipment in the vehicles and most of the
      vehicles start and move with the seat belts being unused by the occupants.
PAR  In order to compel vehicle drivers to fasten seat belts, a device has been
      proposed which provides a warning signal and prevents starting of the
      engine when a vehicle driver fails to fasten his seat belt. Thus, the
      device has an inconvenience or disadvantage in that manipulation and
      inspection of the vehicle for starting the engine is impossible unless the
      vehicle occupant fastens his seat belt.
PAR  It is, therefore, an object of the invention to provide a device which
      compels a vehicle occupant to fasten a seat belt after starting the engine
      and before starting the vehicle.
PAR  It is a further object of the invention to provide a locking device which
      prevents an automatic transmission of a motor vehicle from being shifted
      to a driving gear when an occupant of the vehicle fails to fasten a seat
      belt and which allows the engine to start without the occupant fastening
      the seat belt.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 is a schematic cross-sectional view of a preferred embodiment of a
      locking device according to the invention; and
PAR  FIG. 2 is a schematic plan view of a main part of the locking device
      substantially along a line II--II of FIG. 1.
DETD
PAR  Referring now to FIGS. 1 and 2, a schematic representation of a portion of
      a motor vehicle (no numeral) is shown to include an enclosure 10 which is
      fixedly mounted on the floor 12 of the vehicle and which encloses support
      members 14 and 15 fixedly mounted on the floor 12. The support members 14
      and 15 rotatably support a spindle 16 to which a fork 18 is fixedly
      secured. A manually operated gear selector lever 20 having at its upper
      end a hand grip 22 extends internally of the enclosure 10 and is fixedly
      connected at its lower end to the fork 18 so that it is swingable around
      the axis of the spindle 16. The selector lever 20 has its positions P
      (parking), R (reverse), N (neutral), D (automatically shifting forward
      driving gear ratios from 1st gear to top gear), 2 (Lock up 2nd gear) and 1
      (Lock up 1st gear) which are attainable by manipulating the selector lever
      20 and which are marked in this order on an indicator plate 24 attached to
      the enclosure 10 adjacent to the selector lever 20. A linking lever 26 is
      fixedly secured to the spindle 16 and extends to an automatic transmission
      (not shown) of the floor shift type to transmit swinging movement of the
      selector lever 20 to the automatic transmission for control thereof.
PAR  A locking device 28 is provided to be combined with the selector lever 20
      or to comprise the same as a part of component elements. The locking
      device 28 comprises two guide plates 30 and 32 which are fixedly mounted
      on the support members 14 and 15 and which are disposed opposite to and
      spaced from each other. A locking plate 34 is slidably interposed between
      the guide plates 30 and 32. The guide plates 30 and 32 and the locking
      plate 34 have formed therein elongate apertures 36, respectively, which
      are aligned with each other and through which the selector lever 20 passes
      and in which the same is swingable. The selector lever 20 has in the
      apertures 36 its positions as shown by dotted letters in FIG. 2 which
      correspond to its positions P, R, N, D, 2 and 1 mentioned above. The
      locking plate 34 has formed therein two recesses 38 and 40 which are
      spaced from each other and which join the elongate aperture 36 in the
      locking plate 34 and which are in alignment and engageable with the
      selector lever 20 positioned in the non-drive positions P and N,
      respectively. A portion of the locking plate 34 at the right side in the
      drawings of dotted lines 41 as shown in FIG. 2 may be omitted or dispensed
      with. The locking plate 34 is movable in a direction perpendicular to a
      plane of the swinging movement of the selector lever 20 and between a rest
      or non-locking position as shown in the drawings and an operative or
      locking position in which one of the recesses 38 and 40 engages the
      selector lever 20 to lock the same in the parking or neutral position P or
      N thereby inhibiting the transmission from being shifted to a driving
      gear. The recess 38 may be dispensed with, if desired. Helical extension
      springs 42 and 44 are provided to urge the locking plate 34 to the rest
      position and to hold the locking plate 34 in the rest position when the
      driver (not shown) of the vehicle fastens the seat belt (not shown)
      provided in the vehicle to encircle the driver for his protection and
      safety. A solenoid 46 is provided to control or actuate the locking plate
      34. The coil (not shown) of the solenoid 46 is energized to move the
      locking plate 34 fixed to its core from the rest position to the actuated
      position overcoming the forces of the springs 42 and 44 when the driver
      fails to fasten the seat belt.
PAR  The solenoid 46 is connected to a first electric control circuit 54
      including a normally closed relay switch 48 and an electric power source
      52 such as a battery which are connected in series to each other for
      passing electric current through the coil of the solenoid 46 to energize
      the same. The switch 48 forms a part of a relay 55 and is opened when a
      relay coil 70 forming a part of the relay 55 is energized. The control
      circuit 54 preferably has an ignition switch 56 for an engine of the
      vehicle or a switch which is closed when the engine operates and which is
      opened when the engine is stopped. The source 52 is connected to a second
      electric control circuit 62 including a normally open switch 57, a relay
      coil 58 and a normally open relay switch 60 which are connected in series
      to each other. The switch 57 is closed when the operator sits down on his
      seat of the vehicle. The relay coil 58 and the relay switch 60 form a part
      of a relay 64 and the switch 60 is closed when the relay coil 58 is
      energized. The source 52 is also connected to a third electric control
      circuit 72 including a normally open relay switch 66, a normally open
      switch 68 and the relay coil 70 which are connected in series to each
      other. The relay switch 66 forms a part of the relay 64 and is closed when
      the relay coil 58 is energized. The switch 68 is closed when the operator
      fastens the seat belt. A normally closed fifth switch 74 is connected to
      the relay coil 58 to form a fourth electric control circuit 76. The switch
      74 is opened when the switch 68 is closed. The relay 64 is of a
      self-holding type so that the switches 60 and 66 remain closed when the
      switch 74 is opened.
PAR  The operation of the locking device 28 thus constructed is as follows:
PAR  When the operator sits down on his seat, starts the engine and fails to
      fasten the seat belt with the selector lever being positioned in the
      neutral or parking position N or P, the switch 57 is closed to cause
      energization of the relay coil 58 so that the switches 60 and 66 are
      closed. The switch 68 remains open to cause de-energization of the relay
      coil 70. De-energization of the relay coil 70 keeps the switch 48 closed
      to cause energization of the coil of solenoid 46. Energization of the coil
      of the solenoid 46 causes the core of the solenoid 46 and the locking
      plate 34 to be moved from the rest position to the operative position
      overcoming the force of the springs 42 and 44 and causes the recess 38 or
      40 to engage the selector lever 20. As a result, the selector lever 20 is
      retained in the recess 38 or 40 and is locked in the neutral or parking
      position N or P to inhibit the transmission from being shifted to a
      driving gear and accordingly to inhibit the vehicle to start moving. In
      this state, when the operator fastens the seat belt, the switch 68 is
      closed to cause energization of the relay coil 70. In this instance, the
      switches 60 and 66 remain closed. The switch 48 is opened by energization
      of the relay coil 70 to cause de-energization of the coil of the solenoid
      46. De-energization of the coil of the solenoid 46 causes the locking
      plate 34 to be moved from the operative position to the rest position by
      the retracting force of the springs 42 and 44 for the recess 38 or 40 to
      disengage the selector lever 20. As a result, the selector lever 20 is
      uninhibited to shift from the parking or neutral position to set the
      transmission to a desired driving gear and automatic range by the operator
      to start the vehicle to move.
PAR  Although in the locking device 28, when the operator takes off the seat
      belt while driving the vehicle, there is the possibility that the locking
      plate 34 is moved to the operative position and will lock the selector
      lever 20 in the neutral or parking position. Such a possibility or action
      is dangerous and should be avoided. To this end, the first electric
      control circuit 54 preferably has a switch which is closed when the
      vehicle is at a standstill and which is opened to render the locking
      device 28 inoperative when the vehicle is driven.
PAR  It should be appreciated that the problem of inhibiting a motor vehicle
      from starting is solved when a driver of the vehicle fails to carry out a
      precautionary safety procedure or steps for protecting the occupant such
      as fastening the seat belt, by a locking device according to the
      invention. The construction and operation of the locking device are
      simplified and secure by a locking plate which has formed therein first
      and second notches or recesses engaging a manually operated gear selector
      lever of an automatic transmission positioned in neutral or parking
      position, respectively, and which is moved to an operative position in
      which the first or second recess or notch engages the selector lever to
      lock the same in the neutral or parking position.
PAR  It should be also appreciated that the locking device according to the
      invention has an advantage in that manipulation and inspection of the
      vehicle for starting an engine thereof is possible without fastening the
      seat belt.
PAR  Although the switch 68 has been described such that it is closed when the
      driver fastens his seat belt, the switch 68 may be closed only when all of
      occupants of the vehicle fasten their seat belts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A locking device for preventing an automatic transmission of a motor
      vehicle from being shifted to a driving gear when a vehicle occupant fails
      to carry out precautionary safety steps to protect the occupant,
      comprising a selector lever movable to control setting of said automatic
      transmission, a locking member movable from a rest position to a locking
      position for directly locking said selector lever in a neutral position,
      electric means for, when actuated, moving the locking member from the rest
      position to the locking position, and sensing means for actuating the
      electric means when the sensing means sense that the occupant fails to
      carry out the precautionary safety steps, in which the locking member
      comprises a locking plate having a recess engageable with the selector
      lever which is positioned in the neutral position for locking the selector
      lever when in the locking position and biasing means urging the locking
      plate to hold the same in the rest position when the occupant carries out
      the precautionary safety steps and the electric means comprises a solenoid
      the coil of which when enerigized urges the core and the locking plate
      from the rest position to the locking position against the force of the
      biasing means when the occupant fails to carry out the precautionary
      safety steps, and in which the locking member further comprises two guide
      plates which are fixedly disposed opposite to each other and between which
      said locking plate is slidably interposed, each of the two guide plates
      having formed therein an elongate aperture through which said selector
      lever passes and in which the same is swingable.
NUM  2.
PAR  2. A locking device for preventing an automatic transmission of a motor
      vehicle from being shifted to a driving gear when a vehicle occupant fails
      to carry out precautionary safety steps to protect the occupant,
      comprising a selector lever movable to control setting of said automatic
      transmission, a locking member movable from a rest position to a locking
      position for directly locking said selector lever in a neutral position,
      electric means for, when actuated, moving the locking member from the rest
      position to the locking position, and sensing means for actuating the
      electric means when the sensing means sense that the occupant fails to
      carry out the precautionary safety steps, in which the locking member
      comprises a locking plate having a recess engageable with the selector
      lever which is positioned in the neutral position for locking the selector
      lever when in the locking position and biasing means urging the locking
      plate to hold the same in the rest position when the occupant carries out
      the precautionary safety steps and the electric means comprises a solenoid
      the coil of which when energized urges the core and the locking plate from
      the rest position to the locking position against the force of the biasing
      means when the occupant fails to carry out the precautionary safety steps,
      and in which the electric means comprises a first electric control circuit
      including a normally closed relay switch, a second electric control
      circuit connected with said first control circuit and including a normally
      open switch which is closed when said occupant sits down on his seat, a
      first relay coil and a normally open relay switch which cooperates with
      said relay coil and which is closed when said relay coil is energized, a
      third electric control circuit connected with said first control circuit
      and including a normally open relay switch which cooperates with said
      relay coil and which is closed when said relay coil is energized, a
      normally open second switch which is closed when the occupant fastens his
      seat belt and a second relay coil cooperating with said normally closed
      relay switch, said normally closed relay switch being opened when said
      second relay coil is energized, and a fourth electric control circuit
      connected with said first relay coil and including a normally closed
      second switch, said normally closed second switch being opened when said
      normally open second switch is closed, said normally open relay switches
      being a self-holding type.
NUM  3.
PAR  3. A locking device for locking a transmission of a motor vehicle in a
      predetermined non-drive position, comprising a selector lever movable to
      control setting of a transmission of a motor vehicle, a locking plate
      movable between a non-locking position for locking said selector lever in
      a predetermined non-drive position, said locking plate having a recess
      engageable with said selector lever, which is in said predetermined
      non-drive position, to lock it when in said locking position, two guide
      plates which are fixedly disposed opposite to each other and between which
      said locking plate is slidably interposed, each of said guide plates being
      formed therein with an elongate aperture through which said selector lever
      passes and in which the same is swingable, and actuating means for moving
      said locking plate from said non-locking position into said locking
      position when a vehicle occupant fails to carry out a precautionary safety
      step to protect said vehicle occupant and from said locking position into
      said non-locking position when said vehicle occupant carries out said
      precautionary safety step.
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PAL  Herein disclosed is an interlocking device for locking the gear-shift
      mechanism of an automotive manually operated power transmission system
      which is cooperative with a vehicle safety arrangement such as a safety
      belt, the interlocking device comprising a first movable member movable
      with a suitable movable member forming part of the gear-shift mechanism
      such as for example the rotatable guide member for the striking rod of the
      gear-shift mechanism, a second movable member movable into locking
      engagement with the first movable member and means responsive to complete
      protective condition of the safety arrangement for holding the second
      movable member in locking engagement with the first movable member if and
      when the safety arrangement is left unused or in an incomplete protective
      condition.
BSUM
PAR  The present invention relates generally to power transmission systems of
      automotive vehicles and, more particularly, to an interlocking device for
      use with a manually-operated shift mechanism of an automotive power
      transmission mechanism.
PAR  To protect a vehicle occupant in the event of a collision encountered by
      the vehicle, the vehicle is equipped with a safety belt arrangement which
      is adapted to restrain the vehicle occupant when the occupant is violently
      forced forward. Because of the unwieldy procedures which are necessitated
      for mounting the seat belt on the vehicle occupant, however, there is a
      tendency that the seat belt arrangement is left unused during cruising of
      the vehicle. A device has therefore been proposed which is operative to
      produce a warning signal and simultaneously makes the engine inoperative
      to start until the seat belt is mounted on the vehicle occupant in a
      predetermined mode of manipulative procedure.
PAR  The present invention proposes to lock the gearshift mechanism of a
      manually operated power transmission system in a position providing only
      limited gear ratios if and whenever the safety belt is left unused or
      prescribed manipulative procedure required to mount the safety belt on a
      seat occupant of a vehicle is incomplete with the engine started.
PAR  In accordance with the present invention, there is provided an interlocking
      device which comprises a first movable member which is movable with a
      movable member forming part of the gear-shift mechanism of a
      manually-operated power transmission system, a second movable member
      having a first position disengaged from the first movable member and a
      second position in interlocking engagement with the first movable member,
      electromagnetically operated actuating means having an operative condition
      to actuate the second movable member into the second position thereof, and
      an electric control circuit responsive to a seated condition of a vehicle
      occupant and to a complete protective condition of a safety arrangement.
PAR  In a preferred embodiment of the interlocking device according to the
      present invention, the first movable member may be in engagement with a
      rotatable guide member axially movably receiving a striking rod of the
      gear-shift mechanism and rotatable between different angular positions
      each providing usually two forward speed gear ratios which are arrayed in
      a row in a gear-shift pattern of the power transmission system. In this
      instance, the first movable member may be formed with a recess through
      which the second movable member is in locking engagement when held in the
      above-mentioned second position. The second movable member may be a
      solenoid-operated plunger which is movable into and out of an axial
      position fitting at its leading end into the recess thus formed in the
      first movable member. The electric control circuit may include a series
      combination of a first switch responsive to the seated condition of the
      vehicle occupant and a second switch responsive to the completely mounted
      condition of the safety belt.
DRWD
PAR  The features of the interlocking device thus generally constructed and
      arranged will become more apparent from the following description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal sectional view showing part of a gear-shift
      mechanism of an ordinary manually operated power transmission system;
PAR  FIG. 2 is a cross sectional view showing a mechanical arrangement of a
      preferred embodiment of the interlocking device according to the present
      invention as may be incorporated into the gear-shift mechanism illustrated
      in FIG. 1;
PAR  FIG. 3 is a fragmentary top plan view showing part of the mechanical
      arrangement illustrated in FIG. 2;
PAR  FIG. 4 is a schematic circuit diagram which shows a preferred example of an
      electric control arrangement of the interlocking device embodying the
      present invention; and
PAR  FIGS. 5a to 5f are schematic views showing various different gear-shift
      patterns which are presently in use in the existing manually operated
      power transmission systems.
DETD
PAR  Referring to the drawings, first to FIG. 1, the gear-shift mechanism of a
      manually operated power transmission system is usually positioned in a
      rear extension 10 of a transmission case incorporating therein gears,
      shafts, synchronizing rings and clutch assemblies though not shown. The
      rear extension 10 of the transmission case is formed with a bored
      cylindrical portion 12. A striking rod guide member 14 has a bored
      cylindrical portion 16 which is rotatably received in the bored
      cylindrical portion 12 of the transmission case rear extension 10 as
      shown. The striking rod guide member 14 is formed with a cavity 18 which
      is located at the rear of the bore in the cylindrical portion 16 of the
      guide member 14. The cavity 18 is open to the outside through an opening
      20 which is located over the cavity 18. A striking rod 22 is axially
      slidably received in the bored cylindrical portion 16 of the striking rod
      guide member 14 and has a rearmost axial portion 24 projecting into the
      cavity 18 in the guide member 14. In this rearmost axial portion 24 of the
      striking rod 22 is formed a substantially spherical socket 26 which is
      directed toward the opening 20 in the guide member 14. A gear-shift lever
      28 is rockable about a pivot 30 and has a substantially spherically shaped
      end portion 32 which fits into the socket 26 in the rearmost axial portion
      24 of the striking rod 22 as shown. When the gear-shift lever 28 is turned
      clockwise or counterclockwise about the pivot 30 by a human effort, then
      the striking rod 22 is axially moved in either direction relative to the
      transmission case rear extension 10 through engagement between the socket
      26 in the striking rod 22 and the spherical end portion 32 of the
      gear-shift lever 28.
PAR  Turning to FIG. 2, the rear extension 10 of the transmission case is
      further formed with a bored portion 34 extending in a direction transverse
      to an axis of rotation of the striking rod guide member 14. Where desired,
      the bored portion 34 may be formed separately of the rear extension 10 of
      the transmission case and rigidly connected to the transmission case rear
      extension 10 by suitable fastening means such as bolts, though not shown
      as such. A sliding rod 36 is axially slidably received in the bored
      portion 34 and has a leading end portion axially projecting out of the
      open end of the bored portion 34 and terminating approximately sidewise of
      the striking rod guide member 14 as shown. The sliding rod 36 is engaged
      at its leading end portion by the striking rod guide member 14 by means of
      a lever 38 which is rigidly connected at one end to the guide member 14
      and pivotally connected at the other end to the leading end portion of the
      sliding rod 36 through a pivotal pin 40 having an axis which is
      substantially in parallel to the axis of rotation of the striking rod
      guide member 14 as will be better seen in FIG. 3. The sliding rod 36 has a
      recess 42 in its end portion opposite to the end portion connected to the
      lever 38.
PAR  The rear extension 10 of the transmission case is further formed with a
      bored portion 44 which has an axial bore directed substantially at a right
      angle to and terminating in the bore in the previously mentioned bored
      portion 34 or, more specifically, in an axial end portion of the bore in
      the bored portion 34 opposite to the open end of the bored portion 34 as
      seen in FIG. 2. The recess 42 in the sliding rod 36 is thus movable over
      the leading end of the axial bore in the bored portion 44. A
      solenoid-operated plunger 46 is axially movable in the axial bore in the
      bored portion 44, having its leading end slightly projected out of the
      axial bore in the bored portion 44 into the bore in the bored portion 34
      receiving the sliding rod 36. When the recess 42 in the sliding rod 36
      happens to be located over or in alignment with the leading end of the
      axial bore in the bored portion 44, then the leading end of the
      solenoid-operated plunger 46 in the axially projected condition fits into
      the recess 42 in the sliding rod 36 as shown in FIG. 2.
PAR  The striking rod 22 is connected to gear-shift forks (not shown) and each
      of the forks is moved between two different angular positions providing
      respective gear positions when the striking rod guide member 14 and the
      striking rod 22 per se are rotated about their common axis of rotation by
      a human effort during gear shift. Thus, the striking rod guide member 14
      is arranged to be rotatable about its axis usually between three different
      angular positions, viz, first, second and third angular positions which
      are indicated by a, b and c, respectively, in FIG. 2. (If, in this
      instance, the gear-shift pattern is arranged in a four-forward-speed and
      one-reverse-speed transmission system as indicated in FIG. 5a, the first
      angular position a will provide the first or second forward speed gear
      ratio 1 or 2, the second angular position b will provide the third or
      fourth forward speed gear ratio 3 or 4, and the third angular position c
      will provide the reverse gear ratio R.) As the striking rod guide member
      14 is thus rotated between these three different angular positions a, b
      and c, then the sliding rod 36 will be axially moved between three
      different axial positions corresponding respectively to the angular
      positions a, b and c of the guide member 14 by reason of the pivotal
      connection between the sliding rod 36 and the lever 38. In the embodiment
      shown in FIG. 2, the recess 42 is assumed to be in alignment with the
      leading end of the axial bore in the bored portion 44 when the sliding rod
      36 is moved to the axial position corresponding to the second angular
      position b of the striking rod guide member 14.
PAR  The solenoid-operated plunger 46 is actuated to move into or out of the
      axial position projecting into the bore in the bored portion 34 by means
      of a solenoid which is generally designated by reference numeral 48. The
      solenoid 48 is largely composed of an armature core mechanically connected
      to the plunger 46 and an exciting coil surrounding the armature core,
      though not shown in the drawings, as is customary. The solenoid 48 is
      assumed, by way of example, as being biased into a condition holding the
      plunger 46 in an axially retracted position and being actuated into a
      condition causing the plunger 46 to project forward when the exciting coil
      thereof is energized from an external power source. The solenoid 48 is
      energized and deenergized under the control of an electric control circuit
      which is illustrated in FIG. 4.
PAR  Referring to FIG. 4, the electric control circuit comprises first and
      second relays 50 and 52 and first and second switches 54 and 56. The first
      relay 50 consists of a relay coil 50a and a normally closed movable
      contact 50b which is to be open when the relay coil 50a is energized from
      a power source 58. The movable contact 50b of the first relay 50 is
      connected between the exciting coil of the solenoid 48 and the power
      source 58 so that the solenoid 48 is energized when the normally closed
      movable contact 50b is kept closed as shown. The second relay 52 consists
      of a relay coil 52a and first and second normally open movable contacts
      52b and 52c which are to be closed when the relay coil 52a is energized.
      The first switch 54 is biased to open and is closed responsive to seated
      condition of a vehicle occupant who usually is a driver of the vehicle in
      the present context. The second switch 56 has a normally open movable
      contact 56a and a normally closed movable contact 56b. The normally closed
      movable contact 56b of the second switch 56 is adapted to open responsive
      to a condition in which the safety belt arranged in the vehicle is
      completely fitted on the vehicle occupant by a prescribed manipulative
      procedure taken by the occupant of the seat. The two movable contacts 56a
      and 56b of the second switch 56 are mechanically interconnected together
      as indicated by a broken line in FIG. 4 so that the normally open movable
      contact 56a is closed when the normally closed movable contact 56b is open
      responsive to completion of the prescribed manipulative procedure to mount
      the safety belt on the seat occupant. The relay coil 50 of the first relay
      50a is grounded at one terminal and connected at the other terminal to the
      positive terminal of the power source 58 over a series combination of the
      first normally open movable contact 52b of the second relay 52 and the
      normally open movable contact 56a of the second switch 56. The relay coil
      50a of the first relay 50 is energized and accordingly the normally closed
      movable contact 50b of the relay 50 is open when both of the first
      normally open movable contact 56a of the second switch 56 are closed
      concurrently. The relay coil 52a of the second relay 52 has an input
      terminal connected across the first switch 54 to the positive terminal of
      the power source 58 and an output terminal connected to ground across the
      normally closed movable contact 56b of the second switch 56. The output
      terminal of the relay coil 52a of the second relay 52 is further connected
      to ground across the second normally open movable contact 52c of the
      second relay 52.
PAR  When, in operation, the vehicle occupant or the driver enters the vehicle
      cabin and is thereafter seated on the seat which usually is the driver's
      seat, then the first switch 54 closed. Because, at this instance, the
      safety belt is in a condition not mounted on the occupant of the seat, the
      normally closed movable contact 56b of the second switch 56 remains closed
      so that the relay coil 52a is energized from the power source 58 when the
      first switch 54 is closed. The relay coil 52a of the second relay 52 being
      thus energized from the power source 58, the normally open movable
      contacts 52b and 52c of the relay 52 are concurrently closed. If the
      vehicle driver then starts the engine with the safety belt unused or in a
      condition uncompletely mounted on the driver, the normally closed movable
      contact 56b of the second switch 56 is maintained in a closed condition so
      that the normally open movable contact 56a coacting with the former is
      kept open. The relay coil 52a of the first relay 52 thus remains
      de-energized and accordingly the normally opened movable contact 52b of
      the relay 52 is kept closed. Under these conditions, the solenoid 48 is
      energized from the power source 58 so that the plunger 46 shown in FIG. 3
      is urged toward the bore in the bored portion 34 and, if the sliding rod
      36 is moved to the axial position corresponding to the second angular
      position b of the striking rod guide member 14 of the gear-shift
      mechanism, the plunger 46 is brought into locking engagement with the
      sliding rod 36 through the recess 42 formed in the rod 36. The sliding rod
      36 is thus locked in the particular axial position with the result that
      the striking rod guide member 14 and accordingly the gear-shift mechanism
      as a whole is held locked in a position providing the third or fourth
      forward speed gear ratio 3 or 4 if the gear-shift pattern of the
      transmission system is arranged as indicated in FIG. 5a, 5b or 5c. If, in
      this instance, the gear-shift pattern of the transmission system is such
      that is shown in FIG. 5d, then the gear-shift mechanism will be held
      locked in a position providing the second or third forward speed gear
      ratio 2 or 3 and, if the gear-shift pattern is arranged as indicated in
      FIG. 5e or 5f, then the gear-shift mechanism will be held locked in the
      first or second forward speed gear ratio 1 or 2. The position of the
      gear-shift mechanism to be locked responsive to the unused or incompletely
      mounted condition of the safety belt may be, in any event, selected by
      varying the relative axial position of the recess 42 in the sliding rod 36
      relative to the plunger 46.
PAR  When, however, the occupant of the seat has properly proceeded with the
      prescribed steps to fit the safety belt on him, then the normally closed
      movable contact 56b of the second switch 56 will open to cause the
      normally open movable contact 56a to close. A closed circuit is now
      completed by the relay coil 50a of the first relay 50, the first movable
      contact 52b of the second relay 52, the movable contact 56a of the second
      switch 56 and the power source 58. The relay coil 50a of the first relay
      50 is thus energized from the power source 58 and, as a consequence, the
      normally closed movable contact 50b of the first relay 50 is caused to
      open. The solenoid 48 is now de-energized so that the plunger 46 is
      actuated to retract from the bore in the bored portion 34 and is
      accordingly disengaged from the sliding rod 36. The gear-shift mechanism
      is thus unlocked and may be moved to any of the positions desired. When
      the normally closed movable contacts 56b of the second switch 56 is open
      upon completion of the prescribed manipulative procedure followed by the
      seat occupant, the relay coil 52a of the second relay 52 is grounded
      through the second normally open movable contact 52c which has been closed
      responsive to closing of the first switch 54. The first normally open
      movable contact 52b of the second relay 52 is, in this manner, maintained
      closed when the normally closed movable contact 56b of the switch 56 is
      made open. The second switch 56 is arranged so that the normally closed
      movable contact 56b thereof is kept open once it has been made open in
      response to the completion of the prescribed manipulative procedure to
      mount the safety belt on the vehicle occupant unless the vehicle is for a
      second time brought into a full stop and the two switches 54 and 56 are
      made open with the safety belt dislodged from the seat occupant and with
      the vehicle occupant unseated.
PAR  While the interlocking device embodying the present invention has thus far
      been described and shown as being so arranged as to lock the striking rod
      guide rod of the gear-shift mechanism, such is merely by way of example
      and, therefore, the device according to the present invention may be
      modified so that any movable member contained in the gear-shift mechanism
      may be locked in a position providing certain gear positions which are
      arrayed in a row in the gear-shift pattern of the power transmission
      system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an automotive manually operated power transmission having a
      gear-shift mechanism including a rotatable guide member for a striking
      rod, an interlocking device for interlocking the gear-shift mechanism
      responsive to incompletion of prescribed manipulative procedure taken by a
      vehicle occupant, comprising a first movable member which is movable with
      a movable member forming part of said gear-shift mechanism, a second
      movable member having a first position disengaged from said first movable
      member and a second position in interlocking engagement with the first
      movable member, electromagnetically operated actuating means having an
      operative condition to actuate said second movable member into said second
      position thereof, an electric control circuit responsive to completion of
      said prescribed manipulative procedure taken by the vehicle occupant and
      in which said first movable member is in engagement with said rotatable
      guide member.
NUM  2.
PAR  2. An interlocking device as set forth in claim 1, in which said first
      movable member is formed with a recess through which said second movable
      member is engageable with the first movable member.
NUM  3.
PAR  3. An interlocking device as set forth in claim 2, in which recess is
      located in said first movable member to be in correspondence with a
      certain angular position of said guide member.
NUM  4.
PAR  4. In an automotive manually operated power transmission having a
      gear-shift mechanism including a rotatable guide member for a striking
      rod, an interlocking device for interlocking the gear-shift mechanism
      responsive to incompletion of prescribed manipulative procedure taken by a
      vehicle occupant, comprising a first movable member which is movable with
      a movable member forming part of said gear-shift mechanism, a second
      movable member having a first position disengaged from said first movable
      member and a second position in interlocking engagement with the first
      movable member, electromagnetically operated actuating means having an
      operative condition to actuate said second movable member into said second
      position thereof, and an electric control circuit responsive to completion
      of said prescribed manipulative procedure taken by the vehicle occupant,
      in which said electric control circuit comprises a normally closed relay
      switch connected to said electromagnetically operated actuating means, a
      first circuit connected to said relay switch and having a normally opened
      first relay switch, a normally opened switch which is closed in response
      to completion of said prescribed manipulative procedure taken by the
      vehicle occupant, and a first relay coil, a second circuit connected to
      said normally closed relay switch and having a normally opened switch
      which is closed in response to seated condition of the vehicle occupant, a
      second relay coil, and a normally closed switch which is opened when said
      switch responsive to completion of said prescribed manupulative procedure
      is closed, and a third circuit connected to said second relay coil and
      having a normally opened second relay switch being opened when said first
      relay coil is energized, said normally opened first and second relay
      switches being closed when said second relay coil is energized.
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PAL  A fuse-cord comprising an explosive core and outer layer of elastomeric
      material formed with external ribs. The invention also includes a method
      of seismic prospecting using a detonating cord of this construction.
BSUM
PAR  The invention relates to fuse-cord of the kind commonly employed for the
      transmission of detonation and flame in blasting and seismic prospecting
      operations. The invention also includes a method of manufacturing the
      fuse-cord, and seismic prospecting using the fuse-cord.
PAR  Fuse-cord normally comprises a core of incendiary or explosive material
      surrounded by non-explosive wrapping materials, for example, textile yarns
      and/or synthetic plastics materials. Thus detonating cord usually has a
      core of powdered PETN (pentaerythritol tetranitrate) and safety fuse has a
      blackpowder core. The powder of the core is often encased in an envelope
      of paper or synthetic plastic film, textile yarns are wound around the
      envelope and a waterproofing layer of elastomeric thermoplastic material
      is extruded around the yarns. This plastic covered fuse is extensively
      used in applications wherein it is required to be fed into or drawn
      through boreholes or tubes or past abrasive objects with consequent risk
      of damage by abrasion or fouling (snagging) of the fuse-cord by its
      surroundings. One such application is in the seismic prospecting method
      described in United Kingdom Pat. Nos. 1,151,882 and 1,151,883 wherein a
      line of detonating cord is buried under the surface of a prospect area by
      feeding it downwardly into the surface layer through a conduit as the
      conduit is moved parallel to the ground surface. A further application is
      in underwater blasting where the cord is often pulled past rocks and the
      edges of the metal tubes used for loading the main blasting explosive
      charge.
PAR  It is an object of this invention to provide fuse-cord having enhanced
      resistance to damage by abrasion and snagging in normal use.
PAR  In accordance with the invention a fuse-cord comprises an explosive core
      and an outer layer of elastomeric material formed with external ribs. In
      addition to its enhanced abrasive resistance the fuse-cord of the
      invention has greater flexibility than the usual smooth cord and is easier
      to pull through the feed conduit in the aforementioned seismic prospecting
      method. A further advantage of the cord is that knots formed in the cord,
      for example, to join a branch line to a trunk line, have less tendency to
      slip in normal use.
PAR  The external ribs are conveniently longitudinal parallel ribs preferably
      curved in cross-section, the most preferred cross-sectional profile being
      semicircular. In the preferred cord the external surface is formed with
      alternating longitudinal ribs and flutes, the flutes being preferably
      curved and, more preferably, semicircular in cross-section.
PAR  The elastomeric material conveniently comprises synthetic plastics
      material, for example, polyethylene, polypropylene or polyvinyl chloride.
      It is also convenient to apply additional wrapping material intermediate
      of the explosive core and the outer layer of elastomeric material. For
      example, the core may have paper or plastics film around it as in
      conventional fuse-cords and may also be wrapped with strengthening spun
      layers of textile yarn, before the outer layer of elastomeric material is
      applied.
PAR  The elastomeric material may conveniently be applied by extruding it around
      the explosive core. Thus in accordance with the method of the invention a
      fuse-cord is made by feeding a core of explosive material, optionally
      encased in wrapping material, in a continuous manner through a die and
      extruding an elastomeric material through the die to deposit the
      elastomeric material as an annular externally ribbed layer around the said
      core, the die being formed with a cross-sectional profile as required for
      formation of external ribs on the extruded material.
PAR  Detonating fuse-cord of the invention is especially advantageous for
      generating seismic waves in the `Geoseis` system of seismic prospecting
      wherein detonating cord is placed on or under the surface of a prospect
      area by feeding it into the ground through a tubular conduit as the
      conduit is moved through the upper ground layer. In the operation there is
      less `drag` on the fuse-cord of the invention than on plain cords and the
      cord is less liable to snag on the ends of the conduit.
PAR  Thus the invention also includes a method of seismic prospecting wherein a
      detonating fuse-cord of the invention is fed in a continuous manner
      through an advancing tubular conduit to lie in a position substantially
      parallel to the upper ground layer of a prospect area, the fuse-cord is
      detonated and the resulting seismic waves are recorded after reflecting or
      refraction of subterranean rock layer interfaces.
DRWD
PAR  In order to illustrate the invention further, a preferred fuse-cord is
      hereinafter described, by way of example only, with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 shows diagrammatically a length of detonating fuse-cord with one end
      dissected.
PAR  FIG. 2 is a cross-section of the fuse-cord of FIG. 1 on an enlarged scale.
DETD
PAR  The fuse-cord has a central core 1 of powdered explosive enclosed in a
      synthetic plastics tube 2, which is formed from a tape wrapped around the
      core so that its edges overlap. The core contains a single longitudinal
      yarn 3 to assist the flow of explosive powder from a die to form the
      explosive core during the fuse-cord manufacture. The tube 2 is surrounded
      by a spun layer of yarns or tapes 4 and a countering layer of yarns or
      tapes 5. The countering layer is surrounded by an extruded ribbed sheath 6
      of waterproof thermoplastic material. This fuse-cord is readily
      manufactured in the spinning machines normally used for the manufacture of
      spun fuse-cords using a die of the required cross-sectional profile to
      apply the sheath 6.
PAC  EXAMPLES
PAR  Specific examples of a fuse-cord of the aforedescribed construction had a
      core 1 consisting of crystalline PETN loaded at a charge rate of 10 g per
      meter. The tube 2 was of glazed Kraft paper 13.5 millimeters wide and 0.18
      millimeters thick and the central yarn 3 was a single yarn of 380 denier
      polypropylene. The spun layer 4 consisted of 10 strands of 2000 denier
      polypropylene tape (width 2.5 millimeters, thickness 0.01 millimeters)
      spun at 26 turns per meter and the countering layer 5 consisted of 8
      strands of the same polypropylene tape spun at 39 turns per meter.
PAR  The outer sheath 6 was polyvinyl chloride in Example 1 and polyethylene in
      Example 3. In both Examples the sheath had 18 ribs 7 and 18 flutes 8, the
      sheath minimum thickness being 0.31 millimeters at the lowest point of the
      flutes and the maximum thickness being 0.62 millimeters at the highest
      point of the ribs. The overall diameter was 5 millimeters.
PAR  The flexibility, abrasive resistance and `drag` of the cords were measured
      and the results are recorded in the following table. For comparison the
      results of the same tests on fuse-cords of the same construction but with
      plain outer sheaths 0.62 millimeters thick are also given in the table as
      Examples 2 and 4.
TBL  ______________________________________                                    
     Example    1          2          3     4                                  
     ______________________________________                                    
     Sheath     Ribbed     Plain      Ribbed                                   
                                            Plain                              
     Material   Polyethylene                                                   
                           Polyethylene                                        
                                      PVC   PVC                                
     Weight of Sheath                                                          
                6.17       8.72       8.93  12.33                              
      (g/meter)                                                                
     Flexibility                                                               
                150        250        100   150                                
     (Weight for                                                               
      flexure - g)                                                             
     Abrasion   164        137        500   9                                  
     resistance (No.                                                           
     of passes for                                                             
     puncturing)                                                               
     Drag       1 lb       2 lb       1/2 lb                                   
                                            3-7 lb                             
     ______________________________________                                    
PAR  The flexibility was determined as the weight required to bend a 10 cm
      length of cord clamped at one end through 90.degree..
PAR  The abrasion resistance was determined by passing a length of fuse-cord
      with a 1 Kg weight suspended from one end, over the right angled edge of a
      concrete block and observing the number of passes required to puncture the
      sheath.
PAR  The drag was determined as the force required to pull a length of fuse-cord
      at a steady rate of 2 meters per second through the feed pipe of a cord
      burying apparatus for placing cord for seismic prospecting. The tube was
      approximately 1.5 meters long and 2.5 cm diameter.
PAR  It is evident from the results that a cord of the invention having a ribbed
      outer sheath is superior to cords with plain sheaths in respect of
      flexibility, abrasion resistance and drag and is superior to the plain
      sheathed cord for burying in seismic prospecting operations and in other
      operations where there is a risk of damage to the cord by abrasion and
      snagging.
PAR  The superior flexibility of the ribbed cords facilitated the tying of knotS
      in the cord and the ribs ensured that the knots did not slip. When bent
      the ribbed sheath did not ripple on the inside of the bend as happens with
      plain outer sheaths with consequent risk of `snagging` at the ripple.
PAR  The cord of Examples 1 and 3 were equal to the corresponding cords of
      Examples 2 and 4 in respect of explosive properties and mechanical
      strength. They were also cheaper because there was less material in the
      outer sheath.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of seismic prospecting wherein a detonating fuse-cord
      comprising an explosive core and an outer layer of elastomeric material
      formed with longitudinal external ribs is fed in a continuous manner
      through an advancing tubular conduit to lie in a position substantially
      parallel to the upper ground layer of a prospect area, the fuse-cord is
      detonated and the resulting seismic waves are recorded after reflection or
      refraction from subterranean rock layer interfaces, said longitudinal
      external ribs enabling said fuse-cord to pass through the advancing
      tubular conduit with less drag and greater abrasion resistance than a
      plain fuse-cord without the external ribs.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the fuse-cord has parallel ribs.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the ribs of the fuse-cord are
      semicircular in cross-section.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the external surface of the
      fuse-cord is formed with alternating longitudinal ribs and flutes.
NUM  5.
PAR  5. A method as claimed in claim 4 wherein the flutes are semicircular in
      cross-section.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein the layer of elastomeric material
      is an extruded layer of synthetic plastics material.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein the fuse-cord has an additional
      wrapping material intermediate of the explosive core and the outer layer
      of elastomeric material.
NUM  8.
PAR  8. A method as claimed in claim 1 wherein the explosive core comprises
      pentaerythritol tetranitrate.
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PAL  The present invention comprises a radially pulsating cylindrical surface
      operating as a wave transmission-line. The device is responsive to
      electrical means and may be practically utilized to generate pressure
      waves. A conventional electromagnetic driving system is employed with the
      novel cylindrical surface. A cylindrical voice coil is affixed to the
      cylindrical surface co-axially. The surface may comprise a matrix of
      helically oriented fibers suspended in an elastomeric impregnant. Damping
      means may be provided both internally and terminally. The radiation
      produced is omnidirectional.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to electro-acoustic transducers.
PAR  2. Description of the Prior Art
PAR  An accurate mechanoacoustic process requires that pressure waves be
      generated by an orderly motion of a membrane in the medium. When the
      medium is so displaced a pressure wave is generated. An orderly
      transformation thus requires that the membrane possess no preferred
      oscillatory modes. Two primary engineering solutions to this problem have
      evolved. The more direct solution utilizes a conductive membrane. Both a
      conductor with a substantially even distribution of electron flow and a
      voltage controlled electrostatic conductive membrane are moved by direct
      imposition of electrical forces. Without considering inevitable but
      controllable boundary conditions due to the support means for such
      elements, these elements acted upon substantially only by the medium and
      electrical drive forces cannot exhibit resonant mode of behavior. There
      are no compliances to act in concert with existing masses. Extensive
      structures are generally required to supply the required fields.
      Relatively high cost and complexity result. Structures for producing the
      field also interfere with radiation. Partially conductive diaphragms
      substantially immersed in a magnetic field allow decreased size but do not
      eliminate the other disadvantages.
PAR  The prior art also includes a second attempted engineering solution which
      utilizes a mechanical system of mass and compliance which exhibits an
      infinite number of oscillatory modes. Such a device is termed a
      transmission line. A uniform transmission line terminated resistively in
      the characteristic impedance with a surface in contact with the medium may
      also generate a pressure wave. Within practial limits set by the degree of
      uniformity achieved in the construction of the line and terminating
      impedance, orderly behavior may be achieved.
PAR  A basic distinction between these major systems is that a finite time delay
      is involved before a transmission line achieves steady state power
      transfer to the medium. A wave-train progressing along the line is
      increasingly brought into contact with the medium. The process is complete
      when the termination is reached. The medium however is also a transmission
      line due substantially to its uniformity.
PAR  There exists in the medium a region in which the distance to various
      portions of the mechanical transmission line is increasingly greater for
      portions closer to the sending end. At a particular angle in this region
      the arrival time for a pressure wave originating from the portions of the
      transmission line is identical. At this angle, the membrane appears to be
      moving in unison. Practical transmission line transducers involve
      obtaining a high propagation velocity while also obtaining an efficient
      match between driving impedance and characteristic impedence.
PAR  A pulsating cylinder provides a radiated power which decreases about 6
      decibels per octave with a flat response on axis. This is superior to a
      flat vibrating diaphragm whose radiated power falls about 12 decibels per
      octave of increasing frequency. Passive diaphragms which are not
      characterized by transmission line behavior have resonant modes of finite
      Q which color the reproductive process with frequency dependent
      characteristics. These characteristics also deteriorate the transient
      behavior. Any passive mechanical member can substantially meet the
      definition of a transmission line requiring only that the member be
      uniform. Each successive incremental segment orthogonal to the axis of
      propagation must be substantially identical. Exceptions to this rule must
      have a constant characteristic impedance or frequency selective behavior
      will occur.
PAR  The prior art for transmission line devices discloses only relatively
      non-uniform constructions. Cone constructions are examples of non-uniform
      transmission lines. The radius of curvature of these surfaces decreases
      toward the large end. The propagation velocity varies as well as the
      characteristic impedence. Difficulty in resolving any characteristic
      impedence and therefore obtaining reflectionless behavior is to be
      expected. Operation over small axial lengths of cone reduces the problem
      but also reduces efficiency. A gradual resistive absorption of the
      progressing wave also reduces the reflective behavior at the expense of
      efficiency. The construction is non-uniform but it is good compromise
      where full-range operation is desired. A further complication occurs
      because the driving force of a cone is directed at an angle to the plane
      of the conic surface. This causes a radially symmetrical tortional stress
      in the cone resisted by the reactive force of the hoop or circumferential
      compliance. If the cone is slightly irregular or the driving force
      directed so as not to be radially symmetrical a distortion is propagated
      as a direct result. This increases tolerance requirements or results in
      distortions.
PAR  Certain of the disadvantages of the prior art have been partially mitigated
      by substitution of a soft dome arrangement for the cone arrangement
      described herein in detail. The dome arrangement is limited to high
      frequency and does not have the frequency range of the cone arrangement.
      Within this limitation, the dome arrangement has two advantages: the dome
      is more compact and less expensive.
PAR  Unfortunately, the dome arrangement is not a uniform transmission line nor
      does it have radial dispersion.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a radially pulsating cylindrical surface
      operating as a wave transmission line. For best results, the cylinder is
      thin and elastic. During operation, the surface of the cylinder is
      deformed.
PAR  During operation, a mechanical driving force is directed substantially
      evenly on a circumference and is directed axially. A radially symmetric
      wave is propagated down the cylinder and causes a change in axial length
      and a corresponding change in radius.
PAR  The surface provides efficient radiation for either short wave or long wave
      length signals. Mechanical vibrations in the surface are absorbed at the
      terminating end by a plug or surrounding surface of resistive material.
      Felt, butyl rubber or plastic foam are examples of such suitable
      materials. The present invention permits a low cost surface to provide a
      high uniform propagation velocity. The direction of the driving forces is
      along the cylindrical axis. The motion of the cylindrical surface which
      displaces the medium, however, is orthogonal to the driving axis. The
      invention is not merely a diaphragm, but is in fact an elastically
      controlled leverage system which converts axial tension or compression
      into radial increases or decreases, respectively.
PAR  The leverage process of the present invention is directed by a double
      counter-roving helical fiber construction. The construction serves to
      polarize propagation into a radially symmetrical axially propagating
      disturbance. The compliance of the cylinder allows essentially
      grain-oriented transmission line operation. Dimensional anomalies in the
      construction such that the construction deviates from a perfectly
      cylindrical form do not cause a substantial reduction in performance.
      Minor unevenness in the applied driving force also has a limited
      deleterious effect on performance.
PAR  Break up modes of vibration involving poorly defined motions not radially
      symmetrical are strongly inhibited.
PAR  A first example of the invention permitting economical construction
      comprises a square weave textile such as fiberglass cloth with an open
      weave impregnated with an elastomer and subsequently formed into a
      cylinder. The bias plies of the cloth are, accordingly, oriented axially
      and circumferentially. The textile impregnant construction provides a high
      compliance lowdensity construction. The propagation velocity of a typical
      construction is 3 times the speed of sound in air. Oriented graphite fiber
      offers potentially very efficient high performance embodiments.
PAR  Compound constructions according to the present invention have the ability
      to vary the design parameters of propagation velocity and length without
      affecting the characteristic impedance which is a great advantage. The
      ability permits the implementation of practical devices capable of both
      flat frequency/pressure and flat frequency/power responses to the highest
      audible frequencies. A smoothly varying construction capable of
      synthesizing an ideal pulsating hemisphere is within the realm of
      possibility. The well defined low frequency behavior of diaphgram type
      devices can be complemented by the present invention to provide more
      nearly ideal performance over the entire audible range. For the first time
      a reasonably simple and widely dispersed high frequency transducer whose
      behavior is as predictable and idealized as the low frequency behavior of
      a diaphragm is available. Complex and costly curved arrays would be
      required to approach the quality of performance of the present invention.
      No high frequency transducer known to the prior art is comparable to the
      present invention is transient response, bandwidth and dispersion at a
      given cost.
PAR  A first end of the cylindrical surface can be made capable of propagating
      the wave. The surface can comprise an elastically controlled leverage
      system capable of converting axial tension into radial increases and axial
      compression into radial decreases.
PAR  For most purposes, the cylindrical surface should be capable of becoming
      essentially grain-oriented during operation. The surface may comprise a
      square weave textile or a fiberglass cloth with an open-weave impregnated
      with an elastomer. The bias plies of the cloth may be oriented axially and
      circumferentially and the surface may comprise a high modulus low-density
      construction. The surface may comprise an oriented graphite fiber textile
      with cross-polymerized impregnants. The stiffness to density ratio of the
      surface may be greater than fiberglass. The surface may comprise a highly
      compliant subsonic construction capable of producing long wave lengths.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Reference should be made at this time to the following detailed description
      which should be read in conjunction with the following drawings, of which:
PAR  FIG. 1 is a three-quarter view of an example of the invention;
PAR  FIG. 2 is an end view of the invention along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a side view of the invention along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a partially cut-away side view of the invention along the line
      4--4 of FIG. 3;
PAR  FIG. 5 is a more detailed cut-away view of a portion of the invention along
      the line 5--5 of FIG. 4; and
PAR  FIG. 6 is an electrical representation of the wire 24 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference should be made at this time to FIG. 1 which illustrates a wave
      transmission line 10 comprising a radially pulsating cylindrical surface
      12. The surface 12 is thin and elastic. During operation, the surface 12
      is deformed.
PAR  The surface 12 comprises a propagating end 16 and an absorbing end 14. The
      ends 14, 16, of the surface 12 are open.
PAR  Coupling means 18 may be used to hold the ends 14, 16, of the surface 12
      together. A cylindrical plug coaxial to the surface 12 and having
      essentially the same diameter is coupled to the end 14. The plug 20 is
      fabricated from a resistive material. Felt, butyl rubber or plastic foam
      are examples of suitable resistive materials for use in the plug. The
      interior diameter of the plug 20 is approximately the same diameter as the
      cylindrical surface 12 and is coupled thereto.
PAR  During operation, a mechanical driving force is directed substantially
      evenly on a circumference of the surface 12 and is directed axially from
      the end 16 to the end 14. A circumferential wave is propagated down the
      cylinder 12 and causes a change in axial length and a corresponding change
      in radius of the cylinder 12.
PAR  A sponge 22 may be coupled near the end 16 to protect wires 24. The wires
      24 are insulated and are coupled to a source of an alternating audio
      signal.
PAR  The wires 24 are firmly affixed by prior art means such as adhesive
      fastener or a voice coil former near the end 16 in a helical arrangement
      of the same interior diameter as the exterior diameter of the surface 12.
      The surface 12 provides efficient radiation for short wave length signals
      which are thus radiated into a substantially resistive medium. Mechanical
      vibrations in the surface 12 are absorbed at the end 14 by the plug 20.
      The present invention permits a low cost surface 12 to provide a high
      uniform propagation velocity. The direction of the driving forces
      generated by the wires 24 is along the cylindrical axis 28. The motion of
      the cylindrical surface 12 which displaces the medium, however, is
      orthogonal to the driving axis. The invention 10 is not merely a
      diaphragm, but is in fact an elastically controlled leverage system which
      converts axial tension or compression into radial increases or decreases,
      respectively.
PAR  Reference should be made at this time FIGS. 2-6, illustrating other views
      of the invention. The leverage process of the invention 10 is directed by
      a double counter-roving helical fiber construction. The construction
      serves to polarize propagation into a radially symmetrical axially
      propagating disturbance. The cylindrical becomes essentially grainoriented
      during operation. Dimensional anomalies in the construction such that the
      construction of the cylindrical surface 12 deviates from a perfectly
      cylindrical form do not cause a great reduction in performance. Uneveness
      in the applied driving force also has a minor effect on performance.
PAR  Break up modes of vibration involving poorly defined motions not radially
      symmetrical are strongly inhibited.
PAR  A first example of the invention permitting economical construction
      comprises a square wave textile such as fiberglass cloth 34 with an open
      weave impregnated with an elastomer (not illustrated by number) and
      subsequently formed into a cylinder 12. The bias plies 30, 32 of the cloth
      34 are, accordingly, oriented axially and circumferentially. The textile
      impregnant construction provides a high/compliance low-density
      construction for the surface 12.
PAR  The propagation velocity of a typical construction of the surface 12 is
      three times the speed of sound in air. Another example of the invention
      comprises graphite fiber textile with cross-polymerized impregnants and
      exceeds fiberglass in stiffness to density ratio and results in high
      efficiency. An alternative example utilizing a highly compliant subsonic
      construction such as neoprine rubber sheet adhesively bonded to aluminum
      wire screen. which can produce long wavelengths is also possible. Still
      another example of the invention comprises a cylinder 12 (not shown)
      having a plurality of adjacent sections. The section closest to the end 16
      is hardest and subsequent sections are succeedingly softer. This
      construction increases the frequency range and tends to shape the emerging
      wave front. Accordingly, the wave slows as it goes down the cylinder. Each
      of the sections of the adjoining surface has substantially the same
      diameter.
PAR  In each example of the invention, the alternating audio signal from the
      signal source (not shown) is coupled to the surface 12 by the wire 24,
      which is coupled to the surface 12 in a helix and is also coupled in an
      electrical connection to the alternating audio signal source. The wire 24
      initiates the propagation of the radially symmetric wave down the
      cylindrical surface 12.
PAR  For most purposes, the coupling means 18 should be a viscous material which
      is capable of forming part of the termination means at the end 14. At the
      end 16, the coupling means may be an adhesive capable of holding the coil
      wire together.
PAR  The plug 20 may have substantially the same diameter as the surface 12 and
      be coupled to the end thereto, or alternatively may be coupled to the
      interior of the cylindrical surface 12 and may have an exterior diameter
      substantially the same as the interior diameter of the cylindrical surface
      12.
PAR  A magnet structure (not shown, but well-known to the prior art) is required
      to energize the voice coil.
PAR  Other examples of the invention may substitute for the sponge 22 a flex
      coupling which aligns the cylindrical surface 12 to a structure which
      supports and retains the magnet. The structure is not shown in the
      drawings, but is well known to the prior art. Alternate materials which
      may be substituted for the sponge 22 include elastisized cloth, silicone
      rubber and other axially compliant support means.
PAR  To prevent destruction of the characteristics of the invention, axially
      compliant support means (not shown) may also be used to support and
      reinforce the end 14. The support means at the end 14 may include damping
      means. The plug 20 may be replaced by support means performing the same
      functions as the plug 20.
PAR  The wires 24 may also have a diameter essentially the same as the diameter
      of the cylinder 12 and may be coupled to the end 16 thereof.
      Alternatively, the wires 24 may have an exterior diameter essentially
      identical to the interior diameter of the cylindrical surface 12 and may
      be coupled thereto.
PAR  Both the plug 20, or the equivalent thereof, and the wires 24 may be
      coupled to the ends 14, 16, of the cylindrical surface 12 by a butt joint
      if they have a diameter identical to the diameter of the cylindrical
      surface 12.
PAR  There is no necessary interrelationship between the diameters of the wires
      24 and plug 20, so that one may have an identical, greater, or lesser
      diameter than the cylindrical surface 12 without affecting the
      requirements for the diameter of the other except as set forth herein
      previously.
PAR  While the ends 14, 16, have been shown as open in the drawings, they may be
      closed.
PAR  The invention is not merely a diaphragm but an elastically controlled
      leverage system which converts axial tension or compression into radial
      decreases or increases of the cylindrical surface 12 respectively.
PAR  This leverage process is directed by a double counterroving helical fiber
      construction. This construction serves to polarize waves into radially
      symmetrical axially propagating disturbances. The cylinder is essentially
      grain-oriented. Compared to an amorphous device, dimensional anomalies in
      the construction or any unevenness in the applied driving force has a
      greatly reduced deleterious effect. Non-radially symmetrical break-up
      modes of vibration are strongly inhibited. A preferred economical
      construction consists simply of a square weave textile such as fiberglass
      or aluminum wire with an open weave impregnated with an elastomer and
      subsequently formed into a cylinder. The bias plies 30, 32 of the cloth
      are thus oriented axially and circumferentially. This construction
      provides a high compliance low density assembly. The propagation velocity
      of a construction may vary from a fraction to many times the speed of
      sound in air. High velocity devices are best suited for high frequency
      radiation and low velocity devices for low frequencies. The surface of the
      cylinder may be seen to consist of a matrix of elastic windows framed by
      the filament. The sheet compliance of the elastomer is much greater than
      that of the filament. These filaments therefore pivot on each other with a
      scissors-like action. These windows are generally parallelograms and
      altogether form the leverage system referred to above.
PAR  The behavior of the cylinder can be defined quantitatively in terms of the
      linear elastic behavior of a thin sheet. The partial derivitive of a
      hypothetical surface, X wide by Y high is for small distortions given by:
      ##EQU1##
      When such a surface is formed into a cylinder and subsequently subjected
      to constant compressive or tensile forces, a reactive cylinder forms. This
      reactive cylinder differs in height, radius and volume with respect to the
      original cylinder. The volume of the cylinder V prior to deformation in
      terms of the surface X, Y is given by:
EQU  V = (X/2.pi.) Y                                            2
PAL  y is now the axial length and X/2 is the radius. The reactive cylinder
      differs from this undeformed cylinder as defined by the following
      relationship obtained by taking the partial derivitive of equation 2 with
      respect to dX and dY:
      ##EQU2##
      Substituting equation 1 into equation 3 to obtain this solution in terms
      of dY only, we have:
      ##EQU3##
      Turning our attention again to eq. 1 except now expressing X in terms of
      the radius R and simplifying we have:
EQU  dR = (-R/Y)dY                                              5
PAR  equation 1 states that the change in the dimensions of a deformed elastic
      sheet is proportional to those same dimensions. Under dynamic operation
      conditions the forces applied are not constant. A sealed cylinder may
      radiate long waves into an inductive medium according to equation 4.
PAR  For the case of short wave operation the medium may be substantially
      resistive and the acoustic output will be given by equation 5. Both the
      change in radius and therefore the high frequency displacement and the
      change in volume are inversely related to the change in height dY. Thus,
      long and short wave operation in the proper phase relationship is
      obtained. Medium wavelength behavior is smooth also.
PAR  There is an optimal choice of helical fiber angle in the surface which
      reinforces the sheet elastic behavior given by equation 1. This angle is
      45.degree. and is obtainable with a low cost square weave textile
      construction. Other helical angles result in elastic windows which are not
      equi-angular at rest. The sheet behavior of this type of fiber controlled
      elastic surface will consist of basically unequal changes in the
      dimensions even though they are initially equal. This violates equation 1.
      Eq. 1 is the partial differential statement of a premise: XY = Constant.
      The surface area of an elastic sheet remains constant despite small
      deformation along one axis. The following equations show how the fiber
      embedment enforces this behavior. Consider a single elastic window of an
      area A with corner half-angles of .alpha. and 90.degree.-.alpha. in a
      textile with the same number of fibers per unit length in both directions.
      The spacing between fibers is D. The area A is then:
EQU  A = 2D.sup.2 sin.alpha.cos.alpha.                          6
PAR  The behavior of this area with respect to changes in and equated to 0
      provides the equation whose solution is the angle for which any composite
      surface area of textile is constant for small changes in X and Y as
      inferred by equation 1:
EQU  dAd.alpha. = 2D.sup.2 (cos.sup.2 .alpha.-sin.sup.2 .alpha.) 7
EQU  dA/d.alpha.= 0                                             8
EQU  .alpha. = 45.degree.                                       9
PAL  This is fairly obvious by inspection.
PAR  The sinusiodal dynamic behavior of a particle in the elastic cylinder
      varies with actuating frequency. At low frequencies power is transmitted
      largely to the mechanical load. Negligible acoustic output occurs. Elastic
      distortions are relatively small and the constituent particles of the
      cylinder move nearly in unison axially. As the frequency is increased,
      elastic distortions become appreciable and particle motion becomes
      elliptical. The major axis of the ellipse is axial and the minor axis is
      radially oriented. This radial motion occurs 360.degree. around the
      cylinder and has a causative relationship to the acoustic output.
PAR  At high frequency, this motion is circular and is guided by the 45.degree.
      helical fibers. The power transmitted mechanically down the cylinder is
      related to the characteristic impedance thereof. The kinetic form of this
      power is an oscillatory mass flow at a certain velocity. Constant power is
      transmitted at all frequencies by a wave-train whose amplitude decreases
      with increasing frequency. The energy delivered to the load is thus
      constant. A viscous load dissipates the same amount of heat for all
      frequencies. Some of the power is radiated into the medium. The efficiency
      depends on the characteristic impedance of the cylinder and its acoustic
      impedance in the medium. The characteristic impedance Z.sub.o is defined
      as follows:
      ##EQU4##
      Where the mass and stiffness are the per unit length values. Many
      combinations of mass and stiffness in the construction material may thus
      provide the same characteristic impedance. The propagation velocity u is
      altered according to the following relationship:
      ##EQU5##
      The transit time t of a length of cylinder is simply:
EQU  t = length/u                                               12
PAR  For transit time for multi-section arrays of different materials is the sum
      of the transit times of the sections. subsonic embodiments must be kept
      short compared to a wavelength of radiated sound in the medium to prevent
      destructive interference in the vicinity of the surface. Interferences
      near the surface of supersonic embodiments takes the form of diffraction.
      Again, this appears in any case where the length of the cylinder compares
      to a wavelength of sound in the medium or is considerably greater than a
      wavelength. The diffraction angle .phi. is given by:
EQU  .phi. = cos.sup..sup.-1 [u.sub.medium /u.sub. cylinder ]   13.
PAL  An exactly sonic cylinder generates a plane wave propagating axially. The
      acoustic output is similar to that generated by a flat membrane with
      radius closely related to the length of the cylinder. Short broadly
      forward radiating high frequency loudspeakers can be so fabricated.
      Compound constructions with matched characteristic impedances in each
      section permit nearly curved virtual vibrating membranes to be
      substantially acoustically formed. These compound assemblies offer
      superior broadband performance. The length of successive sections should
      be inversely related to the propagation velocity of that section. Nearly
      equal dispersion at all grequencies may be obtained by proper staggering
      of these parameters. Sections should be bonded with impregnant in a butt
      joint to provide a reflectionless interconnection. Overlaps modify the
      characteristic impedance in the overlap region. A three section
      multi-length compound array radiates nearly flat power over three octaves.
      The section to section velocity ratio is about 2/1. The axis of
      diffraction of the sections is approximately 15.degree. , 45.degree., and
      90.degree.. This embodiment has been modeled and is generally preferred
      for general application as a tweeter in a two-way system.
PAR  Lower velocity sections provide better low frequency performance in a given
      space than high velocity sections of the same characteristic impedance.
      The low corner frequency is approximately:
EQU  f.sub.c = 1/2t                                             14
PAR  Where t is the total transit time. Above f.sub.c radiated power begins to
      fall to a rate of 6db. per octave. Below f.sub.c  radiated power falls at
      -12 db. per octave. The axial frequency pressure response of supersonic
      embodiments is characteristically flat. Flat frequency response on axis
      over many octaves may be obtained from a single section even though the
      power output is falling at 6 db. per octave over much of this range.
PAR  A textile-impregnant construction material may be formed into a cylinder
      with a fiber-oriented helical lap seam. This seam is substantially
      transparent to the propagated waves and co-acts with the fibers 30, 32, to
      provide the desired function. Low cost mass production is thus easily
      achieved. Acoustically absorbent means 36 should be provided inside the
      cylinder to dissipate unused acoustic energy rapidly. Fiberglass wool and
      urethane foam are examples of absorbent materials.
PAR  A first end of the cylindrical surface can be made capable of propagating
      the wave. The surface can comprise an elastically controlled leverage
      system capable of converting axial tension into radial increases and axial
      compression into radial decreases.
PAR  For most purposes, the cylindrical surface should be capable of becoming
      essentially grain-oriented during operation. The surface may comprise a
      square weave textile or a fiberglass cloth with an open-weave impregnated
      with an elastomer. The bias plies of the cloth may be oriented axially and
      circumferentially and the surface may comprise a high modulus low-density
      construction.
PAR  The surface may comprise an oriented graphite fiber textile with
      cross-polymerized impregnants. The stiffness to density ratio of the
      surface may be greater than fiberglass. The lower the modulus of
      elasticity, and the higher the density, the slower the speed of sound
      through a material. A particular example of the invention has been
      described herein. Other examples will be obvious to those skilled in the
      art. The invention is limited only by the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A wave transmission line comprising a cylindrical having a radially
      pulsating thin surface; and a mechanical driving force directed on a
      circumference of the cylinder in an axial direction to deform the surface
      of the cylinder.
NUM  2.
PAR  2. The invention of claim 1 further including a first end of said
      cylindrical surface propagating a wave which wave, in turn, causes a
      change in axial length and a corresponding change in radius of said
      cylindar; and a second end of said cylindrical surface comprising a plug
      of resistive material terminating said wave.
NUM  3.
PAR  3. The invention of claim 2 where the resistive material of the plug is
      felt.
NUM  4.
PAR  4. The invention of claim 2 where the resistive material of the plug is
      butyl rubber.
NUM  5.
PAR  5. The invention of claim 2 where the resistive material of the plug is
      plastic foam.
NUM  6.
PAR  6. The invention of claim 1 wherein the surface comprises an elastically
      controlled leverage system converting axial tension into radical decreases
      and axial compression into radial increases.
NUM  7.
PAR  7. The invention of claim 1 wherein the surface comprises a double
      counter-roving helical fiber construction.
NUM  8.
PAR  8. The invention of claim 7 wherein the cylindrical surface becomes
      essentially grain-oriented during operation.
NUM  9.
PAR  9. The invention of claim 1 wherein the surface comprises a square weave
      textile.
NUM  10.
PAR  10. The invention of claim 9 wherein the surface comprises a fiberglass
      cloth with an open-weave impregnated with an elastomer.
NUM  11.
PAR  11. The invention of claim 10 wherein the bias plies of the cloth are
      oriented axially and circumferentially and wherein the surface comprises a
      high modulus low-density construction.
NUM  12.
PAR  12. The invention of claim 11 wherein the surface has a propagation
      velocity of 3 times the speed of sound in air.
NUM  13.
PAR  13. The invention of claim 1 wherein the surface comprises an oriented
      graphite fiber textile with cross-polymerized impregnants.
NUM  14.
PAR  14. The invention of claim 13 wherein the stiffness to density ratio of the
      surface is greater than fiberglass.
NUM  15.
PAR  15. The invention of claim 1 wherein the mechanical driving force is
      transmitted substantially evenly on a circumference in an axial direction.
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ABST
PAL  A drill comprising a body means having an axial, generally cylindrical,
      interior space is provided with a first cylindrical piston axially
      slidable between a first and a second position within the cylindrical
      space. The piston is provided with an extension in the form of a second
      piston, and the first and second piston surround an axially disposed
      flushing tube, which with the piston defines a first annular oiling space.
      The flushing tube, the first piston and the body define a second annular
      oiling space, while the flushing tube, the second piston and the body
      define an annular pumping zone. A source of lubricating fluid communicates
      with the pumping zone by means of the body inlet as the first piston is
      moving towards said first slidable position, and the pumping zone
      communicates with the second annular oiling space by means of the first
      annular oiling space as the first piston is moving towards said second
      slidable position. The first annular oiling space and the inlet are
      provided with one-way valve. In this manner, the surfaces between the
      flushing tube and the piston, as well as the surfaces, for example,
      between a drill neck and a bushing in the second annular oiling space, are
      effectively lubricated and cooled.
BSUM
PAR  This invention relates to the lubrication and cooling of a piston-operated
      device and to the apparatus therefor. More particularly, this invention
      relates to an apparatus for improving the oiling and cooling in rock
      drills incorporating a piston which consists of a flange, a rod and an
      extension.
PAR  In modern pneumatic as well as hydraulic rock drills, striking pistons are
      used which have, besides a flange and a rod, also a cylindrical extension
      that is useful in the operation of the rock drill. The extension moves to
      and fro in the cylindrical space. The only connection of the cylinder
      space with the outside air is a circular canal between the piston and the
      flushing tube. Therefore, when the piston moves to and fro, the pressure
      in the cylinder space is either above or below the atmospheric pressure.
      The overpressure tries to become balanced through the circular canal into
      the front cylinder space. The term "front" as used herein means that end
      of the rock drill to which the drill steel is attached, and the "rear"
      means the opposite end of the rock drill.
PAR  Pneumatic rock drills are oiled with oil that is mixed with air, while
      hydraulic rock drills are lubricated with oil alone. In pneumatic rock
      drills the mixture of oil and air, and in hydraulic rock drills the oil,
      can flow from a rear cylinder space along the circular canal between the
      extension and the body into the cylinder space, from which the oil can
      further flow between the flushing tube and the piston into the front space
      of the rock drill. The oil improves the oiling between the piston and the
      flushing tube, as well as between the steel neck and the drill bushing,
      but due to the pressure changes in the cylinder space, this oiling is
      irregular and insufficient. Objects of the present invention include the
      elimination of the aforesaid disadvantage and improvement in the oiling of
      the surfaces between the piston and the flushing tube.
PAR  These and other objects are achieved employing the drill means of the
      present invention which comprises body means having an axial, generally
      cylindrical, interior space, said body means having an inlet means; first
      cylindrical piston means axially slidable between a first position and a
      second position within said cylindrical space, the outer surface of said
      first piston means being in sliding contact with an inner surface of said
      body means, said first piston means having an axially disposed extension,
      said extension being a second piston means axially slidable with said
      first piston means; said first piston means and said second piston means
      surrounding an axial flushing tube means, said flushing tube means and
      said first and second piston means defining a first annular oiling space;
      said flushing tube means, said first piston means and said body means
      defining a second annular oiling space, said flushing tube means, said
      second piston means and said body means defining an annular pumping space;
      a source of lubricating fluid communicating with said pumping space by
      means of said inlet means as said first piston means is moving towards
      said first slidable position, and said pumping space communicating with
      said second annular oiling space by means of said first annular oiling
      space as said first piston means is moving towards said second slidable
      position.
PAR  The inlet means is provided with a first one-way valve means, said first
      valve means preventing said source of lubricating fluid from communicating
      with said pumping space as said first piston means is moving towards said
      second slidable position. The first annular oiling space is provided with
      a second one-way valve means, said second valve means preventing said
      second annular oiling space from communicating with said pumping space as
      said first piston means is moving towards said first slidable position.
      The second valve means is provided generally adjacent said pumping space.
PAR  Thus, the present invention provides an apparatus for lubricating a rock
      drill, which comprises providing a body having an axial, generally
      cylindrical, interior space, said body having an inlet and a piston
      axially slidable between a first position and a second position within
      said cylindrical space, said piston having an axially disposed extension,
      said piston and said extension surrounding an axial flushing tube, said
      piston, said piston extension and said flushing tube defining a first
      annular oiling zone, and said piston, said flushing tube and said body
      defining a second annular oiling zone; said extension, said flushing tube
      and said body defining a pumping zone; and passing a lubricating fluid
      into said pumping zone as said piston is moving towards said first
      slidable position, and passing said lubricating fluid from said pumping
      zone to said second zone by means of said first zone as said piston is
      moving towards said second slidable position.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      upon viewing the accompanying drawing which is an elevational view of the
      apparatus of the present invention partly sectioned, showing the piston
      near the beginning of a work stroke.
DETD
PAR  According to the invention, the improvement is obtained by using the
      extension of the piston and the cylindrical space of the extension as an
      oil pump which pumps the air-oil mixture to the points mentioned above.
PAR  Referring now to the drawing, a canal 9 is drilled in the body 18 and leads
      from the space 3 to the outside of the rock drill and a one-way valve 10
      is placed into this canal. The valve 10 is a conventional one-way, spring
      loaded ball valve which only permits the air-oil lubricating fluid mixture
      to pass into canal 9 from an outside source (not shown). However, any
      suitable one-way valve can be utilized. Thus, the valve 10 lets air into
      the space 3 from the outside of the rock drill, but prevents the air flow
      in the opposite direction. Connected with valve 10 may also be a filter 14
      for filtering the incoming air. Oil can be mixed with the air flowing from
      the outside source into the space 3 in order to improve the oiling. In
      order to make the air-oil mixture flow in the annular canal, or oiling
      space 7, between the piston 17 and the flushing tube 5 only from the space
      3 into the front space 8, a one-way valve 11 is placed between the
      flushing tube and the piston, which valve lets the air-oil mixture flow
      from the space 3 into the front space 8 but prevents the flow in the
      opposite direction. The flushing tube 5 leads from the nipple through the
      body 18, piston 17 and drill neck 4 for conveying a flushing liquid, such
      as water, into the bore of the tool or or drill steel. For this purpose, a
      water hose may be attached to the nipple. Valve 11 is a one-way valve of
      conventional design. As illustrated, valve 11 is an elastomeric valve
      having a shoulder 11a which resists air-oil flow from space 8 to space 3,
      but permits flow in the opposite direction.
PAR  As the extension 1 moves towards the front space 8, a vacuum is generated
      in the space 3, because the valve 11 prevents the flow of the air into the
      space 3. Therefore, the air-oil mixture now flows from the outside source
      through the valve 10 into the space 3. As the extension 1 moves in the
      opposite direction, the pressure in the space 3 rises, because the air
      cannot flow out through the valve 10. Therefore, the air-oil mixture now
      flows through the valve 11 into the front space 8.
PAR  The present invention offers many advantages, including the fact that the
      extension 1 of the piston 17 and its space 3 make up a pump that oils the
      surfaces between the flushing tube 5 and the piston 17 as well as the
      surface 13 between the drill neck 4 and the drill bushing 12 efficiently.
      The pump does not affect harmfully the operation of the rock drill,
      because the power taken by the pump according to the invention is small in
      comparison with the power of the rock drill. This improvement in oiling
      also improves the cooling and decreases the generation of frictional heat.
PAR  Generation of unnecessary vacuum in the space 3 of the extension is
      eliminated and the air-oil mixture flows in the canal between the piston
      17 and the flushing tube 5 only in one direction, from the rear space 3 to
      the front space 8.
PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinbefore, and as defined in the appended claims
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drill means, which comprises:
PA1  body means having an axial, generally cylindrical, interior space, said
      body means having an inlet means;
PA1  first cylindrical piston means axially slidable between a first position
      and a second position within said cylindrical space, the outer surface of
      said first piston means being in sliding contact with an inner surface of
      said body means,
PA1  said first piston means having an axially disposed extension, said
      extension being a second piston means axially slidable with said first
      piston means;
PA1  said first piston means and said second piston means surrounding an axial
      flushing tube means, said flushing tube means and said first and second
      piston means defining a first annular oiling space;
PA1  said flushing tube means, said first piston means and said body means
      defining a second annular oiling space, said flushing tube means, said
      second piston means and said body means defining an annular pumping space;
      and
PA1  a source of lubricating fluid connected to said inlet means;
PA1  first one-way valve means communicating with said inlet means for
      preventing said source of lubricating fluid from communicating with said
      pumping space as said first piston means is moving towards said second
      slidable position and for permitting said source to communicate with said
      pumping space as said first piston means is moving towards said first
      slidable position; and
PA1  second one-way valve means communicating with said first annular oiling
      space for preventing said second annular oiling space from communicating
      with said pumping space as said first piston means is moving toward said
      first slidable position and for permitting said pumping space to
      communicate with said second annular oiling space as said first piston
      means is moving toward said second slidable position.
NUM  2.
PAR  2. The drill means of claim 1 wherein said second valve means is provided
      generally adjacent said pumping space.
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PAL  The disclosure relates in general to an oil-mist lubrication system, and
      more particularly to the propagation of a mixture of oil-mist to bearings
      of a spindle, wheelhead, or the like by means of a blender-distributor
      unit. A first controlled amount of air from an air supply unit is fed
      through an oil-mist unit to produce a controlled high density oil mist. A
      second controlled amount of air from the air supply unit bypasses the
      oil-mist unit and is fed into an air chamber of a blender distributor
      unit. The high density oil mist is also fed into an oil-mist chamber of
      the blender distributor unit. A plurality of blending nozzles in the
      distributor unit extend from the exit side of the air chamber. A like
      plurality of tubes extend from the exit side of the oil-mist chamber of
      the distributor unit, each tube mounted coaxially within a respective
      nozzle whereby the blending area of the exit end of each tube within the
      nozzle produces a lower density oil-mist to be carried to the bearings.
      Depending upon the number of bearings to be lubricated, more or less
      exiting nozzles from the blender distributor unit can be utilized with the
      air pressure and high density oil mist being regulated accordingly as
      required.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known oil-mist lubrication systems often require the addition of
      bypass or extra air to obtain correct operating flows and pressures, and
      many oil-mist generators provide this additional air internally. However,
      it is desirable to provide improved mixing of the oil-mist by creating
      significantly less turbulence thereby reducing condensing or
      reclassification of the oil droplets in the blending chamber. The oil-mist
      is then distributed to the bearings of a spindle, wheelhead or the like
      through orifices which reclassify the oil mist thereby lubricating the
      bearing.
PAC  SUMMARY
PAR  In accordance with this invention, an oil-mist blenderdistributor unit in
      the form of two separate chambers is used, one chamber is for the oil-mist
      and the other chamber is for additional or bypass air. The chambers are
      joined by co-axial tubes which provide for blending the oil-mist and
      additional air without differential velocity and supplying the blended
      oil-mist and air to the bearings of spindles, wheelheads, etc., where
      reclassification occurs at the bearings by means of exiting of the
      oil-mist through the orifice of a nozzle.
PAR  The primary object and advantage of this invention is that the oil-mist
      quality is dependable, uniform and more equal for each outlet which
      permits the use of a single oil-mist generator and a single
      blender-distributor unit to supply a plurality of bearings.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is an end view of the oil-mist lubrication system.
PAR  FIG. 2 is a sectional view of the wheelhead.
PAR  FIG. 3 is a sectional view of the blender-distributor unit taken along line
      3--3 in FIG. 4.
PAR  FIG. 4 is an end view of the blender-distributor unit.
PAR  FIG. 5 is a cross-sectional view of the blending area taken along line 5--5
      of FIG. 3.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In the drawing, FIG. 1 shows the oil-mist lubrication system comprising a
      blender-distributor unit 100 and an air and oil-mist supply unit 50
      mounted on a panel 51 or in any other similar fashion. The supply unit 50
      supplies air and oil-mist in a manner hereinafter described. Air is
      supplied through a valve 53 to a filter system comprising a 25 micron
      filter 55 and a 5 micron filter 57. The cleansed air is then supplied to
      the oil-mist supply unit 70, via conduit means 59 through a solenoid valve
      61, through conduit means 63 to a pressure regulator 65 which sets the
      pressure of incoming air at approximately 35 p.s.i. A gauge 66 displays
      the pressure of incoming air. The air exits the pressure regulator 65 and
      is divided at tee 67. Incoming air via conduit means 69 enters reservoir
      71 by means of a mist head 73, which is a unit bought commercially from
      Norgren, part no. 10-015-070. The reservoir 71 is a sealed unit that
      comprises a sight tube 75 to indicate oil level therein. As the oil-mist
      77 is formed over the top of the oil 78, it is propelled through conduit
      means 79 to the oil-mist chamber of blender-distributor unit 100.
PAR  The bypass or additional air is exited from tee 67 through conduit means
      81, through needle valve 83 through gauge 86, and thence through a conduit
      means 85 into the air chamber of blenderdistributor unit 100. The needle
      valve has an adjustable knob 84 thereon. When additional air is required,
      such as when an additional outlet is needed, the needle valve and pressure
      regulator are adjusted to provide additional bypass air into the system,
      and to maintain approximately 35 p.s.i. at gauge 66 and in conduits 69 and
      81. A proportionate increase in the drip rate of the oil is accomplished
      by adjustment of a small needle valve located in the top of generator mist
      head 73. The density of the oil-mist in the reservoir unit 70 is
      consequently varied by changing the drip rate. That is, for supplying one
      wheelhead unit, 10 cfm of oil-mist is required at outlet A and 60 drops
      per minute of oil drip rate is required. For two outlets, 10 cfm of
      oil-mist required at outlets A and B, and the drip rate is increased to
      120 drops per minute at the mist head 73. Density of oil-mist is
      determined for a given bearing size and application.
PAR  In case of air line failure, a pressure switch 87, connected to the system
      by means of conduit means 89 is adapted to stop the machine, thus
      protecting the bearings from overheating and ultimate failure.
PAR  In FIG. 3, the blender-distributor unit 100 blends the bypass air and high
      density oil-mist from the reservoir unit 70 creating a low density oil
      mist which is equally distributed to the bearings of a wheelhead, spindle,
      or the like. The unit 100 comprises a body 112 made of two halves and
      molded together as shown at 111. As a preferred embodiment, the unit is
      made of polycarbonate plastic and welded together by solvent at 111.
      Tubing 124 is inserted and solvent welded at each end of the end portions
      113 and 115 to a boss portion 119 and 121 respectively, as the two halves
      of the body portion are brought together and solvent welded at 111.
      However, it is obvious to one skilled in the art that the unit can be made
      of metal and assembled together by other methods or means.
PAR  The body 112 comprises end portions 113 and 115 which seal the unit from
      the ambient atmosphere. Thus, the interior of body 112 includes two
      chambers, an air chamber 120 and an oil-mist chamber 122. The oil-mist
      chamber 122 is separated from the air chamber 120 by the wall or tubing
      124. Tube 116 is connected to the air chamber 120 through a bore 117 in
      end portion 113, and tube 118 is connected to the oil-mist chamber 122
      through a bore 123 of end portion 113. Each of the tubes 116 and 118 are
      connected with tubing for clean "bypass" air to enter the air chamber and
      oil-mist to enter the oil-mist chamber, respectively. FIG. 3 shows the
      unit as a left-hand mounting, however, for a right-hand mounting, end
      portion 115 would include tubes 116' and 118' and end portion 113 would be
      a solid portion.
PAR  One end of each of the delivery tubes 126 is connected through the wall of
      tubing 124 by means of bore 127 to the oil mist chamber 122. The other end
      of the delivery tubes is partially extended into the tubular blending
      nozzles 128 and mounted coaxially therewith. Each of the blending nozzle
      tubes 128 is connected to the air chamber 120 by means of a bore 129 in
      the body 112. Each of the blending nozzle tubes comprises a larger
      diameter 132 and a smaller diameter 134 to effectively provide for a
      blending chamber 136 and a smaller diameter delivery chamber 138,
      respectively.
PAR  The three blending nozzles are adapted to provide oil-mist lubrication to
      three required areas. That is, for example, the mixture at A is adapted to
      be exhausted to the bearings of a wheelhead shown FIG. 2, the mixture at B
      is adapted to be exhausted to the bearings of a rotary diamond dresser,
      and the mixture at C is adapted to be exhausted to the bearings of a
      workhead. However, it is well within the purview of one skilled in the art
      that the oil-mist lubrication unit can be adapted for a single exhaust
      purpose or for a plurality of exhaust purposes. The need is dependent upon
      the requirements necessary to provide oil-mist lubrication thereto.
      Moreover, it is quite practical to close off any unneeded outlets without
      affecting the output or outlets remaining in operation, so long as drip
      rate and pressures are consistent with the number of outlets being used.
      That is, when one outlet is removed or terminated, the drip rate is
      decreased by appropriate adjustment and the pressure regulator 65 is
      adjusted to maintain 35 p.s.i. at gauge 66 and therefore in conduits 69
      and 81, and the needle valve 83 is adjusted to maintain 15 p.s.i. in
      conduit 85 and at gauge 86.
PAR  In operation, oil-mist is delivered to the oil-mist chamber 122 from the
      oil-mist supply unit 70, under pressure of approximately 15 p.s.i., and
      clean "bypass" air is supplied to the air chamber 120 from pressurized air
      that comes from the air supply bypassing the oil-mist supply unit 70. The
      air is also under pressure of approximately 35 p.s.i. with air and
      oil-mist under pressures mentioned supplied to the inlets 116 and 118
      respectively, and hence exiting from the openings A, B, C. Oil-mist flows
      through the passage 125 of tube 126 into the blending chamber 136 of
      blending nozzle tube 128 and thence through a delivery chamber 138. in
      operation, air passing from the air chamber 120 into the enlarged tubular
      diameter 132 is emitted into blending chamber 136, and thereby blends wuth
      oil-mist from the oil-mist chamber 122 via passage 125 of tube 126. The
      mixture of air and oil-mist in the blending chamber 136 is exited through
      the delivery chamber 138 to the preselected areas required by a machine,
      such as spindle bearings, wheelhead bearings, workspindle bearings or the
      like by conduit means connected to diameter 134.
PAR  FIG. 5 shows a cross-sectional area of the blending chamber as the air and
      oil-mist blend together to form a low density oil mist which is
      distributed to the bearings. The velocity of bypass air in the blending
      area is equal to the velocity of oil-mist exiting through passage 125 of
      tube 126. It is important to realize that there is no increase in velocity
      in this area. The velocity of air and the velocity of the oil-mist is
      equal by design, that is, the ratio of areas 125 and 131 is approximately
      one to ten. These areas are designed so that the velocity of oil-mist and
      the velocity of air are equal in the blending chamber 136.
PAR  FIG. 2 shows a wheelhead 159 comprising a motor assembly 151 mounted in a
      housing 153. The motor comprises a stator 157 and a rotatable shaft 155,.
      The rotatable shaft in FIG. 2, shows a grinding wheel 159 mounted thereon,
      however, the motor is adapted to be used for other uses well within the
      purview of one skilled in the art. The shaft 155 is rotatably mounted on
      bearings 161, 163, 165 and 167 mounted within the housing 153.
PAR  Oil-mist propelled from the blender-distributor unit 100 enters the
      wheelhead 150 by means of an opening 169 in the housing 153. The oil-mist
      is thence propelled through channels 171, 173, 175 and 177 to nozzles 179
      located adjacent the bearings. Each nozzle is adapted to provide each
      bearing oil-mist at approximately 15 p.s.i. As the oil-mist exudes through
      the orifice of each nozzle it reclassifies or condenses into droplets of
      oil, thereby providing for instant lubrication to the bearing at the point
      of necessity. The advantage to the bearing, of the mixing and condensing
      of the oil-mist is that the homogeneity of oil-mist and the flow is
      predictable.
PAR  The structure of the unit heretofor defined provides for improved mixing
      and reduced condensing of the oil droplets by creating significantly less
      turbulence than is produced in other mixing devices. The two separate
      chambers, one for air and one for oil-mist, are joined by coaxial tubes
      which provide for mixing of the air and oil-mist with no increase in
      velocity at the outlet portion of the blending area. The improved mixing
      and reduced condensing of oil-mist is that the oil-mist quality is
      predictable and therefore the flow needed by a bearing is predictable.
PAR  The unit 100 is mounted onto a machine (not shown) by means of a bracket
      141 having bores 142 adapted to receive screws or bolts. A plate 143
      connects the bracket 141 with the unit 100 by means of a solvent weld at
      144 and 145. However, it is well within the purview of one skilled in the
      arts to modify the mounting means without detracting from the
      accomplishments of the invention heretofor described.
CLMS
STM  We claim;
NUM  1.
PAR  1. An oil-mist lubrication system for bearings on a machine, comprising:
PA1  a an oil mist generating means;
PA2  b a blender-distributor unit, said unit comprises:
PA2  1. a body having an air chamber and an oil-mist chamber;
PA2  2. at least one blending nozzle means connecting with said air chamber;
PA2  3. an oil-mist delivery means for each blending nozzle means connected with
      said oil-mist chamber and each mounted coaxially with a respective one of
      said blending nozzle means, each said oil-mist delivery means comprises a
      tube extending from said oil-mist chamber into the larger diameter of its
      associated said blending nozzle means providing a blending area for
      producing lower density oil-mist;
PA1  c. an air supply means, said air supply means comprises:
PA2  1. means to adjustably control main air supply means, said main air supply
      means being connected to said oil mist generating means to produce an
      adjustably controlled high density oil mist;
PA2  2. means to control bypass air supply means, said bypass air supply means
      being connected to said air chamber of said blender-distributor unit to
      produce an adjustably controlled air supply to said air chamber;
PA1  d. means for distributing said adjustably controlled high density oil-mist
      to said oil-mist chamber of said blender-distributor unit; and
PA1  e. means for distributing said lower density oil-mist from said blending
      area to selected areas of said machine, whereby said lower density
      oil-mist is reclassified on bearings of a machine as its exits through the
      orifice of a nozzle
NUM  2.
PAR  2. An oil-mist lubrication system as defined in claim 1 wherein the air and
      oil-mist are pressurized at the same pressure in the blender-distributor
      unit.
NUM  3.
PAR  3. An oil-mist lubrication system as defined in claim 1 wherein the
      velocity of the air and the velocity of said oil-mist in said blending
      area is equal.
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ABST
PAL  In an hydraulically-operated disc brake of the single sided reaction type
      for a vehicle, an hydraulic actuator includes first and second pistons for
      applying friction pad assemblies to opposite faces of a rotatable disc,
      one piston acting directly on one friction pad assembly and the other
      piston acting on the other friction pad assembly through a yoke. The other
      piston and the yoke are rigidly connected and the pistons and the housing
      are sealed by flexible sealing boots.
BSUM
PAR  This invention relates to hydraulically-operated disc brakes for vehicles
      of the kind in which friction pad assemblies are adapted to be applied to
      opposite faces of a rotatable disc by an hydraulic actuator located on one
      side of the disc and including first and second oppositely acting pistons
      movable relative to a stationary housing, one friction pad assembly known
      as the directly actuated friction pad assembly being applied directly to
      the disc by the first piston and the other friction pad assembly, known as
      the indirectly actuated friction pad assembly, being applied to the
      opposite face of the disc by the second piston which acts on the
      indirectly actuated friction pad assembly through a yoke which straddles a
      portion of the periphery of the disc and is movable with respect to the
      stationary housing in a direction parallel with the axis of the disc.
PAR  In known disc brakes of the kind set forth the yoke is guided in notches or
      grooves in the outermost ends of the stationary housing and, when the
      brake is applied, the drag on the indirectly actuated friction pad
      assembly is transmitted through the yoke to one of the ends of the housing
      depending upon the direction of disc rotation. Thus, the yoke is permitted
      a limited movement in a circumferential direction with respect to the
      housing and with respect to the second piston. Since the co-operating
      guide surfaces between the yoke and the housing are exposed to atmosphere
      and other damaging medium, corrosion can take place which may impair the
      operation of the brake.
PAR  According to our invention in a disc brake of the kind set forth for
      vehicles the yoke and the second piston are rigidly connected, and the
      drag on the indirectly actuated friction pad is transmitted to the housing
      through the second piston which is of an axial length substantially equal
      to that of the housing, the pistons and the housing being sealed by means
      of flexible sealing boots connected between the housing and each piston.
PAR  Thus, the yoke is guided solely with respect to the housing by the second
      piston over an area which is substantial, and since the surfaces by which
      the yoke are guided are sealed by one of the boots, such surfaces are
      protected against the effects of corrosion.
PAR  Conveniently the second piston is provided with axially extending coupling
      means which are rigidly connected to the yoke.
PAR  In one construction the coupling means comprises a pair of
      circumferentially spaced axially extending spigots which project through
      complementary openings in the yoke and of which the projecting outermost
      end portions are screw-threaded to receive nuts for clamping the second
      piston against the yoke. In a modification the coupling means comprises a
      single threaded boss, and means are incorporated to prevent relative
      rotation between the yoke and the second piston.
PAR  Preferably, the second piston is hollow and works in an open-ended axially
      extending bore in the housing, and the first piston works in the second
      piston.
DRWD
PAR  Two embodiments of our invention are illustrated in the accompanying
      drawings in which
PAR  FIG. 1 is a longitudinal section through and hydraulically-operated disc
      brake for a vehicle;
PAR  FIG. 2 is an end view of the brake illustrated in FIG. 1;
PAR  FIG. 3 is a part-sectional plane of the brake;
PAR  FIG. 4 is a section on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a longitudinal section through another brake; and
PAR  FIG. 6 is an end view of the brake illustrated in FIG. 5.
DETD
PAR  In the hydraulically-operated disc brake illustrated in the drawings 1 is a
      stationary housing located on one side of a rotatable disc 2. The housing
      1 has inwardly projecting apertured lugs 3 to receive bolts by which it is
      secured to a non-rotatable part adjacent to the disc 2. The housing 1 is
      provided with an open-ended longitudinally extending bore 4 of which the
      axis is at right angles to the plane of the disc 2.
PAR  A rigid yoke 5 fits loosely over the housing 1 and straddles a portion of
      the periphery of the disc 2 to which it is chordal. The yoke 5 has a
      central opening 6 which receives the housing 1 and a portion of the
      peripheral edge of the disc.
PAR  A friction pad assembly 7 for engagement with the face of the disc 2 remote
      from the housing 1 comprises a pad 8 of friction material carried by a
      rigid backing plate 9. The backing plate 9 is secured to an adjacent
      portion of the yoke 5 by means of a pair of circumferentially spaced bolts
      10 which are screwed through the yoke and at their inner ends define
      spigots engaging in complementary openings 11 in the backing plate 9. A
      friction pad assembly 12, for engagement with the face of the disc
      adjacent to the housing 1, comprises a pad 13 of friction material carried
      by a rigid backing plate 14. Circumferentially spaced parallel end faces
      15 of the backing plate engage slidably with a pair of complementary
      surfaces 16 comprising the inner faces of a pair of circumferentially
      spaced arms 17 integral with and projecting towards the disc from the
      housing 1. The shoulders at the inner ends of arms 17 also serve to retain
      the yoke 5 against angular movement with the disc and with respect to the
      housing in the application of the brake. The friction pad assembly 12 is
      retained against movement in a radial direction with respect to the
      housing 1 by means of axially extending pins 18 which are received within
      circumferentially elongate openings 19 in the backing plate 14.
PAR  The friction pad assembly 12 is applied directly to the disc by an
      hydraulic first piston 20 in sliding and sealing engagement with a hollow
      second outer piston 21 which is itself slidable in the bore 4 in the
      housing 1 and is of an axial length substantially equal to that of the
      housing 1. The closed outer end of the piston 21 has a pair of
      circumferentially spaced axially projecting spigots 22 which extend
      through complementary openings 23 in the yoke and at their outer ends are
      screw-threaded to receive nuts 24 by means of which the yoke 5 is rigidly
      connected to the second piston 21.
PAR  Hydraulic fluid is conveyed to a space 25 between the pistons by a flexible
      pipe connected to the outer end of a passage 26 extending through one of
      the spigots 22. The other spigot may also be provided with a similar
      passage (not shown) for bleeding purposes. Such a passage will normally be
      closed by a bleed screw.
PAR  When hydraulic fluid under pressure from a master cylinder is supplied to
      the space 25 the pistons 20 and 21 are urged apart in an axial direction.
      The piston 20 applies the friction pad assembly 12 directly to the
      adjacent face of the disc and the piston 21 moves the yoke 5 in the
      opposite direction to apply the friction pad assembly 7 to the opposite
      face of the disc.
PAR  Whatever the direction of rotation of the disc, the drag on the friction
      pad assembly 12 is taken directly by one of the arms 17 and the drag on
      the friction pad assembly 7 is transmitted through the yoke 5 onto the
      housing 1 through the piston 21 over a substantial area defined by the
      portion of the piston 21 which, at that time, is housed within the bore 4.
PAR  As illustrated in the drawings an annular boot of flexible material 27 is
      formed at its inner and outer peripheral edges with continuous beads or
      thickenings which are received in complementary annular grooves in the
      housing 1 and in the forward end of the piston 20 which projects from the
      piston 21. Similarly, an annular boot 28 is provided at its inner
      peripheral edge with a continuous thickening or bead which is received in
      an annular groove in a portion of the piston 21 which projects from the
      housing 1 and the outer peripheral edge of the boot 28 is clamped against
      the outer face of the housing 1 by means of a retaining ring 29. The boots
      27 and 28 seal from atmosphere the guiding surfaces defined by the
      engagement of the piston 21 in the bore 4 and the engagement of the piston
      20 in the bore of the piston 21.
PAR  In a modification the upper radially outermost surfaces of the arms 17 are
      machined or otherwise constructed and arranged to provide surfaces of
      minimum frictional resistance on which the yoke is slidably guided. This
      facilitates operation of the brake by reducing the frictional resistance
      to movement of the yoke 5 transmitted to the pad assembly 7 through the
      yoke 5.
PAR  In the modified construction illustrated in FIGS. 5 and 6 of the drawings
      the piston 21 is provided with a single integral central boss 30 which
      projects through a complementary opening 31 in the yoke 5. A portion of
      the boss 30 projecting from the yoke is reduced in diameter and is screw
      threaded externally to receive a clamp nut 32 which clamps the yoke 5 and
      the piston 21 together. A locking tab washer 33 is provided to lock the
      yoke 5, the piston 21, and the nut 32 against relative rotation.
PAR  At least the outer end of the reduced diameter portion of the boss 3 is
      provided with parallel flats 34 to enable the piston 21 to be held against
      rotation as the nut 32 is being tightened. Also the boss 30 is provided
      with passages 35 and 36, both of which are inclined inwardly with respect
      to the axis of the piston 21 and communicate with the space 25 between the
      piston. The passage 35 comprises the supply passage for hydraulic fluid
      and the passage 36 comprises the bleed passage.
PAR  The construction and operation of the brake illustrated in FIGS. 5 and 6 is
      otherwise the same as that of FIGS. 1 to 4 and corresponding reference
      numerals have been applied to corresponding parts.
CLMS
STM  I claim:
NUM  1.
PAR  1. An hydraulically-operated disc brake for a vehicle comprising a
      rotatable disc, friction pad assemblies for engagement with opposite faces
      of said disc, an hydraulic actuator for applying said friction pad
      assemblies to said disc located on one side of said disc, said hydraulic
      actuator comprising a stationary housing incorporating spaced arms
      projecting towards said disc, and first and second oppositely acting
      pistons movable relative to said housing, said second piston being of an
      axial length substantially equal to that of said housing, a yoke
      straddling a portion of the periphery of said disc and fitting loosely
      over said housing and said arms, said yoke being movable with respect to
      said housing in a direction parallel with the axis of said disc, one of
      said friction pad assemblies hereinafter referred to as "a directly
      actuated friction pad assembly" being applied directly to said disc by
      said first piston and the other friction pad assembly hereinafter referred
      to as "an indirectly actuated friction pad assembly" being applied to said
      disc by said second piston which acts on said indirectly actuated friction
      pad assembly through said yoke, a rigid connection between said yoke and
      said second piston constructed and arranged so that the drag on said
      indirectly actuated friction pad assembly is transmitted to said housing
      only through said second piston, flexible sealing boots connected between
      said housing and each piston, and said directly actuated friction pad
      assembly being guided for movement with respect to said disc between said
      arms which take the drag on said directly actuated friction pad when the
      brake is applied so that the drag on said indirectly actuated pad assembly
      is taken by said housing through said second piston independently of said
      arms.
NUM  2.
PAR  2. A disc brake as claimed in claim 1, wherein axially extending coupling
      means on said second piston are rigidly connected to the yoke.
NUM  3.
PAR  3. A disc brake as claimed in claim 2, wherein said coupling means
      comprises a pair of circumferentially spaced axially extending spigots
      which project through complementary openings in said yoke and have
      outermost end portions which are screw-threaded to receive nuts for
      clamping said second piston against said yoke.
NUM  4.
PAR  4. A disc brake as claimed in claim 2, wherein said coupling means
      comprises a single boss which projects through a complementary opening in
      said yoke and has an outermost end portion which is screw-threaded to
      receive a nut for clamping said second piston against said yoke.
NUM  5.
PAR  5. A disc brake as claimed in claim 4, wherein means are incorporated for
      preventing relative rotation between said yoke and said second piston
      after said nut is tightened.
NUM  6.
PAR  6. A disc brake as claimed in claim 4, wherein said end portion is provided
      with parallel flats by means of which said second piston can be held
      against rotation as said nut is tightened, and a locking tab washer is
      incorporated for locking said yoke, piston and nut against relative
      rotation.
NUM  7.
PAR  7. A disc brake as claimed in claim 1, wherein said housing has an inner
      end and an outer end and is provided with an open-ended axially extending
      bore, said second piston is hollow and is adapted to work in said bore,
      and said first piston is adapted to work in said second piston, one of
      said sealing boots being connected between said second piston and said
      outer end of said housing and the other of said sealing boots being
      connected between said first piston and said inner end of said housing.
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ABST
PAL  The assembly is of the type in which the disc has a braking surface for
      cooperation with a brake pad and the wheel has a radially-extending web
      and an axial annular surface. A centering device centers the disc relative
      to the axial annular surface. The disc has on the side thereof opposed to
      the braking surface a second surface which frictionally engages a third
      surface defined by the wheel of the web. The second or third surface is
      constituted by a material having a coefficient of friction on the third or
      second surface which is higher than that of the braking surface of the
      disc on the brake pad so that, upon braking, the disc does not slip
      relative to the wheel.
BSUM
PAR  The present invention relates to an assembly comprising a wheel and a disc
      of a disc brake in particular for a railway vehicle.
PAR  Disc brakes are known which comprise two discs of the type in which each
      disc has a radial and annular friction surface, the two discs being
      adapted to be rendered integral, on each side of the surface, with a wheel
      comprising a radial web and an annular, roughly axial, surface. The discs
      are usually rendered integral with the web part of the wheel by keying or
      screwing the parts together, this connection being arranged to be
      resilient bearing in mind that the web of the wheel is usually of steel
      and the discs are of cast iron and that there occurs in the course of
      braking a heating which brings about different expansions between the web
      and the discs.
PAR  Now, such keyed or screwed connections of the various parts require in the
      course of the manufacture of the discs and the wheels a long and costly
      machining of all the parts, and in particular a drilling of the web of the
      wheel which creates additional stresses in the web which might cause
      cracking of the latter when braking.
PAR  An object of the present invention is to provide an assembly comprising a
      wheel and a disc brake disc which permits the transmission of the braking
      force to the wheel and requires a connection of the disc to the wheel
      which avoids the aforementioned drawbacks.
PAR  According to the invention there is provided an assembly comprising a wheel
      and a disc of a disc brake of the type in which the disc has a braking
      surface adapted to cooperate with a brake pad and the wheel comprises a
      radial web and an annular substantially axially extending surface, wherein
      a device centers the disc on the substantially axially extending surface
      of the wheel and the disc carries, on the axially opposite side to its
      braking surface, a radial friction surface, said radial friction surface,
      or the confronting surface of the web of the wheel, being constituted by a
      material whose coefficient of friction on the material of the other
      confronting surface exceeds the coefficient of friction of the braking
      surface on the brake pad.
PAR  Thus, each brake disc is both suitably centered on the wheel and rendered
      integral in an effective manner with the web of the wheel when braking,
      the connection between the wheel and the disc being ensured with no
      drilling or any other particular machining of the wheel. The mounting of
      the disc on the wheel is moreover particularly simple and rapid.
PAR  In a first embodiment of the invention, the centering device comprises
      sleeves which have an axis parallel to the axis of the assembly and are
      evenly spaced apart peripherally of the assembly and interposed between a
      radial outer surface of the disc and the substantially axially extending
      surface of the wheel.
PAR  In a second embodiment of the invention, said annular surface of the wheel
      comprises an outwardly facing first part and an inwardly facing second
      part coaxial with the first part and the centering device comprises cold
      centering means which are applied by the disc against said first part in
      non braking periods and hot centering means which are applied by the disc
      against said second part during braking periods. Thus there is no elastic
      deformation of parts.
DRWD
PAR  Further features and advantages of the invention and its operation will be
      described hereinafter with reference to the accompanying drawings given by
      way of example and in which:
PAR  FIG. 1 is a half radial sectional view, with a part cut away, of an
      assembly comprising a railway vehicle wheel equipped on each side of the
      web of the wheel with two brake discs in accordance with a first
      embodiment of the invention;
PAR  FIG. 1A is a partial radial sectional view of a modification;
PAR  FIG. 2 is a left half sectional view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a half radial sectional view similar to FIG. 1 of a second
      embodiment of the invention;
PAR  FIG. 3A is a partial radial sectional view of a modification, and
PAR  FIG. 4 is a left half sectional view taken on line 4--4 of FIG. 3.
DETD
PAR  The assembly shown in FIGS. 1 and 2 comprises a wheel which is of steel and
      has a hub 1, a radial web 2 having planar surfaces and a peripheral rim 3
      having on each side of the web two inner cylindrical axially extending
      surfaces 4. On each side of the web 2 and inside annular cavities defined
      by the web and the rim there are disposed two cast iron brake discs 5 of a
      disc brake diagrammatically and partially shown at 5.sup.a. Each one of
      these discs is constituted by two annular plates or rings 6 and 7 disposed
      in parallel radially extending planes and interconnected by ribs 8
      disposed in radial axial planes. The outer surfaces of the inner rings 7
      of the two discs are covered with a layer 9 constituted by a friction
      material whose coefficient of friction on steel of the wheels is higher
      than the coefficient of friction of cast iron on the surface 9.sup.a
      defined by brake pads 9.sup.b of the disc brakes 5.sup.a.
PAR  Each disc has a centering device 10 which is disposed in an annular space
      between the disc and the corresponding cylindrical surface 4 of the rim of
      the wheel. Each device is constituted by metal elastically yieldable
      sleeves 11 which are disposed in cavities 12 formed in projecting portions
      13 located at the outer radial ends of certain ribs 8.sup.a of the ribs
      which are evenly spaced apart peripherally of the disc and have a larger
      section than the other ribs 8. The cavities 12 have a generally
      cylindrical shape with a section which approximately corresponds to two
      thirds of a circle and they are axially upen on the other side of the disc
      whereas at the other end they have an end wall 14. The part of the sleeve
      11 outside the projecting portions 13 bears in recesses 15 which also have
      a cylindrical shape and are machined in the surface 4 of the rim of the
      wheel. These elastically yieldable metal sleeves 11 are adapted to
      radially compensate for expansions that the discs 5 undergo in the course
      of braking with respect to the rim 3 of the wheel which remains relatively
      colder. Inside each sleeve 11 there is disposed a compression spring 16
      which bears against the end wall 14 of the corresponding cavity 12 and
      against an annular closed collar 17 whose outside diameter corresponds to
      the diameter of the surface 4 of the rim and which urges all of the
      sleeves 11 against the bottom of the cavities, this collar being
      maintained in this position by a resiliently yieldable ring of the circlip
      type 18 which is disposed in a groove 19 formed in the surface 4 of the
      rim of the wheel. The radial size of the collar 17 is for its major part
      relatively small but it widens in the region of the thick ribs 8.sup.a so
      as to cover the major part of the section of the sleeves 11 and springs
      16. The interposition of this collar 17 between the sleeves and the ring
      18 enables the latter to be given a relatively small radial size which
      facilitates the assembly. The axes of the sleeves 11, springs 16 and
      cavities 12 are of course parallel to the axis of the assembly of the
      wheel.
PAR  The assembly described with reference to FIGS. 1 and 2 operates in the
      following manner:
PAR  When braking, an axial force F is applied by the pad 9.sup.b against each
      of the outer rings 6 of the discs. Owing to the action of the layers of
      friction material 9, this force renders the discs 5 integral with the
      wheel to rotate the latter. The force F then produces in the region of
      this connection of the disc with the web of the wheel a tangential force
      and a normal force which are such that this tangential force is less than
      that produced in the region of the contact of the outer rings 6 with the
      surface 9.sup.a of the brake pads (9.sup.b) which apply the forces F,
      bearing in mind that the material of the layers 9 has a coefficient of
      friction higher than that of the brake pads on the outer rings 6.
      Consequently, there is no rotation of the discs 5 with respect to the web
      2 of the wheel.
PAR  Moreover, during the progressive heating of the discs 5 in the course of
      braking, the expansion of these discs causes the metal sleeves 11 to be
      urged against the surface 4 of the rim 3 of the wheel.
PAR  Thus, owing to the presence of the layers 9 of friction material, it is
      unnecessary to provide the wheels with apertures and there is no danger of
      wheel cracking. The centering devices 10 moreover ensure a suitable
      maintenance of the discs 5 which is elastic in the case of heating.
PAR  The assembly thus provided is simple and cheap and allows an excellent
      cooling of the discs owing to a large passage of air inside the discs,
      there being no means for attaching the discs to the wheel which would
      prevent this cooling.
PAR  Moreover, an essential advantage must be stressed constituted by the
      facility of assembly of this type of disc with a wheel.
PAR  By way of a modification, the continuous layers 9 of friction material
      could be replaced by circumferentially-spaced areas of friction material.
PAR  It will also be understood that by way of an alternative arrangement as
      shown in FIG. 1A, it may be the surface of the web 2 of the wheel and not
      the friction surface of the disc which is constituted by a layer 9 of
      material having a high coefficient of friction.
PAR  The wheel of the assembly shown in FIGS. 3 and 4 of axis X-X is of steel
      and comprises a hub 21, a radial web 22 having planar surfaces 23 which
      are raised in the median region of the web so as to form an annular
      shoulder 24 which faces radially outwardly, and a peripheral rim 25 having
      on each side of the web two inner surfaces 26 having a generally
      cylindrical shape. On each side of the web 22 and inside annular cavities
      defined by the web and the rim there are disposed two cast iron brake
      discs 27 of a disc brake diagrammatically and partially shown at 27.sup.a.
      Each of the discs is constituted by two annular plates or rings 28 and 29
      disposed in parallel planes perpendicular to the axis X--X interconnected
      by ribs 30 disposed in radial axial planes. The outer surfaces of the
      inner rings 29 of the two discs are covered with a layer 31 constituted by
      a friction material whose coefficient of friction on the steel of the
      wheels is higher than the coefficient of friction of the cast iron on
      surface 31.sup.a defined by brake pads 31.sup.b of the disc brakes
      27.sup.a.
PAR  FIG. 3A shows an alternative arrangement in which the layer 31 is provided
      on the planar surfaces 23 of the web 22 instead of on the outer surfaces
      of the inner rings 29.
PAR  Each disc 27 has a number of ribs 30.sup.a whose section is larger than the
      other ribs 30 and which terminate outwardly in a projecting portion 32 in
      which is formed a cavity 33 which has the shape of a semi-cylinder which
      is open radially outwardly and radially extended on each side in this
      direction by two small substantially planar parallel surfaces 34. The
      cavities 32 are axially open toward the exterior of the disc whereas at
      the other end they have an end wall 35. In the illustrated assembly, the
      ribs 30.sup.a are spaced angularly 30.degree. apart.
PAR  Disposed in each cavity 33, except in three thereof spaced angularly
      120.degree. apart, is a compression coil spring 36 whose diameter is
      slightly less than the diameter of the cavity and which is maintained
      compressed by an enlarged portion 37 of a maintaining collar 38.
PAR  The collar 38 has a small radial size and an enlarged portion 37 in the
      region of each thick rib 38.sup.a. It is circular on the outside and has a
      diameter very slightly less than that of the surface 26 of the rim 25. An
      open ring 39 of the circlip type is disposed in a groove 40 in the surface
      26 and maintains the collar 38 in position in opposition to the action of
      the springs 36 which thus permanently urge the discs against the web of
      the wheel.
PAR  A cylindrical recess 41 is formed in the surface 26 in the region of each
      cavity 33. The radially outer part of the springs 36 is disposed in
      corresponding recesses 41.
PAR  The three cavities 33 devoid of a spring 36 each serve as a housing for a
      roller 42 whose spindle is constituted by a screw 43 which extends through
      the corresponding portion 37 of the collar 38. The radial position of the
      axis of the screw 43 corresponds to the end of the projecting portion 32
      and the diameter of the roller 42 is equal to the diameter of the cavity
      33 so that this roller is fixed relative to the wheel and is constantly in
      contact with the corresponding recess 41 and with the associated planar
      surfaces 34 and it defines, in the cold state of the assembly, a radial
      clearance with the radially inner surface of its cavity 33. The dimensions
      are such that this clearance is compensated for by the relative expansion
      of the disc when braking so that the three rollers constitute a centering
      device of the disc in the hot state of the assembly.
PAR  Each disc further comprises a centering device, in the cold state of the
      assembly, constituted by an annular axial flange 44 which projects from
      the inner ring 29 of the disc, this flange bearing, in the cold state of
      the assembly, radially on the corresponding shoulder 24 of the web.
PAR  The interposition of the collar 38 between the rollers and springs and the
      ring 39 enables the latter to be formed with a relatively small radial
      size which facilitates the assembly. The axes of the rollers 42, springs
      36 and cavities 33 are parallel to the axis X--X of the wheel assembly.
PAR  The assembly just described operates in the following manner:
PAR  When braking, an axial force F is applied to each one of the outer rings 28
      of the discs by the pads 31.sup.b and, owing to the action of the layers
      of friction material 31, this force renders the discs 27 integral with the
      wheel so as to rotate with the latter. Indeed, as the material of the
      layers 31 has a coefficient of friction on steel higher than that of the
      brake pads on the outer rings 28, there can be no rotation between the
      discs and the web of the wheel.
PAR  During the progressive heating of the discs 27 in the course of braking,
      the radial expansion of these discs decreases the clearance between the
      rollers and cavities 33 so that each disc is centered by these rollers
      when the discs are heated. Note that these rollers and the planar surfaces
      34 also afford on approximate centering of the discs in the cold state of
      the assembly.
PAR  During the non-braking periods when the discs are cool, the centering is
      achieved by cooperation between the shoulders 24 of the web and the flange
      44 of the inner rings 29. This cooperation ceases in the hot state of the
      assembly during braking. The discs are maintained against the web of the
      wheel, on one hand, by the clamping effect of the centering devices and,
      on the other, by the springs 36 which are compressed upon assembly between
      the end walls 35 of the cavities 33 and the collar 38. Moreover, during
      the braking, the axial compression of the springs is added to the force F
      and reinforces the connection between the discs and wheel.
PAR  Thus as in the embodiment shown in FIGS. 1 and 2, owing to the action of
      the layers 31 of friction material, the discs 27 are rotated by the wheel
      with no connection requiring a drilling of the wheel. The cold and hot
      centering devices moreover hold the discs suitably in position
      irrespective of the temperature of these discs and after each braking the
      assembly exactly resumes its initial position. The metal rollers 42 also
      ensure that the discs are driven by the wheel and this can compensate for
      any accidental ineffectiveness of the transmission of the rotation by the
      friction material 31.
PAR  In the assembly shown in FIGS. 3 and 4, the cavities 33 which contain the
      rollers are angularly staggered from one disc to the other and there is
      disposed in front of each of these cavities a cavity 33 containing a
      spring 36. However, this arrangement is not absolutely necessary for good
      operation of the assembly.
CLMS
STM  Having now described our invention what we claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. An assembly comprising a wheel having a radially-extending web and an
      annular substantially axially-extending surface, a disc brake comprising a
      brake pad structure movable axially of the wheel and defining a brake pad
      surface, a disc structure which is coaxial with the wheel and defines a
      braking first surface for cooperation with the brake pad surface and
      defines a radially-extending friction second surface axially opposed to
      said first surface, the web structure defining a radially-extending third
      surface adjacent to said second surface for frictional engagement with
      said second surface upon application of the brake pad structure against
      the disc structure for braking, and a device centering the disc structure
      on the substantially axially extending surface of the wheel, one of said
      second and third surfaces having a coefficient of friction on the other of
      said second and third surfaces which exceeds the coefficient of friction
      of said first surface on the brake pad surface.
NUM  2.
PAR  2. An assembly as claimed in claim 1, wherein it is said second surface
      which has a coefficient of friction which exceeds the coefficient of
      friction of said first surface on the brake pad surface.
NUM  3.
PAR  3. An assembly as claimed in claim 1, wherein it is said third surface
      which has a coefficient of friction which exceeds the coefficient of
      friction of said first surface on the brake pad surface.
NUM  4.
PAR  4. An assembly as claimed in claim 1, wherein the wheel has a rim defining
      the annular substantially axially-extending surface and the centering
      device is located on an outer periphery of the disc structure and bears
      against the annular substantially axially-extending surface.
NUM  5.
PAR  5. An assembly comprising a wheel having a radially-extending web and an
      annular substantially axially-extending surface, a disc brake comprising a
      brake pad structure movable axially of the wheel and defining a brake pad
      surface, a disc structure which is coaxial with the wheel and defines a
      braking first surface for cooperation with the brake pad surface and
      defines a radially-extending friction second surface axially opposed to
      said first surface, the web structure defining a radially-extending third
      surface adjacent to said second surface for frictional engagement with
      said second surface upon application of the brake pad structure against
      the disc structure for braking, and a device centering the disc structure
      on the substantially axially extending surface of the wheel, one of said
      second and third surfaces having a coefficient of friction on the other of
      said second and third surfaces which exceeds the coefficient of friction
      of said first surface on the brake pad surface, the centering device
      comprising sleeves which have axes parallel to the axis of the assembly
      and are evenly spaced apart peripherally of the disc structure, which disc
      structure has a radially outer surface for each sleeve, the sleeves being
      interposed between the radially outer surface of the disc structure and
      the substantially axially-extending surface of the wheel.
NUM  6.
PAR  6. An assembly as claimed in claim 5, comprising a cavity in the radially
      outer surface of the disc structure for each sleeve.
NUM  7.
PAR  7. An assembly as claimed in claim 6, wherein the disc structure comprises
      two rings and radial ribs interconnecting the rings, some of the ribs
      having projecting portions which are located at outer ends of the ribs and
      respectively define said cavities.
NUM  8.
PAR  8. An assembly as claimed in claim 7, wherein the ribs having the
      projecting portions have a larger section than the other ribs.
NUM  9.
PAR  9. An assembly as claimed in claim 6, wherein the cavities are closed
      axially of the wheel by an end wall at one end and open at an axially
      opposite end of the cavities, the sleeves bear at one end of the sleeves
      against said end wall, and retaining means which bear axially against the
      wheel retain the opposite end of the sleeves.
NUM  10.
PAR  10. As assembly as claimed in claim 9, wherein the retaining means for the
      sleeves comprise a collar bearing against the sleeves, a groove in the
      wheel, and a ring engaged in the groove and axially retaining the collar.
NUM  11.
PAR  11. An assembly as claimed in claim 6, further comprising recesses in the
      substantially axially-extending surface of the wheel in which recesses the
      sleeves respectively bear.
NUM  12.
PAR  12. An assembly comprising a wheel having a radially-extending web, a brake
      pad structure movable axially of the wheel and defining a brake pad
      surface, a disc structure which is coaxial with the wheel and defines a
      braking first surface for cooperation with the brake pad surface and
      defines a radially-extending friction second surface axially opposed to
      said first surface, the web structure defining a radially-extending third
      surface adjacent to said second surface for frictional engagement with
      said second surface upon application of the brake pad structure against
      the disc structure for braking, the wheel having a radially outwardly
      facing first circumferentially extending face and a radially inwardly
      facing second circumferentially extending face coaxial with the first
      circumferentially extending face, and a centering device centering the
      disc structure on the wheel and comprising centering means for a cold
      state of the assembly which are applied by the disc structure against said
      first circumferentially extending face in non-braking periods, and
      centering means for a hot state of the assembly which are applied by the
      disc structure against said second circumferentially extending face during
      braking periods, one of said second and third surfaces having a
      coefficient of friction on the other of said second and third surfaces
      which exceeds the coefficient of friction of said first surface on the
      brake pad surface.
NUM  13.
PAR  13. An assembly as claimed in claim 12, wherein the cold centering means
      comprise an annular axially-extending flange of the disc structure which
      defines an inner surface which engages in the cold state of the assembly
      with said first circumferentially extending face which is in the form of
      an annular shoulder of the web.
NUM  14.
PAR  14. An assembly as claimed in claim 13, wherein the wheel has a rim which
      defines said second annular surface and the hot centering means comprise
      an outer periphery of the disc structure, rollers which have their axes
      parallel to the axis of the assembly and are evenly spaced apart
      peripherally of said second circumferentially extending face, the rollers
      being interposed with a radial clearance, in the cold state of the
      assembly, between said second circumferentially extending face and the
      outer periphery of the disc structure.
NUM  15.
PAR  15. An assembly comprising a wheel having a radially-extending web, a brake
      pad structure movable axially of the wheel and defining a brake pad
      surface, a disc structure which is coaxial with the wheel and defines a
      braking first surface for cooperation with the brake pad surface and
      defines a radially-extending friction second surface axially opposed to
      said first surface, the web structure defining a radially-extending third
      surface adjacent to said second surface for frictional engagement with
      said second surface upon application of the brake pad structure against
      the disc structure for braking, the wheel having a radially outwardly
      facing first circumferentially extending face and a radially inwardly
      facing second circumferentially extending face coaxial with the first
      circumferentially extending face, and a centering device centering the
      disc structure on the wheel and comprising centering means for a cold
      state of the assembly which are applied by the disc structure against said
      first circumferentially extending face in non-braking periods, and
      centering means for a hot state of the assembly which are applied by the
      disc structure against said second circumferentially extending face during
      braking periods, one of said second and third surfaces having a
      coefficient of friction on
PA1  the other of said second and third surfaces which exceeds the coefficient
      of friction of said first surface on the brake pad surface, the wheel
      having a rim which defines said second circumferentially extending face,
      the cold centering means comprising an annular axially-extending flange of
      the disc structure which defines an inner surface which engages in the
      cold state of the assembly with said first circumferentially extending
      face which is in the form of an annular shoulder of the web, the hot
      centering means comprising an outer periphery of the disc structure,
      rollers which have their axes parallel to the axis of the assembly and are
      evenly spaced apart peripherally of said second circumferentially
      extending face, the rollers being interposed with a radial clearance, in
      the cold state of the assembly, between said second circumferentially
      extending face and the outer periphery of the disc structure, the disc
      structure comprising two rings and radial ribs interconnecting the rings,
      means for carrying the rollers comprising support means integral with the
      rim of the wheel and projecting portions located at outer ends of first
      ones of said ribs, radially outwardly open cavities respectively in said
      projecting portions and containing the rollers with a clearance radially
      of the wheel axis in the cold state of the assembly which is sufficient to
      allow radial expansion of the disc structure when braking but such as to
      allow the rollers to radially engage the cavities and thereby center the
      disc structure relative to the wheel in the hot state of the assembly.
NUM  16.
PAR  16. An assembly as claimed in claim 15, wherein the ribs having projecting
      portions have a larger section than the other ribs.
NUM  17.
PAR  17. An assembly as claimed in claim 15, wherein the cavities are axially
      open on a side of the disc structure remote from the web of the wheel and
      the rollers are axially retained in the cavities by the roller support
      means.
NUM  18.
PAR  18. An assembly comprising a wheel having a radially-extending web, a brake
      pad structure movable axially of the wheel and defining a brake pad
      surface, a disc structure which is coaxial with the wheel and defines a
      braking first surface for cooperation with the brake pad surface and
      defines a radially-extending friction second surface axially opposed to
      said first surface, the web structure defining a radially-extending third
      surface adjacent to said second surface for frictional engagement with
      said second surface upon application of the brake pad structure against
      the disc structure for braking, the wheel having a radially-outwardly
      facing first circumferentially extending face and a radially inwardly
      facing second circumferentially extending face coaxial with the first
      circumferentially extending face, and a centering device centering the
      disc structure on the wheel and comprising centering means for a cold
      state of the assembly which are applied by the disc structure against said
      first circumferentially extending face in non-braking periods, and
      centering means for a hot state of the assembly which are applied by the
      disc structure against said second circumferentially extending face during
      braking periods, the wheel having a rim which defines said second
      circumferentially extending face, the cold centering means comprising an
      annular axially-extending flange of the disc structure which defines an
      inner surface which engages in the cold state of the assembly with said
      first circumferentially extending face which is in the form of an annular
      shoulder of the web, the hot centering means comprising an outer periphery
      of the disc structure, rollers which have their axes parallel to the axis
      of the assembly and are evenly spaced apart peripherally of said second
      circumferentially extending face, the rollers being interposed with a
      radial clearance, in the cold state of the assembly, between said second
      circumferentially extending face and the outer periphery of the disc
      structure, the disc structure comprising two rings and radial ribs
      interconnecting the rings, means for carrying the rollers comprising
      support means integral with the rim of the wheel and projecting portions
      located at outer ends of first ones of said ribs, radially outwardly open
      cavities respectively in said projecting portions and containing the
      rollers with a clearance radially of the wheel axis in the cold state of
      the assembly which is sufficient to allow radial expansion of the disc
      structure when braking but such as to allow the rollers to radially engage
      the cavities and thereby center the disc structure relative to the wheel
      in the hot state of the assembly, the support means comprising a groove in
      the wheel, a ring engaged in the groove, a collar interposed between the
      ring in the groove and the rollers, and spindles fixed to the collar, the
      rollers being rotatably mounted on the spindles.
NUM  19.
PAR  19. An assembly as claimed in claim 1, comprising elastically yieldable
      means which are supported by the wheel and bias the disc structure against
      the wheel.
NUM  20.
PAR  20. An assembly as claimed in claim 5, comprising elastically yieldable
      means which are supported by the wheel and bias the disc structure against
      the wheel, the elastically yieldable means being constituted by
      compression springs disposed inside the centering sleeves.
NUM  21.
PAR  21. An assembly comprising a wheel having a radially-extending web, a brake
      pad structure movable axially of the wheel and defining a brake pad
      surface, a disc structure which is coaxial with the wheel and defines a
      braking first surface for cooperation with the brake pad surface and
      defines a radially-extending friction second surface axially opposed to
      said first surface, the web structure defining a radially-extending third
      surface adjacent to said second surface for frictional engagement with
      said second surface upon application of the brake pad structure against
      the disc structure for braking, the wheel having a radially-outwardly
      facing first circumferentially extending face and a radially inwardly
      facing second circumferentially extending face coaxial with the first
      circumferentially extending face, and a centering device centering the
      disc structure on the wheel and comprising centering means for a cold
      state of the assembly which are applied by the disc structure against the
      first circumferentially extending face in non-braking periods, and
      centering means for a hot state of the assembly which are applied by the
      disc structure against said second circumferentially extending face during
      braking periods, the wheel having a rim which defines said second
      circumferentially extending face, the cold centering means comprising an
      annular axially-extending flange of the disc structure which defines an
      inner surface which engages in the cold state of the assembly with said
      first circumferentially extending face which is in the form of an annular
      shoulder of the web, the hot centering means comprising an outer periphery
      of the disc structure, rollers which have their axes parallel to the axis
      of the assembly and are evenly spaced apart peripherally of said second
      circumferentially extending face, the rollers being interposed with a
      radial clearance, in the cold state of the assembly, between said second
      circumferentially extending face and the outer periphery of the disc
      structure, the disc structure comprising two rings and radial ribs
      interconnecting the rings, means for carrying the rollers comprising
      support means integral with the rim of the wheel and projecting portions
      located at outer ends of first ones of said ribs, radially outwardly open
      cavities respectively in said projecting portions and containing the
      rollers with a clearance radially of the wheel axis in the cold state of
      the assembly which is sufficient to allow radial expansion of the disc
      structure when braking but such as to allow the rollers to radially engage
      the cavities and thereby center the disc structure relative to the wheel
      in the hot state of the assembly, a projecting portion on a radially outer
      end of second ones of the ribs other than said first ones of said ribs,
      further cavities in said second ones of said ribs, compression springs
      disposed in said further cavities for biasing the disc structure against
      the wheel, means combined with the wheel for supporting one end of said
      springs, said further cavities having inner end walls against which end
      walls said springs bear.
NUM  22.
PAR  22. An assembly as claimed in claim 21, wherein the support means comprise
      a groove in the wheel, a ring engaged in the groove, a collar interposed
      between the ring in the groove and the rollers, and spindles fixed to the
      collar, the rollers being rotatably mounted on the spindles and the
      springs being compressed between said inner end walls of the further
      cavities and the collar.
NUM  23.
PAR  23. An assembly as claimed in claim 15, wherein recesses are formed in said
      second part of the rim in radial alignment with said cavities of said
      first ones of said ribs for freely receiving a peripheral portion of the
      rollers whereby the rollers are maintained in position circumferentially
      of the wheel.
NUM  24.
PAR  24. An assembly as claimed in claim 15, wherein the support means comprise
      a groove in the wheel, a ring engaged in the groove, a collar interposed
      between the ring in the groove and the rollers, and spindles fixed to the
      collar, the rollers being rotatably mounted on the spindles.
NUM  25.
PAR  25. An assembly as claimed in claim 15, comprising a projecting portion on
      a radially outer end of second ones of the ribs other than said first ones
      of said ribs, further cavities in said second ones of said ribs,
      compression springs disposed in said further cavities for biasing the disc
      structure against the wheel, means combined with the wheel for supporting
      one end of said springs, said further cavities having inner end walls
      against which end walls said springs bear.
NUM  26.
PAR  26. An assembly as claimed in claim 25, wherein the support means comprise
      a groove in the wheel, a ring engaged in the groove, a collar interposed
      between the ring in the groove and the rollers, and spindles fixed to the
      collar, the rollers being rotatably mounted on the spindles and the
      springs being compressed between said inner end walls of the further
      cavities and the collar.
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ABST
PAL  A dashpot is disclosed which can exhibit either push or pull damping
      depending upon the orientation of the valve members thereof. The dashpot
      includes a cylinder, a piston sealingly slidable within the cylinder and a
      piston rod operatively connected to the piston to move same. The piston is
      provided with a fluid flow channel which extends therethrough. A first
      valve member is operatively connected to the piston rod for movement
      therewith. A second valve member is mounted on said piston and has a fluid
      passage which communicates with the fluid flow channel of the piston. The
      first valve member is received within the second valve member in either a
      first or a second orientation relative thereto, thereby defining the
      direction of the damping force. The first and second valve members have
      parts which are operative, when force is applied to the piston rod in one
      axial direction or the other, to close or open the fluid passage
      respectively. One relative orientation of the valve members closes the
      fluid passage when the piston rod is urged in one axial direction and the
      other relative orientation of the valve members closes the fluid passage
      when the piston rod is urged in the other direction.
BSUM
PAR  The present invention relates to dashpot assemblies and more particularly
      to a dashpot assembly which can be used to produce push damping or pull
      damping depending upon the orientation of certain portions thereof.
PAR  The basic purpose of a dashpot assembly is to create a resistive or damping
      force to movement in a given direction. In general, the assembly consists
      of a piston which is slidable within a cylinder. The piston sealingly
      engages the walls of the cylinder such that if the piston is pulled from
      the cylinder a vacuum is created producing a highly resistive force to the
      movement of the piston. On the other hand, if the piston is pushed toward
      the cylinder the fluid (usually air) trapped between the piston and the
      cylinder creates a resistive force to the movement of the piston.
PAR  If a channel permitting free fluid flow is provided through the piston, the
      resistive forces are eliminated because fluid can enter and leave the
      cavity between the piston and the cylinder as necessary. If a valve means
      is provided to regulate the flow of fluid through the fluid flow channel,
      the fluid flow through the channel can be impeded in one direction such
      that a substantial resistive force is developed when the piston is moved
      relative to the cylinder in that direction but when the piston is moved
      relative to the cylinder in the other direction, no appreciable resistive
      force is developed. The rod which moves the piston within the cylinder can
      be operatively connected to the valve means such that it serves to open
      and close the valve as well as to move the piston. There are two types of
      such unidirectionally acting dashpots, to wit, a push damping dashpot,
      which creates a substantial resistive force only as the piston is pushed
      deeper into the cylinder, and a pull damping dashpot, which creates a
      substantial resistive force only when the piston is pulled from the rear
      wall of the cylinder. In a push damping dashpot the valve means must close
      the fluid flow channel only when the piston is pushed relative to the
      cylinder and in a pull damping dashpot the valve means must close only
      when the piston is pulled relative to the cylinder. As a result, in prior
      art dashpots the construction of a push damping dashpot is different from
      the construction of a pull damping dashpot. Thus, dashpots are built as
      either of the push damping or pull damping types, and the artisan chooses
      between the two depending upon the particular application for which the
      dashpot is to be used. Therefore, dashpot manufacturers had to produce and
      inventory two separate types of dashpots in each size. This duplication
      added to the cost of the dashpot because of the extra tooling and
      inventory control which was necessary.
PAR  It is, therefore, a prime, object of the present invention to provide a
      dashpot which can be utilized to produce either push damping or pull
      damping with the same parts, and by simply changing the orientation of
      certain of the parts thereof.
PAR  It is another object of the present invention to provide a dashpot having a
      valve means with members having a ball and socket interengagement, the
      socket portion being made of resilient material such that the ball portion
      can be inserted into either end of the socket portion.
PAR  It is a further object of the present invention to provide a dashpot
      wherein the relative orientation of the ball and socket portions of the
      valve means determines the direction of the damping force applied by the
      dashpot.
PAR  In accordance with the present invention a dashpot is provided comprising a
      cylinder with a piston sealingly mounted therein for slidable movement
      relative thereto. A piston rod is operably connected to the piston for
      moving the piston within the cylinder. Fluid flow means extend through the
      piston and comprise a fluid flow channel and valve means.
PAR  The valve means comprises a first valve member, preferably in the form of a
      ball, operably connected to the piston rod for movement therewith and a
      second valve member, preferably in the form of a resilient socket, within
      which the first valve member is received. The second valve member is
      preferably in the form of hollow cylinder having a valve seat on one end
      thereof and an aperture on the other. The second valve member is mounted
      on the piston, as by being received in rigid piston-carried casing. The
      second valve member has a fluid passage therethrough which is in fluid
      communication with the fluid flow channel through the piston. The first
      valve member is movable to a limited degree within the second valve member
      such that when the first valve member is adjacent the valve seat, fluid
      flow is prevented through the valve means. However, when the first valve
      member is adjacent the aperture, the shape of the aperture prevents
      sealing engagement therebetween, thus permitting fluid flow through the
      valve means. The second valve member can be associated with the first
      valve member in either a first or a second orientation relative thereto.
      The relative orientation of the first valve member and the second valve
      member determines whether the valve will seal, and hence whether the
      dashpot will damp, in the push or the pull direction.
PAR  If the valve seat is situated on the piston side of the second valve
      member, then when the rod is moved axially to push the piston the first
      valve member will sealingly engage the valve seat at the end of the second
      valve member thereby producing a push damping effect. On the other hand,
      if the second valve member is reversed in orientation, when the piston rod
      pulls the piston the first valve member will make sealing engagement with
      the valve seat thereby producing a pull damping effect. Because the
      aperture at the opposite end of the second valve member is shaped to
      prevent sealing engagement with the first valve member, when the first
      valve member is adjacent thereto fluid flow through the valve means is not
      inhibited and the piston can move freely. This occurs when the piston is
      pulled in a push damping dashpot and when the piston is pushed in a pull
      damping dashpot.
PAR  Thus, the first and second valve members have parts which are operative
      when force is applied to the piston rod in one axial direction or the
      other to close or open the fluid passage, respectively. One relative
      orientation of the valve members closes the fluid passage when the piston
      rod is urged in one axial direction, and the other relative orientation of
      the valve members closes the fluid passage when the piston rod is urged in
      the other axial direction.
PAR  Since the second valve member is made of resilient material the first valve
      member may be inserted therein after the manufacture thereof. It is the
      orientation of the second valve member relative to the first valve member
      which determines whether the dashpot produces push damping or pull
      damping. Depending upon which direction of damping is required for a
      particular application, the second valve means is oriented with respect to
      the first valve means and the first means is inserted therein.
      Specifically, if push damping is required, the first valve means is
      inserted through the aperture side of the second valve means and the first
      and second valve means combination inserted into the casing with the
      piston rod extending therefrom. If pull damping is required, the first
      valve means is inserted through the valve seat end of the second valve
      member, and the first and second valve member combination is inserted into
      the casing with the aperture adjacent the fluid flow channel in the
      piston. Again, the piston rod extends from the casing but in this instance
      through the valve seat end of the second valve member.
DRWD
PAR  To the accomplishment of the above and to such other aspects as may
      hereinafter appear, the present invention relates to a dashpot assembly
      which can be used for either push or pull damping depending upon the
      orientation of certain portions thereof as defined in the appended claims
      and as described in the specification, taken together with the
      accompanying drawings in which:
PAR  FIG. 1 is a side cutaway view of the dashpot of the present invention;
PAR  FIG. 2 is an exploded view of the fluid flow means of the dashpot of the
      present invention;
PAR  FIG. 3 is a side cutaway view of the fluid flow means of the present
      invention showing the dashpot oriented for push damping; and
PAR  FIG. 4 is a view similar to FIG. 3 but showing the dashpot of the present
      invention oriented for pull damping.
DETD
PAR  As seen in FIG. 1 the dashpot of the present invention comprises a cylinder
      10 in which a piston 12 is slidable. Piston 12 sealingly engages the inner
      walls of cylinder 10 such that a substantially fluid tight seal is
      produced. A fluid cavity 14 is present between piston 12 and the back wall
      of cylinder 10 whenever piston 12 is spaced from back wall 16. Back wall
      16 is provided with an aperture 18 which is engaged by a plug 20 mounted
      within rear wall 16. Plug 20 is preferably adjustably received within wall
      16 such that it may seal aperture 18 completely or permit a certain amount
      of fluid flow therethrough. The adjustable mounting of plug 20 may be of
      any conventional nature such as interlocking screw threads. The rotation
      of plug 20 varies the insertion thereof into aperture 18 and thus the
      sealing engagement therebetween. Preferably, the walls of aperture 18 and
      the tip of plug 20 are reciprocally tapered such that by rotating plug 20
      the desired amount of fluid flow can be achieved. The amount of fluid flow
      through aperture 18 controls the amount of fluid which may flow to or from
      cavity 14 when the piston is moved in the damped direction thereby
      regulating the amount (but not the direction) of damping force exerted by
      the dashpot.
PAR  Piston 12 is preferably provided with a recess 22 in the interior thereof.
      It is within recess 22 that the fluid flow means 24 is mounted. A portion
      of fluid flow means 24 is a fluid flow channel defined by a hollow tubular
      member 26 which extends through piston 12. The channel provides fluid
      communication between cavity 14 and the remainder of fluid flow means 24.
      A piston rod 28 extends from fluid flow means 24 and is utilized both to
      move piston 12 within cylinder 10 and to control the valve action of fluid
      flow means 24.
PAR  In a push damping dashpot, when piston rod 28 is urged towards rear wall 16
      of cylinder 10 (towards the right as seen in FIG. 1), piston 12 will move
      towards rear wall 16 and fluid flow means 24 will close the passage
      through member 26 thereby compressing the fluid in cavity 14 and causing a
      resistive force to the movement of the piston. The placement of plug 20
      within aperture 18 will determine how quickly the fluid can escape from
      cavity 14 and thus the amount of resistive force exerted against the
      movement of piston 12. In a pull damping dashpot. the movement of rod 28
      would not close the channel defined by tubular member 26 and the fluid in
      cavity 14 could easily escape causing no resistance to the movement of the
      piston. The placement of plug 20 within aperture 18 will determine how
      quickly the fluid can escape from cavity 14 and thus the amount of
      resistive force exerted against the movement of piston 12.
PAR  In a pull damping dashpot, the movement of rod 28 would not close the
      channel defined by tubular member 26 and the fluid in cavity 14 could
      easily escape causing no resistance to the movement of the piston.
      However, in a pull damping dashpot the movement of piston rod 28 away from
      the back wall 16 of cylinder 10 (towards the left in the drawings) would
      seal the channel defined by tubular member 26 thus preventing fluid from
      entering cavity 14 through the channel. This creates a resistive force to
      the movement of the piston. Again, plug 20 regulates the in-flow of fluid
      into cavity 14 and thus determines the amount of resistive force. In a
      push damping dashpot where the rod was pulled, the channel defined by
      tubular member 26 would not be sealed and fluid would be free to flow into
      cavity 14. In this mode, no resistance would be exerted on the movement of
      the piston.
PAR  FIG. 2 shows an exploded view of the fluid flow means 24 of the present
      invention. Fluid flow means 24 comprises valve means 30, a casing 32 which
      is connected to tubular member 26 and a casing cover 34. Valve means 30
      comprises a first valve member 36, preferably spherically shaped and a
      second valve member 38, preferably shaped in the form of a socket. First
      valve member 36 is received within second valve member 38 and the first
      and second valve member assembly are then placed within casing 32. Casing
      32 is made of a rigid material to provide the necessary structural support
      for the valve members and is essentially a hollow cylinder with an inner
      diameter slightly larger than the outer diameter of second valve member
      38. Closure member 34 is provided to completely enclose the valve members
      by mounting on casing 32 thus completing the enclosure. Closure member 34
      is provided with an aperture 40 through which piston rod 28 extends. Thus,
      when closure member 34 is mounted on casing 32 a hollow cylinder with a
      port at each end is formed. One of the ports is in fluid communication
      with the channel defined by tubular member 26. The other port, aperture
      40, is in fluid communication with recess 22. Thus, if not prevented by
      valve means 30, fluid flow may take place through aperture 40 within
      casing 32 and through the channel defined by tubular member 26 into cavity
      14. As long as valve means 30 does not prevent fluid flow through casing
      32, there will be substantially no resistance to the movement of piston 12
      within cylinder 10 in either direction.
PAR  As can best be seen from FIGS. 3 and 4, second valve member 38 is
      essentially cylindrical in form and is provided with a fluid chamber 42
      therein large enough to receive first valve member 36. Chamber 42 has a
      valve seat 44 at one end thereof and an aperture 46 at the other. Valve
      seat 44 consists of a flanged opening 48 having tapered sides such that
      when first valve member 36 is adjacent thereto, sealing engagement between
      valve seat 44 and first valve member 36 is achieved. The sealing
      engagement between valve seat 44 and first valve member 36 prevents fluid
      flow through fluid passage 42. Aperture 46, on the other hand, is formed
      with an irregularly shaped flange in order to prevent sealing engagement
      between it and first valve member 36 regardless of the position of first
      valve member 36. Thus, when first valve member 36 is placed adjacent
      aperture 46, fluid flow through passage 42 is not prevented. In order to
      assure this result, aperture 46 is normally irregularly shaped and may be
      in the form of a cross with an enlarged center portion, as shown in FIG.
      2. The inner surface of second valve member 36 is provided with a
      plurality of grooves 50 which extend axially along the side walls of
      passage 42 such that fluid flow is permitted around first valve member 36
      at all times except when first valve member 36 sealingly engages valve
      seat 44.
PAR  Second valve member 38 is made of resilient material such that first valve
      member 36 may be inserted therein either through aperture 46 or valve seat
      44. Second valve means 38 is formed to have an outer configuration which
      is bilaterally symmetrical about a line perpendicular to the axis thereof.
      Thus, second valve means 38 may be oriented with respect to first valve
      means 36 in one of two ways and then the first and second valve member
      combination inserted into casing 32 in either orientation. FIGS. 3 and 4
      respectively show the two orientations. FIG. 3 shows the orientation which
      will cause the dashpot to create a push damping action. FIG. 4 shows an
      orientation which will cause the dashpot to create a pull damping action.
PAR  In FIG. 3 aperture 48 is in fluid communication with the channel defined by
      tubular member 26, and aperture 46 is in fluid communication with aperture
      40. When piston rod 28 is moved towards the right in the drawings, first
      valve member 36 moves a limited amount to the right (as seen in the
      drawings) thus sealingly engaging valve seat 44 and preventing the flow of
      air through passage 42. Thus, a great deal of resistive force is developed
      as the piston is pushed deeper into the cylinder. On the other hand, if
      piston rod 28 is moved towards the left (as seen in the drawings), first
      valve member 36 will be adjacent aperture 46. However, due to the
      irregularity of aperture 46 no sealing engagement is possible. Thus, fluid
      is free to flow through aperture 40, through aperture 46 around first
      valve member 36 by means of grooves 50 and through aperture 48 into the
      channel defined by tubular member 26. In this way, no resistive force is
      developed as the piston is pulled from the cylinder.
PAR  FIG. 4 shows the pull damping orientation in which second valve member 38
      is inserted within casing 32 in the reverse direction. In this case, it is
      aperature 46 which is in fluid communication with the channel defined by
      tubular member 26 and aperture 48 which is in fluid communication with
      aperture 40. The piston rod 28 extends through aperture 48. When piston
      rod 28 is moved to the right (as seen in the drawings) to push piston 12
      deeper into cylinder 10, first valve member 36 is urged against aperture
      46. However, due to the irregularities in the shape of aperture 46, no
      sealing engagement is created and fluid is free to flow through the
      channel defined by tubular member 26 through aperture 46 around first
      valve member 36 by means of grooves 50 and through apertures 48 and 40
      without substantial resistance. Thus, there is no damping in the push
      direction. On the other hand, when rod 28 is moved towards the left (as
      seen in the drawing) first valve member 36 sealingly engages valve seat 44
      thus preventing the flow of fluid through passage 42. As a result, the
      pull damping action is achieved.
PAR  It should be noted that passage 42 permits only a limited degree of
      movement of first valve member 36 relative to second valve member 38.
      Preferably, the second valve member 38 is shaped so that first valve
      member 36 is normally in contact with valve seat 44 and is biased into
      this position by the action of the nonsealing end of the second valve
      member, i.e. the resilient walls surrounding aperture 46. As a result,
      first valve member 36 normally sealingly engages valve seat 44 and must be
      moved away from the engaging position, against the biasing action of the
      resilient walls of the nonsealing end of the second valve member, in order
      to provide for fluid flow through passage 42. However, the movement of
      first valve member 36 relative to second valve member 38 required to
      terminate the sealing engagement between first valve member 36 and valve
      seat 44 and compress the resilient walls around aperture 46 is extremely
      slight. Thus, the valve means is quite sensitive to the movement of piston
      rod 28 and will permit fluid flow into the channel defined by tubular
      member 26 only when piston rod 28 is moved towards aperture 46. Otherwise,
      fluid flow is prevented.
PAR  It can be seen that the present invention comprises a dashpot which can be
      used for either push damping or pull damping. In either case the dashpot
      consists of precisely the same components, the only difference being the
      orientation of the second valve member relative to the first valve member.
      When the valve members are oriented in one way, damping is produced in one
      axial direction. When the valve members are oriented in the other way,
      damping is produced in the other axial direction. The resiliency of the
      second valve member permits insertion of the first valve member therein in
      either orientation.
PAR  The first valve member need not necessarily be present in the second valve
      member when manufacture of the components is completed. The components can
      be oriented and assembled according to the requirements of a particular
      application. If, at any time, a change from one type of damping to the
      other is necessary, the casing can be opened and the orientation of the
      first and second valve members reversed, thus changing the damping
      direction. In this manner an inexpensive and versatile dashpot can be
      produced which can be utilized for push damping or pull damping, as
      desired.
PAR  While only a single embodiment of the present invention has been disclosed
      herein for purposes of illustration, it is obvious that many modifications
      and variations could be made therein. It is intended to cover all of these
      modifications and variations which are included within the scope of the
      present invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a dashpot comprising a cylinder, a piston sealingly slidable in said
      cylinder, a piston rod operatively connected to said piston for moving the
      latter and fluid flow means extending through said piston; the improvement
      which comprises a first valve member operatively connected to said piston
      rod for movement therewith, and a reversible second valve member within
      which said first valve member is received, said second valve member being
      associated with said first valve member in either a first or a second
      orientation relative thereto, said second valve member being mounted on
      said piston and having a fluid passage therethrough defining a part of
      said fluid flow means, and said first and second valve members having
      parts operative when force is applied to said piston rod in one axial
      direction or the other to close or open said fluid passage respectively,
      one orientation of said second valve member relative to said first valve
      member closing said fluid passage when said piston rod is urged in one
      axial direction and the other orientation of said second valve member
      relative to said first valve member closing said fluid passage when said
      piston rod is urged in the other axial direction.
NUM  2.
PAR  2. The dashpot of claim 1 wherein said piston has a recess in which said
      second valve member is received.
NUM  3.
PAR  3. The dashpot of claim 1 wherein said fluid flow means comprises a fluid
      flow channel extending to the inside surface of said piston and wherein
      said second valve member is mounted on said piston with said fluid flow
      passage in fluid communication with said fluid flow channel.
NUM  4.
PAR  4. The dashpot of claim 1 wherein said first and second valve members have
      a ball and socket interengagement.
NUM  5.
PAR  5. The dashpot of claim 1 wherein said second valve member has a sealing
      end and a nonsealing end and said first valve member is normally in
      contact with said sealing end of said second valve member and is movable
      away therefrom to said nonsealing end thereof.
NUM  6.
PAR  6. The dashpot of claim 5 further comprising biasing means for urging said
      first valve member into engagement with said sealing end of said second
      valve member.
NUM  7.
PAR  7. The dashpot of claim 6 wherein said second valve member is made of
      resilient material and said biasing means comprises said nonsealing end.
NUM  8.
PAR  8. The dashpot of claim 7 wherein said first valve member is always in
      contact with said nonsealing end.
NUM  9.
PAR  9. The dashpot of claim 1 wherein said second valve member is resilient and
      said first valve member is snap-receivable into the interior thereof past
      either end of said second valve member.
NUM  10.
PAR  10. The dashpot of claim 1 wherein said second valve member has a
      continuous sealing flange at one end thereof and an interrupted flange at
      the other end thereof.
NUM  11.
PAR  11. The dashpot of claim 10 wherein said first valve member engages said
      flanges.
NUM  12.
PAR  12. The dashpot of claim 1 further comprising a fluid passage in the side
      wall of said second valve means to permit the flow of fluid past said
      first valve member.
NUM  13.
PAR  13. In a dashpot comprising a cylinder, a piston sealingly slidable in said
      cylinder, a piston rod operatively connected to said piston for moving the
      latter and fluid flow means extending through said piston; the improvement
      which comprises a first valve member operatively connected to said piston
      rod for movement therewith and a reversible second valve member within
      which said first valve member is received, said second member having first
      and second ends, said second member having a fluid flow passage
      therethrough extending between a fluid sealing means at said first end and
      a fluid passage means at said second end and said first member having a
      limited degree of movement with respect to said second member between
      engagement with said sealing means and said passage means respectively to
      prevent and permit fluid flow respectively, said reversible second valve
      member being receivable over said first valve member in a first
      orientation with its first end oriented toward said piston rod to cause
      fluid flow to be prevented when said piston rod is pulled or being
      receivable over said first valve member in a second orientation with its
      second end oriented toward said piston rod to cause fluid flow to be
      prevented when said piston is pushed, and means for mounting said second
      valve member on said piston with its fluid flow passage defining a part of
      said fluid flow means.
NUM  14.
PAR  14. The dashpot of claim 13 wherein said piston has a recess in which said
      second valve member is received.
NUM  15.
PAR  15. The dashpot of claim 13 wherein said fluid flow means comprises a fluid
      flow channel extending to the inside surface of said piston and wherein
      said second valve member is mounted on said piston with said fluid flow
      passage in fluid communication with said fluid flow channel.
NUM  16.
PAR  16. The dashpot of claim 13 wherein said first and second valve members
      have a ball and socket interengagement.
NUM  17.
PAR  17. The dashpot of claim 13 wherein said second valve member has a first
      end and a second end and said first valve member is normally in contact
      with said first end of said second valve member and is movable away
      therefrom to said second end thereof.
NUM  18.
PAR  18. The dashpot of claim 17 further comprising biasing means for urging
      said first valve member into engagement with said first end of said second
      valve member.
NUM  19.
PAR  19. The dashpot of claim 18 wherein said second valve member is made of
      resilient material and said biasing means comprises said second end.
NUM  20.
PAR  20. The dashpot of claim 13 wherein said first valve member is always in
      contact with said second end.
NUM  21.
PAR  21. The dashpot of claim 20 wherein said second valve member is resilient
      and said first valve member is snap-receivable into the interior thereof
      past either end of said second valve member.
NUM  22.
PAR  22. The dashpot of claim 13 wherein said second valve member has a
      continuous sealing flange at one end thereof and an interrupted flange at
      the other end thereof.
NUM  23.
PAR  23. A dashpot or the like comprising a cylinder, a piston slidable within
      said cylinder, a rod for moving said piston within said cylinder, said
      piston having a fluid channel therethrough, and means for regulating the
      flow of fluid through said channel to resist movement of said piston
      within said cylinder in a given direction, said regulating means
      comprising a hollow casing mounted on said piston and having a port at
      each end thereof, one of said ports being in fluid communication with said
      channel, and valve means situated within said casing, said valve means
      comprising a body having a passage therethrough, a valve seat at one end
      of said passage and an aperture at the other end of said passage, said rod
      extending through one of said ports and being operably connected to a
      member to move the same, said member being movable within said passage and
      adapted to seal said seat when placed adjacent thereto due to movement in
      said given direction, said aperture and said member being shaped to
      prevent sealing engagement therebetween, said body having a bilaterally
      symmetrical outer configuration and said casing having a socket mating
      with said outer configuration of said body into which said body is
      received in either a first orientation with its valve seat towards said
      one of said ports or a second orientation with its valve seat toward the
      other of said ports whereby the selected orientation of said body
      determines said given direction.
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ABST
PAL  An ignition retarding device which cuts off the usual vacuum ignition
      advance to retard the ignition when the brakes are actuated or when the
      engine speed drops below a predetermined value, there being a further
      device responsive to engine temperature to restore the vacuum ignition
      advance whenever the temperature of the engine rises above a predetermined
      value. The speed is measured by an electronic tachometer whose input is
      connected across the distributor points and whose output is fed through a
      voltage comparator and an amplifier to control the energization of an
      electrically operated valve. The override brake and temperature signals
      are obtained by connections to the usual brake switch and temperature
      switch. Provision is made for use of the equipment with automotive
      vehicles either in which the brake switch is between the brake light and
      ground or between the battery and the brake light.
PARN
PAR  This application is a division of application Serial No. 231,766, filed
      Mar. 3, 1972, now U.S. Pat. No. 3,871,341, which application is in turn a
      continuation of application Ser. No. 100,081, filed Dec. 21, 1970.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is customary in connection with automotive vehicles using internal
      combustion engines to employ a so-called vacuum advance in which the
      ignition is advanced through a vacuum motor operatively connected to the
      distributor and to the intake manifold. Thus, as the intake manifold
      suction increases, the timing is advanced. When the engine is operating at
      normal driving speeds, the arrangement just described results in
      relatively efficient combustion with acceptable emission standards as far
      as pollution is concerned. When, however, the engine is idling or
      decelerating to a stop, the hydrocarbon output becomes relatively high
      percentagewise. Thus, when the automobiles are coming to a halt after
      being braked or when they are being driven at very low speeds in heavy
      traffic or are idling while waiting for a stop light to change, the
      hydrocarbon output is relatively high where the spark is advanced in the
      usual manner. It has been known for some time that retarding the spark
      under these conditions increases the extent to which the hydrocarbons are
      burned. This is partly due to the fact that the engine tends to operate at
      a higher temperature with a less advanced spark so that the resulting heat
      tends to burn some of the hydrocarbons in the exhaust with the result of a
      lower total output.
PAR  The more recent automobiles, beginning with the year 1968, are equipped
      with control devices to reduce pollution from exhaust emissions. These
      have taken several forms. The older automobiles, however, are particularly
      subject to the problem pointed out above. Consequently, various expedients
      have been proposed for retarding the spark under idling conditions and
      unless and until the temperature of the engine rises excessively; when the
      latter occurs, the means for interrupting the normal spark advance is
      overridden so as to restore the normal advance until the engine
      temperature drops.
PAR  The prior arrangements, for the most part, required certain modifications
      of the engine. It is highly desirable, if any number of vehicles are to be
      modified, that the means for modification of the equipment be of such
      nature that it can be very quickly attached to the automotive vehicle with
      a minimum of tools and with no appreciable modification of the automotive
      engine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with a very simple spark retarding
      device which can be connected to an engine and associated components of a
      typical motor vehicle with a minimum amount of effort. This is broadly
      accomplished by providing a device in which a control device is inserted
      in the connection between the intake manifold and the motor which advances
      the ignition distributor and controlling this control device by apparatus
      connected to the switching device normally associated with the brake
      control to indicate the actuation of the brakes and by a connection to the
      normal temperature sensing means for indicating when the temperature of
      the engine is excessively high. A reduction in the speed of the engine may
      also be effective to control this device and this is sensed by a speed
      responsive device which may take the form of an electronic tachometer, the
      input of which is connected across the points of the distributor. The
      output of this electronic tachometer may take the form of a voltage which
      can be applied to a voltage comparator. The output of the voltage
      comparator is fed through an amplifier to operate the control device which
      may take the place of an electric solenoid valve where the advancing means
      is a pneumatic motor.
PAR  The arrangement just discussed has the advantage that it can be very
      readily connected to an existing automotive vehicle. By using
      semiconductors in the electronic equipment, it is possible without any
      voltage changing devices, to employ the regular battery voltage. A
      connection to the battery and also across the points may be made by
      connecting the unit across the two primary terminals of the ignition coil.
      These terminals normally are such that an extra wire can be added without
      modification of the terminal. The connection to the brake actuator can be
      made by connection to the brake switch which again has a terminal
      permitting the ready insertion of an extra wire. Similarly, the normal
      temperature sensing switch used to control the light on the dash panel to
      indicate overheating of the car is provided with a terminal which permits
      the connection of an extra wire thereto. The equipment can readily be
      connected to any of various points to ground. As for the electrically
      operated valve inserted into the line between the vacuum manifold and the
      vacuum advance motor, the line leading to the vacuum advance motor is
      normally a hose which can readily be detached from the vacuum motor. This
      hose is then connected to the solenoid valve and a short piece of hose is
      then used to connect the fluid motor and the solenoid valve. The solenoid
      valve is sufficiently light that it can be supported by the hose without
      separate supporting means. The result is that the entire operation of
      installing the present equipment can be performed with a minimum of tools
      and can be done very quickly.
PAR  The signals from the brake switch and the temperature switch are applied to
      the circuit discussed above ahead of the amplifier and are designed to
      have fixed effects, each of which has a greater influence upon the input
      voltage of the amplifier than can be produced by the tachometer. Hence, if
      either the brake is operated or the temperature rises excessively, the
      valve or other control device in the line between the intake manifold and
      the ignition advancing motor is operated in the desired manner regardless
      of the speed of the engine.
PAR  Provision is made for attaching the device readily to automobiles either in
      which the brake switch is connected between the brake indicating light and
      ground or in which the brake indicating switch is connected between the
      ungrounded terminal of the battery and the indicating light.
DRWD
PAR  Various other objects and features of the invention will be apparent from a
      consideration of the accompanying specification, claims and drawing, of
      which:
PAR  FIG. 1 is a schematic diagram showing in block form the various components
      of our invention;
PAR  FIG. 2 is a schematic view showing in more detail the elements of FIG. 1;
PAR  FIG. 3 is a fragmentary view partly in section showing the manner in which
      the solenoid valve is attached to the vacuum advance motor; and
PAR  FIG. 4 is a modification in which the brake indicator light switch is
      between the ungrounded terminal of the battery and the brake indicator
      light instead of between the brake indicator light and ground as in FIG.
      2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the source of automatic vacuum is indicated by
      the reference numeral 10. This may be a connection to the intake manifold
      which specifically may take the form of a connection to the portion of the
      carburetor on the vacuum side of the throttle. The source of automatic
      vacuum is connected through a line 11 to the normal automatic vacuum
      advance 12 which usually takes the form of some motor connected to the
      advancing mechanism of the distributor. Usually, this motor is a vacuum
      motor and the line 11 is a fluid line. Interposed in the connection 11 is
      a control device 13 which, when the line 11 is a fluid line, may take the
      form of a valve. This valve is controlled by a solenoid 14, the
      energization of which is, in turn, controlled by an amplifier driver 15.
      The input voltage to the amplifier driver 15 is normally derived from the
      voltage comparator 16, one input to which is derived from a tachometer 17.
      The signal input to the tachometer is derived from a connection across the
      points 18 of the distributor. The numeral 19 is employed to designate the
      brake signal cutout which normally takes the form of a connection between
      the brake switch and the voltage comparator 16 to override the effect of
      the tachometer 17. The temperature sensor cut-in 20 normally takes the
      form of a connection between the usual temperature sensitive switch and an
      input to the amplifier driver. Again, the signal from the temperature
      sensitive switch is normally effective to override any signal derived from
      the tachometer 17.
PAR  Very briefly, the apparatus of FIG. 1 is effective when the speed as
      measured by tachometer 17 is below some value such as 1500 r.p.m. to
      result in the voltage comparator having an output signal such that when it
      is applied to the amplifier driver, the solenoid 14 is deenergized to
      close the valve between the source 10 of automatic vacuum and the
      automatic vacuum advance 12. Under these conditions, the automatic vacuum
      advance is rendered ineffective and the ignition is retarded. Similarly,
      if the brake is actuated, the signal from the brake signal cutout is
      effective to override the tachometer 17, even though this is indicating a
      speed above the predetermined value mentioned above, again to cause the
      solenoid 14 to be deenergized to close the valve 13 and interrupt the
      automatic vacuum afvance.
PAR  If the solenoid 14 is deenergized to interrupt the operation of the
      automatic vacuum advance, whether it be by reason of a low speed signal
      from the tachometer or a signal from the brake signal cutout 19, the
      temperature sensor cut-in 20 can be effective to energize the solenoid 14
      to restore the automatic vacuum advance whenever the temperature sensed by
      the sensor 20 rises above a predetermined value such as to indicate that
      the engine is heating unduly.
PAR  Turning now to FIG. 2, the apparatus of FIG. 1 is shown schematically in
      more detail. The numeral 25 is employed to designate the usual distributor
      having a rotatably adjustable plate 26 carrying a plurality of fixed
      contacts 27, each of which is connected to one of a series of spark plugs
      28. Cooperating with the fixed contacts 27 is a rotating distributor arm
      29 which is driven in a counterclockwise direction (as viewed in the
      drawing) to successively make electrical contact with the various fixed
      contacts 27 and successively connect the output of the distributor with
      the various plugs 28 in the desired sequence. Driven by the same shaft as
      the distributor rotor 29 is a cam 31 which cooperates with the "points" 18
      formed by the two switch blades 33 and 34. Swtich blade 34 is grounded and
      stationary while switch blade 33 cooperates with the cam 31 and is
      effective to periodically move switch blade 33 away from switch blade 34
      to "open" the points. The usual capacitor 35 is connected across the
      points.
PAR  The points 18, in the usual manner, control the flow of current through the
      primary winding 36 of an ignition transformer 37, having a relatively high
      voltage secondary 38. The primary winding 36 is provided with two
      electrical terminals 39 and 40. The terminal 39 is connected through the
      usual key operated ignition switch 41 to the ungrounded terminal of the
      usual automobile battery 42, the opposite terminal of which is connected
      to ground at 43. The lower terminal 40 of primary 36 is connected to the
      movable switch blade 33 of the points 18 through a conductor 44. The lower
      terminal of the high voltage secondary winding 38 is connected to terminal
      40 and thus, when the points are closed, to ground. The opposite terminal
      is connected through a conductor 45 to the distributor arm 29. Thus, as
      the points 18 are opened and closed, the flow of current through the
      primary winding is interrupted to produce a high voltage in the secondary
      winding 38. The high voltage produced in secondary winding 38 is
      successively applied to the distributor points and hence to the respective
      spark plugs as the distributor arm 29 rotates.
PAR  The position of the fixed contacts 27 with respect to the distributor arm
      29 can be adjusted by rotating the plate 26. This is normally done
      automatically by the vacuum advance motor designated in the drawing by the
      reference numeral 48 and constituting the automatic vacuum advance 12 of
      FIG. 1. The motor 48 has a vacuum chamber formed by a housing element 49
      and a diaphragm 50 sealed in airtight relation with respect to each other.
      The diaphragm 50 has secured thereto a rod 51 which is operatively
      connected to a plate 26. A vacuum line 52 normally leads from this vacuum
      chamber of the vacuum motor 48 to the intake manifold side of the engine
      carburetor, a portion of which is shown schematically and designated by
      the reference numeral 53. In our apparatus, a solenoid valve 54 is
      interposed in the line 52, as will be described in more detail in
      connection with FIG. 3. This solenoid valve comprises a valve unit 55 and
      a solenoid actuator 56, corresponding to valve 13 and solenoid 14,
      respectively, of FIG. 1. In the specific form shown, the solenoid valve is
      closed when the solenoid winding 56 is deenergized and is opened upon
      energization of solenoid winding 56.
PAR  Referring to the carburetor 53, this is shown with the usual butterfly
      valve 58 and is connected to the intake manifold 59. Vacuum line 52 is
      connected to the carburetor 53 on the intake manifold side of the
      butterfly valve 50 and is thus effectively connected to the intake
      manifold.
PAR  The equipment which has been described so far, with the exception of the
      solenoid valve 54, is standard equipment commonly used on most automotive
      vehicles employing internal combustion engines. Normally, as the vacuum in
      the intake manifold increases, the vacuum results in a movement of
      diaphragm 50 downwardly to rotate the contact carrying plate 26 in a
      clockwise direction. The effect of this is to cause the distributor arm 29
      to engage in any one particular distributor contact earlier in the engine
      cycle than would otherwise be the case. In other words, the "spark is
      advanced". As has been explained above, this type of operation works very
      well except at low speeds and when the engine is coasting to a stop. Under
      these conditions, the amount of unburned hydrocarbons emitted into the air
      becomes relatively high. Our apparatus provides, as explained above, for
      automatically interrupting this normal vacuum advance under conditions
      which would otherwise lead to the excessive discharge of unburned
      hydrocarbons into the air. This apparatus will now be described.
PAR  As was described in connection with FIG. 1, we employ a tachometer 17 and a
      voltage comparator 16. These, along with amplifier driver 15, are
      energized by a power source connected to the car battery 42. This
      connection is made to the upper terminal 39 of primary winding 36.
      Terminals 39 and 40 are normally of the type which permit the ready
      connection of an additional wire thereto so that the regular coil
      terminals can be used. Referring to the connection to the upper terminal,
      this terminal is connected through conductors 62 and 63, a resistor 64,
      conductor 65, a bus conductor 66 and conductor 67 to the upper terminal of
      a Zener diode 68. Connected to the lower terminal of Zener diode 68 is a
      further Zener diode 69 which, in turn, has its opposite terminal connected
      to ground. In a typical installation, the upper Zener diode may be
      designed to maintain a voltage across it of 2.5 volts while the lower one
      maintains a voltage across it of 6.8 volts. Thus, the total voltage of 9.3
      volts is maintained across the two Zener diodes and hence between the
      positive bus conductor 66 and ground. The junction of the two Zener diodes
      is maintained at a potential of 6.8 volts above ground.
PAR  Turning to the tachometer 17, as previously explained, this derives a
      voltage signal from the periodic voltage across the points 18. The voltage
      across the points is derived by connection to the lower terminal of
      winding 66 and any suitable ground connection. It will be noted that the
      lower terminal of winding 66 is connected to the ungrounded terminal of
      the points 18 so that the voltage at this terminal with respect to ground
      is the voltage which exists across the points 18 at any given instant. As
      previously pointed out, terminal 40 is usually of a type which readily
      leads itself to the connection of an additional conductor thereto. The
      terminal 40 is connected through a conductor 71 and resistors 72 and 73 to
      the base of an N-P-N transistor 74, the emitter of which is connected to a
      ground conductor 75. A capacitor 76 is connected between the junctions of
      resistors 72 and 73 and the ground conductor 75 and serves to bypass high
      frequency components of the signal across the points 18. A resistor 77 is
      connected between the base and the emitter of transistor 74, the voltage
      across resistor 77 determining the voltage between the base and emitter
      and hence, the current flow from the base to the emitter. The collector of
      transistor 74 is connected through a resistor 78 to the positive bus
      conductor 66. The output of transistor 74 is applied through a capacitor
      79 to one of the base electrodes of a unijunction transistor 80. The
      unijunction transistor 80 controls the charging and discharging of a
      capacitor 81 connected between the emitter and the other base electrode.
      The upper terminal of this capacitor 81 is connected through resistors 82
      and 83 to the positive bus conductor 66. As long as the unijunction
      transistor 80 remains nonconductive, the capacitor 81 charges at a rate
      determined by resistors 82 and 83 and the capacitance of capacitor 81. The
      upper base terminal of unijunction transistor 80 is not only connected to
      the left-hand terminal of capacitor 79 but it is also connected through a
      resistor 84 to the positive bus conductor 66. Whenever the points 18 open,
      the voltage at terminal 40 and hence that applied through resistors 72 and
      73 to the base 74 of the N-P-N transistor 74 rises abruptly causing the
      transistor 74 to be conductive. This results in the left-hand terminal of
      capacitor 79 assuming a value close to that of the ground conductor 75 and
      being charged by the current flow through resistor 84, capacitor 79 and
      transistor 74, the resistor 84 being relatively small in value compared
      with the resistor 78. This causes the right-hand terminal of capacitor 79,
      connected to the upper base member of unijunction transistor 80, to become
      positive, approaching the potential of the positive conductor 66. When
      this happens, the unijunction transistor 80 conducts, causing the
      emitter-base impedance to drop abruptly to discharge the capacitor 81
      through the emitter and base of the transistor 80. Shortly thereafter, the
      points will reclose and the potential of the base of transistor 74 will be
      reduced sufficiently to render the transistor 74 nonconductive. When this
      happens, the potential across the capacitor 79 will reverse, the
      right-hand side connected to the upper base electrode of unijunction
      transistor 80 becoming negative with respect to the left-hand terminal.
      This will cause unijunction transistor 80 to cease conducting so that
      capacitor 81 can again start recharging. The length of time that capacitor
      81 is allowed to charge and hence, the voltage it may be charged, is
      dependent upon the length of time that the contacts are closed. Thus, this
      depends upon the frequency at which the points are operated and hence, the
      speed of the engine.
PAR  The potential across capacitor 81 is impressed across a capacitor 86, the
      lower terminal of which is grounded and the upper terminal of which is
      connected through a resistor 87 and a conductor 88 to the upper terminal
      of capacitor 81. The capacitor 86 is bypassed by a relatively high
      resistor 89. The capacitor 86 thus assumes an average charge dependent
      upon the average voltage across capacitor 81 which, in turn, depends upon
      the frequency at which the points 18 are operated. The upper terminal of
      capacitor 86 is connected to the base electrode of an N-P-N transistor 90
      which forms one of two transistors of the voltage comparator 16. The other
      transistor of the voltage comparator is also an N-P-N transistor and is
      indicated by the reference numeral 91. The base of transistor 91 has a
      voltage applied thereto which is dependent upon the potential across
      resistor 82, this base being connected through a resistor 92 to the
      right-hand terminal of resistor 82. Since resistor 82 is in series with
      capacitor 81, the right-hand terminal tends to become more positive as the
      average voltage across capacitor 81 decreases. This potential is applied
      to a resistor 93 connected between the right-hand terminal of resistor 82
      and ground, and through resistor 92 across a relatively high resistor 95,
      connected between the base of transistor 91 and ground. The base voltage
      of transistor 91 thus varies in accordance with the voltage across
      resistor 82 and inversely to the voltage applied to the base of transistor
      90. The collectors of transistors 90 and 91 are connected to the positive
      bus line 66 through resistors 97 and 98, respectively. The emitters of
      both transistors 90 and 91 are connected through a common emitter resistor
      99 to the ground conductor 75.
PAR  When the average voltage across capacitor 81 is below a predetermined
      value, the voltage across capacitor 86 and hence, that applied to the base
      of transistor 90 will be below the voltage applied to the base of
      transistor 91, which will be higher due to the higher voltage drop across
      resistor 82. Under these conditions, the transistor 91 will be conductive,
      causing a voltage drop across resistor 99. Because of the relatively low
      voltage applied to the base of transistor 90, it will be nonconductive.
      The voltage drop across resistor 99 will raise the emitter voltage in a
      positive direction and will further insure the nonconduction of transistor
      90. With transistor 91 conductive and transistor 90 nonconductive, the
      potential of the collector of transistor 91 will be substantially below
      the potential of the positive bus conductor 66, due to the voltage drop
      through resistor 98. If, on the other hand, the voltage across capacitor
      81 is above a predetermined value, transistor 90 will be conductive and
      due to the lower voltage drop across resistor 92, the base of transistor
      91 is less positive and transistor 91 will be nonconductive. This effect
      is further accentuated by a feedback connection to the base of transistor
      91 which feedback connection will be described later. In any event, under
      these conditions, transistor 91 becomes nonconductive and the potential at
      the emitter approaches that of the positive bus conductor 66. Thus, either
      transistor 90 or transistor 91 will be conductive depending upon the
      average magnitude of the voltage across capacitor 81 and the putput as
      measured by the potential at the collector of transistor 91 will be of one
      magnitude or the other depending upon the average value of the voltage
      across capacitor 81 which, as previously explained, is dependent upon the
      speed of the engine.
PAR  The voltage at the emitter of transistor 91 which constitutes the output
      voltage of the voltage comparator 16 is applied through a conductor 101
      and a resistor 102 to the base of a P-N-P transistor 103. Transistor 103
      constitutes one of the two stages of the amplifier driver schematically
      designated as 15 in FIG. 1. The emitter of transistor 103 is connected to
      the junction of the two Zener diodes 68 and 69 and is thus maintained at a
      fixed potential which, with the values of the Zener diodes given above, is
      6.8 volts. The collector of transistor 103 is connected through resistors
      104 and 109 to ground conductor 75. The lower terminal of resistor 109 is
      connected to the base of an N-P-N transistor 105, the emitter of which is
      connected to the ground line 75 and the collector of which is connected to
      one terminal of the solenoid winding 56, the other terminal of which is
      connected through conductors 107 and 62 to the battery terminal 39. Thus,
      when transistor 105 is conductive due to the conductivity of transistor
      103, a circuit is established from the positive battery terminal 39
      through conductors 62 and 107, solenoid winding 56 and the
      collector-emitter circuit of transistor 105 to ground. Whenever the
      transistor 103 is conductive, a voltage drop is produced across resistor
      109, this voltage drop being of such polarity that the lower terminal is
      positive. Since the lower terminal of resistor 109 is connected to the
      base of transistor 105, this results in the base of transistor 105
      becoming more positive to cause current flow through the emitter-collector
      circuit of transistor 105 to establish the circuit through the solenoid
      winding 56 previously traced. As previously explained, when transistor 91
      is conductive, the potential of the collector, which is connected by
      conductor 101 to the base of transistor 103, is lowered. This tends to
      make transistor 103 conductive to produce the voltage drop just described
      across resistor 109 and to cause the emitter-collector circuit of
      transistor 105 to be conductive. The lower terminal of resistor 109 is
      connected by resistor 108 to the base of transistor 91. Thus, as the
      voltage drop across resistor 109 increases due to the conductivity of
      transistor 103, the base of transistor 91 will become more positive to
      increase the conductivity of the transistor. The base of transistor 90 is
      also connected to the lower terminal of resistor 109 by a resistor 106.
      Resistor 106 is relatively high in magnitude as compared with resistor
      108, however, so that the voltage drop across resistor 109 has a
      relatively small effect upon the potential of base 90. Looking at it
      another way, resistors 108 and 95 on the one hand and the resistors 106
      and 89 on the other hand are connected in series with each other and
      across resistor 109. In each case, the base of the associated transistor
      is connected to the junction of the resistors. Resistors 108 and 95 are
      substantially equal in magnitude, while resistor 108 is very much greater
      than resistor 89. Hence, from a voltage divider standpoint, a relatively
      large portion of the positive voltage across resistor 109 tends to be
      applied to the base transistor 91 while a much smaller portion of this
      voltage tends to be applied to the base of resistor 90. The result is that
      transistor 91 becomes more conductive to further accentuate the relative
      conductivity of transistors 90 and 91. A capacitor 111 is connected in
      parallel with resistor 109 to filter the voltage across resistor 109 and
      bypass any transient voltages.
PAR  As has been pointed out above, it is desirable to interrupt the operation
      of the vacuum advance whenever the brakes are applied to decelerate the
      vehicle. This involves deenergizing the solenoid winding 56 to allow the
      solenoid winding 55 to close. We accomplish this in our apparatus with a
      very simple connection.
PAR  The numeral 110 designates the convention brake pedal of an ordinary
      vehicle. This brake pedal is connected through suitable means (not shown)
      to the brake actuating means which may be either in the form of direct
      mechanical connections to the brake shoe actuating cams or in the form of
      a power boost system. In any event, regardless of the system employed, it
      is conventional to have a switch which is either directly or indirectly
      operated as a result of manipulation of the brake pedal. This switch is
      employed to operate the brake light to warn drivers to the rear of the
      vehicle that the brakes are being operated and that the speed of the
      vehicle is being abruptly reduced. In the present case, the brake light
      indicating switch is designated by the reference numeral 120 and comprises
      a fixed grounded contact 112 and a movable contact 113. Whenever the brake
      pedal is depressed to cause actuation of the brakes, the switch blade 113
      is engaged with contact 112 to cause the switch blade 113 to assume ground
      potential. The intended purpose of this in the normal automobile is, as
      indicated above, to energize the brake indicating light. In the present
      schematic showing this is indicated by the reference numeral 115. Upon
      depression of the brake pedal to close switch 120, a circuit is
      established from the positive terminal of the battery 42 through
      conductors 117 and 118, brake indicating light 115, conductor 119 and
      brake switch 120 to ground.
PAR  In our invention, a connection is made to the brake switch by connecting a
      wire to the brake switch terminal which normally has provision for the
      ready insertion of an additional conductor. This conductor is indicated by
      the reference numeral 121 and extends through a rectifier 122 to a point
      between resistors 82 and 92 in the connection extending to the base of
      transistor 91. Thus, when the brake switch is closed as a result of
      actuation of brake pedal 110, the base of transistor 91 is connected to
      ground through resistor 92 and rectifier 122 and brake switch 120. Thus,
      despite the voltage which tends to be applied from the right-hand end of
      resistor 92 to the base of transistor 91, the potential of the base is
      abruptly lowered under these conditions. This will insure that regardless
      of engine speed, the transistor 91 will be nonconductive. This will raise
      the potential of the emitter to cause transistor 103 and hence transistor
      105 to become nonconductive, deenergize the solenoid winding 56 and cause
      closure of the solenoid valve 55.
PAR  It is also desirable that if the temperature of the engine rises
      excessively, the solenoid valve 54 be opened to permit a vacuum spark
      advance to avoid excessive heating of the engine. In order to simplify the
      installation of the present equipment, we utilize a very simple connection
      to the existing temperature switch commonly employed in many automobiles.
      In many automotive vehicles, it is customary to provide a light to
      indicate that the engine temperature is excessive. In order to operate
      this light, a temperature sensitive switch responding to the temperature
      of the engine is provided. Our invention utilizes this switch to provide
      the necessary signal for overriding the other controls to insure that the
      solenoid valve 56 is energized to open the same whenever the temperature
      rises excessively.
PAR  Referring to the specific structure, the temperature indicating light is
      indicated by the reference numeral 125. One terminal of this light is
      connected through conductors 126 and 117 to the positive terminal of the
      automobile battery 42. The other terminal of the light is connected
      through a conductor 127 to a switch 128 which, in turn, is actuated by a
      bimetallic element 129. The bimetallic element 129 is shown as a snap type
      which pops over center upon the temperature exceeding a critical value.
      The bimetallic element is preferably located within a well 130 firmly
      secured within an opening in the wall 131 of the water jacket of the
      engine. Suitable sealing means are, of course, provided to insure against
      leakage of the cooling fluid through the opening in which the well 130 is
      inserted. Switch 128 has a movable blade actuated by the bimetallic
      element 129 which cooperates with a fixed contact which is connected to
      ground. When the switch 128 is closed due to excessive temperature, it
      will be readily apparent that a circuit is closed from the battery through
      the temperature indicating light 125 and the switch 128 to ground. Our
      apparatus uses a connection to this switch including a conductor 135, a
      rectifier 136 and a resistor 137 to the base of the N-P-N transistor 103.
      It will be readily apparent that when the temperature is excessive and the
      switch 128 is closed, a connection will be established from the base of
      transistor 103 through resistor 137, rectifier 136, conductor 135 and
      switch 128 to ground. When the base of transistor 103 is thus connected to
      ground, the conductivity of transistor 103 and hence of transistor 105 is
      assured regardless of the effect introduced by the brake switch 120 or by
      the tachometer. As has been pointed out previously, the conductivity of
      transistor 105 causes energization of the solenoid winding 56 to open the
      valve 55 and restore the vacuum advance.
PAR  The apparatus described above can be applied with a minimum number of
      tools. As has been pointed out above, the connections to the power supply
      and to the points are made at terminals 39 and 40 which are readily
      accessible terminals on the ignition coil. The connection to the brake
      control and to the temperature control are made at the brake switch
      terminal and the temperature switch terminals. Again, these terminals are
      readily accessible. A ground connection to our equipment is also
      necessary. This can be made at any suitable point convenient for
      grounding. The only mechanical change necessary is the insertion of the
      solenoid valve 54. Due to the fact that vacuum line 52 is normally a
      rubber hose, the end of which is slipped over a nipple on the vacuum motor
      48, this solenoid valve 54 can be readily inserted in position as shown in
      FIG. 3. In actual practice, the solenoid valve 54 is a relatively compact
      cylindrical unit which is supplied with two nipples, one on each end. In
      installing the same, the hose 52 is slipped off of the nipple 140 of the
      vacuum motor 48 and is slipped over the end of one of the nipples of the
      valve 54. A small piece of hose 141, which may be a piece cut off of the
      end of hose 52, is then slipped over the other nipple of the valve 54 and
      the nipple 140 of the vacuum motor 48. The solenoid valve is provided with
      two quickly detachable connectors 142 and 143, including plug members
      connected to wires 107 and 114 leading respectively to the battery and to
      the transistor 105. With this simple mechanical change and with the simple
      electrical connections described above, the equipment is completely
      installed ready to operate. This is very important inasmuch as the problem
      of modifying used automobiles to reduce the emission is one that requires
      very simple installation procedures which can be done with a minimum of
      expense and time.
PAC  OPERATION OF FIG. 1
PAR  As long as the engine speed is above the predetermined value to which the
      voltage comparator 16 is designed to respond and as long as the brake
      pedal 110 is not depressed, the winding 56 of solenoid valve 54 is
      energized to hold the valve 55 open and permit the vacuum from the intake
      manifold 59 to be applied to the diaphragm motor 48 to advance the
      ignition timing as the vacuum in the intake manifold increases. This is
      the normal operation of an internal combustion engine and at normal
      driving speeds and under normal driving conditions results in the optimum
      engine performance with a minimum of hydrocarbon emissions. The solenoid
      56 is maintained energized under these conditions because the average
      value of the voltage applied across capacitor 81, as applied to the base
      of transistor 90 is less than the voltage applied to the base of
      transistor 91. It will be readily apparent that the faster the engine
      runs, the less time capacitor 81 has to charge before it is discharged by
      the unijunction transistor 80. Thus, with relatively high engine speeds,
      the voltage applied to the base of transistor 90 is less than that applied
      to the base of transistor 91. Under these conditions, transistor 91 will
      be conductive and the potential of its collector will be substantially
      less than that of the positive bus conductor 66 due to the voltage drop
      through resistor 98. This will lower the potential of the base of
      transistor 103 with respect to the emitter causing current flow between
      the emitter and collector of transistor 103 and through resistor 109.
      This, in turn, will cause current flow between the base and emitter of
      transistor 105 to, in turn, permit current flow between the collector and
      emitter of transistor 105. This will result in the completion of the
      circuit previously traced from the battery 42 through solenoid winding 56
      and the collector-emitter circuit of transistor 105 to ground.
PAR  The condition which has just been described will continue to exist unless
      the brake is depressed or unless the engine speed drops below the critical
      value. This value normally is 1500 r.p.m. which represents a road speed of
      approximately 40 miles per hour. If the engine speed drops below a
      predetermined value, such as 1500 r.p.m., the average value of the voltage
      across capacitor 81 will rise sufficiently to cause the base of transistor
      90 to be at a higher potential than the base of transistor 91. This will
      cause current flow through transistor 90. The resultant current flow
      through resistor 99 results in an increase in the potential of the emitter
      of transistor 91 to insure that this is turned off. This will result in
      the potential of the collector of transistor 91 rising to that of the
      positive bus 66 so that the potential of the base of transistor 103 is
      raised in a positive direction. This results in transistor 103 being
      "turned off" to, in turn, turn off transistor 105 to deenergize the
      solenoid winding 56.
PAR  If at any time the brake 110 is depressed, switch blade 113 is moved into
      engagement with grounded fixed contact 112. This, in turn, results in a
      connection being established from the right-hand side of resistor 82 to
      ground. This, in turn, results in the potential of the base of transistor
      91 being lowered sufficiently that transistor 91 is turned off to raise
      the potential of the collector of transistor 91 and hence transistor 105.
      The effect of grounding the base of transistor 91 is so much greater than
      the effect of the voltage supplied to the base of transistor 90 from
      capacitor 81 that no matter how high the engine speed, if the brake pedal
      is depressed, the solenoid will automatically be deenergized to break the
      connection between the intake manifold 59 and the vacuum motor 48.
PAR  If while the spark ignition is being retarded as a result of the closure of
      valve 55, the engine should tend to overheat, the temperature responsive
      switch 128 is effective to override the tachometer 17 or the brake switch
      120 and re-energize solenoid 56 to restore vacuum advance. This is true
      because the closure of temperature responsive switch 128 results in the
      base of transistor 103 being directly connected to ground through resistor
      137. The effect of this is to make transistor 103 conductive regardless of
      the voltage existing at the collector of transistor 91. Thus, the
      conductivity of transistor 103 is assured, to insure the conductivity of
      transistor 105 and the energization of the solenoid winding 56.
PAC  MODIFICATION OF FIG. 4
PAR  In connection with FIG. 2, I have shown a brake switch which is connected
      between the brake warning light 115 and ground. In other words, the
      switching is done in the ground side of the circuit. This arrangement is
      commonly employed in automobiles. In some automobiles, however, the
      switching is done between the battery and the brake lamp 115. Where this
      is done, the connection from the brake switch to the apparatus for
      controlling the energization of the solenoid valve must be made at a
      somewhat different point than described above. Referring to FIG. 4, the
      brake pedal is again indicated by the reference numeral 110. In this case,
      the brake switch is indicated by the reference character 145. As was the
      case with the brake switch 120 of FIG. 2, the brake switch 145 has a
      movable switch blade 146 which moves into engagement with a fixed contact
      147 upon depression of the brake pedal 110. In this figure, however, the
      brake switch 145 is connected between the battery 42 and the brake lamp
      115 through conductors 148 and 149. The opposite terminal of lamp 115 is
      connected directly to ground at 150. The fixed contact 147 of the switch
      145 is connected through a conductor 151, rectifier 152 and resistor 153
      to the emitters of transistors 90 and 91. When brake switch 145 is closed,
      the positive terminal of the power supply 42 is thus connected to the
      emitter of transistor 91, raising its potential so high with respect to
      the base of the transistor that the transistor is rendered nonconductive.
      Under these conditions, the base of transistor 104 is raised in potential
      to "turn off" transistor 103 and hence transistor 105 to deenergize the
      solenoid winding 56.
PAC  CONCLUSION
PAR  It will be seen that we have provided an ignition retarding device which
      can be quickly installed in any conventional automobile and which is
      effective to interrupt the normal vacuum advance whenever conditions exist
      that tend to result in the emission of an excess of hydrocarbons. At the
      same time, care is taken to insure that the normal vacuum advance is
      restored at any time that the engine temperature rises excessively.
PAR  While we have shown certain specific embodiments of the invention for
      purposes of illustration, it is to be understood that the scope of our
      invention is limited solely by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An ignition retarding device for an automotive vehicle having an
      internal combustion engine for propelling the vehicel and brakes for
      stopping the vehicle, in which the internal combustion engine has
      temperature sensing means controlled thereby for indicating when the
      temperature of the engine is excessively high, an ignition distributor
      adjustable to vary the ignition timing, means including a fluid motor for
      adjusting the ignition timing, and means including a connection between
      said fluid motor and the intake manifold of the engine for normally
      causing said motor to adjust the distributor to advance the timing as the
      vacuum in said intake manifold increases; and in which the brakes are
      controlled by a brake control having a switching device which is actuated
      to indicate the actuation of the brakes when the brake control is so
      operated; said ignition retarding device comprising:
PA1  a control device for insertion into the connection between the motor and
      the intake manifold of the engine to prevent advance of the timing from an
      increase in the vacuum in the intake manifold;
PA1  control means for said control device and designed for connection to the
      brake control switching device and effective when so connected and when
      said brake control is operated to actuate the brakes to cause said control
      device to prevent advance of the timing from the intake manifold vacuum;
PA1  and means connected to said control means and designed for connection to
      the temperature sensing means and effective when so connected and when the
      temperature of the engine is excessively high to prevent said control
      device from preventing advance of the timing from the intake manifold
      vacuum.
NUM  2.
PAR  2. The retarding device of claim 1 in which the control device is a valve
      for use with an internal combustion engine wherein the spark advancing
      motor is a vacuum motor connected through a fluid line to the intake
      manifold and in which the valve is designed for insertion in such a fluid
      line.
NUM  3.
PAR  3. The retarding device of claim 2 in which the valve is an electrically
      operated valve and in which said control means is an electrical control
      means controlling the energization of said valve.
NUM  4.
PAR  4. The retarding device of claim 1 in which said control means includes a
      speed responsive means for connecting to an element driven by said engine
      for responding to the speed of the engine, said control means being
      effective whenever the speed sensed by said speed responsive means drops
      below a predetermined value to cause said control device to prevent
      advance of the timing from the intake manifold vacuum even though said
      brake control is not being operated to cause actuation of the brakes.
NUM  5.
PAR  5. The retarding device of claim 4 for use with an engine in which the
      distributor has ignition points which are periodically opened and closed
      during each engine cycle and in which the speed responsive means is
      designed to be electrically connected across the points and is effective
      when so connected to produce an electrical effect dependent upon the
      frequency at which said points are activated.
NUM  6.
PAR  6. The retarding device of claim 5 in which said speed responsive device is
      an electronic tachometer which produces a voltage output dependent upon
      the speed of the engine and which is connected through a voltage
      comparator circuit and an electronic amplifier to said control device to
      control the operation thereof in accordance with the voltage output of
      said tachometer.
NUM  7.
PAR  7. The retarding device of claim 5 in which said speed device is an
      electronic tachometer which produces a voltage output dependent upon the
      speed of the engine and which is connected through a voltage comparator
      circuit and an electronic amplifier to said control device to control the
      operation thereof in accordance with the voltage output of said tachometer
      and in which the connections from the brake control switching device and
      from the temperature sensing means are connected to said control means
      ahead of said amplifier and are effective to change the input voltage to
      the amplifier by amounts greater than that resulting from changes in the
      voltage output of the tachometer.
NUM  8.
PAR  8. The retarding device of claim 5 in which the electronic components of
      the electronic tachometer are semiconductors requiring the application
      thereto of voltages no greater than the voltage of a conventional
      automobile battery so that the automobile battery can be used as a source
      of power for the conrol means without the need for voltage increasing
      means.
NUM  9.
PAR  9. The retarding device of claim 6 for use with an automotive vehicle in
      which the brake control switching device is connected between a brake
      signal light and ground and in which the connection from said control
      means to the switching device is effective when the switching device is
      closed in connection with actuation of the brakes to connect to ground a
      portion of the control means ahead of said amplifier such that the effect
      upon the input voltage to the amplifier is greater than that resulting
      from changes in the voltage output of the tachometer.
NUM  10.
PAR  10. The retarding device of claim 6 for use with an automotive vehicle in
      which the brake control switching device is connected between the
      ungrounded terminal of the automobile battery and a brake signal light and
      in which the connection from said control means to the switching device is
      effective when the switching device is closed in connection with actuation
      of the brakes to connect to the ungrounded terminal of the battery a
      portion of the control means ahead of said amplifier such that the effect
      upon the input voltage to the amplifier is greater than that resulting
      from changes in the voltage output of the tachometer.
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ABST
PAL  An energy absorbing system operable in conjunction with a pump powered off
      of the vehicle drive train, the system including a driver control panel
      including a settable relief valve permitting control of remote pilot
      operated relief valves for variable loading of the pump for vehicle
      braking purposes. Pump discharge is by-passed around the driver control
      relief valve during open throttle conditions while conversely a closed
      throttle position, during deceleration, will automatically close the
      by-pass to subject pump output to variable loading by the operator
      controlled relief valve. Additionally, manually operated control valves
      assure system operation in the event of component failure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a hydraulic system for selectively loading a
      hydraulic pump to absorb driveline energy of a vehicle to brake same. The
      broad concept of utilizing hydraulic pumps and the like to absorb energy
      from a vehicle driveline is well known as evidenced by U.S. Pat. No.
      3,759,355 granted to the present inventor with other hydraulic braking
      systems being disclosed in U.S. Pat. Nos. 2,905,276; 3,185,261; and
      3,593,828.
PAR  The systems disclosed in the earlier patents are not intended for use with
      pump means now often included as a standard transmission component in
      certain types of heavy duty trucks. Normally such power take-off pumps are
      in splined engagement with a truck transmission component and are used for
      powering hydraulic components such as, for example, the hydraulic rams of
      a truck having a tiltable dump body.
PAR  A further disadvantage to known systems is the lack of back up safety
      provisions and limited driver control of the system. Driver control is
      limited, for the most part, to either an "on" or "off" condition of the
      energy absorbing system.
PAC  SUMMARY OF THE INVENTION
PAR  The present hydraulic braking system includes pilot operated relief valve
      means, the pilot operating pressure of which is subjected to driver
      control permitting continuous regulation of the system to suit road
      conditions.
PAR  The present energy absorbing system relies on a source of fluid pressure
      driven as a power take-off unit of the vehicle's transmission. In most
      instances, the pressure source may be a pump provided as original
      equipment on the vehicle for the purpose of powering hydraulic truck
      components. Pump discharged fluid is cycled through a normally open
      solenoid valve which is closeable upon closing of the throttle. The pump
      is accordingly loaded to the set point of a driver regulated relief valve
      which allows partial unloading of the system. Additional valve components
      and controls of the system are accessible to the driver on a panel
      adjacent the driver's station to allow manual adjustment of certain of the
      system valves in the event of component or electrical failure. Pilot
      operated relief valves are operable to protect the system from excessive
      pressures. Means are provided to protect the system against fluid shock
      loads.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing:
PAR  FIG. 1 is a hydraulic schematic of the present system, and
PAR  FIG. 2 is a plan view of a typical control panel in the driver's
      compartment.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continuing reference to the accompanying drawing wherein applied
      reference numerals indicate parts similarly identified in the following
      specification the reference numeral 10 identifies a transmission case in a
      truck driveline, the transmission being of the type currently found on
      heavy duty trucks and particularly those types of trucks having hydraulic
      powered accessories.
PAR  Indicated at 11 is a positive displacement hydraulic pump suitably mounted
      on the transmission case and driven by a power take-off component integral
      with the transmission. A pressure or output line 12 communicates pump 11
      with a pair of relief valves 13 each being pilot operated and opening at a
      pre-set pressure occurring in branches 12A--12B of conduit 12. A driver
      adjustable relief valve at 14 is served by a line 15. Driver settable
      relief is located within a driver compartment outlined at A, and permits
      driver adjustment of same while under way as later elaborated upon. A
      desirable operating range for relief valve 14 is from 0 through 2,500 PSI.
      Valve 14 is of the pilot operated type but hereinafter referred to as a
      driver settable relief valve.
PAR  A solenoid actuated valve is indicated at 16 in a by-pass line 18 which
      valve, upon closing, blocks the low pressure circulation of hydraulic
      fluid through conduit 15 and by-pass 18. A manually actuated valve 19
      provides a backup shut-off in by-pass 18 in the event of solenoid valve
      malfunction. Solenoid valve 16 is in circuit with and automatically
      energized by means of a throttle operated switch 20 having contacts 21 and
      22, one of which is in circuit with a source 25, and closeable upon the
      throttle being backed off to a closed position. A manual "ON-OFF" switch
      at 23 provides the driver with additional control over solenoid valve 16.
      A system ON-OFF light is indicated at 24. A normally closed valve at 26
      may be manually opened in the event solenoid valve fails in a closed
      position to permit by-passing of same. An accumulator at 27 is pre-charged
      to receive fluid and avert fluid shock to conduit 15 upon closure of
      by-pass line 18.
PAR  In operation, the power take-off component in transmission 10 is driven
      during deceleration by the drive wheels of the vehicle at a speed
      proportional with the transmission tail shaft. A low pressure flow of
      fluid passes through conduit 12, conduit 15 and by-pass line 18 for return
      to reservoir R. A heat exchanger 28 cools the fluid during return to the
      reservoir.
PAR  Braking is initiated by automatic closure of solenoid valve 16 resulting
      from closure of an electrical circuit through throttle closed contacts 21
      and 22 or, alternatively, manually actuated switch 23 whereupon a buildup
      of fluid pressure occurs in conduit 15 to the set point of driver settable
      relief valve 14. Accumulator 27 cushions against fluid shock occurring in
      conduit 15. Pressure buildup in line 15 beyond the set point of valve 14
      is relieved by fluid being routed through pilot operated relief valves 13
      and line 17 past heat exchanger 28 to reservoir R. Multiple relief valves
      13 are shown, however a single valve 13 may be utilized depending on valve
      capacity and system requirements. Back pressue in communicating conduits
      12 and 15 will exert a loading effect on pump 11 and hence the drive line.
      During system operation a pressure indicator may be monitored by the
      driver to assure system pressure being kept within safe limits.
PAR  While we have shown but one embodiment of the invention it will be apparent
      to those skilled in the art that the invention may be embodied still
      otherwise without departing from the spirit and scope of the invention.
CLMS
STM  Having thus described the invention what is desired to be secured under a
      Letters Patent is:
NUM  1.
PAR  1. An energy absorbing system for a vehicle drive train of the type having
      a power take-off pump associated therewith, said system comprising,
PA1  a control panel for said system located at the driver's station, said
      control panel including a driver settable relief valve in fluid
      communication with said pump, a system pressure indicator,
PA1  a relief valve by-pass line,
PA1  a solenoid actuated valve in the relief valve by-pass line operable in a
      closed position to divert pump output through said relief valve,
PA1  switch means in circuit with said solenoid valve and operable to close said
      solenoid valve during vehicle deceleration, and
PA1  pilot operated relief valve means in communication with the power take-off
      pump, said relief valve means having its pilot in fluid communication with
      said pump and also with the driver controlled relief valve whereby upon
      closure of the by-pass line by said solenoid during vehicle deceleration
      the build up of fluid pressure acting on the pilot may be regulated by
      adjustment of the driver operated relief valve which in turn regulates the
      opening and closing of the pilot operated relief valve means to affect
      loading of the power take-off pump for energy absorbing purposes.
NUM  2.
PAR  2. The energy absorbing system as claimed in claim 1 additionally including
      a normally open valve and a normally closed valve disposed in parallel in
      said relief valve by-pass line.
NUM  3.
PAR  3. The energy absorbing system as claimed in claim 2 wherein said switch
      means is actuated by the vehicle throttle moving to a closed position.
NUM  4.
PAR  4. The energy absorbing system as claimed in claim 1 wherein said control
      panel additionally includes a driver actuated switch in parallel with said
      switch means for alternative closing of the circuit to said solenoid
      actuated valve.
NUM  5.
PAR  5. The energy absorbing system as claimed in claim 1 additionally including
      a pre-charged accumulator in the by-pass line to avoid fluid shock to the
      system.
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ABST
PAL  An operating device for a double drum winch that has a hydraulically
      operated clutch, a brake and a hydraulic pressure variable control valve,
      and a single control lever connected to the hydraulic pressure variable
      control vavle to enable the operation of a hook and boom by one control
      lever so as to simplify the function and uses of the winch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a crane, and more particularly to an operating
      mechanism for a double drum winch which is used in a crane, which may be
      mounted to one side of a vehicle.
PAR  In the operating mechanism of a winch of this type, heretofore, the clutch
      and brake are directly manually operated, thereby requiring a large
      operating force. Additionally in the prior art mechanism, the engagement
      and disengagement of the clutch and brake are conducted by starting or
      stopping the supply of hydraulic pressure. It is impossible, therefore, to
      start, stop and inch the winch smoothly.
PAR  In accordance with an object of the present invention, there is provided an
      operating mechanism for a double drum winch which eliminates the
      aforementioned disadvantages of the conventional device and which
      simplifies the operation of the mechanism. The mechanism of the present
      invention additionally allows a smooth inching operation.
PAR  The mechanism provided by the present invention also is capable of
      eliminating any time lag in the operation of the winch.
PAR  It is another object of the present invention to provide an operating
      device for a double drum winch that will easily permit minute and finite
      operation of the device which is both smooth and precise.
PAR  It is still another object of the present invention to provide an operating
      device for a double drum winch that will eliminate the time lag in
      operation experienced with previous conventional structures.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a device in the form of an
      operating mechanism for a double drum winch, including a prime mover for
      transmitting power to universal joints, right and left, low and high speed
      clutches, a plurality of rotary clutches, shafts and gears with brakes
      designed to operate a hook and boom wherein the clutches, brakes and gears
      are integrally connected and whereby these devices are controlled by
      circuits, regular valves and control valves such that the fluid operation
      of the mechanism occurs through a lever designed to operate the control
      valves such that fluid is released in a predetermined fashion to the
      clutches and brakes which combined to produce hoisting, lowering and
      suspending of the hook and boom, all designed to produce a smooth and easy
      function and use of the mechanism in a winch system so as to permit, among
      other things, precision operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is described further, by way of illustration, with reference
      to the accompanying drawings, in which like reference numerals and
      characters designate corresponding parts and components and in which:
PAR  FIG. 1 is a schematic view of the power transmission line of one embodiment
      of the double drum winch used with the operating mechanism of the present
      invention;
PAR  FIG. 2 is a hydraulic circuit diagram of the operating device for a winch
      according to the present invention;
PAR  FIG. 3 is a view of one embodiment of an actuation system of the operating
      mechanism of the winch of the invention when the operating mechamism of
      the invention is connected to a single actuating lever in neutral
      position;
PAR  FIG. 4 is a view similar to FIG. 3, but showing the actuating lever in an
      operating position;
PAR  FIG. 5 is a graph of the operating characteristics of a hydraulically
      operated variable valve used in the mechanism of the invention;
PAR  FIG. 6 is a graph of the relationship between the clutch force and the
      brake force of the mechanism; and
PAR  FIG. 7 is a hydraulic circuit diagram of another embodiment of the
      mechanism of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings, and particularly to FIG. 1, power from a
      prime mover 1 is transmitted through right and left universal joints 2 and
      3 to right low speed clutch 4 and left high speed clutch 5, respectively.
      Gears 6 and 7 of the low and high speed clutches 4 and 5, respectively,
      are engaged with gears 10 and 11 of first clutch shafts 8 and 9, of the
      hook and boom sides, respectively, of the winch. The first clutch shafts 8
      and 9 are integrally connected by a universal joint shaft 12. Rotary
      clutch 13 for hoisting and dropping the hook is provided on the first
      clutch shaft 8, and rotary clutch 14 for swinging upward and downward the
      boom is provided on the first clutch shaft 9. The driven sides of the
      clutches 13 and 14 are connected through suitable transmission mechanisms
      to brake shafts 15 and 16, respectively. The first clutch shafts 8 and 9
      are connected by suitable transmission mechanisms to second clutch shafts
      17 and 18, respectively. Rotary clutches 19 and 20 for operating the hook
      and boom, respectively, are provided on the second clutch shafts 17 and
      18, respectively. The driven sides of the clutches 19 and 20 are connected
      to the brake shafts 15 and 16, respectively, through suitable transmission
      mechanisms. Brakes 23 and 24 are operatively connected to the brake shafts
      15 and 16, respectively, through one-way clutches 21 and 22, respectively.
      The one-way clutches 21 and 22 are operated so that the rotation of the
      second clutch shafts 17 and 18 is transmitted to the brake side only in
      the rotating direction when the power is transmitted by way of the first
      clutch shafts 8 and/or 9. The brake shafts 15 and 16 are connected through
      intermediate shafts 43 and 44 to hook and boom drums 25 and 26,
      respectively, by the interposition of gears mounted on the brake shafts 15
      and 16 and the intermediate shafts 42 and 43. Wire ropes 27 and 28 are
      wound on the drums 25 and 26, respectively.
PAR  In the above construction, the brakes 23 and 24 are normally biased into
      engagement by the action of spring means and are disengaged hydraulically,
      and the rotary clutches 13, 14, and 19. 20 and high and low speed clutches
      4 and 5 are engaged hydraulically and are disengaged by the biasing action
      of spring means so that in the absence of hydraulic actuation there is no
      rotation of the hook and boom drums 25 and 26, whereas upon hydraulic
      actuation of the appropriate high or low speed clutch, rotary clutches and
      drum brake, the hook or boom drum may be rotated for hoisting or dropping
      the hook and for swinging upward or downward the boom.
PAR  The operating mechamism for the brakes and clutches is shown in FIG. 2. The
      low and high speed clutches 4 and 5 are connected through a speed
      selecting control valve 29 and a hydraulic oil supply circuit 39b to a
      pump 30 connected to a source of hydraulic pressure. The rotary clutches
      13, 14 and 19, 20 are hydraulically connected through the hydraulic oil
      supply circuit 39b and speed selecting control valve 29 to one of the
      speed clutches, for example, the high speed clutch 5 so as to engage the
      clutch 5. The hydraulic pressure at this time is maintained constant by a
      pressure regulator valve 35. The oil relieved from the pressure regulator
      valve 35 is supplied from a relief circuit 36 to a return circuit 37, and
      the hydraulic oil in the circuit 37, of a pressure controlled by a
      regulator valve 38, is supplied through the control valve 29 to the low
      speed clutch 4 which is not operated. On the other hand, the rotary
      clutches 13, 14, 19 and 20 are hydraulically connected through a return
      circuit 39a to the circuit 37. Reference numerals 31 to 34 represent
      hydraulically operated variable control valves which are provided between
      the circuits 39a and 39b in the vicinity of the rotary clutches 13, 14, 19
      and 20, respectively, so that respective hydraulic pressure of the rotary
      clutches 13, 14, 19 and 20 are automatically maintained to a predetermined
      value. And, the hydraulic oil in the circuit 37 is also supplied through
      the circuit 39a and the control valves 31 to 34 to the rotary clutches 13,
      14, 19 and 20 and to operating chambers of the brakes 23 and 24 when both
      the boom and hook are not operated.
PAR  The relationship between the hydraulically operated variable control valves
      31 to 34 and the lever 40 is shown in FIG. 3, and these control valves 31
      to 34 are operated by the operation of only the lever 40 individually or
      simultaneously in plurality.
PAR  As shown in FIG. 3, the lever 40 can select in cooperation with a guide
      plate 45 nine positions which comprise a first position P.sub.0 which is
      the neutral position, that is, where both the hook and boom are
      simultaneously suspended; a second position P.sub.1 where the hook is
      dropped while the boom is swung upward; a third position P.sub.2 where the
      hook is dropped while the boom is suspended; and fourth position P.sub.3
      where the hook is hoisted and the boom is swung upward; a fifth position
      P.sub.4 where the hook is dropped while the boom is suspended; a sixth
      position P.sub.5 where the hook is hoisted while the boom is suspended; a
      seventh position P.sub.6 where the hook is dropped and the boom is swung
      downward; an eighth position P.sub.7 where the hook is suspended while the
      boom is swung downward; and a ninth position P.sub.8 where the hook is
      hoisted while the boom is swung downward.
PAR  Operation of the operating device of the present invention thus constrtcted
      will now be described in the following.
PAR  When one or a plurality of the hydraulically operated variable control
      valves 31 to 34 are actuated by the operation of the lever 40, the
      pressure of the hydraulic oil from the pump 30 causes engagement of either
      one of the high and low speed clutches 4 and 5 selected by the operation
      of the speed control valve 29. At that time, the hydraulic pressure in the
      speed clutch is maintained constant by the action of the regulator valve
      35. There is simultaneous engagement of the rotary clutch 13 or 19 for
      hoisting or dropping the hook, respectively, or the rotary clutch 14 or 20
      for swinging up- or down-ward the boom, respectively, caused by hydraulic
      pressure supplied through the circuit 39b and said one or plurality of
      variable control valves 31 to 34 from the pump 30.
PAR  For example, as shown in FIG. 4, when the lever 40 is located in the second
      position P.sub.1, the variable control valves 32 and 33 are actuated so
      that engagement of the rotary clutch 14 for swinging upward the boom and
      that of the rotary clutch 19 for dropping the hook are caused.
PAR  The variable control valves 31, 32 and 33, 34 also tend to balance the
      hydraulic pressure with the respective tension of the springs contained in
      the respective spools thereof, and thereby engage gradually the respective
      clutches 13, 14 and 19, 20 as the hydraulic oil pressure increases. The
      brakes 23 and 24 operate similarly. The relationship between the displaced
      length of the spool of the control valves and the generated hydraulic
      pressure is shown in FIG. 5, and the relationship between the operating
      forces of the rotary clutch 19 for operating the hook and of the hook
      brake 23 is shown in FIG. 6.
PAR  This construction results in smooth operation of the hook and boom,
      allowing inching movement of the hook.
PAR  Though the embodiment shown in FIGS. 3 and 4 is operated by a single lever
      40, the device of the present invention may also be operated by two
      independent levers for the hook and the boom, if desired, within the scope
      of the present invention.
PAR  Further, as shown in FIG. 7, disengagement of the brake 23 of the hook only
      may be achieved by providing a solenoid valve 42 in the circuit of the
      rotary clutch 19 for dropping the hook. This results in a hook free fall
      which has a variety of uses.
PAR  It will be understood from the foregoing description that the operation of
      the hook and boom can be operated through the hydraulically operated
      variable control valve by one operating lever, operated with light
      operating force, and it may simplify the operation of the mechanism.
      Further, it should also be understood that the supply pressure of the
      hydraulic oil to the rotary clutches 13, 14 and 19, 20 for operating the
      hook and boom, respectively, is gradually increased by the action of the
      hydraulically operated variable control valve so as to smoothly operate
      the hook and boom to facilitate easy inching operation. Since the side not
      operated of the respective clutches is always supplied with hydraulic oil
      relieved from the pressure regulator valve 35, the time lag at the
      starting operation which often occurs in prior art devices is eliminated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An operating mechanism for a double-drum winch which comprises:
PA1  a. a pump for pumping hydraulic oil from a source thereof into a hydraulic
      oil supply circuit of the mechanism,
PA1  b. low and high speed clutches capable of being hydraulically engaged to
      transmit power from a power source and being disengaged by the action of
      spring means provided respectively therein,
PA1  c. a speed selecting control valve situated between said hydraulic oil
      supply circuit and a return circuit of said hydraulic oil and capable of
      selectively permitting hydraulic communication between one of said low and
      high speed clutches and said pump,
PA1  d. a hook hoisting rotary clutch connected to said low and high speed
      clutches and capable of being hydraulically engaged to hoist the hook and
      being disengaged by the action of spring means provided therein,
PA1  e. a hook dropping rotary clutch connected to said low and high speed
      clutches and capable of being hydraulically engaged to drop the hook and
      being disengaged by the action of spring means provided therein,
PA1  f. a boom upward swinging rotary clutch connected to said low and high
      speed clutches and capable of being hydraulically engaged to swing the
      boom upward and being disengaged by the action of spring means provided
      therein,
PA1  g. a boom downward swinging rotary clutch connected to said low and high
      speed clutches and capable of being hydraulically engaged to swing the
      boom downward and being disengaged by the action of spring means provided
      therein,
PA1  h. a hook brake having a brake shaft and connected through a one-way clutch
      to said hook dropping rotary clutch,
PA1  i. a boom brake having a brake shaft and connected through a one-way clutch
      to said boom downward swinging rotary clutch,
PA1  j. hydraulically operated variable control valves situated between said
      hydraulic oil supply circuit and said return circuit in the vicinity of
      the respective rotary clutch and capable of selectively permitting
      hydraulic communication between said respective rotary clutch and said
      pump,
PA1  k. a relief circuit situated between said hydraulic oil supply circuit and
      said return circuit, both the circuits being located between said speed
      selecting control valve and said pump, and provided therein with a
      pressure regulator valve to maintain the hydraulic oil pressure supplied
      into one of said low and high speed clutches at a predetermined constant
      value, wherein said low and high speed clutches and said rotary clutches
      are permitted to hydraulically communicate with said return circuit
      respectively through said speed selecting control valve and said
      hydraulically operated variable control valves when said clutches are not
      operated.
NUM  2.
PAR  2. The mechanism of claim 1, further comprising a solenoid valve situated
      between said hydraulic oil supply circuit and said return circuit in the
      vicinity of said hook dropping rotary clutch so that when the solenoid of
      said solenoid valve is actuated said hook brake is independently released
      so as to cause the hook to free fall.
NUM  3.
PAR  3. The mechanism of claim 1, wherein said hydraulically operated variable
      control valves are connected to a single operating lever capable of
      selecting nine positions comprising a first position wherein the neutral
      position in which both the hook and boom are simultaneously suspended, a
      second position where the hook is dropped while the boom is swung upward,
      a third position where the hook is dropped while the boom is suspended, a
      fourth position where the hook is hoisted and the boom is swung upward, a
      fifth position where the hook is dropped while the boom is suspended, a
      sixth position where the hook is hoisted while the boom is suspended, a
      seventh position where the hook is dropped and the boom is swung downward,
      an eighth position where the hook is suspended while the boom is swung
      downward, and a ninth position where the hook is hoisted while the boom is
      swung downward.
NUM  4.
PAR  4. The mechanism of claim 1, wherein said hydraulically operated variable
      control valves are connected to two operating levers, each of which is
      capable of selecting the neutral position, a first operable position and a
      second operable position, one of said operating levers being used for
      operating the boom and the other being used for operating the hook.
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ABST
PAL  A diaphragm spring is maintained in concentric relation with the clutch
      axis by integral support means formed on the clutch cover member. The
      diaphragm spring has a plurality of openings and the integral support
      means includes circumferentially spaced tang portions extending axially
      from the cover through certain of the openings and circumferentially
      spaced tab portions extending axially from the cover through other of the
      openings in the diaphragm spring. The tang and tab portions engage the
      openings in such a manner as to prevent both relative radial movement
      between the diaphragm spring and cover and relative rotational movement
      therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to friction clutches in general and more
      specifically to diaphragm type friction clutches.
PAR  Diaphragm type friction clutches have found wide acceptance in the
      automotive industry over the years due to the fact that they require
      considerably less axial space than other types of friction clutches. The
      reduced axial length results from the combined use of a flat dished-shaped
      diaphragm spring for engaging and disengaging the clutch and flat radially
      disposed resilient straps for providing the necessary drive and axial
      flexibility to permit the engaging disengaging operation to take place.
PAR  One well known friction clutch of this type is shown in U.S. Pat. No.
      2,770,341 which issued Nov. 13, 1956 to M. T. Woobrock. In such a clutch,
      the diaphragm spring is normally supported with respect to the clutch
      cover by a plurality of fastening means, such as rivets, which are secured
      to the cover and pass through openings in the diaphragm spring. A fulcrum
      ring is positioned on opposite sides of the diaphragm spring and supported
      and positioned by these same rivets so that the spring can be pivotally
      operated in either direction to control operation of the clutch.
PAR  Although this arrangement has proved satisfactory in the past, problems
      have been encountered in present day applications due to the continually
      increasing rotational speeds which have produced centrifugal effects
      sufficient to cause displacement of the diaphragm spring and/or associate
      fulcrum rings. In a drive system where balance is a finely controlled
      factor, it can be seen that any such displacement will result in unbalance
      thereby setting up vibrations and subsequent problems in the vehicle drive
      line. At initial assembly, the clutch is balanced and the diaphragm spring
      and fulcrum rings are concentrically located with respect to their support
      means. However, it has been found that during shipping and also prior to
      final assembly in a vehicle this balanced condition is sometimes altered
      due to accidental or careless handling by a worker.
PAR  Efforts have recently been directed to providing a more satisfactory
      support means for the fulcrum rings so that they are prevented from
      rotating relative to the diaphragm spring or the clutch cover. The former
      method is shown in British Pat. No. 1,003,406, published Sept. 2, 1965 and
      the latter in U.S. Pat. No. 3,595,355 which issued July 27, 1971 to P.
      Maucher. While both designs may be sufficient to restrain the fulcrum
      rings in their initially assembled and balanced condition, the diaphragm
      spring in each design is still susceptible to relative movement with
      respect to the fastening means and thereby the cover since the diaphragm
      springs are movable with respect to the fastening means due to spacing
      resulting from the construction of the openings. It will be evident that
      if the diaphragm spring is not positively constrained in all directions by
      the fastening means it is subject to radial and/or rotational displacement
      relative to the cover under the influence of centrifugal force or possibly
      as a result of accidental dropping or mishandling.
PAR  Some very early arrangements have been disclosed which tend to approach a
      much more satisfactory design and, while somewhat reducing this problem,
      they have not completely eliminated all possibilities. One design is
      disclosed in U.S. Pat. No. 2,138,169 which issued on Nov. 29, 1938 to G.
      Hunt. Another arrangement is shown in U.S. Pat. No. 2,256,708 which issued
      to H. S. Geyer et al. on Sept. 23, 1941. The latter design illustrates the
      use of fastening means on the cover for cooperating with openings in the
      diaphragm spring to prevent rotational displacement of the diaphragm
      spring with respect to the cover but does not show any means to prevent
      relative radial displacement therebetween. In this particular patent an
      annular fulcrum member is provided with a plurality of axial tongues which
      extend through the openings in the diaphragm spring with the ends of the
      tongues secured to the cover so as to rigidly secure the fulcrum member to
      the cover. The width of the tongues is such as to engage the side walls of
      the openings thereby preventing relative rotation between the cover and
      diaphragm spring. The former design illustrates, in one embodiment,
      integral axial lugs on the cover extending through openings in the
      diaphragm spring and supporting a pair of fulcrum rings. However, neither
      of these designs show any type of means for positively maintaining the
      diaphragm spring radially centered with respect to the cover and thereby
      concentric with the clutch axis.
PAR  In clutches of this type, for the reasons pointed out earlier, it is
      essential that the diaphragm spring be initially located and subsequently
      maintained in concentric relationship with respect to the clutch axis in
      order to maintain proper balance and operation throughout the life of such
      a clutch.
PAR  Accordingly, it is an object of the present invention to provide integral
      support means on a clutch cover which will positively prevent both radial
      and rotational movement of a diaphragm spring with respect to the clutch
      cover under all handling and operating conditions.
PAR  Another object of this invention is to integral means on a clutch cover
      which will serve to prevent axial and radial displacement of the fulcrum
      rings employed in a diaphragm clutch.
PAC  SUMMARY OF THE INVENTION
PAR  The above and further objects of this invention are achieved by
      constructing a series of circumferentially spaced integral means on a
      cover member which are adapted to extend axially through and cooperate
      with suitable openings in the diaphragm spring. The openings are formed so
      that the integral means on the cover member cooperate with flat wall
      portions of the openings to positively constrain the diaphragm spring in
      concentric relation with respect to the cover. In addition, certain of the
      integral means serve as supports for a pair of continuous fulcrum rings
      positioned on opposite sides of the diaphragm spring. Further, a strap
      drive connection is utilized for connecting the clutch cover to a pressure
      plate with an integral spring clip construction on one end of each of the
      straps adapted to engage and thereby hold the diaphragm spring in contact
      with the pressure plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims which particularly point out
      and distinctly claim the subject matter forming the present invention, it
      is believed that the same will be better understood and other objects and
      features of this invention will become more apparent from the following
      description and accompanying drawings in which:
PAR  FIG. 1 is an end elevational view of the clutch of the present invention
      with parts broke away to more clearly show certain portions thereof;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a partial cross-sectional view taken along line 3--3 of FIG. 1;
      and
PAR  FIG. 4 is an enlarged partial view showing the construction of one of the
      openings in the diaphragm spring.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The diaphragm clutch of the present invention is indicated generally by the
      reference numeral 10. The clutch 10 includes an annular clutch cover 12
      secured to the periphery of a standard flywheel 14 by a plurality of
      circumferentially spaced bolts 16. An annular pressure plate 18 is
      disposed within the cover 12 for cooperating with a driven member in the
      form of a friction disc assembly 20. The friction disc assembly 20 has a
      central hub 22 splined to the outer end of a transmission input shaft 24
      for rotation therewith and axial movement relative thereto. As shown, the
      transmission input shaft 24 is arranged co-axial with an engine crankshaft
      26 which is secured to the flywheel 14 by bolts 28. The end of the
      transmission input shaft 24 is piloted within the crankshaft 26 by means
      of a bearing assembly 30.
PAR  As is known, the pressure plate 18 is axially movable into engagement with
      the friction disc assembly 20 to force the same into frictional drive
      engagement with the flywheel 14 for transmitting power from the engine
      crankshaft 26 to the transmission input shaft 24. The pressure plate 18 is
      floatingly supported within and driven by the cover 12 by a plurality of
      arcuate circumferentially spaced drive straps 32. The drive strap
      connection will be described in greater detail subsequently.
PAR  A diaphragm spring designated generally by the numeral 34 is provided for
      applying an axial engaging force to the pressure plate 18 to normally urge
      the same into engagement with the friction disc assembly 20 and also
      provide for disengagement of the pressure plate 18 from the friction disc
      assembly 20.
PAR  More specifically, the diaphragm spring 34 is generally annular in
      configuration and comprises a peripheral ring-shaped main spring bearing
      portion 36 and a plurality of radially inwardly extending tapered
      spring-like levers 38 defined by radial slots 39. The diaphragm spring 34
      is of a spring steel with the bearing portion 36 disposed to bear against
      an annular axial boss 40 on the back face of the pressure plate 18. The
      bearing portion 36 is deformed so that it will always exert a pressure
      force on the annular boss 40 to urge the pressure plate towards its
      engaged position, i.e., to the left as viewed in FIG. 2. As best seen in
      FIG. 1, series of openings 44 is formed in the spring 34 adjacent the
      bearing portion 36 and between each lever 38; i.e. at the radial extremity
      of the slots 39. Referring to FIG. 4, the openings 44 are such as to
      provide a pair of radially extending spaced side walls 38a--38a adjacent
      the levers 38 and a connecting wall 36a along the inner surface of the
      bearing portion 36 and perpendicular to a radius through the middle of the
      adjacent slot 39. The walls are substantially flat in their respective
      directions and have radiused corners therebetween for production purposes.
PAR  A support means is constructed on the cover 12 for cooperating with the
      diaphragm spring 34 to concentrically locate the same with respect to the
      clutch axis X--X. The support means includes radial and rotational
      preventing means engageable with the diaphragm spring 34 so as to
      eliminate any relative movement between the diaphragm spring and the cover
      12. To this end the rotational preventing means consists of a plurality of
      circumferentially spaced tangs 42 stamped from the cover 12 so as to
      extend axially inwardly toward the flywheel 14 through the openings 44 and
      spaced between the radial extremities thereof. Preferably, at least three
      equally spaced tangs 42 are provided for this purpose. As viewed in FIG. 1
      and 4, the width of the tangs 42 is such as to equal the distance between
      the side walls 38a--38a of the openings 44 so that the sides 42a--42a of
      the tangs 42 engage the sidewalls 38a--38a. This engagement serves to
      prevent any relative rotation (circular movement) between the diaphragm
      spring 34 and cover 12.
PAR  The means for preventing radial movement from occurring between the
      diaphragm spring 34 and cover 12 consists of a plurality of
      circumferentially spaced tabs 48 adapted to extend axially through certain
      other of the openings 44. The width of each tab 48 is less than the
      distance between the side walls 38a--38a of the openings 44 and designed
      in such a manner as to have an outer surface 48a in flush engagement with
      the flat outer wall 36a of the openings 44 in the area located between the
      radiused corner surfaces. As most clearly shown in FIG. 2, these tabs 48
      are of sufficient axial length so as to extend beyond the diaphragm spring
      34 and provide space for reception of a pair of annular fulcrum rings
      50-52 on opposite sides of the diaphragm spring 34. The pair of fulcrum
      rings 50 and 52 extend circumferentially about the central axis X--X of
      the clutch assembly 10 and are disposed around and supported on the tabs
      48. The outer fulcrum ring 52 bears against the inside surface of the
      cover 12 and the outside surface of the diaphragm spring 34 and serves as
      a pivot for the diaphragm spring 34 as it moves from its disengaged
      position to its engaged position. The inner fulcrum ring 50 bears against
      the opposite surface side of the diaphragm spring 34 and is retained in
      this position by a first retention means in the form of a radially
      outwardly extending lip portion 54 formed on the inner end of the tab 48.
      The fulcrum ring 50 serves a pivot for the diaphragm spring 34 as it moves
      from its engaged to its disengaged position.
PAR  Additional retention means is formed on the cover 12 adjacent the outer
      fulcrum ring 52 for engaging and holding the fulcrum ring 52 on the outer
      surface 48a of the tabs 48. For this purpose an annular indentation 55 is
      formed on the cover 12 outwardly of the tabs 48 and of sufficient depth as
      to displace a portion of the cover 12 partially over the fulcrum ring 52.
      The reverse lip portion 54 on the tabs 48 is also rolled over sufficiently
      so as to partially overlie the fulcrum ring 50. The indentation 55 on the
      cover 12 and the reverse lip 54 on the tabs 48 embrace the fulcrum rings
      50 and 52 and thereby function as means to restrict in and out axial
      movement of the diaphragm spring 34 with respect to the tabs 48.
PAR  To force the pressure plate 18 axially away from the flywheel 14 into its
      disengaged position in response to pivotal movement of the diaphragm
      spring 34, a plurality of spring clips 56 are provided which are
      conveniently constructed as an integral part of the pressure plate end of
      the drive straps 32 and engage the periphery of the spring portion 36 of
      the diaphragm spring. By this arrangement as viewed in FIG. 2, leftward
      movement of the inner ends of the levers 38 by a conventional clutch
      release bearing 58 will pivot the diaphragm spring 34 about the inner
      fulcrum ring 50. This pivotal movement causes the outer end of the
      diaphragm spring 34, by means of the spring clip 56, to lift the pressure
      plate 18 axially away from the flywheel 14 out of engagement with the
      friction disc assembly 20. This movement serves to interrupt the drive
      connection between the crankshaft 26 and transmission input shaft 24.
PAR  The drive means here shown consists of three equally spaced arcuately
      shaped resilient drive straps 32 having one end 60 secured to a stepped
      rim portion 61 on the cover 12 by means of a rivet 62 as seen in FIG. 3.
      The opposite ends 64 of the straps 32 are fastened by rivets 66 to
      radially outwardly extending bosses 68 formed on the periphery of the
      pressure plate 18. The resiliency of the drive straps 32 is such as to
      support and center the pressure plate 18 with respect to the clutch axis
      X--X and also permit the necessary axial flexibility for engaging and
      disengaging the pressure plate 18 from friction disc assembly 20.
PAR  A mounting connection is provided at the end 64 of the drive strap 32 which
      is sufficient to prevent any relative rotational movement from occurring
      between the rivet 66 and drive strap 32. To this end a flat seat 70 is
      machined in the outer surface of the boss 68 which forms a wall 72
      contoured so as to abutingly engage along the entire surface of the
      right-angled axial extension of the clip 56.
PAR  It will be readily apparent from the foregoing that the spacing of the
      radial and rotational support means 48 and 42 respectively and their
      cooperation with the various wall portions of the openings 44 provides an
      improved diaphragm type friction clutch wherein the diaphragm spring 34 is
      positively contained in a concentric position with respect to the central
      axis X--X of the clutch 10.
PAR  While this invention has been described by reference to a single
      embodiment, it should be apparent that variations of the inventive
      concepts disclosed are possible without departing from the principles of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a clutch the combination comprising:
PA1  a. a rotatable flywheel;
PA1  b. a cover secured to said flywheel for rotation therewith;
PA1  c. an axially movable driven member positioned adjacent said rotatable
      flywheel and movable into driving engagement therewith;
PA1  d. an axially movable pressure plate disposed between said cover and said
      driven member for engaging said driven member with said flywheel;
PA1  e. resilient strap means drivingly connecting said pressure plate to said
      cover and permitting relative axial movement therebetween;
PA1  f. a diaphragm spring disposed between said cover and pressure plate having
      an annular bearing portion engaging said cover and said pressure plate to
      move the latter into engagement with said driven member and a plurality of
      integral radially inwardly extending levers defined by radial slots in
      said spring operable to move said spring out of contact with said pressure
      plate;
PA1  g. a series of spaced openings formed in said diaphragm spring and at the
      radial extremity of said slots and adjacent said bearing portion of said
      spring, each opening defining a pair of flat, radially extending side
      walls on said levers and a flat, outer horizontally extending connecting
      wall adjacent the radially inward edge of said bearing portion, said side
      walls being connected to said outer wall by radiused corners;
PA1  h. axially extending radial supporting means integral with said cover,
      extending through certain of said spaced openings and having a flat,
      circumferentially extending surface engaging said flat, outer,
      horizontally extending connecting wall between said radiused corners for
      preventing relative radial movement between said cover and said diaphragm
      spring; and
PA1  i. axially extending rotational support means integral with said cover,
      located radially inwardly of said radial support means, extending through
      certain other of said spaced openings and extending across said openings
      from one of said side walls to the other of said side walls and having
      flat radial side edges engaging said pair of flat side walls on said
      levers for preventing relative rotational movement between said cover and
      said diaphragm spring.
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ABST
PAL  A control for a vendor operable by a coded card comprising a validator for
      validating the code on the card inserted by a customer, enabling a vend if
      the card is valid, rejecting the card if invalid, and feeding the card out
      of the validator upon completion of a vend. A validated card fed out of
      the validator upon a vend is releasably retained for verification of the
      insertion of a proper card by the customer, being held for verification
      until the subsequent vend, and then released to storage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a control for a vendor, and more particularly to
      a control for a vendor having means for retaining a card for verification
      of the insertion of a proper card by a customer.
PAR  The invention is especially concerned with control for a
      coded-card-operated vendor such as is coming into use in supermarkets for
      vending merchandise such as cartons of cigarettes instead of openshelf
      display. The usual sequence of operation of such a vendor is to receive a
      coded card inserted by a customer, validate the card, and then return the
      card to the customer if invalid, or if valid, enable a vend of the
      selected merchandise while transferring the card to storage where it is
      intermingled with previously inserted cards.
PAR  With respect to coin-operated vendors for relatively inexpensive
      merchandise such as candy, gum, or single packages of cigarettes, when a
      customer complains he inserted his money but received no merchandise, the
      store management may either return the customer's money or give him the
      merchandise without question. With respect to vending of relatively
      expensive items such as cartons of cigarettes via coded cards, however,
      such practice may be wholly uneconomical. Accordingly, there is the
      problem of verifying the genuineness of a complaint by a customer.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of this invention may be noted the provision of a
      control for a coded-card-operated vendor which enables verification, on
      complaint of a customer that he has inserted a proper card but has not
      received his merchandise, that he has actually inserted a proper card; and
      the provision of such a control which is reliable in operation, adapted to
      handle cards without jamming, and relatively economical to incorporate in
      a vendor.
PAR  Briefly, a control of this invention for a coded-card-operated vendor
      comprises a validator for receiving a card inserted by a customer, and
      means for receiving a validated card from the validator. The validator
      functions to validate the card, to enable a vend if the card is valid, to
      reject the card if invalid, and to feed the card out of the validator on a
      vend. The means for receiving a validated card receives the card as it is
      fed out of the validator and releasably retains it for verification of the
      insertion of a proper card by the customer. Means operable upon a vend
      operates the receiving means to release a previously received card to
      storage.
PAR  Other objects and features will be in part apparent and in part pointed out
      hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in side elevation of a control of this invention, showing
      the relative positions of the validator and receiving means of the
      control, and including a logic diagram;
PAR  FIG. 2 is a plan of the control showing the relative positions of the
      validator and receiving means;
PAR  FIG. 3 is a vertical section on line 3--3 of FIG. 2, showing the rest
      position of certain actuating means; and
PAR  FIGS. 4 and 5 are views similar to FIG. 3 showing moved positions of parts.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, a control of this invention for a
      coded-card-operated vendor is shown generally to comprise a validator 1,
      means for receiving a card from the validator 3, and means 5 for operating
      the receiving means. The validator is a commercially available item, such
      as supplied by National Rejectors Industries of Hot Springs, Arkansas,
      adapted to receive at one end thereof (its left end as shown in FIG. 1) a
      magnetic-stripe-coded card C inserted in horizontal position by a
      customer, validate the card, reject the card if invalid (return it back to
      the customer at said one end of the validator) and enable a vend if the
      card is valid while at the same time feeding the card out in horizontal
      position out of the validator at its other end out to the receiving means.
      As will appear, it also functions to cause activation of the receiving
      means 3 on each vend.
PAR  As diagrammatically shown in FIG. 1, a validator circuit 7 includes a
      double-throw switch SW1, the upper contact of which is connected to a
      relay R1 which is adapted upon energization to cause rejection, i.e.,
      return, of the previously inserted card to the customer. The lower contact
      of switch SW1 is commonly connected to one input of an AND gate G and to a
      relay R2 which is adapted upon energization to cause both a vend operation
      and transfer of the card to the receiving means 3. Circuit 7 operates via
      the code on the card inserted by the customer to validate the card and, if
      the card is invalid, to cause switch SW1 to energize relay R1 or, if the
      card is valid, to cause the switch to energize relay R2 and enable gate G.
      The power supply to circuit 7, as well as other circuitry in the
      validator, is not shown in order to simplify the drawing.
PAR  The validator also has a circuit 9 diagrammatically illustrated as
      including a switch SW2 the output of which is connected to an input of
      gate G. Circuit 9 is adapted to close switch SW2 thereby providing a
      signal to gate G upon a vend. For example, switch SW2 may be constituted
      by a set of contacts of a switch which is actuated by a customer to effect
      a vend after he has inserted a valid card and the vend relay R2 has been
      energized. A relay R3 connected to the output of gate G is adapted upon
      energization to in turn energize the means 5 for operating the receiving
      means. Both the receiving means 3 and means 5 for operating the receiving
      means are mounted on a support structure 11 having a front 13, a back 15
      and sides 17A and 17B.
PAR  The means 3 for receiving the validated card from the validator upon a vend
      releasably retains the card for verification of the insertion of a proper
      card by the customer. Means 3 comprises a movable series of card
      supporting means comprising a pair of identical wheels 19A and 19B with
      the axis of each wheel in a horizontal plane, each wheel being supported
      between the front 13 and the back 15 of supporting structure 11.
PAR  Each wheel comprises a front end hub 21 having a set of equally spaced
      slots 23, a back end hub 25 having a matching set of equally spaced slots
      27, and a plurality of radially extending vanes or blades 29 held in the
      slots in the hubs. Four vanes spaced at 90.degree. intervals are shown.
      The front hub and the back hub of each wheel are journalled in the front
      and back respectively of the supporting structure by trunnions 30. The
      front hubs are of square cross section having four flat sides 33, each of
      the four flats 33 corresponding to a vane of the wheel. A leaf spring 31
      (e.g., a length of spring steel) attached to the front of the supporting
      structure engages the front hub of each wheel at the bottom and acts to
      restrain free rotation of the wheels and to tend to hold the wheels in a
      rest position wherein a flat 33 of the hub is fully in contact with the
      spring with one vane of each wheel extending generally horizontally toward
      the axis of the other wheel (and toward the center of the supporting
      structure). Thus, the spring tends to bias the wheels so that a generally
      horizontal card supporting surface is formed by one vane of each wheel in
      rest position. Accordingly, as a card is fed out of the validator it is
      held in a generally horizontal position, it being understood that the
      validator is positioned above the wheels so that as the card is fed out of
      the validator, it falls onto the supporting surface formed by the two
      opposed vanes of the wheels. The sides of the supporting structure have
      cut-out sections through which the wheels extend and the front and back of
      the supporting structure have extensions 32 which form shrouds or shields
      for the wheels.
PAR  The means 5 for operating the receiving means is best shown in FIGS. 3-5
      and comprises means 35 for actuating the receiving means and means
      responsive to the validator for activating the actuation means, both of
      which are mounted on a bracket 37 attached to the back of the supporting
      structure. The activator means comprises a solenoid 39 having an armature
      41 which is adapted for vertical movement when the solenoid is energized.
      The connection end of armature 41 is bifurcated. The input terminals of
      the solenoid are connected to contacts (not shown) of relay R3 via leads
      43 and 45 so that when R3 is energized, power is supplied energizing the
      solenoid.
PAR  The means for actuating wheels 19A and 19B further comprises a pair of
      levers 47A and 47B pivotally mounted on a front extension of the bracket
      37. Lever 47A is mounted generally above wheel 19A on the right side of
      and behind the front extension of the bracket, lever 47B being mounted on
      the left side of and in front of the extension, generally above wheel 19B.
      The levers 47A and 47B are connected to the bifurcated end of armature 41
      by links 49A and 49B, respectively, so that when solenoid 39 is energized
      to lift armature 41, lever 47A will be rotated clockwise and lever 47B
      counterclockwise as viewed in FIGS. 3-5.
PAR  Levers 47A and 47B have bent-over tabs at their top, 51A and 51B
      respectively, and at the lower portion of their outer sides, 53A and 53B
      respectively. A pair of fingers or pawls 55A and 55B pivotally mounted on
      levers 47A and 47B, respectively, are biased by springs 57A and 57B which
      are connected between the tops of the fingers and tabs 51A and 51B to
      retracted positions wherein the respective fingers contact tabs 53A and
      53B respectively. Fingers 55A and 55B extend below the levers and are
      adapted to contact the uppermost vanes of wheels 17A and 17B respectively
      thereby causing rotation of wheel 17A in a counterclockwise direction and
      wheel 17B in a clockwise direction. Thus, when the solenoid is energized,
      wheels 17A and 17B are rotated in opposite directions.
PAR  Mounted on each of tabs or stops 53A and 53B for the fingers or pawls 55A
      and 55B is a stud, 59A and 59B, respectively. Each stud serves to limit
      the forward rotation of the respective wheel. Thus, if a wheel should tend
      to spin forward, a vane of the wheel will engage the stud to stop the
      wheel. Also, if a wheel has slightly overtraveled so that a flat 33 of its
      front hub is not fully in contact with the spring 31, the stud will push
      the wheel back to its proper rest position when the solenoid has been
      deenergized.
PAR  As to the operation of the control, it may be assumed that there is a card
      C from the previous cycle of operation on the inwardly extending generally
      horizontal vane of wheel 19A and the inwardly extending generally
      horizontal vane of wheel 19B as appears in FIG. 3. When a customer then
      inserts a card C in the validator 1, the validator functions to validate
      or invalidate the card. Assuming the card to be valid, the validator
      causes switch SW1 to be switched to its valid position to energize the
      vend relay R2 to enable a vend and to activate the gate G. With the vend
      relay R2 energized, the customer may make his selection and effect a vend
      of the selected item. Switch SW2 closes momentarily upon the vend, and,
      via gate G, energizes relay R3 causing energization of solenoid 39 to
      actuate means 35 for actuating the wheels 19A and 19B.
PAR  Actuation of wheels 19A and 19B occurs via armature 41 of solenoid 39 being
      raised, with resultant swinging of levers 47A and 47B to cause the fingers
      or pawls 55A and 55B on these levers to contact the upwardly extending
      vanes of the wheels, whereby the wheels rotate in opposite directions for
      release of the card C which was on the inwardly extending vanes. As
      appears in FIGS. 4 and 5, wheel 19A rotates counterclockwise and wheel 19B
      rotates clockwise, and the two vanes which supported the card move down
      and away under the card to enable it to drop out to storage. The next two
      vanes swing down and in to the rest position to receive the card fed out
      of the validator on the vend. These two vanes swing inwardly from their
      FIG. 3 position in ample time to receive the card discharged from the
      validator.
PAR  Thus, the card receiver 3 functions to release to storage the card C which
      was in the receiver as a result of the previous vend and, at the same
      time, to receive the card discharged from the validator upon the instant
      vend. It retains the latter card for inspection by management personnel
      until the next vend. Thus, if any question concerning the propriety of the
      card arises, it can be easily identified since it has not been released to
      storage (below the receiver 3) where it would become intermingled with
      previously inserted cards.
PAR  When switch S2 opens after its momentary closure on a vend, solenoid 39 is
      deenergized and armature 41 drops, resulting in return of the levers 47A
      and 47B to their FIG. 3 position. If the wheels have overtraveled so that
      they are not in a proper biased position, on the return of the levers the
      studs 59A and 59B will push the uppermost vanes of the wheels to their
      proper position. However, assuming that the wheels have come to rest in
      their proper positions, actuating means 35 will return to its rest
      position without any actuation of the wheels, pawls 55A and 55B swinging
      on their pivots against the bias of springs 57A and 57B to clear the
      vanes.
PAR  The provision of the vaned wheel arrangement for holding the card is
      advantageous in that it reliably enables release of a card therefrom to
      storage and acceptance of a card from the validator on a vend. Even though
      a card is relatively light in weight, the release is positive. This is in
      contrast to a "trap-door" arrangement, for example, in which a trap door
      is swung down to release the card and then back up, and wherein the card
      might not fall clear of the door before it came back up.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control for a vendor operable by a coded card comprising:
PA1  a validator in which a customer inserts a card at one end thereof with the
      card in horizontal position, said validator being operable to validate the
      card, to enable a vend if the card is valid, to reject the card back to
      the customer at said one end if the card is invalid, and to feed the card
      in horizontal position out of the validator at its other end on a vend;
PA1  means adjacent the other end of the validator for receiving a validated
      card in horizontal position from the validator as it is fed out of the
      validator upon a vend and releasably retaining it in horizontal position
      for verification of the insertion of a proper card by the customer; and
PA1  means operable upon a vend for operating said receiving means to release a
      previously received card to storage.
NUM  2.
PAR  2. A control as set forth in claim 1 wherein said receiving means comprises
      a series of individual card-supporting means one of which occupies a
      card-holding position for receiving and retaining in horizontal position a
      card fed out of the validator, and means mounting said series for movement
      to move said one supporting means away from said card-holding position for
      release to storage of the retained card and movement to the card-holding
      position of the next card-supporting means in the series, each supporting
      means moving out from under the card in moving away from said card-holding
      position, said operating means acting to move said series through a step
      upon a vend for release of a retained card and for receiving the next
      validated card from the validator.
NUM  3.
PAR  3. A control for a vendor operable by a coded card comprising a validator
      in which a customer inserts a card, said validator being operable to
      validate the card, to enable a vend if the card is valid, to reject the
      card if invalid, and to feed the card out of the validator on a vend,
      means for receiving a validated card from the validator as it is fed out
      of the validator upon a vend and releasably retaining it for verification
      of the insertion of a proper card by the customer, means operable upon a
      vend for operating said receiving means to release a previously received
      card to storage, said receiving means comprising a series of individual
      card-supporting means one of which occupies a card-holding position for
      receiving and retaining a card fed out of the validator, and means
      mounting said series for movement to move said one supporting means away
      from said card-holding position for release to storage of the retained
      card and movement to the card-holding position of the next card-supporting
      means in the series, said operating means acting to move said series
      through a step upon a vend for release of a retained card and for
      receiving the next validated card from the validator, each supporting
      means in said card-holding position holding the card in generally
      horizontal position and moving out from under the card in moving away from
      card-holding position, said receiving means comprising a pair of wheels
      each having generally radial vanes, said wheels being mounted for rotation
      one alongside the other with their axes generally horizontal and parallel
      to one another, and being rotatable in steps to bring a vane of each wheel
      into a generally horizontal card-supporting position extending from the
      axis of the wheel toward the axis of the other wheel, said operating means
      acting to rotate said wheels in opposite directions in steps corresponding
      to the spacing of the vanes.
NUM  4.
PAR  4. A control as set forth in claim 3 wherein said operating means comprises
      a solenoid adapted for actuation in response to a vend and means operated
      by the solenoid for rotating said wheels in opposite directions through a
      step.
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PAL  In a coin discriminating apparatus containing a feedback oscillator circuit
      having a feedback loop, a mechanical filter is arranged and includes a
      discriminated coin, a speaker to vibrate the coin and a sensor to pick up
      the vibration of the coin; a one cycle selector for taking out one period
      of the vibration frequency generated at the oscillator circuit; means for
      quantizing the output signal of the one cycle selector by clock pulses;
      counter means including a scale-of-1000 counter and a decoder for counting
      the number of clock pulses; and bistable circuit means whose state is
      reversed on receipt of an output produced at the decoder when contents of
      the counter run up to the lower limit or the upper limit of a tolerance
      predetermined under the crossing rate distribution for natural frequencies
      of a genuine coin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a coin discriminating apparatus adapted for use
      with an automatic vendingmachine, automatic money changing machine,
      automatic accounting machine and the like.
PAR  In one type of coin discriminating apparatus known in the art, the external
      dimensions of a coin are measured to discriminate between different types
      of coins. In another type, the weight of a coin is measured to distinguish
      between different types of coins.
PAR  The former type has the disadvantage of not being able to discriminate
      between a genuine coin in circulation and a false coin which has the same
      external dimensions. The latter type has a similar disadvantage.
PAR  In still another type of coin discriminating apparatus known in the art,
      discrimination between coins is effected by measuring both external
      dimensions and weight. This type permits discrimination of coins to be
      carried out with a slightly higher degree of precision. However, this type
      has the disadvantages of being complex in construction and lower in
      efficiency than the aforementioned two types. Moreover, this type is
      unable to discriminate between a genuine coin in circulation and a false
      coin which is made such that it has the same external dimensions and
      weight as the genuine coin.
PAR  Generally, an object placed in a free space has the properties of being a
      medium of vibration, and the rate at which acoustical vibrations are
      transmitted through the medium in the form of vertical waves or transverse
      waves can be expressed as a function of density, Young's modulus and
      Poisson's number which are inherent properties of the object. Density is a
      physical quantity which may vary depending on external dimensions and
      weight. On the other hand, Young's modulus and Poisson's number are
      physical quantities which are concerned with the material of the object
      when sound waves are transmitted.
PAR  Measurements of specific resonance frequency of a coin which may vary
      depending on its physical qualities show that, since a particular coin in
      circulation has external dimensions which are predetermined and its
      material has a density which is constant, the nature frequency of such
      coin is constant and that the coin has sharp resonance characteristics
      when excited at its natural frequency. When a coin is subjected to impacts
      in free space, it vibrates in various modes and produces sound waves
      characteristic thereof which include its natural frequency. Since natural
      frequency is determined by the external dimensions and weight of the coin
      and the density of its material, it is possible to discriminate between
      two types of coins with a high degree of precision by measuring the
      natural frequency of each coin.
PAR  In using this system for testing a coin to find out whether it is genuine
      or false or what type of coin it is, the coin to be tested must be made to
      vibrate correctly at its natural frequency. To this end, the coin to be
      tested can be excited by a speaker, its vibration can be sensed by a
      pressure sensitive senser, and selective oscillation can be initiated by
      means of a feedback loop. In this type of coin discriminating apparatus,
      it is required to arrange the exciter and the receiver in a manner such
      that they are disposed specially in close proximity to each other. This
      arrangement generally causes howling to take place, so that it is not
      desirable to use a device for detecting sound waves which does not rely on
      contacts as is the case with the combination of a speaker and a
      microphone.
PAR  Proposals have been made to use a system wherein a coin is brought into
      engagement with a contact member so that the latter may detect the
      vibration of the former as a mechanical vibration, and the mechanical
      vibration is received by a pressure sensitive senser made of barium
      titanate or other dielectric material which converts it into an electric
      signal. When the contact member affixed to the senser is not made by a
      suitable material, a noise will be produced between the contact member and
      the coin when the latter is brought into engagement with the former. Thus,
      the noise is added to the natural frequency of the coin, making it
      difficult to discriminate between one type of coin and another.
PAR  Also, if the vibration of a coin is reversed in phase with respect to the
      acoustic frequency of the speaker, the vibration of the coin will be
      damped and no vibration of the coin will take place at all. This
      phenomenon will occur between coins of the same type when there are
      differences betwen them in the dimensions, shape, weight and other
      physical quantities of coins.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a main object of the invention is to provide a coin
      discriminating apparatus which is capable of discriminating between a
      genuine coin in circulation and a false one with a high degree of
      precision and a high degree of efficiency.
PAR  Another object of the invention is to provide a selective oscillator
      circuit which causes a coin fed to the apparatus to vibrate at its own
      natural frequency, so that a correct natural resonance frequency of the
      coin can be taken out.
PAR  Another object of the invention is to provide a mechanical filter mechanism
      which is capable of absorbing and eliminating a noise which might
      otherwise be produced when a coin vibrates, so that the natural frequency
      alone of the coin can be transmitted.
PAR  Still another object of the invention is to provide means whereby the phase
      of vibration of a coin can be instantaneously brought into agreement with
      the phase of vibration of the oscillator.
PAR  Still another object of the invention is to provide a coin discriminating
      apparatus in which a coin fed to the apparatus can be determined to be
      either genuine or false by comparing the natural resonance frequency of
      such coin with the natural resonance frequency of genuine coins of the
      same type as the coin fed to the apparatus.
PAR  Still another object of the invention is to provide a coin discriminating
      apparatus which can distinguish between genuine and false coins and which
      can be coupled to the change dispensing mechanism whereby the latter
      mechanism can be rendered operative when a coin fed to the apparatus is
      found to be a genuine coin.
PAR  A further object of the invention is to provide means whereby a coin fed to
      the apparatus can be determined to be either genuine or false when the
      output of the selective oscillator circuit has reached a predetermined
      level after the circuit is actuated by such coin.
PAR  According to the invention, there is provided a coin discriminating
      apparatus comprising a mechanical filter mechanism including a speaker, a
      pressure sensitive senser and a coin fed to the apparatus and interposed
      between such speaker and such sensor, a selective oscillator circuit
      adapted to oscillate at the mechanical nature frequency of the coin fed to
      the apparatus, a one cycle selection circuit adapted to take out one cycle
      alone of the frequency at which such selective oscillator circuit
      oscillates, means for producing impulses whose number depends on the
      wavelength of such one cycle each time a coin is fed to the apparatus, and
      means for determining whether or not the number of pulses is within a
      predetermined range.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  Additional and other objects and features of the invention will become
      evident from the description set forth hereinafter when considered in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a vertical sectional side view of the mechanical filter mechanism
      of the coin discriminating apparatus according to the invention;
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a view showing the mechanical filter mechanism and the selective
      oscillator circuit of the coin discriminating apparatus according to the
      invention;
PAR  FIG. 4 is a block diagram of the one cycle selection circuit and the means
      for determining whether a coin fed to the apparatus is genuine or not of
      the coin discriminating apparatus according to the invention;
PAR  FIG. 5 is a time chart showing the operation of various elements of the one
      cycle selection circuit and the means for determining whether a coin fed
      to the apparatus is genuine or not when the coin is a perforated coin;
PAR  FIG. 6 is a view similar to FIG. 5 but showing the elements in operation
      when a coin to be discriminated is a non-perforated coin; and
PAR  FIG. 7 shows another form of selective oscillator circuit.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  An embodiment of the invention will now be described in detail with
      reference to the accompanying drawings. Referring to FIG. 1 to FIG. 3, a
      coin 20 introduced into a coin discriminating apparatus 1 through a coin
      inserting port 2 passes through a direction changing chamber 3 and
      temporarily stops as it is caught by an arcuate stopper 6 mounted in an
      inclined coin passageway 4 which is inclined with respect to both a
      horizontal plane and a vertical plane. Also mounted in the passageway 4
      are a pressure sensitive senser 10 and a speaker 9 which are disposed in
      spaced juxtaposed relationship, with the coin 20 being interposed
      therebetween while being stopped temporarily by the stopper 6.
PAR  The pressure sensitive senser 10 comprises a piezoelectric element 11 made
      as of barium titanate, a semispherical tip 12 made of plastics and
      attached to the top of the element 11, and a base 13 attached to the
      bottom of the element 11. The base 13 is secured by a nut 14 to a holder
      15 affixed to a frame attached to the inclined coin passageway 4. A buffer
      16 is interposed between the holder 15 and the base 13. The pressure
      sensitive senser 10 is mounted such that the tip 12 extends into the
      passageway 4 and supports at its head the coin 20 substantially at the
      middle of one side thereof. On the other hand, the speaker 9 is mounted
      such that it is possible effectively to apply sound waves to the other
      side of the coin 20 maintained in contact with the tip 12 on the opposite
      side.
PAR  The buffer 16 is adapted to absorb vibration applied to the coin
      discriminating apparatus from outside so that such vibration may not be
      transmitted to the piezo-electric element 11 as a noise. Excellent results
      can be achieved if a porous material is employed as the buffer 16.
PAR  A coin is preferably held substantially on a diametric line when held at
      two points, in order that its natural frequency can be correctly
      determined. According to the invention, the tip 12 is disposed
      substantially in the center of the inclined coin passageway 4 width-wise
      thereof as shown in FIG. 2. It is thus necessary that the coin 20 should
      be brought into contact with and held by the stopper 6 substantially in
      the center of the inclined passageway 4 width-wise thereof. As shown in
      FIG. 2, the stopper 6 provides a circularly arcuate surface which has a
      radius of curvature greater than that of any type of coin in circulation
      so that the aforementioned requirement may be met at all times regardless
      of the type of the coin fed to the apparatus. The stopper 6 whose center
      of curvature is disposed substantially in the center of the inclined coin
      passageway 4 width-wise thereof can move between a forward or operative
      position in which it extends into the inclined coin passageway 4 to catch
      and hold the coin and a rearward position or inoperative position in which
      it is withdrawn from the inclined coin passageway 4 and does not perform a
      coin stopping action.
PAR  No matter what course of movement a coin may follow when moving through the
      inclined com passageway 4, its position is controlled by the stopper 6
      when it impinges on the latter, so that it is held by the curved surface
      of the stopper 6 and disposed substantially in the center of the inclined
      passageway width-wise thereof.
PAR  Upon sound waves being produced by the speaker 9, the coin 20 moves in
      vibratory motion. The vibration of the coin 20 is directly transmitted to
      the tip 12 made of plastics, e.g. epoxy resin, which differ from the
      material of the coin 20 in the rate of transmission of sound. Thus, it is
      only the vibration of the coin 20 that is transmitted to the
      piezo-electric element 11. The tip 12 is preferably in the semi-spherical
      form. A noise of high transmission rate, such as the sound produced by the
      hammering effect of the coin 20 on the tip 12, is absorbed by the tip 12.
      Other noises from outside are absorbed by the buffer 16, so that it is
      substantially the pure vibration of the coin 20 that is transmitted to the
      piezo-electric element 11.
PAR  7 designates an opening and closing plate which is under the influence of a
      solenoid 17 and moves between open and closing positions to open and close
      a branch passageway 5 branching off the inclined coin passageway 4 as
      shown in FIG. 2. When the coin 20 is determined to be a false one, the
      opening and closing plate 7 is brought to an open position to permit the
      coin 20 to move through the branch passageway 5 to a coin return port or
      the like.
PAR  18 designates a light emitting diode functioning as a light source, and 19
      is a phototransistor functioning as a light receiving element. The light
      emitting diode 18 and phototransistor 19 constitute a coin passage
      detector. As is well known, when the coin 20 moves through the path of
      light emitted by the light emitting diode 18, a coin passage detection
      pulse is produced by the phototransistor 19. In case the coin 20 is a
      perforated coin, two pulses are produced. The coin passage detection pulse
      or pulses are amplified by an amplifier 21 and supplied to a Schmitt
      trigger circuit 22, as shown in FIG. 3, where they have their wave form
      shaped as shown in 1 of FIG. 5 and 15 of FIG. 6 as a starting signal
      S.sub.1 which actuate a monostable multivibrator 23. At this time, an
      output pulse S.sub.5 (see FIG. 5) of the monostable multivibrator 23
      connects as astable multivibrator 24 to the power source to render the
      same operative.
PAR  On the other hand, the piezo-electric element 11 of the pressure sensitive
      senser 10 is connected to the input terminal of an amplifier 25, and the
      speaker 9 is connected to the output terminal of a second amplifier 30
      connected to the amplifier 25. This closed loop constitutes an oscillator
      circuit. In this case, the pressure sensitive senser 10, speaker 9 and
      coin 20 interposed therebetween constitute a sort of mechanical filter.
      More specifically, the coin 20 subjected to sound waves supplied from the
      speaker 9 has sharp filtering characteristics such that it vibrates only
      when the sound waves to which it is subjected have a frequency which is
      identical with the natural frequency of the coin 20 and that it does not
      essentially vibrate when the frequency of the sound waves is distinguished
      from its natural frequency.
PAR  A gate 26 and a limiter 29 are interposed between the two amplifiers 25 and
      30. A series circuit comprising a phase inverter 27 and a gate 28 is
      connected in parallel to gate 26. The aforementioned astable multivibrator
      24 functions alternately to open and close the two gates 26 and 28. The
      gates 26, 28 and phase inverter 27 constitute a phase change-over switch
      circuit which may be constructed such that output signals differing from
      each other in phase by 180.degree. are taken out from the collector and
      emitter of a front transistor which is used by being grounded through its
      emitter, and supplied to to each control input terminal of two transistors
      which are alternately switched by the output of the astable multivibrator
      24.
PAR  Upon the coin fed to the apparatus impinging on the stopper 6 and being
      positioned as shown in FIG. 3, the positive feedback loop of the
      oscillator circuit is closed. More specifically, the shock vibration of
      the coin 20 produced when it impinges on the stopper 6 or a noise in the
      circuit is amplified and appears in the output terminal of amplifier 30 to
      actuate the speaker 9. The speaker 9 produces a sound output which causes
      the coin 20 to vibrate, so that the vibration of the coin 20 can be sensed
      by the pressure sensitive senser 10. If the vibration of the coin 20 is
      reversed in phase with respect to the vibration of the speaker 9, then the
      vibration of the coin 20 is damped and the coin 20 does not vibrate after
      all. This phenomenon may occur between coins of the same type due to
      differences in physical quantities, such as the dimensions, shape and
      weight of the coins. In order to obviate this problem, the astable
      multivibrator 24 is rendered operative for a predetermined time interval
      to switch the phases so as to lock the positive feedback loop in this
      stable point. This operation is performed as presently to be described.
PAR  As aforesaid, the astable multivibrator 24 begins to operate when the
      passage of the coin is detected by the phototransistor 19 so as
      alternately to open and close gates 26 and 28 during the time the
      monostable multivibrator 23 continues to produce an output. Then, after
      the coin 20 is brought to the position shown in FIG. 3, a positive
      feedback loop is formed when either gate 26 or 28 is opened, and the
      selective oscillator circuit oscillates. A relatively large output
      appearing at amplifier 30 is converted into a bias potential by a
      rectifier circuit 31 and impressed on the astable multivibrator 24,
      thereby locking the latter to a stable point at which the selective
      oscillator circuits oscillates. Thus, either of the gates which meets the
      requirement of oscillation is continuously opened, and the selective
      oscillator circuit selectively oscillates at the natural frequency of the
      coin 20. This causes an oscillation output signal S.sub.2 (FIG. 5) of a
      constant voltage to appear at the output terminal of amplifier 30. The
      frequency of the oscillation output signal may vary depending on the type
      of the coin as aforementioned. It is about 13 KHz when the coin is a 10
      yen coin, about 18 KHz when it is a 100 yen coin and about 19 or 20 KHz
      when it is a 50 yen coin.
PAR  Referring to FIG. 4, the oscillation output signal S.sub.2 has its wave
      form shaped at a Schmitt trigger circuit 34 and then is supplied to a one
      cycle selection circuit 40. A CW-IW discriminating circuit or a definite
      oscillation discriminator for discriminating between continuous waves and
      impulse waves comprising an AND circuit 33 and a rectifier circuit 32
      connected across the both inputs of the AND circuit 33 is disposed
      anterior to the Schmitt trigger circuit 34 between the selective
      oscillation circuit and the one cycle selection circuit 40 so as to
      prevent the Schmitt trigger circuit 34 from being rendered operative by a
      pulse signal produced when a false coin is inserted in the apparatus or by
      shock waves produced when the automatic vending machine is violently
      moved. More specifically, the AND circuit 33 is not opened till the
      oscillation output signal is rectified into a signal S.sub.3 (FIG. 5) and
      its DC potential reaches a predetermined level. If the output signal is a
      continuous wave, then the AND circuit 33 is opened after a delay of about
      500 microseconds and the Schmitt trigger circuit 34 produces a signal
      S.sub.4  as shown in 4 of FIG. 5.
PAR  On the other hand, the monostable multivibrator 23 (FIG. 3) as a waiting
      timer which has been in operation since the phototransistor 19 has
      produced a coin detection pulse changes its operation from one stable
      state to another after lapse of a predetermined time interval or 200
      milliseconds, for example, and triggers a monostable multivibrator 35 as a
      collation processing timer to cause the same to produce a processing time
      pulse S.sub.12. The rise of this pulse opens an AND circuit 36, thereby
      rendering the one cycle selection circuit 40 operative.
PAR  The one cycle selection circuit 40 comprises a main flip-flop 38 and a sub
      flip-flop 39 connected in cascade connection with each other, and an AND
      circuit 37 disposed anterior to flip-flop 38. Flip-flop 39 has an output
      terminal which is connected to one input terminal of AND circuit 37. Each
      of the flip-flops 38 and 39 may be preset with the collation finishing
      pulse S.sub.12 from the monostable multivibrator 35.
PAR  When this occurs, the output terminal of flip-flop 39 becomes high in
      potential, and its output is impressed on AND circuit 37 which is opened
      by the output signal of flip-flop 39 and the output pulses of the
      aforementioned Schmitt trigger circuit 34, so that the output pulses of
      Schmitt trigger circuit 34 are successively supplied to flip-flop 38. The
      nature of state of flip-flop 38 is reversed upon receipt of a first input
      pulse and reversed again upon receipt of a second output pulse. At this
      time, flip-flop 39 changes to the other stable state to close AND circuit
      37, thereby latching flip-flop 38. In other words, the one cycle selection
      circuit 40 operates for a time interval corresponding to one cycle of its
      input pulse train and produces a corresponding pulse S.sub.6 at its
      terminal 41.
PAR  The pulse S.sub.6 is applied as a sampling pulse to one input terminal of
      an AND circuit 45 which is connected, at the other input terminal thereof,
      to a clock oscillator 44 of about 10 KHz, for example. A portion of an
      output pulse train S.sub.7 of the oscillator 44 which corresponds to the
      duration of the sampling pulse S.sub.6 is taken out by the action of AND
      circuit 45. The number of pulses S.sub.8 taken out of the pulse train
      S.sub.7 is counted by counter means comprising a scale-of-1000 counter
      consisting of three ring counters 46, 47 and 48 and a decoder 49
      consisting of three decoder units.
PAR  In the embodiment shown and described, three ring counters are used. It is
      to be understood that the invention is not limited to this number of ring
      counters and that one ring counter may be employed because the natural
      frequency of some type of coin is low. This is also the case with the
      decoder 49.
PAR  The number counted by the counter means is determined by the ratio of the
      natural frequency of the coin to the frequency of oscillation of clock
      oscillator 44. However, there are slight individual variations in natural
      frequency from one genuine coin to another even if they are of the same
      type. The results of tests show that one cycle of the natural frequencies
      of 50 yen coins, 100 yen coins and 10 yen coins range from 51.5 to 53.5
      microseconds, 54.2 to 55.7 microseconds and 73.5 to 77.5 microseconds
      respectively. This means that, when the frequency of oscillation of the
      clock oscillator 44 is 10 MHz, the values for the genuine 50 yen, 100 yen
      and 10 yen coins exist in the ranges of numbers counted which are 515 to
      735, 542 to 557 and 535 to 775 respectively. For the sake of convenience,
      the minimum number of each of the aforementioned ranges of allowable
      values for coins will be referred to as a leading value and the maximum
      number as a trailing value.
PAR  Output terminals of the decoder 49 indicating the leading and trailing
      values of each range of allowable values for coins are connected or OR
      circuits 50, 51 and 52 each consisting of three NAND gates mounted in
      combination. OR circuits 50, 51 and 52 each have an output terminal which
      is connected to one input terminal of AND circuits 53, 54 and 55
      respectively. In FIG. 4, the decoder 49 and each OR circuit is connected
      together by two solid lines. Since the numbers indicated by the decoder 49
      have three digit positions, each solid line represents three leads.
PAR  Opening and closing of AND circuits 53, 54 and 55 depend on whether the
      coin fed to the apparatus is perforated or not. More specifically, there
      is provided a flip-flop 59 for discriminating between perforated and
      non-perforated coins which has an input terminal connected to the output
      terminal of Schmitt trigger circuit 22 shown in FIG. 3. Flip-flop 59 has
      two output terminals, one output terminal Q being connected to the other
      input terminal of each of AND circuits 54 and 55 and the other output
      terminal Q being connected to the other input terminal of AND circuit 53.
PAR  When the Schmitt trigger circuit 22 shown in FIG. 3 produces only one
      output pulse or the coin fed to the apparatus is a non-perforated coin, an
      output pulse S.sub.10 is produced at the output terminal Q of the
      flip-flop 59, thereby opening AND circuit 53. When the coin fed to the
      apparatus is a perforated coin, Schmitt trigger circuit 22 produces two
      putput pulses and the state of flip-flop 59 is reversed, so that a pulse
      16 is produced at the output terminal Q of flip-flop 59 and flip-flops 54
      and 55 are opened. Thus, when the coin fed to the apparatus is a
      non-perforated coin, flip-flop 56 is rendered operative, and when it is a
      perforated coin, flip-flops 57 and 58 are rendered operative.
PAR  Being connected as aforementioned, OR circuits 50, 51 and 52 each produce a
      first output pulse (leading value pulse) when the number counted by the
      counter means reaches the leading value after starting with zero. The
      first output pulse is applied as an input signal to discriminating
      flip-flops 56 or 57 and 58 through rear AND circuits 53 or 54 and 55, so
      that the nature of state of each flip-flop is reversed. When the number
      counted has reached the trailing value, a second output pulse (trailing
      value pulse) is produced to cause discriminating flip-flops 56 or 57 and
      58 to change the nature of state to the original state.
PAR  Thus, when the number of pulses taken out in accordance with the duration
      of the cycle of the natural frequency of the coin fed to the apparatus is
      within the predetermined range of allowable values for the particular coin
      or between the leading and trailing values, OR circuits 50, 51 and 52
      produce a leading value pulse when the number counted reaches the leading
      value, but no trailing value pulse is produced. Therefore, the OR circuits
      produces only one output pulse as shown in 9 of FIG. 5, with a result that
      flip-flops 56, 57 and 58 have their nature of state reversed by the
      leading value pulse and remsins in that state. This indicates that the
      coin fed to the apparatus is a genuine coin. Conversely, when the number
      of pulses taken out is not within the predetermined range of allowable
      values and is smaller than the leading value or greater than the trailing
      value, neither the leading value pulse nor the trailing value pulse is
      produced or both of them are produced (18 in FIG. 6). Thus, the nature of
      state of flip-flops 56, 57 and 58 is not reversed or restored to its
      original state after being reversed once, thereby indicating that the coin
      fed to the apparatus is a false coin.
PAR  The advantage of the aforementioned process of discriminating between
      genuine and false coins is that, even when the number of pulses taken out
      extends from outside to inside of the predetermined ranges of allowable
      values and greater than the leading value of each range, both the leading
      value pulse and the trailing value pulse are produced and the flip-flops
      are restored to their original position by reversing their nature of state
      twice, thereby indicating that the coin fed to the apparatus is a false
      coin.
PAR  An output S.sub.11 of flip-flops 56, 57 or 58 is passed through AND
      circuits 60, 61 or 62 and appears at a terminal B, A or C as a
      discrimination output signal S.sub.B, S.sub.A or S.sub.C  (in 13 of FIG. 5
      and 18 of FIG. 6), indicating that the coin is a genuine 50 yen coin, 100
      yen coin or 10 yen coin. The discrimination output signal may be applied
      as an input to a coin number counter device of an automatic vending
      machine, for example.
PAR  AND circuits 60, 61 and 62 perform the function of eliminating a pulse S19
      which is produced by the leading value pulse and the trailing value pulse
      before the oscillation of the selective oscillator circuit reaches a
      predetermined level. Initiation of vibration of the coin necessarily has a
      certain time lag behind feeding of the coin to the apparatus. It is
      necessary that the pulse S.sub.19 produced by the reversion of the nature
      of state of flip-flop 56, 57 or 58, which takes place twice during the
      time the number of pulses produced by the vibration of the coin is being
      counted, be prevented from appearing at discrimination output terminal A,
      B or C. To this end, AND circuit 60, 61 or 62 is opened only when an AND
      circuit 42 produces an output. AND circuit 42 has two input terminals, one
      of them being connected to a reverse output terminal of the flip-flop 38
      of the one cycle selection circuit 40 and the other being connected to the
      output terminal of monostable multivibrator 35. Thus, AND circuit 42
      produces an output after the monostable multivibrator 23 shown in FIG. 1
      has operated for about 200 millseconds and when the operation of
      monostable multivibrator 35 of the next stage is initiated, so that AND
      circuit 60, 61 and 62 are opened for about 200 millseconds during which
      monostable multivibrator 35 remains in operation.
PAR  As aforementioned, the output terminals of flip-flops 56, 57 and 58
      connected to AND circuits 60, 61 and 62 are genuine coin discrimination
      output terminals. Thus, the other output terminal of each of flip-flops
      56, 57 and 58 produces an output signal B, A or C indicating that the coin
      is not a coin of interest. The output signals B, A and C pass through an
      AND circuit 63 and are supplied to an amplifier 64 where they are
      amplified to energize a discrimination solenoid 65. AND circuit 63 is
      constructed such that it is opened when AND circuit 42 produces a
      collation ending signal S.sub.14. The collation ending signal of AND
      circuit 42 is amplified at an amplifier 66 and used to energize a release
      solenoid 17. Thus, as soon as AND circuit 42 produces an output signal,
      the stopper 6 mounted in the coin passageway of the coin discriminating
      apparatus 1 is pulled by solenoid 17 against the biasing force of a spring
      (not shown) to move to an inoperative position so as to release the coin
      20 from the position shown in FIG. 2. When the coin 20 is a false one,
      solenoid 65 is also energized to open the opening and closing plate 7 to
      return the coin 20 to the return port through the branch passageway 5. In
      case the coin 20 is genuine one, the opening and closing plate 7 is not
      actuated, so that the coin 20 is introduced into a coin classification
      mechanism.
PAR  When the counter 48 overflows or when the 900th number is counted thereby,
      AND circuit 36 is closed through an inverter 43, thereby resetting the
      flip-flops 38 and 39 of the one cycle selection circuit 40. This closes
      AND circuit 45 and reduces the input to the counter means to zero, thereby
      preventing misoperation of the counter means. Thus, the coin
      discriminating apparatus is brought to a state in which it is possible to
      start another coin discrimination operation if another coin is fed to the
      apparatus again.
PAR  A signal portion S'14 remaining in front of the signal S14 shown in 14 of
      FIG. 5 practically exerts no influences on the operation of the solenoids.
      However, since the solenoids are mounted in the neighborhood of the
      pressure sensitive senser 7, it is desirable to provide an integration
      circuit or the like in amplifiers 64 and 66 to prevent interference by the
      senser.
PAR  In the embodiment shown and described, the decoder 49 consists of three
      decoder units corresponds to the digits of a decimal number in the
      positions of ones, tens and hundreds respectively. One output terminal of
      each decoder unit is connected through a lead to one of two input
      terminals of OR circuits 50, 51 and/or 52.
PAR  By this arrangement, it is possible to vary at will the duration of a
      selected cycle of natural frequency later on according to the type of coin
      to be discriminated.
PAR  The coin discriminating apparatus according to the invention can be
      constructed in part or in its entirety by utilizing the technology of
      large scale integration. When this is the case, it is advantageous to
      mount the decoder such that its connection can be varied.
PAR  According to the invention, the oscillator circuit is automatically
      switched between different phases by the astable multivibrator 24 and
      locked in the phase which suits the condition of oscillation. This ensures
      that oscillation takes place positively.
PAR  The presence or absence of oscillation can be ascertained by the action of
      the rectifier circuit 32 and AND circuit 33. The solenoid 17 for the
      stopper 6 is not energized when counting of the number or an arithmetic
      operation is in progress, and no output signal is produced at the output
      signal terminal A, B or C, so that the performance of the apparatus is
      dependable.
PAR  The apparatus according to the invention can discriminate between
      perforated and non-perforated coins, in addition to between genuine and
      false coins.
PAR  FIG. 7 shows another form of oscillator circuits of the coin discriminating
      apparatus according to the invention. Parts similar to those shown in FIG.
      3 are designated by like reference characters. In this embodiment, the
      piezo-electric element 11 of the pressure sensitive senser 10 is connected
      to the input terminal of amplifier 25 which has an output terminal 250.
      Three sets of circuits each comprising a phase shift circuit 70, a limiter
      71, a band-pass filter 72 and an impedance matching circuit 73 connected
      in cascade connection with one another are inserted between the output
      terminal 250 of amplifier 25 and the speaker 9 through variable resistors.
      The symbols A, B and C appended to the end of reference numerals 70 to 73
      indicate that the elements designated thereby belong to the channels of
      oscillation frequencies corresponding to the natural frequencies of the
      coins of 100 yen, 50 yen and 10 yen respectively. As can be seen in FIG.
      7, the elements shown in the figure constitute a feedback amplifier
      oscillator circuit. In the positive feedback loop, the pressure sensitive
      senser 10, speaker 9 and the coin 20 interposed therebetween constitute a
      sort of mechanical filter as is the case with the embodiment shown in FIG.
      3.
PAR  Upon the coin 20 fed to the apparatus being disposed as shown in FIG. 7
      after impinging on the stopper 6, the normal feedback loop of the
      aforementioned oscillator circuit is closed. The shock vibration of the
      coin produced when it impinges on the stopper or a noise inside the
      amplifier 25 is amplified and appears at the output terminal 250 of
      amplifier 25. This output signal is passed through the phase shift circuit
      70 and limiter 71 and applied to the band-pass filter 72. The band-pass
      filter 72, which may consist of LC-elements for example, passes a band
      which is equal to the maximum range of allowable values for the natural
      frequency of a coin which may be slightly damaged or deformed while in
      circulation or the range of allowable values for a genuine coin. Thus, the
      signal that has passed through the band-pass filter 72 only has the
      natural frequency component of the coin which energizes the speaker 9
      through the impedance matching circuit 73. The sound output of the speaker
      9 causes the coin 20 to vibrate and the vibration thereof is sensed by the
      pressure sensitive senser 10.
PAR  When the coin fed to the apparatus is genuine coin of 100 yen, 50 yen or 10
      yen, the natural frequency of the coin exists in the frequency band passed
      by the band-pass filter 22A, 22B or 22C, so that the selective oscillator
      circuit selectively oscillates at the natural frequency of the particular
      coin. Thus, an oscillator output signal S2 of a constant voltage is
      produced at an output terminal 74 of the selective oscillator circuit.
      This oscillation frequency may vary depending on the type of coins. If the
      coin is of 10 yen, the frequency is about 13 KHz; if it is of 100 yen, the
      frequency is about 18 KHz; and if it is of 50 yen, the frequency is about
      19 to 20 KHz.
PAR  The phase shift circuit 70 performs the function of shifting the phase so
      that the selective oscillator circuit may be subjected to positive
      feedback in a correct phase. The limiter 71 performs the function of
      limiting amplitude so that differences in oscillation level may not cause
      a change to occur in the output level.
PAR  From the foregoing description, it will be appreciated that the coin
      discriminating apparatus according to the invention permits to increase
      the degree of precision with which it is possible to determine whether a
      coin is a genuine coin or a false coin or what type is belongs to.
CLMS
STM  I claim:
NUM  1.
PAR  1. A coin discriminating apparatus comprising: a coin detector means for
      sensing a coin fed to the apparatus and for producing a starting signal; a
      mechanical filter mechanism including a speaker, a pressure sensitive
      senser, a horizontally and vertically inclined passageway for said coin, a
      stopper for projection into said passageway, said coin fed to the
      apparatus being held between said speaker and said senser in said
      passageway by said stopper as said coin rolls down said passageway; a
      selective oscillator circuit having a positive feedback loop connected in
      series with said senser and speaker in which said mechanical filter
      mechanism is interposed to generate an oscillation output at the same
      frequency as the mechanical natural frequency of the coin fed to the
      apparatus; a one cycle selector circuit connected to said selective
      oscillator circuit adapted to take out one period of the oscillation
      frequency generated at said selective oscillator circuit; means connected
      to said one cycle selector circuit for producing impulses whose number
      depends on the wave length of said one period each time a coin is fed to
      the apparatus; and means connected to said means for producing impulses
      for determining whether the number of said impulses is within a range
      predetermined by a genuine coin to be discriminated.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said detector means
      comprises: a coin passage switch disposed above said mechanical filter
      mechanism along said coin passageway; an amplifier connected to said coin
      passage switch; and a Schmitt trigger connected to said amplifier.
NUM  3.
PAR  3. A coin discriminating apparatus comprising: a coin detector means for
      sensing a coin fed to the apparatus and for producing a starting signal; a
      mechanical filter mechanism including a speaker, a pressure sensitive
      senser, a horizontally and vertically inclined passageway for said coin, a
      stopper for projection into said passageway, said coin fed to the
      apparatus being held between said speaker and said senser in said
      passageway by said stopper as said coin rolls down said passageway; a
      selective oscillator circuit having a positive feedback loop connected in
      series with said senser and speaker in which said mechanical filter
      mechanism is interposed to generate an oscillation output at the same
      frequency as the mechanical natural frequency of the coin fed to the
      apparatus; a one cycle selector circuit connected to said selective
      oscillator circuit adapted to take out one period of the oscillation
      frequency generated at said selective oscillator circuit; means connected
      to said one cycle selector circuit for producing impulses whose number
      depends on the wave length of said one period each time a coin is fed to
      the apparatus; and means connected to said means for producing impulses
      for determining whether the number of said impulses is within a range
      predetermined by a genuine coin to be discriminated, wherein said coin
      passageway comprises an inclined coin passageway portion inclined with
      respect to a horizontal plane and a vertical plane passing therethrough,
      wherein said pressure sensitive senser comprises a piezo-electric element
      and a semi-spherical tip made of a synthetic resinous material and
      attached to the top of said piezo-electric element, said tip being adapted
      to cooperate with said stopper to hold at two points the coin when said
      stopper is projected into said inclined coin passageway portion.
NUM  4.
PAR  4. A coin discriminating apparatus comprising: a coin detector means for
      sensing a coin fed to the apparatus and for producing a starting signal; a
      mechanical filter mechanism including a speaker, a pressure sensitive
      senser, a horizontally and vertically inclined passageway for said coin, a
      stopper for projection into said passageway, said coin fed to the
      apparatus being held between said speaker and said senser in said
      passageway by said speaker and said senser in said passageway by said
      stopper as said coin rolls down said passageway; a selective oscillator
      circuit having a positive feedback loop connected in series with said
      senser and speaker in which said mechanical filter mechanism is interposed
      to generate an oscillation output at the same frequency as the mechanical
      natural frequency of the coin fed to the apparatus; a one cycle selector
      circuit connected to said selective oscillator circuit adapted to take out
      one period of the oscillation frequency generated at said selective
      oscillator circuit; means connected to said one cycle selector circuit for
      producing impulses whose number depends on the wave length of said one
      period each time a coin is fed to the apparatus; and means connected to
      said means for producing impulses for determining whether the number of
      said impulses is within a range predetermined by a genuine coin to be
      discriminated, wherein said selective oscillator circuit comprises: a
      series circuit of a first gate and a limiter interposed in said positive
      feedback loop; a series circuit of a phase inverter and a second gate
      connected in parallel to said first gate: an astable multivibrator which
      is energized with the starting signal generated by said coin detector
      means so as alternately to open and close both gates; and means for
      locking the astable multivibrator into a state at which the feedback phase
      of the selective oscillator circuit is positive.
NUM  5.
PAR  5. An apparatus according to claim 4, including a monostable multivibrator
      interposed between said coin detector means and said astable
      multivibrator.
NUM  6.
PAR  6. A coin discriminating apparatus comprising: a coin detector means for
      sensing a coin fed to the apparatus and for producing a starting signal; a
      mechanical filter mechanism including a speaker, pressure sensitive
      senser, a horizontally and vertically inclined passageway for said coin, a
      stopper for projection into said passageway, said coin fed to the
      apparatus being held between said speaker and said senser in said
      passageway by said stopper as said coin rolls down said passageway; a
      selective oscillator circuit having a positive feedback loop connected in
      series with said senser and speaker in which said mechanical filter
      mechanism is interposed to generate an oscillation output at the same
      frequency as the mechanical natural frequency of the coin fed to the
      apparatus; a one cycle selector circuit connected to said selective
      oscillator circuit adapted to take out one period of the oscillation
      frequency generated at said selective oscillator circuit; means connected
      to said one cycle selector circuit for producing impulses whose number
      depends on the wave length of said one period each time a coin is fed to
      the apparatus; and means connected to said means for producing impulses
      for determining whether the number of said impulses is within a range
      predetermined by a genuine coin to be discriminated, wherein said
      selective oscillator circuit comprises at least one cascade connection
      circuit interposed in the positive feedback loop, said cascade connection
      circuit including a phase shift circuit, a limiter, a band phase filter
      and an impedance converter.
NUM  7.
PAR  7. A coin discriminating apparatus comprising: a coin detector means for
      sensing a coin fed to the apparatus and for producing a starting signal; a
      mechanical filter mechanism including a speaker, a pressure sensitive
      senser, a horizontally and vertically inclined passageway for said coin, a
      stopper for projection into said passageway, said coin fed to the
      apparatus being held between said speaker and said senser in said
      passageway by said stopper as said coin rolls down said passageway; a
      selective oscillator circuit having a positive feedback loop connected in
      series with said senser and speaker in which said mechanical filter
      mechanism is interposed to generate an oscillation output at the same
      frequency as the mechanical natural frequency of the coin fed to the
      apparatus; a one cycle selector circuit connected to said selective
      oscillator circuit adapted to take out one period of the oscillation
      frequency generated at said selective oscillator circuit; means connected
      to said one cycle selector circuit for producing impulses whose number
      depends on the wave length of said one period each time a coin is fed to
      the apparatus; and means connected to said means for producing impulses
      for determining whether the number of said impulses is within a range
      predetermined by a genuine coin to be discriminated, including a collation
      processing timer connected to said coin detector.
NUM  8.
PAR  8. An apparatus according to claim 7, wherein said one cycle selector
      comprises an AND circuit connected to said selective oscillator, a main
      flip-flop connected to the AND circuit, and a sub flip-flop connected to
      the main flip-flop said main and sub flip-flops capable of being preset by
      the output of said collation processing timer and said AND circuit capable
      of being opened by the reverse output of the sub flip-flop.
NUM  9.
PAR  9. An apparatus according to claim 7, including an AND circuit connected to
      said collation processing timer for producing a collation ending signal
      for exciting a stopper solenoid, said AND circuit being opened by the
      reverse output of the one cycle selector.
NUM  10.
PAR  10. A coin discriminating apparatus comprising: a coin detector means for
      sensing a coin fed to the apparatus and for producing a starting signal; a
      mechanical filter mechanism including a speaker, a pressure sensitive
      senser, a horizontally and vertically inclined passageway for said coin, a
      stopper for projection into said passageway, said coin fed to the
      apparatus being held between said speaker and said senser in said
      passageway by said stopper as said coin rolls down said passageway; a
      selective oscillator circuit having a positive feedback loop connected in
      series with said senser and speaker in which said mechanical filter
      mechanism is interposed to generate an oscillation output at the same
      frequency as the mechanical natural frequency of the coin fed to the
      apparatus; a one cycle selector circuit connected to said selective
      oscillator circuit adapted to take out one period of the oscillation
      frequency generated at said selective oscillator circuit; means connected
      to said one cycle selector circuit for producing impulses whose number
      depends on the wave length of said one period each time a coin is fed to
      the apparatus; and means connected to said means for producing impulses
      for determining whether the number of said impulses is within a range
      predetermined by a genuine coin to be discriminated, including a definite
      oscillation discriminator comprising an AND circuit and a rectifier
      circuit interposed between the both inputs of said AND circuit, said
      definite oscillation discriminator being interposed between said selective
      oscillator and said cycle selector.
NUM  11.
PAR  11. A coin discriminating apparatus comprising: a coin detector means for
      sensing a coin fed to the apparatus and for producing a starting signal; a
      mechanical filter mechanism including a speaker, a pressure sensitive
      senser, a horizontally and vertically inclined passageway for said coin, a
      stopper for projection into said passageway, said coin fed to the
      apparatus being held between said speaker and said senser in said
      passageway by said stopper as said coin rolls down said passageway; a
      selective oscillator circuit having a positive feedback loop connected in
      series with said senser and speaker in which said mechanical filter
      mechanism is interposed to generate an oscillation output at the same
      frequency as the mechanical natural frequency of the coin fed to the
      apparatus; a one cycle selector circuit connected to said selective
      oscillator circuit adapted to take out one period of the oscillation
      frequency generated at said selective oscillator circuit; means connected
      to said one cycle selector circuit for producing impulses whose number
      depends on the wave length of said one period each time a coin is fed to
      the apparatus; and means connected to said means for producing impulses
      for determining whether the number of said impulses is within a range
      predetermined by a genuine coin to be discriminated, wherein said means
      for determining whether or not the number of pulses is within a
      predetermined range comprises counter means having at least one ring
      counter at and at least one decoder unit connected to said ring counter,
      at least one OR circuits having a pair of input terminals connected to any
      pair of a plurality of output terminals of said at least one decoder unit
      corresponding to a leading value and a trailing value of a predetermined
      range of values allowable for the cycle of the natural frequency of one of
      more than two types of coins being deemed a genuine coin in circulation,
      and at least one descriminating flip-flop connected to one of said OR
      circuits and disposed posterior thereto.
NUM  12.
PAR  12. An apparatus according to claim 11, including a collation processing
      timer connected to said coin detector, a first AND circuit connected to
      said collation processing timer and the reverse output of said one cycle
      selector, and at least one AND circuit connected to one of the
      discriminating flip-flops and to said first AND circuit.
NUM  13.
PAR  13. An apparatus according to claim 11, including a collation processing
      timer connected to said coin detector, a first AND circuit connected to
      said collation processing timer and the reverse output of said one cycle
      selector, a second AND circuit connected to each of the reverse outputs of
      the discriminating flip-flops and to said first AND circuit, and a
      discrimination solenoid excited by the output of said second AND circuit
      to introduce a coin into a return port through a branch passageway.
NUM  14.
PAR  14. An apparatus according to claim 11, including AND circuits each
      interposed between one of said OR circuits and one of said discriminating
      flip-flops, a flip-flop connected to said coin detector to gate said AND
      circuits corresponding to the difference between perforated and
      non-perforated coins fed to the apparatus.
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ABST
PAL  An apparatus for receiving checks including coins and the like whereby
      checks deposited in fareboxes or similar mechanisms can be inspected by
      detecting means for recording the value of the checks and for determining
      the authenticity of the checks. The apparatus particularly includes a
      movable disc and adjacent wall arrangement for separating checks one from
      the other when the checks are deposited in a manner such that one or more
      checks is held in overlying relationship with another check. The
      separating arrangement comprises a first surface on the disc, which may
      define friction means, for engaging the side of a check with an opposed
      surface of the wall being provided in the apparatus for engaging the side
      of a check stacked against the other check. A drive is provided for
      achieving relative movement between the surfaces whereby the check engaged
      by one surface will be moved away from the check engaged by the other
      surface to automatically eliminate the stacked relationship. At the same
      time, the checks are moved against a ramp which serves as a reference
      point for an electronic device so that each check will be individually
      observed by the detecting device even though several checks may be
      deposited simultaneously.
BSUM
PAR  This invention relates to an apparatus for receiving checks and for
      observing the checks with suitable detecting means for recording the value
      of the checks and/or the authenticity of the checks. The invention finds
      particular application in vending structures for goods and services, for
      example fareboxes utilized in public transportation systems.
PAR  In constructions which are adapted to receive coins, tokens or other
      checks, it is desirable to provide means for recording the value of the
      checks, and for determining the authenticity of the checks. The recording
      mechanisms are preferably such that an individual deposit can be recorded,
      such as the deposit of a fare by a single passenger, while also recording
      accumulated deposits. In the course of determining amounts deposited, the
      detecting means are preferably suitable for determining whether the size
      or shape of a check deposited conforms with known standards so that
      spurious checks will not be credited to the individual depositing them or
      accumulated as a part of a total deposit. Particularly in the case of
      transit systems, suitable means for detecting and recording are desirable
      since personnel should be able to determine whether a proper fare has been
      deposited. In addition, the provision of means for recording accumulated
      amounts serves as a safeguard against pilfering since the recorded amounts
      should agree with a later count of proceeds.
PAR  In the case of transit systems and also with respect to other applications,
      rapid detection and recording is desirable particularly where one
      passenger after another deposits a fare in rapid sequence. In the absence
      of suitable detecting and recording means, personnel in charge may be
      forced to accept fares deposited without question, or the movement of
      passengers would be delayed so that each deposit could be properly
      checked.
PAR  One recognized deficiency in existing collection systems relates to the
      inability of the systems to accurately and rapidly accept a plurality of
      checks simultaneously. Thus, in a transit system, if a passenger should
      deposit a handfull of checks, as is often the case, the checks may stack
      one on the other, making observation by visual or other detecting means
      difficult or impossible. To applicant's knowledge, only relatively slow
      and otherwise unsatisfactory means have been available for handling the
      checks in a fashion such that they can be rapidly and accurately observed
      for detection and recording purposes.
PAR  It is a general object of this invention to provide an improved structure
      for the collection of checks in fareboxes and the like.
PAR  It is a more specific object of this invention to provide a check
      collection apparatus which includes improved means for detecting and
      recording checks deposited whereby an accurate determination of amounts
      deposited can be achieved.
PAR  It is a further object of this invention to provide a check collection
      system of the type described which is extremely reliable while operating
      at a very rapid rate and which in addition to a recording function is
      adapted to detect checks of a spurious character.
DRWD
PAR  These and other objects of this invention will appear hereinafter and for
      purposes of illustration, but not of limitation, specific embodiments of
      the invention are shown in the accompanying drawings in which:
PAR  FIG. 1 is an elevational view of a check receiving mechanism characterized
      by the features of this invention;
PAR  FIG. 2 is an enlarged fragmentary cross-sectional view taken about the line
      2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary cross-sectional view taken about the line
      3--3 of FIG. 1;
PAR  FiG. 4 is an enlarged vertical, sectional view of the check receiving
      mechanism taken about the line 4--4 of FIG. 1 and including a
      cross-sectional view of surrounding housing portions;
PAR  FIG. 5 is a cross-sectional view of the structure of FIG. 2 illustrating
      the movement of checks therethrough;
PAR  FIG. 6 is a cross-sectional view of the structure of FIG. 3 illustrating
      the manner of handling bent checks in the construction;
PAR  FIG. 7 is a schematic illustration of check detecting means suitable for
      use in the construction;
PAR  FIG. 8 is an enlarged fragmentary cross-sectional view illustrating
      detecting means and taken about the line 8--8 of FIG. 1;
PAR  FIG. 9 is a cross-sectional view of the check receiving mechanism taken
      about the line 9--9 of FIG. 4;
PAR  FIG. 10 is an enlarged fragmentary cross-sectional view taken about the
      line 10--10 of FIG. 1; and,
PAR  FIG. 11 is a fragmentary cross-sectional view taken about the line 11--11
      of FIG. 4.
DETD
PAR  The apparatus of this invention generally comprises a structure for
      receiving checks such as coins or tokens, for example of the type utilized
      for the payment of fares in transit operations. The invention is more
      specifically concerned with detecting means which inspect the checks for
      purposes of determining the authenticity thereof and/or for purposes of
      recording the amount deposited.
PAR  In order to provide for rapid and reliable detection of the checks, the
      apparatus of the invention provides separating means which comprise a
      first engaging surface for engaging one side of each check deposited. A
      second engaging surface is positioned in spaced relationship with the
      first surface and a side of each check deposited is engaged by this second
      surface. Means are provided for driving at least one of the surfaces so
      that relative movement between the respective surfaces is achieved. The
      surfaces are adapted to grip the check faces engaged, for example through
      the provision of friction means on the surfaces, whereby a driving
      movement will be imparted to each check by one surface relative to the
      other surface. This arrangement results in the unstacking or
      "un-shingling" of checks which may initially be located in overlying
      relationship. This relationship will particularly occur where a passenger
      or other user of the apparatus deposits several checks simultaneously.
PAR  By eliminating any overlying relationship, the checks are adapted to be
      moved one at a time past detecting means for achieving the aforementioned
      functions. With the mechanisms of this invention, the separating of the
      checks and movement past detecting means is accomplished at a high rate of
      speed so that recording of the amount deposited and a determination of the
      authenticity of the checks deposited is carried out almost
      instantaneously. The mechanism of the invention, therefore, avoids delays
      in operation while permitting a determination by operating personnel
      whether a correct fare has been deposited. A highly reliable record of the
      accumulated amounts deposited is also achieved.
PAR  The check engaging surfaces utilized preferably comprise a rotating disc
      having a "rug-like" surface for effectively engaging the checks. This disc
      is movable opposite a stationary surface which may be formed of a hard
      rubber material or comparable synthetic material whereby the
      aforementioned separating movement is achieved. The rotating disc is also
      provided with a central hub with the drive movement automatically holding
      each check in engagement with this hub. A tangentially positioned take-off
      ramp is provided with the drive movement again insuring that each check is
      held against this ramp. This arrangement automatically provides a
      consistent reference point whereby detecting means such as a combination
      of light emitting and light receiving elements can be employed for rapid
      analysis of the check moving past the detecting means.
PAR  FIGS. 1 and 4 best illustrate the assembly of parts which make up the
      apparatus of the invention. This apparatus is shown in association with a
      housing which includes a vertically positioned wall 10 and a top wall 12
      fitted onto the vertical wall. The walls 10 and 12 may comprise parts of a
      farebox with a check receiving throat 14 being provided for the
      introduction of checks which are illustrated in various positions in the
      respective figures.
PAR  The top wall 12 defines an inner section 16 which serves to support a
      bracket 18 connected to the section 16 by means of fasteners 20. This
      bracket includes an angularly disposed plate section 22, and a motor 24 is
      supported on this plate section.
PAR  A sleeve 26 defines a flange 28 which serves as a means for attaching the
      sleeve to the bracket plate 22 by means of fasteners 30. The sleeve
      supports a slideable bearing 32 which is press fit into the hub 34. A
      spring 36 is inserted between the flange 28 and a shoulder portion of the
      hub to normally hold the hub and associated bearing in spaced relationship
      with the flange as illustrated in FIG. 4. An adjustable collar 38 is
      secured to the sleeve to set the normal spaced relationship of these
      members.
PAR  The hub 34 is provided with a wide rim section 40 which serves as a
      mounting means for the housing 42, this housing being attached to the rim
      by means of fasteners 44. The housing 42 defines a wall 46 including a
      bent section 48 positioned adjacent the throat 14 in the top wall 12. The
      housing 42 is provided with an opening 50 adjacent this bent section for
      the passage of checks from the throat 14 inwardly between the wall 46 and
      the surface of the oppositely disposed disc 52.
PAR  The disc 52 defines a central hub 54 with a shaft 56 being secured in the
      opening defined by the hub by means of pin 58. A sleeve 60, which may be
      formed of gum rubber, is secured around the outer periphery of the hub by
      means of press fitting, an adhesive or the like. The inner surface 62 of
      the disc 52 carries a rug-like material 64 with the pile thereof extending
      perpendicularly relative to the disc surface. This rug may, for example,
      comprise a sheet of polyvinyl chloride having the fingers molded
      integrally thereon with a linen backing provided for the sheet to
      facilitate attachment.
PAR  A gear 66 is also attached to the shaft 56 by means of pin 68. This gear
      meshes with drive pinion 70 which is mounted on the drive shaft 72 of
      motor 24. The motor 24 may comprise a synchronous electric motor or any
      comparable drive means adapted to be repeatedly actuated and operated at a
      set speed.
PAR  As best shown in FIG. 11, a guide member 74 is attached to the housing wall
      46. This guide member includes an inturned end 76 which directs each check
      in one direction. A first ramp 78 defining a slope 80 is also secured to
      the wall 46. As illustrated in FIG. 3, the ramp 78 moves each check in the
      direction of the disc 52 whereby one face of each check is engaged by the
      rug 64. The opposite face of each check is engaged with the rubber surface
      82 carried on the wall 46. The driving action imparted by the rug 64
      serves to move each check up the slope 80 at which time the checks begin
      travel around the rubber sleeve 60 carried by the hub 54. Since the
      structure is inclined as shown in FIG. 4, the checks are automatically
      held against the rug to insure driving engagement.
PAR  Because of the fact that points on the disc 52 which are farther from the
      disc axis move at higher speeds, the checks move inwardly toward the axis,
      and an edge of each check is, therefore, automatically driven into
      engagement with this sleeve, and held in engagement as the check proceeds.
PAR  A second ramp 84 is also secured to the wall 46, and this ramp defines an
      engaging surface 86 which is substantially tangentially located relative
      to the periphery of the sleeve 60. Accordingly, each check moved by the
      disc 52 is brought into engagement with this surface 86. This engagement
      of the rug continues with a downward force component being included so
      that the checks move downwardly along the surface 86 with the direction of
      rotation serving to maintain the edge of each check firmly against the
      surface 86. A plate 88 attached to the wall 46 is inserted in a cutout
      area of the rubber mat 82 with this plate comprising a metal member or
      similar low friction surface whereby movement of the checks along the edge
      86 is accelerated.
PAR  A detecting mechanism 90 is positioned beyond the extent of housing 42
      immediately adjacent the ramp 84. As best illustrated in FIG. 8, this
      mechanism includes a first printed circuit board 92, and the second
      printed circuit board 94. The mechanism is attached by means of screws 96
      and 98 to the housing 42, and spacers 100 are provided for holding the
      circuit boards in suitable spaced relationship.
PAR  A mask 102 is preferably associated with the board 94 and held in assembly
      with the board by means of the screws 96 and 98. This mask defines small
      openings 104 which are aligned with phototransistors 106. Positioned in
      alignment on the board 92 are a corresponding number of light emitting
      diodes 108. By means of suitable connections on the printed circuit
      boards, the diodes are adapted to be energized and to develop signals by
      virtue of the phototransistors whereby suitable recording mechanisms can
      be activated. In conventional fashion, a trigger cell 109 detects the
      passage of a coin to initiate the recording operations.
PAR  As shown in FIG. 7, the checks received in the construction may comprise
      large and small tokens and coins of the various denominations. The diodes
      and transistors are located so that the combination of transistors blocked
      by any particular check will result in the particular signal. The
      arrangement may be such that a value will be recorded for each check with
      the total value of the checks deposited by one individual being recorded
      and displayed for observance by personnel, for example, a bus operator.
      The system may also provide for the addition of this total to an
      accumulated amount of fares. More sophisticated arrangements may include a
      pair of transistors and diodes or comparable operating mechanisms for
      detecting each check of a particular diameter. The members of each pair
      can be slightly offset from each other to provide a "GO" and "NO GO"
      arrangement. Similarly, the logic of the system may be such that the
      insertion of a washer, the hole of which would create a different
      combination of signals, would lead to a rejection of the check and/or a
      warning signal. In addition, the logic should avoid recording of spurious
      checks which are rejected because of improper diameter or as washers.
PAR  As best shown in FIG. 10, the rug 64 continues to engage the checks when
      the checks are opposite the detecting elements. In the particular
      arrangement illustrated, the checks are only slightly spaced away from the
      stainless steel mask 102 while being substantially spaced from the printed
      circuit board 92. This particular relationship provides the desired
      detecting accuracy in this arrangement although it will be understood that
      other detecting means having comparable operating capabilities are clearly
      contemplated by the invention. Maintaining the slight spacing eliminates
      wear in the system which renders the described design particularly
      desirable.
PAR  As noted, the system is of particular advantage because of the ability to
      move checks along the reference surface 86, one at a time, with none of
      the checks being stacked relative to each other so that accurate detection
      of each check can be achieved. In the operation of the system where a
      plurality of checks are inserted at the same time, the checks might be
      stacked as illustrated in FIG. 5. Under these circumstances, however, the
      movement of the rug 64 operates to drive the uppermost checks relative to
      an underlying check so that each check becomes separated from the other
      checks. The rug will separate some checks in the entry area prior to
      movement up the slope of ramp 78; however, if the checks are not separated
      at this point, they will be separated beyond the ramp. The provision of
      the rubber material 82 is of particular importance in this regard since
      this material will offer some resistance to sliding of a check when
      compared with the resistance offered by one check relative to another.
      Thus, the rug 64 and the surface 82 are designed so that the checks will
      separate in response to the rug movement as opposed to moving together
      under the influence of the rug.
PAR  It has been found that the motor 24 can be driven at very high speed
      whereby the checks are moved rapidly through the mechanism and along the
      reference surface 86. Due to the use of high speed recording mechanisms in
      association with the circuit boards, a handful of checks will be separated
      and counted in less than one second so that the collection function can be
      carried out in a transit system without in any way delaying passengers
      using the system.
PAR  The arrangement of the invention provides for the by-passing of checks
      which are extremely distorted in shape. As best shown in FIG. 6, such
      checks are adapted to be swept by the rug 64 beyond the ramp 84 and into
      the area of wall 46 which is not covered by the mat 82. A suitable chute
      may be employed for such checks to return them to the person making the
      deposit. As shown, a gap is formed in the housing 42 at 109 which may
      communicate with such a chute.
PAR  If a distorted check or checks, which for some reason will not unstack, jam
      between the disc 52 and wall 46, the mechanism including spring 36 will
      operate to relieve this jam. Thus, the wall 46 will back away from the
      disc 42 as shown in dotted lines in FIG. 4, and this will permit rotation
      of the disc 52 until sufficient movement is achieved to relieve the jam.
PAR  A manual unjamming means is provided through the use of a yoke 110. This
      yoke is attached to rod 112 which extends through the cylinder 114 formed
      integrally with bracket 16. This rod may be attached to a handle
      externally of the housing 10 whereby rotation of the handle will move the
      yoke 110. The yoke includes a pair of downwardly extending arms 116, one
      of which is illustrated in FIG. 4. Each arm carries an inwardly extending
      pin 118 which is received within groove 120 defined by the hub 34. When
      the rod 112 is rotated in a clockwise direction as shown in FIG. 4, the
      pins will move the hub 34 for wall 46 with the latter shifting to the
      dotted line position illustrated. This then increases the clearance
      between the wall and disc 52 to relieve any jamming, and it will be noted
      that the gear 66 continues to rotate under these circumstances.
PAR  It will be understood that various changes and modifications may be made in
      the above described apparatus without departing from the spirit thereof,
      particularly as defined in the following claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In an apparatus adapted to receive checks including coins, tokens and
      the like wherein detecting means are provided for inspection of the
      checks, the improvement comprising means for receiving the checks and
      separating means for the checks whereby the checks are moved one at a time
      to the detecting means, said separating means comprising a first engaging
      surface for engaging one side of said checks, a second engaging surface
      positioned in spaced relationship with said first surface for engaging the
      opposite side of said checks, drive means for driving at least one of said
      surfaces relative to the other surface whereby checks in overlying
      relationship are engaged one by the first surface and the other by the
      second surface to separate the checks one from the other due to movement
      of the one check relative to the other check, a barrier ramp positioned at
      least partially between said surfaces, said ramp being positioned in
      spaced relationship to the position of said means for receiving the
      checks, separated checks being driven one at a time into engagement with
      said ramp, said detecting means comprising means for measuring the
      diameter of said checks while they are in engagement with the ramp.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 wherein said first surface is
      defined by a disc member, said drive means being connected to said disc
      member.
NUM  3.
PAR  3. An apparatus in accordance with claim 2 wherein said disc means carries
      a rug-like material comprising a pile adapted to engage checks and to move
      the checks therewith.
NUM  4.
PAR  4. An apparatus in accordance with claim 3 wherein said second surface
      comprises a rubber material, said second surface being provided on a
      member normally held stationary whereby said disc member is rotated
      relative to the second surface.
NUM  5.
PAR  5. An apparatus in accordance with claim 4 including a supporting plate for
      said stationary member, spring means normally urging said stationary
      member toward said disc member, said stationary member being movable away
      from said disc member in opposition to said spring means upon forcing of
      objects between said surfaces which are of undue thickness relative to the
      normal spacing between said surfaces.
NUM  6.
PAR  6. An apparatus in accordance with claim 5 including manually operable
      means accessible from the exterior of the apparatus and connected to said
      plate for manually forcing said stationary member away from said disc
      means.
NUM  7.
PAR  7. An apparatus in accordance with claim 2 wherein said disc means defines
      a central hub portion, the rotation of the disc means normally driving the
      edge of each check against said hub portion.
NUM  8.
PAR  8. An apparatus in accordance with claim 7 wherein said ramp defines a
      surface beginning adjacent to and tangent to said hub portion whereby
      checks are driven from engagement with said hub portion into engagement
      with said ramp, and wherein said detecting means are located adjacent said
      ramp outside the perimeter of said disc member.
NUM  9.
PAR  9. An apparatus in accordance with claim 1 wherein said measuring means
      comprise a plurality of light transmitting means located in progressive
      spaced relationship away from said ramp and positioned on one side of
      checks engaged with said ramp, a plurality of light detecting means
      located in progressive spaced relationship away from said ramp on the
      opposite side of checks engaged with the ramp, and means connected to said
      light detecting means for recording the detection of light beams from said
      light transmitting means whereby different recordings are made depending
      upon the size of checks engaged with said ramp.
NUM  10.
PAR  10. An apparatus in accordance with claim 1 wherein said separating means
      and detecting means are mounted in the housing of a farebox, said first
      and second surfaces being defined by spaced-apart plates, said farebox
      defining a check receiving throat communicating with the space between
      said plates for the passage of said checks from the throat into said
      space.
NUM  11.
PAR  11. An apparatus in accordance with claim 10 wherein said checks are moved
      in a substantially vertical path from said throat into said space, said
      plates being inclined relative to the vertical.
NUM  12.
PAR  12. An apparatus in accordance with claim 11 wherein one of said plates
      comprises a disc member, said drive means being connected to said disc
      member.
NUM  13.
PAR  13. An apparatus in accordance with claim 12 wherein said disc means
      carries a rug-like material comprising a pile adapted to engage checks and
      to move the checks therewith.
NUM  14.
PAR  14. An apparatus in accordance with claim 13 wherein said second surface
      comprises a rubber material, said second surface being provided on a
      member normally held stationary whereby said disc member is rotated
      relative to the second surface.
NUM  15.
PAR  15. An apparatus in accordance with claim 14 wherein said disc means
      defines a central hub portion, the rotation of the disc means normally
      driving the edge of each check against said hub portion.
NUM  16.
PAR  16. An apparatus in accordance with claim 15 including a sleeve of rubber
      carried by said hub portion for engagement by the edges of said checks.
NUM  17.
PAR  17. An apparatus in accordance with claim 10 including means resiliently
      urging said plates together whereby the spacing between the plates is
      adapted to increase in the event of the jamming of checks between the
      plates.
NUM  18.
PAR  18. A construction in accordance with claim 17 wherein manually operated
      means are associated with at least one plate for movement in opposition to
      said resilient means for thereby manually relieving jams.
NUM  19.
PAR  19. An apparatus in accordance with claim 1 wherein said ramp extends
      outwardly beyond said surfaces, said detecting means being located beyond
      said surfaces and said ramp guiding said checks to said detecting means.
NUM  20.
PAR  20. In an apparatus adapted to receive checks including coins, tokens and
      the like wherein detecting means are provided for inspection of the
      checks, the improvement comprising means for receiving the checks and
      separating means for the checks whereby the checks are moved one at a time
      to the detecting means, said separating means comprising a first engaging
      surface for engaging one side of said checks, a second engaging surface
      positioned in spaced relationship with said first surface for engaging the
      opposite side of said checks, said first and second surfaces being defined
      by substantially parallel, spaced-apart plates, drive means for driving at
      least one of said plates relative to the other whereby checks in overlying
      relationship are engaged one by the first surface and the other by the
      second surface to separate the checks one from the other due to movement
      of the one check relative to the other check, and a guide means located
      between said plates, said guide means defining a check edge-engaging
      surface spaced inwardly of the peripheries of the plates and limiting the
      inward movement of the checks, the operation of the drive means normally
      driving the edge of each check against said guide means, said guide means
      defining a guide surface comprising an elongated extension of said check
      edge-engaging surface, said extension being directed outwardly of said
      plates, said drive means driving the check along said guide surface
      whereby the checks are removed one at a time from between said plates.
NUM  21.
PAR  21. An apparatus in accordance with claim 20 wherein one of said plates
      comprises a disc means carrying a rug-like material comprising a pile
      adapted to engage checks and to move the checks therewith, said drive
      means being connected to said disc means.
NUM  22.
PAR  22. An apparatus in accordance with claim 21 wherein said second surface on
      the other plate comprises a rubber material, said other plate being
      normally held stationary whereby said disc member is rotated relative to
      the second surface.
NUM  23.
PAR  23. An apparatus in accordance with claim 20 wherein said detecting means
      comprise means for measuring the diameter of said checks.
NUM  24.
PAR  24. An apparatus in accordance with claim 20 wherein said separating means
      and detecting means are mounted in the housing of a farebox, said farebox
      defining a check receiving throat communicating with the space between
      said plates for the passage of said checks from the throat into said
      space.
NUM  25.
PAR  25. An apparatus in accordance with claim 24 wherein said checks are moved
      in a substantially vertical path from said throat into said space, said
      plates being inclined relative to the vertical.
NUM  26.
PAR  26. An apparatus in accordance with claim 25 wherein one of said plates
      comprises a disc member, said drive means being connected to said disc
      member.
NUM  27.
PAR  27. An apparatus in accordance with claim 26 wherein said disc means
      carries a rug-like material comprising a pile adapted to engage checks and
      to move the checks therewith.
NUM  28.
PAR  28. An apparatus in accordance with claim 27 wherein said second surface on
      the other plate comprises a rubber material, said other plate being
      normally held stationary whereby said disc member is rotated relative to
      the second surface.
NUM  29.
PAR  29. An apparatus in accordance with claim 28 wherein said disc means
      defines a central hub portion, the rotation of the disc means normally
      driving the edge of each check against said hub portion, said hub portion
      defining said check edge-engaging surface.
NUM  30.
PAR  30. An apparatus in accordance with claim 29 including a sleeve of rubber
      carried by said hub portion for engagement by the edges of said checks.
NUM  31.
PAR  31. In an apparatus adapted to receive checks including coins, tokens and
      the like wherein detecting means are provided for inspection of the
      checks, the improvement comprising means for receiving the checks and
      separating means for the checks whereby the checks are moved one at a time
      to the detecting means, said separating means comprising a first engaging
      surface for engaging one side of said checks, a second engaging surface
      positioned in spaced relationship with said first surface for engaging the
      opposite side of said checks, said first and second surfaces being defined
      by substantially parallel, spaced-apart plates, drive means for driving at
      least one of said plates relative to the other whereby checks in overlying
      relationship are engaged one by the first surface and the other by the
      second surface to separate the checks one from the other due to movement
      of the one check relative to the other check, one of said plates
      comprising a disc means carrying a rug-like material comprising a pile
      adapted to engage checks and to move the checks therewith, said drive
      means being connected to said disc means, said second surface on the other
      plate comprising a rubber material, said other plate being normally held
      stationary whereby said disc member is rotated relative to the second
      surface, spring means normally urging said other plate toward said disc
      member, said other plate being movable away from said disc member in
      opposition to said spring means upon forcing of objects between said
      surfaces which are of undue thickness relative to the normal spacing
      between said surface, and a guide means located between said plates, the
      operation of the drive means normally driving the edge of each check
      against said guide means, said guide means defining a guide surface
      directed outwardly of said plates, said drive means driving the check
      along said guide surface whereby the checks are removed one at a time from
      between said plates.
NUM  32.
PAR  32. An apparatus in accordance with claim 31 including manually operable
      means accessible from the exterior of the apparatus and connected to said
      other plate for manually forcing said other plate away from said disc
      means.
NUM  33.
PAR  33. In an apparatus adapted to receive checks including coins, tokens and
      the like wherein detecting means are provided for inspection of the
      checks, the improvement comprising means for receiving the checks and
      separating means for the checks whereby the checks are moved one at a time
      to the detecting means, said separating means comprising a first engaging
      surface for engaging one side of said checks, a second engaging surface
      positioned in spaced relationship with said first surface for engaging the
      opposite side of said checks, said first and second surfaces being defined
      by substantially parallel, spaced-apart plates, drive means for driving at
      least one of said plates relative to the other whereby checks in overlying
      relationship are engaged one by the first surface and the other by the
      second surface to separate the checks one from the other due to movement
      of the one check relative to the other check, and a guide means located
      between said plates, the operation of the drive means normally driving the
      edge of each check against said guide means, said guide means defining a
      guide surface directed outwardly of said plates, said drive means driving
      the check along said guide surface whereby the checks are removed one at a
      time from between said plates, said detecting means comprising means for
      measuring the diameter of said checks, said guide means comprising a ramp,
      said measuring means comprising a plurality of light transmitting means
      located in progressive spaced relationship away from said ramp and
      positioned on one side of checks engaged with said ramp, a plurality of
      light detecting means located in progressive spaced relationship away from
      said ramp on the opposite side of checks engaged with the ramp, and means
      connected to said light detecting means for recording the detection of
      light beams from said light transmitting means whereby different
      recordings are made depending upon the size of checks engaged with said
      ramp.
NUM  34.
PAR  34. In a farebox apparatus adapted to receive checks including coins,
      tokens and the like wherein detecting means are provided for inspection of
      the checks, the improvement comprising means for receiving the checks and
      separating means for the checks whereby the checks are moved one at a time
      to the detecting means, said separating means comprising a first engaging
      surface for engaging one side of said checks, a second engaging surface
      positioned in spaced relationship with said first surface for engaging the
      opposite side of said checks, said first and second surfaces being defined
      by substantially parallel, spaced-apart plates, a check receiving throat
      defined by the farebox and communicating with the space between said
      plates for the passage of said checks from the throat into said space,
      drive means for driving at least one of said plates relative to the other
      whereby checks in overlying relationship are engaged one by the first
      surface and the other by the second surface to separate the checks one
      from the other due to movement of the one check relative to the other
      check, one of said plates comprising a disc means carrying a rug-like
      material comprising a pile adapted to engage checks and to move the checks
      therewith, said drive means being connected to said disc means, said
      second surface on the other plate comprising a rubber material, said other
      plate being normally held stationary whereby said disc member is rotated
      relative to the second surface, spring means normally urging said other
      plate toward said disc member, said other plate being movable away from
      said disc member in opposition to said spring means upon forcing of
      objects between said surfaces which are of undue thickness relative to the
      normal spacing between said surfaces, and a guide means located between
      said plates, the operation of the drive means normally driving the edge of
      each check against said guide means, said guide means defining a guide
      surface directed outwardly of said plates, said drive means driving the
      check along said guide surface whereby the checks are removed one at a
      time from between said plates.
NUM  35.
PAR  35. A construction in accordance with claim 34 wherein manually operated
      means are associated with at least one plate for movement in opposition to
      said resilient means for thereby manually relieving jams.
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ABST
PAL  A mechanism for controlling functions such as step-by-step carriage return,
      line spacing and rapid carriage return in a typewriter comprises a single
      cam adapted to oscillate a single actuating member. The actuating member
      carries a selector which can be positioned to selectively actuate levers
      controlling the various functions. The selector is positioned by a single
      lever which is tilted by different amounts by sliding bars each associated
      with a key corresponding to a given function. In its rest position, said
      lever locks the actuating member with the cam disengaged from a driving
      roller.
BSUM
PAR  The invention relates to a mechanism for controlling at least two functions
      in a typewriter, namely a typewriter with a printing head, comprising a
      driving member, and a carriage carrying said printing head and being
      movable in front of a fixed platen adapted to receive a sheet of paper or
      the like.
PAR  Various known mechanisms are used in this kind of typewriter to control
      various functions such as the step-by-step return of the carriage, line
      spacing, and rapid return of the carriage. These known mechanisms are
      complicated and bulky since they require many parts for the control of
      each function.
PAR  An object of the invention is to provide a simple mechanism of reduced bulk
      for the control of said functions, and the parts of which make very few
      movements. This object is achieved by the mechanism according to the
      invention which comprises a single cam acting on a member for actuating
      control levers provided for each of said functions, a selector being
      carried by said actuating member for selectively coupling the latter to
      the control lever of the selected function.
DRWD
PAR  The accompanying drawing shows, schematically and by way of example, an
      embodiment of the invention. In the drawing:
PAR  FIG. 1 is an overall side view of the mechanism;
PAR  FIG. 2 is a view along line II--II of FIG. 1;
PAR  FIG. 3 is an enlarged-scale view of a part of the mechanism of FIG. 1;
PAR  FIG. 4 is an enlarged-scale view along line IV--IV of FIG. 1;
PAR  FIG. 5 is a view of a detail in FIG. 1; and
PAR  FIGS. 6 and 7 are diagramatic views illustrating the operation of the
      selection mechanism.
DETD
PAR  The mechanism shown is for the control of three functions: step-by-step
      carriage return, line spacing, and full carriage return.
PAR  FIG. 1 shows only the parts of the typewriter necessary for an
      understanding of the invention, to the exclusion of well known parts such
      as a fixed frame, keyboard, writing head carriage, and devices for
      performing the three stated functions, which may all be of conventional
      construction.
PAR  The mechanism for controlling these three functions is actuated by three
      levers 1, only one of which is shown in FIG. 1, each carrying a key 2
      disposed on the keyboard. Each lever 1 is pivotally mounted about a rod 3
      fixed to the frame, and is guided and biased by any known means, not
      shown. An end 4 of each lever 1 cooperates with an intermediate lever 5
      pivoted about a rod 6. A rear end 8 of a sliding lever or bar 7 bears
      against each lever 5.
PAR  In the example shown, the device comprises three different sliding bars 7
      actuated by respective ones of the three levers 1 for controlling the
      stated three functions, only one of these levers 7 being shown in FIG. 1.
PAR  Each lever or bar 7 is formed of hard steel and is capable of sliding
      longitudinally by means of a slot 9 in which a rod 10 fixed to the frame
      is engaged. A spring 11, attached at one end to a hook 12 disposed towards
      the front end of bar 7 and attached at its other end to a rod 11a
      connected to the frame, tends to oppose forward longitudinal movement of
      the bar 7 and also tends to pivot the forward end of bar 7 upwards about
      rod 10.
PAR  On the upper part of each bar 7 towards its front end is a projection 7a
      forming a vertical step 13 (FIG. 5) adapted to bear against the flat face
      of a semi-cylindrical stop 14 fixed to the frame. The said projection 7a
      also forms a second vertical step 15 just behind the front face 16 of the
      bar 7. The lower part of each bar 7 has a protuberance 17 with a height a,
      b or c (see FIG. 6) different from one bar 7 to another.
PAR  A selector lever 18 pivotally mounted about a rod 19 has two
      forwardly-extending arms 25 and 26 disposed at an acute angle to one
      another. Lever 18 is biased to tend to pivot in the clockwise direction
      about rod 19 by a spring 28 fixed at one end to lever 18 at 27 and at its
      other end to the frame. The lower, rear part of lever 18 has, in plan
      view, a generally U-shaped stirrup with two upwardly extending unequal
      arms 20 and 21 joined by a web 22 (see FIG. 4). The main part of said
      lever 18 in the plane of arm 21 has a beak 23 able to cooperate with a
      catch 24 pivoted about a rod 29. A biasing spring 29', FIG. 5, acts on
      catch 24 to tend to turn it in the clockwise direction. The catch 24 can
      be actuated by the front face 16 of any bar 7 which can bear on an
      abutment face 30 of the catch 24.
PAR  The web 22 of selector lever 18 has three parallel elongated slots 31
      arranged to each receive the front part of one of bars 7 (see FIGS. 4 and
      6). Also, on this web 22 is secured an inverted L-shaped piece 32 whose
      horizontal arm 33 extends over the upper parts of the three slots 31 and
      is capable of bearing on bars 7.
PAR  Referring particular to FIGS. 1-3 the mechanism also comprises an actuating
      lever 34 pivotally mounted about a rod 35 fixed to a plate 63 of the frame
      and acted on by a spring 36 biasing it in the counterclockwise direction.
      One end of spring 36 is fixed to a pin 37 on a generally horizontal arm 38
      of lever 34 and its other end is fixed to the frame. As shown in FIG. 2,
      lever 34 has in front elevation a U-shape with unequal arms 39 and 40
      disposed about a control cam 41 rotatable about a transverse rod 42
      rivetted on the two arms 39 and 40. Cam 41 can be driven by a rubber
      roller 43 which itself is continuously rotated by a motor, not shown.
PAR  Cam 41 is provided on one of its faces with an integral locking finger 44
      which also rotates about rod 42. Finger 44 is able to cooperate with the
      end of the upper arm 25 of selector lever 18. Cam 41 is provided on its
      other face with an integral actuating finger 45 also having the rod 42 as
      common axis. This finger 45 is able to bear against an arm 46 pivotally
      mounted at 47 on the actuating lever 34 (see FIG. 3). Arm 46 is biased
      towards finger 45 by a spring 48 fixed between a hook 49 of arm 46 and a
      hooked end 50 of arm 39 of lever 34.
PAR  Between the arms 39 and 40 of lever 34 is also disposed a selector 51 able
      to turn transversely in relation to the planes of arms 39 and 40 about a
      pivot 52 fixed on a bracket 53 perpendicular to arm 40. This selector 51
      comprises a member in the shape of an inverted T whose central part has
      three ramps S.sub.a, S.sub.b, S.sub.c (FIG. 7) inclined at different
      angles and each able to cooperate with the end 54 of the lower arm 26 of
      selector lever 18. A spring 55 acting between arm 39 of lever 34 and an
      arm 56 of selector 51, biases selector 51 around pivot 52 in the clockwise
      direction.
PAR  Lever 34 also has, at its lower part, a guide slot 57 receiving the lower
      generally horizontal part 58 of the inverted T of selector 51. This part
      58 projects from the base of the U of lever 34 and, depending on the
      position of selector 51, ends 58.sub.a and 58.sub.bc of part 58 may
      protrude from the planes of arms 39, 40 respectively. In the rest position
      shown in FIG. 2, the end 58a protrudes from the plane of arm 39 of lever
      34.
PAR  A first control lever 59.sub.a, disposed against the outer face of arm 39,
      is pivotally mounted about the rod 35. This lever 59.sub.a controls, by
      means of a known mechanism, not shown, the step-by-step return of the
      carriage. Lever 59.sub.a has, at its lower part, a notch 60 forming an
      abutment able to cooperate with the end 58.sub.a of selector 51. The lever
      59.sub.a is normally biased into a rest position in abutment with a stop
      70 by a spring 71.
PAR  A second control lever 59.sub.b, bearing against the outer face of arm 40,
      is pivotally mounted around the rod 35 on plate 63 of the frame. Lever
      59.sub.b, which controls the line spacing by means of a known mechanism,
      not shown, has, at its lower part, a notch 61 forming an abutment able to
      cooperate with the end 58.sub.bc of selector 51.
PAR  A third control lever 59.sub.c is also pivotally mounted around the rod 35,
      and is disposed against the face of plate 63 in the proximity of the
      second lever 59.sub.b. Lever 59.sub.c, which controls rapid return of the
      carriage by means of a known mechanism, not shown, also has a notch 62
      forming an abutment able to cooperate with the end 58.sub.bc of selector
      51.
PAR  The described mechanism operates as follows:
PAR  When the key 2 of one of the three levers 1 is pressed down, the actuated
      lever 1 pivots about rod 3 and, by means of its intermediate lever 5,
      causes one of the three bars 7 to slide in the direction of arrow f.sub.1,
      against the action of spring 11. The front face 16 of the actuated bar 7
      comes to bear on the abutment face 30 of catch 24 so as to free the
      selector lever 18 by disengaging beak 23 from catch 24. The lever 18 tends
      to pivot about rod 19 in the clockwise direction under the action of
      spring 28. However, before the lever 18 is completely freed, the step 13
      of bar 7 engages, under the action of spring 11, with the plane face of
      the semi-cylindrical stop 14, to thereby lock the bar 7 (see FIG. 5).
PAR  The protuberance 17 of the selected bar 7 is thus engaged in one of the
      three slots 31 in web 22 of lever 18. The lever 18 latter, after complete
      disengagement of beak 23 from catch 24, pivots in the clockwise direction
      around rod 19 under the action of spring 28 until it abuts against the
      selected protuberance 17 on bar 7. During this pivoting of lever 18, the
      end of the upper arm 25 of lever 18 moves out of engagement with the
      locking finger 44 on cam 41 and cam 41 is freed. The arcuate notched part
      of cam 41 is brought into contact with the driving roller 43 by means of
      arm 46 which moves finger 45 under the action of spring 48. The cam 41 is
      then driven in the direction of arrow f.sub.2 by roller 43. By its raising
      profile, cam 41 pivots actuating lever 34, together with the selector 51,
      about rod 35.
PAR  Also, during pivoting of the selector lever 18, the end 54 of the lower arm
      26 is placed, as shown in FIGS. 6 and 7, in front of the selector 51 in
      one of positions A, B and C corresponding respectively to the different
      heights a, b and c of protuberances 17.
PAR  In FIG. 7, for the sake of clarity, the control levers 59.sub.a, 59.sub.b
      and 59.sub.c are indicated in dot-dash lines.
PAR  In position A, the end 54 of arm 26 bears against the ramp S.sub.a of
      selector 51. Consequently, selector 51 does not pivot but remains in its
      rest position A.sub.1 so that the end 58.sub.a of the selector 51
      protrudes from the plane of arm 39. In this manner, upon pivoting of the
      lever 34 together with the selector 51, the selector 51 tilts the first
      control lever 59.sub.a which actuates the step-by-step return of the
      carriage.
PAR  In moving to position B, the end 54 slides along ramp S.sub.b and stops at
      the planar zone at the lower part of the ramp, which pivotally displaces
      selector 51 to the right (FIG. 7) by one step to position B.sub.1. The end
      58.sub.bc of the part 58 thus protrudes from the plane of arm 40, so that
      upon pivoting of lever 34, it actuates the second lever 59.sub.b
      controlling the line spacing.
PAR  In moving to position C, the end 54 slides along ramp S.sub.c and stops
      against the planar zone at the lower part of the ramp S.sub.c, which moves
      selector 51 to the right (FIG. 7) by two steps to position C.sub.1. The
      end 58.sub.bc thus protrudes from the plane of arm 40 by a greater amount,
      so that upon pivoting of lever 34, it drives both the second and third
      levers 59.sub.b and 59.sub.c thus simultaneously controlling line spacing
      and return of the carriage.
PAR  It can be seen that with the described mechanism the placing in rotation of
      a single cam 41 enables the selective control of three functions.
PAR  The mechanism is returned to its initial position in the following manner:
PAR  As lever 34 pivots to drive one of the control levers 59.sub.a, 59.sub.b or
      59.sub.c, the pin 37 located on arm 38 of lever 34 comes to abut against
      arm 25. The selector lever 18 is thus made to pivot about rod 19 in the
      counterclockwise direction, against the direction of spring 28, past its
      initial position. The result of this additional pivoting of lever 18 is
      that the arm 33 of piece 32 bears on the bars 7 and pushes them down by an
      amount sufficient to free bar 7 from stop 14 so that the front face 16 of
      the selected bar 7 moves out of engagement with the abutment surface 30 of
      catch 24 which returns to its locking position under the action of biasing
      spring 29'. Even if the user has not already released the key 2, the catch
      24 is free to return to its locking position by surface 30 pivoting into
      step 15.
PAR  At the end of rotation of cam 41, the lever 18 reassumes the position shown
      in FIG. 1 in which it is held by the catch 24, and the mechanism is ready
      for a further function-selecting operation.
PAR  In order to control repetition of the selected function, the user presses
      the key 2 down by a greater amount than normal, to advance bar 7 by a
      supplementary amount so that step 15 is held permanently against the
      abutment surface 30 of catch 24. The beak 23 is thus held disengaged as
      long as the key 2 is depressed in, since the downward movement of the bars
      7 by arm 33 is insufficient to release abutment surface 30 from step 15.
      Consequently, the lever 18 repeatedly moves back to its selection position
      as soon as the pin 37 enables the return of arm 25. The cam 41 can thus
      continue to turn, causing the pivoting of lever 34 together with selector
      51 which controls repetition of the selected function.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a typewriter, a mechanism for selectively controlling at least two
      functions, said mechanism comprising a driving member, a single cam
      cooperating with said driving member, control levers for each of said
      functions, an actuating member acting on said control levers, a selector
      member carried by said actuating member for selectively coupling said
      actuating member to the control lever of the selected function, a single
      lever providing means for placing said cam in driving contact with said
      driving member and for positioning said selector member, and means for
      selectively acting on said lever to select each of said functions.
NUM  2.
PAR  2. Mechanism according to claim 1, in which said means for selectively
      acting on said lever comprises a bar for each function, each bar having a
      protuberance of given dimensions defining one of said functions, said
      protuberances cooperating with said lever to position said lever according
      to the function selected.
NUM  3.
PAR  3. Mechanism according to claim 2, in which said selector comprises a
      member pivotally mounted on said actuating member in a plane parallel to
      the pivotal axis of said actuating member, said member including
      selectively disposed abutments corresponding to said functions, said lever
      including an arm cooperating with said member to pivot said member, said
      member also including an end part which is disposed to drive the selected
      control lever.
NUM  4.
PAR  4. Mechanism according to claim 3, in which said member is of inverted
      T-shape the vertical part of which has ramps connecting said abutments and
      the horizontal part of said member forms said end part.
NUM  5.
PAR  5. Mechanism according to claim 2, including means for locking said bars,
      said locking means including a fixed stop which cooperates with a step of
      each bar.
NUM  6.
PAR  6. In a typewriter, a selector mechanism comprising a single movably
      mounted first member; means for moving said first member with an
      oscillating movement; a piece movably mounted on said first member between
      a plurality of discrete positions; a plurality of movably mounted second
      members controlling a plurality of respective functions to be performed,
      said second members being disposed so as to be selectively actuated by
      said piece during an oscillation of said first member according to the
      position of said piece on said first member; and means for selectively
      positioning said piece on said first member to cooperate with at least one
      second member.
NUM  7.
PAR  7. Mechanism according to claim 6, in which said means for selectively
      positioning said piece comprise a lever movable from a first position to a
      plurality of discrete second positions corresponding to positions of said
      piece for actuating selected second members, and further comprising means
      for locking said first member when said lever is in said first position,
      and means for returning said lever to said first position at the end of
      each oscillation of said first member.
NUM  8.
PAR  8. In a typewriter, means for selectively controlling a plurality of
      levers, said means comprising an actuating member, means for transmitting
      movement between the actuating member and said levers, a single cam
      causing displacement of said actuating member, said means for transmitting
      movement comprising a single selector member carried by said actuating
      member and displaceable into a first position in which it transmits
      movements of said actuating member to one of said levers and in a second
      position in which it transmits said movement to another of said levers.
NUM  9.
PAR  9. Means for selectively controlling a plurality of levers according to
      claim 8 wherein said selector member is displaceable into a third position
      and said single selector member is movable into three positions in order
      to connect said actuating member to the first of said levers in its first
      position, connect said actuating member to the second of said levers in
      its second position, and simultaneously to connect said actuating member
      to the second and third lever in its third position.
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ABST
PAL  A holder is provided for paper for typewriters which employ rolls of paper
      or consecutively joined sheets of computer paper in various sizes. The
      holder comprises a base upon which the typewriter may sit, upright side
      portions which are capable of supporting a roll of paper, and sliding
      shelves between the upright side portions. When consecutively joined
      sheets of computer paper are to be used in the typewriter, a stack is
      placed on the upper shelf and the used paper is fed back onto a lower
      shelf that has been partially pulled out.
BSUM
PAC  BACKGROUND OF THE INVENTION 1. Field of the Invention
PAR  This invention relates to a holder for paper for use with typewriters that
      employ rolls of paper or joined, perforated, rectangular sheets of paper
      of various sizes such as those used in computer terminals, the
      perforations being along join lines between the consecutive sheets of
      rectangular computer paper.
PAR  2. Description of the Prior Art
PAR  When rolls of paper are used in typewriters at present, a simple bracket
      with grooves for holding the roll is sometimes used. The bracket is placed
      on a desk behind the typewriter and the used paper is allowed to
      accumulate on the floor near the desk.
PAR  When consecutively joined, rectangular sheets of computer paper are to be
      used in the typewriter, the bracket with the roll must be removed and the
      pile of new paper placed on the desk behind the typewriter. Again, the
      used paper is allowed to fall to the floor near the desk.
PAC  SUMMARY OF THE INVENTION
PAR  A holder is provided for paper for typewriters which employ rolls of paper
      or joined, perforated sheets of computer paper in various sizes. The
      holder comprises a base upon which the typewriter may sit, upright side
      portions which are capable of supporting a roll of paper, and sliding
      shelves between the upright side portions. When consecutively joined
      rectangular sheets of computer paper are to be used in the typewriter, a
      stack of the paper is placed on the upper shelf and the used paper is fed
      back onto a lower shelf that has been partially pulled out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of this invention is illustrated in the drawings as
      follows:
PAR  FIG. 1 is an exploded perspective view of the paper holder;
PAR  FIG. 2 is a perspective view of the paper holder in use with consecutively
      joined sheets of rectangular computer paper.
PAR  FIG. 3 is a perspective view of the paper holder in use with a roll of
      paper; and
PAR  FIG. 4 is a perspective view of the paper holder in use with large sheets
      of rectangular computer paper.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The holder illustrated in FIG. 1 comprises a frame 1 upon which sits a
      typewriter 2 as shown in FIG. 2. The frame 1 has a rearward extension 1a,
      and upright side portions 3, 4 are fixed to this extension. Shelves 5, 6
      are slidable in grooves 7, 8 in the upright side portions 3, 4. Attached
      to shelf 5 is drawer face 9 which is secured to shelf 5 and is braced by
      support bar 10. A handle 11 is attached to drawer face 9 for ease of
      pulling out shelf 5. The upright side portions 3, 4 have grooves 12 in
      their top edges into which will fit the rod 13 of a roll of paper 14.
      Cradle 15 is attached to frame 1 to support the electrical cables 16 (FIG.
      2) running from the typewriter to a power supply and computer terminal.
PAR  FIG. 2 shows the holder in use with consecutively joined sheets of
      rectangular computer paper. Typewriter 2 is placed on frame 1 as shown.
      The electrical cable 16 is positioned in cradle 15 so that it will hang
      free of the paper holder. A stack of new paper 17 is placed on upper shelf
      6. The paper is threaded at 17a around typewriter roller 18, then back
      over the stack, at 17b, and down into a pile 19 on lower shelf 5 which has
      been pulled out by handle 11 to a distance slightly greater than the
      length of a sheet of the computer paper. The weight of the typewriter on
      the base prevents the unit from toppling rearwardly under the weight of
      the paper if the extension 1 a extends rearwardly from the top of a desk.
PAR  FIG. 3 shows the same holder in use with a roll of paper. The rod 13 of the
      roll of paper 14 rests in the grooves 12 of the upright side portions 3, 4
      so that the roll can rotate freely. The paper is threaded at 14a around
      typewriter roller 18, passes up over the roll of paper at 14b and then
      down onto the floor or other convenient receptacle. Neither shelf 5 nor
      shelf 6 is needed here and drawer face 9 is kept closed against the
      upright portions 3, 4, to be out of the way. Alternatively, lower shelf 5
      may be pulled out to receive the paper. Again, the electrical cable 16
      rests in cradle 15.
PAR  If computer paper with sheets much longer than the length of one shelf is
      to be used, the two-shelf configuration shown in FIG. 2 cannot be used. In
      this case, shown in FIG. 4, to accommodate the longer paper in the holder,
      upper shelf 6 is withdrawn from its grooves 8, lower shelf 5 is partially
      pulled out and upper shelf 6 is placed in grooves 7 behind and thus on the
      same level as lower shelf 5. The combination of the two shelves in the
      same grooves will accommodate the longer sheets of paper.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A holder for typewriter paper comprising a frame having upright and side
      portions and open front and rear ends, said upright side portions having
      means for supporting a roll of paper, an upper and a lower shelf between
      the upright side portions, and means supporting said upper and lower
      shelves for frontward and rearward sliding, the upper shelf being capable
      of supporting a stack of consecutively joined sheets of rectangular paper
      to be fed to a typewriter and the lower shelf being movable from under the
      upper shelf to a position where it can receive said paper after typing ,
      and one of said shelves being withdrawable from between said uprights and
      insertable rearwardly behind the other of said shelves on said supporting
      means when said other shelf is partially withdrawn forwardly, to provide a
      paper support of increased area.
NUM  2.
PAR  2. A holder as claimed in claim 1 wherein the means for holding a roll of
      paper comprise arcuate grooves in the top of the upright side portions.
NUM  3.
PAR  3. A holder as claimed in claim 1 wherein said supporting means comprise
      upper and lower grooves in the upright side portions in which the shelves
      are slidable, the upper shelf being removable from the upper grooves and
      insertable into the lower grooves when the lower shelf has been partially
      pulled out.
NUM  4.
PAR  4. A holder as claimed in claim 1 wherein the frame includes a cradle for
      guiding electric cables from the typewriter to the side of the base.
NUM  5.
PAR  5. A holder as claimed in claim 1 wherein the frame has a base portion
      extending rearwardly beyond the upright side portions on which can be
      placed a typewriter to counter-balance the weight of paper supported on
      said holder.
NUM  6.
PAR  6. A holder as claimed in claim 1 wherein said side portions comprise side
      walls, and said lower shelf carries a front drawer face member for closing
      the open front end of said holder when said lower shelf is inserted
      between the side walls.
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ABST
PAL  A printer arrangement of the type which prints data serially along a line
      on a record medium by relative impact of type characters and record medium
      through a ribbon. Printing is a mixture of stop and go printing,
      essentially a character at a time, and continuous printing of a plurality
      of characters. Driving power for the ribbon is derived from carriage
      movement on which the print head is mounted through controllable clutch
      and toggle switch action. The toggle switch action reverses ribbon drive
      direction in response to a depletion of ribbon signal.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to printers of the type having an inked ribbon that
      is reversibly traversed under tension across a printing area and more
      particularly to new and improved non-jamming, reversible, tensioning
      ribbon spool drive mechanisms for use therewith.
PAR  High speed printers of the type that are employed as remote terminal
      printers for computer readout and the like generally utilize
      electromechanically actuated ribbon driving and reversing mechanisms. The
      nature of the high speed printer due to its high speed of operation
      precludes incremental movement of the ribbon in the manner employed in
      conventional typewriters whereby ribbon indexing is accomplished as a
      by-product of type bar motion through mechanical association. Hence the
      drive mechanisms for the ribbon spools on which the printing ribbon is
      paid out and taken up must tension the ribbon, be located for ready
      replaceability by the operator, be automatically reversing and must be
      independently driven at a low speed. Reliability and operation further
      requires that the reversing and tensioning spool drive mechanism be
      essentially jam-proof to avoid or minimize mechanical breakdown. Problems
      increase when the printer is designed to print characters serially on a
      stop and go basis, one at a time, or to print characters serially in a
      continuous fashion across a line of type. Efforts at achieving or
      overcoming these problems heretofore have resulted either in excessively
      complicated structures or structures which tended to malfunction because
      of environmental and operational factors such as dust, ink, ribbon
      material, etc.
PAR  It is therefore an object of the present invention to provide a new and
      improved ribbon tensioning and reversing spool drive mechanism.
PAR  Another object of the invention is to provide an improved arrangement for
      detecting a low ribbon condition for reversing direction of ribbon drive.
PAR  Another object of this invention is to provide a ribbon drive and reverse
      function over a wide range of changes in printing rates.
PAR  Another object of this invention is to provide an improved arrangement for
      operating a ribbon drive and reversing mechanism from the linear movement
      of a carriage which supports both the ribbon drive and reversing mechanism
      as well as the printing head.
PAR  A further object of this invention is to provide an improved ribbon drive
      and reverse mechanism wherein ribbon drive is suspended during carriage
      return or whenever printing is suspended as for example during the
      execution of nonprinting control commands.
PAR  A still further object of this invention is to provide a ribbon drive
      mechanism for moving an inked ribbon in a stop and go and/or continuous
      movement motion.
PAR  In accordance with one aspect of the invention, there is provided a
      reversible spool drive mechanism for moving a ribbon at desired speeds in
      either direction between a pair of ribbon spools. Said spool drive
      mechanism comprises a drive housing coupled to each spool which also
      serves to retain the ribbon itself. A driving shaft is provided for each
      spool with an associated toothed cone clutch mechanism which selectively
      causes the driving shaft to communicate driving power to the associated
      spool drive housing for driving the ribbon spool. Drive power is achieved
      as follows. Each drive mechanism is mounted on the carriage for movement
      with the carriage along a line of print. A respective toothed pulley is
      coupled to each of the spool driving shafts and adapted to mate with a
      linearly extended spool drive belt mounted to be stationary with respect
      to carriage movement. Means are provided for engaging the teeth of both
      pulleys with the teeth of the stationary spool drive belt in a manner to
      drive both driving shafts simultaneously. In order to cause the spools to
      operate alternately to take up or pay out ribbon, a toggle mechanism is
      provided for causing one of the spool clutch mechanisms to engage and the
      other to disengage in response to a minimum ribbon balance left on the one
      spool. Ribbon tension is controlled by an adjustable drag brake on the
      spool housing. All this results in an improved arrangement. While the
      specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      an illustration of several particular embodiments can be seen by referring
      to the specification in connection with the accompanying drawing wherein:
DRWD
PAR  FIG. 1 illustrates in part schematic, part block diagram form a generalized
      description of a printer arrangement embodying the present invention.
PAR  FIG. 2 illustrates the details of the ribbon drive and clutch mechanism of
      the present invention.
PAR  FIGS. 3 and 4 illustrate details of the ribbon reverse mechanism.
PAR  FIGS. 5A and 5B illustrate the functioning of the ribbon reverse toggle
      mechanism.
PAR  FIGS. 6 and 7 illustrate further mechanisms to provide power take-off from
      carriage motion relative to a stationary drive belt.
DETD
PAR  The present invention is particularly suited for filling the ribbon advance
      and low ribbon detections and switching requirements in a high speed
      printer wherein the carriage carrying the print head for causing serial
      printing along a line operates on a stop and go basis a character at a
      time or can print characters continuously along a line.
PAC  DESCRIPTION OF TYPICAL EMBODIMENTS
PAR  Referring to FIG. 1 there is shown in generalized form a printer
      arrangement comprising a carriage 1 which supports a print head 2.
      Movement of carriage 1 causes the print head 2 to traverse a line of
      movement along the direction of the arrows 3 across a record medium 4. The
      print head 2 may comprise any one of several types of print heads which
      under the influence of character print signals causes character forming
      elements to impact through a ribbon 5 to cause a graphic impression of the
      character to be formed on the record medium 4, such as paper. In a
      particular embodiment print head 2 comprises a series of 7 vertical
      needles or styli which under the control of character forming input
      signals causes a five by seven dot matrix pattern of the character to be
      formed on the record medium 4. Movement of the carriage 1 and hence the
      print head 2 is controlled by a driving medium 6 connected at one end to
      the carriage 1 at point 7 and wrapped around the driving pulley 8 with the
      other end wrapped around the return pulley 9 before being connected at
      point 10 to the carriage 1. Pulley 8 responds to a driving force delivered
      by carriage driver 11 through a carriage clutch mechanism 12 to cause the
      carriage 1 to be moved in the carriage advance direction, that is to the
      right to cause printing to take place from left to right on the record
      medium 4. Carriage movement may be incremental, that is stop and go, or
      continuous under the control of the carriage advance and carriage return
      controller 13. Controller 13 responds to carriage advance or carriage
      return command signals available from a source 14 to cause the clutch 12
      to apply or remove driving power from driver 11 to the pulley 8 and hence
      the medium 6 and carriage 1. Upon receipt of a carriage return signal from
      source 14, controller 13 removes the driving power from clutch 12 and
      hence the pulley 8 enabling the return pulley 9 to swiftly return the
      carriage 1 to its line originate position under the influence of carriage
      return spring 15. Spring 15 may be a torsion spring which stores up energy
      during the carriage advance motion and releases the energy during the
      carriage return motion.
PAR  During motion of the carriage 1 under intermittent or continuous operation
      it is desirable to advance the ribbon 5 in order to provide a continuously
      fresh source of ink surface to enable legible printing to occur. Referring
      to FIG. 3, ribbon 5 is available from a pair of ribbon spools 16 and 17 on
      which the ribbon 5 is wound. Near the point at which the ribbon 5 attaches
      to each of the spools 16, 17 there is provided a ribbon eyelet 18 or other
      similar snagging device to signal that the end of the ribbon 5 is being
      approached. During operation one of the ribbon spools 16, 17 operates as a
      drive spool and the other one as an idler or payout spool. For purposes of
      discussion and for the particular position shown, spool 17 is the drive
      spool and spool 16 is the idler spool. The ribbon 5 moves in the direction
      of arrow 19 under the application of a driving force applied to the spool
      17. The manner in which spool 17 functions in the idler or drive mode will
      be shortly described in connection with the operation of the left hand
      spool 16. As the end of the ribbon 5 is sensed by eyelet 18 engaging the
      shift fork 20, a force is applied which causes toggle shaft 21 to rotate
      in the direction of arrow 22. Rotation of shaft 21 causes the toggle
      mechanism 23 to rotate about shaft 24 causing right toggle plate end 25A
      to be driven downward and left toggle plate end 25B to be driven upward.
      The details of the toggle and the toggling action will become apparent
      from a further description in connection with FIGS. 5A and 5B. For the
      present it is sufficient that we note that the end of ribbon signal is
      translated into a toggling action which can be used to effect ribbon
      reverse.
PAR  In the arrangement of FIG. 1 power for driving the ribbon spools 16, 17 is
      obtained by way of the relative motion of a movable pulley 26 carried on
      the carriage 1 and associated with spool 16 and a fixed belt 27 which is
      stationary with respect to carriage motion. The reversible spool drive
      mechanism is mounted on the carriage for movement therewith. For details
      of such mounting reference can be made to FIGS. 2 and 4. As the carriage 1
      is moved in the direction of carriage advance, input shaft drive pulley
      26, coupled by a one-way clutch 29 (shown in FIG. 2) to the remainder of
      the spool drive mechanism, is caused to rotate clockwise with respect to
      stationary belt 27 due to engagement of teeth on pulley 26 and
      corresponding teeth on belt 27. Input drive shaft 28 is engaged to the
      drive pulley 26 through a one-way clutch mechanism 29. The clutch
      mechanism 29 is so biased that it causes intimate coupling between the
      drive shaft 28 and drive pulley 26 during the carriage advance movement
      but results in decoupling of these two during the carriage return
      movement. This prevents any ribbon motion during the carriage return mode.
      Drive shaft 28 is coupled to the spool housing 30 through a toothed cone
      clutch 31. Spool 16 is intimately engaged with the housing 30 in any well
      known manner such as a snap-on drive pin arrangement, etc. In the position
      shown and before the eyelet 18 signals end of ribbon condition, housing 30
      is decoupled from the drive shaft 28 causing the spool 16 to operate in
      the idler or payout mode. When the eyelet 18 snags the fork 20, toggle
      mechanism 23 causes the left hand shift toggle plate end 25B to move in
      the upward direction causing clutch 31 to engage housing 30 thus coupling
      input drive shaft 28 to housing 30 such that movement of drive pulley 26
      now results in spool 16 operating in the drive mode causing the ribbon 5
      to reverse direction from that shown at 19 and to be paid out from the
      spool 17. This payout from spool 17 continues until the eyelet 18
      associated with the end of the ribbon 5 attached to spool 17 signals the
      end of ribbon condition causing the fork 20 associated with ribbon 5 to
      initiate toggling action by toggle mechanism 23 and repeating the cycle.
      For purposes of simplicity, details of the driving mechanism associated
      with spool 17 have been omitted. However, it should be noted that the
      driving mechanism associated with spool 16 is repeated with respect to
      spool 17.
PAR  Thus it is seen that the arrangement of FIG. 1 operates to provide ribbon
      drive and ribbon reversing functions over wide ranges of carriage movement
      and enhance printer operation -- from intermittent operation to continuous
      and only during the carriage advance mode.
PAR  Reference is now made to FIG. 2 of the drawing which illustrates the
      details of the ribbon drive and clutch mechanism of the present invention.
      Whenever possible or practical, common reference numerals have been
      retained in FIG. 2 for those used in FIG. 1. Cross-section view of FIG. 2
      illustrates how the spool 16 is attached to the spool drive housing 30
      which in turn is driven by the input shaft 28 through the operation of
      clutch 31. The toggling action is shown in greater detail in subsequent
      figures. The arrangement of FIG. 2 shows the unitary construction employed
      and the manner in which all moving parts are protected against
      environmental pollution or detriments such as dust, paper and ribbon ink
      particles, etc. This figure illustrates the manner in which the driving
      teeth of the toothed cone clutch 31 along its upper tapered end mesh with
      the driven teeth of the spool drive housing 30, along its corresponding
      tapered end mating with clutch 31 teeth, upon being advanced upwardly in
      response to the toggle action. Also upon a change in the toggle action in
      which power is removed from the spool 16 associated with the engaged
      housing 30, the driving teeth of the clutch 31 are driven out of
      engagement with the driven teeth of the housing 30. In order to provide a
      controllable adjustment of the ribbon tension necessary to proper printing
      operation, a friction brake arrangement is provided comprising a brake
      shoe 32 which is urged into engagement against the input drive shaft 28 by
      a bias spring 33 which is adjustably compressable by means of a threaded
      set screw 34. Thus by adjustment of the set screw 34 in either direction
      the braking action on the input shaft 28 may be modified. FIG. 4 is a
      front view of the arrangement showing some details of the toggle mechanism
      23. In the position shown the toggle mechanism 23 has operated to cause
      power to be applied from the drive pulley 26 associated with the left hand
      spool 16 through the associated cone clutch 31 shown dotted to the drive
      shaft housing 30. The fork or yoke 20 is shown coupled through its toggle
      shaft 21 and the shift pin 35 to the shift toggle front plate 36. As
      previously mentioned when a ribbon spool 16, 17 is depleted, the eyelet 18
      on the end of the ribbon 5 engages the yoke 20 because the eyelet 18
      cannot fit through the slot and causes the shaft 21 to rotate as the
      ribbon 5 is fed through. This rotational action causes the shift shaft 21
      and shift pin 35 to rotate. The shift pin 35 on the toggle shaft 21
      engages the front shift toggle plate 36 and starts that plate 36 rotating.
      The front and rear shift toggle plates 36, 25 are interconnected by means
      of over-center springs 37. As the front toggle shift plate 36, through its
      rotational action, causes an over-center condition of the springs 37 to
      take place and come to rest against the ground pin 38, the spring force is
      transferred to the rear toggle plate 25. Ground pin 38 limits the
      rotational travel of the front toggle shift plate 36. This spring force
      produces a torque about the pivot pin 24 causing the rear toggle shift
      plate 25 to rotate. As the rear toggle shift plate 25 rotates, the ends
      25A and 25B (since they engaged with the cone clutches 31) move these cone
      clutches 31 in a vertical direction, that is one side up and the other
      side down. This engages the clutch 31 on one spool 16, 17 and disengages
      the clutch 31 of the other spool 16, 17. The ribbon spool 16, 17 that was
      previously depleted and unwinding will now become the driver and vice
      versa with regards to the other ribbon spool 16, 17. As soon as this
      happens the eyelet 18 will start returning to the spool hub. Each ribbon
      spool 16, 17 has the mechanism and capabilities associated with it as
      described above.
PAR  FIGS. 5A and 5B show toggle plates 25 and 36 and over-center springs 37 in
      both wind and unwind conditions for both ribbon spools 16, 17. In FIG. 5A,
      end 25B causes ribbon winding by spool 16 and in FIG. 5B, end 25A causes
      winding by spool 17.
PAR  Although the present invention has been described with respect to several
      particular embodiments, the principles underlying the invention will
      undoubtedly suggest many additional modifications of these particular
      embodiments to those skilled in the art. For example, while a toothed belt
      27 engaging a toothed double pulley arrangement 26 is employed to provide
      power take-off from carriage motion to control the ribbon drive, other
      drive take-off arrangements may be employed. For example, FIGS. 6 and 7
      show that belt 27A could be a pulley cable which is wrapped one turn
      around one of two non-toothed pulleys 26A with power being coupled by gear
      39A from shaft 28A to gear 39B coupled to shaft 28B. The pulley cable 27A
      extends from left to right except for the one turn wrap around pulley 26A.
      Therefore it is intended that the appended claims shall not be limited to
      the specific embodiment shown but rather shall cover all such
      modifications as fall within the true spirit and scope of the present
      invention.
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STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A printer wherein a print head is mounted on a carriage and the print
      head and carriage are advanced in one direction to traverse a line of
      movement across a record medium to effect printing and are returned in an
      opposite direction to the beginning of said line of movement for effecting
      printing on a following line, an inked ribbon drive mechanism, means for
      causing said mechanism to move a ribbon in a stop and go and continuous
      movement across said record medium, said drive mechanism comprising a
      pulley, a driving means for moving said ribbon, a drive belt mounted to be
      stationary with respect to carriage and print head movement, said drive
      belt being wrapped around said pulley to drive the driving means in
      response to advance of said carriage and said print head.
NUM  2.
PAR  2. A printer wherein a print head is mounted on a carriage and the print
      head and carriage are advanced in one direction from a starting position
      to traverse a line of movement across a record medium to effect printing
      with an inked ribbon and are returned in an opposite direction to said
      starting position for effecting printing on a following line comprising
PA1  means for moving said inked ribbon relative to said print head, said means
      comprising a drive belt mounted to be stationary with respect to carriage
      and print head movement,
PA1  means coupled to said drive belt for developing a driving force in response
      to advance of said carriage and said print head relative to said drive
      belt comprising a pulley carried by said carriage,
PA1  means for engaging said pulley with said drive belt comprising said belt
      being wrapped around said pulley to impart rotary motion to said pulley as
      said carriage moves said pulley relative to said drive belt,
PA1  and means for causing said inked ribbon to move relative to said print head
      in response to rotary motion of said pulley.
NUM  3.
PAR  3. An arrangement according to claim 2 further comprising means coupled to
      said ribbon and responsive to said driving force to move said inked ribbon
      lengthwise relative to said print head during advance in said one
      direction and not in said opposite direction.
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ABST
PAL  Apparatus for the handling of dislodged particulate material within a mine
      includes a base member having ground traction means with a body member
      supported on the base member. Vertical side plates on opposed sides of the
      body member secured thereto define a longitudinal material receiving bin.
      An endless main conveyor located within the material receiving bin has a
      receiving end and a discharge end. The receiving end when used as a surge
      hopper is adapted to continuously receive material dislodged from an
      adjacent continuous mining machine. A delivery conveyor receives material
      from the discharge end of the main conveyor and discharges it into other
      conveying means such as a shuttle car or an endless belt conveyor. A
      portion of the main conveyor positioned adjacent the discharge end thereof
      moves or pivots upwardly about a transverse horizontal axis and thereby
      assumes a position for maximum discharge of the material. Another position
      is provided for terminating discharge of material and intermediate
      positions for intermediate rates of discharge. A sensing device is
      provided to determine the quantity of materials in the material receiving
      bin and control the elevation of a portion of the main conveyor to thereby
      regulate the rate of discharge in the material receiving bin and the angle
      of inclination of a portion of the main conveyor. The endless main
      conveyor operates continuously during the operation of the mining machine
      and continuously advances and distributes the load in the receiving bin
      and discharges material from the receiving bin only when a shuttle car is
      in material receiving position.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a variable discharge surge feeder and bolter for
      receiving, handling and discharging material received from a continuous
      mining machine and ultimately discharged to a shuttle car and more
      particularly to a system for continuously operating a material receiving
      conveyor while periodically interrupting the discharge of material
      therefrom corresponding with the shuttle car position.
PAR  2. Description of the Prior Art
PAR  Conventional modern continuous mining machines move progressively and
      continuously into a mine vein. As an integral part of such machines, a
      rearwardly moving conveyor accepts disintegrated material adjacent the
      face of the mine and transports it rearwardly through the mining machine
      for discharge at the rear end thereof. During the operation of the mining
      machine, the flow of this material emerging from the mining machine
      conveyor is continuous.
PAR  Material emerging from the mining machine is ultimately placed in a shuttle
      car, which when filled travels away from the mine area to be unloaded. A
      problem is created as a result of the mining machine at one end of this
      system operating continuously, while the shuttle car is available to
      accept materials only intermittently. If the mining machine is to be
      operated substantially continuously and thereby mine a maximum amount of
      material within a given time, it is necessary for compensation to be made
      in the material transporting system in order to avoid intermittent
      shutdowns during the travel and unloading period of the shuttle car.
      Without arranging for some compensating means, the continuously operating
      conveyor would simply discharge the mined material onto the mine floor
      during the time period within which the shuttle car was not in material
      receiving position.
PAR  One means of compensating for this time delay created by shuttle car
      handling is disclosed in U.S. Pat. No. 2,290,950 wherein an intermediate
      hopper car is positioned between the mining machine and the shuttle car
      and is adapted to receive mined material from the mining machine conveyor
      and ultimately transfer it to the shuttle car. The hopper car disclosed
      includes a transport conveyor and provides storage capacity for the
      disintegrated material being received during a period when discharge is
      not permitted. The car also has adjustable means by which the amount of
      material entering the storage area and the amount moving on to the shuttle
      car may be controlled. One disadvantage of the storage facility is that it
      requires the manual adjustment of an adjustable deck in order to control
      the volume of flow into the storage area. It, therefore, does not provide
      automatic means for adjusting flow into the storage compartment.
PAR  In U.S. Pat. No. 2,670,836 a material handling car is provided with two
      conveyors. In operation, the receiving conveyor transfers material to the
      discharge conveyor which, in turn, transfers the material to the shuttle
      car. Provision is made for shuttle car removal by stopping the receiving
      conveyor and speeding up the discharge conveyor to empty it. At that point
      the shuttle car may be removed and both conveyors are operated at a very
      slow speed to continue the transfer of material from the receiving to the
      discharge conveyor. This is accomplished at such a low speed, however,
      that no material leaves the discharge end of the discharge conveyor until
      the shuttle car has returned. Thus, this system provides for shuttle car
      travel and unloading by synchronized speed adjustments between the two
      conveyors. A similar system is illustrated and disclosed in U.S. Pat. No.
      2,753,971 wherein a double receiving conveyor is provided in tandem. The
      second of these two conveyors discharges material into a small storage
      container which has a conveyor and ultimately transfers the material to a
      final discharge conveyor. In order to terminate discharge at the far end
      of the tandem conveyors, the conveyor located within the storage area is
      stopped. When the shuttle car has returned to its loading position, the
      intermediate conveyor is started once again.
PAR  A system employing a flight conveyor wherein periodic termination of
      discharge is sought to be effected is disclosed in U.S. Pat. No.
      2,637,457. In this system a number of the flights are removed thereby
      providing for automatic termination of the discharge from the conveyor at
      a certain point within each revolution of the continuous conveyor. The
      removal of flights and the timed movement of the shuttle car with respect
      to the conveyor must, however, be very carefully coordinated. The system
      has the disadvantage of being relatively inflexible.
PAR  There is need for an apparatus for the handling of dislodged particulate
      material which coordinates the continuous delivery of disintegrated
      material from the mining machine with intermittent transmission to a
      shuttle car. While it has been suggested to provide intermediate storage
      capacity, the prior art systems require either a multiplicity of conveyors
      and either stoppage of one conveyor or coordinated speed changes of the
      respective conveyors with respect to each other and the shuttle car.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an apparatus for the handling of disintegrated
      material which includes a base member having ground traction means. An
      elongated body member is supported on the base member and vertical plate
      members are secured to opposed sides of the body member. The body member
      and the vertical plate members cooperate to define a material receiving
      bin. A continuous conveyor is positioned within the material receiving bin
      and includes a material receiving end portion and a material discharge end
      portion. The continuous conveyor is adapted to receive material from a
      supply mechanism at the receiving end portion. A delivery mechanism is
      provided to receive material from the discharge end portion of the
      continuous conveyor, and a pivotal section of the continuous conveyor
      positioned adjacent the delivery mechanism is arranged to pivot upwardly
      about a horizontal transverse axis. The pivotal section is arranged during
      continuous operation of the conveyor to assume a first position for
      discharging material to the delivery mechanism and a second position for
      preventing discharge of the material from the continuous conveyor. The
      pivotal section in the first position assumes a smaller angle with respect
      to the horizontal than the second position and further means are provided
      for rotating the pivotal section.
PAR  A sensing device is provided whereby the depth of material on the conveyor
      is measured. The pivoted position of the pivotal section may be
      coordinated responsively to the depth of material on the conveyor and
      indicated by the sensing device. With this arrangement, the pivotal
      section may also be employed to adjust the rate of discharge from the
      material receiving conveyor to an intermediate position between discharge
      at full rate and termination of discharge. After return of the shuttle car
      to the material receiving position, the pivotal section may be pivoted
      downwardly to resume discharge of the material.
PAR  Accordingly, the principal object of this invention is to provide a
      material handling hopper operable to operate intermediate a continuous
      mining machine and a shuttle car.
PAR  Another object of this invention is to provide apparatus for the handling
      of disintegrated material which includes a continuously operating material
      receiving conveyor arranged to continuously receive material from the
      mining machine and automatically, periodically terminate discharge of
      material therefrom by pivoting of a section of the conveyor upwardly.
PAR  Another object of this invention is to provide a hopper car having a
      continuously operating material receiving conveyor adapted for continuous
      receipt of mined material from a mining machine, intermittent discharge of
      the material to an adjacent shuttle car and periodic termination of the
      discharge of material therefrom.
PAR  Another object of this invention is to provide a hopper car having a
      continuously moving conveyor provided with integral means for adjusting
      the rate of material discharge from the hopper car without altering speed
      of movement of the conveyor.
PAR  Still another object of this invention is to provide a hopper car having a
      continuously operating conveyor continuously receiving material from an
      adjacent mining machine and having a pivotal section adapted to rotate
      upwardly to reduce the rate of discharge of the material and, if desired,
      terminate discharge of material responsive to the position of the
      coordinating shuttle car.
PAR  An additional object of this invention is to provide a hopper car having
      sensing means positioned above the conveyor in order to measure the amount
      of material on the conveyor and position the pivotal section of the
      conveyor responsive to the measurement of the amount of material present.
PAR  A still further object of this invention is to provide apparatus for the
      automatic reduction or termination of the discharge of material from a
      continuously moving hopper car conveyor in order to provide maximum output
      from a continuously operating mining machine and avoid spillage of the
      mined material on the mine floor.
PAR  These and other objects of this invention will be more completely described
      and disclosed in the following specification, the accompanying drawings
      and the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the variable discharge surge feeder and
      bolter, illustrating the operation of this invention in combination with a
      continuous mining machine.
PAR  FIG. 2 is a sectional view of the present invention taken along the line
      II--II of FIG. 1, illustrating the receiving conveyor in the material
      discharging position.
PAR  FIG. 3 is a view similar to FIG. 2 and illustrates the receiving conveyor
      in the position for terminating flow of material out of the hopper car.
PAR  FIG. 4 is a schematic representation in side elevation, illustrating the
      hopper car according to the present invention.
PAR  FIG. 5 is a schematic representation of a portion of the hopper car shown
      in FIG. 4 and illustrates the mechanical operation of a portion of the
      hopper car according to the present invention.
PAR  FIG. 6 is a schematic representation in side elevation illustrating another
      embodiment of the present invention.
PAR  FIG. 7 is a perspective view of the variable discharge surge feeder and
      bolter, illustrating the canopy support frame and the auxiliary conveyor
      operatively associated with the hopper car.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, and more particularly to FIG. 1, there is
      illustrated a variable discharge surge feeder and bolter generally
      designated by the numeral 10 having a hopper car 12 positioned adjacent a
      continuous mining machine 14. Only a portion of the continuous mining
      machine 14 is shown in FIG. 1, and it may be of any conventional type
      which disintegrates bands of material, such as coal, from the face and
      delivers the disintegrated material to a delivery point by conveyor or
      shaker means. The loose material disintegrated from the face is
      accumulated on the mine floor and is picked up by the mining machine
      conveyor 16. The mining conveyor 16 extends longitudinally through the
      continuous mining machine 14 and transports the material rearwardly away
      from the mine face. The disintegrated material is transferred from the
      mining machine conveyor 16 to the auxiliary mining machine conveyor 18
      which projects rearwardly from the mining machine conveyor 16 and the
      continuous mining machine 14. The auxiliary mining machine conveyor 18 is
      arranged in overlying relationship with the hopper car 12. Alternatively,
      the auxiliary conveyor 18 may be operatively associated with the hopper
      car 12 and independent of the mining machine 14, as illustrated in FIG. 7.
      Hydraulic cylinders 20 having extensible pistons 22 positioned therein are
      mounted on the continuous mining machine 14 and are arranged to control
      the extent to which the auxiliary conveyor 18 overhangs the hopper car 12.
      The extent to which the auxiliary conveyor 18 overlies the hopper car 12
      provides for uniform spreading of the disintegrated material conveyed from
      the mining face in the hopper car 12.
PAR  The hopper car 12 includes a main receiving conveyor 24 that receives
      material discharged from the auxiliary conveyor 18. The main receiving
      conveyor 24 includes a discharge end portion 26 that is arranged in
      overlying relationship with the delivery conveyor 28 that is pivotally
      secured to the rear end portion of the hopper car 12 for receiving
      material from the discharge end portion 26 of conveyor 24. A shuttle car
      (not shown) is adapted to be moved under the discharge end 30 of the
      delivery conveyor 28 and is filled with disintegrated material being
      deposited from the delivery conveyor 28. When the shuttle car is filled
      with material collected from the delivery conveyor 28, the flow of
      material through the hopper car 12 of the variable discharge surge feeder
      and bolter 10 is terminated, in a manner to be described hereinbelow. The
      shuttle car then travels to a discharge point where the material is
      unloaded onto a main conveyor system for transfer of the material out of
      the mine. After unloading, the shuttle car returns to its position
      underlying the delivery conveyor 28 for further loading at which time the
      transfer of material to the shuttle car is resumed.
PAR  As illustrated in FIGS. 1 and 2 of the drawings, the main receiving
      conveyor 24 contains an endless chain 32 comprising a plurality of
      conveyor flights 34. The endless chain 32 passes over a driven sprocket 36
      that is rigidly secured to a shaft 38. Motor 40 is connected to shaft 38
      through gear reducers 42 and 44. Thus, the motor 40 drives the sprocket 36
      to continuously move the conveyor flights 34 of the endless chain 32 over
      the surface of plate 46. The surface of plate 46 should be substantially
      continuous and wear resistant to permit gliding of the conveyor flights 34
      thereover. Furthermore, the plate 46 serves to support the conveyor
      flights 34 as they are moved by the driven sprocket 36. A plurality of
      chain hold-down members 48 are provided to assure substantially continuous
      contact between the conveyor flights 34 of the endless chain 32 and the
      surface of plate 46.
PAR  The delivery conveyor 28 positioned in underlying relationship with the
      discharge end portion 26 of the main receiving conveyor 24 is a flight
      type conveyor having double flights 50 comprising the endless chain (not
      shown) of the conveyor. The endless chains of the delivery conveyor 28
      pass over sprockets (not shown) that are driven by the motors 52 through
      the gear reducers 54 and 56. Hydraulic cylinders 58 having extensible
      pistons 60 provided therein are laterally mounted opposite one another on
      the delivery conveyor 28. Operation of the hydraulic cylinders 58 extends
      and retracts the pistons 60 to thereby swing the delivery conveyor 28 in
      the direction indicated by the arrows for positioning the discharge end 30
      in overlying relationship with the shuttle car.
PAR  In the preferred embodiment of the present invention the shuttle car is
      initially positioned relative to the discharge end 30 so that
      disintegrated material is transferred to the far end of the shuttle car.
      Then the shuttle car is moved forwardly as it is progressively loaded with
      material. In this fashion, the material is uniformly distributed in the
      shuttle car. On the other hand, the shuttle car may be stationaryily
      positioned relative to delivery conveyor 28. The delivery conveyor 28 is
      then retracted from an extended position to distribute the material
      uniformly in the shuttle car thereby facilitating the loading operation.
PAR  Referring to FIG. 6 of the drawings, there is illustrated another
      embodiment of the hopper car 12 that includes a main body portion 62
      mounted on and supported by the ground engaging tractor treads 64 passing
      around the driven sprockets 66. Secured to the opposite sides of the main
      body portion 62 of the hopper car 12 are vertical plate members 68, 70, 72
      arranged to form a material receiving bin 74 within which the main
      receiving conveyor 24 is positioned. The plate members 68, 70, 72 serve to
      prevent lateral movement of the material being transported by the main
      receiving conveyor 24. As the main receiving conveyor 24 moves, the
      conveyor flights 34 transport the material forward; while the vertical
      plate members 68, 70, 72 prevent transverse movement of the material out
      of the conveying path.
PAR  When the shuttle car is positioned in underlying relationship with the
      delivery conveyor 28, the disintegrated material will be continuously
      transported from the auxiliary mining machine conveyor 18 to the main
      receiving conveyor 24 of the hopper car 12. The material is ultimately
      discharged at the discharge end portion 26 of the conveyor 24 onto the
      delivery conveyor 28 from which the material is loaded into the shuttle
      car. Once the shuttle car is filled, it travels to its discharge station.
      If the mining operations are not to be terminated while the shuttle car is
      traveling to its discharge station, it is necessary to terminate the flow
      of material from the delivery conveyor 28 to avoid piling the material on
      the mine floor.
PAR  As illustrated in FIG. 6, the flow of material is terminated from the
      delivery conveyor 28 by operation of a pivotal arcuate section 76 provided
      within conveyor 24. The arcuate section 76, as shown in solid lines in
      FIG. 6, is in the position for normal discharge of material onto the
      delivery conveyor 28; while, the position shown in dotted lines
      illustrates the arcuate section 76 arranged for terminating flow of
      material off the delivery conveyor 28. The arcuate section 76, having a
      generally upwardly convex configuration as illustrated in FIG. 6, is
      arranged for pivotal movement about the shaft 78. With the arcuate section
      76 in the upper portion shown by the dotted lines, the main receiving
      conveyor 24 continues to move; however, the inclination of the arcuate
      section 76 prevents the discharge of material from conveyor 24 onto the
      delivery conveyor 28. Thus, the continuous mining machine 14 functions to
      operate without interruption, and the material supplied by the conveyor 18
      is transferred to the material receiving bin 74 until such time as the
      shuttle car returns to its material receiving position in underlying
      relation with the discharge end 30 of the delivery conveyor 28. With the
      shuttle car in a material receiving position, the arcuate section 76 is
      returned to its discharge position and movement of the material to the
      shuttle car is resumed.
PAR  Movement of the arcuate section 76 is accomplished by operation of the
      hydraulic cylinder 79 provided with the extensible piston 80 illustrated
      in FIG. 6. One end of piston 80 is pivotally connected to a bracket 82
      that is mounted to the vertical plate 70. As piston 80 retracts into the
      hydraulic cylinder 79, the arcuate section 76 is pivoted upwardly about
      shaft 78. As piston 80 is extended from cylinder 78, the arcuate section
      76 is pivoted downwardly about shaft 78. Additionally, in order to provide
      a reduced rate of flow of material through the hopper car 12, the arcuate
      section 76 may be stopped at an intermediate position between the upper
      and lower position of the arcuate section 76, as illustrated in FIG. 6.
PAR  The angle of inclination of the arcuate section 76 with respect to the
      horizontal when the section is in the position for terminating material
      flow depends upon the amount of material being stored within the material
      receiving bin 74, the speed at which the main receiving conveyor 24 is
      supplying additional material and the period of time during which the
      shuttle car will not be in material receiving position relative to the
      delivery conveyor 28. With this arrangement, the continuous mining machine
      14 may continue to operate and supply the disintegrated material to the
      hopper car 12 regardless of the position of the shuttle car. In addition,
      the main receiving conveyor 24 may continue to move at a preselected speed
      regardless of the position of the shuttle car. The arcuate section 76 is
      independently controllable to initiate and terminate, as well as regulate,
      the flow of material out of the hopper car 12.
PAR  As illustrated in FIG. 6, the arcuate section 76 is positioned at the end
      of the main receiving conveyor 24; however, in the embodiment illustrated
      in FIG. 2, the arcuate section 76 is positioned adjacent to and spaced
      from the discharge end portion 26 of the main receiving conveyor 24. In
      FIG. 2 the main receiving conveyor 24 is disposed for normal continuous
      flow of the disintegrated material from the continuous mining machine 14
      to the shuttle car. The main receiving conveyor 24 illustrated in FIG. 2
      includes a pivotal section 84 positioned adjacent the end conveyor section
      86. The pivotal section 84 forms an angle A with respect to the horizontal
      as material is permitted to be discharged from the main receiving conveyor
      24. In the position illustrated in FIG. 3, however, the pivotal section 84
      has assumed an angle B with respect to the horizontal thus preventing
      discharge of material from the main receiving conveyor 24.
PAR  In FIG. 2 the end conveyor section 86 also forms an angle A with respect to
      the horizontal, and FIG. 3 the end conveyor section 86 assumes a
      substantially horizontal position. Accordingly, in order to reduce the
      rate of flow of material in the hopper car 12, the pivotal section 84 may
      be pivoted about an angle less than angle B but greater than angle A. With
      this arrangement, a versatile means is provided to vary the rate of flow
      of material in the hopper car 12 between the position of the main
      receiving conveyor 24 for discharge of the material and termination of
      discharge of the material.
PAR  In moving either upwardly or downwardly, pivotal section 84 rotates about
      the fixed pivot member 88, and end conveyor section 86 rotates about
      moving pivot member 90. Referring to FIG. 5, there is illustrated the
      hydraulic cylinder 92 provided with an extensible piston 94 that is
      secured to the vertical plate member 70 at a pin 96. The hydraulic
      cylinder 92 is mounted to a bracket 98. Retraction of the piston 94 within
      the hydraulic cylinder 92 produces upward rotation of pivotal section 84
      about fixed pivot member 88 and upward angular movement of the moving
      pivot member 90 with end conveyor section 86 rotating downwardly about
      moving pivot member 90.
PAR  The solid rectangular representation of the vertical plate member 72 in
      FIG. 5 indicates the position of the vertical plate member 72 when the
      main receiving conveyor 24 is in the position terminating discharge as
      shown in FIGS. 3 and 4. A rigid arm member 100 is pivotally connected to
      the fixed pivot member 102 and the other end of arm member 100 is
      pivotally mounted to the connection member 104 on the vertical plate
      member 72. As piston 94 extends from and retracts within the hydraulic
      cylinder 92 to rotate pivotal section 84, the arm member 100 pivots about
      the fixed pivot member 102 to thereby guide end conveyor section 86 and
      its rotational movement about moving pivot member 90.
PAR  The inclination of the pivotal section 84 at the angle B required to
      effectively terminate discharge of material from the main receiving
      conveyor 24, while continuing movement of the conveyor 24 at the same
      speed, is dependent upon the amount of material present within the hopper
      car 12. FIG. 4 schematically illustrates the hopper car 12 having a stored
      quantity of disintegrated material 106. A sensing device 108 includes a
      rotatable member 110 pivotally mounted about point 112 and is adapted to
      rotate upwardly or downwardly, as the level of disintegrated material
      within the hopper car 12 changes. The sensing device 108 or any other
      suitable material sensing device is provided within the material receiving
      bin 74 of the hopper car 12 and is operable to control the upwardly
      pivoting pivotal section 84 through the extension and retraction of piston
      94 relative to the hydraulic cylinder 92.
PAR  Suitable automatic control means (not shown) receives an indication of the
      material level within hopper car 12 from sensing device 108 and actuates
      the hydraulic cylinder 92 to extend and retract piston 94. As illustrated
      in FIG. 4, the rotatable member 110 of the sensing device 108 is shown as
      having moved from a lower position to a higher position in response to an
      increase in the depth of disintegrated material 106 in the hopper car 12.
      Consequently, in response to the movement of the sensing device 108, the
      piston 94 retracts further into the hydraulic cylinder 92 to thereby
      position the pivotal section 84 at angle B with respect to the horizontal
      and terminate flow of the material out of the hopper car 12.
PAR  To permit installation of roof bolts as part of the mining cycle, a pair of
      roof drilling units 114 are rotatably mounted to opposed sides of forward
      end 116 of the hopper car 12, as illustrated in FIGS. 1 and 7. Each of the
      roof drilling units 114 includes a drill 118 having a drill steel mounted
      therein. A drill bit is secured to the end of the drill steel, and a
      hydraulic motor rotates the drill steel and drill bit. The drill 118 which
      may be either a percussion or percussion rotary drill is connected to a
      boom member 120 which, in turn, is pivotally connected to the forward end
      116 of the hopper car 12 by the arm member 122. Suitable linkage means
      (not shown) is provided to maintain the drill 118 level with its drill
      shaft vertical axis as the boom member 120 constantly changes its angular
      position and moves upwardly through a vertical plane. A canopy support
      frame 124 is secured to the hopper car 12 and is positioned above the
      drilling units 114. The frame 124 supports a canopy such as an expanded
      metal screen (not shown) which functions to protect the drill operator
      from the hazard of falling rock material during the drilling operations.
PAR  The roof drilling units 114 function to drill holes a preselected depth
      into the mine roof for the installation of roof bolts as the continuous
      mining machine 14 disintegrates bands of material from the face. The
      positioning of the drilling units 114 at the forward end 116 of the hopper
      car 12 in proximate relationship to the continuous mining machine 14
      provides for installation of roof bolts adjacent the face to thereby
      provide roof support adjacent the face. Preferably, the drilling units 114
      will drill bolt holes in the mine roof on four or five foot centers
      without moving the hopper car 12 subject only to the limitation of the
      speed of the mining cycle and the physical dimensions of the mining
      machine.
PAR  Further, in accordance with the present invention, the main receiving
      conveyor 24 is continuously operated at a constant receiving speed
      regardless of whether or not material is being discharged from the
      discharge end portion 26 of the conveyor 24. When the shuttle car moves
      from its position adjacent the discharge end 30 of the delivery conveyor
      28 and it is desired to terminate discharge from the main receiving
      conveyor 24 or alternatively when it is desired to reduce or alter the
      rate of flow from the conveyor 24, a pivotal section of the conveyor is
      rotated upwardly about a horizontal transverse axis. With this
      arrangement, continued movement of the main receiving conveyor 24 produces
      no discharge of disintegrated material therefrom. Subsequently, when it is
      desired to resume or increase the discharge flow from the conveyor 24, the
      pivotal section is pivoted downwardly to accomplish such discharge.
PAR  The continuous mining machine 14 may operate continuously at maximum output
      efficiency without being hampered by the intermittent nature of the
      operation of the shuttle car or delays encountered during the bolting
      operations. The operation of the hopper car 12 is greatly simplified by
      virtue of the fact that the conveyor speed may be maintained uniform
      without concern for coordinating the changes in relative conveyor speed
      with movement of the shuttle car. As described hereinabove, the pivotal
      movement of the pivotal section of the main receiving conveyor 24 is
      accomplished by operation of the hydraulic cylinder 92 in response to a
      signal received from the sensing device 108 positioned within the material
      receiving bin 74 and operable to sense the quantity of material therein.
PAR  Control of the flowrate of the disintegrated material from the main
      receiving conveyor 24 to the shuttle car is not limited to the pivotal
      movement of the pivotal section 84 between angles A and B, as illustrated
      in FIGS. 2 and 3. The rate of discharge of disintegrated material from the
      hopper car 12 to the shuttle car may also be controlled by initially
      maintaining the main receiving conveyor 24 at a speed sufficient to
      provide for continuous transfer of material from the mining machine 14 to
      the rear portion of the material receiving bin 74. When the shuttle car is
      in position adjacent the discharge end 30 of the delivery conveyor 28, the
      pivotal section 84 is rotated downwardly and the conveyor 24 operated at
      maximum speed. Operation of the delivery conveyor 28 is then commenced to
      quickly load the shuttle car.
PAR  When the car is fully loaded, conveyance of material from the hopper car 12
      is terminated by shutting down the delivery conveyor 28. The speed of the
      main receiving conveyor 24 is then reduced, and the pivotal section 84 is
      rotated upwardly. With this arrangement the versatility of the variable
      discharge and surge feeder and bolter 10 may be expanded to meet a wide
      range of material handling requirements.
PAR  Operation of the pivotal section of the main receiving conveyor 24 is not
      dependent for accomplishment upon the hydraulic cylinders. Other
      conventional operating means may be employed, such as air cylinders or
      electric motors; however, the use of electric motors within mines is
      restricted to minimum use as required by the need to provide effective
      electrical shielding in order to reduce the risk of explosion. In
      addition, belt conveyors and other conventional conveying systems may be
      employed in place of the flight type conveyor system described
      hereinabove.
PAR  According to the provisions of the patent statutes, I have explained the
      principle, preferred construction and mode of operation of my invention
      and have illustrated and described what I now consider to represent its
      best embodiments. However, it should be understood that, within the scope
      of the appended claims, the invention may be practiced otherwise than as
      specifically illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for handling disintegrated material including,
PA1  a base member having ground traction means,
PA1  an elongated body member supported on said base member,
PA1  vertical plate members secured to opposite sides of said body member,
PA1  said body member and said vertical plate members cooperating to define a
      material receiving bin,
PA1  a continuous conveyor positioned within said material receiving bin,
PA1  said continuous conveyor having a material receiving end portion, a
      material discharge end portion and a pivotal section positioned closer to
      said material discharge end portion than said material receiving end
      portion, said pivotal section arranged to pivot upwardly about a
      horizontal transverse axis and control the discharge of material from said
      discharge end portion,
PA1  said continuous conveyor adapted to receive material at said receiving end
      portion of said continuous conveyor and convey the material longitudinally
      in said bin toward said material discharge end portion,
PA1  said pivotal section arranged to pivot upwardly a sufficient distance to a
      first position so that during continuous operation of said conveyor said
      pivotal section substantially stops the discharge of said material from
      said material discharge end portion of said continuous conveyor while said
      continuous conveyor is in operation and other material is being conveyed
      from said material receiving end portion to said material discharge end
      portion,
PA1  means for pivoting said pivotal section having at least one hydraulic
      cylinder,
PA1  said pivotal section also arranged to pivot to a plurality of intermediate
      positions in addition to said first position for discharging said
      materials at preselected rates,
PA1  sensing means positioned within said material receiving bin for indicating
      the quantity of said material within said bin, and
PA1  said hydraulic cylinder responsive to the indication of the quantity of
      said material within said bin by said sensing means to position said
      pivotal section.
NUM  2.
PAR  2. An apparatus for handling disintegrated material as set forth in claim 1
      which includes,
PA1  a delivery conveyor pivotally connected to said elongated body member and
      having a portion underlying said continuous conveyor when said pivotal
      section is in said first position, and
PA1  said delivery conveyor extending upwardly and terminating in a portion
      arranged to overlie a conventional shuttle car during discharge of said
      material therefrom.
NUM  3.
PAR  3. An apparatus for handling disintegrated material as set forth in claim 1
      which includes,
PA1  said pivotal section positioned adjacent said discharge end portion of said
      continuous conveyor.
NUM  4.
PAR  4. An apparatus for handling disintegrated material as set forth in claim 1
      which includes,
PA1  said pivotal section positioned in spaced adjacent relation relative to
      said discharge end portion, and
PA1  an end conveyor section disposed intermediate said pivotal section and said
      discharge end portion and arranged to rotate about a moving pivot
      positioned between said pivotal section and said end conveyor section.
NUM  5.
PAR  5. An apparatus for handling disintegrated material as set forth in claim 3
      which includes,
PA1  said pivotal section having a generally upwardly convex configuration.
NUM  6.
PAR  6. An apparatus for handling disintegrated material as set forth in claim 4
      which includes,
PA1  said end conveyor section arranged in a substantially straight line
      position with respect to said pivotal section when said pivotal section is
      in said first position, and
PA1  said end conveyor section arranged in a substantially horizontal position
      when said pivotal section is in said second position.
NUM  7.
PAR  7. An apparatus for handling disintegrated material as set forth in claim 6
      which includes,
PA1  a rigid arm member having one end portion pivotally mounted on one of said
      vertical plate members and the other end portion pivotally mounted on said
      vertical plate member positioned adjacent said end conveyor section to
      permit responsive movement of said end conveyor section upon movement of
      said pivotal section.
NUM  8.
PAR  8. An apparatus for handling disintegrated material as set forth in claim 1
      which includes,
PA1  drill means,
PA1  a pair of drill booms mounted forwardly of said elongated body members at
      each side thereof, said drill booms operable to rotate about the
      connection thereof to said elongated body member and to move said drill
      means in a vertical plane relative to said elongated body member.
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ABST
PAL  A moving walkway having accelerating and decelerating regions whereat
      people and/or freight board and alight from the walkway, respectively, is
      disclosed. The walkway comprises a plurality of overlapping platforms with
      a pair of wheels or rollers affixed beneath one end of each platform. The
      platforms move in an oval, substantially planar, track having lengthy
      sides joined by curved ends. Users (people or freight) are moved in
      opposite directions along the lengthy sides and board and alight from the
      walkway at entry and exit regions located at both curved ends.
      Acceleration occurs immediately subsequent to the entry regions and
      deceleration occurs just prior to the exit regions. The platforms are
      interconnected by chains or cables movably attached to cam followers. The
      cam followers follow acceleration and deceleration cams located beneath
      the platforms. Through the chains or cables this cam action causes the
      amount of overlapping to increase or decrease to create platform
      acceleration and deceleration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to moving walkways and, more particularly, to
      moving walkways having acceleration and deceleration regions.
PAR  A wide variety of moving walkways, some with and some without accelerating
      and decelerating regions, have been proposed. For a variety of reasons,
      prior art moving walkway proposals have been somewhat unsatisfactory when
      attempts have been made to implement them. For example, many prior art
      moving walkways are formed of platforms which move people and/or freight
      in one direction from an entry region to an exit region. The platforms
      return from the exit region to the entry region along a path located
      directly, vertically beneath the path along which the people or freight
      are moved, whereby the overall structure is relatively thick. Because it
      is thick, a substantial depression must be created where such a structure
      is to be installed, or relatively long and high entrance and exit ramps
      must be provided. Thus, such prior art walkways cannot be readily
      installed on an existing horizontal surface. In addition, such prior art
      moving walkways have the disadvantage that less than half of their path of
      travel is actually utilized to carry people or freight. Rather, over half
      of their path of travel is utilized to return platforms from the exit
      region to the entry region, see U.S. Pat. No. 3,712,488, for example.
PAR  Moving walkways which overcome some of these disadvantages have also been
      proposed. However, they have other types of disadvantages. For example,
      the passenger conveyor or moving walkway proposed in U.S. Pat. No.
      3,583,543, has the disadvantage that it can only accelerate to
      approximately twice its entry speed, because of the mechanical nature of
      its platform coupling structure. Assuming that a safe boarding speed is
      2.0 mph, this means that such as system can only move passengers at a
      maximum speed of 4.0 mph.
PAR  In addition, many prior art moving walkways are more complicated than
      desired. Thus, they are subject to frequent mechanical breakdowns.
      Moreover, many of them are not suitable for use between widely separated
      exit and entry regions, such as those separated by a quarter of a mile or
      more.
PAR  Therefore, it is an object of this invention to provide a new and improved
      moving walkway.
PAR  It is a further object of this invention to provide a new and improved
      moving walkway having acceleration and deceleration regions.
PAR  It is a still further object of this invention to provide a new and
      improved accelerating and decelerating moving walkway adapted to carry
      passengers or freight over a substantial portion of a planar path of
      travel.
PAR  It is yet another object of this invention to provide a new and improved
      accelerating and decelerating passenger conveyor that is relatively
      uncomplicated, and therefore suitable for widespread use over extended
      distances.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with principles of this invention, an accelerating and
      decelerating moving walkway suitable for moving people or freight in
      either direction between two points is provided. The walkway comprises a
      plurality of overlapping platforms which move in an oval path of travel.
      The platforms are connected together by an extendable and retractable
      means, such as a chain or cable. The extension and retraction of the
      extendable and retractable means is controlled by a cam/cam follower
      arrangement such that during acceleration the extendable and retractable
      means is extended and during deceleration the extendable and retractable
      means is retracted. The extension and retraction of the extendable and
      retractable means cause the amount of platform overlap to decrease and
      increase, respectively, to thereby create acceleration and deceleration.
PAR  In accordance with other principles of this invention, the extendable and
      retractable means comprises a plurality of chain or cable sections, one
      secton interconnecting each platform with its adjacent platform. The
      interconnecting portions of the chain or cable section lie along the
      longitudinal centerline of the platforms in the direction of travel
      whereby all forces between the platforms are symmetrical, about the
      overall oval path of travel.
PAR  In accordance with further principles of this invention, the oval path of
      travel includes parallel sides joined by curved ends. The parallel sides
      are adapted to move people or freight in opposite directions and each
      includes an accelerating and decelerating region. Preferably the parallel
      sides are relatively long, in the range between one-quarter mile and
      several miles.
PAR  In accordance with still further principles of this invention, the cam/cam
      follower arrangement comprises a cam formed of a pair of diverging and
      converging rails located beneath the platform in the acceleration and
      deceleration regions or zones, and cam followers formed of members adapted
      to follow the rails. As the cam followers move inwardly and outwardly, as
      they follow the rails, the length of the interconnecting chain or cable
      extends and retracts to cause the desired decrease or increase in platform
      overlap.
PAR  In accordance with still other principles of this invention, a rotating
      means is located at the platform overlap region. The rotating means is
      pinned to one of the platforms and interacts with combs formed in the
      other platform in a manner such that the rotating means rotates with
      respect to one patform when the platforms pass through the curved portion
      of the oval path of travel.
PAR  In accordance with yet further principles of this invention, each platform
      includes a pair of wheels mounted on an axle affixed beneath one end of
      each platform. The other ends of the platforms ride on the upper surface
      of adjacent platforms above the region where the wheels and axle are
      located. Thus, each platform supports an adjacent platform in an
      overlapping manner.
PAR  It will be appreciated from the foregoing brief summary that the invention
      provides a new and improved accelerating and decelerating moving walkway.
      Because the walkway is relatively planar, no lengthy and extensive
      approach ramps or other means for raising people and/or freight to the
      elevation of the moving walkway are needed. Further, a major portion of
      the orbit of travel is used for moving people and/or freight, rather than
      only one-half or less.
PAR  The invention is relatively uncomplicated in that it merely requires a
      suitable track, platforms, means to interconnect the platforms and drive
      means. A suitable drive means may comprise a plurality of motor driven
      collars mounted beneath the platforms so that the collars sequentially
      move the platforms. Because of its unique arrangement of components, the
      invention can accelerate to a higher constant speed than can prior art
      devices. More specifically, moving walkways which operate at a uniform
      velocity are limited to a maximum boarding and alighting speed
      (approximately 2.0 mph) for their entire length of travel. Other walkways
      which have accelerating and decelerating regions have only been able to
      provide a twofold (or slightly greater) increase in this speed, i.e., to
      approximately 4.0 mph. On the other hand, this invention can accelerate
      passengers or freight smoothly and safely from a safe boarding speed to
      speeds up to 15 mph, and then decelerate to a safe alighting speed. Thus,
      the invention makes it practicable to provide moving walkway
      transportation between points separated by up to several miles.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and many of the attendant advantages of this
      invention will become more readily appreciated as the same becomes better
      understood by reference to the following detailed description when taken
      in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a plane view of a preferred embodiment of the invention;
PAR  FIG. 2 is a side view of the preferred embodiment of the invention
      illustrated in FIG. 1;
PAR  FIG. 3 is a perspective view, partially broken away, illustrating a portion
      of the preferred embodiment of the invention in an accelerating zone;
PAR  FIG. 4 is a cross-sectional view of platforms, and their associated
      apparatus, formed in accordance with the invention;
PAR  FIG. 5 is a cross-sectional view along line 5--5 of FIG. 4;
PAR  FIG. 6 is a perspective view of a mechanism suitable for moving the
      platforms formed in accordance with the invention;
PAR  FIG. 7 is a perspective view, partially broken away, of an interconnecting
      plate which allows platforms, formed in accordance with the invention, to
      move about the curved end of an oval track; and,
PAR  FIG. 8 is a fragmentary cross-sectional view illustrating the
      interconnection between the interconnecting plate and the platforms
      illustrated in FIG. 7, in somewhat more detail.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 illustrate a preferred embodiment of a moving walkway formed
      in accordance with the invention and comprises a plurality of platforms 31
      which move in an oval, substantially planar, track 11 formed in the
      housing 13. The oval planar, substantially planar, track includes two
      parallel sides 15 and 17 connected by curved end regions 19 and 21. The
      curved end regions 19 and 21 are covered by covers 23 and 25 forming part
      of the housing 13. Short ramps 27 and 29 lead up to and down from the
      covers 23 and 25. Each parallel side 15 and 17 is broken into three zones
      -- an acceleration zone; a constant speed zone; and, a deceleration zone.
      The zones run from left to right for the lower side 17 as viewed in FIG. 1
      and vice versa (i.e., right to left) for the upper side 15, also as viewed
      in FIG. 1.
PAR  As will be better understood from the following description, the plurality
      of platforms 31 continuously move through the oval track 11. Thus, the
      platforms are continuously passing through the two accelerating zones, the
      two constant speed zones and the two decelerating zones; and, through the
      curved end regions 19 and 21.
PAR  Each end of the moving walkway illustrated in FIGS. 1 and 2 includes an
      entry region and an exit region. Entry is into the accelerating zones and
      exit is from the decelerating zones. Thus, people desiring to use the
      walkway illustrated in FIG. 1 or freight to be transported by the walkway,
      enter the side 17 of the oval track, illustrated in the lower position of
      the figure, from the left and exit from the right side and vice versa for
      the other side 15, as illustrated by the entry and exit arrows. Drive
      units, preferably of the type hereinafter described, are located at the
      beginning of each decelerating zone in regions 33 and 35. The drive units
      cause the platforms 31 to constantly move about the oval, substantially
      planar, track in the desired manner.
PAR  Preferably, as illustrated in FIG. 2, accelerating and decelerating
      handrails 37 are located on either side of both of the parallel sides 15
      and 17 of the oval track 11. Since the accelerating and decelerating
      handrails form no part of this invention, they are not further described
      herein. They may, however, be formed of suitable types of platform-like
      sections which accelerate and decelerate in zones corresponding to the
      platform acceleration and deceleration zones. In addition, side handrails
      39, located on either side of the ramps 27 and 29 and the covers 23 and
      25, may be included, if desired.
PAR  FIG. 3 is a perspective view, partially broken away, illustrating a
      plurality of platforms 31 in an acceleration zone. As also seen in FIG. 4,
      each platform is generally planar and includes a relatively thick front
      edge 41 and a rear edge which feathers into a tip 43. (As used herein, the
      terms "front edge" and "rear edge" relate to the illustrated direction of
      movement. Since the direction of movement can be reversed, these terms are
      reversible, i.e., what is recited as "front" will become "rear" and what
      is recited as "rear" will become "front" if the direction of travel is
      reversed.) More specifically, the platforms include relatively planar,
      parallel tops and bottoms, except near the rear end. Toward the rear end,
      the tops incline toward the bottoms so as to form the rear edge tip 43. In
      other words, the platforms are trapezoidal when viewed in cross section.
      In addition, as will be better understood from the following description,
      the upper surface of the platforms is "combined".
PAR  Mounted slightly rearwardly of the front edge of each platform are
      downwardly projecting flanges 45, one located on either side of the
      platform. The flanges 45 support an axle 46 having a longitudinal axis
      that is orthogonal to the axis of the path of platform movement. Mounted
      on the axle 46 so as to lie beyond the outer surfaces of the flanges 45
      are a pair of wheels 47. Thus, the wheels 47 support the front edges 41 of
      the platforms 31.
PAR  The wheels 47 are arrayed in tracks 49, one located on either side of the
      orbit of travel of the platforms 31. The tracks 49 are channels, U-shaped
      in cross section, and rotated 90.degree. so that their openings face one
      another. The channels 49 are affixed to a suitable base plate 51 and
      define an oval, substantially planar, path of travel about which the
      platforms 31 move. Both the channels 49 and the base plate 51 form a
      portion of the housing 13 (FIG. 1). While the base plate 51 is illustrated
      as solid, it may be formed of suitably located brace members, if desired.
PAR  Affixed to and extending downwardly from each platform 31, "behind" its
      associated axle 46, are a pair of support brackets 53. The support
      brackets 53 are also located on either side of the longitudinal centerline
      of the platforms 31, as defined by the oval planar path of travel 11.
      Rotatably attached to the lower end of each support bracket 53 and
      extending inwardly therefrom are a pair of arms 55. A vertical shaft 57
      extends through the outer end of each arm 55. Rotatably mounted on each
      vertical shaft 57, beneath its associated arm 55, is a roller 59 that acts
      as a cam follower. Also rotatably mounted on each vertical shaft 57, above
      its associated arm 55, is a sheave 61.
PAR  Affixed to the base plate 51 on opposite sides of the longitudinal axis
      defined by the oval planar path of travel 11 are a pair of cams 63. While
      the cams 63 can take on a variety of shapes, preferably, as illustrated,
      they are straight, right angle (in cross-section), longitudinal members
      which are affixed along one side to the base plate 51. The rollers 59
      forming the cam followers ride on the thusly created vertical surfaces of
      the cams 63.
PAR  As illustrated in FIG. 3, the cams 63 diverge inwardly in the accelerated
      zones. Contrawise, in the deceleration zones, the cams diverge outwardly.
      While the cams can encompass the entire oval path of travel, as generally
      illustrated in FIG. 3, preferably, they only exist in the acceleration and
      deceleration zones. When the platforms 31 are in the constant speed zone,
      a suitable stop mechanism (not shown) locks the arms 55 in their most
      inward positions, which position, as will be better understood from the
      following description, allows the least amount of platform overlap to
      exist. The force created by the stop mechanism is overcome by any suitable
      mechanism (also not shown) when the platforms leave the constant speed
      zone and enter a deceleration zone. When in the curved end zones, the
      platforms are free to "float" with respect to one another.
PAR  Mounted slightly behind the support brackets 53, and projecting downwardly
      from each platform 31, is a pin bracket 65 which terminates in a tip 67.
PAR  Centrally located at the front edges of each platform, and projecting
      downwardly therefrom is a further support bracket 68. The further support
      bracket 68 is generally aligned along the longitudinal axis defined by the
      oval path of travel 11. The further support bracket 68 supports vertical
      shaft 70 on which a sheave 69 is rotatably mounted. Vertical shaft 70 is
      on one side of the longitudinal axis defined by the oval path of travel. A
      vertical pin 71 projects downwardly from an arm 72 affixed to the further
      support bracket 68 and lies on the other side of the same longitudinal
      axis. A suitable extendable and retractable member 79, such as a chain
      (illustrated) or a cable, extends from pin 67 to pin 71 about the three
      sheaves--the two mounted on the arms 55 and the one mounted on the further
      support bracket 68. More specifically, starting with the pin 67 mounted on
      the platform immediately in front of the platform of interest, the
      extendable and retractable member 79 extends along the longitudinal axis
      defined by the oval path of travel and then passes about the sheave 69
      attached to the further support bracket 67. The extendable and retractable
      member 79 then pass outwardly around the sheave 61 mounted on the arm 55
      illustrated on the left in FIG. 5. The member 79 then crosses through the
      longitudinal axis and passes about the sheave 61 mounted on the arm 55
      illustrated on the right in FIG. 5. The member then extends to the pin 71,
      where it terminates. This path of the extendable and retractable member 79
      is clearly shown in FIG. 3.
PAR  It should be noted that if the extendable and retractable member is a chain
      as illustrated, the various sheaves are, preferably, toothed sheaves.
      Contrawise, if the extendable and retractable member is a cable, such as a
      steel cable, the sheaves are not toothed.
PAR  From the foregoing description of the path followed by the extendable and
      retractable member 79, and viewing FIG. 3, it will be readily understood
      that, as the rollers 59 follow the cams 63 and the arms 55 are moved
      inwardly and outwardly, the member 79 extends and retracts. This extension
      and retraction causes the amount of platform overlap to decrease and
      increase, respectively. In this manner, platform acceleration and
      deceleration in the acceleration and deceleration zones, whereat the
      diverging cams are located, occurs.
PAR  A variety of devices can be utilized to move the platforms making up the
      moving walkway of the invention. One such device is illustrated in FIG. 6
      and comprises an electric motor 81 adapted, through a gear box 83, to
      drive a drive shaft 85. The drive shaft 85 is orthogonally, rotatably
      mounted with respect to a pair of parallel side rails 87. Affixed to the
      shaft 85 are a pair of spaced drive gears 89. The spaced gears 89 are
      located between a pair of center support rails 91 lying parallel to the
      parallel side rails 87 and supported by cross rails 88. An idler shaft 93
      lying parallel to the drive shaft 85 is also mounted between the pair of
      center support rails 91. Mounted on the idler shaft 93 are a pair of
      spaced idler gears 95. Chains or belts 97 mounted in parallel,
      side-by-side relationship so as to move in spaced, parallel vertical
      planes, pass about the drive gears 89 and the idler gears 93 on a
      one-to-one basis. Affixed between the chains or belts 97 are collars 99.
PAR  A drive mechanism of the type described above, or a similar drive unit,
      form the drive units located in regions 33 and 35, illustrated in FIG. 1.
      As the motor 81 rotates the drive shaft 85, the belts and collars 99 move
      in the desired direction.
PAR  The collars 99 coact with drive lugs 101 that project downwardly from
      support plates 102. The support plates are affixed to the lower ends of a
      vertical shaft 70 and pin 71. The coaction is such that each succeeding
      collar grips the lug of the next platform and moves the platform until the
      collar releases from the drive lug it has gripped. In this manner the
      platforms are constantly being moved through the deceleration zones.
      Undriven platforms located in the other zones are, of course, pushed
      "forward" by the driven platforms.
PAR  Preferably, as illustrated in FIG. 5, the upper surfaces of the platforms
      are comb like, i.e., they include a plurality of parallel raised members
      or "teeth" 103 arrayed in side-by-side relationship, parallel to the axis
      of the oval path of travel. One of the problems with the use of the
      comb-like platform surface, particularly if some of the teeth thereof
      intermesh to maintain lateral alignment, is that such surfaces will
      prevent the platforms from turning in the curved end regions 19 and 21
      illustrated in FIG. 1. In order to overcome this problem without loss of
      the desired alignment, a correspondingly combed rotatable plate 105 (FIGS.
      7 and 8) is located between the bottom rear end of one platform and the
      top front end of the adjacent platform. The combed rotatable plate 105, as
      best seen in FIG. 8, includes a combed lower surface. The combed lower
      surface meshes with the combs formed in the upper surface of the adjacent
      platform 31. The upper surface of the combed rotatable plate is flat (not
      combed) and is pinned to the bottom rear of its associated platform 31 by
      a pin 109. The pinned upper surface and the combed lower surface of the
      combed rotatable plate 105 prevent lateral movement between the associated
      platforms. However, swivel movement about the longitudinal axis of the pin
      109 is not prevented. Thus, the platforms are free to swivel with respect
      to one another as they move through the curved end regions 19 and 21.
      Preferably, the joining surfaces of the plate 105 and the upper platform
      31 are as friction free as possible. For example, they may be coated with
      teflon.
PAR  It will be appreciated from the foregoing description that the invention
      provides a new and improved accelerating and decelerating moving walkway.
      The apparatus is umcomplicated, yet, the walkway is movable in a
      substantially planar oval track. Thus, the overall structure has a
      relatively low silhouette which allows it to be easily installed on the
      present walkways, for example. Moreover, the unique apparatus of the
      invention allows people to be moved at speeds unobtainable with prior art
      apparatus. Thus, the invention is suitable for use over relatively long
      distances, such as one-quarter of a mile or greater. In fact, the
      invention can be extended up to several miles in length, if desired.
      Hence, the invention is suitable for widespread use. Although not
      illustrated in the drawings, if desired, certain regions of the platforms,
      such as the rear upper surfaces thereof, can be painted to provide
      "step-on" regions, if desired.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it will be appreciated by those skilled in the art and others
      that various changes can be made therein without departing from the spirit
      of the invention. Hence, the invention can be practiced otherwise than as
      specifically described herein.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An accelerating and decelerating moving walkway comprising:
PA1  1. path of travel defining means for defining an oval, substantially
      planar, path of travel;
PA1  2.
NUM  2.
PAR  2. a plurality of overlapping platforms mounted in said path of travel
      defining means for movement about said oval, substantially planar, path of
      travel;
PA1  3. overlapping control means for controlling the amount of overlap between
      adjacent platforms of said plurality of overlapping platforms, said
      overlapping control means comprising:
PA2  a. cam means mounted beneath said plurality of overlapping platforms for
      controlling the position of cam follower means associated with each of
      said plurality of platforms;
PA2  b. cam follower means associated with and mounted on each of said plurality
      of platforms so as to contact with and be positioned adjustable by said
      cam means in a plane lying parallel to the plane defined by said oval,
      substantially planar, path of travel; and
PA2  c. flexible extendable and retractable means running between pairs of
      adjacent platforms of said plurality of platforms and operatively
      connected to said cam follower means such that the position of said cam
      follower means controls the length of said flexible extendable and
      retractable means running between pairs of adjacent platforms to thereby
      control the amount of platform overlap; and,
PA1  4. drive means adapted to be selectively coupled to said plurality of
      platforms for moving said plurality of platforms about said oval,
PAR   substantially planar, path of travel. 2. An accelerating and decelerating
      moving walkway as claimed in claim 1 wherein said oval, substantially
      planar, path of travel defines a longitudinal axis and includes two sides
      lying generally parallel to one another, said sides being connected by
      curved ends.
NUM  3.
PAR  3. An accelerating and decelerating moving walkway as claimed in claim 2
      wherein each of said two sides includes an acceleration region wherein the
      amount of platform overlap increases and a deceleration region wherein the
      amount of platform overlap decreases.
NUM  4.
PAR  4. An accelerating and decelerating moving walkway as claimed in claim 3,
      wherein:
PA1  said cam means comprises at least one longitudinal member mounted beneath
      said plurality of platforms in each of said acceleration and deceleration
      regions, said at least one longitudinal member converging toward said
      longitudinal axis defined by said oval, substantially planar, path of
      travel in said acceleration regions and diverging from said longitudinal
      axis defined by said oval, substantially planar, path of travel in said
      deceleration regions;
PA1  said cam follower means comprises at least one arm rotatably attached at
      one end to each of said plurality of platforms and a roller associated
      with each of said at least one arms and rotatably mounted on the other end
      thereof, said arms and rollers being attached such that the rollers are
      adapted to ride on said at least one longitudinal members when their
      associated platforms are located above said at least one longitudinal
      members, said rollers riding on said at least one longitudinal members
      acting to rotate their associated arms with respect to their associated
      platforms; and,
PA1  said extendable and retractable means comprises an extendable and
      retractable member running between each pair of adjacent platforms of said
      plurality of platforms, one end of said extendable and retractable member
      being affixed to one of said pair of adjacent platforms and the other end
      being affixed to the other of said pair of adjacent platforms, said
      extendable and retractable member being operatively connected to said at
      least one arm associateed with one of said pair of adjacent platforms in a
      manner such that when said arm is rotated by its associated roller
      impinging on one of said at least one longitudinal members the length of
      said extendable and retractable member running between said pair of
      adjacent platforms is varied whereby the amount of overlap between said
      pair of adjacent platforms is varied.
NUM  5.
PAR  5. An accelerating and decelerating moving walkway as claimed in claim 4
      including:
PA1  an axle associated with each of said plurality of platforms;
PA1  mounting means associated with each of said plurality of platforms for
      mounting said axles such that the longitudinal axis defined by said axles
      lies beneath said platforms and generally orthogonal to the longitudinal
      axis defined by said oval, substantially planar, path of travel; and,
PA1  a pair of wheels associated with each of said plurality of platforms, said
      wheels being mounted on the ends of said axles.
NUM  6.
PAR  6. An accelerating and decelerating moving walkway as claimed in claim 5
      including a sheave mounted on each of said at least one arms on the same
      end thereof on which said roller is mounted, said extendable and
      retractable member passing about said sheave.
NUM  7.
PAR  7. An accelerating and decelerating moving walkway as claimed in claim 6
      including a second sheave rotatably affixed to each of said plurality of
      platforms and associated with said at least one arm mounted thereon such
      that said extendable and retractable member passes about said second
      sheave prior to running toward the other of said pair of adjacent
      platforms.
NUM  8.
PAR  8. An accelerating and decelerating moving walkway as claimed in claim 7
      including a plate located between each of said pair of adjacent platforms
      in the region where they overlap.
NUM  9.
PAR  9. An accelerating and decelerating moving walkway as claimed in claim 8
      wherein the upper surfaces of said plurality of platforms are comblike and
      wherein the lower surface of the plates between said pairs of adjacent
      platforms is also comblike and intermeshes with the comblike upper surface
      of the platforms they face.
NUM  10.
PAR  10. An accelerating and decelerating moving walkway as claimed in claim 9,
      wherein the upper surface of said plates is relatively smooth and is
      connected to the adjacent surface of the platform lying above it by a pin.
NUM  11.
PAR  11. An accelerating and decelerating moving walkway as claimed in claim 10,
      wherein the trailing edge of each of said plurality of platforms tapers to
      a feather edge.
NUM  12.
PAR  12. An accelerating and decelerating moving walkway as claimed in claim 1,
      wherein:
PA1  said oval, substantially planar, path of travel includes two acceleration
      regions and two deceleration regions;
PA1  said cam means comprises two longitudinal members located beneath said
      plurality of platforms in each of said accelerating and decelerating
      regions, said longitudinal members converging inwardly with respect to the
      direction of travel in said acceleration regions and diverging outwardly
      with respect to said direction of travel in said deceleration regions;
PA1  said cam follower means comprises: a plurality of pairs of arms, one of
      said pairs being affixed at one end to each of said platforms; a plurality
      of rollers one roller being mounted on the other end of each of said arms
      so as to ride on said longitudinal members; and, a plurality of sheaves,
      one sheave also mounted on said other end of each of said arms; and,
PA1  said extendable and retractable means comprises a plurality of extendable
      and retractable members, one of said extendable and retractable members
      running between each pair of adjacent platforms of said plurality of
      platforms about the sheaves mounted on the pair of arms associated with
      one of said pair of platforms such that when said sheaves are moved with
      respect to one another by said arms moving by said rollers impinging on
      said longitudinal members, the length of said extendable and retractable
      members running between said pairs of adjacent platforms is varied.
NUM  13.
PAR  13. An accelerating and decelerating moving walkway as claimed in claim 12
      including:
PA1  an axle associated with each of said plurality of platforms;
PA1  mounting means associated with each of said plurality of platforms for
      mounting said axles such that the longitudinal axis defined by said axle
      lies beneath said platforms and generally orthogonal to the longitudinal
      axis defined by said oval, substantially planar, path of travel; and,
PA1  a pair of wheels associated with each of said plurality of platforms, said
      wheels being mounted on the ends of said axles.
NUM  14.
PAR  14. An accelerating and decelerating moving walkway as claimed in claim 13
      including a plate located between each of said pair of adjacent platforms
      in the region where they overlap.
NUM  15.
PAR  15. An accelerating and decelerating moving walkway as claimed in claim 14,
      wherein the upper surfaces of said plurality of platforms are comblike and
      wherein the lower surface of the plates between said pairs of adjacent
      platforms is also comblike and intermeshes with the comblike upper
      surfaces of the platforms they face.
NUM  16.
PAR  16. An accelerating and decelerating moving walkway as claimed in claim 15,
      wherein the upper surface of said plates is relatively smooth and is
      connected to the adjacent surface of the platform lying above it by a pin.
NUM  17.
PAR  17. An accelerating and decelerating moving walkway as claimed in claim 16,
      wherein the trailing edge of each of said plurality of platforms tapers to
      a feather edge.
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PAL  One or more vacuum-operated suction cups are used to grip a carton and
      transfer it laterally from a first station on an intermittently operated
      conveyor to a second station on a continuously operated conveyor.
      Disengaging the vacuum source from the one or more suction cups deposits
      the container at the second station when transfer of the container is
      complete.
BSUM
PAR  This invention relates to the transfer of a carton from a first station on
      a first conveyor to a second station on a second conveyor. In another
      aspect, it relates to the use of one or more vacuum-operated suction cups
      to transfer a carton horizontally from a first station on an
      intermittently actuated conveyor to a second station on a continuously
      actuated conveyor. In another aspect, it relates to the transfer of a
      filled container from the conveyor of a container-filling machine to a
      delivery conveyor carrying filled containers away from the filling
      machine.
PAR  Machinery commonly employed in the filling or assembly and filling of
      cartons often utilizes an endless conveyor which is indexed in a stepwise
      manner to move the cartons through the various stages of assembly,
      filling, sealing, marking, and other associated operations. When these
      various operations have been performed by the filling machine, it is
      necessary to remove the filled container from the endless conveyor of the
      filling machine to permit the conveyor space occupied by the filled
      container to be reused in subsequent filling operations. Various methods
      and apparatus are known in the art for performing this function. Some, for
      example, use an arm or push rod to displace a filled carton from the
      endless conveyor of the filling machine. Another method is to dump the
      filled container from one conveyor to another or to displace it onto an
      incline and let it slide to another conveyor. While these methods are
      generally acceptable for the handling of filled cartons having a geometric
      configuration which will stabilize them against tipping or falling during
      handling operations subsequent to being filled, many tall containers with
      relatively small bases and containers made of a material which may tend to
      stick to a surface rather than to slide across it are difficult to push or
      gravity-slide from one location to another.
PAR  It is therefore an object of the invention to provide an improved apparatus
      and method for transferring a container from one location to another. It
      is a further object of the invention to provide an improved apparatus and
      method for transferring a container from one location to another using
      vacuum-actuated suction cups. Still a further object of the invention is
      to provide an improved method and apparatus for transferring filled
      containers from the intermittently actuated conveyor of a filling machine
      to a continuously actuated delivery conveyor.
PAR  The invention is particularly suited for use with flat-sided containers. It
      is especially useful for such containers having a relatively unstable
      geometric configuration or having a coating which may make them difficult
      to gravity-slide from one location to another. Although the invention can
      be used with a variety of containers containing almost any product, it is
      particularly well suited for use in conjunction with a machine which
      packages milk, orange drink, or other similar liquid in fiberboard,
      plastic-coated fiberboard, or plastic containers.
PAR  In accordance with the invention, each filled container arriving at a
      specified station along the intermittently actuated conveyor of the
      filling machine is contacted by one or more suction cups, to which a
      vacuum has been applied, an is pulled from the conveyor of the filling
      machine to a desired location on a continuously actuated conveyor where
      the source of vacuum to the suction cups is interrupted, releasing the
      container onto the continuously actuated conveyor.
DRWD
PAR  Details of the operation of the invention are readily observable from the
      accompanying drawings in which
PAR  FIG. 1 is an elevational view of a carton-forming, filling, and sealing
      machine embodying the present invention;
PAR  FIG. 2 is a plan view of the product discharge end of the carton-forming,
      filling, and sealing machine of FIG. 1 showing the operation of the
      present invention;
PAR  FIG. 3 is a simplified elevational view of the present invention; and
PAR  FIG. 4 is an elevational view illustrating the mounting of suction cups on
      the sub-frame of the present invention.
DETD
PAR  Referring now to the drawings in detail and to FIG. 1 in particular, the
      carton-forming, filling, and sealing machine comprises a forming section
      11 and a filling and sealing section 12. The forming section 11 comprises
      a sidewall blank feeding and heating subsection 13, a bottom blank feeding
      and heating subsection 14, a forming subsection 15, and a transfer
      subsection 16. The filling and sealing section has two parallel endless
      conveyor systems 17, and each conveyor system comprises a filling
      subsection 18 occupying five conveyor stations, a defoaming station 19, a
      score breaking station 20, a top heating station 21, a folding and sealing
      station 22, a secondary sealing station 23, a branding station 24, and
      transfer mechanism 25.
PAR  The sidewall blanks 31 manually placed in the sidewall blank magazine 32
      are flat, single sheets of paperboard, rectangular in shape, scored to
      provide five longitudinal panels and a gable-top structure, and coated on
      both the top and bottom surfaces of each sheet with a thermoplastic
      material, e.g., polyethylene. The sidewall blanks are successively
      withdrawn from magazine 32 and individually advanced in a stepwise fashion
      through the sidewall blank heating station 33 to the sidewall blank
      receiving station 34 for turret 35. At the sidewall blank heating station
      33, the side margins to be overlapped and the bottom margin of the
      sidewall blank are heated to a bonding temperature for the thermoplastic
      coating.
PAR  The turret 35 is journalled on a horizontal axis and carries eight
      circumferentially spaced apart mandrels 36 extending radially from the
      axis of turret 35. The cross section of each of mandrels 36 in a plane
      perpendicular to its longitudinal axis is generally rectangular. Suitable
      drive mechanism is provided for indexing or effecting intermittent
      rotation of the turret 35 to move each mandrel from the sidewall blank
      receiving station 34 through a blank folding station 37; a bottom end
      closure forming, applying, and sealing station 38; a secondary bottom
      sealing station 39; a stripping station 40; and three successive
      nonoperating stations 41, 42, and 43.
PAR  The tubular carton body having a bottom closure sealed thereto is removed
      from the mandrel 36 at the stripping station 40 and is transferred to a
      conveyor pocket 45 of one of the two conveyor systems 17. The product to
      be packaged is introduced into the open-topped tubular carton in the
      filling subsection 18. If desired, any foam resulting from the filling
      operation can be removed at defoaming station 19. The scores for the
      gable-top structure can be initially folded in the score breaking station
      20, resulting in the conventional six-sided top structure. The gable-top
      ridge panels of the carton are heated in station 21 to a temperature at
      least as high as the thermal bonding temperature of the thermoplastic
      coatings on the carton. The heated superstructure is then folded into
      contact under pressure at the folding and sealing station 22 to effect the
      bonding of adjacent ridge panels. Secondary sealing station 23 applies
      pressure to the ridge panels during cooling of the thermoplastic bond. If
      desired, a date indicia, plant identification or other information can be
      applied to the bonded ridge panels of the sealed carton at branding
      station 24. The formed, filled, and sealed carton is removed from its
      conveyor pocket 45 by the transfer mechanism 25 and placed on a delivery
      conveyor 46. The conveyor systems 17 are intermittently actuated to move
      conveyor pockets 45 from station to station in a stepwise fashion, while
      delivery conveyor 46 is operated continuously.
PAR  FIG. 2 illustrates a partially cutaway plan view of the transfer mechanism
      25 associated with the filling and sealing section 12 of the
      carton-forming, filling and sealing machine of FIG. 1. Endless
      intermittently actuated conveyors 17a and 17b deliver filled and sealed
      cartons 50 to transfer stations 25a and 25b using conveyor pockets 45 to
      intermittently slide the cartons 50 along flat rails 54. Endless conveyors
      17a and 17b are driven by a reciprocating arm, not shown, and are
      incrementally indexed in a manner such that two filled and sealed cartons
      50 in conveyor pockets 45 are simultaneously advanced to transfer stations
      25a and 25b during the advance portion of the conveyor cycle. The conveyor
      pockets 45 carrying the advanced cartons 50 remain at transfer stations
      25a and 25b during the dwell portion of the conveyor cycle, after which
      the cycle repeats itself, advancing two more containers 50 the incremental
      distance to transfer stations 25a and 25b. The conveyors 17a and 17b and
      other major components of the transfer mechanism 25 are supported on the
      frame 56 of the carton-forming and filling machine.
PAR  Conveyor pockets 45 comprise two vertical side plates connected at angles
      of nominally 90.degree. to a third vertical back plate, the vertical back
      plate being applied to the drive means of conveyor 17a or 17b. The
      U-shaped configuration of conveyor pockets 45 accurately maintains each
      container 50 at its proper location along conveyor 17a or 17b but also
      makes it necessary to remove a container from the pocket which has carried
      it to transfer station 25a or 25b by drawing the container away from the
      back plate of the pocket in a vertical direction or a horizontal direction
      perpendicular to the back plate, or in a combination of such vertical and
      horizontal directions. The configuration of the conveyor pockets negates
      the use of any removal technique involving displacement of the filled
      container 50 in a lateral direction parallel to the surface of the
      conveyor pocket back plate.
PAR  Flat rails 54 are positioned directly below the line of travel followed by
      conveyor pockets 45 and are of sufficient width that the entire bottom
      surface of each container can rest upon the rail during the dwell portion
      of the operation of intermittent conveyors 17a and 17b and slide along the
      rail during the moving portion of the conveyor operation. The top surfaces
      of both flat rails 54 are substantially in the same horizontal plane while
      the upper surface of conveyor 46 is preferably slightly below the plane of
      rails 54. Transfer stations 25a and 25b are preferably located so that a
      straight delivery conveyor 46 will be tangent to both rails 54 at transfer
      stations 25a and 25b.
PAR  Sub-frame 60, shown partially cutaway in FIG. 2 in order to more clearly
      show the apparatus beneath it, is rectangular in shape and is driven in a
      reciprocating linear (straight line) motion by cam follower 61 attached to
      the edge of sub-frame 60. The reciprocating linear motion of sub-frame 60
      is preferably effected in an at least substantially horizontal plane
      although it can be carried out in a plane inclined to the horizontal
      reference at an angle in the range of about 1.degree. to about 45.degree.,
      more preferably in the range of about 1.degree. to about 10.degree.. Such
      an inclined plane would generally extend upwardly from the top face of
      rail 54 over the top surface of conveyor 46 in order to permit the
      container to clear the rail 54. Cam follower 61 rides in groove 63 of cam
      wheel 62 as cam wheel 62 is rotated by the main drive shaft 55 and cam
      drive shaft 64. Sub-frame 60 is supported on brackets 67 (FIG. 4) which
      are slidable on rods 68 attached to the main frame 56.
PAR  Sub-frame 60 has attached to its bottom portion, at each end, a bracket 70,
      each of which carries two vacuum cup mounts 71. Each vacuum cup mount 71
      has connected to it a vacuum cup 72 for contacting the filled and sealed
      cartons 50 at the adjacent transfer station. Vacuum cups 72 are connected
      to a suitable source of vacuum 78 through vacuum cup mounts 71, vacuum
      lines 73, and vacuum valve 74. On its rear edge, sub-frame 60 has an
      adjustable stop 65 (FIG. 3) which contacts actuating means 75 of vacuum
      valve 74 at one end of the reciprocating stroke of sub-frame 60.
PAR  The delivery conveyor 46 located at a right angle to the center line of the
      packaging machine is tangent to the curved paths of conveyors 17a and 17b
      and is adjacent to both transfer stations 25a and 25b to carry filled
      cartons away from transfer mechanism 25. Guide rails 47 extend above the
      surface of delivery conveyor 46 to guard against containers being
      improperly positioned on, or falling from, conveyor 46 and are attached to
      support bar 48 (FIG. 3) which is in turn attached to the main frame 56 of
      the carton-forming, filling and sealing machine. The top of conveyor 46 is
      preferably slightly lower than the top of flat rails 54 to permit
      container 50 to be moved laterally from transfer stations 25a and 25b
      without contacting the surface of conveyor 46.
PAR  FIG. 3 is a simplified elevational view of transfer station 25b with
      sub-frame 60 in its extreme forward position. In this position, vacuum
      cups 72 are in contact with the side of the container 50 at transfer
      station 25b,  and adjustable stop 65 has been released from contact with
      actuating means 75 of vacuum valve 74, thus causing vacuum to be applied
      through vacuum lines 73 and vacuum cup mounts 71 to vacuum cups 72.
PAR  FIG. 4 illustrates the connection of bracket 70 and bracket 67 to sub-frame
      60. Rod 68 is fitted to the hole in bracket 67 in such a way as to provide
      both support for sub-frame 60 and a guide for the reciprocating motion of
      sub-frame 60. Vacuum cup mounts 71 are attached to bracket 70 so that
      vacuum cups 72 are preferably located one above the other and spaced to
      permit gripping of a filled container 50 near the top and near the bottom
      of a flat, vertical side of the container.
PAR  In operation, filled and sealed cartons are delivered by each conveyor 17a
      and 17b to transfer stations 25a and 25b simultaneously. The indexing
      motion of the conveyor 17a and 17b stops the conveyor pockets 45 at the
      transfer stations 25a and 25b. During the interval that the conveyors are
      stopped, cam wheel 62 makes one complete revolution. At the start of the
      rotation of cam wheel 62, the sub-frame 60 is in the rear position with
      the stop 65 contacting actuating means 75 of vacuum valve 74, thereby
      interrupting the vacuum supply to vacuum cups 72. As cam wheel 62 rotates,
      the sub-frame 60 moves forward, releasing actuating means 75 and
      activating vacuum valve 74, thereby applying a vacuum to the vacuum cups
      72 through vacuum lines 73. As the sub-frame 60 reaches the end of its
      forward motion, the vacuum cups 72 contact and grip the sides of filled
      cartons 50 located at transfer stations 25a and 25b. As the sub-frame 60
      begins its backward motion, vacuum cups 72 carry the respective cartons 50
      from the transfer stations 25a and 25b backward to a position above the
      delivery conveyor 46. At this point the bottoms of the cartons 50 are
      slightly above the surface of the delivery conveyor 46. As the sub-frame
      60 reaches the end of its backward movement, stop 65 contacts actuating
      means 75 of vacuum valve 74 and interrupts the supply of vacuum to vacuum
      cups 72 allowing the filled cartons 50 from transfer stations 25a and 25b
      to drop onto delivery conveyor 46 and be carried away. Conveyors 17a and
      17b than advance two more filled and sealed cartons to transfer stations
      25a and 25b, and the cycle removing the cartons 50 from transfer stations
      25a and 25b to delivery conveyor 46 is repeated.
PAR  The apparatus of the invention can be made from materials known in the art.
      Steel, for example, can be used for the frame 56, sub-frame 60, cam
      follower 61, cam wheel 62, cam drive shaft 64, main drive shaft 55, and
      other similar structural members of the apparatus. Stainless steel is
      preferred for conveyor pockets 45 and flat rails 54, where a smooth and
      corrosion-free surface is particularly desired for contact with the
      cartons 50. Natural or synthetic rubber or other similar flexible plastic
      materials are suitable for construction of vacuum cups 72 with synthetic
      rubber being preferred. Vacuum line 73 can be constructed of reinforced,
      noncollapsible rubber, plastic, or other similar flexible material, or can
      be constructed of a combination of rigid and flexible tubing, with the
      flexible tubing being located adjacent to vacuum cup mounts 71 in order to
      provide a continuous flexible vacuum supply to vacuum cup 72 during the
      reciprocating movement of sub-frame 60, brackets 70, vacuum cup mounts 71,
      and vacuum cups 72. In order to prevent the collapse of the tubing and
      consequential interruption of the vacuum supply to vacuum cups 72, the
      tubing used must be capable of withstanding the application of the vacuum
      used without collapse.
PAR  Although the invention has been illustrated in a preferred embodiment
      employing two vacuum cups to grip each carton transferred with a
      substantially air-tight seal, the invention is suitable for use with one
      vacuum cup gripping each carton or can employ more than two vacuum cups to
      grip each carton.
PAR  Reasonable variations and modifications are possible within the scope of
      the foregoing disclosure and the appended claims to the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus comprising:
PA1  an intermittently actuated conveyor for moving a container to a first
      station located thereon;
PA1  a continuously actuated conveyor having a second station located
      immediately above a portion of a continuously moving surface thereof; and
PA1  transfer means for moving a container from said first station to said
      second station, said transfer means comprising
PA2  one or more suction cup means for producing a substantially air-tight seal
      with a generally vertical side surface of the container to be transferred,
PA2  vacuum supply means operably connected to said one or more suction cup
      means for providing a vacuum thereto,
PA2  reciprocating means for moving said one or more suction cup means in a
      generally horizontal straight line from a first position at which contact
      is made by said suction cup means with said side surface of a container
      located at said first station to a second position at which said container
      is released by said suction cup means at said second station, and
PA2  vacuum control means interposed between said vacuum supply means and said
      one or more suction cup means for applying a vacuum to said one or more
      suction cup means when said reciprocating means is in said first position
      and traveling between said first position and said second position and for
      interrupting the vacuum supply to said one or more suction cup means in
      response to arrival of said reciprocating means at said second position.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said intermittently acutated conveyor
      comprises a plurality of U-shaped conveyor pockets having vertical back
      and side sections traveling above a stationary flat rail upon which the
      bottom of said container rests.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said flat rail of said
      intermittently actuated conveyor is higher than said continuously moving
      surface of said continuously actuated conveyor.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 wherein said reciprocating means
      comprises means for moving said one or more suction cup means
      perpendicular to said generally vertical side surface of said container.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein said first station is
      located on a curved portion of said intermittently actuated conveyor and
      said second station is located immediately above a straight portion of
      said continuously actuated conveyor.
NUM  6.
PAR  6. Apparatus in accordance with claim 1 wherein said first station is
      located on a curved portion of said intermittently actuated conveyor and
      said second station is located immediately above a straight portion of
      said continuously actuated conveyor.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 wherein said intermittently
      actuated conveyor comprises a plurality of U-shaped conveyor pockets
      having vertical back and side sections traveling above a stationary flat
      rail upon which the bottom of said container rests.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein said reciprocating means
      comprises means for moving said one or more suction cup means
      perpendicular to said generally vertical side surface of said container.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 wherein said flat rail of said
      intermittently actuated conveyor is higher than said continuously moving
      surface of said continuously actuated conveyor.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 wherein each said conveyor pocket
      of said intermittently actuated conveyor comprises two vertical side
      plates connected at angles of about 90.degree. to a third vertical back
      plate.
NUM  11.
PAR  11. A method of transferring a container from a first conveyor to a second
      conveyor, comprising
PA1  moving a container to a first station on said first conveyor in a series of
      intermittent steps,
PA1  contacting a generally vertical side surface of said container on said
      first conveyor at said first station with one or more suction cups;
PA1  applying a vacuum to said suction cups to adhere said generally vertical
      side of said container to said one or more suction cups,
PA1  moving said one or more suction cups and said container in a generally
      horizontal straight line from the point at which said side surface is
      contacted by said one or more suction cups to place said container at a
      second station immediately above a continuously moving surface of said
      second conveyor,
PA1  releasing the vacuum applied to said one or more suction cups immediately
      upon arrival of said container at said second station thereby releasing
      said container at said second station onto said continuously moving
      surface, and
PA1  removing said container from said second station by means of said
      continuously moving surface.
NUM  12.
PAR  12. A method in accordance with claim 11 additionally comprising returning
      said one or more suction cups to said first station.
NUM  13.
PAR  13. A method in accordance with claim 11 wherein moving said container to
      said first station comprises intermittently actuating said first conveyor
      and stopping said first conveyor when a container is located at said first
      station, and wherein transporting said container from said second station
      comprises continuously actuating said second conveyor.
NUM  14.
PAR  14. A method in accordance with claim 11 wherein moving said one or more
      suction cups and said container in a generally horizontal straight line to
      said second station comprises moving said one or more suction cups
      perpendicular to said generally vertical side surface of said container.
NUM  15.
PAR  15. A method in accordance with claim 14 wherein said first station
      comprises a U-shaped conveyor pocket having vertical side and back plates
      with a container located at said first station being within said U-shaped
      conveyor pocket between said vertical side plates, and wherein moving said
      one or more suction cups and said container perpendicular to said
      generally vertical side surface of said container comprises moving said
      one or more suction cups and said container in a direction perpendicular
      to said vertical back plate.
NUM  16.
PAR  16. A method in accordance with claim 14 additionally comprising
      simultaneously moving two said containers from two said first stations to
      two said second stations immediately above said continually moving surface
      of said second conveyor.
NUM  17.
PAR  17. Apparatus comprising:
PA1  two intermittently actuated conveyor means for moving containers to two
      respective first stations located on a curved portion of each said
      intermittently actuated conveyor, each said intermittently actuated
      conveyor comprising a plurality of U-shaped conveyor pockets having
      vertical back and side sections traveling above a stationary flat rail
      upon which the bottom of the conveyed containers rest;
PA1  a straight, continuously actuated conveyor having a continuously moving
      surface which is lower than the respective flat rails of the
      intermittently actuated conveyors, said continuously actuated conveyor
      being tangent to the curved portions of the two said intermittently
      actuated conveyors and having two second stations located above a portion
      of said continuously moving surface thereof adjacent said first stations
      of said intermittently actuated conveyors;
PA1  a pair of transfer means for moving containers from said first stations to
      said second stations, each said transfer means comprising one or more
      suction cups capable of producing a substantially air-tight seal with the
      surface of the container to be transferred;
PA1  a reciprocating sub-frame for moving said pair of transfer means in a
      horizontal direction perpendicular to the vertical back sections of
      conveyor pockets located at said first stations to thereby move the said
      one or more suction cups of each respective transfer means between a first
      position in contact with the surfaces of a container located at said first
      station and a second position in contact with the surface of a container
      located at said second station;
PA1  a vacuum supply means operably connected to said one or more suction cups
      of each said transfer means for providing a source of vacuum thereto; and
PA1  vacuum control means interposed between said vacuum supply means and said
      suction cups for applying a vacuum to said suction cups while said
      sub-frame is in said first position and traveling between said first
      position and said second position and to interrupt the vacuum supply to
      said suction cups while said reciprocating means is in said second
      position.
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ABST
PAL  The invention relates to conveying means and may be used to the utmost
      effectiveness in automatic continuous lines of performing operations on
      piles of printed newspapers. The apparatus is provided with a rollerway
      for conveying piles of newspapers, and discs mounted on respective shafts
      between the rollers of the rollerway. Each disc has two portions having
      different profiles, and on one of the portions there is a semicircle, and
      the other portion a semi-ellipse, with the bisection line extending along
      the major axis of the original ellipse, and with the length of the minor
      axis of this ellipse being shorter than the spacing between the axis of
      the respective shaft and the load-supporting surface of the rollerway.
      This apparatus ensures the conveying of piles of newspapers without
      affecting their shape, and which features a simplified structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a means for conveying piece loads and,
      more particularly, to an apparatus for conveying piles of newspapers in
      perpendicular directions.
PAR  The invention may be employed to the utmost effectiveness in automatic
      continuous lines perfoming operations on printed matter. Such operations
      may include the assembling of batches, or packages, the packaging of these
      batches, and their subsequent transportation and handling.
PAC  PRIOR TECHNIQUES
PAR  At present, the conveying of piece loads in perpendicular directions is
      effected in a large number of cases by means of a suitable apparatus
      including a rollerway for conveying the loads in one direction and a means
      for directing the loads in another direction perpendicular to the first
      direction.
PAR  This means includes a system of rollers arranged along the circumference of
      a rim positioned in the space between the rollers of the rollerway,
      approximately at the same level as the last-mentioned rollers. The shaft
      supporting this rim has a sprocket wheel mounted thereon by means of which
      the rim is rotated.
PAR  The respective sprocket wheels of all the rims mounted in a single space
      between the rollers of the rollerway are interconnected by the same
      driving chain which is employed for rotating the rollers of the rollerway.
PAR  In order to ensure hindrance-free conveying of the loads along the
      rollerway, the rims are positioned so that the rollers thereof, which are,
      at a given moment, at the top of the rim, extend parallel along with the
      rollers of the rollerway. When the direction of the progress of the loads
      is to be varied, the drive rotating the rims is engaged into operation.
PAR  Since the difference between the top levels of the rollers of the rims, and
      those of the rollerway, is small, there is a possibility that the loads
      might lag on the rollerway as the direction of their progress is changed.
      This possibility is particularly undesirable in cases of conveying piles
      of newspapers which, due to their small rigidity, have a relatively great
      area of contact with the rollers of the rollerway.
PAR  Furthermore, the above described known means for changing the direction of
      the progress of the loads have a complicated structure, consisting of
      several rollers mounted on with each rim, each roller requiring its own
      bearing means and each row of rims requiring its own drive means.
PAR  The above shortcomings may be eliminated to a certain extent by a means for
      changing the direction of the progress of loads, including discs with
      planar cutaway portions or flats, with the discs being mounted on a
      respective shaft in the spaces between the rollers of the rollerway, with
      these flats of the discs in an inoperative position, extending somewhat
      lower than the load-supporting surface of the rollerway.
PAR  Although the above described arrangement is structurally simple, compact,
      and provides for directing piles of newspapers off the rollerway, it does
      not, however, exclude the possibility of the piles being driven off the
      rollerway, due to the displacement of the bottommost newspaper in the pile
      as a result of the relatively great horizontal stresses being applied to
      this newspaper at the initial moment of contact thereof with the flat of
      the disc. Furthermore, the said load applied to the pile, as it is being
      lifted by the above described known discs, are excessive due to the point
      of contact of the disc with the pile being remote from the vertical axis
      of the disc. This results in a somewhat abrupt lifting of the pile, which
      might also cause its being offset or even tumbling. Furthermore, should
      the discs with the flats be arrested in their inoperative position leaving
      the flats slightly askew, a portion of the flat might project above the
      load-supporting surface of the rollerway, thus hindering the progress of
      the piles of newspapers along the rollerway.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an apparatus
      which is free of the above shortcomings.
PAR  It is also an object of the present invention to provide an apparatus for
      conveying piles of newspapers in perpendicular directions, which ensures
      the conveyance of piles without affecting their shape.
PAR  It is an important object of the present invention to provide an apparatus
      which is of a simple structure.
PAR  These and other objects are attained in an apparatus for conveying piles of
      newspapers in perpendicular directions, comprising a rollerway for
      conveying the piles in one direction and a means for directing the piles
      in another direction, perpendicular to the first direction, including
      discs mounted in rows on shafts in the spaces between the rollers of the
      rollerway. In accordance with the present invention, each disc in a radial
      section includes two portions having different profiles, one portion being
      a semi-circle, and the other portion being a semi-ellipse, in which the
      line of bisection extending along the major axis of the ellipse equals the
      diameter of the semi-circle. The minor axis of the ellipse is shorter than
      the spacing between the axis of the disc-carrying shaft, and the
      load-supporting surface of the rollerway, with the shafts carrying the
      discs extending in the reduced-diameter portions of the rollers of the
      rollerway, and being associated with the common drive for timed rotation
      of the discs.
PAR  The structure of the present apparatus ensures that the direction of the
      progress of the piles of papers is changed without the shape of the piles
      being affected, since the minimized spacing between the axes of rotation
      of the discs, and the load-supporting surface of the rollerway reduces the
      horizontal stresses being applied to the pile at the initial moment of its
      contact with a disc, which prevents the displacing of the bottommost
      newspaper; it likewise reduces the vertical effort, which results in a
      smooth lifting of the pile of newspapers, while the elliptic shape of one
      of the portions of the disc prevents the possibility of a portion of the
      discs projecting above the load-supporting surface of the rollerway when
      the discs are arrested in their inoperative position.
PAR  Furthermore, the provision of the common drive for the shafts of the discs
      enables the same to minimize the spacing between the rollers of the
      rollerway, since it is necessary to position only the discs per se between
      the rollers. In this way, the reliability of directing the piles in a
      direction perpendicular to the initial direction is enhanced.
PAR  According to another aspect of the present invention, the shafts of the
      discs are connected with their drive through a single-revolution clutch.
PAR  It is expedient that the discs be arranged in a checkered order, and partly
      overlapping one another.
DRWD
PAR  For the present invention to be better understood, given hereinbelow is a
      description of an embodiment thereof with reference to the accompanying
      drawings, wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows schematically the general view of the apparatus for conveying
      piles of newspapers in directions perpendicular, in accordance with the
      invention;
PAR  FIG. 2 illustrates the initial, or inoperative position of the discs
      employed in the apparatus;
PAR  FIG. 3 depicts the discs in their operative position; and
PAR  FIGS. 4, and 5 offer a comparison, in graphical form, of the stresses
      applied to a pile of papers by the discs of the known, and the herein
      disclosed apparatus at the moment of their contact.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the apparatus includes a main rollerway 1 (FIG.
      1) for conveying piles 2 (FIG. 2) of newspapers in a first direction, with
      discs 4 being mounted in the spaces between rollers 3 (FIG. 1) of the
      rollerway and the discs 4 are intended for directing the piles in a second
      direction perpendicular to the initial direction.
PAR  Each disc 4 in its radial section includes two portions of different
      profiles, a first portion 5 (FIG. 5) being a semi-circle, with a second
      portion 6 (FIG. 3) being a semi-ellipse. The line of bisection extends
      along a major axis a of the original ellipse. The length of a minor axis b
      (FIG. 5) of the semi-ellipse is shorter than a spacing c between the axis
      of a shaft 7 supporting the discs 4, and the load-supporting surface of
      the rollerway 1. The length of the major axis a of the ellipse equals the
      diameter of the semi-circle. The portions 5 and 6 smoothly conjugate with
      each other.
PAR  Each of the shafts 7 extends perpendicularly to the rollers 3 of the
      rollerway 1 and each of the rollers 3 has therein a reduced-diameter
      portion or groove 8 in which a respective shaft 7 extends, with the
      reduced-diameter portions being such that the spacing between the axis of
      rotation of each shaft 7, and the load-supporting surface of the rollerway
      is minimal. This structural feature of the apparatus, and of the above
      described shape of the discs yield a reduction of the horizontal (d) and
      vertical (e) stresses applied to the pile at the initial moment of its
      contact with the discs, which can be seen in FIGS. 4 and 5. The reduction
      in stress is due to the fact that the discs 4, rotating their profiled
      portions 5 and 6 gradually engage the pile 2, thus preventing its being
      abruptly lifted.
PAR  All of the shafts 7 are associated with a common drive 9 (FIG. 1) thus
      providing for a synchronous rotation of the shafts. The discs are arranged
      in all the inter-roller spaces in a staggered, or checkered fashion,
      partly overlapping one another.
PAR  The drive 9 incorporates a two-way coupling 10 in which an
      engagement-controlling member 11 is keyed (not shown) to a shaft 12
      connected through a V-belt transmission 13 and a single-revolution clutch
      14 to a drive motor 15.
PAR  Half-couplings 16 and 17 of the two-way coupling 10 are freely rotatable
      about the shaft 12, and are rigidly connected, respectively, with gears 18
      and 19, with the gear 18 being operatively connected with a gear 20
      through an idler pinion 21, while the gear 19 directly meshes with a gear
      22. The gears 20 and 22 are made fast with one of the shafts 7.
PAR  All the shafts 7 are interconnected through gear couples 23 and 24 of which
      the gears 23 are made fast with the shafts 7.
PAR  The engagement control member 11 of the two-way coupling 10 is operable by
      a bifurcated lever 25 to couple the half-coupling 16 with the shaft 12
      under the action of a spring 26, or couple the half-coupling 17 with this
      shaft under the action of a solenoid 27.
PAR  At both sides of the main rollerway 1, there are arranged perpendicularly
      thereto, two receiving rollerways 28 and 29 in which the top plane of the
      rollers is at the same level with the top plane of the rollers 3 of the
      rollerway 1. The two receiving rollerways 28 and 29 adjoin the main
      rollerway 1 at the area of the arrangement of the means for redirecting
      the paper piles.
PAR  Mounted on the main rollerway 1 downstream of the discs 4, are a pair of
      stops 30 pivotable in a vertical plane by means of a solenoid (not shown),
      with these stops being projectable into the path of a pile advanced by the
      main rollerway in order to arrest this pile prior to its being transferred
      onto either one of the receiving rollerways 28 and 29.
PAR  The rollers 3 of the main rollerway 1, situated downstream of the stops 30,
      have reduced-diameter portions 31 or grooves therein into which the stops
      30 are retracted to allow a pile of newspapers pass thereafter, which is
      not to be re-directed from the main rollerway 1 onto either one of the
      receiving rollerways 28 and 29.
PAR  Positioned between the rollers 3 of the rollerway 1 upstream of the stops
      30 is a suitable sensor (not shown) capable of detecting the presence of a
      pile in the area of its re-directioning and feeds a corresponding signal
      to effect engagement of the single-revolution clutch, and thus to start
      rotation of the discs 4.
PAR  The present apparatus operates as follows:
PAR  If a pile advancing on the main rollerway 1 is not to be deflected onto
      either one of the receiving rollerways 28 and 29 (FIGS. 1 to 3), the
      rotatable stops 30 are retracted to rest in the reduced-diameter portions
      31 of the rollers 3, and the pile unobstructedly moves along the main
      rollerway in the direction indicated by an arrow A.
PAR  If a pile 2 (FIGS. 2 and 3) is to be transferred, e.g. onto the rollerway
      28, the solenoid 27 is energized, whereby the half-coupling 17 connects
      the shafts 7 with the discs 4 to the single-revolution clutch 14.
      Simultaneously, the solenoid (not shown) actuating the rotatable stops 30
      is energized in order to rotate the stops into the vertical position.
PAR  The pile being advanced by the main rollerway comes into engagement with
      the stops 30, and operates the sensor (not shown), whereby the solenoid 32
      is energized in order to engage the single-revolution clutch 14. The discs
      4 start rotating in the direction toward the rollerway 28, and thus move
      the pile in a direction perpendicular to the direction of its initial
      motion without changing the indexing of the pile. The pile 2 is gradually
      lifted by the discs 4, and is transferred by their rotation onto the
      rollerway 28.
PAR  If the pile is to be transferred onto the rollerway 29, the above described
      sequence of operations is performed similarly, with the deflection of the
      pile toward the rollerway 29 being predetermined by the solenoid 27
      remaining deenergized.
PAR  In this case, the discs 4 rotate toward the rollerway 29 due to the shafts
      7 being connected to the clutch 14 through the idler pinion 21.
PAR  It can be seen from the above description that the present apparatus is of
      a simple structure, and provides a reliable transfer of piles of
      newspapers from a feeding rollerway to right angles to the rollerway.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for conveying piles of newspapers in mutually perpendicular
      directions, including a main driven rollerway having a load supporting
      surface for conveying piles of newspapers in a first direction, the
      rollers of the main rollerway being mounted to provide a space between
      each pair of the adjacent ones of the rollers, rotatable drive shafts, and
      discs mounted on the rotatable drive shafts in the spaces and serving to
      convey the piles of newspapers in a second direction perpendicular to the
      first direction, the improvement that each roller of the main rollerway is
      provided with portions of reduced diameter, the number of the reduced
      portions being equal to the number of rotatable drive shafts, the
      rotatable drive shafts extending through the portions of reduced diameter
      under the main rollerway, each disc being constituted by two portions, one
      of the portions being a semi-circle and the other portion adjacent the one
      portion being a semi-ellipse, the length of the major axis thereof being
      equal to the diameter of the semi-circle, and the length of the minor axis
      thereof being shorter than the spacing between of the axis of the shaft
      and the load supporting surface of the main rollerway on which the pile of
      newspapers is being conveyed.
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ABST
PAL  Stow roller train for the storage and conveyance of cargo with rotatable
      cargo supporting rollers which can be coupled, by means of respectively
      one intermediate roller for each supporting roller which is movable into
      the driving or idling position, with a constantly moving traction means.
      Each intermediate roller is disposed in an axially fixed manner with
      respect to its axis of rotation and is radially adjustably movable with
      respect to this axis. A control force mechanism is effective on the
      intermediate rollers in the direction of the driving position. In a first
      embodiment, the intermediate rollers are continuously in contact with a
      drive belt serving as the traction means. Springs or lever and weight
      arrangements for the control force mechanism apply a predetermined force
      on the intermediate rollers toward the driving position. The intermediate
      rollers are radially movable away from the driving position in response to
      excess reaction forces at the cargo supporting rollers. The belt may be
      reversible to give different driving forces in opposite directions. In
      another embodiment, the intermediate rollers are mounted on pairs of
      toggle levers which include abutments removing the intermediate rollers
      from driving engagement with one or both of the drive belt and cargo
      supporting rollers.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a stow roller train for the storage and
      conveyance of cargo or piece goods which includes rotatable cargo
      supporting rollers which can be coupled with a constantly moving traction
      means by respectively one intermediate roller movable into the driving
      position or into the idling position.
PAR  It has been contemplated to construct stow roller trains wherein the
      intermediate or spacer rollers of several cargo supporting rollers are
      combined into groups and are moved substantially forcibly into the driving
      or idling position by a feeler actuated by the transported cargo. Thus, a
      separate control system is provided for the adjustment of the intermediate
      rollers, which system operates only in a predetermined transport
      direction. Furthermore, stow roller trains have been contemplated wherein
      the supporting rollers are suspended at one end in the manner of a
      pendulum, so that they come into contact with the traveling traction means
      at their lowest position, while they pivot from the driving position into
      the idling position in case of a resistance effective of the cargo to be
      transported. Since this pivotal movement takes place against the weight of
      the cargo disposed on the supporting roller, the cargo being lifted during
      this step, the frictional forces occurring in the stowing position are
      considerable. Coonsequently, a considerable increase in the driving power
      of the traction means is required during the stowing of the cargo, and
      simultaneously an increased wear and tear is exerted on the supporting
      rollers and/or the traction means. Furthermore, these disadvantageous
      consequences are increased with an increasing weight of the cargo, and the
      counterforce for arresting the cargo for stowing and storage is likewise
      enlarged. This can result in damage to sensitive cargo.
PAR  Therefore, it is an object of this invention to provide an adjustment for
      the intermediate rollers which is sensitive in its response to resistance
      forces and simple in its construction.
PAR  This object is attained, according to the invention, by disposing each
      intermediate roller axially fixedly, but radially movably, so that it
      rests on the traction means and is adjustable between the driving position
      and the idling position, and by equipping each intermediate roller with
      means for producing a control force effective in the direction of the
      drive position.
PAR  An especially sensitive adjustability of the intermediate roller is
      obtained, in accordance with another feature of this invention, by
      providing that the means producing the control force are effective on the
      intermediate roller without impeding its free radial adjustability between
      the supporting roller and the traction means. That is, once the control
      force is overcome by counterforces, the intermediate roller can move
      freely away from its driving position.
PAR  This invention also contemplates preferred means for producing the control
      force fashioned as a spring or a weight.
PAR  The invention also contemplates providing that the size of this control
      force can be adjusted and thus adapted to the weight of the cargo to be
      conveyed.
PAR  The advantages attained by the present invention reside particularly in
      that a transmission of the rotary motion to the supporting rollers of the
      stow roller train is achieved which operates in a sensitive manner and is
      optionally adjustable. Independently of the load on the supporting
      rollers, exerted by the pieces of cargo, the intermediate rollers try to
      maintain the supporting rollers in rotation only in dependence on the
      conveying resistance, each intermediate roller being adjustable
      individually between the driving and idling positions. By the optional
      adjustability of the size of the control force, the stow roller train can
      be adapted to a great variety of different conditions of application. The
      use of the roller train as a storage train with a reversible drive of the
      traction means furthermore makes it possible to effect the storing
      operation in a sensitive manner with minor stowing forces between the
      pieces of cargo, and to accomplish a rapid unloading in the opposite
      direction with high forces of acceleration. This opens up additional
      fields of application for the stow roller train of the present invention.
PAR  The above-mentioned and further objects, features and advantages of the
      present invention will become more obvious from the following description
      when taken in connection with the accompanying drawing which shows, for
      purposes of illustration only, several embodiments in accordance with the
      present invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional schematic view of a stow roller train
      installation in accordance with the present invention;
PAR  FIG. 2 is a top view of the stow roller train installation according to
      FIG. 1;
PAR  FIG. 3 is a lateral view of a supporting roller with an intermediate roller
      loaded by a weight in accordance with a further embodiment of the present
      invention;
PAR  FIG. 4 is a partial cross sectional view through the arrangement according
      to FIG. 3 with an additional adjusting means;
PAR  FIG. 5 is a longitudinal sectional schematic view taken along V--V of FIG.
      6 of another embodiment of a stow roller train installation in accordance
      with the present invention; and
PAR  FIG. 6 is a partial cross sectional view through the stow roller train
      installation of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  According to FIGS. 1 and 2, the stow roller train consists of two parallel
      frames 1, between which a plurality of cargo supporting rollers 2 is
      mounted transversely in a series and in a freely rotatable manner. A
      moving endless traction means 3, for example in the form of a belt or
      band, is arranged at a spacing underneath these supporting rollers 2. At
      the ends of the stow roller train, this endless traction means or belt 3
      is guided by belt guide rollers, (not shown), one of which belt guide
      rollers is driven in any desired manner. Respectively one intermediate
      roller 4, rotatably supported on a swivel axle 5, is provided between the
      traction means 3 and each supporting roller 2. The end of the swivel axle
      5 remote from the intermediate roller 4, is inserted in a web 6 connected
      to the frame 1, so that the intermediate roller 4 can pivot radially about
      this pivot point 7, but still constantly rests on the traction means 3. In
      one end point of the adjusting motion, the intermediate roller 4, assumes
      the driving position and, in the other end point, it assumes the idling
      position. In the driving position, the intermediate roller is in contact
      with the supporting roller 2 and the traction means 3, and due to the
      rotating traction means 3, transmits a rotary motion to the supporting
      roller 2, in order to impart a movement in the longitudinal direction to
      the cargo disposed on the supporting roller. The intermediate roller 4,
      moves toward the right in order to attain the idling position, so that the
      transmission of the rotary motion from the traction means 3 to the
      supporting roller 2 is interrupted. In order to return the intermediate
      roller 4 automatically into the driving position and maintain the roller
      in this position, a control force is constantly effective on the
      intermediate roller which tends to hold the latter in the illustrated
      driving position in an elastically resilient manner.
PAR  In the embodiment of FIGS. 1 and 2, a spring 8 serves as the means for
      providig such a control force. One end of this spring 8 is attached to the
      swivel axle 5 and the other end is mounted to a fixed point 9. When the
      traction means 3, supported by traction means supporting rollers 10,
      rotates in the clockwise direction, the cargo moves in the direction of
      arrow 11 from the left to the right. When the cargo encounters a
      resistance, for example an already arrested piece of cargo, then the
      supporting roller 2 can come to a standstill, since the intermediate
      roller 4 moves from the driving position against the force of spring 8
      into the idling position wherein the transmission of motion is
      interrupted. The direction of travel of the traction means 3 supports this
      operation and establishes a sliding connection wherein the sliding parts
      contact one another only slightly. The cargo is then held in contact with
      the piece of cargo disposed in front thereof, by means of the relatively
      minor static friction between the arrested supporting roller 2 and the
      rotating traction means 3, and is immediately set into motion again as
      soon as the resistance has been eliminated.
PAR  Such a stow roller train can serve as a stowing and storage roller train
      wherein the pieces of cargo are stowed in close proximity one behind the
      other and are fed in dependance with the removal of the pieces of cargo,
      in the direction of arrow 11. This stow roller train car, however, also be
      used by first stowing the pieces of cargo which have been transported in
      the direction of arrow 11 (FIG. 1). For this purpose, the stow roller
      train has a fixed abutment at the right-hand end, which is not
      illustrated, so that pieces of cargo can be stored until maximally the
      entire stow roller train is occupied. For discharge purposes, the
      direction of travel of the traction means 3 is reversed, so that a
      transport motion of the pieces of cargo results which is in the direction
      of the arrow 12, from the right toward the left. Since, in this driving
      direction, the intermediate rollers 4 are pulled additionally into the
      inter-space between the supporting roller 2 and the traction means 3, due
      to the reversed direction of force, a very intense force transmission
      takes place, and thus an accelerated discharge of the stow roller train is
      accomplished so that the latter is available for the subsequent storage
      operation within a short period of time.
PAR  In order to be able to adapt the size of the control force to the pieces of
      cargo to be conveyed, as well as to the installation conditions of the
      stow roller train, the fixed point 9 of the spring 8 can be made
      adjustable in the force direction. The adjustment can be effected
      individually for each spring 8 and/or for several springs together. For
      this purpose, the fixed points 9 can be arranged on a rail 13 displaceably
      mounted to the frame 1. An abutment 14 serves for adjusting purposes; this
      abutment extends through a slotted hole in the frame 1 and contacts a
      setscrew 15.
PAR  The embodiment of FIGS. 3 and 4 differs from the embodiment of FIGS. 1 and
      2 in that the spring 8 is replaced by a weight 16 seated on the horizontal
      arm of an angle lever 17. The angle lever 17 pivots about an axle 18
      fixedly mounted to the frame and encompasses, with a slotted hole 19 in
      the vertical arm, the axle 5 of the intermediate roller 4. The mode of
      operation corresponds generally to that described above for the FIG. 1
      embodiment. The weight 16 can also be additionally adjusted. For this
      purpose, the weight can be shifted on the horizontal arm of the angle
      lever 17 by means of bifurcated entraining elements 20. The entraining
      elements 20 are attached to the above-mentioned rail 13.
PAR  The means 8 and 16 for producing the control engage the intermediate roller
      4 and/or the axle 5 thereof in such a manner that the free adjustability
      thereof between the supporting roller 2 and the traction means 3 is
      preserved. It will be understood that the mounting of the intermediate
      roller 4 can be fashioned differently from that shown in the drawing
      within the intendment of the present invention. For example, the control
      force could be directed obliquely downwardly against the traction means 3
      in order to obtain a markedly greater transmission between the traction
      means 3 and the intermediate roller 4 than between the intermediate roller
      4 and the supporting roller 2.
PAR  According to the embodiment of FIGS. 5 and 6, the intermediate roller 4 is
      rotatably mounted at a lever 21, which lever 21 is hingedly joined to a
      second lever 23 by means of an axle 22. The two levers 21 and 23 form a
      toggle joint, the lever 23 of which rests pivotably on an axle 24 attached
      to the frame 1. Both levers 21 and 23 are U-shaped and telescoped one into
      the other, so that the webs 25 and 26 serve simultaneously as stops and
      are in engagement in the driving position, as shown in solid lines in FIG.
      5. The intermediate roller 4 is movable in a circular path about the axle
      24 so as to be lifted off the supporting roller 2 in response to
      resistance at roller 2. As a consequence thereof, an overloading of the
      drive connection and thus of the intermediate roller 4 is avoided. Prior
      to reaching this overload point, the intermediate roller 4 can radially
      freely adjust itself between the supporting roller 2 and the traction
      means 3, while it is guided axially by the toggle joint 21 and 23.
PAR  As means for producing the control force oriented into the driving
      position, the levers 21 and 23 are disposed to be inclined in the
      direction of the driving position. Due to the center of gravity of the
      intermediate roller assembly being between the axle 24 and the supporting
      roller 2, there is constantly the tendency to move the intermediate roller
      4 into its driving position. In order to maintain this control force also
      in the idling position, the levers 21 and 23 are are provided with
      additional stops which contact each other in the idling position. Thereby,
      a rigid lever connection is established which lifts the lever 21 with the
      intermediate roller 4, the latter being detached from the traction means
      3. The stops are the already mentioned stop 25 and an extension 27 of the
      stop 26 arranged at an angle thereto.
PAR  An easy assembly of the supporting roller drive is accomplished, according
      to the FIGS. 5 and 6 embodiment of this invention, by providing that the
      toggle joint and levers 21, 23 forms an independent structural unit with
      the intermediate roller 4, which unit can be inserted in prefabricated
      bores 28 in the frame 1 with the aid of the axle 24, which latter can be
      attached by screws. These bores 28 are predeterminedly positioned with
      respect to bores 29 provided for the supporting rollers 2. The frames 1
      consequently form unit frames wherein the supporting rollers 2 and the
      drive units 4, 21, 23 are inserted in accordance with the desired
      graduation. That is, the desired inclination of the drive units 4, 21, 23
      can be adjusted by the selection of appropriate bores 29 and 28 for the
      axle of the cargo support roller and the axle 24. In this way, a rapid and
      economical manufacture and assembly are obtained which additionally are
      independent of the width of the stow roller train.
PAR  A control means 30, connected with a feeler F, can serve for adjusting the
      intermediate rollers 4 between the driving and idling positions. The
      feeler is displaced by the moving pieces of cargo and thereby moves the
      group of intermediate rollers 4 connected with the control means 30 from
      the driving position into the idling position. The reverse setting is
      accomplished in the manner described above by the means (including gravity
      forces) for producing the control force. The control means 30 is connected
      to the extended axle 22 of the toggle joint 21, 23; the cutout 31 provided
      for this purpose surrounds the axle 22 with a lateral play in order to
      fully preserve the free adjustability of the intermediate roller 4.
PAR  While I have shown and described only several embodiments in accordance
      with the present invention, it is understood that the same is not limited
      thereto but also contemplates numerous changes and modifications as would
      be known to those skilled in the art given the present disclosure of the
      invention, and I therefore do not wish to be limited to the details shown
      and described herein only schematically but intend to cover all such
      changes and modifications.
CLMS
STM  I claim:
NUM  1.
PAR  1. A stow roller train installation for storing and conveying cargo; said
      installation comprising:
PA1  support means;
PA1  at least one rotatable cargo supporting roller directly engageable with
      cargo to be stored and conveyed;
PA1  continuously movable traction means;
PA1  at least one rotatable intermediate roller interposed between said at least
      one cargo supporting roller and said traction means;
PA1  means for mounting said at least one rotatable cargo roller on said support
      means;
PA1  means operatively connected with each of said at least one intermediate
      rollers for adjustably mounting each of said intermediate rollers to be
      independently displaceable between a driving position with the
      intermediate roller drivingly connecting the traction means and one of
      said at least one cargo supporting rollers and an idling position with the
      intermediate roller and the traction means out of driving connection with
      one of said at least one cargo supporting roller;
PA1  said means for adjustably mounting each of said at least one intermediate
      rollers including control force means for providing a continuous
      individual adjusting control force on each of said at least one
      intermediate rollers in the direction of the driving position;
PA1  said means for adjustably mounting each of said at least one intermediate
      rollers includes means for axially fixing the axis of rotation of said
      intermediate rollers and for permitting movement in a radial direction
      with respect to said axis between said driving and idling positions;
PA1  said means for axially fixing the intermediate roller and permitting
      movement in the radial direction includes at least one first lever and
      means for disposing each of said intermediate rollers on a respective
      first lever;
PA1  said control force means including means provided on said support means for
      supporting said first lever so as to be obliquely pivotable in a direction
      toward the driving position of the respective intermediate roller;
PA1  said means for disposing each of said at least one intermediate rollers is
      a second lever hingedly connected to a respective first lever, said second
      lever directly rotatably supporting a respective intermediate roller;
PA1  said control force means further includes abutments provided on said first
      and second levers which are engageable with one another to lift the
      respective intermediate roller away from engagement with the associated
      cargo supporting roller while maintaining engagement of said traction
      means and said intermediate roller.
NUM  2.
PAR  2. An installation according to claim 1, wherein said first and second
      levers are hingedly joined by an axle, wherein control means are attached
      to said axle for moving said intermediate roller toward said idle
      position, and wherein the weight of said intermediate roller and said
      levers normally biases said intermediate roller towards said driving
      position.
NUM  3.
PAR  3. An installation according to claim 1, wherein said control force means
      is constructed such that each of said at least one intermediate rollers
      can move in radial directions away from said driving position in response
      to reaction forces from said cargo supporting rollers that are greater
      than said adjusting control force, whereby the maximum driving forces
      transferred between said traction means and said at least one cargo
      supporting roller by said at least one intermediate roller are dependent
      on said adjusting control force.
NUM  4.
PAR  4. An installation according to claim 3, further comprising adjusting means
      for varying the adjusting control force applied by said control force
      means.
NUM  5.
PAR  5. An installation according to claim 4, wherein said adjusting means
      includes a single adjusting unit for simultaneously varying the adjusting
      control force applied at a plurality of intermediate rollers.
NUM  6.
PAR  6. An installation according to claim 3, wherein said control force means
      includes means for directing said adjusting control force in an oblique
      downward direction toward said traction means with respect to said
      respective intermediate rollers.
NUM  7.
PAR  7. An installation according to claim 3, wherein said traction means is
      driveable in both a direction corresponding to the direction of the
      adjusting control force and an opposite direction, whereby different
      maximum driving forces are transmitted by said intermediate rollers in one
      direction than in the other opposite direction.
NUM  8.
PAR  8. An installation according to claim 1, wherein said control force means
      further includes additional abutments on said first and second levers
      which are engageable with one another to lift the respective intermediate
      roller to said idling position with said intermediate roller out of
      engagement with both said cargo supporting roller and said traction means
      thereby maintaining a control force in the idling position.
NUM  9.
PAR  9. An installation according to claim 8, wherein said supporting means
      includes a frame for housing said cargo supporting and intermediate
      rollers, said means for mounting said first lever includes bores provided
      in said frame, and wherein said first and second levers and associated
      intermediate rollers form a structural unit which is detachably
      connectable in said bores provided in said frame.
NUM  10.
PAR  10. A stow roller train installation for storing and conveying cargo; said
      installation comprising:
PA1  support means;
PA1  a plurality of cargo supporting rollers directly engageable with cargo to
      be stored and conveyed;
PA1  continuously movable traction means;
PA1  a plurality of rotatable intermediate rollers with at least one rotatable
      intermediate roller being interposed between one of said plurality of
      cargo supporting rollers and said traction means, said at least one
      rotatable intermediate roller being driven by said traction means;
PA1  means for mounting said cargo rollers on said support means;
PA1  means operatively connected with each of said intermediate rollers for
      adjustably mounting each of said intermediate rollers to be independently
      displaceable between a driving position with the intermediate roller
      drivingly connecting the traction means and one of said cargo rollers and
      an idling position with the intermediate roller and the traction means out
      of driving connection with said cargo roller;
PA1  said means for adjustably mounting each of said intermediate rollers
      including control force means for providing a continuous individual
      adjusting control force on each intermediate roller in the direction of
      the driving position;
PA1  said means for adjustably mounting each intermediate roller includes means
      for axially fixing the axis of rotation of said intermediate roller and
      for permitting movement in a radial direction with respect to said axis
      between said driving and idling position;
PA1  said control force means being constructed such that each of said
      intermediate rollers can move in radial directions away from said driving
      position in response to reaction forces from said cargo rollers that are
      greater than said adjusting control force, whereby the maximum driving
      forces transferred between said traction means and a respective cargo
      supporting roller and intermediate roller are dependent on said adjusting
      control force;
PA1  said means for axially fixing the axis of rotation of said intermediate
      rollers and for permitting movement in the radial direction includes at
      least one first lever and means for disposing each of said intermediate
      rollers on a respective lever;
PA1  said control force means includes means provided on said support means for
      mounting said first lever so as to be obliquely pivotable in a direction
      toward the driving direction of the respective intermediate roller;
PA1  said means for disposing each of said intermediate rollers on a respective
      lever includes a second lever hingedly connected to a respective first
      lever, said second lever directly rotatably supporting the respective
      intermediate roller;
PA1  said control force means further includes abutments provided on said first
      and second levers which are engageable with one another to lift the
      respective intermediate roller away from engagement with the associated
      cargo supporting roller while maintaining engagement of said traction
      means and intermediate roller.
NUM  11.
PAR  11. An installation according to claim 10, wherein said traction means is
      driveable in both a direction corresponding to the direction of the
      adjusting control force and an opposite direction, whereby different
      maximum driving forces are transmitted by said intermediate rollers in one
      direction than in the other opposite direction.
NUM  12.
PAR  12. An installation according to claim 10, wherein said control force means
      further includes additional abutments on said first and second levers
      which are engageable with one another to lift the respective intermediate
      roller to said idling position with said intermediate roller out of
      engagement with both said cargo supporting roller and said traction means.
NUM  13.
PAR  13. An installation according to claim 12, wherein said first and second
      levers are hingedly joined by an axle, wherein control means are attached
      to said axle for moving said intermediate roller toward said idle
      position, and wherein the weight of said intermediate roller and said
      levers normally biases said intermediate roller towards said driving
      position.
NUM  14.
PAR  14. An installation according to claim 12, wherein said supporting means
      includes a frame for housing said cargo supporting and intermediate
      rollers, said means for mounting said first lever includes bores provided
      in said frame, and wherein said first and second levers and associated
      intermediate rollers form a structural unit which is detachably
      connectable in said bores provided in said frame.
NUM  15.
PAR  15. An installation according to claim 14, wherein said frame includes a
      plurality of further bores for detachably connecting said cargo-supporting
      rollers.
NUM  16.
PAR  16. An installation according to claim 10, wherein said supporting means
      includes a frame for housing said cargo supporting and intermediate
      rollers, said means for mounting said first lever includes bores provided
      in said frame, and wherein said first and second levers and associated
      intermediate rollers form a structural unit which is detachably
      connectable in said bores provided in said frame.
NUM  17.
PAR  17. An installation according to claim 10, wherein said first and second
      levers are hingedly joined by an axle, wherein control means are attached
      to said axle for moving said intermediate roller toward said idle
      position, and wherein the weight of said intermediate roller and said
      levers normally biases said intermediate roller towards said driving
      position.
NUM  18.
PAR  18. An installation according to claim 10, wherein said traction means is
      an endless flat belt.
NUM  19.
PAR  19. An installation according to claim 18, wherein said intermediate
      rollers are continuously in driving engagement with said flat belt.
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PAL  IBM Technical Disclosure Bulletin, Vol. 11, No. 4, Sept. 1968, p. 390,
      Paper Insertion Realignment Mechanism.
LREP
FRM  DeLio and Montgomery
ABST
PAL  A device for use on a typewriter comprising a transparent sheet which is
      rotatable and translatable on the typewriter paper bar and may be
      positioned over a paper in the typewriter in front of type hammer striking
      position. The device aids in aligning a paper in the typewriter for
      insertion of a character in a previously typed paper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to typewriters and more particularly relates to a
      device used in conjunction with a typewriter to aid in precisely locating
      a character space among other typewriter characters.
PAR  In many cases after a letter has been typed and proofread an error is
      found, after the paper is taken from the typewriter. To avoid completely
      retyping the page, the letter is reinserted into the typewriter, erasure
      made where necessary, and then an attempt is made to place the correct
      character in the erased space.
PAR  This is a very difficult procedure. Once the paper has been removed from
      the typewriter it is quite difficult to realign a given line correctly and
      also to locate the space in relation to the type hammer bearing the
      character to be inserted.
PAR  In some cases the foregoing problem arises even if the paper is not removed
      from the typewriter due to slippage of the paper as it is rolled in the
      typewriter, and/or the paper nearing the bottom.
PAR  The present invention overcomes these difficulties in alignment by
      providing a new and improved device which permits the typist to make a
      sample strike of the character to be inserted, which device is attached to
      the paper bar of the typewriter and may easily be moved between an
      operative and an inoperative position.
PAR  Briefly stated, the invention, in one form thereof, comprises a member
      which is slidable along the paper bar to a position where it is out of the
      way and does not interfere with typing. The device is also rotatable on
      the paper bar and has a transparent sheet which will extend behind the
      card holder or line guide. The transparent sheet is preferably curved, so
      as to be complimentary to the curvature of the roller or platen of the
      typewriter.
PAR  An object of this invention is to provide a new and improved device for
      enabling a typist to add a character in the proper spacing on a
      typewritten sheet of paper.
PAR  Another object of this invention is to provide such a device which is
      located on the typewriter and may be easily moved into and out of an
      operative position.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention,
      reference is made to the following description taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation, in section, of a device embodying the invention
      mounted to the paper bar of a typewriter;
PAR  FIG. 2 is a front elevation of the device of FIG. 1 see in the plane of
      lines 2-2 of FIG. 1 in an operative position behind the line guide or card
      holder of a typewriter;
PAR  FIG. 3 is a perspective view of the device of FIGS. 1 and 2;
PAR  FIG. 4 is a perspective view of another emodiment of the invention; and
PAR  FIG. 5 is a perspective view of still another embodiment of the invention.
DETD
PAR  A device 10 embodying the invention includes a substantially circular
      mounting member 11 of resilient material which is formed to be expanded to
      fit about a paper bar L of typewriter. The bar L has the usual resilient
      paper holding bushings B thereon. The device includes projecting lips or
      flanges 13 and 14 which receive fastening screws 15 and 16 therethrough. A
      threaded boss 17 is defined on substantially circular portion 11 and
      threadably receives therein a thumb screw 18 which is designed to
      compressively engage paper bar L.
PAR  Screws 15 and 16, which have a slot large enough to be easily operated by a
      secretary with a small coin, hold a transparent sheet 22 between flanges
      13 and 14 designed to fit behind line guide or card holder 19 of a
      typewriter and over platen or roller 20 and a paper P thereon. With this
      arrangement when thumb screw 18 is loosened the housing member 11 may
      easily be slid along the paper bar L and may also be rotated upwardly to
      an inoperative position at the end of the bar. The transparent sheet may
      be polyethylene or other suitable material.
PAR  To insert the sheet 22 the device is rotated downwardly to an operative
      position as shown in FIG. 1 and then slid along the bar behind the line
      guide or card holder 19, the sheet of paper is located and then the
      appropriate key for insertion may be struck. The character is then
      imprinted on the transparent sheet 22 and the typist may then look at the
      character in relation to the paper to determine that the character and
      paper are correctly located. After the character has been correctly
      located, thumb screw 18 is loosed, the device is slid to an inoperative
      position and then rotated upwardly and the correct character is then typed
      in the located space.
PAR  The radius of curvature of the transparent plastic sheet 22 is preferably
      less than that of the platen in order to keep the sheet 22 against the
      paper when in an operative position and preferably it is formed on a
      radius about one-half that of the platen. The sheet is sufficiently long
      to extend downwardly beyond a horizontal plane H through the axis of the
      platen.
PAR  The transparent sheet may be made of almost any thermoplastic material
      which may be set on a radius. In this case, polyethylene, polypropylene or
      vinyl in sheet form may be heated to approximately 325.degree. F. or
      greater, formed on a mandrel and cooled. The plastic which retains some
      elastic memory expands to a slightly larger radius than that in which it
      was heat set. However, the recovered radius will still be less than the
      radius of the platen by the desired amount.
PAR  FIG. 4 shows the invention embodied in a one-piece transparent strip 30
      which is formed with a lower curved portion 31. The upper portion of the
      strip 30 is formed so as to engage and be retained on the paper bar L but
      is rotatable and slidable thereon. As shown, the upper portion 32 is
      formed so as to have a cross-section which may be considered to be
      generally diamond or star shaped and with dimensions between opposing
      sides thereof which is less than the diameter of the paper bar. The
      material is flexible and the upper portion 32 may be easily fitted about
      paper bar L. The upper portion 32 could also be formed in a general
      circular shape wrapping around more than 360.degree..
PAR  FIG. 5 discloses still another embodiment of the invention wherein the
      holder for a transparent strip 40 is formed in two parts 41 and 42. An
      aligning tongue 43 on part 42 is adapted to fit into a groove 44 in part
      41. The parts are held together by means of screw 45 which is threadably
      received in a bore 46 in the lip or flange 47 of part 42 and extends
      through lip or flange 48 and bore 49 therein through strip 40, to bore 46.
      A threaded bore 50 is also provided in generally hemispherical
      cross-sectional part 41 to receive a thumb screw 51 to clamp the holder
      comprising parts 41 and 42 to paper bar L. Thus, when thumb screw 51 is
      tightened, the holder is locked in position on the letter bar L, but when
      loosened the holder may be rotated about the letter bar and translated
      along the length thereof.
PAR  The thickness of the transparent sheet or strip may be on the order of
      about 0.010 inch, but any thickness sheet which may be suitably formed and
      fit behind the line guide is acceptable.
PAR  It may thus be seen that the objects of the invention set forth as well as
      those made apparent from the foregoing description are efficiently
      attained. While preferred embodiments of the invention have been set forth
      for purposes of disclosure, modification to the disclosed embodiments of
      the invention as well as other embodiments thereof may occur to those
      skilled in the art. Accordingly, the appended claims are intended to cover
      all embodiments of the invention and modifications to the disclosed
      embodiments which do not depart from the spirit and scope of the invention
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aid for positioning a paper in a typewriter which includes a line
      guide, a paper bar and a paper platen where the paper bar has bushings
      thereon which space the bar from the platen; said aid comprising a
      transparent strip of material having at least a portion thereof shaped on
      a radius of curvature less than the radius of curvature of the platen,
      means on said strip attachable to a paper bar so that said strip is
      rotatable and slidable on the paper bar, said strip extendible from a
      paper bar with the smaller radius portion over and about a platen behind a
      line guide.
NUM  2.
PAR  2. The aid of claim 1 wherein said means attachable is a continuation of
      the strip formed to engage the paper bar.
NUM  3.
PAR  3. The aid of claim 1 wherein said means attachable comprise a member
      positionable about the paper bar, means for locking said member on the
      paper bar, and means extending from said member for holding said strip.
NUM  4.
PAR  4. The aid of claim 3 wherein said means attachable is formed in one piece
      of resilient material and has a generally cylindrical portion for
      receiving the paper bar therein and said means extending is a pair of
      flanges holding an end of said strip therebetween.
NUM  5.
PAR  5. The aid of claim 3 wherein said means attachable is formed in two parts
      each having a flange, and means extending through said flanges to hold
      said two parts together about the paper bar and the strip between the
      flanges.
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ABST
PAL  A platform conveyor having two laterally adjacent, interconnected rows each
      having a plurality of flat panel members of plastic material hingedly
      connected together along transversely extending edges thereof, the upper
      surface of the interconnected panel members forming a load supporting
      surface, a plurality of integrally formed eyes along each transversely
      extending edge of each of the panel members and being aligned to receive
      an interconnecting transverse bar member which connects both rows of the
      panel members together to form the conveyor belt, the eyes on one
      transversely extending edge of each panel being staggered relative to the
      eyes on the opposite edge thereof, the transverse bar member extending to
      a stop at one side of a panel member forming one edge of the conveyor
      belt, and at the other edge of the conveyor belt being retained by a pin
      inserted through a transverse aperture in the eye, and at least one hook
      attached to one side of the panel members which engages a web at the edge
      of the laterally adjacent panel member.
BSUM
PAR  The present invention relates to an apron or plate belt conveyor,
      comprising a plurality of plate-shaped members made of plastic material,
      which members are provided on two opposite plate edges with a plurality of
      spaced, closed eyes, which eyes are integrally connected to said plastic
      plates and which are each adapted to be inserted into the spaces between
      the eyes of adjacent plate members and connected thereto by means of
      transverse rods to form the conveyor belt, according to published German
      Patent Application No. P20 49 129.6.
PAR  Applicant's prior plate belt conveyor as shown in said published
      application is improved according to the invention in the following
      respects: Assembling of the individual members or links to form a conveyor
      belt is facilitated, thereby paying attention particularly to the fact
      that the members are capable of withstanding high tensile loads both in
      the longitudinal and transverse directions relative to the direction of
      conveyance. Besides, it is thereby possible to easily modify the members
      in such a manner that even curved transportation paths can be travelled
      over by the conveyor.
PAR  These objects are solved by a plate belt conveyor characterized by
      transverse rods which on one side of the belt are pushed against a stop
      and on the other side of the belt retained by a pin inserted into the
      aperture of said eye, and at least one hook attached to one side of said
      members, which hook overlaps a web at the edge of laterally adjacent
      member.
PAR  The improved belt conveyor can be assembled in a particularly rapid and
      easy manner because, on the one hand, a stop is provided for the rod
      inserted through the members and because, on the other hand, a pin is
      simply inserted transversely of the aperture of the eye. Thus, it is no
      longer necessary to provide the rod per se with an enlargement at its end.
      Besides, the novel solution is by far less susceptible to contamination.
      Furthermore, the overlapping hooks permit precise alignment the members
      with each other in lateral direction such that high tensile loads can be
      taken up also in laterial direction. Similarly, the tensile force which
      can be exerted in the direction of conveyance, is at least as high as in
      the conventional belt conveyors. As explained in greater detail below, by
      means of members slightly trapezoidal shape a conveyor belt travelling
      over a curved path can be designed, too.
PAR  In view of the fact that in the finally assembled belt the members on one
      side thereof have unoccupied hooks protruding therefrom, it is proposed
      that these hooks be easily removable. This can be realized e.g. by means
      of a buckling groove provided at the edges of the hooks. Such a groove
      does not materially affect the tensile loading capability of the hook.
      When the hooks have been removed, the belt is completely smooth at this
      place since every protruding part has been removed.
PAR  In order to increase the tensile loading capability in the drawing
      direction, the individual eyes are interconnected by sturdy webs which are
      positioned substantially in the drawing direction.
PAR  If the plate belt conveyor is to be used for a curved path of conveyance,
      it is proposed to construct the members with an approximately trapezoidal
      outline. This means that one of the short sides is slightly wider than the
      other which in the travel over a curved path is directed inwardly. If the
      plate belt conveyor consists of a plurality of members in side-by-side
      relation, the inner short sides of the members are formed to correspond
      precisely to the outer short sides of the next inner member. On principle,
      it is thereby possible to construct curved belts of any desired width.
      Finally, it is proposed to provide at least one of the columns of members
      travelling in tandem, with a guide web on the lower side. If such guide
      web is guided between a pair of guiding jaws mounted to the sliding
      surface underneath the belt, the belt can be precisely guided in the
      direction of conveyance.
DRWD
PAR  Details of the blet are evident from the following specification by
      referring to the accompanying drawings, wherein:
PAR  FIG. 1 shows a plan view of part of the conveyor belt; and
PAR  FIG. 2 is a part view of the conveyor belt from below.
PAR  FIGS. 3 and 4 another embodiment of the invention.
DETD
PAR  As can be seen from FIGS. 1 and 2, the conveyor belt comprises links or
      members 1 and 2 which are disposed laterally and in series. In the
      embodiment shown, the members are combined into a conveyor belt travelling
      over a curved path conveyance.
PAR  Although the innermost member 1 has the same longitudinal dimension as
      member 2, it has shorter sides. Hereby, the sides are matched in such a
      manner that the length of side 3 corresponds to that of side 4 of the
      adjacent member. Due to this dimensioning, it is possible that the members
      are adapted to travel precisely over a predetermined radius of a path of
      conveyance.
PAR  In addition to the trapezoidal members shown, there may also be used such
      members which have an exactly rectangular cross-section or outline and
      which are suitable for straight paths of conveyance.
PAR  The members are interconnected by protruding eyes 5, 5'. These eyes each
      extend into the gap between the eyes of the next adjacent member, whereby
      the longitudinal bores provided in the eyes are aligned with each other. A
      transverse rod 6 is inserted through these bores and pushed through to
      abut a stop 7. Hereby, the length of the transverse rod 6 is selected such
      that its free end, in the hingedly connected condition, disappears within
      one of said members (this condition being not shown). At the side edge of
      said member, there are provided transverse bores 8 into which pins 9 may
      be inserted which extend through the aperture of the eye 5 and which
      prevent the rod from moving out from its inserted position. When the pins
      9 are removed, the members may be detached again and the rods may be
      withdrawn.
PAR  In lateral direction, the members are fixed to each other by means of hooks
      11 which are pushed over webs 12 of the respective abutting member. In the
      assembled condition, the hooks and the web are on the lower side of the
      belt such that they do not disturb the optimum smooth upper surface. The
      hooks 11 consist of the same material as the members of the conveyor belt.
      They are shaped in such a manner that they may be easily broken off in
      upward direction. This construction is desirable if the assembled belt has
      at its lateral edge free hooks protruding outwardly. When the hooks 11 are
      removed, the belt is smooth and without any projections on both lateral
      edges thereof. In this way, it is much easier to keep the belt clean on
      its lateral edges and to guide it without tilt.
PAR  As can be seen from FIG. 2, on the lower side the eyes 5, 5' are
      interconnected by sturdy webs 14. These webs 14 extend substantially in
      the direction of conveyance, and they result in a substantially higher
      tensile loading capability than in the belt according to published German
      Application No. P20 49 129.6. A plurality of apertures 15, 16 are formed
      intermediate such webs, through which apertures fresh air may be blown
      through the belt from below. This is necessary especially when the belt
      serves to convey articles which must be cooled (e.g. baked bread).
PAR  As an alternative construction, it is proposed to provide one of the
      columns of the members, preferably the column travelling in a center
      position, with elements which include a depending web. Such web may be
      guided between a pair of jaws positioned on the support of the belt. This
      guiding arrangement prevents the belt from performing lateral oscillating
      movements.
PAR  Further reference may be made to the fact that each eye 5 extends into the
      gap between a pair of eyes 5' to such degree that no gap is formed between
      a pair of successive members even if the belt is curved in its plane. This
      is obtained in that the side which defines the gap has an overlapping,
      circularly recessed edge with sharp points which encloses the eye inserted
      into said gap laterally and from above. In these respects, a similar
      construction as in FIG. 2 of published German Application No. P20 49 129.6
      is provided.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a platform conveyor, the combination comprising two laterally
      adjacent, interconnected rows each having a plurality of flat panel
      members of plastic material hingedly connected together along transversely
      extending edges thereof, the upper surface of said flat panel members
      being adapted to support a load, a plurality of integrally formed eyes
      along each transversely extending edge of each of said panel members and
      being aligned to receive an interconnecting transverse bar member which
      connects both rows of said panel members together to form a conveyor belt,
      the eyes on one transversely extending edge of each panel being staggered
      relative to the eyes on the opposite edge thereof, said transverse bar
      member extending to a stop at one side of a panel member forming one edge
      of the conveyor belt, and at the other edge of the conveyor belt being
      retained by a pin inserted through a transverse aperture in said eye, and
      at least one hook attached to one side of said panel members, which hook
      engages a web at the edge of the laterally adjacent member.
NUM  2.
PAR  2. Platform conveyor of claim 1 wherein said hooks are removable so as to
      provide an assembled belt without projections on both edges thereof.
NUM  3.
PAR  3. Platform conveyor of claim 1 wherein the panel members have a
      trapezoidal shape thereby enabling said conveyor to travel in a curved
      path.
NUM  4.
PAR  4. Platform conveyor of claim 1 wherein the integral eyes are
      interconnected by sturdy webs on the underside of said panels.
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ABST
PAL  An endless conveyor belt for the conveying of separate articles or packages
      to be conveyed along a steep incline. The belt is formed with spaced,
      resilient flaps which extend upwardly from the load supporting surface to
      engage the conveyed article. If the article slides backwardly on the belt,
      the flap bends and pivots upwardly so that a roughened surface will tend
      to retard the sliding movement. After the article is removed, the flap is
      restored to a position within a recess in the belt surface during the
      return run.
BSUM
PAR  The invention relates to an endless conveyor belt for conveying articles
      along a steep incline, the belt being of a novel construction, having
      transverse article engaging members which project above the load support
      surface of the conveyor belt by varying amounts depending on the loading
      and which are restored after the article is removed.
PAR  Conveyor belts with driver bars and more particularly transverse bars of
      different shapes are known. The possible angle of conveying inclination is
      increased by such bars, as compared with conveyor belts which have a
      smooth supporting surface. Known conveyor belts with driver bars permit
      angles of inclinations of up to 35.degree. to 45.degree., in some cases
      even up to 50.degree., when conveying articles. Increasing angles of
      inclinations render the correct transfer, especially of large articles,
      increasingly difficult in the sense of such articles being reliably
      gripped and conveyed by the steep conveyor belt.
PAR  It is an object of the invention to provide a relatively simply constructed
      conveyor belt for conveying articles up a gradient, which will permit even
      large articles to be conveyed at very steep angles of inclination, above
      45.degree., with reliability.
PAR  According to the present invention, a conveyor belt for conveying articles
      up a steep incline, has transverse article engaging members which
      preferably are constructed as strip-like flaps pivoted at their trailing
      edges to the load supporting face of the belt and are resiliently biased
      into inoperative positions in which their leading edges are either flush
      with or project slightly from the load supporting face of the belt, each
      such flap being movable pivotally or foldable about its trailing edge
      against the action of the biasing force and in the rearward direction with
      respect to the direction of travel of the belt.
PAR  With the conveyor belt according to the invention it is possible to convey
      even large articles reliably up very steep conveying runs without any
      special difficulties militating against correct transfer. A downwardly
      moving article that connot be retained by the first transverse flap with
      which it comes into contact, pivots or folds the said transverse flap
      against its restoring force in the direction opposite to the running
      direction of the conveyor belt. The article is substantially checked by
      the backwardly pivoted or folded transverse flap and is slowly transferred
      to the succeeding transverse flap which then reliably entrains the article
      owing to its having a much lower velocity relative to the conveyor belt.
PAR  In order to increase the braking effect of the backwardly pivoted or folded
      transverse flaps still further, the said transverse flaps are
      advantageously provided with retention serrations on their lower flat
      sides which face inwardly towards the conveyor belt when in the
      inoperative position.
PAR  All conveyor belts with driver bars on the support surface suffer from the
      disadvantage that the presence of such bars prevents the use of
      conventional simple idler rollers for guiding the bottom or return run of
      the conveyor belt, so that special constructions are required for this
      purpose. The conveyor belt according to the invention achieves a
      substantial improvement in the sense that the transverse flaps when in
      their inoperative position are able to lie almost flat on the load support
      surface of the conveyor belt, and are pivoted or folded into a steeper
      position, in which they project further beyond the support surface, only
      in the article loading zone of the upper belt run or under the load of
      conveyed articles.
PAR  Guiding the bottom belt run with the transverse flaps in their inoperative
      position is substantially simpler than in conveyor belts with known,
      immovable driver bars. Guiding of the bottom run becomes particularly
      simple if the transverse flaps are disposed substantially within recesses
      of the outer covering stratum of the conveyor belt, the dimensions of said
      recesses being adapted to those of the transverse flaps in such a way that
      the latter are able to sink completely into their recesses.
PAR  Guiding constructions with simple idlers, of the kind used for known
      conveyor belts with a smooth support surface, can be used to provide
      guiding of the bottom run of a conveyor belt constructed in this manner
      according to the invention. The transverse flaps, which in their
      inoperative positions normally project slightly from the recesses for
      gripping the conveyed material, may be pressed into their recesses by the
      idlers for the bottom run so that the conveyor belt is able to run over
      the idlers in the same way as known smooth conveyor belts. Operation
      becomes particularly smooth if the thickness of the transverse flaps is
      exactly equal to the depth of the recesses so that the top flat side of
      each transverse flap is in precise and flush alignment with the remaining
      support surface of the conveyor belt when the transverse flaps are fully
      depressed into the recesses. In addition to enabling vibration-free
      guiding to be achieved in the bottom run by simple guide means, the
      retractable transverse flaps offer the additional advantage of permitting
      unobstructed reversal of the bottom run of the conveyor belt over troughed
      idlers.
DRWD
PAR  Other objects of the invention will be apparent from the claims and from
      the description when read in conjunction with the appended drawing
      wherein:
PAR  FIG. 1 is a plan view of a length of an endless conveyor belt embodying the
      invention;
PAR  FIG. 2 is a fragmentary elevation in section along the line 2--2 of FIG. 1;
PAR  FIG. 3 is an elevation similar to that shown in FIG. 2 of a second
      embodiment according to the invention;
PAR  FIG. 4 is a side view to an enlarged scale of the conveyor belt of FIGS. 1
      and 2; and
PAR  FIG. 5 is a diagrammatic view of apparatus employing the belt of the
      present invention.
DETD
PAR  The conveyor belt illustrated in FIGS. 1 and 2 is basically constructed in
      a conventional manner with a fabric core 2, a covering stratum 3 of rubber
      on the running (inner) side and a covering stratum 4 of rubber on the load
      supporting (outer) side. The surface of the covering stratum 4 forms the
      load supporting surface 5 of the conveyor belt. The covering stratum 3 can
      be omitted or a suitable alternative substituted.
PAR  A plurality of transverse flaps 6, each of which is shown to extend over
      the entire width of the conveyor belt, are provided on the load supporting
      surface of the conveyor belt 1 and may be equally spaced apart from one
      another in the longitudinal direction of the conveyor belt, for example at
      a spacing of 250 mm. The flaps 6 extend each at an angle generally
      perpendicular to the longitudinal direction of the conveyor belt 1. Each
      transverse flap 6 may be conveniently constructed in the form of a
      strip-like flap of an approximately flat, rectangular cross section and
      made of the same material as the covering stratum 4. Each flap 6 has a
      width as measured in the running direction of belt 1 of, for example 20
      mm.
PAR  The transverse flaps 6 are normally arranged at regular spacings and extend
      approximately at right angles to the length of the conveyor belt. This
      provides the best possible utilization of their entrainment capacity. The
      transverse flaps 6 may, however, also be disposed at an angle other than
      90.degree. in relation to the belt length. This achieves a particularly
      high degree of smooth running in the bottom belt run because each
      transverse flap comes into contact with the idlers of the bottom run
      gradually and with a point of contact that travels over the width of the
      conveyor belt, instead of coming into contact suddenly over the full
      length of the said flap.
PAR  A recess 7, also of approximately flat rectangular cross section, may be
      formed in the covering stratum 4 under each transverse flap and in the
      same orientation as the said flap. The trailing edge of each transverse
      flap may merge semalessly seamlessly the covering stratum 4 in the region
      8 which is the rear side wall of the recess 7 in the running direction of
      the conveyor belt. The transverse flaps 6 are thus integral with the
      convering stratum 4 so that when unloaded, each flap assumes an
      inoperative position. The inoperative position as illustrated in FIG. 2
      contemplates that when unloaded, each flap will form an angle of perhaps
      25.degree. with the load supporting surface 5 of the conveyor belt. This
      angle is open in the running direction so that the leading edge 9 of the
      flap projects slightly above the load supporting surface 5 of the conveyor
      belt.
PAR  The dimensions of the transverse flaps 6 and the recesses 7 are desirably
      adapted to each other so that the transverse flaps are able to sink
      completely into the recesses for the return run, as discussed above. With
      the flap inserted completely into recess 7, the thickness of the said
      transverse flaps should correspond precisely to the depth of the recesses.
      If flaps 6 and recesses 7 are matched, it is possible, as shown in FIG. 5,
      for the flap 6 to be placed in recess 7 by rollers 20 and 21 on the return
      run and stay in the recesses 7 as the belt passes idler 23 and around end
      roller 24.
PAR  The inner flat side of each transverse flap 6, which in the inoperative
      position faces the floor of the recess, is provided with retention
      serrations 10 which extend across the belt and along the length of the
      flap 6 to provide an increased frictional engagement with the conveyed
      articles.
PAR  On the other hand, flap 6 may be formed to have a resilient restoring force
      that will cause flap 6 to project upwardly at an angle somewhat less than
      the angle illustrated in FIG. 2. By changing the direction of the belt 1
      at the article loading areas, as by passing the belt around a roller 24
      having a relatively small diameter, the leading edge of flap 6 will
      temporarily project upwardly and engage the article 13 at the loading
      zone. As pointed out above, this construction can simplify the handling of
      the belt during its downward return run, and still assure that the leading
      edge 9 of flap 6 will be sufficiently elevated to engage the article.
PAR  FIG. 3 shows a second embodiment of the invention in which the transverse
      flaps 6' which may be of a different, flexible and resilient material
      produced separately from the conveyor belt. The rear edge of flaps 6' have
      a tab 11 that is suitably secured as by cold- or hot-vulcanizing or by an
      adhesive at their bottom flat sides 12 onto the floors of prepared
      recesses 7'. The width of each recess 7' in the longitudinal direction of
      the conveyor belt is preferably somewhat greater than that of the recesses
      7 and corresponds to the width of the transverse flap 6' increased by the
      tab section 11. Such a construction offers the possibility of the
      replacement of damaged or inoperative flaps 6'.
PAR  The method of operation of a conveyor belt according to the invention is
      explained with reference to FIG. 4. An article such as a box 13 is
      delivered onto the conveyor belt 1 such as by a feeder belt, not shown.
      The conveyor belt of the present invention can be directed steeply in the
      upward direction. If the box cannot be retained by the first transverse
      flap 6a with which it comes into contact, it will slide against the
      friction force provided by serrations 10, down over the flap 6a against
      the upward running direction of the upper run of the conveyor belt. Since
      the transverse flap 6a is of a flexible and resilient material such as
      rubber, flap 6a becomes folded rearwardly so that its retaining serrations
      10 come into contact with the underside of the box 13 and decelerate the
      latter substantially. The box 13 is thus slowly transferred to the next
      lower transverse flap 6b which is in its inoperative position so that the
      box bears also against the leading edge 9 of the said flap 6b. The
      transverse flap 6b may also progressively erect itself more steeply
      against its resilient restoring force as needed, depending on the applied
      loading. After the box has been discharged, the rearwardly folded
      transverse flap 6a returns to its unloaded or inoperative position owing
      to its resilient restoring force.
PAR  It has already been mentioned that the transverse flaps 6 normally project
      from the recesses slightly above the support surface when they are in
      their inoperative position. To this end, it is best for the flaps to be
      biased so that in the inoperative position, they tend to lie at an acute
      angle of about 25.degree. with the plane of the conveyor belt, the said
      angle being open in the running direction. This construction is
      advantageous as regards the conveyed articles being correctly gripped, and
      it is also advantageous with regard to smooth running in the bottom run.
      However, it is not absolutely essential that the transverse flaps which
      are disposed in the recesses project slightly above the support surface
      when they are in their inoperative position. Alternatively, they may be
      constructed in such a way that their restoring force, or rollers 20 and
      21, cause the flaps 6 to be completely returned into the recesses 7 after
      the conveyed material is released.
PAR  After completing the return run, the flaps 6 should emerge from their
      recesses 7 at the loading zone, as illustrated in FIG. 5. In this case,
      the conveyed articles are fed onto the conveyor belt in a loading zone
      where the belt 1 passes around the lower return pulley 24 to ensure that
      the article or box 13 can be gripped by the transverse flaps 6. In such an
      arrangement, the lower return pulley 24 should have a relatively small
      diameter so that the transverse flaps 6 are lifted from the recesses by
      the necessary amount.
PAR  The pivotal or foldable attachment of the transverse flaps can be devised
      in various ways, for example by means of hinges or lightweight hook
      connectors. The transverse flaps should be constructed of flexible
      material and may be fixedly joined to the conveyor belt by means of
      marginal sections or tabs which are continuous in the direction of the
      length of the said flaps. The restoring force in such cases is based on
      the resilient properties of the material of the transverse flaps, and as a
      rule the material of the covering stratum of the conveyor belt, i.e.,
      rubber or rubber-like plastics, is recommended to be used also for the
      flaps. The material should be sufficiently flexible to ensure that when a
      transverse flap is subjected to the load of a conveyed article which
      slides down over it as already described, the said transverse flap is able
      to fold back completely about its trailing edge against the running
      direction of the conveyor belt until the flat outer side of the transverse
      flap comes into contact with the support surface of the conveyor belt
      behind the flap. The material must also have good restoring properties.
PAR  The transverse flaps which are disposed in the recesses can alternatively
      be constructed so that they are homogeneous with the material of the
      covering stratum of the conveyor belt, i.e., they can be constructed
      integrally with the covering stratum and thereby joined to the conveyor
      belt. Separate, subsequent attachment of the transverse flaps on the
      conveyor belt is then no longer necessary since they are produced together
      with the conveyor belt as integral components thereof. The advantages of
      this arrangement include a particularly reliable connection of the
      transverse flaps with the conveyor belt and, more particularly, very
      inexpensive manufacture. The belt can be produced, for example, by cutting
      the transverse flaps in the raw, unvulcanized covering stratum of the
      conveyor belt, and then vulcanizing the whole conveyor belt complete with
      the flaps by the use of suitable press tools which, where appropriate,
      impart to the transverse flaps the desired angle of inclination of their
      inoperative position and also provide the retaining serrations on the
      inner flat side of each flap. The edge of each flap which trails in the
      running direction of the finished belt will then merge seamlessly with the
      covering stratum. Furthermore, since the transverse flaps were cut from
      the covering stratum prior to vulcanizing, they will automatically have a
      size such that they accurately fit into the recesses.
PAR  The transverse flaps may, however, also be produced separately from the
      conveyor belt, for example in long length by molding or extruding, for
      joining to existing known finished conveyor belts. To this end, each
      transverse flap is bonded to the conveyor belt by a marginal tab section
      which is continuous along the length of the flap, i.e., the tabs are
      adhesively affixed to the support surface of the conveyor belt or on the
      floor of a recess which is prepared in the covering stratum, for example
      by means of cutting out. Conventional cold adhesives can be used for this
      purpose. The adhesive affixing of prepared transverse flaps enables
      existing conveyor belts which are already in operation to be subsequently
      converted into conveyor belts according to the invention, and facilitates
      the repair of conveyor belts embodying the invention.
PAR  To facilitate manufacture, the transverse flaps of a conveyor belt
      embodying the invention are normally constructed so that together with
      their recesses they extend over the entire width of the conveyor belt and
      are all equally spaced in the longitudinal direction of the said conveyor
      belt. However, this construction is not essential. For example, the
      transverse flaps and corresponding recesses can also extend over only part
      of the width of the conveyor belt. In some cases, it may also be
      advantageous, in the interest of improving the conveying capacity, to
      provide, in addition to the transverse flaps, a roughened surface on the
      outer face of the belt, or one whose adhesion has been increased in some
      other manner.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential characteristics thereof. The
      presently disclosed embodiments are therefore to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than by the foregoing
      description, and all changes which come within the meaning and range of
      equivalency of the claims are therefore intended to be embraced therein.
CLMS
STM  What is claimed and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. An endless conveyor belt of cords embedded in rubber or plastic for
      conveying articles up a steep incline, said belt comprising:
PA1  a substantially continuous smooth surface on one side adapted for
      engagement with guide rolls;
PA1  a load supporting surface on the other side having a plurality of recesses
      at spaced locations along the length thereof;
PA1  a plurality of article engaging flaps each resiliently attached at its
      trailing edge to the trailing end of one of said recesses and having an
      underside and being shaped to fit into said recess to pass over support
      rolls engaging the load supporting surface;
PA1  each said flap having a volume substantially filling the volume of its
      corresponding recess when disposed therein and being resiliently biased
      outwardly at a small acute angle with the load supporting surface of the
      belt whereby its leading edge normally extends above the load supporting
      belt surface at a loading zone for engagement with articles to be
      conveyed;
PA1  said flaps being made of a strip of rubber or plastic material and formed
      to bend due to loading with the leading edge moving rearwardly in a
      generally arcuate path to cause the underside of said flap to engage a
      large article being conveyed.
NUM  2.
PAR  2. A conveyor belt as claimed in claim 1 wherein the article engaging flap
      has an upper surface which is on the same side of the belt as the load
      supporting surface and wherein the underside has article retention
      serrations, and the flap is attached to said belt for pivotal movement
      about an axis substantially perpendicular to the running direction of said
      belt to allow pivotal movement of said leading edge upwardly so that the
      retention serrations engage the article.
NUM  3.
PAR  3. A conveyor belt as claimed in claim 2 wherein the article engaging flap
      is adhesively attached on the conveyor belt.
NUM  4.
PAR  4. A conveyor belt as claimed in claim 2 wherein the article engaging flap
      is formed as an integral extension of an upper surface layer of said belt.
NUM  5.
PAR  5. A conveyor belt as defined in claim 1 wherein the underside of said flap
      has article retention serrations which, when the flap leading edge is
      moved rearwardly, engage the underside of the article to resist relative
      sliding movement of the article along the belt and which, when the flap is
      folded downwardly, are wholly located within said recess.
NUM  6.
PAR  6. A conveyor belt as claimed in claim 1 wherein each flap contains a
      marginal tab which extends continuously along the whole length of the
      trailing edge of the flap, the under side of each tab being bonded to the
      conveyor belt to secure the flap to the belt.
NUM  7.
PAR  7. A conveyor belt as claimed in claim 6 in which the tabs are bonded to
      the bottoms of the associated recesses.
NUM  8.
PAR  8. A conveyor belt as claimed in claim 1 in which the said acute angles are
      approximately 25.degree..
NUM  9.
PAR  9. A conveyor belt as claimed in claim 1 in which the flaps are made of
      resilient material and are joined to the conveyor belt along the entire
      length of each flap at its trailing edge in a direction perpendicular to
      the running direction of the belt.
NUM  10.
PAR  10. A conveyor belt as claimed in claim 1 wherein each flap has an outer
      surface that is integral and homogeneous with the material of the load
      supporting surface.
NUM  11.
PAR  11. A conveyor system for conveying large articles along a path having a
      steep inclination including:
PA1  a conveyor belt having a load carrying surface on one side and a
      substantially continuous surface on the opposite side adapted to engage
      the guide rollers;
PA1  a plurality of guide rollers including an upper roller, a lower roller, and
      intermediate rollers in contact with said continuous belt surface for
      defining an endless path for said conveyor belt, said path including a
      load carrying path portion and a return path portion with at least one
      belt engaging roller located in return path portion to be in contact with
      the load carrying surface on said belt;
PA1  said load carrying surface having a plurality of recesses at spaced
      locations along the length thereof;
PA1  a plurality of article engaging flaps each resiliently attached at its
      trailing edge to the trailing end of one of said recesses and having an
      underside and being shaped to fit into said recess to allow a return run
      of said belt to pass over said belt engaging roller;
PA1  said flap having a volume substantially filling the volume of its
      corresponding recess when disposed therein and being resiliently biased
      upwardly at a small acute angle relative to the load carrying surface of
      said conveyor belt so that a leading edge of the flap will extend above
      the load carrying belt surface at a loading zone for engagement with
      articles to be conveyed;
PA1  said flaps being made of a strip of rubber or plastic material and formed
      to bend due to loading with the leading edge moving rearwardly in a
      generally arcuate path to cause the underside of said flap to engage an
      oversized article being conveyed; and
PA1  means on the underside of said flap being formed to resist relative sliding
      movement with said article.
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ABST
PAL  An adjustable orienter mounts along the output path of a vibratory feeder
      for axially orienting uniform cylinders having a length-to-diameter ratio
      of approximately 1. The orienter includes a guide plate having a bottom
      edge in close proximity to the output path and extending upward with an
      upper surface inclined away from the inside edge of the output path with
      distance above the output path. A wiper plate is mounted above the
      inclined surface of the guide plate, and both the guide plate and wiper
      plate are adjustable and cooperate with each other to allow the cylinders
      with their axes aligned with the inside edge to move along the output path
      between the inside edge and the guide plate with a cylindrical side
      portion overhanging the inclined surface of the guide plate, while the
      cylinders having axes transverse to the inside edge are tipped over the
      inside edge by the guide plate or, if they reach the wiper plate, are
      knocked over the inside edge by the wiper plate.
BSUM
PAC  THE INVENTIVE IMPROVEMENT
PAR  Many orienting devices have been proposed for orienting a variety of parts
      or objects fed by vibratory feeders, and one common device is a wiper
      plate that wipes improperly oriented objects off the output path and back
      to a lower region. For square rollers or cylinders having a
      length-to-diameter ratio of approximately 1, such a wiper plate cannot be
      used. The ordinary way of obtaining an axially aligned orientation for
      square rollers or cylinders was to move them over a vertically oriented
      bushing of approximately the same inside diameter as the cylinders so that
      only those cylinders that tip axially endwise into the bushing are
      accepted, and all others pass beyond the bushing for recirculation. This
      requires a precise-sized bushing for each cylinder size, and it is also
      relatively slow.
PAR  The invention involves recognition of a way of orienting square rollers or
      cylinders in axial end-to-end alignment by a device that is faster and
      more reliable than the prior art bushing. The invention also aims at
      convenient adjustability and capacity to accommodate many sizes of square
      cylinders with minimum changeover effort.
PAC  SUMMARY OF THE INVENTION
PAR  The inventive orienter is applied to a vibratory feeder having an output
      path with an inside edge elevated above a lower input region and is used
      for axially orienting uniform cylinders having a length-to-diameter ratio
      of approximately 1. The device includes a guide plate having a bottom edge
      in close proximity to the output path and extending upward from the output
      path and substantially parallel with the inside edge. The guide plate is
      adjustable to set the lateral distance of the bottom edge of the guide
      plate from the inside edge of the output path, and the upper surface of
      the guide plate is inclined to extend away from the inside edge with
      distance above the output path. A wiper plate is mounted above the
      inclined surface of the guide plate and is vertically adjustable above the
      output path. The wiper plate is inclined to extend toward the inside edge
      of the output path with distance above the output path. The guide plate
      and wiper plate cooperate with each other to allow the cylinders having
      axes aligned with the inside edge to move along the output path between
      the inside edge and the guide plate and underneath the wiper plate with a
      cylinder's side portion overhanging the inclined surface of the guide
      plate while the cylinders having axes transverse to the inside edge are
      tipped over the inside edge to the lower region.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a plan view of one preferred embodiment of a vibratory feeder
      having the inventive orienter;
PAR  FIG. 2 is a cross-sectional view of the output path of the feeder of FIG. 1
      taken along the line 2--2 thereof to show an end elevation of the
      inventive orienter;
PAR  FIG. 3 is a side elevational view of the orienter of FIG. 2;
PAR  FIG. 4 is a fragmentary, perspective view of the inventive orienter showing
      various possible orientations of square rollers; and
PAR  FIGS. 5-7 are fragmentary end elevational views of the inventive orienter
      rejecting square rollers misaligned in various ways.
DETD
PAC  DETAILED DESCRIPTION
PAR  The inventive orienter applies to vibratory feeders occurring in many
      forms. A common element of many vibratory feeders is an output path having
      an inside edge elevated above a lower input region so that improperly
      oriented objects can be tipped over the inside edge of the output path and
      fall to the lower region for recirculation, and only properly oriented
      objects stay on the output path to be fed out of the device. Many of such
      feeders have a bowl-like configuration, and such feeders have also been
      made with an inclined path having a generally 180.degree. turn and
      surfaced with a pile material having bristles inclined in the direction of
      feed. Combinations of bowl-configurations and pile surfacings are also
      possible, and the inventive orienter can be used with any vibratory feeder
      having a recirculation path for improperly oriented objects.
PAR  The inventive orienter is intended for orienting square rollers or
      cylinders in an axially end-to-end alignment. "Square" is an abbreviated
      way of referring to cylinders that have a length-to-diameter ratio of
      approximately 1, so that their diameter approximately equals their length.
      Square cylinders are about the same height in any possible orientation,
      and hence cannot be wiped off the output path by a conventional wiper
      plate. The vertically oriented output bushings previously used in the art
      for orienting square cylinders had a maximum outfeed speed of 20-30 inches
      per minute, and the inventive orienter orients square cylinders for an
      outfeed speed of the maximum speed of the feeder, and has successfully
      achieved outfeed speeds of nearly 100 inches per minute with increased
      reliability to achieve significant speed and reliability advantages over
      the best known prior art orienter for square cylinders.
PAR  Vibratory feeder 10 as shown in FIG. 1 is a vibratory pile feeder having an
      input region 11, a turn 13 of approximately 180.degree., and an output
      path 12 having an inside edge 14 elevated above input region 11. A
      downwardly sloping surface 15 extends from inside edge 14 down to input
      region 11 so that any cylinders 16 that tip over edge 14 roll down surface
      15 and back to input region 11 for recirculation around feeder 10. The
      vibration of pile bristles 17 on the feed surfaces of feeder 10 moves
      cylinders 16 along in the direction of the arrows. An adjustable guide or
      fence 18 sets the width of output path 12, and the inventive orienter 20
      is mounted along output path 12 for quickly, efficiently, and accurately
      rejecting all but axially aligned square cylinders 16.
PAR  Orienter 20 is formed of a guide plate 21 and a wiper plate 22, both of
      which are preferably adjustable. Guide plate 21 can be mounted on
      adjustable fence 18, and wiper plate 22 is preferably mounted on guide
      plate 21, but as best shown in FIG. 2, guide plate 21 is preferably
      mounted directly to fixed rail 25 of feeder 10. Threaded rods 23 and nuts
      24 adjustably mount guide plate 21 on the rail 25 of feeder 10 so that
      guide plate 21 is laterally adjustable relative to the inside edge 14 of
      output path 12. Many other mountings and adjustments are also possible for
      guide plate 21. Wiper plate 22 is vertically adjustable in slots 26 in
      plate 21, but other mountings and adjustments are also possible for wiper
      plate 22.
PAR  The input edge of guide plate 21 approached by cylinders 16 has a bevelled
      end 27, and the bottom edge 28 of guide plate 21 is in close proximity to
      the tips of pile bristles 17 and is substantially parallel with inside
      edge 14 of output path 12. Above bottom edge 28, guide plate 21 has an
      upper inclinded obliquely upward facing surface 29 extending above the
      output path and inclined to extend away from inside edge 14 with distance
      above output path 12. Surface 29 is inclined 15.degree.-60.degree.
      relative to the horizontal, and is preferably inclined by about 35.degree.
      relative to the horizontal.
PAR  As rollers 16 approach guide plate 21, they encounter the bevelled surface
      27 at the input edge of guide plate 21 and are generally urged toward the
      inside edge 14 of output path 12. Bevelled edge 27 also tends to raise up
      the ends of transversely oriented cylinders to tilt cylinders over edge 14
      to shift their mass toward edge 14 so that the tilting and the vibration
      will topple them over edge 14 and down to input region 11. Various ways
      this can occur are shown in FIGS. 4-7. For example, one circular end of
      cylinder 16b has ridden up the bevel of surface 27 as shown in FIG. 4 and
      is moving along the inclined surface 29 of guide plate 21 in a tilted
      orientation overhanging edge 14. This is also illustrated in FIG. 6 where
      cylinder 16b is shown to be unstable, especially in response to vibration
      so that it is very likely to tip over edge 14 and fall to the lower
      region. Cylinder 16c oriented in a transverse rolling orientation has
      rolled up beveled surface 27 and is rolling along surface 29 of guide
      plate 21 as shown in FIGS. 4 and 7 and is also tilted over edge 14 and is
      likely to tip over edge 14 to the lower region. A transversely oriented
      cylinder 16 that does not move up inclined surface 29 of guide plate 21 is
      necessarily forced out over inside edge 14 and also tips over edge 14 to
      the lower region as shown in FIG. 5.
PAR  The only cylinders 16 that are accepted by the inventive orienter are
      oriented in axially end-to-end alignment as shown in FIG. 2 and as
      represented by cylinder 16a of FIG. 4. Cylinders 16 oriented as shown in
      FIG. 2 have cylindrical side portions overhanging inclined surface 29 of
      guide plate 21 and bottom edge 28 of guide plate 21 and are able to pass
      underneath wiper plate 22. Wiper plate 22 is adjusted to just clear
      axially oriented cylinders 16a so that any transversely oriented cylinder
      such as cylinders 16b  or 16c of FIGS. 4, 6, and 7 that somehow reach
      guide plate 22 have an upper edge or upper corner 30 that engages wiper
      plate 22 for tipping such cylinders over edge 14 for recirculation around
      the feeder.
PAR  Wiper plate 22 need not extend for the whole length of guide plate 21, and
      can be a fairly short segment as illustrated. Wiper plate 22 is inclined
      by preferably 30.degree.relative to the horizontal to extend upward and
      toward inside edge 14 with distance above output path 12 as illustrated,
      and the angle between surface 29 of guide plate 21 and wiper plate 22 is
      preferably acute.
PAR  Orienter 20 is quickly and easily adjusted for differentsized cylinders 16
      merely by laterally adjusting guide plate 21 and vertically adjusting
      wiper plate 22. Once properly adjusted, the inventive orienter 20 quickly
      and accurately accepts only properly oriented cylinders 16 for a feeding
      speed several times faster than was possible with vertically oriented
      bushings. The inventive orienter 20 is also easily mounted and adapted to
      any vibratory feeder.
PAR  Persons wishing to practice the invention should remember that other
      embodiments and variations can be adapted to particular circumstances.
      Even though one point of view is necessarily chosen in describing and
      defining the invention, this should not inhibit broader or related
      embodiments going beyond the semantic orientation of this application but
      falling within the spirit of the invention. For example, those skilled in
      the art will appreciate the materials, configurations, and mounting and
      adjustment possibilities for applying the inventive orienter to any
      particular feeder.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vibratory feeder having an output path with an inside edge elevated
      above a lower input region, an orienter in the region of said output path
      for axially orienting uniform cylinders having a length-to-diameter ratio
      of substantially one, said orienter comprising:
PA1  a. a guide plate having a bottom edge in close proximity to said output
      path and substantially parallel with said inside edge of said output path,
      said guide plate extending upward from said output path;
PA1  b. means for adjusting the lateral distance between said bottom edge of
      said guide plate and said inside edge of said output path;
PA1  c. said guide plate having an obliquely upward facing surface inclined to
      extend upward and away from said inside edge with increasing distance
      above said output path;
PA1  d. a wiper plate mounted above said obliquely upward facing inclined
      surface of said guide plate;
PA1  e. means for adjusting the height of said wiper plate above said output
      path;
PA1  f. said wiper plate being inclined to extend upward and toward said inside
      edge with increasing distance above said output path; and
PA1  g. said guide plate and said wiper plate cooperating with each other to
      provide means for allowing the cylinders having axes aligned with said
      inside edge to move along said output path between said inside edge and
      said guide plate and underneath said wiper plate with a cylindrical side
      portion overhanging said obliquely upward facing inclined surface of said
      guide plate while the cylinders having axes transverse to said inside edge
      are forced over said inside edge by said bottom edge of said guide plate
      to fall to said lower region and are tilted by said obliquely upward
      facing inclined surface of said guide plate to tip over said inside edge
      to fall to said lower region and any of said transversely oriented
      cylinders reaching said wiper plate are tilted by said obliquely upward
      facing inclined surface of said guide plate so as to engage said wiper
      plate and are then tipped over said inside edge to fall to said lower
      region.
NUM  2.
PAR  2. The orienter of claim 1 wherein said obliquely upward facing inclined
      surface of said guide plate is inclined 15.degree. to 60.degree. relative
      to the horizontal.
NUM  3.
PAR  3. The orienter of claim 1 wherein said obliquely upward facing inclined
      surface of said guide plate is inclined about 35.degree. relative to the
      horizontal.
NUM  4.
PAR  4. The orienter of claim 1 wherein the inclination between said wiper plate
      and said obliquely upward facing inclined surface of said guide plate is
      an acute angle.
NUM  5.
PAR  5. The orienter of claim 1 wherein said wiper plate is mounted on said
      guide plate.
NUM  6.
PAR  6. The orienter of claim 1 wherein said adjusting means for said guide
      plate and said wiper plate are each screw thread means.
NUM  7.
PAR  7. The orienter of claim 1 wherein said guide plate has a bevelled input
      edge leading from said output path up to said obliquely upward facing
      inclined surface of said guide plate.
NUM  8.
PAR  8. The orienter of claim 7 wherein said wiper plate is mounted on said
      guide plate.
NUM  9.
PAR  9. The orienter of claim 8 wherein the inclination between said wiper plate
      and said obliquely upward facing inclined surface of said guide plate is
      an acute angle.
NUM  10.
PAR  10. The orienter of claim 9 wherein said adjusting means for said guide
      plate and said wiper plate are each screw thread means.
NUM  11.
PAR  11. The orienter of claim 10 wherein said obliquely upward facing inclined
      surface of said guide plate is inclined 15.degree. to 60.degree. relative
      to the horizontal.
NUM  12.
PAR  12. The orienter of claim 11 wherein said obliquely upward facing inclined
      surface of said guide plate is inclined about 35.degree. relative to the
      horizontal.
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ABST
PAL  A molded two-part moisture and shock proof container produced from
      polymeric material intended for the packaging, storage and shipment of
      projectiles. Each half of the container has a substantially cylindrical
      configuration with an enlarged open mouth and the exterior surfaces
      include uniformly spaced longitudinally extending ribs; one half is
      exteriorly threaded adjacent the open mouth thereof for threaded
      engagement within the interiorly threaded portion of the mating half of
      the container. A novel method of exterior banding is provided so that
      assemblies of multiple containers may be produced. The top and bottom
      surfaces of the container are provided with concentric annular ribs for
      the reception of a disengaging tool to permit convenient separation of the
      container halves.
BSUM
PAR  This invention relates to containers for projectiles such as shells,
      rockets, or the like. It is essential that such containers be both
      airtight and waterproof to insure the protection of the contained item(s)
      of ordnance against deterioration, either during shipment or storage,
      particularly by reason of the injurious effects of moisture. Additionally,
      it is required not only that the contained items be retained securely in
      position, and safeguarded against adverse vibratory influences, but also
      that there be ready access to the contents and no impediment or
      interference with the rapid removal of the projectile from the confines of
      the container.
PAR  In connection with ordnance of the character with which we here are
      concerned, to avoid any necessity for the individual handling of each
      container, it is highly desirable that the configuration of the containers
      be such as to permit the assembly of a predetermined and limited number
      thereof as a unit in mating relationship thereby permitting the convenient
      storage and removal therefrom, for shipping or other purposes, of such
      units and avoiding the necessity for the individual handling of each
      receptacle and contained item of ordnance.
PAR  Accordingly, it is a major object of this invention to provide a novel and
      improved container for the storing and shipment of items of ordnance which
      will insure the protection of the contained projectile against damage or
      deterioration.
PAR  It is a further object of the invention to provide a container of the
      character with which we here are concerned which will be relatively light
      weight and can be produced from nonconductive materials, as by a holding
      operation, with particular economy.
PAR  It is a still further object of the invention to provide a container for
      items of ordnance, or the like, which will have non-deformable
      characteristics thereby insuring against any distortion except under
      extremely abnormal circumstances and which may be reused repeatedly if
      desired.
DRWD
PAR  Further objects and advantages of the invention will be readily apparent
      from the following Specification, taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a front elevational view of a novel container for items of
      ordnance, or the like, constructed in accordance with the present
      invention;
PAR  FIG. 2 is a vertical sectional view of the container taken of the line 2--2
      of FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 3 is a bottom plan view of the container;
PAR  FIG. 4 is a top plan view thereof;
PAR  FIG. 5 is a fragmentary elevational, view on an enlarged scale,
      illustrating the mating extremities of the top and bottom portions of the
      container in disassembled relationship;
PAR  FIG. 6 is an elevational view illustrating four containers banded together
      for handling or storage as a single unit;
PAR  FIG. 7 is a transverse sectional view taken on the line 7--7 of FIG. 6 and
      looking in the direction of the arrows;
PAR  FIG. 8 is a perspective view illustrating the initial step in a novel
      method of securing three containers together in banded relationship as a
      single unit;
PAR  FIG. 9 is a perspective view of a novel jig required for the banding of
      three containers as a single unit;
PAR  FIG. 10 is a perspective view, similar to FIG. 9, of a slightly modified
      form of jig;
PAR  FIG. 11 is a perspective view of a novel jig designed for use in connection
      with the banding together of four containers; and
PAR  FIG. 12 is a perspective view, similar to FIG. 11, of a slightly modified
      form of jig.
DETD
PAR  As shown in the drawings, the novel ordnance or projectile container of the
      present invention, indicated generally at 10, preferably is produced by a
      molding operation from suitable thermoplastic material. Polyethylene (both
      linear, high and low density), polypropylene, and related polymeric
      resins, can be utilized to advantage. For improved characteristics, such
      as weatherability, impact resistance, stress crack resistance, and the
      like, crosslinkable polyethylene is particularly desirable.
PAR  Other materials including thermosetting compounds such as hard rubber,
      chenolics, etc., also may be utilized.
PAR  Each container 10 includes upper and lower mating portions 11 and 12 and,
      as shown more particularly in FIGS. 2 and 5 of the drawings, the upper or
      top portion 11 includes a substantially cylindrical wall portion 13 open
      at the lower end and provided with a closed end wall 14 at the other
      extremity thereof.
PAR  The top portion 11 also is provided with an outwardly projecting peripheral
      rib 15 spaced from the lower or open extremity thereof and the peripheral
      surface of said top portion includes an externally threaded portion 16
      located intermediate said peripheral rib and the mouth 17 of said top
      portion. A plurality of uniformly spaced and longitudinally extending
      reinforcing ribs 18 are provided on the exterior surface of said top
      portion and these ribs extend exteriorly of the top portion from the
      closed end thereof to the peripheral rib 15. Desirably the diameter of
      said top portion increases slightly from top to bottom thereof and the
      interior cavity is similarly tapered.
PAR  The bottom portion 12 of the container includes a cylindrical wall portion
      19 open at the upper end and provided with a closed end wall 20 at the
      other extremity thereof. The cylindrical wall portion 19 is flared
      outwardly as indicated at 21 to provide an upper extremity 22 of slightly
      increased diameter complementary to and substantially identical to that of
      the peripheral rib 15 on the upper portion of the container and said upper
      portion or extremity 22 is provided with an interiorly threaded portion 23
      for the reception of the complementarily threaded portion 16 of the upper
      portion of the container.
PAR  The peripheral surface of the upper extremity 22 is provided, intermediate
      the flared portion 21 and the open mouth 24 of the bottom portion of the
      container, with a plurality of uniformly and relatively closely spaced
      small ribs 25 and the exterior surface of said bottom portion is provided
      with a plurality of uniformly spaced and longitudinally extending
      rein-forcing ribs 26 similar to the ribs 18 on the upper portion of the
      container. Desirably the diameter of the bottom portion increases slightly
      from the bottom to the enlarged upper portion thereof and the interior
      cavity is similarly tapered.
PAR  It will be understood that the longitudinally extending reinforcing ribs 18
      and 26 serve the additional utilitarian functions of permitting the
      convenient and secure grasping of both the assembled container and the
      mating halves thereof and guarding against the possibility of inadvertent
      rolling thereof when placed in a horizontal position on a relatively flat
      surface. The intermediate small and closely spaced ribs 25 are
      particularly useful to insure the stable retention during such operations
      as either loading or unloading an item or ordnance and the threaded
      engagement or separation of the mating halves of the container.
PAR  As shown more particularly in FIG. 4 of the drawings, the top surface of
      the upper portion 11 of the container is constituted by a pair of
      concentric annular ribs 27 and 28 united by diametrically opposed and
      uniformly spaced ribs 29. This arrangement provides a plurality of
      depressed surfaces with spaced air pockets and insures and guards against
      undue transmission of shock from a vertical direction to the container
      contents. For related reasons the interior surface of the top end wall 14
      is provided with a centrally located and inwardly extending thickened
      portion 30 which presents a rounded surface to the adjacent extremity of
      the enclosed article of ordnance.
PAR  A comparable structural arrangement is provided in the bottom surface of
      the lower half 12 of the container where, as shown more particularly in
      FIG. 3 of the drawings the inner and outer concentric annular ribs 31 and
      32 are segmental and the ends of adjacent segments are united by radially
      disposed connecting ribs 33. This provides at least two pairs of passages
      34 and 35 extending across the bottom wall 20, exteriorly thereof, the
      passage 34 being disposed at right angles to the passage 35. The function
      of these passages is to permit the insertion therein of a bar-like tool
      whereby additional tightening pressure may be exerted when the mating
      halves of the container are to be assembled in closed relationship.
      Reversely, the same bar-like tool may be employed to assist in loosening
      the threaded engagement between the mating halves of the container to
      permit convenient separation for such purposes as loading, unloading
      and/or inspection of contents.
PAR  For convenience, and to avoid the necessity for the individual handling of
      each container, a plurality thereof may be fastened together in groups for
      ready handling and special jigs as shown in FIGS. 9 through 12 of the
      drawings are contemplated for such purposes. Where three containers are to
      be assembled for handling as a unit, the form of jig illustrated in FIGS.
      9 and 10 are applicable. Where assemblies or packages of either two or
      four containers are desired, the jigs of FIGS. 11 and 12 may be utilized.
PAR  As shown more particularly in FIG. 9 of the drawings the jig 35 includes a
      substantially triangular flat base portion 36 and an upstanding peripheral
      wall 37. The interior surface of the peripheral wall 37 is specifically
      conformed to provide three uniformly spaced circular recesses or seats 38
      each of which has a diameter complementary to the exterior diameter of the
      top or bottom of the container 10, it being understood that these exterior
      diameters are identical. Centrally of the base an upstanding substantially
      triangular projection 39 may be provided to assist in locating and
      stabilizing containers positioned within the jig 35. From an examination
      of FIG. 9 of the drawings it will be apparent that a substantially
      clover-leaf pattern is produced and three vertically disposed containers
      10 may be placed upon and securely retained within the jig 35 with the
      enlarged centrally located portions 22 which constitute the upper
      extremities of the bottom portions of the containers in abutting
      relationship. A metallic strap or band 40 is then applied to the assembly,
      the location thereof being substantially midway of the upper portions of
      the containers. This is illustrated clearly in FIG. 8 of the drawings. It
      then is a simple matter to remove the banded group of containers from the
      jig 35, reverse the vertical disposition thereof and return the containers
      to the jig with the banded extremities down. A second band 41 is then
      affixed to the now upwardly projecting bottom halves of the container to
      complete the assembly as is illustrated in FIG. 6 of the drawings.
PAR  Assemblies thus banded can be handled with particular facility for such
      purposes as shipping, storage and convenience of us at missile sites for
      practice purposes or under combat conditions. Moreover the removal of the
      band at one end of an assembly will permit the convenient opening of a
      container when contents inspection is required.
PAR  The jig 42 of FIG. 10 is related to that illustrated in FIG. 9 and also is
      intended for use in the banding of threemissile assemblies. As shown, this
      form of jig also is substantially triangular and includes a flat base
      portion 43 and an upstanding peripheral wall 44 providing a single
      triangular recess 45 having arcuate corners and of a size complementary to
      that required for the reception of three vertically disposed containers
      arranged in abutting relationship, banding being accomplished in the
      identical manner set forth hereabove.
PAR  The jig 46 illustrated in FIG. 11 of the drawings includes a substantially
      square flat base portion 47 and an upstanding peripheral wall 48. The
      interior surface of the peripheral wall is specifically conformed to
      provide four uniformly spaced circular recesses or seats 49 each of which
      has a diameter complementary to the exterior of the top or bottom of the
      container 10, it being understood that these exterior diameters are
      identical. Centrally of the flat base portion 47 an upstanding
      substantially rectangular projection 50 may be provided to assist in
      locating and stabilizing containers positioned within the jig 46. From an
      examination of FIG. 11 of the drawings it will be apparent that a
      substantially four-leaf clover pattern is produced and four vertically
      disposed containers 10 may be placed upon and securely retained within the
      jig 46 with the enlarged centrally located portions 22 which constitute
      the upper extremities of the bottom portions of the containers in abutting
      relationship. Banding of the ground containers is accomplished in the
      identical manner set forth hereabove. It will be understood that the
      closely spaced vertically disposed ribs 25 provided on the enlarged upper
      extremity 22 of each container function to preclude any possibility of
      independent rotative movement of an individual container whether during
      the banding operation or thereafter, the ribs 25 on adjacent containers
      serving as stops or locking means for such purposes.
PAR  The stability of the jig 46 is such that it can be utilized, if desired and
      with equal facility, for the banding of containers in groups of two
      (pairs) through the utilization of any two adjacent recesses or seats 49.
PAR  The modified form of jig 51 illustrated in FIG. 12 of the drawings is
      related to that shown in FIG. 11 and also is intended for use in the
      banding of four-missile assemblies. This form of jig also is substantially
      square and includes a flat base portion 52 and an upstanding peripheral
      wall 53 providing a single substantially square recess 54 having arcuate
      corners and of a size complementary to that required for the reception of
      four vertically disposed containers 10 arranged in abutting relationship.
      If will be understood that the radius of the arcuate corners of the recess
      53 is complementary to that of top or bottom portions of the container 10.
      With a group of four containers positioned within the jig 50, banding is
      accomplished in the identical manner set forth hereabove.
PAR  The mating halves 11 and 12 of the container preferably are produced by a
      molding operation from suitable thermoplastic material such as, for
      example, polyethylene, polypropylene, and the like. Thermosets, such as
      hard rubber, phenolics, etc., also may be employed.
PAR  Present day molding techniques make it possible to produce containers of
      the present invention to close tolerances whereby an assembled container
      will afford complete and virtually sealed protection for the enclosed
      projectile during shipment as well as periods of extended storage.
PAR  Among the essential characteristics required are weatherability including
      complete resistance to moisture and changing temperature conditions. Among
      the polyolefins which may be utilized for present purposes it has been
      found that crosslinkable polyethylene has improved weather resistance,
      high impact resistance, and increased stress crack resistance. A
      particularly suitable formula for present purposes, parts being indicated
      by weight, is:
TBL  Resin             100        parts                                        
     MT Black          50         parts                                        
     Peroxide          10         parts                                        
     Ferro 1/4" Fiberglass                                                     
                       40         parts                                        
     Zinc Stearate     4          parts                                        
PAR  With the two halves of the container molded from polymeric material of the
      character with which we here are concerned, it has been discovered that
      mere threaded engagement therebetween is all that is required to insure
      that the interior and contents will become moisture proof and protected
      against adverse exterior influences. This is by reason of the nature of
      the polymeric material which provides a natural affinity between the top
      and bottom portions particularly at the area of contact (threaded
      engagement) and a blocking condition develops thereby requiring a greater
      force to separate the mating halves than was required to effect threaded
      engagement therebetween.
PAR  Either of the jigs illustrated and described, with three and four recesses,
      respectively, may be utilized with equal facility for the banding of
      containers in pairs constituting what may be termed a "2-container back
      pack". Such an arrangement will be particularly advantageous under combat
      or training conditions where using shoulder straps or the like, an
      individual may carry a pair of projectiles with relative convenience.
PAR  There has thus been described a novel container, particularly useful for
      the storage and shipment of projectiles and the like, which may be
      produced with particular economy and which will insure the protection of
      the contents against deterioration or other adverse influences during
      protracted periods of storage. Further, the novel method of banding such
      containers in multiples or groups facilitates the handling thereof and
      permits convenient periodic inspection of contents as may be required.
PAR  It will be obvious to those skilled in this art that various changes may be
      made in the invention without departing from the spirit and scope thereof
      and reference is had to the claims for summaries of the essentials of the
      invention, novel features thereof and novel combinations of parts for all
      of which protection is desired.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shipping and storage container for items of ordnance, said container
      comprising top and bottom mating portions each of which includes a
      substantially cylindrical wall portion having an open mouth at the inner
      extremity thereof and a closed end wall at the outer extremity thereof;
      said top portion having an integral outwardly projecting peripheral rib
      spaced from the lower open extremity thereof, the end surface of said
      peripheral rib providing an abutment shoulder, the outer peripheral
      surface of said top portion including an externally threaded portion
      located intermediate said peripheral rib and said open mouth, and the
      outer peripheral surface of said top portion having a plurality of
      uniformly spaced longitudinally disposed ribs extending from said
      peripheral rib to the upper extremity of said top portion; said bottom
      portion having an outwardly flared portion spaced from the upper open
      extremity thereof and an integral upper extremity of increased diameter
      complementary to that of the peripheral rib on said upper portion, the end
      surface of said extremity of increased diameter contacting said abutment
      shoulder when said top and bottom mating portions are in assembled
      relationship thus limiting the extent of entry of the bottom portion into
      said top portion, said extremity of increased diameter being interiorly
      threaded for the reception of said complementarily externally threaded
      portion, the peripheral surface of said upper portion of increased
      diameter having a plurality of uniformly and closely spaced ribs located
      intermediate said outwardly flared portion and said open mouth, and the
      outer peripheral surface of said bottom portion having a plurality of
      uniformly spaced longitudinally disposed ribs extending from said
      outwardly flared portion to the lower extremity of said bottom portion.
NUM  2.
PAR  2. A shipping and storage container as set forth in claim 1 where the outer
      surfaces of said end walls are constituted by a pair of concentric annular
      ribs united by a plurality of radially disposed connecting ribs providing
      a plurality of spaced air pockets therebetween.
NUM  3.
PAR  3. A shipping and storage container as set forth in claim 2 where said
      radially disposed connecting ribs are located in diametrically opposed
      pairs.
NUM  4.
PAR  4. A shipping and storage container as set forth in claim 3 where on at
      least one of said end walls the spaced pair of concentric annular ribs is
      segmental and the radially disposed connecting ribs define two pairs of
      transverse passages for insertion of a tool to assist selectively in the
      engagement or disengagement of the threaded relationship between the
      mating portions of the container.
NUM  5.
PAR  5. A shipping and storage container as set forth in claim 4 where said
      mating portions are molded from polymeric material.
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ABST
PAL  A contact lens holder is provided with a pair of receptacles to receive a
      pair of contact lenses for holding them in place while they are inserted
      into a container. The container has liquid therein to be heated to a
      sterilization temperature, thereby sterilizing the contact lenses. A
      relatively movable vessel is positioned within the container and held in a
      desired position during the heating operation. The vessel is formed of
      transparent material and contains a quantity of eutectic material viz. a
      material having a specified melting point. At the outset of the
      sterilization process the vessel is positioned such that the eutectic
      material, solid at temperatures below the sterilizing temperature, is at
      top of the vessel. The eutectic material melts once the sterilization
      temperature is reached and will flow to the bottom of the vessel, thereby
      indicating that the sterilization temperature has in fact been reached
      upon subsequent cooling and removal of the holder. Since the eutectic
      material solidifies upon cooling, subsequent reuse of the contact lens
      holder requires only that the vessel be inverted to again place the solid
      eutectic material at the top of the vessel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to holders for receiving contact lenses,
      and more particularly to indicating means to be employed with holders to
      provide the user with an indication that the sterilizing temperature has
      been reached.
PAR  Contact lenses, both of the hard and soft type, often must be sterilized
      before they are suitable for use. The large numbers of different lens
      prescription often encountered by doctors and manufacturers require that
      the individual pairs of contact lenses be maintained separate. To this
      end, each pair of contact lenses is inserted into a separate container
      which may also have receptacles therein for holding the right and left
      lens spaced apart so they do not become confused. These containers are
      commonly referred to as contact lens holders. A quantity of fluid is then
      administered to the container and then the container is placed in an
      autoclave or boiler for heating the fluid to a sterilization temperature.
      The fluid within the container is in direct contact with the lenses and
      effects sterilization thereof. After the sterilization temperature has
      been reached, the contact lens holders are removed from the heating
      apparatus and allowed to cool sufficiently to enable removal of the
      contact lenses. One common type of contact lens holder which is used for
      the sterilization of contact lenses is shown in U.S. Pat. No. 3,770,113.
      One problem presently encountered with this and other types of holders is
      that it is virtually impossible to determine whether or not the lens have
      been heated sufficiently to reach the sterilization temperature. Should
      the heating apparatus malfunction, or the heating cycle be of insufficient
      duration to raise the temperature of the fluid within the holder to the
      desired sterilization temperature, there will be no sterilization of the
      contact lenses. This condition can go undetected and therefore may cause
      irritation or infection to the user of the unsterilized contact lenses.
PAR  The present invention, as will be explained more fully hereinafter, is
      concerned with overcoming the problem inherent in the prior art. More
      specifically, the present invention provides means which will indicate to
      a user whether or not the proper sterilization temperature was in fact
      reached.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved contact lens holder which can be subjected to high temperatures
      to cause sterilization of contact lenses placed therein and which
      overcomes the problems presently encountered with present contact lens
      holders.
PAR  Another object of this invention is to provide a new and improved contact
      lens holder which will provide an indication that the sterilization
      temperature has been reached during the heating operation.
PAR  Still another object of this invention is to provide a contact lens holder
      with indicating means to indicate that a sterilization temperature has
      been reached and which indicating means can be reset for reuse during a
      subsequent sterilization period.
PAR  A further object of this invention is to provide a new and improved contact
      lens holder which is simple and inexpensive to manufacture but has a high
      degree of reliability and efficiency when used.
PAR  Briefly, a contact lens holder embodying the present invention may include
      a container having a pair of receptacles for receiving a pair of contact
      lenses. The receptacles may be marked or fashioned to enable the user to
      identify the right lens from the left lens when inserted and removed.
      Associated with the contact lens holder is a transparent vessel containing
      a quantity of eutectic material, such as a wax with a specific melting
      point. The vessel is partially filled with this eutectic material. The
      eutectic material is of a character to be substantially solid at all
      temperatures below the sterilization temperature of the contact lenses and
      then liquify at the sterilization temperature. The vessel is initially
      positioned within the lens holder so that the solid eutectic material is
      at the upper portion of the vessel. The melting of the eutectic material
      causes it to flow to the bottom portion of the vessel, which indicates
      that the sterilization temperature has been reached. When the container is
      removed from the heating apparatus and opened, after cooling, the user can
      visually inspect the vessel to see that the eutectic material has melted
      and fallen to the bottom half of the vessel. The indicating vessel can be
      used again by rotating the vessel 180.degree. so that the now solid mass
      of eutectic material is again at the top of the vessel.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements and components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a contact lens holder constructed in
      accordance with the principles of this invention and showing the lens
      receptacles secured to the cap and removed from the container of the lens
      holder;
PAR  FIG. 2 is a fragmentary perspective view of a central support of the lens
      holder and illustrates the transparent vessel for containing the eutectic
      material material therein;
PAR  FIG. 3 illustrates the central support and vessel in an assembled
      condition;
PAR  FIG. 4 is an enlarged fragmentary view showing the vessel secured to the
      central support and held in place by protuberances extending into detents
      formed in the vessel; and
PAR  FIG. 5 is a fragmentary sectional view taken along line 5-5 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1 there is seen an exploded view of a contact lens
      holder constructed in accordance with the principles of this invention and
      designated generally by reference numeral 10. The contact lens holder 10
      includes a cap 11 having a raised finger-gripping portion 12 to facilitate
      the user to threadedly fasten and unfasten the cap to a container body 13.
      The cap 11 and container body 13 are there illustrated as being
      substantially cylindrical in configuration. It will be understood,
      however, that other configurations can be utilized, such as a rectangular
      or square body having a snap-open cap. Secured to the cap 11 is a central
      support member 14. The support member 14 has a stem portion 16 extending
      upwardly therefrom to be inserted into a correspondingly shaped slot, not
      shown, formed in the underside portion of the cap 11. The central support
      14 may be removed from the cap if desired.
PAR  A pair of cup-shaped cover members 17 and 18 are hingedly secured to the
      central support 14. The covers 17 and 18 cooperate with the central
      support to form a pair of spaced apart receptacles. The cover members 17
      and 18 have C-shaped hook portions 17a, 17b and 18a, 18b, respectively,
      formed at their upper ends to be inserted into openings 20 and 21 formed
      within the central support 14, as best seen in FIGS. 2 and 3. In a
      well-known manner the C-shaped hook members 17a, 17b and 18a, 18b are
      sufficiently long so that they remain at all times engaged in the openings
      20 and 21 as the cover members 17 and 18 are raised upwardly. The extent
      of pivotal movement of the covers is limited by the fact that they abut
      the peripheral margin of the cover 11 before the hooks 17a, 17b or 18a,
      18b can not become dislodged from the openings 20 and 21. However, by
      removing the central support 14 from the cap 11 the covers 17 and 18 can
      be pivoted a sufficient distance to enable the hooks 17a, 17b and 18a, 18b
      to be disconnected from the openings 20 and 21, thereby allowing the
      covers to be removed from the central support if desired.
PAR  Contact lenses are placed beneath the covers 17 and 18 and supported
      between the respective covers and the central support 14. In the
      illustrated embodiment the covers 17 and 18 are provided with slots 19a
      and 19b, respectively, to enable fluid within the container 13 to come in
      contact with the lenses. To insure that the covers do not open, and the
      contact lenses fall out, a latch portion 22 is formed on the cover 17 and
      a latch portion 23 is formed on the cover 18. The latch portions 22 and 23
      engage recesses 24 and 26, respectively, formed on the central support 14,
      as best seen in FIGS. 2 and 3. The latch means 22 and 23 may be provided
      with raised portions, as indicated by reference numeral 23a to snap over a
      tapered endwall portion of the notches, as indicated by reference numeral
      26a. The central support 14 forms a common wall between the receptacles
      formed by the covers 17 and 18.
PAR  To this point the basic design of the lens holder 10 is similar to that as
      shown in U.S. Pat. No. 3,770,113. The present invention improves over the
      design as described in said patent in the provision of means to indicate
      that the sterilization temperature has been reached. Generally, this
      function is provided by a vessel 30 which serves a dual purpose in that
      said vessel contains the eutectic material mentioned previously, and also
      provides convex supporting surfaces for the lens elements, best
      illustrated in FIG. 5.
PAR  In accordance with the disclosed embodiment of the invention a vessel 30
      has a pair of diametrically opposed pin elements 31 and 32, and the
      central support has a pair of diametrically opposed sockets 33 and 34. The
      pin elements 31 and 32 are inserted into the sockets 33 and 34,
      respectively, so that the vessel can rotate about the axis of the pin
      elements. To facilitate rotation of the vessel 30 the pin element 31 is
      provided with a T-handle portion 36. Preferably, the vessel 30 is formed
      of high temperature molded clear plastic elements or halves 37 and 38
      which are secured together along a seam formed at their interface 39. A
      pair of detents 43 and 44 are formed on opposite sides of the vessel 30
      and arranged to be substantially perpendicular to the axis of the pins 31
      and 32. The detents engage protuberances 46 and 47, respectively, to hold
      firmly the vessel in a vertical position relative to the central support
      14 and to insure that the vessel will not inadvertently rotate during use.
PAR  Most advantageously, a quantity of eutectic material 40 is contained within
      the vessel 30, and the eutectic material preferably has a melting
      temperature equal to the sterilization temperature to be obtained within
      the container 13.
PAR  Pursuant to a standard type of sterilization procedure, a quantity of
      liquid 50 is placed within the container 13, this liquid either being a
      disinfectant or plain water. Contact lenses, indicated in phantom line in
      FIG. 5, are placed beneath the covers 17 and 18 and captured within the
      receptacle formed thereby, resting on the convex surfaces of vessel 30.
      The covers are locked in place by the latch portions 22 and 23. The
      central support 14 together with the vessel 30 and contact lenses held by
      the covers 17 and 18, are inserted into the container 13 and the cap 11 is
      tightened. The contact lens holder 10 is then placed in a heating unit,
      such as an autoclave or boiler so that the temperature of the liquid
      within the container is raised to a sterilization temperature. The
      position of the vessel 30 is such that at the initial portion of the
      sterilization cycle the eutectic material 40 is placed at the top of the
      vessel. When the temperature of the liquid within the container reaches
      the sterilization temperature desired, the eutectic material 40 will melt
      and flow to the bottom of the vessel. After the lens holder 10 has cooled
      and been opened for removal of the contact lenses a simple visual
      inspection of the vessel will enable the user to determine readily whether
      or not the sterilization temperature has been reached, this being
      indicated by the presence of the eutectic material at the bottom of the
      vessel.
PAR  When it is again desired to use the lens holder to sterilize lenses, the
      vessel 30 is rotated about the axis of the pins 31 and 32 to again place
      the eutectic material at the top of the vessel. A subsequent sterilization
      is then performed and the eutectic material will again melt and flow to
      the bottom of the vessel. Should a malfunction of the heating apparatus
      occur the eutectic material will not melt. Therefore the eutectic material
      will remain in the upper portion of the vessel. This then will indicate to
      the user that a proper sterilization temperature has not been reached.
PAR  Accordingly, what has been described in a simple and efficient contact lens
      holder which provides indication of whether or not a desired sterilization
      temperature has been reached within the container of the contact lens
      holder. While the present invention has been illustrated with regard to a
      single specific embodiment or type of lens holder, it will be understood
      that other types may be employed, or that numerous variations and
      modifications may be effected without departing from the spirit and scope
      of the novel concepts disclosed and claimed herein.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. In the combination of a contact lens holder including a container body,
      a closure member for said container body and a central support member
      carried by said closure member and positionable within said container
      body, said central support member including means for receiving contact
      lenses to be sterilized by the subjecting thereof to a sterilizing
      temperature within said container body, said central support including a
      relatively rotatable transparent vessel, a quantity of eutectic material
      container within said vessel which material will be substantially solid at
      temperatures below said sterilization temperature and will become liquid
      at said sterilizing temperature or above, said quantity of eutectic
      material only partially filling said vessel, means rotatably mounting said
      vessel to said central support for rotative movement about a horizontally
      disposed axis, and means for releasably fixing the position of said vessel
      relative to said horizontal axis, such that prior to sterilization, said
      vessel being positioned with the solid eutectic material in an elevated
      orientation, such that upon achieving the sterilizing temperature, said
      eutectic material will become liquid and will flow to the bottom of said
      vessel, thereby providing a visual indication as to the achievement of
      said sterilizing temperature, with said rotatable mounting enabling said
      vessel to be repositioned for subsequent sterilizing operations.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein said means for receiving
      said contact lenses comprises oppositely facing concave surfaces for
      supporting contact lens elements, a pair of recessed cover elements
      pivotally mounted to said support member to overlie said concave surfaces
      and any lens elements thereon.
NUM  3.
PAR  3. The combination as defined in claim 2 wherein said transparent vessel
      provides said oppositely facing concave surfaces.
NUM  4.
PAR  4. The combination as defined in claim 1, wherein said means for releasably
      fixing the position of said vessel comprises, a handle joined with said
      vessel for effecting selective rotation thereof, and protuberances and
      detent means on said vessel and said support member, which when engaged
      will fix the position of said vessel, said engagement being releasable to
      reposition said vessel as desired.
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ABST
PAL  An improved package for sutures in which an inner suture retainer is
      intimately connected to the sealed outer envelope so that when the outer
      envelope is opened, the suture end in the inner retainer is exposed for
      immediate pick-up.
BSUM
PAR  The present invention relates to packages for surgical sutures. The
      expression "suture" or "sutures" as herein employed refers to elongated
      surgical strands suitable for suturing or other surgical procedures, and
      includes those strands commonly called either sutures or ligatures. The
      expression "suture" or "sutures" also is intended to embrace sutures with
      needle attached as well as un-needled sutures.
PAR  A suture is normally employed in an operating room under conditions making
      unnecessary handling during the removal of the suture from the package
      undesirable. Attempts are made continually to design suture packages to
      minimize handling but existing packages still require several manipulative
      steps before the terminal portion of the suture or the needle is available
      for grasping. Existing packages usually comprise a hermetically-sealed
      envelope which first is opened by tearing or stripping to expose an inner
      suture retainer or a sleeve from which the suture or sutures are removed
      by some manipulative device. Many sutures are packaged in single suture
      packages in which the suture is arranged in a retainer which separates the
      terminal portion of the suture with or without attached needle from the
      bulk of the suture. Such retainers normally have multiple panels which
      function to separate the end of the suture and needle from the bulk of the
      suture and to aid in maintaining the needle in position. In suture
      packages with such retainers, it is necessary not only to open the package
      but also to remove the retainer and open the retainer before access to the
      needle may be had.
PAR  The present invention is directed particularly to packages containing a
      single suture or multiple sutures arranged in a retainer. The purpose of
      the present invention is to provide a suture package in such a manner that
      when a suture is required, it may be obtained with minimum handling in a
      most expeditious and efficient manner and in which the manipulative steps
      heretofore required are reduced or avoided. With the present invention,
      the steps of removing the suture retainer from the package and step of
      opening the retainer to expose the terminal portion of the suture are
      rendered unnecessary.
PAR  According to the present invention, a suture package is provided such that
      when the sealed envelope or packet is opened by exerting a pulling force,
      a portion or section of the top panel of the suture retainer
      simultaneously separates or detaches in such a manner as to expose the
      suture in a position suitable for facile and immediate pick-up. The
      pulling force exerted when the envelope is opened may occur both in
      envelopes which are opened by tearing and in envelopes which are opened by
      stripping. Thus, when an envelope is to be opened by tearing, the operator
      holds the package on both sides of the tearing notch and exerts force in
      opposite directions, one of which is a pulling force. When the envelope is
      to be opened by stripping, the operatore holds top and bottom stripping
      flaps and exerts a pulling force on the top flap to separate the panels or
      a portion thereof. The present invention is applicable to suture packages
      opened in either of the above ways. The invention hereinafter is described
      in terms of a package containing one suture but is understood to include
      those containing more than one suture.
PAR  The package of this invention comprises a sealed envelope of two panels
      sealed at the peripheral edges and a multiple-paneled inner suture
      retainer with the panels of the retainer preferably foldably connected to
      one another with the top retainer panel having a terminal detachable
      section and intimately connected to the sealed envelope so that a pulling
      force on the envelope exerts a simultaneous force on the detachable
      section. In the retainer, one panel functions as a support for the
      arranged suture, i.e., coiled, wound, etc., and there is present at least
      one additional panel foldably connected to the edge of the first panel and
      adapted to fold over the arranged suture to sandwich and secure the suture
      between the panels. This panel may function as the top panel with a
      detachable section, particularly if the suture end is held separate from
      the major portion of the arranged suture such as by a tab on the underside
      of the panel. Preferably, the retainer has at least three panels so that
      the panel having the primary function of securing the arranged suture is
      distinct from the panel having a detachable section. In a three-panel
      arrangement, the suture is placed on the main or first panel with the end
      of the suture with or without needles extending from one end of the panel
      which may be called the dispensing end. Thereafter, the second panel is
      folded over the arranged suture locking it in position and the extended
      suture end is folded back and placed on top of the second panel and the
      third panel then folded on top of the second panel locking the suture end
      in place. The expression "suture end" refers to the terminal portion of
      the suture which is to be grasped in use and is inclusive of the attached
      needle if the package contains a needled suture. The third panel is the
      top panel which is separable as hereinafter described to accomplish the
      objects of the present invention.
PAR  The top retainer panel is connected at one end to the envelope by a
      connecting device or means so that when the sealed envelope is opened by a
      pulling force exerted on at least a portion of the envelope, that pulling
      force exerts a simultaneous force on one end of the top retainer panel
      bringing about a separation of the top retainer panel thereby exposing the
      suture end. The connecting means may be a tab to be imbedded in the
      peripheral seal or it may be an adhesive bond as hereinafter more fully
      described. To aid in the separation, the top panel preferably is modified
      by a line of weakening extending across the panel for readily separating
      the top panel into two sections. A preferred line of weakening is a slit
      especially a single slit extending substantially across the width of the
      panel, but may be also several discontinuous slits or perforations. Other
      lines of weakness include crease, score, etc. which accomplish the same
      purpose. Additionally, the invention embraces a retainer in which the top
      panel has no line of weakening. However, inasmuch as an irregular tear of
      the top panel is less desirable, it is beneficial to provide a line of
      weakening, preferably a slit.
PAR  In one embodiment of the present invention, the top panel of the retainer
      is modified by the provision of a slit and a tab. The tab is the
      connecting means to intimately connect the inner retainer to the sealed
      envelope by being imbedded and sealed in the peripheral seal of the
      envelope at an appropriate position. Thus, when the envelope is opened by
      tearing or stripping, the tab is simultaneously acted upon. The tab is
      further related to the position of the slit so that when the tab is acted
      upon, a separation or detachment of a portion of the top retainer panel
      occurs at the position of the slit thereby exposing the needle and
      terminal portion of the suture.
PAR  In another embodiment of the present invention, the top panel is provided
      with a slit and at least that section of the panel closer to the
      dispensing end is secured to the envelope by an adhesive bond. The
      expression "adhesive bond" is intended to embrace any means which would
      normally impart results expressable as bonding, sealing or adhesion. Heat
      sealing is preferred although pressure seal or other adhesive means is
      suitable. The adhesive bond is applied at adjacent portions of the
      retainer and envelope panel and is the connecting means to connect the
      inner retainer to the envelope. Thus, when the envelope is opened, the
      section of the panel at the dispensing end remains connected to the
      adjacent envelope causing a separation of the panel thereby exposing the
      terminal portion of the suture and needle. The latter embodiment also may
      be used for packages opened either by tearing or stripping and is a
      preferred embodiment for use with packages opened by stripping.
PAR  Preferably, the present invention is employed in connection with a
      hermetically-sealed outer envelope which is to be opened by tearing. Such
      envelope is made of two panels, preferably of laminated plastic-aluminum
      foil with a seal extending completely around the periphery. It is usually
      provided with a tearing notch close to the dispensing end, i.e., the end
      where the suture end is located. When such envelope is opened by exerting
      a force in opposite directions, usually the terminal portion of the
      envelope is pulled frontwardly. Thus, when the connecting means is a tab,
      the tab is preferably positioned in the seal at the terminal portion with
      respect to the position of the tearing notch so that when the package is
      ready to be opened, the pulling motion on the terminal portion of the
      envelope simultaneously exerts a pulling motion on the tab and with the
      tearing of the outer envelope detaches a portion of the top panel exposing
      the suture end in a position of immediate grasping with a needle holder or
      other means.
PAR  When an adhesive bond is employed as connecting means, a portion of at
      least the terminal section of the retainer is bonded or heat sealed to the
      adjacent envelope panel. The terminal section of the retainer would be
      positioned in the packet toward the terminal portion of the packet with
      respect to the tearing notch. When the package is to be opened, the
      operative steps and the results achieved are as described above in the
      package in which a tab in the peripheral seal is the connecting means.
PAR  The present invention may also be employed in connection with a
      hermetically-sealed outer envelope which is to be opened by stripping.
      Such envelope also is made of two panels with a seal extending completely
      around the periphery, but is generally provided with stripping flaps on
      one end of the package which are employed to separate the panels or a
      portion thereof. For use with such envelope, the detachable section of the
      retainer is connected to the envelope at the end proximate to that
      provided with stripping flaps. Thus, when the stripping flaps are gripped
      and the top panel pulled, at least partially away, the detachable section
      connected to the panel separates, exposing the suture end. For use with a
      strippable outer envelope, an adhesive bond is preferred to intimately
      connect the detachable section to the envelope.
DRWD
PAR  The present invention and advantages thereof will become apparent in the
      following detailed description and accompanying drawings which illustrate
      preferred embodiments contemplated by this invention but are not intended
      to limit the invention.
PAR  FIG. 1 is a plan view showing an unfolded suture retainer suitable for use
      in connection with the present invention;
PAR  FIG. 2 is a similar plan view of the retainer of FIG. 1 showing an arranged
      suture in the retainer, illustrated with a figure-eight coil;
PAR  FIG. 3 is a schematic plan view of the retainer and suture of FIG. 2
      showing the second panel folded down over the first panel and with the
      curved needle and suture end positioned over the second panel;
PAR  FIG. 4 is a plan view of the retainer of FIGS. 1-3, with the panels folded
      together and locked into position and showing the slit and protruding tab;
PAR  FIG. 5 is a schematic plan view of a complete suture package showing the
      suture retainer in position and hermetically-sealed within an outer
      container provided with a tearing notch;
PAR  FIG. 6 is a schematic plan view showing the package of FIG. 5 after having
      been torn open;
PAR  FIG. 6a is a fragmentary plan view of an opened package similar to FIG. 6
      showing optional use of a tab to hold the needle in position;
PAR  FIG. 7 is a schematic plan view of another embodiment showing a complete
      suture package with a tearing notch located at the end of the package;
PAR  FIG. 8 is a plan view of an unfolded suture retainer according to another
      embodiment of the invention;
PAR  FIG. 9 is a schematic plan view of a complete suture package employing a
      suture retainer of FIG. 8;
PAR  FIG. 10 is a schematic plan view of a complete suture package employing
      suture retainer similar to that of FIG. 8 in a strippable package.
DETD
PAR  Referring to the drawings, FIG. 1 shows a suture retainer 20 which
      comprises three panels, i.e., a first panel 21 on which the suture is to
      be positioned, a second panel 22 connected to one longitudinal edge of the
      first panel 21 along fold line 32 and a third panel 23 connected to an
      opposite longitudinal edge of the first panel 21 along fold line 33. The
      retainer may be formed from any suitable relatively stiff sheet material,
      such as conventional paperboard, plastic sheet such as polypropylene,
      heavy gauge foil, or the like. Preferably, the retainer is cut from a
      single sheet of material and the fold lines 32 and 33 are scored on the
      sheet material. The panels of the retainer are modified in the following
      manner. Panel 23 is provided with a tab 30 proximate to one terminal
      portion of the panel namely, the dispensing end, and a slit 31 extending
      approximately from the base of the tab across the panel 23. Although the
      slit is shown in the drawings to extend diagonally, it may extend
      vertically across the width of the panel. The slit may be substituted with
      any line of weakness such as a perforation, or may even be omitted
      entirely when the retainer is made of paperboard or other easily tearable
      material. Any suitable locking combinations may be employed for
      interlocking or securing the panels. Illustrated in FIG. 1 are (1) a
      locking tab 25 provided on the free longitudinal edge of panel 22 to be
      employed in combination with slit 26 to lock panels 21 and 22 together and
      (2) a foldable cut or notch 28 bridging panels 21 and 22 to be employed in
      combination with slit 29 on the free longitudinal edge of panel 23 to lock
      the retainer. In addition, panel 22 preferably is provided with notch 27
      as guide for the suture end. Neither the locking combinations nor the
      guide notch are part of the present invention.
PAR  FIG. 2 shows suture 10 positioned on the first panel 21 of retainer 20 with
      the end portion of the suture including needle 15 extending beyond the end
      of panel 21. In FIG. 2, the suture is seen in a figure-eight coil
      previously described in U.S. Pat. No. 3,444,494. The suture may also be
      positioned on the panel in any other nonentangling manner (not
      illustrated). Thus, the suture may be wound on a reel and the reel
      positioned thereon, or the suture may be positioned in a zig-zag
      arrangement, or wound in a helical, spiral, circular, cross, elliptical or
      any other manner provided that the arrangement be such that it is
      untangling when it is drawn out. Other arrangement methods described or
      known to those skilled in the art may also be employed.
PAR  As seen in FIG. 3, the second panel 22 is folded down over the suture coil.
      The locking tab 25 is positioned in locking slit 26 along the fold line 33
      between the first panel 21 and the third panel 23.
PAR  FIG. 3 illustrates how the suture 10 including needle 15 which is shown
      extending beyond the dispensing end of panel 21 in FIG. 2 is curved back
      and superimposed over the second panel 22. Curved notch 27 on the
      dispensing end of the second panel 22 is useful in guiding the suture into
      an appropriate position but is not necessary nor part of the present
      invention. When the suture is wound in some other configuration, e.g.,
      zig-zag, elliptical, coil, reel, etc., it is also curved back and
      superimposed on the second panel 22. Panel 22 may be provided with notch
      27 or equivalent as a guide for the suture in any of the winding
      configurations.
PAR  After the end of the suture 10 including needle 15 have been positioned
      over the second panel 22, roughly as shown in FIG. 3, the third panel 23,
      is folded over the suture end thereby locking the second panel 22 in
      position and retaining the suture end firmly between the second and third
      panels. For this purpose, a locking combination is provided at the free
      longitudinal edge of the third panel 23 and along the folded longitudinal
      edge between panels 22 and 21. The illustrated locking combination is a
      cut 28 and slit 29 combination, cut 28 being seen in FIGS. 1 and 2 in an
      unfolded form. FIG. 4 shows cut 28 inserted in slit 29 locking the panels
      together.
PAR  Although the foregoing locking device is convenient, other locking means
      may be employed; locking means do not constitute part of the present
      invention. Thus, for example, another locking combination (not
      illustrated) would be a rectangular notch centered on the fold line
      between the first and second panels to be employed with a locking tab on
      the outer longitudinal edge of the third panel cut with inclined edges so
      that the edges are wider than the notch at the ends. The locking
      combinations to be employed lock the third panel securely to the first and
      second panels.
PAR  FIG. 4 illustrates the retainer in a folded and locked position showing the
      tab 30 which is to be placed in the seal of the outer envelope. The slit
      31 which extends across the panel starts substantially at the base of the
      tab. A very small section of the panel preferably is left uncut before the
      start of the slit. The portion left uncut should be sufficiently small so
      that a separation of the terminal portion of panel 23 will readily occur
      when there is a pull exerted on the tab while holding the remainder of the
      retainer in position. The angle of the slit is not critical. although a
      diagonal slit is preferred, the slit may extend straight across the width
      of the panel. Moreover, in the case of sutures with needle attached, it is
      desirable to position the slit in a manner such that when the package is
      opened, the needle while visible and accessible is held in place by the
      undetached portion of the top panel.
PAR  FIGS. 5 and 6 illustrate the complete suture package before and after
      opening according to one embodiment of the present invention.
PAR  FIG. 5 illustrates folded retainer 20 containing a suture packaged in a
      hermetically-sealed envelope 40, of the type adapted to be opened by
      tearing. The envelope has front panel 41 and back panel (not shown) joined
      by a peripheral seal 43, and a tearing notch 44 along one longitudinal
      edge proximate to one end of the envelope which serves as the dispensing
      end. When the retainer 20 is packaged in the envelope 40, the tab 30 of
      the retainer is sealed into the peripheral seal 43. The retainer is placed
      in the envelope 40 in such a manner that the tab 30 is positioned in the
      seal in a direction which is toward the end of the envelope with respect
      to the tearing notch. The tab 30 provides a communication between the
      outer envelope and inner retainer and is designed to cooperate with the
      tearing notch 44 so that when the package is opened by tearing the end
      portion frontwardly and downwardly (see also FIG. 6), the tab 30 is
      simultaneously pulled frontwardly and downwardly causing the top panel 23
      of the retainer to separate along the slit 31 thereby partially exposing
      the end of the suture 10 including needle 15 lying below the top panel.
PAR  FIG. 6 illustrates the tear-open package after it has been opened. The
      front panel 41 of the outer envelope has been pulled frontwardly starting
      at the tearing notch 44 with a major portion of the top panel 23 still in
      position in the package and the end portion of panel 23 connected to the
      tab 30 having been pulled forward and separated at the slit 31. A portion
      of second panel 22 is seen as having been exposed by the separation of a
      portion of panel 23; on top of panel 22 is seen the needle 15 and the end
      portion of suture 10 which is seen to emerge to notch 27 from between
      panel 22 and panel 21, the latter being visible only where panel 22 is cut
      away at notch 27. The needle is seen to be held in place by the undetached
      portion of panel 23. It can readily be seen from FIG. 6 that after a
      single motion of opening the package the suture end or needle is exposed
      ready to be grasped for its intended use.
PAR  It is noted in FIG. 6 that the needle is held in position by the undetached
      portion of the top panel 23. In the case of packages of finer sutures and
      smaller suture needles, a diecut tab, a slit or even a hole optionally may
      be incorporated on panel 22 to assist in positioning and/or retaining the
      needle or in immobilizing the needle for more ready grasping. FIG. 6a
      illustrates a package similar to that of FIG. 6 after opening showing
      needle 15 being held in place with a diecut tab 35 on panel 22.
PAR  Although the positioning of the tearing notch along one longitudinal edge
      with the tab imbedded in the seal toward the end of the envelope as a
      connecting means constitutes a preferred embodiment, the tearing notch may
      be positioned at the terminal edge of the envelope. When the tearing notch
      is at the terminal edge, a modified retainer is employed. Such retainer
      would have the tab along the terminal edge and the slit would form a
      shallower diagonal. The tab would then be imbedded in the seal at the end
      of the envelope.
PAR  FIG. 7 illustrates the tear-open type envelope 40a with a tearing notch 44a
      and a tab 30a imbedded in the seal at the end.
PAR  The invention has been described and illustrated in detail above in terms
      of a preferred embodiment of the present invention namely one in which a
      tab imbedded in the peripheral seal is the connecting means connecting the
      detachable section of the retainer to the envelope.
PAR  The invention also embraces the use of adhesive bond such as heat seal,
      pressure seal, other adhesive means, etc. for connecting the detachable
      section of the retainer to the envelope. In this modification, the
      detachable section of the retainer and adjacent envelope panel are bonded
      by an adhesive bond so that when the envelope is opened, the detachable
      portion of the top panel of the retainer simultaneously separates exposing
      the suture end.
PAR  FIGS. 8-9 illustrate a modified package construction which differs from the
      embodiment of FIGS. 1-7 in that the detachable section of the retainer is
      connected to the envelope by bonding. FIG. 8 is a plan view showing an
      unfolded suture retainer 20a according to another preferred embodiment of
      the present invention. It is substantially identical to the retainer shown
      in FIG. 1 except that it is lacking in the tab 30 of FIG. 1. The suture
      may be positioned in any desirable manner on panel 21 and the panels
      folded and the suture locked in place in a manner similar to that
      illustrated in FIGS. 3-4.
PAR  FIG. 9 is a schematic plan view with parts broken showing the complete
      suture package of a hermetically-sealed envelope 40 with suture retainer
      20a in position and showing preferred area of bonding or adhesion A of the
      retainer to the envelope.
PAR  The procedure for opening the package is the same as seen in FIGS. 5-6.
      Thus, when the envelope is opened by pulling forward the terminal portion
      with respect to the tearing notch, the detachable portion of the retainer
      is simultaneously pulled away exposing the suture end including the
      needle.
PAR  FIG. 10 illustrates still another embodiment of the invention, namely, one
      in which the invention is employed with an envelope which is of a
      pull-open or strip-open type. FIG. 10 shows folded retainer 20a packaged
      in a hermetically-sealed envelope 40b with the detachable section of the
      retainer intimately connected to the envelope by bonding at B. When the
      envelope is opened by pulling away on the top stripping panel at pull tab
      P, the detachable section of the retainer pulls away at slit 31b exposing
      the suture end. In a package employing this opening method, the slit 31b
      on the top panel defining the detachable section is preferably placed
      across the panel at right angles to the length rather than diagonally
      across the panel.
PAR  In addition to the foregoing, a pull-open or strippable package may employ
      a tab as connecting means, but is less preferred.
PAR  In describing the foregoing embodiments of the present invention, the
      suture retainer shown has been a three-panel suture retainer and the
      suture was coiled in a figure-eight coil. However, sutures wound or
      positioned in other ways which permit drawing out without tangling may be
      employed. Although a three-panel arrangement for retainer is preferred
      since it permits separation of the needle and suture from the remainder of
      the suture by inclusion of a panel for this purpose, a two-panel
      arrangement may be employed with the second panel as the partially
      detachable panel. Alternatively, a four-panel arrangement is also feasible
      provided the panel arrangement is such that all the panels be open at the
      end from the suture is to be drawn, i.e., the dispensing end and provided
      that the needle is positioned immediately below the top partially
      detachable panel.
PAR  The package of this invention is useful in connection with the packaging of
      both relatively stiff sutures such as monofilaments and relatively
      flexible sutures such as braids. These materials may be natural or
      synthetic in origin and be absorbable or non-absorbable. Some specific
      suture materials applicable in connection with this invention are braided
      and twisted silk, braided and monofilament nylon, coated and uncoated
      polyester, catgut, braided and monofilament polypropylene and
      polyethylene, cotton, linen, homopolymers and copolymers of glycolide and
      lactide. This invention is, however, not limited to these materials which
      are listed for illustrative purposes.
PAR  The package is further adapted to be employed using any of the conventional
      methods of sterilization such as for example radiation, ethylene oxide,
      steam, etc.
PAR  Having described in the invention in specific detail and exemplified the
      manner in which it may be carried into practice, it will be apparent to
      those skilled in the art that innumerable variations, applications,
      modifications and extensions of the basic principles involved may be made
      without departing from its spirit or scope. It is to be understood that
      the foregoing is merely exemplary and the present invention is not to be
      limited to the specific form or arrangement of parts herein described and
      shown.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A suture package comprising (a) a sealed envelope and (b) an inner
      suture retainer intimately connected to said envelope and containing at
      least one suture, said sealed envelope comprising two panels sealed at the
      peripheral edges and adapted to be opened by a pulling force exerted on at
      least a portion of the envelope, said inner retainer comprising multiple
      panels, foldably connected to one another and folded together with the
      suture positioned and retained between said panels;
PA1  wherein the top retainer panel of said retainer has a terminal detachable
      section intimately connected to the envelope at a place near the end where
      a pulling force is to be exerted so that when the sealed envelope is
      opened by the pulling force, the pulling force exerts a simultaneous force
      on the top retainer panel bringing about a separation of said detachable
      section of said panel thereby exposing the suture end.
NUM  2.
PAR  2. A suture package according to claim 1, wherein the envelope is provided
      with a tearing notch and is adapted to be opened by pulling the terminal
      portion of the package.
NUM  3.
PAR  3. A suture package according to claim 1, wherein the envelope is provided
      with stripping flaps and is adapted to be opened by pulling the top
      stripping flap.
NUM  4.
PAR  4. A suture package comprising: (a) a sealed envelope and (b) an inner
      suture retainer intimately connected to said envelope and containing at
      least one suture, said sealed envelope comprising two panels sealed at the
      peripheral edges and adapted to be opened by a pulling force exerted on at
      least a portion of the envelope; said inner retainer comprising multiple
      panels, foldably connected to one another and folded together with the
      suture positioned and retained between said panels; wherein the top panel
      of said retainer has a detachable section defined by a line of weakening
      extending approximately across the width of the panel;
PA1  and wherein said detachable section is intimately connected to the envelope
      by a connecting means so that when the sealed envelope is opened by a
      pulling force exerted on at least a portion of the envelope, the pulling
      force on the envelope exerts a simultaneous force on the detachable
      section of the top retainer panel bringing about a separation of said
      section along the line of weakening thereby exposing the suture end.
NUM  5.
PAR  5. A suture package according to claim 4, wherein the connecting means
      connecting the detachable section of the top panel of the suture retainer
      to the envelope is a tab intimately imbedded and sealed in the peripheral
      seal of the envelope.
NUM  6.
PAR  6. A suture package according to claim 4, wherein the connecting means
      connecting the detachable section of the top panel of the suture retainer
      to the envelope is an adhesive bond bonding adjacent portions of the
      retainer and envelope.
NUM  7.
PAR  7. A suture package according to claim 4, wherein the line of weakening is
      a slit.
NUM  8.
PAR  8. A suture package for needled sutures comprising: a sealed envelope and
      an inner suture retainer intimately connected to said envelope and
      containing at least one suture with needle attached, said sealed envelope
      comprising two panels sealed at the peripheral edges and adapted to be
      opened by a pulling force exerted on at least a portion of the envelope;
      said inner retainer comprising multiple panels, foldably connected to one
      another and folded together with the suture positioned and retained
      between said panels, wherein the top panel of said retainer has a
      detachable section defined by a slit extending approximately across the
      width of the panel;
PA1  and wherein said detachable section is intimately connected to the envelope
      by a connecting means so that when the sealed envelope is opened by a
      pulling force exerted on at least a portion of the envelope, the pulling
      force on the envelope exerts a simultaneous force on the detachable
      section of the top retainer panel bringing about a separation of said
      section along the slit thereby exposing the terminal portion of the suture
      and the needle.
NUM  9.
PAR  9. A suture package comprising (a) a peripherally sealed outer envelope
      provided with a tearing notch near one end of the envelope, and (b) an
      inner suture retainer comprising multiple panels foldably connected to one
      another along its longitudinal edge and adapted to retain an arranged
      suture therein wherein the top panel of said retainer is provided with a
      tab and a slit extending approximately across the width of the panel;
PA1  wherein said tab is imbedded and sealed in the peripheral seal of the
      envelope adjacent to the tearing notch in the direction of the terminal
      portion of the envelope and the slit starts near the base of the tab at a
      longitudinal position substantially corresponding to the position of the
      tearing notch.
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ABST
PAL  A match package is provided which is meant to be child-proof. It has the
      appearance of an ordinary package of matches, and is preferably even
      printed on its outer surface to simulate a striking surface. However, the
      actual striking surface is concealed behind the simulated striking
      surface, so that unless the person lighting the match is aware of its
      location, the match will not light.
BSUM
PAR  This invention relates to an improvement in match packages and deals
      particularly with the type of match package commonly known as a match
      book, or book of matches, and which is designed to be child-proof.
PAC  BACKGROUND OF THE INVENTION
PAR  Many fires have been caused by small children through the use of the book
      of matches which are readily available in homes where the parents smoke.
      The fire caused by the igniting of a match has a fascination for children,
      but often times, the igniting of a match lights the clothing of a child or
      ignites flamable material which the small children have no way of coping
      with. As a result, the fires which result can seriously damage garages,
      houses, and other places in which the fires are started.
PAR  The Unites States government has recently started an investigation with the
      manufacturers of matches in an effort to stop this damage, and the loss of
      life which is often caused by it. The present invention is designed to
      prevent small children from lighting matches enclosed in the normal
      appearing match book to prevent such damage and loss of life.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in the provision of a match book which has
      the appearance of a normal match book including a back panel, a top panel,
      a front panel, and a partial front panel connected to the lower edge of
      the back panel. The groups of matches are connected in the ordinary way
      between the partial front panel and the back panel. However, the present
      invention includes a second partial front panel which overlies the normal
      partial front panel. In its preferred form, this outer partial front panel
      is provided with a simulated striking surface which is not capable of
      igniting the match when the match is rubbed against it. As a result, when
      the child attempts to light the match against the simulated striking
      surface, it will not ignite. The actual match striking surface is between
      the partial front panel and the overlying partial front panel so that the
      match may be ignited if the match is inserted between the partial front
      panel and the simulated front partial panel. As a result, while the match
      will not be ignited by the child, it may be readily ignited by an older
      person familiar with the construction.
PAR  Children who are old enough to understand the arrangement are usually not
      the ones who start the fires accidentally. In other words, most accidental
      fires caused by children are also old enough to understand the danger
      which is involved. The problem is usually caused by children who are very
      young and who have seen their parents or others use match packages in the
      usual manner. Such children will usually try to ignite the match on the
      simulated surface which is exposed, but will not be able to do so.
      Children who are old enough to realize that the match striking surface is
      concealed will usually not cause fire which will ignite their clothes or
      other ignitable material which will cause damage to property.
PAR  These and other objects and novel features of the present invention will be
      more clearly and fully set forth in the following specification and
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the match package showing the manner in
      which the match is ignited.
PAR  FIG. 2 is a perspective view of the match book in closed position showing
      the simulated striking surface, a portion of the figure being broken away
      to show the actual match striking surface.
PAR  FIG. 3 is a side elevational view of the match package in closed position.
PAR  FIG. 4 is a diagrammatic view of the blank from which the match package is
      formed.
PAR  FIG. 5 is a side elevational view of a slightly modified form of
      construction.
PAR  FIG. 6 is a perspective view of the package shown in FIG. 5.
DETD
PAR  As is indicated in FIG. 4 of the drawings, the match package includes a
      back panel 10 foldably connected along a fold line 11 to a top panel 12.
      The top panel 12 is foldably connected along the fold line 13 to the front
      panel 14. As is indicated, and is common practice, the front panel 14 is
      somewhat shorter than the back panel 10 because of the fact that the
      partial front panel encloses the base ends of the match book, and is
      stapled to the rear panel 10 through the bottom portion of the match book.
PAR  As is obvious, the match packages usually contain two layers of matches 15
      which are firmly connected at the lower ends 16, and the individual
      matches such as 17 may be readily broken away from the base portions 16
      when the matches are used. The blank indicated in FIG. 4 also includes a
      first partial front panel 19, and a second partial front panel 20 which is
      preferably secured to the panel 19 along the fold line 21. In other words,
      the match package which is illustrated is identical to the normal match
      package with the exception of the fact that a second partial front panel
      is added to conceal the usual partial front panel.
PAR  As is indicated in FIG. 3, the base portions 16 of the matches are stapled
      in the package, the stape 18 extending through the second partial front
      panel 20, the first partial front panel 19, the bases of the matches 16,
      and the back panel 10. In other words, the match package which is
      illustrated is identical to the match packages now in common use with the
      exception of the fact that the match striking surface 22 is located
      between the additional partial front panel 20 and the normal front panel
      19. An additional striking surface 24 may also be provided on the inner
      surface of the added panel 20.
PAR  To complete the illusion that the match package A is a conventional one,
      the front panel 20 is preferably provided with a simulated striking
      surface 23 which is merely printed upon the exposed surface of the extra
      partial front panel 20. As a result, when the match package falls into the
      hands of a small child there is a tendency for him to remove the match,
      and try to ignite it on the surface 23. This is not possible due to the
      nature of the printed strip 23, and tests have shown that after attempting
      to ignite a number of the matches from the package, the child will give up
      and throw the package away with no resulting damage.
PAR  FIGS. 5 and 6 of the drawings show a slightly modified form of
      construction, and due to the fact the back panel 10, the top panel 12, and
      the front panel 14 are identical with those which have been described, the
      same numerals identifying the various parts have been used. The partial
      front panel 19 is also identical to that previous described. The only
      difference between the two constructions lies in the fact that the
      overlying partial front panel 20a which includes the simulated striking
      surface 23a is a separate panel. The only reason for showing this
      arrangement is to indicate that the overlying front panel 20a may be a
      separate piece overlying the panel 19a ainstead of being foldably secured
      thereto along the fold line 21. In view of the fact that in all other
      respects the structures are identical, no further explanation is believed
      necessary.
PAR  In accordance with the Patent Statutes, I have described the principles of
      construction and operation of our Match Packages, and while I have
      endeavored to set forth the best embodiments, I desire to have it
      understood that obvious changes may be made within the scope of the
      following claims without departing from the spirit of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A match package including:
PA1  a back panel
PA1  a top panel foldably connected to said back panel,
PA1  a front panel foldably connected to said top panel,
PA1  a partial front panel connected to the lower edge of said back panel,
PA1  a similar partial front panel overlying said first named front panel,
PA1  a simulated match striking surface on said similar partial front panel,
PA1  a group of matches having base portions secured between said partial front
      panel and said back panel,
PA1  a match striking surface between said first named front panel and said
      similar front panel.
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PAL  A package for sterilizing implements at a remote time and location is
      provided which package is formed of at least two compartments separated by
      a thin semi-permeable wall. The first compartment is provided to receive
      an implement to be sterilized therein with the second sealed compartment
      being provided with a substrate having a thermally-activated or releasable
      sterilizing gas bonded thereto. Upon release, the sterilizing gas
      permeates the thin semi-permeable wall to effect sterilization of the
      implement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a package for implements including the provision
      for the sterilization thereof, and more particularly to a package for a
      medical or surgical implement which may be sterilized at a time and
      location remote from the packaging thereof.
PAR  The need for sterilized implements in remote locations has in recent years
      focussed attention on the manner of packaging these implements. For
      instance, the requirement that a surgical implement be sterile at the time
      of use in a remote location after considerable time has elapsed since
      packaging without the necessity of providing expensive and immobile
      sterilization equipment, is felt in military field use, industrial
      applications, etc. In U.S. Pat. No. 3,494,726, to Barasch, and assigned to
      the same assignee as the instant invention, there is disclosed a package
      and method for remote sterilization which is achieved by placing a
      surgical instrument in an enclosed package impervious to bacterial
      contaminants and containing therein a sterilizing gas releasably bonded to
      a substrate. By the application of heat, the sterilizing gas is released
      and sterilization of the surgical instrument effected at the remote
      location.
PAR  Although, in the aforementioned U.S. patent, sterilization of a surgical
      instrument by release of a sterilizing gas is provided, certain problems
      are encountered. One problem occurs during the period the surgical
      instrument is stored in the package. During this period, water vapor from
      the substrate can result in a deleterious effect, e.g. forming rust on the
      implement. Another problem is possible deleterious effects produced by the
      formation of a film of the sterilant on the instrument.
PAC  OBJECTS OF THE INVENTION
PAR  An object of this invention is to provide an improved sterilizing package.
PAR  A further object of this invention is to provide an improved disposable
      sterilizing package which permits the sterilization of an implement
      contained therein at a remote time and location.
PAR  A still further object of this invention is to provide an improved
      sterilizing package which is safe and non-toxic and which permits the use
      of a heat-releasable sterilizing gas within the package under controlled
      conditions.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the invention are achieved by a package formed
      of thick plastic outer walls of a thickness impervious to bacterial
      contamination, in which package at least two separate and distinct
      compartments are defined by a thin inner semi-permeable wall of a
      thickness pervious to the passage of a sterilizing gas but substantially
      impervious to the passage of water vapor. One compartment is adapted to
      receive an implement with the other compartment adapted to receive a
      substrate having a thermally-activated or releasable sterilizing gas
      bonded thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawings wherein like reference numerals are used throughout and wherein:
PAR  FIG. 1 is a front view of a sterilizing package illustrating one embodiment
      of the present invention;
PAR  FIG. 2 is a cross-sectional side view of the sterilizing package shown in
      FIG. 1, and taken along line 2--2 thereof;
PAR  FIG. 3 is a cross-sectional side view of another embodiment of the instant
      invention; and
PAR  FIG. 4 is a cross-sectional side view of still another embodimennt of the
      instant invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIGS. 1 and 2 there is provided a package, generally
      indicated at 10, formed of thick outer walls 14 and 16 and a thin inner
      wall 18. Outer walls 14 and 16 and inner wall 18 sandwiched therebetween
      are sealed together at 24 as shown by the single dotted line in FIG. 1,
      such as by heat sealing techniques, to form compartments 26 and 28. The
      compartment 28 formed by outer wall 14 and inner wall 18 is adapted to
      receive a substrate 30 containing a thermallyactivated or releasable
      sterilizing gas bonded thereto. The compartment 28 formed by outer wall 16
      and inner wall 18 is adapted to receive an implement to be sterilized,
      such as surgical instrument 12, it being understood that the function of
      each compartment is interchangeable. Compartments 26 and 28 are enclosed
      by a seal means of the package along double dotted line 24, such as by
      heat sealing techniques.
PAR  The outer walls 14 and 16 are formed of a thermoplastic material, such as
      polyethylene, having a thickness of about 4 to 6 mils, and impervious to
      the sterilizing gas. The inner wall 18 is made of a similar type of
      thermoplastic material having a thickness of about 0.5 to 1.5 mils, and
      pervious to the passage of the sterilizing gas yet substantially
      impervious to the passage of water vapor.
PAR  The sterilizing gases to be used with the instant invention include the
      known gaseous sterilants, such as formaldehyde, ethylene oxide,
      betapropiolactone, propylene oxide and phenol. The sterilizing gases are
      bonded physically to non-flowable substrates or carriers, either solid or
      viscous pastes, such as activated alumina (such as used in chromatographic
      columns and sold under the laboratory name, such as CENCO); silica gels
      (activation optional); activated charcoal or celluloses (such as blotting
      paper or methylcellulose); or other substrates capable of forming a
      releasable bond with the sterilizing substance, such as methylene
      glycol-starch, methylene glycolmelamine, methylene glycolethanolamine or
      paraformaldehyde (heated), said bonds being weak to enable release of the
      sterilizing gas when desired. The bonds, as noted, may be either physical
      bonds or chemical bonds and capable of breaking by thermal energy to cause
      diffusion of the sterilizing gas, either at ambient or slightly higher
      temperatures. Bonds capable of such breakage are usually weaker than about
      10 kilocalories per mole. However, in the case of stronger bonds, such
      bonds may be broken and cause release of the gas by a shift of equilibrium
      brought about by a change in temperature or concentration or by the action
      of a catalyst. The catalyst employed, if any, may be any suitable acid
      which will not be harmful in the environment, such as for example, citric,
      gluconic and phosphoric acids.
PAR  Sterilization of the surgical instrument 12 is effected, for example, by
      subjecting the package 10 to thermal energy to cause release of the
      sterilizing gas from the substrate 30 throughout compartment 26. The thin
      inner wall 18 is pervious thereto and allows the sterilizing gas to
      readily diffuse therethrough and enter compartment 28 to thereby effect
      sterilization of the surgical instrument 12 after a period of time. The
      thin inner wall 18 does not permit water vapor to diffuse therethrough
      during the storage period thereby substantially eliminating the potential
      deleterious effect upon a metallic instrument.
PAR  Another embodiment of the present invention is shown in FIG. 3 wherein like
      reference numerals are used to denote like elements and wherein a package,
      generally indicated as 110, is formed by circumferentially sealing two
      thick thermoplastic outer walls 114 and 116 to form a compartment 126 in
      which is disposed an inner package, generally indicated as 140, and a
      substrate 130 containing a thermally-activated or releasable sterilizing
      gas bonded thereto. The inner package 140 is formed by sealing, for
      example, two thermoplastic films 118 about a surgical instrument 112
      within compartment 128. The thermoplastic walls 118 are pervious to a
      sterilizing gas but substantially impervious to water vapor. It will be
      understood that the outer package may be formed by sealing a portion of
      the outer walls 118 whereupon the inner package 140 and substrate 138 are
      inserted prior to the sealing of the remaining portions of the outer walls
      118. It will be apparent that sterilization of the instrument 112 is
      effected in the same manner to yield the same results as the embodiment of
      FIG. 2.
PAR  Still another embodiment of the present invention is shown in FIG. 4
      wherein like reference numerals are used to denote like elements. A
      package 210 is formed by circumferentially sealing two thick thermoplastic
      outer walls 214 and 216 to form a compartment 228 in which is disposed a
      smaller thermoplastic package 240, a surgical instrument 212, and a glass
      vial 234. The inner package 240 is formed by circumferentially sealing,
      for example, two thermoplastic walls 218 about a substrate 130 containing
      a thermallyactivated releasable sterilizing gas bonded thereto. The wall
      218 is pervious to sterilizing gas but impervious to water vapor. The
      glass vial 234 contains a neutralizing substance, such as ammonia.
PAR  Upon subjecting the package 210 to a source of thermal energy as
      hereinabove described the requisite sterilization of the instrument is
      effected. To minimize the escape of toxic vapors from the package 10 upon
      opening, the glass vial 228 is thereafter broken thereby releasing ammonia
      which neutralizes the sterilizing gas. It is apparent that a greater duty
      of care is required for the handling and storage of the embodiment of FIG.
      4 to prevent premature breakage of the glass vial.
PAR  While the present invention has been described with reference to a
      disposable sterilizing package, including an implement to be sterilized,
      it is understood that the package may be formed with an essentially vapor
      tight slide fastening means which would permit the reuse thereof. Thus,
      after use, the package would be re-opened and the implement removed with
      the spent substrate being replaced with a fresh substrate for subsequent
      activation when sterilization of another implement is desired. In
      addition, the package may be formed with the sterilant carrying substrate
      sealed therein prior to its intended use. Thus, the sterilizing package
      could be stored or shipped and when needed, the instrument to be
      sterilized is sealed in the compartment and the package exposed to the
      necessary thermal energy for release of the sterilizing gas.
PAR  While the invention has been discussed with reference to the use of a
      polyethylene film, it is understood that other thermoplastic films may be
      used, such as the polyvinyl chlorides, polyvinyl acetates, polyvinyl
      styrenes, as well as thermosetting films provided the thickness thereof is
      selected to provide the desired permeability to the sterilizing gas and
      the substantial non-permeability to water vapor.
PAR  While the invention has been described in connection with several exemplary
      embodiments thereof, it will be understood that many modifications will be
      apparent to those of ordinary skill in the art; and that this application
      is intended to cover any adaptations or variations thereof. Therefore, it
      is manifestly intended that this invention be only limited by the claims
      and the equivalents thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A package for sterilizing implements comprised of two gas impermeable
      outer walls and an inner wall sandwiched therebetween thereby forming two
      compartments, said inner wall being pervious to sterilizing gas but
      impervious to water vapor.
NUM  2.
PAR  2. The package as defined in claim 1 wherein said outer walls and said
      inner wall are formed of a thermoplastic material.
NUM  3.
PAR  3. The package as defined in claim 2 wherein said outer walls are of a
      thickness of 4 to 6 mils and said inner wall is of a thickness of 0.5 mils
      to 1.5 mils.
NUM  4.
PAR  4. The package as defined in claim 1 wherein one of said compartments is
      sealed and has contained therein a substrate including a controllably
      releasable sterilizing gas bonded thereto.
NUM  5.
PAR  5. The package as defined in claim 1 wherein both of said distinct
      compartments are sealed enclosures, and one of said compartments contains
      a substrate including a controllably releasable sterilizing gas bonded
      thereto, and said other compartment contains a surgical implement.
NUM  6.
PAR  6. A package as defined in claim 5 wherein the compartment containing a
      surgical implement has contained therein a glass vial of ammonia gas.
NUM  7.
PAR  7. A package for sterilizing implements comprised of a first compartment
      defined by outer walls of a thermoplastic material of a sufficient
      thickness to render the walls gas impermeable and a thin walled inner
      package of a thermoplastic material forming a second compartment which is
      pervious to sterilizing gas but impervious to water vapor.
NUM  8.
PAR  8. The package as defined in claim 7 wherein the compartment formed by said
      inner package is a sealed enclosure and contains therein an implement to
      be sterilized, and said outer package forms a sealed enclosure containing
      said inner package and a substrate including a controllably releasable
      sterilizing gas bonded thereto.
NUM  9.
PAR  9. The package as defined in claim 7 wherein said thin walled inner package
      forms a sealed enclosure and contains a substrate including a controllably
      releasable sterilizing gas bonded thereto.
NUM  10.
PAR  10. The package as defined in claim 9 wherein said outer package is sealed
      and has contained therein said inner package and a surgical implement.
NUM  11.
PAR  11. The package as defined in claim 10 wherein the outer package containing
      said surgical implement and said inner package further contains a glass
      vial of ammonia gas.
NUM  12.
PAR  12. The package as defined in claim 11 wherein said thermoplastic materials
      are polyethylene.
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ABST
PAL  A pouch is formed from a section of coextruded polymer tubing, which is
      pressed flat, folded over along a longitudial axis, and heat sealed along
      the sides, whereby the opposed walls of the pouch are each composed of two
      thicknesses of the coextruded material.
PAL  The outermost laminate of the coextruded tubing that form the innermost and
      outermost surfaces of the pouch walls is composed of a polymer, such as
      low density polyethylene, which can be rapidly and reliably heat sealed in
      the formation of the pouch, with the outermost surface being suitable for
      printing. The inner laminate, which is encapsulated by the outer laminate,
      is composed of one of a group of polymers which have relatively poor heat
      sealing properties but otherwise provide toughness, puncture resistance,
      gas and vapor barrier properties or coloration to the pouch, such as
      polyamides, ionomers, pigmented polyolefins and medium and high density
      polyethylenes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Pouches or bags made from polymeric films have found widespread use in a
      variety of applications. The film is formed by hot extrusion of resin,
      such as blow-extrusion of a tube, and the tube is slit longitudinally
      along one side, cut into sections and folded into the desired shape. The
      unattached free edges are then bonded together, usually by heat sealing,
      wherein contiguous surfaces of the material are bonded together with the
      application of heat and pressure.
PAR  In a typical heat sealing process, facing surfaces of the film material are
      pressed together and heated, which causes the material to fuse together
      and form an autoadhesive bond. The strength of the seal obtained is a
      function of several factors, including the nature of the materials
      employed, the temperature and pressure at the material interface, the
      thickness of the material, and the dwell time, or the period of time
      during which the assembled materials are exposed to the elevated
      temperatures and pressures. It is known that films of low density homoand
      copolymers of ethylene are easily handled, and form reliable high strength
      welds at relatively low temperatures in excess of 250.degree. F and at
      very short dwell times, usually in a fraction of a second. The ability to
      obtain a reliable high strength seal is extremely important to assure
      maximum utilization of high speed, automated processing equipment that is
      currently available.
PAR  Other materials, while having highly desirable characteristics, are not
      sufficiently autoadhesive to form reliable heat seals within a reasonable
      time or otherwise have undesirable surface properties for a particular
      application. For example, ionomer films provide excellent puncture
      resistance but are not easily heat sealed with conventional equipment and
      do not provide a surface which is receptive to printing. Pigmented
      polyethylene films provide opacity and desirable coloration, but the
      pigments therein interfere with the formation of a reliable heat seal.
      Polyamide films and high density polyethylene are also difficult to heat
      seal under normal conditions but have excellent strength properties.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, low density homo- or copolymers
      of polyethylene are coextruded with a second polymer having high strength
      or other desirable properties, in the form of a continuous blow-extruded
      tube. The outermost laminate consists of the low density polyethylene
      material, whereas the inner laminate is composed of a second polymer
      having desirable properties but undesirable heat sealing characteristics.
PAR  The tube is pressed flat to form a web having two thicknesses of the
      coextruded material, cut transversely into sections, and is folded over
      along a longitudinal centerline between the severed ends. The material as
      assembled is then heat sealed adjacent both severed edges to form a double
      wall pouch open at one end. The low density polyethylene on the outside of
      the walls of the pouch facilitates rapid heat sealing and serves to
      encapsulate the interior laminate, said interior laminate serving to
      provide additional desirable qualities to the pouch.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a transverse sectional view of a coextruded tube employed in the
      practice of the presently described invention;
PAR  FIGS. 2 and 3 are sectional views illustrating the formation of the FIG. 1
      tube into a double wall pouch;
PAR  FIG. 4 is a plan view of the completed pouch;
PAR  FIG. 5 is a sectional view of another embodiment of the double wall pouch,
      shown during the assembly thereof;
PAR  FIG. 6 is an enlarged detail of the structure shown in FIG. 5; and
PAR  FIG. 7 is a plan view of the completed pouch formed from the structure
      shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 through 4 show successive steps in the formation of the pouch of
      the present invention. The continuous extruded tube 10 shown in axial
      section in FIG. 1 is fabricated by conventional coextrusion wherein molten
      resin is fed via a screw conveyor under pressure through concentric lips
      of respective annular dies to form separate concentric films which merge
      and bond together to form a composite structure comprising an outer
      laminate 12 and an inner laminate 14 which are bonded together at the
      interface. The equipment employed is conventional and need not be
      described in greater detail.
PAR  The material in the outer laminate 12 is preferably one having good heat
      sealing properties. Polymers which are suitable for this purpose are low
      density homopolymers of ethylene, ethylene copolymers, particularly
      ethylene vinyl acetate copolymers, and polyethylene which has been
      modified with polyisobutylene, as described in U.S. Pat. No. 2,912,410.
      All of these materials have excellent, short dwell, heat sealing
      characteristics and provide a film surface that is very receptive to
      printing in comparison with other polymers. The term "low density
      polyethylene" as used herein means polyethylene having a specific gravity
      of about 0.910 to about 0.925, which melts in the range of about
      212.degree. to about 240.degree.F, as fully described in U.S. Pat. No.
      2,153,553. The terms "medium density" and "high density" polyethylene
      means polyethylene having a specific gravity in excess of 0.925 and higher
      melting range and less side chain branching than the low density variety,
      as described in U.S. Pat. No. 2,816,883.
PAR  The material of the interior laminate 14 may generally comprise any polymer
      having a higher softening fusion temperature than the outer laminate 12
      and is selected on the basis of the properties desired in the final
      product, irrespective of the autoadhesiveness or the ability of the
      material to form heat seals, provided that the material can be coextruded
      with the material of the outer laminate. The term "fusion temperature" as
      used herein means the temperature at which the walls of the material will
      bond together under pressure.
PAR  The preferred materials for the inner laminate are polyamides, ionomers,
      pigmented polyethylene, and medium and high density polyethylene, which
      are capable of being coextruded with the material of the outer laminate.
      Ionomers and polyamides have excellent strength characteristics and are
      especially suitable for pouches which contain sharp objects. None of the
      materials used for the inner laminate would be suitable as materials for
      the outer laminate, due to the difficulties in obtaining a high strength
      seal through multiple thicknesses of material.
PAR  As shown in FIG. 2, the coextruded tube is collapsed or pressed flat to
      form a continuous web and is then folded over medially, as shown in FIG.
      3, along a line parallel to the sides to form a structure having a pair of
      overlapping or superimposed double-ply walls. It will be noted that the
      inner laminate 14 is encapsulated by the outer laminate 12, and the facing
      surfaces of the respective walls are composed of the heat sealable
      material.
PAR  The overfolded structure of FIG. 3 is then cut into sections along lines
      perpendicular to the sides to form the rectangular pouch structure shown
      in FIG. 4. The structure is then heat sealed along parallel lines 16
      closely adjacent to the severed edges to form a pouch comprising a fold 16
      of double thickness material at one end and an opening 18 at the other
      end. The opening 18 can be sealed with conventional heat sealing equipment
      after the desired contents have been inserted.
PAR  In the normal heat sealing process, the edges of the folded web are pressed
      between heated dies for a sufficient time to fuse the facing surfaces of
      the walls. It will be noted that since the seal is being made through four
      thicknesses of coextruded material, the provision of an easily heat
      sealable material at the interface is highly critical to successful
      manufacture of the pouch. Normally, the penetration of heat by conduction
      into the plies will be greater at the interface of the inner laminae than
      at the center interface, such that the heat employed will be sufficient to
      form a reasonably good bond between the inner laminae, while assuring a
      strong bond at the interface of the outer laminae.
PAR  The double wall pouch of the present invention is particularly useful under
      conditions where high strengh or puncture resistance is required. For
      example, the pouch can be used to contain so-called "cold pack" materials
      comprising an inner bag of water and free ammonium nitrate granules. To
      activate the cold-producing reaction, the bag is squeezed to break the
      internal water bag, allowing endothermic mixing of the liquid and solid
      contents.
PAR  FIGS. 5 through 7 illustrate a second embodiment of a pouch made from
      overfolded tubular sections of coextruded material. The pouch walls 30 and
      32 are superimposed as in the previous embodiment, and the overfolded edge
      is tucked in between the walls to define a separate end compartment 34 in
      the pouch body. The end compartment 34 terminates in a fold 36 which may
      contain lines of weakness 38 in each of the plies of material, as
      illustrated in detail in FIG. 6, in order to facilitate the later
      rupturing along said lines by imposing external manual pressure on the
      pouch walls.
PAR  The lines of weakness 38 may be provided in the pouch wall during extrusion
      of the material by positioning a pair of oppositely disposed probes in the
      path of the extruded material as it issues from the die, as fully
      described in U.S. Pat. No. 3,186,628. The tube is pressed flat such that
      the lines on opposite sides coincide and are positioned along the
      longitudinal centerline of the double ply web. The web is then folded in
      the manner shown in FIG. 5, such that the superimposed lines of weakness
      38 are in the interior fold 36. The resulting structure is then heat
      sealed near its edges along lines 40 as shown in FIG. 7.
PAR  The resulting pouch can be used to supply two separate components, with or
      without internal mixing. For example, the end compartment may be filled
      with liquid and sealed at the end at 42, and the main cavity of the pouch
      may contain ammonium nitrate granules and be sealed at 44 to provide a
      cold pack.
PAR  Various modifications can be made to illustrate pouch structures within the
      scope of the invention. For example, the coextruded material may comprise
      three or more laminates instead of the two described. Any type of polymer
      may be used for the inner laminate, to the extent permitted by the
      coextrusion process, provided only that the outer laminate is composed of
      a material that is heat sealed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pouch comprising a single tubular section of coextruded laminated film
      having free edges at opposite ends said tubular section comprising an
      inner laminate and an outer laminate surrounding the inner laminate said
      section being flattened and overfolded medially along a line perpendicular
      to said free edges and defining a closed end in said pouch and a pair of
      superimposed walls each having two layers of said film, and means securing
      said walls together adjacent facing edges, said outer laminate
      constituting the innermost and outermost surface of each of said walls,
      the outer laminate being a heat sealable polymer selected from the group
      consisting of low density ethylene homo- and copolymers, polyisobutylene
      modified polyethylene and mixtures thereof, said inner laminate being a
      polymer selected from the group consisting of ionomers, polyamides,
      pigmented polyethylene, medium and high density polyethylene.
NUM  2.
PAR  2. The pouch of claim 1 wherein a separate end compartment is provided in
      the folded end of said pouch, said compartment comprising a portion of
      said pouch which is tucked in between the walls thereof.
NUM  3.
PAR  3. The pouch of claim 2 wherein said end compartment is provided with a
      rupturable area communicating with the interior of the pouch, said
      rupturable area comprising an area that is thinner than the surrounding
      portion of said end compartment.
NUM  4.
PAR  4. A pouch comprising a single tubular section of laminated polymeric film,
      said tubular section consisting essentially of an outer laminate and an
      inner laminate, said section being flattened and overfolded medially and
      defining a closed end in said pouch and a pair of superimposed walls each
      having two layers of said film, and means securing said walls together
      adjacent facing edges thereof, said outer laminate constituting the
      innermost and outermost surface of each of said walls.
NUM  5.
PAR  5. The pouch of claim 4 wherein said tubular section is composed of
      coextruded material said outer laminate being a heat sealable polymer
      selected from the group consisting of low density polyethylene, low
      density ethylene vinyl acetate copolymer, and low density polyethylene
      containing polyisobutylene.
NUM  6.
PAR  6. The pouch of claim 4 wherein said pouch has an end compartment defined
      by a portion of said double-ply walls which is tucked in between said
      walls.
NUM  7.
PAR  7. The pouch of claim 4 wherein said inner laminate is composed of a
      polymer material which has a higher fusion temperature than the material
      of the outer laminate.
PATN
WKU  039399737
SRC  5
APN  4331214
APT  1
ART  241
APD  19740114
TTL  Wafer basket and easily attached and detached carrier for same
ISD  19760224
NCL  12
ECL  1
EXP  Dixson, Jr.; William T.
NDR  2
NFG  5
INVT
NAM  Wallestad; Victor C.
CTY  Edina
STA  MN
ASSG
NAM  Fluoroware, Inc.
CTY  Chaska
STA  MN
COD  02
CLAS
OCL  206328
XCL   16114R
XCL  206454
XCL  220 94R
XCL  294 27R
EDF  2
ICL  B65D 2528
ICL  B65D 8530
FSC  206
FSS  328;329;332;455;456;449;72;454
FSC  211
FSS  41 R
FSC  220
FSS  94 R
FSC  294
FSS  27 R;33
FSC   16
FSS  114 R;114 B;124
UREF
PNO  1904988
ISD  19330400
NAM  Severance
OCL   16114R
UREF
PNO  1973568
ISD  19340900
NAM  Keith
OCL  294 27R
UREF
PNO  2312256
ISD  19430200
NAM  Lumley
OCL  294 27R
UREF
PNO  2364690
ISD  19441200
NAM  Rruner
OCL   16114R
UREF
PNO  2725143
ISD  19551100
NAM  Linebaugh et al.
OCL  206309
UREF
PNO  3317232
ISD  19670500
NAM  McFaul
OCL  294 33
UREF
PNO  3487948
ISD  19700100
NAM  Haidegger
OCL  211 41R
UREF
PNO  3534862
ISD  19701000
NAM  Shambelan
OCL  206332
UREF
PNO  3861733
ISD  19750100
NAM  Vander Mey
OCL  220 94R
LREP
FR2  Haller; James R.
FR2  Palmatier; H. Dale
ABST
PAL  A wafer basket and a carrier easily attached and detached to an end wall of
      the basket. The wafer basket has upright side and end walls and an open
      top and bottom, with lower edges of at least two of the opposing walls
      having supports lying in a horizontal plane for resting the basket on a
      horizontal surface. At least one end wall has upper and lower edges which
      are adjacent the top and bottom of the basket, the lower edge being spaced
      above the horizontal plane. The carrier comprises a handle with a vertical
      plate at its lower end configured to lie against the one end wall of the
      basket. The lower edge of the plate has an upwardly and inwardly slanted
      lip configured to hook underneath the lower edge of the one end wall, and
      the plate also has an inwardly and downwardly oriented hook spaced above
      its lower edge and configured to hook over the upper edge of the basket
      end wall. The hook is of sufficient depth and is spaced vertically from
      the lower slanted lip so that when the hook is fully lowered over the
      upper edge of the one end wall, the lip may escape outwardly of that edge
      but when the lip is in contact with the lower edge of the basket wall, the
      wall is supportively retained between the hook and the lip. The carrier
      may thus be easily attached to and detached from the basket.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Silicone wafers which are used in semi-conductor technology often are
      contacted with corrosive chemicals during processing. The delicate wafers
      must be maintained scrupulously clean and must be supported against
      breakage, and for this purpose "wafer baskets" have been developed. Such
      baskets have side walls with opposed, vertical grooves between which the
      wafers are held in spaced, axially-aligned orientation. To avoid
      contamination and breakage which may occur when wafers are transferred
      from one basket to another, it is desired the wafers be retained within a
      single basket for as many processing steps as possible. Such processing
      steps may include immersion of a wafer basket with its spaced apart wafers
      into hot, corrosive chemical baths, and means must be provided for
      inserting wafer baskets into such baths and for later retriving the
      baskets without breakage or contamination of the wafers. Since the basket
      itself may be designed to fit various wafer processing machinery, as I
      have pointed out in my co-pending United States patent application, Ser.
      No. 378,686, filed July 12, 1973, it is often not feasible to permanently
      affix a handle or other carrier to such wafer baskets.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to a wafer basket and an easily attached and
      detached carrier for the basket. The wafer basket has substantially
      vertical side and end walls and an open top and bottom, lower edges of at
      least two of the opposing walls having supports lying in a horizontal
      plane to support the basket on a horizontal surface. At least one of the
      end walls has upper and lower edges adjacent the top and bottom of the
      basket, the lower edge being spaced above the afore-mentioned horizontal
      plane. The carrier for the basket comprises a manually graspable handle
      having at its lower end a vertical plate configured to abut the one end
      wall of the basket. The plate has a lower edge with an upwardly and
      inwardly slanted projection or lip configured to hook beneath the lower
      edge of the one end wall, and an inwardly and downwardly oriented hook
      spaced above the lip and configured to hook over and capture the upper
      edge of the one end wall. The hook is of sufficient depth to permit the
      upper edge of the one wall to move vertically within the hook while
      preventing horizontal escape of that edge from the hook. The hook and lip
      are vertically spaced a sufficient distance to supportively retain between
      them the basket end wall when the lip is in contact with the lower edge of
      the one end wall but to permit the lip to escape outwardly of that lower
      edge when the hook is fully lowered upon the upper edge of the end wall,
      thereby permitting the carrier to be easily attached to and removed from
      the end wall of the basket.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a wafer basket and carrier of the present
      invention;
PAR  FIG. 2 is a broken-away top view of a wafer basket of the invention with
      the carrier attached;
PAR  FIG. 3 is a broken-away side view, partially in cross section, taken along
      line 3--3 of FIG. 2 and showing the carrier attached to the basket;
PAR  FIG. 4 is a view in partial cross section and partially broken away of the
      basket and carrier of FIG. 3 showing the carrier partially disconnected
      from the basket; and
PAR  FIG. 5 is a broken-away view of the basket and attached carrier of the
      invention.
DETD
PAC  PREFERRED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the wafer basket and carrier of the present
      invention are designated generally as 12 and 14, respectively. The carrier
      is provided with an upper handle portion 14.1 and a lower vertical plate
      14.2 which is adapted to abut one end wall 12.1 of the wafer basket. The
      handle is equipped with vertically spaced hooklike projections 14.3, 14.4
      which hook respectively over and under the end wall 12.1, in a manner to
      be subsequently explained in greater detail. The wafer basket has an
      opposing end wall 12.2 which may take the form of a bar or strap
      connecting the side walls, and substantially vertical side walls 12.3,
      12.4. Inner surfaces of the side walls are provided with confronting
      vertical grooves 12.5 between which wafers may be stored in spaced apart,
      axial orientation to one another. One such wafer is shown in dashed lines
      as 16 in FIG. 2.
PAR  The end wall 12.1 of the wafer basket has an upper edge with a centrally
      positioned, U-shaped depression 12.6 spaced inwardly of the junctions of
      the side walls with the end wall so as to leave upper edge sections 12.7,
      12.8 adjacent the top of the basket. The U-shaped depression 12.6 permits
      endwise access to the wafers through the end wall 12.1. The upper edges
      12.7 and 12.8 are bounded exteriorly by the respective side walls 12.3 and
      12.4.
PAR  The side walls 12.3 and 12.4 of the wafer basket have downwardly oriented
      supports or leges 12.9, the bottom surfaces of which lie in a horizontal
      plane and which support the basket upon a horizontal surface such as the
      bottom surface of a chemical treatment tank or the like.
PAR  The end wall 12.1 of the basket has a lower edge 13 which is slanted
      upwardly and inwardly (FIGS. 3 and 4). the bottom edge terminating
      outwardly at its junctions with the sides in downwardly extending
      projections 13.1, 13.2. As shown best in FIG. 5, the last-named
      projections are spaced above the horizontal plane defined by the legs
      12.9, but may, if desired, be extended downwardly to serve as additional
      supports for the basket. The slanted lower edge 13 is spaced above the
      horizontal plane defined by the legs 12.9, and the reason for this spacing
      will be subsequently explained in detail.
PAR  As shown best in FIGS. 1 and 2, the upper edges 12.7 and 12.8 of the end
      wall 12.1, together with the respective side walls 12.3, 12.4 and the
      nearest wafer-contacting ridges 13.3 define opposed slots open at the top
      into which the respective hooks 14.3 of the carrier 14 are inserted.
PAR  The carrier 14 for the basket includes a generally vertical flattened rod
      having a vertical stiffening rib 14.5 along its rear surface and
      transverse stiffening webs 14.6, 14.7 joining the vertical rib to the
      flattened rod at points along the rod length, the transverse webs serving
      to stiffen the rod against twisting forces. The upper end of the flattened
      rod has converging edges defining a manually graspable handle, and near
      the midpoint of the rod the edges flare outwardly to form shoulders 14.8
      (FIG. 5) and then converge slightly towards the bottom of the rod, the
      broadened lower section of rod thus defining a substantially vertical
      plate 14.2 having a front surface configured to abut and lie exteriorly
      against the outer surface of the end wall 12.1 of the basket. At its lower
      end the plate 14.2 has an upwardly and inwardly slanted, horizontally
      extending projection or lip 14.4 which is configured to engage the lower
      edge 13 of the basket and to fit between the downward projections 13.1,
      13.2 of the end wall 12.1, the projections serving to restrain the lip
      from horizontal movement on the lower edge 13 of the end wall.
PAR  Mounted to the shoulders 14.8 of the vertical plate 14.2 are hooks
      designated generally as 14.3, the hooks having an inwardly directed,
      horizontal segment 14.9 and a vertical segment 15 extending downwardly
      from the end of the horizontal segments. The hooks are spaced apart so as
      to hook over the upper edges 12.7 and 12.8 of the basket end wall 12.1,
      the vertical hook sections 15 fitting within the slots formed by the
      respective end wall edges 12.7 and 12.8, the side walls 12.3 and 12.4, and
      the nearest wafer-contacting ridges 13.3 of the wafer basket. The upper
      edges 12.7 and 12.8 of the basket end wall thus are outwardly bounded by
      the side walls 12.3, 12.4, respectively, the side walls restraining the
      vertical hook sections 15 from escaping in a sidewards direction from the
      basket. The hooks are spaced apart a sufficient distance so that when the
      carrier 14 is attached to the basket, the hooks may move horizontally a
      small distance, and similarly, the width of the upwardly and inwardly
      slanted lip 14.4 is slightly less than the width of the lower edge 13 of
      the basket end wall between the downward projections 13.1 and 13.2. The
      small amount of slack thus provided prevents the carrier 14 from binding
      against the basket when it is attached to the basket, and the carrier can
      be easily attached to and detached from the basket with one hand and
      without touching the basket itself. The vertical sections 15 of the hooks
      14.3 are spaced from the inner plate surface by a distance greater than
      the thickness of the upper edges 12.7, 12.8 of the basket end wall, thus
      permitting the carrier to tilt back and forth (FIG. 4) when the slanted
      lip 14.4 escapes from the lower edge 13 of the basket end wall.
PAR  The dimensional relationships between the basket and the carrier are
      important to enable proper operation of the present invention. Firstly,
      the internal vertical dimension of the vertical sections 15 of the hooks
      (which determines the depth of the hooks) must be greater than the
      internal vertical dimension of the upwardly and inwardly slanted lip 14.4.
      Secondly, the internal distance separating the horizontal sections 14.9 of
      the hooks from the lip 14.4 must be greater than the vertical distance
      separating the upper edges 12.7, 12.8 and the lower edge 13 of the end
      wall of the basket. Thirdly, the distance separating the interior surfaces
      of the horizontal sections 14.9 of the hooks from the bottom-most edge
      15.1 of the carrier must be less than the distance between the upper edges
      12.7, 12.8 of the end wall of the basket and the horizontal plane defined
      by the basket supports 12.9. That is, the upper and lower edges of the end
      wall 12.1 are spaced from the horizontal plane defined by the basket
      supports a sufficient distance to provide a space between the bottom-most
      edge 15.1 of the carrier and the horizontal plane when the upper edges of
      the end wall 12.1 are fully received within the hooks. With these
      dimension relationships, it will be seen that the upper edges 12.7, 12.8
      of the end wall may ride vertically within the hooks 14.3 and yet be
      captively retained in the hooks.
PAR  With reference to FIG. 3, when the upwardly and inwardly slanted lip 14.4
      of the carrier is in contact with the lower edge 13 of the basket end
      wall, the upper edges 12.7, 12,8 of the end wall are positively retained
      within the hooks 14.3. With reference to FIG. 4, when the carrier is
      lowered upon the end wall so that the upper edges 12.7, 12.8 are fully
      inserted within the hooks, the lip 14.3 of the carrier is spaced below the
      lower edge 13 of the end wall but the bottom edge 15.1 of the carrier is
      still spaced above the surface upon which the basket rests, and in this
      orientation the handle 14.1 of the carrier may be tilted inwardly to thus
      disengage the lip 14.4 from the basket.
PAR  In operation, to attach the carrier to the basket 12 the hooks 14.3 of the
      carrier are first hooked over the upper edges 12.7, 12.8 of the basket end
      wall, bringing the lower lip of the carrier into the position shown
      generally in FIG. 4. The handle 14.1 of the carrier is then moved
      outwardly, and then upwardly, the lip 14.4 capturing the lower edge 13 of
      the basket end wall and the upper edges, 12.7, 12.8 of the end wall
      remaining captured by the hooks 14.3. The process is reversed to disengage
      the carrier from the basket.
PAR  The vertical plate 14.2 of the carrier is desirably of sufficient width to
      prevent it from easily entering the U-shaped depression 12.6 in the end
      wall 12.1 of the basket. This feature reduces the possibility of contact
      between the carrier and wafers within the basket when the carrier is
      attached to or detached from the basket. The ease with which the carrier
      may be attached to or detached from the basket is particularly important
      when the basket is to be placed into or removed from a chemical treatment
      solution which affords low visability to the operator due to murkiness of
      the solution resulting from repeated use. In such instances the vertical
      plate 14.2 of the bundle may be advanced somewhat blindly toward the end
      wall 12.1 of the basket until contact between the carrier and basket is
      made, whereupon the carrier may be elevated slightly to permit the hooks
      14.3 to slide over and capture the upper edges 12.7, 12.8 of the basket.
PAR  Because of the caustic chemicals and high temperatures which may be
      employed in the processing of silicone wafers, the basket and carrier
      desirably are of a chemical and heat resistant plastic such as "Teflon"
      PFA Fluorocarbon resin-- a perfluoroalkoxy-substituted
      polytetrafluoroethylene-type resin sold by the DuPont Company.
PAR  Manifestly, I have provided a wafer basket and a carrier which may be
      easily attached to and detached from the basket and which positively
      supports the basket when attached thereto.
PAR  While I have described a preferred embodiment of my invention, it should be
      understood that various changes, adaptations, and modifications may be
      made therein without departing from the spirit of the invention and the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a wafer basket and an easily attachable and detachable
      carrier for the basket, the wafer basket having substantially vertical
      side and end walls and an open top and bottom, lower edges of at least two
      opposing walls having supports lying in a horizontal plane to support the
      basket on a horizontal surface, an end wall of the basket having upper and
      lower edges adjacent the top and bottom of the basket with the lower edge
      spaced above the horizontal plane; the carrier comprising a handle having
      at its lower end a plate configured to abut the end wall of the basket,
      the plate having a lower edge with an upwardly and inwardly projecting lip
      configured to hook beneath the lower edge of the end wall, the plate
      further having a hook spaced above its lower edge and configured to hook
      over the upper edge of the end wall, the depth of the hook permitting the
      upper edge of the end wall to move vertically within the hook while
      restraining horizontal escape of that edge from the hook, the hook and
      upwardly and inwardly projecting lip being vertically spaced to
      supportively retain between them the basket end wall when the lip is in
      contact with the lower edge of that end wall, but having a vertical inner
      dimension between the hook and lip greater than the vertical dimension
      between the upper and lower edges of the end wall and permitting the lip
      to escape outwardly of the lower end wall edge when the upper edge of the
      end wall is fully inserted within the hook to permit the carrier to be
      easily attached to and detached from the basket when the basket is resting
      on a horizontal surface.
NUM  2.
PAR  2. The wafer basket and carrier of claim 1 wherein the vertical plate of
      the carrier includes two horizontally spaced hooks configured to hook over
      outer ends of the upper edge of the basket end wall.
NUM  3.
PAR  3. The wafer basket and carrier of claim 1 wherein the lower lip of the
      handle is upwardly slanted and wherein the lower edge of the end wall of
      the basket is slanted upwardly and inwardly of the basket to permit flush
      contact between it and the slanted lip of the carrier.
NUM  4.
PAR  4. The wafer basket and carrier of claim 1 wherein the lower edge of the
      one end wall terminates at its junctions with the side walls in downwardly
      oriented projections confronting the lip of the carrier to restrain
      sideways movement of the lip when the latter is hooked under the lower
      edge of the end wall.
NUM  5.
PAR  5. The wafer basket and carrier of claim 4 wherein the lower edge of the
      one end wall of the basket and the lower lip of the carrier are mutually
      configured to provide supportive contact therebetween across the majority
      of the side-to-side width of the end wall.
NUM  6.
PAR  6. The wafer basket and carrier of claim 5 wherein the side-to-side width
      of the carrier lip is slightly less than the internal distance between the
      downwardly oriented projections at the lower edge of the one end wall of
      the basket.
NUM  7.
PAR  7. The wafer basket and carrier of claim 2 wherein the upper edge of the
      one end wall over which the hooks of the carrier are hooked is bounded at
      each side by a side wall of the carrier, the side walls confronting the
      hooks and preventing sideways escape of the hooks from the end wall.
NUM  8.
PAR  8. The wafer basket and carrier of claim 7 wherein the upper edge of the
      one end wall has a U-shaped depression spaced from its attachment to the
      side walls to enable endwise access to wafers within the basket, and
      wherein the vertical plate has a width dimension greater than the width
      dimension of the U-shaped depression to reduce possible accidental
      movement of the vertical plate into the wafer basket through the U-shaped
      depression during attachment or detachment of the carrier.
NUM  9.
PAR  9. The wafer basket and carrier of claim 1 wherein the internal vertical
      distance separating the hook and lip of the carrier is greater than the
      vertical distance separating the upper and lower edges of the one end wall
      of the basket and wherein the hook has a vertical internal depth greater
      than that of the lip.
NUM  10.
PAR  10. The wafer basket of claim 9 wherein the upper and lower edges of the
      one end wall of the basket are spaced from the horizontal plane defined by
      the basket feet a sufficient distance to provide a space between the
      carrier at its bottom-most edge and said plane when the upper edges of the
      basket end wall are received fully within the hooks.
NUM  11.
PAR  11. In combination, a wafer basket and a carrier for the basket which may
      be easily attached to and detached from the carrier with one hand, the
      wafer basket having upright side and end walls and an open top and bottom,
      at least two opposing carrier walls having feet lying in a horizontal
      plane for supporting the basket on a horizontal surface, one end wall of
      the basket having upper and lower edges adjacent the top and bottom of the
      basket, the lower edge being spaced above the horizontal plane defined by
      the basket feet and having an upwardly and inwardly slanted surface
      bounded at its ends by downward projections, the upper edge of the end
      wall being bounded at its ends by the respective, confronting side walls;
      the carrier comprising a vertical, graspable handle having at its lower
      end a vertical plate configured to lie exteriorly against the one side
      wall of the basket, the plate having a lower edge with an upwardly and
      inwardly slanted lip configured to hook beneath the lower edge of the one
      end wall and to flushly encounter the slanted surface of the latter, the
      lip having a side-to-side width slightly less than the distance separating
      the downward projections of the lower edge of the end wall, the plate
      further having horizontally spaced, inwardly and downwardly oriented hooks
      spaced vertically above its lower edge and configured to hook over the
      upper edge of the one end wall adjacent the respective side walls, the
      hooks of the carrier having a vertical internal depth greater than that of
      the slanted lip and the hooks and lip being vertically spaced to permit
      vertical movement of the end wall between them, the relative vertical
      dimensions of the hooks, lip and side wall and the spacing of the side
      wall above the horizontal plane permitting supportive retention of the
      upper edge of the end wall within the hooks when the lower edge of the end
      wall is in contact with the slanted lip and permitting the slanted lip to
      escape freely outwardly of the lower edge of the end wall when the upper
      edge of that wall is fully received within the hooks, the horizontal
      distance separating outer edges of the hooks being slightly less than the
      horizontal distance separating the side walls at their junctions with the
      one end wall of the carrier.
NUM  12.
PAR  12. An easily attachable and detachable carrier for a wafer basket, the
      latter having upright side and end walls and an open top and bottom, lower
      edges of at least two opposing basket walls having supports lying in a
      horizontal plane to support the basket on a horizontal surface, one end
      wall of the basket having upper and lower edges adjacent the top and
      bottom of the basket with the lower edge spaced above the horizontal
      plane;
PA1  said carrier comprising a handle having at its lower end a plate configured
      to engage and lie against the one end wall of the basket, the plate having
      a lower edge with an upwardly and inwardly projecting lip configured to
      hook beneath the lower edge of the one end wall, the plate further having
      a hook spaced above its lower edge and configured to hook over the upper
      edge of the end wall, the depth of the hook permitting the upper edge of
      the wall to move vertically within the hook while restraining horizontal
      escape of that edge from the hook, the hook and lip being vertically
      spaced to supportively retain between them the basket end wall when the
      lip is in contact with the lower edge of that end wall, but to permit the
      lip to escape outwardly of that lower edge when the upper edge of the end
      wall is fully inserted within the hook.
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ABST
PAL  Dowels being united to a stripe by severable straps consisting of the
      material of the dowels, said stripe being adapted for being inserted into
      the magazine of a shooting or blowing apparatus, characterized in that
      each dowel is provided at its front face opposing the rammer of the
      shooting or blowing apparatus with at least one recess extending in
      longitudinal direction of the stripe.
BSUM
PAR  Shooting or blowing apparatus for dowels, as a rule, comprise a magazine
      into which the dowels to be used are being inserted. Such dowels are, as a
      rule, united by severable straps to form a stripe and such stripes are
      being inserted into the magazine, noting that the dowels are severed one
      by one from the stripe by means of the rammer of the shooting or blowing
      apparatus. The stripes are guided within the magazine and the dowels are
      supplied to the rammer by means of a spring acting on the rearward end of
      the stripe. In known constructions the dowels are guided within the
      magazine by their side portion of its circumference engaging the inner
      side walls of the magazine.
PAR  Usual dowels are given a saw-tooth profile or a furrowed longitudinal
      profile for providing an improved anchoring of the dowels within the
      previously bored holes. Thus, the dowels are guided by the walls of the
      magazine channel only by the circular edges of their circumference so
      that, particularly with dowels manufactured from plastics material and in
      view of the ease of deformation of such material, the dowels are not
      precisely guided. This has as a consequence that the stripe of dowels will
      become bent and, respectively, undulated under the influence of the spring
      serving for supplying the dowels to the rammer and the dowels will become
      jammed within the channel provided within the magazine for guiding the
      stripes of dowels, which frequently will give rise to disturbances in
      operation.
PAR  The invention refers to such dowels which are united to a stripe by
      severable straps consisting of the material forming the dowels, said
      stripes being adapted for being inserted into the magazine of a shooting
      or blowing apparatus and the present invention aims at avoiding the
      disadvantages of known dowels. The invention essentially consists in that
      each dowel is provided at its front face opposing the rammer of the
      shooting or blowing apparatus with at least one recess extending in
      longitudinal direction of the stripe. According to an advantageous
      embodiment, the recess is formed by a groove being arranged in the middle
      of said front face and preferably being provided with plane side walls.
PAR  The side walls of said recess and respectively, said groove are acting as
      guiding surfaces so that the dowels may be guided along longitudinally
      extending ribs of the magazine. With dowels provided with a groove
      arranged in the middle of the front face of the dowel the dowels can be
      guided in a particularly effective manner by a guiding rib arranged in the
      middle of the bottom of the magazine channel. Such a guide means which is
      formed by a guiding rib engaging a groove is acting quite precisely
      because the recess or groove has smooth guiding surfaces. Thus it is no
      more possible that the stripes become ondulated and, respectively, the
      dowels become edgewisely jammed within the guiding channel. Apart from
      this, guiding of the dowels along the plane surfaces of the groove results
      in an essentially reduced resistance against shifting movement than
      guiding of the dowels along the side walls of the magazine channel, which
      equal contributes to avoiding disturbances in operation. The stripes of
      dowels can now be acted upon by a spring of essentially reduced spring
      compression, noting that the severable straps connecting the dowels to
      form a stripe may more effectively withstand the spring force. Moreover,
      further advantages result. The magazine channel can be open at its sides,
      because side walls acting as guiding surfaces are no more required, so
      that a stripe inserted into the guiding channel is easily visible and near
      consumption of the stripe can be recognized at any time. A further
      advantage resides in that the magazine channel, which does not require
      side walls for guiding the stripe, can be given a greater width. Thus it
      becomes possible to use the same shooting or blowing apparatus and the
      magazine rigidly connected therein for differently shaped dowels and
      dowels of different dimensions, noting that it is only necessary to form
      the shooting channel of an interchangeable mouth-piece, said shooting
      channel corresponding to the diameter of the dowels just to be used. The
      comparatively expensive shooting or blowing apparatus can thus be made use
      for various purposes.
PAR  Conveniently, the construction is such that the width of the groove amounts
      to one third to one sixth, preferably one fifth, of the diameter of the
      dowel, noting that the depth of the groove may be approximately equal to
      the width thereof. In this manner, the guiding surfaces of the groove are
      sufficient for the intended purpose.
PAR  The invention is further illustrated with reference to the drawing showing
      an embodiment of the present invention.
DRWD
PAR  FIG. 1 and FIG. 2 represent dowels interconnected to form a stripe, FIG. 2
      showing a side elevation of the stripe and FIG. 1 showing a section along
      line I--I of FIG. 2.
PAR  FIG. 3 is illustrating the arrangement of the stripe within the magazine
      channel, noting that the magazine channel is shown in a cross section.
PAR  FIG. 4 represents a side elevation of the blowing apparatus for the dowels.
DETD
PAR  As shown in FIG. 2, the individual dowels 1 consisting of synthetic
      plastics material are connected to a stripe by severable straps 2 of the
      same material. A length of the stripe corresponding to the length of the
      magazine is being torn from the stripe and introduced into the magazine.
      As is shown in FIGS. 1 and 2, the dowel 1 is provided with a groove 3
      extending in longitudinal direction of the stripe and being arranged at
      the front face opposing the rammer. The width a of this groove
      approximately corresponds to one fifth of the diameter b of the dowel 1
      and the depth c is approximately equal to the width a thereof. The
      cross-section of the groove has a taper in direction to the bottom of the
      groove so that the dowels can easily be put on the guiding rib of the
      magazine.
PAR  FIG. 3 represents the stripe of dowels inserted into the magazine channel
      4. The width d of the magazine channel 4 is greater than the diameter of
      the dowel 1 and a guiding rib 6 is provided on the bottom 5 of the
      magazine and is engaging the guiding groove 3 for effecting the desired
      guiding action. The cover 7 of the magazine is placed in position after
      inserting a stripe into the magazine channel 4. The side walls 8 of the
      magazine do no more act as guiding surfaces so that one side wall or both
      side walls 8 may be provided with a window 9 allowing to watch the stripe
      of dowels 1 just located within the magazine channel.
PAR  FIG. 4 represents a side elevation of the shooting or blowing apparatus for
      dowels. 10 is the handle, 11 is the channel guiding the rammer 12. 13 is a
      compressed-air conduit for supplying compressed-air to the rammer 12 and
      for forcing the rammer in downward direction. 14 is an operation lever for
      opening a valve not shown and for providing a connection between the
      compressed-air conduit 13 with the channel 11 located just above the
      rammer 12. The channel 11 is fed with dowels 1 via the magazine 8, noting
      that the rammer 12 is severing only one dowel 1 from the stripe of dowels
      and pushing this dowel in forward direction. 15 is a spool put under the
      action of a spring force such that a tape 16 is acting on a slide 17
      pushing the dowels within the magazine 8 in lefthand direction and thus in
      direction to the channel 11.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A plurality of dowels of synthetic material for use with a dowel driving
      apparatus of the type having a longitudinally extending magazine including
      dowel guiding means extending along the length of the magazine, each of
      said dowels having a head at one end thereof and a front face at the other
      end thereof and a body extending between said head and face, each said
      body having a substantially circular cross-section, each front face of
      each dowel having at least one recess extending across said body along a
      selected axis, said bodies of said dowels being connected by severable
      strap means to form an elongated strip with each said strap means
      extending parallel to said selected axis so that each said recess of each
      dowel will be alignable along said selected axis.
NUM  2.
PAR  2. Dowels as claimed in claim 1, characterized in that the recess is formed
      by a groove being arranged in the middle of said front face and preferably
      being provided with plane side walls.
NUM  3.
PAR  3. Dowels as claimed in claim 2 characterized in that the width of the
      groove is one-third to one-sixth, preferably approximately one-fifth, of
      the diameter of the dowel.
NUM  4.
PAR  4. Dowels as claimed in claim 2 characterized in that the depth of the
      groove is approximately equal to the width thereof.
NUM  5.
PAR  5. Dowels as claimed in claim 2 characterized in that the cross section of
      the groove has a taper of reducing width, seen in direction to the bottom
      of the groove.
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ABST
PAL  A projection cassette for containing two rolls of silent or sound
      cinematographic film lying side by side in the same plane, the cassette
      comprising a case and a lid and having a removable means which when
      removed forms an opening in the cassette sufficiently large to allow the
      introduction of at least one of the elements making up a sound reading
      device or to allow a loop of film to be extracted from the case for sound
      reading.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to a projection cassette and more
      particularly to a new and improved cassette adapted to contain two rolls
      of cinematographic film, which film can be silent or with soundtrack,
      arranged side by side in the same plane.
PAC  BACKGROUND
PAR  Film cassettes for the projection of silent film are already known, in
      which the film is wound onto two standard spools or onto two rotatable
      cores mounted side by side in the cassette. These cassettes are not
      capable of containing sound film since there is no way enabling the film
      to be engaged by a sound reading mechanism.
PAC  SUMMARY OF INVENTION
PAR  The present invention proposes to avoid this disadvantage by having in the
      case and/or the lid of the cassette an opening sufficiently large to allow
      at least one of the parts making up a sound reading device to be
      introduced or to extract a loop of film from the case for sound reading.
PAR  In a preferred embodiment of the present invention, the cassette contains a
      spool and a take-up core arranged side by side in the same plane inside
      the case and has a film-gate in one side. When a silent film is projected,
      the film follows the normal route from the spool onto the take-up core
      passing in front of the film-gate, the forward movement being achieved by
      a mechanical means such as a claw or any other known intermittent film
      drive. When a sound film (ie, one with a magnetic or optical soundtrack
      along its edge) is projected, it is necessary to form a loop of film after
      the film-gate so that the intermittent movement of the film for projection
      may be transformed into continuous movement for sound reading and
      establish the predetermined distance between the respective position of
      the film-gate and the sound read head.
PAR  The cassette, according to the invention, comprises means for projection
      either silent films, or sound films when an opening is made in the case
      and/or the lid thereof after the film-gate along the path of the film.
PAR  In one embodiment there is provided a zone of lower breakage resistance in
      the case and/or lid which may be removed for the introduction of one or
      several parts of a sound reading device, or for extracting a loop of film.
      This zone may, for example, be moulded with the rest of the case but
      separated by a groove or it may be made of a mechanically different
      material from the rest of the case.
PAR  In another embodiment a sliding part is provided in the cassette which part
      can open a portion of the case and/or lid and simultaneously extracts a
      loop of film from the cassette in order for it to run through a reading
      device outside the cassette.
DRWD
PAC  DRAWINGS
PAR  The present invention will be better understood after referring to the
      description of several embodiments of the invention and the accompanying
      diagrams in which:
PAR  FIG. 1 shows a cassette provided with an opening through which a sound
      reading device may be introduced or a loop of film may be extracted for
      sound reading.
PAR  FIG. 2 is a perspective of part of a cassette shown in FIG. 1 and
      illustrates the means by which an opening may be made in the case or the
      lid of the cassette.
PAR  FIG. 3 is a partial section through I--I in FIG. 1.
PAR  FIG. 4 is similar to FIG. 3 showing a section of part of another embodiment
      of a cassette in which an opening has been made in the bottom of the case
      corresponding with that in the lid.
PAR  FIGS. 5 and 6 are a top-view and a section of another embodiment of a
      cassette showing a movable member for making an opening in the case and
      for extracting a loop of film.
PAR  FIG. 7 is a section of FIG. 6 showing the member in an extended position.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIGS. 1 to 3 the cassette 1 contains two rolls 2 of a cinematographic
      film 3 lying side by side in the same plane. A film-gate 4 is located in
      one of the lateral surfaces. A zone of reduced resistance to breakage,
      described more fully with reference to FIGS. 2 and 3, is formed in the
      cassette preferably near and after the gate relative to the travel path of
      film 3.
PAR  In the surface with the projection-window of gate 4 of the case 6 there is
      a zone 7 separated from the rest of the case by a groove 8 of low
      resistance to breakage. In the same way the lid 9 has a zone 10 separated
      from the rest of the case by a groove 11 which makes it possible to detach
      this part 10 cleanly from the rest of the lid.
PAR  The cassette in FIG. 4 has two corresponding zones 7' and 10' in its case
      6' and in its lid 9' which are separated from the rest of the cassette by
      low breakage resistant grooves 8' and 11' respectively.
PAR  In operation, each cassette (of FIGS. 3 and 4) when intact can be used for
      silent films. When used for sound films the case, by application of
      pressure with the fingers, may be broken cleanly along the grooves
      intended for this purpose, and one or more parts making up the sound read
      head (not shown) may be introduced or a loop of film may be extracted for
      sound reading through the opening thus produced.
PAR  In FIGS. 5 and 6, a cassette 21 contains a spool 22 for carrying film (such
      as super 8) and a take-up core 23. Film 25 is moved by known conventional
      means past a film-gate 24. The cassette is made up of a lid 27 attached to
      a case 26 by hinges (not shown). On the under side of the case 26 a
      rod-like member 28 is mounted to slide along lateral guides (not shown). A
      roller 29 rotatable round an axle approximately perpendicular to member 28
      is mounted near the end of member 28. When member 28 is pulled in the
      direction indicated by the arrow (FIG. 6) the film which runs round the
      cylindrical roller forms a loop outside the cassette (FIG. 7). The
      cassette may then be mounted in an apparatus equipped with a sound read
      head or the parts making up the sound read head may be introduced into the
      loop.
PAR  It will be understood that other and further modification can be made to
      the embodiments of the invention disclosed herein without departing from
      the spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cassette for storing alternatively at least two different kinds of
      information-bearing strips, the strip of a first kind having a single
      track of a first information type whereas the strip of a second kind has
      at least one additional information type coded thereon,
PA1  walls forming a cassette case to protect the strip contained,
PA1  means for forming a loop of said strip within the cassette case,
PA1  a first information-handling zone on at least one of said walls for guiding
      said loop of strip to enable handling said first information type, the
      improvement comprising
PA1  wall portions defining a second information-handling zone on at least one
      of the walls within the range of said loop, said wall portions being
      connected to the remainder of the cassette case by at least one
      predetermined breaking point to facilitate removing said wall portions and
      forming an opening for handling said additional information types if a
      strip of said second kind is stored within the cassette.
NUM  2.
PAR  2. A cassette as set forth in claim 1 wherein said wall portions comprise
      at least at the breaking point a material different from that of the
      remainder of the cassette case.
NUM  3.
PAR  3. A cassette as in claim 1 wherein said predetermined breaking point of
      low resistance to is separated by at least one groove which allows said
      zone to be removed cleanly and in which said zone is molded in one piece
      with the other parts of the cassette.
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ABST
PAL  A roll of flexible material is divided into multiple table place setting
      sections. Each place setting section includes a relatively recessed
      circular portion formed in the flexible material and also eating utensils
      which are attached to the flexible material. The sections are separated
      from each other by perforations for removal of one or more as desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to prefabricated place settings and particularly to
      a roll of disposable place setting sections.
PAR  It has long been recognized that conventional china dishes and metal eating
      utensils are impractical for many occasions such as picnics and barbecues
      or for use in large informal gatherings at which meals are to be served.
      In consequence, disposable dishes and utensils are commonly used at such
      events. However, such items still require to be arranged into table place
      settings and to this extent provide no advantage over conventional items.
PAR  The provision of an instant place setting which is provided by this
      invention overcomes this and other disadvantages in a manner not revealed
      in the known prior art.
PAC  SUMMARY OF THE INVENTION
PAR  It is an important object of this invention to provide instant place
      settings in the form of a roll of flexible material divided into sections,
      each section having a recessed plate portion impressed thereon.
PAR  Another important object is to provide each place setting section with a
      set of eating utensils attached to the flexible material arranged ready
      for use after unrolling.
PAR  Yet another object is to provide a seating portion of each section for a
      collapsible cup and to provide means holding said cup in place on said
      seating portion.
PAR  An important object is to provide a double row of place setting sections
      having a combined width equal to the width of a table and separated by a
      longitudinal perforation line, and to provide transverse perforation lines
      between each section so that separation of individual place setting
      sections from the roll may be easily achieved.
PAR  It is an important object to provide a supply of disposable table setting
      sections in rolled form which are relatively simple and inexpensive to
      manufacture and can be used with great facility.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a perspective view of a table width roll of place settings;
PAR  FIG. 2 is an enlarged plan view illustrating a single place setting
      section;
PAR  FIG. 3 is a fragmentary sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged fragmentary view of a section illustrating an
      alternative attachment means for the eating utensils;
PAR  FIG. 5 is an illustration of a means of forming the impressed plate
      portions; and
PAR  FIG. 6 is a similar illustration for a reinforced plate portion.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now by characters of reference to the drawing and first to FIG. 1
      it will be understood that the prefabricated multiple place setting
      combination is provided essentially by an elongate web 10 in the form of a
      roll of flexible material such as paper or plastic which is subdivided
      both longitudinally and transversely into a plurality of place setting
      sections 11. As shown, the sections 11 are disposed in longitudinally
      aligned pairs having a combined width equal to that of a conventional
      picnic table such as indicated by numeral 12. Preferably, the longitudinal
      and transverse divisions 13 and 14 defining each section are perforated so
      that the sections 11 can, if desired, be separated from the rolled web 10.
      As clearly shown in FIG. 2 read in conjunction with FIG. 3 each section 11
      provides a relatively recessed plate portion 15 including an inclined
      sidewall 16 which is defined by a raised circular rim 17. The plate
      portion 15 is formed from the web material and is essentially
      self-supporting. In the preferred embodiment the plate portion is
      partitioned into stiffening subdivisions. Further, the plate portion 15 is
      provided with a peripheral perforation 18 so that it can be removed from
      the web 10 if desired. Each section also includes a cup seating portion 19
      in the form of a circular patch in the preferred embodiment, which is
      suitable for seating a collapsible cup 20. The cup seating portion 19 is
      provided with a contact adhesive or similar material which coacts with the
      underside of the cup 20 to hold said cup in place on the section 11. Such
      adhesive is not intended to provide permanent attachment but merely to
      provide sufficient holding power to hold the cup in place when the web
      material is in the roll form and while it is being unrolled. Each section
      11 is also provided with eating utensils such as a knife, fork and spoon
      22, 23 and 24 respectively which, in the embodiment shown in FIG. 2, are
      held in place by slits 25, 26 and 27 respectively extending longitudinally
      of the web material 10 and disposed in transversely spaced pairs. FIG. 4
      discloses an alternative means of attaching the eating utensils in place
      by providing strips indicated, by way of example, by numerals 25' and 27'
      , which may be attached to the material forming section 11, as by
      adhesive, or which may be formed by double slits.
PAR  FIGS. 5 and 6 illustrate a method by which the relatively depressed plate
      portions 15 may be formed by providing a corresponding die plate generally
      indicated by numeral 30. The die plate 30 includes a plurality of
      depressed portions 31 into which the flexible material 10 may be urged, as
      for example by vacuum forming or by rolls having corresponding formations
      thereon (not shown). In those instances in which the flexible material 10
      requires reinforcement in order for it to be stiff enough to provide a
      self-supporting plate portion of sufficient depth, a circular reinforcing
      backing portion of similar flexible material may be provided as shown in
      FIG. 6 by numeral 32. This backing portion 32 may be adhesively attached
      to the flexible material 10, in the case of paper, or heat sealed in the
      case of plastic.
PAR  It will be understood that the plate portions 15, the cup seating portions
      20 and the attachment means for the eating utensils 22-24 are provided on
      the web material prior to the temporary attachment of the collapsed cup 21
      and the eating utensils so that said cup and utensils can then be attached
      to the sections 11 and the material then rolled up. In effect, the rolled
      up sections provide a succession of table settings ready for immediate
      use, the nature of the roll inherently assisting in preventing the cup 20
      from becoming separated therefrom as well as assisting in the retention of
      the utensils 22-24 prior to the unrolling of the roll. If, for example, a
      place setting for eight diners is required, as shown in FIG. 1, the roll
      is simply placed at one end of the table 12 and unrolled toward the other
      end until eight place setting sections 11 are revealed. At this time the
      eight sections may be separated from the web as a whole by simply tearing
      along the transverse perforated strip 14 closest to the end of the table.
      The collapsed cups 21 can then be opened out into their operative drinking
      condition and the eating utensils 22-24 removed from their attachment
      means by the individual diner. It will be understood that the flexible
      nature of the web 10 results in the web material taking up a relatively
      flat formation conforming to the surface of the table 10 between the plate
      portions 15, as is cleary indicated in FIG. 3.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Multiple prefabricated table place settings, comprising:
PA1  a. an elongate web of flexible material including a plurality of
      longitudinally disposed and integral place setting sections stored in a
      web roll prior to use, each section including a first relatively raised
      rim portion formed integrally with and as a continuation of the web, the
      rim portion defining a relatively depressed plate portion formed
      integrally with and as a continuation of the web, the web extending from
      the rim portions of the sections conforming flexibly to the support
      between the plate portions,
PA1  b. a plurality of eating utensils disposed on each section, and
PA1  c. means holding said utensils in place on each section.
NUM  2.
PAR  2. Multiple place settings as defined in claim 1, in which:
PA1  d. each section includes a cup seating portion formed integrally with the
      web, and
PA1  e. a collapsed telescopic cup seated in the cup seating portion and
      retained by the web when in the web roll.
NUM  3.
PAR  3. Multiple place settings as defined in claim 1, in which:
PA1  d. each section includes a reinforcing back-up sheet secured to the web at
      the rim and plate portions for reinforcement.
NUM  4.
PAR  4. Multiple prefabricated place settings comprising:
PA1  a. an elongate web of flexible material including a plurality of
      longitudinally disposed, widthwise adjacent pairs of integral place
      setting sections stored in a web roll prior to use, each section including
      a relatively raised rim portion formed integrally with and as a
      continuation of the web, the rim portion defining a relatively depressed
      circular plate portion formed integrally with and as a continuation of the
      web, the web extending from the rim portions of the sections conforming to
      the support between the plate portions, said sections being defined by
      longitudinal and transverse perforations in the web for selective
      separation of the sections,
PA1  b. a plurality of utensils disposed on each section,
PA1  c. means holding said utensils in place on each section,
PA1  d. a cup disposed on each section, and
PA1  e. means holding each of said cups in place on its associated section.
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ABST
PAL  A sealing ring for computer tape reels and the like wherein the sealing
      ring comprises a molded unitary strip of homogeneous plastics material
      adapted to be formed into a loop to sealingly encircle the reel. The strip
      has a live transverse hinge adjacent one strip end defining a latch
      portion between the hinge and that end, and a transverse seating surface
      is provided on the radially inner side of the strip adjacent the hinge. In
      use, the strip is wrapped around the reel, the transverse end surface of
      the other end of the strip, remote from the latch portion, is abutted
      against the transverse seating surface to dispose the latch portion in
      overlapping relation to the other strip end, and the latch portion is
      pivoted inwardly about the hinge axes to latchingly interengage latching
      elements defined on the radially inner surface of the latch portion and on
      the overlapped portion of the other strip end. In one disclosed
      embodiment, the coacting latching elements comprise an aperture in the
      latch portion coacting with a latching finger projecting radially
      outwardly from the radially outer surface of the overlapped end portion.
      In another disclosed embodiment, the coacting latching elements comprise a
      latching finger projecting radially inwardly from the radially inner
      surface of the latch portion for coacting with a latching aperture
      provided in the overlapped end portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sealing rings of the type adapted to sealingly
      encircle a reel for computer tape or the like.
PAR  Various forms of sealing rings are presently available. However, the
      available rings are either relatively expensive, due to a relatively
      complicated design, or relatively ineffective, due to design deficiencies
      introduced in an attempt to reduce cost.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide an inexpensive
      yet highly effective sealing ring.
PAR  A more specific object is to provide a sealing ring of very low cost which
      will yet effectively seal the associated reel and maintain its effective
      sealing action over a long product life.
PAR  These objects are accomplished according to the present invention by the
      provision of a sealing ring comprising a molded unitary strip of
      homogeneous plastics material having an integral latching finger carried
      by one end portion of the strip and a coacting latching aperture provided
      in the other end portion of the strip. In use, the end portions are
      brought into overlapping relationship with the extent of overlapping
      defined by the abutment of the transverse end surface of the overlapped
      end portion against a transverse seating surface defined on the radially
      inner side of the overlapping end portion, whereafter the end portions are
      moved together to bring the latching finger and latching aperture into
      latching engagement.
PAR  In the disclosed embodiments of the invention, hinge means interconnect the
      overlapping end portion to the main body section of the strip so that the
      overlapping end portion may be pivoted relative to the main body section
      to facilitate the latching engagement of the latching finger and latching
      aperture.
PAR  In one disclosed emdobiment, the latching finger is provided on the
      radially inner surface of the overlapping, hingedly connected end portion;
      in the other disclosed embodiment, the latching finger is provided on the
      radially outer surface of the overlapped end portion.
PAR  Other objects and advantages of the invention will become apparent from the
      detailed description of the preferred embodiments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a cross-sectional view showing a sealing ring of the invention
      type sealingly encircling a reel;
PAR  FIG. 2 is a fragmentary view of one embodiment of the invention sealing
      ring showing the ring ends unlatched;
PAR  FIG. 3 is a fragmentary view of the FIG. 1 embodiment showing the ring ends
      latched;
PAR  FIG. 4 is a cross-sectional view taken on line 4--4 of FIG. 2;
PAR  FIG. 5 is a top view looking in the direction of the arrow 5 in FIG. 3;
PAR  FIG. 6 is a fragmentary, perspective view of the FIG. 1 embodiment of the
      invention sealing ring;
PAR  FIG. 7 is a fragmentary view of another embodiment of the invention sealing
      ring showing the ring ends unlatched;
PAR  FIG. 8 is a fragmentary view of the FIG. 7 embodiment showing the ring ends
      unlatched;
PAR  FIG. 9 is a cross-sectional view taken on line 9--9 of FIG. 7;
PAR  FIG. 10 is a top view looking in the direction of the arrow 10 in FIG. 8;
      and
PAR  FIG. 11 is a fragmentary, perspective view of the FIG. 7 embodiment of the
      invention sealing ring.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention sealing ring is formed in its entirety as a single unitary
      strip 10 of homogeneous plastics material such, for example, as
      polypropelene. Strip 10 is seen in FIG. 1 encircling a reel 12 of the type
      including a central hollow hub 14 and spaced flanges 16, l8.
PAC  The Figure 1-6 Embodiment
PAR  Strip 10, as seen in FIG's. 2-6, includes a main body section 20 having an
      end portion 21; and a latch end portion 22 formed as an integral
      circumferential extension of the end 25 of main body section 20 remote
      from end portion 21. Latch portion 22 is hingedly connected to end 25 of
      main body section 20 by a thin strip section 24 constituting a live
      transverge hinge. End portion 21 of main body section 20 includes a
      transverse generally radially extending end surface 36 and a smooth
      radially outer seating surface 21a extending circumferentially away from
      end surface 36.
PAR  Main body section 20 includes circumferential ribs 26, 28, 30, 32, formed
      on the radially inner surface of the main body section and extending from
      end to end thereof. Ribs 26, 28, 30, 32 are adapted to embrace the reel
      flanges 16, 18 to preclude transverse movement of the strip relative to
      the reel.
PAR  End portion 21 of main body section 20 is provided with a through aperture
      of opening 34. Opening 34 is rectangular with its major dimension arranged
      parallel to the longitudinal axis of the strip. A protuberance 38 is
      formed on the radially outer surface of end portion 21 and a pair of
      upstanding fins 40 are formed on the radially outer surface of end portion
      21 between protuberance 38 and opening 34. Fins 40, in side profile, have
      an arcuate leading edge 40a and a vertical trailing edge 40b.
PAR  Latch portion 22 and hinge section 24 have a transverse dimension slightly
      less than that of main body section 20. Latch portion 22 terminates in a
      handle section 42 curving arcuately upwardly from the latch portion. The
      arcuate curvature of handle section 42 generally matches that of arcuate
      fin edges 40a and its transverse dimension is slightly less than that of
      latch portion 22 and slightly less than the transverse spacing between
      fins 40.
PAR  Latching portion 22 has a smooth radially inner seating surface 22a. A
      latching finger 44 projects radially inwardly from radially inner seating
      surface 22a. Finger 44 has a transverse dimension slightly less than the
      minor or transverse dimension of rectangular opening 34. Finger 44, in
      side profile, includes an undercut latching surface 46, a piloting surface
      50, and a trailing surface 52. Latching surface 46 confronts a transverse
      seating surface 48 extending radially outwardly from the radially inner
      surface of the strip for intersection with seating surface 22a at the end
      thereof remote from the free end 23 of latch portion 22. Seating surface
      48 will be seen to be constituted by the transverse end surface of end 25
      of main body strip section 20. The distance between latching surface 46
      and transverse seating surface 48 approximates the distance between end
      surface 36 and the near transverse edge 34a of opening 34.
PAR  In use, strip 10 is wrapped around reel 12 to position ribs 26, 28, 30, 32
      on reel flanges 16, 18. Transverse end surface 36 is then abutted against
      transverse seating surface 48, thereby also bringng the opposite ends of
      ribs 26, 28, 30, 32 into abutment. Latch portion 22, which has been
      brought into overlapping relation to end portion 21 by abutment of
      surfaces 36-48, is then pivoted downwardly about the axis of live hinge 34
      by downward pressure on handle section 42 to bring the piloting surface 50
      of the latching finger into camming engagement with the transverse edge
      34a of opening 34; continued downward pressure on handle section 42 snaps
      piloting surface 50 past edge 34a to seat radially inner surface 22a on
      the radially outer surface 21a of end portion 21 and bring latching
      surface 46 into latching engagement with edge 34a.
PAR  In this latched condition, as been seen in FIg. 4, handle section 42 is
      nestled between fins 40 to protect the latch member from inadvertant
      unlatching. To intentionally unlatch the invention sealing ring, the
      operator's thumb may be placed on protuberance 38 with the thumb tip
      inserted between fins 40 and into the access pocket 54 defined between the
      radially inner surface of handle section 42 and the confronting portion of
      seating surface 21a, whereupon the thumb may be flipped upwardly, using
      protuberance 38 as a fulcrum, to flip handle section 42 upwardly and
      disengage latching finger 44 from opening 34.
PAC  Figure 7-11 Embodiment
PAR  In the embodiment of FIG. 7-11, the reference numerals are identical to
      those used in the FIG. 1-6 embodiment where the elements are unchanged
      between the two embodiments, and the same reference numeral with a prime
      added is used for elements that are similar as between the two
      embodiments. The FIG. 7-11 embodiment is generally similar to the
      embodiment of FIG's. 1-6 except that the relative locations of the
      latching finger and coacting opening are reversed. Specifically, latching
      end portion 22' now defines the latching opening and end portion 21' now
      carries the latching finger. End portion 21' includes a latching finger
      44' formed as a molded-in protuberance in the strip. Finger 44' includes
      an undercut latching surface 46', a piloting surface 50', and a trailing
      surface 52'.
PAR  Latching portion 22' defines an opening 34' for coaction with latching
      finger 44'. Opening 34' is rectangular with its major dimension arranged
      parallel to the longitudinal axis of the strip. The rear edge of opening
      34' is defined by an angled wall surface 60 having a slope approximating
      the slope of latching finger trailing surface 52'. The forward edge of
      opening 34' is defined by a generally radially extending edge surface 62
      formed at the lower terminus of a downwardly sloping surface 63 formed as
      a smooth curvilinear continuation of the arcuate upper surface of handle
      portion 42. The side edges of opening 34' are defined by the confronting
      inner surfaces 64a of a pair of reinforcing fins 64 beginning at the rear
      edge of latch portion 22' and blending at their foward ends in handle
      portion 42. The distance between latching surface 46' and transverse end
      surface 36 approximates the distance between edge surface 62 and
      transverse seating surface 48.
PAR  The operation of the sealing ring of FIG's. 7-11 is essentially the same as
      that of the embodiment of FIG's. 1-6.
PAR  The manufacture of the invention sealing ring in either disclosed
      embodiment represents the ipitomy of simplicity. Specifically, the sealing
      ring is totally formed in a single, straightforward molding operation. The
      strip comes out of the dye in the form of a flat strip which is ready for
      use.
PAR  The invention sealing ring will be seen to provide an extremely low
      manufacturing cost, and yet extensive testing has indicated that it
      provides excellent sealing for the related tape reel as well as a long
      product life.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sealing ring for use with a reel of the type including a central hub
      and spaced flanges, said ring comprising a molded unitary strip of
      homogeneous plastics material adapted to be formed into a loop to
      sealingly encircle said reel and including:
PA1  A. means defining a first end portion having a transverse, generally
      radially extending end surface and a smooth radially outer seating surface
      extending circumferentially away from said end surface;
PA1  B. means defining a second end portion adapted to be brought into
      overlapping relationship to said first end portion and having a smooth
      radially inner circumferentially extending seating surface adapted to seat
      on the smooth radially outer circumferentially extending seating surface
      of said first end portion;
PA1  C. means defining a transverse seating surface extending generally radially
      inwardly from said radially inner circumferentially extending surface at
      the end thereof remote from the free end of said second end portion;
PA1  D. means defining an aperture in one of said end portions within the smooth
      surface area of the circumferentially extending seating surface of that
      end portion; and
PA1  E. means defining a latching finger projecting radially from the smooth
      surface area of the circumferentially extending seating surface of the
      other end portion for latching coaction with said aperture to releasably
      latch said end portions together in lapping disposition with said radially
      inner and outer circumferentially extending seating surfaces in
      juxtaposition and the transverse end surface of said first end portion
      abuttingly urged against said transverse seating surface.
NUM  2.
PAR  2. A sealing ring according to claim 1 and further including
PA1  F. rib means defined on the radially inner surface of said strip adapted to
      seat within the spaced flanges of said reel to preclude transverse
      movement of said strip relative to said reel, said rib means extending
      circumferentially from a location adjacent said transverse end surface to
      a location adjacent said transverse seating surface so that the opposite
      ends of said rib means are abuttingly urged against each other in the
      lapped and latched disposition of said end portions.
NUM  3.
PAR  3. A sealing ring according to claim 1 wherein
PA1  F. said latching finger projects radially outwardly from the radially outer
      seating surface of said first end portion; and
PA1  G. said aperture is defined in said second end portion.
NUM  4.
PAR  4. A sealing ring according to claim 1 wherein
PA1  F. said latching finger projects radially inwardly from the radially inner
      seating surface of said second end portion; and
PA1  G. said aperture is defined in said first end portion.
NUM  5.
PAR  5. A sealing ring according to claim 1 wherein
PA1  F. a transverse live hinge is defined on said strip adjacent said
      transverse seating surface, whereby said second end portion is movable
      pivotally at said hinge relative to the main body of said strip to
      facilitate latching and unlatching movement of said finger relative to
      said aperture.
NUM  6.
PAR  6. A sealing ring for use with a reel of the type including a central hub
      and spaced flanges, said ring comprising a molded unitary strip of
      homogeneous plastics material adapted to be formed into a loop to
      sealingly encircle said reel and including
PA1  A. a main body strip section having
PA2  l. rib means on its radially inner surface extending from end to end
      thereof and adapted to seat within the spaced flanges of said reel to
      preclude transverse movement of the strip on the reel, and
PA2  2. an end portion having a transverse end surface and a smooth radially
      outer seating surface extending circumferentially away from said end
      surface;
PA1  B. a latch portion
PA2  1. adapted to form an integral circumferential extension of the end of said
      main body section remote from said end portion;
PA2  2. adapted to be brought into overlapping relationship to said end portion,
      and
PA2  3. defining a smooth radially inner seating surface adapted to seat in
      overlapping fashion on the smooth radially outer seating surface of said
      end portion;
PA1  C. hinge means integrally and hingedly connecting said latch portion to
      said remote main body section end in a manner to leave at least a portion
      of the transverse end surface of said remote end exposed to define a
      transverse seating surface;
PA1  D. means defining an aperture in one of said portions; and
PA1  E. means defining a latching finger projecting radially from the seating
      surface of the other portion;
PAL  whereby said transverse end surface of said end portion may be abutted
      against said transverse seating surface and said latch portion may be
      moved inwardly to seat the smooth radially inner seating surface of said
      latch portion on the radially outer seating surface of said end portion
      and latchingly engage said latching finger and said aperture.
NUM  7.
PAR  7. A sealing ring according to claim 6 wherein
PA1  F. the free end of said latch portion is configured to define, with the
      ring in latched configuration, an access pocket between the radially inner
      surface of the free end of the latch portion and the confronting portion
      of said radially outer seating surface, whereby the tip of an operator's
      finger may be inserted into said pocket to facilitate unlatching of said
      ring.
NUM  8.
PAR  8. A sealing ring according to claim 7 and further including
PA1  G. means defining a molded-in protuberance formed on the radially outer
      surface of said strip at a location therealong adjacent to the access
      pocket defined in the latched configuration of the ring.
NUM  9.
PAR  9. A sealing ring according to claim 8 and further including
PA1  H. a pair of integral, transversely spaced fins projecting radially
      outwardly from the radially outer surface of said strip at a location
      therealong circumferentially between said protuberance and said transverse
      end surface of said end portion, said fins being transversely spaced and
      circumferentially positioned so as to nestle the free end of said latch
      portion therebetween in the latched configuration of said ring and
      thereby, in coaction with said protuberance, discourage inadvertent
      unlatching of said ring.
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ABST
PAL  Flat glass sheets having a rectangular shape are stacked on a piece of
      corrigated fiberboard cut and scored to form a closed shipping container
      when folded. A corner pad that (1) absorbs shock; (2) is compressible; and
      (3) is resilient is provided at each corner of the stack. The height of
      the corner pads is greater than inside depth of the container when folded
      so that the corner pads are compressed between the top and bottom surfaces
      of the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to containers for shipping flat glass.
PAR  2. Discussion of the Prior Art and Technical Problems
PAR  Corner protectors are normally used in combination with containers for
      shipping sheets of glass. The corner protectors are used to prevent damage
      to the sheets of glass when they are accidentally dropped.
PAR  Disclosed in U.S. Pat. No. 3,792,771 there is disclosed a package for
      storing and transporting rectangular glass photographic plates. The
      package includes a plate carrier member provided with ribs for keeping the
      plates separated from each other in general parallel relationship, a lid
      which is placed on top of the plate carrier member, and cushion members of
      a resilient member which extends normal to the plane of the plates. The
      resilient member is disposed to contact a portion of the edges of the
      plates to prevent the plates from rattling between the ribs.
PAR  Although the prior art corner protector, e.g., those disclosed in the
      above-mentioned U.S. Pat. No. 3,792,771, are adequate to absorb shock
      imparted to the glass plates when the container is accidentally dropped,
      they are not employed properly to (1) provide adequate protection against
      stress or pressure points and/or (2) prevent the outermost sheets of glass
      from slipping between the corner protectors and sufaces of the container.
PAR  For example, the problem of stress or pressure points occurs when the
      corner protectors or ribs maintain sheets of glass in spaced relationship
      to each other and/or outermost sheets in spaced relationship to adjacent
      surfaces of the container. When the container is accidentally dropped,
      major surfaces of the glass sheets or plates bend at the interface with
      the corner pads or ribs. This bending moment sets up stress or pressure
      points which can cause the glass to fracture.
PAR  In the instance where the corner protectors are provided such that they are
      flush with a stack of glass sheets, the problem encountered is that during
      shipment or handling, the outermost glass sheets of the stack tend to
      slide over the surface of the corner protectors between the top or bottom
      portion of the container. When the container is accidentally dropped,
      there is no protection for the outermost glass sheets and the glass sheets
      are damaged.
PAR  It would be advantageous therefore if a corner protector was provided in
      combination with a shipping container to eliminate the occurrence of
      stress or pressure points while preventing the outermost glass sheets from
      sliding between the corner protector and inner surfaces of the container.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a container for shipping a stack of frangible
      articles, e.g., flat glass sheets having a generally rectangular shape. A
      container is provided for receiving and completely encompassing the stack
      with side portions of the stack in spaced relation to adjacent portions of
      the receiving and encompassing facility. At least one shock-absorbing,
      resilient, compressible pad is positioned within the container between
      [the adjacent portions of] the stack and adjacent inner portion of the
      container. The pad has a height in the uncompressed state greater than the
      height of the stack and is compressed by the container to the height of
      the stack.
PAR  In the preferred embodiment, the container includes a member, e.g., a piece
      of corrigated fiberboard, cut and scored to a generally T-shaped
      configuration to include a bottom portion, sides, a top lid flap portion,
      a bottom lid flap portion, a right side flap portion and a left side flap
      portion. The bottom portion has dimensions greater than the corresponding
      dimensions of the stack of articles and the width of the sides is
      approximately equal to the height of the stack.
PAR  A shock-absorbing, resilient, compressible pad, e.g., a polyethylene corner
      pads, having a generally L-shaped configuration is positioned at the
      corners of the stack. The corner pads are compressed to unitize the stack
      of glass sheets when the fiberboard is folded along the score lines to
      provide the container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of a corrigated fiberboard cut and scored to form a
      container for shipping glass sheets which may use corner pads
      incorporating features of the invention;
PAR  FIG. 2 is an isometric view of a container formed by folding the fiberboard
      illustrated in FIG. 1;
PAR  FIG. 3 is an isometric view of the fiberboard of FIG. 1 showing the
      position of individual glass sheets arranged in a stack and corner pads
      incorporating features of the invention;
PAR  FIG. 4 is a view taken along lines 4--4 of FIG. 3;
PAR  FIG. 5 is a view taken along lines 5--5 of FIG. 2;
PAR  FIG. 6 is an isometric view of a box type container for shipping glass
      sheets that may use the corner pads of the invention; and
PAR  FIG. 7 is an isometric view of another type of container for shipping glass
      that may use the corner pads of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 1, there is shown a corrigated fiberboard sheet 10
      cut and scored so as to provide a shipping container 12 (see FIG. 2) for
      shipping articles 14 that may use corner pads 16 (see FIG. 3) constructed
      in accordance to the teachings of the invention. In the following
      discussion, the articles are rectangular flat sheets of glass; however, as
      will be appreciated, the invention is not limited thereto. For example,
      the sheets of glass may have a circular configuration. Further, in the
      following discussion, the container is made of fiberboard; however, as
      will be appreciated, the invention is not limited thereto. For example,
      the container can be made from a cut and scored plastic corrigated sheet
      or pressed board.
PAR  In general and with continued reference to FIG. 1, the fiberboard 10 is cut
      and scored to have a generally T-shape configuration including a top lid
      flap portion 18; a right side flap portion 20; a left side flap portion
      22; a bottom lid flap portion 24; sides 26, 28, 30 and 32 and a bottom
      portion 34.
PAR  Referring now to FIG. 3, the individual glass sheets 14 are positioned on
      the bottom portion 34 of the fiberboard 10 to form a stack 36. As will be
      appreciated, the invention is not limited to the number of sheets in the
      stack. The corner pads 16 which are generally L-shaped to fit the corners
      of the stack 36 are made of a material that (1) absorbs shock; (2) is
      compressible; and (3) is resilient, i.e., returns to its original shape
      and size after being compressed. Types of materials that may be used in
      the practice of the invention are polyethylene, cork or rubber.
PAR  Referring back to FIG. 1, the length of the bottom portion 34, as measured
      between opposed score lines 38 and 40, and the width of the bottom
      portion, as measured between opposed score lines 42 and 44, is preferably
      equal to the length of the glass sheet plus the thickness of the corner
      pads 16 and equal to the width of the glass sheet plus the thickness of
      the corner pads 16, respectively. In this manner, when the sides 26, 28,
      30 and 32 are brought upward against adjacent surface 46 of the corner
      pads, (shown in FIGS. 3 and 4) surface 48 of the corner pads is urged
      against the sides of the stack to unitize the stack 42 as shown in FIG. 5.
      More particularly, the sheets of glass are thereby prevented from sliding
      within the container during shipment which could mar adjacent glass
      surfaces.
PAR  With reference to FIG. 4, the thickness of the corner pads 16, as measured
      between the surfaces 46 and 48 should be sufficient to absorb shock in the
      instance when the container is dropped without having the sheets of glass
      cutting through the corner pads. The thickness of the corner pads has been
      found to be a function of the density of the polyethylene and the weight
      of individual glass sheets. As the weight of the individual glass sheets
      increases for a constant density of corner pads, the thickness of the pads
      should be increased. As the density of the polyethylene increases for a
      constant weight of the individual glass sheets, the thickness of the
      corner pads can be decreased.
PAR  As can be appreciated by those skilled in the art, the density of the
      polyethylene should be below that point at which the polyethylene has no
      shock absorbing qualities. If the desnity is such that the corner pads
      have no shock absorbing quality, the glass sheets will be damaged when
      dropped on a side or corner. As a general rule, the thickness of the
      corner pads should be a minimal 1 inch having a density of 2 pounds, i.e.,
      the polyethylene corner pad is formed under a pressure of 2 pounds per
      square inch (psi).
PAR  As previously mentioned, the material of the corner pads should be
      resilient so that the sheets of glass are maintained in the container as a
      unitized pack. For example, when the container is dropped, the individual
      sheets are urged against the corner pads. If the corner pads do not return
      to their original size and configuration after the container is
      repositioned, the sheets of glass will have an increased path of travel
      which could mar adjacent surfaces of the glass sheets and damage the glass
      when the container is dropped again. Further, if the pads do not expand to
      their original size and configuration after being dropped, the corner pads
      are not able to adequately absorb shock on subsequent drops to prevent
      damage to the glass sheets.
PAR  With reference to FIGS. 1, 2 and 3, the inside depth of the container 12,
      i.e., the width of sides 26, 28, 30 and 32 as measured between the score
      lines 42, 60; 38, 62; 44, 64; and 40, 66, respectively, is preferably
      equal to the height of the stack 36. When the right and left side flap
      portions 20 and 22, respectively, are folded to form the container 12, the
      surface of the topmost sheet 68 is flush with the inner surface of the
      right and left side flap portions 20 and 22, respectively, as shown in
      FIG. 5 to eliminate pressure points which could cause the glass to
      fracture when the container is dropped. For example, in the prior art, the
      practice was to provide corner pads that maintained the outermost sheets
      of glass in spaced relationship to the top and bottom sections of the
      container. In this instance, when the container is dropped, the glass
      tends to bend toward the top or bottom section about the restraint points
      in the direction of the force. This creates stresses or pressure points at
      the interface of the glass and corner protectors which can cause the glass
      to fracture.
PAR  By providing the right and left side flap portions of the container flush
      against the surface of the topmost sheet 68 and the bottommost sheet 70
      resting on the bottom portion 34 of the container as viewed in FIG. 5,
      there are no pressure points which could cause the glass to fracture.
PAR  As can be appreciated, the outer surface of the topmost sheet 68 is not in
      surface contact with the top and bottom lid flap portions 18 and 24,
      respectively. However, the right and left side flap portions 20 and 22,
      respectively, are in surface area contact with the topmost sheet 68 which
      obviates pressure points. This is because the side flap portions 20 and 22
      extend between opposite sides of the topmost sheets 68 to eliminate
      pressure points at the corner of the glass sheet normally associated with
      corner protectors of the prior art.
PAR  With reference to FIG. 4, the height of the corner pads as measured between
      sides 72 and 74 of the corner pads 16 should be greater than the inside
      depth of the container so that when the fiberboard 10 is folded to provide
      the container 12, the corner pads are compressed between side flap
      portions 20 and 22 and the bottom portion 34. In this manner, movement of
      the topmost and bottommost glass sheets as viewed in FIG. 5 between the
      surface 72 and 74, respectively, of the corner pads 16 and adjacent inner
      surfaces of the side flap portions and bottom portion, respectively, is
      obviated. For example, in the prior art when individual glass sheets were
      stacked in surface engagement with the container to obviate the problem of
      bending moments discussed, supra, the topmost and bottommost glass sheets
      had a tendency to slide between the absorbing facilities and adjacent
      inner surfaces of the container. When this occurs, the surfaces and sides
      of the sliding glass sheets became damaged when the container was dropped
      because there is no absorbing facility to absorb the shock. By compressing
      the corner pads, the sheets are maintained in the stack and are prevented
      from moving between the surface of the corner pads and the adjacent inner
      surfaces of the container. More particularly and with continued reference
      to FIG. 5, the topmost sheet 68 is prevented from sliding between surface
      72 of the corner pads and inner surface of the right and/or left side flap
      portions 20 and 22, respectively, and the bottommost sheet 70 is prevented
      from sliding between surface 74 and inner surface of the bottom portion 34
      of the container.
PAR  The difference in height between the corner pads and the inner depth of the
      container is a function of the density of the corner pads. For example, if
      the height is excessive and the density high, the corner pads will not be
      compressed and the stack will not be unitized, i.e., the glass sheets will
      fit loosely in the container. As a general rule, as the density of the
      corner pads increases, the height of the corner pad should be decreased
      and vice versa. Generally, for polyethylene having a density of 2 pounds,
      the difference between the height of the corner pads and the inner depth
      of the container should be about 1/8 inch.
PAR  As can now be appreciated, the length of the legs of the L-shaped corner
      pads is not limiting to the invention. However, it is recommended that the
      length of the legs be approximately 6 inches. Further instead of using
      discrete corner pads, a continuous strip of polyethylene may be provided
      around the stack 34.
PAR  With reference to FIG. 1, the width of the right side flap portion 20 as
      measured between score line 60 and opposite side 76 and of the left side
      flap portion 22 as measured between score line 64 and opposite side 78 is
      not limiting to the invention. However, it is recommended that the width
      of the side flap portions be at least 3 inches (1) to provide ease of
      folding the flap portions along their respective score lines and (2) to
      prevent the side flap portions from slipping from beneath the top and
      bottom flap portions 18 and 24, respectively, when the container 12 (shown
      in FIG. 2) is formed.
PAR  The width of the top flap portion 18 as measured between the score line 62
      and opposed side 80 and of the bottom flap portion 24 as measured between
      the score line 66 and opposite side 82 should be sufficient to completely
      cover the stack 36 as shown in FIGS. 2 and 5. The top and bottom flap
      portions may be held in place with tape 84 as shown in FIG. 2 or with glue
      applied in any conventional manner.
PAR  As can now be appreciated, the invention is not limited to those instances
      where the container is formed from a single sheet of fiberboard. With
      reference to FIG. 6, there is shown a shipping container 90 in the form of
      a box that may use the corner pads 16 in accordance with the teachings of
      the invention. In this instance, the corner pads 16 are higher than the
      inside depth of bottom portion 92 of the box 90 so that when lid portion
      94 is positioned on the bottom portion 92 and secured thereto as by tape,
      the corner pads 16 are compressed to operate in a manner as previously
      discussed.
PAR  With reference to FIG. 7, there is shown still another embodiment of the
      invention. In this embodiment, the stack 36 of the glass sheets 14 and
      corner pads 16 are positioned between pieces of corrigated fiberboard 96
      and 98. The corner pads 16 are higher than the stack 36 of glass sheets
      14.
PAR  A sheet of plastic 100 completely surrounds the corner pads and pieces of
      fiberboard 96 and 98 and is shrink fitted in a manner known in the art.
      Shrinking the plastic sheet 100 compresses the corner pads between the
      pieces of fiberboard 96 and 98 to the height of the stack 36.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The shipping container and corner pads will be used in accordance to the
      teachings of the invention for containing 13 sheets of flat glass 14.
      Referring to FIG. 3, the glass sheets 14 each have dimensions of 24 inches
      by 24 inches and a thickness of approximately 0.097 inches.
PAR  With reference to FIG. 1, a sheet of single wall corrigated 200 pounds per
      square inch (psi) test fiberboard is cut and scored to form a generally
      T-shaped fiberboard 10 including a top lid flap portion 18, a right and
      left side flap portion 20 and 22, respectively, a bottom flap portion 24;
      sides 26, 28, 30 and 32 and a bottom portion 34.
PAR  The width of the top lid flap portion 18 as measured between score line 62
      and opposite side 80 is 6 inches and the length is 26 inches. The width of
      the right side flap portion 20 as measured between score line 60 and
      opposite side 76 is 3 inches and the length is 26 inches. The width of the
      left side flap portion 22 as measured between score line 64 and opposite
      side 78 is 3 inches and the length is 26 inches. The width of sides 26,
      28, 30 and 32 as measured between score lines 42 and 60; 38 and 62; 44 and
      64; and 40 and 66, respectively, is about 11/4 inches. The length of each
      side 26, 28, 30 and 32 is 26 inches. The dimension of the bottom portion
      34 as measured between the score lines 38 and 40 is 26 inches and between
      the score lines 42 and 44 is 26 inches.
PAR  With reference to FIG. 3, the individual glass sheets 14 are positioned on
      top of each other on the bottom portion 34 of the fiberboard 10 to form a
      stack 36. The glass sheets are advantageously separated by an interleaver
      material such as wood flour to prevent marring of adjacent surfaces.
PAR  Referring now to FIGS. 3 and 4, at each corner of the stack 36, there is
      provided a generally L-shaped corner pad 14 made of polyethylene and
      having a 2 pound density. The thickness of the corner pad as measured
      between surfaces 46 and 48 is 1 inch and the height of the corner pads as
      measured between surfaces 72 and 74 is 13/8 inches. The length of each leg
      of the corner pad is about 6 inches.
PAR  The sides 26 and 30 of the fiberboard 10 are brought against the corner
      pads by bending the fiberboard along score lines 42 and 44, respectively,
      to urge the surface 48 of the corner pads against the sides of the stack.
      The right and left cover portion 20 and 22 are brought over the surface 72
      of the corner pad and topmost glass sheet 68 by folding the fiberboard
      along score lines 60 and 64, respectively, to compress the corner pads
      between the side flap portions and the bottom portion 34 of the fiberboard
      10.
PAR  The sides 28 and 32 are urged against the surface 46 of the corner pads by
      folding the fiberboard along score lines 38 and 40, respectively, to urge
      the surfaces 48 against adjacent side of the stack while compressing the
      corner pads between the side flap portions and the bottom portion of the
      fiberboard. The top and bottom flap portions 18 and 24 are folded over the
      right and left cover portions by folding the fiberboard along score lines
      62 and 66, respectively. The top and bottom cover portions are maintained
      in position by tape 84 as shown in FIG. 2.
PAR  When the container is accidentally dropped during shipment, the glass
      sheets move against the corner pads which absorb the shock and prevent the
      glass from cracking. When the container is picked up and moved to a flat
      position, the corner pads return to their original size and configuration
      thereby maintaining the movement of the glass at a minimum. Further, and
      with reference to FIG. 5, during shipment, the topmost and bottommost
      sheets 68 and 70, respectively, of the stack 36 are maintained in the
      stack by the corner pads being compressed when the container was formed.
      In other words, the stack is unitized. Further, should the container be
      accidentally dropped, there are no pressure points which would cause the
      glass to crack. This is because the bottommost sheet 70 is flush with the
      bottom portion 34 and the topmost sheet 68 is flush with the side flap
      portions 20 and 22 (see FIG. 5). The side flap portions 20 and 22 extend
      across a portion of the topmost sheet 68 between opposed sides thereof to
      provide more surface area contact thereby eliminating pressure points.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container for shipping a stack of flat glass sheets having a generally
      rectangular shape wherein the width, length and height of the stack are of
      predetermined dimensions, comprising:
PA1  a corrigated fiberboard cut and scored to a generally T-shaped
      configuration to include a bottom portion, sides, a top lid flap portion,
      a bottom lid flap portion, a right side flap portion and a left side flap
      portion, said bottom portion having dimensions greater than corresponding
      dimensions of the stack of glass sheets and the width of said sides
      approximately equal to the height of the stack; and
PA1  corner pad made of a resilient, compressible, shock-absorbing material
      positioned at the corners of said base and having a height in the
      uncompressed state greater than the width of said sides, and a thickness
      approximately equal to the difference between the corresponding dimension
      of the stack and of said base, said corner pads being compressed between
      said corresponding side flap portion and bottom portion when the container
      is formed from said fiberboard to unitize the stack of glass sheets.
NUM  2.
PAR  2. The container as set forth in claim 1 wherein the corner pads are made
      of polyethylene.
NUM  3.
PAR  3. A shipping container, comprising:
PA1  a stack of flat frangible articles, in face-to-face relationship;
PA1  at least one resilient, compressible shock-absorbing means having a height
      in the uncompressed state greater than the height of said stack; and
PA1  means for receiving and completely encompassing said stack and said at
      least one resilient, compressible shock-absorbing means and for
      compressing the height of said at least one shock-absorbing means to
      approximately the height of said stack wherein said receiving and
      encompassing and compressing means comprises:
PA1  a base for supporting said stack and said at least one resilient,
      compressible, shock-absorbing means; and
PA1  sidewalls having a height approximately equal to the height of said stack
      and encompassing sides of said stack and said at least one shock-absorbing
      means wherein said sidewalls and said at least one shock-absorbing means
      prevents face-to-face displacement of the articles.
NUM  4.
PAR  4. The container as set forth in claim 3 wherein the sheets have a
      rectangular shape and said shock-absorbing means is a corner pad
      positioned at each corner of said stack.
NUM  5.
PAR  5. The container as set forth in claim 3 wherein the sheets have a circular
      shape and a plurality of said shock-absorbing means are positioned at
      selective spaced intervals about said stack.
NUM  6.
PAR  6. The container as set forth in claim 3 wherein said at least one
      shock-absorbing, resilient, compressible means is made of polyethylene.
NUM  7.
PAR  7. The container as set forth in claim 3 wherein said at least one
      shock-absorbing, resilient, compressible means is made of cork.
NUM  8.
PAR  8. The container as set forth in claim 3 wherein said at least one
      shock-absorbing, resilient, compressible means is made of rubber.
NUM  9.
PAR  9. The container as set forth in claim 3 wherein the articles are flat
      glass sheets.
NUM  10.
PAR  10. The container as set forth in claim 3 wherein said means for receiving
      and completely encompassing and for compressing includes:
PA1  a monolithic member cut and scored to a generally T-shaped configuration to
      include said base, sidewalls, a top lid flap portion, a bottom lid flap
      portion, a right side flap portion and a left side flap portion.
NUM  11.
PAR  11. The container as set forth in claim 3 wherein said means for receiving
      and completely encompassing and for compressing includes:
PA1  a receptacle for receiving said stack of articles, said receptacle having
      said base and sidewalls integral with said base, said sidewalls having a
      height approximately equal to the height of said stack of articles;
PA1  a lid for enclosing the articles in said receptacle wherein said at least
      one shock-absorbing, resilient, compressible means is compressed between
      said lid and said base to prevent face-to-face displacement of the
      articles; and
PA1  means for securing said lid on said receptacle.
NUM  12.
PAR  12. The container as set forth in claim 3 wherein said means for receiving
      and completely encompassing and for compressing includes:
PA1  a first flat member for supporting said stack and said at least one
      shock-absorbing means;
PA1  a second flat member positioned on top of said stack and said at least one
      shock-absorbing means, to form a composite;
PA1  means for completely encompassing the composite and compressing said at
      least one shock-absorbing, resilient, compressible means between said
      first and second flat member to prevent face-to-face displacement of the
      articles.
NUM  13.
PAR  13. The container as set forth in claim 12 wherein said encompassing and
      compressing means includes a heat shrinkable platic sheet.
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ABST
PAL  A display container with a bubble portion mounted on a base portion and
      adapted for easy access to products contained therein without destruction
      of the container. The base portion includes a flap and tab connected in
      seriatim at one extremity thereof, this construction being folded back
      beneath the remaining portion of the base and allowing the tab to protrude
      through the base in a position to support the bubble portion.
BSUM
PAR  This invention relates to a container adapted for use in a display which
      allows products contained therein to be readily seen by the prospective
      purchaser.
PAR  Containers of this general class are commonly "blister" package types
      wherein the articles are placed on a base portion and are subsequently
      covered and thereby sealed therein by a heat sealable plastic material.
      This type of package is highly desirable by merchants and manufacturers
      because of its unitary, sealed configuration. However, prospective
      customers desiring to inspect the products contained therein are required
      to destroy the package in order to carefully examine the products.
PAR  Attempts to overcome this problem have resulted in slidable blister-type
      packages which allow ready access to the products but do not provide the
      structure necessary to retain the bubble on the base during normal
      handling prior to the placement of the package on a display.
PAR  It is, therefore, an object of the present invention to provide a display
      package which may be readily opened in a manner which does not destroy the
      package and yet provide a package which is capable of remaining closed
      during normal predisplay handling.
PAR  It is another object of the invention to provide a package which is capable
      of being provided with advertising legends which are themselves protected
      during normal handling procedures.
PAR  In accomplishing the above objects, the present invention includes a
      thermoplastic-type cover portion which includes a bubble section and a
      flange with at least one portion of the flange extending for a
      predetermined distance from the bubble section. A slidable base portion is
      associated beneath the cover portion. The base is provided with a flap and
      tab element connected in seriatim to one extremity thereof. A slot is
      provided inwardly from the one extremity of the base and preferably
      located a distance substantially equal to the predetermined distance of
      the flange section thus allowing the flap to be folded beneath the base so
      that the tab may be inserted in the slot in adjacent supporting contact
      with the side wall of the bubble thus retaining the cover, at least
      temporarily, in a closed position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred embodiment of the container
      shown in fully closed position and associated with a hook-type display.
PAR  FIG. 2 is a perspective view of the preferred embodiment of the container,
      removed from the display, and showing the base portion in a partially open
      position.
PAR  FIG. 3 is a top plan view of the container.
PAR  FIG. 4 is a bottom plan view of the container.
PAR  FIG. 5 is a top plan view of the base portion in its fully extended
      position prior to association with the cover portion.
PAR  FIG. 6 is an end view of the base showing the pivotal movements of the flap
      and tab elements in preparing the base for association with the cover.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIGS. 1-4 of the drawings, the container 10 basically
      includes a transparent plastic cover portion 12 and a slidable base
      portion 28, preferably of a rectangular sheet material, such as cardboard,
      and of sufficient thickness to retain its shape. The cover includes a
      bubble portion 16 formed upwardly from a surrounding flange 14 of
      generally planar configuration. The bubble typically will include side
      walls 18 and a top wall 20 spaced a predetermined distance from the base.
      The flange preferably extends away from the bubble a greater predetermined
      distance in one direction, terminating at edge 23, than in the other
      directions. This extended flange portion 22 will thus form the hanging and
      display portion of the container in a manner to be described later herein.
PAR  The base 28 is slidably associated beneath the cover portion through the
      use of lower flange sections 26 integral with the cover and which are
      located on the side edges 25 and one end extremity 27 of the cover. These
      flange sections 26, in cooperation with the upper flange 14, provide
      opposing marginal surface areas at the sides of the cover and at one
      extremity to guide and retain the base beneath the cover and provide a
      stop restricting the movement of the base relative to the cover in one
      direction.
PAR  As shown in FIG. 2, a purchaser desiring to closely inspect articles 38
      contained in the bubble portion may do so merely by removing the container
      from the display and sliding the base portion relative to the cover
      portion in the direction shown in FIG. 2. Such a movement thus opens the
      cavity formed by the bubble for easy access to the displayed articles
      without permanently destroying the container.
PAR  Turning now to FIGS. 5 and 6, the novel configuration of the base portion
      28 will be described in more detail. The base portion is generally
      rectangular in shape and defined by side edges 31, terminal edge 33 and
      bend line 29 and is of generally the same perimetrical dimension and
      configuration as the cover portion with which it is associated.
PAR  A flap portion 30 and tab portion 32 are connected in seriatim to the base
      at the extremity thereof defined by bend line 29. The flap is preferably
      of a width less than the width of the base portion defined between side
      edges 31 and the tab is of a width preferably less than the width of the
      flap. A slot 34 is formed inwardly from the extremity defined by bend line
      29 and the distance from the slot 34 to the bend line 29 is preferably a
      distance equal to the predetermined extent of portion 22 of the flange for
      a purpose to be described later.
PAR  The base 28 is readily manipulated into its operative configuration by
      bending the flap 30 about the bend or pivot line 29 to superimpose the
      rear face of the base and allowing the tab 32 to be inserted in the slot
      34.
PAR  The temporary retention against accidental movement of the base relative to
      the cover while in the closed position is primarily obtained by the
      interaction of the tab 32 against a side wall 18 of the bubble. It will be
      noted in FIGS. 3 and 4 that free sliding movement of the base relative to
      the cover is precluded in one direction by the lower flange portion 26 and
      the end extremity 27 and in the other direction by the supporting
      adjacency of the tab 32 to the side wall 18. Accessibility, without
      destroying the container, may be obtained by merely removing the tab 32
      from the slot 34 and, in part, reversing the assembly process described
      relative to the base in FIGS. 5 and 6. This removal of the tab is
      facilitated by dimensioning the width of the flap to be less than the
      width of the base thus permitting pivotal movement of the flap without
      interference from the lower flange portion 26. Once the tab has been
      removed, then the base will be free to move in the opening direction.
PAR  Of course, the package may be alternately opened in a manner which does not
      require the hand manipulation of the tab 32. In such a procedure which is
      shown in FIG. 2, the base is manually slid relative to the cover portion
      with a force great enough to depress the tab allowing it to slide beneath
      the side wall and under portion 22 of the flange.
PAR  The association of the package with an appropriate display such as those
      utilizing a hook 40 is facilitated through the use of aligned holes 24 and
      36 in the cover and base portions respectively. Holes 36 may be formed in
      the base portion and flap portion so that all of these holes are properly
      aligned when the base is in its fully closed position on the cover. Since
      the hook will bear against both the base portion and the cover portion,
      the weight of the articles 38 in the bubble will not permit movement of
      one portion relative to the other when in the display condition. It should
      be noted also that flange portion 22 provides a protective covering for
      any advertising legends that may wish to be placed on the base portion in
      that area.
PAR  It should be understood that the structure described may provide a package
      which could be reusable after an initial opening which could be
      advantageous to a consumer in storing unused products.
PAR  It should now be clear that the invention provides a package which is
      readily and nondestructibly accessible to selective removal of articles,
      such as miscellaneous hardware articles, and yet is of such a structure
      that will prevent disassociation or sliding of the cover relative to the
      base during normal handling operations.
PAR  While the invention has been described in conjunction with a specific
      embodiment thereof, it is evident that many alternatives, modifications
      and variations will be apparent to those skilled in the art in light of
      the foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A display container adapted to hang from a rack, including a cover
      portion with a bubble section having upstanding wall sections and a top
      wall section, a flange section at least partially surrounding the bubble
      section, a portion of said flange section extending for a predetermined
      distance in a given direction from the wall sections, a generally
      rectangular base portion slidably associated with and beneath the cover
      portion and having perimetrical dimensions substantially identical to the
      perimetrical dimensions of the cover portion, the surrounding flange
      section of the cover portion including reversely bent portions providing
      spaced opposing marginal surface areas adjacent opposing side edges of the
      cover and one end edge facilitating the sliding association and retention
      of the base portion beneath the cover portion, a pivotable flap element
      and tab element connected in seriatim and integral with one end extremity
      of the base portion thereby adapted to bend and underlie a segment of the
      base portion, the flap element being of a length at least equal to said
      predetermined dimension of the flange section, a slot means in the base
      portion located inwardly of one end thereof so that the flap portion may
      be bent beneath the base portion and the tab inserted through the slot in
      supporting adjacency to an inner peripheral upstanding wall section of the
      bubble section to temporarily retain the base portion in a closed position
      beneath the cover portion.
NUM  2.
PAR  2. A container according to claim 1, wherein the base portion and flap
      element thereof and said portion of the flange section extending for a
      predetermined distance being provided with apertures which are aligned
      when the base portion is in a closed position beneath the cover portion.
NUM  3.
PAR  3. A container according to claim 1, wherein the flange section totally
      surrounds the bubble section.
NUM  4.
PAR  4. A container according to claim 1, wherein the slot is spaced
      substantially said predetermined distance from the end extremity of the
      base portion which is associated with the pivotable flap element.
NUM  5.
PAR  5. A container according to claim 1, wherein the cover portion is of a
      generally transparent thermoplastic material.
NUM  6.
PAR  6. A container according to claim 1, wherein the flap element is of less
      width than the width of the base portion.
NUM  7.
PAR  7. A container according to claim 6, wherein the tab element is of less
      width than the width of the flap element.
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ABST
PAL  A stackable-nestable container is disclosed having a rim defining the top
      thereof. The rim along each side is recessed with the recesses terminating
      in upstanding shoulders adjacent each end. The rim across each end of the
      container is recessed below the bottom of the recesses in the sides. The
      container has a pair of legs, one at each end. The height of the legs is
      substantially equal to the difference in depth between the side and end
      recesses whereby, when the containers are telescopically nested, an access
      opening extends between containers for receiving the tines of a forklift
      as a result of the legs of the upper of two containers resting on the
      bottom of the container beneath. The lengthwise spacing between the legs
      equals the width of the container at the top rim and the length of the
      recesses in the sides of the rim equals the lateral spacing of the legs to
      permit interlocked stacking when alternate containers are rotated
      90.degree. with respect to each other. Also, an access opening is provided
      for insertion of the tines of a forklift.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to containers and particularly to containers
      fabricated of wire or rod which are both stackable and nestable. While the
      invention involves a container construction which can be made in any
      suitable size, it is particularly intended for large size containers
      intended to be handled by mechanized lifting means such as forklift
      trucks. Containers made of wire or rod and designed for either stacking or
      nesting are well-known. However, prior art containers of this type, when
      stacked, have not provided a combination of stability and convenient
      engagement by mechanical lifting and transport devices such as a forklift
      truck. It is the object of this invention to provide a container having
      these features and the ability to nest compactly all combined in a simple,
      strong yet relatively inexpensive construction.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The container of this invention has a lower rim which acts as a base frame
      to which is welded a grid of rods or wires arranged in an intersecting
      pattern and welded to provide a rigid structure. The ends of the rods or
      wires forming the grid are turned up to form upstanding sides and ends.
      The sides and ends are slightly outwardly tapered. The upper ends of the
      sides and ends are welded to an upper or top rim. This rim is shaped to
      provide a recess adjacent each end of the container on each side. The
      recesses are terminated adjacent the ends by upwardly extending shoulders
      formed in the upper rim. The spacing between the shoulders on each side is
      equal to the lateral width of the lower rim. At each end of the container,
      outwardly of the shoulders, the upper rim dips down sharply whereby,
      accross the ends of the container, the rim is well below the level of the
      bottoms of the recesses formed in the rim along the side. This structure
      is designed to cooperate with the lower rim or base which, at each end,
      has a downwardly extending leg or hook. The spacing between the legs is
      equal to the span of the container between its sides whereby one container
      can be stacked upon another when rotated 90.degree., with the legs of the
      lower rim seated down over the sides of the upper rim of the container
      below and the shoulders defining the recesses in the sides of the upper
      rim nesting and centering the container. It will be seen that this
      arrangement provides stability in both directions for the stacked
      containers. The deeper recessing of the ends provides a passageway between
      the upper and lower containers into which the tines of the lifting device
      such as a forklift truck can be inserted for stacking and unstacking the
      containers.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a container constructed according to this
      invention;
PAR  FIG. 2 is a side elevation view of the container shown in FIG. 1;
PAR  FIG. 3 is an end elevation view of the container shown in FIG. 1;
PAR  FIG. 4 is a side elevation view of a pair of the containers nested for
      storage;
PAR  FIG. 5 is an elevation view of a pair of the containers in stacked
      relationship; and
PAR  FIG. 6 is a sectional elevation view taken along plane VI--VI of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the container 10 has an upper or top rim 11 and lower
      rim or base frame 12. Both of these structures are rectangular with the
      lower rim or base frame enclosing a smaller area than the upper rim 11.
PAR  The lower rim 12, at each end, has a pair of depending legs 13. The legs 13
      serve as supports when the containers are nested and when the individual
      container rests on a floor. They also serve the dual purpose of
      stabilizing hooks when the containers are stacked. This will be explained
      subsequently. The floor or bottom of the container consists of a grid
      formed by a plurality of parallel lateral rods or wires 14 which are
      arranged to intersect a second group of parallel endwise extending wires
      or rods 15. At each point of intersection, the wires 14 are welded to the
      wires 15 to provide a strong, rigid bottom or floor for the container.
      This grid rests upon and is welded to the lower rim or base frame 12 at
      each point of bearing between the lower rim and the grid.
PAR  On both sides of the container, the ends of the lateral members 14 are
      turned upwardly to provide side members 16. At both ends of the container,
      the ends of the lengthwise members 15 are turned upwardly to form the end
      elements 17 of the container. The top ends of the side elements 16 and end
      elements 17 are welded to the inside face of the upper rim 11. It will be
      noted from observing FIGS. 3 and 4 that the size and shape of the lower
      rim or base frame member 12 is less than that of the grid and, thus, is
      offset inwardly from the bottoms of the side elements 16 and the end
      elements 17 where they are bent to form the grid serving as the bottom of
      the container.
PAR  As best seen in FIG. 2, along the sides of the container, the upper rim 11
      is recessed downwardly to form an elongated section or pocket which
      terminates adjacent each end of the container in an upwardly extending
      stop or shoulder 20. The spacing between the shoulders 20 is equal to the
      lateral width of the lower rim member or element 12. By reason of this,
      the legs 13 can be seated over the recessed side portions of the rim 11
      with the lateral or side portions of the lower rim 12 seated closely
      adjacent or at the shoulder 20. It is important that the shoulders closely
      confine the rim of the container above to prevent sliding and relative
      displacement of the containers.
PAR  At each end of the container, outwardly of the shoulders 20, the upper rim
      is sloped sharply downward to a point well below the bottom of the recess
      21 formed in the sides of the container. The depressed portion of the ends
      of the rim 11 extends the full width of the top of the container, as is
      shown in FIG. 6, forming a wide opening 23 between the downwardly recessed
      end portion 22 of the upper rim of a lower container and the bottom
      surface of the lower rim element 12 of the upper of a pair of stacked
      containers. This spacing is such as to permit the operator for a device
      such as a forklift truck to insert the tines 24 of the truck through the
      opening formed above the ends of the lower of the containers. This permits
      mechanical handling of the containers such as for stacking or unstacking.
      This is essential when the containers are large or are heavily loaded.
PAR  By mounting the vertical end and side elements to the inside of the upper
      rim, the exterior of the top rim of the container is smooth. This permits
      the containers to be placed close together without interlocking or
      snagging. This faciitates stacking and unstacking when the columns of
      stacked ccontainers are closely packed. It reduces the potential of damage
      to adjacent articles or walls. It is also a safety factor for personnel
      working with these containers. Because the containers, when nested, are
      spaced apart the height of the legs 13, the containers are prevented from
      becoming wedged one into the other. Because the legs are short, the
      containers will only nest compactly for vertical storage. By eliminating
      the wedging action between containers, they can be more easily nested and
      unnested and damage to the face of the container is materially reduced.
PAR  It will be noted that the height of the legs 13 is substantially equal the
      height of the tine receiving opening 23 which remains when a pair of
      containers are stacked. This results from the fact that the vertical
      difference between the bottom of the recesses 21 and the end of the top
      rim is basically equal to the height of the legs 13. By this construction,
      when the containers are nested for storage, the tines can be inserted
      through the ends in the spacing A (FIG. 4) between two nested containers.
      This permits one or several of the containers to be nested or removed from
      a stack of stored containers. For this purpose, the spacing between
      certain of the end elements can be varied to provide added lateral access
      for the tines 24. The entire stack can be similarly moved by insertion of
      the tines through the legs 13 of the bottom container. Since the legs form
      loops around the tines, the container or stack of containers, when so
      lifted, is positively held on the tines. This is a further safety factor
      in handling the containers.
PAR  The containers, by their construction, provide a stable stack in which the
      containers are positively locked against relative endwise or lateral
      movement with respect to each other. This is very important in providing a
      stack which is safe from possible misalignment and tipping. In the case of
      large or heavily loaded containers, this is an important safety factor for
      personnel. Further, because the containers when stacked make bearing
      contact substantially at the four corners of the container, the large base
      area of support of the containers also adds to the stability of the
      stacked containers, again contributing to the safety of this type of
      container. The use of the short legs also positively holds the contents of
      the containers off a floor or other surface, thus preventing damage from
      any substances which might be on the floor such as dirt, oil, moisture and
      the like.
PAR  It will be recognized while a preferred embodiment of this invention has
      been illustrated and described that modifications may be made without
      departing from the principles of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A stackable-nestable container for storage and transport of articles,
      said container having an upper rim and a lower rim, a bottom formed of a
      grid of interconnected, intersecting wires, both ends of said wires of
      said grid being bent to extend upwardly to form the ends and sides of said
      container, the tops of said upstanding wires being rigidly secured to said
      upper rim, said lower rim being rigidly secured to said grid, said
      container characterized in that the side portions of said upper rim are
      provided with recesses, said recesses adjacent the ends of said container
      terminating in an upstanding shoulder, one adjacent each end of said
      container; said lower rim being ring-shaped and secured to the underside
      of the bottom of said container, the ends of said lower rim extending
      downwardly to form a pair of spaced leg-hooks and the sides of said rim
      being nested firmly against and secured to said bottom, said legs of an
      upper container resting on the bottom of a lower container when the
      containers are nested whereby the load of the upper of said containers
      when nested is supported entirely by its legs and the bottom of the
      container beneath; the spacing between said leg-hooks being such as to
      receive the side portions of the top rim therebetween and the horizontal
      length of said side hooks being such as to seat in said side portion
      recesses of said side portion recesses of said upper rim closely adjacent
      said upstanding shoulders whereby one container can be stacked upon
      another like container when the sides of the one container are parallel to
      the ends of the other container, and when so stacked, said leg-hooks
      prevent relative displacement of said containers with respect to each
      other in one direction and said shoulders prevent relative displacement in
      the other direction.
NUM  2.
PAR  2. A stackable-nestable container as described in claim 1 wherein the end
      portions of said upper rim are recessed below the recesses in said side
      portions of said upper rim to provide an access opening extending between
      said recessed ends when a pair of said containers are stacked; said access
      opening being of a height to receive the tines of a forklift truck for
      vertically separating the upper container of a pair of stacked containers
      from the container beneath.
NUM  3.
PAR  3. A stackable-nestable container as described in claim 2 wherein said
      access openings extend the full width of said container.
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PAL  A container of wire construction for transport and storage of articles is
      disclosed. The container has top and bottom rims and a wire grid forming
      the bottom. Wires also form side structures. The wires forming the sides
      are welded to the inner face of the top rim and the outer face of the
      bottom rim providing the container with only slightly inclined end and
      side walls. The wires forming the end and side walls are inclined toward
      one side or end, respectively, whereby the containers can be nested with
      minimal vertical offset. The ends of the rims are provided with spaced
      pairs of inwardly extending loops which permit the containers to be
      stacked in interlocking relationship without vertical telescoping.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to nestable and stackable containers for the
      transport and storage of articles. The containers are fabricated of thin,
      spaced members such as wire or red and have upper and lower rim elements
      defining the top and bottom of the container. Containers of this general
      construction, which are both nestable and stackable, are well-known.
      However, containers of this type have a number of limitations which are
      eliminated by this invention.
PAR  Conventional containers of this type, when nested for compact storage, only
      partially telescope one into the other, thus wasting substantial space
      because in any given vertical column only a limited number of the
      containers can be nested. Another limitation has been that the containers
      when stacked are so designed that there is a significant amount of
      vertical telescoping of the upper container into the container below. This
      materially reduces the storage capacity of the containers. In prior art
      containers of this type, where deep nesting was possible, the stops or
      supports which made possible the stacking of the containers are turned
      outwardly from the container. This creates problems in that it prevents
      close side-by side arrangement of the containers which is not only a waste
      of space but, under circumstances such as shipment in freight cars or
      trucks, the containers cannot be sufficiently closely packed to assure one
      stack acting as a lateral support for an adjacent stack. Also, the
      accidental interengagement of such projections of one stack of containers
      with those of another creates a potential hazard during handling of the
      containers.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The invention provides a container of almost square configuration having an
      upper rim element and a lower rim element. The bottom of the container is
      formed by an intersecting grid of wires which are secured to the lower rim
      element. The sides and ends of the container are formed of upstanding
      wires. These wires are arranged in slightly outwardly and upwardly
      inclined vertical planes with the wires in the sides being inclined toward
      an end of the container and the wires in the ends being inclined toward a
      side of the container. The tops of the wires forming the sides and ends of
      the container are secured to the inside surface of the upper rim and to
      the outside surface of the lower rim whereby the containers may be nested
      one within the other with the wires of one container at least at one of
      the sides or the ends seated against the wires of the other container and
      the wires of both containers being in a common vertical plane.
PAR  The containers also have, at each of their ends, inwardly extending loops
      formed in the upper rim and are aligned with larger, inwardly extending
      loops in the lower rim. The size of the loops in the lower rim is such
      that the loops in the upper rim will pass through the loops of the lower
      rim. The depth of the loops in the upper rim is such that when one
      container is rotated 90.degree. with respect to another container, it can
      be stacked upon the container beneath with the loops in the upper rim of
      the lower container providing support for the container above. Stops are
      provided on the loops in the upper rim to positively index the upper
      container with respect to the lower container.
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PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a container embodying this invention;
PAR  FIG. 2 is a side elevation view of the container shown in FIG. 1;
PAR  FIG. 3 is an end elevation view of the container shown in FIG. 1;
PAR  FIG. 4 is a sectional view taken along the plane IV--IV of FIG. 2;
PAR  FIG. 5 is a side elevation view of a pair of the containers shown in nested
      position;
PAR  FIG. 6 is an end elevation view of the same nested containers as shown in
      FIG. 5;
PAR  FIG. 7 is a side elevation view of a pair of the containers shown in
      stacked relationship; and
PAR  FIG. 8 is a plan view of the stacked containers illustrated in FIG. 7 but
      showing only the supporting loops of the lower one of the containers.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring specifically to FIG. 1, the numeral 10 refers to a container
      having an upper rim 11 and a lower rim 12. As illustrated, the rims 11 and
      12 are endless and entirely encompass the container. While the rings could
      be of any acceptable material, a preferable material is steel wire or
      small diameter rod. The upper rim has a pair of sides 13 and a pair of
      ends 14. The lower or bottom rim has a pair of sides 15 and a pair of ends
      16. For the purpose of this invention, the lower portion of the container
      can be made without an endless lower rim. It need only have the sides 15
      since the ends 16 could be eliminated. This would significantly reduce the
      strength of the container but it would not change its functional
      principles.
PAR  As is clearly seen in FIG. 1, the area encompassed by the lower rim 12 is
      less than the area encompassed by the upper rim 11. However, the
      difference in area is small since the sides are almost vertical. The
      bottom 20 of the container is formed by an intersecting grid of wires with
      one group of parallel wires 21 extending between the sides and a second
      group of parallel wires 22 extending at right angles thereto (FIG. 4).
      Where the wires 21 and 22 intersect, they are suitably attached as by
      welding. In the preferred embodiment of the invention, the wires 21
      extending between the sides extend beyond the sides of the bottom 20 and
      wrap about the lower rim 12 and are bent upwardly to form the upstanding
      side members 23 and 24. When the wires 21 pass around the exterior of the
      rim 12 and become the upstanding side members 23, the wires are rigidly
      secured to the rim member by suitable means such as welding. The upper
      ends of the side members 23 and 24 are rigidly attached to the inside face
      of the upper rim member 11. Thus, it will be observed that the wires pass
      about the outside of the lower rim member and are on the inside of the
      upper rim member. This arrangement is important in permitting maximum
      depth of telescopic nesting of the containers when they are nested for
      storage. It will be observed in FIG. 2 that all, except one, of the
      upstanding side members 23 are parallel and are inclined toward one end of
      the container. This inclination is in the range of 5 to 10 degrees and is
      provided to facilitate nesting. It will be noted that one of the
      upstanding side members 23a is inclined in the opposite direction at
      approximately the same angle. This arrangement of this particular side
      member is to reduce the width of the gap at the top rim which would
      otherwise result from the inclination of the side members.
PAR  Some of the wires 22 extending between the ends of the container are also
      formed with their ends bent into upstanding end members 25 as seen in FIG.
      3. Other upstanding end members 26 are formed from short pieces which
      extend from the lower rim to the upper rim. Again, the lower ends of the
      upstanding end members 25 and 26 are welded to the outer surface of the
      bottom rim and are welded to the inner surface of the top rim. Again, the
      upstanding end members 25 and 26 are inclined toward one side to
      facilitate nesting.
PAR  Each of the ends of the upper rim 11 has a pair of spaced, inwardly
      extending loops 30. These loops are adjacent the sides but spaced a short
      distance inwardly from the sides. It will be noted that the loops adjacent
      one side of the container are spaced further from the side of the
      container than the corresponding loops at the other side. At the inner end
      of each of the loops an upstanding stop 31 is mounted to the top of the
      upper rim. This stop can be of any suitable configuration but preferably
      is generally spherical so that it will present rounded edges which will
      not damage other containers or the contents of other containers. The depth
      of the loops 30 is such that the lower rim 12 of a superimposed container
      will seat over the stops 31 of a container beneath when the superimposed
      container is rotated 90.degree. to the container below. The preferred
      construction is such that the stops 31 will just fit between the sides of
      the lower rim of the upper container. This condition is illustrated in
      FIG. 8 wherein only the loops 30a and the stops 31a of the lower container
      are illustrated to avoid confusion of lines in the drawing. It will be
      seen that in this case the upper or superimposed container 10a has been
      rotated 90.degree. to the container beneath and thus the sides of its
      lower rim 12a are now parallel to the ends of the container beneath. By
      this arrangement, one container can be stacked upon another with the stops
      providing a positive index from one container to another, with the loops
      providing four points of support for the container above.
PAR  Since the lower rim 12a of the upper container rests on top of the upper
      rim 11a of the container below (see FIG. 7) the containers, when stacked,
      do not telescope one into another, thus the entire volume of the container
      may be used for storage. This eliminates loss of capacity efficiency of
      the containers when they are stacked. This is clearly illustrated in FIG.
      7 where the container 10a is shown resting on top of the container 10b.
      With this arrangement a large number of containers can be stacked
      vertically without loss of storage volume and because the points of
      support are basically at the four corners of the container and the
      containers are both indexed and held against significant sliding movement
      one with relation to the other, a particularly stable and efficient
      storage facility is provided by this invention.
PAR  To permit the containers to nest, the lower rim 12 is also provided with
      loops 35 which are aligned with the loops 30 in the upper rim and are of a
      size and shape such that they readily allow the loops of the upper rim to
      pass through them. In this manner, the loops 30 of the upper rim of a
      lower container will pass up through the loops 35 of an upper container as
      the containers are telescoped together for nested storage. The
      differential in spacing of the loops from the sides positively indexes the
      containers so that they can only be stacked in a particular orientation
      one to the other since this renders the containers asymetrical about their
      centerline.
PAR  When the containers are not being used, they can be compactly stored by
      nesting one within another. The relation ship of the containers as so
      nested is illustrated in FIGS. 5 and 6. Because of the inclination of the
      upstanding side members 23 and 23a, it will be noted that as the
      containers are nested, the inclined side members 23 of the container above
      will seat against and lie in side-by-side relationship to the inclined
      side members of the container beneath. As will be observed in FIG. 6, the
      same relationship of the upstanding end members 25 and 26 occurs.
PAR  This side-by-side relationship of the side members 23 is important. It
      eliminates the necessity of making provision for the thickness of these
      members when the containers are nested as would occur if these members had
      no inside-outside relationship. This arrangement allows deeper and,
      therefore, more compact nesting. It also reduces the degree of slope or
      inclination which must be given the sides and ends which, in turn, makes
      the containers more efficient as storage units. This is particularly true
      when their efficiency is assessed on the basis of occupied floor space.
PAR  Because the sides and the ends of the containers have a slight outward
      taper, actual contact between the upstanding side members and the
      upstanding end members of two containers will not occur until the
      containers are substantially totally nested. The slight inclination or
      draft of the sides and ends of the containers plus the inclination of the
      side members and end members within the respective planes of the sides and
      the ends permits the containers to telescope together to such a degree
      that the upper rim of the upper container A will rest upon the tops of the
      stops 31 of the lower container as is illustrated in FIGS. 5 and 6. Thus,
      depending upon the tolerances of manufacture, even when the containers are
      fully nested, there may actually be no contact between the inclined side
      members 23 or the inclined end members 25 and 26 of the containers. This
      is important because it eliminates the jamming which so often occurs with
      nested containers and results in not only frustration for the operators,
      but considerable loss of time efficiency in both stacking and unstacking
      the containers. It also materially reduces wear on the containers as they
      are nested and unnested. This is especially desirable in the case of
      plated containers such as are used in the food industry or with products
      which might be damaged by rust or similar marking. Further, since the
      containers when nested rest on four indexed points, those being the stops
      of the containers beneath, the containers when nested are parallel one to
      another creating a truly vertical column which is stable and compact. The
      ability to store the containers in tall, stable, erect columns gives the
      containers a maximum of efficiency in the use of storage space. This is
      important in considering the efficiency of the container over its service
      life since storage space is both expensive and often limited. This is
      particularly true when containers of this type are being returned to their
      point of origin from their point of unloading, such as occurs when goods
      are shipped in containers of this type and must be returned by rail, air
      or truck. Also, the fact that these containers will compactly nest in
      accurately indexed columns makes them stable during such shipment,
      reducing damage and wear.
PAR  The construction of this container permits it to be almost square. It also
      permits the container to be designed with minimal draft or slope on the
      sides. Thus, the container is efficient as to the quantity of product
      which may be stored within it in relation to the square footage of floor
      space it occupies both when in storage and when in transport. The same is
      true with respect to the containers when they are nested and in storage.
      The use of the inwardly turned ears for stacking the containers also
      contributes materially to their efficiency since it permits one stack of
      containers whether stacked or nested, to be positioned immediately against
      the next stack without wasted space between them. This also assures
      positive support of one stack for another which is important both during
      storage and during transport. It is particularly important in transport
      because it permits close pack between the vertical columns of containers
      thereby allowing them to be strapped or otherwise locked in position in
      such a manner that they cannot shift with respect to each other under the
      type of conditions incident to transport by air, rail or truck. The
      containers also are efficient in the use of space where they are utilized
      with rack storage. Since the cost of transport and of storage space is
      expensive, this is an important efficiency.
PAR  While a preferred embodiment of the invention has been described, it will
      be recognized that various modifications of the invention can be made
      without departing from the principles of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A nestable-stackable container for the transport and storage of
      articles, said container having spaced endless upper and lower rim
      elements, said lower rim element enclosing a smaller area than said upper
      rim element, first and second spaced members arranged in an intersecting
      pattern to form a grid, said grid forming the bottom thereof and being
      secured to said lower rim element, first upstanding spaced members forming
      the sides of said container and second upstanding spaced members forming
      the ends of said container, said container characterized in that said
      upper and lower rim elements at each of their ends have a pair of inwardly
      offset portions, said inwardly offset portions on opposite ends being
      spaced equally from both sides of said container; the sides of said upper
      and lower rim elements being straight; the spacing between the sides of
      said lower rim element whereby the lower rim element of an upper container
      will rest upon the inner ends of the offset portions of the upper rim
      element of a lower container when one container is rotated 90.degree. with
      respect to and stacked upon the other thereof; the exteriorly facing
      opening formed by each of the offset portions in said lower rim being of a
      size to permit the offset portion in the upper rim to pass vertically
      therethrough when the containers are nested; upstanding stops on the top
      of said offset portions of said upper rim element, said stops being so
      spaced as to engage the inner face of the lower rim element of the upper
      of the stacked containers; the vertical height of said stops being no
      greater than the vertical thickness of said bottom whereby no portion of
      said stops will project into the interior of the upper of the containers
      when said containers are stacked and the stops of the container beneath
      support the container above by contact with the lower face of the upper
      rim of the upper of the containers when said containers are nested.
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PAL  A document transportation case is provided for transporting computer data
      cards, checks, other data documents (hereinafter "data card" or "data
      cards") and computer printouts, said document transportation case includes
      a cover having a recessed upper surface for receiving the bottom of a
      second document transportation case stacked thereon, said cover having
      recessed front and back edges which protect closure means fixed within the
      recesses of the front and back edges, a case container having sidewalls
      which fit inside the case cover and interlock therewith to strengthen the
      case and protect the data cards and printouts contained therein, said case
      container having recessed front and rear edges similar to the case cover
      for protecting a case handle and complementary closure means which
      cooperate with the closure means on the case cover to retain the cover on
      the container, said case container having a downwardly projection storage
      recess in the bottom thereof which fits in the recess of an adjacent case
      cover when the cases are stacked and provides a storage compartment for
      the computer printouts, and data card carrying trays which fit within the
      compartment formed by the case cover and the case container, said carrying
      trays have handles to simplify removal from the case container and said
      trays rest on a lip formed between the storage recess and the sidewalls of
      the case container.
BSUM
PAR  This invention is in the field of document transportation cases and the
      like, and is more specifically directed to a unique and convenient case
      for transporting and storing computer data cards and computer printouts.
PAR  Computer data cards and printouts have become essential ingredients in most
      fields of commerce. Many computer users are too small to have a computer
      processing facility at each location and therefore most computer users
      have a central computer data processing center which services a large
      number of locations thereby necessitating the transportation of the data
      cards produced at each location to the central processing facility. The
      data cards must then be returned to each location with the computer
      printouts which provide the desired information from the computer data
      cards.
PAR  This transporting of computer data cards and computer printouts frequently
      exposes the cards and printouts to outside weather and to the rigors of
      bulk handling such as in messenger service, buses or taxicabs. Mutilation
      of the data cards increases the cost in processing the data cards because
      of stoppages occurring in the card handling equipment and due to the
      difficulty of reading mutilated or damaged computer printouts.
PAR  A previous solution to this problem has been to use cardboard boxes sized
      to contain the computer data cards and then stuffing the computer printout
      into the box adjacent the computer data cards. These boxes do not protect
      the cards against rain or hard handling due to the relative weakness of
      the cardboard. These cardboard boxes are difficult to stack because no
      handles are provided and since the boxes do not interlock with one
      another, the stacks of boxes tend to be unstable thereby limiting the
      height to which the boxes can be stacked.
PAR  While metal trays have also been used, these have proven unsatisfactory.
      Metal trays and covers are easily bent and frequently damage other
      surfaces against which they come in contact. The covers often become
      deformed thereby making reassembly of the cases difficult.
PAR  The carrying of these previously known transportation cases from place to
      place has been difficult and cumbersome because they lack a convenient
      handle with which they may be carried. It has been quite a normal sight at
      a data processing facility to see an individual with three or four
      cardboard boxes being carried under his arm while attempting to transport
      the cards from one location to another. The dropping of the data card
      transporting cases has been quite disastrous because data cards tend to
      slide out across the floor like playing cards thereby becoming scrambled,
      and it is only with great difficulty that the cards may be sorted into
      their original order. Many an unhappy computer user has suffered the
      frustration of having to sort his computer data cards after a tray has
      spilled.
PAR  It is consequently the primary object of this invention to provide a new
      and improved document transportation case for carrying computer data card
      and computer printouts.
PAR  It is another object of the present invention to provide document
      transportation cases having recessed covers to receive the bottom of a
      case stacked thereon to produce interlocking stacks of transportation
      cases.
PAR  It is a further object of the present invention to provide a document
      transportation case having removable trays for receiving and retaining the
      computer data cards and a compartment in the bottom of the case to receive
      and retain the computer printouts.
PAR  A still further object of the present invention is to provide a document
      transportation case having a cover which overlaps and interlocks with a
      case container forming the bottom of the case to strengthen the case and
      to provide protection from rain and the like for the computer data cards
      and computer printouts carried therein.
PAR  It is an additional object of the present invention to provide a document
      transportation case having recessed front and back edges to protect
      closure means for retaining the cover on the case container.
PAR  An additional object of the present invention is to provide a document
      transportation case which is capable of carrying two trays of computer
      data cards and a quantity of computer printouts in a convenient and easily
      handled case which prevents damage to the cards and printouts.
PAR  The obtainment of the objects of this invention is enabled through the
      provision of a case cover having an interlock recess in the upper surface
      thereof and recessed front and rear edges. The case container, which forms
      the bottom of the case, has a downwardly projecting storage recess which
      fits into the interlock recess in the case cover and has recessed front
      and rear edges similar to those in the case cover. The cover overlaps the
      sidewalls of the case container to reinforce the case and to prevent entry
      of dirt and moisture into the case. Toggle acting clamps are positioned on
      the case container front and rear edges adjacent the case cover and
      connect with latch posts on the cover to lock the cover in position on the
      case container. A handle attached to the front edge of the case container
      provides a convenient means for carrying the case. Two removable data card
      trays are positioned over the storage recess in the case container and
      rest on the lip formed between the sidewalls of the case bottom and the
      storage recess. Conventional card retaining plates slide on metal rods in
      the bottom of the data card trays to clamp the data cards in the tray if
      less than a full tray of cards are being transported. The case cover, case
      container and trays are formed of epoxy fiberglass or plastic as desired.
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PAR  A better understanding of the subject invention will be enabled when the
      following written description is read in conjunction with the appended
      drawings in which:
PAR  FIG. 1 is a perspective exploded view illustrating the preferred embodiment
      of the present invention;
PAR  FIG. 2 is a perspective view illustrating three stacked cases of the
      preferred embodiment of the present invention shown in FIG. 1 with the
      printout storage recess in the bottom of the upper cases inserted into and
      retained by the interlock recess in the adjacent lower cover;
PAR  FIG. 3 is a sectional view of the preferred embodiment of the present
      invention taken along lines 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3.
DETD
PAR  Turning first to FIG. 1, it will be seen that a document transportation
      case 10 is disclosed and includes computer data card trays 12 which are
      carried in a case container 14 and are retained in position and protected
      by a case cover 16 which is attached to the case container by toggle
      latches 18.
PAR  Data cards 20 to be carried in the tray 12, as shown in FIG. 4, determine
      the width and depth of the tray which is in the form of an elongated open
      topped box having a tray bottom 22 with two upwardly opening channels 24
      adjacent the side walls 26 and a similar center channel 27 positioned in
      the center of the tray bottom 22 as shown in FIG. 3. The channels 24 and
      27 strengthen the trays and prevent them from buckling; particularly, when
      the trays are formed of a lightweight plastic material. The center channel
      27 provides clearance for a guide rod 28 which is retained in holes 30 in
      the end walls 32 of the tray as shown in FIG. 1.
PAR  A compression plate 34, formed of a relatively thin rigid material such as
      sheet steel, has an upper portion 36 approximately equal to the size of
      the data cards with a downwardly extending central portion 38 with a slide
      opening 40 which is a hole approximately equal in diameter to the guide
      rod 28. The compression plate 34 is free to slide back and forth on the
      guide rod 28. However, the slide opening 40 grips the rod when the
      compression plate 34 is tilted thereby locking the data cards against the
      end of the tray when the tray is less than filled as shown in FIG. 4.
      Handles 42 in the ends of the trays permit easy removal of the trays from
      the case container 14 and subsequent handling. The trays are preferably
      formed of a lightweight rigid plastic material or epoxy fiberglass
      combination although they may be formed of metal such as steel or
      aluminum.
PAR  The lower portion of the document transportation case 10 is formed by the
      case container which is an open topped box having a recessed bottom 44
      shown in FIGS. 1, 3 and 4. The recessed bottom 44 is shorter in length
      than the two trays 12 and narrower in width than the two trays. The
      recessed bottom 44 has outwardly inclined sidewalls 46 to form the storage
      recess 47 for transporting computer printouts 49 as shown in FIGS. 3 and
      4. The upper edges of the inclined sidewalls 46 join with a tray
      supporting ledge 48 which extends outwardly from the sidewalls 46 thereby
      providing a support surface for the card trays 12 as shown in FIGS. 3 and
      4. The outer edges of the tray supporting ledge 48 connects to the case
      container sidewalls 50 and 52, the case container front wall 54 and the
      case container back wall 56. The case container front wall 54 has a
      recessed center portion 58 on which a carrying handle 60 and toggle
      latches 18 are mounted. The recessed center portion 58 reduces damage to
      the latches and handle when the transportation cases are stacked since the
      adjoining end areas 62 on the front wall 54 will abut adjacent cases or
      walls thereby preventing contact with the latches 18 or the carrying
      handle 60. As can be seen in FIGS. 1 and 2, the carrying handle 60 has
      pivot brackets 64 mounted on recessed center portion 58 to permit the
      carrying handle 60 to be pivoted out of interference with any adjacent
      surfaces. The rear sidewall 56 has a recessed center portion 66 similar to
      the recessed center portion 58 of the front wall 54 to similarly protect
      the toggle latches 18 mounted thereon and to form similar rear wall end
      areas 68.
PAR  The construction of the case cover 16 is similar to the case container 14
      and generally forms a downwardly opening box. An inwardly displaced recess
      surface 70 in the top of the cover forms an interlock recess displaced to
      receive the storage recess 47 of the case container 14 when the
      transportation cases are stacked as shown in FIGS. 2 and 3. The case cover
      16 has sidewalls which form continuations of the case container sidewalls
      50 and 52, front wall 54 and rear wall 56 with matching recessed portions
      72 and 74 on the front and rear wall of the case cover as shown in FIG. 4.
      The lower edge of the case cover sidewalls have an outwardly displaced lip
      76 which slides over the case container sidewalls as shown in the various
      figures to form a relatively tight seal between the case cover and the
      case container to exclude dust, dirt and water from the interior of the
      case when the case is closed. Latching posts 78 are mounted on the front
      recessed portion and the back recessed portion of the case cover adjacent
      the toggle action latches 18 mounted on the case container which permits
      locking the case cover on the case container while the cases are being
      transported or stored. The height between the tray supporting ledge 48 and
      the top recessed surface 70, when the case is assembled as shown in FIGS.
      3 and 4, is slightly higher than the height of the card tray 12 which
      prevents any shifting of the tray 12 and the cards 20 while the case is
      being transported. The lengths of the sidewalls in the case cover and case
      container are sized to provide a small clearance between the case and the
      trays when two trays are being transported in the case as shown in FIGS. 3
      and 4. The case cover and the case container are preferably molded from a
      tough, durable plastic material. However, they may be formed from a metal
      such as steel, as desired. The toggle latches 18, latch posts 78, and
      carrying handle 60, are conventional hardware on briefcases and the like.
PAR  The manner of use of the present invention is apparent from FIGS. 3 and 4.
      The computer printouts 49 are placed in the storage recess 47 of the case
      container 14 and two card trays 12 filled with the computer cards 20 are
      placed against the tray-supporting ledge 48 of the case container. The
      case cover 16 is positioned over the case container 14 with the displaced
      lip 76 overlapping the sidewalls of the case container. The toggle latches
      18 are clamped over the latch posts 78 to lock the case cover on the case
      container. The case may then be carried by grasping carrying handle 60 or
      the cases may be stacked as shown in FIGS. 2 and 3 by positioning the
      recessed bottom 44 adjacent the top recessed surface 70, thereby producing
      an interlocked stack of transportation cases which will not slide sideways
      with respect to one another. After being transported to the destination,
      the cases may be conveniently stored or opened to retrieve the data cards
      and computer printouts.
PAR  It is to be understood that numerous modifications of the disclosed
      embodiments of the subject invention will undoubtedly occur to those of
      skill in the art and the spirit and scope of the invention is to be
      limited solely in light of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A document transportation case for carrying and storing computer data
      cards, computer printouts and the like, said case comprising at least one
      elongated tray in which the computer cards may be carried, a case
      container of open-topped box configuration to receive the tray, said case
      container having a bottom surface with a printout storage recess
      projecting outwardly from said bottom surface, a support surface on the
      inside of the case container adjacent the printout-storage recess to
      support the card tray above the printout-storage recess when the tray is
      placed in the case container, a case cover of open-topped box
      configuration having a top surface and an inwardly directed recess in said
      top surface which is complementary to said printout-storage recess in the
      case container, thereby permitting transportation cases to be stacked with
      the recesses of adjacent cases interlocking to prevent any sliding between
      adjacent cases, and locking means for retaining the case cover on the case
      container.
NUM  2.
PAR  2. The document transportation case of claim 1 wherein the locking means
      are positioned in latch recesses on the sides of the case cover and case
      container to prevent damage to the locking means during storage and
      transporting.
NUM  3.
PAR  3. The document transportation case of claim 1 wherein the locking means
      comprises a toggle-action latch and latching posts mounted between the
      case cover and the case container.
NUM  4.
PAR  4. The document transportation case of claim 1 wherein the card tray has an
      upwardly opening channel extending along the center of the bottom of the
      tray, a guide rod positioned therein, and a compression plate having a
      slide hole in the base thereof which fits over the guide rod thereby
      providing a means for compressing the computer data cards being carried in
      the tray.
NUM  5.
PAR  5. The document transportation case of claim 4 wherein the bottom of the
      card tray has two additional upwardly opening channels positioned parallel
      to the central channel between the center channel and the side walls of
      the tray.
NUM  6.
PAR  6. The document transportation case of claim 1 wherein the case cover
      overlaps the case container when the case cover is installed on the case
      container, thereby preventing the entry of dust, dirt, rain and the like.
NUM  7.
PAR  7. The document transportation case of claim 2 wherein the locking means
      are positioned in latch recesses on the sides of the case cover and case
      container to prevent damage to the locking means during storage and
      transporting and wherein the case cover and case container are sized to
      retain the card tray and prevent the tray from sliding relative to the
      case when the case is being transported.
NUM  8.
PAR  8. The document transportation case of claim 7 wherein the locking means
      comprises a toggle-action latch and latching posts mounted between the
      case cover and the case container.
NUM  9.
PAR  9. The document transportation case of claim 8 wherein the card tray has an
      upwardly opening channel extending along the center of the bottom of the
      tray, a guide rod positioned therein and a compression plate having a
      slide hole in the base thereof which fits over the guide rod thereby
      providing a means for compressing the computer data cards being carried in
      the tray.
NUM  10.
PAR  10. A document transportation case for carrying and storing computer data
      cards, computer printouts, and the like, said case comprising two
      elongated card-carrying trays having sidewalls and endwalls to form an
      upwardly opening box and a bottom with upwardly opening channels adjacent
      the sidewalls and a central channel, a guide rod extending over the length
      of the central channel and through the endwalls of the tray, a compression
      plate having an upper portion and a downwardly projecting central portion
      with a slide hole in the central portion for mounting over the guide rod
      to provide a compression plate for compressing data cards carried in the
      card trays, a case container having sidewalls and a bottom to form an
      upwardly opening box, said bottom having a downwardly projecting printout
      storage recess and a tray-supporting surface between the storage recess
      and the sidewall of the case container, said sidewalls dimensioned to
      retain the two card trays in a horizontal side-by-side position, two
      opposite sidewalls of the case container having latch recesses in the
      sidewalls extending to the upper edges of the sidewalls, a case cover
      forming a downwardly opening box and having a top surface and sidewalls
      with an outwardly displaced lip extending around the lower edge thereof
      which overlaps the sidewalls of the case container when the case cover is
      installed over the open end of the case container, said case cover having
      an inwardly directed recess in said top surface which is complementary to
      the printout storage recess in the case container thereby permitting
      transportation cases to be stacked with the recesses interlocking to
      prevent any sliding between adjacent cases during storing and transporting
      and said case cover being sized to fit closely over the card tray when it
      is positioned on the support surface in the case container, toggle-action
      latches mounted in the latch recesses on the case container and latch
      posts mounted in similar latch recesses on the case cover to interact with
      the toggle-action latches to lock the case cover on the case container
      during storing and transporting and a carrying handle pivotally mounted in
      one of the latch recesses on the case container.
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ABST
PAL  Improved apparatus for grading and sorting of tobacco wherein the tobacco
      is dropped onto a continuously moving conveyor from which it is passed
      over an end plate and is scanned by one or more detectors suitably located
      in a housing mounted above the end plate, the detectors producing a signal
      indicative of the reflectivity of the desired tobacco leaf which signal
      controls an ejection system for separating the desired from the undesired
      leaf. The invention includes new structure for the end plate, detector
      housing and light source housing.
PARN
PAR  This is a continuation of Ser. No. 235,169, filed Mar. 16, 1972, now
      abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates to an apparatus for sorting and processing
      tobacco leaves and in particular to an apparatus for sorting and grading
      tobacco leaves providing improved means for optically sensing leaf of a
      selected color.
PAR  In the tobacco industry, it is necessary to grade tobacco leaves according
      to various standards such as color, size, type, etc. Such grading has,
      until recently, been done entirely by hand by individuals who stand before
      moving conveyor belts in which the leaves are carried from a central
      loading point and who are required to manually remove from off the
      conveyor the unwanted leaves i.e., those leaves of the wrong color,
      texture and/or degree of uniformity. Due to the large quantity of leaves
      that must be graded in a given season, the short period of time during
      which the individual can observe the leaves as they pass by him on the
      conveyor, the lack of trained grading personnel etc., there results that
      many unwanted leaves pass by unobserved.
PAR  Recently a number of automatic methods have been proposed for sorting and
      processing tobacco leaves. In U.S. Pat. No. 3,368,568, there is disclosed
      a grading apparatus for tobacco leaf which makes use of the differential
      centrifugal force developed in a leaf as between its heavier stem and
      lighter tissue to orient the leaf in a predetermined direction and then
      uses centrifugal force on the oriented leaf to maintain the leaf in a
      precisely located vertical plane as it passes by a grading station where
      photo-electric sensing means differentiates the passing leaves according
      to the presence or absence of a given quality. An air ejection system is
      provided to remove any sensed improper leaf. This system, however, suffers
      from the disadvantage that a large turntable is required in order to
      provide sufficient room for adequate separation.
PAR  According to a later patent, U.S. Pat. No. 3,380,460, a grading apparatus
      for tobacco leaf is provided, which effects an automatic ejection of
      unwanted leaves by the use of photoelectric sensing means dictating to a
      leaf ejecting apparatus through an electronic signal differentiating
      device, in which a linear table is employed dropping leaf through a number
      of gates. The latter system has the disadvantage of a complicated and
      complex table and gate arrangement.
PAR  More recently, an apparatus has been proposed wherein the electronic and
      photo-detection system enables the feeding of tobacco to a flat linearly
      moving belt. However, here too, the tobacco pieces must be separated by a
      given distance from its preceding and succeeding piece.
PAR  At the front end of the belt the tobacco passes over an end plate and is
      scanned by one or more detectors located in a housing mounted above the
      table. The detectors are equipped with a testing member for the color of
      the individual leaves and with a signalling member controlled by the
      testing member for indicating the color class for the actuation of the
      classifying device for the leaves.
PAR  The disadvantages of this apparatus are associated with the nature,
      arrangement and positioning of the end plate with respect to the conveyor,
      the plate being curved somewhat and spaced from the conveyor resulting in
      the accumulation of leaves in the space with resultant jamming of the
      apparatus, in turn necessitating interruptions for cleaning out the space
      before further processing can be carried out. Further, optical testing
      devices selectively responding to the color of leaves have the
      disadvantage that they must continuously be adjusted with respect to the
      color on the basis of which the classification is being carried out. This
      also involves interruptions in operation to permit the necessary
      adjustments and in many instances also prolongs the classification
      process.
PAR  In our copending application to which the reference can be made, entitled
      "Method and System for Grading Articles to Color", Ser. No. 235,342, filed
      on Mar. 16, 1973, and now abandoned in favor of a continuation application
      Ser. No. 497,649, filed on Aug. 15, 1974, and allowed on Feb. 21, 1975, an
      improved photo-detection system and apparatus are disclosed in which the
      light transmissivity or remission of the tobacco leaf is sensed rather
      than its intrinsic color. This system is far simpler, more efficient and
      inherently faster than any known system.
PAR  It is the object of the present invention to provide certain structural
      devices for use with the system described in the foregoing application. In
      particular it is the object of the present invention to provide an
      improved end plate, an improved transmissivity or remission guide and
      criteria, an improved light source for illuminating the end plate, an
      improved housing for the detection system and an improved detection system
      as well.
PAR  It is another object of the present invention to overcome the defects of
      the prior art and to provide an improved tobacco leaf grading table for
      use with the device of the aforementioned application.
PAR  These and other objects of this invention will become apparent from the
      following detailed description.
PAC  SUMMARY OF INVENTION
PAR  According to the present invention a testing member for a photo-detection
      system is provided which is capable of being adjusted to preselected
      levels of light transmission. Preferably, the testing member is provided
      in conjunction with a tobacco vegetable, or other leaf grading system
      comprising a conveyor for moving leaves, a photo-detector spaced above the
      conveyor in line with the testing member and having means for sensing the
      remission value of the light transmitted from the end plate.
PAR  In accordance with further features of the present invention, the testing
      member comprises an end plate assembly which is movably mounted at the end
      of the conveyor so as to be sensitive to accumulation of leaf at that
      point. It also includes a tiltable member overlapping the end of the
      conveyor to permit passage of leaves.
PAR  A particular aspect of the invention resides in forming the end plate of a
      pair of overlapping shiftable members, one in white having a plurality of
      holes, the other with block dots. The plates are reciprocatable with each
      other to vary the degrees of black and white thus varying the remission or
      transmissive light levels at preselected degrees.
PAR  A still further aspect of the present invention resides in the container
      for mounting the necessary illuminating lights and the photo-detectors.
      According to this invention this is accomplished in a single housing
      sectioned to provide a pair of light banks about a central row of
      detectors.
PAR  Preferably, the light banks are arranged to be easily slidable into and out
      of the housing. The detectors are built in individual sealed assemblies
      and hel in individual holes, also permitting their easy installation and
      removal.
PAR  Full details of the present invention will be found in the following
      disclosure and the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side view of the leaf sorter and separator embodying the
      present invention,
PAR  FIG. 2 is a front view of the device showing the relationship of the
      conveyor, end plate and detector,
PAR  FIG. 3 is an enlarged detailed view of the end plate and the means for
      mounting the same,
PAR  FIG. 4 is a section of the end plate of FIGS. 1 and 4 taken along line
      4--4,
PAR  FIG. 5 is an enlarged detail of the housing showing the light source and
      detection systems according to the present invention, and
PAR  FIG. 6 is a sectional view of the systems seen in FIG. 5 taken along line
      6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In the heretofore known systems, the end plate served to provide a
      contrasting background for the leaves and a reference color against which
      to measure or compare the color of the leaves. Selection of this end plate
      depended on the desired color of the final product, and required that
      there by present a suitable range of reference color end plates. Trained
      personnel were required for selecting the correct plate, removing the one
      no longer needed and installation of the new plate. This situation
      contributed, in great extent, to the inefficiency of the known grading
      apparatus. Also, as already noted, the known end plates were convexedly
      curved (upwardly) in order to facilitate the desired classification and
      this acted to further accentuate the break or gap between the conveyor and
      the end plate. This gap allowed leaves to fall therebetween, becoming
      covered up with other leaves until a ridge of leaves formed, which
      interfered with the movement of subsequent leaves and ultimately causing a
      jamming of the device.
PAR  As will be seen by reference to our copending application Ser. No. 235,342
      filed on Mar. 16, 1973, and now abandoned in favor of a continuation
      application Ser. No. 497,649, filed on Aug. 15, 1974, and allowed on Feb.
      21, 1975, entitled "Method and Apparatus for Photo-electrically Grading
      Leaf Tobacco", such a plurality of color plates are no longer necessary.
      According to the invention described therein, only a single plate having
      defined light transmissivity or remissivity is required. Such a plate
      seems only to establish the initial definition of a predefined grade and
      thereafter seems merely as a table portion over which the leaf moves.
PAR  In general the apparatus of the present invention is seen in the
      illustrative embodiment of FIGS. 1 and 2. Tobacco leaves which may be
      whole, cut tips or butts or particles of threshed or unthreshed leaves are
      fed to a feeder 10 from which they are dropped onto an endless conveyor
      belt 12 mounted on a stationary table 14 for movement in the direction of
      the arrows A. In general, the feeder and conveyor are similar to
      corresponding units found on conventional "picking" tables. At the front
      end of the conveyor belt 12, the tobacco passes over an end plate assembly
      P comprising a substantially flat surface 16. The rear end portion 18 of
      the end plate assembly P is mounted so that it can be tilted in an upward
      direction. The end portion is disposed so that it projects over and just
      short of contiguous contact with the end portion of the conveyor belt 12.
      The tobacco passing over the end plate is scanned by one or more detectors
      20 suitably located in a housing 22 mounted above the table. The leaf and
      plate surface 16 is illuminated by light banks B arranged in conjunction
      with the detectors 20. The detectors are more fully disclosed hereinafter
      and in our aforementioned copending application, produce a signal
      indicative of the transmissivity of the desired tobacco leaf L. The
      desired tobacco leaf L is caused to drop into a near hopper 24 while the
      undesirable tobacco leaf is blown by an air jet associated with the
      respective detector 20 and mounted in front of and below the plate surface
      16 into a far hopper 28. The rear end portion 18 of the assembly P is
      connected to a transverse bar 30 which is provided with air jets 32
      arranged in correspondence wth respective detectors and prepointed in a
      downward direction towards the surface 16. The rear jets 32 serve to
      remove any dust, dirt, dried grass or leaf debris present on the plate
      thus ensuring accurate detection, and to blow air in synchronism with the
      forward jets 26 to provide an auxiliary blast on the "tail" of the tobacco
      L.
PAR  In operation, tobacco is delivered in a continuous stream of heavy mass by
      an overhead conveyor and deposited on the infeed conveyor of the
      distributor device 10. The distributor device is conventional and
      suitable, humpback conveyor system, such as are now common in tobacco
      processing plants may be employed. In any event, it is to be assumed for
      the purpose of this disclosure, that the tobacco is distributed on the
      conveyor belt 10 in random, spaced arrangement. It will be appreciated
      that the only criteria being that a substantially statistically high
      portion of the leaf be in spaced, non-contiguous individual relationship
      with each other so that the leaf may more or less individually pass the
      photo-detector.
PAR  Turning to FIG. 3 the specific construction of the end plate assembly P is
      shown, comprising a box like housing structure 34 having six enclosing
      walls provided with suitably bevelled, turned or enlarged edge portions 36
      at its sides which edge portions are received in suitable corresponding
      channel or rail means 38 for sliding movement therein. The rear portion 18
      is pivotally mounted to the bar 30 by piano hinges 40 or the like. The bar
      30 is securely fixed to the rearmost upper edge of the housing so that the
      tiltable portion 18 is disposed in overlapping relationship with the
      adjacent conveyor 10 to permit the uninterrupted movement of the tobacco
      leaves from the conveyor belt onto the end plate surface 16 without
      interfering the movement thereof. The tiltable nature of the end plate at
      its overlapping edge portion facilitates the smooth transition from the
      curved portion of the belt.
PAR  Microswitch means 42 of a common type are provided to ensure proper seating
      of the housing 34 in the channel or rail means 38. The switches have
      spring contacts which sense the proper seating of the housing 38 and
      detect any movement in the direction of the arrow B. Since the housing is
      set in place by pushing it forward on the rail 38 any tobacco jam or
      accumulated tobacco beneath the tiltable portion 18 or in space between
      the belt 12 and housing 34 will tend to push it back outwardly in the
      direction of arrow B. This movement created by the force of the
      interfering tobacco jam will be sensed by the microswitches 42. Thus, even
      the remote possibility of jamming due to leaf accumulation or the like
      occur, which might prevent serious interference with the further operation
      of the sorting apparatus can be quickly terminated since the microswitch
      may be suitably connected in the conventional manner to an alarm such as a
      bell, buzzer, blinking or steady light for signalling the disengagement of
      the housng 34 from the contiguous position in front of conveyor 12 and to
      means by which interruption in the operation of the sorting device can be
      effected. The leaf accumulation provoking such interruption can then be
      easily attended to and the microswitches returned to the normal working
      position after the housing 34 is properly repositioned with respect to the
      conveyor's end.
PAR  In a similar manner microswitches 44 are placed on the rear end of the
      rails 38 to sense the proper position of the tiltable member 18. The
      microswitch will also sense the lifting of the member 18 due to improper
      movement or positioning of the tobacco on the belt and the signal thus
      obtained may, in the manner relating to switch 42, give alarm and stop
      operation of the picking table, feeder, etc.
PAR  It is contemplated that each of the testing or scanning devices 20 includes
      a photo sensor or light interpreting means of a type adapted for
      determining the transmissivity of the tobacco leaves. The optical testing
      device 20 is selectively responsive to the transmissivity of the leaves
      located on the end plate surface 16, and cooperates with a signal
      producing device to supply a voltage signal proportional to the light
      remission of the leaf passing beneath it. The electrical signals are
      adapted to actuate valves V to direct the desired tobacco leaves into the
      near hopper 24 while the undersiable tobacco leaf is blown by the air jets
      into the far hopper 28. The proportional voltage signals pass via gate and
      trigger circuits described, for example, in the aforementioned
      application, where a pulse is obtained dependent upon whether bad leaf is
      sensed. As seen more clearly in FIGS. 3 and 4, the forward jets 26 are
      arranged along a common axis each comprising a hollow tubular member 46
      journaled within a solid bearing mount 48 so as to be capable of being
      swivelled about the common axis. Each jet 26 has a row of holes 50 which
      are spaced along the length of the tube 46. As seen, it is convenient to
      arrange the width of the picking table with four sets of detectors 18, and
      corresponding rejection jets 26. The detectors, as is well known, will
      scan a defined area of the plate surface 16, consequently, each jet 26 is
      provided with a tubular member 46 of a length substantially equal to
      transverse dimension of the scanning area. The solid journal blocks 48
      separate each tube 46 so that each may be activated independently of the
      others. Similarly, the rear jets 32, formed in the bar 30 are separated by
      partition means 52 into four independent sections corresponding to the
      front jets and the detectors in size and position. Arranged within the
      housing 34 are four solenoid actuated air valves V each of which, on
      receipt of a signal pulse from the gate-trigger circuit, via a line 54, is
      adapted to pass a pulse, blast or short burst of air synchronously through
      conduits 56 and 58 to the front and rear jets 26 and 32 respectively. The
      valves V are connected via a conduit 60 or manifold to a source of
      pressurized air such as an accumulator or pump.
PAR  For example, if a leaf passes under one of the scanning devices 20, the
      light remission of which corresponds to the quality of the desired leaves,
      the signalling device will maintain the corresponding valve V in closed
      position and the leaf will be permitted to drop into the near hopper 24.
      However, if the leaf passing under the scanning device 20 registers a
      light transmission indicative of an undesired leaf, the signalling unit
      will open the corresponding valve V, enabling a jet of air to be produced
      in the upward direction from the corresponding air nozzle 26 and
      synchronously from the corresponding rear nozzle 32 whereby the
      undersirable tobacco leaf is blown into the far hopper 28.
PAR  The plate surface 16 is actually an assembly of flat plate members designed
      to provide means for selecting and varying the light transmission beneath
      the detectors to establish and define a predetermined grade to be sensed.
      Referring now to FIGS. 3 and 4, the end plate 16 is formed of three
      separate and distinct layers, a top layer 62 made of glass which has been
      etched or sand blasted so as to permit the maximum light diffusion. The
      glass layer is sealed within the housing 34 to protect the underlying
      layers and the interior from contact with tobacco dust and particles which
      contain abrasive materials. A second or middle layer 64 which is black and
      which is perforated with a plurality of holes 66 over its entire surface
      and a third or bottom layer 68 which is white and is provided with black
      dots 70 are located beneath the glass. The second and third layers 64 and
      68 are arranged in matched superposed relationship so that the openings or
      perforations 66 in the second layer and the dots 70 of the third layer
      substantially coincide. The second layer 64 is movable with respect to the
      other layers in the direction of the arrow C so that the relationship of
      the holes 66 in the second layer may be varied from a position where they
      completely coincide with underlying black dots 70 to a position where only
      white is seen through the openings 66. For example, a knob or gear wheel
      72 may be arranged at the ends of the glass plate extending through the
      layers and connected to cooperative gears or racks which would enable the
      reciprocable movement of the center layer 64. Of course, it will be
      obvious that the lowermost plate 68 may be made movable instead of the
      central plate. Furthermore, the relative disposition of the white and
      black layers and dots can be reversed while the holes 66 and dots 70 may
      be round, square, oblong or any other shape. Empirical evidence may be
      used to determine the best black-white arrangement desirable. It may also
      be possible to obtain the same transmissivity effect by the use of
      contrasting colors other than black and white. Although the use of
      contrasting colors is indicated here, it is not intended that such colors
      need be matched to the exact visual color of the leaf to be graded as was
      the case with the prior art devices.
PAR  By this means the end plate provides a readily and simply adjustable
      background for the leaves against which to measure or compare the
      transmissivity thereof. The scanning device depending on the adjustment of
      the layers 64 and 68 with respect to each other can then differentiate the
      passing leaves according to the light transmission thereof permitting
      classification in accordance with a predetermined scheme, all as defined
      in the accompanying application.
PAR  Preferably, gauge or other suitable measuring or scale means are provided
      for use in setting or adjusting the movable plates relative to each other,
      which settings correspond to predetermined light transmission values.
PAR  A single end plate assembly according to the present invention suffices for
      any picking table and is capable of carrying out the entire range of
      possible leaf grading procedures now known.
PAR  As seen in FIG. 1 the lights, photo-detection apparatus may be housed in a
      single overall housing package 22 capable of being mounted above the end
      plate by suitable brackets, post arms or other conventional means. The
      assembly package is formed of an upper section 78 to hold the electronic
      package, a lower section 80 to hold the lights and sensors in three
      transverse sections I, II, III and a middle section 81 as a heat shield.
      Of the three transverse sections the central section is adapted to secure
      the photo-detectors 20 while the outer sections are adapted to slidably
      secure removable tray-like banks L.sub.1 and L.sub.2 of the lamps.
PAR  The lower section 80 in detail, comprises a sheet metal housing constructed
      of a top wall 82, a pair of outer walls 84 and 86 and a pair of inner
      walls 88 and 90 spaced in parallel relationship uniformly from each other
      and integral with the top wall. The housing is completely closed at its
      rear by a wall 92 extending completely across its back and at its front by
      a small partition 94 between inner walls 88 and 90. Otherwise the housing
      is open at its bottom and front end. As seen in FIG. 6, the bottom edges
      of each of the longitudinal walls are provided with an integral ledge 96
      set at right angles forming inwardly turned pairs of shelves in sections I
      and III between walls 84 and 88 and 86 and 90 respectively, to support the
      lamp trays.
PAR  Each of the lamp trays L.sub.1 and L.sub.2 comprise a frame formed of a
      front flat plate 98 and a rear flat plate 100 connected by a pair of
      elongated parallel runners 102 and 104 adapted to rest on the shelves 96
      of each section. Secured between the front and rear end plates 98 and 100
      is an elongated channel member 106 of U-shaped cross section having a flat
      top and angular disposed sides. The channel member is secured to the end
      plates 98 and 104 by screws bolts or other fastening means 108 so that the
      top plate is angular to the horizontal plane and the bight of the U is
      canted inwardly toward the vertical plane through the photo cells 20. A
      series of holes 110 are formed in the top plate of each U-shaped channel
      member into each of which a single lamp 112 is placed. Each lamp 112 is
      supported by an enlarged annular flange 114 covering the hole which flange
      is secured to the base of the lamp by an insulated, heat resistant bushing
      116. The lamp 112 and flange 114 may be correspondingly threaded, or the
      lamp may be force fit into the flange or bushing or as is shown.
PAR  The back wall of each tray is provided with a female plug 118 from which
      lead connections 120 to the individual lamps 112 may be made. The back
      wall 92 of the housing 80 is likewise made with a mating male electrical
      plug 122 connected to the source of current. In this manner each tray is
      slidable into and out of the housing and into and out of plug engagement
      independent of each other. Each bank of lights, as is seen, is self
      contained and easily removable for replacement of one or more of the
      bulbs. The bulbs themselves are easily removable, being lifted from their
      seats within the holes in the top plate by their flanges. The wire
      connections can be easily accomplished by snap-in bayonet type devices.
PAR  The bottom of the U-shaped channel holding the lamps 112 is provided with a
      glass or translucent plastic shield 124 which acts as a light diffuser.
      The shield is supported within longitudinal lips 126 running the length of
      each wall of the channel. If desired, the translucent shield may be made
      of light filter material which can absorb selective light colors.
PAR  The photo detectors 20 are each housed in an assembly generally depicted by
      the numeral 128 which are retained in holes 130, formed in the central
      section II of the housing 80. As seen in FIG. 6 each photo-detector
      assembly 128 comprises a lower cylindrical housing 132 and an upper
      cylindrical housing 134 made of aluminum, glass or similar non-conductive
      material. A material which is heat resistant is also preferred. The upper
      and lower housings 132 and 134 may be threaded together or may be bolted
      together by suitable fasteners. The lower end of the lower housing 132 is
      covered by a glass shield 138 secured by an annular screw nut 140 sealing
      the entrance to the housing. The inner bore of the lower housing 132 is
      conically shaped tapering to form an upper shoulder 142 on which a lens
      assembly comprising a pair of convex lenses 144 and 146 sandwiched about a
      light filter 148. The light filter is preferably chosen of a particular
      wave length characteristic as set forth in the copending companion
      application Ser. No. 235,342 referred to earlier. The lenses 144 and 146
      are conventional and are adapted to produce optimum straight line light
      rays from the object. The shoulder 142 and the lower lens 144 are
      conformingly shaped so that the filter sandwiched between the lenses lies
      in a plane normal to the optical axis O defined by the center of the
      cylindrical housing.
PAR  Mounted above the lens system 144 and 146 is a cylindrical spacer 150
      having an annular horizontal inwardly directed flange 152 at its upper end
      on which the lower end of the photo-detector sensing head 154 sits. (The
      photo-detector is preferably the type described in the copending companion
      application.) The spacer 152 is designed to be of a length where the
      photo-detector sensing head presses on its upper flange 154 forcing its
      lower end into contact with the upper lens 146. Surrounding the sensing
      head 154 and interposed between it and the upper housing 134 is
      cylindrical shield 156 having outwardly directed flanges 158 which provide
      an annular air space 160 between the sensing head and the housing while
      holding the head secure. The upper end of the sensing head is formed with
      a socket terminal 162 about which another spacer 164 is located. The last
      spacer 164 is topped by an integral annular flange 166 secured onto the
      upper end of the upper cylindrical housing 134 by screws 168. A second
      plug socket 170 is secured on the flange 166 by a nut 172 so that
      connection may be made to the sensing head without entering into the
      assembly.
PAR  As will be obvious, the assembled parts fit forcibly together so that by
      tightening the screws 168 the flange is axially compressed on to the
      spacer 164 through which the lenses and filter are subsequently secured in
      axially alignment relative to the optical axis. The detectors are thus
      self-contained assemblies comprising a unitized integral package which is
      inserted within the hold 130 of the housing section II. It may be removed
      therefrom for repair or replacement, as desired. Each photo-detector
      assembly is easily disassembled and repair or replacement of lens, filter,
      photo sensor can be easily accomplished. To insure that the assembly is
      not disturbed or shifted during use, it is preferred that it be fastened
      by bolts 174 to the upper plate of the housing via the flange 166.
PAR  It will be noted that the material of the photo sensor assembly is
      preferably heat resistant, and the open area about the sensor, lenses
      etc., provide suitable heat sinks. It is also noted that the detector
      assemblies are spaced from the side walls of the housing 80 which also
      provides suitable heat sinks surrounding the assembly package thereof. In
      order to further cut down on possible heat effects, the housing 80 is
      provided with a pair of fans 176 at the rear end, aligned with lamp banks
      L.sub.1 and L.sub.2. The fans blow cool air across each of the lamps which
      air exit out of vents 178 in the front panel 98. The fans 176, if desired,
      may be located to blow counter to each other or even transversely across
      the lamp trays rather than as shown. More than two lamp banks L.sub.1 may
      be used. As indicated in the companion application, each lamp bank may
      contain multiple units of lamps. The lamps may be of any kind and may be
      wired in any conventional manner, although banks containing low voltage
      lamps may be preferred. The center section housing the photo-detector is
      also provided with vents 180 in the top plate to permit further flow of
      air from beneath to rise about the photo sensor assembly housings. The
      mid-section 181 of the housing package also has vents 182.
PAR  Although the apparatus described in this disclosure is particularly adapted
      for use in the system disclosed in our application Ser. No. 235,342 now
      abandoned in favor of a continuation application filed on Aug. 15, 1974,
      Ser. No. 497,649 and allowed on Feb. 21, 1975, it will be evident that
      they are not limited only to that system. The end plate structure, as well
      as the housing package for the lights and photo-detector can each be
      applied with ease to many of the existing systems or even to new, not yet
      devised systems, for grading tobacco leaf. Furthermore, it is also evident
      that the end plate assembly may be used independently of the housing
      package. It is accordingly intended that the present disclosure be
      illustrative only of the present invention and the scope of the invention
      be limited only by the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for sorting tobacco leaves, comprising a conveyor for moving
      leaves, an end plate comprising a substantially horizontally disposed
      surface over which said leaves pass, said plate being arranged in
      cooperation with the forward end of said conveyor to receive said moving
      leaves therefrom, means for resiliently mounting said end plate to be
      movable away from said conveyor on accumulation of leaves between said
      conveyor and said end plate, said end plate being adapted to provide a
      preselected level of light reflection, a photoelectric sensor spaced above
      said end plate adapted to provide a signal indicative of the reflection of
      light from the leaves passing over said end plate and means responsive to
      said signal to classify said leaves.
NUM  2.
PAR  2. A sorting apparatus according to claim 1 wherein said end plate is
      arranged so that the rear end portion thereof projects over the front end
      portion of said conveyor belt.
NUM  3.
PAR  3. A sorting apparatus according to claim 2 wherein said end plate portion
      is upwardly tiltable, with respect to the surface of said conveyor, the
      angle of said tilt being so chosen as not to interfere with the movement
      of the leaf passing from said conveyor belt onto said end plate.
NUM  4.
PAR  4. Apparatus for sorting tobacco leaves, comprising a conveyor for moving
      leaves to a discharge end, an end plate comprising a substantially
      horizontally disposed surface arranged at the discharge end of said
      conveyor in cooperation therewith to receive said moving leaves passing
      thereover, said end plate being supported by a housing comprising a frame
      mounted at the end of said conveyor, said frame including a pair of
      laterally spaced side supports, and means for removably mounting said
      plate on said side supports.
NUM  5.
PAR  5. A sorting apparatus according to claim 4 wherein said housing is mounted
      on said side supports for movement in a generally horizontal plane from an
      operative position at the discharge end of said conveyor to an inoperative
      position spaced axially therefrom for servicing and cleaning said
      apparatus.
NUM  6.
PAR  6. A sorting apparatus according to claim 5 additionally including a
      microswitch for sensing the proper seating of said housing in said side
      supports and for sensing the forward movement of said housing resulting
      from leaf accumulation between said housing and said conveyor belt.
NUM  7.
PAR  7. A sorting apparatus according to claim 6 including means responsive to
      said microswitch for providing a signal upon forward movement of said
      housing.
NUM  8.
PAR  8. A sorting apparatus according to claim 7 wherein said signal is a
      visible signal.
NUM  9.
PAR  9. A sorting apparatus according to claim 7 wherein said signal is an
      auditory signal.
NUM  10.
PAR  10. Apparatus for sorting tobacco leaves comprising a linear conveyor for
      moving leaves, a housing mounted at the forward end of said conveyor, said
      housing having a pair of laterally spaced side supports, an end plate
      extending between said side supports on which said tobacco leaves are
      supported as they pass forwardly from said conveyor, a sensor spaced above
      said end plate adapted to provide a signal indicative of the reflection of
      light from said passing leaves, a plurality of first air jet nozzles
      secured to said housing below the front end portion thereof, said first
      nozzles being connected to a compressed air system responsive to a signal
      from said sensor to provide an air current in the forward direction
      through said nozzles.
NUM  11.
PAR  11. A sorting apparatus according to claim 10 including a plurality of
      second air jet nozzles arranged above said housing at the rear end portion
      thereof, said second nozzles being connected to a compressed air system to
      provide an air current in the downward direction on said end plate.
NUM  12.
PAR  12. A sorting apparatus according to claim 4 including a plurality of first
      air jet nozzles arranged below said housing at the front end thereof, said
      first nozzles being connected to a compressed air system so that an air
      current of adjustable force can be obtained in the forward direction
      through said nozzles for effecting the classifying of said leaves, and
      including a plurality of second air jet nozzles arranged above said
      housing at the rear end thereof, said second nozzles being connected to a
      compressed air system so that an air current of adjustable force can be
      obtained in the downward direction through said nozzles for cleaning said
      end plate.
NUM  13.
PAR  13. A sorting apparatus according to claim 11 including electrically
      operable valve means responsive to a sensor signal indicative of a
      predetermined level of reflected light and interposed between said nozzles
      and said compressed air system.
NUM  14.
PAR  14. A sorting apparatus according to claim 13 including control circuits
      connecting said sensor and said valve means for regulating the response of
      said valve means.
NUM  15.
PAR  15. Apparatus for classifying tobacco leaves comprising a conveyor for
      moving leaves, a planar surface disposed in conjunction with said conveyor
      over which said leaves pass and a sensor spaced opposite said end plate to
      provide a signal indicative of the reflection of light from said leaves
      passing thereover, said planar surface being formed of three layers
PA1  a. a topmost layer made of glass adapted for permitting maximum light
      diffusion,
PA1  b. a middle layer which is black and which is perforated over its entire
      surface, and
PA1  c. a bottom-most layer which is white and is provided with black markings
      arranged to coincide with the perforations of said middle layer when the
      middle layer and bottom layer are positioned in matched superposed
      relationship.
NUM  16.
PAR  16. A sorting apparatus according to claim 15 wherein at least one of said
      middle and bottom layers is mounted in said frame for movement with
      respect to the other whereby the relationship of said perforations with
      respect to said black markings on said white bottom layer may be varied
      from a position where they completely coincide and provide an entire
      overall black appearance to one where only white is seen through said
      perforations to provide a generally whiter appearance.
NUM  17.
PAR  17. A sorting apparatus according to claim 4, wherein said end plate is
      formed of three separate layers,
PA1  a. a topmost layer made of glass adapted for permitting maximum light
      diffusion,
PA1  b. a middle layer which is black and which is perforated over its entire
      surface, and
PA1  c. a bottom-most layer which is white and is provided with black markings
      arranged to coincide with the perforations of said middle layer when the
      middle layer and bottom layer are positioned in matched superposed
      relationship and wherein at least one of said middle and bottom layers is
      mounted in said frame for movement with respect to the other whereby the
      relationship of said perforations with respect to said black markings on
      said white bottom layer may be varied from a position where they
      completely coincide and provide a black appearance through said
      perforations to one where only white is seen through said perforations to
      provide a white appearance through said perforations.
NUM  18.
PAR  18. A sorting apparatus according to claim 16 including gauge means for use
      in adjusting the position of one of said middle and bottom layers
      corresponding to the selected reflectivity of the desired leaf.
NUM  19.
PAR  19. A sorting apparatus according to claim 16 wherein said topmost layer is
      etched glass.
NUM  20.
PAR  20. A sorting apparatus according to claim 16 wherein said topmost layer is
      sand blasted glass.
NUM  21.
PAR  21. A testing member for the quality of individual tobacco leaves and
      adapted for determining the reflectivity of the individual leaves
      comprising an end plate comprising a substantially horizontally disposed
      leaf supporting surface in combination with scanning or detector means
      mounted in vertically spaced relation over said end plate wherein said end
      plate is supported in a box-like housing comprising a frame including a
      pair of laterally spaced side supports with said end plate extending
      between said side supports, including a plurality of air jet nozzles
      arranged below said housing at the front end portion thereof, said nozzles
      being connected to a compressed air system so that an air current of
      adjustable force can be obtained in the forward direction through said
      nozzles for effecting classifying of said leaves, said end plate being
      formed of three separate layers,
PA1  a. a topmost layer made of glass adapted for permitting maximum light
      diffusion,
PA1  b. a middle layer which is black and which is perforated over its entire
      surface, and
PA1  c. a bottom-most layer which is white and is provided with black markings
      arranged to coincide with the perforations of said middle layer when the
      middle layer and bottom layer are positioned in matched superposed
      relationship, and wherein at least one of said middle and bottom layers is
      mounted in said frame for movement with respect to the other whereby the
      relationship of said perforations with respect to said black markings on
      said white bottom layer may be varied from a position where they
      completely coincide and provide an entire overall black appearance to one
      where only white is seen through said perforations to provide a mixed
      white appearance.
NUM  22.
PAR  22. The apparatus according to claim 1 wherein the surface of said end
      plate is a combination of colors substantially different from said tobacco
      leaves.
NUM  23.
PAR  23. A system for classifying tobacco leaves having a conveyor for said
      leaves, a surface disposed in conjunction with said conveyor and
      comprising a diffused combination of white and black, over which surface
      said leaves pass, a photoelectric sensor being arranged spacedly from said
      surface and being adapted to provide a signal indicative of the light
      level reflected thereon by the sensed leaf having thereunder the diffused
      white and black combined surface.
NUM  24.
PAR  24. The system according to claim 23 wherein said photoelectric sensor is
      provided with means for restricting its response to a defined wave length
      range.
NUM  25.
PAR  25. The system according to claim 24 wherein the means for restricting the
      response of said photo-sensor is limited to the sensing of light in a wave
      length band of substantially 660 to 680 millimicrons.
NUM  26.
PAR  26. A system for classifying tobacco leaves having a conveyor for said
      leaves, a surface disposed in conjunction with said conveyor and
      comprising a diffused combination of contrasting colors, over which
      surface said leaves pass, a photoelectric sensor being arranged opposite
      said surface for receiving light reflected thereon and to provide a signal
      indicative of the level of the light reflected by the sensed leaf having
      thereunder the diffused background of contrasting colors provided by said
      surface, said surface comprising at least a pair of members each having
      means reflecting the levels of light of said contrasting colors, wherein
      at least said means reflecting said levels of light are adjustable with
      respect to each other to selectively vary the combined level of light
      reflection of said surface.
NUM  27.
PAR  27. The system according to claim 26 wherein said photoelectric sensor is
      provided with means for restricting its response to a defined wave length
      range.
NUM  28.
PAR  28. The system according to claim 26 wherein said members comprise plates
      arranged one above the other, the topmost plate being at least translucent
      and having a plurality of light reflecting indicia arrayed over its
      surface, the lower plate having a cooperating array of contrasting light
      reflecting indicia disposed over its surface, said plates being shiftably
      mounted with respect to each other to selectively vary the coincidence of
      the indicia on one plate with that of the other to adjust the level of
      light reflecting therefrom.
NUM  29.
PAR  29. The system according to claim 28 wherein the contrasting light
      reflection indicia is of a color other than tobacco.
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ABST
PAL  A packaging handling system for detecting and rejecting faulty packages and
      for maintaining a packaging or boxing machine in operation for a specific
      period of time if one or the other goes down. The system comprises a
      plurality of photocell sensing units to detect the imperfectly formed
      packages and a means for rejecting the faulty packages. An accumulator is
      positioned in the conveyor line between the packaging machine and the
      boxer and will store a limited number of packages should the cartoning
      machine discontinue to operate and will feed a limited number of packages
      on the conveyor should the packaging machine become inoperative. When the
      system is utilized on a boxer being fed by two packers, a distribution
      table is also provided in the system to divide the work from one packer to
      both lines should the other packer cease to function.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a system for inspecting and rejecting faulty
      packages and for maintaining a package handling system including a single
      cartoning machine being fed by two packaging machines in operation when
      either of the packaging machines goes down or the cartoning machine goes
      down. In particular, this invention relates to a system of inspecting
      cigarette packages for faults and maintaining a boxer or cartoning
      machine, which is being fed by two cigarette packers, in operation when
      one of the packers goes down or maintaining the packers in operation when
      the boxer goes down.
PAR  In the past, the cigarette industry has used boxes, as for example, the
      boxer or cartoning machine manufactured by Molins Machine Company, Ltd.
      (Molins) which receives packages fed along two conveyor belts from
      separate packaging units such as an American Machine and Foundry (AMF)
      packer. When using such a hook-up, an operator is required for each of the
      packers and an inspector is required for each conveyor line between the
      packers and the boxer to remove the packages with flaws or faults in their
      wrappers as well as to remove packages from the conveyor line when the
      boxer goes down or place packages on the conveyor if one of the packers
      goes down. Because of the other increasing speeds of the cigarette maker
      and packaging machines, it has become difficult for an inspector to keep
      up with the packer output; therefore, some faulty packages are getting
      through to the inspection point to market. In order to prevent this from
      happening, the present invention provides a system which will
      automatically inspect packages for the major faults which commonly occur
      and automatically reject imperfect packages. By eliminating the
      requirement of an individual to inspect the packages, it becomes necessary
      to develop a system which can keep the packers and boxers operating if one
      or the other goes down.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide an apparatus which
      will inspect a package for faulty packaging and wrapper formation and
      reject improperly formed packages.
PAR  Another object of this invention is to provide an automatic package
      inspection system which can be used with high-speed packing machines.
PAR  Another object of this invention is to provide an apparatus which will
      permit either an interconnecting packer and boxer to go down and still
      allow the other machine to function for a specific period of time.
PAR  Another object of this invention is to provide an accumulator in the
      conveyor line between a packer and a boxer which will permit either the
      packer or the boxer to go down and still permit the other machine to
      function properly for a specific period of time.
PAR  Still another object of this invention is to provide a distribution
      apparatus which will receive a supply of packages from two separate
      packaging machines and, when one of the packaging machines goes down or
      operates at a lower rate than the other, to divide the work from the
      packer which remains in operation or divide the work from the packer
      running at the higher speed to the packer running at the lower speed so
      that the boxer apparatus can continue to function.
PAR  These and other objects are accomplished by the present invention through
      the use of a package/inspection/handling apparatus including a plurality
      of photocells arranged to detect imperfections of the package formation by
      either a change in reflected light levels or blockage of light to the
      photocell receiver units. The apparatus also includes an accumulator which
      is positioned in the conveyor line between a packaging machine and a
      cartoning machine to receive packages being produced by the packer when
      the cartoning machine ceases to operate or supply packages to the
      cartoning machine when the packer ceases to operate. The accumulator has a
      magazine which reciprocates vertically on the conveyor line to receive and
      deposit packages on the conveyor line. A distribution table is provided
      which will receive packages from two sources and distribute them into two
      channels if both of the sources are supplying packages at different rates
      or divide the packages from one source into the two output channels if
      only one source is providing the packages.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and additional objects, features and advantages of the
      present invention will be apparent to those skilled in the art from the
      following detailed description of a preferred embodiment taken with the
      accompanying drawings, in which:
PAR  FIG. 1 is a plan view of the packaging and cartoning line in which an
      inspection device, accumulator and distribution table are installed in
      accordance with the present invention;
PAR  FIG. 2 is a top view of an improperly formed cigarette package;
PAR  FIG. 3 is a side view of an imperfectly formed cigarette package;
PAR  FIG. 4 is a perspective view of a package/inspection device according to
      the present invention;
PAR  FIG. 5 is a plan view of the inspection device of FIG. 4 with the hold-down
      brush and inspection photocells shown in FIG. 6 and FIG. 7, respectively,
      removed for clarity;
PAR  FIG. 6 is a side elevation view of the inspection device shown in FIG. 4;
PAR  FIG. 7 is a side elevation and partial cross section view of the inspection
      device shown in FIG. 5;
PAR  FIG. 8 is a block diagram of the package inspection electronic circuit
      according to the present invention;
PAR  FIG. 9 is a perspective of a package wrapper inspection device according to
      the present invention;
PAR  FIG. 10 is a plan view of the conveyor system used to connect the package
      wrapper machine and the wrapper inspection device;
PAR  FIG. 11 is a top view of the wrapper inspection device according to the
      present invention;
PAR  FIG. 12 is a side elevation view of the overwrap inspection device
      according to the present invention;
PAR  FIG. 13 is a block diagram of the electronic circuit for the wrapper
      inspection system according to the present invention;
PAR  FIG. 14 is a perspective view of a package accumulator in a partially
      filled position according to the present invention;
PAR  FIG. 15 is a perspective view of a package accumulator in an empty
      position;
PAR  FIG. 16 is a side elevation view of an accumulator according to the present
      invention with the magazine in the empty position and the accumulator
      drive motor removed for clarity;
PAR  FIG. 17 is a cross-sectional view taken along Lines 17--17 of FIG. 16;
PAR  FIG. 18 is a detailed view of the control system associated with the
      accumulator according to the present invention;
PAR  FIG. 19 is a detailed view of the magazine level sensing unit for the
      accumulator;
PAR  FIG. 20 is a detailed perspective of a positioning lane stop associated
      with and located beyond the exit end of the accumulator according to the
      present invention;
PAR  FIG. 21 is a top view of a distribution table utilized in the package
      handling system according to the present invention;
PAR  FIG. 22 is a side elevation view of the distribution table shown in FIG.
      21;
PAR  FIG. 23 is a cross-sectional view taken along Lines 23--23 of FIG. 22;
PAR  FIG. 24 is a cross-sectional view taken along Lines 24--24 of FIG. 21; and
PAR  FIG. 25 is a plan view of a portion of the package handling system showing
      the backlog detection system between the distribution table and the boxer
      unit according to the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings, FIG. 1 illustrates a plan view
      of a machine hook-up which can be utilized by the present invention and
      includes two existing packing machines 10 and 12 and a single boxer or
      cartoning machine 14. The packers can be, for example, cigarette packaging
      machines, manufactured by AMF while the boxer can be, for example, a
      cartoning machine manufactured by Molins which places ten packages of
      cigarettes in a carton having five units on an upper level and five units
      on a lower level. Attached directly to the packers 10 and 12, just prior
      to the beginning of conveyor lines 16 and 18 between the packers and the
      boxer, are wrapper machines 20 and 22, for example, units manufactured by
      Package Machine Company. The wrapper machines place a cellophane overwrap
      and tear string around the cigarette packages as they come off of the
      packers.
PAR  There are various kinds of imperfections which can occur in a package
      during the packaging operations. The system described herein is used for
      detecting faults in cigarette packages. It should be understood, however,
      that this system not only can be used for cigarette packages but other
      types of products which require a uniform package.
PAR  With regard to the cigarette package, there are several imperfections in
      the package which appear to occur most frequently, particularly at the
      high speeds at which the packers are operated by the industry today. FIGS.
      2 and 3 show a top and side view of an imperfectly formed cigarette
      package. One fault, which is not shown, is a missing closure strip 24.
      Previously, this closure strip was used as a tax stamp; however, in recent
      years, the tax stamping of the cigarettes has changed to indentations or
      decals, thus, the tax stamp has no longer been required for that purpose.
      Nevertheless, it has been found that smokers have a habit of tearing away
      a corner of the package to get to the cigarettes, leaving the closure
      strip in tact. Because of this habit of the smokers, the cigarette
      manufacturing industry has uniformly left the closure strip on the package
      because it still serves a useful function. Thus, if the strip is missing,
      it is a faulty package and such package should be rejected. The second
      fault occurs if the tension on the roll of foil being supplied to the
      packer is too great. In such an event, an insufficient amount of foil 26
      is used on the package and opening 28 may occur adjacent the tax stamp.
      Also, during the folding operation of the foil, the foil may become torn
      and the openings can occur on either side of the closure strip 24. A third
      fault in forming a cigarette package can occur when applying the label to
      the package as illustrated in FIG. 3. On some occasions the upper left
      hand corner 32 of the package becomes folded back. This fault results
      because the corner of the label is slightly bent back as the label is
      applied and catches on the edge of the folding element of the packer. The
      label also may be placed on the package at an angle, thereby producing a
      gap between the side edges of the label.
PAR  It has also been found that many times the cellophane wrapper overwrap
      placed around the package is imperfectly formed. The major imperfections
      occurring when the cellophane wrapper is not properly sealed and the edges
      of the cellophane at the overwrap 34 on the left-hand side of the package
      as viewed in FIG. 3, and at the fold points 36 and 38, respectively, on
      the top and bottom of the package are loose.
PAR  As can be understood, most cigarette packages having a foil wrapper, a
      label, closure strip and a cellophane overwrap could have these
      above-described faults, and they are the ones which appear to occur most
      frequently. Again, although the preferred embodiment of this invention is
      directed to a cigarette package, any package which has a uniform wrapper
      and repeated identical faults can utilize the present system.
PAR  Prior to the invention, in the hook-ups shown in FIG. 1, one operator X was
      required for each packer and wrapper, and an inspector Y on each conveyor
      line 16 and 18 between the packers 10 and 12 and the boxer 14. A single
      worker can usually handle several boxers. It is the package operator's X
      responsibility to keep all supplies, for example, the cigarettes, foil
      wrappers, labels, closure strips, tear strings and cellophane flowing
      smoothly to the packer and to correct malfunctions which produce stoppages
      of the packaging or wrapping machines. As can be understood, the speed at
      which the packers are operated today, the operator has no time to do
      anything but keep the supplies flowing smoothly to the packer. Therefore,
      these operators have no time to help with the inspection of the products.
      The inspectors Y are not only required to remove all the packages having
      the above-described faults, but they are also required to remove packages
      from the conveyor if the boxer goes down or deposits accumulated packages
      on the conveyor if the packer goes down to insure a continuous and smooth
      operation of the system. As the speed of the packers increases, the
      inspector's job gets more demanding and it is difficult for one person to
      function as an inspector over a long period of time. Thus, it has been
      necessary to automate the inspection function, and, by doing so, the
      inspector is available to perform other jobs. However, by removing the
      prime function of the inspector, it becomes necessary to automate the
      additional functions the inspector had in order to make the present system
      complete.
PAC  Package Inspection
PAR  The inspection of the package is accomplished at station A at the juncture
      of packers 10 and 12 and wrappers 20 and 22, respectively, and the
      inspection of the cellophane wrapper is accomplished at station B between
      wrappers 20 and 22 and conveying lines 16 and 18, respectively.
PAR  FIGS. 4, 5, 6 and 7 illustrate a package inspection station A which
      includes a mounting palte 40 having a connecting plate 42 that is
      connected to existing feed channels from the packer and a bracket 46 which
      is secured to the existing packer. At the entrance end of the inspection
      device, at the mounting plate 40 carries two vertical guide plates 48 and
      50 which, along with the mounting plate 40, form a channel 51 through
      which the cigarette packages 52 are fed. Mounted above the channel on the
      guide plates are two brackets 54 and 56 (see FIG. 7). Bracket 54 can be
      vertically adjusted by bolts 55 and carries a cantilevered hold-down arm
      58 which engages the top of the packages 52 as they pass along the
      channel. Hold-down arm 58 extends across the channel and has a tapered
      undersurface with a transverse row of apertures 60 near its free end. The
      brackets 56, which can be horizontally adjusted by fasteners 57, carry a
      plurality of photocells 62 which correspond to the member and are aligned
      with the apertures 60. The photocells are of the standard reflective type
      and are directed at the top of the packages 52 as they pass beneath them.
      The photocells 62 are secured within one leg of a generally Z-shaped
      member. The other leg of the Z-shaped member has an aperture through which
      a vertical post 64 extends. The vertical post 64 is secured to the bottom
      plate 65 of bracket 56 and has a plate 66 secured to its upper end. The
      plate 66 extends forward and has an aperture which receives a threaded
      adjusting post 68 which extends through a threaded aperture in the leg of
      the Z-shaped member and is seated in an aperture in the bottom plate 65 of
      the bracket 56. This arrangement permits the photocells to be adjusted
      vertically.
PAR  In this preferred embodiment, there are three photocells which are
      positioned so that the light source is directed against the top of the
      packages at points along lines a, b and c. A change in the reflected light
      intensity will produce an error signal which is sent to a rejection system
      for rejecting the improperly formed packages, as will be explained
      hereinafter. As can be seen, if a closure strip 24 is missing, the change
      in the light reflected will be picked up by the photocell along line b;
      however, if foil is missing or torn from the package, this fault will be
      picked up by the photocells positioned along lines a and c.
PAR  The packages successively force each other against a lever switch member 75
      and a guide rail 70 which defines one side of a channel 72 that is
      perpendicular to channel 51. The other side of the channel 72 has a guide
      rail 74 which has a tapered front end to permit packages to easily be fed
      between the guide rails.
PAR  As mentioned above, when the packages 52 are forced into the channel 72,
      they engage a generally L-shaped switch member 75 which has a lever arm 76
      integrally formed and at right angles to a lever switch arm 78. The
      L-shaped switch member 75 is pivotedly mounted on plate 40. The end of the
      switch arm 78 has a vertically extending tab 80 (see FIG. 6). Also mounted
      on plate 40 is a photocell bracket 81 in the shape of an inverted hook.
      Photocell light source 82 and receiving unit 83 are carried in the bracket
      81. When a package 52 engages and rotates lever arm 76, switch arm 78 is
      also rotated and tab 80 passes between the light source and receiver unit.
      Upon interruption of the light source to the receiver unit, a signal is
      sent from the receiver unit to a control circuit for an intermittent
      motion device 84 which senses a Ferguson indexing unit mounted on the
      underside of the mounting plate 40. The indexing unit 84 has one shaft 85
      extending up through the plate 40 to drive a chain conveyor system 87
      which is mounted on the plate 40 (see FIG. 5). The shaft 85 carries a
      double sprocket 86 which is surrounded by a pair of chains 88 that also
      encircle two other double sprockets 90 and 92 which are also mounted on
      plate 40. Sprocket 90 is mounted near channel 72 and is so positioned that
      the chains 88 will travel parallel to the edge of the guide rail 70 and
      channel 72 between sprockets 86 and 90. Sprocket 92 is positioned between
      sprocket 86 and 90 and its mounting can be adjusted to maintain a proper
      tension on the chains 88. Each chain 88 has a plurality of lugs 94 spaced
      along their lengths which engage the packages as they enter the channel 72
      upon operation of the L-shaped switch member 75 which controls the
      operation of indexing unit 74 driving the conveyor system 87.
PAR  Positioned adjacent the channel 72 opposite the conveyor system 84 is
      another photocell 96 which is secured to the mounting plate 40 by a
      bracket 98. The photocell 96 is directed at the upper portion of the
      package to detect a screwed label or bent corner. If a defect in the
      package exists, photocell 96 will produce an inner signal which will
      activate the reject system to remove the faulty package from the conveying
      line, as will be explained hereinafter. A brush 100 (see FIG. 6) is
      carried on a post 102 and will pivot over channel 72 so that the brush
      engages the top of the packages as they pass along the channel. The brush
      is used to keep the packages stable as they pass through the channel. An
      electrically operated air solenoid valve 104 is secured to plate 40 and
      has a tube 106 which extends from the valve to a point adjacent the
      channel 72. The air solenoid valve 104 is operated by the reject system so
      that, when a faulty package passes in front of the tube 106, a blast of
      air forces the package from the channel through link 72 into a chute 108
      through a gap 107 in guide rail 74.
PAR  The indexing unit 84 has another drive shaft 110 which carries a sprocket
      112 and a clutch. Sprocket 112 is surrounded by a chain 120 and, in turn,
      surrounds another sprocket 122 mounted on the shaft of a right-angle gear
      box 124. A sprocket 126 carried on the shaft of the right-angle gear box
      is engaged by a chain 128 which engages a sprocket 130 on an existing
      power shaft 131 of the packer unit. There are many ways in which the
      inspecting station can be driven. However, this embodiment disclosed
      herein is the most preferred.
PAR  Turning now to the sequence of events which causes the operation of the
      package inspection system. As mentioned above, the package inspection
      system photocells 62 are mounted above the entrance channel 51 to inspect
      the top of the packages. They are reflective type photocells and detect
      changes in level of light reflected from an object. If a change in light
      level is detected, an error signal is sent from the particular photocell
      to its respective amplifier where the error signal is amplified and passed
      into a logic gate 560 (see FIG. 8). A logic gate also receives a strobe or
      counter pulse of a strobe generator 562 and, if the error signal and
      counter pulse are coincident, an output signal is sent from the logic gate
      into a memory circuit 564. In this preferred embodiment, the memory
      circuit delays any output signal for four counter pulses and then sends a
      reject signal to a reject relay 566. The reject relay provides a signal to
      the electrically operated air solenoid valve 104 which operates to provide
      a blast of air to blow the improperly formed packages out of the conveying
      line. Another photocell 96 which is also a reflective photocell, in this
      particular embodiment, detects a change in color variation on a particular
      portion of the package and sends another signal when such variation occurs
      through an amplifier to a second logic gate 568. The second logic gate
      also receives a strobe pulse from the strobe generator 562. Then when an
      error signal and the strobe pulse are coincident, a signal is sent from
      the logic gate to the memory circuit 564. Again, the memory circuit relays
      the output signal, but in this particular case, only one count and then
      sends it to the reject relay 566 which operates the air solenoid valve
      104. It should be understood that the placement of the photocells and the
      particular imperfections they will detect is dependent on the type of
      package being inspected and the most frequent imperfections on that type
      package.
PAC  Wrapper Inspection
PAR  FIGS. 9, 10, 11, 12 and 13 illustrate a package wrapping inspection station
      positioned at b as mentioned above. The station is located between the
      wrappers 20 and 22 and the conveyors 16 and 18, respectively. The packages
      52 have a cellophane overwrap applied thereto which is heat-sealed on the
      ends and one side of the package by the wrapper machine. The packages
      continue down an existing conveyor 132 (see FIG. 10) and are pushed onto
      an existing turntable 134 by an existing pusher mechanism. The turntable
      134 rotates the packages 180.degree. so that they exit off of the
      turntable on existing conveyor 138 with their heat-sealed side to the
      left, as viewed in FIG. 10. Located adjacent to the conveyor 138 and
      having a line of sight alignment contiguous to the sealed side of the
      packages is a photocell 140 having a light source and receiver unit above
      and below the package. The photocell unit will detect improperly formed
      packages, such as the improperly sealed side edge 34, shown in FIG. 3.
      Since the cellophane passes between the light source and receiver unit of
      the photocell, there will be a change in the light intensity level
      received by the receiver unit which will, thus, operate the rejection
      system. The packages 52 continue along the conveyor 138 and are received
      on a base plate 142 of the wrapper inspection system 143 (see FIGS. 11 ans
      12). The packages are stopped by engaging a guide rail 144 on the
      inspection unit. Kicker arms 154 and 156 on a kicker wheel 146 are rotated
      through slots 148 and 150 in the base plate 142 of the inspection unit.
      The kicker arms 154 and 156 engage the packages 52 and push them
      perpendicular to the direction of the conveyor 138, as can be seen in FIG.
      10. A guide rail 158 along with guide rail 144 and plate 142 form a
      channel 159 through which the packages are passed. In the center of the
      channel is a conveyor chain or mechanism 160 which has a plurality of lugs
      or dogs 161 carried thereon to engage the packages and carry them through
      the channel. A pair of photocells 162 and 164 are positioned on opposite
      sides and adjacent the channel 159. Each of these photocells has a light
      source and a receiver unit which are positioned above and below the
      packages, respectively. These photocells operate similarly to the
      photocells unit 140. If a defect in the cellophane wrapper, such as those
      shown in FIG. 3, at 36 and 38, is present, there will be a change in light
      intensity level which will send an error signal to the reject system. As
      the packages are moved down the inspection device towards the conveyor 16
      or 18, an electrically operated solenoid valve 165, having a tube 166
      extending from the valve to a location adjacent the conveyor, it is
      operated at the proper time so that the defective packages are blown off
      the conveyor. The leg chain mechanism 160 and the kickers wheels 146 are
      driven through a sprocket and chain mechanism 168 which is slaved to the
      existing drive shaft of the conveyor belts 16 or 18 through shaft 170.
PAR  The cellophane wrapper inspector operates similarly to the package
      inspection, as can be seen in FIG. 13. However, the photocells used in
      this wrapper inspection system are a light source and receiver type. When
      the level of intensity of the light source of unit 140, 162 or 164 is
      changed, indicating that the cellophane wrapper on the package is
      improperly formed in some respect, the respective receiver produces an
      error signal which is sent through its respective amplifier to a logic
      gate 172 or 174. The gates also receive a strobe or counter pulse from a
      strobe generator 176 similar to the package inspection system. When the
      error signal and the counter pulse enter the gates coincidentally, a
      signal is sent from the gate to a memory circuit 178. In this particular
      embodiment, the memory circuit delays the output signal from the side
      cellophane inspection photocell 140 six strobe pulse counts while an
      output signal from one of the end cellophane inspection photocells 162 and
      164 is only delayed for two strobe pulse counts. In either case, the
      signal from the memory circuit 178 is sent to the reject relay 180 which
      energizes the electrical solenoid valve 165 which causes the improperly
      formed packages to be blown off of the conveyor line. Again, it should be
      understood that the position of the photocells is dependent on the type of
      package being inspected and the most frequent imperfections on that type
      package.
PAC  Accumulator
PAR  After the rejected packages are removed, the cigarettes continue down the
      conveyors 16 and 18 to accumulators 180 and 182, respectively (see FIG.
      1). The accumulators are utilized to deposit packages on the conveyor in
      the event either of the packers 10 or 12 is shut down and the boxer
      continues to operate or to remove packages from the conveyors if the boxer
      14 shuts down and the packers continue to operate.
PAR  A preferred embodiment of the accumulator is illustrated in FIGS. 14-20.
      The accumulators 180 and 182 have a base plate 186 and a pair of upright
      channel frame members 188 and 190. Channel frame members support an upper
      plate 192 which extends between the top ends of the uprights. Within the
      space between the uprights are two vertical guide posts 194 and 196 which
      are fixedly secured between base plate 186 and top plate 192. Located in
      the center of the space between the upright channels is a threaded post
      198 which extends from the upper plate 192 to a bracket 200 having a top
      plate 202 and upright side plates 204 and 206 that are secured to the
      bottom base plate 186. The threaded post 198 is journaled by a flange
      bearing 208 in the upper plate 192 and extends into a brake device 210.
      The lower end of the threaded post carries a thrust bearing 112 fitting on
      top plate 202 with the shaft of the threaded post extending through a
      roller bearing 214 carried in an aperture 216 in plate 202. Keyed to the
      end of the threaded post shaft is a bevel gear 218. The bevel gear 218
      meshes with a pair of bevel gears 220 and 222 which are at right angles to
      it and are carried on a shaft 224 which extends through the upright side
      plates 204 and 206 and is suitably journaled therein. Also carried on the
      shaft 224 adjacent the bevel gears 220 and 222 are electric clutches 228
      and 230. A sprocket 232 is carried on the shaft 224 outside upright plate
      204 and has a chain 234 which encircles it and a sprocket 236 carried on
      the output shaft 238 of a reduction gear unit 240 which is carried on base
      plate 186. The reduction gear unit is driven by a motor 242. A magazine
      244 is positioned adjacent the frame upright 188 and 190. The magazine has
      an upper and lower bracket 246 and 248, respectively (see FIG. 16) which
      carries linear bushings 252. The guide posts 194 and 196 extend through
      the linear bushings of the upper and lower brackets. A central bracket 254
      positioned at approximately the mid-section of the magazine has a threaded
      collar 256 through which threaded post 198 extends. The magazine 244 is
      generally rectangular in shape, having a hollow center through which
      conveyor belt 16 or 18 passes. The magazine has two side plates 258 and
      260, a top and bottom plate 262 and 264, respectively. Formed on the
      opposite side pieces 258 and 260 of the magazine are a plurality of ridges
      or protrusions 266 which extend inwardly into the space within the
      magazine and form gaps through which the conveyor belts may pass. The
      protrusions or ridges 266 can be integrally formed with the side piece or
      can be secured by angles to the side wall. The magazine's width is
      sufficient to permit a package 52 carried on the conveyor belt to pass
      therethrough without obstruction. The protrusions 266 extend into the
      space a sufficient distance to permit the edges of package 52 to be
      engaged by the protrusion 266 if the conveyor belt is removed from under
      the package, thereby permitting the package to rest within the magazine on
      the protrusion. There is a gap 267 between each level or flight of
      protrusions so that the magazine can be moved upwardly or downwardly with
      respect to the conveyor belts. As can be seen in the drawings, the
      magazine is in the down position when it is empty and it is filled by
      moving upwardly with respect to the conveyor and accumulator frame. When
      the accumulator is empty (see FIG. 14) or if the accumulator is not being
      used, the magazine is positioned so that the surface of conveyor 18 is
      slightly above the upper surface of the protrusions at a particular flight
      whereby the packages 52 can pass through the magazine without engaging the
      protrusions.
PAR  If the cartoning machine or boxer 14 goes down and the packer 10 continues
      to operate, the magazine will move upwardly to permit the packages to be
      deposited on the various flights. As can be seen in FIG. 16, when the
      magazine moves upwardly, the sides of the magazine pass end plates 268 and
      270 which are pivotedly mounted by brackets 272 and 274 to frame members
      188 and 190. The side members are utilized to hold the packages within the
      magazine as the magazine moves upwardly. On the other hand, if the
      packages go down, the magazine moves downwardly to deposit the packages on
      the conveyor until the packer is operating again or the magazine supply is
      depleted.
PAR  Positioned on the conveyors 16 and 18 before and after the accumulators 180
      and 182 are lane stops 276, 278, 280 and 282 (see FIG. 1). The lane stops
      276 and 280 are positioned prior to the entrance end of the accumulators
      and can be located at any desired distance away from the entrance. These
      stops are only used when the accumulator is unloading to hold the work and
      prevent it from passing into the accumulator when the packer goes down.
      The lane stops 278 and 282 are at the exit end of the accumulators and
      operate only during the loading cycle of the accumulator. These exit stops
      are positioned a specific distance from the inside surface of end plate
      286. The stops are positioned an exact number of package widths, normally
      two or three, from the inside surface of the end plate so that, as the
      magazine of the accumulator moves up, the edge of the end packages on a
      filled flight will coincide with the inside surfaces of the end plates. As
      can be seen in FIG. 16, the length of the magazine is slightly less than
      the distance between end plates 286 and 270. The end plates are positioned
      so that the inside surfaces are spaced a specific number of pack widths
      apart so that, as the magazine moves up, the edge of the last pack
      entering the magazine will coincide with the inside surface of the end
      plate 270. Each of the end plates 268 and 270 have curved lower edges 284
      and 286, respectively, to aid in guiding the end packages between the end
      plates and also to engage the adjacent packs outside the magazine and
      prevent them from riding up as the magazine moves upwardly.
PAR  An exit lane stop 280 is illustrated in detail in FIG. 20. The lane stop
      has a pair of T-shaped side plates 288 and 290 which are secured on
      opposite sides of the conveyor frame. A pair of L-shaped arms or plates
      292 and 294 are pivotedly secured at the juncture of a set of legs to each
      T-shaped plate 288 and 290. The short leg of the L-shaped plate is
      positioned upwardly and a bar or rod 296 extends between the two L-shaped
      plates 292 and 294 across the conveyor 18. A roller bar 298 extends
      between the long legs of the L-shaped plates adjacent their ends. Another
      bar is secured between the T-shaped plates above the conveyor and carries
      an electrically operated solenoid 302. The solenoid core 304 is secured to
      bar 296. A compression spring 206 is attached between T-shaped plates and
      the long leg of the L-shaped plates so that the end of the L-shaped plates
      are pivotally upward, thereby positioning the roller bar 298 normally
      above the conveyor. When the solenoid 302 is energized, the core 304 is
      drawn inwardly, thus pivoting the roller bar downwardly to block the
      conveyor lane. The lane stop remains down as long as the solenoid is
      energized. Upon operation of the lane stop when the roller bar is
      completely down, a switch 308 is closed to provide a signal to the
      accumulator control circuit. The entrance lane stops 276 and 280 are of
      the pinch-bar type which includes a spring-loaded solenoid unit having a
      bar which is attached to the solenoid core which will be moved outwardly
      into the conveyor's path and pinch the packages against the opposite side
      of the conveyor frame when the solenoid is energized.
PAR  The device used to properly position the magazine at the appropriate flight
      is illustrated in FIG. 19. A bracket 310 is secured to frame member 190
      and has a channel portion 312 which carries a photocell light source 314
      and receiver unit 315. An angle 316 is secured to plate 260 of the
      magazine 244 and extends the length of the magazine from the top to the
      bottom. One leg of the angle passes through the channel portion 312 of the
      bracket 310 and has a plurality of apertures 318 spaced along its length.
      The vertical center lines of the apertures are on the same vertical line
      and coincide with the line of sight position of the photocell light source
      and receiver units. A horizontal center line of apertures coincides with
      the top surface of the protrusion 266 on each flight. This device acts to
      stop the magazine at each flight level. For example, at any particular
      flight position, the beam of the photocell unit sees through the flight
      aperture 318 of angle 316. When the magazine is moved upwardly or
      downwardly to load or unload a flight, the beam between the light source
      and the receiver unit is blocked by the angle 316. As the magazine moves
      to the next flight level, the light beam passes through the next adjacent
      aperture, and at this point, a signal from the photocell unit is sent to
      the appropriate circuit to stop the magazine 244. The circuitry for
      operating this flight level control system will be explained hereinafter.
PAR  Turning now to the operation of the accumulator, there are three different
      cycles for the accumulator operation; and, since each accumulator
      functions in the same manner, only one will be described.
PAR  First, there is a dwell cycle; next, the load cycle; and, finally, an
      unload cycle. During the dwell cycle, both the packer 10 or 12 and the
      boxer 14 are operating. Therefore, the accumulator is not functioning and
      the packages pass through the magazine on the conveyor belts without
      obstruction.
PAR  The load cycle is activated if the boxer 14 goes down and the packer
      continues to run. When this event occurs, a signal is sent to the exit
      lane stop 282, causing it to operate. The roller bar 298 on the lane stop
      permits any packages caught under the bar to pass and will fall in between
      the next spacing of packages coming down the conveyor. When the roller bar
      298 is down, a switch 308 is closed, thus, activating the accumulator load
      circuitry which includes a timer that is energized. The packages begin
      backing up through the magazine on the conveyor and block the line of
      sight communication between the photocell unit 322 at the exit end of the
      accumulator and photocell 320 at the entrance end of the accumulator. Each
      of these photocells is a light source receiver type having the light
      source on one side of the conveyor with the receiver on the other side.
      The timer is provided to insure that there are no groupings of packages
      passing the photocell 320 at the entrance to block the light source for a
      sufficient period of time to operate the system before the magazine flight
      is full. After the time delay and blockage of photocells 322 and 320 have
      occurred, the up clutch 230 is energized and the brake 210 is
      de-energized. As the magazine 244 of the accumulator moves upwardly, the
      control of the accumulator transfers from the photocells 320 and 322
      circuitry to the circuitry for the photocell 314 carried on bracket 312 on
      the accumulator frame (see FIG. 16). As mentioned above, the angle 316
      passes between the light source and the receiver unit of photocell 314
      blocking the light signal to the receiver. As the next adjacent aperture
      318 coincides with the line of sight alignment of the photocell, the
      receiver unit is again activated to send a signal to de-energize the up
      clutch 230 and energize the brake 210. This sequence described above is
      repeated until either the boxer begins operation or all the accumulator
      flights become full. If the boxer begins to operate again, a signal from
      the boxer is sent to the control system to terminate the accumulator
      sequence since the conditions for operation of the load cycle no longer
      exist. A time delay is provided to insure that any load cycle in progress
      at the time of the signal from the boxer is completed before the
      accumulator operation is terminated. If the accumulator magazine becomes
      full and the limit switch 324 located on plate 192 is contacted, a signal
      is sent to the packer to shut it down.
PAR  The conditions required to initiate an unload cycle of the accumulator are
      the packer ceasing operations while the boxer continues to function. When
      these conditions exist, the entrance lane stops either 276 or 280 are
      operated to pinch and prevent any stray packages from passing into the
      accumulator. Another photocell unit 326 is provided for utilization in the
      unload cycle. This photocell unit has a light source and receiver unit
      positioned at opposite ends of the magazine with a line of sight looking
      diagonally through the magazine (see FIG. 18). When no packages are
      passing through the accumulator, the photocell 326, having its light
      source and receiver unit on opposite ends of the accumulator magazine,
      will have line of sight contact. The receiver unit will send significant
      light from the source for a specific period of time to produce a signal to
      operate the accumulator down controls. When the photocell 326 sees clear,
      the signal is sent to energize the down clutch 228 and deenergize brake
      210, thereby causing the magazine 244 to begin moving downwardly. As
      during the load cycle, the controls for the accumulator transfer from
      photocell 326 circuitry to the photocell 314 circuitry. Again the angle
      316 blocks the light from the receiver unit as it passes through the
      bracket 312. As the next adjacent aperture 318 passes the line of sight
      alignment of the photocell 314, a signal is sent to the clutch 228 to
      de-energize it and energize the brake 210. The packages on a particular
      flight on which the magazine stops are then removed from the flight by the
      conveyor. Again, a time delay is provided to insure clearance of a flight
      and, when the photocell 326 has line of sight contact through the
      magazine, this sequence described above is repeated.
PAR  The unload cycle continues until either the packer continues operating
      again or the accumulator is empty. If the packer begins operating again, a
      time delay is provided to permit the accumulator to complete an unload
      cycle and then the accumulator is stopped on an empty flight and ceases to
      function, thus, the packages from the packer are carried through an empty
      flight by the conveyor. If the accumulator magazine becomes empty and
      operates a lower limit switch 328, a signal is sent to the accumulator
      controls to discontinue the unload cycle.
PAR  In the two packer/one boxer arrangement illustrated in this preferred
      embodiment, if the accumulator is unloaded, the boxer does not necessarily
      shut down as does the packer when the accumulator is full. In this
      preferred embodiment, the distributor table 332 operates to divide the
      work from the one functioning packer to the two lanes of the boxer to
      permit it to continue to function as will be explained hereinafter.
PAC  Distribution Table
PAR  The distribution table 332 is positioned in the conveyor lines 16 and 18 at
      station b prior to the entrance of the conveyors into the boxer unit 14.
      FIGS. 21, 22 and 23 disclose a top view, side view and end elevation view
      of the distributor table 332. The table has a frame 334 which includes
      four upright legs 336, 338, 340 and 342 with upper and lower horizontal
      side frame members 344 and 346 extending between legs 338 and 340 and
      horizontal frame members 348 and 350 extending between legs 336 and 342,
      horizontal frame members 352 and 354 extend between vertical legs 336 and
      338 while horizontal end members 356 and 358 extend between legs 340 and
      342. A plate 360 is positioned between horizontal members 346 and 350 and
      carries a gear box 362 having a drive motor 364 connected thereto.
PAR  The gear box shaft 366 carries a sprocket 368 which has a link chain 370
      engaging it. The link chain extends upwardly and engages another sprocket
      372 carried on conveyor roller shaft 374. The conveyor roller shaft 374
      extends through and is suitably journaled in bearing housings 376 and 378.
      The bearing housings are secured to side plates 380 and 382 which are, in
      turn, secured to the frame by a plurality of angle brackets 384, 386, 388
      and 390 which are attached to the top of legs 338, 340, 336 and 342,
      respectively. Carried on the shaft 374 is a conveyor roll cylinder 402
      which has a conveyor belt 404 engaging it and extending horizontally to a
      second conveyor roll cylinder 406 which has a shaft carried in bearing
      housings 408 and 410. These bearing housings are also secured to side
      plates 380 and 382, respectively. Slots are provided in the side plates
      380 and 382 to permit the bearing housings 408 and 410 to be adjusted
      horizontally to permit proper tensioning of the conveyor belt 404.
      Adjustment screws 412 (not shown in bearing 410 as viewed in FIG. 21)
      secured to the side plates 380 and 382 are provided to engage each bearing
      housing so that they may be moved horizontally and held.
PAR  As can be seen in FIG. 22, the conveyor belts 16 and 18 pass underneath the
      conveyor belt 404 of the distribution table. Four pairs of rollers direct
      the conveyor belts 16 and 18 vertically, then horizontally, then
      vertically and finally, horizontally. The conveyor belts 16 and 18 pass
      onto channels 414 and 416 which are attached to the existing structure of
      the conveyor frame and over a pair of rollers 418 and 420. Rollers 418 and
      420 direct the belts vertically downward where they pass underneath and
      engage a pair of rollers 422 and 424 (not shown) which are suitably
      secured to the table frame 334. The belts 16 and 18 then extend
      horizontally to a pair of rollers 426 and 428 (not shown) whereupon the
      belts are directed upwardly to rollers 430 and 432. Upon engaging rollers
      430 and 432, the belts 16 and 18 are again directed horizontally and
      continue to the boxer unit 14. The conveyor belts 16 and 18 are continuous
      belts and, therefore, the belts have a return leg which engages a set of
      paired rollers which are located below each of the paired rollers listed
      above, as can be seen in FIG. 22. The combined roller sets permit the
      belts to bypass and be directed beneath the distribution table conveyor
      belt 404.
PAR  The packages entering on the conveyor belts 16 and 18 pass through channels
      414 and 415 which have side rails 450, 450', 452 and 452' which are
      secured to the bottom plates of the channels. On one side of the channels
      and positioned above the guide rails 450 and 452 are pinch bars 454 and
      456 which are moved horizontally by a spring-loaded solenoid unit 458 and
      460. These pinch bar solenoid units are similar to the pinch bar stops 276
      and 380 used at the entrance end of the accumulators. The pinch bars are
      held in a retracted position clear of the conveyor channel by the spring;
      however, when the solenoids are energized, the pinch bars 454 and 456 are
      moved inwardly to engage the packages as they move down the conveyor
      lines. When energized, the pinch bars hold the packages at the entrance of
      the distribution table to permit alignment conveyors 462 and 464 located
      along the sides of the distribution table to be operated.
PAR  The alignment conveyors 462 and 464 are positioned just forward of the end
      of the guide rails 450 and 452. These alignment conveyors are carried by a
      support bracket 466 which has side member 468 and 470 that are secured to
      side plates 380 and 382. A cross member 472 extends between side members
      468 and 470 and is transverse to the direction of movement of the conveyor
      belt 404. Secured within the top end of the side members 468 and 470 are
      bearings 474 and 476 which receive a shaft 478. The right end of the shaft
      478, as viewed in FIG. 23, extends through the bearing 476 and has a
      sprocket 480 secured thereto. The sprocket is engaged by a chain 482
      which, in turn, engages a sprocket 484 carried on the end of roller
      conveyor shaft 474. This sprocket and chain arrangement is used to drive
      the alignment conveyors 462 and 464 through the distribution table
      conveyor drive system. Positioned adjacent each of the side plates 468 and
      470 on the shaft 478 are bevel gears 486 and 488. These bevel gears engage
      vertically positioned bevel gears 490 and 492 which are carried on shafts
      494 and 496 that extend through and are suitably journaled in cross member
      472. Secured to the bottom of shafts 494 and 496 are circular belt pulleys
      498 and 500. L-shaped support bars 501 and 501' are positioned between the
      cross bar 472 and the bevel gears 490 and 492, respectively. The long leg
      of the L-shaped support bar extends forward and rests on a support rod 503
      which is secured to the side plates 380 and 382. The L extends transverse
      to the direction of the conveyor belt 404. Carried on the end of bars 501
      and 501' and depending therefrom are stud shafts 502 and 504 (not shown)
      which, in turn, have circular belt pulleys 506 and 508 journaled thereon.
      Each pair of pulleys 498 and 506 and 500 and 508 are encircled by a
      circular belt 510 and 512, respectively. Just beyond the end of the
      alignment conveyors are exit guide rails 512 and 516 for conveyor lane 16
      and guide rails 518 and 520 for conveyor lane 18. The alignment conveyor
      shafts 494 and 496 are mounted in the cross bar 472 so that they can be
      pivoted across the distribution table, whereby the free end of the
      alignment conveyor 462 will swing from a position aligned with guide rails
      450 and 512 along the conveyor lane 16 to a position adjacent the end of
      guide rail 518 along conveyor lane 18. Alignment conveyor 464 will swing
      between a position aligned with guide rails 452 and 520 to a position
      adjacent the end of guide rail 516. The alignment conveyors are pivoted by
      a pair of air cylinders 521 and 522 which are operated by solenoid air
      valves 521' and 522', each of which is secured to a bracket 523 positioned
      in front of the alignment conveyor bracket 466. Solenoids are electrically
      connected to the distribution table control circuits and to a pressurized
      air source. The piston rods 524 and 526 of the air cylinders are pivotedly
      connected to links 528 and 530 which are, in turn, fixedly secured to the
      short legs 532 and 534 of the L-shaped support bars 501 and 501'.
PAR  When the solenoids 521' and 522' are de-energized, the alignment conveyors
      are positioned on the side of the distribution table; but, if it becomes
      necessary to divide the packages coming onto the distribution table
      between the conveyor lanes 16 and 18, one of the solenoids will be
      energized, thus, causing pressurized air to be directed into the
      appropriate side of the air cylinder and moving the piston rod to rotate
      the alignment conveyor associated with that particular air cylinder to its
      diagonal position across the distribution table, as explained hereinabove.
      The packages coming down, for instance, conveyor lane 16 will be directed
      on the table and onto the output of conveyor lane 16.
PAR  The distribution table operates under two conditions. The first condition
      would be if one of the packers is down and its associated accumulator is
      empty; the second condition would be if one of the packers is operating at
      a slower rate than the other causing a backlog on the conveyor lines
      between the boxer unit and the distribution table. If a packer is down and
      the associated accumulator is empty, the limit switch 328 is operated by
      the magazine 244 of the accumulator and a signal is sent to close lane
      stop 456 to hold any stray packs coming down from the accumulator 182
      along conveyor 18. A first timer causes a time delay and lane stop 554 on
      conveyor 16 is energized to stop packages from entering the distribution
      table. A second timer is energized causing a second time delay to permit
      packages already on the distribution table to pass. After the second timer
      has run down, a spring return electrically operated air solenoid valve
      521' is energized and air is provided to the air cylinder 521 to swing the
      alignment conveyor 462 across the table to direct the packages from
      conveyor 16 to conveyor 18. After another time delay, the lane stop 554 is
      opened and the packages coming down conveyor 16 are diverted to the output
      lane of conveyor 18. The time delay of between 15 to 20 seconds is
      provided at which time, the lane stop 554 is again operated to hold the
      packages while the spring return on the electrically operated solenoid air
      valve 521 causes air to be introduced into the opposite side of the air
      cylinder 521', thus, returning the alignment conveyor 462 back to its
      original position. This sequence continues at 15 to 20 second intervals.
      If the packer, which has gone down, begins functioning again, the
      distribution cycle is completed and both lane stops are again opened.
      Another condition which causes the distribution table to begin functioning
      is when one packer is functioning at a slower rate than the other causing
      a backlog on one of the conveyor lines. FIG. 25 discloses a portion of the
      package handling system showing the backlog detection system between the
      distribution table 332 and the boxer 14. Two sets of photocells of the
      light source receiver type are positioned to view across the conveyors 16
      and 18 at two different points along the conveyor line between the boxer
      and the distribution table. The first set of photocells 530 and 532 detect
      a backlog while the second set of photocells 534 and 536 are utilized to
      shut the packer down to prevent the packages from backing up onto the
      distribution table. If either photocell 530 or 532 is blocked for a
      specified period of time, both lane stops 454 and 456 operate and a time
      delay is used to allow the packages to clear the distribution table 332.
      Then the alignment conveyor on the particular conveying line in which the
      photocell is blocked, is operated as described above so that packages are
      directed to the lane with no backlog. The lane stop of the backlog lane is
      then released to permit the packages to pass. The other lane stop,
      however, is maintained closed. The sequence of operation is the same as if
      a packer was down and operates at 15 to 20 second intervals. When the
      backlog is dissipated and photocells 530 and 532 are clear, the
      distribution table returns to its normal operation and lane stops 454 and
      456 are de-energized to permit the packages to pass through the
      distribution table. If the backlog is of such proportion that the packages
      block either the photocells 534 or 536 near the edge of the distribution
      table, the packer feeding the respective lane is shut down to prevent the
      packages from backing up on the table.
PAR  It can be seen from the above-described preferred embodiment that the
      present invention provides an apparatus which will inspect a package for
      faults in packaging and formation and reject improperly formed packages.
      Furthermore, the invention also provides an apparatus which will permit
      inter-connected packers and boxers to operate on a continual basis if one
      of the other machines ceases to function for a specific period of time by
      providing an accumulator and a distribution table.
PAR  The described embodiment can be modified in numerous ways as will be
      apparent from the foregoing. For example, it is within the skill of the
      art to change the drive systems for the particular apparatus or to change
      the number and position of the various inspection photocells so that they
      will conform to the particular type of package to be inspected; however,
      these and other variations and changes can be made in the invention as
      above described and illustrated without departing from the true spirit and
      scope thereof as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An accumulator for use on an inter-connecting conveyor between a
      packaging machine and a cartoning machine comprising:
PA1  a. a frame;
PA1  b. a magazine mounted for movement on said frame for receiving and storing
      packages from said conveyor, said conveyor passing through said magazine;
      and
PA1  c. means for varying the position of said magazine with respect to said
      conveyor so that packages can be selectively removed from and deposited on
      said conveyor.
NUM  2.
PAR  2. The accumulator of claim 1, wherein said magazine includes:
PA1  a. spaced, parallel, first and second side plates;
PA1  b. spaced, parallel, top and bottom plates disposed between said side
      plates, said side, top and bottom plates forming an enclosure having its
      ends open so that said conveyor can pass therethrough; and
PA1  c. a plurality of protrusions extending inwardly from each side plate, said
      protrusions on one side plate corresponding with protrusions on the other
      side plate to form flights, the end of the protrusions on the side plates
      being spaced from one another forming a gap through which said conveyor
      passes.
NUM  3.
PAR  3. The accumulator of claim 2, wherein said means for varying the position
      of said magazine includes:
PA1  a. drive means for moving said magazine perpendicular to said conveyor; and
PA1  b. means for controlling the operation of said drive means of said
      magazine.
NUM  4.
PAR  4. The accumulator of claim 3, wherein said drive means for said magazine
      include:
PA1  a. a threaded shaft secured to said frame and suitably journaled therein;
PA1  b. a threaded collar secured to said magazine and threaded into said
      threaded shaft; and
PA1  c. means for rotating said threaded shaft in both a clockwise and
      counter-clockwise direction, whereby said magazine will move perpendicular
      to said conveyor.
NUM  5.
PAR  5. The accumulator of claim 4, wherein said means for rotating said
      threaded shaft include:
PA1  a. a first bevel gear secured to one end of said threaded shaft;
PA1  b. a gear shaft journaled in said frame perpendicular to said threaded
      shaft;
PA1  c. second and third bevel gears carried on said gear shaft meshing with
      said first bevel gear;
PA1  d. first and second clutch means associated with said second and third
      bevel gears, respectively, and carried on said gear shaft; and
PA1  e. motor means for driving said gear shaft, said first and second clutch
      means being energized selectively to cause said second and third bevel
      gears to rotate said first bevel gear in a clockwise and counter-clockwise
      direction.
NUM  6.
PAR  6. The accumulator of claim 1, wherein said means for varying the position
      of said magazine includes:
PA1  a. drive means for moving said magazine perpendicular to said conveyor; and
PA1  b. means for controlling the operation of said drive means for said
      magazine.
NUM  7.
PAR  7. The accumulator of claim 6, wherein said drive means for moving said
      magazine includes:
PA1  a. a threaded shaft secured to said frame and suitably journaled therein;
PA1  b. a threaded collar secured to said magazine and threaded into said
      threaded shaft; and
PA1  c. means for rotating said threaded shaft in both a clockwise and
      counter-clockwise direction whereby said magazine will move perpendicular
      to said conveyor.
NUM  8.
PAR  8. The accumulator of claim 7, further including:
PA1  a. at least one guide shaft secured to said frame; and
PA1  b. a guide bracket secured to said magazine, said guide bracket carrying a
      guide collar through which said guide shaft extends.
NUM  9.
PAR  9. The accumulator of claim 6, wherein said means for controlling the
      operation of said drive means includes:
PA1  a. means for detecting the full/empty status of the flights of said
      conveyor aligned with said conveyor and energizing said magazine drive
      means;
PA1  b. means for selectively activating and de-activating the flight status
      detecting means; and
PA1  c. means for de-energizing said magazine drive means at each flight.
NUM  10.
PAR  10. The accumulator of claim 9, wherein said flight status detecting means
      includes:
PA1  a. first and second photocell means secured to said frame at the level of
      said conveyor, said first photocell being located at the entrance end of
      said magazine and said second photocell being located at the exit end of
      said magazine, each photocell means detecting the presence of a package
      when the status of the conveyor flight is full; and
PA1  b. a third photocell maintaining its light source and receiver unit secured
      to said frame at opposite ends of said magazine, whereby the line of sight
      of said third photocell is diagonally through the magazine along the
      conveyor to detect the absence of packages when the status of the conveyor
      flight is empty.
NUM  11.
PAR  11. The accumulator of claim 10, wherein said means for selectively
      activating and de-activating the flight status detecting means includes:
PA1  a. means for detecting the operating status of said packaging and cartoning
      machines;
PA1  b. exit stop means on said conveyor near the exit end of said magazine for
      blocking said conveyor when said cartoning machine becomes inoperative and
      activating said first and second photocells of said flight status
      detecting means to initiate an accumulator load sequence;
PA1  c. entrance stop means on said conveyor near the entrance end of said
      magazine for blocking said accumulator when said packaging machine becomes
      inoperative and activating said third photocell means of said flight
      status detecting means to initiate an accumulator unload cycle, and
PA1  d. means for de-energizing said flight status detecting means in response
      to the machine operating status detecting means.
NUM  12.
PAR  12. The accumulator of claim 11, wherein said means for de-energizing said
      magazine drive means includes:
PA1  a. flight level photocell means having its light source and receiver units
      secured to said frame, said flight level photocell means being located so
      that the line of sight between the light source and the receiver unit
      corresponds to the level of said conveyor; and
PA1  b. a flight level member secured to the side of said magazine and extending
      perpendicular to the line of sight of said flight level photocell means,
      said flight level member having a plurality of apertures, each aperture
      corresponding to a flight in said magazine, each flight level member
      passing between the light source and receiver unit of said flight level
      photocell, thereby selectively blocking and permitting the receiver of
      said flight level photocell to be energized by said light source.
NUM  13.
PAR  13. A package inspection and handling system for use with a packaging
      machine inter-connected to a cartoning machine by a conveyor comprising:
PA1  a. means for detecting an imperfectly formed package and producing an
      output signal if such imperfectly formed package exists;
PA1  b. means associated with said detecting means for receiving said output
      signal and rejecting said imperfectly formed package; and
PA1  c. an accumulator means associated with said conveyor, said accumulator
      means having a frame, a magazine mounted for movement on said frame for
      receiving and storing packages from said conveyor, said conveyor passing
      through said magazine; and means for varying the position of said magazine
      with respect to said conveyor at selected times so that the packages can
      be removed from and deposited on said conveyor.
NUM  14.
PAR  14. The system of claim 13, wherein said magazine includes:
PA1  a. spaced, parallel first and second side plates;
PA1  b. spaced, parallel top and bottom plates disposed between said side
      plates, said side, top and bottom plates forming an enclosure having its
      ends open so that said conveyor can pass therethrough; and
PA1  c. a plurality of protrusions extending inwardly from each side plate, said
      protrusions on one side plate corresponding with the protrusions on the
      other side plate to form flights, the ends of the protrusions on the side
      plates being spaced from one another, forming a gap through which said
      conveyor passes.
NUM  15.
PAR  15. The system of claima 14, wherein said means for varying the position of
      said magazine includes:
PA1  a. drive means for moving said magazine perpendicular to said conveyor; and
PA1  b. means for controlling the operation of said drive means for said
      magazine.
NUM  16.
PAR  16. The system of claim 15, wherein said drive means for moving said
      magazine includes:
PA1  a. a threaded shaft secured to said frame and suitably journaled therein;
PA1  b. a threaded collar secured to said magazine and threaded onto said
      threaded shaft; and
PA1  c. means for rotating said threaded shaft in both a clockwise and
      counter-clockwise direction, whereby said magazine will move perpendicular
      to said conveyor.
NUM  17.
PAR  17. The system of claim 16, wherein said means for rotating said threaded
      shaft includes:
PA1  a. a first bevel gear secured to one end of said threaded shaft;
PA1  b. a gear shaft journaled in said frame perpendicular to said threaded
      shaft;
PA1  c. second and third bevel gears carried on said gear shaft and meshing with
      said first bevel gear;
PA1  d. first and second clutch means associated with said second and third
      bevel gears, respectively and carried on said gear shaft; and
PA1  e. motor means for driving said gear shaft, said first and second clutch
      means being energized selectively to cause said second and third bevel
      gears to rotate said first bevel gear in a clockwise and counter-clockwise
      direction.
NUM  18.
PAR  18. The system of claim 13, wherein said means for varying the position of
      said magazine includes:
PA1  a. drive means for moving said magazine perpendicular to said conveyor; and
PA1  b. means for controlling the operation of said drive means for said
      magazine.
NUM  19.
PAR  19. The system of claim 18, wherein said drive means for moving said
      magazine includes:
PA1  a. a threaded shaft secured to said frame and suitably journaled therein;
PA1  b. a threaded collar secured to said magazine and threaded onto said
      threaded shaft; and
PA1  c. means for rotating said threaded shaft in both a clockwise and
      counter-clockwise direction whereby said magazine will move perpendicular
      to said conveyor.
NUM  20.
PAR  20. The system of claim 19, further including:
PA1  a. at least one guide shaft secured to said frame; and
PA1  b. a guide bracket secured to said magazine, said guide bracket carrying a
      guide collar through which said guide shaft extends.
NUM  21.
PAR  21. The system of claim 18, wherein said means for controlling the
      operation of said drive means includes:
PA1  a. means for detecting the full/empty status of the flight of said magazine
      aligned with said conveyor and energizing said magazine drive means;
PA1  b. means for selectively activating and de-activating the flight status
      detecting means; and
PA1  c. means for de-energizing said magazine drive means at each flight.
NUM  22.
PAR  22. The system of claim 21, wherein said flight status detecting means
      includes:
PA1  a. first and second photocell means secured to said frame at the level of
      said conveyor, said first photocell being located at the entrance end of
      said magazine and said second photocell being located at the exit end of
      said magazine, each photocell means detecting the presence of a package
      when the status of the conveyor flight is full; and
PA1  b. a third photocell means having its light source and receiver unit
      secured to the frame at opposite ends of said magazine, whereby the line
      of sight of said third photocell is diagonally through the magazine along
      the conveyor to detect the absence of packages, when the status of the
      conveyor flight is empty.
NUM  23.
PAR  23. The system of claim 22, wherein said means for selectively activating
      and de-activating the flight status detecting means includes:
PA1  a. means for detecting the operating status of said packaging and cartoning
      machines;
PA1  b. exit stop means on said conveyor near the exit end of said magazine for
      blocking said conveyor when said cartoning machine becomes inoperative and
      activating said first and second photocell means of said flight status
      detecting means to initial an accumulator load sequence;
PA1  c. entrance stop means on said conveyor near the entrance end of said
      magazine for blocking said conveyor when said packaging machine becomes
      inoperative and activating said third photocell means of said flight
      status detecting means to initiate an accumulator unload cycle; and
PA1  d. means for de-energizing said flight status detecting means in response
      to the machine operating status detecting means.
NUM  24.
PAR  24. The system of claim 23, wherein said means for de-energizing said
      magazine drive means includes:
PA1  a. flight level photocell means having its light source and receiver unit
      secured to said frame, said flight level photocell means being located so
      that the line of sight between the light source and the receiver unit
      corresponds to the level of said conveyor; and
PA1  b. flight level member secured to the side of said magazine and extending
      perpendicular to the line of sight of said flight level photocell means,
      said level member having a plurality of apertures, each aperture
      corresponding to a flight in said magazine, said flight level member
      passing between the light source and receiver unit of said flight level
      photocell, thereby selectively blocking and permitting the receiver of
      said flight level photocell to be energized by said light source.
NUM  25.
PAR  25. A package inspection and handling system for use with two packaging
      machines connected by a first and second conveyor to a single cartoning
      machine comprising:
PA1  a. a means for detecting an imperfectly formed package and producing an
      output signal if such imperfectly formed package exists;
PA1  b. means associated with the said detecting means for receiving said output
      signal and rejecting said imperfectly formed package; and
PA1  c. accumulator means associated with said conveyors for removing and
      depositing packages from said conveyors at selected times; and
PA1  d. a distribution table located between said packing machines and said
      cartoning machine for maintaining the cartoning machine in operation when
      one of the packing machines becomes inoperative by dividing the packages
      from the remaining packing machine still in operation.
NUM  26.
PAR  26. The system of claim 25, wherein said distribution table includes:
PA1  a. a frame;
PA1  b. a table conveyor carried in said frame and having first and second lanes
      corresponding to said first and second conveyors from said packaging
      machine;
PA1  c. a first and second alignment conveyor means located adjacent said first
      and second lanes for diverting packages from said first lane to said
      second lane or vice versa;
PA1  d. means for selectively operating said first and second alignment conveyor
      means; and
PA1  e. drive means for said table conveyor and said first and second alignment
      conveyor means.
NUM  27.
PAR  27. A distribution table for use in a package handling system in which a
      first and second packaging machine supply a single cartoning machine along
      first and second conveyors, said distribution table being located between
      said first and second packaging machines and said cartoning machine
      comprising:
PA1  a. a frame;
PA1  b. a table conveyor carried in said frame having first and second lanes
      corresponding to said first and second conveyors;
PA1  c. first and second alignment conveyors located adjacent said first and
      second lanes for diverting packages from said first lane to said second
      lane or vice versa;
PA1  d. means for selectively operating said first and second alignment conveyor
      means; and
PA1  e. drive means for said table conveyor and said first and second alignment
      conveyor means.
NUM  28.
PAR  28. The system of claim 27, further including at least one means for
      detecting a backlog on one of the conveyors between said distribution
      table and cartoning machine and energizing said distribution table to
      divert the packages from the backlog conveyor to the other conveyor.
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ABST
PAL  An improved hook display assembly is provided which comprises a rack, hook
      members releasably connected thereto, and a safety bumper guard connected
      to the rack which extends beyond the free end of the hook members so as to
      prevent an inadvertent encounter with a hook member of the display. Also
      connected to the rack is a means for releasably connecting the display to
      a standard.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved hook display assembly and more
      particularly, to the safety feature provided therefor.
PAR  Packaged items, such as carded products, are conveniently displayed on a
      rack having a series of hanger-equipped bars or hook members. The carded
      products are readily removable by a customer therefor. Particularly in
      supermarkets and other retail outlets, these hook displays are randomly
      scattered through heavily trafficked areas of the store according to
      convenience and point of sale impact.
PAR  Frequently, these displays are at eye-level for on sight sales and easy
      access thereto. These supermarkets and retail outlets usually are provided
      with narrow aisles which are heavily trafficked. As a result, there is an
      extremely high incidence of injury, particularly eye injury, caused by
      inadvertent encounter with a hook of this type of display unit.
PAR  Accordingly, there is a need for a display unit of the type described which
      includes a built-in safety feature which minimizes the incidence of injury
      caused by the display, substantially eliminates puncture-type injuries
      which have been caused by this type of display in the past, and yet does
      not detract from the sales impact of the displayed items or appreciably
      hinder removal of an item from the display.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, an improved hook
      display assembly is provided which comprises a rack, hook members
      releasably connected thereto, and a safety bumper guard connected to the
      rack which extends beyond the free end of the hook members so as to
      prevent an inadvertent encounter with a hook member of the display. Also
      connected to the rack is a means for releasably connecting the display to
      a standard. The safety bumper guard prevents puncture injuries which may
      occur as a result of an inadvertent push or shove into contact with a hook
      member and the safety bumper guard is provided with rounded edges and is
      fabricated of a resilient material so that contact therewith does not
      result in any serious injury.
PAR  Accordingly, it is an object of this invention to provide an improved hook
      display assembly in which the hooks thereof are guarded.
PAR  Another object of the invention is to provide a safety bumper guard for a
      hook display assembly which does not impair the sales value of the display
      but substantially prevents injury caused thereby.
PAR  A further object of the invention is to provide a safety bumper guard for a
      hook display assembly which is fabricated of resilient material and
      provided with rounded edges so as not to be a source of injury.
PAR  Still other objects and advantages of the invention will, in part, be
      obvious and will, in part, be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a perspective view of a peg board mounted hook display assembly
      constructed in accordance with the invention;
PAR  FIG. 2 is a sectional plan view of the embodiment shown in FIG. 1 taken
      along line 2--2 thereof;
PAR  FIG. 3 is a sectional view of the embodiment shown in FIG. 2 taken along
      line 3--3 thereof;
PAR  FIG. 4 is a detail view taken along line 4--4 of FIG. 2 illustrating a
      means for mounting the display assembly on a peg board;
PAR  FIG. 5 is a fragmentary plan view of the embodiment shown in FIG. 1 wherein
      another means is employed for connecting the display assembly to a
      standard;
PAR  FIG. 6 is a sectional view of the embodiment shown in FIG. 5 taken along
      line 6--6 thereof to more particularly illustrate the alternate connection
      means;
PAR  FIG. 7 is a fragmentary plan view of the embodiment shown in FIG. 1
      including yet another alternative connection means for connecting the
      display assembly to a standard;
PAR  FIG. 8 is a sectional view of the embodiment shown in FIG. 7 taken along
      line 8--8 thereof which shows in detail the other alternative connection
      means;
PAR  FIG. 9 is a perspective view of a vertically adjustable hook display
      assembly constructed in accordance with the invention;
PAR  FIG. 10 is a sectional view of the embodiment shown in FIG. 9, taken along
      line 10--10 thereof; and
PAR  FIG. 11 is a sectional view of the embodiment shown in FIG. 10, taken along
      line 11--11 thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, like parts are designated by the same
      numeral. Referring particularly to FIGS. 1-8, a hook display assembly,
      generally designated by the numeral 15, includes a rack 16 having a
      substantially rectangular cross-section and provided with a plurality of
      aligned undercut and overcut notches, respectively, 17 and 17'. Respective
      notches 17 and 17' are spaced a predetermined distance one from the other
      and in parallel. Each notch 17 is aligned with a notch 17'. A through hole
      18 is provided in each notch 17' and extends widthwise through rack 16
      into an aligned notch 17. Each through hole 18 is provided at a
      substantially intermediate portion of respective notches 17' and 17. Into
      each through hole 18, a hook member 19 is releasably connected.
PAR  Each hook member 19 includes a shank portion 20 which is adapted to extend
      through a through hole 18, a stem portion 21 integrally connected at one
      end to shank portion 20 at an elbow 22 and having an offset free end 23.
      The offset angle between end 23 and stem 21 is acute. When the shank
      portion 20 of hook member 19 is inserted into through hole 18, the side
      walls 24 and 24' of notch 17' restrict the placement of hook member 19 and
      substantially prevent reciprocal movement thereof on shank 20. Elbow 22
      defines the length of hook member 19 which extends into through hole 18.
      Onto offset end 23, a plurality of carded products 25 may be introduced
      onto hook member 19. For instance, each card 25 may be provided with an
      aperture 26 which is registrable with end 23 and hook member 19. Once
      suspended from hook member 19, offset end 23 prevents accidental removal
      of card 25 therefrom.
PAR  Referring particularly to FIGS. 1-4, to the rear surface 27 of rack 16, a
      pair of braces 28 and 28' are releasably connected as by means of screws
      29 and 29' which are respectively threadably connected thereto. Braces 28
      and 28' are respectively releasably connected to remote ends of rack 16.
      Each brace respectively includes a pair of tabs 30 and 30'. Each tab 30
      and 30' is formed with a hook portion 31 and 31' which is adapted to
      engage the back of a peg board 32 in the manner shown to prevent
      respective tabs 30 and 30' from being inadvertently pulled out of the peg
      board apertures 33 into which they are removably connected.
PAR  Referring generally to FIGS. 1-8, a bumper guard 34 is releasably connected
      to rack 16. As best seen in FIGS. 1, 2 and 4, bumper guard 34 includes a
      pair of shank portions 35 and 35' (not shown) engageable in respective
      through holes 18 provided in remote notches 17' of rack 16, and a pair of
      opposed outwardly turned shoulders 36, 36' overlying respective opposite
      end portions of rack 16 and extending respectively therebeyond. From
      shoulders 36, 36' issue a pair of inwardly turned substantially parallel
      arms 37, 37' to which a cross member 38 is connected. Arms 37 and 37'
      extend substantially parallel to mounted hook members 19 and somewhat
      beyond the offset ends 23 thereof, for instance, a distance d, for thereby
      arranging cross member 38 perpendicularly relative to hook members 19 and
      a distance d therefrom. The body portion of bumper guard 34 consisting of
      shoulders 36, 36', arms 37, 37' and cross member 38 is substantially
      coplanar with mounted hook members 19.
PAR  The distance between offset ends 23 of hook members 19 provides a packing
      or removal space for introducing or withdrawing a carded item 25 onto or
      from hook member 19. While providing for ready introduction and removal of
      carded items, bumper guard 34 prevents injury against hook members 19 due
      to an accidental fall into display assembly 15. Bumper guard 34 is
      preferably resilient and flexes in the cross member portion 38 thereof in
      response to an impact thereagainst, but not more than distance d so as to
      prevent impalement upon hook members 19. If bumper guard 34 is rigid an
      impact thereagainst may result in severe concussive injury. Therefore, it
      is deemed a significant feature of the invention that at least cross
      member portion 38 of bumper guard 34, the portion of bumper guard 34 which
      is most prominently displayed have a predetermined elastic character.
PAR  With general reference to the display assemblies seen in the Figures, the
      bumper guard 34 is employed in connection therewith and forms an integral
      part thereof. Referring generally to FIGS. 5-8, the hook display
      assemblies illustrated therein differ from the embodiment seen in FIGS.
      1-4, only in that alternate means for releasably connecting the display to
      a standard are employed.
PAR  Referring now to FIGS. 5 and 6, a U-shaped support 39 includes a base
      portion 40 and upstanding legs 41 and 42 issue therefrom. Leg 41 is
      received by through hole 18 and base portion 40 thereof partially
      interfits within notch 17 for thereby supporting rack 16 on support 39.
      Side walls of notch 17 prevent reciprocal movement of rack 16 relative to
      support 39. Leg 42 is journalled through respective side walls 43 and 44
      of field clip 45 which terminates in upper and lower outwardly turned
      flanges 46 and 47. The free end of leg 42 is blunted to prevent leg 42
      from disconnecting from its journalled in position in field clip 45 under
      the weight of display assembly 15. A channel member 49 is provided, for
      instance, on an edge of a gondola of the type common to supermarkets and
      retail outlets and upper and lower flanges, respectively 46 and 47 are
      interfitted therein for thereby supporting hook display assembly 15. One
      or more of these mounting means may be releasably connected to rack 16 for
      thereby supporting the unit. To disconnect hook display assembly 15 from
      the mounting, rack 16 may be lifted upwardly until it is free of leg 41 of
      U-shaped support 39.
PAR  Referring now to FIGS. 7 and 8, a clamp 50 is releasably connected to a
      shelf, for instance, of a gondola and includes a web 51 to which an
      L-shaped support 52 is connected. Leg 53 of L-shaped support 52 is
      received in a through hole 18 of rack 16 and the base portion thereof 54
      is confined within a notch 17 for supporting display assembly 15 on
      support 52 and preventing reciprocal movement thereof relative to support
      52. Display assembly 15 is releasably connected to support 52 and may be
      disconnected therefrom by lifting rack 16 upwardly until free of leg 53.
PAR  Referring now to FIGS. 9-11, a vertically adjustable hook display assembly
      115 is slidably connected to a pair of substantially parallel upright
      channels 101 and 102 by means of respective pairs of bosses 103 and 103'
      which respectively interfit within channels 101 and 102. Hook display
      assembly 115 includes a rack 116 provided with undercut and overcut
      notches, respectively 117 and 117' which are aligned and include a through
      hole 118 therein for receiving the shank portion 120 of a hook member 119.
      Overlying the top surface of rack 116 is a plate 104 threadably connected
      thereto by screws 105 for preventing withdrawal of hook member 119 from
      its mounting in rack 116.
PAR  Respective webs 106, 106' and 107, 107' of upright channels 101 and 102
      include respective pluralities of aligned apertures 108 and 108'.
      Respective apertures in webs 106 and 106' and 107 and 107' are aligned to
      receive a rod 109 therethrough provided at one end thereof with a head
      110. The respective positions of a pair of rods 109 respectively set in
      channels 101 and 102 determines the position of hook display assembly 115.
      The vertical height of display assembly 115 may be selected according to
      the predetermined positions of a respective pair of rods 109 in upright
      channels 101 and 102.
PAR  In all of the aforementioned embodiments, it is intended that a bumper
      guard 34 will be used in connection therewith. The bumper guard 34 renders
      the device safe for use in high population density retail stores and does
      not detract from the usefulness thereof.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved hook display assembly for displaying carded items for sale
      which comprises a rack, said rack having a substantially rectangular
      cross-section and respective pluralities of aligned undercut and overcut
      notches and a through hole provided in each overcut notch extending
      widthwise through said rack into an aligned undercut notch, at least one
      hook member releasably connected at one end thereof to said rack and
      having another free end, said at least one hook member being arranged
      perpendicularly relative to said rack, said at least one hook member
      including a shank portion adapted to extend into a through hole provided
      in said rack, a stem portion integrally connected at one end to said shank
      portion at an elbow and an offset free end, the offset angle between said
      free end and said stem being acute, and a safety bumper guard releasably
      connected to said rack and extending beyond said free end of said at least
      one hook member so as to prevent an inadvertent encounter with said at
      least one hook member of said display, said bumper guard being releasably
      connected to said rack and comprising a pair of shank portions engageable
      in respective through holes provided in remote notches of said rack, a
      pair of opposed outwardly turned shoulders arranged to overlie respective
      opposite end portions of said rack and extending respectively therebeyond,
      a pair of inwardly turned substantially parallel arms issuing from said
      respective shoulders and a cross member connected at each end thereof to a
      respective arm.
NUM  2.
PAR  2. The hook display assembly as claimed in claim 1 including a means for
      releasably connecting said hook display assembly to a standard.
NUM  3.
PAR  3. The hook display assembly as claimed in claim 1, said arms extending
      substantially parallel to said at least one hook member and somewhat
      beyond said offset end thereof, said cross member thereby being arranged
      perpendicularly relative to said at least one hook member and a distance d
      therefrom, said bumper guard being substantially coplanar with said at
      least one hook member.
NUM  4.
PAR  4. The hook display assembly as claimed in claim 3 wherein said bumper
      guard has a resilient character and flexes in at least said cross member
      portion thereof in response to an impact, but not more than said distance
      d so as to prevent impalement upon said at least one hook member.
NUM  5.
PAR  5. The hook display assembly as claimed in claim 1, including a pair of
      braces releasably connected to respective remote ends of said rack, each
      of said braces including a pair of tabs, each tab being formed with a
      respective hook portion adapted to engage the back of a peg board.
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ABST
PAL  An adjustable support means including a pair of cooperating members. A
      first member has a tray type device and a horizontal arm including locking
      means and a vertical arm with a foam pad. A second member has a pair of
      slotlike extensions on a horizontal arm which engages the sides of the
      horizontal arm of the first member and coacts with the locking means. The
      second member also has a vertical member with a foam pad to coat with the
      first vertical arm to lock on a supporting structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention rleates to an adjustable support means, and more
      particularly, to an adjustable support means for supporting a tray or
      similar device on the arm or back of upholstered furniture, such as a
      sofa, chair or a car seat.
PAR  As is well known to those skilled in this art, many attempts have been made
      to provide an adjustable support means for use with trays and similar
      devices. These supports means have been desired so as to firmly position
      or otherwise secure a tray or similar device to the arm of a chair or sofa
      or to the back of a car seat. Such support means have been found necessary
      in today's society due to the great amount of auto travel, informal
      entertaining and television viewing done by the American public. In each
      of these activities it is found desirable to partake of food or drink
      during the course of an evening, or at some point during travel. When food
      or drink is served a problem generally arises for the guests and hosts
      alike as to a suitable place to rest the containers of food or drink while
      they are being consumed.
PAR  The invention set forth herein is an improvement over the adjustable
      support means described and claimed in U.S. Pat. No. 3,120,308, issued
      Feb. 4, 1964 to the same inventor as in this invention.
PAR  It is, therefore, a principal object of this invention to provide a novel
      support means that is readily adjustable to enable it to be secured to a
      variety of supporting structures and which will resist accidental
      dislodgment.
PAR  A further object of this invention is to provide a novel, adjustable
      support means having cooperating parts which function together to lock the
      support means to any of a variety of supporting structures.
PAR  A still further object of this invention is to provide a novel, adjustable
      support means having cooperating parts which are provided with a novel
      locking means which requires a specific downward movement to release,
      thereby preventing accidental release or dislodgment of the support means.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out this invention in one form thereof, an adjustable support
      means is provided which comprises first and second cooperating members. A
      first member has a tray or similar device secured thereto and is provided
      with a lock means, forming a part of said first member. The second member
      is provided with a pair of slot-like extensions which engage the sides of
      the first member in a sliding engagement. One of the slot-like extensions
      is provided with tooth-like parts while the other extension has a beveled
      part such that when the members are in sliding engagement the toothlike
      parts are forced into locking position with the locking means to firmly
      secure the support means to a supporting structure.
PAR  The invention which is sought to be protected is clearly pointed out and
      distinctly claimed in the claims appended hereto. However, it is believed
      that the construction and operation of this invention, and the manner in
      which its various objects and advantages are achieved, together with other
      objects and advantages thereof, will be better understood from the
      following detailed description, when taken in the light of the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred embodiment of this invention;
PAR  FIG. 2 is an elevation view showing the preferred form of this invention in
      use;
PAR  FIG. 3 is a side view of FIG. 2;
PAR  FIG. 4 is a detail partial view showing the preferred locking means; and
PAR  FIG. 5 is a perspective view of one of the members of the adjustable
      support means of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, in which like numerals are used to indicate
      like parts throughout the various views thereof, this invention is shown
      in a preferred embodiment as an adjustable support means 10, comprising a
      first member 12 having a tray device, shown in the form of a tumbler or
      cup holder 14, secured thereto. A second member 16 is provided having an
      arm 18 forming a part thereof. Arm 18 is provided with slot-like
      extensions 20 and 22 which slidingly engage the sides of member 12. The
      slot-like extensions 20 and 22 coact with the sides of member 12 to
      provide an adjustable, locking engagement between members 12 and 16, as
      will be more fully described.
PAR  Considering now FIGS. 1 and 2, the adjustable support means 10 is shown as
      comprising a substantially L-shaped member 12 having a gripping part in
      the form of a foam pad 24 secured to the lower or vertical arm 26 of the
      L-shaped member 12. As shown in FIG. 2, gripping pad 24 contacts one side
      of an upholstered furniture piece 28, such as the seat back or arm rest of
      an automobile. Of course, it will be understood that other forms of
      gripping means may be used, such as the rod form shown in patent
      3,120,308. The upper or horizontal arm 30 of member 12 is provided with
      locking means in the form of teeth 32 along one side thereof, as best
      shown in FIG. 1. The opposite side of arm 30 is beveled, as shown at 34 in
      FIG. 3.
PAR  The second member 16 of the adjustable support means 10 is also
      substantially L-shaped, having the upper or horizontal arm 18 and a lower
      or vertical arm 36. As shown, lower arm 36 is provided with a gripping
      member in the form of foam pad 38, similar to foam pad 24. Arm 18 is
      provided with slot-like extensions 20, 22, which coact with sides of arm
      30 of member 12 to provide an adjustable locking of the support means 10.
      As can best be seen in FIGS. 3 and 5, the slot-like extension 22 of arm 18
      is provided with a cam part 40 which cooperates with the beveled side 34
      of arm 30. The slot-like extension 20 is provided with projections 42, 44
      which cooperate with teeth 32 of arm 30 to lock members 12 and 16 together
      as is best shown in FIG. 4. The side of arm 18 having cam 40 may also be
      provided with a second cam 46, sloped oppositely to cam 40, as shown in
      FIG. 5, which will also cooperate with beveled side 34 of arm 30.
PAR  In the preferred embodiment, the horizontal portion 30 of first member 12
      is provided with a pair of lugs 48,50 at one end thereof, as shown in FIG.
      1. These lugs, 48,50 cooperate with the slot-like extensions 20,22 to
      prevent member 16 from sliding off of member 12 in one direction, as is
      apparent in FIG. 1. Thus, member 16 may only be engaged or disengaged from
      member 12 at the intersection of arms 30 and 26.
PAR  From the above description it is believed that the operation of the
      adjustable support means of this invention will readily be understood. As
      will be apparent, the member 16 is slidingly engaged with member 12, by
      hooking the slot-like extensions 20, 22 over the sides of arm 30. While
      held at a slight angle to the horizontal, member 16 may be moved along
      member 30, until the distance between pads 24 and 38 is sufficient to fit
      over the back of an object, such as a seat back 28. The adjustable support
      means 10 is then placed over the back, as shown in FIG. 2. Then by slight
      pressure on arms 26 and 36, the pads 24 and 38 may be moved into
      engagement with the opposite sides of the seat back 28, compressing the
      pads 24 and 38. When the pressure is released the pads will move arms 18
      and 30 into a horizontal position, causing cam 40, and 46, if present, to
      act on beveled side 34 of arm 30, causing projections 42, 44 to mesh with
      teeth 32 firmly locking members 12 and 16 to the back 28. Obviously, the
      support means 10 may be removed by compressing pads 24, 38 to allow
      movement of arm 18 away from the horizontal, thus, disengaging projections
      42, 44 from teeth 32, and then sliding the members 12 and 16 to separate
      arms 26 and 36. It will also be apparent that support means 10 may be
      removed by merely sliding pads 38, 24 upwardly over seat back 28.
PAR  While there has been shown and described the present preferred embodiment
      of the invention, it will be apparent to those skilled in the art that
      various changes may be made in the details thereof. It will be clear to
      those skilled in the art that all such changes are contemplated herein as
      fall within the spirit and scope of the invention as it is defined in the
      appended claims.
CLMS
STM  What I claim as new and which it is desired to secure by Letters Patent of
      the United States is:
NUM  1.
PAR  1. An adjustable support means for supporting a tray-like device on a
      portion of upholstered furniture comprising:
PA1  a. a first member including a tray-like device,
PA2  1. an arm portion of said first member having sides, one of said sides
      having a plurality of teeth formed therein and the other of said sides
      being beveled,
PA1  b. a second member movable into locking engagement with said first member,
PA2  1. said second member having a pair of slot-like extensions for sliding
      engagement with said sides of said first member,
PA3  a. one of said slot-like extensions having a cam means coacting with said
      beveled side of said first member,
PA3  b. the other of said slot-like extensions having at least one projection
      coacting with said teeth on said first member,
PAL  whereby as said second member engages said first member said cam means
      coacts with said beveled side to move said teeth into locking engagement
      with said at least one projection.
NUM  2.
PAR  2. An adjustable support means as claimed in claim 1 in which each of said
      members is an L-shaped member, the horizontal arm of said first member
      having said plurality of teeth and the horizontal arm of said second
      member having said pair of slot-like extensions, and the vertical arm of
      each of said members is provided with gripping means to secure said
      adjustable support means to a supporting structure.
NUM  3.
PAR  3. An adjustable support means as claimed in claim 2 in which said gripping
      means are in the form of foam pads.
NUM  4.
PAR  4. An adjustable support means as claimed in claim 1 in which said first
      member has a vertical cam portion connected to said arm portion having
      said plurality of teeth, said vertical arm portion having a gripping means
      to secure said adjustable support device to a supporting structure.
NUM  5.
PAR  5. An adjustable support means as claimed in claim 1 in which said arm
      portion of said first member has a pair of lugs which cooperate with said
      slot-like extensions of said second member to prevent disengagement of
      said first and second members in one direction.
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ABST
PAL  An adjustable display support for soft drink bottles adjustably constructed
      from thick, tapered foam plastic material which may be cut to size by a
      saw. The foam plastic is laminated with a cover of lightweight sheet
      metal, plastic or any other sheet material or coated with a suitable
      plastic. The front of the vertical back member and the top of the bottom
      shelf member are inclined with respect to the respective other side
      thereof. The support may be installed on the permanent island or base in
      the supermarket and cut to size and there are strategically located
      double-sided adhesive tapes to hold things in place.
PARN
PAR  This is a continuation of application Ser. No. 217,056, filed Jan. 11,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Supports and racks and particularly adjustable merchandise supports and
      racks (Class 211, for example Subclass 104).
PAR  2. Description of the Prior Art
PAR  The prior art consists of welded wire racks and racks made from structural
      members, such as wood or metal members, connected together and covered by
      plywood and the like. These racks are more expensive to manufacture than
      the present one, are heavy and bulky, and are not readily adjustable to
      fit different circumstances and different supermarkets or other stores.
      There is a demand for a lightweight, inexpensive merchandise rack which
      can be easily adapted (cut) to size and placed in any available space
      which might become available on short notice.
PAC  SUMMARY OF THE INVENTION
PAR  The merchandise support is easily set up in a supermarket or other place
      and readily adjusted (cut) to size with a tapered bottom shelf and an
      inclined or tapered upright back member so that bottles of soft drinks or
      other merchandise may be stacked and will incline toward the bottom rear
      corner to prevent displacement and dislodgement. Welded wire construction,
      screwed and bolted members, and nailed wooden boards, have been eliminated
      altogether. Solid lightweight (honeycomb) foam plastic material is formed
      with an inclined front and a straight back into panels which may be used
      both for the back and the bottom of the merchandise support. The foam
      plastic may be coated or laminated with sheet material on the exposed
      sides. Each panel may be cut to length with an ordinary stockman's knife,
      carpenter's saw, etc., and thereby made to fit any available space.
      Furthermore, doublesided adhesive tape may be used to tape sheet material
      in place as well as anything else that is desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a merchandise support in a supermarket in
      accordance with the present invention.
PAR  FIG. 2 is a bottom view of the shelf showing optional saw lines in any web.
PAR  FIG. 3 is a bottom view of the shelf.
PAR  FIG. 4 is a cross-sectional view taken along lines 4--4 in FIG. 3.
PAR  FIG. 5 is a partial elevation view of the back side of the back.
PAR  FIG. 6 is a perspective view of the top edge illustrating how a sign may be
      used.
PAR  FIG. 7 is a cross-sectional view along lines 7--7 in FIG. 6.
PAR  FIG. 8 is a cross-sectional view taken along lines 8--8 in FIG. 7.
DETD
PAR  The composite and complete merchandise support shown in FIG. 1 is arranged
      on both sides of the permanent supermarket counter construction designated
      generally by reference numeral 10 which comprises the base 12 on each side
      having shelves 14 thereon and a center divider 16 therebetween which may
      be constructed from wood members and plywood and the like. The present
      merchandise support is designated generally by reference numeral 20 and
      comprises a back 22 and a bottom or shelf 24 both of which are made from
      panels of identical construction. Each panel is a wedge-shaped
      three-dimensional solid panel member constructed from foam plastic
      material having a flat backside 26 and a tapered or angled frontside 28
      leading from a thick edge 30 to a thin edge 32.
PAR  The back side 26 of the panel 24 is shown in FIGS. 2 and 3 and in
      cross-section in FIG. 4 and is molded with depressions or cavities 36
      therein leaving solid foam intermediary connected portions 38 which
      provides a very lightweight construction and saves on material as well as
      making the material easier to cut with an ordinary handsaw. Sheet material
      such as "MASONITE", plywood or plastic sheets 40 may be applied to the
      front 28 and ordinary double-sided adhesive tape 42 may be placed at
      strategic places for the purpose of securing the sheets 40 as well as
      securing anything else which needs to be secured. Double-sided adhesive
      tape is common in the market place and may be obtained from many different
      sources such as the 3M Company.
PAR  Foam plastic material is a common item of commerce and is purchaseable on
      the market from many different sources the same as wood and other
      structural materials. It is manufactured from known processes of chemicals
      and is disclosed in U.S. Pat. Nos. 3,443,276; 3,442,992; 3,336,631;
      3,206,899 and 3,336,632 and a copious amount of literature including the
      following:
TBL  NAME                   SOURCE                                             
     __________________________________________________________________________
     1.                                                                        
       "POLYCEL" FOAM SYSTEMS                                                  
                        POLYTRON COMPANY                                       
       TECHNICAL DATA BULLETIN 64-01                                           
                        (date known prior to April,                            
                        1969)                                                  
     2.                                                                        
       URETHANE MARKETING GUIDE 1968                                           
                        URETHANE INDUSTRY DIGEST                               
                        55 East Washington Street                              
                        Chicago, Illinois 60602                                
     3.                                                                        
       COATINGS AND RESINS                                                     
                        Pittsburg Plate Glass-PPG Co.                          
       "THE SELECTROFOAM STORY"                                                
                        PPG INDUSTRIES SPRING of 1967                          
     4.                                                                        
       "FOAM HOME"      UNION CARBIDE COMPANY                                  
                        UNION CARBIDE "WORLD" 1968                             
     5.                                                                        
       "URETHANE FOAM INSULATION"                                              
                        MOBAY CHAMICAL COMPANY                                 
                        (1951-1961) MOBAY CHEMICAL                             
     5.                                                                        
       "RIGID URETHANE FOAM"                                                   
                        UNION CARBIDE COMPANY                                  
                        UNION CARBIDE (c) 1964, 1965                           
     __________________________________________________________________________
PAR  A sign 46 made of molded plastic sheet metal or the like has the name of
      the product or other information thereon and may be temporarily placed on
      the merchandise support 20. Sign 46 is the form of bent sheet metal or
      plastic having an upper flange 48 and an elongated lower flange 50 which
      will fit down behind the back side 26 of the merchandise support 20 back
      22. Of course, the sign is readily removable and replaceable.
PAR  The back 22 and bottom 24 both may be readily cut by knife, saw or other
      cutting instrument. For example, in FIG. 2 there are several optional
      cutting lines or saw lines 54 in the web 56 in the honeycomb arrangement.
      Thus, a 4 foot piece may be cut into a 3 foot piece or any other increment
      desired such as a 1 inch c-c dimension, without showing the honeycomb
      hollow 58 by staying within the web 56. In dimension, for example for
      supermarket use, the hollows 58 can be laid-out so that if material is
      cut-off to fit a less deep gondola the hollows 58 will not show as they
      will be facing the rear of the gondola. This could not be done on present
      units as structural failure would result because of lack of ribs or wire,
      etc. in contact with the base gondola.
PAR  While I have shown and described a particular form of the merchandise
      support this is by way of illustration only of a known preferred
      embodiment and is in no way a limitation since there are various
      alterations, changes deviations, eliminations, additions, omissions,
      revisions and departures which may be made in the embodiment shown and
      described without departing from the scope thereof as defined only by a
      proper interpretation of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A lightweight merchandise rack for use on an underlying support counter
      and comprising,
PA1  a bottom shelf panel and an upright back panel, each of which is of similar
      construction, each of said panels being wedge-shaped and having a flat,
      planar back surface, a flat planar top surface, a wide edge and a narrow
      edge, said panels being made from lightweight solid plastic foam material
      which may be cut to desired size with a common instrument, including a
      knife or an ordinary hand saw to accommodate the panel size to the
      underlying support counter,
PA1  said bottom panel having its back surface located in a generally horizontal
      plane and its wide edge facing to the front of said rack so that the top
      surface of said bottom panel extends downwardly from the front edge toward
      the rear of said shelf panel,
PA1  said upright panel having its back surface located in a generally vertical
      plane and its wide edge resting atop the rear portion of said top surface
      of said bottom panel such that the included angle between the top surface
      of said shelf panel and said top surface of said upright panel is
      approximately a right angle, and the included angle between said back
      surface of said shelf panel and said back surface of said upright panel is
      also approximately a right angle.
NUM  2.
PAR  2. The display rack of claim 1 which further includes a cover sheet over at
      least the top surface and wide edge of said shelf panel.
NUM  3.
PAR  3. The display rack of claim 1 in which said shelf panel and said back
      panel each have a plurality of regularly recurring recesses formed into
      the back side thereof, said recesses extending up to but not into said
      wide edge of said panels so that said wide edge is uninterrupted by said
      recesses.
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ABST
PAL  A tower crane tower pivoted at its base to a mobile platform for movement
      from a horizontal travel position to a vertical operating position has a
      jib support structure mounted at the top of the tower which includes a
      part rotatable about the vertical axis of the tower, pivot structure
      connecting a jib to the tower including a jib pivot connecting the jib to
      the jib support structure, a hydraulic cylinder connected for luffing the
      jib, and jib alignment structure operatively connected between the jib
      support structure and the jib and being movable to alter the disposition
      of the jib pivot and an end of the jib luffing cylinder relative to the
      tower in such a way as to alter the angle between the jib and the tower
      axis without operation of the jib luffing cylinder, the jib alignment
      structure arranged to move between an operating position, in which the jib
      luffing cylinder can luff the jib between a raised position above the top
      of the tower and a lowered position in which the jib forms an angle of the
      order of 90.degree. with the tower axis; and a folded position in which
      the jib is angularly moved through a folding angle roughly equivalent to
      the previous mentioned angle, such that the jib is moved to a folded
      position in close alignment with the side of the tower by combined
      operation of the jib alignment structure and the jib luffing cylinder.
PARN
PAR  This application is a division of Ser. No. 144,199 filed May 17, 1971, now
      abandoned, which is in turn a continuation-in-part of Ser. No. 818,751
      filed Apr. 23, 1969, now abandoned.
BSUM
PAR  The present invention relates to mobile tower cranes particularly for use
      on building sites. In the construction of tall buildings, there is a
      requirement for cranes having a tower comparable in height to the
      building, and having a jib mounted near the top of the tower and
      preferably capable of reaching out over the building.
PAR  Known mobile tower cranes are generally of the type having a mobile
      platform, for example the chassis of a carrier vehicle, and having a large
      turntable mounted directly on the mobile platform which turntable carries
      all the main structure of the crane. The turntable has a pivotal mounting
      for the base of a mast or tower allowing tilting movement of the tower
      from a horizontal travelling position to a vertical or nearly vertical
      operating position. A jib is pivotally mounted for luffing movement at the
      top of the tower, and cables are provided for luffing the jib, and also
      for staying the tower. Generally, the supporting cables are sheaved at
      positions spaced above and behind the jib pivot, having their lower ends
      attached to the turntable on the side of the tower opposite the jib. The
      turntable also supports a large counterweight which is on the side of the
      tower opposite the jib and which is associated with the lower ends of the
      cables. The whole crane structure rotates as a unit on the turntable.
PAR  In this type of mobile crane, the tower and the jib are stressed largely or
      entirely in compression and are relatively unstressed in bending, the
      forces which would otherwise cause bending of the tower and jib being
      carried by the cables. Accordingly, the tower and jib of such a crane can
      be relatively light and slender, as compared to a structure which could
      carry the same forces without resort to cables. Also, there is no need for
      firm fixing of the tower at its base, and in some designs the tower is
      merely pin-jointed at its base, and is kept upright by the cables. In
      conventional crane design, it seems to have been assumed that a tower and
      jib arrangement of this type (i.e. supported by cables) was the only
      suitable type for use in tall transportable tower cranes, due to its
      inherent lightness, and also possibly to the fact that, lacking the need
      for firm fixing at its base, the tower could readily be made tiltable for
      travelling.
PAR  These known tower cranes, although termed "mobile," in fact require
      considerable time and effort in erection and folding or dismantling, when
      moving the crane from one site to another. This is largely due to the
      requirement for cables for supporting the tower and jib and for luffing
      the jib. The many cables required have to be positioned on sheaves each
      time the crane is erected, and often become displaced and tangled when the
      crane is being transported. The fixing, sheaving, and tensioning and
      winching of these cables may occupy many man-hours during erection of the
      crane. Also, erection of such cranes always requires at least two men, one
      of whom is a rigger specialized in this work.
PAR  In addition, mobile cranes are known having a short telescopic tower
      mounted on a carrier vehicle which is fixed in the vertical position (i.e.
      which is non-tiltable), being merely telescopically collapsed for
      travelling, while remaining upright. Such cranes have a very limited
      height capability and are not of great use in the erection of tall
      buildings.
PAR  The present invention provides a crane which is much more mobile than known
      tower cranes of comparable height, and which has many advantages in
      operation, and particularly in erection, which will be explained
      hereinafter.
PAR  In accordance with the present invention, a mobile tower crane comprises
      mobile platform means (for example a truck or trailer chassis) carrying in
      combination a base mounting for a tower, a tower pivotally connected to
      the mounting for tilting movement between a vertical operating position
      and a substantially horizontal travelling position in which the tower is
      supported by the mobile platform means, and raising means interconnecting
      the platform means and the tower for moving the tower between the two
      positions. The combination of base mounting, tower and raising means is
      such that the tower when in the operating position and without any bracing
      cables provides a firm support suitable for supporting a jib structure
      which is rotatable relative to the tower about the tower axis and thereby
      in operation causes bending moments to be applied to the tower in various
      different directions. The jib structure carried by the tower includes a
      jib and jib support means, the jib support means including a turntable
      mounted at the top of the tower and allowing slewing of the jib support
      means about the tower axis, the jib being connected to the tower by pivot
      means including a jib pivot carried by the jib support means to allow
      luffing movement of the jib. Also in accordance with the invention,
      luffing movement of the jib is effected by hydraulic cylinder means
      connected between the jib and the pivot means are such as to allow the jib
      to be aligned with the tower for travelling. In addition, the crane may
      include support means and the jib, jib alignment means capable of causing
      angular movement of the jib independently of operation of said hydraulic
      cylinder means, such that combined operation of said jib alignment means
      and said hydraulic cylinder means can move the jib into alignment with the
      tower for folding the crane. Preferably, said jib alignment means is
      arranged to alter the relative dispositions of the tower, the jib pivot
      and an end of the jib luffing cylinder to cause the angular movement of
      the jib. The means for raising the tower, and the jib alignment means, are
      preferably also both hydraulic.
PAR  Preferably, the jib comprises at least two telescoping sections, and
      hydraulic cylinder means for telescoping the said sections. The term "jib"
      will be understood to mean a projecting arm of any suitable form, and
      includes what is known in the crane art as a boom.
PAR  An important feature of the invention is the combination of a tiltable
      tower which when erected does not need to be supported by cables, with a
      jib which is arranged to be luffed by hydraulic cylinder means, and which
      can also be folded alongside the tower preferably by hydraulic means
      operable to cause pivotal movement of the jib about said pivot means
      between a folded position in alignment with the tower and an operative
      position in which the jib forms an angle of the order of 90.degree. with
      the tower axis. This arrangement allows the crane to be folded rapidly and
      compactly, all under hydraulic control. Also, both the jib and the tower
      may be made telescopic, in which case retraction of the telescopic jib and
      the tower would be the first operation on folding the crane. All the
      movements described are preferably controlled hydraulically, so that no
      cables are required for any of these movements. Also, the tower and its
      mounting arrangement, and the means for supporting and moving the jib, are
      such that no cables are required for staying the tower or supporting the
      jib, and in the preferred embodiment the only cable required for the crane
      is that which is attached to the crane hook. The crane may thus be erected
      entirely by hydraulic means (apart from certain fixing operations), under
      push button control.
PAR  Another advantage of the crane in accordance with the invention is that, as
      compared to known mobile tower cranes, a much smaller turntable can be
      used, since this has only to support the weight of the jib, and generally
      a counterweight, but does not have to support the whole weight of the
      tower.
PAR  It must be particularly noted that the tower of the crane in accordance
      with this invention is very different from the towers of known mobile
      cranes at least those having towers of substantial height. Instead of
      being a slender tower, stressed almost entirely in compression and stayed
      by cables, it is a rigid tower, providing a firm support for the jib
      structure which is rotatable about the tower axis and which therefore
      subjects the tower to bending stress in various directions depending on
      the position of the jib around the tower. To applicant's knowledge, rigid
      towers which provide a firm support in this way have hitherto only been
      used in tower cranes which are not mobile tower cranes in the sense used
      herein, but wherein the base of the tower is fixed to a ground anchorage
      or to a building, or is carried by a rail mounted trolley. Although such
      cranes may be transportable in the sense of being capable of being
      dismantled for transportation, the dismantling and erection times of such
      cranes are very considerable, and these cranes cannot therefore be
      considered as being mobile cranes.
PAR  The jib alignment means is arranged to move between an operating position
      and a folded position. In the said operating position the jib luffing
      cylinder is capable of luffing the jib in the normal operating range
      between a raised position above the top of the tower and a lowered
      position in which the jib forms a substantial angle of the order of
      90.degree. or somewhat less with the tower axis. In the folded position of
      the jib alignment means the jib luffing cylinder is capable of aligning
      the jib with the tower axis.
PAR  The pivot means connecting the jib to the tower preferably includes a
      pivotal connection between the tower and a part of the jib support means,
      so that the jib alignment means forms a tiltable unit at the top of the
      tower comprising at least a part of the jib support means, tilting of this
      unit altering the relative disposition of the jib pivot and the jib
      luffing cylinder to the tower. The tiltable unit may be of two different
      forms. In a first embodiment the tiltable unit comprises a top section of
      the tower, and this top section is movable by a gear ring and pinion
      arrangement through an angle considerably greater than 90.degree. and
      preferably about 180.degree., between an operating position in which the
      unit forms an extension of the tower and a folded position in which the
      unit lies alongside the tower, and thereby effectively shortens the tower
      for travelling. In this embodiment the jib is aligned with the tower by
      firstly raising the jib to a position vertically above the tower (with the
      tiltable unit in its operating position), and then pivoting the tiltable
      unit through 180.degree. until the tiltable unit and the jib lie alongside
      the tower. Since the tiltable unit of this embodiment lies alongside the
      tower when folded, it may be of fairly substantial length, and may for
      example include a crane operator's cab.
PAR  In the first embodiment just described, the jib alignment means (which is
      the tiltable unit) is arranged to cause angular movement of the jib
      through 180.degree.. In new embodiments to be described, the jib alignment
      means is arranged only to cause movement of the jib through a folding
      angle equivalent to the substantial angle (of the order of 90.degree. or
      somewhat less, say between 60.degree. and 90.degree.) between the jib in
      its lowermost normal operating position and the tower. Thus where in these
      new embodiments, the jib alignment means is a tiltable unit, as is
      preferred, the tiltable unit is only required to move through this folding
      angle, and may be movable in this manner by a hydraulic cylinder, no gear
      ring being required. In these new embodiments, the relationship of the
      pivotal mounting for the tiltable unit to the jib pivot is such that the
      jib lies close to the tower when the tiltable unit is in its folded
      position. This would not be the case if the top section shown in the first
      embodiment of crane were to be rotated through an angle of much less than
      180.degree., since the jib pivot would then be displaced well to the side
      of the tower. In this connection, the term "close to the tower" includes
      the case where parts of the jib are in contact with the tower, and aligned
      therrewith, and where the jib is spaced from the tower by a small amount
      for example in relation to the width of the tower.
PAR  An advantage of the arrangement using the tiltable unit, as compared to
      other possible methods of altering the relationship between the jib pivot
      and and end of the jib luffing cylinder, is that by the use of the tilting
      unit the jib pivot is brought forwards during folding with respect to the
      tower axis, i.e. is moved relative to the tower axis towards the side of
      the tower on which the jib is to be folded. Accordingly, it is possible
      for the jib pivot to be fairly near the axis of the jib, which would not
      be possible if it were required to fold the jib along the tower by
      rotation about a jib pivot which remained located near the tower axis.
      Also, in accordance with the new embodiments of my invention, with the
      tiltable unit in the operating position the jib pivot is behind the tower
      axis with respect to the outer end of the jib, and with the tiltable unit
      in the folded position the jib pivot is well in front of the tower axis
      and is preferably approximately in line with or in front of the front of
      the tower. The arrangement wherein, in the operating position, the jib
      pivot is behind the tower axis is advantageous in that most of the weight
      of the jib support means, in this operating position, is concentrated
      behind the tower axis, so partially counterbalancing the weight of the
      jib.
PAR  In addition, counterweight means are also preferably mounted on the rear
      side of the jib support means, preferably behind the jib pivot. The
      counterweight may be mounted on means which allow the counterweight to be
      extended and retracted relative to the tower axis by hydraulic means.
PAR  Another advantage of a tiltable unit is that this can be arranged so that
      the counterweight, and the main part of the jib support bracket, are
      raised relative to the tower axis when this is in the folded position, so
      that these parts do not interfere with folding of the tower. The tiltable
      unit can thus be arranged to extend over raised parts of the carrier,
      including for example the "goose neck" of a trailer. In one particular
      arrangement, the base of the tower is pivotally connected at its base to
      the rear end of mobile platform means in the form of a carrier such as a
      truck or trailer, and the tiltable unit is arranged to extend over the cab
      of the carrier when the crane is in the folded position.
PAR  The tower is preferably a lattice-type structure, of the type generally
      known in non-mobile tower cranes referred to. The tower may comprise two
      telescoping portions, hydraulic means being provided for causing relative
      movement of these portions and so altering the height of the tower. The
      preferred hydraulic means is a single multi-section telescoping hydraulic
      cylinder extending up the tower. However, for cranes of relatively low
      tower height, a rack and pinion mechanism for raising the tower may be
      preferred.
PAR  The new embodiments of crane described herein also have new folding
      arrangements which are advantageous from a space saving point of view.
      Thus, in accordance with a further aspect of the invention, a crane of the
      type described has a tower comprising a plurality of telescoping sections
      of which the lowermost section is the shortest section, and wherein the
      means for causing telescoping movement of said sections is such that when
      the tower has been laid substantially horizontal for travelling, the inner
      upper tower section or sections can be moved within the lower, outer tower
      section, so that portions of the upper section or sections project through
      the base of the lowermost section. This enables more space on the carrier
      to be utilized, as will be apparent from the following description.
PAR  A particularly advantageous arrangement from the space saving point of view
      is a sloping arrangement in which part of the tower projects over the top
      of the cab when the crane is folded. This is achieved in accordance with a
      further aspect of the invention by providing a crane having a tower
      comprising an outer member surrounding one or more tower sections slidable
      therein, said outer member being shorter than at least one of said tower
      sections, and wherein the tower is tiltably mounted on a raised mounting
      carried by the carrier vehicle, i.e. the mobile platform means, means
      being provided for causing sliding movement of said section or sections
      within said outer member such that when the tower is substantially
      horizontal a tower section or sections can be moved within said member so
      that its base projects well beyond said member and beyond said raised
      mounting, whereby in the travelling position of the tower a part of said
      section projects above a driver's cab forming a part of or linked to the
      carrier. Said outer member may be the base section of a telescopic tower.
      In a preferred arrangement, the tower is arranged to tilt down towards the
      rear end of the carrier, and in the travelling position of the tower the
      base portion of a section or sections of the tower projects above the
      driver's cab, the tower being sloped in the travelling position so that
      the tops of the tower sections are below the bases of the sections. The
      term "substantially horizontal" will be understood to include such a
      sloping arrangement.
PAR  A further advantageous space saving arrangement in accordance with yet
      another aspect of the invention includes a raised mounting on the carrier,
      said mounting being in the form of a bracket including two spaced apart
      plates, capable of accommodating between them part of the lower section of
      the tower, said bracket carrying a raised pivot for the tower which pivot
      is on the side of the bracket remote from the side on which the main part
      at least of the tower (and including the lowermost section of the tower)
      lies when in the travelling position. Accordingly, the height of the tower
      when raised includes the height of the bracket, up to the tower pivot.
PAR  The towers of my latest designs of crane include three or more tower
      sections. In order to achieve good rigidity with towers having three or
      more tower sections, it is preferably for the tower sections to be
      provided with clamping means, such as hydraulically actuated plates
      mounted on one tower section and which clamp and firmly hold parts of an
      adjacent tower section, when the tower has been erected.
PAR  In order to increase the lifting capacity of my patented cranes, the
      carrier may be provided with areas near to the base mounting of the tower
      which may be suitably reinforced and which are capable of receiving
      counter-weights for stabilizing the crane when erected.
PAR  In accordance with yet another aspect of this invention, a crane is mounted
      on mobile platform means provided with both crawler tracks and road
      wheels, and means are provided for causing relative vertical movement
      between the crawler tracks and the road wheels so that these can be
      selectively placed in contact with the ground or road. In a preferred
      arrangement, the rear chassis portion of the carrier (e.g. a semi-trailer)
      is pivotally connected to the main part of the carrier chassis for pivotal
      movement in the vertical plane. The main part of the carrier chassis has
      crawler tracks near to its rear end, and the pivotal portion has road
      wheels, and hydraulic means are provided for pivotally moving the pivotal
      portion from a raised position in which the road wheels are raised clear
      of a surface engaged by the crawler tracks, to a lowered position in which
      the road wheels contact the ground, movement of the pivotal portion to
      this lowered position also causing the tracks to be raised from the
      surface contacted by the road wheels.
DRWD
PAR  Preferred embodiments in accordance with the invention will now be
      described by way of example with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 shows a side elevation of a first embodiment of tower crane in
      erected condition, mounted on a semi-trailer;
PAR  FIG. 2 is a side elevation of the same crane folded into its travelling
      condition, and with the trailer prepared for travelling;
PAR  FIG. 3 is a perspective view of the top portion of the tower of the first
      embodiment showing the cab mounting arrangement;
PAR  FIG. 4 is a perspective view of the base of the lower of the first
      embodiment;
PAR  FIGS. 5 and 6 are respectively a longitudinal section and a cross-section
      of the jib;
PAR  FIG. 7 shows a side elevation of a second embodiment of a crane in
      accordance with the invention, in the erected condition,
PAR  FIG. 8 shows a similar view of the second embodiment of crane in the
      travelling condition,
PAR  FIGS. 9 and 10 show detail side views of the jib support means of the crane
      of FIGS. 7 and 8, in the operative and folded conditions respectively.
PAR  FIGS. 11 and 12 show side elevations of a third embodiment of a crane in
      the erected and travelling conditions, respectively,
PAR  FIGS. 13 and 14 show detail side views of the jib support means of the
      crane of FIGS. 5 and 6 in the operative and folded conditions,
      respectively,
PAR  FIG. 15 shows a side elevation of a fourth embodiment of crane, in
      travelling condition,
PAR  FIG. 16 shows an end view of the crane of FIG. 15, in the travelling
      condition,
PAR  FIG. 17 shows the main parts of the crane of FIG. 15, in the operative
      condition,
PAR  FIG. 18 shows a top plan view of the crane of FIG. 15 in the operative
      condition, and
PAR  FIG. 19 shows a side view of a fifth embodiment of crane in the folded
      condition.
DETD
PAR  Referring to FIGS. 1 to 6 the crane is shown supported on a mobile platform
      10, which is constituted by the trailer portion of an articulated vehicle,
      the cab portion of which is shown in FIG. 2. The trailer 10 has road
      wheels 11, and three outriggers 12 on each side which engage the ground to
      support the trailer while the crane is in use. The outriggers are
      pivotally mounted beneath the trailer on vertical axes so that they can be
      swung outwardly from the sides of the trailer, as shown in FIG. 4. The
      outriggers have screw jacks 14 at their outer ends with pads 14a for
      engaging the ground. When the jacks engage with the ground, the outriggers
      provide adequate stability for the crane which does not normally require
      any other stabilizing means such as guy-wires.
PAR  A tower 20 is mounted on trailer 10, the base of the tower resting on a
      reinforced pad 21 and being pivotally connected at the side thereof
      nearest the front of the trailer by hinge pins 22. The tower is tiltable
      between the erected, operative position shown in FIG. 1 to the horizontal
      travelling position on the trailer shown in FIG. 2, in which latter
      position the tower is wholly supported by the platform 10. Tilting
      movement of the tower is effected by two double acting hydraulic rams 24
      which are connected at one end to fixed points on the trailer chassis and
      which pass one or each side of the tower and connect to a horizontal bar
      25 firmly secured to the side of the tower facing the rear of the trailer.
      When the tower has been raised to its vertical position by rams 24, it is
      held in this position either by maintaining suitably pressure within the
      rams, or by fixing the base of the tower to pad 21 by known means such as
      latches, or bolts inserted through corresponding bolt holes in the pad and
      tower base.
PAR  The tower is a lattice type structure of form known for non-mobile tower
      cranes, having box beam corner members and tubular cross bracing members.
      Also, the tower is of known telescopic form, incorporating upper (inner)
      and lower (outer) telescoping portions 30 and 31 respectively, and
      raisable by means of a known hydraulic climbing mechanism 32. This
      climbing mechanism is mounted in the upper telescoping portion, and
      includes two cross members 33 and 34, the upper member 33 being rigidly
      attached to the base of the upper tower portion, and being connected by
      hydraulic ram 35 to the lower cross member 34. Both cross members have at
      their ends automatic latching lugs which engage on two reinforced ladder
      members 36 on opposite sides of the outer or lower tower portion. With the
      lugs of member 34 engaging rungs of the ladder members 36, the ram 35 is
      extended to raise the member 33 and with it the upper tower portion, until
      the latches of member 33 engage on rungs of the ladder. The ram 35 is then
      retracted until the latches of member 34 engage on a higher rung, and the
      procedure is then repeated so raising the upper tower portion.
PAR  As best seen in FIG. 3, the top of the tower is constituted by a reinforced
      plate 45, on which rests a box-like platform 46 carrying the lower portion
      47 of a large diameter ball bearing. The upper portion of this bearing
      forms a turntable 48 to which is fixed the base of an operator's cab 40.
      The cab contains a hydraulic motor geared to a gear ring attached to the
      platform 46, by means of which the turntable and cab are rotated for
      slewing the jib.
PAR  The platform 46 is pivotally attached to the top of the tower 20 by means
      of hinge pins 41 passing through lugs attached to platform 46 and further
      lugs attached to the tower at the side thereof facing the rear of the
      trailer. Pivotal movement of the cab in the vertical plane is effected by
      a pinion 42 driven by a hydraulic motor within platform 46, which pinion
      engages with the internal teeth of a gear ring 43 attached to the top of
      the tower. The arrangement enables the platform 46 with the turntable and
      cab to be pivoted about hinge pins 41 through approximately 180.degree. of
      movement, between an operating position in which the cab forms an
      extension of the tower, and a travelling position, shown in FIG. 2, in
      which the cab lies alongside the tower. Locking means are provided for
      securing the platform 46 in its operating position on the tower.
PAR  The top of cab 40 is constituted by a heavy plate member on which is
      mounted a bracket having two side plates 49. These side plates carry
      between them a horizontal pivot supporting a jib 50 and allowing for
      vertical pivoting (i.e. luffing) movement thereof. This luffing movement
      is effected by a hydraulic ram 51 connected between a pivot point on the
      jib near to the inner end thereof and to the base of bracket 49.
PAR  It will be noted that, since the jib structure including the cab 40, the
      bracket 49, and the jib 50, rotates about the tower axis on the turntable,
      in operation the tower is subject to bending stresses in various
      directions, as the jib rotates around the tower carrying a load. It is
      evident therefore that the combination of the tower and its base mounting,
      and the means used to hold the tower in the vertical position, must be
      designed to resist such bending stresses, and to provide a firm support
      for the jib structure. Accordingly, the tower itself is similar to those
      used in the previously described non-mobile cranes, rather than the towers
      used in conventional mobile cranes which cannot withstand substantial
      bending forces without being held by stays, and which rotate with the jib.
PAR  The jib 50, which is shown in detail in FIGS. 5 and 6, comprises three
      telescoping sections, 50a, 50b, and 50c respectively. These sections are
      of hollow box-type construction, the side plates of which are apertured
      for lightness. Each of the sections 50a and 50b has internal wear plates
      55 acting as guides for the plates of the next section telescoping
      therein. In addition, support pads 56 are provided near the outer ends of
      the sections 50a and 50b, which provide strong support means for the ends
      of the next outer sections when these are in the extended position shown.
      These support pads 56 are of such thickness as to be clear of the adjacent
      surfaces of the respective top and bottom plates when the jib is being
      extended under no-load conditions and the sections are moving on rollers
      54, but as soon as the jib is loaded to any substantial extent deflection
      occurs in the rollers to bring the top and bottom plates of the sections
      into contact with these support pads 56.
PAR  The jib sections are extendible and retractable by longitudinally extending
      hydraulic cylinders 57 and 58 within and attached to the sections 50a and
      50b, the piston rod of each hydraulic cylinder being connected to the next
      outer section. Thus the piston rod of the cylinder 57 within section 50a
      controls sections 50b, and the piston rod of the cylinder 58 within
      section 50b controls section 50c.
PAR  A cable which 60 is mounted on bracket 61 on the top of the inner jib
      section 50a, and this winch is driven via gearing by motor 62. Cable 63
      passes from the winch drum through guides along the top of the jib to a
      pulley 65 at the outer end of section 50c, and finally to a hook 66. The
      winch motor is controlled from within the cab to raise or lower the crane
      hook in accordance with known practice.
PAR  The cab 40 has attachment points 70 fixed to the four corners of the rear
      of the cab, for attachment of a counterweight support frame 72 shown in
      FIG. 1. This support frame has main members 73, the inner ends of which
      engage in attachment points 70, being held by removable pins. The upper
      horizontal frame members carry an `A` frame 75 supporting a pulley 76. The
      outer end of the support frame is formed with an aperture through which a
      counterweight 77 can be raised by a cable passing over pulley 76, and
      holding means such as slidable bars are provided to extend across this
      aperture and support the counterweight when in position as shown in FIG.
      1.
PAR  The hydraulic supply for the tower raising rams 24, the tower climbing
      mechanism, and the jib movement, is provided for by a pump and drive motor
      contained in a power unit 80 mounted at the rear of the trailer. This
      power unit also has control gear in particular related to those functions
      not controlled from the cab, i.e. the raising and lowering of the tower,
      and the vertical pivoting movement of the cab 40 on the tower and the
      pivoting of the tower for folding this onto the platform.
PAR  When erected as shown in FIG. 1, the crane is operated from the cab 40 in
      accordance with normal practice for tower cranes. THe jib performs all the
      usual motions of a luffing-type crane jib, with the additional telescoping
      motion controlled by the hydraulic means described.
PAR  When it is required to prepare the crane for movement to a different site,
      the counterweight is first lowered, with the cab swung around so that the
      counterweight can be positioned on a suitable part of the trailer, or on a
      separate vehicle. In this operation, the jib is first raised to near its
      vertical position, and the cable 63 is run out so that this may be sheaved
      under a pulley within bracket 49 (not shown) and over the pulley 76, hook
      66 being then attached to the counterweight. Winch 60 is operated to raise
      the counterweight slightly to allow the removal of the holding means from
      under the counterweight, and then operated in reverse manner to lower the
      counterweight through the frame 72.
PAR  After the removal of the counterweight, the hydraulic climbing mechanism 32
      is operated to cause the upper tower portion 30 to telescope within the
      lower portion 31 to reduce the tower to the minimum height. With the jib
      50 raised to a position above the cab, the rams 24 are then operated to
      lower the tower structure onto the platform 10. The motor geared to pinion
      42 is then operated to raise the cab and jib to a position just above
      centre, at which position the jib cable and hook 66 can be used for
      supporting the frame 72 while this is removed by extraction of the holding
      pins 70. With the frame 72 stowed separately, the cab 40 is then folded
      completely horizontally against the top section of the tower so that the
      crane assumes the travelling position shown in FIG. 2. With the motor
      driven cab section attached to the trailer as shown, the outriggers 12 are
      raised to allow the whole unit to move.
PAR  The movements described above are all interlocked in sequence to prevent
      the rams 24 being operated while the tower is extended or while jib 50 is
      not properly positioned, and also to prevent the cab from being folded
      until the tower has been lowered onto the platform.
PAR  Erection of the crane to the operating position is effected by reversing
      the above sequence of operations, interlocks also being provided to ensure
      that the operations are correctly sequenced.
PAR  As an alternative to using the jib cable 63 for lowering and raising the
      counterweight, a separate winch may be provided near the rear end of the
      jib, having a cable passing over pulley 76 and permanently attached to the
      counterweight, and this latter winch may be operated by the same motor 62
      as operates winch 60.
PAR  It will be seen that the crane as described is readily mobile and versatile
      due to the extendibility of both the tower and the jib. The extendible jib
      allows loads to be manoeuvred close to the tower with the jib retracted
      and without the jib being canted up at a steep angle, so that swinging of
      the load at the end of the cable is minimized.
PAR  When it is required to raise very heavy loads, the jib may be supported by
      cables extending from an A frame erected on top of the cab. This A frame
      may be lifted into position by the jib itself.
PAR  In the first embodiment of crane described above, the tiltable unit
      comprising the turntable 48, the cab 40, and the jib support bracket 49,
      is tiltable through an angle of 180.degree. by the gear ring 43. This is
      necessary since the jib pivot is spaced well above the pivotal connection
      between the tiltable unit and the tower, so that with tilting movement of
      much less than 180.degree. the jib could not be aligned closely with the
      tower. This arrangement has the drawback that the tilting movement of
      180.degree. or thereabouts cannot be achieved with a single hydraulic
      cylinder. In accordance with my new embodiments of crane, this drawback is
      avoided by using jib folding means in the form of a tiltable unit carrying
      the jib pivot in which the pivotal mounting for the tiltable unit is
      relatively close to the jib pivot, so that the jib can lie close to the
      tower when the tiltable unit has been rotated to a folded position which
      is displaced about 90.degree. from the operating position. The tiltable
      unit is thus rotatable through a folding angle of about 90.degree.  or
      less to align the jib withthe tower, and this folding angle need be no
      more than the angle between the jib and the tower when the jib is in its
      lowermost normal operating position; accordingly movement of the tiltable
      unit can be achieved by a single hydraulic cylinder.
PAR  The new embodiments of cranes also have new folding arrangements, and other
      new features described below.
PAR  Referring now to FIGS. 7 to 11, these show a readily mobile tower crane
      supported on mobile platform means in the form of a truck having a unitary
      chassis 110 supported by front and rear pairs of steerable crawler tracks
      111. The chassis is also provided with outriggers 112, for engaging the
      ground and supporting the chassis firmly when the crane is in use. The
      outriggers are pivotally mounted on the chassis for swinging movement
      about a vertical axis, and are provided with hydraulically operated ground
      engaging pads 112a.
PAR  Near to the front of the chassis, behind the driver's cab, there is
      provided a base mounting 113 for the tower 114 of the crane. The base
      mounting 113 includes a reinforced portion of chassis arranged to support
      the base of the tower when erected, and pivot means 115 connecting the
      base of the tower to the mounting. The pivot means 115 comprise hinge pins
      which pass through upstanding lugs 115' fixed to the chassis, and through
      holes in plate members 116 which are firmly fixed to each lateral side of
      the base of the tower. The base mounting also includes lugs 117, near to
      the driver's cab, which have bolt holes which become aligned with further
      bolt holes 118 in the plate member 116 when the tower is raised to its
      vertical operating position, and the tower may be fixed in this vertical
      position by inserting bolts through corresponding holes 118 and those in
      the lugs 117. The tower is tiltable between the horizontal travelling
      position of FIG. 8 and the vertical operating position of FIG. 7 by
      raising means comprising two double acting hydraulic rams 120, arranged
      one at each side of the tower. The rams are connected between lugs 121 on
      the chassis to the rear of the mounting 113, and further hinge pins 122
      carried by an extension of the plates 116. The arrangement is such that
      extension of the rams 120 raises the tower to the vertical position by
      pivoting this about the pivot means 115.
PAR  The tower is of lattice type structure of a type generally known for
      non-mobile tower cranes which are normally fixed in position and which
      carry a turntable at their upper ends. The tower has box beam corner
      members and tubular bracing members. The tower is of telescopic form,
      incorporating a lower, outer section 125, and an inner upper section 126,
      and these sections are slidably arranged in a manner known in the art.
      Sliding movement is effected by a rack and pinion arrangement, including a
      hydraulically operated motor attached to the lower section 125 near to its
      upper end, and driving a pinion which cooperates with a rack extending
      along the upper section 126.
PAR  It will be noted that the upper section 126 is somewhat longer than lower
      section 125. During folding of the crane, the upper section 126 is firstly
      retracted within the lower section while the tower is still vertical,
      until the base of the upper section is adjacent that of the lower section.
      After the tower has been lowered to the horizontal position by rams 120,
      the upper section 126 can be slid further within the section 125 to the
      position shown in FIG. 8, in which the upper ends of the two sections are
      adjacent and the lower end of section 126 projects beyond that of section
      125, thus projecting over the area of the base mounting 113 and thereby
      utilizing space on the vehicle which would otherwise be wasted.
PAR  The top portion of the tower section 126, as shown in detail in FIGS. 9 and
      10 incorporates a cab 130, and the jib structure including the jib support
      means with which the present invention is primarily concerned are mounted
      on top of this cab. The jib support means includes a plate 132 forming the
      roof of the cab and which carries the lower portion of a large diameter
      ball bearing 133. The upper portion of this bearing forms a turntable for
      the rotatable part of the jib support means, and the cab includes a
      hydraulically operated motor for rotating the turntable and thus slewing
      the jib. The turntable carries a fixed support plate 135, and the
      remainder of the jib support means is constituted by a tiltable unit 136
      which is carried by a tiltable support plate 137 pivotally mounted on the
      support plate 135. The pivotal mounting for the tiltable unit 136 is
      constituted by hinge means 138 which connect brackets on one side of the
      fixed plate 135 (hereinafter termed the front side) with similar brackets
      on the front side of the tiltable support plate 137. Similar brackets 140
      and 141 are provided on the rear side of the plates 135 and 137, and these
      latter brackets have holes which are aligned when the tiltable unit is in
      the operating position as shown in FIG. 7, so that the tiltable unit can
      be locked in this operating position by insertion of suitable bolts
      through the holes in these brackets.
PAR  The tiltable support plate 137 carries a jib mounting bracket 143 including
      heavy side plates defining a recess for the inner end of a jib 144, and
      carrying bearing means for a jib pivot 145 on which the jib is mounted.
      The jib projects outwardly over the front side of the jib support means,
      and the jib pivot 145 is such as to allow luffing movement of the jib, and
      is positioned to the rear of the tower axis, being behind the plane of the
      rear face of the tower. A pair of jib luffing cylinders 147 are provided
      each having one end connected to a bracket on the top of the jib and the
      other end connected to the jib mounting bracket 143 at a point near to the
      pivot mounting 138 of the tiltable unit. The jib luffing cylinders 147 are
      dimensioned and arranged so that, with the tiltable unit in the operating
      position, the cylinders 147 can cause luffing movement of the jib between
      a raised position about 30.degree. below the horizontal.
PAR  The jib 144 itself is a three section telescoping jib, which includes
      hydraulic cylinder means operable to cause telescoping movement of the
      sections. The jib may be of the type described in my aforesaid Canadian
      patent, or may be other similar types of jib known in the hydraulic crane
      art. It will be noted that the proportions of the tower and the jib are
      such that the majority of the height of the crane hook is provided for by
      the tower, the jib when extended being shorter than the tower when
      extended.
PAR  The jib mounting bracket also carries a pivot mounting 150 for the outer
      end of a second hydraulic cylinder 151, the piston rod end of which is
      connected to a lug 152 on the rear of the side of the fixed plate 135.
      This second hydraulic cylinder 151 is dimensioned and arranged so that,
      with the bolt means connecting the brackets 140 and 141 removed, the
      cylinder 151 can be used to tilt the tiltable unit 136 about pivot
      mounting 138 from the operative position shown in FIG. 9 to the folded
      position shown in FIG. 10. This movement involves a tilting of the unit
      136 through a folding angle of about 60.degree., or at least equivalent to
      the substantial angle between the tower axis and the jib when the unit 136
      is in its operating position and when the cylinder is retracted to bring
      the jib 144 to its lowered position. Accordingly, with the turntable so
      positioned that the jib is at the front side of the tower in relation to
      the vehicle (i.e. the top side of the tower when folded), the jib may be
      folded alongside the tower by firstly operating the hydraulic cylinder 147
      to bring the jib down to its lowermost operating position, and then
      operating the second hydraulic cylinder 151 to tilt the unit B6 through
      about 60.degree. and to bring the jib into alignment with the tower, as
      shown in FIG. 10.
PAR  It will be seen that the relationship between the jib pivot 145 and the jib
      itself, as well as the positions of the pivot mounting 138 and the amount
      of tilting movement given by cylinder 151, are such that in the folded
      position the jib lies closely alongside the front of the tower, so that
      the folded position of FIG. 8 the height of the crane is at a minimum.
PAR  Also, it may be noted that in the operating position, the jib pivot 145,
      and therefore the main weight of the jib mounting bracket 143, is behind
      the tower axis, so that the bracket 143 itself forms a partial
      counterweight for the jib. In addition, however, a further heavy
      counterweight 154 is provided, fixed to the rear end of the bracket 143.
      The provision of fixed counterweight means significantly reduces the
      erection time for the crane as compared to that required for the erection
      of the crane shown in FIGS. 1 to 6 aforesaid patent, which showed a
      removable counterweight and counterweight support frame which had to be
      fixed in place during the erection of the crane.
PAR  The tilting of the unit 136 from the operative position to the folded
      position moves the jib pivot 145 forwards from the position behind the
      tower axis to a position in front of the tower axis. The fact that the jib
      pivot moves in this way simplifies construction of the jib, since it means
      that in order for the jib to be foldable alongside the tower it is not
      necessary for the jib pivot to be offset to a large extent from the jib
      axis.
PAR  The jib 144 has a cable winch recessed therein at its inner end near to the
      jib pivot, which is connected to the crane hook cable 160. This is in
      accordance with usual hydraulic crane construction.
PAR  Erection of the crane as described is very simple. Firstly, when a suitable
      site has been chosen, and beginning with the crane in the travelling
      position of FIG. 8, the outriggers 112 are positioned to give firm support
      for the chassis 110. Next, the hydraulic motor connected to the tower
      telescoping rack and pinion mechanism is operated to move the upper tower
      section 126 a short distance towards the rear of the vehicle, until the
      base of the upper section passes through the base of the lower section
      125. Next, the rams 120 are operated to raise the tower to the vertical
      operating position, and the tower is secured in this position by bolts
      passed through lugs 117 and holes 118. The ram 151 is then operated to
      tilt the unit 136 to the operating position of FIG. 7, bringing the jib to
      its lowermost normal operating position. The hydraulically powered rack
      and pin mechanism is again operated to raise the tower to the required
      height, and the tower sections are then locked together by means known in
      the art. The crane operator then climbs a ladder provided (not shown), and
      after entering the cab 130 secures the tiltable unit 136 by inserting
      bolts through holes in the brackets 140 and 141. The crane is then ready
      for operation. The estimated erection time for this crane is less than 10
      minutes.
PAR  A crane having a tilting top similar to that of FIGS. 7 to 10 may also have
      a cab which, instead of being fixed in the tower, is rotatable with the
      jib. One rotatable cab arrangement is shown in the embodiment of crane
      shown in FIGS. 11 to 14, which also differs from the crane just described
      in other significant respects, in particular the manner in which the tower
      is folded to allow use of a minimum length of vehicle in relation to tower
      height.
PAR  The crane shown in FIGS. 1 to 14 has many parts similar to corresponding
      parts of the crane described with reference to FIGS. 7 to 10, and these
      parts are shown by the same reference numerals but with the suffix a.
      These include mobile platform means in the form of a vehicle having a
      unitary chassis 110a on which the crane structure is mounted. The chassis
      110a carries, behind the vehicle cab, a mounting 110a raised above the
      vehicle chassis. This mounting comprises a short tower section 170 similar
      in height to the vehicle cab and which carries a bracket consisting of two
      side plates 171 of triangular form the top ends of which carry bearings
      for pivot means 115a. The lower section 125a of the tower has two side
      plates 116a attached to the lateral sides of its base, and these plates
      116a have lugs 116b pivotally connected by pivot means 115a to the bracket
      plates 171 thus allowing tilting movement of the tower about pivot means
      115a, the plates 171 being spaced apart sufficiently to allow the lower
      tower section to move therebetween. The plates 171 also have lugs 172
      which have bolt holes which are aligned with bolt holes 173 in the plates
      116a when the tower is erected as shown in FIG. 11, so that the tower can
      be held in the erected position by inserting bolts through these bolt
      holes. Rams 120a are provided for tiltably moving the tower between the
      slightly sloping travelling position of FIG. 12 and the vertical erected
      position of FIG. 11. A rest 174 is provided to the rear of mounting 113a
      for supporting the rear of the tower when in the travelling position. It
      will be noted that the use of the raised mounting 113a serves two
      purposes; firstly it increases the tower operating height by an amount
      equivalent to the height of the mounting up to the pivot means 115a, and
      secondly it allows the use of a special sloping arrangement (to be
      described) in which part of the tower is above the cab.
PAR  The tower comprises two telescoping sections 125a and 126a, generally
      similar to the sections of the crane described above and telescopingly
      movable by similar means, but with the upper section 126a being much
      longer than the lower section 125a, in fact being nearly twice the length
      of this lower section. The difference in length between the upper and
      lower sections is greater than the distance separating the mounting 113a
      and the rear of the vehicle cab. When the tower is being folded, it is
      first telescoped downwards while erect, until the base of upper section
      126a is adjacent that of lower section 125a, and the tower is then tilted
      down to a position in which the tops of the tower sections (i.e. the upper
      ends in the erected position) are below the bases of the sections. The
      telescoping of the tower is then resumed until the base of the upper tower
      section 126a comes above the cab of the vehicle, as shown in FIG. 12, and
      in which the tops of the tower sections are adjacent each other.
PAR  It will be seen that this modified arrangement allows utilization of the
      space above the vehicle cab for accommodating the folded tower, and
      therefore allows the folded crane and vehicle combination (for a given
      tower height) to be shorter, although higher, than with the configuration
      of FIG. 8.
PAR  The top of the tower carries the lower part of a ball bearing 133a, the
      upper part of which bearing forms a turntable supporting a fixed support
      plate 135a. Plate 135a carries a tiltable support plate 137a hingedly
      attached thereto at 138a, this support plate 137a carrying the tiltable
      unit 136a. Brackets 140a and 141a are provided on the respective support
      plates 135a and 137a, and these brackets have bolt holes which are in
      alignment with each other in the operating position of the unit 136a, as
      shown in FIGS. 11 and 13, so that the tiltable unit can be fixed in the
      operating position by inserting bolts through these bolt holes.
PAR  The tiltable unit 136a includes a jib mounting bracket 143a generally
      similar to that of FIGS. 7 to 10, except in that this extends further
      rearwardly, so that the counterweight 154a is displaced further from the
      tower axis. The arrangement of the jib luffing cylinders 147a and the
      cylinder 151 which tilts the unit 136a are also arranged in similar manner
      to those of FIGS. 7 to 10. In this embodiment, however, both the cylinders
      147a and 151a are arranged to give about the same degree of pivotal
      movement to their respective parts, i.e. the angle through which the
      cylinders 147a are capable of moving the jib 144a between its uppermost
      and lowermost positions is roughly equivalent to the angle through which
      the tiltable unit 136a is tilted between its operating and folded
      positions, both these angles being around 85.degree..
PAR  The main difference between the modified arrangement of FIGS. 11 to 14
      however, and FIGS. 7 to 10, lies in the arrangement of the cab, this cab
      175 being mounted on a forwards extension of the plate 137a and to one
      side of the path of movement of the jib 144a. The arrangement is such that
      in the lowered position of the jib, for example as in FIG. 12, the jib
      lies alongside the cab. Clearly, in this arrangement, the cab is not a
      structural part required to carry any bending stress.
PAR  Another feature of the embodiment of FIGS. 11 to 14 is the provision of an
      engine 176, which is also mounted on an extension of the plate 137a, this
      extension being on the opposite side of the jib from the cab 175, and
      central in the fore and aft direction. This engine is connected to a
      hydraulic pump, which is capable of supplying power for the hydraulic
      movements of the jib.
PAR  Operation of the crane as shown in FIGS. 11 to 14 is generally identical to
      that of FIGS. 7 to 10, and therefore will not be further described. It may
      be noted, however, in this connection that in the folded position of the
      tiltable unit the jib pivot is in a position well forward of the top side
      of the folded tower, so that in fact the jib pivot can be almost aligned
      with the jib axis.
PAR  The jib support means as shown in either of the embodiments described above
      may be modified by the provision of a movable counterweight, for example
      slidable on rail means on a frame extending behind the jib mounting
      bracket, hydraulic cylinder means being provided for moving the
      counterweight to alter its distance from the tower axis. This arrangement
      has two advantages: firstly the position of the counterweight may be
      adjusted either automatically or manually to give the minimum bending
      moment on the tower and turntable at all times, and secondly the
      counterweight may be retracted towards the tower axis for folding crane,
      so that the folded crane occupies a minimum of space.
PAR  In the embodiments described, the jib alignment means comprises a tiltable
      unit, which is a convenient arrangement due to its simplicity, and to the
      manner in which it allows the jib pivot to be moved from a rearwards
      position (where the jib mounting bracket partially counterbalances the
      jib) to a forwards position (in which the alignment of the jib with the
      tower is facilitated). However, other forms of jib folding means may be
      contemplated, which do not require any movement of the jib pivot. For
      example, the end of the jib luffing cylinder connected to the jib could be
      made movable along the jib, or the other end of the jib luffing cylinder
      could be made movable along the tower, in such manner as to fold the jib
      alongside the tower. Alternatively, the end of the jib luffing cylinder
      remote from the jib, instead of being fixed in relation to the jib
      mounting bracket, could be mounted on a swinging member, this member being
      enabled to be swung by second hydraulic cylinder means to a position in
      which the jib is brought alongside the tower.
PAR  FIGS. 15 to 18 show a semi-trailer mounted crane having several features
      not shown in the cranes described above.
PAR  The semi-trailer carrier shown in FIGS. 15 to 18 is provided with both
      crawler tracks 180 and rear road wheels 182 mounted on tandem axles. The
      crawler tracks 180 are mounted one at each side of the rear of a main
      chassis part 183, and the road wheels 182 are mounted on a rear chassis
      portion 185 which is connected to chassis part 183 by a pivot 186 which
      allows pivotal movement of portion 185 in the vertical plane. This pivotal
      movement is effected by a double acting hydraulic cylinder 188 connected
      between a lug 183a on the chassis part 183 and a lug 185a on the portion
      185. The cylinder 188 is capable of moving the portion 185 from a raised
      position (shown in FIG. 15) in which road wheels 182 are raised clear of
      the surface engaged by tracks 180, to a lowered position (shown in FIG.
      17) in which the road wheels 182 contact the ground, the movement of
      portion 185 to this lowered position causing the tracks 180 to be raised
      oft the ground. Thus it will be seen that operation of cylinder 188 causes
      movement of the road wheels 182 between positions which are selectively
      above and below the plane of the lower surface of the crawler tracks.
PAR  The chassis part 183 on which tracks 180 are mounted is connected to
      detachable front portion 183a, by interengaging connecting means in the
      form of a releasable joint 184, at the end of part 183 remote from road
      wheels 182. This is not however an articulated joint. It will be apparent
      that the separable front chassis part 183a, in the travelling condition of
      the crane (FIG. 15), extends under a portion of the length of the tower.
PAR  The chassis part 183 is also provided with outriggers which are set when
      the crane is operating.
PAR  The chassis part 183 forward of the tower mounting, and the pivotal portion
      185, are each provided with reinforced areas for the reception of
      counterweights 190 shown in FIG. 17, which stabilize the crane and
      increase its operating capacity.
PAR  The tower shown in FIGS. 15 to 18 is tiltably mounted on a raised mounting
      113b carried by chassis part 183 at the rear of the trailer, this mounting
      being centrally located with respect to crawler tracks 180. The mounting
      113b is in the form of a bracket including two side plates 191 spaced
      apart to accommodate the lower section 125b of the tower, which tower
      section is pivotally attached to the plates 191 by a raised pivot 193
      which pivot is at the rear upper corner of the bracket 113b, i.e. at the
      side remote from the side on which the main part of the tower lies in its
      travelling position. Accordingly, the tower height when raised includes
      the height of the bracket 113b up to pivot 193, and in the folded
      condition the base of the tower rests within the bracket 90 so that this
      space is not wasted.
PAR  The tower comprises three telescoping sections, each with hollow box beam
      corner members set diagonally across the corners of the sections, as shown
      in FIG. 16. The tower sections may be telescopically moved by a single
      multi-section telescoping hydraulic ram having a stroke equivalent to the
      total required movement of the top section.
PAR  The top of the crane of FIG. 15 to 18 includes a rotatable cab 200, mounted
      on a turntable 113b. The cab has a structure similar to that of the tower.
      The cab has bracing struts 202 associated therewith and carrying bearing
      means 203 adjacent the top of cab 200 on which the tiltable unit 136b is
      pivotally mounted. A pair of hydraulic cylinders 151b is provided for
      tilting the unit 136b, these cylinders extending substantially the length
      of the cab and being mounted at their lower ends on the turntable. As seen
      in FIG. 15, the cylinder 151b is capable of tilting the unit 136b through
      a folding angle of approximately 90.degree., for folding the crane. A pair
      of jib luffing cylinders 147b are connected between brackets 205 attached
      to the base of tiltable unit 136b, and a bracket on the top of the jib
      144b, the jib being pivoted to tiltable unit 136b at jib pivot 145b (FIG.
      18) above the top of the cab. The nature of the jib mounting, the
      counterweight, and the cable winch, are all generally as described in
      detail with reference to the embodiment of FIGS. 7 to 10.
PAR  The operation of the crane is also similar to that of FIGS. 7 to 10, but
      includes operation of the crane on its crawler tracks 180. After arrival
      on site on the condition of FIG. 15, the cylinder 188 is operated to raise
      wheels 182, so that the trailer rests on tracks 180. The crane is then
      erected in manner similar to that described with reference to the
      embodiment of FIGS. 7 to 10. After erection, the crane is used to support
      the chassis portion 183a is then removed by the tractor vehicle. The crane
      is then in the condition shown in FIG. 17, and can be moved on its crawler
      tracks around a building site. Before such movement, the outriggers 207
      are of course raised, and the tower is preferably telescoped down to its
      minimum height to improve the stability. The removal of chassis portion
      183a improves the mobility of the crane in this condition. For operation
      of the crane in a selected position, the outriggers 207 are set, as shown
      in FIG. 18.
PAR  For preparing the crane for travelling, the trailer chassis portion 183a
      can be re-positioned and attached at joint 184 while being supported by
      the crane hook.
PAR  FIG. 15 illustrates the manner in which the tilting of unit 136b causes
      this unit to be effectively raised from the carrier when the crane is
      folded, as compared to the position which would be occupied by a
      non-tiltable unit, thus avoiding carrier parts such as the trailer "goose
      neck" and the cab. In fact, with the arrangement of FIGS. 10 to 12, in
      which the tower mounting is at the rear of the trailer, the folded
      tiltable unit 136a fits conveniently above the carrier cab. This is
      achieved by arranging that bearing means 203 are approximately aligned
      with the side of the turntable 133b which is uppermost when the crane is
      in the travelling condition. Since the main part of the jib is disposed
      above these bearing means, this allows part of the jib to project over the
      upper side of the tower and a further part to be raised above an upwardly
      projecting part of the carrier such as the goose-neck and/or the carrier
      cab which part lies beyond the top of the lowered tower.
PAR  FIG. 19 shows a crane similar to that of FIGS. 15 to 18, but mounted on a
      standard truck without crawler tracks. Again, it will be seen that the
      tiltable unit 136d fits conveniently over the truck cab.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mobile tower crane comprising mobile platform means, a tower pivotally
      mounted at its base on said platform means for tilting movement between a
      vertical operating position and a substantially horizontal travelling
      position, raising means interconnecting said tower and said platform means
      for moving the tower between said positions, jib support means mounted at
      the top of the tower and including at least a part rotatable about a
      vertical axis when the tower is vertical, pivot means connecting said jib
      to said tower, said pivot means including a jib pivot connecting said jib
      to said jib support means to allow luffing movement of said jib, and jib
      luffing hydraulic cylinder means connected at one end to said jib and
      operative to cause said luffing movement of said jib, and wherein there is
      provided jib alignment means operatively connected between the jib support
      means and the jib movable to alter the relative disposition of said tower,
      the jib pivot and an end of the jib luffing hydraulic cylinder means in
      such manner as to alter the angle between the jib and the tower axis
      without operation of said jib luffing hydraulic cylinder means, the jib
      alignment means being arranged to move between an operating position and a
      folded position, in which operating position the jib luffing hydraulic
      cylinder means is capable of luffing the jib between a raised position
      above the top of the tower and a lowered position in which the jib forms a
      substantial angle of the order of 90.degree. with the tower axis, and in
      which movement of the jib alignment means to the folded position causes
      angular movement of the jib through a folding angle roughly equivalent to
      said substantial angle, whereby the jib can be moved to a folded position
      in alignment with the tower by combined operation of said jib alignment
      means and said jib luffing cylinder means, and wherein said pivot means
      are so arranged that the jib lies close to the tower when in said aligned
      position.
NUM  2.
PAR  2. A mobile tower crane according to claim 1, wherein said pivot means
      includes a pivotal mounting for the jib alignment means, said jib
      alignment means constituting a unit tiltable relative to the tower
      comprising at least the part of said jib support means carrying the jib
      pivot, and wherein the relationship of said pivotal mounting to the jib
      pivot is such that the jib lies close to the tower when in said folded
      position.
NUM  3.
PAR  3. A mobile tower crane according to claim 2, wherein said tiltable unit
      carries a counterweight which in the operating position of the tiltable
      unit extends over the rear of the tower with respect to the main part of
      the jib, and extends rearwardly of the jib when this is in the travelling
      condition so as not to add substantially to the height of the crane in
      this travelling condition.
NUM  4.
PAR  4. A crane according to claim 3, wherein the tower is mounted on mobile
      platform means in the form of a carrier having a driver's cab, and wherein
      in the folded position of the tiltable unit and with the tower
      substantially horizontal the counterweight is above the tower axis and
      extends at least partially over said driver's cab.
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PAL  Apparatus used for coupling and decoupling of model railroad cars which
      employs first and second coupling units, one on each car. Each unit
      employs a horizontal member having a curved opening at one end and a
      latching means which can be disposed either into the opening or outside of
      it and can be pivoted into either position. Each unit further employs a
      locking element having normal locked position at which the latching means
      can be moved into or out of the opening. A tiltable control lever extends
      through the member and has means cooperating with the locking element for
      unlocking same. The units are moved toward each other to couple and are
      moved away from each other to uncouple. When the units are coupled, the
      latching means engage each other and are disposed within the corresponding
      openings.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed toward apparatus which is particularly adaptable
      for use in coupling and decoupling cars used on model railroads. The
      apparatus employs two coupling units, one on each car, which can be
      readily coupled together or can be equally readily decoupled.
PAR  Each unit employs a horizontal member having a curved opening at one end.
      Latching means is pivotally disposed on the member and can be pivoted
      either into or out of the opening. A locking element on the member has a
      normal locked position at which the latching means is locked into the
      opening. The element has an unlocked position at which the latching means
      can be pivoted out of the opening. A tiltable control lever extends
      through an opening in the member and has means cooperating with the
      element.
PAR  With the elements unlocked, the members are pushed toward each other into
      coupling position wherein the latching means engage each other and are
      disposed within the corresponding openings. The elements are then locked.
PAR  The levers can be operated manually or by remote control as desired, and
      can be actuated either by a cam rising out of the road-bed or by a small
      electromagnetic in the road-bed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of a pair of coupling units in locked position;
PAR  FIG. 2 is a similar view but showing the units unlocked;
PAR  FIG. 3 is a side elevation view of the left hand coupling in locked
      position;
PAR  FIG. 4 is a side elevation view of the right hand coupling in unlocked
      position;
PAR  FIG. 5 is a view taken along line 5--5 in FIG. 3;
PAR  FIG. 6 is a perspective view of a pendulum type locking and trigger release
      element; and
PAR  FIG. 7 is a perspective view of a locking element.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1-7, each of the two coupling units has a plate 10
      with a suitably curved opening 40 at one end. These openings 40 face each
      other. Each of the end supporting openings have a horizontal face 42. A
      separate locking element is secured pivotally to each plate 10 adjacent
      each face by pivot pin 20, the element having a locking shoe 19 and bevel
      arm 21.
PAR  Bearing blocks 11 are secured to plates 10 adjacent opposite smaller ends.
      Smaller blocks 12 are likewise secured adjacent blocks 11 and serve as
      mounts for lock and release elements 13. Each element 13 has a channel or
      recess 17 disposed thereunder as well as a lowered horizontal extension
      44. Plates 10 having horizontally elongated openings 46 adjacent blocks 11
      and 12 through which trip levers 15 extend essentially vertically. At the
      top end of each lever is a horizontal L shaped extension 14 which extends
      along a recess 48 in each block 11 and then alongside block 12 over
      surface 44. Horizontal extension 16 disposed at the top of each lever
      extends along the opposite side of block 12 into recess 17. The walls of
      the recess are relatively short and do not extend downward to plate 10.
PAR  When lever 15 is tilted as shown in FIG. 4, the element 13 is tilted and
      arm 21 of the appropriate locking element is free to swing thereunder. The
      tilt can be in either direction.
PAR  Spring 22 secured at one end to block 11 bears at the other end downwardly
      against element 13 thus biasing it into locked position and preventing
      movement of arm 21. The tilting action overcomes the bias and holds
      element 13 in unloaded position.
PAR  In use, the levers are tilted and plates 10 are either pushed together for
      engagement of the units or pulled apart for disengagement. In either case,
      the shoes 19, guided by the curved openings 40, swing into the position
      shown.
PAR  The tiltable control lever is not in contact with the locking device except
      when passing over an electromagnet in the road-bed or a cam rising out of
      the road-bed or other means which causes the levers in the units to be
      moved as follows.
PAR  When two cars coupled together are pushed over the means in the road-bed,
      the lever in the first car will be moved in a direction away from the
      first car and the lever in the second car will be moved in a direction
      toward the second car. However the locking element 13 in both cars assume
      the same position as shown in FIG. 5. Since the pressure point of spring
      22 is past top dead center, the springs hold the elements in this
      position. After the levers have passed the means in the road bed, they are
      free to swing back out of contact with surfaces 44 and recesses 17.
PAR  When the cars are pulled apart as on a side track, the locking elements are
      free to open, arms 21 passing through point 17A and then under point 17B.
      This lifts the locking elements into the original position and springs 22
      will return past dead center and lock the elements in position.
PAR  Subsequently when two cars are brought together with each coupling unit in
      open position, the arms will move through points 17B and 17A, becoming
      locked behind the vertical side under point 17A. This vertical side and
      the flat side of arm 21 are then in contact.
PAR  Lever 15 is shown as a doubled wire but can be formed differently as
      desired.
PAR  Thus cars can be uncoupled at any point with using as few as one road-bed
      means and without the necessity of touching the cars or couplings by hand.
PAR  Plate 10, in the finished product, can take the form of the bottom of the
      coupler with sides and cover to conceal the working parts and provide
      further support for the pivot pin 20. This establishes a more realistic
      appearance to the couplers and enables the "curved opening" in the "plate"
      to have a realistic shape.
PAR  While the invention has been described with detailed reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. Coupling apparatus comprising:
PA1  first and second horizontally elongated members having adjacent ends which
      can be moved toward or away from each other into or out of coupling
      position, said ends having curved openings;
PA1  first and second latching means, each latching means being pivotally
      secured to an adjacent end of a corresponding member, each latching means
      being disposed in the curved opening of its member and engaging the other
      latching means when the members are coupled, said latching means being
      disposed outside of the curved openings when the members are uncoupled;
PA1  first and second locking elements, each element being disposed on a
      corresponding member adjacent the latching means, each element being
      normally in a first position at which the corresponding latching means is
      locked in position within the corresponding opening, each element having a
      second position at which the corresponding latching means is unlocked and
      is free to be moved out of the opening; and
PA1  first and second tiltable control levers having positions extending
      downward through openings in the members, said levers when inclined in
      either direction causing said elements to be placed in the second position
      whereby the members can be moved out of coupling position and the elements
      returned to the first position, each lever having means cooperating with
      the corresponding element to produce the desired action.
NUM  2.
PAR  2. Apparatus of claim 1 further including third and fourth means each
      disposed on a corresponding member to maintain the corresponding element
      in the first position until the corresponding lever is tilted.
NUM  3.
PAR  3. Apparatus of claim 2 wherein each locking means can be tilted from a
      first horizontal locking position into the second position.
NUM  4.
PAR  4. Apparatus of claim 3 wherein the levers can be tilted in either
      direction while remaining in a vertical plane.
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ABST
PAL  In conventional oil field operations there are men known as roughnecks
      whose job it is to receive each new section of pipe from a storage rack,
      position it on the center line of the rig, and join it to the existing
      pipe string beneath the rig. The apparatus described herein accomplishes
      this same function automatically and is capable of handling larger pipes
      faster than a manned operation. The apparatus also aids in returning a
      pipe section to the storage area.
PAL  The apparatus has a pair of parallel tracks curved in a vertical direction
      extending laterally from the center line of a hoisting arrangement. A
      trolley rides on each track with the two trolleys mechanically
      synchronized to be driven together along the tracks by a hydraulic motor.
      Each trolley has a pivoted roller jaw for guiding the lower end of the
      pipe as it is swung into position. The jaws are caused to pivot at the
      proper location and in the proper direction by cams on the track. The pipe
      jaws are caused to pivot by the cams to open into a generally U-shaped
      opening away from the center line position for receiving a pipe and
      preventing it from swinging towards the center line position. Adjacent the
      center line position the cams cause the jaws to pivot to a generally
      O-shaped opening for holding the pipe. After the pipe section has been
      attached to an existing pipe string the cams open the jaws into a
      generally U-shaped opening in the opposite direction for clearing the
      pipe. The automatic roughneck is used for guiding the pipe to its center
      line stabbing position as pipe is added to a string and towards a lateral
      position as pipe is removed.
BSUM
PAC  BACKGROUND
PAR  In their search for natural resources men have been directing their
      attention more and more to the vast ocean regions of the world.
      Explorations carried out in the deeper parts of the ocean have disclosed
      rich mineral deposits on the sea bed. Because of the extreme depth at
      which these deposits occur, for example, in the order of 3 or 4 miles
      below the ocean surface, economic mining and technologically feasible
      means for recovery of these mineral deposits has presented formidable
      problems. Large scale mining operations require use of very heavy
      equipment which must be lowered from a surface vessel or platform to the
      ocean floor. One method uses a long string of pipe lowered from a ship
      with the mining apparatus suspended from the lower end of the pipe. To
      support the heavy mining equipment a very heavy walled pipe is required.
      Thus, the pipe itself becomes a major factor in the total weight and very
      special equipment must be provided for handling the extremely heavy
      sections of pipe. For example, in one deep ocean mining ship, 60 foot long
      stands of pipe are used, each of which weighs from 30,000 to 40,000
      pounds.
PAR  These heavy pieces of pipe must be handled on board a ship which is subject
      to pitching and rolling, as well as heave. It is essential for safety of
      personnel and structural integrity of the vessel and its associated
      equipment that the pipe be firmly constrained at all times.
PAR  In such a mining ship the pipe may be stored horizontally in special holds
      below deck. From there it must be brought to the deck and elevated onto a
      derrick platform from which it is lowered into the sea. The derrick has a
      travelling block that grips the upper end of a pipe and raises it towards
      a vertical position. As this occurs it is desirable to grip the lower end
      of the pipe and assure that it is brought into alignment with an existing
      pipe string beneath the derrick. Because of the massive weights manual
      labor would be unsatisfactory and a mechanism must be used for guiding and
      centering the lower end of the pipe. It is of some importance that damage
      to the exterior of the pipe is avoided. The same equipment must also move
      the lower end of the pipe laterally to be carried to the horizontal racker
      as it is removed from a pipe string.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  There is, therefore, provided in practice of this invention according to a
      presently preferred embodiment an automatic roughneck for handling the
      lower end of a pipe during a portion of its travel between a more nearly
      horizontal storage position and a vertical use position. The machine has a
      pair of opposed jaws traversable in a generally horizontal direction
      between a center line position wherein a pipe is in a vertical position
      for use and a lateral position wherein a pipe is tilted for transportation
      to or from the storage system. The jaws are opened into a generally
      U-shaped opening facing towards the lateral position for receiving a pipe
      and constraining it from uncontrolled lateral movement towards the center
      line position. When the jaws approach the center line position they are
      closed into a generally O-shaped opening for holding the pipe. Thereafter
      the jaws are opened into a generally U-shaped opening facing in the
      opposite direction for clearing a pipe in the center line position.
PAR  In particular, the automatic roughneck has a pair of tracks each having a
      trolley with a pipe jaw pivotally mounted thereon. The two trolleys move
      along the track in synchronism and pivoting of the jaws is controlled by
      cams on the tracks engaging rollers on the jaws. A movable segment of
      track permits the jaws to open for clearing the pipe. During operation of
      the automatic roughneck a stand of pipe is delivered to it by a pipe
      handling cart that travels on an inclined conveyor. A hoisting elevator
      lifts the upper end of the pipe up a derrick. At this point the automatic
      roughneck jaws are opened towards the pipe and the trolleys move away from
      the center line position to engage the pipe and lift it from the transfer
      cart. The cart returns down the inclined conveyor to receive another stand
      of pipe.
PAR  Once the cart is clear the automatic roughneck trolleys reverse direction
      and guide the lower end of the pipe towards the center line position.
      Simultaneous with this motion the elevator continues to raise the pipe in
      the derrick. As the trolleys move towards the center line position,
      rollers on the jaws contact cams on the track causing the jaws to close
      around the pipe. The trolleys continue to move along the tracks until
      centered over an existing pipe string. Thereupon, the elevator lowers the
      pipe to be joined to an existing pipe string beneath the derrick. Once
      engagement has been made the movable segment of track is retracted so that
      the jaws open in the opposite direction to clear the pipe and permit the
      trolleys to proceed towards the lateral end of the tracks to pick up the
      next stand of pipe. Removal of pipe from a pipe string involves the
      reverse operation.
DRWD
PAC  DRAWINGS
PAR  These and other features and advantages of the present invention will be
      appreciated as the same becomes better understood by reference to the
      following detailed description of a presently preferred embodiment when
      considered in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a deep ocean mining ship;
PAR  FIG. 2 illustrates schematically the hoisting arrangement for pipe
      indicating location of the automatic roughneck within a derrick;
PAR  FIG. 3 is a side view of the automatic roughneck;
PAR  FIG. 4 is a top view of the automatic roughneck;
PAR  FIG. 5 is another top view of a portion of the automatic roughneck with its
      pipe handling trolley in a different position;
PAR  FIG. 6 is a transverse cross section of a portion of the track and pipe
      handling trolley; and
PAR  FIG. 7 is a fragmentary detail of a sliding segment of the automatic
      roughneck track.
DETD
PAC  DESCRIPTION
PAR  FIG. 1 illustrates in perspective a deep ocean mining ship 10 on which an
      automatic roughneck as provided in practice of this invention is
      particularly useful. The ship has a large center well or "moon pool" 12
      located amidships which gives access to the water and the ocean floor from
      the deck of the ship. Sub sea mining equipment (not shown) is stored in
      the large opening of the moon pool during transit and on reaching the
      mining site is lowered from the center well 12 to the ocean floor by a
      string of pipe which is assembled in sections and lowered by a pipe
      handling system indicated generally by reference numeral 14. The pipe
      handling system includes a heavy A-frame base 16 which bridges the center
      well 12 amidship of the vessel 10. A hoisting derrick 18 is supported over
      the center well on the A-frame 16 through a double gimbal system 20 which
      permits the derrick to maintain a vertical position even though the ship
      may be rolling or pitching beneath it.
PAR  The A-frame 16 is supported from the main deck 22 of the ship by four
      support pedestals 24. The A-frame support structure 16 includes a pair of
      end trusses 26 which bridge the center well between the support pedestals.
      The trusses 26 are tied together by horizontal girders 32 near the top of
      the trusses, the girders 32 being spaced apart to leave an opening through
      which a lower end of the derrick structure 18 extends. This lower
      structure which is hidden in FIG. 1 includes a hydraulic heavy lift system
      for handling the extreme weights of the pipe string and subsea mining
      equipment suspended through the center well. The ship gimbal support for
      the pipe handling system and heavy duty hoisting mechanisms do not per se
      form a portion of this invention and no additional description is required
      herein.
PAR  Pipe for support of the mining equipment is stored in 60 foot lengths
      beneath the deck of the ship. It is raised to deck level and positioned on
      an inclined conveyor 27 which carries the pipe upwardly and laterally to
      the rig floor which supports the derrick 18. This arrangement is also
      illustrated schematically in FIG. 2 wherein a cart 28 carries a stand of
      pipe 29 at an angle from horizontal until the upper end of the pipe
      reaches the center line 31 of the pipe handling system, that is, over the
      center line of an existing pipe string. Before reaching this position the
      end of the pipe passes between the tracks of an automatic roughneck 33
      described in greater detail hereinafter. When the end of the pipe reaches
      the center line 31 of the derrick 18 and associated lifting equipment, the
      upper end is gripped by an elevator unit 35 and elevated up into the
      derrick by a travelling block 40. This swings the pipe towards a more
      vertical position with its lower end still supported by the cart 28. As
      the pipe is lifted its center portion rises relative to the cart 28 which
      continues to support the pipe progressively nearer its lower end. The
      automatic roughneck then lifts the pipe off of the cart by swinging the
      lower end laterally, thereby permitting the cart to return down the
      conveyor 27. As the pipe approaches its vertical position, but while it is
      still inclined, it is constrained from swinging towards the vertical
      position by the automatic roughneck.
PAR  It will be noted that the stand of pipe is formed of two 30 foot lengths of
      pipe having a pipe joint 34 in the middle. A female threaded box 36 is
      provided at the upper end of each length of pipe and a male threaded pin
      37 is provided at the lower end. Thus, when the pipe is in its vertical
      position on the center line of the derrick it can be lowered so that the
      pin is "stabbed" into a box on an adjacent length of pipe being lowered
      into the sea. The threaded joint is then tightened and the weight of the
      pipe string beneath the ship can then be supported by the new section just
      added. In this manner the length of pipe being lowered into the sea is
      continually increased. Conversely when the mining equipment is being
      raised alternate threaded joints in the pipe string are unscrewed and
      double lengths of pipe are removed and carried to the hold of the ship in
      a manner exactly opposite to that used during lowering of the pipe.
PAR  The automatic roughneck 33 handles the lower end of the pipe as it is being
      moved from the tilted position clearing the cart with the lower end near
      the edge of the rig floor to a substantially vertical position with the
      pipe on the center line of the derrick. The mechanism for controlling the
      path of the pipe during this swing is illustrated in side and top views in
      FIGS. 3 and 4, respectively.
PAR  The automatic roughneck has a pair of parallel tracks 38 which are curved
      in a vertical plane so as to be horizontal at the end adjacent the center
      line 31 of the pipe handling system and suspended pipe string and inclined
      from horizontal at the end extending laterally towards the pipe being
      supplied to the derrick. A pair of carts or trolleys 39 are mounted on the
      respective tracks (one trolley per track) for travel along the length
      thereof. Each trolley is connected to a continuous pitch chain or roller
      chain 41 which passes over an idler sprocket 42 at the center line end of
      the roughneck track. Each roller chain passes over a drive sprocket 43 at
      the lateral end of the track and the two drive sprockets are
      interconnected by a shaft 44 driven by electric or hydraulic motors 46.
      Since the two drive sprockets are linked together by the common shaft 44
      the two trolleys are driven in synchronism and in effect operate as a
      single trolley travelling along tracks.
PAR  FIG. 6 illustrates in transverse cross section one of the carts 39 and a
      portion of a track 38. The track has an upwardly facing channel 47 in
      which a pair of rollers 48 on the trolley are free to roll and guide the
      trolley along the track. Each track also has an outwardly facing channel
      49 in which a pair of rollers 51 ride and an inwardly facing channel 52 in
      which a pair of rollers 53 are free to roll. The rollers 51 and 53, being
      constrained within their respective channels, carry vertical loads imposed
      by the trolley cart. The combination of six rollers keeps the trolley
      closely aligned with the track and permits it to travel freely along the
      length of the track. Each track also has a guide rail 54 along its inner
      edge.
PAR  A jaw 56 which constrains the pipe stand being added to the string, is
      mounted on each trolley 39 by a heavy pivot pin 57. A bushing 58 permits
      free pivoting of the jaw relative to the trolley. A heavy torsion spring
      59 has one end engaging the pivot pin 57 and another end engaging an
      upstanding post 61 on the main structure of the trolley.
PAR  Each jaw has an insert 62 removably connected to the jaw by mounting pins
      63. The insert has a low friction facing 64 such as "Teflon" TFE or FEP.
      The low friction facing has some resiliency so that when it engages a pipe
      there is little possibility of damage to the pipe. Since different
      diameter pipes are used for different portions of the length of the pipe
      string, the inserts are readily replaceable so that each different pipe
      diameter is as closely confined as possible.
PAR  A roller 66 is mounted on the top of the jaw 56 for rotation about a
      horizontal axis. The roller also has a composition face so that when it
      engages a piece of pipe it will not cause damage to the pipe.
PAR  A pair of guide rollers 67 and 68 (FIGS. 4 and 5) are mounted on the under
      side of the jaw for engaging the rail 54 of the track.
PAR  The inboard guide rail 54, as seen in FIGS. 4 and 5, extends along a
      principal portion of the track from the lateral end towards the center
      line end. The guide rail ends in a cam 69 that extends inwardly. There is
      then a short gap 71 between the guide rail 54 and a centering rail 72. A
      camming ramp 73 on the centering rail extends outwardly into the space
      behind the guide rail 54. A sliding rail assembly 74 is mounted on each
      track on its inboard side near its center line end. The sliding rail
      assemblies are movable longitudinally along the track in the same
      directions as the trolleys. In FIG. 4 the sliding rail assemblies are
      illustrated in an arbitrary intermediate position a short distance away
      from the center line end of the tracks. In FIG. 5 the sliding rail
      assemblies are shown in their extended position nearest the center line of
      the pipe. In FIG. 7, which is an inwardly looking side view of the sliding
      rail assembly, the assembly is in its fully retracted position at the end
      of the track. A hydraulic cylinder 76 (FIG. 7) is mounted on the under
      side of the track and its piston rod 77 is connected to the sliding rail
      assembly. The sliding rail assembly has a pair of support rollers 78 which
      bear on a web 79 of the track. A second pair of rollers 81 below the web
      79 help guide the sliding segment of the track. A pair of large rollers 82
      rotatable about a vertical axis bear on a web 80 (FIG. 4) on the track for
      conveying loads from the sliding rail assembly to the principal portion of
      the track. The assembly also has a rail segment 83 that, when the sliding
      rail assembly is in its center line position, is an extension of the
      centering rail 72 for maintaining the jaws in their centered position
      around the pipe.
PAR  The centering rail has an upper extension 84 and an outwardly directed cam
      86. The sliding rail segment 83 has a lower cam 87, also extending
      outwardly. The upper extension 84 and cam 86 fit over the lower cam 87 so
      that when the sliding rail assembly is in its extended position as in FIG.
      5 there is an overlap and the centering rail 72 and sliding rail segment
      83 form an essentially continuous surface.
PAR  As seen in FIG. 5, when the trolleys are in the position adjacent the
      center line 31 the jaws 56 are in a closed position leaving an O-shaped
      opening which has a diameter substantially the same as that of a pipe to
      be centered and guided by the jaws. The guide rollers 67 and 68 are
      against the centering rail 72 and sliding rail 83 and hence are aligned
      along the length of the apparatus. It will be noted that the centering
      rail and sliding rail segment are spaced so that both rollers 67 and 68
      are in engagement so that the jaws are forced towards each other and the
      pipe is securely positioned on the center line. Because of the composition
      facing 64 on the jaws, vertical motion of the pipe relative to the jaws
      can be accommodated without damage to the pipe or guide surfaces. Such
      motion is of course limited to the region between the pipe joints.
PAR  During raising of the pipe string, once a length of pipe has been elevated
      to a point where it is disconnected from the balance of the pipe string
      the two trolleys are moved laterally towards the lateral end of the
      automatic roughneck. The roller chains 41, driven by the motors 46 pull
      the trolleys towards the lateral end of the tracks. Since the jaws close
      around the pipe it is carried along with the trolleys. When the rollers 68
      on the jaws come to the respective gaps 71 between the centering rail and
      guide rail they are forced outwardly by the camming surface 69. The roller
      68 thus rides along the outboard side of the rail 54 as illustrated in
      FIG. 4. This camming causes the entire jaw to pivot around the pin 57 so
      that the rollers 66 on the two jaws are in close proximity and
      substantially coaxial. This opens up the jaws to form a U-shaped opening
      facing towards the lateral end of the roughneck so that the pipe is
      constrained from swinging towards the center line position. It will be
      recalled that the upper end of the pipe is supported on the center line of
      the derrick by the elevator 35. The weight of the suspended pipe holds it
      in tight engagement with the rollers 66 when the lower end is swung
      laterally from the center line. The great weight of the pipe keeps it
      swung tightly against the rollers and there is no tendency for it to come
      out of the U-shaped opening formed by the two jaws. While the trolleys are
      being drawn laterally the pipe is also being lowered and rides on the
      rollers 66 until the center can be picked up by a cart 28 (FIG. 2) on the
      inclined pipe conveyor. Once this cart has picked up the weight of the
      pipe, the trolleys 39 on the automatic roughneck can be retracted away
      from the section of pipe being conveyed.
PAR  When pipe is being lowered from the ship the operation is just the reverse.
      The upper end of the pipe passes between the tracks and is picked up by
      the elevator above the center line of the automatic roughneck. The
      trolleys are moved laterally until the segment of pipe below the
      intermediate joint 34 is engaged by the rollers 66 and the weight of the
      pipe is lifted off the cart 28 on the inclined conveyor. The cart is moved
      down the conveyor. The trolleys 39 can then be moved towards the center
      line of the automatic roughneck. Meanwhile the pipe is being further
      elevated in the derrick. When the trolleys approach the center line, the
      rollers 68 engage the cams 73 and the roller moves through the gap 71
      between the guide rail and the centering rail. This swings the jaw into a
      position wherein the pipe is rather closely gripped and precisely centered
      on the center line of the apparatus. It will be noted that the pipe moves
      vertically in the handling system while held by the jaws. They are,
      therefore, not tightly closed so that the motion can be accommodated.
PAR  It is desirable in raising or lowering mining equipment to move the pipe
      continuously so that the inertial forces of stopping and starting are
      avoided. This means that once a stand of pipe has been stabbed into the
      lowering pipe string the trolleys must return to the lateral end of the
      roughneck to pick up the next piece of pipe and bring it to the center
      line in time to stab into the moving pipe string. Means are therefore
      provided for opening the jaws into a U-shaped opening facing away from the
      lateral end of the roughneck to clear the pipe.
PAR  This is accomplished by retracting the sliding rail assemblies 74 towards
      their position at the end of the track. The torsion spring 59 between the
      trolley and jaw 56 continually urges the jaw towards a position with a
      U-shaped opening facing away from the lateral end of the roughneck, that
      is the jaw is biased in a direction that urges the roller 67 towards the
      rail. When the sliding rail assembly retracts, the roller 67 can pass down
      the cam 87 on the sliding rail segment, thereby pivoting the jaw around
      the pin 57 and creating a U-shaped opening facing away from the lateral
      end of the roughneck. When the trolleys are moved in a direction towards
      the lateral end of the roughneck, the jaws thus clear a pipe on the center
      line position. The jaws are cammed back to a position parallel to the
      rails by the roller 67 running up the cam 86 on the centering rail.
PAR  The jaws have generally C-shaped openings aligned with each other when the
      two trolleys are in the center line position and the jaws are held in
      parallelism by the centering rail 72 and sliding rail 83. This defines an
      O-shaped opening as seen in FIG. 5. When the jaws are pivoted in one
      direction with the rollers 68 on the outside of the respective rails 54
      the C-shaped openings of the jaws cooperate to define the U-shaped opening
      facing in the lateral direction as seen in FIG. 4 so that the pipe is
      supported. When the jaws are pivoted in the opposite direction upon
      retraction of the sliding rail assemblies 74 the C-shaped portions
      cooperate to define a U-shaped opening in the opposite direction for
      clearing the pipe. It will be noted that when the sliding rail assemblies
      are retracted with the trolleys in their center line position holding a
      piece of pipe, the jaws are constrained from pivoting by interference
      between the facing 64 and the side of the pipe. It is only when the
      trolleys are moved towards the lateral position that the rollers 67 move
      into the gas between the centering rail and sliding rail segment.
PAR  When mining equipment is being raised and the automatic roughneck is being
      used for returning pipe to storage a reverse operation is conducted. In
      that operation when the trolleys approach the center line position the
      rollers 67 move into the gap between the centering rail and sliding rail
      to permit the jaws to clear the pipe. When the trolleys reach the center
      line position the facings 64 engage the sides of the pipe and swing the
      jaws towards the centered position. Extension of the sliding rail
      assemblies causes the cam 87 to engage the roller 67 and assure that the
      jaws are substantially parallel to define the O-shaped opening.
PAR  It will be noted that operation of the jaws for constraining a pipe from
      lateral motion and for centering it on the center line of the apparatus
      are controlled by the position of the trolleys on the track and no
      separate control by an operator is required. All the operator need do is
      control position of the trolleys along the track by manipulating the drive
      motors 46. Cocking of the jaws toward the lateral end of the track occurs
      automatically when the trolley reaches the gap in the rail. The only other
      control required is for opening the jaws to clear a pipe, and this is done
      at a noncritical moment simply by retracting the sliding rail segment.
      This permits cocking of the jaws in the opposite direction. The position
      of the trolleys adjacent the center line of the pipe handling system is
      assured by a pair of bumpers 88 which limit travel of the trolley and
      assure positioning adjacent the center line. With such absolutely simple
      control, automatic rather than manual controllers may easily be provided.
PAR  Although but one embodiment of automatic roughneck constructed according to
      principles of this invention has been described and illustrated herein,
      many modifications and variations will be apparent to one skilled in the
      art. Thus, for example, instead of using a cylindrical bushing in the jaws
      for positioning the pipe on the center line, two or more rollers may be
      mounted on each jaw to collectively form either an O-shaped opening for
      centering or a U-shaped opening for guiding and constraining the pipe.
      Many other modifications and variations will be apparent to one skilled in
      the art and it is therefore to be understood that within the scope of the
      appended claims the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for handling the lower end of a pipe during a portion of
      its travel between a horizontal storage position and a vertical use
      position comprising:
PA1  a pair of opposed jaws;
PA1  means for traversing the jaws in a generally horizontal direction between a
      center line position wherein a pipe is vertical for use and a lateral
      position wherein a pipe is tilted for transportation to or from storage
      the means for traversing including a pair of parallel tracks,
PA1  means for mounting one of the jaws on each track, and
PA1  means for traversing the jaws along the respective tracks in synchronism
      with each other;
PA1  means for opening the jaws into a generally U-shaped opening facing towards
      the lateral position for receiving a pipe in the opening and constraining
      it from uncontrolled lateral movement towards the center line position;
PA1  means for closing the jaws into a generally O-shaped opening adjacent the
      center line position for holding the pipe; and
PA1  means for opening the jaws into a generally U-shaped opening facing away
      from the lateral position adjacent the center line position for clearing a
      pipe located in the center line position.
NUM  2.
PAR  2. An apparatus as defined in claim 1 wherein the means for mounting
      comprises a trolley mounted on each track for movement along the length
      thereof and wherein each jaw is movably mounted on a respective trolley;
      and further comprising means on the track for moving the jaws in response
      to movement of the trolleys along the track.
NUM  3.
PAR  3. An apparatus as defined in claim 2 wherein the tracks are curved in a
      vertical plane and are substantially horizontal adjacent the center line
      position and tilted relative to the horizontal adjacent the lateral
      position.
NUM  4.
PAR  4. An apparatus as defined in claim 2 wherein each jaw includes a roller
      mounted on the jaw for rotation about an axis transverse to a length of
      pipe for engaging the pipe surface, said rollers being substantially
      coaxial when the jaws are opened into the generally U-shaped opening
      facing towards the lateral position.
NUM  5.
PAR  5. An apparatus as defined in claim 1 wherein the means for traversing
      comprises a trolley on each track and each jaw is mounted on a respective
      trolley for pivoting about an axis transverse to the track; and wherein
PA1  each track includes a guide rail extending along the length thereof; and
PA1  each jaw includes a camming member for engaging the guide rail and pivoting
      the jaw between the O-shaped opening and the U-shaped opening facing
      towards the lateral position.
NUM  6.
PAR  6. An apparatus as defined in claim 5 wherein the means for opening the
      jaws into the U-shaped opening facing away from the lateral position
      comprises:
PA1  means for urging the jaws towards said U-shaped opening and means for
      moving a segment of rail between a first position preventing opening and a
      second position permitting opening.
NUM  7.
PAR  7. An automatic roughneck for guiding the lower end of an elevated pipe in
      a substantially horizontal direction between a lateral position wherein
      the pipe extends in a sloping direction and a center line position wherein
      the pipe extends in a substantially vertical direction without changing
      the elevation comprising:
PA1  a generally horizontally extending pair of tracks extending on either side
      of the center line position;
PA1  a pair of trolley means separately supported on each of the respective
      tracks for engaging and traversing along the tracks with the lower end of
      the pipe;
PA1  means on the trolley means for guiding the pipe adjacent the lateral
      position and preventing the lower end from uncontrollably swinging towards
      the center line position;
PA1  means on the trolley means for constraining the pipe from lateral movement
      in any direction when adjacent the center line position; and
PA1  means for releasing the pipe constraining means from the pipe adjacent the
      center line position to permit the trolley means to be moved past the pipe
      when in the center line position.
NUM  8.
PAR  8. An automatic roughneck as defined in claim 7 wherein the means for
      guiding includes means for accommodating vertical movement of the pipe
      relative thereto.
NUM  9.
PAR  9. An automatic roughneck as defined in claim 7 wherein the track comprises
      a pair of parallel spaced apart tracks, and wherein the trolley means
      comprises a pair of trolleys each on a respective track, and further
      comprising:
PA1  drive means for traversing the two trolley means along the respective
      tracks in synchronism with each other.
NUM  10.
PAR  10. An automatic roughneck as defined in claim 7 wherein each trolley means
      comprises:
PA1  a jaw; and
PA1  means for mounting the jaw on the trolley for pivoting about an axis
      transverse to the respective track between a central position and a cocked
      position on each side of the central position;
PA1  each jaw including pipe engaging portions on each side thereof that, when
      centered both engage a pipe, and when pivoted in either direction around
      the pivot axis one portion clears the pipe and the other portion is
      sufficiently near the opposite jaw to engage a pipe.
NUM  11.
PAR  11. An automatic roughneck as defined in claim 7 wherein each trolley means
      includes
PA1  a jaw;
PA1  means for mounting the jaw on the trolley means for pivoting about an axis
      transverse to the track;
PA1  a camming member on the jaw on each side of the pivot axis in directions
      extending along the length of the track; and
PA1  a pipe engaging portion on each jaw, said pipe engaging portions on the two
      jaws collectively defining a generally O-shaped opening when the jaws are
      centered on the center line position.
NUM  12.
PAR  12. An automatic roughneck as defined in claim 11 further comprising:
PA1  cam means on each track for engaging one of the camming members and
      pivoting the respective jaw between the generally O-shaped position and a
      position wherein the two jaws collectively define a generally U-shaped
      opening between the jaws facing towards the lateral position.
NUM  13.
PAR  13. An automatic roughneck as defined in claim 12 wherein the means for
      releasing the pipe restraining means comprises a movable segment of track
      engaging the other of the camming members on the jaw for permitting
      pivoting of the respective jaw for defining a generally U-shaped opening
      between the jaws facing away from the lateral position.
NUM  14.
PAR  14. An automatic roughneck for guiding the lower end of an elevated pipe in
      a substantially horizontal direction between a lateral position wherein
      the pipe extends in a sloping direction and a center line position wherein
      the pipe extends in a substantially vertical direction without changing
      the elevation comprising:
PA1  a pair of parallel tracks positioned on either side of said center line
      position;
PA1  a separate trolley on each track;
PA1  means for moving the separate trolleys along the respective tracks on
      synchronism with each other; and
PA1  jaw means on each trolley for cooperating with like jaw means on the other
      trolley, for
PA2  a. rotatably securing the lower end of a pipe in the center line position,
PA2  b. moving the pipe between the tracks in the lateral direction with the
      trolley means from the sloping position to the vertical position; and
      alternatively
PA2  c. clearing the pipe in the center line position for moving the trolleys
      back towards the lateral direction without the pipe.
NUM  15.
PAR  15. An automatic roughneck as defined in claim 14 wherein the jaw means
      comprises:
PA1  a generally C-shaped jaw; and
PA1  means for mounting the jaw on the trolley for pivoting about a
      substantially vertical axis; and further comprising:
PA1  means on the tracks for pivoting the jaws in response to movement of the
      trolleys along the tracks.
NUM  16.
PAR  16. An automatic roughneck as defined in claim 15 wherein each jaw includes
      a camming roller on each side of the pivot axis and wherein the means for
      pivoting the jaw comprises:
PA1  a centering rail on each track adjacent the center line position for
      engaging both camming rollers on the respective jaw and centering the
      jaws;
PA1  a cam on each track for engaging one of the camming rollers on the
      respective track for pivoting the jaws relatively outwardly at their ends
      facing towards their lateral position; and
PA1  a sliding rail segment for alternatively preventing and permitting pivoting
      of the jaws relatively outwardly at the ends facing away from the lateral
      position.
NUM  17.
PAR  17. An automatic roughneck as defined in claim 16 further comprising a
      guide rail adjacent the cam for engaging the one camming roller and
      preventing pivoting of the jaw towards its centered position.
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ABST
PAL  A parking brake for subsea mining equipment that is raised and lowered by a
      pipe string from a surface vessel. The brake assembly is mounted between a
      pair of linear lift units that alternately grip equally spaced collars on
      the pipe and move the pipe string in incremental steps. The brake includes
      a releasable yoke for engaging one of the collars. The yoke is rotatable
      to permit rotation of the pipe string by the brake assembly. The position
      of the brake is such that either drive unit may be used to position the
      pipe string so that a collar is engaged by the yoke of the brake assembly.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to apparatus for raising and lowering a segmented
      pipe string from a surface vessel to the ocean floor, and more
      particularly is concerned with a parking brake assembly for locking the
      pipe string against movement relative to the ship.
PAC  BACKGROUND OF THE INVENTION
PAR  In copending application Ser. No. 479,094, filed June 13, 1974, entitled
      "Hydraulically Operated Heavy Lift System for Vertically Moving a String
      of Pipe" and assigned to the same assignee as the present invention, there
      is described a lift system for raising and lowering a segmented string of
      pipe from the deck of a surface vessel. In the heavy lift system therein
      described, two linear lift units are spaced along the axis of the pipe
      string and are arranged to alternately engage spaced collars on the pipe
      and move the pipe string vertically in incremental steps. Each lift unit
      has a stroke equal to approximately half the distance between collars. One
      or the other of the lift units supports the entire load of the pipe string
      and associated subsea mining equipment attached to the end of the pipe
      string. Either lift unit therefore may be subject to loads of 9,000 or
      10,000 tons. It is desirable therefore to provide some means to "park" the
      system so as to remove the load from the lift units during static hold
      conditions, as a safety backup in the event of operating failure of either
      the heavy lift units, and to make emergency repairs on the lift system.
      The parking brake must be integrated with the heavy lift units so that it
      can function to transfer the load from the heavy lift units to the parking
      brake in the event of any one of a number of failure conditions which
      might occur in the heavy lift system, such as when either one of the drive
      units won't move, or a load supporting element of either drive unit won't
      engage or won't release. It is also necessary in controlling the load
      supported by the pipe to be able to rotate the pipe to align the load in
      particular angular direction.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a parking brake assembly for use in
      combination with a heavy lift system of the type described in the
      above-identified copending application which is capable of supporting and
      rotating a load-supporting string of pipe extending between a surface
      vessel and deep ocean mining equipment. The parking brake is positioned
      along the pipe string such that either lift unit can move the pipe string
      sufficiently to bring one of a series of spaced collars on the pipe into
      engagement with the parking brake mechanism.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention, reference should be
      made to the accompanying drawings, wherein:
PAR  FIG. 1 is a cross-sectional view of the heavy lift system and associated
      parking brake assembly;
PAR  FIG. 2 is a schematic showing of the positioning of the pipe string by the
      heavy lift system in transferring the load to the parking brake;
PAR  FIG. 3 is a top view of the parking brake assembly; and
PAR  FIG. 4 is a sectional view taken substantially on the line 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 in detail, there is shown a portion of the
      gimbal-mounted heavy lift system described in detail in the
      above-identified copending application. The heavy lift system is supported
      over the docking well from the deck 22 and A-frame assembly 24 by means of
      a heave compensated supporting structure including hydraulic rams 50 and
      52. On top of the rams 50 and 52 are supported the bearing structure,
      including guide frames 46 and 48, stub shafts 54 and 56, and bearings 61
      and 63, for an outer gimbal frame 58 which pivots about an axis 59. An
      inner gimbal frame, indicated generally at 60, is in turn pivotally
      supported about an axis perpendicular to the axis 59 within the outer
      gimbal frame 58. The inner gimbal frame 60 includes a cage structure
      indicated generally at 80 which extends downwardly and terminates in a
      lower platform 82.
PAR  A pair of upper hydralic cylinders, one of which is indicated at 74, are
      mounted at the top of the inner gimbal frame 60 one behind the other, as
      viewed in FIG. 1. The cylinders 74 operate lift rods 76. The lower ends of
      the rods 76 are joined by an upper yoke assembly 78 which bridges the
      space between the cylinders. The yoke assembly includes means for
      releasably supporting a string of pipe extending vertically between the
      cylinders 74 along the axis 79.
PAR  A lower pair of cylinders 84 and 85 are mounted on top of the lower
      platform 82 and actuate respectively lift rods 86 and 87. The rods are
      joined at their lower end by a pipe supporting lower yoke 88. The parking
      brake assembly, indicated generally at 90, is also mounted on the platform
      82 along the vertical lift axis 79 of the heavy lift system. The parking
      brake, as hereinafter described in detail, engages the pipe string to
      transfer the full load of the mining equipment directly to the gimbal
      structure and off the heavy lift cylinders. The parking brake also
      operates to rotate the pipe string and associated mining equipment.
PAR  As described in detail in the above-identified copending application, the
      upper cylinders 74 and lower cylinders 84 and 85 are hydraulically
      controlled so as to move reciprocally up and down along the vertical axis
      of the pipe string, the upper and lower cylinders operating substantially
      out of phase so that one set of cylinders is raising the associated yoke,
      while the other set of cylinders is lowering the other yoke. By
      controlling the upper yoke 78 and lower yoke 88 to alternately engage and
      disengage the pipe string, the hydraulic cylinders operate to continuously
      move the pipe string vertically in incremental steps, so as to either
      raise or lower the associated mining equipment.
PAR  Referring to the schematic drawing of FIG. 2, the operation of the heavy
      lift system in combination with the parking brake can be better
      understood. Position 1 shows the upper yoke 78 at the top of its normal
      stroke, while the lower yoke 88 is at the bottom of its normal stroke. In
      this position the upper yoke and lower yoke are separated by a distance
      corresponding to two pipe sections, indicated generally at 92 and 94. Each
      pipe section is terminated at its upper end in a collar 95 which can be
      engaged or released by the upper and lower yokes, so as to transfer the
      load alternately between the upper and lower cylinders.
PAR  Position 2 of FIG. 2 shows the upper yoke 78 at the bottom of its normal
      stroke with the lower yoke 88 at the top of its normal stroke. The pipe
      string, in this position, is shifted half the distance between adjacent
      collars from position 1, the upper and lower yokes being separated by the
      length of one pipe section. By this arrangement, the upper and lower
      cylinders and associated yokes are controlled to alternately move the pipe
      string in incremental steps corresponding to half the length of a pipe
      section.
PAR  The parking brake assembly 90 is positioned slightly below the mid-point
      between the bottom position of the upper yoke 78 and the upper position of
      the lower yoke 88. In this position, the intermediate collar 95 in
      position 1 can be lowered to engage the top of the parking brake assembly
      90 by the extension of the cylinders 74. The lower cylinders 84 are
      provided with an extra stroke range below the bottom of the normal stroke
      range which permits the middle pipe collar 95, when in position 1, to be
      lowered by the lower cylinders 84 and 85 onto the parking brake assembly
      90. With the pipe string in position 2 of FIG. 2, the collar engaged with
      the upper yoke 78 can be released and lowered by the lower cylinders 84
      and 85 onto the parking brake, or the pipe string can be raised by the
      upper cylinders 74 so as to bring the collar engaged with the lower yoke
      88 up to the level of the parking brake assembly 90. Thus, regardless of
      the relative position of the upper and lower yokes, either the upper
      cylinders 74 or lower cylinders 84 and 85 can be used to position a collar
      on the pipe string onto the parking brake assembly 90. The same is also
      true if either yoke at any point in time fails to function either to open
      or to close.
PAR  Referring to FIGS. 3 and 4, the parking brake assembly 90 is shown in
      detail. The parking brake assembly 90 includes a base frame indicated
      generally at 96, which includes a base plate 98 having a central opening
      100 through which the pipe string is adapted to pass. The opening 100 is
      greater in diameter than the collars 95 of the pipe string. The base plate
      98 is adapted to be bolted or otherwise secured on the platform 82 between
      the cylinders 84 and 85. Welded to the base plate 98 is a cylindrical
      sidewall 102. An upper flange 104 extends around the outside of the
      cylindrical sidewall 102 and is joined to the base plate 98 by a plurality
      of angularly spaced reinforcing ribs 106. The base frame 96 in addition
      includes an inner cylindrical flange 108 projecting upwardly around the
      opening 100 in the base plate 98.
PAR  Seated in the annular space between the inner flange 108 and the sidewall
      102 is a heavy duty thrust bearing indicated generally at 110. The thrust
      bearing includes a lower race 112 seated on the base plate 98, an upper
      race 114, and a plurality of rollers 116 which permit the upper race 114
      to rotate relative to the lower race 112.
PAR  Supported on the thrust bearing 110 is a support ring 118 having a lower
      annular lip 120. A bearing shield 122 extends between the inner flange 108
      of the base plate 98 and the annular lip 120 of the support ring 118. A
      load ring assembly is mounted on top of the support ring 118, the assembly
      including a load ring 124 which rests on top of the support ring 118. A
      radial flange 126 extends around the outer periphery of the load ring 124,
      the radial flange projecting under a retaining ring 130 which is screwed
      to the top edge of the sidewall 102. The retaining ring 130 consists of at
      least two sections so that it can be easily removed during assembly and
      disassembly of a parking brake. A plurality of dowel pins 134 lock the
      load ring assembly to the support ring 118.
PAR  Also secured to the outer periphery of the load ring 124 is a worm wheel
      136. As best seen in FIG. 3, a worm gear 138 engages the worm wheel 136.
      The worm gear 138 is mounted on a drive shaft 140, the shaft being
      journaled at either end of the worm gear 138 in a bearing block 142. The
      bearing block 142 is anchored on the flange 104 on the support assembly
      96. The shaft 40 is driven by a suitable electric motor drive (not shown)
      for applying rotation to the load ring assembly.
PAR  The load ring assembly further includes a clamp support plate 144 which is
      bolted or otherwise secured to the top of the load ring 124. The clamp
      support plate 144 has a smooth finished flat top surface 146 on which is
      slidably supported a pair of movable clamping members 148 and 150. The
      clamping members have arcuate inner surfaces 152 and 154 respectively
      which are of smaller radius than the outside of the pipe collar 94 so that
      when the clamping members are in the closed position, the pipe collar 95
      engages the top of the clamp members, as shown in FIG. 4.
PAR  The clamping members 148 and 150 are movable away from each other from the
      closed position shown in the drawings to an open position in which the
      pipe collar is released. The clamp members are provided with linear guide
      flanges 156 and 158, respectively, extending along opposite ends of the
      clamping members and engaging a pair of guide tracks 160 and 162 mounted
      on the top surface 146 of the clamp support plate 144. A stop member 164
      is positioned at the center of the guides 160 and 162 to limit the inward
      movement of the clamp members 148 and 150 so as to center the clamp
      members when in the closed position. Outer stops 166 and 168 are bolted to
      the surface 146 to limit the outward movement of the clamp members 148 and
      150 in the open position.
PAR  Movement of the clamping members 148 and 150 between the closed and open
      positions is effected by a pair of hydraulic linear actuators 170 and 172.
      The actuators are connected at one end by brackets 174 and 176 to the
      clamping member 148. The other end of the actuators are connected by
      brackets 178 and 180 to the clamping member 150. To help center the collar
      of the pipe string, four pipe collar centering guides 182, 184, 186, and
      188 are provided. The guides are bolted or otherwise secured to the top of
      the clamping members 148 and 150. The centering guides 182 and 186 are
      divided into two parts so as to permit the respective clamping members 148
      and 150 to move apart. As best seen in FIG. 4, the centering guides are
      provided with inwardly sloping surfaces which engage the collar and, by
      wedging action, force the collar into a centered position on the parking
      brake.
PAR  From the above description it will be recognized that an improved parking
      brake arrangement is provided for locking a vertically moving pipe string
      in position. The parking brake is capable of clamping and supporting or
      releasing substantial loads while at the same time permitting a load to be
      rotated through 360.degree..
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for raising and lowering a string of pipe having collars at
      intervals along the pipe, comprising first supporting means positioned
      along the pipe for releasably supporting a collar, first linear drive
      means for moving said first supporting means reciprocally lengthwise of
      the pipe, second supporting means positioned along the pipe for releasably
      supporting a collar, second linear drive means for moving said second
      supporting means reciprocally lengthwise of the pipe, and third supporting
      means positioned along the pipe for releasably supporting a collar, means
      retaining the third supporting means in fixed position along the path of
      movement of the pipe string in between the limits of movement of the first
      and second supporting means, either drive means moving the pipe string
      sufficiently to position a collar at the third supporting means.
NUM  2.
PAR  2. Apparatus of claim 1 wherein the third supporting means includes means
      for rotating said third supporting means about the longitudinal axis of
      the pipe to rotate the pipe.
NUM  3.
PAR  3. Apparatus of claim 1 wherein the third supporting means includes a plate
      having a central opening through which the pipe string and collars are
      driven, and a pair of clamping members slidably supported on the plate on
      either side of the opening for movement toward and away from each other,
      the clamp members having opposed recesses forming an opening between the
      clamp members when the members are in abutting position, the opening being
      smaller than the outside of the collars but larger than the pipe whereby
      the pipe can move through the opening but a collar cannot, and means for
      moving the clamping members toward and away from each other.
NUM  4.
PAR  4. Apparatus of claim 3 wherein the third supporting means further includes
      a base member, the plate being rotatably supported on the base member for
      rotation about the axis of the pipe string, and drive means mounted on the
      base for applying torque to the plate to rotate the plate and associated
      clamping members.
NUM  5.
PAR  5. In a lift system for raising and lowering a string of pipe having
      collars at equally spaced intervals, the combination of first drive means
      releasably engageable with one of said collars, the first drive means when
      engaged with the pipe moving the pipe linearly half the distance between
      two adjacent collars, second drive means releasably engageable with one of
      said collars, the second drive means when engaged with the pipe moving the
      pipe linearly half the distance between two adjacent collars, supporting
      means releasably engageable with one of said collars for supporting the
      string of pipe in a fixed vertical position, and means securing the first
      and second drive means and the supporting means in spaced apart
      relationship along the path of the pipe string with the supporting means
      between the first and second drive means, the supporting means being
      positioned to engage a collar at a point where either drive means can move
      the pipe string to position a collar at the support means.
NUM  6.
PAR  6. Apparatus of claim 5 wherein the support means includes means for
      rotating the pipe string when the support means is engaged with a collar
      on the pipe string.
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ABST
PAL  A workpiece transfer mechanism including a base having spaced parallel
      slides mounted in spaced parallel ways, bellcrank levers having their
      central portions pivotally mounted on the slides and having first portions
      pivotally mounting workpiece engaging members and having second portions
      connected by tie rods, with the force required to overcome the frictional
      engagement between the slides and the ways being greater than the force
      required to pivot the bellcrank levers, whereby the application of a
      unidirectional force to the tie rods will cause the workpiece engaging
      members to engage the workpiece prior to the time that the unidirectional
      force will cause the slides to move in the ways to transfer the workpiece
      from one position to another.
BSUM
PAR  The present invention relates to an improved workpiece transfer mechanism
      for transferring a workpiece from station to station.
PAR  By way of background, in various machine tools, such as power punch
      presses, it is necessary to transfer a workpiece to a station underneath
      the ram of the press so that the press can act on it. In the past this has
      either been done manually or by the use of relatively complicated and
      expensive feeding devices. Recently there has been legislation prohibiting
      manual feeding of power punch presses and similar machinery. However,
      since the alternative has been the use of complicated and expensive
      feeding devices, an economic hardship has been imposed on manufacturers.
      It is with solving the foregoing problem that the present invention is
      concerned.
PAR  It is accordingly one important object of the present invention to provide
      a workpiece transfer mechanism which is extremely simple in construction,
      reliable in operation, and relatively inexpensive.
PAR  Another object of the present invention is to provide a simplified
      workpiece transfer mechanism which is of a construction which will enable
      it to be utilized not only in conjunction with power punch presses but
      also with other types of machinery.
PAR  A further object of the present invention is to provide an improved
      workpiece transfer mechanism which is extremely simple to operate so that
      operators can be trained in its use quickly and simply. Other objects and
      attendant advantages will readily be perceived hereafter.
PAR  The present invention relates to a workpiece transfer mechanism comprising
      base means, workpiece engaging means, first means for mounting said
      workpiece engaging means, second means on said base means for mounting
      said first names, said first means being responsive to a first force to
      effect movement of said workpiece engaging means to engage a workpiece,
      said second means being responsive to a second force for causing said
      second means to move along said base means to transfer said first means
      and said engaged workpiece from a first position to a second position, and
      actuating means for causing said first force to be applied to said first
      means until said workpiece is engaged thereby and for causing said second
      force to be applied to said second means after said workpiece has been
      engaged to cause said second means to transfer said workpiece from a first
      position to a second position.
DRWD
PAR  The various aspects of the present invention will be more fully understood
      when the following portions of the specification are read in conjunction
      with the accompanying drawings wherein:
PAR  FIG. 1 is a plan view of the workpiece feeding mechanism in an open
      position ready to receive a workpiece to be transferred from one station
      to another;
PAR  FIG. 2 is a plan view of the mechanism of FIG. 1 after the workpiece has
      been gripped by the workpiece engaging fingers;
PAR  FIG. 3 is a plan view of the workpiece feeding mechanism showing how the
      continued application of force has moved one workpiece from a pick-up
      station to a work station and another workpiece from a work station to a
      delivery station;
PAR  FIG. 4 is a side elevational view taken substantially in the direction of
      arrows 4--4 of FIG. 2;
PAR  FIG. 5 is an enlarged cross sectional view taken substantially along line
      5--5 of FIG. 3 and showing the stop mechanism for limiting movement of the
      feed finger bars toward each other; and
PAR  FIG. 6 is a cross sectional view taken substantially along line 6--6 of
      FIG. 3 and showing the various linkages associated with the feeding
      mechanism.
DETD
     The following description will include primed and unprimed reference
      numerals, and it is to be understood that the primed numerals will refer
      to mirror image counterparts of structure designated by the unprimed
      numerals. In addition, identical elements of structure are designated by
      the same numeral.
PAR  The improved transfer mechanism 10 includes a pair of spaced base members
      11-11', which may be attached by the means of clamps, or the like, to the
      frame of a machine tool, such as a power punch press, or to the frame of
      any other device wherein it is required to remove a workpiece from a
      pick-up station A to a work station B and from a work station B to a
      delivery station C. If desired, base members 11-11' may be attached to
      each other by suitable cross members or the like (not shown). The base
      members 11-11' include spaced parallel ways 12-12', respectively, having
      trapezoidal openings 13-13', respectively, (FIG. 6) for receiving the
      lower portions 14 of slides 15 in complementary mating relationship. The
      outer sides 16-16', of ways 12-12' are adjustable toward and away from the
      fixed sides 17-17', respectively. This adjustment is effected by the
      loosening of screws 18, which clamp portions 16-16' to base members 11-11'
      and thereafter moving portions 16-16' toward or away from sides 17-17',
      this being permitted because of the existence of oversized apertures 19 in
      movable portions 16-16' in which the shanks of each of the screws 18
      extend. Preferably apertures 19 are in the form of elongated slots which
      permit movement of sides 16-16' toward and away from sides 17-17' while
      maintaining parallelism therewith. By virtue of the foregoing connection,
      the degree of tightness with which slides 15 are held in ways 12-12' can
      be adjusted. In this respect it will be appreciated that the frictional
      holding force on slides 15 must be sufficiently great so that when the
      transfer mechanism is actuated, the workpiece engaging fingers 34-34' will
      first move to engage the workpieces 40 before slides 15 can move on base
      members 11-11', as will become more apparent hereafter.
PAR  In order to engage a workpiece 40 at a pick-up station A and transfer it to
      a work station B, push bar 20 is actuated in the direction of arrow 21
      when slides 15 are in abutting relationship with stops 22 on bases 11-11'.
      The opposite ends of push bar 20 are suitably connected to the ends of tie
      rods 23. The intermediate portions of the rods 23 and the ends of tie rods
      23 remote from push bar 20 are connected to tie rod posts 24 extending
      upwardly from bellcrank levers 25 and 25' which are pivotally mounted on
      slides 15 by means of screws 26 which hold the inner race of ball bearings
      27 against washers 28a which are positioned on the upper surface of slide
      15. Each tie rod post 24 includes a base portion 27a which is secured in
      leg 28 or 28' of the bellcrank levers 25 or 25', respectively, by means of
      retaining screws 29 to permit each post 24 to pivot as required during the
      operation of the feed mechanism. The tie rods 23 are secured to posts 24
      by means of set screws 30.
PAR  Legs 31 and 31' of bellcrank levers 25 and 25', respectively, mount
      substantially parallel bars 33 and 33', respectively, which mount pairs of
      spaced fingers 34 and 34', respectively, which are secured to the bars by
      means of screws 35. As can best be seen from FIG. 6, bars 33 and 33' are
      secured to legs 31 and 31', respectively, of bellcrank levers 25 and 25',
      respectively, by means of screws 37 which extend through the inner races
      of ball bearings 39 in bars 33 and are received in bellcrank lever legs
      31. Washers 38 on the shank of screws 37 space bars 33 and 33' from the
      bellcrank levers on which they are supported.
PAR  When the slides 15 are in abutting relationship with stops 22 (FIG. 1),
      after having been moved to this position as a result of pulling push bar
      20 in the direction of arrow 42 (FIG. 1), the various bellcrank levers 25
      and 25'  will be in the position shown in FIG. 1 and fingers 34 and 34'
      will be spread apart. When push bar 20 is initially moved in the direction
      of arrow 21 (FIG. 2), the slides 15 will be retained in the position shown
      in FIGS. 1 and 2 because of their frictional engagement with the sides of
      trapezoidal openings 13 in ways 12 and 12'. However, the bellcrank levers
      25 and 25' will pivot from the position shown in FIG. 1 to the position
      shown in FIG. 2 as a result of tie rods 23 moving in the direction of
      arrow 21. This will cause bars 33 and 33' to approach each other while
      they remain substantially parallel. This approaching movement will
      continue until the concave surfaces 44 and 44' of fingers 34 and 34',
      respectively, proximate station A engage the opposite sides of workpiece
      40 at pick-up station A. Simultaneously, the concave surfaces 44 and 44'
      of fingers 34 and 34' proximate station B will engage the workpiece 40 at
      work station B. After the foregoing engagement between the fingers 34-34'
      and the workpieces 40 has taken place, feed bars 33 and 33' will no longer
      be able to move toward each other and the slides 15 will move in unison
      from the position of FIG. 2 to the position of FIG. 3 as a result of the
      continued application of a force to push bar 20 in the direction of arrow
      21. This will cause one workpiece 40 to be transported from the pick-up
      station A to the work station B and simultaneously cause the workpiece 40
      previously at work station B to be transported to the delivery station C.
PAR  The limits of movement of bars 33 toward and away from workpieces 40 may be
      controlled by pins 46 (FIG. 5) which have their lower portions securely
      fastened in slides 15 and their upper portions located within slots 48 in
      bars 33. The ends 49 and 49' of slots 48 will engage pins 46 to limit the
      distance which bars 33 may move apart, as can be seen from FIG. 1.
      Adjustable strike bolts 51 are located in slots 48, and their adjusted
      positions will determine the limit of movement of bars 33 toward each
      other. By the adjustment of strike bolts 51, the gripping force which is
      applied to workpieces 40 may be controlled. Furthermore, in the event it
      is desired to engage the workpieces 40 with a very light force, which is
      less than the corresponding force which would be required to cause slides
      15 to move, it will be the engagement between stops 46 and strike bolts 51
      which will terminate the pivotal movement of bellcrank levers 25 and 25'
      and cause the resistance thus provided to result in the movement of slides
      15 in their ways.
PAR  After the machine operator has pushed bar 20 in the direction 21 for a
      distance sufficient to cause slides 15 to reach their limit of movement in
      FIG. 3 by engaging stops 53 on bases 11-11', the workpieces 40 will be at
      stations B and C. The machine operator will thereafter move push bar 20 in
      the direction of arrow 42. Since the frictional engagement between slides
      15 and ways 12 and 12' is greater than the frictional resistance required
      to move the bellcranks 25 and 25' from their orientation shown in FIGS. 2
      and 3 to their spread-apart orientation shown in FIG. 1, bellcrank levers
      25 will pivot in a counterclockwise direction about pins 26 and bellcrank
      levers 25' will pivot in a clockwise direction about pins 26, thereby
      causing feed bars 33 and 33' to move apart so as to release the workpieces
      40. Thereafter, continued movement of push bar 20 in the direction of
      arrow 42 in FIG. 3 will result in the slides 15 moving from the position
      shown in FIG. 3 to the position shown in FIG. 1 wherein they come to rest
      against stops 22.
PAR  It will be appreciated that tie rods 23 will approach and recede from each
      other as bellcrank levers pivot between the positions shown in FIGS. 1 and
      2. In order to compensate for this, tie rods 23 may be connected to push
      bar 20 with a sliding connection, or push bar 20 may have a telescopic
      portion therein. It will be appreciated that any electrical hydraulic or
      mechanical system which would exert relatively uniform and simultaneous
      forces on tie rods 23 may be substituted for push bar 20.
PAR  It can thus be seen that the structure of the present invention provides
      for the engaging and transferring of workpieces from one position to
      another by the application of a single force which first cause the
      workpiece engaging fingers to grip the workpiece and after it is gripped,
      the continued exertion of the force will cause the workpieces to be
      carried from one position to another. Upon the reversal of the force the
      workpiece will be released at the position to which it was transported.
PAR  It can thus be seen that the improved workpiece feeding mechanism of the
      present invention is manifestly capable of achieving the above enumerated
      objects and while preferred embodiments of the present invention have been
      disclosed, it will be appreciated that the present invention is not
      limited thereto but may be otherwise embodied within the scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A workpiece transfer mechanism comprising base means, first and second
      spaced parallel ways on said base means, first and second slide members
      slidable in a longitudinal direction in said first and second ways,
      respectively, means for maintaining a predetermined frictional engagement
      force between said slide members and said ways, said frictional engagement
      force being overcomeable by a first force, first and second workpiece
      engaging means, first and second mounting means movably mounting said
      first and second workpiece engaging means on said first and second slide
      members, respectively, said first and second mounting means being moveable
      on said side members in response to a second force which is less than said
      first force, and actuating means coupled to said mounting means for
      transmitting said second force thereto to cause said mounting means to
      carry said workpiece engaging means to and from its limits of travel
      between a workpiece engaging position and a totally open position while
      said slide members remain stationary in said ways because said second
      force is less than said first force, said first force being transmitted to
      said slide members through said mounting means when said workpiece
      engaging means are at their limits of travel to thereby cause said slide
      members to move in said ways.
NUM  2.
PAR  2. A workpiece transfer mechanism as set forth in claim 1 wherein said
      first and second mounting means comprise bellcrank levers having their
      central portions pivotally mounted on said slide members, and wherein said
      actuating means are pivotally coupled to first legs of said bellcrank
      levers, and wherein said workpiece engaging means are coupled to second
      legs of said bellcrank levers.
NUM  3.
PAR  3. A workpiece transfer mechanism as set forth in claim 2 wherein said
      bellcrank levers comprise first and second bellcrank levers on said first
      slide member and third and fourth bellcrank levers on said second slide
      member, and wherein said first workpiece engaging means includes an
      elongated bar having spaced points pivotally mounted on said second legs
      of said first and second bellcrank levers, and wherein said second
      workpiece engaging means comprises a second elongated bar having spaced
      points pivotally mounted on said second legs of said third and fourth
      bellcrank levers.
NUM  4.
PAR  4. A workpiece transfer mechanism as set forth in claim 3 wherein said
      first workpiece engaging means includes first and second spaced fingers on
      said first and second bars, respectively, extending inwardly toward each
      other.
NUM  5.
PAR  5. A workpiece transfer mechanism as set forth in claim 1 including means
      for varying the frictional engagement force between said slide members and
      said ways.
NUM  6.
PAR  6. A workpiece transfer mechanism as set forth in claim 5 including limit
      means for defining the limits of movement of said first and second
      workpiece engaging means toward a workpiece.
NUM  7.
PAR  7. A workpiece transfer mechanism as set forth in claim 6 wherein said
      limit means are adjustable.
NUM  8.
PAR  8. A workpiece transfer mechanism as set forth in claim 5 including stop
      means for limiting the extent of movement of said slide members in said
      ways.
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ABST
PAL  Apparatus and method for more uniformly blending a layered stack of bricks
      having a central core section of lesser hardness and lighter color than in
      a surrounding outer shell section. The bricks are first unloaded from a
      hack into layers which include a corresponding core section and
      surrounding shell section. Thereafter, the bricks in each alternate layer
      are rearranged by placing bricks from the normally occurring core section
      areas into the normally occurring shell section areas and vice versa. Then
      the layers of bricks (both rearranged and unaltered) are restacked. The
      resulting stack will be blended such that when each "slice" of the stack
      is strapped into a packaged group of bricks, the resulting packaged groups
      will have approximately equal numbers of bricks having differing degrees
      of hardness and color.
PARN
PAR  This is a division of application Ser. No. 352,033 filed Apr. 17, 1973.
BSUM
PAR  This invention generally relates to apparatus and method for blending
      bricks having different color and hardness characteristics depending upon
      their position within a hack of bricks after firing in a kiln.
PAR  As will be appreciated by those in the art, hacks of brick coming from a
      kiln are usually fired harder on the outside of the hack than in the
      inside or core section of the hack. Furthermore, when the bricks are
      flashed to produce different desired colors, differing degrees of
      penetration within the hack normally produce a darker colored outer shell
      and a lighter colored core section in each hack. Consequently, when the
      hack is subsequently taken apart in layers, these layers will also have
      corresponding core sections and outer shell sections with the respectively
      corresponding characteristics just described.
PAR  When bricks having such different characteristics are properly blended and
      incorporated into a brick wall, the result can be aesthetically pleasing.
      However, when the bricks are improperly blended, or not blended at all,
      the result is often undesirable from an aesthetic and/or structural point
      of view as will be apparent.
PAR  There have been many prior approaches to this problem resulting in brick
      blending systems such as described in my earlier U.S. Pat. No. 3,603,466
      issued Sept. 7, 1971 and other U.S. Pat. such as Nos. 3,601,266; 3,656,635
      and 3,669,283.
PAR  Typically, such prior art approaches have tried to blend the bricks by
      alternating the feeding of single rows of bricks into a stack or feeding
      system by various means. Accordingly, none of such systems are able to
      blend even percentages of bricks having various color and hardness
      characteristics in every slice of the stack because the bricks from the
      outside of the layer are always blended with other bricks from the outside
      of the layer. Similarly, those from the inside of the layer are always
      blended with other bricks from the inside of the layer with such prior art
      systems. Accordingly, because these prior art systems have attempted to
      achieve blending of individual rows of bricks within the fired hack, the
      actual blending capacity has been limited in spite of the rather elaborate
      and complex systems involved.
PAR  It has now been discovered that by rearranging predetermined layers of
      fired brick from the hack, rather than rows of bricks, it is possible to
      obtain a much more uniform blend of bricks wherein each slice of a
      resulting blended stack comprises a predetermined blend of bricks from
      both the center of the hack and from the outside of the hack. This new
      technique requires only relatively simple and reliable apparatus while yet
      providing a greatly improved effectiveness for the desired blending
      capability of function to be performed. Furthermore, the method and
      apparatus of this invention can be utilized in virtually any conventional
      brick unloading system as will become apparent from the following
      discussion.
PAR  In essence, the method and apparatus of this invention rearranges the
      individual layers of brick after they have been unloaded from fired hacks
      so that when these layers are again fed into an automatic stacking system,
      blends having similar percentages of bricks from the outside portion of
      the layers and from the inside portion of the layers are produced in every
      slice of the blended stack.
PAR  After the bricks have been unloaded from a kiln car, a plurality of
      corresponding layers of fired bricks will result with each layer having a
      central core and an outer shell section corresponding to the central core
      and outer shell of the fired hack as it was structured on the kiln car
      during the firing operation and having correspondingly different color
      and/or hardness characteristics as previously discussed. Each alternate
      one of these layers (or at least a predetermined proportion of such
      layers) are then rearranged by moving bricks from the normally occurring
      core section areas into the normally occurring shell section areas and
      vice versa before being fed into a conventional restacking mechanism where
      the rearranged layers are restacked together with the non-rearranged
      layers to form a new blended stack of bricks. Each vertical section or
      "slice" of brick rows in this new blended stack may then be strapped for
      shipment and will comprise a substantially equal (or other predetermined)
      blend of bricks having differing color and/or hardnness characteristics.
PAR  There are several possible techniques that have been discovered for
      rearranging the alternate layers of bricks as discussed. The preferred
      embodiment involves separately gripping each half of the alternate layers
      as separate groups and rotating these halves by 180.degree.. Another
      embodiment involves transporting the two halves of each alternate layer.
      Afer reading the disclosure herein it will be apparent that there are
      other possible rearrangement techniques.
DRWD
PAR  These and other objects and advantages of this invention will be more
      clearly appreciated from the following detailed description taken in
      conjunction with the accompanying drawings, of which:
PAR  FIG. 1 is a plan view of two successive layers of fired brick arranged
      according to an exemplary embodiment of the blending operations involved
      in this invention;
PAR  FIG. 2 is a perspective and partly cutaway view of a blended stack of
      bricks resulting from restacking the brick layers shown in FIG. 1;
PAR  FIG. 3 is a plan view of an exemplary embodiment of a system for blending
      bricks according to this invention; and
PAR  FIG. 4 is a more detailed side view of the blending station within the
      exemplary system of FIG. 3.
DETD
PAR  FIG. 1 shows successive layers of fired bricks 10 and 12 moving on a
      conveyor belt 14 in the general direction of arrow 16. Each layer
      initially appears like layer 10 in FIG. 1 when it is first unloaded or
      dehacked from the hack of fired brick. That is, the layer 10 comprises a
      central core section 18 having generally lighter color and less hard
      bricks than a surrounding shell section 20.
PAR  For purposes of illustration in FIG. 1, the differences in color and
      hardness have been schematically depicted by different concentrations of
      stippling marks within and without a generally elliptical area defined by
      dotted lines 22. Of course, as those in the art will appreciate, the
      actual transition between the central core section 18 and the outer shell
      section 20 is not so sharp. Rather, it is a more gradual change in color
      and hardness characteristics. Nevertheless, for purposes of illustrating
      exemplary embodiments of the invention, the well-defined transition as
      shown in FIG. 1 is useful.
PAR  To achieve substantially equal blends of hardness and color in the
      preferred embodiment, every other one (each alternate one) of the layers
      of bricks will be operated on as discussed to form a rearranged layer 12
      as shown in FIG. 1. In general, it can be observed that the left half of
      the layer 12 has been effectively transposed with the right half of the
      layer. Actually, this can be performed in a number of ways. One way is to
      simply grip the left half of the layer with conventional grippers 24, 26
      and the right half of the layer between conventional grippers 28, 30, pick
      up the layer halves, and merely transpose them without turning, and place
      them back on the conveyor 14 in the position 12 shown in FIG. 1.
PAR  Another more preferred embodiment would involve gripping the two separate
      halves of each alternate layer and then rotating each gripped half by
      180.degree. as will be explained in more detail below. In any event, the
      result is a layer 12 having its original lighter core split apart and
      positioned on the outside of the layer while the darker and harder fired
      bricks have been moved into the center of the layer. In other words, the
      bricks have been rearranged in each alternate layer to place bricks from
      the normally occurring core section areas into the normally occurring
      shell section areas and vice versa.
PAR  After each alternate layer of bricks has been rearranged as in layer 12 of
      FIG. 1, both the rearranged layers 12 and the remaining layers 10 are
      restacked on top of one another as shown in FIG. 2. While FIG. 2 is shown
      with the same number of bricks in each layer as in the original layers 10
      and 12, it should be appreciated that this is not necessarily the case and
      that in any event the resulting blended stack 40 will be comprised of rows
      or (slices) 42, 44, 46, 48 which have substantially equal numbers of
      bricks having various hardness and/or color characteristics.
PAR  For explanatory purposes, the blended stack shown in FIG. 2 is a simple
      double layered stack wherein the top layer has been rearranged while the
      bottom layer remains as it was from the original brick hack in the kiln.
      Accordingly, row 42 comprises a top row of relatively dark harder bricks
      while it has a bottom row including substantial numbers of the lighter
      less hard bricks from the inner core of the hack. Similarly, row 44 of the
      blended stack 40 has similar constituent bricks although the top and
      bottom rows of this row are interchanged with respect to row 42 as may be
      seen, for instance, in the cutaway portion of FIG. 2 revealing the core
      section of the lower layer of the blended stack.
PAR  It should now be apparent that other brick rearrangements might also be
      performed to achieve similar results. For instance, the inner rows of some
      layers could be interchanged with outer rows of the same or other layers.
      Half of each layer could be rearranged with the relative position of the
      rearranged half alternating between successive layers, etc. However, it
      will be seen that these techniques involve the movement of bricks in a
      predetermined proportion of layers from normal core areas to normal shell
      areas and vice versa.
PAR  An exemplary blending apparatus is shown in FIG. 3. A hack of bricks 50
      from a kiln comprises a top layer (double or single) of bricks 52, a next
      layer (double or single) of bricks 54, etc. This hack of fired brick is
      then passed under a conventional brick unstacking gripper or unloading
      gripper 56 which picks up each layer of fired bricks, closes the layer up
      into a compact layer and rotates it if necessary before finally
      translating it as a layer 58 on a conveyor 60 moving in the general
      direction of arrow 62.
PAR  The layer 58 may be a double layer of bricks in some types of systems and
      if so, the gripper 56 is retracted by the height of one brick layer after
      initially depositing the double layer onto the conveyor belt 60 whereupon
      it is operated to pick up the top layer while letting the bottom layer
      move out from thereunder on the conveyor 60. Then, the top layer is
      deposited in a subsequent position on belt 60 before the gripper 56 moves
      back over to unstack yet another double layer from the kiln car.
PAR  In the event of such a double layer, the top layer of each such double
      layer (the second layer to be deposited onto the belt 60) will be picked
      up by a conventional turnover device 64 and rotated by 180.degree. so that
      the brick faces in this layer are now in the same orientation as the faces
      from the bottom layer.
PAR  Accordingly, whether the brick layers in the hack are originally single
      layers or double layers, the eventual results will be single layers of
      bricks with commonly oriented faces in this exemplary embodiment. However,
      it should be appreciated that the blending operation of this invention may
      also be utilized with more than single layers of bricks.
PAR  Each layer of bricks such as layers 58 and 66 may be sensed by conventional
      means such as the light source 68 and photo electric sensor 70 which,
      together with a conventional counter, bistable device or the like comprise
      an alternate layer detector 72 may be utilized to sense every second layer
      passing down conveyor 60 or at least some predetermined proportion of such
      layers as will be apparent.
PAR  Thus, for every alternate layer, the alternate layer detector 72 actuates a
      conventional control means 74 to cause two conventional grippers 76, 78 to
      each grip one-half of the layer thereunder. Subsequently, control 74
      conventionally actuates the hydraulic cylinder 80 whereupon each of the
      grippers 76, 78 are separated before being conventionally rotated by
      180.degree.. Then, the hydraulic cylinder 80 is conventionally retracted
      to move the grippers 76, 78 back together again whereupon the brick groups
      are released again onto the conveyor belt 60 to result in alternate ones
      of the layers having been rearranged as should now be apparent from FIG.
      3.
PAR  Thereafter, the rearranged and other unaltered layers are regrouped into
      suitable numbers of rows and columns for being restacked by conventional
      brick stacking means 82. For instance, as shown in FIG. 3, the bricks may
      be moved against a barrier 84 which is appropriately controlled by a
      regrouping control means 86 to permit groups of bricks such as groups 88,
      90 and 92 to move out onto a second conveyor 94. For instance, groups of
      bricks 88, 90 and 92 may be produced by intermittently controlling
      conveyor 60 and/or stop 84 while continuously running the conveyor 94. The
      groups 88, 90 and 92 are illustrative of a layer formed with spaces for
      forklift handling after assembling into an overall composite blended stack
      96. The layers then picked up from belt 94 by conventional brick stacking
      mechanism 82 and placed into a stacker jig at position 96 as should be
      apparent. As previously explained in FIG. 2, each "slice" 98, 100, 102 and
      104 of the blended stack 96 will have approximately equal numbers of
      bricks having different hardness or color characteristics.
PAR  The blending section of the system shown in FIG. 3 then comprises the two
      grippers 76, 78 together with the hydraulic cylinder 80 and their
      associated control mechanisms. Typically, this blender mechanism may also
      be controlled by the movement of the conveyor 60 to cause it to pick up
      every second layer and rotate the halves of that layer so that the outside
      bricks are positioned within the middle of the layer and vice versa. As
      shown in FIG. 3, the unloading machine handles all of the bricks with
      their faces commonly oriented upwardly and achieves brick blending by
      rotating the halves of every second layer of bricks as should now be
      apparent.
PAR  The blending section of the system shown in FIG. 3 is shown in more detail
      in FIG. 4. The grippers 76 and 78 each pick up half of the layer 106 from
      the conveyor belt or other transport means 60. Thereafter, gripper 76 is
      moved away from the gripper 78 with a spreading means or separating means
      comprising the exemplary hydraulic cylinder 80 mounted on the overall
      gripper suspension frame 108. After separation, the individual grippers
      76, 78 are rotated by conventional rotating means 110, 112 about
      180.degree. before the grippers 76 and 78 are again closed back up with
      the spreading means 80 so that the formerly outside bricks of the layer
      are now in the middle and vice versa. The rearranged layer 106 is then
      released back on to the conveyor belt 60. The gripper suspension frame 108
      may be suspended from a gripper lifting device with chains, cables, etc.,
      as should be appreciated.
PAR  While only a few embodiments of this invention have been specifically
      described and explained in detail above, those in the art will readily
      appreciate that many modifications, variations and/or adaptations of the
      exemplary method and/or apparatus may be made without in any way departing
      from the spirit, scope and/or teaching of this invention. Accordingly, all
      such modifications, variations and/or adaptations are intended to be
      included within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for blending a layered stack of bricks having a central core
      section of lesser hardness and lighter color than in the surrounding outer
      shell section, said apparatus comprising:
PA1  means for unloading the stack into layers which each include a
      corresponding core section and shell section,
PA1  means for rearranging the bricks in each alternate layer by placing bricks
      from the normally occurring core section areas into the normally occurring
      shell section areas and from the normally occurring shell section areas
      into the normally occurring core section areas, said means comprising
      means for gripping the bricks in a first half as a first group, means for
      gripping the bricks in the remaining half as a second group, and means for
      moving the gripped first and second halves relative to one another to
      reverse their respective relative positions, and
PA1  means for restacking all the layers into a blended stack.
NUM  2.
PAR  2. Apparatus for blending a layered stack of bricks having a central core
      section of lesser hardness and lighter color than in the surrounding outer
      shell section, said apparatus comprising:
PA1  means for unloading the stack into layers which each include a
      corresponding core section and shell section,
PA1  means for rearranging the bricks in each alternate layer by placing bricks
      from the normally occurring core section areas into the normally occurring
      shell section areas and from the normally occurring shell section areas
      into the normally occurring core section areas, said means comprising
      first means for gripping a first group of bricks in the layer as a group,
      second means for gripping a second group of bricks in the layer as a
      group, and means for rotating said first and second means by substantially
      180.degree., and
PA1  means for restacking all the layers into a blended stack.
NUM  3.
PAR  3. Apparatus as in claim 2 further comprising means for moving said first
      and second means apart after the first and second groups of bricks have
      been gripped and for moving said first and second means back together
      again after they have been rotated by 180.degree..
NUM  4.
PAR  4. Apparatus for blending a stack of bricks comprising a plurality of
      vertically superimposed layers, each layer comprising a plurality of
      bricks, said stack having a central core section of lesser hardness and
      lighter color than in the surrounding outer shell section thereof, said
      apparatus comprising
PA1  means for unstacking an entire first layer of bricks from said stack, said
      layer including a corresponding core section and shell section, and for
      unstacking an entire second layer of bricks from said stack, said layer
      including a corresponding core section and shell section,
PA1  means for transporting said second layer to a rearranging position,
PA1  means for rearranging bricks within said second layer with respect to each
      other, to place bricks from the normally occurring core section areas into
      the normally occurring shell section areas and vice versa,
PA1  means for transporting said first and second layers to a restacking
      position,
PA1  means for restacking said first and second layers of bricks with other
      layers to form a new stack having increased uniformity in the spatial
      distribution of bricks having different hardness and color
      characteristics.
NUM  5.
PAR  5. Apparatus as recited in claim 4 wherein said means for rearranging
      bricks within said second layer with respect to each other comprises means
      for rotating a plurality of bricks within said layer with respect to other
      bricks in said layer about a vertical axis.
NUM  6.
PAR  6. Apparatus as recited in claim 5 wherein said means for rearranging
      bricks within said second layer further comprises means for rotating
      bricks in a first half of said second layer 180.degree. about said
      vertical axis, and rotating bricks in a second half of said second layer
      180.degree. about said vertical axis.
NUM  7.
PAR  7. Apparatus as recited in claim 4 wherein said first and second layers are
      each only one brick high.
NUM  8.
PAR  8. Apparatus as recited in claim 4 wherein said means for transporting said
      second layer to a rearranging position also is a means for transporting
      said first layer to a rearranging position, and wherein said means for
      rearranging bricks within said second layer also comprises means for
      rearranging bricks within said first layer with respect to each other to
      place bricks from the normally occurring core section areas thereof into
      the normally occurring shell section areas and vice versa.
NUM  9.
PAR  9. Apparatus as recited in claim 8 wherein said means for rearranging
      bricks within said respective layers comprises means for transposing
      predetermined groups of bricks within each said first and second layers.
NUM  10.
PAR  10. Apparatus as recited in claim 4 wherein said means for rearranging
      bricks within said second layer comprises means for transposing
      predetermined groups within said second layer.
NUM  11.
PAR  11. Apparatus as recited in claim 4 wherein each of said first and second
      layers is two bricks high, being a double layer, and wherein said
      apparatus further comprises means for changing said double layer to a
      single layer.
NUM  12.
PAR  12. Apparatus as recited in claim 11 further comprising means for rotating
      the top layer of a said double layer after it has been separated from its
      bottom layer 180.degree. about a horizontal axis.
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ABST
PAL  Asbestos sheets are delivered from a forming machine to a stacking station
      at which the sheets are interleaved with flat or corrugated patterns
      before passing on to a seasoning store. The sheets and the patterns are
      carried on respective trolleys which move along guideways and through a
      transfer mechanism to a stack forming station. An auxiliary guideway is
      mounted above the guideway for the trolleys which carry the mixed stack,
      this auxiliary guideway being disengageable from the trolleys, for example
      by separating the auxiliary guideway rails, to allow an elevator at the
      stacking station to lower the stack carrying trolley to floor level, the
      auxiliary guideway then being reformed to receive a further trolley upon
      which a stack is formed while the first stack-carrying trolley is removed
      at floor level, so that stacking of the sheets can take place
      uninterruptedly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to stacking apparatus for asbestos sheets.
PAR  In the manufacture of flat or corrugated asbestos cement sheets, it is
      known to stack the sheets immediately after moulding them, and therefore
      while they are still fresh, on trolleys and to interleave the sheets with
      plate-like patterns, generally consisting of flat or corrugated metal
      sheets, which are delivered to the stacking station by means of other
      trolleys. In this manner, mixed stacks of a determined number of sheets
      interleaved with patterns are formed.
PAR  The present invention is concerned with apparatus for stacking asbestos
      cement sheets interleaved with patterns of the kind comprising feeding
      means for feeding fresh asbestos cement sheets, first and second flanking
      guideways for guiding respectively pattern-carrying trolleys and trolleys
      carrying mixed stacks of sheets interleaved with patterns, a bridge
      structure arranged above said guideways and said feeding means, a carriage
      displaceably mounted on the said bridge structure and provided with
      respective suction boxes for picking-up, transporting, and depositing the
      said sheets and the patterns, a trolley elevator in the area of formation
      of the stack of interleaved sheets and patterns, and a transfer device for
      transferring the said trolleys from one to the other of the said
      guideways, outside the bridge structure.
PAR  It is known in the context of mass production of asbestos sheets to provide
      elevators with automatic controls to keep constant both the upper level of
      the mixed stack of sheets and patterns and the upper level of the patterns
      alone, so as to limit the vertical travel of the suction boxes which pick
      up the sheets and patterns thus speeding-up the working cycle of the
      stacking apparatus.
PAR  In known apparatus of the kind described above, when a trolley for carrying
      a pattern is empty, the following operations are effected:
PAL  I. lowering of the elevator to a level where the empty pattern-carrying
      trolley is placed on the respective guideway;
PAL  Ii. moving a trolley loaded with patterns to a location under the
      respective pick-up suction box, and further removal of the empty trolley
      from the operational area of the said suction box, and
PAL  Iii. raising the elevator so as to bring the upper level of the stack of
      pattern plates on the trolley, to the level predetermined relatively to
      the pick-up suction box.
PAR  These three operations must be effected in an interval of time shorter than
      that required by the associated sheet manufacturing machine to produce a
      single sheet, since it would otherwise be necessary to lose one or more
      sheets by consigning them to a kneading machine to recover the material of
      the sheets.
PAR  Similarly, when the formation of a stack of sheets and patterns is
      completed on a trolley, that is to say, when the last of a predetermined
      number of sheets has been placed on the top of the stack, it is necessary
      to carry out the following operations:
PAL  i. moving of a pattern picked-up from the pattern-carrying trolley, and
      placing it on the top of the stack of sheets and patterns, since it is
      known that the stack must be topped by a pattern;
PAL  ii. lowering of the elevator to bring the mixed stack on the trolley onto
      the respective guideway;
PAL  iii. moving of a trolley, which is empty, except for one pattern, under a
      pick-up suction box, for positioning of the sheets and subsequent removal
      of the trolley loaded with sheets and patterns, and
PAL  iv. raising of the elevator, to bring the upper level of the empty trolley
      to the level predetermined with respect to the relevant suction box.
PAR  These four operations must be effected in a shorter period of time than
      that required by the machine to produce one sheet, otherwise wastage
      occurs. In practice, the time available to effect the last three
      operations is little more than half the time taken to produce one sheet,
      which in effect, is a very short time for carrying out these operations
      satisfactorily.
PAR  The above two series of operations related to the pattern carrying trolley
      and the mixed-stack trolley generally take place at different times, and
      therefore, the loss of even a single sheet at every trolley changing
      operation, entails a loss of at least two sheets for every cycle of
      loading a trolley with sheets and patterns.
PAR  Apart from the loss of productivity with such known apparatus, there is the
      further disadvantage caused by the introduction into the asbestos cement
      mixture of a considerable amount of reclaimed material coming from the
      waste sheets, which adversely alters the mixture, and increases the
      difficulty of operating a continuous, automatic machine for the production
      of sheets, with consequent loss of product quality.
PAR  Since in the operations relating to the changing of the pattern carrying
      trolleys, more time is available than in the case of the mixed stack
      carrying trolleys, it may be thought possible to shorten the changing time
      of the trolleys by increasing their speed of travel. However, this
      solution is not possible in practice, because the introduction of
      significant accelerations would cause the patterns, which are lubricated
      over their entire areas, to slide one upon the other, and damage their
      extremities by knocking against the aligning stops of the pattern stack.
      Similar trouble would also be experienced with the trolleys carrying the
      mixed sheets and patterns, the height of which sometimes exceeds one
      meter.
PAR  In consequence, even with the most advanced conventional equipment, with a
      high rate of production of asbestos sheets, it is not possible to effect a
      change of trolleys without the loss of at least one sheet.
PAR  The object of this invention is to eliminate the loss of sheets when
      changing trolleys, while maintaining a high rate of production of fresh
      sheets.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided an apparatus for stacking
      sheets of asbestos cement, of the kind referred to above, wherein the
      improvement consists in the provision at the station where the mixed stack
      of sheets and patterns is formed on the respective trolley, under the
      bridge structure, of a section of auxiliary guideway, disposed above the
      second guideway for the mixed stack-carrying trolley, at a higher level
      than the maximum height attainable by the top of the mixed stack when said
      trolley is on said second guideway, and in the provision of means for
      disengaging the section of auxiliary guideway from the trolley when the
      latter is engaged by the said elevator.
PAR  In an advantageous preferred feature of the invention, the guideway for the
      trolleys carrying the patterns, at least in the section under the bridge
      structure, and the section of guideway supported by the said transfer
      unit, are on the same level as the said section of auxiliary guideway, to
      further expedite the changing of the trolleys.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described, by way of example, with reference to
      the appended drawing, which illustrates one embodiment of the invention,
      in which:
PAR  FIG. 1 is a schematic plan view of stacking apparatus embodying the
      invention;
PAR  FIG. 2 is a schematic section along the line II--II of FIG. 1;
PAR  FIG. 3 is an enlarged detail of FIG. 2;
PAR  FIG. 4 is a longitudinal section along line IV--IV of FIG. 1, and
PAR  FIG. 5 is another schematic longitudinal section along line V--V of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  With reference to the above-mentioned drawings, the stacking apparatus
      illustrated by way of example, is of the four station type, already known
      in the prior art as far as its general characteristics are concerned.
PAR  As can be seen from FIGS. 1 and 2, the apparatus includes an input station,
      generally indicated by 1, where fresh sheets of asbestos cement arrive
      from a forming machine (not shown), a corrugating station, generally
      indicated by 2, a stacking station where a mixed stack of sheets and
      plate-like patterns is formed, generally indicated by 3, and a station,
      generally indicated by 4, at which the patterns are picked up.
PAR  The input station 1 receives freshly made sheets 5 of asbestos cement on a
      belt conveyor 6 carried by suitable supports 7. The corrugating station 2
      is provided with a known corrugator, schematically indicated by 8.
PAR  The stacking station 3 includes a guideway, generally indicated by 9,
      formed by the pair of parallel rails 10 set in the supporting floor 11 of
      the whole equipment. Between the rails 10, in an opening 12, there is
      located a conventional hydraulic cylinder 13 which operates an elevator 14
      the function of which will be more closely described at a later stage.
PAR  Above the rails 10 which form the guideway 9, there is arranged a length of
      auxiliary guideway generally indicated by 9a, comprising a pair of
      parallel rails 10a. Each rail 10a is supported close to its ends on a pair
      of pivoted supports 15 which are hinged about horizontal pivot pins 16
      carried at the ends of respective brackets 17 resting on the floor 11
      outwardly of the rails 10.
PAR  The supports 15 are connected by respective pins 20 to the rods 18 of
      respective hydraulic cylinders 19 which are connected by pins 21 to the
      brackets 17. By the action of the cylinders 19, the supports 15 can be
      moved angularly around the pivot pins 16 so as to assume the positions
      shown by dotted lines in FIG. 3, displaced angularly from the vertical
      positions shown by full lines, in which the rails 10a are separated by a
      greater distance than the rails 10.
PAR  The station 4 at which pattern plates are picked up for interleaving the
      fresh asbestos sheets 5 to form the mixed stack consists of a guideway 22
      formed by a pair of parallel rails 23. The rails 23 are supported by
      pillars 24 and are disposed at substantially the same level, with respect
      to the floor 11, as the rails 10a of the auxiliary guideway 9a, when the
      supports 15 are vertical.
PAR  Above the stations 1, 2, 3 and 4, as shown, there is a bridge structure,
      generally indicated by 25, consisting of four vertical columns 26 and two
      horizontal cross-pieces 27.
PAR  The cross-pieces 27 support a mobile carriage 28 which is movable along the
      cross-pieces 27 by means of hydraulic controls, not shown. The carriage 28
      supports three suction boxes indicated by 29, 30, 31 (FIG. 2). The suction
      box 29 serves to pick up the fresh asbestos sheets 5 from the input
      station 1 and place them on the corrugator 8; the suction box 30 serves to
      pick up the corrugated sheets from the corrugating station 2, and place
      them on the mixed stack at the stacking station 3, and the suction box 31
      serves to pick up the patterns from the station 4, and to deposit them
      singly at the stacking station 3 for the formation of the mixed stack, the
      said patterns being alternated with the fresh corrugated asbestos sheets.
PAR  The raising and lowering of the suction boxes 29, 30 and 31 is effected
      conventionally by means of respective hydraulic cylinders 29a, 30a and 31a
      mounted on the carriage 28, the cylinders having respective moving
      elements which act on support rods of the respective suction boxes,
      indicated by 29b, 30b and 31b respectively.
PAR  As can be seen from FIG. 2, the carriage 28 traverses along the bridge
      structure 25 in both directions, moving a distance equal to the distance
      separating the centers of the neighbouring pairs of stations 1, 2 and 2, 3
      as previously described.
PAR  With particular reference to FIGS. 1, 4 and 5, it will be noted that the
      guideway 9 formed by the rails 10 extends at the level of the floor 11
      beyond bridge structure 25, on one side thereof, for the purpose of
      removing the mixed stacks formed at the stacking station 3, with the
      assistance of a predetermined number of trolleys 32 which also serve to
      carry the patterns 33 to the station 4 for interleaving with the asbestos
      sheets 5.
PAR  The guideway 22, formed by the pair of rails 23 has an extension beyond the
      bridge structure 25, from the left hand side thereof as shown in FIG. 4,
      in the form of a section of guideway 22a, located at the level of the
      floor 11. Transit between the floor-level guideway section 22a and the
      guideway at a higher level, is achieved by means of an elevator 34 which
      is operated by a conventional hydraulic cylinder 35 located in a well 36
      in the floor 11.
PAR  Trolleys 32, after loading with stacked patterns 33 at a stacking station
      (not shown), are raised from the guideway section 22a up to the guideway
      22 by means of the elevator 34, the latter being, of course, provided with
      a section of the guideway 22 formed by portions of the pair of rails 23.
      The further advance of the trolleys 32, loaded with the pattern plates 33,
      from the raised elevator 24 to the station 4 is effected by means of a
      pusher 37, operated by a conventional hydraulic cylinder 38 mounted on a
      frame 39, the pusher 37 being located at the same level as the first
      raised guideway 22.
PAR  Similarly a pusher 40 is associated with the guideway 9 formed by the pair
      of rails 10, the pusher 40 being recessed between the rails 10 and
      arranged to move the trolleys loaded with a mixed stack 41 of sheets and
      patterns away from the station 3 to a conventional sheet seasoning station
      (not shown). The operation of the pusher 40 is effected by means of a
      conventional hydraulic cylinder indicated by 42. The pusher 40 acts on the
      trolleys 32 by means of a raised head 43 which engages one end of each
      trolley 32.
PAR  On the opposite side of the bridge structure 25 from the pusher 40 and the
      elevator 34 the apparatus is provided with a transfer mechanism, of a
      known type, generally indicated by 44. This mechanism consists of a
      platform 45 running on guideways 46 extending perpendicularly to the
      guideways 9 and 22 and movable along the guideways by the operation of an
      hydraulic cylinder 47.
PAR  The platform 45 is provided with a section of guideway 22b formed by rails
      23b. In a first position of the platform 45 the guideway section 22b is in
      effect a prolongation of the guideway 22, whereas in a second position of
      platform 45, the same guideway section 22b is aligned with the auxiliary
      guideway 9a formed by the rails 10a and leading to the station 3 where the
      mixed stack is formed. By means of the transfer mechanism 44 the trolleys
      32 when empty of all patterns, are transferred from the guideway 22 to the
      auxiliary guideway 9a.
PAR  In alignment with the auxiliary guideway 9a, the apparatus also includes a
      further pusher 48, operated by an hydraulic cylinder 49, located at the
      same level as the auxiliary guideway 9a, and supported by a framework 50
      (FIG. 5).
PAC  OPERATION
PAR  The illustrated apparatus operates in the following manner.
PAR  The trolleys 32, each provided with a number of patterns 33, for example
      corrugated metal pattern plates, arrive at the stacking unit along the
      guideway 22a. In front of the bridge structure 25, the trolleys 32 are
      raised to the level of guideway 22 by means of the elevator 34 (FIG. 4).
      When so elevated the trolleys 32 are advanced by means of pusher 37 to a
      position directly beneath the bridge structure 25 at the station 4. At the
      same time, the trolley 32 which was previously at the station 4, having
      been emptied of all but one of the patterns 33, is displaced by the
      advancing loaded trolley 32 until it reaches the position illustrated in
      FIG. 4 on the platform 45 of the transfer mechanism 44. This trolley 32
      remains in this position on the platform 45 pending transfer of the
      trolley to the auxiliary guideway 9a at the station 3, where the formation
      of the mixed stack 41 is effected. The changing of the pattern-carrying
      trolleys 32 is effected in this manner.
PAR  The formation of the mixed stack 41 at the station 3, and the changing of
      the trolleys 32 carrying the mixed stack 41 will now be described.
PAR  A trolley 32, provided with a single pattern 33, as described previously,
      is first brought into alignment with the auxiliary guideway 9a by means of
      the transfer mechanism 44 (FIG. 1). Subsequently, by means of the pusher
      48 operated by the hydraulic cylinder 49, the trolley 32 is advanced onto
      the rails 10a of the auxiliary guideway 9a to a position directly beneath
      the bridge structure 25. During this movement, the rails 10a are kept in
      their raised position, directly above the rails 10 which form guideway 9
      for the removal of the trolley after completion of the mixed stack 41
      composed of interleaved sheets and patterns.
PAR  With the trolley 32 in this position, the apparatus can now start picking
      up fresh asbestos sheets, corrugate them and place them in correspondence
      with the station 3 to interleave them with patterns 33 picked up singly by
      means of the suction box 31 from the station 4, where another trolley 32,
      loaded only with stacked patterns, is located.
PAR  It will be supposed that under the auxiliary guideway 9a there is no
      trolley in engagement with the guideway 9: the elevator 14 is then raised
      until it engages the lower part of the trolley 32 which at this particular
      moment is resting on the auxiliary guideway 9a. At this moment, the pair
      of hydraulic cylinders 19 are operated so as to move the supports 15 of
      the rails 10a angularly apart: the trolley 32 is then released from the
      rails 10a of the auxiliary guideway 9a, and, as the sheets and patterns
      are placed on the trolley 32 to form the mixed stack 41, the trolley 32 is
      gradually lowered by the elevator 14, by suitable operation of the
      cylinder 13.
PAR  Upon completion of the mixed stack 41 composed of a predetermined number of
      sheets and pattern plates, the trolley 32 takes up the lower position,
      illustrated in FIG. 2, in which it engages the rails 10 forming guideway
      9, located at the level of the floor 11.
PAR  At this moment, by a further operation of the pair of hydraulic cylinders
      19, the rails 10a, are again raised into their operative positions
      vertically above the rails 10, so as to restore the guideway 9a. The
      station 3, under suction box 30 can, therefore, immediately receive a
      further trolley 32 provided with a single pattern plate 33, this further
      trolley having been brought, in the meantime, into alignment with the
      auxiliary guideway 9a of the transfer mechanism 44.
PAR  It follows that while the stacking apparatus can continue to place the
      sheets and pattern plates on the newly arrived trolley 32, the previous
      trolley loaded with the mixed stack can be removed from the station 3, by
      the action of the pusher 43 operated by the hydraulic cylinder 42, with
      more time being available for this operation than in conventional
      apparatus.
PAR  The changing of the trolleys carrying a mixed stack 41 can, therefore,
      occur without interrupting the operation of the stacking apparatus, and
      consequently, without loss of asbestos cement sheets, even if the rate of
      production of fresh sheets 5 is considerable.
PAR  The trolleys 32 with the mixed stacks 41, are finally conveyed along the
      guideway 9 to a seasoning store (not shown).
PAR  Even though the apparatus according to the invention has been described
      with reference to a stacking apparatus of the four-station type, it is
      clear that the invention can also be applied to apparatus having only
      three stations, for example an apparatus without the corrugation station
      2, used for the manufacture of flat sheets, or an apparatus in which
      corrugation of the asbestos sheets takes place directly beneath the
      suction box 29, during the transfer from station 1, where the fresh sheets
      arrive, to station 3, where the mixed stack is formed.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for stacking sheets of asbestos cement interleaved with
      patterns, comprising feeding means for feeding fresh asbestos cement
      sheets, first and second flanking guideways for guiding respectively
      pattern-carrying trolleys and trolleys carrying mixed stacks of sheets
      interleaved with patterns, a bridge structure arranged above said
      guideways and said feeding means, a carriage displaceably mounted on the
      said bridge structure and provided with respective suction boxes for
      picking up, transporting and depositing the said sheets and the patterns,
      a trolley elevator in the area where the stacks of interleaved sheets and
      patterns are formed, wherein the improvement consists in the provision at
      the station where the mixed stack of sheets and patterns is formed on the
      respective trolley, under the bridge structure, of a section of auxiliary
      guideway, disposed above the second guideway for the mixed stack-carrying
      trolley, at a higher level than the maximum height attainable by the top
      of the mixed stack when said trolley is on said second guideway, a
      transfer mechanism for transferring said trolleys from the first guideway
      to the auxiliary guideway, and means for disengaging the section of
      auxiliary guideway from the trolley when the latter is engaged by the said
      elevator such that said elevator lowers the trolley onto the second
      guideway.
NUM  2.
PAR  2. The apparatus defined in claim 1, wherein the said first guideway for
      the trolleys carrying the patterns, at least in the section under the
      bridge structure, and the section of guideway supported by the said
      transfer unit, are on the same level as the said section of auxiliary
      guideway.
NUM  3.
PAR  3. The apparatus defined in claim 1, wherein the said section of auxiliary
      guideway consists of a pair of rails, and including respective supports
      carrying said auxiliary guideway rails and actuator means for moving said
      supports between a first position in which the rails are directly above
      the underlying guideway and form the said auxiliary guideway, and a second
      position in which the said rails are displaced apart from each other to
      allow the passage therebetween of a trolley supported by the said
      elevator.
NUM  4.
PAR  4. The apparatus defined in claim 1, wherein the said guideway for the
      trolleys carrying the patterns is extended beyond the bridge structure
      with a section disposed at the lower level of the trolley elevator, below
      the guideway section which extends beneath the bridge structure, and
      including a further elevator for lifting the pattern carrying trolleys
      from the lower section of said guideway to the guideway section which
      extends beneath the bridge structure.
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ABST
PAL  A multi-ply, inflatable bag, formed from: an inner, inflatable bladder; an
      outer, protective shell enclosing the bladder; and a valve connected to
      the bladder and extending outwardly of the bladder and the shell; the
      valve being located in the eyelet of a rigid grommet; the grommet being
      secured to the shell about a fold in an edge of the shell, to protect the
      valve from damage when the bag is crushed; and the grommet also being
      secured to the shell over a distance, on both sides of the fold and
      transverse to the fold, which is at least about equal to the distance that
      the valve extends outwardly of the shell, to protect the valve against
      damage when the bag is scuffed, rubbed, or struck near the valve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved placement for the valve in an
      inflatable, multi-ply bag. This invention is particularly concerned with
      the valve placement in dunnage bags and the like.
PAR  Multi-ply, inflatable bags as shoring devices and as containers for liquids
      are well known. See, for example, U.S. Pat. Nos. 2,674,206, 3,072,270,
      3,204,825, 3,365,116, 3,462,027, 3,554,135, 3,730,240 and 3,747,954 and
      Canadian Pat. No. 703,322. Typically, such multi-ply, inflatable bags have
      included a relatively flexible, inner, inflatable bladder, a valve, and a
      relatively strong and rigid, outer, protective shell enclosing the bladder
      and valve. Generally, the protective shells have included folds adapted to
      allow the bags to lie flat when the bladders are uninflated and to permit
      the shells to expand when the bladders are inflated. See, for example,
      U.S. Pat. Nos. 3,072,270, 3,365,116 and 3,462,027 and Canadian Pat. No.
      702,322.
PAR  When multi-ply bags have been intended for use as shoring devices, the
      protective shells have typically been made of relatively strong but
      inexpensive, abrasion and puncture resistant materials, such as burlap,
      rayon fabric and kraft paper, as well as plastics, such as polypropylene,
      and multi-layer laminates of such materials. In such multi-ply bags, the
      inner bladders have typically been made of inexpensive, thin wall, rubber
      or plastic sheet materials, such as polyethylene.
PAR  On the other hand, when the multi-ply bags have been intended for use as
      containers for liquids, the bladders have usually been made of a
      relatively strong and thick, rubber or plastic material, which is inert to
      the contents of the bladder and which provides some barrier properties. In
      such bags, the protective shells also have typically been formed from
      relatively strong and thick, rubber or plastic materials which are both
      abrasion and puncture resistant as well as leak resistant.
PAR  Such multi-ply, inflatable bags have provided relatively inexpensive and
      durable, liquid containers and shoring devices. However, the valves in
      such bags have tended to be relatively prone to damage from the
      mishandling or abuse of the bags. The valves have frequently been broken
      when the protective shells have been forcefully scuffed, rubbed or struck
      in the area of the valve. The valves have also been quite susceptible to
      being crushed, particularly when uninflated bags have been stored in
      stacks. The valves in dunnage bags have been especially prone to being
      damaged by being scuffed, rubbed, struck or crushed.
PAR  There has been an unfilled need therefore for an improved, multi-ply,
      inflatable bag in which the valve is more resistant to failure due to
      abuse or rough handling of the multi-ply bag in the area of the valve.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, in a multi-ply, inflatable bag, which
      includes: an inner, inflatable bladder; an outer, protective shell
      enclosing the bladder; a valve connected to the bladder, extending
      outwardly of the bladder and the shell; and a rigid grommet, the valve
      being located in the eyelet of the grommet, the improvement which
      comprises: the grommet being secured to the shell about a fold in an edge
      of the shell. By this improved, valve placement, a multi-ply, inflatable
      bag is provided having increased durability and resistance to crushing
      abuse or mishandling of the bag in the area of the valve.
PAR  In accordance with another aspect of this invention, an improvement is
      provided in a multi-ply bag, comprising: securing the grommet to the
      shell, about a fold in an edge of the shell, over a distance, on both
      sides of the fold and transverse to the fold, which is at least about
      equal to the distance that the valve extends outwardly of the shell. By
      this improved valve placement, a multi-ply bag is provided having
      increased durability and resistance to scuffing, rubbing or striking, as
      well as crushing, abuse or mishandling of the bag in the area of the valve
     .
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, perspective view of a grommet provided in a fold
      in an edge of an outer, protective shell of a multi-ply, inflatable bag. A
      valve extends outwardly of the bag, through the eyelet in the grommet.
PAR  FIG. 2 is a fragmentary, sectional view taken along line 2--2 in FIG. 1,
      showing the relationship of the inner, inflatable bladder, the outer,
      protective shell, the grommet, attached to the protective shell, and the
      valve connected to the bladder and extending outwardly of the protective
      shell, through the eyelet of the grommet.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Shown in FIG. 1 is a portion of a multi-ply, inflatable bag, specifically a
      dunnage bag, generally 10, of this invention. The bag 10 has an outer,
      protective shell, generally 11. The bag 10 is folded along a fold line or
      fold 12 at an edge of the shell 11, and an annular, rigid grommet,
      generally 13, is attached to the protective shell 11 about the fold 12.
      Inserted through the eyelet 138  of the grommet 13 is a valve, generally
      14, which is held in the eyelet of the grommet by a retaining clip 15.
PAR  As seen in FIG. 2, the multi-ply bag 10 includes an inner, inflatable
      bladder 17, which is covered by the protective shell 11 and which is
      connected to the valve 14. The stem 16 of the valve 14 extends outwardly
      of the bladder 17 and shell 11 through the grommet eyelet 13a. The grommet
      13 has an inner, annular flange 13b  and an outer, annular flange 13c,
      which are respectively adjacent the inner surface 11a and the outer
      surface 11b of the protective shell 11. The grommet flanges 13b and 13c
      tightly hold, between them, the inner and outer shell surfaces 11a and 11b
      to secure the grommet 13 to the shell 11. The retaining clip 15 prevents
      the valve 14 from slipping out of the grommet eyelet 13a. The bladder 17
      is bonded to an annular flange 18 of the valve 14 about a hole 19, in the
      bladder 17, through which the bladder can be inflated or deflated. Inside
      the bladder 17 is a sheet of a flexible material 20. The sheet 20 has a
      hole 21 which coincides with the hole 19 in the bladder 17.
PAR  As also seen in FIG. 2, the fold 12 in an edge of the shell 11 of the bag
      10, in the area of the grommet 13, is indented. By the use of the rigid
      grommet 13, which is secured to the shell 11 over a distance, on both
      sides of and transverse to the fold 12, which is at least about equal to
      the distance that the valve 14 extends outwardly of the shell 11, the
      entire valve 14, including its stem 16, lies below or substantially below
      the line connecting the unindented portions of the fold line 12.
      Preferably, the grommet 13 is secured to the shell 11, on both sides of
      and transverse to the fold 12, over a distance at least equal to,
      especially a distance equal to, the distance that the valve 14 extends
      outwardly of the shell 11, whereby the valve 14 is wholly below the line
      connecting the unindented portions of the fold 12.
PAR  In the bag 10 shown in FIGS. 1 and 2, the grommet 13 and valve 14 are
      centered on the fold line 12 in the edge of the shell. The annular grommet
      flanges 13b and 13 c are secured to the inner and outer shell surfaces 11a
      and 11b over a distance, on both sides of and transverse to the fold 12,
      at least about equal, preferably at least equal, to the distance that the
      valve 14 extends outwardly of the shell 11. For this purpose, the radii of
      the annular grommet flanges 13b and 13c, as measured from the center of
      the grommet eyelet 13a, are at least about equal, preferably at least
      equal, to the distance that the valve 14 extends outwardly of the shell
      surface 11b. As a result, the valve 14 and its stem 16 are shielded, in
      accordance with this invention, against injury from the scuffing, rubbing,
      striking or crushing of the bag 10 in the neighborhood of the valve 14.
PAR  Securing the grommet 13 to the shell 11 at the fold 12 in the edge of the
      bag 10 provides the protection for the valve 14 against crushing. This
      protection against crushing is obtained because a crushing force, as
      exerted in the area of the valve 14, for example, by a stack of bags 10 or
      the like, would not be exerted against the valve 14 or its stem 16.
      Rather, a crushing force would be exerted against the outward, edge
      portions of the grommet flanges 13b and 13c transverse to the fold 12.
      This protective feature against crushing is not dependent upon the
      distance over which the grommet is secured to the shell 11 transverse of
      the fold 12, and, in fact, securing the grommet 13 to the shell 11 over
      any significant distance, transverse to and on both sides of the fold 12,
      will provide protection for the valve against crushing in accordance with
      the invention. However, securing substantial portions of the grommet 13,
      i.e., at least about equal to the distance that the valve 14 extends
      outwardly of the shell 11, on either side of and transverse to the fold
      line 12, provides the protective indent in the fold which protects the
      valve from damage by scuffing, rubbing or striking abuse or mishandling of
      the bag 10.
PAR  While the particular placement and arrangement of the grommet 13 and valve
      14 in relation to the protective shell 11 and bladder 17 are unique and
      provide, in cooperation, new features in the bag 10 for protecting the
      valve 14 and its stem 16 from damage, it is considered that the elements,
      themselves, taken individually, are conventional.
PAR  In the bag 10 of this application, the outer protective shell 11 can be any
      conventional, relatively strong and inexpensive, protective material for
      the shell of a multi-ply bag, such as the materials of U.S. Pat. Nos.
      2,674,206, 3,072,270, 3,204,825, 3,365,116, 3,462,027, 3,554,135,
      3,730,240 and 3,747,954 or Canadian Pat. No. 703,322. As seen in FIG. 2,
      the protective shell 11 comprises a plurality of plies of material. When
      the bag 10 is a dunnage bag, the shell 11 preferably includes a plurality
      of kraft paper plies. The ends 22 of the shell 11 can be closed in any
      conventional manner, such as by the end constructions in the above
      patents.
PAR  In the bag 10, the bladder 17 can be formed of any conventional, flexible,
      plastic or rubber material adapted for either a shoring device or a liquid
      container, such as the materials of the above patents. When the multi-ply
      bag 10 is a dunnage bag, the bladder 17 is preferably a conventional,
      polyethylene tube, the ends of which have been sealed.
PAR  In the bag 10, the valve 14 can be any conventional valve, such as is shown
      in the above patents. Preferably, the valve 14 has an annular flange 18
      made of a plastic material, such as polyethylene, which can be heat-sealed
      to the bladder 17 to form an air tight seal about the hole 19 in the
      bladder 17.
PAR  Likewise, any conventional, metal or plastic, rigid grommet 13, having an
      eyelet 13a large enough to accommodate the valve 14 and its valve stem 16
      and adapted to be secured to the shell 11, transverse to the fold 12, can
      be utilized in the bag 10, such as the two piece grommet disclosed in U.S.
      Pat. No. 3,365,116. Preferably, the grommet is an annular grommet having
      flanges 13b and 13c of a radius about equal to or greater than the
      distance that the valve 14 extends outwardly of the shell 11. However,
      grommets 13 having non-annular flanges may also be utilized for providing
      protection against rubbing, scuffing or striking abuse of the valve 14, so
      long as the flanges 13b and 13c, transverse to and on both side of the
      fold 12, extend a distance at least about equal to the distance that the
      valve 14 extends outwardly of the shell 11. In the multi-ply bags 10 of
      this invention, it is especially preferred that the opposing faces of the
      grommet flanges 13b and 13c be adapted to be crimped to grip between them
      the inner and outer surfaces 11a and 11b of the shell 11.
PAR  The flexible sheet 20, bonded to the bladder 17, can also be any
      conventional, flexible material, such as a sheet of craft paper. The
      purpose of the sheet material 20, which surrounds the hole 19 in the
      bladder 17, is to dampen vibrations that may be set up in the dunnage bag
      10 and bladder 17 when they are inflated by forcing air through the valve
      14. The valve flange 18 and flexible sheet 20 can be bonded to the bladder
      17, about the hole 19, in any conventional manner. Preferably, the bladder
      17 is a thermoplastic material adapted to be heat-seal bonded to the valve
      flange 18 and the flexible sheet 20.
PAR  The improved, multi-ply bag of this invention, wherein the valve and
      grommet are placed at a fold in an edge of the protective shell, can be
      assembled in a conventional manner. For example, the dunnage bag 10 can be
      suitably obtained by first connecting the valve 14 to the opening 19 in
      the bladder 17. The bladder 17 is then inserted in a creased, protective,
      tubular shell 11, preferably a multi-ply paper, tubular shell. The shell
      11 has a hole in the fold line 12, formed by the crease, and a grommet 13
      is inserted in the hole. The flanges 13b and 13c of the grommet 13 are
      pushed tightly together to secure the grommet to the inner and outer
      surfaces 11a and 11b of the shell and to indent the shell about the
      grommet. The valve stem 16 of the valve 14 is inserted through the eyelet
      13a of the grommet 13, and the valve stem 16 is held in the grommet by the
      use of a retaining clip 15, such as a Tinnerman retaining clip. The ends
      22 of the multi-ply shell 11 are then closed in a conventional manner.
PAR  In accordance with the improved, valve placement in a multi-ply, inflatable
      bag of this invention, many variations can be made in the conventional
      elements utilized.
PAR  For example, while it is preferred that the grommet be secured to the
      protective shell 11 over a distance, on both sides of and transverse to
      the fold 12, at least equal to the distance that the valve 14 extends
      outwardly of the shell 11, this is not necessary in order to provide some
      measure of protection for the valve 14 and valve stem 16 against the
      scuffing, rubbing or striking of the bag 10. Where a transverse distance,
      on both sides of the fold, somewhat less that the valve height is secured,
      a significant portion of the valve 14 still is protected against being
      rubbed, scuffed or struck in accordance with this invention. In such a
      case only a portion of the valve is above the line connecting the
      unindented portions of the fold line 12, and the risk of damage from
      rubbing, scuffing, or striking this exposed part of the valve stem 16 may
      be acceptable for certain multi-ply bags or for certain uses thereof. In
      addition, the protection afforded against crushing the valve 14 located at
      a fold 12 in the shell 11 is not significantly diminished by reducing the
      distance, transverse to and on either side of the fold 12, along which the
      grommet 13 is secured to the shell 11.
PAR  Likewise, while it is preferred that both the grommet flanges 13b and 13c
      be secured to the inner and outer surfaces 11a and 11b of a multi-ply
      shell 11 over a distance, transverse to and on both sides of the fold 12,
      at least about equal to the distance that the valve 14 extends outwardly
      of the shell 11, this is not necessary where the protective shell 11 is a
      single ply material. In such a case, both the inner and outer grommet
      flanges 13b and 13c need not be secured to the shell 11 over the same
      distance transverse to the fold 12 to provide full protection for the
      valve against the rubbing, scuffing or striking of the bag in the area of
      the valve. Rather, with a single-ply shell 11, only the inner flange 13b
      need be secured to the inner shell surface 11a over a distance, on both
      sides of and transverse to the fold line, at least about equal to the
      height of the valve in order to protect the valve against rubbing,
      scuffing or striking abuse. The outer, grommet flange 13c need only be of
      sufficient area to secure the grommet 13 to the shell 11 between the
      grommet flanges 13b and 13c.
PAR  It is also considered that the invention and many of its attendant
      advantages will be obvious from the foregoing description and that it will
      be likewise apparent that various changes may be made in the form,
      construction and arrangement of the parts without departing from the
      spirit and scope of the invention or sacrificing all of its material
      advantages, the form hereinbefore described being merely preferred
      embodiments thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a multi-ply, inflatable bag, which includes an inner, inflatable
      bladder; an outer, protective shell, enclosing the bladder and having a
      fold line defining a fold in an edge thereof; a valve connected to the
      bladder and extending outwardly of the bladder and the shell; and a rigid
      grommet; the valve being located in the eyelet of the grommet; the
      improvement which comprises: the grommet being secured to the shell about
      the fold in an edge of the shell, whereby the edge of the shell is
      indented in the area of the grommet and the area of the indent in the
      shell being substantially greater than the shell contact area of the
      grommet.
NUM  2.
PAR  2. The multi-ply bag of claim 1 wherein the grommet is secured to the shell
      over a distance, on both sides of the fold and transverse to the fold,
      which is at least about equal to the distance that the valve extends
      outwardly of the shell.
NUM  3.
PAR  3. The multi-ply bag of claim 2 wherein the grommet is secured to the shell
      over a distance, on both sides of and transverse to the fold, which is at
      least equal to the distance that the valve extends outwardly of the shell.
NUM  4.
PAR  4. The multi-ply bag of claim 3 wherein the grommet is secured to the shell
      over a distance, on both sides of and transverse to the fold, which is
      equal to the distance that the valve extends outwardly of the shell.
NUM  5.
PAR  5. The multi-ply bag of claim 2 wherein the grommet has annular flanges,
      the radii of which are about equal to the distance, transverse of the
      fold, over which the grommet is secured to the shell.
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ABST
PAL  An improved tree harvesting method is performed by a machine which includes
      a pair of booms mounted on a vehicle. A clamp assembly is mounted on a
      first boom for gripping a standing tree which is then severed close to the
      ground by a shear assembly which is also mounted on the first boom. The
      severed tree is positioned relative to a delimbing mechanism mounted on
      the second boom by moving the clamp assembly to place the tree in a
      generally horizontal position. The tree and clamp assembly are then
      pivoted about a longitudinal axis of the first boom to position the tree
      for engagement by the delimbing mechanism. The severed tree is delimbed by
      extending the second boom to move the delimbing mechanism along the trunk
      of the tree while the tree is gripped by the clamp assembly. When the
      delimbing mechanism senses or encounters a portion of the tree having a
      predetermined cross-sectional dimension, a topping assembly is
      automatically operated to top the tree by severing the tree trunk under
      the influence of movement of the topping assembly along the tree trunk.
      The log formed by delimbing and topping the severed tree is then deposited
      in a bunk assembly for transporting. The bunk assembly advantageously
      includes a support member or roller which is raised upon operation of the
      bunk assembly to an open condition to at least partially disengage logs
      from the bunk assembly.
PARN
PAR  This is a division of application Ser. No. 888,746, filed Dec. 29, 1969,
      now U.S. Pat. No. 3,796,241.
BSUM
PAR  The present invention relates to a new and improved method and apparatus
      for harvesting trees.
PAR  There are many known types of tree harvesting machines, such as the one
      disclosed in U.S. Pat. No. 3,353,575. While they have been more or less
      satisfactory in operation, these known machines have proven to be somewhat
      unsatisfactory for various reasons. The present invention is directed to a
      new and improved tree harvesting machine which is of a practical design,
      and capable of felling and processing trees in an efficient reliable
      manner.
PAR  It is an object of this invention to provide a new and improved tree
      harvesting machine which is readily maneuverable in forested areas,
      capable of relatively high speed operation, and operable to transport logs
      out of a forested area.
PAR  Another object of this invention is to provide a new and improved method
      and apparatus for harvesting trees wherein the trees are gripped with a
      clamp assembly and severed by a shear mechanism mounted on a first boom
      and are then delimbed and topped by apparatus mounted on a second boom
      while the tree is gripped by the clamp assembly on the first boom.
PAR  Another object of this invention is to provide a new and improved tree
      harvesting apparatus including a first boom having apparatus mounted
      thereon for gripping and severing a tree close to the ground and a second
      boom having a delimbing and topping mechanism mounted thereon for
      delimbing and topping a tree gripped by the apparatus on the first boom.
PAR  Another object of this invention is to provide a new and improved tree
      harvesting method and apparatus for delimbing a tree and topping the tree
      in response to a sensing of a portion of the tree having a predetermined
      cross-sectional dimension.
PAR  Another object of this invention is to provide a new and improved method
      and apparatus for topping a tree under the influence of relative movement
      in an axial direction between a tree and a topping assembly.
PAR  Still another object of this invention is to provide a new and improved
      tree harvesting apparatus including a bunk assembly from which logs are at
      least partially disengaged by operation of the bunk assembly to an open
      condition.
PAR  Yet another object of this invention is to provide a new and improved tree
      harvesting apparatus having a plurality of telescoping boom sections with
      a bearing assembly between the boom sections wherein the bearing assembly
      includes means for yieldably supporting the boom sections to enable
      limited movement to occur between the boom sections in a direction
      transverse to their direction of telescopic movement.
PAR  Another object of the present invention is the provision of a delimbing
      mechanism carried on a telescoping boom section which extends in a
      delimbing stroke and wherein the delimbing mechanism is operated to an
      open condition during the last part of the delimbing stroke of the
      telescoping boom.
PAR  Still another object of the present invention is the provision of a topping
      mechanism carried on a telescoping boom section and which is actuated in
      response to a sensing mechanism sensing a predetermined tree diameter and
      wherein means is provided for actuating the topping mechanism during the
      last part of the extension of the boom, if the tree diameter is somewhat
      greater than the predetermined diameter.
DRWD
PAR  These and other objects and festures of the invention will become more
      apparent upon a consideration of the following description taken in
      combination with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic illustration of a tree harvesting machine constructed
      in accordance with the present invention, the tree harvesting machine
      being shown delimbing a tree held by a clamp assembly on a first boom with
      a delimbing mechanism on a second boom;
PAR  FIG. 2 is a schematic illustration depicting the gripping of a standing
      tree with the clamp assembly on the first boom;
PAR  FIG. 3 is a schematic illustration, similar to FIG. 2, depicting the
      positioning of a severed tree for engagement by the delimbing mechanism
      mounted on the second boom;
PAR  FIG. 4 is a schematic illustration of the delimbing of a tree by extending
      the second boom to move the delimbing mechanism along the trunk of the
      tree;
PAR  FIG. 5 is a schematic illustration depicting the depositing of a log,
      formed by delimbing and topping a tree, in a bunk or clamp assembly which
      grips logs while they are dragged or pulled by the tree harvesting
      machine;
PAR  FIG. 6 is an enlarged schematic plan view illustrating the relationship
      between the two booms;
PAR  FIG. 7 is a schematic elevational view further illustrating the structure
      of the booms;
PAR  FIG. 8 is an elevational view illustrating the relationship between a tree
      shear assembly mounted on the first boom and the trunk of a tree to be
      severed by the shear assembly;
PAR  FIG. 9 is a partially broken away sectional view, taken generally along the
      line 9--9 of FIG. 8, further illustrating the construction of the tree
      shear assembly;
PAR  FIG. 10 is a sectional view, taken generally along the line 10--10 of FIG.
      6, illustrating an assembly for pivoting the clamp assembly and a tree
      gripped thereby about a longitudinal axis of the first boom and into
      engagement with the delimbing mechanism mounted on the second boom;
PAR  FIG. 11 is an enlarged fragmentary sectional view, similar to FIG. 10,
      illustrating the relationship between telescoping sections of the second
      boom and bearing assemblies for facilitating relative movement between
      these boom sections;
PAR  FIG. 12 is a partially broken away fragmentary sectional view illustrating
      the construction of the delimbing mechanism and the construction of the
      topping assembly;
PAR  FIG. 13 is a fragmentary elevational view, taken generally along the line
      13--13 of FIG. 12, further illustrating the relationship between the
      delimbing mechanism and the topping assembly;
PAR  FIG. 14 is a schematic illustration of a cable arrangement for extending
      the second boom;
PAR  FIG. 15 is a schematic illustration depicting the relationship between the
      trunk of a tree, blades of the topping assembly, and the delimbing
      mechanism as the delimbing mechanism is moved along the tree trunk;
PAR  FIG. 16 is a schematic illustration depicting the relationship between the
      blades of the topping assembly and the tree trunk as the blades are
      released to effect a topping of the tree;
PAR  FIG. 17 is a schematic illustration of the severing of the tree trunk by
      the blades of the topping assembly;
PAR  FIG. 18 is an elevational view of a bunk assembly for gripping logs to
      enable them to be dragged or pulled by the tree harvesting machine;
PAR  FIG. 19 is an elevational view, taken generally along the line 19--19 of
      FIG. 18, illustrating the relationship between the bunk assembly and a
      support platform;
PAR  FIG. 20 is an elevational view, generally similar to FIG. 19, illustrating
      the bunk assembly in an open condition in which a support member or roller
      at least partially disengages the logs from the bunk assembly;
PAR  FIG. 21 is a schematic view illustrating a mechanism for opening the
      delimber;
PAR  FIG. 22 is a view of a mechanism for triggering the topping of a tree
      during the last part of the extension of the second boom;
PAR  FIG. 23 is a fragmentary sectional view through the outer portion of the
      booms and taken approximately along lines 23--23 of FIG. 25;
PAR  FIG. 24 is another view of the mechanism for triggering topping of a tree;
      and
PAR  FIG. 25 is a fragmentary longitudinal sectional view of a portion of the
      booms illustrating still another part of the mechanism of FIG. 22.
DETD
PAR  A preferred specific embodiment of a tree harvesting machine 30 constructed
      in accordance with the present invention is illustrated in FIG. 1. The
      tree harvesting machine 30 is operable to cut or sever a standing tree and
      to delimb and top the severed tree to form a log. When a number of trees
      has been so processed, the resulting logs are transported to another
      location by the tree harvesting machine 30.
PAR  The tree harvesting machine 30 includes an articulated vehicle 32 having an
      operator's cab 34. Suitable vehicular controls 36 are located in the
      operator's cab. In addition to the controls 36, other controls (not shown)
      are provided for controlling the operation of first and second booms 40
      and 42. The controls for the first and second booms are supported for
      rotational movement with the seat 70 for the operator, so that the
      controls are readily operable in all positions of the seat. Any suitable
      structural arrangement may be provided to allow for movement of the
      controls and seat. A clamp assembly 46 for gripping a tree and a shear
      assembly 48 for severing the trunk of a tree are mounted on the first boom
      40. A tree delimbing mechanism 50 and a tree topping assembly 52 are
      mounted on the second boom 42. The delimbing mechanism 50 and topping
      assembly 52 are movable along a severed tree gripped by the clamp assembly
      46 to delimb and top the tree. In addition, a bunk or clamp assembly 56 is
      mounted on the vehicle 32 to grip logs 58 formed by operation of the tree
      harvesting machine 30.
PAR  The harvesting or processing of a standing tree 62 (FIG. 2) is initiated by
      pivoting the booms 40 and 42 toward the tree 62 about a vertical axis
      through the operator's cab 34. This pivoting movement of the booms 40 and
      42 is effected by a hydraulic motor 66 mounted on a roof 68 of the
      operator's cab 34 (FIGS. 6 and 7). It should be noted that the pivoting
      movement of the booms 40 and 42 about the vertical axis results in the
      operator's seat 70 FIG. 2), which is connected to the booms by a frame 71,
      being moved with the booms so that the operator faces toward the operating
      ends of the booms. The booms 40 and 42 are then pivoted downwardly about a
      horizontal axis by extending piston and cylinder assemblies 72 and 74 to
      position the clamp assembly 46 at the base of a trunk 80 of the upright
      tree 62. The clamp assembly 46 is moved into engagement with the trunk 80
      of the tree by operation of a cylinder assembly 82 which pivots a mounting
      arm 84 relative to the boom 40 to bring clamp arms 86 and 88 into
      engagement with the trunk 80 of the tree. An actuator cylinder 92 (see
      FIG. 6) is operable to move the clamp arms 86 and 88 into secure gripping
      engagement with the trunk 80 of the tree.
PAR  The trunk 80 of the tree is then severed by the tree shear assembly 48 (see
      FIGS. 2, 8 and 9). The tree shear assembly 48 is mounted directly beneath
      the clamp assembly 46 and includes a pair of rotatably mounted arms 96 and
      98 having blades 100 and 102 (see FIGS. 8 and 9). The blades 100 and 102
      are mounted on the arms 96 and 98, respectively, by suitable fasteners 104
      which enable the blades 100, 102 to be disconnected from the associated
      arms and replaced if and when they become dull or worn. The arms 96 and 98
      are pivoted between an open position (see FIG. 2) and a closed position
      (FIG. 9) by operation of a piston and cylinder assembly 104. The piston
      and cylinder assembly 104 is advantageously mounted above the blades 100
      and 102 and the blades can shear or sever the trunk of the tree relatively
      close to the ground in a manner illustrated in FIG. 8.
PAR  Once the trunk 80 of the tree has been severed by operation of the shear
      assembly 48, the upright tree is moved to a generally horizontal position
      for delimbing (see FIG. 3). The severed tree 62 is positioned for
      delimbing by first pivoting the boom 40 upwardly from the position
      illustrated in FIG. 2 to raise the severed end of the tree 62 from its
      associated stump. The hydraulic motor 66 is then operated to swing the
      boom 42 about a vertical axis (see FIG. 3). In addition, a movable section
      105 of the boom 40 is retracted relative to a fixed housing 106 by a
      piston and assembly 107 (FIG. 1) to position the severed end of the tree
      adjacent to the rear of the articulated vehicle 32. The piston and
      cylinder assembly 82 is then extended to pivot the arm 84 inwardly to
      orient the tree 62 in a generally horizontally extending position (FIG. 3)
      in which it is generally parallel to the booms 40, 42.
PAR  The horizontally extending tree 62 is then pivoted about a longitudinally
      extending axis of the first boom 40 by operation of a positioning assembly
      108 (FIG. 10). The positioning assembly 108 includes a piston and cylinder
      assembly 109 which is extended to rotate an actuator arm 110 secured to
      the housing 106. Extending the piston and cylinder assembly 109 rotates
      the arm 110 about a longitudinal axis of the boom 40, from the position
      shown in solid lines in FIG. 10 to the position shown in dashed lines in
      FIG. 10. This movement of the arm 110 rotates the boom 40 to move the
      clamp assembly 46 and the tree 62 upwardly from the position illustrated
      in FIG. 3 to the position shown in FIG. 1 so that the horizontally
      extending tree 62 can be engaged by a delimbing mechanism 50. The tree 62
      is then delimbed by the delimbing mechanism 50 and topped by the topping
      assembly 52 while being held by the clamp assembly 46.
PAR  The delimbing mechanism 50 (see FIGS. 12 and 13) includes a pair of arms
      126 and 128 which are pivotally mounted at 130 and 132 (FIG. 13) on a
      central support section 134 which is fixedly connected to a frame 138. The
      delimbing members or arms 126 and 128 are urged inwardly into engagement
      with the trunk 80 of a tree by a biasing assembly 142. This ensures that
      the arms 126 and 128 engage the trunk 80 of the tree even though the
      diameter of the trunk decreases along the tree in the manner illustrated
      schematically in dashed lines in FIG. 13.
PAR  The biasing assembly 142 (see FIG. 12) includes a spring 148 located in a
      cylindrical housing 152 between an end wall 154 of the housing and a
      piston or head element 156. The piston 156 is pivotally connected to a
      link 160 of a linkage arrangement 166 for interconnecting the biasing
      assembly 142 and the delimbing members 126 and 128. The spring 148 urges
      the piston 156 toward the left, as viewed in FIG. 12, to cause the link
      160 to urge an actuator lever 170 in a generally clockwise direction about
      a pivot connection 174. The actuator lever 170 is connected by links 176
      and 178 to the delimbing members 126 and 128 (FIGS. 12 and 13). When the
      actuator lever 170 is moved in a clockwise direction, as viewed in FIG.
      12, under the influence of the biasing assembly 142, the link 176 is moved
      toward the left, as viewed in FIG. 13, to pivot the delimbing member or
      arm 126 inwardly about the pivot connection 130. similarly, the clockwise
      movement of the actuator lever 170, as viewed in FIG. 12, pulls the link
      178 towards the right, as viewed in FIG. 13, to pivot the delimbing member
      or arm 128 inwardly about the pivot connection 132.
PAR  When the boom 42 is in the retracted position of FIGS. 6 and 7, an operator
      member 186 extends into the housing 152 of the biasing assembly 142 to
      press the piston 156 toward the right as viewed in FIG. 12 against the
      influence of the spring 148. This rightward movement of the piston 156
      causes the linkage arrangement 166 to pivot the delimbing arms or members
      126 and 128 outwardly to the open position of FIG. 13 to enable the trunk
      80 of a severed tree to be positioned between the delimbing members 126
      and 128 in the manner illustrated in dashed lines in FIG. 13.
PAR  When the severed tree 62 is positioned relative to the delimbing mechanism
      50 by the previously described operation of the boom 40 and clamp assembly
      46, the boom 42 is extended outwardly to move the delimbing mechanism 50
      along the horizontal trunk 80 of the tree 62 in the manner illustrated
      schematically in FIG. 4. To provide for this movement of the delimbing
      mechanism 50, the boom 42 includes a plurality of movable sections 188,
      190 and 192 and a fixed section 194 which are mounted in a telescoping
      relationship with each other (see FIGS. 1, 4 and 11). Extending the boom
      42 is facilitated by bearing elements 200 (FIG. 11) located between the
      sections 188, 190, 192 and 194 of the telescoping boom.
PAR  The bearing elements 200 each include a resilient or yieldable base or
      layer 212 formed of a suitable elastomeric or rubber-like material. The
      base 212 is fixedly connected to one of the sections 190, 192 or 194. A
      metallic bearing element 216 is mounted on each of the yieldable bases or
      layers 212. Each of the bearing elements 216 is slidably engaged by the
      next adjacent inner section of the telescoping boom whenever the boom is
      either extended or retracted. The yieldable base 212 enables the movable
      sections 188, 190 and 192 to deflect transversely to the direction in
      which they are being extended or retracted and also enables them to rotate
      to a certain extent about the longitudinal axis of the boom 42. Bearing
      elements, similar to the bearing elements 200, are provided between the
      fixed housing 106 and telescoping section 105 of the boom 40 to facilitate
      extending and retracting this boom.
PAR  It is contemplated that many different types of drive arrangements could be
      used to extend the boom 42. One such drive arrangement is a cable assembly
      220, illustrated schematically in FIG. 14, which is operable to effect
      telescopic movement between the sections 188, 190, 192 and 194 of the boom
      42. The cable assembly 220 includes an actuator assembly 224 mounted on
      the fixed outer section 194 of the boom 42. The actuator assembly 224 is
      expandable to extend the boom 42 and retractable to contract the boom. The
      cable assembly 220 includes a pair of pulleys 228 and 230 which are
      connected to opposite ends of the actuator assembly 224. The pulleys 228
      and 230 are moved apart by extending the actuator assembly 224.
PAR  Moving the pulleys 228 and 230 apart pulls a cable 234 to effect outward
      movement of the boom section 192. The cable 234 is connected at an outer
      end 236 to the fixed section 194 of the boom 42 and at an inner end 238 to
      the movable section 192 of the boom. As the actuator assembly 224 is
      extended, the cable 234 is pulled toward the right, as viewed in FIG. 14,
      to move the boom section 192 outwardly relative to the boom section 194.
      This outward movement of the boom section 192 results in the boom section
      190 being moved outwardly by a cable 242. The cable 242 is fixedly
      connected at an outer end 244 to the fixed boom section 194 and extends
      around an idler pulley 248 mounted on the movable boom section 190. An
      inner end of the cable 242 is connected at 250 to the boom section 190.
      Thus, upon outward movement of the section 192 of the boom 40, the cable
      242 causes the boom section 190 to move outwardly. Contemporaneously
      therewith, the inner boom section 188 is moved outwardly relative to the
      boom section 190 by a cable 254 which is connected at an outer end 256 to
      the boom section 192 and extends around an idler pulley 260 mounted on the
      boom section 190 to an inner end 262 secured to the boom section 188. Of
      course, outward movement of the boom section 190 causes the pulley 260 to
      move outwardly relative to the boom section 192 to thereby move the
      innermost boom section 188 outwardly relative to the boom section 190.
PAR  The boom 42 is retracted in a similar manner by contracting the actutator
      assembly 224. Thus, the cable drive assembly 220 includes a cable 270
      which extends around a pulley 272 which is moved to the left, as viewed in
      FIG. 14, by contracting the actuator assembly 224. Since the cable 270 is
      fixed at 276 to the outer boom section 194 and is secured at 280 to the
      boom section 192, when the piston and cylinder assembly 224 is contracted,
      the boom section 192 is moved toward the left. A cable 284 extends from a
      fixed outer connection 286, around a pulley 288 mounted on the boom
      section 192, to the inner connection 250 on the boom section 190.
      Therefore, leftward movement of the boom section 192 relative to the outer
      section 194 of the boom 42 results in the section 190 of the boom being
      pulled toward the left, as viewed in FIG. 14, by the cable 284. Similarly,
      a cable 292 is connected at an outer end 294 to the movable boom section
      192 and extends around a pulley 298 to an inner connection 300 on the
      inner boom section 188. Therefore, inward movement of the boom section 190
      results in the inner boom section 188 being retracted by the cable 292.
PAR  It should be noted that although a specific cable drive arrangement 220 has
      been illustrated schematically in FIG. 14, it is contemplated that other
      cable drive arrangements or suitable hydraulic drive arrangements could be
      utilized to extend and retract the boom 42. Since such cable and hydraulic
      drive arrangements are well known to those skilled in the art, it is
      believed that a further description of the cable drive arrangement 220 is
      not necessary at this time.
PAR  As the delimbing mechanism 50 is moved outwardly by extending the boom 42,
      a knife edge 302 formed on the central support portion 134 of the
      delimbing mechanism 50 (see FIGS. 12 and 13) and knife edges 304 and 306
      formed on the delimbing members 126 and 128 are impacted against limbs or
      branches 308. This impacting severs the branches adjacent the trunk 80 of
      the tree to thereby strip or remove the branches from the trunk of the
      tree in the manner illustrated schematically in FIG. 4. During this
      outward movement of the delimbing mechanism 50, the biasing unit 142
      operates the linkage arrangement 166 to press the delimbing members 126
      and 128 into engagement with the trunk 80 of the tree even though the
      diameter or cross-sectional dimension of the trunk decreases as the
      delimbing mechanism 50 moves outwardly along the trunk.
PAR  After the delimbing mechanism 50 has been moved outwardly along the trunk
      80 of the tree 62 until it is adjacent to a portion of the trunk 80 having
      a diameter at which it is desired to top or sever the trunk 80, the
      topping assembly 52 is automatically operated to top the tree. The topping
      assembly 52 includes a pair of pivotally mounted blades 310 and 312 (FIGS.
      12 and 13) which are pivotally mounted at 314 and 316 for inward movement
      from an outermost position illustrated in solid lines in FIG. 12 to a
      severing position illustrated in dashed lines in FIG. 12. The blades 310
      and 312 are urged inwardly toward the trunk 80 of the tree 62 by a biasing
      spring 330. The biasing spring urges an actuator arm 332 connected to the
      blade 312 in a counterclockwise direction, as viewed in FIG. 12. The
      blades 310 and 312 are interconnected by a link 334 which extends between
      actuator arms 336 and 338 to urge the blade 310 in a clockwise direction,
      as viewed in FIG. 12.
PAR  When the delimbing mechanism 50 is moving along the trunk 80 of the tree
      62, the blades 310 and 312 are held in a spaced apart relationship with
      the trunk 80 of the tree (see FIGS. 12 and 15). To hold the blades 310 and
      312 in this position against the urging of the biasing spring 330, a
      connector pin 344 on the delimbing member 128 engages a leading knife edge
      portion 350 of the blade 310. As the delimbing mechanism 50 moves
      outwardly along the trunk 80 of the tree, the diameter of cross-sectional
      dimension of the trunk decreases. As the cross-sectional dimension or
      diameter decreases, the delimbing members 126 and 128 are moved inwardly
      under the influence of the biasing assembly 142. This inward movement of
      the delimbing members 126 and 128 results in the knife edge portion 350 of
      the blade 310 clearing a rearward end portion of the pin 344 to enable the
      blades 310 and 312 to be pivoted into engagement with the trunk 80 of the
      tree in the manner illustrated schematically in FIG. 16.
PAR  Continued movement of the delimbing mechanism 50 and topping assembly 52
      along the trunk of the tree causes the knife edges 350 and 354 on the
      blades 310 and 312 to be wedgingly forced into the trunk 80 to sever the
      trunk in the manner illustrated schematically in FIG. 17. Thus, the
      delimbing members 126 and 128 effectively sense the diameter of the tree
      trunk 80 as they are moved along the tree trunk and release the blades 310
      and 312 when a predetermined diameter is encountered. The released blades
      then penetrate into the tree trunk 80 under the influence of continued
      outward movement of the topping assembly 52 to sever the tree trunk (FIG.
      17). Since the delimbing members 126 and 128 sense the diameter of the
      tree trunk and effect operation of the topping assembly 52 when a
      predetermined trunk diameter is encountered, the topping assembly 52 is
      operated automatically at the proper time without an operator of the tree
      harvesting machine performing a control operation. This tends to speed up
      operation of the tree harvesting machine and minimizes the degree of skill
      required by the operator.
PAR  When the boom 42 is being retracted, an operator member 360 (FIG. 12) on
      the section 190 of the boom assembly, is moved into engagement with the
      blade 310. Continued retraction of the boom 42 pivots the blades 310 and
      312 outwardly to the open condition. Continued retraction of the boom 42
      also brings the operator member 186, which is mounted on the section 190
      of the boom, into engagement with the piston 156. Therefore, the delimbing
      members 126 and 128 are swung outwardly after the knife edge 350 on the
      blade 310 has cleared the pin 344. Continued outward movement of the
      delimbing members 126 and 128 results in the delimbing members being swung
      to a position in which the pin 344 will hold the knife blades 310 and 312
      from the trunk of the next tree to be delimbed.
PAR  The delimbed and topped tree 62 forms a log 58 (see FIG. 5) which is placed
      in the bunk assembly 56 by operation of the boom 40 and clamp assembly 46.
      To accomplish this, the boom 40 is rotated in the direction of the arrow
      in FIG. 5 by operation of the positioning assembly 108 from the position
      shown in dashed lines in FIG. 10 to the position shown in solid lines so
      that the end of the log 58 is clear of the delimbing mechanism 50. The
      boom 40 is then pivoted downwardly about a horizontal axis and the clamp
      assembly 48 swung outwardly by operation of the piston and cylinder
      assembly 82 to lower the end of the log into the bunk assembly 56.
      Finally, the clamp assembly 46 is operated to the open position to release
      the log 58. The boom assemblies 40 and 42 are then operated in the manner
      previously explained to grip, sever, delimb and top the next tree to be
      harvested.
PAR  When a plurality of logs 58 have been placed in the bunk assembly 56, clamp
      arms 370 and 372 are pivoted to the closed condition illustrated in FIG.
      18 by extending an actuator cylinder assembly 372 which operates a linkage
      arrangement 376 extending between the clamp arms 370 and 372. The linkage
      arrangement 376 moves the clamp arms 370 and 372 in the manner fully
      disclosed in application Ser. No. 822,906 filed by Symons et al on May 8,
      1969 and entitled Logging Apparatus. In the closed condition, the clamp
      arms 370 and 372 press the logs 58 inwardly and downwardly toward a knife
      edge 380 extending between the clamp arms 370 and 372. The knife edge 380
      penetrates the logs 58 to securely retain the logs against sliding
      movement relative to the bunk assembly 56 as the logs are being pulled or
      dragged by the vehicle 32.
PAR  The bunk assembly 56 includes a frame 384 to which the clamp arms 370 and
      372 are pivotally connected by mounting pins 386 and 388. The frame 384
      has an acurate bottom or base 390 which rests on a platform 392 on the
      vehicle 32 and is pivotally connected with a fixed mounting bracket 394 by
      a link 396 (FIG. 19). The link 396 enables the bunk assembly 56 to move
      sidewardly between the pair of stop members, only one stop member 398
      being shown, while the vehicle 32 is pulling or transporting the logs 58.
PAR  When the tree harvesting machine 30 is moved to a location where the logs
      58 are to be dropped or dumped, it is necessary to disengage the logs from
      the knife edge 380. To accomplish this, cam elements 402 and 404 connected
      with the clamp arms 370 and 372 are pivoted about the pins 386 and 388
      respectively as the clamp arms are moved to the open position. This
      pivoting movement of the cam elements 402 and 404 brings them into
      engagement with the platform 392 to rock the frame 384 upwardly and
      rearwardly in the manner illustrated in FIG. 20. This upward and rearward
      rocking or pivoting of the frame 384 raises a support member or roller 408
      into engagement with the logs 58 to lift them up off the knife edge 380
      (see FIG. 20). This disengages the logs 58 from the knife edge 380 so that
      they can be dropped or dumped by merely pulling the vehicle ahead and
      moving them along the roller 408.
PAR  Once the logs have been dumped, the tree harvesting machine 30 is driven
      back to a work area to process or harvest other trees. During movement of
      the vehicle 32 to and from a work area, it is important that the booms 40
      and 42 and the apparatus mounted thereon be as compact as possible to
      facilitate maneuvering the tree harvesting machine 30. The previously
      described telescoping construction of the booms 40 and 42 enables the
      longitudinal extent of the booms to be minimized. In addition, the clamp
      assembly 46 and tree shear 48 are positionable in a traveling position
      between the booms 40 and 42 inwardly of the delimbing mechanism 50 and
      topping assembly 52 (see FIG. 6). When the clamp assembly 46 and tree
      shear 48 are in this traveling position, they are out of the way and
      provide a minimum of interference to the operator's vision.
PAR  In view of the foregoing description, it can be seen that the tree
      harvesting machine 30 includes a pair of telescopic booms 40 and 42. The
      clamp assembly 46 is mounted on the boom 40 and is operable to engage the
      trunk of a standing tree which is then severed by operation of the tree
      shear 48. The upright tree 62 is moved to a generally horizontal position
      (FIG. 3) by moving the clamp assembly 46 upwardly and inwardly toward the
      vehicle 32. The clamp assembly 46 is then pivoted about the longitudinal
      axis of the boom 40 to move the trunk 80 of the tree into engagement with
      the delimbing mechanism 50 The horizontal tree 62 is then delimbed by
      extending the boom 42 to move the delimbing mechanism 50 outwardly along
      the trunk of the tree while it is securely gripped by the clamp assembly
      46.
PAR  When the delimbing members 126 and 128 sense that the trunk 80 has a
      predetermined relatively small diameter at which the tree 62 is to be
      topped, the blades 310 and 312 of the topping assembly 52 are released for
      movement into engagement with the trunk of the tree in the manner
      illustrated schematically in FIG. 16. Continued movement of the topping
      assembly 52 and delimbing mechanism 50 outwardly along the trunk of the
      tree results in the blades 310 and 312 being forced into the trunk of the
      tree to sever or top the tree. The log 58 resulting from the delimbing and
      topping of the tree 62 is then deposited in the bunk assembly 56 so that
      it can be pulled or dragged from the place where the tree was harvested by
      operation of the vehicle 32.
PAR  As described above, the tree harvesting apparatus illustrated in FIGS. 1-20
      includes a delimbing mechanism which moves outwardly along the tree in a
      word stroke to effect delimbing of a tree. The delimbing mechanism also
      triggers the topping of the tree. The topping action is effected by the
      movement of the pin 344, which is carried by the delimbing arm 306, out of
      engagement with the topping blade 310 so that the topping blades 310, 312
      may engage the tree and top the tree. This, of course, is effected when
      the diameter of the tree is sensed to be a predetermined minimum diameter,
      as described above. It is noted, however, that in the event the diameter
      of the tree is such that the pin 344 does not move out of engagement with
      the topping blade 310, the tree will not be topped in the embodiment of
      FIG. 12.
PAR  The mechanism to be described hereinbelow is contructed so that topping
      will be effected during the last portion of the extension of the boom,
      even though the diameter of the tree is somewhat larger than the
      predetermined minimum diameter at which topping normally is effected.
      Moreover, in the construction to be described hereinbelow, the delimbing
      mechanism is moved to its open position during the end of the stroke of
      the boom 188 which carries the delimbing mechanism. Accordingly, the major
      differences in the operation of the tree harvester to be described
      hereinbelow and that of the tree harvester described in the embodiments of
      FIGS. 1-20 is that the delimbing mechanism to be described below will be
      moved to its open position during the end of the stroke of the delimber,
      and, secondly, that the topping of the tree will be effected at the end of
      the stroke of the topping mechanism, even though the diameter of the tree
      may be somewhat larger than the predetermined minimum diameter at which
      topping normally occurs.
PAR  The construction shown in FIG. 21 is a schematic representation of the
      mechanism which provides for opening of the delimbing arms 304, 306 at the
      end of the outer stroke of the delimbing mechanism. As illustrated
      schematically in FIG. 21 the boom 188 which carries the delimbing
      mechanism moves into and out of the boom 190 in a telescoping relation, as
      described hereinabove. The boom 188 carries the delimbing mechanism on the
      outer end thereof. The delimbing mechanism, as described hereinabove,
      includes a link 170 which is mounted for pivotal movement about the pivot
      pin 174. As illustrated in FIG. 12, when the link 170 is moved in a
      counterclockwise direction about the axis of the pivot pin 174, the
      delimbing mechanism and delimbing arms are moved outwardly away from each
      other to an open position. The mechanism shown schematically in FIG. 22 is
      designed to effect pivoting of the link 170 in such a counterclockwise
      direction in response to the delimbing mechanism moving through the last
      portion of its work stroke.
PAR  As the boom 188 and boom 190 move outwardly in a work stroke, the boom 188
      moves relative to the boom 190 in the last portion of the movement
      thereof, as should be understood from the pulley arrangement for moving
      the booms, as disclosed and described hereinabove. When the boom 188
      begins moving relative to the boom 190, an angle member 500 which is
      carried for movement with the boom 188 engages a stop 501 on the boom
      member 190. As a result, the boom 188 can continue to move outwardly
      relative to the angle member 500. The angle member 500 has a cable 502
      connected therewith, and the cable 502 is connected to a part 503 which,
      in turn, is connected to the link 170. The location at which part 503 is
      connected to link 170 is illustrated in FIG. 12 in dotted lines. As the
      boom 188 moves, the pivot pin 174 for the link 170 continues to move
      outwardly therewith. However, since the angle member 500 is stopped from
      outward movement, the result is that the cable 502 prevents the portion of
      the link 170 to which it is connected from moving outwardly, and the
      result is that the link 170 is pivoted about the pivot pin 174 in a
      counterclockwise direction, as shown in FIG. 12. The result of this action
      is that the delimbing arms are moved to an open position during the end of
      the stroke and more specifically, in response to the delimbing mechanism
      moving through the last portion of its work stroke. When the boom 188
      returns or moves in its return stroke, the relative movement which
      occurred between the boom 188 and the angle member 500 is reversed and the
      angle member 500 is picked up by the boom 188 and moves along the boom 188
      away from the stop 501. As a result, the link member 170 will rotate or
      return in a clockwise direction about the axis of the pin 174. However,
      nothing will be effected thereby in view of the fact that the tree may
      already have been dropped from the delimbing arms.
PAR  As noted above, the structure shown in FIGS. 22-25 also provides for
      topping of the tree, even though the predetermined minimum diameter of the
      tree at which topping normally occurs has not been reached. This is
      effected by mounting the pin 344 on the delimbing arms so that the pin 344
      can be moved a predetermined distance out of engagement with the topping
      blade 310, even though the predetermined minimum diameter of the tree has
      not been reached, which would cause the pin 344 to move to a position
      relative to the tree so that the topping blades 310, 312 would effect
      topping of the tree, as described in connection with the embodiment of the
      tree harvester shown in FIG. 12.
PAR  The pin 344 in the embodiment of FIGS. 22-25 is moved in response to the
      delimbing mechanism and topping mechanism moving through the last part of
      their work stroke when the booms are extended. The pin 344 has a shank
      portion 545 thereon which is connected with a link member 546. A spring
      547 biases the pin 344 toward the right, as viewed in FIG. 22. The pin 344
      is secured to the delimbing arm 310 and moves radially of the tree
      inwardly in the direction of the arrow 548, illustrated in FIG. 22, as the
      delimbing arm 310 moves radially inwardly due to the reduction of the
      diameter of the tree. The link 546 has a sliding connection at 550 with a
      link member 551. The sliding connection at 550 provides for and allows the
      link 546 to move radially inwardly of the tree with the pin 344. This can
      be more clearly in FIG. 24 wherein the pin 344 tends to move in the arc
      designated 560 as the diameter of the tree reduces and the link 546 slides
      relative to link 551 and moves between the positions illustrated in dotted
      and full lines in FIG. 24.
PAR  In this construction, the pivot shaft 174 for the delimber link 170 is
      extended so as to support the link 551 for pivotal movement relative to
      the boom 188 about the axis of the shaft 174. It should be apparent, of
      course, that upon pivoting movement of the link 551 about the axis of the
      shaft 174, the pin 344 will be moved to its dotted position, illustrated
      in FIG. 22. When in its dotted position, the pin 344 may allow the topping
      blades 310, 312 to move into emgagement with the tree and effect topping
      thereof during the last portion of the work stroke thereof.
PAR  The link 551 is moved about the axis of the pin 174 by a cable 570 which is
      connected at one end to a connector 571 which, in turn, is connected to
      the link 551. The cable 570 is connected at its other end, as illustrated
      in FIG. 25 to a connector 575. The connector 575, in turn, is pivotally
      connected to a link 576, which, in turn, is connected to a pin 577 which
      extends transverse to the direction of movement of the booms. The pin 577,
      more specifically, is carried by the boom 188 which is the innermost boom
      and which moves outwardly relative to the boom 190 during the last portion
      of the work stroke of the delimber, as described above.
PAR  The pin 577 has a link member 580 pivotally connected thereto at the side
      thereof opposite the side to which the link 576 is connected. This is best
      shown in FIG. 23. A roller 581 is carried by the link 580.
PAR  The roller 581 is adapted to engage a cam 582 which is fixedly connected to
      the boom 180 at the outermost end thereof. When the roller 581 moves up
      the ramp 583 of the cam 582, the link 580 is moved in a counterclockwise
      direction, as illustrated in FIG. 25, which, in turn, effects a
      counterclockwise movement of the link 576, as illustrated in FIG. 25. The
      counterclockwise movement of the link 576 results in the cable 570 being
      moved in the direction of the arrow 590 in FIGS. 22 and 25. As noted
      above, movement of the cable 570 in the direction of the arrow 590 will
      effect pivoting of the link 551 and a movement of the pin 344 in a
      direction away from the topping blade 310. If the movement provided is
      sufficient to cause the pin 344 to move out of engagement with the topping
      blade 310, the topping blade will effect topping of the tree during the
      last portion of the stroke of the boom 188, as described above.
PAR  A suitable adjustment mechanism 595 is provided between the cable 590 and
      the link 576. The adjustment mechanism 595 comprises a nut and screw
      arrangement and by relative movement therebetween, can effect the position
      of the roller 581 relative to the ramp 583. In this manner, the distance
      through which the roller moves can be adjusted, thereby adjusting the
      amount of movement of the pin 344.
PAR  Accordingly, the construction which provides for movement of the pin 344 at
      the end of the work stroke, even though the pin is still in engagement
      with the topping blade 310 will result in topping of trees which are of a
      larger diameter than that which normally are topped during the major
      portion of the work stroke. Accordingly, the mechanism shown in FIG. 24
      will effect topping of a tree when the delimbing mechanism, for example,
      encounters a 3-inch diameter portion of the tree, even though the
      delimbing mechanism and topper have not reached the end of their stroke.
      This is effected because the pin 344, in such a case, moves radially
      inwardly toward the tree a sufficient distance to allow the topping blades
      310, 312 to engage the tree, as described above in connection with the
      modification shown in FIG. 12. However, the construction shown in FIG. 24
      also will provide for topping of a tree between a 3-inch diameter and a
      5-inch diameter, for example, at the end of the work stroke of the booms.
      This is effected because, even though the pin 344 has not moved radially
      inwardly of the tree to a position which would allow the topping blades
      310, 312 to engage the tree and effect topping thereof, the pin 344 is
      moved generally longitudinally of the boom by the mechanism shown in FIGS.
      22, 25 so as to move away from the topping blade 310. This movement will
      be sufficient to cause the topping blades 310, 312 to top a tree which is
      of a greater diameter than that at which normal topping is effected, but
      will not be sufficiently great so as to effect topping of a tree which is
      of too large a diameter, such as greater than 5 inches. Accordingly, this
      mechanism will effect topping of a tree at the end of the stroke of the
      delimbing mechanism, which is greater than that at which normal topping is
      effected, but which is of a diameter less than that which it capable of
      topping.
CLMS
STM  Having described a specific preferred embodiment of the invention, the
      following is claimed:
NUM  1.
PAR  1. Apparatus for use in association with a vehicle for harvesting and
      transporting trees, said apparatus comprising a clamp assembly comprising
      a pair of arms adapted to be mounted on the vehicle for gripping logs to
      be transported, said pair of arms being operable between a closed
      condition in which the logs are held against a lower portion of said clamp
      assembly to retard relative movement between the logs and the vehicle
      while the logs are being transported and an open condition in which the
      logs are released, and a roller mounted on the frame of said clamp
      assembly and movable upwardly against the logs for raising the logs off
      said lower portion of said clamp assembly in response to operation of said
      arms from said closed condition to said open condition to thereby
      facilitate disengaging the logs from said clamp assembly.
NUM  2.
PAR  2. Apparatus for use in association with a vehicle for harvesting and
      transporting trees; said apparatus comprising a clamp assembly adapted to
      be mounted on the vehicle for gripping logs to be transported, said clamp
      assembly being supported by a pivotal frame and operable between a closed
      condition in which the logs are held against a lower portion of said clamp
      assembly to retard relative movement between the logs and the vehicle
      while the logs are being transported and an open condition in which the
      logs are released; a support member operatively connected to said clamp
      assembly; and means for pivoting said frame in response to operation of
      said clamp assembly to the open condition to raise said support member to
      lift the logs off the lower portion of said clamp assembly.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein said frame includes an arcuate
      lower surface which is adapted to be rockably disposed on a generally
      planar support surface of the vehicle, said means for pivoting said frame
      including a member for pressing against the vehicle to rock said frame in
      response to operation of said clamp assembly to the open condition to
      thereby move said support member and logs upwardly.
NUM  4.
PAR  4. Apparatus as set forth in claim 2 further including knife edge means
      located on the lower portion of said clamp assembly for penetrating and
      securely engaging at least some of the logs gripped by said clamp assembly
      when said clamp assembly is in the closed condition, said means for
      raising the logs being operable to disengage the logs from said knife edge
      means in response to operation of said clamp assembly to the open
      condition.
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ABST
PAL  A tractor includes a downwardly and forwardly opening guide support channel
      extending across the front end for engagement with the transversely
      extending portion of a U-shaped frame of an implement which also includes
      upstanding standards having a boom pivotally connected thereto with a
      ground-working tool on the outer end. A support stand is connected to the
      forward end of the U-shaped frame and rearwardly extending feet are
      provided on the standard for engaging slots on oppositely disposed support
      brackets carried on the tractor. Hydraulic power cylinders extend between
      the U-shaped frame and the boom. Upon the tractor being driven forwardly
      into the U-shaped frame and the transversely extending member being
      positioned in the open end of the channel the power cylinders are operated
      to pivot the U-shaped frame toward the boom about an axis through the
      channel until the standards engage the oppositely disposed support
      brackets whereupon pivoting then occurs about an axis through the support
      brackets and the forward end of the implement is pivoted upwardly causing
      the transversely extending member to move upwardly and rearwardly in the
      channel thereby moving the implement rearwardly on the tractor without the
      tractor being moved forwardly and wedge-shaped feet on the standards move
      into complementarily shaped openings on the support brackets to limit
      vertical movement of the standards. A vertically disposed pin locks the
      feet to the brackets limiting horizontal movement of the implement
      relative to the tractor.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part application of my Implement
      Device and Method of Mounting Same on Tractor application, Ser. No.
      260,465, filed June 7, 1972 now U.S. Pat. No. 3,863,786.
BSUM
PAR  The prior disclosure utilizes the power cylinder for pivoting the implement
      onto and off of the tractor but does not involve any movement of the
      implement horizontally relative to the tractor during the mounting
      operation. The method of this disclosure contemplates the power cylinder
      not only pivoting the implement onto and off of the tractor but also
      moving the implement rearwardly relative to the stationary tractor as a
      result of the cross member of the U-shaped implement frame being forced to
      move in an angularly disposed channel opening downwardly and forwardly
      whereby as the implement frame is pivoted upwardly it is forced rearwardly
      as the transverse member moves from the open end to the closed end of the
      channel. The rearward movement of the implement on the tractor allows for
      feet on the upright standards to move into locking engagement with cross
      portions on the support brackets oppositely disposed on the tractor
      thereby limiting the standards against vertical movement. This particular
      mounting structure and procedure is particularly suited for utility type
      tractors which may not include side frame members on which forward
      mounting brackets may be positioned.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention the implement is supported
      independently of the tractor by a ground-working tool on the forward end
      of the boom and a support stand on the forward end of the U-shaped frame
      and the lift cylinders for the boom maintain the frame stationary relative
      to the boom until the mounting procedure begins. The tractor is driven
      forwardly into the U-shaped frame until the transversely extending member
      of the U-shaped frame is positioned in the open end of the downwardly and
      forwardly opening guide support channel on the forward end of the tractor.
      Now the power cylinders are connected and operated to contract them
      thereby causing the U-shaped frame to pivot about an axis through the
      channel until the lower ends of the standards engage the oppositely
      disposed support brackets on the tractor whereupon the forward end of the
      U-shaped frame now begins to pivot upwardly about an axis through the
      oppositely disposed support brackets and the channel extending upwardly
      and rearwardly causes the transversely extending frame member to move
      upwardly and rearwardly thereby moving the implement rearwardly on the
      tractor and wedge-shaped rearwardly extending feet on the standards move
      into complementarily-shaped openings on the support brackets thereby
      automatically locking the standards against vertical movement and a
      vertical pin may now be dropped through the feet to limit the standards
      against horizontal movement. Further rearward movement of the U-shaped
      frame on the tractor is limited by the transversely extending member
      engaging the base of the guide support channel. The stand is now lifted
      off of the ground and may be pivoted to an upright position.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate an embodiment of the invention:
PAR  FIG. 1 is a perspective view of the loader implement of this invention
      shown detached from the tractor.
PAR  FIG. 2 is a side elevation view of the tractor after having been driven
      into the implement frame prior to operation of the power cylinders.
PAR  FIG. 3 is a view similar to FIG. 2 showing the implement after the initial
      pivoting about an axis through the guide support channel.
PAR  FIG. 4 is a fragmentary view similar to FIG. 3 illustrating the implement
      in its mounted position after further pivoting has occurred about an axis
      through the rear support brackets which has caused the implement to move
      rearwardly on the tractor.
PAR  FIG. 5 is an enlarged fragmentary side elevation view of the standards
      connected to the side mounting bracket.
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The combination implement and tractor of this invention includes tractor 10
      having a front-mounting bracket 12 and oppositely disposed side mounting
      brackets 14. The implement 16 includes a ground-working tool shown as a
      bucket 18 on the forward ends of boom members 20 pivotally mounted to the
      upper ends of upstanding standards 22. A U-shaped frame 24 includes side
      frame members 26 connected to the standards 22 and having a transversely
      extending frame member 28 at the forward end for engagement in the bracket
      12 on the tractor 10.
PAR  The implement independent of the tractor is supported by the scoop 18
      cooperating with a stand 28 pivotally connected to the side frame members
      26 of the U-shaped frame 24. Hydraulic power cylinders 30 extend between
      the base of the standards 22 and the outer ends of the boom members 20 and
      allow for pivotal movement between the boom and the U-shaped frame 24. The
      guide support channel bracket 12 on the forward end of the tractor opens
      downwardly and forwardly and includes an upper curved wall 40 and a lower
      curved wall 42 defining an opening 44. It is seen that the longitudinal
      axis of the channel is angularly disposed to the vertical and horizontal
      axes. A base wall 50 is provided.
PAR  The side support brackets 14 each include side walls 60, a base wall 62 and
      a cross member 64 spaced above the bottom wall 62 to define a locking
      opening 66 wedged shaped to complement a wedge-shaped foot 68 extending
      rearwardly from the base of the standards 22. A pin 70 is extendable
      through the cross member 64 and the foot 66 and is biased into the locking
      position of FIG. 5 by a coil spring 72 engaging the cross portion 64 and a
      stationary plate 80 on legs 82 connected to the cross portion 64. An
      eccentrically pivoted cam member 84 is pivotally connected at 86 to the
      pin 70 and engages the top surface of the plate 80 for lifting the pin 70
      out of engagement with the foot 68 as desired. A lever 90 is provided for
      pivoting the cam 84 for operating the pin 70.
PAR  Thus it is seen in operation that the implement 16 is mounted on the
      tractor 10 by first driving the tractor into the U-shaped frame 24 to the
      position of FIG. 2 where the cross member 28 is positioned in the open end
      of the channel bracket 12 against the lower wall 42. The power cylinders
      30 may now be connected to the hydraulic system of the tractor and the
      cylinders are then contracted causing the frame 24 to pivot towards the
      boom 20 to the position of FIG. 3 whereby the rear end of the implement
      and specifically the standards 22 move downwardly into engagement with the
      brackets 14. Next the contraction of the power cylinders 30 is continued
      and now the pivoting occurs about a pivotal axis through the support
      brackets 14 this time causing the forward end of the U-shaped frame member
      to pivot upwardly and this moves the transverse member 28 further along in
      the channel bracket 12 such that the U-shaped frame moves rearwardly to
      the position of FIG. 4 where the transversely extending member 28 now
      engages the base wall 50 of the channel bracket 12 and the forward end of
      the implement is limited against further horizontal movement to the rear
      as well as vertical movement either up or down. Simultaneously the
      wedge-shaped feet 68 have moved rearwardly along the bottom wall 62 of the
      support bracket into the opening 66 formed by the cross portion 64 and the
      bottom wall 62. It is seen that the opening is also wedged shape to
      complement the cross section of the foot and thereby the standard is
      integrally locked to the support bracket 14. The foot 68 is now in
      alignment with an opening in the cross portion 64 such that the pin 70 is
      locking the foot against horizontal movement. The pin is lowered by
      rotating the eccentrically mounted cam 84 through operation of the lever
      90 which may be connected to a trip rope 100.
PAR  The stand 28 may now be pivoted to an upstanding out-of-the-way position
      and will now function as a guard for the radiator of the tractor and may
      also be used to carry weights in the bracket 102 if desired.
PAR  The removal of the implement from the tractor is accomplished by reversing
      the procedure basically described by removing the pin 70 and expanding the
      power cylinders after the stand has been pivoted to the down position and
      this will cause the implement to move forwardly relative to the tractor
      which remains stationary during all mounting and demounting operations.
      Consequently, the cross member 28 now moves to the open end of the guide
      support channel 12 whereby the tractor 10 may be backed out of the
      implement after the hydraulic hoses have been disconnected. The implement
      is now free to stand independently on the ground-working tool 18 and the
      stand 28.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of mounting an implement on a tractor wherein the implement
      includes a ground-engaging tool carried on a boom pivotally connected to
      upright standards on a U-shaped frame having a support stand for
      supporting said implement in cooperation with said tool independent of
      said tractor and power means for pivoting the boom relative to said
      U-shaped frame, and said tractor including a guide support channel opening
      forwardly and downwardly and rearwardly positioned support brackets on
      opposite sides thereof, said method comprising the steps of,
PA1  driving the tractor forwardly until a transversely extending portion on the
      U-shaped frame is positioned in the open end of the guide support channel,
PA1  operating the power means to pivot said boom and said U-shaped frame
      towards each other about an axis through said channel and until the
      upright standards engage said support brackets, and
PA1  operating the power means further to pivot said boom and U-shaped frame
      towards each other about an axis through said support brackets thereby
      moving the transversely extending portion upwardly and rearwardly in said
      channel and causing said implement to move rearwardly on said tractor
      without moving tractor.
NUM  2.
PAR  2. The method of claim 1 wherein moving of said implement rearwardly on
      said tractor causes said standards to move into locking engagement with
      said support brackets.
NUM  3.
PAR  3. In combination, an implement mountable on a tractor, comprising,
PA1  an implement having a boom with a ground engaging tool on the outer end and
      pivotably mounted to upright standards at its inner end carried on a
      U-shaped frame and power means extendably interconnects said U-shaped
      frame and boom for relative pivotal movement therebetween, said U-shaped
      frame having a transversely extending member and a stand connected thereto
      for cooperation with said tool for supporting said implement independently
      of said tractor,
PA1  a tractor having oppositely disposed rear side support brackets for
      engagement with said standards, and
PA1  a downwardly and forwardly opening guide support channel on said tractor
      for receiving said transversely extending member whereby upon said
      transversely extending member being positioned in open end of said channel
      and said power means being operated to pivot said U-shaped frame and said
      boom towards each other said U-shaped frame pivots about an axis through
      said channel until said standards engage said support brackets whereupon
      continued operation of said power means causes said U-shaped frame to
      pivot about an axis through said support brackets and thereby moving said
      transversely extending member upwardly and rearwardly in said channel
      without said tractor having been moved forwardly.
NUM  4.
PAR  4. The structure of claim 3 wherein said power means is further defined as
      being hydraulic cylinders extending between said U-shaped frame and said
      boom.
NUM  5.
PAR  5. The structure of claim 3 wherein said downwardly and forwardly opening
      guide support channel is positioned across the front end of said tractor
      and said transversely extending member on said U-shaped frame extends
      between the oppositely disposed legs of said U-shaped frame.
NUM  6.
PAR  6. The structure of claim 3 wherein said standards and support brackets on
      said tractor include cooperating lock means engageable upon said implement
      being moved rearwardly on said tractor.
NUM  7.
PAR  7. The structure of claim 6 wherein said lock means on said standards
      include rearwardly extending feet portions and said lock means on said
      support brackets include cross members spaced above said brackets and
      defining an opening for receiving said feet and thereby limit relative
      vertical movement of said standards.
NUM  8.
PAR  8. The structure of claim 7 wherein a pin element is positioned to extend
      through said cross member on one of said brackets and engage the foot in
      said opening thereby limiting horizontal movement of said standard.
NUM  9.
PAR  9. The structure of claim 8 wherein said pin is spring loaded to normally
      extend through said foot.
NUM  10.
PAR  10. The structure of claim 9 wherein said pin includes an eccentrically
      mounted cam means connected thereto and in engagement with a stationary
      means whereby rotation of said cam causes said pin to be lifted against
      the action of said spring.
NUM  11.
PAR  11. The structure of claim 7 wherein said feet and openings are
      complementingly wedged shaped.
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ABST
PAL  Vials containing radioactive waste are emptied before destruction by
      passing them down a conveyor comprising pairs of spaced discs with aligned
      recesses in their edges for holding the receptacles, a severing disc
      extending between the discs to cut the vials in half. The severed parts
      are then turned to face radially outwardly, and placed on the ends of the
      arms of a rotating spider. The arms are hollow, and are connected to a
      source of inert gas, whereby any liquid remaining in the parts in
      scavenged. The liquid and the severed parts are collected in different
      containers.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to apparatus for emptying disposable receptacles,
      more particularly vials containing radioactive waste.
PAC  BACKGROUND OF THE INVENTION
PAR  Large numbers of vials full of samples of radioactive waste, usually
      liquids, accumulate after the testing thereof. Conventionally, such vials
      and their contents have been stored in garbage dumps. Increasingly
      stringent concern for the environment has made dumping unacceptable, and
      so vials must now be burned. Since the radioactive substances concerned
      are usually readily combustible, there is a risk of explosion if a large
      number of vials accumulate; consequently, it is forbidden to burn full
      vials. The vials must therefore first be emptied and supplied for burning
      separately from their contents. Conventionally, vials have been emptied
      manually by removal of the screw cap, a procedure having two
      disadvantages-- relatively low hourly outputs of approximately from 150 to
      300 vials per operator, and an ever-present risk for the operator of
      radioactive contamination.
PAC  BROAD DESCRIPTION OF THE INVENTION
PAR  According to the invention there is provided an apparatus for emptying
      disposable receptacles, comprising:
PA1  A. conveying means for moving the receptacles past severing means adapted
      to sever them into a two cup-like or beaker-like parts;
PA1  B. a spider which has tubular arms for supporting the cup-like or
      breaker-like parts from the conveyor and which is rotatable around a
      substantially horizontal axis, the arms being adapted to be connected to a
      pressure gas source at least during part of each rotation;
PA1  C. means which turn the two parts of each receptacle in the conveying means
      so that the severed apertures of such parts face towards the spider;
PA1  D. means for locating each of the receptacle parts thus turned on to a
      rising spider arm;
PA1  E. means for collecting liquid poured out of the receptacles; and
PA1  F. separate means for collecting parts of receptacles.
PAR  It is possible, using apparatus according to the invention, to increase the
      number of vials emptied hourly to several times the previous hourly
      output/operator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described in greater detail hereinafter, by way of
      example, with reference to an embodiment shown in the drawings wherein:
PAR  FIG. 1 is a vertical section through a complete apparatus in accordance
      with the invention;
PAR  FIG. 2 is a section on the line II--II of FIG. 1;
PAR  FIG. 3 is a view to an enlarged scale of a variant of part of the apparatus
      shown in FIGS. 1 and 2, and
PAR  FIG. 4 is a view on the line IV-IV, of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIGS. 1 and 2, there is shown therein an apparatus for
      emptying vials containing radioactive liquids, comprising a pair of
      conveying discs 2, mounted in the top part of a casing 1 for rotation
      around a horizontal axis. The distance between the discs 2 is less than
      the length of vials V which it is required to empty. The discs 2 are
      formed on their periphery with uniformly distributed recesses 2a which
      have a part-circular shape corresponding to the cylindrical shape of the
      vials, so that a vial can be cradled between two recesses opposite one
      another in the different discs, with its axis parallel to the disc axis.
      The vials are supplied by way of a feed shaft 3 through which the vials
      can pass only along the path shown in the drawings. The vials V go from an
      inclined magazine 4 through shaft 3 to the discs 2 and are conveyed
      thereby in the direction indicated by an arrow. A roller 6 which engages
      with the discs 2 immediately downstream of the shaft 3 is mounted for
      vertical movement and is connected to a control element (not shown) which
      stops the complete apparatus if a vial is wrongly inserted in the
      conveying-disc recesses and therefore causes an excessive upwards movement
      of the roller 6. A guide member 7 prevents the vials from dropping out of
      the disc recesses. A conveying roller formed with corresponding grooves
      along its generatrices could be used instead of the disc pair 2, and the
      recesses need not be part-circular.
PAR  Disposed diagonally below the first disc pair 2 and also adapted to rotate
      around a horizontal axis is a second and similar conveying disc pair 8. A
      guide plate 9 extends therearound from its highest part to its lowest
      part. The two disc pairs 2, 8 are driven synchronously by way of a toothed
      belt 10 which also drives a rotating spider (to be described hereinafter).
      As shown in FIG. 1, the positions of the two pairs of conveying discs as
      they rotate are so adapted to one another that the vials which have been
      conveyed by the first pair of discs are placed in the recesses 8a of the
      second pair of discs and conveyed therein in the direction indicated by an
      arrow, being retained in the recesses 8a in the discs 8 by guide member 9.
      A circular saw blade 11 is rotatably mounted next to the disc pair 8
      approximately at the level of the rotational axis of the discs 8 and
      extends through an aperture in guide member 9 into the gap between the two
      discs 8. Blade 11 is mounted on the shaft of an electric motor 12 which
      also drives the belt 10. The circular saw serves to sever the vials V on
      the second disc pair 8 into two cup-shaped or beaker-shaped halves V' and
      V", as shown in FIG. 2, most of the contents of the vials discharging upon
      such severance. An inclined catch plate 13 is therefore disposed below the
      discs 8 and the liquid discharging from the vials can run down plate 13,
      through a drain pipe into an outlet spigot 14. The spigot is connected to
      the pipe by way of bellows or a boot or the like and drains into a
      collecting vessel or tank 15. The tank 15 stands on a balance 16 adapted
      to operate a switch 17 when the tank 15 has been filled up to a
      predetermined weight. When such weight is reached the switch 17 switches
      off the motor 12.
PAR  Of course, a roller formed with an appropriately dimensioned peripheral
      annular groove and a series of grooves along its generatrices could be
      used instead of the second pair of conveying discs.
PAR  A double spider 18 is disposed diagonally below the second conveying disc
      pair 8, on the opposite side to the saw 11, and is mounted for rotation
      about a horizontal axis and is driven via the belt 10 synchronously with
      the two disc pairs 2, 8. Spider 18 consists of four pairs of radial arms
      18a at 90.degree. intervals around the hub, i.e. at the same spacing from
      one another as the recesses in the discs. Each pair of arms 18a is
      parallel, and spaced the same distance apart as the two discs of a
      conveying-disc pair. The position of spider 18 in rotation relatively to
      the second disc pair 8 is such that a rising arm 18a engages in the recess
      8a in the corresponding disc 8 when such recess has passed beyond the
      lowest position of its orbit. This state of affairs is shown
      diagrammatically in FIG. 1.
PAR  So that the two beaker-shaped vial halves can be pushed on to the ends of
      the spider arms, they must first be turned through an angle of
      approximately 45.degree. to 90.degree. so that their apertures face
      substantially radially outwards in relation to the conveying discs. To
      this end, guides 20 shown in FIGS. 1 and 2 are disposed in the bottom part
      of the path of the vial parts V' and V".
PAR  Alternative guides 20 are shown in FIGS. 3 and 4 and comprise three
      stationary guide bars 20 which are disposed on both sides of and between
      the discs 8 and which are in shape arcuate. The bars 20 are formed, in the
      facing surfaces with recesses each bounded by two sinuously extending
      guiding surfaces 21a,  21b which are substantially perpendicular to one
      another. As considered in the direction of conveyance of the vial parts,
      the surfaces 21a are located initially in planes which are substantially
      parallel to the axis of the discs 8, and the surfaces 21b are
      perpendicular thereto. In the direction of conveying the guiding surfaces
      curve sinuously and uniformly through approximately 90.degree. so that at
      the end the planes of the surfaces 21a become perpendicular to the axis of
      the discs 8, and the planes of the surfaces 21b become parallel thereto.
      One pair each of the surfaces 21a engages with the side walls of the two
      vial parts V' and V". The other guiding surfaces 21b extend substantially
      perpendicularly to the surfaces 21a -- i.e., the planes of the surfaces
      21b merge from an initial position, in which they are parallel to the
      discs 8, into a final position, in which they are perpendicular of the
      discs 8. One pair each of the surfaces 21b engage with the orifice edges
      or base or cover of the vial parts V', V". Just a single pair of guiding
      surfaces 21a or 21b per guide would of course be sufficient, but the use
      of two pairs 21a and 21b improves reliability.
PAR  Once the two parts of the vials have passed through the guide 20 (21a,
      21b), they take up the position shown in FIG. 1, are engaged by the rising
      arms 18a of spider 18 and conveyed through a guide member 22. The spider
      hub 18b is hollow and communicates via a line 18c with a nitrogen source.
      The arms 18a are also hollow and, by way of an appropriately dimensioned
      aperture 18d in hub 18b, communicate with the nitrogen source during
      approximately the top third of each cycle of rotation, so that during such
      period of their rotation nitrogen can issue from the ends of the arms 18a.
       Both the vial parts are therefore scavenged while they are being conveyed
      on the spider 18; the guide member 22 ensures that the vial parts do not
      disengage from the spider arms during scavenging. Disposed below spider 18
      is a drip catcher 13a over which any remaining drops of liquid drain to
      surface 13.
PAR  When the spider arms 18a rotate to a downward orientation, the completely
      emptied and scavenged vial parts V', V" drop off the arms 18a and through
      a funnel-shaped aperture in casing 1 into a waste bag 23. For safety
      reasons a nitrogen atmosphere is maintained in casing 1 by way of a
      connection 24. Some other relatively inert gas could, of course, be used
      instead of nitrogen.
PAR  The apparatus according to the invention is not, of course, limited just to
      the emptying of vials but is also of use in a similar way for other
      receptacles which are to be disposed of in relatively large quantities.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for emptying disposable receptacles, comprising:
PA1  a. severing means adapted to sever receptacles into two cup-like parts;
PA1  b. conveying means for conveying receptacles past said severing means to be
      severed;
PA1  c. a rotating spider which has tubular arms for supporting cup-like parts
      from the conveyor and which is rotatable about a substantially horizontal
      axis, the arms being adapted to be connected to a pressure gas source at
      least during part of each rotation;
PA1  d. means to turn the two parts of each receptacle in the conveying means so
      that the severed apertures of such parts face towards the spider;
PA1  e. means for locating each of the receptacle parts thus turned on to a
      rising spider arm;
PA1  f. means for collecting liquid poured out of the receptacles; and
PA1  g. separate means for collecting cup-like parts.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein the conveying means comprises a
      pair of conveying discs, a substantially horizontal shaft on which the
      discs are mounted; and a stationary guide member which extends over part
      of the conveying disc periphery and which serves to retain the receptacles
      or the severed parts thereof in the conveying means; wherein the discs
      define receptacle-receiving recesses in their periphery having axes that
      are parallel to the shaft, and wherein the severing means is a disc which
      extends into the gap between the two conveying members and through a gap
      formed in the guide member.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, including a feed shaft and a second
      pair of conveying discs preceding the first pair and similar thereto,
      wherein the feed shaft is adapted to supply receptacles to the recesses in
      the second pair of conveying discs.
NUM  4.
PAR  4. Apparatus as claimed in claim 2, wherein the means for turning the
      severed parts of the receptacles comprise two pairs of guiding surfaces,
      and wherein each pair is disposed on both sides of one disc of the first
      pair of conveying discs and extend along the arcuate movement path of the
      receptacle parts, and cooperate with one another to form one guide each
      for such parts, such guide extending sinuously in the direction of
      conveyance so as to turn gradually through an angle of from 45.degree. to
      90.degree..
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein the means for turning the
      severed parts of the receptacles comprise two further pairs of guiding
      surfaces, one each of which is substantially at right angles to one of the
      previously mentioned guiding surfaces and extends sinuously through the
      same angle as the latter in the direction of conveying, so that a pair of
      said first-mentioned and said second-mentioned guiding surfaces form a
      guide which engages around a receptacle part.
NUM  6.
PAR  6. Apparatus as claimed in claim 2, wherein the spider arms are disposed in
      pairs in two planes axially offset from one another by the distance
      between the two discs of the pair of discs of the conveying means; and
      wherein the guide member terminates after the lowest point of the discs,
      and wherein the spider is positioned for a rising pair of arms to engage a
      pair of receptacle parts at the end of the guide member during operation
      of the apparatus.
NUM  7.
PAR  7. Apparatus as claimed in claim 1, including a casing enclosing at least
      the conveying means and the severing means, the casing being adapted to be
      connected to an inert gas source whereby it may be filled with an
      atmosphere of inert gas.
NUM  8.
PAR  8. Apparatus as claimed in claim 1, including control means coupled to the
      means for collecting the liquid, the control means being adapted to stop
      the conveyance of receptacles whenever the means for collecting the liquid
      has filled up to a predetermined level.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, wherein the control means comprise a
      balance adapted to support a collecting vessel, and which operates a
      switch in response to the predetermined loading and thus stops the
      conveying means.
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ABST
PAL  A hand operated forklift truck including a swivel wheel assembly attached
      to the lowermost portion of a brace extending downwardly from the side
      rails and a load support comprising an angularly adjustable mast pivotally
      attached to the lower ends of the side rails with a pair of forks
      extending outwardly such that heavy loads can be lifted and balanced while
      being moved while the swivel wheel adds to the stability of the load.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hand operated forklift truck and more
      particularly, the invention is concerned with providing a hand truck which
      includes an angularly adjustable mast pivotally attached thereto with
      forward projecting forks for lifting the workload and a swivel third wheel
      positioned for rolling contact with the ground surface after the workpiece
      is loaded. Leverage can be varied as required by adjusting the length of
      the handles.
PAR  Heretofore, in the moving and transporting of heavy and bulky material into
      and around a warehouse or storage area, it has been customary to use a
      powered forklift truck. Most times the material is moved from one location
      on the floor to a loading platform or to another position. It is well
      known that powered forklift trucks are expensive to buy and operate and
      require substantially constant maintenance by skilled personnel. Also,
      powered vehicles contribute to pollution in the atmosphere and require
      ventilation with corresponding loss of heat and energy.
PAR  It has been estimated that up to seventy five per cent of the work of a
      powered vehicle can be successfully done by a properly designed hand
      operated forklift truck. Additionally, the hand operated truck would be
      capable of operation in closed-in areas thereby helping to eliminate
      existing space problems by functioning in areas which are too small or
      inaccessible to motorized forklifts. It can be seen that the hereinafter
      described hand operated forklift truck which is a relatively simple unit
      and requires only an average size man to operate, will overcome the
      shortcomings of the powered forklift while at the same time performing a
      great number of the jobs that normally require a powered forklift to
      complete.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with providing a forklift hand truck for
      use in lifting and transporting heavy and bulky items such as
      refrigerators, washers, stoves, dryers, air conditioners and the like, as
      well as 55 gallon drums, both empty and filled with liquid. The hand truck
      includes a forward load support with a mast section angularly adjustable
      and two forks extending forwardly therefrom for lifting the workload. A
      swivel type third wheel is positioned back of the two main wheels so that
      the truck can be easily maneuvered whether loaded or empty. Extension
      handles are provided so that heavier items can be more easily tilted back
      into handling position.
PAR  Accordingly, it is an object of the invention to provide a hand operated
      forklift truck which is very easy to manipulate and requires little or no
      expense for upkeep.
PAR  Another object of the invention is to provide a forklift hand truck
      including two forwardly projecting forks which can be positioned at
      various widths according to the item being handled.
PAR  Still another object of the invention is to provide a leverage lift hand
      truck which includes extension handles that can be extended or shortened
      as required making heavier items easier to tilt back into handling
      position.
PAR  A further object of the invention is to provide a forklift hand truck
      having a third wheel, swivel type, set back of the two main wheels, making
      it extremely easy to maneuver, loaded or empty.
PAR  A still further object of the invention is to provide a leverage lift hand
      truck which includes an extension mast that can be angularly raised and
      lowered relative to the rails of the hand truck according to the height of
      the item being handled.
PAR  Another still further object of the invention is to provide a forklift hand
      truck having weights on the frame thereof which can be installed and
      removed with great ease and speed thereby making the lifting and balancing
      of materials easier.
PAR  These and other objects, features and advantages will become more apparent
      after considering the following description taken in conjunction with the
      annexed drawings and appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a forklift hand truck according to the
      invention showing the angularly adjustable mast and forks with the swivel
      third wheel removed; and
PAR  FIG. 2 is an exploded view of the hand truck showing the detail of the
      various elements of the invention in their positions relative to each
      other.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the hand operated forklift truck of this
      invention includes a handle unit generally designated by the reference
      numeral 13 and comprises a pair of spaced side rails 15 with a plurality
      of spacer elements 17 which support and maintain the side rails 15 in
      spaced parallel relationship. At the lower end of each of the spaced side
      rails 15 there is positioned a suitable axle bracket assembly 19 which
      support the transverse axle shaft 21. The wheels 23 are installed to
      rotate on the axle shaft 21 and together therewith comprise the axle
      assembly.
PAR  Pivotally attached to the lower ends of the rails 15 is a load support
      generally designated by the numeral 25 and includes a mast section
      comprising a pair of spaced rails 27 with supporting cross members 29 and
      adjustable forks 31 projecting forwardly to lift and support the work
      load. A pair of mast supports 33 are pivotally attached between the sides
      of the mast rails 27 and the side rails 15 for adjusting the angle of the
      mast section relative to the handle unit 13. It can be seen that the
      position of the mast supports 33 effectively determines the angle of the
      main handles 13 relative to the workload when the hand truck is in lifting
      position and that by proper adjustment heavy and bulky loads can be easily
      handled by an average sized person.
PAR  Attached to and extending rearwardly from the axle shaft 21, there is
      positioned a reach 35 shown in FIG. 2. A U-bolt 37 serves to connect the
      forward end of the reach 35 to the axle shaft 21. A V-shaped brace 39
      extends downwardly from the rails 15 on the handle unit 13 to the rearward
      end of the reach 35 to provide a support for a swivel wheel assembly 41. A
      foot pedal 43 is also positioned at the junction of the reach 35 and brace
      39 above the swivel wheel 41 and works to aid in lifting and balancing the
      workload during operation of the forklift hand truck.
PAR  The handle unit 13 is provided with extensions 45 which effectively operate
      to lengthen the side rails 15 to give added leverage when unusually heavy
      or bulky material is being transported. Various weights 47 can be
      installed and removed from the handle unit 13 by positioning in slots 49
      on the inner walls of the side rails 15. These weights 47 make lifting and
      balancing of the workload easier.
PAR  It should be noted that the hereinbefore described forklift hand truck can
      be disassembled or reassembled very quickly and that the unit has
      excellent balance, whether loaded or empty, when fully assembled. Also,
      the leverage lift will work efficiently in small and large areas with low
      ceilings and allows a person small in stature to move large and bulky
      items easily with little stress or strain. Thus, while it is simple to
      operate, the forklift hand truck will perform the duties of a powered
      forklift without the accompanying expenses for upkeep and maintenance.
PAR  Although the invention has been illustrated in the accompanying drawings
      and described in the foregoing specification in terms of a preferred
      embodiment thereof, the invention is not limited to this embodiment or to
      the preferred configuration mentioned. It will be apparent to those
      skilled in the art that my invention could have extensive use in
      warehouses where there is always a backlog of material or empty crates to
      be moved. Because of the low cost of the leverage lift, one or more could
      be placed in several work areas, ready and available to keep the material
      moving thereby relieving the workload of the powered lifts that are more
      costly as well as more hazardous to operate.
PAR  Also, it should be understood that various changes, alterations,
      modifications and substitutions, particularly with respect to the
      construction details, can be made in the arrangement of the several
      elements without departing from the true spirit and scope of the appended
      claims.
CLMS
STM  Having thus described my invention, what I claim and desire to secure by
      Letters Patent of the United States is:
NUM  1.
PAR  1. In a tiltable hand truck having a main frame which includes side rails
      and handles at the rearward end thereof and carrying wheels with axle
      therefor at the forward ends, the improvement comprising extensions fitted
      into said side rails for extending the length thereof, the handles being
      attached to the rearward end of said extensions, a series of angular slots
      on the inner walls of said side rails, a corresponding series of counter
      weights insertable in said slots for counter balancing the work load, a
      V-shaped brace attached to said side rails and extending downwardly
      therefrom, a reach member extending rearward from said axle to said brace,
      a swivel wheel assembly attached to the lowermost portion of said brace
      for rolling contact with the ground surface, an angularly adjustable load
      support including a mast pivotally attached to the side rails at the
      forward end of said main frame and extending upwardly therefrom, a pair of
      adjustable mast supports pivotally attached between the sides of said mast
      and the side rails of the main frame, and a pair of forks extending
      outwardly from the lower end of said mast for insertion under a workload
      whereby the angle of said load support relative to the hand truck can be
      varied to obtain the maximum work advantage depending on the size, shape
      and weight of the workload.
PATN
WKU  039400000
SRC  5
APN  4705882
APT  1
ART  314
APD  19740516
TTL  Universal hydraulic lift attachment for tractors
ISD  19760224
NCL  7
ECL  1
EXA  Weaver; Ross
EXP  Spar; Robert J.
NDR  2
NFG  5
INVT
NAM  Mousel; C. K.
CTY  Arapahoe
STA  NB
ZIP  68922
CLAS
OCL  214766
XCL  172491
EDF  2
ICL  E02F  362
FSC  214
FSS  130 R;766
FSC  280
FSS  456 R;457;461 A;477;490 A
FSC  172
FSS  491;680
FSC  180
FSS  53 C
FSC  254
FSS  124
UREF
PNO  2470242
ISD  19490500
NAM  Felsing
OCL  280477
UREF
PNO  2549734
ISD  19510400
NAM  White
OCL  172491
UREF
PNO  2619016
ISD  19521100
NAM  Dooley
OCL  172491
UREF
PNO  2757591
ISD  19560800
NAM  Stafford
OCL  172491
UREF
PNO  3536222
ISD  19701000
NAM  Patnode
OCL  214766
FREF
PNO  1,431,420
ISD  19690300
CNT  DT
OCL  214766
FREF
PNO  226,599
ISD  19620800
CNT  OE
OCL  214766
FREF
PNO  510,150
ISD  19550200
CNT  CA
OCL  254124
LREP
FRM  Larson, Taylor & Hinds
ABST
PAL  The present invention relates to a hydraulic lift attachment that is
      universally attachable to almost all makes and models of tractors. In one
      embodiment, the lift attachment comprises a frame, a hollow support member
      rigidly attached to and depending from the frame, and a boom pivotably
      mounted at one end to the frame and extending rearwardly therefrom. A
      hydraulic piston assembly is connected between the boom and the frame and
      operates off the tractor's hydraulic system for pivotably moving the boom.
      The frame is primarily supported by the tractor draw bar which is inserted
      in the support member and secured thereto with removable bolts. Two
      chains, rigidly attached at one end to respective sides of the frame, are
      connectable at the other end to the lift arms of the tractor's three point
      hitch and provide additional support for the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an improved attachment for tractors and in
      particular relates to a rear mounted hydraulic hoisting device attachable
      to a tractor and operable from the tractor hydraulic system.
PAR  2. Description of the Prior Art
PAR  The prior art contains many examples of hydraulically operated attachments
      connectable to tractors. However, because there is no standardization in
      design of tractors, serious difficulties are encountered when the same
      attachment is to be used with a number of different makes and models of
      tractors. Some of the important features which vary on the differing makes
      and models of tractors include the length of the draw bar lift arms, the
      length and size of the draw bar, the orientation of the draw bar, the type
      of hitch assembly, and the rear end structure of the tractors.
PAR  Many of the examples in the prior art of tractor attachments which have
      been designed to be mounted universally on all makes and models of
      tractors have been found to be extremely complex in their design,
      relatively quite heavy, and difficult to attach and remove from the
      tractors. Examples of hoist attachments of this type can be found in the
      Davies patent, U.S. Pat. No. 2,554,900 and the Schaich patent, U.S. Pat.
      No. 2,670,175. On the other hand, some of the prior art tractor
      attachments which do have a simplicity of design, have been found to lack
      sufficient structural strength to lift heavy loads.
PAC  Summary of the Invention
PAR  Accordingly, the present invention provides a structurally sturdy hydraulic
      lift attachment for tractors which is easily mounted and detached from the
      tractor frame. In addition, the present invention provides the advantage
      that it is universally adaptable to almost every make and model of
      tractor.
PAR  In accordance with one embodiment of the invention, the hydraulic lift
      attachment for tractors includes a frame mountable on and attachable to
      the draw bar of the tractor and a means for rigidly mounting the frame
      onto the draw bar. Two elongated connecting means are respectively
      connected at one end to the frame and are connectable at the other end to
      a corresponding arm of the tractor hitch assembly. A boom is pivotably
      mounted to the frame and extends outwardly therefrom and is raised and
      lowered with a hydraulic means which is connectable to the hydraulic
      system of the tractor.
PAR  Other features and advantages of the invention are set forth in or are
      apparent from the detailed description of presently preferred embodiments
      thereof found hereinbelow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings in which like reference numerals denote like elements,
PAR  FIG. 1 is a perspective view of a tractor having a lift attachment in
      accordance with one embodiment of the invention mounted at the rear end
      thereof;
PAR  FIG. 2 is an enlarged perspective view taken from the side of the lift
      attachment shown in FIG. 1;
PAR  FIG. 3 is a perspective view taken from the end of the lift attachment
      shown in FIG. 1;
PAR  FIG. 4 is a perspective view taken from the end of a second embodiment of a
      lift attachment in accordance with the invention;
PAR  FIG. 5 is a perspective view taken from the side of the embodiment of the
      invention shown in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF PRESENTLY PREFERRED EMBODIMENTS
PAR  A presently preferred embodiment of a hydraulic lift attachment 10 is shown
      connected to the rear of a tractor 12. Tractor 12 is exemplary of a
      particular make and model of a farm tractor which is provided with a
      hydraulic system for operating the tractor's three point hitch and draw
      bar assembly 14, as well as operating a number of tractor attachments such
      as hydraulic lift attachment 10. The tractor hydraulic system is generally
      operated by positioning one of a plurality of levers 16. The three point
      hitch and draw bar assembly 14 is comprised of arms 18 and 20 and a draw
      bar extending longitudinally rearwardly from tractor 12.
PAR  Hydraulic lift attachment 10 is shown in greater detail in FIGS. 2 and 3.
      Attachment 10 comprises a U-shaped frame which can be made from heavy
      guage steel plate. Frame 24 extends in a transverse direction and has a
      channel iron 26 welded to the underside thereof for receiving draw bar 22.
      A bolt 28 extends through the base of frame 24 and passes through any one
      of a plurality of orifices in draw bar 22 for retaining draw bar 22 within
      channel iron 26. Frame 24 is supported on tractor 12 by both draw bar 22
      and two elongate connecting means such as flexible connectors or chains 30
      and 32. One end of chains 30 and 32 is rigidly attached to respective ends
      of the bottom of frame 24 such as by being welded thereto. The other ends
      of chains 30 and 32 terminate in pins 34 and 36 are removably insertable
      into orifices 38 and 40 located at the ends of arms 18 and 20
      respectively. Pins 34 and 36 have removable bolts 42 and 44 extending
      through orifices in the pins for preventing disengagement of pins 34 and
      36, and hence chains 30 and 32, from arms 18 and 20.
PAR  In the embodiment shown in FIGS. 1, 2, and 3, frame 24 is further comprised
      of a tubular member 50 rigidly attached at the upper rearward corners of
      the sides of frame 24. A boom 52 is journaled at one end to and pivots
      about tubular member 50. A mounting gusset plate 54 is rigidly secured to
      a mid portion of boom 52 and receives one end of a piston rod 56 which is
      pivotably attached thereto. Piston rod 56 is part of a piston assembly 58
      which further includes a cylinder 60, flexible hydraulic supply and return
      hoses 64 which are connectable to the main hydraulic system of tractor 12,
      and a mounting bracket 66 which mounts piston assembly 58 to the bottom
      plate of frame 24. The other end of boom 52 terminates in at least one
      hook 68 to which a load to be lifted can be attached.
PAR  In a second embodiment of the invention, shown in FIGS. 4 and 5, the
      hydraulic lift attachment 70 is comprised of a rectangular, open ended and
      hollow, box like frame 72 and a rectangular shaped boom 74 pivotably
      connected at the rearward upper corner of frame 72 with a hinge member 76.
      Hinge member 76 comprises a shaft 78 welded at the ends thereof to frame
      72 so as to provide a central section of shaft 78 spaced from frame 72. A
      sleeve 80 is rigidly connected to boom 74 and is concentrically and
      pivotably mounted around the central section of shaft 78, thereby
      permitting pivotable movement of boom 74. Rigidly mounted on the bottom of
      frame 72 is a channel iron member 82 having a channel therein for
      receiving draw bar 22 of the tractor. Draw bar 22 is retained inside
      channel iron member 82 with a removable pin 84 which extends vertically
      through frame 72, channel iron member 82, into one of a number of orifices
      86 in draw bar 22, and out the bottom side of channel iron member 82. If
      desired, more than one pin 84 can be used to secure frame 72 to draw bar
      22. Attached to boom 74 is one end of a piston rod 88, the other end of
      which is slidably mounted inside a cylinder 90 and is positionable by
      hydraulic fluid supplied through hoses 64. The other end of cylinder 90 is
      pivotably mounted onto a hinge 92 which can be rigidly mounted anywhere
      along the vertical face of frame 72 as the particular design of lift
      attachment 70 requires. The remaining element of lift attachment 70 are
      similar to corresponding elements of lift attachment 10 shown in FIGS.
      1-3, and have been designated with the same numbers.
PAR  In operation, the hydraulic lift attachment can be easily and quickly
      mounted to a tractor having either a two or a three point hitch. Referring
      to FIG. 1, the lift attachment is supportably mounted onto draw bar 22
      which has been inserted into channel iron 26 and retained therein through
      the placement of bolts 28. Chains 30 and 32 are connected to arms 18 and
      20, respectively, by inserting pins 34 and 36 in orifices located near the
      ends of arms 18 and 20. Then, arms 18 and 20 are pivotably raised by the
      tractors's hydraulic system controlled by lever assembly 16. Arms 18 and
      20 are raised an amount sufficient so that frame 24 obtains some support
      therefrom. Once hydraulic lift attachment 10 has been mounted as above, it
      is ready for use.
PAR  It is apparent from the foregoing that the hydraulic lift attachment of
      this invention provides a lightweight yet sturdy and rugged attachment
      that can be easily and quickly mounted onto the rear of almost every make
      and model of tractor. Other modifications and variations can be made to
      the invention. Thus, the frame of the hydraulic lift attachment can be
      mounted onto the tractor's draw bar by a mounting means comprising a
      plurality of separable elongated members, one of which is rigidly mounted
      to the bottom of the frame and is positioned on top of the draw bar, and
      the other of which is positioned under the draw bar and the two members
      are being bolted together.
PAR  Although the invention has been described in detail with respect to an
      exemplary embodiment thereof, it will be understood by those of ordinary
      skill in the art that still further variations and modifications may be
      effected within the scope and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydraulic lift assembly attachable to a tractor having a draw bar, a
      hitch with vertically pivotable arms, and a hydraulic system for operating
      the arms and connectable hydraulic attachments, said lift assembly
      comprising:
PA1  a frame mountable on and attachable to the draw bar;
PA1  means for mounting said frame to the draw bar;
PA1  two elongated connecting means, each connecting means connected at a first
      end to said frame and connectable at the other end to a corresponding arm
      of the hitch, said lift assembly removably mounted on and primarily
      supported by said draw bar and additionally supported and stabilized by
      the lift arms through said connecting means;
PA1  a boom pivotably mounted to said frame and extending outwardly therefrom;
PA1  and hydraulic piston means for raising and lowering said boom, said
      hydraulic piston means mounted at one end to said frame and mounted at the
      other end to said boom and connectable to the hydraulic system of the
      tractor.
NUM  2.
PAR  2. A hydraulic lift as claimed in claim 1 wherein said frame is generally
      U-shaped in cross section and is comprised of a base and two upstanding
      sides attached to said base; and
PA1  wherein said mounting means comprises a support member depending from said
      base and rigidly attached thereto, said support member having a channel
      therein for receiving the draw bar, and a removable bolt extending through
      orifices in said base, said support member and said draw bar for rigidly
      attaching said frame to said draw bar.
NUM  3.
PAR  3. A hydraulic lift as claimed in claim 2 wherein said frame further
      comprises a mounting member rigidly attached at each end to said
      upstanding sides in the upper rearward corner thereof, and wherein said
      boom is pivotably mounted at one end to said mounting member.
NUM  4.
PAR  4. A hydraulic lift as claimed in claim 1 wherein each said connecting
      means is comprised of a chain rigidly fastened at one end thereof to said
      frame, a pin connected to the other end of said chain for extending
      through an orifice in the end of the arm of the hitch, said pin having an
      orifice therethrough, and a removable bolt located in said orifice of said
      pin for retaining said chain in the orifice of the arm.
NUM  5.
PAR  5. A hydraulic lift as claimed in claim 1 wherein said frame comprises a
      rectangular box shaped member having a bore completely therethrough, and
      said boom is pivotably connected at one end to the top rearward corner of
      said box shaped member.
NUM  6.
PAR  6. A hydraulic lift as claimed in claim 1 wherein said connecting means
      comprises a flexible connecting means.
NUM  7.
PAR  7. In a tractor including a draw bar, at least two hydraulically actuated
      pivotably mounted hitch arms extending rearwardly of the tractor on either
      side of said draw bar, hydraulic piston means for hydraulically raising
      and lowering said hitch arms, and hydraulic fluid supply means in fluid
      communication with said hydraulic piston means, the improvement which
      comprises a readily removable lifting device, said lifting device
      comprising:
PA1  a frame member removably mounted on and secured to said draw bar;
PA1  a boom pivotably mounted on said frame member;
PA1  means removably connecting said frame member and said hitch arms such that
      said lifting device is removably mounted on and primarily supported by
      said draw bar and is additionally supported and stabilized by said hitch
      arms through said connecting means;
PA1  further hydraulic piston means for raising and lowering said boom; and
PA1  means for removably connecting said further hydraulic piston means with
      said hydraulic fluid supply means.
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ABST
PAL  A recyclable blow molded, injection blow molded or injection molded plastic
      container having laminated walls that include a frangible load-bearing
      lamina and a non-frangible fluid-barrier lamina which can be easily
      separated from each other in a crushing operation and recycled to make
      another container.
PARN
PAC  CROSS REFERENCE
PAR  This case is a Continuation-in-part of pending application Ser. No.
      295,515, filed Oct. 6, 1972 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to recyclable, rigid, plastic, packaging
      containers which are highly resistant to gas permeation and water vapor
      transmission. The containers may be made in the form of pipes, bottles,
      barrels, tubs, cans, trays and the like. They are formed by means of blow
      molding, injection blow molding and injection molding techniques.
PAR  2. Description of the Prior Art
PAR  Rigid plastic containers are finding an ever increasing use in packaging
      articles of commerce. In particular, the field of food and beverage
      packaging in plastics is increasing at a very rapid rate. Food products
      such as milk, syrups, fruit juices, instant coffee and tea, peanut butter,
      margarine, mayonnaise, dips, prepared salads, condiments and other food
      products are found on today's grocery shelves in rigid plastic containers.
      Rigid plastic containers also find wide use in the packaging of cosmetics,
      such as skin lotions, shampoos, ointments, etc., and in the parmaceutical
      field are used for packaging many drugs.
PAR  In order to provide a suitable package for the many commodities purchased
      by the general public, a plastic container must have the requisite
      rigidity, strength and impermeability. The container must be sufficiently
      rigid to be handled on conventional high speed filling and capping lines
      and to be handled during shipment and by the ultimate consumer during use.
      The plastic container must also be sufficiently strong to contain the
      product, particularly if the product is under pressure as in the case of
      carbonated beverages. Strength is also an important factor in that the
      container should be resistant to breakage during filling, transporting and
      use by the consumer. Impermeability to fluids (water, oxygen, carbon
      dioxide, etc.) is important for packaging of foods and carbonated
      beverages. In order to achieve widespread commercial acceptance, a plastic
      container must be inexpensive, be attractive in appearance, and be capable
      of manufacture by conventional high speed plastic container manufacturing
      equipment, in particular, by blow molding, injection blow molding or
      injection molding. A third and ever increasingly important requirement for
      a plastic container is that it be ecologically acceptable.
PAR  As a practical matter, plastic containers presently in use do not meet all
      the criteria found above. Many containers have the required rigidity and
      strength and are inexpensive, such as those made from high and low density
      polyethylene, polyvinyl chloride and oriented polypropylene. However,
      these containers do not provide the desired impermeability which is
      required in packaging many products, e.g., carbon dioxide-containing
      beverages, oxygen-sensitive foods, etc. On the other hand, plastic
      materials having the requisite impermeability properties, e.g.,
      polyvinylidene chloride polymers, nitrile-containing polymers, are
      relatively expensive or cannot be readily fabricated into containers by
      extrusion-based methods or do not possess the necessary strength or
      desirable optical properties, such as high impact strength, creep
      resistance, transparency, or the like.
PAR  In order to overcome the deficient properties of the individual
      thermoplastic materials, the prior art has taught the desirability of
      producing a blow molded container by coextruding two different plastic
      materials, each having certain desired properties, to form a composite
      parison and then blow molding this parison in a hollow blow mold to
      produce small-neck containers. See U.S. Pat. No. 2,710,987. In order to
      overcome some of the strength deficiencies in blow molded plastic
      containers, U.S. Pat. No. 3,140,004 describes the fabrication of a blow
      molded, multilayer, plastic container utilizing two plastic materials
      having different coefficients of thermal contraction. U.S. Pat. No.
      3,082,484 describes a method of forming a container wherein one of the
      thermoplastics used has such a low viscosity that it cannot be extruded
      into a parison for blow molding. Nylon, which normally cannot be blow
      molded alone, is encased in a polyethylene jacket to produce a container
      having the desirable characteristics of both nylon and polyethylene.
      French Pat. No. 1,423,666 describes the preparation of blow molded plastic
      containers from two or more plastic materials by coextruding a parison
      having one layer of a vinyl halide polymer or copolymer, or an olefinic
      polymer, and the other layer of a vinylidene chloride polymer. According
      to U.S. Pat. No. 3,449,479, a preformed parison of a polyolefin is coated
      with a chlorine-containing polymer, e.g., polyvinyl chloride,
      polyvinylidene chloride-acrylonitrile copolymers, by solution or powder
      coating techniques. The coated parison is then oriented and converted into
      a bottle in a blow molding operation.
PAR  Methods for producing multilayered plastic containers by plastic forming
      techniques other than blow molding, injection molding and injection blow
      molding are disclosed in British Pat. No. 1,238,577 and Netherlands
      Application 71/15611. In the British patent, a laminated sheet composed of
      a load-carrying lamina and a fluid-barrier lamina is subjected to a
      compression forming operation. The method of the Netherlands application
      involves thermoforming a multilayer, laminated sheet of plastic material,
      one lamina of which is a high barrier thermoplastic such as Barex 210, the
      other being polystyrene.
PAR  While many combinations of materials and processes for producing multilayer
      plastic containers have been suggested heretofore, these containers have
      not found significant acceptance commercially in large volume
      applications. One of the primary reasons is believed to be excessive
      production costs. For example, in most blow molding machines used
      commercially today, waste neck and tail scrap is produced in significant
      quantities. The scrap presents no problem when bottles are made from a
      single-layer parison, since the neck and tail scrap portions can be
      reground and recycled into the thermoplastic feed material. However, as
      far as is known, heretofore there has been no commerically feasible way to
      recycle the tail or neck scrap produced when blow molding multilayer
      bottles. Since most of the multilayer bottles are made from parisons in
      which the two or more layers are strongly bonded, these thermoplastic
      materials cannot be separated for refeeding to the respective resin feeds.
      See, for example, U.S. Pat. No. 3,449,479. Attempts to feed multilayer
      scrap regrind have been unsuccessful in that the most commonly used
      barrier resins are incompatible with the other thermoplastic resins used
      for the load-bearing lamina, resulting in bottles which are hazy, weak and
      commercially unacceptable.
PAR  From an ecological standpoint, the multilayer bottles produced by the
      processes taught in the prior art are not suitable for recycling to
      produce recovered resin for reuse in producing bottles. Because the
      problem of separating the barrier layer from the load-bearing layer has
      not been heretofore solved, there has been no economic incentive to return
      multilayer plastic bottles to separation centers for recovery of the
      plastic materials therein for reprocessing into new plastic bottles.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a blow molded,
      injection blow molded, or injection molded plastic container having
      multiple layers which can be readily separated into the components of each
      layer.
PAR  It is a further object of the present invention to provide a blow molded,
      injection blow molded, or injection molded plastic container which is
      recyclable.
PAR  It is another object of the present invention to provide a rigid, strong,
      impermeable, economical, plastic container which can be produced by blow
      molding, injection molding, or injection blow molding and wherein the
      resultant container can be recycled.
PAR  A particular object of this invention is to provide a rigid, strong,
      impermeable, economical, transparent, narrow-necked, blow molded bottle
      capable of being recycled.
PAR  The present invention provides a multilayer plastic container which can be
      made by blow molding, injection blow molding or injection molding wherein
      there is provided little or no adhesion between the layers of the
      laminated container. The container has a load-bearing lamina made from a
      frangible, rigid, low-cost, thermoplastic material and an adjacent layer
      of a non-frangible, thin, flexible, high barrier, thermoplastic material
      having excellent resistance to permeation by carbon dioxide and oxygen.
      The containers have good clarity and provide outstanding burst, impact,
      creep, and tensile strength.
PAR  Because of the frangible nature of the load-bearing lamina and the elastic,
      coherent nature of the non-frangible barrier lamina, the containers of the
      present invention can be separated into their respective plastic
      components by subjecting the container to crushing and screening or other
      physical separation techniques, whereby the components of the container
      may be recycled. Additionally, when producing the containers by the
      parison blow molding technique, the tail and neck scrap produced can be
      crushed and separated into their plastic components for recycle, thus,
      lowering the cost of the container and avoiding the addition of waste
      plastic material required to be disposed of by land fill or incineration.
PAR  Containers of the present invention are particularly suited for use in the
      food and beverage industry, e.g., in the form of narrow-necked bottles for
      carbonated beverages and beer. The containers produced in accordance with
      the teachings of this invention have sufficient strength, permeability and
      aesthetic characteristics to qualify them for exacting packaging roles and
      are capable of being recycled.
PAR  Accordingly, one embodiment of this invention involves the provision of a
      rigid, narrow-necked, plastic bottle having laminated walls, the laminated
      walls comprising a fluid-barrier lamina of a flexible, non-frangible
      material which is highly impermeable to fluids and a load-bearing lamina
      of a frangible plastic material which will delaminate from said
      fluid-barrier lamina when said bottle is crushed. A feature of this
      embodiment is the fact that because such bottles are manufactured by blow
      molding, injection blow molding, or injection molding techniques, the
      sidewalls of the bottle are seamless. This greatly enhances the
      attractiveness of the bottles, particularly the transparent bottles. In
      addition, the lack of any seams in the sidewalls enhances the overall
      strength characteristics of the bottle.
PAR  Particularly preferred rigid, narrow-necked, plastic bottles having the
      above described laminated wall construction are those in which the walls
      are composed of two laminae, the load-bearing lamina being on the outside
      of the bottle and the fluid-barrier lamina being on the inside of the
      bottle, said laminated walls having an oxygen permeability of no more than
      6.5 cc-mils/100 sq. in./24 hrs/atmos. at 73.degree.F., a water
      permeability of no more than 8.0 g-mils/24 hrs/100 sq. in. at
      73.degree.F., and a carbon dioxide permeability of no more than 20
      cc-mils/24 hrs/100 sq. in./atmos. at 73.degree.F.
PAR  Another embodiment of this invention relates to the provision of a rigid
      blow molded plastic container having laminated walls, the laminated walls
      comprising a fluid-barrier lamina of a flexible, non-frangible material
      which is highly impermeable to fluids and a load-bearing lamina of a
      frangible plastic material which will delaminate from said fluid-barrier.
      lamina when said container is crushed. Preferred blow molded plastic
      containers of this invention include bottles, particularly transparent
      bottles, narrow-necked bottles and bottles having a threaded neck.
PAR  Still another embodiment of this invention involves the provision of a
      rigid, injection blow molded, plastic container having laminated walls,
      the laminated walls comprising a fluid-barrier lamina of a flexible,
      non-frangible material which is highly impermeable to fluids and a
      load-bearing lamina of a frangible plastic material which will delaminate
      from said fluid-barrier lamina when said container is crushed. Preferred
      containers of this type include bottles, especially narrow-necked bottles,
      tubs and can-shaped containers.
PAR  A further embodiment of this invention involves the provision of a rigid
      injection molded plastic container having laminated walls, the laminated
      walls comprising a fluid-barrier lamina of a flexible, non-frangible
      material which is highly impermeable to fluids and a load-bearing lamina
      of a frangible plastic material which will delaminate from said
      fluid-barrier lamina when said container is crushed. Preferred containers
      of this type include bottles, especially those with threaded necks, jars,
      tubs and can-shaped containers.
PAR  Yet another embodiment of this invention is a process for making a plastic
      container having laminated walls, comprising extruding a laminated
      parison, which parison includes a frangible, load-bearing lamina and a
      non-frangible, fluid-barrier lamina, the laminae having low adhesion
      therebetween, and blow molding a container from the parison. In order to
      achieve enhanced strength properties in a finished container, it is
      preferred to orient the parison prior to or during the blow molding step.
PAR  A still further embodiment of this invention relates to the provision of a
      process for making a plastic container having laminated walls, comprising
      injection molding a first homogeneous parison of a first material,
      injection molding a second homogeneous parison of a second material over
      the outside of the first parison to form a laminated parison, cooling the
      laminated parison to a temperature range wherein the laminated parison can
      be blown, and blowing the laminated parison in a mold, one of the first
      and second materials being, at ambient temperature, a flexible,
      non-frangible material which is highly impermeable to fluids, the other of
      the materials being, at ambient temperature, a frangible material having
      low adhesion to the non-frangible material. To achieve enhanced strength
      in the finished container, it is desirable to orient the laminated parison
      prior to or during the blowing step. Accordingly, this constitutes a
      particularly preferred embodiment of the invention.
PAR  Other embodiments, features, advantages and characteristics of this
      invention will be still further apparent from the ensuing description,
      appended claims, and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partly sectional, perspective, elevational view of a laminated
      plastic bottle;
PAR  FIG. 2 is a partly sectional, perspective, elevational view of a laminated
      plastic bowl or tub;
PAR  FIG. 3 is a partly sectional, perspective, elevational view of a laminated
      carbonated beverage container;
PAR  FIG. 4 is a partly sectional, perspective, elevational view of a laminated
      cosmetic bottle;
PAR  FIG. 5 is a schematic, partly cross-sectional view of a bottle crushing and
      delaminating apparatus;
PAR  FIG. 6 is a partly sectional, enlarged, perspective view of a portion of a
      two-layer laminate; and
PAR  FIG. 7 is a partly sectional, enlarged, perspective view of a portion of a
      three-layer laminate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, in FIG. 1 is shown a bottle 10 constructed
      in accordance with the present invention. The bottle is made from a
      two-layered laminate composed of an inner fluid-barrier lamina 12 made
      from a flexible and resilient thermoplastic and an outer load-bearing
      lamina 11 made from a frangible thermoplastic. Fluid-barrier lamina 12 is
      selected for its high impermeability to fluids such as gases and water and
      its lack of frangibility, and the load-bearing lamina 11 is selected for
      its load-bearing properties and its frangibility.
PAR  In FIG. 2 is shown a bowl or tub 13 made from a two-layered laminate. Bowl
      13 is composed of an inner fluid-bearing lamina 12 and an outer
      load-bearing lamina 11.
PAR  A can-shaped container 14, suitable for a carbonated beverage or beer, is
      shown in FIG. 3. Can-shaped container 14 has an inner load-bearing lamina
      11 and an outer fluid-barrier lamina 12.
PAR  Another type of container 15 in the form of a bottle with a screw cap is
      shown in FIG. 4. Such a container can be used to hold cosmetics such as
      lotions and liquid creams. The bottle 15 is made of a two-layer laminate
      composed of an inner fluid-barrier lamina 12 and an outer load-bearing
      lamina 11. Other containers may be made in accordance with the present
      invention in any shape or form desired.
PAR  In FIG. 5 is shown an apparatus for crushing bottles 10 or any other
      laminated container of the present invention such as containers 13, 14 and
      15 disclosed in FIGS. 2, 3 and 4, respectively. The containers 10 are
      placed in hopper 20 and fall onto crushing rollers 21 and 21a. The
      crushing rollers 21 and 21a have teeth 28 and 29 thereon for crushing the
      bottles 10 or other containers. Since the load-bearing lamina is formed
      from a frangible plastic material, it breaks into chips 22 which fall
      through holes in conveyor belt or screen 24 into bin 26. Because the
      separated fluid-barrier lamina 23 is made from material which is
      non-frangible and flexible, it does not break, but retains its integrity
      when bottle 10 passes through rollers 21 and 21a. The deformed
      fluid-barrier lamina 23 is carried by the conveyor belt screen 24 to bin
      27. Conveyor belt screen 24 travels along rollers 25. The separated chips
      22 of the load-bearing lamina in bin 26 and the deformed fluid-barrier
      lamina 23 in bin 27 can be recycled to form additional composite bottles.
PAR  FIGS. 6 and 7 illustrate the laminar construction of a two-layer and
      three-layer container wall, respectively. In addition, these figures
      schematically depict the low adhesion between the laminae. Upon deforming
      or crushing a container such as bottle 10 depicted in FIG. 5, the
      load-bearing lamina 11 breaks up into small pieces and separates readily
      from fluid-barrier lamina 12, as shown in FIG. 6, due to the frangible
      nature of lamina 11 and the low adhesion between the layers.
PAR  The fluid-barrier lamina 12 can be on the inside or outside of the
      container, or it may be sandwiched between two or more load-bearing
      lamina. As can be seen in the drawings, FIGS. 1, 2 and 4 shown
      fluid-barrier lamina 12 on the inside of the container, and FIG. 3 shows
      the fluid-barrier lamina on the outside of the container. FIG. 7 shows a
      partially delaminated fluid-barrier lamina 12 contained between two
      partially delaminated load-bearing lamina 11.
PAR  The reference to the lamina 11 as being "load-bearing" does not mean that
      lamina 12 has no load thereon. This simply means that lamina 11, due to
      its greater thickness than that of lamina 12, is necessarily stronger and
      will bear a greater proportion of a load placed on a container. Lamina 11
      should be approximately 3 to 10 times as thick as fluid-barrier lamina 12
      to realize maximum savings due to the lower cost of load-bearing lamina 11
      than that of fluid-barrier lamina 12. Parisons or blanks used to blow mold
      or form containers by similar methods should have a fluid barrier lamina
      which is also about 3 to 10 times as thick as the load-bearing lamina. The
      load-bearing lamina 11 may be any suitable frangible plastic material
      which has good mechanical properties. Such materials are, in general,
      rigid thermoplastic polymers which have the necessary strength properties
      to be molded into bottles and like containers which can withstand the
      rigors of actual usage such as filling, capping, pressurizing, printing,
      labelling, handling, jarring, dropping and so forth, but which are brittle
      enough so that when the container is subjected to a crushing force well in
      excess of that likely to be encountered in actual service, the polymer
      will break up into relatively small pieces. Exemplary plastic materials
      for load-bearing lamina 11 include, in general, polymers having relatively
      low impact strength (e.g., those which have a notched Izod impact strength
      of less than about 0.5 ft. lb. per inch of notch) such as polyvinyl
      chloride, copolymers of vinyl chloride, e.g., vinyl chloride-vinyl
      acetate, polyvinylidene chloride copolymers, styrene-acrylonitrile
      copolymers, polystyrene, acrylic polymers and similar frangible
      thermoplastic materials.
PAR  Flexible, non-frangible thermoplastic polymers having low permeability to
      fluids are used for fluid-barrier lamina 12. Suitable thermoplastics
      having high barrier properties include polymers containing at least 50 wt.
      percent of polymeric nitrile material wherein one or more monomers of the
      formula
      ##EQU1##
      where X is hydrogen, halogen or an alkyl group having up to four carbon
      atoms are copolymerized with one or more .alpha.-olefinic comonomers.
      Suitable .alpha.-olefinic comonomers are:
PAR  I. Esters having the structure
      ##EQU2##
      wherein R.sub.1 is hydrogen, an alkyl group having from 1 to about 4
      carbon atoms or a halogen, and R.sub.2 is an alkyl group having from 1 to
      about 8 carbon atoms.
PAR  II. Alpha olefins (vinyl olefins) of the formula
      ##EQU3##
      wherein R.sub.3 is hydrogen, an alkyl group having from 1 to about 6
      carbon atoms or a cycloalkyl group of up to about 8 carbon atoms, and
      R.sub.4 is hydrogen or an alkyl group of up to about 4 carbon atoms.
PAR  III. Aromatic olefins of the formula
      ##EQU4##
      wherein R.sub.5 is an aromatic radical of 6 to about 10 carbon atoms which
      may contain halogen or alkyl groups attached to the aromatic nucleus and
      R.sub.6 is hydrogen, halogen (e.g., chlorine), or a methyl group.
PAR  IV. Vinyl ethers represented by the formula
EQU  H.sub.2 C=CHOR.sub.7
PAL  wherein R.sub.7 is a monovalent aliphatic, cycloaliphatic or aromatic group
      preferably containing up to about 10 carbon atoms; e.g., an alkyl group, a
      cycloalkyl group, an aralkyl group (benzyl, phenetyl, etc.), an aryl
      group, or the like.
PAR  V. Halogenated alpha olefins of the formula
      ##EQU5##
      wherein Y is halogen, preferably chlorine or bromine, and R.sub.8 is
      hydrogen, halogen, an alkyl group of up to about 6 carbon atoms or a
      halo-alkyl group of up to about 6 carbon atoms.
PAR  VI. Vinyl esters having the structure
      ##EQU6##
      wherein R.sub.9 is hydrogen, alkyl groups of from 1 to 10 carbon atoms,
      aryl groups of from 6 to 10 carbon atoms including the carbon atoms in
      ring substituted alkyl substituents.
PAR  Comonomers of Types I and III above are preferred.
PAR  Exemplary of the foregoing copolymers are acrylonitrile copolymerized with
      methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate, the
      butyl acrylates, methyl methacrylate, ethyl methacrylate, propyl
      methacrylate, isopropyl methacrylate, the butyl methacrylates, alpha
      chloro-acrylate, vinyl acetate, vinyl formate, vinyl propionate, ethylene,
      propylene, isobutylene, 1-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene,
      vinyl chloride, vinyl bromide, vinylidene chloride, styrene, alpha
      methylstyrene vinyl ethyl ether, vinyl propyl ether, vinyl hexyl ether,
      vinyl cyclohexyl ether, vinyl benzyl ether, 4-chloro styrene, 4-bromo
      styrene, 2,4-dimethyl styrene, and the like. Similar copolymers in which
      the acrylonitrile is partially or totally replaced by methacrylonitrile
      are also exemplary copolymers which may be used in fabricating the fluid
      barrier lamina. Generally speaking, copolymers based on acrylonitrile will
      contain up to about 90 mole percent of polymerized acrylonitrile whereas
      copolymers of methacrylonitrile may contain as much as about 98 to 99 mole
      percent of this nitrile monomer.
PAR  Particularly suitable polymers of this type are made by polymerizing a
      major portion of the nitrile monomer (e.g., acrylonitrile) and a minor
      portion of an ester of an olefinicially unsaturated carboxylic acid (e.g.,
      methyl acrylate). Preferred copolymers result from the polymerization of
      at least 70 wt. percent, typically 70 to 95 wt. percent, of a mononitrile
      of the above formula with up to 30 wt. percent, typically 5 to 30 wt.
      percent, based on the combined weight of these monomers of an ester of the
      formula
      ##EQU7##
      where X is as defined above and R is an alkyl group having from 1 to 2
      carbon atoms.
PAR  Another type of polymeric nitrile material which may be used in lamina 12
      is a polymer in which a mixture of nitrile monomers is copolymerized with
      one or more .alpha.-olefinic comonomers such as styrene, methyl acrylate,
      ethyl acrylate, methyl methacrylate, etc. At least 50 percent by weight,
      typically 50 to 95  percent by weight, of this mixture of nitrile monomers
      is a substance of the formula
      ##EQU8##
      wherein X has the foregoing designation. The balance of the nitrile
      monomer mixture, typically 5 to 50 percent by weight, is a dicyanobutene
      monomer, such as 1,3-dicyano-1-butene, 1,4-dicyano-1-butene, or
      2,4-dicyano-1-butene, or a mixture of two or more of these isomers.
PAR  The foregoing thermoplastic nitrile polymeric materials suitable for use in
      lamina 12 may be formed by any of the generally known techniques of
      polymerization, such as bulk polymerization, solution polymerization, and
      emulsion or suspension polymerization. Further, the polymerization may be
      conducted in the presence of a homopolymer or a copolymer of a conjugated
      diene monomer such as, for example, butadiene and isoprene, to increase
      the impact strength of the resulting composition. An exemplary process is
      described in U.S. Pat. No. 3,426,102.
PAR  Polymeric materials suitable for fluid-barrier lamina 12 are disclosed in
      U.S. Pat. Nos. 3,426,102; 3,451,538; 3,540,577; 3,580,974; 3,586,737; and
      3,615,710, all of which are hereby incorporated by reference. British Pat.
      Nos. 1,185,306; 1,185,307; and 1,185,308 also disclose suitable barrier
      materials.
PAR  It is important that the adhesion between laminae 11 and 12 be sufficiently
      low so that separation occurs between the respective laminae when the
      laminated container or laminated scrap is subjected to a crushing force
      causing breakup of frangible lamina 11.
PAR  To manufacture plastic containers in accordance with this invention,
      recourse may be had to previously known blow molding, injection blow
      molding and injection molding techniques. For example, in performing a
      blow molding process in accordance with this invention, one may utilize
      techniques such as those described in U.S. Pat. Nos. 3,079,637 and
      3,140,004. Injection blow molding techniques which may be utilized in the
      practice of this invention are exemplified by the teachings of U.S. Pat.
      No. 3,011,216. Illustrative techniques which may be applied in the
      manufacture of containers by injection molding are those described in U.S.
      Pat. No. 3,454,991.
PAR  It is preferred that the plastic container be oriented to improve its
      properties and characteristics, especially physical strength. Orientation
      is well known in the art. See U.S. Pat. Nos. 3,288,317 and 3,311,684 which
      are hereby incorporated herein by reference. Orientation is generally
      accomplished by stretching an article under temperature conditions
      maintained at a level sufficiently above the glass transition temperature
      of the article to permit stretching and achieve orientation.
PAR  A preferred method of orientation is to extrude a double-walled parison
      having a load-bearing wall in intimate contact with or laminated to a
      fluid-barrier wall, cause or allow the parison to cool to a temperature
      where the polymer can be oriented by elongation or stretching, and blow
      molding the parison to form a bottle or other container. Such a method is
      sometimes referred to as two-step, or cold parison, extrusion blow
      molding.
PAR  Another preferred method of achieving orientation when producing containers
      by injection blow molding is set forth in U.S. Pat. No. 3,470,282, the
      disclosure of which is hereby incorporated herein by reference. In this
      patent, a biaxially oriented, thermoplastic container-shaped article is
      prepared by (a) injection molding a homogeneous melt to form a hollow body
      or parison, (b) cooling the body to a temperature range wherein the
      thermoplastic can be biaxially oriented by stretching and inflating, and
      (c) stretching the cooled body along its longitudinal axis and inflating
      it radially with respect to such longitudinal axis so as to obtain uniform
      biaxial orientation of the thermoplastic body. An additional step
      necessary to injection blow mold the laminated containers of the present
      invention is to injection mold a second homogeneous melt over the outside
      or inside of the hollow body or parison injection molded in step (a) to
      form a laminated hollow body or parison, then to cool the body as in step
      (b) and stretch and inflate the body as in step (c).
PAR  The required degree of oxygen permeability and water vapor permeability in
      a container will vary with the particular product to be packaged and the
      storage conditions, e.g., temperature, humidity, ventilation, light type
      and intensity, etc. For certain packaging applications involving foods,
      medicines or carbonated beverages, it is desirable to furnish a container
      having an oxygen permeability of not more than 6.5 cc/100 sq. in /24
      hrs/atmos./mil at 73.degree.F., a water permeability of not more than 8.0
      g/24 hrs/100 sq. in./mil at 100.degree.F., and a carbon dioxide
      permeability of not more than 8.0 g/24 hrs/100 sq. in./atmos/mil at
      73.degree.F. This is illustrated in Modern Packaging, March 1965,
      "Flexible-Vacuum Performance," page 201 et. seq., wherein the extreme
      sensitivity of coffee to moisture and oxygen is discussed. The authors of
      this article state that an increase in the moisture content of coffee of
      about 1 percent, i.e., from 1.4 to 2.6 percent will cause a stale odor
      after 20 days, while only 14 cc of oxygen will cause staling in 1 pound of
      coffee.
PAC  EXAMPLE
PAR  Two different extruders were connected to a coaxial parison extrusion die.
      The load-bearing lamina, polystyrene, was extruded by a 2-1/2 inch Prodex
      extruder, manufactured by the Prodex Corp., having a feed screw with
      length to diameter ratio of 24:1. A single stage screw was used having a
      2.2:1 compression ratio. The Prodex extruder barrel was operated to
      provide four temperature zones. Zone No. 1 had a temperature of
      340.degree.F., Zone No. 2 had a temperature of 360.degree.F., Zone No. 3
      had a temperature of 375.degree.F., and Zone No. 4 had a temperature of
      400.degree.F. An adapter was used for connecting the 2-1/2 inch diameter
      extruder outlet of the Prodex extruder to the 3/4 inch die inlet hole of
      the coaxial die. The adapter was maintained at a temperature of
      400.degree.F. and the coaxial die was also maintained at 400.degree.F.
PAR  The fluid-barrier lamina was extruded on a 1-1/2 inch NRM extruder having a
      feed screw with a ratio of length to diameter of 20:1. The NRM extruder
      had a single stage screw and a compression ratio of 3:1. The NRM extruder
      barrel was operated to provide two temperature zones, the first at
      340.degree.F. and the second at 370.degree.F. An adapter was used to
      connect the 1-1/2 inch die outlet hole of the NRM extruder to the 3/4 inch
      inlet hole of the coaxial die. The adapter was maintained at a temperature
      of 400.degree.F.
PAR  As previously stated, the load-bearing lamina was polystyrene. The
      fluid-barrier lamina was a composition resulting from the polymerization
      in aqueous medium of acrylonitrile and methyl acrylate in the presence of
      a copolymer of butadiene and acrylonitrile pursuant to the teachings of
      U.S. Pat. No. 3,426,102. Such a product is at present commercially
      available from Vistron Corporation, a subsidiary of The Standard Oil
      Company, Cleveland, Ohio, under the registered trademark BAREX 210.
PAR  Two-layer parisons having an outside diameter of about one inch were
      extruded from the coaxial die. The fluid-barrier inner lamina was about 30
      mils in thickness and the polystyrene outer lamina was about 100 mils
      thick. The parisons consisted of an interior cylinder of fluid-barrier
      lamina and an outer cylinder of polystyrene. The parisons were allowed to
      cool to room temperature, then reheated to about 275.degree.F., and
      bottles similar to that shown in FIGS. 1 and 2 were blow molded from the
      heated parisons.
PAR  The fluid-barrier lamina of the bottles had a thickness of from about 6 to
      about 8 mils and the polystyrene lamina had a thickness of about 17 to
      about 22 mils. The bottles were oriented in the transverse direction by
      the stretching at 275.degree.F. during blow molding.
PAR  A randomly selected empty sample bottle was dropped from a height of 18
      inches several times with only occasional insignificant cracks appearing
      in the styrene. Other empty sample bottles were also dropped from heights
      of 3 feet, 6 feet, and 8 feet, with chippage and breakage occurring from
      each drop, but the fluid-barrier lamina did not break and therefore, any
      fluids contained in the bottle would not leak out. A section was cut from
      each one of a number of sample bottles which were blow molded at different
      temperatures. The two laminae were separated and were found to have the
      following physical properties.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                       Blow Molding Temperatures                               
     Fluid Barrier Tensile Properties                                          
                       *250.degree.F.                                          
                             *273.degree. F.                                   
                                   *300.degree.F.                              
     __________________________________________________________________________
     Tensile yield, psi                                                        
                       15,700                                                  
                             9,000 9,000                                       
     Elastic modulus   936,000                                                 
                             705,000                                           
                                   650,000                                     
     Polystyrene Tensile Properties                                            
     Tensile yield, psi                                                        
                       10,360                                                  
                             9,290 9,120                                       
     Elastic modulas   648,000                                                 
                             723,000                                           
                                   559,000                                     
     __________________________________________________________________________
      *The temperatures referred to in Table I indicate the temperatures at    
      which the various bottles were blow molded.                              
PAR  Based upon the oxygen transmission and carbon dioxide transmission of
      polystyrene and barrier material 12, theoretical O.sub.2 and CO.sub.2
      transmission data were calculated and tabulated as shown in Table II on
      page 22.
PAR  Attempts were made to insert a portion of a randomly selected bottle into
      the holder of an Instron Universal Tester made by the Instron Corp. of
      Canton, Massachusetts, to determine the peel strength of the laminate of
      the present invention. However, no measurements could be obtained since
      the portions would delaminate while they were being placed in the holder
      of the tester. This indicated extremely low adhesion between the laminae.
TBL                                    TABLE II                                
     __________________________________________________________________________
     THEORETICAL O.sub.2 TRANSMISSION                                          
                                                       Bottle                  
                                           Permeability                        
                                                       Transmission            
                    Wall Thickness                                             
                               Percent     (cc/100 in.sup.2 /ATM               
                                                       (cc/100 in.sup.2 /ATM   
     Material for Composite                                                    
                    of Bottle (mm)                                             
                               Barrier Material                                
                                           per 24 hr/mil)                      
                                                       per 24                  
     __________________________________________________________________________
                                                       hr)                     
     Barrier material/styrene                                                  
                    25         20          4           0.16                    
     Barrier material/styrene                                                  
                    16         25          3.2         0.2                     
     Barrier material/styrene                                                  
                    25         16          4.9         0.196                   
     Barrier material/styrene                                                  
                    33         20          4           0.121                   
     Styrene        25         --          &gt; 200       &gt; 8                     
     PVC* (unmod.)  25         --          6.5         0.26                    
     PVC* (mod.)    25         --          11          0.44                    
     Barrier material                                                          
                    25         100         0.8         0.032                   
     THEORETICAL CO.sub.2 TRANSMISSION                                         
                                                       Bottle                  
                                           Permeability                        
                                                       Transmission            
                    Wall Thickness                                             
                               Percent     (cc/100 in.sup.2 /ATM               
                                                       (cc/100 in.sup.2 /ATM   
     Material for Composite                                                    
                    of Bottle (mm)                                             
                               Barrier Material                                
                                           per 24 hr/mil)                      
                                                       per 24                  
     __________________________________________________________________________
                                                       hr)                     
     Barrier material/styrene                                                  
                    25         20          5.5         0.22                    
     Barrier material/styrene                                                  
                    16         25          4.5         0.282                   
     Barrier material/styrene                                                  
                    25         16          6.9         0.276                   
     Barrier material/styrene                                                  
                    33         20          5.5         0.167                   
     Styrene        25         --          900         36                      
     PVC* (unmod.)  25         --          13          0.52                    
     PVC* (mod.)    25         --          34          1.36                    
     Barrier material                                                          
                    25         100         1.1         0.043                   
     __________________________________________________________________________
      * Polyvinyl chloride?                                                    
PAR  As used herein, the terms "blow molded" and "blow molding" are synonymous
      with the terms "extrusion blow molded" and "extrusion blow molding" which
      are sometimes used in the art. The terms "blow molded" and "blow molding"
      as used herein are not intended to include "injection blow molded" or
      "injection blow molding."
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rigid narrow-necked plastic bottle having laminated walls, the
      laminated walls comprising:
PA1  a. a fluid-barrier lamina of a flexible non-frangible material which is
      highly impermeable to fluids, and
PA1  b. a load-bearing lamina of a frangible plastic material which will
      delaminate from said fluid barrier lamina when said bottle is crushed.
NUM  2.
PAR  2. The bottle of claim 1 wherein the load-bearing lamina is on the outside
      of the bottle and the fluid barrier lamina is on the inside of the bottle.
NUM  3.
PAR  3. The bottle of claim 1 wherein the load-bearing lamina is on the inside
      of the bottle and the fluid-barrier lamina is on the outside of the
      bottle.
NUM  4.
PAR  4. The bottle of claim 1 wherein the fluid-barrier lamina is sandwiched
      between two or more load-bearing laminae.
NUM  5.
PAR  5. The bottle of claim 1 wherein said load-bearing lamina has a thickness
      of 3 to about 10 times the thickness of the fluid-barrier lamina.
NUM  6.
PAR  6. The bottle of claim 1 wherein the bottle has a threaded neck.
NUM  7.
PAR  7. The bottle of claim 1 wherein the bottle is transparent.
NUM  8.
PAR  8. The bottle of claim 1 wherein the laminated walls have an oxygen
      permeability of no more than 6.5 cc-mils/100 sq.in./24 hrs/atmos. at
      73.degree.F.
NUM  9.
PAR  9. The bottle of claim 1 wherein the laminated walls have a water
      permeability of no more than 8.0 g-mils/24 hrs/100 sq. in. at 73.degree.F.
NUM  10.
PAR  10. The bottle of claim 1 wherein the laminated walls have a carbon dioxide
      permeability of no more than 20 cc-mils/24 hrs/100 sq. in. at 73.degree.F.
NUM  11.
PAR  11. The bottle of claim 1 wherein the laminated walls have an oxygen
      permeability of no more than 6.5 cc-mils/100 sq.in./24 hrs/atmos. at
      73.degree.F; a water permeability of no more than 8.0 g-mils/24 hrs/100
      sq.in. at 73.degree.F; and a carbon dioxide permeability of no more than
      20 cc-mils/24 hrs/100 sq.in./atmos. at 73.degree.F.
NUM  12.
PAR  12. The bottle of claim 1 wherein the walls are composed of two laminae,
      the load-bearing lamina being on the outside of the bottle and the
      fluid-barrier lamina being on the inside of the bottle, said laminated
      walls having an oxygen permeability of no more than 6.5 cc-mils/100
      sq.in./24 hrs/atmos. at 73.degree.F, a water permeability of no more than
      8.0 g-mil/24 hrs/100 sq.in. at 73.degree.F, and a carbon dioxide
      permeability of no more than 20 cc-mils/24 hrs/100 sq.in./atmos. at
      73.degree.F.
NUM  13.
PAR  13. A rigid blow molded plastic container having laminated walls, the
      laminated walls comprising:
PA1  a. a fluid-barrier lamina of a flexible non-frangible material which is
      highly impermeable to fluids, and
PA1  b. a load-bearing lamina of a frangible plastic material which will
      delaminate from said fluid-barrier lamina when said container is crushed.
NUM  14.
PAR  14. The container of claim 13 wherein the container is a bottle.
NUM  15.
PAR  15. The container of claim 13 wherein the container is a transparent
      bottle.
NUM  16.
PAR  16. The container of claim 13 wherein the container is a narrow-necked
      bottle.
NUM  17.
PAR  17. The container of claim 13 wherein the container is a bottle having a
      threaded neck.
NUM  18.
PAR  18. The container of claim 13 wherein said fluid-barrier lamina comprises a
      polymer containing at least 50 percent by weight of a polymeric nitrile
      material formed from one or more nitrile monomers of the formula
      ##EQU9##
      where X is hydrogen, a halogen, or an alkyl group having up to 4 carbon
      atoms and one or more alpha-olefinic comonomers.
NUM  19.
PAR  19. The container of claim 18 wherein said polymer is a polymer formed in
      the presence of a homopolymer or copolymer of a conjugated diene monomer.
NUM  20.
PAR  20. The container of claim 18 wherein said fluid-barrier lamina is a
      polymer containing at least 50 percent by weight of a polymeric nitrile
      material made from a mixture of nitrile monomers made up of (a) from about
      50 percent to about 95 percent by weight of a monomer having the structure
      ##EQU10##
      where X is hydrogen, a halogen, or an alkyl group having up to 4 carbon
      atoms, and (b) from about 5 percent to about 50 percent by weight of at
      least one dicyanobutene monomer selected from the group consisting of
      1,3-dicyano-1-butene, 1,4-dicyano-1-butene, and 2,4-dicyano-1-butene.
NUM  21.
PAR  21. The container of claim 20 wherein said polymer is a polymer formed in
      the presence of a homopolymer or copolymer of a conjugated diene monomer.
NUM  22.
PAR  22. The container of claim 20 wherein said dicyanobutene material comprises
      a mixture of two or more isomers selected from the group consisting of
      1,3-dicyano-1-butene, 1,4-dicyano-1-butene, and 2,4-dicyano-1-butene.
NUM  23.
PAR  23. The container of claim 13 wherein said load-bearing lamina is
      polystyrene.
NUM  24.
PAR  24. The container of claim 13 wherein said load-bearing lamina is polyvinyl
      chloride.
NUM  25.
PAR  25. The container of claim 13 wherein said load-bearing lamina is a
      copolymer of styrene and acrylonitrile.
NUM  26.
PAR  26. A rigid injection blow molded plastic container havng laminated walls,
      the laminated walls comprising:
PA1  a. a fluid-barrier lamina of a flexible non-frangible material which is
      highly impermeable to fluids, and
PA1  b. a load-bearing lamina of a frangible plastic material which will
      delaminate from said fluid-barrier lamina when said container is crushed.
NUM  27.
PAR  27. The container of claim 26 wherein the container is a bottle.
NUM  28.
PAR  28. The container of claim 26 wherein the container is a narrow-necked
      bottle.
NUM  29.
PAR  29. The container of claim 26 wherein the container is a tub.
NUM  30.
PAR  30. The container of claim 26 wherein the container is can-shaped.
NUM  31.
PAR  31. The container of claim 26 wherein said fluid-barrier lamina comprises a
      polymer containing at least 50 percent by weight of a polymeric nitrile
      material formed from one or more nitrile monomers of the formula
      ##EQU11##
      where X is a hydrogen, a halogen, or an alkyl group having up to 4 carbon
      atoms and one or more alpha-olefinic comonomers.
NUM  32.
PAR  32. The container of claim 31 wherein said polymer is a polymer formed in
      the presence of a homopolymer or copolymer of a conjugated diene monomer.
NUM  33.
PAR  33. The container of claim 26 wherein said load-bearing lamina is
      polystyrene.
NUM  34.
PAR  34. The container of claim 26 wherein said load-bearing lamina is polyvinyl
      chloride.
NUM  35.
PAR  35. The container of claim 26 wherein said load-bearing lamina is a
      copolymer of styrene and acrylonitrile.
NUM  36.
PAR  36. A rigid injection molded plastic container having laminated walls, the
      laminated walls comprising:
PA1  a. a fluid-barrier lamina of a flexible non-frangible material which is
      highly impermeable to fluids, and
PA1  b. a load-bearing lamina of a frangible plastic material which will
      delaminate from said fluid-barrier when said container is crushed.
NUM  37.
PAR  37. The container of claim 36 wherein the container is a bottle.
NUM  38.
PAR  38. The container of claim 36 wherein the container is a bottle with a
      threaded neck.
NUM  39.
PAR  39. The container of claim 36 wherein the container is a tub.
NUM  40.
PAR  40. The container of claim 36 wherein the container is can-shaped.
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ABST
PAL  Plastic jerry cans are formed from a pair of injection-molded
      surface-stabilized, low warpage plastic shells having high diffusion
      tightness and low surface resistance to electrical conduction. A
      contiguous plastic inner wall is blow-molded from the inside of the shells
      and is fused onto the interior surface of the shells. The inner wall seals
      the shell halves together at the flat bottom of cone-shaped inward dips on
      the large side surfaces of the shells.
PARN
PAR  This is a division of application Ser. No. 347,572, filed Apr. 3, 1973.
BSUM
PAR  The invention covers a method for manufacturing plastic jerry cans intended
      mainly for easily combustible liquids, and a jerry can manufactured by
      this method.
PAR  So far, attempts to reproduce the 20-liter three-handle military steel
      jerry can in plastic have not been successful, even though plastic has
      been around a very long time. There are a number of reasons for this:
PAL  1. The jerry cans must be sufficiently diffusion tight. This means that
      during a certain time interval and within a certain temperature range,
      only so much fuel may diffuse (permeate) out of the jerry can. Together
      with the air, the fuel forms a combustible mixture which may ignite while
      handling the jerry cans. According to German safety regulations, the
      diffused fuel quantity per can may not exceed a certain amount, the size
      of the can notwithstanding. The diffused quantity of fuel depends on wall
      thickness and container surface. Since smaller cans have a smaller
      surface, there is less diffusion than permissible. However, with larger
      cans, in particular 20- and 30-liter cans, the surface is so large that,
      when using standard low-pressure polyethylene, too much of the contents
      may diffuse if the jerry can is filled with evaporating fuel.
PAL  2. While being shipped, jerry cans rub against each other. Electrostatic
      charges are caused. If the surface (skin effect) resistance of the can's
      material is too large, these charge potentials cannot be conducted away.
      Then the charges cannot be balanced quickly and sparkovers may develop
      while pouring, e.g., from the gas tank to the jerry can. These sparks may
      initiate explosions.
PAL  3. The jerry can must be able to withstand great temperature differentials.
      Plastic jerry cans which are only direct copies of the well-known steel
      three-handle jerry can will expand like a balloon at approx 70.degree.C
      ambient temperature because an overpressure builds up inside.
PAL  4. The jerry cans must be formed so that they may be dropped suspended by
      their three handles, e.g., from a parachute, without having the opening
      jerk of the parachute damage the jerry can.
PAL  5. The jerry cans must be such that they do not burst at any point if
      dropped at low temperatures from a height of several meters onto a
      concrete surface.
PAL  6. The shape of the jerry can must allow for the fact that there already
      exist very many mountings, pallets, storage areas, etc. which fit the
      20-liter steel jerry can and which also must fit the plastic jerry can.
      The list of these requirements could be extended further.
PAR  Even though it is well-known that plastic cans can be manufactured easier
      thn those of steel, there is not yet available a good 20-liter plastic
      jerry can with three handles. It is also known that the plastic jerry cans
      do not have to be painted on the in- or outside after several years, so
      that these coats are saved. The costs arising from recycling steel cans
      constitutes a considerable share of the price of a new can. The ratio of
      recycling cost to purchase price for steel jerry cans is 1 : 4.
PAR  It is also known that plastic jerry cans can be manufactured at greatly
      reduced cost. This would be very important in the case of a mass-produced
      article.
PAR  There have been many attempts and experiments to combine diffusion
      tightness with antistatic properties and to attain adequate form
      stability. However, all these attempts have failed because they did not
      succeed in simultaneously controlling all parameters.
PAR  The purpose of this invention is to provide a method which solves all
      outstanding problems and by which, in addition to containers of any type,
      e.g., fuel tanks for automobiles, 20- and 30-liter jerry cans can be
      manufactured. Another part of the invention is to provide a design for a
      container, in particular a jerry can.
PAR  For solving this problem, the invention's method provides the following
      steps:
PAR  a. At least two shells conforming to the shape of the jerry can are formed
      from a surface-stabilized, low-warpage material of sufficiently high
      diffusion tightness and sufficiently low skin effect resistance.
PAR  b. The shells are placed in a blow form half each.
PAR  c. With the blow form halves closed, a contiguous wall is blown from the
      inside onto the interior surfaces of the shells.
PAR  d. Both for the shells and the blown material, a heat seal material is
      used.
PAR  "Surface-stabilized" is used in a customary sense to mean that the material
      is stabilized against reduction at its surface from light or oxygen due to
      additives in the plastic material. "Skin-effect or surface resistance" is
      used in a customary sense to mean the resistance between opposite sides of
      a unit square of the surface of a material. If the surface resistance is
      low enough, the electric charge can flow to oppositely charged or less
      charged areas, so that a voltage charge on the surface of the material is
      dissipated.
DRWD
PAR  Further advantages and characteristics of the invention are contained in
      the following description of preferred examples: The drawings show the
      following:
PAR  FIG. 1 side view of a 20-liter jerry can with screw cap,
PAR  FIG. 2 top view of jerry can similar to FIG. 1,
PAR  FIG. 3 section along line 3--3 in FIG. 2,
PAR  FIG. 4 section along line 4--4 in FIG. 1 for a different design,
PAR  FIG. 5 section along line 4--4 in FIG. 1 for yet another design.
DETD
PAR  A 20-liter military type jerry can 11 of polyethylene has three handles 12,
      13, 14 and spout 16, e.g., with external threads. One could also use the
      conventional ball clip or ring cap. Near the intersection of the diagonals
      on the large side surface of jerry can 11 there is provided a cone-shaped
      dip 17 which extends so far that it touches the opposite wall and can
      provide the basis for a solid connection yet to be described.
PAR  Jerry can 11 has two shells 18, 19 located symmetrically relative to the
      center plane 21 of the jerry can. Handle 14 has been molded onto shell 18,
      and handle 12 is molded onto shell 19. Edges 22, 23 of shells 18, 19
      terminate shortly before center plane 21 and even recede somewhat near
      handle 13. Edges 22, 23 have a chamfer 24, 26 facing the inside. An
      extruded hose 27 has its outside heat sealed to the interior surface of
      shells. As used herein, the hose 27 is the extruded cylindrical tube which
      is extruded from a die before blow-molding. To accomplish better fusion,
      shells 18, 19 on their inside have numerous small cones 28 which might cut
      into the outer surface of hose 27 but do not penetrate hose 27. Hose 27
      appears on the outside only in the area between edges 22, 23 and, because
      of chamfers 24, 26, can conform well and there are no transition
      difficulties.
PAR  In manufacture one first forms shells 18, 19 with handles 12, 14 and the
      cone-shaped inversion. The die casting method is used. With this method,
      the die mold is not completely closed by several tenths of a milimeter,
      the hollow space is injected and after the injection the mold is closed
      completely. This packs the material in the mold and it becomes more
      inherently stable, true to size and diffusion-resistant, than
      thermoplastic or extrusion material injected in the conventional manner.
      In most cases the die-casting pressure is 15 atmospheres above gauge and
      more. The material is a polyethylene type with a surface (skin effect)
      resistance considerably below 10.sup.9 ohms. It is preferable to use a
      material with a surface resistance of 10.sup.6 ohms. After die-casting the
      shells 18, 19 are heated to about 110.degree. C. Then each shell is placed
      in one half of a blow mold. Jerry cans are always blown upside down with
      the spout 16 serving as inlet for the blow spindle sleeve. Now hose 27 is
      blown by the conventional blowing method so that in the hot state it
      conforms to shells 18, 19 from the inside. Cones 29, 31 are enveloped by
      the paraffin-like skin of hose 27 and welded together. Hose 27 likewise
      consists of polyethylene, but one that is particularly diffusion tight.
      The size of shell 18, 19 may attain the dimension up to half of a jerry
      can. Shells 18, 19 contain handle 12 or 14, respectively, and the
      cone-shaped dip 17 in the form of a blind-end hole. In FIGS. 4 and 5, the
      cones or shells 17 reach only as far as shown; their outer extremities do
      not cover the side walls of the can 11. The blown liner 27 forms the whole
      outer surface of the can 11 except for the area covered by the bell-like
      cone 17. In the example shown in FIG. 4, dip 17 in bottom surface 15 has a
      hole 20. This hole 20 must be large enough that hose 27, which seals the
      two symmetrical shells 18, 19 together, can pass through the hole in
      bottom 15 of dip 17 and hence effects a rivet head like sealing (welding)
      25 of dips 17. The interior surfaces of dips 17 are roughened heavily.
      They may, however, also be provided with sharp points. The purpose of the
      dip 17 is to prevent balloon-like expansion in case of a temperature
      effect on the jerry can filled with evaporative fuel.
PAR  For another example in FIG. 5, shells 18, 19 are reduced to two truncated
      cones 29, 31. Through fillet 32 they turn into the outside wall of the
      jerry can and terminate toward the edge in a thin point 33, thus
      accomplishing smooth transition. The two truncated cone flats 34, 36 are
      sufficiently apart to accommodate sufficient hose material 37. In this
      connection it should be pointed out that this invention never uses
      material less than 1 mm thick. Rather, the wall thicknesses are such that
      they can withstand rough usage. The total wall thickness for a 20-liter
      jerry can is 5-10 mm. The wall thicknesses may be apportioned half to the
      hose material and half to the injected material. It is not the purpose of
      the truncated cones 29, 31 to reduce the surface (skin effect) resistance
      and the diffusion. Their purpose is to make the blown wall of the jerry
      can in this area more inherently stable. If dip 17 is produced only during
      blowing, it can happen that hose material 37 fuses but turns out too thin
      because of excessive expansion, i.e. stretching of the hose material. To
      prevent this, injection molded shells are used. The forces to be absorbed
      here may be very large. For instance, in a gasoline can at 75.degree. the
      internal pressure is 3.5 atmospheres above gauge (1 atmosphere = 1
      kg/cm.sup.2). FIG. 5 indicates that the truncated cones are rather
      slender. As a result, they take as little room as possible from the jerry
      can interior. In addition, the sidewalls of dips 17 are aligned better so
      that they are stressed essentially under tension only. This is the type of
      stress under which synthetic material holds up very well.
PAR  The truncated cone flats are just large enough to accommodate the rivet
      heads of of the two-head rivet connection 38. The shank of the two-head
      rivet connection has a relatively large diameter.
PAR  Dips 17 of the two shells 18, 19 are identical for the first example.
PAR  The center handle 13 is made of hose material and can be manufactured by a
      procedure as described in French Pat. No. 7,018,685.
PAR  Regarding diffusion tightness it should be pointed out that the hose
      material bears the major burden and that the shell material only furnishes
      the remainder of the required diffusion tightness. One should also mention
      that hose 27 must be made of thermoplastic material, while shells 18, 19
      may be from thermoplastic or thermosetting or glassfiber reinforced
      synthetic. The only requirement is that the hose material can be fused to
      the shell material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plastic jerry can comprising an outside wall which consists of a
      surface-stabilized low-warpage material of sufficiently high diffusion
      density and sufficiently low surface, skin effect resistance, which
      material is injected in the form of shells forming a portion of the shape
      of said jerry can, and
PA1  a contiguous blow molded plastic wall sealed onto and around the interior
      surface of the shells.
NUM  2.
PAR  2. A plastic jerry can according to claim 1 comprising handles in one piece
      with the shells.
NUM  3.
PAR  3. A plastic jerry can according to claim 2 in which the jerry can has
      three handles and each shell mounts at least one of the two outer handles.
NUM  4.
PAR  4. A plastic jerry can according to claim 1 in which the inside of the
      shells is roughened.
NUM  5.
PAR  5. A plastic jerry can according to claim 1 in which the insides of the
      shells have numerous sharp points which do not penetrate the adjacent
      plastic blow molded wall but cut slightly into the blow molded plastic
      wall.
NUM  6.
PAR  6. A plastic jerry can for easily combustible liquids having a shape
      including large faces and end faces comprising
PA1  an outside wall comprising two slender truncated cones forming a portion of
      the shape of the jerry can and comprised of a surface-stabilized, low
      warpage material of surface, skin effect resistance considerably below
      10.sup.9 ohms,
PA1  said cones having holes in spaced-apart truncated end-portions thereon,
PA1  said cones projecting inward at the large faces of the jerry can,
PA1  a wall of highly diffusion-tight, blow molded tube sealed onto and around
      the interior surface of the truncated cones and in the space between the
      spaced-apart end portions of the truncated cones, and
PA1  rivet-like means through the holes in the truncated end portions for
      fastening the truncated cones to each other with the blow molded material
      in the space between them.
NUM  7.
PAR  7. A plastic jerry can according to claim 6 in which said truncated cones
      have outwardly turned edges which transition smoothly into said blow
      molded wall.
NUM  8.
PAR  8. A plastic jerry can according to claim 6 in which said truncated cones
      are die-cast injection molded.
NUM  9.
PAR  9. A plastic jerry can according to claim 6 in which said truncated cones
      have a high diffusion density.
NUM  10.
PAR  10. A plastic jerry can according to claim 6 in which said rivet-like means
      comprises blow-molded tube pressed through said holes.
NUM  11.
PAR  11. A plastic jerry can according to claim 10 in which said rivet-like
      means comprises a rivet-head-like fused joint through said holes which are
      aligned with each other.
NUM  12.
PAR  12. A plastic jerry can according to claim 6 in which said rivet means
      comprises a plastic rivet with rivet heads on the portions protruding
      through said truncated end portions.
NUM  13.
PAR  13. A plastic jerry can according to claim 6 comprising a roughened inner
      surface on said cones.
NUM  14.
PAR  14. A plastic jerry can according to claim 13 in which said roughened inner
      surface comprises numerous sharp points which penetrate the surface but do
      not penetrate through said blow molded wall.
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ABST
PAL  The safety cap of the present invention is for use with a medicament vial
      having a puncturable seal. The cap includes a cylindrical extension
      provided with a shape-retentive but slightly expandable cylindrical body
      slidable therein having a diametrically reduced sharpened tubular needle
      extension on its inner end for piercing the seal. The body includes first
      and second portions of slightly different diameters, with the portion of
      smaller diameter outermost, and an inwardly tapering center portion, thus
      defining two shoulders for cooperating with an inwardly projecting lip on
      the outer end of the cylindrical extension to resiliently resist inward
      movement of the body and to prevent outward withdrawal of the body after
      it has been pressed inwardly to puncture the seal.
PAL  The body has a central bore formed therethrough defining an inwardly
      tapering passage and a larger diameter counterbore in which the pointed
      end of a hypodermic needle and the tapered tip extension of a conventional
      syringe barrel may be wedgingly and sealingly seated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instant invention comprises a modification of the medicament vial
      stopper piercing and needle positioning device disclosed in my copending
      U.S. application Ser. No. 385,798, filed Aug. 6, 1973, now U.S. Pat. No.
      3,872,992, issued Mar. 25, 1975, and constitutes an improvement thereover
      in that the safety cap of the instant invention may be utilized in
      conjunction with a hypodermic syringe equipped with a needle for
      withdrawing medicament from a vial or a syringe which is not equipped with
      a hypodermic needle point but which will still serve the purpose of
      piercing the puncturable seal on the medicament vial and allow the
      medicament to be withdrawn from the vial and into the barrel of the
      syringe.
PAR  The safety cap of the instant invention relates to an apparatus which not
      only provides a protective cover over the pucturable seal carried by the
      mouth of a medicament vial but which will also be capable of piercing the
      seal and enabling a hypodermic needle point to be seatingly engaged with a
      tubular portion of the seal piercing portion of the cap in a manner to
      enable fluid within the medicament vial to be withdrawn therefrom in a
      manner which positively prevents coring of the seal by the hypodermic
      needle.
PAR  The safety cap comprises an apparatus constructed of plastic so as to be
      shape-retentive and yet slightly deformable to enable either the tip of a
      hypodermic needle or the tapered tubular tip extension of a conventional
      syringe barrel to be wedgingly seated therein.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The safety cap of the instant invention is provided as a safety cover for
      the puncturable seal across the mouth of a medicament vial and includes a
      tapered needle portion which may be advanced through the pucturable seal
      of an associated vial and includes portions thereof that are adapted to
      wedgingly and sealingly seatingly receive either the tip of a hypodermic
      needle or the tapering tubular tip extension of a conventional syringe
      barrel for the purpose of enabling liquid medicament from within the vial
      to be withdrawn into the associated syringe barrel whether equipped with a
      hypodermic needle on its tubular tip extension or being without a
      hypodermic needle. The cap is of a configuration to be marketed on the
      associated medicament vial with the cap and the medicament vial enclosed
      within a sterile overwrap and the seal piercing portion of the cap being
      exposed and movable toward a seal piercing position in such a manner so as
      to be readily moved from an inoperative position to a seal piercing
      position without rupturing or otherwise opening the sterile overwrap.
PAR  The primary object of this invention is to provide a coupling structure
      carried by the sealed end of a medicament vial and by which medicament may
      be withdrawn from the vial in a sterile manner either through the
      utilization of a syringe equipped with a needle or a syringe not provided
      with a needle but equipped with the usual tapering tubular tip extension
      on the barrel portion thereof provided to support a hypodermic needle.
PAR  Another object of this invention is to provide an apparatus which may be
      utilized in conjunction with different types of medicament vials but which
      is designed primarily for use in conjunction with unit dose medicament
      vials.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide a device in accordance with the preceding objects which will
      conform to conventional forms of manufacture, be of simple construction
      and easy to use.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a unit dose vial of medicament closed by
      means of the usual rubber seal or plug supported in position by means of
      an aluminum ring and with the cap of the instant invention operatively
      secured over the plug and ring and the entire vial and cap structure
      enclosed within a protective sterile overwrap and the plug piercing
      portion of the needle structure of the cap in the retracted position,
      portions of the vial, closure plug, aluminum retaining ring and cap of the
      instant invention being broken away and illustrated in vertical section;
PAR  FIG. 2 is an elevational view similar to FIG. 1 but with the needle
      structure portion of the cap in an inwardly displaced stopper or seal
      piercing position;
PAR  FIG. 3 is a fragmentary sectional view of the structure illustrated in FIG.
      2 with the plug or seal piercing needle portion of the cap in a slightly
      retracted position under the biasing action of the resilient cap or seal
      and with the pointed tip of a hypodermic needle wedged into the tapering
      passage formed through the plug or seal piercing portion of the cap;
PAR  FIG. 4 is an elevational view illustrating the manner in which medicament
      may be withdrawn from the vial into a syringe after the plug or seal of
      the vial has been pierced and the needle of the syringe has been
      positioned in the manner illustrated in FIG. 3;
PAR  FIG. 5 is an elevational view illustrating the manner in which the tapering
      tubular tip extension of a conventional syringe barrel may be wedgingly
      and sealingly seatingly received in the tapering outer counterbore of the
      seal piercing needle structure of the cap;
PAR  FIG. 6 is an exploded perspective view of the two components which comprise
      the cap; and
PAR  FIG. 7 comprises a bottom end view of the cap.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings the numeral 10 generally
      designates a unit dose vial including a neck portion 12 closed at its
      outer end by means of a conventional rubber stopper 14 held in position by
      means of a metal retaining ring 16 which is usually constructed of
      aluminum. The stopper 14 includes a central portion 18 which is adapted to
      be pierced by a hypodermic needle advanced through a center opening 20 in
      the ring 16, which center opening is usually closed by means of an
      integral but removable portion of the ring 16. However, for use in
      conjunction with the instant invention to be described hereinafter the
      opening 20 is left unobstructed.
PAR  The safety cap of the instant invention is referred to in general by the
      reference numeral 22 and includes a cap portion 24 equipped with
      circumferentially spaced and inwardly projecting lugs 26 for snap
      engagement over the retaining ring 16. The cap portion 24 includes an
      upper end wall 28 including an upwardly projecting tubular mounting
      portion 30 whose lower end opens downwardly through the end wall 28. The
      upper terminal end of the extension 30 includes circumferentially spaced
      inwardly projecting abutments 32 and a needle structure referred to in
      general by the reference numeral 34 is provided. The needle structure 34
      includes a generally cylindrical body 36 provided with a small diameter
      downwardly tapering lower end extension 38 which is sharpened at its lower
      end as at 40. The extension 28 defines a stopper piercing needle for
      piercing the central portion 18 of the stopper 14. The body 36 includes a
      tapering bore 41 extending therethrough and including a tapering
      continuation extending through the extension 38. The end of the bore 41
      remote from the extension 38 includes a slightly tapering diametrically
      enlarged counterbore 42, the counterbore 42 tapering inwardly toward the
      bore 41.
PAR  The cap portion 24 and the tubular mounting portion 30 as well as the
      needle structure 34 are constructed of plastic material which has
      shape-retentive properties but which is slightly deformable. The upper
      body portion 36 of the needle structure 34 includes a large diameter lower
      end portion 44 which is slidably received within the tubular mounting
      portion 30 below the inwardly projecting abutments 32 and a smaller
      diameter cylindrical upper end portion 46 which is freely slidable in the
      upper end of the tubular mounting portion 30 inwardly of the inner
      extremities of the abutments 32. The body 36 also includes a tapering
      central portion 48 whose minor diameter end terminates at a radially
      outwardly projecting shoulder 50 extending circumferentially about the
      outermost portion of the inner end portion 44 of the body 36 and the inner
      end of the outer end portion 46 terminates inwardly at a radially
      outwardly projecting and circumferentially extending shoulder 52 defined
      by the outer end of the central tapering portion 48 of the body 36.
PAR  In operation, the entire assembly including all of the components
      heretofore described is enclosed within a sealed sterile outer wrap 54 of
      flexible material. The needle structure 34 is initially positioned as
      illustrated in FIG. 1 of the drawings with the inwardly projecting
      abutments 32 seated about the inner extremity of the inwardly tapering
      central portion 48 of the body 36 and the sharpened innermost tip of the
      needle defining extension 38 spaced outwardly of the central portion 18 of
      the stopper 14.
PAR  When it is desired to withdraw the liquid medicament 56 from within the
      vial 10 pressure is applied to the outer end of the needle structure 34
      through the protective outer wrap 54 in the manner illustrated in FIG. 2
      of the drawings so as to inwardly displace the needle structure 34
      relative to the tubular mounting portion 30 to the position thereof
      illustrated in FIG. 2 of the drawings with the needle defining extension
      38 of the body 36 projecting through the central portion 18 of the stopper
      14. Initial movement of the needle structure inwardly from the first
      position thereof illustrated in FIG. 1 toward the second position thereof
      illustrated in FIG. 2 is resisted by the tapering outer surfaces of the
      central portion 48 of the body 36 which cause the outer end of the tubular
      mounting portion 30 to expand. Accordingly, inward movement of the needle
      structure 34 is met with increasing resistance to the inward pressure
      being applied to the needle structure 34. However, when the major diameter
      end portion of the central tapering portion 48 of the body 36 moves toward
      a third intermediate position (not shown) just inwardly of the inwardly
      projecting abutments 32 and the pointed tip of the extension 38 has
      partially penetrated and downwardly deflected the central portion 18 of
      the stopper 14, further downward displacement of the needle structure 34
      is not resisted by the inwardly projecting abutments 32 and final movement
      of the needle structure 34 to the second position thereof illustrated in
      FIG. 2 with the lower or inner end of the inner end portion 44 of the
      needle structure 34 abutted against the stopper retaining ring 16 is
      accomplished by a snap action so as to insure that the needle defining
      extension 38 will fully pierce the central portion 18 of the stopper 14.
      Then, as the pierced and downwardly deflected central portion 18 of the
      stopper 14 returns to its static position upon the release of downward
      manual pressure on the needle structure 34, the engagement of the shoulder
      52 with the inwardly projecting abutments 32 positively prevents further
      outward movement of the needle structure 34 relative to the tubular
      mounting portion 30 of the cap 22.
PAR  After the needle structure 34 has been inwardly displaced to pierce the
      stopper 14, the protective outer wrap 54 is removed and a hypodermic
      needle 58 supported from a syringe 60 may be wedgingly and sealingly
      seated in the tapering bore 41 and the syringe 60 and vial 10 may be
      inverted as illustrated in FIG. 4 of the drawings with the vial 10
      supported solely from the needle 58 and the piston portion 62 of the
      syringe 60 pulled downwardly to extract the medicament 56 from within the
      vial 10. On the other hand, if it is desired to withdraw the medicament 56
      from the vial 10 by means of a syringe 60 which is not equipped with a
      hypodermic needle 58, the slightly tapering tubular tip extension 62 of
      the syringe barrel 64 may be wedgingly and sealingly seated in the
      counterbore 42 in the manner illustrated in FIG. 5 of the drawings, after
      which the syringe 60 and vial 10 may be inverted as before in order to
      withdraw the medicament 56 from within the vial 10.
PAR  The taper of the bore 41 and the taper of the counterbore 42 in conjunction
      with the shape retentive but slightly deformable plastic material of which
      the needle structure 34 is constructed enables either the needle 58 to be
      wedgingly seated in the bore 41 or the top extension 62 to be wedgingly
      seated in the counterbore 42 in such a manner that the necessary pressure
      to withdraw the needle 58 from the bore 41 or the tubular tip extenson 62
      from the counterbore 42 will be greater than that which may be required to
      slightly retract the extension 38 through the centrally pierced stopper 14
      into the inwardly opening cavity 66 formed in the inner end of the stopper
      14 with the shoulder 52 abutted against the abutments 32.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. For use in connection with a container having a puncturable seal, a
      closure cap for support from said container in position with a mounting
      portion of said cap disposed outwardly of said seal, a tubular needle
      structure having one pointed end supported from said mounting portion for
      movement toward and away from the outer side of said seal between a first
      position with said one pointed end retracted away from said seal and a
      second position with said one pointed end projected through the seal, said
      mounting portion of said cap and said needle structure including coacting
      means progressively and increasingly yieldingly resisting movement of said
      needle structure from said first position to a third position intermediate
      said first and second positions with said pointed end at least initially
      engaged with said seal and then releasing said needle structure for free
      movement from said third position to said second position.
NUM  2.
PAR  2. The combination of claim 1 wherein said coacting means also includes
      means for positively preventing retractive movement of said needle
      structure from said second position toward said first position past said
      third position.
NUM  3.
PAR  3. The combination of claim 2 wherein said mounting portion comprises a
      tubular support member in which said tubular needle structure is slidingly
      received, said coacting means including inwardly projecting lip means on
      the end of said tubular support member opposite to the pointed end of said
      needle structure and a shoulder on said needle structure opposing and
      engageable with said lip means, said shoulder on said needle structure
      being defined on the major diameter end of a frusto-conical outer surface
      portion of said needle structure tapering toward said one pointed end,
      said tubular support member being constructed of shape retentive but
      slightly expandable material whereby said lip means may be expanded over
      the major diameter end of said frusto-conical outer surface portion.
NUM  4.
PAR  4. The combination of claim 3 wherein the outer end of said interior bore
      portion includes a slightly inwardly tapering larger diameter bore adapted
      to wedgingly and sealingly seatingly receive the slightly tapering tubular
      tip extension of a conventional syringe barrel therein.
NUM  5.
PAR  5. For use in connection with a container having a puncturable seal, a
      closure cap for support from said container in position with a mounting
      portion of said cap disposed outwardly of said seal, a tubular needle
      structure having one pointed end supported from said mounting portion for
      movement toward and away from the outer side of said seal between a first
      position with said one pointed end retracted away from said seal and a
      second position with said one pointed end projected through the seal, said
      mounting portion comprising a tubular support member in which said tubular
      needle structure is slidingly received, said mounting portion of said cap
      and said needle structure including coacting means positively preventing
      retractive movement of said needle structure from said second position
      toward said first position past a third position intermediate said first
      and second positions, said coacting means including inwardly projecting
      lip means on the end of said tubular support member opposite to the
      pointed end of said needle structure and a shoulder on said needle
      structure opposing and engageable with said lip means, said shoulder on
      said needle structure being defined on the major diameter end of a
      frusto-conical outer surface portion of said needle structure tapering
      toward said one pointed end, said tubular support member being constructed
      of shape retentive but slightly expandable material whereby said lip means
      may be expanded over the major diameter end of said frusto-conical outer
      surface portion.
NUM  6.
PAR  6. The combination of claim 5 wherein said tubular needle includes an
      interior thin walled bore portion tapering toward said one end of said
      needle structure and of a diameter adapted to wedgingly and sealingly
      seatingly receive the pointed end of a hypodermic needle therein with the
      needle releasably retentively retained in said tapering bore portion
      against withdrawal therefrom by a force below a predetermined value.
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ABST
PAL  A widemouth (e.g. 120 mm) jar preferably of plastic material has a neck
      having a flexible in-turned flange at its upper end and two vertically
      spaced, horizontal inward-formed beads with two outward-downward conical
      surfaces above and below the lower inward-formed beads. The cap has a top
      disk with a depending short inner skirt having a tapered edge and an
      elongated peripheral skirt. The peripheral skirt has in consecutive order
      proceeding downward an upper cylindrical portion, an upper internal bead,
      a circumferential internal weakening groove, a lower locking bead and a
      slanted ramp. The in-turned flange of the neck is compressed between the
      two cap skirts, the upper internal bead seats against the upper conical
      surface and the locking bead seats in the lower inward-formed bead of the
      neck. Thus a product and air-tight multi-zone seal is effected; and,
      further, once seated the cap is tamper-proof in that it must be torn to be
      removed. To tear the cap, a tear tab depends from the skirt and two upward
      slanted internal weakening grooves are formed to either side of the tear
      tab connecting to the circumferential weakening groove. The portion of the
      cap above the groove is used for reclosure and may be lifted by a second
      tab depending from the cap skirt adjacent the tear tab.
BSUM
PAR  This application is an improvement on U.S. Pat. No. 3,608,765.
PAR  This invention relates to a new and improved wide-mouthed jar and neck and
      plastic cap construction. More particularly, a principal feature of the
      invention relates to an improved seal between the jar neck and cap which
      provides a seal in three zones and enables the seal to remain effective
      even under severe stress.
PAR  One feature of the improved construction is the formation of an in-turned
      flexible lip on the top edge of the neck which provides an improved seal
      between the inner and outer skirts of the cap.
PAR  Another improved feature of the construction is the provision of an upper
      in-turned bead on the neck which forms a seal with the inner skirt of the
      cap. Still another improvement in the construction of the cap is the
      deepening of the lower internal bead or locking ring of the neck and of
      the cap to form a more secure, tamper-proof construction prior to tearing
      of the cap.
PAR  Pressure of the contents of the jar forces the inner skirt of the cap into
      more firm contact with the upper bead of the neck and also forces the neck
      outward into more firm engagement with the upper bead of the cap. Hence
      under stress from the pressure of the contents a more firm seal is
      accomplished.
PAR  Other features of the invention relate in the tamper-proof characteristics
      of the seal in that the bottom of the skirt must be torn off. The bottom
      edge of the skirt of the cap, prior to tearing, seats immediately above
      and in contact with the lower outer bead of the neck making it difficult
      to pry the cap off the neck.
PAR  Still another feature of the construction is the fact that the skirts of
      the caps are provided with slanted or ramp surfaces which cooperate with
      surfaces of the neck to facilitate installation of the cap by merely
      downward pressure on the cap, preferably mechanically applied.
PAR  Other objects of the present invention will become apparent upon reading
      the following specification and referring to the accompanying drawings in
      which similar characters of reference represent corresponding parts in
      each of the several views.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view showing the cap of the present invention
      installed on the jar.
PAR  FIG. 2 is a fragmentary perspective view of the upper portion of the
      structure of FIG. 1 showing the tear strip partially severed from the cap.
PAR  FIG. 3 is an enlarged exploded sectional view taken substantially along the
      lines 3--3 of FIG. 1 showing the cap in the process of being applied to
      the neck.
PAR  FIG. 4 is a view similar to FIG. 3 showing the cap seated on the neck.
PAR  FIG. 5 is a view similar to FIG. 4 showing the tear strip removed.
DETD
PAR  As has been stated, the present invention is an improvement on the
      structure shown in U.S. Pat. No. 3,608,765, the features of improvement
      being emphasized in the following description. Jar 11 is preferably formed
      of polyethylene or polystyrene but also may be of glass, although it is
      desirable that a plastic material be used since it is flexible. Jar 11 has
      a wide-mouthed neck 12 of a diameter of about 120 mm. and in the form
      shown in FIG. 1 is a construction desirable for packing salad dressings,
      mayonnaise, peanut butter and a variety of other materials. At the upper
      end or mouth of neck 12 is a short cylindrical portion 13 formed with an
      in-turned, preferably flexible flange 14. The lip or upper surface of
      flange 14 is preferably smooth and horizontal. Below the cylindrical
      portion 13 is an inward-turned upper circumferential bead 16 having an
      upper downwardly-inwardly slanted shoulder 17. Below bead 16 is an
      outwardly-downwardly slanted conical surface 18 which terminates in a
      lower in-turned bead 19 formed with an outward-downward slanted lower
      conical surface 22 which leads to a further conical surface 23 of lesser
      slope than surface 22. (i.e. the surface 23 is more nearly vertical than
      surface 22). Below surface 23 is an outward-turned bead 24 and below bead
      24 is an S-curved portion 26 terminating in a breast 27 which merges with
      the cylindrical body of the jar 11. It will be understood that the wall
      thickness of neck 12 is substantially uniform throughout.
PAR  Cap 31 is formed with a circular top disk 32. Depending from disk 32 is a
      short cylindrical inner skirt 33 having its outer bottom edge 34 tapered.
      Outwardly of skirt 33 the disk 32 is preferably formed with a raised
      annular peripheral portion 36 from which depends outer skirt 35. Skirt 35
      proceeding downwardly from raised periphery 36 comprises a cylindrial
      portion 37 having upper internal bead 38 at its lower end and slightly
      below bead 38 is a circumferential internal weakening groove 39. Below
      groove 39 is lower or locking internal bead 46 which has an
      outward-downward slanted ramp surface 47.
PAR  Pull tab 41 depends from the bottom edge 49 of skirt 35. An upper slanted
      internal weakening groove 42 extends from the left side of tab 41 toward
      intersection with groove 39. Spaced approximately 360.degree. from slanted
      groove 42 is an oppositely slanted internal weakening groove 43 which
      continues to the bottom edge 49. Intermediate grooves 42 and 43 and
      depending below edge 49 is a reclosure tab 44.
PAR  Directing attention now to FIG. 3 showing assembly of the cap 31 on neck
      12, as the cap 31 is pushed downwardly slanted surface 47 distorts the
      skirt 35 outwardly so that bead 46 clears flange 14; and further, the
      rounded bead 38 subsequently clears flange 14. Slanted surface 34 on skirt
      33 which, as is apparent from FIG. 3 is above the level of bead 38, causes
      the flange 14 to fit between the skirts 33 and 35. Surface 23 is of
      greater mean diameter than surface 18, bead 16 is of less mean diameter
      than bead 19 and bead 46 has a greater minimum inside diameter than bead
      38. These dimensions assist the ramping of the cap into position.
PAR  Directing attention now to FIG. 4, it will be seen that the flange 14 is
      compressed between skirts 33 and 35 and the lip or upper surface of flange
      14 seats against the bottom of raised periphery 36. The outer surface of
      cylindrical portion 13 contacts and seals against the inside of portion
      37. Bead 16 is sufficiently in-turned so that it seals against the outside
      of inner skirt 33. Bead 38 seats against upper conical surface 18.
      Internal locking bead 46 seats in bead 19. Thus, there is sealing contact
      between cap 31 and neck 12 in three zones, namely, the contact between
      flange 14 and the inside of top disk 36, as well as between cylindrical
      portions 13 and 37. Seecondly, there is contact between bead 16 and skirt
      33; and finally, there is contact between bead 38 and surface 18. The
      pressure of the contents of the jar 11 causes a flexing of skirt 33
      outwardly improving the sealing contact between skirt 33 and bead 16.
      Similarly, the pressure of the contents causes an outward bending of
      conical surface 18 against the bead 38. In the event that contents of the
      container leak between the sealing surfaces 16 and 33, the pressure inside
      cylindrical portion 13 causes the flange 14 to bend upwardly to improve
      the sealing contact with the raised periphery 36. Thus, leakage of the
      contents of jar 11 is almost impossible even under the impact of dropping
      jar 11 or intense vibration during transportation.
PAR  The tamper-proof characteristics of the structure are also improved. It
      will be seen that bead 46 seats inside the external groove of bead 19.
      Further, as best shown in FIG. 1, the lower edge 49 of skirt 35 is
      immediately above bead 24 and thus it is extremely difficult to pry cap 31
      off neck 12 without tearing the skirt as hereinafter described.
PAR  In order to open the jar, the user grasps tab 41 pulling it upwardly and to
      the left, as viewed in FIG. 1, along weakening groove 42 and then
      circumferentially around groove 39 and thence down groove 43. This removes
      tear strip 48. After the tear strip 48 has been completely removed, the
      user grips reclosure tab 44, pulling upward causing bead 38 to unseat from
      bead 16. After dispensing a portion of the contents, the reclosure cap
      (i.e. that portion above groove 39) is readily reseated in position shown
      in FIG. 5.
PAR  It will be seen that the tabs 41, 44 extend below bead 24. By inserting the
      fingertips in curved portion 26 it is easy to grip tab 41 or 44 with the
      fingers for tearing strip 44 or removing the reclosure cap respectively.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a thin-walled container neck, said neck formed with a
      cylindrical upper end having an inwardly-turned top flange, an
      inwardly-turned upper neck bead below said upper end, said upper neck bead
      comprising a downwardly-inwardly slanted shoulder, the inside diameters of
      said flange and of said upper neck bead being approximately the same, a
      conical outwardly-downwardly first slanted portion below said shoulder of
      said upper neck bead, a lower inwardly-turned neck bead below said first
      slanted portion, an outwardly-downwarddly second slanted portion below
      said lower neck bead, and an external bead below said second slanted
      portion; and a deformable, flexible plastic cap, said cap having a top
      disc having a short, depending inner skirt and a peripheral outer skirt,
      said outer skirt having a cylindrical upper portion parallel to said inner
      skirt, the spacing between said inner skirt and said cylindrical upper
      portion being substantially greater than the thickness of the wall of said
      container neck, an upper internal cap bead below said upper portion, a
      weakening groove below said upper internal bead and a lower internal cap
      bead below said weakening groove, said outer skirt being flared outwardly
      below said lower internal cap bead so that said cap rests in stable
      fashion on said neck prior to said cap being seated on said neck;
PA0  the top of said flange fitting against the underside of said disc, said
      flange being compressed between said inner skirt and said upper portion of
      said outer skirt, said upper neck bead being in sealing engagement with
      the outside of said inner skirt, said upper cap bead fitting in sealing
      engagement against said first slanted portion, said lower cap bead locking
      in said lower neck bead, the lower edge of said outer skirt fitting
      tightly against the outside of said second slanted portion of said neck
      and also fitting tightly against the top of said external bead of said
      neck so that said cap cannot be pulled off said neck by prying the lower
      edge of said cap upward with the fingers, the outer lower edge of said
      inner skirt being tapered and the bottom surfaces of both said upper and
      lower internal cap beads being slanted downwardly-outwardly so that
      downward pressure on said cap when said cap is resting on top of said neck
      seats said cap on said neck.
NUM  2.
PAR  2. The combination of claim 1 in which said cap is formed with an integral
      pull tab extending from the bottom edge of said skirt and said outer skirt
      is formed with an upward, oppositely diverging second and third weakening
      grooves to either side of said pull tab intersecting said first-mentioned
      weakening groove, and a reclosure tab extending from the bottom edge of
      said outer skirt and extending up between said second and third weakening
      grooves, said first-mentioned weakening groove being interrupted between
      the intersections thereof with said second and third weakening grooves.
NUM  3.
PAR  3. A deformable, flexible plastic cap for use with a thin-walled container
      neck, said neck formed with a cylindrical upper end having an
      inwardly-turned top flange, an inwardly-turned upper neck bead below said
      upper end, said upper neck bead comprising a downwardly-inwardly slanted
      shoulder, the inside diameters of said flange and of said upper neck bead
      being approximately the same, a conical outwardly-downwardly first slanted
      portion below said shoulder of said upper neck bead, a lower
      inwardy-turned neck bead below said first slanted portion, an
      outwardly-downwardly second slanted portion below said lower neck, and an
      external bead below said second slanted portion;
PA0  said cap comprising a top disc having a short, depending inner skirt and a
      peripheral outer skirt, said outer skirt having a cylindrical upper
      portion parallel to said inner skirt, the spacing between said inner skirt
      and said cylindrical upper portion being substantially greater than the
      thickness of the wall of said container neck, an upper internal cap bead
      below said upper portion, a weakening groove below said upper internal
      bead and a lower internal cap bead below said weakening groove, said outer
      skirt being flared outwardly below said lower internal cap bead so that
      said cap rests in stable fashion on said neck prior to said cap being
      seated on said neck; said inner skirt and said upper portion of said outer
      skirt being dimensioned and positioned so that in the assembled condition
      of said cap and said neck the top of said flange fits against the
      underside of said disc, said flange is compressed between said inner skirt
      and said upper portion of said outer skirt, said upper neck bead is in
      sealing engagement with the outside of said inner skirt, said upper cap
      bead fits in sealing engagement against said first slanted portion, said
      lower cap bead locks in said lower neck bead, the lower edge of said outer
      skirt fits tightly against the outside of said second slanted portion of
      said neck and also fits tightly against the top of said external bead of
      said neck so that said cap cannot be pulled off said neck by prying the
      lower edge of said cap upward with the fingers, the outer lower edge of
      said inner skirt being tapered and the bottom surfaces of both said upper
      and lower internal cap beads being slanted downwardly-outwardly so that
      downward pressure on said cap when said cap is resting on top of said neck
      seats said cap on said neck.
NUM  4.
PAR  4. A cap according to claim 3 in which said cap is formed with an integral
      pull tab extending from the bottom edge of said skirt and said outer skirt
      is formed with an upward, oppositely diverging second and third weakening
      grooves to either side of said pull tab intersecting said first-mentioned
      weakening groove, and a reclosure tab extending from the bottom edge of
      said outer skirt and extending up between said second and third weakening
      grooves, said first-mentioned weakening groove being interrupted between
      the intersections theereof with said second and third weakening grooves.
PATN
WKU  039400050
SRC  5
APN  4601998
APT  1
ART  241
APD  19740411
TTL  Safety closure means for pressurized bottles and other like containers
ISD  19760224
NCL  13
ECL  1
EXP  Norton; Donald F.
NDR  2
NFG  5
INVT
NAM  Granat; Rodney John
CTY  Caulfield
CNT  AU
ASSG
NAM  A.C.I. Operations Pty. Limited
CTY  Melbourne
CNT  AU
COD  03
CLAS
OCL  215325
XCL  215341
XCL  215354
EDF  2
ICL  B65D 4160
FSC  215
FSS  270;277;354;358;361;350;341
FSC  220
FSS  233;234;254;256
FSC   53
FSS  15;43
UREF
PNO  2681742
ISD  19540600
NAM  Miller
OCL  215350
UREF
PNO  2916174
ISD  19591200
NAM  Orr
XCL  215341
UREF
PNO  2993612
ISD  19610700
NAM  Trautvetter
XCL  215354
UREF
PNO  3244308
ISD  19660400
NAM  Esposito
XCL  215354
UREF
PNO  3788510
ISD  19740100
NAM  Collins
OCL  215341
FREF
PNO  84,814
ISD  19580300
CNT  DK
OCL  215277
FREF
PNO  505,504
ISD  19510900
CNT  BE
OCL  215350
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Safety closure means for bottles and other like containers of sparkling
      wines or other liquids comprises, in combination an outer cap or capsule
      adapted to enclose the container neck and to be securely retained thereto,
      and a self-releasing plug of elastomeric material movably arranged within
      and retained to said cap or capsule to enable the latter and the plug to
      be applied together to the container and to be similarly removed therefrom
      thus reducing the risk of injury by a violently ejected plug.
PAL  The plug comprises a tube having therein a generally transverse integral
      partition having a single position of equilibrium in which at least an
      outer annular portion thereof extends downwardly and outwardly towards the
      tube.
PAL  The partition is also formed with a centrally located upward projection
      which is engaged and depressed by the top of the cap as the latter is
      being applied to the container neck, thereby causing said outer annular
      portion of the partition to exert an outward thrust on the plug tube. This
      tube is therefore expanded into effective sealing contact with the
      interior of the container neck.
PAL  When subsequently the cap is being removed from the container the resilient
      plug tends to return to its normal unstrained or equilibrium condition and
      is thus freely removable from the neck and generally comes off with the
      cap.
BSUM
PAR  This invention relates to safety closure means for bottles or other
      containers and has been devised primarily for use in sealing bottles of
      sparkling wines or other liquids which, like sparkling wines are required
      to be sealed in opposition to the pressure of gases dissolved therein;
PAR  It is now a common practice to seal bottles of sparkling wine with moulded
      plastic plugs, in lieu of cork plugs or stoppers, the said plastic plugs
      being generally covered by a cap or capsule, e.g. a screw cap of tinplate
      or other suitable material, detachably secured to the exterior of the
      bottle neck.
PAR  One disadvantage of many existing plastic plugs of the aforesaid kind is
      that they are insufficiently resilient for effective sealing engagement
      unless the internal or bore diameter of the bottle neck lies within a very
      narrow range of bore tolerances and as it is difficult to maintain the
      required order of accuracy, it is commonly found to be necessary to reject
      a variable proportion of the bottles produced.
PAR  A further disadvantage of most existing plastic plugs is that they require
      the application of considerable pressure for insertion into a bottle neck
      and this necessitates the use of sophisticated and expensive capping
      machines which generally operate at undesirably low production rates.
      Also, it is found in many cases that the plugs engage the interior of the
      neck so tightly that they are difficult to remove, even with the aid of a
      knife or other tool with the consequent risk of injury to the person
      removing the plug.
PAR  It is therefore an object of this invention to provide improved closure
      means adapted to obviate or minimize all these disadvantages.
PAR  Accordingly, the invention provides a safety closure means for bottles and
      like containers of sparkling wines and the like comprising a cap or
      capsule for enclosing and being removably secured to the container neck,
      and a self-releasing plug of elastomeric material movably arranged within
      and retained to the cap or capsule so as to be applied therewith to the
      container wherein the plug includes a tubular member insertible into the
      neck and a generally transverse partition member arranged within and
      integral with said tubular member and forming an airtight barrier therein,
      said partition member having a single position of equilibrium in which at
      least an outer annular portion thereof extends downwardly and outwardly
      towards the tubular member, and wherein a substantially centrally located
      portion of said partition member projects upwardly so as to be engageable
      and depressible by the top of the cap or capsule during its application to
      the container neck, thereby to cause said outward and downwardly extending
      annular portion to exert an outward thrust on the tubular member and so
      expand the latter into effective sealing engagement with the container
      neck and whereby, when said downward pressure is relieved during removal
      of the cap or capsule from the neck, the partition member tends to returns
      to its said equilibrium position so that the tubular member resiliently
      contracts to permit of the easy removal of the plug together with the cap
      or capsule.
PAR  For the aforesaid purpose, the said upwardly projecting portion of the
      partition member is preferably engageable and depressible by the external
      cap or capsule so that the plug is automatically expanded as the external
      closure is secured to the container and automatically contracts when said
      closure is removed. For this purpose, the upper end of said upwardly
      projecting portion of the partition member is normally disposed above the
      plane of the upper end of said tubular member of the plug.
PAR  More particularly, the said transverse partition member preferably
      comprises an outwardly and downwardly extending outer annular portion of
      conical form which is integrally connected to the tubular member at an
      intermediate position in its length, and an axially disposed upward
      projection which has its lower end integrally connected to the inner
      periphery of said conical annular portion. An annular neck of reduced
      thickness is preferably provided between said conical annular portion and
      the said projection to form a pivotal or flexing zone while alternatively
      or in addition, a similar annular neck may be provided between the said
      conical annular portion and the said tubular member.
PAR  The lower end portion of said tubular member is preferably tapered
      downwardly at a small angle to facilitate insertion of the plug into the
      container neck.
PAR  The upper end of said tubular member is preferably formed with an external
      circumferential flange to seat on the top of the container neck and so
      limit the extent to which the plug may be inserted into the container
      neck. This flange also serves to frictionally retain the plug to the cap
      or capsule and for this purpose the periphery of the flange may be formed
      with a flexible circumferential extension of reduced thickness to
      facilitate attachment of the plug to the interior of a cap or capsule.
PAR  During removal of the cap or capsule from the container neck the consequent
      contraction of the plug permits of the venting of gas under pressure from
      the container and this generally produces a distinct "pop" sound which,
      particularly for sparkling wines, is considered to be a desirable
      attribute. Also, the pressure within the container usually ejects the then
      contracted plug as the external closure is being removed, thereby
      substantially obviating the risk of violent ejection of the plug from the
      bottle after removal of the cap.
PAR  The said tubular member may be provided externally with one or a plurality
      of spaced circumferential ribs which enhance the sealing action and also
      serve to improve the quality of the "pop" sound, when the plug breaks
      sealing contact with the bottle neck, such rib or ribs preferably being
      arranged in or close to the transverse plane in which said partition
      member is integrally connected to the interior of said tubular member.
PAR  The invention also includes in combination, a container having a neck
      fitted with and sealed by a self-releasing plug, as above described, and
      an external cap or other closure secured to the exterior of the neck and
      maintaining the central portion of the partition member of the plug in a
      depressed condition whereby it maintains the plug in expanded sealing
      engagement with the interior of the neck.
DRWD
PAR  In order however, that the invention may be more clearly understood,
      representative examples of plugs in accordance therewith are more fully
      described below with reference to the accompanying drawings in which:
PAR  FIG. 1 is an enlarged view partly in elevation and partly in section of
      combined cap and plug according to the invention, the plug being shown
      arranged within the neck of a bottle,
PAR  FIG. 2 is a view in plan to a smaller scale of the plug shown in FIG. 1,
PAR  FIG. 3 is a view in sectional elevation to a still larger scale showing a
      modified form of plug for use according to the invention,
PAR  FIG. 4 is also a view similar to FIG. 3 and shows a further modified form
      of plug for use according to the invention, and
PAR  FIG. 5 is an elevational cut out view of the plug of FIG. 4 held in sealing
      contact with a container neck by a cap.
DETD
PAR  The plug or stopper, generally designated 10, in FIGS. 1 and 2 is of
      circular shape in plan, and may be formed of any suitable elastomeric
      material, e.g. polyethylene.
PAR  This plug comprises a tubular member 101, the external diameter of which is
      slightly less than the internal diamter of the neck of the bottle 12 so
      that it may easily be inserted therein and its upper end is formed with an
      outwardly projecting circumferential flange 102 which seats on the top of
      the bottle neck and so limits the extent to which the plug may be
      inserted. A spaced pair of shallow circumferential ribs 103 are formed on
      the exterior of the tube at a suitable distance below the flange, though
      these ribs are not essential and may be omitted if desired.
PAR  Below the sealing ribs, the exterior of the tube tapers downwardly at a
      small angle so that its free lower end will more freely enter the bottle
      mouth.
PAR  The interior of the tubular member 101 is closed by a generally transverse
      partition member which is integral with the tubular member 101 and which
      forms an airtight barrier within it. This partition member comprises a
      concentric annular conical portion 104 which inclines downwardly and
      outwardly to its junction with the wall of the tubular member 101, and an
      axially located projection 105 which is hollow at its underside and which
      extends upwardly from the inner periphery of the annular portion 104. The
      free upper end of this axial projection is normally disposed above the
      level of the top of the flange 102. As shown in the drawing, the junction
      between the conical annulus 104 and the interior of the tube 101 is
      disposed approximately in the plane of the sealing ribs 103.
PAR  After the plug has been inserted into the bottle neck as shown, an external
      cap or capsule 14 shown in broken lines, is applied and secured thereto.
      The ilustrated cap is preformed with a threaded skirt for engagement with
      a screw thread on the exterior of the bottle neck and the cap is shown as
      being only partly screwed down, so that the plug 10 is still in its normal
      or unstrained condition. In many cases however, the screw thread in the
      cap skirt is formed in situ by a rolling operation after the cap blank has
      been forced firmly downwards onto the bottle by a capping machine.
PAR  In either case, as the cap or capsule 14 and the plug 10 are being applied
      to the bottle neck, the plug tube 101 is in its normal unstrained
      condition so that it freely enters the bottle neck until its further
      inward movement is arrested by the engagement of the external flange 102
      thereon, with the top of the bottle neck as shown in FIG. 1. At this time
      however, the cap 14 is not fully screwed down and during its further
      downward movement, the plug remains stationary so that the central
      projection 105 is forced downwardly by the top of the cap. This downward
      pressure causes the conical annulus 104 to impart an outward and downward
      thrust to the interior of the tubular member 101 and the outward component
      of this thrust expands this tube whereby the external sealing ribs 103 are
      forced into firm sealing contact with the interior surface of the bottle
      neck. Due to the fact that the plug is thus expanded after it has been
      inserted into the bottle neck such plugs are suitable for sealing bottle
      necks having substantially larger bore tolerances than are acceptable for
      use with plastic plugs of the kinds now commonly used.
PAR  Also, whereas conventional plastic plugs used for sparkling wines are
      sometimes violently ejected from the bottle neck when the cap is removed,
      a plug according to the present invention is much less prone to this risk
      for the reason that it resiliently contracts as the cap is being removed,
      so that generally the plug tends to come off with the cap. In any case,
      the risk of its violent ejection is substantially obviated because in its
      contracted condition it readily vents the high pressure gases.
PAR  The modified form of plug shown in FIG. 3 is generally similar as regards
      its principal features to that shown in FIG. 1. In this modified plug
      however, the axial hollow projection 105 is relatively much larger in
      diameter and the radial width of the conical annulus 104 is
      correspondingly reduced. Due to the larger diameter of the projection 105,
      the pressure exerted downwardly thereon by the external cap or capsule
      (not shown) is more uniformly distributed and this may be enhanced, to
      minimize localised deformation of the co-acting top portion of the cap, by
      interposing between the cap and the projection 105 a stiff reinforcing
      disc of metal or plastic similar to the disc designated 16 in FIG. 5. The
      plug shown in FIG. 3 is also formed with an annular neck 108 of reduced
      thickness at the junction between the projection 105 and the inner
      periphery of the conical annulus 104 while a similar annular neck 110
      integrally connects the outer periphery of this conical annulus to the
      tube 101.
PAR  These reduced annular necks 108 and 110 form flexing or pivotal zones which
      facilitate the outward thrusting action of the said conical annulus 104 of
      the plug.
PAR  The wall of the hollow projection 105 is relatively thick to impart
      increased stiffness thereto for the purpose of resisting the compressive
      force exerted thereon by the conical annulus 104 during the operation of
      expanding the tube 101, it being understood that the outward thrust
      exerted on the tube by this conical annulus is counterbalanced by an
      inward or compressive force which it exerts on the lower end of the
      projection.
PAR  In the plug shown in FIG. 3, the outer periphery of the flange 102 at the
      top of the tubular portion 101 is formed with a thin and flexible outward
      extension or rim 111 by which the plug may be retained within a suitable
      type of cap or capsule 14 before the latter together with the plug is
      applied to the bottle or the like. Thus, the bottle may be stoppered in a
      single operation whereas conventionally two separate and successive
      operations are required, i.e. insertion of the plug in the bottle neck
      followed by application of the external cap or capsule.
PAR  During application of a cap, with the plug retained thereto as above
      described, the flexible tube 101 is unexpanded so that it freely enters
      the bottle neck. However, as the cap is being secured to the bottle, it
      engages and depresses the axial projection 105 of the plug so that the
      tubular portion 101 of the latter is expanded into firmly sealing
      engagement with the neck as previously described. It will be apparent also
      that the then compressed flexible rim 111 on the plug facilitates its
      removal with the cap or capsule when the latter is subsequently removed
      from the bottle.
PAR  The plug or stopper shown in FIG. 4 differs from that shown in FIG. 3, in
      that the projection 105 has the form of a tube which is open at the top
      and is closed at its lower end by a relatively thick and stiff integral
      panel 107 which more effectively resists compression of the lower end of
      the projection by the inwardly directed reaction force imparted thereto as
      the tubular portion 101 is being expanded, thereby ensuring a more
      effective sealing action. It will be observed that this plug is also shown
      as being provided with a shallow circumferential sealing rib 103 to
      improve the quality of the "pop" which is heard when the plug is removed
      from the neck of a bottle containing sparkling wine or other liquid under
      pressure.
PAR  FIG. 5 shows a plug as illustrated in FIG. 4 in sealing engagement with the
      neck of a bottle 20 and retained thereto by a conventional pilferproof cap
      comprising an upper screw cap portion 14 and an integral depending skirt
      14a which is connected thereto by a ring of spaced narrow elements
      provided with score lines 17 whereby they are readily ruptured as the
      screw cap 14 is being unscrewed.
PAR  In order to minimise deformation of the top of the cap 14 by the pressure
      exerted upwardly thereon by the depressed projection 105 of the plug, a
      reinforcing disc 16 of stiff metal or plastic may be provided between the
      plug and cap thereby to distribute this reaction pressure over the top of
      the cap.
PAR  The downward pressure exerted on the plug by the cap tends to bulge the
      tubular portion 101 outwardly in the plane of the junction between its
      inner surface and the outer periphery of the conical annulus 104 and
      advantage may be taken of this bulging tendency to obtain a still more
      effective sealing action by forming the interior of the bottle neck with a
      conforming shallow groove 18 as shown.
CLMS
STM  I claim:
NUM  1.
PAR  1. A resealable safety closure which can be applied by conventional high
      speed capping equipment to annular openings in necked containers,
PA0  said closure comprising
PA1  metal capsule means having a crown and a skirt depending thereform, said
      capsule means adapted to enclose at least a portion of the neck of said
      container and being convertible into a removably secured cap means by the
      in situ formation of screw threads thereon by a rolling operation while
      said capsule means is fitted on said neck, and
PA1  self-releasing plug means at least partly enclosed by and retained by said
      capsule means so that same may be simultaneously applied to and removed
      from said container,
PA1  said plug means comprising
PA2  tubular member means readily insertable into the container opening,
PA2  flange means near one end of said tubular member means and retained by the
      interior of said capsule means in axially slidable relationship thereto,
      said flange means adapted to seat upon the area of the container
      adjacently surrounding the opening when said tubular member means is
      disposed within the opening to limit movement of the tubular member means
      into the opening,
PA2  said tubular member means including
PA3  transversely expandable annular sealing area means located along said
      tubular member means an axial distance below said flange means sufficient
      to avoid substantial restriction by said flange means of transverse
      expansion of said sealing area means,
PA3  button member means located radially centrally of said tubular member means
      and engageable with the interior crown of said capsule means,
PA3  connecting means connecting said button means to said sealing area means
      wherein axial movement of said button means is translated by said
      connecting means to transverse movement of said sealing area means, said
      sealing area means capable of variation of expansion, for a predetermined
      axial movement of said button means, with the diameter of the opening of
      the container to effectively seal a relatively wide range of diameters of
      contents
PA3  said connecting means including
PA4  relatively rigid inclined wall means,
PA4  a relatively flexible annular first hinge means connecting said wall means
      to said sealing means,
PA4  a relatively flexible annular second hinge means connecting said wall means
      to said button means,
PA4  said inclined wall means extending downwardly and outwardly from said
      second hinge means to said first hinge means,
PA4  said connecting means being transversely narrower in axial cross section
      than said button means,
PA4  said first and said second hinge means being axially substantially thinner
      and transversely substantially narrower than said inclined wall means,
PA4  said cap means which is formable from said capsule means and said plug
      means cooperating so that when said capsule means is moved from an
      unsealed position to a sealed position, and converted to said cap means by
      screw thread formation,
PA4  i. said button means is moved fron an equilibrium position to an axially
      lower depressed position,
PA4  ii. said connecting means translates the axial movement of said button
      means into transverse expansion of said sealing area means from an
      unsealed position to a sealed position against the interior of said
      container neck,
PA4  said cap and said plug means furthermore cooperating so that when said cap
      is in said sealed position,
PA4  i. said button means is axially depressed,
PA4  ii. said plug means is in an unstable position,
PA4  iii. said sealing area means is in a transversely expanded position of
      sealing engagement against the interior neck of said container, said plug
      means then forming an air-tight barrier between the container contents and
      the surrounding atmosphere, and
PA4  iv. said second hinge means is axially closer to said flange means than
      said first hinge means,
PA4  said cap movable from said sealed position into an unsealed position by
      unscrewing same, said cap and said plug means cooperating when said cap is
      in said unsealed condition so that
PA4  i. said button means is in an equilibrium position,
PA4  ii. said plug means is in an equilibrium positon, and
PA4  iii. said sealing area means is out of sealing engagement with the interior
      neck of said container.
NUM  2.
PAR  2. Closure of claim 1, wherein said second hinge means connects said wall
      means at least in part to the bottom of said button means.
NUM  3.
PAR  3. Closure of claim 1, wherein said inclined wall forms an angle of about
      45.degree. with said tubular member.
NUM  4.
PAR  4. Closure of claim 3, wherein said wall means is connected to the bottom
      edge of the button means.
NUM  5.
PAR  5. Closure of claim 2, wherein at least one hinge area is at least in part
      defined by an annular groove in said connecting means.
NUM  6.
PAR  6. Closure of claim 5, wherein at least one annular groove is formed on the
      side of the connecting means exposed to container contents.
NUM  7.
PAR  7. Closure of claim 6, wherein each hinge is at least partly defined by an
      annular groove on the side of said connecting means exposed to container
      contents.
NUM  8.
PAR  8. Closure of claim 7, wherein said plug means when in said position of
      instability is under such stress that when the container contains
      carbonated wine and said cap is moved to the unsealed position, said
      sealing area means moves relatively suddenly from said transversely
      expanded position to the position of equilibrium, producing an audible pop
      from relief of container internal pressure.
NUM  9.
PAR  9. Closure of claim 8, wherein said button means axially extends above said
      flange when in said equilibrium position.
NUM  10.
PAR  10. Closure of claim 9, wherein said tubular member extends in a skirt
      axially below said sealing area means, and at least a part of said skirt
      is tapered to facilitate insertion thereof into said opening.
NUM  11.
PAR  11. Closure of claim 10, wherein said button means includes a substantially
      transverse annular disc forming the bottom of said bottom means, and cap
      engaging means extending axially upwardly therefrom.
NUM  12.
PAR  12. A sealed bottle of sparkling wine or the like, said bottle having a
      neck defining an opening from the surrounding atmosphere to the bottle
      interior, said opening sealed against the passage of air by a resealable
      safety closure, said closure comprising the combination of a removably
      secured metal cap means and a self-releasing plug means, said cap means
      having a crown and a skirt depending therefrom and screw threads on said
      skirt, said plug means at least partly enclosed by and retained by said
      cap means so that same may be simultaneously removed from and reapplied to
      said bottle, said plug means comprising
PA0  tubular member means readily insertable into said opening,
PA0  flange means near one end of said tubular member means and retained by the
      interior of said cap means in axially slidable relationship thereto, said
      flange means adapted to seat upon the area of the bottle adjacently
      surrounding the opening when said tubular member means is disposed within
      the opening to limit movement of the tubular member means into the
      opening,
PA0  said tubular member means including
PA1  transversely expandable annular sealing area means located along said
      tubular member means an axial distance below said flange means sufficient
      to avoid substantial restriction by said flange means of transverse
      expansion of said sealing area means,
PA1  button member means located radially centrally of said tubular member means
      and engageable with the interior crown of said cap means,
PA1  connecting means connecting said button means to said sealing area means
      wherein axial movement of said button means is translated by said
      connecting means to transverse movement of said sealing area means, said
      sealing area means capable of variation of expansion, for a predetermined
      axial movement of said button means, with the diameter of the opening of
      the bottle to effectively seal a relatively wide range of diameters of
      bottle openings against leakage of bottle contents
PA1  said connecting means including
PA2  relatively rigid inclined wall means,
PA2  a relatively flexible annular first hinge means connecting said wall means
      to said sealing area means,
PA2  a relatively flexible annular second hinge means connecting said wall means
      to said button means,
PA2  said inclined wall means extending downwardly and outwardly from said
      second hinge means to said first hinge means,
PA2  said connecting means being transversely narrower in axial cross section
      than said button means,
PA2  said first and second hinge means axially substantially thinner and
      transversely substantially narrower than said inclined wall means,
PA2  said cap means and said plug means cooperating so that when said cap means
      is in said sealed position,
PA3  i. said button means is axially depressed,
PA3  ii. said plug means is in an unstable position,
PA3  iii. said sealing area means is in a transversely expanded position of
      sealing engagement against the interior neck of said bottle, said plug
      means then forming an air-tight barrier between the bottle contents and
      the surrounding atmosphere, and
PA3  iv. said second hinge means is axially closer to said flange means than
      said first hinge means,
PA2  said cap means movable from said sealed position into an unsealed position
      by unscrewing same, said cap means and said plug means cooperating when
      said cap means is in said unsealed condition so that
PA3  i. said button means has moved to an axially higher equilibrium position,
PA3  ii. said plug means is in an equilibrium position, and
PA3  iii. said sealing area means is out of sealing engagement with the interior
      neck of said bottle.
NUM  13.
PAR  13. A plug means for use in a resealable safety closure, which closure can
      be applied by conventional high-speed equipment to annular openings in
      necked containers, wherein the closure also includes metal capsule means
      having a crown and a skirt depending thereform, said capsule means adapted
      to enclose at least a portion of the neck of said container and being
      convertible into a removably secured cap means by the in situ formation of
      screw threads thereon by a rolling operation while said capsule is fitted
      on said neck,
PA0  said plug means when used in said safety closure being at least partly
      enclosable by and retainable by said capsule means so that same may be
      simultaneously applied and removed from the container,
PA0  said plug means comprising
PA1  tubular member means readily insertable into a container opening,
PA1  flange means near one end of said tubular member means and retainable by
      the interior of said capsule means in axially slidable relationship
      thereto, said flange means adapted to seat upon the area of the container
      adjacently surrounding the opening when said tubular member means is
      disposed within the opening to limit movement of the tubular member means
      into the opening,
PA1  said tubular member means including transversely expandable annular sealing
      area means located along said tubular member means an axial distance below
      said flange means sufficient to avoid substantial restriction by said
      flange means of transverse expansion of said sealing area means,
PA1  button means located radially centrally of said tubular member means and
      engageable with the interior crown of said capsule means,
PA1  connecting means connecting said button means to said sealing area means
      wherein axial movement of said button means is translated by said
      connection means to transverse movement of said sealing area means, said
      sealing area means capable of expansion, for a predetermined axial
      movement of said button means, with the diameter of the opening of the
      container to effectively seal a relatively wide range of diameters of
      container openings against leakage of container contents
PA1  said connecting means including
PA2  relatively rigid inclined wall means,
PA2  a relatively flexible annular first hinge means connecting said wall means
      to said sealing area means,
PA2  a relatively flexible annular second hinge means connecting said wall means
      to said button means,
PA2  said inclined wall means extending downwardly and outwardly from said
      second hinge means to said first hinge means,
PA2  said connecting means being transversely narrower in axial cross section
      than said button means,
PA2  said first and said second hinge means being axially substantially thinner
      and transversely substantially narrower than said inclined wall means,
PA2  said plug means cooperable with said cap means so that when said cap is
      secured to said container,
PA3  i. said button means is axially depressed,
PA3  ii. said plug means is in an unstable position,
PA3  iii. said second hinge means is axially closer to said flange means than
      said first hinge means, and
PA3  iv. said sealing area means is in a transversely expanded position of
      sealing engagement against the interior neck of said container, said plug
      means then forming an air-tight barrier between the container contents and
      the surrounding atmosphere,
PA2  said plug means further cooperable with said cap means so that when said
      cap means is unscrewed from said container,
PA3  i. said button means is in an equilibrium position,
PA3  ii. said plug means is in an equilibrium position, and
PA3  iii. said sealing area means is out of sealing engagement with the interior
      neck of said container.
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ABST
PAL  A refuse collection apparatus in which a packing panel having a curved
      packing surface is moved through a hopper. The hopper may include a
      vertically inclined forward packing surface so that refuse is packed
      between the curved packing surface and the vertically inclined forward
      packing surface of the hopper. The hopper may include a straight rearward
      wall portion with the packing panel having a narrowed lower edge. During
      its movement into the hopper, the packing panel may be moved so that its
      narrowed lower edge is in contiguous relation to the straight rearward
      wall portion of the hopper. The packing panel may include one or more
      upstanding ribs on its curved packing surface which provide a reduced area
      for application of high localized pressures to refuse contacted by a rib.
PARN
PAR  This as a division of application Ser. No. 264,021, filed June 19, 1972 now
      Pat. No. 3,899,091.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In collecting refuse, the refuse is generally picked up at individual
      locations, such as homes, and loaded into a storage body mounted on a
      truck. When the storage body becomes full, the truck must make a trip to a
      dumping point to unload the refuse. Depending upon the location of the
      dumping point, the time required for dumping can be quite substantial.
      This time is lost time since the refuse collection apparatus performs
      merely as a truck during its trip to and from the dumping site.
PAR  To reduce lost time spent in transporting refuse to the dumping site,
      modern refuse collection equipment functions by packing the refuse under
      high pressures within a storage body. The capacity of the refuse
      collection apparatus is, thereby, increased, and it is able to function by
      collecting refuse for a longer period of time before having to make a trip
      to the dump.
PAR  In refuse collection equipment presently in use, the storage body is
      mounted on a truck frame and mounted behind the storage body is a tailgate
      structure. The tailgate includes a loading hopper and packing means for
      removing the refuse from the hopper and packing it under high pressure
      within the storage body. It is common practice to mount a movable ejection
      panel within the storage body. During the packing operation, refuse is
      packed against the ejection panel which moves forwardly within the storage
      body as the packing operation progresses. When the storage body is
      completely full, the ejection panel has moved all the way forward to a
      position adjacent the front of the storage body. During the dumping
      operation, the tailgate structure is pivoted upwardly with respect to the
      storage body and the refuse is ejected by moving the ejection panel
      rearwardly to push the refuse out of the storage body.
PAR  Present refuse collection apparatus is rather large and unwieldly as a
      result of several factors. First, the tailgate structure which contains
      the packing mechanism is relatively long, and extends outward a
      considerable distance from the back of the storage body. The length of the
      tailgate structure is dictated, to a large extent, by the shape of the
      loading hopper defined in the lower portion of the tailgate. Present
      loading hoppers have a generally uniformly curved bottom which slopes
      gradually downward from a loading lip at the rear of the hopper to a low
      point and then gradually upward to an inclined passage which leads into
      the storage body. A panel is rotated through the hopper with the lower
      edge of the panel following along the curvature of the hopper bottom. Due
      to the curved configuration of the hopper bottom to accommodate rotation
      of the panel, the hopper is relatively long and shallow. Thus, the
      tailgate structure must also be relatively long which produces a tailgate
      whose center of mass is positioned a considerable distance rearward of the
      tailgate supporting structure.
PAR  A further factor contributing to large and unwieldly refuse collection
      equipment is the movement of the packing means within the tailgate
      structure. Many refuse collectors which use pivotally interconnected upper
      and lower panels for packing (see U.S. Pat. No. 3,143,230), employ an
      upper panel which is reciprocated in a straight-line movement between an
      upper and forward position and a lower and rearward position. To provide a
      high horizontal force component to the upper panel, the straight-line path
      must have a slope which provides substantial horizontal movement to the
      panel. This, in turn, requires that the tailgate structure be relatively
      long.
PAR  In present refuse collection equipment, the storage body is made from
      relatively heavy structural members to accommodate the high internal
      pressures imposed on the body. The high weight of the structural members
      further contributes to making the refuse collection equipment unwieldly.
      Added weight in the refuse storage body requires additional weight in the
      structural members for the truck frame which also increases the weight of
      the vehicle. As the length and weight of the vehicle are increased, it
      becomes increasingly more difficult to maneuver in congested areas in
      picking up refuse.
PAR  As stated, modern refuse collection equipment functions by packing refuse
      under high pressures within a storage body mounted on the frame of a
      truck. In present equipment, little or no packing is accomplished within
      the loading hopper. The refuse is merely swept from the hopper by rotation
      of a panel and packing does not occur until the refuse is moved into the
      storage body. To accomplish more uniform packing, it would be desirable if
      some of the packing could take place within the loading hopper.
PAR  During the packing operation, the refuse is moved into a storage body and
      compacted against an ejection panel. As the refuse is compacted, it may be
      moved in an upward direction against the top of the refuse storage body
      and impose large stresses on the top of the body. To accommodate these
      stresses, the top of the refuse body will have to be heavily reinforced
      and, therefore, heavy.
PAR  As the packing continues, the ejection panel moves forwardly within the
      storage body. The movement of the ejection panel is generally controlled
      by a telescopic hydraulic cylinder in which the effective hydraulic area
      within the cylinder varies with its degree of extension. As the ejection
      panel moves forwardly, the refuse within the body also moves as new refuse
      is packed into the body. The friction between the refuse within the body
      and the side walls of the body varies depending on the amount of refuse in
      the body. Due to the various factors which affect movement of the ejection
      panel and refuse within the body, it is difficult to obtain uniform
      compaction of the refuse throughout the storage body. Refuse in one region
      of the storage body may be very densely compacted while refuse in another
      region may be less densely compacted. It would be desirable to obtain
      compaction throughout the body at relatively high and uniform compaction
      pressures at or near the maximum pressures generated by the packing means
      since this would permit packing more refuse into a storage body of a given
      volume.
PAC  SUMMARY OF THE INVENTION
PAR  In accord with the present invention, I have provided a refuse collector
      which is capable of using a relatively short and deep loading hopper that
      is positioned rearwardly of and adjacent to an opening into a storage
      body. In utilizing such a hopper, an upper panel having a lower panel
      pivotally connected therewith is moved in a rearwardly and downwardly
      convexly curved path between an upward and forward position and a downward
      and rearward position. The path of movement provided the upper panel has a
      slope which changes from substantially vertical to substantially
      horizontal as the panel moves from a rearward lowered position to a
      forward raised position. This provides a high horizontal force component
      to the panel during the packing cycle without the use of a long tailgate
      structure.
PAR  The upper extremity of the opening into the storage body may be provided by
      a fixed panel having an upwardly curved lower surface. During upward
      movement of the packing panels, refuse is packed against the upwardly
      curved lower surface of the fixed panel. This provides a forward direction
      of movement to the refuse which assists its movement into the storage body
      and against the ejection panel. Further, by providing a forward direction
      of movement to the refuse, the refuse has less tendency to exert high
      pressures on the top of the refuse body.
PAR  In an embodiment of my invention which utilizes an upper and a lower
      packing panel which are pivotally interrelated for movement within a
      tailgate structure, the upper panel preferably has a curved forward
      surface in close proximity to a rearward surface of a fixed panel defining
      the upper extremity of the opening into the storage body. During relative
      movement between the upper panel and the fixed panel, the rearward surface
      of the fixed panel removes refuse from the curved forward surface of the
      upper panel.
PAR  In providing a rearwardly and downwardly convexly curved path for an upper
      panel, the panel is preferably tilted as it undergoes movement from a
      forward raised position to a rearward lowered position and vice versa. As
      the panel moves downwardly and rearwardly, the lower portion of the panel
      is tilted rearwardly while the upper portion of the panel is tilted
      forwardly. The lower panel is pivotally connected to the upper panel at a
      point adjacent its lower edge. Thus, as the lower portion of the panel is
      tilted rearwardly, the pivotal points for the lower panel are moved
      rearwardly to properly position the lower panel for movement with respect
      to the hopper. As the upper panel moves forwardly and upwardly, the
      tilting of the lower portion of the upper panel in a forward direction
      provides a forward movement to the refuse. This assists in moving the
      refuse through an opening into the storage body and in compacting the
      refuse against an ejection panel.
PAR  In accord with another aspect of my invention, a refuse collection
      apparatus is provided in which a packing panel having a curved forward
      packing surface is moved through a hopper. As the packing panel moves
      through the hopper, the refuse has a greater tendency to roll upwardly
      onto the surface of the panel due to its curved configuration. The refuse
      is, thus, more readily removed from the hopper by the panel.
PAR  The packing panel may have one or more upstanding ribs positioned on its
      curved forward surface. The ribs provide a reduced area for application of
      high localized pressures to refuse contacted by the rib or ribs as the
      panel moves through the hopper. If more than one rib is employed, the ribs
      are positioned in spaced relationship and preferably are positioned
      vertically with respect to the hopper bottom as the packing panel moves
      through the hopper. Each of the ribs has sloping side walls which are
      joined together to form a breaking surface. The sloping side walls of
      adjacent ribs define a packing region which is bounded by the adjacent
      side walls and the forward curved surface of the packing panel. Refuse
      which moves between adjacent ribs into contact with the forward curved
      surface of the panel is thereby compacted through compression between the
      side walls of the adjacent ribs.
PAR  Preferably, the loading hopper has a vertically inclined forward packing
      surface. Thus, as the packing panel moves through the hopper, refuse is
      compacted between the curved packing surface of the panel and the upwardly
      inclined forward packing surface of the hopper. If the packing panel is
      rotated to provide movement through the hopper and then lifted to remove
      refuse from the hopper, the curved packing surface of the panel preferably
      makes an angle of at least about 90.degree. with the forward packing
      surface. This reduces the tendency for refuse to jam between the surface
      of the packing panel and the forward packing surface of the hopper during
      upward movement of the packing panel.
PAR  In another aspect of my invention, the loading hopper is provided with a
      straight rearward wall portion positioned between a loading lip and the
      hopper bottom. A packing panel is then provided which has a narrowed lower
      edge. The narrowed lower edge of the panel is then moved in contiguous
      relation to the straight rearward wall portion of the hopper as the panel
      moves into the hopper. Refuse which overhangs the loading lip of the
      hopper is, thereby, subjected to breaking forces by the narrowed lower
      edge of the packing panel during its movement into the hopper.
PAR  In view of the various aspects of my invention, I am able to provide a
      refuse collection apparatus having a relatively short and deep hopper
      which is quite different than hoppers employed in previous refuse
      collection equipment. Further, I am now able to provide a refuse
      collection apparatus in which the refuse is broken up and packed to a
      considerable degree within the loading hopper itself.
PAR  As a corollary to my overall invention, I have provided a unique packing
      panel for use in a refuse collection apparatus in which the panel has a
      curved surface that is adapted to contact refuse contained in a hopper
      during movement of the panel through the hopper. The curvature of the
      panel surface, as it moves through the hopper assists in removing refuse
      from the hopper which rolls upwardly onto the panel along the curved
      surface. Also, the packing panel of my invention may provide one or more
      upstanding ribs on the curved surface of the panel to provide a reduced
      area for application of high localized pressure to refuse which is
      contacted by the rib. When a plurality of ribs is employed which are
      positioned in spaced relation to each other, the side walls of adjacent
      ribs define a packing region which is bounded by the side walls and the
      curved surface of the packing panel. The packing panel may also have a
      narrowed edge which is adapted to provide high breaking pressures to
      refuse contacted by the edge.
PAR  A further corollary to my overall invention involves a unique refuse hopper
      which is particularly suitable for use in conjunction with the overall
      apparatus of my invention. The hopper has a lip over which refuse is
      dumped, a curved bottom portion and a straight wall portion between the
      lip and the curved bottom portion. Also provided in the hopper is an
      upwardly inclined structurally reinforced packing surface which is
      positioned opposite the straight wall portion. Side walls interconnect the
      bottom with the packing surface and the straight wall portion.
PAR  As described, refuse compactors presently in use include a storage body
      having a movable ejection panel within the body and packing means for
      compacting refuse within the body against the ejection panel. As refuse is
      compacted against the ejection panel, there is an incremental movement of
      the panel in a direction away from the packing means as the body is
      progressively filled with refuse. In accord with a further aspect of my
      invention, I have provided a unique means for hydraulically interrelating
      the movement of the ejection panel and the packing means to provide better
      compaction of the refuse. A first hydraulic means which controls the
      movement of the ejection panel is hydraulically interrelated with a second
      hydraulic means which controls the movement of the packing means. A sump
      means is provided for receiving hydraulic fluid from both of the first and
      second hydraulic means and a control means regulates the flow of hydraulic
      fluid from the first and second hydraulic means to the sump means.
PAR  The control means is set to operate at a predetermined pressure of
      hydraulic fluid in the second hydraulic means which controls movement of
      the packing means to momentarily dump hydraulic fluid from both the first
      and second hydraulic means to the sump means. Dumping of fluid ceases when
      the pressure of the hydraulic fluid in the second hydraulic means is
      reduced to a fixed level below the predetermined pressure. The
      predetermined pressure within the second hydraulic means which actuates
      the control means is generally set at or near the maximum operating
      pressure of the packing means. As a result, the refuse is packed at or
      near the maximum packing pressures obtainable throughout the entire
      loading operation. The incremental movement of the ejection panel away
      from the packing means during the packing operation is controlled entirely
      by the predetermined high pressure level within the hydraulic means which
      controls the movement of the packing means. Thus, the movement of the
      ejection panel is independent of such variables as the friction of refuse
      against the walls of the storage container or the effective hydraulic
      pressure surface within a telescopic cylinder which will vary with its
      degree of extension.
PAR  A further aspect of my invention concerns a hydraulic circuit for operation
      of an upper packing panel that is movably mounted within a tailgate
      structure for up-and-down movement with respect to a loading hopper and a
      lower packing panel mounted for forward and rearward rotation with respect
      to the hopper. A first hydraulic means is operably connected to the upper
      packer panel to provide up-and-down movement of the panel while a second
      hydraulic means is operably connected to the lower packer panel to provide
      forward and rearward rotation of the lower panel. The second hydraulic
      means provides a relatively quick rotation of the lower panel in a
      rearward direction with relatively low rotational force exerted on the
      panel and a relatively slow rotation of the lower panel in a forward
      direction with relatively high rotational force exerted on the panel.
PAR  A first feed means is provided to feed hydraulic fluid to the second
      hydraulic means to rotate the lower panel in a rearward direction and to
      hold the panel in a rearward position. A second feed means is provided to
      feed hydraulic fluid to the first hydraulic means while withdrawing
      hydraulic fluid from the first hydraulic means and combining the withdrawn
      fluid with the feed fluid to establish a regenerative loop to the first
      hydraulic means. The use of a regenerative loop provides relatively quick
      downward movement of the upper panel after which the upper panel is held
      in a lowered position. A third feed means is provided to feed hydraulic
      fluid to the second hydraulic means to rotate the lower panel in a forward
      direction and to hold the lower panel in a forward position. Lastly, a
      fourth feed means is provided to feed hydraulic fluid at a relatively high
      pressure to the first hydraulic means to move the upper packing panel in
      an upward direction to move refuse from the hopper and through an opening
      into a storage body.
PAR  A further aspect of the invention includes the provision of a unique
      storage body for containing refuse under pressure. The body includes a
      reinforced bottom, a pair of parallel reinforced side walls, and a top.
      The top has a uniformly curved configuration and curves upwardly from its
      juncture with the side walls. The high point in the curvature of the top
      lies midway between the side walls and the high point has a preselected
      chordal height. The preselected chordal height of the high point of the
      top curvature provides a top in which the metal is primarily in tension in
      resisting the forces exerted on the top by the side walls due to the
      pressure of refuse within the storage body. Preferably, reinforcing
      members positioned along the side walls at the line of juncture between
      the side walls and the top have a shape which reduces the abruptness in
      the change of the surface at the juncture between the side walls and the
      top to reduce the stress concentration at the juncture.
PAR  In the storage body of the present invention, the bottom portion of the
      storage body is preferably bent upwardly at either side to form side fold
      portions which are joined to the side walls to form a watertight dam
      between the bottom and the side walls. If an ejector panel is positioned
      within the storage body, the side fold portions are preferably bent
      adjacent their upper ends to form guideways which extend into
      corresponding grooveways on the sides of the ejector panel.
PAR  In the movement of an ejection panel within a storage body in accord with
      the invention, a hard metal slide plate is preferably attached to the
      structure supporting the ejection panel in sliding engagement with the
      metal forming the bottom of the storage body. The bottom of the storage
      body is formed of a softer metal than the slide plate. Hard refuse
      materials become imbedded in the metal of the floor in the region of
      contact of the floor with the slide plate during usage of the apparatus.
      The hard imbedded refuse materials form a slippery surface on which the
      slide plate moves.
PAR  An ejector panel having particular suitability in the overall apparatus of
      the present invention has a packing surface formed from a plurality of
      arcuate segments. A brace member is positioned between pairs of arcuate
      segments and the chordal height of each of the segments is selected to
      permit the segments to be in tension in resisting packing pressure imposed
      by refuse. The length of arc of the arcuate segments is selected to reduce
      the end forces transmitted from the arcuate segments to the brace members
      which support them.
PAR  In accord with my invention, a storage body is utilized for holding refuse
      under pressure which the storage body having an opening through which
      refuse is packed. A plurality of parallel side support members are
      positioned along the side walls of the storage body to resist the side
      loading exerted by the pressure of refuse within the body. The pressures
      exerted by the refuse are higher adjacent the opening into the body. Thus,
      the side support members are spaced closer together in the region adjacent
      to the opening of the storage body and are moved further apart in the
      areas of the side wall which are positioned further away from the opening.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which are illustrative of an embodiment of my invention:
PAR  FIG. 1 is a side elevational view of a truck chassis supporting a storage
      body with a tailgate structure positioned rearwardly of the storage body;
PAR  FIG. 2 is a side elevational view of the tailgate structure with the
      protective cover removed which shields certain of the movable structural
      elements;
PAR  FIG. 3 is a partial end view of the tailgate structure, as seen from the
      left side along lines 3--3 in FIG. 2, with portions broken away or in
      section to illustrate specific details;
PAR  FIG. 4 is a partial side sectional view of the tailgate structure
      illustrating the upper and lower packing panels in a raised position prior
      to initiation of the packing cycle;
PAR  FIG. 5 is a partial side sectional view, similar to FIG. 4, showing the
      rotation of the lower packing panel in a rearward direction with respect
      to the upper packing panel in the first step of the packing cycle;
PAR  FIG. 6 is a partial side sectional view, similar to FIG. 5, illustrating
      the next movement in the packing cycle in which the upper packing panel is
      moved from a forward and upward position to a lowered and rearward
      position;
PAR  FIG. 7 is a partial side sectional view, similar to FIG. 6, illustrating
      the next movement in the packing cycle in which the lower packing panel
      has moved forwardly through the loading hopper while the upper packing
      panel has been held in a lowered position;
PAR  FIG. 8 is a front elevational view of a lower packing panel;
PAR  FIG. 9 is a sectional view through the packing panel of FIG. 8 along the
      lines 9--9;
PAR  FIG. 10 is a sectional view through a rib portion of the packing panel of
      FIG. 8 along the lines 10--10;
PAR  FIG. 11 is a side elevational view of a storage body, partly in section, to
      illustrate movement of the ejection panel within the storage body;
PAR  FIG. 12 is a partial section side elevational view, similar to FIG. 11,
      illustrating the movement of the ejection panel within the storage body;
PAR  FIG. 13 is a rear elevational view of a refuse storage body with the
      tailgate section removed to show the ejection panel during unloading of
      the storage body;
PAR  FIG. 14 is a detailed sectional view of the structure indicated by the
      arrow 14--14 in FIG. 13 illustrating the structure for guiding and
      slidably positioning the ejection panel within the storage body;
PAR  FIG. 15 is a partial end elevation of the storage body as viewed from the
      tailgate end with the tailgate removed;
PAR  FIG. 16 is a partial end elevation of the storage body as viewed from the
      end adjacent the cab;
PAR  FIG. 17 is a partial side elevational view of the storage body;
PAR  FIG. 18 is a schematic drawing illustrating the hydraulic circuitry
      employed in actuation of the packing panels, the ejector panel, and
      auxillary equipment, and
PAR  FIG. 19 is a partial side elevational view of the tailgate illustrating the
      control linkage used in automatically cycling the packing panel through a
      packing cycle, and
PAR  FIG. 20 is a schematic drawing illustrating the electrical circuit for
      controlling the power input from the truck engine to the pump during the
      packing cycle.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a refuse collection apparatus in combination with a
      wheeled vehicle with the overall combination referred to as a truck 2. The
      truck 2 includes a cab 4, a frame 5 which supports a storage body 6, and a
      tailgate 8. The tailgate 8 is connected to the storage body 6 through a
      pair of hinges 10 with a lock 11. On releasing the lock 11, the tailgate 8
      may be pivoted upwardly with respect to the body 6 about the hinges 10.
PAR  A cover plate 13 is mounted on either side of the tailgate structure to
      cover certain of the mechanism which is positioned exteriorly of its side
      walls. The cover plates 13 are connected to the tailgate through hinges 15
      and may be swung away from the tailgate by rotation about the hinges. The
      storage body 6 includes a plurality of parallel spaced side braces 7 which
      are spaced more closely together in the area adjacent to the connection of
      the body to the tailgate. Moving from the left to right in FIG. 1, the
      side braces 7 are positioned increasingly further apart. The rear edge of
      the body 6 forms a slanting surface 17 which joins a correspondingly
      slanted surface on the tailgate 8. The side supports 7 are each parallel
      to the slanting surface 17.
PAR  FIG. 2 is a side elevational view of the tailgate 8 with the cover plate 13
      removed. As shown, a hopper 12 is defined in the lower portion of the
      tailgate 8. The hopper 12 has a curved bottom 14, a vertically inclined
      forward packing surface 16, a loading lip 18 and a straight rearward wall
      portion 20 interconnecting the loading lip with the curved bottom 14. In
      the use of the terms "forward" and "rearward", forward refers to a
      direction toward the cab 4 while rearward refers to a direction toward the
      tailgate 8.
PAR  Positioned between the side walls 19 of the tailgate 8 are an upper packing
      panel 22 and a lower packing panel 24. A pair of lower stub shafts 26
      carried at the lower extremity of the upper panel 22 pivotally support the
      lower packing panel 24 for rotational movement with respect to the upper
      panel 22. A pair of lower links 28 are each pivotally connected to a stub
      shaft 26 at one end while their other ends are pivotally connected to
      pivots 32 on either side of the tailgate structure supported by pivot
      brackets 34. The upper packing panel 22 is also supported by a pair of
      upper links 30 which are each pivotally connected at one end to an upper
      stub shaft 36 carried on the upper panel 22. The other ends of the upper
      links 30 are connected to pivots 64 supported by the tailgate structure.
PAR  A fixed panel 38 is positioned transversely across the tailgate 8 and
      defines the upper extremity of an opening 66 leading from the tailgate 8
      into the storage body 6 when the tailgate and the storage body are
      connected together. The lower extremity of the opening 66 is defined by
      the upper end of the packing surface 16 within the hopper 12.
PAR  The motive power for the upper packing panel 22 is provided by a pair of
      hydraulic cylinders 40 which are mounted on either side of the tailgate 8
      exteriorly of the side walls 19. The hydraulic cylinders 40 are each
      connected at their upper ends to pivots 42 supported by the tailgate 8.
      The lower ends of the hydraulic cylinders are pivotally connected to
      extensions of the lower stub shafts 26 which extend through curved slots
      60 in the side walls 19.
PAR  A pair of hydraulic cylinders 44 are mounted inwardly of the side walls 19
      to provide the motive power for the lower packing panel 24. The upper
      portions of the cylinders 44 are connected to pivots 45 carried by the
      upper packing panel 22 while the lower portions of the cylinders 44 are
      connected to pivots 46 carried by the lower packing panel 24.
PAR  A pair of hydraulic cylinders 48 mounted exteriorly of side walls 19
      provides the motive power for raising and lowering the tailgate 8 with
      respect to the refuse body 6. The forward ends of the cylinders 48 are
      connected to pivots 56 carried by pivot brace members 58 attached to the
      refuse body 6. The rearward ends of the cylinders 48 are connected to
      pivots 50 supported by pivot brackets 52 carried by structural members 54
      of the tailgate 8. As illustrated, a portion of the upper panel 22 and
      portions of the upper links 30 extend through openings (not shown) in the
      upper surface of the tailgate 8 when the upper panel 22 is positioned as
      in FIG. 2.
PAR  A pair of pivot openings 62 in the tailgate 8 are engaged by a pin (not
      shown) in providing hinges 10 (FIG. 1) between the tailgate 8 and the
      storage body 6. On extension of the hydraulic cylinders 48, the tailgate
      structure is pivoted upwardly about the axis of the pivot opening 62 with
      respect to the storage body 6. When the hydraulic cylinders 48 are
      contracted, the tailgate 8 pivots downwardly about the axis of the pivot
      openings 62 into engagement with the rearward surface 17 of the storage
      body 6 as shown in FIG. 1.
PAR  FIG. 3, which is a partial end view of the tailgate 8, illustrates the
      relative positions of the upper links 30, the lower links 28, and the
      hydraulic cylinders 40 and 44. The stub shaft 26 extends through the side
      wall 19 and connected to its outer end are a lower link 28 and a piston
      rod 68 extending from hydraulic cylinder 40. The cover plate 13 shields
      the hydraulic cylinder 40 and lower link 28 to prevent contact with these
      elements during cycling of the packing means.
PAR  The upper link 30 is pivotally connected to upper stub shaft 36 which is
      held between support braces 74 extending from the upper panel 22. The
      hydraulic cylinder 44 is pivotally connected to a pivot shaft 45 which is
      also held between support braces 74. A piston rod 76 extending from
      hydraulic cylinder 44 is connected at its lower end to the pivot 46
      carried by the lower panel 24. The upper links 30 and hydraulic cylinders
      44 are positioned inwardly from the side wall 19 while the hydraulic
      cylinders 40 and lower links 28 are positioned outwardly of side wall 19.
PAR  As illustrated in FIG. 3, the upper links 30, lower links 28 and the
      hydraulic cylinders 40 and 44 are each mounted to provide for sime lateral
      movement with respect to their pivotal mountings. This permits the links
      30 and 28 and cylinders 40 and 44 to shift laterally under the influence
      of unbalanced loading on the upper panel 22 or lower panel 24. The bearing
      surfaces on the supporting pivotal mountings are woven Teflon fabric
      bonded with an adhesive to the pivot support shaft which engages the eye
      connection of the link or hydraulic cylinder. During usage, the Teflon
      fabric flows into any holes in the pivot support shaft to give a uniform
      bearing surface. Also, the Teflon provides a low coefficient of friction
      to permit lateral movement between the eye connection of the link or
      hydraulic piston and the pivot support shaft to provide a lateral floating
      action of the upper panel 22 and lower panel 24 relative to the tailgate
      8. Alternatively, the woven Teflon fabric is bonded with an adhesive to
      the inner surface of a steel bushing which is pressed into the eye
      connection of the links or the rod ends of the hydraulic cylinders. The
      inner surface of the bushing then engages the pivot support shaft with the
      Teflon providing a low coefficient of friction between the bushing and the
      shaft.
PAR  A gap 33 is provided between the sides of the upper and lower panels 22 and
      24, and the inner surfaces of the tailgate side walls 19. The side walls
      19 are constructed of steel sheets which are both strong and hard such as
      165,000 psi sheets having a Brinnell hardness of 360 to 400. The extreme
      hardness of side walls 19 provides a durable bearing surface against which
      the relatively large side areas of the upper and lower panels 22 and 24
      may rub during lateral movement of the panels to provide a floating action
      in movement of the panels to relieve unbalanced refuse loadings.
PAR  The movement of the upper packing panel 22 and the lower packing panel 24
      during cycling is illustrated in FIGS. 4-7 which are each partial side
      sectional views of the tailgate 8. The lower panel 24 has been shaded in
      these FIGS. to better illustrate its movement. FIG. 4 illustrates the
      beginning of a packing cycle with the upper panel 22 in a raised forward
      position and the lower packing panel 24 rotated forwardly with respect to
      the upper panel 22. In this position, refuse is held within the storage
      body 6 by the lower packing panel 24 which extends into the opening 66. To
      hold the panels in the position shown in FIG. 4, hydraulic cylinders 44
      are extended while hydraulic cylinders 40 are contracted.
PAR  The upper packing panel 22 has a curved forward surface 78 while the fixed
      panel 38 has a lower edge surface 80 which is in close proximity to the
      surface 78. The fixed panel 38 has a curved upwardly extending lower
      surface 82. As the upper panel 22 is raised with the lower panel 24 held
      in the position shown in FIG. 4, refuse is packed against the curved lower
      surface 82. Due to the curvature of surface 82, the refuse is given a
      forward direction of movement. Thus, the curvature of the lower surface 82
      is an important factor in insuring even packing of the refuse within the
      storage body 6.
PAR  A rear opening 86 in the tailgate 8 permits refuse to be dumped into the
      hopper 12 over the lip 18. The tailgate 8 has a rear wall 84 which
      terminates at an inwardly bent portion 88. The upper extremity of the
      opening 86 is defined by the bent portion 88 while the lower extremity is
      defined by the lip 18.
PAR  As shown in FIG. 5, during the first movement of the packing cycle the
      lower packing panel 24 is rotated rearwardly as shown by the arrow from
      position A to position B. During this movement, the lower stub shafts 26
      on which the lower panel 24 is pivotally mounted are held in an upward
      position by the upper panel 22. Thus, as the lower panel 24 rotates
      rearwardly, it passes well above refuse contained in the hopper 12. Since
      the lower panel 24 does not encounter resistance during its rearward
      rotation to position B, this movement is relatively quick.
PAR  Following rotation of the lower packing panel to position B, the upper
      packing panel 22 is moved downwardly in a downward and rearward convexly
      curved path, as illustrated in FIG. 6. As the upper panel 22 moves
      downwardly and rearwardly, the hydraulic cylinders 40 are extended. When
      the lower packing panel 24 moves to position C the panel 24 enters the
      hopper 12. The packing panel 24 has a curved packing surface 90 whose
      lower end terminates in a narrowed edge 92. Due to the configuration of
      the lower panel 24 and the movement imparted to it by the movement of the
      upper packing panel 22, the edge 92 enters the hopper 12 in a vertical
      movement during which the edge 92 moves along the straight rearward
      surface 20 of the hopper 12.
PAR  The movement of the edge 92 as it enters the hopper 12 is an important
      consideration in the overall function of the apparatus. During the loading
      of refuse through the opening 86 into the hopper 12, refuse will
      frequently overhang the loading lip 18. Due to the relative movement
      between the edge 92 and the loading lip 18 as the lower panel 24 enters
      the hopper, refuse which overhangs the lower lip into the hopper 12 will
      encounter the reduced area presented by the edge 92 and be exposed to high
      pressures which will tend to shear the refuse and break it.
PAR  As shown in FIG. 6, the lower links 28 are longer than the upper links 30.
      Thus, as the upper panel 22 moves downwardly and rearwardly, the lower
      portion of the upper panel 22 is tilted rearwardly. When this occurs, the
      stub shafts 26 are likewisely moved rearwardly due to the longer lengths
      of the links 28. This results in moving the pivot points for the lower
      panel 24 in a rearward direction to properly position the lower panel 24
      with respect to the hopper 12. During the downward movement of the upper
      panel 22, only slight resistance is encountered. Thus, the downward
      movement of the upper panel 22 is a relatively quick movement. As shown in
      FIG. 6, the lower edge surface 80 of the fixed panel 38 is maintained in
      contiguous relation to the curved forward surface 78 of the upper panel 22
      during relative movement between the upper panel 22 and the fixed panel
      38.
PAR  The next movement in the packing cycle is illustrated in FIG. 7 which shows
      the movement of the lower packing panel 24 within the hopper 12. As
      illustrated, the lower panel 24 in moving from position C to position D,
      first moves downwardly into the hopper along the straight rearward wall
      portion 20 of the hopper 12. After reaching the juncture between the
      straight wall portion 20 and the curved bottom 14, the lower packing panel
      24 is then pivoted forwardly about the stub shafts 26. As the panel 24
      pivots forwardly through the hopper 12, the lower edge 92 of the panel 24
      moves in close proximity to the curved bottom 14. During the movement of
      the lower panel 24 through the hopper 12, refuse within the hopper is
      packed between the curved packing surface 90 and the vertically inclined
      packing surface 16. Due to the large pressures imposed on the packing
      surface 16, it is reinforced by internal bracing members 94.
PAR  The packing which occurs within the hopper 12 between the curved packing
      surface 90 and the vertically inclined packing surface 16 is quite
      important to the overall funcitoning of my apparatus. By obtaining a
      considerable degree of packing within the hopper 12 itself as the lower
      packing panel 24 moves through the hopper, the overall packing efficiency
      of the apparatus is greatly improved. As the lower packing panel 24 moves
      through the hopper, the curved packing surface 90 provides another
      important function. Due to the curved configuration of the surface 90, the
      refuse within the hopper 12 has a greater tendency to move upwardly along
      the surface 90. Thus, the refuse, in addition to being packed within the
      hopper 12, is rolled upwardly along the surface 90 which assists the
      removal of the refuse from the hopper 12 by the lower panel 24. The
      rolling action of the refuse as it moves upwardly on panel 24 also applies
      an abrasive action to the refuse which tends to break it up into smaller
      pieces.
PAR  When the lower packing panel 24 reaches position D as shown in FIG. 7, the
      angle between the curved packing surface 90 and the vertically inclined
      packing surface 16 is preferably 90.degree. or greater. This tends to
      prevent refuse from jamming between the curved packing surface 90 and the
      vertically inclined packing surface 16 during the next movement in the
      packing cycle. During the movement of the lower packing panel through the
      hopper 12, considerable resistance may be encountered. Thus, this movement
      is a relatively slow one with a high rotational force being exerted on the
      lower packing panel 24 by the hydraulic cylinders 44.
PAR  The next movement in the packing cycle is also illustrated in FIG. 7 by the
      arrow leading from the solid line position of the lower packing panel 24
      in position D to the position of the lower packing panel outlined in
      phantom as position A. When the lower packing panel 24 reaches position A,
      the position of the upper packing panel 22 and the lower packing panel 24
      is as shown in FIG. 4.
PAR  During the movement of the lower packing panel 24 from position D to
      position A, the lower panel 24 is held in a fixed position by extension of
      the hydraulic cylinders 44. With the lower packing panel 24 thus held, the
      upper packing panel 22 is moved forwardly and upwardly by contraction of
      the hydraulic cylinders 40. During this portion of the packing cycle, high
      resistance is encountered in the upward movement of the upper packing
      panel 22. The movement is, therefore, relatively slow with a high upward
      force being exerted through the hydraulic cylinders 40. As the lower
      packing panel 24 is lifted upwardly by the movement of the upper packing
      panel 22, the edge 92 of the lower panel 24 follows along the curvature of
      the vertically inclined packing surface 16. Thus, during this upward
      movement, additional packing takes place against the surface 16.
PAR  The lower edge surface 80 follows in close proximity the curved forward
      surface 78 during relative movement between the upper packing panel 22 and
      the fixed panel 38. As a result, refuse is continuously removed from the
      surface 78 by the lower edge surface 80 during relative movement between
      the upper panel 22 and the fixed panel 38.
PAR  As the upper packing panel 22 is moved upwardly, refuse supported on the
      curved packing surface 90 and the curved forward surface 78 is forced
      against the curved lower surface 82 of the fixed panel 38. As the refuse
      is packed against lower surface 82, it is given a forward movement due to
      the curvature of the surface 82. This assists in moving the refuse through
      the opening 66 into the refuse body 6.
PAR  Further, the path of upward movement of the upper packing panel 22 provides
      a horizontal force component to the panel which increases as the panel
      moves upwardly. The lower panel links 28 are longer than the upper links
      30. During upward movement of the panel 22, this produces a forward
      tilting of the lower portion of the upper panel 22. The forward tilting
      provides an additional forward movement to the refuse and assists in its
      movement through the opening 66 into the storage body 6.
PAR  When the upper packing panel 22 and the lower packing panel 24 reach the
      extent of their upper movement to occupy the positions shown in FIG. 4,
      the packing cycle is complete. In this position, the lower packing panel
      24 effectively closes the opening 66 into the storage body 6 and prevents
      refuse from rolling out of the storage body and back into the hopper 12.
      Also, during the upward movement of the upper panel 22 to the position
      shown in FIG. 4, the narrowed edge 92 of the panel 24 is moved into the
      opening 66 and into contact with the refuse therein. This applies a
      breaking and wedging force to the refuse through contact between the
      narrowed edge 92 and the refuse which helps to eliminate fall-out of the
      refuse through the opening during the packing cycle. The hopper interior
      including the surfaces 14 and 16 are made from strong, hard steel such as
      165,000 psi steel sheets having a Brinnell hardness of 360-400.
PAR  Turning to FIG. 8, there is shown in elevational view of the lower packing
      panel 24 as it would be viewed from the rear if positioned within the
      tailgate 8. The panel 24 includes a pair of stub sleeves 96 which are
      engaged by the lower stub shafts 26 in rotatably supporting the lower
      panel 24 with respect to the upper panel 22. Support plates 98 which
      project upwardly from the panel 24 each support an apertured boss 100. The
      space between adjacent bosses 100 receives the lower end of the piston rod
      76 and a pin passing through the openings in the bosses 100 provides the
      pivot 45 between piston rod 76 and the lower panel 24.
PAR  As shown in FIG. 8, a plurality of ribs 102 project from the curved packing
      surface 90 of the panel 24. Turning to FIG. 9, which is a sectional view
      along the lines 8--9 of FIG. 8, the curved packing surface 90 is supported
      by a plurality of internal bracing members 104. The bracing members 104
      are positioned substantially normal to the curved surface 90 to provide
      the surface 90 with the structural rigidity required to withstand the high
      pressures imposed during the packing operation. The edge 92 is formed of a
      thickened piece of metal to withstand the high pressures imposed when the
      lower panel 24 enters the hopper 12. To provide additional rigidity for
      the edge 92, a thickened edge support member 106 is positioned on the back
      side of the panel 24 in contact with the side surface of the edge member
      92.
PAR  A sectional view through one of the ribs 102 is shown in FIG. 10, which is
      taken along the lines 10--10 of FIG. 8. As illustrated, the rib 102 is
      composed of two side walls 108. The side walls 108 are joined together
      along their outer extremities to form a breaking surface 110. From the
      breaking surface 110, the side walls 108 are sloped outwardly to join the
      curved surface 90.
PAR  In usage, as the panel 24 moves through the hopper 12, the reduced area
      presented by the breaking surface 110 provides an area of increased
      pressure when the surface 110 encounters refuse. The sloping side walls
      108 provide packing regions between adjacent ribs 102. As shown in FIG. 8,
      the ribs 102 are parallel to each other and are positioned vertically with
      respect to the edge 92 of the panel 24. Due to the slope of the side walls
      108, the distance between the surfaces of adjacent ribs 102 decreases
      within the distance from the surface 110 to the curved surface 90. Thus,
      as refuse moves between the side walls 108 of adjacent ribs 102 into
      contact with the curved surface 90, it is compacted due to the convergence
      of the adjacent side walls 108. The ribs 102 break up the refuse through
      application of high localized forces to the refuse and the breaking and
      compacting action of the ribs 102 serves to hold the refuse on the side
      walls 108 and the surface 110 since it then has less tendency to spring
      back to its original shape.
PAR  FIGS. 11 and 12 are each partially sectioned elevational views of the
      storage body 6 indicating the position of an ejection panel 112 during
      various phases of the overall packing operation. As shown to the right in
      FIG. 11, the ejection panel 112 is connected through a pivot 118 to a
      telescopic ejection cylinder 114 that is pivotally connected at its
      forward end to a fixed pivot 116. The ejection panel 112 includes a pair
      of vertically positioned supports 120 which are connected to horizontal
      supports 125 at their bottoms and to side supports 123 at their tops. A
      cross brace 124 interconnects the side supports 123 at their midpoints.
      Slide blocks 126 and 128 are connected to the outer surfaces of each of
      the horizontal support members 125. The slide blocks 126 and 128 move
      along the bottom 130 of the storage body 6 in a manner which will be
      described subsequently.
PAR  A pair of arcuate panels 132 and 134 are fixedly held between the support
      members 123 and 124 and provide a pair of surfaces against which refuse is
      packed during filling of the storage body 6. The curvature of each of the
      arcuate panels 132 and 134 is controlled so that the thin metal forming
      the panels will resist in tension the stresses imposed on the panels by
      the refuse which is packed against them. With reference to the upper
      arcuate panel 132, the chord of the panel is shown at 136. The point of
      greatest distance from the chord 136 is at the midpoint of panel 132 and
      this distance is the chordal height 138 of the panel. The lower arcuate
      panel 134 has the same chordal height since the two panels 132 and 134 are
      the same.
PAR  The chordal height of each of the panels 132 and 134 is chosen so that the
      panels will resist in tension the forces imposed on them by refuse which
      is packed against the panels 132 and 134 during loading of the storage
      body 6. In addition, the length of arc of each of the panels 132 and 134
      is chosen so that reduced end forces are transferred to the supporting
      members by the arcuate panels 132 and 134. If, for example, only a single
      arcuate panel was employed which had a length of arc approximately twice
      that of each of the individual panels 132 and 134, the support members for
      the panel would have to be made considerably larger to resist the higher
      end forces transmitted from the panel to the support members. Thus, it is
      a considerable advantage to utilize a plurality of separate arcuate panels
      in forming the ejection panel 112.
PAR  During loading of the storage body 6, the ejection panel 112 moves
      forwardly from a position adjacent the rearward edge 17 of the storage
      body to a position adjacent the forward end of the storage body. The
      position of the ejection panel 112 in its forward position is shown in
      solid line drawing in FIG. 11 and the position of the ejection panel 112
      in an intermediate position is shown at 112(a ) in which the ejection
      cylinder is shown as partially expanded at 114(a).
PAR  The position of the ejection panel 112 in its rearward position is shown at
      112(b) in FIG. 12. As shown, the ejection cylinder 114 is then completely
      extended to the position illustrated at 114(b). With the ejection panel
      112 in the position shown in FIG. 12, the storage body 6 is essentially
      empty.
PAR  The ejection panel occupies the position shown at 112(b) during the initial
      stages of the overall packing operation. As the packing progresses, the
      ejection panel 112 moves forwardly in short incremental movements until it
      reaches the position shown in solid line drawing in FIG. 11 when the
      storage body is completely full. In unloading the storage body 6, the
      tailgate 8 is pivoted upwardly about the hinge 10 between the tailgate 8
      and the storage body 6, as described previously. The ejection cylinder 114
      is then expanded to the position shown at 114(b) and the ejection pannel
      112 moves to position 112(b) to push the refuse from the storage body 6.
PAR  Turning to FIG. 13, which is a view of the rear of the storage body with
      the tailgate removed, the ejection panel 112 is shown in its rearward
      position adjacent the opening into the storage body 6. As shown, the
      supports 123 are in close proximity to the side walls on either side of
      the storage body and the ejection panel 112 moves on the slide blocks
      along the floor of the storage body 6.
PAR  FIG. 14 is a detailed view taken along the arrows 14--14 in FIG. 13. As
      shown, the slide block 126 is supported on a slide plate 142 which engages
      the floor 130. Slide plates 142 positioned between each of the slide
      blocks 126 and 128 and the floor 130 are made of a hard metal which is
      harder than the metal of the floor 130. In usage, hard refuse materials
      within the storage body 6 become imbedded in the floor 130 in the areas
      over which the slide plates 142 move during movement of the ejection panel
      112. As refuse materials become imbedded in the floor 130, a slippery
      surface is formed in these areas which facilitates the sliding movement of
      the slide blocks 142.
PAR  The floor 130 is bent up at either side to form side fold portions 146
      which engage and are joined to the side walls of the storage body 6 in a
      manner to be described subsequently. Gaps 144 between the edge of the
      blocks 126 and the inner surfaces of the side fold portions 146 permits
      some movement of the blocks 126 from side to side to prevent binding of
      the blocks as they slide relative to the bottom 130. The side fold
      portions 146 are bent inwardly adjacent their upper ends to form guideways
      148. The guideways 148 slide in grooves 150 in the sides of the ejection
      panel 112 and bear against the upper surface of block 126 to guide the
      movement of the ejection panel 112 and to prevent its tipping within the
      storage body 6.
PAR  In FIG. 15, which is an end elevational view of the storage body 6 as
      viewed from the rear, the storage body 6 includes a uniformly curved top
      152 supported by a top support brace 158. The top 152 is joined to side
      walls 70 which are, in turn, joined to the bottom 130. The upper point on
      the curved top 152 is at the center line 157 of the body 6. The distance
      at the upper point, as measured from the chord 154 of the top 152 is the
      chordal height 156. The curvature of the top 152, as determined by the
      chordal height 156, is chosen so that the thin metal forming the top 152
      resists in tension the side forces imposed on the top 152 by the side
      walls 70 during maximum loading of the storage body 6. This permits the
      use of thin material in forming the top 152 which does not require a
      reinforcing rib structure, which reduces the overall weight of the storage
      body 6.
PAR  The top 152 is connected to the side walls 70 along either side at a
      juncture line 164. A conduit channel 160 which runs longitudinally along
      the storage body 6 is affixed to the under surface of the top 152. The
      conduit channel 160 carries hydraulic lines and shields them from the
      extreme pressures within the storage body 6.
PAR  Angle braces 162 are positioned along either side of the storage body 6 to
      provide strength along the juncture lines 164. The angle braces 162 have a
      configuration which reduces the sharp change in contour at the juncture
      lines 164 between the top 152 and the sides walls 70. As shown, the upper
      leg 163 of the angle brace 162 slopes rather gradually with respect to the
      contour of the top 152 where it intersects the side walls 70. This reduces
      the stress concentration along the juncture lines 164. The top 152 and
      side walls 70 are constructed of relatively strong steel sheets such as
      50,000 psi sheet material.
PAR  Turning to the lower portion of FIG. 15, the bottom 130 is bent upwardly at
      either side to form side fold portions 146 which are bent adjacent their
      upper edge to form guideways 148. The side fold portions 146 are fixedly
      connected to the side walls 70 to form a watertight interior dam between
      the side walls 70 and the bottom 130.
PAR  Fenders 166 extend down either side of the refuse body to provide
      structural support in the region adjacent the connection between the side
      walls 70 and the bottom 130. The fenders 166 have upper legs 188 which are
      bent inwardly to join the outer surfaces of the side walls 70. Side braces
      167 are positioned vertically along either side of the refuse body 6 to
      provide structural rigidity. The side braces 167 are cut at an angle at
      their bottom ends to fit against the sloping top fender leg 188 and are
      cut at an angle at their top ends to fit against a sloping bottom angle
      leg 186. A floor support brace 168 runs longitudinally beneath the storage
      body 6 on either side of the center line 157. The floor support braces 168
      are joined to gusset plates 170 which are positioned at intervals along
      the length of the braces 168 in a manner to be described.
PAR  In FIG. 16, which is an end view of the storage body 6 as seen from the
      front, the top 152 is supported at its forward end by a support member 172
      which runs between the side walls 70. The support member 172 is broken on
      either side of the conduit channel 160 and a pair of vertical supports 174
      extend between the bottom 130 and the top support members 172 to provide
      vertical rigidity. An end plate 176 partially covers the ejection cylinder
      114 and the ejection panel 112 and provides additional cross stability for
      the storage body 6. An additional end plate 180 is positioned between the
      side wall 70 and the vertical supports 174 and interconnects the side
      walls 70, the vertical supports 174, and the bottom 130.
PAR  A plurality of cross channel members 178 are positioned transversely to the
      longitudinal axis of the storage body 6 between the floor support braces
      168 and the floor 130. The gusset plates 170 are positioned on the floor
      support braces 168 to support the cross channels 178 where they cross over
      the floor support braces 168.
PAR  Support plates 182 are positioned diagonally between the inner surface of
      the fenders 166 and the side walls 70 at preselected locations along the
      sides of the storage body as will be described. Closure plates 184 are
      connected to the fender ends.
PAR  Turning to FIG. 17, which is a partial side elevational view of the storage
      body 6 and the supporting frame, the rear edge 17 of the storage body 6 is
      slanted outwardly from its top to its bottom. The side brace members 167
      positioned adjacent the rear edge 17 are slanted at the same angle as the
      rear edge 17. Moving forwardly along the side of the storage body 6, a
      plurality of side braces 7 (see FIG. 1) are positioned along the side
      walls 70 of the storage body 6. Each of the side brace members 7 is also
      slanted at the same angle as the rear edge 17 with the distance between
      the side braces 7 being progressively increased in moving from the rear
      edge 17 toward the front of the storage body 6. Cross channels 178 are
      positioned transversely at the location of each side brace 7 and also at
      the location of the side braces 167 adjacent the rear of the storage body
      6. Each of the cross channels 178 supports the bottom 130 of the storage
      body 6 and the cross channels 178 are, in turn, supported by the floor
      support members 168 running longitudinally of the storage body 6.
PAR  In supporting the cross channels 178 (see FIG. 16), gusset plates 170 are
      tied to the floor support brace 168 at the locations where the cross
      channels 178 pass over the supports 168. Support plates 182 fit within the
      cross channels 178 and are positioned diagonally to tie into the side
      walls 70. The support plates 182 provide additional support for the side
      braces 7 and the side braces 167. The side braces 7 are connected at their
      upper ends to the angle braces 162 which run along either side of the
      storage body 6 adjacent the juncture 164 between the top 152 and the side
      wall 70. The bottom ends of the side braces 7 are connected to the fenders
      166 which run along the side walls 70 adjacent the connections between the
      side walls 70 and the bottom 130. The upper ends of the side braces 7 are
      cut at an angle to join the bottom leg 186 of the angle brace 162 while
      the bottom ends of the side braces 7 are cut at an angle to join the top
      leg 188 of the fender 166. FIGS. 15 and 16 illustrate the position of the
      angle braces 162 and the fenders 166 which tie into the side braces 7. By
      positioning the side braces 7 at an angle, such as 13 degrees from the
      vertical, the braces 7 support a larger area of the side walls 70 against
      side loading. The storage body 6 is both strong and yet relatively light
      as compared with storage bodies employed in previous refuse collection
      apparatus. This permits a reduction in the overall weight of the present
      apparatus with the result that it is easier to use, for example, on the
      streets of residential neighborhoods.
PAR  The hydraulic circuitry which I employ in operation of my apparatus is
      illustrated schematically in FIG. 18. Hydraulic fluid is drawn from a sump
      192 through a strainer 194 by a pump 196. A number of sumps 192 are shown
      for purposes of convenience in illustration. However, it should be
      understood that the sump 192 is generally a single container which
      supplies oil for the operation of the hydraulic circuitry and also
      receives oil which is returned from the hydraulic circuitry.
PAR  Leading from the sump 196 is an input line 200 which is joined to a branch
      line 202 inward from the pump 196. The branch line 202 leads to a valve
      210. The ejection cylinder 114 is connected by a line 212 to a valve 208
      and both valves 208 and 210 lead to the sump 192. In operation, the valves
      208 and 210 are controlled by a relief valve 206. The relief valve
      functions in response to the pressure in pilot lines 204 which pass
      through the valves 208 and 210 to the relief valve 206. When the pressure
      in the pilot lines 204, which is the pressure in the input line 200,
      reaches a predetermined value, the relief valve 206 is opened by the
      pressure acting through a control line 205. This causes the valves 208 and
      210 to open and hydraulic fluid in line 200 then passes through line 202
      and valve 210 to a line 209 to the sump 192. At the same time, hydraulic
      fluid from the ejection cylinder 114 passes through line 212 and valve 208
      to line 209 and the sump 192.
PAR  Preferably, the pressure which actuates the relief valve 206 is set at or
      very close to the maximum operating pressure for the hydraulic system.
      When the pressure then drops to a fixed lower pressure, the relief valve
      206 automatically closes. As hydraulic fluid is withdrawn from the
      ejection cylinder 114 to the sump 192, the hydraulic cylinder 114 shortens
      an incremental distance to cause an incremental movement of the ejection
      panel 112. The movement of the ejection panel 112 is illustrated in FIGS.
      11 and 12 showing the incremental forward movement of panel 112 as the
      storage body 6 is progressively packed with refuse under high pressure.
PAR  The setting of the relief valve 206 to open at a pressure which is at or
      near the maximum operating pressure of the hydraulic system insures that
      the system operates constantly at pressure which are close to the maximum
      operating pressure. When this pressure is exceeded during packing, the
      pressure drops momentarily as hydraulic fluid is withdrawn from both the
      ejection cylinder 114 and the main input line 200. However, since the
      relief valve 206 is not open for a long period of time, the pressure in
      the hydraulic system does not drop very far from its maximum operating
      pressure as the packing operation proceeds. Thus, each packing cycle is
      conducted under a high and relatively constant packing pressure near the
      maximum system pressure in uniformly compacting refuse within the storage
      body 6.
PAR  The main input line 200, after leaving the pump 196, passes to a main
      control valve 198. To begin the packing operation, as illustrated earlier
      with regard to FIGS. 4-7, the main control valve 198 is moved from its
      neutral position shown in FIG. 18 in the direction of the arrow denoted A.
      When this occurs, hydraulic fluid is then fed through lines 230 and 232 to
      the undersides of a pair of pistons 247 in hydraulic cylinders 44. Piston
      rods 76 attached to the undersides of pistons 247 are relatively large in
      diameter to provide a small area on the undersides of pistons 247 which is
      contacted by hydraulic fluid. This provides a quick upward movement of the
      pistons 247 to produce a quick rearward rotation of the lower packing
      panel 24 to the position shown in FIG. 5.
PAR  A pilot line 234 leads to a pilot operated check valve 236. The check valve
      236 is set to open at a relatively low pressure in line 230 to permit the
      flow of fluid in cylinders 44 through a line 238 and valve 236 to a line
      240. Hydraulic fluid is, thus, withdrawn from the upper sides of pistons
      247 and fed through valve 198, line 242, a strainer 244, to the sump 192.
PAR  After contraction of the hydraulic cylinders 44 with the valve 198
      remaining in the direction of the arrow A, hydraulic fluid is fed through
      a line 246 to the upper sides of the pistons 251 within hydraulic
      cylinders 40. As hydraulic fluid is fed to cylinders 40 through line 246,
      fluid is withdrawn from the undersides of the pistons 251 through line
      248. This fluid passes through a line 249 to a valve 252. The valve 252,
      which is normally in a closed position, is opened by the pressure in a
      pilot line 250 which reflects the pressure in the line 246. Pilot fluid
      passing through valve 252 exits from the valve through a return line 254.
      Valve 252 is set to open at a higher pressure than the valve 236. Thus,
      valve 252 will not normally be open during the contraction of the
      hydraulic cylinders 44.
PAR  The hydraulic fluid passing from line 249 through valve 252 joins the fluid
      being fed to the hydraulic cylinders 40 through line 246. Thus, there is
      established a regenerative loop to cylinders 40 which includes lines 248
      and 249, valve 252 and line 246. By establishing a regenerative loop for
      the hydraulic cylinders 40, the effective area on the upper surfaces of
      pistons 251 acted upon by hydraulic fluid is equal to the diameter of the
      piston rods 68 attached to the undersides of the pistons 251. Since this
      area is relatively small, the extension of the cylinders 40 and the
      downward movement of the piston rods 68 is relatively quick to provide a
      quick downward movement of the upper packing panel 22 as illustrated in
      FIG. 6.
PAR  After extension of the hydraulic cylinders 40, the valve 198 is moved to
      its opposite position in the direction of the arrow B. Hydraulic fluid
      entering through the valve 198 is then fed through line 240, check valve
      236 and line 238 to the upper sides of the pistons 247. Since the entire
      upper surface of the pistons is being pressurized, the movement of the
      pistons 247 is relatively slow. As the pistons 247 move downwardly with
      considerable force, hydraulic fluid is withdrawn from the undersides of
      the pistons 247 through lines 232 and 230 and passes through the valve 198
      and line 242 to the sump 192. During downward movement of the pistons 247,
      the lower packing panel 24 is rotated forwardly through the hopper 12 as
      illustrated in FIG. 7. The resistance to movement of the lower packing
      panel 24 may be relatively high as it passes through the hopper 12 to
      compact refuse between its curved packing surface 90 and the vertically
      inclined forward packing surface 16 of the hopper. Thus, the movement of
      the panel 24 is relatively slow and a high rotational force is exerted on
      the panel 24 by the extension of the hydraulic cylinders 44.
PAR  After the cylinders 44 have been extended and with the valve 198 held in
      the direction of the arrow B, hydraulic fluid is then fed from line 240
      into a line 256. The flow of hydraulic fluid through line 256 is impeded
      by a valve 260 which is normally in a closed position. When the pressure
      of fluid in line 256 builds up to a predetermined high level that is
      slightly less than the pressure which opens the relief valve 206, the
      pressure is transmitted through a pilot line 258 to open the valve 260.
      The pilot fluid flowing through valve 260 is withdrawn through a pilot
      return line 262.
PAR  On opening of the valve 260, hydraulic fluid under relatively high pressure
      is fed through a check valve 264 and line 248 to the undersides of pistons
      251. This causes the hydraulic cylinders 40 to contract. During
      contraction, hydraulic fluid is withdrawn from the upper sides of the
      pistons 251 through line 246 and passes through line 230 and valve 198 to
      the sump 192. The contraction of the cylinders 40 is a relatively slow
      movement during which great force is applied to the upper packing panel 22
      in its upward movement as illustrated in FIG. 7.
PAR  During upward movement of the upper panel 22 and contraction of the
      hydraulic cylinders 40, the lower packing panel 24 is held in the position
      illustrated in FIG. 7 by the extension of the hydraulic cylinders 44.
      Since the valves controlling the flow of fluid from cylinders 44 through
      line 238 are closed during this period, the pressure can build up within
      the hydraulic cylinders 44 due to the forces exerted by refuse against the
      curved packing surface 90 of the lower panel 24. These forces are
      transmitted to the hydraulic fluid in the cylinders 44 through the piston
      rods 76 connected to the lower panel 24. To prevent rupture of the
      hydraulic cylinders 44 as a result of these static pressures, a pilot
      operated relief valve 270 is provided which operates through the pressure
      in a pilot line 268 that transmits the pressures within the hydraulic
      cylinders 44. The relief valve 270 may be set to open, for example, at a
      pressure of 2,500-3,000 psi, or any other suitable pressure, depending
      upon the design of the hydraulic cylinders 44. On opening of the relief
      valve 270, hydraulic fluid passes through the valve to reduce the
      pressures in the cylinders 44. This fluid is carried through line 230 and
      valve 198 to the sump 192.
PAR  An auxiliary gauge 266 may be connected to line 248 to indicate the
      pressure in the hydraulic cylinders 40 during their contraction in raising
      the upper packing panel 22. By noting these pressures, the efficiency of
      the packing operation can be determined.
PAR  After contraction of the hydraulic cylinders 40 to raise the panel 22 to
      its upper position, the valve 198 is returned to its neutral position as
      shown in FIG. 18. When this occurs, one packing cycle has been completed.
PAR  As shown in FIG. 18, various auxiliary equipment may be actuated by the
      hydraulic pressures generated by the pump 196. During actuation of the
      auxiliary hydraulic equipment, the valve 198 is in its neutral position. A
      valve 214 is utilized to operate the hydraulic cylinders 48 for raising
      and lowering of the tailgate 8 with respect to the storage body 6. When
      the valve 214 is moved from its neutral position in the direction of the
      arrow A, hydraulic fluid is fed through line 218 and valves 220 to the
      upper sides of the cylinders. This causes raising of the tailgate 8.
      During lowering of the tailgate, the valve 214 is moved to its opposite
      side in the direction of the arrow B. Hydraulic fluid then flows around
      the valves 220 through constricted bypasses 221 and is transmitted to the
      sump 192 through a line 223. After lowering of the tailgate 8, the valve
      214 is returned to its neutral position.
PAR  A valve 216 is used to either expand or contract the ejection cylinder 114.
      When the valve 216 is moved in the direction of the arrow A, the hydraulic
      cylinder is contracted by feeding hydraulic fluid through a line 217 while
      withdrawing fluid to the sump 192 through a line 219. When the valve 216
      is moved in the direction of arrow B, the cylinder 114 is expanded by
      feeding fluid through line 219 and withdrawing fluid to sump 192 through
      line 217.
PAR  A valve 222 is used to operate a winch 224. By moving valve 222 in the
      direction of arrow B, the winch is rotated in one direction, for example,
      to lift heavy containers to dump their contents into the hopper 12. By
      moving the valve 222 in the direction of the arrow A, the winch 224 may be
      rotated in the opposite direction, e.g., to lower the container after its
      contents have been dumped.
PAR  A pair of auxiliary hydraulic cylinders 228 may be operated by movement of
      a valve 226. On movement of the valve 226 in the direction of the arrow A,
      the hydraulic cylinders 228 may be expanded while on movement of the valve
      in the direction B, the cylinders 228 may be contracted. Auxiliary
      hydraulic cylinders such as 228 may be utilized for example, to operate a
      fork lift device positioned at the rear of the tailgate 8 to lift heavy
      containers. As indicated at 225, the winch 224 and valve 222 may be
      supplied as a unit which is plumbed into the overall hydraulic circuit by
      connecting valve 222 into line 242.
PAR  In the movement of the upper panel 22 and the lower panel 24 through a
      complete packing cycle, as described in FIGS. 4-7 and 18, it is necessary
      to move the valve 198 in the direction of arrow A to begin the cycle. The
      valve 198 remains in this position during the first half of the cycle when
      the lower panel 24 is rotated rearwardly and the upper panel 22 is moved
      downwardly and rearwardly. For the next half of the packing cycle, it is
      necessary to move the valve 198 in the direction of the arrow B in FIG.
      18. The valve 198 remains in this position as the lower packing panel 24
      is moved through the hopper 12 and the upper packing panel 22 is raised to
      its upward position. When the upper packing panel 22 reaches its upward
      position, it is then necessary to return the valve 198 to its neutral
      position to terminate the packing cycle.
PAR  It is desirable that the necessary movements of the valve 198 during the
      packing cycle be carried out automatically. This may be accomplished by
      the mechanism shown in FIG. 19 which is a view of an outer side of the
      tailgate with the cover plate 13 removed. To begin the packing cycle, a
      handle 272 is pulled outwardly away from the side wall 19 and then pushed
      forwardly over a stop 273. The handle 272 is pivotally mounted at 274 and,
      thereby, imparts a counterclockwise movement to an arm 276 connected to
      the handle. The arm 276 is pivotally connected at 280 to a rod 278 and
      imparts a downward movement to the rod. With downward movement of the rod
      278, a force is transmitted at right angles through a joint 286 connected
      to a bell crank or other suitable mechanism, not shown, to move the valve
      198 in the direction of the arrow A. This begins the packing cycle, as
      previously described.
PAR  As rod 278 moves downwardly, a force is transmitted through an arm 282 that
      is pivotally connected to the rod 278 at 284. The arm 282 is pivotally
      mounted at 284 in line with a second arm 288. Movement of the arm 282 in a
      counterclockwise direction causes a corresponding counterclockwise
      movement of the arm 288 which, acting through a spring 292, causes
      counterclockwise rotation of an arm 294 about a pivotal mounting 296. As
      the arm 294 moves, a rod 298 pivotally connected to arm 294 at 295 is
      moved upwardly. The lower end of rod 298 is pivotally connected at 300 to
      an arm 302 which is pivotally mounted at 304. Thus, as the arm 298 is
      pulled upwardly, the arm 304 is rotated upwardly. Counterclockwise
      rotation of the arm 282 on downward movement of the rod 278 also causes
      counterclockwise rotation of an arm 290 which relieves the tension in a
      spring 310. This permits counterclockwise rotation of an arm 306 which is
      pivotally mounted on a support 308.
PAR  At the beginning of the packing cycle, the upper packing panel 22 is in a
      raised position as shown in FIG. 4 and a stub shaft 26 extends through a
      slot or opening 60 in a side wall 19 of the tailgate 8. With the upper
      panel 22 in a raised position, the stub shaft 26 is positioned near the
      top of the slot 60. The stub shaft 26 is shown in this position in FIG.
      19.
PAR  After beginning the packing cycle by moving the arm 272 forward and moving
      the valve 198 in the direction of arrow A, the upper panel 22 is lowered
      which causes the stub shaft 26 to move downwardly within the slot 60 and
      to strike the arm 302, causing it to rotate in a counterclockwise
      direction. On rotation of the arm 302, the rod 298 is pulled downwardly.
      This places the spring 292 in tension, causes arm 282 to rotate in a
      clockwise direction, and causes an upward movement of rod 278. The upward
      movement of rod 278 is transmitted at right angles through a bell crank or
      other suitable means to the valve 198, thereby causing it to move in the
      direction of the arrow B for the last half of the packing cycle.
PAR  During the last half of the packing cycle, the upper packing panel 22 is
      moved upwardly which causes the stub shaft 26 to again move upwardly in
      the slot 60. When the upward movement of the panel 22 is essentially
      complete, the stub shaft 26 strikes the arm 306 and causes it to rotate in
      a counterclockwise direction. As arm 306 rotates, it acts through the
      spring 310, arm 290 and arm 282 to cause a downward movement of the rod
      278. The downward movement of rod 278 causes the valve 198 to return to
      its neutral position. The position of the rod 278 and handle 272 with
      valve 198 in a neutral position is as shown in FIG. 19.
PAR  An adjusting screw 312 may be used to vary the tension in the spring 310.
      Also, if desired, adjusting means may be utilized with the other spring
      292 to adjust its tension.
PAR  An actuator 283 positioned on the rod 278 selectively engages a switch arm
      287 during movement of the rod 278. The actuator 283 includes enlarged
      ends 285 and 293 separated by a valley 291 and a roller 299 is mounted on
      the end of the arm 287. When the valve 198 is in its neutral position, the
      roller 299 lies in the valley 291 and the switch is open. As the rod 278
      moves downwardly to shift valve 198 in the direction of the arrow A, the
      roller 299 moves into contact with the enlarged end 285 to move switch arm
      287 and close the switch. With the switch closed, an electrical signal is
      sent through conventional circuitry to a solenoid on the truck engine
      which increases the fuel to the engine to provide additional power for
      operation of the pump 196 that is driven by the truck engine.
PAR  At the end of the first half of the packing cycle, the rod 278 is moved
      upwardly to move valve 198 in the direction of the arrow B. As this
      occurs, the roller 299 moves into contact with enlarged end 293 which
      maintains the switch in a closed position to provide additional fuel to
      the truck engine during the last half of the packing cycle. When the rod
      278 is again moved downwardly at the end of the packing cycle to return
      valve 198 to its neutral position, the roller 299 moves into contact with
      the valley 291 to open the switch and to cut off the supply of additional
      fuel to the truck engine. A mounting plate 305, which supports a portion
      of the actuating linkage, is affixed to the side of the tailgate 8 to
      properly position the actuating linkage on the tailgate 8. As described,
      the various functions of the packing mechanism for my apparatus are
      controllable by movement of a single rod 278. This provides a greater ease
      of control than in previous refuse loading equipment which required the
      movement of several handles in cycling of the packing mechanism.
PAR  The manner in which the power to the pump 196 may be varied during the
      packing cycle is illustrated in FIG. 20. Movement of the switch arm 287
      and roller 299 by the position of rod 278, as described previously,
      controls the opening and closing of a switch 314. When the roller 299
      engages the enlargments 285 or 293, the arm 287 moves a throw 315 of
      switch 314 to a closed position and when the roller 299 engages the valley
      291 (see FIG. 19), the throw 315 is in an open position as shown in FIG.
      20. With the throw 315 in a closed position, electricity from input lines
      317 flows through switch 314 and through a conductor 316 to a solenoid 318
      having a push rod 324. Passage of current through the coil of solenoid 318
      causes the push rod 324 to move a valve lever 322 which controls a valve
      320. The valve 320 regulates the flow of fuel from a fuel input line 328
      into a valve output line 329 to an engine 326. The engine is operatively
      connected through a drive 330 to the pump 196 and clutch means 332 may be
      provided for disengaging or engaging the drive 330 to transmit power from
      engine 326 to the pump 196. With clutch means 332 engaged, movement of
      valve lever 322 by push rod 324 increases the supply of fuel to the engine
      326 which causes an increase in the power supplied to pump 196. Thus, when
      the valve 198 (FIG. 18) is in the position of either arrow A or arrow B
      during the packing cycle, the roller 299 is in engagement with
      enlargements 285 or 293 and switch 314 is closed to supply additional fuel
      to engine 326. This provides additional power to pump 196 to provide power
      for operation of the packing mechanism.
PAR  The presence of a bulky piece of refuse within the hopper 12 may, under
      some circumstances, cause the packing mechanism to jam during a packing
      cycle. Jams do not occur often; however, to protect the packing mechanism,
      it is necessary that the apparatus be equipped to handle jams.
PAR  If a jam occurs when the lower packing panel 24 has been rotated rearwardly
      and the upper panel 22 is moving downwardly, and rearwardly, the jam can
      be alleviated by pulling the handle 272 rearwardly and thereby moving the
      valve 198 to position B. When this is done, the lower panel 24 begins its
      forward rotation through contraction of the hydraulic cylinders 44 to
      eliminate the jam. When the handle 272 is pulled rearwardly the rod 278
      moves downwardly from its position shown in FIG. 19 which expands the
      spring 292 and places it in tension without rotation of the arm 302. Thus,
      when the jam has been cleared and the handle 272 is released, the spring
      292 pulls the arm 288 downwardly which pushes rod 278 upwardly and returns
      valve 198 in the direction of the arrow A. The upper panel 22 then
      proceeds to again move downwardly with the lower panel in a partially
      rotated forward position. When the upper panel 22 reaches its lowered
      position, the stub shaft 26 engages arm 302 to rotate it in a
      counterclockwise direction and to thereby move rod 278 upwardly and to
      move valve 198 in the direction of arrow B. With valve 198 in the
      direction of arrow B, the lower panel 24 completes its forward rotation
      and the upper panel 22 then moves forwardly and upwardly during the last
      half of the packing cycle.
PAR  In clearing a jam which occurs during downward movement of the upper panel
      22, the handle 272 may be moved back and forth, as desired, in moving
      valve 198 in the direction of arrow B, then in the direction of arrow A,
      etc. until the jam is cleared.
PAR  This will result in switching from the first half of the packing cycle to
      the second half of the packing cycle and back again, etc. in moving the
      upper panel 22 and lower panel 24 to clear the jam.
PAR  A further situation where jams can occur is during the forward rotation of
      the lower panel 24 in moving through the hopper 12 when the valve 198 is
      shifted in the direction of arrow B. With reference to FIG. 18, if the
      lower panel 24 encounters an obstruction, this causes a pressure buildup
      in lines 240, 238 and 256. When the pressure in line 256 builds up to a
      sufficient extent to open the valve 260, the hydraulic cylinders 40 begin
      to contract which raises the upper panel 22. When panel 22 has raised to a
      sufficient extent for the lower panel 24 to pass over the object causing
      the jam, the pressure in line 238 then causes the cylinders 44 to complete
      their expansion and the lower panel 24 to complete its forward rotation.
      As the pressure in line 240 is thus transmitted to cylinders 44, there is
      a drop in the pressure in line 256 which causes valve 260 to close and the
      movement of cylinders 40 to cease. When the cylinders 44 have completed
      their expansion, pressure is then transmitted through line 256 and valve
      260 to complete the contraction of cylinders 40 and the raising of the
      upper packing panel 22.
PAR  If desired, the valve 198 can be moved in the direction of arrow A in
      relieving a jam occurring during forward rotation of the lower panel 24.
      This would cause rearward rotation of the lower panel 24 with the lower
      panel 24 then rotating forwardly when the valve 198 is again moved in the
      direction of arrow B. Normally, as explained above, it is not necessary to
      move the valve 198 in relieving a jam which occurs during forward rotation
      of panel 24. Relief of the jam normally occurs through raising of the
      panel 22 which occurs automatically due to pressure buildup in line 256.
PAR  In a third situation where jams can occur, the upper panel 22 is moving
      forwardly and upwardly during the last half of the packing cycle while the
      lower panel 24 is held in a forwardly-rotated position as shown in FIG. 7.
      With the lower panel 24 thus held in a fixed position, the valve 236 (FIG.
      18) is closed and hydraulic fluid within cylinders 44 is trapped within
      the volume on the upper surfaces of the pistons 247. The pressure of the
      hydraulic fluid within cylinders 44 during this situation is determined by
      the forces transmitted to the fluid by the piston rods 76 due to the
      pressure of refuse bearing against the lower panel 24. To prevent the
      rupture of cylinders 44 when a jam occurs during raising of the upper
      panel 22, the relief valve 270 is set to open at a predetermined pressure.
      This permits hydraulic fluid to drain through the relief valve 270 to the
      sump 192 which results in a partial rearward rotation of the lower panel
      24. The rearward rotation of panel 24 permits the panels 22 and 24 to be
      raised while clearing the object which is causing the jam.
PAR  As described, my apparatus provides a greatly improved means of packing
      refuse. The terms "convex" or "convexly" used in describing the movement
      of the upper panel 22 are not used in a precise geometrical sense. Rather
      the terms are used to describe the slope of the path of movement which
      becomes more horizontal during raising of the panel. This provides a high
      horizontal force component to the panel toward the end of the packing
      cycle when the packing resistance is highest without the use of a
      relatively long tailgate structure. The movement of the upper and lower
      panels 22 and 24 provided by the upper and lower links 30 and 28 permits a
      lateral floating action to alleviate the affects of unbalanced loading on
      the panels. This is a considerable improvement over previous refuse
      loading equipment in which movement of the panels along a fixed,
      inflexible path was largely controlled by the shape of grooved or slotted
      guideways in the tailgate structure that received rollers carried by the
      panels with the rollers following along the guideways during movement of
      the panels.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination in a refuse hopper for use with packer means for
      compressing refuse in the refuse hopper for transfer of the refuse into a
      storage body and storage in the storage body comprising:
PA1  a rearwardly disposed lip over which refuse is dumped into said hopper;
PA1  an arcuate bottom portion extending forwardly in the arcuate configuration;
PA1  a vertically disposed wall portion contiguous to said lip and said curved
      bottom portion for facilitating the shearing of refuse overhanging the
      rearwardly disposed lip;
PA1  a vertically disposed packing surface contiguous to said curved bottom
      portion at the forward end of the curved bottom portion, and
PA1  side walls contiguous to the arcuate bottom portion and the wall portion
      and the packing surface to define the enclosure constituting the refuse
      hopper.
NUM  2.
PAR  2. The combination of claim 1 wherein
PA1  said packing surface initially is disposed vertically upwardly from the
      arcuate bottom portion and then is curved upwardly and forwardly from the
      vertically disposed portion.
NUM  3.
PAR  3. The combination of claim 1 wherein
PA1  the packing surface is structurally reinforced to compress the refuse as
      the refuse is moved forwardly against the packing surface by the packer
      means.
NUM  4.
PAR  4. In combination in a refuse hopper for use with packer means for
      compressing refuse in the refuse hopper for transfer of the refuse into a
      storage body and storage of the refuse in the storage body,
PA1  a rear wall defining an opening in the hopper at the rear of the hopper for
      the insertion of the refuse into the hopper through the storage body,
PA1  a lip defining the bottom of the opening into the hopper,
PA1  an arcuate bottom surface having a relatively large radius and symmetrical
      about a vertical axis and extending in the forward direction to provide
      for a packing of the refuse in a downward direction in accordance with the
      operation of the packer means,
PA1  a vertically disposed wall contiguous to the lip portion and the arcuate
      bottom surface for facilitating the shearing of refuse overhanging the
      lip,
PA1  a vertically disposed packing surface contiguous to the forward end of the
      arcuate bottom surface to provide a packing of the refuse in a forward
      direction against the packing surface in accordance with the operation of
      the packer means, and
PA1  a pair of side walls disposed at the opposite lateral ends of the hopper
      and contiguous to the rear wall, the arcuate bottom surface, the
      vertically disposed wall and the packing surface to define an enclosure
      constituting the hopper.
NUM  5.
PAR  5. The combination set forth in claim 3 wherein
PA1  the vertically disposed packing surface is structurally reinforced to
      withstand the forces imposed by the refuse during the packing of the
      refuse in the forward direction against the packing surface.
NUM  6.
PAR  6. The combination set forth in claim 5 wherein
PA1  the hopper is made from a high strength metal.
NUM  7.
PAR  7. The combination set forth in claim 6 wherein
PA1  the vertically disposed packing surface extends forwardly and upwardly,
      after initially extending vertically upwardly, to facilitate the transfer
      of the refuse by the packer means into the storage body.
NUM  8.
PAR  8. In combination in a refuse hopper for use with packer means for
      compressing refuse in the refuse hopper for transfer of the refuse into a
      storage body and for storage of the refuse in the storage body,
PA1  a rear wall defining an opening in the hopper at the rear of the hopper for
      the insertion of the refuse into the hopper through the storage body,
PA1  a lip defining the bottom of the opening into the housing, the lip being
      defined by a first surface and a second surface spaced from the first
      surface in the forward direction,
PA1  a vertically disposed wall portion contiguous to the second surface of the
      lip portion and extending downwardly from the second surface of the lip
      portion to provide for the shearing of refuse on the lip portion in
      accordance with movements of the packer means past the second surface of
      the lip portion,
PA1  an arcuate bottom surface contiguous to the wall portion and extending
      forwardly from the wall portion and having a relatively large radius to
      provide for a downward packing of the refuse in the hopper in accordance
      with the movements of the packer means along the wall portion, and
PA1  a vertically disposed packing surface contiguous to the forward end of the
      arcuate bottom surface and extending upwardly from the forward end of the
      arcuate bottom surface to provide for a packing of the refuse forwardly
      against the packing surface in accordance with the movements of the
      packing means along the arcuate bottom surface.
NUM  9.
PAR  9. The combination set forth in claim 8 wherein
PA1  the packing surface initially extends vertically upwardly and then extends
      upwardly and progressively forwardly to facilitate the transfer of the
      refuse into the storage body, after the packing of the refuse forwardly
      against the packing surface, in accordance with the movements of the
      packer means along the packing surface.
NUM  10.
PAR  10. The combination set forth in claim 9 wherein
PA1  the packing surface is structurally reinforced to facilitate the packing of
      the refuse forwardly against the packing surface in accordance with the
      movements of the packer means along the arcuate bottom surface.
NUM  11.
PAR  11. The combination set forth in claim 10 wherein
PA1  the arcuate bottom surface is symmetrical about a vertically disposed
      radial line.
NUM  12.
PAR  12. The combination set forth in claim 11 wherein
PA1  the hopper is made from a high strength steel.
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ABST
PAL  Containers are made from container sections, placed one upon the other.
      Each section has four sides. Corner members are placed on each side edge
      of each side. The corner member on one side edge is L shaped and the
      corner member on the other side edge is J shaped. The L shaped and J
      shaped members co-act to allow adjacent sides to be removably fixed one to
      the other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to containers.
PAR  At present containers in which materials are transported have the
      disadvantage that when in an empty state during storage or transportation
      a large volume of space is needed for such storage or transportation.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a container
      which will obviate or minimise the foregoing disadvantages in a simple yet
      effective manner or which will at least provide the public with a useful
      choice.
PAR  In one aspect the invention comprises a container including a base and a
      plurality of container sections, each container section comprising four
      vertical sides, one side edge of each side having a corner member at least
      including a substantially J shaped part extending therefrom and the side
      edge of an adjacent side having a corner member at least including a
      substantially L shaped part extending therefrom, the construction and
      arrangement being such that one side may be slid relative to the other
      side in a manner such that the toe of the substantially L shaped part
      becomes engaged between the toe and the stem of the substantially J shaped
      part to hold the two adjacent sides in engagement one with the other in a
      manner such that longitudinal movement of one side relative to the
      adjacent side is obviated or minimised.
PAR  The invention consists in the foregoing, and also envisages constructions
      of which the following gives examples only, and where specific integers
      are mentioned herein which have known equivalents in the art to which this
      invention relates, such known equivalents are deemed to be incorporated
      herein as if individually set forth.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  One preferred form of the invention will now be described with reference to
      the accompanying drawings in which,
PAR  FIG. 1 is an exploded diagrammatic view of parts of a container according
      to the invention,
PAR  FIG. 2 is a cross sectional view of a part of two vertical sides in an
      alternative embodiment for use in a container according to the invention,
PAR  FIG. 3 is a further alternative of FIG. 2, and
PAR  FIG. 4 is a planar view of a junction between two sides for use in a
      container according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the preferred form of the invention a container is provided as follows:
PAR  A container base 2 is provided and a plurality of container sections are
      also provided. Each container section comprises four vertical sides 3,
      each side 3 being jointed to two other sides 3 to prevent movement of two
      adjacent sides 3 relative to those joints out of the plane of those sides
      3. Adjacent sides 4 and 5 as shown in FIG. 4, which correspond to sides 3
      in FIGS. 1-3 and which may be any two adjacent sides in a container
      section, carry parts of corner members thereon which corner members are
      constructed so that each container section may be dismantled into its four
      sides and may also be re-assembled when desired.
PAR  The corner members may comprise, for example, a member 6 which member 6 at
      least includes a part of substantially J shaped cross section, and the
      member 6 may be entirely of a J shaped cross section as shown in FIG. 4.
      The member 6 is affixed to the side 4, for example, to the outer face
      surface of the side 4 and so that the toe 8 of the substantially J shaped
      member 6 is inwardly facing. A gap 9 is left between the end of the toe 8
      and the side edge 10 of the side 4.
PAR  A further member 11 is provided which at least includes, a part of
      substantially L shaped cross section and may be entirely an L shaped cross
      section as shown in FIG. 4 and which member 11 is affixed to the container
      side 5. The member 11 may be, for example, positioned on the inner surface
      12 of the container side 5 and positioned so that the toe 13 of the L
      shaped member 11 when erected will pass into the slot 14 formed on one
      edge thereof by the toe 8 of the J shaped member 6.
PAR  In the embodiment shown in FIG. 4 the toe 13 of the L shaped member 11 is
      positioned substantially in a plane parallel to the plane containing the
      end face 15 of the side 5. Thus in the embodiment shown the substantially
      L shaped member 11 may be slid between the toe 8 and the stem of the J
      shaped member 6 to hold the adjacent container sides 4 and 5 together in a
      manner such that whilst vertical movement of one side relative to the
      other is allowed by the corner member, longitudinal movement of one side
      relative to the adjacent side is obviated or minimised.
PAR  A further two substantially L shaped members 16 and 17 may also be provided
      in the embodiment shown if desired. One of the further L shaped members
      may be provided having the stem 18 thereof adjacent the inner surface 19
      of the side 4, and the toe 20 of L shaped member 16 may be positioned
      across the end face 10 of the side 4.
PAR  The other further L shaped member 17 may be positioned on the outer face 21
      of the side 5 and positioned in a manner such that the toe 22 is across
      the end 15 of the side 5. The members 16 and 17 if provided give a
      substantially solid base to which fixing means such as bolts 23 or screws
      may be passed to affix the members 6, 11, 16 and 17 to the container sides
      4 and 5. Also when the end members are constructed of a metal,
      satisfactory sliding surfaces are provided by the members.
PAR  Engaging means are provided on the top 25 and bottom 26 edges of the
      containers section 3 so that each container section 3 may be engaged with
      the container section immediately above and the container section
      immmediately below each container section. The engagement means are, for
      example, a shaped edge around the perimeter of the container section and a
      complementary shaped edge around the perimeter of the container section
      with which the first container section is to be engaged. The shaped edge
      may be, for example, in the form of a tongue and groove arrangement
      constructed, for example, as shown in FIG. 1 by providing a portion 27
      constructed of, for example, a fibre, plywood, fibreglass, plastic or
      other material and outer sections 28a and 28b affixed to the centre
      section 27 which outer sections 28a and 28b may comprise, for example,
      metal members such as steel members. The side members 28a and 28b also
      give additional strength to the central member 27. The corner members, 6,
      11, 16 and 17 may be affixed to straps 28a and 28b by e.g. welding before
      the sides are assembled to enable relative ease of assembly.
PAR  Alternatively the engagement means may be constructed as in FIG. 2 wherein
      a substantially H shaped member 30 is provided on one member 3, for
      example, the lower side and a further tongue member 31 is affixed to the
      side 3 which the other side 3 is to engage. The H member 30 and tongue
      member 31 may be constructed, for example, of an extruded metal material.
PAR  As a still further alternative the sides may be constructed, for example,
      in a semi-circular form such that semi-circular tongue 32 will engage in
      semi-circular groove 33 and of course it will be apparent that the tongue
      may be on the upper board and the groove on the lower board, as well as
      the arrangement shown in FIG. 3.
PAR  A container base 2 may be provided and this may include a rim 34 about or
      adjacent the perimeter thereof, which rim 34 may engage in the groove 26
      on the lower container section. The rim 34 may be provided by means of an
      angle member about a base member e.g. an angle iron about a wooden member.
      Apertures may be provided in the base through which feet or pots may be
      inserted. The apertures may be in three rows of three to allow eight way
      entry thereto by e.g. a fork lift.
PAR  Furthermore a lid may be provided and this may also include, for example, a
      rim around or adjacent the perimeter thereof which is adapted to engage
      the top-most part of the container sections. The lid may also comprise a
      central, e.g. wooden, member with an angle member, e.g. an angle iron,
      thereabout.
PAR  It is also envisaged that dividing means may be provided to allow the space
      within the container to be divided into sections, and the dividing means
      may include clips 40 shaped to provide a bearing surface 41 to support a
      substantially planar member (not shown). The clips 40 may be inserted
      between the central member 27 and inner side member 28b.
PAR  The use of the invention in the preferred form is as follows.
PAR  The container base 2 is positioned as desired and the container may be
      built up thereon. Thus one container side 3 may be engaged with a rim 34
      on the container base 2 and a further container side then engaged with the
      original container side by, for example, positioning the corner members
      one above the other such that the L shaped member 11 is positioned above
      or below the J shaped member 6. The two members are then moved one towards
      the other by, for example, moving one member, that is to say, the second
      member being positioned towards the first positioned member in a manner
      such that the L shaped toe of the member 11 passes into the slot 14 formed
      by the J shaped member 6.
PAR  Further container sides are then added as desired. Alternatively container
      section may be built up firstly by joining four sides in the form of a
      square and these may be added to the container base 2.
PAR  Alternatively a three sided container may be constructed, i.e. that is to
      say a container may be built up having one side blank. The container may
      then be filled with produce as desired, and the fourth side then added
      after which the lid may be added. Suitable straps are then passed around
      the container, the lid and the base, as desired to hold the container in
      the closed position. If desired clips 40 and the substantially planar
      member may be inserted to divide the container space into smaller spaces.
PAR  Thus it can be seen that a container is provided which is simple in
      construction and operation and which may be dismantled for storage or
      transportation in an empty state in a dismantled condition so that a
      relatively small volume of space is required for such storage or
      transportation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A container comprising:
PA1  a base;
PA1  a plurality of container sections each comprising four vertical sides;
PA1  each adjacent pair of sides including a first side having a corner member
      including at least a substantially J shaped part extending therefrom, and
      a second side having a corner member including at least a substantially L
      shaped part extending therefrom;
PA1  said first and second sides being relatively slidably movable with a toe of
      said L shaped part engaged between a toe and a stem of said J shaped part,
      with longitudinal movement of one of said sides relative to the other of
      said sides being prevented; and
PA1  a first L shaped member having a stem fixed to an inner face of said first
      side and a toe adjacent an end face of said first side.
NUM  2.
PAR  2. A container as claimed in claim 1, wherein said substantially J shaped
      part comprises a substantially J shaped member having said stem thereof
      positioned on an outer face of said first side and said toe thereof
      positioned in a plane closer to the plane containing said inner face than
      the plane containing said outer face surface of said first side.
NUM  3.
PAR  3. A container as claimed in claim 1, wherein said substantially L shaped
      part comprises a substantially L shaped corner member having a stem
      mounted on an inner face of said second side, and said toe thereof
      positioned in a plane parallel to a plane containing an end face of said
      second side.
NUM  4.
PAR  4. A container as claimed in claim 1, further comprising a second L shaped
      member having a stem adjacent an outer face of said second side and a toe
      adjacent an end face of said second side.
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ABST
PAL  A metal reusable barrel for storing and shipping fluids. The barrel is
      capable of being disassembled after initial use to minimize the space
      required for transporting the barrel back to the original shipper and also
      minimize the expense of reconditioning the barrel for reuse. The barrel
      comprises two barrel halves, each in the shape of a frustum with the
      larger end open and the smaller end sealingly closed by a circular plate.
      The open ends of the two barrel halves are sealingly clamped together to
      form a fully assembled, leak-proof barrel. When the barrel is empty it may
      be disassembled by detaching the two barrel halves from one another and
      nesting one inside the other for shipment back to the producer. In their
      disassembled condition the barrel halves can be easily cleaned and
      reconditioned because of the accessibility of their interior surfaces,
      after which they may be reassembled and reused.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in rigid barrels of the type
      generally constructed of metal and used for the shipment and storage of a
      great variety of commercial and industrial liquids such as fuels,
      lubricants and solvents. Metal barrels of the type known to the art cannot
      be disassembled, collapsed or reduced in size in any way in order to
      economically return them to the original shipper for reuse. Inasmuch as an
      empty barrel occupies the same cubic space as a full one, the cost of
      shipping the barrels back for recycling is prohibitive, representing a
      substantial part of the value of the barrel itself. In addition, all metal
      barrels must be cleaned, derusted, degreased and repainted before they can
      be used again. Barrel cleaning is most often accomplished through one bung
      hole in the barrel head, and because of the inaccessibility of the
      interior of the barrel, it is a costly and time consuming process. Thus,
      when the shipping charges are added to the reconditioning costs, the cost
      of a recycled barrel is almost the same as that of a new barrel. Since the
      cost of the barrel is most often absorbed by the user, this means that he
      must pay nearly the full cost of a new barrel every time he uses one,
      regardless of whether or not he goes to the effort of recycling his old
      barrels. Obviously, there is very little economic incentive for him to
      expend this effort.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is directed to a rigid barrel for storing and
      shipping fluids of the general type described wherein the barrel is
      comprised of two detachable half sections, each in the shape of a frustum
      having its larger end open and its smaller end closed. To assemble the
      barrel, the two open ends of the barrel halves are sealingly attached to
      one another at their peripheries to form a leak-proof seal around the
      middle girth of the barrel. One or both of the closed ends of the barrel
      halves contain a suitable bung hole for filling and emptying the barrel.
      To disassemble the barrel, the barrel halves are detached from one another
      and nested one inside the other to conserve space.
PAR  The feature of a barrel comprised of two detachable, nestable half sections
      provides a number of significant advantages not obtainable with
      conventional fluid barrels known to the art. First, the fact that the
      barrel may be disassembled into nestable components insures that the user
      can ship a minimum of five such barrels in their disassembled condition in
      the same cubic space required for one assembled barrel. This fact in
      itself drastically reduces the cost of transporting the barrels back to
      the original producer or shipper for recycling. In addition, the entire
      inner surfaces of the disassembled barrel components are easily accessible
      so that, for the first time, automated mechanical cleaning mechanisms may
      be used to clean the interior of the barrels prior to their reuse. This
      feature permits a reduction of from 50 to 75% in the cost of cleaning each
      barrel. When the cost savings in connection with both transportation and
      cleaning are added together, it is expected that the cost of reusing metal
      barrels incorporating the features of the present invention will be as
      much as 75 to 80% lower than the cost of reusing conventional metal
      barrels.
PAR  An additional advantage of the present invention is that a substantial
      final market is available for the barrel halves after they have outlived
      their usefulness as fluid containers, whereas the final market for
      conventional barrels is extremely limited. The half sections of the
      barrels of the present invention will find widespread demand as tree
      containers for nurseries and as warehouse storage containers for
      mechanical parts, components, and almost anything that will fit within the
      confines of the barrel sections.
PAR  It is therefore a primary objective of the present invention to provide a
      new and improved metal barrel for shipping and storing commercial and
      industrial fluids capable of being disassembled to permit economical
      transporting and cleaning of the barrel after initial use, so that it may
      be recycled at a cost much less than the cost of a new barrel.
PAR  It is a further objective of the present invention to provide a metal
      barrel suitable for use as an open container for a wide variety of
      materials after it has outlived its usefulness as a fluid container.
PAR  It is a primary feature of the present invention to provide a metal barrel
      comprised of multiple sections detachably joined with one another to form
      a fully assembled barrel and nestable one inside the other when the barrel
      is disassembled.
PAR  The foregoing and other objectives, features, and advantages of the present
      invention will be more readily understood upon consideration of the
      following detailed description of the invention taken in conjunction with
      the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top perspective view of the collapsible reusable fluid barrel
      in its fully assembled condition with the two barrel halves sealingly
      joined together at the middle of the barrel.
PAR  FIG. 2 is a top perspective view of the barrel in its disassembled
      condition, with one barrel half nested inside the other for transportation
      back to the original shipper.
PAR  FIG. 3 is a partial top view of the fully assembled barrel.
PAR  FIG. 4 is a partial broken cross sectional view of the fully assembled
      barrel taken along line 4--4 of FIG. 1.
PAR  FIG. 5 is a cross sectional view of the leak-proof seam around the middle
      girth of the barrel illustrated prior to its being secured together by a
      clamp.
PAR  FIG. 6 is a cross sectional view of the seam illustrated in its extreme
      compressed condition for permitting the installation of the attaching
      clamps.
PAR  FIG. 7 is a cross-sectional view of the seam held together by an optional
      screw-type attaching clamp.
PAR  FIG. 8 is a cross-sectional view of an optional leakproof joint for
      securing the circular cover plates to the closed ends of the respective
      barrel halves.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The collapsible reusable barrel of the present invention, designated
      generally as 10 in FIG. 1, comprises two half barrel sections 12 and 14
      respectively, each in the shape of a frustum. The larger ends of the two
      sections are open and, when the barrel is fully assembled as shown in FIG.
      1, are detachably joined with one another by means of a leak-proof mating
      seam 16. The smaller ends of the two frustums are sealingly covered with
      circular plates 18 and 19 respectively, each having one or more capped
      bung holes 20 for filling and emptying the barrel.
PAR  As shown more clearly in FIGS. 4-6, the open end of each barrel section is
      provided with an outwardly projecting peripheral flange, 22 and 24
      respectively, extending continuously around the perimeter of each such
      open end. The two barrel sections are designed such that their larger open
      ends are of precisely the same diameter, so that the flanges 22 and 24 may
      be aligned in opposing relation to one another when the two open ends are
      joined together.
PAR  To assemble the barrel, the open ends of the two barrel sections 12 and 14
      are aligned as shown in FIG. 5, and a resilient gasket 26, preferably an
      o-ring, is placed between the two opposing flanges 22 and 24 respectively.
      The two ends of the barrel sections are then forced tightly together, as
      illustrated in FIG. 6, by means of a suitable press device (not shown)
      which applies pressure through press members 30 and 32 against flanges 22
      and 24 respectively. The forcing of the two barrel halves together tightly
      compresses the o-ring 26 and allows the placement of a group of arcuate
      coupling clamp members 28 over the peripheral lips 34 and 36 of the two
      flanges 22 and 24 respectively. Preferably, the clamps 28 are closely
      spaced around the seam 16 as illustrated in FIG. 3 to insure that the seam
      16 will be leak-proof.
PAR  Once the clamps 28 are in position, with their inner tips 38 inside the
      lips 34 and 36 of the flanges 22 and 24 respectively, the pressure holding
      the two barrel sections together is released. The compressed o-ring 26
      forces the barrel halves apart until the inner tips 38 of the clamp
      members 28 are locked inside the lips 34 and 36 of the flanges 22 and 24
      respectively as shown in FIG. 4. Thereafter, in order to insure that the
      clamp members 28 will not be released from the flanges 22 and 24 during
      the handling of the barrel, a binder strap 40 is stretched tightly around
      the exterior grooves 42 of the clamp members 28. In their locked position,
      the clamp members 28 hold the flanges 22 and 24 sufficiently close
      together to insure that the o-ring 26 is in a state of compression and
      forms a tight, leak-proof seal continuously around the seam 16.
PAR  An alternative type of attaching clamp 28a is illustrated in FIG. 7, and
      comprises a top and bottom portion held together by a screw 29 which is
      threaded into the bottom portion. Utilization of this type of clamp
      removes the requirement for a press to force the flanges 22 and 24
      together during assembly. Rather the clamps 28a may simply be installed in
      their loosened condition and then the screw 29 tightened to force the
      flanges together, thereby compressing the o-ring 26.
PAR  The closed end of each barrel section comprises a circular plate 18 and 19
      respectively, which is sealingly joined at its periphery with the wall of
      the barrel section. One possible structure for connecting the plate with
      the wall is the simple joint 41 shown in FIG. 4 where plate 19 is attached
      to the barrel section 14. The plate 19 has a peripheral flange 43 which
      fits inside a mating crimped flange 44 of the barrel section 14. The two
      flanges are sealingly joined by a continuous circumferential weld. An
      alternative structure is shown in FIG. 7 with respect to barrel section 12
      and plate 18. There the plate 18 has a peripheral flange 46 which is
      crimped tightly over a mating flange 48 of the barrel section 12, and the
      joint is sealed by a resilient gasket 50 which is compressed tightly
      between the two flanges. Other forms of joints, or for that matter a
      barrel half which is entirely of one-piece construction, might also be
      feasible.
PAR  When the contents of the barrel 10 have been used, and it is desired to
      transport the barrel back to the original shipper for recycling, the
      barrel is disassembled by reversing the steps necessary to assemble it.
      The band 40 is removed, the two barrel halves are pressed tightly together
      by a suitable press (or alternatively the clamp 28a is loosened) and the
      clamp members are removed. Thereafter the two barrel sections are
      separated and nested one inside the other as shown in FIG. 2, or inside
      similar sections from other barrels. A narrow protruding peripheral
      shoulder 52, 54 on each of the barrel sections is provided to insure that
      the two sections will not nest too tightly together by limiting the extent
      to which one section may be inserted inside the other. This insures that
      the sections will be easily separable for reassembly.
PAR  It is preferable that the two barrel sections be identical frustums, since
      this permits any section to be nested within any other section for
      convenience. In addition, the provision of identical barrel halves allows
      complete interchangeability of the sections when reassembling the barrels.
      It should be recognized however that frustums, while perhaps the most
      convenient form of nestable barrel halves, are not the only form.
      Accordingly, it is within the scope and intent of this invention to use
      other geometric configurations for the barrel sections, so long as they
      are nestable configurations.
PAR  In some applications, particularly when the liquids being shipped or stored
      are oils, chemicals, inks or consumable beverages, it may be desirable to
      provide a removable plastic or rubber film envelope or liner (not shown)
      which may be inserted inside of each barrel during assembly. The liner
      would preferably have a grommet or tube type opening which could be
      fastened to or fitted loosely within a bung hole, and would conform to the
      interior of the barrel when filled. Upon emptying and disassembly of the
      barrel, the liner could be discarded and replaced with a new one. The
      inclusion of such a liner would remove the need for cleaning the barrels
      after each use, a task particularly difficult when inks or chemicals are
      being handled. In addition, the use of such liners would insure sanitary
      handling of such beverages as milk, orange juice, wine, etc.
PAR  The terms and expressions which have been employed in the foregoing
      abstract and specification are used therein as terms of descriptions and
      not of limitation, and there is no intention, in the use of such terms and
      expressions, of excluding equivalents of the features shown and described
      or portions thereof, it being recognized that the scope of the invention
      is defined and limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a barrel for storing and shipping fluids and other materials
      comprised of a pair of frustrum-shaped shell-like barrel sections, each
      having a closed end and an open end larger than said closed end and being
      interchangeably nestable one within the other when disassembled, said
      barrel sections each having mating means for sealingly and detachably
      joining said open ends together with the respective interiors of said two
      barrel sections facing one another, the improvement wherein said mating
      means comprises: a pair of projecting flanges each extending peripherally
      around the open ends of said barrel sections and having a respective pair
      of lips formed peripherally around the edges thereof, a resilient gasket
      for inserting between said flange pair, and a plurality of unitary
      C-shaped clamp members spaced around the periphery of said flange pair for
      holding said flange pair in non-contacting close proximity with said
      gasket compressed therebetween, said clamp members having their respective
      ends bend inwardly toward one another for interlocking with said
      respective lips formed around said flange pair and being detachable from
      said flange pair by the pressing of said barrel sections together
      momentarily to increase the compression of said resilient gasket thereby
      freeing said clamp members from engagement with said flange pair.
NUM  2.
PAR  2. In a barrel for storing and shipping fluids and other materials
      comprised of a pair of frustrum-shaped shell-like barrel sections, each
      having a closed end and an open end larger than said closed end and being
      interchangeably nestable one within the other when disassembled, said
      barrel sections each having mating means for sealingly and detachably
      joining said open ends together with the respective interiors of said two
      barrel sections facing one another, the improvement wherein said mating
      means comprises: a pair of projecting flanges each extending peripherally
      around the respective open ends of said barrel sections, a resilient
      gasket for inserting between said flange pair, a plurality of unitary
      C-shaped clamp members having grooves formed on the outside bight portions
      thereof and being spaced around the periphery of said flange pair for
      holding said flange pair in non-contacting close proximity with said
      gasket compressed therebetween, said clamp members being detachable from
      said flange pair by the pressing of said barrel sections together
      momentarily to increase the compression of said resilient gasket thereby
      freeing said clamp members from engagement with said flange pair, and a
      binder strap extending around the periphery of said flanges and seated
      within said grooves for holding said clamp members onto said flanges.
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PAL  Normally tools, spare tires, wheels, gas cans and the like are stored in
      the open truck box where they can be stolen or interfered with. Also they
      are exposed to all weather conditions. The box of the present invention
      fits across the front of the open truck box and includes one or two fuel
      tanks, storage for the spare wheel and tire and storage space for tools
      such as a jack, etc. A hinged lid covers all of these items when closed
      and the lid may be locked to prevent theft and also to protect the
      contents from the elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The spare tire, wheel and various tools such as the jack, etc. are normally
      carried within the open box of a truck and, when used in farm work, spare
      containers of the fuel for farm implements and the like are also carried
      loosely within the box.
PAR  These items are easily stolen or interfered with as they are not capable of
      being protected and furthermore they are exposed to the elements unless a
      tarpaulin is used.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these disadvantages by providing a storage
      box adapted to fit across the front end of the open box of the truck and
      to contain one or more fuel tanks, storage space for the spare wheel and
      tire, the jack and other tools, said box having a hinged lid which may be
      closed and locked when not in use.
PAR  The principal object and essence of the invention is therefore to provide a
      heavy duty rugged storage box for fuel, tools and the spare wheel and tire
      of a truck.
PAR  Another object of the invention is to provide a device of the character
      herewithin described in which the contents of the box are readily locked
      to prevent theft from occurring.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which may include pump means for pumping the fuel
      from the fuel tank to an adjacent farm implement or the like.
PAR  Still another object of the invention is to provide a device of the
      character herewithin described which encloses the spare wheel and tire and
      prevents damage occurring thereto often caused by objects carried within
      the truck box.
PAR  A still further object of the invention is to provide a device of the
      character herewithin described which is simple in construction, economical
      in manufacture and otherwise well suited to the purpose for which it is
      designed.
PAR  With the foregoing objects in view, and other such objects and advantages
      as will become apparent to those skilled in the art to which this
      invention relates as this specification proceeds, my invention consists
      essentially in the arrangement and construction of parts all as
      hereinafter more particularly described, reference being had to the
      accompanying drawings in which:
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an isometric view of one embodiment of the invention.
PAR  FIG. 2 shows an isometric view of a further embodiment of the invention.
PAR  FIG. 3 shows an isometric view of a still further embodiment of the
      invention.
DETD
PAR  In the drawings like characters of reference indicate corresponding parts
      in the different figures.
PAC  DETAILED DESCRIPTION
PAR  Proceeding therefore to describe the invention in detail, reference
      character 10 illustrates the box in general which is preferably
      manufactured from heavy gauge steel sheet and includes a rectangular base
      11, end walls 12, a front wall 13 and a rear wall 14.
PAR  A reinforced lid 15 is hinged by one edge thereof along the upper edge 16
      of the rear wall 14 and normally encloses the open upper side of the box
      when not in use. A hasp 17 engages a hoop 18 on the front panel 13 and a
      padlock (not illustrated) may engage the hasp and hoop to lock the lid in
      the closed position.
PAR  Check chains 19 are provided between the lid and the box to limit the
      upward movement of the lid and a detachable brace rod 20 engages between
      the lid and the front panel 13 as clearly illustrated to maintain the lid
      in the open position when desired.
PAR  In this embodiment, a fuel tank collectively designated 21 is provided and
      built into the box, said fuel tank being substantially L-shaped and having
      one leg 22 situated at one end of the box with the other leg 23 extending
      across the lower portion of the box but terminating spaced from one end
      wall 12 as indicated by the end wall 24 of the fuel tank.
PAR  This end wall of the fuel tank which extends upwardly to the upper edge of
      the box, together with the end wall 12 of the box and the portions of the
      front and back panels, defines a vertically situated space 25 within which
      a spare tire and wheel (not illustrated) may be stored.
PAR  The remaining area of the box is provided with partitions 26 and 27
      dividing this area into storage spaces for various tools, a jack and
      handle, and if desired, a manually operated fuel pump, none of which are
      illustrated in the drawings.
PAR  Various baffles 28 are provided within the fuel tank to prevent undue
      movement of the fuel contained within the tank and this tank is provided
      with a filler cap 29 within the upper side of the leg 22 thereof.
PAR  FIG. 2 is similar in construction to FIG. 1 with the exception that two
      fuel tanks are provided one at each end of the box and these fuel tanks
      are identified by the reference characters 30 and 31.
PAR  If necessary a cross hose shown in phantom by reference character 32 may
      extend across the box and connect the two tanks if a similar fuel is
      carried by these tanks. Alternatively, gasoline may be carried in one and
      fuel oil in the other depending upon the desires of the operator.
PAR  In this particular embodiment, a pair of horizontal partitions 33 and 34
      span the area between the tanks with the spare tire and wheel (not
      illustrated) being stored between the two partitions and the jack and
      other tools being stored between the lowermost partition 33 and the base
      11. In this regard a sliding door assembly 35 is formed in the front panel
      13 extending between the inner walls of the two tanks which may be removed
      for access to the tools and/or tire and wheel assembly.
PAR  The portion above the upper partition 34 may be divided by cross partitions
      36 and used for general storage purposes.
PAR  The embodiment shown in FIG. 3 also includes two tanks, defined in this
      embodiment by reference characters 37 and 38. They are both L-shaped with
      the one leg 39 being situated at each end of the box and the other leg 40
      extending towards one another and forming the lower portion of the box and
      terminating adjacent one another by the inner walls thereof as indicated
      by the reference character 41.
PAR  This defines a rectangular area 42 which may be utilized for the storage of
      the spare tire and wheel assembly and a vertical partition 43 defines a
      further tool storage area 44 as clearly illustrated.
PAR  The tanks may either be interconnected (not illustrated) or may carry
      different fuels and a conventional wobble pump may be installed in any of
      the tanks for ease of pumping out the fuel to convenient farm implements
      or containers as desired.
PAR  All embodiments may of course be locked securely as hereinbefore described
      and, when the lids are closed, the contents are protected from the
      elements.
PAR  Since various modifications can be made in my invention as hereinabove
      described, and many apparently widely different embodiments of same made
      within the spirit and scope of the claims without departing from such
      spirit and scope, it is intended that all matter contained in the
      accompanying specification shall be interpreted as illustrative only and
      not in a limiting sense.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A box for use in open truck boxes and adapted to receive a spare tire
      and wheel comprising an open topped enclosure, cover means secured to the
      enclosure and adapted to selectively enclose the open top, at least one
      fuel storage tank formed within said box having a filler cap thereon, a
      divider in said box defining with said box and said tank, a tire and wheel
      storage area for the receipt and storage of the associated spare tire and
      wheel and tool storage areas also formed in said box, said fuel tank
      comprising an L-shaped fuel tank, one leg of said tank lying at one end of
      said box, the other leg of said fuel tank extending across the lower
      portion of said box and terminating spaced from the other end of said box,
      the space defined by the distal end of said other leg and the adjacent end
      wall of said box forming said tire and wheel storage area adapted to
      receive the associated spare tire and wheel vertically therein.
NUM  2.
PAR  2. A box for use in open truck boxes and adapted to receive a spare tire
      and wheel comprising an open topped enclosure, cover means secured to the
      enclosure and adapted to selectively enclose the open top, at least one
      fuel storage tank formed within said box having a filler cap thereon, a
      divider in said box defining with said box and said tank, a tire and wheel
      storage area for the receipt and storage of the associates spare tire and
      wheel and tool storage areas also formed in said box, said fuel tanks
      comprising a pair of L-shaped fuel tanks, one leg of each of said tanks
      lying at each end of said box, the other legs of said tanks extending
      across the lower portion of said box and terminating adjacent one another,
      the associates spare tire and wheel lying horizontally within said box
      upon said other legs of said tanks.
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PAL  A cake plate has a food receiving top surface which is a centrally pointed
      conical well having an included angle ranging between 150 and 170 degrees.
      The top surface is configured to receive and support the domed surface of
      a cake.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to dishes and relates more
      specifically to a cake plate having a food receiving surface which is a
      conical well.
PAC  BACKGROUND OF THE INVENTION
PAR  In the baking of a high rise cake or of a layer cake having a high rise
      bottom layer the cake is baked in the usual straight sided circular pan.
      In order for the cake to be light, the cake is allowed to rise above the
      sides and forms a dome. Then, in order to frost the cake, the pan is
      turned over and the cake is deposited on the usual flat cake plate. Since,
      the usual flat cake plate is not configured to support the domed surface
      of the cake, there results frequent cake breakage.
PAR  One solution in the prior art has been to slice off the domed portion of
      the cake to present a flat surface to rest on the cake plate. This
      solution has been not entirely satisfactory since it results both in
      wasting a portion of the cake and in extra labor.
PAC  OBJECTS OF THE PRESENT INVENTION
PAR  It is an object of the present invention to provide a cake plate which will
      accommodate and support many varieties of cakes, eliminating unnecessary
      cake breakage or collapse.
PAR  It is a further object of the present invention to provide a cake plate
      which will support the domed surface of a high rise cake.
PAR  It is another object of the present invention to provide a cake plate which
      will support a high rise cake and which will not inhibit the cutting of
      the cake.
PAR  It is still another object of the present invention to provide a cake plate
      for a high rise cake which is also adaptable for use with a flat cake.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  Briefly, the aforementioned and other objects are satisfied by providing a
      cake plate having a cake receiving surface which is a conical well for
      supporting the domed surface of a high rise cake. In order to accommodate
      flat cakes a flat disc is retained above the conical surface.
DRWD
PAR  Other objects, features, and advantages of the present invention will
      become apparent upon a perusal of the following detailed description of a
      preferred embodiment thereof when taken in conjunction with the appended
      drawing wherein:
PAR  FIG. 1 is an elevation cross-section of the cake plate of the present
      invention.
PAR  FIG. 2 is an elevation cross-section of a lid for the cake plate of FIG. 1.
PAR  FIG. 3 is an elevational cross-section similar to FIG. 2 but showing the
      lid of FIG. 2 in place.
PAR  FIG. 4 is a blow-up of a portion of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the cake plate 10 of the present invention is
      generally a circularly symmetric dish having a substantially centrally
      pointed top surface 12 which is a conical well. The conical well has as an
      included angle 14 ranging between 150 and 170 degrees for supporting
      without breaking the domed surface 16 of a high rise cake 18.
PAR  Conical top surface 12 intersects sharply with an arcuate exterior side
      surface 20 of plate 10. Side surface 20 is generally a downwardly
      converging frustrum of a cone which intersects the side of a flat
      cylindrical bottom portion or base 22. At the intersection of conical well
      12 and side surface 20 there is provided a radially projecting toroidal
      bead 26 the purpose of which will become apparent in connection with the
      discussion of FIGS. 2 through 4.
PAR  Dish 10 may be fashioned from glass, plastic or other suitable material. In
      order to accommodate up to a 9 inch cake and still fit under most cake
      covers, the diameter 24 of plate 10 is preferably 11 inches.
PAR  It has been found that the included angle 14 must range between 150 and 170
      degrees in order to support the variation in domes 16 which are
      encountered in cake baking. It should be appreciated that top surface 12
      makes at most a 20 degree angle with the horizontal and as such, the
      cutting of cake 18 will not be inhibited.
PAR  In a typical design, the overall height of plate 10 is one inch and the
      wall thickness between the substantially pointed portion 25 of top surface
      12 and the bottom of base 22 is 1/4 inch yielding an included angle 14 of
      approximately 166 degrees.
PAR  While the foregoing design will give substantial support to a flat cake the
      lid 28 of FIG. 3 is utilized in conjunction with cake plate 10, as shown
      in FIGS. 3 and 4, to better support a flat cake 30.
PAR  Circulary symmetric lip 28, which is of resilient plastic, comprises a flat
      circular disc center section 32 which merges at its periphery with a
      generally downwardly projecting lip 34. Lip 34, comprises in cross
      section, approximately a 180 degree circular arc terminating in a toroidal
      bead 36. The arc of lip 34, and the diameter of the lid 28 are chosen so
      that the lid may fit over top surface 12 of plate 10 with lip 34 snapped
      over bead 26 on the plate and the lid thereby retained on the plate. The
      plate 10, is thus converted for accommodating a flat cake 30 on a flat
      surface, namely the center disc section 32 of lid 28.
PAR  It will now be appreciated, that the invention offers a cake plate which is
      uniquely adapted to receive a high rise cake and which is convertible for
      receiving a flat cake. It should also be understood that while the
      preferred embodiment of the present invention have been described in great
      detail, many of these details may be varied within the spirit and scope of
      the invention.
CLMS
STM  Accordingly, what I claim is:
NUM  1.
PAR  1. A circular dish comprising a food receiving top surface having a
      centrally pointed conical wall therein, an external side surface
      intersecting said top surface at the periphery of said top surface and a
      bottom external surface intersecting said side surface.
NUM  2.
PAR  2. The dish of claim 1 wherein said conical top surface is characterized by
      an included angle ranging between 150 and 170 degrees.
NUM  3.
PAR  3. The dish of claim 2 wherein said bottom surface is substantially flat.
NUM  4.
PAR  4. The dish of claim 2 further comprising a generally toriodal bead on the
      periphery of said top surface in combination with a circular disc retained
      on said bead and above said top surface.
NUM  5.
PAR  5. The dish of claim 4 wherein said bottom surface is substantially flat.
NUM  6.
PAR  6. The dish of claim 5 wherein said side surface is a frustrum of a cone.
NUM  7.
PAR  7. The dish of claim 1 wherein said bottom surface is substantially flat.
NUM  8.
PAR  8. The dish of claim 1 further comprising a generally toroidally bead on
      the periphery of said top surface in combination with a circular disc
      retained on said bead and above said top surface.
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PAL  An all plastic drum is provided comprising an elongated hollow body member
      having a circular top end, a circular bottom end, a plurality of flat
      sides extending between said top and bottom ends, and surfaces blending
      said flat sides and said top and bottom ends. A bottom end closure extends
      across the drum bottom end and a top closure extends across the drum top
      end. The top closure includes at least one recess extending diametrically
      across the drum. The recess defines a channel which passes beneath a
      bridge-like structure formed integral with the top closure and spanning
      the channel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to drums and in particular to an all plastic
      industrial drum.
PAR  Liquids and semi liquids are commonly transported and stored in drum-like
      containers. In recent years, the trend has been to form such containers of
      an outer shell of laminated layers of fibrous material and to provide the
      shell with an inner plastic liner. More recently, all plastic drums have
      been introduced. In the main, such all plastic drums, however, have
      generally been constructed as more or less replicas of conventional
      non-plastic drums. The conventional cylindrical drum configuration has
      many advantages and disadvantages. The principal advantage is that the
      drum may be rolled on its chimes to facilitate movement. This is a very
      important consideration when it is realized that such drums often have
      capacities as large as 55 gallons and thus are extremely heavy. The
      principal disadvantages of such drums are that they cannot be stacked on
      their sides directly above one another for storage or for discharge of the
      contents utilizing a spigot. Instead, side stacking requires that the
      drums be placed in a pyramid shaped configuration. For individual
      discharge, a frame is required to support the drum on its side.
PAR  Another problem of the conventional drum is that its cylindrical body does
      not lend to orientation of the container when placed in a shipping vehicle
      such as a trailer truck, van body railroad car, etc. Thus, as often as
      not, a label positioned on the drum may be blocked or hidden from view
      when the drum is set in an upright position.
PAR  Another problem of existing plastic drums or steel drums is that when they
      are moved from location to location, a fork lift truck is usually needed.
      With the conventional cylindrical drum, a clamp or pallet is required to
      enable the fork lift to get under the drum without damaging the drum.
PAR  In view of the above, it is the principal object of the present invention
      to provide an improved all plastic drum which overcomes each of the
      aforementioned shortcomings of the conventional, cylindrical drum while
      maintaining most of the advantages.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other beneficial objects and advantages are attained in
      accordance with the present invention by providing an all plastic drum
      comprising an elongated hollow body member having a circular top end, a
      circular bottom end, a plurality of flat sides extending between said top
      and bottom ends, and surfaces blending said flat sides and said top and
      bottom ends. A bottom end closure extends across the drum bottom end and a
      top closure extends across the drum top end. The top closure includes at
      least one recess extending diametrically across the drum. The recess
      defines a channel which passes beneath a bridge-like structure formed
      integral with the top closure and spanning the recess. The recess is
      sufficiently wide to receive a lift truck fork to permit lifting and
      moving of the drum.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of an improved drum in accordance with the
      present invention depicting the drum sides and top; and,
PAR  FIG. 2 is a perspective view similar to FIG. 1 depicting the drum sides and
      bottom.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to the drawings wherein a preferred embodiment of the
      present invention is illustrated in the several views. The present drum 10
      comprises a body member 12 having a top end 14 and bottom end 16. A top
      closure 18 extends across the drum top end and a bottom closure 20 extends
      across the drum bottom end. The body member and closures are each formed
      of a fusible plastic material such as polyethylene, polypropylene or the
      like and most conveniently the drum may be formed by a blow molding
      process.
PAR  In accordance with the present invention, body member 12 is provided with
      four flat sides 22 disposed at 90.degree. with respect to each other about
      the body member. The flat sides 22 are generally oval in plan view and
      rounded surfaces 24 blend adjacent flat sides into each other and surfaces
      26 blend the flat surfaces with the top and bottom ends. That is, the
      connection between the flat surfaces are curved in two planes as shown.
PAR  Referring to FIG. 2, it should be noted that the bottom closure 20 is
      recessed below bottom end 16 of the body member. It should also be noted
      that the interface 18 of the bottom closure and sidewalls describes a
      circle thereby permitting the drum to readily be rolled from one position
      to another when empty or even partially filled in the same manner that
      conventional drums are rolled. This is an important feature of the present
      drum.
PAR  Referring to FIG. 1, it can be seen that a recess 30 extends diametrically
      across the drum top closure from one flat side to the opposite side. A
      bridge-like structure 32 formed integral with the top closure extends
      transversely spanning across the channel defined by the recess. The recess
      is sufficiently wide to accommodate the fork 34 (shown in phantom) of a
      lift truck. In this connection, the recess is also sufficiently deep to
      permit the fork to pass beneath the bridge-like structure 32 as shown.
      That is, the bridge structure is spaced above the recess a sufficient
      distance to accommodate the fork. In this manner, a conventional lift
      truck fork can readily be used to move the container from one location to
      another by suspending the drum from the fork as shown. By adjusting the
      forks on the truck to the proper side-by-side spacing, a fork lift driver
      can easily pick up two of the drums at a time and transport them. A 55
      gallon drum of the type described, when filled with liquid, would weigh on
      the order of 500 pounds. Thus, when the drum is suspended and transported
      as described above, it is extremely stable. It should be noted that the
      recess 30 aligns with the centers of a pair of opposite flat surfaces 22
      (denoted by numeral 22a). By using these surfaces for labels, the
      container may be properly oriented so that the label is exposed when the
      containers are stored or transported.
PAR  In addition to the recess 30, a pair of downwardly extending cavities 36
      are provided in the drum top closure extending radially inwardly from the
      drum sides. The cavities 36 extend transverse to recess 30 and are
      generally aligned with the bridge-like structure 32. The cavities contain
      fitting 38 adapted to receive conventional pouring and venting necks to
      permit the contents of the drum to be removed. The cavities thus serve to
      protect the fittings during handling. The fittings extend to a height
      below the bridge-like structure and thus are protected against being
      damaged by the truck fork and in the event the drum should be dropped on
      its top end during handling.
PAR  In use, the drum may conveniently be rolled from one position to another
      about the circular interface 28 between the sides and bottom closure of
      the drum in the same manner that a conventional drum may be rolled. The
      drum can be placed on a side 22 to permit spigot removal of the drum
      contents without fear of the drum rolling. Also, a plurality of drums may
      be stacked on their sides with a side 22 of one drum resting on the
      corresponding flat of another drum. This permits more efficient stacking
      of drums than the pyramid configuration to which conventional drums are
      limited. Further, the drum may readily be lifted and moved using a
      conventional fork lift truck by permitting the fork to pass through recess
      30 beneath the bridge-like structure 32. Further, the bridge-like
      structure 32 provides a convenient means for tilting and rotating the drum
      by hand, particularly when empty.
PAR  Thus, in accordance with the above, the aforementioned objects are
      effectively attained.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. An industrial drum molded of resinous material comprising: an elongated
      hollow body member, said member having a circular top end, a circular
      bottom end, four flat sides spaced approximately 90.degree. apart formed
      integrally with and disposed about said body member extending between said
      top and bottom ends, rounded surfaces blending adjacent sides with each
      other, surfaces blending said flat sides and said drum bottom end, the
      blending surfaces are arcuate with the diameter of the curves of the
      transverse sections progressing from the ends to the drum center
      progressively increasing, means closing the bottom end of the drum, means
      closing the top end of the drum, walls defining a cavity aligned with one
      of the flat faces extending downwardly from the outer circular periphery
      of said top end, a neck fitting extending upwardly from said cavity to a
      height below that of the means closing the top end of the drum, the cavity
      extending over a minor sector of the circle defined by the periphery of
      the top end, the cavity walls surrounding said fitting except from a
      vertically downward direction and a direction laterally toward the aligned
      flat face, and being accessible laterally from only the direction of the
      aligned flat face and from a vertically downward direction.
NUM  2.
PAR  2. The drum in accordance with claim 1 wherein each of said flat sides
      comprises an oval in plan view.
NUM  3.
PAR  3. The invention in accordance with claim 1 further comprising a top end
      closure extending across said body member top end, a bottom end closure
      extending across said body member bottom end, and said drum body member
      and closures are integrally formed.
NUM  4.
PAR  4. The drum in accordance with claim 1 wherein said top end closure
      includes at least one recess extending radially inwardly and a bridge-like
      structure extending transverse to and spanning across said recess.
NUM  5.
PAR  5. The drum in accordance with claim 4, wherein said recess extends
      completely across said drum from one flat side to its opposite side.
NUM  6.
PAR  6. The drum in accordance with claim 5 wherein said bridge-like structure
      is aligned with the flat sides disposed between said one flat side and its
      opposite side.
NUM  7.
PAR  7. The drum in accordance with claim 6 wherein said recess is sufficiently
      wide and said bridge-like structure is spaced sufficiently high above the
      recess to accommodate a lift truck fork.
NUM  8.
PAR  8. The drum in accordance with claim 6 wherein the neck fitting extending
      upwardly from said cavity to a height below that of the bridge-like
      structure.
NUM  9.
PAR  9. The drum in accordance with claim 8 wherein said cavity is aligned with
      said bridge-like structure.
NUM  10.
PAR  10. An industrial drum molded of resinous material comprising: an elongated
      hollow body member, said member having a planar top end and a closed
      bottom end, said top end being closed and including at least one recess
      extending radially inwardly diametrically across said top end, a
      bridge-like structure forming a portion of said top end extending
      transverse to and spanning across said recess to cooperate with a fork
      lifting device in lifting said drum and serving as a handle for manually
      manipulating said drum and walls defining at least one cavity extending
      downwardly from the outer periphery of said top end, a neck fitting
      extending upwardly from said cavity to a height below that of the
      bridge-like structure, the cavity extending over a minor sector of the
      periphery of the top end, the cavity walls sufficiently surrounding said
      fitting and being substantially aligned with the bridge-like structure and
      defining means for preventing access to the fitting in a direction
      parallel to the recess.
NUM  11.
PAR  11. A drum in accordance with claim 10 wherein, said drum includes an
      elongated hollow body member, said member having a circular top end, a
      circular bottom end, a plurality of flat sides extending between said top
      and bottom ends, and surfaces blending said flat sides and said drum
      bottom.
NUM  12.
PAR  12. The invention in accordance with claim 11, wherein the blending
      surfaces being arcuate with the diameter of the curves of the transverse
      sections progressing from the ends to the drum center progressively
      increasing.
NUM  13.
PAR  13. The drum in accordance with claim 10, wherein said cavity is aligned
      with said bridge-like structure.
NUM  14.
PAR  14. A drum in accordance with claim 10, wherein said drum is molded of
      resinous material.
PATN
WKU  039400123
SRC  5
APN  5385016
APT  1
ART  241
APD  19750103
TTL  Splash guard for cups
ISD  19760224
NCL  3
ECL  1
EXA  Pollard; Steven M.
EXP  Lowrance; George E.
NDR  1
NFG  3
INVT
NAM  Addington; Bruce N.
STR  1402 Grant Ave.
CTY  Boise
STA  ID
ZIP  83706
CLAS
OCL  220 904
XCL  215100R
EDF  2
ICL  A47G 1922
FSC  220
FSS  90.4;90.2;90.6
FSC  215
FSS  100 R;100.5;101
UREF
PNO  535691
ISD  18950300
NAM  Frampton
OCL  220 90.2
UREF
PNO  2278586
ISD  19420400
NAM  Potter
OCL  220 90.4
UREF
PNO  3549044
ISD  19701200
NAM  Lerner
OCL  220 90.4
FREF
PNO  630,925
ISD  19491000
CNT  UK
OCL  220 90.4
LREP
FR2  Kraft; John W.
FR2  Kraft, II; Charles L.
ABST
PAL  The splash guard for cups comprises a pedestal having an openwork base and
      a pedestal issuing upstandingly from the base, and an openwork lattice
      which is fabricated of buoyant material and which is slidably mounted by a
      sleeve on the pedestal post.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to splash guards for cups.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A great number of anti-spill devices for drinking containers have been
      offered to remedy the notorious sloshing and spilling of liquids carried
      in glasses, cups and the like. Generally, these have comprised various
      constructions of vertically opened lattices which are fabricated of
      materials which float on the surface of the liquid. It has been found that
      the freely floating splash guard may be unstable during filling of the
      container, and may interfere with drinking. Accordingly, devices of the
      prior art have been modified to ride closely within the interior walls of
      the container. However, this results in limited success since many
      containers vary in size, both with respect to other containers and between
      various portions of the container itself. Thus, splash guards for drinking
      containers have had limited acceptance.
PAR  Accordingly, it is an object of the present invention to provide a splash
      guard for cups which, by a limited number of sizes, may accommodate a wide
      variety of container diameters and configurations.
PAR  It is a further object of this invention that the present splash guard be
      of simple, durable and hygienic construction.
PAR  These and other objects shall become apparent from the description
      following, it being understood that modifications may be made without
      affecting the teachings of the invention here set out.
PAC  SUMMARY OF THE INVENTION
PAR  The splash guard for cups comprises a pedestal having an openwork base and
      a pedestal issuing upstandingly from the base, and an openwork lattice
      which is fabricated of buoyant material and which is slidably mounted by a
      sleeve on the pedestal post.
PAR  A more thorough and comprehensive understanding may be had from the
      detailed description of the preferred embodiment when read in connection
      with the drawings forming a part of this specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top perspective view of the splash guard for cups of this
      invention.
PAR  FIG. 2 is a fragmentary cross-sectional view taken substantially along the
      lines 2--2 of the FIG. 1.
PAR  FIG. 3 is a cross-sectional view of the present splash guard as it would
      appear in a cup which is also in cross section in broken lines for
      illustrative purposes.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more particularly to the FIG. 1, the
      splash guard for cups of this invention is shown to advantage and
      generally identified by the numeral 10. The splash guard 10 comprises a
      pedestal 11 and a lattice 12.
PAR  The pedestal 11 comprises a horizontally disposed base 13 which is operable
      to rest on the bottom of a container such as a cup 14 shown in the FIG. 3.
      It is intended that the base 13 be an openwork to permit the greatest
      amount of liquid poured into the cup 14. The base 13 may comprise an
      openwork of a pair of vertically disposed, perpendicularly crossed strips
      13' secured in this juxtaposition by a rectangle of diagonal strips 13"
      fastened at terminal ends of the strips 13'. An upstanding post 15 issues
      upwardly from the inner section of the webs. It has been found to
      advantage to fabricate the pedestal 11 of a material which will remain
      submerged, rather than buoyant, in the fluid. It may also be of advantage
      to fabricate the base 14 with dimensions substantially the same as the
      interior dimension of the bottom of the cup to provide stability. The post
      15 may project above the uppermost edge of the cup 14 to provide a
      convenience point for grasping the guard 10. The lattice 12 comprises a
      multiplicity of perpendicularly intersecting, distally disposed strips 16.
      A sleeve 17 is disposed centrally in the lattice 12, and rides about the
      post 15. As shown more clearly in the FIG. 2, the sleeve 17 may be a
      hollow, cone-shaped member disposed with its narrower end upwardly with
      respect to the post 15. A pair of leaf-spring-like strips are disposed on
      the interior side of the sleeve 17 to loosely frictionally ride about the
      exterior of the sleeve 17. A perimeter ring 18, which may have
      substantially the same configuration and size as the interior dimension of
      the cup 14, is disposed about the perimeter of the lattice. The ring 18 is
      intended to be a hard polymeric member to facilitate movement of the
      lattice 12 along the walls of the cup 14.
PAR  As shown more clearly in the FIG. 3, in operation, when liquid is poured
      into the cup 14 having the splash guard 10, the lattice 12 being more
      buoyant than the fluid will tend to rise in the cup 14 along the post 15.
      As fluid is decanted from the cup 14, the lattice 12 will tend to fall
      along the post 15. The guard 10 may also be lifted by the pedestal 11.
PAR  Having thus described in detail a preferred apparatus which embodies the
      concepts and principles of the invention and which accomplishes the
      various objects, purposes and aims thereof, it is to be appreciated and
      will be apparent to those skilled in the art that many physical changes
      could be made in the apparatus without altering the inventive concepts and
      principles embodied therein. Hence, it is intended that the scope of the
      invention be limited only to the extent indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A splash guard for cups, comprising:
PA0  a pedestal having an outwardly, horizontally projecting base and on
      upstanding post issuing centrally from said base; and a vertically
      disposed openwork having a centrally disposed, vertically oriented sleeve
      operable to slide over said post, said sleeve being provided on its
      interior side with a pair of leaf-spring members which ride over the
      exterior of said post.
NUM  2.
PAR  2. The article of claim 1 wherein said openwork is provided with a
      perimeter cushion.
NUM  3.
PAR  3. The article of claim 1 wherein said base of said pedestal is an openwork
      construction of vertically disposed, cross strips.
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ABST
PAL  A plastic drum comprising a bottom portion, a generally cylindrical side
      wall extending upwardly from the bottom portion, and a top portion closing
      the upper end of the side wall. The top portion has an elongated channel
      formed therein which extends completely thereacross. A support means is
      secured to the top portion and extends over the channel. The channel is
      uninterrupted with protuberances to permit a tine means of a lifting
      apparatus to be inserted therein below the support means so that the
      lifting apparatus may transport the drum. A pair of pouring spouts are
      provided on opposite sides of the channel outwardly of the support means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a drum and more particularly to a plastic drum
      having means on the upper end thereof which enables the drum to be
      transported by a lifting apparatus.
PAR  Large drums such as those having fifty-five (55) gallon capacities are
      difficult to transport from one location to another. Slings, clamps, etc.
      have been provided in an effort to provide a means for some sort of
      transport mechanism to be attached thereto. To the best of applicant's
      knowledge, a drum has not been provided having means on the upper end
      thereof to permit the tine of a fork truck or the like to be inserted
      completely therethrough for purposes of transporting the drum.
PAR  Therefore, it is a principal object of the invention to provide a drum.
PAR  A further object of the invention is to provide a plastic drum.
PAR  A further object of the invention is to provide a plastic drum having a
      support means secured to the top portion thereof which extends over a
      channel formed in the top of the drum.
PAR  A further object of the invention is to provide a drum having a channel
      formed in the upper end thereof which extends completely thereacross
      without any protuberances.
PAR  A further object of the invention is to provide a plastic drum having a
      pair of pouring spouts adapted to receive conventional caps.
PAR  A further object of the invention is to provide a plastic drum which may be
      easily stacked.
PAR  A still further object of the invention is to provide a plastic drum which
      is easily transported.
PAR  A still further object of the invention is to provide a plastic drum which
      is economical of manufacture, durable in use and refined in appearance.
PAR  These and other objects will be apparent to those skilled in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a side view illustrating a lifting apparatus positioned relative
      to the drum of this invention;
PAR  FIG. 2 is a partial exploded perspective view of the drum of this
      invention;
PAR  FIG. 3 is a sectional view seen on lines 3 -- 3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken through the upper portion of the drum; and
PAR  FIG. 5 is a sectional view seen on lines 5 -- 5 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The numeral 10 refers generally to the drum of this invention while the
      numeral 12 refers to a conventional lifting apparatus such as a fork truck
      or the like having a tine means or member 14 extending from the forward
      end thereof. The tine means 14 is vertically movable in conventional
      fashion. Drum 10 is preferably constructed of a molded plastic material
      and comprises bottom portion 16, a generally cylindrical side wall 18 and
      top portion 20.
PAR  A channel or tunnel means 24 is formed in top portion 20 and extends
      completely thereacross. As seen in FIG. 2, channel means 24 is
      uninterrupted by protuberances such as pouring spouts or the like. Top
      portion 20 is also provided with channel members or recessed portions 26
      and 28 positioned on opposite sides of the channel means 24 and extending
      transversely outwardly therefrom. As seen in the drawings, the outer
      portions of the recessed portions 26 and 28 dwell in a plane below the
      inner portions thereof. As also seen in the drawings, the upper surfaces
      of channel members 26 and 28 dwell in a plane below the upper surface of
      top portion 20.
PAR  A plurality of fastening members 30 are molded in top portion 20 adjacent
      the inner ends of channel members 26 and 28 for receiving bolt members 32.
      Pouring spouts 34 and 36 are provided in the outer ends of channel members
      26 and 28 respectively and are adapted to threadably receive conventional
      closure caps. As seen in FIG. 4, the upper ends of pouring spouts 34 and
      36 dwell in a plane below the upper surface of top portion 20.
PAR  The support means in the form of a flat bar 38 is positioned in channel
      members 26 and 28 and extends across channel means 24. Bolts 32 extend
      downwardly through suitable openings formed in the opposite ends of the
      bar means and through suitable openings formed in channel members 26 and
      28 to permit the bolts 32 to be threadably secured to the fastening
      members 30. Bar 38 may be comprised of metal or plastic material. The
      upper surface of bar 38 dwells in approximately the same plane as the
      upper surface of top portion 20 as best illustrated in FIGS. 4 and 5 to
      facilitate stacking of the drums if desired.
PAR  When it is desired to transport the drum, it is simply necessary to
      maneuver the lifting apparatus 12 so that the tine means 14 extends
      through the channel means 24 beneath the bar 38. The fact that channel
      means 24 is free of any protuberances such as pouring spouts or the like
      permits the tine means to be extended completely through the channel means
      so that the drum will be properly supported thereon. Once the tine means
      14 has been extended through the channel means 24, the lifting apparatus
      12 is operated so that the drum 10 is conveyed to the desired location.
      The tine means 14 is easily removed from the channel means 24 at the
      desired location.
PAR  Thus it can be seen that a unique plastic drum has been provided which has
      means on the upper end thereof to facilitate its handling by a lifting
      apparatus such as a fork truck or the like. It can also be seen that the
      invention accomplishes at least all of its stated objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. A drum, comprising,
PA0  a bottom portion,
PA0  a side wall means extending upwardly from said bottom,
PA0  a top portion closing the upper ends of said side wall means and dwelling
      in a substantially horizontal plane,
PA0  first and second channel means formed in said top portion and intersecting
      each other at substantially right angles, said first channel means being
      deeper than said second channel means and extending completely across said
      top portion,
PA0  a support bar means secured to said top portion and positioned in said
      second channel means and extending over and through said first channel
      means,
PA0  said first channel means being uninterrupted with protuberances to permit a
      tine means of a lifting apparatus to be inserted therein below said
      support bar means.
NUM  2.
PAR  2. The drum of claim 1 wherein the drum is constructed of a plastic
      material.
NUM  3.
PAR  3. The drum of claim 1 wherein a pair of pouring spout means are provided
      on said top portion on opposite ends of said second channel means.
NUM  4.
PAR  4. The drum of claim 3 wherein said support bar means comprises a bar means
      secured to said top portion and having its opposite ends positioned
      inwardly of said pair of pouring spout means.
NUM  5.
PAR  5. The drum of claim 3 wherein said pouring spout means are threaded for
      receiving conventional closure caps.
NUM  6.
PAR  6. The drum of claim 1 wherein said top portion is comprised of a molded
      plastic material and wherein fastening means are provided in said top
      portion beneath said second channel for receiving bolt members extending
      through said bar means.
NUM  7.
PAR  7. The drum of claim 1 wherein said support bar means dwells in
      approximately the same plane as said top portion.
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ABST
PAL  The flow of containers along a first conveyor providing a supply of
      unfilled containers to a filling machine is interrupted, with containers
      from the first conveyor being transferred to a second conveyor which, in
      turn, supplies containers to a filling machine. Each time a container is
      delivered from the secondary conveyor into the filling machine an
      additional container is transferred from the first conveyor to the
      secondary conveyor. Timing of containers entering the secondary conveyor
      is controlled to avoid interference with dispensing apparatus placing
      containers into the filling machine.
BSUM
PAR  This invention relates to a method and apparatus for feeding containers. In
      one aspect it relates to a method and apparatus for feeding non-nestable
      containers.
PAR  Automated filling of a container with a product is ordinarily most
      efficiently accomplished by operating at the maximum reliable filling rate
      permitted by the nature of the product being placed into the containers,
      the design of the filling equipment, the capacity of the equipment
      carrying products and containers to or removing filled containers from the
      filling machine, and other similar limiting factors. In the packaging of
      many products, particularly those which are not detrimentally affected and
      may even be benefited by the most rapid possible handling, the ability of
      the filling machine and associated apparatus to accurately perform the
      necessary container handling steps is often the factor which limits the
      filling rate. Most liquid or semi-plastic materials, for example, are not
      damaged in any way by the most rapid possible container-filling
      techniques. Refrigerated products in particular are desirably packaged in
      the least possible amount of time in order to insure a minimum of product
      degradation due to possible temperature changes during the packaging
      process. In addition, the bulk production of many products, such as ice
      cream, is often accomplished utilizing equipment which requires the
      continuing removal of product to a packaging machine in order to prevent
      damage to the production equipment. It is therefore desirable to provide
      packaging equipment which is not only fast but also reliable in order to
      avoid waste during the packaging process. It is therefore necessary to
      provide a method and apparatus for feeding unfilled containers to a
      filling machine which will act reliably and rapidly. The necessity for
      such a reliable and accurate feeding apparatus is especially important in
      the handling of non-nestable containers.
PAR  Accordingly, an object of this invention is to provide a method and
      apparatus for feeding containers. A further object is to provide a method
      and apparatus for feeding non-nestable containers. An additional object of
      the invention is to provide a method and apparatus which minimizes
      interference by the container feeding process with a container dispensing
      mechanism.
PAR  In accordance with the invention a method and apparatus are provided
      whereby a supply of oriented containers is provided by a first conveyor
      means to a transfer station. Container release means located at the
      transfer station permits a container to pass the transfer station in
      response to a container advance signal. The container thus released by the
      container release means is accepted by a second conveyor which, in turn,
      delivers the container to a container dispensing station associated with a
      container filling machine. At the container dispensing station a container
      dispensing means positions each container in relationship with a conveyor
      means of the filling machine. A signal generating means associated with
      the container dispensing means delivers the container advance signal to
      the container release means in timed relationship with the operation of
      the container dispensing means. By releasing only one container from the
      first conveyor means each time a container is delivered to the filling
      machine by the container dispensing means, a predetermined backlog of
      containers is maintained in the second conveyor means. Vertical stacking
      of the backlog of containers within the second conveyor means above the
      container dispensing means is utilized to exert a force substantially
      equal to the weight of the backlogged containers on each container
      dispensed by the dispensing mechanism in order to insure positive
      displacement of the dispensed container into the conveyor of the filling
      machine. By timing the release of additional containers from the first
      conveyor means in synchronization with the release of a container from the
      dispensing means, the impact of each successive container entering the
      second conveyor means onto the backlog of containers already within the
      second conveyor means is timed to avoid interference with the efficient
      and reliable operation of the container dispensing means.
DRWD
PAR  Additional objects and advantages of the invention will be apparent from
      the following description of the drawing in which:
PAR  FIG. 1 is an elevational front view of a container feeding and filling
      apparatus;
PAR  FIG. 2 is a partial perspective view of the apparatus of FIG. 1;
PAR  FIG. 3 is a partial side elevational view of the apparatus of FIG. 1;
PAR  FIG. 4 is a sectional elevational view along plane 4--4 of FIG. 3;
PAR  FIG. 4A illustrates a different position of the apparatus of FIG. 4;
PAR  FIG. 5 is an exploded perspective view of a worm gear and worm gear
      lead-in;
PAR  FIG. 6 is a vertical sectional view of the container-dispensing mechanism;
      and
PAR  FIG. 7 is a schematic representation of the synchronized signal generating
      means of the invention.
DETD
PAR  Referring now to FIG. 1, a container-filling machine and its associated
      unfilled container feeding mechanism are illustrated in which a stack of
      non-nestable, substantially cylindrical containers 11 is supported by
      container-dispensing mechanism 12 and six vertical guide rods 13 over an
      endless conveyor 14. Each container 11 has a generally circular horizontal
      cross section and is provided with an annular rolled rim 10 (See FIG. 6)
      projecting outwardly and downwardly from the upper end or mouth thereof.
      As shown in FIG. 2, conveyor 14 comprises two parallel endless chains 15
      and 16 and a plurality of container-supporting members 17 carried by
      chains 15 and 16. Conveyor 14 is indexed in a stepwise manner by drive
      axle 18. During the dwell portion of each step or cycle, the dispensing
      mechanism 12 releases the lowermost container 11 from the stack and drops
      the released container into the opening 19 in the container-supporting
      member 17 which is positioned in the container-receiving station below the
      dispensing mechanism 12.
PAR  Filler valve 21 is actuated during the dwell portion of each cycle to
      introduce the material to be packaged into the container 11 positioned in
      the filling station of the conveyor. If desired, a container lift
      mechanism 22 can be employed to raise the container 11 to be filled so
      that the outlet end of filler valve 21 is inside the container and
      adjacent the bottom of the container before the filler valve 21 is
      actuated. Mechanism 22 can then gradually lower the container as it is
      being filled to provide uniform distribution of the product in the
      container.
PAR  Closures 23 are fed into chute 24, the lower end of which is positioned
      over conveyor 14, in such a manner that the leading edge of the lowermost
      closure is contacted by the leading edge of the rim of the container 11 as
      conveyor 14 indexes the container into the capping station. The forward
      motion of the container 11 draws the engaged enclosure 23 from chute 24,
      while the contact of the upper surface of the closure 23 with a horizontal
      plate 25 forces the closure 23 down onto the rim of the container 11. If
      desired, container marking mechanism 26 can be actuated during the dwell
      portion of each cycle to raise the container 11 and the associated closure
      23 into firm contact with plate 25 to firmly position the closure 23 on
      the container 11 and to apply indicia to the bottom of the container.
PAR  During the dwell portion of each cycle, lift mechanism 27 is actuated to
      raise the filled and capped container which is in the discharge station of
      conveyor 14 to a position above conveyor 14 and then discharge mechanism
      28 (FIG. 2) is actuated to move the elevated container laterally of
      conveyor 14 and onto an output chute 29.
PAR  FIG. 2 is a perspective view of the capping station and the discharge
      station of the filling machine as viewed from a position above, behind,
      and to the right of the filling machine of FIG. 1. FIG. 2 further
      illustrates the relationship among the chute 24 and horizontal plate 25 of
      the capping station, the discharge mechanism 28 and output chute 29 of the
      discharge station, and the two parallel endless chains 15 and 16 and the
      supporting members 17 of the conveyor 14.
PAR  The six guide rods 13 extending upwardly from the dispensing means 12 are
      maintained in the desired spatial relationship to each other by annular
      reinforcing rings 31. Together the guide rods 13 and reinforcing rings 31
      form a gravity operated conveyor or chute which extends substantially
      vertically from the dispensing mechanism 12 to accommodate a desired
      number of containers 11 stacked above the dispensing mechanism 12. The top
      of the thus formed chute can curve toward a horizontal direction an amount
      sufficient to permit acceptance by the chute of horizontally disposed
      containers 11 being discharged from the transfer station of overhead
      conveyor means 33, but does not curve enough to impede the gravity flow of
      containers released into the top portion of the chute.
PAR  The overhead conveyor 33 comprises a plurality of guide rods 34 positioned
      to permit a supply of unfilled containers 11 to roll on their sides from a
      container supply source (not shown) to a container transfer station. The
      containers 11 are all positioned on the conveyor 33 with the open top end
      of each container toward the viewer of FIG. 1. The container transfer
      station comprises a main frame 35 supporting subframe members 37 and 38.
      The main frame and subframe members support the guide rods 34 of the
      conveyor 33 as well as such additional guide rods 39 as may be desired for
      use in conjunction with the particular container release mechanism
      employed at the transfer station. The main frame 35 of the conveyor 33 can
      be supported by means of a support stand 41, a portion of which is
      illustrated in FIG. 1, or the conveyor 33 can be suspended overhead or
      otherwise supported and maintained in its desired position. While the
      illustrated embodiment of the conveyor 33 is gravity operated, any
      suitable conveying means can be utilized to maintain a ready supply of
      containers 11 at the container transfer station. Any source of containers
      11 which is able to provide an adequate supply of the containers to the
      transfer station of the conveyor 33 can be utilized in conjunction with
      the invention. In many cases the container supply source will be a
      container-forming machine which constructs each container 11 from
      paperboard, coated paperboard, thermoplastic, or other appropriate raw
      materials and deposits the finished container on the conveyor 33.
PAR  FIG. 3 illustrates, in a side elevation view, the relationship between the
      chute formed by guide rods 13 and annular reinforcing rings 31 and the
      transfer station of the conveyor 33. A container 11 is maintained at the
      transfer station by an escapement mechanism 44. Although any similar
      mechanism can be used, the preferred escapement mechanism illustrated
      comprises an arcuate metal plate, substantially matching the curved outer
      surface of each container 11, and a mounting member attached to the plate
      and adapted to accept a shaft about which the entire escapement mechanism
      can rotationally move. When the escapement mechanism 44 is operated to
      release a container 11, the container is received by the guide rods 33 and
      is carried by gravity into a position above the dispensing mechanism 12.
PAR  FIG. 4 illustrates a cross sectional view of the transfer station of
      conveyor 33 as seen along the section designated by line 4--4 in FIG. 3.
      The escapement mechanism 44 is pivotally mounted on a shaft 45, the shaft
      45 being supported at each end by the main frame 35. A double acting
      hydraulic or pneumatic cylinder 47 drives a piston rod 48 which is
      pivotally attached to a lever 49. The lever 49 is rigidly attached to the
      escapement mechanism 44 so that when the piston rod 48 is moved in a
      longitudinal direction, the lever 49 and escapement mechanism 44 rotate
      about the shaft 45. Application of hydraulic or pneumatic pressure through
      signal line 51 will cause the piston rod 48, lever 49, and escapement
      mechanism 44 to be placed in a first position as illustrated by FIG. 4.
      Application of a hydraulic or pneumatic signal through signal line 51 will
      cause the escapement mechanism to be placed in a second position as
      illustrated by FIG. 4A.
PAR  When the escapement 44 is in the first position, illustrated by FIG. 4, the
      first end 44a of the escapement 44 prevents any container 11 from exiting
      the transfer station. To insure that an unexpected disturbance or pressure
      will not cause a container 11 to jump over the first edge 44a of the
      escapement 44, the clearance between the first edge 44a of the escapement
      and one or more guide rods 39, supported by subframe members 37 and 38, is
      too small to permit the passage of a container 11. When the pressure in
      signal line 51 is released and pressure is applied to signal line 52, the
      escapement mechanism is moved to its second position illustrated by FIG.
      4A. In the second position, the container 11 which had been retained at
      the transfer station by the first edge 44a of the escapement mechanism 44
      is released and is permitted to enter the chute formed by the guide rods
      13. As the first edge 44a of the escapement 44 is lowered, the second edge
      44b of the escapement 44 raises to prevent the passage of any succeeding
      container 11. In order to prevent unwanted passage of a container 11 while
      the escapement 44 is in the second position, the clearance between the
      second edge 44b of the escapement 44 and one or more guide rods 39 is
      small enough to preclude passage of a container. When the pressure in
      signal line 52 is released and pressure is again applied to signal line
      51, the escapement 44 is returned to its first position and the container
      11 which has previously been impeded by the second edge 44b of the
      escapement 44 will roll into contact with the first edge 44a of the
      excapement 44.
PAR  Although the operation of the escapement mechanism is illustrated utilizing
      hydraulic or pneumatic actuating means, an electrically operated solenoid,
      a direct mechanical linkage, or any other similar mechanism can be
      employed to operate the escapement. The use of the described escapement
      mechanism permits precise control of the time at which each container 11
      enters the chute formed by guide rods 13 and enables the escapement
      mechanism to be synchronized with the dispensing mechanism 12, thereby
      advantageously improving the efficiency and accuracy of the dispensing
      mechanism operation.
PAR  The dispensing mechanism 12, as illustrated in FIG. 1, comprises a
      plurality of worm gears 61 each driven by a worm drive gear 62. The worm
      drive gears 62 are all driven by a single ring gear 63. The worm gears 62
      are positioned in a circular array which is coaxial with the chute formed
      by the guide rods 13 and with the containers 11 within the chute. The
      cylindrical axis of each worm gear 61 is parallel to the elongated,
      generally vertical, axis of the containers resting above the dispensing
      mechanism 12.
PAR  As illustrated in the exploded pictorial view of FIG. 5, each worm gear 61
      is in the form of a cylinder having a groove 65 in the cylindrical surface
      67 extending in a generally helical path from the top 66 of the worm gear
      61 to the bottom thereof. The vertical height between the opposite side
      walls of the groove 65 is greater than the vertical height of the rim 10
      of each container 11. The groove 65 can be enlarged at the upper end
      thereof to provide a shoulder portion 68 which is at least generally
      perpendicular to the axis of the cylindrical surface 67. Each of the worm
      gears 61 is positioned within the dispensing mechanism 12 to
      simultaneously receive in the groove 65 thereof the rim 10 of the
      lowermost container 11 in the chute formed by the guide rods 13 by
      permitting the rim 10 of the container 11 to drop onto the shoulder 68 of
      the worm gear 61. As all the worm gears 61 are simultaneously rotated by
      their associated drive gears 62 and the ring gear 63, the rim 10 of the
      container 11 is guided downward through the groove 65 of each worm gear 61
      until the container is released into the opening 19 of the conveyor plate
      17 which has been indexed by the conveyor 14 to a position below the
      dispensing mechanism 12.
PAR  In order to insure the proper alignment of the bottom of each container 11
      as it enters the dispensing mechanism 12, when the invention is used to
      feed non-nestable containers, each worm gear 61 can be equipped with a
      worm lead-in 71. The worm lead-in 71 is of a generally regular
      frusto-conical shape having a bottom surface adapted to mate with the top
      surface 66 of its associated worm gear 61. Each worm lead-in 71 has a
      generally flattened top 72 and a sloping side surface 73 adapted to guide
      the bottom of a container coming in contact therewith toward the perimeter
      of the worm lead-in 71 and, in conjunction with the worm lead-ins 71
      positioned above the other worm gears 61, to guide the container into the
      dispensing mechanism and avoid interruption of the flow of containers into
      the dispensing mechanism 12 which might be caused by the bottom of a
      container 11 becoming lodged against the flat top surface 66 of a worm
      gear 61. A cutout portion 74 in the worm lead-in 71 is matched to the
      portion of the top surface 66 of the worm gear 61 which defines the
      beginning of the groove 65. The angle formed by the inclined surface 73 of
      the worm lead-in 71 with an axis perpendicular to the top and bottom
      surfaces of the worm lead-in is preferably within the range of from about
      20.degree. to about 40.degree., more preferably about 30.degree.. This
      angle is illustrated as angle A in FIG. 6. The worm lead-ins 71,
      positioned atop the worm gears 61, in conjunction with the guide rods 13
      and guide shoes 77 (see FIG. 1) located between adjacent guide rods 13,
      combine to assure proper alignment of containers 11 entering the
      dispensing mechanism 12.
PAR  The operation of the dispensing mechanism 12 is further illustrated by FIG.
      6 which is a sectional elevation view cut through the center of two worm
      gears 61 located on opposite sides of the dispensing mechanism 12. Ring
      gear 63 is shown engaging worm drive gears 62 which in turn rotate their
      respective worm gears 61 and worm lead-ins 71 about fixed shafts 81. In
      FIG. 6 the rim of a container 11 has been engaged by the respective
      grooves 65 of the worm gears 61 and as the worm gears are rotated by the
      movement of ring gear 63, the bottom container 11 is being lowered toward
      an opening 19 (not shown) associated with the conveyor 14. When the worm
      gears have been additionally rotated approximately one-half revolution
      from the position illustrated, the rim 10 of the bottom container 11 will
      have reached the end of the groove 65 in each worm gear 61. In this
      position the bottom container 11 will be precisely positioned with
      relation to the opening 19 and the container 11 will be allowed to fall
      freely into the opening 19. When the bottom container 11 is released, the
      container above it which has previously been resting against the rim of
      the bottom container will fall into the dispensing mechanism 12, the rim
      10 will be engaged against surface 68 of the respective worm gears 61 and
      the second container, in turn, will be dropped into a succeeding opening
      19. The bottom of the container 11 is preferably started into the opening
      19 a short distance, from about 1/32 to about 5/32 inches for example,
      preferably about 3/32 inches, prior to the release of the container by the
      dispensing mechanism 12.
PAR  The invention is particularly well adapted for use with non-nestable
      containers, and non-nestable containers having relatively small rims. When
      using a non-nestable container in the filling machine described, the size
      of the openings 19 in the plate 17 of the conveyor 14 must be very close
      to the outside diameter of the containers 11. Because the openings 19 and
      the containers 11 are so nearly the same size and all containers cannot be
      expected to be perfectly round, the accurate and reliable positioning of
      each successive container by the dispensing mechanism 12 is extremely
      important. As can be readily seen from the drawing, particularly FIGS. 1
      and 6, each container 11 which is released from the dispensing mechanism
      12 will, at the time of its release, be bearing the weight of the
      containers positioned above it within the chute defined by guide rod 13.
      The moderate amount of force applied by a limited number of containers
      located in a stable position above the bottom container and resting upon
      the rim 10 of the bottom container is useful in inserting the container
      into its designated opening 19 surely and rapidly and in helping to guide
      the succeeding container into the dispensing mechanism 12. Too much weight
      bearing on a container entering the dispensing mechanism, however, can
      cause the rim 10 of the container to be distorted or damaged, can cause
      the dispensing mechanism to jam, or can even cause the container to be
      forced through the dispensing mechanism out of sequence when its rim 10 is
      no longer able to support the weight above it. Impact of an additional
      container on the stack above the dispensing mechanism occurring at the
      same time that a container rim is engaged by the dispensing mechanism can
      also cause damage to the rim 10. Likewise, a sudden increase in weight
      occurring at the precise moment that a container is released by the
      dispensing mechanism to drop into an opening 19 can cause a sudden
      alteration of the positioning of the container which had been accomplished
      by the worm gears 61, causing the container 11 to miss the opening 19 or
      to be improperly inserted into the opening 19.
PAR  In order to utilize the containers within the chute defined by guide rods
      13 and annular rings 31 to provide a desirable force on the container
      being handled by the dispensing mechanism 12, a predetermined number of
      unfilled containers 11 are maintained within the guide rods 13 and above
      the dispensing mechanism 12. Each time the dispensing mechanism 12
      releases a container 11 onto the conveyor 14, the escapement mechanism 44
      is actuated and another container 11 is released from the transfer station
      of the conveyor 33 into the chute defined by the guide rods 13. In order
      to avoid undesirable effects caused by the impact of the additional
      container 11 at the top of the stack of containers within the guide rods
      13, the actions of the dispensing mechanism 12 and the escapement
      mechanism 44 are synchronized to insure that the impact of the additional
      container will occur at a time other than the time at which the dispensing
      mechanism 12 is releasing a container 11 into an opening 19 of the
      conveyor 14 or engaging the next container to be released. The
      synchronization between the dispensing element 12 and the escapement
      mechanism 44 can be accomplished by direct mechanical linkage between the
      ring gear 63 of the dispensing mechanism and the escapement mechanism 44,
      can be the generation of an electric, hydraulic, or pneumatic signal
      delivered to the actuating means associated with the escapement mechanism
      44 in response to a predetermined position of the worm gears within the
      dispensing means 12, or can be any other similar means. In the preferred
      embodiment schematically illustrated in FIG. 7, a cam operated valve 81
      linked mechanically to the ring gear 63 provides a pneumatic signal to the
      double acting cylinder 47 immediately following the release of a container
      by the dispensing mechanism 12 so that an additional container 11 will be
      released by the escapement mechanism 44 and fall into position within the
      chute defined by guide rods 13 prior to the release of another container
      by the dispensing mechanism 12.
PAR  Referring now to FIG. 7 in detail, a preferred embodiment of the
      synchronizing mechanism of the invention is schematically illustrated. The
      worm drive gears 62, to which the worm gears 61 are attached, are driven
      by ring gear 63 which is in turn driven by a main drive gear 91 through
      reversing gear 92 and auxiliary drive gear 93. The main drive gear 91 is
      driven by a primary source of power, such as a motor 94, through a shaft
      95. A cam 101 is mechanically linked to the worm drive gears 62. In the
      embodiment illustrated the cam 101 is attached to the drive shaft 95. When
      the mechanical linkage between the cam 101 and the worm drive gear 62 is
      accomplished in this manner, the main drive gear 91 must be of the same
      effective size as the worm drive gear 62 so that one revolution of each
      worm drive gear 62 corresponds to one revolution of the drive shaft 95 and
      cam 101. A cam follower 102 is connected to a switch operating linkage 81
      associated with the cam operated switch 81. The cam operated switch 81 is
      shown schematically in cross section in order to illustrate its switching
      action. A spring 83 or other suitable means associated with the cam
      operated valve 81, mechanical linkage 82, or cam follower 102 maintains
      the cam follower 102 in contct with the cam 101. The cam operated valve 81
      is equipped with an inlet port 85, outlet ports 86 and 87, and exhaust
      ports 88 and 89. The inlet port 85 is connected to a suitable source of
      pneumatic power. The internal valve mechanism 106 is equipped with
      switching ducts 107, 108 and 109.
PAR  When the internal valve mechanism 106 is forced into the first position
      illustrated, compressing the spring 83, the inlet port 85 is connected
      through the switching duct 107 to the outlet port 86 which is in turn
      connected to signal line 51. In this first position the signal line 52 is
      connected through switching duct 108 to the exhaust port 88. In this first
      position the signal present through signal line 51 causes the escapement
      mechanism 44 to be placed into its first position illustrated by FIG. 4.
      When movement of the cam 101 permits the internal valve mechanism 106 to
      be forced by the compressed spring 83 into its second position (not
      illustrated), the inlet port 85 will be connected through internal
      switching duct 109 to the outlet port 87 which is in turn connected to
      signal line 52, and signal line 51 will be vented through outlet port 86,
      internal passage 108, and vent port 89. In this second position, with a
      signal applied through signal line 52 and with signal line 51 being
      vented, the escapement mechanism 44 will be placed in its second position
      as illustrated by FIG. 4A.
PAR  If, during the use of a particular size or weight of container 11, it is
      desirable to increase or decrease the number of containers stacked in
      position above the dispensing mechanism, adjustment of the synchronization
      between the dispensing mechanism and the escapement mechanism may be
      necessary to insure that the containers released by the escapement
      mechanism do not interfere with the reliable and efficient operation of
      the dispensing mechanism.
PAR  The method and apparatus described have been used successfully to feed
      coated paperboard containers into conveyor openings 19 having a total
      diameter of only 0.1 inch greater than the diameter of a perfectly round
      container 11 at the rate of 40 containers per minute, with a dwell time of
      approximately 0.9 seconds during which each container must be completely
      inserted into its respective conveyor opening, at an efficiency of nearly
      100 percent.
PAR  Although the invention has been described herein in conjunction with a
      preferred embodiment feeding non-nestable containers to a
      container-filling machine, it should be understood that the method and
      apparatus can be readily adapted for use in conjunction with nestable
      containers and for use with other specific machines, conveyors, or control
      systems. These and other reasonable variations and modifications are
      possible within the scope of the foregoing disclosure and the appended
      claims to the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for feeding unfilled containers comprising:
PA1  first conveyor means for providing a supply of containers having uniformly
      oriented open tops to a transfer station;
PA1  container release means located at said transfer station for permitting a
      container to pass said transfer station in response to receipt of a
      container advance signal by an actuation means operably connected to said
      container release means;
PA1  second conveyor means for accepting a container which has passed said
      transfer station and delivering said container to a container dispensing
      station;
PA1  container dispensing means located at said container dispensing station for
      orienting each container arriving at said container dispensing station and
      releasing each container; and
PA1  signal generating means for delivering said container advance signal to
      said container release actuation means in timed relationship with the
      operation of said container dispensing means.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 additionally comprising a third
      conveyor means for accepting each container released by said container
      dispensing means.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said container release
      means comprises an escapement means.
NUM  4.
PAR  4. Apparatus in accordance with claim 2 wherein said container dispensing
      means comprises a plurality of worm gear means adapted to engage an
      annular rim of each container arriving at said container dispensing
      station and to release the thus engaged container into an opening of said
      third conveyor means when said third conveyor means is in a preselected
      position and wherein said signal generating means comprises means for
      delivering said container advance signal to said container release
      actuation means in synchronization with the rotation of said worm gear
      means to generate said container advance signal when said worm gear means
      are in a preselected position.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein said second conveyor means
      comprises a gravity operated conduit extending substantially vertically
      from said container dispensing means for a distance at least equal to
      combined height of a preselected number of said unfilled containers and
      wherein said container release means, said actuation means, said signal
      generating means, and said second conveyor means are adapted to maintain
      said preselected number of said unfilled containers resting upon the
      container in contact with said container dispensing means at said
      container dispensing station.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 wherein said container release
      means comprises an escapement means.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein said second conveyor means
      comprises a gravity operated conduit extending substantially vertically
      from said container dispensing means for a distance at least equal to the
      combined height of a preselected number of said unfilled containers and
      wherein said container release means, said actuation means, said switch
      means, and said second conveyor means are adapted to maintain said
      preselected number of said unfilled containers resting upon a container
      located at said container dispensing station.
NUM  8.
PAR  8. Apparatus in accordance with claim 1 wherein said container dispensing
      means comprises a plurality of worm gear means adapted to engage an
      annular rim of each container arriving at said container dispensing
      station and to release the thus engaged container and wherein said signal
      generating means comprises means for delivering said container advance
      signal to said container release actuation means in synchronization with
      the rotation of said worm gear means to generate said container advance
      signal when said worm gear means are in a preselected position.
NUM  9.
PAR  9. A method of feeding unfilled containers comprising:
PA1  providing unfilled containers having uniformly oriented open tops to a
      transfer station;
PA1  releasing one container from said transfer station each time an actuation
      signal is generated;
PA1  conveying the containers released from said transfer station to a
      dispensing station;
PA1  releasing one container at a time from said dispensing station; and
PA1  generating an actuation signal in conjunction with the release of each
      container from said dispensing station.
NUM  10.
PAR  10. A method in accordance with claim 9 additionally comprising timing the
      generation of said actuation signal to prevent disturbance with the
      release of a container from said dispensing station by the release of a
      container from said transfer station.
NUM  11.
PAR  11. A method in accordance with claim 10 additionally comprising
      maintaining a preselected number of said unfilled containers being
      conveyed from said transfer station to said dispensing station in contact
      with and resting upon the unfilled container at said dispensing station
      during the release of the container from said dispensing station.
NUM  12.
PAR  12. A method in accordance with claim 9 additionally comprising maintaining
      a preselected number of said unfilled containers being conveyed from said
      transfer station to said dispensing station in contact with and resting
      upon the said unfilled container at said dispensing station during the
      release of the container from said dispensing station.
NUM  13.
PAR  13. A method in accordance with claim 9 wherein said unfilled containers
      comprise non-nestable, substantially cylindrical containers each having an
      annular rim around the top thereof and wherein said step of depositing one
      container at a time from said dispensing station comprises:
PA1  engaging the annular rim of a container arriving at said dispensing station
      with a plurality of worm gear means;
PA1  rotating said worm gear means to release the thus contacted container into
      said conveyor; and
PA1  receiving the annular rim of the succeeding container by said plurality of
      worm gear means.
NUM  14.
PAR  14. A method in accordance with claim 13 additionally comprising timing the
      generation of said actuation signal to prevent disturbance with the
      release of a container from said dispensing station by the release of a
      container from said transfer station.
NUM  15.
PAR  15. A method in accordance with claim 9 wherein said unfilled containers
      comprise non-nestable, substantially cylindrical containers each having an
      annular rim around the top thereof and wherein said step of depositing one
      container at a time from said dispensing station comprises:
PA1  engaging the annular rim of a container arriving at said dispensing station
      with a plurality of worm gear means;
PA1  rotating said worm gear means to release the thus contacted container onto
      said conveyor;
PA1  receiving the annular rim of the succeeding container by said plurality of
      worm gear means; and
PA1  wherein generating said actuation signal comprises operating a switch in
      synchronization with the rotation of said worm gear means to generate said
      actuation signal when said worm gear means are in a preselected position.
NUM  16.
PAR  16. A method in accordance with claim 15 additionally comprising
      maintaining a preselected number of said unfilled containers being
      conveyed from said transfer station to said dispensing station in contact
      with and resting upon the said unfilled container at said dispensing
      station during the release of the container from said dispensing station.
NUM  17.
PAR  17. A method in accordance with claim 15 additionally comprising timing the
      generation of said actuation signal to prevent disturbance with the
      release of a container from said dispensing station by the release of a
      container from said transfer container.
NUM  18.
PAR  18. A method of feeding unfilled containers, said method comprising:
PA1  providing unfilled, non-nestable, substantially cylindrical containers,
      each having an annular rim around the top thereof, to a transfer station;
PA1  releasing one container from said transfer station each time an actuation
      signal is generated;
PA1  conveying containers released from said transfer station to a dispensing
      station;
PA1  engaging the annular rim of a container arriving at said dispensing station
      with a plurality of worm gear means;
PA1  rotating said worm gear means to release the thus engaged container onto a
      conveyor;
PA1  receiving the annular rim of the succeeding container by said plurality of
      worm gear means;
PA1  maintaining a preselected number of said unfilled containers being conveyed
      from said transfer station to said dispensing station in contact with and
      resting upon the unfilled container at said dispensing station during the
      release of the container onto said conveyor; and
PA1  operating a switch in synchronization with the rotation of said worm gear
      means to generate said actuation signal when said worm gear means are in a
      preselected position, said preselected position being timed to prevent
      disturbance with the release of a container from said dispensing station
      by the release of a container from said transfer station.
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ABST
PAL  A refill device for a gas operated lighter, which refill device includes a
      gas container with an outlet valve; a separable cover fitted on the
      container over the valve; various separate compartments in the cover and
      each compartment containing a respective outlet valve adapter for
      different size and style inlet valves on different lighters; the adapter
      containing cover having a cap thereover rotatable with respect thereto and
      having an access aperture therethrough for access to each adapter in turn.
BSUM
PAR  This invention relates to refill devices for gas lighters.
PAR  Refill devices are already known which permit a given gas lighter to be
      refilled a predetermined number of times. A prerequisite of such devices
      is, however, that they should have an outlet valve compatible in shape and
      size with the inlet valve of the associated lighter. As a result, lighter
      manufacturers have to specify the refill devices suitable for their
      lighters, and the retail is unnecessarily complicated owing to the
      presence of a number of refill devices each specifically designed for
      certain types of lighter only.
PAR  It is an aim of this invention to provide a "universal" multi-refill
      device, i.e. a device capable of being used to refill different lighters,
      notwithstanding variations in the dimensions of their gas inlet valves.
PAR  According to the present invention, there is provided a refill device for
      use with different gas lighters irrespective of the dimensions of the gas
      inlet valves thereof, the device including a gas container provided with a
      gas outlet valve, and a cover fittable on the container and carrying a
      plurality of differently sized valve adaptors, each said adaptor being
      connectable to the outlet valve and a said inlet valve of given dimensions
      so as to establish leakfree flow communication therebetween.
PAR  The cover and the container are preferably detachably secured together by
      complementary fastening elements on the cover and the container,
      respectively, which elements are interengaged as a result of pressing the
      cover and the container towards each other.
PAR  Preferably, a cap is provided to overlie the cover.
PAR  The cover may be provided with fastening elements in the form of a
      plurality of arcuate depending legs respectively snap-fittable with
      respect to a complementary fastening element surrounding the outlet valve,
      said complementary element being a collar.
PAR  The periphery of the cover is preferably adapted to rest on the container
      which has a domed portion carrying the outlet valve.
PAR  Advantageously, the cap may be snap-fittable with respect to the cover.
PAR  In a preferred embodiment, the cap has a central portion with a plurality
      of depending flaps resiliently engageable with transverse flanges on said
      legs.
PAR  The cover may be provided with a plurality of compartments for readily
      removably housing individual adaptors.
PAR  Preferably, the cap is rotatable with respect to the cover and is provided
      with a through-going aperture so as to permit a selected adaptor to be
      uncovered and removed.
DRWD
PAR  The invention will now be described by way of example only, with reference
      to the preferred embodiment shown in the accompanying drawings, wherein:
PAR  FIG. 1 is a partially broken away perspective view of a refill device
      according to this invention;
PAR  FIGS. 2 and 3 show, on an enlarged scale, respectively, in bottom plan view
      and in transverse section, a cover forming part of the refill device shown
      in FIG. 1, and
PAR  FIGS. 4 and 5 show, also on an enlarged scale, respectively, in bottom plan
      view and in transverse section, a cap forming part of the refill device
      shown in FIG. 1.
PAR  FIG. 6 is a partially exploded perspective view of a refill device as shown
      in FIG. 1.
DETD
PAR  The multi-refill device includes a one-piece, hollow, cylindrical gas
      container 1 having a domed upper end (as viewed) terminating in a central
      gas outlet valve 2. The valve 2 has a central tube 13 and is surrounded by
      an annular collar.
PAR  An annular cover 3 of substantially inverted U-section is fittable over the
      domed end of the container. The cover 3 has a central portion formed with
      a number of, in this example, four depending, arcuate, resilient legs 6
      terminating in respective beads 7 for snap-fitting engagement with the
      collar, the collar and the legs thus providing complementary fastening
      elements detachably securing the cover to the container. The legs 6 have
      respective radically inwardly directed flanges 8. In addition, the base of
      the inverted U-shaped cover 3 is provided with a plurality of angularly
      spaced apart depending walls connected in pairs so as to form equi-spaced
      compartments 11. Each compartment 11 houses an adaptor or nozzle 5 in a
      readily removable manner. One end of each adaptor 5 is a good fit on the
      tube 13.
PAR  An annular cap 4 is snap-fittable over the cover 3. The periphery of the
      cap 4 can rest on an inwardly directed annular shoulder on the cover 3,
      while its central portion has depending flaps 10. In this example, there
      are four arcuate, resilient flaps 10 each terminating in respective beads
      9 adapted to snap over the flanges 8. The top surface (as viewed) of the
      cap 4 is formed with a peripheral, throughgoing aperture or window 12. The
      cap 4 is rotatable relative to the cover 3 to permit the window 12 to be
      brought into registry with any desired one of the adaptors 5.
PAR  The operation of the device is as follows. The cover 3 is provided with as
      many adaptors 5 as there are different lighter inlet valves on the market.
      Then, to refill any particular lighter, the appropriate adaptor 5 is
      selected, by trial-and-error or by markings on the cover 3. The cap 4 is
      then rotated so as to align the window 12 with the selected adaptor 5 to
      enable removal of the latter while retaining the non-selected adaptors 5
      in their compartments 11.
PAR  The cover 3 and the cap 4 are then removed together, the selected adaptor 5
      fitted onto the tube 13 of the valve 2, and the device is then ready for
      connection to the inlet valve of the lighter it is desired to refill.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A refill device for gas operated lighters comprising:
PA1  a gas container having an end; a gas outlet valve at said end of said
      container; a collar around said container near its said one end and spaced
      from said outlet valve;
PA1  a separate cover having an axis and fitted on said container over said end;
      said cover having a top side away from said container; said cover
      including a plurality of compartments, which are arrayed around said cover
      axis in positions that enable access into the tops of said compartments
      through said cover top side and through an aperture in a covering cap;
      each said compartment being for containing a different outlet valve
      adapter;
PA1  a plurality of outlet valve adapters; in each of at least some of said
      compartments is a respective said adapter; each said adapter being
      connectable to said outlet valve of said refill device and also to the
      inlet valve of a particular lighter;
PA1  said cover and said container being provided with respective complementary
      fastening elements, which said fastening elements are interengaged by
      pressing said cover and said container together;
PA1  said cover fastening elements comprise a plurality of resilient legs,
      arcuately curved around and arrayed around said cover axis; said legs
      being secured to and depending from said cover and extending toward said
      collar; said container fastening elements comprise said collar; said cover
      legs having lower end portions that are shaped to be snap fit onto said
      collar as said legs are deformed and resiliently snap return to shape upon
      motion toward one another of said container and said cover;
PA1  said cover legs having upper end portions; cover leg transverse flanges
      extending transversely of said cover axis and located at said cover leg
      upper end portions;
PA1  said cover top side having an opening therethrough at said cover legs for
      cap flaps to pass therethrough;
PA1  a separate cap overlying said cover; said cap having a central region from
      which depend a plurality of resilient depending flaps that extend through
      said cover opening and that are shaped to engage and be snap fit onto said
      cover leg transverse flanges as said flaps are deformed and resiliently
      snap return to shape upon motion toward one another of said cover and said
      cap; the connection of said cap flaps and said cover leg transverse
      flanges being such that said cap can be rotated with respect to said cover
      around said cover axis;
PA1  said cap being provided with a through aperture that is positioned in said
      cap so as to be alignable with said top of each said compartment in turn;
      said cap aperture being of a size sufficient to permit each said adapter
      to be drawn therethrough; said compartments being located around said
      cover axis such that rotation of said cap uncovers each said compartment
      in turn; said compartments being open topped at their said tops at said
      cover top side to communicate through said cap aperture with the exterior
      of said refill device.
NUM  2.
PAR  2. A refill device as claimed in claim 1, wherein said transverse flanges
      of said cover legs extend radially inwardly of said cover toward its said
      axis; said cap flaps being arcuately arrayed on a lesser diameter than and
      coaxial with said cover legs and said cap flaps extending down past said
      cover leg transverse flanges; said cap flaps including a first outwardly
      projecting bead, which engages said transverse flanges for snap securing
      said cap flaps beneath said transverse flanges as said flaps are deformed
      and resiliently snap return to shape upon moving of said cover and said
      cap together;
PA1  said cover leg lower end portions being shaped to define a second outwardly
      projecting bead; said container collar being positioned about said cover
      axis such that said collar presses said second bead and said cover legs
      inwardly as said cover and said container are pressed together, and when
      said second bead passes said collar, said cover legs snap fit against said
      collar.
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ABST
PAL  A vending apparatus for packaged articles includes a cabinet having a
      plurality of windows each having a delivery compartment aligned with a
      multi-package storage compartment. Motor driven feeder means disposed
      adjacent each storage compartment carries a variable number of divider
      elements to contain, advance and sequentially discharge single articles
      from the storage compartment to the delivery compartment. A plurality of
      switches sense and regulate the opening and closing of any one of the
      doors, the activation of the associated feeder means and the presence or
      absence of articles in the storage compartment while a shiftable gate
      assembly activated by operation of each door prevents access to articles
      within the storage compartment. By a modification the forwardmost article
      may be retained for display either in the front of the storage compartment
      or within the delivery compartment.
BSUM
PAR  This invention relates generally, to vending machines and more
      particularly, to an improved apparatus intended to offer for vending,
      packaged articles as contained within a plurality of compartments. The
      packaged articles may be of various sizes and each compartment includes an
      individual delivery door operable upon insertion of the proper coin(s) to
      initiate a switch-controlled feeder assembly permitting removal of the
      forwardmost packaged article behind the door and causing advancement of
      all articles contained within that storage compartment.
PAR  The feeder assembly as employed in the present invention is an advancement
      over prior known feeder devices of the helical type such as shown in the
      patents to Krakauer et al., U.S. Pat. No. 3,269,595 issued Aug. 30, 1966
      and U.S. Pat. No. 3,344,593 issued Oct. 3, 1967. A disadvantage of feeder
      assemblies according to these patents is that the size and shape of the
      packaged articles utilized therewith is significantly restricted since the
      package must be disposed between adjacent convolutions of a helical
      feeding member. By the present arrangement various sizes of packaged
      articles may be simultaneously stored, retained, advanced and sequentially
      discharged from a single compartment by means of a single feeder assembly.
      This is achieved without the need for any special tools or time consuming
      modification when stocking the vending apparatus with articles of varying
      dimensions.
PAR  Combined with the feeder assembly of the present invention are separate
      storage and delivery compartments forming an independent cell behind each
      one of the plurality of individual delivery doors and resulting in a
      minimum disturbance to each packaged article during operation of the
      apparatus. This feature is readily appreciated when considering that often
      the packaged articles may include commodities requiring delicate handling
      and which, if permitted to drop to a central discharge point in the lower
      portion of the apparatus, would become crushed or otherwise damaged prior
      to final receipt by the customer.
PAR  Accordingly, one of the primary objects of the present invention is to
      provide an improved vending apparatus including a plurality of
      storage-delivery cells each provided with an access door disposed adjacent
      longitudinally aligned delivery and storage compartments and having a
      motor driven feeder assembly for sequentially advancing single packaged
      articles from the storage compartment to the delivery compartment.
PAR  Another object of the present invention is to provide an improved vending
      apparatus including a storage compartment for packaged articles adapted to
      be sequentially retained and advanced by motor driven feeder means to an
      adjacent delivery compartment in response to a plurality of switch means
      responsive to the presence or absence of an article within the delivery
      compartment.
PAR  Still another object of the present invention is to provide an improved
      vending apparatus including longitudinally adjacent storage and delivery
      compartments having an access door, the actuation of which initiates
      switch means operating motor driven feeder means regulating the
      advancement and discharge of single packaged articles from the storage
      compartment to the delivery compartment.
PAR  With these and other objects in view which will more readily appear as the
      nature of the invention is better understood, the invention consists in
      the novel construction, combination and arrangement of parts hereinafter
      more fully described, illustrated and claimed.
DRWD
PAR  Preferred and practical embodiments of the invention are shown in the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of an article vending apparatus according to
      the present invention.
PAR  FIG. 2 is a fragmentary plan view, partly in section, illustrating one of
      the storage-delivery cells of the present invention.
PAR  FIG. 3 is a front elevation, partly in section, of the storage-delivery
      cell of FIG. 2.
PAR  FIG. 4 is a fragmentary side elevation, greatly enlarged, of the structure
      of FIG. 2.
PAR  FIG. 5 is a circuit diagram applicable to the switch means shown in FIGS.
      2-4.
PAR  FIG. 6 is a view similar to FIG. 4 and illustrates a modification thereof.
PAR  FIG. 7 is a circuit diagram applicable to the switch means as employed in
      the embodiment of FIG. 6.
PAR  FIG. 8 is a view similar to FIGS. 4 and 6 and illustrates a further
      modification thereof.
DETD
PAR  Similar reference characters designate corresponding parts throughout the
      several figures of the drawings.
PAR  Referring to the drawings, particularly FIG. 1, the present invention will
      be seen to comprise a vending apparatus, generally designated 1, and
      comprising a cabinet or housing 2 provided with a front-mounted service
      door 3 supporting the usual coin receiving slot 4 and appropriate coin
      return 5. The cabinet 2 may be suitably insulated (not shown) in order to
      accommodate packaged articles intended to be retained in either a heated
      or refrigerated condition as is well known in the art. Mounted upon the
      service door 3 are a plurality of vertically and horizontally aligned
      individual delivery or access doors or windows 6, each suitably attached
      to the door such as by the spring loaded hinge 7 (FIG. 4) which normally
      biases each door 6 to the closed position and which are manually
      displaceable about the hinged pivot by means of a suitable knob 8.
PAR  Located behind each door or window 6 and disposed fully within the confines
      of the cabinet 2 is a storage-delivery cell, generally designated 9, and
      which includes in the rear thereof an article storage compartment 10 and
      an article delivery compartment 11 disposed intermediate the forward edge
      12 of the storage compartment shelf 13 and the inner surface of the door
      or window 6.
PAR  For purposes of understanding the construction and operation of the present
      invention, the description herein of one of the cells 9 will be understood
      to apply to each one of the plurality of cells. Additionally, although
      individual drive or motor means are illustrated as provided for each cell
      it will be appreciated that a common drive member may be used together
      with appropriate power transmission means to selectively serve each of the
      cells.
PAR  The lateral limits of each storage-delivery cell 9 are defined by the
      parallel sidewalls 14 disposed normal to the coextensive rear wall 15. The
      vertical limits of each cell 9 are defined by the storage shelf 13 and the
      delivery shelf 16 with the latter pivotally mounted in a plane slightly
      below that of the storage shelf 13 and longitudinally spaced therefrom a
      nominal distance to provide a clearance 17 as shown in FIG. 2 between the
      forward edge 12 of the storage shelf 13 and the rear edge 18 of the
      delivery shelf 16.
PAR  Although the storage shelves 13 are illustrated as being disposed in a
      horizontal plane, it will be quite obvious that these shelves may be
      inclined downwardly from the rear wall 15 to the forward edge 12 should it
      be deemed desirable to increase the viewability of packaged articles A
      disposed within the storage compartment 10.
PAR  Means for advancing articles A located at any point within the depth of
      each storage compartment 10 to the forward edge 12 of its shelf 13 and
      subsequently into the delivery compartment 11 are provided in the form of
      a feeder assembly, generally designated 19 and which is shown in FIGS.
      2-4. In its broadest aspects, the feeder assembly 19 comprises an
      elongated element having a helical periphery such that upon rotation
      thereof the convolutions of the element forming the helix are sequentially
      advanced in order to concurrently advance a plurality of divider members
      20 extending into the storage compartment 10 whereby any packaged article
      A disposed in front of any one divider 20 is thus advanced a corresponding
      distance adjacent to the displacement of its adjacent divider member.
PAR  The feeder assembly 19 preferably comprises a longitudinal rod or shaft 21
      adapted to be driven in a rotary manner by suitable drive means such as
      the motor 22 disposed rearwardly of the rear wall 15 and which is
      regulated by means of a unique combination of switch means to be described
      hereinafter. The opposite end of the rod 21 extends forwardly beyond the
      storage shelf 13 and is suitably journaled within the front flange 23
      projecting inwardly from the adjacent sidewall 14 as shown most clearly in
      FIG. 2 of the drawings. The periphery of the rod 21 is provided with
      continuous helical flange 24 extending from a point adjacent the rear wall
      15 of the compartment to a point just past the vertical plane of the
      forward edge 12 of the storage shelf 13 and thus will be seen to provide a
      plurality of equi-spaced convolutions providing a corresponding number of
      equi-spaced clearances 25 between each adjacent pair of convolutions. It
      is these clearances which provide mating means for the removable
      attachment of one or more divider members 20 as shown in FIGS. 2-4 wherein
      it will be seen that each divider member includesa main body 26 adapted to
      be disposed above the plane of the storage shelf 13 and which is connected
      to a drive head 27 at one end thereof having a hook configuration and
      which is insertable between any two adjacent convolutions of the feeder
      assembly flange 24 with the slot 28 of the divider drive head straddling
      the feeder assembly rod 21.
PAR  The main body 26 of each divider member is retained in the horizontal
      position as shown in FIG. 3 of the drawings by means of an inclined
      divider support plate 29 which will be understood to be fixedly mounted
      adjacent the feeder assembly and provides an abutment for the outer or
      support edge 30 of the divider member drive head 27 such that the divider
      member is retained in the use position in a cantilever manner. With the
      foregoing structure in mind, it will be apparent that upon actuation of
      the drive motor 22 the feeder assembly 19 will be driven in a rotary
      manner to advance the convolutions as formed by the flange 24 thereof in a
      direction from the rear wall 15 of the cell 9 toward the forwardmost limit
      of the flange 24, carrying with it all of the divider members 20 supported
      thereby. Quite obviously other means may be used to retain the divider
      members in a horizontal manner while in the storage area such as a
      downwardly extending foot (not shown) on the body of each member which
      would rest upon the shelf 13.
PAR  The above advancement will continue until the drive motor 22 is
      de-activated or, the drive head 27 of any one divider member is advanced
      past the forward edge 31 of the inclined divider support plate 29, at
      which point it will be seen that the support edge 30 of the divider member
      will no longer engage any abutment means and the weight of the main body
      26 of the divider member will cause the divider member to pivot about the
      feeder assembly rod 21 from the horizontal position shown in full lines in
      FIG. 3 to the dotted line position thereof. As the divider members
      transition from the horizontal to the suspended position the main body 26
      thereof passes through the clearance 17 between the storage shelf 13 and
      delivery shelf 16 and eventually all dividers carried by any one feeder
      assembly will accumulate within the divider member storage area 32 as
      shown in FIGS. 2 and 4, whereupon when the storage-delivery cell 9 is
      empty of any packaged articles A and it is desired to restock the
      apparatus it is but a simple matter to retrieve all of the accumulated
      divider members 20 within the storage area 32 and to reattach them to the
      feeder assembly 19 in the properly spaced apart manner according to the
      dimensions of the packaged articles A loaded into the cell 9.
PAR  Interference between the packaged articles A and the feeder assembly 19 is
      prevented by the provision of a vertical wall serving to partially enclose
      the feeder assembly and shielding it from dirt and view of the customer.
      This wall comprises upper and lower sections 14a and 14b having their
      opposed edges spaced apart to provide clearance for the passage of the
      divider members 20 from the rear of the storage compartment 10 to the
      front thereof. by pivotally or removably mounting the upper section 14a,
      the attachment of the divider members to the feeder rod is facilitated.
PAR  In the embodiment as illustrated in FIGS. 2 and 4 the delivery shelf 16 is
      movably attached to the balance of the apparatus such as by the pivot pin
      33 and is normally maintained in a raised position by means of a spring
      loaded switch actuating finger 34 forming a part of the empty shelf sensor
      switch 35.
PAR  Each door or window 6 is retained in the locked position by means of a
      latch 36 carried thereby and extending into the confines of the cabinet 2
      to be retained by the bolt 37 projecting from the door latch solenoid 38.
      The disposition of the door 6 is identified at any time by means of a door
      closure sensor 39 having a switch actuating finger 40 adapted to be
      depressed when the door is in the closed and locked condition as shown in
      FIG. 4 of the drawings. Additional switch means in the form of a divider
      sensor 41 is carried by the inclined divider support plate 29 and includes
      a switch actuating finger 42 disposed adjacent the forward edge 31 of the
      inclined divider support plate in a manner to be engaged by the foot 43 of
      each divider member drive head 27 at that time when the main body 26 of
      the divider member is located immediately adjacent the forward edge or
      discharge point 12 of the storage shelf 13 as shown most clearly in FIGS.
      2 and 4 of the drawings.
PAR  The operation of the above described apparatus may now be considered. In
      the stocked condition it will be understood that a plurality of packaged
      articles A are located within each storage compartment 10 with a divider
      member 20 positioned immediately to the rear of each packaged article in
      addition to another divider member 20 immediately forward of the
      forwardmost packaged article situated within the storage compartment.
      Additionally, there is a packaged article resting upon the delivery shelf
      16 within the delivery compartment 11 and which will be readily viewable
      through the adjacent door or window 6.
PAR  Upon depositing the proper coin(s) in the slot 4 the customer is able to
      withdraw one door latch 36 against the action of its respective solenoid
      38 so that the door 6 may be opened against the spring loading of its
      hinge 7 to permit withdrawal of the packaged article A disposed
      immediately behind the door 6 upon the delivery shelf 16. This removal of
      the packaged article causes the delivery shelf 16 to become elevated by
      the spring loaded switch actuating finger 34, thereby closing the sensor
      switch 35. At this point the line circuit to the drive motor 22 is still
      open as the window or door 6 has not yet been closed and its sensor 39 is
      still in the opened condition. Upon closing of the door 6 and re-engaging
      latch 36 with the solenoid bolt 37 the door closure sensor 39 will be
      closed and this closure, coupled with the closure of the sensor switch 35
      as previously described, will be understood to complete the line circuit
      to the drive motor 22 as will be understood when considering the diagram
      of FIG. 5 of the drawings.
PAR  With the drive motor operating, the feeder assembly will rotate to
      concurrently advance all of the divider members 20 attached thereto and
      progressively simultaneously advance each packaged article located in
      front of a divider member. Initially, when the motor begins to operate it
      will follow that the forwardmost divider member heretofore located
      immediately adjacent the forward edge or discharge point 12 of the storage
      shelf 13 will be advanced a slight distance such that its foot 43 will
      release the switch actuating finger 42 of the divider sensor 41
      substantially at the same time as the support edge 30 of its drive head
      clears the forward edge 31 of the inclined divider support plate 29. Two
      actions occur when this happens. When the support edge 30 leaves its
      abutment with the inclined divider support plate the divider member 20
      will swing from its horizontal position to its suspended position, passing
      through the clearance 17 and into the divider member storage area 32 and
      at the same time, the switch actuating finger 42 is permitted to move into
      the extended position, thereby closing the divider sensor switch 41 so
      that at this stage the three switches 35, 39 and 41 are all closed.
      Continued operation of the drive motor 22 will cause the most forwardmost
      divider member to push the packaged article A immediately in front thereof
      until it clears the forward edge 12 of its supporting shelf 13 and falls
      upon the delivery shelf 16 of the delivery compartment 11, at which time
      the mass of the packaged article thereupon depresses the switch actuating
      finger 34 thereby opening the switch 35. The motor 22 continues to operate
      since the switch 41 is still closed, but when the forwardmost divider
      member which has just pushed the packaged article into the delivery
      compartment reaches a point adjacent the forward edge 12 of the shelf 13
      it will be seen that the foot 43 of this divider member will depress the
      switch actuating finger 42 of the switch 41 to open this switch and
      thereby break the one remaining line circuit to the drive motor and cease
      its operation. The condition of the three switches 35, 39 and 41 at this
      time will appear as shown in the wiring diagram of FIG. 5 of the drawings.
PAR  Switch means are included to prevent continued operation of the feeder
      assembly 19 following transfer of the last packaged article in any one
      cell 9 to the delivery compartment 11 thereof. This switch means comprises
      a divider empty sensor switch 44 located beneath the inclined divider
      support plate 29 and includes a switch actuating finger normally depressed
      by a feeler plate 45 likewise located beneath the inclined divider support
      plate 29. This feeler plate 45 includes a finger 46 projecting through a
      slot in the support plate 29 into the plane traveled by the support edges
      30 of the divider members carried by the feeder assembly 19 such that with
      the presence of at least one divider member 20 juxtaposed any portion of
      the feeler plate 46 it will be appreciated that the plate 45 is deflected
      into engagement with the switch actuating finger of the sensor switch 44
      thereby closing this switch; however, when the last divider member 20 in
      any one storage compartment 10 has been advanced forwardly past the
      leadingmost edge of the finger 46, this finger is then free to move away
      from the sensor switch 44 thereby opening the switch and breaking the
      circuit to the drive motor 22. Thus it will be apparent that the finger 46
      must be located far enough forward in the last article storage compartment
      10 to ensure that when the last article has been pushed off the storage
      shelf 13 and onto the delivery shelf 16 the switch 44 will be opened, and
      not before any such time.
PAR  Mechanical means must be provided to prevent passage of an operator's hand
      past the area of the delivery compartment 11 so that unauthorized removal
      of packaged articles from the storage compartment 10 may be precluded.
      This may be accomplished by any of various means such as by the gate
      assembly illustrated in FIG. 4 and generally designated 47, and which may
      comprise a link 48 fixedly attached to the cabinet or housing by means of
      a medially disposed pivot 49 and which includes a transversely disposed
      cross bar 50 extending substantially the width of the storage-delivery
      cell 9. When the door or window 6 is closed the gate assembly 47 appears
      as in FIG. 4 wherein it will be seen that unobstructed viewing of the
      contents of the cell is permissible inasmuch as the link 48 is disposed to
      one side of the cell and is carried by the adjacent sidewall 14 thereof
      while the crossbar 50 is in the elevated position well above the upper
      limits of any packaged articles contained therebehind, but as the door 6
      is opened the pin 51 projecting from a bracket 52 on the door traverses
      the cam slot 53 in the link 48 to lower the crossbar 50 to the dotted line
      position as shown in FIG. 3, thereby acting as a barrier to the remaining
      packaged articles therebehind.
PAR  In the embodiment illustrated in FIGS. 6 and 7 the article storage
      compartment and the feeder assembly 19 are identical to those as
      previously described herein. The significant difference in this embodiment
      is the elimination of a vertically displaceable delivery shelf by the
      substitution of a fixed delivery shelf 54. In this arrangement all of the
      packaged articles A on display within the cell 9 are normally retained in
      storage within the article storage compartment 12 and it is only after
      deposit of the proper coin(s) and actuation of a separate delivery
      actuation switch 55 that the feeder assembly 19 is activated and the
      forwardmost packaged article delivered to the fixed shelf 54 for
      subsequent retrieval by the customer. The same gate assembly 47 is
      employed to preclude unauthorized access to the packaged articles as
      disposed within the storage compartment 10 and from a review of the
      circuit diagram of FIG. 7 it will be apparent that the mere opening of any
      one of the doors 6 will be of no avail since the feeder assembly 19 cannot
      be actuated unless the proper coins have been deposited and after which
      time the delivery actuation switch 55 is depressed. The coin mechanism
      sensor switch 4a may be located in association with the coin slot 4 so
      that following deposit of the proper coin(s) and actuation of the desired
      delivery actuation switch 55 it will be seen that the line to the drive
      motor 22 will be completed and the feeder assembly 19 actuated. Depression
      of the delivery actuator switch 55 completes the above described circuitry
      long enough for the feeder assembly to advance the forwardmost divider
      member 20 past its engagement with the divider sensor switch 41 at which
      time this switch is closed and the motor continues to operate until such
      time as the next leading most divider member reaches the forward portion
      of the article storage compartment 10, engages the switch 41 and thereby
      breaks the circuit to halt operation of the drive motor 22. In this
      embodiment the door closure sensor switch 39 will be seen to be wired
      ahead of the bridge circuit (FIG. 7) and thus serves to ensure
      non-operation of the drive means whenever the door 6 is open.
PAR  In the further embodiment illustrated in FIG. 8, an alternative article
      access arrangemnt is shown which may be substituted for the access door 6
      and fixed delivery shelf 54 as shown in the embodiment of FIG. 6. It will
      be understood that the same feeder assembly 19 as well as switch and
      circuit construction, as shown in FIGS. 6 and 7 is utilized with the
      modification of FIG. 8. In this latter modification, the using customer
      gains access to the delivered packaged article A by means of a trap
      chamber 56, comprising an access door 6i a which in this case is attached
      to the cabinet or housing 2 by means of a spring-loaded hinge 7a disposed
      along the bottom edge of the door 6a. A suitable transversely disposed and
      fixed door-stop 57 provides an abutment to retain the door 6a in the
      closed position as shown by full lines in FIG. 8 of the drawings. When in
      this closed position it will be seen that the delivery shelf 16a, which is
      fixedly attached with respect to the door 6a, is disposed in a
      substantially horizontal plane similar to the delivery shelves 16 and 54
      previously described. The lateral limits of the trap chamber 56 are
      defined by a pair of pie-shaped sidewalls 58--58 each having an arcuate
      edge 59 joined respectively to the door 6a and delivery shelf 16a. The
      forward portion of one or both arcuate edges 59 will be seen to be
      modified justaposed the door 6a by a notch 60 having a rear-most ramp 61
      communicating with the arcuate edge 59 for purposes which will become
      apparent here-in-after.
PAR  The operation of the trap chamber 56 should be quite obvious following
      consideration of the foregoing description. Following deposit of proper
      coin(s) and operation of the selected delivery actuation switch 55
      associated with the delivery cell 9, the related feeder assembly 19
      operates to transfer the forwardmost packaged article A from the storage
      compartment 10 onto the upper surface of the delivery shelf 16a after
      which the customer opens the door 6a by means of a knob 8 to pivot the
      trap chamber 56 about the hinge point 7a to displace the trap chamber to
      the broken line position whereupon the article may be readily removed
      therefrom prior to the trap chamber returning to the closed position.
PAR  As in the previously described embodiments, an appropriate gate assembly
      47a is included to prevent customer access to packaged articles contained
      in the storage compartment 10 when the door 6a is opened. In this
      instance, the gate assembly 47a will be seen to comprise an arm 62
      pivotally mounted adjacent its forward portion as at 49a and which is
      normally urged upwardly to the full line position of FIG. 8 by means of
      the spring 63. Depending downwardly and forwardly from the forward portion
      of the arm 62 is a finger 64 adapted to alternately engage the arcuate
      edge 59 and notched portion 60 of at least one of the sidewalls 58. From a
      review of the alternate positions of the trap chamber 56 it will be
      observed that when the chamber is in the full line or closed position the
      finger 64 of the gate assembly will be disposed within the notch 60 thus
      permitting the arm 62 to be spring-urged to its upper-most position well
      clear of the through passage connecting the storage compartment 10 with
      the delivery compartment 11, yet when the packaged article A has been
      transmitted into the trap chamber 56 and the chamber subsequently
      displaced to the open, dotted line position of FIG. 8 it will be seen that
      the finger 64 of the gate assembly will be cammed upwardly by means of the
      ramp 61, thereby displacing the arm 62 downwardly to form a barrier
      between the delivery compartment and the storage compartment. Quite
      obviously the finger 64 of the gate assembly 47a may engage but one of the
      two sidewalls 58 or, alternatively, extend transversely across the entire
      delivery compartment to simultaneously engage similar notches 60 and
      arcuate edges 59 on both of the sidewalls 58. Likewise, it will be
      apparent that the arm 62 may either extend to entire transverse dimension
      of the delivery compartment to serve as the sole barrier structure there
      across or may merely comprise a single narrow member mounted adjacent one
      side of the delivery compartment as in FIGS. 4 and 6 of the drawings, in
      which case an appropriate cross bar 50 will be attached to the rear most
      edge of the arm 62, as in the case of the gate assembly 47.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article vending apparatus including, a cabinet having an interior
      storage compartment and an adjacent delivery compartment defining a
      storage/delivery cell, said storage compartment provided with a shelf
      having a forward discharge point and adapted to support a plurality of
      adjacent articles behind said point, said delivery compartment provided
      with a shelf, said cabinet including a movable door providing access to
      said delivery compartment, a movable gate assembly within said delivery
      compartment displaceable upon opening of said door to preclude customer
      access into said storage compartment, feeder means adjacent said storage
      compartment including means overlying said storage compartment shelf for
      engaging and advancing all articles within said storage compartment from
      the rear thereof to said discharge point and subsequently pushing same
      onto said delivery compartment shelf, displacing means for shifting said
      engaging means from a position overlying said storage compartment shelf to
      an alternate storage position, and said gate assembly including a
      pivotally mounted link to one side of said cell, a crossbar at one end of
      said link disposed in the rear of said delivery compartment, cam means at
      the other forwrad end of said link, and means carried by said door
      engageable with said cam means to raise said crossbar when said door is
      closed and lower said crossbar when said door is opened.
NUM  2.
PAR  2. An article vending apparatus according to claim 1 including, a plurality
      of said cells in said cabinet.
NUM  3.
PAR  3. An article vending apparatus including, a cabinet having an interior
      storage compartment and an immediately adjacent delivery compartment
      defining a storage delivery cell, said storage compartment provided with a
      shelf having a forward discharge point and adapted to support a plurality
      of adjacent articles behind said point, said delivery compartment provided
      with a shelf having a rear edge juxtaposed said storage compartment
      discharge point and spaced therefrom to provide a minimal clearance
      therebetween, said cabinet including a movable door immediately adjacent
      said delivery compartment and providing access thereto, feeder means
      adjacent said storage compartment including a plurality of means overlying
      said storage compartment shelf for individually engaging and advancing all
      articles within said storage compartment from the rear thereof to said
      discharge point and subsequently pushing same onto said delivery
      compartment shelf, displacing means for individually shifting said
      engaging means from a position overlying said storage compartment shelf to
      an alternate storage position juxtaposed one another and laterlly of said
      delivery compartment shelf, and switch-actuated circuit means having a
      door closure sensor operable upon opening and closing of said movable door
      and regulating the actuation of said feeder means to advance the
      forwardmost article on said storage compartment shelf onto said delivery
      compartment shelf.
NUM  4.
PAR  4. An article vending apparatus according to claim 3 wherein, said delivery
      compartment includes a movable gate assembly displaceable upon opening of
      said door to preclude customer access into said storage compartment.
NUM  5.
PAR  5. An article vending apparatus according to claim 1 including
      switch-actuated circuit means having a door closure sensor operable upon
      opening and closing of said movable door and regulating the actuation of
      said feeder means to advance the forwardmost article on said storage
      compartment shelf onto said delivery compartment shelf.
NUM  6.
PAR  6. An article vending apparatus according to claim 3 wherein, said feeder
      means includes a longitudinal rod extending from adjacent the rear of said
      storage compartment to adjacent said delivery compartment, said rod having
      a radially extending periphery defining a plurality of helical
      convolutions and intermediate helical clearances, said engaging means
      comprising divider members insertable transversely of said storage
      compartment and each having a drive head insertable within a selected one
      of said helical clearances and pivotable about said rod, said divider
      members each including a main body overlying said storage compartment
      shelf adjacent said drive head, means engaging said divider members when
      adjacent said storage compartment shelf to maintain said main body in
      overlying relationship thereto, and drive means including a
      switch-actuated circuit connected to said feeder means for rotating same
      and advancing said divider members and articles adjacent thereto from the
      rear of said storage compartment to said delivery compartment.
NUM  7.
PAR  7. An article vending apparatus according to claim 1 wherein, said delivery
      compartment shelf includes a rear edge juxtaposed said storage compartment
      discharge point and spaced therefrom to provide a minimal clearance
      therebetween.
NUM  8.
PAR  8. An article vending apparatus according to claim 3 wherein, said
      switch-actuated circuit means includes a sensor switch adjacent said
      delivery compartment shelf responsive to the presence or absence of an
      article thereupon, whereby the presence of an article on said delivery
      shelf opens said sensor switch to break a portion of said circuit.
NUM  9.
PAR  9. An article vending apparatus according to claim 1 wherein, said cells
      when viewed from the front of said cabinet are horizontally and vertically
      aligned.
NUM  10.
PAR  10. An article vending apparatus according to claim 3 including, a
      plurality of said cells in said cabinet.
NUM  11.
PAR  11. An article vending apparatus according to claim 6 wherein, said divider
      member engaging means includes a fixedly disposed support plate, and said
      divider member drive head is provided with a support edge juxtaposed said
      support plate.
NUM  12.
PAR  12. An article vending apparatus according to claim 6 wherein, said
      switch-actuated circuit means includes a product selection switch operable
      by a customer to close a portion of the circuit including said drive
      means.
NUM  13.
PAR  13. An article vending apparatus according to claim 8 wherein, said
      delivery shelf is pivotally mounted for movement from an elevated to a
      depressed position dependent upon the absence or presence of an article
      thereon, respectively.
NUM  14.
PAR  14. An article vending apparatus according to claim 8 including, an
      electrically actuated latch engaging said door and operable to unlock said
      door upon the insertion of proper coins in said apparatus.
NUM  15.
PAR  15. An article vending apparatus according to claim 11 wherein, said
      discharge point and the rear of said delivery compartment shelf are spaced
      apart to provide a minimal clearance therebetween, said support plate
      terminating in a forward edge adjacent said discharge point whereby, when
      any one of said divider member passes said discharge point said support
      edge clears said support plate and said drive head pivots about said rod
      as said main body swings downwardly through said minimal clearance.
NUM  16.
PAR  16. An article vending apparatus according to claim 11 wherein, said
      support plate includes a forward edge adjacent said discharge point, a
      feeler plate adjacent said support plate having a longitudinal finger
      engageable by passing drive heads carried by said feeder assembly, said
      switch actuated circuit means including a divider empty sensor switch
      actuated by said feeler plate in the presence of one said drive head to
      close a portion of said circuit, and the forwardmost edge of said finger
      terminating short of said discharge point whereby upon the advancement of
      the last one of said divider members past said finger said circuit is
      opened.
NUM  17.
PAR  17. An article vending apparatus according to claim 11 wherein, said
      convolutions terminate adjacent said discharge point and said rod extends
      forwardly therebeyond to define a divider member storage area wherein said
      downwardly disposed divider members accumulate after passing through said
      minimal clearance.
NUM  18.
PAR  18. An article vending apparatus according to claim 16 wherein, said switch
      actuated circuit means further includes a divider sensor switch disposed
      adjacent said support plate forward edge and engageable by said divided
      member drive head when said main body is adjacent said discharge point to
      open said circuit.
NUM  19.
PAR  19. An article vending apparatus including, a cabinet having an interior
      storage compartment and an adjacent delivery compartment defining a
      storage/delivery cell, said storage compartment provided with a shelf
      having a forward discharge point and adapted to support a plurality of
      adjacent articles behind said point, said delivery compartment provided
      with a shelf, said cabinet including a movable door providing access to
      said delivery compartment, feeder means adjacent said storage compartment
      including means overlying said shelf for engaging and advancing all
      articles within said storage compartment from the rear thereof to said
      discharge point and subsequently pushing same onto said delivery
      compartment shelf, displaying means for shifting said engaging means from
      a position overlying said storage compartment shelf to an alternate
      storage position, said delivery shelf and door connected to each other to
      provide a trap chamber, means pivotally attaching said trap chamber
      relative said cabinet to permit displacement thereof between alternate
      closed and open positions whereby, when said trap chamber is in said
      closed position said door is closed and said delivery shelf is disposed
      substantially horizontal adjacent said discharge point and when displaced
      to said open position said door is open and said delivery shelf is
      inclined upwardly from said pivotal attaching means.
NUM  20.
PAR  20. An article vending apparatus according to claim 19 including, a pair of
      sidewalls joining said door and delivery shelf and defining the lateral
      limits of said trap chamber, and a movable gate assembly displaceable upon
      opening of said door to preclude customer access through said trap chamber
      into said storage compartment.
NUM  21.
PAR  21. An article vending apparatus according to claim 20 wherein, said gate
      assembly includes a pivotally mounted arm overlying said delivery
      compartment, spring means normally urging said arm into a raised position
      above said delivery compartment, and means on said arm engageable by said
      sidewalls to displace said arm downwardly when said door is opened.
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ABST
PAL  The invention discloses an improved method and apparatus for separating the
      lowermost object from a firmly packed pile of bowl-shaped objects
      consisting of plastic film and having a bottom and a conical side wall and
      a brim projecting from the free edge of the side wall. Said pile is being
      supported at the brim of the lowermost object, the bottoms of the
      bowl-shaped objects facing downwardly. A suction means arranged for
      reciprocal movement is applied against the bottom of the lowermost object
      of the pile for pulling it off in a downward direction from the pile. Due
      to the suction effect of the suction means and the presence of an annular
      groove in the contact surface of the suction means, an annular downwardly
      directed bead is formed on the underside of the bottom of the lowermost
      bowl-shaped object in the area of the side wall at the same time as the
      brim of the lowermost object is being eased by the lifting up of said
      pile. The lowermost object of the pile is released from the pile and
      support means in a dispenser when the pile is lifted by means of the
      suction means. During the downward stroke of the suction means the
      lowermost object is pulled off from the pile.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a method of separating the lowermost
      object from a firmly packed pile of bowl-shaped objects consisting of a
      plastic film and having a bottom and a conical side wall and a brim
      projecting from the free edge of the side wall, when said pile is being
      supported at the brim of the lowermost objects, the bottoms of the
      bowl-shaped objects facing downwardly, by applying suction means against
      the bottom of the lowermost object of the pile for pulling it off in a
      downward direction from the pile.
PAR  When such bowl-shaped objects are of a very thin material, for instance
      plastic film having a thickness of 100 or 200 .mu. or even less, they are
      very difficult to separate one at a time from the pile, if they are so
      firmly packed that there is a minimum air gap or merely locally limited
      air bubbles between objects located adjacent each other in the pile. The
      problem exists for instance in connection with caps of thermoplastic film
      having a thickness less than 150 .mu., which are used for the sealing of
      cups for portion packing of milk, juice, etc., the caps being placed over
      the vessel and being thereafter caused to surround closely the orifice
      portion thereof by shrinking the side wall during heating thereof by means
      of hot air or in another way.
PAR  The invention provides an improved method of separating the lowermost
      object from a firmly packed pile of bowl-shaped objects; the objects
      consisting of plastic film and having a bottom and a conical sidewall and
      a brim projecting from the free edge of the side wall, said pile being
      supported at the brim of the lowermost object, the bottoms of the
      bowl-shaped objects facing downwardly; the objects being separated by
      applying a suction means against the bottom of the lowermost object of the
      pile for pulling it off in a downward direction from the pile; the
      improvement comprising the steps of forming an annular downwardly directed
      bead on the underside of the bottom of the lowermost bowl-shaped object in
      the area of the side wall by applying the suction means against the bottom
      of the lowermost object of the pile; simultaneously herewith lifting the
      pile at the bottom thereof so that the brim of the lowermost object is
      being eased; and pulling off the lowermost object from said pile by means
      of said suction means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order to elucidate it, the invention will be described in greater detail
      in the following with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a vertical sectional view of the lower part of an apparatus for
      dispensing caps of plastic film one at a time by putting the method
      according to the invention into effect prior to the application of the
      suction means against the pile.
PAR  FIG. 2 is a plan view of the suction means in the apparatus.
PAR  FIG. 3 is a plan view of a magazine forming part of the apparatus.
PAR  FIG. 4 is a fragmentary detail view on a larger scale of the apparatus in
      FIG. 1 at the very application of the suction means against the lowermost
      cap in the pile, prior to the suction force being exerted and
PAR  FIG. 5 is a detail view similar to FIG. 1, but during the exertion of the
      suction effect and a simultaneous lifting of the pile.
DETD
PAC  DETAILED DESCTIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus according to the invention consists of two main parts: a
      magazine and a suction means. The magazine comprises a ring 10 having a
      central cylindrical opening 11 permitting a pile of a number of firmly
      packed bowl-shaped caps 12 to pass through the ring and being controlled
      by the side walls of the opening. The said caps are made from a thin
      material, for instance thermoplastic film having a thickness of less than
      150 .mu. and comprising a normally plane bottom 13, a slightly conical
      side wall 14 and a brim 15 along the free edge of the side wall. The brim
      may also have a flap intended to serve as an opening tab and, if so, the
      cylindrical opening has a groove 16 fitting the flap to receive the cap
      flaps, therein, which should have the same direction in the pile. The pile
      may be higher than the ring, and vertical bars 17 extending upwardly from
      the ring are provided for controlling said pile above the ring.
PAR  Inside the ring six shoulders 18 are provided extending radially in the
      opening 11 to form abutments for the pile by supporting said pile at the
      brim of the lowermost cap of the pile. The said brim is not in itself
      sufficiently rigid to support the pile thereon, but, as will be easily
      realized, the rigidity required is obtained in that it rests in turn
      against the brims of the caps lying above in the pile.
PAR  The second principal part of the apparatus, the suction means, comprises a
      cylindrical suction plate 19 having a bowl-shaped cavity 20 on the top
      side, which has an outer slightly conical wall portion 21 of substantially
      the same conicity as the side wall of the caps, and an intermediate
      cylindrical wall portion 22 merging at a collar 23 into a cylindrical
      bottom portion 24 receiving a circular plate 25 having a chamfered edge 26
      on the top side projecting upwards over the collar 23. For the rest, the
      plate has a plane top side forming together with the suction plate 19 an
      annular groove at the bottom of the cavity 20, said groove being delimited
      by the cylindrical wall portion 22, the collar 23 (the bottom in the
      groove) and the chamfered edge 26. On its underside the plate 25 has four
      (or more) grooves 27, extending radially from a central cylindrical cavity
      28 on the underside of the plate 25, and the said grooves then continue
      with an axial portion 27' upwardly along the marginal surface of the plate
      and open into the chamfered edge 26. The plate is kept in place in the
      cavity of the suction plate by means of a screw 29 so that when necessary
      the plate can be removed for cleaning of the grooves 27, 27'. The suction
      plate is screwed onto a threaded pin 30 on a holding member 31 having a
      clamping screw 32, the suction plate being easily exchangeable for
      instance against a suction plate fitting caps of different diameters. In
      the holding member 31 and the pin 30 a duct 33 is provided for connecting
      the cavity 28 with a vacuum pump via a suitable valve, so that a suction
      effect can be established in the annular groove along the periphery of the
      plate 25 via the duct 33, the cavity 28, and the grooves 27, 27'. This
      connection may be provided by the means supporting the member 31 or by
      means of a separate hose connected to the duct 33. The suction means is
      controlled partly for movement up and down, towards and away from the
      lower end of the pile and partly for turning through 180.degree. during
      this movement. The control means, however, are not shown in greater detail
      in the drawings, since such means may be easily suggested by the person
      skilled in the art.
PAC  DETAILED DESCRIPTION OF THE PERFORMANCE OF THE METHOD
PAR  The method according to the invention is put into effect in the following
      way, using the apparatus shown and described, special reference being made
      to FIGS. 4 and 5.
PAR  It is presumed that the suction means has just been applied against the
      lowermost cap of the pile, as shown in FIG. 4. In this Figure an air gap
      between the bottom of the lowermost cap and the bottom of the lowermost
      cap but one is shown, but in reality this air gap is not so big as shown
      in the Figure, since we are dealing with a firmly packed pile of caps made
      of a thin plastic film and thus, it will probably not extend over the
      entire surface of the bottom either; instead, locally delimited air
      bubbles may occur between the bottoms located adjacent each other. The
      lowermost cap rests with its brim on the shoulders 18, and in FIG. 4 it
      has been shown with an interspace to the brim lying above but, in fact,
      the brims rest against each other, as previously mentioned, since the
      material of the caps is extremely thin. Immediately prior to or at the
      application of the suction means against the pile a pressure below
      atmospheric is applied in the annular groove provided along the periphery
      of the plate 25, said groove being generally designated 34 in FIGS. 4 and
      5, and while the suction means moves upwards an additional distance after
      the application against the lowermost cap of the pile, the pile will be
      lifted from the shoulders 18 and, consequently, the brim of the lowermost
      cap will be eased from the weight of the pile. Thus, under the influence
      of the pressure below atmospheric in the annular groove 34 the bottom of
      the lowermost cap can be sucked down into said ring groove and be caused
      by vacuum forming to adapt itself substantially to the shape thereof, as
      shown in FIG. 5, the side wall of said cap being put into sealing contact
      against the conical portion 21 of the sidewall of the cavity 20. While the
      circumferential bead is formed in response to the ring groove 34 on the
      underside of the bottom of the lowermost cap, said bead is filled with air
      flowing from the air gap or the air bubbles between the bottom of the
      lowermost cap and the bottom of the lowermost cap but one, which is a
      condition for the bead being formed at all. Part of the air between the
      bottoms may possibly be pressed out simultaneously between the side walls
      of the caps when the suction means is being urged against the pile with
      the plane top side of the plate 25 thereof during the lifting of said
      pile. Furthermore, during the forming of the bead on the underside of the
      bottom of the lowermost cap the brim of this cap, which, as mentioned, has
      been eased from the weight of the pile due to the lifting of the pile,
      will be easily drawn past the shoulders 18, the side wall of the lowermost
      cap being somewhat removed from the side wall of the lowermost cap but one
      due to the conicity, as shown in FIG. 5, an air gap forming simultaneously
      between the side walls.
PAR  In a top dead centre of its movement the suction means turns and starts
      moving downwards, the lowermost cap of the pile being held in a steady
      grip by the suction means due to the pressure below atmospheric exerted in
      the groove 34, so that said cap when the pile again rests on the shoulders
      although this time at the brim of the next cap, will be pulled off the
      pile, which takes place without any suction whatever between the lowermost
      cap and the rest of the pile, since air may flow in between the bottom of
      the lowermost cap and the bottom of the lowermost cap but one via the air
      gap formed between the side walls of these caps. The annular bead provided
      on the cap will be levelled out again when the suction effect of the
      suction means is caused to cease at the application of the cap on a cup or
      the like.
PAR  Through the method defined put into effect by means of the apparatus
      described it has proved possible to take the caps one by one from the
      lower end of the pile without any risk of failure in that no cap at all
      will be taken from the pile or in that two or more caps will be taken
      simultaneously. The removal of the caps one by one from the lower end of
      the pile takes place without any disturbing noise. Therefore, the
      invention is highly suitable for use at automatically operating packaging
      tracks.
PAR  The apparatus described is only one example of a suitable apparatus for
      putting the method according to the invention into effect and it should be
      noted that it can be worked by means of devices of other kinds within the
      scope of the general inventive idea defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of separating the lowermost object from a firmly packed pile
      of bowl-shaped objects; the objects consisting of plastic film and having
      a bottom and a conical sidewall and a brim projecting from the free edge
      of the side wall, said pile being supported at the brim of the lowermost
      object, the bottoms of the bowl-shaped objects facing downwardly; the
      objects being separated by applying a suction means against the bottom of
      the lowermost object of the pile for pulling it off in a downward
      direction from the pile; the improvement comprising the steps of forming
      an annular downwardly directed bead on the underside of the bottom of the
      lowermost bowl-shaped object in the area of the side wall by applying the
      suction means against the bottom of the lowermost object of the pile;
      simultaneously herewith lifting the pile at the bottom thereof so that the
      brim of the lowermost object is being eased; and pulling off the lowermost
      object from said pile by means of said suction means.
NUM  2.
PAR  2. In a method as claimed in claim 1, wherein the side wall of the
      lowermost bowl-shaped object is brought into sealing contact against an
      annular support surface on the suction means simultaneously as said
      suction means provides the annular bead.
NUM  3.
PAR  3. In an apparatus for dispensing bowl-shaped objects consisting of a
      plastic film and having a bottom and a conical side wall and a brim
      projecting from the free edge of the side wall, the objects being
      dispensed one by one from a firmly packed pile of such objects, the
      improvement comprising a support means for supporting the pile at the brim
      of the lowermost bowl-shaped object of the pile of reciprocable suction
      means which is applicable with a substantially plane support surface
      against the bottom of the lowermost object of the pile for lifting the
      pile from the support means and having an annular cavity provided around
      the support surface for vacuum forming of an annular downwardly-directed
      bead on the underside of the bottom of the lowermost object in the area of
      the side wall of said object.
NUM  4.
PAR  4. In an apparatus as claimed in claim 3, wherein the suction means
      comprises a support surface for the side wall of the lowermost bowl-shaped
      object having substantially the same conicity as the side wall.
NUM  5.
PAR  5. In an apparatus as claimed in claim 3, wherein the suction means is
      bowl-shaped having a cavity for receiving the bottom portion of the
      lowermost bowl-shaped object of the pile.
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ABST
PAL  A combined container and dispenser for liquids such as milk and the like
      comprises a reusable, rigid case having an open top, and containing a
      flexible plastic bag filled with liquid, the bag having a dispensing tube
      extending therefrom near one end of the case to enable dispensing of the
      liquid by gravity after the case is disposed on its one end in an
      appropriate dispenser. The case includes a pair of pivotally mounted
      brackets adapted to be pivoted or folded over the open top of the case
      into a closed position to retain the filled bag in the case during
      dispensing of the liquid. When the brackets are in their closed position,
      overlying the open top of the case, the dimensions of the case correspond
      to those of the standard disposable bulk milk box that fits within a
      standard bulk milk dispensing cabinet. When closed the brackets increase
      the width dimension of the case.
PARN
PAC  CROSS REFERENCE
PAR  This application is a continuation-in-part of application Ser. No. 291,952,
      filed Sept. 25, 1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved milk container and dispenser
      of the type wherein the milk is contained in a flexible bag supported
      within and protected by an outer rigid container.
PAR  The prior art contemplates essentially two different modes of transporting
      and dispensing multiple-gallon quantities of milk. In the conventional
      handling of bulk quantities of milk, a flexible plastic bag is disposed
      within a corrugated fiberboard or cardboard container or box and filled
      with milk. After filling, the flaps of the container are closed and sealed
      to enable shipping of the carton to its intended destination. The bag
      normally has a sealed dispensing tube which is drawn out of one end of the
      box through a suitable opening that is torn or cut in the end of the
      container.
PAR  The cardboard container mentioned above is normally rectangular in shape
      and has predetermined or standard dimensions which enable the container to
      fit on its said one end into a conventional refrigerated dispensing
      cabinet. A typical dispensing cabinet will have internal dimensions to
      accept one container or a plurality of containers arranged in a
      side-by-side relationship. To dispense the milk, the container is
      supported on the end having the drain tube, and the tube is withdrawn from
      the container and passed through a pinch valve to permit convenient
      dispensing of the milk. A container of this nature is described in Roak et
      al. U.S. Pat. No. 3,138,293.
PAR  The materials from which the aforesaid containers are constructed are
      considered to be disposable, and the entire container is discarded when
      the inner plastic bag has been depleted of milk. The one-time use of each
      carton obviously presents disposal and waste problems. Furthermore, the
      cost of the container must be added to the cost of the milk.
PAR  When transporting the milk-filled cardboard boxes above described, it has
      been customary to place one or more of them into a standard dairy case.
      This is a form of container having widespread use in the dairy industry.
      Such cases have an open top and are composed of rigid materials such as
      plastic, wood, wire or the like, so that they are reusable. The cases are
      generally used to transport a plurality of cartons or bottles of milk and
      other products from the dairy to the consumer. The cases are ultimately
      returned to the dairy for reuse, and the dairy has equipment, such as
      automated floor chain conveyors, to move or convey single or stacked cases
      from one location to another for cleaning the cases, refilling them with
      product and conveying the filled cases to a loading dock or truck.
PAR  Dairy transport cases have standard dimensions to insure interchangeability
      and uniform packing systems, and the dairy processing equipment is
      specifically designed to accommodate a case having a given transverse
      dimension or width. A case wider than standard would not fit in the
      processing equipment, and a narrower case would tend to jam the equipment
      and could not be processed successfully.
PAR  From the foregoing, it would be desirable to provide a reusable shipping
      and dispensing case that could be accommodated in a standard dispensing
      cabinet, as well as having the capability of being processed through
      existing dairy equipment. One proposal has been to substitute the standard
      dairy transport case for the standard cardboard container and thereby
      eliminate the need for the disposable cardboard case. This proposal,
      however, suffers the disadvantage that the dairy transport case is too
      wide for the standard refrigerated dispensing cabinet. The standard
      cardboard container is approximately 10 to 11 inches wide, whereas the
      standard dairy case is typically about 14 inches wide.
PAR  An alternate proposal, which is the converse of that described immediately
      above, is to provide a reusable case having a width that could be
      accommodated in a standard dispensing cabinet, i.e., a rigid reusable box
      much like the disposable cardboard box. Examples of such containers and
      related matter are shown in U.S. Pat. Nos. 3,212,681; 3,297,206;
      3,343,719; 3,371,824; and 3,435,990. Such proposal, however, suffers the
      disadvantage that the narrower width case could not be successfully
      processed through existing dairy conveying and cleaning equipment, and the
      modification of the equipment to accept both sizes is not practical or
      feasible.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a solution to the apparent dilemma described
      above by providing a reusable shipping and dispensing case which can be
      accommodated in the standard dispensing cabinet and yet be processed
      through existing dairy equipment. This result is made possible by
      providing a reusable case with movable elements which allow conversion of
      the dimensions of the case from one effective, rigid, unyielding width to
      another, whereby the case has the dual capacity of being accommodated in
      both of the aforesaid environments.
PAR  More particularly, a rigid open top case made of reusable materials is
      provided with a pair of movable brackets mounted on opposite sides of the
      case. When in a closed position, a portion of the brackets overlies the
      open top of the case and serves to retain a milkfilled bag within the case
      when the case is stood on its end in a dispensing cabinet. When moved to
      an open position, the brackets swing out and down and abut against the
      rigid side walls of the case so that they extend laterally outward from
      opposite sides of the case in a rigid, unyielding fashion, thereby to
      augment and increase the solid dimensional width of the case at each side.
      The combined lateral dimensions of the brackets in their open position
      correspond to the difference in width between the standard, relatively
      narrow cardboard bulk milk box and the wider standard dairy transport
      case.
PAR  The prior art discloses various containers having movable or swingable
      handles, such for example as U.S. Pat. Nos. 3,659,743; 2,244,841;
      3,279,641; 2,395,542; 2,550,804; and French Pat. No. 1,252,816. In some of
      these disclosures, the handles serve in their closed position to retain
      goods in the containers and/or to facilitate stacking of containers.
      However, the handles serve no function whatever in their open position.
      Thus, the contribution of such prior art falls far short of the present
      invention since they contain no teaching whatever of the essential
      concept, i.e., a container having convertible rigid width dimensions
      facilitating adaptation thereof to two seemingly inconsistent
      environments. The prior art did not recognize the problems presented
      herein or the solution provided by the present invention.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view of the preferred embodiment of the liquid
      container and dispenser of the present invention, illustrating one bracket
      in closed position and the other in open position;
PAR  FIG. 2 is a bottom view of the container shown in FIG. 1 except that both
      brackets are shown in open position;
PAR  FIG. 3 is an end view of a plurality of the FIG. 1 containers arranged in a
      stacked relationship; and
PAR  FIG. 4 is a perspective view of a refrigerated bulk milk dispenser with the
      doors removed and having two of the containers of FIG. 1 inserted therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in the drawings, a major component of the novel milk
      container and dispenser is a rectangular open top rigid container or case
      10, preferably of construction similar to a dairy case composed of smooth
      or finished material, such as plastic or the like, whereby the case
      provides a rigid, fully protective container for the flexible bag filled
      with milk and is reusable. The case 10 preferably has elongated openings
      12 in opposite ends thereof near the open top which serve as hand holds.
      Although a smooth material is preferred, the box may be constructed from
      any other suitable permanent material, such as wood, metal, wire and the
      like, and, if necessary, the interior surfaces of the case may be covered
      with a paper liner before insertion of the plastic bag.
PAR  The case itself is of a size corresponding to a standard bulk milk
      dispensing box, so that it will be accommodated in a standard size milk
      dispensing cabinet. Thus, the width of the case, measured transversely
      between the sides thereof, is about 10 to 11 inches, which corresponds to
      the width of a standard corrugated or cardboard dispensing carton, whereas
      the corresponding dimension of a standard dairy case is about 13 to 14
      inches.
PAR  An impervious flexible plastic bag 16 is employed as a container for the
      liquid, such as milk, to be transported and dispensed. The bag 16 is sized
      so that when it is filled with liquid it will fit within and substantially
      fill the case 10, with the top of the filled bag being substantially flush
      with the hand holds 12. As shown in FIGS. 1 and 4, a single opening is
      provided in the bag, to which is secured a fitting having a sealed tube 20
      extending outwardly therefrom.
PAR  When the plastic bag 16 is placed in the case 10, the tube 20 is positioned
      within the interior of the case closely adjacent one of the hand holds 12,
      so that the tube 20 may be later conveniently withdrawn through the hand
      hole 12 and prepared for dispensing.
PAR  As shown in FIGS. 1 and 3, each case 10 is equipped with an opposed pair of
      movable brackets 22 and 23, each bracket comprising a pair of spaced legs
      24 and 26 connected at one end by an intermediate longitudinal member 28,
      the other end of said legs being pivotally mounted in the ends of the case
      near opposite side edges. The legs 24 and 26 are of an overall length
      equal approximately to one-half the height of the case, whereas the
      longitudinal member 28 is slightly longer than the length of the case. The
      brackets are preferably composed of heavy metal wire or rod which is bent
      to the desired shape, although other materials can be employed.
PAR  The brackets 22 and 23 are positioned and mounted so as to project from the
      sides of the case when in an open position (see bracket 23 in FIG. 1), and
      to cover or closely overlie a longitudinal portion of the open top of the
      case when in a closed position (see bracket 22 in FIG. 1). When in an open
      position, portions of the brackets abut lower edge portions of the case in
      such manner that the legs 24 and 26 and longitudinal member 28 are held in
      a substantially noncompressible, rigid spaced relationship laterally
      outward from the bottom edge portions of the side walls of the case. In
      such open position, the brackets are supported from the case in a rigid or
      substantially unyielding fashion and provide what is in effect an
      extension or skeletal adjunct to the sides of the case, particularly along
      the bottom edge.
PAR  In the particular embodiment shown, the bracket legs 24 and 26 are
      pivotally mounted in the sides of the case along a longitudinal axis and,
      when in an open position, are shaped to define a vertical portion, such as
      25, spaced from the vertical corner of the case. The vertical portion 25
      terminates in a vertical loop or projection 27, which extends inwardly and
      fits within a recess 29 at the bottom corner of the end of the case and
      abuts the end of the recess. The loop 27 merges into the longitudinal
      portion 28 of the bracket, which portion has one or more intermediate
      undulations or indentations 30. When in an open position, the indentation
      30 engages or abuts against the lower longitudinal edge of the case and
      may engage over a downwardly facing lug 32 in the case in order to hold
      the bracket firmly in an open position.
PAR  As mentioned previously, the brackets in an open position provide a solid
      adjunct to the width of the case, particularly at or near the bottom. The
      conventional dairy conveyor has fixed sidewalls about 4 inches high. The
      brackets 22 and 23 in an open position are near enough to the bottom of
      the case so as to be lower than the top edge of the side walls when riding
      on the conveyor belt. The lateral dimension of projection of each bracket
      from the side of the case is preferably in the order of 11/4 inches, such
      that the total width increase with both brackets open will be
      approximately 21/2 inches. The overall effective width of the box with
      brackets in an open position is designed to correspond to a standard width
      dimension of a conventional dairy case. This enables the open case to be
      processed by conventional dairy equipment, such as floor chain conveyors,
      automatic stackers and unstackers, and washers, since much of this
      equipment either grips a case having a standard width by its sides or
      otherwise is operable solely on a case having a standard transverse
      dimension.
PAR  It is important that the adjunctive width increase provided by the brackets
      be firm and substantially unyielding and noncompressible, and hence the
      projecting portions of the brackets when in open position are supported by
      other portions which abut the case in the area of extension. If the
      brackets were easily compressible toward the body of the case or otherwise
      easily movable, they would not provide proper handling qualities in the
      environment of conventional dairy equipment.
PAR  When the brackets 22-23 are in a closed position, as shown in FIGS. 1, 3
      and 4, the longitudinal portions 28 overlie the open top of the case 10
      and serve to retain the filled bag 16 therein. In such position, the
      bracket legs 24 and 26 overlie the ends of the case, and no portion of the
      brackets extend from the sides. A pair of lugs 34 may be provided in the
      external end surfaces of the case to engage the legs 24 and 26 and retain
      or lock them in a closed position. When the brackets are in a closed
      position, the width of the case is defined by its normal width dimension,
      which corresponds to the previously described standard size cardboard
      carton and fits into a standard refrigerated cabinet, shown generally at
      36 in FIG. 4. Also, the loops 27 are located at the upper end corners of
      the case and provide protection for the case during shipping and handling.
PAR  Whether the brackets are in open or closed position, the cases may be
      stacked vertically as shown in FIG. 3, and are provided with interlocking
      projections to facilitate retention and stability of a stack of cases. In
      particular, as shown in FIG. 1, each case is provided at the top edge
      thereof with raised corner portions 37 and recessed end and side wall
      portions 38. In complementary fashion, as shown in FIG. 2, each case is
      provided on the bottom thereof with a generally peripheral rib 37a which
      is spaced inwardly from the end walls and corners of the case so as to fit
      within the raised corner portions 37 at the top edge of the case below it
      in the stack. At the sides of the case, the rib 37 is substantially flush
      with the side walls so as to fit within and rest upon the recessed
      portions 38 in the side walls of the underlying case. Thus, an upper case
      in the stack rests on and is supported by the raised corners 37 and the
      top edges 38 of the side walls of the case below it, and the rib 37a of
      the upper case interfits with the four corners 37 of the lower case to
      maintain the cases in vertical alignment in the stacked relationship.
PAR  The end walls of the cases are recessed at their top edges for reception of
      the longitudinal portions 28 of the brackets 22 and 23 in their closed
      positions, whereby the brackets are spaced below or are substantially
      flush with the top edges of the corners 37 so as to accommodate the
      above-described internesting of two cases. To avoid interference, the rib
      37a is cut away or interrupted at 28a for reception or passage of the
      bracket parts 28 in the closed positions of the brackets. Also, the rib is
      indented at 30a for reception of and to provide abutment surfaces for the
      indentations 30 on the two brackets in the open positions of the brackets,
      whereby the brackets again do not interfere with nesting of cases in the
      vertical stack.
PAR  Thus, the cases may be stacked and interlocked in stable relationship with
      the brackets in their open or their closed positions.
PAR  In use in a dairy, the brackets 22 and 23 of empty cases are opened, which
      increases the effective width of the case to enable processing through
      standard washing and handling equipment. For example, as shown in FIG. 3,
      the cases may be stacked vertically by conventional stacking equipment and
      conveyed on a standard floor chain conveyor, whereas narrower cases would
      tend to jam in such equipment and cause toppling of the stack.
PAR  A plastic bag 16 is inserted either before or after filling and with or
      without a separate paper liner, into each case. The drain tube 20 from the
      bag 16 is positioned adjacent one end of the top of the case near one of
      the hand holes 12 to allow later access to the tube. Throughout processing
      in the dairy and in some cases, during shipment, the brackets 22-23 are
      retained in their open position so that the cases will conform to and be
      handled by the conventional processing equipment in the same manner as an
      ordinary dairy shipping case. Upon delivery to a consumer, the brackets
      are swung up or pivoted to their closed position to serve as retainers for
      the bag and to permit the case to be stood on end as shown in FIG. 4.
PAR  After the filled case has reached the consumer, it is installed in a
      standard refrigerated enclosure 36 (FIG. 4) by resting the end at which
      the tube is located at the bottom of the refrigerator with the open top
      facing outwardly. Either prior to or after installation in the
      refrigerator, the tube 20 is removed through the hand hole 12 and is led
      through the conventional valve mechanism 39 located externally of the
      refrigerator cabinet.
PAR  Although not shown in FIG. 4, the refrigerator 36 has one or two doors
      which are closed and an opening is provided in the bottom of the
      refrigerator to accommodate the tube 16 when the door is closed. The
      liquid in the container may then be dispensed by cutting off the sealed
      end of the tube. After the container has been depleted, the brackets may
      be opened and the interior contents may be discarded, thereby allowing the
      empty case to be returned to the supplier and reused.
CLMS
STM  I claim:
NUM  1.
PAR  1. A container comprising an open top case composed of substantially rigid
      and reusable materials, and a pair of rigid brackets movably mounted on
      said case, said brackets being moveable between a closed position
      overlying the open top of the case and an open position wherein the
      brackets abut the sides of the case near the bottom thereof and project
      laterally outward therefrom, said brackets when in open position having a
      significant lateral dimension and increasing the effective rigid width
      dimension of the case at the bottom.
NUM  2.
PAR  2. The container of claim 1 wherein means are provided for locking said
      brackets in said closed position.
NUM  3.
PAR  3. The container of claim 1 wherein means are provided for locking said
      brackets in said open position.
NUM  4.
PAR  4. The container of claim 1 wherein a liquid filled plastic bag is provided
      within said case, and a drain tube is provided on said bag.
NUM  5.
PAR  5. The container of claim 4 wherein hand hold openings are provided at the
      ends of the case near the top edge thereof, and said drain tube is located
      adjacent one of said openings.
NUM  6.
PAR  6. The container of claim 1 wherein said brackets are pivotally mounted
      between the ends of the case about a longitudinal axis and are swingable
      between said closed and open position.
NUM  7.
PAR  7. The container of claim 1 wherein each of said brackets comprise a pair
      of spaced legs connected by a longitudinal member, said longitudinal
      member being laterally spaced in an unyielding manner from the bottom edge
      of said case with said brackets in open position.
NUM  8.
PAR  8. The container of claim 7 wherein said brackets have an extension
      therefrom which abuts against said case with said brackets in open
      position.
NUM  9.
PAR  9. The container of claim 7 wherein said longitudinal member comprises an
      indentation which is abuttable against said case with said brackets in
      open position.
NUM  10.
PAR  10. A method of packaging and dispensing milk in bulk form wherein the milk
      is to be dispensed from a bulk container adapted to fit into a standard
      dispensing cabinet having a maximum internal width, comprising the steps
      of providing a flexible bag filled with milk within an open top rigid
      case, said case having a width adapted to fit into said dispensing
      cabinet, dispensing said milk from said bag, removing and discarding said
      bag, augmenting the effective unyielding width of said case to a wider
      dimension, and processing said case with equipment responsive to cases
      having said wider dimension.
NUM  11.
PAR  11. A method of packaging and dispensing milk in bulk form comprising the
      steps of placing a disposable milk dispensing bag in a rigid open top
      reusable case having a temporary rigid external width dimension
      corresponding to the width of a standard dairy case for handling by
      conventional dairy equipment, placing retainer means over the open top of
      said case for retaining the bag therein, decreasing the external width of
      the case to a dimension corresponding to the width of a standard bulk milk
      dispensing case and placing the case at its decreased width in an upright
      position in a milk dispensing cabinet for dispensing the milk from the
      case.
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ABST
PAL  An automatic mixed drink dispensing apparatus includes a housing including
      a secured liquor receiving zone which receives a plurality of liquor
      containers. The housing also receives syrup containers, a water container,
      and a carbon dioxide container. An ice chest is mounted in the upper
      portion of the housing and has a liquid chilling apparatus in the bottom
      thereof. A dispensing head is mounted on the housing and extends into a
      mixed drink preparation zone. Drains extend from a point in the mixed
      drink preparation zone beneath the dispensing head and from a point in the
      bottom of the ice chest to a drain pan slidably supported in the bottom of
      the housing. Liquor pumps function to withdraw liquor from the liquor
      containers and to discharge the liquor through the dispensing head. The
      syrup containers are pressurized with carbon dioxide from the carbon
      dioxide container, whereby syrup is caused to flow through the liquid
      chilling apparatus and through the dispensing head. A water pump withdraws
      water from the water container and directs the water through the liquid
      chilling apparatus and through the dispensing head. The water pump also
      directs water into a carbonating apparatus which supplies carbonated
      water. The flow of the various liquids through the dispensing head is
      regulated by solenoid-actuated valves which are in turn controlled by
      electronic circuitry. The electronic circuitry responds to actuation of
      push-buttons individual to particular mixed drinks to select the liquids
      necessary in formulating a desired mixed drink and to actuate the valves
      to effect discharge of the proper amount of each liquid through the
      dispensing head.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to an automatic mixed drink dispensing apparatus,
      and more particularly to a push-button controlled system for automatically
      preparing substantially all of the mixed drinks which are typically
      ordered by customers.
PAR  It is now well established that the manual preparation of mixed drinks
      inherently involves a number of substantial problems. For example, at a
      large cocktail party or reception, a number of bar locations and an equal
      or greater number of bartenders are required in order to provide mixed
      drinks for the guests. Notwithstanding the large inventory and labor costs
      which are involved in such an operation, there often are long lines at
      each bar location, leading to irritation of the guests and disruption of
      the affair. This is true because the manual preparation of a mixed drink
      involves a number of time consuming steps, such as selection of the proper
      liquor, pouring of the liquor, selection of one or more mixes, pouring of
      the mixes, etc.
PAR  Another problem involved in the manual preparation of mixed drinks is that
      of accountability. Depending on the particular bartender that is preparing
      the mixed drinks and other factors, the amount of liquor that is actually
      used in preparing each drink may vary to a considerable extent. When this
      factor is combined with such factors as spillage, breakage and thievery,
      the task of properly accounting for the liquor used in a manual mixed
      drink preparation operation becomes very substantial.
PAR  The foregoing problems have been at least partially recognized heretofore.
      For example, U.S. application Ser. No. 322,120, filed Jan. 8, 1973, now
      U.S. Pat. No. 3,814,285, granted to Bryant F. Craig on June 4, 1924 for
      BEVERAGE DISPENSING APPARATUS discloses an apparatus for dispensing mixed
      drinks which operates under the control of punched cards. However,
      experience with prior art devices has revealed a number of difficulties,
      particularly with respect to adaptation of such devices to a commercial
      mixed drink preparation operation. For example, the selection and use of a
      punched card for each drink to be dispensed is too time consuming to be
      practical in a commercial device. Additionally, prior art devices
      generally do not provide for accountability of liquors used. The ability
      to maintain accurate records with respect to liquor usage is considered to
      be highly advantageous in a commercially successful mixed drink
      preparation apparatus. Thus, a need exists for still further improvements
      in the art of automatic mixed drink preparation, particularly with respect
      to apparatus intended for commercial usage.
PAR  The present invention comprises an automatic mixed drink dispensing
      apparatus which overcomes the foregoing and other disadvantages long since
      associated with the prior art. In accordance with the broader aspects of
      the invention, a housing receives a plurality of quantities of liquors,
      each in its original container, a plurality of quantities of syrups, each
      in its original container, a quantity of water, and a quantity of carbon
      dioxide. The housing includes a top wall defining a mixed drink
      preparation zone, and a dispensing head is mounted on the housing and
      extends into the mixed drink preparation zone. An array of push-buttons is
      provided for actuation from the mixed drink preparation zone, with each
      push-button corresponding to a particular mixed drink. Upon actuation of a
      push-button, the various liquids necessary in the preparation of the drink
      are pumped from their various containers and are discharged through the
      dispensing head.
PAR  In accordance with more specific aspects of the invention, the housing
      further comprises a bottom wall, front and back walls, and opposed side
      walls. The front, back and side walls each comprise one or more openable
      panels to facilitate access to the entire interior of the housing. A
      bulkhead extends between the front, back, top, and bottom walls of the
      housing for cooperation with portions of the front and back walls and with
      one of the side walls to define a liquor receiving zone. The openable
      panels of the front and side walls which define the liquor receiving zone
      are adapted to be latched from within the housing, and the openable panel
      of the back wall which defines the liquor receiving zone is adapted to be
      locked, whereby the liquor receiving zone is secured against unauthorized
      entry.
PAR  An ice chest is mounted in the upper portion of the housing for access from
      the mixed drink preparation zone and has a liquid chilling apparatus
      mounted in the bottom thereof. A drain is mounted in the mixed drink
      preparation zone under the dispensing head. Drain conduits extend from the
      drain and from the bottom of the ice chest to a drain pan which is
      slidably supported in the bottom of the housing. The drain pan has a
      spigot which is selectively operable to allow fluid flow out of the drain
      pan.
PAR  Liquor is withdrawn from the liquor containers in the liquor receiving zone
      and is discharged through the dispensing head by a plurality of liquor
      pumps each individual to one of the liquors. In a preferred embodiment,
      gas-operated liquor pumps are employed, and solenoid-actuated valves are
      utilized to regulate the amount of liquor dispensed. In an alternative
      embodiment, motor-driven liquor pumps are used, and the time period of
      operation of each pump is regulated in order to control the amount of
      liquor dispensed.
PAR  The syrup containers are charged with pressurized carbon dioxide from the
      carbon dioxide container. The syrups are directed from the containers
      through the liquid chilling apparatus and through the dispensing head
      under the action of the pressurized carbon dioxide. Solenoid-actuated
      valves are utilized to regulate the amount of syrup dispensed.
PAR  Water is withdrawn from the water container by a motor-driven water pump.
      The water is directed through the liquid chilling apparatus and through
      the dispensing head, with the quantity of water dispensed being regulated
      by a solenoid-actuated valve. Water is also directed to a carbonating
      apparatus which also receives carbon dioxide from the container thereof
      and serves to form carbonated water. Carbonated water from the carbonating
      apparatus is directed through the liquid chilling apparatus and through
      the dispensing head, with the quantity of carbonated water discharged also
      being regulated by a solenoid-actuated valve.
PAR  The operation of the mixed drink preparation system is under the control of
      electronic circuitry. Upon actuation of a push-button, the circuitry first
      functions to select the various liquids which are necessary in formulating
      the desired mixed drink. The circuitry then operates through the
      solenoid-actuated valves to discharge the required amount of each liquid
      through the dispensing head. In the case of the liquors, counters are
      operated in parallel with the solenoid-actuated valves, thereby
      maintaining a highly accurate accounting of the liquor dispensed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by reference to
      the following Detailed Description when taken in conjunction with the
      accompanying Drawings, wherein:
PAR  FIG. 1 is a perspective view of an automatic mixed drink dispensing
      apparatus incorporating the invention;
PAR  FIG. 2 is a view similar to FIG. 1 showing the automatic mixed drink
      dispensing apparatus with certain panels thereof opened;
PAR  FIG. 3 is an illustration of the push-button control panel of the automatic
      mixed drink dispensing apparatus;
PAR  FIGS. 4a, 4b, and 4c comprise sequential illustrations showing the
      operation of certain panels comprising the housing of the automatic mixed
      drink dispensing apparatus;
PAR  FIG. 5 is a front view of the automatic mixed drink dispensing apparatus
      illustrating certain features thereof;
PAR  FIG. 6 is a perspective view illustrating a portion of the drain system of
      the automatic mixed drink dispensing apparatus;
PAR  FIG. 7 is a perspective view illustrating the liquor receiving zone of the
      automatic mixed drink dispensing apparatus;
PAR  FIG. 8 is an illustration of the empty liquor container warning system of
      the automatic mixed drink dispensing apparatus;
PAR  FIG. 9 is a schematic illustration of electronic circuitry associated with
      the system of FIG. 8;
PAR  FIG. 10 is a top view of the dispensing head of the automatic mixed drink
      dispensing apparatus;
PAR  FIG. 11 is a sectional view of the dispensing head;
PAR  FIG. 12 is an illustration of the system employed in the automatic mixed
      drink dispensing apparatus for controlling liquid flow through the
      dispensing head;
PAR  FIG. 13 is an illustration of the liquor pumping system of the automatic
      mixed drink dispensing apparatus;
PAR  FIG. 14 is an illustration of an alternative liquor pumping system which
      may be utilized in the mixed drink dispensing apparatus;
PAR  FIG. 15 is an illustration of the syrup pumping system of the automatic
      mixed drink dispensing apparatus;
PAR  FIG. 16 is an illustration of the sweet and sour mix pumping system of the
      automatic mixed drink dispensing apparatus;
PAR  FIG. 17 is an illustration of a combined water pumping system, carbonating
      apparatus, and carbonated water pumping system employed in the automatic
      mixed drink dispensing apparatus;
PAR  FIG. 18 is a schematic illustration of the power supply circuit for the
      automatic mixed drink dispensing apparatus;
PAR  FIG. 19 is a schematic illustration of a diode matrix selector system
      employed in the mixed drink dispensing apparatus;
PAR  FIG. 20 is a schematic illustration of electronic circuitry employed in
      controlling the operation of the automatic mixed drink dispensing
      apparatus;
PAR  FIG. 21 is an illustration similar to FIG. 3 showing an alternative
      push-button control panel arrangement; and
PAR  FIG. 22 is an illustration similar to FIG. 9 showing an alternative empty
      liquor container warning circuitry.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, and particularly to FIGS. 1 and 5 thereof,
      there is shown an automatic mixed drink dispensing apparatus 20
      incorporating the present invention. The automatic mixed drink dispensing
      apparatus 20 includes a housing 22 which is supported on conventional
      casters 24 to facilitate portability of the automatic mixed drink
      dispensing apparatus 20. The housing 22 includes a back wall 26, a front
      wall 28, opposed side walls 30, a bottom wall 32 and a top wall 34. The
      front wall 28 and the side walls 30 extend upwardly beyond the top wall 34
      for cooperation therewith to define a mixed drink preparation zone 36. A
      serving bar 38 extends around and partially over the mixed drink
      preparation zone 36.
PAR  A dispensing head 40 extends into the mixed drink preparation zone from the
      underside of the serving bar 38. A drain 42 is situated directly beneath
      the dispensing head 40. A push-button control panel 44 is mounted in the
      mixed drink preparation zone 36, as is the upper portion of a combined ice
      chest and cold plate apparatus 46, which may be of the type available
      through the Polar Chip Mfg. Co. of Fort Worth, Texas. Access to the
      interior of the latter apparatus from the mixed drink preparation zone 36
      is provided through a slidably supported cover 48 having a handle 50. As
      is best shown in FIG. 5, the automatic mixed drink dispensing apparatus 20
      further includes a pair of light fixtures 52 for illuminating the mixed
      drink preparation zone 36 and a convenience outlet 54 which supplies
      operating power for various appliances such as blenders, etc.
PAR  Referring again to FIG. 1, the housing 22 of the automatic mixed drink
      dispensing apparatus 20 comprises a plurality of framing members 56 formed
      from stainless steel, aluminum, or the like. The top wall 34 of the
      housing 22 defines a work surface 58 also formed from stainless steel,
      aluminum, or the like. Each of the back, front and side walls of the
      housing 22 defines at least one openable panel 60, whereby access is
      provided to the entire interior of the housing 22 for maintenance
      purposes, and the like.
PAR  For example, the openable panels 60 of the back wall 26 comprise doors
      formed from stainless steel, aluminum, or the like. Each of the doors
      comprising the panels 60 of the back wall 26 is pivotally secured to an
      adjacent framing member 56 by means of a piano hinge 62 and is provided
      with a handle 64. Moreover, the door of the back wall 26 at the extreme
      right-hand end thereof (FIG. 1) is provided with a key-operated lock 66.
PAR  It will be understood that the doors comprising the openable panels 60 of
      the back wall 26 of the housing 22 are frequently opened during the
      operation of the automatic mixed drink dispensing apparatus 20. As opposed
      to these doors, the openable panels 60 comprising the front and side walls
      of the housing 22 normally remain in place, and are typically not removed
      except for maintenance purposes, or the like. As is best shown in FIGS.
      4a, 4b and 4c, the panels 60 of the front and side walls each comprise a
      panel 68 formed from wood, plywood, metal, or the like, and having a
      decorative exterior layer 70 formed thereon, such as by means of painting,
      staining or coating the exterior of the panle 68, or by applying a
      covering thereto, or the like. For example, the panels 68 may be formed
      from plywood and may be provided with layers 70 comprising a suitable
      covering on one side and a stainless steel layer on the other side.
      Alternatively, the panels 68 may be formed from stainless steel and having
      a layer 70 comprising a suitable covering on one side thereof.
PAR  The framing members 56 which receive the openable panels 60 of the front
      and side walls define upper and lower channels 72 and 74. The channels 72
      and 74 normally receive each of the panels 60 comprising the front and
      side walls in the manner illustrated in FIG. 4a. A particular panel 60 may
      be removed by raising the panel into the channel 72 as shown in FIG. 4b,
      and then pulling the panel outwardly in the manner illustrated in FIG. 4c.
      A removed panel or a replacement panel having, for example, a different
      type of exterior layer 70 may be positioned in the housing 22 by reversing
      the steps illustrated in FIGS. 4a, 4b and 4c. As the panel is lowered into
      the position illustrated in FIG. 4a, it is properly positioned vertically
      relative to the channels 72 and 74 by a clip 76 secured to the rear side
      of the panel 68.
PAR  Referring to FIGS. 2 and 5, the housing 22 of the automatic mixed drink
      dispensing apparatus 20 receives a plurality of syrup containers 80 in a
      syrup receiving zone 82. The containers 80 each have a plurality of syrup
      therein, and are of the type which are commercially obtainable from syrup
      supplying concerns. Thus, syrups are received and stored in their original
      containers. The housing 22 also receives a quantity of water in a
      container 84 defining a water receiving zone 86 and a quantity of
      compressed or pressurized carbon dioxide in a container 88 defining a
      carbon dioxide receiving zone 90.
PAR  The right-hand end (FIG. 5) of the housing 22 defines a liquor receiving
      zone 92. The liquor receiving zone 92 comprises a secured zone within the
      housing 22. To this end, the door comprising the portion of the back wall
      26 which defines the liquor receiving zone 92 is provided with a
      key-actuated lock 66. Moreover, a bulkhead 94 extends between the bottom
      wall 32 and the top wall 34 and between the back wall 36 and the front
      wall 28 to prevent access to the interior of the liquor receiving zone 92
      from within the housing 22.
PAR  The liquor receiving zone 92 is further defined by one of the removable
      panels 60 of one of the side walls 30 and by one of the removable panels
      60 of the front wall 28. Referring to FIGS. 4a, 4b and 4c, each of the
      removable panels 60 of the front wall and the adjacent side wall which
      define portions of the liquor receiving zone 92 are provided with a
      hook-type latch 96. The latch 96 is receivable in an eye 98 secured to an
      adjacent portion of the frame 22 to prevent the panels 60 from being
      removed from the channels 72 and 74 in the manner illustrated in FIGS. 4a,
      4b, and 4c. Access to the latches 96 is obtainable only from within the
      liquor receiving zone 92, and access to the interior of the liquor
      receiving zone 92 is possible only by way of the door of the back wall
      which is provided with the lock 66. It will thus be understood that the
      liquor receiving zone 92 comprises a completely secure zone within the
      housing 22 of the automatic mixed drink dispensing apparatus 20.
PAR  The interior of the liquor receiving zone 92 of the housing 22 is
      illustrated in FIG. 7. A plurality of liquor containers 100 are
      individually received in compartments defined by partitions 102 mounted in
      a slidably supported bin 104. An important feature of the present
      invention comprises the fact that the liquor containers 100 comprise the
      original liquor bottles in which the various liquors are received from the
      distributor thereof. Typically these are half-gallon liquor bottles,
      however, it will be understood that smaller or larger liquor bottles may
      be used in the practice of the invention, if desired. A plurality of
      liquor pumps 106 are mounted within the liquor receiving zone 92. The
      interior of each liquor container 100 is connected to one of the liquor
      pumps 106 through a conduit 108. In the practice of the invention, it is
      sometimes desirable to have two of the containers 100 receive an identical
      liquor. In such instances the conduits 108 extending from the containers
      100 having identical liquors contained therein are joined by a three-way
      valve 110. This three-way valve may be a solenoid-actuated valve mounted
      with the pumps in the back frame of the housing 22.
PAR  The liquor receiving zone 92 further comprises a plurality of counters 112
      for registering the quantity of each liquor dispensed by the automatic
      mixed drink dispensing apparatus 20. A lamp 114 is provided for
      illuminating the liquor receiving zone 92. A key-actuated switch 116 is
      provided for totally disabling the operation of the automatic mixed drink
      dispensing apparatus 20 whenever this is considered desirable by the owner
      thereof. A timer switch 118 is also provided for automatically preventing
      operation of the automatic mixed drink dispensing apparatus 20 during
      hours of the day in which the dispensing of mixed drinks is prohibited in
      various jurisdictions. It will be noted that both the key-actuated switch
      116 and the timer 118 are contained within the secured liquor receiving
      zone 92 to prevent access thereto.
PAR  The automatic mixed drink dispensing apparatus 20 functions in response to
      input commands received by means of a push-button comprising the
      push-button control panel 44. In response to any such input command, the
      automatic mixed drink dispensing apparatus 20 functions to withdraw the
      liquids necessary in the preparation of the mixed drink from the various
      containers thereof and to discharge the liquids through the dispensing
      head 40. Those skilled in the art will appreciate the fact that the
      preparation of a particular mixed drink may require the use of one or more
      syrups and/or the use of water and/or the use of carbonated water and/or
      the use of one or more liquors. Regardless of either the nature or the
      number of liquids required to prepare the desired mixed drink, the
      automatic mixed drink dispensing apparatus 20 functions automatically in
      response to the receipt of an input command from the push-button control
      panel 44 to dispense exactly the proper quantity of each liquid through
      the dispensing head 40, thereby assuring the preparation of a perfect
      mixed drink.
PAR  The push-button control panel 44 of the automatic mixed drink dispensing
      apparatus 20 is illustrated in greater detail in FIG. 3. The panel 44
      comprises a plurality of back-lighted push-buttons 120, most of which have
      the name of a particular mixed drink indicated thereon. The push-buttons
      120 comprising the panel 44 are arranged in sets in accordance with the
      various liquors which are utilized in making the mixed drinks that are
      prepared by the automatic mixed drink dispensing apparatus 20. For
      example, the push-buttons 120 of the set 122 correspond to non-alcoholic
      drinks. The push-buttons 120 of the set 124 relate to Scotch-based mixed
      drinks. The push-buttons 120 of the set 126 relate to Bourbon-based mixed
      drinks. The push-buttons 120 of the set 128 relate to Whiskey-based mixed
      drinks. The push-buttons 122 of the set 130 relate to Gin-based mixed
      drinks, and the push-buttons 122 of the set 132 relate to Vodka-based
      mixed drinks. Finally, the push-buttons 122 of the set 134 relate to
      Rum-based mixed drinks. It will of course be understood that various
      liquors other than those indicated may be utilized in the practice of the
      invention, and that the automatic mixed drink dispensing apparatus 20 may
      be programmed to dispense mixed drinks other than those indicated in FIG.
      3.
PAR  Those skilled in the art will appreciate the fact that certain of the
      numerous mixed drinks indicated on the push-button control panel 44 form
      the basis for additional mixed drinks. For example, a Rickey mixed drink
      may be formed from the Scotch and Soda mixed drink, the Bourbon and Soda
      mixed drink, the Gin and Soda mixed drink, the Vodka and Soda mixed drink,
      or the rum and Soda mixed drink by adding one quarter of a fresh lime. A
      Fizz mixed drink may be formed by adding lemon juice and powdered sugar
      either to the Gin and Soda mixed drink or to the Vodka and Soda mixed
      drink. A Sling mixed drink may be formed by adding a twist of lemon, lime
      or orange and an icing of fruit brandy to the Scotch Sour mixed drink, the
      Gin Sour mixed drink, the Vodka Sour mixed drink, or the Rum Sour mixed
      drink. One quarter of a fresh lime added to the Rum and Coke mixed drink
      forms a Cuba Libra. Substituting a cocktail onion for the typical olive in
      the Gin Martini mixed drink provides a Gibson mixed drink. Various other
      more complicated mixed drinks are easily formed using the basic mixed
      drink format of the push-button control panel 44.
PAR  The push-button control panel 44 further comprises a "PRIME" push-button
      138. Upon actuation, the PRIME push-button 138 disables the dispensing of
      Scotch upon actuation of any of the push-buttons 120 comprising the set
      124. This permits priming of the pumping system for the various mixes
      utilized in the operation of the automatic mixed drink dispensing
      apparatus 20 without wasting any liquor.
PAR  The various systems which make up the automatic mixed drink dispensing
      apparatus 20 are illustrated in FIGS. 5-19b. Referring first to FIGS. 5
      and 6, the automatic mixed drink dispensing system 20 includes a drain
      system 140. The drain system 140 includes a drain container 142 which is
      slidably supported on the guides 144 which are in turn mounted on the
      bottom wall 32 of the housing 22. A conduit 146 extends from a drain in
      the bottom of the conbined ice chest and cold plate 46, and a conduit 148
      extends from the bottom of the drain 42 in the mixed drink preparation
      zone 36. The conduits 148 and 146 merge into a conduit 150 extending to a
      point above an opening 151 formed in a panel 152 defining the top of the
      drain container 142.
PAR  The top 152 of the drain container 142 is removable to facilitate cleaning
      of the drain system 140. A spigot 154 extends to the bottom of the drain
      container 142 for use in draining fluids therefrom and has a threaded end
      155 for the attachment of a hose. Drainage is accomplished by manipulating
      the housing 22 on the casters 24 until the automatic mixed drink
      dispensing apparatus 20 is positioned over a drain. The drain container
      142 is then pulled outwardly on the guides 144 and the spigot 154 is
      opened to permit fluid flow therefrom into the drain. Following drainage,
      the spigot 154 is closed and the drain container 142 is returned to its
      normal position within the housing 22, after which the drain system 140 is
      again ready to receive fluids from the combination ice chest and cold
      plate 46 and from the drain 42.
PAR  Referring now to FIGS. 8 and 9, there is shown a system 160 for indicating
      the fact that the quantity of liquor in one of the liquor containers 100
      in the liquor receiving zone 92 has fallen below a predetermined level.
      Each conduit 108 extends to an inlet fitting 162. A pair of electrical
      leads 164 extend along the conduit 108 and terminate at the fitting 162.
      It will thus be understood that the electrical resistance between the
      terminal ends of the leads 164 changes to a marked degree when the level
      of liquor in the container 100 falls below the top of the fitting 162.
PAR  Referring now to FIGS. 3 and 9, each column of push-buttons 120 comprising
      the push-button control panel 44 is normally back-lighted by a series of
      lamps 166, each lamp 166 being individual to one of the push-buttons 120.
      The lamps 166 are connected between a voltage source and ground through an
      SCR 168. The distal ends of the electrical leads 164 are illustrated in
      FIG. 9 at 170. So long as the electrical resistance across this gap
      remains below a predetermined level, the SCR 168 remains conductive and
      the lamps 166 remain illuminated. This indicates the presence of at least
      a predetermined quantity of liquor in the container 100 corresponding to
      the particular column of push-buttons 120 on the panel 44. However, when
      the level of liquor in the container 100 falls below the top of the
      fitting 162, the resistance across the gap 170 comprising the distal ends
      of the electrical leads 164 is sharply increased. At this point the SCR
      168 is rendered non-conductive and the illumination of the lamps 166 is
      immediately terminated. By this means the operation of the automatic mixed
      drink dispensing apparatus 20 is notified that a particular quantity of
      liquor needs to be replaced.
PAR  Referring simultaneously to FIGS. 7 and 9, in accordance with a
      modification of the invention the three-way valves 110 which selectively
      connect the liquor containers 100 to the liquor pumps 106 may comprise
      solenoid-actuated three-way valves. In such instances, the circuit of FIG.
      9 is modified to operate the associated solenoid-actuated three-way valves
      to connect the second liquor container 100 of the set to the associated
      liquor pump 106. The circuit of FIG. 9 may also be utilized to generate an
      appropriate output signal indicating that the first liquor container of
      the set has been emptied.
PAR  The dispensing head 40 of the automatic mixed drink dispensing apparatus 20
      is illustrated in FIGS. 10 and 11. The dispensing head 40 includes a pair
      of passageways 172 and 174 which receive water and carbonated water or
      soda, respectively. Passageways 172 and 174 merge into a downwardly
      extending passageway 176 which flares outwardly. Four passageways 178
      receive various syrups. The passageways 178 extend angularly inwardly so
      as to thoroughly mix the syrups flowing therethrough with the water or
      carbonated water flowing through the passageway 176. A total of nine
      passageways 180 are provided for receiving various liquors. As opposed to
      the passageways 178, the passageways 180 extend substantially downwardly.
      It will be understood that in actual practice, the passageways 178 may be
      used to receive liquors, and the passageways 180 may be used to receive
      syrups, if desired.
PAR  Referring now to FIG. 12, water is received in the dispensing head 40
      through a conduit 182 extending to the passageway 172. A solenoid-actuated
      valve 184 is provided in the conduit 182 for precisely regulating the
      quantity of water that is dispensed through the dispensing head 40.
      Carbonated water is received in the dispensing head 40 through a conduit
      186 extending to the passageway 174. A solenoid-actuated valve 188 is
      provided in the conduit 186 for precisely regulating the quantity of
      carbonated water that is discharged through the dispensing head 40. Syrups
      are received in the dispensing head 40 through a series of conduits 190
      each extending either to one of the passageways 178 or to one of the
      passageways 180. Each conduit 190 is provided with a solenoid-actuated
      valve 192, and the valves 192 function to precisely regulate the quantity
      of each syrup which is discharged through the dispensing head 40. Liquors
      are received in the dispensing head 40 through a plurality of conduits 194
      each extending either to one of the passageways 178 or to one of the
      passageways 180. Each conduit 194 is provided with a solenoid-actuated
      valve 196. The valves 196 function to precisely control the quantity of
      each liquor that is discharged through the dispensing head 40.
PAR  In FIG. 13 there is shown a system 200 for pumping liquor from the
      containers 100 through the dispensing head 40 under the control of one of
      the solenoid-actuated valves 196. A cylinder 202 has a piston 204 slidably
      received therein. The piston 204 is normally positioned as shown under the
      action of a spring 206. Liquor is received in the cylinder 202 from one of
      the containers 100 through one of the conduits 108 and possibly one of the
      three-way valves 110. The fitting 162 in each liquor container 100
      comprises a check-valve which prevents backflow of liquor from the
      cylinder 202.
PAR  A solenoid-actuated valve 210 normally maintains the rod end of the
      cylinder 202 at atmospheric pressure through an exhaust port 212. Whenever
      it is desired to pump liquor, the valve 210 is actuated to close the
      exhaust port 212 and to simultaneously admit pressurized carbon dioxide
      gas from the container 88 into the rod end of the cylinder 202 through a
      passageway 214. The action of the pressurized carbon dioxide gas drives
      the piston 204 upward in the cylinder 202, thereby pumping liquor through
      the conduit 194, through the solenoid-actuated valve 196, and through the
      dispensing head 40. The precise quantity of liquor that is discharged
      through the dispensing head 40 is regulated by the solenoid-actuated valve
      196.
PAR  Following the pumping operation, the solenoid-actuated valve 210 is
      actuated to close the passageway 214 and to return the rod end of the
      cylinder 202 to its atmospheric pressure through the exhaust port 212. The
      spring 206 then returns the piston 204 to the position shown. This action
      draws liquor from the container 100 into the interior of the cylinder 202.
      A check valve 216 prevents backflow of liquor from the conduit 194.
PAR  An alternative liquor pumping system 220 which may be used in the automatic
      mixed drink dispensing apparatus 20 instead of the system 200 of FIG. 13
      is illustrated in FIG. 14. Rather than the gas-operated pump of the system
      200, the system 220 includes a motor-driven pump 222. The system 220
      further differs from the system 200 in that rather than regulating the
      quantity of liquid dispensed by means of a solenoid-actuated valve, the
      system 220 regulates the quantity of liquor dispensed by controlling the
      time period of operation of the motor-driven pump 222.
PAR  A syrup pumping system 226 of the type employed in the automatic mixed
      drink dispensing apparatus 20 is illustrated in FIG. 15. Pressurized
      carbon dioxide gas is received at each syrup container 80 from the
      container 88 through a passageway 228. A passageway 230 extends from the
      interior of the syrup container 80 to one inlet of the cold plate portion
      of the combined ice chest and cold plate apparatus 46. One of the conduits
      190 extends from the corresponding outlet of the cold plate portion of the
      combined ice chest and cold plate apparatus 46 to the dispensing head 40
      through one of the solenoid-actuated valves 192. Thus, chilled syrup is
      discharged from the container 80 through the dispensing head 40 under the
      control of the solenoid-actuated valve 192.
PAR  A sweet and sour mix pumping system 232 is illustrated in FIG. 16. Sweet
      and sour mix differs from the syrups that are dispensed by the syrup
      pumping system 226 in that the sweet and sour mix is often not dispensed
      in combination with water or carbonated water, as are the syrups.
      Pressurized carbon dioxide gas is received from the container 88 through a
      conduit 236 at a pressure determined by the setting of a pressure
      regulator 238. One of the conduits 190 extends from the interior of the
      container 234 to the dispensing head 40 through one of the valves 192.
      Thus, sweet and sour mix is discharged from the container 234 through the
      dispensing head 40 under the control of the solenoid-actuated valve 192.
PAR  A combined water pumping, carbonating, and carbonated water pumping system
      240 is illustrated in FIG. 17. A conduit 242 extends to the interior of
      the water container 84. The conduit 242 extends to a motor-driven pump 244
      which operates to supply pressurized water when needed. The outlet of the
      pump 244 is connected through a conduit 246 to one inlet of the cold plate
      portion of the combined ice chest and cold plate apparatus 46. A conduit
      248 connects the corresponding outlet of the apparatus 46 to a T-fitting
      250.
PAR  One outlet of the T-fitting 250 is connected to the conduit 182. The
      conduit 182 extends through a pressure regulator 252 and the
      solenoid-actuated valve 184 to the passageway 172 of the dispensing head
      40, and to the passageway 176 thereof. By this means the system 240
      functions to withdraw water from the container 84 and to discharge chilled
      water through the dispensing head 40 under the control of the
      solenoid-actuated valve 184.
PAR  The second outlet of the T-fitting 250 is connected through a conduit 254
      to a carbonated water making apparatus 256. The apparatus 256 includes a
      container 258 which is surrounded by a layer of insulating material 260.
      The conduit 254 extends to a fitting 262 which functions to spray water
      into the interior of the container 258.
PAR  Carbon dioxide gas is received in the container 258 from the container 88
      thereof through a conduit 264 and is discharged through an airstone-type
      outlet 266 in a bubbling manner. The combined effect of spraying water
      through the carbon dioxide rich atmosphere in the upper portion of the
      container 258 and the bubbling of carbon dioxide gas through the
      accumulated liquid in the bottom of the container 258 is to form
      carbonated water or soda. A conduit 268 extends from the interior of the
      container 258 to an inlet of the cold plate portion of the combined ice
      chest and cold plate apparatus 46. The conduit 186 connects the
      corresponding outlet of the apparatus 46 to the passageway 174 of the
      dispensing head 40 and hence to the passageway 176 thereof through the
      solenoid-actuated valve 188. By this means carbonated water is dispensed
      from the carbonated water making apparatus 256 through the dispensing head
      40 under the control of the solenoid-actuated valve 188.
PAR  Those skilled in the art will realize the fact that the system 240 is a
      "low pressure" system which is preferably operated at a reduced
      temperature to supply carbonated water. "High pressure" systems capable of
      supplying carbonated water at higher temperatures may also be utilized in
      the practice of the invention.
PAR  A power supply circuit 270 for the automatic mixed drink dispensing
      apparatus 20 is schematically illustrated in FIG. 18. Conventional 115
      volt, 60 hz line current is received through a conventional inlet 272. The
      operation of the automatic mixed drink dispensing apparatus 20 is
      regulated by the timer 118 and the key-actuated switch 116, both of which
      are contained within the secured liquor receiving zone 92 of the housing
      22. Assuming that both the timer 118 and the key-actuated switch 116 are
      enabled to permit operation of the automatic mixed drink dispensing
      apparatus 20, operating power is provided to a pair of transformers 274
      and 276 which in turn supply operating power for the circuits illustrated
      in FIGS. 9, 19 and 20. Operating power is also supplied to the convenience
      outlet 54, to the light fixtures 52, and to the motor of the motor-driven
      pump 244 of the system 240.
PAR  The operation of the automatic mixed drink dispensing apparatus 20 will be
      better understood by reference to FIGS. 19 and 20 wherein the electronic
      circuitry of the system is schematically illustrated. Referring first to
      FIG. 19, all of the push-buttons 120 comprising the push-button control
      panel 44 are schematically illustrated. The push-buttons 120 are arranged
      in groups comprising the sets 122 through 134 inclusive as illustrated in
      FIG. 3.
PAR  The circuit of FIG. 19 comprises a diode matrix. In response to the
      depression of a particular push-button 120 of the push-button control
      panel 44, the diode matrix of FIG. 19 functions to select all of the
      various liquids which are necessary in preparing the mixed drink
      corresponding to the depressed push-button. Moreover, the diode matrix
      functions to generate signals indicative of the exact quantity of each of
      the selected liquids which will be discharged through the dispensing head
      40. In this manner, the diode matrix of FIG. 19 functions to translate a
      single input command comprising the depression of one of the push-buttons
      120 into a plurality of output commands indicative of the identity of the
      various liquids which will be discharged through the dispensing head 40 in
      preparing the selected mixed drink and further indicative of the precise
      quantity of each of the selected liquids that will be dispensed.
PAR  The diode matrix of FIG. 19 has a multiplicity of output lines, each
      extending to an output terminal. Thus, the diode matrix has output lines
      extending to a series of terminals 280, 282, 284, 286, 288, and 290 each
      corresponding to one of the liquors which may be utilized in preparing
      mixed drinks under the action of the automatic mixed drink dispensing
      apparatus 20. A second series of output terminals 292, 294, 296, 298, 300,
      302, 304, 306, and 308 each correspond to various liquids which may be
      mixed with one or more of the liquors in preparing a mixed drink. Those
      skilled in the art will understand that one of the terminals in the last
      mentioned series corresponds to the situation in which no liquid is mixed
      with a selected liquor in order to prepare a drink "on the rocks". Still
      another series of output terminals 310, 312, 314, and 316 relate to the
      various liquids which may be dispensed upon actuation of one of the
      push-buttons 120 comprising the group 122 of FIG. 3. Finally, a series of
      output terminals 318, 320, 324, 326, and 328 each relate to quantities of
      liquids which are dispensed under the action of the automatic mixed drink
      preparation apparatus 20.
PAR  Referring now to FIG. 20, an electronic circuit responsive to input command
      signals received from the diode matrix of FIG. 19 to actuate the various
      solenoid-actuated valves shown in FIG. 12 to control the flow of liquids
      through the dispensing head 40 is schematically illustrated. The
      electronic circuit of FIG. 20 has a plurality of input terminals each
      corresponding to one of the output terminals of the diode matrix of FIG.
      19. Such corresponding input and output terminals of the two Figures are
      indicated with identical reference numerals to designate direct electrical
      connections therebetween.
PAR  The electronic circuit of FIG. 20 includes a time base generator 330
      including an integrated circuit oscillator 332 and a six-bit binary
      counter 334. Actually, the six-bit binary counter 334 comprises a series
      of six integrated circuit flip-flops the first being driven by the
      integrated circuit oscillator 332 and the remaining each being driven by
      the preceding flip-flop. By this means the six-bit binary counter 334
      provides a series of outputs each corresponding to a predetermined period
      of time. These outputs are designated in the electronic circuit of FIG. 20
      by the letters A through F, inclusive. The time period represented by each
      of these outputs is selectively adjustable by means of a variable resistor
      336 connected to the input of the integrated circuit oscillator 332.
PAR  The electronic circuit of FIG. 20 further comprises a plurality of input
      terminals each designated with one of the letters A through F, inclusive.
      The designation of a particular input terminal with such a letter
      indicates a direct electrical connection between such terminal and the
      corresponding designated stage of the binary counter 334. As will be
      appreciated by those skilled in the art, the positioning of a bar over the
      letter designating a particular input terminal indicates a direct
      electrical connection between such terminals and the inverted output of
      the corresponding designated stage of the binary counter 334.
PAR  The electronic circuit of FIG. 20 functions in response to input command
      signals received from the diode matrix of FIG. 19 to operate one or more
      of the solenoid-actuated valves of FIG. 12 and thereby cause liquid flow
      through the dispensing head 40. For example, assume that the push-button
      120 of the set 132 bearing the legend "Gin Collins" is depressed. This
      corresponds to actuation of the push-button 120' as indicated in FIG. 19.
      Actuation of the push-button 120' in turn causes the diode matrix of FIG.
      19 to generate output signals on the terminals 284 and 304.
PAR  Returning to the electronic circuit of FIG. 20, output signals on the
      terminals 284 and 304 of the diode matrix comprise input signals on the
      corresponding terminals of the electronic circuit. By way of background,
      it should be understood that at the end of each cycle, the electronic
      circuit of FIG. 20 automatically resets itself to various preferred
      states. These include the dispensing of soda or carbonated water in
      preference to the dispensing of other possible mixes, the dispensing of
      one ounce of the various liquors in preference to the dispensing of
      various other amounts, the resetting of the amounts to be dispensed of
      various mixes in addition to soda, and the negating of the dispensing of
      any of the various syrups from the syrup containers. Thus, due to such
      presetting, it is unnecessary to receive input signals if the state of the
      electronic circuit as of such resetting is satisfactory for the particular
      drink that is to be dispensed.
PAR  The receipt of an input signal on the input terminal 304 of the electronic
      circuit of FIG. 20 causes a NAND-GATE 338 to generate an output signal
      which is locked in through a diode 340 and a series of interconnections
      between the inputs and outputs of the NAND-GATES corresponding to each of
      the syrups. The output from the NAND-GATE 338 is directed to a NOR-GATE
      342 which also receives a signal from a NAND-GATE 344 that determines the
      time period during which the solenoid-actuated valve corresponding to the
      dispensing of Collins mix will be opened. Actuation of the NOR-GATE 342 in
      turn actuates a sub-circuit such as that shown at 346 which is connected
      directly to the coil of the corresponding soledoid-actuated valve. Thus,
      the output signal from the NOR-GATE 342 results directly in opening of the
      solenoid-actuated valve 192 of FIG. 12 which in turn controls the flow of
      Collins syrup from the container thereof through the conduit 190 and
      effects the discharge of the Collins syrup through the dispensing head 40.
PAR  The resetting feature of the electronic circuit of FIG. 20 automatically
      causes a NAND-GATE 348 to generate an output signal. This output signal is
      combined with the output signal from the NAND-GATE 344 in a NOR-GATE 350
      to actuate the solenoid-actuated valve 188 and thereby permit the flow of
      carbonated water or soda through the conduit 186 and hence through the
      dispensing head 40. The flow of carbonated water or soda through the
      dispensing head 40 is simultaneous with the flow of Collins syrup
      therethrough under the control of the NOR-GATE 342.
PAR  The input signal received by the input terminal 284 is directed to an
      AND-GATE 352 which in turn causes a NAND-GATE 354 to generate an output
      signal. The output signal from the NAND-GATE 354 is directed to a NOR-GATE
      356 which also receives an input signal from a NAND-GATE 358. The gate 358
      functions to control the time period during which alcohols are dispensed
      through the dispensing head 40. In the case of the present example, it is
      desired to dispense one ounce of the required liquor. As has been
      indicated previously, the resetting feature of the electronic circuit
      returns the circuit to a one ounce dispensing state at the end of each
      cycle. This causes a signal to be present on the output of a NAND-GATE
      360. The output of the gate 360 is directed to a gate 362 corresponding to
      the dispensing of one ounce. The gate 362 also receives inputs
      corresponding to the inverted outputs of the B and C stages of the binary
      counter 344 and an input corresponding to the output of the D stage of the
      binary counter 334. These signals are combined by the gate 362 to
      terminate the output of the gate 358 upon the dispensing of one ounce of
      the desired liquor.
PAR  The gate 356 is actuated by the outputs of the gates 354 and 358 to operate
      a circuit such as the sub-circuit 346 described hereinbefore in connection
      with the dispensing of the Collins syrup. The sub-circuit in turn
      functions to directly control the operation of one of the
      solenoid-operated valves 196 of FIG. 12. This in turn controls the flow of
      the selected liquor through the corresponding conduit 194 and through the
      dispensing head 40. It will be understood that the dispensing of the
      liquor required for the selected mixed drink occurs simultaneously with
      the dispensing of the required syrup and the dispensing of the soda under
      the action of the gates 342 and 350 and the solenoid-actuated valve
      actuated thereby.
PAR  The electronic circuit of FIG. 20 further includes a sub-circuit 364 which
      operates the counters 112 contained in the secured liquor receiving zone
      92 of the housing 22. The sub-circuit 364 includes a NOR-GATE 366 which is
      connected to the output of the gate 358 and also to the output of the
      oscillator 332. Thus, whenever the gate 358 is actuated to permit the
      dispensing of a liquor, the gate 366 produces an output signal. The output
      from the gate 366 is directed through a series of diodes 368 each
      extending to one of the counters 112. Each of the counters 112 is
      interconnected with the solenoid coil of one of the solenoid-actuated
      valves 196 of FIG. 12. Thus, whenever one of the valves 196 is opened, the
      corresponding counter is actuated by the oscillator 332 to perform a
      counting function. By this means the various counters continuously
      register the quantity of each of the liquors that has been dispensed by
      the automatic mixed drink dispensing apparatus 20.
PAR  The electronic circuit of FIG. 20 further includes a gate 370 which
      regulates the operation of the solenoid-actuated valve 210 of FIG. 13. The
      gate 370 has an input connected to the output of the gate 358 and also has
      an input connected to the output of the gate 372 which corresponds to the
      dispensing of a particular mix by the automatic mixed drink dispensing
      apparatus 20. Thus, whenever one of the gates 358 or 372 is actuated to
      effect dispensing of a liquor or the particular selected mix, the gate 370
      functions to actuate the valve 210 to direct carbon dioxide gas inputting
      through the passageway 214 to the various cylinders 202 of the liquor pump
      106 contained within the liquor receiving zone 92 of the housing 22.
PAR  The operation of the electronic circuit of FIG. 20 is initiated by a pair
      of gates 374 and 376 operated in tandem in response to a signal received
      on any of the terminals 280, 282, 284, 286, 288, or 290. Thus, whenever a
      signal is received to dispense one of the liquors, a cycle of operation of
      the electronic circuit of FIG. 20 is automatically initiated. As has been
      indicated previously, the circuit functions automatically at the end of
      each cycle to reset itself to a predetermined set of preferred conditions.
PAR  Referring again briefly to the diode matrix of FIG. 19, the output
      terminals 310 through 316 comprising the push-buttons 120 of the set 122
      are connected directly to sub-circuits of the type illustrated at 346. By
      this means it is possible to dispense various non-alcoholic liquids
      through the dispensing head 40 without initiating a cycle of operation of
      the electronic circuit of FIG. 20. Moreover, the period of operation of
      the solenoid-controlled valves corresponding to these liquids is not
      regulated, and therefore the quantities of liquids dispensed depends
      solely on the period of time during which the corresponding push-button
      120 is held depressed.
PAR  Referring to FIG. 21, there is shown a push-button control panel 378 which
      may be utilized in lieu of the push-button control panel 44 of FIG. 3. The
      push-button control panel 378 comprises an arrangement of push-buttons 120
      which is basically similar to the push-button arrangement of FIG. 3,
      except that the groups 122-134 inclusive are separated by spaces 380. This
      is to reduce the possibility of accidently depressing an incorrect
      push-button 120 of the push-button control panel. The push-button control
      panel 378 further comprises a series of warning lights 382 which are
      utilized to provide a visual indication of the fact that the quantity of
      liquid either in the water container 84 or in one of the liquor containers
      100 has fallen below a predetermined level.
PAR  The push-button control panel 378 of FIG. 21 may be utilized in conjunction
      with the warning circuit of FIG. 22. The circuit of FIG. 22 receives a
      pulsating input from the stage of the binary counter 334 designated by the
      letter A. This occurs only when an attempt is made to dispense a drink by
      means of the system 20. This input is directed through a transistor 384
      and an amplifier 386. If an electrical connection is formed across the
      terminals 164 due to the presence of liquid in a particular container,
      this input is simply shorted to ground. If no electrical connection is
      established across the terminals 164, the input is directed to an
      amplifier 388 and a transistor 390. The corresponding lamp 382 is thereby
      cyclically operated to provide a visual warning signal indicative of the
      fact that the quantity of the liquid in the particular container has
      fallen below a predetermined level.
PAR  One advantage to the use of the circuit of FIG. 22 over that of FIG. 9
      involves the fact that the circuit of FIG. 22 applies an electrical
      potential across the terminals 164 only during the dispensing of a drink,
      and not otherwise. This is advantageous in substantially reducing
      corrosion of the terminals 164.
PAR  From the foregoing, it will be understood that the present invention
      comprises an automatic mixed drink dispensing apparatus incorporating
      numerous advantages over the prior art. One of the most important
      advantages deriving from the use of the invention involves the fact that
      by means thereof a desired mixed drink is automatically prepared
      responsive to a push-button input in an absolute minimum of time, thereby
      eliminating the time consuming aspects of manual mixed drink preparation.
      Another advantage to the use of the invention involves the fact that
      liquors are dispensed directly from the original containers thereof,
      thereby eliminating the problems of spillage and breakage often associated
      with prior art mixed drink preparation devices wherein it has been
      necessary to transfer the liquors to specially designed liquor containers.
      Still another advantage in the use of the invention involves the fact that
      the liquor containers are housed within a liquor receiving zone which is
      secured against unauthorized access, thereby eliminating the problem of
      thievery. A further advantage to the use of the invention involves the
      fact that in the operation thereof, counters are utilized to continuously
      monitor the quantity of each liquor dispensed. This provides for complete
      accountability over the operation of the automatic mixed drink dispensing
      apparatus.
PAR  Although preferred embodiments of the invention have been illustrated in
      the accompanying Drawings and described in the foregoing Detailed
      Description, it will be understood that the invention is not limited to
      the embodiments disclosed, but is capable of numerous rearrangements,
      modifications, and substitutions of parts and elements without departing
      from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic mixed drink dispensing apparatus comprising:
PA1  a housing including a bottom wall, front and back walls, opposed side
      walls, and a top wall defining a mixed drink preparation zone;
PA1  said walls of the housing defining therebetween a wholly enclosed liquor
      receiving zone characterized by means for receiving a plurality of
      quantities of different liquors each in its original container;
PA1  means for securing the housing against access to the interior of the liquor
      receiving zone from any point around the entire exterior periphery
      thereof;
PA1  said walls of the housing defining a wholly enclosed syrup receiving zone
      for receiving a plurality of quantities of different syrups each in its
      original container;
PA1  said walls of the housing defining a wholly enclosed water receiving zone;
PA1  said walls of the housing defining a wholly enclosed carbon dioxide
      receiving zone;
PA1  ice receiving means mounted in the upper portion of the housing and
      accessible from the mixed drink preparation zone;
PA1  liquid chilling means mounted in the bottom of the ice receiving means;
PA1  a liquid dispensing head mounted on the housing and extending into the
      mixed drink preparation zone at a point over the top wall of the housing;
PA1  drain pan means supported in the bottom of the housing and including valve
      means for selectively permitting fluid flow out of the drain pan means;
PA1  drain means for directing liquids from a point in the mixed drink
      preparation zone under the dispensing head and from a point in the ice
      receiving means to the drain pan means;
PA1  a plurality of liquor pumps each for withdrawing liquor from one of the
      quantities of liquor in the liquor receiving zone and for discharging the
      liquor through the dispensing head;
PA1  syrup pumping means for withdrawing syrups from the quantities of syrup in
      the syrup receiving zone and for directing the syrups through the liquid
      chilling means and through the dispensing head;
PA1  water pumping means for withdrawing water from the water receiving zone and
      for directing water through the liquid chilling means and through the
      discharge head;
PA1  carbonating means for receiving water from the water pumping means, for
      receiving carbon dioxide gas from the carbon dioxide receiving zone, and
      for forming carbonated water;
PA1  means for directing carbonated water from the carbonating means through the
      liquid chilling means and through the dispensing head;
PA1  said liquors, syrups, water, and carbonated water defining a plurality of
      liquids available for formulating mixed drinks; and
PA1  electronic circuitry means for receiving a plurality of input signals each
      individual to a particular mixed drink and responsive thereto for
      selecting one or more of the plurality of liquids to be used in
      formulating a desired mixed drink and for effecting discharge of a
      predetermined quantity of each selected liquid through the dispensing
      head.
NUM  2.
PAR  2. The automatic mixed drink dispensing apparatus according to claim 1
      wherein the front, back and side walls of the housing are each further
      characterized by at least one openable panel to provide access to
      substantially the entire interior of the housing.
NUM  3.
PAR  3. The automatic mixed drink dispensing apparatus according to claim 2
      wherein the securing means is further characterized by a bulkhead
      extending through the interior of the housing between the front, back,
      top, and bottom walls for separating the liquor receiving zone from the
      remainder of the interior of the housing and for cooperation with portions
      of the front, back and side walls to define the exterior periphery of the
      liquor receiving zone, and further including means for selectively
      preventing opening of the openable panels of the portions of the front,
      back, and side walls which, together with the bulkhead, define the
      exterior periphery of the liquor receiving zone.
NUM  4.
PAR  4. The automatic mixed drink dispensing apparatus according to claim 1
      wherein each liquor pump comprises:
PA1  cylinder means;
PA1  piston means mounted for reciprocation in the cylinder means;
PA1  check valve means for admitting liquor from one of the quantities thereof
      to one end of the cylinder means;
PA1  check valve means for directing liquor from the cylinder means to the
      dispensing head;
PA1  means for selectively admitting pressurized carbon dioxide gas from the
      carbon dioxide receiving zone to the opposite end of the cylinder means
      and thereby actuating the piston means to force liquor out of the cylinder
      means and through the dispensing head; and
PA1  spring means for subsequently returning the piston means and thereby
      drawing liquor into said one end of the cylinder means.
NUM  5.
PAR  5. The automatic mixed drink dispensing apparatus according to claim 4
      further including valve means associated with each liquor pump and
      operable under the control of the electronic circuitry means to regulate
      the quantity of liquor discharged through the dispensing head upon each
      actuation of the liquor pump.
NUM  6.
PAR  6. The automatic mixed drink dispensing apparatus according to claim 1
      wherein each liquor pump comprises a motor driven pump and wherein the
      electronic circuitry means functions to control the quantity of liquor
      dispensed by regulating the duration of the operation of the motor-driven
      pump.
NUM  7.
PAR  7. The automatic mixed drink dispensing apparatus according to claim 1
      wherein the syrup pumping means comprises:
PA1  means for directing pressurized carbon dioxide gas from the carbon dioxide
      receiving zone into each syrup container;
PA1  means for directing syrup from each syrup container through the dispensing
      head under the action of the carbon dioxide gas; and
PA1  valve means operable under the control of the electronic circuitry means
      for regulating the flow of syrup from each syrup container through the
      dispensing head.
NUM  8.
PAR  8. The automatic mixed drink dispensing apparatus according to claim 1
      wherein the electronic circuitry means further includes counter means for
      recording the quantity of each liquor that is dispensed from the liquor
      containers in the liquor receiving zone through the dispensing head.
NUM  9.
PAR  9. The automatic mixed drink dispensing apparatus according to claim 1
      further characterized by:
PA1  means for monitoring the quantity of liquor in each liquor container within
      the liquor receiving zone; and
PA1  means for generating a predetermined output signal whenever the quantity of
      liquor within any particular container falls below a predetermined level.
NUM  10.
PAR  10. An automatic mixed drink dispensing apparatus comprising:
PA1  a housing including a bottom wall, front and back walls, opposed side
      walls, and a top wall defining a mixed drink preparation zone;
PA1  said front, back, and side walls each defining at least one openable panel
      to provide access to substantially the entire interior of the housing;
PA1  a bulkhead extending between the front, back, top, and bottom walls for
      cooperation with portions of the front, back, and side walls to define a
      wholly enclosed liquor receiving zone characterized by means for receiving
      a plurality of quantities of different liquors each in its original
      container;
PA1  means for securing the housing against access to the interior of the liquor
      receiving zone from any point around its entire exterior periphery;
PA1  means within the housing for receiving a plurality of syrup containers each
      having a quantity of syrup therein;
PA1  means within the housing for receiving a water container having a quantity
      of water therein;
PA1  means within the housing for receiving a carbon dioxide container having a
      quantity of carbon dioxide therein;
PA1  ice receiving means mounted in the upper portion of the housing and
      accessible from the mixed drink preparation zone;
PA1  liquid chilling means mounted in the bottom of the ice receiving means;
PA1  a dispensing head mounted on the housing and extending into the mixed drink
      preparation zone at a point over the top wall of the housing;
PA1  drain pan means slidably supported in the bottom of the housing and
      including valve means for selectively permitting fluid flow out of the
      drain pan means;
PA1  drain conduit means for directing liquids from a point in the mixed drink
      preparation zone under the dispensing head and from a point in the ice
      receiving means to the drain pan means;
PA1  a plurality of liquor pumps each for withdrawing liquor from one of the
      liquor containers in the liquor receiving zone and for discharging the
      liquor through the dispensing head;
PA1  syrup pumping means for withdrawing syrups from the syrup containers and
      for directing the syrups through the liquid chilling means and through the
      dispensing head;
PA1  valve means for controlling the flow of syrups through the dispensing head
      under the action of the syrup pumping means;
PA1  water pumping means for withdrawing water from the water container and for
      directing the water through the liquid chilling means and through the
      dispensing head;
PA1  valve means for controlling the flow of water through the dispensing head
      under the action of the water pumping means;
PA1  carbonating means for receiving water from the water pumping means, for
      receiving carbon dioxide gas from the carbon dioxide container, and for
      forming carbonated water;
PA1  means for directing carbonated water from the carbonating means through the
      liquid chilling means and through the dispensing head;
PA1  valve means for controlling the flow of carbonated water through the
      dispensing head;
PA1  said liquors, syrups, water, and carbonated water defining a plurality of
      liquids available for formulating mixed drinks;
PA1  a plurality of push-buttons each corresponding to a particular mixed drink;
      and
PA1  electronic circuitry means responsive to actuation of the push-button for
      selecting one or more of the plurality of liquids to be used in
      formulating a desired mixed drink and for effecting discharge of a
      predetermined quantity of each selected liquid through the dispensing
      head.
NUM  11.
PAR  11. The automatic mixed drink dispensing apparatus according to claim 10
      wherein the openable panels of the housing include a removable panel
      normally received in a portion of the front wall, a removable panel
      normally received in a portion of one of the side walls, and a hingedly
      supported door on the back wall, said removable panels and door for
      cooperation with the bulkhead to normally enclose the liquor receiving
      zone, means operable from within the liquor receiving zone for selectively
      preventing removal of the removable panels, and a lock mechanism for
      selective actuation to prevent opening of the door.
NUM  12.
PAR  12. The automatic mixed drink dispensing apparatus according to claim 10
      wherein each liquor pump comprises:
PA1  cylinder means;
PA1  piston means mounted for reciprocation in the cylinder means;
PA1  check valve means for admitting liquor from at least one of the liquor
      containers into one end of the cylinder means;
PA1  check valve means for directing liquor from said one end of the cylinder
      means through the dispensing head;
PA1  means for selectively directing pressurized carbon dioxide gas from the
      carbon dioxide container into the opposite end of the cylinder means and
      thereby actuating the piston means to force liquor from one said end of
      the piston means through the dispensing head; and
PA1  spring means for subsequently reciprocating the piston means in the
      opposite direction and thereby drawing liquor into said one end of the
      cylinder means.
NUM  13.
PAR  13. The automatic mixed drink dispensing apparatus according to claim 10
      further characterized by:
PA1  valve means operable under the control of the electronic circuitry means
      for controlling the flow of liquor from each liquor pump through the
      dispensing head; and
PA1  counter means operable in synchronism with the liquor controlling valve
      means to register the quantity of each liquor dispensed.
NUM  14.
PAR  14. The automatic mixed drink dispensing apparatus according to claim 10
      wherein each liquor pump comprises a motor-driven liquor pump and wherein
      the electronic circuitry means controls the amount of liquor dispensed by
      regulating the period of operation of the motor-driven pump.
NUM  15.
PAR  15. The automatic mixed drink dispensing apparatus according to claim 10
      wherein the syrup pumping means comprises:
PA1  means for directing pressurized carbon dioxide gas from the carbon dioxide
      container into each syrup container; and
PA1  means for directing syrup from each syrup container through the dispensing
      head under the action of the pressurized carbon dioxide gas.
NUM  16.
PAR  16. The automatic mixed drink dispensing apparatus according to claim 10
      wherein the carbonating means comprises:
PA1  container means;
PA1  means for receiving water from the water pumping means and for spraying the
      water through accumulated gas in the container means; and
PA1  means for receiving carbon dioxide gas from the carbon dioxide container
      and for bubbling the carbon dioxide gas through liquid accumulated in the
      container means.
NUM  17.
PAR  17. The automatic mixed drink dispensing apparatus according to claim 10
      further characterized by means for sensing the level of liquor in each
      liquor container in the liquor receiving zone and for generating a
      predetermined output signal whenever the level of liquor in any of the
      containers falls below a predetermined level.
NUM  18.
PAR  18. The automatic mixed drink dispensing apparatus according to claim 17
      wherein the level sensing means includes:
PA1  a pair of electrodes extending into each liquor container; and
PA1  electronic circuitry means responsive to a change in electrical resistance
      between the pair of electrodes to generate the predetermined output
      signal.
NUM  19.
PAR  19. The automatic mixed drink dispensing apparatus according to claim 10
      further including timer means mounted within the liquor receiving zone for
      selectively preventing operation of the mixed drink dispensing apparatus
      except during predetermined periods of each day.
NUM  20.
PAR  20. An automatic mixed drink dispensing apparatus comprising:
PA1  means defining a mixed drink preparation zone;
PA1  means defining a liquor receiving zone for receiving a plurality of
      quantities of different liquors each in its original container;
PA1  means for receiving a plurality of syrup containers each having a quantity
      of syrup therein;
PA1  means for receiving a water container having a quantity of water therein;
PA1  means for receiving a carbon dioxide container having a quantity of carbon
      dioxide therein;
PA1  ice receiving means accessible from the mixed drink preparation zone;
PA1  liquid chilling means mounted in the bottom of the ice receiving means;
PA1  a dispensing head extending into the mixed drink preparation zone;
PA1  drain means positioned in the mixed drink preparation zone beneath the
      dispensing head;
PA1  a plurality of liquor pumps each for withdrawing liquor from one of the
      liquor containers in the liquor receiving zone and for discharging the
      liquor through the dispensing head;
PA1  solenoid-actuated valve means for controlling the flow of liquor through
      the dispensing head under the action of the liquor pumps;
PA1  syrup pumping means for withdrawing syrups from the syrup containers and
      for directing the syrups through the liquid chilling means and through the
      dispensing head;
PA1  solenoid-actuated valve means for controlling the flow of syrups through
      the dispensing head under the action of the syrup pumping means;
PA1  water pumping means for withdrawing water from the water container and for
      directing water through the liquid chilling means and through the
      dispensing head;
PA1  solenoid-actuated valve means for controlling the flow of water through the
      dispensing head under the action of the water pumping means;
PA1  carbonating means for receiving water from the water pumping means, for
      receiving carbon dioxide gas from the carbon dioxide container, and for
      forming carbonated water;
PA1  means for directing the carbonated water from the carbonating means through
      the liquid chilling means and through the dispensing head;
PA1  solenoid-actuated valve means for controlling the flow of carbonated water
      through the dispensing head;
PA1  said liquors, syrups, water and carbonated water defining a plurality of
      liquids available for formulating mixed drinks;
PA1  a plurality of push-buttons each corresponding to a particular mixed drink;
PA1  circuit means responsive to the actuation of the push-buttons for
      generating a plurality of output signals indicative of the particular
      liquids from the plurality thereof to be utilized in formulating the
      desired mixed drink and further indicative of the quantity of each liquid
      to be dispensed; and
PA1  electronic circuitry means responsive to the output signals from the
      circuit means for operating the solenoid-actuated valve means
      corresponding to each of the selected liquids for a predetermined period
      of time and thereby discharging the proper quantity of each selected
      liquid through the dispensing head.
NUM  21.
PAR  21. The automatic mixed drink dispensing apparatus according to claim 20
      wherein each liquor pump comprises:
PA1  a cylinder;
PA1  a piston mounted for reciprocation within the cylinder;
PA1  a spring for biasing the piston to reciprocate toward the rod end of the
      cylinder;
PA1  means for selectively admitting pressurized carbon dioxide gas from the
      carbon dioxide container into the rod end of the cylinder and thereby
      forcing the piston to the blind end of the cylinder against the action of
      the spring means;
PA1  means for connecting the blind end of the cylinder to one of the liquor
      containers and to the dispensing head; and
PA1  check-valve means for preventing backflow of liquor from the dispensing
      head into the blind end of the cylinder and from the blind end of the
      cylinder into the container.
NUM  22.
PAR  22. The automatic mixed drink dispensing apparatus according to claim 21
      further characterized by counter means operable in synchronism with each
      of the solenoid-actuated valves which regulate the discharge of a liquor
      through the dispensing head to register the quantity of each liquor
      dispensed.
NUM  23.
PAR  23. The automatic mixed drink dispensing apparatus according to claim 20
      wherein each liquor pump comprises a motor-driven liquor pump.
NUM  24.
PAR  24. The automatic mixed drink dispensing apparatus according to claim 20
      wherein the syrup pumping means comprises means for admitting pressurized
      carbon dioxide gas from the carbon dioxide container into the syrup
      container and means extending from each syrup container to the dispensing
      head for discharging syrup through the dispensing head under the action of
      the pressurized carbon dioxide gas in the syrup container and under the
      control of the associated solenoid-actuated valves.
NUM  25.
PAR  25. The automatic mixed drink dispensing apparatus according to claim 20
      wherein the carbonating means comprises:
PA1  a container;
PA1  means for receiving water from the water pumping means and for spraying the
      water into the container means through gas accumulated therein;
PA1  means for receiving carbon dioxide gas from the carbon dioxide container
      and for bubbling the carbon dioxide gas through liquid accumulated in the
      container means; and
PA1  means for directing carbonated water from the container means to the
      dispensing head under the control of the solenoid-actuated valve.
NUM  26.
PAR  26. The automatic mixed drink dispensing apparatus according to claim 20
      further characterized by means for sensing the level of liquor in each
      liquor container in the liquor receiving zone and for generating a
      predetermined output signal whenever the level of liquor in one of the
      containers falls below a predetermined level.
NUM  27.
PAR  27. The automatic mixed drink dispensing apparatus according to claim 26
      wherein the liquor level sensing means includes:
PA1  conduit means extending into each liquor container for receiving liquor
      therefrom;
PA1  a pair of spaced apart electrodes mounted on each conduit means and
      extending therewith into each liquor container to a point therein spaced a
      predetermined distance above the bottom of the liquor container; and
PA1  electronic circuitry means responsive to a change in electrical resistance
      between the pair of electrodes to generate an output signal indicative of
      a liquor level in the container below the lowermost points of the
      electrodes.
NUM  28.
PAR  28. The automatic mixed drink dispensing apparatus according to claim 20
      further including housing means for receiving the liquor containers, the
      syrup containers, the water container, and the carbon dioxide container
      and defining the mixed drink preparation zone.
NUM  29.
PAR  29. The automatic mixed drink dispensing apparatus according to claim 28
      wherein the housing means further comprises means securing the liquor
      receiving zone against unauthorized access thereto.
NUM  30.
PAR  30. The automatic mixed drink dispensing apparatus according to claim 29
      wherein the housing means further comprises drain pan means and drain
      conduit means extending from the drain means of the mixed drink
      preparation zone and from the ice receiving means to the drain pan means.
NUM  31.
PAR  31. An automatic mixed drink dispensing apparatus comprising:
PA1  means defing a mixed drink preparation zone;
PA1  means defining a liquor receiving zone for receiving a plurality of
      quantities of different liquors each in its original container;
PA1  means for receiving a plurality of syrup containers each having a quantity
      of syrup therein;
PA1  means defining a source of water;
PA1  means defining a source of carbonated water;
PA1  a dispensing head extending into the mixed drink preparation zone;
PA1  drain means positioned in the mixed drink preparation zone beneath the
      dispensing head;
PA1  a plurality of liquor pumps each for withdrawing liquor from one of the
      liquor containers in the liquor receiving zone and for discharging the
      liquor through the dispensing head;
PA1  solenoid-actuated valve means for controlling the flow of liquor through
      the dispensing head under the action of the liquor pumps;
PA1  syrup pumping means for withdrawing syrups from the syrup containers and
      for directing the syrups through the liquid chilling means and through the
      dispensing head;
PA1  solenoid-actuated valve means for controlling the flow of syrups through
      the dispensing head under the action of the syrup pumping means;
PA1  means for directing water from the source through the dispensing head;
PA1  solenoid-actuated valve means for controlling the flow of water through the
      dispensing head;
PA1  means for directing the carbonated water from the source through the
      dispensing head;
PA1  solenoid-actuated valve means for controlling the flow of carbonated water
      through the dispensing head;
PA1  said liquors, syrups, water and carbonated water defining a plurality of
      liquids available for formulating mixed drinks;
PA1  a plurality of push-buttons each corresponding to a particular mixed drink;
PA1  circuit means responsive to the actuation of the push-buttons for
      generating a plurality of output signals indicative of the particular
      liquids from the plurality thereof to be utilized in formulating the
      desired mixed drink and further indicative of the quantity of each liquid
      to be dispensed; and
PA1  electronic circuitry means including means for generating a plurality of
      outputs each corresponding to a different predetermined period of time and
      logic means responsive to the output signals from the circuit means for
      operating the solenoid-actuated valve means corresponding to each of the
      selected liquids for a predetermined period of time corresponding to a
      selected one of said outputs and thereby discharging the proper quantity
      of each selected liquid through the dispensing head.
NUM  32.
PAR  32. The automatic mixed drink dispensing apparatus according to claim 31
      wherein each liquor pump comprises:
PA1  a cylinder;
PA1  a piston mounted for reciprocation within the cylinder;
PA1  a spring for biasing the piston to reciprocate toward the rod end of the
      cylinder;
PA1  means for selectively admitting pressurized gas into the rod end of the
      cylinder and thereby forcing the piston toward the blind end of the
      cylinder against the action of the spring means;
PA1  means for connecting the blind end of the cylinder to one of the liquor
      containers and to the dispensing head; and
PA1  check-valve means for preventing backflow of liquor from the dispensing
      head into the blind end of the cylinder and from the blind end of the
      cylinder into the container.
NUM  33.
PAR  33. The automatic mixed drink dispensing apparatus according to claim 32
      further characterized by counter means operable in synchronism with each
      of the solenoid-actuated valves which regulate the discharge of a liquor
      through the dispensing head to register the quantity of each liquor
      dispensed.
NUM  34.
PAR  34. The automatic mixed drink dispensing apparatus according to claim 31
      wherein each liquor pump comprises a motor-driven liquor pump.
NUM  35.
PAR  35. The automatic mixed drink dispensing apparatus according to claim 31
      wherein the syrup pumping means comprises means for admitting pressurized
      gas into the syrup container and means extending from each syrup container
      to the dispensing head for discharging syrup through the dispensing head
      under the action of the pressurized gas in the syrup container and under
      the control of the associated solenoid-actuated valves.
NUM  36.
PAR  36. The automatic mixed drink dispensing apparatus according to claim 31
      further characterized by means for sensing the level of liquor in each
      liquor container in the liquor receiving zone and for generating a
      predetermined output signal whenever the level of liquor in one of the
      containers falls below a predetermined level.
NUM  37.
PAR  37. The automatic mixed drink dispensing apparatus according to claim 36
      wherein the liquor level sensing means includes:
PA1  conduit means extending into each liquor container for receiving liquor
      therefrom;
PA1  a pair of spaced apart electrodes mounted on each conduit means and
      extending therewith into each liquor container to a point therein spaced a
      predetermined distance above the bottom of the liquor container; and
PA1  electronic circuitry means responsive to a change in electrical resistance
      between the pair of electrodes to generate an output signal indicative of
      a liquor level in the container below the lowermost points of the
      electrodes.
NUM  38.
PAR  38. The automatic mixed drink dispensing apparatus according to claim 31
      further including housing means for receiving the liquor containers, the
      syrup containers, the water container, and the carbon dioxide container
      and defining the mixed drink preparation zone.
NUM  39.
PAR  39. The automatic mixed drink dispensing apparatus according to claim 38
      wherein the housing means further comprises means securing the liquor
      receiving zone against unauthorized access thereto.
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ABST
PAL  A leak detection system and method of detecting leaks are disclosed for
      detecting leaks in a dispensing system having a pump, dispenser, conduit
      connecting the pump and dispenser and a valve to isolate the pump from the
      dispenser when a fluid is not being dispensed. The leak detection system
      includes a leak detector including an enclosure in fluid flow
      communication with the portion of the conduit downstream from the valve, a
      member responsive to the fluid condition within the enclosure and signal
      means responsive to the fluid condition responsive member for indicating
      the existence of a predetermined fluid condition.
PAL  A valve seating means which is pressure activated to forceably seat the
      valve also is provided.
PAL  A leak detecting method is disclosed which includes the steps of activating
      the pump, opening the dispenser and dispensing a fluid, closing the
      dispenser, closing the valve to isolate the pump from the dispenser,
      sensing a flow of fluid in the conduit portion between the valve and
      dispenser, and energizing signal means if the fluid flow is greater than a
      predetermined amount.
BSUM
PAC  BACKGROUND
PAR  This invention relates to improved leak detection systems and, more
      particularly, to a leak detection system used with a fluid dispenser and
      pump and to a method for detecting leaks.
PAR  One particular application for the system and method of this invention is
      to detect leaks in a fluid delivery line through which fluid is
      intermittently delivered under pressure. For example, remote pumping
      systems are being used more frequently in gasoline service stations.
      Typically, a pump and motor unit is submerged in an underground tank and
      is used to supply gasoline to a plurality of dispensers. These systems
      conventionally include a pump, a dispenser, a conduit connecting the two,
      and a valve, such as a check valve, in the conduit isolating the pump from
      the dispenser when a fluid is not being dispensed. The fluid in the
      discharge line portion of the conduit between the check valve and the
      dispenser is under pressure during dispensing and between dispensing
      operations. When these remote pumping systems are used for the dispensing
      of gasoline, it is important to determine whether or not there is a leak
      in the conduit since continued undetected leakage over prolonged periods
      may result in a dangerous accumulation of gasoline in the ground. A
      leakage rate in excess of 3.5-4.0 gallons per day is considered
      intolerable and should be detected.
PAR  In order to determine whether or not a leak exists in the conduit, it is
      desirable that the valves at the ends of the conduit seal tight. If the
      valve at the dispenser end is defective, it will be readily observable
      since the fluid, such as gasoline, will be seen dripping from the
      dispenser nozzle. However, since the check valve is not readily
      observable, precautions should be taken to be sure that the check valve is
      properly seated to prevent flow of the fluid from the discharge line back
      through the check valve toward the pump. If such flow exists, it would
      render the leakage test inaccurate.
PAR  Accordingly, it is an objective of this invention to provide an improved
      leak detection system and method for detecting leaks in a delivery line
      portion of a conduit between a valve and a fluid dispenser.
PAC  BRIEF DESCRIPTION OF THE LEAK DETECTION SYSTEM
PAR  To achieve the foregoing objective and in accordance with the purpose of
      this invention, as embodied and broadly described herein, the leak
      detection system of this invention comprises valve seating means including
      a chamber having a pressure responsive member mounted therein and means
      operated by the pressure responsive member adapted to forceably seat the
      valve in response to a predetermined pressure condition in the chamber.
      The system further includes a leak detector comprising an enclosure in
      fluid flow communication with the portion of the conduit between the valve
      and the dispenser and a member responsive to the fluid condition within
      the enclosure which, in turn, is a function of the fluid condition in the
      portion of the conduit between the valve and the dispenser, and signal
      means responsive to the fluid condition responsive member to indicate when
      a predetermined fluid condition in that portion of the conduit exists.
PAR  The invention also comprises a method of detecting leaks in a system having
      a fluid pump, a dispenser, a conduit connecting the pump and dispenser and
      a valve in the conduit, the method including the steps of activating the
      pump and opening the dispenser to dispense the fluid, closing the
      dispenser, closing the valve to isolate the pump from the dispenser,
      applying fluid pressure on the valve to insure the closure thereof,
      sensing a flow of fluid in the portion of the conduit between the valve
      and the dispenser, and energizing signal means if the flow of fluid in
      that portion is greater than a predetermined amount.
PAR  The above objective and the advantages of this invention will be set forth
      in part in the description which follows, and in part will be obvious from
      the description, or may be learned by practice of the invention. The
      objectives and advantages of this invention may be realized and obtained
      by means of the instrumentalities and combinations particularly pointed
      out in the appended claims.
DRWD
PAR  The invention consists in the novel parts, constructions, arrangements,
      combinations and improvements shown and described. The principles of this
      invention are explained in the detailed description below taken together
      with the accompanying drawings which are incorporated in and constitute a
      part of this specification and in which:
PAR  FIG. 1 is a schematic illustration of a gasoline dispensing system of the
      type with which the leak detection system of this invention can be used.
PAR  FIG. 2 is a schematic sectional view of a leak detection system formed in
      accordance with one embodiment of this invention.
PAR  FIG. 3 is a sectional elevational view of a leak detection system formed in
      accordance with the second embodiment of this invention.
PAR  FIG. 4 is a schematic circuit diagram of a control circuit which may be
      used with the second embodiment shown in FIG. 3.
PAR  FIG. 5 is a flow diagram illustrating the leak detecting method employed
      with the system of FIG. 3.
PAR  FIG. 6 is a sectional elevational view of a leak detection system formed in
      accordance with a third embodiment of this invention.
DETD
PAC  DETAILED DESCRIPTION
PAC  First Embodiment (FIGS. 1 and 2)
PAR  Reference will now be made in detail to the present preferred embodiments
      of the invention, examples of which are illustrated in the accompanying
      drawings.
PAR  While there exists many possible applications for the leak detection system
      of this invention, one such application is a dispensing system 10 of the
      type used in gasoline service stations such as is illustrated in FIG. 1.
      Such a dispensing system typically includes a vented underground gasoline
      storage tank 12 which is used to supply gasoline to a plurality of
      dispensers 14, only one of which is shown. A submersible pump, such as
      pump 16, is located in the storage tank 12 for pumping gasoline from the
      tank 12 through appropriate delivery lines or conduits 18 which run
      underground to the dispensers 14. While the outlet of the pump 16 may be
      connected directly to the delivery lines 18, it is conventional to use as
      part of the conduit system a discharge head 20 to facilitate installation,
      servicing and replacement of the pump. The discharge head 20 is provided
      with a line check valve to control flow back toward the pump 16.
PAR  The dispensers 14 are each provided with a delivery hose 22 and a manually
      operable dispenser nozzle valve 24 at its outlet end through which the
      gasoline is dispensed. A pump control switch 26 is normally provided on
      the dispenser 14 which is manually closed to start the pump immediately
      before the gasoline is to be dispensed. The dispensers and their method of
      operation are conventional and well known and do not form a part of this
      invention; therefore, it is believed there is no need to describe their
      structure and operation in further detail. The dispenser is used in this
      specification as illustrative of the environment in which the leak
      detection system of this invention can be used and it is believed that
      description of the dispenser and its operation will help in the
      understanding of this invention.
PAR  With reference now to FIG. 2 there is illustrated a leak detection system,
      generally 27, for use in a fluid dispensing system having a fluid pump 16,
      a conduit 18 connecting the pump 16 with a dispenser 14 and a valve, such
      as check valve 28, located in the conduit 18 between the pump 16 and the
      dispenser 14 to isolate the pump from the dispenser when a fluid is not
      being dispensed.
PAR  The conduit 18 can be considered as having two portions, namely, a first
      portion 30 between the valve 28 and the dispenser 14, and a second portion
      32 between the valve 28 and the pump 16.
PAR  In accordance with the invention, clampdown or seating of the valve 28 is
      facilitated by valve seating means. As here embodied, there is provided a
      chamber 40 having a pressure responsive first member 42 mounted therein.
      Preferably, the pressure responsive member 42 is a flexible resilient
      diaphragm. For reasons described below, the diaphragm will be directly
      exposed to the fluid being dispensed and, therefore, the diaphragm
      material must be compatible with the fluid. For a gasoline dispensing
      system a synthetic fiber such as nylon mesh bonded together by a gasoline
      resistive synthetic rubber compound such as Viton A has been found to be a
      suitable material.
PAR  The valve seating means also includes means operated by the pressure
      responsive member which is adapted to forceably seat the valve in response
      to a predetermined pressure condition within the chamber 40. As here
      embodied a simple and inexpensive construction includes a rod 44 attached
      at one end to the diaphragm 42 and at its other end to a valve head 46.
PAR  The chamber 40 is divided into two sections by the diaphragm 42. By means
      of a tube or other suitable duct 48, a first section 50 of the chamber is
      placed in fluid flow communication with the first portion 30 of the
      conduit 18 and a second section 52 of the chamber is placed in fluid flow
      communication with the second portion 32 of the conduit 18 by means of a
      second tube 54.
PAR  Further in accordance with this invention a leak detector is placed in
      fluid flow communication with the first portion 30 of the conduit 18. One
      form of leak detector is employed in the first embodiment shown in FIG. 2
      and includes an enclosure such as an accumulator 56 schematically shown in
      FIG. 2. The accumulator 56 may be located at any convenient location
      within the system provided it is in fluid flow communication with the
      first portion 30 of the conduit 18. The accumulator 56 is provided with a
      member which is responsive to the fluid condition within the accumulator.
      The member also is capable of exerting a predetermined pressure on the
      fluid in the first portion 30 of the conduit 18. One form of such member
      is a weighted diaphragm 58 mounted across the accumulator 56 and adapted
      to be in contact with the fluid within the accumulator and to exert a
      predetermined pressure upon the fluid. For use in a conventional gasoline
      dispensing system, a pressure of approximately 30 lbs. per square inch was
      found to be suitable.
PAR  While one specific pressure exerting means is shown in FIG. 2 and described
      herein, it should be noted that other means for exerting a predetermined
      pressure on the fluid are contemplated, such as (without limitation)
      through the use of a slidable piston, a spring, pressurized gas, or
      pressurized fluid for exerting the necessary force upon the fluid within
      the first portion 30 of the conduit 18.
PAR  In accordance with this invention, there is also provided a signal means
      which is responsive to the fluid condition responsive member in the leak
      detector and which indicates when a predetermined fluid condition within
      the first portion 30 of the conduit 18 exists. A suitable signal means is
      illustrated in FIG. 2 and includes a conventional spring loaded normally
      open switch 60 and a switch activating rod 62, the rod being connected to
      the diaphragm 58 for movement therewith. When the fluid level within the
      accumulator 56 drops to a predetermined position, the activator rod 62
      effects a change of state of the switch 60. Any type of signal can be
      employed to indicate the existence of the predetermined fluid condition.
      In the schematic electrical circuit 64 shown in FIG. 2, an audible signal
      or alarm 66 is shown in circuit with the switch 60 and a power source 68,
      so that upon closure of the switch 60 by the switch activating rod 62, the
      alarm 66 is energized.
PAR  In operation, when the pump 16 is activated by closure of the pump control
      switch 26 and the dispenser nozzle valve 24 is opened in order to dispense
      fluid, such as gasoline, the pressure differential across the check valve
      28 effects opening of the valve to permit the gasoline to flow through the
      conduit 18. The diaphragm 42 within the chamber 50 of the valve seating
      means experiences the same pressure differential as does the check valve
      28 by virtue of the tubes 48 and 54, thereby causing the diaphragm 42 and,
      hence, the rod 44 to move in a direction to facilitate opening of the
      check valve 28. If the fluid level within the accumulator 56 is below its
      design level, fluid will enter the accumulator during this fluid
      dispensing operation until the fluid is at its design level.
PAR  Upon closure of the dispensing nozzle valve 24 and deactivation of the pump
      16, the check valve 28 closes in a conventional manner such as by reason
      of the force of a check valve spring 70. To be sure that the check valve
      is properly seated, the weighted diaphragm 58 exerts a desired pressure
      upon the fluid within the first section 30 of the conduit 18 and, by
      virtue of the tube 48, the same pressure is provided within the first
      section 50 of the chamber 40. The pressure within the second section 52 of
      the chamber 40 is equal to that of the pressure within the second portion
      32 of the conduit 18 by virtue of tube 54, which pressure is less than
      that applied by the diaphragm 58 and, for example, usually is atmospheric
      when the pump 16 is not operating. The pressure differential across the
      diaphragm 42 causes the diaphragm to deflect downwardly, thereby moving
      the rod 44 downwardly and applying a valve seating force on the check
      valve 28. Because the rod 44 is directly attached to the check valve 28,
      the majority of the movement of the rod 44 is caused by the spring closing
      the check valve and only the small additional movement of the rod 44 to
      effect tight sealing of the check valve is a result of the pressure
      applied by the diaphragm 58, thereby requiring very little movement of the
      diaphragm 58 and very little loss of fluid from the accumulator 56. Since
      the extent of movement of the rod 44 and the diaphragm 58 to effect
      sealing of the valve 28 is consistent from time to time, the movement of
      the diaphragm 58 and switch activator rod 62 for valve sealing purposes is
      easily calibrated.
PAR  Because the valve 28 is closed and the dispensing nozzle valve 24 is
      closed, any further loss of fluid from the accumulator 56 is a result of a
      leak in the system and must be detected. Therefore, movement of the switch
      activator rod 62 an amount greater than necessary to effect sealing of the
      check valve 28 or greater than a tolerable leakage amount would cause
      switch 60 to close and set off the alarm 66.
PAC  SECOND EMBODIMENT (FIGS. 3-5)
PAR  In accordance with the second embodiment of this invention, generally
      indicated 80 in FIG. 3, there is provided a valve seating means including
      a chamber and a pressure responsive member to facilitate clampdown or
      seating of the check valve 28. As embodied in this second embodiment,
      there is shown a chamber 82 divided into a first section 84 and a second
      section 86 by a flexible diaphragm 88. The first section 84 is placed in
      selective fluid flow communication with the second portion 32 of the
      conduit 18 and, therefore, the high pressure side of the pump 16, by means
      of tubes 90, 92 and a solenoid operated control valve 94. The first
      section 84 may also be placed in fluid flow communication with the low
      pressure side of the pump 16 for venting purposes by means of a bleed line
      or tube 98 and the control valve 94. The second section 86 of the chamber
      82 is maintained at relatively low pressure either by being vented to a
      relatively low pressure source such as the low pressure side of the pump
      or by being sealed with low pressure in the section, such as atmospheric
      pressure.
PAR  A plunger 96 is directly connected to the diaphragm 88 to clamp down or
      seat the check valve 28 when the pressure in the first section 84 of the
      chamber 82 substantially exceeds the pressure within the second section 86
      of the chamber 82. In this second embodiment the plunger 96 is not
      attached directly to the check valve 28, although such connection could be
      made as is shown in the first embodiment illustrated in FIG. 2.
PAR  The system 80 of this second embodiment also includes a leak detector
      having a member responsive to a fluid flow condition within the first
      portion 30 of the conduit 18. As embodied herein, the leak detector
      includes an enclosure 100 having a flexible diaphragm 102 defining a first
      section 104 of the enclosure which is in fluid flow communication with the
      first portion 30 of the conduit 18 by virtue of a tube 106. A cup shaped
      member 107 attached to the diaphragm 102 together with the diaphragm
      defines a second section 108. The second section 108 is placed in fluid
      flow communication with the high pressure side of the pump 16 by means of
      a tube 110, which is connected to the aforementioned tube 90.
PAR  In accordance with this invention, a signal means is provided which is
      operated by the member which is responsive to the fluid condition within
      the first portion of the conduit. As embodied herein, the signal means
      includes a magnet 112 carried by the diaphragm 102 by means of a support
      114. A reed relay 116 extends into the first section 104 of the enclosure
      100 within a protective envelope 117 and a second magnet 118 is fixedly
      mounted within the first section 104 in alignment with the reed relay 116.
      When the fluid condition responsive member, such as diaphragm 102, is in a
      normal position as illustrated in FIG. 3, the magnet 112, which is
      responsive to the position of the diaphragm, and the fixed magnet 118 are
      in direct alignment with the reed relay 116. The magnet 118 tends to close
      the reed relay 116, however, the magnet 112, being stronger than the
      magnet 118, maintains the reed relay open as long as it is in alignment
      with the reed relay and stationary magnet 118.
PAR  While many types of control circuits may be utilized in the leak detection
      system of this invention in order to control the operation of the pump and
      signal the existence of a leak, one particular circuit 120 which provides
      the control desired is illustrated in FIG. 4. When it is desired to test
      for leaks, a leak detection switch 121 is closed. In order to dispense a
      fluid, such as gasoline, a primary power switch 122 is closed followed by
      the closing of a pump switch 123. The closing of the pump switch 123
      activates a time-delay-on-deactivation relay 124 resulting in operation of
      the pump 16.
PAR  When the nozzle valve 24 is opened the first portion 30 of the conduit 18
      is at atmospheric pressure and the pressure differential across the check
      valve 28 produced by the pump 16 causes the check valve 28 to open
      permitting fluid to flow from the pump 16 through the conduit 18 and out
      through the dispenser nozzle valve 24. When the dispenser nozzle valve 24
      is closed, the pressures within the first and second sections 30, 32,
      respectively, of the conduit 18 are equal and the check valve spring 70
      effects closure of the check valve 28. Through the control circuit 120
      closing the dispenser nozzle valve 24 and opening the pump switch 123
      effects movement of the control valve 94 so that the first section 84 of
      the chamber 82 and the second section 108 of the enclosure 100 are placed
      in fluid flow communication with the second portion 32 of the conduit 18
      or, in other words, with the high pressure side of the pump 16. Closing
      the dispenser nozzle valve 24 does not effect deactivation of the pump
      because the relay 124 provides a time delay on deactivation (approximately
      30 seconds). Therefore the pump still applies pressure on the fluid in the
      second portion 32 of the conduit and, consequently, in the first section
      84 of the chamber 82 and the second section 108 of the enclosure 100.
PAR  The pressure in the first section 84 of the chamber 82 is greater than the
      pressure in the second section 86, causing the diaphragm to flex in a
      direction to force the plunger 96 toward the check valve 28 to ensure
      proper sealing of the check valve.
PAR  With respect to the leak detector, the pressure in the second section 108
      of the enclosure 100, unless counteracted, would tend to move the
      diaphragm 102 so that the magnet 112 moves away from the reed relay 116
      (upwardly as shown in FIG. 3). However, the first section 104 of the
      enclosure 100 is in fluid flow communication with the first portion 30 of
      the conduit 18, the pressure of which is substantially equal to the output
      pressure of the pump 16. Therefore, if there is no leak in the first
      portion 30 of the conduit 18, the diaphragm 102 will not move sufficiently
      to remove magnet 112 from its zone of effectiveness with respect to the
      reed relay 116. Since the magnet 112 does not move, the reed switch 116
      remains open and, after elapse of the predetermined time period, the time
      delay relay 124 opens and the pump 16 is deactivated. Also, the control
      valve 94 is returned to its normal position such as by means of a spring
      (not shown) in which the first section 84 of the chamber 82 and the second
      section 108 of the enclosure 100 are bled to the low pressure side of the
      pump or to the atmosphere through bleed line 98. Bleeding the first
      section 84 of the chamber 82 before the pump is reactivated for a next
      pumping operation prevents interference with the opening of the check
      valve 28.
PAR  However, if a leak exists in the first section 30 of the conduit 14 and
      fluid escapes therefrom the pressure in the second section 108 of the
      enclosure 100 will force the diaphragm 102 upwardly at a rate dependent
      upon the extent of leakage in the first section of conduit. When the
      magnet 112 is displaced sufficiently from the reed relay 116 so as to no
      longer be able to counteract the reed relay closing effect of the
      stationary magnet 118, the relay 116 closes. If the reed relay 116 is
      closed after the predetermined period of time after the pump switch 123 is
      opened (when the time delay relay 124 changes state to deactivate the pump
      16) there exists a leak of sufficient intensity as to warrant setting off
      an alarm and blocking reactivation of the pump without intentional manual
      resetting of the system 80.
PAR  This is accomplished by the control circuit 120 which includes a
      transformer 125 the primary of which is energized by the main power source
      126 through the main power switch 122, detector switch 121 and relay 124.
      When dispensing of the fluid is completed and the pump switch 123 is
      opened, the time-delay relay 124 opens after the predetermined interval
      energizing the primary of the transformer 125. If the magnetic reed switch
      116 closes after the relay 124 opens, indicating the existence of a leak,
      a relay 127, powered by the secondary of the transformer 125 through a
      rectifier 128, closes placing a signal indicating means, such as an
      indicator light or alarm 129 in series with the energized transformer 125.
PAR  The closing of the magnetic reed switch 116 also energizes a second relay
      130 which effects breaking the main power circuit to the pump 16
      preventing the pump from being started even if the pump switch 123 is
      closed. The last two mentioned relays (127, 130) serve as a holding
      circuit to maintain the alarm 129 in the activated position and to prevent
      operation of the pump until the main power switch 122 is manually
      operated.
PAR  A valve contol circuit 95 for controlling operation of the control valve 94
      is connected in the holding circuit and in circuit with the pump switch
      123 so that when the pump switch is opened the control valve 94 is
      positioned to interconnect the first section 84 of the chamber 82 and the
      second section 108 of the enclosure 100 with the high pressure side of the
      pump as described above. If a leak exists in the first portion 30 of the
      conduit 18 and the signaling means are activated, the holding circuit
      prevents the control valve 94 from returning to the position which allows
      bleeding of the pressure from the second section 108 of the enclosure 100.
      While many types of valve control circuits may be used, one suitable
      circuit is a capacitive-circuit having a suitable time constant which is
      charged when the pump switch 123 is closed and which discharges through a
      solenoid coil of the valve 94 when the pump switch is opened.
PAR  FIG. 5 is an operational sequence diagram illustrating the operation of the
      system 80.
PAR  While one particular form of signal means is illustrated in FIG. 3, namely,
      the magnetically controlled reed relay 116, other suitable means may be
      used. For example, in place of the reed relay and magnet, a photocell and
      light source may be aligned above the diaphragm 102 and an opaque member
      connected to the diaphragm may be normally located below the photocell but
      oriented between them. Upward movement of the diaphragm will cause the
      opaque member to pass between the photocell and light source, resulting in
      the actuation of the signaling circuit.
PAC  THIRD EMBODIMENT (FIG. 6)
PAR  Turning now to FIG. 6, there is illustrated a leak detection system 131
      formed in accordance with a third embodiment of this invention. The system
      employs a check valve seating means which may be of the type described
      above with respect to the second embodiment and illustrated in FIG. 3.
      This system 131 also includes a leak detector placed in fluid flow
      communication with the first portion 30 of the conduit 18 and including an
      enclosure and a member within the enclosure responsive to the fluid
      condition within the enclosure. As embodied herein a cylinder 132 is
      connected to the conduit 18 in parallel with the check valve 28. This is
      accomplished by connecting one end of the cylinder 132 to the first
      portion 30 of the conduit 18 by means of a tube 134 and by connecting the
      other end of the cylinder 132 to the second portion 32 of the conduit 18
      by means of a tube 136. A weighted piston 138 is placed in the cylinder
      132 for reciprocating motion therein, the piston being sealed to the walls
      of the cylinder by any conventional means such as an "O" ring 140. A small
      orifice 142 extends axially through the piston 138 to permit a controlled
      flow of fluid therethrough.
PAR  The system further includes signal means responsive to the fluid condition
      responsive member. One form of such signal means is a magnet 144 mounted
      on the piston 138 and a reed relay 146 mounted on the outside of the
      cylinder 132, the reed relay being designed to be closed when the magnet
      is higher than a set position near the bottom of the cylinder. The reed
      relay 146 is placed in a suitable pump control and alarm circuit, such as
      circuit 120 shown in FIG. 4, and described above.
PAR  In operation, when the fluid is to be dispensed, the pump 16 is activated
      and the dispenser nozzle valve 24 is opened, thereby permitting fluid to
      flow through the check valve 28 and out through the dispenser nozzle valve
      24. During such dispensing of the fluid, fluid also flows through the tube
      136, into the bottom of the cylinder 132, through the orifice 142 in the
      piston 138 and out through the tube 134 into first portion 30 of the
      conduit 18. The weight of the piston 138 and size of the orifice 142 are
      controlled so that the flow of fluid through the cylinder 132 causes the
      piston to rise to a particular desired height within the cylinder
      effecting closing the reed relay 146. It has been found that in a
      conventional gasoline distribution system, a 5/8 inch diameter piston,
      weighing 35.4 grams, and having a 3.5 mm. diameter orifice therethrough is
      suitable.
PAR  When the dispenser nozzle valve 24 is closed and fluid dispensing is
      terminated, the time delay relay 124 of control circuit 120 continues to
      effect actuation of the pump 16 for a predetermined time interval. During
      this period if no leakage occurs in the first portion 30 of the conduit
      18, the pressure in the first portion 30 is substantially equal to the
      pressure in the second portion 32 of the conduit and the check valve
      spring 70 effects closure of the check valve 28. Furthermore, flow through
      the cylinder 132 is terminated and, since the pressure on opposite sides
      of the piston 138 is equal, the piston 138 floats downwardly toward the
      bottom of the cylinder 132. When the piston drops below the set position
      near the bottom of the cylinder, the reed relay 146 opens thereby opening
      the alarm circuit. Because all conditions within the system are
      substantially constant for a no-leak situation, the piston will reach the
      set position within the predetermined time interval set to turn off the
      pump 16. As long as the reed relay 146 opens prior to termination of the
      predetermined time interval, the alarm 129 is not set off and the pump is
      deactivated.
PAR  If a leak is present in the first portion 30 of the conduit 18, a pressure
      drop will exist across the piston 138 and, since the pump 16 is still
      operating, flow will exist in the cylinder 132 in a direction tending to
      prevent the piston 138 from floating downwardly. Consequently, the piston
      138 will not be able to reach the bottom of the cylinder 132 and allow the
      reed relay 146 to open within the predetermined time interval. Upon
      expiration of this time interval the transformer 125 is energized and if
      the reed relay is closed, the alarm 129 will be set off, and the pump will
      be deactivated and will not be able to be reactivated until the pump
      switch is manually reset, all as described above with respect to the
      second embodiment.
PAR  It can be seen from the above that this invention comprises a leak
      detection system which is relatively inexpensive to manufacture, which is
      easy to install, and which effectively senses any leakage in a discharge
      line of a fluid dispensing system.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A leak detection system for use with a fluid pump, a dispenser, a
      dispenser valve for controlling fluid flow through said dispenser, a
      conduit connecting said pump and dispenser, pump control means for
      activating and initiating deactivation of said pump, and a second valve in
      said conduit to isolate said pump from said dispenser when a fluid is not
      being dispensed, said system comprising first means for enabling operation
      of said pump while said dispenser valve is closed by delaying deactivation
      of said pump for a finite predetermined period of time after said pump
      control means is operated to initiate deactivation of said pump, second
      means for ensuring leak free closure of said second valve when said
      dispenser valve is closed, and a leak detector including a member in fluid
      flow communication with said pump and with a portion of said conduit
      between said second valve and said dispenser, said member being responsive
      to a differential fluid condition between said second conduit portion and
      said pump, and signal means responsive to said member to indicate the
      existence of a predetermined differential fluid condition when said pump
      is operating and said dispenser valve is closed.
NUM  2.
PAR  2. A leak detection system as defined in claim 1 including control means
      preventing reactivation of said pump upon the existence of said
      predetermined fluid condition.
NUM  3.
PAR  3. A leak detection system for use with a fluid pump, pump control means
      for activating and initiating deactivation of said pump, a dispenser, a
      conduit connecting said pump and dispenser, and a valve in a first portion
      of said conduit to isolate said pump from said dispenser when a fluid is
      not being dispensed, said first portion being between said pump and
      dispenser, said system comprising:
PA1  a. valve seating means, including
PA2  i. a chamber having a pressure responsive first member mounted therein;
PA2  ii. means operated by said first member adapted to forceably seal said
      valve in response to a predetermined pressure condition in said chamber to
      ensure no fluid flow past said valve during testing for leakage;
PA1  b. a leak detector including means for delaying deactivation of said pump
      for a finite predetermined period of time after said pump control means is
      operated to initiate deactivation of said pump, an enclosure in fluid flow
      communication with a second portion of said conduit, said second portion
      being between said valve and said dispenser, and a second member
      responsive to a fluid condition within said enclosure, said fluid
      condition within said enclosure being a function of the fluid condition in
      said second portion of said conduit during said predetermined period of
      time, and
PA1  c. signal means responsive to said second member to indicate when a
      predetermined fluid condition in said second portion of said conduit
      exists.
NUM  4.
PAR  4. A leak detection system as defined in claim 3 wherein said means
      operated by said pressure responsive first member is connected directly to
      said valve.
NUM  5.
PAR  5. A leak detection system as defined in claim 3 wherein said second member
      is fluid volume responsive.
NUM  6.
PAR  6. A leak detection system as defined in claim 3 wherein said predetermined
      fluid condition in said second portion of said conduit is fluid flow when
      a fluid is not being dispensed through said dispenser.
NUM  7.
PAR  7. A leak detection system as defined in claim 3 wherein said predetermined
      fluid condition in said second portion of said conduit is the flow of a
      predetermined quantity of fluid in a second predetermined time period when
      a fluid is not being dispensed through said dispenser.
NUM  8.
PAR  8. A leak detection system as defined in claim 3 wherein said second member
      is responsive to the quantity of fluid in said enclosure and includes a
      signal activating means to effect changing the state of said signal means
      upon a predetermined change in fluid quantity in said enclosure.
NUM  9.
PAR  9. A leak detection system as defined in claim 3 wherein said first member
      is a diaphragm, said diaphragm being mounted within said chamber so as to
      divide said chamber into first and second sections, said first section
      being in fluid flow communication with said second portion of said
      conduit.
NUM  10.
PAR  10. A leak detection system as defined in claim 3 wherein said leak
      detector includes means for exerting a predetermined pressure on the fluid
      in said second portion of said conduit.
NUM  11.
PAR  11. A leak detection system as defined in claim 10 wherein the pressure
      exerted by said leak detector effects movement of said first member to
      effect seating of said valve when said dispenser is closed and said pump
      is not activated.
NUM  12.
PAR  12. A leak detection system as defined in claim 3 wherein said second
      member is responsive to the quantity of fluid in said enclosure and
      includes a signal activating means to effect change of state of said
      signal means upon a predetermined change in fluid quantity in said
      enclosure within a predetermined period after said dispenser is closed.
NUM  13.
PAR  13. A leak detection system as defined in claim 3 wherein said first member
      divides said chamber into first and second sections, and including a duct
      connecting said first section with a third portion of said conduit, said
      third portion being between said pump and said valve, a second valve in
      said duct and responsive to the closing of said dispenser such that when a
      fluid is being dispensed the second valve prevents the flow of fluid from
      said pump to said first section and when the dispensing of fluid is
      terminated, the second valve permits flow of fluid from said pump to said
      first section.
NUM  14.
PAR  14. A leak detection system as defined in claim 13, wherein said pump
      control means is responsive to said dispenser, said control means
      effecting:
PA1  a. activation of said pump upon the turning on of said dispenser;
PA1  b. opening of said second valve upon the turning off of said dispenser to
      permit fluid flow to said first section from said pump; and
PA1  c. closing of said second valve and deactivation of said pump a
      predetermined period of time after said dispenser is turned off.
NUM  15.
PAR  15. A leak detection system as defined in claim 14, including second
      control means responsive to the fluid condition within said second portion
      of said conduit, said second control means preventing reactivation of said
      pump upon the existence of said predetermined fluid condition in said
      second portion of said conduit.
NUM  16.
PAR  16. A leak detection system as defined in claim 14 wherein said second
      member divides said enclosure into third and fourth sections, said third
      section being in flow communication with said conduit second portion, said
      fourth section being in flow communication with said duct, said second
      member being responsive to a pressure differential across said second
      member and wherein the opening of said second valve permits fluid flow to
      said fourth section.
NUM  17.
PAR  17. A leak detection system as defined in claim 16, including signal
      activating means to effect change of state of said signal means upon
      movement of said second member said predetermined degree within said
      predetermined time.
NUM  18.
PAR  18. A leak detection system as defined in claim 3, wherein said second
      member divides said enclosure into first and second sections, said
      enclosure first section being in flow communication with said conduit
      second portion, said enclosure second section being in flow communication
      with said conduit third portion, said third portion being between said
      pump and said valve, said second member being responsive to a pressure
      differential across said second member.
NUM  19.
PAR  19. A leak detection system as defined in claim 18, including signal
      activating means to effect change of state of said signal means upon a
      predetermined degree of movement of said second member within a second
      predetermined period of time after the dispenser is turned off.
NUM  20.
PAR  20. A leak detection system as defined in claim 19, wherein said pump
      control means is responsive to said dispenser, said control means
      effecting:
PA1  a. activation of said pump upon the turning on of said dispenser; and
PA1  b. deactivation of said pump after closing the dispenser and less than said
      second predetermined time after the dispenser is closed.
NUM  21.
PAR  21. A leak detection system as defined in claim 20 including second control
      means preventing reactivation of said pump upon the existence of said
      predetermined fluid condition.
NUM  22.
PAR  22. A leak detection system for use with a fluid pump, a dispenser, and a
      conduit connecting said dispenser and pump, said system including:
PA1  a. a valve in said conduit to isolate said pump from said dispenser when a
      fluid is not being dispensed;
PA1  b. valve seating means including
PA2  i. a chamber having a diaphragm mounted therein and dividing said chamber
      into first and second sections, said first section being in fluid flow
      communication with a first portion of said conduit, said first portion
      being between said valve and said dispenser, said second section being in
      fluid flow communication with a second portion of said conduit, said
      second portion being between said valve and said pump;
PA2  ii. means responsive to movement of said diaphragm to forceably seat said
      valve in response to a predetermined pressure differential across said
      valve to ensure no fluid flow past said valve during testing for leakage;
PA1  c. a leak detector including an accumulator in fluid flow communication
      with said first portion of said conduit and first means for exerting a
      predetermined pressure on the fluid in said accumulator, said first
      portion and in said first section of said chamber when said dispenser is
      closed;
PA1  d. signal means; and
PA1  e. signal activating means responsive to the fluid volume in said
      accumulator, said signal activating means effecting a change of state of
      said signal means upon occurrence of a predetermined change in fluid
      volume in said accumulator after closure of said dispenser.
NUM  23.
PAR  23. A method of detecting leaks in a system having a fluid pump, a
      dispenser, a conduit connecting said pump and dispenser and a valve in
      said conduit, comprising the steps of:
PA1  a. activating the pump and opening the dispenser to dispense fluid;
PA1  b. closing the dispenser and maintaining activation of the pump;
PA1  c. closing the valve to isolate the pump from the dispenser;
PA1  d. sensing a flow of fluid in the portion of the conduit between the valve
      and dispenser; and
PA1  e. deactivating the pump after a predetermined time period after closing
      the dispenser.
NUM  24.
PAR  24. A method as defined in claim 23 including the steps of energizing
      signaling means and preventing reactivation of the pump when said flow of
      fluid is greater than said predetermined amount within said predetermined
      time period and said dispenser is closed.
NUM  25.
PAR  25. A method as defined in claim 23 including the step of applying fluid
      pressure to said valve to ensure closure of said valve after the dispenser
      is closed.
NUM  26.
PAR  26. A method of detecting leaks in a system having a fluid pump, a
      dispenser, a conduit connecting said pump and dispenser and a valve in
      said conduit comprising the steps of:
PA1  a. activating the pump and opening the dispenser to dispense fluid;
PA1  b. closing the dispenser;
PA1  c. applying a force on said valve from an energy soorce external to said
      valve to forceably seal the valve;
PA1  d. applying a predetermined pressure on the fluid in the portion of the
      conduit between the valve and dispenser within a predetermined period of
      time after the dispenser is closed;
PA1  e. sensing a flow of fluid in said portion of the conduit; and
PA1  f. energizing signal means if said flow of fluid is greater than a
      predetermined amount.
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ABST
PAL  Apparatus for pouring metals having a reciprocatory ladle car with two
      tiltable cradles for removably carrying ladles. The ladles in the two
      cradles are mirror-inversed and have their pouring spouts directed
      substantially in the same direction and substantially transverse to the
      direction of travel of the car. The tilting shafts of the cradles are
      substantially colinear with the center line of the spouts of the ladles
      placed in the cradles.
BSUM
PAR  The present invention relates to an apparatus for pouring metal into moulds
      which have been manufactured in automatic moulding machines.
PAR  In order to be able to utilize an automatic moulding machine to the full,
      it is necessary int.al. that the pouring be carried out without reducing
      the cycle time of the machine and without otherwise causing unnecessary
      stoppages.
PAR  The conventional apparatus for pouring consists of a ladle with a
      refractory lining, the ladle being supported by a pulley block adjacent
      the line of moulds and being manually tilted. Because the metal
      temperature in the ladle rapidly decreases, the metal contents of the
      ladles must be restricted to that which is normally consumed within 5-10
      minutes, the ladles being then refilled with new metal.
PAR  A typical automatic moulding machine has a total production cycle time of
      12 seconds. The time required for moving the moulds one step forward is 3
      seconds. As a rule, the effective pouring time utilized lies close to the
      maximum permissible which, in the above-mentioned example, is 9 seconds.
      Consequently, a ladle must be changed within 3 seconds in order to avoid
      stopping the moulding machine. Even if several ladles are in continuous
      operation, change times in the region of 1 minute are not unusual. In a
      change rate of 10 ladles per hour, the operation stoppages caused by ladle
      changes will thus amount to approximately 15%.
PAR  A number of pouring apparatuses in which attempts have been made to solve
      the above-indicated problems are available on the market. The majority of
      the prior art solutions to the pouring problem are based on the idea that
      molten metal must be constantly available. Thus, according to one prior
      art solution, a furnace hearth is placed above the moulds and provided
      with a stopper and a nozzle brick. According to another prior art
      solution, a furnace has been placed beside the moulds, from which furnace
      pouring is effected by establishing gas excess pressure in the furnace
      hearth or by utilizing electro-magnetic runners.
PAR  These prior art solutions are associated with the following disadvantages,
      as compared with conventional ladle pouring;
PA0  1. The metal quality cannot be changed until the entire furnace hearth has
      been emptied.
PA0  2. There are certain operational problems because of wear to the refractory
      details, stopper, nozzle brick.
PA0  3. In the pouring of different cast-iron qualities, the metal is normally
      inoculated before use. The inoculation effect fades within approximately
      10 minutes, for which reason the pouring should take place within this
      period of time. In the event of possible extended stoppages of the
      moulding machine, there is thus a risk that the inoculation effect has
      disappeared when the pouring process is restarted.
PA0  4. In the prior art pouring apparatuses, the pouring rate is difficult to
      regulate. However, for the casting of goods made to order, in which rapid
      model changes with varying pouring rates are normal occurrences, the
      ability to regulate the pouring rate is an essential requirement.
PAR  Pouring apparatuses are also known, in which two ladles can be placed on a
      ladle car and be tilted hydraulically. However, in the prior art
      apparatuses, the tilting shafts are parallel to the travel of the car and
      the ladles are emptied over a lip. As a result, the distance between the
      outlet means of the ladles is such (approx. 1 m) that ladle change by
      movement of the car cannot be effected in a sufficiently short time.
      Moreover, the stream of metal "shifts" as the ladles are tilted.
PAR  The object of the present invention is to solve the abovementioned problems
      in a simple and practical manner.
PAR  Thus, the present invention relates to a pouring apparatus for pouring
      metals, preferably for use in association with automatic moulding
      machines, the pouring apparatus comprising a ladle car with two pouring
      ladles removably placed thereon. According to the invention, the car of
      the pouring apparatus is provided with two tiltable cradles whose tilting
      shafts are directed substantially transversely to the travel of the car.
      Moreover, the cradles are mounted in mirror-inversed relation to each
      other and the pouring ladles may be placed thereon in the intended
      positions, the ladles in both cradles being mirror-inversed in relation to
      each other and each having a pouring spout directed such that its centre
      line, when the ladle is placed in its intended location in the cradle,
      substantially coincides with an extension of the tilting shaft of the
      cradle in question.
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PAR  The invention will be described in greater detail hereinbelow and with
      reference to the accompanying drawings on which;
PAR  FIG. 1 is a side elevation of an apparatus according to the invention;
PAR  FIG. 2 is a top plan view of the apparatus in FIG. 1: and
PAR  FIG. 3 shows the apparatus as seen from the right in FIG. 1.
DETD
PAR  FIG. 1 shows an embodiment with a rail-borne car 10 movable a distance A
      along a path of travel defined by the rails 11 by means of a hydraulic ram
      12. The car is provided with an upwardly directed stand 13 with heavy-duty
      bearings. The stand supports two mirror-inversed cradles 14 which may be
      tilted upwardly by means of hydraulic rams 15. These hydraulic rams are
      interposed between the car 10 and a crank arm 16 which in its turn is
      connected to the cradle 14 by the intermediary of a shaft 17 journaled in
      the bearings of the stand 13. The cradles are provided with means, for
      example hooks 18 for retaining the ladles 19. On the drawing, only one of
      the ladles 19 is placed in its cradle 14 on the car 10. The other ladle
      has been lifted off to effect a ladle change.
PAR  FIG. 2 shows the apparatus of FIG. 1 seen from above and illustrates
      moreover a line 20 along which a series of moulds 21 dispensed from a
      moulding machine (not shown) is moved. The spouts 22 of the ladles are
      shaped such that the metal stream hits the gates 23 of the moulds 21
      during the pouring process and such that the position of the metal stream
      is not changed at different angles of tilt, that is to say, at different
      angular positions of the cradle 14. The ladles are provided with a lifting
      yoke 24 or the like so that they can easily be lifted out of the cradles,
      for example, by means of a truck, for refilling with molten metal. As a
      result of this arrangement, the distance between the spouts 22 on both of
      the ladles 19 is kept very short, even if the ladles 19 are of relatively
      large volume. This arrangement entails that the transfer from pouring with
      one ladle on one cradle 14 to pouring with another ladle, which in this
      instance is placed on the other cradle 14', can be effected very rapidly
      in that the car can be moved by means of the hydraulic ram 12 a distance
      corresponding to the distance A between the spouts.
PAR  When the pouring apparatus according to the present invention is in
      operation, a full ladle 19 is placed on one cradle, the hydraulic ram 12
      being moved to its one extreme position corresponding to the pouring
      position indicated by means of the dash-dot line B--B. Pouring is started
      when the hydraulic ram 15 on that section of the car in question, is
      caused to tilt the ladle 19 upwardly so that the metal will flow out
      through the spout 22 and down into the mould gate 23. The metal flow rate
      during the pouring is regulated by the movement of the hydraulic ram 15.
      Preferably, the ladle 19 is shaped such that its cross-section is in the
      form of a sector of a circle. As a result, the same amount of metal will
      flow out for each degree of tilt, whereby regulation of the pouring
      process will be uniform until the ladle is completely emptied. The pouring
      is discontinued when the hydraulic ram 15 is caused to tilt the ladle
      backwards in a direction towards the initial position. During the time
      that the ladle placed on the right-hand section of the car is employed in
      the pouring operation, a newly-filled ladle is placed on the opposing
      cradle 14' (to the left on the drawing). The transfer from pouring with
      one ladle to pouring with the other ladle is effected when the ram 12 is
      caused to move the car 10 a distance A which essentially corresponds to
      the distance between the spouts of the ladles. The movement is effected at
      the same time as the moulding machine stepwise advances a newly produced
      mould.
PAR  In one embodiment of the pouring apparatus according to the present
      invention, a distance A is 400 mm, and ladle-change can be effected in 3
      seconds. The tilting mechanism is here designed as a hydraulically
      operated toggle joint (not shown) which permits an adjustable
      quick-tilting of 1.degree.-5.degree., and a screw jack (not shown) which
      is powered by a thyristor-controlled d.c. motor. The toggle joint is used
      to start and stop the pouring, while the screw jack is used for the
      necessary continuous upward tilting which is required to regulate the
      pouring rate.
PAR  In the apparatus shown on the drawings the hydraulic ram 12 is arranged to
      reciprocate the car a distance A which is equal to the distance between
      the centre lines of the spouts 22 of the ladles placed in the cradles.
      However, the hydraulic ram 12 may be replaced by any other type of drive.
PAR  In the embodiment shown on the drawings the centre lines of the pouring
      spouts are parallel to each other and the tilting shafts 17 are also
      parallel to each other and are horizontal. If it is desired to further
      reduce the distance between the outlets of the spouts, the tilting shafts
      17 may be inclined relative to each other so that they approach each other
      in a direction toward the points of the spouts and so that the spouts thus
      make an angle with the line of moulds other than a right angle.
PAR  Another possibility (also omitted from the drawings) is a slight
      inclination of the tilting shafts 17 in relation to the horizontal plane
      so that the spouts will slope gently downwardly toward the gates 23 of the
      moulds, thereby ensuring a better running of metal from the ladles.
PAR  The apparatus according to the present invention may be modified in a
      number of ways without departing from the spirit and scope of the appended
      claims and the above description should not, therefore, be considered as
      limitative of the scope of the invention.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An apparatus for pouring metals, preferably for use in association with
      automatic moulding machines, comprising a ladle car, arranged for
      travelling back and forth along a path of travel, two tiltable cradle
      means mounted in mirror-inversed relation to each other on said car,
      tilting shafts for said cradle means mounted on said car and extending
      substantially transversely to said path of travel of said car, means for
      tilting said cradle means by rotation about said tilting shafts, a
      removable ladle in each of said cradle means, said ladles in said cradle
      means being mirror-inversed to each other, and pouring spouts on said
      ladles, said pouring spouts having centerlines substantially colinear with
      the respective axes of said tilting shafts.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said tilting shafts are
      arranged beside one another.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said tilting shafts are
      horizontal and at substantially right angles to the direction of travel of
      said car.
NUM  4.
PAR  4. An apparatus according to claim 1 having motor means for driving said
      car back and forth along said path of travel.
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ABST
PAL  A container construction particularly for beverages which are to be cooled
      or heated comprising an outer spherical container body which has a
      supporting base portion which for example may be connected to a handle
      forming a cylindrical opening or recess for accommodating the cylindrical
      body. The cylindrical body includes pouring spout formed by an upstanding
      spout neck on one side of the vertical for example at 35.degree. and it
      has an opposite inner container receiving opening disposed on the other
      side at 35.degree. from the vertical which accommodates an inner
      cylindrical container which is closed at its inner bottom end. The inner
      container is supported at its outer end in a raised collar formation of
      the spherical outer container. The handle is held at the raised portion by
      an encircling belt which connects to the upper end of the handle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates in general to the construction of containers and in
      particular to a new and useful container particularly for beverages which
      includes an outer spherical body portion having a pouring spout with a
      spout opening defined on the body extending upwardly on one side thereof
      and a receiving opening defined on the other side thereof with a
      cylindrical inner container extending through the opening and through the
      center of the outer body and being supported at the receiving opening.
PAR  The container according to the present invention comprises a spherical
      outer portion or body having respective spout and inner container
      receiving openings located at 35.degree. at both left and right sides
      thereof with respect to the vertical plane passing through the center of
      the outer spherical container. The spout comprises an outlet port of small
      diameter. The receiving opening is defined within an outwardly projected
      collar. An annular belt is wound around the side surface of the collar and
      both end portions are clamped and secured firmly with bolts at the upper
      ends of grip handle fitted to the bedplate on which said spherical
      container is supported. A close bottomed cylindrical inner container is
      placed in an oblique position within the outer body, an annular belt fixed
      to the peripheral side face of the collar of the inner container being
      engaged therewith. A plurality of projected members or teeth are provided
      on the lower side end face of said annular belt, and a gap is formed
      between the upper end face of the opening and the engaging annular belt,
      whereby flowing-in-and-out of air becomes possible. Since the beverage
      within the cooled outer container is poured separately from its spouts
      into respective cups, dissolved water within the inner container can not
      spill off nor ice blocks fall off into the outer container, and the taste
      of the beverage in the outer container cannot be impaired.
PAR  Accordingly it is an object of the invention to provide a container
      particularly for beverages requiring heating or cooling which comprises a
      spherical outer body portion having a pouring spout extending outwardly
      and upwardly on one side thereof and a receiving opening on the other side
      into which a container is positioned which extends inwardly through the
      interior center of the outer container and which is adapted to contain
      another substance separately from the outer container.
PAR  A further object of the invention is to provide a container which is simple
      in design, rugged in construction and economical to manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of a typical embodiment thereof as
      illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation showing a complete assembly of the container
      according to the present invention;
PAR  FIG. 2 is a partly enlarged diagram showing the same;
PAR  FIG. 3 is a partly enlarged diagram showing the same; and
PAR  FIG. 4 is a partly enlarged diagram showing the same with cylindrical
      container removed.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the container according to the present invention, a liquid beverage such
      as coffee, juice or wines is placed within a glass-made spherical
      container or body 1 and, a bottomed cylindrical container 8 is filled with
      ice blocks and located in the spherical container to rapidly cool the
      beverage within the spherical container.
PAR  Referring to the drawings in particular the invention embodied therein
      comprises a container particularly for beverages which require heating or
      cooling and which includes an outer spherical container or body portion 1
      which is supported in a cylindrical recess of a cylindrical base portion
      6a of a handle 6.
PAR  In accordance with the invention the spherical container 1 is provided with
      a pouring spout or outlet 2 having a relatively small size opening 2a
      located so as to extend upwardly on one side of the container 1. In
      addition the outer body or container 1 has an inner container receiving
      opening 12 defined within an upstanding cylindrical support projection 14.
PAR  An inner container or closed bottomed cylinder 8 is inserted into the
      opening 12 and it has a flanged upper end 8a which is supported on the
      projection 14 so that the inner container 8 extends through the center of
      the outer spherical container 1 so that its closed end 8b is located
      adjacent the interior wall of the outer container 1. In the preferred
      arrangement the center line of the opening 2a is located at an angle
      35.degree. from the vertical and the center line of the container 8 is
      also located at an angle of 35.degree. from the vertical.
PAR  In accordance with another feature of the invention the handle 6 includes a
      gripping portion 7 which is connected at its upper end to an annular metal
      belt 5 which has extending end portions which are connected to the handle
      by a rivet or screw connection 16. A holder belt 9 is arranged between the
      flange 8a and the top edge or rim 14a of the projection 14. The belt 9
      carries a plurality of circumferentially spaced downwardly extending teeth
      10 on its one edge which are separated by gaps 11 which define air flow
      passages between the teeth. The bottom edges of the teeth 10 bear against
      the flange 14a. Air gaps 11 permit a flow into the space between the
      bottom of the belt 9 and the outer surface of the container 8 and the
      projecting portion or collar 14. This permits air to flow inwardly or
      outwardly at such locations.
PAR  With the inventive arrangement a liquid beverage such as coffee, juice,
      wine, etc. may be placed in the outer body 1 and the inner cylindrical
      container may be filled with a temperature control medium for example such
      as ice which will provide a coolant for the interior beverage but which
      will be separated from the beverage on the interior and thus will not
      contaminate the same. The construction of the pouring spout 2 in relation
      to the collar 14 wherein they are disposed at an angle of 35.degree. to
      the vertical provides an optimal arrangement for the pouring of the
      beverage from the spherical container without disturbing the contents of
      the cylindrical container 8. Containers 1 and 8 are advantageously made of
      glass but they may be made of other materials also.
PAR  When the inner cylindrical container 8 is removed as shown in FIG. 4 the
      outer container 1 may be used alone and ice cubes 18 for example may be
      inserted into the container through the large opening 3 within the collar
      14. Thus the other container 1 may be used as a water pitcher or an ice
      pail or the like.
PAR  It is also possible to connect the inner container 8 to the outer spherical
      container 1 at the location of the collar 4 so that they form a vacuum
      seal together and both the inner container 8 and the outer container 1 may
      be designed as vacuum bottles.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container comprising a closed container outer body having a supporting
      base portion, a pouring spout having a spout opening defined on said body
      extending upwardly to one side thereof, a receiving opening defined on
      said body on the opposite side thereof from said spout, and a cylindrical
      container extending through the receiving opening and through the center
      of said outer container body and supported on said outer container body
      and having an inner closed end, said closed outer container body
      comprising a spherical member, said pouring spout comprising a raised
      substantially cylindrical projection from the surface of said outer
      container body, said outer cylindrical body having an outwardly extending
      collar forming the rim around said receiving opening, said supporting base
      portion comprising a handle having a flattened base part supporting said
      spherical outer container body, an intermediate handle part and an upper
      part engaged around said collar, said handle including an encircling belt
      portion extending around said collar, said inner container having a belt
      therearound with downwardly projecting circumferentially spaced teeth
      engaged on the edge of said collar, the space between said teeth defining
      an air gap for the flow of air between said outer container body collar
      and said inner container.
NUM  2.
PAR  2. A container according to claim 1, wherein said inner container has a top
      flange supported on said encircling belt, said belt resting on the top
      edge of said collar.
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PAL  A safety locking device particularly adapted for use in selectively
      inhibiting actuation of an aerosol valve assembly for an aerosol container
      having a movable valve stem connected to a push-button actuator head which
      stem is slidable within a valve pedestal formed on the valve assembly. The
      safety locking device embodies, in integral combination, at least a pair
      of first and second locking means formed adjacent opposite ends thereof
      and a biased hinge means. Interconnecting the first and second locking
      means is the biased hinge means which biases the second locking means
      relative to the first locking means such that whenever the first locking
      means is secured to the valve pedestal, the second locking means is biased
      to the locking position where it is interposed between the actuator head
      and pedestal. In addition, the hinge means automatically returns the
      second locking means from the unlocked position to the locked position
      whenever application of forces sufficient to overcome the bias of the
      biased hinge means for urging the second locking means towards the
      unlocked position is released.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The instant invention generally pertains to safety locking devices and,
      more particularly, to child-proof safety devices particularly useful on
      aerosol containers or the like.
PAR  2. Description of the Prior Art
PAR  Conventional aerosol type containers find wide commercial use and, in fact,
      are common household items. Typically, such aerosol containers serve to
      contain and selectively dispense numerous types of pressurized fluids for
      personal and household uses. Such conventional aerosol containers are
      normally comprised of a generally cylindrical canister member, a top
      section which is approximately crimped or rolled on the canister, and a
      conventional aerosol type valve assemble centrally disposed and retained
      by the top section. Suitably and slidably mounted within the valve
      assembly is a valve stem which has secured thereto a push-button actuator
      head. The actuator head normally has a nozzle for purposes of emitting a
      stream of pressurized fluid. Ordinarily, a user of such valve, in order to
      dispense the pressurized contents thereof, merely depresses the
      push-button actuator head downwardly towards the canister member to
      thereby permit the stream of pressurized fluid to emanate through the
      nozzle. Such aerosol type valves are typically constructed so as to be
      easily depressed by a user thereof.
PAR  Since, as aforementioned, the aerosol containers are widely used for
      varying purposes there exists a somewhat high probability that young
      children will come into contact with and perhaps use such containers in a
      manner not intended. Considering that in certain circumstances the
      pressurized fluid may be of a generally toxic or otherwise harmful nature,
      a child may by merely depressing the aerosol push-button actuator head
      inadvertently dispense a pressurized spray of the toxic or otherwise
      harmful substance on himself or surrounding persons and/or property to the
      detriment of such persons or property. As, therefore, can be readily
      appreciated by virtue of the commonality of such aerosol spray containers,
      the rather high likelihood of their being accessible to children and the
      relative ease with which they might be depressed, combine to present a
      somewhat dangerous situation.
PAR  Early attempts to provide tamperproof and child-proof dispensers employed
      detachable overcaps designed to cover the button actuators. Such
      approaches were generally simple and children with little effort were able
      to operate the dispensers. Moreover, these types of overcaps suffered
      another disadvantage in that they might have inadvertently been left off.
PAR  Other approaches, such as described generally in the U.S. Pat. Nos.
      2,686,652 and 3,158,292 suffer from shortcomings, among which are that
      they do not provide safety devices which automatically relock and, in
      addition, such devices are in certain circumstances, able to be completely
      removed from the aerosol container with the consequent result that they
      may become lost.
PAR  More recent prior art approaches for providing safety devices which serve
      to prevent a young child from inadvertently dispensing the pressurized
      substance from the aerosol containers utilize mechanisms which require a
      sequence of operations to be performed before the contents can be
      dispensed. Normally, these sequences are beyond the capability of young
      children, However, such mechanisms usually must be independently relocked
      by repositioning the locking mechanism. Thus, the locking feature might be
      thwarted by failing to relock the safety mechanism. It is obvious,
      therefore, that such locking mechanisms under such circumstances would
      fail to perform its intended function. Consequently, such approaches have
      not proved entirely satisfactory. Another known approach is generally
      described in U.S. Pat. No. 3,786,968. The device disclosed therein,
      however, is a safety device for an aerosol dispenser which is rather
      complicated in structure, expensive in production, and not very versatile
      or adaptable for use in conjunction with the wide variety of aerosol
      containers and valves presently available on the market. In addition, such
      known approach is not easily encompassed by the normal aerosol protective
      caps ordinarily associated with conventional aerosol spray containers, and
      are not as reliable as would be desired.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, therefore, it becomes an object of the present invention to
      overcome the aforementioned difficulties prevalent with the use of
      conventional child-proof safety locking devices presently used in
      conjunction with aerosol spray containers and the like. The present
      invention contemplates a novel and improved safety locking device which is
      particularly adaptable for use on a wide variety of conventional aerosol
      valves associated with the aerosol spray cans. Such safety device owing to
      its unique, simple unitary construction, and inherent resiliency is
      basically effective, in a reliable manner, to inhibit young children from
      inadvertently depressing the push-button actuator head of the aerosol
      valve. In addition, such safety device not only facilitates the easy
      actuation of such aerosol valves by an older user thereof but also insures
      automatic relocking of the valve.
PAR  Briefly, as hereinafter set forth, the safety locking device of the present
      invention is particularly adapted for use in inhibiting a child from
      dispensing pressurized contents of an aerosol spray container by
      selectively locking an aerosol dispensing valve, such that some skill or
      competency is required to unlock the dispensing valve. Typically, the
      dispensing valve includes a movable valve stem which has connected thereto
      a manually depressible push-button actuator head which is slidable within
      a valve pedestal formed on an aerosol container for appropriately
      dispensing the pressurized contents of such container in response to
      depression of the push-button head.
PAR  Essentially, the child-proof safety locking device comprises, in integral
      combination, at least a pair of first and second locking means formed
      adjacent opposite ends of the locking device and a biased hinge means. The
      first locking means includes a first locking ring-like member and a first
      connecting portion which serves to interconnect the first locking
      ring-like member to the biased joint means. Such first locking ring is
      adapted to be secured to the valve pedestal and functions to permit
      slidable travel of the valve stem therethrough. Also in a preferred
      embodiment, the second locking means includes a second locking member
      having a generally elliptical-shaped opening formed therethrough with an
      obstruction portion and connected thereto a second connecting arm portion
      which connects the second locking member to the biased joint means. The
      elliptical opening is movable between a locked and unlocked position
      wherein, whenever in the locked position, the obstruction portion is
      interposed between the actuator head and the valve pedestal so as to
      prevent depression of the actuator head toward the valve pedestal, and
      whenever in the unlocked position, the obstruction portion no longer
      obstructs movement of the valve stem towards the valve pedestal and the
      remainder of the elliptical opening is aligned with the head so as to
      thereby permit depression of the actuator head toward the valve pedestal.
      The biased hinge means serves to bias the second locking means with
      respect to the first locking means such that whenever the first locking
      ring is secured to the valve pedestal, the obstruction portion of the
      second locking member is moved to the locking position. In addition, the
      biased hinge means permits the second locking member to be moved to the
      unlocked position upon application of forces sufficient to overcome the
      bias of the biased hinge means while automatically allowing the second
      locking member to return to the locked position upon release of such
      forces.
PAR  As can, therefore, be appreciated, for a chile to successfully operate the
      dispensing valve, the locking device must be manipulated such that the
      aforenoted alignment between actuator head and second locking member is
      attained and the simultaneous retention of such alignment and depression
      of the actuator head must be performed for a dispensing of the contents.
      While such action can be easily performed by adults it is believed that
      such is beyond the competency of young children.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above, as well as other objects, features, and advantages of the
      present invention will become readily apparent upon a detailed description
      of a preferred embodiment thereof when viewed in conjunction with the
      accompanying drawings wherein like reference numerals indicate like
      structure throughout the several views.
PAR  FIG. 1 is a plan view of a conventional aerosol spray container having
      attached thereto a preferred embodiment of a child-proof safety locking
      device embodying the principles of the present invention;
PAR  FIG. 2 is an enlarged view of one preferred embodiment of the child-proof
      safety locking device as illustrated in FIG. 1;
PAR  FIG. 3 is a side elevational view of the child-proof safety locking device
      as generally depicted in FIG. 2;
PAR  FIG. 4 is a sectional side elevational view taken substantially along
      section line 4--4 in FIG. 2 illustrating the safety locking device of the
      present invention;
PAR  FIG. 5 is a perspective view showing a user thereof moving the child-proof
      safety locking device to the unlocked position;
PAR  FIG. 6 is an enlarged fragmented plan view of a first alternate embodiment
      of the child-proof safety locking device of the present invention;
PAR  FIG. 7 is a side elevational view of the first alternate embodiment of the
      child-proof safety locking device of the present invention cooperating
      with the push-button actuator head of the aerosol container;
PAR  FIG. 8 is a somewhat enlarged perspective view of a second alternate
      embodiment of the child-proof safety locking device mounted on and locked
      to a valve pedestal of the aerosol spray container; and,
PAR  FIG. 9 is an exploded view illustrating the manner by which the second
      alternate embodiment is attached to the valve pedestal.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings there is disclosed a portion of a
      conventional aerosol spray container 10 having removably secured thereto
      in a manner to be afterwards more fully described, a preferred embodiment
      of a child-proof locking device made in accordance with the principles of
      the present invention and generally designated by reference numeral 12.
PAR  Particularly referring to FIG. 1 taken in concurrence with FIG. 5, the
      aerosol spray can container 10 adapted for use in connection with the
      safety locking device 12 of the present invention may be any conventional
      type which is constructed the operated in a known manner. Accordingly, a
      detailed description thereof has been omitted since such is considered to
      be well-known in the art. To better understand the operation of the
      child-proof safety locking device 12, however, only those features of the
      aerosol spray container 10 necessary for a complete and adequate
      disclosure of the present invention will be subsequently discussed.
PAR  Such aerosol spray container 10 is generally comprised of a hollow, usually
      metallic, cylindrical container generally referred to by reference numeral
      14, and having suitably crimped or rolled thereto a generally dome-shaped
      top section or cup member 16. Centrally disposed and suitably mounted on
      the dome-shaped top section 16 is a conventional aerosol type dispensing
      valve assembly means 18 having a well-known type construction and
      operation. Ordinarily, such dispensing valve assembly means 18 typically
      comprises a generally cup-shaped retaining member 20 having formed thereon
      a centrally protruding valve pedestal or turret 22, a valve stem 24, and a
      manually depressible push-button actuator head 26. The centally arranged
      cup-shaped retaining member 20 is appropriately crimped or otherwise
      suitably fastened to the dome-shaped cup member 20. The valve stem 24 is
      slidably mounted in well-known fashion for generally vertical reciprocal
      movement within the valve pedestal 22 and has detachably connected at the
      upper end thereof the manually depressible push-button actuator head 26.
      Normally, both the valve stem 24 and actuator head 26 are biased in an
      upward position and are operated such that whenever the actuator head is
      manually depressed so as to move toward the valve pedestal 22 the
      pressurized fluid contents of the container is enabled to be appropriately
      discharged in the form of a spray through the discharge orifice or nozzle
      28 formed in the actuator head 26.
PAR  With reference to FIGS. 2, 3 and 4, there is perhaps more precisely
      depicted the novel and improved child-proof locking device 12 of the
      preferred embodiment. The safety lock device 12 is contemplated as being
      fabricated in a unique, unitary construction and made from suitable
      resilient material for purposes afterwards made apparent. Such child-proof
      safety locking device 12 comprises, in integral combination, a pair of
      first and second locking means 30 and 32, respectively, which are formed
      adjacent opposite ends of the safety locking device, and a biased joint or
      hinge means 34 which serves to interconnect the first and second locking
      means 30 and 32, as well as to bias and orient the second locking means 30
      with respect to the first locking means 30 for the purposes to be
      presently hereinafter set forth.
PAR  As shown in FIG. 2, the first locking means 30 is generally comprised of a
      first locking ring-shaped member 36 which has connected thereto a first
      locking connecting arm portion 38. Formed on the internal periphery of the
      first locking ring member 36 is a plurality of resilient serrated edges 40
      which are appropriately dimensioned snugly fit around the wide range of
      valve pedestal diameters commonly found on contemporary aerosol spray
      containers. Thusly, the locking device is very versatile. Although the
      first locking means 30 has been defined by a generally annular or
      ring-shaped locking member 36, it is to be understood, of course, that
      other configurations for such locking member 36 may be utilized so long as
      the opening 42 extending therethrough is appropriately dimensioned to be
      snugly fitted over a valve pedestal. The manner by which the resilient
      serrated edges 40 are attached to and secure the safety locking device 12
      to the valve pedestal 22 is clearly depicted in FIG. 5.
PAR  With continued reference to FIG. 2 taken in conjunction with FIGS. 3 and 4,
      one preferred embodiment of the second locking means 32 of the present
      invention is more clearly depicted. As therein shown, such second locking
      means 32 basically comprises a second locking member 44 which defines
      therethrough a generally elliptically-shaped opening 46, and an
      obstruction portion 48 formed at one end thereof. The second locking means
      32 further includes a second connecting arm portion 50 which also, as
      shown in FIG. 2, serves to connect the second locking member 44 to the
      biased joint means 34. The second locking means 32 is normally urged to a
      locking position such as shown by the solid lines in FIG. 1. In this
      position, it will be noticed that the obstruction portion 48 is situated
      generally beneath the actuator head 26. Whenever so situated, the
      obstruction portion 48, in a manner to be presently described, serves to
      obstruct the downward movement of the actuator head 26 upon manual
      depression of the latter. Of course, for such obstruction to work
      effectively, the thickness of the obstruction portion 48 should be such
      that the valve stem 24 cannot complete its normal downward stroke
      necessary to dispense the fluid. The obstruction portion 48 is basically
      defined by a generally V-shaped segment formed on the second locking
      member 44 and extends generally laterally from an otherwise generally
      annular ring portion 52 which forms the remainder of the second locking
      member 44. Such obstruction portion 48 is formed by a pair of obstruction
      arm members 54 joined together at an apex 56. Whenever the second locking
      member 44 is biased to the locked position, the apex 56 of the obstruction
      portion 48 will contact the valve stem 24 and the obstruction arm members
      54 will be appropriately situated beneath the push-button actuator head
      26. Accordingly, by virtue of the apex 56 and obstruction arm members 54
      being positioned as above indicated, upon manual depression of the
      actuator head 26, the dispensing valve assembly 18 will be unable to
      dispense the pressurized contents, since the dispensing valve stem 24 does
      not complete its normal downward stroke. Consequently, the pressurized
      fluid of the aerosol spray container 10 is not discharged in the form of a
      spray through the discharge nozzle 28.
PAR  The remaining opening portion 57 of the generally elliptical opening 40,
      defined by the annular ring portion 52, has a generally circular
      configuration and is appropriately dimensioned so that whenever the second
      locking means 32 is situated in the unlocked position, as indicated by the
      phantom lines in FIG. 1 the push-button actuator head 26 is aligned and
      may pass therethrough so as to appropriately actuate the valve dispensing
      means 18. In this manner, as can be appreciated, the pressurized contents
      of the aerosol container 10 is dispensed in the manner intended. It should
      be emphasized, however, that although the preferred embodiment has
      disclosed the second locking member 44 as defining a generally elliptical
      opening 46, it is well within the spirit and scope of the present
      invention that other shaped openings are envisioned for use, so long as
      they obstruct movement of the push-button actuator head 26 in one position
      and when moved to a second position enable the push-button actuator head
      to be sufficiently depressed so as to enable actuation of the dispensing
      valve assembly means 18.
PAR  The obstruction portion 48 may be additionally formed with a plurality of
      generally elongated and parallel spaced apart grooves 58. Such grooves 58,
      as contemplated by the present invention, are designed to prevent side
      slippage of the second locking member 44 with respect to the actuator head
      26 upon downward movement of the actuator head. Accordingly, it will be
      readily appreciated, that the pressurized contents of the aerosol
      container 10 will not be inadvertently dispensed or discharged whenever
      the actuator head 26 is downwardly depressed while the second locking
      member 44 is in the locked position. Moreover, in this preferred
      embodiment of the instant invention, the second locking member 44 is
      provided with tapered opposite end sections 60, such as more clearly
      viewed in FIGS. 3 and 4. These tapered end sections 60 are contemplated
      for accommodating the wide range of heights, the valve stem 24 and
      actuator head 26 may be located above the second locking member 44. By
      this particular arrangement, it is intended that should the valve stem 24
      and actuator head 26, for a particular aerosol spray container be
      depressed by a smaller distance than required in other aerosol containers
      in order to actuate the dispensing valve, the generally tapered end
      sections 60 prevent any such smaller downward movement from actuating the
      container. This additional feature, of course, adds to the versatility of
      the safety device 12 of the instant invention.
PAR  As mentioned previously, the first and second connecting arm portions 38
      and 50 serve to respectively interconnect the first locking member 36 and
      the second locking member 44 to the biased hinge means 34. Such biased
      hinge means 34 is effective, by reason of its inherent resiliency, to
      yieldingly urge the second locking member 44 in one particular direction
      with respect to the first locking member 36 for purposes to be
      subsequently set forth. Moreover the hinge means 34 serves to elevate the
      second locking member 44 with respect to the first locking member 36. In
      this particular fashion, whenever the first locking member 36 is secured
      to the valve pedestal 22 the second locking member 44 will normally be
      interposed between the actuator head 26 and pedestal 22.
PAR  Specifically referring to FIG. 3 the biased hinge means 34 is basically
      defined by a generally cylindrical portion or knee member 62 which biases
      the second locking means 32 generally about a pivotal axis 64 extending
      through the longitudinal extent of the knee member 62. Since the safety
      locking device 12, as aforementioned, is fabricated from a resilient
      material, applicant's aforenoted construction results in a safety locking
      device being inherently biased. Such biasing serves to normally force or
      yieldingly drive the second locking member 44 away from the first locking
      member 36. In this manner, whenever the first locking member is
      appropriately secured to a valve pedestal 22, the hinge means 34 will, by
      virtue of its inherent resiliency, force second locking member 44 to the
      locking position, as indicated in FIG. 1. Towards the end of providing the
      safety locking device 12 with sufficient resiliency to perform the type of
      biasing as above indicated, the safety locking device 12 may be
      manufactured from any suitable elastomeric or resilient material. One such
      type of material which has been found to be adequate in performing the
      intended functions of the present invention is polypropylene. Although
      polypropylene has been discussed as being a material for use in the
      present invention, it is also intended that other materials having similar
      properties may be adequately substituted therefor. Furthermore, the
      constructional arrangement as aforedescribed facilitates the molding of
      the suitable polypropylene or other material in simple cavities without
      side cores. This has the particular advantage of providing for a
      relatively simple and yet inexpensively produced safety device 12. By
      virtue of the fact that since the first locking means 30 is secured to the
      valve pedestal 22, and the hinge means 34 serves to bias the second
      locking means 32 between the pedestal 22 and actuator head 26, a very
      compact safety locking arrangement is furnished.
PAR  Having thus described the preferred embodiment of the present invention,
      its mode of operation, in conjunction with a typical aerosol valve
      assembly means 18, associated with a conventional aerosol container 10
      will be subsequently described.
PAR  To attach the safety lock device 12 to the aerosol spray container 10, the
      first locking ring member 36 is placed over the valve pedestal 22. As
      aforementioned, by virtue of the serrated edges 40, the first locking
      means 30 is enabled to be snugly fit about pedestal 22. As noted
      previously, such serrated edges 40 provide for wide versatility in
      attachment. The second locking member 44 of the second means 32 is
      initially aligned with and passed over the actuator head 26. As a result
      of the bias, afforded by the biased hinge means 34, the obstruction
      portion 48 is urged toward and into engagement with valve stem 24, as
      shown by the solid lines in FIG. 1. It will be appreciated, of course,
      that whenever in this particular position, the complete downward stroke of
      the actuator head 26, necessary to perform a dispensing operation, will be
      hindered. Moreover, the parallel grooves 58 serve to prevent the second
      locking member 44 from slipping generally laterally from beneath the
      actuator head 26 upon depression of the latter, whenever the second
      locking member 44 is in the locked position. Accordingly, if a child
      should depress the actuator head 26 without first accomplishing the proper
      unlocking sequence to be described, the spray will not be discharged
      through the nozzle 28.
PAR  As more clearly shown in FIG. 5, to successfully actuate the dispensing
      valve assembly means 18, so as to place the aerosol container 10 in use, a
      person merely has to grasp the container in one hand and may with the
      middle finger urge the second locking member 44 to the unlocked position,
      as indicated in FIG. 5, or as more clearly shown by the phantom lines
      indicated in FIG. 1 wherein the remaining portion 57 of the elliptical
      opening 46 is aligned with the actuator head 26. In this particular
      position, manual depression of the actuator head 26 toward the valve
      pedestal 22 is permitted to thereby enable dispensing of the pressurized
      content of the container 10. Consequently, as is believed readily
      apparent, this particular unlocking sequence requires the opening portion
      57 in the second locking member 44 to remain aligned as above indicated,
      while the actuator head 26 is depressed. Accordingly, two separate and
      simultaneously performed actions are required to dispense the pressurized
      contents. At the conclusion of the spraying operation, release of the
      actuator head 26 results in it being forced upwardly to the inoperative
      position. Likewise, release of the locking device 12 permits the biased
      hinge means 34, by reason of its inherent resiliency, to automatically
      urge the second locking means 32 back to its locked position, see the
      solid lines in FIG. 1. At this position, the obstruction portion 48 and
      arm portions 54 are situated beneath the actuator head 26. Thusly, care
      need not be exercised in insuring that the dispensing valve assembly means
      18 be relocked. By this aforementioned constructional arrangement, a
      reliable locking device is provided. Moreover, it will be extremely
      difficult for a child of very young years to inadvertently dispense the
      pressurized contents. Because to dispense such contents, simultaneous
      operations of maintaining alignment between the elliptical opening 46 and
      actuator head 26, and the manual depression of head must be performed.
      Such a sequence is believed beyond the competency of many young children.
      Moreover, since the first locking mean is only attached to the pedestal 22
      and the hinge means 34 urges the second locking means 32 to the aforenoted
      locked position the overall length of the locking device 12 when so
      assembled only extends partially over the lip of the central cup member 20
      and, as such, the overall dimension is rather small. Accordingly, the
      bendable and resilient locking device 12 may easily fit under existing
      decorative and/or protective caps.
PAR  Referring to the second embodiment of the invention, illustrated in FIGS. 6
      and 7, parts corresponding to those of the previous construction have been
      designated by similar reference characters with, however, the addition of
      a prime marking. As particularly depicted in FIG. 6, the second locking
      means 32' has been somewhat modified to include a relatively thin molded
      retaining lip or section 66. Such retaining lip 66 extends into the
      elliptical opening 46' and serves to prevent any tendency of the second
      locking means 32' to be urged upwardly by the hinge means (not shown)
      around the actuator head 26 or downwardly over the pedestal 22. The
      thinness of the retaining lip 66 is designed to extend into the opening
      46' by a distance which is sufficient, whenever the second locking member
      44' is in the unlocked position, to be situated either above the valve
      pedestal 22 or below the actuator head 26. Hence, if the hinge means 34'
      should have a tendency to either raise or lower the second locking member
      44', the retaining lip 66 acts to strike and prevent it from doing so.
      Thusly, the second locking member 44' will be properly positioned
      throughout the useful life of the safety device 12'. For if the second
      locking member 44' had otherwise fallen down over the valve pedestal 22 or
      risen around or above the actuator head 26, it would not, upon release of
      the head 26, be urged back to the locked position between the head and
      pedestal. By reason of the fact that the retaining lip 66 is of a
      relatively thin dimension, it will not obstruct the necessary movement
      required of the actuator head 26 for dispensing purposes as the latter is
      moved downwardly towards the valve pedestal 22. Therefore, the dispensing
      valve assembly means 18 is permitted to discharge the pressurized contents
      through the nozzle 28.
PAR  Now referring to FIGS. 8 and 9, there is disclosed a third embodiment of
      the present invention with parts thereof similar to the preferred
      embodiment being designated by similar reference characters with, however,
      the addition of two prime markings. As therein depicted, the first locking
      means 30" differs from the others in that it is defined by a generally
      cup-shaped member 70 instead of a ring-shaped member having a plurality of
      serrated edges. The cup-shaped locking member 70 is adapted to fit over
      the valve pedestal 22 and has an opening 72 which permits passage of the
      valve stem 24 (see FIG. 9). The advantage of the cup-shaped locking member
      70 is that it generally provides for a better fit and provides for an
      improved aesthetic appearance. Of course, the cup-shaped member 70 will be
      suitably molded and dimensioned to fit over specific sized valve
      pedestals.
PAR  By virtue of the above disclosure, it will be appreciated that the
      child-proof safety locking devices of the present invention will be
      adaptable to most vertical action aerosol valves. The snugness of fit
      provided by the first locking members with the valve pedestal, and the
      retaining lip on the second locking member, serve to maintain such locking
      device in place throughout the useful life of the aerosol container. In
      addition, the safety locking device is relatively simple in construction
      and small in dimension, thusly it may be situated beneath conventional
      decoration and/or protective overcaps. Owing to its unitary construction
      simple configuration it lends itself to be easily and economically
      manufactured in simple mold cavities.
PAR  While the aforedescribed embodiments have been directed to a child-proof
      safety locking device for aerosol type dispensing containers, it should
      be, of course, pointed out that the principles of the present invention
      permit its use in other applications wherein it is desired to have a
      simple, economical, reliable locking device which prevents inadvertant
      actuation of a device should a vertically movable actuator member for
      operating such a device be inadvertantly moved.
PAR  While the invention has been described in connection with the foregoing
      embodiments it is not intended to limit the invention to the particular
      forms set forth above, but on the contrary, it is intended to cover such
      alternative modifications and equivalents as may be included within the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety locking device adapted for use in selectively locking an
      aerosol type valve assembly on aerosol container having a movable valve
      stem connected to a push-button actuator head which stem is slidable
      within a valve pedestal formed on the valve assembly to thereby prevent
      depression of the actuator head such that the contents of the container
      cannot be dispensed comprising, in integral combination, at least a pair
      of first and second locking means formed adjacent opposite ends of said
      locking device, said first locking means being adapted to be removably
      secured to the valve pedestal, and said second locking means being movable
      between locked and unlocked positions wherein whenever in the locked
      position it is interposed between the actuator head and the valve pedestal
      to prevent depression of the actuator head toward the valve pedestal, and
      wherein, in the unlocked position permits depression of the actuator head
      toward the valve pedestal, and biased hinge means having said first and
      second locking means respectively connected therewith for biasing said
      second locking means with respect to said first locking means such that
      whenever said first locking means is secured to the valve pedestal said
      second locking means is biased to the locking position, and for
      automatically returning said second locking means from said unlocked
      position to said locked position whenever application of force sufficient
      to overcome the bias of said biased hinge means for urging said second
      locking means toward the unlocked position is released, said second
      locking means includes a second locking member which defines therethrough
      a generally elliptical opening of sufficient dimension to permit the
      passage therethrough of the push-button actuator head whenever said second
      locking means is in the unlocked position, said second locking member also
      defining an obstruction portion which whenever said second locking means
      is in the locked position said obstruction portion is so situated to
      obstruct movement of the push-button actuator head towards the valve
      pedestal, said obstruction portion being defined by an integral V-shaped
      portion which gradually tapers upwardly towards the apex thereof for
      facilitating ranges of valve stem and push-button actuator head heights
      above said second locking means, said obstruction portion also being
      formed with a plurality of discrete generally parallel grooves for
      preventing side slip of said second locking member in response to downward
      movement of the push-button actuator head towards the valve pedestal
      whenever said second locking means is in said locked position.
NUM  2.
PAR  2. A safety locking device particularly adapted for use in selectively
      inhibiting actuation of an aerosol valve assembly for an aerosol container
      having a movable valve stem connected to a push-button actuator head which
      stem is slidable within a valve pedestal formed on the valve assembly such
      that the pressurized contents of the container may not be dispensed upon
      depression of the valve comprising, in integral combination, at least a
      pair of first and second locking means formed adjacent opposite ends of
      said locking device, said first locking means being adapted to be secured
      to the valve pedestal, and said second locking means being selectively
      movable between locked and unlocked positions wherein, whenever in the
      locked position it is interposed between the push-button actuator head and
      the valve pedestal to thereby prevent depression of the actuator head
      towards the valve pedestal so as to prevent dispensing of the pressurized
      contents of the aerosol container, and whenever the second locking means
      is in the unlocked position, it permits depression of the actuator head
      towards the valve pedestal to thereby permit dispensing of the pressurized
      contents, and biased hinge means having said first and second locking
      means respectively interconnected therewith for biasing said second
      locking means with respect to said first locking means such that whenever
      said first locking means is secured to the valve pedestal said second
      locking means is based to the locking position where it is interposed
      between the actuator head and pedestal and for automatically returning
      said second locking means from said unlocked position to said locked
      position whenever application of force sufficient to overcome the bias of
      said biased hinge means for urging said second locking means towards the
      unlocked position is released.
NUM  3.
PAR  3. A valve safety device as set forth in claim 2 in which said safety
      device is fabricated from polypropylene.
NUM  4.
PAR  4. A safety locking device as set forth in claim 2 in which said first and
      second locking means respectively include first and second locking arm
      connecting portions for connecting said first and second locking means to
      said biased hinge means.
NUM  5.
PAR  5. A safety locking device as set forth in claim 2 in which said hinge
      means tends to bias said second locking means generally upwardly so as to
      be interposed between the valve pedestal and the push-button actuator head
      whenever said second locking means is in the second position.
NUM  6.
PAR  6. A safety locking device as set forth in claim 2 in which said first
      locking means includes a generally cup-shaped member with an opening
      formed therethrough, said cup-shaped member being received on the top of
      the valve pedestal.
NUM  7.
PAR  7. A safety locking device as set forth in claim 2 in which said first
      locking means includes a first locking ring defining an opening
      therethrough.
NUM  8.
PAR  8. A safety locking device as set forth in claim 7 in which said first
      locking ring has an internal periphery thereof formed by serrated edges.
NUM  9.
PAR  9. A safety locking device as set forth in claim 2 in which said second
      locking means includes a second locking member which defines therethrough
      a generally elliptical opening of sufficient dimension to permit the
      passage therethrough of the push-button actuator head whenever said second
      locking means is in the unlocked position, said second locking member also
      defining an obstruction portion which whenever said second locking means
      is in the locked position is so situated to obstruct movement of the
      push-button actuator head towards the valve pedestal.
NUM  10.
PAR  10. A safety locking device as set forth in claim 9 in which said
      obstruction portion is defined by an integral V-shaped portion which
      gradually tapers upwardly towards an apex portion thereof for facilitating
      various ranges of valve stem and push-button actuator head heights above
      said second locking means.
NUM  11.
PAR  11. A safety device as set forth in claim 10 in which said obstruction
      portion is formed with a plurality of discrete parallel grooves for
      preventing side slip of said second locking means whenever said
      push-button actuator head is moved towards the valve pedestal.
NUM  12.
PAR  12. A safety locking device is formed with at least one groove for
      preventing slide slippage of said second locking member in response to
      downward movement of the push-button actuator head towards the valve
      pedestal whenever said second locking means is in said locked position.
NUM  13.
PAR  13. A safety locking device as set forth in claim 9 in which opposite ends
      of said elliptical opening are tapered generally upwardly and outwardly
      along a major axis for said elliptical opening for facilitating the
      accommodation of various valve stems and push-button actuator head heights
      above said second locking means.
NUM  14.
PAR  14. A safety locking device as set forth in claim 9 in which said second
      locking means includes a lip portion which partially extends into said
      elliptical opening and is relatively thin with respect to said second
      locking member.
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ABST
PAL  An absorbent strip of material is carried for movement between a blocking
      position and a clearance position relative to the discharge of a valve
      actuator to provide for prolonged evaporative dispensing or direct
      dispensing of aerosol product, such as room deodorizer, to the atmosphere.
      The absorbent strip is carried in an annular groove defined by a plurality
      of vertical ribs on a carrier member, which is rotatable for movement into
      and out of alignment with the discharge outlet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to aerosol devices, particularly aerosol devices
      designed for dispensing an air borne dispersant, such as a room
      deodorizer.
PAR  Aerosol containers are in common use today and have received wide
      acceptance among consumers. Such containers have been designed to dispense
      a wide variety of products for such purposes as adding a fragrance or
      deodorant to the air, dispensing insecticide, and administering inhalation
      medication.
PAR  Ordinarily these products are dispensed directly into the air by means of a
      push button actuator or the like which depresses the aerosol container
      valve and directs the product into the atmosphere. Depending on the type
      of product to be dispensed, it may be desirable to directly dispense the
      product into the air for high concentration or to more uniformly
      distribute the aerosol over a longer period of time. The prior art
      includes rudimentary devices which utilize an absorbent material or wick
      for prolonged evaporative dispersion of the aerosol product. However, none
      have the flexibility of dispersion desirable for products such as room
      deodorizers which are both directly dispensed and dispersed over a long
      period of time.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is designed for both direct dispersion of aerosol
      product into the atmosphere under the influence of propellant, or
      evaporative dispersion of aerosol product, which has been deposited on an
      absorbent material or wick. Accordingly, the aerosol device includes a
      base member which is detachably mounted on the top of an aerosol
      container. A valve actuator, such as the push button type, is slidably
      positioned within the base member and adapted to engage the valve stem and
      open the aerosol valve when depressed manually. A strip of absorbent
      material is carried in a carrier member which is rotatably mounted on the
      base. The carrier includes a plurality of ribs in which the absorbent
      material is positioned. The ends of the strip are spaced apart to form a
      direct spray zone therebetween so that the product may be directly
      dispensed, and, when rotated into position in front of the discharge
      outlet in the actuator, the strip is positioned to receive and absorb the
      dispensed product. Atmospheric air freely circulates between the ribs and
      around the strip to cause the absorbed product to evaporate and thus
      provide controlled, extended dispersion of the product.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view of an aerosol device in accordance with
      the present invention, illustrated in the direct dispensing position;
PAR  FIG. 2 is an exploded, perspective view with certain portions broken away
      for clarity of illustration showing the various elements of the aerosol
      device in FIG. 1;
PAR  FIG. 3 is an enlarged sectional view taken along line 3--3 in FIG. 2;
PAR  FIG. 4 is an enlarged sectional view taken along line 4--4 in FIG. 2;
PAR  FIG. 5 is an enlarged sectional view with certain portions broken away for
      clarity of illustration showing the interior rearward configuration of the
      base member.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will hereinafter be described in detail
      a preferred embodiment of the invention, with the understanding that the
      present disclosure is to be considered as an exemplification of the
      principles of the invention and is not intended to limit the invention to
      the embodiment illustrated.
PAR  FIGS. 1 and 2 show the aerosol dispensing device 10 in accordance with the
      present invention which includes a base 12 adapted to be detachably
      engaged with the upper end of an aerosol container 14. Base member 12
      includes a vertical generally cylindrically shaped hub portion 16 and a
      generally cylindrically shaped wall portion 18 spaced radially outwardly
      from hub 16 to define a receiving area 19 therebetween, as will be
      described in greater detail below. Hub 16 and wall 18 are interconnected
      by means of a contoured bottom wall 20 to form an integral unit which may
      be conveniently formed for molding.
PAR  A valve actuator 22 is slidably positioned within hub portion 16. Actuator
      22 is generally cylindrical in shape and includes a downwardly facing
      valve chamber 24 adapted to engage valve stem S of the container when
      depressed and a discharge passage 26. Passage 26 is in communication with
      the upper portion of chamber 24 at its inner end and extends generally
      radially outwardly to direct product to the exterior of the dispensing
      device. Referring particularly to FIG. 2, actuator 22 includes outwardly
      flared walls 28 on either sides of discharge outlet passage 26 which
      define a spray sector therebetween and merge smoothly with the cylindrical
      wall of the actuator.
PAR  As illustrated in FIGS. 1 and 2, actuator 22, is positioned for vertical
      sliding movement within hub portion 16 and is accessible through the top
      thereof so that the actuator may be manually depressed to engage valve
      stem S and unseat the container valve to dispense product therefrom. To
      permit product discharge, hub portion 16 and wall 18 each define aligned
      dispensing ports 16a and 18a, respectively, which are formed on common
      radii with flared walls 28. Actuator 22 is maintained in alignment with
      the base 18 within port 16a by vertical guide tracks 16b. Vertical lips 30
      extend radially outwardly from the lower portion of the valve actuator 22
      adjacent each of the walls 28 and ride in with tracks 16b to constrain
      actuator 22 for vertical movement only.
PAR  A strip of absorbent material 40, such as synthetic sponge, is carried in a
      carrier member 50. Strip 40 is generally rectangular in shape but other
      shapes may also be used. Carrier 50, FIG. 4, includes a plurality of
      radially extending, vertical ribs. 52. Ribs 52 are of three types: carrier
      ribs 54 which are bifurcated vertically at their lower central portion to
      define an annular strip carrying space 55; a pair of spray zone defining
      ribs 58, FIG. 2; and a set of truncated ribs 60. Ribs 58 are contoured at
      their lower portion to conform with the contour of base 20 and are
      designed to be positioned thereon. Carrier ribs 54 are tapered at their
      lower ends to facilitate insertion of strip 40 and are adapted to position
      the strip in spaced relationship with the hub portion 16 to provide a
      mixing zone corresponding in width to the width of the inner porton 54a of
      the rib. Ribs 58 cooperate with dispensing ports 16a and 18 a to form a
      spray zone 62 for direct dispensing of the aerosol product to the
      atmosphere.
PAR  Ribs 54 are of sufficient height to extend above wall 18 and are
      interconnectd by an integral hub and cover portion 63. Portion 63 defines
      a bore 64 slightly larger in diameter than hub 16. A vertical tongue 66
      and an annular snap ridge 68 are formed on the surface of bore 64 and
      cooperate with a plurality of vertical grooves 70 define on the exterior
      of hub portion 16 and snap-in ribs 72 formed at angularly spaced positions
      on the exterior of hub 16, respectively. In this manner as carrier 50 is
      moved into vertical register with base 18, rib 68 rides over rib portions
      72 and becomes interlocked therewith to snap-fit carrier 50 on base 18
      while permitting the carrier to be rotated angularly relative to the base.
      Tongue 66 cooperates with grooves 70 to provide a means for indexing the
      relative angular position between carrier 50 and base 18 so that carrier
      50 may be positioned at any one of a plurality of positions relative to
      the base ranging from a direct dispensing position, as illustrated in FIG.
      1, to an evaporative dispensing position wherein spray zone 62 is
      positioned diametrically opposite to spray ports 16 a and 18a. As
      illustrated, grooves 70 are formed between raised vertical portions 72 but
      could be formed by depressions in the surface of the hub portion. Base 18
      includes an interior annular groove 75 adapted to engage the outer portion
      of the seal rim R of the aerosol container and an interior downwardly
      extending annular wall 78 adapted to be positioned on the interior portion
      of rim R. Additionally, a plurality of angularly spaced lugs 80 are formed
      on the interior surface of groove 75 to create a snap-fit of the base onto
      the top of the aerosol container.
PAR  To operate the aerosol room deodorizer, the carrier 50 is rotated within
      base 12 to provide either direct or prolonged dispensing of aerosol
      product. For directly dispensing a deodorizer into a room, carrier 50 is
      rotated until spray zone 62 is in registry with hub and wall ports 16a and
      18a, respectively, and actuator 22 is depressed whereupon the aerosol
      dispersant is sprayed directly into the room. For prolonged dispensing
      carrier 50 is rotated until the absorbent strip 40 is in registry with
      ports 16a and 18a. Then when actuator 22 is depressed, the aerosol
      dispersant will be dispensed onto and into absorbent strip which then
      permits the deodorizer to evaporate as air circulates between the ribs 54
      to provide prolonged dispersion. During such prolonged dispersion, the
      flow of air around the strip 40 is provided through the combination of
      port 18a, the mixing zone provided by rib portion 54a, and the extension
      of the ribs above the top of base 18. In this manner air freely circulates
      around the absorbent strip to provide evaporation of the dispersant.
PAR  Thus the present invention provides the flexibility of being capable of
      direct or prolonged dispensing of aerosol products. Others skilled in the
      art will be able to make modification to the invention without departing
      from the scope and spirit thereof as pointed out in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aerosol dispensing device adapted for use with a pressurized aerosol
      container for direct and prolonged evaporative dispensing, said container
      having a dispensing valve extending upwardly therefrom, which comprises: a
      base member adapted to engage the top of said container, said base member
      including a vertically extending open ended hub portion and a cylindrical
      wall portion spaced radially outwardly from said hub portion to define an
      annular receiving area therebetween; a valve actuator slidably positioned
      coaxially within said hub portion, said actuator having a downwadly
      facing, valve engaging chamber and a discharge passage extending from said
      chamber radially outwardly to the exterior of said actuator; said hub
      portion and wall portions defining dispensing ports in radial alignment
      with the outlet end of said passage; means for preventing relative angular
      movement between said actuator and said dispensing ports; a carrier member
      defining a central bore adapted to receive said hub therein and having a
      plurality of angularly spaced apart, radial ribs extending downwardly into
      said receiving area, said ribs defining a sector spray zone and a
      complementary annular shaped carrier zone; a strip of absorbent material
      positioned in the carrier zone of the ribs; means for interlocking said
      carrier to said base member while permitting relative angular rotation
      therebetween, whereby said spray zone may be aligned with said ports for
      direct dispensing of the container product and said carrier may be rotated
      to position said absorbent material in front of said discharge passage for
      dispensing of product thereon and prolonged evaporation therefrom.
NUM  2.
PAR  2. The aerosol device of claim 1, wherein said hub portion and said
      actuator are generally cylindrical in shape, and said means for preventing
      relative angular movement include a vertical guide track in said hub and a
      vertical, outwardly extending lip on said actuator positioned in said
      guide track.
NUM  3.
PAR  3. The aerosol device of claim 1, wherein said carrier zone is spaced
      outwardly from said hub portion to provide a flow zone between said
      absorbent material strip and said hub portion.
NUM  4.
PAR  4. The aerosol device of claim 1, wherein said hub portion defines a
      plurality of vertical grooves on the outer surface thereof and the carrier
      member defines a vertical inwardly extending tongue in said bore, said
      tongue being in interference fit with said grooves, whereby said carrier
      may be locked in a preselected angular position relative to said hub.
NUM  5.
PAR  5. The aerosol device of claim 1, wherein said ribs extend beyond the top
      edge of said wall portion.
NUM  6.
PAR  6. An aerosol dispensing device for direct and prolonged evaporative
      dispensing comprising: an aerosol container having a dispensing valve
      extending therefrom means for actuating said valve to dispense product
      from said container and for directing said product in a predetermined
      product path; a base member mounted on the top of said container, said
      base member including first and second upwardly extending tubular walls,
      the first tubular wall slidably supporting said actuator means; the second
      tubular wall being spaced radially outwardly of the first tubular wall,
      and said first and second tubular walls defining dispensing ports in
      radial alignment with said product path; an annular carrier member located
      between said first and second walls and mounted for angularly rotation
      therebetween; absorbent material carried by said carrier member between
      said first and second walls, said carrier and absorbent material defining
      a sector spray zone corresponding to said product path, whereby said
      product may be dispensed directly from said container to the atmosphere
      when said sector spray zone is aligned with said dispensing ports, or
      dispensed into said absorbent material for prolonged evaporative
      dispensing, when said carrier is rotated to place said absorbent material
      in said product path.
PATN
WKU  039400255
SRC  5
APN  5083648
APT  1
ART  311
APD  19740923
TTL  Aerosol safety cap with two piece finger entry
ISD  19760224
NCL  6
ECL  6
EXA  Handren; Frederick R.
EXP  Tollberg; Stanley H.
NDR  3
NFG  10
INVT
NAM  Anderson; Victor F.
CTY  Wenonah
STA  NJ
ASSG
NAM  Shell Oil Company
CTY  Houston
STA  TX
COD  02
CLAS
OCL  222182
XCL  22240213
EDF  2
ICL  B65D 8314
ICL  B65D 5502
FSC  222
FSS  153;182;402.1-402.13
FSC  220
FSS  306
UREF
PNO  3702668
ISD  19721100
NAM  Landen
OCL  222182
ABST
PAL  An aerosol safety cap of the finger entry type is provided, having an
      additional safety feature in that there are two separate parts of the
      safety cap, one of which is rotatable relative to the other and must be
      rotated to a predetermined position in order to provide finger access to
      the valve actuating mechanism in the interior of the safety cap.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Aerosol safety caps of the finger entry type are shown for example in the
      Corll U.S. Pat. No. 3,712,515.
PAR  It is also known in the prior art to provide an aerosol safety cap having
      two relatively rotatable portions which must be aligned in a predetermined
      manner in order to make it possible to dispense the contents of the
      aerosol container. A mechanism of this type is shown in the Landen U.S.
      Pat. No. 3,702,668.
PAR  The object and purpose of the present invention is to provide an aerosol
      safety cap having dual safety protection capability and which is
      economical to manufacture, easy to use, and artistic in appearance.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention an aerosol safety cap is provided which
      has a lower member and an upper member, the upper member being rotatably
      supported upon the lower member for rotation about a vertical axis
      relative thereto. The rotatable support is provided in a horizontal plane
      which lies at the upper extremity of the lower member of the safety cap,
      and at the lower extremity of the upper member. In one rotational position
      of the upper member the two cap portions cooperatively provide a finger
      passageway for access to the interior of the safety cap, so that the usual
      push button or valve actuator may be depressed for dispensing contents
      from the associated aerosol container. In another rotational position of
      the upper cap member, however, finger access to the interior mechanism is
      not available. This result is achieved by providing a horizontal platform
      on the lower cap member which effectively blocks access to the finger
      passageway portion of the upper member, when the upper member is in its
      alternate position.
PAR  According to the preferred form of the invention spring means is included
      in the apparatus so that the upper cap member is normally held in its
      non-aligned position, i.e., the alternate position in which finger access
      to the interior of the safety cap is blocked.
DRWD
PAC  DRAWING SUMMARY
PAR  FIG. 1 is a front elevation view of the presently preferred form of the
      invention;
PAR  FIG. 2 is a side elevation view;
PAR  FIG. 3 is a top plan view, partially in cross-section;
PAR  FIG. 4 is a cross-sectional elevation view taken on the line 4--4 of FIG.
      3;
PAR  FIG. 5 is a transverse cross-sectional view taken on the line 5--5 of FIG.
      4;
PAR  FIG. 6 is an exploded perspective view of the principal working parts of
      the safety cap;
PAR  FIG. 7 is a fragmentary cross-sectional view showing the dispensing nozzle
      and window opening;
PAR  FIG. 8 is a view similar to FIG. 7, but showing a particular operating
      condition;
PAR  FIG. 9 is a top plan view of the device in its nonaligned position, and
      showing the spring mechanism; and
PAR  FIG. 10 is a cross-sectional elevational view taken on the line 10--10 of
      FIG. 9.
DETD
PAC  PREFERRED EMBODIMENT
PAR  Reference is now made to FIGS. 1 through 10, inclusive, which illustrate
      the presently preferred form of the invention.
PAR  Referring particularly to FIGS. 2 and 4 of the drawing, it will be seen
      that an aerosol container 10 having a pressure dome 11 is provided with a
      conventional push button or valve actuator 12 above the pressure dome, and
      a dispensing nozzle 13 associated with the actuator. The safety cap
      assembly 20, all of which is shown in exploded perspective view in FIG. 6
      except for the spring mechanism, is used to cover the upper end of the
      container 10 in order to prevent the contents of the container from being
      dispensed by a young child while making it possible nevertheless for the
      dispensing action to be initiated by an adult.
PAR  The safety cap assembly 20 includes a lower member 30, an upper member 40,
      and a spring 70. For simplicity of the drawings, spring 70 is shown only
      in FIGS. 3 and 9.
PAR  The lower member 30 has a generally bowl-shaped configuration and is
      disposed in an inverted position, having also a lower rim-like portion 31
      which is adapted for securement to the upper end of the aerosol container
      10. Lower member 30 also has a top wall 32 which is horizontally disposed
      and in which a central opening 33 is formed. A flange 34 depends
      downwardly at the circumference of the opening 33. Additional structural
      features 35, 36, 37, 38 of the lower member 30 are described in a later
      paragraph.
PAR  Upper member 40 has a generally cup-shaped configuration and is disposed in
      an inverted position, having a lower rim-like portion 41 which
      supportingly engages the top wall 32 of the lower member. Top wall 32 of
      the lower member 30 provides a horizontal plane of rotation of the upper
      member 40 relative to the lower member, and this rotation takes place
      about a vertical axis 60. The upper member 40 has an outwardly extending
      circumferential flange 42 formed on the rim-like portion 41, which
      circumferential flange 42 engages the undersurface of the top wall 32 of
      the lower member 30. More specifically, the flange 42 has an upwardly
      opening recess which receives the flange 34 of lower member 30, and there
      is an interlocking action between the flanges but the flange 42 of the
      upper member 40 does not quite touch the undersurface of top wall 32
      itself, as may be clearly seen for example in FIG. 5 of the drawings.
PAR  By virtue of the central opening 33 in lower member 30 and the open lower
      end of the upper member 40, the conventional push button or valve actuator
      12 associated with the aerosol container 10 occupies the interior portion
      of the upper member 40, when the safety cap is assembled to the container.
      The interlocking flanges 42, 34 of the rotatable support for the upper
      member 40 are preferably located as shown by the drawings, immediately
      surrounding the upper end portion of the pressure dome 11. In order to
      make it possible for the dispensing nozzle 13 to dispense the contents of
      the aerosol container into the surrounding atmosphere the upper member 40
      has a window 44 provided in its front sidewall 43. An extending portion 45
      provided at the upper extremity of the upper member 40 is provided for
      ornamentation purposes only.
PAR  The upper member 40 may occupy a first rotational alignment position which
      may be referred to as the "aligned position", or it may occupy a second
      rotational alignment position which for convenience may be referred to as
      the "non-aligned position". The aligned position of the upper member 40 is
      shown in FIG. 3 of the drawings and also in FIGS. 4 and 5. The non-aligned
      position of the upper member is shown in drawing FIGS. 9 and 10.
PAR  When the upper member 40 is in its aligned position as shown in FIGS. 3, 4,
      and 5, the members 30 and 40 cooperatively define a finger passageway for
      access to the push button or valve actuator 12. The mode of operation
      where the user inserts a single finger into the passageway is shown in
      FIG. 4. This result is made possible by the special configurations of both
      the lower member 30 and the upper member 40.
PAR  More specifically, the lower member 30 has a circumferential portion 35
      which is radially enlarged or extended relative to the lower rim-like
      portion 31, in order to provide a lower finger passageway portion 50. It
      will be understood, as best seen in FIGS. 4 and 6, that because of the
      radial enlargement 35 the rim-like portion 31 engages the bead or crimped
      edge 14 of container 10 through only about 300.degree. of its
      circumference. The remaining approximately 60.degree. of the rim-like
      portion 31 is radially expanded at 35 to provide the lower finger
      passageway portion 50 and hence does not directly engage the container
      bead 14. In a similar fashion the upper member 40 has a circumferential
      portion 46 which is radially enlarged so as to provide an upper finger
      passageway portion 51. The upper member 40 is of considerably smaller
      diameter measured in the horizontal direction than the lower member 30,
      but as will best be understood by reference to the plan views shown in
      FIGS. 3 and 9 the width of upper finger passageway portion 51 is
      approximately the same as the wdith of lower finger passageway 50. The
      circumferential portion 46 of upper member 40 which is radially enlarged
      to provide the finger passageway 51 is, therefore, a much larger portion
      of the total circumference of the upper member than is the case for the
      lower member. Specifically, the enlarged portion 46 accounts for
      approximately 170.degree. of the circumference of the upper member 40. In
      order to provide a secure rotational interlock the rim-like portion 41 of
      upper member 40 is therefore extended at 47, 48 (FIGS. 3, 6, and 9) so as
      to partially cut off the interior side of the upper finger passageway 51.
PAR  The lower member 30 also has, on one side of the radial extension 35, a
      radially extending platform 36. The platform 36 is a radial extension of
      the top wall 32 of the lower member 30. Platform 36 provides no function
      in the aligned position of the upper member 40, shown in FIGS. 3 through
      5. However, in the non-aligned position as shown in FIGS. 9 and 10 it is
      effective to block access to the upper finger passageway portion 51, and
      hence block finger access to the valve actuator 12.
PAR  A pair of stops 37, 38 are formed on the upper surface of top wall 32 of
      lower member 30. The stop 37 limits the rotation of upper member 40 as it
      approaches its aligned position. The stop member 38, located on the
      extreme edge of platform 36, limits the rotation of upper member 40 as it
      approaches its non-aligned position.
PAR  The lower member 30 is preferably formed as a single integral member from
      relatively rigid plastic material. The upper member 40 is likewise
      preferably integrally formed as a single plastic member. It will be
      understood that some resilience in the plastic material facilitates the
      inter-engagement of the locking flanges 34, 42, and it will also be
      understood that some resilience of the plastic material is advantageously
      used in latching the rim-like portion 31 to the container bead 14.
PAR  The spring 70 shown in FIGS. 3 and 9 is used in order to hold the upper
      member 40 normally in its non-aligned position. A small finger or hook 71
      is formed on the exterior surface of flange 42 at a point which is
      circumferentially displaced a relatively short distance from the rim
      extension 47. A single finger or hook 72 is formed on the interior wall of
      the lower member 30 a small circumferential distance away from the
      enlargement 35, and on the side thereof opposite to the platform 36.
      Spring 70 is a small tension spring and its ends are fastened on the hooks
      71, 72 respectively. Spring 70 lies in a horizontal plane only slightly
      below the elevation of the top wall 32 of the lower member 30, and more
      specifically at about the level of the upwardly facing recess in flange 42
      of upper member 40. The effect of spring 70, as will be easily understood
      from FIG. 9 is to impel the upper member 40 towards its non-aligned
      position, where it is stopped by the stop 38. When a user wishes to
      dispense the contents of the aerosol container 10 he must therefore use
      one hand to rotate the upper member 40 to its aligned position, and then
      use a finger of the other hand to enter the aligned passageways 50, 51.
      From this mode of operation it is clear that a child-safe result is
      achieved.
PAR  The hooks 71, 72 may be integrally molded portions of the plastic members
      40 and 30, respectively, but it may very well be preferred to use metal
      hooks or rivets which are attached to the plastic members as a separate
      and subsequent manufacturing operation.
PAR  The invention has been described in considerable detail in order to comply
      with the patent laws by providing a full public disclosure of at least one
      of its forms. However, such detailed description is not intended in any
      way to limit the broad features or principles of the invention, or the
      scope of patent to be granted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aerosol safety cap comprising:
PA1  a generally bowl-shaped lower member disposed in an inverted position and
      having a lower rim-like portion adapted for securement to the upper end of
      an aerosol container;
PA1  a generally cup-shaped upper member disposed in an inverted position and
      having a lower rim-like portion which supportingly engages the top wall of
      said lower member in a rotatable relationship therewith, whereby said
      upper member may be rotated about a vertical axis relative to said lower
      member;
PA1  said lower member having a central opening in the top wall thereof to
      permit a valve actuator associated with the aerosol container to extend
      upward into the interior of said upper member, and said upper member
      having a window formed in one sidewall thereof to permit a dispensing
      nozzle associated with the valve actuator to dispense aerosol spray into
      the surrounding atmosphere;
PA1  each of said members having a circumferential portion which is radially
      enlarged, said radially enlarged portions cooperating in a first
      rotational alignment position of said upper member relative to said lower
      member so as to provide a finger passageway to the valve actuator; and
PA1  said lower member on one side of its enlarged portion having a radial
      extension of the top wall thereof, said extension effectively blocking
      finger entry into the enlarged portion of said upper member when said
      upper member occupies a second rotational alignment position relative to
      said lower member.
NUM  2.
PAR  2. A safety cap as claimed in claim 1 which further includes stop means
      cooperating with said two members for permitting said upper member to
      rotate between said first position and said second position.
NUM  3.
PAR  3. A safety cap as claimed in claim 2 which further includes spring means
      normally holding said upper member in said second position.
NUM  4.
PAR  4. A safety cap as claimed in claim 1 wherein the rim-like portion of said
      upper member extends through said central opening of said top wall of said
      lower member and has an outwardly extending circumferential flange thereon
      which engages the under surface of said top wall.
NUM  5.
PAR  5. A safety cap as claimed in claim 1 wherein the vertical height of said
      upper member is approximately equal to the vertical height of said lower
      member.
NUM  6.
PAR  6. An aerosol safety cap comprising a lower member and an upper member,
      said lower member including a horizontally extending platform portion,
      said upper member including a finger passageway portion, said upper member
      being rotatably supported upon said lower member for rotation about a
      vertical axis relative to said lower member between first and second
      rotational alignment positions, the configuration of said members being
      such that in the first position of said upper member said two members
      cooperatively provide a downwardly opening finger passageway for access to
      the interior of the safety cap, but in the second position of said upper
      member, the horizontally extending platform portion of the lower member
      blocks finger access to the finger passageway portion of the upper member.
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ABST
PAL  This invention provides a new, simple, inexpensive and expedient means of
      attaching an expandible elastomeric pressure unit within an existing
      vessel using a readily available valve for dispensing fluid products
      contained therein. The present invention by using elastomeric pressure
      units for the dispensing of fluid products under pressure no longer
      requires the use of propellent gas therewith since the dispensing energy
      is contained in the elastomeric material of the unit itself, the
      dispensing p.s.i. being controllable by varying the thickness of the walls
      of the said pressure unit and the composition and make-up thereof.
PAL  The present invention also teaches various bonding techniques for
      efficiently attaching the pressure unit to the valve member in most cases
      where the container is filled through the valve itself and also for
      attaching the pressure unit to the vessel means in those cases wherein the
      container is filled around the valve but before the said valve is sealed
      into place.
PARN
PAC  CROSS REFERENCE
PAR  This application is a Continuation-in-Part of copending application Ser.
      No. 344,931, filed Mar. 26, 1973, and entitled: "A Container For Pressure
      Dispensing Of Fluid" which has been abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to product dispensing containers and more
      particularly, but not by way of limitation, to a container for pressure
      dispensing of fluids by means of an elastomeric pressure unit disposed
      within a vessel, said pressure unit being expanded to accept the fluid
      product therein, the pressure dispensing of the product being provided by
      the contraction of the pressure unit while utilizing existing valve means.
PAR  2. Description of the Prior Art
PAR  Pressurized containers have become exceedingly popular in recent years.
      Since inception, the popularity of this mode of packaging has resulted in
      the present day availability of numerous products in pressurized dispersed
      form. There are, however, certain difficulties with existing pressure
      dispensing systems. The propellent gas in aerosol dispensers is relatively
      expensive and often must be used in equal proportions with the fluid to be
      dispensed. This requires the use of a large container for carrying a small
      amount which is expensive in container materials and inefficient in space
      utilization.
PAR  In addition, effective gas propellents are sometimes not compatible with
      certain products, especially foods. Further, aerosol containers are
      somewhat hazardous in that when subject to heat or puncture they explode
      with severity. Even depleted aerosol containers can be dangerous when
      subjected to high heat.
PAR  Others have suggested the use of bladders of elastic material positioned
      interiorly of containers as a means of dispensing liquid products. A
      problem exists, however, in that the known means of utilization of
      elastomeric bladders has required the manufacture of special types of
      valve support apparatus for sealably receiving the upper end of the
      bladder.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a novel container for pressure dispensing
      of fluids which is particularly designed and constructed for overcoming
      the above disadvantage. This invention provides a new, simple, inexpensive
      and expedient means of attaching an expandible elastomeric pressure unit
      within an existing vessel using readily available valve means for
      dispensing fluid products contained therein. The present invention by
      using elastomeric pressure units for the dispensing of fluid products
      under pressure no longer requires the use of propellent gas therewith
      since the dispensing energy is contained in the elastomeric material of
      the unit itself, the dispensing p.s.i. being controllable by varying the
      thickness of the walls of the said pressure unit and the composition and
      make-up thereof.
PAR  The present invention also teaches various bonding techniques for
      efficiently attaching the pressure unit to the valve means in most cases
      where the container is filled through the valve itself and also means for
      attaching the pressure unit to the vessel means in those cases wherein the
      container is filled around the valve but before the said valve is sealed
      into place.
PAR  Since the present invention obviates the use of propellent gases, this
      space heretofore taken in existing vessels by the propellent gas may be
      replaced by product fluid whereby the producers may add extra product
      within an existing size can or may reduce the size of the can itself.
      Further, since propellent gas is not utilized in the present invention,
      the safety thereof is greatly enhanced and the walls of the outer vessel
      or container may be constructed of cardboard or other inexpensive
      materials.
PAR  It is further pointed out that by utilizing a pressure unit with elastic
      material thicknesses varying throughout, the said pressure unit may be
      designed to take the form of substantially any shaped container while
      still being able to control the dispensing p.s.i. capabilities thereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a container for pressure dispensing of
      fluid showing the container ready to be filled and showing the means of
      attachment of an elastomeric pressure unit to the valve support structure.
PAR  FIG. 2 is a cross sectional view as shown in FIG. 1 but showing the
      pressure unit in the fully expanded condition and showing a different type
      of valve structure.
PAR  FIG. 3 is a prospective view of the tubular band element of the invention
      showing an alternate arrangement for increasing the effectiveness of the
      band to retain the pressure unit. FIG. 4 is a partial sectional
      elevational view of the container of FIG. 1 wherein the pressure unit is
      secured to the top of the vessel rather than to the valve support surface.
PAR  FIG. 5 is a partial sectional elevational view of the container of FIG. 2
      wherein the pressure unit is secured to the top inside portion of the
      vessel rather than to the valve.
PAR  FIG. 6 is a perspective view of an attachment device to facilitate the
      attachment of the pressure unit to the vessel or to the valve means itself
      or the container as depicted in FIGS. 1 and 4.
PAR  FIG. 7 is a sectional elevational view of the container of FIG. 4 and
      having the attachment means of FIG. 6 installed thereon.
PAR  FIG. 8 is a sectional elevational view of the upper portion of the
      container of FIG. 1 having the attachment mechanism of FIG. 6 installed
      therein.
PAR  FIG. 9 is an attachment mechanism to facilitate the attachment of the
      pressure unit as shown in the container of FIG. 5 to the upper inside
      portion of the vessel.
PAR  FIG. 10 is a sectional elevational view of the container of FIG. 5 and
      having the attachment device of FIG. 9 installed thereon.
PAR  FIG. 11 is an elevational sectional view of the upper portion of the
      container of FIG. 2 wherein the attachment mechanism of FIG. 6 is
      installed thereon.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings and first to FIG. 1, the container for
      pressure dispensing of fluids is generally indicated by the numeral 10.
      The container includes an upright vessel 12 which is preferably formed of
      metal, but may also be formed of plastic material, cardboard or the like.
      The vessel 12 is depicted as being cylindrical in shape but may be of
      substantially any shape, an end plate 13 is secured to the upper end of
      the vessel 12 and has a centrally disposed opening 14 therein. Sealably
      received within the opening 14 is a valve support 16. The valve support 16
      has an axial opening 16A which receives a valve generally indicated by the
      numeral 18. The specific valve structure 18 does not form a part of this
      invention, as several valve devices are on the market and in present use
      at this time. In the arrangement of FIG. 1, by way of example only, the
      valve 18 includes a rigid tubular member 20, of material such as plastic,
      having an enlarged diameter horizontal portion 20A at the lower end
      thereof. Openings 20B are provided in the tubular portion adjacent the
      enlarged diameter portion 20A. the tubular portion is received in a
      resilient retainer 22. Normally the enlarged diameter portion 20A seals
      against the lower end of the resilient retainer 22 to close the vessel so
      that liquids or gases retained interiorly will not escape to the exterior.
      When the tubular element 20 is displaced sideways by finger pressure, the
      element is tilted in the resilient member 22, exposing one or more of the
      openings 20B, allowing fluid to escape. When sideways pressure on tubular
      element 20 is relieved it returns to the axial or upright position and the
      openings 20B are closed. As previously indicated the specific valve
      structure is not a part of the invention and has been described herein
      merely as an example of one valve which will function in the invention.
PAR  The valve support 16 includes a cylindrical wall 16B which extends
      downwardly within the vessel 12, and a lower horizontal surface 16C. The
      valve support described is typical of these in present commercial usage
      and while the structures may vary slightly from one manufacturer to
      another nevertheless the valve supports in most common usage have the
      portions described.
PAR  The container described to this point is not unlike that of other known
      containers in present use today wherein the propellent used to cause the
      contents thereof to be discharged is in the form of a compressed gas. The
      interior of the vessel 12 is filled with the material to be discharged and
      when the valve 20 is opened the propellent gas forces the liquid therein
      to pass outwardly. Some containers include a downwardly extending tube
      (not shown) so that the liquid in the bottom of the container is first
      discharged.
PAR  This invention includes the provision of a pressure unit of elastomeric
      material 24, and more particularly the means of affixing the pressure unit
      24 to the valve support 16. The pressure unit 24 has an upper tubular
      portion 24A, the internal diameter thereof being indicated by the numeral
      24B. The pressure unit tubular portion 24A terminates at the upper opened
      end thereof with an annular top surface 24C.
PAR  Positioned around the pressure unit tubular portion 24A is a tubular band
      of rigid material 26.
PAR  The pressure unit 24 may be affixed to the valve support 16 in two basic
      ways. In the arrangement shown in FIG. 1 the tubular band of rigid
      material 26 is of metal and the upper end surface of the band 26 is welded
      to the horizontal surface 16C of the valve support. The exterior surface
      24D of the tubular portion 24A of the tubular band is bonded to the inside
      surface 26A of the tubular band 26, the bonding material being indicated
      by the numeral 28.
PAR  In FIG. 2 an alternate means of affixing the pressure unit tubular portion
      24A is illustrated. In this arrangement bonding material 29 is applied
      between the annular top surface 24C of the pressure unit and the lower
      horizontal surface 16C of the valve support.
PAR  In either arrangement of the pressure unit is supported without altering
      the valve structure. In addition, the support means, including the tubular
      band 26, retains the pressure unit 24 in position while prohibiting the
      tubular portion 24A from expanding when the pressure unit is filled.
PAR  FIG. 3 shows an alternate arrangement wherein the tubular band of rigid
      material 26 includes a plurality of protrusions 26B extending inwardly
      from the interior surface. One means as illustrated providing the inward
      protrusion 26B is, as shown, a plurality of inverted V-shaped slits cut in
      the wall of the tubular band 26 with the apexes of the slits depressed
      inwardly to form the protrusion 26B. In this way the extending protrusions
      26B project slightly into the outer cylindrical surface of the pressure
      unit tubular portion to assist in retaining the pressure unit in position.
PAR  The embodiment hereinbefore described in relation to that depicted in FIGS.
      1 and 2 in an embodiment which is particularly adaptable for use wherein
      the filling technique used is that of filling the container or the
      pressure unit 24 thereof through the valve structure 18. Hence, in that
      embodiment the tubular portion 24A of the pressure unit 24 may be secured
      to or bonded to the lower horizontal surface of the valve 16 in a manner
      as hereinbefore set forth and the said valve 16 secured to the top end
      plate 13 of the vessel 12 in any well known manner such as cramping the
      upper end portion of the valve support cylindrical wall 16B over a
      preformed annular shape flange member 13A which is provided around the
      opening 14 in the top end plate 13. Filling the container with the desired
      fluid may then be accomplished by filling through the valve member 18
      thereof.
PAR  However, there is a second filling technique that is widely used in the
      field which would render the above embodiment inappropriate therewith.
      This second filling technique is accomplished by filling the vessel 12
      with the desired fluid around the valve 18 and its associated valve
      support 16 before the said valve support member 16 is secured in place on
      the top end plate 13 of the vessel 12. This technique is known as filling
      around the valve wherein before the said valve support member 16 with its
      associated valve 18 is secured into place the can is filled therearound.
      After the can has been charged to capacity the valve support means is
      dropped into place and the top edge or rim thereof is cramped over the
      flange member 13A for providing a seal therearound.
PAR  Referring now to FIG. 4 reference character 30 indicates an elastomeric
      pressure unit similar to the pressure unit 24 hereinbefore described. The
      pressure unit member 30 comprises a lower cylindrical shaped body member
      which is depicted in its relaxed state in FIG. 4 a similar pressure unit
      and is depicted in its expanded or filled shape in FIG. 5. The upper end
      of the pressure unit 30 is provided with an upper tubular portion 30A
      having an outside cylindrical wall 30B, an inside cylindrical wall 30C and
      an annular top surface 30D therearound. The interior diameter 30C of the
      pressure unit 30 is expanded to be larger than the opening 14 provided in
      the top end plate 13.
PAR  Therefore, upon installation of the pressure unit 30 within the vessel 12
      the upper end or annular top surface 30B of the tubular member 30A is
      bonded directly to the inside surface of the top end plate 13 adjacent to
      the opening 14 therein. A tubular band 32 of rigid material similar to the
      band 26 for the first embodiment hereof is secured directly to the top end
      plate 13 within the vessel 12, the upper annular end thereof being secured
      in place by any well known metal to metal bonding such as by welding or
      the like. The inside diameter of the tubular band 32 is of a size
      substantially equal to the outside diameter of the tubular portion 30A of
      the pressure unit 30, for receiving the said tubular portion 30A therein.
      The outside surface 30B of the tubular portion 30A is then bonded to the
      inside surface of the tubular band 32 by any well known bonding material
      28 as used in relation to the pressure unit 24 hereinbefore described.
      This tubular band 32 will provide an additional bonding surface for
      securing the upper portion 30A of the pressure unit 30 thereto while
      tending to prevent expansion of the upper portion 30A of the pressure unit
      30 upon filling the pressure unit therein with the desired fluid to be
      dispensed thereby.
PAR  Referring now to FIG. 5 reference character 34 represents an alternate type
      pressure unit that may be utilized for around-the-valve filling or
      containers. The upper tubular portion 34A of the pressure unit 34 is
      constructed in a substantially conical shape or more exactly a truncated
      conical shape, the annular top surface 34B thereof being flared outwardly
      in order to directly contact the inside surface of the top end plate 13.
      The outer end of the upper tubular portion 34A is thickened to provide a
      wider annular top surface 34B which provides a larger area of bonding
      contact between the said annular top portion surface 34B and the inside
      wall of the top end plate.
PAR  A cylindrical band 36 is secured around the pressure unit 34 adjacent to
      the upper tubular portion 34A thereof, the said band 36 having an inside
      diameter substantially equal to the outside diameter of the pressure unit
      34 when it is in its relaxed position as depicted by the dashed lines in
      FIG. 5. The band 36 serves to prevent the upper tubular portion 34 from
      expanding outwardly upon filling of the pressure unit 34 with the desired
      fluid to be dispensed thereby. Installation of the pressure unit 34 within
      the vessel 12 is accomplished by simply bonding the annular top surface
      34B of the upper tubular portion of the pressure unit 34 directly to the
      inside surface of the top end plate 13 by means of a suitable bonding
      material 28. By bonding the annular top surfaces of the pressure unit 30
      and 34 to the inside surface of the top end plate 13 will facilitate the
      filling thereof by the around-the-valve techniques as hereinbefore set
      forth. It is further noted that the tubular band 32 of the embodiment of
      FIG. 4 may be provided with a plurality of protrusions which extend
      inwardly and upwardly therefrom and as set forth or described in FIG. 3
      herein to facilitate the bonding of the upper tubular portion 30A thereto.
PAR  Referring now to FIGS. 6 and 7 reference character 38 generally indicates
      an attachment device for utilization in place of the tubular band 32 on
      the pressure unit embodiment as depicted in FIG. 4. The attachment device
      38 comprises an outer cylindrical band 40 having an inside diameter
      substantially equal to the outside diameter of the upper tubular portion
      30A of the pressure unit 30 and a concentrically disposed inner
      cylindrical band 42 having an outside diameter substantially equal to the
      inside diameter of the upper tubular portion 30A of the pressure unit 30.
      An annular top ring 44 is secured around the upper edges of the
      cylindrical bands 40 and 42 for holding the said bands in their respective
      positions and for another purpose that will be hereinafter set forth. The
      outer band 40 is provided with a plurality of spaced inverted V-shaped
      cutouts which are pressed inwardly to form a plurality of inwardly and
      upwardly extending protrusions 40A which are similar to the protrusions
      26B of the tubular band 26. Likewise the inner cylindrical band 32 is
      provided with a plurality of inverted V-shaped cutouts 42A which are
      pressed outwardly to form a plurality of spaced protrusions 42A.
PAR  In the application as depicted in FIG. 7 the upper tubular portion 30A of
      the pressure unit 30 may be inserted between the cylindrical bands 40 and
      42 so that the upper annular surface 30D of the pressure unit 30 is
      positioned directly against the lower surface of the annular ring member
      44. In addition to the retaining effect provided by the protrusions 40A
      and 42A with respect to the upper tubular portion 30A of the pressure unit
      30, additional bonding may be accomplished by utilization of bonding
      material such as the bonding material 28 hereinbefore described. The
      attachment device 38 may then be secured to the inside surface of the top
      end plate 13 by any well known metal to metal bonding such as by welding
      or the like. It is therefore obvious that by utilization of the attachment
      device 38 an extremely strong bond may be accomplished between the upper
      tubular portion 30A of the pressure unit 30 with respect to the end plate
      13.
PAR  Referring now to FIGS. 8 and 11 a small sized version of the attachment
      device 38 may be utilized to securely bond the upper tubular portion 24A
      of the pressure unit 24 directly to the bottom annular surface 16C of the
      valve support member 16.
PAR  Referring now to FIGS. 9 and 10 reference character 46 generally indicates
      a truncated conical shaped attachment device for use in securing the upper
      tubular portion 34A of the pressure unit 34 which has been described in
      relation to the drawing of FIG. 5. The attachment device 46 comprises an
      outer truncated conical shaped band 48 having a plurality of inwardly and
      upwardly directed protrusions 48A which are substantially identical to the
      protrusions 40A and 42A of the cylindrical bands 40 and 42 respectively.
      The inside surface of the conical shaped band 48 is sized to substantially
      conform to the outer surface of the conical shaped upper tubular member
      34A of the pressure unit 34. The attachment device 46 also comprises an
      inner truncated conical shaped band 50 having a plurality of outwardly and
      upwardly extending protrusions 50A which are substantially identical to
      the protrusions 48A of the outer band 48. The outer surface of the conical
      shaped band 50 is sized to conform to the inner surface of the conical
      shaped upper tubular portion 34A of the pressure unit 34. An annular ring
      member 52 is secured between the upper circular edges of the outer and
      inner bands 48 and 50 for holding the said outer and inner bands in spaced
      concentric alignment and for a second purpose that will be hereinafter set
      forth.
PAR  In construction, the upper tubular portion 34A of the pressure unit 34 is
      inserted between the conical shaped bands 48 and 50 so that the upper
      annular surface 34B of the pressure unit 34 is disposed against the inside
      surface of the annular shaped ring 52. In addition to the pressure unit
      retention effect provided by the inwardly and upwardly extending
      protrusions 48A and 50A, bonding material is provided between the surfaces
      of the attachment means 46 and the conical shaped upper tubular portion
      34A of the pressure unit 34. The annular shaped ring 52 is then welded
      directly to the inside surface of the upper end plate or top end plate 13
      or secured thereto by any other well known metal to metal bond. It is
      further noted that when utilizing the attachment device 46 for attaching
      the pressure unit 34, it is no longer necessary to utilize the cylindrical
      band 36 for holding the upper tubular portion 34A in a conical shape since
      the same purpose is provided by the lower edge of the outer band 48 of the
      attachment device 46 which may be curved outwardly to prevent damage to
      the pressure unit 34.
PAR  From the foregoing it is apparent that the present invention provides a
      novel container for the pressure dispensing of fluids wherein an
      elastomeric pressure unit is disposed within the vessel and firmly secured
      in place therein, and whereby the said fluids may be dispensed under
      pressure due to the elasticity of said pressure unit material which
      eliminates the need for expensive and dangerous propellant heretofore used
      therein. It is also readily apparent that the novel device provides an
      attachment means for the bladder which is particularly adaptable for both
      through-the-valve filling and around-the-valve filling techniques commonly
      used in the trade.
PAR  Whereas the present invention has been described in particular relation to
      the drawings attached hereto, it is understood that other and further
      modifications apart from those shown or suggested herein, may be made
      within the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container for pressure dispensing fluid products comprising:
PA1  a vessel having an opening in one end thereof;
PA1  a cover closing said vessel opening, the cover having an opening therein
      and having, as a portion thereof, a valve support sealably closing the
      cover opening;
PA1  valve means carried by said valve support for providing a fluid passageway
      therethrough;
PA1  an expandable and contractable pressure unit of elastomeric material having
      a tubular portion terminating at an open end with an annular surface, said
      annular surface being bonded to said vessel end cover, and means carried
      by the pressure unit for stiffening the tubular portion at and adjacent to
      the open end thereof; and
PA1  whereby fluid product contained by the pressure unit in an expanded
      position is expelled by return force exerted by the elastomeric material
      of the pressure unit.
NUM  2.
PAR  2. A container for pressure dispensing fluid products in accordance with
      claim 1 wherein the means for stiffening the tubular portion of the
      pressure unit comprises thickened elastomeric material in the tubular
      portion, and wherein the valve support is provided with an annular surface
      and the tubular portion annular surface is bonded thereto by an adhesive.
NUM  3.
PAR  3. A container for pressure dispensing fluid products in accordance with
      claim 1 wherein the means for stiffening the tubular portion of the
      pressure unit comprises thickened elastomeric material at the tubular
      portion and wherein the tubular portion annular surface is bonded to the
      interior surface of the vessel cover around the opening in said cover.
NUM  4.
PAR  4. A container for pressure dispensing fluid products in accordance with
      claim 1 wherein the means for stiffening the tubular portion of the
      pressure unit comprises a pair of concentrically spaced tubular sleeves or
      rigid material, the tubular portion annular surface comprising a ring
      member of rigid material secured to one end of the tubular sleeves and
      wherein the tubular portion of said pressure pressure unit is bonded
      within the space between the sleeves and in contact with the ring member
      and bonded thereto, and wherein the valve support is provided with an
      annular surface, said ring member being bonded to the valve support
      annular surface.
NUM  5.
PAR  5. A container for pressure dispensing fluid products in accordance with
      claim 4 wherein said annular ring member is of metal material and said
      valve support is of metal material and wherein said annular ring is bonded
      to said valve support by metal-to-metal bond.
NUM  6.
PAR  6. A container for pressure dispensing fluid products in accordance with
      claim 1 wherein the means for stiffening the tubular portion of the
      pressure unit comprises thickened elastomeric material at and adjacent to
      the open end of the tubular portion and wherein said tubular portion is
      flared outwardly into a truncated conical shape, the annular surface
      thereof being bonded to the inside surface of the vessel cover.
NUM  7.
PAR  7. A container for pressure dispensing fluid products in accordance with
      claim 1 wherein the means for stiffening the tubular portion comprises a
      pair of concentrically spaced truncated conical shaped sleeves or rigid
      material, the tubular portion of the pressure unit being flared to a
      truncated conical shape, the tubular portion annular surface comprising a
      ring member of rigid material secured to one end of the spaced sleeves and
      wherein the tubular portion of said pressure unit is bonded within the
      space between the sleeves and in contact with the ring member, said ring
      member being bonded to the inside surface of the vessel cover.
NUM  8.
PAR  8. A container for pressure dispensing fluid products comprising:
PA1  a valve support having an annular surface on one side thereof;
PA1  valve means carried by said valve support for providing a fluid passageway
      therethrough;
PA1  an expandable and contractable pressure unit of elastomeric material having
      a tubular portion terminating at an open end with an annular surface, said
      tubular portion annular surface being bonded to said valve support annular
      surface, means carried by the pressure unit for stiffening the tubular
      portion at and adjacent to the open and thereof; and
PA1  whereby fluid product contained by the pressure unit in an expanded
      position is expelled by the return force exerted by the elastomeric
      material of the pressure unit.
NUM  9.
PAR  9. A container for pressure dispensing fluid products in accordance with
      claim 8 wherein the means for stiffening the tubular portion of the
      pressure unit comprises thickened elastomeric material at and adjacent to
      the open end of the tubular portion and wherein the tubular portion
      annular surface is bonded to the valve support annular surface with
      adhesive.
NUM  10.
PAR  10. A container for pressure dispensing fluid products in accordance with
      claim 8 wherein the means for stiffening the tubular portion comprises a
      pair of concentrically spaced tubular sleeves of rigid material, the
      tubular portion annular surface comprising a ring member of rigid material
      secured to one end of the tubular sleeves and wherein the tubular portion
      of said pressure unit is bonded within the space between the sleeves and
      in contact with the ring member, said ring member being bonded to the
      valve support annular surface.
NUM  11.
PAR  11. A container for pressure dispensing fluid products in accordance with
      claim 10 wherein the tubular sleeves and ring member are integrally formed
      of metal material and wherein the valve support is of metal material and
      the ring member portion is bonded to the valve support annular surface by
      a metal to metal bond.
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ABST
PAL  Dispenser for a bottle top with a cylinder and a plunger that is adjustable
      relative to the cylinder for drawing up an adjustable quantity of liquid
      esp. reagent with a suction valve and a discharge valve and having a glass
      cylinder secured to a valve block which is threadedly received on a
      reagent bottle and where a cylinder sleeve slidably and rotably extends
      over the glass cylinder and is connected with the plunger which slides in
      the glass cylinder and where means are provided for adjusting the stroke
      of the plunger and to indicate the suction volume.
BSUM
PAR  The invention concerns a bottle-top-reagent-dispenser having a plunger that
      is adjustable relative to the cylinder for drawing up an adjustable
      quantity of liquid (reagent) and having a suction and a discharge valve.
PAR  Dispensers are used for the rapid and exact dosing of reagents where the
      dosing is to be effected directly out of original bottles.
PAR  A number of dispensers or pipettors are already known which, however, do
      not satisfactorly meet the requirements of actual practice especially when
      dealing with aggresive or alcaline liquids. With dispensers of this type
      it is not only necessary that all parts coming into contact with the
      liquid to be dispensed are individually chemically resistant, but they
      they are selected and combined in a manner that the instrument mechanism
      and functional condition and measuring accuracy is not influenced by the
      liquids during or after a certain lifetime which as a rule is not observed
      in practice. Furthermore, high measuring accuracy and excellent
      reproducibility are required, as this are the main conditions for use of
      such dispensers, which are mainly used for dispensing reagents in clinical
      laboratories.
PAR  A further shortcoming of known dispensors is that after discharge of the
      drawn up volume of liquid a subsequent short dropping takes place that
      decreases the accuracy of measurement.
PAR  It is a main object of the invention to construct a liquid dispenser of the
      type explained above in a manner to avoid the shortcomings of the known
      devices and that it can be manipulated in a particularly simple manner
      also by unskilled persons and provides great accuracy and reliability, as
      well as chemical resistance and universal applicability as required e. g.
      for dispensing reagent in clinical laboratories. Another object is to
      provide a dispenser which is applicable for any bottles having screw cup
      closures of different size.
PAR  In accordance with the invention this problem is solved with a reagent
      dispenser for a bottle top of the type aforementioned essentially in that
      a glass cylinder is secured to a valve block which can be screwed into a
      bottle, so that it movably and rotatably passes over a cylindrical sleeve
      and is connected with a plunger that slides in the glass cylinder, and
      means are provided for the adjustment of the stroke of the plunger and for
      indication of the suction volume.
PAR  A construction that has particularly favorable chemical resistance
      qualities is obtained if, in accordance with one feature of the invention,
      the plunger consists at least partly of ceramic material and is coated
      with a thin layer of a FEP plastic material (Fluorethylenepolymer). The
      ceramic material beeing resistent and having a very low thermical
      expansion coefficient. The FEP layer enables the light sliding and tight
      sealing of the plunger in the glass cylinder. In this connection it is
      essential that not only each part of the dispenser itself is chemically
      resistant, but also the combination thereof. When the plunger and the
      cylinder both are made of glass, difficulties may arise due to changes of
      the surfaces, by attacking of certain liquids therefor the plunger becomes
      sticking in the glass cylinder.
PAR  For adjusting the volume it is advantageous if the cylinder has a contact
      ring which cooperates with an adjustable excursion stop in the cylinder
      sleeve. For this it is advantageous if in accordance with a further
      feature of the invention the cylinder sleeve has a longitudinal slot in
      which the adjustable excursion stop is arranged.
PAR  In accordance with a preferred embodiment of the invention the adjustable
      excursion stop is shaped as a segment and can be rested as desired by
      means of a arrestment screw at any point in the slot of the cylindrical
      sleeve.
DRWD
PAR  Further features and advantages of the invention are explained more in
      detail with reference to the drawings which schematically illustrate
      embodiments and in which
PAR  FIG. 1 is an exploded view of a bottle-top-dispenser in accordance with the
      invention,
PAR  FIG. 2 is a modified example of an embodiment of a cylinder sleve with an
      excursion stop,
PAR  FIG. 3 is a first embodiment of an adapter,
PAR  FIG. 4 is an second embodiment of an adapter in accordance with the
      invention,
PAR  FIG. 5 is a longitudinal cross-section of a dispenser in assembled
      condition,
PAR  FIG. 6 is a further embodiment of a cylinder sleeve with two tooth tracks
      in a longitudinal view,
PAR  FIG. 7 is a section through the cylinder sleeve along the section line
      VII--VII in FIG. 6, and
PAR  FIG. 8 is a horizontal section through FIG. 6 along section line VIII--VIII
     .
DETD
PAR  FIGS. 1 and 5 show that the dispenser has a valve block 6 at the top of
      which a coaxial cylindrical recess 24 is provided in which a likewise
      coaxial tubular glass cylinder 5 is secured by pressing, if required with
      the aid of binding agents. This glass cylinder 5 is overlapped by a
      cylinder sleeve 4 that is movable longitudinally as well as rotatable
      relative to the glass cylinder 5. In the cylinder sleeve 4 a plunger 2 is
      coaxially disposed and secured by means of a plunger bearing 1. For this
      purpose the plunger is pressed in with its one end that in the drawing is
      at the top in a corresponding recess 25 in the cover-shaped plunger
      bearing 1, if need be also with the aid of binding agents and is firmly
      retained there. The plunger bearing 1 thus provided with plunger 2 is then
      secured at the upper end of the cylinder sleeve 4, for example by means of
      a threaded connection or a force fit.
PAR  The plunger 2 is provided with a thin coating of chemical resisting plastic
      material (FEP or similar material). This coating may be applied to plunger
      2 as a layer pulled over as a shrinking PTFE-foil or moulded or sintered
      or sprayed on of FEP or applied mechanically resistent in any other
      manner. The glass cylinder 5 is equiped on its upper end with a plastic
      contact ring 3 pressed on while heated. The contact ring 3 has an outer
      diameter which is a little less than the inner diameter of the cylinder
      sleeve 4 so that the rotating and longitudinal sliding movements are not
      impeded. The cylinder sleeve 4 has a longitudinal slot 14 in which an
      adjustable excursion stop is provided. This excursion stop consists of an
      stop segment 11 which laterally of the longitudinal slot 14 reaches behind
      the wall of the cylinder sleeve, of a counter member 12 resting against
      the outer wall of the cylinder sleeve 4 and a arrestment screw 13 by means
      of which the stop segment 11 and the counter member 12 can be screwed
      together so that they may be arrested at any desired level of the
      longitudinal slot 14.
PAR  As shown particularly by FIG. 5, the cylinder sleeve 4 together with
      plunger 2 can be pulled out upwardly only until the stop segment 11 meets
      the contact ring 3 from the bottom. By these means the desired volume of
      liquid that has to be drawn into the glass cylinder 5 is determined.
PAR  The cylinder sleeve 4 is provided with a scale 23, preferably on one or
      both sides of the slot 14. For indicating the volume set up by means of
      the volume adjustment 11, 12, 13 a pointer 12' in provided. This pointer
      12' may, for example, be in the form of an annular band that surrounds the
      cylinder sleeve on the outside.
PAR  In the valve block 6 a suction valve 7', 8', 9', and an outlet valve 7",
      8", 9" is disposed. The suction valve connects via a filling cannula 28
      the inner space of a bottle or of a container on which the dispenser in
      accordance with the invention is threadedly received, with the glass
      cylinder 5. During suction, i. e. as the plunger 2 is pulled up, a valve
      ball 7' rises from a valve seat 8' which has a conical seat for the valve
      ball 7' and frees the path for liquid flow trough the filling cannula 28,
      a valve cup 9', the valve sleeve 8' to the interior of the glass cylinder.
      The valve cap 9' which holds the valve seat sleeve 8' consisting of a hard
      resistent material i. g. glass or ceramic is held tightly in a
      corresponding recess 27 of the valve block 6 by suitable force fit.
PAR  As soon as the suction stroke is completed, the ball 7' having a
      specificweight higher than that of the liquid drops down due to its own
      weight onto the conical valve Seat 8' so that any back flow of the liquid
      drawn into the glass cylinder 5 is immediately terminated.
PAR  The outlet valve is disposed substantially horizontally on the valve block
      6 and connects the inner space of the glass cylinder 5 with a discharge
      cannula 29 having the shape of an angular tube. It sonsists likewise of a
      valve seat sleeve 8" of glass or ceramic having a conical seat for a valve
      ball 7" and a valve cap 9". The valve seat sleeve 8" is placed into a
      corresponding recess 30 in the valve block and is secured from the outside
      against slipping out by the valve cup 9" that is securely mounted in the
      valve block 6. Furthermore, a valve pressure spring 10 of chemical
      resistent material is provided which on the one hand rests a-gainst the
      valve cap 9" and on the other hand against the valve ball 7" so that in
      nonloaded condition the valve ball 7" is always pressed against the
      conical valve seat of the valve seat sleeve 8". As the plunger 2 is
      pressed down, the pressure of the liquid presses and raises the valve ball
      7" against the effect of spring 10 from the valve seat in the valve seat
      sleeve 8" and frees the path for the liquid to the discharge cannula 29.
PAR  As soon as the downward pressure of the plunger 2 is terminated, the valve
      ball 7" is again pressed by spring 10 onto the valve seat so that no
      undesired further dropping of the liquid through the valve 7", 8", 9" can
      occur after the discharging stroke is terminated.
PAR  FIG. 2 illustrates a modified embodiment of a volume adjustment device. For
      this purpose the longitudinal slot in the cylinder sleeve 4 is provided
      with teeth 15 or a toothed bar. The teeth cooperate, for example with a
      toothed excursion stop 16 on the stop segment 11. FIGS. 6, 7, 8 illustrate
      a further embodiment where toothed bars 31 are provided on both sides of
      the longitudinal slot 14, the tooth profile 32 of which projects
      forwardly. As reflected by the sectional drawing FIG. 8, the stop segment
      11 and the arrestment screw are constructed in the same manner as in FIGS.
      1 and 5. The counter part 12 has in addition a toothed profile on its
      inside corresponding to the toothed profile 32 so that the excursion stop
      can always be arrested accurately in positions that can be reproduced
      corresponding to the divisions of the toothed profile 32. Also here, a
      pointer 12' is provided on the counter member which likewise indicates the
      set up volume on the scale 23. The division of the tooth profile and the
      division of the scale are set up un such a manner that they correspond
      accurately in relation to the desired volume.
PAR  The valve block 6 is provided in a known manner with an inner thread 33 by
      means of which the dispenser can be screwed onto the outer thread of an
      associated bottle. The larger number of bottles which are on the market
      make it necessary to provide means for adaptation to different thread
      diameters. This is solved in accordance with the invention by thread
      adapters.
PAR  FIG. 3 illustrates a first embodiment for changing over to a larger bottle
      thread. An adapter 17 has an outer thread 18 to be threadedly received in
      the inner thread 33 of the valve block 6 and has an inner thread 19 to be
      screwed onto an associated bottle.
PAR  For changing over to a smaller bottle neck diamter, it is advantageous to
      provide an adaptor shaped as a double thread 20 having an inner thread 21
      for receiving the outer thread of the bottle neck and a larger outer
      thread 22 to be screwed into the inner thread 33 of the valve block 6. In
      the event that the difference between the diameter of the two threads is
      so small that there remains no sufficient wall portion, the threads 21 and
      22 can be provided in axially displaced positions.
PAR  Depending on the existing conditions, longer or shorter filling cannulas
      may be connected to the lower valve cap 9' and a tube or a bent discharge
      cannula or the like to the valve cap 9" of the outlet valve. Filling and
      discharge cannulas and tubules consist preferably of PTFE plastic material
      or the like.
PAR  The invention is not limited to the embodiments illustrated and described,
      but it encompasses any modifications, as well as all partial and
      sub-combinations having the characteristics and measures described and/or
      illustrated.
CLMS
STM  I claim:
NUM  1.
PAR  1. Liquid dispenser for bottle top having a cylinder and a plunger
      adjustable relative to said cylinder for drawing up an adjustable quantity
      of liquid such as reagent comprising said cylinder, a valve block
      including a suction valve and a discharge valve connected with said
      cylinder, said valve block being adapted to be threadedly mounted on a
      bottle, a cylinder sleeve provided with a scale received concentrically
      over said cylinder and being slidable and rotatable relative to said
      cylinder and being connected with said plunger, said plunger being
      slidable in said cylinder, and means being provided for adjusting the
      stroke of said plunger to determine and indicate a desired volume to be
      dispensed, said means comprising a contact ring fixed on said cylinder,
      and an adjustable excursion stop in said cylinder sleeve for cooperating
      with said ring, said cylinder sleeve defining a longitudinal slot, said
      adjustable excursion stop being disposed in said slot.
NUM  2.
PAR  2. Dispenser in accordance with claim 1, where said plunger is made of
      ceramic material and coated with chemically and mechanically resistant
      plastic.
NUM  3.
PAR  3. Dispenser in accordance with claim 1, comprising a contact ring on said
      cylinder, and an adjustable excursion stop in said cylinder sleeve for
      cooperating with said ring.
NUM  4.
PAR  4. Dispenser in accordance with claim 1 where said cylinder sleeve defines
      a longitudinal slot, said adjustable excursion stop being disposed in said
      slot.
NUM  5.
PAR  5. Dispenser in accordance with claim 1 where said
PA1  adjustable excursion stop is in the form of a segment and an arrestment
      screw is provided for adjusting said excursion stop.
NUM  6.
PAR  6. Dispenser in accordance with claim 1 where said cylinder sleeve is
      provided with toothed strips and a toothed excursion stop for cooperating
      with said abutment.
NUM  7.
PAR  7. Dispenser in accordance with claim 6 where said toothed strips are
      disposes adjacent the edges of said slot.
NUM  8.
PAR  8. Dispenser in accordance with claim 1 having a scale on the outer wall of
      said cylinder sleeve.
NUM  9.
PAR  9. Dispenser in accordance with claim 1 where said suction valve is a ball
      weight valve.
NUM  10.
PAR  10. Dispenser in accordance with claim 1 where said outlet valve is a
      spring-loaded ball.
NUM  11.
PAR  11. Dispenser in accordance with claim 1 where said valve block is
      connected with a thread adapter, having an outer threaded portion for
      securement in said valve block and an inner threaded portion adapted to be
      threadedly received on the neck of a bottle.
NUM  12.
PAR  12. Dispenser in accordance with claim 11 where said adapter is in the form
      of a telescoping ring.
NUM  13.
PAR  13. Dispenser in accordance with claim 11 where said adapter is in the form
      of a sleeve having inner and outer threads.
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ABST
PAL  A pump for dispensing small metered quantities of a liquid from a container
      such as a jar or can, the pump including a housing and a plunger, in
      combination with a valve comprising an annular washer having a rectangular
      cross-section, assembled between the pump housing and the plunger to
      provide tight seals throughout a plurality of annular surfaces, in order
      to prevent leakage in the closed position, and to tilt axially on the
      pumping stroke to permit escape of the liquid being pumped. Automatically
      opening container venting means is also provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a pump adapted for mounting on a container, such
      as a jar or can, and operable to dispense small metered quantities of
      liquid from the container, the pump comprising a housing and a plunger in
      combination with a valve constituted by an annular washer mounted between
      the housing and the plunger and movable with the plunger, the washer being
      so related to the housing and plunger that it effects a good seal in the
      closed position and opens readily to permit passage of the liquid being
      pumped.
PAR  In valves for pressurized containers such as aerosol cans the gaskets are
      generally of the fixed type, having their outer portions firmly gripped
      between housing elements and their radially inner portions deformable to
      open and close an aperture, e.g., in a depressable stem, as in the patent
      to Abplanalp, U.S. Pat. No. 2,631,814. Kitabayashi U.S. Pat. No. 3,061,203
      shows such a fixed gasket combined with a free gasket and operable to open
      a passage for paint and another passage for gas, both under pressure, for
      spray painting. British Pat. No. 1,112,531 shows a pump and valve assembly
      for a non-pressurized container wherein an annular "sealing ring" slides
      in an elongated recess, without deformation, between closed and open
      positions.
PAR  It is an object of the invention to provide a pump and valve assembly which
      is simple to manufacture and to operate, and which has a very efficient
      sealing arrangement to prevent leakage, both at rest and in use.
PAR  It is a further object of the invention to effect reliaable sealing by
      mounting an annular washer in a position to maiantain positive sealing
      contact with adjacent surfaces along a plurality of annular areas.
PAR  It is another object of the invention to provide an annular washer of
      rectangular cross-section, at rest, which is movable with the plunger and
      is adapted to be distorted, in operation, to a plurality of dished
      positions.
PAR  It is a further object of the invention to provide certain improvements in
      the form, construction and arrangement of the parts whereby the
      above-named and other objects may effectively be attained. The invention
      accordingly comprises an article of manufacture possessing the features,
      properties, and the relation of elements which are exemplified in the
      article hereinafter described, and the scope of the invention will be
      indicated in the claims.
DRWD
PAR  A practical embodiment of the invention is shown in the accompanying
      drawing wherein:
PAR  FIG. 1 represents a vertical axial section of the pump and valve assembly
      in the "at rest" position;
PAR  FIG. 2 represents a vertical axial section of the pump and valve assembly
      in the depressed pumping or delivery position, parts being broken away;
PAR  FIG. 3 represents a vertical axial section of the pump and valve assembly
      in the course of recovery and refilling, after completion of a delivery
      stroke;
PAR  FIG. 4 represents a detail vertical axial section showing a modified form
      of plunger;
PAR  FIG. 5 represents a detail axial section of a modified form of plunger, a
      part being broken away;
PAR  FIG. 6 represents a detail axial half section of a housing and modified
      form of plunger, in the "at rest"  position, parts being broken away;
PAR  FIG. 7 represents a detail axial half section of the parts shown in FIG. 6
      in the pumping or delivery position;
PAR  FIG. 8 represents a detail axial section of a modified form of housing and
      plunger; and
PAR  FIG. 9 represents a detail axial half section of a modified form of the
      housing shown in FIG. 8.
DETD
PAR  Referring to the drawings, the pump housing consists of the chamber portion
      11 and the cap 12. The chamber portion includes a cylindrical metering
      chamber 13, terminating downwardly in a frusto-conic base 14 and an intake
      tube 15, and having at its upper end an outwardly projecting stepped
      flange 16, 17. The cap 12 includes a cylindrical collar 18, an outwardly
      extending annular cover portion 19 and a depending skirt 20. An annular
      rib 21 projects downwardly from the cover portion a short distance outward
      from the base 22 of the collar 18, the rib being formed with a shallow
      annular channel 23 on its lower surface. The outer side of the rib 21 fits
      against the step 24 between the portions 16, 17 of the flange and the
      bottom of the rib outside of the channel 23 rests against the upper
      surface of the flange portion 16, while the bottom edge 25 of the rib,
      defining the radially inward side of the channel, lies inwardly from the
      upper edge of the metering chamber. The channel is connected to the
      interior of the cap by a vent hole 26 through the flange portion 16.
PAR  The plunger 30 comprises a tubular portion 31, adapted to slide freely in
      the collar 18, a flange 32, having a flat upper surface and a beveled
      lower surface 33, a cylindrical portion 34 and a conical base 35, the
      upper peripheral surface 36 of which forms the bottom of the groove in
      which the valve washer 37 rests. The beveled surface 33 may be bounded
      radially inwardly by a narrow flat annular surface 33'. Radial holes 38
      extend from the cylindrical portion 34 to the plunger bore 39 and the
      latter communicates with the nozzle 40 in the side of the push buttom 41.
PAR  A spring 42 in the chamber 13 urges the plunger toward its upper position
      (FIG. 1) and a ball 43 in the base 14 permits liquid to enter the chamber
      from the tube 15 on the suction stroke of the plunger, while closing off
      the tube on the pumping stroke.
PAR  The valve washer 37, of any suitable material, is rectangular in
      cross-section and is held, in the "at rest" position, in tight sealing
      contact with the wall of the metering chamber, with the edge 25 of the rib
      21 on the plunger and with the surface 36 on the plunger base and may also
      fit tightly against the surface 34 or may be spaced therefrom as shown in
      FIGS. 8 and 9. Engagement of the washer with the chamber wall and plunger
      surfaces prevents the escape of liquid from the chamber into the plunger
      bore, and engagement of the washer with the chamber wall and the rib edge
      25 prevents escape of liquid from the container through vent hole 26 and
      channel 23 to atmosphere through the collar 18.
PAR  It will be understood that the cap 12 is intended to be permanently or
      removably mounted on or affixed to a container for the liquid to be
      dispensed, and the intake tube 15 is designed to constitute or to be
      connected to a dip tube.
PAR  In operation, assuming the chamber 13 to be full of liquid from a previous
      cycle, the push button 41 is depressed forcing the plunger downward into
      the chamber 13. The washer 37 is in frictional engagement with the chamber
      surface and in driving engagement with the beveled surface 33 so that it
      immediately assumes the dished form shown in FIG. 2; the upper surface of
      the washer moves out of contact with the edge 25 of the rib, which vents
      the interior of the container to atmosphere through hole 26 and collar 18
      as well as permitting air to relieve the negative pressure in the chamber
      above the washer. Mechanical dishing of the washer and/or hydraulic
      pressure thereon also tilts its inner surface away from the second
      cylindrical portion 34, exposing the holes 38 (if not already exposed),
      and raises the lower inner edge of the washer away from the surface 36 to
      open a passage for the expulsion of liquid from the interior of the
      chamber to the bore of the plunger and thence out of the nozzle 40. The
      liquid may be delivered as droplets or a small stream, or may be broken up
      and atomized, in a known manner.
PAR  On the "refill" stroke (FIG. 3) the spring 42, which was compressed during
      the delivery stroke, raises the plunger toward its original position, the
      washer drags against the wall of the chamber to provide a good wiping
      seal, the resulting negative pressure causes the ball 43 to lift, and the
      chamber is refilled with liquid drawn up through the tube 15, as indicated
      by the arrow at the bottom of FIG. 3. Until the moment when the washer
      re-engages the edge 25 of the rib 21, both the interior of the container
      and the upper portions of the chamber are vented to atmosphere so that no
      undesired positive or negative pressure conditions can exist.
PAR  In the modified form of FIG. 4 the plunger comprises a cylindrical part 50,
      the lower end of which is beveled at 51 to correspond to the bevel 33 in
      FIG. 1 (preferably also with a flat surface 51' corresponding to 33'), and
      a separate plug 52 integral with the conical base 53 and traversed
      vertically by grooves 54, extending from the top of the plug to points
      near the top of the base. An annular groove 55 is formed in the top of the
      base, bounded by the cylindrical side wall 56 of the plug and by an
      annular land 57.
PAR  The chamber portion 60 includes a metering chamber which is the same as
      chamber 13 in FIG. 1 but the cap 61 is slightly different from cap 12 in
      that the sleeve 62 has no lower surface (like surface 22) other than the
      inner edge 63 of the channel 64. The washer 65, like washer 37, is in
      sealing engagement with the wall of the metering chamber, with the edge 63
      of the channel, and with the annular land 57, and may also fit tightly
      against the cylindrical surface 56. Sealing engagement is maintained by
      the pressure of spring 66 against the conical base 53, and the operation
      of the washer is substantially identical to that shown and described in
      connection with FIGS. 1 to 3. On the discharge stroke the washer becomes
      dished against the surface 51 and liquid flows under the washer, over the
      annular land 57, through or past the groove 55, up along cylindrical
      portion 56 (exposed or given greater exposure by outward movement of the
      washer) and into the grooves 54, for discharge through a nozzle as
      previously described.
PAR  The plungers of FIGS. 1 to 4 may be modified in respect of their downwardly
      facing surfaces (33 or 51) by the elimination of the flat surfaces 33' or
      51', as shown in FIG. 5 where the plunger 70, otherwise similar to the
      plunger 30, has a beveled surface 71 intersecting the cylindrical surface
      72.
PAR  As an alternative to the beveled surfaces 33, 51 and 71, the downwardly
      facing plunger surface may be stepped as shown in FIGS. 6 to 9.
PAR  According to FIG. 6 the pump and valve assembly comprises a housing having
      chamber portion 75 and cap 76 with vent hole 77 and channel 78
      corresponding to the elements 11, 12, 26 and 23 of FIG. 1. The plunger
      comprises a tubular portion 79, closed at the bottom, and a flange 80
      having a flat upper surface 81 and a stepped lower surface 82, 83. The
      wall of the plunger is traversed by radial holes 84, just below the step
      83. A ferrule 85 is fitted freely on the lower end of the plunger, the
      ferrule including a flange portion 86 and an annular rim 87. A valve
      washer 88, similar to washers 37 and 65, seals outwardly against the wall
      of the chamber and is held by the surface 89 of the rim 87 against the
      lower step 83 of the plunger and against the edge 90 of the channel 78.
      The washer may or may not seal against the cylindrical surface of the
      plunger in the zone of the holes 84. The ferrule is biased upward against
      the bottom of the plunger body by a spring 91 corresponding to springs 42
      and 66.
PAR  The operation of the pump just described is illustrated in FIG. 7. When the
      plunger is depressed, as by a push button, not shown, the washer is
      subjected to downward pressure only by the lower step 83, similar to the
      action of the surfaces 33' or 51', or the inner edge of surface 71 in
      FIGS. 2, 4 and 5. The peripheral drag of the washer against the wall of
      the chamber causes it to assume a dished position, no longer engaging
      tightly the surface 89 of the ferrule and exposing the holes 84 (if not
      already exposed). Any downward motion of the plunger also moves the washer
      away from the edge 90 of the venting channel 78 to vent the interior of
      the container and upper portion of the chamber, as previously described.
      Hydraulic pressure between the bottom of the washer and the ferrule
      surface 89 may cause the ferrule to move downward slightly, if necessary,
      to open a path for escape of liquid as indicated by the arrows in FIG. 7.
PAR  In the modified form of FIG. 8 the chamber includes a cylindrical portion
      95 and an upwardly flared portion 96, while the cap has an elongated
      sleeve 97 terminating downwardly in a flat surface 98 and a depending
      skirt 99, the lower edge of which lies in the plane of the junction
      between portions 95 and 96. The skirt may be somewhat beveled to provide
      clearance between its bottom edge and the wall of the chamber. The cap has
      a channel 100 on its lower surface and the chamber has a vent hole 101
      adjacent the top of the flared portion 96, corresponding to the channels
      23, 64 and 78 and vent holes 26 and 77, previously described. The plunger
      105 is of one-piece construction, as in FIG. 1, but the lower surface of
      its flange 106 is stepped at 107, 108 like the flange 80 in FIGS. 6 and 7.
      The valve washer 109 seals against the wall of the cylindrical portion 95
      but is shown as being not in contact with the cylindrical surface 110 of
      the plunger wherein the radial holes 111 are located. At rest, leakage
      along the vent path from hole 101, through channel 100 and past the edge
      of skirt 99 is prevented by the sealing engagement of the washer against
      the chamber wall and against said edge. On the pumping stroke of the
      plunger the washer assumes a position somewhat as shown in FIGS. 2 or 7,
      permitting passage of liquid from the chamber to the holes 111 for
      delivery as previously described. An advantage of the form shown in FIG. 8
      is that the plunger can be assembled with the chamber portion very easily,
      due to the provision of flared portion 96.
PAR  The modified form shown in FIG. 9 is similar to that of FIG. 8 except that
      the channel 100 is omitted and the vent hole 115 is located in the wall of
      the chamber, at the top of the cylindrical portion 116 in a position to be
      obturated by the valve washer 117.
PAR  From the foregoing it will be seen that, in each instance, the washer is in
      sealing contact, at rest, with four or five surfaces of the adjacent
      elements, and that it maintains sealing contact with three surfaces during
      the delivery and refill strokes, while automatically venting the container
      to atmosphere. The number and complexity of the parts are reduced to a
      minimum, so that the pump is inexpensive to make and not liable to
      breakage or mechanical failure. The washer may be die cut rubber or
      plastic. All the parts are suited for high speed automatic assembly.
PAR  Products which can be dispensed with a pump sprayer instead of an aerosol
      valve would not require the costly propellants and cans used in the
      aerosol industry. Furthermore, physiological damage to human beings is
      likely to result from overexposure to certain aerosol propellants and/or
      to the finely dispersed products delivered by aerosol sprays. The pump
      disclosed herein can replace, economically, aerosol dispensing of many
      products with resulting improvement of air quality and human health.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above article without departing
      from the spirit and scope of the invention, it is intended that all matter
      contained in the above description and shown in the accompanying drawing
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A dispensing pump and valve assembly for use with a container for liquid
      comprising, a chamber provided with an inlet to admit liquid from the
      container past a one-way valve, the chamber having a cylindrical wall, a
      cap fitted on said chamber, the cap having a portion of its under side
      spaced from a chamber surface to provide a channel in communication with
      the interior of the chamber and with the interior of the container, a
      plunger having a cylindrical stem portion adapted to pass freely through
      an opening in the cap, an annular flange having a downwardly facing
      surface, a second cylindrical surface portion adjacent said downwardly
      facing surface, a plunger base having an upwardly facing annular surface
      adjacent said second cylindrical surface portion, a longitudinal passage
      in the plunger, a lateral passage connecting said longitudinal passage
      with the second cylindrical surface portion, an annular washer of
      distortable material having a cylindrical inner surface and parallel upper
      and lower surfaces normal to said inner surface, the height of said inner
      surface being substantially constant and equal to the height of said
      second cylindrical surface portion and being less than the width of said
      washer across any radial section, said washer resting in sealing
      engagement against at least a portion of said downwardly facing surface,
      said upwardly facing annular surface and said chamber wall, and a spring
      biasing the plunger upward to hold the washer in a position to close off
      said channel.
NUM  2.
PAR  2. A dispensing pump and valve assembly according to claim 1 wherein the
      downwardly facing surface is at least partially beveled upward away from
      the upper surface of the washer.
NUM  3.
PAR  3. A dispensing pump and valve assembly according to claim 1 wherein the
      downwardly facing surface includes a flat annular surface intersecting the
      top of the second cylindrical surface portion, the upper surface of the
      annular washer extending radially outward beyond the outer edge of said
      annular surface.
NUM  4.
PAR  4. A dispensing pump and valve assembly according to claim 3 wherein the
      downwardly facing surface is stepped.
NUM  5.
PAR  5. A dispensing pump and valve assembly according to claim 1 wherein the
      downwardly facing surface of the flange, the second cylindrical surface
      portion of the plunger and the adjacent upwardly facing annular surface
      constitute a valve seat and wherein the annular washer rests in sealing
      engagement with each said surface.
NUM  6.
PAR  6. A dispensing pump anad valve assembly according to claim 1 wherein the
      upwardly facing annular surface is provided with an annular groove.
NUM  7.
PAR  7. A dispensing pump and valve assmebly according to claim 1 wherein the
      longitudinal passage in the plunger is an axial bore.
NUM  8.
PAR  8. A dispensing pump and valve assembly according to claim 7 wherein the
      plunger base is integral with the stem portion.
NUM  9.
PAR  9. A dispensing pump and valve assembly according to claim 1 wherein the
      plunger includes a separate plug portion and the longitudinal passage
      includes vertical groove in a surface of said plug portion.
NUM  10.
PAR  10. A dispensing pump and valve assembly according to claim 9 wherein the
      plunger base is integral with the plug portion.
NUM  11.
PAR  11. A dispensing pump and valve assembly according to claim 10 which
      includes an annular groove in the upper surface of the base, adjacent the
      second cylindrical surface portion.
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ABST
PAL  A manually operated, hand-held, rechargeable, liquid spraying device having
      a non-pressurized, refillable or non-refillable container, is disclosed.
      The sprayer, a completely contained device, comprises a charging mechanism
      whereby, upon rotation of one part relative to another part, a movable
      piston is displaced vacating a charge chamber which, simultaneously, is
      charged with liquid. Displacement of the piston compresses a responsor or
      spring which, in turn, causes the piston to exert a hydraulic pressure on
      the liquid now in the chamber vacated by the piston. Hydraulic pressure on
      the charge chamber liquid is maintained by the closing of a one-way,
      elastomeric resilient valve in the entrance in the chamber, which closing
      occurs when the piston halts in its movement. A push botton flow control
      valve, when operated, permits liquid to flow from the charge chamber to an
      outlet nozzle through associated conduit means, being urged therethrough
      by the piston which is moved back into the charge chamber under the urging
      of the responsor or spring.
PARN
PAC  CROSS REFERENCE TO PRIOR APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 226,204,
      filed Feb. 14, 1972, now U.S. Pat. No. 3,790,034 by William Horvath.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention hereinafter to be described is a hand-held, rechargeable
      sprayer which through a unique arrangement of valves and charging means in
      combination with a fluid discharge nozzle produces a mist or fine spray
      comparable to that found in aerosol type sprayers now in widespread use
      throughout the western world. However, aerosol sprayers have many
      disadvantages, chief among which is the necessity to precharge them,
      usually under very high (relatively) pressures with a propellant such as
      freon or the like. In addition, usually the entire contents are subject to
      this high pressure, and hence the container must be of high pressure
      design. Further, these prior art devices often retain high residual
      pressure even when in the so-called "empty" condition, thus when discarded
      are potentially dangerous.
PAR  2. Description of the Prior Art
PAR  Devices now currently enjoying favor in the art of atomizing dispensers
      include the manually operated rechargeable sprayer described in U.S. Pat.
      No. 3,471,065 to C. E. Malone. In this device an inner chamber is charged
      in response to a downwardly directed force applied to the device. This
      results in one portion telescoping into another portion, which action
      effects a pumping action by compressing a spring and simultaneously
      drawing liquid into a chamber below a piston. Since the piston is urged
      against the liquid, and a valve below the liquid in the chamber entrance
      closes, the liquid is trapped therein until released by an appropriate
      discharge device.
PAR  However, while the above sprayer is advantageous over aerosol bombs and
      other pre-pressurized devices, it does have certain practical limits
      insofar as pressure chamber volume is concerned, because by use of the
      telescoping mechanism its length must be increased, either to charge or
      discharge, hence the capacity of the charge chamber is, of necessity,
      limited, and severely so.
PAR  Other prior art sprayers include the hand-held type which operate by a
      steady application of hand action i.e., triggering, squeezing etc., to
      pump liquid. While these devices enjoy relatively wide-spread usage,
      because, primarily, they are low in cost, they do have the disadvantage of
      poor spray rate control, poor atomization, and from a user standpoint,
      require much physical effort to operate.
PAR  Accordingly, these disadvantages, inherent in the above and in other prior
      art devices of similar form and construction, are believed overcome by the
      herein to be presented invention as will be more apparent from the
      description which follows.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to improvements in liquid spraying devices. More
      particularly it relates to improvements in the relatively small hand-held
      devices which desirably produce spray mists as fine as, or finer than,
      that produced by the aerosol spray bombs and triggering devices. Most
      particularly, this invention relates to rechargeable sprayers of type
      referred wherein, not only is a fine mist spray developed, but the rate of
      discharge thereof, including start-up flow and shut-off are effected
      smoothly, substantially without over flow, i.e., shut down drool, but in a
      pattern most pleasing to the user.
PAR  It is therefore, an object of the present invention to provide an
      efficient, yet simple in operation and construction, rechargeable liquid
      spraying device, low enough in cost to provide the average person with a
      refillable, or throwaway, i.e., non-refillable, hand-operated sprayer for
      spraying in a mist the many liquids commonly used today, i.e., hair
      sprays, perfumes, toilet water, deodorants, insecticides, as well as for
      use in other fields such as in the medical field to provide a safe and
      reliable device for accurately controlled, sterile dispensing of
      antibiotics, medical alcohol, and other medicines in hospital operating
      rooms and the like.
PAR  Another object is to provide a rechargeable liquid spraying device which is
      easily held in the hand and which, when charged may be operated in any
      position or attitude by finger actuation of a push buttom type of valve
      control.
PAR  An additional object is to provide a rechargeable liquid sprayer of the
      character described which may be charged from most any position or
      attitude so long as liquid remains within the container portion of the
      invention.
PAR  A further object is to provide a rechargeable liquid spraying device of the
      character described which is completely safe, requires no outside power
      and which is capable of dispensing liquid under high pressure in the form
      of a fine mist, but wherein the bulk of the liquid stored in the device is
      subjected to atmospheric pressure only, thereby avoiding the explosion
      hazards of the common aerosol type sprayer.
PAR  A still further object of this invention is to provide a rechargeable
      liquid spraying device of the character described which requires no
      pressurizing gas to be contained within it, nor other foreign propellant
      thereby avoiding the problems of contamination and dilution of the liquid
      product to be dispensed as well as circumventing inherent problems in the
      use of pre-pressurized devices.
PAR  Still another object of this invention is to provide a rechargeable liquid
      sprayer of the character described which is further characterized by
      precise control of flow initiation, steady flow and shut-off as a result
      of the utilization, in combination therewith, of an improved internal
      elastomeric resilient valving and conduiting system.
PAR  A still additional object of this invention is to provide a rechargeable
      liquid sprayer of the character described which is further characterized
      by the incorporation therein of means for determining the end of a
      charging cycle.
PAR  Other objects, features and advantages of the present invention will become
      apparent from the following detailed description taken in connection with
      the accompanying drawings in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a central longitudinal sectional view of an apparatus employing
      the invention showing same loaded with liquid but as yet uncharged;
PAR  FIG. 2 is a view similar to FIG. 1, partially sectioned, showing the device
      in an intermediate state of charge or pressurization and showing some of
      the internal parts thereof;
PAR  FIG. 3 is a view similar to FIGS. 1 and 2, partially sectioned, showing the
      invention in a completely charged or pressurized state ready for spraying
      operation and showing additional internal parts;
PAR  FIG. 4 is a pictorial, exploded view of the cap and piston portions of the
      invention, partially cut away showing the relationship of these parts when
      assembled;
PAR  FIG. 5 is a partial, sectioned and expanded view of the spray nozzle, push
      button, control valve, and safety lever, the latter in the "Off" position;
PAR  FIG. 6 is a partial, expanded sectional view of a portion of FIG. 1, in
      particular the central and mid upper right-hand portion thereof
      illustrating the pressure chamber inlet valve and the air inlet valve,
      together with a portion of the piston and charge, or pressurization
      chamber;
PAR  FIG. 6A is a partial sectional view of a portion of the cap or spray
      housing forming a part of the invention;
PAR  FIG. 7 is a partial, expanded sectional view, similar to FIG. 6, showing a
      modified form of charge chamber inlet valve;
PAR  FIG. 8 is a view taken along line 8--8 of FIG. 7; and
PAR  FIG. 9 is a cross section of a portion of the container and piston, certain
      items removed from each part, showing the relation of one to the other
      when assembled, a portion of the piston being broken away to show one of
      the charging cycle limit stops on the container.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the accompanying drawings, in particular to FIGS. 1
      through 3 thereof there is shown a preferred embodiment of the invention,
      comprising a liquid spraying device 10 which preferably is dimensioned to
      be conveniently held in the hand, much in the same manner as the well
      known aerosol bomb sprayer of the prior art. In general, spray device 10
      comprises a separable cylindrical container 11 for storing a quantity of
      liquid 12 to be sprayed, and a cap or spray housing 13 rotatably mounted
      thereon. Container 11 and spray housing 13 as will be seen, comprise a
      pair of main sub-assemblies of sprayer 10. In FIG. 1, cap or housing 13
      comprises a generally cylindrical recess 14 depending from the top thereof
      for receiving one end of a biasing member, pressurizer or responsor 15 in
      the form, shown here for illustration, of a coiled spring, and an outlet
      conduit 16 centrally disposed in recess 14. It should be readily apparent
      that other forms of biasing or pressurizing members can be used for
      responsor 15. Thus flat, Belleville washer type springs either in the form
      of a single element or stacked into a long biasing chain can be used and
      such will no doubt occur to the skilled artisan. Further, responsor 15
      need not be of metal, as many plastics now becoming available which have
      relatively high density and excellent "memory" can be utilized.
      Polyethylene and polypropylene are examples of such plastics.
PAR  Outlet conduit 16 terminates in sealing engagement in a central tube 38
      formed in a piston 9. Tube 38 at its top (see FIG. 1) is fitted with a
      liquid seal 39, in this instance an O-ring, although many other suitable
      seals will occur to skilled artisans. Seal 39 is retained in tube 38 and
      by a retainer 40 and provides a seal against liquid leakage between tube
      38 and the lower end of outlet 16. A control orifice 40a is fitted in
      conduit 16 and can be sized for any desired liquid flow rate therethrough.
PAR  In the top of outlet conduit 16, referring now to FIG. 5 wherein the parts
      to be described are shown in clearer detail, is a discharge valve 17
      comprising a movable stem 20, a partially precompressed spring 22
      positioned in a cavity 23 so as to urge stem 20 against the bottom surface
      of a collar 26a of a safety lever 26 described hereinafter.
PAR  Collar 26a is retained in cavity 23 by a formed shoulder 6 at the entrance
      to cavity 23. The upper portion of stem 20 terminates in sealing
      relationship in a push button 24 containing a discharge nozzle 19. Stem 20
      is formed with a central flow passage which is flow connected to its lower
      end to control orifice 40a through a flexible and resilient valve member
      21 and at its upper end to nozzle 19. Valve member 21 terminates at a
      point proximate to orifice 40a and is positioned in cavity 23 at the
      bottom thereof on a shoulder 23a being held in sealing relation thereat by
      a retainer 21a. Member 21 is formed of resilient, preferably elastomeric
      material, e.g. polyvinyl chloride, polyethylene or polypropylene, although
      any material, or combinations of materials which have sufficient
      flexibility can be used. In the position shown valve member 21 is closed,
      however, as will be hereinafter explained, it can be opened to permit
      fluid to flow from tube 38 into conduit 16 through orifice 40a, valve
      member 21 and stem 20 and discharged through nozzle 19.
PAR  Safety lever 26 is mounted on stem 20 between push button 24 and valve
      assembly 17, in the entrance to cavity 23 by engagement of collar 26a with
      shoulder 6. Lever 26 has two positions; in one position a plug 27 engages
      the underside 24a of button 24 and prevents downward movement thereof. In
      the other position stop 27 comes into register with a recess (not shown)
      in the bottom of button 24 and normal movement of push button 24 is
      permitted. Thus, incorporation of lever 26 endows sprayer 10 with an
      "On-Off" capability simply and economically.
PAR  Referring again to FIG. 1, tube 38 of piston 9 is formed at its upper end
      with grooves to accomodate seal 39 and seal retainer 40. The lower end of
      piston 9 comprises a ram end 28 (see FIG. 2) on the outside periphery of
      which a seal groove is formed to receive a ram end seal 18 (see FIG. 6)
      the one shown being a preferred type of O-ring although other sealing
      means well known to the skilled artisan will serve the purpose.
PAR  Container 11, the second of two main sub-assemblies, comprises a receptacle
      31 for holding a quantity of liquid 12. An inlet conduit 32 is centrally
      positioned therein and extends downwardly to a point just above the bottom
      wall, or cover 7 of container 11. In the embodiment shown wall 7 is
      adapted to receive, in a threaded fitting 42, a removable filler plug 41,
      for filling reservoir or receptacle 31 with liquid 12. On the other hand,
      container 11 can be filled and factory sealed prior to shipment and such
      is contemplated as being within the scope of the invention. Bottom wall or
      cover 7 can be pressed on to form a tight seal; however, other sealing
      methods such as ultra-sonic welding or heat sealing can easily be employed
      to close cover 7 more or less permanently.
PAR  Central inlet conduit 32 terminates in a fast response, resilient,
      preferably elastomeric, inlet valve 43, which permits liquid to flow from
      conduit 32 into charge chamber 33 when open. A liquid pressure
      differential caused by upward movement if piston 9, causes the side walls
      43a to spread apart, permitting liquid to flow into chamber 33 through
      valve 43. However, when piston 9 ceases upward movement the pressure
      differential dissipates and side walls 43a reclose instantly due to their
      resilient nature and liquid is instantaneously estopped from flowing in
      the opposite direction.
PAR  A similarly constructed air inlet check valve 44 is sealingly fitted in
      container 11 in the top region thereof and is operated to permit air from
      outside the device replace the liquid which flows into chamber 33. Valve
      44, constructed of materials similar to valve 43, expands in its side wall
      portions 44a (see FIG. 6) to permit air to flow in, then closes due to its
      elastomeric and therefore resilient construction to prevent air from
      flowing out of container 11.
PAR  In FIGS. 7 and 8 is shown an alternate embodiment of a one-way or check
      valve arrangement which can be utilized in place of valves 43 or 44. FIG.
      7, a sectional view of the inlet conduit 32 portion of the invention,
      terminates in an orifice 32a and a substantially conical valve seat 32b.
      Fitted over orifice 32a in seat 32b is a flexible elastomeric valve 143
      sealingly engaged thereat in the body of container 11. Valve 143 comprises
      a ball-cock valve element 144 and one or more suspension arms 145 which
      are formed so as to be thinner in cross section than element 144. Arms 145
      are conjoined to a peripheral collar 146 which is sealingly fitted in a
      suitable recess formed in the bottom of the entrance to chamber 33 as
      shown in FIG. 7. Valve 143 is preferably an elastomeric resilient material
      such as any of the many plastics well known in the art, e.g., polyvinyl
      chloride, polyethylene, polypropylene. Also synthetic and natural rubber
      can be used. By forming radial arms 145 to have a thinner cross section
      than central ball cock element 144, flexibility in this portion of valve
      143 is increased and action of ball cock member 144, in response to
      pressure changes in conduit 32, is enabled to respond with increased speed
      to shut-off and/or initiate liquid flow from and into chamber 33. It
      should also be understood that a construction such as valve 143 can also
      be used in place of air inlet valve 44.
PAR  Referring now to FIG. 2, 3 and/or 6, container 11 is formed with a
      peripheral, bevelled rim 35, which engages with a peripheral ridge or
      shelf 36 in cap or spray housing 13, and has a pair of charging members
      comprising surfaces 30 of substantially helical form in similarly formed
      recesses or tracts 34. Charging members 30 operatively contact in slidable
      relation the bottom surfaces of a pair of runners or cam-like follower
      elements 29, integrally formed on piston 9, to be referred to more fully
      hereinafter.
PAR  Referring now to FIG. 4 there is shown in an exploded view, cap 13 and
      piston 9 illustrating the operating relationship of these members when
      assembled. Cap 13 is formed with inner peripheral splines or keys 49 and
      adjacent spline recesses or keyways 47, which engage with corresponding
      recesses 48 and keys 46 respectively on peripheral skirt 45 of piston 9.
      Also in FIG. 4, and more particularly in FIG. 6A, are peripheral ridges,
      shelves, or notches 36 in the bottom of splines 49 which engage bevelled
      or chamfered rim 35 on container 11 elsewhere described. In FIG. 6A
      notches 36 include a set of bearings or ribs 36a formed on the upper
      surface thereof which, as will be explained, permit easier rotation of
      container 11 with respect to cap 13. Piston 9 when assembled with cap 13
      is slidably movable therein over splines 49 and keyways 47 on recesses 48
      and keys 46.
PAR  Having described sprayer 10 and its several parts, it should be evident
      that what has been presented as a genuine advance in the art of dispensing
      and spraying in a unique combination of elements and parts, economical to
      produce since all of its parts can be made of plastic, a particularly
      preferred plastic material being polypropylene. It is also to be noted
      that sprayer 10 is easily assembled by unskilled labor, the various parts
      thereof being arranged in subassemblies which are thereafter assembled to
      produce the complete unit. For example, piston 9, fitted with seals 18 and
      39 and retainer 40 make a subassembly. Container 11 preassembled with
      resilient elastomeric one-way liquid and air inlet valves 43 and 44
      pressed into their respective seats, bottom cover 7 with filler plug 41 in
      fitting 42 thereon makes another subassembly. Preassembled piston 9 can
      then be assembled in container 11 by inserting cylindrical ram end 28
      thereof into chamber 33. Responsor 15 can then be positioned on piston 9
      over central tube 38.
PAR  Cap 13 with valve 17 including valve member 21, retainer 21a, stem 20 and
      spring 22 installed in recess 23 by pressing it past shoulder 6 in the
      opening on top of cap 13, makes still another subassembly. Stem 20
      compresses spring 22 slightly and assumes the position shown in FIG. 5,
      with the end thereof abutting the inside of walls of valve 21. Safety
      lever 26 is positioned over stem 20 until collar 26a thereof passes beyond
      shoulder 6 as shown. Push button 24 including nozzle 19 is then assembled
      over the upper end of stem 20 insuring that plugs 27 are in proper
      position to permit lever 26 to move back and forth around stem 20 into its
      "On" or "Off" positions as desired, complete cap 13 subassembly.
PAR  Cap 13 subassembly is now ready for assembly with subassembly container 11.
      To complete assembly of sprayer 10 cap 13 is inverted and placed over
      container 11 with piston 9 therein with responsor or charging spring 15
      protruding from the responsor recess 37 around tube 38, and firmly pressed
      down, compressing spring or responsor 15, until notches 36 snap into place
      over bevelled rim 35 on container 11. Sprayer 10 is now completely
      assembled and ready for filling with liquid which can thereafter be
      charged and sprayed as desired.
PAR  Referring now to FIG. 9, there is shown in section a portion of container
      11 and piston 9 in partial assembled relation, certain parts such as seals
      39, back-up retainer 40, and inlet valve 44 not shown. In the left side of
      FIG. 9, a portion of sectioned piston 9 is broken away to reveal one of at
      least a pair of charge cycle limit stops 50 formed near the top of
      container 11 (only one shown), in spaced relation to the top ends of
      charging member surfaces 30. Piston 9 has a pair longitudinally extending
      slots 51, one in each of follower elements 29 (one shown-see also FIG. 4)
      which are spaced inwardly from vertical surfaces 29a, a distance such that
      a lip 51a on element 29 passes between limit stop 50 and ends of surface
      30. As will be seen in the following passages stops 50 provide a means for
      determining the end of the charging cycle of sprayer 10.
PAR  Also in FIG. 9, charging member surface 30 is shown as being formed with a
      generally hemispherical bearing track or bead 52 thereon to facilitate
      charging of sprayer 10.
PAC  OPERATION OF THE INVENTION
PAR  In operation of the present invention, receptacle 31 in container 11 is
      filled with liquid to be sprayed, or dispensed, and sprayer 10 is charged.
      To charge, sprayer 10 is grasped in the left hand by cap 13 and held
      tightly. Container 11 is then grasped with the right hand and rotated to
      the right (arrows in FIGS. 2 and 3). Cap 13, as stated above, is held
      stationary during rotation of container 11, which rotation in the
      preferred embodiment is 180.degree., or until a slight click is heard, and
      further rotation is resisted since the bottom ends of follower elements or
      runners 29 of piston 9 abut limit stops 59 on container 11, thereby
      indicating sprayer 10 is fully charged. Rotation of container 11 causes
      charging means surfaces 30 to rotate which in turn causes piston 9 to rise
      up into cap 13, since runners 29 are contacted thereby in tracts 34.
      Piston 9 slides up into cap 13 on keys 46 and keyways 48 of skirt 45 in
      corresponding keyways 47 and keys 49, compressing charging spring or
      responsor 15 ahead of it. As piston 9 begins to rise, ram end 38 leaves
      the bottom of chamber 33 creating a slight vacuum therein. The slight
      pressure differential upstream of valves 43 and 44 opens them by expansion
      permitting liquid 12 to flow into chamber 33 and air to flow into
      receptacle 31. As shown in FIG. 2, piston 9 is just beginning its upward
      stroke, liquid 12 is filling the partially vacated chamber 33 and valve 43
      is open. If at this point rotation of container 11 ceases, the liquid
      already in chamber 33 will remain therein being under pressure caused by
      responsor 15, which pressure will cause check valves 43 and 44 to close
      because of their resilient construction, trapping the liquid. As rotation
      of container 11 is resumed, piston 9 reaches the position shown in FIG. 3
      and sprayer 10 is now fully charged. It should be understood that sprayer
      10 can be charged to any intermediate position between the positions of
      FIGS. 1 and 3, the only difference with respect to spraying being that in
      an intermediate charge position runner or cam follower 29 action is
      slightly different, as will be more fully explained in the following
      description of the spraying operation.
PAR  Assuming now that sprayer 10 is fully charged as in FIG. 3, spraying
      operation can now begin and botton accomplished by placing the index
      finger or push button 24 and applying a downward pressure thereagainst.
      This action causes stem 20 to move downwardly, pressing against the inside
      wall of valve element 21, forcing it to open. Liquid from chamber 33,
      central tube 38 and outlet conduit 16 then passes through valve element 21
      into stem 20 internal flow passages and out through nozzle 19. Nozzle 19
      flow passages can, of course, be sized to give as fine a mist spray as
      desired. It is also intended and contemplated, to enhance liquid
      atomization, that the various liquid passage surfaces in nozzle 19 and
      stem 20 have swirl inducers formed therein including the incorporation of
      swirl chamber 19a in FIG. 5. Such devices optomize liquid breakup which
      results in finer sprays and mists.
PAR  It should, of course, be understood that sprayer 10 can be charged by
      rotating cap 13 while container 11 is held stationary, since piston 9
      upward movement is the same.
PAR  As liquid 12 is discharged from nozzle 19, piston 9 is forced downwardly
      into chamber 33 by charging spring or responsor 15, forcing liquid 12 up
      through tube 38 and into outlet conduit 16. The motion of piston 9 is
      downward along a linear path on the vertical surface 29a of runner or
      follower 29 in slidable contact with the corresponding vertical surface
      30a of charging cam 30, with lip 51a passing between limit stop 50 in slot
      51 and the ends of surfaces 30. When fully discharged sprayer 10 and its
      various working parts will appear as shown in FIG. 1, i.e., piston 9 ram
      end 28 occupying chamber 33 and runner or follower 29 bottomed on charging
      cam 30 in recess 34. Of course, the level of liquid 12 is receptacle 31
      will be somewhat lower being diminished by the amount sprayed.
PAR  As hereinbefore mentioned, sprayer 10 can be charged to any intermediate
      position by simply ceasing rotation of container 11. However, when
      spraying liquid with piston 9 in any position short of fully charged,
      piston 9 will move down in a helical path, since charging cam 30 is
      helical, on follower 29 until it again assumes the position shown in FIG.
      1.
PAR  There has been provided a unique and improved, manually operated spray
      device, having incorporated therein a unique and fast acting valving
      system which in combination with its charging mechanism adds to the art of
      sprayers, a more efficient, extremely sharp cutt-off, non-drooling
      rechargeable, pressurized sprayer dispenser not heretofore available.
      Therefore, from the description of its mode of operation and unique
      assembly features, it will be readily apparent that variations in its mode
      of operation, manufacture and assembly will occur to skilled artisans
      without departing from the spirit and scope thereof. Therefore, what is
      sought to be protected by Letters Patent is set forth in the claims
      appended hereto, and no limitations as to modifications and changes are to
      be placed thereupon except as defined in said appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rechargeable liquid spayer comprising a rotatable container
      including a receptacle for holding a quantity of liquid, an opening for
      filling the receptacle with liquid, an inner, pressurizable chamber
      adapted to receive a charge of liquid from said receptacle, liquid conduit
      means for conducting said liquid charge from said receptacle to said
      chamber, a spray cap rotatably mounted on said container, a piston in said
      cap adapted to move therein and in said chamber, charging means on said
      container operatively associated with said piston for moving said piston
      in said cap and in said chamber when said container is rotated relative to
      said cap, compressible means in said cap positioned therein in biasing
      relation to said piston, a spray nozzle on said cap including; associated
      liquid conduit means communicating with said chamber, liquid discharge
      control means in said conduit for controlling discharge of liquid from
      said chamber, and differential pressure operated fluid control means in
      said container for controlling the passage of said liquid charge into said
      chamber and venting said receptacle to the atmosphere, the improvement
      comprising;
PA1  said differential pressure operated fluid control means comprising, a first
      valve element sealingly positioned in said receptacle liquid conduit means
      proximate one end of said charge chamber, said element having a hollow,
      resilient body and side walls, said side walls adapted to move apart in
      response to fluid pressure inside said body to expand said body and open
      said valve permitting liquid to flow into said chamber; and,
PA1  a second valve element sealingly fitted to said container having a hollow,
      resilient body and side walls, said side walls adapted to move apart in
      response to fluid pressure inside said body to expand said body and open
      said valve permitting air to flow into said receptacle.
NUM  2.
PAR  2. The sprayer of claim 1 wherein said opening filling said receptacle is a
      recloseable plug.
NUM  3.
PAR  3. The sprayer of claim 1 wherein said compressible means biasing said
      piston urges said piston away from said cap.
NUM  4.
PAR  4. The sprayer of claim 1 further including means mounted under said spray
      nozzle for rendering said nozzle inoperable in one of two positions and
      operable in the other of said two positions.
NUM  5.
PAR  5. The sprayer of claim 1 wherein the charging means is a cam.
NUM  6.
PAR  6. The sprayer of claim 1 wherein said elements of said differential
      pressure operated fluid control means is a plastic selected from the group
      consisting of polyvinyl chloride, polyethylene, polypropylene, synthetic
      rubber and natural rubber.
NUM  7.
PAR  7. The sprayer of claim 1 further including means on said container for
      determining the end of the charging stroke of said piston in said chamber.
NUM  8.
PAR  8. The sprayer of claim 3 wherein the biasing means is a spring.
NUM  9.
PAR  9. The sprayer of claim 6 wherein the spring is a coiled spring.
NUM  10.
PAR  10. The sprayer of claim 7 wherein the spring is a flat spring.
NUM  11.
PAR  11. In a rechargeable liquid sprayer comprising; a rotatable container,
      including a receptacle for holding a quantity of liquid, an opening for
      filling said receptacle with said liquid, an inner pressurizable chamber
      adapted to receive a charge of liquid from said receptacle, liquid conduit
      means for conducting said liquid charge from said receptacle to said
      chamber having a chamber and a receptacle and, a spray cap rotatably
      mounted on said container, a piston in said cap adapted to move therein
      and in said chamber, charging means on said container operatively
      connected with said piston for moving said piston in said cap and in said
      chamber when said container is rotated relative to said cap, compressible
      means in said cap positioned therein in biasing relation to said piston, a
      spray nozzle on said cap including; associated liquid conduit means
      communicating with said chamber and liquid discharge control means in said
      conduit for controlling discharge of liquid from said chamber; and
      differential pressure operated fluid control means in said container for
      controlling the passage of said liquid charge into said chamber and
      venting said receptacle to the atmosphere, the improvement comprising;
PA1  said liquid discharge control means comprising a hollow stem, a resilient,
      expandable hollow valve element in liquid flow communication with said
      nozzle through said stem and with said chamber, said stem being elongated
      and terminating interiorly of said element and being movable by said spray
      nozzle to open said element for discharging liquid from said chamber.
NUM  12.
PAR  12. The sprayer of claim 11 further including means mounted under said
      spray nozzle for rendering said nozzle inoperable in one of two positions
      and operable in the other of said two positions.
NUM  13.
PAR  13. The sprayer of claim 11 wherein the compressible means biasing said
      piston urges said piston away from said cap is a spring.
NUM  14.
PAR  14. The sprayer of claim 11 further including means on said container for
      determining the end of the charging stroke of said piston in said chamber.
NUM  15.
PAR  15. The sprayer of claim 13 wherein the compressible means is a spring.
NUM  16.
PAR  16. The sprayer of claim 15 wherein the spring is a coiled spring.
NUM  17.
PAR  17. The sprayer of claim 15 wherein the spring is a flat spring.
NUM  18.
PAR  18. The sprayer of claim 11 wherein said opening for filling said
      receptacle is a recloseable plug.
NUM  19.
PAR  19. In a rechargeable liquid sprayer comprising a rotatable container
      including a receptacle for holding a quantity of liquid, an opening for
      filling the receptacle with liquid, an inner, pressurizable chamber
      adapted to receive a charge of liquid from said receptacle, liquid conduit
      means for conducting said liquid charge from said receptacle to said
      chamber having a chamber end and a receptacle end, a spray cap rotatably
      mounted on said container, a piston in said cap adapted to move therein
      and in said chamber, charging means on said container operatively
      associated with said piston for moving said piston in said cap and in said
      chamber when said container is rotated relative to said cap, compressible
      means in said cap positioned therein in biasing relation to said piston, a
      spray nozzle on said cap including; associated liquid conduit means
      communicating with said chamber and liquid discharge control means in said
      conduit for controlling discharge of liquid from said chamber; and
      differential pressure operated fluid control means in said container for
      controlling the passage of said liquid charge into said chamber and
      venting said receptacle to the atmosphere, the improvement comprising:
PA1  said differential pressure operated fluid control means comprising, a first
      valve element having a peripheral collar sealingly positioned in said
      receptacle above the chamber end of said liquid conduit means and
      proximate thereto, said element comprising at least one radially extending
      suspension arm and a ball cock element attached to the outer extremity
      thereof, said ball cock positioned over said liquid conduit at said
      chamber end in normally closed relation thereto, said radial arm having a
      cross sectional thickness less than said ball cock; and,
PA1  a second valve element sealingly fitted to said container, said valve
      element having a resilient body and adapted open and close in response to
      fluid pressure on one side of said body permitting air to flow into said
      receptacle.
NUM  20.
PAR  20. The sprayer of claim 19 wherein said compressible means biasing said
      piston urges said piston away from said cap.
NUM  21.
PAR  21. The sprayer of claim 19 further including means mounted under said
      spray nozzle for rendering said nozzle inoperable in one of two positions
      and operable in the other of said two positions.
NUM  22.
PAR  22. The sprayer of claim 19 wherein the opening for filling said receptacle
      is a recloseable plug.
NUM  23.
PAR  23. The sprayer of claim 19 wherein the charging means is a cam.
NUM  24.
PAR  24. The sprayer of claim 19 wherein said elements of said differential
      pressure operated fluid control means is plastic selected from the group
      consisting of polyvinyl chloride, polyethylene, polypropylene, synthetic
      rubber and natural rubber.
NUM  25.
PAR  25. The sprayer of claim 19 further including means on said container for
      determining the end of the charging stroke of said piston in said chamber.
NUM  26.
PAR  26. The sprayer of claim 20 wherein the biasing means is a spring.
NUM  27.
PAR  27. The sprayer of claim 26 wherein the spring is a coiled spring.
NUM  28.
PAR  28. The sprayer of claim 26 wherein the spring is a flat spring.
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ABST
PAL  A dispenser device for use in dispensing liquid contents in a pressurized
      state from a container, compressed air obtained by pushing a dispenser
      head being utilized as a propellant for the liquid contents.
PAL  In this dispenser device, the compressed air used as a propellant is
      adapted to act upon the liquid contents without contacting the liquid
      thereby protecting the liquid contents from air contamination, quality
      deterioration and the like. Moreover, this dispenser device has a simple
      construction and since it contains no propellant it is non-explosive.
BSUM
PAR  This invention relates to a dispenser device for dispensing the contents of
      a container, and more particularly to an isolation type dispenser device
      in which compressed air obtained by pressing the dispenser head downwardly
      is utilized as a propellant, said compressed air being adapted to act upon
      the contents in the container without actually contacting the contents.
PAR  Foodstuff, pharmaceuticals, cosmetics and the like are usually packed in
      airtight containers isolated from the open air or a propellant when a
      sterilized condition is necessitated or contamination or deterioration
      through contact with open air or a propellant must be avoided.
PAR  As a means of dispensation of the foregoing contents from the containers as
      desired, cans of a "Sepro" type as commercially known have been used
      heretofore in which elastic bellows, collapsible bags or pistons were
      adapted to be driven by high pressure liquefied or gaseous propellants
      confined in the containers, such as fluoridized hydrocarbon derivatives,
      liquefied petroleum gas, and the like.
PAR  However, since the Sepro type can is constantly subjected to internal
      pressure, said can is not free from the drawback of leakage of the
      propellant through the sealed portions thereof. Particularly when a
      synthetic resin container is used, the dispensation efficiency is liable
      to be reduced as a result of permeation of the confined gas through the
      container wall in the course of storage for a long period of time, since
      such a container is gas permeable to some extent.
PAR  The conventional container has a further disadvantage in that the
      propellant filling process requires expensive equipment and advanced
      technical skill resulting in high cost of production. Said container
      involves a still further disadvantage in that a heat sterlizing treatment
      given to foodstuffs, pharmaceuticals and the like is attended by a risk of
      the internal pressure of the can being raised by the heating of the
      propellant. On the other hand, when stored in a refrigerator, the can is
      deprived of the dispensing efficiency due to a reduction of the internal
      pressure.
PAR  Therefore, a device making it possible to dispense the contents simply by
      pressing the dispenser head without using any propellant of the
      conventional type has long been waited for by the manufacturers concerned.
PAR  This invention relates to an isolation type dispenser device in which
      compressed air obtained by pressing the dispenser head is utilized as a
      propellant for the contents, the compressed air being adapted to act upon
      the contents without contacting the contents.
PAR  A first object of this invention is to provide a dispenser device in which
      compressed air obtained by pressing the dispenser head is utilized as a
      propellant for dispensing the contents thereby avoiding risk of leakage of
      the contents or propellant due to maintenance of the internal pressure of
      the container for a long period of time.
PAR  A second object of this invention is to provide an isolation type dispenser
      device in which compressed air used as a pressure propellant is isolated
      from the contents stored in the container thereby making it possible to
      protect the contents from contamination and quality deterioration caused
      by the air.
PAR  A third object of this invention is to provide a dispenser device making it
      possible to obtain a dispensed product in the form of a uniform and fine
      mist by employing a spring member adapted to apply further pressure to the
      contents so as to prevent loss of pressure of the compressed air resulting
      from a reduction in the volume of the contents during the dispensing
      process.
PAR  A fourth object of this invention is to provide a dispenser device having a
      simple construction making it possible to dispense the contents simple by
      pressing the dispenser head by hand.
PAR  These and other objects are accomplished by the parts, improvements,
      combinations and arrangements comprising this invention, preferred
      embodiments of which are shown by way of example in the annexed drawings
      and herein described in detail. In the drawings:
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PAR  FIG. 1 is a vertical, sectional view of a first embodiment of this
      invention showing the parts in positions before pressure is applied to the
      dispenser head;
PAR  FIG. 2 is a vertical, sectional view of the same showing the parts in
      positions after the dispenser head has been pressed;
PAR  FIG. 3 is a vertical, sectional view of a second embodiment of this
      invention showing the parts in positions before pressure is applied to the
      dispenser head;
PAR  FIG. 4 is a vertical, sectional view similar to FIGS. 1 and 3 of a third
      embodiment of this invention; and
PAR  FIG. 5 is a vertical, sectional view similar to FIGS. 1, 3 and 4 of a
      fourth embodiment.
DETD
PAR  In the first embodiment shown in FIGS. 1 and 2, numeral 11 designates a
      container made of a synthetic resin or the like, said container being of a
      size which can be held in one hand and having an intermediate and an upper
      portion with successively diminishing diameters, the open bottom of said
      container 11 being closed by a bottom member 12 attached securely thereto.
PAR  The bottom member 12 should not be easily detachable since the interior of
      the container 11 will be under internal pressure, and moreover said bottom
      member 12 is airtightly attached so as to prevent the occurrence of
      leakage.
PAR  The numeral 13 designates an interior member with in the container 11, the
      outer shape of said member 13 being so formed that it will snugly fit
      within the container 11.
PAR  The interior member 13 comprises in combination a partition 14 extending
      horizontally in the middle portion thereof, a cylinder 15 in the lower
      portion thereof the lower end of which is adapted to abut the bottom
      member 12, and a valve casing 16 in the upper portion thereof having a
      smaller diameter than that of said cylinder 15.
PAR  The interior of the cylinder 15 and that of the valve casing 16 are adapted
      to communicate with each other through a hole 17 provided in the center of
      the partition 14, an elevatable piston rod 18 being fitted into an opening
      35 provided in the upper end wall of the container 11.
PAR  On the lower end of the piston rod 18 is a piston 19 airtightly slidable
      along the inner peripheral wall of the valve casing 16, the piston rod 18
      being provided with a bore 20 extending through said piston rod 18 from
      the upper end to the lower end thereof and a transverse orifice 21 the
      length of and through the outer periphery of said piston rod 18.
PAR  Within the valve casing 16 and at the lower end of the piston rod 18 at
      which the bore 20 opens is provided a check valve 22 for opening and
      closing the lower end of said bore 20, between the check valve 22 and the
      partition 14 is provided a spring 23 not only for urging said check valve
      22 into pressure contact with the piston rod 22 thereby closing the bore
      20 but also for imparting upward force on the piston rod 18 through said
      check valve 22.
PAR  To the upper end of the piston rod 18 projecting from the container 11 is
      secured a dispenser head 24 serving also as a presser for the piston rod
      18, a spray duct 25 of the dispenser head 24 being in communication with
      the bore 20.
PAR  Within the upper end of the container 11 and in the upper portion of the
      valve casing 16 are a bush 26 externally fitted on the piston rod 18 and
      packing 27 above said bushing 26.
PAR  The bushing 26 is held in position sandwiched in between the upper end of
      the valve casing 16 and the container 11, the inner periphery of the
      bushing 26 being larger in diameter than the piston rod 18 so that a space
      28 is formed between the inner periphery of the bushing 26 and the outer
      periphery of the piston rod 18, the lower portion of the inner periphery
      of the bushing 26 having a smaller diameter so as to slide airtightly on
      the exterior periphery of the piston rod 18.
PAR  The bushing 26 is provided with a transverse passage 29 communicating with
      the space 28 and opening at the outer periphery of the bushing so as to
      admit therethrough the substance to be dispensed, the bushing 26 also
      being provided with an air duct 30 in the form of a groove extending
      longitudinally along the outer periphery of said bushing 26 for placing
      the upper chamber of the valve casing 16 in communication with the open
      air through the opening 35 and for preventing the occurrence of vacuum
      during the descent of the piston 19.
PAR  The packing 27 is held in position sandwiched between the upper end of the
      bushing 26 and the upper end wall of the container 11, the inner periphery
      of the packing 27 being airtightly slidable on the outer periphery of the
      piston rod 18, the outer periphery of said packing 27 being positioned not
      to obstruct the communication of the air duct 20 with the open air.
PAR  Furthermore, within the cylinder 15 is an isolation member 31 for dividing
      the interior of said cylinder 15 into two chambers. It is desirable that
      the isolation member 31 be made of a synthetic resin or a similar soft
      material so that the outer periphery of said isolation member 31 is
      brought into pressure contact with the inner periphery of the cylinder 15
      is airtightly slidable upwardly and downwardly therealong.
PAR  In this embodiment, the isolation member 31 is shown in the form of a
      piston, but the piston may be replaced with a diaphragm, bellows, or the
      like, so as to obtain the same effect.
PAR  Within the cylinder 15, the upper chamber 32 defined by the isolation
      member 31 is a compartment in which compressed air generated as a pressure
      propellant in the valve casing 16 operates, the lower chamber 33 being a
      compartment in which liquefied substance, such as foodstuffs,
      pharmaceuticals, cosmetics and the like, is to be stored.
PAR  Between the inner periphery of the container 11 and the outer periphery of
      the interior member 13 is provided a passage 34 communicating at its upper
      end with the passage 29 of the bushing 26 and at its lower end with the
      lower chamber 33 at the lower end of the cylinder 15 thereby permitting
      the pressurized contents to flow into the spray duct 25 of the dispenser
      head 24.
PAR  The first embodiment of this invention comprises the construction as
      described hereinbefore, and the contents stored in the container are
      dispensed during the operation as described hereinafter.
PAR  If the dispenser head 24 is pressed to the position as shown in FIG. 2 from
      that of FIG. 1 in which the dispenser head 24 is elevated, the air
      confined within the valve casing 16 is compressed by the descent of the
      piston 19.
PAR  The compressed air flows into the upper chamber 32 within the cylinder 15
      through the hole 17 thereby pressing the isolation member 31 in the
      direction of the applied pressure with the result that the contents are
      placed under pressure through the isolation member 31.
PAR  When the orifice 21 of the piston rod 18 moves down far enough to
      communicate with space 28 within the bushing during the downward pressing
      of the dispenser head 24, the bore 20 is caused to communicate with the
      passage 34, whereby the contents under pressure within the lower chamber
      33 are dispensed outwardly through the spray duct 25 from the bore 20 by
      way of the passages 34 and 29, the space 28 and the orifice 21.
PAR  The dispensing stops when the dispenser head 24 reaches its lowest limit
      with the utmost contraction of the spring 23, and the air is decompressed
      during the descent of the isolation member 31 as a result of dispensing of
      the contents.
PAR  Furthermore, when the piston 19 is lowered within the valve casing 16, a
      vacuum is theoretically created in the vacant space produced in the upper
      part of the casing 16. Since this is undesirable, said vacant space
      communicates constantly with the open air through the air duct 30 and the
      opening 35 thereby preventing the occurrence of the vacuum.
PAR  If pressure is removed from the dispenser head 24 on completion of the
      dispensing, the piston rod 18 is restored to its elevated position as
      shown in FIG. 1 pressed upwardly by the constricted spring 23 through the
      check valve 22.
PAR  Then, a vacuum is naturally created within the valve casing 16 and the
      upper chamber 32 of the cylinder 15 as a result of the ascent of the
      piston 19, the check valve 22 being separated from the lower end of the
      piston rod 18 against the spring 23 by the suction caused by the creation
      of vacuum thereby causing the bore 20 and the interior of the valve casing
      16 to communicate with each other, with the result that the air flows into
      the valve casing 16 through the bore 20, the orifice 21 and the spray duct
      25 thereby enabling not only to preventing the occurrence of vacuum but
      also to fill the valve casing 16 with air so as to be ready for the next
      dispensing operation.
PAR  After the dispensing, undispensed substance sometimes remains in the
      orifice 21, the bore 20 and the spray duct 25. This device, however, makes
      it possible to direct such undispensed substance into the valve casing 16
      when air is supplied to the valve casing 16 through the orifice 21 and the
      spray duct 25, as a result of which this device makes it possible to
      prevent deteriorated undispensed substance from mixing with the subsequent
      portion to be dispensed even where the contents are liable to dry out or
      deteriorate.
PAR  Referring now to the second embodiment shown in FIG. 3, the description
      will be omitted with regard to the parts having the same construction and
      function, as those shown in FIGS. 1 and 2 simply by affixing the identical
      reference numbers thereto.
PAR  In the second embodiment shown in FIG. 3, the lower half of the container
      11 directly constitutes a cylinder 15, the portion above the partition 14
      constituting a valve casing 16.
PAR  In the center of the bottom member is provided a check valve permitting
      influx of air into the cylinder 15 while precluding outflow thereof, a
      pipe 40 extending axially through the cylinder 15 with its upper end
      communicating with the interior of the valve casing 16, and the lower end
      being located in the lower end portion of the cylinder 15, the interior of
      said pipe 40 constituting an air duct 41.
PAR  Within the cylinder 15 is an isolation member 31 airtightly slidable on the
      outer periphery of the pipe 40, the lower chamber 33 being in
      communication with the air duct 41, the upper chamber constituting a space
      for storage of the contents.
PAR  On the valve casing 16 is mounted a cap member 42, the bushing 26 being
      held in position between said member 42 and the upper end of the valve
      casing 16.
PAR  An air duct 43 is bored axially from the upper end of the piston rod 18 and
      has its lower end closed, a transverse hole 44 being bored in the piston
      rod 18 in a position adjacent to the upper part of the piston 19 thereby
      placing the air duct 43 and the upper chamber of the valve casing 16 in
      communication with each other, a small hole 45 being bored in the
      dispenser head 24 for communication between the air duct 43 and the
      outside thereby preventing the occurrence of a vacuum above the piston 19.
PAR  An annular bore 46 is formed in piston rod 18 for the passage of the
      substance to be dispensed therethrough around the air duct 43 and above
      the middle portion of the piston rod 18, the upper end of bore 46 being in
      communication with the spray duct 25 of the dispenser head 24 provided
      with a nozzle 47, and an orifice 48 extending out of the piston rod from
      the bore 46 at the middle part of the piston rod 18.
PAR  The upper end opening of the cap member 42 constitutes a packing member 49
      slidable on the outer periphery of the piston rod 18, a hole 50 for the
      passage of the substance to be dispensed therethrough being provided
      between the valve casing 16 and the cap member 42.
PAR  It must be noted that, in the second embodiment, the replenishment of air
      to the inside of the valve casing 16 and the dispensing of the contents
      are conducted through independent channels with the result that the
      residual undispensed substance remaining in the bore 46 and the spray duct
      25 is not directed out of bore 46. Therefore, a construction for
      preventing the occurrence of vacuum above and below the piston 19 as shown
      in FIG. 1 is desirable where a substance to be dispensed is easy to dry or
      in case mixture of undispensed substance with the substance for the
      subsequent dispensing must be avoided.
PAR  In the case of the second embodiment of the dispenser device, if the
      dispenser head 24 is pressed in from the position as shown in FIG. 3, the
      air within the valve casing 16 is compressed by the descent of the piston
      19, the check valve 22 being airtightly closed, thus the compressed air
      flowing through air duct 41 pressing the isolation member 31 upwardly,
      whereby the contents are placed under pressure.
PAR  When the orifice 48 opens into the cap member 42 so as to communicate with
      the hole 50, the pressurized contents are dispensed outwardly through the
      hole 50 and the spray duct 25.
PAR  If the pressure is removed from the dispenser head 24 after dispensing, the
      piston 19 and the piston rod 18 are elevated, the interior of the valve
      casing 16 being replenished with air through the opened check valve 22 if
      vacuum is created therein so as to be ready for the subsequent dispensing.
PAR  As a means of replenishing the interior of the valve casing 16 with air,
      the check valve 22 is built within the valve casing 16 in the first
      embodiment and in the bottom member 12 in the second embodiment
      respectively. However, the same effect is obtainable without the check
      valve as described hereinafter.
PAR  An alternative is to impart suitable resilience to the piston 19 so that
      its outer periphery will be separated from the inner periphery of the
      valve casing 16 when vacuum is created within the valve casing 16. Thus,
      air can be supplied through the hole 20 and the spray duct 25 in the first
      embodiment, and through the small hole 45 and the passage 43 in the second
      embodiment, respectively.
PAR  Furthermore, in the first and the second embodiments, if the orifices 21
      and 48 are provided further upwardly on the piston rod 18, dispensing of
      the contents can be effected as soon as the compressed air is put under
      predetermined pressure thereby making it possible to prevent the
      occurrence of dripping due to insufficient pressure in the initial stage
      of dispensing.
PAR  Referring now to the third embodiment shown in FIG. 4, description will be
      omitted with regard to the parts having the same construction and function
      as those shown in FIGS. 1 and 2 by affixing the identical reference
      numerals thereto.
PAR  The third embodiment has a construction in which compressed air is produced
      between the dispenser head 24 and the container 11.
PAR  On the lower part of the dispenser head 24 is provided an annular
      peripheral wall 60 having an open bottom and externally fitted onto the
      upper end portion of the container 11, a resilient piece 61 being
      continuously formed on the upper end outer periphery of the container 11
      so as to be airtightly and resiliently slidable on the inner periphery of
      the peripheral wall 60, a pressure chamber 62 thus being provided within
      the peripheral wall 60.
PAR  A bore 63 communicating at its upper end with the nozzle 47 of the
      dispenser head 24 and closed at its lower end is provided through the
      piston rod 18, an orifice 64 communicating with said passage 63 being
      provided the length of the piston rod 18.
PAR  A packing 65 in the upper part within the container 11 is held in position
      by the upper end of the valve casing 16. The interior periphery of the
      packing 65 is not only slidable airtightly and resiliently on the outer
      periphery of the piston rod 18 but also ordinarily overlaps the inner
      periphery of the upper end wall of the container 11.
PAR  On the inner periphery of the upper end wall of the container 11 is an
      annular groove 66 closed by the packing 65, the groove 66 being in
      communication with the lower chamber 33 within the cylinder 15 by the
      passage 34 provided between the container 11 and the cylinder 15.
PAR  In the third embodiment, the upper chamber 32 divided by the isolation
      member 31 constitutes the space for storage of the contents, the interior
      of the valve casing 16 constituting a passage for the flow of the
      substance to be dispensed.
PAR  If the dispenser head 24 is pressed in from the position as shown in FIG.
      4, compressed air is created within the pressure chamber 62 as a result of
      the descent of the dispenser head 24 and the airtightness of the resilient
      piece 61.
PAR  The orifice 64 is initially closed by the packing 65, the compressed air
      acting upon the upper face on the side of the inner periphery of the
      packing 65 from the opening 35 as the pressure within the pressure chamber
      62 is raised by the force applied to the dispenser head 24, whereby the
      packing 65 is separated from the upper end wall of the container 11 with
      its inner periphery curved downwardly thereby opening the groove 66 so as
      to communicate with the pressure chamber 62, with the result that the
      compressed air flows into the lower chamber 33 of the cylinder 15 through
      the passage 34 thereby pressing the isolation member 31 upwardly, the
      contents being placed under pressure and the piston rod 18 starting to
      move into the valve casing 16.
PAR  When the orifice 64 communicates with the interior of the valve casing 16
      during downward movement of rod 18, the contents under pressure are
      dispensed outwardly from the nozzle through the orifice 64 and the bore
      hole 63.
PAR  If the pressure is removed from the dispenser head 24 after dispensing, the
      dispenser head 24 and the piston rod 18 are elevated to their initial
      positions by the upward force of the spring 23. Although a state of vacuum
      is created in the pressure chamber 62, the resilient piece 61 is detached
      from the peripheral wall due to negative pressure within said pressure
      chamber 62 thereby replenishing said chamber 62 with air so as to be ready
      for the subsequent dispensing.
PAR  Referring now to the fourth embodiment shown in FIG. 5, description will be
      omitted with regard to the parts having the same construction and function
      as those shown in FIGS. 1 to 4 by affixing the identical reference
      numerals thereto.
PAR  The fourth embodiment is a dispenser device in which reduction of the
      pressure of the compressed air resulting from dispensing is compensated
      for by means of a spring member thereby making it possible to maintain the
      spray pattern without variation throughout the dispensing.
PAR  Within the lower chamber 33 of the cylinder 15 partitioned off by the
      isolation member 31 is a piston 70 the outer periphery of which is
      airtightly slidable on the inner periphery of the cylinder 15 similarly to
      the second embodiment shown in FIG. 3.
PAR  The inner periphery of the lower chamber 33 of the cylinder 15 has a
      cup-shaped bottom member 12 closing the lower end opening of the cylinder
      15. The piston 70 is slidable within the bottom member 12.
PAR  Within the bottom member 12 is provided a spring 71 for constantly urging
      the piston 70 upwardly. When dispensing is not effected, the piston 70 is
      at its highest limit abutting the lower end of the pipe 40.
PAR  Through the bottom of the bottom member 12 is a small hole 72 placing the
      interior in communication with the open air so as not to impede the
      vertical reciprocation of the piston 70.
PAR  The container 11 comprises the valve casing 16 and the cylinder 15
      integrally formed with each other, an independent cap member 73 being
      mounted on the outer periphery thereof, a hole 50 for the admission of the
      substance to be dispensed being formed in the valve casing 16.
PAR  The piston rod 18 inserted into the valve casing 16, the piston 19, the
      check valve 22 and the spring 23 within the valve casing 16 are the same
      construction as in the first embodiment shown in FIGS. 1 and 2.
PAR  A nozzle 47 is provided at the forward end of the spray duct 25 of the
      dispenser head 24 mounted on the upper end of the piston rod 18, a packing
      74 externally fitted around the piston rod 18 being positioned between the
      upper end of the valve chamber 16 and the cap member 42.
PAR  In the foregoing fourth embodiment, if pressure is applied to the dispenser
      head 24 with the parts in the positions as shown in FIG. 5, the air within
      the valve casing 16 is compressed by the descent of the piston 19, the
      check valve 22 being airtightly closed, whereby the compressed air is
      conducted into the lower chamber 33 of the cylinder 15 through the air
      duct 41.
PAR  The compressed air admitted into the lower chamber 33 not only presses the
      piston 70 downwardly against the spring 71 but also presses the partition
      member 31 upwardly, whereby the contents within the upper chamber 32 are
      placed under pressure.
PAR  When the piston 18 is further pressed downwardly until it reaches its
      lowest limit, the orifice 21 communicates with the hole 50 thereby
      dispensing the pressurized contents outwardly through the hole 50 and the
      spray duct 25.
PAR  The contents begins to lose pressure resulting from a quantitative
      reduction of said contents as soon as the dispensing starts. However, the
      piston 70 is elevated by the simultaneous extension of the spring 71 so as
      to replenish the reduced pressure, whereby the dispensing is effected with
      a uniform spray pattern until the piston 70 abuts the pipe 40.
PAR  If the pressure is removed from the dispenser head 24 after dispensing, the
      piston 19 and the piston rod 18 are elevated, the check valve 22 within
      the valve casing 16 is opened thereby replenishing the valve casing 16
      with air so as to be ready for the subsequent dispensing.
PAR  The fourth embodiment makes it possible to obtain a very fine mist by high
      pressure spray.
PAR  To be more precise, high pressure is obtainable by a comparatively slight
      pressure of the fingers by making the surface area of the piston 70 more
      than that of the piston 19. Therefore, compressed air of high pressure is
      obtainable by raising the pressure of the spring 71 thereby making it
      possible to create a very fine mist by means of high pressure spray.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An isolation type dispenser device comprising, in combination, a
      container having a cylinder therein and including a bottom member; an
      isolation member airtightly and slidably mounted within the cylinder and
      dividing the cylinder into a contents storage chamber and a propellant
      chamber; a piston rod slidable into the container, the piston rod having
      an axial passage and an orifice opening transversely therefrom, a
      dispenser head communicating with the passage and mounted on said piston
      rod; a spring within the container urging the piston rod upwardly; a
      pressure propellant generating means for creating compressed air by the
      descent of the dispenser head and the piston rod; a passage between the
      generating means and the propellant chamber within the cylinder for
      conducting compressed air thereto to act upon the isolation member; and a
      further passage between the contents storing chamber and the axial passage
      in said piston rod, whereby the contents in said contents storage chamber
      are forced under the pressure created by the generating means through the
      axial passage and the dispenser head to be dispensed.
NUM  2.
PAR  2. An isolation type dispenser device as claimed in claim 1 in which the
      pressure propellant generating means comprises a valve casing
      communicating with the cylinder and a piston mounted on the lower end of
      the piston rod and airtightly slidable within the valve casing; said
      dispenser having an air duct between the upper part of the valve casing
      and the outside of the dispenser for preventing a vacuum in the upper part
      of the valve casing when the piston is lowered, the passage through the
      piston rod being open at its lower end through said piston so as to
      prevent a vacuum in the lower part of said valve casing when the piston is
      elevated, a check valve at the lower end of the axial passage through the
      piston rod, and a spring urging the check valve into pressure contact with
      said lower end.
NUM  3.
PAR  3. An isolation type dispenser device as claimed in claim 1 in which the
      pressure propellant generating means comprises a valve casing
      communicating with the cylinder and a piston mounted on the lower end of
      the piston rod and airtightly slidable within the valve casing; said
      piston rod having therein an air duct and a transverse hole therefrom for
      causing said air duct to communicate with the upper part of said valve
      casing when said piston rod is moved into said valve casing, the dispenser
      head having a small hole therein between the air duct and the outside of
      the dispenser so as to prevent a vacuum in the upper part of said valve
      casing when the piston is lowered, a tubular member extending from the
      interior of the valve casing to within the pressure propellant chamber, a
      check valve in the bottom member for preventing the generation of a vacuum
      in the lower part of said valve casing when the piston is elevated.
NUM  4.
PAR  4. An isolation type dispenser device as claimed in claim 1 in which the
      pressure propellant generating means comprises a peripheral wall depending
      from the dispenser head and fitted over the upper end of the container,
      and a resilient piece around the upper end periphery of the container and
      airtightly slidable on the inner periphery of said peripheral wall, said
      resilient piece being separated from the wall when the dispenser head
      moves upwardly for preventing a vacuum from being generated within the
      pressure propellant generating means, a resilient packing airtightly
      fitted externally around the piston rod between the orifice and the
      further passage, said packing having a portion which deflects under
      pressure of the compressed air for placing the orifice in communication
      with the further passage.
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PAL  Disclosure relates to a diaphragm sleeve which is rolled inside out in a
      tank by a motive fluid supplied to one side thereof to positively displace
      fluid at the opposite side from the tank. The diaphragm has a wall of a
      thickness to resist transverse collpase of the sleeve by the motive fluid,
      but with a thin wall section adjacent a piston at its free end and an
      annular rib at the outer periphery of the piston to initially fold the
      diaphragm to promote rolling in opposite directions.
BSUM
PAR  The present invention relates generally to positive displacement, liquid
      expulsion systems and more particularly to an improved "rolling diaphragm"
      construction which compensates for any expansion of the fluid after
      expulsion commences.
PAR  Such rolling diaphragms are in the form of a cylindrical sleeve
      hermetically sealed at an end to the liquid containing tank and at the
      other end to a piston which separates the liquid to be expelled and a
      pressurizing gas. The piston is propelled along the tank by the
      pressurized gas to expel stored liquid through an outlet port at the
      opposite end of the tank. Rolling diaphragms of this general type are
      particularly useful in liquid expulsion systems of packaged liquid
      propellant type rocket engines, but their usefulness are limited by the
      tendency of the diaphragm to buckle inwardly from the gas pressure acting
      radially thereon. Such radial buckling increases with the length of the
      sleeve. Therefore, in order to avoid radial buckling, a rolling diaphragm
      must be designed with a wall thickness and length which will insure a
      rolling action without buckling, or a thin diaphragm may be bonded to the
      tank wall by an adhesive having a greater resistance to peeling than the
      resistance of the diaphragm to rolling.
PAR  Another problem arising with such rolling diaphragms is that the movement
      of the piston is not always continuous. Power plant operation may be
      divided into separate stages with a non-firing period between the stages
      during which time the rocket engine glides. During such a non-firing
      period, propellant expansion may occur due to aerodynamic heating or to
      heat transfer thereto from the hot pressuzing gas. The result of such
      liquid expansion can produce an excessive force acting on a partially
      rolled diaphragm which, unless relieved, may produce a buckling or
      distortion of the partially rolled portion of the diaphragm which will
      prevent proper operation during the next firing stage.
PAR  Accordingly, the main object of the present invention is to provide an
      improved diaphragm construction which will promote a rolling action of the
      diaphragm before lateral buckling occurs.
PAR  Another object of the invention is to provide an improved construction in a
      rolling diaphragm which will cause it to roll with the piston in one
      direction during a first liquid expulsion stage and then roll back within
      itself in a reverse direction on expansion of the liquid or propellant
      during a non-firing or sustain period.
PAR  Still another object of the present invenion is to provide an improved
      diaphragm construction in which the piston and a section of the diaphragm
      adjacent the piston are so formed as to facilitate and control the
      roll-back of the diaphram in a reverse direction upon expansion of the
      fluid in the tank.
DRWD
PAR  These and other objects will become more apparent from the following
      description and drawing in which like reference characters denote like
      parts throughout the several views. It is to be expressly understood,
      however, that the drawing is for the purpose of illustration only and is
      not a definition of the limits of the invention, reference being had for
      this purpose to the appended claims.
PAC  IN THE DRAWING
PAR  FIG. 1 is a longitudinal sectional view of a tank and expulsion system
      incorporating the novel features of the present invention and showing the
      reduced thickness of the wall of the end section of the rolling diaphragm
      adjacent the piston;
PAR  FIG. 2 is a view similar to FIG. 1 and showing the position of the
      diaphragm and piston at the end of the first firing stage; and
PAR  FIG. 3 is a view similar to FIGS. 1 and 2 showing the diaphragm rolled in a
      reversed direction between the first and second firing stages to equalize
      the pressure at opposite sides of the diaphragm.
DETD
PAR  Referring now to the drawing, the present invention is shown applied to a
      liquid storage tank 10. While the tank may have other uses, it is
      particularly adapted to store a liquid propellant in a rocket engine. Tank
      10 has a liquid expulsion apparatus therein comprising piston 14 and
      rolling diaphragm 16. The rolling diaphragm 16 is in the form of a
      cylindrical sleeve of a flexible material and hermetically sealed at one
      end 17 to the piston and at its opposite end 17a to the wall of the tank
      10. Piston 14 and diaphragm 16 may be constructed of a lightweight
      material such as aluminum, and may be made as separate parts and joined to
      each other, or may be made as an integral unit.
PAR  The tank 10 is provided with end walls 18 and 20 and the former has an
      inlet 24 for the admission of a pressurizing medium, such as gas, into the
      tank between the piston 14 and end wall 18. Tank 10 is filled with the
      liquid at one side of the piston 14 and the liquid is expelled through a
      discharge port 26 in the end wall 20. A burst disc 28 is provided in the
      discharge port 26 to normally seal the latter and a shut off device 29 in
      the discharge port controls the flow of liquid from the tank 10 between
      stages. As thus far described, the tank and expelling apparatus is of
      conventional construction and when a motive fluid under pressure is
      admitted through the inlet port 24, it acts against the piston 14 and
      moves it away from the end wall 18. When the pressurizing fluid is
      initially supplied its pressure is transmitted through the piston 14 and
      builds up a pressure in the stored liquid until the disc 28 bursts. The
      liquid in the tank 10 is then discharged through the outlet port 26 as the
      piston 14 moves from the position illustrated in FIG. 1 to that
      illustrated in FIG. 2. During such movement of piston 14 towards the end
      wall 20, the thin flexible cylindrical diaphragm 16 rolls back on itself
      as shown in FIG. 2.
PAR  In accordance with the present invention, the rolling diaphragm and piston
      are so constructed as to limit the build up of differential pressure to
      that required for initating or maintaining movement of the piston. More
      specifically, the rolling diaphragm and piston are so constructed as to
      facilitate and guide the rolling of the diaphragm back on itself in either
      direction adjacent the piston before the remainder of the diaphragm is
      deformed.
PAR  To this end the rolling diaphragm 16 has an annular section 16a adjacent
      the piston 14 of a thinner gauge than the remainder of the diaphragm
      sleeve 16b. The portion 16a of the diaphragm sleeve of thinner guage
      should extend for at least the distance through which the piston 14 will
      be expected to move between firing stages due to an expansion of the
      liquid remaining in the tank 10. However, the section 16a can be extended
      for a greater distance without adversely effecting its operation. In the
      illustrated embodiment, approximately one-third of the diaphragm sleeve
      constitutes the end section 16a of reduced thickness, but it will be
      understood that it can be made shorter or longer. This section 16a of the
      diaphragm sleeve insures a rolling of the wall by the piston 14 before the
      remaining section 16b of the sleeve is rolled back on itself. In this way
      the section 16a may be made thin enough to insure initial rolling of the
      diaphragm, but for a distance only where it will resist lateral buckling.
      The more remote section 16b  of the sleeve is thicker to resist lateral
      buckling at the location where the force tending to produce buckling are
      greater. Actually the sections 16a and 16b may be made of progressively
      increasing thickness so as to provide a wall of tapered thickness from one
      end to the other to compensate for the increased tendency of the sleeve
      wall to buckle as its length increases.
PAR  The end 16c of the reduced section 16a attached to the rolling diaphragm 16
      is folded radially inward and seated in an annular recess 14a formed in
      the forward face of the piston 14. The end portion 16c is fixedly attached
      to the piston 14 as by welding, brazing or soldering it thereto.
PAR  In addition, the piston 14 has an annular rib 14b at its outer periphery
      which projects forwardly from the seat 14a and is of rounded contour to
      initially produce an annular indentation or fold 16d in the diaphragm
      section 16a to facilitate and promote rolling of the diaphragm.
      Furthermore, after the diaphragm 16 has been rolled back on itself from
      the position shown in FIG. 1 to that shown in FIG. 2, the annular
      indentation or fold 16d in the diaphragm controls and guides the rolling
      of reduced section 16a in a reverse direction as shown in FIG. 3. One form
      of the invention having been described in detail, the mode of operation is
      next explained.
PAR  Let it be assumed that the rocket engine on which the tank 10 is mounted is
      to be fired in two successive stages. To this end, a pressurizing gas is
      supplied through the inlet 24 in the end wall 18 of the tank 10 between
      the piston 14 and end wall. The pressure supplied by the gas acts through
      the piston 14 to produce a corresponding pressure build-up in the liquid
      being stored in the tank 10 until it bursts the sealing disc 28. The
      diaphragm 16 then rolls back on itself and liquid stored in the tank 10
      flows through the outlet port 26. During the initial movement of the
      piston 14 the annular rib 14 b at the outer periphery of the piston 14
      produces the circular indentation or fold 16d in the section 16a of the
      diaphragm 16 of reduced thickness to promote and control the rolling
      action. The gas forces the piston 14 to the right from the position
      illustrated in FIG. 1 to that illustrated in FIG. 2 where the first stage
      is completed by actuating the shut-off device 29 to stop flow from the
      tank 10. At this time, the pressure of the fluid and liquid on opposite
      sides of the piston 14 and diaphragm 16 tend to be equalized. However, as
      heat is transmitted from the motive fluid through the piston 14 and
      diaphragm 16 it heats the liquid to a higher temperature, and the liquid
      may be further heated by the friction of the rocket engine as it moves
      through the atmosphere. When this occurs a greater pressure is exerted by
      the liquid than by the pressurizing fluid which may either remain constant
      or tend to cool off and reduce in pressure. If this difference in pressure
      is not compensated it may produce a lateral buckling or distortion of the
      diaphragm 16 which will interfere with its proper operation during its
      next firing stage. However, when the pressure existing in the liquid
      becomes greater than the pressure of the motive fluid the piston 14 will
      move in the opposite direction and roll the diaphragm 16 in a reverse
      direction as illustrated in FIG. 3. Furthermore, such reverse rolling of
      the diaphragm 16 occurs in the section 16a of reduced thickness rather
      than in the thicker section 16b, and the initial fold 16d of the diaphragm
      section promotes, facilitates and controls the rolling of the diaphragm in
      a reverse direction before it buckles.
PAR  After the glide and sustained period of the rocket engine another firing
      stage may be initiated which will first cause a movement of the piston 14
      from the position shown in FIG. 3 back to the position illustrated in FIG.
      2 at which time the peripheral rib 14b of the piston will seat in the
      reverse fold 16d of the reduced section 16a of the diaphragm 16. Continued
      application of the pressurizing fluid on the piston 14 will then cause the
      remaining liquid in the tank 10 to be positively displaced and discharge
      through the outlet port 26.
PAR  It will now be observed that the present invention provides an improved
      rolling diaphragm which will always insure rolling of the diaphragm before
      it buckles. It will further be observed the present invention provides an
      improved construction in a rolling diaphragm which will permit it to roll
      back on itself in a reverse as well as a forward direction upon expansion
      of the liquid during a non-firing or sustain period. It will still further
      be observed that the present invention provides an improved diaphragm
      construction which will facilitate and control a reverse roll-back of the
      diaphragm adjacent the piston upon expansion of the fluid in the tank.
PAR  While a single embodiment of the invention is herein shown and described,
      it will be understood that changes may be made in the construction and
      arrangement of elements without departing from the spirit or scope of the
      invention. Therefore, without limitation with this respect the invention
      is defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid storage tank of the type having a rolling diaphragm therein
      comprising a sleeve of flexible material attached to the tank at one end
      and to the periphery of a rigid piston at the opposite end and adapted to
      be operated by a pressurizing medium acting on the piston in successive
      stages to roll the diaphragm back on itself and expel liquid from the
      tank, the combination with said tank and rolling diaphragm of a
      construction in which the diaphragm sleeve has a thick wall section to
      resist buckling or distortion of the diaphragm initially and between
      stages, a thin wall section adjacent the rigid piston to permit limited
      rolling of the diaphragm by the expansion of the liquid acting on the
      piston due to absorbed heat, and means for producing a first fold in the
      thin wall section of the diaphragm to initiate rolling of the diaphragm in
      one direction during the first stage of applied pressure and a reverse
      fold in the thin walled section of the diaphragm sleeve adjacent the
      piston to control the location of the limited rolling of the diaphragm
      sleeve by the expansion of liquid after the first stage of applied
      pressure.
NUM  2.
PAR  2. Apparatus for positively expelling stored liquid from a liquid storage
      tank comprising a rolling diaphragm having a sleeve attached at one end to
      the tank and attached to the periphery of a rigid piston at its opposite
      end, means for supplying a motive fluid between the piston and tank to
      roll the diaphragm back on itself, an outlet port through which the liquid
      is expelled by the rolling diaphragm, said sleeve of the rolling diaphragm
      having a section adjacent the piston of greater flexibility than the
      remainder of the sleeve to permit initial rolling of the diaphragm
      adjacent the piston at a lower differential pressure than the section of
      the sleeve more remote from the piston, and means operated by the movement
      of the piston in one direction for forming a reverse fold in the diaphragm
      sleeve adjacent the piston to control limited rolling of the sleeve in a
      reverse direction.
NUM  3.
PAR  3. Apparatus for positively expelling stored liquid from a tank in
      accordance with claim 2 in which the piston is provided with a rib at its
      outer periphery for inserting the reverse fold in the section of the
      sleeve adjacent piston to facilitate rolling of the diaphragm in either
      direction.
NUM  4.
PAR  4. Apparatus for positively expelling stored liquid from a tank in
      accordance with claim 2 in which the diaphragm is of progressively
      increasing thickness from the end attached to the piston to the end
      attached to the tank.
NUM  5.
PAR  5. Apparatus for positively expelling stored liquid in a tank in accordance
      with claim 2 in which the piston has an annular recess on one side
      adjacent its periphery, the flexible end of the diaphragm being seated in
      said annular recess and attached thereto, and an annular rib at the outer
      periphery of the recess for producing a reverse fold in the flexible
      section of the diaphragm when the piston is actuated by the motive fluid
      to facilitate initial rolling of the diaphragm, and said reverse fold
      controlling and guiding a reverse rolling of the diaphragm between stages
      to relieve excessive pressure in the liquid between stages.
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PAL  The disclosure relates to a rolling cylindrical diaphragm having one end
      connected to the peripheral wall of a tank and its opposite end connected
      to the periphery of a piston for expelling a liquid, such as a propellant
      for a rocket engine, and more especially to a construction in which the
      diaphragm is tack welded at spaced points around its periphery to weakened
      sections of a lining in the tank so that the diaphragm will tear the
      weakened sections from the remainder of the lining to prevent radial
      collapse of the diaphragm and control its longitudinal movement along the
      tank when an activating pressure fluid is applied to one side thereof.
BSUM
PAR  The present invention relates to tanks for storing (liquids and more
      particularly to improvements in "rolling diaphragms" for positively
      expelling liquid therefrom.
PAR  Rolling diaphragms have heretofore been used to expel liquid from a tank
      and comprise a sleeve of flexible material having one end attached to the
      wall of the tank around its periphery and its opposite end connected to a
      piston. A motive fluid applied between the piston and end of the tank
      actuates the piston toward the opposite end of the tank and causes the
      diaphragm to roll back on itself. Thus, the piston and diaphragm displace
      the liquid in the tank and expel it through an outlet port at the end of
      the tank opposite the piston.
PAR  Such rolling diaphragms are particularly adapted for use in expelling a
      propellant from a storage tank to the combustion chamber in a power plant
      for a rocket engine. However, such rolling diaphragms as previously used
      are subjected to the pressure of the motive fluid around the entire
      periphery and are apt to buckle radially inward if the length or diameter
      of the diaphragm exceeds particular limits for any particular wall
      thickness. To avoid such radial buckling, it has heretofore been proposed
      to adhesively attach the rolling diaphragm to the surrounding tank wall
      with a material which will resist peeling until a pressure is applied
      which will actuate the piston, but will peel at a pressure less than that
      which would produce rupture of the diaphragm sleeve. However, the
      requirements for particular installations may vary the pressure at which
      the diaphragm is rolled so that different adhesive material have to be
      used for different designs.
PAR  One of the objects of the present invention is to provide an improved
      construction for attaching a diaphragm sleeve to a surrounding wall which
      permits diaphragms of larger size to be used without danger of radial
      buckling.
PAR  Another object is to attach a diaphragm sleeve to a surrounding wall in a
      storage tank at a plurality of spaced locations uniformly over the entire
      surface to resist radial buckling but permit the diaphragm sleeve to peel
      away from the surrounding wall as the diaphragm rolls back on itself.
PAR  Still another object is to provide a diaphragm sleeve of the type indicated
      which is of relatively simple and compact construction to adapt it for
      economical manufacture and one which is reliable in operation in
      performing its intended function.
DRWD
PAR  These and other objects will become more apparent from the following
      description and drawing in which like reference characters denote like
      parts throughout the several views. It is to be expressly understood,
      however, that the drawing is for the purpose of illustration only and is
      not a definition of the limits of the invention, reference being had for
      this purpose to the appended claims.
PAC  IN THE DRAWING
PAR  FIG. 1 is a longitudinal sectional view of a tank incorporating the
      improved rolling diaphragm construction of the present invention and
      showing the wall of the diaphragm attached to a surrounding wall in the
      tank by a plurality of spot welds;
PAR  FIG. 2 is a view similar to FIG. 1 showing the diaphragm partially rolled
      and the spot welds pulled from breakaway areas of the surrounding wall as
      the diaphragm rolls; and
PAR  FIG. 3 is a sectional view of a portion of a wall in a tank to which the
      diaphragm is spot welded and having a modified construction to further
      resist radial buckling.
DETD
PAR  Referring now to the drawing, the invention is shown applied to a tank 5
      having a cylindrical wall 6 and end walls 7 and 8, but it will be
      understood that the tank may have other constructions, such as an annular
      form concentric with the axis of a rocket engine. The end wall 7 has an
      inlet port 9 through which a motive fluid, such as gas from a gas
      generator, is supplied and the end wall 8 has an outlet port 10 through
      which liquid is expelled. The outlet 10 is sealed by a burst disc 12 which
      is ruptured when a predetermined pressure is applied or by other
      appropriate sealing means.
PAR  Mounted in the tank 5 is a rolling diaphragm 15 having a cylindrical sleeve
      16 closely fitting the cylindrical wall of the tank and extending through
      substantially one-half of its length. One end of the diaphragm sleeve 16
      is attached to the interior of a surrounding wall 21 by a peripheral weld
      17, and the opposite end of the diaphragm sleeve is attached to the
      periphery of a piston 18. The diaphragm sleeve 16 is made of a flexible
      material, such as a thin gauge aluminum, and when a motive fluid is
      supplied through the inlet port 9 at a sufficient pressure, the diaphragm
      sleeve 16 yields and rolls back on itself, or inside-out, from one end of
      the tank 5 to the other as illustrated in FIG. 2. The piston 18 and rolled
      diaphragm 15 then displace the liquid in the tank 5 and expel it through
      the outlet port 10. Upon initial application of the motive fluid, pressure
      is transmitted through the piston 18 and liquid stored in the tank 5 to
      rupture the sealing disc 12 in the outlet port 10 after which the liquid
      is discharged therethrough. As thus far described the tank 5 and rolling
      diaphragm 15 are substantially identical with those previously known and
      used.
PAR  In accordance with the present invention the cylindrical sleeve 16 of the
      diaphragm 15 is attached to the surrounding wall 21 in the tank at a
      plurality of prearranged locations by means of spot welds 20 of a number
      and spacing to resist radial buckling. Furthermore, each weld is so
      constructed as to peel away from its surrounding wall 21 without tearing
      the diaphragm sleeve while at the same time providing sufficient
      resistance to prevent radial buckling.
PAR  In the particular embodiment of the invention illustrated in the drawing,
      the spot welds 20 between the diaphragm sleeve 16 and surrounding wall 21
      in the tank 5 are located at particular areas having less resistance to
      tearing than the corresponding welded areas of the diaphragm wall. To this
      end, the surrounding wall 21 in the tank is a lining extending over the
      inner surface of the tank wall 6. Lining 21 may be inserted into the tank
      5 before the end wall 7 is connected to the cylindrical wall 6 and be
      unattached thereto, or the lining may be attached to the surrounding wall
      as by welding, brazing or soldering. In this way the outer wall 6 of the
      tank 5 may be constructed of a material of thin gauge having the strength
      required, such as high strength steel, which may be incompatible with the
      liquid being stored. The lining 21, on the other hand, may be made of a
      material compatible with the liquid being stored, but having less strength
      and a much lower yield point than the steel, such as aluminum. At the
      location of each of the spot welds 20 the lining 21 has a recess 22 to
      provide a local thin section 23 to which the spot weld 20 is attached.
      Each of the thin sections 23 may be made thinner than the material of the
      diaphragm sleeve 16, or may be composed of a material having a yield point
      less than the material of the diaphragm sleeve, so that when a destructive
      force is applied across the weld the disc 23 will tear out of the lining
      without rupturing the sleeve 16.
PAR  The number of spot welds 20 and their location is such that the total
      additive resistance of the thin sections section 23 in the lining 21 will
      resist the inward buckling force applied radially on the diaphragm sleeve
      16 at the particular pressure of the motive fluid supplied to cause
      rolling of the diaphragm. Thus, the spot welds 20 prevent collapse of the
      rolling diaphragm sleeve 16 until the piston 18 starts to move and the
      cylindrical sleeve of the diaphragm starts to roll from the position shown
      in FIG. 1 to that shown in FIG. 2. However, the thin sections 23 of the
      lining 21 to which the spot welds 20 are attached have a thickness and
      resistance to rupture which will yield upon application of a force less
      than that required to rupture the diaphragm sleeve 16 so that the welds 20
      pull out the thin sections 23 as the diaphragm 16 rolls back and peels
      away from the lining 21. It will be understood that the diaphragm sleeve
      16 and lining 21 may be designed for any radial buckling and rolling load
      conditions by varying the thickness of the thin breakaway sections 23
      formed by the recesses 24 in the lining 21 and by varying the number of
      spot welds 20 and their particular location. The diaphragm sleeve 16 and
      lining 21 may be made of different materials, or alloys of the same
      material such as 1100-0 aluminum and 2014-T6 aluminum, or of the same
      material with heat treatment of one of the parts.
PAR  FIG. 3 illustrates a modified construction in which the surrounding wall or
      lining 21a has at least one corrugation 26 between its attached end and
      the piston 18a to increase its resistance to radial buckling. Preferably,
      the diaphragm 15a also is of corrugated shape having a corrugation 25
      adjacent to and abutting the corrugation 26. The corrugation 26 in the
      lining 21a has recesses 22a, and the corrugations 25 and 26 are attached
      by the spot welds 20a the same as in FIG. 1. The open end of the diaphragm
      sleeve 15a is attached to the lining 21a by a peripheral weld 17a.
PAR  The modified construction illustrated in FIG. 3 operates in substantially
      the same way as described above with respect to the construction
      illustrated in FIGS. 1 and 2 in that a motive fluid acting on piston 18a
      to cause rolling of diaphragm sleeve 16a will not produce a radial
      buckling, due to the plurality of spot welds 20, but will ultimately yield
      and tear away the thin sections 23a as the diaphragm rolls and peels away
      from the lining 21 a, the same as in FIGS. 1 and 2.
PAR  It will now be observed that the present invention provides an improved
      construction of rolling diaphragm which permits their use on tanks of
      larger sizes without danger of lateral buckling. It will also be observed
      that the present invention provides a spot welded construction for
      attaching a rolling diaphragm sleeve to a tank wall which resists radial
      buckling but permits the diaphragm to peel away from the tank wall as it
      rolls back on itself. It will still further be observed that the present
      invention provides a rolling diaphragm of improved construction which is
      of relatively simple and compact construction to adapt it for economical
      manufacture and one which is reliable in operation.
PAR  While two embodiments of the invention are herein illustrated and
      described, it will be understood that further changes may be made in the
      construction and arrangement of elements without departing from the spirit
      or scope of the invention. Therefore, without limitation in this respect
      the invention is defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tank for storing liquids having a rolling diaphragm for positively
      expelling liquid of the type comprising a sleeve conforming to the contour
      of a surrounding wall of the tank with one end attached thereto and its
      opposite end attached to a piston and which rolls back on itself upon the
      application of a pressurizing fluid against the piston to expel liquid
      from the tank, that improvement which comprises attaching the sleeve of
      the rolling diaphragm to a surrounding wall by a plurality of spot welds
      constructed to tear loose from the surrounding wall and of a number and
      spaced arrangement to resist radial buckling and release successively
      during rolling of the diaphragm sleeve.
NUM  2.
PAR  2. A rolling diaphragm for positively expelling liquid from a tank
      comprising a diaphragm sleeve having one end attached to a surrounding
      wall to form a seal therebetween, a piston connected to the opposite end
      of the sleeve, a plurality of spot welds between said diaphragm sleeve and
      surrounding wall and so located as to resist radial buckling of the sleeve
      by the application of fluid pressure on the piston sufficient to roll the
      diaphragm back on itself to positively expel the liquid from the tank, and
      each of said welds having a construction to break away from the
      surrounding wall at a pressure less than that which will tear the
      diaphragm sleeve so that the latter will peel away from the surrounding
      wall as it rolls.
NUM  3.
PAR  3. A rolling diaphragm for positively expelling liquid from a tank
      comprising a lining in said tank, a diaphragm sleeve of a flexible
      material in said tank and having a contour conforming to said lining, a
      piston at one end of said diaphragm sleeve, the opposite end of said
      diaphragm sleeve being permanently attached to said lining, a plurality of
      spot welds between said diaphragm sleeve and tank lining of sufficient
      number and so located as to resist radial buckling of the sleeve by the
      application of fluid pressure on the piston sufficient to roll the
      diaphragm back on itself to positively expel the liquid from the tank, and
      said tank lining, at least at the location of the welds, having less
      resistance to tearing than the diaphragm sleeve so that the latter will
      peel away from the lining as it rolls.
NUM  4.
PAR  4. A rolling diaphragm in accordance with claim 3 in which the lining
      comprises a thin wall of a different material than the material of the
      tank and which is compatible with the liquid being stored whereby to adapt
      the tank to be constructed of a material having a greater strength than
      the material of the lining.
NUM  5.
PAR  5. A rolling diaphragm in accordance with claim 3 in which the lining has
      recesses at the location of the spot welds to provide a thin section of
      lining which will tear out as the diaphragm rolls back on itself.
NUM  6.
PAR  6. A rolling diaphragm in accordance with claim 4 in which the lining
      extends over the entire surface of the interior of the tank, the diaphragm
      sleeve extends through substantially one-half the length of the tank with
      one end attached to the lining around its entire periphery, a piston
      attached to the opposite end of the sleeve, a plurality of rows of
      peripherally spaced spot welds between the diaphragm sleeve and lining,
      and the lining having said recesses arranged to provide a thin pull-out
      section around each weld to cause the diaphragm to peel away from the
      lining as it rolls.
NUM  7.
PAR  7. A rolling diaphragm in accordance with claim 3 in which the lining is
      corrugated to increase its resistance to radial buckling.
NUM  8.
PAR  8. A rolling diaphragm in accordance with claim 7 in which the diaphragm
      sleeve is corrugated to correspond with the lining, and the spot welds
      being located between the sleeve and lining at the inwardly projecting
      corrugations.
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PAL  A dispenser for granular material having a mounting flange, a depending
      body with inlet, measuring cavity and outlet, a circular slot surrounding
      the cavity and a rotatable cylindrical member fitting into the slot, the
      member having a side opening which closes inlet or an outlet in its two
      positions to dispense the volume of the cavity. A pin limits the rotation
      and holds the parts in assembled condition.
BSUM
PAR  The dispenser of this invention mounts on a bottle of Coffee Crystals,
      using an ordinary Mason fruit jar ring to hold it in place. The Measure is
      primarily intended for use with Instant Coffee, and powdered Creamers, but
      may also be used on several other granular beverages, such as Postum,
      Tang, Malted Milk, etc.
DRWD
PAR  The unit consists of 3 parts, shown in FIG. 1, of the accompanying drawing.
      The main housing, 1, FIG. 1, The metering drum, 2, FIG. 1, and the stop
      pin, 3, FIG. 1.
PAR  FIG. 1 is a dis-assembled side view.
PAR  FIG. 2 is a cross section end view of the main housing.
PAR  FIG. 3 is a top view of the assembled unit, with no hidden lines shown.
PAR  FIG. 4, is a cross section side view of the main housing.
DETD
PAR  The main housing has a flange, 11, FIG. 1, and FIG. 3, with a major
      diameter, smaller than the root diameter of the threads in a standard
      Mason fruit jar ring. Said flange also has a minor diameter, smaller than
      the open end of said fruit jar ring. Ref. 12, FIG. 1, and FIG. 3.
PAR  Tangent to said flange, the main housing is cylindrical in shape, Ref. 13,
      FIG. 2, with its axis running parallel with the flange, and blending into
      it with a small fillet radius, Ref. 14, FIG. 1.
PAR  The cylindrical section of the main housing is "tre-panned", concentric
      with its axis, and extending approximately 90% of its length, (as if it
      were cut with a hole--saw), Ref. 6, FIG. 2, and FIG. 4, leaving a "core"
      attached to the back end of the cylindrical section of the main housing,
      Ref. 4, FIG. 2, and FIG. 4. The metering drum, 2, FIG. 1, slips into this
      cavity, with sufficient clearance all around for easy rotation with the
      thumb and fingers.
PAR  Perpendicular to the axis of the cylindrical section, and concentric with
      the diameter of the flange, a hole passes clear through the main housing.
      Ref. 8, FIG. 3. That portion of said hole, which passes through the core,
      shall be referred to as the "cavity", which has a fixed volume, and is
      stationary. Ref 9, FIG. 2, and FIG. 4.
PAR  Near the free end of the core, and parallel with the cavity, is a small
      tapered hole, which passes through a small boss, cast into the flange
      section, Ref. 17, FIG. 2, and extends part way into the core. Ref. 10,
      FIG. 2, and FIG. 4.
PAR  The metering drum, 2, FIG. 1, is cylindrical (or tubular) in shape, having
      an outside diameter and an inside diameter, its outside diameter being
      slightly smaller than the inside diameter of the main housing. Ref. 15,
      FIG. 2. The inside diameter of the drum is slightly larger than the
      outside diameter of the core of the main housing. Ref. 16, FIG. 2. One end
      of the drum is tapered down and extended, to form a splined dialing knob,
      for easy rotation with the thumb and fingers. Ref. 19, FIG. 1, and 3.
PAR  A hole passes through one side of the drum, Ref. 18, FIG. 1, and aligns
      with the hole in the core when the unit is assembled, and is the same
      diameter as the hole which passes through the main housing, and core. Ref.
      8, FIG. 3.
PAR  The drum has a slot running through one side, between the hole and the
      dialing knob, Ref. 20, FIG. 1, and is perpendicular to its axis, and
      extending beyond the center line a distance equal to the radius of the
      stop pin, 3, FIG. 1. The slot is slightly wider than the diameter of the
      stop pin, and aligns with the tapered hole 10, FIG. 2 and FIG. 4 in the
      main housing when the unit is assembled. The plane, formed by the sides of
      the slot, is parallel with the axis of the hole in the metering drum. Ref.
      18, FIG. 1.
PAR  The stop pin, 3, FIG. 1, is slightly tapered, and has an enlarged "head" on
      the large end for easy removal, 21, FIG. 1, and is the same diameter as
      the tapered hole in the main housing.
PAR  Said stop pin has a dual function:  1. It holds the metering drum in the
      main housing when the unit is assembled.  2. It acts as a stop, to limit
      rotation of the metering drum to 180.degree., clockwise, and
      counterclockwise, (and vice versa, as the metering drums are made in both
      right and left hand).
PAR  To operate the coffee measure, the bottle, holding the material to be
      metered out, is held over the cup or vessel in an inverted position, with
      the hole in the metering drum facing up, allowing the granular material to
      fall into the cavity, trapped in this position by the solid wall on the
      opposite side of the metering drum. When the drum is rotated 180.degree.,
      with the thumb and fingers, the wall of the drum seals off the contents of
      the bottle, and the hole in the side of the drum aligns with the hole in
      the bottom end of the main housing, allowing the material to fall into the
      cup or vessel.
PAR  I am aware that prior to my invention, metering devises for granular
      materials such as gun powder, chilled shot, Bromo-seltzer, Malted Milk
      etc., have been designed, and all function in a similar manner. Most are
      designed to be mounted in a fixed position, whereby the vessel to be
      filled is held under the device while the material is being metered into
      said vessel.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dispensing device for powdered or granular material with a unitary
      structure wherein there is a mounting flange, a depending body having an
      inlet, outlet and fixed measuring cavity therein, a cylindrical slot
      opening from one side and extending beyond the cavity, but not to the
      rear, so as to leave a core containing said cavity, and a cylindrical
      member fitted into said slot, having an opening therein which may be
      aligned with said inlet, outlet and cavity, being held into the main body
      by means of a pin, said pin acting also as a stop to limit rotation of
      said cylindrical member, allowing said opening in said member to align
      with inlet, outlet and cavity in main body, and means to rotate said
      member between inlet and outlet.
NUM  2.
PAR  2. A structure of claim 1 wherein said cylincrical member is tapered down
      on one end and extended to form a splined dialing knob for easy rotation
      with thumb and fingers, and has a slot therein perpendicular to its axis,
      which stradles said pin.
NUM  3.
PAR  3. A structure of claim 1 wherein said pin is tapered.
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ABST
PAL  A container provided with pipes which extend out from said container and
      which are arranged such that even when the container is turned on its side
      or in whatever manner, the root portion or the external opening of both of
      the pipes stay above the liquid level so that liquid will not flow out of
      the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a liquid container, and more particularly
      to a container arranged such that the liquid contained therein will not
      flow out even when the container is turned on its side.
PAR  There is currently available no container which is so constructed as to
      prevent outflow of the liquid content when the container is turned on its
      side.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a container which is specifically designed
      to prevent run-off of the liquid therein in the event of a fall or tumble
      of the container and which can be effectively utilized in many fields and
      for a variety of purposes both domestically and industrially.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention is now described in detail by way of an embodiment thereof
      while referring to the drawings, in which:
PAR  FIG. 1 is a front view of a container according to an embodiment of the
      present invention;
PAR  FIG. 2 is a side elevation;
PAR  FIG. 3 is a plane view;
PAR  FIG. 4 is a front view showing a situation where one of the pipes has been
      turned a half rotation (180.degree.) for taking out the liquid;
PAR  FIG. 5 is a view, with parts shown in section, of the container in the
      normal state;
PAR  FIG. 6 is a view, with parts shown in section, of the container laid down
      to one side thereof; and
PAR  FIG. 7 is a similar view of the container laid down to the other side.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawings, numeral 1 indicates a strap or band, 2 and 3 pipes, and 4
      a container body. The container is preferably hexagonal in its top plan,
      with two pairs of, that is four, opposed sides of the hexagon being short
      sides 5 and the remaining one pair of, that is two, opposed sides being
      long sides 6. According to this arrangement, if a force is exerted on the
      container to turn it on its side, it is probable that the container will
      fall down with one of the long sides 6 acting as pivot, and it is
      infeasible that the container will fall pivotted by one of the short sides
      5.
PAR  It will be also seen that pipes 2 and 3 extend from the lateral faces of
      the container below the respective long sides 6. Each of these pipes
      extends first laterally a certain distance and then is bent upwardly. To
      these pipes 2 and 3 are swivellably jointed at 7 the pipes 8 and 9,
      respectively, which extend upwardly and then are bent horizontally
      inwardly. Each joint 7 is of course water-tight. When it is desired to
      remove the liquid in the container, first the strap 1 is unfastened, then
      the pipe 8 or 9 is turned to direct it in the opposite direction and then
      the container is tilted.
PAR  Referring to FIGS. 6 and 7 it can be seen what happens when the container 4
      is turned on its side by mistake or accidentally. It will be apparent that
      when the container falls down to any side thereof, the root portion 2 or 3
      of one of the pipes 8 and 9 stays above the liquid level so that no liquid
      enters this pipe from the container. On the other hand, the other pipe
      will have its open end 10 positioned above the liquid level in the
      container, so that although the liquid may get into the pipe to some
      portion of its length, it cannot flow up to the open end of the pipe. To
      ensure this it is necessary that each of the pipes 8 and 9 be long enough
      to extend across the top face of the container to reach the long side 6 on
      the opposite side when the pipes are fastened by the strap 1.
PAR  The strap or band 1 may be of any type, though a button-fastened type is
      shown in the above embodiment.
PAR  Constructed as described above, the container according to the present
      invention can be utilized in all fields and for a variety of purposes, for
      both domestic and industrial uses.
CLMS
STM  I claim:
NUM  1.
PAR  1. A container being hexagonal in top plan to provide at least a pair of
      opposed flat sides and a pair of shorter flat sides disposed intermediate
      said first mentioned flat sides, a pipe extending from each of said first
      mentioned flat sides adjacent an upper edge thereof, said pipes having an
      upwardly extending and a horizontally extending portion connected
      therewith, a swivel joint disposed in said upwardly extending portions
      whereby said horizontally extending portion can be rotated about said
      swivel joint, the horizontal portions of said pipes being of a length
      sufficient to extend completely across the top of said container, said
      pipes being completely open throughout their length to communicate with
      the interior of said container at all positions of aid pipe.
NUM  2.
PAR  2. The container as defined in claim 1 and including means to fasten said
      pipes in position over the top of said container.
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ABST
PAL  A folded carton having dispensing means, wherein said dispensing means
      comprises a displaceable slide which has two terminal positions, in the
      first of which it exposes a dispensing aperture and in the second, covers
      the dispensing aperture, the slide being connected to a link portion, the
      slide and link portion being displaceable between portions of the carton
      which are capable of elastic displacement in a direction transverse to the
      plane of the slide, the link portion being thereby displaceable through a
      dead-center position and firmly held in its terminal positions between
      said portions of the carton capable of elastic displacement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to folded cartons having dispensing means and
      to a blank from which such cartons can be made. Known folded cartons which
      have dispensing means are usually provided with a pouring beak or lip
      which can be produced by suitably deforming one of the walls of the
      carton, or they have a slide which either exposes or covers a dispensing
      aperture. Fully automatic production of such folded cartons involves
      considerable difficulties, particularly if the displaceable or deformable
      portions have to be made separately and thereafter must be connected to
      the main body of the box. Storage and despatch of the partially
      constructed cartons, such as those in which the body portions are glued
      together but the end flaps are not sealed so that the carton can be
      flattened, is made much more difficult if pouring channels produced by
      deforming the folded carton are present. The terminal positions of the
      displaceable parts which expose and cover the dispensing aperture are not
      sufficiently well defined in known folded cartons to ensure correct
      functioning. This is particularly true of the closing of a carton in which
      the dispensing aperture is regularly used, for example, when the carton
      contains tablets. Finally, it is extremely difficult to provide
      displaceable parts to form the dispensing aperture so that not only the
      aperture may be satisfactorily closed but also that it can be immediately
      ascertained whether the carton has already been broached.
PAR  It is the object of the present invention to provide a folded carton having
      a dispensing aperture so that the carton can be easily made by fully
      automatic processes. Moreover, it is a further object of the invention to
      provide a blank for a carton such that the carton can be easily stored and
      can be easily opened and securely closed when desired.
PAR  According to the present invention there is provided a folded carton having
      dispensing means, wherein said dispensing means comprises a displaceable
      slide which has two terminal positions, in the first of which it exposes a
      dispensing aperture and in the second, covers the dispensing aperture, the
      slide being connected by a fold to a link portion, the link portion being
      connected by a fold to a wall portion of the carbon which is
      non-displaceable in a direction parallel to the plane of the slide, the
      slide being displaceable between portions of the carton which are capable
      of elastic displacement in a direction transverse to the plane of the
      slide.
PAR  By so doing, the slide is connected by means of the link to the body of the
      box. This makes manufacture of the carton relatively simple since it is
      therefore possible to make the carton from a single, integral blank. When
      the carton is in its closed position, the parts forming the dispensing
      device lie flat one upon the other, so that normal stacking of the blank
      or of the flattened, partially constructed, carton is possible. When the
      dispensing aperture is in use, the link, and consequently the slide, are
      each retained by elastic forces in a definite terminal position, hence the
      dispensing device remains in a usable position for as long as desired. The
      slide and the dispensing aperture may be covered by a tear-off flap on the
      unused box. Whilst this flap is present, it means that the carton has not
      been opened.
PAR  The invention will be further described, by way of example, with reference
      to the accompanying drawings, in which :
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a completed carton according to the present
      invention,
PAR  FIG. 2 is a perspective view of the carton of FIG. 1 in its position of use
      with a dispensing aperture visible,
PAR  FIG. 3 is a sectioned perspective view through a portion of the carton,
PAR  FIG. 4 is a plan view of a blank used for making the carton and,
PAR  FIG. 5 is a partial perspective view of a second embodiment of the folded
      carton.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The carton shown in FIGS. 1 to 3 is made from the blank shown in FIG. 4,
      which comprises, as is customary in carton blanks, top and bottom wall
      portions 1 and front and rear wall portions 2, as well as end wall
      portions 3, 3' and 4. The portions are delimited from one another by means
      of score and, in appropriate places, cut lines. To make the carton, the
      portions, 3, 3' and 4 are folded and glued to one another. The portions 1,
      2, 3, 3' and 4 are common to nearly all cartons. Again, as is common in
      carton blanks two flap portions 5 and 6 of approximately equal width and a
      web portion 7 are connected to one of the wall portions 2. Fold lines 8
      delimit the interconnected portions 2, 5, 6 and 7 from one another.
      Symmetrical slits 9, 9' are made in the wall 2 connected to the flap
      portion 5, and in the portion 5 itself, to produce a tongue is delimited
      into a wall portion 10, a slide 11 and a link 12 by the fold lines 8. The
      link 12 forms part of the flap 6 and is delimited therefrom by a fold line
      13. The flap 5 is somewhat weakened by longitudinal slits 14 formed
      therein. A rectangular aperture 15 is formed jointly in the flap 6 and the
      web 7 whilst a substantially circular dispensing aperture 16 is formed in
      the slide 11. The shape of the dispensing aperture 16 may be selected in
      dependence on the product. It may therefore be angular or oval, and the
      shape of the slide 11 may be selected in dependence upon the shape of the
      dispensing opening 16. Glueing points 17 are provided adjacent the lateral
      edges of the flap portions 5 and 6.
PAR  In manufacturing the folded cartons, the flap portion 6 is first bent back
      onto the flap portion 5 by folding along the fold line 8 located between
      these two portions. The two flap portions are then glued together at the
      points 17. The web 7 is first disposed flat over the rear wall portion 2
      and the wall member 10. The blank is then folded in a conventional manner
      to form a carton of substantially rectangular cross-section, and glued at
      the points 17 on the wall portion 1. In this intermediate stage with its
      end wall portions 3, 3' and 4 unfolded, the carbon tube is usually
      produced and then laid flat for stacking and transport to the user. The
      flap portion 5 is thus located directly beneath the wall member 1, the
      slide 11 being uppermost, whilst the flap portion 6 is located in the
      interior of the carton and the web 7 is immediately interior of the wall
      members 2 and 10 (as is shown in FIG. 3) A tearoff flap 18, defined by
      perforations, becomes located immediately over the slide 11. In this
      condition, the partially constructed and glued carton may be flattened and
      stacked or despatched. To complete the manufacture of the carton, one set
      of the flaps 3, 3' and 4 are combined and glued to form one end wall. The
      cartons are then filled with their contents and the other end wall is
      produced by combining and glueing the other end wall. There is thus
      produced a closed carton as shown in FIG. 1, in which a tear-off flap 18
      covers the slide 11, which is therefore invisible in this Figure.
PAR  In order to extract the contents of the box, the tear-off flap 18 is
      removed, thus exposing the outer edge of the slide 11. The outer edge of
      the slide can now be moved outwardly by digital manipulation. At the same
      time, the link 12, which initially is in the plane of the flap 6 and lays
      flat immediately beneath the slide 11, is now tilted upwardly about the
      fold line 13 which acts as a hinge. Moreover, the flap 5 and 6 move
      relative to one another until the link 12 reaches the vertical position
      shown in FIG. 3. Further movement causes the link to swing further in an
      anti-clockwise (as shown) direction and finally to lie flat on the flap 6
      which extends outwardly in an opposite terminal position. The slide 11 is
      therefore maintained in its outer terminal position as shown in FIG. 2 in
      which the dispensing aperture 16 has been displaced beneath the wall
      member 1 until it co-operates with the aperture 15 in the flap 6. The
      contents of the box can then be dispensed through the apertures 15 and 16.
      At the same time, the web 7 prevents the contents flowing out laterally of
      the wall portion adjacent the outwardly displaced wall member 10.
PAR  After the extraction of the desired quantity of the contents the slide 11
      is returned to its original position by applying pressure against its
      outer edge. The link 12 is thus returned into its original flat position
      extending inwardly over the centre position shown in FIG. 3 due to the
      displacement of the flaps 5 and 6. In both of its terminal positions, the
      slide 11 is reliably retained in position by the link 12 connected
      thereto, so that any unintentional opening of the carton is substantially
      impossible, whilst, in the open position, no unintentional closing of the
      aperture can take place. The return forces which, due to the displacement
      of parts of the flaps 5 and 6, act on the link 12 and thus ensure that the
      open and closed positions are reliably maintained, can be suitably
      pre-selected in dependence upon material employed and the size of the
      carton. This is done by suitably dimensioning the length and width of the
      link 12, and cuts 14 and the size of the aperture 15.
PAR  As may be seen most clearly in FIG. 2, the tear-off flap 18 would still
      completely cover the aperture 16 in the slide 11 even if the slide was
      extended. It is therefore impossible to remove any of the contents from
      the carton without at least partly removing the tear-off flap 18. It is
      therefore possible to ascertain at any time whether the box has been
      broached or not.
PAR  As shown in FIG. 4. the slits 9 and 9' do not extend exactly parallel to
      one another so that the portion 10 and 11 are somewhat inwardly tapered in
      the finished carton. This facilitates movement of the slide 11 because its
      lateral cut edges are caused to rise immediately from the cut surfaces of
      the flap 5 when the slide is drawn out, and cannot therefore remain
      attached thereto.
PAR  In the embodiment shown in FIG. 5, the slide 11' is not connected to the
      wall portion 10 of the continuous wall 2. The narrow side 2 has a flat
      cut-out portion 19 located under the front edge of the slide 11'. After
      the removal of the tear-off flat 18, the outer edge of the slide 11' can
      be gripped, and the slide drawn out. In all other respects, the design and
      operation of the folded carton are as described with reference to FIGS. 1
      to 4.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A folded carton having dispensing means, wherein said dispensing means
      comprises a displaceable slide which has two terminal positions, the first
      exposing a dispensing aperture and the second closing the dispensing
      aperture, the slide being connected by a first fold to a link portion, the
      link portion being connected by a second fold to a wall portion of the
      carton which is non-displaceable in a direction parallel to the plane of
      the slide, the link being disposed for rotating displacement about said
      first and second folds and being sandwiched between portions of the carton
      which are capable of elastic displacement in a direction transverse to the
      plane of the slide, said portions of the carton being elastically spread
      upon rotating displacement of said link occurring during shifting of said
      slide from one of its terminal positions into the other, the link passing
      thereby through unstable intermediate positions, and said slide being
      firmly held in each of its terminal positions by the resilient force of
      said portions capable of elastic displacement.
NUM  2.
PAR  2. A carton as claimed in claim 1 wherein an edge of the slide opposite
      said first fold coincides with an edge of the carton when said slide is in
      one of said terminal positions.
NUM  3.
PAR  3. A carton as claimed in claim 2 in which the slide is connected along
      said outer edge to another displaceable wall portion of the carton, which
      wall portion is located at right angles to the plane of the slide.
NUM  4.
PAR  4. A carton having a glued body and ends formed by glued flaps and
      dispensing means, wherein said dispensing means comprises a displaceable
      slide which has two terminal positions, the first exposing a dispensing
      aperture and the second covering the dispensing aperture, said slide lying
      parallel with one side wall of the casing, two flaps folded one upon the
      other and glued together at selected points, said points at which the two
      flaps are glued also forming glueing points for the body of the carton,
      the slide being cut out of the outermost flap and being connected along
      one edge to an adjoining wall portion forming part of the body, the slide
      being also connected along an opposite edge by a first fold to a link
      portion, the link portion being connected by a second fold to the
      innermost flap, said slide being disposed between said innermost flap and
      said one side wall of said casing, movement of said slide causing elastic
      displacement of said innermost flap away from said one side wall in a
      direction transverse to the plane of the slide by the rotational
      displacement of said link whereby said slide may be maintained in each of
      its terminal positions.
NUM  5.
PAR  5. A carton as claimed in claim 4 wherein the slide and innermost flap are
      each provided with an aperture which apertures at least partially over-lap
      when the slide is in its opened position.
NUM  6.
PAR  6. A carton as claimed in claim 4 wherein at least one of the flaps is
      provided with slits to assist deformation thereof in a direction
      transverse to the plane of the flap.
NUM  7.
PAR  7. A carton as claimed in claim 4 wherein a web is connected to the
      innermost flap and is disposed adjacent the interior of the adjoining wall
      member.
PATN
WKU  039400360
SRC  5
APN  4851064
APT  1
ART  311
APD  19740702
TTL  Removable pouring spout adaptable to different size container openings
ISD  19760224
NCL  4
ECL  1
EXA  Stack, Jr.; Norman L.
EXP  Tollberg; Stanley H.
NDR  1
NFG  5
INVT
NAM  Parker; Marvin Leon
STR  5936 Ford Court
CTY  Brighton
STA  MI
ZIP  48116
CLAS
OCL  222530
EDF  2
ICL  B67D  304
FSC  222
FSS  188;569;527;479;530;563;570;478
FSC  220
FSS  287
UREF
PNO  2243673
ISD  19410500
NAM  Henry
OCL  222530
UREF
PNO  3266682
ISD  19660800
NAM  Schultz
OCL  222570
FREF
PNO  371,620
ISD  19320400
CNT  UK
OCL  222478
FREF
PNO  84,504
ISD  19570200
CNT  NL
OCL  222563
FREF
PNO  420,283
ISD  19110100
CNT  FR
OCL  220287
LREP
FRM  Burns, Doane, Swecker & Mathis
ABST
PAL  A pouring spout for a container of from one pint to one gallon in size,
      having a discharge opening therein. The pouring spout comprises a tapered
      plug, such as a stopper, to fit in the opening and has a hole with which
      one end of an elongated tube is connected for discharge of the contents.
      The exterior of the plug or stopper is provided with an elongated groove
      through which air is admitted into the container as liquid is discharged
      therefrom. The tapered plug or stopper has stepped periphery provided by a
      series of ribs to cause tight fit engagement with the opening in the
      container of varying sizes.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation-in-part of U.S. application Ser. No. 382,341 filed
      by the present inventor on July 25, 1973.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to pouring spouts for containers, such as cans that
      contain inflammable liquids.
PAR  Many such containers are provided with screw caps which must be removed to
      discharge the contents from the neck or opening of the container. These
      containers often are of a capacity of from one pint to one gallon in size
      and sometimes larger.
PAR  Upon removal of the screw cap, the contents must be poured from the opening
      in the container. Not only is this difficult because of the inadequate
      length of the neck, but it also entraps air in the container which
      prevents discharge of the contents.
PAR  Various attempts have been made heretofore to provide pouring spouts on
      such containers, but these usually have required a tube attached to a
      screw cap which must be made to fit precisely the discharge opening of the
      particular container, one container only. Not only are such pouring spouts
      expensive to manufacture and to use, but a pouring spout of this type can
      be used only on one particular size container since it is not adaptable
      for a multiple sized opening as usually employed in containers of from one
      pint to one gallon in size.
PAR  One object of this invention is to simplify and improve pouring spouts for
      the purpose described to enable these to be used on different sized
      containers and yet to fit accurately the discharge openings thereof.
PAR  Another object of the invention is to provide for the simple and effective
      discharge of the contents from a container which will not only direct the
      contents out to the desired point of use remote from the container, but
      also will permit the admission of air into the container to replace the
      liquid contents discharged.
PAR  These objects may be accomplished, according to one embodiment of the
      invention, by providing a plug or stopper of tapered form capable of being
      inserted into the discharge opening of a container having a discharge
      opening of any usual size and to fit therein. The plug or stopper has a
      hole therethrough for the discharge of the contents, which hole is
      connected with the inner end of a discharge spout. The contents can be
      directed through the hole and through the spout as the container is lifted
      and tilted or inverted.
PAR  The plug or stopper has a series of angular ribs extending around the
      periphery thereof for interlocking engagement with the discharge opening
      in the container.
PAR  The plug or stopper is provided also with a second opening therethrough,
      preferably in the form of a longitudinal groove in the periphery thereof,
      so as to admit air into the container when the latter is tilted or
      inverted to discharge the contents. The air will replace the liquid as it
      is discharged through the tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This embodiment of the invention is illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of the plug or stopper and the tube attached
      thereto;
PAR  FIG. 2 is a cross section therethrough on the line 2--2 in FIG. 1;
PAR  FIG. 3 is a longitudinal section through the plug or stopper and portion of
      the tube, on the line 3--3 in FIG. 2;
PAR  FIG. 4 is a longitudinal sectional view through a container having a
      pouring spout attached thereto; and
PAR  FIG. 5 is a perspective view of the container and pouring spout.
DETD
PAC  DETAILED DESCRIPTION OF DISCLOSURE
PAR  The pouring spout is adapted for use in connection with containers such as
      cans for inflammable liquids and other materials, an example of which is
      illustrated at C, which is usually of a size of from one pint to one
      gallon in capacity. However, the plug or stopper according to this
      invention can be made of a size to be used with any size container. The
      can C usually has a discharge opening D in the top which may or may not
      have a neck thereon, often covered by a cap of screw type or otherwise.
PAR  The pouring spout, according of this invention, comprises a plug or
      stopper, generally indicated by the numeral 1, which is preferably tapered
      in length so as to make it adapted to fit in the discharge opening D of
      different sizes of openings. The plug or stopper 1 has a hole 2 extending
      lengthwise therethrough from end to end thereof. In the hole 2, the plug
      or stopper 1 is provided with a discharge tube 3 fitting in the hole 2 for
      discharge of the contents through the hole and tube when the container C
      is tilted or inverted (FIGS. 4 and 5).
PAR  It is preferred that the plug or stopper 1 and the tube 3 be molded from
      neoprene rubber yieldable material or from suitable yieldable plastic
      material as found desirable. The tube should be thin walled and relatively
      flexible. This affords a simple and inexpensive method of constructing the
      parts of the pouring spout.
PAR  The periphery of the plug or stopper 1, substantially throughout its
      length, is surrounded by a multiplicity of ribs 4, to interlock with the
      hole D, according to the size thereof. As shown in FIG. 3, each of the
      ribs 4 has an outer surface 5 which, in cross section, is at a small acute
      angle to the axis of the plug or stopper 1, and at a right angle to the
      lateral side 6 which is at a substantial acute angle to the axis of the
      plug or stopper. Thus, the tapered sides of the ribs will grip the edges
      of the opening in the container. These ribs 4 of graduated diameter may be
      inserted in the opening D to interlock therewith and form a tight seal
      with the opening. The graduated size of the ribs on the tapered plug will
      cause the plug or stopper to fit tightly in discharge openings D of
      varying sizes.
PAR  As shown in FIG. 3, the tube 3 extends throughout the length of the plug or
      stopper 1. An interfitting shoulder 7 retains the inner end of the tube in
      the plug or stopper 1. The tube 3 can be molded separately from the plug
      or stopper and passed through the latter to a seated position, the
      elasticity of the tube permitting such insertion, and retaining it in
      place.
PAR  A groove 8 extends lengthwise of the plug or stopper 1 in the periphery
      thereof and throughout the length of the plug or stopper. When the plug or
      stopper 1 is in place in the discharge opening D, as indicated in FIG. 4,
      this groove 8 will afford a passageway for air to be admitted into the
      interior of the container C, as indicated by the arrows in FIG. 4, to
      replace the liquid contents as the latter are discharged through the tube
      3. Thus, when the tube 3 is at the lower portion of the container C, the
      maximum amount of the contents can thus be discharged without being
      trapped in the container. This will also locate the groove 8 for the
      passage of air at a point above the liquid level in the tilted or inverted
      container and assure the admission of sufficient air so as to allow the
      free flow of the contents in the tilted or inverted position.
PAR  By making the structure of the pouring spout, including both the plug or
      stopper and the tube 3, of neoprene rubber or of other suitable, somewhat
      flexible or elastic material, such as some of the plastics, the plug or
      stopper will fit tightly in the discharge opening D so as to prevent
      spillage of the liquid being poured therefrom. At the same time, the tube
      3 is sufficiently flexible to be inserted into an opening in a receptacle
      for the liquid or to enable the liquid contents of the container to be
      directed to the desired point for use. This allows an even and steady flow
      of the liquid from one container to another and prevents substantial loss
      or spillage of the contents not being thus transferred.
PAR  Moreover, after the flow has started out of the container through a
      longitudinally curved discharge tube, a syphon action occurs to effect
      increased flow and to allow the container to remain in a condition which
      will not spill the contents.
PAR  While the invention has been illustrated and described in one embodiment,
      it is recognized that variations and changes may be made therein without
      departing from the invention set forth in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pouring spout for a container having a discharge opening for pouring
      liquid contents therefrom, said spout comprising:
PA1  a plug having inner and outer ends and an opening therethrough extending
      from the inner end to the outer end for discharging contents from the
      container through said plug opening;
PA2  said plug having an outer periphery including an air-admitting external
      groove formed therein to admit air to the interior of the container during
      discharge of the contents therefrom through said plug opening;
PA1  an elongated discharge tube connected at one end with the plug opening to
      conduct contents from said plug opening;
PA1  said plug being formed of yieldable material and having an outer periphery
      formed by a plurality of circumferentially disposed resilient ribs, said
      ribs being spaced in a direction from said outer end to said inner end of
      said plug and being of gradually decreasing size from said outer end to
      said inner end to define a ribbed periphery which tapers toward said inner
      end to allow said plug to fit container discharge openings of various
      sizes, each rib including:
PA2  an outer surface extending away from the longitudinal axis of said plug
      opening in a direction toward said inner end and forming an acute angle
      relative to the longitudinal axis of said plug opening so as to be
      compressed by, and in firm engagement with, said container discharge
      opening when said plug is installed therein; and
PA2  a lateral side extending at an angle relative to said outer surface for
      engaging a lip of said container discharge opening to limit the insertion
      of said plug into said container discharge opening.
NUM  2.
PAR  2. A pouring spout according to claim 1 wherein each of said lateral sides
      extends at a right angle relative to its associated outer surface and at
      an acute angle relative to the longitudinal axis of said plug opening.
NUM  3.
PAR  3. A pouring spout according to claim 1 wherein said tube extends through
      said plug and includes a shoulder which engages a projection of said plug
      to retain said tube in said plug.
NUM  4.
PAR  4. A pouring spout for a container having a discharge opening for pouring
      liquid contents therefrom, said spout comprising:
PA1  a plug having inner and outer ends and an opening therethrough extending
      from the inner end to the outer end for discharging contents from the
      container through said plug opening;
PA2  said plug having an outer periphery including air-admitting external groove
      formed therein to admit air to the interior of the container during
      discharge of the contents therefrom through said plug opening;
PA2  an elongated discharge tube connected at one end with the plug opening to
      conduct contents from said plug opening;
PA1  an elongated discharge tube connected at one end with the plug opening to
      conduct contents from said plug opening;
PA1  said plug being formed of yieldable material, with said outer periphery
      being formed by a plurality of circumferentially extending resilient ribs,
      said ribs being spaced in a direction from said outer end to said inner
      end of said plug and being of gradually decreasing diameter from said
      outer end to said inner end to define a ribbed periphery which tapers
      toward said inner end to allow said plug to fit container discharge
      openings of various diameters, each rib including:
PA2  an outer surface for gripping an inner portion of the container discharge
      opening, said outer surface extending away from the longitudinal axis of
      said plug opening in a direction toward said inner end and forming an
      acute angle relative to the axis of said plug opening so as to be
      compressed by, and in firm engagement with, said container opening when
      said plug is installed therein, and
PA2  a lateral surface extending at an angle relative to said outer surface for
      engaging a lip of said container discharge opening;
PA2  said tube extending through said plug and including a shoulder engaging a
      projection of said plug to retain said tube in said plug.
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ABST
PAL  A device for facilitating the discharge of material from a hopper of the
      kind whose cross-sectional area in a horizontal plane reduces gradually
      over at least the lower part of the hopper towards the outlet thereof
      comprising a helical blade rigidly secured within the hopper, the blade
      being so dimensioned and arranged as to impart a circular component of
      motion to the material as it runs through the lower regions of the hopper
      towards the outlet thereof.
BSUM
PAR  This invention concerns a device for facilitating the discharge of
      materials under the influence of gravity from hoppers of the kind
      (hereinafter termed of the kind referred to) whose cross-sectional area in
      a horizontal plane reduces gradually over at least the lower part of the
      hopper towards the outlet thereof.
PAR  The device is particularly, though by no means exclusively, suitable for
      use in the discharge of pre-heated coal from the hoppers of a charging
      machine into the oven chambers of a coke oven battery.
PAR  As is well known, coke oven chambers are usually charged from a machine
      having a plurality of hoppers of the kind referred to and adapted to hold
      coking coal, the machine being arranged for movement over the roof of a
      coke oven battery whereby such hoppers can be aligned over chargeholes
      giving access to the individual oven chambers. It is now becoming common
      to charge coke oven chambers with coal which has been pre-heated. This
      pre-heated coal has a high tendency to form bridges in the hoppers making
      discharge from the hoppers difficult and time-consuming.
PAR  I have noticed that if pre-heated coal is fed into an oven chamber with
      sufficient velocity it behaves like a fluid and finds a substantially
      common level within the oven chamber, making mechanical levelling
      unnecessary.
PAR  It is an object of the present invention to provide means to overcome or at
      least reduce the tendency for pre-heated coal to form a bridge in the
      hopper. In this way the coal falls freely and attains a substantial
      velocity, as it flows from the hopper under the influence of gravity,
      which can be sufficient to impart the self-levelling characteristics
      referred to above.
PAR  According to the present invention, a device for facilitating the discharge
      of material from a hopper of the kind referred to comprises a helical
      blade rigidly secured within the hopper, the blade being so dimensioned
      and arranged as to impart a circular component of motion to the material
      as it runs through the lower regions of the hopper towards the outlet
      thereof.
PAR  The invention will be further apparent from the following description with
      reference to the figures of the accompanying drawing which show, by way of
      example only, one form of device embodying the invention.
DRWD
PAR  Of the drawing:
PAR  FIG. 1 is a cross-section through the lower regions of a hopper showing a
      side view of the device located therein;
PAR  AND FIG. 2 is a plan view of the device of FIG. 1, in a position within the
      hopper.
DETD
PAR  Referring now to the drawing, it will be seen that the hopper, generally
      indicated by the reference numeral 10, is of circular cross-section in the
      horizontal plane. The lower region of the hopper is of inverted conical
      form whereby the area of cross-section reduces gradually to an outlet
      orifice defined by a short length of cylindrical tube 11 disposed with its
      central axis in a vertical direction. As shown the inner surface of the
      hopper is symmetrical about the central vertical axis of the hopper.
PAR  The device of the invention essentially comprises a helical blade 12 which
      is secured within the hopper 10. The helical blade 12 comprises in this
      example, one and a quarter turns, the inner edge thereof lying on the
      surface of an imaginary cylinder whose central axis is parallel with the
      central vertical axis of the hopper 10 but laterally offset therefrom. The
      width of the blade decreases gradually from a maximum at its upper end to
      zero at its extreme lower end, and pitch of the helix increases gradually
      from the upper end of the blade to its lower end.
PAR  As best seen from FIG. 2 the helical blade 12 is integrally formed with a
      tongue 13 which extends from the upper end of the blade towards the wall
      of the hopper 10.
PAR  The tongue 13 is twisted through an angle of approximately 45.degree. and
      its free end is welded to the wall of the hopper 10. The extreme lower end
      of the helical blade 12 contacts the wall of the tube 11 and is welded
      thereto. In this way, the blade 12 is rigidly secured within the hopper,
      and it will be noted that there is a clearance between the outer edge of
      the blade 12 and the inner surface of the wall of the hopper 10 over most
      of the length of the blade 12.
PAR  In use, during discharge of material from the hopper such material flows
      past the helical blade 12. Passage over and past the blade 12 causes a
      circular component of motion to be imparted to the material thereby
      reducing if not eliminating bridging of the material in the lower regions
      of the hopper.
PAR  Furthermore, the helical blade causes the material to accelerate as it
      approaches the outlet to the hopper thereby increasing the specific volume
      of the material which again reduces the danger of bridging in the critical
      zone of reduced cross-sectional area at the outlet from the hopper.
PAR  Preferably the helical blade is formed from polished stainless steel and
      the edges thereof are sharpened.
PAR  Tests with a hopper incorporating a device embodying the invention have
      shown that pre-heated coal can be discharged very much more rapidly than
      from a hopper not incorporating the device and with the danger of bridging
      substantially reduced, if not eliminated, and with sufficient speed to
      ensure that the coal finds a substantially common level within the oven
      chamber.
PAR  It will be appreciated that it is not intended to limit the invention to
      the above example only, many variations, such as might readily occur to
      one skilled in the art, being possible without departing from the scope
      thereof, as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a hopper at least the lower part of which is
      symmetrical about a substantially central vertical axis and whose
      cross-sectional area reduces gradually over said lower part toward an
      outlet, a device for facilitating the discharge of material from said
      hopper comprising a helical blade rigidly secured to extend in the
      direction of said axis within said lower part of the hopper, said blade
      being so constructed and arranged as to impart a circular component of
      motion to the material as it runs through the lower part of the hopper
      towards the outlet and the width of said blade decreasing gradually from a
      maximum at its upper end to a minimum at its lower end.
NUM  2.
PAR  2. In combination with a hopper at least the lower part of which is
      symmetrical about a substantially central vertical axis and whose
      cross-sectional area reduces gradually over said lower part toward an
      outlet, a device for facilitating the discharge of material from said
      hopper comprising a helical blade rigidly secured to extend in the
      direction of said axis within said lower part of the hopper, the blade
      being so constructed and arranged as to impart a circular component of
      motion so the material as it runs through the lower part of the hopper
      towards the outlet, and the inner edge of said helical blade lying on the
      surface of an imaginary cylinder whose central axis is parallel with the
      central vertical axis of said hopper.
NUM  3.
PAR  3. The combination according to claim 2 wherein the central axis of said
      imaginary cylinder is laterally offset from the central vertical axis of
      the hopper.
NUM  4.
PAR  4. The combination according to claim 2 wherein the width of the helical
      blade decreases gradually from a maximum at its upper end to a minimum at
      its lower end.
NUM  5.
PAR  5. The combination according to claim 2 wherein the width of the helical
      blade decreases gradually from a maximum at its upper end to a minimum at
      its lower end.
NUM  6.
PAR  6. The combination according to claim 4 wherein the width of the helical
      blade reduces to zero at its extreme lower end.
NUM  7.
PAR  7. The combination according to claim 5 wherein the width of the helical
      blade reduces to zero at its extreme lower end.
NUM  8.
PAR  8. The combination according to claim 1 wherein the pitch of the helix of
      the helical blade increases gradually from the upper end thereof to the
      lower end thereof.
NUM  9.
PAR  9. The combination according to claim 7 wherein the pitch of the helix of
      the helical blade increases gradually from the upper end thereof to the
      lower end thereof.
NUM  10.
PAR  10. The combination according to claim 1 wherein there is a clearance
      between the outer edge of the blade and the inner surface of the wall of
      the hopper over most of the length of the blade, the blade being secured
      to the wall of the hopper at its upper and lower ends.
NUM  11.
PAR  11. The combination according to claim 9 wherein there is a clearance
      between the outer edge of the blade and the inner surface of the wall of
      the hopper over most of the length of the blade, the blade being secured
      to the wall of the hopper at its upper and lower ends.
NUM  12.
PAR  12. The combination according to claim 10 wherein the helical blade is
      integrally formed with a tongue at its upper end which extends from the
      blade and which is secured to the wall of the hopper.
NUM  13.
PAR  13. The combination according to claim 11 wherein the helical blade is
      integrally formed with a tongue at its upper end which extends from the
      blade and which is secured to the wall of the hopper.
NUM  14.
PAR  14. The combination according to claim 12 wherein said tongue is twisted
      through an angle of approximately 45.degree. .
NUM  15.
PAR  15. The combination according to claim 13 wherein said tongue is twisted
      through an angle of approximately 45.degree..
NUM  16.
PAR  16. The combination according to claim 1 wherein the helical blade has one
      and one quarter turns or thereabouts.
NUM  17.
PAR  17. The combination according to claim 15 wherein the helical blade has one
      and one quarter turns or thereabouts.
NUM  18.
PAR  18. The combination according to claim 1 wherein said helical blade is
      formed from stainless steel.
NUM  19.
PAR  19. The combination according to claim 1 wherein the edges of the helical
      blade are sharpened.
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ABST
PAL  A watch bracelet, the arms of which comprise a series of links hinged to
      one another and each having an arched profile with a downwardly-opening
      longitudinal recess, thereby defining a groove extending along the series
      of links of each arm. A curved blade-spring lies against the bottom of
      each of these grooves for urging the arms to curl up. The first link of
      each arm is attached to a watch-case, and the urging action of the
      blade-springs in the arms causes the latter to tend to hug a wearer's
      wrist elastically so that no clasp is required.
BSUM
PAR  This invention relates to a watch-bracelet adapted to be attached to a
      watch-case and having two arms, each arm comprising a series of links
      hinged to one another, each link having a transverse profile in the shape
      of an arch and at least one longitudinal recess which opens downwardly and
      is open at each end of the link, the alignment of the recesses forming a
      groove extending longitudinally under the series of links of each arm.
PAR  Watch-bracelets of this type are normally equipped with a clasp and, in
      most cases, with shortening links, so that they may be comfortably
      tightened about the wearer's wrist. However, the bracelet-manufacturing
      industry is continually seeking new designs whcich combine, if possible,
      the advantages of increased practicality, attractiveness, simplicity, and
      inexpensiveness. One type of bracelet which has always been favoured for
      certain ladies' wrist-watches is the "marquise" design, which hugs the
      wrist merely by its elasticity, has no clasp, and naturally has no
      provision for adjustment in length since there is no need to adapt it to
      the circumference of the wrist. On the other hand, marquise bracelets,
      which comprise two rigid arms, have the drawback of not always being
      adapted to the shape of the particular wearer's wrist, and it is sometimes
      necessary to provide an assortment of arms having more or less pronounced
      curvatures depending, for example, upon the average size of the
      inhabitants of the country to which the bracelets are to be exported.
PAR  It is the object of this invention to provide a simple and attractive
      watch-bracelet of a novel kind, particularly one which adapts itself to
      the shape of the wrist just as well as does a classic metal bracelet
      having links and a clasp, but which also offers the advantages of a
      marquise bracelet, i.e., the absence of a clasp, convenience in use, and
      to a certain extent, the particular esthetic effect.
PAR  To this end, the watch-bracelet according to the present invention further
      comprises a blade-spring lying against the bottom of each groove and
      retaining means disposed under each blade-spring between the arch-sides of
      the links, each blade-spring having a curvature such that it urges the
      respective arm to curl up, the first link of each arm or one end of each
      blade-spring being attached to the watch-case so that the two arms tend to
      hug a wearer's wrist elastically in the absence of a clasp.
PAR  In a particularly preferred embodiment of the invention, the arch-sides of
      the links end on the one side in a concave surface of revolution and on
      the other side in a convex surface of revolution adapted to engage in the
      corresponding concave surface of revolution of the adjacent link, and
      connecting elements are disposed in the arches of the links, each element
      being fitted between the arch-sides of a link, behind the concave surface
      of revolution of the arch-sides, and pivoted between the arch-sides of the
      adjacent link at the center of its convex surface of revolution so as to
      join the concave and convex surfaces of revolution respectively, of two
      adjacent links, the connecting elements also constituting the retaining
      means, and each blade-spring being disposed between the bottom of the
      respective groove and the connecting elements.
PAR  In embodiments comprising the aforementioned connecting elements or other
      at least partially analogous connecting elements, in order to ensure a
      fitting of the spring which is both sturdy and elastic, these connecting
      elements further comprise, between two transverse passages intended to
      enable them to be mounted by means of parts forming pins in two adjacent
      links, a transverse elongated depression in the surface facing the spring,
      the spring having undulating portions which enter into the depressions,
      thus both holding the spring in place and giving it a certain elasticity
      of extension.
PAR  In order that the connecting elements may be produced simply and
      efficiently, they preferably consist of pieces, the length of which
      corresponds to the width of the element, of a tubular section, the profile
      of which comprises two arcs of a circle of approximately 270.degree.
      connected by a first substantially straight connecting line tangent to
      respective ends of the two arcs, and by a second, shorter connecting line
      joining the other ends of the two arcs approximately where they would meet
      an imaginary straight line joining their respective centers, so that the
      elongated depression is defined, in profile, by the second connecting line
      and a portion of each arc.
DRWD
PAR  A preferred embodiment of the invention will now be described in detail
      with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a longitudinal sectional view of a portion of a watch-bracelet
      arm provided with a spring urging it to curl up,
PAR  FIG. 2 is a developed inverted-plan view of the bracelet portion shown in
      FIG. 1, and
PAR  FIG. 3 is a perspective view showing the archshape of the main part of a
      link (turned over for purposes of better illustration) of the bracelet in
      question.
DETD
PAR  It will be seen in the drawing that the bracelet to be described here
      comprises arch-shaped links 1, each having an upper face 2 and two side
      portions 3. Between the side portions 3, connecting elements 4 are mounted
      by means of screws 5 (or, as a variation, by means of pins) and pivoted by
      means of identical screws (or pins) between the ends of the side portions
      3 of the adjacent link 1. This assembly ensures that corresponding
      cylindrical surfaces, viz., a convex surface 10 and a concave surface 11,
      respectively, situated at the ends of the side portions 3 of the links 1,
      will be engaged in such a way as to allow one link to pivot with respect
      to the other. It will be understood that the screws 5 which pass through
      bores in the side portions 3 at the center of the convex surfaces 10 make
      possible a relative pivoting motion, whereas the screws 5 which pass
      through bores in the links 1 behind the concave surfaces 11 do not,
      strictly speaking, make possible a pivoting motion, for the engagement of
      the surfaces 10 and 11 does not allow the connecting element 4 to rotate
      about that screw 5. For this reason, the connecting elements 4 are said to
      be mounted in a link 1 behind its concave surfaces 11 and to be pivoted in
      the other link 1 at the center of its convex surfaces 10. As a matter of
      fact, the connecting elements 4 might be mounted in the links 1, behind
      the concave surfaces 11, otherwise than by means of a transverse screw or
      pin.
PAR  It will be noted that whereas the connecting elements provided in certain
      previously known watch-bracelets were studs, the connecting elements 4 of
      the bracelet described here are pieces cut from a section having the shape
      shown in FIG. 1. The connecting elements 4 thus cut from a tubular section
      having two almost closed cylindrical portions are very simple to
      manufacture and hence advantageous to use in a bracelet such as the one
      illustrated.
PAR  In FIGS. 1 and 2, it will be seen that a blade-spring 6 is inserted between
      the backs of the arches forming the links 1 (i.e., the undersides of the
      upper faces of the links 1) and the connecting elements 4. This spring 6
      has a certain curvature which it tends to impart to the whole series of
      links 1 forming an arm of the bracelet, so that this arm has a tendency to
      curl up. In FIG. 1, the arm is illustrated as it would appear if held open
      by a force counteracting the action of the spring 6; the dot-dash lines
      designated as 12, however, show the position normally assumed by the arm
      when left to itself, under the effect of the spring 6.
PAR  It should be noted that the first link 1' is rigidly secured to a
      watch-case 9 by soldering, by screws, or by any other suitable means. Thus
      a bracelet arm such as the one of which only a portion is shown in FIG. 1
      is connected to each side of the watch-case, and the result is an assembly
      of watch-case and watch-bracelet adapted to hug the wrist of the wearer of
      the watch solely by means of the action of the two springs 6 (one in each
      arm) without any clasp means having to be provided between the two free
      ends of the arms remote from the watch-case. Thus a watch equipped with
      the bracelet described here is worn on the wrist in the same manner as a
      watch with a marquise bracelet, but with the added advantage --not to be
      found in a true marquise bracelet --of allowing the resiliently flexible
      bracelet to be adapted to varying wrist curvatures. It should be noted
      that FIG. 1 illustrates a portion of a bracelet arm on a scale
      approximately five to six times that of actual size.
PAR  Instead of rigidly securing the first link 1' to the watch-case, it would
      also be possible, as a variation, to hinge this first link to the
      watch-case as well; the spring 6 itself would then have to be anchored or
      fixed to the watch-case in a suitable manner.
PAR  It will be seen that in FIG. 1, the blade-spring 6 is formed with
      undulating portions 8 extending towards the bottom of the bracelet and
      engaging in elongated depressions 7 disposed transversely on the tops of
      the connecting elements 4 between the two bulbous portions of those
      elements through which the screws 5 pass. The presence of these undulating
      portions 8 thus engaged in the transverse depressions 7 presents a dual
      advantage: first, it gives added sturdiness to the mounting of the spring
      6 in the bracelet arm, and second, it allows the spring 6 a certain
      elasticity of extension which is necessary when the links 1 pivot with
      respect to one another. If the undulating portions 8 were not provide,
      i.e., if the blade-spring 6 were simply formed with a continuous
      curvature, the spring 6 would have to slide slightly between the top 2 of
      the links 1 and the connecting elements 4 when the links 1 pivot with
      respect to one another. This would not prevent the bracelet from
      performing its function correctly, since the continuously curved spring
      could, in fact, slide; but the design illustrated in FIG. 1, with the
      undulating portions 8 entering the depressions 7, gives the bracelet arm
      more favorable characteristics of flexibility and resiliency. If the
      connecting elements should not have the profile shown in FIG. 1, but
      should take the form of studs, for example, the depressions 7 might be
      hollowed out of the studs in order to make it possible to mount a
      blade-spring having undulating portions similar to the portions 8.
PAR  Finally, it may be mentioned that the use of connecting elements cut from a
      tubular section such as that shown in FIG. 1 might prove to be
      advantageous in itself, also for a bracelet in which the arms were not
      equipped with a spring urging then to curl up. Moreover, the two links 1'
      by means of which the respective arms are attached to the watch-case might
      be made in a single piece having a particular configuration, a middle
      portion of which would be adapted to be secured to the watch-case by any
      suitable means. It will be obvious that other embodiments would likewise
      be possible within the frame work of the concept which has been described,
      particularly embodiments where each arm might comprise a number of
      springs, either superposed at least paritally or side by side, e.g., in a
      case where the links would comprise two parallel arches (reclining
      E-profile). It would also be possible to arrange the springs so as to give
      the arms of the bracelet more pronounced resiliency at certain points
      along their length and less pronounced resiliency at other points.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A watch-bracelet adapted to be attached to a watch-case and having two
      arms, each said arm comprising a series of links hinged to one another,
      each said link having a transverse profile in the shape of an arch and at
      least one longitudinal recess which opens inwardly and is open at each end
      of said link, the alignment of said recesses forming a groove extending
      longitudinally under said series of links of each said arm, said
      watch-bracelet further comprising a blade-spring lying against the bottom
      of each said groove and retaining means disposed under each said
      blade-spring between the arch-sides of said links, each said blade-spring
      having a curvature such that it urges the respective said arm to curl up,
      the first said link of each said arm being attached to said watch-case.
NUM  2.
PAR  2. A watch-bracelet in accordance with claim 1, further comprising
      connecting elements adapted to pivot at least partially between said
      arch-sides of two adjacent said links and acting as a hinge between said
      adjacent links, said connecting elements further constituting said
      retaining means, and each said blade-spring being disposed between said
      bottom of each said groove and said connecting elements.
NUM  3.
PAR  3. A watch-bracelet in accordance with claim 2, wherein said arch-sides end
      on the one side in a concave surface of revolution and on the other side
      in a convex surface of revolution adapted to engage in the corresponding
      said concave surface of revolution of the adjacent said link, and said
      connecting elements are disposed in said arches, each said element being
      fitted between said arch sides of a said link, behind said concave surface
      of revolution of said arch-sides, and pivoted between said arch-sides of
      said adjacent link at the center of its convex surface of revolution so as
      to join the said concave and convex surfaces of revolution, respectively,
      of two said adjacent links.
NUM  4.
PAR  4. A watch-bracelet in accordance with claim 2 wherein each said connecting
      elements comprises two transverse passages, pin-forming parts disposed in
      two adjacent said links and passing through said passages for mounting
      said connecting elements, and a transverse elongated depression situated
      between said passages in the surface of said connecting element facing
      said blade-spring, and wherein said blade-spring comprises undulating
      portions entering each said depression for holding said blade-spring in
      place and imparting to it a certain elasticity of extension.
NUM  5.
PAR  5. A watch-bracelet in accordance with claim 4, wherein said connecting
      elements consist of pieces of a tubular section, the length of said pieces
      corresponding to the width of said elements, and the profile of said
      section comprising two arcs of a circle of approximately 270.degree.
      connected by a first substantially straight connecting line tangent to
      respective ends of said two arcs, and by a second, shorter connecting line
      joining the other ends of said two arcs approximately where said other
      ends would meet an imaginary straight line joining their respective
      centers, so that said elongated depression is defined, in profile, by said
      second connecting line and a portion of each said arc.
NUM  6.
PAR  6. A watch-bracelet in accordance with claim 3, wherein said connecting
      elements consist of pieces of a tubular section, the length of said pieces
      corresponding to the width of said elements, and the profile of said
      section comprising two arcs of a circle, the ends of said arcs being
      joined by connecting lines.
NUM  7.
PAR  7. A watch-bracelet in accordance with claim 6, wherein said connecting
      elements are pieces of a section, the profile of said section comprising
      two arcs of a circle of approximately 270.degree., the ends of said arcs
      being connected by connecting lines disposed so that the outer contour of
      said profile comprises at least one recessed portion formed by one of said
      connecting lines and by a portion of at least one said arc, said recessed
      portion defining a transverse elongated depression in a surface of each
      said connecting element.
NUM  8.
PAR  8. A watch-bracelet in accordance with claim 7, wherein said blade-spring
      comprises undulating portions entering each said depression for holding
      said blade-spring in place and imparting to it a certain elasticity of
      extension.
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ABST
PAL  A retainer for a shoulder sling for a fishing rod bag, camera case,
      shoulder bag or the like having in combination an elongated main body with
      a button hole adjacent to one end thereof, a hook means secured to the
      other end portion of the retainer main body and including a hook body
      secured to one side of the other end portion of the retainer main body and
      a hook piece or holding member movably supported by the hook body with a
      portion thereof spaced from the hook body, so as to define a sling
      receiving opening therebetween, and a button sewn to a portion of a
      garment engaged in the button hole in the retainer main body, whereby the
      retainer is held in position on the garment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a retainer for a shoulder sling and more
      particularly, to a retainer for a shoulder sling for a fishing rod bag,
      camera case, shoulder bag or the like including a hook means which can
      positively hold the shoulder sling against slipping off a shoulder portion
      of a garment as the shoulder sling is carried about by a wearer while
      being hung over on the shoulder portion of the garment.
PAR  When a fishing rod bag, camera case, shoulder bag or the like is carried
      about by means of a shoulder sling which is hung over a shoulder portion
      of a garment, it has been frequently seen that the shoulder sling slips
      off the garment shoulder portion. Thus, each time the shoulder sling slips
      off the garment shoulder portion, it is necessary to put the shoulder
      sling back in its proper position on the shoulder portion of the garment;
      this requires time-consuming and tedious hand work, especially when the
      user who wears the shoulder sling on a shoulder portion of his garment
      carries articles in both hands. Each time the shoulder sling slips off the
      shoulder portion of the garment, in order to put the shoulder sling back
      into place on the garment shoulder portion, he has to unload the articles
      from one hand or both hands. Thus, it is quite inconvenient to put the
      shoulder sling back into place on the garment shoulder portion.
PAR  In order to solve such a problem, it is considered that a shoulder portion
      of a garment may be provided with any anchoring means which effectively
      holds and prevents the shoulder sling from slipping off the garment
      shoulder portion. However, when the slipping off of the shoulder sling is
      prevented by means of the anchoring means, such an anchoring means must
      satisfy various requirements such as having sufficient or effective
      holding ability, being operable in a simple manner, being attached and
      detached from the garment shoulder portion without difficulty, and being
      easily replaced by a new one in a simple manner.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, one object of the present invention is to provide a novel and
      improved retainer for a shoulder sling for a fishing rod bag, camera case,
      shoulder bag or the like which effectively eliminates the problems in
      connection with the slipping of the shoulder sling off of a shoulder
      portion of a garment when the shoulder sling is carried about by a user
      over the garment shoulder portion.
PAR  According to the present invention, there has been provided a retainer for
      a shoulder sling which comprises in combination an elongated main body
      having a button hole adjacent to one end thereof, a hook means secured to
      the other end portion of said main body and including a hook body secured
      to the other end portion of said main body which has a hook piece support
      means at one end and a L-shaped cross-section hook piece having a foot
      portion at one end movably supported in said hook piece support means of
      the hook body, a leg portion extending from the other end of said foot
      portion at right angles thereto, parallel to and spaced from said hook
      body so as to define a sling receiving opening therebetween, and a button
      sewn to the collar portion of said garment to engage in said button hole
      in the retainer main body and thereby hold said retainer on the shoulder
      portion of said garment.
PAR  The above and other objects and attendant advantages of the present
      invention will be more readily apparent to those skilled in the art from a
      reading of the following detailed description in conjunction with the
      accompanying drawing which shows one preferred embodiment of the invention
      for illustration purpose only, but not for limiting the scope of the same
      in any way.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of one preferred embodiment of retainer for a
      shoulder sling constructed in accordance with the present invention;
PAR  FIG. 2 is a side view of said retainer as shown in FIG. 1;
PAR  FIG. 3 is a fragmentary explosive view of said retainer especially showing
      the hook means of said retainer; and
PAR  FIG. 4 is a view which shows said retainer as being secured to a shoulder
      portion of a garment.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The present invention will be now described referring to the accompanying
      drawing and more particularly, to FIGS. 1 and 2 thereof which show one
      preferred embodiment of the retainer for a shoulder sling constructed in
      accordance with the present invention. In these Figures, the main body
      portion 1 may be formed of an elongated flat leather or synthetic resin
      sheet. The main body portion 1 is provided adjacent to one end portion
      thereof with an elongated button hole 2 having buldged or button retaining
      portions at the opposite ends thereof. However, the shape of the button
      hole 2 may vary depending upon the shape and/or size of a button which
      will be sewn to the collar portion of a particular garment with which the
      retainer of the invention is employed.
PAR  The main body portion 1 has a hook means fixedly secured to one side of the
      other end portion thereof, and in the illustrated embodiment, the hook
      means includes a metal hook body or plate member 3 having a hole adjacent
      to one end portion thereof for receiving a rivet 8 which fixedly secures
      the hook body to the other end portion of the main body portion 1 remote
      from the hole 2. Although not shown, the hook body or plate member 3 may
      be secured to the retainer main body 1 by means of any suitable adhesive
      instead of the illustrated rivet 8 and be within the scope of the
      invention. The other end portion of the hook body 3 is bent into a
      semicircular configuration on the side of the hook body opposite from the
      side thereof where the hook body 3 is secured to the retainer main body 1
      and the other end portion of the hook body 3 is further cut away in the
      center to thereby provide a pair of aligned hook piece holding bearing
      portions 5 partially separated by an opening 6 formed by the cut-away
      portion. A hook piece or holding member 4 which is L-shaped and formed of
      a metal pin is movably supported by the hook body 3 and allowed to rotate
      freely in the direction toward the hook body 3, but is limited in movement
      away from the hook body 3. As more clearly shown in FIG. 3 which shows the
      hook means in an exploded perspective view, the hook piece or holding
      member 4 is formed by first bending a metal pin in the center of the
      length thereof into two sections of equal length which are jointed
      together at one end portion, then bending the other or free end portions
      of the two sections parallel to each other at substantially right angles
      to the plane of the rest of the two sections so as to provide first
      portions and second portions which are at right angles to the first
      portions, and finally bending outwardly the extreme or free ends of the
      second portions away from each other at substantially right angles to
      their respectively associated second portions, but in the same plane as
      the second portions, so as to form third portions 7 which are journalled
      into the hook piece holding bearing portions 5 of the hook body 3. It will
      be appreciated that the hook piece holding portions 5 of the hook body 3
      are formed after the hook piece or holding member 4 has been formed in the
      manner as mentioned hereinabove and properly positioned on the hook body
      3; that is, the hook piece holding end of the hook body 3 is bent in a
      semi-circular configuration over the third portions 7 of the thus formed
      hook piece of holding member 4 with the hook piece properly held in
      position on the hook body so that the first portions of the two sections
      of the pin 4 can maintain a spaced relationship with respect to the hook
      body 3 for receiving the shoulder sling as will be described in detail
      hereinafter.
PAR  In FIGS. 1 and 2, a female portion 10 of a snap button, the male portion 11
      of which is sewn underneath the collar portion of a garment 12 (see FIG.
      4), is attached to the retainer main body 1 in a position between the
      button hole 2 and the end portion to which the hook means 3 is secured.
      Reference numeral 9 in FIG. 4 denotes a button which is sewn underneath
      the collar portion of the garment 12 in a position spaced from the male
      portion 11 of the snap button to be received in the button hole 2 in the
      retainer main body 1. In FIG. 4, there is also a shoulder sling 13 for a
      fishing rod bag 14, a camera case (not shown), a shoulder bag (not shown)
      or the like.
PAR  With the above construction and arrangement of the parts of the shoulder
      sling retainer of the invention, when the retainer is desired to be
      employed for its practice purpose, the shoulder sling retainer is
      positioned on a shoulder portion of the garment 12 by inserting the button
      9 sewn to the underneath side of the collar portion of the garment into
      the button hole 2 in the retainer main body 1, and the retainer main body
      1 is then pulled away from the collar portion of the garment 12 until the
      button 9 engages in the outer bulged portion of the button hole 2,
      whereupon the retainer is properly held on the shoulder portion of the
      garment 12. Since the retainer main body 1 is supported on the shoulder
      portion of the garment 12 by means of the button hole 2 and the button 9
      engaging in the outer bulged portion of the hole, the retainer main body 1
      can freely move about the button 9. Thereafter, the retainer main body 1
      is pulled toward the sleeve portion of the garment, which sleeve portion
      is connected to the garment shoulder portion, and then, the shoulder sling
      13 for the fishing rod bag 14, for example, is anchored to the hook means
      and, more particularly, is received in the opening defined between the
      hook body 3 and hook piece or holding member 4. Since the hook piece or
      holding member 4 is maintained in a spaced relationship to the hook body
      3, the shoulder sling 13 can be easily anchored to the hook means and
      positively held in position by the hook piece or holding member 4 without
      the possibility that the sling will slip off the retainer.
PAR  When the retainer is desired to be detached from the shoulder portion of
      the garment 12, it is only necessary to disengage the button hole 2 in the
      retainer main body 1 from the button 9. Thus, the attaching and detaching
      of the retainer to and from the shoulder portion of the garment 12 can be
      easily effected. Thus, the replacement of the retainer by a new one can be
      also effected quite easily.
PAR  Since the button 9 and the male portion 11 of the snap button are sewn to
      the reverse side of the collar portion of the garment 12 when the shoulder
      sling retainer is not used, if the retainer is rotated about the button 9
      to a position beneath the collar portion of the garment 12 and the female
      portion 10 of the snap button is then snapped on the male portion 11 of
      the same snap button, the retainer can be held beneath the collar portion
      of the garment 12 so that the retainer is kept out of sight and the
      appearance of the garment will not be impaired.
PAR  As is clear from the foregoing description of the preferred embodiment of
      the invention, the retainer of the invention exhibits its excellent
      practical effects when the retainer is employed in conjunction with a
      shoulder sling for a fishing rod bag, camera case, shoulder bag or the
      like when the shoulder strap is carried about by a user.
PAR  While only one embodiment of the invention has been shown and described in
      detail, it will be understood that the same is for illustration purpose
      only and not to be taken as a definition of the invention, reference being
      had for the purpose to the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A retainer for holding a shoulder sling on the shoulder portion of a
      garment comprising:
PA1  an elongated main body having an engaging hole adjacent one end thereof;
PA1  sling receiving means adjacent the other end of said body for receiving and
      preventing said shoulder sling from falling off of the retainer;
PA1  engaging means attached underneath the collar of said garment and engaged
      through the engaging hole in said main body for loosely and removably
      attaching said main body to said garment;
PA1  a metal plate secured to said main body bent at one end to form two stirrup
      openings spaced from each other above the outward surface of the metal
      plate when the metal plate is attached to the main body;
PA1  hook means rotatably fitted through and retained in the stirrup openings in
      said metal plate for holding the sling and preventing it from slipping off
      the shoulder of the garment;
PA1  a female portion of a snap closure positioned between said engaging hole
      and the other end of said main body; and
PA1  a male portion of a snap closure fitted underneath the collar of said
      garment at a position to receive the female portion when the main body is
      rotated about the engaging means, whereby the main body can be fastened
      underneath the collar of the garment out of sight when not needed to
      support a sling.
NUM  2.
PAR  2. A retainer as claimed in claim 1, wherein said hook means is comprised
      of a rod bent in half with the two halves touching, said two adjacent
      halves forming a first planar portion containing the bent middle section
      of said rod and a second planar portion at a right angle to said first
      planar portion containing the ends of said rods bent away from each other
      in the plane of said second planar portion and fitted through the stirrup
      openings in said metal plate.
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ABST
PAL  A device for carrying an infant or a child's toy doll, comprising a pair of
      generally hook-shaped members of self supporting material, a pair of
      generally arcuate supporting elements detachably and adjustable disposed
      at respective ones of said hookshaped members, and a receptacle member
      removably disposed at said supporting elements and separately useable as a
      cradle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a carrying device, particularly to one for
      carrying an infant or toy doll.
PAR  Prior art devices for carrying infants generally include a basket suspended
      by straps from the bearers shoulders, but, because the straps are not
      self-supporting, this can lead to excessive bouncing of the infant while
      the bearer is walking. The present invention overcomes this problem and
      provides other advantages as well, including the ability to use a part of
      the carrying device separately as a cradle in a preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts the carrying device of the present invention in use.
PAR  FIG. 2 is a sectional elevation view along axis II--II of the device in
      FIG. 1.
PAR  FIG. 3 is an exploded isometric view of the device in FIG. 1.
DETD
PAC  PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 through 3, the carrying device 10 comprises a pair of
      oppositely disposed generally hook-shaped carrying elements 12, 14 that
      are made of a self-supporting material (e.g., a metal, plastic, or other
      suitable material) and that individually comprise a curvilinear first
      portion 16 that is adapted to rest on or engage the user's upper torso,
      e.g., the shoulders, and an elongated second portion 18 that depends from
      the first portion 16 (corresponding parts in the drawings are given
      similar numeric labels). The device 10 further comprises substantially
      rigid supporting elements 20 that are individually disposed at the second
      portions 18, which can include, individually, a first major surface part
      22 that faces the first portion 16 and an oppositely disposed second major
      surface part 24, the supporting elements 20 preferably being located at
      the second surface parts 24 of the respective carrying elements 12, 14 and
      projecting from the second surface parts 24 of their associated carrying
      elements in a direction opposite to the first portion. Additionally, the
      device 10 comprises a receptacle member 28 that is removably disposed at
      and supported by the supporting elements.
PAR  The second portions 18 comprise means for retaining the supporting elements
      20 in place thereon, a preferred such means comprising one or more
      apertures 30 in each second portion 18 wherein an angular element 40 of
      the supporting element 20 can be inserted. It is preferred that each
      supporting element 20 comprise a plurality of apertures 30 along at least
      a portion of the length thereof to permit the position of the receptacle
      member 28 to be changed.
PAR  The device 10 preferably includes at least one spacing element (e.g., a
      stiff brace structure or a flexible band of plastic or other material)
      that is connected at its end portions to the respective structural or
      carrying elements 12, 14, preferably at the second portions 18 thereof,
      which spacing element limits the movements of the carrying elements 12, 14
      away from each other.
PAR  The curvilinear first portions 16 can be generally C-shaped while the
      supporting elements or members 20 can have a part 21 generally arcuate
      profile, e.g., substantially C-shaped at least at the part thereof that
      receives and engages the receptacle member 28.
PAR  The supporting element 20 can comprise the angular element or projection 40
      that comprises a first part 42 that is parallel to and adjacent the first
      surface 22 when the supporting element 20 is placed on the carrying
      element 12 or 14, and a second part 44 that is substantially perpendicular
      to the first part 42 and is disposed at an aperture 30 when the supporting
      element is in place. The supporting element 20 preferably comprises,
      further, a straight projection 46 that is spaced from the angular
      projection 40 by a predetermined distance so as to permit each to be
      inserted in different apertures 30.
PAR  The receptacle member 28 can be, e.g., substantially semi-cylindrical or a
      more shallow trough, cross-sectional configurations other than
      semi-circular being satisfactory. The receptacle member 28 comprises a
      main portion 50 and end walls 52, the external profile of the receptacle
      member 28 preferably conforming generally with the interior shape of the
      part 21 of the supporting elements 20 so as to be engaged thereby. The
      receptacle member 28 can be removably mounted on the supporting elements
      20, to permit the infant or toy doll in the receptacle member 28 to be
      carried about while leaving free the bearer's hands.
PAR  According to a preferred embodiment, the receptacle member 28 further
      comprises at least a pair of rocker elements 60 that are spaced apart, to
      permit the receptacle member 28 to be used separately as a rocking cradle.
      It is preferred that the receptacle member 28 include two spaced pairs of
      rocker elements 60 (as shown in FIGS. 1 to 3), each pair of rocker
      elements 60 straddling a supporting element 20 to restrict the lateral
      motion of the receptacle member 28.
PAR  The receptacle member 28 can include means for tying the infant or doll
      therein, e.g., filaments 70 (ribbon, string, etc.) that are connected to
      the receptacle member by, e.g., eyelets hooks, etc.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for carrying an infant or a child's toy doll comprising:
PA1  a. a pair of curvilinear C-shaped first portions adapted to rest on the
      shoulders of a user of said device, and an elongated second portion
      depending from each C-shaped portion, each said second portion having a
      first major surface part facing a portion of said first portion and an
      oppositely disposed second major surface part, each elongated second
      portion having a plurality of perforations along at least a portion of the
      length thereof, thereby permitting the adjustment of the location of a
      supporting element and a receptacle member therealong;
PA1  b. a substantially C-shaped rigid supporting element releasably attached to
      each said second major surface part of said second portion by engaging
      selected ones of said perforations and projecting therefrom in a direction
      opposite said first portion;
PA1  c. a receptacle member removably attached to said supporting element, said
      receptacle having a substantially semicylindrical configuration;
PA1  d. a pair of rocker elements integral with the outer semicylindrical side
      of said receptacle said rocker elements being spaced for association with
      said rigid supporting elements, said rocker elements including a pair of
      rockers parallel to each other spaced apart the distance equal to a width
      of a supporting element, said supporting elements each being receivable
      between a respective pair of rockers.
NUM  2.
PAR  2. A device as in claim 1, wherein said device further comprises means
      extending between said depending portions for limiting the motion of said
      depending portions in opposite directions away from each other.
NUM  3.
PAR  3. A device as in claim 1, wherein said supporting element comprises an
      angular projection for receiving said angular projection, thereby
      retaining said supporting element in position.
NUM  4.
PAR  4. A device as in claim 1, wherein said receptacle member comprises means
      for tying said infant or said doll in said receptacle.
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ABST
PAL  A strap has a handle formed at one of its ends and a fastener at its other
      end. The fastener is fitted in the bolt hole of the wheel on which a spare
      tire is mounted. The strap goes under the tire and provides a means for
      conveniently removing the spare tire and wheel from the trunk of a
      passenger car.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Removing a spare tire from the trunk of an automobile can be an awkward and
      often difficult task. The spare tire is generally stored on a ledge which
      is separated from the access side of the trunk by the entire width of the
      trunk floor. Thus, it is frequently necessary to climb into the trunk or
      lie across the trunk in order to reach the spare tire. Furthermore, the
      portion of the automobile body which extends upwardly from the trunk floor
      at the access side of the trunk forms a barrier over which the tire (and
      the heavy steel wheel on which it is mounted) must be raised. Attempting
      to lift a heavy tire and wheel, while bending over an automobile trunk,
      can easily injure an individual's back.
PAR  According to the present invention, one end of a strap is fastened to one
      of the bolt holes of the wheel for the spare tire. The opposite end of the
      strap has a handle which normally lies on or adjacent the trunk floor
      where it can be easily grasped without climbing into the trunk. The strap
      extends under the tire so that, after pulling the tire to the access side
      of the trunk, this strap can be used to lift the spare tire up over the
      body wall at the access side of the trunk.
PAR  The strap which forms a part of the present invention may be conveniently
      molded from relatively flexible plastic to incorporate an integral handle
      and at least one part of the fastening means providing the connection to
      the wheel. Such a plastic strap is easily kept clean, is strong and yet
      may be made flexible enough to conform to the surface on which it lies. In
      one form of the invention, flexible bridge members are employed to span
      the space between the tire supporting ledge of the trunk and the top of
      the body wall at the rear of the trunk. The bridge members are fastened to
      the trunk ledge at their inner ends and have hooks at their outer ends
      designed for removable connection to the top of the wall at the rear of
      the trunk. The need for such bridge members will depend upon such variable
      factors as the size of the trunk, the weight of the spare tire and its
      wheel and the height of the wall at the rear of the trunk.
DRWD
PAC  DESCRIPTION OF THE VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a passenger car trunk having mounted
      therein a spare tire and tire removal apparatus incorporating the
      principles of the present invention;
PAR  FIG. 2 is a broken view partly in section and partly in elevation of the
      strap illustrated in FIG. 1;
PAR  FIG. 3 is a broken sectional view of one of the bridge members illustrated
      in FIG. 1; and
PAR  FIGS. 4 and 5 are exploded views of a portion of the tire removal strap
      showing modified forms of attaching means therefor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a passenger car 10 having a conventional trunk 12 at the
      rear end thereof. The trunk 12 is normally closed by a trunk lid 14 which
      is spaced above a floor 16 of the trunk. A raised ledge 18 is provided at
      the forward end of the trunk and a body wall 20 is located at the rear of
      the trunk and extends upwardly from the floor 16. A spare tire 22 is shown
      lying on the ledge 18 in a horizontal attitude. The spare tire 22 is
      mounted on a conventional steel wheel 24 having a plurality of bolt holes
      26. Access to the trunk is obtained by standing adjacent the wall 20.
      Thus, the side of the trunk bounded by the wall 20 may be designated as
      the access side of the trunk. In the case of an automobile having a rear
      engine, the trunk will lie at the front of the car and the access side of
      the trunk will be at the front end thereof rather than at the rear end of
      the vehicle.
PAR  It will be seen that the ledge 18 is spaced from the access side of the
      trunk a distance equal to the length of the trunk floor 16. This dimension
      is frequently of such a magnitude that reaching into the trunk to manually
      grasp and remove a spare tire while standing on the ground at the access
      side of the trunk presents a formidable problem.
PAR  A strap is illustrated at 28 as lying under the tire 22 and projecting
      forwardly from the ledge 18 so as to lie along a generally vertical wall
      30 extending between the ledge 18 and the floor 16. Strap 28 has a handle
      32 at one end thereof and is provided witht fastening means indicated at
      its opposite end and indicated with at 34. The fastening means illustrated
      in FIG. 2 comprises a pair of resilient fingers 36 having wedge-shaped
      outer surfaces 38 terminating in recessed shoulders 40. The fingers 36 are
      molded as an integral portion of the strap 28 and may be inserted into one
      of the bolt holes 26 of the wheel 24. This insertion will cause the
      fingers 36 to move toward one another until the shoulders 40 snap past the
      plane of the wheel 24 in which the bolt holes 26 are formed, thus locking
      the fingers in place in the bolt hole.
PAR  FIGS. 4 and 5 illustrate alternative ways of connecting a strap to a spare
      tire. A strap 42 is illustrated in FIG. 4 as having the head 44 of a screw
      46 molded into one end thereof. The screw 46 is designed to be fitted in a
      bolt 26 for engagement with a wing nut 48. A strap 50 shown in FIG. 5 has
      a threaded hole 52 molded therein for threaded engagement by a screw 54
      having a winged head 56. The screw 54 is projected through a bolt hole 26
      and threaded into the hole 52 to fasten the strap 50 to the wheel 24.
PAR  FIG. 1 illustrates an optional feature of the invention including a pair of
      flexible bridge members 58. The bridge members 58 are permanently fastened
      to the ledge 18 by brackets 60 which capture beads 61 formed on the inner
      ends of the members 58. Hook members 62 are molded into the members 58 at
      the outer ends thereof and are adapted to be fitted over the upper end of
      the body wall 20 adjacent a trunk ceiling gasket 64. The bridge members
      are spaced apart transversely of the car and during use extend parallel to
      one another, spanning the gap between the ledge 18 and the top of the wall
      20. Thus, when the handle 32 is grasped the tire 22 may be pulled along
      the bridge members 58 in a direct path from the ledge 18 out of the trunk
      without first having to drop the tire down onto the floor 16 and then
      raising it up again over the wall 20.
PAR  Even when the bridge members 58 are not utilized, it will be appreciated
      that the strap 28 also provides a useful means for moving the spare tire
      and wheel 22, 24 over the rear wall 20. Due to the fact that the strap 28
      is located on the lower side of the tire 22, an upward pull on the strap
      28 will incline the rear end of the tire upwardly so that it may be
      brought to an inclined position with its upper end resting on the top of
      the wall 20. By then using both hands (one on the handle 32 and the other
      on the wheel 22), the final movement of the tire out of the trunk 16 is
      readily accomplished.
PAR  In each of the embodiments of the invention illustrated herein, it will be
      apparent that the strap can be easily removed from the spare tire after
      removal of the spare tire from the trunk and before the installation of
      the spare tire on one of the hubs of the car. Such removal of the strap is
      easily accomplished without any special tools. In the form of the
      invention illustrated in FIG. 2, the fingers 36 are, of course, simply
      squeezed between the thumb and forefinger so that the shoulders 40 will
      clear the bolt hole 26 in which the fingers are inserted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, an automobile body having a longitudinal axis and an
      interior storage area, a raised wall along an access side of said storage
      area, said wall extending generally perpendicular to said axis and
      transversely of said automobile body, a spare tire assembly including a
      tire and wheel, means in said storage area supporting said assembly in a
      substantially horizontal attitude and substantially parallel to said axis,
      said wheel having a plurality of bolt holes therein, said bolt holes being
      defined by a plurality of axes arranged generally parallel to said wall,
      and a flexible strap having a length equal to at least the radial distance
      between said bolt holes and the outer periphery of said assembly and
      having a handle at one end thereof and a fastening element at its opposite
      end, said fastening element extending generally parallel to said wall and
      engaged with one of said bolt holes, said strap having a main body portion
      arranged substantially parallel to said automobile body axis and extending
      radially of said assembly along the underside thereof from said one bolt
      hole to a position where said handle may be conveniently grasped by a
      person reaching over said wall into said storage area, whereupon said
      strap may be pulled toward said wall by the said person to cause said
      assembly to be biased rearwardly and upwardly of said storage area,
      whereby the rearwardly facing portion of said assembly is moved upwardly
      and rearwardly so that said assembly passes up and over said wall.
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ABST
PAL  A device for equalizing the speeds at which material moves through
      different sections of a machine which includes a tiltable structure
      sensitive to the depth of sag of the material passing from one section to
      another, a coil having a straight longitudinal axis is attached to the
      tiltable structure, and a spaced strip is disposed alongside the coil to
      provide a straight raceway containing a conductive ball, whereby tilting
      of the structure may allow gravity to move the ball along the raceway and
      so vary the impedance between the ball and one end of the coil. Another
      feature involves having multiple balls in the raceway, preferably of
      different diameter.
BSUM
PAR  This application relates to a device for regulating the speed of material
      being passed through one section of a machine in accordance with the speed
      of this material in another section of the machine and more particularly
      to such a device which is sensitive to the depth of the loop formed by the
      material as it passes from section to section.
PAC  BACKGROUND
PAR  There are many situations in industry where a flexible sheet material such
      as paper, cloth, or the like, is passed through different sections of
      machinery and where the speed at which such material is passed through one
      of such sections may vary from the speed at which it is passed through
      another section. It would be highly desirable in such situations to
      regulate the speed at which the material is passed through the other
      section to correspond with the speed at which it is passed through the one
      section so that the material does not either pile up or come into undue
      tension between sections.
PAR  In speaking of "machine," I include the separate mechanisms through which
      the material is passed continuously, however separated those mechanisms
      may be.
PAR  I am aware of attempts which have been made in the past to solve this
      problem of variable speed by the provision of devices having levers which
      contact the loops of material between sections using rheostats to arrange
      to be operated by the levers thus to cause the speed of the driving motor
      to be increased so as to take up the additional slack when the speed of
      the material in a previous section is increased. However, an object to
      such an arrangement is that the friction involved in operating the
      rheostat is too great to be operated by anything which is only in lightly
      touching contact with the moving loop of material between the sections.
      Another object is that the mechanisms needed for the actuation of such
      rheostats become mechanically complex and cumbersome, requiring special
      constructions and the use of nonstandard electrical parts.
PAR  It is therefore an object of this invention to provide a device for
      coordinating the speed of a material through a section of a machine with
      the speed at which the material is being passed through another section of
      the machine and to accomplish this smoothly in an effective way without
      the use of complicated or complex mechanisms. A further object is to
      provide such a device which will sense the depression of the material
      between sections with a light touch and which at the same time will
      positively operate to change the speed of the driving motor for one
      section so as to coordinate it with the speed of the material being passed
      through the other section. Still another object is to provide such a
      device which will accomplish the purpose in a smooth manner and in such a
      way that only small variations in speed will bring on a necessary
      adjustment. Other objects and advantages of the invention will be apparent
      as the specification proceeds.
PAR  In my copending application, Ser. No. 455,643 filed Mar. 28, 1974, I
      describe a device of the character above referred to which includes an
      annular coil of wire having electrical impedance and mounted on a tiltable
      structure, and an annular raceway beside the coil with a ball which stays
      at the lowest point in the raceway and so produces variation in the
      impedance of the coil between the ball and an end of the coil as the
      structure is tilted.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention I provide a device which includes a coil which is
      wound about a straight axis, the coil being mounted on a tiltable
      structure in such a way that the axis of the coil is transverse with the
      axis about which this structure is tilted. I find that such a device is
      very effective to quickly equalize the speeds of different sections of a
      machine.
DRWD
PAC  DETAILED DESCRIPTION
PAR  One embodiment of my invention is illustrated in the accompanying drawings
      in which:
PAR  FIG. 1 is a schematic illustration of one type of machine in which
      coordination of speeds is needed and showing my improved device in a side
      elevational view;
PAR  FIG. 2 is a top view of the device illustrated in FIG. 1;
PAR  FIG. 3 is a perspective view of the impedance element and conductor strip
      which together provide a raceway for the ball; and
PAR  FIG. 4 is a sectional view of the impedance element and the raceway, the
      section being taken as seen from line 4--4 of FIG. 3.
DETD
PAR  As illustrated in FIG. 1, there is shown a section 1 of a machine which
      includes rolls 10 and 11 between which a flexible sheet 12 is passed in
      the direction of arrows 13. After passing from section 1 the flexible
      material falls downwardly to form a loop 14, the other side of which
      passes upwardly and into section 2 of the machine. A motor M drives roll
      15 to pass the material onwardly in section 2.
PAR  The device for coordinating the speeds of the material in the different
      sections includes the base 16 on which are mounted bearings 17 and 18
      which contain the substantially horizontal shaft 20. Secured to shaft 20
      is a member 21 which includes one or more finger pieces 21a extending
      transversely of the shaft. This member is arranged to contact the
      lowermost points of the loop so that when moved up and down to contact
      with the lower part of the loop member 21 this serves to turn shaft 20
      clockwise (as seen in FIG. 2) when the loop is deepened, and to turn the
      shaft counterclockwise as the bottom of the loop raises.
PAR  To counterbalance the weight of the member 21 and to press this member into
      very light contact with the bottom of the loop 14, I provide the
      counterbalancing arm 22 which is secured to shaft 20 and extends
      transversely from shaft 20 in a direction opposite to that of member 21. A
      weight 23 is mounted on arm 22 and is adjustable along the length of the
      arm as may be necessary to give the slight upward pressure by the member
      21 against the bottom of the loop.
PAR  Mounted on arm 22 is the coil and raceway device 30 which is illustrated in
      detail of FIGS. 3 and 4 but which is shown generally in FIGS. 1 and 2 as
      being mounted on the arm 22. It may be seen that the longitudinal axis of
      the coil is transverse with the shaft 20 which is the axis about which the
      members 21 and 22 are tilted. By the term "transverse" I do not mean that
      it necessarily makes an angle of 90.degree. with the shaft but that it
      extends generally in a transverse direction.
PAR  Referring now more particularly to FIGS. 3 and 4, the device 30 includes a
      bracket 31 which at its longitudinal center has an aperture through which
      bolt 32 extends. Bolt 32 passes also through an aperture in the arm 22 and
      is engaged by a nut 33 on the other side of the arm. This construction
      allows the device 30 to be adjustable to tilt it with respect to arm 22
      merely by loosening bolt 33. The function of such adjustment will be
      explained hereinafter.
PAR  The bracket 31 has end pieces 34 between which the coil element 35 is
      mounted.
PAR  Coil element 35 has a cylindrical core 36 (FIG. 4). Concentric with the
      core is the wire coil 37 and over this is the insulating covering 38.
      Covering 38 has a window 38a therein through which the bare wire of coil
      37 may be contacted.
PAR  Coil element 35 is mounted in bracket 31 between bracket ends 34 by means
      of the bolts 39. The coil has connectors 40 and 41 which make electrical
      connection with the ends of the coil.
PAR  On the front side of coil 37 is an angle piece 42 which parallels the
      longitudinal dimension of the coil. Angle piece 42 has its ends fastened
      to bracket extensions 43 which in turn are fastened to the ends of bracket
      31.
PAR  Angle piece 42 is spaced from the coil and in register with the window in
      the coil insulation so that there is provided between the coil and this
      piece a raceway for the balls 50 and 51. Balls 50 and 51 are made of steel
      or other electrical conducting material and are movable in the raceway
      longitudinally of the coil. An electrical circuit is made from either end
      of the coil to the point where a ball contacts the coil, thence through
      the ball and the angle piece 42 to the connecting wire 44.
PAR  As shown, the wire 54 is connected to one end of the coil 35, and a wire 55
      connects the other end of the coil to the wire 44. If there should be any
      failure to make electrical connection through either of balls 50 and 51
      the electrical circuit between wires 54 and 44 is not broken, but in such
      an event this circuit includes the whole of the coil 35.
PAR  It is essential to use only the ball 50 but I prefer to use two balls 50
      and 51 one of which is somewhat larger than the other so that there is
      contact at different levels along the coil and greater insurance that
      contact will always be made between the coil and the angle piece. There
      are also other advantages to the use of multiple balls as will later be
      explained.
PAR  The electrical circuit through element 30 is from the connecting wire 54,
      which may be connected to one of connectors 40 or 41, through the nearest
      ball to this connector which is making contact with coil 37, and through
      angle piece 42 to connecting wire 44. While direct current may be used in
      which case only the resistance between the ball and the end of the coil
      connected to wire 54 is utilized, I may also use an alternating current
      system in which the inductance of the part of the coil which is in the
      circuit is utilized in the control being effected. In this disclosure I
      use the term "impedance" to represent either a resistance, an inductance,
      or both.
PAC  OPERATION
PAR  Referring to FIG. 1, when the material 12 speeds up between rolls 10 and 11
      or lags in passing over roll 15 so that the loop 14 deepens, the tiltable
      structure 21 and 22 tilts in a clockwise direction about the axis of shaft
      20. Since the element 30 is attached to arm 20 it likewise tilts so that
      balls 50 and 51 roll in their raceway toward the lead 44 thus reducing the
      impedance between leads 54 and 44. The wires 54 and 44 may be connected to
      the circuit of motor M so that such reduction in impedance results in an
      increase in motor speed. Likewise if motor M tends to drive the second
      section faster than the first section, this will cause element 30 to be
      tilted in the opposite direction thus producing a correction in speeds in
      the opposite way. In either case the balls actually move in one or another
      linear direction as they roll along the inclined raceway.
PAR  It might be supposed that the momentum of the balls would produce a greater
      unbalance by overcorrecting, and indeed some overcorrection may take
      place, but I have found that the unbalance is quickly overcome and a
      sensitive balance comes to be maintained. Though the initial distance
      which the balls travel in the raceway may be relatively large, the system
      quickly comes into balance. For preventing the balls from moving endwise
      beyond the coil, I provide the end blocking members 55 and 56.
PAR  I have further found that the effect when using multiple balls is
      preferred. It may be observed that it is the ball closest to the connected
      end of the coil which determines the amount of impedance in the circuit,
      and the second ball through frictional contact with the first helps to
      dampen the movement of the first ball, and vice versa.
PAR  When any oscillation of the balls has ceased, the element 30 will have come
      to be horizontal and level, so that gravity does not move the balls in
      either direction, and this condition continues until the material again
      begins to pass through one section of the machine faster than through the
      other section, and the corrective process then begins again.
PAR  To adjust my device to allow for a deeper or more shallow loop of the
      material between the sections of the machine, the operator may loosen nut
      33, and tilt the element 30 about bolt 32. By tilting element 30 in one
      direction about the bolt, the member 21 is at a higher position when the
      element 30 comes into balance, and by tilting element 30 in the other
      angular direction, the member 21 is in a lower position when the element
      30 comes into balance.
PAR  While I have illustrated only one embodiment of the invention and have
      described in detail this embodiment with some variations being mentioned,
      it should be understood that the structure of my invention may be varied
      in many ways and may be changed in many respects all within the spirit of
      the invention and within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a machine wherein a flexible material is passed at varying speeds
      through one section of the machine and also through another section of the
      machine with the machine having a device coordinating the speed of said
      material and each of said sections, the improvement in said device
      comprising a tiltable structure, means sensitive to the extent of the
      material's sag between said sections for tilting said structure, an
      impedance element in the form of a coil about a straight longitudinal
      axis, said longitudinal axis extending substantially horizontally and
      radially of the axis of tilt of said structure, a strip of electrically
      conductive material parallel and spaced from said coil, said strip forming
      with said coil a straight raceway for a ball, a ball of electrically
      conductive material in said raceway whereby when said raceway is
      horizontal said ball is stationary but when inclined downwardly in one or
      another direction said ball is moved by gravity in said direction, and
      means sensitive to the impedance between one end of said coil and said
      ball for changing the speed of said material through one of said sections
      to bring the speed of said material in said sections more nearly into
      equilibrium.
NUM  2.
PAR  2. A machine as set forth in claim 1 in which said tiltable structure has
      an arm which extends transversely of the axis of the tilt of said
      structure, and in which said coil is mounted on said arm.
NUM  3.
PAR  3. A machine as set forth in claim 2 in which said coil is adjustably
      mounted to allow tilting of the coil with respect to the arm.
NUM  4.
PAR  4. A machine as set forth in claim 1 in which said coil has an outer
      insulation coating having a window therein through which said ball
      contacts the wires of said coil.
NUM  5.
PAR  5. A machine as set forth in claim 1 which includes a second ball within
      said raceway and in which both of said balls are in electrical contact
      with said coil and with said strip, and in which an electrical circuit is
      provided leading from one end of said coil through the ball which is
      closest said end of the coil and through said strip.
NUM  6.
PAR  6. A machine as set forth in claim 5 in which said balls are of different
      diameter.
NUM  7.
PAR  7. In a machine wherein a flexible material is passed at varying speeds
      through one section of the machine and also through another section of the
      machine with the machine having a device coordinating the speed of said
      material in each of said sections, the improvement in said device
      comprising a tiltable structure, means sensitive to the extent of the
      material's sag between said sections for tilting said structure, an
      impedance element in the form of of a coil about a straight longitudinal
      axis, said longitudinal axis extending substantially horizontally and
      radially of the axis of tilt of said structure, a strip of electrically
      conductive material parallel to and spaced from said coil, said strip
      forming with said coil a straight raceway for a ball, a ball of
      electrically conductive material in said raceway whereby when said raceway
      is horizontal said ball is stationary but when inclined downwardly in one
      or another direction said ball is moved by gravity in said direction, and
      means sensitive to the impedance between one end of said coil and said
      ball for changing the speed of said material through one of said sections
      to bring the speed of said material in said sections more nearly into
      equilibrium, said tiltable structure having an arm which extends
      transversely of the axis of the tilt of said structure, said coil being
      mounted on said arm, and said sensitive means including a member extending
      in one direction which member contacts said material, and which includes a
      weight mounted on said arm and slideable therealong to provide a
      counterbalancing effect to said last mentioned member.
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ABST
PAL  An adjustable-bow bar or roll axle, useful for spreading slit sheets of
      paper and for other purposes, includes a hollow cylindrical shell. Two
      tension bolts extend along axes parallel to the centerline of the shell,
      and interconnect the ends of the bar or axle. One of the bolts lies in a
      plane of desired curvature of the bar and applies a bending moment to
      curve the bar in this plane; this bolt may be located inside or outside
      the shell, depending on the required bending moment. The second bolt may
      be inside the shell; its angular position is adjustable with respect to
      that of the first. This bolt is set in the plane of a resultant force
      applied to the bar by the tension in the sheet, and applies a bending
      moment to offset this force and prevent curvature of the bar in this
      plane. A third bolt may be located in a vertical plane to apply a bending
      moment to prevent curvature of the bar by its weight; or the second bolt
      may serve this purpose also.
PARN
PAC  BACKGROUND AND BRIEF DESCRIPTION OF THE INVENTION
PAR  This application is a continuation-in-part of my copending U.S. Patent
      application Ser. No. 365,055, filed on May 30, 1973, now abandoned.
BSUM
PAR  This invention relates to bow bars and curved roll axles. Bow bars, among
      other purposes, are used in the paper industry for separating the several
      strips of a slit sheet between the slitting cutters and the reel of a
      slitting machine. This is done to prevent the edges of the slit sheets
      from interleaving with each other during winding, which would make the
      completed rolls difficult to separate. Devices of this type are described,
      for example, in U.S. Pat. Nos. 3,463,377 and 3,719,316.
PAR  Some bow bars and curved rolls are adjustable in their degree of bow, to
      control the amount of spreading they produce. In the case of bow bars used
      for separating slit sheets, for example, this allows for changes in the
      number of slits to be cut in a sheet of given width. In the case of curved
      rolls used for spreading textiles, as another example, this allows the
      spreading action to be adjusted. It is with such adjustable-bow bars and
      roll axles that this invention is concerned.
PAR  The amount of bow required in these bars or rolls is in many cases quite
      small, often not over 1% of the face width of the bar or roll, and often
      much less than this. The action of these devices is entirely produced by
      the geometry of the bow; that is, by the amount of bow and the orientation
      of the plane of the bow with respect to the sheet. It will therefore be
      appreciated that where the total bow is small, (that is, the radius of
      curvature is relatively large), the amount and direction of the bow must
      be held within close limits.
PAR  A shortcoming of presently-known bow bars and roll axles intended to have
      small amounts of bow is that random, unintended deflections of the bar,
      produced by sheet tension and by the weight of the bar itself, may be of
      the same order of magnitude as the amount of bow required. The forces
      which produce these undesirable components of deflection of the bar often
      do not lie in the direction of the plane of the required bow. In addition,
      the sheet tension and the resultant component of force which it applies to
      the bar often vary over wide limits, because of variations in the physical
      characteristics of the sheets which are run over the bar.
PAR  The net effect of sheet tension and the weight of the bar is thus seriously
      to alter the direction and magnitude of the resultant curvature of the
      bar, in a manner which affects its performance most adversely.
PAR  An object of this invention is to eliminate these undesired components of
      deflection of the bar or roll axle.
PAR  A further object of the invention is to provide a bow correction which is
      easily adjustable in magnitude to compensate for variations in sheet
      tension.
PAR  A further object of the invention is to provide a bow correction which is
      adjustable in its direction of action, to compensate for variable sheet
      tension and/or the force of gravity.
PAR  A further object of one embodiment of the invention is to provide bow
      corrections which are substantially independent of each other and of the
      magnitude of the desired bow, to compensate for the effects of sheet
      tension and the force of gravity.
PAR  A further object of another embodiment of the invention is to provide a
      convenient means for independently adjusting the direction of desired bow
      and the direction of bow correction.
PAR  Briefly stated, the invention is carried out in preferred embodiments by
      extending at least two bolts, or other equivalent devices such as
      hydraulic rams for applying longitudinal compression or tension,
      lengthwise of a hollow cylindrical shell along axes parallel to its
      centerline or major axis. One of these devices, which may be inside or
      outside the shell depending on the lever arm needed to produce the
      required bending moment, lies in a plane of desired bow or curvature of
      the bar, and applied a bending moment to curve the shell in this plane.
      The second device lies in the plane of the resultant force applied to the
      bar by the tension in the sheet, and applies a bending moment to offset
      this force and correct curvature of the shell induced thereby. According
      to a feature of the invention, the angular position of the second device
      with respect to that of the first is adjustable, so that a change in the
      orientation of the bar of the wrap of the sheet can be compensated for. A
      third bolt or equivalent device may be extended through the shell on a
      vertical plane, to correct sag caused by the weight of the bar; but the
      virtue of adding such a third device is in proportion to the length and
      weight of the given bar. In some cases it is feasible to use the second
      device to correct for sag as well as sheet forces.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out the
      subject matter which I regard as my invention, it is believed that a
      clearer understanding may be gained from the following description
      preferred embodiments thereof, referring to the accompanying drawings, in
      which:
PAR  FIG. 1 is a fragmentary, partially sectional view in front elevation of a
      first embodiment of the invention in an adjustable-bow bar;
PAR  FIG. 2 is a view in left side elevation of the bar of FIG. 1;
PAR  FIG. 3 is a view in right side elevation of the bar of FIG. 1;
PAR  FIG. 4 is a schematic view in side elevation of a spreading device having
      two of the adjustable bow bars of FIGS. 1-3;
PAR  FIG. 5 is a view in right side elevation of a modified embodiment of the
      invention in an adjustable bow bar;
PAR  FIG. 6 is a fragmentary, partially sectional view in front elevation of
      another embodiment of the invention in an adjustable-bow roll;
PAR  FIG. 7 is a view in left side elevation of the roll of FIG. 6;
PAR  FIG. 8 is a view in right side elevation of the same roll;
PAR  FIG. 9 is a sectional view taken along line 9--9 in FIG. 6, looking in the
      direction of the arrows;
PAR  FIG. 10 is a fragmentary view in front elevation of an embodiment including
      a modified bending device; and
PAR  FIG. 11 is a fragmentary view in front elevation of another embodiment
      having another bending device.
DETD
PAR  Referring first to FIGS. 1-4, a first embodiment of the invention in an
      adjustable-bow bar includes a hollow cylindrical shell 1 provided with end
      caps 2 and 3. Bolts 4, 5, and 6 extend the length of the bar parallel to
      its centerline through the end caps, and are threaded at one end and
      provided with nuts 7, 8, and 9 respectively. All three of these bolts are
      located adjacent the inside diameter of the shell 1. The angular
      orientation of the bolt 4 is such that it lies in the desired plane A of
      the curvature or bow of the bar; that of the bolt 5 is such that it lies
      in the plane B of the resultant force produced by sheet tension acting on
      the bar; and that of the bolt 6 is such that it lies in a vertical plane C
      at the bottom of the shell 1.
PAR  The shell 1 is supported by brackets shown schematically at 10, which may
      include spherical mounts 11, well known in the art of curved rolls and bow
      bars, to allow the shell to be bowed as desired without a restraining
      moment being introduced by the support brackets.
PAR  The end cap 2 is provided with a pipe-threaded hole 12, through which
      pressurized air is admitted to the interior of the shell 1. The shell is
      provided with a plurality of holes 13 spaced longitudinally along and
      angularly about the shell, and generally covering the portion of the
      surface of the shell which is to be wrapped by the sheet.
PAR  FIG. 4 shows the manner in which two such bow bars are typically used, as
      further described, for example, in the aforementioned U.S. Pat. No.
      3,463,377. The bar of FIGS. 1-3 is shown as the bar at the upper left of
      FIG. 4. The bar 14 at the lower right of FIG. 4 is similar except that the
      bolts 4', 5', and 6' are differently oriented from their counterparts 4,
      5, and 6 because of the different manner in which the bar 14 is wrapped by
      a sheet 20 of longitudinally travelling paper, or other flexible material
      of indefinite length.
PAR  In use, the bolt 4 is used to introduce curvature or bow in the desired
      direction, and bolts 5 and 6 are used to prevent bow caused by sheet
      tension and axle weight respectively. Tensioning the bolt 4 by tightening
      its adjusting nut 7 introduces a uniform bending moment about the central
      axis of the shell 1, causing the shell to bow in substantially a circular
      arc in the direction shown in FIG. 4. The amount of bow produced is
      proportional to bolt tension. Similarly, tensioning the bolt 5 introduces
      a bending moment to oppose that produced by tension forces in the sheet
      20, and its tension may therefore be adjusted substantially to cancel the
      effect of the latter moment, and thus eliminate the undesired bow which
      the latter moment would otherwise have produced. In like manner, the bolt
      6 may be tensioned to eliminate the sag of the bar produced by its own
      weight.
PAR  In practice, it is frequently desired to change the tension in the sheet
      when changing grades of sheet, without an accompanying change in the
      desired bow setting. This can be accomplished with ease by adjusting only
      the tension in bolts 5 and/or 5', as this adjustment produces no
      interaction on the settings required of the bolts 4 and 6, and/or 4' and
      6', respectively.
PAR  When it is desired to adjust the amount of bow, this can most easily be
      done with no sheet threaded through the machine. The nuts 7 and/or 7' are
      adjusted on the bolts 4 and/or 4' to produce the desired amount of bow,
      with the nuts 8 and/or 8' slack on the bolts 5 and/or 5'. The sheet is
      then threaded through the machine, the sheet tension is set as desired,
      and the bolts 5 and/or 5' are then set as required to eliminate any bow
      produced by sheet tension. The setting of the bolts 6 and/or 6' is not
      changed in this operation, since the sag which the weight of the bar tends
      to induce remains unchanged.
PAR  In the case of bars with a relatively short face length, the sag produced
      by the weight of the bar may be small enough to be ignored, and in such
      cases the bolts 6 and 6' are eliminated.
PAR  Theoretically, the described functions of the bolts 4, 5, and 6 could be
      performed by a single bolt, in a construction similar to that shown but
      with two of the three bolts simply eliminated. In theory, the sum of the
      moments required to cancel the effects of sheet tension and the weight of
      the bar, and to produce the desired bow, can all be combined to produce a
      single resultant bending moment. By locating the tensioning bolt in the
      plane of this resultant, the desired magnitude and direction of bow could
      be produced. However, the angular position of the bolt would have to be
      adjusted over a relatively large range, and the determination of the
      proper angular position and bolt tension would be an awkward and
      time-consuming procedure which would have to be repeated whenever bow or
      sheet tension was to be changed. The present invention permits the desired
      effect to be attained very simply, accurately, and quickly, and to be
      adjusted readily whenever the operating conditions are changed.
PAR  At times it may be desirable to rotate the direction of the bow of the bar
      with respect to the path of the sheet. For example, if the sheet tends to
      be loose in the middle and tight at the edges, the bow should be rotated
      slightly into the sheet until the longitudinal sheet tension is
      essentially uniform in all of the slit segments of the sheet. In
      conventional bow bars this is accomplished by simply rotating the whole
      bar in its brackets. However, when this is done the surface of the bar
      wrapped by the sheet also rotates, necessitating that extra air holes be
      provided to float the sheet regardless of the orientation (within usual
      limits of about .+-.10.degree. from nominal) of the bow. This is, of
      course, wasteful of air. It would also disorient the bolts 5 and 6, so
      that they would no longer accurately correct bow caused by sheet tension
      and bar weight.
PAR  In the embodiment of my invention shown in FIGS. 1-4, the bolt 4 is mounted
      in curved slots 15 formed in each end cap 2 and 3. The center of curvature
      of the slot 15 is concentric with the axis of the bar 1, so that by
      appropriately positioning the bolt 4 within the slot 15, the direction of
      the desired bow may be adjusted as desired, typically up to .+-.10.degree.
      from the nominal direction of bow. Since this is done without rotating the
      entire shell 1, extra air holes through the shell 1 are unnecessary, and
      the bolts 5 and 6 are not moved from their desired settings. Sealing
      plates 16, which are supported on the opposite ends of the bolt 4, act to
      seal the slots 15 against loss of pressurized air. The plates 16 are held
      against the inner faces of the end caps 2 and 3 by air pressure, assisted
      by compression springs 17, which in turn react against the collars 18
      mounted on the bolt 4 near the end caps 2 and 3.
PAR  A modified construction of the invention is shown in FIG. 5. The elements
      of the bow bar are the same as in FIGS. 1-4, and cooperate in the same
      manner, except that the curved slots 15 are omitted, along with the
      accompanying sealing plates 16, springs 17, and collars 18. This
      construction achieves similar purposes to that of FIGS. 1-4, but does not
      provide the same ready adaptability to turning the bowed face of the bar
      with respect to the sheet in order to correct slackness of the center or
      edges of the sheet.
PAR  It should be understood that the bolts 4, 5, and 6 may be replaced by other
      well-known devices, such as hydraulic rams, for producing longitudinal
      compression or tension in the shell 1 along selected axes
      circumferentially spaced about and parallel to the major axis or
      centerline of the shell. If devices for applying tension rather than
      compression to the shell are used, these must act along axes lying in the
      planes A, B and C parallel to the centerline of the shell, but
      diametrically opposite to the illustrated locations of the bolts 4, 5, and
      6. The bowing or bow-correcting effects of such tension devices would then
      be the same as those which have been described for the
      compression-applying tension bolts 4, 5 and 6.
PAR  Another embodiment of the invention in an adjustably-curved roll is shown
      in FIGS. 6-9. This roll has purposes similar to earlier adjustably-curved
      rolls shown, for example, in U.S. Pat. No. 2,547,975 of Apr. 10, 1951 and
      U.S. Pat. No. 2,689,392 of Sept. 10, 1954, both issued to J. Douglas
      Robertson and owned by the assignee of this application. These earlier
      types of rolls were, however, especially suitable for greater amounts of
      curvature, i.e., smaller radii of curvature, than the roll of FIGS. 6-9,
      which includes a hollow one-piece cylindrical shell or bar 28 that cannot,
      within its elastic limits, be bent as much as the multi-leaved axles of
      the earlier rolls. On the other hand, the one-piece shell 28 is of greater
      advantage where smaller curvatures are required, since it is not subject
      to the mechanical hysteresis which causes some uncertainty and variation
      in the amount of curvature of multi-leaved axles when they are readjusted.
PAR  The roll has a tubular sleeve 30 which is rotatably mounted on the axle 28
      by suitable bearings (not shown) of a conventional nature, and carries an
      end cap 32 and a sheave 34 suitable for receiving a drive belt (not shown)
      for connection to external drive means for those applications in which
      extracting the drive torque from the sheet material passed over the roll
      is inappropriate. Sheet material (not shown) which is to be spread,
      expanded, or straightened in well-known fashion by the roll, is wrapped
      around an arcuate surface portion of the sleeve 30, passing over the
      sleeve parallel to its longitudinal axis in a similar fashion to the
      wrapping of the sheet 20 over the bars in FIG. 4. It should be noted that
      the device of FIGS. 6-9 is usable as a bow bar, simply by omitting the
      sleeve 30 and its end caps.
PAR  To bow the shell 28 into an adjustably-curved form, a pair of arms 46 are
      mounted near opposite ends of the shell 28 by means of cylindrical collars
      44, received conformably about the shell and welded to the arms as at 47.
      A bending moment is applied by means of a bowing mechanism comprising an
      elongated bolt 52 secured to one of the arms 46 by a nut 54, and to the
      other arm by a differential screw device 48 of a conventional type, having
      an adjusting hex head 50. The device incorporates a driving screw (not
      shown) threaded inside and out, and attained to the head 50, and a driven
      screw threadedly engaged within the driving screw. The inner and outer
      threads are of the same hand but of different pitches, so that the inner
      driven screw advances relatively slowly, and a large mechanical advantage
      is secured. Rotation of the head 50 in one direction thus draws the arms
      46 together with multiplied force, making it an easy matter to apply the
      large bending moment required to bow the shell 28. The shell bends in a
      plane defined by its major axis and by the centerline of the bolt 52, that
      is, in the plane of the paper in FIG. 6, and into an upwardly convex form.
PAR  At its right end, as viewed in FIG. 6, the shell 28 and the collar 44 are
      supported in a mounting block 38 by a spherical segment 58 of a
      conventional nature, which permits the shell to cant clockwise as its
      curvature increases.
PAR  At the left end, the shell and collar are supported in a mounting block 36
      of special construction, which includes convenient means for changing the
      direction of the plane of curvature of the shell. As is well known in the
      art, it is often desirable to change the arcuate portion of the curved
      surface of the roll or bar which contacts the sheet material, in order to
      alter the spreading action. To this end, the collar 44 and the connecting
      arm 46 are drivingly connected for angular movement with a ring 60 by a
      pair of trunnion pins 64. These pins also mount the collar and shell for
      canting movement relative to the block 36 about a diametral axis, to
      accommodate bending of the shell. The ring 60 is held in the block 36 by
      retaining rings 61.
PAR  The ring 60 is rotatably received in a bore 62 in the mounting block 36,
      and bears a bifurcated bracket 70, having a slot 71 in which a locating
      pin 72 is slidably received. The bracket 70 is attached to the ring by a
      pair of screws 68 threaded into a selected pair of a plurality of tapped
      holes 66 spaced around the ring. The improved adjusting device is capable
      of turning the shell and its plane of curvature through only a limited
      arc; displacements through larger angles are accomplished by removing the
      screws 68, bodily turning the shell 28 to a new angular position, and
      reinserting the screws into a new pair of tapped holes 66.
PAR  To turn the shell through a smaller arc of adjustment, the pin 72 is
      mounted on a nut 73 which is threaded on an adjusting screw 74 having a
      squared end 76 for receiving an adjusting wrench. The screw 74 is
      journalled in blocks 78 connected by a strap 80 and attached to the
      mounting block 36 by screws 82. Turning the screw 74 translates the pin 72
      to right or left, and accordingly cocks the bracket 70, the ring 60, the
      collars 44, and the shell 28 through an arc of limited extent to effect
      moderate adjustments in the plane of roll or bar curvature. An indicator
      49 is mounted on the ring 60 to show the location of the plane of
      curvature more clearly, and index marks (not shown) may be formed on the
      underlying surface of the mounting block 36 if desired.
PAR  A tension bolt 40 extends longitudinally through the interior of the shell
      28 and through end caps 39 at either end. Nuts 42 are threaded on either
      end of the rod to exert an adjustable degree of compression eccentrically
      on the shell, along the centerline of the bolt 40, to correct unwanted
      bowing of the shell in a plane defined by the parallel centerlines of the
      shell and the bolt. The end caps are received rotatably in the ends of the
      shell, so that the bolt can be adjusted to any angular position when the
      nuts 42 are slacked off, and the caps have notches 41 to receive a spanner
      wrench to facilitate this adjustment. The bolt is turned to lie in the
      plane of, and diametrically opposite to, whatever resultant force against
      which it is desired to straighten the shell, whether this be the tension
      force in the sheet material, the weight of the shell and the sleeve 30, or
      both, in the same manner as has been explained for the bar of FIGS. 1-5.
PAR  Indicators 43 are attached to the end caps 39 to aid in showing the exact
      angular position of the bolt 40, and index marks (not shown) may be formed
      on the underlying surfaces of the collars 44 if desired.
PAR  FIGS. 10 and 11 show modifications of the construction of FIGS. 6-9, like
      parts having the same numbers. In FIG. 10, the differential nut 48 is
      replaced by an hydraulic ram 94 attached to the left-hand arm 46 by a nut
      96, and to the bolt 52 by a stud 92 and an adjusting nut 90, which allows
      the length of the bowing mechanism between the arms 46 to be adjusted when
      pressure fluid is exhausted from the ram. In FIG. 11, a plain nut 100 is
      threaded directly on the bolt 52, and a ball thrust bearing 102 is
      interposed between this nut and the arm 46 to reduce the torque required
      to adjust the bowing mechanism.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An adjustable-bow device having an arcuate outer surface portion adapted
      for wrapping by an indefinite length of sheet material wrapped partially
      thereabout, said device comprising a hollow cylindrical shell having a
      major longitudinal axis, and means for supporting said shell with a
      predetermined angular orientation;
PA1  first means for applying adjustable longitudinal stress to said shell along
      a first axis parallel to and spaced apart from said major axis, said first
      stress-applying means being constructed and arranged to bow said shell
      parallel to a first plane defined by said first axis and said major axis;
PA1  said shell being subject to a resultant force applied to said shell and
      lying in a second plane defined by said major axis and a second axis
      parallel to and spaced apart from said major axis, said resultant force
      tending to induce undesired curvature in said shell parallel to said
      second plane;
PA1  and second means constructed and arranged for applying adjustable
      longitudinal stress to said shell in said second plane and in opposition
      to said resultant force to remove said undesired curvature from said
      shell.
NUM  2.
PAR  2. An adjustable-bow device as recited in claim 1, said first and second
      stress-applying means being relatively angularly adjustable with respect
      to one another about said major axis.
NUM  3.
PAR  3. An adjustable-bow device as recited in claim 1, at least one of said
      stress-applying means being angularly adjustable about said major axis
      with respect to said shell.
NUM  4.
PAR  4. An adjustable-bow device as recited in claim 1, said first and second
      stress-applying means being independently angularly adjustable about said
      major axis with respect to said shell.
NUM  5.
PAR  5. An adjustable-bow device as recited in claim 1, together with third
      means for applying longitudinal stress to said shell along a third axis
      parallel to and spaced apart from said major axis, said third axis lying
      in a vertical plane passing through said major axis, and being constructed
      and arranged to remove curvature induced in said shell by the weight
      thereof.
NUM  6.
PAR  6. An adjustable-bow device as recited in claim 1, said shell being
      provided with end caps, at least one of said stress-applying means
      comprising a tension bolt passing through said end caps.
NUM  7.
PAR  7. An adjustable-bow device as recited in claim 6, said end caps and said
      bolt being jointly angularly movable relative to said shell to relocate
      said second plane.
NUM  8.
PAR  8. An adjustable-bow device as recited in claim 6, the other of said
      stress-applying means comprising a second tension bolt exterior to said
      shell and a pair of arms attached to opposite end portions of said shell,
      extending radially therefrom, and attached outwardly from said shell to
      opposite end portions of said second bolt.
NUM  9.
PAR  9. An adjustable-bow device as recited in claim 1, said shell being
      provided with end caps, said first and second stress-applying means
      comprising tension bolts passing through said end caps, said end caps
      being formed with arcuate slots receiving one of said stress-applying
      bolts, said slots being generated by circular arcs about said major axis;
      whereby said first and second planes may be relatively angularly displaced
      by moving said one stress-applying bolt without angular displacement of
      said shell and the other said stress-applying bolt.
NUM  10.
PAR  10. An adjustable-bow device as recited in claim 9, together with a pair of
      sealing plates for said slots, said sealing plates being supported on said
      one stress-applying bolt and being movable therewith to hermetically seal
      said slots.
NUM  11.
PAR  11. An adjustable-bow device as recited in claim 8, together with means for
      sealing said slots against the escape of air therefrom, said arcuate outer
      surface portion of said shell being formed with a plurality of air holes,
      whereby air supplied to the interior of said shell passes through said
      holes to form an air cushion between said shell and said sheet material.
NUM  12.
PAR  12. An adjustable-bow device as recited in claim 1, said supporting means
      mounting said shell and said first stress-applying means for joint angular
      displacement about said major axis of said shell, and including means for
      angularly adjusting said shell and said first stress-applying means to
      relocate said first plane.
NUM  13.
PAR  13. An adjustable-bow device as recited in claim 12, said second
      stress-applying means being angularly adjustable independently of said
      shell and said first stress-applying means to relocate said second plane.
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ABST
PAL  Driver for fasteners, wherein a slidable element contacts a work surface to
      allow fasteners to be driven, but otherwise inhibits the driving of
      fasteners.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  For many years mechanical devices have been used for driving fasteners in
      the construction trades. For instance, stapling guns have been used for
      driving staples and nail drivers have been used for driving nails. These
      devices project the fastener with considerable force and, in the absence
      of a work surface, the fasteners fly through the air considerable
      distances and with considerable force. Since all such fasteners are
      provided with sharp ends, the fastener driver becomes a very dangerous
      piece of equipment. In the construction trades, however, the workers are
      aware of these dangers and tend to be careful in handling such equipment,
      because it is their livelihood. Stapling guns and nail drivers are now
      being used, however, by homeowners in performing repairs around their
      homes and, therefore, the fastener driver becomes available to children.
      Because they are often shaped to resemble guns, they become an attractive
      nuisance so far as children are concerned. The danger to themselves and to
      other children increases as such devices become more readily accessible to
      children and as the children become more used to them. These and other
      difficulties experienced with the prior art devices have been obviated in
      a novel manner by the present invention.
PAR  It is, therefore, an outstanding object of the invention to provide a
      fastener driver which is not capable of projecting the fastener through
      the air.
PAR  Another object of this invention is the provision of a fastener driver
      which is only operative to drive fasteners when it is pressed against a
      work surface.
PAR  A further object of the present invention is the provision of a driver for
      fasteners wherein the fasteners are carried in a cartridge but are
      inhibited from entering the driving area unless the fastener-emitting exit
      is pressed against a work surface.
PAR  It is another object of the instant invention to provide a fastener driver
      in which the fasteners are arranged seriatim, so as to be advanced one by
      one to a driving position, and wherein the advance is inhibited unless the
      driver is in a safe condition.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the invention consists of a driver for fasteners having a
      housing with a handle and with a fastener exit. A track is mounted in the
      housing for supporting the fasteners to present them one by one to the
      said fastener exit and means is mounted in the housing for driving a
      fastener through the exit. A safety device mounted on the housing serves
      normally to inhibit the driving of a fastener and allows it only when the
      exit is pressed against a surface.
PAR  More specifically, the safety device includes a finger which extends away
      from the housing adjacent the said exit and is movable when the housing is
      moved toward and away from the said surface. The finger is biased by a
      spring into a normally-extended position where it inhibits the driving of
      a fastener but can be moved into a retracted position by contact with the
      surface in which position the driving of the fastener is permitted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a side view of a driver for fasteners embodying the principles of
      the present invention,
PAR  FIG. 2 is a vertical sectional view of the driver showing details of the
      construction,
PAR  FIG. 3 is an enlarged vertical sectional view of the driver showing the
      details of the safety device,
PAR  FIG. 4 is an end elevational view of the driver, and
PAR  FIG. 5 is a sectional view of a portion of the apparatus taken on the line
      V--V of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1 and 2, wherein are best shown the general
      features of the invention, the driver 10 is shown for the purpose of
      description as a stapling gun for driving fasteners in the form of
      staples. It is formed with two spaced parallel side frames 11 and 12 which
      are embraced along corresponding normally vertical straight edges by a
      U-shaped front frame 13. The side frames are held in spaced parallel
      relationship by a frame channel 14 running along corresponding bottom
      edges. Bumper retainers are also located between the side frames and a
      unit is provided with a base 16. The staple guide 17 is located within the
      frame channel 14. A plastic handle 18 is located between the side frames.
      An actuating handle 19 is pivoted between the side frames on a pivot pin
      21 and a shield 22 is mounted on the handle. A lock loop 23 is pivoted on
      the side frames and is adapted to engage a slot 24 formed in the handle. A
      hammer 25 is located between the side frames within the front frame 13 and
      is provided with a staple driver blade 26 fastened thereto and resting
      against the bight of the U-shaped front frame 13. A spring guide roller 27
      is mounted within the staple guide 17 and is rotatably mounted on a spring
      guide roller pin 28. A hammer lifter 29 is mounted on a pivot pin 31 as a
      lever between the side frames 11 and 12 and between downwardly-depending
      flanges formed on the handle 19. A latch 33 is mounted on the outside of
      each of the side frames by means of a pivot pin 34. A staple-pressure
      slide 32 is mounted in the staple guide 17. The slide 32 is fastened
      within the frame channel 14 by means of slide rivets 35. A hammer spring
      36 rests in an upwardly directed recess formed in the top of the hammer
      25.
PAR  Between the side frames 11 and 12 and within the front frame 13 is mounted
      a cap member 37 consisting of outside laminations within which are
      provided spring-confining laminations. There are also five litter cam
      laminations which are located between the spring-confining laminations. A
      latch spring is associated with the latch 33, while a lifter spring 49 is
      mounted on a pivot pin 51 in the handle 19. A staple feed spring 52 is
      mounted within the staple guide 17 and has one end attached to a hinge pin
      53, while the other end is attached to the slide 32. A rubber bumper 54 is
      mounted above the frame channel 14 and underlies the hammer 25.
PAR  A rivet 55 extends through the side flanges of the front frame 13 and
      through corresponding apertures in all of the laminations. At one end the
      rivet is provided with an aperture through which extends a lock spring 56
      of a well-known type.
PAR  Referring next to FIGS. 3, 4, and 5, wherein are shown the details of the
      safety device, it can be seen that the fastener exit is indicated by the
      reference numeral 38 and that the staples 39 are mounted on a track in the
      housing which supports them to present them seriatim to the said fastener
      exit. The hammer 25 provides a means mounted in the housing for driving a
      fastener through the exit. A safety device 40 is mounted in the housing
      and normally inhibits the driving of a staple, but allows such driving to
      take place when the area around the exit 38 is pressed against a working
      surface. The safety device includes a finger 41 which extends away from
      the bottom wall of the base 16 adjacent the exit 38 and which slides in
      accordance with movement of the housing toward and away from the working
      surface.
PAR  The finger is biased by a spring 42 (see FIG. 4) into a normally-extending
      position where it inhibits the driving of a staple, but can be moved into
      a retracted position by contact with the working surface, in which
      position it allows the driving of the fastener. The hammer 25 is
      spring-loaded by the spring 36 and is provided with the staple driver
      blade 26 which is slidable toward and away from the exit 38. A lever
      system, including the lifter 29 and the handle 19, is provided to lift the
      hammer and then release it for the driving operation.
PAR  The driver blade 26 is provided with a median slot 43 and the safety device
      40 has an abutment 44 that extends through the slot 43 for engagement in
      the inhibiting position with the leading end of the series of staples 39,
      the slot being of sufficient size that the abutment does not interfere
      with the movement of the hammer 25 and its driving blade 26. The end wall
      of the front frame 13 extends perpendicular to the flat bottom wall of the
      base 16 in which the exit 38 is located. The safety device 40 is formed in
      part as a flat plate 45 which is slidable on the surfaces of the end wall
      and which carries the finger 41 at its lower end adjacent the bottom wall
      16. A rivet 46 is fixed in the end wall and extends through a slot 47 in
      the plate 45. The slot is of an upside-down or reversed Y-shape which
      defines an upwardly directed point 48. The spring 42 is generally U-shaped
      and is mounted on the rivet 46 with its legs straddling and engaging the
      sides of the point 48. The end wall of the front frame 13 is provided with
      a slot 49 adjacent the bottom wall, the finger 41 being bent away from the
      plane of the plate 45 so as to reside in and be guided by that slot.
PAR  The operation of the fastener driver will now be readily understood in view
      of the above description. The driver is operated in the usual way by
      grasping the handle 18 and squeezing the actuating handle 19 toward it.
      This lifts the hammer 25 by means of the lifter 29 against the pressure of
      the spring 36. At the top of the stroke the lifter 29 is moved out of the
      slot in the hammer and the hammer falls downwardly, carrying the staple
      driver blade 26 with it. This blade usually strikes the foremost of the
      staple 39 and drives it outwardly through the opening 38. In the present
      case, however, when the blade 26 moves downwardly, the abutment 44
      maintains the staples away from the path of the stroke of the blade; this
      means that the blade moves downwardly in the usual way, but that there is
      no staple for it to strike. The movement of the blade is not prevented by
      the abutment 44, because the abutment slides in the slot 43 in the blade
      26. When the base 16 is pressed against a working surface, however, the
      working surface strikes the end of the finger 41 and moves the entire
      plate 45 upwardly. The rivet 46 engages the upper leg of the Y-shaped slot
      47 and guides the plate upwardly. The finger operating in the slot 49 also
      serves to guide the entire arrangement for vertical movement. The upward
      movement is resisted by the spring 42 whose legs slide along the inclined
      surfaces of the point 48. As soon as the plate 45 is moved vertically
      upwardly (the end of the finger 41 being raised as high as the bottom
      surface of the base 16), the abutment 44 is moved away from the foremost
      staple, so it can be pushed by the spring 52 and the slide 32 against the
      inner surface of the frame 13 and into the path of the staple blade 26.
      Then, when the blade comes down, it strikes the leading staple and drives
      it through the opening 38.
PAR  It can be seen that the present invention causes the driving of a staple to
      be inhibited unless the bottom surface of the base 16 is pressed against
      the working surface. In other words, it is possible to drive a staple into
      the air. A child playing with the stapling gun will not be able to "shoot"
      staples and injure himself or his playmates. Furthermore, a workman cannot
      accidentally fire the staple and do similar damage. The construction is
      relatively simple and inexpensive to apply to existing driver designs and
      can be used either on stapling guns or on nail drivers of the conventional
      type.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. A driver for a series of fasteners, comprising
PA1  a. a housing having a handle and a fastener exit,
PA1  b. a guide mounted in the housing presenting the fasteners seriatim to the
      said fastener exit,
PA1  c. means mounted in the housing for driving a fastener through the exit,
      the said means including a spring-loaded hammer with a driver blade
      slidable toward and away from the exit and a lever provided to lift the
      hammer and then release it for the driving operation, the driver blade
      being provided with a median slot, and
PA1  d. a safety device mounted on the housing and normally inhibiting the
      driving of a fastener but allowing it when the exit is pressed against a
      surface, the safety device including a finger extending away from the
      housing adjacent the exit and movable by movement of the housing toward
      and away from the surface, the finger being biased by a spring into a
      normally-extended position where it inhibits the driving of a fastener,
      but can be moved into a retracted position by contact with the surface, in
      which position it allows the driving of the fastener, the safety device
      having an abutment that extends through the driver blade slot for
      engagement in the inhibiting position with the leading end of the series
      of fasteners, the slot being of sufficient size that the abutment does not
      interfere with the movement of the hammer and the driving blade.
NUM  2.
PAR  2. A driver as recited in claim 1, wherein the housing is provided with an
      end wall extending perpendicular to a flat bottom wall in which the exit
      is formed, wherein the safety device is provided with a flat plate which
      is slidable on the surface of the end wall and carries the finger at its
      lower end adjacent the bottom wall, and wherein a rivet is fixed in the
      end wall and extends through a slot in the plate.
NUM  3.
PAR  3. A driver as recited in claim 2, wherein the slot is of reversed Y-shape
      defining an upwardly directed point, and wherein the aforementioned spring
      is U-shaped and is mounted on the rivet with its legs straddling and
      engaging the sides of the point.
NUM  4.
PAR  4. A driver as recited in claim 3, wherein the end wall is provided with a
      slot adjacent the bottom wall, the finger being bent away from the plane
      of the plate so as to reside in and be guided by the slot.
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ABST
PAL  A work element, such as a wire stitching head, is provided which is adapted
      to be manually advanced and positioned along a support rail. The work
      element is carried by a carriage adapted to be movably mounted on a
      support rail, said carriage including bearing means, such as roller means,
      operably connected thereto and adjustable between engaging and retracted
      positions and adapted to contact the support rail and facilitate movement
      of the carriage along the support rail when the bearing means is in its
      engaging position. Each carriage also includes selectively positionable
      securing means, such as clamping members, for preventing the advance of
      the carriage along the support rail when the bearing means is in its
      retracted position, which means are adjustably connected to the carriage
      and adapted to engage the support rail.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a work element, such as a wire stitching head,
      which may be manually advanced and positioned along a support rail.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional box stitching machines include a stitching head mounted on a
      bridge frame for applying wire stitches to overlapping portions of a box
      blank passing therebeneath, and conveying means for advancing the box
      blank passed the stitching head. Box manufacturers employ such wire
      stitching apparatus in stitching boxes designed to hold extremely heavy
      contents.
PAR  One of the basic requirements of box stitching machines is that the stiches
      be applied at precisely desired locations, for example, with respect to
      the leading and trailing folds which define the intermediate body portion
      of the planar box blank. This requirement is, in part, satisfied by
      carefully controlling the path of the box blank passing beneath the
      stitching head. However, it is also necessary to accurately position the
      stitching head on the bridge frame vis-a-vis the path of travel of the box
      blank passing therebeneath. This may be accomplished automatically through
      the use of complex costly automatic electro-mechanical means.
PAR  Manual positioning of the stitching head on the bridge frame has been
      attempted with only moderate success. It has been suggested to employ
      rollers between the stitching head and bridge frame to achieve smooth and
      manual lateral movement of the stitching head. Unfortunately, it has been
      found that rollers cannot withstand the high shockloads imparted on them
      as the head goes through the stitching function. With no other feasible
      alternative available, the art has turned to the use of sliding pads to
      effect manual movement of the head. However, the sliding pads tend to wear
      quickly and do not provide for the desired smooth lateral movement.
PAC  SUMMARY OF THE INVENTION
PAR  In contradistinction to the prior art, the instant invention provides means
      for effecting manual smooth lateral movement of the stitching head along
      the bridge frame by employing bearing means, such as one or more rollers,
      in conjunction with one or more clamping means, which rollers are
      connected to the stitching head and include means for selectively moving
      the rollers between engaging and retracted positions. Thus, when the
      stitching head is performing its stitching function, the rollers will be
      in their retracted position and will not be subjected to the shockloads
      created by the stitching function, while the clamping means maintains the
      stitching head in secure contact with the bridge frame.
PAR  In its broadest aspect, the present invention relates to a work element,
      which may comprise a stitching head or other conventional types of work
      elements, which is adapted to be manually advanced and positioned along a
      support rail, such as a bridge frame. The work element or elements of the
      invention are carried by one or more carriages, adapted to be movably
      mounted on a support rail, each carriage including bearing means, such as
      one or more roller means or low friction pads, operably connected to the
      carriage and adjustable between rail engaging and retracted positon, and
      means for selectively positioning the bearing means between rail engaging
      and retracted positions. The bearing means is adapted to contact the
      support rail when in its rail engaging position and facilitate movement of
      the carriage along the support rail. The carriage also includes
      selectively positionable securing means connected to the carriage and
      adapted to engage the support rail to prevent the advance of the carriage
      along the support rail when the bearing means is in its retracted
      position.
PAR  The work element of the invention encompasses any element which may be
      moved and positioned along a support structure for example, relative to
      the transverse path of movement of another member, such as a stitching
      head laterally positioned relative to a bridge frame and the transverse
      path of movement of box blanks passing therebeneath. In addition, the work
      element of the invention encompasses two or more such elements which must
      be moved and positioned to vary the distance therebetween (such as in
      folders, feeders, counterejectors, palletizers, stackers, bundlers, or
      other equipment employed in the box making industry) and relative to the
      support structure.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a view of a working element of the invention comprising a
      stitching head supported on a support rail, wherein the bearing means are
      in their rail engaging position for effecting movement of the stitching
      head along the support rail, and the selectively adjustable securing means
      are in the open position; and
PAR  FIG. 2 is a view of the work element and support rail shown in FIG. 1 in
      position to effect a stitching function, wherein the bearing means are in
      their retracted position and the selectively adjustable securing means are
      in the closed position engaging the support rail.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the accompanying Figures wherein like parts are referred
      to by like numerals in the several views, there is shown in FIGS. 1 and 2
      the work element of the present invention in the form of a conventional
      stitching head identified generally by the numeral 10 and designed for use
      in conventional box wire stitching machines. The stitching head 10 is
      carried on a carriage 12, which as shown is preferably formed of square
      rectangular tubing including top wall 18, front face 26 and rear face 29,
      on which rear face the stitching head 10 is actually secured. The carriage
      12 is mounted over and adapted to slide over a support rail, namely bridge
      frame 14, by means of bearing means, such as retractable roller means 16.
      The roller means 16 are mounted on top wall 18 of the carriage 12 near
      each end thereof and contact the top wall 11 of the bridge frame 14, the
      top wall 11 serving as a rail or track therefor. As will be seen, the
      roller means 16 are adapted to be adjusted between a rail engaging
      position as shown in FIG. 1 and a retracted position as shown in FIG. 2.
PAR  The top wall 11 of the bridge frame 14 may include an elongated recessed
      portion and/or may include upstanding guide rails to serve as quide means
      for the roller means 16.
PAR  Selectively positionable securing means generally indicated by the numeral
      20 and preferably comprising a pair of adjustably positionable clamp
      members 22 are secured by means of bolts 24 to front face 26 of the
      carriage 12. The clamp members 22 are adapted to be adjusted between open
      or non-securing positions as shown in FIG. 1 when the roller means 16 are
      in their rail engaging positions so as to allow movement of the carriage
      12 along the bridge frame 14, and closed or rail engaging positions as
      shown in FIG. 2 when the roller means 16 are in their retracted positions
      to prevent movement of the stitching head 10 when  the stitching head 10
      is ready to effect its stitching function. When the roller means 16 are in
      their rail engaging position as shown in FIG. 1, the stitching head can be
      manually moved along the bridge frame 14.
PAR  In the preferred embodiment of the invention, each of the roller means 16
      include means for selectively positioning the rollers with respect to
      bridge frame 14 which means preferably takes the form of an over-center
      toggle mechanism which comprises a base member 28 which is connected by
      means of conventional machine screws to the top wall 18 of carriage 12. A
      first link member 30 is pivotally connected by means of pivot pin 32 to
      base member 28 as shown. A control member 34, which includes handle 36, is
      pivotally connected by means of pivot pin 38 to the base member 28 as
      shown. A second link member 40, best shown in FIG. 2 is pivotally
      connected by means of pivot pin 42 to the first link member 30 and is
      pivotally connected by means of pivot pin 44 to the control member 34.
      Roller 46 is connected to the first link member 30 via screw 48 carrying
      nuts 51 on either side of the first link member 30.
PAR  As will be seen hereinafter, the rollers 46 may be easily manually
      retracted from their rail engaging position shown in FIG. 1 to the
      retracted position shown in FIG. 2 by simply moving the handles 36 toward
      each other as shown in FIG. 2 Movement of handles 36 as described above,
      causes the second link member 40 to pivot upwardly about pivot pin 44
      carrying with it the second link member 30 which in turn causes the roller
      46 to move upwardly away from the top wall 11 of the bridge frame 14. The
      under surface of the top wall 18 of the carriage 12 will now fall slightly
      into contact with the top wall 11 of the bridge frame 14.
PAR  Where it is desired to move the carriage 12 along the bridge frame 14, the
      rollers 46 may be moved into their engaging position as shown in FIG. 1 by
      simply moving the handles 36 away from each other. Such movement of each
      of the handles 36 causes the second link members 40 to pivot about pins 44
      downwardly carrying with it the first link members 30 which in turn causes
      the rollers 46 to move downwardly into engagement with the top wall 11 of
      the bridge frame 14. When the rollers 46 contact the top wall 11 of the
      bridge frame 14, the top wall 18 of the carriage 12 will be lifted
      slightly out of contact with the top wall 11 of the bridge frame 14. The
      carriage 12 is now ready for movement along the bridge frame 14.
PAR  It will be apparent that the screw 48 and associated nuts 51 provide a fine
      adjustment for the position of the roller 46 relative to the top wall 11
      of the bridge frame 14.
PAR  In the preferred embodiment of the invention, the clamp members 22 each
      includes a base member 50 which is secured to the front face 26 of the
      carriage 12 by means of conventional bolts 24; a jaw member 47 pivotally
      connected by means of pivot pin 48 to the base member 50; a control member
      56, which includes handle 58, pivotally connected by means of pivot pin 49
      to the jaw member 47; and link members 52 pivotally connected by means of
      pivot pin 51 to the control member 56 and pivotally connected by means of
      pivot pin 54 to the base member 50. The jaw members 47 include adjustable
      engaging means 60 which, as shown, comprises a screw 62 which passes
      through a threaded passage in the end 64 of the jaw member 47. The screw
      62 includes a frame engaging portion 66 which may take the form of a
      conventional rubber stopper or the like.
PAR  The clamp members 22 may be moved from their open (non-rail engaging)
      position as shown in FIG. 1 to their closed (rail engaging) position as
      shown in FIG. 2 by merely moving the handles 58 toward the base members 50
      thereby causing the jaw members 47 to pivot about pins 48 and 49 and move
      into engagement with the bottom portion of the bridge frame 14.
PAR  It will be appreciated that the clamp members 22 will be in their open
      (non-rail engaging) position as shown in FIG. 1 when the rollers 46 are in
      their rail engaging position to facilitate movement of the carriage 12
      along the bridge frame 14. Furthermore, the clamp members 22 will be in
      their closed (rail-engaging) positon as shown in FIG. 2, when the rollers
      46 are in their retracted position, to secure carriage 12 to the bridge
      frame 14 during the stitching operation.
PAR  In operation, the clamping members 22 are moved to their open positions by
      moving the handles 58 away from the base members 50 to the positions shown
      in FIG. 1. The jaw members 47 are thereby moved out of engagement with the
      bottom portion of the bridge frame 14. The roller means 16 are then moved
      to their rail engaging positions by moving handles 36 toward each other to
      the position shown in FIG. 1. The rollers 46 are thereby made to move into
      contact with the top wall or track 11 of the bridge frame 14 thereby
      causing the undersurface of the top wall 18 of the carriage to be lifted
      slightly up from and out of engagement with the top wall 11 of the bridge
      frame 14. The carriage 12 can then be manually laterally moved on the
      rollers 46 along the bridge frame 14 to the desired predetermined
      position. Thereafter, the roller means 16 are moved to their retracted
      positions as shown in FIG. 2 by moving the handles 36 thereof toward each
      other to thereby cause the rollers 46 to be moved upwardly out from
      engagement with the top wall 11 of the bridge frame 14. The carriage 12 is
      thereby caused to drop slightly into contact with the top wall 11 of the
      bridge frame 14. Thereafter, the clamping members 22 are moved to their
      closed (rail-engaging) position by merely moving the handles 58 toward the
      base members 50 causing the jaw members 47 and the rail-engaging portions
      66 thereof to move into engagement with the undersurface of the bridge
      frame 14. The carriage 12 is now securely mounted to the bridge frame 14
      and is ready for stitching. Inasmuch as the rollers 46 are, at this
      juncture, out of contact with the bridge frame 14, they will not be
      subjected to the shockloads generated during the stitching function.
PAR  As indicated above, the work emement of the invention may encompass any
      element which may be moved and positioned along a support structure.
      Furthermore, the work element may comprise two or more work elements which
      may be positioned relative to each other and relative to common support
      structure. Thus, for example, the work element of the invention may
      comprise a pair of folding elements employed for folding planar box
      blanks. In this embodiment of the invention, a pair of carriages will be
      mounted on a support rail similar to that described hereinbefore and each
      of the carriages will include a pivotally mounted arm which extends from
      the carriages and is employed for folding flaps of the box blank. As
      described above, during the folding operation, the bearing means (for
      example roller means 16) will be in their retracted position and the
      selectively adjustable securing means, such as clamping members 22, will
      be moved to their support rail engaging positions to fix the position of
      the carriages relative to each other and to the support rail. Where it is
      desired to move the pair of carriages so as to increase or decrease the
      distance therebetween, the clamping members will be moved to their open
      (non-rail engaging) positions and the roller means 16 will be moved into
      their rail engaging positions. The carriages may then be moved along the
      support rail by means of the roller means to desired predetermined
      positions.
PAR  It will also be apparent that any number of work elements may be employed
      with any number of carriages, rollers and clamp members in accordance with
      the present invention and may be positioned relative to each other and
      relative to a support rail.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for positioning a work element on a support rail, comprising,
      in combination,
PA1  at least one carriage adapted to be movably mounted on said support rail
      said carriage including a top member adapted to be supported on said
      support rail, and at least one side surface member connected to said top
      member and depending adjacent said support rail, so that said work element
      may depend therefrom;
PA1  bearing means operably connected to said carriage and adjustable between
      engaging and retracted positions, said bearing means adapted to contact
      said support rail when in its engaging position and facilitate movement of
      said carriage along said rail;
PA1  means for selectively positioning said bearing means between engaging and
      retracted positions, said means comprising over-center toggle mechanisms
      connected to said bearing means, said toggle mechanisms movable between
      first and second positions, so that said bearing means may be in its
      engaging position when said toggle mechanism is in its first position and
      said bearing means may be in its retracted position when said toggle
      mechanism is in its second position; and
PA1  means for preventing the advance of said carriage along said support rail
      when said bearing means is in its retracted position, said means being
      adjustably connected to said carriage and adapted to engage said support
      rail.
NUM  2.
PAR  2. The apparatus in accordance with claim 1 wherein said bearing means
      comprise roller means.
NUM  3.
PAR  3. The work element in accordance with claim 1 wherein said means for
      selectively positioning said bearing means between engaging and retracted
      positions comprises manually operable means.
NUM  4.
PAR  4. The apparatus in accordance with claim 1 wherein said bearing means
      comprises at least a pair of rollers.
NUM  5.
PAR  5. The apparatus in accordance with claim 1 wherein said over-center toggle
      mechanisms comprise a base member connected to said carriage; a first link
      member pivotally connected to said base member; a control member pivotally
      connected to said base member; and a second link member pivotally
      connected to each of said control member and said first link member; said
      bearing means being connected to said first link member, whereby pivotal
      movement of said control member causes corresponding pivotal movement of
      said second link member which in turn causes pivotal movement of said
      first link member and movement of said bearing member to the desired
      position.
NUM  6.
PAR  6. The apparatus in accordance with claim 1 wherein said means for
      preventing the advance of said carriage comprises at least two clamp
      members.
NUM  7.
PAR  7. The apparatus in accordance with claim 1 wherein said clamping member
      comprises a base member secured to said carriage; a jaw member pivotally
      connected to said base member; a control member pivotally connected to
      said jaw member; a link member pivotally connected to each of said control
      member and said base member, whereby movement of said control member
      causes corresponding movement of said jaw member into a desired position.
NUM  8.
PAR  8. The apparatus in accordance with claim 1 wherein said means for
      preventing the advance of said carriage along said support rail comprises
      at least one clamp member adapted to be actuated to engage said support
      rail when said bearing means is in its retracted position.
NUM  9.
PAR  9. The work element in accordance with claim 1 wherein said carriage
      includes a pair of side surface members connected to a top member, said
      top member being adapted to be supported on a support rail.
NUM  10.
PAR  10. The apparatus in accordance with claim 1 wherein said bearing means
      comprise first and second rollers operatively connected to said carriage
      in close proximity to said top member of said carriage and adapted to
      contact a top portion of said support rail and lift said carriage out of
      contact with said top member when said bearing means are in their engaging
      position.
NUM  11.
PAR  11. The apparatus in accordance with claim 1 wherein said work element
      comprises a stitching head.
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ABST
PAL  An apparatus for use in the manufacture of plastic sheets to be used as
      interlayers in laminated antenna-windshield structures including a
      soldering apparatus suspended above and associated with a wire laying
      apparatus for operation in conjunction therewith to solder a connecting
      plate to the antenna wire elements laid and embedded into the plastic
      sheet by the wire laying apparatus. The soldering apparatus is provided
      with guide pins insertable into the work table supporting the plastic
      sheet for effecting operation of the soldering apparatus to deliver solder
      to the workpieces and effect the bond therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the manufacture of laminated
      glass windshields with built-in antennas and, more particularly, to an
      apparatus for soldering a metallic connecting tab to the wire elements
      forming the windshield antenna.
PAR  2. Description of the Prior Art
PAR  In recent years, the use of built-in antennas as an integral part of
      windshields have become increasingly popular and are gradually replacing
      the familiar flexible, telescoping rod type antennas, which were mounted
      exteriorly of an automobile adjacent the right front fender thereof and
      were extremely susceptible to breakage and pilferage. In perhaps their
      most popular form, the antenna portions of these antenna windshields are
      made up of two substantially inverted L shaped lengths of wire which are
      positioned back-to-back and embedded in the plastic interlayer of an
      otherwise conventional laminated glass windshield. This form of antenna
      gives adequate radio reception and, at the same time, is optically
      acceptable in a windshield because it does not materially affect the
      appearance or obstruct vision therethrough.
PAR  Machines have been developed to apply the antenna wires to and embed the
      same automatically in the plastic interlayers in precise patterns on
      successive sheets, as a large volume operation. The free end portions of
      the antenna wires which project slightly beyond the forward marginal edge
      of the plastic interlayer, are wrapped about a thin metallic connecting
      plate or tab and ultimately secured thereto by soldering.
PAR  Conventionally, the wires were soldered to the tab at a station remote from
      the wire laying station and after final lamination. This required the tab
      to be fixed in place on the antenna wires and embedded in the plastic
      interlayer by heat and pressure between the various windshield assembling
      operations. The labor involved and the accessory equipment required in
      such repeated handling materially increases production costs. Moreover,
      the loose ends of the antenna wires, which are left dangling beyond the
      forward marginal edge of the plastic sheet during such repeated handling,
      often are frayed, broken or otherwise damaged to yield defective and
      unacceptable products.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of the present invention to obviate the
      above noted disadvantages by providing a new and useful soldering
      apparatus for securing connecting tabs to antenna wires in conjunction
      with a wire laying apparatus for sequential operation therewith at a
      single station.
PAR  It is another object of this invention to render the foregoing soldering
      apparatus automatically operable upon the proper positioning thereof
      relative to a work table to effect the soldering operation.
PAR  It is a further object of the present invention to provide the foregoing
      soldering apparatus with selectively operable means for periodically
      removing excess solder from the soldering iron tip.
PAR  In one aspect thereof, the soldering apparatus of this invention is
      characterized by the provision of a pivotal electrical soldering iron
      triggered for movement in response to the energization of spaced
      microswitches actuated only when the apparatus and consequently the
      soldering iron is properly aligned with the work. The heated soldering
      iron moves in an arcuate path removing a discrete amount of solder from
      the end of an intermittently fed, continuous strip and delivering the same
      in a molten state to the workpieces. An axially displaceable wiper element
      is periodically actuated to remove accumulated solder from the soldering
      iron tip and wipe the same clean.
PAR  Further and more detailed objects and advantages of the invention will
      become apparent in the course of the following description when taken in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein like numerals are employed to designate like parts
      throughout:
PAR  FIG. 1 is a front elevational view from the operator's position of a
      soldering apparatus constructed in accordance with this invention, shown
      associated with a wire laying apparatus;
PAR  FIG. 2 is a plan view of a typical plastic interlayer for a laminated glass
      windshield onto which antenna wires and the connecting tab therefor have
      been placed in position for soldering by the apparatus of this invention;
PAR  FIG. 3 is an enlarged perspective view of the soldering apparatus of this
      invention, showing the soldering iron in an elevated position of rest;
PAR  FIG. 4 is a top plan view of the soldering apparatus of FIG. 3;
PAR  FIG. 5 is a vertical sectional view taken substantially along the line 5--5
      of FIG. 4; and
PAR  FIG. 6 is a vertical sectional view similar to FIG. 5, but shown
      fragmentarily on an enlarged scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the illustrative embodiment depicted in the
      drawings, there is shown in FIG. 1 a soldering apparatus, generally
      designated 10 and constructed in accordance with this invention,
      associated with an antenna wire laying apparatus, comprehensively
      designated 11. Apparatus 11 comprises a frame 12 including a plurality of
      upstanding legs or posts 13 connected at their upper ends by external,
      longitudinally extending, horizontal structural members 14 and,
      intermediate their ends, by internal longitudinally extending, horizontal
      structural members 15. Suitable transversely extending structural or cross
      members (not shown) are welded or otherwise fixedly secured at their
      respective opposite ends to structural members 14 and 15, respectively.
PAR  In addition to supporting the antenna wire laying apparatus 11, hereinafter
      described, frame 12 also supports a table 16 upon which are located the
      templates or patterns 17 for receiving and positioning the plastic sheets
      into which the antenna wires are embedded.
PAR  Frame 12 also supports a carriage 18, carrying the wire laying mechanism,
      generally designated 19, and mounted for reciprocal movement above table
      16 on elongated, rod-like track or slide elements 20 extending along the
      opposite sides of frame 12 and supported, by brackets 21, on the ends of a
      series of relatively small channel members 22, which are mounted on and
      extend transversely of the intermediate structural members 15. The
      carriage 18 comprises a rectangularly shaped frame 23 made up of a
      plurality of hollow beam members 24 located between the upper and
      intermediate structural members 14 and 15 and mounted for reciprocal
      movement along the slide elements 20 by means of guides 25 depending from
      the frame beam members 24 and embracing the slide elements 20.
PAR  The wire laying mechanism 19 includes a pair of track templates 26 and 27
      pivotally mounted by means of supporting bracket arms 28 between post
      brackets 30 extending upwardly and outwardly from the carriage 18, and
      swingable between the upper inoperative position of rest shown in FIG. 1
      and a lowered operative position (not shown) by air cylinders 31 carried
      by brackets 32 depending from the carriage 18 and equipped with plungers
      33 attached at their outer ends to the lower end of the bracket arms 28.
      Mounted in tandem for movement on and along each of the track templates 26
      and 27 are a preheating head 35 and a wire laying head 36 connected
      together for movement as a unit by a flexible cable 37. A junction box 38
      is carried by an upstanding frame 40 and is connected to a suitable source
      of electrical power (not shown) for delivering current through conductor
      cables 42 to distributor boxes 43, which in turn distribute the same
      through swivel power units 45 and cables 46 to the preheating and wire
      laying heads 35 and 36 associated with each of the track templates 26 and
      27.
PAR  The carriage 18 is reciprocated between the full and broken line positions
      (the latter shown fragmentarily in FIG. 1) by means of a horizontally
      arranged hydraulic cylinder 47 mounted on frame 12 and having a suitable
      piston (not shown) movable within cylinder 47 a distance substantially
      corresponding to the travel of carriage 18. The cylinder piston rod can be
      connected to carriage 18 by any suitable means, such as a cable-pulley
      arrangement for example, also not shown. Thus, the wire laying mechanism
      19 is reciprocated back and forth over the table 16 above the spaced
      patterns 17 to permit the replacement of a completed wired plastic
      interlayer by an unwired plastic interlayer on the pattern 17 at one end
      of table 16 while wire antenna elements are being incorporated in still
      another plastic interlayer disposed on the pattern 17 at the other end of
      table 16.
PAR  In operation, a sheet of plastic 50 (FIG. 2) is placed on the pattern 17 at
      one end of table 16 and located so that the edges of the plastic sheet 50
      coincide with the edges of the pattern platform, the position of the
      latter relative to the front end of table 16 being selectively adjustable
      by means of slotted guides 48. The wire laying mechanism 19 is then moved
      to the position shown in full lines in FIG. 1 to bring it over such
      pattern 17, and then operated to incorporate wire antenna elements 51 and
      52 into the plastic sheet 50. While this is being done, another plastic
      sheet 50 will be located on the pattern platform 17 at the other end of
      table 16 and, upon completion of the wire laying cycle over the first
      pattern 17, the wire laying mechanism 19 will be moved to the broken line
      position over the second pattern 17.
PAR  The actual laying of the wire elements 51 and 52 on and the embedding of
      them into a plastic interlayer 50 on one of the pattern platforms 17, when
      the mechanism 19 is positioned thereabove, is done by the heads 35 and 36
      during their travel along the track templates 26 and 27 at a time or times
      when the templates are in their lowered positions substantially parallel
      to the sheet 50.
PAR  The heads 35 and 36 are connected together for movement in tandem as a unit
      along the associated template. However, in order to produce the antenna
      wire pattern shown in FIG. 2, whereby the vertical legs 51 and 52 of the
      pattern are in close proximity, the track templates 26 and 27 must be so
      located relative to one another that only one of them can be in its
      lowered or operative position at a time. Accordingly, with track template
      26 lowered, and the motors of the respective heads 35 and 36 energized,
      the heads will advance along template 26. As the heads 35 and 36 move onto
      and over the plastic sheet 50, the preheating head 35 heats and softens
      the surface of the plastic sheet 50 along the path in advance of the head
      36, which lays a length of wire onto the heated path and presses the same
      into the heated plastic sheet 50. Means (not shown) are provided on the
      table 16 to coact with wire laying head 36 for severing the wire element
      51 at a predetermined point. The wire is laid in a generally inverted
      L-shaped path to form a vertical leg 51a and a horizontal leg 51b as shown
      in FIG. 2.
PAR  After the wire element 51 has been severed and the heads 35 and 36 travel
      along template 26 and return to their initial starting positions, the
      track template 26 is swung upwardly to the angularly and operative
      position shown in FIG. 1 and track template 27 is swung downwardly from
      its operative position to a horizontal operative position substantially
      parallel to the sheet 50 for laying and embedding the wire element 52 in
      place in plastic sheet 50. The track template 27 is a mirror image of
      track template 26 and the heads 35 and 36 associated therewith are
      operative precisely in the same manner as those associated with the track
      template 26 except that the former are moved in an opposite direction.
      When the track template 27 is raised after completion of its phase of the
      wire laying operation, carriage 18 is moved from the full line to the
      broken line position shown in FIG. 1, whereat a fresh set of antenna wire
      elements 51 and 52 will be incorporated in another plastic sheet 50.
PAR  After wires 51 and 52, or at least the portions 51a and 52a thereof, have
      been laid, a thin, flat, elongated metal connecting plate or tab 53 (FIG.
      2) of a highly conductive metal, such as thin sheet copper or steel for
      example, is placed upon the vertical legs 51a and 51b adjacent their lower
      ends for subsequent securement thereto. Conventionally, the metal tab 53
      has been placed in position at a station remote from the wire laying
      station after the sandwich has been formed and prepressed but before final
      lamination. The tab 53 is fixedly secured to the antenna wire elements 51
      and 52 by a soldering operation at a still further remote station.
PAR  In accordance with the present invention, the soldering apparatus 10 is
      physically associated with the wire laying apparatus 11 and operative, in
      conjunction therewith, to solder the connecting tab 53 to the antenna
      wires 51 and 52 immediately after such wires are laid and their respective
      loose ends wrapped about the tab 53 placed thereon at the wire laying
      station. The tab 53 preferably is placed in position on the wires 51 and
      52 automatically by means of a tab laying machine, such as that disclosed
      in the co-pending application Ser. No. 443,479, filed Feb. 19, 1974, and
      assigned to the same assignee as the present application. However, the tab
      53 can be positioned manually and affixed to the plastic interlayer by a
      suitable heated tool, if desired. In either event, the soldering apparatus
      10, hereinafter described in detail, is operative to effect the securement
      of such tab 53 to the antenna wires 51 and 52 before removal of the
      plastic sheet 50 from table 16.
PAR  Soldering apparatus 10 includes a frame, generally designated 55 (FIGS.
      3-6), for supporting a mounting plate 56 disposed in a generally
      horizontal plane and having a pair of side walls 57 and 58 depending
      downwardly therefrom. The frame 55 includes a pair of side support plates
      60 and 61 connected to the mounting plate side walls 57 and 58 by means of
      fasteners 62 extending through longitudinal slots 63 formed in the side
      support plates 60 and 61 for axial adjustment of the mounting plate 56
      relative to the frame 55. Suitably secured to the outer surfaces of the
      side plates 60 and 61 adjacent their forward ends are a pair of laterally
      spaced, upright support bars 65 connected together at their lower ends by
      a cross tie bar 66 welded or otherwise fixedly secured to the outer faces
      of bars 65. A pair of laterally spaced handles 67 are secured to the
      support bars 65, respectively, and extend outwardly and forwardly
      therefrom to form a pair of hand grips for manually manipulating the
      soldering apparatus 10, which is supported from an overhead
      superstructure, as will hereinafter be described.
PAR  In order to properly align and orient the soldering apparatus 10 relative
      to the work, a pair of laterally spaced apart locating pins 68, mounted on
      the upright support bars 65, extend outwardly rearwardly therefrom in a
      direction opposite to the handles 67 and are adapted to be inserted in
      spaced bores 69 formed in the front face 70 of table 16 and extending
      inwardly therefrom as shown in FIG. 2. Each of the locating pins 68 is
      provided with a reduced diameter portion 71 extending through its
      associated support bar 65 and having a threaded end portion for receiving
      a nut 72 to secure the same on the bar 65. A pair of support blocks 73 are
      welded or otherwise fixedly secured to the rear faces of bars 65 and
      extend rearwardly therefrom above the locating pins 68 in substantial
      parallelism thereto. The lower surfaces of the support blocks 73 are
      adapted to engage the upper surface of table 16 and rest thereon upon
      complete insertion of the pins 68 in bores 69 to properly support
      apparatus 10 on table 16 in the desired orientation relative to the work
      prior to the soldering operation. The blocks 73 also are referenced to
      guide strips 75 located on the upper surface of table 16 (FIG. 4) to
      assist in initially aligning the locating pins 68 with their associated
      bores 69.
PAR  A pair of angle brackets 76 are rigidly secured to the front face of the
      support bars 65, respectively, as by welding for example, for supporting a
      pair of microswitches 77 connected to a suitable source of electrical
      power (not shown). Each switch 77 is provided with a pivotal actuating
      lever 78 normally biased outwardly and provided with a roller 80
      engageable with the front face 70 of the table 16. Engagement of the
      rollers 80 against the table front face 70 cause the actuating levers 78
      to pivot, closing switches 77 and thereby completing a control circuit
      (not shown) to initiate operation of the soldering apparatus 10. The
      purpose of employing two microswitches 77 at relatively widely spaced
      apart positions is to assure proper alignment of the soldering apparatus
      10 and the soldering iron incorporated therein relative to the work prior
      to the automatic soldering operation.
PAR  An electric soldering iron 81, connected to a suitable source of electrical
      power (not shown) by means of an insulated conductor 82, is mounted on the
      frame 55 below the mounting plate 56 and extends in a generally horizontal
      direction parallel to the handles 67 and toward the upright support bars
      65. The soldering iron 81 comprises a shank 83 terminating at its forward
      end in a tapered or screwdriver-style tip 85 and connected at its rear end
      to an insulated, rearwardly tapering handle 86 having a suitable bore
      through which the conductor 82 extends.
PAR  The soldering iron 81 is mounted for pivotal movement between an elevated,
      generally horizontally extending inoperative position of rest and a
      lowered, inclined operative position of use shown in full and broken
      lines, respectively, in FIGS. 5 and 6. To this end, the central enlarged
      diameter portion 87 of soldering iron 81 is received within an annular
      cavity 88 (FIGS. 5 and 6) formed in a support block 90. The support block
      90 is journalled for pivotal movement at the opposite sides thereof on a
      pair of pivot pins 91 projecting inwardly from a pair of blocks 92
      removably secured to the inner face of mounting plate side walls 57 and
      58, by means of threaded studs 84 projecting laterally outwardly from
      blocks 92 and extending through elongated, vertical slots 89 formed in the
      mounting plate side walls 57 and 58. This stud and slot arrangement
      enables the soldering iron 81, through its connection with blocks 90 and
      92, to be selectively raised or lowered relative to the mounting plate 56
      to provide a fine adjustment, assuring that the flat tapered portion of
      tip 85 engages the work with a flush fit, as shown in FIG. 6. A lever 93
      is secured to the upper surface of block 90 by suitable fasteners 95 and
      is provided at the other end thereof with a relatively narrow slotted end
      portion 96 connected to the piston rod 97 of a single acting, spring
      loaded actuating cylinder 98 by means of a clevis and pin arrangement 100.
      The cylinder 98, attached to a plate 94 secured on the mounting plate 56,
      is actuated to extend the piston rod 97 and thereby pivot lever 93 and
      soldering iron 81 downwardly in an arcuate path in response to the
      energization of the control circuitry effected by the closing of the
      microswitches 77. An opening 99, formed in the mounting plate 56, provides
      the necessary clearance for the piston rod clevis and lever 93 connection
      during downward movement thereof. The circuit also is provided with a
      suitable timer (not shown), suitably mounted on a control panel (not
      shown) which operates the conventional fluid control valve for cylinder 98
      to maintain the soldering iron 81 in its downwardly inclined operative
      position for a predetermined period of time and then times out to shift
      the control valve and allow the spring biased piston rod 97 to retract and
      return the soldering iron 81 to its raised position.
PAR  Solder is intermittently fed into the arcuate path of travel of the tip 85
      of soldering iron 81 prior to the actuation thereof. To this end, a supply
      of solder in the form of a continuous strip 101 is wound upon a spool 102
      rotatably mounted on a hollow shaft 103 detachably secured between the
      legs 105 of a U-shaped spring clip 106 mounted on the upper flange of the
      bracket 107, which is affixed at its lower end to mounting plate 56. The
      solder strip 101 is threaded through a guide tube 108 and then between the
      knurled drive wheel 110 and an idler wheel 111, the tractive force
      generated therebetween feeding the strip 101 axially through a second
      guide tube 112 having a curved end portion 113 terminating in an outlet
      which disposes the strip in a direction normal to the major portion of
      tube 112 and into the arcuate path of travel of the soldering iron tip 85.
      An electric motor 115, operative by means of a suitable timer (not shown)
      on the control panel and mounted on the vertical portion of bracket 107,
      drives wheel 110 through a suitable gear reduction mechanism having a
      common housing with the motor 115. The motor 115 becomes operative to
      drive wheel 110 for a limited period of time upon opening of the switches
      77 by the disengagement of rollers 80 from the table front face 70 during
      the removal of soldering apparatus 10 from table 16 to feed a given
      increment of solder into said path of travel for engagement by the
      subsequently actuated soldering iron 81 during the next cycle.
PAR  Means are provided to periodically wipe soldering iron tip 85 for removing
      the excess accumulated solder therefrom. As best shown in FIG. 6, such
      means includes a wiper assembly 117 comprising a casing 118 having a
      chamber 119 therein for receiving a wiper element 120 comprised of a pair
      of strips 121 of suitable sponge material terminating in out-turned lips
      122 received in diametrically opposed slots 123 formed in the casing 118.
      The common juncture between the inner portions of the lips 122 defines a
      generally tapered formation adapted to receive soldering iron tip 85 for
      wiping the excess solder therefrom. The casing 118 is mounted beneath the
      mounting plate 56 by a U-shaped clip embracing the casing 118 and having
      upper flanges 126 fixedly secured to the underside of plate 56.
PAR  The other end of casing 118 is formed to provide a tapped bore 127
      communicating with chamber 119 and adapted to receive the threaded end of
      a rod 128 having an enlarged diameter head 129. An angle member 130 is
      secured to the forward end of the mounting plate 56 and has an opening in
      the vertical leg 131 thereof for guiding rod 128 therethrough. A coil
      spring 132 is disposed about rod 128 between leg 131 and head 129 for
      urging rod 128 and the wiper assembly 117 outwardly away from the
      soldering iron tip 85.
PAR  Rod 128 is manually shifted axially against the bias of spring 132 to bring
      the element 120 into wiping contact against the tip 85 of soldering iron
      81. In order to maintain the soldering iron at optimum efficiency, it has
      been found desirable to clean the same at regular intervals after a given
      number of soldering operations, say about after every twentieth soldering
      cycle for example. To apprise the operator when such desired number of
      cycles has elapsed, a counter, located on the control panel (not shown)
      records the number of times the soldering iron control circuitry is
      energized and thereby the number of soldering cycles conducted. Upon
      attaining this predetermined number of cycles, the counter is operative to
      effect energization and illumination of an indicator lamp 135, mounted on
      an upstanding bracket 136 fixedly secured along a lower flange thereof to
      the upper ends of the upright support bars 65. Illumination of the lamp
      135 indicates that the soldering iron tip 85 should be cleaned. Of course,
      the wiper assembly 117 can be activated at any time it is deemed necessary
      to clean the soldering iron tip 85. Also, water or any other suitable
      liquid may be periodically applied to the outer end of the wiper element
      120 to maintain the same in a wetted condition for more effective wiping.
PAR  The counter is operatively connected to a microswitch 137 having a
      downwardly directed, pivotal actuating lever 138 provided with a roller
      140 normally biased in the path of movement of wiper assembly 117. When
      the latter is actuated and displaced axially, it engages roller 140 to
      trip lever 138 and close the switch 137 for returning the counter back to
      its starting position.
PAR  As shown in FIG. 1, the entire soldering assembly 10 is suspended from a
      structural beam member 142 forming a part of a building superstructure in
      which the apparatus 11 is located by means of a balancer or counterweight
      143 and a cable 145 coupled to the soldering apparatus at one or more
      convenient points. The soldering assembly 10 is easily lowered manually
      with a minimum of effort by the operator from the elevated position shown
      in FIG. 1 to a lowered operative position adjacent the table 16.
PAR  In operation, the soldering apparatus 10 is lowered for use after the
      antenna wire and tab laying operations are completed and after the free
      end portions of antenna wires 51 and 52 have been wrapped about the
      connecting tab 53 in a predetermined pattern so as to cross or intersect
      substantially centrally thereof as shown in FIG. 2, for example. When
      lowered to the proper level, the operator manually manipulates apparatus
      10 by means of handles 67 to align the outer edges of the support blocks
      73 with the inner edges of indicating strips 75 on table 16 to align pins
      68 with the table bores 69. Apparatus 10 then is moved forwardly with the
      pins 68 being inserted into the bores 69 and the blocks 73 overlying the
      upper surface of table 16. As the apparatus moves forwardly into the
      proper aligned position relative to table 16 and the work supported
      thereby, the rollers 80 engage the table front face 70 to effect pivotal
      movement of the levers 78 and consequent closing of microswitches 77,
      completing the control circuit and energizing the soldering iron control
      timer to initiate operation of soldering apparatus 10. An indicator lamp
      148, located on the bracket 136 in laterally spaced relation to lamp 135,
      is energized at the same time as the soldering iron control timer to
      indicate that the soldering iron 81 is in operation. The lamp 148 remains
      lit as long as the soldering iron 81 is in the down or operative position.
      When the timer controlling the soldering iron times out, the soldering
      iron returns to its inoperative horizontal position and the lamp 148 is
      extinguished.
PAR  The cylinder 98 is actuated in response to the energization of the control
      circuit to extend piston rod 97 against its spring bias and pivot the
      lever 93 and soldering iron 81 downwardly about the horizontal pivot axis
      defined by pins 91. As the soldering iron 81 swings downwardly in its
      arcuate path of travel, the lower surface of the heated tip 85 thereof
      engages the distal end portion of the continuous solder strip 101, melting
      such portion and separating the same from the remainder of strip 101 as
      the tip 85 continues to advance toward the workpiece. The severed portion
      of solder forms a molten globule carried by tip 85 to the exposed surface
      of tab 53 at a point thereon whereat the two antenna wires 51 and 52
      intersect. The heat transmitted by the molten solder burns the insulation
      from the antenna wires 51 and 52 while effecting the bond between such
      bared wire portions and tab 53. After a predetermined time, cylinder 98 is
      disabled, enabling the piston rod 97 to be retracted under the influence
      of the spring contained within cylinder 98 to raise soldering iron 81.
      After the soldering operation, apparatus 10 is disengaged from the work
      table 16 by withdrawing the pins 68 from bores 69 and returned to its
      elevated position in readiness for the next operation. Upon disengagement
      of the rollers 80 of switches 77 from the table front face 70 to open the
      control circuit, the timer controlling motor 115 becomes operative to
      energize the same, driving wheel 110 to feed a predetermined length of
      solder through the tube end portion 113 in readiness for the next
      soldering operation.
PAR  The heat imparted to the connecting tab 53 during the soldering operation
      and transmitted thereby to the underlying plastic material tends to soften
      the latter in the area adjacent such tab and can cause shifting of the
      same out of its desired position relative to the plastic sheet 50. To
      preclude such tab displacement and facilitate the dissipation of heat away
      from the soldered connection, means are provided for cooling the
      connection and the area adjacent thereto immediately after soldering. Such
      means comprise a tubular conduit 150 (FIGS. 3 and 4) suitably secured, as
      by clamps 151, to the upright plate 94 and connected via a suitable
      control valve (not shown) to a suitable source of air under pressure (also
      not shown). The conduit 150 terminates in a discharge outlet for directing
      a stream of air against the soldered connection. The control valve, which
      may be triggered by a microswitch or the like, is operable to interrupt
      the flow of air during the soldering operation and to supply air
      immediately thereafter.
PAR  The mounting plate 56, and thereby soldering iron 81 are axially adjustable
      relative to the frame 55 by means of the elongated slots 63 formed in the
      side support plates 60 and 61. Any axial adjustment of soldering iron 81
      is dictated by the location of the workpieces, i.e., the intersecting
      antenna wires 51 and 52 on tab 53, relative to the front face 70 of table
      16, and such location may vary according to the dimensions of the plastic
      sheets 50 and/or to the spacing of the forward marginal edge of the sheets
      50 relative to the table front face 70, the adjustment of which can be
      controlled by the slotted guides 48.
PAR  From the foregoing, it is apparent that the objects of the present
      invention have been fully accomplished. The soldering apparatus of this
      invention is operative, in conjunction with a wire laying apparatus, to
      fixedly secure a connecting tab to a pair of antenna wire elements
      immediately after the latter are applied to a plastic interlayer. The
      soldering operation is effected at the wire laying station by the same
      operator attending the wire laying apparatus by merely positioning the
      soldering apparatus, facilitated by guide pins, relative to the work table
      to initiate operation of the soldering apparatus. When actuated, the
      latter is operative to remove an increment of solder, previously fed, from
      a continuous strip and deliver the same in a molten state to the crossed
      antenna wire portions on the tab, whereby the insulation of such portions
      is burned off and the bared portions then soldered to the connecting tab.
      The soldering iron tip is maintained clean and serviceable by the
      provision of a wetted wiper element mounted on the apparatus frame for
      periodic actuation after a given number of soldering cycles.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred embodiment of the same, and that
      various changes in the shape, size, and arrangement of parts may be
      resorted to without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A soldering apparatus comprising: a frame, a soldering iron having a
      tip, means mounting said soldering iron on said frame for pivotal movement
      relative thereto in an arcuate path between a position of rest and a
      position of use, a supply of solder in strip form mounted on said frame,
      means intermittently feeding an increment of said solder strip into said
      arcuate path of travel in spaced relation to said soldering iron tip when
      disposed in said position of rest, and means for actuating said soldering
      iron to swing the tip thereof into engagement with said solder strip and
      sever said increment therefrom for delivery to said position of use.
NUM  2.
PAR  2. A soldering apparatus according to claim 1, wherein said feeding means
      comprises a drive wheel and an idler wheel having spaced peripheral
      surfaces between which said solder strip extends, and means for rotating
      said drive wheel to generate a traction force advancing said strip.
NUM  3.
PAR  3. A soldering apparatus comprising: a frame, a soldering iron having a
      tip, means mounting said soldering iron on said frame for pivotal movement
      relative thereto in an arcuate path between an upper position of rest and
      a lower position of use, a supply of solder in strip form mounted on said
      frame, means intermittently feeding a predetermined length of said solder
      strip into said arcuate path of travel for engagement and severance by
      said soldering iron tip during movement thereof in said arcuate path
      toward said position of use, a sensing means on said frame engageable with
      a work supporting table, and means responsive to engagement of said
      sensing means with said table for actuating said soldering iron.
NUM  4.
PAR  4. A soldering apparatus according to claim 3, including a counter
      operatively connected to said responsive means recording each soldering
      cycle.
NUM  5.
PAR  5. A soldering apparatus according to claim 4, including means operatively
      connected to said counter for generating a signal upon completion of a
      predetermined number of soldering cycles.
NUM  6.
PAR  6. A soldering apparatus comprising: a frame, a soldering iron having a
      tip, means mounting said soldering iron on said frame for pivotal movement
      relative thereto in an arcuate path between an upper position of rest and
      a lower position of use, a supply of solder in strip form mounted on said
      frame, means intermittently feeding a predetermined length of said solder
      strip into said arcuate path of travel for engagement and severance by
      said soldering iron tip during movement thereof in said arcuate path
      toward said position of use, and means mounted on said frame for removing
      excess solder from said soldering tip.
NUM  7.
PAR  7. A soldering apparatus according to claim 6, wherein said removing means
      comprises an axially movable casing facing and in general registry with
      said tip when said soldering iron is in said position of rest, and a wiper
      element mounted in said casing for movement therewith and engageable with
      said soldering iron tip.
NUM  8.
PAR  8. Apparatus for producing interlayers for antenna-type windshields
      comprising: a frame having a table for supporting a plastic sheet, means
      on said frame and overlying said table for applying and embedding antenna
      wire elements in said plastic sheet, means for soldering a connecting tab
      to intersecting portions of said antenna wire elements, and means
      detachably connecting said soldering means to said table.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said soldering means comprises a
      soldering iron having a tip, a frame supporting said soldering iron for
      pivotal movement relative to said frame in an arcuate path between an
      upper position of rest and a lower position of use, and means for
      actuating said soldering iron.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein said connecting means comprises
      a pair of laterally spaced pins insertable into corresponding bores formed
      in the table front face for guiding said soldering means into a desired
      orientation relative to said antenna wire element intersecting portions.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein said soldering means includes
      sensing means engageable with said table when said soldering means attains
      said desired orientation for initiating operation of said actuating means.
NUM  12.
PAR  12. Apparatus according to claim 9, wherein said soldering means includes a
      supply a solder in strip form and means for intermittently feeding a
      predetermined length of said solder strip into said arcuate path of travel
      for engagement and severance by said soldering iron tip during movement
      thereof in said arcuate path toward said position of use.
NUM  13.
PAR  13. Apparatus according to claim 9, including means mounted on said
      supporting frame for removing accumulated solder from said soldering iron
      tip.
NUM  14.
PAR  14. Apparatus according to claim 13, wherein said solder removing means
      comprises an axially movable casing facing and in general registry with
      said tip when said soldering iron is in said position of rest and a wiper
      element mounted in said casing for movement therewith and engageable with
      said soldering iron tip.
NUM  15.
PAR  15. Apparatus according to claim 8, including means mounted on said
      soldering means for cooling the soldered connection between said tab and
      said intersecting portions of said antenna wire elements upon completion
      of the soldering operation.
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ABST
PAL  Apparatus for controlling the operation of a pivoted member. A pivoted arm
      such as provided in an apparatus for bonding leads in electronic
      components is controlled by means of a torque motor during bonding and
      non-bonding intervals to provide control of forces exerted by the pivoted
      member during the bonding interval and forces exerted on the pivoted
      member during non-bonding intervals. Motion cams to complement the
      operation of the torque motor may also be utilized.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  This invention relates to control mechanisms and in particular to a
      mechanism for controlling the excursions of a pivoted arm about its pivot
      point.
PAR  Apparatus for making electrical connections between the terminals of
      electronic devices and the connection pads of semiconductor dies in such
      devices take several forms. One such device, designated a
      thermocompression bonder, accomplishes the high-speed attachment of wire
      between interconnection points by means of diffusion bonds of the wire to
      the connection points. Such bonds are accomplished by moving a capillary
      tip mounted on a pivoted bonding arm to a specific location. Fine gold
      wire threaded through the tip is bonded by supplying heat and pressure
      through the tip to a gold ball formed at the end of the wire to produce a
      diffusion bond at that point. The capillary is then raised by the bonding
      arm to await the positioning of a second bonding location beneath the tip.
      When positioned and precisely aligned by a binocular microscope, the
      capillary is lowered to the interconnection point to accomplish a bond as
      before. The arm then raises the capillary and in normal operation returns
      it to a home position.
PAR  In one embodiment of a thermocompression bonder, the raising and lowering
      of the capillary is accomplished by the pivotal motion of the bonding arm
      on which the capillary is mounted about its pivot point under the
      influence of motion cams provided in the apparatus. Such an apparatus is
      described in U.S. Pat. No. 3,664,567. Within the general approach of
      utilizing motion cams to control the motion of a pivoted bonding arm,
      there are at least three specific configurations which are utilized to
      control the amount of force exerted by the capillary during bonding and
      non-bonding intervals. In a first configuration, a mass is movable along
      the bonding arm between the capillary and pivot point to control the
      amount of force exerted by the capillary at the instant of bonding. The
      disadvantage of this approach is that such a system is only capable of
      exerting a single bonding force, regardless of the different types of
      connection points and the different types of materials to which the
      connections are to be made in the course of typical bonding cycles.
PAR  In another configuration of prior art thermocompression (TC) bonders, a
      pivoted arm is provided with the capillary being located at one end. Two
      extension springs are operatively linked to the opposite end of the arm
      through cam yokes. The pivot point of the arm is located intermediate its
      ends and motion cams and cam yokes are provided and located such that the
      point of exertion of force by the motion cams is on the side of the pivot
      point opposite the capillary tip. In operation, rotation of the motion cam
      produces tension of the first of the two springs connected to the bonding
      arm to produce the first bonding force. For the second bond, the cams
      rotate further, producing tension of the second spring and further tension
      of the first spring to produce a second greater bonding force. The
      disadvantage of such an arrangement is that the two bond forces are not
      independent, rather the second bond force is always equal to to the sum of
      the force of the first bond plus that of the second. This means, in
      addition, that the second bond force can never be less than the first
      bonding force. Such a design also is subject to the disadvantage that the
      force exerted by the motion cam on the pivot arm when the cam is in other
      than the bonding positions is always that of the first bonding force.
      Finally, the extension springs are subject to change with age; the tension
      in such springs varies, and thus the bonding forces vary with time.
PAR  In still another configuration, a bonding arm is provided to which two
      lever arms are operatively linked to motion cams and operatively linked to
      one another. In this design, a plurality of motion cams are provided and
      each lever arm has a movable mass associated with it whereby adjustable
      bonding forces can be obtained by selected positioning of the mass along
      each of the respective lever arms. The second lever arm and the
      positioning of its associated mass is arranged such that the force exerted
      by this arm can be either additive or subtractive of the force exerted by
      the first mass. The operative engagement of the second arm with the first
      lever arm is controlled by the profile selected for the motion cam
      operatively engaged with the second lever arm. The disadvantage of such a
      system is that the bonding forces obtainable from such a system are
      limited to the number of lever arms provided, typically two, and the
      necessity of providing a solenoid to produce bond arm force causing the
      bonding arm to bear against a motion cam when the cam is not in either of
      the two bonding positions.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved bonding apparatus capable of
      providing a plurality of bonding forces, each bonding force being
      independent and being continuously adjustable within a spectrum of
      normally required bonding forces. The invention provides in an apparatus
      for bonding a member to a work location, the improvement comprising a
      bonding arm pivotably mounted in the apparatus, the arm having a bonding
      tool attached at one end thereof. Electromechanical means operatively
      linked to the bonding arm for applying a variable amount of force to the
      bonding arm is provided, the amount of force being applied by the
      electromechanical means being proportional to the electrical energy
      supplied to the electromechanical means. Input means electrically
      connected to the electromechanical means for controlling the amount of
      electrical energy to be supplied to the electromechanical means is also
      provided, the input means comprising a plurality of adjustable energizing
      electric current sources selectively connectible to the electromechanical
      means, the plurality of sources including a first source for controlling
      the amount of force applied to the bonding arm by the electromechanical
      means when the bonding tool is in contact with the bonding location.
PAR  In a preferred embodiment of the invention, the electrical means is a
      torque motor mounted in a fixed position with its rotor directly coupled
      to the bonding arm pivot shaft. A torque motor is a motor normally
      arranged to operate in a rotational or stalled mode whose output torque is
      in either mode proportional to its energizing current. When energizing
      current is applied to the torque motor, the bonding arm will rotate
      clockwise or counter-clockwise, depending upon the direction of the
      current. If the bonding arm is rotated toward the work stage, the
      capillary tip will exert a force on the work surface that is equal to the
      torque divided by the length of the bonding arm from the capillary tip to
      the pivot point. A DC motor with an appropriate current rating and a
      solenoid are also contemplated as substitutes for a torque motor as
      sources of variable mechanical force for supplying a selectable amount of
      bonding force.
PAR  The use of a torque motor also provides additional flexibility in bonder
      design in that the provision of motion cams is now made optional. If a
      motion cam is not utilized, the torque motor provides the bond arm
      rotational motion. If it is desired to utilize a motion cam to provide
      vertical bonding arm motion, the torque motor is then utilized to provide
      the force which maintains the bonding arm in physical contact with the
      motion cam.
PAR  In a typical operating sequence of a thermocompression bonder utilizing the
      improvement of the present invention, the bonding arm drops to a search
      position above each bond site. Location of the bond site beneath the
      capillary tip is accomplished by mechanical manipulators linked to the
      work stage, the bonding arm is lowered to cause a ball formed at the end
      of the wire extending out of the capillary tip to contact the bonding
      location, a bond is made at the site, and the arm is then raised to the
      search position and the operation is repeated. An automatic flame cutoff
      of the wire is made after the second bond to form a new ball. Each search
      and bond is actuated with a positive hand actuator, the operation of which
      is coordinated with and complemented by, in a preferred embodiment, a work
      stage micromanipulator. Process control is accomplished by programming the
      apparatus to control the polarity of the current supplied to the torque
      motor and to provide consistent and uniform flame cutoff, search levels,
      duration and heat during each cycle of operation. The process control for
      each package style for which electrical connections are to be made is
      accomplished by a current controller arrangement in which bonding forces
      are programmed by logic or manual-control inputs. The bonding force can be
      controlled in any mathematical manner, for example, linear, logarithmic,
      exponential, etc.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other advantages of the present invention will be better
      understood by reference to the figures of the drawing in which
PAR  FIG. 1 is a block diagram of a bonder according to the present invention;
      and
PAR  FIG. 2 is a schematic diagram of the program logic and current controller
      circuitry.
DETD
PAR  A block diagram of the apparatus according to the present invention is
      shown in FIG. 1. A bonding arm 10 for a bonding apparatus such as a TC
      bonder is pivotally mounted on a pivot shaft 12. Mounted at end 16 of arm
      10 is a capillary tip 14. A motion cam 18 is positioned in operative
      relationship with respect to the bonding arm adjacent end 20 of the
      bonding arm. A torque motor 22 is mechanically linked to pivot shaft 12.
PAR  The blocks of FIG. 1 illustrate the functional modules of the control and
      energizing portions of the bonder as well as the torque motor. These
      include the program logic 24 which is connected to the current controller
      26 which is in turn connected to the torque motor. A power supply 28 is
      connected to the torque motor and is also electrically connected to the
      program logic to provide electrical power to the logic and current
      controller circuitry which is in turn transmitted to the torque motor to
      cause it to exert a selected amount of torque (force) on pivot shaft 12.
PAR  The mechanical linkage of the torque motor to the bonding arm is
      accomplished by mounting the torque motor 22 in a fixed position and
      directly mechanically coupling its rotor to the bonding arm pivot shaft.
      The forces corresponding to the preload and bonding forces applied to the
      bonding arm are determined by the current supplied to the torque motor 22
      from the current controller 26. The direction of rotation of the bonding
      arm is controlled by the direction of the energizing motor current.
PAR  As shown in FIG. 1, if the bonding arm is rotated in a counter-clockwise
      direction, the capillary tip will exert a force on a work surface that is
      equal to the torque (T) divided by the length of the bonding arm from the
      capillary tip to the pivot point. Thus, force
      ##EQU1##
      The amount of torque is proportional to the energizing motor current (i)
      so that by substituting current for torque, the preceding expression can
      be stated:
      ##EQU2##
PAR  In a preferred embodiment, the torque motor is a permanent magnet DC motor
      in which the torque generated by the motor is proportional to current
      supplied to the stator winding. The motor is capable of exerting
      controllable force in both the rotating and stalled modes. A suitably
      arranged AC motor can also be used, but a DC motor is preferred because of
      its linearity in operation. Because electric current is the controlling
      parameter, a current controller can be used. Contemplated for use in the
      system of the present invention are controller systems that are either
      open-looped or closed-loop for precise force control. The forces to be
      exerted by the bonding arm can be programmed into the apparatus by
      appropriate logic circuitry or in alternative, by manual control inputs.
PAR  As shown in FIG. 1, a logic circuit is used. For illustration purposes, the
      system shown therein is capable of exerting three forces, two bonding
      forces and a preload force. In actuality, the number of different forces
      available is limited only by the size of the programming logic or number
      of manual controls. The force can be controlled by the controller system
      in any mathematical manner, for example, by means of linear control,
      logarithmic control, or exponential control. A control signal at input 30
      causes bond force number 1 to be exerted by the torque motor, bond force
      number 2 is selected responsive to a signal at input 32 and a preload
      force is triggered by a signal at input 34.
PAR  The circuit of FIG. 2 is a schematic diagram of the program logic 24 and
      current controller 26 of FIG. 1. In the circuit of FIG. 2, resistor 36 is
      a voltage-dropping resistor which limits the maximum amount of torque
      available from the torque motor. Likewise, resistor 38 is a
      voltage-dropping resistor which limits the minimum amount of torque
      obtainable from the torque motor. Potentiometers 40, 42, and 44 are torque
      selection controls and correspond respectively to the potentiometer for
      selecting the first bonding force, second bonding force, and preload
      force. Each of said potentiometers are adjusted to obtain the precise
      magnitude of force desired to be exerted by the torque motor. Transistors
      46, 48, and 50 are switching transistors that are activated by logic input
      signals through resistors 52, 54, and 56 respectively. As control signals
      from the bonding apparatus are generated corresponding to the particular
      force to be exerted on the bonding arm, a respective one of said switching
      transistors is activated and energy is supplied from the power supply
      through the potentiometer corresponding to the transistor switch which is
      "on." Transistor 58 is a Darlington input transistor for power transistor
      60 which controls the current supplied to the torque motor schematically
      represented by winding 62. A reverse transient suppression diode 64 is
      connected across winding 62 and the emitter of power transistor 60 is
      connected to ground through a reference current control resistor 66.
PAR  As input signals are received from the bonding apparatus corresponding to
      bond one, bond two, and the interval between bonds, namely, the preload
      force, the various switching transistors are turned on and off to control
      the current supplied through resistor 36 and potentiometers 40, 42, 44 to
      winding 62 and to thereby control the amount of torque exerted by the
      torque motor on the bonding arm.
PAR  The advantage of the present invention is that completely independent
      forces are produced not dependent upon mechanical linkages which are
      limited in flexibility and in which forces exerted on the bonding arm are
      not completely independent. Quick and easy adjustment over the entire
      spectrum of force magnitudes available from the torque is obtained by the
      use of potentiometer adjustments. The flexibility of the apparatus is
      further enhanced, since the sequence of force application is logic
      controllable. Use of a torque motor or, as the ensuing discussion will
      indicate, other electrical means for controlling the amount of force
      exerted on the bonding arm minimizes the number of mechanical moving parts
      that are used by the bonder. Likewise consistently repeatable forces are
      supplied by the electrical means such as the torque motor, forces which
      are not subject to variation with the age of the apparatus due to metal
      fatigue or other mechanical variations.
PAR  In addition to a torque motor, it is contemplated that a conventional DC
      motor with a current rating capable of handling the stall current needed
      to generate the desired torque can also be used as the electrical means
      for applying a variable force proportional to energizing current.
PAR  In still another embodiment, a solenoid in which the output force is
      proportional to its energizing current can be utilized. In this embodiment
      the solenoid acts directly in a straight line motion on the bonding arm,
      in contrast to the motors which are linked to the pivot shaft on which the
      bonding arm is mounted. In these alternate embodiments the control
      circuitry remains the same.
PAR  In an alternate to the embodiment shown in FIG. 1 a bonding apparatus
      according to the present invention can be provided without the utilization
      of motion cams. In this alternate, the torque motor itself is used to
      provide the rotational motion for the bonding arm as well as to generate
      the bonding force. This is in contrast to the arrangement in FIG. 1 where
      the motion cams control the vertical motion of the bonding arm and the
      torque motor exerts a force, designated a preload force, to keep the
      bonding arm in physical contact with the motion cams in between the
      bonding intervals, thereby enhancing control and speed of operation of the
      bonding apparatus. To reverse the rotation of the torque motor in this
      alternate arrangement, the circuitry of FIG. 2 is also modified to enable
      current to be directed through winding 62 in the opposite direction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a bonding apparatus, the improvement comprising
PA1  a bonding arm having a bonding tool attached at one end thereof;
PA1  electromechanical means operatively linked to the bonding arm for applying
      a variable amount of force to the bonding arm, the amount of force applied
      being proportional to the electrical energy supplied to the
      electromechanical means;
PA1  input means electrically connected to the electromechanical means for
      controlling the amount of electrical energy to be supplied to the
      electromechanical means, the input means comprising a plurality of
      adjustable energizing electric current sources selectively connectable to
      the electromechanical means, the plurality of sources including a first
      source for controlling the amount of force applied to the bonding arm by
      the electromechanical means when the bonding tool is in contact with a
      bonding location.
NUM  2.
PAR  2. An improved apparatus according to claim 1 wherein the plurality of
      current sources includes a second source for controlling the amount of
      force applied to the bonding arm by the electromechanical means when the
      bonding tool is not in contact with the bonding location.
NUM  3.
PAR  3. An improved apparatus according to claim 1 including programming means
      connected to the input means for selecting different amounts of electric
      energy to be supplied to the electromechanical means during a cycle of
      operation of the bonding apparatus whereby the amount of force exerted by
      the bonding tool at the bonding location is controlled.
NUM  4.
PAR  4. An improved apparatus according to claim 3 including cam means
      operatively linked to the bonding arm, the operation of said cam means
      being responsive to the programming means.
NUM  5.
PAR  5. An improved apparatus according to claim 4 wherein the input means
      supply a first amount of energy determined by the programming means for
      applying a first force to the bonding arm when the bonding tool is in
      contact with a bonding location and a second amount of energy determined
      by the programming means for applying a second force to the bonding arm
      during the interval of contact with the cam means when the bonding tool is
      not in contact with the bonding location.
NUM  6.
PAR  6. An improved apparatus according to claim 5 wherein the input means
      responsive to the programming means supply at least three discrete amounts
      of energy during each cycle of bonding apparatus operation, said amounts
      of energy being supplied to the electromechanical means producing,
      respectively, a first force on the bonding arm corresponding to a first
      bond, a second force on the bonding arm corresponding to a second bond and
      a third force corresponding to a preload force on the bonding arm during
      the nonbonding portion of each cycle of the bonding apparatus operation.
NUM  7.
PAR  7. An apparatus according to claim 1 wherein the electromechanical means is
      a torque motor.
NUM  8.
PAR  8. An apparatus according to claim 1 wherein the electromechanical means is
      a D. C. motor having a predetermined electric current rating such that it
      can receive electric currents during stalling of a magnitude needed to
      generate a variable amount of torque without affecting the operating
      characteristics of the motor.
NUM  9.
PAR  9. An apparatus according to claim 1 wherein the electromechanical means is
      a solenoid.
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ABST
PAL  A device used during fusion butt-welding between the ends of tubes to form
      a backing for the weld inside the tubes. The device comprises a thin
      flexible metal support strip having end portions which are overlapped to
      provide an arcuate outer peripheral surface, means guiding the overlapping
      end portions for relative longitudinal sliding movement to change the
      peripheral circumference of the support strip, and means for biasing the
      end portions in a direction to increase the peripheral circumference of
      the device. For use, the circumference of the support strip is decreased
      in opposition to the biasing means, and a backing strip of refractory
      material is secured on the periphery of the support strip. Next the device
      is positioned with the backing strip adjacent the inner surfaces of and
      bridging the ends of the tubes to be welded. The device is activated so
      that the biasing for the support strip will press the backing strip into
      engagement with the tubes, and the tubes are ready for welding.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to devices which, during fusion butt-welding between
      the ends of tubes, are used to provide a backing for the weld inside the
      tubes.
PAR  2. Description of the Prior Art
PAR  During fusion butt-welding between the ends of two tubes it is often
      necessary or desirable to provide a backing around the inner surfaces of
      the tubes adjacent and bridging their butted ends to dam the molten metal
      caused by the welding process. An efficient backing means can form an
      inner surface on the weld which requires little if any cleaning or
      finishing to provide a smooth inner surface between the joined tubes.
PAR  One type of prior art device for providing such a backing comprises a
      plurality of firm backing members (typically arcuate copper faced bars)
      and means for moving the backing members from a release position spaced
      from the inner surfaces of the tubes, to an engaged position with the
      backing members forcefully pressed against the inner surfaces of the tubes
      to be butt-welded. Such devices are suggested in U.S. Pat. Nos. 2,413,103;
      2,987,022; 3,369,725; 3,498,518; 3,741,457; and 3,806,020. Typically these
      devices are quite expensive and do not provide as high a degree of
      adjustability to accommodate tubes of various inside diameters (e.g., pipe
      of the same nominal size but of different schedule numbers) or tubes which
      are out of round. The rigid backing members will not conform to rough
      inner surfaces so that surface irregularities may space the outer surface
      of one or more of the backing members from the inner surface of the tubes
      and allow excessive intrusion of the molten weld material into the joined
      tubes. Also the backing members occasionally adhere to the weld which
      interferes with the removal of the device.
PAR  It is also well known in the prior art to use a steel ring to provide a
      backing for fusion butt-welds between the ends of cylindrical tubes. The
      steel ring is selected to have an outside diameter of about the same size
      as the inside diameter of the tubes, and a sufficient peripheral width to
      bridge between the ends of the tubes. The molten weld material adheres to
      the ring, however, and removal of such a ring, if necessary, requires
      grinding it out of the pipe, which is expensive and time consuming.
PAR  U.S. Pat. No. 3,378,852 teaches using a strip of a flexible, deformable,
      refractory material comprising inorganic particles bound together with a
      flexible organic binder as a backing for fusion butt-welds. This
      refractory material provides an effective and efficient backing, however,
      applying the refractory material through the use of an adhesive coated
      strip, as taught in that patent, is not always possible or as convenient
      as may be desired for applying the refractory material around the inner
      surfaces of butted tubes.
PAR  U.S. Pat. Nos. 2,792,626 and 3,460,736 suggest devices for pressing a strip
      of backing material into engagement with the inner surfaces of two butted
      tubes to be butt welded. These devices, however, do not provide the degree
      of adjustability required for tubes of various sizes. Also they do not
      provide the proper type of support for the friable refractory material
      taught in U.S. Pat. No. 3,378,852 while the device is being positioned in
      butted tubes to be welded, since the device of U.S. Pat. No. 3,460,736
      does not maintain an arcuate periphery when not positioned in a tube, and
      the device of U.S. Pat. No. 2,792,626 maintains the strip of backing
      material too closely adjacent the inner surface of the tubes to preclude
      contact therebetween.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a device including the flexible,
      deformable, refractory material taught in U.S. Pat. No. 3,378,852 to
      provide an inexpensive backing for fusion butt-welds between the ends of
      tubes. The backing provided is adaptable to a relatively large range of
      inner tube diameters and will closely conform to the inner surfaces of
      both round and out of round tubes, even where there is a high degree of
      surface roughness within the tubes.
PAR  The device comprises a thin flexible support strip having overlapped end
      portions to provide an arcuate outer peripheral surface; means guiding the
      overlapped end portions for relative longitudinal sliding movement to
      change the peripheral circumference of the support strip; means for
      securing the strip of refractory material on the outer periphery of the
      support strip; and means for positioning the overlapped end portions in a
      predetermined position relative to each other to afford pressing the strip
      of refractory material on the periphery of the support strip into
      engagement with the inner surfaces of butted tubes.
PAR  For use, the circumference of the support strip is decreased by sliding the
      end portions to increase the overlap therebetween, the strip of refractory
      material is secured on the support strip with its ends overlapped over the
      overlapped end portions of the support strip, the assembly is positioned
      inside two butted tubes with the strip of refractory material adjacent and
      bridging the butted ends thereof, and the circumference of the support
      strip is increased and positioned to press the strip of refractory
      material into firm engagement with the inner surfaces of the butted tubes.
PAR  The support strip is sufficiently flexible to conform to curvilinear inside
      diameters of the tubes even if the tubes are oval or somewhat out of
      round, and the deformable strip of refractory material will form around
      surface roughness under the influence of the biasing means so that the
      strip of refractory material fully contacts the inside surfaces of the
      tubes and limits intrusion of the molten weld material into the tubes.
PAR  The means for positioning the end portions of the support strip to press
      the strip of refractory material into engagement with the internal
      surfaces of tubes may be provided by a manually operated device such as a
      bolt or over center device between the end portions. However, where the
      device is to be used on tubes of various inside diameters, or the feature
      described in the following paragraph is to be utilized, it is preferable
      to provide means between the end portions for biasing the end portions to
      increase the peripheral circumference of the support strip. Such means may
      be provided by springs or an air cylinder between the end portions.
PAR  The support strip may also include a plurality of removable axially
      centered locating pins projecting radially from its peripheral surface
      which have a thickness axially of the support strip adapted to provide a
      predetermined spacing between the ends of tubes to be butt-welded; and a
      similarly positioned trigger pin having an end removably engageable in
      aligned openings in the overlapped end portions of the support strip to
      retain a predetermined overlapped condition therebetween against the
      influence of the biasing means. With the trigger pin in place, the device
      can be positioned and supported between the ends of two tubes to be
      butt-welded via the locating pins. The trigger pin is then pulled causing
      the biasing means to urge the support strip and strip of refractory
      material against the inner surface of the tubes in a position bridging
      their ends. The locating pins then may be removed or incorporated in the
      weld.
PAR  Two alternate embodiments of the device according to the present invention
      can be used to back a butt-weld between the ends of tubes at a position
      that cannot be reached to afford manual insertion of the aforementioned
      embodiment. These alternate embodiments include a cart adapted for moving
      axially along the inner surfaces of the tubes to be joined; support means
      supporting the support strip on the cart for movement from a first
      position with the strip of refractory material spaced from the inner
      surface of a tube in which the cart is located to afford movement of the
      cart through the tubes, to a second position with the strip of refractory
      material pressed against and bridging the inner surfaces of the tubes
      adjacent the butted ends thereof; and means for moving the support means
      to the second position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be further described with reference to the
      accompanying drawing wherein like numbers refer to like parts in the
      several views and wherein:
PAR  FIG. 1 is a vertical plan view of a first embodiment of a device according
      to the present invention including a strip of refractory material being
      pressed into internal engagement between the butted ends of a pair of
      tubes to be fusion welded;
PAR  FIG. 2 is a sectional view taken approximately along the line 2--2 of FIG.
      1;
PAR  FIG. 3 is a sectional view taken approximately along the line 3--3 of FIG.
      1;
PAR  FIG. 4 is a perspective view of a second alternate embodiment of the device
      according to the present invention;
PAR  FIG. 5 is a vertical sectional view illustrating the device of FIG. 4
      positioned within two tubes between which a fusion butt-weld is to be
      formed;
PAR  FIG. 6 is a sectional view taken approximately along the line 6--6 of FIG.
      5; and
PAR  FIG. 7 is a perspective view with parts broken away to show detail of a
      third alternate embodiment of the device according to the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 through 3 of the drawing, there is illustrated a
      first embodiment of a device according to the present invention, generally
      designated by the numeral 10. The device 10 includes a backing strip of
      deformable, flexible refractory material 13 forcefully positioned against
      and bridging the inner surfaces of a pair of tubes or pipes 11 in a
      position to serve as a backing during fusion butt-welding between the ends
      of the tubes 11.
PAR  The preferred refractory material comprises inorganic particles bound
      together with a flexible organic binder and is that refractory material
      taught in U.S. Pat. No. 3,378,852, the content whereof is incorporated
      herein by reference.
PAR  The device 10 comprises a thin, flexible support strip 12 (e.g., 2 inch
      wide 20 gauge full hard stainless steel shim stock) having first and
      second end portions 14 and 16 respectively which are overlapped to provide
      an arcuate outer peripheral surface 18 on which the strip of refractory
      material 13 is supported. The terminal end of the first end portion 14 is
      wider than the second end portion 16 and carries a flange 20 disposed
      radially inwardly from the first end portion 14. The flange 20 is formed
      with a slot 22 through which the second end portion 16 is slidably
      retained inwardly of the first end portion 14, and which with a pair of
      tabs 24 on the first end portion 14 bent around the edges of the second
      end portion 16 provide means for guiding the overlapping first and second
      end portions 14 and 16 for relative sliding movement. Such sliding
      movement changes the peripheral circumference of the support strip 12 by
      changing the amount of overlap between the first and second end portions
      14 and 16 thereof.
PAR  A pair of springs 25 are tensioned between the flange 20 and a similar
      inwardly projecting flange 26 at the end of the second end portion 16 to
      provide means for biasing the end portions 14 and 16 to increase the
      peripheral circumference of the support strip 12 and means for positioning
      the overlapped end portions to press the strip of refractory material 13
      into engagement with the inner surfaces of the tubes 11. The backing strip
      12 is sufficiently flexible to conform to cylindrical or arcuate inner
      surfaces against which the strip of refractory material 13 is pressed
      under the influence of the springs 25.
PAR  The strip of flexible refractory material 13 is secured on the periphery of
      the support strip 12 by means comprising a plurality of tongs 27 cut from
      the support strip 12. The tongs 27 project above the peripheral surface of
      the support strip 12 and press into and locate the edges of the strip of
      refractory material 13. Additionally, or alternatively, the means for
      securing the strip of refractory material 13 could comprise a length of
      double coated adhesive tape between the support strip 12 and the strip of
      refractory material 13.
PAR  The device 10 also includes a plurality of spaced locating pins 29 which,
      as is shown in FIGS. 2 and 3, can be removably mounted in sockets 30
      staked through the support strip 12 so that the pins 29 will project
      radially of the support strip 12 through and from positions centrally
      located between the edges of the strip of refractory material 13. The
      diameter of the locating pins 29 provides a predetermined spacing between
      the ends of the tubes 11 to be butt-welded. A trigger pin 32 (shown
      removed in FIG. 2) has a diameter similar to that of the locating pins 29
      and an end 33 removably engageable in two aligned openings of a plurality
      of openings 34 in the overlapped end portions 14 and 16 of the support
      strip 12 to retain a predetermined overlapped condition therebetween
      against the influence of the springs 25.
PAR  To use the device 10, an operator attaches to the outer peripheral surface
      18 a strip of the refractory material 13 having a length about the same as
      the inner circumference of the tubes 11 in which the device 10 is to be
      used. One end of the strips of refractory material 13 is positioned and
      attached adjacent the flange 20 on the first end portion 14. The operator
      manually moves the flanges 20 and 26 away from each other against the bias
      of the springs 25 to appropriately decrease the peripheral circumference
      of the device 10, and laps the end of the strip of refractory material 13
      opposite that attached at the flange 20 outwardly over the attached end.
PAR  If the device 10 is to be used without the locating pins 29 or trigger pin
      32, the operator manually retains the flanges 20 and 26 while he positions
      the device 10 through an end of one of the tubes 11 with the strip of
      refractory material 13 adjacent the adjoining ends of the tubes 11. He
      then releases the flanges 20 and 26 so that the springs 25 position and
      press the strip of refractory material 13 in engagement with the inner
      surfaces of the tubes 11 in a position bridging their adjoining ends.
PAR  If the device 10 is to be used with the locating pins 29, the operator
      presses the end 33 of the trigger pin 32 through the strip of refractory
      material 13 and two aligned openings 34 in the end portions 14 and 16 to
      retain the end portions 14 and 16 against the springs 25; and presses
      locating pins 29 through the strip of refractory material 13 and into the
      sockets 30. One end of the device 10 is then inserted into the end to be
      welded of one of the tubes 11 until the pins 29 and 32 engage the end of
      that tube 11. The end to be welded of the other tube 11 is positioned
      around the other end of the device 10 until it also engages the pins 29
      and 32. With the device 10 thus positioned via the pins 29 and 32 between
      the ends of two tubes 11, the operator then pulls the trigger pin 32,
      causing the springs 25 to urge the support strip 12 and thereby the strip
      of refractory material 13 against the inner surfaces of the tubes 11. The
      locating pins 29 may then be removed.
PAR  The fusion weld can then be made between the ends of the tubes 11. The heat
      of welding reduces the backing strip to residue similar to coffee grounds.
      After the weld is complete the device 10 is removed and the residue is
      brushed from the pipe, leaving the weld with a well-formed, clean inner
      surface.
PAR  FIGS. 4 through 6 illustrate a second embodiment of a device according to
      the present invention, generally designated by the numeral 36. The device
      36 is particularly useful where the lengths of tubes 38 to be butt-welded
      are such, or the adjoining ends of the tubes to be butt-welded are so
      positioned or retained that the device 10 may not be manually positioned
      by either of the methods indicated above.
PAR  The device 36 comprises cart means adapted to move axially along the inner
      surface of tubes 38 to be joined which support a structure similar to that
      of the device 10 for movement from a first position with a strip of
      refractory material 40 supported thereon spaced from the inner surface of
      the tubes 38 in which the cart means is located to afford movement of the
      cart means through the tubes and positioning of the strip of refractory
      material 40 adjacent the butted ends of the tubes 30; to a second position
      with the strip of refractory material 40 pressed against the inner
      surfaces of the tubes adjacent the butted ends thereof.
PAR  Like the device 10, the device 36 comprises a thin, flexible support strip
      41 having first and second end portions 42 and 43 respectively which are
      overlapped to provide an outer peripheral surface 44 on which the strip of
      refractory material 40 is supported. The terminal end of the first end
      portion 42 carries a slotted inwardly projecting flange 45 through which
      the second end portion 43 is slidably retained, and which together with a
      pair of tabs 46 on the first end portion 42 (which are curved around the
      edges of the second end portion 43) provide means for guiding the
      overlapping first and second end portions 42 and 43 for relative sliding
      movement to change the peripheral circumference of the support strip 41.
PAR  A pair of springs 47 are tensioned between the flange 45 and a similar
      inwardly projecting flange 48 at the end of the second end portion 43 to
      provide means for biasing the end portions 42 and 43 to increase the
      peripheral circumference of the support strip 41 and means for positioning
      the overlapped end portions 42,43 to press the strip of refractory
      material 13 into engagement with the inner surfaces of the tubes 38.
PAR  Like the end portions 14 and 16 of the device 10, the end portions 42 and
      43 each have a plurality of spaced openings 49 two of which can be aligned
      and engaged by a removable pin 50 inserted from inside the support strip
      41 to retain a predetermined overlapped condition between the end portions
      42 and 43 against the influence of the springs 47.
PAR  The cart means comprises a generally rectangular frame 51 having wheels 52
      at its corners adapted to contact the inner surface of a tube, and a
      central section of reduced width about which the support strip 41 is
      supported. The frame 51 has a threaded socket 53 adapted to receive the
      end of a rod 54 used in pushing or pulling the device 36 through a tube.
PAR  The support strip 41 is supported on the frame 51 by a rectangular movable
      member 56 attached at one end to one portion of the support strip 41 and
      slidably mounted in a guide 57 on the frame 51 for movement radially of
      the support strip 41 to move one portion thereof from a spaced position
      (FIGS. 4 and 5) with the portion of the strip of refractory material 40 on
      said one portion of the support strip 41 spaced from the inner surface of
      tubes 38 in which the device 36 is located, and a contact position with
      said backing strip portion contacting the inner surface of the tubes 38
      (FIG. 6).
PAR  A pair of springs 58 are attached between the frame 51 and the ends of a
      shaft 59 fixed to the movable member 56 and guided for sliding movement in
      slots in the guide 57. The springs 58 provide means for biasing the
      movable member toward the contact position. A pin 60 engageable through a
      hole in a projection 61 on the movable member 56 which projects through an
      opening in the guide 57 when said portion of the strip of refractory
      material 41 is in its spaced position provides means for releasably
      retaining it there.
PAR  A support arm 63 is fixed to the guide 57 and has ends each with two
      projecting fingers 64 spaced to slidably engage opposite edges of the
      support strip 41 to position the same while allowing movement thereof
      between the fingers 64 to afford relative sliding movement of the end
      portions 42 and 43 and corresponding changes in the peripheral
      circumference of the support strip 41.
PAR  To use the device 36, an operator spreads the flanges 45 and 48 against the
      bias of the springs 47 to a desired circumference for the support strip 41
      which will permit free movement of a strip of refractory material 40
      thereabout through the tubes 38 in which the device 36 is to be used, and
      then inserts the pin 50 in a pair of aligned holes in the overlapped end
      portions 42 and 43 to retain the desired circumference. Also, the operator
      moves the movable member 56 to the spaced position for the refractory
      material 40 and retains it there by inserting the pin 60 in the projection
      61.
PAR  Next, a strip of refractory material 40 of the desired length is attached
      on the periphery of the support strip 41 with the ends of the strip of
      refractory material 40 overlapped at the juncture between the end portions
      42 and 43 of the support strip 41 (See FIG. 4).
PAR  The device 36 is then pushed into the tubes 38 via the rod 54 which may be
      calibrated or marked to show the proper positioning for the device 36
      axially along the tube to position the strip of refractory material 40
      adjacent the abutted ends of the tubes 38 to be welded together.
PAR  After such positioning is achieved the operator pulls a cord 66 which is
      attached to the pins 50 and 60 to first pull the pin 60 and allow the
      movable member 56 to move the refractory material 40 to the contact
      position, and then to pull the pin 50 to allow the springs 47 to expand
      the support strip 41 and press the strip of refractory material 40 into
      engagement with the butted ends of the tubes 38. The tubes 38 can then be
      welded.
PAR  Where the device 36 is to be used in vertical or almost vertical tubes, the
      frame may also include removable projections 67 (shown in dotted outline
      in FIG. 5), each of which slidably supports a castor wheel 68 outwardly
      biased by a spring 69. The castor wheels 68 provide means for maintaining
      the wheels 52 against the inner surface of a vertical or almost vertical
      tube in which the device 36 is positioned, while the spring mounting of
      the castor wheels 68 affords movement of the device 36 over irregularities
      in the tube.
PAR  FIG. 7 illustrates yet a third embodiment of a device according to the
      present invention, generally designated by the numeral 70, which like the
      device 36 is particularly useful in situations where the device 10 may not
      be manually positioned at the adjoining ends of tubes to be welded.
PAR  Like the device 36, the device 70 comprises cart means adapted to move
      axially along the inner surface of tubes to be joined, which cart means
      supports a structure for moving a backing strip of refractory material 71
      from a first position with the strip of refractory material 71 spaced from
      the inner surface of the tubes in which the cart means is located to
      afford movement of the cart means through the tubes and positioning of the
      strip of refractory material 71 adjacent the butted ends of the tubes; to
      a second position with the strip of refractory material 71 pressed against
      the inner surfaces of the tubes adjacent the butted ends thereof.
PAR  The structure for moving the strip of refractory material 71 from its first
      to its second position comprises a resilient elastic generally cylindrical
      member 72 (e.g., rubber) having its ends in air tight engagement with the
      outer edges of a pair of spaced flanges 73 on a ridged spool-like support
      74. The space between the resilient cylindrical member 72 and the
      spool-like support 74 provides a chamber 75 which may be coupled to a
      source of air under greater than atmospheric pressure through an inlet
      hose 77 to expand the resilient cylindrical member 72 and thereby increase
      its peripheral circumference. A device having a structure similar to the
      combination of the spool-like support 74 and the elastic cylindrical
      member 72 is commercially available in various sizes from Cherne
      Industrial, Inc., 5701 South County Road 18, Edina, Minn., 55436, as the
      "Muni-Ball Plug."
PAR  A thin, flexible, resilient, spring metal support strip 76 is disposed
      about the resilient cylindrical member 72. The support strip 76 has first
      and second end portions 78 and 79 respectively which are overlapped to
      provide a variable length outer peripheral surface 81 on which the backing
      strip 71 is supported. The support strip 76 is retained against axial
      movement axially along the cylindrical member 72 by annular ridges 83 on
      the cylindrical member 72 flanking the support strip 76.
PAR  The support strip 76 provides a heat barrier between the strip of
      refractory material 71 and the cylindrical member (which barrier may be
      increased by an asbestos layer on the inner surface of the support strip
      76 if necessary) and its use also prevents separation of the friable strip
      of refractory material 71.
PAR  The support strip 76 has spring temper biasing its end portions 78 and 79
      toward a greater overlapped condition to retain the support strip 76
      around the cylindrical member 72 when the cylindrical member 72 contracts
      upon release of air pressure from within the chamber 75.
PAR  The cart means comprises the spool-like support member 74, and two frame
      members 84 projecting from opposite ends thereof on which are rotatably
      mounted wheels 86 adapted to contact the inner surface of a tube in which
      the device 70 is used. One end of the spool-like support member 74 has a
      central threaded socket 87 adapted to receive the end of a rod 88 used in
      pushing or pulling the device 70 through a tube.
PAR  To use the device 70, an operator attaches a strip of refractory material
      71 of the desired length on the periphery of the support strip 76 (as by
      double coated adhesive tape) with the ends of the strip of refractory
      material 71 overlapped at the juncture between the end portions 78 and 79
      of the support strip 76.
PAR  Next the device 70 is pushed into the tube via the rod 88 which may be
      calibrated or marked to show the proper positioning for the device 70
      axially along the tube to position the strip of refractory material 71
      adjacent the abutted ends of the tubes to be welded together.
PAR  After such positioning is achieved the operator applies air under greater
      than atmospheric pressure through the hose 77 to move the strip of
      refractory material 71 to its second position and position it in
      engagement with the inner surface of the tubes. The tubes can then be
      welded.
PAR  Where the device 70 is to be used in vertical or almost vertical tubes, it
      may also utilize removable projections like the projections 67 for the
      device 36 to center it in the tubes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A backing device useful during fusion butt-welding between the ends of
      two tubular members having similar curvilinear inner surfaces, said device
      comprising:
PA1  a thin flexible support strip having overlapped end portions to provide an
      arcuate outer peripheral surface;
PA1  means guiding said overlapping end portions for relative longitudinal
      sliding movement to change the peripheral circumference of said support
      strip;
PA1  a strip of flexible refractory material comprising inorganic particles
      bound together with a flexible organic binder adapted to have a length
      dimension which is about the same as that of the inner circumference of
      the tubular members;
PA1  means for securing said strip of refractory material on the periphery of
      said support strip; and
PA1  means adapted for positioning said end portions to press said strip of
      refractory material into engagement with the inner surfaces of said butted
      tubes.
NUM  2.
PAR  2. A backing device according to claim 1, wherein said means adapted for
      positioning said end portions to press said strip of refractory material
      into engagement with the inner surfaces of said butted tubes comprises
      biasing means for biasing said end portions to increase the peripheral
      circumference of said support strip.
NUM  3.
PAR  3. A device according to claim 2, wherein said end portions each have
      openings adapted to align upon movement of said end portions to
      predetermined relative positions in opposition to said biasing means, and
      said device comprises:
PA1  a trigger pin having an end adapted to releasably engage said aligned
      openings and retain said end portions in a predetermined position in
      opposition to said biasing means;
PA1  a plurality of locating pins; and
PA1  means for removably mounting said locating pins in spaced relationship to
      project radially from said support strip through and about centrally
      between the edges of said strip of refractory material.
NUM  4.
PAR  4. A device according to claim 1, wherein said device includes cart means
      adapted for moving axially along the inner surface of said tubes, and said
      means adapted for positioning said end portions comprises:
PA1  support means supporting said support strip on said cart means for movement
      from a first position with said strip of refractory material spaced from
      the inner surfaces of tubes in which the cart means is located to afford
      movement of the cart through the tubes, to a second position with the
      strip of refractory material pressed against the inner surfaces of said
      tubes adjacent the butted ends thereof; and
PA1  means for moving said support means to the second position.
NUM  5.
PAR  5. A device according to claim 4, wherein said support means comprises a
      resilient elastic generally cylindrical member supporting the surface of
      said support strip opposite the refractory strip, and means for applying
      fluid under greater than atmospheric pressure against the surface of said
      cylindrical member opposite said support strip to provide said means for
      moving said support means from said first to said second position.
NUM  6.
PAR  6. A backing device according to claim 4, wherein:
PA1  said means adapted for positioning said end portions to press said strip of
      refractory material into engagement with the inner surfaces of said butted
      tubes comprises biasing means for biasing said end portions to increase
      the peripheral circumference of said support strip; said support means
      comprises retaining means for releasably retaining said end portions in a
      position with the periphery of the strip of refractory material around the
      support strip substantially smaller in length than the inner
      circumferential surface of the tube, and a movable member attached to one
      portion of said support strip and mounted on said cart means for movement
      generally radially of said support strip to move said one portion of said
      support strip from a spaced position with the portion of said strip of
      refractory material on said one portion of the backing strip spaced from
      the inner surface of the tubes, and a contact position with said portion
      of the strip of refractory material contacting the inner surface of the
      tubes, means for biasing said movable member toward said contact position,
      and means for releasably retaining said movable member in said spaced
      position; said support strip being in said first position when said
      support ring is retained by said retaining means and said support member
      is in said spaced position, and said support strip being in said second
      position when said support member is in said contact position and said
      retaining means is released.
PATN
WKU  039400492
SRC  5
APN  3654079
APT  1
ART  325
APD  19730531
TTL  Process for welding explosive-clad metal sheets
ISD  19760224
NCL  34
ECL  1
EXP  Dost; Gerald A.
NDR  1
NFG  8
INVT
NAM  Richter; Ulf
CTY  Burbach-Wurgendorf
CNT  DT
INVT
NAM  Korves; Antonius
CTY  Ahlen, Westfalen
CNT  DT
ASSG
NAM  Dynamit Nobel Aktiengesellschaft
CTY  BOTH OF
CNT  DT
COD  03
ASSG
NAM  Jacob and Korves GmbH
CTY  both of
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720531
APN  2226484
CLAS
OCL  228107
XCL  228136
EDF  2
ICL  B23K 3102
FSC   29
FSS  470;470.9;471.1;471.7;472.1;472.3;482;483;488;490
FSC  228
FSS  107;135;136;164
UREF
PNO  2050326
ISD  19360800
NAM  Hopkins
XCL   29471.7
UREF
PNO  2148427
ISD  19390200
NAM  Howard et al.
OCL   29471.1
UREF
PNO  2158799
ISD  19390500
NAM  Larson
XCL   29471.1
UREF
PNO  2943387
ISD  19600700
NAM  Dawson
XCL   29483
UREF
PNO  3443306
ISD  19690500
NAM  Meyer
OCL   29471.7
UREF
PNO  3449819
ISD  19690600
NAM  Blank
OCL   29470.9
UREF
PNO  3482304
ISD  19691200
NAM  Brigot et al.
OCL   29471.1
UREF
PNO  3489446
ISD  19700100
NAM  Williams
XCL   29471.1
UREF
PNO  3629932
ISD  19711200
NAM  Richter
OCL   29472.1
UREF
PNO  3735476
ISD  19741000
NAM  Deribas et al.
OCL   29470.1
LREP
FRM  Craig & Antonelli
ABST
PAL  A process for welding explosive-clad metal sheets together with one another
      and/or with metal pipes, connecting elements, or the like, includes
      producing at least one unjoined zone between the base metal and the
      cladding metal in a defined manner during an explosive cladding step, and
      thereafter welding in the region of at least one of unjoined zones.
BSUM
PAR  This invention relates to a process for welding explosive-clad metal sheets
      together with one another and/or with metal pipes, metal connecting
      elements or the like.
PAR  When using explosive-clad metal sheets in apparatus construction, certain
      difficulities are often encountered when welding the metal sheets together
      with one another and/or with pipes, connecting elements, or the like. This
      is true, in particular, if the two metals bonded by the explosive cladding
      method can form intermetallic compounds, as is the case, for example, that
      formed by aluminum, molybdenum, tantalum, titanium, niobium, tungsten,
      palladium, or zirconium with steel, or copper with aluminum. If the
      welding heat introduced into the bonding zone is too high, brittle
      intermetallic substances can be formed by diffusion and can lead to a
      detachment of the cladding layer at the locations affected by the heat.
      However, especially in case of minor cladding thicknesses of the cladding
      material, there is also the danger that, for example during fillet
      welding, the thin layer of cladding metal is made entirely molten
      throughout and thus portions of the base metal enter the weld seam. This
      results in brittleness of the weld seam and strongly reduces its corrosion
      resistance. Particularly great difficulties of this type occur in the
      welding of tantalum-steel or niobium-steel clad sheets. This is so
      because, with the tantalum cladding which is chosen to be maximally thin
      for economical reasons, there is the very grave danger, due to the
      strongly differing melting points of 3,000.degree. C. for tantalum and
      1,535.degree. C. for steel, respectively, that the steel underneath the
      tantalum layer is melted or even vaporized.
PAR  In order to circumvent the aforementioned difficulties, numerous methods
      have already been proposed. For example, it is known to remove along the
      intended welding edge of each explosive-clad metal sheet, the base metal
      in a narrow zone directly down to the cladding metal metallically bonded
      to the base metal; then to weld the projecting edges of the cladding metal
      together; to introduce, as a root layer, a third metal compatible with
      both cladding metals; and to close the remaining welding gap with layers
      of the base metal. In accordance with U.S. Pat. No. 3,629,932, wherein the
      weld seam is prepared in the same way, the provision is made to insert, in
      place of the root layers of a third metal, an explosive-clad metallic
      strip made from the two cladding metals, and then to weld together the
      base metal and the cladding metal independently of each other.
PAR  However, the conventional processes have the disadvantage that the
      preparation of the weld seam is very complicated, and maximum accuracy
      must be observed in the milling, lathing, or the like of the grooves
      between the metal sheets to be welded together; this is so, because, on
      the one hand, not too much material must be removed from the cladding
      metal--the layer thickness of which is often only 0.5 - 2mm. -- but, on
      the other hand, no traces of the base metal may remain on the cladding
      metal, since otherwise during welding a dangerous brittleness of the seam
      would occur. This accurate removal or dressing off of the base metal is
      particularly difficult, because in practice the clad metal sheets are not
      ideally planar in the majority of cases.
PAR  It is furthermore known to machine down the base metal at the edges of the
      clad metal sheet to be welded together until almost to the cladding metal,
      and then to remove the remainder of the base metal by etching. Apart from
      the fact that here again the expense for preparing the seam is
      inordinately high, this process has the further disadvantage that,
      although the etching bath completely removes the residues of base metal
      from the underside of the cladding metal, the point-like intermetallic
      compound inclusions in the bonding zone between the base and cladding
      metals, which are also present in explosive claddings of, for example,
      steel and tantalum, are not entirely eliminated. However, in such a case,
      traces of the base metal enter the weld seam during the welding of the
      edges of the cladding metal. This, in turn -- as mentioned above --
      results in a brittleness of the weld seam and strongly reduces its
      corrosion resistance.
PAR  This invention is directed to the problem of avoiding the disadvantages of
      the conventional processes for the welding together of explosive-clad
      metal sheets with one another and/or with pipes, connecting pieces, or the
      like.
PAR  This problem is solved, in accordance with this invention, by producing, in
      the explosive cladding process, unjoined (i.e. unconnected, or non-joined)
      zones between the base metal and the cladding metal in a defined manner
      and conducting the subsequent welding procedure in the regions provided by
      these unjoined zones. Thus, the weld seam preparation to be done
      subsequently is considered during the initial explosive cladding, and this
      preparation is advantageously simplified, on the one hand, and rendered
      more reliable, on the other hand, in that, in the regions of the metal
      sheets to be welded, a metallic bond between the base metal and the
      cladding metal is purposely prevented, so that both metallic layers are
      clearly segregated in the welding area and thus can be flawlessly welded
      together individually.
PAR  These intended unjoined zones in the explosive-clad metal sheets can be
      obtained, for example, by providing the base metal sheet with the
      approximate dimensions of the clad metal sheet, but making the cladding
      metal sheet somewhat larger, e.g. either longer or wider, at the area
      corresponding to the subsequent welding regions, so that the cladding
      metal sheet laterally projects for a certain length (or width) beyond the
      base metal sheet along an edge thereof. By limiting the explosive layer on
      the topside of the cladding metal sheet to the area of the base metal
      disposed thereunder, i.e. by keeping the strip of cladding metal
      projecting beyond the base metal free of explosive, the regions
      subsequently to be welded together are exempted from the cladding effect.
      The laterally projecting strip of the cladding metal thus is not bonded to
      the base metal, so that a flawless subsequent welding in the zone of this
      strip is ensured. This procedure, moreover, offers the additional
      advantage that no base metal is disposed under the region of the cladding
      metal to be welded together subsequently, and thus there is no need for
      removing the base metal thereafter, for example by a cutting operation.
PAR  Depending on the conditions in each individual case, determined, for
      example, by the properties of the base and cladding metals employed, the
      thickness of the metals to be bonded by cladding, the type and amount of
      the explosive, the laterally projecting strip of cladding metal at the
      edges of the base metal can be damaged or even sheared off in a mode of
      operation according to the above-described process. If this danger of
      damage or severing of the projecting strip of cladding metal exists,
      another advantageous embodiment of this invention provides that the
      cladding metal, which is provided with a layer of explosive while leaving
      the areas adjacent to the intended unjoined zones vacant (i.e. free of
      explosive) is dimensioned and arranged so that is contacts the base metal,
      after the explosive cladding step, with its entire surface area, and that,
      prior to welding, the base metal is machined down in the region of the
      unjoined zones. In this case, the cladding metal is supported in its
      entire surface area on the base metal sheet during the cladding process,
      and is metallically bonded to the base metal except in the unjoined zones;
      whereas, in the projecting areas which are to be welded later, the
      cladding metal, on the one hand, has not entered into a bond with the base
      metal due to the missing or omitted coat of explosive, and, on the other
      hand, has not been unduly deformed or damaged.
PAR  Insofar as it is possible, in individual cases, when carrying out the above
      procedure, that, during the impacting of the edge of the cladding metal,
      which is without a layer of explosive, against the base metal, traces of
      the base metal adhere to the unjoined edge of the cladding metal and exert
      a disadvantageous effect on the subsequent welding operation, it proves to
      be advantageous, in accordance with another embodiment of this invention,
      to provide the base metal and/or the cladding metal prior to the explosive
      cladding step with a separating agent or means for preventing the direct
      contact of the two metals, in the zone of the intended unjoined zones or
      locations. This ensures, on the one hand, in the region to be welded
      together subsequently, a clear segregation between the two metallic layers
      and, on the other hand, the flawless metallic bonding in the remaining
      area. A disadvantageous intermixing of the two metals during welding is
      thus reliably prevented.
PAR  A suitable separating means according to this invention is a metallic strip
      of a minor thickness which is removed, e.g. by melting after the explosive
      cladding step. The melting out process is preferably conducted in a
      furnace under an atmosphere of a protective gas, e.g. argon, or in vacuum.
      In order to avoid the formation of undesired intermetallic compounds
      between the separating agent and the cladding metal, a metal is to be
      selected for the separating means which has a sufficiently low melting
      point and accordingly a low melting out temperature. Furthermore, in order
      to prevent the formation of intermetallic compounds, it can be
      advantageous to apply the metal used as the separating means directly to
      the cladding metal by galvanic, chemical, or other suitable methods so
      that during the explosive cladding -- which presupposes a certain distance
      between the materials to be clad -- a metallic bond takes place only
      between the base metal and the separating means. However, in such a case,
      any intermetallic compounds formed do not interfere, since they are
      removed during the preparation of the weld seam together with the base
      metal by the machining down procedure. Examples for suitable separating
      agents for tantalum-steel claddings are tin or Wood's alloy (a
      low-melting-point alloy, i.e. 65.5.degree. C. of 5 parts Bi, 2.5 parts of
      Pb, 1.25 parts Sn and 1.25 parts Cd).
PAR  However, in view of a maximally low manufacturing expenditure, it proves
      generally advantageous, in accordance with a further embodiment of this
      invention, to use as the separating means a thin layer of wax, a viscous
      fat, paper, a synthetic resin, e.g. epoxy resin or polyurethane, a
      metallic oxide, e.g. Al.sub.2 O.sub.3 and Pb.sub.2 O.sub.3, silicate, e.g.
      sodium silicate and enamel glass, or similar substances. Thus, a viscous
      fat suitable in this connection is so-called vacuum grease and feasible
      synthetic resins can be, for example, a two-component adhesive having an
      epoxy resin base, spreadable varnishes, strips, and/or tapes of PVC or
      polyethylene, which can be placed thereon or glued thereon, for instance
      in the form of an adhesive tape, or also polytetrafluoroethylene which can
      be sprayed thereon. However, it is also possible to oxidize the base metal
      and/or the cladding metal proper in the area of the intended unjoined
      zones prior to the explosive cladding step, e.g. by electrolysis.
      Furthermore, it is basically likewise possible to employ foreign oxides,
      such as, e.g. aluminum oxide or zinc oxide in case of tantalum-steel
      claddings, which are sintered, for example, sufficiently firm to the base
      metal and/or the cladding metal or have been applied to the base metal by
      flame spraying. Suitable silicates are low-melting glasses, e.g. enamel
      glass which are applied in the molten condition. Also borax (i.e. a
      natural hydrated sodium borate), applied in the form of a melt, is
      suitable as a separating means. The residues of the separating agent which
      may still be present after the cladding step can be removed -- if they
      were to interfere during the welding operation -- previously, for example,
      by etching or, in case of wax, grease, paper, synthetic resin or the like
      as the separating agent, in a particularly simple way by brushing away or
      by dissolution in an organic solvent, e.g. methylene chloride or acetone.
PAR  The use of a special separating means or agent according to this invention
      affords moreover the further advantage that, according to another proposal
      of this invention, the explosive layer on the cladding metal can also be
      applied so that it covers the intended unjoined zones, whereby the
      application and arrangement of the explosive are substantially simplified.
      In this connection, the separating means prevents at the desired zones or
      locations the metallic bonding during the explosive cladding process, as
      required according to this invention.
PAR  The process of this invention cannot only be employed for weld seams at the
      outer margin of the cladded metal sheet, but also advantageously, for
      example, when pipes, connecting pieces, or perhaps so-called manholes for
      entering tanks, kettles, or the like are to be connected somewhere in the
      middle of the metal sheet by means of welding. Here, too, the intended
      unjoined zones can be produced in the manner heretofore described. Thus,
      basically, the base metal sheet can, for example, be provided with a
      cutout according to the outer contour of the pipe to be extended
      therethrough; the cladding metal sheet, having a correspondingly smaller
      cutout, projects inwardly beyond the rim of the base metal sheet for a
      certain length with its area which is to be welded together later. The
      explosive layer leaves the intended unjoined zone vacant. In order to
      ensure that the explosive detonates completely in a maximally satisfactory
      manner, however, it will generally be preferable to apply the explosive
      also to this unjoined zone. This also insures that a maximally uniform
      thickness will be obtained in the layer of the explosive coating. In this
      case, according to the invention, a thin layer of the separating means of
      a corresponding configuration and dimensions is then disposed between the
      base metal and the cladding metal sheets.
PAR  The remaining preparation and conductance of the explosive cladding process
      takes place in the same manner as if, according to the conventional
      methods, a metallic bond is desired on the entire surface. The ignition of
      the explosive can be initiated from one corner, a lateral edge, or also a
      point in the center of the explosive layer. After cladding, the zones of
      the cladding metal which are not bonded, in accordance with this
      invention, are bent upwardly if base metal is disposed thereunder, and the
      base metal is machined away to the extent necessary in the individual case
      by means of milling, sawing, burning, lathing, turning, or the like. Of
      course, in case of an unjoined zone in the center of the cladded sheet
      metal, the cladding metal must first be provided with a corresponding
      cutout by drilling, turning, milling, or the like, unless this cutout had
      already been formed prior to the cladding step. In these machining
      processes, a far lower accuracy is demanded than in the conventional
      preparation of a weld seam with a metallic bond between the base metal and
      the cladding metal.
PAR  The projecting edges of the cladding metal of two clad metal sheets can
      then be bent upwardly or downwardly and welded together by means of an
      edge weld. In the latter case, the bond can be further secured with an
      additional double-flanged seam in the angle formed between the two
      converging projecting edges of the cladding metal sheets. In both cases,
      it is advantageous in order to reinforce the seam to join the base metal
      of the two sheets by means of an outwardly welded-on tongue. However,
      instead, it is also possible when the edges of the cladding metal are bent
      upwardly, first to weld the base metal of both metal parts in a
      conventional manner, then to partially re-apply the cladding metal
      thereto, and then to weld same by means of an edge weld at the contacting
      edges. Likewise, the planar welding of the projecting edges of the
      cladding metal by a butt weld is possible, wherein the base metal side is
      subsequently also butt-welded in a conventional manner, for example with
      the use of an explosive-clad metal strip inserted between the parts.
DRWD
PAR  The process of this invention will be further understood from the
      embodiments illustrated in the accompanying drawings and from the
      following detailed description wherein:
PAR  FIG. 1 is a cross-sectional view showing an arrangement for use in the
      invention prior to the explosive cladding step;
PAR  FIG. 2 is a cross-sectional view showing an explosive-clad metal sheet; and
PAR  FIGS. 3 through 6 are, respectively, cross-sectional views showing various
      embodiments of the invention for forming a weld seam between the
      explosive-clad metal sheets alone or with another metal element.
DETD
PAR  According to FIG. 1, a cladding metal 2, i.e. tantalum of 0.8 mm thickness
      with the explosive layer 3, i.e. Ammonit (an explosive containing ammonium
      nitrate and trinitrotoluene) of 12 mm thickness and an electric primer 4
      is disposed at a predetermined spacing from the base metal 1, i.e. carbon
      steel, of 20 mm thickness. Between the base metal 1 and the cladding metal
      2, the separating layers 5, each made of epoxy resin of 0.15 mm thickness,
      are provided to obtain defined unjoined zones. In order to illustrate the
      various basic aspects of this application, a separating means or layer 5
      is provided, at the left-hand margin, on the cladding metal 2; in the
      center, on the base metal 1 as well as on the cladding metal 2; and, at
      the right-hand margin, only on the base metal 1. Of course, in a
      modification thereof, a separating layer 5 can, for example, be placed
      either only on the base metal 1 or only on the cladding metal 2. (Also
      less preferably the separating layer may be omitted and the intended
      unjoined zone can be formed by omitting the explosive from the area
      superjacent to these zones.) The explosive coating 3 covers, at the
      left-hand margin and in the middle, the intended unjoined zones, while
      these zones are left vacant from explosive at the right-hand margin of the
      arrangement.
PAR  In FIG. 2, the resultant sheet metal is shown after the explosive cladding
      step. The separating layers 5 prevent a direct contact between the base
      metal 1 and the cladding metal 2 in the area of the intended unjoined
      zones so that, during the subsequent welding step, no disadvantageous
      metallic impurities need be feared or expected to occur in these zones.
PAR  In the weld seam shown in FIG. 3, the projecting edges 6 of the cladding
      metals 2 of the two clad metal sheets 7 and 8 to be welded together are
      bent downwardly and are bonded by welding with the aid of the edge weld
      seam 9 formed of tantalum metal. It will be appreciated that the edges 6
      had previously been made to project from each end of sheets 7 and 8 by
      removing an end portion of each of the base metal sheets adjacent to the
      unjoined zones by machining, e.g. grinding. Additionally, the
      double-flanged seam 10 is provided in the angle formed between the two
      bent projecting cladding metal plates 2. The base metal sheets 1 are
      joined by the tongue 12 welded on the outside by fillet weld seams 11,
      also of carbon steel metal.
PAR  FIG. 3a illustrates a similar embodiment to FIG. 3 except that the edges 6
      of the cladding metal sheets 7 and 8 are bent upwardly rather than
      downwardly.
PAR  FIG. 4a shows a different configuration of the weld seam wherein the end of
      base metals 1 of the two sheets 7 and 8 adjacent to the projecting edges 6
      are butt-welded conventionally be means of the seam 13, with the edges 6
      of the cladding metal sheets 2 being bent upwardly. Thereafter, the edges
      6, according to FIG. 4b, are again partially pressed against the base
      metal sheets 1 and welded together with the aid of the edge seam 9.
PAR  In accordance with FIG. 5, the two explosive clad metal sheets 7 and 8 are
      welded together at their edges. In this procedure, the cladding metal
      sheets 2 are welded together by a butt weld seam 14, and the base metal
      sheets 1 are welded together in a conventional manner with the use of an
      insert strip 15 made of tantalum on steel produced by explosive cladding
      and by the steel seam 13. The insert strip 15 can be produced by explosive
      cladding a layer of 2.5 mm tantalum on 2.5 mm carbon steel, flattening and
      cutting to strips of 12 to 20 mm width (according to U.S. Pat. No.
      3,629,932).
PAR  In FIG. 6, finally, a connection of the explosive-clad sheet metal 7 with
      the pipe 16, having a circular shaped periphery, is illustrated. The pipe
      consists of the same material as the cladding metal 2, e.g. tantalum. The
      pipe 16 is extended through the opening 17 in the base metal sheet 1 and
      welded at its free end, by the edge seam 9, together with the upwardly
      bend edges 6 of the cladding metal sheet 2. The edges 6 are formed to
      welding by cutting out a circular section of the tantalum sheet, which has
      a diameter smaller than the opening 17, and then pushing with a piston
      steel the opening 17 from the stel side, thereby widening the cutout in
      the tantalum layer and bending the edges 6 upward.
PAR  While the novel embodiments of the invention have been described, it will
      be understood that various omissions, modifications and changes in these
      embodiments may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for joining an explosive-clad metal sheet composed of a
      base metal layer and a cladding metal layer to another element by welding,
      the improvement comprising carrying out explosive cladding to form said
      explosive-clad metal sheet in such a way that facing sections of said base
      metal layer and said cladding metal layer are unbonded in those portions
      of the explosive-clad metal sheet which will be welded to said element,
      and thereafter joining said element to the cladding metal layer of said
      explosive-clad metal sheet by welding only to portions of the cladding
      metal layer of said explosive-clad metal sheet in which said base metal
      layer and said cladding metal layer are unbonded.
NUM  2.
PAR  2. The process of claim 1, wherein said explosive-clad metal sheet is
      formed by explosive cladding said cladding metal onto said base metal,
      said cladding metal layer contacting said base metal layer over the entire
      surface area of said base metal layer after explosive cladding, the
      unbonded portions of said base metal layer being removed by machining
      prior to welding.
NUM  3.
PAR  3. The process of claim 1, wherein said explosive-clad metal sheet is
      formed by explosive cladding said cladding metal on said base metal layer,
      separating means being provided between said base metal and said cladding
      metal in the unbonded portions of the explosive-clad metal sheet during
      explosive cladding.
NUM  4.
PAR  4. The process of claim 3, wherein said separating means is a metallic
      strip, said process further comprising removing said separating means
      after explosive cladding.
NUM  5.
PAR  5. The process of claim 4, wherein said separating means is removed by
      melting.
NUM  6.
PAR  6. The process of claim 3, wherein said separating means is a thin layer of
      a material selected from the group consisting of wax, a viscous fat,
      paper, a synthetic resin, a silicate and a metal oxide.
NUM  7.
PAR  7. The process of claim 3, wherein the explosive coat coated on the
      cladding metal during explosive cladding covers the unbonded portions of
      the explosive-clad metal sheet.
NUM  8.
PAR  8. The process of claim 1, wherein said element is an explosive-clad metal
      sheet, wherein the base metal layer and the cladding metal layer along at
      least a portion of one edge of each explosive-clad metal sheet are
      unbonded, wherein the unbonded cladding metal layers along said edges are
      bent outwardly from the planes of the respective explosive-clad metal
      sheets, wherein said explosive-clad metal sheets are arranged so that the
      outwardly bent cladding metal edges of each sheet are in abutment and the
      adjacent base metal layers of each sheet define a gap therebetween,
      wherein the abutting cladding metal layers of each metal sheet are welded
      together by an edge weld, and wherein the gap between the base metal
      layers of the two metal sheets is covered by a metal tongue welded onto
      the base metal layer of each metal sheet on the side facing away from the
      cladding metal.
NUM  9.
PAR  9. The process of claim 8, wherein the unbonded base metal layer edges of
      each explosive-clad metal sheet are removed prior to welding the cladding
      metal layers together.
NUM  10.
PAR  10. The process of claim 1, wherein said element is an explosive-clad metal
      sheet, wherein the base metal layer and the cladding metal layer along at
      least a portion of one edge of each explosive-clad metal sheet are
      unbonded with the unbonded cladding metal layer of each edge extending in
      the plane of the respective metal sheets past the base metal layer,
      wherein the portion of the cladding metal extending past the base metal
      layer is bent towards the plane of said base metal layer, wherein said
      explosive-clad metal sheets are arranged so that the bent portions of the
      cladding metal layers of each sheet abut together, wherein the bent
      cladding metal edges so abutted are welded together with an edge weld, and
      wherein the base metal layers of each sheet are covered by a metal tongue
      welded onto the base metal layers on the side of the explosive-clad metal
      sheets facing away from the cladding metal layers.
NUM  11.
PAR  11. The process of claim 10, wherein the abutting edge-welding cladding
      metal layers of each sheet are further welded together on the opposite
      side of said edge weld with a double-flange seam provided in the angle
      formed between the two abutting edges of the cladding layers.
NUM  12.
PAR  12. The process of claim 1, wherein said element is an explosive-clad metal
      sheet, wherein the base metal layer and the cladding metal layer along at
      least a portion of one edge of each explosive-clad metal sheet are
      unbonded, wherein the unbonded cladding metal layers along said edges are
      outwardly bent from the planes of the respective metal sheets, wherein
      said explosive-clad metal sheets are positioned so that the outwardly bent
      cladding metal edges of each explosive-clad metal sheet abut one another,
      wherein the base metal layers of the explosive-clad metal sheets are
      welded together by a butt weld seam, and wherein the abutting cladding
      metal edges are welded together with an edge weld.
NUM  13.
PAR  13. The process of claim 12, wherein the unbonded base metal layer edges of
      each sheet are removed piror to welding.
NUM  14.
PAR  14. The process of claim 12, wherein the abutting outwardly bent edges of
      the cladding metal layers of the two explosive-clad metal sheets are
      pressed partially against the base metal layers of the explosive-clad
      metal sheets prior to being welded together.
NUM  15.
PAR  15. The process of claim 1, wherein said element is an explosive-clad metal
      sheet, wherein the base metal layer and the cladding metal layer along at
      least a portion of one edge of each explosive-clad metal sheet are
      unbonded, wherein the unbonded cladding metal layers along said edges are
      welded together by a butt weld seam, and wherein subsequently the unjoined
      base metal layers along said edges are butt-welded together.
NUM  16.
PAR  16. The process of claim 15, wherein the unbonded base metal layers along
      said edges are removed prior to welding the cladding metal layers
      together.
NUM  17.
PAR  17. The process of claim 15, wherein the base metal layers are butt-welded
      together with the use of an insert strip.
NUM  18.
PAR  18. The process of claim 1, wherein said base metal layer includes an
      opening for receiving said element, wherein the cladding metal layer
      facing said opening is outwardly bent away from said opening, and wherein
      the outwardly bent cladding metal layer is joined to said element
      extending through said opening by an edge weld.
NUM  19.
PAR  19. The process of claim 18, wherein said element is a pipe.
NUM  20.
PAR  20. The process of claim 19, wherein said pipe is positioned perpendicular
      to said base metal layer.
NUM  21.
PAR  21. The process of claim 1, wherein said base metal layer is carbon steel
      or stainless steel, and wherein said cladding metal layer is tantalum.
NUM  22.
PAR  22. The process of claim 1, wherein unbonded facing sections of said base
      metal layer are removed prior to welding.
NUM  23.
PAR  23. The process of claim 22, wherein said unbonded facing sections of said
      base metal layer are removed by machining.
NUM  24.
PAR  24. The process of claim 22, wherein unbonded sections of said cladding
      metal layer corresponding to the sections of the base metal layer removed
      prior to welding are bent out of the plane of said cladding metal layer
      prior to welding.
NUM  25.
PAR  25. The process of claim 22, further comprising welding bent out unbonded
      sections of said cladding metal layer.
NUM  26.
PAR  26. The process of claim 25, wherein two explosive-clad metal sheets are
      secured together by welding together the respective unbonded sections of
      cladding metal layers of each explosive-clad metal sheet.
NUM  27.
PAR  27. The process of claim 26, wherein the two explosive-clad metal sheets
      are arranged so that the cladding metal layer of each sheet faces the same
      direction.
NUM  28.
PAR  28. The process of claim 27, further comprising welding together the base
      metal layers of the two explosive-clad metal sheets.
NUM  29.
PAR  29. The process of claim 28, wherein the weld made between the two base
      metal sheets is out of contact with the weld made between the two cladding
      metal layers.
NUM  30.
PAR  30. The process of claim 28, wherein the two base metal sheets are welded
      together by a tongue individually welded to the base metal layers of each
      sheet.
NUM  31.
PAR  31. In a process for joining an explosive-clad metal sheet composed of a
      base metal layer and a cladding metal layer to another element by welding,
      the improvement comprising carrying out explosive cladding to form said
      explosive-clad metal sheet in such a way that facing sections of said base
      metal layer and said cladding metal layer are unbonded in at least one
      portion of the explosive-clad metal sheet which will be welded to said
      element, and thereafter joining said element by welding only to the
      portion of the cladding metal layer of said explosive-clad metal sheet in
      which said base metal layer and said cladding metal layer are unbonded.
NUM  32.
PAR  32. The process of claim 31, wherein at least one unbonded facing section
      of said base metal layer is removed prior to welding.
NUM  33.
PAR  33. The process of claim 31, wherein at least one unbonded section of said
      cladding metal layer corresponding to the at least one section of the base
      metal layer removed prior to welding is bent out of the plane of said
      cladding metal layer prior to welding.
NUM  34.
PAR  34. The process of claim 31, wherein during explosive cladding said
      cladding metal layer is completely covered with an explosive layer except
      in an area corresponding to said at least one portion of the
      explosive-clad metal sheet which will be welded to said element.
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ABST
PAL  Disclosed herein is an improved method for joining diamond to metal using a
      gold-tantalum or gold-niobium solder. The method utilizes powdered
      material, and a clamp to keep the diamond in place during the soldering
      step. The article produces has higher mechanical stability than articles
      produced by known procedures.
PARN
PAR  This is a divisional of application Ser. No. 333,144, filed on Feb. 16,
      1973, now U.S. Pat. No. 3,856,480.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for joining a diamond to a metal and to
      the article of manufacture produced by such a method. The article of
      manufacture is useful as a tool such as a machine tool or a microtome
      blade.
PAR  2. Discussion of the Prior Art
PAR  It is well known that metals do not generally provide satisfactoy junctions
      to diamonds. This is primarily due to the fact that in the fluid state,
      most metals do not wet the diamond, or wet it inadequately, so that an
      adhesive joint is difficult to form. There are exceptions to this. In
      particular, a satisfactoy method of joining diamonds to metal is described
      in U.S. Pat. No. 3,192,620 which issued to Huizing et al on July 6, 1965.
      Huizing et al discovered that a very satisfactory adhesive junction
      between a diamond and a metal can be obtained by using as a solder an
      alloy of gold containing at least 1 percent by weight of tantalum and/or
      niobium. The alloy disclosed in Huizing et al is the alloy used in the
      present invention.
PAR  For many purposes, however, the knowledge that a strong bond between a
      metal and diamond can be formed using this particular alloy is not enough
      to allow one to make useful articles of manufacture in a commercially
      feasible fashion. For example, the temperature at which the alloy melts is
      near or above the graphitization temperature of diamond, depending on the
      alloy composition. To achieve best results, then, the alloy must be heated
      very rapidly to its melt temperature and then cooled very rapidly.
      Induction heating is a common way, and in fact the preferred way, of
      achieving rapid heating. It has been observed that during the heating
      step, particularly heating by induction, the diamond will move unless it
      is held in place. Even with clamping, some rotation of the diamond may
      occur. This means that if one wishes to orient a particular surface of the
      diamond relative to a particular surface of the metal shank, some means
      must be provided to prevent movement of the diamond.
PAR  In addition to this, when the shank and the diamond are to be ground to
      produce an exposed, sharp cutting edge on the diamond, a particularly
      effective bond must be achieved between all opposed surfaces of the
      diamond and the metal shank. If not, the vibrations which occur during the
      grinding step will cause fractures or cleavages to appear in the diamond
      either during or after manufacture and therefore ruin the cutting ability
      of the diamond edge.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved process for joining a
      diamond to a metal shank of the type comprising the step of applying an
      alloy selected from the group consisting of gold-tantalum alloys
      containing about 1 to about 25 percent by weight of tantalum, and
      gold-niobium alloys containing from about 1 to about 10 percent by weight
      of niobium to opposing surfaces of the diamond and the metal shank, and
      then melting the alloy in an inert environment, such as rare gas or
      vacuum. The process proceeds by placing a first layer of the alloy and
      then a diamond in a depression formed in a metal shank, filling the space
      around the diamond with an inert powdered material, covering the diamond
      and the powdered material with a second layer of alloy, and clamping the
      above constituents in place with a metal cap using sufficient force to
      prevent movement of the diamond during the melting of the alloy.
PAR  The article of manufacture produced by this process comprises: a metal
      shank; an alloy selected from the group consisting of gold-tantalum alloys
      containing from about 1 to about 25 percent by weight of tantalum, and
      gold-niobium alloys containing from about 1 to about 10 percent by weight
      of niobium; an inert powdered material, having a melting temperature above
      the melting temperature of said alloy, dispersed in at least a portion of
      said alloy; and a diamond, adhered to the metal shank by said alloy at all
      opposed surfaces of the metal shank and the diamond.
PAR  The powdered material used in the present invention must be inert in the
      sense that it cannot interfere with the bonding ability of the soldering
      alloy. In the preferred embodiment, it is a metal powder, such as a powder
      of molybdenum. It is also preferable that the powdered material is a
      material that does not melt at the temperature at which the solder melts.
      In the most preferred embodiment, the metal shank, the powdered material,
      and the metal cap are all made from the same material. If the article of
      manufacture is to be used as a tool, the process encompasses the further
      step of grinding the shank and the diamond to form an exposed cutting
      surface on the diamond. The article of manufacture formed by the process
      described above is one which is far more stable against mechanical
      destruction, particularly during manufacture and use, than those
      manufactured according to any other known process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention can best be described with reference to the following
      drawings in which:
PAR  FIG. 1 is a planned view showing how the metal alloy and the diamond are
      placed in the depression formed in the metal shank during the first stages
      of manufacture;
PAR  FIG. 2 is a cutaway cross sectional side view showing how each of the
      constituents used to adhere the diamond to the metal shank are disposed
      within the depression formed in the metal shank during a later stage of
      manufacture; and
PAR  FIG. 3 is a cutaway cross sectional side view of the completed article of
      manufacture showing how the diamond which has been adhered to the metal
      shank has been ground away to form an exposed cutting surface on the
      diamond.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, a depression 18, in a form of a square shouldered blind hole,
      has been formed in metal shank 10. Metal shank 10 can be made from widely
      varying metals, but it is preferably made from metals whose thermal
      coefficient of expansion approximates that of diamond (e.g., molybdenum).
      One or a number of sheets 12 of the alloy material are placed in
      depression 18 and a diamond chip 11 is placed on top of the alloy sheet.
      In the embodiment shown, the diamond is in the form of a trigon whose
      major faces are cleavage planes and are oriented parallel to the bottom of
      the blind hole. In the embodiment illustrated, this is to so that when
      grinding takes place, the exposed cutting edge of the diamond parallel to
      that edge of the shank will be relatively hard crystalographically. The
      diamond can, however, be oriented in any desired direction. The important
      factor is not how the diamond is oriented or shaped originally but the
      fact that the original orientation of the diamond is maintained.
PAR  A powdered material, shown generally by the numeral 15 in FIG. 2, is then
      deposited around the diamond so that it occupies that space, in the plane
      of the diamond, which is not actually occupied by the diamond. In
      practice, the powder is packed down around the diamond so that it holds
      the diamond securely in place. Any type of inert powdered material, such
      as powdered molybdenum, can be used. In the preferred embodiment, however,
      the powder is made from the same material that the shank is made from. The
      powder can have grain size limited only by the need to have a plurality of
      powdered grains surrounding the diamond. The preferred range, however, is
      from about 1 to about 10 microns.
PAR  After the powder has been packed down around the diamond, one or more
      sheets 13 of the alloy are placed on top of the diamond and the powdered
      material and a metal cap 14 which fits snugly in the blind hole 18 is
      placed on top of the second layer of alloy. Metal cap 14 can be made from
      any suitable metal material, but again in the preferred embodiment, it is
      made from a material similar to that from which the shank is made.
PAR  The next step in the process is to heat the entire structure up to a
      temperature at which the alloy will melt. During this step in the
      procedure, pressure is applied between cap 14 and metal shank 10 to clamp
      the diamond in place and to force the molten alloy into all portions of
      the cavity formed by the metal shank 10 and the metal cap 14, particularly
      the interstitial regions between the powdered material 15. The pressure
      applied depends on the circumstances, but a pressure of a few grams per
      square centimeter is sufficient.
PAR  Since the materials used are reactive at alloy melting temperatures, the
      melting operations should be effected in an inert environment such as can
      be obtained in a vacuum (e.g., 10.sup..sup.-3 mm. of Hg) or in a rare gas
      atmosphere. The melting point of the alloy depends upon the concentration
      of tantalum or niobium in the gold alloy. At or below 25 percent by weight
      of tantalum, or 10 percent by weight of niobium, melting will occur at
      temperatures between 1100.degree.C. to 1300.degree.C. Higher temperatures
      can be used, however, if necessary. Heating can be accomplished in any
      convenient fashion, with the most rapid heating process being desirable to
      avoid graphitization of the diamond. In this context, induction heating is
      preferred.
PAR  After the structure has been heated above the melting point of the alloy
      and cooled to room temperature, the metal cap 14 becomes part of the metal
      shank 10 so that the diamond chip 11 is completely encapsulated by a
      material 16 which is in turn encapsulated by the metal shank 10. The
      material 16 provides the adhesion between the diamond chip and the metal
      shank and is composed in part of the alloy and in part of the alloy with
      dispersed powdered material therein.
PAR  To produce the useful tool from the structure, the metal shank 10 is ground
      and polished as shown in FIG. 3 to expose a portion of the diamond 11
      which is in the form of a cutting edge.
PAC  EXAMPLE
PAR  A molybdenum shank, 0.3 inch wide by 1.0 inch long by 0.1 inch thick, was
      prepared by forming a blind hole 0.28 inch in diameter and 0.065 inch deep
      in one end of the shank. Two sheets of alloy material with diameters
      slightly less than the diameter of the hole in the shank and a thickness
      of 0.003 inch were then placed in the hole. The alloy comprised 95 percent
      gold and 5 percent tantalum. A diamond trigon, with edge lengths of 4.0
      mm. and a thickness of 0.6 mm., was then placed on top of the alloy
      sheets, with one edge of the diameter adjacent to and parallel to the end
      of the shank nearest to the hole. One hundred mesh molybdenum powder was
      then packed into the space around the diamond and three more sheets of
      alloy material were placed on top of the diamond and powdered material.
      Finally, a metal cap, formed to fit snugly in the hole, was placed on top
      of the upper layer of alloy. A force of 10 grams was applied between the
      metal cap and the bottom of the shank. The entire system was heated to a
      temperature of 1300.degree.C. for 5 seconds at a vacuum of 10.sup..sup.-5
      Torr. The article was allowed to cool and was then ground, using
      conventional grinding techniques, to form a sharp, exposed cutting edge on
      the diamond.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process, for joining a diamond to a metal shank, of the type
      comprising the steps of applying an alloy selected from the group
      consisting of gold-tantalum alloys containing from about 1 to about 25
      percent by weight of tantalum, and gold-niobium alloys containing from
      about 1 to about 10 percent by weight of niobium to opposing surfaces of
      said diamond and said metal shank, and melting said alloy in an inert
      atmosphere; the improvement wherein said process proceeds by placing a
      first layer of said alloy and then said diamond in a depression formed in
      said metal shank, filling the space around said diamond with an inert
      powdered material, covering said diamond and said powdered material with a
      second layer of said alloy, and clamping the above constituents in place
      with a metal cap using sufficient force to prevent movement of said
      diamond during the melting of said alloy.
NUM  2.
PAR  2. The process of claim 1 wherein said powdered material is a metal powder.
NUM  3.
PAR  3. The process of claim 1 wherein said metal shank, said powdered material
      and said metal cap are all made from the same metal.
NUM  4.
PAR  4. The process of claim 1 wherein said powdered material is molybdenum
      powder.
NUM  5.
PAR  5. The process of claim 1 further comprising the step of grinding said
      shank and said diamond to form an exposed cutting surface on said diamond.
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ABST
PAL  A ferrite-to-metal bond suitable for the environment of a high-power
      microwave circulator is disclosed. The bonding surface of a gyromagnetic
      ferrite or garnet button is metallized by a sputtering process that
      deposits successive layers of nichrome, copper and gold thereon. During
      the sputtering process, a flexible stainless steel band surrounds the
      button to prevent sputtered material from being deposited on other than
      the bonding surface of the button. The metallized bonding surface is then
      soldered to a metal wall of the circulator. The bond so formed is capable
      of withstanding a peak power level in the circulator of 2.0 megawatts and
      an average power level of 3.5 kilowatts under standing-wave conditions.
PARN
PAR  This is a division of application Ser. No. 337,059 filed 3/1/73, now U.S.
      Pat. No. 3,873,944.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is a further development in the high-power microwave art,
      and in particular provides a ferrite-to-metal bond that will tolerate
      standing-wave conditions in a microwave circulator for an extended length
      of time.
PAR  2. Description of the Prior Art
PAR  One method for achieving non-reciprocal transmission of power in a
      microwave system is by means of a circulator having a pair of
      symmetrically disposed gyromagnetic ferrite or garnet buttons mounted
      therein to concentrate the flux lines of an externally produced magnetic
      field. Interaction of the microwave with the externally magnetized
      gyromagnetic ferrite or garnet buttons will cause transmission of the
      microwave power only in a particular direction. Prior to the present
      invention, such ferrite or garnet buttons had been bonded to opposing
      metal walls of a circulator by a dielectric bonding material such as an
      epoxy or a mixture of epoxies. It has been found, however, that for
      high-power levels that are frequently encountered in microwave systems,
      dielectric bonding material is likely to melt, evaporate, bubble or boil
      out thereby causing the bond to fail. Until the present invention, a
      metallizing technique had not been developed which could provide a bond
      capable of withstanding high-power levels such as would occur under
      standing wave conditions caused by a frequency mismatch between, for
      example, a resonant linear accelerator load and a magnetron power source.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a technique for metallizing a gyromagnetic ferrite
      or garnet button so that the button can be soldered to a wall of a
      microwave circulator, and thereupon function in a high-power environment
      within the circulator for an extended length of time without being
      fractured and without suffering diminution in its capacity to effect
      non-reciprocal transmission of microwave power. A sputtering process is
      utilized to metallize the button by depositing an adherent layer of
      nichrome onto the bonding surface of the button, and thereafter a layer of
      copper onto the nichrome layer, and finally a layer of gold onto the
      copper layer. During the sputtering process, a flexible stainless steel
      band surrounds the ferrite button to prevent sputtered material from being
      deposited on any portion of the button other than its bonding surface.
      Flexibility of the band is achieved by providing a scallop in the band.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows in schematic form a microwave system comprising a three-port
      circulator having a pair of gyromagnetic ferrite buttons disposed to
      achieve non-reciprocal transmission of power.
PAR  FIG. 2 shows in plan view a stainless steel band as used in the sputtering
      process of this invention.
PAR  FIG. 3 shows the band of FIG. 2 surrounding a ferrite button, and indicates
      appropriate dimensions.
PAR  FIG. 4 shows a cross-sectional view of a ferrite button metallized
      according to the technique of this invention.
PAR  FIG. 5 shows a cross-sectional view of a ferrite button bonded to a metal
      wall according to the technique of this invention.
PAR  FIG. 6 shows a cross-sectional view of a ferrite button bonded to a metal
      wall by an alternative bond to the bond shown in FIG. 5--.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In many microwave systems, power reflected from the working load cannot be
      tolerated by the power source. For example, where the working load is a
      resonant apparatus such as an electron accelerator and the power source is
      a magnetron, reflections of power from the accelerator can be caused by
      frequency mismatch between the accelerator and the magnetron and/or by
      transient processes inherent in pulsed operation of the accelerator. Even
      small power reflections from the accelerator will tend to drive the
      magnetron off frequency. If the magnetron is off frequency, all power will
      be reflected from the accelerator thereby causing further detuning of the
      magnetron. It is therefore necessary in such systems that the power source
      be isolated from the resonant load.
PAR  Reffering now to FIG. 1, a three-port circulator 1 is shown which isolates
      a power source 2, which may be a magnetron, from a resonant load 3, which
      may be a linear accelerator. Broken line 4 shows the direction of
      transmission of microwave power from the power source to the resonant
      load, and dotted line 5 shows the direction of transmission of power
      reflected from the resonant load to a dummy load 6. The power source is
      isolated from the resonant load because the circulator achieves
      non-reciprocal transmission of power within the circulator structure. A
      pair of gyromagnetic ferrite or garnet buttons, indicated by reference
      number 7', is disposed within the circulator structure. The wave generated
      by the power source interacts with the externally magnetized gyromagnetic
      ferrite or garnet buttons in such a way that power from the power source
      port of the circulator can be transmitted only in the direction of the
      resonant load port, as shown by broken line 4. Similarly, any power
      reflected from the resonant load can be transmitted only in the direction
      of the dummy load port, as shown by dotted line 5. The dummy load 6 is
      intended to absorb substantially all of the reflected microwave energy.
      Techniques exist for utilizing small reflections from the dummy load,
      which the ferrite buttons cause to be transmitted only in the direction of
      the power source port, in order to stabilize the frequency of the power
      source at the frequency of the resonant load. For example, see U.S. Pat.
      No. 3,714,592, assigned to Varian Associates, assignee of the present
      invention.
PAR  For low power levels of operation, i.e., where peak power remains below 1.7
      megawatts and the average operating power level is below 2.0 kilowatts,
      the ferrite or garnet buttons can successfully be located in proper
      position within the circulator by the dielectric bonding technique of the
      prior art, which essentially involves bonding a button 7 to a wall of the
      circulator with an epoxy or a mixture of epoxies. It has been found,
      however, that for high power operation, dielectric bonding material is
      likely to melt, evaporate, bubble or boil out, thereby causing the bond to
      fail. Where the resonant load is an apparatus designed to operate at a
      sharply defined resonance frequency, even slight frequency mismatch
      between the power source and the resonant load can produce substantially
      total reflection of power, and can thereby cause a standing wave condition
      within the circulator. The occurrence of such standing waves must be
      anticipated in a microwave system that comprises, for example, a linear
      accelerator. Under standing wave conditions, the electric field strength
      will be double that of travelling wave conditions. The microwave power in
      the circulator under standing-wave conditions will therefore be four times
      higher than under travelling wave conditions. It has been found that
      dielectric bonding material cannot withstand power levels that are
      attained under such standing-wave conditions.
PAR  This invention provides a metallizing technique whereby a gyromagnetic
      ferrite or garnet button can be soldered to a wall of a microwave
      circulator. The bond formed by soldering a ferrite or garnet surface that
      has been metallized according to this invention to a wall of a microwave
      circulator has been shown experimentally to be capable of withstanding
      peak power levels as high as 2.0 megawatts and average power levels of 3.5
      kilowatts for intervals of time in excess of 30 minutes under standingwave
      conditions. These experimental limitations are not due to any discovered
      or anticipated failure of the bond at the specified power levels, but
      rather represent merely the maximum available peak power limit (i.e., 2.0
      megawatts) of the magnetron used in conducting the test and the maximum
      repetition rate of the modulator used which resulted in a maximum
      available average operating power of 3.5 kilowatts. It was determined that
      under identical experimental conditions, a dielectric bond will fail
      within 2 minutes at 2.0 kilowatts average power or if peak power rises
      above 1.7 megawatts under standing-wave conditions.
PAR  The metallizing approach was not an obvious solution to the high-power
      bonding problem. Gyromagnetic ferrites are known to undergo certain
      irreversible changes in their electromagnetic properties at soldering
      temperatures, i.e., at temperatures above 175.degree.C. Consequently, it
      was to be anticipated that the soldering process might cause a ferrite
      button to lose its property of causing non-reciprocal transmission of
      power in a microwave circulator. Furthermore, in any metallizing process
      it is essential that the metal layer be permanently bonded to the bonding
      surface of the button so that the metal layer cannot be removed by flaking
      or otherwise in the high-temperature environment of high-power microwave
      operation. Such permanent bonding can generally be achieved only by a
      sputtering technique, where the particles of metallizing material are
      driven into the substrate surface with an average energy of 20 electron
      volts, whereupon the atoms of the metallizing layer form a common
      interstitial structure with the atoms of the substrate material. It has
      been found that unless a special masking technique is used, sputtered
      metallizing material will be deposited on portions of the ferrite button
      other than the bonding surface. In particular, the side edge of the button
      is likely to receive a relatively heavy coating of metallizing material.
      Where a metallized surface of the ferrite button is exposed to a microwave
      field, even where the "metallization" consists of only a discontinuous
      deposition of minute amounts of sputtered metal along the side edge of the
      button, the capacity of the ferrite to function as a non-reciprocal wave
      guide is significantly reduced. Furthermore, metallization of the side
      edge of the ferrite button appears to promote arcing between the button
      and the walls of the circulator. It is therefore essential that an
      appropriate masking technique be used during the sputtering operations.
PAR  A band of masking material covering the side edge of the ferrite button
      during the sputtering operation would serve as a mask to prevent the
      deposition of metal on the side edge surface. During sputtering, however,
      the surface temperature of the ferrite button will typically reach
      250.degree.C. at which temperature the coefficient of thermal expansion
      for ferrite is approximately 10 .times. 10.sup.-.sup.6 per degree C. A
      band enclosing the ferrite button will either fracture the ferrite or be
      itself fractured, unless the band expands at substantially the same rate
      as the ferrite. Numerous masking materials exist which have coefficients
      of thermal expansion approximating that of ferrite. However, at sputtering
      temperatures such materials will fuse with the ferrite. Materials such as
      stainless steel, tungsten and tantalum will not fuse with ferrite at
      sputtering temperatures, but have coefficients of thermal expansion which
      vary so significantly from the coefficient of thermal expansion for
      ferrite that fracturing of either the ferrite button or the masking
      structure would seem inevitable during the sputtering process.
PAR  According to the present invention, a masking technique has been developed
      for metallizing the bonding surface of a ferrite button while protecting
      those surface portions of the button other than the bonding surface from
      the deposition of metallizing material. As shown in FIG. 2, a band 10 of
      304-stainless steel tungsten or tantalum, having a scallop 11 in its
      periphery, has been found to provide adequate masking. The uneven rates of
      expansion of the ferrite and the band material with respect to each other
      can be accommodated by the scallop which allows the band to flex as the
      ferrite expands at a faster rate than the band. Typical dimensions for a
      ferrite button and for an appropriate stainless steel masking band are
      shown in FIG. 3. A ferrite button for use in a microwave circulator is
      typically in the form of a circular wafer having a diameter of
      approximately 29 millimeters and a thickness of approximately 4
      millimeters. The side edge of the button is typically faired into the
      surface of the button which faces the microwave field. A typical radius of
      curvature for the convex portion of the continuously faired surface of the
      button is 3 millimeters. It has been found that a typical ferrite button
      will be adequately masked during the sputtering operation by a circular
      stainless steel band having a inner diameter just large enough to tightly
      accommodate the diameter of the button, an outer diameter approximately 1
      millimeter larger than its inner diameter, and a scallop (as shown by
      reference number 11 in FIG. 2) extending radially outward about 5
      millimeters beyond the outer diameter of the band with a separation of 2
      millimeters between points on opposite sides of the scallop opening on the
      inner periphery of the band. A suitable thickness for the band is 2.5
      millimeters. The stainless steel will not fuse with the ferrite button
      during the sputtering process, and will not fracture the button despite
      unequal coefficients of thermal expansion because of the springiness
      introduced into the band by the scallop. Tungsten or tantalum could be
      used in place of stainless steel, but  stainless steel (and in particular
      304-stainless) is especially preferred because of its mechanical
      workability.
PAR  Having developed a suitable masking technique, the choice of the particular
      metallizing maaterial or materials to use remains unobvious. The
      coefficients of thermal expansion for some materials typically used for
      microwave circulator structures are as follows: stainless steel, 16.4
      .times. 10.sup.-.sup.6 (.degree.C).sup.-.sup.1 ; aluminum, 23 .times.
      10.sup.-.sup.6 (.degree.C).sup.-.sup.1 ; and copper, 16 .times.
      10.sup.-.sup.6 (.degree.C).sup.-.sup.1 ; whereas the coefficient of
      thermal expansion for ferrite is only 10 .times. 10.sup.-.sup.6
      (.degree.C).sup.-.sup.1. The bond between the the ferrite button and the
      metal wall of the circulator must therefore be able to accommodate a
      relatively large difference between these coefficients of thermal
      expansion, without subjecting the button to such great mechanical stress
      that the button will be likely to fracture or to suffer displacement from
      its proper position within the circulator at high temperatures.
PAR  By a series of experiments, it has been found that a suitable metallizing
      bond can be formed by sputtering successive layers of nichrome, copper and
      gold onto the bonding surface of the ferrite button. FIG. 4 shows a
      ferrite button metallized according to the present invention. The ferrite
      button 7 has a layer of nichrome 20 sputtered onto its bonding surface, a
      layer of copper 21 sputtered onto the nichrome layer, and a layer of gold
      22 sputtered onto the copper layer. The nichrome layer is approximately
      10,000 angstroms thick. Nichrome is chosen because it forms a particularly
      strong oxide bond with ferrite or garnet. Other materials which form
      strong oxide bonds with ferrite or garnet and are suitable for this first
      sputtered layer include molybdenum and chromium.
PAR  Copper is chosen for the second sputtered layer because of its excellent
      thermal conductivity, which is important in removing heat from the button
      to the wall of the circulator during high-power microwave operation. In
      addition, copper will not be dissolved in the solder material during the
      soldering of the metallized button to the wall of the circulator. The
      copper layer is relatively thick, being about 30,000 angstroms.
PAR  A thin layer of gold, no more than 10,000 angstroms being necessary, is
      then sputtered onto the copper layer. Gold is chosen for the third
      sputtered layer because it is chemically inert. The purpose of the gold
      layer is to preclude oxidation of the copper layer. If an oxide were to
      form on the outer metallized layer of the button prior to soldering, the
      ability of the solder to wet the outer metallized layer would be seriously
      diminished and the bond formed by the solder would consequently be
      weakened. An oxide layer would also inhibit thermal conduction from the
      button to the wall of the circulator. The gold layer, therefore, serves as
      a protective coating on the copper layer. During soldering, the gold layer
      might dissolve, either partially or totally, depending upon the soldering
      temperature, into the solder material. This dissolving of the gold into
      the solder, however, is not harmful to the bond. It has been found that
      ordinary commercially available solder comprising a mixture of tin and
      lead is a satisfactory soldering material. A preferable soldering material
      would be indium, which has a better heat transfer capability and, being a
      softer material, provides better stress relief when cooling than a
      tin-lead mixture.
PAR  FIG. 5 shows a wall 8 of circulator 1, with a ferrite or garnet button 7
      bonded thereto according to the technique of the invention. An analysis of
      the metallizing bond between the ferrite or garnet button and the
      circulator wall would reveal a first layer 20 comprising nichrome,
      molybdenum or chromium deposited upon the bonding surface of the button, a
      second layer 21 of copper, a third layer 22 of gold, and a fourth layer 23
      comprising the solder material. The fourth layer might comprise a mixture
      of tin and lead, or it might be a layer of indium. To the extent that the
      gold has dissolved into the solder material, the fourth layer will also
      contain this dissolved gold. FIG. 6 shows a layer 24 sandwiched between
      the copper layer 21 and the wall 8 of the circulator. Layer 24 comprises
      the soldering material with the gold protective layer completely dissolved
      therein.
PAR  It is clear that changes could be made in particular details of the
      preferred embodiment of the invention disclosed herein without departing
      from the scope of the invention. Therefore, it is intended that the above
      description and the accompanying drawing be interpreted as illustrative
      only and not as limiting. The scope of this patent shall be limited only
      by the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of bonding a gyromagnetic ferrite button for causing
      nonreciprocal transmission of power within a microwave circulator to a
      metal wall of said circulator, said method comprising the steps of
      depositing a plurality of metal layers in succession upon a portion of
      said button and then soldering said metallized button to said metal wall.
NUM  2.
PAR  2. The method of claim 1 wherein the step of depositing a plurality of
      metal layers in succession upon said button comprises the substep of
      depositing a first layer in contact with said button said first layer
      comprising a metal selected from the group consisting of nichrome,
      molybdenum and chromium; the substep of depositing a second layer
      comprising copper in contact with said first layer, and the substep of
      depositing a third layer comprising gold in contact with said second
      layer.
NUM  3.
PAR  3. The method of claim 1 wherein said deposition of said plurality of metal
      layers is accomplished by sputtering.
NUM  4.
PAR  4. The method of claim 1 wherein said soldering step comprises the step of
      soldering with indium.
NUM  5.
PAR  5. The method of claim 1 wherein said soldering step comprises the step of
      soldering with a mixture of lead and tin.
NUM  6.
PAR  6. A method of bonding a button for causing non-reciprocal transmission of
      power within a microwave circulator to a metal wall of said circulator,
      said method comprising the steps of masking a portion of the side surface
      of said button, sputter depositing a plurality of metal layers in
      succession upon the bonding surface of said button to metallize said
      portion of said button, and then soldering said metallized button to said
      metal wall.
NUM  7.
PAR  7. the method of claim 6 wherein the step of masking a portion of the side
      surface of said button includes masking said side surface with a metal
      ring that substantially surrounds and covers the major portion of said
      side surface, said ring having a scallop in its periphery.
NUM  8.
PAR  8. The method of claim 6 wherein the step of sputter depositing a plurality
      of metal layers in succession upon the bonding surface of said button
      includes depositing a first layer comprising a metal selected from the
      group consisting of nichrome, molybdenum and chromium, and depositing a
      second layer comprising copper.
NUM  9.
PAR  9. The method of claim 8 wherein said step of depositing a plurality of
      metal layers in succession upon the bonding surface of said button further
      includes depositing a third layer comprising gold.
NUM  10.
PAR  10. the method of claim 6 wherein the step of soldering said metallized
      button to said metal wall comprises soldering with indium.
NUM  11.
PAR  11. The method of claim 6 wherein said step of soldering said metallized
      button to said metal wall comprises soldering with a mixture of lead and
      tin.
PATN
WKU  039400522
SRC  5
APN  4652967
APT  1
ART  241
APD  19740429
TTL  Unitary container liner
ISD  19760224
NCL  3
ECL  1
EXP  Moorhead; Davis T.
NDR  2
NFG  11
INVT
NAM  McHugh; Vincent Kenneth
STR  4533 Granville Court
CTY  Toledo
STA  OH
ZIP  43615
RLAP
COD  72
APN  195193
APD  19711103
PSC  03
CLAS
OCL  229 14BE
XCL  229 14B
XCL  220 63R
EDF  2
ICL  B65D  540
ICL  B65D 2514
FSC  229
FSS  14 B;14 BE;14 BW
FSC  220
FSS  63 R;65
UREF
PNO  2511481
ISD  19500600
NAM  Schneider
OCL  229 14BE
UREF
PNO  2721674
ISD  19551000
NAM  Lazard
OCL  220 63R
UREF
PNO  2748673
ISD  19560600
NAM  Winstead
XCL  229 14BE
UREF
PNO  2771221
ISD  19561100
NAM  Hammond et al.
XCL  220 63R
UREF
PNO  2861714
ISD  19581100
NAM  Glossop
OCL  220 63R
UREF
PNO  3137433
ISD  19640600
NAM  Lipschutz et al.
OCL  229 14BE
UREF
PNO  3321070
ISD  19670500
NAM  Childs
XCL  229 14B
FREF
PNO  207,784
ISD  19540900
CNT  AU
OCL  220 63R
LREP
FR2  Wilson; David H.
ABST
PAL  A liner has a thin pliant tubular portion and a stiff base generally
      conforming to the bottom of a container into which it is inserted and
      capable of disposing the tubular portion against the walls of the
      container. The liner is disposed in intimate contact with the container
      upon the filling of the liner with a liquid material and the free open end
      of the liner is sealed against the container to maintain the liner in
      intimate contact therewith and prevent collapse of the liner upon
      agitation and dispensing of the liquid.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of U.S. Pat. application Ser. No. 195,193
      which was filed Nov. 3, 1971 and is entitled "A Container Liner and Method
      of Applying the Same" now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Containers for storing fluids have generally been of the disposible type
      but recently greater emphasis has arisen concerning the reuse of such
      containers. Reuse of the container is particularly desirable where the
      container is large and represents a substantial investment in its initial
      cost. Generally, such containers must be cleaned before reuse to avoid
      contamination by the coating and/or residuals left in the emptied
      container from its previous use. The inside of the container may be coated
      with an inert material which will not react with the material to be
      contained and can have a characteristic which would tend to militate
      against the adherence by the contained material. Cleaning and coating of
      such containers is a nuisance and in many instances raises the cost to
      exceed the cost of a new container thereby justifying disposal of the old
      container and the purchase of a new container.
PAR  Attempts at an economical solution to permit the reuse of containers have
      included the use of disposable liners such as plastic bags. The bags are
      preferrably of a thin pliable wall to minimize space requirements and
      provide for easy manipulation upon removal.
PAR  An example of a container for liquids is a 55-gallon paint drum which can
      be equipped with a cover for sealing the top of the drum when the paint is
      transported and/or stored. The container cover may be replaced, when the
      paint is to be used, by a cover having an integrally mounted pump and
      agitator mounted thereon. The pump cover is removable for use on a
      plurality of drums. The pump on the pump cover is used to dispense the
      paint and the agitator is used to mix the paint. One of the problems
      associated with the use of disposable liners in general and with the above
      paint drum in particular is the collapse of the liner upon dispensing of
      the paint. In the closed drum with a dispensing pump, in particular, liner
      collapse can occur because of the vacuum produced in the drum by removal
      of the paint by the pump. The vacuum is desirable from the standpoint of
      preventing oxidation of the paint by air which would otherwise fill the
      space vacated by the paint.
PAR  The collapse of the liner results in the liner being pulled to the inlet of
      the pump where the impervious liner blocks the inlet upon contact with it
      and prevents the flow of paint.
PAR  Another problem is the tendency of the liner to shift within the drum when
      the drum is treated roughly in shipping, or when the paint is agitated or
      mixed, each of which can result in the tearing of the liner. Further,
      where air pockets have formed between the liner and the drum, particularly
      at the intersection of the bottom of the drum and the side walls, a
      shifting of the liner can cause movement of the air pockets whereby the
      liner is moved away from the drum toward the agitator and can be torn by
      the agitator upon contact therewith. The problem of shifting of the liner
      becomes even more acute as the level of liquid is lowered within the drum
      and the forces resulting on the liner from agitation and the vacuum within
      the drum are combined and act simultaneously on the liner.
PAR  Prior art liners having closed bottoms secured in a container have required
      assembly of a multiplicity of elements in the container while the liner is
      maintained in position. This labor increases the cost and reduces the
      advantage of container economy sought through use of a liner. It also is
      subject to faulty installation of the liner and ultimate failure of its
      intended function. Removal of the liner elements is complicated by such
      assemblies in that retainer elements both internal of the liner and
      external of the liner must often be separately removed to enable the liner
      to be removed, particularly where it is desired to avoid rupture of the
      liner and the contamination of the container by the residual liquids in
      the liner.
PAR  Liners installed in metal drums are prone to rupture during installation
      where they fit the container walls. Even if installed without mechanical
      perforation, with many of the fluids desired to be contained in reuseable
      containers having liners chemical penetration of the liners particularly
      at seams and bonded areas can be a problem. Thus mechanical protection of
      liners during their placement in a container and precautions against
      weakened seams or seams vulnerable to chemical attack are desirable.
PAR  The above problems are overcome by the present liner which militates
      against collapse of the liner while in use, entrapment of air between the
      liner and the container and shifting of the liner relative to the
      container by use of a specially adapted base for the liner which
      stabilizes the position of the liner relative to the container and
      prevents air pockets from forming between the liner and the container.
PAR  In a preferred embodiment of a liner according to this invention the liner
      is of unitary construction to facilitate installation in a container and
      removal therefrom once the liquid constrained from the container walls by
      the liner has been withdrawn. Seam construction and bonds to the pliant
      sheet material of the liner are arranged for maximum integrity against
      liquid leakage. This embodiment of a liner is provided with a bottom
      having such stiffness and collapse resistance as to be adapted to
      accommodate suction withdrawal and mechanical agitation of liquid
      contained thereby in the vicinity of the bottom without displacement into
      the agitator or the suction inlet.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to liners for containers and a method of
      lining a container with a replaceable liner, and more particularly to a
      liner having a base opposite the open end thereof for use in containers
      for transporting, storing, and dispensing fluids. The containers have side
      walls to which a pliant collapsible tubular portion of the liner conforms
      and a bottom to which the base conforms. The tubular portion has an
      opening in one end thereof and the base on the other end. The periphery of
      the base substantially conforms to the periphery of the bottom of the
      container and is typically of a smaller diameter than that of the
      container bottom to provide clearance between the periphery of the base
      and the side walls of the container for passage of the base. The base is
      formed of a generally stiff material to maintain the main portion of the
      liner body in conformity with the side walls of the container and prevent
      the liner from collapsing upon withdrawal and agitation of the contained
      fluid. The liner is formed of material which is impervious and inert to
      the fluid to be disposed in the container to maintain separation between
      the fluid and the container. The liner, particularly the tubular portion,
      is caused to conform to the container when the fluid is poured into the
      positioned liner. With the free end of the tubular portion of the liner
      loosely draped over the upper rim of the container, air is allowed to
      escape from between the liner and the container and accordingly
      facilitates the liner being brought into intimate contact with the inner
      surface of the container. The free end of the tubular portion of the liner
      is subsequently sealed to the outer surface of the container to prevent
      air from re-entering the area between the liner and the container to
      maintain the liner in intimate contact with the container.
PAR  A preferred form of liner is of a tube of fusible plastic sheet of a pliant
      collapsible nature closed by fusing the plastic sheet at one end to form a
      liquid impervious bag. A heavier sheet of fusible plastic material which
      in its major face is of the general form of the container bottom in which
      the liner is to be mounted is bonded around its periphery to the closed
      end of the pliant sheet material to stiffen the bottom of the liner. Such
      an inner stiffner should have sufficient resistance to bending as to
      prevent the displacement of the liner into a suction inlet positioned
      adjacent the liner to withdraw the liquid contained by the liner. It
      should also resist displacement by the forces of the liquid currents
      induced by agitators of the type employed to place paint pigment in
      suspension when operated within the liquid in the liner.
PAR  The bond between the internal stiffner and the closed end of the liner tube
      is formed by fusion between the internal stiffner and the plastic sheet of
      the tube wall. In order to avoid thinning of localized areas of the tube
      wall during fusion bonding, care is exercised to form fusion joints only
      on single layers of plastic sheet. Where an essentially straight fusion
      seam is formed across the end of a tube to form a sealed closed end the
      length of the seam is about half the circumference of the tube and thus
      substantially
      ##EQU1##
      greater than the diameter d of the tube in length. A convenient geometry
      to accommodate a circular bottom involves folding an ear of the sheet
      material of a length
      ##EQU2##
      inward at each end of the seam. This folded material makes a multiple
      layer of sheet material over a portion of the inner liner. An effective
      assembly technique is to develop fused bonds along lines in the areas
      other than the folds and ears thereby avoiding application of fusion
      energy over multiple layers and reducing the probability of concentrated
      energy on limited areas which might tend to be weakened thereby.
      Additional folds of ears can be made to establish a form for the closed
      end of the liner which approaches a circle.
PAR  An external stiffner for the base of the liner is also employed in one
      preferred embodiment in order to cover the folds employed to conform the
      liner base to the circular bottom of a container thereby dressing the
      appearance of the liner, to mechanically protect and constrain those
      folds, to increase the stiffness of the base and permit the inner stiffner
      to be of thinner material and thus less expensive, and to protect the
      liner by virtue of the slight overhang of the external stiffner beyond the
      perimeter of the internal stiffner and its enclosing liner portions. An
      advantageous form of outer stiffner is a corrugated paper board adhered to
      the base of the liner and over the folded ears by means of a water base
      latex glue.
PAR  The liner installed in the above manner results in a container lined with a
      replaceable liner which allows the container to be reused without
      expensive coating or cleaning. The liner is easily removed because it has
      a collapsible tubular portion, but the tubular portion is maintained in
      intimate contact with the inner surface of the container to militate
      against collapse of the liner when the fluid therein is dispensed or
      agitated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above objects and advantages of the invention will become readily
      apparent to one skilled in the art from reading the following detailed
      description of an embodiment of the invention when considered in the light
      of the accompanying drawings; in which:
PAR  FIG. 1 is a sectional view of a container suitable for use with a liner in
      accordance with the present invention;
PAR  FIG. 2 is a fragmentary elevational view of a closed container suitable for
      use with a liner in accordance with the present invention with portions
      cut away to reveal greater detail;
PAR  FIG. 3 is a view similar to that of FIG. 1 with the liner illustrated as
      partially removed from the container;
PAR  FIGS. 4 - 7 are modifications of the liner illustrated in FIGS. 1 and 3.
PAR  FIG. 8 is a bottom view of a partially assembled liner according to a
      preferred embodiment of this invention;
PAR  FIG. 9 is a bottom view of an assembled liner according to the embodiment
      of FIG. 8;
PAR  FIG. 10 is a bottom view of an extension of the liner structure of FIGS. 8
      and 9 which offers certain advantages over the assembled form of FIG. 9;
      and
PAR  FIG. 11 is a sectional elevational view of the lower portion of the liner
      with a base portion of the liner taken along lines 11--11 of FIG. 10 and
      increased in scale with wall thickness of the pliant sheet side and end
      walls represented as single lines to facilitate illustration of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 through 7 illustrate a container in the form of a 55 gallon drum
      and a liner 12 adapted to substantially conform to the inside surface of
      the drum 10. In FIG. 2, the drum 10 has a cover 14 with an integrally
      mounted vertical pump 16 (partially illustrated) for dispensing paint
      stored within the drum 10. The cover 14 seals the drum 10 to prevent air
      from entering the drum which could affect an oxidation of the paint or
      evaporation of solvent or other chemical. For purposes of storage and
      transportation a similar cover without a pump is used to seal the drum.
      Where the drum 10 is maintained under a seal and the pump 16 is used to
      withdraw paint from the drum 10, a vacuum is created in the drum 10 as the
      paint is discharged. An inlet 18 on the bottom of the pump 16 is located
      in close proximity to the bottom 20 of the drum 10 in order to withdraw as
      much paint as possible. In addition, an agitator (not illustrated) can
      also be mounted on the cover 14. Typically, the agitator comprises an
      impellar on the end of a drive shaft extending into the drum 10 along side
      walls 22 on the drum 10. The agitator is used to mix the paint within the
      drum 10 to obtain a homogeneous mixture and, therefore, must create
      vigorous movement of the paint within the drum 10. The mixing occurs
      normally upon first use of the paint and subsequently thereafter whenever
      the paint has been stored for a period of time.
PAR  Other types of containers would be equally suited for use with a liner such
      as will be presented herein, including those which are open at the top, of
      a different cross-sectional shape and different size, but all of which
      have a bottom 20 and side walls 22. Further, the container may be for
      materials other than paint, including liquids generally and fluids of the
      flowable particle type for example, powdered or granular particles.
PAR  The liner 12 basically includes a thin walled tubular portion 24 and a base
      26, illustrated in FIG. 1, with the tubular portion 24 conforming to the
      shape of the side wall 22 and the base 26 conforming to the shape of the
      bottom 20 of the drum 10. The liner 12 is in the operative position with
      the drum 10 filled with paint to the level indicated at A. Fluid pressure
      of the paint in the drum forces the liner 12 outwardly against the
      confines of the inner surface of the drum.
PAR  FIG. 3 illustrates the liner 12 being removed after the drum 10 has been
      emptied with the tubular portion 24 of the liner 12 partially collapsed
      upon itself. The dimensions of the base 26 are preferrably slightly
      smaller than the periphery of the bottom 20 of the drum 10 to allow the
      base to pass through the drum 10 as well as to be inserted therein.
PAR  The base 26 is formed of a generally stiff material. The characteristics of
      the base 26 and its tendency to resist bending are particularly
      advantageous in that the base 26 is the portion of the liner 12 located in
      close proximity to the inlet 18 of the pump 16. The stiffness of the base
      prevents the liner from being drawn against the inlet 18 and, therefore,
      maintains the flow of paint from the drum. The base 26 should have its
      major dimension in one plane with the dimension normal to the major
      dimension being minimized to conserve space within the drum 10 and make
      the base 26 non-obtrusive. The shape of the base in the plane of its major
      dimension conforms to the configuration of the bottom of the drum 10.
PAR  In applications where the pump is not held in fixed relation to the bottom
      of the drum 10 or a similar container and in which, therefore, an inlet
      may come in contact with the base 26, the base 26 may be embossed on the
      surface adjacent the inlet, such as inlet 18 of FIG. 2. Embossing the base
      26 produces raised portions on the surface thereof which prevents the
      inlet from sealing against the base even upon coming in contact with it to
      thereby militate against interruption of flow of fluid material to the
      pump.
PAR  The clearance between the periphery of the base 26 and the side walls 22 of
      the drum 10 is preferrably just sufficient for passage of the base 26
      therein. Controlling the amount of the above clearance together with the
      conformity of the shape of the base 26 to the shape of the bottom 20 of
      the drum 10 results in the tubular portion 24 of the liner 12 being
      positioned immediately adjacent the side walls 22 at the bottom of the
      drum 10 when the base 26 is placed in position within the drum 10. The
      tubular portion 24 is a thin pliant layer or film which is readily
      collapsible. The ability to collapse makes the tubular portion 24
      particularly adapted to insertion and removal from the drum 10. Further,
      the pliant characteristic of the tubular portion 24 permits the portion 24
      to readily conform to the side walls 22 of the drum. The degree of
      conformity of the tubular portion 24 to the side walls 22 depends on the
      alignment of the liner 12 within the drum 10. Preferrably, the tubular
      portion 24 is free from wrinkles, overlap and non-conforming curvature to
      prevent entrapment of air between the liner 12 and the drum 10. The stiff
      base 26 automatically disperses the tubular portion 24 about the periphery
      of the drum 10 upon being inserted therein. If the tubular portion 24 is
      subsequently drawn upwardly to overlap the drum lip 28 the liner is
      aligned in proper orientation over the entire inner surface of the drum
      10, see FIG. 1.
PAR  In addition, the base 26, due to the small clearance between it and the
      side walls 22, prevents a non-conforming curvature of the liner 12 from
      forming at the intersection between the bottom 20 and side walls 22 of the
      drum 10. The liner 12 fits snugly into the corner because the base 26,
      being of a stiff nature, can maintain the proper orientation of the liner
      12. Thus, the liner 12 militates against the forming of air pockets
      between it and the drum 10.
PAR  It is to be understood that any air which accumulates between the liner 12
      and the drum 10 whether it is a result of wrinkling or failure of the
      liner 12 to conform prevents intimate contact of the liner 12 with the
      drum 10. When the liner 12 is not in intimate contact with the drum 10 the
      tubular portion 24 being of a pliant nature is free to move. Should the
      paint in the drum be agitated the liner which is free to move will be
      drawn together with the paint toward the agitator. Contact between the
      liner 12 and the agitator will tear the liner 12 contaminating the drum 10
      and injecting fragments of the liner 12 into the paint. Further, freedom
      of the liner 12 to move relative to the drum 10 can result in twisting of
      the liner 12 about an axis passing longitudinally through the center of
      the drum 10 when the paint is stirred in a circular motion. Since the
      tubular portion 24 of the liner is thin, the above twisting motion can
      tear the liner. A base 26 with sufficient mass can militate against the
      twisting of the liner by the inertia force of the mass resisting the force
      applied to the liner 12 by the movement of the paint.
PAR  The liner 12 is particularly adapted to a method of lining the drum 10 to
      prevent entrapment of air between the liner 12 and the drum 10. First, the
      liner 12 is inserted in the drum with the base 26 oriented downwardly to
      contact the bottom of the drum 10. The tubular portion 24 of the liner 12
      is drawn upwardly to conform the tubular portion 24 to the side walls 22
      of the drum 10 and draped loosely over the upper rim of the drum 10 formed
      by the lip 28. The paint is poured into the drum and the pressure of the
      fluid forces the air from between the liner 12 and drum 10 past the rim of
      the drum 10 where the loosely draped liner 12 allows the air to escape.
      When the drum 10 has been filled to the level indicated at A in FIG. 1,
      the liner 12 has been brought into intimate contact with the drum 10. The
      liner 12 is now tied against the container by tightening a draw string 30
      within a hem 32 on the open end of the tubular portion 24 and, further,
      may be sealed to the container, as by a cover, to prevent air from
      re-entering the area between the liner 12 and drum 10. Where a cover 14 is
      used, the liner is sealed between the cover 14 and the lip 28 where the
      cover has a pressure or compression fit with respect to the drum 10.
PAR  The draw string 30 makes it convenient to dispose of the used liner 12 by
      providing means for closing the open end of the tubular portion 24 when
      removing the liner 12 as illustrated in FIG. 3. Other means for sealing
      the liner could be used including wire, tape and cord and the liner 12
      need not be hemmed to be sealed.
PAR  When the drum is lined as described above, the subsequent removal of paint
      still creates a vacuum within the drum 10, but the vacuum is offset by the
      vacuum created between the liner 12 and the drum 10. The latter vacuum
      prevents collapse of the liner and maintains it in intimate contact with
      the drum 10 until the seal between the liner and the side walls 22 or rim
      is broken. With the seal broken, the liner 12 can be readily collapsed and
      removed for replacement with a new liner.
PAR  In a preferred embodiment, the liner 12 is a tubular portion 24 of
      polyethelene plastic and the base 26 is a plastic disc both of which are
      impervious and inert to the liquid within the drum 10.
PAR  An example of a specific liner 12 would be a tubular portion 24 of pliant
      polyethelene plastic of a thickness of 4 mils and a stiff plastic disc of
      polyethelene of a higher density than the tubular portion 24 having a
      thickness of 50 mils.
PAR  FIGS. 4 through 7 illustrate modifications of the liner 12 wherein a
      tubular portion 24' is closed at the end opposite the opening therein and
      a base 26' is attached to the closed end on the outside thereof in FIG. 4
      and to the inside in FIG. 5 to obtain the liner 12 described above. It is
      to be understood that any base 26 could be attached by adhesives, heat
      sealing or any other convenient means and could also be of shapes other
      than a disc, for example, an annulus. FIG. 6 illustrates a base 26" of the
      disc type which is integral with and of the same material as the tubular
      portion 24" with the disc being of a denser stiff composition while the
      tubular portion is thin and pliant. Still another variation would be to
      seal a base 26'" in the form of a disc between two layers of the thin
      pliant material used for the tubular portion 24'" as illustrated in FIG.
      7. All of the above modifications have the characteristics described above
      for the liner 12 including the conforming base 26 which disposes the
      tubular portion 24 adjacent the side walls of a container.
PAR  Where the base 26 was of a density sufficiently heavy so as not to float
      within the fluid, for example a metallic disc, the base in FIG. 5 could be
      independent of the tubular portion 24 and simply be placed on top of the
      closed end of the tubular portion. Where necessary, the base 26 which is
      independent could be removably attached to the tubular portion as by tape
      or other suitable fasteners. It is to be understood that the independent
      anchor disc type base 26 could be affixed to the outside of the tubular
      portion 24 as well and thus become reuseable with only the tubular portion
      being replaced.
PAR  It has been found advantageous to construct liners in unitary form so they
      are easily installed in containers and removed therefrom. Preferred forms
      of unitary liners are disclosed in FIGS. 8 through 11. These liners are
      arranged to fit within a drum such as the 55 gallon drum discussed above
      in a manner such that the liner is held near its open end and its base is
      dropped through the open end of the drum toward the bottom of the drum
      while the drum stands on its bottom.
PAR  FIG. 8 illustrates an advantageous construction of the liner wherein a
      seamless tubular length 41 of polyethelene is closed at one end 42 by
      means of a fused seam 43 which can extend straight across the tube normal
      to its axis. Fusion can be accomplished with heat or by ultrasonic
      techniques. Such bonding has been found superior to cement or solvent
      bonds in those applications where the liquid to be contained includes
      constituents which may attack cement or solvent bonds.
PAR  With the liquid tight integrity of the liner established by seam 43, the
      base of the liner is formed by mounting an internal stiffner 44 in the
      closed end 42 of the liner. Internal stiffner 44 is of a stiff, collapse
      resistant, generally planar form as in the case of element 26' of FIG. 5.
      Where a pliant sheet material such as 4 mil polyethelene is employed as
      the tubular portion 41 an internal stiffner 44 of polyethelene having a
      thickness about an order of magnitude greater than the tubular portion
      thickness, 30 to 50 mils thick, will provide the means preventing the
      displacement of any portion of the liner into the suction inlet 18, shown
      in FIG. 2, as liquid is withdrawn or into the impellers (not shown) as the
      liquid is agitated and currents set up therein to intermix its
      constituents. The internal stiffner 44 is bonded to the closed end portion
      42 in areas extending substantially around the periphery of the stiffner
      in the unitary liner construction to fix the spatial relationships of the
      pliant side wall 41, the closed end portion 42, and the inner stiffner 44
      so that the liner is adapted to accommodate suction withdrawal and
      mechanical agitation of liquid contained in the vicinity of the container
      bottom. The internal stiffner 44 is characterized as being stiff and
      non-collapsible throughout its planar dimension under the forces imposed
      in the manipulation of the liquid contents of the liner including the
      suction withdrawal and mechanical agitation of that liquid.
PAR  Bonding of the pliant, fusible, sheet material of the tubular side walls 41
      and closed end portion 42 to the thicker, fusible, internal stiffener 44
      is accomplished by fusion along sector defining lines 45, 46, 47, 48, 49
      and 51, where the stiffener 44 is circular in its major plane, to
      accommodate and fit within a circular drum 10. It has been found that
      thermal fusion or ultrasonic fusion is most effective when applied to a
      single layer of the pliant fusible sheet, and that where multiple layers
      of that sheet are subjected to the fusion process, the concentration of
      heat and/or pressure on the overlapped, thicker areas of material tend to
      thin or even penetrate the walls of the liner thereby reducing or
      destroying its integrity. Accordingly, a pattern of folds has been
      utilized to present single layers of the pliant sheet overlying the
      internal stiffener.
PAR  FIG. 9 illustrated the bottom of an assembled liner where the diametrically
      opposed extensions or ears 53 and 54 formed by the seam 43 are folded
      inward upon the stiff base formed by internal stiffener 44. The ears 53
      and 54 are folded so that a sector of the internal stiffener 44 has only a
      single layer of the pliant, thinner, sidewall material to accommodate a
      fusion bond to the internal siffener 44 at 45 and 46 respectively. The
      fold of the ear 53 is represented as a sector line 55 in FIG. 9 beyond
      which the side wall material overlies the internal stiffener 44 in three
      or more layers. In the process of assembly of the liner the primary ears
      53 and 54 are secured in place, conveniently by pressure sensitive tape 56
      and 57.
PAR  The folding of the primary ears only begins to cause the closed end 42 to
      approximate the circular outline of internal liner 44. A closer
      approximation is realized by folding inward four secondary ears 61, 62, 63
      and 64 which result from the folding inward of the end portions of the
      primary ears 53 and 54. Again these secondary ears are secured by pressure
      sensitive tape and are folded to present substantial areas in which only a
      single layer of side and end wall sheet material overlay the internal
      stiffener 44. In these single layer areas fusion bonds are formed along
      lines 47, 48, 49 and 51 to complete a distribution of bond lines between
      the pliant sheet material of the tubular portion 41 and closed end wall 42
      to the internal stiffener 44 over substantially its entire periphery and
      sufficiently distributed around its periphery as to prevent displacement
      of the pliant material into the base region of the liner as that base is
      defined by internal stiffener 44.
PAR  Internal stifener 44 can be reinforced externally of the closed end wall
      42. Such reinforcement offers a number of advantages as illustrated in
      FIGS. 10 and 11. A stiff board of a material less expensive than that of
      the internal stiffener 44, for example corrugated paper board, can be
      applied as an external stiffener 65 for the liner base. External stiffener
      65 can be generally planar and of the shape of internal stiffener 44. Its
      dimensions should, of course, permit it to be dropped without interference
      into the container in which the liner is to be mounted. Since metal drums
      can have rough areas or burrs on their internal surface along their side
      walls and bottoms, the external stiffener 65 offers the advantage of
      spacing the pliant sheet of the side and end walls of the liner from such
      rough areas or burrs. In the case of the container bottom the intervening
      presence of external stiffener affords this protection throughout the use
      of the liner. In the case of the side walls the pliant sheet is protected
      during the placement of the liner in the container by the periphery of
      external stiffener 65 when it is bonded to the exterior of the closed end
      wall at least in the region of its perimeter and over essentially the
      entire perimeter provided it is in registry with the internal stiffener 44
      and of the same lateral dimensions. A further protection in mounting the
      liner is afforded where the external stiffener 65 has lateral dimensions
      somewhat in excess of the internal stiffener, typically extending about
      one-quarter inch beyond the perimeter of the internal stiffener, as
      represneted in FIGS. 10 and 11 by the region 66.
PAR  Other advantages of the liner form of FIGS. 10 and 11 include the increased
      ease of mounting of the liner provided by the concentration of weight in
      the base portion thereof due to stiffener 65 to cause it to drop and
      settle into the bottom of the container. It also permits a thinner and
      thus less expensive internal stiffener 44 without loss of the advantage of
      preventing liner displacement, particularly where the bond extends over
      essentially the entire mating faces of the exposed regions of the outer
      wall of the closed end region and the external stiffener 65, as where a
      bond of water base latex glue is formed with an adhesive such as Hughes
      Glue HC-3494 obtained from Hughes Chemical Corp., Detroit, Michigan.
PAR  It should be noted that the enlarged section view of FIG. 11 is a
      diagrammatic representation of the bottom structure wherein the pliant,
      thin walled material of the liner sides 41 and its extension portions into
      the closed end 42 with the several folds of the ears 53 and 54 are all
      represented as spaced apart single lines offset from each other except at
      the fusion joints 45 and 46 to internal liner 44. In the actual
      construction these layers of thin walled material are in face to face
      contact and produce an essentially flat region intermediate the sandwich
      of internal stiffener 44 and external stiffener 65 to make up the base of
      the liner. The adhesive bonds external stiffener 65 to the outer face of
      the closed end 42 including ears 53, 54, 61, 62, 63 and 64 and the single
      wall thicknesses between those ears to provide essentially continuous
      bonding over the entire area in the preferred form and at least bonding
      over essentially the entire peripheral region of outer stiffener 65 in any
      arrangement employing that stiffener.
PAR  The above described liner 12 and the method of lining a container results
      in a leak-proof reuseable container useful for storing and dispensing
      fluids which may have to be agitated within the container. The liner 12 is
      replaceable because it is readily collapsed for removal and insertion
      while being maintained in fixed contact with the walls of the container
      when in use.
PAR  In accordance with the provisions of the patent statutes, the principle and
      mode of operation of the liner has been explained and what is considered
      to represent its best embodiment has been illustrated and described. It
      should, however, be understood that the invention may be practiced
      otherwise than as specifically illustrated and described without departing
      from its spirit or scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A unitary replaceable liner for a liquid container having side walls and
      a bottom, the liner being adapted to accommodate suction withdrawal and
      mechanical agitation of liquid contained thereby in the vicinity of the
      container bottom and comprising:
PA1  a pliant collapsible tubular portion having an opening at one end thereof;
PA1  a closed end wall having the pliant collapsible character of said tubular
      portion at the end of said tubular portion opposite said opening;
PA1  a base including an internal stiffener of a generally planar form
      independent of said tubular portion, and bonded generally around the
      periphery of said base to the inside of said closed end of said tubular
      portion, said internal stiffener conforming to the bottom of the container
      and providing clearance between said liner around the periphery of said
      internal stiffener and the side walls of the container for passage into
      the container of said liner, said tubular portion being conformable to the
      interior side walls of the container, said entire internal liner being
      stiff and non-collapsible under the forces imposed in suction withdrawal
      and mechanical agitation of the liquid contained by said liner throughout
      the planar dimension thereof to maintain said tubular portion in
      conformity with the side wall of the container and prevent collapse of
      said liner in the vicinity of the container bottom, said liner being
      impervious and inert to the liquid in the container to maintain separation
      between the liquid and the container; and
PA1  an external stiffener bonded to said closed end over substantially the
      entire periphery of said base and in general registry with said internal
      stiffener.
NUM  2.
PAR  2. A unitary replaceable liner for a liquid container having side walls and
      a bottom, the liner being adapted to accommodate suction withdrawal and
      mechanical agitation of liquid contained thereby in the vicinity of the
      container bottom and comprising:
PA1  a pliant collapsible tubular portion of a fusible plastic film having an
      opening at one end thereof;
PA1  a closed end wall including a straight fused seam normal to the
      longitudinal dimension of said tubular portion and having the pliant
      collapsible character of said tubular portion at the end of said tubular
      portion opposite said opening, wherein portions of said closed end wall at
      the end of said fused seam is folded in upon the end wall along lines
      transverse of said seam; and
PA1  a base including an internal stiffener of a fusible plastic of a generally
      planar form independent of said tubular portion, and bonded generally
      around the periphery of said base to the inside of said closed end of said
      tubular portion by fused junctions of single layers of said wall and said
      internal stiffener free of said folded portions, said internal stiffener
      conforming to the bottom of the container and providing clearance between
      said liner around the periphery of said internal stiffener and the side
      walls of the container for passage into the container of said liner, said
      tubular portion being conformable to the interior side walls of the
      container, said entire internal liner being stiff and non-collapsible
      under the forces imposed in suction withdrawal and mechanical agitation of
      the liquid contained by said liner throughout the planar dimension thereof
      to maintain said tubular portion in conformity with the side wall of the
      container and prevent collapse of said liner in the vicinity of the
      container bottom, said liner being impervious and inert to the liquid in
      the container to maintain separation between the liquid and the container.
NUM  3.
PAR  3. The liner in accordance with claim 2 wherein an external stiffener is
      bonded to said closed end and the folded portions thereof over
      substantially the entire periphery of said closed end.
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PAL  A single-piece container blank is erectable into a container having
      multi-ply end panels with stacking tabs extending upwardly therefrom. The
      multi-ply end panels offer stacking strength while the stacking tabs
      stabilize a resulting stack of containers. A multi-ply side panel is also
      a feature in one embodiment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to containers erected from foldable blanks
      of corrugated containerboard and, more particularly, to ones which are
      formed from a single-piece blank into a container that has multi-ply end
      panels with stacking tabs protruding upwardly therefrom.
PAR  The container of the present invention is suitable for packing such things
      as fruit and vegetables. Such containers must meet a variety of end use
      requirements, one being that the container must be strong enough to
      contain the product from the time it is packed until it is unpacked. For
      transportation requirements it is desirable that the container have
      sufficient vertical stacking strength so that several containers may be
      stacked vertically for shipment. Another desirable feature during
      transportation is to have stacking tabs protruding from one container into
      another adjacent container to prevent sway and possible destacking.
PAR  There are several containers in the prior art that do offer some of these
      features. For example, the patent to J. P. Hamilton - U.S. Pat. No.
      3,157,346 discloses a two-piece container that would be suitable for
      containing product and transporting it. However, the Hamilton container
      has a very complicated end panel construction and, in addition, is
      comprised of two pieces, making it more difficult to erect than the
      container of the present invention. The patent to Chaffers - U.S. Pat. No.
      3,713,579 also shows a multi-piece container with stacking tabs protruding
      from the end walls, but similarly to Hamilton, is more complicated to
      erect than the container of the present invention. The patent to J. M.
      Duncan - U.S. Pat. No. 3,114,493 does disclose a single-piece container
      blank which is foldable into a container having multi-ply end panels, but
      which does not have stacking tabs protruding upwardly from the end panels.
PAR  It will be appreciated by those skilled in the container art that it would
      be most desirable to have a single-piece easily-erected container having
      the aforementioned features for stacking, containing, and carrying
      products. Depending upon packing and transportation requirements, the end
      panel construction should be comprised of an appropriate number of plies
      of containerboard. In the container of the present invention, each end
      panel is comprised of multiple plies of containerboard and, consequently,
      such a container offers a great amount of vertical stacking strength. The
      vertical stacking tabs are designed into the blank and are integral
      therewith so that when the container is erected, two vertical stacking
      tabs will protrude upwardly from the top of each end panel. Corresponding
      apertures in the bottom of each container will accept the protruding
      stacking tabs from the container beneath when they are in a vertically
      stacked arrangement. Another advantage of the present invention is that,
      by utilizing a single-piece blank, a standard tray-forming machine can be
      appropriately modified in order to automatically erect the container if
      desired.
PAR  Accordingly, from the foregoing, one object of the present invention is to
      provide a single-piece container blank which can be erected to a suitable
      container having multi-ply end panels with integral stacking tabs
      protruding upwardly from their top edges.
PAR  Another object of the present invention is to provide a suitably designed
      container blank having sufficient stacking strength in the erected
      condition such that a plurality of such containers may be stacked one atop
      the other with stacking tabs interlocking in order to form a relatively
      stable stack.
PAR  Still a further object of the present invention is to provide a
      single-piece container blank that may be automatically erected by suitable
      forming machinery.
PAR  These and other objects of the invention will become apparent upon reading
      the following specification in conjunction with the attached drawing.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention is practiced in one form by cutting from a
      generally rectangular piece of containerboard a single-piece blank having
      a bottom panel with a pair of side walls extending outwardly from either
      side of the bottom panel through hinge lines and a pair of outer end walls
      similarly connected to the bottom panel on the opposite ends thereof.
      Hingedly connected to each end of the side walls is an interior double-ply
      end panel.
PAR  The interior double-ply end panels are comprised of first and second split
      interior end walls interconnected by an integral stacking tab. Attached to
      each outer end wall through a double hinge line is an inner end wall which
      is adapted to be folded over the interior double-ply end panels when they
      are in the erected state.
PAR  In one configuration of the present invention, another side wall is
      hingedly connected to the first side wall in order to form a double-ply
      side panel construction, while in an alternative embodiment the hingedly
      attached wall forms the top closure means of the erected container.
      Appropriately positioned apertures are provided in the bottom panel to
      accept the stacking tabs protruding from the adjacent container when in
      the stacked mode.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view showing the single-piece container blank.
PAR  FIG. 2 is an isometric view of the container blank showing the sides being
      folded.
PAR  FIG. 3 is also an isometric view showing subsequent folding steps.
PAR  FIG. 4 is an isometric view showing the container in the erected state.
PAR  FIG. 5 is a section view taken along line V--V of FIG. 4 and shows the
      multi-ply end panel construction.
PAR  FIG. 6 is a view similar to FIG. 1, but shows a slightly different
      embodiment of the present invention.
PAR  FIG. 7 is an isometric view depicting a folding step.
PAR  FIG. 8 is also an isometric view showing a subsequent folding step.
PAR  FIG. 9 is likewise an isometric view showing yet a further folding step.
PAR  FIG. 10 is a view similar to FIG. 4 showing the container in the erected
      state.
PAR  FIG. 11 is a section view taken along line X--X of FIG. 10 showing the
      multi-ply end panel construction.
PAR  FIG. 12 is an isometric view showing a plurality of the containers of the
      present invention stacked vertically.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, and in particular to FIG. 1, the several
      separate and distinct panels comprising the container blank, generally
      depicted at 10, will be described. It is to be noted that container blank
      10 is comprised of a single piece of containerboard, which can be
      comprised, for example, of typical double-faced corrugated medium. Such
      containerboard material is,, of course, well known to those skilled in the
      art and comprises no part of the present invention.
PAR  The central portion of the container blank 10 is the bottom panel 12 which
      will form the bottom of the erected container. The bottom panel 12 will
      generally be in the shape of a rectangle as is customary in the art,
      although other planer configurations are within the scope of the present
      invention.
PAR  With respect to a directional convention, it will be taken for purposes of
      further description that the longitudinal direction will be that direction
      along the longer dimension of the bottom panel 12, while the transverse
      direction will be taken as being along the shorter dimension of bottom
      panel 12. Extending outwardly in the longitudinal direction from either
      transverse edge of bottom panel 12 along respective hinge lines 14, 16 are
      the end walls 18, 20 that, when in the erected state, form a portion of
      the overall end panel. The end walls 18, 20 are comprised of a first outer
      wall, 22 and 24 respectively, separated from second inner walls through a
      double hinge line or score line with the second inner end walls being
      designated as 26 and 28 respectively and the double hinge lines as 30 and
      32 respectively. By a double hinge line or score line, it is meant that
      the fold can accept a double thickness of containerboard within the fold
      such that when the adjacent walls are folded 180.degree., they will remain
      in a vertical plane with two plies of containerboard between.
PAR  The first end walls 22, 24 will have a height (which extends in a
      longitudinal direction) that is equal to the depth of the erected
      container, since the first walls 22, 24 will form the outermost ply of the
      overall multi-ply end panel. The second end walls 26, 28 will be
      approximately equal in dimensions to the first walls, except that they
      will be slightly shorter in order to accommodate the thickness of bottom
      panel 12, as will become apparent later.
PAR  Since the present container blank 10 is designed for offering four upwardly
      extending stacking tabs from the end panels, a similar number of suitable
      cutouts must be provided to accommodate the tabs. In the bottom panel 12,
      four cutouts 34, 36, 38 and 40 are provided appropriately spaced along
      opposed transverse hingelines 14, 16. The cut-outs are generally
      rectangular and, as will be apparent to those skilled in the art, are
      sized in order to accommodate the upwardly extending and protruding
      stacking tabs from a container which is directly beneath the bottom panel
      12. Of course, the cutouts 34, 36, 38 and 40 are spaced inwardly from the
      hingelines 14, 16 and directly within the bottom panel 12. Additional
      cutouts 42, 44, 46 and 48 are established along the double hingelines 30,
      32 to be in registry with the cutouts 34, 36 38 and 40 such that when the
      container is erected, the stacking tabs will protrude upwardly through the
      double hingelines 30, 32. Along the outer transverse edges of second end
      walls 26, 28 are cutouts 50, 52 54 and 56 that will provide the relief
      space at the bottom of the erected container for the upwardly extending
      protruding stacking tabs.
PAR  Extending outwardly in the transverse direction from the longitudinal
      hingelines 58, 60 are the side panels generally indicated at 62 and 64.
      The side panels 62, 64 are also comprised of two walls, the first side
      walls being indicated as 66 and 68 respectively and which are separated
      from the second side walls 70, 72 respectively by longitudinally extending
      single hingelines 74, 76 respectively. The transverse dimension of the
      first walls 66, 68 is, of course, equal to the overall depth of the
      container in the erected state while the longitudinal dimension will be
      equal to the length of the erected container. The second walls 70, 72 will
      be slightly less in the transverse dimension and also slightly less in the
      longitudinal dimension in order to accommodate the overall end panels when
      the container is in the erected state. This will become more apparent
      later.
PAR  Extending outwardly from each transverse edge of the first walls 66, 68
      along respective hingelines 78, 80, 82 and 84 are the first split interior
      end walls 86, 88, 90 and 92 respectively. By the modifier split it is
      meant that the interior end walls 86, 88, 90 and 92 extend only over a
      portion of the transverse dimension of the overall end panel. Thus, the
      longitudinal dimension of each interior end wall 86, 88, 90 and 92 will be
      equal to or slightly less than half of the transverse dimension of the end
      walls 18, 20. Of course, it will be recognized by those skilled in the art
      that when the container is erected, the end walls 86, 88, 90 and 92 will
      extend in the transverse direction with respect to the erected container.
      The transverse dimension of the split interior end walls is substantially
      equal to the transverse dimension of the side walls 66, 68.
PAR  Extending outwardly in the transverse direction from the outer longitudinal
      edge of each split interior end wall 86, 88, 90, 92 are the second split
      interior end walls designated respectively as 94, 96, 98 and 100.
      Connecting each respective first and second interior end walls are the
      stacking tab arrangements 102, 104, 106 and 108 respectively. Stacking
      tabs are, of course, well known in the container field, and the stacking
      tab arrangements 102, 104, 106 and 108 are of the known type where in
      cutting the container blank the actual tabs are comprised of two tab
      portions 110 and 112 respectively, joined together through a hingeline 114
      such that when the tab is folded over 180.degree. a double ply tab will be
      formed. It will thus be appreciated that when the opposed first and second
      split interior end walls are folded, one over the other, during container
      erection the stacking tab arrangements 102, 104, 106 and 108 will be
      formed. As seen from FIG. 1, the bases of the tab portions 110, 112 are
      positioned along opposing longitudinal edges of the respective first and
      second split end walls.
PAR  The second split interior end walls 94, 96, 98 and 100 are generally sized
      the same as the first interior end walls 86, 88, 90 and 92 with both walls
      having cutout portions designated respectively as 116 and 118 in order to
      accommodate the stacking tabs that will protrude through the bottom of the
      erected container through cutouts 34, 36, 38 and 40. Folded over
      corresponding first and second split end walls will be referred to as
      interior double-ply end panels.
PAR  Turning now to FIGS. 2 and 3 and referring back to FIG. 1 for a description
      of the adhesive pattern, the erection sequence will be described. It
      should be appreciated by those skilled in the art that the present
      container blank 10 can be erected on suitable automatic machinery such as
      a modified tray former. Likewise, the blank 10 can be erected manually
      through appropriate folding and adhesive application.
PAR  The first step in the erection process is to fold the second side walls 70,
      72 and the second split interior end walls 94, 98 and 96, 100 over
      180.degree. such that they are juxtaposed against the respective first
      side walls 66, 68 and the first split interior ends walls 86, 90 and 88,
      92. Prior to such folding, appropriate longitudinal adhesive lines
      designated collectively as 120 in FIG. 1 are applied to the container
      blank 10. Such an adhesive can be, for example, a suitable hot melt which
      could be applied through automatic applying means known to those skilled
      in the art.
PAR  As depicted in FIG. 3, the bonded side panels 62, 64 and the bonded first
      and second split interior end walls are then folded upwardly 90.degree.
      while the split interior end walls are also folded 90.degree. about
      hingelines 78, 80 and 82, 84 so as to form the partially erected container
      depicted in FIG. 3. At this point, the two-ply stacking tab arrangements
      102, 104, 106 and 108 are readily apparent as are the cutout portions at
      the bottom of the container for accepting the protruding stacking tabs
      from a lower container.
PAR  The next step is the application of additional lines of suitable adhesive
      collectively designated as 122 in the transverse direction along second
      end walls 26 and 28. The first and second end walls 22, 24 and 26, 28 are
      then folded upwardly 90.degree. and 180.degree. respectively so as to
      overlay the surfaces of the interior double-ply end panels. The thusly
      formed container depicted as 124 in FIG. 4 will have two-ply side panels
      62, 64 and four-ply end panels 126, 128 with the stacking tab arrangements
      102, 104, 106 and 108 protruding upwardly from the tops of the end panels.
      In FIG. 5 a cross-sectional view is depicted through the formed end panel
      showing the four-ply construction and the upwardly extending stacking tab
      together with the overall cutout portion at the bottom of the container
      (arranged to accept the stacking tabs protruding upwardly from the bottom
      adjacent container).
PAR  The erected container 124 of FIG. 4 can then have applied to it a suitable
      top closure means (not shown) to cover the product. Any suitable top is
      within the purview of the present invention.
PAR  Turning now to FIG. 6 and one alternate embodiment of the present invention
      wherein like elements will be designated by like numbers as in the
      previously described embodiment, a container will be described that has,
      integral with a single-piece container blank 130, a suitable top closure
      means. The basic difference between the two embodiments is that the second
      walls 70, 72 of the side panels are left free in order to form the top
      closure means, which is designated generally as 132, instead of applying a
      continuous glueline and bonding the first and second side walls together.
      The longitudinal adhesive lines thus only extend over the first split
      interior end walls 86, 88, 90 and 92. The erecting sequence is essentially
      the same except that the second walls 70, 72 of the side panels 62, 64 are
      left free and in fact become the two top closure flaps 134 and 136
      respectively, thereby forming the top closure means 132. Provided in the
      top closure flaps 134, 136 are cutout portions 138, 140, 142 and 144
      respectively to accommodate the stacking tabs 102, 104 106 and 108 when
      the closure flaps 134, 136 are folded over after packing of the erected
      container, depicted as 146 in FIG. 10. With this configuration, the
      transverse edges of the closure flaps 134, 136 will overlay the tops of
      the end panels 126, 128, thereby forming a closed container. As depicted
      in FIG. 11, the cross-sectional view through the end panels 126, 128 are
      again comprised of four plies of containerboard, thereby offering a strong
      end panel construction. As a further alternative, the second end walls 26,
      28 could be left free (not bonded to the interior double-ply end panels)
      to form part of the top closure 132 by overlaying or underlaying the top
      closure flaps 134, 136 and being bonded thereto. In this embodiment, the
      end panels 126, 128 would be comprised of three plies of containerboard.
PAR  As depicted in FIG. 12, a plurality of vertically stacked erected
      containers 146 are relatively stable because the stacking tabs tend to
      stabilize and lock the stacked containers. Similarly, a plurality of
      containers are able to be stacked vertically because the multi-ply end
      panels provide suitable stacking strength for such an arrangement.
PAR  While detailed descriptions of several embodiments have been given, it is
      understood that many changes and modifications may be made in the
      above-described single-piece container blank without departing from the
      spirit of the invention. All such modifications are intended to be
      included within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A single-piece containerboard blank of the type that is erectable into a
      container having at least two side panels, two multi-ply end panels, and a
      bottom panel, comprising:
PA1  a generally rectangular bottom panel having longitudinal and transverse
      edges, and further having a pair of cutouts along each transverse edge,
PA1  a first end wall extending outwardly from each transverse edge of said
      bottom panel connected to said bottom panel through a hinge line, and
      forming the outermost wall in each of said multi-ply end panels,
PA1  a first side wall extending outwardly from each longitudinal edge of said
      bottom panel connected to said bottom panel through a hinge line and
      forming the outer wall in each of said side panels,
PA1  first split interior end walls extending outwardly from each transverse
      edge of said first side walls having a longitudinal dimension that is
      equal to or less than one half of the transverse dimension of said first
      end walls and further having a cutout along the bottom longitudinal edge
      positioned so as to be in alignment with said plural cutouts in said
      bottom panel,
PA1  second split interior end walls extending outwardly in the transverse
      direction from the outer longitudinal edge of each of said first split
      interior end walls with said corresponding first and second split interior
      end walls being connected together by stacking tab means and with said
      second split interior end walls having cutouts along the outer
      longitudinal edges positioned so as to be in alignment with said plural
      cutouts in said bottom panel and having approximately the same
      longitudinal dimension as said first split interior end walls, and
PA1  said stacking tab means being comprised of two tab portions extending
      outwardly from opposing respective split interior end walls and hingedly
      connected together such that, when said container is erected, said
      stacking tabs will extend upwardly from the top edges of said multi-ply
      end panels.
NUM  2.
PAR  2. The single piece blank as in claim 1 further including second side walls
      extending outwardly from said first side walls which will give additional
      strength to said side panels.
NUM  3.
PAR  3. The single-piece blank as in claim 1 further including second end walls
      extending outwardly from said first end walls and connected together
      through a double hinge line with the double hinge line having cutouts
      therein in order to allow said stacking tabs to protrude therethrough.
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PAL  A tissue carton has in its top panel an opening dimensioned to pass tissues
      contained in the carton and covered with a removable strip of transparent
      film material permitting inspection of the carton contents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cartons for retaining and dispensing tissues.
PAR  Cartons containing and dispensing facial tissues and other types of tissue
      products commonly are characterized by the presence of a top panel having
      a central elongated opening dimensioned to pass the tissues. In the
      marketed condition of the carton this opening is closed by means of an
      integral panel segment connected to the rest of the panel by a continuous
      perforation of characteristic outline. To convert the carton to its use
      condition, this segment is torn out along the perforation. The tissues
      then may be withdrawn one at a time through the resulting opening.
PAR  Although widely used, tissue cartons of this class have the common
      disadvantage of not permitting inspection of the contents.
PAR  It accordingly is the general object of the present invention to provide a
      tissue carton having a dispensing opening which in the distribution and
      sales condition of the carton is closed by a transparent strip which
      permits inspection of the carton contents.
PAR  It is a further object of the present invention to provide a tissue carton
      having in its top panel a transparent strip which protects the carton
      contents from dust and dirt and at the same time renders the contents
      clearly visible for inspection by prospective purchasers.
PAR  Still a further object of the present invention is to provide a tissue
      carton having in its top panel a central tissue dispensing opening sealed
      by means of a transparent strip which may be removed cleanly and easily to
      permit withdrawal of the tissues through the opening, one at a time.
PAC  GENERAL STATEMENT OF THE INVENTION
PAR  The foregoing and other objects of the present invention are accomplished
      by the provision of a tissue carton which, broadly considered, comprises a
      blank of foldable carton material including top, bottom, and side panels
      and a plurality of end flaps connected thereto and foldable into
      carton-forming relation. The top panel has an opening dimensioned to pass
      tissues contained in the carton. A piece of transparent film material is
      secured across the opening. A pull tab comprising a perforation-defined
      segment of the top panel is secured to the piece of transparent film
      material.
PAR  During distribution and sale of the goods, the transparent film material
      lies across the opening, protecting the tissue contents of the carton but
      permitting their ready inspection. In the use of the carton, the
      transparent film material is readily removed by gripping the pull tab
      secured thereto and stripping both pull tab and film material from the top
      panel of the carton.
DRWD
PAC  THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is bottom plan view of a blank of carton-forming material cut to
      shape, scored, and ready for folding and assembly into the tissue carton
      of the invention.
PAR  FIGS. 2, 3, 4, and 5 are progressive, fragmentary, top perspective views
      illustrating the manner and use of the carton, in particular the manner of
      stripping from the top panel thereof the protective sheet of transparent
      film material which covers the dispensing opening preparatory to removing
      the tissue contents of the carton one tissue at a time.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, the tissue carton of our invention is fabricated
      from a die cut blank of cardboard, heavy paper, or other carton-forming
      material. The blank is cut to predetermined size and contour and includes
      an end panel 10 with end flaps 12, a top panel 14 with end flaps 16, a
      second end panel 18 with integral end flaps 20, and a bottom panel 22 with
      end flaps 24, and a side glue flap 26.
PAR  The end flaps 12, 20 of end panels 10, 18 are inwardly offset from end
      flaps 16, 24 of top and bottom panels 14, 22. The end flaps of all the
      panels are defined by common score lines 28, 30 which extend in parallel
      straight lines along the respective side margins of the blank. The top,
      bottom and end flaps as well as the glue flap are defined by spaced,
      parallel score lines 32, 34, 36 and 38 which lie at right angles to score
      lines 28, 30 defining the end flaps.
PAR  There thus is provided a blank which may be folded along the score lines to
      place the various blank segments into carton-forming relation with each
      other. The segments then may be glued together in usual manner to form the
      finished carton.
PAR  Provision is made in top panel 14 for an opening temporarily closed with a
      piece of transparent film material which seals the carton against the
      entry of dust and dirt during distribution and sale, but which may be
      removed to reveal a tissue-dispensing opening during use. The construction
      of the top panel embodying this feature is also illustrated in detail in
      FIG. 1.
PAR  As illustrated in that figure, the top panel is provided with an elongated
      central opening 40, usually oval in contour. This opening is of sufficient
      size to pass the tissue contents of the carton one at a time.
PAR  Opening 40 is sealed against entry of dirt and dust by means of a piece 42
      of transparent film material such as transparent plastic film. For
      convenience of manufacture, this piece may be rectangular in outline and
      roughly commensurate in size with top panel 14 which it underlies. It is
      secured to the underside of the top panel by suitable means, for example
      by means of glue stripes 44 applied along the longitudinal margins of the
      piece of film material.
PAR  For convenience of removal, the piece of transparent film material is
      provided with tear perforations 46 along its longitudinal margins, a
      spaced distance inwardly from its side edges. They thus lie between glue
      stripes 44 and the side margins of opening 40.
PAR  Pull tab means is associated with the piece of transparent film material 42
      to assist in its removal when it is desired to open the carton.
PAR  The pull tab means comprises a tab-shaped segment 50 of top panel 14. This
      segment is generally oval in contour, extending inwardly of opening 40 and
      of sufficient extent to provide both a glue base and an adequate finger
      hold. It is attached to the top panel by a perforated tear line 52. Its
      inner end is defined by a concavely arcuate score line 54 to provide a
      terminal area which serves as a pressure-applying segment.
PAR  Pull tab 50 is secured to the top side of the piece 42 of transparent film
      material by suitable means, as for example by glue stripes 56 applied to
      the underside of the pull tab.
PAR  The piece of transparent film material with associated pull tab thus makes
      it possible to inspect the contents of the carton through opening 40 in
      the top panel during merchandising of the goods. When it is desired to use
      the contents of the carton, the sequence illustrated in FIGS. 2-5
      inclusive is followed.
PAR  First, as shown in FIG. 2, the terminal pressure segment of pull tab 50
      defined by score line 54 is depressed. This breaks tear line 52 along the
      arc immediately opposed to the score line and makes it possible to lift up
      the pressure segment as shown in FIG. 3.
PAR  The end of the pull tab thus liberated than is grasped between the fingers
      and the pull tab pulled reversely as shown in FIG. 4. This not only
      separates the pull tab completely along score line 52, but also tears the
      protective sheet of transparent film material along longitudinal score
      lines 46. The pull tab and sheet material thus may be separated completely
      from the carton as shown in FIG. 5.
PAR  This exposes the uppermost tissue sheet, readily accessible for removal
      from the carton.
PAR  It is to be observed from the drawings that the tear line 52 registers with
      and forms a continuation of the peripheral margin of opening 40.
      Accordingly, when pull tab 50 has been detached from top panel 14 and
      removed with film piece 42, the full oval opening 40 is formed, exposing
      the tissues for removal.
CLMS
STM  Having thus described our invention in the preferred embodiments, we claim:
NUM  1.
PAR  1. A tissue carton comprising:
PA1  a. a blank of foldable carton material including top, bottom, and side
      panels and a plurality of end flaps connected thereto and foldable into
      carton-forming relation,
PA1  b. the top panel having an opening dimensioned to pass tissues contained in
      the carton,
PA1  c. a piece of transparent film material extending across the opening and
      secured to the underside of the top panel outwardly of the peripheral
      margin of the opening,
PA1  d. a pull tab for the piece of transparent film material comprising a
      perforation-defined segment of the top panel secured to the piece of
      transparent film material, the perforations defining said pull tab segment
      registering with and forming a continuation of the peripheral margin of
      the top panel opening.
NUM  2.
PAR  2. The tissue carton of claim 1 wherein the pull tab is transversely scored
      to provide a finger hold segment.
NUM  3.
PAR  3. The tissue carton of claim 1 wherein the opening is elongated and
      positioned centrally of the top panel and wherein the piece of transparent
      film material is longitudinally scored along its side margins between the
      peripheral margin of the opening and the area of the film material secured
      to the top panel.
NUM  4.
PAR  4. A tissue carton comprising:
PA1  a. a blank of foldable carton material including top, bottom and side
      panels and a plurality of end flaps connected thereto and foldable into
      carton-forming relation,
PA1  b. the top panel having a central elongated opening dimensioned to pass
      tissues contained in the carton.
PA1  c. a strip of transparent film material underlying the opening and glued to
      the underside of the top panel laterally of and parallel to the
      longitudinal margins of the opening,
PA1  d. the strip being longitudinally perforated to form tear lines on both
      sides of the opening, inside the glue, and
PA1  e. a pull tab comprising a perforation-defined segment of the top panel
      glued to the piece of transparent film material at one end thereof, the
      perforations defining said pull tab segment registering with and forming a
      continuation of the peripheral margin of the top panel opening,
PA1  f. the pull tab having a transverse score defining a finger-hold segment
      thereof.
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ABST
PAL  A blank and a carton are formed from a single piece of material and
      incorporate a sliding handle that is received within an envelope formed in
      the central partition of the carton and is movable from a retracted
      position within the carton to an extended position projecting above the
      top of the carton.
BSUM
PAR  The present invention relates to an end-load container. More specifically,
      the present invention relates to an end-load container incorporating a
      sliding handle and formed from a single blank.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  End-load containers incorporating sliding handles are known as exemplified
      by Canadian Pat. No. 737,787, issued July 5, 1966 to Hill et al, Canadian
      Pat. No. 872,656, issued June 8, 1971 to Cameron, and Canadian Pat. Nos.
      737,786, 803,859 and 870,986 issued July 5, 1966, Jan. 14, 1969 and May
      18, 1971 respectively to Atkinson. Of the above patents only Canadian Pat.
      No. 737,787 discloses a one-piece blank for forming a carton including a
      sliding handle. However, the carton having a sliding handle construction
      in accordance with the said Canadian Pat. No. 737,787 provides a carton
      that must have at least one glue joint formed on the packaging line.
PAC  SUMMARY OF THE INVENTION
PAR  It is the main object of the present invention to provide a knocked-down
      carton that may simply be erected on a packaging line without
      necessitating gluing or adhesively securing any of the joints except for
      the closing of the carton ends after filling.
PAR  Broadly the present invention comprises a blank and/or a carton adapted to
      provide a box with a longitudinally extending partition incorporating a
      sliding handle, said blank comprising a handle panel, a securing panel, an
      envelope panel and a partition panel foldably interconnected by a set of
      substantially parallel fold lines and handle panel connected to said
      securing panel by means of a line of weakness permitting said hand hole to
      be torn therefrom when it is lifted into an operative position in the
      carton.
PAR  The carton of the present invention broadly comprises a top, bottom side
      and end walls and a longitudinal partition formed by a partition panel
      having an envelope panel foldably connected to its top edge, a securing
      panel foldably connected to said envelope panel and positioned in face to
      face relationship with said partition panel and a handle forming panel
      releasably secured to the end of said securing panel remote from its
      connection with said handle panel, said handle forming panel being
      positioned between said partition panel. said handle forming panel being
      positioned between said envelope panel and said partition panel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further features, objects and advantages will be evident from the following
      detailed description taken in conjunction with the accompanying drawings
      in which:
PAR  FIG. 1 is a plan view of a blank incorporating the present invention,
PAR  FIG. 2 illustrates the first step in folding of the blank,
PAR  FIG. 3 illustrates the second step in folding of the blank,
PAR  FIG. 4 shows the third step in folding of the blank,
PAR  FIG. 5 is a section through a carton incorporating the present invention,
PAR  FIG. 6 is an isometric view of the carton showing the handle in operative
      position,
PAR  FIGS. 7 and 8 show modifications of the above blank illustrating ways of
      reinforcing the handle forming panel,
PAR  FIG. 9 shows yet a further modification of the present invention,
PAR  FIG. 10 is a partial plan view of a blank for forming a reinforcing handle
      with guide tracks for the handle,
PAR  FIG. 11 is a partial plan view of one step in the manufacture of a box from
      the blank of FIG. 10,
PAR  FIG. 12 is a section on the line 12--12 of FIG. 11, and
PAR  FIG. 13 is a section on the line 12--12 but after a further fold during the
      formation of the carton has been made.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, the blank 10 comprises a handle forming panel 12
      releasably secured to a securing panel 14 by means of a line of weakness
      16. Envelope panel 20, partition panel 22, first bottom panel 24, first
      side panel 26, top panel 28, second side panel 30 and second bottom panel
      32 are foldably interconnected by fold lines 34, 36, 38, 40, 42 and 44
      respectively while the envelope panel 20 is foldably connected to the
      securing panel 14 by fold line 46. These fold lines 34, 36, 38, 40, 42, 44
      and 46 and the line of weakness 16 are all substantially parallel.
PAR  The handle forming panel 12 has a handle section 52 with a hand hole 18
      formed therein and a pair of abutment flanges 54, one on each side
      thereof.
PAR  A pair of tabs 48 are formed in the envelope panel 20 and are foldably
      connected to the partition panel 22 by means of fold line 34. If desired,
      these tabs 48 could have been formed in the panel 22 and remained foldably
      connected to the envelope panel 20 by means of fold line 34.
PAR  A handle opening 50 is provided on the junction between the envelope panel
      20 and the partition panel 22 in a position to permit sliding of the
      handle section 52 of the handle panel 12 while the flanges 54 on opposite
      sides of the panel 12 are engaged by the fold line 34 to limit movement of
      the handle member as will be described in more detail hereinbelow.
PAR  End closure flaps 56, 58, 60, 62 and 64 are foldably connected one to each
      opposite end of the panels 24, 26, 28, 30 and 32 respectively by means of
      fold lines 66 and 68.
PAR  The top panel 28 is provided with a handle opening 70 and a pair of flaps
      72 are foldable into the carton to permit fingers to grasp opposite sides
      of the handle panel 12 as will be described hereinbelow. The top panel 28
      may also be provided with any suitable type of opening means, for example,
      lines of weakness around the periphery to permit the top panel to be torn
      off.
PAR  Formation of a carton from the blank of FIG. 1 is a relatively simple
      procedure only requiring folding over of the various panels about a set of
      parallel fold lines.
PAR  The first step in forming the carton is to fold the panels 12 and 14
      relative to the envelope panel 20 along fold line 46 so that the panels 12
      and 14 overlie the panel 20 as shown in FIG. 2. If desired, the securing
      panel 14 may be secured to the envelope panel 20, for example by adhesive.
PAR  The envelope panel 20 together with the panels 12 and 14 are then folded
      into overlying relationship with the partition panel 22 by folding along
      fold line 34 so that these panels 12, 14 and 20 now overlie the panel 22
      and the panels 12 and 14 are in face-to-face relationship with the panel
      22, with the panel 14 secured to the panel 22 if desired (see FIG. 3). In
      the illustrated embodiment the tabs 48 project outwardly from the panel 22
      when the panels are folded as above described.
PAR  With the panels 20, 14 and 12 secured in position by the adhesive
      connection between the panel 14 and the panel 22, the blank is folded
      along fold line 38 so that the panels 24 and 22 overlie the panels 26 and
      28 with the tabs 48 contacting the bottom surface of the top panel 28
      adjacent the fold lines 66 and 68. These tabs 48 are secured to the top
      panel 26 thereby securing the partition panel with its envelope and handle
      panels in proper relationship with respect to the rest of the box (see
      FIG. 4).
PAR  The remainder of the manufacturing operation simply requires folding over
      of the panels 30 and 32 by folding along fold line 42 so that the panel 32
      adjacent its free edge overlies the panel 24 and is adhesively secured
      thereto to form the manufacturer's joint.
PAR  The above described carton need only be squared up on the packaging line,
      the bottles or cans or the like inserted, and the end flaps 56, 58, 60, 62
      and 64 folded and secured in closed position to provide the finished
      carton. To facilitate carrying of the finished carton one need only bend
      the flaps 72 inward of the carton by means of the thumb and fore-finger
      and thereby reach in and engage the top edge of the handle forming panel
      12 immediately above the hand hole opening 18 and pull the same upwardly
      to break its releasable connection 16 with the panel 14 and withdraw same
      to projected operative position above the top of the carton. The upward
      travel of the handle is limited by engagement of the flanges 54 with the
      fold line 34. The carton may then be carried by extending the hand through
      the hand hole 18 (see FIG. 6).
PAR  It will be apparent from the above that a relatively simple structure has
      been provided that is easily formed by the manufacturer and provides a
      convenient carrying handle.
PAR  Further modifications are shown in FIGS. 7 and 8. In FIG. 7 a reinforcing
      panel 80, substantially identical to the handle panel 12, is foldably
      connected to the handle panel by fold line 82 which is substantially
      parallel to the fold lines 46, 34, 36, 38, 40, 42 and 44. Construction of
      the remainder of the box is substantially the same. To form the reinforced
      handle, the handle panel 80 is folded over onto the panel 12 and secured
      thereto before the panels 14 and 12 are folded over onto the panel 20 as
      above described. If desired, to provide adequate room for the double
      thickness handle, a spacer flap 84, shown in dotted lines, may be
      releasably secured to the handle 80 in the same manner as the handle 12 is
      secured to the panel 14. The flap 84 would overlie and could be secured to
      the panel 14. If desired, the flap 84 could simply be an extension of the
      reinforcing panel 80 and would not be secured to the panel 14 but would
      slide with the handle.
PAR  The arrangement of FIG. 8 provides a further mode of reinforcing the handle
      and incorporates a pair of partial handle panels 86 located one one each
      side of the central handle panel and secured thereto by fold lines 88
      which are substantially perpendicular to the lines of connection 16
      between the panels 12 and 14. These partial panels 86 are folded on the
      lines 88 into overlying relationship with the panel 12 to provide a double
      thickness handle section.
PAR  In some cases it may not be desirable to secure the partition panel 22 to
      the top panel 18 by means of the flaps 48 thereby to free the whole of the
      top panel 28 for removal. Under such circumstances the modification shown
      in FIG. 9, for example, may be used. As shown, the flaps 48 have been
      replaced by a pair of flaps 90 (only one shown) which project laterally
      from but are free from connection with the panel 20. This flap 90 is
      foldably connected to a pair of connecting panels 92 and 94 by fold line
      96. The panel 94 is foldably connected to the panel 22 by fold line 98
      while the panels 92 and 94 are foldably interconnected by a diagonal fold
      line 100. In assembling, the flaps 90 would be adhesively secured to the
      flaps 60.
PAR  The modification of FIGS. 10 to 12 provides a sliding handle that is guided
      for vertical movement from its retracted position inside the carton to its
      extended position by a pair of lateral guides.
PAR  As shown in FIG. 10, the blank has been modified in that the envelope panel
      20', equivalent to panel 20 of the previous embodiment, is formed with a
      handle member 200 releasably secured thereto by a frangible line of
      weakness 202. This handle member 200 has lateral flanges 54' that are
      shorter than the lateral flanges 54. The ends of these flanges 54' are
      defined by lines of severance 204 which project substantially parallel to
      the end edges of the panel 20' beyond the flanges 54' and terminate at the
      fold line 34. The areas cross-hatched and designated as 206 in the drawing
      are removed from the blank as are the hand hole openings.
PAR  It will be seen that the handle 200 is received within an aperture formed
      in the envelope panel 20' by removal of the cross-hatched areas 206 and
      the end edges of the flanges 54' are received between the lines of
      severance 204. These lines of severance cooperate with the end edges of
      the flanges 54' to guide the sliding movement of the combined handle in a
      direction substantially parallel to these lines of severance 204.
PAR  In forming the carton from the blank of FIG. 10 the panels 14 and 12 are
      folded on fold line 46 so that the panel 12 completely overlaps the handle
      member 200 and is secured thereto by a suitable adhesive. As above
      indicated, the flanges 54 project beyond the ends of the flanges 54' and
      thus these projecting ends of the flanges 54 are in face-to-face contact
      with the surface of the panel 20'. This will be clearly seen from FIGS. 11
      and 12. When the next fold is made by folding on fold line 34 to position
      the panel 20' into overlying relationship with the panel 22, the handle 12
      is trapped between the panel 20' and the panel 22. The ends of flanges 54'
      and the lines of severance 204 cooperate to prevent end-wise movement of
      the handle, i.e. the lines of severance 204 in effect forms guides for the
      ends of flanges 54'. This arrangement securely holds the reinforced handle
      in position and permits same to slide substantially vertically while
      preventing the handle from twisting or moving in directions perpendicular
      to the direction of movement from its retracted to its operative position
      (see FIG. 13).
PAR  A similar guiding arrangement can be obtained by providing a reinforcing
      handle similar to the handle 80 in the FIG. 7 embodiment but having end
      flanges shorter than the flanges 54 and by removing from the panel 20 an
      area equivalent to the combined area of the areas 206 and the handle 200
      of the FIGS. 10-12 embodiment, so that the handle 80 after folding would
      fit into the aperture formed in the panel 20 in the same manner as the
      handle 200 and a similar guiding arrangement would be provided.
PAR  Also, the aperture formed by the areas 206 and thus the guide surfaces 204
      could be formed in the partition panel 22, however, this would require
      folding of the "reinforcing" handle on the opposite side of the handle.
      Similarly, the handle 200 could be formed in the partition panel 22 and
      this panel 22 modified in the manner of the panel 20' of the FIGS. 10 to
      12 embodiment.
PAR  Modifications may be made to the invention described herein without
      departing from the spirit of the invention as defined in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A blank adapted to form an interior partition within a carton and an
      extensible handle member, said blank comprising a handle panel having a
      hand section and abutment flanges, a securing panel, a line of weakness
      connecting said handle panel to said securing panel to permit said handle
      panel to be torn therefrom, an envelope panel, a partition panel, said
      securing panel and said partition panel being connected to said envelope
      panel by substantially parallel fold lines positioned one on each end of
      said envelope panel and a handle opening along said fold line connection
      between said partition panel and said envelope panel, said opening
      permitting the handle section to be pulled through said opening into a
      carrying position wherein said flanges engage said fold line connection
      between said envelope and partition panels when said blank is formed into
      an interior partition.
NUM  2.
PAR  2. A blank as defined in claim 1 further comprising a first bottom panel, a
      first side panel, a top panel, a second side panel and a second bottom
      panel foldably interconnected by a set of substantially parallel fold
      lines said first bottom panel being foldably connected by a fold line
      substantially parallel to said set of fold lines to the end of said
      partititon panel remote from said fold line connection between said
      envelope and said partition panels.
NUM  3.
PAR  3. A blank as defined in claim 1 further comprising a handle reinforcing
      panel foldably connected to said handle Panel.
NUM  4.
PAR  4. A blank as defined in claim 1 further comprising a handle reinforcing
      panel foldably connected to said handle panel by a fold line substantially
      parallel to said set of parallel fold lines and a spacer flap on said
      reinforcing handle panel.
NUM  5.
PAR  5. A blank as defined in claim 4 wherein said flanges project laterally of
      said reinforcing handle panel, an aperture in said envelope panel, side
      edges of said aperture being spaced substantially the same distance as the
      spacing between end edges on said reinforcing panel, said side edges and
      said end edges being positioned to cooperate in the formed blank so that
      said edges function as guide surfaces.
NUM  6.
PAR  6. A carton comprising means defined a top wall, bottom wall, side walls
      and end walls, and a longitudinally extending partition said partition
      including a partition panel, an envelope panel foldably connected to the
      end of said partition panel adjacent said top panel and positioned in
      spaced substantially parallel relationship with said partition panel, a
      securing panel foldably connected to the end of said envelope panel remote
      from its fold line connection to said partition panel, a handle panel
      having a handle section and abutment flanges, said handle panel connected
      to said securing panel via a line of weakness that may be broken when said
      handle is lifted to a carrying position, said securing panel and said
      handle panel being interposed between said envelope panel and said
      partition panel, means securing said securing panel to said partition
      panel, and a handle opening along said foldable connection between said
      partition panel and said envelope panel and means defining an access
      opening in said top walls through which said handle section may project
      when said handle is in a carrying position wherein said flanges engage
      said  fold line connection between said envelope and said partition panels
      and means connecting said partition panel to said walls.
NUM  7.
PAR  7. A carton as defined in claim 6 wherein said means connecting said
      partition panel to said walls comprises a fold line integrally connecting
      said partition panel to said bottom panel.
NUM  8.
PAR  8. A carton as defined in claim 7 further comprising tab means foldably
      connected to said partition panel and secured to said top wall.
NUM  9.
PAR  9. A carton as defined in claim 6 further comprising a handle reinforcing
      panel secured in face-to-face relationship with said handle forming panel
      to form a reinforced handle.
NUM  10.
PAR  10. A carton as defined in claim 9 wherein said handle reinforcing panel is
      narrower than said handle panel, guide surfaces on said partition adapted
      to cooperate with end edges of said handle reinforcing panel to guide said
      handle panel for movement between a retracted and said carrying position.
NUM  11.
PAR  11. A carton as defined in claim 10 wherein said guide surfaces are lateral
      edges of an aperture formed in said envelope panel.
NUM  12.
PAR  12. A carton as defined in claim 10 wherein said guide surfaces are formed
      by lateral edges of an aperture formed in said partition panel.
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ABST
PAL  A centrifugal separator having at least one sludge discharge passageway in
      the drum for emptying sludge from the separator, and a piston valve for
      the sludge discharge passageway which is held in the closed position by
      control fluid introduced into a piston valve closing chamber, and opened
      for discharge of sludge by discharging the control fluid through a release
      passageway outfitted with a release valve. To counteract the tendency of
      the drum to tilt when control fluid is discharged, due to uneven emptying
      of the control fluid from the control chamber, an annular chamber emptying
      into the release passage, is provided at a peripheral portion of the
      control chamber. Means such as a ring is interposed between the control
      chamber and the annular chamber. The ring serves to define a single
      annular passage or a plurality of circumferentially space passages,
      placing the control chamber and annular chamber in communication. The
      opening or openings throttle the flow of fluid from the control chamber to
      the annular chamber so that the control chamber emties evenly, with the
      level of control fluid in the closing chamber remaining concentric with
      the drum axis, during emptying of the control chamber. Thereby, the said
      tendency to tilt is counteracted.
BSUM
PAC  BACKGROUND
PAR  The invention relates to centrifugal separators, e.g., self-cleaning
      centrifugal separators having an axially displaceable piston or sliding
      valve which, upon the release of the control fluid from the closing
      chamber by means of an actuable release valve, is shifted to its open
      position under the pressure of the drum contents, thus uncovering an
      annular gap for the ejection of the solids. Such a drum is disclosed, for
      example, in German Pat. No. 2,041,371, and U.S. Pat. No. 3,754,701.
PAR  In drums of this kind a discharge or release passage leads from the
      radially outermost portion of the closing chamber to a release valve
      which, according to the position of the release valve body, connects this
      discharge passage to a passage leading out of the drum or separates it
      therefrom. Since experience shows that two or more valves cannot be
      operated synchronously, in general, only one release valve is provided.
PAR  After the emptying of the closing chamber has been initiated, it may happen
      that the slide valve will be tilted in its movement into the open
      position, which can be attributed only to the fact that the force acting
      on the sliding valve is not relieved uniformly over the entire
      circumference owing to the one-sided release of the closing fluid, i.e.,
      that the free fluid level in the closing chamber will not retain its
      concentric shape. Upon the abrupt release of the discharge passage, which
      has a relatively large cross section, a flow gradient and hence a pressure
      gradient will develop from the point diametrically opposite the release
      passage to the release passage, so that the sliding valve is acted upon
      more strongly from the closing chamber in the area remote from the release
      valve than in the area adjacent the release valve, and consequently
      assumes a tilted position.
PAC  THE INVENTION
PAR  The invention is addressed to the problem of designing a centrifugal
      separator, e.g., a self-cleaning centrifugal separator, having only one
      release valve for the release of the closing fluid, so that the closing
      chamber will be uniformly emptied over its entire circumference and hence
      the force acting on the sliding valve from this side will be uniformly
      relieved.
PAR  This problem is solved by the invention in that, in the area of the
      greatest diameter of the closing chamber, the adjacent stationary drum
      portion (stationary as far as movement in the direction of the drum axis
      is concerned) is provided with an annular chamber, which communicates with
      the closing chamber and its radially outermost end through an annular
      passage or through a plurality of passages uniformly distributed over the
      circumference; the release passage, which leads to the release valve,
      communicates at its inlet end with said annular chamber; and the entrance
      cross section of said release passage is greater than the cross section of
      the annular passage or than the sum of the cross sections of the plurality
      of passages as the case may be.
PAR  Most simply, this annular chamber with the annular passage or plurality of
      passages leading to the closing chamber may be constituted by an
      appropriately shaped ring to be inserted into a groove in the stationary
      part of the drum.
PAR  With the sliding valve and the release valve in the closed position, the
      closing chamber, the annular chamber and the release passage, up to the
      release valve, are completely filled with control fluid. Desirably the
      construction is such that when the release valve is changed to its open
      position the control fluid discharges from the annular chamber disposed in
      the stationary drum portion, through the release passage and the release
      valve, more rapidly than it flows through the annular passage or the
      plurality of spaced passages from the closing chamber into the annular
      chamber.
PAR  Since the closing chamber empties over virtually its entire circumference,
      the concentric shape of the free fluid level is preserved even if, in case
      of the use of a plurality of planetary of connecting passages, the same
      amount of fluid is not discharged through each one.
PAR  Any pressure gradient in the annular chamber due to the unilateral release
      of the closing fluid will have no effect on the sliding valve.
PAR  But to prevent the closing chamber from emptying more slowly than in a drum
      of the prior art, the annular passage or plurality of passages, as the
      case may be, must have at least the same total cross section as the
      release passage in the prior-art design. If one sets out from a drum of
      the prior art, the cross-section of the annular passage or plurality of
      passages is to be dimensioned accordingly and the release passage leading
      to the release valve must be made larger. This enlargement of the release
      passage without the drum construction of the invention would have the
      opposite effect, namely a greater distortion of the free liquid level in
      the closing chamber.
PAR  Thus, the invention is directed to a centrifugal separator comprising a
      rotatably mounted separator drum having at least one sludge discharge
      passageway disposed at the radially outward periphery of the drum; a
      piston valve disposed within the drum extending from adjacent the drum
      axis to adjacent the radially outward periphery of the drum, and being
      movable vertically to open and close the sludge discharge passagewqy(s)
      for desludging; a closing chamber in the drum disposed outwardly of the
      piston valve extending from adjacent the axis of the drum to adjacent the
      radially outward periphery thereof, defined in part by the axially outward
      side of the piston, for receiving and discharging control fluid for,
      respectively, forcing the piston valve to the closed position and
      relieving force initiating the moving of the valve to its open position; a
      release passageway communicating with a radially outwardly disposed
      portion of the control chamber for receiving control fluid from the
      control chamber for discharge thereof from the drum; and a release valve
      in the release passage for closing the passage for holding control fluid
      in the control chamber and opening the passage for discharge of control
      fluid from the control chamber. According to the invention, the separator
      is provided with an annular chamber in the drum concentric with the drum
      axis and interposed between the control chamber and the release passage
      for receiving control fluid from a periphery portion of the control
      chamber and conveying the control fluid to the release passage. Means are
      provided defining an annular passage or a plurality of circumferentially
      spaced passages between said peripheral portion of the control chamber and
      the annular chamber. The construction is such that with the release valve
      open, control fluid leaves the control chamber through said annular
      passage or through said plurality of spaced passages and the level of the
      control fluid is maintained concentric with the drum axis as the level in
      the control chamber moves radially outwardly so that tilting of the drum
      during emptying of the control chamber is prevented.
PAR  An embodiment of the invention is shown in the drawing.
DRWD
PAR  FIG. 1 is a partial cross section of the drum of the invention, wherein a
      plurality of spaced passages are used and
PAR  FIG. 2 is a top view of the ring to be inserted into a groove in the
      stationary drum portion, on a reduced scale.
DETD
PAR  The separator comprises a separator drum 14 which is rotatably mounted and
      has at least one sludge discharge passageway 15. The piston valve or
      sliding valve 1 is guided on its exterior on the stationary (with respect
      to the operating movement of the valve) drum portion 2 and is acted upon
      from above by the pressure of the drum charge and from below by the
      pressure of the closing fluid in the closing chamber 3. The closing
      chamber 3 is defined in part by the axially outward side 16 of the piston
      valve 1. In the area of the greatest diameter of the closing chamber 3,
      the adjacent stationary drum portion 2 is provided with an annular chamber
      4, which communicates with the closing chamber 3 at the radially outermost
      end through a plurality of uniformly, circumferentially spaced passages 5,
      and from which the release passage 7, which includes the release valve 6,
      begins.
PAR  With the closing chamber 3 filled and the release valve 6 closed, the
      sliding valve 1 is in the closed position and lies tightly against the
      sealing ring 8 in the opposite drum portion 9. Through a plurality of
      passages 5 formed by peripheral notches in ring 19 (FIG. 2), the annular
      chamber 4 and the release passage 7, up to the release valve 6, have also
      filled with control fluid.
PAR  After the release valve 6 has been opened by feeding a control fluid
      through line 11, the control or closing fluid located beneath the ring 10
      is more rapidly discharged through the release passage composed of passage
      7, valve 6, and discharge opening 13 than it flows into the annular
      chamber 4 through the plurality of passages 5 from the closing chamber 3.
PAR  Since the emptying of the closing chamber takes place over virtually the
      entire circumference, tilting of the sliding valve is no longer possible.
PAR  While the construction of the invention is especially effective where as is
      usual, there is but one release valve 6, it can be used in a drum having
      more than one release valve as it would compensate for any non-uniformity
      in the operation of the release valves.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a centrifugal separator comprising
PA1  a. a rotatably mounted separator drum having at least one sludge discharge
      passageway disposed at the radially outward periphery of the drum,
PA1  b. a piston valve disposed within the drum extending from adjacent the drum
      axis to adjacent the radially outward periphery of the drum, and being
      movable vertically to open and close the sludge discharge passageway(s)
      for desludging,
PA1  c. a closing chamber in the drum disposed outwardly of the piston valve
      extending from adjacent the axis of the drum to adjacent the radially
      outward periphery thereof, defined in part by the axially outward side of
      the piston valve, for receiving and discharging control fluid for,
      respectively, forcing the piston valve to the closed position and
      relieving force initiating the moving of the valve to its open position,
PA1  d. a release passage communicating with a radially outwardly disposed
      portion of the control chamber for receiving control fluid from the
      control chamber for discharge thereof from the drum,
PA1  e. a release valve in the release passage for closing the passage for
      holding control fluid in the control chamber and opening the passage for
      discharge of control fluid from the control chamber,
PAL  the improvement which comprises:
PA1  f. an annular chamber in the drum concentric with the drum axis and
      interposed between the closing chamber and the release passage for
      receiving control fluid from a peripheral portion of the control chamber
      and conveying the control fluid to the release passage, passageway means
      between said peripheral portion of the control chamber and the annular
      chamber such that with the release valve open, control fluid leaves the
      closing chamber through said passageway means so that the level of the
      control fluid is maintained concentric with the drum axis as the level in
      the control chamber moves radially outwardly so that tilting of the piston
      valve during emptying of the control chamber is prevented.
NUM  2.
PAR  2. Centrifugal separator according to claim 1, there being a plurality of
      circumferentially spaced passages between the control chamber and the
      annular chamber, the spaced passages being uniformly spaced.
NUM  3.
PAR  3. Centrifugal separator according to claim 1, wherein said passageway
      means is a ring interposed between the annular chamber and the closing
      chamber, which together with the drum defines openings which form said
      plurality of spaced passages.
NUM  4.
PAR  4. Centrifugal separator according to claim 1, there being only one release
      valve.
NUM  5.
PAR  5. Centrifugal separator according to claim 1, the cross sectional flow
      areas of said annular passage or said plurality of spaced passages, said
      annular chamber, and said release passage being such that, with the
      release valve closed and the closing chamber, annular chamber, and release
      passage, up to the release valve, filled with control fluid, when the
      release valve opens, control fluid discharges from the annular chamber and
      release passage, more rapidly than it discharges through the annular
      passage or plurality of spaced passages.
NUM  6.
PAR  6. Centrifugal separator according to claim 4, the drum including a chamber
      in which the separation takes place, the piston valve defining part of the
      chamber so that in operation the pressure of the drum contents tends to
      shift the piston valve to the closed position.
NUM  7.
PAR  7. Centrifugal separator according to claim 1, the drum including a chamber
      in which the separation takes place, the piston valve defining part of the
      chamber so that in operation the pressure of the drum contents tends to
      shift the piston valve to the closed position.
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ABST
PAL  Pressure cooking apparatus using a pressure container with a sensor of the
      temperature or pressure in the container adapted to control a timer when a
      given condition is reached, the timer acting on the heating unit after a
      given time has expired to stop the operation thereof.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to pressure cooking apparatus of the type in which
      pressure cooking is carried out using a pressure container, such as a
      pressure cooking pot or the like.
PAC  BACKGROUND
PAR  In pressure cooking using a pressure container, the major factors affecting
      the cooking are the application pressure and the time of pressure
      application.
PAR  If the application pressure is now considered, the same is required, from
      the viewpoint of safety, to be set to the minimum pressure necessary for
      cooking. Accordingly, for cooking various kinds of materials, it is
      required that the time of pressure application be adjusted and the cooking
      effected with the adjusted time of pressure application suitable for the
      particular material.
PAR  If, next, the case is considered in which a pressure application is to be
      effected, it is so arranged that atmospheric pressure within the pressure
      container, before heating is raised by heating to a set pressure and
      thereafter the pressure is held at this value by the opening of a pressure
      set valve.
PAR  Referring to FIG. 3, for example, if it is assumed that in the case of
      cooking beans in an ordinary container, which is not a pressure container,
      the internal temperature reaches 100.degree. C after 10 minutes and the
      cooking is completed by heating for about 120 minutes thereafter as shown
      by curve A. In the case where a pressure container is used, as shown by
      curve B, the internal temperature reaches 120.degree. C due to pressure
      application after the same 10 minutes, and the product is heated at
      120.degree. C for about 30 minutes thereafter and the cooking is finished
      at point a. In either of cases A or B, the time taken to raise the
      temperature to 100.degree. C or 120.degree. C varies depending on the
      amount of beans within the container or the intensity of the heating. If
      the time from the start of the cooking to the finish thereof is
      comparatively long as in case A, the cooking result is not materially
      changed if the entire cooking time is set by a timer. In case B, however,
      if the time from the start of the cooking to the finish thereof is set at
      a constant value by a timer, for instance, a large difference in the
      cooking result is produced if the time taken for the temperature to rise
      to 120.degree. C varies. Namely, it takes 40 minutes from the start of
      cooking to the finish thereof in case B, but if the time from the start to
      the finish is tentatively set at 40 minutes on a timer, in the case in
      which the temperature rises to the set temperature in 5 minutes as shown
      by curve C due to the fact that the material to be cooked is small in
      amount or the heating intensity is great, the cooking is finished after 35
      minutes so that overcooking results. In the case where the temperature
      reaches 120.degree. C after 20 minutes from the start of cooking as shown
      by curve D due to the fact that the material is large in amount or the
      heating intensity is low, the cooking is terminated 20 minutes after
      reaching 120.degree. C resulting in insufficient cooking. Consequently,
      the cooking time after the set temperature has been reached is required to
      be accurate. Thus, as far as the pressure container is concerned, if the
      entire cooking time is set by a timer, the cooking result will not be
      constant if the time taken to reach the set temperature varies depending
      on the amount of the material to be cooked or on the intensity of heating.
      Accordingly, these disadvantages can be overcome only if the cooking time
      after the set temperature or pressure is reached is accurately set.
PAR  If, the entire cooking time is now considered, the same can be shortened if
      it is so arranged that the time after the set pressure influencing the
      cooking result is reached is kept as proportionately long as possible
      while the time from the start of cooking to reaching the set pressure is
      made as proportionately short as possible.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide pressure cooking apparatus with
      means to overcome the disadvantages noted above.
PAR  The invention contemplates that proper cooking can be effected by starting
      a timer means simultaneously with the time when the set pressure is
      reached after the start of the cooking.
PAR  According to the invention there is provided pressure cooking apparatus
      using a pressure container comprising means for sensing when a pressure or
      a temperature within the pressure container reaches a set value upon
      heating of the pressure container, and a timer means connected to the
      sensing means to be started upon energization thereof and to finish the
      cooking after the passage of a set time on the timer means.
PAR  In further accordance with the invention there is provided a heating means
      for heating the pressure container, and means coupled to the heating means
      and timer means for stopping the operation of the heating means after the
      passage of the set time of the timer means.
PAR  In still further accordance with the invention the heating means includes
      means for establishing a low heat condition and a high heat condition,
      said heating means being changed over from the high heating condition to
      the low heating condition when the pressure or temperature within the
      pressure container reaches the set value.
PAR  According to a feature of the invention the sensing means comprises a first
      thermal sensitive switch which is set to operate at a comparatively low
      temperature, and a second thermal sensitive switch which is set to operate
      at a comparatively high temperature, the latter being arranged to stop the
      operation of the heating means when it is operated.
PAR  The heating means comprises a gas burner, a conduit connected to said gas
      burner, a first control valve and a second control valve connected in
      series with each other in said gas conduit, and a bypass passage small in
      diameter relative to said conduit connected in parallel with said first
      control valve, such that the first control valve is closed when the
      sensing means operates and the timer means is activated, and the second
      control valve is closed at the expiration of the operation of the timer
      means.
PAR  Preferably to avoid scorching, the second control valve is closed by the
      operation of the second sensitive switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front view, partly in section, of a pressure container used in
      this invention;
PAR  FIG. 2 is a front view, partly in section, of an apparatus according to the
      present invention;
PAR  FIG. 3 is a graphical diagram showing cooking conditions; and
PAR  FIG. 4 is a circuit diagram of the electrical components in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a pressure container used in one embodiment of a pressure
      cooking apparatus according to the present invention. Herein, a lid 3 is
      put on the container 1 through a seal 2, and a locking means (not
      illustrated) is applied thereto so that vapor or the like, does not leak
      through any gap between the container 1 and the lid 3 even when the
      internal pressure of the container 1 rises. The lid 3 is provided at its
      center portion with a pressure setting valve 4. This pressure setting
      valve 4 is a conventional type of safety valve in which pressure is set by
      a weight, and functions in such a manner that when the internal pressure
      of the container 1 reaches the set pressure, the valve 4 is opened thereby
      and exhausts excessive pressure vapor within the container 1 so that the
      interior of the container 1 is kept at the set pressure. The lid 3 is
      provided with another safety valve 5, so that if the foregoing pressure
      setting valve 4 should not open because of blocking of the valve opening
      or any other reasons, the safety valve 5 is opened to exhaust the excess
      pressure within the container 1 before the internal pressure of the
      container 1 increases to a dangerous value.
PAR  FIG. 2 shows an embodiment of apparatus according to the present invention
      and therein numeral 6 denotes a casing tightly secured to the bottom
      portion of the container 1, and fixed within the casing 6 are two
      detecting means in the form of first and second thermal sensitive members
      7, 8 each serving for detecting the temperature of the bottom portion of
      the container 1. The first sensitive member 7 is so arranged as to operate
      at a comparatively low temperature by detecting a temperature exhibiting
      indirectly and proportionally a temperature at the time when the pressure
      within the container 1 reaches the set pressure, and the second sensitive
      member 8 is arranged for a higher setting in which it operates when the
      temperature is further increased.
PAR  Numeral 9 denotes a main burner constituting a heating means for the
      container 1; numeral 10 denotes a gas conduit connected thereto. First and
      second control valves 11, 12 of electromagnetic type are interposed in the
      conduit in series with one another, and a bypass passage 13 is connected
      to conduit 10 in parallel with the first control valve 11, so that the
      burner 9 can be supplied with gas through the bypass passage 13 even when
      the valve 11 is closed. The bypass passage 13 is smaller in diameter than
      the gas conduit 10, so that the amount of gas flowing through the bypass
      passage 13 is smaller than that of gas supplied to the burner 9 when the
      valve 11 is open, and the passage 13 is determined to supply the minimum
      gas amount to maintain the internal pressure in the container 1 at the set
      pressure, as will be described hereinafter.
PAR  Numeral 14 denotes a conventional safety device and the same is mounted at
      a hose-connecting end portion of the gas conduit 10. If a push button 17
      of the safety device 14 is pushed, a valve within the device 14 is opened,
      whereby gas is supplied as far as the control valve 12 and at the same
      time issues from a pilot burner 15. If, accordingly, this gas is ignited
      in a suitable manner, a thermocouple 16 is heated by the flame at the
      burner 15 and electric current caused by a thermal electromotive force
      thereof passes through an electromagnetic coil within the device 14,
      whereby the valve of the safety device 14 is kept open even when the push
      button 17 is released. If the pilot burner 15 is extinguished for any
      reason and the thermocouple 16 cools down, the electromagnetic coil within
      the safety device 14 is deenergized and the valve in device 14 is closed
      to stop the gas supply.
PAR  Numeral 18 denotes a casing containing portions of necessary electric
      circuits, numeral 19 denotes a timer means comprising a timer switch,
      numerals 20, 21 and 22 denote pilot lights, and numerals 23 and 24
      respectively denote a power switch and a changeover switch. The circuit is
      shown in detail in FIG. 4.
PAR  By operating the foregoing safety device 14, the pilot burner 15 is fired
      and the thermocouple 16 is heated and thereby the valve of the safety
      device 14 opens. If, then, the power switch 23 is closed, electric current
      from a power source passes through the pilot light 20 to illuminate the
      same. If, then, the changeover switch 24 is changed over to a first
      cooking condition or state (cooking of the type in which water or fluid is
      to remain at the finish of cooking), the pilot light 21 is lit and the
      control valves 11, 12 are opened and gas supplied from a gas nozzle flows
      from the main burner 9 and is ignited by the pilot burner 15 and thus the
      container 1 is heated with a strong flame. Accordingly, the water, and
      other materials within the container 1 are heated and the internal
      pressure of the container increases. When the internal pressure of the
      container 1 reaches the set or prescribed pressure, the first thermal
      sensitive member 7 reaches the set temperature substantially
      simultaneously therewith, whereby the member 7 is closed and thereby a
      relay is operated to close only the first control valve 11 and at the same
      time the timer switch 19, which is previously set to a predetermined time
      period, is energized to start counting time. At this stage, gas flows into
      the burner 9 only through the bypass passage 13, so that the main burner 9
      is in a low fire condition and serves to heat the container 1 to such an
      extent that the internal pressure thereof does not drop below the set
      pressure. Thereafter, the control valve 12 is kept open until the set time
      of the timer switch 19 has expired, and the valve 12 is then closed and
      thereby the gas supply to the main burner 9 is completely stopped and the
      cooking is finished.
PAR  In the case of carrying out such a type of cooking in which excess water
      does not remain at the finish of cooking, such as in the cooking of rice,
      the changeover switch 24 is changed over to the other condition or state,
      whereby the pilot lamp 22 is lit and the two valves 11, 12 are opened and
      the burner 9 operates with a strong flame. When the first thermal
      sensitive member 7 reaches the set temperature, the valve 11 is closed to
      change the burner 9 to a weak flame condition. When this cooking is
      finished and the water within the container 1 becomes exhausted so that
      the temperature of the container 1 further rises, the second sensitive
      member 8 operates to close the valve 12 to stop the gas supply to the
      burner 9.
PAR  In the above embodiment, although the condition in which the pressure
      within the container 1 reaches the set pressure is detected by detecting
      the temperature rise at the bottom portion of the container 1, it is also
      within the ambit of one skilled in in the art to bring the burner into a
      weak flame condition when the internal pressure reaches the set pressure
      by detecting the pressure itself within the container 1 by any suitable
      means. However, the construction can be simplified if, as mentioned above,
      it is so arranged that the internal temperature at the time of the set
      pressure may be detected indirectly and proportionally at the outside of
      the container 1.
PAR  According to this invention, as described above, in cooking by heating
      various kinds of materials in a pressure container, a timer means is
      started from the point when it has detected that the pressure within the
      container has reached the set pressure so as to give a heating time
      suitable for the cooking material and the amount thereof, so that no
      influence is made on the cooking result even if the time taken to reach
      the set pressure or the set temperature is varied. Additionally, in the
      case of cooking in which water is to remain at the finish of the cooking,
      the second sensitive member 8 is also effective in operating before the
      water is evaporated, thereby avoiding scorching from taking place in the
      event of a mistake in the setting of the timer means.
PAR  The above explanation has been given in the case where the force of the
      fire is lowered when it reaches the set pressure or the set temperature,
      but it is of course possible to effect cooking with the same force of
      fire, for instance, by setting the timer switch 19 longer than the
      expected finish time of cooking.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Pressure cooking apparatus using a pressure container comprising sensing
      means for sensing when a pressure or a temperature within the pressure
      container reaches a set value upon heating of the pressure container, a
      timer means connected to the sensing means to be started upon energization
      thereof and to finish the cooking after the passage of a set time on the
      timer means, a heating means for heating the pressure container, and means
      coupled to the heating means and timer means for stopping the operation of
      the heating means after the passage of the set time of the timer means;
      said heating means comprising a gas burner, a conduit connected to said
      gas burner, a first control valve and a second control valve connected in
      series with each other in said gas conduit and a bypass passage small in
      diameter relative to said conduit connected in parallel with said first
      control valve, such that the first control valve is closed when the
      sensing means operates and the timer means is activated, and the second
      control valve is closed at the expiration of the operation of the timer
      means.
NUM  2.
PAR  2. Pressure cooking apparatus as claimed in claim 1, wherein the second
      control valve is closed by the operation of the second sensitive switch.
NUM  3.
PAR  3. Pressure cooking apparatus using a pressure container comprising sensing
      means for sensing when a pressure or a temperature within the pressure
      container reaches a set value upon heating of the pressure container, a
      timer means connected to the sensing means to be started upon energization
      thereof and to finish the cooking after the passage of a set time on the
      timer means, a heating means for heating the pressure container, and means
      coupled to the heating means and timer means for stopping the operation of
      the heating means after the passage of the set time of the timer means;
      said sensing means comprising a first thermal sensitive switch which is
      set to operate at a comparatively low temperature, and a second thermal
      sensitive switch which is set to operate at a comparatively high
      temeprature, the later said switch being arranged to stop the operation of
      the heating means when it is operated, said apparatus further including a
      common casing for said first and second thermal sensitive switches.
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ABST
PAL  An improved steam boiler system includes an automatic means for injecting
      cool water into a steam bound boiler feed pump. In a first embodiment a
      pressure sensitive check valve detects the drop of pressure in the steam
      bound pump and in response thereto directs a cool water mist into the high
      side of the pump, thus reinitiating its operation. According to a second
      embodiment, cool water is sprayed into the pump in response to a drop of
      the water level in the boiler. In both embodiments, a vent line is used to
      bleed the high side of the centrifugal pump to a condensate tank in
      response to a drop of pressure in the pump. The vent line may be bled
      through a check valve or directly through a manual valve. Additionally,
      both embodiments employ a pressure sensitive valve in the boiler feed
      line, which shuts off the pump flow to the boiler whenever the pressure in
      the boiler exceeds the pressure at the output of the pump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to steam generating systems in general and more
      specifically, to a system for automatically injecting a cool water mist
      into a steam bound boiler feed pump.
PAR  2. Background of the Invention
PAR  In a typical steam generator, a hot water boiler is fed by a centrifugal
      boiler feed pump. For a variety of reasons it is not unusual for such
      pumps to become "steam bound" and when this occurs, the efficienty of the
      boiler pump drops considerably. To overcome this condition, the steam
      plant operator often has to cool down the steam bound pump by applying
      cold water to its exterior housing. Several other approaches are discussed
      in the prior art. For example, Vogler U.S. Pat. No. 3,126,875 discloses
      injecting cold water into the intake side of a water pump in order to
      eliminate vapor lock therein. The cold water is injected into the pump in
      response to a pressure differential measuring device which monitors the
      pressure in a hot water tank. Similarly, British Pat. No. 343,385
      discloses injecting a second liquid into a centrifugal pump and calls for
      the liquid to be under pressure and to enter the pump through a plurality
      of nozzles located in the housing. Other prior art references of relevance
      include: Hariveau U.S. Pat. No. 1,581,204; Hutton U.S. Pat. No. 3,286,639;
      Jackson U.S. Pat. No.  3,504,986; German Pat. Nos. 304,763; 475,711; and
      556,579; and British Pat. No. 308,442.
PAR  Unfortunately, the techniques disclosed by the prior art are often
      complicated, both in structure and function. Since the problem of steam
      bound boiler feed pumps is common, a direct and straight-forward solution
      to this problem was sought. Additionally, the problem of steam bound pumps
      is frequently associated with low water boiler failures. For example, a
      total of 44 accidents occurred due to low water failures in power boilers
      during the period of January 1, 1973 through December 31, 1973 as reported
      by the National Board of Boiler and Pressure Vessel Inspectors. Those
      accidents resulted in four known injuries. Similarly, low water failures
      resulted in 78 accidents in heating boilers during the same period. These
      statistics only reflect reported insurance accidents and do not take into
      account factors such as lost production time and boiler damage repair
      cost. For example, if the boiler tubes burn out they must be replaced and
      the plant must be shut down during the replacement period. While not all
      low water failures are attributable to malfunctioning feed pumps,
      nevertheless, malfunctioning pumps are believed to be a significant factor
      in such difficulties. Therefore a means was sought which would prevent low
      water boiler failures due to steam bound pumps. This, of course, would
      increase the safety of steam generators and generally improve reliability.
      The factor of reliability is very important, since it is often necessary
      to have a complete steam generator system in standby condition ready for
      operation if the use of steam is critical. For example, a naval man of war
      in the attack condition; a petroleum oil cracking tower or a hospital must
      be able to maintain steam power under all conditions. By automatically
      eliminating the steam bound pump condition, it may be possible to
      eliminate the necessity of a secondary system in such steam generating
      operations. Therefore, from the safety and reliability point of view, the
      ability to automatically clear a steam bound boiler pump is a very
      important capability. It is believed that the present invention has
      applicability to a wide range of prior art steam generators, including
      stationary, marine, locomotive and portable boilers. Also, while a
      centrifugal pump is used as an illustrative example, it is to be
      understood that this system may be applied to many other pumps known in
      the prior art. It was in the context of the foregoing prior art that a
      simple, safe, efficient and reliable means was sought to solve the problem
      of steam bound boiler feed pumps.
PAC  SUMMARY OF THE INVENTION
PAR  A typical steam generating system generally includes at least: a steam
      boiler; a boiler feed line; a boiler pump; a pump suction line; a
      condensate receiver tank; and a heat radiating system connecting the
      boiler to the condensate tank. As discussed previously, the problem of
      steam bound boiler feed pumps contributes to the danger and inefficiency
      of prior art systems. To solve these problems, a means is added to a
      conventional steam generating system that automatically reinitiates the
      operation of a steam bound boiler feed pump. According to one embodiment,
      the pump includes a plurality of cold water inlet pipes controlled by a
      pressure sensitive check valve. The valve serves to spray the high
      pressure side of the pump when the pressure drop therein signals a steam
      bound condition. At the same time, a pressure sensitive weighted check
      valve opens to allow steam to return to the reservoir. This allows the
      steam trapped in the high side of the pump to escape, thereby allowing the
      pump to clear. According to a second embodiment, the steam bound pump is
      injected with a cold water spray in response to a predetermined low water
      level in the boiler. However, in the second embodiment, the weighted check
      valve will open and vent the steam at a point in time prior to injecting
      the cold water spray. Both embodiments include the vent pipe feature which
      bleeds the high pressure side of the pump to the condensate tank. In both
      cases the vent line may be bled, either through a check valve or through a
      manual valve. Additionally, both embodiments include a check valve feature
      in the boiler feed line which isolates the boiler from the steam bound
      pump.
PAR  Other advantages of the present invention will be more clearly understood
      in reference to the following drawings.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the present invention in which the cool
      water injection to the steam bound pump is controlled by a check valve;
      and
PAR  FIG. 2 is a schematic diagram of another embodiment of the present
      invention in which the cool water injection is controlled by a demand
      on/off boiler water level detector.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  During the course of this description, like numerals will be used to refer
      to like elements in the different drawings.
PAR  A water feeder type of steam generating system is schematically described
      in FIG. 1. According to one embodiment of the present invention, the water
      feeder system includes the following basic components:
PAR  A condensate tank 1; a suction line 3; a centrifugal boiler feed pump 5; a
      boiler feed line 14; a boiler or steam generator 17; and a heat radiating
      system 32, which returns the steam from the boiler 17 to the condensate
      tank 1.
PAR  The water level in the condensate tank 1 is numerically shown as 2 and this
      defines the boundry between the liquid and air phase of the reservoir. In
      a typical operation, the temperature of the condensate tank is
      approximately 180.degree.F. This higher temperature is desirable because
      it increases the overall efficiency of the system due to lower heat loss.
      In the context of a steam generating plant it would be desirable to raise
      the reservoir temperature to 180.degree.F or more in order to increase
      efficiency. Unfortunately, a steam plant operator has so many other duties
      that it is difficult for him to maintain such a high temperature. The
      reservoir temperature cannot be kept at a higher temperature without
      constant monitoring of the generating equipment since at elevated
      temperatures, such as 180.degree.F, the water is more likely to flush into
      steam in the pump. However, if the self clearing system of the present
      invention is employed, the condensate tank temperature can safely be
      raised up to 180.degree.F or above without additional supervision. It is
      estimated that for each 11.degree.F increase in boiler heat there is a 1%
      increase in overall plant efficiency. Therefore, an increase of from
      140.degree.F to 180.degree.F can improve plant efficiency by about 3.6%.
PAR  The liquid phase of condensate tank 1 is connected via suction line 3 to
      the low pressure side of centrifugal pump 5. A manual valve 4 in suction
      line 3 serves to control the flow into the pump. Valve 4 can be used to
      isolate the pump for purposes of repair.
PAR  Centrifugal pump 5 includes a plurality of ports 6 located around the high
      side or outside periphery of the pump housing. Several of the peripheral
      holes 6 are connected by a vent line 7 to the air phase of condensate tank
      1. Vent line 7 represents a collection of 1/4 inch o.d. tubes which serve
      to bleed the steam in a steam bound pump 5 back to condensate tank 1. The
      steam or vapor from the pump is automatically bled through a check valve
      8. Check valve 8 might typically be a spring loaded or weighted type of
      check valve. A bypass test valve 9 runs in parallel with check valve 8 and
      provides a manual control over line 7. Valve 8 may also be used to test
      the condition of the high side of the pump. If pump 5 becomes steam bound,
      the pressure at port 6 will drop. When this is the case, the weighted
      check valve 8 opens and allows the pump to automatically bleed the steam
      away from the housing and back to the condensate receiver. This has
      several advantages. One advantage is that the operation of the pump may be
      cleared automatically if the steam phase within the pump can be bled back
      to the reservoir or to atmosphere. Another advantage is that the reservoir
      can collect the hot water which otherwise would be wasted and spilled on
      the floor. In typical prior art applications, a special bleed valve 10 and
      line might be installed in the pump and this is used to manually bleed the
      pump. However, by using an automatic check valve in a vent line to the
      condensate tank, this operation becomes automatic with no loss of water
      and no danger to the operator of the equipment. In short, the pump
      automatically clears itself when it becomes steam bound. The hole 6 in the
      periphery of the housing are often made during the pump manufacturing
      process for the purpose of placing test valves, gauges, bleeder lines and
      the like on the high pressure side. Alternatively, of course, holes or
      ports 6 may be specially drilled into the high pressure side of the pump
      in order to provide access thereto.
PAR  Boiler feed line 14 includes a pump pressure gauge 11, pump check valve 12,
      manual pump valve 13, manual boiler valve 15 and boiler check valve 16.
      Pump check valve 12 is typically a flap type valve and serves to shut off
      the flow in line 14 whenever the steam pressure in boiler 17 exceeds the
      output pressure of boiler feed pump 5. Check valve 16 also performs the
      same function. The operation of pump check valves 12 and 16 is very
      important in that when the pump 5 becomes steam bound they prevent the
      water from the boiler from backing up into the pump and also cause the
      vapor pressure build up in the pump to be vented through vent line 7 into
      the condensate tank 1.
PAR  Boiler 17 includes a liquid phase 19 and a steam phase 18. An equalizer
      pipe 20 connects the boiler 17 to a water level gauge 22 and water level
      detector 21. The function of water control 21 in FIG. 1 is to turn off the
      boiler heating mechanism if the level of the water in the boiler drops to
      a dangerously low level. In that regard, three water levels indicated as
      A, B, C on gauge 22 are of importance.
PAR  Level A is the level at which water is to be maintained in generator 17 at
      all times. If the firing cycle begins the level of water 19 will drop
      below level A. This causes a known mechanism to introduce make up water
      into generator 17 through valve 30. The mechanisms used to activate valve
      30 are well known to those of ordinary skill in the art. The foregoing
      class of operation is knows as a feeder type system. The level B may be
      connected to a pre low water alarm, however, the use of such an alarm is
      not absolutely necessary in the invention of FIG. 1.
PAR  Level C is the level at which the controller 21 causes the boiler heater
      mechanism to turn off the heat to the boiler because the level of the
      water in the boiler is becoming dangerously low. Additionally, a low water
      alarm may be used in conjunction with Level C to signal the steam
      generator operator that the boiler has reached a critical stage. The
      specific types of water controller 21 will be discussed in more detail
      with reference to the demans on/off type of embodiment of this invention
      (FIG. 2).
PAR  An additional feature incorporated into this particular embodiment is the
      automatic cool water mist injecting means 23-26. The means includes a
      source of high pressure cool water 23 which is connected through pressure
      sensitive check valve 24 to a plurality of cool water input feed lines 26
      connected to periphery ports 6 in the housing of boiler feed pump 5. A
      manually operated bypass valve 25 is connected in parallel with check
      valve 24 in the same manner that bypass valve 9 is connected in parallel
      with check valve 8. Both bypass valves 9 and 25 may be of the globe type
      variety and can be manually operated in order to bypass the functions of
      check valves 8 and 24 respectively. In operation, when the pump 5 becomes
      steam bound the high side of the pump loses pressure and therefore the
      check valve 24 opens up to inject a cool mist of spray into the steam
      bound section of the pump from cool water source 23. The mist is typically
      injected in the form of a spray so as to reduce the possible danger from
      thermal shock. This is important because thermal shock can seriously
      damage the interior components of pump 5.
PAR  In normal operation, the pump 5 feeds condensate water from tank 1 into
      boiler 17 via suction line 3 and boiler feed line 14. In the course of
      operation, the pump is continuously pumping water. The flow of water from
      the pump 5 into the generator 17 is controlled by valve 30. Valve 30 opens
      up in proportion to the demand of the feeder mechanism. If the generator
      needs water then valve 30 opens up, but if it does not need water valve 30
      closes and more excess water is returned to condensate tank by line 31.
      The water continuously cycles from pump 5 back to condensate tank 1 until
      valve 30 opens up. Therefore, it is clear that in the feeder type
      operation valve 30 feeds the generator in response to the need of the
      boiler. If, during the course of operation, the temperature of the water
      in the centrifugal pump 5 increases to the point where the pressure and
      volume of that water cause it to flash into steam, then the pump becomes
      steam bound and can no longer pump water into the boiler 17. When the pump
      becomes steam bound, several things occur. Immediately, due to the
      relatively higher boiler pressure, the check valve 12 will close, thereby
      preventing any flow of fluid into boiler 17. At the same time, check valve
      8 will open up causing the trapped steam in the high pressure side of the
      pump 5 to be bled into the air phase of condensate tank 1 via vent line 7.
      Additionally, cool water will be sprayed into the pump from cool water
      source 23 via check valve 24 and inlet lines 26. This serves to cool down
      the pump and automatically reinitiate its operation. The steam generated
      by the cool water is automatically removed via line 7. The advantages of
      this procedure are that it immediately responds to the steam bound
      condition in the pump as opposed to responding to a condition outside of
      the pump. This greatly decreases any time lag and greatly increases the
      safety factor associated with low water level failures. If, however, the
      water in the boiler should reach the critical Level C, then water
      controller 21 will automatically turn off the heat supply to boiler 17.
PAR  While Levels A and C are very important to the functioning of the system,
      an intermediate Level B can be added for extra protection. Level B would
      preferably be a pre low water alarm which can warn the steam generator
      operator of functional problems prior to automatic shut off of the boiler
      at Level C.
PAR  It will be noted that the approach taken by this particular embodiment
      differs from methods such as those disclosed in the Vogler patent in that
      such prior art approaches depend upon conditions external to the pump to
      cause the pump to be cooled down with water. In contrast thereto, this
      particular arrangement allows the pump to be immediately quenched with a
      cool water mist in response to the internal condition of the pump rather
      than in response to the external indicators in other parts of the system.
PAR  Another embodiment of the present invention is disclosed in detail with
      reference to FIG. 2 wherein elements with like numbers will refer to the
      same elements as discussed with regard to FIG. 1. FIG. 2 discloses a
      demand on/off type of system in which the cooling of the pump 5 is
      controlled by the operation of the water level control 21. According to
      this embodiment, cool water sprayed into the high pressure side of pump 5
      is controlled by a solenoid valve 27 which, in turn, is responsive to
      controller 21. Check valve 24 serves to protect solenoid valve 27 from
      high pressures. According to the embodiment of FIG. 2, Leval A indicates
      the level at which the controller 21 causes pump 5 to turn off and stop
      feeding water to the boiler. Level B is that level which causes pump 5 to
      begin operation and to feed water into the boiler. Level C is the same
      heating system shut off level as described with reference to FIG. 1. The
      solenoid valve can be turned on at either Level B or Level C. This
      particular type of embodiment has the advantage in that it allows a time
      lag to take place between the time that check valve 8 opens and bleeds
      steam to condensate tank 1, via line 7 and the time that the pump 5 is
      quenched by cool water from cool water source 23. Since the water level
      control 21 is an important part of this embodiment, a discussion of the
      different types of suitable water level controls is desirable.
PAR  In general, there are three different types of prior art water level
      controls. There is a float-magnet type of control in which a ferrous
      plunger controls the on-off activity of a mercury type switch. A second
      type of low water control is known as the float-linkage type in which a
      float connected to a lever will determine whether or not a mercury switch
      opens or closes a burner or pump circuit. Typical of the float-linkage
      type of level control is the McDonnel and Miller high pressure control
      model Numbers 150 or 150 -M. This particular model includes two mercury
      switches, one of which is connected to a low water alarm circuit. In the
      feeder type system of FIG. 1, only one switch is necessary for use with
      the low water alarm circuit. A second switch is not required. However, a
      second switch can optionally be used as a pre low water alarm if so
      desired. In the second embodiment one switch is used as a low water alarm
      and the other switch is used to meet the water demand of the steam
      generator. Finally, a third type of conventional water level cutoff device
      is the electrode probe type. Typical of this mechanism is the model 4L
      Powermasters which includes a plurality of electrodes which correspond to
      the Levels A, B, C previously described with reference to controller 21.
      Obviously, from the foregoing, it is clear that a wide variety of
      conventional water level detectors can be used in conjunction with the
      invention herein described.
PAR  In typical operation of the demand on/off type of system, the pump 5 again
      feeds water to the boiler 17 according to the command of level detector
      21. If the pump becomes steam bound, then check valve 12 closes and check
      valve 8 opens up to bleed some of the steam trapped within pump 5 back to
      condensate tank 1. Hopefully, the bleeding of the steam through vent line
      7 will be sufficient to reinitiate the operation of the steam bound pump
      5. However, if this does not occur, then the water level in boiler 17 will
      continue to drop until such point that the water level control 21 will
      cause solenoid valve 27 to open and to flush the steam bound interior of
      pump 5 with cold water from source 23. As discussed before, the operation
      of solenoid valve 27 can be initiated at either Level C or Level B. Check
      valve 24 protects solenoid valve 27 from the high pressure of the pump
      during normal operation. Moreover, the operation could be initiated at any
      arbitrary level if a third mercury switch is added to the appropriate type
      of water level control. The important point is that the pump is not
      flushed with cool water immediately after becoming steam bound, but is
      only flushed with water after the bleed line 7 has had a chance to try to
      clear the pump. If the bleeding or steam from the pump via line 7 does not
      do the trick, then the cooling of the pump by the cool water injection
      method should be sufficient to reinitate pump operation.
PAR  While the invention has been described in terms of two embodiments, it will
      be understood by those of ordinary skill in the art that certain
      modifications are possible without departing from the spirit of the
      invention. For example, in both FIGS. 1 and 2, a simplified heating system
      32 is illustrated as connecting the boiler 17 to the condensate tank 1.
      Obviously, a wide variety of steam utilization devices could be employed
      instead. For example, a steam operated engine or a more complicated and
      elaborate heat exchanging system would also be suitable in the context of
      the present invention.
PAR  As discussed previously, the cold water vapor mist is injected into the
      high pressure side of the centrifugal pump. Some of the prior art
      discusses injecting cool water in the low pressure side but for a variety
      of reasons this approach is not completely satisfactory. For one reason,
      it is desirable to inject cold water into the high pressure side of the
      pump because there is a better mixing of fluids and consequently a faster
      cooling of the housing and the impellor. Also, many centrifugal pumps
      already have holes bored in their outer housing in which bypass lines or
      the like may be installed. It is possible to take advantage of these
      premade holes for the cool water injection and the steam bleed technique
      disclosed herein. Of course, additional holes could be drilled in the high
      pressure side of the outer pump housing if such holes are required. But it
      should be kept in mind that cool water could be sprayed into the low
      pressure side of the pump even though that approach is not as satisfactory
      as supplying the cool water mist to the high side of the pump.
      Accessability to the interior of the pump is important because it allows
      the automatic mist injection means to respond automatically to conditions
      inside the pump as opposed to outside the pump. This is one feature that
      distinguishes the present invention from other prior art approaches
      because, in the water feeder type of mechanism disclosed in FIG. 1, the
      cool water mist is sprayed into the high pressure side of the pump in
      response to the interior condition of the pump and not the exterior
      condition.
PAR  By spraying the cold water mist directly into the inside of the pump, it is
      possible to remove a greater number of heat B.T.U.'s from the system than
      by dousing the outside of the pump with cold water as tought in the prior
      art. The cold water mist turns to steam when it impinges upon the hot
      interior and the hot steam is almost immediately removed through check
      valve 8 and vent line 7. This direct method of heat removal is considered
      to be a much more efficient and effective means of cooling down a steam
      bound pump than was known heretofore.
PAR  The major advantage of the foregoing invention is that a pump in the steam
      bound condition can automatically correct itself without external, manual
      control. Also, the system has the secondary advantage of being
      self-priming. The system is self-priming because the condensate reservoir
      1 is above the level of pump 5. Since this is the case, water will always
      flow into pump 5 whenever there is a need. In many prior art systems, the
      boiler feed pump has to be manually primed in order to initiate operation.
      Another advantage of this system is that by bleeding the steam from pump 5
      back to the condensate tank 1 via line 7 the system as a whole does not
      loose any pressure. In contrast to this approach, a common prior art
      technique has been to bleed the steam from the pump to the atmosphere.
      This technique can lead to significant losses in pressure. According to
      the present invention the more vent lines 7 that can be connected to pump
      5 the faster and more efficiently pump 5 can be cleared of steam.
PAR  One possible improvement of the invention would be the addition of a
      constantly open small bleed line to replace line 7 and valves 8 and 9. A
      constantly open bleed line has the advantage of automatically clearing a
      steam bound pump but has the disadvantage of lowering effective head
      pressure. Such an approach is deemed to be much less desirable than the
      approaches described with reference to FIGS. 1 and 2.
PAR  While the invention has been paricularly shown and described with reference
      to embodiments thereof, it will be understood by those skilled in the art
      that various changes in form and detail may be made therein without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved steam boiler system comprising:
PA1  a steam boiler;
PA1  a centrifugal pump for pumping water into said boiler, said pump having a
      low pressure input side and a high pressure output side;
PA1  a boiler feed line connecting said pump to said boiler;
PA1  a condensate tank for supplying water to said centrifugal pump;
PA1  a suction line connecting said condensate tank to said pump;
PA1  a heating system for passing steam from said boiler back to said condensate
      tank; and,
PA1  an automatic cool water injecting means for injecting cool water into said
      pump when said pump is in the steam bound condition, said automatic cool
      water injection means including:
PA2  a source of relatively cool water;
PA2  a cool water input line means connected between said source of cool water
      and the high side of said pump; and,
PA2  a first pressure sensitive valve means for passing water to said cool water
      input line means whenever the pressure in the high side of said
      centrifugal pump drops below the pressure of said source of cool water.
NUM  2.
PAR  2. The system of claim 1, further including:
PA1  a vent line connecting the high pressure side of said pump to said
      condensate tank; and
PA1  a second pressure sensitive valve means for allowing steam to pass through
      said vent line whenever the pressure in the high side of said pump falls
      below a certain predetermined level.
NUM  3.
PAR  3. The system of claim 2, further including a third pressure sensitive
      valve means for shutting off the flow to the boiler whenever the pressure
      at the output of the pump falls below the pressure in the boiler, said
      third pressure sensitive valve means being located in said boiler feed
      line.
NUM  4.
PAR  4. The system of claim 3, further including:
PA1  a water return line connecting said boiler feed line to said condensate
      tank.
NUM  5.
PAR  5. The system of claim 4, wherein said first and second pressure sensitive
      valve means include bypass valves in parallel therewith.
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ABST
PAL  A method of dispersing warm fog by forming a hygroscopic solution composed
     f urea and ammonium nitrate in water and spraying said solution into the
      fog cloud to be treated.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The deleterious effects of fog and low stratus on military activities are
      well known. Any capability to modify unfavorable weather has potential
      benefits for many segments of the military and civilian community.
      Research and development activities to modify warm fog have been conducted
      for more than three decades. The classical works with sprayed calcium
      chloride solution pointed a way to fog clearance. Nevertheless, the
      concepts of hygroscopic treatment of dry fog were not sufficiently
      developed in ensuing years to generate a reliable system. During World War
      II the heavy traffic of military aircraft at fog-bound bases in the United
      Kingdom led to the development and use of drying by thermal systems the
      direct application of the heat of combustion of petroleum fuels. Although
      this method did clear fog, there are many drawbacks, including immobility,
      cost, maintenance, pollution by smoke and water vapor, and the hazards of
      open flames near runways. The use of jet engines as a heat source has also
      been tested with varying results in warm fog. Although engineering
      developments might remove some of the drawbacks of a thermal system, one
      fundamental limitation remains. Each site where fog clearance is needed
      would require its own installation. Under most tactical conditions in the
      field, a capability is needed to take the treatment to the fog. A number
      of pyrotechnics generating ice nuclei have been developed for modifying
      cold clouds and cold fogs, also chemical smokes which theory suggests may
      have effects in warm clouds and fogs. The pyrotechnics used were of two
      general types: (1) airborne fused units, which are electrically fired and
      burned in place in a horizontal rack mounted behind the aircraft wing; and
      (2) large cylindrical units, which are burned on the ground. The present
      invention provides a method for injecting seeding nuclei of hygroscopic
      liquids into warm fog and stratus to give operationally useful clearings
      whereby an aircraft could take off or land.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a method of dispersing warm fog.
PAR  In accordance with the present invention a hygroscopic solution comprising
      urea and ammonium nitrate dissolved in water in a ratio of from about 9:1
      to 14:1 by weight solids-to-water was dispensed at the top of fog at
      approximately 1,500 feet. Vortices, troughs, and depressions occurred in
      the solution seeded areas.
PAR  For a better understanding of the invention several full tests are
      described introducing the hygroscopic solution into a fog cloud.
PAR  The composition of the test solutions used therein is set out as follows:
TBL                TABLE I                                                     
     ______________________________________                                    
     HYGROSCOPIC COMPOSITION                                                   
     Solution  Urea      Ammonium Nitrate Water                                
     ______________________________________                                    
      9:1      3         4                0.78                                 
     12:1      3         4                0.58                                 
     ______________________________________                                    
PAR  The solution was dispensed at the top of the fog (about 1,500 feet) on
      three tests. On one test with 9:1 solution, two sets of seeding passes
      were made wherein the aircraft sprayed solution one at 200 feet below the
      fog top and one at the top. When all the solution was dispersed at fog-top
      level, good results were obtained. Vortices, troughs, and depressions
      occurred in the seeded area. Another set of seeding passes were made using
      the 12:1 solution and ground observers reported a hole through which the
      sun could be seen after seeding.
PAR  A B-25 aircraft was modified by the addition of an agricultural-type
      spraying system for dispensing the present hygroscopic solution.
      Wind-driven pumps feed booms under each wing. A storage tank holds 1,000
      gallons, but weight limits reduce usable loads to a lesser amount,
      depending on solution density. A solution of 4 parts by weight ammonium
      nitrate to 3 parts by weight urea was found to be promising, and
      solids-to-water ratios of as high as 14:1 were achieved for the chemically
      pure solution in the vicinity of 10 to 15.degree. C.
PAR  Test results shown in Table II below indicate that the combination of urea
      and ammonium nitrate in a solids-to-water ratio of 9:1 yields a solution
      that is more effective than saturated solutions of the following single
      components: Ammonium nitrate, urea, sodium chloride, and calcium chloride.
      Water alone produces virtually no effect.
TBL                TABLE II                                                    
     ______________________________________                                    
     Airborne Results with Hygroscopic Sprays                                  
     in Warm Fog or Stratus Clouds                                             
     ______________________________________                                    
                     Total tests by type                                       
                                    Average                                    
     Material                       effective-                                 
                   Minor   Large    ness index                                 
                                    (No.                                       
                   effects effects  of tests)                                  
     ______________________________________                                    
     Ammonium nitrate solution                                                 
                     0         7        1.6 (5)                                
     Ammonium nitrate/urea/water                                               
     (9:1 solution)  0         9        2.3 (7)                                
     Calcium chloride solution                                                 
                     0         1        1  (1)                                 
     Sodium chloride solution                                                  
                     1         1        1  (1)                                 
     Urea solution   0         3        1.5 (2)                                
     Water (river)   4         0        --                                     
     Water (sea)     0         1        0  (1)                                 
     ______________________________________                                    
PAR  The ammonium nitrate/urea/water system exhibits more solubility and
      hygroscopicity than either single-solute solution. It is a fertilizer and
      is noncorrosive to most metals, protected surfaces, and animal tissue.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for dispersing a warm fog which comprises spraying into said
      fog a composition comprising, on a molar ratio, about 1 mole urea and
      about 1 mole ammonium nitrate, with from zero to 5 moles of water, wherein
      the amount of water for said composition comprising two said compounds is
      at least one-half mole.
NUM  2.
PAR  2. The method of claim 1 wherein said method comprises about 1 mole of
      urea, 1 mole of ammonium nitrate and at least about one-half mole water.
NUM  3.
PAR  3. The method of dispersing a warm fog which comprises spraying into said
      fog fine droplets of a fluid comprising two compounds, urea and ammonium
      nitrate, wherein said fluid comprises less water than that required to
      form saturated solutions of said individual compounds.
NUM  4.
PAR  4. The method of claim 3 wherein the molar ratio of said compounds to water
      is approximately 1:0.25 to 2.5.
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ABST
PAL  A vortex generator including a heat source in the base of a cylindrical
      member with a circular ringwing in the shape of an airfoil which is lifted
      upward and then impulsively released to move rapidly downward and thus
      generate a vortex behind it. The vorticity in the core of the vortex is
      highly concentrated and moves rapidly upward through cloud cover. A strong
      light in the center of the vortex will shine to great heights making it
      especially useful as an airport beacon or the like. When the invention is
      used with a chimney, the effluents therein are caused to proceed rapidly
      upward through atmospheric obstacles such as thermal inversions which have
      been cleared by the action of the vortex.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      United States Government for governmental purposes without the payment of
      any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for generating hot vortex rings of
      highly concentrated vorticity and, more particularly the invention is
      concerned with providing a means for generating and propelling vortex
      rings through cloud cover or atmospheric obstacles to create a column of
      relatively clear air through which a light may be projected or through
      which smokestack effluents may be propelled.
PAR  It is a well known fact that it is more dangerous to land an aircraft at
      times of limited visibility especially low ceiling night time conditions.
      Under these adverse conditions, presently available beacons must be
      extremely powerful in order to be seen by the pilot and most times the
      aircraft must be brought to low altitudes before visual contact can be
      made with the lights on the landing runway.
PAR  It would be most desirable to provide a means for penetrating the low
      ceiling with the airport beacons so that the pilot could see the outline
      of the airport runway from relatively high altitudes and thereby
      accurately guide the aircraft from early in the landing approach. Thus, it
      can be seen that presently available unaugmented systems of high intensity
      lights would be significantly improved if the effective penetration of the
      light beacon could be substantially increased. The hereinafter described
      invention accomplished this desirable result.
PAR  Now considering the use of the invention on a chimney or smokestack, it
      should be noted that the structures are built to great heights in an
      attempt to carry effluents into the upper atmosphere far away from the
      earth's surface. In certain areas, particularly those subject to
      relatively frequent thermal inversions, many times the effluents become
      trapped in the lower atmosphere and pollute the earth's surface even
      though they are released at the outlet of a chimney of great height. Thus,
      it would be desirable to provide a means for propelling the effluents in
      the chimney through a greater distance before being overcome by viscosity.
      In this way shorter smokestacks could be used even on days when their use
      would ordinarily cause widespread pollution at ground level. The
      hereinafter described invention shows a means for greatly reducing the
      amount of ground level pollution by enabling the smokestack effluents to
      penetrate atmospheric obstacles such as thermal inversions.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a cloud cannon suitable for use as an
      airport beacon or as a means for clearing the atmosphere during the
      release of effluents through a chimney. The basic feature of the device is
      a vortex generator which includes a circular ringwing which is impulsively
      accelerated downward and thus produces a circular starting vortex ring
      with highly concentrated vorticity. The ringwing is essentially an airfoil
      formed in a circular shape. The starting vortex behind such a device has
      been shown to contain highly concentrated vorticity and thus persist for
      large distances.
PAR  Accordingly, it is an object of the invention to provide a cloud cannon
      capable of generating hot vortex rings of highly concentrated vorticity.
PAR  Another object of the invention is to provide an airport beacon wherein
      vortex rings are propelled through a cloud cover to produce a column of
      relatively clear air. A strong beam of light is projected along this
      column and thus acts as a beacon to position aircraft about an airport in
      times of low visibility and especially when instruments are inoperable or
      faulty.
PAR  Still another object of the invention is to provide a vortex ring generator
      suitable for attachment to a chimney for the purpose of propelling the
      effluents to a higher altitude before they disperse. The novel generating
      process produces a vortex ring of highly concentrated vorticity which
      enables the ring to be transported to much higher altitudes before being
      dispersed by viscosity.
PAR  A further object of the invention is to provide a vortex ring generator of
      highly concentrated vorticity wherein the high temperature rings can be
      generated in variable sizes not dependent upon the size of the exit where
      the fluid is expelled.
PAR  Another further object of the invention is to provide a cloud cannon
      including a vortex ring generator with an airport beacon for mounting on a
      truck bed enabling its use as a helicopter beacon as well as other remote
      mobile service operations.
PAR  Another still further object of the invention is to provide a vortex ring
      generator including a ringwing in the shape of a circular airfoil which is
      impulsively accelerated downward by means of springs thereby producing a
      strong starting vortex behind it.
PAR  These and other objects, features and advantages will become more apparent
      after considering the following description taken in conjunction with the
      annexed drawings and appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the apparatus according to the invention;
PAR  FIG. 2 is a side view of vortex ring generator showing the shaped ringwing
      and the spring arrangement used to accelerate it downward to create the
      vortex;
PAR  FIG. 3 is a cross-sectional view of the device taken along the line 3--3 of
      FIG. 1;
PAR  FIG. 4 is a view partially cutaway to show details of one mechanism which
      can be used to raise the ringwing;
PAR  FIG. 5 is a side view in detail of the motor driven chain and carrier arm
      which lifts the ringwing and releases it when it reaches the top of its
      stroke;
PAR  FIG. 6 is an alternative means for driving the ringwing with compressed air
      or steam;
PAR  FIG. 7 is a detail view of the channel arrangement by which the ringwing is
      guided;
PAR  FIG. 8 is a top view of the vortex generator attached to a chimney top;
PAR  FIG. 9 is a side view of the vortex generator attached to a chimney top;
      and
PAR  FIG. 10 is a view in cross-section taken along the line 10--10 of FIG. 8.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, FIGS. 1, 2 and 3 depict one embodiment of
      the cloud cannon vortex ring generator which is especially useful as an
      airport beacon. The invention includes a circular cylinder 13 containing a
      heat source enclosed by a circular ringwing 15 mounted on a mechanism
      which impulsively accelerates the ringwing 15 downward or forward in terms
      of the airfoil cross-sectional shape of the ringwing 15. The downward
      acceleration is accomplished by four springs 17 situated about the
      circumference of the ringwing 15.
PAR  The ringwing 15 is carried upward by a suitable mechanism and upon release
      thereof, it rapidly descends and creates a strong starting vortex behind
      it. The vorticity within the core of this vortex is highly concentrated
      and the vortex moves rapidly upward. A chain of vortices thus produced
      causes the hot air produced by the heat source such as a gas burner, for
      example, to rise in a column above the deivce. A lamp located in the
      center of the heat source shines through the column of clear air thus
      produced. In addition, different lamp colors can be used to distinguish
      various beacons.
PAR  Some details of the mechanisms used to raise the ringwing 15 into position
      are shown in FIGS. 4, 5, 6 and 7. In FIGS. 4 and 5, the mechanism is
      basically a motor driven chain 19 with a carrier arm 21 attached. Each
      carrier arm 21 is hingedly attached to the chain 19 and catches one of the
      support arms 23 of the ringwing 15 at its lowest position. The ringwing 15
      is thus raised until the wheel 25 on the carrier arm 21 reaches the top of
      the stop 27 at which time the arm 21 drops away and the ringwing 15
      rapidly descends, generating the vortex behind it. The frequency of the
      generating process may be regulated by adjusting the speed of the chain
      drive.
PAR  An alternative method of driving the ringwing 15 is shown in FIG. 6. In
      this case the driving force is supplied by compressed gas or steam. To
      raise the ringwing 15, high pressure gas is introduced through port 29 and
      introducing the gas into port 31 lowers the ringwing 15. A detail of the
      track 33 for either driving mechnism is shown in FIG. 7.
PAR  The apparatus may also be applied at the end of a chimney and impulsively
      moved downward or forward in terms of the airfoil cross-section of the
      ringwing 15 to generate a starting vortex which then proceeds upward,
      causing the chimney effluents to do the same. The device is shown in FIGS.
      8, 9 and 10. The ringwing 15 is placed with its leading edge directed
      downward. The springs 17 are attached to the leading edge at four
      positions as shown in FIG. 10. The ringwing 15 is raised and released
      periodically to generate vortex rings.
PAR  It should be noted that the hereinbefore described cloud cannon, whether
      used as an airport beacon or on a chimney, can be alternately constructed
      by mounting the ringwing 15 inside the circular cylinder 13 or chimney.
      The driving mechanism is essentially the same except that it is mounted
      inside the cylinder.
PAR  Although the invention has been illustrated in the accompanying drawings
      and described in the foregoing specification in terms of preferred
      embodiments thereof, the invention is not limited to these embodiments or
      to the particular configurations mentioned. It will be apparent to those
      skilled in the art that my invention produces a vortex ring having highly
      concentrated vorticity and the vortex ring is much hotter than the
      conventional ring which is produced by a pressure pulse over a circular
      opening. The classical method of producing vortex rings allows the fluid
      in the circular opening to mix with the ambient fluid while the jet is
      being formed. Also, the process of formation takes place over a length
      scale approximately equal to the length scale of the opening. Therefore,
      the conventional ring has neither the concentrated vorticity nor the high
      temperature core characteristics of the vortex generator according to my
      invention.
PAR  It should be understood that various changes, alterations and
      substitutions, particularly with respect to the construction details, can
      be made in the arrangement of the several elements without departing from
      the true spirit and scope of the appended claims.
CLMS
STM  Having thus described my invention, what I claim and desire to secure by
      Letters Patent of the United States is:
NUM  1.
PAR  1. A vortex ring generator for use in clearing atmospheric obstacles in the
      path thereof, said vortex generator comprising a circular cylinder having
      a heat source in the base thereof, a ringwing surrounding the upper
      portion of said circular cylinder, and means for periodically raising and
      rapidly lowering said ringwing at a predetermined frequency rate to create
      a vortex therebehind, said vortex being highly concentrated for rapid
      upward movement thereby clearing the atmosphere for relatively great
      distances above the vortex generator.
NUM  2.
PAR  2. The vortex ring generator defined in claim 1 wherein said ringwing is
      configurated in the shape of an airfoil.
NUM  3.
PAR  3. The vortex ring generator defined in claim 2 wherein the means for
      raising and lowering said ringwing includes a motor driven chain on said
      circular cylinder for periodically raising said ringwing to a position at
      the open upper end of said cylinder and a plurality of springs for rapidly
      lowering said ringwing.
NUM  4.
PAR  4. The vortex ring generator defined in claim 2 wherein the means for
      raising and lowering said ringwing includes a plurality of double-acting
      hydraulic cylinders operatively connected to said ringwing, such that the
      introduction of fluid under pressure to one end of said hydraulic
      cylinders causes said ringwing to move upward and the introduction of
      fluid under pressure to the other end of said hydraulic cylinders causes
      said ringwing to move rapidly downward.
NUM  5.
PAR  5. The vortex ring generator defined in claim 2 wherein a light source is
      positioned in the lower end of said circular cylinder, said light shining
      through the atmosphere above said circular cylinder cleared by said vortex
      thereby serving as an airport beacon.
NUM  6.
PAR  6. The vortex ring generator defined in claim 2 wherein said circular
      cylinder operates as a chimney and said vortex generator is attached to
      the upper portion thereof, thereby clearing the atmosphere to allow
      effluents from the chimney to reach relatively great heights after being
      propelled by the vortex.
PATN
WKU  039400611
SRC  5
APN  5062004
APT  1
ART  313
APD  19740916
TTL  Electrostatic spray gun for powder coating material
ISD  19760224
NCL  5
ECL  1
EXP  Ward, Jr.; Robert S.
NDR  2
NFG  5
INVT
NAM  Gimple; James J.
CTY  Toledo
STA  OH
INVT
NAM  Lasley; Charles T.
CTY  Toledo
STA  OH
INVT
NAM  Rogers, Daniel M.
CTY  Toledo
STA  OH
ASSG
NAM  Champion Spark Plug Company
CTY  Toledo
STA  OH
COD  02
CLAS
OCL  239 15
XCL  239105
XCL  239291
EDF  2
ICL  B05B  502
ICL  B05B  128
FSC  239
FSS  3;15;290;104;291;105
FSC  317
FSS  3;262 R
UREF
PNO  2302289
ISD  19421100
NAM  Bramston-Cook
XCL  317  3
UREF
PNO  2504117
ISD  19500400
NAM  Downs
XCL  239291
UREF
PNO  2743963
ISD  19560500
NAM  Peeps
OCL  239290
UREF
PNO  3061198
ISD  19621000
NAM  Kerr et al.
XCL  239 15
UREF
PNO  3179849
ISD  19650400
NAM  Schweriner
UCL  317  3
UREF
PNO  3292860
ISD  19661200
NAM  Williams et al.
XCL  239  3
UREF
PNO  3332623
ISD  19670700
NAM  Gallant
OCL  239105
UREF
PNO  3473735
ISD  19691000
NAM  Drum
XCL  239  3
UREF
PNO  3630441
ISD  19711200
NAM  Felici et al.
XCL  239  3
UREF
PNO  3659151
ISD  19720400
NAM  Fabre
XCL  239  3
FREF
PNO  339,943
ISD  19590900
CNT  CH
OCL  239105
FREF
PNO  1,325,474
ISD  19630300
CNT  FR
OCL  239290
FREF
PNO  1,524,334
ISD  19680400
CNT  FR
OCL  239290
LREP
FR2  Owen; Allen
ABST
PAL  The invention relates to an electrostatic spray gun for the deposition of
      powdered coating material characterized by an improved deposition
      efficiency and provided with a multi-stage, trigger operated control that
      permits spraying at a plurality of conditions that may be preselected by
      the operator. An axially disposed needle charging electrode is used and an
      axial air flow passage surrounds the same to reduce any troublesome
      accumulation of powder on the needle under all spraying conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Spray guns for the electrostatic deposition of powdered coating materials
      generally comprise an insulating barrel through which an air-borne stream
      of the solid particles flows to be charged electrostatically either within
      a spray cap carried by the barrel or upon issuance therefrom. Various
      forms of charging electrodes have been proposed and almost without
      exception have been less efficient than necessary and have frequently been
      subject to the accumulation of powder particles where the electrode
      protrudes into the powder stream at the discharge end of the gun. If the
      electrodes are outside the powder stream or spray pattern the charge on
      each of the spray particles is low and the charging process is
      inefficient. If the electrode is disposed within the spray pattern there
      is a tendency to accumulate powder on the electrode which then blows off
      in globs and causes spots or other defects in the coating. This is
      especially true if the electrode is of a convoluted or complex shape. The
      present invention has as one of its features the provision of a needle
      electrode within the spray pattern which is constantly washed and kept
      clean by a surrounding air stream of such low volume that it will not
      disturb the spray pattern. The velocity of the shielding or washing air
      stream is kept high for best effectiveness, as the air shield must persist
      for the full length of the needle.
PAR  Electrostatic powder spray guns are frequently used to coat relatively
      complex parts which include not only large flat surfaces but also interior
      corner areas and separated elements such as ribs or bars. It is well known
      that the large flat surfaces will accept an electrostatically charged
      powder at a high rate so that the air flow through the powder pump and the
      resulting powder flow through the gun may be high. If an air stream is
      used to expand or otherwise shape the powder stream by imparting, for
      example, a whirling motion thereto then the volume of air in this vortex
      forming stream should be high when the powder carrying air flow is high.
      Conversely, if the electrostatic spray gun is being used to coat a portion
      of the work that requires only a low powder flow such as an interior
      corner or an isolated bar or rib then the powder flow should be at a lower
      volume and the volume of the vortex forming air stream may be
      correspondingly reduced. Thus the operator has certain choices of spraying
      conditions that he would like to be able to make prior to the start of a
      spraying operation.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The invention provides an electrostatic powder spray gun and associated
      control system in which coating powder is taken from a fluidized supply at
      different rates. For example, when a low powder flow rate is desired the
      operator sets a regulator valve on the panel which when actuated by a
      first parallel air circuit gives the desired low rate. This first "low
      rate operation" is then caused to function when a first pilot valve is
      closed and bringing about a low powder flow and a low dispersing air flow.
      Hereafter such dispersing or pattern shaping air will be referred to as
      "vortex air" since in the spray gun shown the powder is discharged into an
      air vortex which expands the spray pattern as the vortex air flow
      increases and permits the discharge of a more concentrated pattern when
      the vortex air flow decreases. The operator also sets a second regulator
      valve on the panel which, when actuated by a second parallel air circuit,
      gives a desired higher rate. When a second pilot valve operates, pilot
      valves admitting higher powder flow and higher vortex air pressure are
      operated responsively. This establishes high flow conditions under which a
      greater quantity of powder is fed to the gun and dispersed by the greater
      flow of vortex air into a larger pattern for coating larger portions of
      the work such as flat wall areas. Having analyzed a particular workpiece
      for its area requiring "low flow" and its other areas requiring "high
      flow" the operator can move quickly from one to the other as he sprays
      repetitively a succession of similar parts conveyed in front of him
      through a spray booth. Each change from high flow to low flow and vice
      versa is under the influence of the gun trigger and causes the proper
      change in feed pressure and vortex air pressure to the gun. A regulator
      valve in the gun and controlled by the gun trigger is used to operate the
      pilot valves back at the panel which control the regulators that were
      preset by the operator.
PAR  In the past there has been no opportunity to correlate the rate of powder
      feed and the pattern shaping or dispersing air pressure without making an
      individual panel adjustment each time a change was made.
PAR  The spray gun of the present invention is provided with a nozzle assembly
      which is constructed entirely of insulating material except for an axially
      disposed charging electrode. A voltage of many kilovolts is imposed on the
      charging electrode and the work is usually grounded so that a very intense
      electrostatic field is set up in the region of the charging electrode. The
      field intensity is best maintained when the electrode is essentially bare
      and which thus makes it highly desirable to prevent the accumulation of
      powder on the electrode which would act to insulate it, thus reducing its
      effectiveness. The accumulation of powder on the electrode also results in
      the further disadvantage in that the accumulated powder blows away from
      the electrode in globs and tends to deposit on the work in relatively
      undispersed masses. This may result in spots and other irregularities on
      the work which are undesirable and may even cause rejection of the
      workpiece. The present invention provides a shielding air stream which
      constantly flows rapidly over the electrode in an axial direction and
      prevents the accumulation of powder thereon to any troublesome extent. The
      electrode shielding air is taken preferably from the inlet air to the
      spray gun ahead of the trigger control regulator. The volume of air used
      in the electrode shielding is very low, amounting in a preferred design to
      only about 0.2 cfm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIGS. 1 and 2 when joined together along line A--A show a central vertical
      sectional view of a powder spray gun constructed in accordance with the
      present invention, the handle of the gun being broken away;
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 2; and
PAR  FIG. 5 is a control diagram for the spray gun, in accordance with the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  An electrostatic spray gun and control system therefor is shown in the
      drawings, and the barrel portion shown in FIGS. 1 and 2. These figures are
      to be considered as joined axially. The gun comprises a tubular barrel 10
      made of an insulating material and carrying a spray cap 11 mounted in a
      front barrel portion 14 to which the barrel 10 is screwed on the outside
      and the spray cap 11 on the inside. As seen in FIG. 2, the barrel 10 is
      connected to a rear barrel portion 20 to which various conduits for
      electrical energy and air are connected and which is carried by a grounded
      metallic handle 13.
PAR  As indicated in FIG. 2 the rear barrel portion 20 has a first passage 22
      therein to which a powder hose 23 is connected at the rear and a powder
      tube 24 is connected at the front. The tube 24 terminates at the front
      barrel portion 14 and its contents are discharged into a central powder
      passage 25 in the spray cap 11. This powder carrying air stream passes
      around a diffuser assembly indicated generally at 26 which is carried
      centrally of the powder passage 25 and which, in turn, carries a needle
      charging electrode as hereinafter described. The charging electrode is
      surrounded with an air washing passage which will also be described later.
PAR  At the rear of the gun handle portion 13 provision is also made for a
      connector element 27 in the rear barrel portion 20 to which an air tube 28
      is connected, as well as the powder hose 23 as above described. Within the
      air tube 28 there is contained a high voltage charging cable 29, and a
      ground wire which has been omitted and the function of which is indicated
      merely by the conventional designation for grounding the handle 13. Within
      tube 28 there is also a small inlet air control line 30, and an outlet
      control line 31 as seen in FIG. 4. The tube 28 itself contains air at a
      suitable pressure for supplying the vortex passages of the gun as will be
      hereinafter described.
PAR  The inlet air line 30 connects radially to a gun passage 32 which carries
      air to supply the air washing passage and also connects to an annulus 33
      formed as a groove in the rear barrel 20, from which annulus there is a
      radial passage 32a leading to the rear of a regulator valve 34 contained
      in the handle portion of the gun. The regulator itself is shown best in
      FIG. 2.
PAR  The gun regulator 34 comprises a spring pressed ball valve 35 adapted to be
      moved away from its seat by a stem 36 carried by a spring pressed piston
      37, the piston, in turn, being operated by a trigger 38 and an operating
      stem 39 connected to a cup 40 which is connected by a spring 41 to the
      piston 37. A small air relief passage 42 is drilled through the piston 37
      and connects to an exhaust passage 43 so that there is a bleed flow of air
      through the regulator from the control air outlet line 44 when the valve
      35 is on its seat. The air at regulated pressure, dependent on the
      pressure imposed by the trigger on the spring 41 then, appears beneath the
      valve 35 and at an internal passage 44 which connects to an annular
      passage 45 and, in turn, a radial passage 46. The radial passage 46 is
      drilled in the rear barrel portion 20 and connects to the control air
      outlet tube 31. The tube 31 carries control air at a pressure determined
      by the position of the trigger 38 and, hence, the force against the
      regulator ball valve 35. The pressure of the control air is at the command
      of the gun operator and is used to determine whether the gun operates at
      the first or second condition of operation hereinafter described.
PAR  The vortex air passage constitutes a drilled passage 47 (shown in dotted
      lines) leading from the interior of the tube 28 into an interior tubular
      passage 48 through the rear gun barrel 20. This passage communicates with
      the space 49 within the tubular barrel of the gun where it passes
      forwardly to the front barrel assembly.
PAR  The front barrel assembly 14, as shown in FIG. 1, receives the powder tube
      24 and a tube 32b which connects to passage 32 leading from the air supply
      as hereinafter described to carry the air washing air supply. The spray
      cap 11 has disposed therein a series of vortex air passages which are
      designated 50. These passages enter the central powder gun discharge
      passage 25 tangentially thereof and cause the powder-carrying air stream
      to assume a whirling movement as is known in the art. The air for the
      vortex air passages is taken from the vortex air space 49 within the
      barrel by suitable connections 51-52 in the front barrel portion 14 and
      the spray cap 11.
PAR  As stated above, the central diffuser assembly 26 is carried by a series of
      radial spokes 53 depending from the front barrel assembly 14. Electrode
      shielding air is taken from the main air inlet tube 30 via tube 32b and
      thence through a forwardly directed passage 54 in the front barrel portion
      14 and then a radial passage 55 in one of the supporting spokes 53 of the
      diffuser assembly. The electrode air passage itself comprises a small
      forwardly directed air passage 56 in the center of the diffuser assembly
      26.
PAR  A charging electrode 60 comprises a needle element which is supported in
      the diffuser assembly 26 and which is connected by any suitable electrical
      connections 61 to a resistor 62 which is sealed within a tube 63 and which
      connects at its rear end to the high voltage cable 29 which extends
      through the rear barrel assembly 20 and is carried within the tube 28. The
      entire interior of the tube 63 is filled with an epoxy base dielectric gel
      to reduce any tendency of sparking and to seal the resistor in its
      housing. The high voltage wire or cable 29 returns to the control system
      hereinafter described.
PAR  The control system of the present invention comprises a plurality of
      parallel control circuits each of which is independently adjustable on a
      single control panel and each of which, thereafter, is selectively
      actuated from the spray gun regulator valve. Each circuit comprises a
      pilot operated air valve which is made responsive to a selected pressure
      at the will of the operator, and a number of function valves operated by
      each pilot valve. The function pilot valves control air flow from
      regulators adjusted by the operator and in the present embodiment are
      arranged to control vortex air and material feed. Once the operator has
      set up certain main regulators at the panel, further control is
      accomplished from the spray gun by depressing the trigger to impose a
      greater or lesser pressure on the pilot valves.
PAR  Referring now to FIG. 5, the various tubular connection are there shown as
      lines extending to and from the rear barrel portion 20 of the spray gun
      and are numbered as in FIG. 2. These tubes include the powder-air mixture
      tube 23, the trigger regulator air inlet line 30, the control air outlet
      line 31 which carries air away from the gun body at regulated pressure,
      and the vortex air tube 28. The high voltage wire 29 is also indicated.
PAR  The powder supply system comprises a tank 65 in which a body of powder is
      maintained in a fluidized condition by air passing into the tank from an
      air line 66 beneath a porous separator as is known in the art. Powder is
      discharged from tank 65 by an inductor 67 immersed in the fluidized powder
      mass as is also known in the art. An air line 69 supplies air to the
      inductor 67 at a suitable pressure from the central system hereinafter
      described.
PAR  The trigger outlet air line 31 connects to each of the paralleled pilot
      valves, two in the form shown, being numbered 73 and 74. Each pilot valve
      is normally closed, but opens in response to the appearance of an adjusted
      pressure at its operating end. The valves per se are conventional. In the
      diagram it is assumed that valve 73 operates at a lower pressure than the
      second pilot valve 74. For example, valve 73 may be preset to open at a
      pressure of from 15 psi. to 25 psi., while valve 74 may be preset to
      operate at a pressure of between 20 psi. and 40 psi. When the second pilot
      valve 74 operates the function valves 75 and 81 associated with the first
      pilot valve do not close, but are simply overriden.
PAR  The function valves that are controlled by the first pilot valve 73
      comprise a low material feed valve 75 which controls a regulated air
      pressure from the main air line 70 by a connection 76, the regulator
      therefore being indicated at 77. Regulator 77 is adjustable, and its
      adjustment is made by the operator to determine the material feed required
      under the first spraying condition as hereinafter described. The valve 75
      is normally closed, but is shown in the open position in FIG. 5. A second
      function valve that operates in response to opening valve 73 comprises a
      normally closed valve 78 which, when opened, passes air to a pneumatically
      operated switch (not shown) for the DC power supply 79, the output of
      which is connected to the high voltage cable 29.
PAR  A third function valve operated by pilot valve 73 comprises a "low vortex
      air flow" valve 81, which when opened, passes air from an adjustable low
      vortex air regulator 82 to a main vortex air regulator 83 and thence to
      the vortex air line 28. The main vortex air regulator 83 is a diaphragm
      regulator in which the air output pressure depends on the magnitude of the
      air pressure imposed on one side of the diaphragm, the output pressure
      appearing on the other. Adjustment of regulator 82 determines the level of
      flow of vortex air at the first spraying condition.
PAR  A fourth function valve operated by the pilot valve 73 comprises a material
      shut-off comprising a normally open valve 84 which, when opened, cuts off
      the flow of powder from the source by imposing a pressure on a
      pneumatically closed valve 85 within the powder tank 65 adjacent the
      upstream end of the powder channel of inductor 67. When valve 84 is
      closed, the air exhausts from valve 85 and the powder flow will thereafter
      take place at a rate determined by the operator by adjustment of a
      material feed air regulator valve 90. The regulator 90 is a pneumatically
      responsive valve which has its output pressure controlled to a level
      determined by the pressure on one side of its diaphragm as the case with
      the vortex air pressure regulator 83.
PAR  The second pilot valve 74 operates in response to a predetermined higher
      pressure in the control air outlet 31. There are two function valves (in
      the embodiment shown) that operate in response to an opening of the second
      pilot valve 74. These are, first, a high vortex air control valve 95, and
      a high material feed valve 96. Valve 95 controls the passage of air from
      an adjustable high vortex air regulator 97 to the main vortex air
      regulator 83. Valve 96 controls air from a high material feed regulator 98
      which is also adjustable and which determines the pressure imposed on the
      diaphragm of regulator 90 when it is opened. Thus, regulator 90 passes air
      at a first pressure determined by regulator 77 (low material feed) or by
      pressure determined by regulator 98 (high material feed). Adjustment of
      regulators 77 and 98 are made at the control panel of the system.
      Similarly, the main vortex air regulator 83 passes air at a first pressure
      determined by regulator 82 (low vortex air flow) or at a second pressure
      determined by regulator 97 (high vortex air flow). Both regulators 82 and
      97 are mounted on the control panel.
PAC  OPERATION
PAR  The operator first determines the nature of the part to be sprayed and
      decides whether it contains small areas that require low vortex air
      spraying conditions which will produce a narrow spray stream, and to what
      extend the part contains large flat surfaces that are best sprayed with a
      high vortex air flow which produces a larger spray pattern.
PAR  The operator then adjusts the low material feed regulator 77 and thus
      selects the quantity of material to be fed from the tank 65 to the tube
      28. At the same time he makes an adjustment of regulator 82 to provide the
      vortex air flow required properly to produce the pattern at low material
      feed that the part requires. The first pilot valve 73 operates in response
      to the trigger regulator and determines when the low material and low
      vortex air flow function valves 75 and 81 are to be opened.
PAR  The operator next makes a selection of the high vortex air regulator 97 and
      a similar adjustment of high material feed regulator 98 to determine the
      spraying conditions that apply when the gun is being used to coat larger
      or flat surfaces. The second pilot valve 74 operates in response to
      further adjustments of the trigger and determines the onset of the high
      spraying conditions. As previously noted the first pilot valve 73 may be
      turned on at, for example, 15 psi. from the trigger regulator through line
      31 and the second pilot valve 74 may be turned on at, for example, 25 psi.
      from line 31 and the trigger regulator 34.
PAR  During the first set of spraying conditions when the first pilot valve 73
      is moved to its open position the air from the low material feed regulator
      77 passes through line 76, function valve 75 into the regulator 90 where
      it appears on one side of the diaphragm of this regulator. Air from the
      main line 70 then passes into line 69 and into the inductor 67 at
      regulated pressure. At the same time air from the low vortex regulator 82
      is passed by the second function valve 81 to appear at the diaphragm of
      the vortex air regulator 83 which then passes air at the lower selected
      pressure from the main line 70 to the vortex air line 28.
PAR  The third function valve 84 operated in response to pilot valve 73 actuates
      the material inlet valve 85 and permits fluidized powder to flow into the
      inductor 67.
PAR  The operator is then in a position to spray at the low vortex air
      conditions with a low material feed rate which he has adjusted.
      Thereafter, if the operator wishes to spray at a higher feed rate and with
      a higher vortex air flow the trigger 38 is depressed still farther toward
      the gun handle increasing the pressure in the trigger regulator outlet air
      line 31 which then acts on valve 74. The second pilot valve 74, as above
      noted, controls two function valves; namely, the high vortex air valve 95
      which passes air from the adjusted regulator 97 to the diaphragm of the
      vortex air regulator 83 and, secondly, valve 96 is opened to pass air from
      the high material feed regulator 98 to the diaphragm of the material feed
      regulator 90. The flow of material is then increased and the vortex air
      flow is also increased so that the gun sprays a larger quantity of
      material over a wider pattern than previously existed.
PAR  Under either spraying condition the DC power supply is controlled by
      function valve 78. The AC power supply is turned on and off by a manual
      switch S.
PAR  Appropriate check valves are interposed in the system to prevent feedback
      from the function valves of one circuit to the other.
PAR  It will be noted that as soon as the system is turned on air appears in the
      trigger regulator inlet air line 30 and passes immediately through the
      passage 56 around the needle electrode so that the needle electrode 60 has
      a constant flow of shielding or washing air around it. This electrode than
      stays without any substantial accumulation of powder on it which would
      interfere with the excellence of the coating deposited by the gun.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electrostatic spray gun for the deposition of powdered coating
      material, said spray gun having a support means for an axial electrode,
      said electrode extending forwardly from said support means, a power supply
      to apply a charging voltage to said axial electrode to create an
      electrostatic field thereabout, means to discharge an air supported stream
      of powder coaxially with and around said electrode support means, means to
      supply an air stream to shape said powder stream to a desired
      configuration, and means to supply a flow of air axially through said
      support means in surrounding shielding relationship to said charging
      electrode, said air being caused to flow rapidly along the length of said
      electrode.
NUM  2.
PAR  2. The combination of elements defined in claim 1 and means to start the
      flow of said air stream around the electrode prior to spraying.
NUM  3.
PAR  3. The combination of elements defined in claim 1 in which said means to
      supply a flow of air around said electrode operates constantly whenever
      said electrode is charged.
NUM  4.
PAR  4. In a control system for an electrostatic spray gun for the deposition of
      powdered coating material, said spray gun having an axial electrode, a
      power supply to apply a charging voltage to said axial electrode to create
      an electrostatic field thereabout, means to discharge an air supported
      stream of powder through said electrostatic field, and means to supply an
      air stream to shape said powder stream to a desired configuration, the
      improvement comprising:
PA1  an adjustable air regulator to control the quantity of powder delivered to
      said gun under one condition of operation;
PA1  a second adjustable air regulator to control the quantity of powder
      delivered to said gun under a second condition of operation;
PA1  a third adjustable air regulator to control the pressure of pattern shaping
      air delivered to said gun under a first condition;
PA1  a fourth adjustable air regulator to control the pressure of pattern
      shaping air delivered to said gun under said second condition of
      operation;
PA1  a first pilot valve to connect and cause the actuation of said first and
      third regulators in circuit with said gun;
PA1  a second pilot valve to connect and cause operation of said second and
      fourth regulators in circuit with said gun; and
PA1  means carried by said gun and under the control of the operator to actuate
      said first and second pilot valves successively.
NUM  5.
PAR  5. In a control system for an electrostatic spray gun for the deposition of
      powdered coating material, said spray gun having an axial electrode, a
      power supply to apply a charging voltage to said axial electrode to create
      an electrostatic field thereabout, means to discharge an air supported
      stream of powder through said electrostatic field, and means to supply an
      air stream to shape said powder stream to a desired configuration, the
      improvement comprising:
PA1  an adjustable air regulator to control the quantity of powder delivered to
      said gun under one condition of operation;
PA1  a second adjustable air regulator to control the quantity of powder
      delivered to said gun under a second condition of operation;
PA1  a third adjustable air regulator to control the pressure of pattern shaping
      air delivered to said gun under a first condition;
PA1  a fourth adjustable air regulator to control the pressure of pattern
      shaping air delivered to said gun under said second condition of
      operation;
PA1  a first pilot valve to connect and cause the actuation of said first and
      third regulators in circuit with said gun;
PA1  a second pilot valve to connect and cause operation of said second and
      fourth regulators in circuit with said gun;
PA1  means carried by said gun and under the control of the operator to actuate
      said first and second pilot valves successively; and
PA1  means to supply a constant flow of air in surrounding shielding
      relationship to said charging electrode, said air being caused to flow
      rapidly along the length of said electrode.
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ABST
PAL  A moisture pod comprised of a flexible, porous water reservoir is enveloped
      in a water-impervious, flexible sheath. Registrating apertures in each of
      the reservoir and sheath allow water vapor to emanate from the pod to
      provide a stagnant, humid environment for a perishable comestible product
      when the moisture pod is packaged therewith, the apertures formed to
      preclude direct liquid water contact with the product.
PARN
PAR  This is a continuation of application Ser. No. 394,809, filed Sept. 6, 1973
      now abandoned, which in turn is a division of Ser. No. 280,746, filed Aug.
      15, 1972, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the conditioning of food and
      like products and, more particularly, to the preservation and/or
      rejuvenation of perishable comestibles for the purposes of extending the
      life of such products and enhancing their appearance and fresh, natural
      flavor.
PAR  2. Description of the Prior Art
PAR  It is of course well known in the prior art to provide for the preservation
      or protection of foodstuffs and similar perishable comestibles which
      typically become dehydrated, wilted or the like over prolonged periods of
      storage. Conventionally, various refrigeration techniques are thus
      employed to either prevent or retard dehydration by evaporation, and at
      the same time afford circulation of cold air, either dry or humid, about
      the perishable comestible.
PAR  Other known preservative techniques comprise (1) hydration, (2)
      humidification, (3) coating, glazing or packaging with water or other ice
      (e.g., dry ice), (4) coating, glazing or packaging with other agents as
      dessication and dehydration preventatives, (5) freezing, (6) pre-chilling,
      (7) special packaging, and (8) any combination of any of the above.
PAR  Exemplary of the known techniques for the preservation and protection of
      various perishable comestible products, compare U.S. Pat. Nos. 2,067,830;
      2,088,319; 2,216,365; 2,262,327; 2,300,041; 2,317,397; 2,470,465;
      2,846,318, 3,011,898; 3,059,442; 3,088.290; 3,193,392; 3,205,077;
      3,320,075; 3,333,969; 3,342,613; 3,367,785; 3,419,400; 3,440,061;
      3,465,873; 3,498,799; 3,600,200; and 3,625,713.
PAR  Nevertheless, in spite of the availability in the art of a multiplicity of
      techniques such as the above for the preservation or protection of
      foodstuffs and similar perishable comestibles, to date none has been found
      to be adequately sufficient or efficient to significantly extend the
      useful shelf-life of a given preserved comestible beyond a period of more
      than about several days.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide for the
      enhanced preservation and protection of a given perishable comestible
      product.
PAR  Another object of this invention is to provide a method for the
      preservation and protection of comestibles which overcomes those problems
      inherent in the techniques heretofore proposed.
PAR  Still another object of the invention is to provide an improved
      refrigeration technique whereby the useful shelf-life of a comestible
      product is markedly prolonged.
PAR  Yet another object of the invention is to provide an improved refrigeration
      technique which is capable, not only of combatting dehydration and
      deterioration of a perishable comestible product, but which is
      additionally capable of effecting the hydration or dehydration thereof,
      and which extends the useful shelf-life thereof by continuously supplying
      or adding rejuvenating moisture thereto, or by maintaining the moisture
      content thereof.
PAR  In obtaining the objects of this invention, one feature resides in sealing
      a given perishable comestible within a container fabricated from material
      which is substantially airtight, moisture impervious, but readily cold
      permeable, together with a moisture pod, which package is thence activated
      under conditions of refrigeration to combat dehydration and deterioration
      of the packaged comestible, and/or effect hydration or rehydration
      thereof, and/or to extend the useful shelf-life of such preserved
      comestible by continuously supplying or adding rejuvenating moisture
      thereto, or maintaining the moisture content thereof.
PAR  Other objects, features and advantages of this invention will become more
      apparent from the accompanying description when taken in conjunction with
      the accompanying drawings and wherein like reference numerals are used to
      indicate like or equivalent parts.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic sectional view of a preferred embodiment of a
      perishable comestible product packaged in accordance with the present
      invention;
PAR  FIG. 2 is a plan view of the moisture pod or water vapor emitting element
      of the package of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a perspective view of a modified form of moisture pod or water
      vapor emitting element of the present invention;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a schematic elevational view of a modification of the comestible
      product package according to the present invention;
PAR  FIG. 8 is a schematic perspective view with parts cut away of another
      modification of the comestible product package of the present invention;
PAR  FIG. 9 is a bottom plan view of a container lid incorporating a moisture
      pod or water vapor emitting element in accordance with the present
      invention;
PAR  FIG. 10 is a sectional view taken along line 10--10 of FIG. 9;
PAR  FIG. 11 is an elevational view partially cut away of a comestible product
      container to which the lid of FIG. 9 is sealingly attached according to
      this invention; and
PAR  FIG. 12 is a sectional view of a modular moisture pod or water vapor
      emitting element according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In one embodiment in accordance with the invention, as illustrated in FIG.
      1, one or more heads of fresh lettuce 10, a readily perishable comestible,
      are placed within a package generally indicated at 12 comprising a
      receptacle 14 which is sealed by lid or cover member 16. Receptacle 14,
      cover 16, and consequently the package 12 are all fabricated from
      substantially moisture impermeable barrier material, such as cardboard,
      plastic, or the like, but which material, while providing an air-tight
      moisture barrier to ambient conditions, is not such as to establish a cold
      barrier between the interior of package 12 and ambient, and said material
      additionally, advantageously exhibiting controlled permeability to certain
      atmospheric gases such as air and molecular oxygen. Similarly, the
      continuous seal 18 between receptacle 14 and cover 16 is also such as to
      provide an air-tight moisture barrier to ambient conditions.
PAR  Also sealed within package 12 is at least one "moisture pod" generally
      indicated at 20 which will hereinafter be more fully described (see FIGS.
      2-6). The moisture pod 20, as will hereinafter also be seen, is
      "activated" under conditions of refrigeration to combat dehydration and
      deterioration of the packaged comestible 10, and/or effect hydration or
      rehydration thereof, and/or to extend the useful shelf-life of such
      preserved comestible 10 by continuously supplying or adding rejuvenating
      moisture thereto, or maintaining the moisture content thereof.
PAR  The said "moisture pod" 20 will now be described in detail. Referring
      specifically to the FIGS. 2 and 3, the moisture pod 20 comprises a sponge
      or otherwise absorbent or porous pad 22 which is saturated with water,
      preferably distilled water, and which thus defines a water reservoir
      capable, as will be seen from the description which follows, of activation
      when exposed to conditions of refrigeration such as to provide a highly
      humid atmosphere for the said comestible 10, and hence to supply same with
      that amount of moisture necessary for preservation and/or rejuvenation
      according to the invention. The hydrated sponge or pad 22 is sealed in a
      preferably flexible water impervious envelope 24, e.g., a cellophane
      envelope which may be heat sealed or otherwise peripherally closed, such
      as to insure that, even in the event that the said moisture pod 20 become
      lodged, disposed, or otherwise brought contiguous the comestible 10, the
      sponge or pad reservoir 22 will not itself directly contact the said
      comestible 10, for it has additionally been found by applicant that any
      direct contact between reservoir 22 and comestible 10 is preferably
      avoided, since such contact will initiate (albeit probably somewhat slight
      only at the points of such contact) decay, wilting, browning, loss of
      bloom, rotting (e.g., stalk rot) or other deterioration or degradation of
      the said comestible 10. Stated differently, a storage labile comestible,
      refrigerated or otherwise, can tolerate no direct physical contact with
      either ice or water (other than water vapor) without initiating or
      enhancing at least to some extent at the point of such contact the
      aforesaid degradative phenomena. To insure that the said sponge 22 of the
      pod 20 and concomitantly the liquid water content thereof never directly
      contact the comestible 10, but which nevertheless permits of the venting
      of evolved water vapor therefrom both to the interior of the package 12
      and to the available surface area of the comestible 10, the sponge 22, as
      illustrated in the FIGS. 2 and 3, is cut, drilled or punched such that an
      aperture or hole 26 extends completely therethrough, which hole 26 is in
      register with corresponding apertures, openings or holes 28 and 30 in
      either side of the sealed envelope 24. Most preferably, the hole 26
      extending completely through the sponge 22 is significantly larger in
      diameter than both of the openings 28 and 30 in the envelope 24, such
      geometrical configuration absolutely insuring that the said sponge 22
      never directly contacts the comestible 10.
PAR  Alternatively, the moisture pod 20 of the invention can be of the
      configuration illustrated in the FIGS. 4, 5 and 6, namely, a simple water
      impermeable plastic tube 32 open at either end and fabricated from such
      materials as polyethylene, polystyrene or polyvinyl chloride. The sponge
      or otherwise absorbent pad 22 component thereof, which, in use, is
      saturated with preferably distilled water, advantageously comprises a
      cylindrical plug of the sponge or otherwise absorbent material
      frictionally disposed within said tube 32 and laterally offset from the
      ends thereof, again, as in the embodiments of the FIGS. 2 and 3, to insure
      that the said sponge 22 will not itself directly contact the comestible
      10.
PAR  Moreover, since it is only necessary that the pod 20 be of such
      construction as to insure a source of evolved water vapor to the interior
      of the package 12 and to the available surface area of the comestible 10,
      while at the same time preferably precluding any possibility of direct
      contact between the reservoir 22 component thereof and the said comestible
      10, it will be appreciated that many and varied moisture pads having a
      variety of constructions, geometrical configurations and forms, both as to
      gross structure and extending to the individual elements thereof, and
      either similar or dissimilar to the pods illustrated in the FIGS. 2 to 6,
      can be utilized according to the invention. Therefore, "moisture pod" as
      used herein and in the claims which follow is to be construed consistent
      with the immediately aforesaid.
PAR  Thus, in accordance with this invention it has unexpectedly been found that
      by sealing a perishable comestible product in a moisture impervious,
      air-tight but cold permeable packaging member, together with a "moisture
      pod" adapted to continuously evolve that amount of water vapor needed for
      either hydration or rehydration of a given perishable comestible, or for
      continuously supplying or adding rejuvenating moisture thereto, or
      maintaining the moisture or water content thereof, while at the same time
      preferably precluding the possibility that the source of such evolved
      water vapor directly physically contact the said comestible within the
      sealed package, and thence by subjecting said sealed package to conditions
      of refrigeration (generally at a temperature of from greater than about
      32.degree.F. to less than about 60.degree.F., (preferably between about
      40.degree.F. and 50.degree.F.), said perishable comestible will neither
      degrade nor deteriorate over a prolonged period of time and its useful
      self-life will be markedly increased. Particularly in comparison with such
      well known prior art refrigeration, rejuvenation and/or preservation
      methods based on such principles as forced air pre-cooling; room cooling;
      hydrocooling; vacuum cooling; package and top icing; product glazing,
      coating and/or icing; hydration; and/or humidification. While not wishing
      to be bound to any precise theory in explanation of the principles of the
      invention, it is currently believed that direct exposure to conditions of
      refrigeration, especially circulating and even humidified cold air, has
      the immediate effect of commencing dehydration of a given perishable
      comestible, albeit it is of course very well known that in the absence of
      such conditions of refrigeration, the dehydration phenomenon is markedly
      accelerated. In accordance with this invention, dehydration is further
      very significantly retarded by subjecting the perishable comestible to
      such conditions of refrigeration while physically isolated same therefrom
      in a moisture impermeable, airtight, but readily cold pervious sealed
      container, which container is provided with its own source of moisture (or
      positive water vapor partial pressure) for preventing dehydration or even
      effecting hydration or rehydration of the thus packaged perishable
      comestible. According to the invention, the cold circulating air used for
      refrigeration never directly contacts and hence cannot dehydrate the said
      perishable comestible, and consistent therewith self-lives of the
      refrigerated products can be extended to a period of up to several weeks
      vis-a-vis a few hours or at most a day or two.
PAR  By "perishable comestible" herein and in the claims which follow, there is
      intended any vegetable, fruit, berry, nut, dairy product, bakery item,
      flower, meat (including meat, poultry, fish, and the like), food, edible
      product and the like which is subject to any one or more of the typical
      conditions of decay, degradation, deterioration and dehydration, or any
      other product (raw, processed or manufactured), the moisture or water
      content of which is advantageously controlled, either by hydration,
      rehydration, maintenance of existing levels of water content, or by
      reducing or retarding the effects of any dehydration thereof or moisture
      loss therefrom.
PAR  Referring now to FIG. 7, there is illustrated a modified form of the
      package according to the present invention in which an exemplary
      perishable comestible product in the form of a stalk of celery 40 is
      disposed within a preferably flexible, water impervious bag 42 open at one
      end thereof. Bag 42 may be constructed of any suitable material such as
      polyethylene or polyvinylidene chloride which, though water impervious,
      will not function as a cold barrier, i.e., is cold pervious, and is
      preferably transparent. Also disposed within bag 42 is a moisture pod 20
      which may be of any type shown and described in connection with FIGS. 2-6
      above. Bag 42 is sealed at its open end as by a conventional twist-type
      paper covered wire seal 44 such that a moisture barrier is established
      about the celery 40 similar to that discussed above with respect to the
      embodiment of FIG. 1.
PAR  In addition to the advantages and features of the present invention noted
      above, it can be readily appreciated that the package of FIG. 7 enables
      the establishment and maintenance of a moisture barrier about the various
      perishable comestible products placed therein from the moment the product
      is sealed in the bag until it is ultimately removed for consumption. In
      this manner, the product is unaffected by the many steps or events which
      occur in the chain of supply after the product has completed initial
      processing. In the case of celery, for example, once the celery is picked
      and cleaned, it may be sealed in bag 42 along with pod 20 and immediately
      refrigerated. Thereafter, transfer of the moisture-barrier protected stalk
      from the producer's refrigerator to that of a railroad boxcar and/or
      truck, a local distributor, an individual supermarket, and ultimately to
      the consumer's individual refrigerator will at no time cause the stalk to
      be subjected to dry, circulating air which would otherwise initiate
      dehydration or dessication of the product with concomitatnt flavor,
      moisture, texture and appearance loss. In a sense, the perishable
      comestible carries with it its own protective moisture barrier independent
      of the environment provided by each refrigerator within which it may be
      transported or stored to thereby optimize the conditions under which the
      comestible will be preserved or maintained in the vigorous, fresh and
      flavorful state it was in after initial processing.
PAR  Further, the present invention has proved to not only maintain or preserve
      the natural freshness of perishable comestibles but in addition to
      rejuvenate, revitalize and otherwise enhance the overall characteristics
      of these products at one time or another exposed to the effects of cold,
      dry air. For example, it has been found that a limp, wilted stalk of
      celery when packaged in accordance with the present invention and
      refrigerated for a period of time, e.g., overnight, will not only regain
      its crisp, fresh texture but will restore its full moisture content and
      original flavor. In fact, prolonged refrigeration of the packaged celery
      will initiate continued growth of the stalk, in essence bringing the same
      to life by stimulating natural rejuvenative processes occurring in the
      optimum environment within the package container. The consumer is by use
      of the package of FIG. 7, for example, thus provided with an expedient
      method of revitalizing and prolonging the useful life of purchased
      perishable comestibles which, unknown at the time of purchase, may be
      nearing the end of their conventionally projected lifetimes.
PAR  In FIG. 8, another modification of the package of the present invention is
      shown in connection with the preservation of the freshness and appearance
      of meat wherein a meat portion, such as a cut of beef 50, is disposed in a
      flexible or semirigid container 52 constructed of a moisture impervious,
      cold permeable material having a generally flat bottom 54 and upstanding
      side walls 56 contiguous therewith. Side walls 56 have a height greater
      than the thickness of the beef cut intended to be contained therein so as
      to support a lid, described below, in spaced relationship with the upper
      surface of the meat portion 50. Preferably, the bottom of the container is
      provided with upstanding ribs or other suitable spacing elements (not
      shown) to allow the moisture barrier to surround the underside of the meat
      portion 50. As in the embodiments of FIG. 1 and 7, a moisture pod 20 is
      also disposed in container 52 with the pod preferably disposed upright in
      a corner of the package, as shown, although any other accommodating space
      is acceptable. A lid or cover member 58 closes the open upper side of the
      container 52 and includes a suitable lip 60 cooperatively engaging the
      upper peripheral edge of the container walls 56 to effectuate the desired
      moisture seal. It should be understood, of course, that any suitable cover
      may be employed such as a thin sheet of polyethylene or polyvinylidene
      chloride wrapped substantially about the container 52 and sealed
      therewith.
PAR  It is important to note that the package of FIG. 8 according to the present
      invention preserves and maintains the freshness and flavor of the meat
      product contained therein for the same reasons noted above and, in
      addition, allows the meat to retain its fresh bright red color or bloom.
      The package of FIG. 8 allows the moisture barrier developed by moisture
      pod 20 to encircle the meat portion 50 enabling the oxygen contained
      within the container to promote the development of oxymyoglobin which
      characterizes the bloom of fresh meat. Further, by providing a protective
      moisture barrier to isolate the meat portion 50 from exposure to the cold,
      circulating dry air of a refrigerator, the natural juices contained within
      the meat are retained thereby to insure the maintenance of full flavor and
      to preclude the collection of excessive meat weepage in the container
      which might otherwise promote the growth of bacteria and the like.
PAR  At this point, it is important to note that for each of the embodiments of
      FIGS. 1, 7 and 8, the moisture pod utilized therein is preferably
      constructed such that the envelope or sheath thereof is flexible whereupon
      the moisture pod readily accommodates the perishable comestible without
      bruising, cutting or in any way damaging the same. In this manner, the
      development of discolored or darkened areas on the surface of the
      perishable comestible product is avoided to thereby preserve and maintain
      the appetizing and appealing appearance of the comestible product while at
      the same time assuring the optimum preservation of its flavor, texture and
      overall freshness.
PAR  Referring to FIGS. 9-11, a relatively large packing container 70 of
      rectangular or other appropriate geometry is constructed of moisture
      impermeable but cold pervious material and has an open upper end to
      receive a substantial quantity of a perishable comestible product such as
      lettuce 72. A cover member 74 is constructed to cooperatively fit over the
      open upper end of container 70 and supports on an interior surface thereof
      a plurality of elongated generally rectangular moisture impermeable
      sheaths 76 aligned longitudinally in parallel as shown in FIG. 9. Disposed
      interiorly of sheaths 76 is a respective one of a like plurality of sponge
      or otherwise absorbent or porous moisture pads 78 having a number of holes
      or apertures 80, cut or drilled transversely therethrough at spaced
      intervals along their length. Sheaths 76 define a number of holes 82 in
      the longitudinal side walls thereof smaller than holes 80 and concentric
      therewith. Pads 78 are saturated with water, and cooperate with sheaths 76
      to provide moisture pods exuding moisture for the purpose of establishing
      a water vapor partial pressure in the container.
PAR  Cover 74 is disposed atop container 70 and is sealed therewith by any
      suitable means such as a length of adhesive tape 84 having adhesive
      properties capable of perfecting and maintaining seal integrity in the
      cold environs of a refrigerator.
PAR  All of the properties, advantages and results heretofore described with
      respect to the preceeding embodiments will be likewise provided in the
      case of the container of FIGS. 9-11 and thus will not be again described
      for the sake of brevity.
PAR  In FIG. 12, a modular moisture pod 90 in accordance with the present
      invention is constructed in similar fashion to the moisture pod of FIGS. 2
      and 3 with a flexible top sheet 92 of moisture impervious material, e.g.,
      cellophane, which is peripherally attached as by heat sealing to a bottom
      sheet 94 of semi-rigid moisture impervious material having a central
      orifice 96. An open-ended conduit 98 which may be made of plastic or other
      suitable material is sealingly attached at its proximal end to bottom
      sheet 94 at orifice 96 to provide communication interiorly of the closed
      envelope formed by sheets 92 and 94. The distal end of conduit 98 is cut
      at an oblique angle, as shown in FIG. 12, such that the conduit will
      pierce and form a conforming aperture in the thin film covering of a
      conventional perishable comestible package as the modular pod is forced
      thereagainst. Disposed interiorly of the pod envelope is a sponge or
      otherwise absorbent or porous moisture absorbing pad 100 which is
      saturated with water. A thin adhesive layer 102 which may be a pressure
      sensitive adhesive normally protected by a coated paper is applied to
      sheet 94 such that the modular pod 90 will be securely attached to the
      conventional package covering for which it is used.
PAR  In its preferred form, the modular pod 90 of FIG. 12 is designed to be used
      in conjunction with a perishable comestible product packaged in a sealed
      moisture impervious container and to which it is desired to introduce a
      moisture source in accordance with the present invention. As can be
      appreciated, the modular pod 90 is first soaked or otherwise treated such
      that sponge element or moisture pad 100 is saturated with water and the
      paper backing, if any, removed to expose adhesive 102. The pod 90 is then
      forced against a wall of the container such that the oblique end of
      conduit 98 contacts and pierces the same while creating a conforming
      aperture therein. When the pod 90 is fully seated against the container
      wall, bottom sheet 94 will become engaged therewith such that the pod is
      secured thereon by adhesive 102. As described above, the moisture pod 90
      will then, by communication through conduit 98, admit moisture to the
      sealed container so as to establish a water vapor partial pressure about
      the perishable comestible product contained therein. With refrigeration,
      the pod equipped package will exhibit all of the advantageous results
      described with respect to the preceeding embodiments and will serve to
      reconstitute, rejuvenate and/or revitalize conventionally packaged
      perishable comestibles which may have already begun to wilt or deteriorate
      by reason of dehydration, dessication or other deteriorating factors.
PAR  Thus it can be appreciated that the present invention provides an
      economical package and moisture source for the preservation, moisture
      maintenance and enhancement of perishable comestible products in
      accordance with the method of this invention wherein a refrigerated
      product is isolated by a moisture barrier from direct impingement from
      cold, dry, circulating air whereby the product retains its full, natural
      flavor, texture, appearance, aroma and overall freshness to a degree not
      heretofore achieved.
PAR  While this invention has been described and illustrated with reference to
      certain preferred embodiments thereof, those skilled in the art will
      appreciate that various modifications, changes, omissions, and
      substitutions can be made without departing from the spirit of the
      invention. It is intended, therefore, that the invention be limited only
      by the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A moisture pod for use in a package of a perishable comestible product,
      consisting of:
PA1  a. a water-containing, flexible, porous reservoir element of a
      water-absorbing material having an aperture formed therein and extending
      entirely therethrough; and
PA1  b. a sheath of flexible, moisture-impervious film contiguous about and in
      closely enveloping relationship with said reservoir element, said sheath
      having an opening in at least one face thereof, said opening being smaller
      in diameter than said aperture and registering therewith, thereby
      permitting evolution or evaporation of water vapor from said reservoir
      element to the exterior of said sheath.
NUM  2.
PAR  2. The moisture pod as defined by claim 1, wherein said reservoir element
      is a flat sponge pad.
NUM  3.
PAR  3. The moisture pod as defined by claim 2, wherein said sheath comprises a
      pair of thin plastic sheets disposed on either side of said sponge pad and
      peripherally attached to each other.
NUM  4.
PAR  4. The moisture pod as defined by claim 3, wherein said plastic sheets are
      formed of a thermoplastic material and are peripherally attached by a heat
      seal therebetween.
NUM  5.
PAR  5. A moisture pod for use in cooperation with a package of a pre-packaged
      comestible product consisting of:
PA1  a. a water-containing, flexible, porous reservoir element of a
      water-absorbing material;
PA1  b. a sheath of flexible, moisture-impervious film contiguous about and in
      closely enveloping relationship with said reservoir element, said sheath
      having an opening in one face thereof; and,
PA1  c. a tubular conduit attached to said sheath in registration with said
      opening, said conduit having a cutting edge formed on the distal end
      thereof.
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ABST
PAL  Apparatus for coating steel mill molds and stools including a sample bomb
      or container and means for filling the bomb with a precise amount of
      product to thereafter be discharged through a spray nozzle. The apparatus
      further includes means for automatically rinsing same after each
      application.
BSUM
PAR  The present invention relates in general to an apparatus for applying a
      coating of product to an article, and more particularly to an apparatus
      for applying a given amount of product during one application to an
      article, and still more particularly to an apparatus capable of handling
      an abrasive, unstable product and having the capability of being
      completely rinsed after each spray application.
PAR  The present invention is particularly useful for coating steel mill molds
      and stools with a highly abrasive, unstable liquid product where the
      coating apparatus must be rinsed after each coating application. Moreover,
      the apparatus is constructed to discharge a given amount of solution
      during each spray application. However, it should be appreciated the
      apparatus is capable of spraying products other than a mold or stool
      coating such as dust-control additives or slug feeding of precise
      quantities of biocides.
PAR  Exemplary of the type of coating useful for steel mill molds and stools is
      a refractory slurry, such as a non-suspended type where refractory grain
      is mixed with a liquid binder. The refractory grain may be in the form of
      fused silica or quartz silica, while the liquid binder may be in the form
      of a colloidal suspension of silica in water. The refractory grain and
      liquid binder are usually mixed equally by weight. A satisfactory
      refractory grain in the form of powdered fused silica is one sold under
      the trademark "NALCOTE 870P", by Nalco Chemical Company of Chicago, Ill. A
      satisfactory liquid binder in the form of a colloidal suspension of silica
      and water is one sold under the trademark "NALCOTE 880L", also by Nalco
      Chemical Company of Chicago, Ill. Such a refractory slurry is highly
      abrasive and unstable since the refractory grain tends to quickly settle.
      It is therefore preferable to use equipment for handling such a slurry
      that can be easily cleaned to thereby prevent malfunctioning of the
      equipment.
PAR  The apparatus of the present invention includes a sample bomb or container
      having a fill and empty port at its bottom end and an air port at its
      upper end. The fill and empty port is connected through a pneumatically
      operated valve to a product, such as source of coating material and also
      through a pneumatically operated valve to a spray nozzle. The air port is
      connected through a float check valve to a venturi eductor. An eductor
      control valve operably conditions the venturi eductor to create a negative
      pressure within the sample bomb to fill same or a positive pressure for
      emptying same. Air and water rinse lines are connected through the
      eductor, the float check valve, the sample bomb and the spray nozzle line
      for rinsing the apparatus after a spray application. Other pneumatic
      control valves are provided for operation of the apparatus through an
      automatic fill and empty cycle.
PAR  It is therefore an object of the present invention to provide a new and
      improved apparatus for spray coating a solution onto an article, and
      particularly for spray-coating a highly abrasive, unstable fluid in a
      measured quantity onto steel mill molds and stools.
PAR  A further object of the present invention is in the provision of providing
      a spray-coating apparatus having rinse capabilities and instrumentation
      controls for causing it to automatically apply a measured amount of
      solution to an article and to be self-cleaning during a full operation
      cycle.
PAR  Still a further object of the present invention resides in the provision of
      a spray-coating apparatus which can operate as a positive displacement
      pump and which is completely pneumatically powered.
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PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed disclosure, taken in conjunction with the
      accompanying sheet of drawings, wherein like reference numerals refer to
      like parts, in which:
PAR  FIG. 1 is a somewhat diagrammatic view of the apparatus for spray-coating
      according to the present invention with some parts broken away for
      purposes of simplicity; and
PAR  FIG. 2 is a schematic view of the pneumatic circuit for the apparatus of
      the invention.
DETD
PAR  Referring now to the drawings, and particularly to FIG. 1, the apparatus
      for spray-coating articles according to the invention includes generally a
      sample bomb or container 10, a fill line 11 through which a supply of
      product is drawn into the sample bomb 10, a spray line 12 through which
      the product in the sample bomb is discharged for coating an article, a
      float check valve 13 for setting the product level in the sample bomb 10
      at a predetermined level, a venturi eductor 14, an eductor control valve
      15 for controlling the fill and empty cycles of the sample bomb 10, and a
      rinse line 16 for rinsing the sample bomb 10 and spray line 12 following a
      coating application.
PAR  While the sample bomb 10 illustrated is cylindrical in shape, it should be
      appreciated it could be of any suitable shape and the size of the bomb may
      be chosen to provide the desired measured amount of solution for
      application through the spray line 12 onto an article. Further, the float
      check valve 13 may be adjusted to regulate the desired level of solution
      in the sample bomb when it is filled to regulate the measured amount of
      product to be sprayed.
PAR  The float check valve 13 is connected to the upper end of the sample bomb
      10 at an air port 20 and to a pressure port 21 of the venturi eductor 14.
      An inlet port 22 of the venturi eductor 14 is connected to a drive air
      line 23 which in turn is connected to a main air supply 24 through a
      normally open pneumatic valve 25. An outlet port 26 of the eductor is
      connected to a T-fitting 27 that is in turn connected to the rinse line 16
      and the eductor control valve 15.
PAR  The rinse line 16 feeds a mixture of air and water to the apparatus when it
      is in rest position and is connected to a rinse water line 30 and a rinse
      air line 31. Water is supplied to the water line 30 from a water supply
      tank 32 and is controlled by a pneumatic normally open valve 33. The rinse
      air line 31 is connected to the main air supply 24 through a normally open
      pneumatic valve 34.
PAR  At the lower end of the sample bomb 10, a fill and empty port 38 connects
      to the fill line 11 having therein a normally closed pneumatic valve 39. A
      normally open pneumatic valve 40 is mounted in the spray line 12. The fill
      line 11 is connected to a product supply tank 41, while the spray line 12
      is connected to a spray nozzle 42.
PAR  As illustrated in the schematic circuit diagram of FIG. 2, operation of
      valves 25, 34 and 33 is controlled by a pneumatic control valve 45, while
      operation of valves 39, 40 and 15 is controlled by a pneumatic control
      valve 46. A pneumatic push-button switch 44 functions to actuate control
      valves 45 and 46 to cause shifting of their connections in respective fill
      and spray circuits 47 and 48 to shift from the solid line connections
      shown in FIG. 2 to the dotted line connections. A fill timer 49 and a
      spray timer 50, in respectively the fill and spray circuits 47 and 48,
      control the "on" time of the control valves 45 and 46.
PAR  The main air supply 24 connects to a manifold air line 52 through a filter
      53, a ball valve 54 providing on and off control, and a regulator and gage
      assembly 55. From the manifold line 52, air is supplied to pressurize the
      water tank through an on-off ball valve 56 and a regulator and gage
      assembly 57. Drive air to the eductor 14 comes from the manifold line 52
      through an on-off ball valve 60, a regulator and gage assembly 61, a check
      valve 62, and the pneumatic valve 25. Rinse air is supplied to the rinse
      air line 31 through an on-off ball valve 64, a regulator and gage assembly
      65, a check valve 66 and the pneumatic valve 34. Air is supplied to the
      pneumatic control valves 45 and 46 from the manifold line through an
      on-off ball valve 68 and the push-button switch 44. Rinse water in the
      rinse water line 30 is supplied from the water supply tank 32 through a
      filter 70, a needle valve 71, a rotometer 72, a water flow regulator 73,
      and the pneumatic valve 33.
PAR  During operation of the apparatus, it will go through three distinct
      cycles, a rinse or rest cycle, a fill cycle where the bomb is being filled
      with product, and a spray cycle where the bomb is being emptied of
      product. During the rinse cycle, air and water are forced through the bomb
      and the spray line.
PAR  When the system is at rest or in the rest or rinse cycle, the pneumatic
      valves 15 and 25 are pressurized and therefore closed. Since normally
      closed valve 39 is not pressurized, it is also closed. Normally open
      valves 33 and 34 are open since they are not pressurized. Similarly,
      normally open valve 40 is open since it is not pressurized. Accordingly, a
      mixture of water and air passed down through the eductor, the sample bomb
      10 and out through the spray line 12. This prevents the residual product
      in the bomb and spray line from drying and plugging the system when it is
      not in use, and therefore guards against malfunction.
PAR  When the operator pushes the on-off switch 44, the pneumatic control valves
      45 and 46 are actuated to make the dotted line connections shown in FIG.
      2. Control valve 45 therefore removes pressure from the pneumatic valve 25
      so that it will open and allow drive air to be supplied to the eductor 14.
      Further, control valve 45 causes pressurization of normally open valves 33
      and 34 to close same and cut off the mixture of rinse water and air to the
      eductor. Further, the control valve 45 actuates the fill timer 49.
PAR  Control valve 46, when actuated, pressurizes valves 39 and 40 to open valve
      39 and permit the communication of the product supply tank 41 with the
      fill and empty port 38 of the sample bomb 10 and closes spray valve 40 in
      the spray line 12 to prevent discharge of product through the spray line.
      Additionally, control valve 46 causes depressurizing of eductor control
      valve 15 so that the drive air will go through the eductor from the inlet
      port 22 through the outlet port 26, the eductor control valve 15 to
      atmosphere and cause a vacuum or negative pressure situation in the sample
      bomb 10 to draw product from the product supply tank into the sample bomb.
      When a predetermined level of product is reached in the sample bomb, it
      will actuate the float check valve, thereby cutting off the supply of
      negative pressure from the eductor 14 and ending the fill cycle. When the
      fill timer 49 times out, it will actuate the control valve 46 to bring the
      connections back to the solid line positions shown in FIG. 2 for closing
      the product supply valve 39, opening the spray line valve 40, and closing
      the eductor control valve 15. Additionally, the spray timer 50 is
      actuated. By closing the eductor control valve 15, the drive air is
      diverted directly into the sample bomb 10 pressurizing same with a
      positive pressure to cause driving of the product through the bomb and the
      spray line and emptying of the bomb. When the spray timer times out, it
      will actuate control valve 45 to return it to its rest position with the
      connections shown in solid lines in FIG. 2 to close the drive air valve 25
      and open the rinse water valve 33 and the rinse air valves 34 to again
      place the sytem into its rinse or rest cycle for causing a mixture of air
      and water to pass through the bomb and spray line. Thereafter, the sytem
      remains at rest until the push-button switch 44 is again pushed to cause a
      fill and spray cycle.
PAR  An air driver wobble piston unit 75 is provided to drive the nozzle 42
      through a wobble pattern and enable uniform spraying over a given area. A
      needle valve 76 and a regulator 77 control the speed of the unit which
      operates during the spray cycle.
PAR  From the foregoing, it can be appreciated the apparatus of the invention is
      completely pneumatic and operates automatically through a fill and spray
      cycle to cause discharge of a predetermined amount of product. It can be
      appreciated the fill rate of the bomb can be controlled by changing the
      air pressure to the eductor, while the fill time of the bomb is controlled
      by the pneumatic timer which when timed out automatically commences the
      application or spray cycle. The length of the spray cycle is controlled by
      the timer and the rate of spray is controlled by the drive air pressure.
      Further, it can be appreciated the apparatus is self-cleaning to prevent
      plugging when the system is not in use.
PAR  It will be understood that modifications and variations may be effected
      without departing from the scope of the novel concepts of the present
      invention, but it is understood that this application is to be limited
      only by the scope of the appended claims.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. Apparatus for spray-coating a product onto an article comprising, a
      container adapted to be filled and emptied with product to effect spraying
      a measured amount of product onto an article, a fill and empty port at the
      bottom of the container, a supply of product, a spray line having a spray
      nozzle, first means for selectively interconnecting said supply and said
      fill and empty port, second means for selectively interconnecting the
      spray line and said fill and empty port, an air port at the upper end of
      the container, product level control means adjacent the air port
      responding to a predetermined product level for closing the air port when
      the product level in the container reaches said predetermined level, and a
      venturi eductor connected to the product level control means having an air
      inlet connected to an air supply and an outlet connected to a control
      valve for selectively opening and closing the outlet to atmosphere and
      creating negative and positive pressure conditions in the container,
      whereby said container is filled during the negative pressure condition
      and emptied during the positive pressure condition.
NUM  2.
PAR  2. Apparatus as defined in claim 1, which further includes means for
      rinsing the container and spray line with a mixture of air and water when
      the apparatus is not being used.
NUM  3.
PAR  3. Apparatus as defined in claim 2, wherein said rinsing means includes a
      rinse line connected to the outlet of the eductor, a water line connected
      to the rinse line and to a source of water, an air line connected to the
      rinse line and to a supply of air, and valves in the water and air lines
      for controlling the rinse for the container and spray line.
NUM  4.
PAR  4. Apparatus as defined in claim 1, wherein said product level control
      means includes a float control check valve.
NUM  5.
PAR  5. Apparatus for spray-coating a measured amount of liquid product onto an
      article comrising, a container adapted to be filled and emptied with a
      measured amount of product, a fill and empty port at the bottom of the
      container, a supply of product, a spray line having a spray nozzle, a
      first pneumatic valve for opening and closing communication between said
      product supply and said fill and empty port, a second pneumatic valve for
      opening and closing communication between said spray line and said fill
      and empty port, an air port at the top of the container, a float check
      valve at the air port responding to a predetermined product level in the
      container to close the air port when the product level reaches said
      predetermined level, a venturi eductor having a pressure port connected to
      the air port, an inlet port connected to an air supply, and an outlet port
      connected to a pneumatic eductor control valve, a third pneumatic valve
      between the air supply and said eductor inlet port selectively opening and
      closing communication between the air supply and eductor inlet port, said
      eductor control valve selectively opening and closing said outlet to
      atmosphere to cause respectively negative and positive pressure conditions
      at said pressure port and within the container, whereby said container may
      be filled during a negative pressure condition and emptied during a
      positive pressure condition, and means for rinsing the container and spray
      line with a mixture of air and water when the apparatus is not being used.
NUM  6.
PAR  6. Apparatus as defined in claim 5, wherein said rinsing means includes a
      rinse line connected to the outlet of the eductor, a water line connected
      to the rinse line and to a source of water, an air line connected to the
      rinse line and said air supply, a fourth pneumatic valve for opening and
      closing communication between said water source and said water line, and a
      fifth pneumatic valve for opening and closing communication between said
      air supply and said air line.
NUM  7.
PAR  7. Apparatus as defined in claim 6, which further includes a pneumatic
      control circuit for said pneumatic valves to automatically on signal cause
      cyclic operation of the valves to fill the container with a measured
      amount of product, empty the container by spraying the product through the
      nozzle, and rinse the container and spray line.
NUM  8.
PAR  8. Apparatus as defined in claim 7, wherein said control circuit includes
      means timing the fill and spray cycles.
NUM  9.
PAR  9. Apparatus as defined in claim 8, wherein the product is an unstable
      abrasive liquid, and said rinse cycle causes cleaning of the apparatus to
      prevent drying and plugging.
NUM  10.
PAR  10. Apparatus as defined in claim 9, wherein said control circuit includes
      a push-button switch for commencing fill and spray cycles, and first and
      second pneumatic control valves for controlling operation of said first,
      second, third, fourth, fifth and eductor control valves.
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ABST
PAL  This invention relates to new vaporizers and particularly to atomizing
      equipment useful for dispensing anesthetic liquids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are several liquid anesthetic vaporizers or atomizing devices
      presently used, all of them including an anesthetic liquid storage
      container, having a valve containing head, a lateral inlet for the
      atomizing gas and an opposite outlet for the gas supported active
      anesthetic composition.
PAR  In known devices, the gas carrier, usually oxygen, is bifurcated in two
      separate streams, the first one directly leading to the said outlet,
      without establishing a direct contact with the anesthetic liquid, and the
      second one being diverted to the vaporizing chamber where its saturation
      occurs before being united with a further mixture with the first stream to
      produce the final desired concentration. The ratio of the mixture of these
      streams is determined by the valves.
PAR  Several disadvantages have been encountered in the use of these
      conventional atomizing devices, such as the following:
PAR  THE BULKY BODY OF THE STORAGE CONTAINER, USUALLY CYLINDRICAL, HAS PREVENTED
      OR MADE DIFFICULT THE DESIRED ASSEMBLING OF ALL THE REQUIRED PARTS, AS
      WELL AS THE PROVISION OF A GANG-UNIT;
PAR  ANOTHER DISADVANTAGE IN THOSE DEVICES HAVING A GAUGED OUTLET, IS GROUNDED
      ON THE UNDESIRED INFLUENCE OF THE VARIATION OF THE INLET FLOW OVER THE
      FINAL CONCENTRATION RATIO BY WHICH THE INCREASE OF THE FIRST WILL PROVOKE
      A DECREASING OF THE LATTER. The same influence is verified through the
      change of temperature, directly proportional to the increase of the said
      concentration, in spite of the use of bi-metal valves;
PAR  ALSO, EXTREME CARE IS REQUIRED FOR THE MOUNTING OF THE NEEDLE VALVE WHICH
      REGULATES THE PASSAGE OF THE SATURATED STREAM FROM THE STORAGE TANK TO THE
      UPPER HEAD OF THE DEVICE, IN ORDER TO ENSURE A PERFECT SHUT-OFF OF THE
      SAID PASSAGEWAY, AND THE OPERATING KNOB OF THE VALVE DOES NOT IMMEDIATELY
      INDICATE THE VALVE OPERATING STAGE;
PAR  STILL ANOTHER DRAWBACK OF CONVENTIONAL ATOMIZERS FOR ANESTHETIC LIQUID
      COMPOUNDS IS THAT THERE IS NO WAY TO EMPLOY EACH AND EVERY KIND OF LIQUID
      COMPOSITION WITH A SINGLE AVAILABLE DEVICE WHICH RESULTS IN THE
      UTILIZATION OF A PLURALITY OF DIFFERENT DEVICES. This problem becomes
      particularly acute when a full battery or set of vaporizer units are
      assembled in a multiple or gang-unit device, each loaded with different
      kinds of anesthetic compounds.
PAR  Many other serious problems are faced by anesthetists all over the world
      due to the lack of reliability of suitable equipment. These problems have
      helped to render the anesthetic profession a highly specialized one.
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PAC  DESCRIPTION OF THE INVENTION
PAR  It is a general purpose of this invention to improve vaporizing devices for
      anesthetic liquid compositions so as to remove all of the above-referred
      to disadvantages
PAR  Illustrations of a preferred embodiment of the invention can be seen from
      the drawings in which:
PAR  FIG. 1 is a perspective general view of an improved vaporizer made in
      accordance with this invention;
PAR  FIG. 2 shows a diagrammatic vertical section of the vaporizer of FIG. 1;
PAR  FIG. 3 shows a vertical section view of the same device, along line EE of
      FIG. 1;
PAR  FIGS. 4 and 5 are lateral partially sectioned views of the outlet side of
      the device of FIG. 1;
PAR  FIG. 6 is an enlarged perspective view of the main control plate of the
      driving mechanism;
PAR  FIGS. 7 and 8 show two different operating positions of the said mechanism;
PAR  FIG. 9 is a schematic view of the said vaporizer showing the same in
      unoperative or idle position;
PAR  FIG. 10 is a partial view of the head part of the vaporizer detailing the
      gauged outlet bore;
PAR  FIG. 11 is a partial sectional view of the blocking mechanism of the needle
      valve;
PAR  FIG. 12 is a sectional view of the blocking mechanism, taken along the F--F
      line of FIG. 11; and
PAR  FIG. 13 is a schematic front view of a gang-unit of vaporizers of FIG. 1.
DETD
PAR  In accordance with FIGS. 1 and 2, the vaporizing device of this invention
      is of the kind in which the oxygen or vaporizing vehicle fueled through
      inlet E is branched into first and second streams, the first one going
      directly to the outlet S through a gauged bore A to create a differential
      pressure, and the second one being diverted, via gauged bore B, to the
      vaporization chamber C where it is mixed and saturated with the anesthetic
      liquid compound. The saturated carrier gas is returned through the needle
      valve D to join the said first stream to reach the outlet in a given
      concentration.
PAR  The structural improvements of this invention include the provision of a
      prismatic vertical body 1 composed by an upper and lower sections 2 and 3,
      the head or upper section 2 having detachable side wall 4,5 (FIG. 3), from
      which two opposite tubular members 6, 7 project horizontally, for the
      connection of the oxygen feeding tube and the vaporized anesthetic
      compound distribution, respectively.
PAR  Section 3 is a hollow body defining the vaporization chamber 8 encasing the
      vaporizing unit and the anesthetic liquid composition L. It is also
      provided with a front prismatic projection 9 having a level gauge 10 for
      indicating the liquid charge in the said chamber 8, and communicating
      passageways 11, 12 (FIG. 12) for the admission and draining respectively
      of the anesthetic liquid composition L.
PAR  As shown in FIGS. 1 and 2, liquid is stored in the hopperlike entrance
      section 13, its flow into the chamber being controlled by means of the
      regulating unit 14. Liquid may be drained off and removed by the
      regulating unit 16 of a known type, by positive pressure on the passageway
      12.
PAR  A first improvement of this invention is the provision of the gauged bore A
      to regulate the main stream flow E of the vaporizing carrier, directly
      reaching the outlet S, and the identical gauged bore B, positioned within
      the downwardly directed branch of the oxygen tube, whose function is to
      keep constant the concentration of the emerging anesthetic mixture.
PAR  Each of the said A and B regulating units include a choke member 17,
      threaded in the internal wall of the fluid channel, and having an axial
      outlet bore 18 and two or more radial entrances 19, the entrance depending
      on the number and direction of the converging ducts. All of the said
      entrances discharge the anesthetic liquid into a central chamber 19' whose
      capacity is controlled and regulated by the adjustable tapered stud 20,
      which is externally driven across the said central chamber by a screwing
      action.
PAR  FIGS. 2 and 3 illustrate improvements of the usual bi-metallic valve
      employed to regulate the outflow of vaporized liquid from the storage tank
      to the outlet S, through the needle valve to compensate for the undesired
      influence of temperature on the concentration ratio of the anesthetic
      composition. The improvements include utilizing a tapered adjustable stud
      23 located on the free end of the bi-metallic valve plate 21, which may be
      driven into the entrance bore 22 of the interconnecting passageway leading
      to the needle-valve D.
PAR  This invention also includes improvements in the needle valve D itself
      (FIG. 3) which generally include a needle-pointed plunger 24 axially
      slidable in the cavity of a fixed sleeve 25 which is screwed into the
      upper section 2 of the vaporizing device and projects into the atomizing
      chamber 8 of the lower section 3 thereof.
PAR  The plunger 24 is supported by a coiled spring 28 whose upper end is
      secured to the flanged section 29 of the plunger 24 and to the flanged
      section of the valve seat body 27, into which slides the plunger to shut
      off the atomized anesthetic stream by the sealing action of its
      needle-point 26.
PAR  The improvement is provided by the downward projecting threaded tubular
      neck 30, extending axially from the valve seat body 27 through the lower
      portion of fixed sleeve 25 and emerging therefrom to be clasped by a nut
      31.
PAR  It will be seen that by the cited construction, an exact determination of
      the shut-off position of the plunger 24 is attained, preventing any damage
      to its needle-point 26 due to excessively hard contact with the valve seat
      27. This is accomplished by pushing the plunger 24 to its limit working
      position and then lifting the valve seat body 27 by means of the external
      nut 31 until a positive contact is established with the needle-point 26.
PAR  A further improvement of the vaporizer of this invention is found in the
      actuating and driving mechanisms of the needle-valve D which includes a
      rotary drum 32 (FIG. 3) housed in the circular recess 33 located in the
      upper or head section 2 of the vaporizer 1, said drum 32 being actuated by
      a lever-arm 34 (FIG. 4), which is tangentially projected therefrom
      emerging from the vertical slot 35 situated along the arcuate front side
      36 of the head section 2. The arm 34 is provided with an index-knob 37
      correlated to a linear scale 38 marked on the said front side 36.
PAR  The rotary drum 32 is supported on the axle 39 whose opposite end is formed
      into an enlarged circular piston section 40 provided with internally
      projecting pins 42 which fit into matching slots 43 on the top of a
      cam-sleeve 44, into which cylindrical cavity is placed a helicoidal spring
      45, encircling the said crossing axle 39. The spring 45 acts to urge the
      piston section 40 and, therefore, its projecting axle 39, along the
      cylindrical chamber 41 horizontally placed into the said upper section 2
      and opening in the lateral side thereof opposite to the casing 33.
PAR  The cam-sleeve 44 is positioned to be operatively abutting against the
      upper end of the radial actuator 45' of the needle 24 of the main shut-off
      valve set.
PAR  It can be seen that the actuating mechanism of the needle-valve 24 includes
      the angulaar manual displacement of the lever-arm 34 rotating the drum 32
      and the axle 39 of the piston 40 which, by means of the pins and slots
      combination, causes rotation of the camsleeve 44 acting on the actuator
      45' and thus driving forward or rearward the said plunger 24 in respect of
      the valve seat 27. angular
PAR  Of course, the external scale 38 will permit a quick and precise reading at
      a glance, of the position of the needle-valve D in terms of volume of
      atomized anesthetic liquid compound flowing therethrough.
PAR  With further reference to the rotary drum 32, it is provided with a sealing
      stud 46 supported on the spring 47 (see FIGS. 3, 4 and 5). The stud 46 is
      encased into the recess 48 of the drum. The drum has a passageway 49 whose
      relative position is such that the "zero" index position of the lever-arm
      34 (FIG. 1), i.e., the full closed position of the needle-valve D, the
      sealing stud 46 closes the branch 50 of the oxygen duct 51 (FIG. 9), thus
      preventing the vaporizing gas carrier from reaching the atomizing chamber
      8. The transverse passageway 49 connects the vent pipe 52 with the vent
      port 53 opening in the lateral plate 5 of head section 2.
PAR  Under non-operative condition of the needle-valve actuating mechanism, with
      its driving arm 34 at the "zero" index scale position, no fresh oxygen
      will flow into the atomizing chamber 8 and no atomized mixture shall leave
      it due to the simultaneous closure of the needle-valve D and of the inlet
      duct 50 while the venting system 52, 49, 53 will allow the escape of the
      vapors generated by the self volatilization of the anesthetic liquid L
      contained in the storage tank 8, thus relieving the vapor pressure
      thereinto.
PAR  In order to make the improved vaporizer of this invention useful for all
      kinds of anesthetic liquid compounds heretofore known, including those
      which require special care in closing or opening the oxygen inlet pipe, a
      further improvement is set forth wherein a receiving recess 33 is provided
      for the rotary drum to which the main oxygen inlet channel 51 discharges
      and from which extends the atomizing chamber 8 leading branch channel 50
      as well as two other horizontally aligned and spaced ducts 54, 55. The
      first duct 54 is spaced apart from the said branch channel 50 an angular
      distance equal to the path of the lever-arm 34. Both of these ducts lead
      lead to the horizontal duct 56 (FIG. 10) which is a section of the path of
      the direct flow E-S system constituted by the inlet duct 51 and the outlet
      duct 57.
PAR  Abutted against the bottom side of the circular recess 33 a circular plate
      58 is provided (FIG. 6) which is drilled with a series of holes 61, 60 and
      62 so disposed to match with the openings of the ducts 55, 54 and 50
      respectively. The plate also includes a positioning hole 59.
PAR  This plate 58 will be differently positioned in accordance with the nature
      of the anesthetic liquid composition. For instance, in case of use of
      anesthetic compound which allows the full closing of the direct path flow
      D-S and, consequently, the integral flow to the atomizing chamber 8, the
      said plate 58 will be placed as shown in FIG. 7, that means, with the hole
      60 matching the opening of the branch duct 50 and 61 matching with the
      opening of the duct 54, while the other hole 55 will be sealed by the
      plate wall.
PAR  Under these conditions, by turning the rotary drum 32, the sealing stud 46
      will travel from a first limit position (closing both the hole 60 and the
      duct 50) to a second limit position shutting off the hole 61 and
      passageway 54, passing by intermediary positions in which both passageways
      50 and 54 are open.
PAR  When an anesthetic liquid composition is used which does not necessitate
      fully closing the direct-flow path, D-S, the said plate 58 is mounted as
      shown in FIG. 8, i.e., turned 180.degree. in respect to the formerly
      disclosed position.
PAR  A final aspect of this invention is embodied in the presence of a free-flow
      valve interconnected in an inlet-outlet oxygen flow system 67, 68 (FIG. 9)
      in which the said valve includes a driving knob 63 located on the top of
      the vaporizer 1, applied to the end of a shaft 64 provided with a
      cylindrical enlargement 65, rotatively encased into the recess 64',
      having, on its lower end, a diametral slot 66 acting as an interconnecting
      duct section for the said inlet and outlet passageways 67, 68.
PAR  To turn the vaporizer on, the said knob 63 is in the position as shown in
      FIG. 3, interrupting the passage of the oxygen through the said free-flow
      system, thus allowing the vaporizing gas carrier to pass through the duct
      51. To turn it in the off position, the knob 63 is placed as illustrated
      in FIG. 9, in which the pipe system 67, 68 allows the flow of the oxygen
      into the direct path 6-7.
PAR  This free-flow system 67, 66, 68 is particularly important and useful in
      cases of gang-unit arrangements (FIG. 13) forming a battery of vaporizers
      1. To do that, the lateral plates 4, 5 of the intermediary units shall be
      removed. In this arrangement, the vapaorizer being used shall be turned
      on, while the others shall be left in the off position. All the units
      placed before the one turned on have their needle-valve in the off
      position, establishing thus a direct free-flow passage for the oxygen,
      while the units placed after the one in use, will have a free-flow for the
      anesthetic mixture.
PAR  To avoid the accidental opening of the needle-valve in the idle units
      collectively arranged, the lever arm 34 is equipped with a safety device
      (FIG. 11) constituting the horizontal bar 69 laterally and upperly
      contacted by the stud 70 driven by the lower rib 71 of the knob 63. The
      bar 69, in the idle position of the needle-valve, fits into the recess 6
      provided in the upper enlarged end 72 of a spring 74 supported vertical
      rod 73, whose lower end fits into the recess 75 located in the lateral
      side of the rotary drum 32.
PAR  This way, when the knob 63 is in the off i.e., zero index, position (FIG.
      9), the rib 71 will push the bar 69 downward thus forcing the rod 73 to
      slide down engaging the recess 75 to lock the drum 32. Otherwise, the
      spring 74 compresses under the sliding movement of the rod head 72 until
      the movement in which the said drum is turned in the locking position.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A vaporizing device useful for the carrying of liquid anesthesia by a
      carrier gas matrix, said device of the type utilizing two separate streams
      of carrier gas with the first of said streams not immediately contacting
      said liquid and the second of said streams contacting and carrying said
      liquid within said stream to a final mixing chamber in which said second
      stream is reunited and mixed with said first stream and the control of the
      amount of each of the streams helps to determine the amount of liquid
      anesthesia provided to the patient, the device comprising:
PA1  a. a body shaped to allow for abutment at the sides of said body by another
      said device, said body including removable side panels, an upper section
      and a lower section;
PA1  b. said lower section of said body defining a chamber for contacting mixing
      said anesthetic liquid with said second stream, said lower section
      including means for introduction of said liquid into said chamber, and a
      second conduit means including valve means for the introduction of said
      second stream;
PA1  c. other conduit means for carrying said anesthetic enriched second stream
      into said final mixing chamber, said means including a conduit which
      interconnects said chambers and separate valve means for controlling the
      amount of said enriched second stream entering said final chamber;
PA1  d. said upper section including first stream conduit means for carrying
      said first stream to said final mixing chamber including a valve means for
      controlling the amount of said first stream entering said chamber.
NUM  2.
PAR  2. The device of claim 1 in which said valve means in said first stream
      conduit and said second stream conduit are identical and comprise a choke
      member with an internally threaded socket depending from the interior wall
      of the conduit, said choke member having bores therethrough correponding
      to and in alignment with the conduit, and a screw means for engaging said
      socket thereby controlling the flow of said stream.
NUM  3.
PAR  3. The device of claim 1 in which bimetallic valve and a needle-valve is
      utilized as part of said separate valve means, a passageway connects said
      valves and said bimetallic valve controls the flow from said first chamber
      to said needle-valve, said bimetallic valve comprising a tapered threaded
      adjustable stud which adjustably penetrates said passageway.
NUM  4.
PAR  4. The device of claim 1 in which said needle-valve comprises a threaded
      adjustable valve seat to minimize wear on the valve parts.
NUM  5.
PAR  5. The device of claim 3 in which the needle-valve is activated by a
      rotatable cam sleeve rotatably connected to an external actuating means,
      said actuating means directly correlated with an external scale.
NUM  6.
PAR  6. The device of claim 3 in which said valve means include a venting means
      which is rendered operative to discharge the residue of the enriched
      second stream left in said valve means after said needle-valve has been
      closed.
NUM  7.
PAR  7. The device of claim 5 in which locking means are provided for said
      external actuating means.
NUM  8.
PAR  8. The device of claim 1 in which said first stream can be directly
      controllable connected to another identical device.
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ABST
PAL  Apparatus is disclosed for spraying liquids, preferably paint, directly
      from a paint container mounted on the apparatus, wherein an electric drive
      motor, pump assembly, and paint container shelf are attached to a wheeled
      frame assembly for portable movement without disconnecting the paint
      container from the pump assembly, and wherein electrostatic voltage
      discharges are prevented by means of a common electrical interconnection
      of all electrostatic voltage-developing components.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for spraying paint, and more
      particularly to an apparatus for spraying paint under high hydraulic paint
      pressures wherein the entire apparatus and paint container are portable
      for access to a work station which may be remotely located from an
      electrical power source. The apparatus includes an electric motor for
      operation on conventional house power, and the apparatus is primarily
      intended for painting areas in and around houses and other buildings. The
      apparatus includes an electric extension cord for plugging into a normal
      110 volt AC outlet.
PAR  Portable paint sprayers have been developed in the past for purposes
      similar to the present invention. They generally include an electric or
      gasoline powered pump mounted on a wheeled frame assembly for transporting
      to a work station. Once located at the work station, a paint container is
      placed nearby and is fluid coupled to the apparatus by means of a suction
      hose, and an attached spray hose with spray gun is utilized to enable the
      operator to spray paint at a distance of from 25 to 50 feet from the
      apparatus. When the apparatus is again moved to a new work station, it is
      disconnected from the paint container and wheeled to the new location. The
      paint container is hand-carried to the same location and again fluid
      coupled to the apparatus so that painting operations may continue.
PAR  The high hydraulic paint pressures utilized in an apparatus of this type
      create a problem of electrostatic voltage build up which must be dealt
      with. Paint fluid flow through these systems results in a frictional
      electrostatic charge accumulating on and along the components in contact
      with the paint. This electrostatic voltage build up if discharged
      suddenly, will cause a spark which could ignite paint fumes to create a
      fire or explosion. Prior art apparatus has minimized this problem by
      utilizing a grounded wire connected between the electric motor assembly
      and the paint spray gun to drain off any electrostatic potentials that
      would otherwise develop. Electrostatic potentials developed on or in the
      paint container itself are a lesser problem, and it has been assumed that
      these voltages discharge by virtue of the fact that the paint container is
      generally placed upon the ground. To the extent that electrical continuity
      is imperfect, there still remains an electrostatic discharge hazard in
      following this procedure, and it may be recommended by manufacturers of
      such equipment to provide an auxiliary ground connection between the paint
      container and the motor assembly.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a portable paint cart having two wheels for
      transporting the entire painting apparatus, including the paint container.
      The paint cart utilizes a forwardly projecting metal frame which contacts
      the ground and serves to support the apparatus in a tripod fashion while
      it is being used. The apparatus utilizes a conventional electric
      motor-driven paint pump which receives its input via a suction hose
      clamped to the paint container and feeds its output over a suitable
      hydraulic hose and spray gun. The apparatus includes a hinged paint
      container shelf which may be placed in a vertical position for cleaning
      and draining excess paint accumulations and which may be placed in a
      horizontal position in supporting contact with the motor assembly for
      holding the paint container during painting operations. The apparatus also
      includes a rack for holding accumulated electric cord and paint hose, and
      for hanging hereon the spray gun when it is not in use. Because of the
      completely self-contained apparatus it enables the transporting of all
      equipment associated with the paint spraying operation from one work
      station to another without disconnecting or uncoupling the paint container
      from the assembly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention is described herein, and in
      conjunction with the attached drawings, in which:
PAR  FIG. 1 illustrates the invention in isometric perspective view;
PAR  FIG. 2 shows a side view of the invention; and
PAR  FIG. 3 shows a top view of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows the invention in perspective view, having a paint container
      mounted thereon. Paint container 10 is typically a standard 5 gallon paint
      can which snugly fits inside of the raised shoulder of shelf 12. Shelf 12
      is hinged at points 14 by means of a pin pivotally attaching shelf 12 to
      tubular frame 15. Tubular frame 15 may be bent from a single tubular piece
      into the shape illustrated in FIG. 1; alternatively, frame 15 may be
      hinged at a convenient point along the handle portion for folding into a
      compact size for storage.
PAR  A frame support member 18 is bolted across two parallel tubular members of
      frame 15, for strengthening the apparatus and for providing a mounting
      surface for the motor and pump assembly. Electric motor 20 is securely
      bolted to this frame support member 18, and pump assembly 22 is bolted to
      the motor and driven thereby. Motor 20 may be any electric motor
      conveniently sized for this application, but preferably is constructed
      having an explosion proof motor casing. For example, electric motor model
      No. 1111513411, manufactured by Franklin Manufacturing Company, Bluffton,
      Indiana, has been found suitable for this purpose. Similarly, pump
      assembly 22 may be of any convential construction suitable for driving by
      a rotary shaft. In the preferred embodiment applicant has selected a
      diaphragm pump assembly for this purpose, which assembly obtains its
      rotary drive power from motor 20, and delivers paint via hose 24 at up to
      0.25 gallons per minute, and 800 to 3,000 pounds per square inch (p.s.i.).
      A suction hose 26 is coupled between the pump inlet and the interior of
      container 10, and may be clamped to the edge of container 10 for support
      by means of a threaded clamp 13. Clamp 13 may be a simple U-clamp having a
      threaded wing nut for tightly securing against the container edge. The
      preferred embodiment has a return tube 28 connected between the pump 22
      outlet and the paint container 10. Return tube 28 may also be clamped to
      the paint container edge by means of clamp 13.
PAR  The apparatus has a pair of wheels 30 rotatably attached to frame member
      15. Wheels 30 project below the underside of frame support 18 to provide
      clearance for transporting the apparatus while maintaining as low a center
      of gravity as possible.
PAR  A bracket 16 is attached near the upper end of frame 15 for purposes of
      providing a support member for holding excess spray hose and electric
      cords. Rack 16 is also adapted for hooking thereon a paint spray gun, so
      that the entire apparatus and its associated hoses and equipment may be
      completely self-contained and supported while the apparatus is being
      moved.
PAR  An electric extension cord 32 is used to connect the apparatus with a
      convenient source of household power. An on-off switch 33, which may be
      actuated by foot control, controls the application of electric power to
      motor 20. When switch 33 is turned on, motor 20 operates and drives pump
      22. Pump 22 draws paint from paint container 10 via suction hose 26, and
      pumps the paint at an elevated pressure through hose 24 to the paint spray
      gun 25. When the paint spray gun trigger is not actuated, pump 22 may be
      caused to recirculate paint back to the container via return tube 28.
PAR  One of the advantages of the invention which is apparent from FIG. 1 is the
      positive inlet pressure which is made possible by means of the
      construction illustrated. Because paint container 10 is elevated above the
      inlet 33 to pump 22, paint is continually delivered to pump 22 at a
      positive pressure. This positive pressure maintains a prime in hose 26 and
      enables pump 22 to immediately begin pumping paint as soon as motor 20 is
      turned on. This is true even after the apparatus has been moved from one
      location to another, for the movement of the apparatus does not disturb
      the paint prime in hose 26 nor does it require any intital setup prior to
      renewing the painting operation other than restarting motor 20.
PAR  Pump assembly 22 has a pressure control 17 for adjusting the fluid pressure
      of the material being sprayed. Control 17 is typically adjusted to provide
      the desired quality and quantity of fluid to be sprayed by spray gun 25,
      usually in the range of 800 p.s.i. - 2,000 p.s.i. This pressure may be
      relieved by opening priming valve 36, which fluid couples paint from pump
      assembly 22 directly back to container 10 via return tube 28.
PAR  FIG. 2 illustrates the invention in side view, with a typical paint
      container shown in dotted outline. The apparatus is pivotal about the axle
      31 of wheel 30 for transporting. The center of gravity of the apparatus is
      approximately at the position labeled G, which is well forward of the axle
      pivot point, and approximately at the same height. If a 5 gallon paint
      container is placed on shelf 12, the center of gravity of the apparatus
      still remains well forward of the axle 31, insuring stability of the
      apparatus even under conditions when the frame 15 is tipped for
      transporting purposes. The combined center of gravity of the paint
      container and apparatus is designed so that paint will spill from the
      container 10 before the apparatus becomes unstable and falls over on its
      handle as a result of tipping.
PAR  FIG. 3 illustrates the invention in top view. From this figure, it is
      apparent that the center point of shelf 12 is forward of axle 31. This
      again insures that the center of gravity, even in cases where a full paint
      container is placed on shelf 12 is forward of the pivot point for the
      apparatus. The raised edge of shelf 12 is sized so as to conveniently and
      snugly accept a standard 5 gallon paint container. A center recessed
      portion 11 of shelf 12 is sized to snugly accept a standard 1 gallon paint
      container. Thus, either of these paint containers will fit within shelf 12
      and will be supported by an edge shoulder for stability.
PAR  In operation, the paint container 10 is placed on shelf 12 and suction hose
      26 is inserted into the paint within the container. Hose clamp 29 is
      threadably clamped to the edge of the paint container to secure the
      suction hose and return tube. During initial startup it is necessary to
      prime the pump and paint delivery hose. This is accomplished by opening
      priming valve 36 and then turning on switch 33. Priming valve 36 couples
      return tube 28 to the pump and provides a predetermined and fixed pressure
      load from the pump back to container 10. This load is overcome by the
      pump, and paint is drawn through suction hose 26 and recirculated back to
      container 10 via return tube 28 until priming valve 36 is shut off. Once
      recirculation has begun in this manner priming valve 36 may be shut off
      and the spray gun may be actuated for painting. Whenever spray gun 25 is
      triggered, the pump draws paint from the paint container and forces it out
      through the paint delivery hose under high pressure. When the paint spray
      gun trigger is released, spraying stops but the suction hose 26 and paint
      hose 24 remain full of paint and fully primed for the next painting
      operation. Under this condition, the motor may be turned off, and the
      apparatus may be moved from one location to another, and when the motor is
      again restarted the pump assembly will immediately begin delivering paint
      upon actuation of the spray gun trigger. Since the paint container is
      always elevated above the pump assembly the pump prime, once established,
      remains developed under the pressure head caused by the difference in
      elevation between the container and the pump.
PAR  The build up of electrostatic voltages is common in apparatus of this type,
      and is caused by the frictional flow of paint through the system. It is
      important, therefore, to provide an electrical ground to all portions of
      the apparatus where electrostatic voltages could otherwise develop, so as
      to eliminate the possibility of an electrical spark igniting paint or
      paint fumes. The electric cord 32 has an electrical ground connection
      which is connected to the chassis of motor 20. Since motor 20 is securely
      bolted to frame support 18 and frame 15 the entire frame is electrically
      grounded. Shelf 12 is preferably made of metal and is attached to frame 15
      so as to insure that it is grounded, and since paint container 10 is
      inserted into the recess of shelf 12 it contacts the electrical ground
      also. In order to improve the electrical connection between container 10
      and shelf 12 it may be desirable to construct shelf 12 with a corrugated
      surface, or other surface having sharp projections thereon. An alternative
      or additional approach to electrically grounding paint container 10 is to
      provide a ground wire attached to either suction hose 26 or return tube
      28, having one of its ends connected to the motor chassis and its other
      end connected to clamp 29.
PAR  Of course, a ground wire is also provided in paint hose 24, connecting
      spray gun 25 electrically to the motor chassis in a manner which has been
      done previously in the art. All these electrical connections provide a
      common grounding network for portions of the apparatus having paint
      contact or paint flow therein, thereby eliminating the usual problems
      associated with static electricity otherwise found in similar paint
      sprayers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for spraying liquids from a container and for portable
      relocation to a work site without disconnecting the liquid coupling and
      spraying members, comprising:
PA1  a. an L-shaped frame member having wheels mounted on axles near the
      intersection of the horizontal and vertical frame legs;
PA1  b. a motor and pump assembly rigidly attached to the horizontal leg of said
      frame member;
PA1  c. a liquid container shelf pivotally mounted along said frame member
      vertical leg and supported in a substantially horizontal position by said
      motor and pump assembly, whereby said shelf is elevated above said pump
      assembly and has its load-bearing center forward of said wheel axles;
PA1  d. a suction hose and a recirculating hose attached to said motor and pump
      assembly and having means for attachment to said liquid container;
PA1  e. spraying means, attached to said motor and pump assrmbly, for delivering
      sprayed liquid pumped by said motor and pump assembly; and
PA1  f. electric circuit means for interconnecting said spraying container shelf
      to a common electrical potential.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said liquid container shelf
      further comprises a raised edge sized for snugly enclosing a liquid
      container of a first capacity, and a recessed center portion for snugly
      enclosing a liquid container of a second capacity.
NUM  3.
PAR  3. A portable paint spraying apparatus having a motor-driven pump for
      withdrawing paint from a paint supply container and recirculating said
      paint and delivering said paint at elevated pressures for spraying from a
      spray gun, comprising:
PA1  a. a frame assembly having a base portion for attaching said motor-driven
      pump thereto, and having an upwardly extending handle portion;
PA1  b. a pair of wheels rotatably attached to said frame assembly and having
      their wheel surfaces extending below said base portion;
PA1  c. a paint container shelf attached to said frame assembly at a position
      elevated above said motor-driven pump and projecting forwardly to position
      its gravitational center point forwardly of said wheels attachment point;
      and
PA1  d. means for electrically interconnecting said paint container shelf and
      said motor-driven pump to a common voltage ground.
NUM  4.
PAR  4. The apparatus of claim 3, wherein said paint container shelf further
      comprises a circumferential lip for snugly encompassing said paint
      container.
NUM  5.
PAR  5. The apparatus of claim 4, wherein said paint container shelf further
      comprises a central recessed portion for accepting a paint container of
      smaller size than said circumferential lip size.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said paint container shelf further
      comprises a pivotal mounting connection for attachment to said frame
      assembly, and a bottom saddle for supporting against said motor driven
      pump.
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ABST
PAL  A pressure control mechanism for an irrigation sprinkler having a rotatable
      riser with an orifice of predetermined shape with the riser sealed at the
      water inlet end thereof. In one embodiment, a stationary valve ring is
      snug-fit around the riser and circumferentially stationary with respect to
      the riser. The valve ring is spring biased against a shoulder on the riser
      at the inlet end and adapted to rise with the riser. The valve ring has an
      orifice which is congruent to the orifice of the riser whereby rotation of
      the riser with respect to the stationary valve ring regulates the flow of
      water through the valve orifice and the riser orifice to thereby regulate
      the flow of water through the sprinkler. In an alternative embodiment, a
      valve disc is secured to the inlet end of the riser and is
      circumferentially stationary with respect to the riser. The riser has a
      plug fixedly mounted at the inlet end and is keyed for limited rotation.
      Both the valve disc and the riser have orifices which are congruent
      whereby rotation of the riser with respect to the stationary valve disc
      regulates the flow of water through the valve orifice and the riser to
      thereby regulate the flow of water through the sprinkler.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my prior co-pending, now
      abandoned, U.S. patent application Ser. No. 487,578 filed July 11, 1974
      and assigned to the assignee of the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a pressure control device for an
      irrigation nozzle and more particularly to an irrigation sprinkler having
      a rotatable riser and a nonrotatable valve for regulating the flow and
      pressure of water through the sprinkler.
PAR  A number of sprinkler systems have been devised to provide proper
      irrigation to lawns and other seeded areas. Irrigation sprinklers may be
      generally classified as either fixed discharge or moving discharge
      sprinklers. A moving discharge sprinkler is characterized by a movable
      sprayhead which directs one or more water streams outwardly from the head
      of the sprinkler in a predetermined direction in a cyclic or oscillatory
      pattern to sweep over the area to be irrigated.
PAR  Moving discharge sprinklers have the advantage of low precipitation rates.
      They further have the ability to distribute a relatively small flow of
      water over a relatively large area. However, such moving sprinklers tend
      to be complex in construction, costly to manufacture, subject to wear and
      malfunction and sensitive to water flow rates and pressures. The coverage
      of these sprinklers is adversely affected by the wind and they are
      ill-suited to small and/or irregularly shaped areas. They are generally
      incapable of accurate trimming, that is, spraying along but not
      appreciably beyond the border of an irrigation area, particularly an
      irregular body. Accordingly, moving sprinklers are not satisfactory for
      all uses. In view of their necessity to rotate or oscillate, a relatively
      large area of movement is required.
PAR  Typical fixed discharge sprinkler systems normally have a stationary
      sprayhead which directs a number of discreet diverging streams of water or
      a generally continuous fan-shaped spray of water spreading outwardly from
      the spray head over a predetermined angular sweep. Fixed discharge
      sprinklers have the advantages of maximum simplicity, low cost,
      reliability, immunity to wear and the ability to irrigate small or
      irregular areas and to accurately trim the borders of such areas. The
      chief disadvantage of fixed discharge sprinklers is that they continuously
      deliver a relatively large flow of water to a relatively small area and
      thus produce a relatively high precipitation rate over the area. They are
      relatively inflexible with respect to varying the precipitation rate.
PAR  The problem of the characteristically inflexible operation of fixed
      discharge sprinklers is further compounded by the fact that they are
      usually operated in groups from a common control valve. These control
      valves are usually controlled or operated by a single manual or automatic
      controller which causes all of the sprinklers to deliver approximately the
      same amount of water to the areas surrounding the respective sprinklers.
      Thus, some areas which require less water are overwatered, while other
      areas requiring more water are underwatered.
PAR  Various prior art devices have attempted to eliminate these disadvantages
      of fixed discharge irrigation sprinkler heads. One particularly noteworthy
      device is disclosed in my prior U.S. Pat. No. 3,454,225 and assigned to
      the assignee of the present invention. The sprinkler disclosed in my prior
      patent calls for a plurality of triangularly-shaped discharge orifices and
      means for adjusting the spacing between the apices and base sides of the
      orifice to regulate the geometric shape of the spray pattern. The actual
      size of the nozzle orifice of this sprinkler may be adjusted by turning a
      center screw in the sprinkler. The radius of throw and volume of water
      discharged by the sprinkler can thereby be varied over a wide range.
PAR  Summary of the Invention
PAR  The present invention relates to an improvement of the sprinkler in my
      prior U.S. Pat. No. 3,454,225 to provide flow adjustment thereto. To
      attain this, the present invention provides for a rotatable hollow riser
      in the sprinkler having an inlet orifice of a predetermined shape and
      discharge orifice. Non-rotatable valve means is provided for regulating
      the flow and pressure of water through the sprinkler.
PAR  In one embodiment, the riser is sealed at the water inlet end by a suitable
      plug and a valve ring is snug-fit on the riser. The valve ring is keyed to
      a filter screen surrounding the riser to remain circumferentially
      stationary. The valve ring has an orifice which is congruent to the inlet
      orifice in the riser. The pressure to the entire sprinkler system is
      adjusted by rotating the riser either manually or by any suitable means.
      This provides for adjustment of the flow of water through the orifice in
      the valve ring and then through the inlet orifice in the riser.
PAR  In an alternative embodiment, a valve disc is secured to the inlet end of
      the riser and is circumferentially stationary with respect to the riser.
      The riser has a plug fixedly mounted at the inlet end and a key or splined
      stop on the surrounding filter keys the plug and riser to permit limited
      rotation. Both the valve disc and the riser have orifices which are
      congruent. Rotation of the riser with respect to the stationary valve disc
      regulate the flow of water through the valve orifice and the riser to
      thereby regulate the flow of water through the sprinkler.
PAR  In the operation of the present invention, the riser pops up in response to
      water pressure applied to the sprinkler system to discharge a fluid
      through the discharge orifices. The relative position of the riser with
      respect to the valve means provides flow adjustment through the hollow
      riser. The versatility of the system is thereby increased.
PAR  Accordingly, an object of the present invention is to provide a pop-up
      sprinkler head having flow adjustment means.
PAR  Another object is to provide means for adjusting the flow of water through
      the riser of a sprinkler system.
PAR  Still another object is to provide stationary valve means for a sprinkler
      system to adjust the volume or pressure of fluid through the system.
PAR  Yet another object is to provide a vastly improved bubbler head for an
      irrigation system to replace both the stream and gusher type bubblers.
PAR  A more complete and thorough understanding of the improvements of the
      pressure control mechanism of the sprinkler of the present invention will
      be afforded to those skilled in the art from a consideration of the
      following detailed explanation of the preferred embodiment of the
      invention, when considered in conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partly in section, of an exemplary
      embodiment of the pressure control apparatus according to the present
      invention;
PAR  FIG. 2 is a detailed view of the pressure control apparatus of FIG. 1 taken
      along the plane of II--II;
PAR  FIG. 3 is a horizontal cross-sectional detail view of the apparatus of FIG.
      1 taken along the plane III--III;
PAR  FIG. 4 is a vertical cross-sectional view of the pressure control mechanism
      of the present invention with the valve means completely open as shown in
      FIG. 3 taken therein along the plane IV--IV;
PAR  FIG. 5 is a horizontal cross-sectional view of the apparatus of FIG. 4
      taken therein along the plane V--V;
PAR  FIG. 6 is a horizontal cross-sectional view of the pressure control
      mechanism of the present invention in partially opened position;
PAR  FIG. 7 is a vertical cross-sectional view of the pressure control mechanism
      of the present invention with the valve means partially open as shown in
      FIG. 6 taken along the plane VII--VII;
PAR  FIG. 8 is a horizontal cross-sectional view of the pressure control
      mechanism of the present invention in the completely closed position;
PAR  FIG. 9 is a vertical cross-sectional view of the pressure control mechanism
      of the present invention with the valve means completely closed as shown
      in FIG. 8 taken along the plane IX--IX;
PAR  FIG. 10 is a vertical exploded view of the plug, riser and valve ring of
      the present invention;
PAR  FIG. 11 is a horizontal view of the plug of FIG. 10;
PAR  FIG. 12 is a side elevational view, partly in section, of an alternative
      embodiment of the pressure control apparatus according to the present
      invention;
PAR  FIG. 13 is a detailed view of the pressure control apparatus of FIG. 12;
PAR  FIG. 14 is a horizontal cross-sectional detail view of the apparatus of
      FIG. 13 taken along the plane XIV--XIV with the valve means open;
PAR  FIG. 15 is a horizontal cross-sectional detail view of the apparatus of
      FIG. 13 taken along the plane XIV--XIV with the valve means partially
      open; and
PAR  FIG. 16 is a horizontal cross-sectional detail view of the apparatus of
      FIG. 13 taken along the plane XIV--XIV with the valve means closed.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSURE
PAR  In the embodiment of the present invention shown in FIGS. 1 through 11,
      there is shown the pressure control mechanism of the present invention
      having riser means 10 having an orifice 11 for receiving fluid under
      pressure and flow control means in the form of valve means 13 for
      adjusting the flow of fluid through the riser means 10.
PAR  The riser means 10 in the preferred embodiment is mounted in a generally
      cylindrical housing 21 and has a generally tubular shape for receiving
      water under pressure. The riser has a plug 12 at the bottom for sealing
      the riser and forming the perimeter of one edge of the orifice.
PAR  Valve means 13 is circumferentially fitted around the riser 10 and adapted
      to adjust the flow of fluid through the riser 10. The valve means 13 is
      preferably formed of a cylindrical ring having a key slot 14 which engages
      a key 17 of a filter screen 16 as shown in greater detail in FIG. 2. As
      shown in FIG. 3, the key 17 of the filter screen 16 prevents the valve
      ring 13 from rotating in a horizontal plane. A spring 18 urges the valve
      ring 13 in abutting relationship with the shoulder 20 of the riser 10. The
      top of spring 18 is urged against cap 19 of the cylindrical housing 21.
      The valve ring thereby moves linearly in the vertical direction, abutting
      against the riser, acting as a seat for spring 18.
PAR  The plug 12 has a lip 23 and a protrusion 24 which seals the riser 10 at
      the bottom and along the lower edge of the riser as shown in FIGS. 10 and
      11. The riser orifice 11 is thereby sealed at the bottom by the plug 12.
      The valve ring 13 has an orifice 26 which is congruent to the orifice 11
      of the riser 10. The flow of fluid into the hollow riser may be adjusted
      by adjusting the position of the valve orifice 26 with respect to the
      position of the riser 11. This adjustment may be obtained by rotating the
      riser 10. Since the key 17 of the filter screen 16 retains the valve ring
      13 stationary in a horizontal position, the relative position of orifice
      11 with respect to that of orifice 26 may be controlled by simply rotating
      the riser 13 by any suitable means.
PAR  Discharge means are shown in FIG. 1 for adjusting the geometric shape of
      the pattern of fluid which flows through the discharge end of riser 10.
      The discharge means are in the form of orifices 28 which may be formed in
      geometric configuration to cause the discharge spray to have any desired
      geometric shape. For example, the discharge orifices may be formed of
      generally triangular exit sections, each bound by converging sides
      defining an apex and a base side opposite the apex as shown in greater
      detail in my previous U.S. Pat. No. 3,454,225. The spacing between the
      apices and base sides of the discharge orifices may be varied by rotating
      an upper section 29 of the riser 10 with respect to a lower section 31 of
      the riser 10. This effectively varies the areas of the discharge orifices
      without altering their geometric proportions.
PAR  The cylindrical housing 21 has an inlet port 22 into which fluid is
      transmitted. In the passive state, the spring 18 abuts against shoulder 15
      of the valve ring 13 to urge the riser 10 downwardly to be completely
      surrounded circumferentially by the housing 21. Fluid pressure transmitted
      from the inlet port 22 urges the riser 10 upwardly against the bias of
      spring 18 as shown in phantom in the upper portion of FIG. 1. The fluid is
      transmitted through orifice 26 of the valve ring 13, through orifice 11 of
      the riser 10 and upwardly through the hollow center of riser 10. The fluid
      is then discharged through the discharge orifices 28 formed at the top of
      the riser 10. The construction of the valve ring 13 formed at the inlet
      end of the riser thereby controls the flow of fluid through the hollow
      riser. The discharge orifices formed at the discharge end of the riser
      control the area of coverage of the fluid discharged from the riser. The
      flow control feature provided by the valve ring and orifice construction
      thereby enhances the versatility of the sprinkler system.
PAR  Illustrative relative positions of the riser 10 with respect to the valve
      ring 13 are shown in FIGS. 3 through 9. As shown in FIGS. 3, 4 and 5, the
      riser 10 is adjusted to an angular position to render the riser orifice 11
      flush with the valve ring orifice 26. This relative positioning provides
      maximum pressure of fluid through the nozzle apparatus.
PAR  As shown in FIGS. 6 and 7, the riser 10 may be rotated to render the riser
      orifice 11 only partly flush with the valve ring orifice 26. The effective
      opening between the valve ring 13 and the inside of the riser 10 is
      thereby reduced and the flow of fluid through the passageway is
      correspondingly diminished. The pressure of fluid through the nozzle is
      accordingly reduced.
PAR  The riser 10 may be further rotated to completely impede the flow of fluid.
      As shown in FIGS. 8 and 9, the riser 10 is rotated to render the riser
      orifice 11 completely out of communication with the valve ring orifice 26.
      The flow of water through the hollow riser may thereby be completely
      turned off by this rotation of the riser.
PAR  It is noteworthy that the orifice 11 of the riser is shown to have a
      composite rectangular and triangular portion. Similarly, the orifice 26 of
      the valve ring 13 has a substantially congruent shape to that of orifice
      11 as shown in FIG. 10. Orifice 11, however, may be formed in any suitable
      shape and need not necessarily be congruent with orifice 26. In fact, the
      riser 10 may have a plurality of orifices distributed circumferentially
      therearound and the valve ring 13 may also have a plurality of orifices
      distributed circumferentially therearound. The orifice on the riser 10
      need not necessarily be congruent with that of the valve ring 13.
PAR  In the alternative embodiment shown in FIGS. 12 through 16, there is shown
      the pressure control mechanism of the present invention having riser means
      40 having a plug 41 with an orifice 47. The plug 41 is fixedly mounted at
      the inlet end thereof and has an arcuate indentation or cut-out portion as
      shown. The flange 40' of the riser is formed with an arcuate cut-out
      portion which is in mating configuration with that of the plug. A key or
      stop spline 42 is formed on the filter screen 43 to key the plug 41 and
      riser 40 to permit rotation thereof between the shoulders at the
      extremities of the arcuate cut-out portions.
PAR  In this embodiment, flow control means is provided by valve means in the
      form of an arcuate apertured disc 44. The valve disc 44 is rotatably
      secured to the riser adjacent the plug means at the inlet end by a screw
      45 and has an orifice 48 which is congruent to the orifice 47 of the plug
      41. As shown in FIGS. 14, 15, and 16, the valve disc 44 is keyed to the
      stop spline or key 42 to be circumferentially stationary with respect to
      the riser 40.
PAR  In the operation of this embodiment of the present invention, the pressure
      from the fluid applied to the riser causes it to rise as shown in phantom
      in FIG. 12. The fluid is transmitted through the orifice 46 of the valve
      disc 44, through the orifice 47 of the plug 41 and upwardly through the
      hollow center of riser 40. The fluid is then discharged through discharge
      orifices formed at the top of the riser 40.
PAR  The valve disc 44 provides adjustability of the flow of fluid through the
      hollow riser 40 as shown in FIGS. 14, 15 and 16. In FIG. 14, the riser 40
      and plug 41 are rotated so that the orifice 46 of the valve disc 44 is
      fully aligned or flush with the orifice 47 of the plug 41. This provides
      for a maximum flow of fluid through the riser 40. In FIG. 15, the riser 40
      and plug 41 are shown as being rotated so that only part of the orifice 46
      is aligned or flush with the orifice 47. This provides for a reduced flow
      of fluid through the riser 40 and out the discharge orifices of the riser
      40 at the top. In FIG. 16, the riser 40 is shown rotated so that the
      orifice 46 is completely out of communication with orifice 47. This
      completely impedes the flow of fluid through the system. The rotation of
      riser 40 relative to the valve disc 44 thereby controls the flow of fluid
      through the hollow riser 40.
PAR  It is, therefore, apparent that the construction of the present invention
      provides greater versatility in adjusting the pressure and fluid flow
      through the nozzle apparatus. The nozzle thereby becomes a highly improved
      bubbler head which may replace both the stream and gusher type of
      bubblers. The components are preferably molded of any suitable plastic.
      They are therefore easily constructed and the system may be easily
      assembled.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. For example, although the
      present system is primarily designed for water irrigation systems, it may
      be used for any fluid dispersing application. It is, therefore, to be
      understood that within the scope of the appended claims, the invention can
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an improved versatility sprinkler for varying the flow rate of fluid
      through a sprinkler head having a housing for receiving water under
      pressure and riser means mounted therein, said riser means having an inlet
      end within said housing and a discharge end, exteriorly of said housing,
      the improvement comprising:
PA1  first means formed at the discharge end of said riser means for adjusting
      the area of coverage of the fluid discharged from said riser means; and
PA1  second means associated with the inlet end of said riser means within said
      housing for adjusting the rate of flow of fluid from said housing into
      said riser in response to rotational movement of said riser means relative
      to said housing independently of the adjustment of said first means
      whereby the area of coverage of the fluid discharged from the riser means
      may be independently adjustable through manipulation of said first means
      and the flow rate of fluid discharged into the selected area of coverage
      is independently adjustable exteriorly of said housing through
      manipulation of the discharge end of said riser means.
NUM  2.
PAR  2. In a sprinkler head construction having a housing adapted to be
      connected to a source of water under pressure, a riser means mounted to
      said housing with an inlet end within the housing and an outlet end
      exteriorly of the housing and means formed at the discharge end of said
      riser means for adjusting, exteriorly of the housing, the area of coverage
      of the water discharged, the improvement comprising the provision of:
PA1  valve means associated with the inlet end of said riser means within said
      housing for adjusting the rate of flow of water from said housing into
      said riser means in response to rotational adjustment, from the exterior
      of said housing, of said riser means independently of the adjustment of
      said means formed at the discharge end of said riser means.
NUM  3.
PAR  3. The improvement in sprinkler head construction of claim 2 wherein said
      riser means comprises a vertically oriented tubular member having an inlet
      orifice formed at the inlet end thereof; and said valve means comprises a
      cylindrical valve member mounted about the inlet end of said tubular
      member in a relatively rotatable relationship with a valve orifice formed
      in a side wall thereof, said cylindrical valve member being mounted for
      non-rotational movement relative to said housing, whereby rotational
      movement of said valve means tubular member relative to said housing
      provides adjustable positioning of said riser inlet orifice and valve
      orifice to control the flow rate of fluid discharged from said riser
      means.
NUM  4.
PAR  4. The improvement in sprinkler head construction of claim 2 wherein limit
      stop means are provided for limiting the rotational movement of said riser
      means relative to said valve means.
NUM  5.
PAR  5. The improvement in sprinkler head construction of claim 3 wherein:
PA1  said riser means comprises a vertically oriented tubular member having a
      ported plug means in the inlet end thereof, said ported plug means
      providing a riser inlet orifice; and
PA1  said valve means includes an apertured disc rotatably mounted to said riser
      means overlying said plug means, said apertured disc providing said valve
      orifice.
NUM  6.
PAR  6. A sprinkler head including a housing having a water inlet and an outlet
      comprising:
PA1  riser means associated with said housing and including an upper discharge
      end protruding through said housing outlet and a lower water inlet end
      having a riser inlet orifice for receiving water from within said housing
      and directing it out through said discharge end exteriorly of said
      housing, said riser means being mounted to said housing for relative
      rotation thereto; and
PA1  valve means within said housing and inlcuding a valve orifice adjustably
      registerable with said riser inlet orifice upon relative rotation between
      said riser means and valve means for controlling the flow of water from
      said housing into said riser, said valve means being non-rotatably mounted
      to said housing whereby the flow rate of water emitted through said riser
      means may be adjusted exteriorly of said housing by manual rotational
      adjustment of said protruding riser discharge end relative to said housing
      and valve means.
NUM  7.
PAR  7. The sprinkler head of claim 6 wherein:
PA1  said riser means comprises a vertically oriented tubular member having said
      riser inlet orifice formed in a lower side wall portion thereof; and
PA1  said valve means comprises a cylindrical valve member mounted about the
      lower end of said tubular member in a relatively rotatable snug-fit and
      said valve orifice is formed in a side wall thereof to be adjustably
      registerable relative to said riser inlet orifice upon relative rotation
      of said tubular member to said valve member.
NUM  8.
PAR  8. The sprinkler head of claim 7 wherein:
PA1  said valve means cylindrical valve member is mounted to said riser means
      tubular member for vertical movement therewith and vertically oriented key
      and slot means are provided between said cylindrical valve member and a
      stationary member associated with said housing to retain said valve member
      stationary about its vertical axis upon rotation of said riser means
      tubular member.
NUM  9.
PAR  9. The sprinkler head of claim 6 wherein:
PA1  limit stop means are provided for limiting the rotational movement of said
      riser means relative to said valve means.
NUM  10.
PAR  10. The sprinkler head of claim 9 wherein said limit stop means comprises
      the provision of an arcuate cut-out portion on said riser means tubular
      member with stop shoulders at opposite ends thereof and a stationary key
      member associated with said housing.
NUM  11.
PAR  11. The sprinkler head of claim 7 wherein said riser means inlet orifice
      has a substantially triangular side cut-out portion thereof and said valve
      means valve orifice has a substantially vertically straight side wall for
      adjustable registry with said triangular cut-out portion of said riser
      inlet orifice to provide a triangular inlet of adjustable size to said
      riser means within said housing.
NUM  12.
PAR  12. The sprinkler head of claim 6 whrein:
PA1  said riser means comprises a vertically oriented tubular member having a
      ported plug means in the bottom end thereof providing said riser inlet
      orifice; and
PA1  said valve means includes an apertured disc rotatably mounted to said riser
      means overlying said plug means and providing said valve orifice.
NUM  13.
PAR  13. The sprinkler head of claim 6 wherein:
PA1  means are associated with said discharge end of said riser means for
      adjusting the area of coverage of the fluid discharged from said riser
      means independently of the adjustability of the flow rate of water emitted
      therefrom.
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ABST
PAL  An annular plug nozzle for a rocket propulsion unit, designed for the
       shost possible length, and contoured wall structure capable of
      withstanding exposure to motor chamber and exhaust environment for
      extended operating time.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention defined herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to nozzles for rocket motors and more particularly
      to the structural design having the shortest possible length to deliver
      maximum thrust and to the capability of withstanding exposure to motor
      chamber and exhaust environment.
PAR  2. Description of the Prior Art
PAR  The use of inserts in annular nozzles is not new, as shown in U.S. Pat.
      Nos. 3,200,585, 3,187,502 and 3,157,026, but these insets have not been
      designed with relation to the insulation of the shell of the nozzle with
      regard to heat, nor have they been of a plurality of materials. The need
      for an annular nozzle contoured by the insertion of inserts selected for
      their inherent values relating to heat insulation, and resistance to
      erosion is shown by the failure of many of this type of nozzle when put
      into actual practice.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is the provision of an annular nozzle, contoured by
      the insertion of inserts, which are selected for their inherent
      characteristics, such as heat insulation and resistance to erosion.
PAR  The nozzle was designed after consideration of three dominant criteria;
      namely, nozzle performance (thrust coefficient), thermal design and
      development flexibility. Nozzle configurations considered were isentropic
      spike, submerged spike, internal-external expansion, expansion deflection,
      submerged throat and symmetrical. Cooling mechanisms considered were
      transportation, pyrolysis, ablation and enthalpic with the physical
      characteristics of length, weight and fragility. Performance
      characteristics were the thrust coefficients and slip-stream
      susceptibility and other factors.
PAR  Study was conducted along three phases which eliminated various design
      concepts. The first phase considered the various designs with relationship
      to aerodynamic, ballistic, thermal characteristics, structural design,
      materials, fabrication and cost criteria. The second phase consisted of a
      study in a narrower field after eliminations, while the third lead to a
      selection of two competing designs with a preferred design concept of a
      symmetrical annular nozzle having contoured walls with centerbody support
      structure located in the upstream, subsonic region and the alternate
      design with the centerbody supports located in the transonic and
      supersonic regions, with extensive aerodynamic streamlining.
PAR  An object of the present invention is to provide an annular nozzle of
      shortest possible length that would provide maximum thrust.
PAR  Another object of the present invention is to provide an annular nozzle
      having wall contour selected to provide the maximum thrust, while at the
      same time providing curvature which will be most advantageously directed
      to the least erosion due to velocity of exhaust gases.
PAR  Another object of the present invention is to provide an annular nozzle
      formed of a material which will give a low erosion rate by reason of the
      inherent characteristics of that material.
PAR  It is a further object of the present invention to form certain different
      parts of an annular nozzle of steel, Graph-I-Tite G, MX4566 (a silica
      phenolic compound), Carb-I-Tex and of pyrolytic-graphite.
PAR  It is a still further object of the present invention to form an annular
      nozzle taking into consideration the erosion qualities of the material
      used, and to use a minimum thickness of such material.
PAR  It is a still further object of the present invention to provide an annular
      nozzle formed with a centerbody throat insert capable of withstanding a
      high thermal stress, which develops due to the absence of radial support,
      and to orient the material forming the throat area to a position of
      greatest thermal conductivity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described in the accompanying drawings, in which:
PAR  FIG. 1 is a front plan view of the nozzle.
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is a graph on the performance comparison of straight wall and
      contoured wall annular plug nozzles.
PAR  FIG. 4 is a graph showing comparison of motor performance with a current
      nozzle and, as estimated, with the nozzle forming the subject of this
      invention, with regard to Mach number.
PAR  FIG. 5 is a similar comparison with regard to pressure.
PAR  FIG. 6 is also a similar comparison with regard to temperature.
PAR  FIG. 7 shows the results of thermal stress in the centerbody throat insert.
PAR  FIG. 8 shows temperature distribution after 3 seconds of firing.
PAR  FIG. 9 shows temperature distribution after 5 seconds of firing.
PAR  FIG. 10 shows temperature distribution after 10 seconds of firing.
PAR  FIG. 11 shows the nozzle as secured to the casing of a rocket motor, the
      flow of exhaust gases in the contoured nozzle and the tilt of the throat
      area.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Selection of the double-wall annular nozzle design was made after numerous
      tests which proved the annular design was the preferred configuration. The
      principal advantage of the annular nozzle over the conical nozzle is the
      reduction in length without significant degradation of thrust coefficient.
      It was found through experimentation that the annular nozzle is capable of
      yielding a performance equivalent to that of the current design but within
      a shorter total system length and that the annular structure will
      withstand exposure to the motor chamber and exhause environment for
      extended operating time. These two factors will allow the annular nozzle
      to improve the current propulsion system performance.
PAR  Ballistic analysis of the annular nozzle system was initiated by
      calculating (for straight-wall axisymmetric annular plug nozzles) the
      dependence of nozzle length on the following design variables: (1) radial
      location of the annular throat gap; (2) divergence angles of the inner and
      outer walls from the center line of the annular gap; and (3) ratio of the
      throat wall radii to the throat gap width. Results showed that the nozzle
      length was essentially independent of the ratio of throat wall radius to
      throat gap width. The ratio was therefore fixed at 1:1. The nozzle design
      to obtain maximum thrust at a given length was reduced to: (1) selection
      of the location of the annular gap; (2) determination of inner and outer
      wall contours in the expansion section; and (3) determination of the flow
      direction at the throat.
PAR  Upon calculation of the thrust coefficient data on straight-wall nozzles,
      the gain in motor performance as a consequence of motor length reduction
      (with attendant additional propellant loading increase) was estimated.
      From this investigation, and assuming additional improvement to be gained
      by wall contour optimization in lieu of straight walls, nozzle lengths
      were selected for computation of respective thrust coefficients of nozzles
      with optimum contours. The final step in nozzle design was achieved by
      reevaluation of motor performance improvement for the range of lengths of
      nozzles having optimum contours.
PAR  PERFORMANCE COMPARISON OF CONICAL NOZZLE AND ANNULAR PLUG NOZZLE AT SEAL
      LEVEL CONDITIONS (70 F)
TBL                     Conical                                                
                               Annular                                         
                        Nozzle Plug                                            
     ______________________________________                                    
     Average Chamber Pressure, psia                                            
                          1145     1145                                        
     Nozzle Throat Area, sq. in.                                               
                          4.227    4.227                                       
     Nozzle Length, in.   4.50     2.25                                        
     Expansion Ratio      5.02     5.02                                        
     Vacuum Thrust Coefficient                                                 
                          1.601    1.625                                       
     Impulse over Action Time, lb.sub.f -sec                                   
                          21,900   23,500                                      
     ______________________________________                                    
PAR  In FIG. 3 the advantages of contoured-wall annular plug nozzles over the
      straight-wall type is compared. The performance gain, as shown by the
      table, is due to two factors, the thrust coefficient improvement and the
      gain due to propellant weight increase. An inspection of the flow
      parameter profiles as indicated in FIGS. 3, 4 and 5 indicate disturbances
      along the centerbody surface. These manifestations of shock phenomena are
      related to the flow re-direction and boundary layer separation involved in
      turning the streamlines parallel to the nozzle centerline.
PAR  The erosion of the throat area will be constant with time and the rate of
      throat area change may be represented by the equation:
      ##EQU1##
      This ratio for this particular construction is of the order of 3 and shows
      that the erosion on the annulus is three times more than the erosion of a
      simple conventional nozzle. It is therefore necessary that a material with
      high erosion resistance properties be used. The material used is
      pyrolytic-graphite and it is used as an insulating material. Tests prove
      that pyrolytic-graphite less than 0.6 of an inch thick was subject to
      severe corrosion making it necessary to establish the minimum thickness at
      0.6 inch.
PAR  In order to make the system as light as possible, truncation of the annular
      nozzle is a means of removing mass. This truncation of the centerbody will
      decrease the thrust coefficient.
PAR  The centerbody throat insert is required to withstand a high thermal
      stress, due partly to the absence of radial support. Further, the insert
      will be free to move in the axial direction due to the elastic material
      providing an expansion joint and will therefore be essentially in plane
      stress. The results of the stress from calculations are shown in FIG. 7.
      The strength of the pyrolytic-graphite is 20,000 psi at 3000.degree. F and
      provides a satisfactory material capable of withstanding the temperatures
      without cracking. A thermal analysis of the temperature distribution in
      the centerbody, shown in the form of isotherms in FIGS. 8, 9 and 10
      indicate an abrupt chamge at the junction between the graphite and the
      Carb-I-Tex. It is at this point that a large amount of heat is transferred
      from the pyrolytic-graphite the Carb-I-Tex. The annular nozzle is designed
      with a thin ring of a direction pyrolytic-graphite to insulate the steel
      hardware from the high temperatures.
PAR  The design of the contour resulted in a larger diameter annulus for the
      throat and a shorter and greater diameter for the center body. This change
      of construction over previous models made it unnecessary to use a high
      temperature material and the struts were fashioned of 4130 steel, which
      offers the advantages of less cost, greater strength and greater ease in
      fabrication. The entrance area consists of an expanding conical outside
      wall which serves to direct the exhaust gases flowing down between the
      grain and the case into the nozzle throat and a conical inside wall which
      serves to direct the gases from the inner perforation of the grain into
      the nozzle. The shape of the entrance must conform to the motor case to
      which it is to be fitted. The material from which the walls of the
      entrance area is fashioned is Fiberite MXGE61 (a silica phenolic molding
      compound) and is used because of its low thermal conductivity and errosion
      resistance.
PAR  The need for struts to support the centerbody compromises the ballistics of
      the entrance area and the material used must be erosion resistant to the
      thermal environment of the combustion gases.
PAR  The erosion of the throat area is about from 5 to 9% and must have a
      material which would resist this erosion. Edge oriented pyrolytic-graphite
      used as a throat material will prevent the erosion from exceeding these
      limits, and provide high thermal conductivity.
PAR  Erosion of the walls of the expansion area of the nozzle is much less than
      at the throat plane and the material used at this section of the nozzle is
      Graph-I-Tite G which is insulated by a 0.1 inch thick a direction
      pyrolytic-graphite sleeve. The aft portion of the outer exit wall is made
      of Fiberite MX4566 which is a silica phenolic molding compound. This part
      must be able to carry pressure loads which are transmitted into the
      retainer ring which holds the nozzle in place. To insure sufficient
      strength for this part, a steel load ring is molded into the phenolic
      compound.
PAR  The inner wall of the expansion area should have a material with a minimum
      compressive strength of 12,000 psi. The material used here is Carbon Cloth
      Carbon Bond Carb-I-Tex. Here because of the high thermal conductivity of
      the Carb-I-Tex material the steel support is insulated by a 0.07 inch
      sleeve of a direction pyrolytic-graphite.
PAR  The aft portion of the inner wall is made from Fiberite MX4566. This
      material has a steel nut imbedded therein to transmit all pressure loads
      into the center rod. The joint between the Carb-I-Tex and the silica
      phenolic is tilted in order to carry the loads into the nut without
      introducing bending stresses into the silica phenolic molded part.
PAR  The annular nozzle is adapted to be attached to the casing 12 of a motor 13
      (FIG. 11) by means of a retaining collar 14 threaded to the motor casing
      at 15. The rim 16 of the collar engages the shoulder 17 of the shell of
      the annular nozzle.
PAR  The annular nozzle has an outside shell can-like body 18 to which is welded
      tripod arms 19 at their outer extremities 21. The inner junction 22 of the
      tripod arms is attached to a steel pin 23 formed with a shoulder 23 and
      which supports the inner centerbody 24. The inner wall of the shell 18 is
      contoured to the shape shown in the cross-section (FIG. 2) by annular
      inserts 25, 26, 27 and 28. The insert 25 is an insulator formed of MXGE61
      steel. The insert 26 which forms the restricted throat area 31 is formed
      of edge oriented pyrolytic-graphite with the a direction extending
      substantially perpendicular to the direction of gas flow. The insert 27 is
      formed of Graph-I-Tite G. The insert 28 is formed of Fiberite MX4566.
      These different materials are used to provide the most efficient
      distribution of heat and to withstand erosion and the thermal stresses
      present during the operation of the motor. Inserts 26 and 27 are spaced
      from the outer shell by a sleeve 32 of pyrolytic-graphite with the a
      direction running parallel to the longitudinal axis of the sleeve. A ring
      33 of 4130 steel is molded into the insert 28 to provide the necessary
      compressive strength to support the loads set up by the retaining collar
      14.
PAR  The center body 24 is built up on the steel pin 23 to form the contoured
      inner wall of the nozzle. The forward end of the centerbody is provided
      with an inner washer or ring 34 formed of Graph-I-Tite G and serves as a
      heat sink. This ring 34 is insulated from the inner pin 23 by a sleeve 35
      of pyrolytic-graphite with the a direction in the direction of the
      longitudinal axis of the sleeve and is surrounded by an outer ring or
      washer 36 of edge oriented pyrolytic-graphite with the a direction
      substantially radial. Passing towards the aft end of the centerbody, an
      annular Carb-I-Tex insert, insulated from the pin 23 by the sleeve 35
      forms the next section of the contoured inner wall. The aft end 36 of the
      centerbody 24 is formed of the molding compound MX4566 and is of
      substantially conical shape and surrounding the steel nut 37.
PAR  In order for the parts formed of pyrolytic-graphite, where exposed to
      erosion, to be effective, the thickness must be at least 0.6 of an inch.
      Pyrolytic-graphite has extremely high thermal conductivity in the a
      direction and is oriented wherever used in this structure to provide the
      most efficient use.
PAR  Ballistic optimization of the throat and exit contour make it necessary to
      tilt the throat plane inward about 7.degree., as shown at 41 in FIG. 11.
PAR  The use of an annular nozzle has resulted in an improved performance
      because of better thrust and because the shorter length of nozzle permits
      larger grain size in the same overall length of rocket motor. The
      following tables summarize a comparison between straight wall and
      contoured wall nozzles.
TBL                                    NOZZLE DESIGN SUMMARY                   
     __________________________________________________________________________
                       Initial Flow                                            
     Nozzle Length,                                                            
              Wall Angles.sup.1,                                               
                       Direction at                                            
                                Vacuum                                         
     in. (Throat to                                                            
              Deg      Throat, Deg                                             
                                Thrust.sup.2                                   
     Exit Plane)                                                               
              Inner                                                            
                  Outer                                                        
                       from Centerline                                         
                                Coefficient                                    
     __________________________________________________________________________
     STRAIGHT WALL ANNULAR NOZZLE                                              
     __________________________________________________________________________
     1.5      44  26.4 -8.8     1.569                                          
     2.0      36  20.3 -7.8     1.597                                          
     2.25     32  19.1 -6.5                                                    
     2.5      30  16.7 -6.7     1.712                                          
     3.0      26  13.7 -6.2     1.732                                          
     3.5      22  12.4 -4.8     1.683                                          
     4.0      20  10.5 -4.8     1.725                                          
     4.5      18  9.3  -4.4     1.731                                          
     5.0      16  8.6  -3.7     1.702                                          
     CONTOURED WALL ANNULAR NOZZLE                                             
     __________________________________________________________________________
     1.5      48  30.0 -8.8     1.558                                          
     2.25     38  24.6 -7.2     1.625                                          
     3.0      30  18.0 -6.1     1.643                                          
     REFERENCE CONICAL NOZZLE                                                  
     __________________________________________________________________________
     4.5      --  18.5 --       1.601                                          
     __________________________________________________________________________
      .sup.1 Slope of tangency of circular and parabolic contours in the case o
      contoured nozzles                                                        
      .sup.2 Divergence losses omitted                                         
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite annular nozzle for rocket motors comprising:
PA1  a steel shell forming a can-like body;
PA1  tripod arms secured at their free extremities to the shell;
PA1  a steel pin secured to the center of the tripod arms and extending aft
      substantially concentric with the shell body;
PA1  contoured inner walls formed of sections of materials other than steel
      secured to the inner wall of the shell body, said inner wall forming the
      outer contoured surface of the nozzle;
PA1  sections formed of a material other than steel, which when assembled on the
      center pin form a substantially cone shaped centerbody, the contoured
      outer shape of the centerbody forming the inner walls of the nozzle;
PA1  wherein the aft insert of the outer and inner contoured walls is formed of
      silica phenolic molding compound;
PA1  whereby an annular throat section is formed at the portion of narrowest
      opening between the outer wall and the inner wall of the nozzle.
NUM  2.
PAR  2. A composite annular nozzle according to claim 1 and including insulating
      members between the steel sections and those of other metal.
NUM  3.
PAR  3. A composite annular nozzle according to claim 2 wherein the insulating
      sections are of pyrolytic-graphite.
NUM  4.
PAR  4. A composite annular nozzle according to claim 3 wherein the a direction
      of the pyrolytic-graphite is arranged to produce the greatest thermal
      conductivity.
NUM  5.
PAR  5. A composite annular nozzle according to claim 1 in which the steel pin
      attached to the tripod arms is formed with an annular shoulder to absorb
      some of the stress.
NUM  6.
PAR  6. A composite annular nozzle according to claim 1 in which the contoured
      outer and inner walls form a narrow throat area.
NUM  7.
PAR  7. A composite annular nozzle according to claim 6 in which the shortest
      distance across the throat area is 7.degree. from a diametric line passing
      through the throat area.
NUM  8.
PAR  8. A composite annular nozzle according to claim 6 in which the material
      forming that portion of the contoured inner and outer walls of the nozzle
      is pyrolytic-graphite.
NUM  9.
PAR  9. A composite annular nozzle according to claim 8 in which the
      pyrolytic-graphite is arranged with its a direction substantially normal
      to the longitudinal axis of the nozzle.
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ABST
PAL  A washer jet assembly is provided with a housing adapted to be suspended on
      a wiper arm and having an inlet sleeve communicating into a distribution
      chamber. A plurality of grooves are formed in the open end wall of the
      distribution chamber of the housing to form passageways from the
      distribution chamber to the outside. A cover button with a head portion
      and a shank portion is secured to the housing with the head portion
      closing the distribution chamber and with the shank portion passing
      through the distribution chamber and the housing and being secured to the
      housing by upsetting the exposed end of the shank portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to windshield washer equipment and more particularly
      to an arm mounted washer jet assembly for distributing washing fluid on
      the windshield at locations for maximum wiping efficiency.
PAR  2. Description of the Prior Art
PAR  Windshield washers used in automobiles and the like are generally
      well-known. Most are mounted in the hood portion and direct washing fluid
      from a small nozzle toward the windshield. The problems encountered by
      this form of washer are numerous. Often, fluid is wastefully applied to
      the windshield at locations not covered by the wiper or at locations
      already travelled by the wiper. As the distance from the hood nozzle to
      the windshield increases, accuracy of the directed fluid will decrease.
      Quite often the fluid does not reach the windshield at all because of the
      distance involved and the pressure directing the fluid from the jet onto
      the windshield is either too strong or too weak. In addition, strong wind
      creates havoc with this form of washer because the fluid is redirected to
      a location other than the one intended. A further result of the great
      distance between the washer jet and the windshield is the requirement of
      small jets which can easily become clogged with foreign matter.
PAR  On the other hand, arm-mounted washer jets are known, but they are mostly
      unsuccessful because of high production costs, installation difficulties,
      and inadequate distribution of fluid. An inexpensive, easily-mounted,
      effective washer jet was not available until the present invention was
      made.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an arm-mounted windshield washer jet
      assembly which is easy to mount, inexpensive to manufacture and easy to
      maintain, and which delivers adequate fluid to the entire windshield
      without any difficulty for effective cleaning thereof.
PAR  One of the primary objects of the invention is to provide a washer jet
      assembly which is more effective, less expensive to manufacture, easier to
      mount on new or old wiper arms, and requires less maintenance than prior
      washer jets.
PAR  The other primary object of the invention is to provide an improved method
      of sealing a washer jet assembly by using a cover button which secures
      itself to the washer jet housing.
PAR  Another object of the invention is to reduce the number of parts that make
      up the washer jet assembly to a simple housing, having a distribution
      cavity and jet grooves, and a cover button which covers said distributing
      cavity and jet outlet grooves to form a distribution chamber and jet
      outlet passageways.
PAR  Another object of the invention is to reduce the time of manufacture of
      washer jet assemblies by reducing the number of steps required to
      construct the assemblies.
PAR  Another object of the invention is to provide a washer jet assembly in
      which all components can be readily molded from plastic.
PAR  Another object of the invention is to provide a washer jet assembly which
      wets the entire windshield surface effectively by projecting streams (not
      sprays) of fluid with sufficient pressure from a limited number of jet
      outlets, which are of such size to limit clogging by foreign substances.
PAR  Another object of the invention is to provide jet outlets which direct
      fluid to one side of the wiper but at differing points on the windshield
      to avoid ineffectiveness of the wiper caused by the overlapping of the
      projected fluid in some areas and the lack of proper wetting in other
      areas.
PAR  Other objects, features and advantages of the invention will be made
      apparent in the following detailed description, taken together with the
      drawings, where like parts are identified by the same reference numerals,
      in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a preferred embodiment of the washer jet
      assembly;
PAR  FIG. 2 is a bottom elevation of a preferred embodiment of the washer jet
      assembly;
PAR  FIG. 3 is a view of a cross section taken substantially along line 3--3 of
      FIG. 2 and looking in the direction of the arrows, showing the washer jet
      housing, with the inlet distribution chamber and an outlet jet passageway,
      and the cover button prior to upsetting of the shank portion;
PAR  FIG. 3a is a view of a cross section taken substantially along line 3--3 of
      FIG. 2 and looking in the direction of the arrows, showing features shown
      in FIG. 3, but after the shank portion of the cover button is upset; and
PAR  FIG. 4 is a perspective view of the washer jet assembly attached to a
      portion of a typical wiper arm looking toward the heel of the wiper arm.
DETD
     DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1, 2 and 4, the washer jet assembly 10 is shown as
      including (1) a housing 11 with cylindrical distribution cavity 12, four
      jet outlet grooves 13, 14, 15 and 16 formed in end wall 17, inlet sleeve
      18 for connection with hose 19, and a groove 20 for affixing the washer
      jet assembly 10 to a wiper arm 21, and (b) a cover button 22 with head
      portion 23 and shank portion 24 which closes the open faces of
      distribution cavity 12 and jet outlet grooves 13, 14, 15 and 16 and which
      is secured to housing 11 by upsetting the shank portion 24 of the cover
      button 22 on the outside surface of end wall 25.
PAR  Housing 11, which contains distribution cavity 12 and jet outlet grooves
      13, 14, 15 and 16, is composed of a semicylindrical sidewall 26 which
      extends to a central axis 27 on two opposing sides and which continues as
      parallel flat sidewalls 28 and 29 which are met by a flat top wall 30 at
      right angles thereto, thereby encircling the distribution cavity 12.
      Sidewalls 26, 28 and 29 also meet end wall 25 and end wall 17 at right
      angles.
PAR  The end wall 17 extends beyond top wall 30 and meets holding edge 31 at a
      right angle. The end wall 25 also extends beyond top wall 30, but is
      positioned outwardly of housing 11 prior to meeting top wall 30 to allow
      the placement of groove 32 at the junction of end wall 25 and top wall 30.
      End wall 25 extends therefrom and meets holding edge 34 which is located
      directly across from holding edge 31. As a result, a groove 20, to hold
      wiper arm 21, is formed by end wall 25, end wall 17, top wall 30, groove
      32 and holding edges 31 and 34. Placement of the washer jet assembly 10 on
      the wiper arm 21 is facilitated by the flex of end wall 25 at the line of
      groove 32. End wall 25 can be forced out away from end wall 17, the wiper
      arm 21 can then be inserted, and end wall 25 will return to its original
      position. End wall 25, end wall 17 and holding edges 31 and 34 prevent the
      washer jet assembly 10 from disengaging from the wiper arm 21 by nearly
      enclosing said wiper arm 21. Further, protuberance 36 centered in groove
      20 on top wall 30 prevents displacement of the washer jet assembly 10
      along wiper arm 21 when it is inserted into hole 38 appropriately placed
      on wiper arm 21.
PAR  Inlet sleeve 18 is comprised of elongate cylindrical wall 40 which extends
      radially outward from center axis 17. Wall 40 joins with sidewall 29 at a
      right angle. An inner passageway 42 lies within wall 40 and extends beyond
      sidewall 29 and opens into distribution cavity 12. Inlet sleeve 18 is
      inserted into a resilient flexible hose 19 to establish fluid
      communication between distribution cavity 12 and a fluid source (not
      shown).
PAR  As seen in FIG. 1, the inlet sleeve 18 is located at the top end of
      distribution cavity 12 so that the fluid delivered to the jet outlet
      grooves 13, 14, 15 and 16 does not vary among the grooves because of the
      injection of new fluid into the distribution cavity 12.
PAR  As best seen in FIG. 2, the jet outlet grooves 13, 14, 15 and 16 extend
      nearly radially outward from central axis 27 and are nearly equally spaced
      on the circular edge of distribution cavity 12 to equalize the pressures
      at the opening of each jet outlet groove. Since the washer jet assembly 10
      is intended to be located nearer the heel of the wiper arm 21 than the
      tip, and since the fluid tends to drain down the windshield, jet outlet
      grooves 13, 14 and 15 are directed toward the tip and only jet outlet
      groove 16 is directed toward the heel. Thus, fluid is projected over the
      entire length of the wiper. Jet outlet groove 13 is directed toward the
      tip of wiper arm 21 and upward from the central axis 27 at a preferred
      direction angle of 15.degree. from horizontal. Jet outlet grooves 14 and
      15 are directed toward the tip of wiper arm 21 and downward from the
      central axis 27 at preferred direction angles of 15.degree. and
      80.degree., respectively, from horizontal. Jet outlet groove 16 is
      directed toward the heel of wiper arm 21 and downward from the central
      axis 27 at a preferred direction angle of 10.degree. from horizontal. The
      preferred direction of the jet outlet grooves would vary, of course,
      depending on the intended placement of the washer jet assembly on wiper
      arm 21.
PAR  From FIGS. 3 and 3a, it is seen that the cover button 22 performs three
      functions. It closes the distribution cavity 12 to form a distribution
      chamber, closes the jet outlet grooves 13, 14, 15 and 16 to form jet
      outlet passageways, and secures itself to the housing 11. The cover button
      consists of cylindrical shank portion 24 and head portion 23 which has a
      slightly concave inner surface on the shank side. The shank 24, which is
      of lesser diameter than distribution cavity 12, extends from its
      attachment to head 23 through the distribution cavity 12 and through a
      cylindrical wall or opening 40, which extends from the top of distribution
      cavity 12 through the outside surface of end wall 25 of body or housing
      11. The shank 24 is then upset to form a flange 44 so as to secure the
      cover button and prevent it from becoming unseated as the seal of
      distribution cavity 12 and jet outlet grooves 13, 14, 15 and 16.
      Cylindrical wall or opening 40 is slightly smaller than the shank diameter
      so as to create a press fit when shank 24 is inserted into cylindrical
      wall or opening 40. Cylindrical wall or opening 40 is sealed due to the
      press fit and the upset of shank 24. The distribution cavity 12 is sealed
      due to the tension at the outer periphery of the inner concave surface of
      head 23 of the cover button 22 which is pressed against end wall 17.
PAR  In operation, the washer jet assembly 10 is attached to wiper arm 21 near
      its heel, and inlet sleeve 18 is connected to hose 19 supplying fluid
      which is then pumped into distribution chamber 12 where it circulates
      around shank 24 of the cover button 22 and is eventually forced through
      and out of jet outlets 13, 14, 15 and 16. The fluid is thus delivered to
      the surface of the windshield toward the wiper on one side thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for sealing a washer jet assembly having a housing with a
      distribution cavity and a reduced diameter opening aligned with said
      distribution cavity, a cover button having an integrally formed head
      portion and shank portion with the end of the shank portion remote from
      the head portion being inserted through the distribution cavity and forced
      through said reduced diameter opening, said head portion having a
      concave-shaped surface on the shank side thereof with said concave-shaped
      surface being seated against an open end of said distribution cavity, said
      head portion being pressed against said housing to flatten said concave
      shape to a flat shape, and the remote end of said shank portion being
      upset to form a flange to secure said cover button flat against said
      housing.
NUM  2.
PAR  2. A washer jet assembly comprising a washer jet housing, having a
      distribution cavity, an inlet passageway sleeve receiving a hose and
      extending from without the wall of said washer jet housing to said
      distribution cavity, jet outlet grooves formed in one lateral edge of said
      housing and extending from said distribution cavity to the bottom surface
      of said washer jet housing, an attaching means integrally formed on said
      housing for securing said washer jet assembly to a wiper arm, said
      attaching means comprising a pair of inwardly facing overhanging members
      for engaging over opposite side edges of said wiper arm, a protuberance
      formed on said housing between said overhanging members, said protuberance
      engaging said wiper arm for positioning said jet assembly along the length
      of said arm, and a cover button means having an integrally formed head
      portion and shank portion, said head portion being seated against said
      housing to close said distribution cavity and to define one wall of said
      jet outlet grooves to respectively form therewith a distribution chamber
      and jet outlet passageways, and said shank portion having a diameter
      smaller than said distribution chamber but larger than an opening in a
      wall of said distribution chamber, and said shank portion extending
      through said distribution chamber and through said opening, and a flange
      being formed on the end of said shank portion for securing said cover
      button to said housing.
NUM  3.
PAR  3. The washer jet assembly as claimed in claim 2 wherein said jet outlet
      passageways are four in number with at least two of said passageways
      directed generally forward, away from the direction of the inlet sleeve
      and one of said passageways directed generally rearward in the direction
      of said inlet sleeve.
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PAL  A caplike member is received onto a container for including a supply of
      materials to be sprayed onto lawns, shrubs and the like. A swivel nut
      mounted on the caplike member interconnects with, say, a water hose. A
      rotatable drumlike body on the caplike member has a pair of inserts with
      different sized bores passing therethrough, and which bores or passages
      are selectively positionable in alignment with a feed opening connected to
      inlet water, which tube lower end has a single proportion balance control
      orifice. The insert openings have lateral communication channels opening
      into a feed tube that extends into the container. A nozzle is rotatably
      affixed to the drumlike body and is individually adjustable to select any
      one of several exit openings which form different spray patterns. A
      further aspect is the provision of a hand operable valving device which
      directs inlet water into the container as a pressurized jet for initial
      mixing with the spray materials. Moreover, the feed tube lower end is
      secured within a sediment trap which positions it closely adjacent the
      container bottom in a manner permitting free communication with the
      surrounding materials. A double filter on the feed tube lower end removes
      suspended matter.
BSUM
PAR  The present invention relates generally to spray apparatus, and, in
      particular, to spray apparatus selectively adaptable for admixing such
      premix materials as fertilizers, insecticides, herbicides and fungicides
      with water for spraying lawns, shrubs, trees and other plants.
PAC  BACKGROUND OF THE INVENTION
PAR  Although in the past a number of different types of spray apparatus have
      been developed, none of such known apparatus has been completely
      satisfactory for one or more reasons. First of all, it is desirable that
      such apparatus be capable of efficiently and accurately admixing planting
      materials such as fertilizers, herbicides, insecticides, fungicides and
      the like, with a pressurized water stream, and known equipment for doing
      this has been relatively complex and expensive, and not sufficiently
      accurate. Moreover, in the past, where an attempt was made to avoid
      complexity and/or expense, the resulting devices were found to be
      generally unreliable.
PAR  It has also been found desirable for the spray apparatus to be capable of
      exerting a spray outlet at several different, selectively provided flow
      rates with prescribed ratios of water to premix materials. Still further,
      since such equipment is conventionally connected to a water hose and
      includes a container within which the fertilizer, insecticide, or the like
      is carried, all of which is hand carried, adjustability of the spray
      pattern over a wide range is clearly advantageous in providing the optimal
      spray for particular applications while eliminating the need for holding
      the apparatus at awkward and tiring angles during use. Again, past systems
      capable of providing different spray flow and proportions in a variety of
      dispensing patterns were expensive and complicated to manufacture, or,
      where designed with an eye toward reducing expense, suffered a significant
      drop in reliability. Also, the accuracy of proportioning premix materials
      with water is of critical importance with many materials, and previous
      known devices for doing this have simply not been suitably accurate for
      many materials.
PAR  With the many different kinds of fertilizers, insecticides, herbicides and
      the like available on the market, it is necessary that the apparatus used
      be capable of providing a specified ratio of mixing for each material
      prior to use, and this has either been relatively difficult to accomplish
      with prior equipment or not possible at all. For example, in certain types
      of known spray equipment, the material container has to be removed from
      the spray equipment and mixing performed within the open container, after
      which it must be reassembled for use. This, of course, takes time and
      occasionally produces the undesirable result of the user getting the water
      and materials onto his hands and clothing, which, since the materials are
      quite frequently toxic, can be dangerous to the user.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary aim and object of the subject invention to
      provide improved spray apparatus for connection to a water hose for the
      application of fertilizers, insecticides or the like in a water spray
      solution onto lawns, shrubbery, trees and other plants.
PAR  Another object is the provision of spray apparatus which is selectively
      adjustable to provide a spray output at any one of several different flow
      rates and prescribed proportions of premix materials to water.
PAR  Another object is the provision of spray apparatus having an adjustable
      nozzle for forming the spray output into any one of a number of different
      optional patterns irrespective of flow rate adjustment.
PAR  Yet another object is the provision of spray apparatus for convenient
      removable attachment to a container of materials to be admixed with water
      spray and including mean selectively actuatable to direct pressurized
      water into the container and achieve mixing therewith.
PAR  Another object is the provision of spray apparatus having multiple means
      selectively alignable with inlet pressurized water to provide different
      flow rates, and a conduit interconnecting the selectively alignable means
      with premix materials via a single balance control orifice for entraining
      premix materials in the pressurized water prior to spray emission.
PAR  A still further object is the provision in spray apparatus of means
      securing the end of a feed tube in the bottom of a premix material
      container.
PAR  In accordance with the practice of the present invention, a caplike member
      is received onto a container which includes a supply of materials to be
      sprayed onto lawns, shrubbery and the like. A swivel nut is mounted onto
      the caplike membr for interconnection with a water hose, for example. A
      rotatable drumlike body, also mounted on the caplike member, includes a
      pair of passages of different cross-sectional area passing therethrough,
      and which passages are selectively positionable in alignment with a feed
      opening communicating with a water source via the hose fitting or bit. The
      passages in the drumlike body have lateral communication channels opening
      into a feed tube which extends down into the container and terminates in a
      single proportion balance control orifice. A nozzle is rotatbly affixed to
      the drumlike body and includes a plurality of exit openings therein which
      on adjustment forms a spray directed either upwardly or downwardly, in a
      narrow stream that extends generally straight out from the nozzle, or in a
      broad spray for use in applying fertilizers and insecticides onto lawns.
      The nozzle adjustment can be made separately of the drumlike body
      adjustment.
PAR  A further aspect of the invention includes a hand operable valving device
      which directs water from the hose into the container as a pressurized
      conical jet for initial mixing with the spray materials to a prescribed
      ratio.
PAR  The feed tube lower end is sealed within a sediment trap which positions it
      closely adjacent the container bottom in a manner premitting free
      communication with the surrounding materials over a full 360.degree. about
      the tube end. Double filtering removes suspended matter from the mixed
      materials prior to emission as a spray.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the spray apparatus and associated
      container of the subject invention.
PAR  FIG. 2 is a side elevational, sectional view of the spray apparatus and
      container, taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a transverse sectional view taken along the line 3--3 in FIG. 2.
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2.
PAR  FIG. 5 is a plan, sectional, partially fragmentary view of the nozzle taken
      along line 5--5 of FIG. 2.
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 2.
PAR  FIG. 7 is an elevational, partially sectional view of an alternate form of
      cap and container closure technique.
PAR  FIG. 8 is a plan sectional view taken along line 8--8 of FIG. 7.
PAR  FIGS. 9 through 12 show further views of the cap and container of FIGS. 7
      and 8.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Turning now to FIG. 1, the sprayer of the subject invention is identified
      generally by the number 10 and is seen to be received on the upper end of
      an open topped container 11 into which fertilizers, insecticides,
      herbicides, or the like, are admixed with water in prescribed ratio prior
      to spraying onto lawns, shrubbery, trees or other plants. More
      particularly, the sprayer apparatus 10 is of unitary construction which
      includes a rotatable fitting 12 for connecting onto the male end of a
      garden hose, for example. Nozzle means 13 are rotatably adjustable for
      directing the spray in any one of several different spray patterns to be
      described. A manually actuated control 14 interconnects, in a way that
      will be more particularly described, valving means to provide water and
      premix materials from 11 to the nozzle 13 at several different flow rates
      and mixed in predetermined ratios. Actuation of mixing control button 15
      directs a conical jet of water into the container 11 for initial mixing in
      a desired ratio with premix materials contained therein.
PAR  With reference now to FIG. 2, the container 11 is seen to have a relatively
      broad base and an open top, the latter optionally including lock lugs 16
      or other suitable means for cooperating with the sprayer apparatus to
      effect what is sometimes termed a bayonet connection. This latter
      connection permits the container to be readily removed from and
      reconnected to the cap when filling with premix materials. The bottom wall
      17 of the container 11 includes a centrally located well 18 within which a
      sediment trap 19, to be more fully described, is received and which also
      acts to locate the lower end of a feed tube 20 within the well and secure
      it against lateral displacement.
PAR  A cap or cover 21 is received onto the upper open end of the container 11
      and includes either lock lug keyways or other projecting means 22 for
      cooperating with container lugs 16 to effect positive closure of the
      container. Upstanding wall means 23 on the cap are integrally formed with
      the cap 21 and have a water entrance side 24 including walls 25 defining a
      generally circular opening within which the swivel nut 12 is secured in a
      manner causing it to extend downwardly from the horizontal at an angle of
      approximately 15.degree., which angle provides a comfortable hand-hold
      when aiming the nozzle 13 generally horizontally. A second substantially
      flat face 26 of the member 23 extends vertically upward from the cap or
      cover with an opening 27 extending therethrough in fluid passing
      communication with the interior of the fitting or swivel nut 12. A
      centrally located opening or well 28 is formed in the face 26 for mounting
      other elements as will be described.
PAR  The fitting 12 preferably includes a gross particle filter or straining
      screen 29 and a pressure actuated check valve diaphragm 30, the latter
      preventing materials from moving backwardly through the fitting into the
      water supply line. Although the preferred construction offers certain
      distinct advantages to the overall operation of the subject sprayer
      apparatus, it is not a part of this invention as such and will therefore
      not be described in further detail.
PAR  The manually actuated control 14 interconnects with a generally cylindrical
      drumlike body 31 having a conical, axially located opening 32 passing
      completely therethrough. As seen best in FIG. 3, the body 31 is a
      generally hollow tubular element as viewed along its cylindrical axis and
      has walls forming a pair of passages 33 and 34 extending generally
      parallel to the conical opening 32 and spaced radially outwardly from the
      body axis the same amount. Each of the passages 33 and 34 include
      associated radially directed orifices 35 and 36, respectively,
      communicating therewith and passing through the circumferential wall of
      the body 31.
PAR  Each cylindrical passage 33 and 34 receives respective tubular inserts 37
      and 38 with different accurately formed bores extending axially
      therethrough. The outer walls of inserts include portions 39 which contact
      the inner wall surface of the associated passages 33 and 34 at spaced
      intervals, leaving the inserts otherwise spaced from the walls. It is also
      to be noted that the inserts when fully seated are spaced at their inner
      ends from the walls defining the associated passage as at 40. A water
      inlet opening 41 passing through the wall which abuts against 26 is
      provided in alignment with each insert bore, which openings 41 are
      selectively adjustable to align with a larger water inlet opening 27 in
      wall face 26. That is, with an insert fully seated in its respective
      passage, full fluid communication is maintained between the inlet openings
      41 and 27, and the openings 35 and 36 as well as along the insert bore.
      The other or outer end of each insert extends well into nozzle for a
      purpose to be described later. Still further, the outer end surfaces of
      the walls defining each of the passages 33 and 34 are shaped to receive
      sealing means 42 such as an O-ring, for example. As will be described in
      detail later, the drumlike body 31 is adjustably positionable during use
      so that only one of the inserts at a time is in fluid communication via 41
      and 27 to the pressurized source of water.
PAR  Assembly of the drumlike body 31 to the cap is accomplished through
      utilization of a mounting means 43 which is in the form of a pair of
      hollow studs or shanks 44 and 45, separated by a disclike wall 46
      extending along the same axis and in opposite directions. In particular,
      the shank 44 tapers toward its outer end and is of such dimensions that it
      can be received within the passage 32 of the drumlike body 31 and has an
      outer end portion which extends beyond the body 31 for receipt within an
      accommodating circular shoulder 47 encompassing the opening 28. The
      relative dimensions of these parts are such that when the body 31 is
      received on the shank 44, in the manner just described, it freely rotates
      thereon, and at the same time fits closely against both the wall 26 and
      the disclike wall 46. An arcuate slot 48 in the disclike wall 46 aligns
      with each bore of the inserts 37 and 38 when they are arranged in the
      lowermost position, as the insert 38 is illustrated in FIGS. 3 and 6, for
      example. At the same time the associated lateral orifice 35 or 36, as the
      case may be, is aligned with a port 49 in the cap 21 communicating with
      the tube 20. Further sealing means such as the O-ring 50 maintains a
      continuous water-tight and air-tight condition about the openings 36 and
      49 to prevent both premix materials from escaping outwardly and air
      leaking inwardly reducing the aspiration force on the premix materials.
PAR  The nozzle 13 is of substantially cylindrical shape with an open end 51, an
      exit or spray end 52, and internal walls defining four separate elongate
      chambers 53-56 arranged about the cylindrical axis. The spray end 52 is
      provided with four separate outlets 53'-56', each individually connected
      to correspondingly numbered chambers 53-56 for emitting water admixed with
      premix materials in a prescribed pattern. The nozzle also includes inner
      wall surfaces 57 defining an axial bore with a tapered portion for receipt
      onto the shank 45, as seen best in FIG. 2. When so received on the shank
      45, the inner ends of the nozzle 13 slidingly abut against a peripheral
      flange 58 of the wall means 46. A threaded member such as a self-tapping
      screw 59, received within the shank bore, has its inner end threaded into
      the opening 28 and an enlarged head at the other end securing the nozzle
      onto the shank with washer 60 acting as a bearing spacer. When assembled
      as described, the nozzle is freely rotatable about the shank 45 as an axle
      to selectively align any one of the chambers 53-56 of the nozzle with the
      opening 48 in the wall 46. As seen best in FIG. 6, the lock lug 72 on the
      marginal portion of open end 51 engages the equally spaced detents 76
      during rotation to position the nozzle in its described spraying modes.
PAR  With respect to operation of the spray apparatus as described to this
      point, assume the drumlike body 31 is adjusted to the position shown in
      FIG. 3. As shown there, a projecting embossment 61 on the outer surface of
      the body 31 on engaging an adjacent wall of the cap 21 locates the passage
      34 in its lowermost position (see also FIG. 2) with its associated orifice
      36 aligned with the opening 49 and thereby communicating with tube 20.
      Also, when in this position, the bore of the insert 38 is directly aligned
      with both the inlet water opening 41 and the arcuate slot 48 (FIGS. 2 and
      6). Accordingly, irrespective of the adjustment mode of the nozzle,
      pressurized water provided to the fitting 12 makes its way directly
      through openings 27 and 41, insert bore 38 and out through the slot 48 for
      dispensing via the nozzle. Rotation of the drumlike body of member 31
      approximately 80.degree. detents the body in such manner that the other
      insert 37 is aligned in fluid passing relation.
PAR  As a further aspect of this invention, on comparing FIGS. 2 and 4, a
      transverse cylindrical opening 62 is formed in the cap body having one
      portion 63 which is of greater diameter than the remainder. A port 64
      extends upwardly from the inner end of opening 62 communicating with the
      interior of the housing 23 closely adjacent the opening 41. An elongated
      slide 65 received within the opening 62 has its inner end shaped into a
      piston which is slidingly received within the smaller diameter part of the
      opening 62. A second portion 66 spaced from the outer end thereof is
      shaped for sliding movement with the large diameter section 63. The outer
      end 68 defines the control button 15 shown in FIG. 1.
PAR  Movement of the control button 15 to its innermost position (full line
      depiction, FIG. 4) provides communication as shown by the arrows for the
      pressurized water through the port 64 and downward through tapered outlet
      67, where it is emitted as an expanding conical jet into container 11.
      This flow into the container will be maintained as long as the push button
      is held in. Release of the push button 15 allows the water entering via
      opening 64 and pressing against the inner surface of 66 to drive the
      member 65 outwardly, thereby closing off the flow path between 64 and 67.
      The rate of water being added to the container may be controlled simply by
      holding the push button in varying amounts of depression, i.e., the
      farther it is pushed in, the greater the flow rate. Also, by merely
      holding the push button in, the necessary amount of water to be added to
      the container to provide any desired proportion of water to premix
      materials can be obtained over a continuous range. It is also important to
      note that the water emitted via 67 is a fast moving conical stream of jet,
      the action of which thoroughly mixes the premix materials with the water.
      Specifically, the outlet 67 is formed to create a conical jet that on
      reaching the bottom of the container has an effective diameter
      approximately one-half that of the container bottom.
PAR  As a safety and ease of handling feature, it is to be noted in FIG. 2 that
      at each side of the push button there are provided escape ports 69 and 70
      extending through the cap. In the event of excessive filling or perhaps
      foaming or other working during mixing, these ports allow for escape of
      the material, but in a relatively low pressure stream, thereby preventing
      injury or staining of the user or his clothing by an inadvertent spray
      developing between the cap and container as can happen in some prior art
      equipment. Moreover, on release of the push button at the end of adding
      the required amount of water to the container, the water pressure moves
      the piston 65, and thus the push button, to its outermost position,
      thereby preventing overfilling of the container.
PAR  It is preferred that the container 11 be constructed of a transparent,
      nonbreakable plastic which is not only safe to handle, but allows for
      ready monitoring of the mixing to insure both accuracy and completeness.
PAR  As best seen in FIG. 2, the sediment trap 19 comprises generally an
      inverted cuplike strainer. The side walls include a plurality of opening
      slits 74 for admitting fluid to the interior thereof. The upper or top
      wall of the trap 19 is further provided with a recess 75 within which the
      lower end portion of the tube 20 is received. The walls 77 defining the
      recess 75 includes a single fine orifice 78 of predetermined dimensions
      serving as a proportion balance control through which the premix in the
      container is aspirated upwardly through the tube for entrainment within
      the spray. A fine mesh screen 79 surrounds orifice 78 for removing
      particulate matter not strained out by the slits 74 which might otherwise
      block the orifice and make it inoperative. The trap 19 also serves to
      maintain the tube end at a position closely adjacent the bottom of the
      container, insuring the use of substantially all the liquid mix in the
      container. The container bottom 17 is formed into several radially
      extending channels 80 which direct the premix liquid mixture to the
      sediment trap.
PAR  By having the proportion balance control orifice 78 located at the end of
      the tube 20, in the event the orifice becomes plugged, it is a simple
      matter to remove the tube and pluglike member for cleaning or replacement.
PAR  As noted previously, the nozzle 13 is provided with four different spraying
      modes. Although a number of different spraying modes may be provided on a
      single nozzle, for illustrative purposes only four are presented here.
      That is, on reference to FIGS. 2 and 5, spray outlet 53' provides a single
      stream or jet; outlet 54', an upwardly directed spray; and outlets 55' and
      56', downwardly directed sprays of different angularity. As seen in FIG.
      2, only one spray mode at a time is obtained and that is the one
      associated with the particular chamber 53-56 that is positioned in
      alignment with slot 48 in wall 46.
PAR  The spray pattern provided by each of the spray outlets 53'-56' has an
      associated droplet size achieved through deflecting the pressurized water
      off one or more angularly disposed wall surfaces prior to emission from
      the spray outlet. This is important in that for optimum performance there
      is a proper droplet size for each particular application. For example,
      water to be emitted from the outlet 55 (FIG. 2) is deflected from a first
      angular wall 81 in the nozzle onto a second angular wall 82 before
      exiting, whereas spray mixture coming from 53' (FIG. 5) is merely
      deflected off a single angularly disposed wall 83, making the droplet size
      in the latter case larger than in the first case. By locating the outer
      ends of the inserts 37 and 38 within the nozzle (FIG. 2) and closely
      adjacent the deflecting surfaces, optimum stream control is obtained.
PAR  In the practice of this invention, there is provided the ability for
      effecting initial mixture of the water and premix materials in a very
      accurate proportion by appropriate manipulation of the push button 15.
      Also, when producing the initial mixture in the container 11 in this
      manner, water emitted into the container is in the form of a jet which
      thoroughly agitates and mixes with the premix materials, eliminating the
      requirement for shaking or other means of insuring thorough mixture.
PAR  To insure against the liquid mixture leaking from the container at the cap,
      a special arrangement is used. The cap and container are preferably both
      made of plastic with the container being constructed of a softer and
      slightly more flexible material than the cap. Furthermore, the relative
      dimensions of the bayonet lugs on the cap and container are such that an
      interference is formed on threading which causes the upper edge 84 of the
      container to sealingly abut against the cap (FIG. 2).
PAR  In addition to the interference sealing relationship, in an alternate form
      of the invention the cap is locked onto the container top which prevents
      the cap from vibrating loose during use. With reference now to FIGS. 7
      through 12, the open mouth of container terminates in a continuous
      circular rim 84, on the outwardly directed surface of which there is
      provided four equally spaced sets 85 of stops or lugs. More particularly,
      each set 85 consists of a first generally rectangular lug 86 which extends
      outwardly from the rim peripheral surface a first amount, and a second
      generally rectangular lug 87 located at a distance D from the first lug in
      a clockwise direction and extending outwardly a greater distance than the
      first lug. The lower edges of the two lugs of each set are spaced from an
      enlarged hub or shoulder 88 for a purpose to be described.
PAR  The inner surface of the cap rim 89 is provided with four sets of equally
      spaced locking lugs 90 for cooperative engagement with the corresponding
      sets 85 of stops or lugs on the container rim. Each locking lug 90
      includes a first rectangular portion 91 of dimensions approximating those
      of lug 86 and a second elongated portion 92 extending in a forwardly
      turning direction (i.e., clockwise as viewed from above the cap) from lug
      91. The width of 92 is such as to permit receipt between the lower edges
      of the lugs 86 and 87 and the hub 88.
PAR  To assemble the cap onto the container, the cap is lowered onto the
      container top with the leading edge of the portions 92 located behind each
      associated lug 86. Rotation of the cap clockwise moves the lug portion 92
      between the lower edge of lugs 85 and 86 and the hub 88, thereby securing
      the cap against upward removal from the container. Further rotation causes
      the lug 91 to move into interfering relation with lug 86 and then into
      space D. Since the lug 87 extends outwardly of rim 84 farther than 86, it
      prevents further rotation of the cap. Removal of the cap is accomplished
      by counter-clockwise rotation with sufficient force to overcome
      interference of 91 with 86.
PAR  As described above, the inserts 37 and 38 have respective bores of
      different fluid carrying capacities. Although these can be varied over a
      large range, it has been found that best results are obtained with present
      day premix materials for spraying of lawns when the insert bore of 38
      effects a 60:1 mixture of water to the liquid mix in container 11.
      Similarly, the bore in 37 is of such dimensions as to produce a 24:1 ratio
      with the mixed materials in 11 for application to shrubs or the like.
      These inserts have been made removable for ease of manufacture and in
      order to insure repeated accuracy on large manufacturing runs of the bore
      size which is, of course, important to insure maintenance of fixed
      proportion of the water to materials being admixed therewith. Also, in the
      event it becomes advisable to provide a different bore size for, say, a
      special application, all that is required is to replace one (or both) of
      the inserts with one having the desired bore size and change the
      proportion balance control orifice.
PAR  Known prior devices of the general kind described here frequently were
      unsatisfactory due to leakage which usually occurred as a relatively high
      pressure spray either stained or was otherside injurious to the user or
      his clothing. The described spray apparatus was particularly constructed
      to prevent such leakage while at the same time not materially increasing
      production cost. Illustrative of this is the use of a pair of
      concentrically arranged O-rings 93 and 94 located about water inlet 27 in
      the surface 26 and sealing against leakage along the rotor facing surface.
      Moreover, by virtue of the described spray apparatus construction, no
      gaskets are required although the device is fully sealed against
      undesirable leakage such as, for example, between the moving parts between
      the cap and the container.
PAR  Recapitulating on overall operation of the subject invention, water is
      first mixed with the premix materials in the desired proportion by
      depressing the push button 15 to obtain the requisite amount of fill. The
      nozzle is then rotated to the desired spray pattern and direction, and the
      manual control moved from the OFF position (vertical as shown in FIG. 1)
      to align either passage 33 or 34 (dashed line and solid line depiction in
      FIG. 3) with the inlet pressurized water. As water moves through the bore
      of the selected insert 37 or 38, the accurately formed venturi creates a
      partial vacuum in the space 40, opening 35 or 36, as the case may be, and
      opening 49 to draw up to previously mixed materials through the tube 20
      and proportion balance control orifice 78, and further mix with water for
      ultimate spraying out the nozzle 13. To stop operation, the control 14 is
      merely returned to the vertically up or OFF position, after which the
      influent pressurized water should be turned off before the spray apparatus
      is removed from the hose.
PAR  In the practical embodiment of the described spray apparatus changing from
      one flow rate to a second flow rate merely required rotation of the
      drumlike body 31 through approximately 80.degree.. This advantageously
      contrasts with certain prior art apparatus requiring rotation of a
      selector through approximately 360.degree. to achieve flow rate
      modification.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for mixing a liquid with pressurized water and providing a
      spray thereof, comprising:
PA1  an open-topped container for receiving a quantity of said liquid:
PA1  a cap carried by said container including means for connecting the cap to a
      supply of pressurized water with a water inlet opening in communication
      with said pressurized water and further having a port communicating with
      the container interior;
PA1  a cylindrical body rotatably mounted on said cap including first and second
      passages extending through said body, arranged to be individually aligned
      with said water inlet opening at respective different positions of
      rotation, said body having walls defining first and second openings
      interconnecting the respective first and second passages to the body
      exterior and so located as to align with the port in said cap when the
      respective passage is aligned with the water inlet opening;
PA1  a nozzle interconnected with said cylindrical body for ejecting a spray;
      and
PA1  a single, open-ended, hollow tube carried by said cap having one open end
      interconnected with said port in said cap and the other open end extending
      into said container, said tube other end terminating in means having an
      opening for receiving liquid from the container and said opening in said
      means having a lesser sectional area than that of the tube one open end or
      that of the port in said cap.
NUM  2.
PAR  2. Apparatus as in claim 1, further comprising manually operated valving
      means for directing a pressurized water stream from said water inlet
      opening in said cap into said container.
NUM  3.
PAR  3. Apparatus as in claim 1, in which said nozzle is rotatably adjustable to
      provide any one of at least two different fixed spray patterns.
NUM  4.
PAR  4. Apparatus as in claim 1, in which said nozzle is individually adjustable
      with respect to said cylindrical body for selectively ejecting spray in at
      least two different patterns.
NUM  5.
PAR  5. A device for proportioning pressurized water with another liquid and
      forming a spray outlet, comprising:
PA1  an open-topped container means for receiving a quantity of said liquid;
PA1  a cover mounted onto said container top having means for connection to a
      supply of said pressurized water and including a first opening
      communicating with said pressurized water and a second opening
      communicating with the container interior;
PA1  a cylindrical body rotatably mounted on said cover having a pair of
      passages extending therethrough generally parallel to the axis of
      rotation, each aligned at a different rotating position of said body with
      the first opening in said cover and lateral openings interconnecting each
      said body passage and the body exterior, said lateral openings
      communicating with the cover second opening when the associated
      cylindrical body passage is aligned with said first opening; and
PA1  insert means removably received within each of said pair of body passages,
      each insert including walls defining a bore passing therethrough generally
      parallel to said passages.
NUM  6.
PAR  6. A device for proportioning pressurized water with another liquid in an
      open-topped container and forming a spray, comprising:
PA1  a cover removably mounted onto said container top for connection to a
      supply of said pressurized water and including first means communicating
      with said pressurized water and second means communicating with the
      container interior;
PAR  a drumlike body rotatably mounted to said cover having a pair of passages
      extending therethrough generally parallel to the axis of rotation, each
      passage being aligned at a different rotative position of said body with
      the first communicating means in said cover, and a lateral opening
      interconnecting each body passage with the body exterior, said lateral
      openings respectively communicating with the cover second communicating
      means when the associated cylindrical body passage is aligned with said
      first communicating means; and
PA1  individual inserts removably received within each of said pair of body
      passages, each insert including walls defining a bore passing therethrough
      generally parallel to said passages, said bores being of different
      predetermined cross-sectional areas.
NUM  7.
PAR  7. A device as in claim 6, in which there are further provided manually
      operated valving means continuously adjustable over a range to direct
      pressurized water from the first communicating means into said container.
NUM  8.
PAR  8. A device as in claim 6, in which there are further provided manually
      operated valving means carried by said cover selectively adjustable to
      direct a relatively high-pressure water stream into the container for
      agitating and mixing with the contents thereof.
NUM  9.
PAR  9. A device as in claim 6, in which said container is constructed of a
      material more pliable than said cover and the relative dimensions of said
      container top and cover are such that when said cover is received on said
      container top interference occurs forming a water-tight seal therebetween.
NUM  10.
PAR  10. A device as in claim 6, in which said container top and cover includes
      lugs and grooves which cooperate to provide a bayonet connection when said
      cover is mounted onto said container top.
NUM  11.
PAR  11. A device as in claim 6, in which said container is constructed of a
      transparent material, thereby providing visual monitoring capability of
      mixing within said container.
NUM  12.
PAR  12. A device as in claim 6, in which there are further provided manually
      operated valving means continuously adjustable over a range to direct the
      pressurized water from the first communicating means into said container
      at a correspondingly continuoustly variable rate.
NUM  13.
PAR  13. A device for proportioning pressurized water with another liquid and
      forming a spray outlet, comprising:
PA1  an open-topped container having side and bottom walls for receiving a
      quantity of said liquid;
PA1  a cover mounted onto said container top for connection to a supply of said
      pressurized water;
PA1  a cylindrical body rotatably mounted on said cover having a first passage
      extending therethrough generally parallel to the axis of rotation,
      communication with said pressurized water, and a lateral opening
      interconnecting said first passage with the interior of said container;
PA1  a hollow tube having one end connected to the lateral opening and its other
      end located immediately adjacent the center of the container bottom wall
      for drawing liquid from the container; and
PA1  said container bottom wall including a plurality of channels extending
      outwardly from the center of said bottom wall.
NUM  14.
PAR  14. A device as in claim 13, in which there are further provided first and
      second screenlike means enclosing the other end of said tube means, said
      first screenlike means enclosing said second screenlike means and having
      larger screen openings than said second means.
NUM  15.
PAR  15. A device as in claim 13, in which the other end of said tube is
      positioned within a sediment trap, said trap including side walls having
      slits therein, a top wall having a first opening within which the other
      end of the tube is received, and a screenlike member located over the
      first opening and tube other end.
NUM  16.
PAR  16. A device as in claim 13, in which the tube other end terminates in
      means communicating with the container liquid via an orifice having a
      smaller cross-sectional area than the tube bore.
NUM  17.
PAR  17. In a hose end spray apparatus for receiving and spraying pressurized
      water and mixing a contained liquid therewith comprising a liquid
      container, a cap fittable on the container including means for connection
      to a source of pressurized water and a nozzle for ejecting a spray of
      mixed water and liquid, a hollow tube extending from the cap into the
      container for withdrawing liquid therefrom, the improvement comprising:
PA1  a rotor mounted in the cap for pivoting about an axis extending generally
      in a direction of water flow;
PA1  a plurality of passages through the rotor;
PA1  an aspiration opening in fluid communication with each passage and
      individually alignable in fluid communication with the feed tube in a
      respective pivot position of the rotor; and
PA1  a removable insert in each passage having a predetermined bore size for
      mixing of said liquid with water in a predetermined ratio.
NUM  18.
PAR  18. In a hose end spray apparatus as defined in claim 17, the further
      improvement wherein each aspiration opening comprises:
PA1  an inlet water opening in the rotor aligned with the bore in the respective
      insert;
PA1  means for spacing the insert away from the rotor adjacent the opening for
      defining an aspiration space; and
PA1  means for providing fluid communication between said space and said
      aspiration opening.
NUM  19.
PAR  19. In a hose end spray apparatus for receiving and spraying pressurized
      water and mixing a contained liquid therewith, comprising a liquid
      container, a cap fittable on the container including means for connection
      to a source of pressurized water and a nozzle for ejecting a spray of
      mixed water and liquid, and means for aspirating liquid from the container
      for mixing with the water, improved means for selectively directing
      pressurized water from the cap into the container, comprising:
PA1  a fluid passage having a relatively smaller diameter portion and a
      relatively larger diameter portion;
PA1  a piston in the passage having a seal around the periphery in the
      relatively smaller diameter portion and a seal around the periphery in the
      relatively larger diameter portion, and longitudinally movable in the
      passage between a depressed open position and an extended closed position;
PA1  a fluid outlet from the passage into the container between the larger and
      smaller seals in either position of the piston; and
PA1  a fluid inlet from a pressurized water region of the cap into the passage
      between the smaller seal and the larger seal when the piston is in its
      open position and on the opposite side of the smaller seal from the larger
      seal when the piston is in its extended closed position.
NUM  20.
PAR  20. A device for proportioning pressurized water with another liquid
      carried in an open-topped container and forming a spray therefrom,
      comprising:
PA1  a cover removably mounted onto said container top for connection to a
      supply of said pressurized water and including first means communicating
      with said pressurized water and second means communicating with the
      container interior;
PA1  a drumlike body rotatably mounted to said cover having a pair of passages
      extending therethrough generally parallel to the axis of rotation, each
      passage being aligned at a different rotative position of said body with
      the first communicating means in said cover, and a lateral opening
      interconnecting each body passage with the body exterior, said lateral
      openings respectively communicating with the cover second communicating
      means when the associated cylindrical body passage is aligned with said
      first communicating means, and said drumlike body preventing passage of
      water therethrough at all other rotative positions; and
PA1  individual inserts removably received within each of said pair of body
      passages, each insert including walls defining a bore passing therethrough
      generally parallel to said passages, said bores being of different
      predetermined cross-sectional areas.
NUM  21.
PAR  21. A device for proportioning pressurized water with another liquid and
      forming a spray outlet, comprising:
PA1  an open-topped container for receiving a quantity of said liquid therein
      and having walls defining a generally circular rim about the container
      open top;
PA1  a cover mounted onto said container top for connection to a supply of said
      pressurized water, said cover having a rim for cooperatively engaging the
      container rim;
PA1  a cylindrical body rotatably mounted on said cover having a plurality of
      passages extending therethrough generally parallel to the axis of rotation
      which individually communicate with said pressurized water at different
      positions of rotation, and a lateral opening interconnecting said first
      passage with the interior of said container; and
PA1  a tube having one end connected to the lateral opening and its other end
      located immediately adjacent the center of the container bottom wall for
      drawing liquid from the container;
PA1  said container rim containing at least one pair of outwardly projecting
      lugs spaced circumferentially from one another and extending outwardly
      different amounts, and said cover rim having an inwardly projecting lug
      which is so dimensioned as to pass over the lesser projecting container
      rim lug with interference and to be obstructed by the greater projecting
      container rim lug, thereby locking the cover to the container against
      inadvertent removal.
NUM  22.
PAR  22. A device for proportioning pressurized water with another liquid
      carried in an open-topped container and forming a spray therefrom,
      comprising:
PA1  a cover removably mounted onto said container top for connection to a
      supply of said pressurized water and including first and second water
      inlet openings of respective first and second cross-sectional areas and
      means communicating with the container interior;
PA1  a drumlike body rotatably mounted to said cover having a pair of passages
      extending therethrough generally parallel to the axis of rotation, each
      passage being aligned at a different rotative position of said body with a
      respective one of said first and second water inlet openings in said
      cover, and a lateral opening interconnecting each body passage with the
      body exterior, said lateral openings respectively communicating with the
      cover second communicating means when the associated cylindrical body
      passage is aligned with the said first or second water inlet openings; and
PA1  individual inserts removably received within each of said pair of body
      passages, each insert including walls defining a bore passing therethrough
      generally parallel to said passages, said bores being of different
      predetermined cross-sectional areas and of lesser cross-sectional area
      than the corresponding first and second water inlet openings with which
      they are aligned for water passage therethrough.
NUM  23.
PAR  23. Apparatus for mixing a liquid with pressurized water and providing a
      spray thereof, comprising:
PA1  an open-topped container for receiving a quantity of said liquid;
PA1  a cap carried by said container including means for connecting the cap to a
      supply of pressurized water with a water inlet opening in communication
      with said pressurized water and further having a port communicating with
      the container interior;
PA1  a cylindrical body rotatably mounted on said cap including first and second
      passages extending through said body, said passages containing first and
      second inserts, respectively, having different sized bores extending
      therethrough, said passages and the bores of the inserts received therein
      arranged to be individually aligned with said water inlet opening at
      respectively different positions of rotation of the cylindrical body, said
      body having walls defining first and second openings interconnecting the
      respective first and second passages to the body exterior and so located
      as to align with the port in said cap when the respective passage is
      aligned with the water inlet opening;
PA1  a nozzle interconnected with said cylindrical body for ejecting a spray;
      and
PA1  a hollow tube carried by said cap having an end interconnected with said
      port in said cap and the other end extending into said container, said
      tube other end terminating in means having an opening for receiving liquid
      from the container and said opening in said means having a lesser
      sectional area than the port in said cap.
NUM  24.
PAR  24. Apparatus for mixing a liquid with pressurized water and providing a
      spray thereof, comprising:
PA1  an open-topped container for receiving a quantity of said liquid;
PA1  a cap carried by said container including means for connecting the cap to a
      supply of pressurized water with a water inlet opening in communication
      with said pressurized water and further having a port communicating with
      the container interior;
PA1  a cylindrical body rotatably mounted on said cap including first and second
      passages extending through said body, arranged to be individually aligned
      with said water inlet opening at respective different positions of
      rotation, said body having walls defining first and second openings
      interconnecting the respective first and second passages to the body
      exterior and so located as to align with the port in said cap when the
      respective passage is aligned with the water inlet opening;
PA1  a nozzle interconnected with said cylindrical body for ejecting a spray;
      and
PA1  a hollow tube carried by said cap having an end interconnected with said
      port in said cap and the other end extending into said container, said
      tube other end terminating in means having an opening for receiving liquid
      from the container and said opening in said means having a lesser
      sectional area than the port in said cap, said means being positioned
      within a sediment trap fixedly located in the bottom of said container.
NUM  25.
PAR  25. In a hose end spray apparatus for receiving and spraying pressurized
      water and mixing a container liquid therewith, including a liquid
      container, a cap fittable on the container with means for connection to a
      source of pressurized water and a nozzle for ejecting a spray of mixed
      water and liquid, and means for aspirating liquid from the container for
      mixing with the water, improved means for selectively directing
      pressurized water from the cap into the container, comprising:
PA1  a fluid passage in said cap interconnecting said pressurized water source
      with said liquid container;
PA1  a piston longitudinally oriented in and continuously movable along said
      passage from a first depressed position at which said pressurized water
      can move from the cap to said container to a second extended position
      where said piston closes said passage to the pressurized water;
PA1  a fluid outlet in said cap that interconnects the passage with the
      container throughout the full range of positions of the piston; and
PA1  a fluid inlet that interconnects a pressurized water region of the cap with
      the passage when the piston is in its open position and prevents liquid
      flow therethrough to the container when the piston is in its extended
      closed position.
NUM  26.
PAR  26. In a hose end spray apparatus for receiving and spraying pressurized
      water and mixing a contained liquid therewith, comprising a liquid
      container, a cap fittable on the container including means for connection
      to a source of pressurized water and a nozzle for ejecting a spray of
      mixed water and liquid, and means for aspirating liquid from the container
      to mix with the water, improved means for selectively directing
      pressurized water from the cap into the container, comprising:
PA1  a manually operated valving means continuously adjustable over a range to
      direct pressurized water from said cap into said liquid container at a
      correspondingly continuously variable rate.
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ABST
PAL  An atomiser having a tapered pump chamber in which a valved lipped piston
      is slidably mounted, the piston being compressed radially inwardly by the
      tapered pump chamber to ensure a tight seal between the valve and its
      valve seat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,239,151, the disclosure of which is incorporated herein by
      reference, teaches the construction of an atomiser with plunger tube,
      which is completely leak-proof in the normal position and contains two
      sealing members operatively connected to the same control element, one
      inserted between the plunger tube and the spray nozzle and the other on a
      free air passage of the container holding the liquid to be sprayed,
      elastic means urging those elements toward their blocking position.
PAR  In an embodiment particularly shown in FIGS. 2-3 of the aforementioned
      patent, this atomiser contains a pump chamber connected to the plunger
      tube by means of a check valve, a piston slidably mounted in that chamber,
      a tube slidably mounted in that piston and operatively connected to the
      latter so that, when the tube is moved axially, it drives the piston, a
      control button carrying a nozzle connecting with the tube and capable of
      moving the latter when the button is pressed, a valve carried on the end
      of the tube opposite the button and capable of being applied in proximity
      to said end at least one hole opening inside the piston, and a spring
      which is inserted between the valve and the bottom of the chamber and
      tends, on the one hand, to apply the valve on its seat and, on the other,
      to bring the piston into a rest position in which it blocks a free air
      opening of the container holding the liquid to be sprayed.
PAR  To use that atomiser, the tube is moved against the action of the spring by
      means of the button. The valve is separated from its seat, which connects
      the pump chamber with the nozzle; the piston is driven so that the liquid
      in the chamber is delivered to the nozzle to ensure spraying.
PAR  The piston initially slides with firm friction in the pump chamber.
      However, with time, the lip of the piston creeps due to the effect of the
      permanent stress applied to it; the friction between that lip and the pump
      chamber diminishes, resulting in a deterioration of spraying.
PAR  This addition concerns an improvement introduced in the atomiser according
      to the aforementioned patent, with a view to overcoming that disadvantage.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, the pump chamber is shaped like a truncated
      cone, with its small base being situated at the end from which the plunger
      tube emerges. The conicity of the pump chamber preferably ranges between
      30' and 3.degree. .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An embodiment of the improved atomiser according to the present invention
      is described below, by way of nonlimitative example, with reference to the
      single FIGURE of the attached drawing, which is a view in axial section of
      that atomiser.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, one finds pump chamber 4, which is connected to plunger
      tube 5 by means of check valve 6 and in which piston 7 is slidably
      mounted. Tube 9 is slidably mounted in that piston with a certain
      longitudinal play and carries at its inner end valve 10, which is urged
      against the seat 13 machined at the end of piston 7. The piston lip 7' is
      of decreasing cross-section as it extends from valve seat 13 to its free
      end, thus facilitating radial compression by tapered pump chamber 4 on the
      downstroke. Tube 9 carries, in proximity to valve 10, openings 15 intended
      to connect pump chamber 4 with tube 9. A spring 11 inserted between valve
      10 and the bottom of chamber 4 tends to seal the valve against its seat.
      Tube 9 is attached to button 16 carrying spray nozzle 18.
PAR  At rest, spring 11 urges valve 10 against its seat 13, which interrupts the
      connection of pump chamber 4 with the outside. In addition, the force
      exerted by spring 11 on the valve is transmitted by the latter to sleeve 7
      so that the latter is applied against the bottom 1a of body 1, air thereby
      being prevented from entering inside the body through opening 8.
PAR  According to this invention, pump chamber 4 has an internal conicity, which
      is in the order of 1.degree.10' here, its small base being situated at the
      end into which plunger tube 5 emerges.
PAR  When piston 7 is driven into chamber 4, as a result of the pressure which
      has been exerted on button 16, its lip 7' is compressed radially inwardly.
      The result is, at the beginning of the suction stroke, an increase of
      friction of that lip against the wall of chamber 4 and an improvement of
      the contact between valve 10 and its seat 13, which is established when
      button 16 is released. The suction of the liquid into chamber 4 and its
      delivery from that chamber to nozzle 18 are reliably ensured.
PAR  The advantages of the present invention, as well as certain changes and
      modifications of the disclosed embodiment thereof, will be readily
      apparent to those skilled in the art. It is the applicant's intention to
      cover all those changes and modifications which could be made to the
      embodiment of the invention herein chosen for the purposes of the
      disclosure without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an atomiser comprising a plunger tube, a pump chamber connected to
      the plunger tube by means of a check valve, a piston having a lip slidably
      mounted in that chamber, a tube slidably mounted in that piston and
      operatively connected to the latter so that, when the tube is moved
      axially, it drives the piston, a control button carrying a nozzle
      connecting with the tube and capable of moving the latter when the button
      is pressed, a valve carried on the end of the tube opposite the button and
      capable of being applied on a seat at the lip end of the piston, the tube
      containing in proximity to said lip end at least one hole opening inside
      the piston, and a spring which is inserted between the valve and the
      bottom of the chamber and tends to apply the valve on its seat and, to
      bring the piston into a rest position in which it blocks a free air
      opening of the container holding the liquid to be sprayed, the improvement
      comprising: the pump chamber being of the shape of a truncated cone the
      surface of which is plane, the lip of the piston being of decreasing
      crosssection as it extends from the valve seat to the free end of the
      piston, the free end being situated at the larger base of the pump chamber
      in its rest position said free end having an outside diameter no less than
      the inside diameter of the larger base of the pump chamber and the free
      end being radially compressed by the pump chamber as it is moved axially
      into the pump chamber.
NUM  2.
PAR  2. The improvement according to claim 1, wherein the conicity of said pump
      chamber ranges between 30' and 3.degree..
NUM  3.
PAR  3. The improvement according to claim 1, wherein the conicity of said pump
      chamber is 1.degree.10'.
NUM  4.
PAR  4. The improvement according to claim 1, wherein said piston has a lip
      bearing against the wall of said pump chamber, said lip having a
      decreasing cross-section as it extends from said piston to its free end.
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ABST
PAL  A spray nozzle unit including a deflector cone for dispersing sand slurry
      over a broad area of impounded clay slurry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to reclaiming surface mined lands by use of waste
      products from mining operations.
PAR  2. Description of the Prior Art
PAR  Since valuable ore deposits often occur in nature intimately mixed with a
      variety of less valuable or desirable constituents, it is a primary
      function of the ore processing industry to remove or separate as much of
      the extraneous constituents from the desired ore as possible. The
      flotation process developed in the early 1930's has proven to be a
      valuable tool for assisting in the removal of unwanted waste products from
      ores and is in wide use today in a variety of ore processing operations.
      However, since the development and utilization of the flotation process by
      the ore processing industry, disposal of the waste products resulting
      therefrom has presented a monumental problem. U.S. Pat. Nos. 3,761,239
      (1973) and 3,763,041 (1973) teach processes for removing water from slimes
      and tailings to yield useful land-fill compositions. U.S. Pat. No.
      3,680,698 (1972) suggests the addition of sand to flocculated waste
      product solids to obtain a high density solid. I have discovered that
      flocculation is not necessary when sand is added to waste products by
      spraying a sand slurry over the surface of the waste products using the
      spray nozzle unit of my invention.
PAC  SUMMARY OF THE INVENTION
PAR  A spray nozzle unit cmprising a nozzle mounted in the vertical stem of a
      pipe line tee for dispersing a sand slurry upward, a cone deflector with
      the configuration of a Tractrix curve mounted with brackets above the
      nozzle on vertical arms which connects at its lower end to the pipe tee
      and pressure means for propelling the sand slurry through the nozzle and
      against and away from the cone to cause a circular spray of the sand
      slurry.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 illustrates deflector cone 1 and nozzle 2 mounted in pipe tee 4.
PAR  FIG. 2 is a plan view of the deflector cone.
PAR  FIG. 3 is a full size Tractrix cone pattern.
PAR  FIG. 4 is a graph describing the deflector cone.
DETD
PAC  DESCRIPTION INCLUDING THE PREFERRED EMBODIMENTS
PAR  The spray nozzle unit comprises a nozzle 2 FIG. 1 mounted on a pipe tee 4
      FIG. 1 for dispersing a sand slurry upward through 2 FIG. 1 against a cone
      deflector 1 FIG. 1 which is mounted with brackets 3 FIGS. 1 and 2 on the
      pipe tee 4 FIG. 1 above the nozzle, the cone deflector having a
      configuration of a Tractrix curve and pressure means for propelling the
      sand slurry through the nozzle and against and away from the cone to cause
      a circular spray of sand slurry.
PAR  The key component of the unit is the deflector cone 1 FIGS. 1 and 2
      machined in the configuration of a Tractrix curve, FIG. 3. The curve is
      defined in the graph of FIG. 4 as follows: R is the radius of the top of
      the cone; X, 1, 2, 3, etc. the axis. From O set off on R a small distance,
      Oa; with radius R and center a, cut the axis at 1, join a1, and set off a
      like small distance ab; from b with radius R cut axis at 2, join b2, etc.,
      finding points O, a, b, c, d, etc. through which the curve is to be drawn.
PAR  Solids suspended in water such as slimes, tailings, waste, pulps and the
      like are compacted to a useful state by spraying a sand slurry over the
      surface of the suspension in such a manner as to give high solids density.
      The sand slurry is sprayed from a spray nozzle unit, including a deflector
      cone 1 and spray nozzle 2 of FIGS. 1 and 3 designed to provide maximum
      uniform area coverage with minimum height of spray. The configuration of
      the deflector cone 1 is that of a Tractrix or Schiele's anti-friction
      curve illustrated in FIG. 3. The invention provides a spray cover of a
      large diameter circle at low hydraulic pressure with minimum spray height
      to avoid pattern disturbance by the wind.
PAR  A sand slurry is pumped with sufficient hydraulic pressure through nozzle 2
      of FIG. 1 against the deflector cone 1 of FIG. 1 to give a circular slurry
      spray of about 90 ft. diameter in the air over the surface of ore
      processing operations waste products. Nozzle 2 is mounted on a pipe tee 4.
PAR  A typical nozzle 2 and cone 1 unit as shown in FIG. 1 is about 18 inches in
      height. The nozzle 2, about 6 inches in height and about 3 inches in
      diameter in the upper narrower opening expands downward to a bottom
      diameter of about 5 inches. The bottom of the deflector cone 1 is centered
      about 2 inches above the top of the nozzle 2. The bottom of the deflector
      cone is about 1/4 inch in diameter and expands to about 6 inches in
      diameter where the sand slurry leaves the unit in spray. The deflector
      cone is held in place by bolting to rackets 3 which are connected to the
      pipe tee 4 by vertical arms 5.
PAR  Maintaining a hydraulic pressure of about 22 psig on the slurry causes a
      circular spray over the surface of the area having about a 90' diameter.
PAR  A sand slurry sprayed over a waste product area affords release of water
      normally trapped by colloidal clays. Thus, useful soil is formed. Useful,
      for example, for reclamation of mining pits. In addition, my invention
      provides rapid recovery of water from the waste products for reuse.
PAR  Common practice in phosphate mining operations is to store wastes from the
      phosphate recovery plants in impoundment areas enclosed by large earth
      dams. The waste slurries thicken very slowly, so that years may elapse
      before the expense and hazard of earth dam maintenance can end. Other
      disadvantages are the initial high cost of large earth dams and the
      limited use that can be made of old abandoned settling areas.
PAR  A mined-out pit was utilized as a test site to illustrate the invention.
      The test site had a volume capacity of 377.3 acre feet and was equivalent
      to 21 acres of mine average pit which would produce 118,490 tons of waste
      clays and 234,016 tons of tailing sand.
PAR  Waste clay slurry was metered into the test pit by continuously recording a
      weir overflow depth and by taking a continuous proportional sample. Liquid
      level was maintained at or below average natural ground elevation. 122,439
      Tons of waste clay were placed in the test pit over a 6 months period. The
      average concentration of clays in the slurry flowing to the pit was 3.54%
      solids.
PAR  Tailings sand was sprayed over the surface of the test area. Application of
      the tailings was by pumping the sand slurry through 7 nozzles 2 FIG. 1
      mounted on top of two pipelines. The pipelines were mounted on pontoons,
      so that they could be relocated by towing with a work boat. Spray lines
      were positioned to distribute sand slurry over approximately 37,000 square
      feet at each anchored location. Complete coverage of the waste clay slurry
      surface with tailings sprays is not essential, as there is a considerable
      drift of sand below the surface of the slimes. The first application of
      tailings was by two spray periods of 51/2 hours each at the same pipeline
      location. Between these spray periods, tailings were pumped to a location
      outside of the test area. Seventeen spray pipeline locations were required
      to cover the test pit area. After the first application, the pit contained
      110,867 tons of waste clays and 149,317 tons of tailing sand. The tailings
      spray pipelines were repositioned to again cover the entire test area with
      tailings sand. These applications were for 61/4 hours at each location. A
      total of 236,465 tons of sand was applied to the test area during the
      entire experiment.
PAR  During the spraying, the waste slurry was thickened and clear water was
      released which could have been recycled immediately. At completion of
      tailings and spraying, the slurry in the test pit contained 48.6% solids
      by weight. One and one-half weeks after the final addition of wastes to
      the test area, piles of earth left piled at the pit edge were pushed into
      the pit by bulldozers. It was evident that some displacement of slurry
      occured, but that substantial quantities were enveloped or covered over by
      the bulldozed material. Three and one-half weeks later a causeway was
      pushed across both pits of the test area, a distance of approximately 650
      feet. Test holes bored through the causeway fill showed that the top 8 to
      12 feet or fill material displaced the sand-slime mixture, the next lower
      two to four feet was mixed fill and sand-slime wastes and below this level
      was 8 to 14 feet of sand-slime waste material.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spray nozzle unit comprising:
PA1  a nozzle mounted in a pipe tee for dispersing a sand slurry upward
PA1  a cone deflector with a configuration of a Tractrix curve mounted with
      brackets above the nozzle on a vertical arm which connects at its lower
      end to the pipe tee and
PA1  pressure means for propelling the sand slurry through the nozzle and
      against and away from the cone to cause a circular spray of the sand
      slurry.
NUM  2.
PAR  2. A spray nozzle according to claim 1 wherein the pressure means is
      hydraulic pressure.
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ABST
PAL  A spray-ejecting device comprising a long tubular structure having
      passageways therewithin for conducting a spray material to be
      spray-ejected and having forward and rear ends, and a nozzle rotatably
      mounted on the forward end of the tubular structure in a manner to be
      supplied with the spray material thus conducted through the passageways
      and to be rotatable so that the direction of the centerline thereof can be
      adjusted relative to the centerline direction of the tubular structure. A
      valve control device is provided in the vicinity of the rear end of the
      tubular structure for controlling a valve mechanism for controlling the
      supply of the spray material to the nozzle, and an adjustment mechanism
      having an adjusting knob is provided in the vicinity of the valve control
      device and when the adjusting knob is manipulated, the nozzle undergoes
      rotational adjustment to a desired direction of the centerline thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a spray-ejecting device and more
      particularly to a spray-ejecting device provided with a spray-ejecting
      nozzle at the front or working end of a relatively long tube, the
      spray-ejecting direction of the spray-ejecting nozzle being adjustable.
PAR  Heretofore, for spray-coating paint on surfaces to be painted at positions
      which cannot be reached by the hand of a painting worker, there has been
      used a spray-coating device in which there is installed a spray-coating
      nozzle at the forward or working end of a relatively long, tubular body
      structure and a manipulative control device at the rear end of the main
      structure for controllably operating a shut-off valve, and this control
      device is held by an operator to carry out spray painting of surfaces to
      be painted by the spray-coating nozzle.
PAR  In this known spray-coating device, the spray-coating nozzle is adapted to
      be adjustable in the ejection direction in accordance with the state of
      the surfaces to be coated so as to make possible spray-coating
      irrespective of the state of these surfaces as determined by their
      features such as positions, shapes, and directions of inclination.
PAR  In this known spray-coating device, however, a mechanism is provided merely
      to afford movability of the spray-coating nozzle relative to the tubular
      body structure. For this reason, every time the spray-ejecting direction
      is to be varied, the operator must adjust the spray-ejection direction by
      moving the front end of the tubular body structure toward himself,
      grasping the nozzle by hand, for example, and turning it by a certain
      amount by a rough estimate with the aim of adjusting the spray-ejection in
      the desired direction.
PAR  Consequently, it is difficult to make an adjustment with a single
      manipulation so as to direct the ejection accurately in the desired
      direction, and such adjustment requires much time. Furthermore, every time
      this adjustment is to be carried out, the troublesome procedure of pulling
      the forward end of the tubular body structure toward the operator must be
      carried out, and, moreover, the spray-coating work must be temporarily
      stopped for this adjustment, whereby the spray-coating work efficiency
      drops.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      novel and useful spray-ejecting device in which the above described
      problems have been overcome.
PAR  More specifically, an object of the invention is to provide a
      spray-ejecting device in which the ejection direction of a spray-ejecting
      nozzle provided at the forward end of a tubular body structure can be
      adjusted by control manipulation of a control part provided near the rear
      end of the body structure. By the provision of this feature of the
      invention, it is possible to adjust the spray-ejection of the nozzle as
      desired to the optimum direction while the spray-ejecting work is being
      carried out. Accordingly, since the spray-ejecting work need not be
      interrupted for the nozzle direction adjustment, the work efficiency is
      high. Moreover, accurate adjustment to the optimum ejecting direction can
      be made with a single manipulation at the rear end of the spray-ejecting
      device.
PAR  Another object of the invention is to provide a spray-ejecting device of
      the above stated character in which the ejecting direction of the nozzle
      provided at the forward end of the tubular body structure can be
      adjustably varied by the simple manipulation of merely turning an
      adjusting knob.
PAR  Other objects and further features of the invention will be apparent from
      the following detailed description with respect to a preferred embodiment
      of the invention when read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawings:
PAR  FIG. 1 is a plan view, with a part cut away, showing one embodiment of a
      spray-ejecting device according to the present invention;
PAR  FIG. 2 is a side view, in longitudinal section, of the same spray-ejecting
      device; and
PAR  FIG. 3 is a section taken along the line III--III in FIG. 2 as viewed in
      the arrow direction.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing, the spray-ejecting device illustrated therein has
      a body structure 11, which can be broadly divided into a relatively long,
      straight, hollow, tubular part 12, a head part 13, and a handle part 14.
      The head part 13 is connected to the forward end of the tubular part 12 by
      a coupling 15 screwed onto the rear end of the head part 13. The handle
      part 14 is connected at its forward end to the rear end of the tubular
      part 12 by a coupling 16.
PAR  The head part 13 has a passageway 18 communicating at its rear end with the
      forward end of the hollow interior 17 of the tubular part 12. The
      principal structural parts of the handle part 14 are a straight part 19
      and an inclined part 20 integrally formed with the straight part 19 and
      extending obliquely downward and rearward. The straight part 19 and the
      inclined part 20 respectively have passageways 21 and 22 therewithin, the
      passageway 22 communicating at its forward end with the lower part of the
      passageway 21, which communicates at its front end with the rear end of
      the hollow interior 17 of the tubular part 12. The inclined part 20 is
      provided at its rear end with a fitting 23 for connecting one end of a
      hose (not shown) thereto. The other end of this hose is connected to a
      pump (not shown) for supplying a fluid to be spray-ejected such as a
      paint.
PAR  The head part 13 is provided at its forward end with a nozzle 24 comprising
      a nozzle body 27 having an ejection orifice 26, a filter 28, a hollow
      holding member 25, and a retainer 29 securing the nozzle body 27 and the
      filter 28 to the holding member 25. The holding member 25 comprises a
      hollow cylindrical member 30, a flat plate part 31 formed integrally with
      the cylindrical member 30 and extending rearward therefrom, and a
      semicircular arcuate rack part 35 provided on its lower side with rack
      teeth 36 and formed integrally with the cylindrical member 30 and a riser
      wall 34 rising upward from the cylindrical member 30 and supporting the
      arcuate rack part 35. The above mentioned plate part 31 is fitted
      rotatably in a slot 32 provided in the head part 13 and is pivotally held
      by a pivot pin 33 fixed to the head part 13 and is thereby swingable in
      the directions of arrows A and B.
PAR  The gear teeth 36 on the lower side of the arcuate rack part 35 have the
      shape of a planar development of a bevel gear. These gear teeth 36 are
      meshed with a bevel gear 37 fixed to the forward end of a rotatable shaft
      38 extending rearward and substantially parallel to the tubular part 12.
      This shaft 38 is provided at its rear end with a knob 41 in the vicinity
      of the handle part 14. The shaft 38 is supported by bearings 39 and 40
      respectively fixed to the head part 13 and the tubular part 12 in such a
      manner that the shaft 38 is rotatable about the centerline thereof and is
      parallel to the centerline of the part 12.
PAR  The plate part 31 is subjected to the force of a spring 43 acting by way of
      a washer 42 and is thereby pressed against the upper wall surface of the
      slot 32, whereby rattling of the plate part 31 relative to the head part
      13 due to play therebetween is prevented. The washer 42 has a through-hole
      44 communicating with the passageway 18. The plate part 31 has a hole 45
      communicating with an internal space 46 in the holding member 25.
PAR  A valve seat 48 of a needle valve mechanism 47 is provided at the
      connection between the forward end of the tubular part 12 and the rear
      part of the head part 13. At its center, this valve seat 48 has a hole 50
      communicating with the passageway 18. The needle valve mechanism 47 is
      further provided with a slidable valve stem 49 disposed within the tubular
      part 12 and supported in a manner permitting its sliding movements in the
      forward and rearward directions C and D. The valve stem 49 has at its
      forward end a valve body 51 of semispherical shape for cooperative
      operation with the valve seat 48. When the valve stem 49 is displaced in
      the rearward direction D, the valve body 51 separates from the valve seat
      48, whereupon the hollow interior 17 of the tubular part 12 becomes
      communicative with the passageway 18. On the other hand, when the valve
      stem 49 is displaced in the forward direction C, the valve body 51 abuts
      against the valve seat 48 and is thus seated to shut off communication
      between the hollow interior 17 and the passageway 18.
PAR  The rear part of the valve stem 49 extends rearward through the passageway
      21 of the straight part 19 of the handle part 14 and further rearward to
      the outside through a fluid-tight seal 55 provided at the rear end of the
      straight part 19. The rear end of the valve stem 49 is threadably
      connected to a sleeve 56 having a stepped shoulder part against which a
      washer 57 is engaged. A compression spring 59 is provided between the rear
      face of this washer 57 and the rear wall of an adjusting member 58 of
      cylindrical shape enclosing the spring 59 and the rear end part of the
      valve stem 49. The spring 59 applies a force by way of the sleeve 56 to
      the valve stem 49, urging it to move in the forward direction C, and in
      the state illustrated in FIG. 2, the valve body 51 is seated against the
      valve seat 48. The adjusting member 58 at its front end is screwed into
      the rear part of a support flange 53. By turning this adjusting member 58,
      its forward-and-rearward position relative to the flange 53 is varied, and
      the force of the spring 59 acting on the valve stem 49 can thereby be
      adjusted.
PAR  A lever 52 is pivotally connected by a pivot pin 54 to the support flange
      53 projecting from and formed integrally with the inclined part 20 of the
      handle part 14 and is rotatable in the counterclockwise and clockwise
      directions E and F. The lever 52 is prevented by a guard structure 60 from
      being contacted by another object and being rotated unnecessarily or
      accidently in the counterclockwise direction E. The ends of the front and
      rear legs 60a and 60b of this guard structure 60 are respectively fixed to
      the forward end of the straight part 19 and to the rear end of the
      inclined part 20 of the handle part 14. The lever 52 has a short arm with
      an engagement part 52a and its outer end for engagement with the sleeve 56
      as described hereinafter.
PAR  The spray-ejecting device of the above described construction according to
      the present invention operates as follows.
PAR  When spray ejection is not being carried out, the lever 52 is in the
      outermost position of its rotation in the clockwise direction F, and the
      valve stem 49 is at the most forward position of its sliding stroke in the
      arrow direction C as a result of the force of the spring 59. Accordingly,
      the valve 51 is seated against the valve seat 48, whereby the needle valve
      mechanism 47 is in its closed state.
PAR  When a spray fluid is to be sprayed, the lever 52 is squeezed by hand and
      thus rotated in the direction E. As a consequence, the engagement part 52a
      of the lever 52 engages the sleeve 56 and forces the sleeve 56 and the
      valve stem 49 in the rearward direction D against the force of the spring
      59. As a result of this sliding movement of the valve stem 49, the valve
      51 separates from the valve seat 48, whereupon the hollow interior 17 of
      the tubular part 12 and the passageway 18 become communicative.
PAR  Consequently, the spray fluid sent under pressure from the aforementioned
      pump through the supply hose flows through the hose connection fitting 23,
      the passageways 22 and 21 of the handle part 14, the hollow interior 17 of
      the tubular part 12, the hole 50 of the valve seat 48, the passageway 18
      of the head part 13, the through-hole 44 of the washer 42, the hole 45 of
      the plate part 31, the interior space 46 within the holding member 25, and
      the filter 28 and is ejected as a spray through the orifice 26 of the
      nozzle 24. When the lever 52 is released, the valve stem 49 is returned in
      the forward direction C by the force of the spring 59, whereby the needle
      valve mechanism 47 is closed. At the same time, the sleeve 56 presses the
      engagement part 52a of the lever 52 forward, whereby the lever 52 is
      returned clockwise in the direction F.
PAR  Then, in the case where the movement of the long body structure 11 of the
      spray-ejecting device is restricted for some reason, or in the case where
      spray-ejecting is to be applied to a surface, such as a surface with
      complicated convexities and concavities or a hidden surface, which cannot
      be easily sprayed even when the body structure 11 is moved, it becomes
      necessary to change the ejection direction of the nozzle 24. This changing
      of the ejection direction can be accomplished without interrupting the
      above described spraying operation by gripping with one hand the handle
      part 14 and the lever 52 rotated in the counterclockwise direction E and
      turning the knob 41 with the other hand.
PAR  As a result of the turning of the knob 41 the rotatable shaft 38 and,
      therefore, the bevel gear 37 are rotated. Since the shaft 38 is rotatably
      supported by the bearings 39 and 40 but is prevented thereby from being
      displaced in translational movement, the bevel gear 37 rotates in the same
      position. As a result of this rotation of the bevel gear 37, the arcuate
      rack part 35, which is provided integrally with the holding member 25
      together with the plate part 31, and whose teeth 36 are meshed with the
      bevel gear 37, is rotated about the axis of the pin 33 in a direction
      determined by the rotational direction of the bevel gear 37. Consequently,
      the holding member 25 rotates unitarily with the rack part 35.
PAR  Together with the rotation of the rack part 35, the nozzle 24 held by the
      holding member 25 also swings unitarily in the direction A or B, and the
      direction of the axis of the nozzle 24, i.e., the ejection direction, l is
      suitably adjustable within a range as indicated by lines l1 and l2. When
      the ejection direction l has been adjusted in the desired direction, the
      knob 41 is released, whereupon the nozzle 24 is held in its adjusted
      rotational direction.
PAR  Thus, it is possible to carry out adjustment by remote control of the
      ejection direction of the nozzle 24, while the lever 52 is being squeezed
      in the counterclockwise direction E to continue spraying, by turning the
      knob 41 provided remotely from the nozzle 24 and near the lever 52.
      Accordingly, the necessity of resorting to the troublesome procedure of
      temporarily interrupting the spraying work, pulling the nozzle 24 toward
      oneself, and adjusting the nozzle ejection direction is eliminated.
      Furthermore, the nozzle ejection path can be easily adjusted to the
      optimum direction since this adjustment can be accomplished while the
      spraying work is being carried out.
PAR  It should be understood, of course, that the material to be sprayed by the
      spray-ejecting device according to the present invention is not limited to
      paints or to liquids but may be a gas or a solid in particulate form.
PAR  Further, this invention is not limited to these embodiments but various
      variations and modifications may be made without departing from the scope
      and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spray-ejecting device comprising:
PA1  an elongated tubular structure of a hand supporting type having passageways
      therein for passing therethrough a spray material to be spray-ejected and
      having a forward end and a rear end; a nozzle rotatably mounted on the
      forward end of the tubular structure in a manner to communicate with the
      passageways in the tubular structure and to be rotatable so that the
      direction of the centerline thereof is angularly adjustable relative to
      the centerline of the tubular structure, said nozzle being operable to
      spray-eject said spray material;
PA1  a valve mechanism for selectively shutting off and permitting supply of
      said spray material through the passageways of the tubular structure to
      the nozzle;
PA1  valve control means mounted in the vicinity of the rear end of the tubular
      structure for controlling the operation of the valve mechanism; and
PA1  adjustment means for rotating the nozzle relative to the tubular structure
      thereby to adjust the direction of spray-ejection from the nozzle,
PA1  said adjustment means comprising a rotatable knob in the vicinity of the
      valve control means, a rotatable shaft having front and rear ends, said
      knob being fixed to the rear end of said rotatable shaft, said shaft
      extending forwardly from said knob substantially parallel to the tubular
      structure to a position in the vicinity of said nozzle, and rotating means
      coupled to the forward end of said rotatable shaft for displacing the
      nozzle in rotation thereby to adjust the direction of spray-ejection from
      the nozzle in accordance with the rotation of the rotatable shaft, said
      rotating means comprising a bevel gear fixedly mounted on the forward end
      of the rotatable shaft, a holding member unitarily holding the nozzle and
      pivotally supported by the tubular structure, and a rack part integrally
      mounted on the holding member and having a planar arcuate shape and a
      toothed face corresponding to a planar development of a bevel gear in mesh
      with said first mentioned bevel gear.
NUM  2.
PAR  2. A spray-ejecting device as claimed in claim 1 in which the tubular
      structure comprises an elongated tubular part having said passageways
      therein, and a head part connected to the forward end of the tubular part,
      said head part rotatably supporting said holding member and having a
      passageway communicable with the passageways within said tubular part and
      with said nozzle.
NUM  3.
PAR  3. A spray-ejecting device as claimed in claim 2 in which the valve
      mechanism comprises a valve seat within the head part and encircling the
      passageway within the head part at one section thereof and a slidable
      valve stem extending through the passageways within the tubular part and
      actuated in longitudinal sliding motion by controlling action of the valve
      control means to cause a valve formed at the forward end of the valve stem
      to separate from and seat on the valve seat
PA1  thereby to permit and shut off supply of the spray material to the nozzle
      from the passageways in the elongated tubular part.
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ABST
PAL  An apparatus is described for wrapping a compound-curved conductor bar. It
      includes a winding head which is provided with a motor-driven winding ring
      equipped with rolls carrying insulating tape. According to the invention,
      the revolving winding ring is held in five degrees of freedom. For
      purposes of positioning it relative to the compound-curved conductor bar
      to be wrapped, the winding ring is adjustable in three orthogonal
      coordinate directions and can be tilted about two mutually orthogonal
      axes. The winding head carries a sensing device for measuring its change
      of position relative to the conductor bar to be wrapped and furnishing
      correction signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns generally apparatus for wrapping insulation about a
      conductor bar and particularly, compound-curved conductor bars.
PAR  2. Description of the Prior Art
PAR  Windings of large electric machines are frequently constructed from coils
      or bars with rectangular cross section. The quality of the insulation of
      the coils or bars is a parameter important to the overall quality of the
      machine. Typically, the insulation of the windings is accomplished by
      means of tapes of insulating material which are wound on a supply reel and
      which are wound, at least one layer thick, onto the bars or coils in
      spiral fashion, with prescribed overlap as well as with sufficient
      tension.
PAR  The wrapping of such conductor bars was formerly done, generally, by hand.
      A skilled winder was able to adapt to the strength properties of different
      composite insulating materials by feel. He could also adjust himself to
      the different geometries of the bars to be insulated. The quality of the
      insulation was therefore dependent on the craftsman-like skill and the
      experience of the worker. Of course, his output, because of the relative
      slowness of the method was low. For this reason, motor-driven devices were
      developed, which resulted in considerably higher speeds.
PAR  One of these automated devices was designed to wrap straight sections of
      bars. It consists, of a winding head which carries a winding ring equipped
      with supply rolls carrying one or several insulating tapes. The winding
      ring revolves during the wrapping with a speed of rotation which depends
      on the feeding velocity of the work piece. It is guided so that its axis
      of rotation coincides with the axis of the bar. During the wrapping
      operation, the winding head is guided parallell to the bar axis. The
      tension, with which the insulating material can be worked, can be adjusted
      by means of special devices at the supply or guide rolls. Such
      arrangements for wrapping electric conductor bars with insulating material
      are not suited, however, for compound-curved conductor bars, since they
      cannot follow the curvature.
PAR  As far as compound-curved bars are concerned, auxilary devices such as
      templates, guide bars or other duplicating devices have been used to
      substantially align the axis of the winding ring with the center line of
      the bar. Such auxiliary devices, however, must be prepared specially for
      each bar or coil shape. Further these devices do not completely guarantee
      that the axis of the winding ring is coincident with the center line of
      the bar for the full length thereof. An occasional tilting of the winding
      head by additional control mechanism is therefore necessary. Such winding
      machines offer a suitable approach where a sufficiently large number of
      coils or bars of the same shape are to be insulated. This condition,
      however, applies rarely in the construction of large machines, where the
      number of conductor bars with the same shape is small. The use of
      templates or duplicating devices is therefore uneconomical in these
      special cases, not only because of the preparation of the respective bars,
      cams and the like, but also because of the relatively high expense of
      storing them. This is not inconsiderable when one considers the dimensions
      of windings common in the construction of large machines.
PAR  The duplicating and/or template method also has an inherent disadvantage in
      that they assume a conductor bar or a coil has been made ideally as far as
      the geometric dimensions are concerned. However, as a practical matter
      this is not always the case, particularly with the present, manual
      fabricating methods. With increasing size of the conductor bars, this
      becomes more of a problem. This fact also makes a duplicating method
      employing computer "software", such as a prepunched tape, as a template
      somewhat impractical.
PAR  Another known technique uses the conductor bar itself as the template,
      guiding the winding head along the bar with positive contact. This
      arrangement, however, results in increased mechanical stress of the
      insulation, which typically is not designed therefore. This is
      particularly true of the lower layers, in the case of compound-curved
      conductor bars. This problem arises due to the fact that the heavy windng
      head is supported by the insulating tapes. In addition to the static load,
      acceleration forces come into play. The advancing of the winding head,
      particularly in the region of inclinations, causes additional stresses on
      the insulating material.
PAR  It is therefore a primary object of this invention to provide an apparatus
      for winding a curved-conductor bar which avoids many of the disadvantages
      of known devices.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus described is suitable for wrapping aa compound-conductor bar.
      It includes a winding head which is provided with a motor-driven winding
      ring equipped with rolls carrying insulating tape. According to the
      invention, the revolving winding ring is held in five degrees of freedom.
      For purposes of positioning it relative to the compound-curved conductor
      bar to be wrapped, the winding ring is adjustable in three orthogonal
      coordinate directions and can be tilted about two mutually orthogonal
      axes. The winding head carries a sensing device for measuring its change
      of position relative to the conductor bar to be wrapped and furnishing
      correction signals.
PAR  For wrapping the compound-curved conductor rod, the winding ring is
      adjusted so that its axis of rotation is aligned in the direction of the
      center line of the bar. The origin of the coordinate system is situated
      likewise on the center line of the bar. The motion of the winding ring is
      in the lengthwise direction of the bar, so that the origin of the
      coordinate system remains on the center line during the advancing motion
      of the winding head. Several positioners are provided, which are operated
      either electrically, pneumatically or hydraulically by means of control
      signals. Since the winding ring is held, for the purpose of positoning it,
      in five degrees of freedom, it can always be positioned by the sensing
      device so that its winding plane is perpendicular to, and the winding axis
      coincides with, the center line of the bar to be wrapped.
PAR  According to an additional feature of the invention, the sensing device
      consists of two sensing systems arranged in two planes parallel to the
      winding plane of the winding ring. Each of these has two mutually
      orthogonal measuring sections containing at least one sensor, where each
      sensor determines the position of the conductor bar within a measuring
      section and converts it into an electric signal. The sensing device is
      connected to evaluation logic. The sensing device enables the winding head
      or the winding ring to always follow accurately such that the axis of
      rotation of the winding ring is tangential to the center line of the
      conductor bar during the wrapping.
PAR  Due to the fact that the sensing device consists of two sensing systems
      arranged in two planes parallel to the winding plane and the position of
      the center line within the winding ring is determined only within these
      planes, in the case where the winding ring is passing a curved portion of
      the bar, taking into consideration the unavoidable hysteresis, the
      positioners locate the winding ring in an interval about the center line
      of the conductor bar. However, the deviations caused thereby are small and
      do not lead to a degradation of the quality of the wrapping.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to the accompanying drawings for a better
      understanding of the nature and objects of the invention. The drawings
      illustrate the best mode presently contemplated for carrying out the
      objects of the invention and its principles, and they are not to be
      construed as restrictions or limitations on its scope. In the drawings:
PAR  FIG. 1 is a schematic, perspective view of the winding head of the
      invention relative to the bar to be wrapped.
PAR  FIG. 2 is a schematic representation of the winding and conductor bar
      useful in understanding the invention.
PAR  FIG. 3 is a perspective view of the complete apparatus of the invention
      shown winding a curved-conductor bar.
PAR  FIG. 4 is an elevation view of the sensing head portion of the invention.
PAR  FIG. 5 is a sectional view taken along lines 5-5 of FIG. 4.
PAR  FIG. 6 is a schematic view useful in understanding the operation of the
      sensing device portion of the invention.
PAR  FIG. 7 is a schematic view of the electronic circuitry for processing
      information from the sensing head transducers.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows the principle of the winding head pictorially. The winding
      head, generally designated with 1, consists of a gimbal yoke 2, in which a
      guide ring 3 is rotatably mounted at pivot 4. In this guide ring, the
      winding ring 5 is pivoted so that it can rotate in the direction of the
      arrow 6. The winding ring rotates around the conductor bar 8 which is to
      be wrapped with insulating material 9. For this purpose, the winding ring
      5 carries several supply rolls 7 containing the insulating material. The
      winding head is movably supported in five degrees of freedom. In the
      present case the winding head can be positioned in the directions of the
      three orthogonal coordinates X, Y and Z. The positioners are not shown
      here. The winding ring can furthermore be rotated about the Y-axis as
      shown by arrow 10, as well as about its Z axis. The axes of rotation of
      course, are orthogonal.
PAR  As shown in FIG. 2, the winding head or the winding ring is to be
      controlled and guided in such a manner that the axis of rotation 12 of the
      winding ring 5 at the winding location 13 in question is tangent to the
      trajectory of center line 14 of the compound-curved conductor bar 8.
PAR  Apparatus for the implementation of the method is shown in FIG. 3. The
      winding head is mounted here on a lifting rod 15, which is supported and
      adjustable in height, in the direction of the Y-axis according to FIG. 1,
      by means of a positioning motor and lifting device 16. This lifting device
      is mounted on a trolley 17. The lifting rod and thus the winding head 1
      can be positioned along the Z axis by it.
PAR  The trolley is supported in a gantry bracket 18. The latter is supported on
      tracks 20, 20' so that it can be positioned and moved by means of a
      positioning motor 19 in the X-direction.
PAR  The tilting motion of the winding head 1 about the Y-axis is accomplished
      by a tiling and positioning motor 21 located on the trolley 17. This
      rotates a turntable 22 upon which is mounted the lifting device 16. A
      further positioning motor 23 is mounted at the yoke 2 of the winding head
      1 and serves to rotate the guide ring 3 about its Z axis in a known
      manner. The bar to be wrapped 8 is held in place by suitably positioned
      clamping supports 24.
PAR  During the wrapping, the axis of rotation of the winding ring follows the
      center line of the bar to be wrapped, as shown in FIG. 2. For this
      purpose, the guide ring has a sensing device which makes possible
      automatic guidance of the winding head or the winding ring.
PAR  FIGS. 4 and 5 show a sensing device, generally designated as F, which makes
      it possible to guide the winding ring automatically along the center line
      of a compound-curved conductor bar. To determine the relative deviation of
      the bar from the center of the winding ring, it would be sufficient to
      carry out a measurement in only one plane as close as possible to the
      winding point. The curvature of the bar, however, could not be sensed.
      Therefore the invention provides for making the measurement in two planes
      G, H, extending parallel to the winding plane E -- where these planes are
      located as close as possible to the winding plane.
PAR  In the present example, the guide ring carries four measuring systems, A to
      D. Each of these consist of two diametrically opposite inductive distance
      transducers, for example 25 and 26. These distance transducers are mounted
      on the guide ring 3. The movable core 27 of each distance transducer is
      connected with a roll 28, and spring 28' serving to push this roll against
      the bar to be wrapped 8. The two measuring systems A and C supply the
      positioning signals for the winding ring in the Y-direction. Similar
      signals for controlling the winding ring in the Z-direction are supplied
      by the measuring systems B and D.
PAR  In another embodiment of the invention, it is provided to use contactless
      distance transducers, e.g., optical distance transducers, instead of the
      mechanically operated sensors. Such measuring systems are known per se and
      each consist of a light source as the radiation emitter and a light
      receiver which may contain a diode cell.
PAR  The operation of the sensing device can be seen from FIGS. 6 and 7. The
      eight distance transducers (B25 and B26, D25 and D26, A25 and A26 as well
      as C25 and C26) furnish analog voltages (u1 to u4 and u1.1 to u4.1)
      proportional to the distance of the winding ring from the center line of
      the bar 8.
PAR  In order to determine deviations of the bar in the Z-direction from the
      center of the winding ring, the voltages u1, u2, u3 and u4 must be
      combined as follows:
EQU  (u1 + u3) - (u2 + u4) = .DELTA.Z'.
PAR  For the deviation in the Y-direction one has similarly
EQU  (u1.1 + u3.1) - (u2.1 + u4.1) = .DELTA.Y'.
PAR  To fulfill the second requirement, namely, that the winding plane is
      perpendicular to the center line, one obtains the following equations:
PAR  For the rotation about the Y-axis
EQU  (u1 + u4) - (u2 + u 3) = wY';
PAR  For the rotation about the Z-axis
EQU  (u1.1 + u4.1) - (u2.1 + u3.1) = wZ'.
PAR  The correction signals obtained through the equations above are fed to the
      respective positioning motors as control signals.
PAR  FIG. 7 shows a circuit preferably used for the combining of the signals.
      There is one circuit for each of the controlled quantities, i.e.,
      .DELTA.Z', .DELTA.Y' and wY', and WZ'. For determining the controlled
      variable .DELTA.Z', the voltage u1 is applied across terminals Ua; the
      voltage u3 to Ub, the voltage u2 to Uc and, finally, the voltage u4 to Ud.
      For determining the other controlled variables, a similar circuit would be
      used. Thus, for the controlled variable .DELTA.Y', the following voltages
      would be in the same order u1.1, u3.1, u2.1, u4.1; for wy', u1, u4, u2,
      u3; for wZ', u1.1, u4.1, u2.1, u3.1. As shown, these voltages are applied
      to two inputs of operational amplifier 29. There two voltages are summed
      at each input and their sums subtracted from each other at the output. The
      difference voltage appearing at the output 30 of the operational amplifier
      is amplified in an output amplifier 31 to the power level of the
      respective positioner, e.g., the positioning motor 33, for setting the
      z-direction. The positioners are driven in an appropriate direction such
      that the respective differences at the preamplifier 29 become zero.
PAR  Network 32 is a suitable reactive network necessary for stabilizing the
      loop formed by the electronics shown in FIG. 7, the positioning motor and
      the sensing heads. Its design would be well known to those in the art
      given the gain and frequency response characteristics of the various
      elements in the loop.
PAR  Within the scope of the invention, it is also possible to convert the
      analog signals .DELTA.Y', .DELTA.Z', wY' and wZ' into digital signals and
      to thus drive the positioning motors by means of positioning pulses. The
      cost of the electronics is larger in this case, but it has the advantage
      that the positioning motors can always be operated with constant voltage,
      so that the positioning hysteresis can be kept small.
PAR  Other variations of the embodiment described above would be readily
      apparent to those skilled in the art. The embodiment described is not to
      be construed as a limitation on the breadth of the invention. The
      invention must only be restricted by the allowable scope of the attached
      claims.
CLMS
STM  WHAT IS CLAIMED IS:
NUM  1.
PAR  1. An apparatus for wrapping a compound-curved conductor bar with
      insulation material which comprises:
PA1  a. a winding head including,
PA2  i. a guide ring,
PA2  ii. a winding ring supported by said guide ring, said winding ring adapted
      to revolve within said guide ring,
PA2  iii. at least one roll, for carrying said insulation material, positioned
      on said winding ring, and
PA2  iv. sensing means, positioned on said winding head, for measuring the
      change of position of said winding head relative to said conductor bar to
      thereby provide correctional signals proportional to the relative position
      between the two; and
PA1  b. means responsive to said correctional signals for adjusting the position
      of said winding ring such that the plane of said winding ring is
      maintained substantially perpendicular to the center line of said bar.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the means for adjusting the position of
      said winding ring include means for adjusting its position is three
      orthogonal coordinate directions and means for tilting said winding ring
      about two of said three orthogonal directions.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said sensing means comprises two
      sensing systems, each system arranged in a parallel plane of said winding
      ring, each system comprising:
PA1  a. a first measuring means for detecting the change of position of said
      bar, relative to said winding ring, along one of said coordinate axes; and
PA1  b. a second measuring means for detecting the change of position of said
      bar, relative to said winding ring, along a second of said coordinate
      axes; said first and second measuring means each comprising at least one
      sensor, said sensor providing an electrical correctional signal
      proportional to the respective change of position detected.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said means responsive to said
      electrical correctional signals comprise:
PA1  a. a plurality of positioning motors; and
PA1  b. electronic circuitry responsive to said electrical correctional signals
      to thereby provide a plurality of electrical signals of sufficient power
      to drive respective ones of said positioning motors.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said winding head further includes a
      gimbal yoke, said guide ring pivotally mounted within said yoke.
NUM  6.
PAR  6. The apparatus of claim 5 further comprising:
PA1  a. a gantry;
PA1  b. a trolley positioned in said gantry and adapted, to move within said
      gantry along a line parallel to one coordinate axis of said winding ring;
PA1  c. a turntable positioned on said trolley;
PA1  d. means for rotating said turntable about a second coordinate axis of said
      winding ring; and
PA1  e. a lifting rod colinear with said second coordinate axis and connecting
      said gimbal yoke to said turntable, said lifting rod transmitting the
      rotational movement of said turntable to said gimbal yoke.
NUM  7.
PAR  7. The apparatus of claim 6 further comprising:
PA1  a track system, said gantry including means for moving said gantry on said
      track system in a direction parallel to a third coordinate axis of said
      winding ring; said turntable including means for moving said lifting rod
      linearly along said second coordinate axis; said trolley including means
      for moving said trolley along said first coordinate axis.
NUM  8.
PAR  8. The apparatus of claim 7 further comprising a motor for pivoting said
      guide ring within said gimbal yoke about said one coordinate axis.
NUM  9.
PAR  9. The apparatus of claim 3 wherein said first and second measuring means
      each includes two diametrically opposite, inductive distance transducers.
NUM  10.
PAR  10. The apparatus of claim 3 wherein said first and second measuring means
      each includes two diametrically opposite, optical distance transducers.
NUM  11.
PAR  11. The apparatus of claim 4 wherein said first and second measuring means
      each comprise two sensors diametrically disposed on either side of said
      bar, and wherein said electronic circuitry responsive to said electrical
      correctional signals comprises a plurality of circuits each including:
PA1  a. an operational amplifier responsive to four of said electrical
      correctional signals;
PA1  b. a power amplifier for raising the power level of the output of said
      operational amplifier; and
PA1  c. means, responsive to respective outputs of said power amplifiers for
      positioning said winding ring, such that the plane of said winding ring is
      maintained substantially perpendicular to the center line of said bar.
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ABST
PAL  A device for damping vibrations of the holder of the cross-wound bobbin
      being driven frictionwise by the yarn guiding drum is provided with a
      spring (5) and a slidable pin (6) both placed within the hollow of the
      shaft (4) about which the holder (2) rotates. On the shaft (4) a stopper
      ring (7) is fixed immovably, abutting on the machine frame (8), and in the
      longer arm of the holder (2) a friction insert (9) is fitted. The spring
      (5) acting over the pin (6) on the lever (3) clamps the bobbin (1) in the
      holder arms (2), and shifts the holder to the left, pressing the holder
      arm with the friction insert (9) fitted therein down to the machine frame
      (8), and the friction force generated thereby damps the vibrations of the
      bobbin holder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a device for damping vibrations of a bobbin holder
      in yarn cross-winding machines in which the bobbin is friction driven by a
      cylinder which guides the yarn or by a plain roller.
PAR  2. Description of the Prior Art
PAR  During winding of yarn onto bobbins by friction means that are driven by
      the thread drum guides, vibrations of the bobbins occur thus effecting an
      improper shape of the winding to be formed. Normally such vibrations
      increase with the diameter of the winding. In order to avoid such
      occurrences various types of pressing devices are employed in known
      machines and are arranged to press the bobbin down to the cylinder,
      thereby securing a compact winding, and simultaneously damping the
      vibrations of the bobbin.
PAR  The pressing device acting on the arm of the bobbin holder, known from the
      disclosure in the Polish Patent Specification No. 42,487, comprises two
      cooperating levers, one of which is provided with a guiding surface, the
      other being provided with a roller that is fitted on the end of the lever
      which rolls over the mentioned guiding surface. The levers are carried by
      the body of the bobbin holder which is fitted to the frame of the machine.
      To the free end of the lever which supports the guiding surface a pull
      spring is attached, the other end of which is secured to a pin fitted in
      the body of the holder. The bobbin held in arms of a swivel holder is
      clamped by a flat spring which acts on the holder arm. The vibrations of
      the holder are damped under the action of the friction force of the roller
      rolling over the guiding surface of the lever being pressed against the
      roller by the spring.
PAR  In said arrangement the force damping the vibrations is not constant, and
      it decreases as the diameter of the winding increases. Moreover the device
      is rather extended, as it comprises elements causing the pressing down of
      the bobbin to the cylinder, as well as elements clamping the bobbin in the
      arms of the holder.
PAR  Said disadvantages and inconveniences are eliminated by the device
      according to the present invention in which the same elements are utilized
      for clamping the bobbin in the holder, and for damping vibrations. Inside
      the shaft, a portion of which is tubular and upon which the bobbin holder
      is swingably supported, is seated a spring which acts on a slidable pin
      and urges it against a lever which forms one of the arms of the bobbin
      holder, its function being to cause clamping of the bobbin between that
      arm and the adjacent arm in the holder arms. The longer arm of the holder
      carries a friction insert, and, through the medium of the spring provided
      in the shaft, it is urged against the carrier thereby causing the friction
      force exerted to dampen the vibrations of the holder.
PAR  The device according to the invention is characterized by a simple and
      compact construction. Eliminating of the unnecessary elements which are
      known components of the hitherto applied arrangement reduces the weight of
      the device as well as consumption of materials. The constant pressure of
      the holder arm with the friction insert placed therein, independent of the
      diameter of the winding, provides a constant friction force damping the
      vibrations of the bobbin holder, said force being able to be adjusted.
DRWD
PAC  DESCRIPTION OF DRAWING AND PREFERRED EMBODIMENT
PAR  The subject of the invention is shown by the way of an exemplary embodiment
      with reference to the accompanying drawing showing a general diagrammatic
      view.
DETD
PAR  The bobbin 1 is held between a rigid arm or holder 2 and a further arm 3
      which is arranged in the form of a swivelable lever. The holder 2 is
      rotatably mounted on the shaft 4 provided with a hollow portion in which a
      spring 5 is positioned which in turn acts on the lever 3 by means of the
      slidable pin 6. On the shaft 4 the stopper ring 7 is immovably mounted and
      abuts the carrier or frame 8 of the machine and consequently prevents the
      shifting of the holder 2 to the right. The friction insert 9 is fitted in
      the longer arm of the holder 2 so as to be in contact point with the frame
      8.
PAR  The spring 5 pre-loads the pin 6 against the lever 3 to clamp the bobbin 1
      in the holder arm 2, and simultaneously shifts the entire holder 2 to the
      left. The friction force is generated on the surface a to dampen the
      vibrations of the holder 2. This force may be adjusted by controlling the
      strength of the spring 5, and by a suitable selection of the friction
      insert 9 which develops the necessary coefficient of friction, and by
      controlling the distance between the friction insert and the shaft 4.
PAR  Also, a handle 10, attached to the end of arm 3 remote from the slidable
      pin 6, permits the arm 3 to be manually rotated about the lever pin 11
      carried by the holder 2, to load and unload bobbins from the holder 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A yarn cross winding machine comprising, in combination:
PA1  a. a friction driven bobbin having a winding surface area;
PA1  b. a machine frame member;
PA1  c. a shaft having an axis and supported by said machine frame member, said
      shaft having one end which defines a recess therein;
PA1  d. a bobbin holder supported by said shaft for pivotal and axial movement
      relative thereto, comprising first and second arms for swingably
      supporting said bobbin, wherein said second arm is one end of a lever
      pivotably mounted to said first arm about an axis extending
      perpendicularly to said axis of said shaft; and
PA1  e. means for resiliently clamping said bobbin between said arms and for
      simultaneously urging a portion of said first arm against said machine
      frame member, thereby causing a friction generated force to dampen
      vibrations of said bobbin holder comprising:
PA2  a spring disposed within said recess,
PA2  a pin, slidably disposed within said recess, having one end upon which a
      force is exerted by said spring, and an opposite end in sliding contact
      with an end of said lever opposite said end of said lever which also is
      said second arm, and
PA2  a stopper ring immovably mounted on said shaft, which abuts against said
      machine frame member and prevents axial movement of said shaft by the
      force exerted by said spring upon said shaft.
NUM  2.
PAR  2. A yarn cross winding machine according to claim 1, wherein said portion
      of said first arm urged against said machine frame member comprises a
      friction-producing insert carried by said first arm.
PATN
WKU  039400751
SRC  5
APN  4334353
APT  1
ART  242
APD  19740115
TTL  Winding machine
ISD  19760224
NCL  8
ECL  1
EXP  Gilreath; Stanley N.
NDR  4
NFG  8
INVT
NAM  Lenk; Erich
CTY  Remscheid
CNT  DT
ASSG
NAM  Barmag Barmer Maschinenfabrik Aktiengesellschaft
CTY  Wuppertal
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730117
APN  2302095
CLAS
OCL  242 18PW
XCL  242 43R
XCL  242157R
EDF  2
ICL  B65H 5434
FSC  242
FSS  18 PW;18 G;18 A;43;157 R
UREF
PNO  2395890
ISD  19460300
NAM  Lodge
UCL  242 18PW
UREF
PNO  2517625
ISD  19500800
NAM  Bauer et al.
OCL  242 18PW
UREF
PNO  3075715
ISD  19630100
NAM  Hensen et al.
OCL  242 18PW
UREF
PNO  3090570
ISD  19630500
NAM  Cunningham et al.
OCL  242 18G
UREF
PNO  3109602
ISD  19631100
NAM  Smith
OCL  242 18G
UREF
PNO  3276719
ISD  19661000
NAM  Stetz
OCL  242157R
UREF
PNO  3310247
ISD  19670300
NAM  Emery
OCL  242 18A
UREF
PNO  3717310
ISD  19730200
NAM  Ritter
OCL  242 18PW
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  A winding machine in which incident to the production of a bobbin a thread
      reserve is built up axially adjacent to the bobbin. The machine has a
      traversing thread guide with a thread-guiding slot and with slanted side
      faces, and an auxiliary thread guide with an arm which extends into the
      thread traversal plane at an angle pointing in the direction of the thread
      reserve zone. The arm is moved, generally rectilinearly and parallel to
      the path of the traversing thread guide, so as to lift the thread out of
      the slot of the traversing thread guide when the latter moves, in the
      direction away from the thread reserve zone, against the auxiliary thread
      guide. Passing of the thread between the two guides is facilitated by
      making the two side faces of the traversing thread guide of different
      lengths. The disclosed design is of particular advantage where a waste
      winding is to be built up in the principal winding range prior to the
      formation of the reserve winding.
BSUM
PAR  The invention generally relates to winding machines and, more particularly,
      to winding machines, known per se, in which incident to the production of
      bobbins on bobbin- or spool-sleeves, a thread reserve is built up adjacent
      to the bobbin prior to the winding of the bobbin proper. This thread
      reserve makes it possible to connect the end of the bobbin with the
      beginning of the following bobbin prior to completion of the unwinding
      operation, thereby facilitating an uninterrupted drawing off of the thread
      or yarn.
PAR  The thread reserve is typically formed by clamping and capturing the
      incoming thread in a suitable thread capturing device either on the sleeve
      carrier or between the sleeve carrier and the sleeve or in a groove formed
      in the sleeve; by depositing the thread in the initial phase of the
      winding operation by means of an auxiliary thread guide in a range of the
      sleeve which lies outside of the spool range; and by then releasing the
      thread from the auxiliary thread guide and turning it over to the main
      traversing thread guide which then takes over the depositing of the thread
      to form the bobbin proper. In this connection reference is made to U.S.
      Pat. applications, Ser. No. 258,869, filed by H. Schippers on June 1,
      1972, now U.S. Pat. 3,814,338 and Ser. No. 175,609, filed by K. Bauer et
      al on Aug. 21, 1971, now U.S. Pat. 3,792,818.
PAR  Especially in connection with synthetic fibers which are received in
      freshly spun condition and are to be wound in the form of a crosswound
      bobbin by means of a drive roller, it has become desirable first to lay
      down on the bobbin sleeve a padding or "waste" winding consisting of a few
      layers of thread deposited over the entire bobbin winding range, and only
      then, to form the thread reserve. In the case of spinning without godets,
      the layers of the padding winding do not qualify as production material,
      for the reason that, during deposition, the thread had been withdrawn from
      the spinning zone at a velocity which is not accurately defined and that
      it therefore exhibits denier variations. However, even in the case of
      spinning with godets the first layers of the padding winding are
      frequently damaged--due to the fact that they have been subjected to
      crushing between the drive roller and the hard sleeve.
PAR  The layers of the padding winding therefore fulfill a dual purpose: for one
      thing they form a throwaway or waste winding and for another they provide
      a suitable padding for the subsequent layers of production-quality thread
      material. The layers of the waste winding are preferably deposited by the
      traversing thread guide of the winding device. Now, in connection with the
      build-up of the thread reserve the problem arises that the thread after
      application of the waste winding must be lifted out of the traversing
      thread guide, transported out of the winding range of the bobbin,
      deposited in a few layers of thread reserve adjacent to the winding range
      of the bobbin and then turned back over to the traversing thread guide.
PAR  The known auxiliary thread guides for the application of a thread reserve
      are not suited for the performance of these functions. It is an object of
      the invention to provide a winding machine with novel and improved means
      for forming a thread reserve winding at a location axially adjacent to the
      bobbin to be wound.
PAR  More specifically it is an object of the invention to provide a winding
      machine in which, by way of a traversing thread guide, auxiliary thread
      guide and then again traversing thread guide, a waste winding is formed
      within the range of the bobbin, then a thread reserve winding adjacent to
      the bobbin range, and following this, the bobbin proper--all this without
      manual intervention.
PAR  In accordance with these objects a winding machine is proposed which has a
      traversing thread guide with a thread-guiding slot projecting into the
      "traversing veil" or thread traversal plane and with side faces slanted
      with respect to the thread traversal plane, and has an auxiliary thread
      guide for forming a thread reserve in a thread reserve zone, axially
      adjacent the bobbin; and wherein the auxiliary thread guide has an arm or
      pin extending, with a slant in the direction of the thread reserve zone,
      into the thread traversal plane and is moved into this zone along a path
      which extends on the side of the thread opposite the traversing thread
      guide and at least partially parallel to the path of the last mentioned
      guide.
PAR  This auxiliary thread guide may be driven, for example, by a hydraulic or
      pneumatic cylinder and piston. By means of this auxiliary thread guide it
      is possible, if desired, to lift the thread out of the thread guiding slot
      in any position of the traversing thread guide; transport the thread into
      the thread reserve zone; in this location form a thread reserve by
      momentarily arresting the auxiliary thread guide; and then turn the thread
      back over to the traversing thread guide by retraction of the auxiliary
      thread guide. The advantage of this auxiliary thread guide resides in that
      it lifts the thread out of the slot of the traversing thread guide only
      when the traversing thread guide with the thread therein happens to be on
      the side facing the thread reserve zone. However, if the traversing thread
      guide, with the thread, comes from the side opposite to the thread reserve
      zone, it is driven by the auxiliary thread guide into the slot merely more
      deeply, rather than being lifted out of the slot.
PAR  According to a preferred embodiment of the invention, it is proposed to let
      the path of the auxiliary thread guide including the above mentioned arm
      extend at both ends beyond the path of the traversing thread guide, with
      the normal position of the auxiliary thread guide being provided on the
      side of the winding device which is opposite to the thread reserve zone.
PAR  This arrangement results in a particularly simple construction of the
      auxiliary thread guide. The parts for moving the auxiliary thread guide
      are formed merely by the rectilinearly translated piston or rod.
      Mechanical devices which make it possible to again discharge the thread
      from the auxiliary thread guide are not required since, because of the
      central location of the thread feeding means, the thread is not taken
      along by the auxiliary thread guide beyond the range of the bobbin center.
      Where, for reasons of space or design limitations, it is not possible to
      move the auxiliary thread guide over the entire width of the winding
      machine, it is proposed to solve the underlying problem by making the pin
      rockable and connecting it with a rocking mechanism in such a way that the
      pin is rocked into the thread traversal plane only during its movement in
      the direction of the thread reserve zone. By virtue of this mechanism
      asymmetrical and, especially, bead-forming deposition of the thread within
      the winding range of the bobbin is avoided; for any bead-forming or
      asymmetrical deposition of the thread gives rise to non-uniform contacting
      of the drive roller and tends to increase slippage of the drive roller on
      the one hand and crushing of the sensitive material on the other hand. The
      discharge of the thread from the auxiliary thread guide may be effected,
      in connection with this auxiliary thread guide, by suitably implementing
      the rocking movement of the pin out of the thread traversal plane, or,
      alternatively, by retracting the auxiliary thread guide from the thread
      reserve zone so fast that the thread cannot keep up with the auxiliary
      thread guide.
PAR  The rocking movement of the pin may take place within the range of the
      normal position or in the range of the thread reserve. The rocking
      movement may take place about an axis normal to the translational
      direction of movement of the pin. Such a rocking movement--in an
      out-of-the-way direction--within the range of the thread reserve zone is
      advantageous in order that due to the pin rocking into an out-of-the-way
      position and the thread slowly sliding off of the pin, a few mutually
      adjacent thread reserve turns may be formed.
PAR  If the rocking movement is to be effected with the rocking axis of the pin
      lying in its translational direction of movement, pneumatic or hydraulic
      cylinder-piston units or else electromagnets, are preferably used as
      translational drives of the auxiliary thread guide, the member carrying
      the slanted arm being fixedly connected with the moved part of the
      translational drive and being rockable about the axis of movement of the
      translational drive by means of a pin sliding in a predetermined guide
      slot or by similar devices.
PAR  The traversing thread guide of the winding machine according to the
      invention is designed so that it can, itself, capture the non-guided
      thread disposed in the thread traversal plane. To this end the traversing
      thread guide is provided with side faces which are slanted with respect to
      the thread traversal plane. Depending upon the design of the auxiliary
      thread guide it may be advantageous to design the traversing thread guide
      in such a way that it can capture the thread only when coming out of one
      particular direction. For this purpose it is proposed to provide the
      traversing thread guide on one side with a shorter angularly projecting
      side face than on the other side. Preferably, the shorter slanted side
      face is provided on the side facing the thread reserve zone.
PAR  The auxiliary thread guide according to the present invention is
      particularly suited for winding machines designed for the production of
      two or more bobbins on a single chuck. In this connection it is proposed
      to provide a plurality of arms or pins corresponding in number to the
      number of bobbins and mutually spaced along the moved part of the
      translational drive according to the mutual spacing of the respective
      thread reserve zones. With such a winding machine the deposition of two or
      more threads is considerably simplified by letting the two or more threads
      be captured by only a single thread capturing device which is provided at
      one end of the chuck. It is proposed to let the path of the above
      mentioned moved part extend in such a way that the first pin, disposed
      nearest the thread capturing device, is arranged to travel at both ends
      beyond the path of the traversing thread device associated therewith and
      to make it rockable out of the thread traversal plane, at least, at the
      end of its path which is opposite to the thread capturing device. The
      first pin thus takes over the distribution of the two threads over the two
      corresponding bobbin ranges, by carrying the second thread over the first
      traversing thread guide.
DRWD
PAR  Illustrative embodiments of the invention incorporating these and other
      features and advantages will now be described with reference to the
      accompanying drawings, in which;
PAR  FIG. 1 is a perspective view of a winding device with an auxiliary thread
      guide according to the invention;
PAR  FIG. 2 shows the same winding machine in a plan view taken in direction II,
      FIG. 1;
PAR  FIG. 3 is a winding machine with a modified design of the auxiliary thread
      guide according to the invention;
PAR  FIG. 4 shows an advantageous design of a traversing thread guide for use in
      a winding machine according to this invention;
PAR  FIGS. 5a and 5b are part-views of a further modified design of a winding
      machine with an auxiliary thread guide which is rockable about its
      translational axis of movement, FIG. 5a being a plan view and FIG. 5b a
      front view taken in the direction of arrows III, FIG. 5a;
PAR  FIG. 6 is a part plan view of a winding machine with an auxiliary thread
      guide which is rockable in the thread reserve zone;
PAR  FIG. 7 is a perspective view of a winding machine according to the
      invention for the production of two bobbins on a single chuck.
DETD
PAR  The winding machine according to FIGS. 1 and 2, comprises a reciprocating
      device 2 which consists of a shaft with a reversing-type tracking groove
      (not visible in these figures) and a traversing thread guide 5 driven
      thereby, a deflecting roller 27, a bobbin 3 and a drive roller 4 which is
      driven at a constant speed of rotation. The thread 7 is fed to winding
      machine 1 over roller 23 and thread guide eyelet 24. Thread 7 is guided in
      slot 6 of the traversing thread guide 5 and is reciprocated in thread
      traversal plane 8 over the winding range 9 in such a manner that a
      cylindrical crosswound bobbin 3 is generated. In the initial phase of the
      winding operation a thread reserve 14 is formed in a thread reserve zone
      13 disposed on sleeve 28.
PAR  The winding machine is further provided with an auxiliary thread guiding
      device. This device comprises a pin 11 which is mounted on a rod 26 by
      means of a carrying member 12. Rod 26 is moved by a piston (not shown)
      under fluid pressure in cylinder 25. Pin 11 is supported by carrying
      member 12 in cantilever fashion and, with its end 17, is slanted in the
      direction of thread reserve 13. Pin 11 forms with carrying member 12 a
      groove 18 which is rounded and smoothed so that it is suitable to guide
      the thread for a short time.
PAR  Pin 11 extends into thread traversal plane 8 from one side and slot 6 in
      traversing thread guide 5 from the other side. Pin 11 is mounted on rod 26
      for translation movement over a range designated as 15, from its normal
      position 22 to the end of thread reserve zone 13.
PAR  The operation of the winding machine with the auxiliary thread guide is as
      follows: At the beginning of the winding operation the incoming thread 7
      is placed around deflecting roller 27 and is clamped in a thread capturing
      slot on the sleeve or between sleeve and chuck or in a filament capturing
      slot of the chuck. The filament then travels towards the bobbin center, is
      thus captured in a slot 6 of traversing guide 5 and is deposited, for
      several layers, on bobbin 3 in crosswound fashion. Subsequently, the
      auxiliary thread guide is put in operation under the control of means not
      particularly shown and is moved from its normal position 22 in the
      direction of thread reserve zone 13 at high speed. In the process, pin 11
      infallibly engages the thread 7 which is reciprocated by traversing thread
      guide 5. Thread 7 slides, along the slanted inside face of pin 11, out of
      slot 6 of the traversing thread guide 5 and into groove 18. The auxiliary
      thread guide now takes thread 7 along into the thread reserve zone 13
      where a few turns of thread are deposited as a thread reserve 14. A thread
      length of 0.5 -- 1 m for example, is sufficient for this thread reserve.
      Because of the high thread velocities which occur in spinning, stretching
      or spin-stretching, this means that pin 11 dwells in thread reserve zone
      13 for only a short time. Subsequently, pin 11 travels, first slowly and
      then with increasing speed, back into its normal position 22. In this
      travel, pin 11 carries the thread along, at the most up to the center of
      path 9 of traversing thread guide 5, namely because of the central
      location of thread guide eyelet 24. At this point, at the latest, the
      thread slides out of groove 18 to be captured again by traversing thread
      guide 5 and slot 6, and it is then further deposited as crosswound bobbin
      3.
PAR  In order to facilitate recapture of the thread, traversing thread guide 5
      has side faces or flanks 29 and 30 which are slanted in the direction of
      movement of the guide.
PAR  FIG. 4 shows a preferred embodiment of traversing thread guide 5 for use in
      winding machines according to the invention. The traversing thread guide
      comprises a shuttle 33 which is guided in the reversing grooves of a
      tracking shaft. Connected to the shuttle is a pivot joint 34 in which the
      front portion of the traversing thread guide 5 is rotatably mounted. The
      front portion of the traversing thread guide has a guideway 35 which, at
      the same time, keeps the traversing thread guide from tilting. The front
      portion is triangularly formed. However, side faces 31 and 32 which are
      provided adjacent to thread guide slot 6 are not formed symmetrically;
      instead, side face 31 is longer than side face 32.
PAR  When the traversing thread guide engages the thread with its side face 31,
      the thread is not captured in slot 6, but it jumps over slot 6. On the
      other hand, when the traversing thread guide engages the thread with side
      face 32, the thread is captured in slot 6 more safely due to the
      protruding tip of side face 31. Such a traversing thread guide
      advantageously supplements and emphasizes the properties of the auxiliary
      thread guide according to the invention. Its operation will be explained,
      by way of example, in connection with a winding machine according to FIG.
      1. In FIG. 1 the traversing thread guide according to FIG. 4 is disposed
      in such a way that its long side face is located on the side of slot 6
      away from the thread reserve zone.
PAR  If this traversing thread guide 5, with the thread therein, overtakes pin
      11 coming from the left, the thread on the one hand is pressed by the
      slanted rear face of pin 11 into slot 6 and in addition is safely guided
      by the long face of the slot for retention therein. On the other hand, if
      the thread guided by traversing thread guide 5 engages pin 11 coming from
      the side of the thread reserve zone, then the thread will slide that much
      more safely out of slot 6 and on to pin 11, because the slot is shorter on
      this side. Also, in this design of the traversing thread guide no harm is
      done if the thread does not slide along pin 11 fast enough and,
      conceivably, is again contacted by the traversing thread guide 5. For, if
      the traversing thread guide upon such contact comes from the side of the
      thread reserve zone, then the thread will not jump into slot 6 of
      traversing thread guide 5 but will jump over the slot on its long side.
      This avoids that the thread is excessively deflected between pin 11 and
      traversing thread guide 5 and is possibly torn. On the other hand, if the
      traversing thread guide, coming from the other side, contacts the thread,
      no harm is done because it can take the thread along for only a short time
      and in its return travel must again turn the thread over to the auxiliary
      thread guide.
PAR  The embodiment of the winding machine according to FIG. 3 is beneficial
      when space limitations make it impossible to let cylinder 25 and rod 26
      project as far outwardly as they do in FIG. 2. The essential feature of
      the embodiment of FIG. 3, therefore, consists, for one thing, in that in
      the normal position 22 there are no substantially projecting parts. In
      addition, this embodiment has the advantage that pin 11 with its carrying
      member 12 is rockable about an axis 21 in such a way that it can penetrate
      the thread traversal plane 8 or can be entirely rocked out of this plane.
      In order to exert a restoring force in the direction of penetration, a
      restoring spring 19 is provided. Pin 11 is rocked out of the thread
      traversal plane 8 by means of stop 20 against which carrying member 12
      travels before moving into its normal position 22. Stop 20 has a
      predetermined length.
PAR  The operation of this embodiment is as follows: Subsequent to the starting
      of the thread and the formation of a few layers of thread as described
      above in conjunction with FIGS. 1 and 2, the auxiliary thread guide is set
      in motion at a high speed. At this time carrying member 12 still slides
      over stop 20. Stop 20 has such a length that the auxiliary thread guide is
      already at its maximum velocity when pin 11 penetrates the thread
      traversal plane. This maximum velocity, though, is still sufficiently low
      that the traversing thread guide 5, in any event, is able to catch up
      again with the auxiliary thread guide. If the traversing thread guide 5
      catches up with pin 11 from behind, then the thread at the slanted rear
      face of pin 11, is only pressed into slot 6 more deeply and is not lifted
      out of traversing thread guide 5. However, if the traversing thread guide
      5 comes from in front, then the thread, at the slanted front face of pin
      11 slides out of slot 6 and into groove 18.
PAR  Subsequently, the thread reserve winding 14 having a thread length of a few
      meters is produced in zone 13, since, as shown in FIG. 3, the range of
      movement 16 of the auxiliary thread guide extends this much to the right.
      Following this, pin 11 returns at increasing velocity into its normal
      position 22 and, shortly before reaching normal position 22--which is
      located near the center of winding range 9--it again rocks out of the
      thread traversal plane 8 and releases the thread. The thread is then
      captured again by the traversing thread guide 5, as described above.
PAR  FIGS. 5a and 5b show a winding machine with a projecting support 36.
      Mounted on this support 36 is a pneumatic cylinder 37. In this case, the
      auxiliary thread guide consists of a pin 11 and of carrying member 12
      which is fixedly connected with piston rod 39 and piston 38. Piston 38 is
      rotatable with all parts affixed thereto. The rotational movement is
      produced by guide groove 40 through which pin 11 extends, that is, in this
      implementation pin 11 is designed to rock about an axis 64 lying in the
      translational direction of movement of the pin, rather than about an axis
      normal thereto as in FIG. 3. This embodiment is kinematically very simple
      and advantageous. Its operation in most respects is similar to that
      described above in connection with FIG. 3.
PAR  FIG. 6 shows a part-view of a further modification of the winding machine
      according to the invention. The figure illustrates part of the
      reciprocating device 2 of the winding machine with the traversing thread
      guide 5 in one of its end positions. On rod 26 there is provided a
      carrying member in the form of a friction wheel 41 with the pin 11. The
      friction wheel is pressed against stop 42 by means of spring 43. The
      piston rod 26 may be driven in any desired fashion, for example, in the
      manner shown in FIGS. 1, 2, 3, 5. It will be noted, however, that in the
      embodiment shown in FIG. 6 the thread passes from the traversing thread
      guide to the auxiliary thread guide always at a point near the right hand
      end of winding range 9 as will now be described.
PAR  In the range of thread reserve zone 13 friction wheel 41 cooperates with a
      resilient bracket 44 which is mounted on the machine frame. In this
      manner, in response to movement of piston rod 26 from its normal, extreme
      left position to the right and the corresonding rocking movement of pin 11
      in the clockwise direction, the thread is captured by the slanted right
      face of pin 11 as the pin penetrates the thread traversal plane. On the
      return movement of piston rod 26 the ensuing counterclockwise movement of
      pin 11 permits the thread to be released from the pin and recaptured by
      thread traversing guide 5. By making the return movement slow, the rocking
      movement can be slowed down correspondingly so that the thread may slowly
      slide down the pin 11 and may thus be deposited in a few mutually adjacent
      turns of thread reserve. It may be noted that in FIGS. 1 to 6
      corresponding parts carry the same designations.
PAR  FIG. 7 shows a winding machine for the production of two bobbins on two
      sleeves 67 and 68 provided on chuck 51. The bobbin ranges are designated
      as 45 and 46. On each sleeve there is provided adjacent the bobbin range a
      corresponding thread reserve zone 48 and 49. In lieu of the two sleeves 67
      and 68 a single long sleeve may be used which is provided with a
      separating groove along which the sleeve may be separated subsequent to
      the production of the bobbins. At the beginning of sleeve 68 there is
      provided a thread capturing groove 50 which extends over the entire
      circumference or over a part of the circumference. Both threads 55 and 56
      can be captured in this thread capturing groove 50. The auxiliary thread
      guide according to this invention comprises a translationally moved rod 60
      on which pins 58 and 59 are mounted. Rod 60 also is provided with a groove
      61 having a curved portion at its end 62. Travelling in the same groove 61
      is a pin 63. In this manner rod 60 in its translational movement is also
      rocked about its axis. The traversing device consists of a traversing
      slide 52 in which there is provided a tracing shaft with two reversing
      grooves (not shown). The reversing threads serve to drive traversing
      thread guides 53 and 54. Traversing slide 52 is moved vertically in
      guideways 57 and, by means of contacting or non-contacting sensing devices
      not shown or by means of a given program, kept at a predetermined distance
      with respect to the bobbin surface.
PAR  The threads are laid down and the thread reserves produced in the following
      manner: the two threads 55 and 56 are jointly inserted into groove 50. At
      this time rod 60 with pins 58 and 59 is in the position shown. Both
      threads run over pin 58. Now rod 60 is retracted to a point where pin 58
      is positioned beyond the bobbin range 45. Due to the design of groove 61,
      rod 60 is rocked together with pins 58 and 59. The first thread 55 has
      already been held up in the center of the bobbin range 45 and has been
      captured there by traversing thread guide 53. The second thread 56 is
      safely carried by pin 58 over the groove 47 between the two sleeves 67 and
      68; only then does it slide off pin 58 when the latter is being rocked
      downwardly and it is now engaged by traversing thread guide 54. Both
      threads are then deposited in traversing ranges 45 and 46, respectively,
      in the form of a few layers of a waste winding. Subsequently, rod 60
      advances again, rocks, due to the design of groove 61, pins 58 and 59 into
      the thread traversal plane and thereby grips threads 55 and 56 by means of
      pins 58 and 59 respectively. The threads are deposited in the thread
      reserve zones 48 and 49 in a few turns of a thread reserve. Thereafter,
      rod 60 is again retracted whereby the threads are released in the center
      of the respective bobbin ranges 45 and 46 and are again engaged by the
      respective traversing thread guides 53 and 54.
PAR  The devices described herein insure that no bulges or beads are formed on
      the bobbin in the deposition of the thread. This is of particular
      importance in winding machines driven by a drive roller (e.g., FIG. 1),
      since, considering the high thread velocities and winding velocities of,
      e.g., more than 3,000 m/min., any asymmetrical deposition of thread
      material within the bobbin range leads, due to drive roller 4, to such
      high friction and pressure stresses of the sensitive thread material that
      the thread material may be caused to melt or at least be damaged.
PAR  From the embodiments shown it is evident that the principle of the
      invention can also be materialized in other designs. In particular,
      variations are conceivable with respect to the location of normal position
      22 and the rocking of pin 11 and carrying member 12.
PAR  The particular advantage of the invention resides in that the auxiliary
      thread guide is very simple design-wise and kinetically and that it may
      readily be used in many modifications adapted to the design of the winding
      machine and the winding task at hand. It may be mentioned that the
      production of the so-called padding or waste winding is not a prerequisite
      for the use of the winding machine with the auxiliary thread guide
      according to the invention.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. In a winding machine the combination including:
PA1  a traversing thread guide of substantially flat triangular shape, said
      guide extending into the thread traversal plane from one side thereof,
      being mounted for rectilinear reciprocating movement only, along a path
      parallel to said plane, having a thread-guiding slot opening into the
      thread traversal plane and two external side faces slanted towards the
      mouth of said slot, one of said slanted side faces being shorter than the
      other;
PA1  an auxiliary thread guide for lifting the thread out of said slot to form a
      reserve zone axially adjacent to the bobbin being wound, said auxiliary
      thread guide having an arm extending into the thread traversal plane from
      the opposite side thereof, and
PA1  means for moving said auxiliary thread guide, along a path extending on
      said opposite side at least partially parallel to the path of the
      traversing thread guide, into the thread reserve zone at a speed lower
      than the reciprocating speed of said traversing thread guide;
PA1  said arm of the auxiliary thread guide, with its free end, pointing at an
      acute angle in the direction of the thread reserve zone to provide a
      correspondingly slanted rear face, a correspondingly slanted front face
      and a recess at the root of said front face, said rear face being shaped
      so as to retain the thread in the slot of said traversing thread guide
      when the traversing thread guide, moving in the direction of said thread
      reserve zone, overtakes said auxiliary thread guide from the rear, and
      said front face being shaped so as to lift the thread out of said slot and
      capture it in said recess when the traversing thread guide, moving in the
      direction away from said thread reserve zone, passes said auxiliary thread
      guide from in front, and said retaining of the thread in the slot and
      lifting of the thread out of the slot being aided by the greater and
      lesser length, respectively, of said two side faces of said traversing
      thread guide.
NUM  2.
PAR  2. In a winding machine the combination as claimed in claim 1 wherein the
      path of said auxiliary thread guide overlaps only partially the path of
      said traversing thread guide, wherein said arm is mounted for rocking
      movement with respect to said moving means, and wherein there are provided
      means for controlling said rocking movement in such a way that said arm is
      rocked into the thread traversal plane only during its movement in the
      direction of the thread reserve zone.
NUM  3.
PAR  3. In a winding machine the combination as claimed in claim 2 wherein said
      auxiliary thread guide is mounted for rocking movement about an axis
      normal to the longitudinal axis of said moving means.
NUM  4.
PAR  4. In a winding machine the combination as claimed in claim 2 wherein said
      auxiliary thread guide has a hub extending coaxially with and being
      fixedly connected to said moving means and mounted for rocking movement
      with said moving means about the longitudinal axis thereof.
NUM  5.
PAR  5. In a winding machine the combination as claimed in claim 2 wherein said
      controlling means comprise cam means rocking said arm into the thread
      traversal plane at a location within the winding range defined by the
      stroke of said traversing thread guide.
NUM  6.
PAR  6. In a winding machine the combination as claimed in claim 2 wherein said
      controlling means comprise cam apparatus rocking said arm into the thread
      traversal plane at a location near the thread reserve zone.
NUM  7.
PAR  7. In a winding machine for the production of two or more bobbins on a
      single chuck the combination as claimed in claim 1 wherein there are
      provided a plurality of auxiliary thread guides corresponding in number to
      the number of bobbins, the arms of said auxiliary thread guides being
      mutually spaced along said moving means according to the mutual spacing of
      the respective thread reserve zones.
NUM  8.
PAR  8. In a winding machine the combination as claimed in claim 7 wherein there
      is provided a thread capturing device at one end of said chuck, wherein
      said moving means is designed for translation in such a way that the path
      of the arm disposed nearest said capturing device extends at both ends
      beyond the path of the corresponding traversing thread guide and wherein
      there are provided means for rocking said arm out of the way at that end
      of its path which is opposite to the thread capturing device.
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PAL   Apparatus for handling yarn ends during a donning operation on a textile
      machine wherein in each operation unit, a yarn package is formed on a
      bobbin rotatably held by a cradle and rotated by the friction roller of a
      take-up mechanism. Just before or after doffing a full yarn package from
      the take-up mechanism, a yarn passage is formed by a yarn which is
      continuously supplied from the operation unit at a position in front of a
      part of the peripheral surface of the friction roller which the yarn
      passes over during the normal take-up operation. A fresh bobbin urges the
      yarn of the yarn passage toward the friction roller and then the fresh
      bobbin held by the cradle is rested on the friction roller. The yarn
      connected to the full yarn package is severed during the operation.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an apparatus for handling a yarn end
      during a donning operation on a textile machine and, more particularly,
      relates to an apparatus for performing the donning operation while
      continuously delivering yarn produced by a textile machine wherein the
      yarn is wound on a bobbin mounted on a friction roller.
PAR  In the conventional textile machine where the yarn is wound on a bobbin
      mounted on a friction roller, if the yarn delivering operation is stopped
      and an auxiliary yarn is wound on a fresh bobbin mounted on the friction
      roller after doffing a full packaged bobbin from the friction roller, it
      is necessary to piece an end of the auxiliary yarn with the end of a fresh
      yarn delivered from a spinning part or delivery part of the textile
      machine. Consequently, the donning operation becomes very complicated.
PAR  To eliminate the above-mentioned complicated operation, several attempts
      have been made to carry out the donning operation without stopping the
      spinning or yarn supply operation from the delivery section of the machine
      to the winding mechanism. In these attempts, the yarn which is
      continuously delivered from the machine is introduced into a suction means
      or wound on a waste roller. However, the suction means or waste roller is
      disposed at a position between the winding mechanism and the delivery part
      of the textile machine. Consequently, the first winding of the yarn on a
      fresh bobbin is complicated. This is so because a yarn portion, which is
      held by holding means such as a suction nozzle, must be introduced into a
      nip line between the fresh bobbin and the friction roller in a relatively
      unstretched or slackened condition, after the connection with the holding
      means.
PAR  The principle object of the present invention is to provide an apparatus
      for performing the donning operation while continuously delivering a yarn
      from a delivery section of a textile machine, so as to eliminate the
      abovementioned drawbacks of the conventional donning method and apparatus.
PAR  To attain the purpose of the present invention, a portion of yarn taken up
      from a delivery part of the textile machine is passed beyond a peripheral
      surface of a friction roller at a point where the friction roller will be
      contacted by a winding bobbin. The yarn is then held by a holding means.
      The initial winding of yarn on the fresh bobbin is carried out by
      displacing an arm which rotatably holds the fresh bobbin in a position
      where it frictionally contacts the friction roller.
PAR  To effectively carry out the donning operation in the present invention,
      the full packaged bobbin is doffed from the winding mechanism by
      displacement of the bobbin to a discharge position. The yarn extending
      between the full bobbin and the delivery section of the textile machine is
      cut and the cut end of the yarn which is connected to the delivery section
      of the textile machine, is held by a suction means. Consequently, the
      so-called yarn retrieving operation can be eliminated.
PAR  Further objects and characteristic features of the present invention are
      clarified by the following detailed illustration of the embodiments with
      reference to the attached drawings and claims. The latter however, are not
      limited to the embodiments but are intended to cover modifications within
      the spirit and scope of the present invention.
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PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 through FIG. 6 are schematic side views of an embodiment according
      to the present invention, showing steps of a doffing and donning
      operation;
PAR  FIGS. 7 and 8 are schematic plan and side views, respectively, of a part of
      a cradle utilized for the openend spinning unit according to the present
      invention;
PAR  FIG. 9 is a sectional view of one of cradles taken along a line 9--9 in
      FIG. 7;
PAR  FIG. 10 is an elevational view of the bobbin holding member shown in FIG.
      9;
PAR  FIG. 11 is a front view of the bobbin holder shown in FIG. 1 through FIG.
      6;
PAR  FIG. 12 through FIG. 14 are schematic side views of a second embodiment
      according to the present invention, showing steps of a doffing operation
      and the initial steps of a donning operation;
PAR  FIG. 15 is a schematic side view of the apparatus of the second embodiment
      wherein the operation for cutting a yarn between a full packaged bobbin
      displaced from a friction roller and a full yarn package is shown;
PAR  FIG. 16 is a schematic side view of the apparatus of the second embodiment,
      wherein a blowing nozzle utilized for leading a cut-end of the yarn toward
      a fesh bobbin is shown;
PAR  FIG. 17 is a schematic side view of the apparatus of the second embodiment,
      wherein a modified means for leading a cut-end of the yarn toward a fresh
      bobbin is shown;
PAR  FIG. 18 is a perspective view of a guide plate for defining a yarn passage
      in the apparatus of the second embodiment;
PAR  FIG. 19 is a front elevational view of a cutter utilized for the apparatus
      of the second embodiment;
PAR  FIG. 20 is a front elevational view of a modification of the cutter sohown
      in FIG. 19;
PAR  FIG. 21 is a schematic side view of a modification of the apparatus shown
      in FIG. 17, wherein a suction nozzle for catching a cut-end of the yarn
      which is connected to a full packaged bobbin is provided along with an
      auxiliary cutter;
PAR  FIG. 22 is a cross-sectional view of the suction nozzle shown in FIG. 21,
      taken along a line 22--22 in FIG. 21;
PAR  FIG. 23 is a perspective view of a part of the apparatus of the second
      embodiment, wherein means for forming a transfer tail wind on a fresh
      bobbin is provided;
PAR  FIG. 24 is a perspective view of a third embodiment according to the
      present invention;
PAR  FIG. 25 through FIG. 28 are schematic side views of the third embodiment,
      showing steps of a doffing operation and a donning operation;
PAR  FIG. 29 is a schematic side view of a part of the third embodiment showing
      the yarn being introduced into the entrance to a slit formed in an arm and
      then introduced to a terminal of the slit;
PAR  FIG. 30 is a schematic front elevational view of the apparatus shown in
      FIG. 25;
PAR  FIG. 31 is a schematic front elevational view of a part of the third
      embodiment wherein the situation just before cutting the yarn is shown;
PAR  FIG. 32 is a sectional view of the apparatus shown in FIG. 31, taken along
      a line 32--32 in FIG. 31;
PAR  FIG. 33 is a schematic front elevational view of a part of the third
      embodiment wherein the situation just after cutting the yarn is shown;
PAR  FIG. 34 is a sectional view of the apparatus shown in FIG. 33, taken along
      a line 34--34 in FIG. 33.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The apparatus according to the present invention may be utilized on a
      textile machine such as a yarn winder, a take-up machine in a mill
      producing filamentary yarn, an open-end spinning machine, etc. However,
      for the sake of clarity and simplicity in the following detaled
      illustration of the present invention, only the embodiments related to an
      open-end spinning machine are illustrated. In the following illustration
      of three different embodiments, the same elements in each of the
      embodiments are represented by identical reference numerals, and elements
      having similar functions in each of the three embodiments are represented
      by identical reference numerals having the numeral 100, 200 and 300 added
      thereto in the first, second and third embodiments, respectively.
PAR  Referring to FIGS. 1, 2, 3, 4, 5 and 6 wherein the steps of the doffing and
      donning operations of the first embodiment are shown, a silver 3 contained
      in a can 2 is supplied to an open-end spinning unit 1. A yarn 11 is
      delivered from the spinning unit 1 by means of a take-up force created by
      delivery rollers 4 and 5. The roller 4 is positively driven by a driving
      mechanism (not shown) while the roller 5 rotatably contacts the roller 4.
      The yarn 11 is then wound on a bobbin 7 by a take-up mechanism comprising
      a friction roller 6 and a bobbin holding cradle 113 which is rotatably
      mounted on a pivot shaft 113a such that the bobbin 7 is capable of
      contacting the friction roller 6 as shown. In this take-up mechanism, the
      friction roller 6 is a split drum which is positively driven by a driving
      mechanism (not shown) and provided with a yarn guide groove for traversing
      a yarn passage along a longitudinal axis of the bobbin, as shown in FIG.
      19. The size of the yarn package formed on the bobbin 7 is increased by
      rotation of the bobbin 7 until a full yarn package 8 is formed by take-up
      of the yarn 11. Rotation of bobbin 7 is created by the frictional contact
      of the yarn package with the split drum 6. Then the full yarn package 8 is
      doffed from the above-mentioned winding mechanism and displaced to a
      conveyor belt 12 disposed lengthwise of the open-end spinning machine at a
      position adjacent to the winding mechanism of the spinning machine.
PAR  The bobbin holding cradle 113 mentioned above comprises, as shown in FIGS.
      7 and 8, a pair of parallel cradle arms 114 and 115 rotatably mounted on
      the pivot shaft 113a (FIG. 1) which is rigidly secured to a supporting
      means (not shown) which in turn is mounted to the frame of each spinning
      unit. The cradles arms 114, 115 are provided with bobbin catchers 116, 117
      whereby a bobbin can be rotatably held. As the construction and function
      of the bobbin catcher 116 is similar to the bobbin catcher 117, the
      following illustration only relates to the bobbin catcher 116. Referring
      to FIGS. 9 and 10, the bobbin catcher 116 comprises a needle bearing 118
      which is in splined engagement with a circular hollow space 119 formed in
      the cradle 114. A bobbin holding member 120 which is rotatably held by the
      needle bearing 118. The needle bearing 118 is provided with a laterally
      expanded flange portion 118a which is capable of sliding along the axial
      direction of the circular hollow space 119 at the laterally expanded
      portin 119a. A cover member 121 is rigidly mounted to the cradle 114 by
      set screws 122 such that the bearing 118 assembled with the bobbin holding
      member 120 is capable of being displaced into a space between the cradle
      114 and an inside wall of the cover member 121. A ring shaped cover member
      123 is rigidly mounted to the cradle 114 by set screws 124 such that the
      head portion 120a of the bobbin holding member 120 is capable of being
      displaced within an aperture formed in the ring 123. An expansion helical
      spring 125 is mounted on the needle bearing 118 in a cylindrical space 126
      formed between the cylindrical surface 119a and the peripheral surface of
      the needle bearing 118 so that the needle bearing is always urged toward
      the head portion 120a along the axial direction of the bobbin holding
      member 120 and the head portion 120a is always urged outwardly from the
      outside surface of the ring shaped cover 123. The head portion 120a of the
      bobbin holding member 120 is provided with a partial spherical surface
      which is capable of being inserted into a cylindrical hollow formed in a
      fresh bobbin 7a. Consequently, if a fresh bobbin 7a is pushed into the
      intervening space between the head portions of the bobbin holding members
      of the bobbin catchers 116, 117, the above-mentioned head portions are
      first displaced toward the covers of the bobbin catchers 116 and 117 and
      then these head portions are inserted into the cylindrical space at the
      two end portions of the bobbin 7a. Consequently, the two ends of the fresh
      bobbin are rotatably caught and held by these bobbin catchers 116, 117.
PAR  In this embodiment, the cradle 113 is capable of turning upward from the
      split drum 6. A suction duct 110 is disposed above each take-up mechanism.
      A suction nozzle 109 is connected to the suction duct 110 is disposed
      above the cradle 113 directly above each take-up mechanism. Consequently,
      after doffing a full yarn package 8 from the bobbin catchers 116, 117,
      when the yarn 11 carried from the delivery rollers 4 and 5 is sucked into
      the suction nozzle 109, the yarn passes beyond the surface of the split
      drum 6 on the side where the yarn package normally contacts the split drum
      6. A bobbin holder 128 is mounted to the bottom outside of the suction
      nozzle 109 so as to detachably hold the fresh bobbin 7a in such a
      condition, that, when the bobbin holding cradle 113 is turned toward the
      suction nozzle 109, the bobbin holding means comprising the bobbin
      catchers 116 and 117 arrives at the position of the bobbin holder 128. The
      fresh bobbin 7a is then automatically transferred from the bobbin holder
      128 to the bobbin holding means of the cradle 113 simple by moving the
      cradle to position shown in FIG. 3.
PAR  To clarify the above-mentioned bobbin transfer motion, the construction of
      the bobbin holder 128 is illustrated in more detail. Referring to FIG. 11,
      the bobbin holder 128 comprises a curved spring plate composed of an
      upside-down U-shaped top portion 128a which is secured to the suction tube
      109 (FIG. 1), a pair of round portions 128b, 128c extended downward from
      legs of the reverse U-shaped top portion 128a and a pair of channel
      portions 128d, 128e extended downward from the round portions 128b, 128c,
      respectively. The space between round portions 128b, 128c coincides with a
      portion of the cylindrical outer surface of a fresh bobbin 7a while the
      intervened space between the channel portions 128d and 128e is so narrow
      that a fresh bobbin 7a held by the round portions 128b, 128c cannot freely
      fall down therethrough. However, if the fresh bobbin 7a held by the round
      portions 128b, 128c of the bobbin holder 128 is also held at its two axial
      ends by the holding means of the cradle 113 and pushed downward by
      displacing the holding means of the cradle 113 downward, the channel
      portions 128d, 128e are forced to expand so as to permit the escape of the
      fresh bobbin 7a from the holder 128. It is essential to dispose the bobbin
      holder 128 at a position where the fresh bobbin 7a, held by the bobbin
      holder 128, is capable of being caught at its two axial ends by the bobbin
      holding means of the cradle 113 when the cradle 113 is turned toward the
      suction nozzle 109. Consequently, when the cradle 113 is turned toward the
      suction nozzle 109 and the holding means of the cradle 113 comes to the
      position in the bobbin holder 128, each holding member of bobbin catchers
      116 and 117 is firstly pushed into the aperture of the respective cradle
      114 (115) when the fresh bobbin 7a contacts the head portion 120a of each
      bobbin holding member 120, and then the head portions 120a engage the
      axial hollow ends of the fresh bobbin 7a. In other words, the fresh bobbin
      7a is held by the catchers of the cradle 113, after this fresh bobbin 7a
      is taken from the bobbin holder 128 by the turning of the cradle 113
      toward the split drum 6. In this embodiment, it is further essential to
      dispose the bobbin holder 128 at a position on the suction nozzle 109
      opposite and above both the path of yarn passage over the split drum 6 and
      the conveyor 12 (FIGS. 1 and 2). A guide plate 129 is disposed between the
      split drum 6 and the conveyer 12 so as to guide a full yarn package 8 to
      the conveyer 12.
PAR  Next, the donning operation according to the first embodiment is
      hereinafter illustrated in detail. In this embodiment, a fresh bobbin 7a
      is inserted into each bobbin holder 128 of each spinning unit before
      commencing the doffing operation as shown in FIG. 1.
PAR  When a full yarn package 8 has been formed on a bobbin 7, the doffing
      operation is commenced. An operator cuts the yarn 11 at a position between
      the delivery rollers 4, 5 and the take-up roller 6. The above-mentioned
      cutting operation is carried out manually or by using a suitable cutting
      apparatus. The yarn portion connected to the yarn package 8 is wound
      around the yarn package 8 and, if the above-mentioned operation is carried
      out manually, the end of the yarn connected to the yarn delivered from the
      delivery rollers 4 and 5 is held in the hand of the operator. Then after
      doffing the full yarn package 8 from the cradle 113, the cradle 113 is
      turned toward the suction nozzle 109 manually. (see arrow in FIG. 2)
PAR  During the above-mentioned upward turning motion of the cradle 113, the
      full yarn package 8 rolls along a slope formed on the guide plate 129
      toward the conveyor belt 12 and rests on the conveyor belt 12. The yarn 11
      is continuously being delivered from the delivery rollers 4 and 5 and is
      carried to the suction nozzle 109 so as to be continuously sucked
      thereinto. (FIG. 3)
PAR  When the cradle 113 is turned to a terminal position of its upward turning
      motion, the bobbin catchers 116, 117 of the cradle 113 holds a fresh
      bobbin 7a, which is also being held by the bobbin holder 128 as already
      illustrated, while the yarn 11a continuously being delivered from the
      delivery rollers 4 and 5 is continuously sucked into the suction nozzle
      109.
PAR  In the above-mentioned condition, the conveyor belt 12 carries the full
      yarn package 8 outside the open-end spinning machine. After that the yarn
      11a is introduced onto the split drum 6 by the downward turning motion of
      the fresh bobbin 7a, which is rotatably held by the bobbin catchers 116,
      117 of the cradle 113, and nipped by the fresh bobbin 7a and the split
      drum 6. (FIG. 4)
PAR  Next, the yarn 11a between the suction nozzle 109 and the fresh bobbin 7a
      is cut manually or by a suitable cutting device (not shown) into two
      portions 11c and 11d. The portion 11d extends from the suction nozzle 109,
      while the portion 11c extends from the fresh bobbin 7a. The yarn portion
      11d is sucked into the suction nozzle 109, while the portion 11c of the
      yarn 11a falls on the fresh bobbin 7a so that the yarn portion 11d is
      wound on the bobbin 7a due to the rotation of the bobbin 7a (FIG. 5).
PAR  The winding of yarn portion 11d on the bobbin 7a sets the yarn on the
      bobbin for the commencement of the bobbin winding operation (FIG. 6).
PAR  In the above-mentioned embodiment, the suction of the suction duct 110 may
      be actuated only at the time of carrying out the above-mentioned doffing
      and donning operation. Further, the conveyor belt 12 may be omitted, in
      which case a reserve box or carrier for temporarily storing the full yarn
      packages may be utilized. If the above-mentioned bobbin holder 128 is
      omitted from the open-end spinning machine, a fresh bobbin 7a is mounted
      on the cradle 113 while the cut-end of the yarn 11a is continuously sucked
      into the suction nozzle 109, so that the fresh bobbin 7a pushes the yarn
      11a toward the split drum 6.
PAR  Next, the construction and function of the second embodiment is hereinafter
      illustrated in detail. In this embodiment, when a full yarn package is
      displaced from the take-up mechanism to the conveyer belt, the operation
      of cutting yarn between the take-up mechanism and the conveyer is
      automatically carried out. The yarn which is continuously delivered from
      the delivery rollers of the spinning unit is continuously held in a
      condition such that the continuously delivered yarn passes along the
      position of the periphery of the round surface of the split drum which is
      contacted by a fresh bobbin or yarn package during the take-up operation.
PAR  Referring to FIGS. 12, 13 and 14, a cradle 213 has a construction similar
      to the cradle 113 shown in the first embodiment. At a position above the
      cradle 213 a bobbin holder 228, which has a construction similar to the
      bobbin holder 128, is disposed. The relative position of the bobbin holder
      228 to the bobbin catcher (not shown) of the cradle 213 is similar to the
      first embodiment. Therefore, when the cradle 213 is turned upward about a
      shaft 213a, and the cradle 213 comes to the terminal position of its
      upward turning motion, a fresh bobbin 7a held by the bobbin holder 228 is
      also caught by the bobbin catcher (not shown) of the cradle 213. Then when
      the cradle 213 is turned downward toward the split drum 6, the bobbin 7a
      is released from the bobbin holder 228 and held only by the
      above-mentioned bobbin catcher. A modified guide plate 215 is disposed
      between the take-up mechanism and the conveyor belt 12. As shown in FIG.
      18, the guide plate 215 is provided with a slit 216 and a suction nozzle
      209 (FIGS. 12, 13 and 14) is disposed right below the slit 216. The
      suction nozzle 209 is connected to a suction duct 210. A pair of cutting
      devices 217 and 218 are disposed at the positions outside of the suction
      nozzle 209 shown in the drawings. That is, the cutting device 217 is
      disposed between the suction nozzle 209 and the conveyor belt 12, so that
      a yarn 11 connected to a full yarn package 8 carried to the conveyer belt
      12 is cut, while the cutting device 218 is disposed between the suction
      nozzle 209 and the split drum 6, so that a yarn 11 from the split drum 6
      is cut. To carry out the above-mentioned cutting operation without
      failure, it is necessary to introduce the yarn 11 into the slit 216. To
      attain the above-mentioned condition, the shape of the guide plate 215 and
      the disposition of the slit 216 are of particular importance. That is, a
      plate having a reverse U-shaped lateral cross section is utilized for the
      guide plate 215 and the slit 216 formed on the flat portion 215a extends
      to one of the leg portions 215b. Consequently, when the yarn is introduced
      into the slit 216, the yarn passes along a straight passage between the
      two terminals of slit 216, which passage lies under the flat portion 215a.
      Further, the suction force of the suction nozzle 209 is preferably applied
      to the slit 216 to aid in moving the yarn 11 to the slit 216 through
      either by the traverse motion of the split drum 6, or the motion of the
      conveyer belt 12 which displaces the full yarn package along the
      longitudinal direction of the guide plate 215. As shown in FIG. 18, the
      slit 216 may be modified to take the shape of the slit denoted by numerals
      216a.
PAR  The detailed construction of the above-mentioned cutting devices 217 and
      218 are shown in FIGS. 19 and 20. The cuttng knives 222 of the cutting
      device 217 are mounted on a horizontal bar 221 that each cutting knife 222
      is disposed adjacent to each spinning unit. These cutting knives 222 may
      be mounted as a single body or separately on the bar 221. The bar 221 is
      supported by a pair of arms 225, 226 which are pivotably mounted on pivot
      shafts 224a, 224b. Arms 225, 226 are mounted on brackets 223a, 223b, the
      arm 225 being connected to a crank shaft 233 via levers 230 and 232 so
      that the arm 225 is capable of reciprocally swinging between the positions
      represented by a solid line and a broken line. In the above-mentioned
      embodiment, reference numerals 227, 229, 231 are connecting pins while the
      reference numeral 228 represents an extended portion of the arm 225. The
      above-mentioned reciprocal pivoting motion is created by the crank motion
      of the lever 232. This reciprocal pivoting motion, together with the up
      and down motion of the cutting device 217, moves the yarn 11 along and in
      contact with the knife edge and toward the knife. Consequently, the
      cutting operation of the yarn 11 can be carried out without failure.
      Referring to FIG. 20, the cutting device 218 comprises a stationary
      cutting knife 238 and a movable cutting knife 237 whereby a scissors type
      cutter is formed. The movable knife 237 is actuated by a solenoid 400.
      That is, the knife 237 is rotatably mounted on a pivot shaft 236, and the
      bottom end portion of the knife 237 is connected to a plunger 234 of the
      solenoid 400. A helical spring 235 is mounted on the plunger 234 so as to
      assist the return motion of the plunger 234.
PAR  In the above-mentioned embodiment, either one of the cutting devices 217
      and 218 may be actuated before the other, or both of cutting devices 217
      and 218 may be actuated simultaneously. The cutting operation is carried
      out after the fresh bobbin 7a held by the cradle 218 contacts the split
      drum 6. It is of course required that the yarn portion 11c extending from
      the split drum 6 be wound upon the fresh bobbin 7a. When shown in FIG. 15,
      as the cutting device 218 is actuated the yarn 11 between the split drum 6
      and the suction nozzle 209 is tensioned. Thus, the yarn portion 11c tends
      to jump towards the fresh bobbin 7a. However, to assure that the cut yarn
      portion 11c comes into contact with the fresh bobbin 7a, it is preferable
      to utilize an auxiliary blowing nozzle 220. Blowing nozzle 220 is
      connected to a blowing duct 219 as shown in FIG. 16. In FIG. 16, the
      blowing nozzle 220 which is connected to the blowing duct 219 is disposed
      between the split drum 6 and the cutting device 218 at a position just
      below the slit 216. Consequently, if the blowing nozzle 220 is actuated
      simultaneously with the actuation of the cutting device 218, the yarn end
      portion 11c is urged toward the fresh bobbin 7a by the blowing force
      created by the nozzle 220 and by its natural tendency to jump toward the
      fresh bobbin 7a. When the yarn end portion 11c comes into contact with the
      fresh bobbin 7a, which is turning in the direction indicated by arrow D,
      the yarn end portion 11c can be easily picked up by the fresh bobbin 7a.
PAR  A mechanical means for introducing the yarn end portion 11c to the split
      drum 6 is shown in FIGS. 17, 21 and 23. Referring to FIG. 17, a rod 246
      provided with a yarn receiver 247 is connected to a push rod 241 via a
      swing plate 243. The swing plate 243 is swingably mounted on a bracket
      (not shown) by a pivot shaft 244. The lower end of the rod 246 is
      connected to the swing plate 243 by a connecting pin 245, while the push
      rod 241 is slidably mounted in a guide aperture in bracket 240. Bracket
      240 is in turn secured to a machine frame (not shown) and connected to the
      swing plate 243 by a connecting pin 242. The rod 246 is capable of being
      displaced upward by pushing the rod 241 from a first holding position
      represented by a broken line to a position represented by a solid line in
      FIG. 17, while the rod 246 and the swing plate 243 are capable of being
      displaced downward by their own weight. The yarn receiving portion 247 of
      the rod 246 is normally positioned at the first position where it is held
      below the yarn passage between the split drum 6 and the suction nozzle 209
      without its contracting the yarn during the normal take-up operation.
      However, when the push rod 241 is pushed, the rod 246 is displaced upward
      so that the yarn receiving portion 247 contacts the yarn portion 11c and
      urges it upwardly. Consequently, the yarn portion 11c can be more easily
      picked up by the fresh bobbin 7a. In the above-mentioned embodiment, it is
      preferable to provide a friction surface such as a brush surface, etc., on
      the yarn receiving portion 247 of the rod 246. This is because, if the
      yarn portion 11c is caught by the brush on the yarn receiving portion 247
      while the end of yarn portion 11c is being sucked into the suction nozzle
      209, the displacement of yarn portion 11c into the suction nozzle 209 is
      prevented, in addition the yarn portion 11a continuously supplied from the
      delivery rollers 4 and 5 is relieved of tension between the point where
      the split drum 6 contacts the fresh bobbin 7a and the yarn receiving
      portion 247 of the rod 246. As a result the slackened portion of the yarn
      11a can be easily wound on the fresh bobbin 7a. After this initial winding
      operation, the cutting device 218 is actuated to cut the yarn portion 11c
      between the receiving portion 247 of the rod 246 and the suction nozzle
      209, so that the cut-end portion of the yarn portion 11c is taken up by
      the fresh bobbin 6.
PAR  In the modified embodiment shown in FIG. 23, the yarn receiving portion 247
      is provided with a yarn collecting guide portion 247a whereby a transfer
      tail wind 11i can be easily formed at the end portion of the fresh bobbin
      7a. In this embodiment, the positions of the slit 216, suction nozzle 209
      and the cutting device 218 are in line with the position of the yarn
      collecting guide portion 247a. However, the functions of these elements
      are quite similar to the embodiment shown in FIG. 17, except that the time
      of actuation of the cutting device 218 is just after the forming of the
      above-mentioned transfer tail wind 11i on the fresh bobbin 7a.
PAR  In the modified embodiment shown in FIG. 21, the cutting device 218 of the
      previous embodiment is omitted, and the suction nozzle 209 is given the
      function of severing the yarn portion 11c. The suction nozzle 209 is
      provided with an aperture 248 formed below the top of the nozzle. The
      aperture 248 opens into suction nozzle 209 along a tangential direction to
      the inside cylindrical wall of nozzle 209 as shown in FIG. 22.
PAR  Therefore, a rotating air current is created in the nozzle which rotates
      about the longitudinal axis of the suction nozzle 209. According to the
      above-mentioned rotating air current, the yarn portion 11c is turned
      toward its untwisting state so that individual fibers of the yarn portion
      11c are liberated and sucked into the nozzle 209. Consequently, in spite
      of continuously introducing the yarn portion 11c into the suction nozzle
      209, the length of yarn portion 11c in the nozzle 209 is maintained
      substantially constant. Under the above-mentioned condition, when the rod
      246 is shifted upward so as to carry the yarn portion 11c upward by means
      of the yarn receiving portion 247, the end of the yarn portion 11c  is
      pulled out of the suction nozzle 209. Therefore, the yarn portion 11c can
      be easily wound on the fresh bobbin 7a. If air is positively supplied into
      the suction nozzle 209 via the aperture 248, the above-mentioned
      untwisting of the yarn is carried out more effectively.
PAR  Next, the doffing operation by the above-mentioned second embodiment is
      illustrated with reference to the basic second embodiment shown in FIG. 12
      through FIG. 14.
PAR  As in the case of the first embodiment, a fresh bobbin 7a is inserted into
      the bobbin holder 228. Upon forming a full yarn package 8, the doffing
      operation is commenced. (FIG. 12)
PAR  The operator turns the cradle 213 upward and takes off the full yarn
      package 8 from the cradle 213 so that the full yarn package 8 rolls along
      the guide plate 215 and is received by the conveyor belt 12. According to
      the above-mentioned doffing motion, the yarn 11 passes through the slit
      216 (not shown) and is sucked into the suction nozzle 209. The cradle 213
      is turned to its uppermost position and the fresh bobbin 7a which is being
      held by the bobbin holder 228 is grasped by the bobbin catcher (not shown)
      of the cradle 213 in a manner similar to the first embodiment. (FIG. 13)
PAR  When the cradle 213 is turned toward the split drum 6, the fresh bobbin 7a
      is released from the bobbin holder 228 and held only by the bobbin catcher
      of the cradle 213. Upon contact of the fresh bobbin 7a with the split drum
      6, as the cutting devices 217 and 218 are actuated, the cut piece of yarn
      11d (FIG. 14) in the suction nozzle 209 is sucked into the suction duct
      210, while the yarn portion 11c is wound on the fresh bobbin 7a so that
      the winding operation on the fresh bobbin 7a is commenced. (FIG. 14)
PAR  In the above-mentioned two embodiments, the suction nozzle is utilized for
      forming a yarn passage at a position in front of a part of the peripheral
      surface of the friction roller 6 by which the yarn 11 passes during the
      normal taking-up operation. However, a conventional waste roller may be
      utilized instead of the suction nozzle.
PAR  In the third embodiment shown in FIGS. 24, 25, 26, 27, 28, 29 and 30, the
      cradle 313 is capable of holding an end of the yarn delivered from the
      delivery rollers and cutting the yarn connected to a full yarn package
      which has been doffed from the take-up mechanism. The end of yarn
      delivered from the delivery rollers is then automatically wound on a fresh
      bobbin 7a which is rotatably mounted on the cradle.
PAR  Referring to FIG. 24, the cradle 313 comprises a pair of cradle arms 313a,
      313b. The cradle arm 313a does not have a handle as does arm 313b and is
      provided with a suction nozzle 309 which holds the yarn. The suction
      nozzle 309 is provided with a slit 309a which extends from a front free
      end thereof toward a position beyond and adjacent the bobbin carrier (not
      shown) of the cradle 313a. The nozzle 309 sucks the yarn portion 11a
      delivered from the delivery rollers 4 and 5 during the doffing and donning
      operation. The slit 309a carries the cut-end portion of the yarn 11a which
      is connected to the yarn being delivered from the delivery rollers 4 and 5
      to a position where the yarn 11a is wound on the fresh bobbin 7a. The slit
      309a is provided with a particular shape to achieve this. Specifically an
      upstream terminal 309b of the slit 309a is located at the bottom portion
      of the aperture of the nozzle 309 so as to prevent the introduction of the
      yarn 11a into the slit 309a at the beginning of the operation. After
      doffing a full yarn package 8 and the holding of a fresh bobbin 7a in the
      cradle 313, the operator introduces the yarn 11a into the slit 309a
      manually and carries the yarn 11a from the upstream terminal 309b to a
      downstream terminal 309c of the slit 309a. As shown in FIGS. 29 and 30, if
      the yarn 11a is carried to the downstream terminal 309c while the full
      yarn package 8 is being held by the cradle arms 313a, 313b, the yarn 11a
      is automatically introduced into the contact line between the split drum 6
      and the full yarn package 8. Consequently, the yarn 11a is introduced into
      a transverse groove of the split drum 6 so that the yarn 11a is wound on
      the full yarn package 8. To prevent this it is necessary to select the
      time at which the yarn 11a is introduced into the downstream terminal 309
      c of the slit 309a to be the time when winding on a fresh bobbin 7a is
      commenced.
PAR  The detailed construction and function of the third embodiment according to
      the present invention is hereinafter explained in detail. The bobbin
      catchers 350a, 350b are mounted on the cradle arms 313a, 313b,
      respectively. These bobbin catchers 350a, 350b have a construction similar
      to the first embodiment. A yarn catching pin 351 is rigidly mounted on the
      bobbin catcher 350a at a position on the outside peripheral surface as
      shown in FIGS. 31, 32. A cutter 317 is mounted on the cradle arm 313a and
      provided with a sharp knife edge on its bottom and a pair of guide pieces
      352a and 352b adjacent the two outside positions of the cutter 317. The
      relative arrangement of these elements (the slit terminal 309c, cutter 317
      and the pin 351) are shown in FIGS. 31, 32, 33 and 34. When the cradle arm
      313a is turned upward, the yarn 11a does not contact the knife edge of the
      cutter 317. However, when the cradle arm 313a is turned downward and a
      fresh bobbin 7a comes into contact with the split drum 6, the yarn 11a
      introduced into the slit terminal 309c is introduced into a space between
      the guide pieces 352a and 352b and is caught by the pin 351. Consequently,
      the yarn 11a is urged against the knife edge of the cutter 317 so that the
      yarn 11a is severed. The cut end 11c of the yarn 11a on the split drum 6
      side is wound on the fresh bobbin 7a while being held by the pin 351. The
      cut ends 11d of the yarn 11a on the slit 309a side is sucked into the
      nozzle 309. A bobbin holder 328 (FIG. 28) is mounted on a bracket (not
      shown) secured to a frame of a spinning unit, the construction and
      function of the bobbin holder 328 being quite similar to the first and
      second embodiments. Therefore, when the cradle arms 313a, 313b are turned
      upward to their terminal position, a fresh bobbin 7a, which is being held
      by the bobbin holder 328, is also grasped by the bobbin catchers 350a,
      350b. When the cradle arms 313a, 313b commence to turn downward, the fresh
      bobbin 7a is released from the bobbin holder 328 and held only by the
      cradle arms 313a, 313b. In this embodiment, a guide plate 315 is mounted
      as in the first and second embodiments so as to guide the full yarn
      package 8 toward the conveyor belt 12. A suction duct 310 (FIG. 25) is
      connected to the suction nozzle 309 by way of a flexible hose. The suction
      duct 310 may be actuated just before the doffing and donning operation.
PAR  Next, the doffing and donning operation of the third embodiment is
      hereinafter explained.
PAR  Before a full yarn package 8 is formed, a fresh bobbin 7a is inserted into
      the bobbin holder 328. And when a full yarn package 8 is formed, the
      doffing operation is commenced. (FIG. 25)
PAR  The operator cuts the yarn 11 at a position between the delivery rollers 4
      and 5 and the split drum 6. The above-mentioned cutting operation is
      carried out manually or by utilizing a suitable cutting device. The yarn
      portion 11a which is continuously being delivered from the delivery
      rollers 4 and 5 is held by hand while the yarn portion 11b on the split
      drum side is wound on the full yarn package 8. (FIG. 26)
PAR  The yarn portion 11a held by hand is introduced into the suction nozzle 309
      and the cradle arms are turned upward. During the above-mentioned upward
      turning motion of the cradles, the full yarn package 8 is manually pushed
      out from the bobbin catchers 350a, 350b so that the full yarn package 8
      rolls along the guide plate 315 to the conveyer belt 12. Upon arrival of
      the cradle arms 313a, 313b at the terminal of their upward motion, the
      fresh bobbin 7a held by the bobbin holder 328 is automatically grasped by
      the bobbin catchers 350a, 350b. Thereafter, the yarn portion 11a is
      introduced to the slit terminal 309c. In the above-mentioned condition,
      the yarn portion 11a passes beyond the part of peripheral surface of the
      split drum 6 which is contacted by bobbin 7a or a yarn package during the
      normal taking up operation. (FIG. 27)
PAR  When the operator turns the cradle arms 313a, 313b downward toward the
      split drum 6, the yarn portion 11a is pushed by the fresh bobbin 7a toward
      the split drum 6, and simultaneously the yarn portion 11a is cut by the
      cutter 317. The yarn which is delivered from the delivery rollers 4 and 5
      is wound on the fresh bobbin 7a which is rotating by the frictional
      contact with the split drum 6 as described hereinbefore. The full yarn
      package 8 received by the conveyor belt 12 is carried outside the open-end
      spinning machine. (FIG. 28)
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for doffing and donning in a textile machine having a
      spinning unit, a take up unit having a rotatably driven friction roller, a
      pivotably mounted cradle for releasably holding a bobbin in contact with
      said friction roller for rotating said bobbin with said friction roller,
      and delivery means mounted spaced from one side of said friction roller
      for continuously directing yarn from said spinning unit, whereby yarn from
      said spinning unit may be wound on a bobbin held in said cradle; the
      improvement wherein said cradle is manually pivotably movable toward and
      away from said friction roller, comprising a bobbin holder mounted in a
      fixed position with respect to said friction roller and including means
      for releasably holding fresh bobbins in the path of pivotal movement of
      said cradle away from said friction roller, said cradle having holding
      means for grasping a fresh bobbin held by said bobbin holder when said
      cradle is pivotally moved away from said friction roller, and means
      comprising a suction nozzle forming a temporary yarn passage, said suction
      nozzle being positioned on the same side of said friction roller as said
      delivery means to receive yarn from said delivery means and hold it out of
      contact with said friction roller, said friction roller and said bobbin
      holder being located on opposite sides of the yarn when the yarn is
      received by said suction means whereby, upon pivotal movement of said
      cradle from said bobbin holder toward said friction roller with a fresh
      bobbin held therein, yarn extending between said delivery means and said
      suction nozzle may be urged into contact with said friction roller for
      being wound on said fresh bobbin.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said suction nozzle is fixedly mounted.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the pivotal axis of said cradle is on
      the side of said friction roller opposite said one side.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said delivery means is mounted below
      and to one side of said friction roller, said suction nozzle is mounted in
      a fixed position above said friction roller, and said bobbin holder is
      fixedly mounted above said friction roller at the side of said suction
      nozzle.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said cradle is pivotally mounted for
      rotation about an axis at the side of said friction roller away from said
      one side.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said bobbin holder comprises means for
      resiliently holding a fresh bobbin between its axial ends, and said cradle
      comprises a pair of arms, and bobbin holding means resiliently mounted in
      each of said arms for engaging the axial ends of a fresh bobbin held in
      said bobbin holder.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said suction nozzle is mounted on said
      cradle.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said cradle comprises first and second
      arms mounted for pivotal movement in common about a common axis, said
      suction nozzle being mounted on said first arm for movement therewith.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said nozzle comprises an open end of
      said first arm.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said holding means on said cradle
      comprises means for resiliently holding a bobbin between said first and
      second arms and spaced from said open end of said first arm.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said suction nozzle further comprises
      a slit extending from said open end and past said holding means on said
      first arm, and further comprising cutting means positioned to cut yarn
      extending in said slit in the region thereof past said holding means.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said holding means are rotatably held
      in said arms, and further comprising a pin on said holding means on said
      first arm positioned to engage yarn extending into the end of said slit
      past said holding means for urging said yarn to contact said cutting
      means.
NUM  13.
PAR  13. The apparatus of claim 1 further comprising auxiliary means for
      discharging a full yarn package from said take up unit, said auxiliary
      means comprising a guide plate positioned adjacent said friction roller on
      the side thereof opposite said one side, said guide plate being inclined
      whereby a full yarn package urged thereonto from said cradle rolls away
      from said take-up unit.
NUM  14.
PAR  14. The apparatus of claim 13 further comprising a conveyor belt disposed
      adjacent said guide plate for receiving a full yarn package from said
      guide plate.
NUM  15.
PAR  15. The apparatus of claim 9 further comprising an operating handle on said
      second arm.
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ABST
PAL  Structure for doffing yarn in a yarn winding machine and by a method such
      that when a full package of yarn is formed at each winding unit of the
      yarn winding machine, a driving guiding drum for the winding unit is
      braked while an engaging shutter plate is moved to open a cradle arm to
      drop the full package on an inclined guide plate for transfer to a
      conveyor. An empty spool container on each winding unit then supplies an
      empty spool to the cradle arm by means of an empty spool carrier. The
      whole process is controlled by cam means actuated by a one-revolution
      clutch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a yarn winding machine, and more
      specifically to a doffing apparatus of an automatic winding machine having
      a frame, a plurality of winding units each carrying a yarn package, and
      conveying means to transport a full package.
PAR  In a known yarn winding machine having a plurality of winding units which
      move along an annular rail while winding, it is customary to perform the
      doffing operation at a stationary position by the rail. However, to
      perform the doffing operation separate from the winding units, each
      winding unit must wait to reach the doffing apparatus without the winding
      operation after a full package is formed at a random point along the rail,
      so that the operation time of the winding unit is decreased. Also, in the
      known machines, the doffing operation must be performed after a full
      package is removed from the guiding drum of the winding unit, so that the
      doffing interval, i.e., from the stopping of winding to restarting of
      winding, is relatively long.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,476,328 discloses a winding unit, in which the cradle arm
      is moved upwards to separate from the winding drum by engaging the end
      portion of the cradle arm with a cam. U.S. Pat. No. 3,311,311 discloses a
      winding unit, in which a horn-like arm is inserted under the spool to
      transfer the spool on the arm so that the spool is disengaged from the
      winding drum. These apparatus must provide means to vary the arm movement
      in accordance with the diameters of the full package. Also in U.S. Pat.
      No. 3,476,328 and U.S. Pat. No. 3,356,306 there are taught swing arms to
      push out the full package. However, the full package must be stopped after
      being disengaged from the guiding drum, so that some time loss is
      inevitable. Further, U.S. Pat. No. 3,476,328 provides a yarn guide wherein
      the package receiver and the cutter are separated, so that the yarn guide
      can miss and consequently a yarn connected package might be produced.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a doffing method and
      doffing apparatus which can be mounted on each stationary winding unit of
      a winding machine to mitigate the aforementioned disadvantages.
PAR  In general, when a full package is formed on the guiding drum of each
      winding unit, yarn winding is stopped immediately and by braking the
      guiding drum. The full package is removed from the guiding drum. Then, an
      empty spool contained in the winding unit is supplied to the cradle arm.
      The removed full package is transferred along the guide plate of each
      winding unit to a common conveyor means.
PAR  According to the present invention, a doffing apparatus of the above
      mentioned automatic winding machine comprises guiding drum means
      contacting the periphery of the package to drive the same, guide plate
      means guiding said full package to the conveying means, brake means
      engageable with the guiding drum means to stop the guiding drum, means
      operably connecting the guiding plate with said brake means, means to move
      the guiding plate to actuate the brake means while the guiding drum is
      still engaging the full package, cradle means supporting the package,
      shutter plate means to open the cradle means to release the full package,
      yarn transfer means mounted on said guide plate to transfer the yarn
      connected with said full package, cutter means to cut said yarn
      transferred by said yarn transfer means, and empty spool carrier means to
      carry an empty spool to said cradle means to be supported by the cradle
      means.
PAR  To control the whole doffing process, according to a preferred embodiment
      of the present invention, the doffing apparatus further comprises first
      cam means to open and close switch means actuating said guiding drum,
      second cam means to swing said empty spool carrier means, third cam means
      to move said shutter plate, fourth cam means swinging said yarn transfer
      means, shaft means connecting said first to fourth cam means in one unit,
      and one revolution clutch means to connect said shaft means with said
      first to fourth cam means.
PAR  In the doffing method of the present invention for an automatic winding
      machine as indicated, when a spool supported by the cradle means is a full
      package, while the guiding drum is driving the package by contacting the
      periphery of the package, a guide plate is moved to actuate the brake
      means to stop the guiding drum and the package, then a shutter plate is
      swung to open the cradle means to release the full package onto the guide
      plate, said released full package being then moved on the conveying means,
      while at the same time the yarn transfer means is actuated to transfer the
      yarn connected with the full package sidewise to yarn cutter means, and an
      empty spool is carried by an empty spool carrier to the cradle means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the upper portion of the unit winder
      of the yarn winding machine of the present invention.
PAR  FIG. 2 is a longitudinal sectional view of the doffing cam box of the unit
      winder shown in FIG. 1 corresponding to a section taken along line II--II
      of FIG. 3.
PAR  FIG. 3 shows a sectional view taken along line III--III of FIG. 2, a
      portion of which is eliminated.
PAR  FIG. 4 shows a sectional view of one revolution clutch shown in FIG. 3.
PAR  FIG. 5 shows a sectional view taken along line V--V of FIG. 2, a portion of
      which is eliminated.
PAR  FIG. 6 shows a sectional view along line VI--VI of FIG. 2, a portion of
      which is eliminated.
PAR  FIG. 7 shows a detailed side elevational view of the guide plate assembly
      shown in FIG. 1.
PAR  FIG. 8 shows a bottom view of the guide plate assembly shown in FIG. 7.
PAR  FIG. 9 shows a detailed side elevational view of the empty spool carrier
      shown in FIG. 1.
PAR  FIG. 10 shows a sectional view taken along line X--X of FIG. 9.
PAR  FIG. 11 shows a detailed horizontal sectional view of the cradle assembly
      shown in FIG. 1.
PAR  FIG. 12 shows a detailed bottom view of the empty spool container shown in
      FIG. 1, and
PAR  FIG. 13 shows a detailed side elevational view of the empty spool container
      shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A unit winder of a yarn winding machine according to one embodiment of the
      present invention is shown in FIG. 1 and comprises a base 201, a cradle
      assembly 202 supporting a package 203, a guiding drum 204 for rotating the
      package 203 by engaging the periphery of the package, a guide plate
      assembly 205 to guide a full package released from the cradle assembly
      202, and a doffing cam box 206. A shutter plate 207 is pivotably mounted
      on the doffing cam box 206 to engage a portion of the cradle 202 to open
      or close the same. A pole 208 which supports the empty spool container 209
      is secured to the doffing cam box 206. An empty spool carrier 209 is
      supported by the pole 208. a conveyor means 211 for conveying a full
      package 203 is provided in back of the base 201.
PAR  FIGS. 2-6 show the doffing cam box 206. A stationary shaft 1 rotatably
      supports a gear 2 and cams 3, 4, 5, 6, 7 and 8 which are secured as a
      unit. The gear 2 meshes with a one revolution clutch 9 shown in FIG. 4.
      The one revolution clutch 9 comprises a tubular body 14 which is secured
      to a shaft 11 of a motor 10 by a key 15. One surface of a flange of the
      tubular body 14 forms friction plate 13. Another friction plate 16
      opposite the friction plate 13 is slidably mounted on the tubular body 14
      and is urged towards the friction plate 13 by a spring 18 engaged between
      the friction plate 16 and nut means 17 secured to the tubular body 14.
      Between the friction plates 13 and 16, a gear 21 having a cam 20 forming
      recess 19 is rotatably inserted. A pawl 23 is urged towards the cam 20 by
      a spring 22. The pawl 23 is pivoted about a pivot pin by a rod 25 of a
      solenoid 24.
PAR  Another stationary shaft 26 is secured in the doffing cam box 206 and
      rotatably supports levers 27 and 28. The levers 27 and 28 are urged by
      springs 29 and 30 respectively to rotate counterclockwise in FIG. 3. Thus,
      the lever 27 is urged towards the cam 3. When the lever 27 engages the
      projection 31 of the cam 3, the lever 27 rotates clockwise so that the
      other arm 32 of the lever 27 disengages from a microswitch 33 secured in
      the doffing cam box 206 to actuate the guiding drum 204. The lever 28 is
      urged toward the cam 4. When the lever 28 moves into the recess 34 in the
      cam 4, the cams 3, 4, 5, 6, 7 and 8 are stopped at a predetermined
      position.
PAR  As shown in FIGS. 1, 2 and 5, a stationary shaft 35 is secured in the
      doffing cam box 206. A lever 36 is rotatably supported on the shaft 35 and
      is urged toward the cam 5. A lever 37 secured to the lever 36 is
      positioned outside the doffing cam box 206 and is rotated with the lever
      36 and actuates a vertical lever 38 connected with the empty spool carrier
      210. Another lever 39 is rotatably supported on the shaft 35 and is urged
      toward the cam 6. A lever 40 outside the doffing cam box 206 is secured
      with the lever 39. The lever 40 rotates the guide plate 205 through a
      connected link 41. The levers 36 and 39 are actuated independently by the
      cams 5 and 6, respectively.
PAR  Another stationary shaft 45 is secured in the doffing cam box 206 as shown
      in FIG. 6 and rotatably supports a lever 47 which is urged toward the cam
      7 by a spring 46. A shaft 48 is rotatably supported by the doffing cam box
      206 and integrally secured to lever 49 at one end. The lever 49 is
      connected with the lever 47 through a link 50. The shutter plate 207 is
      secured to shaft 48. Another lever 51 is rotatably supported on the
      stationary shaft 45 and is urged toward the cam 8. A rod 52 is pivotally
      attached to the other end of the lever 51. A coil spring 53 on the rod 52
      urges the lever 51 into engagement with the cam 8 through the pivot pin of
      the rod 52. The rod 52 is connected with a second yarn transfer lever 55
      pivotally supported on a shaft 54 shown in FIG. 8.
PAR  FIGS. 7 and 8 show details of the guide plate 205. A stationary shaft 60
      secured to the frame 201 rotatably supports a guide plate 61 which
      provides a side plate 62 on which one end of the lever 41 is pivotably
      supported. A spring 63 engaged with the side plate 62 urges the guide
      plate counterclockwise to pull the lever 41 downward in FIG. 7. Thus, the
      lever 40 and the integral lever 39 are urged into engagement with the cam
      6. Accordingly, as the cam 6 rotates, the guide plate 61 is rocked about
      the shaft 60. At the lower side of the plate 61, a shaft 65 is secured and
      pivotally supports a first yarn transfer lever 64. The free end of the
      guide plate 61 is formed as an arc which aligns with the trace of the free
      end of the lever 64 when the lever 64 is oscillated.
PAR  A lever 66 is secured with the first yarn transfer lever 64 and is
      connected through a lever 69 with a lever 68 which is pivotally supported
      on a shaft 67 which in turn is secured to the lower side of the guide
      plate 61. The other end of the lever 68 is connected through universal
      moint means 70 and 71 with an L-shaped rod 73 which is supported by a
      shaft 72 supported in base 201 or cam box 206. The other end of the
      L-shaped rod 73 is connected to a lever 74 which is pivotally supported on
      the side plate 62 of the guide plate 61.
PAR  A projection 76 is secured to the end of the side plate 62 by stop screw
      means. A brake lever 80 is pivotally supported by a shaft 79 which is
      secured to the frame and in turn pivotally supports at the free end a
      brake shoe 77 which engages the periphery of the guiding drum 204. The
      brake lever is urged by a plate spring 78 to release the guiding drum 204
      and when it is engaged by the projection 76 the brake lever is pivoted to
      cause brake shoe 77 to brake the drum 204.
PAR  A lug 81 is formed at the side edge of the guide plate 61 and cutters 82
      and 83 are mounted on the lug 81. The cutter 82 is normally urged by a
      spring, not shown, to disengage from the cutter 83, and is engaged by a
      portion of the cradle 202, when the arm of the cradle 202 is closed to cut
      the yarn, as will be described more fully hereinafter.
PAR  The empty spool carrier 210 is shown in detail in FIGS. 9 and 10. The pole
      208 rotatably supports a shaft 85 to which are secured levers 86, 87 and
      88. One end of the aforementioned vertical lever 38 is pivoted to the
      lever 87 by a pin 89. The free end of the lever 88 rotatably supports a
      shaft 92 to which are secured levers 90 and 91. The shaft 92 rotatably
      supports a lever 94 which is secured to an empty spool holder 93 which is
      made in a frustoconical shape of elastic material such as rubber. The
      lever 94 is urged toward a pin 96 which is secured with the lever 91 by a
      conical spring 95 which is wound about the shaft 92. One end of the spring
      is secured with the lever 90. Further, a lever 97 is secured with the
      shaft 92 which is connected through link 98 to a lever 100 which is
      secured to the pole 208. When the shaft 85 is rotated, the lever 86
      engages a stop 101 which is secured to the pole 208 and defines the lower
      limit of the empty spool holder 93.
PAR  The cradle 202 is shown in detail in FIGS. 1 and 11. A shaft 111 secured
      with the frame rotatably supports a U-shaped cradle arm 110 through a
      bracket 112. One leg of the cradle arm 110 has a rotatable spool support
      113, and the other leg thereof pivotally supports a lever 115 which
      provides another rotatable spool support 114. The lever 115 is urged to
      the spool engaging position by a spring 116 and provides at the free end
      thereof a projection 117 to engage the shutter plate 207. The bracket 112
      has attached thereto a lever 118, shown in FIG. 1, which is connected with
      a piston rod 120 of a hydraulic cylinder 119 to lower the cradle arm 110
      slowly when the package is removed from the cradle 202.
PAR  The empty spool container 209 is shown in detail in FIGS. 12 and 13. An
      empty spool container member 125 consisting of segmental side plates 121
      and 122, a bottom plate 123 and a top plate 124 is secured with the pole
      208 by a bracket 126 which is secured to the top plate 124. The bottom
      plate 123 has rectangular openings 127 and 128 through which project plate
      springs 129 and 130, respectively, which are secured to the underside of
      the bottom plate 123. The bottom plate 123 pivotally supports plates 131
      and 132 which are urged by springs 133 and 134, respectively, toward the
      bottom plate 123. The top plate 124 forms spool stoppers 135 and 136 which
      project from the downstream end of the top plate 124.
PAR  The doffing operation of the above described yarn winding machine will
      hereinafter be explained.
PAR  When the package 203 is full, a limit switch, not shown, is actuated to
      switch off the driving motor of the guiding drum 204 and also to actuate
      the doffing solenoid 24 shown in FIGS. 3 and 4 to lift the pawl 23 against
      the spring 22. The shaft 11 of the one revolution clutch 9 is normally
      driven, however, while the pawl 23 engages the recess 19 of the cam 20,
      the friction plates 11 and 13 do not transmit the rotation of the shaft 11
      to the gear 21. When the solenoid 24 is actuated to lift the pawl 23 from
      the recess 19 of the cam 20, the gear 21 rotates with the shaft 11 by
      engaging the clutch plates 13, 16. After one revolution of the shaft 11,
      the pawl 23 again engages in the recess 19 of the cam 20 to stop the gear
      21. The gear 21 and the meshing gear 2 have the same number of teeth, so
      that the gear 2 also performs one revolution to rotate the cams 3, 4, 5,
      6, 7 and 8 therewith. As the cam 3 rotates, the lever 27 leaves the
      projection 31 of the cam 3, so that the other arm 32 of the lever 27
      presses the microswitch 33 to open the contacts and stop the guiding drum
      204.
PAR  The rotation of the cam 5 results in the movement of the lever 36 to lower
      the vertical lever 38 through the lever 37. As the vertical lever 38
      lowers, the lever 83 shown in FIG. 9 rotates to lower the spool holder 93.
      Also, the shaft 92 is rotated through the levers 97 and 98 so that the
      levers 90 and 91 also rotate to effect a 180.degree. rotation of the spool
      holder 93 to a face downward position. When the lever 86 is engaged on the
      stopper, the spool holder 93 faces the cradle 202 at its spool holding
      position. After the cradle 202 receives the empty spool, the vertical
      lever 38 again moves upward and the spool holder 93 also moves upward
      against the urging force of the spring 95 to return to its initial
      position.
PAR  As the cam 6 is rotated, the lever 39 engages the recess of the cam 6. The
      movement of the lever 39 is transmitted through the shaft 35, and levers
      40 and 41 to the guide plate 205 to rotate the same. As the projection 76
      on the free end of the side plate 62 of the guide plate 61 pushes against
      the brake lever 80, said lever 80 urges the brake shoe 77 toward the
      periphery of the guiding drum 204 to stop the drum.
PAR  As the cam 7 rotates, it moves the engaging lever 47, which in turn rotates
      the shaft 48 through levers 50 and 49. Thus, the shutter plate 207 engages
      the projection 117 of the cradle arm 110 to open the same. The package
      203, which has been supported by the spool supports 113 and 114, drops on
      the guide plate 205, and the cradle 202 moves slowly downward by means of
      hydraulic cylinder 119.
PAR  By sequential rotation of the cam 6, the guide plate 205 moves upward to
      pull the lever 74, shown in FIG. 7, to rotate the L-shaped rod 73 to
      effect rotation of the lever 68. Thus, the first yarn transfer lever 64
      rotates clockwise. The yarn holding portion 75 of the lever 64 transfers
      yarn connected to the full package 203 to the cutter 82. Also, the second
      yarn transfer lever 55 transfers the yarn across the guiding drum 204 to
      release the yarn from the guiding drum 204. The yarn is transferred from
      the yarn holding portion 140 of the second yarn transfer lever 55 across
      the spool support 114 on the lever 115 and between the cutters 82 and 83
      to the package 203.
PAR  Frustoconical empty spools are inserted in one row in the empty spool
      container member 125. When the empty spool holder 93 of the empty spool
      carrier 210 moves upward, the foremost spool is pressed between the top
      plate 124 and the holder 93 to place the empty spool in the holder 93.
      When the spool carrier 210 holding the spool is lowered to romove the
      foremost spool from the empty spool container 125, a portion of the spool
      held by the spool holder 93 urges the plates 131 and 132 against the
      springs 133 and 134 so that the rear ends of the plates 131 and 132 urge
      the plate springs 129 and 130 to prevent movement of the succeeding spools
      in the container member 125. As the spool holder 93 lowers further, the
      plates 131 and 132 disengage from the spool to lower the plate springs 129
      and 130. Thus, succeeding empty spools move forward and the next foremost
      spool is supported on the plates 131 and 132 by engaging the stops 135 and
      136.
PAR  The empty spool carrier 210 holding the empty spool moves downward, and the
      empty spool holder 93 faces downward to align the spool with the spool
      supports 113 and 114 of the cradle 202. Then the shutter plate 207 rotates
      to its initial position to close the lever 115 of the cradle 202 by urging
      force of the spring 116. Thus, the spool is held by spool supports 113 and
      114. Also, the projection 117 of the lever 115 urges the cutter 82 on the
      guide plate 205 to cut the yarn connected to the full package. The empty
      spool carrier 210 and the guide plate 205 return to the initial position.
      The full package on the guide plate 205 then rolls down to the conveyor
      belt 137 of conveyor means 211.
PAR  As the empty spool is held by the cradle 202, the second yarn transfer
      lever 55 returns slightly to its initial position, and also the lever 27
      engages on projection 31 of the cam 3 to close contacts of the microswitch
      33 to start the guiding drum 204 and bunch winding is performed at one end
      of the empty spool. After the bunch winding is performed, the second yarn
      transfer lever 55 returns to initial position by crossing the face of the
      guiding drum 204 so that the yarn engages in a groove of the guiding drum
      204 to start ordinary winding.
PAR  As the cams 2 through 8 complete a single counterclockwise rotation, the
      lever 28 enters the recess 34 in cam 4 to stop the cams 2 through 8 in the
      initial position thereof, and pawl 23 is reset to complete a yarn transfer
      cycle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A doffing apparatus of an automatic winding machine having a frame, a
      plurality of winding units each carrying a package, conveying means to
      transport a full package and guiding drum means contacting the periphery
      of the package to drive the same, said doffing apparatus comprising guide
      plate means for guiding a full package to the conveying means, brake means
      engageable with the guiding drum means to stop the guiding drum means,
      means mounting the brake means adjacent the guiding plate in a position to
      be contacted and actuated by the guiding plate on movement of the guiding
      plate, means for moving the guiding plate to contact and actuate the brake
      means while the guiding drum means are still engaging a full package,
      cradle means supporting the package in contact with the guiding drum
      means, shutter plate means for opening the cradle means to release a full
      package, yarn transfer means mounted on said guide plate for transferring
      the yarn end connected with a full package to one end of the package,
      cutter means to cut said yarn end transferred by said yarn transfer means,
      and empty spool carrier means for carrying an empty spool to said cradle
      means to be supported by the cradle means.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 wherein the brake means includes
      switch means for actuating said brake means and first cam means for
      opening and closing the switch means, said empty spool carrier means
      including second cam means for swinging said empty spool carrier means,
      said shutter plate means including third cam means for moving said shutter
      plate, additional yarn transfer means positioned adjacent said guide plate
      for assisting in said yarn transfer on swinging movement thereof, fourth
      cam means for swinging said additional yarn transfer means, shaft means
      connecting said first cam means to said fourth cam means in one unit, and
      one revolution clutch means to connect said shaft means with said first to
      fourth cam means.
NUM  3.
PAR  3. The apparatus as claimed in claim 2, wherein said means operably
      connecting the guide plate means with the brake means includes a
      projection provided at one end of the guiding plate, lever means connected
      to said brake means and said projection urging said lever when said
      guiding plate means is actuated to engage the brake means with said
      guiding drum.
NUM  4.
PAR  4. The apparatus as claimed in claim 3, wherein said cutter means is
      mounted at one side edge of said guide plate.
NUM  5.
PAR  5. The apparatus as claimed in claim 4, wherein said empty spool container
      means includes a top plate and a bottom plate between which the empty
      spool can pass, plate means urged by spring means occupying a portion of
      said bottom plate to urge the empty spool toward the top plate, and plate
      stop means projecting downwardly from the top plate to limit forward
      movement of the empty spool.
NUM  6.
PAR  6. A doffing method for an automatic winding machine having a frame, a
      plurality of winding units each carrying a package including a spool and
      yarn wound on the spool and conveying means to transport a full package,
      comprising supporting a spool carried by cradle means until it is full of
      yarn while driving the package by contacting the periphery of the package
      with a guiding drum, moving a guide plate to actuate brake means to stop
      the guiding drum and the package on the spool becoming full, then swinging
      a shutter plate to open the cradle means to release the full package onto
      the guide plate, moving said released full package onto conveying means,
      and at the same time transferring yarn connected with the full package
      sidewise to yarn cutter means, carrying an empty spool to the cradle means
      and supporting the empty spool by the cradle means.
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ABST
PAL  The instant invention relates to a belt driven traverse for reciprocating a
      running strand of yarn in a winding machine. Said traverse means comprises
      a timing type belt travelling in a closed path around two sprockets and
      which carries and reciprocates a yarn guide longitudinally of a winding
      package. Means are associated with said yarn guide to prevent rotary
      motion thereof as it is carried around said closed path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  During winding of yarn with various winding machines to form a package the
      yarn is reciprocated across the face of the winding package as said
      package is rotated. Various types of mechanisms for reciprocating, or
      traversing, the yarn are employed. One such type is the so-called belt
      traverse wherein a continuous belt travelling around two centers
      reciprocates a yarn guide. The prior art belt traversing mechanisms have
      various disadvantages all of which are overcome by the present invention.
      For example, the prior art belt traversing mechanisms employ a pair of
      guides travelling continuously in opposite directions with linear portions
      of their paths being placed adjacent to the package being wound. This type
      of structure has the disadvantage that the winding strand of yarn must be
      transferred from one yarn guide to another. Such transfer requires great
      precision in manufacture, adjustment and operation of the machine. In
      addition, in order to intercept the strand, the guides must overhang the
      belts to such an extent that a sufficient imbalance of the guide
      assemblies occurs which results in distortion of the belt from its natural
      flat path which can disturb the interception of the strand at high speeds.
PAR  There are also traverse mechanisms which do not incorporate belts such as
      those of the well known cam type. Such cam type traverses are also
      disadvantageous in that the reciprocating parts of these traverses are of
      relatively large mass and are therefore limited in the speed of operation
      for traversing the yarn. Other cam mechanisms, although of smaller mass,
      have poor wear resistance since, in order to reduce mass, the rolls which
      travel in the grooves of a rotating cam have been eliminated and
      substituted with components which slide in the grooves, thereby causing
      rapid wear of these components.
PAR  It is desirable to wind at speeds higher than now commonly employed because
      of increased yarn production speeds, but the present mechanisms are
      limited in this respect. It is therefore highly desirable to provide an
      apparatus for the high speed traversing and winding of yarn to which the
      instant invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention relates to an apparatus for traversing a yarn guide
      in a continuous looped path to traverse a winding strand of yarn to form a
      package. The apparatus includes a mechanism for maintaining alignment of
      the yarn guide in the continuous path comprising caming and aligning
      mechanisms to prevent the yarn guide from rotating as the yarn guide moves
      around the looped path.
PAC  OBJECTS OF THE INVENTION
PAR  A principal object of the present invention is to provide a yarn traversing
      apparatus which includes a yarn guide movable in a continuous looped path
      and which is adapted for the high speed winding of yarn.
PAR  It is a further object of the present invention to provide an apparatus as
      aforesaid in which the yarn traversing guide is light in weight and is
      capable of the high speed winding of yarn.
PAR  Further objects and advantages of the present invention will become
      apparent hereinafter.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the present invention shown in
      association with yarn delivery and takeup mechanisms.
PAR  FIG. 2 is a frontelevational view of the traversing apparatus of the
      present invention showing the continuous looped path of the timing belt
      and the cams and cam followers of the yarn guide alignment mechanism.
PAR  FIG. 3 is a perspective view of the yarn guide and the cam follower unit of
      the instant invention.
PAR  FIG. 4 is an enlarged cross-sectional view of the cam follower unit and
      yarn guide assembly of the present invention.
PAR  FIG. 5 is a top plan view of the traversing apparatus shown in FIG. 2.
PAR  FIGS. 6 and 7 are detailed views of the associated cams and cam followers
      of the present invention.
PAR  FIG. 8 is a perspective view of an alternative embodiment of the present
      invention.
PAR  FIG. 9 is a perspective view of a further alternative embodiment of the
      present invention.
PAR  FIGS. 10-12 are views showing an alternative embodiment of the cams of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows the instant invention winding a yarn package P and with
      associated mechanisms of a take-up or winding machine. As is seen
      individual filaments S' may emanate from an extruder 10 which then pass
      through a yarn guide 12 to form a multifilament yarn S. The yarn or strand
      S passes over solution roll 14, rolls 16 and 18 and then is wound up on a
      package P by means of a take-up or winding mechanism indicated generally
      at 19.
PAR  The belt traverse and yarn guide 20 of the present invention assures that
      the yarn S is presented to the package P in a manner to produce an
      acceptable package. The yarn guide and belt traverse 20 are driven by a
      programmed variable speed motor 21 to cause ribbon breaking with the motor
      21 being connected with the motor 21, and bolts 23 and 24. The strand S
      passes from the guide and traverse 20 to the associated roller bail 25
      which lays the strand upon the winding package P. The roller bail is
      connected to and is rotated by a motor 26 and the package P is urged into
      contact with and is driven by the roller bail 25 in a manner well known in
      the art.
PAR  The instant invention will now be described in detail with reference
      initially to FIG. 2. A timing belt 30 having lugs 31 is positioned about
      sprockets 32 and 33 carried by shafts 34 and 35 respectively. As shown in
      FIG. 1 the shaft 35 is drivingly interconnected with the motor 21 by means
      of a belt 36 passing about a pulley 37, carried on the end of the shaft
      35, and another pulley 38 which is connected with the motor shaft 39.
      Referring again to FIG. 2 the belt 30 defines a path having parallel
      straight-away portions A and B and reversal portions C and D, as shown.
      The sprockets 32 and 33 are of relatively small diameter which minimizes
      the length of each end reversal portion C and D wherein the deceleration
      and acceleration of the linear movement of the reciprocating guide occurs.
      For example, for an approximately 10 inch long traverse it is preferred
      that the diameter of said sprockets 32 and 33 be between 5/16 inch to 1/2
      inch. This gives a rapid reversal of the guide and gives the desirable
      "knuckle" formation essential to a satisfactory self-supporting package.
PAR  The yarn guide assembly, FIGS. 3 and 4, comprises a shaft 40 which has a
      self threading yarn guide 41 fixed to one end thereof and a cam follower
      unit 42 fixed to the other end thereof. Cam follower unit 42 comprises
      vertical cam follower 43 and horizontal cam follower 44, one behind the
      other to form a cross-like structure. Vertical cam follower 43 is aligned
      with the axis of the slot 45 in yarn guide 41. The yarn guide assembly is
      pivotally mounted on the outer surface of timing belt 30 by means of a
      sleeve bearing 46, in which the shaft 40 is journaled, and a clip 48 which
      secures said bearing 46 to belt 30. Clip 48 is a two part assembly
      comprising a housing portion 50 which encloses and holds said bearing
      against movement between itself and the outer surface of the belt 30.
      Housing portion 50 has depending fingers 51a and 51b which engage clip
      retainer portion 52 positioned on the opposite side of the belt 30.
PAR  A pair of cams 53 and 54 are positioned adjacent the right hand side of
      sprocket 33. These cams are secured together and mounted on a bearing
      block 56 by means of a screw 58. Bearing block 56 is secured to a support
      plate 60 by means of bolts 62 and 64. Support plate 60 is secured to the
      frame F by bracket 66 and bolts 67, 68, 70 and 72, as shown in FIGS. 1 and
      5. A second pair of cams 73 and 74, which are symetrical to cams 53 and
      54, respectively, are positioned adjacent the left hand end of sprocket
      32. These cams are secured together and mounted on bearing block 76 by
      means of screw 78. The bearing block 76 is in turn secured to the support
      plate 60 by means of bolts 80 and 82 in the same fashion as bearing block
      56. Shafts 34 and 35 are journalled in bearing blocks 76 and 56
      respectively.
PAR  As is shown in FIG. 5 cams 53 and 73 are located in a plane in which cam
      follower 43 travels and cams 54 and 74 are located in the plane in which
      cam 44 travels. Referring now to FIGS. 6 and 7 the cam surface 53a of cam
      53 is a trace of the upper end of vertical cam follower 43 when cam
      follower unit 42 is held against rotation as the yarn guide assembly is
      carried in a clockwise direction around sprocket 33, and cam 53 is
      positioned so that its surface 53a is engaged by said upper end to prevent
      rotation of said cam follower 43; see FIG. 6. Cam surface 54a is a trace
      of the right hand end of horizontal cam follower 44 when cam follower unit
      42 is held against rotation as the yarn guide assembly is carried in a
      clockwise direction around sprocket 33 and cam 54 is positioned so that
      its surface 54a is engaged by said right hand end, as the cam follower
      unit 42 leaves cam 53, to also prevent rotation of said cam follower. Cam
      surface 73a is a trace of the lower end of vertical cam follower 43 when
      cam follower unit 42 is held against rotation as the yarn guide assembly
      is carried in a clockwise direction around sprocket 32, and cam 73 is
      positioned so that its surface 73a is engaged by said lower end to prevent
      rotation of said cam follower as shaft 40, cam follower unit 42, and yarn
      guide 41 move around the lower left hand quadrant of sprocket 32. Cam
      surface 74a is a trace of the left hand end of horizontal cam follower 44
      when cam follower unit 42 is held against rotation as the yarn guide
      assembly is carried clockwise around sprocket 32, and cam 74 is positioned
      so that its surface 74a is engaged by said left hand end as the cam
      follower unit 42 leaves cam 73 as it continues around sprocket 32 to also
      prevent rotation of said cam follower and the yarn guide 41. It will thus
      be seen that shaft 40, cam follower unit 42 and yarn guide 41 can travel
      as a unit as belt 30 travels around 360.degree., 180.degree. around
      sprocket 33 and 180.degree. around sprocket 32, and at the same time the
      guide is prevented from rotating around the axis of shaft 40 by the cams
      53, 54, 73 and 74 and cam followers 43 and 44.
PAR  Referring still to FIG. 5, and to FIG. 2, upper and lower guide bars 100
      and 102, respectively, are positioned parallel with straight run postions
      A and B, respectively, of the belt path. The two guide bars are fastened
      to brackets 104 and 106 by screws 108, 109, 110, and 111. The brackets are
      in turn connected to the support plate 60 with bolts 112 and 114
      respectively, so as to secure the bars parallel to and adjacent the
      straight-run portions A and B of the belt path. The guide bars are engaged
      by the cam follower 44 as the guide 41 is traversed along runs A and B to
      prevent any rotary motion of said guide between sprockets 32 and 33.
      Although the horizontal cam follower 44 need not constantly touch the
      guide bars 100 and 102, it is of course important that the bars are so
      positioned that no significant rotation of guide 41 can take place. As is
      also seen in FIGS. 2 and 5 a strand guide bar 116 is secured to brackets
      118 and 120, by means of rivets 122 and 124 respectively, with the
      brackets 118 and 120 being in turn secured to the support plate 60 by
      means of bolts 126 and 128, respectively. The strand guide bar is
      positioned relative to the looped path and yarn guide 41 to prevent the
      strand being wound from snagging behind the yarn guide 41 and to position
      the strand for self threading in said guide.
PAR  The configuration of the yarn guide 41 is shown in FIG. 3. The yarn guide
      41, which is of a suitable wear resistant material, such as aluminum
      oxide, includes the slot 45 and opposing ramp portions 130 and 132. These
      ramp portions are inclined generally towards the slot 45 and terminate in
      portions 134 and 136 which are perpendicular with the mouth of the slot to
      provide for the aforesaid self-threading, i.e., the strand is guided over
      either of these ramps to lodge in the slot 45.
PAR  The manner in which the cam followers 43 and 44 operate at the looped path
      to prevent rotation of shaft 40 and yarn guide 41 is best shown in FIGS. 6
      and 7. The same operational mode also occurs at end D of the looped path.
      FIG. 6 shows the interaction of the vertical cam follower member 43 with
      the cam 53 and its cam surface 53a, while FIG. 7 shows the interaction of
      horizontal cam follower 44 with the cam 54 and its cam surface 54a. More
      specifically, as the timing belt 30 is driven in a clockwise direction, as
      shown by the arrow 137, the vertical cam follower member 43 engages cam
      surface 53a of the cam 53. This occurs as the shaft 40, under the turning
      force of the bearing 46, tends to rotate about its axis in a clockwise
      direction while passing around the end portion C of the looped path. Such
      engagement acts to prevent shaft 40 and the yarn guide 41 carried thereby
      from rotating and thus becoming misaligned. As the cam follower 43 reaches
      and passes the midpoint of the turn at end portion C it disengages from
      the cam 53 and at this point the horizontal cam follower 44 engages and
      begins to travel along cam surface 54a of cam 54, which then prevents
      rotation of shaft 40. Thus the above cooperative action of the vertical
      and horizontal cam followers serves to maintain a constant positioning of
      the yarn guide 41 during the passage thereof from straight portion A of
      the path to straight portion B. As the belt 30 continues to travel cam
      follower 44 leaves cam surface 54a and engages guide bar 102 which
      prevents any rotation of shaft 40 during the traverse from end C to end D.
      At the left hand end of guide bar 102 cam follower 44 is disengaged
      therefrom and the lower end of cam follower 43 then engages cam surface
      73a. Cam surface 73a prevents rotation of shaft 40, as it travels around
      the lower quadrant of sprocket 32, in the same manner that cam surface 53a
      prevented rotation at end C. As shaft 40 passes the mid-point of sprocket
      32 cam follower 43 leaves cam surface 73a and cam follower 44 engages cam
      surface 74a. Cam surface 74a prevents rotation of shaft 40 in the same
      manner as cam surface 54a. As cam follower 44 leaves cam surface 74a it
      engages guide bar 100 which prevents rotation during the left to right
      traverse. Naturally, if desired, the guide assembly may be driven in the
      opposite direction with reverse positioning of the cams 53 and 54, and 73
      and 74, respectively.
PAR  FIG. 8 depicts an alternative embodiment of the present invention adapted
      for use with relatively heavy denier yarn, such as over 1000 denier. In
      this embodiment, cams about the end portions C and D of the looped path
      are not employed. Further, in this embodiment, the cam follower unit 138
      has a single horizontal cam follower 140 which is fixed about an end of
      the shaft 40 and which carries on the opposing end thereof a yarn guide
      142.
PAR  The yarn guide 142, which is of a suitable abrasion resistant material as
      in the first embodiment, such as aluminum oxide, includes a chute 144 for
      guiding of a strand of yarn S therein. The yarn guide 142 further includes
      a pair of ramp members 146 and 148 for self-threading of the strand into
      the guide chute 144. These guide ramps extend at an acute angle as in the
      first embodiment to the direction of the vertically extending guide chute
      144, and include inclined ramp portions 150 and 160. These inclined
      portions extend towards the chute 144 and terminate in straightaway
      portions 162 and 164, respectively, which are generally positioned at
      right angles to the chute. Thus, when a strand of yarn engages the
      inclined ramp portions 150 or 160 when threading the strand travels
      therealong and over the associated straightaway portion 162 or 164 to
      engage the guide chute 144 for traversing and winding of the strand into a
      package.
PAR  In this embodiment the guide 142 and the cam follower unit 138 are
      positioned on the timing belt 30 in the same manner as in the first
      embodiment.
PAR  As in the previous embodiment, the guide bar 100 and a second guide bar,
      not shown, are provided adjacent and parallel to the timing belt 30 in the
      same manner in order to maintain alignment of the yarn guide 142 in
      cooperation with horizontal cam follower member 140 during traversing.
      Since relatively heavy denier yarn is traversed with this embodiment the
      strand reacting against the walls of the chute 144 counteract the turning
      forces generated when the yarn guide assembly travels about the ends of
      the path and thus maintains alignment of the yarn guide 142 during its
      rotation around the sprockets at the ends of the traverse. Also, since
      heavier denier yarn is employed with this embodiment the main purpose of
      the cam follower 140 and the guide bars is to maintain alignment of the
      yarn guide 142 when self-threading. If self-threading is not employed then
      the cam follower 140 and the guide bars need not be employed, and a collar
      166, FIG. 9, may be substituted for the cam follower 140 to secure the
      components of the guide assembly to the bearing and thus to the timing
      belt 30.
PAR  FIGS. 10-12 depict an alternative embodiment of the present invention which
      is adapted to permit the belt 30 to be rotated in either direction without
      requiring any readjusting or modification of the traversing mechanism. In
      this embodiment a pair of 180.degree. cam surfaces are located adjacent
      each of the end portions of the looped path, rather than a pair of
      90.degree. cam surfaces. As shown each of the two cam surfaces at each end
      of belt 30 are a unitary structure but it will be understood that each cam
      surface can be on a separate cam and the two cams superimposed. These cams
      may be conveniently formed by injective molding of a suitable plastic,
      such as an acetyl resin, if desired. As is shown cam 170 includes a pair
      of adjacent camming surfaces 172 and 174. The upper half of cam surface
      172 is the same as cam surface 53a, and is similarly spaced from sprocket
      33 and engaged by the upper end of cam follower 43, when belt 30 travels
      in a clockwise direction, to prevent rotation of shaft 40 during the first
      90.degree. of travel around said sprocket 33. The lower half of cam
      surface 172 is symetrical to the upper half thereof and is engaged by the
      lower end of cam follower 43, when belt 30 travels in a counter clockwise
      direction, to prevent rotation of shaft 40 during its movement upwardly
      around the lower quadrant of sprocket 33. The lower half of cam surface
      174 is the same as cam surface 54a, is similarly spaced from sprocket 33
      and is engaged by the right hand end of cam follower 44, when belt 30
      travels in a clockwise direction, to prevent rotation of shaft 40 during
      the second 90.degree. of travel around said sprocket 33. The upper half of
      cam surface 174 is symetrical to the lower half thereof and is engaged by
      the right hand end of cam follower 44, when belt 30 travels in a
      counterclockwise direction, to prevent rotation of shaft 40 during its
      movement upwardly around the upper quadrant of sprocket 33. A similar cam,
      positioned adjacent the other return portion of the looped path, functions
      in a like manner and by this arrangement the belt 30 may travel in either
      direction without entailing rearrangement of the cams.
PAR  It should be apparent that the present invention may be embodied in other
      specific forms without departing from the spirit or essential attributes
      thereof, all of which are intended to be encompassed by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for traversing a strand onto a winding package having a
      longitudinal face comprising, a continuous looped conveyor having a pair
      of straight-away portions and opposed return portions to form a looped
      path, strand guide means carried around said looped path by said conveyor
      for engaging a strand along the entire length of said looped path and to
      reciprocate said strand across the longitudinal face of said package, and
      means to prevent rotation of said strand guide means as said strand guide
      means moves around said looped path, said means comprising a cam follower
      means associated with said strand guide means, cam means for contacting
      said follower means at least during the return portions of the travel of
      the follower means about said looped path.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said cam means is adjacent
      said return portions of said conveyor.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said cam means comprises a
      first cam surface and a second cam surface adjacent each said return
      portion, and wherein said cam follower means associated with said strand
      guide means comprises a first cam follower adapted to engage said first
      cam surface and a second cam follower adapted to engage said second cam
      surface.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein said cam means includes a
      guide bar operatively positioned and spaced apart from both said strand
      guide means and said conveyor and further positioned intermediate said
      opposing return portions of said conveyor, and said cam means adapted to
      cooperate with said guide bar to maintain generally constant alignment of
      the strand guide means intermediate said return portions.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein said cam means is adjacent
      said return portions of said conveyor.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 wherein said cam means adjacent
      said return portions of said conveyor comprises a first cam surface and a
      second cam surface adjacent each said return portion, and wherein said cam
      follower means associated with said strand guide means comprises a first
      cam follower adapted to engage said first cam surface and a second cam
      follower adapted to engage said second cam surface and to cooperate with
      said guide bar.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein said strand guide means
      includes a central portion having means for fixedly attaching said guide
      means to said conveyor, a guide portion at one end thereof and extending
      beyond said conveyor for contacting the strand and said cam follower means
      extending beyond said conveyor at the other end thereof.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein said conveyor is a tracked
      belt.
NUM  9.
PAR  9. Apparatus in accordance with claim 6 wherein said strand guide means
      includes a central portion having means for fixedly attaching said guide
      means to said conveyor, a guide portion at one end thereof and extending
      beyond said conveyor for contacting the strand and said cam follower means
      extending beyond said conveyor at the other end thereof.
NUM  10.
PAR  10. Apparatus in accordance with claim 7 wherein said other end of said
      strand guide means terminates in said second cam follower.
NUM  11.
PAR  11. Apparatus in accordance with claim 7 wherein said second cam follower
      is distal from said central portion of said strand guide means.
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ABST
PAL  A yarn feeding device for feeding yarns to weaving and knitting machines
      and devices with a constant, adjustable tension, in which a yarn reserve
      is wound onto a stationary cage by means of a rotating framework. The
      device also comprises means for braking the yarn, and means for regulating
      the action of said brake means and for modifying the amount of said
      reserve. In this device, the yarn is drawn with a constant tension, and is
      sent to the weaving or knitting machine or device as if it were drawn from
      a stationary reserve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a yarn feeding device with constant
      adjustable tension, particularly for feeding yarns to weaving and knitting
      machines and devices.
PAR  It is known that the increase in the productivity of weaving machines
      depends on the possibility to impart increasingly higher speeds and
      accelerations to the yarns being woven; on the other hand, it is also
      evident that this fact, as it involves higher mechanical stresses and,
      hence, an increased number of breaks in the warp yarns, is in contrast
      with the declared purpose of increasing the productivity. In fact, at each
      break in the warp yarn, the machine has to be stopped in order to restore,
      practically always by hand, the integrity of the yarn being woven.
PAR  From this point of view, the problem of feeding weaving machines with yarns
      unwinding at constant tension, appears in all its importance; in fact, the
      fundamental cause for breaks is the irregularity of unwinding tensions,
      due to non-constant braking and to the irregular winding of the yarns into
      reels or coils. It is actually due to these irregularities that the high
      feeding speeds, now-a-days easily reaching about 1500 meters per minute,
      produce tension concentrations in very reduced times; and the resulting
      abrupt tensions at the weakest points of the yarn cause the breaking
      thereof.
PAR  The object of the present invention is to provide a yarn feeding device --
      to be arranged between yarn supplies, formed by reels or coils, and
      weaving or knitting machines or devices -- adapted to eliminate any
      unwinding irregularities upstream of said machines or devices, and hence
      allowing the same to draw the yarn in a smooth and regular way.
PAR  Devices with this object are already known: for example, the Italian
      Patents Nos. 659,733 and 785,283 describe a device, the essential
      characteristics of which lie in the presence therein of a cylindrical body
      which may be caused to rotate by a suitable motor, a certain reserve of
      yarn being tangentially wound on said cylindrical body and axially unwound
      therefrom, and the outlet braking of the yarn being obtained by means of
      elastic rings under which passes the yarn itself; electronic and
      electromechanical systems, adapted to start and stop the rotation of said
      motor, allow one to check the consistency of the yarn reserve and to
      restore the same, when it has decreased below certain preestablished
      amounts, by causing the rotation of the cylindrical body; the regular
      arrangement of the turns on the cylindrical body is provided for by a
      beveled inlet edge which, producing an axial thrust, moves forward the
      turns as they are formed, the task of said beveled edge being facilitated
      by the centrifugal force which loosens the tension of the formed turns,
      favouring their axial sliding along the highly smooth surfaced cylindrical
      body.
PAR  A device adopting the same fundamental scheme as the previous ones is that
      according to Italian Patent No. 795,923 which, however, in order to
      guarantee the regular arrangement of the turns on the cylindrical body of
      the device, provides for the use of an oscillating plate rotating with the
      cylindrical body itself and adapted to push forward the turns being
      formed.
PAR  These devices, however, involve fairly serious drawbacks: for example, it
      can easily be understood how the fact of relying on the actual yarn being
      wound for the formed turns to be pushed forward, is itself a remarkable
      cause for irregularity and crossing over of the turns; moreover, in the
      case of hairy yarns, the turns being formed imprison beneath them the
      hairs of the previous turn, which fact, during unwinding, produces
      sufficient tears to cause the breaking of the yarn. From this point of
      view, the arrangement according to Italian Patent No. 795,923 is no doubt
      preferable; here, the task of pushing forward the turns is entrusted to
      the oscillating plate, which further creates a free space in the winding
      area of the turns being formed, preventing the crossing over of yarns and
      hairs. On the other hand, according to this last patent, in order to check
      the amount of yarn reserve, use is made of the pressure, increasing with
      the number of turns, which the wound turns exert on the oscillating plate.
      This pressure, as it increases, changes the inclination of the plate, and
      this causes at a certain point the tripping of the microswitch controlling
      the rotation of the cylindrical body and being mechanically connected,
      through a sliding contact, to the plate itself; this fact is highly
      negative, as it means that the oscillating plate, when actually varying
      its inclination, no longer has, at a given moment, the strength required
      to overcome the friction opposing the advancing of the turns; moreover,
      owing to reduced oscillation, there is no space left for the new turns,
      and the total effect is a considerable crossing over; in addition, the
      amount of reserve depends on the yarn friction factor, it can by no means
      be adjusted and it varies from case to case. From this point of view, the
      arrangement of the other two cited patents is preferable, as, in such
      patents, the yarn reserve is checked by means of a photoelectric system
      which "watches" when the head of the wound reserve reaches a certain
      position adapted to be easily predetermined by axially displacing the
      photoelectric receiver. This system, however, has a double drawback: the
      first being that it is too expensive and that therefore, from the economic
      point of view, it increases unduly the total cost of the device; and the
      second being that it is likely not to work properly, mainly due to the
      dust which often develops in great quantities in the room where the device
      is meant to operate, and which dims the excitation lamp or dirties the
      reflecting surfaces of the photoelectric device.
PAR  In the same devices, a further cause of low efficiency is the outlet yarn
      braking system, which consists of elastic rings; this system, in the first
      place, allows no continuous adjustment; in fact, the elastic rings being
      applied on the outlet edge of the cylindrical body by no means allow a
      regular braking action, and a different braking effect could be obtained
      only by changing them into other rings of different material and rigidity.
      In the second place, such rings usually rotate together with the
      cylindrical body and, hence, the braking effects produced are
      substantially different, according to whether the weaving or knitting
      machine or device draws the yarn when the winding cylinder is or is not
      moving; since the winding cylinder passes from standstill to rotation just
      at the moment when the yarn is being drawn, the latter will undergo abrupt
      braking changes, which will result in tension variations.
PAR  Finally, the actual fundamental principle on which are based the devices
      described hereabove, i.e. that of winding a yarn reserve onto a rotating
      element, is criticizable from the point of view of its practical
      realization: because of the speeds involved, and the consequent need for
      the rotary element to act very promptly, the latter would have to be
      equipped with motors having a very high take-off power, which motors
      designed to equip each single feeder are not likely to provide, at least
      for reasons of space and expense. Hence, the feeder itself does not
      usually provide the characteristics of autonomy which would instead be
      required. Moreover, since the yarn unwound by the devices based on the
      above principle takes part in the dynamic condition of the cylinder on
      which it is wound, the starting and stopping of the feeding cylinder
      result in sharp tension variations of the yarn itself, which is by no
      means in accordance with the purposes of the devices.
PAR  Therefore, another object of the present invention is to provide a constant
      tension yarn feeding device, allowing one to avoid all the drawbacks
      typical of the aforementioned known devices, and allowing one to carry out
      in the most rational, efficient and safe way, the feeding of modern
      weaving and knitting machines.
PAC  SUMMARY OF THE INVENTION
PAR  To achieve these objects, the present invention provides a yarn feeding
      device for weaving and knitting machines or devices, characterized in that
      it comprises: a fixed hollow body, around which the yarn coming from a
      yarn supply is wound into turns by means of an element rotating on the
      outside of said fixed body, and coaxially thereto, to form thereon a yarn
      reserve, from which the yarn is drawn to be sent to said weaving or
      knitting machine or device, passing through said fixed hollow body;
      adjustable brake means, cooperating with said fixed body, to brake the
      yarn at a constant rate, downstream of said yarn reserve; and means,
      associated with the fixed hollow body, to adjust and keep uniform the
      amount of said reserve. Said yarn feeding device further comprises means
      associated with said fixed hollow body and controlled by said rotating
      element, to cause the constant advancement of the yarn turns forming said
      reserve, wound on the fixed body.
PAR  According to a preferred embodiment thereof, the device according to the
      invention comprises in a casing:
PA1  a fixed hollow body comprising a cage, formed by a bottom plate, a set of
      side columns, and a funnel-shaped top member having a wide upper edge and
      extending downwardly into the cage itself; and a hollow shaft, supporting
      said cage, mounted cantilevered on said casing;
PA1  a substantially rectangular framework, surrounding said cage and mounted
      revolving on said shaft, comprising a bottom element with a hub, two
      lateral uprights, and an upper closing element;
PA1  an oscillating plate, associated with said cage close to the bottom plate
      thereof, mounted around said shaft and crossed through by said columns,
      projections of the bottom element of said rotating framework operating on
      said plate to cause the oscillation thereof;
PA1  a ring-shaped braking element, pressed against the upper edge of the
      funnel-shaped member of the cage by the upper closing element of said
      framework;
PA1  an electric motor which, when running, causes the rotation of said
      framework;
PA1  an inlet brake mounted on the casing; and
PA1  a feeler, associated by friction with said cage, between the columns and
      the funnel-shaped member, adapted to be differently adjusted and to
      control the running of said motor;
PA1  the yarn to be fed being let into said casing through said inlet brake and
      being caused by said rotary framework to wind around said cage into
      several turns, said turns being caused to advance by said oscillating
      plate up to when the advancing front of the turns engages said feeler, to
      pass subsequently under said ring-shaped brake element, running along the
      interior of the cage funnel-shaped member along a generatrix thereof, and
      to enter then said hollow shaft, finally coming out of the casing to run
      in the direction of said weaving or knitting machine or device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in further detail, by mere way of
      example, with reference to the accompanying drawings, which illustrate a
      preferred embodiment thereof, and in which:
PAR  FIG. 1 is an axial, partially sectioned view, of the yarn feeding device
      according to the invention; and
PAR  FIG. 2 is a side view of the same device, seen from the left of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings, the device according to the present
      invention comprises, within a casing 1 marked by dashed lines, a cage 2
      around which is wound the yarn to be fed, said cage 2 being fixed by means
      of a hollow shaft 3 to the casing 1 itself, an oscillating plate 4
      associated with the bottom plate of said cage 2, for advancement of the
      yarn turns wound around the cage itself, brake means 5 for the outlet yarn
      to be fed, and a framework 6 for winding around said cage 2 the yarn
      coming in, said framework 6 rotating about the hollow shaft 3 and being
      provided with means both for controlling the oscillation of the plate 4,
      for advancement of the turns, and for controlling the action of the brake
      means 5. The device is completed by a motor 8, for controlling the
      rotation of the framework 6 by means of a transmission 7, by an inlet
      brake 9, and by a device 10 for controlling the running of the motor 8,
      said device being associated with the cage 2.
PAR  Upon examining more closely the structure of the device, it will be seen
      that the cage 2 is in turn formed by a funnel-shaped top member 11, the
      open part of which extends into a transverse flange 12, with smoothly
      rounded edges, and by a bottom plate 13, connected to the member 11 by
      means of eight metal chromium-plated columns 14. This unit is connected to
      the shaft 3 -- with the columns 14 arranged parallel and the plate 13 and
      flange 12 arranged perpendicular to the shaft 3 itself -- by means of a
      shoulder 15 of the shaft 3, on which bears the plate 13, and by means of a
      screw thread at the end of the shaft itself, into which is screwed a nut
      16 adapted to engage the bottom of the funnel-shaped member 11. The
      columns 14 are simply inserted into seats provided therefor on the opposed
      surfaces of the flange 12 of the member 11 and, respectively, of the plate
      13, so as to press the latter against the shoulder 15, when the nut 16 is
      tightened.
PAR  Between the bottom of the funnel-shaped member 11 and the plate 13 of the
      cage 2 is arranged the already mentioned oscillating plate 4: this plate 4
      is provided with a central hole, being crossed through by the hollow shaft
      3, and with eight peripheral holes, crossed through by the columns 14;
      such holes are wide enough to allow the plate 4 to oscillate by approx.
      4.degree. about the position in which it forms right angles with the axis
      of shaft 3.
PAR  The shaft 3 is fixed, as already mentioned above, to the wall of the casing
      1 of the device. This is achieved by means of a hub 18, fixed to the
      casing 1, and by means of setscrews 19, which secure this hub to the shaft
      3. In view of this arrangement, both the shaft 3 and the aforementioned
      parts connected thereto, namely the cage 2 with its funnel-shaped member
      11, the plate 13 and the columns 14, are fixed to the casing 1. The plate
      4 is fixed against rotation relative to the axis of shaft 3, but is
      adapted to oscillate, as seen hereabove, by approx. 4.degree. relative to
      the plane of plate 13.
PAR  On the outside of the unit formed by the shaft 3 and by the cage 2, is
      mounted the revolving framework 6. It has a substantially rectangular
      structure, comprising a stout bottom element 20, opening at the centre to
      form a hub 21 which is rotatably mounted on the shaft 3 with the
      interposition of a rolling bearing 22, two lateral elements or uprights
      23, perpendicular to the bottom element 20 and fixed to the ends thereof,
      and a thin closing element 24. The bottom element 20 is provided with
      appropriate projections 25, extending from its inner surface close to one
      of the uprights 23 and acting on the oscillating plate 4 of the cage 2 so
      as to keep it inclined, while the hub 21 of the bottom element 20 is
      outwardly provided with pulley means for receiving a belt 26 transmitting
      movement from the motor 8. The lateral upright 23, opposite to the one
      close to the projection 25, is provided at the bottom with a ceramic
      eyelet 27, and at the top with a similar eyelet 28, the first eyelet being
      set in a radial position and the second eyelet being set in an axial
      position. The thin closing element 24 is provided at the centre with a
      small hub 29, on which is screwed a screw 30 ending in a threaded hard
      portion of small diameter, which acts as pin for the idle hub 31 of the
      brake means 5, associated with the top of the funnel-shaped member 11. The
      brake means 5 comprise a ring 32, bearing on the outer surface of the
      flange 12 of the member 11, or rim of the cage 2, and a set of elastic
      spokes 33, connecting the ring 32 to the hub 31. The hubs 29 and 31 are
      strictly coaxial to the shaft 3. Clearly, the brake means 5 are meant not
      to move in respect of the funnel-shaped member 11 with which they
      cooperate; in fact, when the framework 6 rotates, the ring 32 stays
      motionless, since the friction force between said ring and the surface of
      the flange 12 is far greater than the friction force between the screw 30
      and the idle hub 31. It is also clear that the braking action may easily
      be adjusted: in fact, by rotating the screw 30, it is possible to vary the
      coupling force between the ring 32 and the outer surface of the flange 12
      of the member 11, namely the braking action applied by these two elements
      on the yarn F which, as said further above, is forced to pass between them
      before its exit from the device.
PAR  The inlet brake 9 is also mounted coaxial to the shaft 3, on the opposite
      wall of the casing 1, and is provided with ceramic eyelets 34.
PAR  As already said, the feeding device according to the invention finally
      comprises feeler means 10, for controlling the running of the motor 8,
      said means being associated with the cage 2. These means substantially
      consist of a block 35, imprisoned between the outer wall of the
      funnel-shaped member 11 and a pair of columns 14, said block being
      normally held in a steady position by friction. It is however possible,
      through a small effort, to vary said position of the block in an axial
      sense, according to wishes and requirements, as seen hereinafter. The
      block 35 comprises a lever 36, engaged by the advancing front of the yarn
      turns wound on the cage 2, and a microswitch (not shown) operated by said
      lever to control the running of the motor 8.
PAR  In the device thus described, the yarn F enters the casing 1 through the
      inlet brake 9 and, sliding into the inner ceramic eyelet 34, runs through
      the two ceramic eyelets 28 and 27 of the framework 6 and winds around the
      ideal octagonal surface formed by the eight chromium-plated columns 14,
      entering, through the eyelet 27, the area in which the oscillating plate 4
      allows the widest inlet space, owing to its inclination (the eyelet 27
      being in a position diametrally opposite to the projections 25).
PAR  Having wound around the columns 14 for a certain number of turns, which may
      be adjusted as will be seen hereinafter, the yarn F introduces itself
      inside the funnel-shaped member 11, passing between the flange 12 of said
      member and the braking ring 32, and comes out from the side opposite to
      the entry, passing through the hollow shaft 3, into which it is let
      through the ceramic ring 3'.
PAR  To insert the yarn F into the feeding device, a hook-threader is used, and
      the operation -- which is very simple -- is carried out by the help of
      slight rotations of the motor 8, obtained by means of a special press
      switch. The same switch may be placed, at the end of the threading
      operation, in a working position to guarantee the continuous running of
      the motor 8.
PAR  When the general switch of the yarn feeding device is placed in a working
      position for the normal running of the device itself, the framework 6
      starts to rotate about the shaft 3 and winds the yarn turns around the
      columns 14: these turns, being gently pushed one against the other by the
      plate 4 (which oscillates continuously under the thrust of the rotating
      projections 25), move forward up to when their advancing front meets the
      lever 36 of the block 35, which projects by a few millimeters from the
      tangent plane of two consecutive columns 14; the lever 36 then acts on the
      microswitch of the block 35 which interrupts, for example by means of an
      auxiliary relay, the circuit of the motor 8, which hence stops; the number
      of turns being formed on the cage 2 may evidently be chosen by changing
      the axial position of the block 35, which allows to determine the space
      available for the reserve turns, according to the count of the yarn being
      wound, so as to always feed to the weaving or knitting machine or device
      approximately the same yarn length, whatever the type and count of the
      yarn being used.
PAR  From the turns wound on cage 2, the yarn reaches the weaving or knitting
      machine or device in the same direction of its introduction into the
      feeding device, after having been braked by the brake 32 and having passed
      through the hollow shaft 3: the yarn may hence be drawn from a reserve
      which is stationary in respect of the weaving or knitting machine or
      device, and the condition of which is by no means influenced by the fact
      that the yarn feeder is moving or not. Moreover, said reserve is wound in
      a perfect manner, without any crossing over of yarn lengths or portions,
      the yarn being checked (through an adjustable self-cleaning brake) in a
      perfectly efficient and continuous way, so that it reaches the weaving or
      knitting machine or device with a strictly constant tension, which may
      easily be adjusted by simply modifying, through rotation of the screw 30,
      the action of the outlet brake.
PAR  The feeding device according to the invention allows one to obtain many
      advantages which make it far superior to any other means used to date for
      the feeding of yarn at constant tension to weaving machines and the like.
      To illustrate the most important of these advantages, it will be
      sufficient to point out that in this device:
PA1  the yarn unwinds in respect of the weaving or knitting machine or device,
      from a stationary element (the cage 2), so that it is by no means
      influenced by the conditions of the moving parts of the feeding device;
PA1  the yarn comes from turns which are wound in a perfectly regular way and
      without possibility of crossing over or of mutual engagement;
PA1  the device for controlling the yarn reserve formed by said turns, acts on
      the advancing front of the actual turns, which is very simple, economical
      and safe;
PA1  it is possible to adjust the number of turns and/or the distance between
      such turns, so as to adapt the device itself to the most varied types of
      yarns;
PA1  the yarn braking is adjustable, efficient and constant in time, and the
      self-cleaning of the brake means can be obtained;
PA1  the yarn inlet and outlet are in the same direction, with favourable
      consequences for a convenient and easy mounting of the device;
PA1  thanks to the lightness of the framework for winding the turns, it is
      possible to obtain very high accelerations, even with motors of reduced
      power and size.
PAR  It is understood that the above detailed description and the accompanying
      drawings merely represent one of the possible embodiments of the device
      according to the present invention. Further embodiments and modifications
      of the embodiment described will be apparent to anyone skilled in the art.
PAR  For example, the motor 8 could be mounted differently and be otherwise
      connected for imparting motion to the rotary framework 6, or else this
      same framework and the stationary body 2 could themselves form
      respectively the rotor and stator of an electric motor operating the
      feeding device.
PAR  It is to be understood that all these different embodiments and
      modifications of the above described yarn feeding device fall within the
      scope of the present invention, as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A yarn feeding device for drawing yarn from a supply and feeding it with
      constant adjustable tension to a weaving or knitting machine or the like,
      comprising a frame, a fixed hollow body consisting of a cage supported by
      a hollow shaft mounted cantilevered on said frame and having an inner
      funnel-shaped guide member, the yarn coming from said supply being wound
      into turns around the cage to form thereon a yarn reserve, a rotating
      framework mounted on said hollow shaft on the outside of said fixed cage,
      means to rotate said framework, oscillating means on said fixed cage and
      oscillated by said rotating framework to advance the yarn turns forming
      said reserve on the cage means to adjust and keep uniform the amount of
      said reserve, brake means bearing yieldably against the cage to tension
      the yarn leaving the device, means to adjust the pressure with which the
      brake means bears against the cage, the yarn unwinding from said reserve
      passing between the brake means and the cage, and subsequently through the
      funnel-shaped member, before coming out of the device in the same
      direction of its inlet into the device itself, said brake means comprising
      at least one braking element, elastically pressed in an axial direction
      against a free outer edge of said cage by said rotating framework, said
      braking element comprising a ring and a set of elastic spokes converging
      into a central hub of the ring, and an adjustable screw on the rotating
      framework acting against said hub to press the braking ring against the
      cage, said screw being coaxial with the hollow shaft and freely rotatable
      in said hub.
NUM  2.
PAR  2. A yarn feeding device as in claim 1, in which said means for adjusting
      and keeping uniform the yarn reserve consists of a feeler mounted on said
      cage and controlling the running of an electric motor that rotates said
      framework.
NUM  3.
PAR  3. A yarn feeding device as in claim 1, in which said means for causing the
      advancement of the reserve yarn turns along the cage comprises an
      oscillating plate transverse to the axis of the cage and projections on
      the rotating framework to oscillate said plate.
NUM  4.
PAR  4. A yarn feeding device for drawing yarn from a supply and feeding it with
      constant adjustable tension to a weaving or knitting machine or the like,
      comprising a casing, and in the casing:
PA1  a fixed hollow body comprising a cage, comprised by a bottom plate, a set
      of side columns, and a funnel-shaped top member having a wide upper edge
      and extending downwardly into the cage itself; and a hollow shaft,
      supporting said cage, mounted cantilevered on said casing;
PA1  a framework surrounding said cage and mounted rotatably on said shaft,
      comprising a bottom element with a hub, two lateral uprights, and an upper
      closure element;
PA1  an oscillating plate mounted on the cage, close to the bottom plate
      thereof, surrounding said shaft and traversed by said columns, and
      projections on the bottom element of said rotating framework operating on
      said plate to cause the oscillation thereof;
PA1  a ring-shaped braking element bearing yieldably against the upper edge of
      the funnel-shaped member of the cage and urged thereagainst by the upper
      closure element of said framework;
PA1  an electric motor, connected by means of a flexible transmission, to a
      pulley of said hub of the rotating framework;
PA1  an inlet brake mounted on the casing; and
PA1  a feeler, frictionally connected to said cage, between the columns and the
      funnel-shaped member, to control the operation of said motor;
PA1  the yarn to be fed passing into said casing through said inlet brake and
      being caused by said rotary framework to wind around said cage into
      several turns, said turns being caused to advance by said oscillating
      plate, up to when the advancing front of the turns engages said feeler, to
      pass subsequently under said ring-shaped brake element, running along the
      inside of the cage funnel-shaped member along a generatrix thereof, and
      then entering said hollow shaft, and finally emerging from the casing.
NUM  5.
PAR  5. A yarn feeding device as in claim 4, in which the bottom plate of the
      cage bears against a shoulder of the hollow shaft, and the funnel-shaped
      member is fixed with its bottom to the end of the same shaft, so as to
      lock the side columns against said bottom plate, and seats for said
      columns on the funnel-shaped member and on the bottom plate of the cage.
NUM  6.
PAR  6. A yarn feeding device as in claim 4, in which one of the lateral
      uprights of the rotating framework has two yarn-guiding eyelets thereon.
NUM  7.
PAR  7. A yarn feeding device as in claim 4, in which said ring-shaped brake
      means comprise a braking ring and a set of elastic spokes converging into
      a central hub of the ring, and an adjustable screw on the rotary framework
      acting against said hub, to press the braking ring against said upper edge
      of the funnel-shaped member of the cage, said screw being coaxial to the
      hollow shaft and freely rotatable in said hub.
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ABST
PAL  An apparatus is provided for automatically loading a plurality of cassettes
      of the type having two rotatable spools and a leader tape connecting said
      spools with a predetermined length of magnetic tape or the like from a
      supply reel. The apparatus includes a magazine for storing a plurality of
      empty cassettes, means for advancing said cassettes, one at a time, from
      the magazine to a loading station, means for withdrawing the leader from
      the cassette, cutting it into two sections, and splicing the free end of
      one section to the leading end of a length of supply tape, means for
      feeding supply tape at a controlled rate, means for automatically rotating
      one of the spools of said cassette to wind the spliced leader section and
      a predetermined length of said supply tape into said cassette, and means
      for cutting the supply tape after said predetermined amount has been wound
      into the cassette and splicing the trailing end thereof to the free end of
      the other leader section. Means are also provided to eject the fully
      loaded cassette from the apparatus and recommence the tape loading cycle
      with the following cassette stored in the magazine.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 296,255, filed Oct. 10, 1972 now U.S. Pat. No. 3,814,343.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In accordance with the co-pending prior application, an apparatus is
      provided for automatically loading a plurality of tape cassettes with
      prerecorded or blank magnetic tape or the like from a supply source.
      Unlike the cassette winding devices of the past, the apparatus of the
      parent application is fully automatic; the only manual steps required by
      the operator being to load a plurality of empty cassettes into a magazine
      or hopper, install a reel of supply tape and splicing tape, thread the
      supply tape and splicing tape into the machine and activate the start
      control. Each cassette is then automatically fed from the magazine to a
      loading station where the leader is automatically extracted, the cassette
      is loaded with a predetermined amount of the supply tape, and is then
      automatically ejected from the machine, all without the assistance of an
      operator. The entire feeding, loading and ejecting operation is fully
      automatic; as the loading of each cassette with the supply tape is
      completed, it is ejected from the machine and the next empty cassette is
      transported into the loading position. The only limitation on the number
      of cassettes that can be automatically filled with magnetic tape by the
      instant machine is the size of the supply reel and the capacity of the
      cassette storage magazine. Accordingly, the operator of the machine must
      merely monitor the supply of cassettes and the supply of tape and
      replenish the same as required in order to maintain the machine in
      operation and minimize its downtime. Due to its fully automatic nature,
      the machine is capable of operating at a much higher rate of speed than
      prior winding devices, and thus results in lower cost cassettes. In
      addition, there is further labor saving inasmuch as a single operator can
      monitor several machines, whereas in the past a single operator was
      required for each individual machine in order to implement the many manual
      operations that were necessary to load each cassette.
PAR  In general, the automatic cassette loading apparatus as disclosed in the
      parent application comprises, in combination, a magazine for storing a
      supply of empty cassettes to be loaded; cassette receiving means adapted
      to removably receive one cassette at a time from a magazine and hold the
      same in a tape loading position; feed means for transporting each cassette
      from said magazine to said cassette receiving means; a spindle for
      rotatably supporting a reel of supply tape; a splicing block comprising a
      first section having a first guide means in its top surface for receiving
      a length of leader or supply tape, and a second section disposed adjacent
      the first section having second and third guide means in the top surface
      thereof, each for receiving a length of leader or supply tape, at least
      one of said sections being movable between a first position in which the
      first guide means is in alignment with the second guide means, and a
      second position in which the first guide is in alignment with the third
      guide means; means for withdrawing the leader from a cassette in the
      loading position; means for positioning the leader in the first and second
      guide means of the splicing block in its first position; means for cutting
      the tape positioned on the splicing block, movable between a first cutting
      position in the first position of the splicing block to cut the leader
      tape into two sections, and a second cutting position in the second
      position of the splicing block to cut the supply tape after the
      predetermined amount thereof has been wound into the cassette; splicing
      means disposed adjacent said splicing block to splice the end of one
      leader section to the leading end of the supply tape in the second
      position of the splicing block and to splice the trailing end of the
      supply tape to the end of the second leader section in the first position
      of the splicing block; rotatable drive means adapted to removably engage
      at least one spool of a cassette in the loading position to wind the
      supply tape into said cassette after the same has been spliced to said
      leader; sensing means to measure the amount of supply tape being wound
      into the cassette, and to deactivate the drive means when a predetermined
      amount of said tape has been so wound; means for ejecting a cassette from
      the cassette receiving means after it has been fully loaded with supply
      tape; and control means adapted to sequentially and cyclically activate
      and deactivate each of the foregoing elements of the apparatus to
      effectuate the continuous loading of a plurality of cassettes.
PAR  The structure of the various components of the automatic winding apparatus
      described above are fully disclosed in the co-pending parent application
      and to the extent necessary for a complete understanding of the present
      invention are further described hereinafter with reference to the annexed
      drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improved automatic winding
      apparatus of the type described above is provided with the addition of
      automatic speed and tensioning control means for advancing the magnetic
      tape from supply reel to the tape loading position at a controlled rate.
      Such means compensates for the intertial drag of the supply reel caused by
      a rapid succession of starts and stops during the cassette loading
      operation, avoids stretching of the magnetic tape, and permits a constant
      tape tension, higher winding speeds and rapid acceleration. With the
      implementation of the control means of the present invention, the
      automatic tape winding apparatus is capable of achieving winding speeds in
      excess of 400 inches of tape per second.
PAR  In general, the tape speed and tension control means of the present
      invention for use in an automatic winding apparatus of the type described
      above comprises, in combination, a drive motor for imparting rotational
      movement to the spindle supporting the reel of supply tape; a clutch-brake
      assembly operatively linking the drive motor and the spindle to activate
      the rotational movement of said spindle and to control the drag thereon;
      and means connected to the clutch-brake assembly for controlling the speed
      and tension of the supply tape, which means includes vacuum means for
      receiving a loop of supply tape and is responsive to the size of said loop
      to correspondingly control the operation of the clutch-brake assembly to
      maintain a relatively constant loop size, thus, insuring a relatively
      constant tape speed and tension during the cassette loading operation.
PAR  In addition, in the preferred embodiment the drive motor is of the variable
      speed constant torque type, and additional variable speed control means
      operative in conjunction with the speed and tension control means
      described above is also provided. The variable speed control means is
      connected to a drive motor control circuit and is responsive to the amount
      of magnetic tape on the supply reel to increase the rotational speed of
      the motor and the spindle upon which the supply reel is mounted as the
      amount of supply tape on the reel diminishes, so as to maintain a
      relatively constant linear supply tape speed.
PAR  The clutch-brake assembly serves two functions, firstly, by means of the
      clutch portion to disengage the supply tape spindle from the drive motor
      when it is desired to stop the forward movement of the supply tape during,
      or at the end of, a winding cycle, and, secondly, to control the speed of
      the spindle and the reel mounted thereon by means of the brake portion,
      both such portions being controlled by the vacuum means mentioned
      hereinabove. The clutch-brake assembly is preferably of the pneumatic type
      whereby the amount of air pressure fed thereto controls the drag placed
      upon the supply reel to which it is connected. However, it should be noted
      that other clutch-brake systems, such as electro-magnetically operated
      devices can also be adapted for use in the present invention.
PAR  As noted above, the drive motor is preferably of the variable speed
      constant torque type, such as Model No. 3M293 manufactured by Dayton Motor
      Company, and is connected to the clutch-brake assembly by means of a drive
      belt or the like. It should be noted that the drive motor operates to
      rotate the spindle in a direction so as to cause the unwinding of the tape
      on the supply reel and thus operates in conjunction with the cassette
      spool drive means to advance such tape. It is not intended that such drive
      motor be utilized to provide drag on the reel, since that is the function
      of the clutch-brake assembly.
PAR  The means for controlling the supply tape speed and tension comprises a
      vacuum plenum positioned along the supply tape path between the supply
      tape reel and the cassette loading station. The plenum is preferably in
      the form of an elongated vertically disposed rectangular chamber, the
      internal thickness of which corresponds to the width of the supply tape,
      so that such tape sealably engages the sides of the chamber to permit the
      creation of a pressure differential thereacross. The chamber has an open
      top and is adapted to receive therein a loop of supply tape in a manner
      which serves to minimize the drive friction of such tape, to control the
      tape speed and tension and to permit rapid acceleration of the tape. It
      should be noted that the chamber is designed such that the flat surface of
      the tape loop contacts the sides of the plenum only immediately adjacent
      the curved end portion of the loop to insure minimum friction. The plenum
      includes a vacuum port at its lower end connected to a suitable vacuum
      pump to evacuate the chamber, and a pressure or flow sensing port at a
      mid-point thereof connected to a suitable vacuum switch responsive to such
      flow or pressure. The switch is in turn operatively connected via a
      control circuit to the clutch-brake assembly, so that a relatively
      constant loop size tape tension and feed speed can be maintained.
PAR  The vacuum plenum is designed such that when the loop of tape drops below
      the sensing port the pressure or flow sensed by the switch is increased
      due to the open top of the chamber, indicating that the feed speed of the
      supply tape reel is too great. Similarly, if the loop is above the sensing
      port, the pressure or flow sensed by the switch is decreased, since the
      tape separates the open top of the chamber and the sensing port,
      indicating that the feed speed of the supply reel is insufficient. The
      vacuum switch controls the torque created by the clutch-brake assembly to
      thereby maintain the tape speed and permit the proper increase and/or
      decrease in the loop size. In this manner, the tension on the tape is
      maintained at a minimum and stretching is avoided since the cassette spool
      drive means cannot pull the tape taut.
PAR  It should be noted that upon loading the supply tape onto the winding
      apparatus and activating such apparatus, the drive motor for the spindle
      remains in continuous operation until the supply tape is depleted or the
      apparatus stopped. At the completion of each winding cycle the advancement
      of the supply tape is stopped by means of the clutch-brake assembly. When
      the cassette spool drive means is stopped at the end of the winding cycle,
      the supply reel continues to feed tape into the vacuum plenum, thus
      increasing the size of the loop therein. When such loop drops below the
      sensing port, the vacuum switch is opened to disengage the clutch and
      activate the brake, thus stopping the movement of the supply tape. When
      the next cassette is advanced to the loading position and the leader
      thereof is spliced to the leading end of the supply tape, the cassette
      spool drive motor is reactivated. reactivated, Such operation advances a
      portion of the supply tape sufficiently so that the loop within the vacuum
      plenum is reduced in size and raised above the vacuum sensing port. When
      this occurs, the vacuum switch is activated to engage the clutch and
      disengage the brake, thus recommencing the rotatable movement of the
      spindle and the supply tape reel mounted thereon. In this manner, it can
      be seen that the cassette spool drive means does not commence the rotation
      of the supply tape reel by pulling the tape, but on the contrary such
      rotation is recommenced by means of the drive motor and the clutch-brake
      assembly, thus serving to eliminate tape stretching upon start-up and to
      reduce the intertial drag created by the supply tape reel.
PAR  The variable speed control means for the drive motor operates
      simultaneously with the control means for the tape speed and tension by
      increasing the rotational speed of the spindle as the amount of supply
      tape on the reel diminishes, so as to maintain a relatively constant
      linear supply tape speed. Such speed control means comprises a plurality
      of tape sensing means positioned adjacent to and extending radially with
      respect to the supply tape reel. Each of said sensing means is responsive
      to a predetermined quantity of supply tape on the reel and is activated
      upon the reduction of such tape quantity to increase the speed of the
      drive motor. In the preferred embodiment, the tape sensing means comprises
      a series of photo-electric cells positioned on one side of the reel and a
      corresponding series of light sources for each of said cells on the other
      side of the reel. The depletion of the tape sequentially permits the light
      from each source to contact each photo-electric cell. Such cells are
      arranged in series and serve as a voltage divider which controls the power
      fed to the drive motor to thereby control the speed. An additional
      photo-electric cell and light source can also be provided to deactivate
      the winding apparatus when the full amount of tape on the supply reel has
      been depleted or when there is insufficient tape on the reel to fill the
      next cassette.
PAR  The foregoing features and components of the cassette loading apparatus of
      the invention along with additional features thereof are more fully
      defined in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of the cassette winding apparatus of the
      invention, including the improved tape speed and tension control means.
PAR  FIG. 2 is a perspective view of a typical magnetic tape cassette used in
      the present invention.
PAR  FIG. 3 is an enlargement of one portion of the winding apparatus of FIG. 1
      shown partially in cross section.
PAR  FIG. 4 is an other view of a portion of the machine shown in FIG. 1.
PAR  FIG. 5 is a partial cross-sectional view taken along the line 5--5 of FIG.
      4 showing the splicing block utilized in the instant invention.
PAR  FIG. 6 is a partial cross-sectional view taken along the line 6--6 of FIG.
      3.
PAR  FIG. 7 is a cross-sectional view taken along the line 7--7 of FIG. 6.
PAR  FIG. 8 is a cross-sectional view of one portion of the apparatus shown in
      FIG. 7.
PAR  FIG. 9 is a partial cross-sectional view of a portion of the tape splicing
      assembly and cutting means of the winding apparatus.
PAR  FIG. 10 is a cross-sectional view of the drive motor transport assembly
      taken along the line 10--10 of FIG. 7.
PAR  FIG. 11 is a partial side view showing the tape tension and speed control
      means taken along the line 11--11 of FIG. 1.
PAR  FIG. 12 is a partial cross-sectional view taken along the line 12--12 of
      FIG. 1 and showing the vacuum plenum.
PAR  FIG. 13 is a partial cross-sectional view of the variable speed control
      means taken along the line 13--13 of FIG. 1.
PAR  FIG. 14 is a schematic drawing of the tape tension and speed control means.
PAR  FIG. 15 is a cross-sectional view of the splicing head taken along the line
      15--15 of FIG. 9.
PAR  FIG. 16 is a schematic drawing of the variable speed control means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIGS. 1, 3 and 7, the apparatus for automatically loading a
      plurality of cassettes in accordance with the invention comprises a
      console having a mounting panel 1 which supports thereon a control panel
      10; a spindle 13 for rotatably supporting a reel 8 of magnetic tape 3; a
      rectangular cross-section magazine 11 for holding a plurality of empty
      cassettes 12 to be loaded with a predetermined amount of magnetic tape;
      cassette receiving means 15 disposed adjacent one side of the magazine to
      receive one cassette at a time from the magazine and hold the same in a
      tape loading position; and cassette feed means 26 disposed on the opposite
      side of the magazine 11 for transporting each cassette from the magazine
      to the receiving means 15. A splicing block 70 disposed below the cassette
      receiving means is provided for supporting a section of magnetic tape 3
      and leader tape 7 (FIG. 4) thereon; and means for positioning the leader
      tape 7 on the splicing block 70, comprisng an elongated leader guide
      housing 71 is mounted above the splicing block, cutting means 160 having a
      pivotally movable lever 161 is mounted on splicing block 70 to selectively
      sever the leader tape and the supply tape positioned on the splicing
      block. A splicing assembly 73 is movably disposed adjacent the splicing
      block to splice the severed leader 7 to the magnetic tape 3. The apparatus
      also comprises cassette drive means 74 (FIG. 7) comprising an electric
      motor 75 and a rotatable stub axle 76 to rotate a take-up spool 4 of
      cassette 12 to wind magnetic tape 3 thereon; and a transducer 77 to pick
      up an inaudible signal recorded on tape 3 to sense the amount of tape
      being wound into the cassette, and to deactivate drive motor 75 in
      response thereto.
PAR  Referring to FIG. 2, the cassettes 12 are of a conventional type comprising
      a case 2, two spools 4 and 6 rotatably mounted within the case, and a
      leader tape 7 having the opposite ends thereof secured to spools 4 and 6.
      The leader tape 7 is of sufficient length so that it may be withdrawn via
      opening 65 formed along one edge of case 2 for splicing to the leading end
      of the magnetic tape 3 to be loaded into the cassette as hereinafter
      described. Spool 4 has an aperture 5 to accommodate the rotatable stub
      axle 76 of the drive means 74 and internal teeth 9 which are operatively
      engaged by said stub axle to effectuate rotational movement of said spool
      to wind tape 3 thereon. The cassette also has a locating aperture 64
      formed adjacent opening 65 on the front and rear faces of case 2, a raised
      portion 24 formed on both faces adjacent the edge containing opening 65,
      and a window 66 to visually observe the tape therein.
PAR  The supply reel 8 containing magnetic tape 3 is removably mounted on
      spindle 13 for rotational movement therewith by means of a hub 14
      threadably attached to the end of spindle 13. As shown in FIG. 11 spindle
      13 extends through plate 1 and is operatively connected to a pneumatic
      clutch-brake assembly 37 having a clutch section 38 and a brake section 39
      integrally connected by means of spindle 13, which serves as a common
      shaft. The entire clutch-brake assembly is fixedly mounted on the rear of
      plate 1 by a box-like bracket 40, through which the end of spindle 13 is
      journaled. The clutch section 38 of the clutch-brake assembly includes a
      pulley 14 fixedly attached thereto. A variable speed constant torque
      electric drive motor 42 is fixedly mounted on a bracket 43, and includes a
      drive shaft 44 and a drive pulley 45 mounted on the end of shaft 44. A
      drive belt 46 operatively connects the two pulleys 41 and 45 to transmit
      rotational movement from motor 42 to clutch section 38.
PAR  At this juncture it should be noted that the clutch section 38 of the
      clutch-brake assembly is operative upon the application of air pressure
      thereto to positively engage spindle 13 extending therethrough, so that
      such spindle and reel 8 attached thereto will be rotatably driven by motor
      42. Brake section 39, on the other hand, is operative upon the application
      of air pressure thereto to slow or stop the rotation of spindle 13, and in
      this regard it should be noted that the brake section is operative only
      when the clutch section has disengaged the spindle. This insures that the
      brake section will at no time be operated in opposition to the motor, and
      thereby prevents overheating of the motor and/or slippage of drive belt
      46.
PAR  Referring once again to FIG. 1, and to FIG. 12, it can be seen that a
      vacuum plenum 47 is mounted on the front plate 1 in the path of travel of
      magnetic tape 3 for controlling the tape tension and speed. The plenum 47
      comprises a vertically disposed rectangular plate 48 having an elongated
      channel-like chamber 49 formed therein, the depth of which corresponds to
      the width of tape 3. A transparent face-plate 50 best seen in FIG. 12
      sealably encloses the front of chamber 49, so that the edges of the tape
      can sealably engage the bottom of the channel-like chamber and the
      internal surface of the face-plate to permit the creation of a pressure
      differential across such tape. As shown in FIG. 1, vacuum plenum 47 is
      adapted to receive therein a loop 200 of tape 3 in a manner which serves
      to minimize the drive friction of such tape and by means of the operation
      of the vacuum plenum, as hereinafter described, to control tape speed and
      tension and permit rapid accelleration of reel 8. It should be noted that
      chamber 49 has parallel vertical sides so that only the lower portion of
      tape loop 200 immediately adjacent the curved end portion thereof,
      contacts such vertical sides, and in this manner insures minimum drive
      friction between the tape and the vacuum plenum.
PAR  Plenum 47 includes an evacuation port 201 disposed at the bottom of the
      chamber 49. Port 201 is in communication with a suitable vacuum pump (not
      shown) which is adapted to reduce the internal pressure within each
      chamber 49 to a point below atmospheric. In addition, a vacuum sensing
      port 202 is disposed within the plenum 47 in communication with chamber 49
      at a midpoint thereof. Sensing port 202 is connected to a vacuum switch
      203 (shown in FIG. 14) responsive to the pressure within chamber 49. The
      switch 203 is operatively connected via solenoid 204 to the clutch section
      38 of the clutch-brake assembly and via solenoid 205 to the brake section
      to control the speed of spindle 13 and reel 8, and thereby maintain a
      relatively constant loop size. It can be seen that when the loop 200 of
      tape is below vacuum sensing port 202, the pressure sensed by the switch
      203 connected to such port is increased, since the top of the plenum is
      open to atmosphere, indicating that the feed speed of reel 8 is excessive.
      When this occurs, the vacuum switch is operative to energize solenoid 204
      to disengage the clutch section from spindle 13 and to simultaneously
      energize solenoid 205 to actuate the brake section to slow the rotational
      speed of spindle 13. Since the rotational speed of the cassette spool
      drive means 14 remains constant, the slowing of spindle 13 results in the
      reduction in the size of loop 200. Similarly, if loop 200 is above port
      202, the pressure sensed by the vacuum switch is decreased, since the tape
      separates the port from the open top of the plenum, indicating that the
      feed speed of reel 8 is insufficient. In this instance, the vacuum switch
      is operative via solenoids 205 and 204, respectively, to disengage the
      brake section and engage the clutch section, thus increasing the speed of
      spindle 13 and increasing the size of loop 200.
PAR  As shown in FIG. 14, a load switch 208 connected to solenoids 204 and 205
      is also provided. The purpose of this switch is to permit the manual
      disengagement by means of the solenoids of both the clutch section and the
      brake section during the supply tape loading operation. This allows free
      wheeling of spindle 13, so that tape 3 may be threaded through the winding
      apparatus manually.
PAR  It is generally preferable that the feed speed of reel 8 as rotatably
      driven by motor 42 be greater than the take-up speed of the cassette spool
      being loaded as rotatably driven by drive means 74. This insures that the
      supply tape will not be stretched during the winding operation. Of course,
      feeding an excess quantity of tape cannot occur due to the operation of
      the vacuum plenum and the clutch-brake assembly. However, if the
      rotational speed of spindle 13 remains constant, the linear speed of the
      tape 3 will be reduced as the amount of such tape on reel 8 diminishes.
      Under such circumstances it is possible that the spool take-up speed could
      at some time exceed the reel feed speed, thus resulting in an undesirable
      situation.
PAR  To overcome this potential problem the variable speed control means
      mentioned hereinabove is provided and can be seen in FIGS. 1, 13 and 16.
      Such means comprises a series of six photo-electric cells 208 through 213
      fixedly mounted on the inner leg 214 of a fork-like bracket 215. Bracket
      215 is mounted horizontally on plate 1 adjacent to one portion of supply
      reel 8 and is positioned such that the photocells extend radially with
      respect to the reel. A corresponding series of six light sources 216 to
      221 are mounted on the outer leg 222 of bracket 215 in alignment with
      photo cells 208 to 213, respectively, and are adapted to illuminate and
      energize such photocells as the tape on reel 8 is depleted.
PAR  The photocells form a voltage divider and are connected in series with the
      control circuit 223 of variable speed drive motor 42. When reel 8 is fully
      wound with tape, such tape prevents all of the photocells being
      illuminated by the light sources. In such condition, the control circuit
      223 provides power to motor 42, so that motor 42 operates at a relatively
      slow speed. However, as the tape on reel 8 is depleted, the photocells are
      sequentially illuminated. When this occurs the power supplied to motor 42
      is increased and its operating speed is likewise increased. The photocells
      and the control circuit 223 are arranged such that the speed of motor 42
      increases as the tape is depleted from the reel by an amount sufficient to
      maintain the linear feed speed of the supply tape at a relatively constant
      rate, thus assuring that such tape will always be advanced from reel 8 at
      a rate greater than the take-up speed of the cassette spool, subject, of
      course, to the operation of the clutch-brake assembly.
PAR  The cassette receiving means 15 (hereinafter referred to as "receiver") is
      fixably mounted on the end of a rotatable shaft 16 which, as more fully
      described hereinafter, rotates the receiver between a vertical tape
      loading position as shown in FIG. 1 in which the opening 65 of a cassette
      held therein is downwardly disposed, and a horizontal cassette receiving
      and ejecting position as shown in FIG. 8. The cassette receiver comprises
      a pair of spaced apart parallel plates 17 rigidly secured to each other
      along edges 17a, 17b and 17c and defining therebetween a generally
      rectangular shaped sleeve open along edges 17d and 17e to receive and hold
      each cassette 12 as it is fed from magazine 11. A pair of spring clips 18
      are mounted on the exterior of receiver 15 and have tab portions (not
      shown) which extend through suitable openings in plates 17 to engage case
      2 of each cassette and thereby hold the same in a fixed position during
      the tape splicing and loading operations. Circular openings 19 are formed
      in both plates 17 of the receiver 15 in alignment with the apertures 5 of
      each spool of a cassette disposed therein to permit engagement thereof by
      the stub axle 76 of drive means 74. Also formed in the cassette receiver
      15 is a window 20, which corresponds to window 66 of the cassette to
      permit the operator to visually observer the winding operation within the
      cassette.
PAR  The cassettes 12 are transported by feed means 26 from magazine 11 to
      receiver 15 via a discharge opening 25 formed in the lowermost portion of
      side wall 11b of magazine 11 located immediately above a bottom plate 23
      and adjacent to the receiver 15. The feed means 26 comprises a solenoid
      operated pneumatic cylinder 27 fixably mounted on plate 1 in horizontal
      alignment with the lowermost cassette 12 in magazine 11. The cylinder 26
      has a reciprocally movable piston 29, which fixedly carries a pusher rod
      28 and a pusher tip 31 adapted to engage the trailing edge of the
      lowermost cassette in the magazine. An opening 30 formed in side wall 11c
      of magazine 11 permits entry of pusher rod 28 and pusher tip 31 upon
      actuation of cylinder 26. As shown in FIG. 6, pusher tip 31 extends
      parallel to the trailing edge of each cassette and engages each cassette
      over a relatively large area to provide a uniform feeding force to insure
      proper insertion of the cassette into receiver 15. The thickness of pusher
      tip 31 and of rod 28 is preferrably less than the thickness of each
      cassette 12, so that the feed means may be reciprocated without the danger
      of the pusher rod or the pusher tip catching on the next cassette above
      the cassette being inserted into the receiver.
PAR  As mentioned above, receiver 15 is shown in FIG. 1 in the loading position,
      in which position the leader 7 may be extracted and the supply tape
      inserted into a cassette 12. In the loading position the receiver is
      90.degree. out of phase with the orientation of the cassettes stored
      within magazine 11. Accordingly, in order to feed the lowermost cassette
      from the magazine to the receiver, the receiver must first be rotated 90
      degrees into a cassette receiving position. The shape of the receiver 15
      is such that cassettes can only be inserted therein with their raised
      portion 24 extending to the exterior of parallel plates 17. Accordingly,
      the direction in which receiver 15 must be rotated to accommodate the next
      cassette from magazine 11 depends upon the position of that cassette
      within the magazine, and this is accomplished by means of a Genava drive
      mechanism 32, which operatively engages shaft 16, and is powered by a
      bi-directional electric motor 33. A bracket assembly 34 rigidly secures
      the Geneva mechanism and the drive motor to mounting plate 1. Shaft 16 is
      journaled within an opening formed in a further mounting bracket 35 and is
      connected via a rotatable position detecting index mechanism 36 to the
      Geneva drive 32. Indexing mechanism 36 operates to activate the Geneva
      drive motor 33 for rotation in the proper direction to place receiver 15
      into a position to accept the next cassette from the magazine. The Geneva
      mechanism 32 is adapted to rotate the receiver 15 in increments of 90
      degrees each. The design of a Geneva drive mechanism is such that it
      accurately positions and holds an object being rotated, and as such is
      well suited for positioning the receiver 15 in the present invention.
PAR  As shown in FIG. 7, the means provided for withdrawing the tape leader from
      each cassette comprises a hollow tubular member 60, which is mounted on a
      transport means 80 for reciprocal horizontal movement at the rear of
      mounting plate 1 between a leader tape withdrawing position in which the
      tubular member 60 which is in alignment with alignment opening 64 of
      cassette 12 and a non-operative position out of such engagement. The
      structure and operation of transport means 80 is described hereinafter
      with reference to the spool drive means 74. An air nozzle 61 is downwardly
      disposed at one end of tubular member 60, so that an air jet discharged
      therefrom will contact the inner surface of the tape leader to apply a
      force thereagainst and thereby effectuate its extraction via opening 65 of
      cassette 12. A pneumatic pressure line 62 is connected to the other end of
      the tubular member 60 to provide the necessary air pressure. A rectangular
      shaped opening 63 is formed in plate 1 adjacent receiver 15 to permit
      passage of the tubular member 60 therethrough. Applying air pressure to
      tube 60 by means of line 62, after the insertion of the tube into opening
      64 of the cassette, the air stream or jet discharged via nozzle 61 causes
      the tape leader contained within the cassette to be blown outwardly of the
      cassette in the form of a loop, a portion of which is positioned upon
      splicing block 70.
PAR  Referring once again to FIG. 3, it can be seen that the elongated leader
      guide housing 71 of the leader tape positioning means has an internal
      chamber or plenum 72 formed therein. The plenum has a substantially
      rectangular cross-sectional shape, the width of which is slightly wider
      than the leader tape to provide guidance therefor, and is fully open along
      the bottom side. Vacuum ports 81 and 82 are disposed at opposite ends of
      the housing 71 in communication with plenum 72. A leader entrance passage
      86 is formed at a midpoint of housing 71 adjacent opening 65 of a cassette
      12 held in the loading position to permit the entry into plenum 72 of a
      loop of leader tape 7 upon its extraction from a cassette. A pivotally
      rectractable guide roller 131 is disposed in passage 86 and is adapted to
      be automatically moved into an operative tape guiding position during the
      winding of the supply tape 3 into a cassette. Lines 87 and 88 connect
      ports 81 and 82, respectively, to a vacuum source which evacuates plenum
      72 during the leader tape positioning operation to draw the leader loop
      into a shape which substantially conforms to the internal shape of the
      plenum. It has been found that the best results are achieved by
      alternately applying suction to the ports 81 and 82, simultaneously with
      the discharge of an air jet from nozzle 61.
PAR  The bottom of plenum 72 is enclosed during the leader tape positioning
      operation by splicing block 70, which is vertically movable between a
      leader tape receiving position enclosing the plenum as shown in FIG. 3,
      and a tape cutting, splicing and winding position spaced from the plenum
      as shown in FIGS. 1 and 4. The splicing block 70 has a pair of support
      brackets 54 and 55 which extend through and ride within slotted openings
      89 and 91 formed in mounting plate 1. Solenoid operated pneumatic
      cylinders 92 and 93 are fixedly disposed on the rear of mounting plate 1
      as shown in FIGs. 5 and 6 and have their actuating arms attached to
      support brackets 54 and 55, respectively, to raise and lower the splicing
      block between the two aforesaid positions. A gasket 90 is attached to
      housing 71 along the periphery of the open bottom of vacuum plenum 72, so
      that in the leader tape receiving position, splicing block 70 engages
      gasket 90 to sealably enclose vacuum plenum 72.
PAR  It can be seen in FIG. 5 that splicing block 70 comprises two contiguous
      splicing block sections 96 and 97, which define a continuous flat splicing
      surface having a gap 130 therebetween. An elongated tape guide groove 98
      formed in splicing block section 96 extends longitudinally therealong and
      is adapted to receive and hold therein the leader tape during the initial
      cutting and splicing of the leader to the leading end of the supply tape
      3, and the trailing end of the supply tape during the final cutting and
      splicing operation. Similarly, splicing block section 97 has formed in the
      surface thereof a pair of tape guide grooves 99 and 100 which are also
      adapted to receive and hold the leader tape and the supply tape,
      respectively. It should be noted that the width of each of the guide
      grooves corresponds to the width of the tape to insure its proper
      alignment during the cutting and splicing operations. A plurality of
      apertures 94 are formed in the bottom surfaces of each guide groove and
      are connected to a central chamber 95 in each splicing block section. The
      chambers 95 are connected via lines 139 and 140 shown in FIG. 5 to a
      vacuum source, which is activated to position and firmly hold the leader
      tape 7 and the supply tape 3 within the guide grooves by means of suction.
PAR  Splicing block section 97 is movable transversely of section 96 to
      selectively align guide grooves 99 and 100 with guide groove 98 to define
      two distinct cutting and splicing positions of the splicing block. A
      solenoid pneumatic cylinder 101 attached to bracket 55 by means of angle
      bracket 103 provides the motive force to shift splicing block section 97
      between the two positions.
PAR  The first splicing block position is shown in FIG. 5 and is defined by the
      alignment of grooves 98 and 99. The movable splicing block section is held
      in this position during the withdrawal and positioning of the leader tape
      thereon so that grooves 98 and 99 are aligned with vacuum plenum 72 in the
      vertically raised leader tape receiving position of the splicing block. In
      addition, the first splicing block position is maintained during the
      initial cutting of the leader. The second splicing block position is
      defined by the alignment of grooves 98 and 100, and is utilized to
      initially splice the cut leader held in groove 98 to the leading end of
      the supply tape held in groove 100.
PAR  This position is also maintained to cut the supply tape after a
      predetermined amount has been wound into the cassette. Thereafter the
      splicing block is returned to its first position to splice the trailing
      end of the supply tape held in groove 98 to the remaining leader section
      held in groove 99.
PAR  Prior to initially starting the apparatus of the invention, the supply tape
      3 stored on reel 8 is manually threaded under roller 132, a loop 200
      thereof is placed in vacuum plenum 47, the ends of which extend over and
      are guided by rollers 206 and 207 disposed adjacent the top opening of the
      plenum, and the tape is then extended over and under a series of guide
      rollers 133 to 138 shown in FIG. 1, so that the leading end thereof may be
      placed within guide groove 100 of splicing block section 97. Suction via
      line 140 is then applied to hold the tape within the guide grooves during
      the withdrawal and cutting of the leader tape from the first cassette to
      be loaded and the splicing thereof to the supply tape. To further secure
      the supply tape in the proper position upon splicing block section 97
      during cutting and splicing, and during the feeding and ejecting of the
      first and subsequent cassettes to and from receiver 15, a pneumatically
      operated clamp 141 is mounted on splicing block section 97 adjacent guide
      roller 138.
PAR  Referring to FIGS. 1, 4 and 9 it can be seen that splicing assembly 73 is
      mounted between housing 71 and the cutting and splicing position of
      splicing block 70 for horizontal reciprocal movement upon mounting plate
      1. In this manner the splicing assembly 73 can be moved into a
      non-operative position to avoid interference with splicing block 70 when
      the splicing block is vertically raised into its leader tape receiving
      position. The nonoperative position of the splicing assembly is shown for
      illustrious purposes in FIG. 1, but it should be noted that in actual
      operation when the other components and sub-assemblies of the winding
      apparatus are in the position shown in FIG. 1, which occurs during the
      winding of the supply tape 3 into a cassette, the splicing assembly 73
      will be in the operative position shown in FIG. 4.
PAR  Splicing assembly 73 comprises a transport plate 102 supported on mounting
      plate 1 and automatically movable between the operative and non-operative
      positions described above by means of solenoid operated pneumatic cylinder
      159 mounted at the rear of plate 1 and attached to plate 102 by means of
      brackets (not shown), which extend through suitable openings formed in
      plate 1. Mounted on plate 102 are a spindle 104 to removably support a
      roll 105 of adhesive splicing tape 106; a guide roller 114 for tape 106; a
      splicing tape feed mechanism 107 to advance the splicing tape 106 from
      roll 105 to the splicing position; and a splicing head assembly 108, which
      receives the splicing tape from the feed mechanism and applies the same
      under pressure to the tape to be spliced on splicing block 70. The
      splicing tape feed mechanism 107 includes a splicing tape holding block
      110 and a pneumatic cylinder 109 adapted to reciprocally move block 110
      with respect to plate 102 to effectuate splicing tape advancement. The
      holding block 110 is rectangular in shape and has an elongated guide
      groove 115 formed in the lower surface thereof for receiving and holding a
      section of splicing tape 106. A plurality of passages 116 are formed
      within the block 110 and connect the upper surface of groove 115 with a
      central bore or chamber 117. A hollow adapter 118 in communication with
      central bore 117 is connected to vacuum source via line 111. In this
      manner, splicing tape 106 can be held within groove 115 by suction during
      the feeding operation.
PAR  The splicing head assembly 108 comprises a pressure block 112 having a
      cylindrical chamber 120 formed in the upper section thereof, a rectangular
      shaped chamber 121 formed in the lower portion thereof, and a horizontal
      bottom surface 124, to which is attached a rubber pressure pad 125. A
      rectangular cross-section splicing head 113 is slidably disposed within
      chamber 121 of the pressure block 112, and is guided for vertical movement
      therein by the internal side of the chamber which are shown in FIG. 15.
      Splicing head 113 is formed with a slot 113a which serves as a guide
      passage for splicing tape applicator 157. Applicator 157 is slidably
      disposed within slot 113a for vertical reciprocal movement. A splicing
      tape pressure pad 145 is attached to the bottom surface of splicing
      applicator 157 and is adapted to receive the splicing tape from splicing
      block 110 and hold the same in the proper position for application to the
      abutting ends of the leader tape and the supply tape in splicing block 70.
      At least two passages 146 formed in the splicing applicator 157 terminate
      at the bottom surface of pad 145 and are connected via central passage
      146a, adaptor 147 and line 148 to a vacuum source to provide suction to
      hold the splicing tape on the pads 145. A T-shaped pin 149 is disposed
      within chamber 120 of pressure block 112, extends downwardly via passage
      151 into chamber 121 and is threadably attached to the top of head 113. A
      helical compression spring 150 disposed within chamber 120 urges the head
      portion of pin 149 toward the bottom of chamber 120. A helical tension
      spring 153 is connected at one end to the pressure block 112 above chamber
      121 by means of screw 154, and is connected at the other end to the line
      adaptor 147 to urge connector 146a of splicing applicator 157 into a
      groove 113b formed at the bottom of splicing head 113.
PAR  A solenoid operated pneumatic cylinder 122 is fixedly mounted on plate 102,
      and has a piston arm 123 which is attached to the upper surface of
      pressure block 112 to reciprocally move the splicing head assembly 108
      between a splicing tape pickup position, as shown in FIG. 9, and a
      splicing position in which the splicing tape held on pad 145 of splicing
      applicator 157 is placed in contact with the supply tape and leader tape
      positioned upon splicing block 70. Another pneumatic cylinder 155 is
      rigidly secured to plate 1, and has a piston rod 156, which extends
      upwardly behind splicing block 70 and is in operative engagement with the
      bottom surface of splicing head 113, at a point located behind splicing
      applicator 157. Actuation of cylinder 155 overcomes the downward biasing
      force of compression spring 150 and thereby lifts splicing foot 113 and
      applicator 157 within chamber 121 to a vertical point in which the bottom
      surface of pad 145 is in alignment with the bottom of pressure pad 125.
      The top surface of head of head 113 contacts surface 158 of chamber 121 to
      stop the upward movement of splicing head 113. A rubber pad 152 is
      attached to the top of applicator 157 to cushion the impact of the
      applicator upon its contact with the splicing block after actuation of
      cylinder 122.
PAR  The splicing head 113 and applicator 157 is held in the lifted position
      during the splicing tape cutting operation, which is described in more
      detail hereinafter. When cylinder 155 is deactivated, piston rod 156 is
      withdrawn, and spring 150 returns splicing head 113 and applicator 157
      tape receiving position from which it is lowered by cylinder 122 onto
      splicing block 70.
PAR  The splicing assembly 73 is initially set up for operation by withdrawing a
      portion of splicing tape 106 from roll 105, threading the same around
      guide roller 114, and placing a section thereof within guide groove 115 of
      block 110 with the leading end 57 extending beyond the end of the block a
      sufficient distance, so that it may be picked up by pad 145 of splicing
      applicator 147 upon advancement of the transport means 107. Vacuum line
      111 is then actuated to hold the splicing tape in place by suction. All
      subsequent operations of the splicing assembly, until the supply of
      splicing tape is exhausted, are fully automatic. At the appropriate
      instant, during each cutting, splicing and winding cycle of the instant
      apparatus, pneumatic cylinder 109 is actuated to advance holding block 110
      from the position shown in FIG. 9 to a position whereby the leading end 57
      of the splicing tape 106 extends beneath splicing applicator 157. At that
      point, vacuum line 148 is actuated to secure end 57 upon pad 145 and
      vacuum line 111 is deactivated so that holding block 110 releases its hold
      upon splicing tape 106. Cylinder 109 then retracts block 110 to the
      starting position and vacuum line 111 is again actuated to secure the next
      section of splicing tape in place within guide groove 115. A microswitch
      56 is mounted on plate 102 in the splicing tape path between guide roller
      114 and holding block 110. An actuating button 58 of the microswitch is
      held in a depressed position by the presence of splicing tape 106 and is
      released when the splicing tape is depleted, to provide a suitable signal
      indicating that the supply of splicing tape must be replenished.
PAR  Cutting means 160 comprises a lever 161 having two individuals lever
      sections 161a and 161b pivotally mounted by means of shaft 162 on opposite
      sides of splicing block section 97. The front of lever section 161a can be
      seen in FIG. 9, and top of both lever sections 161a and 161b can be seen
      in FIG. 5. The lever sections are fixedly mounted on the ends of shaft 162
      by any suitable means for movement therewith, and the shaft is journaled
      within appropriate openings formed in splicing block section 97. Shaft 162
      has a gear 165 rigidly attached thereto. Gear 165 is operatively engaged
      by piston 167 of hydraulic cylinder 166 which is formed with a
      corresponding rack 167a, so that upon actuation of the hydraulic cylinder
      the cutting means is pivotally moved from the position shown by the solid
      lines to the position shown by the dotted lines in FIG. 9. Hydraulic
      cylinder 166 and the corresponding linkage can be disposed either at the
      front or rear of splicing block 70 or within a hollow portion thereof.
PAR  A foot section 163 extends upwardly from the free ends of both lever
      sections 161a and 161b. A thin high impedance wire 164 formed of tungsten
      or a similar metallic material extends between the two lever sections at
      the upper end of the foot sections, and is adapted to pass through gap 130
      between splicing block sections 96 and 97 to permit pivotal movement of
      lever 161 between the indicated positions. The wire 164 is connected to a
      suitable electric circuit which provides, upon actuation thereof, a high
      potential to heat the wire to a sufficient temperature to enable it to
      sever the supply tape or leader tape held on splicing block 70 and the
      splicing tape held within splicing assembly 73. Due to its inherent nature
      of uniformly heating, the hot wire 164 is adapted to sever the tape on the
      splicing block and the splicing tape during both its upward and downward
      movement. It can be seen that the splicing tape is cut in a manner such
      that the trailing end of the cut section extends beneath pad 125 and the
      leading end of the supply portion overhangs the end of holding block 110.
PAR  After the initial cutting operation during each loading cycle of the
      apparatus of the invention, that is where the leader tape held in the
      first position of the splicing block 70 is cut and a section of splicing
      tape is cut, lever arm 161 of the cutting means 160 is held in its
      uppermost position. At that point, the cylinder 155 is deactivated,
      permitting spring 150 to return splicing foot 113 to the splicing tape
      receiving position. Splicing cylinder 122 is then automatically actuated
      to lower the entire splicing head assembly 108 into a splicing position,
      wherein the section of splicing tape held within groove 145 of splicing
      foot 113 is applied under pressure to abutting sections of supply and
      leader tape held in the splicing block 70. Continued pressure applied to
      the splicing head assembly 108 by means of air cylinder 122 causes
      compression of spring 155 to the point where rubber pressure pad 125
      contacts the overhanging portion of the cut splicing tape and applies the
      same under pressure to the tape on the splicing block. This assures that
      the entire section of splicing tape which is cut by the cutting means 160
      is uniformly applied to abutting sections of supply tape and leader tape.
PAR  Upon completion of the foregoing splicing operation, cylinder 122 returns
      the splicing head assembly 108 to its tape receiving position, whereupon
      splicing tape feed means 107 is again actuated to transport the
      overhanging leading end 57 of the splicing tape held within block 110 to a
      position whereby it is picked up within groove 145 of splicing foot 113
      and splicing foot 113 is raised by cylinder 155. All of this occurs within
      the lever 161 of the cutting means 160 held in its raised position. The
      holding block 110 is adapted to move between lever arm sections 161a and
      161b and beneath hot wire 164 to transport the splicing tape to the
      splicing head assembly and return to its starting position. At that point,
      the cutting means actuating cylinder 166 returns the lever arm 161 to its
      starting position, to cut the next section of splicing tape and the tape
      held in the second position of splicing block 70.
PAR  The cassette drive means 74 and the transport means 80 upon which the drive
      means is mounted are shown in FIGS. 6, 7 and 10. As mentioned
      hereinbefore, the drive means comprises and electric motor 75 having a
      stub axle 76 adapted to operatively engage take-up spool aperture 5 of a
      cassette held in the loading position. Motor 75 is preferably of the
      variable speed type to permit adjustments in the take-up speed of the tape
      during the winding operation. However, as noted hereinabove, the speed of
      such motor is always less than the speed of driver motor 42 for the supply
      reel 8.
PAR  As mentioned hereinbefore, tubular member 60 of the leader tape extraction
      means is also mounted on transport means 80. Accordingly, transport means
      80 is selectively movable between a non-operative position as shown in
      FIG. 7; a leader tape extracting position, in which tubular member 60
      engages aperture 64 of a cassette held in receiver 15, so that nozzle 61
      is adjacent leader tape 7; and a drive position in which stub axle 76
      operatively engages teeth 9 of spool 4 of the cassette. The transport
      means 80 comprises a housing 126 slidably mounted on the undersurface of
      an angle bracket 127, which is fixably attached to plate 1. Referring to
      FIG. 10 it can be seen that housing 126 is in the form of a rectangular
      box, the top portion of which has an outwardly extending flange 126a
      adapted to ride within a corresponding groove 128 formed in the bottom of
      angle bracket 127. An upstanding lug 129 extends from the top of housing
      126 through an opening 186 formed adjacent groove 128 in the bottom
      portion of bracket 127. A transport cylinder 187 is fixedly mounted on
      bracket 127 and has a piston arm 188 attached to the upstanding lug 129.
      Air pressure lines 68 and 69 are connected by suitable fittings in
      opposite ends of cylinder 187 to provide the necessary pressure to actuate
      piston arm 188, so as to reciprocally transport housing 126 between the
      three positions described above via opening 63 formed in plate 1. Cylinder
      187 has no intermediate position corresponding to the leader tape
      extracting position. Therefore, to stop the housing 126 in the leader tape
      extracting position, a transport limit cylinder 189 mounted on plate 1 is
      provided. Cylinder 189 is connected to air pressure lines 173 and 174 and
      has a piston arm 171 and a stop lug 172 formed on the end thereof. Upon
      actuation of cylinder 189, piston arm 171 is extended to position stop lug
      172 between upstanding lug 129 of the transport housing 128 and the
      vertical portion of bracket 127, thereby stopping the inward movement of
      the transport means, with tube 60 in the proper location for the
      extraction of the leader tape contained within a cassette. In operation,
      after the leader tape is extracted, cylinder 189 is actuated to raise
      piston arm 171 and stop lug 172 out of its obstructing position between
      lug 129 and the vertical portion of bracket 127, so as to permit cylinder
      187 to move transport housing 126 into the spool drive position.
PAR  Cassette ejection means 175 for discharging fully loaded cassettes from the
      receiver 15 is also mounted on housing 126 of transport means 80. The
      ejection means comprises a pneumatic cylinder 176 having a reciprocally
      movable piston arm 177 and a pusher lug 178 mounted on the end thereof.
PAR  An air line 179 is connected to the end of cylinder 176 to provide the
      necessary pressure. The ejection means is operative in the fully withdrawn
      position of the transport means 80, when the cassette receiver 15 is
      disposed in a horizontal position as shown in FIG. 8. Upon actuation of
      cylinder 176, pusher lug 178 enters receiver 15 along an open edge thereof
      between plates 17 and engages the closed edge portion of cassette 12 to
      push the same out of the receiver. A chute 180 is provided to catch or
      direct the cassettes as they are ejected from the receiver. Afte ejection,
      piston arm 177 and pusher lug 178 are retracted into the confines of
      housing 126, so that they do not interfere with the other operations of
      the cassette winding apparatus of the invention.
PAR  Referring once again to FIG. 1, several additional components in the
      apparatus of the invention are shown. An electronic counter, such as a
      Durant Series 2000 counter, having a transducer wheel 181, one foot in
      circumference, is mounted on plate 1 in the path of supply tape 3. The
      counter operates individually in case of blank tape and in conjunction
      with the transducers 77 and 78 in the case of prerecorded tape to provide
      a signal to stop the cassette drive motor 75 when a predetermined amount
      of tape has been loaded within cassette 12.
PAR  In addition, a further photocell 224 and a corresponding light source 225
      are also provided on bracket 215 adjacent the hub of reel 8. Such
      photocell is operative to completely deactivate the entire winding
      apparatus when all or substantially all of the tape on reel 8 is depleted.
      This insures that a partial tape program will not be wound onto a
      cassette.
PAR  To institute the operation of the apparatus of the invention, the operator
      first places load switch 208 in the load position to deactivate the
      clutch-brake assembly and then loads the machine with a suitable reel of
      prerecorded or blank tape 3, a plurality of cassettes 12, and a reel of
      splicing tape 106. The supply tape is threaded around the guide rollers
      shown in FIG. 1, a loop thereof is placed within the vacuum plenum, and
      the leading end is placed within groove 100 of splicing block section 97.
      Similarly, splicing tape 106 is threaded around guide roller 114 of the
      splicing assembly 73 and placed within groove 115 of holding block 110
      with its leading end overhanging the edge of the block. The apparatus is
      then actuated by the operator so that each cassette is sequentially loaded
      with the appropriate amount of supply tape, and ejected from the apparatus
      upon completion of the loading apparatus, all automatically.
PAR  It will be understood by those skilled in the art that the embodiments
      described hereinabove are included for illustrative purposes only and in
      no way limit the invention. As will be apparent there are numerous
      modifications that can be made to the various mechanical and electrical
      components which comprise the winding apparatus of the invention, all of
      which fall within the scope of the invention. For example, the apparatus
      of the invention can be readily adapted for use with tape on film of any
      type, such as video tape and photographic film. In addition, with slight
      modification the instant apparatus can be adapted to load single reel tape
      or film cassettes or cartridges, including, but not limited to, those of
      the endless loop type.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for automatically loading a plurality of cassettes of
      the type having at least one rotatable spool and a leader attached to said
      spool with a predetermined length of tape or the like including: a loading
      station; means for storing a plurality of cassettes to be loaded; means
      for advancing said cassettes, one at a time, from said storing means to
      said loading station; means for extracting the leader from each cassette
      in the loading station; means for feeding supply tape to be loaded from a
      rotatable reel thereof; splicing means for joining the leading end of said
      tape to the trailing end of said leader; rotatable drive means for
      rotating the spool of each cassette to wind a predetermined length of said
      tape therein; and cutting means to sever the tape upon completion of the
      winding operation, the improvement comprising a drive motor for imparting
      rotational movement of the reel of supply tape; a clutch-brake assembly
      operatively linking the drive motor and the reel to activate said reel and
      control the drag thereon; and means connected to the clutch-brake assembly
      for controlling the speed of the supply tape; said means including vacuum
      means for receiving a loop of supply tape and responsive to the size of
      said loop to correspondingly control the operation of the clutch-brake
      assembly to maintain a relatively constant loop size.
NUM  2.
PAR  2. The improvement in accordance with claim 1, in which the vacuum means
      comprises an elongated vacuum plenum positioned along the supply tape path
      between the supply tape reel and the loading station and having a closed
      end including a vacuum port; an open end adapted to receive therein the
      loop of supply tape; a pressure port in communication with a midpoint
      thereof; means connected to the vacuum port to reduce the pressure within
      the plenum; and pressure sensitive means connecting the pressure port and
      the clutch-brake assembly, responsive to the pressure within the plenum,
      which varies in accordance with the position of the supply tape loop with
      respect to the pressure port, to emit signals to control the clutch-brake
      assembly to increase or decrease the supply tape loop size.
NUM  3.
PAR  3. The improvement in accordance with claim 2, in which the clutch-brake
      assembly is operative to engage and disengage the drive motor from the
      supply tape reel, and to slow, stop and start the rotation of said reel,
      in response to the signals emitted by the pressure sensitive means.
NUM  4.
PAR  4. The improvement in accordance with claim 3, in which the clutch-brake
      assembly is of the pneumatic type, whereby the amount of air pressure fed
      thereto controls the drag on the supply tape reel.
NUM  5.
PAR  5. The improvement in accordance with claim 1, in which the drive motor has
      a constant torque and variable speed output to permit rapid acceleration
      of the supply reel with little inertial drag.
NUM  6.
PAR  6. The improvement in accordance with claim 5, further comprising variable
      speed control means positioned adjacent the reel of supply tape and
      responsive to the amount of tape on said reel; said speed control means
      being operatively connected to the drive motor and adapted to increase the
      rotational speed thereof as the amount of supply tape on the reel
      diminishes so as to maintain a relatively constant linear supply tape
      speed.
NUM  7.
PAR  7. The improvement in accordance with claim 6, in which the variable speed
      control means comprises a plurality of tape sensing means extending
      radially with respect to the supply tape reel, each of said sensing means
      being responsive to a predetermined quantity of supply tape on the reel.
NUM  8.
PAR  8. The improvement in accordance with claim 7, in which each tape sensing
      means comprises a photo-electric cell positioned on one side of the reel
      and a corresponding light source on the other side of the reel, whereby
      the depletion of the tape permits the light from the source to contact the
      photo-electric cell.
NUM  9.
PAR  9. In an apparatus for automatically loading a plurality of cassettes of
      the type having at least one rotatable spool and a leader attached to said
      spool with a predetermined length of tape or the like including a loading
      station; means for storing a plurality of cassettes to be loaded; means
      for advancing said cassettes, one at a time, from said storing means to
      said loading station, means for extracting the leader from each cassette
      in the loading station; means for feeding a supply of tape to be loaded
      from a rotatable reel thereof; splicing means for joining the leading end
      of said tape to the trailing end of said leader; rotatable drive means for
      rotating the spool of each cassette to wind a predetermined length of said
      tape therein; and cutting means to sever the tape upon completion of the
      winding operation, the improvement comprising a variable speed drive motor
      for imparting rotational movement to the reel of supply tape; and variable
      speed control means connected to the drive motor and responsive to the
      amount of supply tape on said reel to increase the rotational speed of the
      motor and the reel as the amount of supply tape on the reel diminishes so
      as to maintain a relatively constant linear supply tape speed.
NUM  10.
PAR  10. The improvement in accordance with claim 9, in which the variable speed
      control means comprises a plurality of tape sensing means positioned
      adjacent the reel of supply tape and extending radially with respect to
      said reel, each of said sensing means being responsive to a predetermined
      quantity of supply tape on the reel.
NUM  11.
PAR  11. The improvement in accordance with claim 10, in which each tape sensing
      means comprises a photo-electric cell positioned on one side of the reel
      and a corresponding light source on the other side of the reel, whereby
      the depletion of the tape permits the light from the source to contact the
      photo-electric cell.
NUM  12.
PAR  12. A feeding apparatus for advancing continuous lengths of tape from a
      supply source at a relatively constant linear speed comprising a motor
      driven spindle for receiving a reel of tape; a clutch-brake assembly
      adapted to engage and disengage the spindle from the drive motor and to
      control the drag of the spindle; and vacuum means connected to the
      clutch-brake assembly for further controlling the rotational speed of the
      spindle; said vacuum means being adapted to receive a loop of said tape
      and being responsive to the size of said loop to correspondingly control
      to operation of the clutch-brake assembly to maintain a relatively
      constant loop size.
NUM  13.
PAR  13. A feeding apparatus in accordance with claim 12, further comprising a
      variable speed drive motor for imparting rotational movement to said
      spindle; and speed control means connected to the drive motor and
      responsive to the amount of tape on the reel to increase the rotational
      speed of the motor and the spindle as the amount of tape on the reel
      diminishes to maintain a relatively constant linear tape speed.
NUM  14.
PAR  14. The improvement in accordance with claim 13, in which the variable
      speed control means comprises a plurality of tape sensing means positioned
      adjacent the reel of tape and extending radially with respect to said
      reel, each of said sensing means being responsive to a predetermined
      quantity of tape on the reel.
NUM  15.
PAR  15. The improvement in accordance with claim 14, in which each tape sensing
      means comprises a photo-electric cell positioned on one side of the reel
      and a corresponding light source on the other side of the reel, whereby
      the depletion of the tape permits the light from the source to contact the
      photo-electric cell.
NUM  16.
PAR  16. A feeding apparatus in accordance with claim 12, in which the vacuum
      means comprises an elongated vacuum plenum having a closed end including a
      vacuum port, an open end adapted to receive therein the loop of tape; a
      pressure port in communication with a midpoint thereof; means connected to
      the vacuum port to reduce the pressure within the plenum; and pressure
      sensitive means connecting the pressure port and the clutch-brake
      assembly, responsive to the pressure within the plenum, which varies in
      accordance with the position of the tape loop with respect to the pressure
      port, to emit signals to control the clutch-brake assembly to increase or
      decrease the tape loop size.
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ABST
PAL  A low-cost flexible, initially flat, relatively thin, nonmetallic core for
      supporting a web of material wound therearound and which is adapted to be
      positioned about a cylindrical winding mandrel in a smooth, closely
      fitting, circumscribing fashion without an attentant core slippage problem
      as has occurred with past devices for this purpose. A tongue forming a
      part of the core blank is provided for insertion within an axial slot in
      the winding mandrel, thereby positively preventing relative movement
      between the core member and the mandrel. In a preferred form, the core is
      fabricated from paper stock or yieldable synthetic resinous materials with
      the tongue thereon which is bendable for insertion in the mandrel slot
      being either removable or shiftable to recessed position after use thereof
      for maintaining a smooth, continuous, uninterrupted inner surface on the
      web core. By virtue of the thin, flat, nonmetallic nature of the core,
      fabrication, shipping and storage costs are drastically reduced and
      installation thereof is quickly and easily accomplished without resort to
      complicated apparatus for insuring a secure, nonslip fit on the winding
      mandrel. Means are also provided for facilitating proper positioning of
      the cores on the winding mandrel.
BSUM
PAC  BACKGROUND
PAR  This invention relates to nonslip, low-cost, initially flat web cores which
      substantially reduce fabrication, shipping and storage costs and are
      adapted for use with winding mandrels wherein elongated webs of ribbon or
      tape materials are wound thereabout to produce finished rolls. More
      particularly, it is concerned with web cores which include bendable
      tongues thereon adapted for insertion within an axial slot on the winding
      mandrel for precluding rotational slippage of the core relative to the
      mandrel.
PAR  In the production of finished rolls of ribbons, adhesive tapes or label
      stocks and the like, it is a common practice to employ apparatus for
      simultaneously producing a number of small finished rolls from a large
      master supply thereof. For example, in the production of rolls of adhesive
      tape for individual use, a master roll is utilized and individual roll
      portions are produced by successively slitting the width thereof into a
      plurality of relatively narrow webs followed by winding on the latter onto
      individual web cores. In these procedures, individual web cores are
      conventionally attached to high-speed rotatable winding mandrels and the
      elongated webs are attached thereto to produce the finished rolls.
PAR  The most common web cores heretofore available have consisted simply of
      cylindrical segments of thin cardboard or plastic which are adapted to be
      slipped onto an appropriate mandrel for winding of tape or other material
      therearound. However, in practice it has been discovered that the use of
      these cylindrical members present a number of serious and heretofore
      unsolved problems.
PAR  One objectionable feature of almost all prior web cores stems from the fact
      that it is exceedingly difficult to insure a non-slip fit between the core
      and the winding mandrel. In many instances, workers in the art have
      resorted to the use of air expandable or hydraulic mandrels, or mandrels
      having mechanical expansion means such as radially shiftable core engaging
      teeth in an attempt to obviate this problem. Such devices can be radially
      expanded as desired after the core is installed thereon in order to hold
      the latter in its proper position. As can be appreciated however, such
      complicated apparatus is extremely costly to purchase and use and is time
      consuming to manipulate. The worker must first position the cylindrical
      web core on the mandrel in proper alignment therewith and subsequently
      insure a non-slip fit therebetween by operation of the expanding mechanism
      associated with the mandrel. This in many cases requires considerable
      skill, since if the core is too loose on the one hand relative rotative
      slippage thereof will occur while on the other hand if the mandrel itself
      is expanded beyond the limits of the circumscribing core, the latter can
      be torn or otherwise damaged.
PAR  An equally important problem associated with the prior cores results from
      the fact that they were extremely costly to ship and store. By virtue of
      their cylindrical configuration, they required considerable space while
      nevertheless being relatively light in weight. Accordingly, due to the
      large bulk of these cores, the shipping and storage charges associated
      therewith oftentimes exceeded the actual production costs thereof.
      Moreover, these problems were compounded because of the necessity of
      stocking a large inventory of cores of different sizes and widths, which
      of course materially increased the cost to those utilizing web cores of
      this type.
PAR  In an attempt to overcome the foregoing problems, it has been suggested to
      employ initially flat web core blanks which can be wrapped about a mandrel
      and attached thereto to provide the requisite core. In general however,
      these prior flat core blanks have found little acceptance in the art
      because of their inability to overcome the problems associated with core
      slippage. Additionally, the resultant cores were objectionable because
      there was no way to interconnect the distal ends thereof on the mandrel
      while nevertheless maintaining a substantially smooth, uninterrupted and
      continuous arcuate winding surface. That is, use of many of these core
      blanks required that the ends thereof be overlapped and interconnected by
      means of complemental tongue and slot structure or the like which of
      necessity created a bulge or projection along the arcuate surface of the
      resultant core. As can be appreciated, when an elongated web of material
      was wound thereabout, the finished roll likewise exhibited an irregular
      projection thereon by virtue of the underlying irregularity on the web
      core itself.
PAR  Finally, because of the lack of resilience in prior web cores, if they
      become bent or misshapen (either during shipping or after a web is wound
      thereabout) there was no practical way to reuse the core. This is
      particularly significant in cases where intermediate rewindings occur
      between the master roll and final product. In cases where an intermediate
      roll core becomes distorted, it is often necessary to discard the entire
      roll of material since there is no acceptable method of effecting a
      further rewind thereof. As can be appreciated, this can be an extremely
      costly problem to the commercial fabricator of finished roll materials.
      These problems are further compounded by virtue of the fact that the
      mandrels commonly in use have no mechanical adaptor or the like which
      permits use of partially misshapen web cores. Thus, if a core does not
      remain essentially perfect during shipping, storage and initial
      rewindings, it can become useless and even be the cause of significant
      commercial losses.
PAR  Therefore, there is a need in the art for a lowcost, flexible resilient web
      core blank that is easily and quickly installable on a winding mandrel
      without resort to complicated apparatus, is initially flat for ease of
      storage and shipping, and which effectively avoids problems associated
      with core slippage while maintaining a smooth, continuous uninterrupted
      winding surface when installed upon a rotatable mandrel.
PAC  SUMMARY
PAR  Accordingly, it has been discovered that web cores of the class described
      can be provided which broadly comprise flat, relatively thin, flexible
      nonmetallic web core blanks which are adapted to be positioned about
      cylindrical mandrels in a closely fitting, circumscribing fashion to give
      an improved web core. A bendable tongue is attached to at least one end of
      each web core blank and is operable to be inserted within an axial slot
      provided for this purpose in the winding mandrel. The distal ends of the
      core blank are adapted to be interconnected by taping or through the use
      of complemental connection structure thereon which does not appreciably
      deform the desirable method, continuous arcuate outer surface of the core.
PAR  During installation procedures, the tongue is inserted within the described
      mandrel slot and the flexible core blank is wrapped about the cylindrical
      mandrel to produce a web core with substantially smooth and uninterrupted
      inside and outside arcuate surfaces. Installation thereof is completed by
      interconnecting the distal ends of the core blank as by applying a stretch
      of adhesive tape thereacross in the case of cores fabricated from paper
      stock.
PAR  The tongue portion of the core acts to positively preclude relative
      rotational slippage of the core during winding operations by the
      mechanical securement obtained between the tongue and slot. Moreover, it
      is noteworthy that this function obtains during both clockwise and
      counterclockwise highspeed rotations of the mandrel without the need for
      modification of the web core. Furthermore, it is a simple matter to remove
      the finished roll of material from the mandrel simply by sliding the roll
      and core in an axial direction until the tongue of the latter exits from
      the mandrel slot.
PAR  In one preferred form of the invention the web core blank is a laminated
      paper construction having the respective end margins thereof of reduced
      thickness on opposite sides of the core. This permits the core to be
      wrapped about a winding mandrel with the outermost terminus of one reduced
      end inserted within the mandrel slot, while the remaining end overlies the
      tab end to form a junction therewith. In this fashion, the respective ends
      of the blanks can be joined without producing the undesirable surface
      projection alluded to above. In another mode of the invention, a web core
      is fabricated from paper stock and includes a transverse perforation line
      proximal to one distal end thereof. By provision of this construction, the
      tongue portion defined by the perforation line can be removed by tearing
      when the finished roll is taken from the winding mandrel. This produces a
      desirable smooth uninterrupted inner surface on the web core and
      facilitates the ultimate employment of the finished rolls on standard
      reels provided for such use.
PAR  In another embodiment, the core blank is composed of synthetic resinous
      material such as polypropylene and is constructed similar to the first
      mentioned embodiment in that the opposed ends thereof are designed to
      overlap during installation on the mandrel. In this form, the overlapping
      ends of the core blank are of lesser thickness than that of the main body
      thereof such that when overlapped, the combined thicknesses of the ends
      are substantially equal to that of the remainder of the core. Moreover,
      interconnection of the overlapped ends is facilitated by provision of
      complementary tab and recess structure on the respective ends which
      produces a frictional, snap-fit interconnection therebetween.
PAR  Means are also provided for facilitating installation of the core blanks on
      an axially slotted mandrel, or for repositioning an intermediate winding
      roll on the mandrel prior to final rewinding onto additional web cores to
      produce a finished product. The device in general comprises a smoothly
      tapered, slotted "bullet nose" which is axially aligned with the mandrel
      and forms the leading portion thereof. By provision of a tapered slot in
      the nose in communication with the axial mandrel slot, the core tongue can
      be inserted therewithin and the core slid axially upwardly and thence onto
      the mandrel itself. As can be appreciated, if a core is misshapen the
      latter can be progressively reformed during such installation so that the
      core has the requisite conformity with the mandrel to facilitate proper
      installation thereon.
PAR  By virtue of the thin, flat nature of the web core blanks of this
      invention, shipping and storage costs associated therewith are
      significantly reduced. For example, while a week's supply of the prior
      cylindrical cores could conceivably fill an entire room, the same number
      of core blanks in accordance with the present invention could quite easily
      be stored in a single box adjacent the appropriate winding mandrel.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a side elevational view of a winding station shown during
      operation thereof and having an axially slotted, cylindrical winding
      mandrel with a web core in accordance with the present invention
      operatively positioned thereon;
PAR  FIG. 2 is a top plan view of a web core blank in accordance with this
      invention; illustrating the transverse perforation line which defines the
      bendable tongue thereof;
PAR  FIG. 3 is a side elevational view of the web core blank shown in FIG. 2
      with the bendable nature of the tongue illustrated by the phantom lines;
PAR  FIG. 4 is a fragmentary, greatly enlarged, side elevational view
      illustrating the connection between the web core and mandrel as depicted
      in FIG. 1;
PAR  FIG. 5 is a fragmentary, enlarged, side elevational view showing a
      synthetic resin web core having interconnected, overlapping ends and
      installed upon a slotted winding mandrel;
PAR  FIG. 6 is a side elevational view of the synthetic resin web core blank as
      depicted in use in FIG. 5 in its initially flat configuration prior to the
      installation thereof on a slotted mandrel;
PAR  FIG. 7 is a fragmentary, enlarged side elevational view showing another
      type of web core in accordance with the invention in use upon a slotted
      winding mandrel;
PAR  FIG. 8 is a top plan view of a plurality of elongated, relatively narrow
      web core blanks in their initially flat configuration which are
      interconnected at spaced intervals along the length thereof.
PAR  FIG. 9 is a top plan view of a laminated synthetic foam web core blank
      showing transverse slits therein for facilitating bending of the blanks
      about a mandrel to produce the requisite smooth, outer arcuate surface on
      the core;
PAR  FIG. 10 is a side elevational view of the web core blank shown in FIG. 9;
PAR  FIG. 11 is an enlarged, fragmentary view showing the core blank of FIGS. 9
      and 10 positioned on a winding mandrel;
PAR  FIG. 12 is an enlarged fragmentary view as in FIG. 11 showing a web core
      blank composed of paper stock and having the respective end margins
      thereof of reduced thickness on opposite sides of the blank, so that the
      latter can be positioned about a mandrel as depicted with the end margins
      thereof overlapped without producing an undesirable surface irregularity
      in the core;
PAR  FIG. 13 is a fragmentary, plan view of an axially slotted winding mandrel
      having an axially aligned, tapered, slotted leading projection thereon to
      facilitate positioning of a core on the mandrel; and
PAR  FIG. 14 is a front elevational view of the mandrel assembly shown in FIG.
      13.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, there is shown in FIG. 2 an initially flat,
      relatively thin, flexible web core blank 10 composed of cardboard or other
      paper stock. Core blank 10 is a rectangular sheet having a transverse
      perforation line 12 spaced inwardly from and parallel to one extreme
      transverse edge thereof. Perforation line 12 defines a bendable tongue 14
      which is connected to and forms one extreme end of core blank 10. As shown
      in phantom in FIG. 3, tongue 14 is bendable along perforation line 12 for
      purposes to be made clear hereinafter.
PAR  Turning now to FIG. 1, a web winding station 16 is shown which includes
      separate conventional web alignment means 18 and 20 that serve to
      correctly track the elongated web of material 22 which is to be wound
      about an underlying web core to produce finished rolls thereof. The
      winding station also includes a rotatable, cylindrically shaped winding
      mandrel 24 which is essentially a cylindrical body journaled about an
      axial shaft (not shown) and secured thereon by means of nut 26. The
      connection between mandrel 24 and the axial shaft can in some instances be
      secured by means of a recessed setscrew (not shown) extending through
      mandrel 24 which is adapted to be threadably set against the axial shaft
      as needed.
PAR  The core 11 presented by blank 10 is of lesser width than mandrel 24 and as
      shown in FIG. 1, is positioned about the latter in a closely fitting,
      circumscribing manner for producing substantially smooth and uninterrupted
      inside and outside arcuate surfaces thereon. Additionally, tongue 14
      defining one extreme end of core blank 10 is inserted into axial slot 28
      which is provided for this purpose in mandrel 24. Slot 28 preferrably
      extends in an axial direction along mandrel 24 through the forward end
      face thereof and is radially aligned with respect thereto to facilitate
      use and removal of the web cores of the present invention.
PAR  The distal ends of the core blank 10 are adapted in this instance to meet
      in aligned, abutting relationship as most easily seen in FIG. 4. These
      separate ends are interconnected by means of a short stretch of adhesive
      masking tape 30 which extends across the joint defined by transverse
      perforation line 12 and the distal end of core blank 10. Moreover, the
      initial segment of web 22 to be wound upon core 11 can be attached thereto
      by means of tape 30. As shown in FIG. 4, tape 30 extends across the joint
      as described and is also in covering, holding relationship to the terminal
      end of web 22. In this fashion, the initial winding of web 22 can be
      started without difficulty and without producing a noticeable bulge or
      projection in the substantially smooth and uninterrupted arcuate surfaces
      of web core 10.
PAR  During installation procedures with this type of web core blank, the worker
      first bends tongue 14 inwardly along transverse perforation line 12 and
      inserts the same into slot 28 of mandrel 24. The remainder of core blank
      10 is then wrapped about mandrel 24 to produce the requisite smooth,
      arcuate core surfaces. The distal ends of the core blank are next aligned
      and interconnected by means of tape 30, and the terminal end of web 22 can
      then be attached thereto as described. It should also be noted that during
      winding operations with adhesive tape, there is generally no need for the
      separate hold-down stretch 30. Instead, the terminal end of the tape web
      itself is applied across the joint between the ends of the core blank to
      produce the requisite interconnection therebetween and the initial
      connection between the web and core.
PAR  After a few turns of mandrel 24 to insure that web 22 is accurately aligned
      thereon high-speed winding operations can be commenced. When a sufficient
      length of web 22 has been wound about core 11, winding operations are
      interrupted, the web is cut, and the entire finished roll is slid axially
      along slot 28 and off the mandrel 24. The worker can at this point remove
      the tongue 14 simply by tearing the latter along perforation line 12 to
      produce a smooth inner web core surface. Optionally, the tongue 14 can be
      left in place for ultimate use with reels having a slot similar to slot 28
      in mandrel 24.
PAR  It will be appreciated from the foregoing that during winding operations,
      relative rotational slippage between core 11 and mandrel 24 is positively
      precluded. Specifically, when mandrel 24 is rotated even at high speeds,
      core 11 is prevented from slipping by virtue of the abutment of the planar
      surfaces of tongue 14 against the walls of slot 28, and the close fit of
      the core 11 about the mandrel maintained by tape 30. Moreover, it is
      significant that positive core attachment to the mandrel obtains during
      both clockwise and counterclockwise mandrel rotations, so that the cores
      disclosed herein are not limited to any particular type of winding
      operations.
PAR  The most preferred embodiment of the invention is depicted in FIG. 12 and
      includes a paper core blank 72 which is positioned about mandrel 24 to
      form core 74. Blank 72 can be formed from a single sheet of paper or can
      be laminated; but in either case the respective end margins thereof are
      reduced as at 76 and 78 on opposite faces of the blanks to permit an
      overlapping of the ends thereof without undesirable surface irregularities
      in core 74. As shown in FIG. 12, the forward end of the underlying
      marginal portion is bent downwardly to define tongue 80 which is important
      for the purposes explained. Similarly, the end margins of the blank are
      joined by means of a hold-down stretch or simply by the end of web 22 as
      depicted.
PAR  Turning now to FIG. 7, yet another web core blank composed of paper is
      shown and referred to by the numeral 32. In this instance, a relatively
      thick cardboard member is slit longitudinally at one transverse end
      thereof in order to define a bendable flap 34 which is cut from the
      thickness of core blank 32 and is adapted to be inserted within slot 28 of
      mandrel 24. Flap 34 is further defined by a transverse line of weakness 36
      which facilitates bending of the flap and insertion thereof within slot
      28. Referring to the drawing, it can be seen that the distal ends of the
      core blank 32 are in aligned, abutting relationship and are interconnected
      by means of a stretch of masking tape 38 to produce the resultant
      cylindrical web core 33. Underlying the left-hand end of core 33 is
      bendable flap 34 which extends into slot 28 for the purposes outlined.
      Moreover, because flap 34 is cut from the thickness of core blank 32, a
      recess 40 results which is defined by the overlying left-hand end 42 of
      core 33 and the underlying mandrel 24.
PAR  Installation of core blank 32 is identical to that described above in
      connection with blank 10 and therefore will not be described in detail.
      However, upon removal of a finished roll of material employing the
      resultant web core 33, flap 34 is generally not removed but is simply
      tucked into recess 40 in order to produce the desirable smooth inner
      arcuate surface thereon. However, flap 34 can again be turned downwardly
      and employed on reels which are provided with a slot similar to that on
      mandrel 24, should the need arise.
PAR  In the form of the invention depicted in FIGS. 5 and 6 an integral
      synthetic resinous web core blank 44 is provided which includes distal end
      margins 46 and 48, each of lesser thickness than that of the main body of
      the blank. As shown in FIG. 6, end 46 comprises a relatively thin planar
      projection 50 having thereon an upstanding, transverse tab 52 having
      tapered sidewalls. A bendable tongue 54 is attached to projection 50 along
      a line of weakness defined by a transverse detent 56.
PAR  The remaining end 48 is of greater thickness than end 46 and includes a
      tapered recess 58 which is complementally configured with respect to tab
      52 for purposes to be made clear hereinafter. Moreover, the inner terminus
      of end 48 is tapered as at 60, while the extreme end of tongue 54 is
      complementally tapered as at 62.
PAR  Turning now to FIG. 5, it can be seen that upon installation of core blank
      44 to produce a cylindrical core 45, the distal ends 46 and 48 thereof are
      in connected, overlapping relationship. In particular, end 46 is adapted
      to engage the outer cylindrical surface of mandrel 24 with upstanding tab
      52 extending from projection 50. End 48 overlies end 46 with tab 52 being
      received within complemental recess 58 in the well-known manner. As
      indicated previously, it is desirable to complementally configure the tab
      and recess structure 52 and 58 respectively in order to produce a
      frictional, snap-fit interconnection between distal ends 46 and 48.
PAR  Additionally, tongue 54 is turned downwardly along the transverse line of
      weakness provided by detent 56 and is inserted within slot 28 of mandrel
      24 in order to insure that core 45 does not move relatively with respect
      to mandrel 24 when the latter is rotated during high-speed winding
      operations, as described.
PAR  During installation of core blank 44, the worker first turns tongue 54
      downwardly and inserts the latter into slot 28. He then wraps the
      remainder of core blank 44 around cylindrical mandrel 24 and interconnects
      the distal ends 46 and 48 thereof by snapping together the tab and recess
      structure 52 and 58. The terminal end of web 22 is next attached thereto
      by means of a small stretch of masking tape (not shown) and winding can
      then be commenced. Upon completion of the winding operation, the finished
      roll with underlying core 45 is slid axially off of mandrel 24. Tongue 54
      is then snapped into recess 64 provided therefor in end 48 in order to
      maintain the smooth inner arcuate surface of the core. For this purpose,
      the respective ends of tongue 54 and distal end 48 are tapered at 60 and
      62 as described in order to provide a removable, snap-fit connection
      therebetween. In this fashion, the tongue 54 can be moved to a recessed
      position for use on standard reels, but can be shifted downwardly as
      desired should the finished roll be employed in conjunction with an
      axially slotted reel.
PAR  Another synthetic resin core blank 82 is shown in FIGS. 9, 10 and 11 and
      includes a central layer 84 of conventional synthetic resin foam such as
      polyurethane foam. Foam layer 84 is laminated by separate sheets of paper
      86 and 88 covering the width thereof. As with the embodiment of FIG. 12,
      the respective end margins of blank 82 are of reduced thickness as at 90
      and 92 to facilitate projection-free installation thereof on mandrel 24
      with leading tongue 94 inserted within slot 28. In this instance however,
      because of the relatively thick nature of foam layer 84, it is preferable
      to provide a series of spaced transverse slits 96 along the length blank
      82 to permit smooth winding thereof about the mandrel as shown in FIG. 11.
PAR  A final embodiment of the invention is depicted in FIG. 8 and includes a
      plurality of relatively narrow web core blanks 66 which are interconnected
      at spaced intervals as at 68 and provided with a common transverse line of
      perforation 70. This type of web core blank is especially advantageous
      when it is desired to simultaneously wind a plurality of separate rolls on
      a single mandrel. That is, a separate, relatively thin web of material can
      be attached to each individual core resulting from the use of blanks 66,
      and the common underlying mandrel can be rotated to effect a simultaneous
      winding of the material thereon. Upon completion of this operation the
      entire unit is removed from the mandrel and the separate rolls can be
      disengaged simply by tearing the individual web cores apart at the spaced
      points 68. In this connection, it has been found helpful in some instances
      to wind material only onto every other web core in order to facilitate
      accurate winding and final separation of the cores.
PAR  It will be understood that each of the embodiments of the present invention
      described above are particularly adapted for use in certain specific
      situations. For instance, the core blank 10 depicted in FIGS. 1-3 has
      extremely wide utility which is attributable to its low cost and
      operational versatility. However, by virtue of the fact that blank 10 is
      preferably composed of cardboard, it is also possible to use the same to
      wind relatively wide rolls of material followed by a slicing thereof to
      produce final rolls of lesser width. In this situation, it is simply a
      matter of cutting wider roll by means of conventional slicers which cut
      not only the wound material but also the core itself without difficulty.
PAR  Likewise, the synthetic resin core blank 44 described with reference to
      FIGS. 5 and 6 find particular advantage when heavier web materials are to
      be wound. In particular, by virtue of the high tensile strength and
      distortion-free nature of extruded plastic core 44, it is especially
      adapted for use in winding electrical tapes or other such relatively heavy
      materials.
PAR  As alluded to previously, it is sometimes difficult to quickly position the
      core blanks hereof on an axially slotted mandrel, particularly after the
      blank has been utilized for receiving itermediate web windings prior to
      the final rewind step to produce finished rolls of material. It has been
      discovered that this precedure is greatly facilitated by provision of a
      mandrel 98 (see FIGS. 13 and 14) having an axially aligned, smoothly
      tapered extension 100 thereon forming the leading portion thereof.
      Extension 100 includes a slot 102 which is of progressively lesser width
      from the leading edge thereof to its terminus which is congruent and in
      communication with axial slot 104 in mandrel 98.
PAR  It will be appreciated from the foregoing that with previously wound
      intermediate winding roll having a core in accordance with the invention,
      installation thereof on mandrel 98 can be effected as follows. First, the
      tongue portion of the core is turned downwardly and inserted within slot
      102 near the forward edge thereof which of course necessitates axially
      aligning the roll loosely on projection 100. The roll can then be moved
      axially along extension 100 which progressively conforms the web core
      until the latter has the proper configuration for positioning on mandrel
      98. Since respective slots 104 and 102 are aligned, continued movement of
      the roll quickly positions the same on mandrel 98 without the need of
      carefully monitoring the progress of the installation procedure. It will
      also be apparent that acidentally misshapen web cores can be reused with
      the present apparatus by virtue of the construction thereof and the
      resilience of the cores as disclosed herein. Thus, the economic losses
      suffered because of core distortion are effectively precluded.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. A web core blank adapted to be used with a cylindrical, axially
      rotatable winding mandrel having an axial slot therein, said blank
      comprising:
PA1  a generally flat, relatively thin flexible nonmetallic member of length and
      configuration for removable and circumferential positioning thereof about
      said mandrel in a closely fitting, circumscribing manner with the
      respective ends thereof proximally disposed and with a substantially
      smooth, projection-free outer arcuate web-receiving surface;
PA1  means for joining said respective ends with maintenance of said
      substantially smooth, projection-free outer arcuate surface to present a
      web core about said mandrel; and
PA1  a tongue connected to said member and being operable for insertion within
      said mandrel slot for precluding significant relative rotational movement
      of the web core when said mandrel is axially rotated,
PA1  said member having a perforation line spaced inwardly from one of the
      transverse edges of said member for defining said tongue, the latter being
      separable from the remainder of said member by tearing along said
      perforation line in order to present a substantially smooth inner arcuate
      surface on said web core upon removal of the latter from said mandrel.
NUM  2.
PAR  2. The blank of claim 1 wherein said member is a rectangular sheet, said
      perforation line being spaced inwardly from and generally parallel with an
      extreme transverse edge of said sheet.
NUM  3.
PAR  3. The blank of claim 1 wherein said member includes a plurality of spaced,
      generally parallel cuts along the length thereof for defining a plurality
      of elongated, adjacent, coextensive web core blanks, the latter being
      detachably interconnected at spaced intervals along the lengths thereof.
NUM  4.
PAR  4. The blank of claim 1 wherein said member is fabricated of paper stock.
NUM  5.
PAR  5. A web core blank adapted to be used with a cylindrical, axially
      rotatable winding mandrel having an axial slot therein, said blank
      comprising:
PA1  a generally flat, relatively thin flexible nonmetallic member of length and
      configuration for removable and circumferential positioning thereof about
      said mandrel in a closely fitting, circumscribing manner with the
      respective ends thereof proximally disposed and with a substantially
      smooth, projection-free outer arcuate web-receiving surface;
PA1  means for joining said respective ends with maintenance of said
      substantially smooth, projection-free outer arcuate surface to present a
      web core about said mandrel; and
PA1  a tongue connected to said member and being operable for insertion within
      said mandrel slot for precluding significant relative rotational movement
      of the web core when said mandrel is axially rotated,
PA1  said tongue being shiftably connected to said member along a generally
      transverse line of weakness in said member, there being a corresponding
      tonguereceiving recess in said member which is configured and arranged to
      receive said tongue when said web core is removed from the mandrel for
      presenting a substantially smooth inner arcuate surface on said web core.
NUM  6.
PAR  6. The blank of claim 4 wherein said member is fabricated from synthetic
      resinous material with the distal ends thereof being configured to overlap
      when the blank is positioned about said mandrel for producing said core,
      each of said distal ends being of lesser thickness than that of the main
      body of said web core blank with the combined, overlapped thicknesses
      thereof being substantially equal to that of the main body of the member,
      there being complementary connection structure on said distal ends
      operable to interconnect the latter with maintenance of said substantially
      smooth, uninterrupted and continuous outer arcuate surface.
NUM  7.
PAR  7. The blank of claim 6 including an integral, upright, transversely
      extending tab on one of said ends, with the remaining end having a
      complemental transverse recess therein for receiving said tab when the
      member is positioned about said mandrel.
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ABST
PAL  An inertia locking mechanism of a vehicle occupant restraint belt retractor
      includes a blocking member that moves forwardly in response to frontal
      vehicle deceleration so as to block movement of the locking member of the
      mechanism back towards a nonlocking position after movement toward a
      locking position under the impetus of an inertia member. The blocking
      member has a lower end pivotally supported on the housing of the retractor
      about a transverse vehicle axis and extends upwardly between forward and
      rearward stops to an upper weighted portion that normally biases the
      blocking member rearwardly into engagement with the rearward stop. An
      actuating portion of the locking member normally engages the weighted
      portion of the blocking member and a blocking portion of the blocking
      member is located rearwardly of the actuating portion. When the rate of
      forward vehicle movement is decelerated abruptly, the inertia member moves
      the locking member toward a locking position where locking portions
      thereof engage a belt reel of the retractor to prevent belt unwinding reel
      rotation, and the blocking member moves forwardly under the actuating
      portion of the locking member so as to block movement thereof back toward
      the nonlocking position before the termination of the deceleration. The
      blocking member engages the forward stop to prevent the center of gravity
      of this member from moving forward of its pivotal support axis so that
      gravity will return the blocking member to its rearward position engaging
      the rearward stop.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an inertia locking mechanism for a vehicle
      occupant restraint belt retractor.
PAR  Vehicle occupant restraint belt retractors conventionally include a metal
      housing that rotatably supports a belt reel on which a restraint belt of
      either the lap or shoulder type is wound. A spring normally extends
      between the reel and the housing so as to bias the reel in a belt winding
      direction. At each of its ends, the reel normally includes an annular
      ratchet plate with teeth that face in the belt unwinding direction of
      rotation. Different types of locking members have been utilized in the
      past in order to engage the ratchet teeth of the reel to prevent the belt
      unwinding reel rotation.
PAR  Vehicle sensitive inertia belt locking mechanisms of the type the present
      invention relates to have also been known for some time. These locking
      mechanisms include an inertia member such as a pendulum that acts on a
      locking member in response to abrupt vehicle acceleration or deceleration
      to move the locking member to its reel locking position in engagement with
      the ratchet teeth on the end plates of the reel. Thus, the reel may be
      unwound to supply an increased length of belt at all times except during
      abrupt changes in its rate of movement.
PAC  SUMMARY OF THE INVENTION
PAR  One feature of the present invention is that it provides a vehicle occupant
      restraint belt retractor with a vehicle sensitive inertia locking
      mechanism including a blocking member that moves forwardly under the
      impetus of abrupt frontal vehicle deceleration to block movement of the
      locking member of the locking mechanism back toward its nonlocking
      position before the vehicle deceleration terminates.
PAR  Another feature of the invention is that the blocking member has a lower
      end pivotally mounted on the housing and an upper weighted portion that
      normally biases the blocking member rearwardly into engagement with a
      rearward stop on the housing, and a forward stop on the housing engages
      the blocking member before the center of gravity thereof moves forward of
      the pivotal mounting axis of its lower end so that gravity returns the
      blocking member to its rearward position when the vehicle deceleration
      terminates. Another feature of the invention is that the locking member of
      the locking mechanism includes an actuating portion on which an inertia
      member acts to move the locking member to its locking position, and this
      actuating portion engages both the inertia member and the weighted portion
      of the blocking member in the normal rest position of the retractor with a
      blocking portion of the blocking member located rearwardly of the
      actuating portion, and movement of the actuating portion under the impetus
      of the inertia member movement permits the movement of the blocking member
      to move its blocking portion beneath the actuating portion to thereby
      provide the blocking action of the member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  These and other features, objects and advantages of the present invention
      are readily apparent from the following detailed description of the
      preferred embodiment and the drawings in which:
PAR  FIG. 1 is a sectional view taken through a vehicle occupant restraint belt
      retractor that includes a vehicle sensitive inertia locking mechanism
      according to this invention with the locking mechanism shown in an
      unlocked condition so that belt unwinding is permitted;
PAR  FIG. 2 is a view similar to FIG. 1 but shows the locking mechanism in a
      locking condition where a blocking member blocks movement of the locking
      member of the mechanism back toward its nonlocking position;
PAR  FIG. 3 is a sectional view of the retractor taken generally along line 3--3
      of FIG. 1;
PAR  FIG. 4 is a view that shows an enlarged portion of FIG. 1 to illustrate the
      blocking member of the locking mechanism; and
PAR  FIG. 5 is a perspective view of the locking member of the locking mechanism
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring generally to FIG. 1 of the drawings, a vehicle occupant restraint
      belt retractor is generally indicated by numeral 10 and includes a metal
      housing 12. As seen by additional reference to FIG. 3, the housing 12
      includes side walls 14 that are spaced in a parallel relationship with
      respect to each other. The side walls 14 are connected to each other at
      each end of the retractor by mounting flanges 16. Apertures 18 in each of
      the mounting flanges 16 are adapted to receive mounting bolts that attach
      the retractor to a vehicle body. In the particular retractor shown, this
      mounting is oriented so that the left-hand end of the retractor as shown
      in FIG. 1 faces toward the forward end of the vehicle and the right-hand
      end faces toward the rearward end of the vehicle. The side walls 14 thus
      extend in a longitudinal direction with respect to the vehicle.
PAR  A belt reel 20 is located between the side walls 14 of the retractor
      housing and windingly receives a belt 22. The belt reel includes a central
      shaft 24 whose opposite ends are received by circular apertures in the
      housing side walls to support the reel for rotation in both belt winding
      and unwinding directions. The FIG. 3 right-hand end of shaft 24 defines a
      slot that receives the inner spring end 26 of a spiral spring 28. The
      outer end of spring 28, not shown, is suitably fixed to the adjacent
      housing side wall 14 so that the spring normally biases the reel in a belt
      winding direction. A plastic cover 30 that is suitably secured to this
      particular housing side wall 14 encloses the spring 28 and its adjacent
      shaft end. Combined reference to FIGS. 1 and 3 show that each end of shaft
      24 supports an associated end plate 32 with ratchet teeth 34 that define
      annular ratchet configurations. These ratchet teeth 34 face in the belt
      unwinding direction of rotation so as to cooperate in providing reel
      locking against belt unwinding rotation in a manner that will be described
      more fully later. A horseshoe-shaped sleeve 36, FIG. 1, receives the shaft
      24 and has its opposite ends suitably affixed to the respective end plates
      32. The belt 22 is looped over the shaft 24 and then wound about the
      sleeve 36 with its outer end extending downwardly through a slot 38 and a
      plastic belt guide 40. A cover 42 supports the belt guide 38 and is itself
      supported at the lower ends of the housing side walls 14. This support of
      the cover 42 is accomplished in the disclosed embodiment by mounting ears
      44 on the opposite lateral sides of the forward left-hand end of the
      cover. Each of these mounting ears 44 is received by an associated notch
      46 in the forward end of its adjacent housing side wall 14. The rearward
      right end of cover 42 includes mounting tangs 48 that snap over attachment
      surfaces 50 as the cover is rotated upwardly into position after first
      positioning the mounting ears 44 within their respective notches 46.
      Guides 52 of the cover guide it upwardly between the housing side walls 14
      so that corrugations 54 in the cover 42 are received between the housing
      side walls 14 to provide a sturdy construction that prevents these walls
      14 from moving toward each other.
PAR  The belt reel 20 is locked against belt unwinding rotation by a vehicle
      sensitive inertia locking mechanism generally indicated by 56. This
      locking mechanism includes a fork-shaped locking member 58 that is best
      illustrated in FIG. 5. The fork-shaped locking member includes spaced tine
      portions 60 at one of its ends and a handle portion 62 at its other end.
      Mounting ears 64 project laterally from each side of the locking member 58
      intermediate its ends and are received within wedge-shaped apertures 66 in
      the housing side walls 14 to pivotally mount the locking member 58 for
      movement between its FIG. 1 nonlocking position and its FIG. 2 locking
      position. The tine portions 60 of the locking member 58 are located above
      the ratchet teeth 34 on the reel 20 when the locking member is positioned
      in its FIG. 1 nonlocking position so that the belt 22 can be freely
      withdrawn from the retractor upon overcoming the bias of winding spring
      28. Movement of the locking member 58 to its FIG. 2 locking position
      pivots the locking member 58 so that the tine portions 60 move downwardly
      into engagement with a pair of aligned ratchet teeth 34 on the end plates
      34 of the reel 20 and belt withdrawal from the retractor is thereby
      terminated.
PAR  A pendulum 68 of the inertia locking mechanism 56 causes the movement of
      the locking member 58 from its nonlocking position to its locking position
      in response to abrupt vehicle acceleration or deceleration in any
      horizontal direction. This pendulum 68 includes an arm 70 that is normally
      oriented in a vertical direction as can be seen by combined reference to
      FIGS. 1 and 3. The lower end of pendulum arm 70 supports a weight 72 and
      its upper end mushrooms outwardly into a circular control portion 74. The
      pendulum arm 70 extends upwardly through a circular aperture 76 in a
      plastic pendulum support member 78. As can be seen best in FIG. 3, this
      pendulum support member 78 has an unsymmetrical U-shaped configuration
      with ends 80 supported by the respective housing side walls 14 in any
      suitable manner. The annular lip of support member 78 which defines the
      aperture 76 is oriented in a horizontal plane so as to permit the pendulum
      to normally depend with arms 70 in its vertical orientation. The
      unsymmetrical configuration of the pendulum support member is necessitated
      in the particular embodiment disclosed because this retractor is used as a
      shoulder belt retractor and is mounted on the tilted outboard roof edge of
      a vehicle body in an angular relationship with respect to the horizontal.
      It is, of course, possible to utilize this retractor so that it is
      oriented in a true horizontal orientation with a symmetrical pendulum
      support member. A wedge-shaped control member 82, see FIG. 3, is suitably
      affixed to the lower side of the locking member handle portion 62. Gravity
      acting on the handle portion 62 biases the locking member 58 to its
      nonlocking position where the control member 82 is fully engaged with the
      upper side of the pendulum control portion 74. Upon abrupt vehicle
      acceleration or deceleration of a predetermined magnitude in any
      horizontal direction, the pendulum 68 tips about its control portion 74 in
      the manner shown in FIG. 2 and moves the locking member handle portion 62
      upwardly to cause locking of the retractor so that belt withdrawal is then
      terminated.
PAR  The locking mechanism 56 also includes a blocking member 84 located on the
      rearward side of the pendulum support member 78 as can be seen in FIGS. 1
      and 2. As best seen in FIG. 4, the pendulum support member 78 has a
      depending flange 86 which pivotally supports a lower end of the blocking
      member 84 on a pin 88 which is located in a horizontal orientation
      extending transversely with respect to the longitudinal axis of the
      vehicle. The blocking member 84 also has an upper weighted portion 90 that
      is located above a forward stop 92 on the pendulum support member. A
      blocking portion 94 of blocking member 84 extends upwardly and slightly to
      the rear from the weighted portion 90 and is located rearwardly of the
      handle portion 62 of the locking member. The center of gravity of blocking
      member 84 is always located rearwardly of pin 88 and this member is thus
      gravity biased in a rearward direction so as to normally engage a rearward
      stop 96 on the rearward mounting flange 16 of the retractor housing. The
      rearward end of the handle portion 62 on the locking member engages the
      upper side of the weighted portion 90 on the blocking member in this
      position while the plastic control member 82 secured to the lower side of
      the locking member handle portion 62 at the same time engages the upper
      control portion 74 on the pendulum.
PAR  The blocking member 84 of the retractor locking mechanism functions during
      abrupt deceleration of the forward rate of vehicle movement. As the
      vehicle decelerates abruptly, pendulum 68 pivots forwardly in the manner
      shown by FIG. 2 and tips the locking member 58 toward its locking
      position. This deceleration also acts on the weighted portion 90 of the
      blocking member 84 and tends to pivot the blocking member 84
      counterclockwise about pin 88 away from the rearward stop 96 and toward
      the forward stop 92. The locking member reaches an intermediate position
      during this locking movement which is shown by the phantom line indicated
      tine portion 60 and the rear end of the handle portion 62 in FIG. 2. The
      tine portion 60 in this intermediate position is located just slightly
      spaced from the tips of the ratchet teeth 34 so that reel locking is not
      then actuated. The angular rotation of the blocking member 84 is tuned to
      the locking member 58 and pendulum 68 so that its blocking portion 94
      moves under the rearward end of the locking member handle portion 62 as
      the locking member 58 reaches the intermediate position. This blocking
      relationship is shown by the phantom line indicated blocking portion 94 of
      the blocking member 84 as shown in FIG. 2. The blocking relationship of
      the blocking member 84 prevents the locking member 58 from moving back
      toward its nonlocking position while the vehicle's rate of forward
      movement is decelerating. The blocking member 84 continues to pivot
      forwardly as the pendulum 68 moves the locking member 58 to its locking
      position and the blocking member 84 then engages the stop 92 which
      prevents the center of gravity of the blocking member 84 from moving
      forwardly past the pin 88. Thus, as the forward rate of vehicle
      deceleration subsides, gravity returns the blocking member 84 to its FIGS.
      1 and 4 position in engagement with the rearward stop 96 and concomitantly
      returns the locking member 58 to its nonlocking position.
PAR  This invention thus provides a blocking member for the locking mechanism of
      a vehicle sensitive inertia locking occupant restraint belt retractor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle occupant restraint retractor including a housing, an
      elongated restraint belt, a reel attaching one end of the belt and being
      mounted on the housing for belt winding and unwinding rotation in opposite
      directions, and spring means for biasing the reel in the belt winding
      direction of rotation, an inertia sensitive mechanism for locking the reel
      against rotation relative the housing comprising:
PA1  a locking member coacting between the housing and the reel and including a
      locking portion and an actuating portion, the actuating portion being
      movable from a first position to a second position to move the locking
      member from a nonlocking position to a locking position in which the reel
      is locked from rotation relative the housing, the actuating portion moving
      through an intermediate position between the first and second positions, a
      first inertia member movable in response to predetermined inertia forces,
      the first inertia member engaging the actuating portion of the locking
      member to effect movement of the locking member from the first position to
      the second position; and a second inertia member movable under the impetus
      of inertia forces and moving into the path of movement of the actuating
      portion between the first and intermediate positions thereof so that the
      second inertia member blocks movement of the locking member toward the
      nonlocking position, the second inertia member being tuned to the first
      inertia member and the locking member so as to move into the blocking
      relationship with the locking member as the actuating portion of the
      locking member reaches the intermediate position.
NUM  2.
PAR  2. In a vehicle occupant belt retractor including a housing, an elongated
      restraint belt, a reel attaching one end of the belt and being mounted on
      the housing for belt winding and unwinding rotation in opposite
      directions, ratchet teeth arranged about the reel in spaced annular
      configurations on opposite sides of the belt and facing in the belt
      unwinding direction of rotation, and spring means for biasing the reel in
      the belt winding direction of rotation,
PA1  an inertia sensitive locking mechanism comprising:
PA1  a first inertia member mounted on the housing for actuating movement in
      response to predetermined changes of the rate of vehicle movement;
PA1  a locking member pivotally mounted on the housing and including locking
      portions and an actuating portion, the actuating portion being engaged by
      the first inertia member so that the actuating movement of the first
      inertia member moves the actuating portion from a first position to a
      second position to move the locking member from a nonlocking position to a
      locking position with respect to the reel, the locking portions being
      spaced from the reel in the nonlocking position to permit belt unwinding
      reel rotation and being engaged with the ratchet teeth in the locking
      position to prevent such belt unwinding reel rotation, and the actuating
      portion moving through an intermediate position where the locking portions
      are just slightly spaced from the ratchet teeth on the reel; and
PA1  a second inertia member mounted on the housing for movement under the
      impetus of inertia forces present upon change of rate of vehicle movement,
      the second inertia member moving into the path of movement of the
      actuating portion between the first and intermediate positions thereof so
      that the second inertia member blocks movement of the locking member
      toward the nonlocking position, and the second inertia member being tuned
      to the first inertia member and locking member so as to move into the
      blocking relationship with the locking member as the actuating portion of
      the locking member reaches the intermediate position.
NUM  3.
PAR  3. In a vehicle occupant belt retractor including a housing, an elongated
      restraint belt, a reel attaching one end of the belt and being mounted on
      the housing for belt winding and unwinding rotation in opposite
      directions, ratchet teeth arranged about the reel in spaced annular
      configurations on opposite sides of the belt and facing in the belt
      unwinding direction of rotation, and spring means for biasing the reel in
      the belt winding direction of rotation,
PA1  a vehicle sensitive inertia locking mechanism comprising:
PA1  an inertia member mounted on the housing for forward actuating movement in
      response to abrupt deceleration of the rate of forward vehicle movement;
PA1  a locking member pivotally mounted on the housing and including locking
      portions and an actuating portion, the actuating portion being engaged by
      the inertia member so that the forward actuating movement of the inertia
      member moves the actuating portion from a first position to a second
      position to move the locking member from a nonlocking position to a
      locking position with respect to the reel, the locking portions being
      spaced from the reel in the nonlocking position to permit belt unwinding
      reel rotation and being engaged with the ratchet teeth in the locking
      position to prevent such belt unwinding reel rotation, and the actuating
      portion moving through an intermediate position where the locking portions
      are just slightly spaced from the ratchet teeth on the reel; and
PA1  a blocking member mounted on the housing for forward movement under the
      impetus of inertia forces present as the forward rate of vehicle movement
      is decelerated, the blocking member moving forwardly into the path of
      movement of the actuating portion between the first and intermediate
      positions thereof so that the blocking member blocks movement of the
      locking member back toward the nonlocking position, and the blocking
      member being tuned to the inertia member and locking member so as to move
      into the blocking relationship with the locking member as the actuating
      portion of the locking member reaches the intermediate position.
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ABST
PAL  The vehicle sensitive retractor has an inertia mechanism which includes a
      bell. A support post is provided upon which the bell rests. Prior to
      actuation, the bell has an infinite variety of operable static positions
      to which the bell is adjustable according to the position in which the
      retractor is oriented by virtue of installation in the vehicle. As a
      result, the retractor may be tilted for installation without having to
      redesign the inertia mechanism. An actuating means is disposed on top of
      the bell and is connected to a reel locking means. The actuating means is
      disposed in an unlocked position when the bell is in any one of its
      infinite variety of operable static positions. The actuating means is
      moved to a locked position by the bell during emergency situations to lock
      a reel and prevent further unwinding of a safety belt from the reel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to safety belt retractors for occupants of vehicles,
      such as automobiles. More particularly, this invention relates to an
      inertia responsive safety belt retractor which is vehicle-sensitive. Such
      a retractor is responsive to acceleration, deceleration or change in
      orientation of the vehicle, which may result from cornering, braking or
      overturning of the vehicle. In response thereto, the retractor locks to
      prevent further withdrawal of the safety belt. Still more particularly,
      this invention relates to an improved, universal inertia mechanism and
      support assembly which allows the retractor to be placed in an infinite
      variety of positions within the vehicle.
PAR  2. Description of the Prior Art
PAR  Vehicle sensitive safety belt retractors have been recently developed which
      should significantly decrease the number of fatalities and serious
      injuries resulting from motor vehicle accidents. Most of these retractors
      use an inertia mechanism. Typically, such retractors also include a belt
      reel which is continually biased in a retracting direction and a pawl
      which is engagable with ratchet teeth on the belt reel. When the inertia
      mechanism, such as a pendulum, is displaced from its normally static
      position by acceleration, deceleration or change in orientation of the
      vehicle, the inertia mechanism moves the pawl into engagement with the
      ratchet teeth, preventing further withdrawal of the belt. Patent
      application Ser. No. 312,534 filed Dec. 6, 1972 in the name of Lon E.
      Pell, now U.S. Pat. No. 3,838,831 and French Patent No. 71.28062, issued
      Jan. 17, 1972 to Granges Essem Aktiebolag of Sweden, disclose examples of
      such a retractor. Canadian Patent No. 940507 in the name of J. Kell,
      granted to Kangol Magnet Ltd., discloses a conical or bell-shaped pendulum
      on a pin 36 which is disposed in a substantially vertical position in use,
      as explained on page 4, lines 3 - 4.
PAR  It is desirable to have an improved, universal inertia mechanism and
      support in which the inertia mechanism is adjustable and does not need to
      be redesigned for different vehicles. This is desirable because the
      retractor needs to be mounted in various positions and various
      orientations within different vehicles, so that the safety belt can be
      moved without locking the belt reel. Sometimes the retractor needs to be
      turned partly on its side, that is, tilted.
PAC  SUMMARY OF THE INVENTION
PAR  The retractor of this invention is vehicle-sensitive and inertia-operated.
      The retractor has a reel for winding the safety belt, means to lock the
      reel and thereby restrain an occupant of a vehicle during emergency
      situations, an inertia mechanism, a support mounted on the retractor for
      supporting the inertia mechanism, and an actuating means responsive to the
      inertia mechanism for engaging and operating the means for locking the
      reel. The retractor has an improved inertia mechanism, support for the
      inertia mechanism and actuating means. The support for the inertia
      mechanism is a support post having an upper end and a lower end. The
      inertia mechanism is a bell which rests on the upper end of the support
      post. The bell has an infinite variety of operable static positions on the
      support post to which the bell is adjustable according to the position in
      which the retractor is oriented by virtue of installation in the vehicle.
      The actuating means is disposed on top of the bell and is connected to the
      reel locking means. The actuating means has an unlocked position and a
      locked position. The actuating means is disposed in the unlocked position
      when the bell is in any one of its infinite variety of operable static
      positions. The actuating means is moved to the locked position by the bell
      during emergency situations to engage the pawl in the ratchet wheels and
      thereby to lock the reel and prevent further unwinding of the belt.
PAR  The bell may be any hollow concave weight, having an open bottom and an
      interior surface. The interior surface rests on the upper end of the
      support post. The actuating means is disposed on top of the bell and is
      connected to the reel locking means. Typically, the reel locking means
      includes one or more ratchet wheels and a pawl, although other reel
      locking means may also be used.
PAR  The retractor, bell and support post each have a longitudinal axis. The
      static position of the bell is adjustable in any direction from a static
      position wherein the longitudinal axis of the bell is disposed at an angle
      of approximately 0.degree. to an angle of approximately 30.degree. with
      reference to the longitudinal axis of the retractor and the support post.
      The longitudinal axis of the support post is disposed substantially
      parallel to, and preferably coincidently with the longitudinal axis of the
      retractor. The retractor further includes a support structure including
      two parallel side walls and a back wall. The longitudinal axis of the
      support post is disposed substantially parallel to the side walls and the
      back wall.
PAR  The inertia mechanism and support are universal because they do not have to
      be redesigned for use in different vehicles in order to have the bell
      disposed vertically for the purpose of allowing the retractor to remain
      unlocked in normal operation. If the retractor is turned partly on its
      side, that is, tilted for installation, the static position of the bell is
      adjustable to such tilted installation of the retractor.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of the retractor of this invention.
PAR  FIG. 2 is a cross-sectional view of FIG. 1 along the lines 2--2.
PAR  FIG. 3 is a cross-sectional view of FIG. 2 along the lines 3--3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1 - 3, the retractor, referred to generally by the
      numeral 2, has a reel means 4, including a reel shaft 6, rotatably mounted
      on a support means 8. The support means 8 is a load bearing member and
      includes two side walls 10 and 12 and a back wall 14. The support means 8
      also includes a mounting means 16 in the form of a rigid extension adapted
      to be bolted or otherwise secured to an anchorage point in a vehicle (not
      shown).
PAR  A belt (not shown) is adapted to be attached to the reel shaft 6 for
      winding and unwinding thereon. The reel means 4 includes a biasing means,
      such as a tension return spring, inside a housing 18, which urges the reel
      shaft 6 to turn in a winding direction. The winding direction of the reel
      shaft 6 retracts the belt into the retractor 2. The opposite unwinding
      direction of the reel shaft 6 allows withdrawal of the belt from the
      retractor 2.
PAR  The two side walls 10 and 12 of the support structure 8 are disposed
      substantially parallel to one another and substantially perpendicular to
      the back wall 14. The support structure 8 also includes a cross member 20
      extending between the side walls 10 and 12 and at the opposite side of the
      side walls 10 and 12 from the back wall 14.
PAR  The retractor 2 further includes a means for locking the reel means 4, such
      as pawl 22 and a ratchet means 24. The ratchet means 24 includes at least
      one ratchet wheel 26, and preferably two ratchet wheels 26. The ratchet
      wheels 26 have ratchet teeth 28 (FIG. 2) on their outer circumferences and
      are fixedly mounted on the reel shaft 6.
PAR  The pawl 22 is pivotally mounted on the side walls 10 and 12 and extend
      between the side walls 10 and 12. The pawl 22 has two pawl teeth 23 (FIG.
      3). The pawl 22 is adapted to pivot from an unlocked position, shown in
      FIG. 2, to a locked position. In the locked position of the pawl 22, the
      pawl teeth 23 (FIG. 3) are lifted into engagement with a ratchet tooth 28
      of the ratchet wheels 26.
PAR  Referring to FIGS. 1 and 2, the retractor 2 further includes an inertia
      mechanism, a support for the inertia mechanism and an actuating means; all
      of which are adpated to cooperate to actuate the pawl 22 from its unlocked
      position to its locked position during emergency situations. The inertia
      mechanism, support and actuating means may be mounted inside the
      retractor, as illustrated in the drawings, or may be mounted outside the
      retractor on the outer side of one of the side walls 10 of the support
      structure 8. The support for the inertia member is a support post 30
      having an upper end and a lower end. The inertia mechanism is a bell 32
      which is a concave weight having a hollow interior 34, an open bottom 36,
      a top central portion 38 and an interior surface 40. A portion of the
      upper half of the interior surface 40 rests on the upper end 42 of the
      support post 30. Preferably, the bell 32 is substantially bell-shaped. The
      upper end of the support post 30 extends through the open bottom 36 into
      the interior 34 of the bell 32. The actuating means is a substantially
      conical or dome-shaped member 44 attached to the bottom side of the pawl
      22, having an open bottom and resting on top of the bell 32.
PAR  If the inertia mechanism and support are mounted on the outer side of one
      of the side walls 10 of the support structure 8, the pawl 22 must extend
      through such side wall 10 to be actuated by the actuating means or the
      pawl and a ratchet wheel may be mounted on the outer side of the side
      wall. The bell 32 is adapted to oscillate like a pendulum and has an
      infinite variety of operable static positions to which the bell 32 is
      adjustable according to the position in which the retractor 2 is placed by
      virtue of installation in the vehicle.
PAR  The bell 32 has a longitudinal axis 46 (FIG. 1) passing through the top
      central portion 38 of the bell 32. The support post 30 has a longitudinal
      axis 48 disposed substantially parallel and preferably coincident with the
      longitudinal axis 50 of the retractor 2. The support post 30 is also
      disposed substantially parallel to the side walls 10 and 12 and the back
      wall 14. The bell 32 is adjustable in any direction from a static position
      wherein the longitudinal axis 46 of the bell 32 is disposed at an angle of
      approximately 0.degree. to an angle 52 (FIG. 1) of approximately
      30.degree. with reference to the longitudinal axis 50 of the retractor 2
      and the longitudinal axis 48 of the support post 30, or any angle between
      0.degree. to approximately 30.degree..
PAR  When the retractor 2 is disposed in a vehicle so that the longitudinal axis
      50 of the retractor 2 and the longitudinal axis 48 of the support post 30
      are substantially vertical, the bell 32 assumes an operable static
      position wherein the angle between the longitudinal axis 46 of the bell 32
      and the longitudinal axis 50 of the retractor 2 is 0.degree.. When the
      retractor 2 has been tilted for installation in a vehicle so that the
      longitudinal axis 50 of the retractor 2 and the longitudinal axis 47 of
      the support post 30 assume an angle 52 of up to approximately 30.degree.
      with the vertical plane, the bell 32 assumes an operable static position
      in which the longitudinal axis 46 of the bell 32 is disposed at an angle
      of approximately 30.degree. with reference to the longitudinal axis 50 of
      the retractor 2.
PAR  The bell 32 is capable of adjusting automatically to an infinite variety of
      operable static positions. In all of the infinite variety of operable
      static positions to which the bell 32 is adjustable, the longitudinal axis
      46 of the bell 32 adjusts to a position substantially parallel to the
      vertical plane. It is the longitudinal axis 50 of the retractor 2 and the
      longitudinal axis 48 of the support post 30 that assume an angle with
      reference to the vertical plane when the retractor 2 is tilted for
      installation in the vehicle. As a result of this adjustable feature, the
      retractor is universally mountable in a variety of positions in different
      vehicles without redesigning of the retractor 2 or its inertia mechanism.
      This adjustment of the bell 32 takes place by means of the interior
      surface 40 of the bell 32 tilting in any direction with reference to the
      upper end 42 of the support post 30, without moving the actuating means,
      the conical member 44.
PAR  During normal operation of the retractor 2, when the vehicle is not in a
      dangerous situation, the bell 32 continues to rest on the upper end 42 of
      the support post 30, in a substantially vertical position, in any one of
      its infinite variety of operable static positions. During normal operation
      of the retractor 2, when the vehicle is not in a dangerous situation, the
      conical member 44 rests on the top of the bell 32. The conical member 44
      is connected to the underside of the pawl 22 and the pawl 22 remains in
      its unlocked position.
PAR  When the acceleration, deceleration or change in orientation of the vehicle
      exceeds a predetermined magnitude, the bell 32 is lifted up and off the
      upper end 42 of the support post 30. Such movement of the bell 32 lifts
      the conical member 44, which in turn lifts the engaging side 54 (FIG. 3)
      of the pawl 22, bringing the pawl teeth 23 into engagement with the
      ratchet wheels 26.
PAR  The bell 32 and its associated components provide a simple but effective,
      vehicle-sensitive, inertia-operated mechanism adapted to lock the
      retractor 2 and thereby restrain an occupant of a vehicle during dangerous
      situations. As a result, when the vehicle is subjected to a sudden
      braking, cornering, or overturning, for example, the pawl 22 locks the
      ratchet wheel 26 and prevents the belt from being withdrawn any further
      from the retractor 2, thereby restraining the occupant of a vehicle
      wearing the safety belt. The bell 32 is a highly reliable inertia
      mechanism which is inexpensive to manufacture and maintain. A typical
      location for this retractor is on the back of a seat where the angle of
      orientation of the retractor changes with the position of the seat.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a vehicle-sensitive, inertia-operated safety belt retractor with a
      reel for winding the safety belt, means to lock the reel and thereby
      restrain an occupant of a vehicle during emergency situations, an inertia
      mechanism, a support mounted on said retractor for supporting the inertia
      mechanism and an actuating means responsive to said inertia mechanism for
      operating the means for locking the reel, the improvement wherein:
PA1  said support for the inertia mechanism is a support post having an upper
      end and a lower end;
PA1  said inertia mechanism is a bell which rests on the upper end of said
      support post, said bell having a hollow interior, an open bottom and an
      interior surface; approximately the upper half of said interior surface of
      said bell having a substantially hemispherical interior pivot area; said
      upper end of said support post extending through the open bottom of said
      bell into said hollow interior of said bell; said bell having a plurality
      of support points within said interior pivot area of said bell, said upper
      end of said support post supporting said bell at different support points
      within said interior pivot area of said bell depending upon the
      orientation of said retractor resulting from installation in a vehicle,
      said bell having an infinite variety of operable static positions on said
      support post to which said bell is adjustable with reference to said
      support post according to the position in which the retractor is oriented
      by virtue of installation in the vehicle; during dangerous situations said
      bell pivotable with reference to said support post on any one of said
      different support points within said interior pivot area; and
PA1  said actuating means is disposed on top of said bell and is connected to
      said reel locking means, said actuating means having an unlocked position
      and a locked position, said actuating means being disposed in said
      unlocked position when said bell is in any one of said infinite variety of
      said operable static positions, said actuating means being moved to said
      locked position by said bell during dangerous situations to lock said reel
      and prevent further unwinding of said belt.
NUM  2.
PAR  2. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said retractor has a longitudinal axis;
PA1  said bell has a longitudinal axis;
PA1  said support post has a longitudinal axis disposed substantially parallel
      to the longitudinal axis of said retractor; and
PA1  the static position of said bell is adjustable in any direction from a
      static position wherein said longitudinal axis of said bell is disposed at
      an angle of approximately 0.degree. to an angle of approximately
      30.degree. with reference to the longitudinal axis of said retractor.
NUM  3.
PAR  3. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said retractor further includes a support structure including two parallel
      side walls and a back wall, said side walls being disposed approximately
      perpendicular to said back wall;
PA1  said support post has a longitudinal axis which is disposed substantially
      parallel to said side walls and said back wall;
PA1  said bell has a longitudinal axis; and
PA1  the static position of said bell is adjustable in any direction from a
      static position wherein said longitudinal axis of said bell is disposed at
      an angle of approximately 0.degree. to an angle of approximately
      30.degree. with reference to the longitudinal axis of said support post.
NUM  4.
PAR  4. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said retractor has a longitudinal axis;
PA1  said inertia member has a longitudinal axis;
PA1  said support means has a longitidunal axis disposed substantially parallel
      to the longitudinal axis of said retractor; and
PA1  the static position of said inertia member is adjustable in any direction
      from a static position wherein said longitudinal axis of said inertia
      member is disposed at an angle of approximately 0.degree. to an angle of
      approximately 30.degree. with reference to the longitudinal axis of said
      retractor.
NUM  5.
PAR  5. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said retractor further includes a support structure including two parallel
      side walls and a back wall, said side walls being disposed approximately
      perpendicular to said back wall;
PA1  said support means has a longitudinal axis which is disposed substantially
      parallel to said side walls and said back wall;
PA1  said inertia member has a longitudinal axis; and
PA1  the static position of said inertia member is adjustable in any direction
      from a static position wherein said longitudinal axis of said inertia
      member is disposed at an angle of approximately 0.degree. to an angle of
      approximately 30.degree. with reference to the longitudinal axis of said
      support means.
NUM  6.
PAR  6. In a vehicle-sensitive, inertia-operated safety belt retractor with a
      reel for winding the safety belt, means to lock the reel and thereby
      restrain an occupant of a vehicle during emergency situations, an inertia
      mechanism, a support mounted on said retractor for supporting the inertia
      mechanism and an actuating means responsive to said inertia mechanism for
      operating the means for locking the reel, the improvement wherein:
PA1  said support for the inertia mechanism is a support post having an upper
      end and a lower end;
PA1  said inertia mechanism is a bell which rests on the upper end of said
      support post, said bell having a hollow interior, an open bottom and an
      interior surface; approximately the upper half of said interior surface of
      said bell having a substantially hemispherical interior pivot area; said
      upper end of said support post extending through the open bottom of said
      bell into said hollow interior of said bell; said bell having a plurality
      of support points within said interior pivot area of said bell, said upper
      end of said support post supporting said bell at different support points
      within said interior pivot area of said bell depending upon the
      orientation of said retractor resulting from installation in a vehicle,
      said bell having an infinite variety of operable static positions on said
      support post to which said bell is adjustable with reference to said
      support post according to the position in which the retractor is oriented
      by virtue of installation in the vehicle; during dangerous situations said
      bell pivotable with reference to said support post on any one of said
      different support points within said interior pivot area; and
PA1  said actuating means is disposed on top of said bell and is connected to
      said reel locking means, said actuating means having an unlocked position
      and a locked position, said actuating means being disposed in said
      unlocked position when said bell is in any one of said infinite variety of
      said operable static positions, said actuating means being moved to said
      locked position by said bell during dangerous situations to lock said reel
      and prevent further unwinding of said belt; and wherein:
PA1  said retractor has a longitudinal axis, and a support structure including
      two parallel side walls and a back wall, said side walls being disposed
      approximately perpendicular to said back wall;
PA1  said support post has a longitudinal axis which is disposed substantially
      parallel to said side walls and said back wall;
PA1  said bell has a longitudianl axis; and
PA1  the static position of said bell is adjustable in any direction from a
      static position wherein said longitudinal axis of said bell is disposed at
      an angle of approximately 0.degree. to an angle of approximately
      30.degree. with reference to the longitudinal axis of said support post.
NUM  7.
PAR  7. In a vehicle-sensitive, inertia-operated safety belt retractor with a
      reel for winding the safety belt, means to lock the reel and thereby
      restrain an occupant of a vehicle during emergency situations, an inertia
      mechanism, a support means mounted on said retractor for supporting the
      inertia mechanism and an actuating means responsive to said inertia
      mechanism for operating the means for locking the reel, the improvement
      wherein:
PA1  said inertia mechanism is a concave inertia member which rests on said
      support means, said inertia member having a hollow interior, an open
      bottom and an interior surface; approximately the upper half of said
      interior surface of said inertia member having a substantially
      hermispherical interior pivot area; a portion of said support means
      extending through the open bottom of said inertia member into said hollow
      interior of said inertia member; said inertia member having a plurality of
      support points within said interior pivot area of said inertia member,
      said support means supporting said inertia member at different support
      points within said interior pivot area of said inertia member depending
      upon the orientation of said retractor resulting from installation in a
      vehicle, said inertia member having an infinite variety of operable static
      positions on said support means to which said inertia member is adjustable
      with reference to said support means according to the position in which
      the retractor is oriented by virtue of installation in the vehicle; during
      dangerous situations said inertia member pivotable with reference to said
      support means on any one of said different support points within said
      interior pivot area; and
PA1  said actuating means is disposed between said inertia member and said reel
      locking means, said actuating means having an unlocked position and a
      locked position, said actuating means being disposed in said unlocked
      position when said inertia member is in any one of said infinite variety
      of said operable static positions, said actuating means being moved to
      said locked position by said inertia member during dangerous situations to
      lock said reel and prevent further unwinding of said belt;
PA1  said retractor has a longitudinal axis, and a support structure including
      two parallel side walls and a back wall, said side walls being disposed
      approximately perpendicular to said back wall;
PA1  said support means has a longitudinal axis which is disposed substantially
      parallel to said side walls and said back wall;
PA1  said inertia member has a longitudinal axis; and
PA1  said static position of said inertia member is adjustable in any direction
      from a static position wherein said longitudinal axis of said inertia
      member is disposed at an angle of approximately 0.degree. to an angle of
      approximately 30.degree. with reference to the longitudinal axis of said
      support means.
NUM  8.
PAR  8. In a vehicle-sensitive, inertia-operated safety belt retractor with a
      reel for winding the safety belt, means to lock the reel and thereby
      restrain an occupant of a vehicle during emergency situations, an inertia
      mechanism, a support means mounted on said retractor for supporting the
      inertia mechanism and an actuating means responsive to said inertia
      mechanism for operating the means for locking the reel, the improvement
      wherein:
PA1  said inertia mechanism is an inertia member which rests on said support
      means, said inertia member having a hollow interior, an open bottom and an
      interior surface; an upper portion of said interior surface of said
      inertia member having a substantially hemispherical interior pivot area; a
      portion of said support means extending through the open bottom of said
      inertia member into said hollow interior of said inertia member; said
      inertia member having a plurality of support points within said interior
      pivot area of said inertia member, said support means supporting said
      inertia member at different support points within said interior pivot area
      of said inertia member depending upon the orientation of said retractor
      resulting from installation in a vehicle, said inertia member having a
      variety of operable static positions on said support means to which said
      inertia member is adjustable with reference to said support means
      according to the position in which the retractor is oriented by virtue of
      installation in the vehicle; during dangerous situations said inertia
      member pivotable with reference to said support means on at least one of
      said different support points within said interior pivot area; and
PA1  said actuating means is disposed between said inertia member and said reel
      locking means, said actuating means having an unlocked position and a
      locked position, said actuating means disposed in said unlocked position
      when said inertia member is in any one of said variety of said operable
      static positions, said actuating means being moved to said locked position
      by said inertia member during dangerous situations to lock said reel and
      prevent further unwinding of said belt.
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ABST
PAL  A machine for producing a number of lengths of fabric or similar material
      comprises a frame supporting a sub-frame for movement thereon. The
      sub-frame causes an adjustable winder comprising a shaft rotatable in
      bearings on the sub-frame and at least three supporting members parallel
      to but spaced from the shaft and spaced about the axis of rotation. The
      supporting members are carried by the shaft and the radial spacing thereof
      is variable to thereby vary the distance between the supporting members.
      At least one of the members has means for gripping one end of a sheet of
      material and driving means are associated with the supporting members to
      rotate the members about the shaft axis to thereby wind the sheet material
      around the members.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to an improved measuring and cutting machine and
      relates particularly to a machine for use in cutting a plurality of
      lengths of sheet material.
PAR  Heretofor when it was desired to cut sheet material, such as fabric
      material or the like, to a desired length for the manufacture of curtains,
      sheets and the like, the roll of material was supported in a holder and
      the material run out onto a table where it was then clamped, measured and
      cut by an operator. This method of cutting lengths of material is
      extremely slow and uneconomical as it enables only one length to be
      measured out and cut at any one time. Further, if several lengths of
      material are to be cut, varying tensions applied to each length can result
      in inaccuracies in the cut lengths.
PAC  SUMMARY OF INVENTION
PAR  It is an object of the invention to provide apparatus which will facilitate
      accurate measurement and cutting of a plurality of lengths of sheet
      material.
PAR  It is further object of the invention to provide apparatus which will allow
      cutting of multiple lengths of material at the same time.
PAR  A still further object of the invention is to provide apparatus wherein the
      length of material cut is adjustable.
PAR  A still further object of the invention is to provide means for tensioning
      material as it is drawn from a roll.
PAR  Another object of the invention is to provide tensioning, measuring and
      cutting apparatus which is relatively simple and economical to
      manufacture.
PAR  According to one aspect of the invention there is provided a machine for
      producing a plurality of lengths of sheet material from a roll of the
      material comprising a frame, fabric supporting means rotably mounted on
      the frame, said fabric supporting means including at least three members
      spaced about the axis of rotation of said means and extending
      substantially parallel thereto, the members being mounted for selective
      movement towards or away from said axis so as to selectively vary the
      spacing of the members relative to each other, means associated with at
      least one member to grip the transverse end of a length of sheet material,
      driving means to rotate said members about said axis to thereby wind
      material about the members so that one or more layers of material are
      supported by the members, and means for cutting said layers substantially
      parallel to the members to produce a plurality of lengths of said material
      of substantially equal length.
PAR  The invention also provides a tensioning device for use in tensioning the
      sheet material comprising a number of rows of bristles extending upwardly
      from a support, the rows of bristles extending at least across the width
      of the material to be tensioned, a roller or a second set of bristles
      mounted on a movable support, said movable support adapted to move to
      engage the roller or the second set of bristles with the first set of
      bristles, and means for drawing sheet material therebetween.
PAR  Although the invention is described with reference to sheet fabric
      material, it will be appreciated that the invention may be used with any
      flexible sheet material such as synthetic plastic material, paper, metal,
      foil and the like.
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PAC  DESCRIPTION OF DRAWINGS
PAR  In order that the invention will be more readily understood one embodiment
      thereof will now be described with reference to the accompanying drawings,
      wherein:
PAR  FIG. 1 is a side elevational view of a machine made according to the
      present invention,
PAR  FIG. 2 is a sectional end elevational view taken along the line 2--2 in
      FIG. 1,
PAR  FIG. 3 is a detailed sectional view taken along the line 3--3 in FIG. 2,
PAR  FIG. 4 is a further detailed sectional view taken along the line 4--4 in
      FIG. 2, and
PAR  FIG. 5 is a view taken along the line 5--5 in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, the machine comprises a base frame 1 having
      horizontal rails 2 supported by four legs 3. The horizontal rails 2 are of
      C-shaped cross-section and a secondary frame 4 is mounted for movement
      along the rails 2 with wheels 6 fixed to the movable frame 4 engaging in
      the rails 2 to support the movable frame 4.
PAR  Brackets 7 are fixed to one pair of legs 3 at one end of the machine, the
      brackets 7 being arranged to support at least one roll 8 of fabric
      material 9 which is to be cut into a plurality of lengths.
PAR  A guide table 11 is attached to the end of the frame 1 above the brackets
      7, the table 11 being arranged to support and guide material 9 taken from
      a roll 8 to a tensioning device 12. The tensioning device 12 comprises
      rows of bristles 13 of natural or synthetic material fixed to the base
      frame 1 and projecting upwardly therefrom. The bristles 13 extend across
      the width of the frame and may extend vertically or may be inclined
      towards one or the other end of the base frame. Further rows of bristles
      14 are fixed to a support 16 carried by two arms 17 pivoted to opposite
      legs 3 at the other end of the base frame 1. The arms 17 are movable by a
      hydraulic or pneumatic cylinder 18, or by manual means, to move the second
      set of bristles 14 into engagement with the fixed bristles 13. Fabric
      material 9 is thereby gripped between the two sets of bristles and as the
      fabric 9 is drawn therethrough the bristles act to apply an even tension
      to the fabric. The tension may be varied by varying the pressure applied
      by the second, movable set of bristles 14.
PAR  The movable secondary frame 4 carries an adjustable winder 21 about which
      the fabric material 9 is wound prior to being cut to length. The winder 21
      comprises a main shaft 22 supported in bearings 23 on either side of the
      secondary frame 4. The shaft 22 is formed with two screw threads 24, 26 of
      opposite hand. Threaded collars 27, 28 engage with the threaded shaft, the
      collars being formed with integral flanges 29 extending perpendicular to
      the shaft axis.
PAR  Outer collars 31, 32 are located on the shaft 22 adjacent the bearings 23
      and each outer collar is also formed with an integral flange 33, 34. Three
      rods 36 extend between and are secured to the flanges 33 and 34 and the
      rods 36 pass through holes 37 formed in the flanges 29 on the collars 27
      and 28.
PAR  One of the flanges 33, 34 is fitted with a chain sprocket 38 for a driving
      chain 39 driven by a suitable electric motor 41 through a reduction
      gear-box 42 mounted on a cradle carried by the movable frame 4.
PAR  The flange 29 on each threaded collar are provided with three
      circumferentially spaced brackets 43 which pivotally support outwardly
      extending arms 44. Corresponding arms 44 from the respective flanges 29
      are pivoted to each end of bars 46 equally spaced from the shaft 22. Thus,
      three bars 46 are each carried by a pair of arms pivoted to the flanges
      29.
PAR  The bars 46 are maintained substantially parallel to each other and to the
      shaft 22 by further pairs of arms 47, each arm of each pair of which is
      pivoted at one end to an arm 44 substantially mid-way along its length,
      and at its other end to brackets 48 secured to the rods 36 adjacent the
      flange 33 and 34.
PAR  It will be seen that movement of the threaded collars 27 and 28 towards or
      away from each other causes movement of the respective arms 44 and 47 thus
      moving the bars 46 towards or away from the shaft 22.
PAR  At least one of the bars 46 is fitted with a clamping plate 51 extending
      along the length of the bar 46. The clamping plate 51 is attached at
      either end to a pair of levers 52 pivoted to the ends of the bar 46. The
      levers 52 have an over-centre action such that movement of the levers 52
      in one direction causes the clamping plate 51 to be spaced from the bar 46
      and movement of the levers 52 in the opposite direction secures the
      clamping plate against the bar 46.
PAR  The bar 46 incorporates a guide channel 53 for a cutter blade used to cut
      fabric material engaged about the winder 21.
PAR  In operation, the length of fabric material to be cut is determined by the
      spacing of the three bars 46. Adjustment of the threaded collars along the
      shaft 22 is accomplished by rotating a hand wheel 54 fixed to one end of
      the shaft 22. The arms attached to the threaded collars are either raised
      or lowered, depending on the direction of movement of the threaded
      collars, to thereby vary the spacing of the bars 46 from the shaft 22 and
      from each other and thus vary the perimeter of the space bounded by the
      bars 46.
PAR  The winder 21 carried by the movable frame 4 is moved towards the
      tensioning device by means of the hydraulic or pneumatic cylinder 56 on
      the frame 1. The bars 46 are positioned so that the perimeter of the space
      defined by the bars 46 is equal to the length to which the material is to
      be cut. The end of the material is drawn from the tensioning device and is
      clamped to one of the bars 46 by the clamping plate 51. The movable frame
      4 is then moved away from the tensioning device 12 and the winder 21 is
      rotated by the electric motor driving the shaft 22 through the chain
      sprocket 38. The winder 22 rotates as a unit in the bearings 23 due to the
      rods 36 fixed to the driving sprocket passing through the holes 37 in the
      threaded collar flanges. If desired, a threaded handle may be provided in
      one of the outer collars 31, 32 to releasably engage the shaft 22 thereby
      preventing relative rotation between the shaft 22 and the outer collars.
PAR  Rotation of the winder causes fabric material to be wrapped around the bars
      46, under tension, until the predetermined number of fabric lengths are
      contained on the winder. The fabric is then cut to the set length by a
      suitable cutter passing along the cutting guide on one of the bars 46.
PAR  Allowance may be made for the tendency for subsequent lengths of material
      to be greater than initial lengths due to the fabric thickness increasing
      the distance around the outside of the bars 46. Thus, the shaft 22 may be
      geared to the outer flanges such that a preset relative rotation is
      imparted to the shaft as the winder is rotated. Such relative rotation
      will alter the bar spacing to ensure that the outer fabric length is of
      the same length as the lengths previously wound.
PAR  The machine may be of a width to suit any fabrics to be cut. Also, the
      fabric may be simultaneously cut into various widths by a suitable number
      of cutter blades mounted on the movable support carrying the tensioning
      bristles. These blades are movable along the length of the support so that
      the fabric may be cut to any suitable width.
PAR  A counter may be attached to the movable frame 4 to count the number of
      turns made by the winder and thus the number of lengths of fabric thereon.
      Also, a scale may extend adjacent one of the bars to facilitate
      measurement of the fabric length. The scale is calibrated such that the
      measurement of the distance between the shaft and one of the bars 46 gives
      the length of the material.
PAR  The tensioning device utilized in the present invention may be used on any
      cloth measuring and cutting table and provides effective means for
      tensioning material drawn from a roll. The opposing bristles act to align
      weft and warp threads to ensure that the material is accurately measured
      and cut.
CLMS
STM  The claims defining the invention are as follows:
NUM  1.
PAR  1. A machine for producing a plurality of lengths of sheet material from a
      roll of the material comprising a frame, fabric supporting means rotatably
      mounted on the frame, said fabric supporting means including at least
      three members spaced about the axis of rotation of said means and
      extending substantially parallel thereto, the members being mounted for
      selective movement towards or away from said axis to selectively vary the
      spacing of the members relative to each other, clamping means on at least
      one member to clamp the end of a length of sheet material to the said at
      least one member, driving means to rotate said members about said axis to
      thereby wind sheet material about the members so that one or more layers
      of material are supported by the members, and means for cutting said
      layers substantially parallel to the members to produce a plurality of
      lengths of said material of substantially equal length.
NUM  2.
PAR  2. A machine as claimed in claim 1 wherein said fabric supporting means
      includes a shaft extending along said axis of rotation, the shaft being
      mounted in bearings carried by the frame, and arm means interconnecting
      the shaft and said members.
NUM  3.
PAR  3. A machine as claimed in claim 2 wherein said shaft carries a pair of
      collars axially movable therealong with means for selectively locating the
      collars along the shaft, and said arm means includes a first set of arms
      extending between each collar and the members and a second set of arms
      interconnected with the first arms and mounted relative to the shaft so
      that movement of the collars therealong varies the angular relationship
      between the arms and the shaft to thereby vary the spacing between the
      members and the shaft.
NUM  4.
PAR  4. A machine as claimed in claim 2 wherein said driving means includes a
      flange mounted on the shaft adjacent one end thereof, means for rotating
      said flange, and interconnecting means between said flange and said arm
      means to impart driving motion to rotate said members.
NUM  5.
PAR  5. A machine as claimed in claim 3 wherein said means for locating the
      collars comprises threads of opposite hands along the shaft and
      correspondingly threaded collars whereby relative rotation of the shaft
      and collars causes the collars to move towards or away from each other
      along the shaft.
NUM  6.
PAR  6. A machine as claimed in claim 1 wherein said gripping means comprises a
      clamping plate mounted on one member the clamping plate being movable
      towards the member to clamp material thereto, and locking means to lock
      the clamping plate in the clamped position.
NUM  7.
PAR  7. A machine as claimed in claim 1 wherein a guide channel is mounted on at
      least one member to guide cutting means there along for cutting material
      engaged around that member.
NUM  8.
PAR  8. A machine for producing a plurality of lengths of sheet material from a
      roll of the material comprising a frame, a shaft mounted for rotation
      relative to the frame, at least two collars axially movable along the
      shaft, means for locating the collars at any predetermined axial position
      along the shaft, a plurality of fabric supporting members spaced around
      the shaft, the members being adjustably supported in spaced relationship
      to the shaft by pivoted arms extending between each collar and each
      member, flange means rotatably mounted on the shaft adjacent each end
      thereof, means interconnecting the flange means and the collars to prevent
      relative rotation therebetween without restricting axial movement of the
      collars along the shaft, secondary arms extending from said flange means
      and attached to said pivoted arms intermediate the ends thereof, and
      driving means for rotating said flange means, interconnecting means,
      shaft, collars, arms and members relative to said frame.
NUM  9.
PAR  9. A machine as claimed in claim 8 wherein said interconnecting means
      includes a plurality of bars extending substantially parallel to the shaft
      and adapted to impart driving motion between the driven flange means and
      the arm means.
NUM  10.
PAR  10. A machine as claimed in claim 8 wherein said frame is movable on a
      fixed frame which carries means for supporting the roll of the material to
      be cut into lengths, said frame being mounted on wheels which engage in
      channel rails of the fixed frame.
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ABST
PAL  A collapsible reel comprising a pair of similar flanges connected by a
      tubular hub composed of at least a pair of similar segments, similar
      bosses being affixed to a planar surface of each of the flanges, said
      bosses having arcuate grooves in the peripheral surfaces thereof and the
      opposite ends of the concave surfaces of the hub segments having arcuate
      ribs thereon complementary in shape and size to the grooves in said bosses
      for reception into said grooves, thereby interlocking the flanges to the
      hub. Bolt means extending through portions of the hub segments and into
      other portions engage nuts in said other portions to secure the hub
      segments in operative relationship with each other and interlock to said
      flanges. The abutting edges of the hub segments also have interfitting
      lugs and recesses to align the same with each other and insure a
      cylindrical outer surface on said hub to receive material to be wound
      thereupon between said flanges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many commercial and industrial activities require the use of reels upon
      which are coiled various lengths, frequently infinite in nature, of many
      different types of material such as wire, strips of many different types
      of material in various widths and thicknesses, lengths of connected semi
      or completely manufactured items such as electrical contacts, electrical
      terminals and the like. Belting, chain and many other types of products
      similarly are coiled upon appropriate reels. In many instances, reels are
      expendable but nevertheless add to the cost of the product carried
      thereby. Particularly when reels are such size and composition that the
      cost thereof represents a reasonably substantial expense, such as of the
      order of one dollar or more, it becomes economical to return empty reels
      to the supplier for re-use.
PAR  Reels of the type referred to which are susceptible to re-use frequently
      are of a size from about eight or ten inches in diameter and the hubs
      thereof are at least four or five inches in length and made from suitable
      material such as synthetic resins or plastics, metal, or otherwise. It is
      quite common at present for reels of such size and especially larger reels
      to be of a very bulky nature when packed for shipment to the supplier for
      re-use and under such circumstances, it is possible for the shipping cost
      to be such as to deter such re-use, whereby the reels become a waste.
      Accordingly, it has become expedient in efforts to economize in the cost
      of coiled products to effect suitable re-use of reels ranging from the
      sizes referred to above, up to reels of much larger size by making the
      reels collapsible so that the flanges thereof are separable from the hub
      and the separated components of the reel may be compactly packed with
      components of other reels, whereby a plurality of collapsed or separated
      reel components may be packed compactly either in appropriate containers
      or by suitable wrappings for less expensive transportation to return the
      collapsed reels to the supplier for re-use.
PAR  Relatively large reels, such as the type employed for the coiling of
      electrical conduits and cable thereon have often been made of wood
      heretofore and the heavy wooden flanges are connected to equally heavy
      wooden hubs by means of a plurality of bolts extending through the flanges
      and the hub to securely affix the hub and flanges together. Appropriate
      means must be used however to effect suitable alignment of the hub with
      the flanges and, when the same are separated in an attempt to compactly
      arrange the same in a package, quite a number of components have to be
      accounted for. In addition, substantial manual effort is required to both
      assemble as well as disassemble such reels incident respectively to
      preparing the same for re-use or for shipment back to the supplier. The
      present cost of wood has also greatly discouraged the manufacture and use
      of heavy wooden reels. Accordingly, the heavy duty reels such as of a type
      on which electric cable and the like is coiled at present now are
      manufactured from an appropriate metal such as steel and, further, for
      purposes of minimizing the weight, certain types of these reels are
      manufactured from lighter material such as magnesium, aluminum, and
      otherwise. However, effecting the fabrication of the flanges to the hubs
      of such reels frequently is of a permanent nature so that the reels cannot
      be disassembled or collapsed. However, under circumstances where
      disassembly is possible, extensive bolts and tie-rod means are employed
      which require appreciable manual operation and manipulation to effect both
      assembly and disassembly of this type of reel.
PAR  One example of collapsible, so-called heavy-duty reel which if formed from
      magnesium, comprises the subject matter of U.S. Pat. No. 2,585,159, to
      Morley, dated Feb. 12, 1952. However, said reel employs connecting means
      between the flanges and hub which is relatively complex and present
      substantial manufacturing expense due to the intricate nature of certain
      interfitting parts, not only in conjunction with the means to connect the
      hub to the flanges but also said reel is provided with cover means
      extending circumferentially around the entire outer portion of the reel,
      when filled, presumably also for adding to the strength of the flanges to
      withstand any distortion imposed upon the same during shipment in view of
      the substantial weight of the material coiled upon the reel.
PAR  The present applicant also recently obtained U.S. Pat. No. 3,822,841, dated
      July 9, 1974, upon a collapsible reel structure which is very well adapted
      to be used for the coiling of material thereon where the diameter of the
      flanges is of the order of not appreciably more than ten or twelve inches
      and the length thereof is of the order of not substantially more than six
      or eight inches. It is preferred that said reel be manufactured from
      synthetic resin and a particular type of means by which the hub members
      are connected to the flanges is of such nature that it is not readily
      adaptable to reels of a heavy duty nature and partically of a size
      apprecialby larger than the dimensions referred to above. Accordingly, for
      purposes of providing a so-called heavy duty reel which is collapsible and
      may be capable of containing much heavier loads than those capable of
      being coiled upon his patented type of reel, the present invention has
      been developed for purposes of supporting loads, for example, of the range
      of one thousand pounds or more and in regard to which the diameter of the
      flanges may be up to substantially thirty six inches and the hub is of the
      order of up to approximately twenty four inches or more. Details and
      characteristics of the heavy-duty type of reel comprising the subject
      matter of this application are set forth hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the present invention to provide collapsible
      reels upon which relatively heavy loads of coiled material may be
      contained, and the connecting means between the segments of the multi-part
      hub are readily connectable to and disconnectable from the flanges on
      which the inner surfaces are planar and the ends of the hub abut said
      planar surfaces, said flanges and hub segments having interengaging groove
      and rib means which effect firm connection of the hub to the flanges and
      are of such nature that the coiling of material upon the hub forces said
      connecting means into tighter interconnecting relationship.
PAR  Another object of the invention is to provide said groove and rib
      connecting means with sloping sides that are complementary to each other
      to facilitate the initial co-engagement of the same with each other
      incident to assembling the flanges with the hub segments and also
      providing wedge-type connection between such ribs and grooves.
PAR  Ancillary to the foregoing object, it is a still further object to provide
      such rib and groove connecting means with clearances of very limited
      nature adjacent the inner base of the grooves and adjacent surfaces of the
      ribs in order that there will be full reception of the ribs within the
      grooves when the hub segments are completely connected and assembled with
      respect to the flanges of the reel.
PAR  It is a still further object of the invention to provide the grooves of
      said connecting means upon relatively short, circular bosses which are
      either integrally connected to or are otherwise suitably affixed to said
      planar surfaces of the flanges, co-axially with the center of said
      flanges, which preferably are circular, said grooves extending into the
      peripheral surfaces of said bosses which preferably are cylindrical in
      nature, and the co-engageable ribs are formed on the arcuate, concave
      inner surface of the hub segments and are of complementary size and shape
      to the grooves for ready reception therein.
PAR  It is a further object of the invention to provide means to connect the
      segments of the hub firmly together and incidentally maintain the inner
      engaging rib and groove connecting means between the hub and flanges in
      operative relationship with each other, said connecting means comprising
      at least one bolt extending from each segment into the adjacent segment,
      the bolts of said segments being at opposite sides of the axis of the
      reel, said bolts being engageable with threaded means in the opposite
      segment, such as a nut embedded therein and said segments having axially
      aligned holes commonly therethrough to receive said bolts, the outer ends
      of said holes respectively being enlarged to provide sockets which receive
      the heads of said bolts and said nuts so that no portions of said bolts or
      nuts project beyond the cylindrical outline of the hub segments when
      assembled to form a preferably cylindrical surface.
PAR  Ancillary to the foregoing object, it is still another object to provide
      means by which the nuts preferably are embedded within a hub segment at
      the outer end of one of said aforementioned holes which is spaced
      transversely from another similar hole at the opposite side of the axis of
      said hub segment which receives the bolt, said bolt being rotatable within
      said hole but preferably said bolt is not movable axially so as to become
      separated from said segment, whereby there are no loose bolts and nuts to
      account for when the various elements of the reel are separated from each
      other and packaged compactly, for example, for return to the supplier for
      re-use after being re-assembled.
PAR  Details of the foregoing objects and the invention, as well as other
      objects thereof, are set forth in the following specification and
      illustrated in the accompanying drawing comprising a part thereof.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a collapsible reel embodying the principals
      of the present invention, part of one flange being broken away to show
      certain details thereof and said figure also showing several bolts in
      position to be installed operatively to secure the hub segment together.
PAR  FIG. 2 is an exploded view showing all elements of the collapsible reel in
      expanded position.
PAR  FIG. 3 is an enlarged plan view of one segment of the hub as viewed from
      the inner concave side thereof.
PAR  FIG. 4 is a partially sectioned side elevation of the hub segment
      illustrated in FIG. 3 as seen on the line 4--4 thereof.
PAR  FIG. 5 is a side elevation of one of the flanges of the reel shown in FIGS.
      1 and 2 as seen from the inner planar face thereof upon which a connecting
      boss is provided.
PAR  FIG. 6 is a side elevation of the flange shown in FIG. 5.
PAR  FIG. 7 is a view similar to FIG. 5 but showing another embodiment of flange
      arrangement in which a series of spider-like arms are employed instead of
      a disc to determine the end surfaces of the coil of material to be wound
      upon such embodiment of reel.
PAR  FIG. 8 is an enlarged transverse sectional view showing fragmentary
      portions of a hub segment and flange boss and illustrating the details of
      the co-engaging rib and groove means comprising the means for interlocking
      the hub segments to the flanges.
PAR  FIG. 9 is a fragmentary sectional view illustrating a preferred embodiment
      for maintaining a connecting bolt from axial removal from the hub segment
      in which it is disposed but permit rotation thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings and especially FIGS. 1 and 2, it will be seen
      that the preferred construction of a collapsible reel embodying the
      principals of the present invention includes a pair of similar flanges 10
      and a pair of similar hub segments 12. In this embodiment, the flanges
      have been illustrated as circular discs but it's to be understood that the
      geometrical configuration of the periphery thereof may be other than the
      circle within the purview of the present invention. Said flanges are
      provided with central openings 14 through which a supporting axle may be
      extended for use incident to coiling or uncoiling material from the reel
      when assembled.
PAR  The inner faces of the flanges 10 preferably are planar with the exception
      of short, preferably cylindrical bosses 16 which are formed centrally of
      said planar surfaces of the flanges. Said bosses preferably are
      cylindrical and the peripheral surface thereof is provided with a
      plurality of arcuate grooves 18 which are of uniform depth.
PAR  The hub segments 12 are preferably semi-cylindrical and the outer edges
      thereof are arranged to abut each other to form a tubular hub, not only to
      provide strength but also to save material. The concave inner surface of
      the hub segments 12, adjacent opposite ends thereof with respect to the
      axis, is provided with a pair of similar arcuate ribs 20 which are
      complementary both as to shape and size with the grooves 18. In the
      preferred construction, the ribs 20 do not extend to the ends 22 of the
      segments, whereby as seen in FIG. 5, the ends of the two grooves 18 are
      spaced from each other circumferentially. In FIG. 3, it will be seen that
      the ribs 20 are slightly spaced inwardly from the outer ends of the hub
      segments 12, in an axial direction, particularly for purposes of adding
      strength to the ribs for purposes of resisting axial flexing or other
      displacement of the ribs due, for example, to shock being imposed upon the
      same, especially in the handling of a reel when filled with relatively
      heavy material. However, if desired, the outer edges of the ribs 20 may be
      substantially co-incident with the adjacent ends of the hub segments 12.
PAR  An important feature of the present invention comprises the fact that the
      inner surfaces of the flanges 10 are planar and the bosses 16 project from
      said planar surfaces. The bosses 16 may be formed integrally with said
      flanges or, if desired, they may be formed separately and fixedly
      connected appropriately against the planar inner faces of the flanges 10,
      by any suitable means, of a detachable nature, or permanently fixed
      nature. The diameter of the bosses 16 is preferably precisely equal to the
      inner diameter of the hub segments 12 when connected together to form a
      cylindrical hub. Accordingly, when the hub segments 12 are connected to
      the flanges 10, the opposite ends of the segments 12 will closely abut the
      planar surfaces of the flanges 10. In view of this, assembly of the
      segments with the flanges is very readily and easily accomplished. To
      further facilitate such easy assembly, it will be seen especially from
      FIG. 8, that the opposite sides of the arcuate ribs 20 taper inwardly
      toward each other in a radially inward direction. Similarly, the opposite
      sides of the arcuate grooves 18 likewise are tapered in a complimentary
      manner to receive the ribs 20, thereby providing a somewhat camming
      effect. However, to insure that the ribs 20 will be fully received within
      the grooves 18 so that the inner cylindrical surfaces of the tubular
      composite hub comprising the segments 12 will firmly abut the perphiral
      surfaces of the bosses 16, there is illustrated in FIG. 8, in somewhat
      exaggerted manner, the fact that the sides of the arcuate ribs 20 taper
      slightly more sharply than the sides of the grooves 18 but it is preferred
      that the transverse dimension of the roots of the ribs 20 is precisely
      equal to the transverse width of the outer ends of the grooves 18.
      Further, as also is evident from FIG. 8, the outer cylindrical surface 24
      is slightly spaced from the bottom surface 26 of the grooves 18 so as to
      insure the firm engagement of the interior surface of the tubular hub 12
      with the peripheral surface of the bosses 16. By way of example, the
      clearances between the various surfaces illustrated in FIG. 8 is
      preferably a matter of only several thousandths of an inch, at least in
      the smaller sizes of reels contemplated for employment of the present
      invention but, in the larger sizes of reels, such clearances may be of a
      somewhat greater dimension then a few thousandths but the precise
      transverse dimensions of the roots of the ribs and outer ends of the
      groove applies in even the larger sizes of reels.
PAR  The flanges 10 and hub segments 12 may be made from a number of different
      types of suitable materials, one of the preferred materials however, being
      suitable types of synthetic resin or plastics, structural foam or
      otherwise. Likewise, appropriate metal may be employed, especially lighter
      weight metals such as magnesium and aluminum. Under some circumstances and
      particularly in the larger sizes of the reels, combinations of materials
      may be employed such as the flanges being made from wood, such as plywood
      and the bosses 16 may be made from either wood or other appropriate
      material and the grooves 18 are appropriately formed in said bosses. Under
      such circumstances, the hub segments 12 may be formed from suitable
      moldable material such as synthetic resin or metal.
PAR  Further to facilitate the alignment and also to maintain the abutting edges
      or ends 22 of the segments in firm and accuate alignment with each other,
      especially to form a preferably cylindrical exterior surface for the hub,
      the ends 22 of said segments are each provided with aligning lugs 28 and
      complimentary elongated recesses 30. Each end 22 of said hub segment
      contains at least one aligning lug 28 and one elongated recess 30. Also,
      as clearly shown in FIG. 3, said lugs and recesses on the opposite ends
      are disposed in reverse relationship to each other in order that a pair of
      the hub segments may be suitable aligned with each other by disposing the
      lug 28 on one surface adjacent one end of the segment with the recess on
      the engaging end of the other segment which is nearest the same end of the
      segment, thereby rendering it possible to manufacture only one arrangement
      of hub segment 12 for each size of reel and thereby minimize inventory and
      manufacturing expense. Further, the lugs 28 preferably are tapered at the
      opposite sides and ends and the recesses 30 are of a complimentary shape,
      thereby facilitating the assembly of the segments 12 with each other
      incident to connecting the segments with the flanges 10.
PAR  Maintaining the hub segments 12 connected to each other and also, by means
      of the grooves 18 and ribs 20, with the flanges 10, is accomplished by
      very simple means. As shown in FIGS. 1 and 2, a pair of bolts 32 which are
      illustrated in exploded manner in said figures. Particularly in the
      smaller sizes of the range of different sizes in which the present
      invention is capable of being employed, a pair of bolts will be adequate
      to effect such connection and final assembly of all the components. To
      accommodate the bolts 32, each hub segment 12 is provided with a pair of
      holes 34, which are best shown in FIG. 4, terminating outwardly in sockets
      36 which are of a larger diameter then the holes. The holes 34 are also
      formed preferably in molded bosses 38, as shown in FIGS. 3 and 4. The
      sockets 36 are of a sufficient diameter to receive the heads of the bolts
      32. The holes 34 in a pair of the hub segments 12 when in a assembled
      relationship with each other are in axial alignment, whereby the opposite
      end of the bolt extends through the hole 34 in the opposite hub segments
      and the socket in said opposite segment accommodates a nut threadable onto
      the end of the bolt extending into said opposite segment.
PAR  From FIGS. 3 and 4 particularly, it will be seen that the holes 34 are
      parallel to each other in each segment and are on opposite sides of the
      axis of the tubular hub formed by a pair of said segments. In the larger
      sizes of reels and especially those designed to accommodate loads of
      substantial weight, such as the order of a number of hundred pounds, and
      particularly if the length of the hub segments 12 are greater then of the
      order of approximately twelve inches, it is contemplated within the
      purview of the present invention that two or more bolts 32, holes 34 and
      sockets 36 may be provided in the hub segments 12 in axial alignment with
      each other, respectively on opposite sides of the axis of the tubular hub.
      In addition, additional pairs of co-acting alinging lugs 28 and elongated
      recesses 30 may be required in the end surfaces 22 of the hub segments 12.
PAR  Under some circumstances, the sizes and arrangement of the componenets of
      the composite reel and especially the hub segments 12 permitting, it is
      contemplated also within the purview of the invention that the nuts
      referred to above which are threadably engaged by the bolts 32 may be
      fixedly retained within the sockets 36, such as by the use of cement,
      locking rings or otherwise. Similarly, the bolts 32 may be rotatably
      mounted within the holes 34 and sockets 36 but are prevented from
      longitudinal removal therefrom, such as by the employment of a snap-ring
      40, one typical example of which is illustrated in cross-section in FIG.
      9. By such arrangement, particularly when the components of the reels are
      collapsed or dis-assembled for return to the supplier for re-use, it is
      not necessary to provide additional means to retain the bolts and nuts
      with said components such as by enclosing the same in an appropriate bag
      or other suitable package as is now necessary if such nuts and bolts are
      not irremovable from the segments by some means such as the exemplary
      construction described hereinabove.
PAR  Although the most common configuration for flanges of reels is circular, as
      illustrated in FIGS. 1, 2 and 5, the present invention is adapted to reels
      in which other configurations of flanges may be employed such as the
      exemplary configuration shown in FIG. 7 in which a series of spider-like
      arms 42 are formed in any suitable manner and the boss 16 is connected
      thereto, either integrally or in a suitable fixed manner. As in regard to
      the flanges 10, the spider-like arms 42 may be formed from the same type
      of materials as described above with respect to the flanges 10 and said
      arm will define the width of the final coil of material which is contained
      upon the reel.
PAR  From the foregoing description and the illustrations contained in the
      drawing, it is apparent that as material is wound upon the hub segments
      12, the coiled material will serve to maintain the segments 12 not only in
      operative relationship with each other but also will maintain the
      connecting means comprising the grooves 18 and ribs 20 in tight engagement
      with each other so that at least after the initial coiling of material
      upon the hub is undertaken, the bolts 32 become superfluous. Accordingly,
      the bolts 32 primarily are for purposes of effecting initial assembly of
      the reel and, conversely, removal of the bolts from engagment with the
      co-acting nuts in the segments will permit ready dis-assembly of the
      components of the reel to dispose them in collapsed condition for compact
      packaging and return to the supplier for reuse.
PAR  It is also to be understood that while the present illustration shows only
      a pair of the hub segments 12, which incidentally is the preferred
      construction thereof in accordance with the invention, it nevertheless is
      to be understood that the principles of the invention may be applied to
      reels in which more than two of the hub segments 12 are employed,
      particularly if the diameter of the hub, especially in the larger sizes of
      reels, renders the use of more then two segments desirable. Further,
      particularly in the larger sizes of reels of the range described herein,
      and especially for purposes of maintaining the thickness of the segments
      12 at a minimum commensurate with strength to resist collapsing when
      material is coiled thereon, additional strength may be supplied by
      employing radially extending, arcuate ribs at axially spaced locations
      inward of the arcuate ribs 20 and preferably have the same integrally
      connected to the concave surfaces of the hub segments 12 so as to
      strengthen said segments against tendencies to bend. A series of
      circumferentially spaced, axially extending ribs formed on the concave
      surfaces of the hub segments 12 also may be employed for such
      strengthening purposes.
PAR  From the foregoing, it will be seen that the present invention provides a
      very simple construction which provides a collapsible reel which,
      particularly when the dimensions of the flanges and hub segments are
      suitably dimensioned, is capable of being manufactured in a range of sizes
      for so-called heavy duty use and particularly to accommodate coiled loads
      of wire-like or strip material within a range up to one thousand pounds or
      more but, conversely, the construction is such that it readily is adapted
      for use in smaller sizes of reels such as of the order of ten or twelve
      inches in diameter and six or eight inches in length. When the components
      are separated and collapsed, they may be compactly arranged either in
      suitable containers or otherwise appropriately packaged with a number of
      additional similar collapsed reels and thereby facilitate the return of
      the reels economically to a supplier for re-assembly and re-use.
PAR  While the invention has been described and illustrated in its several
      preferred embodiments, it should be understood that the invention is not
      to be limited to the precise details herein illustrated and described
      since the same may be carried out in other ways falling within the scope
      of the invention as illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A collapsible reel comprising in combination, a pair of similar unitary
      flanges each having at least one planar face; a substantially tubular hub
      the opposite ends of which abut said planar faces of said flanges, said
      hub being composed of a plurality of similar arcuate segments having
      concave inner surfaces; and means detachably connecting said ends of said
      hub in abutting relationship respectively to said planar faces of said
      flanges comprising similar bosses fixed centrally to and extending axially
      from said planar faces of said flanges and having arcuate grooves in the
      peripheries of said bosses positioned therein axially outward from said
      planar faces of said flanges, said segments of said hub having on said
      concave surfaces thereof arcuate ribs complementary in shape and size to
      said arcuate grooves in said bosses and respectively received closely
      therein when said hub segments are positioned operatively between said
      flanges with the ends thereof abutting said planar faces of said flanges,
      and means connecting said segments to each other to maintain said hub
      connected operatively to said flanges.
NUM  2.
PAR  2. The reel according to claim 1 in which the opposite sides of said
      arcuate ribs slope toward each other toward the outer ends thereof and the
      opposite sides of said arcuate grooves sloping toward each other from the
      periphery of said bosses toward the bottoms of said grooves to be
      substantially complementary to the shape and size of said arcuate ribs.
NUM  3.
PAR  3. The reel according to claim 2 in which the outer ends of said arcuate
      ribs comprise a segment of a cylindrical surface of predetermined axial
      length and the bottom surfaces of said arcuate grooves are complementary
      thereto.
NUM  4.
PAR  4. The reel according to claim 3 in which the transverse dimension of the
      root of said ribs is substantially precisely equal to the transverse
      dimension of the outer end of said grooves and the transverse dimension of
      the outer end of each rib being slightly less than the transverse
      dimension of the bottom surface of each groove, thereby insuring firm
      engagement between said ribs and grooves at the strongest part of each rib
      when the hub segments are connected to said flanges.
NUM  5.
PAR  5. The reel according to claim 2 in which said grooves in the peripheries
      of said bosses on said flanges are of uniform depth and said arcuate ribs
      on said hub segments have a uniform height and the height of said ribs is
      slightly less than the depth of said grooves to insure firm engagement of
      the sides of said grooves and ribs with each other when said hub segments
      are connected to said flanges.
NUM  6.
PAR  6. The reel according to claim 1 in which said hub segments comprise a pair
      of similar semi-cylindrical members, the axially extending outer edges
      thereof abutting each other when said segments are connected together, and
      said segments further including interfitting lugs and recesses
      respectively on said outer edges thereof to effect accurate alignment of
      said edges of said segments with each other when said segments are
      connected to said flanges.
NUM  7.
PAR  7. The reel according to claim 6 in which each of said edges of said
      segments have a lug and a complementary recess thereon in longitudinal
      alignment along each edge, the lug and recess on one edge of each segment
      being in reverse relationship to the lug and recess on the other edge of
      each segment, whereby the lugs and recesses on a pair of identical
      segments will interfit when the edges thereof are in abutment.
NUM  8.
PAR  8. The reel according to claim 6 in which the opposite ends of the arcuate
      ribs on said hub segments respectively are spaced inwardly from the
      abuttable edges of said segments similar predetermined short distances and
      the arcuate grooves in the peripheral surfaces of said bosses on said
      flanges are complementary in length to said ribs, whereby the opposite
      ends of said grooves on each boss are spaced similar distances in arcuate
      directions from each other.
NUM  9.
PAR  9. The reel according to claim 6 in which said means connecting said
      segments to each other comprise at least a pair of bolts extending
      respectively through portions of said hub segments respectively at
      opposite sides of the axis of said hub and inward from the abutting edges
      of said segments, and threaded means in the opposing segment engageable
      with said bolts, the heads of said bolts and said threaded means being
      recessed into said segments below the exterior semi-cylindrical surface
      thereof so as not to be contacted by material when coiled upon said reel.
NUM  10.
PAR  10. The reel according to claim 9 in which one bolt is rotatably mounted
      respectively in each hub segment and extends through a hole in the
      opposite segment and said threaded means engageable with said bolts
      comprise complementary nuts anchored within said holes in said opposite
      segments, said segments further including securing means within said
      segments engageable with the bolt heads mounted therein and operable to
      permit rotation of said bolts but prevent axial removal movement of said
      bolts from said segments, said securing means being recessed below the
      outer cylindrical surface of said hub segments.
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ABST
PAL  A cable reel comprises a pair of annular flanges and a hollow cylindrical
      core extending between the flanges. Each end portion of the core is
      engaged in an annular groove formed on the inner surface of each flange. A
      tubular element is located within the core to act as a guide for a
      supporting spindle, the end portions of the element being engaged in
      stepped portions of the flanges. The flanges are reinforced by radial ribs
      and are retained against the core by means of at least three tie rods.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a reel for a cable.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a reel for a cable,
      said reel comprising a hollow cylindrical core, two disc-shaped flanges,
      each flange having a central aperature arranged to permit passage of a
      supporting spindle, and each flange having on its inner surface an annular
      groove which receives a respective end portion of the core, each said
      flange comprising a plurality of radial reinforcing ribs on its outer
      surface, and a stepped portion formed on its inner surface adjacent the
      central aperture, an inner tubular element arranged to act as a guide for
      the supporting spindle, the respective end portions of the tubular element
      being engaged with the stepped portion of each flange, at least three tie
      rod means, at least one end portion of each tie rod means being screw
      threaded, and nut means cooperating with the screw threaded end portion of
      the rod means to effect retention of the flanges at each end portion of
      the core.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the invention will now be described, by way of example only,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is an elevation of a reel in accordance with the invention;
PAR  FIG. 2 is a fragmentary section taken on line II--II of FIG. 1;
PAR  FIG. 3 is an elevation of another reel in accordance with the invention;
      and
PAR  FIG. 4 is a fragmentary section taken on line IV--IV of FIG. 3. In the two
      embodiments, identical elements are designated by the same reference
      numerals.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The reel shown in FIGS. 1 and 2 is arranged to receive a thin wire, for
      example a telephone wire, and comprises a pair of flanges 10 each having a
      diameter of about 400 mms. Preferably the flanges are formed from a
      laminated fibreglass-polyester plastics material. A central core 12 of the
      reel is in the form of a hollow cylinder on which the wire is directly
      wound. The central core 12 is advantageously made of metal such that the
      reel can electrically connect the wire wound on the core and a framework
      supporting the reel. This arrangement enables checks to be made on the
      wire during the production or winding of the wire.
PAR  Each of the two flanges 10 of the reel is disc-shaped and has a central
      aperture 14 which permits passage of a spindle arranged to support the
      reel. On the inner surface of each flange 10, there is formed a
      V-sectioned annular channel or groove 16 which is situated at
      substantially equal distances from the centre of the flange and from its
      outer rim. Each annular groove 16 is arranged to receive a respective end
      portion of the core 12 and is moulded integrally with the inner surface of
      the flange. This arrangement renders it possible to obviate the use of
      protective webs, adhesive-coated fabrics or other materials which would
      otherwise be required at the level of the joint between the core 12 and
      the flange 10 to plug the gap which would be liable to damage the wire
      whilst the latter is being wound. The dimensions of the groove 16
      correspond to those of the corresponding end portion of the core 12.
PAR  The outer surface of each flange comprises a plurality of radial
      reinforcing ribs 18, which are preferably spaced apart evenly from each
      other. The ribs 18 act to prevent deflection of the flanges resulting from
      tight winding of the wire.
PAR  A central element 20 of tubular form is located within the core 12 and acts
      as a guide for the reel-supporting spindle. Each of the two end portions
      of the tubular element 20 fits accurately into a stepped shoulder portion
      22 of a respective flange 10. The inner diameter of the element 20 is
      approximately equal to the diameter of the aperture 14.
PAR  The reel is maintained in its assembled state by at least three tie-bolts
      24, each having at least one screw-threaded end portion which receives a
      nut 26 so that the two flanges 10 are held at each end portion of the core
      12 and of the tubular element 20. Preferably the holes which receive the
      tie-bolts 24 are formed within a reinforced portion of the flanges 10 to
      increase the strength of the assembled reel.
PAR  The annular groove 16 has a projection (not shown) formed at an optional
      point to cooperate with a notch formed in the corresponding end portion of
      the core 12 by a suitable notching process. Given that the rotation of the
      reel on its spindle is produced by entrainment of its flanges, it is thus
      necessary for the core 12 to be rigidly coupled to the flanges 10. It is
      quite clear that, in the case in which both flanges of the reel have a
      groove having an immobilising projection, it is necessary that these
      projections should be positioned in an identical position on each flange
      with respect to the holes intended to receive the tie-bolts. Upon
      assembling the reel, these holes should be in exact mutual alignment in
      pairs in the locked position of the flanges and of the core.
PAR  The stress acting on the flanges to deflect same is greatest in the area
      adjacent to the core 12, and it is therefore sufficient for the
      reinforcing ribs to be formed to start in this area.
PAR  The reinforcing ribs are arranged to impart to the flanges 10, a resistance
      proportional to the deflecting stress acting on the flanges 10. However,
      this stress is greatest close to the core 12 and diminishes towards the
      peripheral rim of the flanges 10; thus, as shown in FIGS. 3 and 4 the
      cross-sectional area of the ribs 18 decreases towards the rim of the
      flanges 10, the flanges 10 being about 600 mm in diameter. It is thus
      possible to obtain optimum utilization of the reel capacity, without
      causing a flange deflection exceeding 2 to 3 mms between the two flanges,
      at the periphery of the reel. It will be recalled that the material used
      to produce the flanges is a laminated plastics material.
PAR  In the two embodiments shown, each flange preferably comprises three
      recesses 28 appropriate to receive the heads or the nuts 26 of the
      tie-rods 24. The heads or nuts 26 are thereby located within the thickness
      of the flanges 10 and do not project outwardly beyond the flanges.
PAR  In order to obtain a strong but lightweight flange 10, each flange has a
      peripheral reinforcing rim 30. The presence of this rim 30 renders it
      possible to secure a substantial increase in the impact strength of the
      most exposed portion of the reel, namely the peripheral edge of the
      flanges.
PAR  At least one of the two flanges 10 of the reel comprises a recess 32 of
      elongate form arranged to cooperate with a driving finger rigid with the
      reel-supporting spindle whereby the reel is fast for rotation with the
      spindle.
PAR  This recess 32 is formed close to the centre of the reel in a reinforced
      portion of the flange 10, in such manner that the driving finger has a
      greater area of contact on the sides of the recess 32. Even if the reel is
      to be driven by means of a single driving finger, it is advantageous for
      each flange to be provided with a recess 32 whereby the two flanges are
      identical.
PAR  The reel particularly described is thus formed from several rapidly
      demountable and interchangeable elements. It is possible to replace single
      component elements of the reel, for example a flange which has been broken
      or deformed by a blow. The arrangement of the ribs renders it possible to
      reduce substantially the weight of the flanges and thus of the reel as a
      whole, whilst retaining the strength of the reel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reel for very thin cables, such as telephonic cables, comprising, a
      hollow cylindrical core, two disc-shaped flanges made of a molded plastic
      material, each flange having a central aperture arranged to permit passage
      of a supporting spindle, and each flange being provided on its inner
      surface with an annular groove molded thereinto so as to have a radial
      size equal to the thickness of said core, the opposite annular end
      portions of said cylindrical core being removably received in the
      respective annular groove of the correspondng flange substantially without
      play and being supported therein radially inwardly and outwardly, a
      plurality of radial reinforcing ribs provided on the outer surface of each
      flange, each said rib extending radially outwardly from a position
      adjacent to but radially outwardly from the annular groove to a position
      adjacent the peripheral edge of the flange, the cross-sectional area of
      each said rib decreasing with increasing distance from the center of the
      flange, a stepped portion formed on the inner surface of each flange which
      is adjacent the central aperture, an inner tubular element arranged to act
      as a guide for the supporting spindle, the respective end portions of the
      tubular element being engaged with the stepped portion of each flange, and
      a plurality of tie rod means and nut connections arranged between the two
      flanges inwardly of said cylindrical core to urge the flanges toward one
      another.
NUM  2.
PAR  2. A reel according to claim 1 wherein each said flange further comprises,
PA1  a projection in each said annular groove, each end portion of the core
      having a notch which cooperates with the projection whereby to prevent
      rotation of the flanges relative to the core.
NUM  3.
PAR  3. A reel according to claim 1, wherein each said flange has a recess in
      its outer surface arranged to receive a respective said nut means, whereby
      the nut means lie within the thickness of the flange.
NUM  4.
PAR  4. A reel according to claim 1, wherein each flange further comprises
PA1  a peripheral reinforcing rim.
NUM  5.
PAR  5. A reel according to claim 1, wherein at least one flange has an elongate
      recess arranged to cooperate with a finger rigid with the supporting
      spindle.
NUM  6.
PAR  6. A reel according to claim 5, wherein the recess is located within a
      reinforced portion of the flange whereby to provide a greater area of
      contact for the finger on the inner surface of the recess.
NUM  7.
PAR  7. A reel according to claim 6, wherein the recess is located adjacent the
      center of the flange.
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ABST
PAL  A spool or warp beam for warp threads comprising an elongated tubular drum
      having circular steel brackets threadedly connected at the ends. The
      brackets are outwardly formed to provide a peripherally threaded section.
      A light alloy flange is provided with a circular cavity having a threaded
      periphery which turns upon the peripherally threaded section to
      interconnect the flange and bracket. The diameters of the threaded section
      and the cavity are designed to provide a shrink fit upon assembly. The
      coefficients of expansion of the bracket and flange materials are chosen
      to neutralize the shrinkage effect upon elevating the temperature of the
      assembly approximately 100.degree.  centigrade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates in general to a spool, and more particularly, is
      directed to a spool or warp beam used in the textile industry.
PAR  Such spools onto which threads are warped are already known, being used in
      conventional knitting looms. The prior art spools or warp beams generally
      consist of cylindrical drums which are fitted to two annular, lateral
      flanges by means of brackets. The brackets are usually each provided with
      a screw threaded portion which is screwed onto the threaded part at the
      two ends of the drum.
PAR  Since these spools are subjected to considerable deformation and fatigue
      stress on account of radial and horizontal forces of the tension
      components of the warped threads, consideration was given to making the
      spools or warp beams of two different materials with two different moduli
      of elasticity. In this manner, they should be able to better withstand the
      tensions of the warped threads and that the deformation, particularly that
      of the flanges, should be reduced to a minimum. It will be noted that the
      thread makes contact with the flanges which are made of light alloy,
      having a modulus of elasticity of, for example, 7,000. These light alloy
      flanges are supported by steel brackets, made of steel with a modulus of
      elasticity of 24,000, which appreciably reduces the deformations of the
      flanges inversely proportionally to the modulus.
PAR  Although this type of design insures resistance against fatigue generated
      by the tensions resulting from the load of the thread, that is to say,
      that although it takes the mechanical deformations of the loaded spools
      into account, it does not take into consideration other deformations,
      which are just as serious, which can be caused by shocks received during
      handling of empty or loaded spools. Thus, it will be realized that during
      use, the outer portions of the spools are frequently damaged as a result
      of falls or blows, which results in their deformation in a direction
      opposite to that of the load from a horizontal stress directed outwardly.
      Blows from outside result in the flanges being pinched, which leads to
      their buckling or removal from the steel bracket. This buckling of the
      flange with respect to the axis of the drum of the spool is a primary
      reason for taking the spool out of service, as otherwise, the buckling
      would lead to the rupture or the untimely displacement of the warp threads
      located on the warp beam, in parallel, sided by side relation, according
      to the place they will occupy in the cloth.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to overcome these disadvantages and
      relates to an improved spool or warp beam used in the textile industry
      during the warping operation. The spool of the present invention is
      characterized in that the outer edge of the head of each bracket is
      provided with a screw thread which cooperates with a screw thread provided
      on the peripheral edge of the cavity of the flanges, in order to allow the
      two components to be threadedly assembled.
PAR  According to another characteristic feature of the invention, the screw
      thread is such as to allow the flange to be shrunk onto the bracket.
PAR  It is another object of the present invention to provide a construction
      utilizing basic elements which may be joined in unique manner and
      arrangement to provide spools of extremely great strength.
PAR  It is another object of the present invention to provide an improved spool
      or warp beam that is rugged in construction, simple in assembly and
      trouble-free when in use.
PAR  Other objects and a fuller understanding of the invention will be had by
      referring to the following description and claims of a preferred
      embodiment thereof, taken in conjunction with the accompanying drawings,
      wherein like reference characters refer to similar parts throughout the
      several views and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The FIGURE is a partial, cross sectional view of one end of the spool.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Although specific terms are used in the following description for the sake
      of clarity, these terms are intended to refer only to the particular
      structure of my invention selected for illustration in the drawings, and
      are not intended to define or limit the scope of the invention.
PAR  Referring now to the drawings, I show a tube consisting of a tubular drum
      1, which is designed with a circular cross-section and having two ends
      which are each provided with a screw thread 2 (only one being
      illustrated). The threaded portion 3 of each steel bracket 4 is threadedly
      engaged upon a screw thread 2 to secure the steel brackets 4 to the ends
      of the tubular drum 1. The brackets 4 form the joints between the drum 1
      and the flanges 5 which are made of light alloy. The flanges 5 each are
      configured, on their outer faces, to form a circular cavity 6. Each
      bracket 7 is fabricated with a cooperating, configured face 11 having
      suitable contours to tightly engage the circular cavity 6 to hold the
      flanges 5 against the respective front walls 8 of the ends of the drum 1.
PAR  Each flange 5 terminates inwardly in a circular collar 12 which is formed
      to the same diameter as the tubular drum 1 and endwardly overfits the
      front wall 8 of the drum. The interaction of the cooperating face 11 of
      the bracket 4 against the configured outer face of the cavity 6 when the
      bracket threaded connection 2 is turned onto the drum 1 forces the
      circular collar 12 tightly against the front wall 8 in a sturdy
      connection.
PAR  According to the invention, the outer edge 9 of each bracket hub 7 is screw
      threaded as also is the outer peripheral edge 10 of each cavity 6, which
      serves as a seating. This combined screw threading of each bracket hub 7
      and the associated flange 5 results in an intimate contact between them
      giving a sturdy assembly. This screw threading is dimensioned to allow,
      when necessary, the flange 5 to be shrunk onto the bracket head or hub 7.
      This shrinkage is effected by first heating the outer flange 5 which is
      made of light alloy, whereas the bracket itself is not heated. The outer
      flange expands and is then screwed onto the steel hub 7. On cooling, this
      outer part 5 locks onto the steel hub 7 and tends at the same time to make
      the contact face 11 of the bracket bear on the circular cavity 6 of the
      flange 5 made of light alloy.
PAR  The design of the screw threading, in accordance with this invention,
      enables the shrunk components to be readily dismantled for repair or
      replacement.
PAR  The shrinkage is such that when the temperature of the warp beam is raised
      to 100.degree. C., the difference in the expansion between the bracket hub
      7 and the associated light alloy flange 5 neutralizes the shrinkage. This
      is based on the following: Coefficient of expansion:
EQU  light alloy = 230 .sup.10.sup.-7 /0.degree. C
EQU  steel = 120 .sup.10.sup.-7 /0 .degree.C
PAR  Since the shrinkage obtained is 0.0006 of the diameter at 10, the
      difference at 100.degree.C of the diameters at the outer peripheral edge 9
      of the hub 7 and outer peripheral edge 10 of the flange cavity 6 is such
      that the diameter of the light alloy is greater than the diameter of the
      steel. Thus:
EQU  .phi. of the light alloy at 10 (1 + 0.000023 .times. 100.degree.C)
EQU  .phi. of the steel at 10(1 + 0.000012 .times. 100.degree.C)
PAL  Difference:
PA1  .phi. at 10 - 0.0011.
PAR  Since the shrinkage is 0.0006 of the .phi. at 10, dismantling is possible,
      the play being 0.0005 of the diameter.
PAR  Finally, the invention makes it possible to make warp beams of great
      strength, withstanding both mechanical deformations of the thread as well
      as external shocks. Since handling and transport of the warp beam tends to
      expose it to blows, the method proposed by the invention gives practical
      results reflecting industrial progress.
PAR  Of course, the invention is not limited to the embodiment herein above
      described and other variants of it can be envisaged without departing from
      the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a spool, the combination of
PA1  A. a tubular drum having a longitudinal axis,
PA2  1. said drum having at least one end;
PA1  B. a bracket connected to the drum at the said end,
PA2  1. said bracket extending generally angularly outwardly from the axis,
PA2  2. said bracket including a cooperating face,
PA2  3. said bracket terminating radially outwardly in a flange connection
      having an outer edge of a first diameter measured at a first temperature,
PAR  4. said bracket having a first coefficient of expansion; and
PA1  C. a flange removably affixed to the bracket,
PA2  1. said flange extending generally angularly outwardly from the axis,
PA2  2. said flange being provided with a bracket receiving cavity,
PA3  a. said cavity receiving the flange connection therein,
PA3  b. said cavity terminating radially outwardly in a peripheral edge,
PA2  3. said flange having a second coefficient of expansion which is different
      from the first coefficient of expansion,
PA2  4. the cavity peripheral edge having a second diameter measured at the
      first temperature,
PA2  5. the second diameter being less than the first diameter when measured at
      a first temperature and the second diameter being greater than the first
      diameter when measured at an elevated temperature, and
PA2  6. the outer edge of the bracket flange connection inwardly fitting within
      the peripheral edge of the flange cavity when the flange and bracket are
      heated to the elevated temperature.
NUM  2.
PAR  2. In a spool, the combination of
PA1  A. a tubular drum having a longitudinal axis,
PA2  1. said drum having at least one end;
PA1  B. a bracket connected to the drum at the said end,
PA2  1. said bracket extending generally angularly outwardly from the axis,
PA2  2. said bracket including a cooperating face,
PA2  3. said bracket terminating radially outwardly in a flange connection
      having an outer edge of a first pitch diameter measured at a first
      temperature,
PA3  a. the flange connection outer edge being threaded,
PA2  4. said bracket having a first coefficient of expansion; and
PA1  C. a flange removably affixed to the bracket,
PA2  1. said flange extending generally angularly outwardly from the axis,
PA2  2. said flange being provided with a bracket receiving cavity,
PA3  a. said cavity receiving the flange connection therein,
PA3  b. said cavity terminating radially outwardly in a peripherally threaded
      section to threadedly receive the flange connection threaded portion,
PA2  3.
NUM  3.
PAR  3. said flange having a second coefficient of expansion which is different
      from the first coefficient of expansion,
PA2  4. the cavity peripherally threaded section having a second pitch diameter
      measured at the first temperature,
PA2  5. the second pitch diameter being less than the first pitch diameter when
      measured at a first temperature and the second pitch diameter being
      greater than the first pitch diameter when measured at an elevated
      temperature, and
PA2  6. the outer edge of the bracket flange connection inwardly fitting within
      the peripheral edge of the flange cavity when the flange and the bracket
PAR   are heated to the elevated temperature. 3. The spool of claim 2 wherein
      the flange cavity is provided with an outer face which is formed to the
      same configuration as the cooperating face of the bracket and wherein the
      cooperating face and the cavity outer face are maintained in intimate
      overall contact at both the first temperature and at the elevated
      temperature.
NUM  4.
PAR  4. The spool of claim 3 wherein the bracket is fabricated of steel and the
      flange is fabricated of light alloy.
NUM  5.
PAR  5. The spool of claim 4 wherein the second coefficient of expansion is
      substantially greater than the first coefficient of expansion.
NUM  6.
PAR  6. The spool of claim 5 wherein the pitch diameter of the peripherally
      threaded section of the cavity and the pitch diameter of the outer edge of
      the flange connection are substantially equal when measured at a third
      temperature whereby the flange can be dismantled from the bracket when the
      parts are subjected to the third temperature.
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ABST
PAL  A method of feeding coiled line to an operation at a rate matching that at
      which the operation can accommodate the line, including the steps of
      situating a lead coil of the line on a spiral table, sensing the diameter
      of the lead coil on the table, and rotating the coiled line to pay off
      line to the operation, the rotating being increased or decreased in
      response to decreases or increases in the lead coil diameter sensed in the
      step of sensing, wherein the improvement comprises turning the spiral
      table against the lead coil to situate the lead coil on the spiral table.
PAL  An apparatus including a spiral table and means for sensing the diameter of
      a lead coil on the table, wherein the improvement comprises means for
      rotating the table about its axis.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to method and apparatus for
      controlled-velocity pay off of coiled line to an operation, for instance
      the pay off of coiled tubing to a tube drawing machine.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to facilitate lead-coil-diameter
      sensing for feed rate control of the pay off of coiled line.
PAR  This as well as other objects which will become apparent in the discussion
      that follows are achieved, according to the present invention, by
      providing a method of feeding coiled line to an operation at a rate
      matching that at which the operation can accommodate the line, including
      the steps of situating a lead coil of the line on a spiral table, sensing
      the diameter of the lead coil on the table, and rotating the coiled line
      to pay off line to the operation, the rotating being increased or
      decreased in response to decreases or increases in the lead coil diameter
      sensed in the step of sensing, wherein the improvement comprises turning
      the spiral table against the lead coil to situate the lead coil on the
      spiral table; and an apparatus including a spiral table and means for
      sensing the diameter of a lead coil on the table, wherein the improvement
      comprises means for rotating the table about its axis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective, exploded view of an apparatus suitable for
      practicing the method of the present invention and containing apparatus
      features of the present invention.
PAR  FIGS. 2a to 2e are schematic views downwards onto the surface 20b of FIG.
      1.
PAR  FIG. 3 is an elevational cross section of the assembled apparatus of FIG. 1
      and includes the axis of the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is illustrated an apparatus for carrying
      out the method of the present invention. The apparatus includes a motor
      driven pay off 2, whose motor is of the variable speed type. To be placed
      on this pay off and capable of being rotated by it is a basket 4. This
      basket contains coiled line, for example coiled tubing, which is to be
      submitted to, for example, a drawing operation. Line 6 is illustrated
      coming out of the basket 4. The position of this line before it has been
      situated on spiral table 8 is illustrated by the dashed representation 6a.
PAR  The spiral table 8 is arranged above the basket 4 on pay off 2. Its support
      means is illustrated schematically by I-beams 10 and 12. According to the
      apparatus portion of the present invention, the spiral table 8 is capable
      of rotation about its axis. This capability is provided for example by
      means of the internally-toothed ring gear 14, fixed to the spiral table,
      and drive pinion 16, which engages the teeth of gear 14. The drive pinion
      16 is powered by drive motor 18.
PAR  The spiral table 8 includes a top spiral surface 20a and a bottom spiral
      surface 20b forming a ramp. These spiral surfaces are spaced from one
      another to form a spiral channel for accommodating a convolution of a lead
      coil of the coiled line during its situation on the spiral table.
PAR  The lead coil of the coiled line in the basket extends approximately
      between point 22 and point 24 on the line as illustrated by dashed
      representation 6a.
PAR  According to an example of the method of the invention, in order to situate
      this lead coil on the spiral table 8, the line is lifted approximately at
      point 22 and pushed between pickup arms 26a and 26b, so that the portion
      of the line between points 28 and 22 comes to lie on surface 20b in FIG.
      2a. Then, the spiral table is rotated in the counterclockwise direction A
      of FIG. 2a by starting drive motor 18. The spiral table rotates
      360.degree. of arc, between its position shown in FIG. 2a and its position
      in FIG. 2e, with intermediate positions being illustrated in FIGS. 2b
      through 2d. The increasing amounts of the lead coil which become situated
      on the spiral table 8, in particular the surface 20b, as the table rotates
      the 360.degree. are shown by the sequence of figures, FIGS. 2a through 2e.
PAR  With the lead coil situated on spiral table 8, it is held on reactor arm 30
      and counterbalance arm 32 with the help of latches 34 and 36.
PAR  The line leaving the spiral table 8 is shown broken off at points 38 and
      38a in FIg. 1. Thus, the line may already be inserted into a draw block,
      for instance the draw block 40 illustrated schematically in FIGS. 2a
      through 2e. Somewhat more detail about a possible exemplification of draw
      block 40 is shown by, for example, drawing die 14 and drum 16 in FIG. 1 of
      U.S. Pat. No. 3,337,154 issued Aug. 22, 1967 to F. J. Smith, Jr. et al.
      for a "Motor Control System for Coiling Apparatus". However, it need only
      be recognized for purposes of the present description that line 6 may be
      subjected to, for example, a drawing operation during which the line is
      being pulled through a drawing die by pulling means operating
      independently of the motor-driven pay off 2, and it is desired to pay off
      line 6 from basket 4 by rotating basket 4 at a rotational speed yielding a
      pay off of the line 6 in basket 4 at a velocity matching the rate at which
      the line is being accommodated by the drawing operation.
PAR  An alternative to the present invention would be to have a workman grasp
      the lead end of a coiled line in basket 4 and push it between the pickup
      arms 26a and 26b and then walk the lead end all the way around the spiral
      table 8, with the spiral table 8 remaining stationary, and in this way
      obtain a situating of the lead coil of the coiled line on the spiral
      table. A particular advantage of the present invention is that it enables
      the situating of the lead coil on the spiral table even after the lead end
      of a coiled line has already been inserted into a drawing block. For
      example, a drawing operation may have proceeded long enough that the end
      of a coiled line in a basket 4 is being approached, the line end finally
      passing out of the basket and then out of the spiral table. The draw block
      operation is then stopped, so that the line end has still not gone through
      the draw block and is thus protruding out of the draw block. It is then
      possible to move the old, empty basket 4 out from between the motordriven
      pay off 2 and the spiral table 8 and to bring in a new basket 4 containing
      a full load of coiled line. The lead end of the coiled line may be welded
      to the trailing end of the previously drawn line, with the resulting
      continuous line being then situated, as above described, on spiral table 8
      by a lifting of point 22 into the area between pickup arms 26a and 26b,
      with an ensuing rotation of the spiral table through 360.degree..
PAR  As illustrated particularly in FIG. 3, both the reactor arm 30 and the
      counterbalance arm 32 are pivotably mounted at points 42 and 44,
      respectively. The swinging of either arm out of its null position is
      accompanied by the contracting or extending of air springs 46 and 48.
      While arm 32 is present just to provide a counterbalance against arm 30,
      the movement of arm 30 out of the null position in either direction is
      utilized for controlling the rotational speed of the variable speed motor
      in pay off 2. Thus, an increasing in the diameter of the lead coil swings
      arm 30 outwards from the axis of the spiral table and is indicative of the
      fact that the line is being fed to the drawing operation at a rate faster
      than the line can be there accommodated. Appropriate means are provided to
      slow down the motor drive of pay off 2 when outward rotation of arm 30
      about pivot 42 occurs. If the drawing operation is processing the line at
      a rate faster than it is being paid off from basket 4, then the lead coil
      is reduced in diameter, this causing a swinging of arm 30 about pivot
      point 42 inwards towards the axis of the spiral table 8. This inward
      swinging of arm 30 must cause the speed up of the motor in pay off 2. An
      appropriate system for utilizing the pivoting of arm 30 to change the
      motor speed in pay off 2 is shown in the above mentioned U.S. Pat. No.
      3,337,154 (arm 47 of that patent corresponding essentially to arm 30 of
      the present drawings) and is not reproduced here, since the present
      invention is directed primarily toward the particular improvement of
      utilizing a rotation of spiral table 8 for the purpose of obtaining an
      automatic situating of the lead coil of the coiled line onto spiral table
      8.
PAR  After the trailing end of a line has passed out of the spiral table 8, it
      is the preferred practice of the present invention to rotate the spiral
      table 8 360.degree. backwards, in the clockwise direction with reference
      to FIG. 2a, so that the table is ready for another automatic situating of
      the lead coil of the coiled line in a new basket. This practice of
      rotating the table backwards through 360.degree. has the advantage of
      making it unnecessary to provide means for preventing the twisting-up of
      whatever auxiliary lines, such as electrical or hydraulic lines, might be
      brought into table 8.
PAR  Further with reference to FIG. 3, certain portions of the apparatus for
      practicing the method of the present invention are illustrated in greater
      detail. This figure illustrates, in particular, how the exploded portions
      of FIG. 1 are pieced together. During operation, the pay off table 2,
      whose axis is aligned with the axis of the spiral table 8, holds the
      basket 4 consequently in axial alignment with the spiral table 8. There is
      no connection between basket 4 and spiral table 8, other than that loosely
      resulting from the fact that line 6 extends between the basket 4 and the
      spiral table 8. The spiral table 8 is supported from the support beams 10
      and 12. In the particular embodiment illustrated, this is accomplished by
      the welding or bolting of stationary support 50 to the bottom of beams 10
      and 12. Stationary support 50 carries the drive pinion 16 and motor 18
      unit; although appearing centered in FIG. 3, this unit is offset into the
      depth of FIG. 3 to bring the pinion into meshing engagement with ring gear
      14.
PAR  Ring gear 14 is provided in the illustrated embodiment as part of a ball
      bearing. Ring gear 14 forms the moving bearing race of the bearing. The
      fixed bearing race 52 is secured to the stationary support 50. The
      framework of spiral table 8 is bolted to the upper side of ring gear 14.
      In this way, it is possible to use the drive pinion 16 and drive motor 18
      unit for rotating the spiral table 8 360.degree. with respect to
      stationary support 50.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations and the
      same are intended to be comprehended within the meaning and range of
      equivalence of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of feeding coiled line to an operation at a rate matching that
      at which the operation can accommodate the line, including the steps of
      situating a lead coil of the line on a spiral table, sensing the diameter
      of the lead coil on the table, and rotating the coiled line to pay off
      line to the operation, the rotating being increased or decreased in
      response to decreases or increases in the lead coil diameter sensed in the
      step of sensing, wherein the improvement comprises turning the spiral
      table against the lead coil for accomplishing said step of situating the
      lead coil on the spiral table.
NUM  2.
PAR  2. An apparatus including (1) a spiral table comprising ramp means for
      supporting a convolution of a lead coil, (2) means for sensing the
      diameter of said convolution of lead coil on the table, and (3) a pay off
      table whose axis is aligned with the axis of the spiral table and whose
      rotational speed is controlled by the means for sensing, wherein the
      improvement comprises means for rotating the spiral table about its axis.
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ABST
PAL  To control thread pull-off, particularly in high-speed industrial sewing
      machines, a rotatable element such as a roller pin is engaged with the
      bobbin, typically with the outside flange of the bobbin. The pin is
      rotated, upon spinning of the bobbin, and restrained from free rotation by
      a spring bearing against the pin. Preferably, the pin is formed with drum
      or bell-shaped ends, the spring being similar to a bobbin case retaining
      spring and bearing against a reduced diameter thereof, to provide for
      different diameters of engaging rotating surfaces between flange and pin,
      as well as between the flange engaging surface and the spring engaging
      pin.
BSUM
PAR  The present invention relates to sewing machines, and more particularly to
      control thread tension in sewing machine bobbins.
PAR  The speed of sewing of high-speed sewing machines, particularly of
      industrial lock-stitch sewing machines, is frequently limited by the
      acceleration and deceleration rates of the bobbin. If the bobbin is braked
      too strongly, providing for rapid deceleration when the machine is
      stopped, the tension of pull-off of the thread, during normal sewing
      operation and upon acceleration, will be excessive. If, on the other hand,
      the bobbin runs comparatively freely and the thread is subjected to
      friction, the bobbin may not stop when sewing is stopped by the operator,
      thus causing pile-up of the thread inside the bobbin which, upon a
      subsequent sewing operation, may break. The overspin of the bobbin, that
      is, continued rotation thereof due to inertia, after the machine itself
      has stopped, must be controlled in order to provide for proper seams.
PAR  Unwinding of the bobbin thread may occur if the tension of the bobbin
      thread is controlled solely by engagement of the bobbin thread with a
      resilient element, leaving the bobbin itself unrestrained. If the sewing
      machine is left idle for some time, the thread may slightly unwind from
      the bobbin, since the bobbin thread has been wound under tension. Thus, a
      loose bobbin winding will result. When the machine is started again, and
      the loose winding of the bobbin thread has been consumed, the thread will
      have the tendency to break; further, upon starting of the machine, the
      loose winding of the bobbin thread may become entangled, again causing
      thread breakage.
PAR  Various types of bobbin brakes have been proposed; for example, it has been
      suggested to include tiny magnets in the bobbin and in the bobbin case, to
      arrest the bobbin, if no force is applied thereon by thread being pulled
      off. Such devices, which may also include eddy current brakes, are
      difficult to introduce in the tiny space available, and additionally do
      not operate reliably or satisfactorily. Various types of friction brakes
      have been proposed which, however, either place undue force on the bobbin,
      and hence strain on the thread which is being pulled off rapidly, upon
      high speed sewing, or are not effective in stopping the bobbin from
      overspinning when the sewing machine is stopped. For best stitch
      formation, the tension of the bobbin should be low, since low bobbin
      thread tension permits low needle thread tension.
PAR  Bobbin thread tension can be controlled in various ways; a customary way is
      to pass the bobbin thread beneath a spring, that is, to apply friction
      against the bobbin thread itself. Besides not arresting the bobbin, this
      has the disadvantage that slubs, knots, and other variations of bobbin
      thread diameter, as well as variations in the slipperiness of the thread,
      or its lubrication affect the thread tension, and hence affect the stitch
      formation.
PAR  It is an object of the present invention to provide an arrangement which
      will provide for improved control of thread tension and control overspin
      of a sewing machine bobbin, under various operating conditions, so that
      even short seams can be made at high speed with lockstitch sewing
      machines.
PAR  Subject matter of the present invention: Briefly, a rotatable element, such
      as a pin, engages the bobbin to be driven thereby, that is, the rotatable
      element is in rotation transmitting engagement with the bobbin.
      Preferably, this element is a pin which may be made from the pins
      customarily used in needle bearings. A yielding spring engages the
      rotatable element, typically the pin, with the bobbin, preferably by
      pressing the circumference of the pin yieldingly against the flanges of
      the bobbin. In a preferred form, the pin is dumbbell-shaped, that is, has
      a pair of drum or bell-like ends connected by a thinner central shaft, the
      spring bearing against the thinner central shaft, the dumbbell or drum
      ends fitting through notches formed in the bobbin case to engage the outer
      circumference of the flanges of the sewing machine bobbin.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective exploded view of a bobbin case with the thread
      control arrangement, and also illustrating a bobbin with thread thereon;
PAR  FIG. 2 is a schematic fragmentary top view of the bobbin case, with the
      thread control device thereon;
PAR  FIG. 3 is a sectional view along lines III--III of FIG. 2, and with a
      bobbin in the case, illustrating the roller in side view;
PAR  FIG. 4 is a schematic diagram illustrating force relationships arising
      during operation of a sewing machine utilizing the present invention; and
PAR  FIG. 5 is a fragmentary top view of another embodiment of a cut-out edge of
      a bobbin case.
DETD
PAR  FIG. 1 clearly shows the five basic elements of the bobbin thread control
      arrangement: A bobbin 5 having a bobbin body 8 and flanges 6, 7; a bobbin
      case 10 with a central post 11 about which the bobbin 5 can rotate; a
      spring 15 secured by means of screws 16, 16' to the bobbin case 10 and
      applying an adjustable radial force F.sub.P (FIG. 4); and a thread control
      roller 20 rotatably secured on the bobbin case 10.
PAR  The bobbin case 10 has a surrounding shell 12 and a base 13. Shell 12 is
      formed with a slightly projecting boss 14 and a thread slot 24. The
      position of the thread slot, and its inclination, if any, with respect to
      the axis of bobbin case 10 may be suitably selected. The shell 12 of the
      bobbin case is further formed with two cut-outs 23, 23'. Boss 14 has two
      tapped holes to receive screws 16, 16' which secure spring 15 to the
      bobbin case. The spring 15 has a forward bent-in spring lip 17, and two
      holes for screws 16, 16'. The forwardly projecting spring lip 17 bears
      against the central portion 22 of roller 20. The end portions 21 of roller
      20 are formed bell-shaped or drum-shaped, that is, are cylinders of
      greater diameter than the central shaft-like portion 22. The cylindrical
      drum ends 21 of the roller 20 fit through the notches or cut-outs 23, 23'
      of the bobbin case shell 12, to engage the flanges 6, 7 of the bobbin 5,
      when the bobbin is assembled in the bobbin case. The lip 17 can be
      tightened against the shaft 22 of the roller 20 by tightening the screw
      16.
PAR  With a bobbin removed, the roller 20 fits into the notches or cut-outs 23,
      23' and spring 15 presses its shaft-like portion 22 against case 10. It is
      retained in axial position by the opening 23', and restrained from falling
      out of the notches by the spring lip 17. When a bobbin 5 is inserted in
      case 10, the flanges 6, 7 thereof lift roller 20 away from engagement with
      the wall 12 of case 10 (see FIG. 3).
PAR  The spring 15 mounted like a standard bobbin case spring applies
      adjustable, radial pressure to the roller 20 which, in turn, applies
      lateral, radial pressure to the bobbin flanges 6, 7. This pressure does
      not, however, apply drag only but rather permits rotation. The diameter of
      the drum ends 21 of roller 20 is, of course, much less than the diameter
      of the flanges 6, 7 of bobbin 5, so that the roller 20 will spin at a much
      higher rate than the speed of rotation of bobbin 5. As an example, typical
      diameters are: about 2 cm for the flanges 6, 7 and about 3 mm for the drum
      ends 21 of roller 20. Preferably, the engaging ends of the roller 20
      should have a diameter not more than 25% of that of the bobbin flanges 6,
      7. The roller 20 replaces the standard thread tension spring on a standard
      bobbin; bobbin thread tension is applied by the spring lip 17, adjustable
      by tightening screw 16. The tension is adjusted to provide for proper
      operating tension of the lower or bobbin thread.
PAR  The setting of tension screw 16 is maintained, or locked, as adjusted, in
      spite of operating vibration by a loading spring 18, secured over spring
      15 by screw 16' and bearing with lip 19 over screw 16. Alternatives to
      spring 18 may be used, such as plastic coating the threads of the screw
      16.
PAR  The structure of the present invention results in improved stitch
      formation; the bobbin thread tension can be reduced, and will be more
      uniform. Reducing the bobbin thread tension, in turn, permits reduction of
      needle thread tension. The tension on the bobbin thread is less sensitive
      to the amount of thread on the bobbin, and unspooling of the bobbin, upon
      shut-down of the machine due to bobbin thread tension, is effectively
      eliminated.
PAR  By exerting uniform pressure against the bobbin flanges by the roller, and
      the rolling action of the roller against the flanges permits lesser bobbin
      thread tension, and results in more uniform tension as the bobbin thread
      is drawn off. Referring to FIG. 4, where arrow A illustrates the direction
      of rotation of a bobbin 5: the tangential force F.sub.T, opposing
      rotation, is shown as well as the radial force F.sub.P of pressure exerted
      by the spring 15. This force is adjustable. The tangential force F.sub.T
      is constant for any given speed of the bobbin, and for any given pressure
      F.sub.P with which the roller 20 is pressed against the bobbin 5. This
      force is independent of thread diameter; thread surface, including slubs,
      knots, and the like, thread surface finish, and lubrication thereof; the
      amount of thread on the bobbin, and the composition of thread, that is,
      for example all cotton, cotton blend, spun synthetic, or monofilamentary
      synthetic material of various types.
PAR  Reduced, and more uniform bobbin thread tension permits reducing needle
      thread tension. Due to the reduction in bobbin thread tension, the tension
      in the needle thread to form a stitch is decreased. Since any individual
      point on the needle thread passes about 40-65 times through the needle eye
      before being actually consumed in a stitch, the abrasion on the thread is
      reduced if less tension on the needle thread itself is required. This
      decreased abrasion, and decreased tension is reflected in actual sewing
      operations in fewer breaks of the needle thread. Reduced tension at the
      needle thread also reduces heat generated by the thread passing through
      the needle eye, thus further decreasing breakage.
PAR  Referring again to FIG. 4: Since the tension on the bobbin is created by
      the force F.sub.T, which is at a uniform distance from the center of the
      bobbin, the amount of thread on the bobbin has hardly any effect on the
      total bobbin thread tension, as it appears at the point where the stitch
      is actually formed. Even though the bobbin may be wound under tension, the
      force on the bobbin will not permit the bobbin thread to unwind,
      eliminating a loose winding even upon prolonged shut-down of the machine.
PAR  In operation, the bobbin will stop if pull-off tension on the bobbin thread
      stops, with no overrun, or overspin, regardless of the quantity of thread
      wound on the bobbin.
PAR  Pull-off of the bobbin thread is more uniform than heretofore. The pull-off
      tension can be reduced, thus permitting lower needle thread tension,
      contributing to overall improved sewing performance.
PAR  The bobbins 5 preferably should have accurately prepared flanges; if the
      flanges are bent, or have nicks and burrs, the roller 20 can get stuck,
      and thus the drag applied by the roller on the bobbin 5 would become
      uncontrollable, and frequently excessive. Bobbins with steel flanges are
      preferred; aluminum, paper, and plastic bobbins are also suitable,
      however. The roller 20 itself, can be easily made by longitudinally
      cutting a needle bearing pin to proper axial length, and then grinding the
      shaft 22 sufficiently to provide for projecting drum ends 21 which can fit
      in the notches 23 and project internally sufficiently to engage the
      flanges 6, 7 of a standard bobbin.
PAR  The spring 15 may have various shapes, and need not be a sheet spring, as
      shown, but may be a wire spring, bent in a suitable shape, for adjustably
      retaining the spring on the outside of the bobbin case. The bobbin roller,
      preferably, is hardened or otherwise surface-treated and polished to
      provide for long operating life. The edges of the cut-outs 23, 23' may be
      radial (FIGS. 1, 2) or, as seen at 123 in FIG. 5, may be matched to the
      curvature of roller drums 21. The width of the slots 23, 23' is just
      slightly less than the diameter of the roller, e.g. about 10% less. The
      clearance between the roller drums 21 and the slots 23, 23' is controlled
      to prevent skewing of the roller 20, e.g. due to variations in diameter of
      the flanges 6, 7 of bobbin 5, or uneven winding of the bobbin. The form of
      the edge 123 (FIG. 5) provides better restraint against skewing but is
      more costly to manufacture. The bent lip 17 at the end of spring 15, i.e.
      the shape of the spring partly surrounding shaft 22 also prevents skewing
      of roller 20.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a sewing machine bobbin case (10) having means (11) to rotatably
      support a bobbin (5) with flanges (6, 7) thereon,
PA1  means to control bobbin rotation and bobbin thread tension comprising
PA1  a roller (20) having its terminal end portions (21) in engagement with the
      edges of the flanges (6, 7) of the bobbin (1), said roller having a
      diameter at the engagement surface which is small with respect to the
      diameter of the bobbin flanges;
PA1  and yielding means (15, 17) yieldingly engaging the roller (20) and
      retaining the roller in position on the case and in yielding, frictional,
      rotational, engagement with the flanges (6, 7) of the bobbin, the yielding
      means applying a yielding drag on the roller which is transferred to the
      bobbin by engagement between the roller and the flanges of the bobbin.
NUM  2.
PAR  2. Sewing machine bobbin case according to claim 1, wherein the yielding
      means comprises an elongated spring (15) secured to the outside of the
      case (10) and having a terminal lip (17) overlapping and engaging the
      roller (20).
NUM  3.
PAR  3. Sewing machine bobbin case according to claim 1, wherein the yielding
      means comprises a spring (15) secured to the outside of the case (10) and
      having a terminal lip (17) overlapping the roller (20) in the region (22)
      between the end portions (21) in engagement with the flanges (6, 7) of the
      bobbin (5).
NUM  4.
PAR  4. Tension control means according to claim 3, wherein the roller end
      portions (21) are bell or drum-shaped, and the region between the end
      portions is a shaft (22) of a diameter less than the diameter of the drum
      or bell end portions (21), the terminal lip (17) of the spring (15)
      engaging the shaft of the roller (20).
NUM  5.
PAR  5. Sewing machine bobbin case according to claim 1, wherein the roller end
      portions (21) are bell or drum-shaped, and the region between the end
      portions is a shaft (22) of a diameter less than the diameter of the drum
      or bell end portions (21).
NUM  6.
PAR  6. Tension control means according to claim 5, wherein the bobbin case (10)
      is formed with cut-outs (23, 23') slightly less wide than the bell or drum
      end portions (21) of the roller (20), said bell or drum end portions (21)
      fitting into the cut-outs;
PA1  the yielding means comprises a spring (15) secured to the case (10) and
      having a terminal lip; and the roller shaft (22) is located adjacent the
      case (21) and is retained on the case by engagement of the terminal lip
      (17) of the spring (15) overlapping the shaft (22) of the roller, to
      permit engagement of the flanges (6, 7) of a bobbin (5) in the case (10)
      with the drum end portions (21) of the roller extending through the
      cut-outs (23, 23').
NUM  7.
PAR  7. Sewing machine bobbin case according to claim 6, wherein the spring (15)
      is adjustably secured to the case (10) to permit adjustment of tension of
      the spring (15) on the roller (20).
NUM  8.
PAR  8. Sewing machine bobbin case according to claim 7, further comprising
      means (18) locking the adjusted spring tension setting.
NUM  9.
PAR  9. Sewing machine bobbin case according to claim 8, wherein spring (15) is
      secured to the case by an adjustment screw (16) and the locking means
      comprises a loading spring (18) bearing against the head of said
      adjustment screw (16).
NUM  10.
PAR  10. In a sewing machine bobbin case (10) having means to rotatably retain a
      bobbin (5) having flanges (6, 7) in the case (10),
PA1  means to control bobbin rotation and bobbin thread tension comprising
PA1  a roller engaging the flanges (6, 7) of the bobbin (5) at a diametrical
      engagement point remote from the axis of rotation of the bobbin to be in
      rotation-transmitting engagement therewith, said roller having a radius of
      rotation which is small with respect to the distance of the engagement
      point of the roller on the flanges of the bobbin from the axis of rotation
      of the bobbin;
PA1  and a spring means (15) engaging the roller and retaining said roller in
      said rotation-transmitting engagement with the bobbin (5) the spring means
      applying a yielding drag on the roller which is transferred to the bobbin
      by engagement between the flanges of the roller and the bobbin.
NUM  11.
PAR  11. Bobbin case according to claim 10, wherein the spring means (15)
      engaging the roller (20) are adjustably, resiliently pressed thereagainst.
NUM  12.
PAR  12. Bobbin case according to claim 11, wherein the case (10) is formed with
      openings (23, 23') therein located in alignment with the edges of the
      flanges (6, 7) of the bobbin (5);
PA1  and the roller (20) extends into the opening (23, 23') to engage said
      flanges.
NUM  13.
PAR  13. Bobbin case according to claim 12, wherein the roller is a
      dumbbell-shaped roller (20) having a pair of drum-shaped end portions (21)
      and a connecting shaft portion (22) of lesser diameter between the end
      portions; and the spring (15) is secured to the outside of the case (10)
      and has a terminal lip (17) which overlaps and partly surrounds the shaft
      portion (22) of the roller (20).
NUM  14.
PAR  14. Bobbin case according to claim 1, wherein the roller (20) is a
      dumbbell-shaped roller having a pair of drum-shaped end portions (21) and
      a connecting shaft portion (22) of lesser diameter between the end
      portions;
PA1  and the spring (15) is secured to the case (10) and has a terminal lip (17)
      which overlaps and partly surrounds the shaft portion (22) of the roller
      (20).
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ABST
PAL  This abstract describes an improvement in conventional vacuum column
      magnetic tape decks whereby the tape can be threaded directly across from
      one reel to the other after which it will automatically be threaded into
      the vacuum chambers, in sequential order. The first reel unwinds to load
      the first vacuum column and then the second reel unwinds to load the
      second column. The tape is held stationary over the capstan during the
      interval between the first entry of the tape into the first vacuum column
      until the tape has progressed within that column to a selected point after
      which time the tape is released. Before the tape is released there will be
      sufficient time available for the tape loop from the second reel to unwind
      and be locked into the second vacuum column.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of magnetic tape decks. Still more
      particularly, it concerns tape decks having two principal vacuum columns.
      Still more particularly, it concerns apparatus for automatically
      sequentially loading tape from tape reels into the two vacuum columns.
PAR  In tape transport devices utilizing two vacuum columns and a single capstan
      tape metering means, arrangements for automatically loading the vacuum
      columns have been a universal problem in the industry. The problem has
      been that as the tape reels are unreeled, allowing slack tape to drop and
      to cover the mouths of the two vacuum columns, it will be an impossibility
      to guarantee that both mouths of the two vacuum columns will be covered
      and sealed at exactly the same time. If they are not, then the one vacuum
      column that is operative will draw in the slack tape from both reels and
      the slack tape from the second reel will never progress downwardly to
      cover the mouth of the second vacuum column. This problem arises because
      the vacuum columns are constant tension devices and once a vacuum seal has
      been made at the mouth opening of one column a constant tension is set up
      in the tape which prevents slack tape from being freed to seal the mouth
      of the second column. Hence, unless both columns are sealed with the slack
      tape at precisely the same instant, slack tape will slip through the
      metering mechanism, around the capstan and into the vacuum column that has
      already been sealed. Since it is physically impossible to guarantee that
      both columns will be sealed at precisely the same time and since the mass
      of a short piece of tape is extremely low compared to the constant tension
      in the tape there is constant acceleration of tape from the second column
      to the first column and a slack tape does not develop, which is required
      to seal the second column.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a simple and dependable
      means for sequentially loading tape from two tape reels into a first
      vacuum column and then into a second vacuum column.
PAR  This and other objects are realized and the limitations of the prior art
      are overcome in this invention by providing a vacuum brake by means of
      which the tape on one side of the capstan is held immovable when there is
      vacuum on the brake mechanism. In this device the tape is reeled directly
      from the full reel to the empty reel under the recording heads, over the
      brake and around the capstan in more or less of a direct line. The first
      reel, which is on the side of the head assembly corresponding to the
      capstan begins to unreel tape and eventually enough slack will be
      developed so that the open mouth of the column is covered and vacuum will
      then develop in the first vacuum column, since the mouth is now sealed.
PAR  The vacuum brake is mounted adjacent the capstan on the side opposite from
      the first reel, that is, between the capstan and the second reel. This
      vacuum brake takes vacuum from the first vacuum column at a selected
      distance in from the mouth of the column so as to provide vacuum to the
      brake during a selected period of time during which the first reel is
      being unreeled and loaded into the first vacuum column. As soon as vacuum
      develops in the first column, that is, as soon as tape starts loading into
      the first column, a vacuum sensitive switch determines that vacuum is
      present and closes a circuit. This starts the second reel to slowly
      unwind, the brake being set on the tape, so that the movement of tape into
      the first column does not affect the slack tape over the second column.
      Consequently, as the slack increases the tape will fall over the mouth of
      the second column and will be drawn into the second column. This will
      regularly occur before the tape loops into the first column has progressed
      to the point where the vacuum is removed from the conduit leading to the
      vacuum brake. In other words, the length of time that vacuum is on the
      vacuum brake is made great enough to insure that the tape will be
      positively threaded into the second column. Thereafter, as the tape loop
      increases in the first column the mouth of the conduit leading to the
      vacuum brake is uncovered, the brake becomes free and remains free and the
      tape now held securely in each of the vacuum columns progressively moves
      to its neutral balance point and the servo mechanism takes over control of
      the tape.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of this invention and a better
      understanding of the principles and details of the invention will be
      evident from the following description taken in conjunction with the
      appended drawings, in which:
PAR  FIG. 1 is an elevation view which represents the face of the tape deck
      illustrating the original tape contour and successive contours of the tape
      during the loading process.
PAR  FIG. 2 is a view which illustrates the condition of the tape in the vacuum
      columns after tape has entered the mouths of both columns.
PAR  FIG. 3 is a view which illustrates the final operating condition of the
      tape in the tape columns.
PAR  FIG. 4 is a detailed view which illustrates the vacuum brake.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings there is shown in FIG. 1 a tape deck 12 and a
      tape control mechanism indicated generally by the numeral 10. There are
      two reels of tape, a first (or machine) reel 14 and a second (or file)
      reel 16. There are two vacuum columns at the bottom of the tape deck, a
      first column 40 and a second column 42. There is a magnetic head assembly
      32 mounted between the two reels and a single capstan 34 mounted between
      the head assembly 32 and the first reel 14. There is a free roller 37 and
      slide 39 over which the tape 18 runs, progressing from the second reel 16
      over the first roller 37 under the tape head 32 over the roller 39 and
      over the capstan 34. In the initial loading position the tape proceeds
      from the top of the capstan 34 via dashed line 19 to the first reel 14.
PAR  There is a vacuum brake 36 which is mounted to the tape deck 12. As shown
      to an enlarged scale in FIG. 4, it is separated slightly by a gap 58 from
      the tape 18 strung over the roller 39 and the capstan 34. The vacuum brake
      has a plurality of small openings 56 which are connected by a conduit 28
      to an opening 30 in the first vacuum column 40. This opening 30 is
      displaced from the mouth 60 of the first column 40 so that as long as the
      mouth 60 is sealed by the tape 22 there will be vacuum at the point 30
      and, therefore, the vacuum brake 36 will be energized holding the tape 18
      in contact with the openings 56. As the tape loop 22 increases to the
      dashed position 24, which takes a selected amount of time, depending upon
      the rate of unreeling of the motor driving the reel 14, the opening will
      change from a vacuum condition to an atmospheric condition as the loop
      enlarges to surround the opening 30. Thereafter, the vacuum is removed
      from the brake 36 and the tape 18 which has been held to the brake 36 will
      then be released and can freely move in one direction or the other.
PAR  There are openings 46 in both columns which are connected to a vacuum
      supply. As long as the mouths 60 and 62 of the two columns are uncovered
      even though vacuum is connected to the openings 46 there will be
      substantially atmospheric pressure in the columns. However, as the reel 14
      unreels, the tape 19 drops to a lower position such as 20, making a slack
      loop which, as it falls, will eventually cover the mouth 60 of the first
      column and when it seals the mouth, vacuum will be created in the first
      column 40 and the brake 36 will be energized.
PAR  At the same time, there is a vacuum sensitive switch 44 which when the
      vacuum develops in the first column 40, will close the switch, which will
      then start unwinding the reel 16. A slack will develop between the reel 16
      and the roller 37 and as the slack develops the tape 21 will eventually
      form a loop 26 covering the mouth of the second column 42, creating a
      vacuum condition in that column. Thereafter, any slack developed by the
      unreeling of reel 16 will cause the tape to be pulled into a larger loop
      inside the second column.
PAR  This condition is indicated in FIG. 2 which occurs sometime after the loop
      26 has been formed, just barely sealing the mouth of the second column.
      Thereafter, the loop 48 develops, which uncovers the port 30 and conduit
      28 removing the vacuum from the brake 36. So long as both mouths of the
      two columns have been covered there is no possibility of tape being
      carried from one to the other because there is now equal force on the two
      loops due to the vacuum being substantially the same on each vacuum
      column. In this condition the brake can be removed because it is no longer
      needed. Thereafter, as the reels 14 and 16 continue to unreel their tape,
      the internal loops in the vacuum columns extend to their nominal operating
      positions 52 and 54 where they and the reels are now under servo control.
PAR  It is seen that this apparatus will positively load both vacuum columns and
      it will do it in a sequential manner to avoid any possibility that one and
      only one of the vacuum columns will be loaded, which will make it
      impossible to operate the tape deck. The important thing is that only one
      reel operates in the beginning, slowly unwinding forming a loop that will
      cover the mouth of the first column. As soon as this happens the vacuum
      brake is set. Tape cannot move from the second reel around the capstan and
      into the first column. This is prevented by the vacuum brake. At the same
      time, the vacuum created in the first column closes a switch which starts
      the second reel to unwind and its loop continues to increase in size until
      it covers the mouth 62 of the second column. Thereafter tape is drawn into
      both columns. When the tape loop 24 gets large enough vacuum is removed
      from the brake and normal servo operation is thereafter guaranteed.
PAR  This apparatus has the advantage that it is a simple positive automatic
      interlock between the vacuum in the first column and the control of the
      second reel to insure both vacuum columns being loaded. This is fully
      automatic and does not require the attention of the operator.
PAR  While the invention has been described with a certain degree of
      particularity it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vacuum column-controlled magnetic tape deck, having a first and a
      second tape reels, a first and a second principal vacuum columns, and a
      single capstan at the mouth of said first column, near said first reel,
      the improvement in apparatus for automatically sequentially loading tape
      into said vacuum columns, comprising:
PA1  a. vacuum brake means to hold the tape extending between said reels, said
      brake mounted between said capstan and said second reel, and tubular means
      to connect said brake to a point spaced inside of and a selected distance
      from the mouth of said first column;
PA1  b. means to apply vacuum to said first and second vacuum columns;
PA1  c. means to slowly unreel said first reel, whereby said tape will cover and
      seal the mouth of said first column;
PA1  whereby when said tape seals the mouth of said first column vacuum will
      form in said first column and through said tubular means to said brake;
PA1  d. vacuum switch means responsive to the formation of vacuum in said first
      column to apply power to slowly unreel said second reel;
PA1  whereby said tape will cover and seal the mouth of said second column and
      said tape will be drawn into said second column; and
PA1  e. means responsive to the slow unreeling of said first reel and the
      movement of said tape inside said first column past said tubular means to
      remove the vacuum from said brake after the mouth of said second column
      has been sealed.
NUM  2.
PAR  2. In a vacuum column-controlled magnetic tape deck having a first and a
      second reel, a first and a second principal vacuum column, a single
      capstan mounted at the mouth of said first column near said first reel,
      vacuum brake means responsive to the vacuum at a selected point in said
      first column, and mounted between said capstan and said second reel, the
      method of sequentially loading tape into said first and said second
      columns comprising the steps of:
PA1  a. stretching the tape between said first and second reels; over said brake
      and said capstan;
PA1  b. applying vacuum to said first and second vacuum columns;
PA1  c. applying power to slowly unreel said first reel until said tape covers
      and seals the mouth of said first column, whereby said tape will be drawn
      into said first column and vacuum will form in said first column;
PA1  d. responsive to the vacuum at a selected point in said first column
      applying vacuum to said brake, through a lead from said selected point to
      said brake, whereby said tape is locked to said brake;
PA1  e. responsive to the vacuum in said first column applying power to slowly
      unreel said second reel, whereby said tape will cover and seal the mouth
      of said second column;
PA1  whereby said tape will be drawn into said second column; and
PA1  f. responsive to the movement of the tape in said first column past said
      selected point, releasing said vacuum brake means by uncovering the vacuum
      lead from said first column to said brake.
NUM  3.
PAR  3. The tape deck as in claim 1 in which said means responsive to the
      formation of vacuum in said first column to slowly unreel said second reel
      comprises switch means responsive to the vacuum in said first column.
NUM  4.
PAR  4. The tape deck as in claim 1 in which the selected distance of said point
      from the mouth of said first column is dependent upon the time taken for
      the tape in said first column to move from said mouth to said point, which
      time is greater than the time to unreel tape from said second reel to seal
      the mouth of said second column.
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ABST
PAL  A pneumatic tube carrier has a payload compartment formed by a pair of side
      column members and spaced end plates. The carrier is formed with at least
      one side opening for access to the compartment which is closed by a pair
      of doors, with each door of the pair closing one-half of the access
      opening. The doors are mounted on the column members on opposite sides of
      the compartment by cams for swinging movement between open and closed
      positions. Spring-biased control rods extend longitudinally through bores
      formed in the side column members. The rod ends extend through the carrier
      end plates and engage rocker arms pivotally mounted within end cap
      cavities which are formed on the ends of the carrier. Pins formed on the
      control rods extend through slots formed in the cams for rotating the cams
      and their associated doors when the control rods are moved linearly within
      the bores. A selected rocker arm is adapted to be pivoted by an external
      plunger at a pneumatic tube terminal, and when actuated moves one of the
      control rods linearly into engagement with the other rocker arm at the
      opposite end of the carrier, which in turn moves the other control rod
      linearly in the opposite direction. The linear movements of the control
      rods and associated pins in the cam slots, pivot the doors to open
      position. Spring means return the doors to closed position after
      retraction of the external plunger.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to carriers which move through pneumatic tube systems
      usually between customer and teller terminal stations, in performing
      banking services. More particularly, the invention relates to a captive
      carrier construction with at least a single pair of doors pivotally
      mounted on the sides of the carrier, and in which each door closes
      approximately one-half of a carrier access opening.
PAR  2. Description of the Prior Art
PAR  Pneumatic tube carrier systems have been used advantageously for conducting
      banking services because of the rapidity with which banking transaction
      media (such as deposit and withdrawal components which may include coins,
      paper money, checks, deposit slips and other similar articles) may be
      moved between terminals such as from a teller's terminal or station within
      a bank to a customer station or terminal at the other end of the pneumatic
      tube.
PAR  It is preferred that a captive carrier be used in many installations,
      particularly to prevent a customer from removing the carrier from the
      terminal. Otherwise, the customer may fail to replace the carrier after
      removal, and thus may render the equipment temporarily inoperative.
      Furthermore, a non-captive carrier requires additional handling and
      manipulation by a customer which is inconvenient, since the customer also
      is handling the particular banking transaction materials.
PAR  A pneumatic tube usually terminates in an upright position at each terminal
      with the carrier being conveyed in either an upright or sideways position
      by delivery drawer means to a customer. A captive carrier moving through
      the tube, thus usually presents one carrier end uppermost at one station
      and the other carrier end uppermost at the other station, unless twists or
      additional bends are formed in the tube. Many of these problems have been
      eliminated by prior carriers which have been developed having one or two
      doors which close the carrier access openings, in which each door has
      hinge means at both ends. Thus, the swinging edge of the door will always
      swing toward and away from the uppermost end of the carrier regardless of
      the position of the carrier upon arrival at the terminal. Examples of such
      a construction are shown in U.S. Pat. Nos. 3,059,875, 3,080,136,
      3,189,297, 3,231,218 and 3,237,884.
PAR  These carrier constructions have proved satisfactory for many
      installations. However, certain types of terminals and carrier delivery
      mechanisms will rotate the carrier endwise or lengthwise 60.degree.,
      90.degree. or 120.degree.. These terminals may require the teller upon
      return of the carrier, to reach over or around the single door when the
      door is pivoted to open position. Likewise, the door, of the end mounted
      single door carrier types in most constructions pivots open through an
      approximate 60.degree. angle or a maximum 90.degree. angle. This
      relatively limited angular opening movement may make it inconvenient to
      remove large transaction materials from the payload compartment of the
      carrier in some situations, and permits only limited viewing of the
      compartment.
PAR  Thus, the need has existed for a captive pneumatic carrier construction
      which can be used for nearly all known types of terminal installations
      eliminating the need of forming twists or unnecessary bends in the
      connecting pneumatic tubes heretofore required to insure proper
      positioning of the carrier, and which provides easy access to the
      transaction material contained in the carrier upon opening of the carrier
      door or doors at either the teller and customer terminal stations.
PAC  SUMMARY OF THE INVENTION
PAR  Objectives of the invention include providing a pneumatic tube system
      captive carrier construction having at least a single pair of doors
      hingedly mounted on the carrier sides, instead of the heretofore end
      mounted single door carrier constructions, and in which each door of the
      pair closes approximately one-half of the carrier access opening;
      providing such a carrier construction in which a second pair of such side
      opening carrier doors may be mounted on the opposite side of the carrier
      so that the carrier upon arrival at a terminal will be properly oriented
      for easy access to the payload compartment by either the teller or
      customer; providing such a carrier construction having door latching
      mechanisms which are spring-biased toward closed position requiring
      positive operation of the latch mechanisms thereby preventing premature or
      accidental unlatching of the carrier during transit, and in which the
      doors are spring-biased toward closed position and require positive
      manipulation to move the doors from closed to open position; providing
      such a carrier construction in which the carrier terminal mechanism which
      actuates the doors upon arrival of the carrier at the terminal for
      movement between open and closed positions can be located at either or
      both of the carrier ends; providing such a carrier construction in which
      both pairs of doors, in those arrangements using two pairs of oppositely
      mounted side doors, may be actuated by external means at a terminal so
      that the payload compartment may be purged by pneumatic or mechanical
      means preventing retention or transaction materials therein; providing
      such a carrier construction in which each of the doors of the pair upon
      opening, swings through an acute angle past the vertical, whereby the pair
      of doors provides a chute-like effect at the carrier access opening for
      easy deposit and removal of transaction materials; and providing such a
      carrier construction which eliminates difficulties heretofore encountered
      in the art, which is of a simple and rugged construction, which achieves
      the stated objectives in a simple, effective, and inexpensive manner, and
      which solves problems and satisfies needs existing in the art.
PAR  These and other objectives and advantages may be obtained by the
      double-door side opening pneumatic tube captive-type carrier construction,
      the general nature of which may be stated as including a carrier shell
      having spaced side column members and end base members forming a payload
      compartment having at least one open side providing a carrier access
      opening; first and second door means, each mounted on an opposite side
      column member for swinging movement between open and closed position; each
      of the door means being adapted to close approximately one-half of the
      payload compartment side opening when in closed position; means urging the
      door means to closed position; latch means adapted to engage and hold the
      first and second door means in closed position; means urging the latch
      means to closed positions; housing means formed on at least one end of the
      carrier shell; control means mounted within the housing means and
      operatively communicating with the latch means and door means, and being
      adapted to overcome the urging of the latch and door means to unlatch the
      latch means and to move the door means outwardly to open position when the
      control means is engaged by external actuation means at a pneumatic tube
      terminal; the control means including lever means pivotally mounted within
      the housing means, and rod means extending along the side column members
      and engagable by the lever means; cam means operatively mounted on the rod
      means and fixed to the door means, the cam means being formed with cam
      slots; and the rod means having pin means engaged in the cam slots whereby
      the rod means will move linearly when actuated by the lever means, and
      will rotate the cam means and mounted door means by the engagement of the
      pin means in the slots.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention - illustrative of the best mode in
      which applicants have contemplated applying the principles - is set forth
      in the following description and shown in the drawings and is particularly
      and distinctly pointed out and set forth in the appended claims.
PAR  FIG. 1 is a top plan view of the double-door side opening pneumatic tube
      carrier construction, with portions broken away and in section;
PAR  FIG. 2 is a sectional view with portions broken away, taken on line 2--2,
      FIG. 1;
PAR  FIG. 3 is an end elevation looking in the direction of arrows 3--3, FIG. 1;
PAR  FIG. 4 is a sectional view showing the actuating pad and rocker arm
      assemblies, taken on line 4--4, FIG. 1;
PAR  FIG. 5 is a sectional view showing the door latching mechanism, taken on
      line 5--5, FIG. 1;
PAR  FIG. 6 is a sectional view taken on line 6--6, FIG. 1, with the carrier
      doors shown in open position by dot-dash lines;
PAR  FIG. 7 is a perspective view showing a single rocker arm and its associated
      actuating pad;
PAR  FIG. 8 is a sectional view taken on line 8--8, FIG. 7;
PAR  FIG. 9 is a fragmentary perspective view of one of the door mounting cams;
PAR  FIG. 10 is a sectional view taken on line 10--10, FIG. 1;
PAR  FIG. 11 is a top plan view with portions broken away and in section,
      somewhat similar to FIG. 1, with the door latching mechanism being shown
      in unlatched position, and with one of the rocker arm assemblies being
      engaged and partially actuated by a plunger mechanism;
PAR  FIG. 12 is a sectional view taken on line 12--12, FIG. 11;
PAR  FIG. 13 is a view similar to FIG. 11, with the top pair of doors being
      shown in open position after complete actuation of the rocker arm assembly
      by an external plunger mechanism;
PAR  FIG. 14 is a sectional view taken on line 14--14, FIG. 13;
PAR  FIG. 15 is an enlarged fragmentary sectional view taken on line 15--15,
      FIG. 11;
PAR  FIG. 16 is an enlarged fragmentary sectional view taken on line 16--16,
      FIG. 15;
PAR  FIG. 17 is an enlarged fragmentary sectional view taken on line 17--17,
      FIG. 13;
PAR  FIG. 18 is an enlarged fragmentary sectional view taken on line 18--18,
      FIG. 17;
PAR  FIG. 19 is a bottom plan view of one of the cams which mounts the
      overlapping door, as viewed in FIG. 1;
PAR  FIG. 20 is a flat, plan layout of the cam slot which is formed in the cam
      of FIG. 19;
PAR  FIG. 21 is a bottom plan view of one of the cams which mount the overlapped
      door, as viewed in FIG. 1; and
PAR  FIG. 22 is a flat, plan layout of the cam slot which is formed in the cam
      of FIG. 21.
PAR  Similar numerals refer to similar parts throughout the drawings.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The pneumatic tube double-door side opening captive carrier construction is
      indicated generally at 1, and is shown particularly in FIGS. 1 and 2.
      Carrier 1 includes a rectangular shell formed by spaced side column
      members 2 and 3, and end plates 4 and 5 which form a payload compartment
      6.
PAR  Housings 7 and 8 are formed on the ends of carrier 1 adjacent plates 4 and
      5, by generally dome-shaped end caps 9 and 10 which are secured by
      suitable means to end plates 4 and 5. A groove 11 is formed in the side
      wall 12 of each end caps 9 and 10 adjacent end plates 4 and 5, for the
      mounting of wear or sealing rings 13.
PAR  Carrier 1 as shown in the drawings and particularly in FIG. 6, is formed
      with opposite side openings 14 and 15 for access to payload compartment 6.
      Carrier 1 can be formed with only a single access side opening if desired,
      without departing from the concept of the invention.
PAR  In accordance with the invention, pairs of doors 16-17 and 18-19 enclose
      side openings 14 and 15, respectively. Each door 16-19 closes
      approximately one-half of the area of each access opening 14 and 15 of
      carrier 1. Thus, each pair of doors, when in closed position, provides the
      closure means for a carrier payload compartment access opening, instead of
      the heretofore single door used for known carrier constructions.
PAR  Doors 16, 17, 18 and 19 preferably are rectangularly shaped (FIG. 1) and
      extend between end plates 4 and 5, and from side column members 2 and 3 to
      just beyond the centerlines 20 of openings 14 and 15. Centerlines 20
      coincide with an imaginary plane 21 (FIG. 6) passing through the
      longitudinal axis of carrier 1. The swinging edges 22, 23, 24 and 25 of
      doors 16-19 are of reduced thickness and preferably overlap when in closed
      position. The remaining three edges of each door overlap and engage
      shoulders 26 and 27 formed on and extending along side column members 2
      and 3, and end plates 4 and 5, respectively, adjacent the side openings
      (FIGS. 1 and 10).
PAR  The control mechanism for each pair of doors 16-17 and 18-19 is similar,
      therefore, only the mechanism for doors 16 and 17 is described in detail.
      Doors 16 and 17 and the associated control mechanism are shown
      particularly in FIG. 1, and in the upper one-half carrier portions of
      FIGS. 2, 4, 5 and 6.
PAR  Doors 16 and 17 are pivotally mounted with respect to side column members 2
      and 3 by pairs of generally cylindrical cams 28-29 and 30-31, respectively
      (FIGS. 1, 6 and 9). Cams 28-31 are hollow, having smooth internal bores
      44. Downturned flanges 32 and 33 are formed integrally with the outer
      edges 34 and 35 of doors 16 and 17, respectively, adjacent the corners
      thereof. Flanges 32 and 33 are attached by welds or other means, to cam
      28-29 and 30-31 for pivotally mounting doors 16 and 17 on the side column
      members. Cams 28-29 and 30-31 (FIGS. 19-22) are formed with specially
      shaped cam slots 36 and 37 which extend through the cylindrical cam walls
      and communicate with bores 44. Flat layouts of cam slots 36 and 37 are
      shown in FIGS. 20 and 22 for clarity and are described in detail below.
PAR  Openings 38 and 39 are formed in and extend longitudinally through column
      members 2 and 3, and align with holes 40 and 41 formed in end plates 4 and
      5 (FIGS. 1, 5 and 10). Enlarged semicircular pockets 42 (FIG. 6) are
      formed in column members 2 and 3 at the ends of openings 38 and 39
      adjacent plates 4 and 5, for receiving cams 28-31 therein. Grooves 43
      (FIGS. 6, 15 and 17) are formed in column members 2 and 3 adjacent to and
      communicating with pockets 42, and extend generally throughout the length
      of pockets 42.
PAR  Rods 45 and 46 extend through openings 38 and 39 and through end plate
      holes 40 and 41, respectively, and terminate within housings 7 and 8. A
      bushing 47 preferably is mounted in each end plate hole 40 and 41 to
      reduce the sliding friction with respect to rods 45 and 46.
PAR  A pair of fixed sleeves 48 is mounted on each rod 45 and 46 adjacent the
      ends thereof, and are slidably mounted within cam bores 44 (FIGS. 15 and
      17). A pin 50 is mounted on each sleeve 48 and extends through its
      respective cam slots 36 or 37, and into grooves 43 of side column members
      2 and 3. An enlarged bore 51 is formed between pockets 42 and openings 38
      and 39 (FIG. 1) at diagonally opposite ends of side column members 2 and
      3. A compression spring 52 is located within each enlarged bore 51 and
      engages sleeve 48, biasing the sleeve toward its respective end plate 4 or
      5.
PAR  A door latching mechanism indicated generally at 53 (FIGS. 1 and 5) is
      located within each housing 7 and 8. Each latching mechanism 53 includes a
      plate 54 pivotally mounted on a pin 55. Pin 55 extends between a pair of
      pivot blocks 56 which are attached to end plates 4 and 5 by welds or other
      suitable mounting means. A latching tab 57 extends inboard, generally
      perpendicular from the swinging end of plate 54 through an aperture 58
      formed in each end plates 4 and 5. Each tab 57 is biased by a spring 59
      into overlapping engagement with the corners of swinging door edges 22 and
      23 to latch the doors when in closed position. A similar plate and tab
      assembly (FIG. 5) also is spring biased and pivotally mounted on pin 55
      within each housing 7 and 8 for doors 18 and 19, when carrier 1 is
      provided with two pairs of double-doors as shown in the drawings.
PAR  A door latch control rod 60 is welded to plate 54 and extends transversely
      therefrom for engagement in a notch 61 formed in one end of each rod 45
      and 46, when the doors are in closed position and mechanism 53 is in
      latched position (FIGS. 1 and 2). Latch control rod 60 of each latching
      mechanism 53 will engage a diagonally oriented end of rods 45 and 46 to
      maintain doors 16 and 17 in closed position, as described below.
PAR  When the doors 16 and 17 are in the closed position of FIGS. 1 and 2, an
      end 62 of rod 45 extends considerably further into housing 8, than the
      distance that the opposite or retracted end 63 extend into housing 7. The
      corresponding extended end 64 of rod 46 projects into housing 7 and is
      located diagonally opposite extended end 62 of rod 45. Likewise, retracted
      end 65 of rod 46 projects into housing 8 and is located diagonally
      opposite of retracted end 63 of rod 45.
PAR  In further accordance with the invention, a pair of rocker arms 67 and 68
      are pivotally mounted, one within each housing 7 and 8, for opening and
      closing doors 16 and 17, respectively, upon arrival of carrier 1 at a
      terminal. A second pair of similar rocker arms 69 and 70 are mounted
      within housing 7 and 8 for controlling the opening and closing movement of
      doors 18 and 19, when carrier 1 is equipped with two pairs of side opening
      doors as shown. Only the detailed features of the rocker arms 67 and 68
      which are associated with doors 16 and 17 will be described in detail, due
      to their similarity in construction and operation with rocker arms 69 and
      70.
PAR  Rocker arms 67 and 68 (FIG. 7) are generally triangularly-shaped each
      having an angled base 71 which is bent at its midpoint at an approximate
      55.degree. angle. A web 72 is mounted on base 71 and extends outwardly
      therefrom, and is formed with an opening 73 for pivotally mounting the
      rocker arm within its associated housing. Web 72 joins base 71 inwardly
      from the offset angled ends of base 71 to provide contact areas 74 and 75
      at the ends thereof, which are adapted to be engaged by ends 63-65 and
      62-64, respectively, of rods 45 and 46.
PAR  Rocker arms 67-68 and 69-70 are mounted within housings 7 and 8 on pins 76
      which extend through the housings and are secured to end cap side walls 12
      (FIG. 2). Bosses 77 preferably are formed integrally with side walls 12
      and extend inwardly to webs 72 of the rocker arms. Spacer sleeves 78 are
      mounted on pins 76 between the corresponding rocker arm webs to properly
      space and position the rocker arms in the end cap housings.
PAR  Each rocker arm 67, 68, 69 and 70 has an outwardly extending plate 80, 81,
      82 and 83 welded to one section of an angled base 71, and has a pressure
      pad 84, 85, 86 and 87, respectively, mounted thereon (FIGS. 1, 4 and 7).
      Plates 80-83 and their respective pads 84-87 are secured to the particular
      half-sections of rocker arms 67-70 which extend generally parallel to end
      walls 88 of housing end caps 9 and 10, when the carrier doors are in
      closed position. Openings 90 are formed in housing end walls 88 and are
      aligned with pads 84-87 which project partially into the openings for
      actuation by a plunger 91 (dot-dash lines, FIGS. 11-14) or other
      mechanism, for controlling the opening and closing movement of door 16-19.
PAR  When doors 16 and 17 are in closed position, as shown in FIG. 1, the
      extended ends 62 and 64 of rods 45 and 46 engage contact areas 75 of
      rocker arms 67 and 68. Likewise, the retracted ends 63 and 65 of rods 45
      and 46 engage contact areas 74 of rocker arms 67 and 68. Springs 52
      maintain rods 45 and 46 into engagement with rocker arms 67 and 68 at all
      times, and biases the rocker arms toward the closed door positions shown
      in FIG. 1. Latch tabs 57 are maintained in latched position with carrier
      doors 16 and 17 by springs 59, latch control rod 60 and notch 61, with
      latch plates 54 generally coinciding with and abutting end plates 4 and 5.
PAR  The operation of the pneumatic tube double-door side opening carrier 1 is
      set forth below, and is described with respect to doors 16 and 17 which
      close access opening 14. Carrier 1, when traveling between distant
      pneumatic tube terminals is in the closed position of FIGS. 1 and 2, and
      usually will contain material within pay-load compartment 6. Doors 16 and
      17 are maintained in closed latched position by the biasing force of
      springs 52, and the biasing force of springs 59 acting on latch plates 54.
PAR  The appropriate actuation mechanism for initiating opening of doors 16 and
      17 is energized automatically upon arrival of carrier 1 at a terminal, or
      manually by a bank teller or customer. A plunger 91 (FIGS. 11-14) moves
      outwardly in the direction of Arrow A which is generally parallel to the
      longitudinal axis of carrier 1, through an opening 90 in housing end wall
      88. Plunger 91 engages pad 84 mounted on rocker arm 67, pivoting rocker
      arm 67 in a clockwise direction, indicated by Arrow B (FIG. 11). The
      initial pivoting motion of rocker arm 67 moves control rod 46 linearly in
      the direction of Arrow C, through the engagement of contact area 75 of
      rocker arm 67 with extended end 64 of rod 46 (FIG. 1).
PAR  This initial motion of rod 46 moves pins 50 linearly along cam slots 36 of
      cams 28 and 29 a distance D, FIGS. 16 and 20, without imparting any
      rotation to cams 28 and 29. Cams 28 and 29 do not rotate due to the
      parallel alignment of that area of the cam slots represented by distance
      D, with respect to the axis of rod 46 and the axis of cam bore 44. Control
      rod 46 upon moving this initial distance D, pivots latch plate 54 located
      within opposite end housing 8 in the direction of Arrow E (FIG. 15), from
      the latched position of FIG. 2 to the unlatched position of FIG. 15, due
      to the engagement of latch control rod 60 in notch 61 of rod 46.
PAR  This initial motion through distance D of rod 46 is transmitted to opposite
      rod 45 through rocker arm 68 in housing 8. Rocker arm 68 is pivoted in the
      direction of arrow F by rod 46 (FIG. 1) which in turn moves rod 45 in the
      direction of Arrow G (FIG. 11). Pins 50 of rod 45 move along a similar
      linear distance D in cam slots 37 of cams 30 and 31 (FIGS. 21 and 22).
      Retracted end 63 of rod 45, in turn pivots latch plate 54 of the latching
      mechanism in housing 7 to unlatched position by engagement with the
      associated latch control rod 60, generally simultaneously with the
      unlatching movement of the opposite latch tab 57, as shown in FIGS. 11 and
      12.
PAR  Thus, the initial engagement of plunger 91 with pad 84 moves rods 45 and 46
      in opposite directions with respect to each other in side column members 2
      and 3, through rocker arms 67 and 68 a distance D. This initial movement
      unlatches the latch mechanism 53, at both ends of doors 16 and 17, as pins
      50 move along cam slots 36 and 37 without rotation of cams 28-31. Distance
      D for a usual oval-shaped carrier construction of the type shown in U.S.
      Pat. No. 3,237,884 will be approximately one-quarter inch.
PAR  Continued movement of plunger 91 in the direction of Arrow A maintains the
      linear movement of rods 46 and 45 in the direction of Arrows C and G
      respectively, while initiating pivotal movement of doors 16 and 17. Rods
      45 and 46 together with cam pins 50 always move linearly without rotation,
      due to the projection of pins 50, which are fixed on rods 45 and 46,
      through the cam slots and into linearly extending grooves 43. Cams 28-31
      will begin rotation about sleeves 48 as pins 50 move along cam slots 36
      and 37 due to rotational or spiral-like formation of cam slots 36 and 37
      on the cylindrical surface of the cams with respect to the axis of cam
      bore 44, as shown in FIGS. 19-22. Cam slots 36 of cams 28 and 29 which
      pivotally mount door 16, deviate on a greater slope from the linear paths
      of distance D than does the corresponding cam slots 37 of cams 30 and 31.
      This is shown by the sharper slope in the flat layouts of the cam slots in
      FIGS. 20 and 22 throughout the distances H. Thus, cams 28 and 29 will
      begin to pivot at a faster rate than cams 30 and 31 due to this cam slot
      configuration. Thereby, door 16 will swing outwardly in an opening
      direction prior to the opening movement of door 17, to compensate for door
      16 overlapping door 17.
PAR  Pins 50 will continue to move throughout the remaining distances J of cam
      slots 36 and 37 as plunger 91 continues its movement through opening 90 in
      combination with the subsequent linear movement of rods 45 and 46, until
      pins 50 reach the ends of cam slots 36 and 37. Doors 16 and 17 will have
      swung outwardly to their open positions, as shown by dot-dash lines in
      FIG. 6, as pins 50 reach their respective ends of the cam slots.
PAR  The pins 50 which are engaged with cams 28 and 29 will move from
      right-to-left along cam slots 36 (FIGS. 19 and 20) during opening movement
      of doors 16. The pins 50 which are engaged with cams 30 and 31 in turn
      will move from left-to-right along cam slots 37 (FIGS. 21 and 22) during
      opening movement of doors 17.
PAR  Doors 16 and 17 when in the fully open position of FIGS. 13 and 14, and the
      dot-dash position of FIG. 6, provide convenient access to any material
      within payload compartment 6 from any position adjacent the carrier. Doors
      16 and 17, likewise, provide a chute-like effect (FIG. 6) for placement of
      material into payload compartment 6 due to their swinging movement through
      an approximate 20.degree. angle beyond the vertical position with respect
      to the carrier shell.
PAR  Doors 16 and 17 will close automatically upon retraction of plunger 91 due
      to the biasing force of springs 52 which are compressed upon movement of
      rods 45 and 46 in the direction of Arrows C and G. Springs 52 through
      their engagement with sleeves 48, move rods 45 and 46 in opposite
      directions to that of Arrows C and G. This return force is transmitted
      through rocker arms 67 and 68, in a similar manner as when the rocker arms
      are initially actuated by plunger 91.
PAR  Pins 50 move along cam slots 36 and 37 providing a positive pivoting
      closing action to doors 16 and 17. Door 17 closes slightly ahead of door
      16 due to the slopes or degree of rotation of the cam slots throughout
      distances J and H to insure the correct overlapping of swinging edges 22
      and 23 when in closed position. Latch plates 54 and tabs 57 return
      automatically to the latched positions of FIGS. 1 and 2 after closing of
      doors 16 and 17 by the biasing force of springs 59. Latch plates 54 are
      prevented from returning to latched position prior to doors 16 and 17
      being closed, due to the engagement of latch control rods 60 with rods 45
      and 46, adjacent ends 63 and 65, thereof, as shown in FIG. 17.
PAR  Although, the above-described sequence of operation appears to be a number
      of individual steps requiring a considerable time period to accomplish; in
      actual operation, the entire opening and closing sequences are performed
      as single smooth operations requiring only seconds to complete. Doors 16
      and 17 and latch tabs 57 will in effect, "snap back" into closed positions
      upon retraction of plunger 91, due to the biasing effect of springs 52 and
      59.
PAR  Among the important features and advantages achieved by the particular
      arrangement of the actuating mechanism of carrier 1, is the ability to
      open doors 16 and 17 from either end of the carrier. This can be
      accomplished by a second or alternate actuator plunger 92, shown by double
      dot-dash lines in FIGS. 11 and 13. Plunger 92 will initially engage pad 85
      in control housing 8 which results in the same series of steps and
      movements of rods 45 and 46 and their associated cams and cam pins for
      opening doors 16 and 17, as accomplished by plunger 91.
PAR  Carrier 1 enables a pneumatic tube system to be designed without regard to
      the orientation of the carrier end in a terminal, eliminating directional
      bends heretofore necessary to be formed in the connecting pneumatic tube
      line to insure proper positioning of the carrier upon arrival at the
      terminal for actuation of the door mechanism. Carrier 1 can be actuated at
      a particular terminal by a plunger 91 positioned at the right-hand carrier
      end, equally effective as by a left-hand orientated plunger 92 without
      affecting or changing the carrier door opening mechanism.
PAR  Although the above-described construction and sequence of operations are
      with respect to doors 16 and 17 and the associated control mechanism
      therefore, these same steps, features and advantages are applicable to
      bottom doors 18 and 19 shown in FIG. 2 and in FIGS. 15-19. Thus, when
      carrier 1 is provided with two pairs of doors, as shown in the drawings,
      either pairs 16-17 and/or 18-19 are operable by means of a plunger or
      other actuating mechanism located at a terminal.
PAR  Actuation of either plungers 91 or 92 engaging pads 84 and 85,
      respectively, will open doors 16 and 17, and actuation of a third or
      fourth plunger means (not shown) engaging pads 86 and 87 will open doors
      18 and 19. In certain installations, it may be desirable to open both
      pairs of carrier doors to insure a complete purging of compartment 6 by
      pneumatic or mechanical means, for example in using carrier 1 for making
      night deposits or the like. This can be accomplished by actuating either
      of pads 84 or 85, together with the actuation of either of pads 86 or 87.
PAR  Carrier 1, thus can be formed with a single access opening 14 or 15 closed
      by a pair of doors, each of which closes approximately one-half of the
      access opening, or can be formed with a pair of opposite carrier access
      openings, each of which is closed by a separate pair of doors.
PAR  It is readily understood and recognized that various other arrangements of
      components, such as a gear-gear rack arrangement, cam-cam roller follower
      arrangement, etc. may be located within the control housing at one of both
      ends of the carrier to control the opening and closing movements of one or
      two pairs of carrier doors. Likewise, these control mechanisms can be
      actuated by terminal plunger means which extend from the terminal in
      directions parallel with or transverse to the longitudinal axis of the
      carrier. Latch means also can be associated with these other arrangements
      and will be actuated automatically just prior to the pivotal opening
      movement of the side mounted doors by the external plunger mechanism.
PAR  Thus, the pneumatic tube double-door side opening carrier construction
      provides a carrier having at least one carrier access opening which is
      closed by a pair of doors, which doors are mounted on the sides of the
      carrier, in contrast to the heretofore single end mounted door, and in
      which each door of the pair closes approximately one-half of the carrier
      access opening; in which latch means are urged, preferably by spring
      means, into latching position with the doors, and are moved to unlatched
      position when the carrier door control mechanism is actuated by external
      plunger means at a terminal; in which the mechanism for controlling
      swinging movement of the doors is located within one or both end caps of
      the carrier and is actuated by an external plunger means; and in which the
      external plunger means may extend from the terminal either parallel with
      or transverse to the longitudinal axis of the carrier for engagement with
      either one or both ends of the carrier for actuation of the control
      mechanism for the closure doors.
PAR  Accordingly, the present invention provides a new pneumatic tube carrier
      construction which eliminates bends and twists in the pneumatic tube which
      connects distant terminals, heretofore required for correct orientation of
      the carrier at the terminal; and provides a carrier construction which
      achieves all the enumerated objectives, provides for eliminating
      difficulties encountered with prior carrier constructions, and solves
      problems and obtains new results in the art.
PAR  In the foregoing description, certain terms have been used for brevity,
      clearness and understanding, but no unnecessary limitations are to be
      implied therefrom beyond the requirements of the prior art, because such
      terms are used for descriptive purposes and are intended to be broadly
      construed.
PAR  Moreover, the description and illustration of the invention is by way of
      example, and the scope of the invention is not limited to the exact
      details of the construction shown or described.
PAR  Having now described the features, discoveries and principles of the
      invention, the manner in which the pneumatic tube double-door side opening
      carrier construction is constructed, assembled and operated, the
      characteristics of the new construction, and the advantageous, new and
      useful results obtained; the new and useful structures, devices, elements,
      arrangements, parts and combinations are set forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Pneumatic tube carrier construction of the type having a carrier shell
      formed by spaced side column members and spaced base members, and in which
      the base members are joined with and extend across the ends of the column
      members to form a payload compartment having at least one access side
      opening; first and second door means, each mounted on an opposite side
      column member for swinging movement between open and closed positions;
      each of said door means being adapted to close approximately one-half of
      the payload compartment side opening when in closed position; latch means
      adapted to hold the first and second door means in closed position; first
      housing means formed on at least one end of the carrier shell adjacent one
      of the base members; and control means mounted within the housing means
      and operably connected with the latch means and door means, said control
      means being actuated to unlatch the latch means and to move the door means
      outwardly into open position when the control means is engaged by an
      external actuator at a pneumatic tube terminal.
NUM  2.
PAR  2. The construction defined in claim 1 in which first spring means urge the
      first and second door means toward closed position; and in which second
      spring means urge the latch means toward latching position.
NUM  3.
PAR  3. The construction defined in claim 1 in which the control means includes
      first lever means pivotally mounted within the first housing means; in
      which the first lever means is operatively connected to the door means;
      and in which the first lever means has a portion adapted to be engaged by
      an external actuator to pivot said first lever means to move the door
      means to open position.
NUM  4.
PAR  4. The construction defined in claim 3 in which second housing means is
      formed on the other end of the carrier shell; in which longitudinally
      extending openings are formed in the side column members and communicate
      with the first and second housing means; in which rod means extend through
      the side column openings and terminate within the first and second housing
      means; in which said rod means are operatively connected to the door
      means; in which the first lever means engage the rod ends within the first
      housing means; in which second means operatively connect the other ends of
      the rod means within the second housing means; in which the rod means are
      moved linearly in opposite directions within the side column member
      openings to open the door means; and in which the movement of the external
      actuator is transmitted to the rod means through the first lever means and
      second means.
NUM  5.
PAR  5. The construction defined in claim 4 in which the second means comprising
      lever means similar to the first lever means; in which said second lever
      means is pivotally mounted within the second housing means; and in which
      the ends of said second lever means engage the ends of the rod means with
      the second housing means.
NUM  6.
PAR  6. The construction defined in claim 4 in which first spring means bias the
      door means toward closed position; in which said first spring means
      operatively engage the rod means; and in which said first spring means
      bias said rod means in opposite directions within the side column
      openings.
NUM  7.
PAR  7. The construction defined in claim 4 in which the first housing means is
      formed with an opening for receiving an external actuator therein; and in
      which said opening communicates with the first lever means for actuation
      of said lever means by the extension of the external actuator through said
      housing opening.
NUM  8.
PAR  8. The construction defined in claim 1 in which the latch means includes a
      latch plate having an outwardly extending latching tab; in which an
      aperture is formed in the carrier shell base member adjacent the first
      housing means; in which the latch plate is pivotally mounted within the
      first housing means, with the latching tab being movable through the base
      member aperture for engagement with the swinging edges of the door means
      to hold the door means in closed position; and in which spring means
      biases the latching tab towards engagement with the door means edges.
NUM  9.
PAR  9. The construction defined in claim 1 in which second housing means is
      formed on the carrier end opposite of the first housing means; in which
      the control means for movement of the first and second door means includes
      rod means extending along the side column members, and further includes
      lever means mounted within the first and second housing means; in which
      the door means are operatively connected to the rod means; in which the
      lever means are operatively engagable with the ends of the rod means; and
      in which the lever means in at least one of said housing means is adapted
      to be engaged by an external actuator whereby movement of the said engaged
      lever means moves the rod means linearly along the side column members
      imparting swinging movement of the door means.
NUM  10.
PAR  10. The construction defined in claim 9 in which each of the door means is
      operatively connected to the rod means by cam means.
NUM  11.
PAR  11. The construction defined in claim 10 in which the cam means each
      includes a generally cylindrical hollow cam formed with a bore and a cam
      slot; in which the cam slot extends along the cam in a spiral-like
      configuration and communicates with the cam bore; in which the rod means
      extends through the cam bore; in which pin means is mounted on the rod
      means and engages the cam slot; and in which the pin means is confined to
      linear movement with respect to the side column members, whereby the cam
      means and connected door means move about the rod means as the pin means
      moves along the cam slot.
NUM  12.
PAR  12. The construction defined in claim 11 in which spring means is
      operatively engaged with the rod means to urge said rod means and
      associated door means toward closed position.
NUM  13.
PAR  13. The construction defined in claim 11 in which the cam slots each have a
      section which extends parallel with the axis of the cam bore; and in which
      the pin means move through the parallel cam slot sections to unlatch the
      door means latching means without imparting rotation to the cam means.
NUM  14.
PAR  14. The construction defined in claim 11 in which the cam slots each have
      sections which extend in a spiral-like manner with respect to the axis of
      the cam bore; and in which said cam slot sections of the cams which mount
      the first door means have a greater amount of twist then does the
      corresponding cam slot sections of the cams which mount the second door
      means, whereby said first door means begins to swing toward open position
      at a faster rate than does the second door means.
NUM  15.
PAR  15. The construction defined in claim 11 in which the cam slots each have
      at least first and second sections which extend in a spiral-like manner
      with respect to the axis of the cam bore; in which the first cam slot
      sections of the cams which mount the first door means have a greater
      amount of twist than does the corresponding first cam slot sections of the
      cams which mount the second door means, whereby the first door means
      initially begins to swing toward open position at a faster rate than does
      the second door means; and in which the second cam slot sections of the
      cams which mount the second door means have a greater amount of twist than
      does the corresponding second cam slot sections of the cams which mount
      the first door means, whereby the second door means after initial opening
      begins, swings toward open position at a faster rate than does the first
      door means.
NUM  16.
PAR  16. The construction defined in claim 9 in which pad means is mounted on
      the lever means; in which opening means is formed in the housing means;
      and in which an external actuator is adapted to extend into the housing
      opening means and engage the pad means for actuating the lever means.
NUM  17.
PAR  17. The construction defined in claim 1 in which the first and second door
      means each swing through an angle greater than 90.degree. when moving
      between open and closed positions.
NUM  18.
PAR  18. The construction defined in claim 1 in which second housing means is
      formed on an end of the carrier shell opposite of the first housing means;
      in which the carrier shell is formed with a second access side opening
      opposite of the first access opening; in which third and fourth door means
      are mounted on the side column members for swinging movement between open
      and closed positions, with each of said third and fourth door means being
      adapted to close approximately one-half of the second access side opening;
      in which second latch means is mounted within at least one of the housing
      means and operatively engage the third and fourth door means when said
      third and fourth door means are in closed position; in which second
      control means is mounted within the second housing means and communicates
      with the second latch means and third and fourth door means; in which the
      second control means is adapted to unlatch the second latch means and to
      move the third and fourth door means outwardly into open position when
      said second control means is engaged by an external actuator at a
      pneumatic tube terminal; and in which the second control means, second
      latch means and movement of the third and fourth door means is independent
      of the control means and latch means for the first and second door means,
      and movement of the first and second door means.
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ABST
PAL  A jet flow deflector is provided on an aircraft engine nacelle. In high
      speed cruise conditions, the deflector engages in a recess in the upper
      part of the nacelle and forms part of the jet nozzle, providing an
      efficient flow passage and an outer surface having minimum drag. For low
      speed flight, the deflector is moved downward and aft with respect to the
      nacelle to deflect the jet flow downward to increase the lift by use of
      the Coanda flap principle. By moving the deflector in this manner, an
      additional flow area is created above the deflector and at one side to
      increase the effective nozzle area. If desired, the deflector may be
      divided into two or more segments which are spaced from each other in the
      low speed configuration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to jet propulsion for aircraft, and
      more particularly, to a combined variable area nozzle and jet flow
      deflector for jet engines.
PAR  Modern aircraft are provided with jet propulsion means which usually
      consists of two or more jet engines disposed in engine nacelles mounted in
      or on the wings of the aircraft and having nozzles for directing the jet
      flow to the rear.
PAR  In many cases, the nozzle area or shape must be varied during flight to
      achieve superior performance under various flight conditions. This results
      from the combination of engine design factors and the differing
      requirements for low speed and high speed flight. Thus, a turbo fan engine
      with a relatively low design fan pressure ratio has a nozzle pressure
      ratio, with a confluent primary, ranging from approximately 1.3 at reduced
      power for low flight speeds to about 2.5 at full power for high subsonic
      flight speeds. If the nozzle has a relatively large convergence angle of
      the order of 20.degree. or more, the discharge coefficient undergoes a
      variation of the order of 10% over this range of pressure ratios, which
      requires a variation of the nozzle area of the order of 10% to maintain
      acceptable engine performance.
PAR  Changes in the nozzle configuration are also required for different flight
      conditions. Thus, for low speed flight, the lift must be increased. This
      can be accomplished, utilizing the Coanda flap principle, by blowing the
      jet flow over the upper surface of the wing and a continuous surface flap,
      if the ratio of the jet height to the flap radius is low. This is best
      achieved with a nozzle configuration of high aspect ratio, such as an
      oblate or D-shaped nozzle, rather than a circular nozzle. In addition,
      spreading of the jet flow is required to maximize the portion of the wing
      area involved and thus the lift, and to minimize the jet thickness at the
      flap knee to achieve efficient turning of the flow. These requirements, of
      course, conflict with the requirements for high speed flight in which
      spreading of the jet flow must be minimized to reduce drag effects, and
      the jet flow must be directed straight aft of the aircraft clear of the
      wing surface.
PAR  It will be apparent that any attempt to meet these conflicting requirements
      with a fixed nozzle geometry would necessarily result in severe and
      usually unacceptable penalties on performance in one or more of the
      various possible sets of conditions. It has been proposed to use
      deflectors associated with the upper nozzle surface to deflect the jet
      flow downward for low speed flight, but this results in an unacceptable
      decrease in the nozzle area precisely in the situation where the nozzle
      area must increase. Other variable geometry schemes have also been
      proposed, involving variable nozzle side openings and various types of
      variable and retractable baffles and deflectors, in an attempt to achieve
      acceptable performance in the various flight regimes involved.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a combined variable area nozzle and jet flow
      deflector which meets the requirements discussed above in a simple and
      effective manner.
PAR  In accordance with the invention, a deflector member is provided which is
      shaped in such a manner that for high speed cruise conditions, the
      deflector fits into an opening in the upper part of the engine nacelle to
      form with the nacelle a complete nozzle of the proper shape to form an
      efficient flow passage. The upper or outside surface portion of the
      deflector is designed so that in this position the requirements for
      minimum drag during high speed cruise are met. For low speed flight
      conditions, the deflector is moved downward and aft with respect to the
      nacelle to a position where it deflects the jet flow downward to flow over
      the wing and wing flap to increase the lift by use of the Coanda flap
      principle. In this position, the deflector is spaced from the nacelle in a
      manner which opens an effective flow area between the nacelle and the
      upper surface of the deflector to increase the nozzle area and to approach
      the ideal nozzle shape. The upper surface of the deflector is designed to
      function as a Coanda surface to cause the flow over the deflector to flow
      downward and merge with the main jet flow through the nozzle. An
      additional side flow area is provided under the deflector and beyond the
      end of the nacelle which further increases the effective nozzle area as
      well as tending to promote the spreading of the jet flow which is
      necessary in this flight condition. If desired, the deflector may be
      divided into two or more segments which fit together and into the nacelle
      for high speed cruise, and which are separated and spaced from each other
      in the low speed configuration to enhance the effect and further increase
      the nozzle area.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description, taken in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a somewhat diagrammatic perspective view of a portion of an
      aircraft embodying the invention and showing the jet deflector in the high
      speed cruise configuration;
PAR  FIG. 2 is a perspective view similar to FIG. 1 showing the deflector in the
      low speed configuration;
PAR  FIGS. 3, 4 and 5 are, respectively, a side view, plan view and end view of
      an engine nacelle and deflector showing the deflector in high speed
      configuration;
PAR  FIGS. 6, 7 and 8 are views corresponding to FIGS. 3, 4 and 5, respectively,
      showing the deflector in the low speed configuration;
PAR  FIGS. 9 and 10 are somewhat diagrammatic perspective views of a portion of
      an aircraft showing a modified embodiment of the invention in the high
      speed and low speed configurations, respectively;
PAR  FIG. 11 is a side view of a nacelle and deflector means showing the
      modified embodiment of FIGS. 9 and 10 in the high speed configuration; and
PAR  FIG. 12 is a view similar to FIG. 11 showing the deflector means in the low
      speed configuration.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and particularly to FIGS. 1 and 2, there is
      shown an illustrative embodiment of the invention in an aircraft having a
      fuselage, part of which is shown at 10, and a wing 12. The aircraft is
      provided with jet propulsion means comprising, in this case, a jet engine
      (not shown) disposed in an engine nacelle 14 mounted in the wing 12. As
      shown herein, the nacelle 14 is mounted in the leading edge of the wing in
      a manner to provide a rearwardly directed nozzle 16 of oblate or D-shape
      which directs the jet flow in the aft direction of the aircraft for
      propulsion. It will be understood, of course, that a similar nacelle and
      engine are mounted in the other wing of the aircraft. Any desired number
      of engines may be used in each nacelle and any desired number of nacelles
      may be provided.
PAR  In accordance with the present invention, the nacelle 14 carries a
      deflector member 18 which is shown in FIG. 1 in its position for high
      speed cruise conditions. In this position, the deflector 18 fits in an
      opening in the nacelle and forms a part of the jet nozzle 16 so that an
      effective flow passage is provided. For low speed conditions, such as
      during landing or takeoff, the deflector 18 is moved downwards and aft
      relative to the nacelle 14 to the position shown in FIG. 2. For these
      conditions, increased lift is required and is provided by use of the
      Coanda flap principle. For this purpose, the wing 12 carries a flap 20
      which is retracted as shown in FIG. 1 during high speed flight but which
      is extended to the position shown in FIG. 2 for low speed flight
      conditions. As can be seen in FIG. 2, the D-shaped nozzle configuration
      and the position of the deflector 18 in the low speed configuration are
      such that the jet flow is deflected downward, and since the ratio of the
      jet's height to the radius of the flap 20 is relatively low, the jet flow
      is over the upper surface of the wing and the Coanda effect causes the
      flow to follow the surface of the flap and be deflected downward. In this
      way, increased lift is obtained. The configuration is also such that the
      jet flow spreads out across the wing and is coextensive with the flap 20.
      It will also be noted that in the position of the deflector 18 shown in
      FIG. 2, an additional flow area 22 is opened between the deflector 18 and
      the nacelle 14 so that the effective area of the nozzle is increased as
      required for the low speed flight conditions. Another additional flow area
      23 is formed at the side which further increases the nozzle area and
      contributes to the spreading of the flow.
PAR  The actual construction of the deflector 18 and its relation to the nacelle
      14 will be more clearly seen from FIGS. 3-8 of the drawings. Referring,
      first, to FIGS. 3, 4 and 5, the deflector is shown in its retracted
      position for high speed cruising flight. As shown in these figures, the
      deflector 18 is a member of generally airfoil cross section extending
      across the nacelle and curved to conform to the shape of the nacelle. The
      nacelle 14 has an opening 24 extending circumferentially in the aft edge
      of the nacelle, and has a recess 26 in its inner surface adjoining the
      opening 24. The leading edge of the deflector 18 is shaped as shown to
      engage the recess 26 and the inner surface of the deflector forms a
      substantially continuous interior surface with the upper part of the
      nacelle to provide an effective flow passage. The deflector 18 thus forms
      a part of the jet nozzle, and the nozzle opening 28 is substantially
      D-shaped as shown and provides an efficient flow passage for directing the
      jet flow in the aft direction of the aircraft substantially clear of the
      wing and with minimum spreading. The upper or outer surface of the
      deflector 18 is shaped as shown to engage in the recess 26 and the
      deflector fills the opening 24 so that the external surface of the nacelle
      provides minimum drag. In effect, this configuration permits the shape of
      the nacelle to be optimized for the high speed cruise requirements.
PAR  For low speed flight, such as during landing or takeoff where a lower speed
      and increased lift are required, the deflector 18 is moved to its extended
      position shown in FIGS. 6, 7 and 8. Any suitable type of mechanical
      linkage or other means (not shown) can be used to move the deflector 18
      downwards and aft with respect to the nacelle 14, the deflector tilting
      somewhat as it moves as can be seen from FIG. 6. In the extended position
      the deflector 18 deflects the jet stream downward such that it flows
      across the wing surface and follows the surface of the flap 20 as
      discussed above to increase the lift. Movement of the deflector to this
      position reduces the effective area of the nozzle 28, but another flow
      area 30 is opened between the upper surface of the deflector 18 and the
      upper edge of the nacelle 14. This additional area provides a nearly ideal
      nozzle shape so that the effective flow area and the geometric area are
      essentially equal and the total nozzle area is thus increased as required
      for this mode of flight. The upper surface of the deflector 18 is somewhat
      curved and is shaped to act as an effective Coanda surface so that the jet
      flow over the deflector follows the upper surface and is thus deflected
      down to merge with the main jet flow through the main nozzle opening 28.
      The deflector 18 in the extended position of FIG. 6 extends beyond the end
      of the nacelle 14 and an additional flow area 32 is thus opened at the
      side which further increases the effective nozzle area and which also
      tends to increase the spreading of the jet flow
PAR  A longitudinal extension 34 is preferably provided on the inboard side of
      the nacelle as shown. The extension 34 acts as a shield to minimize
      spreading of the jet flow in the inboard direction and thus reduces
      undesirable scrubbing of the flow against the fuselage. The extension 34
      may also be formed and positioned so that the deflector 18 seats against
      it when the deflector is in the extended position of FIG. 6. A ledge 36
      may be provided on the interior surface of the other side of the nacelle
      in a corresponding position to the extension 34 to serve as a seal and
      abutment for the deflector 18 on that side of the nacelle.
PAR  It will be seen that a deflector has been provided which in its retracted,
      or high speed, position forms an integral part of the nacelle and is
      disposed so that an efficient nozzle configuration is provided for jet
      flow, and so that optimum configuration of the nacelle can be achieved. In
      the extended or low speed position, the deflector provides the necessary
      increased effective nozzle area by opening the additional flow area 30,
      and deflects the jet flow downward to increase the lift. The decreased
      nozzle exit height, together with the side flow opening 32, force the jet
      flow to spread over the wing surface as desired. Thus, a relatively simple
      and very effective construction is provided for obtaining the desired
      performance of the aircraft in both high speed and low speed
      configurations.
PAR  It will, of course, be understood that various modifications of the
      invention are possible. Thus, for example, as shown in FIGS. 9-12, the
      deflector may be divided into a plurality of segments. As shown somewhat
      diagrammatically in FIGS. 9 and 10, the deflector in this embodiment
      consists of two segments 40 and 42, although any desired number of
      segments may be used. In the position of FIG. 9, which is the high speed
      configuration, the segments 40 and 42 form a part of the nacelle 14
      providing an effective flow passage and smooth exterior surface in the
      same manner as described above. For low speed flight, the segments 40 and
      42 are moved down and aft with respect to the nacelle and to each other,
      as shown in FIG. 10, to open additional flow areas 44 and 46 and to
      deflect the jet flow downward to flow across the wing in the manner
      previously described.
PAR  As shown more fully in FIG. 11, the nacelle 14 has a circumferential
      opening 24 in its rear edge and a recess 26 in its inner surface, as
      previously described, and the forward deflector segment 40 has its leading
      edge shaped to conform to the recess 26. The aft deflector segment 42 may
      be somewhat thinner and its leading edge is formed as shown to engage and
      conform to the rear edge of the deflector segment 40. The deflector
      segments thus engage the recess 26 and fill the opening 24 as in the
      previous embodiment. An effective flow passage is thus formed by the
      nacelle and the deflector segments, and the outer surface is smooth and
      may be made of optimum configuration for high speed flight.
PAR  For low speed flight with increased lift, the deflector segments 40 and 42
      are moved to the extended position of FIGS. 10 and 12 in which the
      segments are moved downward and aft with respect to the nacelle and each
      other. In this position, the main jet flow is deflected downward to flow
      across the wing and to spread over the area of the flap 20, as previously
      described, and the deflector segments open additional flow areas 44 and 46
      to increase the effective nozzle area. A side flow opening 32 is also
      opened at the rear of the nacelle to further increase the nozzle area and
      to enhance the spreading of the flow. An extension 34 may also be provided
      as previously described on the inboard side of the nacelle. The upper
      surfaces of the deflectors 40 and 42 are formed as Coanda surfaces in the
      same manner as the deflector 18, so that the jet flow over the outer
      surfaces of the deflector segments flows downward and merges with the main
      jet stream. It will be seen that the operation of the embodiment of the
      invention shown in FIGS. 9-12 is essentially similar to that of the
      previous embodiment, but that the provision of two or more deflector
      segments results in a corresponding number of additional flow areas above
      the deflectors, and thus further increases the effective flow area, as
      well as permitting greater flexibility in design.
PAR  The invention has been described with reference to a single engine nacelle
      but it will, of course, be understood that the construction described will
      be applied to each of the nacelles of a multi-engine craft. Certain
      specific embodiments of the invention have been shown and described for
      the purpose of illustration but it will be obvious that various other
      embodiments and modifications are possible within the scope of the
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In an aircraft having jet propulsion means, a nacelle mounted in a wing
      of the aircraft and containing said propulsion means, said nacelle
      providing a nozzle at its end portion for discharging a jet flow in the
      aft direction of the aircraft, and deflector means on the nacelle movable
      between first and second positions, the deflector means engaging the
      nacelle at the aft end thereof in its first position to form a continuous
      interior surface with the nacelle constituting a part of said nozzle, and
      the deflector means being movable downwards and aft relative to the
      nacelle to its second position in which the deflector means deflects the
      jet flow downward and is spaced from the nacelle to provide additional jet
      flow in the aft direction over the deflector means between the nacelle and
      the upper surface of the deflector means to increase the effective nozzle
      area.
NUM  2.
PAR  2. The combination of claim 1 in which the upper surface of the deflector
      means is shaped to function as a Coanda surface.
NUM  3.
PAR  3. The combination of claim 1 in which the deflector means in its second
      position extends beyond the end of the nacelle to provide a further area
      for jet flow at one side of the deflector means.
NUM  4.
PAR  4. The combination of claim 1 in which the deflector means is a curved
      member adapted to engage a recess in the upper part of the nacelle in said
      first position to form with the nacelle an effective nozzle for jet flow,
      and said member being spaced from the nacelle in said second position to
      form an open flow area for jet flow between the nacelle and the upper
      surface of the member, said surface being shaped as a Coanda surface to
      cause said last-mentioned jet flow to flow downward to merge with the main
      flow from the nacelle.
NUM  5.
PAR  5. The combination of claim 1 in which the deflector means comprises a
      plurality of curved segments disposed side-by-side and adapted to engage
      the nacelle and each other in said first position to form with the nacelle
      an effective nozzle for jet flow, and said segments being displaced
      downwards and aft relative to the nacelle and to each other in said second
      position to deflect downward the main jet flow through said nozzle and to
      provide open flow areas for jet flow over the upper surfaces of the
      segments.
NUM  6.
PAR  6. The combination of claim 5 in which said segments engage a recess in the
      upper part of the nacelle and each other in said first position in a
      manner to form with the nacelle an effective nozzle for jet flow, and in
      which said upper surfaces of the segments are shaped as Coanda surfaces to
      cause the flow over said surfaces in said second position to flow downward
      to merge with the main jet flow.
NUM  7.
PAR  7. In an aircraft having jet propulsion means, a nacelle mounted in a wing
      of the aircraft and containing said propulsion means, said nacelle having
      its end portion formed to provide a nozzle for discharging a jet flow in
      the aft direction of the aircraft, said end portion of the nacelle having
      a recess in the upper part thereof adjoining a circumferential opening in
      the aft edge of the nacelle, a curved deflector on the nacelle, said
      deflector having a first position in which it engages in said recess and
      closes said opening, the configuration of the deflector being such that in
      said first position it forms with the nacelle a continuous interior
      surface providing a single effective flow passage for the entire jet flow
      and the upper surface of the deflector forming with the nacelle a smooth
      continuous exterior surface, and the deflector having a second position in
      which it is displaced downwards of the nacelle and aft from the first
      position to deflect the jet flow downward and to provide an open flow area
      between the upper surface of the deflector and the nacelle to provide
      additional jet flow in the aft direction over the upper surface of the
      deflector to increase the effective nozzle area.
NUM  8.
PAR  8. The combination of claim 7 in which said upper surface of the deflector
      is shaped to function as a Coanda surface to cause jet flow through said
      open flow area to follow said surface and merge with flow through the
      nozzle.
NUM  9.
PAR  9. The combination of claim 7 in which said deflector in the second
      position provides a further flow area at one side thereof and beyond the
      end of the nacelle.
NUM  10.
PAR  10. The combination of claim 9 in which the nacelle has an extension at the
      other side thereof in position to be engaged by the deflector member in
      its second position.
NUM  11.
PAR  11. The combination of claim 7 in which the deflector comprises a plurality
      of curved segments engaging each other and the nacelle in said first
      position to close said opening, said segments being spaced from the
      nacelle and each other in said second position to provide areas for jet
      flow over the upper surfaces of the segments.
NUM  12.
PAR  12. The combination of claim 11 in which the upper surfaces of the segments
      are shaped to function as Coanda surfaces to cause the flows over said
      surfaces to flow downward and merge with the main jet flow through the
      nozzle.
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ABST
PAL  A device for wing droops assembled on the leading edge of an aircraft wing
      and capable of occupying either a retracted position for flight in the
      clean configuration or an extended position, projecting before and below
      the wing, for producing extra lift, comprising a hydraulic valve
      controlling the supply of hydraulic fluid to jacks which operate the
      droops, the valve being fitted with a pilot-operated manual control and an
      automatic control adapted to be actuated by an angle of attack detector of
      the aircraft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a flap or wing droop arrangement for fitting to
      the leading edge of an aircraft wing.
PAR  Certain types of modern aircraft wings designed for high cruising speeds do
      not enable acceptable stall characteristics to be achieved in the clean
      configuration.
PAR  It is necessary to equip these wings with leading edge flaps or wing droops
      which, in cruising flight, are retracted into the wing profile and are
      extended and deployed in situations where there is a risk of stalling, in
      order to increase the lift of the aerofoil.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is a device for actuating such leading
      edge droops, which makes it possible for them to be operated either by the
      pilot or automatically as a function of the angle of attack.
PAR  According to the present invention there is provided a device for wing
      droops assembled on the leading edge of an aircraft wing and capable of
      occupying either a retracted position for flight in the clean
      configuration or an extended position, projecting before and below the
      wing, for producing extra lift, comprising a hydraulic valve controlling
      the supply of hydraulic fluid to jacks which operate the droops, the valve
      being fitted with a pilot-operated manual control and an automatic control
      adapted to be actuated by an angle of attack detector of the aircraft.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described, by way of example, with
      reference to the accompanying drawings in which:
PAR  FIGS. 1 and 2 are sectional views of the leading edge of a wing and
      respectively show the drop in the retracted and extended positions, the
      section being taken through one of the planes containing a droop guide
      element;
PAR  FIG. 3 is a similar section but through one of the planes containing a
      droop control jack;
PAR  FIG. 4 is a schematic view in horizontal projection, of a wing equipped
      with the droop device; and
PAR  FIG. 5 is a schematic view of an electro-hydraulic device controlling the
      droops and operable either by the pilot or manually.
PAR  In FIGS. 1 to 4, the leading edge part of an aircraft wing 1 can be seen.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the clean configuration (FIGS. 1 and 4) the leading edge of the wing is
      embraced by a droop 2 which precisely matches the profile for high
      cruising speed. This droop is constituted by a profiled fairing 3 attached
      to a longitudinal stiffening structure 4.
PAR  It is connected to the wing through at least two brackets attached to the
      droop at a certain distance from one another.
PAR  Each of these brackets (FIGS. 2 and 3) comprises an arcuate portion 5
      terminating at the droop end in a plate 6 attached to the member 4 and
      guided at its other end in the leading edge section of the wing.
PAR  In the embodiment illustrated, guidance is achieved by rollers 7 with
      horizontal spindles and rollers 8 with their spindles located in a
      vertical plane, plus, if required, abutment surfaces 9 which can be lined
      with a material having a low coefficient of friction. These rollers and
      surfaces are carried by a plate 10 arranged in the wing and attached to a
      stiffening member 11 thereof, said member containing an opening 12 to pass
      the bracket 5 when it moves. It will be observed that two of the rollers 7
      fit in an arcuate slot 13 in the bracket 5. They thus act as limit stops.
PAR  The bracket 5 and the slot 13 preferably have a circular arcuate form so
      the bracket 5 and the slot travel on each other, making it possible to
      reduce to a minimum the size of the hole formed in the wing skin. The
      displacement of the droop is produced by a hydraulic jack.
PAR  FIG. 3 illustrates a hydraulic jack whose cylinder 14, housed in the wing,
      is assembled by two opposite journal stubs 15, forming a horizontal pivot,
      in a component 16 fixed to the member 11 of the wing. The rod 17 of the
      jack is articulated at 17a, at its tip, to a pad 17b attached to the droop
      member. The jack is a double-acting type and its supply can be effected by
      some suitable device or other, for example through flexible hoses 18, 19
      or through passages passing through the journal stubs 15.
PAR  Furthermore, the jack is of differential kind, so that at one side the oil
      pressure acts on the full cross sectional area of its piston, and at the
      other side on the annular area of the piston defined between the rod and
      wall of the cylinder (see the cut away view of FIG. 3).
PAR  In each of the wings (FIG. 4), the droop is split into two mutually
      independent sections; 2a (the external droop) which can be separately
      controlled in a manner which will be explained hereinafter. As for as the
      internal droop 2a of each wing is concerned, there is provided in two
      planes perpendicular to the leading edge, such as those s.sub.a - s.sub.a
      (FIG. 4), a device of the type shown in FIGS. 1 and 2 in order to support
      the droop 2a and guide it in motion, whilst in an intermediate plane
      v.sub.a - v.sub.a, there is an actuator jack device of the kind shown in
      FIG. 3.
PAR  Similarly, in the case of the external droop 2b of each wing, at s.sub.b -
      s.sub.b there is a supporting device of the type shown in FIGS. 1 and 2
      and in two planes such as those v.sub.b -  v.sub.b, a jack device in
      accordance with FIG. 3.
PAR  The assembly of internal and external droops on the wings, can be
      controlled manually by the pilot, for example during take off, approach
      and landing, at the same time as the trailing edge flaps, of conventional
      design, which have not been shown here.
PAR  Moreover, automatic control is provided in order to extend the droops in
      the event that too high an angle of attack should give rise to the risk of
      a stall.
PAR  In the preferred device which will be described hereinafter, this automatic
      control applies only to the external droops 2b which are more effective in
      controlling stalling. The assembly of the control device has been shown
      schematically in FIG. 5.
PAR  A line 20 is permanently connected to the source of high pressure oil, not
      shown, but located to the right of the Figure. This line communicates
      permanently with the lines 18 of all the droop jacks so that the small
      areas of the pistons in these jacks are permanently subjected to the oil
      pressure.
PAR  Another line 21 or zero pressure return line, connected to the reservoir,
      normally communicates through the undercut 22 and the annular space 23
      around the smaller diameter portion of a spool 24, with two lines 25a and
      25b. The line 25a is connected to the lines 19 which communicate with the
      large-area sides of the pistons belonging to the jacks of the internal
      droops 2a, whilst the line 25b is similarly connected to the lines 19
      supplying the jacks of the external droops 2b.
PAR  The result of this arrangement is that in the rest position of the
      elements, as shown in FIG. 5, there is no pressure on the large-area sides
      of the jack pistons so that the external and internal droops are retracted
      and in the positions shown in FIGS. 1 and 4.
PAR  The spool 24, comprising a top piston or land 24a and a bottom piston or
      land 24b, connected by a rod or smaller diameter portion, can be operated
      by a cranked lever 27 pivoted at 28 and itself controlled by a finger 29
      through a lever 30 pivoted at 31. The lever 30 is connected at 32 to a
      manual control which has not been shown but which is operated by the
      pilot.
PAR  If the pilot pivots the lever 30 in the direction of the arrow F.sub.1, the
      spool 24, displacing upwards, shuts off the undercut 22 with its bottom
      gland 24b and thus cuts off communication between the line 21 and the
      lines 25a and 25b, at the same time that its top gland 24a uncovers the
      undercut 33 of the line 20 and places this line in communication with the
      lines 25a and 25b whilst maintaining communication between the line 20 and
      the lines 18. The oil pressure then acts upon the two faces of each of the
      pistons of the jacks. However, the pressure exerts a greater force on the
      larger area faces of these pistons so that all the droops are extended.
PAR  Conversely, displacement of the lever 30 in the direction F.sub.2
      re-establishes the state of communication shown in FIG. 5 so that in the
      jacks only the small-area faces of the pistons are subjected to pressure
      and the droops are therefore retracted.
PAR  For automatic control of the external droops, an angle of attack detector
      34 assembled in the nose of the aircraft and comprising, for example, a
      vane which can rotate about a horizontal axis 35, is connected to a
      contact breaker 36 so that the latter only closes beyond a certain angle
      of attack, for example 19.degree.. Its closure results in the energising
      of a relay 37 which closes its contact 38 and this supplies a relay 39
      assembled on the valve, and whose armature 40 is thus displaced upwards.
PAR  In performing this movement, the armature 40 opens a valve 41 tapped into
      the line 20 and closes a valve 42 communicating with the return line 21.
      The high pressure oil in the line 20 then flows through the line 43 to a
      chamber beneath the bottom gland 44a of a spool 44. This spool, displaced
      upwards against the force of a spring 45, closes off an opening 46, with
      its gland 44a, said opening communicating with the line 25a connected to
      the internal droop jacks.
PAR  The top land 44b of the spool opens into the undercut 46a arranged in the
      line 20 and thus enables the high pressure oil to flow through the line
      25b to the jacks of the external droops which are consequently extended.
PAR  It will be observed that the spool butt 44 has a larger cross section at
      its top end 44c. This makes it possible to use the smaller, top annular
      area of the land 44b, to exert a restoring force on the spool 44 thanks to
      permanent communication via 20a with the line 20, whilst not interfering
      with the motion of the spool upwards when the oil pressure acts upon the
      bottom land 44a which is of larger annular area. The extension 44d of the
      spool is used to stop the latter in the correct position.
PAR  A reverse effect is produced when, the angle of attack having reduced, the
      vane 34 breaks the contact 36. The relay 39 de-energises, the spring 41a
      closes the valve 41 and opens the valve 42 and consequently the spool 44
      return to its initial position. The chambers containing the large-area
      faces of the jack pistons, are exhausted and the droops retract.
PAR  It will be observed that the circuit of the relay 37 is closed through a
      contact breaker 36a. This contact breaker is associated with conventional
      detection equipment sensitive to the speed of the aircraft (shown
      schematically in FIG. 5), so that it opens beyond a certain speed (for
      example 25o knots) and so that the automatic extension of the droops by
      the angle of attack detector 34 does not come into operation until the
      aircraft speed has reduced sufficiently to warrant it.
PAR  It goes without saying that the embodiment described is purely an example
      and is open to modification, in particular by the substitution of
      equivalent techniques, without in so doing departing from the scope of the
      invention
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a device for controlling wing droops assembled on the leading edge of
      an aircraft wing and capable of occupying either a retracted position for
      flight in the clean configuration or an extended position projecting
      before and below the wing for producing extra lift, comprising a plurality
      of jacks for operating the droops, a hydraulic valve means adapted to
      regulate the supply of hydraulic fluid to said jacks, and control means
      for said valve means, the improvement wherein said control means comprises
      a pilot-operated manual control and an automatic control adapted to be
      actuated by an angle of attack detector of the aircraft, and said droop
      comprises two independent sections along its length, both of said two
      sections being operated simultaneously by said manual control through the
      simultaneous supplying of their jacks via said valve means, while only the
      section in each wing which is nearer the wing tip has the jacks therefor
      operatively connected to valve means by said automatic control.
NUM  2.
PAR  2. A device as claimed in claim 1, in which said valve comprises a first
      manually operated spool valve, a distributing system associated with said
      first spool valve which communicates with all the jacks of the droops, and
      a second automatically operated spool valve, and a distribution system
      associated with said second spool valve which communicates solely with the
      jacks associated with the droop section located nearest the wing tips.
NUM  3.
PAR  3. A device as claimed in claim 1, comprising an electromagnetic relay
      provided with an angle of attack detector for controlling the same, a
      speed detector associated with a contact breaker, and circuit means for
      connecting the relay and the contact breaker so that automatic control of
      said droop takes place only below a certain aircraft speed.
NUM  4.
PAR  4. A device for controlling wing droops assembled on the leading edge of an
      aircraft wing and capable of occupying either a retracted position for
      flight in the clean configuration or an extended position projecting
      before and below the wing for producing extra lift, said wing comprising a
      wing tip section and a central section, each having a droop associated
      therewith, said device comprising a source of hydraulic pressure, a
      hydraulic circuit connecting said source through two distributing members
      with a plurality of jacks that operate the droops, a pilot-operated manual
      control for actuating a first one of said distributing members, and an
      automatic control adapted to be actuated by an angle of attack detector of
      the aircraft for actuating the second one of said distributing members,
      said hydraulic circuit being so arranged that the second distributing
      member controls only the jacks that actuate the droops of the wing tip
      section.
NUM  5.
PAR  5. A device for controlling wing droops assembled on the leading edge of an
      aircraft wing and capable of occupying either a retracted position for
      flight in the clean configuration or an extended position, projecting
      before and below the wing, for producing extra lift, said wing comprising
      a wing tip section and a central section, each having a droop associated
      therewith, said device comprising two spool valves, a solenoid valve, a
      source ofhydraulic pressure, and a hydraulic circuit connecting said
      source through said spool valves to a plurality of jacks that operate the
      droops, a pilot-operated manual control for actuating a first one of the
      spool valves, electrical circuit means including a device sensitive to the
      angle of attack of the aircraft and operative for actuating said solenoid
      valve, hydraulic means for controlling the second one of the spool valves
      by said solenoid valve, the connections of said hydraulic circuit being so
      arranged that the second spool valve controls the actuation of the droop
      of the wing tip section when the angle of attack device is operative.
NUM  6.
PAR  6. A device according to claim 5, wherein said electrical circuit menas
      include two circuits, a first circuit including an angle of attack
      detector, a contact breaker and means for controlling the second circuit,
      said second circuit including the solenoid of said solenoid valve, said
      contact breaker being under control of a speed detector so that automatic
      control of said droops can only take place below a certain aircraft speed.
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ABST
PAL  A system for controlling the wing sweep angle of the wings of an aircraft
      over their entire sweep range, including a detector for determining
      aircraft speed and altitude, a digital computer for receiving signals from
      the detector to produce output signals in response to the input signals
      therefrom, control apparatus responsive to signals from the computer, an
      actuator for moving the wings of the aircraft in response to the control
      apparatus, and a cross-shaft for synchronizing the movement of the wings.
      A manual controller is also included for manual control of the actuator.
BSUM
PAR  The present invention relates to aircraft control systems, and more
      specifically to an aircraft control system for controlling the wing sweep
      angle of the wings of an aircraft over their entire sweep range.
PAR  Various systems for adjusting the position of the wings or flight control
      surfaces of aircraft are known in the art, see Gille et al. U.S. Pat. No.
      2,428,934;  Baak U.S. Pat. No. 2,448,167; Ruget U.S. Pat. No. 2,924,400;
      Toll U.S. Pat. No. 3,064,928; and De Plante U.S. Pat. No. 3,501,114.
PAR  Gille et al. discloses a mechanical system that employs pressure to
      automatically vary the position of the wings, and includes means for
      manually controlling the wings when automatic control is undesirable. Such
      a system requires a relatively long response time and would be inadequate
      for optimizing combat performance when flying at Mach speeds.
PAR  Ruget discloses an auxiliary surface, which may be automatically
      controlled, to change the focus of an aircraft to improve maneuverability
      and stability of the aircraft.
PAR  Baak discloses a system for controlling the position of the landing flaps
      of an aircraft in response to air speed conditions. De Plante discloses a
      mechanical jack device for controlling wing movement. Toll discloses a
      pivot arrangement for controlling the tip sections of the wings of an
      aircraft.
PAR  It is an object of the present invention to provide a system for
      controlling the wing sweep angle of the wings of an aircraft over their
      entire sweep range to optimize combat maneuverability and performance.
PAR  It is a further object of the present invention to provide a wing sweep
      control system which allows for a reduction in the structural weight of
      the aircraft and improved performance while ensuring structural safety
      within the flight envelope.
PAR  It is a further object of the present invention to provide a wing sweep
      control system which reduces level flight and turning drag.
PAR  It is a still further object of the present invention to provide a wing
      sweep control system which relieves the pilot of the burden of trying to
      manually select the optimum wing sweep angle under adverse conditions,
      e.g., combat.
PAR  Other objects, aspects, and advantages of the present invention will be
      apparent when the detailed description is considered with the accompanying
      drawing.
PAR  Briefly, the wing sweep control system of the present invention includes
      detector means for determining aircraft speed and altitude, a digital
      computer for receiving signals from the detector means to produce output
      signals in response to the input signals therefrom, control means
      responsive to signals from the computer, actuator means for moving the
      wings of the aircraft in response to the control means, and means for
      synchronizing the movement of the wings. Means is also included for manual
      control of the actuator means.
DRWD
PAR  The present invention is illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a block diagram showing the wing sweep control system;
PAR  FIG. 2 is a detailed block diagram of the pitot static system, central air
      data computer, control drive servos, control box, and wing sweep actuation
      system of FIG. 1;
PAR  FIG. 3 is a schematic diagram of the fly-by-wire and mechanical override
      system;
PAR  FIG. 4 is a graph in which wing sweep angle is plotted against Mach number
      showing the various modes of operation of the wing sweep control system;
      and
PAR  FIGS. 5A-E comprises a flow chart of an algorithm for use with the central
      air data computer of the wing sweep control system.
DETD
PAR  Referring to FIG. 1, the wing sweep system generally indicated at 10
      includes pitot static means 12 located in the nose of the aircraft, a
      central air data computer 14 located in the equipment bay of the aircraft,
      display and activating means 16 and mode control means 18 located in the
      cockpit of the aircraft, and drive control means 20 and wing sweep
      actuation means 22 located above the wing-carry-through-structure of the
      aircraft.
PAR  The central air data computer 14 may be a Garrett Central Air Data digital
      computer which is programmed to provide wing sweep output control signals
      in response to input signals from the pitot static means 12. The flow
      chart for the algorithm to be used with the computer 14 is illustrated in
      FIGS. 5A-5E. An actual program in source or machine language may be
      readily constructed from this flow chart by one skilled in the art of
      programming. One example of an actual program print-out in the assembly
      machine language is attached hereto as Appendix A. The computer 14, as
      well as most of the other components of the system 10 are dually redundant
      to provide a substantially failsafe system.
PAR  The computer 14 supplies output signals to the drive control means 20 which
      activates the wing sweep actuator means 22 to cause the wings 24 and 26 to
      assume the proper wing sweep angle for the speed and altitude of the
      aircraft. The wing sweep angle may vary from a most forward position of
      about 20.degree. (take-off and landing) to an aft position of about
      68.degree. relative to a transverse plane perpendicular to the
      longitudinal axis of the aircraft. Further, with oversweep the aft
      position of the wings may be further extended to about 75.degree..
PAR  The wing sweep system 10 includes four basic modes of operation illustrated
      in FIG. 4, as follows:
TBL            1.                                                              
                 Automatic                                                     
                       Computer commands selected                              
     Command           schedule.                                               
     input                                                                     
     signal from                                                               
               2.                                                              
                 Manual                                                        
                       Computer 14 commands a wing sweep                       
     four-way          rate signal, FWD or AFT position                        
     button 36         selected by pilot.                                      
     on throttle                                                               
     handle 38,                                                                
               3.                                                              
                 Bomb  Computer 14 commands wing position                      
     see FIG. 3.       of 55.degree. or selected schedule,                     
                       whichever is greater.                                   
     Command input                                                             
               4.                                                              
                 Emergency                                                     
                       Emergency handle 39 under control                       
     signal from       of pilot commands wing position.                        
     Emergency                                                                 
     handle 39,                                                                
     see FIG. 3.                                                               
PAR  The automatic mode of operation includes two wing sweep position schedules.
      The first schedule (Sch. I) provides for high g-pull capability with or
      without a change in speed considerations, e.g., during climbing. The
      second schedule (Schedule II) provides for high acceleration capability at
      low g-levels, e.g., during level flight. The desired schedule is chosen by
      manually positioning the schedule switch 28, as desired.
PAR  Conventional monitoring means 32, shown as a display, caution, and warning
      panel, monitors the operation of the computer 14, the drive control means
      20, the wing sweep actuation means 22, and maneuver flap control means 27
      to provide the pilot with a visual indication of malfunction in any of
      these components of the system 10. A reset button 34 is also included for
      use when a malfunction in the computer 14 is indicated by the monitoring
      means 32.
PAR  The manual mode of operation is electronically interlocked with the
      automatic mode of operation so that switching from the manual to the
      automatic mode, but not the reverse, is achieved automatically. The
      interlocking of the manual and automatic modes will be discussed in more
      detail with reference to FIGS. 2 and 4.
PAR  The bomb mode of operation causes the computer 14 to provide a constant
      wing sweep position of 55.degree. until the point of intersection with the
      schedule. At that point, for higher speeds, the bomb mode follows the
      schedule, see FIG. 4.
PAR  The emergency mode of operation enables the pilot to bypass the computer 14
      and directly activate the wing sweep actuation means 22 with emergency
      handle 39 to select any inflight position of between about 20.degree. and
      about 68.degree., see FIG. 3. Further, for pre-flight on ground testing, a
      more aft wing position of about 75.degree. (oversweep) may be selected.
PAR  The mode of operation, with the exception of the emergency mode, is
      determined by activating the four-way wing sweep control button 36 of the
      fly-by-wire system (FBW), see FIG. 3. The FBW system provides electronic
      control for all such selected modes of operation, replacing mechanical
      push-pull rods for pilot command transmission to the control surface
      actuation means.
PAR  For ease of wing sweep control during combat conditions, the four-way
      control button 36 may be advantageously mounted on the throttle handle 38.
      A discrete signal dependent upon the mode of operation selected by the
      pilot is transmitted from the button 36 to the computer 14, which provides
      either a position or a rate command according to the mode selected. The
      output signals from the computer 14 drive the control means 20 which
      provides the proper input signal to the wing sweep actuation means 22. The
      control means 20 includes a redundant servo controller 21 and a redundant
      control drive servo 40. The control means 20 transforms an electrical
      command from the computer 14 to a mechanical (rotary) command to a control
      box 23.
PAR  The wing sweep actuation means 22 includes the control box 23, redundant
      servo valve 41, and hydraulic motors 44 and 46 mechanically coupled to
      high efficiency screw jacks 48 and 50 respectively, through integral gear
      trains 52 and 54. Each gear train 52 and 54 includes a no-back device
      which permits the wings 24 and 26 to maintain a fixed wing position under
      maximum load during hydraulic power failure. The left wing 24 is driven by
      the portside hydraulic system ("combined" hydraulic system) while the
      right wing 26 is driven by the starboard hydraulic system ("flight"
      hydraulic system). Synchronization of the wing movement is achieved by a
      cross-shaft 56 mechanically coupled to the gear trains 52 and 54. In the
      event of failure of one of the hydraulic motors 44 or 46, the operative
      servo valve 41 and hydraulic motor 44 or 46 is capable of driving both
      gear trains 52 and 54 at reduced speed. The computer 14 receives position
      feedback by way of a transducer (not shown) sensitive to the rotation of
      the gear trains 52 and 54.
PAR  The combined hydraulic system is interlocked with the wing sweep actuation
      means 22, the maneuver flap control means 27, governing the motion of the
      pair of outboard maneuver flaps 51 on each wing 24 and 26, and the
      auxiliary flap control means 29, governing the motion of the single
      inboard flap 31 on each wing 24 and 26. An electrical and mechanical
      interlock, in the computer 14 and control box 23, respectively, between
      the flap means 27 and 29, and wing sweep actuation means 22 ensures that
      there is no structural interference of the flaps 51 and 31 with the
      fuselage.
PAR  The maneuver flaps 51 are positioned according to command input 33 which
      activates the control box 23 to move the dually redundant servo valve 42.
      Output signals from the servo valve 42 activate a dually redundant
      hydraulic motor 53 which drives a gear train 55 mechanically coupled to
      the maneuver flaps 51.
PAR  The auxiliary flaps 31 are positioned according to command input 30 which
      activates the control box 23 to actuate a solenoid actuator 37 to move the
      flap 31 on each wing 24 and 26.
PAR  The control box 23, more fully explained below with reference to FIG. 3, is
      a conventional rotary mechanical device for summing signals for the wing
      sweep actuation means 22 and maneuver flap control means 27, i.e., it adds
      the position input commands to provide an output to the servo valves 41
      and 42.
PAR  Referring also to FIG. 2, the computer 14 receives electrical and pneumatic
      signals to provide data to a number of avionic systems aboard the
      aircraft. The operation of the computer 14 in the system 10 of the present
      invention is represented functionally by the blocks shown in FIG. 2. The
      dually redundant computer 14 includes two channels 58 and 60 for
      automatically switching from channel 1 to channel 2 if there is a
      malfunction in one of the channels. Further, logic circuitry 62 is
      electrically connected to the monitoring means 32 to warn the pilot of
      failure in the system 10.
PAR  Pneumatic input signals to computer 14 are provided by the pitot static
      means 12 which includes a left probe 64 and a right probe 66. The pitot
      static probes 64 and 66 are of conventional design and supply inputs to
      pressure transducers 68, 70, 72, 74 and 76 which convert the signals from
      the probes 64 and 66 into electrical signals for use by the computer 14.
      Q.sub.c1, Q.sub.c2, and Q.sub.c3 are dynamic pressure transducers.
      P.sub.s1 and P.sub.s2 are static pressure transducers. Q.sub.c = P.sub.t -
      P.sub.s.
PAR  Since the function of the first and second channels 58 and 60 is identical,
      only the operation of the first channel 58 and the components shared by
      channels 1 and 2 will be described. The output signals from transducer 68
      (Q.sub.c1) provide the input signals to a Mach speed calculating section
      78 and voting logic circuitry 80 of the computer 14. The output signals
      from the transducer 70 (P.sub.s1) are fed to the Mach speed calculating
      section 78 and an altitude calculating section 82. The output signals from
      transducer 72 (Q.sub.c3) provide another input to the voting logic
      circuitry 80. The output from the voting logic circuitry 80 provides one
      input to detect and test logic circuitry 62.
PAR  The output from the Mach speed calculating section 78 is applied to a first
      wing sweep schedule section 84 and a second wing sweep schedule section
      86, either of which may be selected, as desired. The output signal from
      the altitude calculating section 82 is applied to the second wing sweep
      schedule section 86. The output signals from the sections 84 and 86 are
      applied to logic select circuitry 88 which also receives an input signal
      from the schedule switch 28, see FIG. 1. The output signal from the logic
      select circuitry 88 provides one input to a manual or automatic mode
      switch 90. Another input to the switch 90 is provided by a command signal
      from the four-way button 36. The command signal from the button 36 is
      integrated by integrator 92 prior to being applied to the mode switch 90
      to convert the command signal which is proportional to speed to an input
      signal proportional to position. The output from the mode switch 90
      provides one input to conventional position and position rate limiting
      circuitry 94. Input signals from the maneuver flap control means 27 and
      the auxiliary flap control means 29 are also applied to the position and
      position rate limiting circuitry 94. The position and position rate
      limiting circuitry 94 produces the wing sweep command output signal which
      activates the control drive servo 40.
PAR  An input to the limiting circuitry 94 from the maneuver flap control means
      27, indicating that the maneuver flaps are extended, sets the upper limit
      of the sweep angle at 50.degree.. An input signal to the limiting
      circuitry 94 from the auxiliary flap control means 29, indicating that the
      auxiliary flaps are extended, sets the lower limit of the sweep angle at
      20.degree.. The output signals from the position and position rate
      limiting circuitry 94 are applied to the servo controller 21 which
      includes dually redundant components for use with the first and second
      channels 58 and 60 of the computer 14. Only the components used with the
      first channel 58 and those shared by both channels will be described.
PAR  The servo controller 21 includes an amplifier 96. An electrical output
      signal from the control drive servo 40 is used to establish a feedback
      loop therewith. Its input and output signals being summed at junction 100,
      to accurately control the mechanical output of the control drive servo 40.
      Further, the electrical output signal from the control drive servo 40 is
      also coupled to logic circuitry 62. The output signals from the logic
      circuitry 62 provide inputs to activate logic circuitry 102 in the control
      means 20 for disabling the control drive servo 40.
PAR  Each mechanical output from the control drive servos 40 is coupled to a
      differential gear means 104 which provides the position command input to
      the wing sweep actuation means 22. This input enters the control box 23
      and the wing position is limited by conventional mechanical limiters to
      20.degree. if the auxiliary flaps are deflected, or to 50.degree. if only
      the maneuver flaps 51 are deflected. The input command is then summed in
      the control linkage 112, see FIG. 3, with the position feedback of the
      left wing gear train 54, generating the output of the control box 23.
PAR  The mechanical output from the control box 23 drives dually redundant servo
      valves 41 to activate hydraulic motors 44 and 46, gear trains 52 and 54,
      and screw jacks 48 and 50 of the wing sweep actuator means 22 to properly
      position the wings 24 and 26. The output from the gear trains 52 and 54 is
      sensed by transducers (not shown) and fed back to the logic circuitry 62
      for failure detection and wing position indication in the monitoring means
      32.
PAR  Referring to FIG. 3, actuation of the four way button 36 provides discrete
      signals which will activate either the automatic, bomb, or manual wing
      sweep mode within the computer 14. In the automatic and manual modes the
      wing sweep angle may vary between about 20.degree. and about 68.degree..
      In the bomb mode the wing sweep angle may vary between about 55.degree.
      and about 68.degree.. Further, in the emergency mode an emergency handle
      39 is provided to enable the pilot to bypass the selected computer
      schedule and manually select any wing position between about 20.degree.
      and about 68.degree., as well as 75.degree. (oversweep). The motion of the
      emergency handle 39 is transmitted to a control cable 108 which in turn
      moves a control linkage 112 in the control box 23.
PAR  The control linkage 112 sums the wing position command at P.sub.1 with the
      wing position feedback at P.sub.2, generating at output at P.sub.3 which
      moves the servo valve 41. Additionally, the control linkage 112
      synchronizes the position of the emergency handle 39 (point P.sub.1 on the
      control linkage 112) with the command of the control means (point
      P.sub.4). Synchronization is obtained when a spring loaded ball 120
      engages a spider detent 122 at P.sub.5. The control linkage 112 then
      pivots about P.sub.5 and the emergency handle 39 (P.sub.1) moves in
      parallel with P.sub.4. This condition occurs during normal wing sweep
      modes, i.e., bomb, automatic, and manual. Since the control means 20
      cannot be moved by the wing sweep actuation means 22 (no back driving),
      P.sub.4 cannot be moved by the emergency handle 39. However, if sufficient
      force is applied to the emergency handle 39 during the emergency mode of
      operation, the spring loaded ball 120 jumps out of the spider detent 122,
      placing the emergency handle 39 in sole command of the wing sweep
      actuation means 22.
PAR  A normally extended solenoid 114 positioned in the control box 23 provides
      an upper limit of 68.degree. for the wing position command signal. The
      wing position command signal is sensed by a transducer (not shown) at
      point P.sub.3 in the control box 23 and transmitted to the monitoring
      means 32. Signals from the computer 14 indicating the mode of operation
      and sweep angle limit are also supplied to the monitoring means 32.
PAR  The emergency handle 39 is also used to provide an oversweep position
      command. Oversweep is utilized for dense aircraft carrier deck parking and
      for preflight on ground testing of the control drive servo 40 of the
      system 10. An oversweep condition is attained only if the solenoid 114 in
      control box 23 is energized so that it retracts to remove the maximum wing
      position command limit at 68.degree.. The solenoid 114 is energized when
      the following conditions are met:
PA1  1. There is weight on the wheels of the aircraft; and
PA1  2. The emergency handle 39 is in the raised position (dotted outline in
      FIG. 3) to close a switch 116 which initiates restriction of the
      horizontal tail position to prevent structural interference between the
      tail and the wings 24 and 26.
PAR  When the emergency handle 39 is moved into the oversweep position
      (75.degree.), a switch 118 is closed providing a discrete signal to the
      computer 14 to enable preflight testing of the system 10.
PAR  Referring to FIG. 4, the various modes of operation and their interaction
      are illustrated. The manual and automatic modes of operation are
      electronically interlocked so that switching from the manual to the
      automatic mode is performed automatically within the computer 14. The
      computer recognizes the intersection of the wing sweep angle achieved with
      the manual mode and the wing sweep schedule selected. Upon intersection,
      switchover to the automatic mode occurs.
PAR  Switching from the manual to the automatic mode occurs at all points along
      the line 150 when the position command in the manual mode equals the wing
      position schedule computed by the limiting circuitry 94. An arbitrary
      point P in the manual mode of operation may intercept the computed wing
      position from the limiting circuitry 94, e.g., at points A, B, and C.
      Control of the sweep position is then automatically switched from the
      manual to the automatic mode within the computer 14. Return to the manual
      mode is effected when the pilot commands a more aft wing position than the
      wing position schedule established by the limiting circuitry 94.
PAR  In operation, a command signal is transmitted from the control button 36 to
      the computer 14 to activate the manual or automatic mode switch 90. The
      resulting output signal from the computer 14 drives the control drive
      servo 40 which acts through the differential gear means 104 to activate
      servo valve 42 which controls hydraulic motors 44 and 46 which act through
      gear trains 52 and 54 to rotate screw jacks 48 and 50 for positioning the
      wings 24 and 26 at the proper sweep angle.
PAR  The automatic control may be overridden by the pilot, as desired. Automatic
      control of the wing sweep angle is automatically resumed when the manually
      selected wing sweep angle corresponds to the sweep angle provided at that
      speed and altitude by the computer 14. The emergency control mode is
      provided to bypass the manual and automatic control by the computer 14 to
      provide a reliable back-up system. The bomb control mode provides a
      minimum wing sweep angle of 55.degree. to ensure structural safety of the
      wings during ground attack maneuvers whih expose the aircraft to the
      greatest loads. In the Mach range where the wing sweep schedule computes a
      wing position greater than 55.degree., the bomb mode command will follow
      the schedule without switching over to the automatic mode of operation.
      The small change in wing position in the bomb mode leads to minimal
      aircraft trim change, thus reducing the possibility of introducing weapon
      release errors.
PAR  Thus, from the foregoing description, it is apparent that the present
      invention enables the sweep angle of the wings of an aircraft to be
      automatically and manually controlled between about 20.degree. and about
      68.degree. to optimize maneuverability and performance.
PAR  It should be understood by those skilled in the art that various
      modifications may be made in the present invention without departing from
      the spirit and scope thereof as described in the specification and defined
      in the appended claims.
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STM  What is claimed is:
NUM  1.
PAR  1. A wing sweep control system for controlling the position of the wings of
      an aircraft, comprising:
PA1  a digital computer;
PA1  detector means for providing input signals representative of aircraft speed
      and altitude to said digital computer, said digital computer selecting a
      predetermined wing sweep angle within a given range of wing sweep angles
      in accordance with aircraft speed and altitude;
PA1  control means responsive to output signals from said computer;
PA1  actuator means mechanically coupled to the wings of the aircraft for
      positioning the wings in response to output signals from said control
      means; and
PA1  coupling means for synchronizing the movement of the wings.
NUM  2.
PAR  2. The system of claim 1 including:
PA1  means for providing feedback from said actuator means to said control
      means.
NUM  3.
PAR  3. The system of claim 1 including:
PA1  means for providing feedback from said actuator means to said digital
      computer.
NUM  4.
PAR  4. The system of claim 1 wherein:
PA1  said control means includes servo drive control means coupled to a control
      linkage.
NUM  5.
PAR  5. The system of claim 4 including:
PA1  movable stop means for establishing the upper limit of the movement of said
      control linkage of said control means at about 68.degree..
NUM  6.
PAR  6. The system of claim 1 wherein:
PA1  said actuator means includes a pair of screwjacks and a pair of hydraulic
      motors mechanically coupled to said screwjacks through gear means.
NUM  7.
PAR  7. The system of claim 1 wherein:
PA1  said detector means includes pitot static members.
NUM  8.
PAR  8. The system of claim 1 in which the aircraft includes maneuvers flaps,
      including:
PA1  second actuator means coupled to the maneuver flaps of the aircraft;
PA1  said control means being coupled to said second actuator means;
PA1  means for providing feedback to said control means from said second
      actuator means.
NUM  9.
PAR  9. The system of claim 1 in which the aircraft includes auxiliary flaps,
      including:
PA1  third actuator means coupled to the auxiliary flaps of the aircraft;
PA1  said control means being coupled to said third actuator means.
NUM  10.
PAR  10. The system of claim 1 including:
PA1  logic circuitry for detecting malfunctions in said digital computer, said
      control means, and said actuator means.
NUM  11.
PAR  11. The system of claim 1 including:
PA1  means for bypassing said digital computer to manually activate said control
      means.
NUM  12.
PAR  12. The system of claim 1 wherein:
PA1  said digital computer provides automatic control of the position of the
      wings of the aircraft in response to output signals from a selector
      circuit.
NUM  13.
PAR  13. The system of claim 12 including:
PA1  means for manually controlling said digital computer to position the wings
      of the aircraft in response to commands from a pilot;
PA1  said digital computer returning the wings to automatic control when the
      wing position manually set by the pilot coincides with the wing position
      automatically determined by said digital computer.
NUM  14.
PAR  14. The system of claim 1 wherein said control means includes:
PA1  a servo controller to receive output signals from said digital computer;
PA1  servo drive control means coupled to said servo controller; and
PA1  link means responsive to said servo drive control means.
NUM  15.
PAR  15. The system of claim 14 wherein:
PA1  said link means is coupled to said actuator means to receive feedback
      therefrom.
NUM  16.
PAR  16. The system of claim 14 wherein:
PA1  said actuator means includes servo valve means;
PA1  said link means is mechanically coupled to said servo valve means.
NUM  17.
PAR  17. The system of claim 14 including:
PA1  means for normally providing an upper limit on the movement of said link
      means to establish a maximum aft wing position.
NUM  18.
PAR  18. A wing sweep control system for controlling the position of the wings
      of an aircraft, comprising:
PA1  means for determining the speed and altitude of the aircraft;
PA1  computer means for aiding in automatically positioning the wings in
      response to the speed and altitude of the aircraft;
PA1  means for manually determining the wing position; and
PA1  means for returning control of the wing position from said manual means to
      said automatic positioning means when there is a correspondence in the
      wing position determined by said manual control means and said automatic
      positioning means.
NUM  19.
PAR  19. The system of claim 18 including:
PA1  means for indicating malfunctions in said automatic positioning means.
NUM  20.
PAR  20. A wing sweep control system for controlling the position of the wings
      of an aircraft, comprising:
PA1  a digital computer;
PA1  detector means for providing input signals representative of aircraft speed
      and altitude to said digital computer;
PA1  control means responsive to output signals from said digital computer;
PA1  actuator means mechanically coupled to the wings of the aircraft for
      positioning the wings in response to said control means, said control
      means being activated in response to signals from said digital computer to
      control said actuator means for providing a wing sweep angle of about
      20.degree. to about 68.degree., dependent upon aircraft speed and
      altitude.
NUM  21.
PAR  21. A wing sweep control system for controlling the position of the wings
      of an aircraft, comprising:
PA1  a digital computer;
PA1  detector means for providing input signals representative of aircraft speed
      and altitude to said digital computer;
PA1  control means responsive to output signals from said digital computer to
      provide upper and lower wing sweep angle limits;
PA1  actuator means mechanically coupled to the wings of the aircraft for
      positioning the wings in response to said control means;
PA1  means for aynchronizing the movement of the wings; and
PA1  means for overriding the upper wing sweep angle limit established by said
      digital computer and said control means.
NUM  22.
PAR  22. A wing sweep control system for controlling the position of the wings
      of an aircraft, comprising:
PA1  a digital computer;
PA1  detector means for providing input signals representative of aircraft speed
      and altitude to said digital computer;
PA1  control means responsive to output signals from said digital computer, said
      computer providing an output signal to said control means for establishing
      a minimum sweep angle of about 55.degree. during bombing;
PA1  actuator means mechanically coupled to the wings of the aircraft for
      positioning the wings in response to said control means; and means for
      synchronizing the movement of the wings.
NUM  23.
PAR  23. A wing sweep control system for controlling the position of the wings
      of an aircraft, comprising:
PA1  a digital computer;
PA1  detector means for providing input signal representative of aircraft speed
      and altitude to said digital computer;
PA1  means for selecting one of a plurality of preprogrammed computer wing sweep
      angle position schedules dependent upon aircraft speed and altitude;
PA1  control means responsive to output signals from said digital computer;
PA1  actuator means mechanically coupled to the wings of the aircraft for
      positioning the wings in response to said control means; and
PA1  means for synchronizing the movement of the wings.
NUM  24.
PAR  24. A wing sweep control system for controlling the position of the wings
      of an aircraft, comprising:
PA1  a digital computer;
PA1  detector means for providing input signals representative of aircraft speed
      and altitude to said digital computer;
PA1  control means responsive to output signals from said digital computer, said
      control means including a servo controller to receive output signals from
      said computer, servo drive control means coupled to said servo controller,
      and link means responsive to said servo drive control means;
PA1  emergency actuating means coupled to said link means for arresting control
      of said link means from said servo drive control means upon the
      application of sufficient force on said link means from said emergency
      actuating means;
PA1  actuating means mechanically coupled to the wings of the aircraft for
      positioning the wings in response to said control means; and
PA1  means for synchronizing the movement of the wings.
NUM  25.
PAR  25. A wing sweep control system for controlling the position of the wings
      of an aircraft, comprising:
PA1  means for determining the speed and altitude of the aircraft;
PA1  means for automatically positioning the wings in response to the speed and
      altitude of the aircraft to provide a wing sweep range of about 20.degree.
      to about 68.degree.;
PA1  means for manually determining the wing position; and
PA1  means for returning control of the wing position from said manual means to
      said automatic positioning means when there is a correspondence in the
      wing position determined by said manual control means and said automatic
      positioning means.
NUM  26.
PAR  26. A wing sweep control system for controlling the position of the wings
      of an aircraft, comprising:
PA1  means for determining the speed and altitude of the aircraft;
PA1  means for automatically positioning the wings in response to the speed and
      altitude of the aircraft;
PA1  means for manually determining the wing position;
PA1  means for returning control of the wing position from said manual means to
      said automatic positioning means when there is a correspondence in the
      wing position determined by said manual control means and said automatic
      positiong means; and
PA1  oversweep means for overriding the most aft wing position provided by said
      automatic positioning means.
NUM  27.
PAR  27. A wing sweep control system for controlling the position of the wings
      of an aircraft, comprising:
PA1  means for determining the speed and altitude of the aircraft;
PA1  means for automatically positioning the wings in response to the speed and
      altitude of the aircraft to maintain a minimum wing position of about
      55.degree. during bombing;
PA1  means for manually determining the wing position; and
PA1  means for returning control of the wing position from said manual means to
      said automatic positioning means when there is a correspondence in the
      wing position determined by said manual control means and said automatic
      positioning means.
NUM  28.
PAR  28. A wing sweep control system for controlling the position of the wings
      of an aircraft, comprising:
PA1  means for determining the speed and altitude of the aircraft;
PA1  means for automatically positioning the wings in response to the speed and
      altitude of the aircraft, said automatic positioning means including a
      plurality of predetermined wing positions dependent upon aircraft speed
      and altitude;
PA1  means for manually determining the wing position; and
PA1  means for returning control of the wing position from said manual means to
      said automatic positioning means when there is a correspondence in the
      wing position determined by said manual control means and said automatic
      positioning means.
NUM  29.
PAR  29. A wing sweep control system for controlling the position of the wings
      of an aircraft, in which the wings have maneuver flaps, comprising:
PA1  means for determining the speed and altitude of the aircraft;
PA1  means for automatically positioning the wings in response to the speed and
      altitude of the aircraft;
PA1  means for manually determining the wing position;
PA1  means for returning control of the wing position from said manual means to
      said automatic positioning means when there is a correspondence in the
      wing position determined by said manual control means and said automatic
      positioning means;
PA1  means for activating the maneuver flaps; and
PA1  means electrically coupled to said automatic positioning means for
      aignaling said automatic positioning means to limit the aft position of
      the wings to about 50.degree. when the maneuver flaps are extended.
NUM  30.
PAR  30. A wing sweep control system for controlling the position of the wings
      of an aircraft in which the wings have auxiliary flaps, comprising:
PA1  means for determining the speed and altitude of the aircraft;
PA1  means for automatically positioning the wings in response to the speed and
      altitude of the aircraft;
PA1  means for manually determining the wing position;
PA1  means for returning control of the wing position from said manual means to
      said automatic positioning means when there is a correspondence in the
      wing position determined by said manual control means and said automatic
      positioning means;
PA1  means for activating the auxiliary flaps;
PA1  means electrically coupled to said automatic positioning means for
      signaling said automatic positioning means to limit the forward position
      of the wings to about 20.degree. when the auxiliary flaps are extended.
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ABST
PAL  A parachute assembly in which the canopy of the chute is rolled or folded
      to an elongated shape with the skirt at one end and that end is folded
      back toward the apex of the canopy. A panel of flexible sheet material
      having a base portion and a cover portion is attached to the canopy by the
      base portion and has the cover portion folded over the folded skirt of the
      canopy. The suspension lines of the parachute are grouped in a rope-like
      bundle which is folded in zigzag fashion to releasably join the cover
      portion of the panel to the base portion to form the panel into a casing
      that snugly encloses the folded skirt. The remainder of the elongated
      shape is folded over the casing to form a compact bundle which is
      releasably enclosed in a parachute container of conventional type. The
      folded state of the skirt end of the canopy positively prevents inflation
      of the canopy until the suspension lines are fully stretched out during a
      parachute jump.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to parachute assemblies, and more
      particularly to such assemblies somewhat similar to that disclosed in U.S.
      Pat. No. 2,537,152 to Moran but differing therefrom in certain critically
      important features of a distinguishing character.
PAR  In a stowage system such as that of the Moran patent, the canopy is folded
      or rolled into an elongated shape with the skirt of the canopy at one end
      and the apex of the canopy at the other end. A panel of flexible sheet
      material is permanently attached to the canopy of the parachute and is
      folded over on itself to enclose the skirt end of the elongated shape.
PAR  The suspension lines of the parachute are grouped into a rope-like bundle,
      and the bundle is formed into a zigzag configuration to cooperate with
      yielding fasteners on the panel to keep the latter closed around the skirt
      end of the elongated shape. The remainder of the elongated shape is folded
      back onto the closed panel to form therewith a compact package, which is
      encased in the usual releasable manner in a parachute container for use by
      a jumper.
PAR  When the jumper opens the parachute container, the airstream stretches out
      the canopy first, then the folds of the rope-like bundle of suspension
      lines pull free from the yieldable fasteners of the panel to permit the
      suspension lines to stretch out and finally open the closed panel to free
      the canopy skirt for prompt inflation of the canopy.
PAR  A serious difficulty arises in the use of many parachute assemblies in that
      the airstream rams into the skirt of the canopy to tend to inflate the
      canopy prematurely; i.e., before the suspension lines are fully extended.
      Such premature inflation of the canopy tightens the slack suspension lines
      with a severe jolt that is hard on the jumper and subjects the parachute
      structure to damaging stresses. Another result of premature inflation is
      that the nylon suspension lines may rub on the nylon canopy to burn the
      canopy. Such a burn can spread into an extensive tear that may increase
      the rate of descent of the jumper unduly and result in a hard landing and
      possible injury to the jumper. Another result of premature inflation is
      that the slack suspension lines may wrap around the inflated canopy to
      cause hazardous instability of the canopy.
PAR  Certain attempts have been made in the prior art to prevent premature
      canopy inflation. The Moran patent, for example, teaches folding a special
      panel over the skirt end of the canopy when the canopy is formed into an
      elongated shape for stowage. This expedient has been found somewhat
      unsatisfactory, because there are liberal gaps in the leading edge of the
      folded panel, and when the jumper falls through space, the airstream
      passes through these gaps to enter the canopy skirt with ram action to
      cause the stowed canopy to balloon to bulbous shape.
PAR  The U.S. Pat. No. 3,690,604 (to Guilfoyle) teaches reefing the skirt of the
      stowed canopy; i.e., embracing the skirt end of the stowed canopy with a
      tight band that is intended to keep air from entering the skirt
      prematurely. The reefing, however, does not actually preclude the entrance
      of the airstream into the embraced skirt, with the result that the stowed
      canopy balloons to the bulbous shape shown in some of the drawings of the
      Guilfoyle patent. Reefing the skirt of the canopy, moreover, complicates
      the deployment procedure in that it makes necessary some provision for
      releasing the reefing when the suspension lines become fully stretched
      out.
PAR  It is apparent that there is a definite need for some means to absolutely
      prevent entrance of the airstream into the stowed canopy until the
      suspension lines are fully stretched out.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of my invention is to provide means for an ideal
      deployment sequence consisting of three stages, namely a first stage in
      which the canopy is extended, a second stage in which the suspension lines
      are fully stretched out, and a third stage in which the canopy is
      inflated; and to provide this ideal sequence with positive prevention of
      premature inflation of the canopy by ramming of the airstream into the
      canopy skirt.
PAR  A more specific object of the invention is to provide positive prevention
      of premature inflation of the canopy without resorting to reefing the
      skirt of the stowed canopy and without resorting to any other expedient
      that either introduces an extra deployment stage or requires additional
      stowage structure.
PAR  Broadly described, these objects of the invention are attained by providing
      means for folding the skirt of the canopy back towards the apex of the
      canopy and keeping the skirt folded until the time arrives for inflation
      of the canopy. Thus, in stowing the parachute for subsequent deployment,
      the canopy of the parachute is first folded or rolled to the usual
      elongated shape with the skirt of the canopy at one end of the elongated
      shape. The new concept is to fold back the skirt end of the elongated
      shape and then to close the panel around the folded skirt, to keep the
      skirt folded until the time arrives for inflation of the canopy.
PAR  In the first two stages of the deployment sequence during which first the
      elongated canopy shape is extended and then the suspension lines are
      stretched out, the elongated canopy shape falls through space with the
      folded skirt foremost. Thus, the airstream rams against the folded end of
      the elongated shape instead of ramming directly into the edges of the
      stowed skirt. Actually, with the skirt folded away from the airstream, the
      airstream tends to evacuate the skirt rather than to inflate it. When the
      suspension lines are fully stretched out, the suspension lines unfold the
      skirt of the elongated shape, to permit the airstream to ram into the
      skirt for prompt inflation of the parachute canopy.
PAR  The attainment of these two objects of the invention is further assured by
      connecting a small pilot parachute to the apex end of the canopy. The drag
      action of the small pilot parachute assures that the canopy is fully
      extended when the canopy skirt is unfolded for inflation of the canopy.
PAR  The invention employs a panel of flexible sheet material that is divided
      into a base portion and a foldable cover portion, with the base portion
      being permanently attached to the outer side of the parachute canopy in
      the same general manner as disclosed in the Moran patent. The invention
      differs from the prior art, however, in teaching attachment of the base
      portion of the panel to the canopy at a location which is spaced
      substantially from the edge of the canopy skirt. The new location of the
      base portion of the panel at a given distance from the edge of the skirt
      serves the purpose of the invention in permitting a skirt portion of the
      canopy of substantially the length of the given distance to be folded over
      onto the region of the base portion of the panel before the cover portion
      of the panel is closed.
PAR  To keep the folded panel closed to serve as a casing for the folded skirt
      until the time of deployment, the suspension lines of the parachute are
      grouped, in the usual manner, into a rope-like bundle, and this bundle is
      folded in a well-known manner to zigzag configuration with the folds of
      the zigzag configuration engaging yieldable fasteners on the panel. In the
      deployment sequence, the rope-like bundle of suspension lines is unfolded
      progressively with sequential release from the yieldable fasteners to
      permit the suspension lines to stretch out and the final step of the
      unfolding sequence opens the closed panel and unfolds the canopy skirt for
      prompt inflation of the canopy.
PAR  A feature of the invention is that since it provides for an ideal
      deployment sequence in a thoroughly reliable manner, it is especially
      suitable for application to a zero-porosity parachute. The
      heretofore-prevalent type of parachute canopy is made of relatively porous
      material so that a canopy of relatively large diameter is required for
      adequate retardation of the descent of a jumper. With the canopy made of
      zero-porosity sheet material, the diameter of the canopy may be greatly
      reduced to make it safe to drastically reduce the size of the parachute
      pack.
PAR  The various features and advantages of the invention may be understood from
      the following detailed description of the preferred embodiments, and the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a fully-inflated parachute incorporating the
      teachings of the present invention;
PAR  FIG. 2 is an elevational view of the back face of a panel of flexible sheet
      material that is permanently attached to the canopy of the parachute as
      shown in FIG. 1;
PAR  FIG. 3 is a perspective view indicating how in the stowage of the parachute
      the canopy of the parachute is folded on itself to form an elongated shape
      with the skirt of the canopy at one end of the shape and then the skirt
      end of the elongated shape is folded over;
PAR  FIG. 4 is a fragmentary perspective view illustrating the next step in the
      stowage procedure in which the cover portion of the panel is folded back
      over the folded skirt and is initially secured by a pair of yieldable
      fasteners;
PAR  FIG. 5 is a greatly enlarged fragmentary view, partly in section, showing a
      portion of the structure in FIG. 4;
PAR  FIG. 6 is a fragmentary elevational view illustrating the next step in the
      stowage procedure in which the suspension lines of the parachute are
      grouped into a rope-like bundle and the bundle is folded to zigzag
      configuration with the zigzag folds engaging yieldable fasteners of the
      panel to keep the panel closed;
PAR  FIG. 7 is an elevational view showing the structure of FIG. 6 folded into a
      compact package for stowage in a conventional releasable parachute
      container;
PAR  FIG. 8 is a fragmentary elevational view illustrating a second stage in the
      subsequent deployment sequence wherein the rope-like bundle of suspension
      lines is stretched out with consequent sequential disengagement of the
      folds of the rope-like bundle from the yieldable fasteners of the panel;
PAR  FIG. 9 is a perspective view of a second embodiment of the invention at the
      stage in the stowage procedure where the canopy of the parachute is formed
      into an elongated shape that is attached to a panel of flexible sheet
      material;
PAR  FIG. 10 is a perspective view illustrating the next step in the stowage
      procedure where the skirt end of the elongated shape is folded back;
PAR  FIG. 11 is an elevational view illustrating the next step in the stowage
      procedure wherein the rope-like bundle of suspension lines is laced back
      and forth over the folded panel with the rope-like bundle engaging
      yieldable fasteners of the panel;
PAR  FIG. 12 is an elevational view showing the structure of FIG. 11 folded into
      a compact package for stowage in a conventional releasable parachute
      container;
PAR  FIG. 13 is a perspective view similar to FIG. 9, but in upside-downposition
      relative thereto, showing how the canopy may be first folded and then
      rolled to an elongated shape with the skirt of the canopy at one end of
      the elongated shape.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIGS. 1-8, illustrating the first embodiment of the invention, FIG. 1
      shows a fully deployed parachute assembly comprising a canopy 10 having a
      lower marginal skirt 12, the usual plurality of suspension lines 14 and a
      pair of risers 15 that connect the suspension lines to the harness (not
      shown) of the jumper. Connected to the apex of the canopy 10 by a short
      line 16 is a small pilot parachute 18, which at this stage is idle after
      serving its purpose in the early stages of the deployment sequence.
PAR  A panel, generally designated by reference numeral 20, is made of suitable
      flexible sheet material, such as heavy nylon fabric, and is attached to
      the canopy 10 in a position that straddles one of the radial seams 22 that
      divides the canopy into a plurality of gores 24. The outer face of the
      panel 20 is shown in FIG. 1, and FIG. 2 shows, on a larger scale, the
      inner face of the panel that lies against the canopy 10 in FIG. 1.
PAR  Referring to FIG. 2, the panel 20 includes a transverse strap that is sewn
      to the upper edge of the panel with ends 25 of the strap extending beyond
      the opposite side edges of the panel. Each strap end 25 has a loop 26 of
      tape sewn to its outer end and in a well-known manner each tape loop
      carries a relatively heavy rubber band 28 (only one of which is shown in
      FIG. 2) which is doubled back on itself for engagement with the tape loop.
      The panel 20 is divided into an upper base portion 30 and a lower cover
      portion 32, which may be folded back over the base portion, the fold line
      being indicated by a dotted line 34.
PAR  Adjacent the fold line 34, the side margins of the base portion 30 of the
      panel are provided with fastener patches 35 and in like manner the cover
      portion 32 is provided with corresponding fastener patches 36. The
      fastener patches 35 and 36 are available in commerce under the trademark
      "Velcro", the patches 35 having numerous minute plastic hooks for
      releasable engagement with minute plastic loops of the patches 36. The
      lower end of cover portion 32 of the panel is tapered as shown and is
      provided at its opposite corners with grommets 38 for cooperation with the
      rubber bands 28 on the strap ends 25 in the manner shown in FIGS. 4 and 5.
PAR  Each of the side margins of the upper half of the base portion 30 of panel
      20 has a tape sewn thereto at spaced points to form a series of loops 40
      to carry relatively heavy rubber bands 42, only one of the rubber bands
      being shown in FIG. 2. The number of rubber bands that is required varies
      with the length of the canopy suspension lines. In this particular
      embodiment of the invention, there are four rubber bands 42 on each side
      of the base portion of the panel, as indicated in FIGS. 3 and 4.
PAR  The upper edge of the base portion 30 of the panel is sewn to the canopy
      with the base portion straddling one of the radial seams 22 of the canopy.
      In this instance, the width of the panel 20 is somewhat greater than the
      width of the tapered gore 24 of the canopy.
PAR  The first step in the procedure for stowing the parachute assembly is to
      form the canopy into an elongated shape that is generally designated by
      numeral 44 in FIG. 3, with the skirt 12 of the canopy at one end of the
      elongated shape and the apex of the canopy at the other end. The canopy
      may be rolled or folded to such an elongated shape in any suitable manner.
PAR  The particular elongated shape that is shown in FIG. 3 is obtained by
      folding the canopy back on itself along longitudinal fold lines that
      bisect the individual gores 24 of the panel. Thus, the canopy is folded
      into layers that are of the width of a single gore 24 of the canopy, with
      a radial seam 22 of the canopy bisecting each of the folded layers. Since
      the suspension lines 14 are connected to the canopy 19 at the ends of the
      seams 22, the formation of the canopy into the elongated shape 44 brings
      all of the suspension lines 40 together as indicated in FIG. 3, to make it
      a simple matter to form the suspension lines into a rope-like bundle 45.
PAR  The next step in the stowage procedure is to fold back the skirt 12 of the
      elongated shape 44 in the manner shown in FIG. 3. In FIG. 3, the
      longitudinal dimension of the skirt portion that is folded back is
      indicated by A, which is substantially the distance from the top edge of
      the panel 20 to the fold line 34. Panel 20 is sewn to the canopy at a
      position where the fold line 34 of the panel is spaced from the edge of
      the skirt 12 by the same distance A, to permit the skirt portion of the
      same dimension to be folded back as shown.
PAR  Starting with the parts arranged as shown in FIG. 3, the next step in the
      stowage sequence is to fold the cover portion 32 of the panel 20 over onto
      the folded skirt of the elongated shape 44 and to insert the rubber bands
      28 on the strap ends 25 through the grommets 38 as shown in FIGS. 4 and 5.
      Then the fastener patches 36 of the cover portion of the panel are pressed
      into releasable engagement with the fastener patches 35 of the base
      portion to hold the corresponding edges of the panel together as shown in
      FIG. 7.
PAR  The next step in the stowage procedure is illustrated in FIG. 6, wherein
      the rope-like bundle 45 of the suspension lines is folded to a zigzag
      configuration across the folded cover portion 32 of the panel. As can be
      seen in FIG. 6, the first fold in the zigzag configuration that is nearest
      the folded skirt of the canopy is inserted through one of the rubber bands
      28 in a retractable manner, and the second fold is inserted through the
      other rubber band 28. The remaining folds of the zigzag configuration of
      the rope-like bundle are retractably extended through the rubber bands 42
      in sequence, leaving an end portion 45a of the bundle extending to the
      pair of risers 15.
PAR  The next step in the stowage sequence is to fold the extended portion of
      the elongated shape 44 of the canopy back upon itself in the manner shown
      in FIG. 7 to form the parachute assembly into a compact package. This
      compact package is then shaped and dimensioned for enclosure in a
      conventional releasable parachute container (not shown).
PAR  When the parachute container is opened by manipulation of its ripcord to
      initiate deployment of the parachute assembly, the small pilot parachute
      18 is released with spring action in a well-known manner. The drag of the
      inflated pilot parachute retards its rate of descent relative to the rate
      of descent of the free-falling jumper, to cause the elongated shape 44 of
      the canopy to stretch out, and, of course, to cause the risers 15 to
      stretch out to complete the first stage of the deployment sequence.
PAR  In the second stage of the deployment sequence, the pull on the rope-like
      bundle 45 of suspension lines retracts the folds of the zigzag
      configuration of the rope-like bundle from the rubber bands 42 to
      progressively stretch out the suspension lines. As may be understood by
      reference to FIG. 6, the zigzag folds are withdrawn from the rubber bands
      42 in sequence until the rope-like bundle 45 is nearly fully stretched
      out, to retract the final folds of the bundle from the two rubber bands
      28. FIG. 8 shows the stretched-out bundle of suspension cords ready to
      withdraw the final fold of the zigzag configuration from the last rubber
      band 28 to completely free the cover portion 32 of the panel 20 from the
      two sprap ends 25.
PAR  At this point in the deployment sequence, when the suspension lines 14 are
      nearly completely stretched out, the parts of the parachute assembly are
      arranged in the manner shown in FIG. 3. It is apparent that the final
      tensioning of the suspension lines 14 unfolds the skirt 12 of the
      elongated shape 44.
PAR  Up to this point in the deployment sequence, the rounded fold of the skirt
      end of the elongated shape 44 has been heading into the airstream to
      preclude any possibility of the airstream ramming into the edges of the
      canopy skirt. In fact, with the edges of the canopy skirt turned away from
      the airstream, the tendency of the airstream is actually to withdraw air
      from the canopy skirt.
PAR  The final stretching out or tightening of the suspension lines 14 causes
      the suspension lines to unfold the skirt end of the elongated shape 44
      with snap action to direct the canopy skirt into the airstream. The result
      is prompt inflation of the canopy when both the elongated shape 44 of the
      canopy and the suspension lines 45 are fully stretched out.
PAR  In FIGS. 9-12, illustrating the second embodiment of the invention, a panel
      52 of flexible sheet material is sewn to one of the seams 22 of the canopy
      along the dotted line 54. In FIG. 9 the canopy is folded to form an
      elongated shape 55, the width of which is one-half the width of a tapered
      gore 24 of the canopy. With each gore 24 of the panel of the canopy folded
      along a line that bisects the gore longitudinally, all of the seams 22 of
      the canopy are at one edge of the elongated shape, as shown in FIG. 9, to
      bring all of the suspension lines 14 together in the form of a rope-like
      bundle 56.
PAR  As may be seen in FIG. 9, a base portion 58 of the panel 52 lies across the
      elongated shape 55 with a flap 60 extending beyond one side edge of the
      elongated shape 55 and a flap 62 extending beyond the other side edge. The
      flap 60 is provided with three spaced grommets 64, and the outer edge of
      the second flap 62 is provided with three similarly spaced tape loops 65,
      which carry corresponding rubber bands 66. The upper margin of the outer
      face of the flap 62 of the panel has a row of four tape loops 68, which
      carry corresponding rubber bands 70, and in like manner the lower margin
      of the flap is provided with a row of three tape loops 72 that carry
      corresponding rubber bands 74.
PAR  With the parts of the parachute assembly arranged in the manner shown in
      FIG. 9, the stowage sequence is continued by turning the elongated shape
      55 over to position the panel 52 under the elongated shape with the back
      face of the panel uppermost. The skirt end of the elongated shape is then
      bent back onto the elongated shape to direct the edges of the skirt 75
      toward the apex end of the elongated shape 55.
PAR  In the next step of the stowage sequence, illustrated by FIG. 11, the flap
      62 of the panel is folded over the folded skirt end of the elongated shape
      55, and then the second flap 60 is folded over to permit the three rubber
      bands 66 of flap 62 to be inserted into the corresponding three grommets
      64 of the flap 60 to temporarily interconnect the two flaps.
PAR  The next step is to fold the rope-like bundle 56 of the suspension lines
      into the configuration shown in FIG. 11, with folds of the rope-like
      bundle retractably extended into the various rubber bands. First, the
      portion of the rope-like bundle 56 that is nearest to the skirt 75 of the
      canopy is formed into a fold 76 that is inserted into the uppermost of the
      three rubber bands 66 that extend through the three grommets of the flap
      60. A second fold 78 of the rope-like bundle is inserted into the second
      rubber band 66, and a third fold 80 is inserted into the third rubber band
      66, thus interconnecting the overlapping margins of the two flaps 60 and
      62.
PAR  The remainder of the rope-like bundle of suspension lines is formed to the
      zigzag configuration shown in FIG. 11, with folds of the zigzag
      configuration inserted into the rubber bands 70 and 74 alternately. As a
      result, a short end portion 56a of the rope-like bundle 56 extends beyond
      the lower edge of the panel to the two risers 15 that connect the
      suspension lines with the harness of the jumper.
PAR  To continue the stowage of the parachute assembly, the elongated shape 55
      is repeatedly folded back on itself, as shown in FIG. 12, to form a
      compact package of a size and shape for enclosure in a conventional
      releasable parachute container (not shown).
PAR  In the subsequent deployment sequence, the parachute container flies open
      to release the compact package to the airstream, and the pilot parachute
      that is connected to the apex of the canopy functions in a manner
      heretofore described to stretch out the elongated shape 55 of the canopy
      and to stretch out the risers 15 that are connected to the suspension
      lines of the assembly, thus completing the first stage in the deployment
      sequence.
PAR  In the second stage of the deployment sequence, the tensioning of the
      rope-like bundle of the suspension lines withdraws the folds of the zigzag
      configuration of the rope-like bundle from the rubber bands 70 and the
      rubber bands 74 alternately. Then the folds 80, 78 and 76 of the rope-like
      bundle are withdrawn from the three rubber bands 66 in sequence to permit
      the two flaps 60 and 62 to fly open. The final stretching out of the
      rope-like bundle of the suspension lines unfolds the skirt end of the
      elongated shape 55 with snap action to direct the edges of the skirt 75 of
      the canopy into the airstream with consequent prompt inflation of the
      canopy.
PAR  FIG. 13 shows how the elongated shape 55 of FIG. 9 may be rolled on itself
      to form a narrower elongated shape 82. The stowage of this narrow
      elongated shape is carried out in the same manner as the stowage of the
      elongated shape 55, the skirt end of the elongated shape 82 being first
      bent back onto the rest of the elongated shape.
PAR  My description in specific detail of the preferred embodiments of the
      invention will suggest various changes, substitutions, and other
      departures from my disclosure within the spirit and scope of the appended
      claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In parachute means of the type adapted for stowage in a parachute
      container including a parachute canopy, having the usual gores and a
      skirt, and suspension lines that connect the skirt to risers on a jumper's
      harness, the improvement comprising:
PA1  a flexible panel having a base portion with side edges and a free upper
      edge and a cover portion with side edges and a free lower edge, said
      flexible panel being shaped and sized so that it is foldable along a
      transverse line dividing its base portion from its cover portion to place
      the base portion and cover portion in superimposed relationship with their
      corresponding side edges in substantial juxtaposition for predetermined
      distances from said transverse line;
PA1  said flexible panel having a front face and a back face and said
      improvement including means securing the base portion of the panel, back
      face down, to the outer surface of said canopy to hold said base portion
      substantially flat thereagainst when the canopy is inflated, said cover
      portion being free of attachment to the canopy so that it can be folded up
      over said base portion along said transverse line;
PA1  said parachute means including yieldable fastening means for yieldably
      fastening the cover portion of said flexible panel in its folded position
      over said base portion, the yieldable fastening means being adapted to
      yieldably hold the cover and base portions in folded relationship and
      serving to maintain said corresponding side edges of the folded base and
      cover portions in relatively close proximity for said predetermined
      distances to thereby provide a pocket-like pouch therebetween when the
      parachute means is stowed in said container;
PA1  the base portion of said flexible panel being fastened to said canopy so
      that its side edges straddle a radial seam between adjacent gores of the
      canopy, and said transverse line runs substantially perpendicular to said
      radial seam at a predetermined distance from the skirt of the canopy;
PA1  said improvement being adapted to cooperate with the other parts of said
      parachute means so that the latter can be made into a compact parachute
      assembly shaped and dimensioned for stowage in said parachute container by
      the steps of;
PA1  forming said canopy into a compact elongate shape adjacent the back face of
      said panel with the skirt of the canopy at one end of the elongate shape
      and the apex of the canopy at the other end, the elongate shape being of a
      conventional configuration for parachute packing purposes in the sense
      that all of said suspension lines are brought together at its skirt end,
      the width of said flexible panel being such that the sides of said
      elongate shape are spaced inwardly from said corresponding side edges of
      the base and cover portions of the panel at least for said predetermined
      distances;
PA1  folding the skirt end of the elongate shape back so that the folded end of
      the said shape coincides substantially with the position of said
      transverse line;
PA1  grouping said suspension lines into a rope-like bundle;
PA1  folding the cover portion of said flexible panel over the folded skirt end
      of the elongate shape;
PA1  folding said rope-like bundle of suspension lines to zig-zag configuration
      across the folded cover portion of said flexible panel and releasably
      fastening the folds of said rope-like bundle in position against the
      flexible panel and folded canopy skirt, the fastening being accomplished
      by means of at least part of said yieldable fastening means and said at
      least part of said yieldable fastening means including said zig-zag
      configuration of the rope-like bundle and a plurality of fastening means
      engaging the opposite folds of the zig-zag configuration to cooperate with
      the rope-like bundle to confine the folded skirt of the canopy between the
      cover and base portions of said panel, said plurality of fastening means
      being yieldable to release the folds of the rope-like bundle in sequence
      in response to substantial pull on said rope-like bundle; and
PA1  doubling the elongate shape back on said folded panel to make the assembly
      compact;
PA1  whereby when the compact assembly is released for deployment in an
      airstream by a jumper using the parachute means, the drag on the compact
      assembly stretches out the folded portion of the elongate shape that is
      outside of the folded flexible panel and also stretches out said risers to
      exert pull on the rope-like bundle of suspension lines, and the pull on
      the rope-like bundle of suspension lines releases the zig-zag folds of the
      rope-like bundle from said plurality of fastening means in sequence to
      release the folded skirt from the flexible panel to permit the pull of the
      stretched suspension lines to unfold the folded skirt and turn the skirt
      into the airstream with subsequent inflation of the canopy, the airstream
      air being prevented from blowing directly into said pocket-like pouch of
      the folded flexible panel prior to release of the folded skirt therefrom
      and thereby causing a risk of premature release of the rope-like bundle of
      suspension lines from said fastening means, and premature inflation of the
      canopy, by virtue of the fact that the width of the folded end of said
      flexible panel exceeds that of the folded skirt and the further fact that
      said yieldable fastening means holds said corresponding side edges of the
      folded base and cover portions of said panel in said relatively close
      proximity for said predetermined distances prior to said release of said
      folded skirt.
NUM  2.
PAR  2. An improvement in accordance with claim 1 in which said parachute means
      includes a pilot parachute attached to the apex of said canopy.
NUM  3.
PAR  3. An improvement in accordance with claim 1 in which said plurality of
      fastening means engaging the opposite folds of said zig-zag configuration
      comprises looped elastic means and means fixedly securing the looped
      elastic means to the base portion of said flexible panel near the side
      edges of said base portion.
NUM  4.
PAR  4. An improvement in accordance with claim 3 in which the base and cover
      portions of said flexible panel are of substantially the same length and
      the fastened position of the panel on said canopy is such that the lower
      edge of its cover portion coincides substantially with the edge of said
      skirt.
NUM  5.
PAR  5. An improvement in accordance with claim 4 in which said yieldable
      fastening means includes holding means for releasably holding said
      corresponding side edges of the base and cover portions of said flexible
      panel in contact for at least most of said predetermined distances from
      the transverse line along which the panel is folded when said parachute
      means is formed into said parachute assembly.
NUM  6.
PAR  6. An improvement in accordance with claim 5 in which said holding means
      consists of cooperating fastener patches adapted to releasably adhere for
      purposes of interconnecting said side edges of the base and cover portions
      of said flexible panel in said parachute assembly.
NUM  7.
PAR  7. An improvement in accordance with claim 6 in which said fastener patches
      are Velcro patches.
NUM  8.
PAR  8. An improvement in accordance with claim 6 in which the side edges of
      said cover portion of said flexible panel converge inwardly beyond said
      predetermined distances in the folded panel and in which the outer corners
      of the converging part of said cover portion are fitted with grommets; and
PA1  in which said base portion of said flexible panel has a strap transversely
      affixed to its upper end with looped elastic means fastened to its ends;
PA1  said strap and looped elastic means being adapted to permit retractable
      insertion of the latter through said grommets to engage folds of the
      zig-zag configuration of said rope-like bundle and thereby cooperate with
      the folds to form part of said yieldable fastening means.
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ABST
PAL  The orientation maneuver of a bias momentum stabilized spacecraft is
      achieved without the need of attitude determination by sensors and gyros
      and the like and without the conventional spin-down and spin-up
      procedures. The spacecraft is provided with a momentum wheel mounted in
      perpendicular relation to the axis of maximum moment of inertia. The wheel
      is initially de-energized during the time the spacecraft is initially
      launched from the ground launching platform until it is desired to orient
      the spacecraft in the final orbit. The momentum wheel, when energized from
      zero rotation to increasing rotation speeds, causes the rotation of the
      spacecraft from spinning about the maximum moment of inertia axis to an
      axis parallel to the momentum wheel axis with the final convergence of the
      wheel axis to the momentum vector being effected by energy dissipation in
      a nutation damper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to angular momentum stabilized spacecraft and in
      particular to re-orientation of such spacecraft from the injection
      attitude to the on-orbit mission attitude.
PAR  2. Description of the Prior Art
PAR  Spacecraft are launched from ground based launch platforms and propelled or
      carried into space by launch vehicles. The launch vehicle is sequentially
      separated into first, second, and third sections as required to finally
      inject the spacecraft into its own orbit with or without spin imparted to
      the spacecraft. For a geo-synchronous orbit (of some 19,000 nautical miles
      above the earth in a substantially equatorial plane) the spacecraft
      achieves an apparent non-moving position relative to a terrestrial
      antenna. Such spacecraft have provided a bus for communication systems of
      importance requiring however, for economic justification, extended life in
      such orbits. To extend the life of such spacecraft, inter alia, it is
      essential that the station keeping and orientation propellant reserves be
      utilized most efficiently. Heretofore, the achievement of the final
      mission attitude required that the spacecraft be re-oriented from its
      final orbit insertion attitude by means of elaborate procedures and
      complex electronic and thrusting devices. In one such system, as disclosed
      in U.S. Pat. No. 3,294,344, issued to Rosen et al., on Dec. 27, 1966,
      there is disclosed a body orientation maneuver from the initial spin axis
      to the final spin axis which is perpendicular to the initial spin axis,
      including a step in the maneuver of stopping the body from spinning.
PAR  In a NASA Report entitled, "Flywheel Stabilized, Magnetically Torqued
      Attitude Control System for Meteorological Satellites" -- NASA -- CR-232,
      May 1965, there is described a procedure (paragraph 3.7.4, "Completion of
      Alignment Process") for turning a spinning spacecraft from an unstable
      mode of operation (rotating about an axis different from the axis of
      maximum moment of inertia) to a stable mode by energizing a momentum wheel
      to achieve the desired 90.degree. turn of the spacecraft.
PAR  Reference is made to a recent paper describing the Communication Technology
      Satellite (CTS) current being developed by the Communication Research
      Center of Canada jointly with the National Aeronautics and Space
      Administration (NASA) of the United States. The paper is published by the
      American Institute of Aeronautics and Astronautics as AIAA Paper No.
      72-580, in April 1972, entitled "A High Power Communications Technology
      Satellite for the 12/14 GHz Band" by Franklin and Davidson. This CTS
      satellite is a bias momentum, three axis stabilized system. The spacecraft
      is re-oriented by first removing all angular momentum about the initial
      spin axis and then imparting momentum about a perpendicular axis as the
      momentum wheel is brought up to speed about this second axis. The CTS
      system requires an array of sun sensors, earth sensors, gyros, and
      thrusters, all coordinated to achieve controlled rates and orientation
      maneuvers on a programmed search and roll maneuver to effect the
      orientation desired. Such prior art systems for achieving the final
      orientation of a spacecraft require complex equipment and critical
      maneuvers. Such systems, being complex in both hardward as well as
      operational procedures, pose a high risk of potential malfunction.
PAC  SUMMARY OF THE INVENTION
PAR  A system of orienting a bias momentum stabilized spacecraft from a
      spin-stable configuration about the thrust axis is achieved while
      maintaining the total angular momentum of the spacecraft and thus
      retaining the fixed inertial attitude of the momentum vector. The momentum
      wheel mounted with its axis perpendicular to the initial spin axis is
      energized, causing the spacecraft body thereby to rotate through the
      90.degree. turn defined by the thrust vector axis and the momentum wheel
      axis whereby the wheel axis will then be in alignment with the momentum
      vector. The 90.degree. rotation of the body axes with respect to the
      spatially fixed angular momentum vector is effected by the energy
      dissipation in the nutation dampers, spacecraft structure, and fuel tanks
      as the total dynamical system seeks its minimum energy state.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagram showing the spacecraft spin axis and angular momentum
      vector parallel to the orbit normal in an orbital path referenced to the
      earth;
PAR  FIG. 2 is a diagram of a spacecraft body showing its orientation in a
      nutationally stable spin with the maximum moment of inertia axis (I.sub.s)
      aligned with the angular momentum vector (H), the transverse mounted
      momentum wheel being in an unenergized, non-rotating state;
PAR  FIG. 3 is a schematic of the spacecraft shown in FIG. 2 with the spin axis
      (I.sub.s) diverging, after the momentum wheel is energized, from the
      inertially fixed angular momentum vector (II), at a decreased body spin
      rate;
PAR  FIG. 4 is a schematic diagram of the spacecraft shown in FIGS. 2 and 3 with
      the momentum wheel axis and the spacecraft transverse axis converging to
      the inertially fixed angular momentum vector, complete convergence entails
      removal of residual nutation by energy dissipation in a nutation damper
      and the finite flexibility of the spacecraft structure and liquid fuel
      supply;
PAR  FIG. 3 is a diagram showing the spacecraft in its final stable orientation;
PAR  FIG. 6 is a simplified block diagram of the components of a spacecraft
      system required for the reorientation maneuver according to the invention;
      and
PAR  FIG. 7 is a diagram showing the position of thrusters on the spacecraft for
      reducing the initial spin-speed of the spacecraft.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A typical spacecraft launch sequence involves several events that occur in
      sequence following the lift off. The first phase of the launch includes
      the launch vehicle projecting the entire package comprising first and
      upper stages of the launch vehicle and the spacecraft to be put into
      orbit. When the spacecraft reaches the desired altitude and is in the
      appropriate orbit for final separation of the spacecraft from the last
      stage of the launch vehicle, the spacecraft may have a residual spin about
      the axis coincident with the thrust axis of the launch vehicle, the spin
      rate being determined by stability requirements of the final stage of the
      launch vehicle as well as the requirements of the spacecraft for the most
      favorable thermal and power environment. Attitude maneuvers by the
      reaction control sub-system (RCS) during this so-called transfer orbit are
      made as required to allow the spacecraft to coast into the first apogee,
      the spin axis being oriented normal to the orbit plane to improve command
      control.
PAR  The reaction control sub-system is energized after several orbits have been
      completed to provide the required orientation for an apogee motor
      operation such that the velocity change imparted by the apogee motor will
      both circularize the orbit and provide the requisite plane change. The
      apogee kick motor is then ignited to provide this vectoral change in
      velocity of the space vehicle in which the spacecraft is then in its final
      orbit with the desired orbit plane inclination. During this phase of the
      sequence, the spacecraft is still spinning at the rate imparted prior to
      separation from the launch vehicle. For stability and predictability of
      the spin axis during this phase, it is preferable, according to the
      present invention, that the spin axis be the axis of maximum moment of
      inertia.
PAR  The spacecraft is then by command to the RCS despun from the high spin of
      the final stage launch vehicle to a low rate such that the total angular
      momentum is within the momentum wheel stability range. (The mathematical
      relationship of these parameters will be described more fully hereafter).
      The spacecraft is thus maneuvered to orient the spin axis parallel to the
      orbit normal at a predetermined spin rate such that the angular momentum
      of the spacecraft corresponds to the in-orbit angular momentum selected
      for the mission. The momentum wheel or flywheel is energized to rotate at
      a gradually increasing rate whereby the total momentum of the vehicle is
      redistributed such that the angular momentum of the body of the spacecraft
      is reduced, the difference being transferred to (or absorbed by) the
      momentum wheel to conserve the momentum of the spacecraft system. As the
      momentum is thus exchanged, the spacecraft is maneuvered from the
      orientation of the spin axis which is initially oriented parallel to the
      momentum vector which is normal to the plane of the orbit, in a divergent
      nutational spiral whereby the spacecraft is moved so that the momentum
      wheel axis tends toward becoming parallel to the momentum vector. The
      final portion of the maneuver effects the momentum wheel axis to be moved
      into coincidence with the angular momentum vector, and thus, in
      coincidence with the spin axis of the vehicle, in a converging spiral by
      damping the residual nutation of the spacecraft. The steps subsequent to
      this 90.degree. re-orientation maneuver are in accordance with
      conventional procedures. Thus, with the spacecraft in its stabilized
      position in the final orbit, solar arrays may be deployed so that the
      spacecraft may receive maximum solar energy for operation of the
      electronic systems. Signals provided from the earth horizon sensors or sun
      sensors can then be utilized to maintain one face of the spacecraft
      containing antennas or sensors pointing continuously toward the earth by
      proper control of the rotation speed of the momentum wheel.
PAR  Referring now to FIG. 1 there will be described in detail the various
      maneuvers that were summarized above. In FIG. 1 a satellite spacecraft 10
      is shown in an orbital path 14 about the earth 12. The reference line of
      the spacecraft 10 to the earth 12 is indicated by the earth reference line
      16. Spacecraft 10 is spinning (arrow 20) about the body axis of maximum
      moment of inertia (indicated by I.sub.s shown in FIGS. 2-5 to be
      described) which at this point in the sequence is parallel to the angular
      momentum vector (H) 18. The vector diagram 22 shows the mutual orthogonal
      relationships of the satellite velocity 24 to the orbit normal 26 and the
      zenity 28, the zenith 28 being colinear and extending radially outwardly
      from the earth reference line 16. In those applications where the
      spacecraft 10 is in its geo-synchronous orbit, the orbital path 14 will be
      the equatorial plane extending from the equator of the earth 12 and thus
      the satellite 10 in such an orbit, will appear to hover or be fixed about
      point 13 on the equator of earth 12. It will be understood that the
      re-orientation maneuver of this invention may be used in any orbit, and is
      not limited to the geo-synchronous orbit of the preferred embodiment.
PAR  Reference is made to FIG. 2 wherein the spacecraft or vehicle 10 is shown
      in its nutationally stable spin attitude with the maximum moment of
      inertia axis (I.sub.s) in alignment with the angular momentum vector (11).
      For the present description, the following definitions of the various
      terms will apply:
PA1  H is the total angular momentum of the vehicle 10 comprised of a body
      containing in addition to other components not essential to this
      invention, a momentum wheel 34 and a nutation damper 36. The angular
      moment vector is indicated by vector line 18, it being understood that in
      the diagrams the vectors indicated by a line with an arrowhead would
      represent a vector having both magnitude and direction relative to the
      appropriate coordinate axes. I.sub.s is the maximum moment of inertia of
      the spacecraft as indicated by vector line 30 in FIG. 2.
PA1  I.sub.t.sbsb.1 is the moment of inertia about one of the transverse axes of
      the body of the spacecraft as indicated by vector 32.
PA1  I.sub.t.sbsb.2 is the moment of inertia about another transverse axis of
      the body of the spacecraft as indicated by reference vector line 33, both
      of the transverse moments of inertia being orthogonal to each other and to
      the vector 30 representing the maximum moment of inertia I.sub.s.
PA1  Both of the transverse moments of inertia (I.sub.t.sbsb.1 and
      I.sub.t.sbsb.2) are less than that about the initial spin axis, that is
      less than the amount of inertia I.sub.s.
PAR  The designation of the axes used for the present description is intended to
      be general in nature. It will be recognized that in conventional satellite
      body axes designations that the axis of wheel 34 is coincident or parallel
      to the final or mission pitch axis of the spacecraft. The axes
      corresponding to the vectors 30 and 32 are respectively colinear or
      parallel with either one of the other of the yaw and roll axes.
      Nevertheless, the principle of the present invention is applicable to any
      bias momentum stabilized satellite system.
PAR  As indicated above, the spacecraft is designed to provide the maximum
      moment of inertia I.sub.s to be greater than either of the transverse
      moments of inertia I.sub.t.sbsb.1 and I.sub.t.sbsb.2. A typical value of
      relationship of these moments of inertia are such that the I.sub.s is
      about 5 to 20 percent greater than either of the transverse moments. The
      spacecraft 11 herein designated vehicle 11, consists of a body portion, or
      simply a body, a momentum wheel 34, and a suitable damper 36. The body of
      the vehicle 11 houses the conventional spacecraft components such as the
      power supply, the thruster propellant tanks, electronic apparatus,
      sensors, gyros, and the like, all forming the total package of the
      satellite or vehicle. Those components are not essential to the present
      invention and are not described in any further detail, except as will be
      included in the block diagrams of FIGS. 6 and 7. For further descriptions
      of such conventional spacecraft systems reference is made to U.S. Pat. No.
      3,695,554, issued to K. J. Phillips on Oct. 3, 1972, and U.S. Pat. No.
      3,830,447 issued to K. J. Phillips on Aug. 20, 1974, for descriptions of
      dual spin spacecraft provided with pitch loop controls including both
      active and passive nutation damping. For a description of a closed loop
      roll and yaw control for satellites, reference is made to U.S. Pat. No.
      3,834,653, issued to Harold Perkel on Sept. 10, 1974. For a propulsion
      system suitable to a spacecraft according to the present invention,
      reference is made to U.S. Pat. No. 3,807,657 issued to Y. C. Brill on Apr.
      30, 1974.
PAR  Further reference for a description of the principles of body-stabilized,
      momentum wheel attitude control systems reference is made to an article by
      Landon and Steward entitled, "Nutation Stability of an Axisymmetric Body
      Containing a Rotor," in the Journal of Spacecraft And Rockets, Vol. 1,
      1964, pp. 682-684 and an article by H. Perkel, entitled, "Stabilite In A
      Three Axis Attitude Control System Using A Single Reaction Wheel,"
      published in Chapter III, Vol 19, by Academic Press, 1966 in the article
      entitled, "Progress In Astronautics and Aeronautics."
PAR  The spacecraft condition in FIG. 2 is after separation from the launch
      vehicle, the apogee motor, if present, has been fired, the spacecraft has
      been despun by its own RCS from a high body spin rate associated with the
      launch vehicle to a low body rate about the axis 18. The manner in which
      the RCS is operated to despin the spacecraft may be accomplished by any
      known arrangement for changing the spin rate of a space vehicle by
      thrusters which exert a torque about the spin axis. For example, a set of
      thrusters 50, 52, 54, and 65 as shown in FIG. 7, may be mounted on the
      body of the vehicle 10, to develop any desired torque about the axis
      I.sub.s to despin the vehicle. Since the body is spinning about the axis
      of maximum inertia, nutation is removed by nutation damping as for
      instance by the passive fluid damper 36, aided by the sloshing of the
      propellant fuel in the propellant tanks, not shown, as well known in the
      art. In this mode (FIG. 2) the total angular momentum H is contained in
      rotation of the vehicle and equal to the product of the rotation rate
      .omega..sub.s times the maximum moment of inertia I.sub.s. As the momentum
      wheel 36 is energized and gradually increased in rotation speed to a
      desired average value, for example a few thousand rpm, a torque is
      developed by the redistribution of momentum between the wheel (initially
      zero) and the body within the vehicle system whose total angular momentum
      is constant, viz., H. This initial movement is illustrated in FIG. 3
      wherein the vehicle 10 is shown diverging from the angular momentum vector
      18 through the position indicated by vector line 43 representing the
      interim position of the axis whose inertia is I.sub.s. This motion of the
      vector 30 is a divergent spiral causing the body spin axis to pass in the
      spiral through an angle in inertial space approaching 90.degree.. The
      momentum of the wheel 34 is represented by the vector arrow 44 (H.sub.w).
      As indicated above, the momentum of the wheel H.sub.w is equal to the
      moment of inertia of the wheel I.sub.w multiplied by the angular rotation
      of the wheel .omega..sub.w.
PAR  FIG. 4 illustrates the vehicle 10 in a position where the orientation of
      the momentum wheel axis 44 is converging to the inertially fixed angular
      momentum vector 18 as defined by the spin rate arrow 43a. Thus, the body
      axes vehicle has been moved in the spiral movement (43a) nearly 90.degree.
      such that the original spin axis 30 is now approaching a transverse
      position, the axis I.sub.t.sbsb.2 converging to be coincident with the
      momentum vector 18 and parallel with the axis of the momentum wheel 34.
PAR  The final orientation of the vehicle 10 is shown in FIG. 5 with the
      transverse axis (I.sub.t.sbsb.2) and the momentum wheel axis 44 parallel
      to the inertially fixed momentum vector H (18). The spacecraft may have
      some residual body rotation as indicated by arrow 46 represented by
      .omega." based on the following condition:
EQU  H = I.sub.w .omega..sub.w + I.sub.t.sbsb.2 .omega."        (1)
PAL  the parameters for which relationship having been previously described.
      This final state of the vehicle 10 is nutationally stable for body spin
      rates .omega." such that:
EQU  I.sub.w .omega..sub.w &gt; .omega."(I.sub.s - I.sub.t.sbsb.m) (2)
PAL  where
PA1  I.sub.t.sbsb.m is the greater of moments of inertia I.sub.t.sbsb.1,
      I.sub.t.sbsb.2 previously defined.
PAR  It is to be noted that the system described effects the desired orientation
      of the satellite from the attitude in which the maximum moment of inertia
      was initally in alignment with the angular momentum vector to the position
      wherein the original spin axis becomes prependicular to the angular
      momentum vector of the vehicle, the total momentum of the system being
      equal to the original momentum of the system, with the redistribution of
      the momentum as indicated by Equation (1), indicated above. Thus, as
      indicated by Equation (1), the total angular momentum of the vehicle in
      the final position (FIG. 5) comprises that of the wheel summed with that
      of the body. In the initial state (FIG. 2), the angular momentum of the
      vehicle consisted solely of the momentum of the vehicle due to its spin
      about the initial spin axis 30, the momentum wheel 34 being de-energized,
      contributing no momentum to the system.
PAR  As indicated previously, the vehicle in orbit includes many components not
      necessary for the operation of the orientation maneuver according to the
      present invention. There are certain essential elements of the satellite
      system, however, which are utilized to accomplish the orientation maneuver
      according to this invention. Those components are illustrated in the block
      schematic of FIG. 6. Block diagram of FIG. 6 is of conventional form
      illustrating a typical tachometer loop 60. Loop 60 is provided with a
      summer 62, suitably any known summing amplifier having an input 64 for
      applying a signal corresponding to the steady state momentum bias desired
      for the mission. Input control path 66 provides an optional input signal,
      corresponding to the attitude reference error, to the closed loop position
      control. Each of the signals on path 64 and 66 are of suitable form well
      known in the art being typically analog voltages. The third input to
      summer 62 is a relative rate feedback signal conducted over path 86 and
      generated as an error signal from the tachometer loop 60. The output of
      the summer 62 indicative of an error voltage, and thus, indicative of a
      change in the momentum wheel speed is applied to a control amplifier 70
      for generating a suitable signal representing the error signal from summer
      62. The amplified sum signal is applied on path 74 to s suitable power
      amplifier 72 for amplifying the signal sufficiently to operate a motor for
      rotating the momentum wheel 34, this signal being applied to the motor 76
      over path 78. Attached to the wheel 34 is a tachometer 80 which produces a
      series of digital pulses or analog signals corresponding to the rotation
      speed of the momentum wheel 34. The output of the tachometer is applied
      over path 82 to a suitable smoothing network 84 for converting pulses if
      the tachometer is the type providing output pulses or suitably a smoothing
      network if the output of the tachometer provides analog signals. Network
      84 provides such a corrected signal over path 86 to close the loop back to
      summer 62. The energization of the momentum wheel 84 affects the vehicle
      dynamics indicated by block 88 over path 92. The vehicle dynamics is
      affected by the nutation damper 86 as indicated by the path 94.
PAR  The operation of the tachometer loop 60 will be apparent in view of the
      previous discussion for effecting the desired re-orientation of the
      spacecraft or vehicle. In brief, when the momentum wheel 34 is energized
      by means of a signal over path 64 initiated, for example, by a command
      signal from ground command, the momentum wheel speed will be sensed by
      tachometer 80. The speed of the wheel thus is fed back to the summer 62
      and compared to the control bias over path 64. When the two are equal, the
      control loop will be in sync condition whereby the speed of the wheel will
      be constant. Any deviation of the wheel speed will be corrected by changes
      in the signal passed from the summer through the control amplifier 70, and
      the power amplifier 72 to the motor in block 76.
PAR  It should be understood, that no external sensing or torquing is required
      to achieve the turn. Only the nutation damping by a passive damper such as
      damper 36 or damping effects supplied by the propellant tanks is required.
PAR  According to the present invention, one embodiment for which having been
      described, a spacecraft arranged to implement the invention provides
      several advantages. First an economical apogee motor can be used which
      employs only spin stabilization. This it will be appreciated is in
      contrast to the prior art which requires space vehicles that employ more
      complex guidance devices. Second, passive spin stabilization of the
      spacecraft throughout its transfer orbit and final orbit injection
      motor-firing minimizes the attitude control complexity and failure mode
      possibilities. Third, the maintenance of angular momentum throughout the
      re-orientation maneuver ensures that the final attitude of the spacecraft
      will be in the desired direction without any dependence upon precision
      measurement for control of the attitude position or the rates of change of
      such attitude position, or both the position and its rate of change.
      Fourth, no additional hardware for control modes for the spacecraft are
      required other than the final on-orbit system of momentum wheel
      stabilization of the three axis controlled spacecraft.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for orienting the attitude of a spin-stabilized vehicle in a
      given orbit, said vehicle including a body, a nutation damper, and a
      momentum wheel, comprising:
PA1  means for spinning said vehicle at a first spin rate about a first axis
      comprising the maximum moment of inertia of said vehicle whereby said
      first axis is in alignment with the angular momentum vector of the
      vehicle,
PA1  said momentum wheel being affixed to said body and oriented to spin about
      an axis perpendicular to said maximum moment of inertia axis, said
      perpendicular axis having a moment of inertia less than said maximum
      moment of inertia,
PA1  means for reducing the spin rate of said vehicle from said first spin rate
      to a second spin rate such that the angular momentum of said vehicle about
      said first axis at said second spin rate is substantially equal to a
      predetermined angular momentum for said vehicle corresponding to a
      predetermined angular momentum of said vehicle in said given orbit,
PA1  means for energizing said momentum wheel to rotate at a rate sufficient to
      provide and maintain nutational stability of said vehicle whereby said
      vehicle is effected to move initially in a divergent spiral through an
      angle in inertial space such that said momentum wheel axis and said
      transverse axis move toward said angular momentum vector in a converging
      spiral, and the spin rate of said body about said transverse axis is
      reduced to a third spin rate, said third spin rate being less than either
      of said first and second spin rates,
PA1  means for moving said transverse axis towards and maintaining coincidence
      with said angular momentum vector of said vehicle and moving said momentum
      wheel axis towards and maintaining a parallel relation with said angular
      momentum vector, said movement comprising damping of nutation by said
      nutation damper,
PA1  the angular momentum of said wheel being greater than the product of said
      third spin rate times the difference between said maximum moment of
      inertia and said transverse moment of inertia of said vehicle.
NUM  2.
PAR  2. A system according to claim 1 wherein said spinning means comprises
      propulsion thrusters on said vehicle.
NUM  3.
PAR  3. A system according to claim 1 wherein said damping of nutation is
      achieved by a passive nutation damper.
NUM  4.
PAR  4. A method for orienting the attitude of a spin-stabilized vehicle in a
      given orbit comprising the steps of:
PA1  spinning said vehicle at a first spin rate about a first axis comprising
      the maximum moment of inertia of said vehicle whereby the angular momentum
      vector of the vehicle is in alignment with said axis,
PA1  reducing the spin rate of said vehicle from said first spin rate to a
      second spin rate such that the moment of inertia of said vehicle about
      said first axis is substantially equal to a predetermined moment of
      inertia for said vehicle corresponding to the in-orbit requirements, and
PA1  spinning a momentum wheel about an axis perpendicular to said maximum
      moment of inertia axis whereby said vehicle is maneuvered such that said
      momentum wheel axis tends towards being parallel to said angular momentum
      vector,
PA1  reducing the nutation of the vehicle in the final portion of the maneuver
      such that the momentum wheel axis is placed parallel with said momentum
      vector.
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ABST
PAL  A deflector for reducing swirling flow spillover occurring when gas flowing
     hrough curved ducting attempts to exit into a freestream flow. When a gas
      flows through curved ducting it develops a swirling motion and when it
      attempts to exit into a freestream it is forced down over the sides of the
      duct by the strong freestream flow rushing past. The deflector is
      arcuately shaped and positioned upstream and adjacent the exit end of the
      curved ducting. As the freestream flow travels over the surface of the
      deflector, it is turned toward the direction of the flow from the exit of
      the ducting and draws the exiting flow along with it. The drawn exit flow
      is straightened and strengthened and is able to penetrate into the
      freestream flow. Further the ends of the deflector generate vortices which
      draw along the swirling flow at the sides of the exit end and straighten
      and strengthen it also. Thus the problem of swirling flow spillover of a
      gas exiting curved ducting into a freestream flow is substantially
      eliminated.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by employees of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to fluid flow and more particularly to the
      control of gases which exit curved ducts into a freestream gas flow.
PAR  When a gas flows through curved ducting, it develops a swirling flow
      pattern in the duct due to friction with the duct's walls. In the
      situation where this swirling flow exits into a freestream gas flow, it is
      unable to penetrate into the freestream flow and is, in effect, pushed
      down over the sides of the duct by the strong freestream flow. For the
      case of a helicopter in flight, for example, hot engine exhaust gases flow
      through curved ducting to exit into a freestream flow. These hot, swirling
      gases are unable to penetrate the freestream flow and are forced over the
      sides of the exhaust ducting and shielding and severely heat and discolor
      these elements causing serious maintenance problems.
PAR  Prior attempts at eliminating this hot gas spillover problem have focused
      mainly on devices such as vanes or collars installed internal of the exit
      of the curved duct to straighten the swirling exit flow so that it may
      penetrate the freestream flow. None of these attempts, however, have been
      successful in eliminating the spilling over of the hot swirling engine
      exhaust gases when they exit from curved ducting into a freestream flow.
PAR  Therefore, there is a definite need in the art for an apparatus and method
      which substantially eliminates the spillover problem of swirling gases
      exiting curved ducting into a freestream flow. There is also a definite
      need in the art for an apparatus and method for eliminating the heating
      and discoloring caused by helicopter engine exhaust gases spilling onto
      exhaust ducts and shields during flight of the helicopter.
PAR  Accordingly, the objects of the present invention are to provide an
      apparatus and method which eliminates the spillover problem caused by
      swirling gases which exit into a freestream flow and to provide an
      apparatus and method which eliminates heating and discoloring caused by
      hot engine exhaust gas spillover.
PAC  SUMMARY
PAR  The foregoing and other objects are attainable in the present invention by
      providing a curved deflector upstream and adjacent the exit of the curved
      duct. In the present embodiment, the deflector is designed and positioned
      so that the freestream flow travels over the deflector and is turned
      upwardly and directed toward the direction of flow of the gas exiting the
      curved duct and draws the swirling exhaust flow along with it. Since the
      swirling exhaust flow is drawn upwardly with the turned freestream flow,
      it is straightened and strengthened and can penetrate the freestream.
      Further, the end tip portions of the deflector generate upwardly spiraling
      vortices which pass over the outer sides of the exhaust duct exit. These
      vortices draw the swirling exhaust flow at the outer sides upwardly and
      straighten and strengthen it to penetrate the freestream.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the present invention and many more of the
      attendant advantages thereof will be more readily appreciated as the same
      becomes better understood by reference to the following detailed
      description when considered in connection with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a schematic side view of a typical curved exhaust duct system
      showing the deflector of the present invention mounted on a helicopter;
PAR  FIG. 2 is a top plan view of the exhaust-deflector system shown in FIG. 1;
PAR  FIG. 3 is a perspective view of the deflector of the present invention;
PAR  FIG. 4 is a perspective view of the exhaust system and housing shown in
      FIGS. 1 and 2; and
PAR  FIG. 5 is a perspective view of another embodiment of the deflector of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and more particularly to FIGS. 1 and 2, an
      exhaust duct system and housing for a helicopter 8 is shown and generally
      indicated by reference numeral 10.
PAR  The numeral 12 represents the exhaust duct housing for the embodiment of
      the present invention selected for illustration. A tapered cowling 16 is
      found at the downstream portion of housing 12. A curved exhaust duct 18
      extends from an engine (not shown) within helicopter 8 through an exit
      aperture 20 formed in cowling 16. An exhaust shield 21 is mounted onto
      cowling 16 and is in communication with aperture 20. One end of duct 18 is
      in communication with the exhaust manifold of the engine and the other end
      19 extends into exhaust shield 21. End 19 provides an exit for the engine
      exhaust gases, external to housing 12. The arrows shown in FIG. 1 denote
      the direction of flow of the gas flowing through and exiting exhaust duct
      18.
PAR  A curved deflector 22 is mounted on cowling 16 adjacent end 19 and upstream
      of and substantially at the exit height of exit end 19 of curved duct 18.
PAR  Deflector 22 is generally rectangular in shape having sides 24 and 26
      generally normal to the direction of travel of helicopter 8 and square end
      portions 28 and 30 generally parallel to the direction of travel of
      helicopter 8. Deflector 22 is formed with an upward arcuate curvature
      along the length thereof. The leading side 24 is substantially in line
      with the direction of the freestream flow and trailing side 26 is turned
      into the freestream flow in the direction of the exhaust gases exiting
      from exhaust exit 19. Deflector 22 has a radius of curvature of 81/2
      inches in the present embodiment. The span of deflector 22 along sides 24
      and 26 in the present embodiment is generally equal to the diameter of
      exhaust shield 21 plus the chord length of deflector 22 itself. In the
      present embodiment shown for illustration, the span of deflector 22 is 30
      inches and the chord length is 10 inches.
PAR  Deflector 22 is mounted onto cowling 16 adjacent exit end 19 and just
      upstream of exit end 19 of duct 18 and generally at the height of exit end
      19. Mounting of deflector 22 is accomplished by two airfoil shaped bases
      32 and 34 secured at one side each to the surface of cowling 16 and at
      another side to the underside of deflector 22. The sides of bases 32 and
      34, in contact with the underside of deflector 22, are formed with a
      curvature therein corresponding to the curvature of deflector 22.
PAR  An arcuate cutout 40 is formed in side 24 of deflector 22 and generally
      corresponds to the curvature of cowling 16 so that when bases 32 and 34
      are positioned on the surface of cowling 16, side 24 of deflector 22 does
      not interfere with cowling 16. The overall configuration of deflector 22
      and exhaust system 10 are more clearly illustrated in the perspective
      views of FIGS. 3 and 4.
PAR  Another embodiment of the deflector of the present invention is shown in
      FIG. 5 and is designated by reference numeral 50. Deflector 50 is formed
      of three rectangular shaped arcuate portions including a center portion 52
      and two downwardly inclined end portions 54 and 56.
PAR  Center portion 52 of deflector 50 generally corresponds to deflector 22 in
      the previous embodiment illustrated; however, there is no cutout formed in
      any of the sides of center portion 52. Center portion 52 is a generally
      rectangular member having an arcuate curvature formed therein along the
      length thereof. End portions 54 and 56 are fastened one each onto the ends
      of center portion 52 of deflector 50 by conventional means such as rivets
      and are each inclined downwardly from the ends of center portion 52. End
      portions 54 and 56 are each generally rectangular elements having an
      arcuate curvature formed therein along the length thereof.
PAR  Deflector 50 is mounted onto cowling 16 in the same manner as deflector 22
      and operates in the same manner as deflector 22.
PAC  OPERATION
PAR  When the exhaust gases travel through curved duct 18 from the engine to
      exit end 19, they develop a swirling flow pattern due to friction with the
      inner wall surfaces of duct 18. During flight of helicopter 8, these
      swirling exhaust gases attempt to penetrate and combine with the strong
      freestream flow rushing above exit end 19. Without deflector 22, however,
      the swirling exhaust gases are unable to penetrate into the freestream
      flow and are forced down over the sides of exhaust shield 21.
PAR  Generally, with the addition of deflector 22, the freestream patterns of
      the flow and the exhaust gas flow are altered such that the exhaust gases
      are able to penetrate the freestream air rushing above.
PAR  More specifically, with the addition of curved deflector 22, the oncoming
      freestream flow upstream to the swirling exhaust gases of duct 18 is
      turned from its direction of flow parallel to the direction of travel of
      helicopter 8 to a direction of flow in line of the gas exiting from
      exhaust end 19 of duct 18. As the freestream flow is turned just upstream
      of exit end 19 of duct 18, the swirling exhaust gases exiting the central
      portion of exhaust shield 21 are drawn along with the turned freestream
      flow. Since the swirling exhaust gases are drawn with the turned
      freestream flow, they are both straightened and strengthened and can now
      penetrate the air rushing above and are not forced over the sides of
      exhaust shield 21.
PAR  Further, each of squared end portions 28 and 30 of deflector 22 generate an
      upwardly spiralling vortex, the core of which passes over the outer side
      portions of exhaust shield 21.
PAR  Generally, as the spiralling vortices pass over the outer sides of exhaust
      shield 21 they draw up the swirling exhaust gases at the outer edges of
      exhaust shield 21. Since the swirling outer side exhaust gases are drawn
      along with the spiralling vortices, they are straightened and strengthened
      so that they can penetrate the air rushing above, and are not forced over
      the sides of exhaust shield 21.
PAR  Although the invention has been described relative to two specific
      embodiments thereof, it is not so limited and the specific example is for
      illustration of the principle only and is not intended to serve as a
      limitation thereof. Thus, many modifications and variations of the
      specific embodiments will be readily apparent to those skilled in the art
      in light of the above teachings. It is therefore to be understood that
      within the scope of the appended claims, the invention may be practiced
      otherwise than as specifically described therein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In combination with a flight vehicle having an exhaust duct housing
      including a cowling and an exhaust shield through which extends a curved
      duct having an exhaust exit for exhausting engine gases into a freestream
      air flow, the improvement comprising a deflector positioned entirely
      upstream of and adjacent the exhaust exit;
PA1  said deflector being rigidly secured to the cowling and having a leading
      edge and a trailing edge and being substantially elongated in shape and
      having a span and a chord;
PA1  the span being at least equal to the diameter of the exhaust exit and
      alined substantially normal to the direction of travel of the freestream
      flow;
PA1  said deflector further being substantially rectangular and having chorduise
      a concave curvature surface formed therein along the span, the leading
      edge thereof being substantially in line with the direction of travel and
      in of the freestream air flow and the trailing edge thereof being turned
      into the freestream flow in the direction of flow of the gases exiting
      from the exhaust exit.
NUM  2.
PAR  2. The combination of claim 1 further including means for rigidly securing
      said deflector to the cowling, said means comprising a pair of spaced base
      support members secured at one side to the surface of the cowling, said
      base support members being provided with a curvature on the side opposite
      to the side thereof secured to the cowling corresponding to the curvature
      of said deflector and secured to said deflector, said deflector being
      further provided with an arcuate cutout area corresponding to the
      curvature of the cowling intermediate the said base support members.
NUM  3.
PAR  3. The combination as in claim 1 wherein the span of said deflector is
      equal to the diameter of the exhaust shield plus the chord of said
      deflector.
NUM  4.
PAR  4. The combination as in claim 3 wherein said deflector is segmented and
      includes a center portion and two end portions, said end portions having
      square end tips.
NUM  5.
PAR  5. Apparatus for reducing spillover inherent when aircraft hot engine gases
      flowing through a curved duct exits from the exhaust exit end of the
      curved duct into a freestream air flow, comprising an elongated deflector
      having square end tips mounted entirely upstream of and adjacent the
      exhaust exit end of the curved duct and having a span at least equal to
      the diameter of the exhaust exit end of the curved duct and having a
      concave curvature surface formed along the span thereof, the span of said
      deflector being alined substantially normal to the direction of flow of
      the freestream air and the concave curvature surface inclined such that
      the freestream air flow flowing over the concave curvature surface is
      turned toward the direction of flow of the gas exiting from the exhaust
      end of the exhaust duct.
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ABST
PAL  A vibration-isolating foundation for a machine which gives out vibration or
      impact during operation has an inertia block on which the machine is
      mounted and having an open space or cavity thereunder and the whole of
      both the machine and the block is floated in a water tank, whereby the
      whole or part of the weight of the machine and the block is supported by
      buoyancy of the block in the water due to the air in the cavity and thus
      transmission of a dynamic load to the floor surface supporting the
      foundation during the operation of the machine is reduced to a large
      degree.
BSUM
PAR  This invention relates to a vibration-isolating foundation to be used for
      machines which cause considerable vibration and impact forces during
      operation such as forging hammers, hydraulic presses, crank presses,
      friction presses, etc. For machines of these types it is the usual
      practice to mitigate the transmission of vibration or shock onto the floor
      surface on which the machines rest by interposing an elastic substance
      such as a spring or rubber between the machine and its foundation. This
      known method, however, does not produce sufficient vibration-isolating
      effect, especially in the case of large size machines, because it is
      difficult to set the natural frequencies of suspended machines at a low
      level.
PAR  In order to overcome the above-mentioned difficulty, the present invention
      utilizes the buoyancy of the water and elasticity of the air for
      supporting the machine, and more particularly, in the present invention
      the machine is mounted upon a foundation having an open space or cavity
      filled with air on the underside thereof and the whole of both the machine
      and the foundation is floated in a water tank provided on the ground.
PAR  Under the above arrangements, water pressure caused by the difference in
      water head between the inside and the outside of the cavity is applied to
      the underside of the foundation through the air in the cavity, with the
      result that the buoyancy corresponding to the displacement tonnage of the
      foundation itself supports the weight of the foundation. Since the spring
      constant of the supporting force is determined chiefly by elasticity of
      the air layer, its value can be made smaller by making the thickness of
      the air layer larger. Moreover, the very slight transmission of high
      frequency vibration and shock also contributes toward producing very good
      vibration-isolating effect.
DRWD
PAR  The attached drawings show embodiments of the present invention, in which
PAR  FIG. 1 is a longitudinal cross section of the foundation according to the
      present invention as it is used to support a pressing machine and
PAR  FIG. 2 is a similar longitudinal cross section of the same foundation as it
      is used to support a forging hammer.
DETD
PAR  In the drawings, M is a machine which produces impact forces or vibrations,
      such as a forging machine, a press, etc. The machine is supported by an
      inertia block 3 either directly or with timber 1 therebetween. This
      inertia block is a block made of concrete or other material and is covered
      with an outer plate 2 at its periphery. An air chamber 4 is provided at
      the bottom of this inertia block 3. This air chamber 4 may be a box-shaped
      chamber made separately and connected to the underside of the inertia
      block 3 or may be formed integrally with the inertia block 3, as indicated
      by embodiments in the drawings, by a bottom 2a and extended parts of the
      outer plate 2. The air chamber 4 may be made in a special shape depending
      upon the material thereof.
PAR  The afore-mentioned block 3 is floated in a water tank 10 and has applied
      thereto a floating force due to the buoyancy of water as a result of the
      difference in the head between the water level 5L in the water chamber 5
      of tank 10 and the water level 4L in the air chamber 4. Additional force
      can be applied by spring means, here shown in the form of a laminated
      spring 6 provided on the block. The spring 6 extends over a support 6a on
      the inertia block and a support 6c on the water tank, and the intermediate
      portion of this spring is bolted at a suspending point 6b on the inertia
      block. This spring 6 not only supplements the lack of buoyancy but also
      serves to adjust the level of the block 3 and to damp the up and down
      motion of the block 3.
PAR  It is desirable to have the block 3 made vertical up and down motion with
      neither lateral movement nor rotatory movement. A means for accomplishing
      this is shown in FIG. 1 and FIG. 2. As shown in FIG. 1 and FIG. 2, a
      plurality of rolls 9 extend from the inner surface of the water tank into
      the tank and are in close rotatable contact with the outer plate 2 of the
      block 3, whereby the block is guided in its up and down movement and is
      prevented from swinging. Besides this method, a conventional method of
      guiding the up and down motion can be employed, for example, many wire
      ropes (not shown in the drawings) can be stretched horizontally between
      the block and the inner surface of the water tank and these ropes are kept
      strained at all times to guide the up and down motion of the block. Below
      the bottom 2a of the block 3, there are provided supporting tables 11
      which have a vertical dimension greater than the depth of cavity as shown
      in the drawings. These tables are to support the block 3 when water is
      drained from the water tank so that when the machine is not in operation
      it will rest thereon. In this case, a cushion 11a made of wood, rubber or
      the like is fixed on the top of the table so that the bottom of the block
      is not subjected to impact or concentrated load.
PAR  The air chamber 4 has connected thereto an air pipe 7 which extends outside
      of the foundation, whereby the air is supplied to or extracted from the
      air chamber 4. A water pipe 8 opens into the water chamber 5 to supply
      water to the latter.
PAR  The foregoing embodiment uses water but fluid other than water may be
      useful for the present invention. Furthermore, a part of pond, river,
      canal, lake or sea may be utilized in place of a water tank as a water
      reservoir.
PAR  On the basis of the embodiment in FIG. 1, the foundation according to the
      present invention was used experimentally for a forging machine, with the
      result that only the slight transmission of machine vibration onto the
      area surrounding the installed forging machine was observed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vibration-isolating foundation for a machine which produces vibrations
      or impact forces during operation, comprising an inertia block on which
      the machine is adapted to be supported and having a cavity on the bottom
      thereof, and a tank containing a body of liquid having an upper surface
      open to the atmosphere in which the said block is floated with said cavity
      in the liquid, supporting tables on the bottom of said tank below the
      inertia block and having a vertical dimension greater than the depth of
      said cavity, whereby at least part of the weight of the machine and the
      block is supported by the bouyancy of water applied to the block through
      the air in the cavity and thus transmission of a dynamic load produced by
      the operation of the machine through the liquid is reduced to a large
      degree and the machine can rest thereon when the machine is not in use.
NUM  2.
PAR  2. A vibration-isolating foundation as claimed in claim 1 further
      comprising a plurality of free-running rollers are fixed to the inner
      surface of the tank and rotatably contacting the side of the inertia block
      for guiding the up and down motion of the inertia block.
NUM  3.
PAR  3. A vibration-isolating foundation as claimed in claim 1 further
      comprising a water pipe extending into the water tank between the side of
      the tank and the inertia block to supply water to the water tank.
NUM  4.
PAR  4. A vibration-isolating foundation as claimed in claim 1 further
      comprising an air pipe extending through said inertia block into said air
      cavity to supply the air to the air cavity or to extract air therefrom.
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ABST
PAL  A device for use in erecting a tent or shelter of other construction
      adjacent to a vehicle which incorporates a base plate for supporting a
      tent pole. The base plate is preferably relatively small, but is
      sufficiently large to rest on the ground and support a tire on the base
      plate. The device is adapted to be placed on the ground and an adjacent
      vehicle is moved to position the tire on top of the device. This fixes the
      device quickly without the necessity of driving stakes or the like. The
      base plate is fixed in position and supports a generally upright rotatably
      mounted socket with guy-wires. The wires are selectively rigged to fix the
      socket at the desired angle. The socket receives a tent pole for support
      of a tent or shelter. Preferably, two are provided for a given shelter and
      one is positioned beneath each wheel on the side or rear of the vehicle.
BSUM
PAC  PRIOR ART
     United States Patents                                                     
     3,186,420            2,571,362                                            
     3,018,783            2,926,677                                            
     3,324,869            3,228,405                                            
PAC  BACKGROUND OF THE INVENTION
PAR  It is often quite difficult to rig a tent or other shelter adjacent a
      vehicle while on a camping excursion. It is difficult to set tent poles
      and drive pegs in some soil and cause them to hold a conventional tent or
      shelter. The present invention has been provided with these problems in
      view.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention incorporates a base plate or structure which is
      adapted to be placed on the ground and held in position by a tire of a
      vehicle. The base is sufficiently large to receive a tire thereon, which
      clamps the base. In the preferred embodiment the base is triangular and
      has frame members along one side which are adapted to receive and support
      the tire. A frame member extends across one portion of the base. It is
      preferably of tubular construction and receives a surrounding elongate
      tubular member thereabout. The larger tubular member is rotatable and has
      an outwardly projecting tab. The tab is connected with a bifurcated clamp
      at the base of a socket. The socket rotates with 2.degree. of freedom. Its
      rotation enables the user to position the base to direct the socket
      upwardly at a specified angle. Preferably, flexible cables engage a
      shoulder or otherwise connect to the socket to position it at a specified
      angle to hold or maintain that angle. This enables the socket to receive
      the lower end of a tent pole in the erection of a tent or shelter. Two
      bases are provided, one under each tire.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a tent or shelter erected using the base of the present
      invention which is clamped between the supporting surface and the tire of
      a vehicle;
PAR  FIG. 2 is an enlarged perspective view of the shelter anchor of the present
      invention, including a tent pole arranged in the socket;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2 showing
      details of construction of the base which is supported on the ground; and,
PAR  FIG. 4 is an enlarged detail view of the lower end of the socket showing an
      arrangement by which its pivotal installation is achieved.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Attention is first directed to FIG. 1 where a shelter 10 is erected on an
      upright pole 12 supported by the present invention 15. A vehicle 16 rests
      on the base 15 and clamps it in position. The vehicle 16 provides weight
      through its tires, which rest on the base plate 15. The weight clamps the
      base plate against the soil to secure the tent or shelter 10 in a useful
      position.
PAR  Attention is directed to FIG. 2 where the apparatus 15 is shown in greater
      detail. It is preferably formed of a triangular framework and includes
      sides which are approximately equal in length. The sides are identified at
      18, 20 and 22. A tubular member 24 parallel to the side 18 is arranged
      between the sides 20 and 22. The members 18, 20, 22 and 24 are all
      preferably formed of stock of the same size and weight. Tubular stock is
      preferred.
PAR  The apparatus 15 supports the tire of a vehicle as shown in FIG. 1. The
      tire weight is supported on a number of frame members located inside the
      triangle of the apparatus. Frame members 26, 28 and 30 are preferably
      located away from the tubular member 24, and to this end, they are
      preferably close to the side 18. This construction of frame members within
      the triangle specifies an arrangement whereby the tire of the vehicle is
      supported on the framework which has an effective width and length larger
      than the print of the tire. The framework is somewhat wider and longer
      than the surface area of the tire when contacted against the ground. The
      device is adapted to be used on firm ground as well as sand. In the event
      it is used on sand, it may sink into the ground, but this is no detriment
      to operation of the apparatus.
PAR  As described to this juncture, the base 15 includes a triangular shape
      which has framework along one side adapted to support and receive the
      weight of a vehicle transferred against it by a tire which is driven over
      the framework. This enables the device to be used easily. It is placed on
      the ground at a desired location and the vehicle is driven forwardly or
      backwardly to a point midway between the frame members 26, 28 and 30. This
      clamps the triangular apparatus 15 with a portion of it extending to the
      side of the vehicle where it can be easily engaged by the user. Easy
      access to the remaining portion enables quick erection of the shelter 10.
PAR  The tubular member 24 supports an elongate sleeve 34. The sleeve 34 is
      slidably and rotatably positioned on the tubular member 24. The sleeve 34
      supports an upstanding tab 36 which is perforated at a central opening.
      The tab 36 is surrounded by a bifurcated clamp 38 which has a pair of
      spaced perforated tabs. All three members have openings which are
      preferably of the same size and aligned with one another at the time of
      assembly. A bolt 40 extends through the three openings to attach the
      socket to be described to the tab 36. The bolt 40 is made fast by use of a
      winged nut 42.
PAR  The bifurcated clamp supports a socket 44. The socket 44 is welded to it
      and comprises an upwardly opening tubular member of relatively short
      length. The socket 44 is hollow and open at its upper end as shown in
      dotted line in FIG. 3. It is undercut by a notch 46 and has an adjacent
      eyelet 48. The eyelet 48 enables connection of the socket to a flexible
      cable 50 which is tied to the apex determined by the sides 20 and 22 of
      the framework.
PAR  As shown in FIG. 3, the flexible cable limits the counterclockwise rotation
      of the socket about the rotatable sleeve 34.
PAR  The socket can lay down against the framework on clockwise rotation from
      the position of FIG. 3. It is selectively anchored in the up or elevated
      position of FIG. 3 by use of a flexible member 52. The flexible member 52
      is anchored at 56 in FIG. 2 with an eyelet on one of the two sides of the
      triangle extending to the apex where the cable 50 is connected. The other
      end of the flexible member 52 is connected to a symetrically located
      eyelet. The flexible member 52 is selectively looped through the notch 46.
      It can be removed from the notch 46. It is preferably installed with one
      end permanently tied to the connective eyelet and the other end
      selectively removed from its appropriate eyelet by use of a snap swivel or
      some other suitable means for achieving disengagement. At the time of
      completion of installation, this leaves the socket 44 tied with three
      guy-wires which fix it in position and prevent subsequent rotation. The
      socket, when held at this position, readily receives a tent or shelter
      pole 12 of appropriate length and shape to support the tent or shelter 10
      at a convenient and readily useable location.
PAR  Installation of the apparatus is achieved simply. The triangular base 15 is
      laid on the ground adjacent to the wheels along one side of the vehicle.
      The vehicle is driven the necessary distance to position the wheels above
      the triangular base and position the base indefinitely. When this is
      accomplished, the base is installed. After the base has been installed,
      the rotatable socket is positioned in a near upright position which is
      shown approximating a 75.degree. angle with respect to the plane of the
      base 15. It is rotated to this position and the flexible member 50 is
      pulled taut. The flexible member 52 is looped through the notch 46 and
      made fast at its free end by means of connecting a snap swivel with an
      eyelet fixed to the triangular frame. The socket is then appropriately
      located and is easy to handle because of its relatively light weight. The
      pole 12 is then inserted into the upper end of the socket. A snug or
      friction fit secures the two members and the shelter is then ready for
      erection. Disassembly is achieved in the reverse sequence and the
      apparatus is quickly dismantled.
PAR  The scope of the present invention is determined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shelter support apparatus for use with a vehicle supported on at least
      two tires, comprising:
PA1  a generally planar base member having an exposed upper face of size
      adequate to receive thereon the print of a tire on a vehicle to weight
      said base in a fixed position, said base member having a structural frame
      member extending from its face such that it is laterally of the tire on
      said face;
PA1  a pivotally mounted rotatable upwardly opening bayonet socket carried on
      said from member and mounted for rotation about a selected axis;
PA1  an elongate pole adapted to support a shelter and having a lower end
      portion releasably connected into said socket for support thereof above
      said base;
PA1  a flexible cable means connected to said base member and said socket to
      control its angle of rotation about the selected axis and hence the
      position of said pole; and,
PA1  a second flexible cable means connected to said base and said socket member
      for limiting the angle of said socket in cooperation with said first
      flexible cable means wherein the second cable means acts oppositely of
      said first cable means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said base member includes a triangular
      frame around a face plate for the tire and said frame is adapted to
      encircle the tire at its point of contact with said face plate.
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ABST
PAL  A modular element for constructing furniture or artistic sculptures
      comprising a flat member having three equilaterally arranged legs and
      three equilaterally arranged, arc-shaped sides having equal radii of
      curvature, each of the legs having a slot extending through its thickness
      and arranged equilaterally with the slots in the other legs. Groups of
      four elements are assembled with a center element being engaged at each of
      its slotted legs with a separate slotted leg of one of the other elements.
      In one preferred embodiment a group of twenty such elements are so
      assembled to form an artistic sculpture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a modular construction element and, more
      particularly, to a flat construction element for use in making furniture
      or artistic sculptures.
PAR  Flat, modular elements have long been used in making children's toys and
      such elements are often made of thin, flexible materials which are
      deformable. Furthermore, such elements sometimes have straight sides which
      do not combine together to form a plurality of curved lines and surfaces
      which give an artistic appearance and functional advantage.
PAR  The advantage of a modular construction for furniture is that the elements
      may be shipped flat in disassembled form to the end user, who can then
      simply fit them together to create a piece of furniture. If the elements
      are designed to be combined in a plurality of different modes the end user
      has the option of creating different artistic effects as well as different
      furniture forms. One problem in all such modular furniture constructions
      is in achieving a sturdy assembled structure with elements which can be
      both easily assembled and disassembled.
PAC  SUMMARY OF THE INVENTION
PAR  The above objectives are obtained and the problems of prior art structures
      are overcome by the present invention of a modular construction element
      comprising a flat member having three equilaterally arranged legs and
      three equilaterally arranged, arc-shaped sides having equal radii of
      curvature, each of the legs having an open ended slot extending through
      its thickness, oriented toward the centroid of the element, and arranged
      equilaterally with the slots in the other legs. These elements may be
      combined in groups of four with at least one of the elements having the
      slot in each of its legs interlocked with the slot in one leg of a
      separate one of the other three elements to form a sturdy structure having
      one horizontal element and three vertical elements, for example.
PAR  In some preferred embodiments a plurality of such four element groups are
      combined so that each of the other three elements in each group has a slot
      in one of its other legs interlocked with the slot in the other leg of one
      of the other three elements of another group. The maximum number of
      elements which can be assembled symmetrically in such a combination is
      twenty. This limit is a function of the inherent geometry of the element's
      construction. Thereafter, the design merely repeats itself.
PAR  Because of the arcuately shaped edges of each element the overall
      construction has certain advantages that other modular constructions do
      not have. One such advantage is that the basic construction of four
      elements will securely seat a sphere-shaped object or other rounded type
      objects. In the maximum symmetrical combination of twenty such elements
      they will define a hollow, sphere-shaped space which may contain, for
      example, a plastic sphere globe lamp, decorative item, or other functional
      shapes such as a planter or fireplace base.
PAR  The slots in each leg of each element serve a dual purpose. In addition to
      providing an interlocking mechanism for each of the modules, they also
      secure various accessories to the base, such as beveled leg assemblies
      which provide a stable base for an assembly of four or more such units and
      which also can serve as table top holders. Each element is made of a
      substantially rigid, nonflexible material. In a preferred embodiment, the
      material chosen is a plywood or other hard wood, which is approximately
      one-fourth to one and one-half inches thick.
PAR  In one preferred embodiment, the elements are stackable for shipping by
      overlaying them one on top of another and providing an interlocking member
      which is wedged into the slots of the stacked elements to hold them in
      place.
PAR  It is therefore an object of the present invention to provide a modular
      construction element which is flat and which may be assembled with three
      other such elements to form a three-legged, stable base for supporting
      both sphere-shaped and plane-shaped objects.
PAR  It is another object of the invention to provide a three-legged
      constructional element which may be assembled in groups of four or more
      such elements together to form an artistic work.
PAR  The foregoing and other objectives, features and advantages of the
      invention will be more readily understood upon consideration of the
      following detailed description of certain preferred embodiments of the
      invention, taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the basic, modular construction element
      according to the invention;
PAR  FIG. 2 is a diagrammatic illustration of the geometric construction of the
      element depicted in FIG. 1;
PAR  FIG. 3 is a perspective view of a group of four such elements as depicted
      in FIG. 1 when joined together according to the invention;
PAR  FIG. 4 is a perspective view of four of the elements depicted in FIG. 1
      when stacked together for shipping;
PAR  FIG. 5 is a perspective view illustrating a typical use of a group of four
      such elements as depicted in FIG. 3 in combination with an artistic,
      sphere-shaped object;
PAR  FIG. 6 is a perspective view illustrating a typical use of two groups of
      four such elements as depicted in FIG. 3 for supporting a table top;
PAR  FIG. 7 is a perspective view of a plurality of the elements depicted in
      FIG. 1 when assembled into an artistic structure having an interior,
      sphere-shaped, hollow space;
PAR  FIG. 8 is a side view, in elevation, and with portions broken away, of the
      four element group depicted in FIG. 3 together with a plane surface and a
      leg and holder assembly;
PAR  FIG. 9 is an enlarged side view of the leg and holder assembly depicted in
      FIG. 8; and
PAR  FIG. 10 is an enlarged plan view of the leg and holder assembly depicted in
      FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIG. 1, a flat, rigid element 10
      according to the invention is depicted which has three equilaterally
      spaced legs 12. Each leg has a rectangularly shaped, open ended slot 14
      through its thickness and oriented axially toward the centroid of the
      triangularly shaped element 10. Each of the three slots 14 is also
      equilaterally arranged with respect to the other slots. Thus, each of the
      legs 12 and each of the slots 14 is oriented at 120.degree. with respect
      to the other legs and slots, respectively. The sides 16 of each element 10
      between each leg 12 are arc-shaped and have the same radius of curvature.
PAR  The element 10 is made of a rigid material, such as wood or plastic, and
      can be any thickness desired although in the preferred embodiment, the
      thickness range is from one-fourth of an inch to one and one-half inches.
      the width of the slot 14 should be only slightly greater than the
      thickness of the element 10 so that when an element leg 12 is inserted
      into the slot 14 it will fit snugly. The axial length of the slots 14 is a
      matter of design criteria, but it should be sufficient to provide a rigid,
      interlocking mechanism when assembled with the other elements as depicted
      in FIG. 3.
PAR  Referring now more particularly to FIG. 3, an assembly of four of the units
      10 is depicted in which a center element 10a is horizontal and is
      interlocked along each of its slots 14 with corresponding slots 14 in each
      of three other, vertical elements 10b, 10c and 10d. When interlocked in
      this manner, the group of four elements provides a sturdy, three-legged
      structure which will support either a flat surface on the uppermost legs
      12 of the elements 10b, 10c and 10d or a sphere-shaped object in the
      uppermost curved sides 16 of each of the upstanding elements 10b, 10c and
      10d. The elements 10a, 10b, 10c and 10d are easily assembled into this
      basic structure without the need to use glue or fastening devices. The
      structure can also be easily disassembled for shipping or storage.
PAR  Referring now more particularly to FIG. 4, it can be seen that each of the
      elements 10 depicted in FIG. 3 may be overlaid or stacked flat, one on top
      of another, for ease in shipping or storage and the thus assembled group
      may be held in this arrangement by placing wedges (not shown) into the
      corresponding slots 14 of the elements 10.
PAR  Referring now more particularly to FIG. 2, the geometrical construction of
      the element 10 is illustrated. The element 10 is constructed within the
      perimeter of a hypothetical, equilateral triangle 20. As described above,
      each of the element sides 16 between the legs 12 is arc-shaped and has a
      radius of curvature 22, from a corresponding, opposite vertice of the
      equilateral triangle 20, which is equal to the radius of curvature of each
      of the other sides 16. The axial center line or axis of symmetry of each
      leg 12 lies along individual, corresponding hypothetical lines 24 which
      intersect the midpoint of one of the sides of the triangle 20 and the
      opposite vertex. While only one radius 22 and one midline 24 are shown in
      FIG. 2 for purposes of clairty in the illustration, it will be understood
      that other corresponding radii and midlines 22 and 24, respectively, can
      be similarly constructed for the other sides 16 and the legs 12. It is
      this fundamental geometry of the element 10 which enables it to combine to
      form the shapes depicted in FIGS. 1 and 3 and in the shape to be described
      in FIG. 7.
PAR  Referring now more particularly to FIGS. 5 and 6, typical uses for the
      assembly of four elements depicted in FIG. 3 are illustrated. In FIG. 5 a
      sphere-shaped, artistic object 26 is supported along the upper curved
      surfaces 16 of an assembly of four of the elements 10. The sphere-shaped
      object 26 need not be a complete sphere. It could also be bowl-shaped,
      such as for a barbecue pit or a modern open-hearth stove. As illustrated
      in FIG. 6, two or more of the four element groups may be used to support a
      flat plane surface, such as a table top 28.
PAR  Referring now more particularly to FIG. 7, an artistic sculpture made of a
      plurality of four element groups is illustrated in which each of the
      elements 10b, 10c and 10d has a slot in one of its other legs interlocked
      with the slot in the other leg of another one of the three elements in
      another four-element group. The interior curved sides 16 of the combined
      elements together define a sphere-shaped, hollow space 30 which may be
      left empty or which may be filled with a sphere-shaped, artistic or
      ornamental object.
PAR  Referring now more particularly to FIGS. 8, 9 and 10, a combination leg and
      plane surface holder assembly 32 for use with a group of four elements is
      depicted as comprising a pair of spaced apart, rigid, parallel strips 34
      which are joined together at one end by an intermediate, rectangular
      cross-shape member 38. The strips 34 and the member 38 are beveled at one
      end and fitted with a non-skid surface 40, such as a rubber pad, for
      example. The member 38 is thinner than the width of the strips 34 and is
      nearly the same in thickness as the width of the notches 14 in the member
      legs 12.
PAR  The assembly 32 can thus be fitted into the notch 14 of a member leg 12 so
      that the member 38 is engaged in the notch 14 and the spaced apart ends of
      the strips 34 which are distal from the member 38 overlap the flat sides
      of the member 10 towards its center (see FIG. 8) to hold the assembly 32
      in rigid engagement with the member 10. The angle of the bevel in the end
      is such that the non-skid surface 40 is substantially horizontal when the
      assembly 32 is engaged in the legs 12 of the modular elements 10 fitted
      together in four element groups. This feature provides a stable,
      horizontal foot base for the four element groups and a stable, horizontal
      support for a table top, as shown in FIG. 8.
PAR  While certain uses have been depicted for the elements of the invention, it
      should be apparent that numerous other combinations will be clear to those
      skilled in the art upon reading the foregoing specification.
PAR  The terms and expressions which have been employed here are used as terms
      of description and not of limitations, and there is no intention, in the
      use of such terms and expressions, of excluding equivalents of the
      features shown and described, or portions thereof, it being recognized
      that various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a group of four inflexible, modular construction
      elements, each element being flat and having three equilaterally spaced
      legs with arc-shaped sides between each leg, each of the arc-shaped sides
      having the same radius of curvature, each of the legs further having a
      slot through its thickness which extends toward the centroid of the
      element, the width of the slots being only slightly greater than the
      thickness of the element, and at least one of the elements having the slot
      in each of its legs fully inserted in the slot in one leg of a separate
      one of the other three elements so that one element is oriented
      perpendicularly to the other three elements and is inflexibly interloced
      therewith to form a rigid, load bearing structure whose constituent
      elements are inflexible with respect to each other when so interlocked.
NUM  2.
PAR  2. A combination as recited in claim 1 further comprising a plurality of
      such four element groups, each of the other three elements in each group
      having a slot in one of its other legs interlocked with the slot in the
      other leg of one of the other three elements of another group.
NUM  3.
PAR  3. A combination as recited in claim 2 wherein there are maximum of twenty
      interlocked elements.
NUM  4.
PAR  4. A modular construction element comprising a flat member having three
      equilaterally spaced legs with arc-shaped sides between each leg, each of
      the arc-shaped sides having the same radius of curvature, each of the legs
      further having a slot through its thickness which extends toward the
      centroid of the element, the width of the slot being only slightly greater
      than the thickness of the element and further including a leg and holder
      assembly having a pair of parallel strips and a rectangularly shaped
      member mounted between and to the strips at one end to space them apart,
      the strips and the rectangular member being beveled at one end, the strips
      being wider than the width of the leg slots, and the rectangular member
      being thinner than the width of the leg slots so that the leg and holder
      assembly can be fitted to an element leg by engaging the rectangular
      member in the leg slot with the strips overlying opposite sides of the
      element leg.
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ABST
PAL  Support pads formed of stacks or rolls of corrugated material have
      instant-bonding (pressure sensitive) adhesive on one surface thereof to
      adapt them for instant attachment to the underside of shipping containers,
      such as corrugated boxes, to provide an integral palletized container
      construction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Use
PAR  This invention relates generally to support pads adhesively attachable to
      the underside of shipping containers to serve to palletize the container
      and facilitate handling of the containers as by means of fork-lift trucks.
PAR  2. Description of the Prior Art
PAR  Shipping containers used in industry to package and transport various
      products, component parts and the like frequently take the form of
      relatively large boxes formed of corrugated material or cardboard which
      are sometimes supplied in knocked-down form and assembled as required. The
      bottom side of such containers may be relatively weak because of the
      inherent nature of the box material or because the bottom side actually
      comprises flaps which are folded together and secured by suitable means.
      In any event, handling and stacking of such containers by means of
      fork-lift trucks is facilitated if the box is disposed on some sort of
      pallet. Conventional reuseable pallets made of wood or other materials are
      commercially available. However, such pallets must be stored before and
      after use and this requires considerable space. In addition, such pallets
      are relatively costly and deposit arrangements are sometimes required to
      insure their return by the customer to the supplier. Cheaper disposable
      pallets are available which comprise a flat sheet of corrugated material
      to the bottom surface of which discrete rolls of corrugated material are
      attached during manufacture by conventional air-drying gluing processes.
      Again, however, such pallets are relatively large and require an undue
      amount of valuable storage space prior to use. Furthermore, during the
      manufacture of such pallets, considerable space is required to enable the
      glue used to set. Heretofore, strips of wood, such as 2 .times. 4s, or
      other materials, have been glued directly to the bottom of previously
      assembled containers by means of conventional air-drying glues to provide
      containers having built-in pallets. However, these arrangements still have
      drawbacks. For example, the wood used is costly and is not ordinarily
      salvageable or reuseable for pallet purposes. Similarly, made-up
      containers having built-in pallet means require relatively costly
      manufacturing techniques and also require more storage space than simple
      conventional knockdown-type corrugated boxes or containers.
PAR  The following patents disclose the state of the art in palletized
      containers: U.S. Pat. Nos. 3,247,810; 3,331,496; 3,398,703; 3,425,367;
      3,464,371; 3,519,190; 3,605,651; 3,695,506; and 3,697,029.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with the present invention there are provided support pads in
      the form of legs or runners which have a coating or layer of quick-drying
      adhesive, such as pressure sensitive adhesive, applied to one surface of
      the pad; such coating or layer of adhesive being protected until ready for
      use by means of a removable protective sheet of material such as waxed or
      treated paper. The pads are adapted for instant attachment or bonding to
      the underside of a shipping container to palletize the container. The pads
      are formed of layers or stacks or rolls of corrugated material, such as
      corrugated cardboard, and are furnished with the aforesaid adhesive
      already applied to a surface thereof. The pads are applied to the
      underside of the container in desired positions when the container is
      being readied for use or shortly after the container is made up, if the
      container is furnished in knocked-down form. The pads serve to strengthen
      the underside of the box, serve to space the container from a surface on
      which it rests thereby facilitating its being lifted by a fork-lift or
      other means, serve to prevent the container from resting directly on the
      surface, if such is not desirable, and also serve as a cushioning means
      for the container.
PAR  Several embodiments of the invention are disclosed. In one embodiment, each
      pad takes the form of an elongated runner comprising strips of material,
      preferably corrugated, secured together in a stack by suitable means such
      as glue and having a corrugated top strip and a hardboard bottom strip
      glued to the top and bottom edges of the stack. In a second embodiment,
      each pad takes the form of an elongated runner comprising strips of
      material, preferably corrugated, surrounded and secured together by a
      sheath of material, also preferably corrugated. In a third embodiment,
      each pad comprises a roll of material, preferably corrugated, and secured
      to prevent unravelling. In the embodiments, the planes of the strips
      forming the stacks are perpendicular to the top surface thereof and each
      pad comprises at least one surface for juxtaposition and connection to the
      container on which a coating or layer of quick-drying or so-called
      instant-bonding adhesive, such as pressure sensitive adhesive, is applied
      during manufacture of the pad. The coating or layer of adhesive is
      protected until ready for use by a removable sheet of material such as
      waxed or treated paper. When the pad is ready for attachment the adhesive
      is activated or exposed by peeling off the protective sheet and the pad is
      applied to the appropriate surface of the container and pressed
      thereagainst. Although pads in accordance with the invention are
      especially useful for application to the underside of a container for the
      purposes hereinbefore described, one or more pads could be used on the
      sides of a container to provide for spacing, cushioning or even
      ventilation between two containers stacked side-by-side in a warehouse or
      on a truck or train. Other objects and advantages of the invention will
      hereinafter appear.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is an isometric view from the top side of a container having support
      pads secured thereto by quick-setting adhesive in accordance with the
      invention;
PAR  FIG. 2 is an isometric view of the bottom side of the container shown in
      FIG. 1;
PAR  FIG. 3 is an enlarged end view of a support pad shown in FIGS. 1 and 2;
PAR  FIG. 4 is an isometric view of a support pad shown in FIGS. 1, 2 and 3;
PAR  FIG. 5 is an isometric view of another form of support pad;
PAR  FIG. 6 is an isometric view of a cylindrical type of support pad in
      accordance with the invention;
PAR  FIG. 7 is a bottom plan view of the support pad shown in FIG. 6;
PAR  FIG. 8 is an isometric view of the bottom of a container employing
      cylindrical support pads disposed in accordance with one arrangement;
PAR  FIG. 9 is a view similar to FIG. 8 but showing the support pads disposed in
      accordance with another arrangement; and
PAR  FIG. 10 is an isometric view showing two containers disposed in
      side-by-side relationship with support pads in accordance with the
      invention used for palletizing and to perform a spacing function
      therebetween.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, the numeral 10 designates a shipping container
      such as is used in industry to package and transport various products,
      component parts or the like and with which the present invention is
      advantageously employed. FIG. 1 shows container 10 resting on one side to
      provide a view of the underside thereof. Container 10, for example, may
      take the form of a box formed of corrugated material or cardboard which is
      supplied to the user in the form of a flat knocked-down blank and is
      assembled when needed. Container 10 comprises a top side comprising two
      inwardly foldable flaps 12 and 14, a bottom side also comprising two
      inwardly folded flaps 16 and 18 best seen in FIG. 2, a front side 20, a
      rear side 22, a front end 24 and a rear end 26. The mating edges of the
      top flaps 12 and 14 are sealable by a strip of adhesive paper or tape 30,
      as shown in FIG. 2. The mating edges of the bottom flaps 16 and 18 are
      also sealed by a strip of adhesive paper or tape 32, as shown in FIGS. 1
      and 2.
PAR  To facilitate the handling and stacking of container 10 by means, for
      example of a fork-lift truck or similar apparatus, or to space the
      container from the surface on which it rests, the bottom side of the
      container is provided with support pads in the form of elongated legs or
      runners 34 and 36 which are secured to the bottom side of the container by
      means of a quick-drying adhesive, such as a pressure sensitive adhesive,
      in accordance with the present invention.
PAR  As FIG. 2 best shows, the runners 34 and 36 are elongated and of
      rectangular cross section and are disposed in spaced apart relationship on
      the bottom side of a container 10 so that their longitudinal axes extend
      transversely to the mating edges of the flaps 16 and 18 on the bottom side
      of the container. When the elongated legs or runners 34 and 36 are
      disposed in this manner they serve to strengthen the underside of
      container 10 as well as provide a means for spacing the underside of the
      container from the surface on which it rests thereby providing a
      palletized container easily liftable by a fork-lift truck.
PAR  Since the pads 34 and 36 are identical, only pad 36 is hereafter described
      in detail. As FIGS. 3 and 4 show, pad, leg or runner 36 comprises a
      plurality of strips or layers 40 of corrugated material or cardboard which
      are stacked or arranged alongside one another and which are secured
      against displacement by an outer sheath or cover 42 of corrugated material
      which is folded around the stack and secured together as by gluing at 44
      or by means of a plurality of staples 46. If desired, the adjacent strips
      40 may be glued together during assembly and prior to placement of the
      sheath 42 therearound. Furthermore, glue may be disposed on the inner
      sides of sheath 42 as at 50. As FIG. 3 shows, each strip 40 preferably
      lies in a plane which is transverse (i.e. at right angles) to the bottom
      surface of container 10 thus enabling a pad 36 to support a greater
      compressive load.
PAR  The upper side 51 of pad, leg or runner 36 is provided during manufacture
      with a coating or layer 52 of quick-drying or instant bonding adhesive,
      such as commercially available pressure sensitive adhesive, which is
      protected until ready for use by means of a removable sheet or layer 54 of
      paper or film which is treated to prevent it from adhering permanently to
      layer 52 and which may be peeled away. The layer 52 of adhesive and the
      removable sheet 54 are applied to the surface 50 of the leg or runner 36
      during manufacture of the latter.
PAR  After container 10 has been assembled and at least the bottom side thereof
      has its flaps 16 and 18 folded inwardly and suitably secured or sealed in
      place as by the tape 32, the legs or runners 34 and 36 are attached to the
      bottom side of the container. More specifically, the protective sheet 54
      is stripped away from the adhesive coating 52 provided on surface 50 of
      each leg or runner 34 and 36, and the sides or surfaces 50 of the pads 34
      and 36 which are coated with adhesive are pressed against the undersurface
      of container 10. Since quick drying or instant bonding adhesive is
      employed, each pad 34 and 36 is immediately attached to container 10.
      Although FIGS. 1 and 2 show only two elongated pads 34 and 36 secured to
      the underside of container 10, it is apparent that additional pads
      arranged in a desired manner and with desired spacing could be applied to
      the underside of the container.
PAR  FIG. 5 is a perspective view of another type of elongated support pad 60
      which is similar to pad 36 in that it comprises a plurality of strips or
      layers 62 of corrugated material or cardboard which are understood to be
      secured together as at 64 by suitable adhesive, but which, unlike pad 36,
      is not provided with a folded outer sheath. Instead, pad 60 is provided
      with a top strip 63 formed of corrugated material which is glued by a
      suitable adhesive to the top edges of the strips 62. The strips 63 and 65
      strengthen and rigidify the entire pad 60 and protect the edges of the
      strips 62 forming the stack. Furthermore, top strip 63 provides a flat
      uninterrupted surface for the layer 68 of instant bonding adhesive. The
      bottom strip 65, being of hardboard, is rugged and strong and capable of
      withstanding a considerable amount of scuffing and scraping. Like pad 36,
      the upper surface 66 of top strip 63 of pad 60 is provided with a layer 68
      of quick drying or instant bonding adhesive which is protected by a
      removable sheet 70. Pad 60 is usable in the same manner and for the same
      purpose as pad 36, as hereinbefore described.
PAR  FIGS. 6 and 7 show another type of support pad 72 in accordance with the
      invention, and FIGS. 8 and 9 show pluralities of support pads 72 affixed
      to the undersides of containers 74 and 76, respectively, which containers
      are similar in all respects to container 10 hereinbefore described. Each
      support pad 72 is generally cylindrical in form and is formed of a wound
      or rolled strip 80 of corrugated material or cardboard. The outermost end
      of strip 80 is secured as by gluing at 82 or by a staple 84 to prevent pad
      72 from unravelling. One flat end of the cylindrical pad 72 serves as the
      upper side 86 of the pad and is provided with a coating or layer 88 of
      quick-drying or instant bonding adhesive, such as the pressure sensitive
      adhesive hereinbefore described, which is protected until ready for use by
      means of a removable sheet or layer 90 of paper or film of the type
      hereinbefore described.
PAR  The support pads 72 may be applied to the bottom of a container in any
      desired arrangement. FIG. 8 shows four pads 72 arranged symmetrically, one
      near each box corner. FIG. 9 shows nine pads 72 arranged in symmetrical
      rows of three pads each; the arrangement in FIG. 9 being preferably over
      that of FIG. 8 if container 76 carries a substantially heavier load.
PAR  FIG. 10 shows two containers 10A and 10B arranged in side by side
      relationship and each container has two spaced apart pads such as 36
      applied to the underside thereof to space the container from its
      supporting surface. In addition, container 10A has a support pad 34A in
      accordance with the invention applied to a lateral side or end 20 thereof
      to serve as a cushion or spacer for container 10B therealongside.
PAR  In an actual embodiment of a support pad 60 of the type shown in FIG. 5 the
      pad was about 271/2 inches long, 4 inches wide and 3 inches high. The
      support pad 60 comprised about 20 strips or layers 62 of corrugated
      material, each strip being on the order of 3/16 inch thick and joined to
      an adjacent strip by conventional air drying adhesive. The bottom strip 65
      took the form of hardboard on the order of 1/8 inch thick, and the top
      strip 63 took the form of corrugated material on the order of 1/8 inch to
      3/16 inch thick. Although the pads disclosed herein are preferably formed
      of strips or layers of corrugated material which are arranged to define
      spaces therein with the axes of the spaces being disposed normal to the
      upper side and the lower side of the support pad, as shown in FIGS. 5 and
      7, for example, it is apparent that a support pad in accordance with the
      invention could comprise other honeycomb types of material having spaces
      with axes orientated in the same manner as the spaces in the corrugated
      material.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rigid load bearing support pad for quick attachment directly to the
      underside of a shipping container to space the container from a surface on
      which it rests, said pad having a lower side for disposition toward said
      surface and an upper side for disposition toward said underside of said
      container, said pad comprising:
PA1  a plurality of elongated strips of corrugated sheet material arranged to
      provide a stack of adjacent contiguous layers of said sheet material, each
      of said strips defining at least one of said layers and said adjacent
      contiguous layers of said sheet material being glued together, each of
      said layers of said corrugated sheet material having corrugations which
      are disposed normal to said upper side and said lower side of said support
      pad;
PA1  top and bottom rigid facing strips rigidly secured by gluing at the upper
      side and at the lower side of said stack, respectively, and transversely
      disposed with respect to said corrugations;
PA1  a coating of instant bonding adhesive disposed on the upper surface of said
      top facing strip and serving as the sole means to effect attachment of
      said support pad directly to said underside of said container when pressed
      thereagainst, and a removable protective sheet overlying said coating.
NUM  2.
PAR  2. An elongated support pad according to claim 1 wherein said top and
      bottom rigid facing strips are formed by opposite sides of a rigid sheath
      of corrugated sheet material which is secured around said stack.
NUM  3.
PAR  3. An elongated support pad according to claim 1 wherein said bottom rigid
      facing strip comprises hardboard.
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ABST
PAL  Fusion-cast articles of refractory material are formed with cavities or
      hollow portions by means of apparatus and method employing a core formed
      of material more refractory than the fusion-cast refractory material,
      which core is disengaged from the refractory material solidifying
      therearound when such solidified portion has the capability of maintaining
      its integrity and shape absent support of the core, but before cooling
      shrinkage of the solidified portion onto the core has caused cracking of
      such portion. A stored energy device is connected to the core through an
      aperture in the mold which is sealably engaged by the core, and upon
      release of the stored energy, the disengagement of the core is effected,
      e.g. by at least partial removal from the mold through the aperture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the manufacture of fusion-cast refractories with
      cavities or hollow portions therein formed by cores disposed in molds
      employed in the fusion casting process. In particular, it relates to a new
      dynamic core apparatus and technique for improving the manufacture of such
      fusion-cast articles.
PAR  Exemplary general description of the manufacture of fusion-cast
      refractories is given in U.S. Pat. No. 1,615,750 and in the book entitled
      "Refractories" by F. H. Norton, 4th edition, published 1968 by McGraw-Hill
      Book Co., New York, on pages 186-9.
PAR  Heretofore, most efforts in forming cavities or hollow portions in
      fusion-cast articles have involved utilization of cores maintained in
      place until after the solidified casting had cooled through the annealing
      stage. Such stationary cores were commonly formed of various shaped and
      baked refractory grains. See U.S. Pat. Nos. 1,903,944, 2,023,044 and
      2,071,542. These cores were supposedly designed to overcome the problem of
      the casting cracking as a result of the cooling shrinkage of such castings
      around and onto cores that were generally inflexible. Although they were
      successful in some cases, this cracking problem has persisted in a number
      of other cases for a variety of reasons (e.g. lack of core grains with
      appropriate characteristics vis a vis those of the cast molten refractory,
      size of cores and castings, etc.).
PAR  One earlier alternative solution to such continuing problem was the
      employment of a core made of metal that melted after an initial layer of
      solidified refractory formed on it and immediately allowing such melted
      core metal to flow out of the casting and mold via an aperture in the mold
      previously sealed by such core. See U.S. Pat. No. 2,004,378. Upon further
      cooling, the casting did not encounter resistance to its natural shrinkage
      and, accordingly, did not suffer the cracking associated with stationary
      cores of baked refractory grains or similar generally inflexible types.
      Nevertheless, this technique of the melting metal core suffers from the
      difficulty of not being able to economically or practically make the
      critical selection of a metal vis a vis the fusion-cast refractory such
      that the metal will not melt prematurely (to avoid "break-out" of molten
      refractory through a thin and weak solidified layer no longer supported by
      the core) and will melt rapidly enough at the necessary time (to avoid
      resistance by the core to shrinkage of the solidified casting portion
      therearound that leads to cracking of the casting).
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that the above-described problems with the prior
      art techniques of coring fusion-cast refractories can be overcome by a
      novel dynamic coring system utilizing a releasable stored energy device
      suitably connected to a core formed of material having a melting
      temperature substantially above the temperature of the molten refractory
      to be cast around and onto such core. This dynamic coring system is
      characterized by a capability of being readily adapted to a wide variety
      of fusion-cast refractories with differing characteristics (size, shape,
      composition and associated properties).
PAR  The present invention is an improvement in and incorporates the basic
      elements of known molding apparatus for fusion casting refractory which
      comprises a mold having a surface or surfaces defining a casting mold
      cavity and at least one core normally extending into the mold cavity from
      such surface or one of such surfaces and adapted to engage the refractory
      material solidifying therearound. The improvement therein comprises: (1) a
      core which is formed of material as described in the preceding paragraph,
      which also extends in the direction opposite from the mold cavity into an
      aperture in the mold, which in its normal position sealably engages the
      walls of the aperture, and which is adapted to be disengaged from the
      refractory material solidified therearound (and preferably also from the
      walls of the aperture accompanied by at least partial removal of the core
      from the mold cavity through the aperture); (2) releasable stored energy
      means connected to the core through the aperture and adapted to effect the
      disengagement of the core from the refractory material solidified
      therearound (and preferably also from the walls of the aperture
      accompanied by the aforesaid at least partial removal of the core) upon
      release of the stored energy; and (3) means for releasing the stored
      energy.
PAR  This invention also constitutes an improvement in the process of fusion
      casting refractory material by employing the basic elements of known
      molding apparatus as aforesaid. Such improvement comprises: (1) partially
      solidifying the cast molten material to a state where the portion
      solidified around the core has thickness and strength to maintain the
      integrity and shape thereof absent support of the core, but where cooling
      shrinkage of such portion has not developed to the point of exerting
      compressive force on the core with correlative tensile force in the noted
      portion which yields cracking of such portion; and (2) thereupon
      disengaging the core from that portion by means of releasing stored energy
      means connected to the core and maintaining the core so disengaged while
      the fusion-cast article continues to cool and completely solidify. Guided
      by the disclosure contained herein, an appropriate magnitude of stored
      energy for any suitably selected stored energy device can be readily
      determined from limited trials with any selected or desired combination of
      fusion-cast refractory and core.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side sectional view of one form of conventional fusion casting
      apparatus incorporating an embodiment of the present invention and in
      position ready for casting molten refractory therein.
PAR  FIG. 2 is a side sectional view of the same apparatus as in FIG. 1, but
      with molten refractory cast and partially solidified therein and with the
      stored energy device in released position.
PAR  FIG. 3 is a plan view of the pressure plate of the stored energy device in
      two positions: shown by solid lines in mounted position on supporting
      rollers as in FIG. 1 and shown by dash lines in released position off and
      below the supporting rollers as in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The illustrated apparatus comprises a mold 10 positioned on a base of
      insulating refractory bricks 12 within a can or casing 14 mounted on base
      50 with insulating powder 16 filling the space between the mold 10 and can
      14, all according to one conventional form of practice. The mold 10
      comprises an assembly of: (a) side slabs 20, bottom slab 22 and top slab
      24 forming the casting portion of the mold, and (b) side slabs 26 and
      bottom slab 28 forming the riser portion of the mold. The riser portion
      communicates with the casting portion through at least one gate defined by
      the axially aligned orifices 25 and 29 in the slabs 24 and 28,
      respectively.
PAR  According to the illustrated embodiment of the invention, bottom mold slab
      22 is provided with an aperture defined by a circular wall 23 and a
      passage 13 axially aligned with aperture 23 is provided through the base
      of bricks 12. Core 30 is positioned to extend into the cavity 11 of mold
      10 and sealably engage aperture wall 23. The upper end of core 30 is
      designed in this particular case to fit into a recess 32 in the bottom
      face of top slab 24 in order to define an annular mold cavity for
      producing fusion-cast articles, such as tap hole blocks for steelmaking
      furnaces and the like. Core 30 is tapered in the direction toward the top
      of mold 10 to facilitate subsequent disengagement of the core 30 from the
      solidifying refractory and from aperture wall 23. A connector bolt 34 is
      positioned in lower bore 36 via upper bore 38 in core 30 so as to protrude
      downward and threadably engage connector sleeve 40 having a flange 42
      supporting the bottom of core 30.
PAR  The illustrated stored energy device comprises pressure plate 44 supported
      (in its stored energy position) on rollers 46 rotatably mounted on the
      upper ends of supports 48 attached to the base 50 of the casting
      apparatus. Plate 44 is rotatably connected to connector sleeve 40 by means
      of connector bolt 41 threadably engaging connector sleeve 40 and rigidly
      attached to plate 44. Annular thrust bearing 52 and spacer ring 54 are
      mounted around bolt 41 on top of plate 44 so that spacer ring 54 supports
      secondary pressure plate 56 in an elevated position placing springs 58 in
      compression while held in position by bolts 60 attached to brick base
      plate 62 and extending downward through holes in plate 56 of diameter
      smaller than the terminal heads 64 on bolts 60. Plate 56 also has a
      central opening to allow free movement of connector 40 therethrough, but
      is of smaller diameter than the outside diameter of ring 54.
PAR  After casting molten refractory 66 into the mold 10, additional insulating
      powder 16a is added to cover the solidifying portion 68 of such refractory
      in the top of the riser mold portion. At an appropriately predetermined
      time when the proper solidified layer 70 has formed around the core 30,
      pressure plate 44 is rotated by means of handle 45 to a position where it
      disengages from the rollers 46 and falls down onto base plate 49 between
      supports 48. This fall of plate 44 is urged by the compression of springs
      58 and, in so falling down, spacer ring 54 disengages from plate 56
      thereby allowing the latter to fall down and rest on bolt heads 64. Such
      action effectly releases the stored energy of the compressed springs 56.
      By virtue of the rigid connection to the core 30 via connector 40, the
      falling plate 44 also causes partial removal of core 30 from the mold
      cavity portion 11a accompanied by disengagement of the core 30 from the
      solidified portion 70 and the aperture wall 23. The space between the
      disengaged core 30 and casting portion 70 is sufficient that the latter
      does not shrink bindingly onto core 30 upon further cooling and
      solidification of the casting.
PAR  The illustrated stored energy release mechanism is best shown in FIG. 3.
      Plate 44 is shown in solid lines mounted on top of rollers 46. Plate 44
      comprises three peripheral bosses 72 that rest on top of rollers 46.
      Between adjacent pairs of bosses 72 are indented peripheral portions 74 of
      substantially the same arc length as that of the bosses. Upon rotating
      plate 44 in its horizontal plane by means of handle 45 somewhere between
      30.degree. and 60.degree. from its first position of bosses being
      centrally mounted on rollers 46, those bosses 72 will have passed off the
      rollers and the indented portions 74 will then coincide with the positions
      of rollers 46 thereby allowing plate 44 to pass down between supports 48.
PAR  By way of further illustration (but not limitation) of the invention, the
      illustrated apparatus was employed in producing fused-cast refractory
      bodies of composition in accordance with U.S. Pat. NO. 3,198,643. In one
      case, a graphite mold and graphite core were designed to form a
      rectangular cast article with approximate external dimensions of 6 inches
      .times. 8 inches .times. 8 inches and with an approximately 5 inch
      diameter hollow bore therethrough. Suitable taper angle on the core 30 was
      varied between 0.75.degree. to 2.degree. from the core axis. Pull forces
      exerted by springs 56 on the core suitably varied from 330 to 990 pounds.
      Satisfactory downward displacement of the core 30 upon release of spring
      compression was varied between 1-3 inches. The principal operational
      factor determining satisfactory results under these circumstances was the
      hold time (i.e. the time between time of casting the molten refractory
      into the mold and the time of releasing compression of springs 56 with
      resultant disengagement of core 30). Hold time of only 45 seconds was in
      at least one case too little time for forming an adequately strong
      solidified layer around the core because "break-out" occurred through that
      layer of the remaining molten refractory in the casting. Although in
      several other trials, 45 seconds was found adequate to recover a suitable
      cast article, nevertheless it appears to be about the lower marginal hold
      time in this example. On the other hand, 120 seconds of hold time lead to
      cracking of the casting in at least one case, although providing
      satisfactory recovery in several other trials. Accordingly, 120 seconds
      hold time appears to be about the upper marginal hold time in this
      example. No "break-outs" or cracking occurred with intermediate hold times
      (e.g. 95 seconds).
PAR  In another case, a graphite mold and a graphite core were designed to form
      an octagonal cast article with approximate width between octagon faces of
      29 inches, with a height of about 26.5 inches and with a hollow bore
      therethrough of about 15 inches diameter. A core taper of 2.degree., a
      core displacement of 8 inches and pull force of 5300 pounds were found
      suitable for successful results. Again, within this set of conditions,
      hold time variation was the principal determinant of successful results,
      although pull force was also seen to be a factor of some concern in
      getting prompt displacement of the core at the proper time. Hold times in
      excess of two minutes fairly consistently lead to cracking of the
      castings. Hold times of 2 minutes for spring release after casting
      consistently gave good casting recovery results (except for two cases of
      cracking caused by other process errors) when pull force was 5300 pounds.
      However, a pull force of only 4000 pounds in conjunction with a hold time
      of two minutes resulted in cracking of the casting, which indicated that
      the minimum satisfactory pull force in this case was between 4000 and 5300
      pounds.
CLMS
STM  I claim:
NUM  1.
PAR  1. In molding apparatus for fusion casting of molten refractory material
      which comprises a mold having a surface or surfaces defining a casting
      mold cavity and at least one core normally extending into the mold cavity
      from said surface or one of said surfaces and adapted to engage the
      refractory material solidifying therearound,
PA1  wherein the improvement comprises, in combination
PA1  the core being formed of material having a melting temperature
      substantially above the temperature of the molten refractory material to
      be cast in the apparatus, also extending in the direction opposite from
      the mold cavity into an aperture in the mold, normally sealably engaging
      the walls of the aperture and adapted to be disengaged from the refractory
      material solidified therearound,
PA1  releasable stored energy means connected to the core through the aperture
      and adapted to effect the disengagement of the core from the refractory
      material solidified therearound upon release of the stored energy, the
      energy means including:
PA2  a connector having one end attached to the core,
PA2  spaced supporting means including rollers,
PA2  compression load means mounted on the end of the connector opposite the end
      thereof attached to the core and having means for normally engaging the
      supporting means to effect a compression load which is adapted to effect
      the aforesaid disengagement upon release of the load by disengagement of
      the compression load means from the supporting means, the compression load
      means including:
PA2  a pressure plate rotatably mounted on the end of the connector opposite the
      end thereof attached to the core and having, as the means for normally
      engaging the supporting means, peripheral bosses, extending radially of
      the rotation axis of the plate with the bosses being spaced in a pattern
      corresponding to that of the supporting means and normally engaged on the
      rollers thereof,
PA2  compressible means adapted to be placed in compression by the plate when
      the bosses are engaged on the rollers and, upon disengagement of the
      bosses from the rollers, adapted to have the compression thereof released
      to exert a force on the plate and thence the core via the connector to
      concurrently overcome frictional force between the core and refractory
      material solidified therearound and move the plate away from the mold, and
PA1  means for releasing the stored energy comprising means for disengaging the
      compression load means from the supporting means including:
PA2  means for rotating the plate, and
PA2  indented peripheral portions in the plate between pairs of adjacent bosses
      and, upon rotation of the plate, adapted to coincide with the position of
      the supporting means with the bosses disengaged from the rollers and to
      allow the plate to pass between the supporting means in a direction away
      from the mold such that the compression of the compressible means is
      released.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the improvement further comprises
PA1  the core also adapted to be disengaged from the walls of the aperture and
      at least partially removed from the mold cavity out through the aperture,
      and
PA1  the energy means also adapted to effect the disengagement of the core from
      the walls of the aperture and at least partial removal of the core from
      the mold cavity.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the improvement further comprises
PA1  the core being a rigid body having a taper in the direction of its
      extension into the mold cavity and further adapted to be slidably
      disengaged from the refractory material solidified therearound and from
      the walls of the aperture.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the compressible means is spring means.
NUM  5.
PAR  5. The apparatus of claim 3 wherein the improvement further comprises
PA1  the core extending into an aperture in the mold surface of the opposite
      side of the mold cavity from the first-mentioned aperture.
NUM  6.
PAR  6. The apparatus of claim 3 wherein the mold surface or surfaces and the
      surface of the core are graphite.
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ABST
PAL  This invention relates to a plastic closure or cap-type stopper of which
      the outer skirt has formed on its inner surface a plurality of ribs
      adapted to engage the top ring and the grooves of the neck of the
      container to be stopped, on either side of a partially tearable guaranty
      strip bounded by circular thinning grooves formed in the inner surface of
      the skirt.
PAL  The mold for manufacturing this closure comprises underneath a fixed plate
      formed with holes for the passage of the ejection ring and ejection shaped
      sleeve of a sliding plate perforated like the fixed plate and actuated by
      a pusher, and above a sliding impression plate of which the perforation
      corresponding to the preceding ones bounds the injection chamber for the
      closure skirt on the core, said sliding impression plate being actuated by
      a pusher for releasing the closure from the mold impression at the end of
      its stroke.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the manufacture of tamper-proof,
      fluid-tight, captive plastic closure of the type comprising a cap portion
      having a flat, bulged or cup-shaped bottom, an outer skirt provided with a
      guaranty strip adapted to be at least partially torn off, fitted between
      the cap edge and a retaining ring, and a ribber internal contour adapted
      to co-act with a matching ribbed external contour of the neck of the
      container to be stopped by means of this closure.
PAR  The manufacture of closures of this type requires the use of two-section
      moulds having lateral shells on either side of the vertical joint plane.
      In fact, after the removal of the upper portion of the mould having a
      contour corresponding to the cap contour, the side faces of this cap must
      be uncovered to permit the release of the skirt with its guaranty strip
      bounded by two circular grooves formed externally and corresponding to a
      substantial reduction in the cross-sectional area of the closure material.
      Now the manufacture of these mould shells requires a high standard of
      precision. Therefore, they are relatively expensive and nevertheless burrs
      of plastic material are likely to develop even under normal service
      conditions. Moreover, the use of such shells increases the risk of
      failures during the mould operation, for they are extremely fragiles and
      their wear involves and expensive replacement thereof at regular time
      intervals. Furthermore, in a given injection press type, the over-all
      dimensions of the mould shells limits detrimentally the number of moulding
      cavities or impressions that can be formed in one mould.
PAR  Now the present invention provides a modified mould structure and
      arrangement permitting of eliminating the above-defined mould shells while
      forming on the closure plain lateral surfaces preventing any tampering
      with the guaranty strip, with substantial production savings and an
      appreciable improvement in the manufacturing efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  In the mould according to this invention the lower portion of the mould
      comprises as conventional an ejection ring adapted to slide on the shaped
      core, but according to an original feature of the present invention this
      sliding movement takes place along a stroke equal to the height of the
      closure skirt due to the guiding action exerted on the heel of a sliding
      sleeve interposed between said core and said ejection ring, in a cavity
      having the same height as the base plate of the device. Morever, under the
      movable mould impression plate responsive to the conventional compensation
      plate there is inserted perforated a plate in which a number of bores
      corresponding to the number of moulding cavities or impressions are
      formed, the function of these bores consisting in guiding laterally the
      ejection ring during its operative stroke, the thickness of the impression
      plate corresponding to the ejection stroke.
PAR  According to a specific feature characterizing this invention, the fixed
      core comprises on its outer surface, in the known fashion, ribs
      corresponding to those formed on the neck of the container, adapted to
      constitute the grooves and beads of the closure skirt as well as the
      tear-off or ripping strip of which the thinning or tear-off lines are
      formed on the inner surface of the closure skirt, the outer surface
      thereof remaining plain.
PAR  The closure formed by injection-moulding the plastic material between the
      core, the upper mould section and the impression plate at the usual and
      necessary temperature is ejected in two steps: in a first step, after
      removing the upper mould section, the ejection ring, its supporting plate
      and the sliding sleeve are pushed simultaneously upwards, along a stroke
      corresponding to the height of the closure skirt, which is the same as the
      stroke of the impression plate. Then, at the end of its stroke the sleeve
      abutes against the bottom of the recess provided for the base plate, and
      remains in this position. The movable plate supporting the ejection ring
      continuous its progression under a resilient force, together with the
      compensation plate, thus causing the upward movement of said ejection ring
      and the removal of the closure from the core, with the closure still at a
      softening temperature. Finally, the compensation plate pushes the
      impression plate, thus definitively releasing the closure. If desired, a
      jet of compressed air may be used to facilitate this release.
PAR  The resilient means for pushing the ejection-ring supporting plate may
      consist for instance of a coil compression spring, a leaf-spring, or a
      stack of dished spring washers engaging the compensation bar and extending
      through the base plate of the mould.
PAR  With this device, the closure having an internal surface of any desired
      configuration is safely ejected and constantly guided between the sliding
      sleeve and the impression and guide plate.
PAR  This mould construction eliminates the use of expensive high-precision
      mould shells difficult to centre and requiring a perfectly flat surface of
      the joint plane. The impression and guide plates require only the boring
      of drilled impressions or cavities.
PAR  Under these conditions it is clear that this closure, in contrast to other
      closures of this character, has a completely plain external skirt surface,
      the thinning lines which bound the tear-off ripping strip being formed on
      the inner surface of the closure material. Thus, any insertion of a
      cutting tool between the guaranty strip and the cap as frequently observed
      with known closures is definitely precluded, so that a really tamper-proof
      closure is obtained, although the tearing action takes place with the same
      facility as in the known arrangement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Now a detailed description of the lower portion of the mould for
      manufacturing the closure according to this invention and the closure thus
      obtained will be given with reference to the attached drawing, in which:
PAR  FIG. 1 is a fragmentary radial section showing the closure portion
      comprising a skirt with one or a plurality of internal ribs;
PAR  FIG. 2 is a fragmentary diagrammatic section showing the corresponding
      portion of a shell mould of conventional design for manufacturing this
      type of closure;
PAR  FIG. 3 is a fragmentary section of a closure according to the present
      invention;
PAR  FIG. 4 is a section showing the lower portion of the mould for
      manufacturing the closure according to this invention;
PAR  FIG. 5 is a sketch showing in section the lower portion of the mould after
      the ejection step, and
PAR  FIGS. 6, 7 and 8 are other sketches to which reference will be made for
      explaining the mode of operation of the mould modified according to the
      teachings of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is concerned with a plastic closure of the
      tamperproof and captive type, comprising (see FIG. 1) a bottom 15 of any
      desired configuration, for example flat, bulged, etc. with or without an
      internal skirt 27 and an external skirt 14 comprising in turn at about
      mid-height on its outer surface a partially tearable guaranty strip 16
      obtained by simply forming thinning lines 14a, 14b, the other portion of
      this strip constituting a hinge; besides, the internal surface of the
      skirt comprises two or more peripheral ribs or beads 18, 19 adapted to
      engage the lower portion of corresponding beads or ribs formed on the neck
      of the container (not shown) to be stopped by means of this closure.
PAR  The use of an injection press and shell moulds is necessary for
      manufacturing closures of the above-described type.  In fact, to strip the
      above-described closure out from the mould, the shells 21 provided between
      the upper mould section 20 and the ejection ring 22 must be moved away
      from each other, the injection taking place between the core 23, the upper
      mould section 20, the shells 21 and ring 22. These moulds are very
      expensive, for the mutual fitting of parts along the joint plane 24, at
      the bottom and in the centre, requires a high degree of precision and the
      least leakage under the injection pressure causes inevitably burrs to
      develop on the stripped moulded article.
PAR  The closure according to the present invention departs from the one
      described hereinabove in that the guaranty strip 16 is obtained by
      properly shaping the inner surface of skirt 14 along circular thinning
      lines 14a and 14b, from the inside instead of from outside. In other
      words, the two thinning lines 14a and 14b are formed at the top and base
      of strip 16, respectively, on the internal surface of the closure skirt,
      the outer surface thereof remaining plain (see FIG. 3).
PAR  As clearly shown in the drawing, this improvement entails a better external
      appearance of the closure and prevents the insertion of a tool between the
      guaranty strip and the upper portion of the closure.
PAR  With this novel structure, it is possible to dispense with the use of
      shell-type moulds. However, means must compulsorily be contemplated to
      permit the release of the closure from the lower portion of the mould
      after the injection of plastic material performed between the upper and
      lower portions.
PAR  To this end, the mould according to the present invention (FIG. 4) for
      manufacturing the closure depicted in FIG. 3 comprises an upper portion 20
      with the injection nozzles 30 and the known components associated
      therewith, and a lower portion. This lower portion comprises a movable
      plate 1 having as many gauged orifices as there are impression cavities in
      the mould structure, an underlying fixed guide plate 2, the movable
      ejector supporting plate 3 also disposed thereunder, the central core 9, a
      base plate 5 supporting the core 9, the ejection compensation plate 6 and
      the ejection ring 7 rigid with plate 3.
PAR  The compensation plate 6 is adapted to actuate with the proper timing the
      push member 11 of the impression plate 1, and a coil compression spring 12
      interposed between the supporting plate 3 and compensation plate 6 is
      adapted to push the supporting plate 3 for actuating the ejection ring 7.
PAR  According to this invention, the ejection ring 7 is guided from inside by
      means of a sleeve 8 adapted to slide freely on core 9 and provided at its
      base with a heel 8a adapted to slide in a groove 4a formed at the base of
      the fixed, core-supporting plate 4. The height A of this groove 4a is
      equal to the thickness of the impression plate 1 and corresponds to the
      height of the lower portion of the closure skirt.
PAR  The method of manufacturing a closure by means of this modified mould will
      now be described hereinafter with reference to FIGS. 5 - 8 of the
      drawings.
PAR  In FIG. 5 the mould is shown without its upper portion. The lower portion
      comprises a core 9 and the ejection ring 7 guided from within by the
      sleeve 8 and from outside by aligned bores formed in the fixed plate 2 and
      impression plate 1. The closure 14, 15 is positioned on the sleeve 8
      sliding on the fixed core 9 after the injection step between the upper and
      lower mould portions.
PAR  FIG. 6 corresponds to the first ejection stage. The upper portion of the
      mould is removed, and a force F is exerted on the compensation plate 6 to
      compress the spring 12, whereby this spring will force the plate 3 rigid
      with the ejection ring 7 upwards.
PAR  The upper portion of this ring 7 engages and pushes the skirt 14 of the
      closure outwards. The sleeve 8 clamped by the rib or ribs 19 formed on the
      closure is driven upwards through a distance corresponding to the stroke A
      by sliding on the fixed central core 9.
PAR  At the end of this stroke A, the sleeve 8 is stopped by its heel 8a and
      thus the lower portion of skirt 14 is level with the top surface of
      impression plate 1.
PAR  The mould is then in the position shown in FIG. 6.
PAR  FIG. 7 corresponds to the second ejection stage.
PAR  The force F is still urging the compensation plate 6 upwards and the sleeve
      8 is still retained by its heel 8a. The plate 1 pushed by push member 11
      rises jointly with the ejection ring 7 rigid with plate 3; thus, the
      impression plate 1 engages the just released closure skirt 14 and the
      latter is again pushed upwards by both plate 1 and ejection ring 7,
      whereby the closure is forced away from the ribs of sleeve 8.
PAR  It may also be noted that the closure is pushed in its central portion by
      the axial valve 10 reacting in turn against the compensation plate 6.
PAR  During this second ejection stage the ejection proper takes place along the
      stroke B. This distance B corresponds to the permissible free movement of
      ejection ring 7 along sleeve 8 and also to the collar height of skirt 14.
PAR  Therefore, the total stroke of ejection plate 3 corresponds to A + B, i.e.
      to the height of the closure skirt plus the collar height. Thus, the top
      surface of supporting plate 3 carrying the ring 7 engages the lower face
      of the fixed plate 2 and the ejection by means of ring 7 is stopped; under
      these conditions, the mould is in the position shown in FIG. 7.
PAR  As the compensation plate 3 continues its upward movement, the plate 3
      prevented from rising beyond the position illustrated by the fixed plate 2
      causes the spring 12 to be compressed, and only the impression plate 1 is
      pushed upwards together with the axial valve 10, whereby the closure is
      released completely.
PAR  Any risk of jamming the ejection ring 7 between the closure skirt 14 and
      the core sleeve 8 is positively precluded, since this ejection ring 7 is
      no more operative. During the preceding or first period of the ejection
      this jamming was also positively precluded since the ring 7 was retained
      internally between the shaped sleeve 8 and the bores formed in the
      impression plates 1 and guide plates 2.
PAR  Of course, all the steps described hereinabove take place as a continuous
      movement.
PAR  A blast of compressed air delivered for example through a passage 26 along
      the axial valve 10 may be used for ensuring a complete ejection of the
      moulded closure while preventing the latter from falling back and
      interfere with the valve.
PAR  The various elements of the mould are restored to their initial positions
      as a consequence of the pressure exerted thereon when reclosing the mould,
      this pressure being applied to the plate 1 and through pushers acting on
      plate 3.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. Mold for manufacturing a plastic closure comprising an external skirt
      formed with internal ribs corresponding to the ring portion and grooves of
      the neck of the container to be stopped, and bounding a guaranty strip
      partially tearable due to circular thinning grooves formed on the inner
      surface of said skirt, said mold comprising a compensation plate, a fixed
      base plate overlying said compensation plate, a sliding plate above said
      fixed plate, a resilient pusher between said base plate and said sliding
      plate, a cylindrical ejection ring solid with said sliding plate, a
      cylindrical core solid with said base plate, a shaped sleeve adapted to
      slide freely on said core and guided by an integral heel portion, said
      ejection ring being movable through a height equal to that of said notch
      formed in said base plate, a fixed plate disposed above said supporting
      plate and comprising holes for guiding said sleeve and ejection ring, an
      impression plate disposed above said fixed plate and formed with holes
      corresponding to the holes of said fixed plate, a push member secured to
      said impression plate and adapted to be actuated by said compensation
      plate, and a chamber defined between said impression plate and said
      sliding sleeve above said ejection ring and into which the plastic
      material is adapted to be injected.
NUM  2.
PAR  2. Mold as set forth in claim 1, wherein the distance between said ejection
      ring supporting plate, in the inoperative position thereof, and the
      overlying fixed plate above which the impression plate is adapted to
      slide, is equal to the height of the notch formed in said base plate plus
      the height of the closure skirt, whereby when said push member has pushed
      the ring solid with said shaped sleeve to the ejection position can
      actuate said impression plate for releasing the closure skirt from the
      shaped portion of said sleeve.
NUM  3.
PAR  3. Mold as set forth in claim 1, wherein the height of the base plate
      cavity which determines the stroke of said ejection ring is equal to the
      thickness of said impression plate, to the relative spacing between said
      compensation plate and the push member shank in the inoperative position,
      and to the height of the closure skirt.
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ABST
PAL  A die-cast peripheral housing for the rotor of rotary combustion engines,
      having cast-in passages for liquid cooling, the passages providing optimum
      wall thickness and coolant flow at the region of high heat input.
PARN
PAR  This is a division of application Ser. No. 489,595, filed July 18, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to rotary combustion engines of trochoidal type, and
      more particularly to a die-cast rotor housing having liquid cooling means
      for such engines.
PAR  In rotary engines of this type the pattern of heat flux is not uniform
      around the periphery of the engine, because each of the various phases of
      the engine cycle always takes place adjacent to the same portion of the
      housing. As a result, the peripheral shell in the region in which the
      combustion phase occurs has a much higher rate of heat input than other
      portions of the shell. This was recognized in U.S. Pat. No. 3,007,460 to
      Bentele, Jones, and Sollinger, issued Nov. 7, 1961. In that patent axial
      passages for flow of liquid coolant through the double-walled peripheral
      shell are provided, there being more of such passages in the
      circumferential zone wherein combustion occurs.
PAR  The inner wall of the peripheral shell requires a certain thickness at its
      side faces both radially inward and outward of the coolant passages for
      the provision of gasket grooves, and in the prior art this thickness was
      carried uniformly across the axial width of the shell, that is, the
      passages went straight through in the axial direction. It was not
      recognized that the pattern of heat flux also varies axially across the
      width of the shell, with the highest heat input at the midplane between
      the side walls. An inner wall of constant thickness makes no provision for
      this circumstance, with the result that the thickness required to
      accomodate the gaskets, when carried straight across, leaves the thickness
      at midplane too high to permit cooling at that point to the desired
      temperature of the working surface. Also, uneven cooling may cause
      distortions and occasional cracks, as well as undesirable wear and erosion
      of the inner surface.
PAR  In the copending U.S. application of Charles Jones, Ser. No. 489,825 filed
      July 18, 1974, now abandoned and having a common assignee with the present
      invention, provision is made for balanced heat removal from the shell in
      accordance with the axial pattern of heat flux, by making the inner wall
      of the shell in the region of high heat input thinner at the axial
      midplane of the shell than at its axial edges. That invention, however,
      contemplates only sandcasting of the shell, which is the conventional way
      of forming such elements of a rotary engine.
PAR  Sand-casting is a slow and relatively expensive mode of fabrication, and it
      is desirable to form the shell by means of diecasting, which would greatly
      increase production and lower costs. It has heretofore been impracticable
      to form by die-casting a peripheral shell of a rotary engine wherein the
      generally axial coolant passages are canted radially inwardly from their
      axial ends toward the midplane of the shell in order to reduce the inner
      wall thickness at that location. When a casting die is opened to discharge
      the product, the several parts of the die must each be retracted only in a
      straight line. Since the coolant passages of a peripheral shell are
      circumferentially disposed around the generally annular housing, and since
      the axial ends of such canted passages are disposed further radially
      outwardly than at the midplane of the shell, normal die-casting practice
      would require a die with a separately movable finger or slide from each
      side to form each passage, each such slide being retractable along its own
      axis. The cost of such a die and the associated mechanism for withdrawing
      each finger separately along a different line would be prohibitive and
      would more than offset the savings ordinarily realized by die-casting.
PAR  The present invention overcomes these difficulties.
PAC  SUMMARY
PAR  The present invention provides a die-cast double-walled peripheral housing
      shell for rotary combustion engines of trochoidal type, having generally
      axially disposed coolant passages between the double walls thereof, the
      axially outer ends of the passages being disposed further radially
      outwardly than the midportions of the passages to provide a thin-sectioned
      inner wall at the midportion of the shell, and a means of die-casting the
      shell with a minimum number of mold parts. Provision is also made for
      forming the coolant passages with a smaller cross-section at the midplane
      of the shell than at the axial ends of the passages, in order to
      accelerate coolant flow at the center where heat input is highest and
      thereby minimize temperature variation across the shell. The die-casting
      is performed in a permanent mold by pressure die-casting, by gravity-fed
      pressure casting, or by centrifugal casting.
PAR  It is an object of this invention to provide a die-cast peripheral rotor
      housing for a trochoidal rotary engine.
PAR  It is another object to provide a die-cast rotor housing having generally
      annular double walls with coolant passages extending in a generally axial
      direction between the walls thereof, at least some of the passages having
      their axially outer ends disposed further radially outwardly than the
      midportion of the passages so that the shell inner wall is thinner at the
      midportion than at the side faces.
PAR  A further object is to provide such a housing shell wherein the coolant
      passages have a smaller cross-section at the midportion than at their
      ends, to accelerate coolant flow in the midportions.
PAR  Still another object is to provide a multipart permanent mold for forming
      such peripheral shells.
PAR  Other objects and advantages will become apparent on reading the following
      specification in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view along the axis of the generally annular, double-walled
      peripheral shell of the invention;
PAR  FIG. 2 is a diagrammatic view and graph showing the relative rates of heat
      input to the peripheral shell in the axial direction in certain portions
      of the shell;
PAR  FIG. 3 is a cross-sectional elevation of an assembled permanent mold for
      forming the shell;
PAR  FIG. 4 is a fragmentary cross-section in elevation taken on line 4--4 of
      FIG. 1 and showing one of the coolant passages;
PAR  FIG. 5 is a similar view showing another embodiment of the shell with a
      coolant passage of modified form;
PAR  FIG. 6 is a similar view taken on line 6--6 of FIG. 1 and showing one of
      the coolant passages in the portion of the shell wherein the inner wall is
      not thinned, and
PAR  FIG. 7 is a cross-sectional view taken substantially along line 7--7 of
      FIG. 3, on a somewhat smaller scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a view of the side face of a peripheral shell or rotor housing
      11 of a trochoidal engine of two lobes, although it will be understood
      that this invention is also applicable to such engines having other number
      of lobes. The shell 11 has an inner trochoidal surface 12 and comprises a
      generally annular diecast member having double walls spaced apart radially
      by ribs or webs 13, and generally axially oriented coolant passages 14 and
      14a extending from side to side of the shell between the double walls and
      spaced apart circumferentially by webs 13. The shell may be provided with
      a peripheral inlet port 16 and a peripheral outlet port 17 extending
      generally radially through the shell as shown, but it may be preferred to
      have either of such ports in one or both of the engine side walls 18
      (shown in FIG. 2) which close the shell to form the engine cavity.
PAR  Each side face of the shell may also be provided with circumferential
      gasket grooves 19 disposed radially inside and outside the coolant
      passages, but alternatively may have the channels 19a for the gasketing
      arrangement shown in FIG. 5. One or more bosses 25 for spark plugs, fuel
      injectors, or other uses may also be provided, disposed at appropriate
      locations.
PAR  The circumferential brackets A, B, C, and D surrounding the shell 11 denote
      zones of heat input to the shell, zones A, B, and C collectively
      comprising the region of highest heat input. During operation of the
      engine a fresh charge of fuel-air mixture, or air for subsequent injection
      of fuel, is taken in through the inlet port. Bracket A delineates
      approximately the region of highest compression of the engine, wherein
      combustion is initiated. Zone B is the region of initial expansion of the
      burning gases, and zone C is the region of final expansion before
      discharge of the gases through the exhaust port. Zone D comprises
      principally the region of intake of fresh charge and the beginning of
      compression, wherein heat input to the shell from the interior of the
      engine cavity is negligible, but wherein the shell walls receive some heat
      by conduction from the regions where combustion takes place.
PAR  In an assembled engine the shell passages receive the coolant from headers
      or other channels in a side wall and discharge it to similar channels in
      the opposite side wall. Coolant from pumping means is introduced into the
      system usually at the beginning of the hot zone, and all the passages are
      interconnected for flow of the coolant back and forth serially through the
      circumferentially disposed passages of the shell until taken off to a
      radiator. For this reason the shell passages 14 in the hot region have
      small cross-sections to accelerate the flow, and are numerous to provide
      adequate cooling. Passages 14a in the cool zone D may be fewer in number
      and of larger cross-section to accommodate the total flow, high velocity
      being of less importance in the cool zone. The number and proportions of
      coolant passages 14 and 14a shown in FIG. 1 are not intended to be
      specific, but only to illustrate a general relation.
PAR  The variant circumferential distribution of heat input to the shell is
      provided for in the distribution of the coolant passages, but heat input
      in the hot region collectively denoted by the brackets A, B, and C also
      varies in the axial direction, across the width of the shell. This is
      shown by the schematic representation of FIG. 2. The peripheral shell 11
      and the side walls 18 are fragmentarily shown, with a general curve 21
      representing the pattern of heat distribution to the shell in the axial
      direction. From the curve 21 it will be seen that the highest rate of heat
      input to the shell in the axial direction is approximately at the midplane
      22 between the side walls 18, dropping off to a noticeably lower value in
      the vicinity of the side walls.
PAR  The peripheral shell 11 is formed of metal, and in sandcastings of the
      prior art has commonly been formed of iron or an aluminum alloy. For speed
      of production and resultant economy it is preferable that it should be
      die-cast in a permanent mold, of one of the die-casting alloys such as
      aluminum or magnesium. If the coolant passages were straight in the axial
      direction from one side of the shell to the other, the production of a
      suitable die would present no problem. The side elements of the mold would
      each have a plurality of axially extending fingers which would meet at the
      midplane of the shell, and after the casting shot the side elements of the
      die would be retracted in the straight axial direction, leaving passages
      formed by the fingers.
PAR  However, in the region of high heat input to the shell, that is, zones A,
      B, and C, it is desirable to have the inner wall of the shell thinner at
      the midplane than at its edges in order to remove heat therefrom in
      accordance with the pattern of axial heat input shown in FIG. 2, thus
      minimizing temperature variation across the shell. This is accomplished by
      providing the mold 23 shown in FIG. 3.
PAR  Mold 23 is a multipart die having a pair of side pieces 24 each having a
      projection 26 of trochoidal profile protruding axially inwardly and
      meeting at the midplane of the mold cavity. These projections 26 define
      the trochoidal inner surface 12 of the completed shell casting. After
      solidification of the casting, side parts 24 are retracted in the straight
      axial direction, as shown by the broad arrows. The draft angle on
      projections 26 need only be very slight, and has been somewhat exaggerated
      in the drawings. For a draw of one inch a taper of about 1/2.degree.
      between the axis and the surface is sufficient; for a draw of about 3
      inches a taper of approximately 1.degree. is suitable. For longer draws
      the taper may be appropriately increased.
PAR  The remainder of the mold comprises a plurality of circumferential pieces
      which collectively close around the side pieces 24 and their trochoidal
      projections 26 to define a generally annular mold cavity 27.
      Circumferential pieces 28 have a generally L-shaped cross-section, one leg
      29 of which surrounds and abuts a portion of the circumference of side
      piece 24, the other leg 31 meeting the corresponding leg 31 of the
      opposite circumferential piece which is a mirror image.
PAR  Each leg portion 29 of circumferential pieces 28 has protruding from its
      axial inner surface a plurality of fingers 32 extending inwardly in the
      generally axial direction, and of appropriate size and shape to form the
      coolant passages 14 of the peripheral shell. However, the fingers 32 are
      canted from strict parallelism with the axis, their inner ends being
      radially closer to the axis than their bases, the fingers thus pointing
      slightly inwardly toward a plane parallel with the axis. The fingers
      protruding from each die part 28 have plane surfaces on their inner ends
      and meet the corresponding fingers protruding from the opposite side at
      the midplane of the die, thus providing a thin inner wall of the housing
      shell 11 at the midplane 22.
PAR  Since the fingers 32 are disposed and spaced apart in the circumferential
      direction, it is not practicable to have each finger pointing toward the
      axial line of the mold. Such a disposition would place the fingers in a
      conical array with a different angle for each, requiring a separate die
      part for each finger, each being retractable along a different angle.
      Instead, a certain number of fingers for passages 14 are grouped for a
      single die part. The type of grouping is shown in FIG. 1. The passages for
      zone A can be grouped for forming by a single pair of opposed die parts
      28, a second pair being used for the passages of zone B, and a third pair
      for zone C. All the fingers 32 grouped on any single die piece 28 have
      their own axes parallel to each other and their inner ends slanted toward
      a plane which is approximately a plane including the chord of the
      curvature of the circumferential piece 28 from which they extend. Thus,
      after the casting has solidified in the mold each piece 28 can be
      retracted in a direction parallel with the axes of its fingers, as shown
      by broad arrows in FIG. 3.
PAR  It is to be understood that the groupings for each die part 28 need not be
      precisely those shown under the brackets A, B, and C. The number of
      passages which can be grouped and their circumferential extent depend in
      part on the degree of curvature in any given part of the housing, the size
      of the passages, and the desired thickness of the separating ribs.
PAR  Die parts 28 may also have a pair of circumferential lands 33 protruding
      from the inner faces of legs 29, for forming the gasket grooves 19, one
      land 33 being disposed radially inwardly of fingers 32 and the other land
      radially outwardly of the fingers. The radially outward surfaces of lands
      33 are sloped parallel with fingers 32, in order to offer no resistance
      when the die parts are retracted in a direction parallel with the fingers.
PAR  Other means for forming gasket channels may be provided, as for forming the
      gasket channels 19a of the housing shown in FIG. 5. Channels 19a receive a
      flat circumferential gasket which is apertured at the coolant passages,
      rather than the pair of O-rings or similar gaskets which are installed in
      channels 19. When gasket channels of the form 19a are to be utilized, the
      inner faces of legs 29 of die parts 28 will have flat circumferential
      protrusions of appropriate form and size, with the fingers 32 extending
      from the gasket-forming protrusions. Gasket channels of either form of 19
      or 19a may be provided in either of the housing embodiments shown in FIGS.
      4 and 5.
PAR  The coolant passages 14a being in a generally cooler region of shell 11,
      need not have the inner wall of the shell thinned at the midplane.
      Passages 14a may extend straight through in the axial direction between
      the walls of the shell. In this case passages 14a may be formed by a
      single pair of circumferential die pieces 36, shown at the bottom of FIG.
      3, wherein the fingers 32 extend from the inner faces of die parts 36 in
      the straight axial direction, and the die parts are retracted axially, the
      circumferential curvature of the die part presenting no problem for
      retraction parallel with the mold axis.
PAR  The permanent mold assembly 23 is shown in FIG. 3 as a pressure die-casting
      mold, having a shot sleeve 37 and a ram 38 for injecting molten metal, and
      one or more appropriate venting apertures 39 disposed at convenient
      locations. Knockout pins may also be provided if required. Although shown
      for pressure die-casting, it is to be understood that the permanent mold
      may also be for gravity-fed pressure casting, or that centrifugal casting
      may be employed. Elements for closing and opening the mold are
      conventional and therefore not shown.
PAR  FIG. 4 is a fragmentary cross-section through a portion of a peripheral
      shell 11, showing one of the coolant passages 14. The inner wall of the
      shell is thinnest at the midplane 22, having been formed by the slanted
      fingers 32 of the die parts 28 shown in FIG. 3, but still has enough
      thickness at its axial faces to hold the gasket grooves 19. As shown in
      FIG. 4 the passage 14 has a substantially constant cross-section
      throughout its length, the only variation being that of the draft angle of
      the fingers, which is negligible, being of the order of 1/2.degree. to
      1.degree..
PAR  Although the invention has been described thus far in connection with the
      forming of coolant passages of constant cross-section, it is desirable in
      some instances to have passages of diminished cross-section in the
      midportion in order to accelerate coolant flow in that portion and further
      minimize temperature variation across the shell in the axial direction.
      FIG. 5 shows an embodiment wherein passage 14 has a markedly smaller
      cross-section at the midplane 22 than at the ends. This configuration is
      produced by giving the axes of the die fingers 32 a somewhat greater angle
      of slant toward the chordal plane than in the previous embodiment, and
      tapering off the radially inward sides of the fingers to the desired
      smaller cross-section at their meeting ends in the midplane of the mold.
      There is no tapering of the circumferential sides of the fingers, in order
      that the rib thicknesses and the circumferential width of the passages
      shall remain unchanged, and the tapering of the radially inward surfaces
      requires the higher degree of angularity from parallelism with the mold
      axis, in order that the midportion of the inner wall of the housing shell
      will have the same thickness as the minimum thickness in FIG. 4. Such an
      arrangement also allows the thin midportion of the inner wall to have
      considerable axial extent, as shown in FIG. 5. About one-fourth to
      one-half of the middle portion of the inner wall in such passages may have
      a constant thickness at the minimum value, approximately the middle
      one-third being a convenient proportion.
PAR  The passages 14 of FIG. 5, reduced in their cross-section at the midportion
      by diminishing only their radial dimension in that region, have the
      advantage of gradual increase of the velocity of coolant flow from its
      entrance at one axial end of the passage to the midportion, followed by an
      equivalent decrease of velocity to its exit at the opposite end of the
      passage.
PAR  FIG. 6 shows one of the coolant passages 14a in the cooler portion of the
      shell 11, formed by die parts 36 having fingers extending axially, with a
      straight pull of the die.
PAR  From the foregoing description it will be seen that this invention provides
      a permanent mold-cast peripheral rotor housing for a trochoidal engine,
      the shell being generally annular and having double walls with coolant
      passages extending in the generally axial direction therebetween, the
      inner wall in at least some of the passages being thinner at the midplane
      of the shell than at the axial side faces. Also provided is a method of
      die-casting such a shell, and a permanent mold for practicing the method.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A permanent mold for pressure-casting a generally annular rotor housing
      shell for trochoidal engines, the shell having a longitudinal axis and
      parallel side faces normal to the axis and having an inner wall with a
      trochoidal inner surface and an outer wall spaced radially from the inner
      wall and having a plurality of generally axially oriented passages
      therethrough between the inner and outer walls and spaced
      circumferentially around the shell, the permanent mold comprising:
PA1  a. a pair of opposed side pieces each having a plug of trochoidal
      cross-section projecting inwardly therefrom parallel with the shell axis,
      each plug having a plane face on its projecting end, the plane faces
      meeting at the midplane of the mold, each of the side pieces being
      retractable along the line of the shell axis;
PA1  b. a plurality of opposed arcuate pieces of L-shaped cross-section
      circumferentially surrounding the side pieces, the first leg of each of
      the arcuate pieces being in contact with a side piece and the second leg
      extending to the midplane of the mold and having a plane face meeting the
      opposed plane face of the opposite arcuate piece;
PA1  c. the extending second legs of the arcuate pieces surrounding the
      trochoidal plugs of the side pieces and being radially spaced therefrom,
      the side pieces and the arcuate pieces collectively defining a generally
      annular mold cavity around the trochoidal plugs;
PA1  d. the inner faces of the first legs of each of the arcuate pieces having a
      plurality of fingers extending therefrom in the generally axial direction
      into the mold cavity and meeting like fingers from the opposite arcuate
      piece at the midplane of the cavity, the fingers of at least some of the
      arcuate pieces having their individual axes slanted from each side
      angularly to the mold axis to a position radially closer to the mold axis
      at their meeting point at the midplane; and
PA1  e. the arcuate pieces having slanted fingers being retractable in the
      direction parallel to the finger axes.
NUM  2.
PAR  2. The combination recited in claim 1, wherein the fingers on each arcuate
      piece having slanted fingers have their individual axes parallel to each
      other and nonparallel to the individual axes of the fingers on other
      arcuate pieces.
NUM  3.
PAR  3. The combination recited in claim 2, wherein each of the fingers having
      slanted axes has a substantially constant cross-section throughout its
      length.
NUM  4.
PAR  4. The combination recited in claim 2, wherein each of the fingers having
      slanted axes has a cross-section diminishing from relatively larger at the
      inner face of the first leg of its arcuate piece to relatively smaller at
      its end at the midplane of the mold.
NUM  5.
PAR  5. The combination recited in claim 4, wherein each of the fingers of
      diminishing cross-section has a flat portion on its radially inward side
      approximately parallel to the mold axis, the flat section extending from
      the mold midplane toward the arcuate piece for a distance of about
      one-eighth to one-fourth of the length of the fingers.
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ABST
PAL  Apparatus for modular concrete constructions. The apparatus comprises a
      carriage and a concrete form. It also comprises the combination of a
      concrete form detachably mounted on a portable carriage the former of
      which can be set in place and positioned for pouring. The carriage can
      then be detached from the concrete form, removed for further service and
      later reunited with the form for transport to a new pour position, as
      desired. The concrete form per se is comprised generally of a support
      structure atop which is provided a pour form. The pour form is constituted
      of a central span and, preferably, a pair of upwardly faced troughs
      located on opposite sides of the central span. The central span of the
      pour form can range from flat to highly contoured. The troughs are each
      provided with a plurality of bottom openings, these being formed between
      removable panels. In forming a module, wet concrete can be poured upon the
      central span of the pour form to form a roof, ceiling, or floor while a
      tubular member or column form can be fitted into the openings of the
      troughs at the column locations and wet concrete can be poured therein and
      into the troughs to cast columns and beams for support of the roof,
      ceiling or floor. After the concerete has set the pour form can be
      lowered, the troughs freed by removal of the panels at the columns, and
      the beam forms moved inwardly. The carriage can then be removed to an
      adjacent location for further pouring.
BSUM
PAR  Portable carriages, the upper portion of which is provided with collapsible
      wall structures, or forms, for use in building or repairing arches,
      tunnels, and the like are known to the art. In a typical structure of such
      type, a railway flat car, or similar transportable carriage, is provided
      with a permanently attached elevatable form, usually of oval contour, for
      providing temporary support for stone, brick, concrete block, masonry or
      plastic like masses such as concrete. In a typical construction, a flat
      foundation slab is laid and rails are constructed thereon. The carriage is
      placed on the rails, the material to be used in the repair or construction
      is placed on the form, and the latter is used to elevate and place the
      materials in the proper position for the repair or construction. Where,
      e.g., a tunnel is being constructed of concrete, the wet concrete is
      thrust upward and held in place against the top of the tunnel until the
      concrete has set. The form is then collapsed, perhaps lowered and the
      carriage then moved with the form intact to an adjacent position to form
      another segment of the tunnel.
PAR  Such carriages have proven successful in the past for the repair and
      construction of sewers, tunnels and the like. They have saved time, labor
      and expense, particularly in concrete construction when contrasted with
      the use of forms which must be built and then torn down for each
      individual pour. The devices nonetheless have limited utility, and only in
      recent years have devices of such character been sufficiently improved
      that they have become acceptable in non-tunnel construction.
PAR  In U.S. Pat. No. 3,320,646 to A. H. Wilkins, for example, a portable
      carriage, equipped with an elevated pour section, with pivotally connected
      end portions, is employed for casting monolithic concrete roof structures.
      The roof section or roof modules that are formed are set on prefabricated
      pillars, and the carriage is moved from one pair of prefabricated pillars
      to another as a roof section is formed. This and other such prior art
      devices have their limitations.
PAR  Among the objects of this invention are:
PAR  To provide new and improved apparatus for modular constructions.
PAR  To provide a transportable concrete form with detachable carriage, both of
      unique design, the concrete form of which can be set in place for receipt
      of plastic-like masses such as concrete and the like, for setting and
      converting same to desirable modular construction forms, including not
      only roofs, ceiling, floors and the like, but also beams and columns.
PAR  To provide the apparatus combination such as described wherein the carriage
      can be readily detached from the concrete form, removed for further
      service and later reunited with the concrete form for transport thereof,
      such combination being particularly useful for simultaneously pouring the
      above construction forms, including specifically floors, roofs, beams and
      columns whereupon the form can be released from the set concrete and
      transported by the carriage across a foundation or floor for different
      continous modular pours, and then moved, if desired, to the next upper
      level for further pouring.
PAR  These objects and others are achieved in accordance with the present
      invention the apparatus embodiment of which comprises a concrete form and
      carriage, particularly the combination of a concrete form and detachable
      carriage, as generally described. In operation, the concrete form is
      transported to and set in place by the carriage which is particularly
      adapted by two different sets of wheels, one set mounted at right angles
      to the other, to provide mobility for the setting and alignment of the
      concrete form. The concrete form is comprised of a concrete pour form, or
      forms, mounted on structural elements, including vertical posts supported
      on the carriage frame, by virtue of which the concrete pour form, or
      forms, can be supported and elevated or lowered with respect to the
      carriage, this providing flexibility such that the pour form, or forms,
      can be readily positioned for pouring. In position, the concrete form, in
      a preferred embodiment, is additionally supported by vertical shoring
      members. The carriage can be separated from the concrete form after the
      latter is positioned, removed for further service, and later reattached
      with the concrete form to transport the latter to a new pour position or
      location.
DRWD
PAR  The invention, and its principle of operation, will be more fully
      understood by reference to the following detailed description of a
      specific embodiment, and to the attached drawings to which reference is
      made in the description. In the description, similar numbers are used to
      represent similar parts or components.
PAR  In the drawings:
PAR  FIG. 1 is a side elevation of a preferred type of portable carriage and
      concrete form or concrete form assembly, the preferred combination being
      shown in position for pouring concrete.
PAR  FIG. 2 is a plan view showing the carriage, or carriage assembly, which can
      be used for transport and positioning of a workpiece, particularly the
      concrete form, or concrete form assembly.
PAR  FIG. 3 is a fragmentary isometric view showing the vertical posts, shoring
      members and other telescoping components which constitute the upper
      portion of the concrete form support structure.
PAR  FIG. 4 is a isometric view showing the concrete pan form sections and beam
      forms of the concrete form assembly, or pour forms, installed over the
      supporting members ready for pouring concrete.
PAR  FIG. 5 is a plan view showing a contiguous pair of concrete pan form
      sections ready for pouring a monolithic selfsupporting concrete structure
      including four columns two beams and central span.
PAR  FIG. 6 is an enlarged fragmentary isometric view showing the telescoping
      mechanism for retracting the main beam forms which carry concrete pour
      forms of the type used for forming beams and columns.
PAR  FIG. 7 is an enlarged fragmentary isometric view showing the removable
      section of the concrete pour form at columns used for pouring beams; FIG.
      7A is a plan view of the said removable section at columns; and FIG. 7B is
      a cross-sectional view of said removable section at columns.
PAR  FIG. 8 is an enlarged fragmentary isometric view showing the carriage break
      away unit which allows the carriage to be removed from the concrete form
      support section.
PAR  FIG. 9 is an enlarged side view showing details of the eccentric axle by
      virtue of which the various wheels are attached to the frame member. FIG.
      9A is a front view of the same eccentric axle.
PAR  FIG. 10 is an end elevation view of the carriage and form support frame
      with a preferred type of arch form.
PAR  FIG. 11 is an end elevation view showing the carriage supporting the arch
      form with beam forms replaced with curved section as used to pour tunnels,
      drainage structures, or quonset type building structures.
PAR  FIG. 12 is a fragmentary elevation view showing one of the removable
      vertical support members or shoring members for the beam forms.
PAR  FIG. 13 is a fragmentary elevation view showing one of the vertical support
      members used in supporting the pan form frames.
PAR  FIG. 14 is a diagramatic representation of a series of views showing a step
      by step sequence of lowering the carriage and form assembly for removal
      after concrete has cured sufficiently.
PAR  FIG. 15 is a side elevation view of the carriage described in FIG. 1, used
      for transport of a particularly preferred type of concrete form, or
      concrete form assembly, provided with an overhead pour form for use in
      pouring a concrete roof structure, and vertically oriented pour form for
      use in pouring a concrete wall.
PAR  FIG. 16 is an isometric view of the overhead framework for supporting
      concrete pour form (shown in FIG. 15) which can be used to pour vaulted
      concrete roof structures which range in length of span and in contour from
      circular to elliptical.
DETD
PAR  With reference to FIG. 1 of the drawings, reference character 1 designates
      a concrete slab on grade or the floor slab of lower floors in a
      multi-story building made in accordance with the present invention. The
      horizontally oriented slab 2 is constructed as a unitary member having a
      plurality of horizontally disposed ribbed lower sections, and it is
      abutted by vertically disposed reinforced beam members 3 disposed in
      parallel planes. The beam members 3 are supported by vertically oriented
      columns 0, also made in accordance with the present invention. The
      reinforcing members 3, as well as the horizontal slab 2 and columns 0,
      include internally disposed steel reinforcing (not shown) as is well-known
      in the building art, which reinforces these portions of the floor normally
      in tension. The design of the particular floors will, of course, be varied
      with the requirements of the building, in accordance with established
      engineering procedures, and need not be further elaborated upon in this
      disclosure.
PAR  The apparatus of this invention is comprised generally of a carriage 10 and
      a transportable concrete form support 100. The portable carriage 10 and
      transportable concrete form support 100, which is detachably mounted on
      the carriage 10, are preferably used in combination. The body of the
      portable carriage per se (FIG. 2) is constituted generally of a reinforced
      frame body fitted with wheels, and means whereby the said carriage can be
      attached to a vehicle and towed to a work site. The concrete form support
      100, which is adapted for transport upon the carriage 10, is constituted
      generally of a frame structure on the top of which is supported a pour
      form, including a central portion or span and upwardly faced troughs or
      trough-like members, with a plurality of bottom openings, located
      alongside the central span for receipt of poured concrete. The pour form
      support of the transportable concrete form 100 is constituted generally of
      a central span 4 and upwardly faced troughs or trough-like members 5 for
      receipt of poured concrete. The frame structure per se comprises a
      plurality of telescoping tubular shaped vertical posts 8 secured together
      by supporting horizontal posts which connect to top and bottom portions of
      adjacent vertical posts 8. Diagonal reinforcing members are also connected
      to the bottom and top portions of vertical posts 8, these being employed
      to further support and strengthen the frame structure. Shoring members 9,
      constituted of telescoping tubular members similar in purpose and function
      to vertical posts 8 are also provided to support the troughs 5. Jacks 13
      are provided with the lower terminal ends of each of the several vertical
      posts 8 as well as within the lower terminal ends shoring members 9 which
      are used to support the troughs 5.
PAR  Referring specifically to FIGS. 3 and 4, it will be observed that the pour
      form, which includes central span 4 and upwardly faced troughs 5, rests
      upon and are supported by horizontal beams 6, 7. Beams 7 are parallelly
      alligned, one with respect to another, and are directly perpendicularly
      affixed to the top terminal ends of the innermost tubular members of
      vertical posts 8. Beams 6, on the other hand, are also parallelly alligned
      one member with respect to the other, but lie at right angles to beams 7,
      and are affixed to the upper sides thereof. The beams 6, 7 also contain
      smaller telescoping tubular members 23, 21, respectively. The terminal
      ends of the latter tubular members 21 are U-shaped to support troughs 5,
      and both tubular members 23, 21 are supported by shoring members 9 affixed
      to the ends thereof. The shoring members are particularly useful where, as
      observed by reference to FIG. 4, the troughs 5 are projected outwardly and
      the central span 4, which comprises a concrete form element, are loaded
      with wet concrete.
PAR  The design and function of the vertical posts 8 and the shoring members 9
      are quite similar and accordingly a complete description of one each of
      these elements will describe all of the several elements employed.
      Referring specifically to FIGS. 12 and 13, which describes these members
      in detail, it will be observed that each vertical post 8 and shoring
      member 9 includes a pair of telescoping tubular members 14, 19 (the former
      being of smaller size than the latter) and the length of each member 8 and
      member 9 is adjustable. A jack is located at the lower terminal end of
      each member, a jack including a foot or platform member 11, having a nut
      16 welded on the upper side thereof, which engages with externally
      threaded member 13. The platform member 11 is fastened to the threaded
      member 13 by means of pin 12. Members 15 are nuts attached permanently
      within tubular member 14. Member 13 provides tool-engaging means 16 for
      elongating and contracting the length of vertical posts 8 and shoring
      members 9 by rotation of the said member 13 which moves it upwardly or
      downwardly within the tubular member 14. The telescoping tubular members
      14, 19 are also provided with means for lengthening and shortening the
      vertical posts 8 or shoring members 9. the pins 17 are thus removable
      passing through tubular members 19, 14 and shank members 18, 20. Members
      14, 18 have a plurality of lateral openings within which the pins 17 can
      be fitted or removed thus permitting elongating and contracting vertical
      posts 8 and shoring members 9 in uniform increments. Member 20 is an
      attaching lug or shank which permits attachment of member 19 to beam form
      5. Member 18 is also a lug or shank which is permanently attached to
      member 7.
PAR  The troughs 5 are designed in such manner that both beams and columns can
      be cast simultaneously, the required structural elements of which
      operation is best shown by specific references to FIG. 7, 7A and 7B. A
      trough 5 is thus provided with oppositely desposed paired removable panels
      26, 27 each of which is provided with bottom semi-circular shaped notched
      lower edges and downwardly projected surrounding walls 30 which, when
      fitted together with fastner 29, form a circular opening with an enclosing
      downwardly projecting collar. The panels 26, 27 overall are generally of
      U-shaped cross-section when fitted together and each of the upper edges
      are welded to tubular member 31 to form a contiguous tubular edge member
      25 through which a slightly smaller tubular member 24 can be passed to
      hold or secure the panels 26, 27 in place. By such construction the upper
      portion of a tubular member or column pour form (not shown) can be secured
      within the opening formed between walls 30. The tubular member and the
      trough 5 itself can then be filled with wet concrete to form beams and
      columns. After the concrete has cured the panels 26, 27 at columns can be
      removed by withdrawal of bar 24 and fastner 29. The outer wall
      constituting the tubular column form member can then be removed from the
      concrete columns after which trough 5 can be lowered below the poured set
      of concrete beams and pushed inwardly to clear columns by telescoping
      tubular members 21 back within the members 7.
PAR  In accordance with the best mode of practicing the present invention, in
      preference to manual manipulation, mechanical means are provided wherein
      both troughs 5 can be simultaneously projected or withdrawn, after panel
      members 26, 27 have been removed or swung away from the poured set
      columns. A series of miter gear boxes 32, aligned for convenience upon a
      fixed tubular member 22, are communicated one with another via a shaft 33
      and each can be operated by rotation of the shaft 33 to extend or retract
      the troughs 5. One such unit is described by reference to FIG. 6. A shaft
      37, having threads of opposite cast, can thus be fitted within tubular
      members 7, 21, aligned with the axis of the tubular members via passage
      through bushings 38, affixed within tubular members 7, and threadably
      engaged with nuts 39 affixed within tubular member 21. The shaft 37 is
      fitted with a sprocket 35 and coupled via a chain 36 with a parallely
      aligned drive shaft 34 provided with a similar sprocket 35, the latter
      being driven through a miter gear box 32 affixed upon the tubular member
      22. Rotation of the shaft 33, e.g. by rotation of the nut 40 affixed
      thereon as by operative engagement therewith of a machine tool, will
      produce rotation of shaft 34, and, consequently rotation of shaft 37.
      Rotation of shaft 37 in one direction, on the one hand, will cause tubular
      members 21 to telescope inwardly and, conversely, rotation in the opposite
      direction will cause the tubular members 21 to telescope outwardly.
PAR  The carriage 10, best described by specific reference to FIG. 2, is
      preferably used in combination with the concrete form support 100
      detachably mounted thereon, but is also susceptable for use in other
      services for transporting or positioning other different types of
      equipment or workpieces which need not be described herein. The frame of
      the carriage is constructed of a channel frame 43 resembling a
      parallelogram. The structure of channel members 43 is reinforced by the
      inner channels 43a which are perpendicular to, intersect and connect with
      the side channels 43. Additional structural support is added by channel
      members 49 and 49a. Two independent sets of wheels are mounted on the
      carriage 10. A set, generally, of three wheels 42a, and a second set,
      generally, of three wheels 42b, are rotatably mounted upon eccentric axles
      44 which are secured to frame 43. By utilizing two sets of three wheels
      independently mounted at right angles with one another, the carriage 10
      has infinite mobility for the positioning and alignment of workpieces,
      particularly the concrete form support 100.
PAR  The carriage 10 is engaged to the form support structure at points marked 8
      and 8r as shown by reference to FIG. 2. The means of engagement or
      disengagement from the form support structure is best illustrated by
      reference to this figure and to FIG. 8, the structural elements of which
      are as follows:
PAL  Member 45 is a tubular segment which is permanently attached at a corner of
      frame 43 of the carriage. With the members 45 and 50 engaged and the
      carriage wheels 42 inflated, a foot 11 of each of the vertical support
      members 8 and 8r rests on the floor or foundation. Vertical support
      members 8r are retracted with foot members 11 removed. Member 13 is
      retracted within member 14 and with pin 17 removed member 14 is retracted
      within member 19 (See FIG. 13). The remaining vertical support members 8
      remain to support the weight of the form support structure. The carriage
      10 is separated from the concrete form 100 by deflating tires 42. On
      deflating tires 42, lug 50 will lower and become disengaged with socket 45
      and the carriage can be removed from beneath the form support structure.
      Members 8r are then extended and adjusted to provide further support for
      the concrete form on subsequent pouring of the concrete. Towing eye 48 is
      utilized in manuvering the carriage laterally while tires 42 are
      supporting. Control console 46, mounted on frame 43 is a means of rapidly
      varying air pressure to tires 42a and 42b through air tubing members 47.
      Member 41 is a detachable towing arm utilized in transporting the
      carriage, or both the carriage support structure and concrete form, via
      highway from one jobsite to another with the carriage supported on the
      pair of rear wheels 42a (dual tires optional), while the other wheels are
      retracted.
PAR  A key and novel feature of the present invention relates to the method of
      raising and lowering the carriage 10, and supported concrete form 100, by
      rapid inflation and deflation of the pneumatic tires in combination with
      the adjustable eccentrics on which the wheels are mounted upon the
      carriage. The means by which one set of wheels 42a supports the carriage
      while the other set of wheels 42b is non-supporting, and vice versa, is
      best shown by specific reference to FIGS. 9 and 9A. Each wheel is thus
      affixed to the carriage frame or channel 43 by use of an eccentric wheel
      mounting device such as described by reference to these figures. An
      eccentric member 44 is mounted upon the carriage frame 43 and a spindle
      51, which carries a wheel, is permanently attached to eccentric member 44.
      Eccentric member 44, permanently attached to the bolt 52 which is
      pivotally mounted upon the channel 43 via passage of bolt 52 through the
      bearing element or sleeve 56 mounted within an opening through the
      channel, and the bolt 52 is held in place by the washer 53A and the nut
      53. A collar 54, permanently affixed upon channel 43 on the side of
      channel 43 opposite the eccentric member 44, is slotted at desired
      increments to permit adjustment of the wheels at different levels of
      elevation. In this instance 90.degree. increments are provided, thus
      permitting the spindle 51 to be elevated or lowered by latching the said
      spindle 51 in one or the other of four position levels by passage of the
      pin 55 through the openings formed between the slots of collar 54 and the
      washer 53A, and through an opening through the bolt 52.
PAR  The manner in which a set of wheels is lowered or raised relative to
      another to lower or elevate the carriage 10 is illustrated by reference to
      FIG. 14. Five different positions which illustrate the lowering (or
      raising) of the carriage 10 is described as follows:
PAR  Position 1: This figure illustrates the carriage resting on wheels 42b as
      would be the position of the carriage at maximum height. The sets of
      eccentrics of wheels 42b and 42a are inflated and are in the down
      position.
PAR  Position 2: The tires of wheels 42b are deflated until the carriage weight
      is supported on wheels 42a. As soon as wheels 42a are supporting the
      weight the eccentrics of wheels 42b are loosened and 42b is reinflated and
      42a partially deflated causing 42b to rotate 90.degree. to the horizontal
      position, and the eccentrics on 42b are then locked in this position.
PAR  Position 3: The tires of wheels 42a are further deflated until the carriage
      weight is again supported on wheels 42b. The eccentrics of wheels 42a are
      loosened and 42a is reinflated and 42b partially deflated causing 42a to
      rotate 90.degree. to the horizontal position and the eccentrics on 42a are
      locked at this position.
PAR  Position 4: The tires of wheels 42b are again further deflated until the
      carriage weight is supported by wheels 42a. The eccentrics for wheels 42b
      are loosened and 42b is reinflated and 42a partially deflated causing 42b
      to rotate 90.degree. to the up position and the eccentrics on 42b are
      locked at this position.
PAR  Position 5: The tires of wheels 42a are again further deflated until the
      weight of the carriage is supported on wheels 42b. The eccentrics for
      wheels 42a are then loosened and 42a is reinflated and 42b deflated
      causing 42a to rotate 90.degree. to the up position and the eccentrics on
      42a are locked at this position. Further lowering can be done by deflating
      the tires of wheels 42b.
PAR  To elevate the carriage the above procedure is merely reversed. In order to
      accomplish the above procedures rapidly an air console 46 design will
      incorporate two levers with deflate, inflate, and off positions, so each
      set of 3 tires can be inflated or deflated simultaneously.
PAR  In an operation, the concrete form support 100, mounted on the carriage 10,
      is brought to a job site for use usually after the columns, footings, or
      foundations and floor slab 1 has been completed. An initial concrete
      module comprising a roof, ceiling or floor supported upon columns and
      beams is begun after the concrete form support 100 has been set in place,
      detached from the carriage, supported and positioned for pouring as
      described. The carriage 10 is disengaged from the concrete form 100 and
      can be used to transport and position other concrete forms for pouring.
PAR  When the concrete has sufficiently cured to be self-supporting the carriage
      10 can be re-engaged with the concrete form support structure 100 by
      reversing the removal procedure described above, as suggested. The
      concrete form support structure is then lowered so the beam forms or
      troughs 5 will pass below the poured concrete beam as described and
      illustrated by reference to FIG. 14. The removable sections of the troughs
      5 at columns (FIG. 7) are removed allowing the said troughs 5 to be
      retracted as described in conjunction with FIG. 6. The carriage is then
      moved to the next position and aligned with the previous construction by
      over-lapping the concrete pour forms over concrete previously poured. The
      beam forms or troughs 5 are then extended outwardly and the form supports
      are then raised to the proper height, the removable trough or beam form
      sections of columns are reinstalled and the carriage can be disengaged for
      use with other form sections.
PAR  Modified designs of the concrete form support, in association with the
      carriage previously described or a somewhat modified version thereof, are
      shown by reference to FIGS. 10 and 11. The principle difference between
      these designs and those previously described relates to the use of a
      highly contoured or semi-circular arch upon which a roof or ceiling is to
      be poured, and the difference in structure by virtue of which the beam
      forms or troughs are disengaged or freed from the poured concrete beams
      and columns.
PAR  Referring specifically to FIG. 10, it will be seen that the carriage 10 and
      shoring elements 8, 9 are as previously described, but herein are utilized
      with posts 57, 58 to support the members 59 which are rolled in a
      semi-circular arch. The members 60 are permanently attached to members 59
      and run in perpendicular planes thereto. The troughs or beam forms 61
      readily fit upon previously shaped concrete beams 62, and hence continuous
      pouring of modular shapes by moving the concrete form is quite feasible.
      The trough or beam form 61 is hinged to the arch shaped member 59 via
      hinge 63 and can be readily swung free of the poured concrete beams and
      posts after the concrete 67 has set, as shown in phantom. The hinge 63 in
      the final position is braced with member 64 secured with pins 65. Member
      61 is lowered by removing pins 65 and member 64. Member 61 is interrupted
      at equal intervals to provide a removable section at column lines similar
      to that previously described and illustrated by reference to FIG. 7.
      Members 59 and 60 form a support for form 66 which may be sheet steel,
      plywood, form-board, etc. after hardening of the poured concrete 67,
      members 61 are lowered and carriage 10 is lowered by deflating tires 42,
      allowing the unit to be repositioned for next disposed section of
      structure. This configuration of the invention is suitable for producing
      concrete buildings with a plurality of arches running parallel to each
      other, these being supported by concrete columns 68 or steel columns, as
      desired.
PAR  A carriage and concrete form support particularly useful for the
      construction of a concrete tunnel or drainage structure is described by
      reference to FIG. 11. The carriage in this instance is provided with only
      a single set of wheels 42 and, since high elevation of the arch member 59
      is unnecessary shoring posts 8 are not needed, and there are no troughs or
      beam forms. Referring specifically to the figure it will be observed that
      the basic difference between the structures relates only to the hinged
      lower section of the arch form by virtue of which the arch can be freed
      from the poured concrete and moved from one location to another, or
      positioned for the pour. It will be observed than the pivotable section 70
      is adjoined to member 59 via a hinge, and it is braced with member 69 and
      secured in place with pins 65. Eye bolt 73 is embeded in slab 75 to attach
      form 71 at its lower end. Bolt 72 with nuts 76 support the upper end of
      form 71. After hardening of the concrete, the assembly is lowered by
      permitting the member 70 to swing inwardly and lowering carriage 10 by
      deflating tires 42 for movement of the assembly to next disposed section.
      Forms 71 are removed and eyebolt 74 and bolt 72 remain in the concrete
      structure. Carriage 10 utilizes the break-away feature shown in FIG. 8.
PAR  Referring to FIG. 15, there is shown in combination a carriage 10 and
      concrete form support 100, as described by reference to FIGS. 1 and 2. A
      particularly preferred type of overhead pour form support 110, shown in
      greater detail in FIG. 16, however, replaces the pour form support shown
      in FIGS. 1, 10 and 11. Pour form support 110, as shown by reference to
      FIGS. 15 and 16, is constituted of a plurality of horizontally oriented
      beams 111, each rigidly affixed and supported upon a plurality of
      vertically oriented posts 112 which fit inside of, and telescope within,
      tubular posts 8 of concrete form support 100. The pour form support 110
      also includes a plurality of posts 113 which are projected radially
      outward, generally from a common support member centrally located on a
      horizontal beam 111. The pour form support 110 includes a plurality, i.e.
      at least two, and preferably three, of the horizontal beams 111, serially
      aligned, parallel one to another and on each of which is provided a series
      or bank of radially aligned posts 113, (provided with lateral opening, not
      shown) e.g., a bank containing eleven in number of the posts 113, each
      separated one from the other by a 15.degree. angle. The individual posts
      113 of a given bank, or series, are aligned in a common plane, and the
      planes formed by the posts 113 of each bank, or series are arranged in
      parallel. Horizontally oriented tubular beams 115, provided with vertical
      posts 114, containing perforations, or lateral openings (not shown),
      adjoin the radial posts 113. The vertical posts 114 fit inside and
      telescope within the radial posts 113 so that the parallel aligned
      horizontal tubular beams 115 form an adjustable base for supporting
      concrete form board 108 (wood, fiberglass, or plastic) to provide surface
      for pouring wet concrete thereon. The width of the base formed by
      horizontal beams 115 can be readily attached to similar framework shown in
      FIG. 16 by extending and fitting the smaller diameter tubular beams 116
      within the horizontal beams 115 and fastening beams 115 and 116 together
      by use of bolts. By this method a series of concrete form supporting
      structures (FIG. 16) can be attached together and aligned to form a
      relatively long vaulted concrete form for pouring wet concrete thereon.
      The horizontal beams 117 and the bracing members 118, 119 are added for
      structural support.
PAR  A key and novel feature of the overhead pour form support 110 is that the
      individual beams 115 can be moved independently inwardly or outwardly to
      form a wide range of sizes and varying shaped vaulted roofs. Suitably, the
      heights of the individual beams 115 are adjusted for a pour, at a
      preselected contour, and the individual beams 115 held in place via the
      use of bolts or pins (not shown) which are passed through spaced openings
      (not shown), located at optional desired distances apart, contained within
      posts 113, 114 through which the pins are passed, in the manner in which
      the members are adjustably joined together at desired positions, as
      described by reference to FIGS. 12 and 13. In referring to FIG. 15 it will
      thus be observed that a series of the structural combinations defined by
      concrete form support 100 and pour form support 110 are secured together
      to form adjoining modular concrete units separated one from another by
      beams 3 and columns 0 and the carriage 10 is located beneath the structure
      defined by concrete form support 100 and pour form structure 110 which
      supports the central span of the roof 2. Thus, the framework of concrete
      form support 100 is linked to similar adjacent structures via tubular
      sections 131, 132 which telescope or fit inside the horizontally oriented
      tubular members 123.sup.1, 124.sup.1, of adjacent concrete form support
      100.sup.1. It will also be observed that tubular beam members 135, 136 are
      attached to and supported by vertical support member (FIG. 13) making up
      the complete beam support structure. The lowermost oppositely disposed
      beams 115 and beams 135, 136 are provided with a series of holes for bolts
      to rigidly secure these members in place while concrete is poured.
PAR  By virtue of this novel structural combination once the concrete has set it
      is but a simple matter to unfasten tubular beams 115 from beams 135, 136,
      slide tubular sections 131, 132 into the horizontally oriented tubular
      members 123.sup.1, 124.sup.1 of concrete form support 100.sup.1 and then
      remove or slide the vertically oriented pour form out of the way so that
      the vaulted portion of the concrete pour form support 110 can be lowered
      simply by deflating the tires 42 of carriage 10. The form is thus
      separated from the thin shell vaulted concrete structure and moved to new
      pour position. The vertical support structure under beam 3 remains in
      place for a longer period as required for proper curing.
PAR  The concrete form support 100, as shown by reference to FIG. 15, is also
      provided with a vertically oriented pour form 120 which can be used in
      pouring concrete walls. Referring to FIG. 15, there is thus shown a
      plurality of horizontally aligned posts 121 at an upper level, and a
      plurality of horizontally aligned posts 122, at a lower level of
      elevation. The posts 121, 122 are of relatively small cross-section, each
      set of posts 121, and each set of posts 122 fitting and telescoping within
      a set, or plurality, of horizontally oriented tubular members 123 and 124,
      of larger cross-section respectively, which form a portion of the
      framework of concrete form 100. Cross bars 125, 126 are fitted
      perpendicularly across the terminal ends of posts 121, 122, respectively,
      these members being affixed to and supporting a plurality of vertically
      oriented tubular members 127 upon which a concrete pour form 128 can be
      secured. Suitably, the concrete pour form 128 is held in place upon the
      members 127 via short, small diameter bar segments 129, 130 which are
      secured to the concrete pour form 128 and telescope within the vertically
      aligned tubular members 127. The surface of the concrete pour form 128 may
      be flat or provided with crests and troughs to provide a suitable
      structural wall using less concrete. Concrete to be applied on concrete
      pour form 128 using suitable concrete pump.
PAR  It is thus understood that the invention is a highly useful means and
      method for constructing reinforced concrete buildings, tunnels,
      underground shelters or drainage structures utilizing a relatively small
      number of forms in succession to construct individual sections of the
      structure, the forms being removable as the concrete supported thereby
      becomes sufficiently hard to support itself. Practically all of the
      available forms may be used simultaneously and continuously, with a
      minimum of idle time, whereby both material and labor savings are effected
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A concrete pour form support for use in pouring of vaulted type roofs
      which is mounted on a transportable type carriage for moving as a unit
      from one job site to another, which concrete form support can be detached
      from the carriage, removed for further service and later reunited with the
      carriage for removal to a new pour position, the combination comprising
PA1  a horizontal frame assembly wherein is included a plurality of parallelly
      aligned, horizontally oriented beams, which lie in a common plane,
PA1  a plurality of vertically oriented posts affixed upon each of the said
      beams, each post being extended downwardly for attachment to the carriage,
PA1  a plurality of parallel sets of aligned tubular posts, the number of
      tubular posts in a set being substantially equal, the posts of each set
      radiating outwardly from substantially the center of the parallelly
      aligned, horizontally oriented beams constituting the horizontal frame
      assembly,
PA1  a plurality of cross-bars corresponding in number with the number of
      tubular posts in a set which radiate outwardly from a beam located in the
      horizontal frame assembly, each cross-bar containing a plurality of
      downwardly projected, perpendicularly attached members which provide a
      telescoping fit with the tubular posts of the parallel sets of aligned
      tubular posts so that the said cross-bars can be adjusted inwardly or
      outwardly with regard to the aligned tubular posts to provide a surface
      which can be covered and rendered suitable for pouring thereon vaulted
      type concrete roof structures ranging in length of span and in contour
      from circular to elliptical.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the aligned tubular posts affixed upon
      the horizontal frame assembly, and the downwardly projected, perpendicular
      members of the cross-bars are telescoping members, and locking means are
      provided whereby the individual cross-bars can be raised, lowered and
      locked to vary the contour of the concrete pour form.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the aligned tubular posts and the
      downwardly projected, perpendicular members of the cross-bars are each
      provided with a plurality of lateral openings through which pins can be
      passed to lock the concrete pour form support at the desired location.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the cross-bars which are mounted upon
      said parallel sets of aligned tubular posts are tubular, and contain a
      telescoping tubular member mounted thereon which can be adjusted inwardly
      or outwardly thereon to vary the width of the concrete pour form.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the horizontal frame assembly of the
      concrete pour form support includes three of the horizontally oriented
      beams, secured one to another by suitable braces, at the center of each
      beam is provided a bank of eleven aligned tubular posts located in a
      common plane and separated from one another by a 15.degree. angle, and
      there is provided eleven cross-bars one for extension across three
      parallelly aligned members of the parallel sets of aligned tubular posts.
NUM  6.
PAR  6. The apparatus of claim 5 wherein each of the cross-bars is tubular, and
      tubular beams are carried by each of the cross-bars and telescoped
      therewith such that said tubular beams can be adjusted inwardly or
      outwardly thereon to vary the width of the concrete pour form support.
NUM  7.
PAR  7. The apparatus of claim 5 wherein the three horizontally oriented beams
      which form the horizontal frame assembly each carry a plurality of
      vertically oriented posts of tubular design, each extended vertically
      downwardly for attachment to tubular posts located on the carriage.
NUM  8.
PAR  8. The apparatus of claim 5 wherein each of the aligned tubular posts are
      joined together at the specified angle by suitable braces.
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ABST
PAL  A pipeline comprises plastic pipe lengths interconnected by plastic
      couplings with telescoped joints and with plastic valves in each coupling.
      The pipeline is enclosed and supported by an adjustably suspended sheet
      metal housing assembly with a charged wire thereon to keep off fowls.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a divisional application of application Ser. No. 208,750, filed on
      Dec. 16, 1971, now U.S. Pat. No. 3,826,467, which in turn was a divisional
      application of application Ser. No. 888,594, filed Dec. 29, 1969, now U.S.
      Pat. No. 3,664,305, for Extendible Watering System for Fowls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Raising fowls profitably on a commercial scale involves the use of plastic
      pipelines, usually hundreds of feet long, equipped with numerous spaced
      drinking cups that dispense water in response to pecks by the fowls.
      Bearing in mind that low profit margins make it mandatory to minimize
      labor costs, such a water system should be capable of being easily and
      quickly installed and just as easily serviced and repaired when necessary.
      The watering cups must be capable of being periodically elevated in a
      time-saving manner as the birds mature. Above all, sanitary conditions
      must prevail at low maintenance cost, it being essential to keep the
      watering cups clean and to keep the fowls from perching on the pipeline.
      In addition, all exposed surfaces should be smooth and easily cleaned.
PAR  With further reference to sanitation, it is highly undesirable to lay the
      pipeline on the floor because it becomes an obstacle to freedom of
      movement on the part of the birds and, more important, because the
      underside of the pipeline forms crevices to trap food and foreign
      materials. It is further important that the drinking cups be sufficiently
      elevated to keep them from being fouled by the birds.  SUMMARY OF THE
      INVENTION
PAR  Water at a relatively low head is supplied to a pipeline that is made up of
      10 foot sections of PVC pipe interconnected by plastic couplings, the
      opposite ends of the couplings simply telescoping into the pipe ends. The
      couplings carry O-rings to seal the joints effectively and with the aid of
      suitable lubricant the couplings may be quickly and easily installed.
PAR  The pipeline is both supported and enclosed by a corresponding housing
      assembly made up of ten foot sections of sheet metal of the
      cross-sectional configuration of inverted channels and the housing
      sections are interconnected by inverted sheet metal channel members that
      correspond to the plastic pipe couplings. Thus both the pipeline and its
      protective housing may be extended indefinitely by 10 foot increments.
PAR  The downwardly extending side webs of the housing sections converge for
      supporting engagement with the underside of the plastic pipe and form a
      narrowed longitudinal slot, the slot clearing downwardly extending
      branches of the plastic pipe that carry the individual drinking cups. Thus
      a section of the pipe with its pendent watering cups may be easily slid
      lengthwise into a corresponding housing section.
PAR  The housing sections are supported by hangers which, in turn, are supported
      from above by cables and in the preferred practice of the invention, a
      winch and cable system makes it possible to raise and lower a long run of
      the watering system as a single unit. Thus minimum time and effort are
      required for periodic changes in the elevation of the water cups as the
      birds mature. Each hanger serves a dual purpose in that it not only hooks
      under a housing section to support the housing section but also confines
      the two side webs of the housing section to keep them from spreading apart
      and thus releasing the plastic pipe.
PAR  With reference to sanitation, one feature of the invention is that the
      watering cups are directly below the sheet metal housing to be protected
      from above by the housing. In addition, the pipe itself is enclosed by the
      housing. As for the housing itself, it has a smooth corrosion-resistant
      surface that may be readily cleaned or dusted whenever desired.
PAR  Another feature is the concept of providing a "hot" line or electrically
      charged conductor just above the housing to keep the birds from perching
      on the housing. Suitable snap-on insulators are quickly attachable to the
      housing sections to hold the charged conductor in correct position and are
      designed for quick engagement with the cable.
PAR  With the drinking cups mounted on downwardly extending branches of the
      pipeline, the pipeline itself is elevated well above the heads of the
      birds. Consequently floor area is free from any crevices created by the
      pipeline that would tend to trap food or foreign particles and with the
      pipeline up out of the way and with the water cups elevated, the floor
      area is unencumbered for maximum freedom of movement by the birds.
PAR  The preferred practice of the invention is further characterized by the
      concept of incorporating into each coupling a suitable plastic valve that
      not only is reliable and easy to operate but also provides convenient
      visual indication of whether the valve is open or closed. With the plastic
      valves spaced ten feet apart, it is a simple matter to isolate any 10 foot
      pipe section for repair and replacement of drinking cups. With all of the
      valves closed, the valves may be opened in sequence along the length of
      the pipeline to supply water to the pipeline section by section for a
      quick check on the working condition of all of the drinking cups.
PAR  The features and advantages of the invention may be understoood from the
      following detailed description together with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR   In the drawings, which are to be regarded as merely illustrative:
PAR  FIG. 1 is a fragmentary perspective view, partly broken away, showing a
      pipeline embodying a preferred practice of the invention;
PAR  FIG. 2 is a fragmentary side elevation of a portion of the pipeline on a
      larger scale with parts broken away;
PAR  FIG. 3 is a sectional view showing how a hanger engages the pipeline
      housing;
PAR  FIG. 4 is an elevational view showing how an insulator is mounted in an
      aperture in the top housing wall;
PAR  FIG. 5 is an elevational view partly broken away showing a plastic coupling
      in the pipeline with a valve incorporated in the coupling, the valve being
      in closed position;
PAR  FIG. 6 is a transverse section along the angular line 6--6 of FIG. 5;
PAR  FIG. 7 is a fragmentary view similar to FIG. 6 showing the valve in open
      position; and
PAR  FIG. 8 is a view similar to FIG. 6 showing the valve rotated 90.degree. for
      release from a latch shoulder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIGS. 1 and 2 show a watering system comprising a pipeline made up of 10
      foot sections 20 of PVC tubing protected by a housing assembly made up of
      ten foot housing sections 22. The pipe sections 20 are interconnected by
      couplings, generally designated 24, each of which incorporates a valve 25
      and the housing sections 22 are interconnected by connecting members 26
      which correspond to the pipe couplings.
PAR  The pipeline may be several hundred feet long and may be connected at
      either one end or at an intermediate point to an elevated water tank (not
      shown) by means of a flexible hose 28 which permits the pipe line to be
      adjusted in elevation relative to the floor and also permits the tank to
      be changed in elevation relative to the pipeline to vary the pressure in
      the pipeline. In the construction shown, one end of the pipeline is
      provided with an elbow 30 which is connected to a valve 24, the valve in
      turn being connected to the flexible hose.
PAR  Each pipe section 20 has a series of downwardly extending branches 34 which
      carry at their lower ends corresponding drinking cups 35 of a well known
      construction which supply water in response to pecks by the fowls. The
      branches 34 may also be made of PVC plastic and, in a well known manner,
      each branch 34 has a reduced upper end 36 (FIG. 3) which extends into the
      interior of the pipe section and each of the branches also has an integral
      cradle portion 38 (FIGS. 2 and 3) which fits against the under surface of
      the pipe and is suitably bonded to the pipe, for example by sonic welding.
PAR  As best shown in FIG. 5, each of the couplings 24 has two opposite nipple
      portions 40 which telescope into the ends of the corresponding pipe
      sections 20 and each of the nipple portions is formed with a
      circumferential groove 42 which seats a suitable O-ring 44 for sealing the
      joint. The valve 25 in each coupling is operated by a push-pull handle 45
      which is the outer end of a valve member 46 and which is pushed in as
      shown in FIG. 5 to close the valve and is pulled out as shown in FIG. 7 to
      open the valve. The valve member 46 and its handle 45 are preferably of a
      different color from the coupling to make the parts distinctive so that a
      mere glance is all that is needed to ascertain whether the valve is open
      or closed.
PAR  Each housing section 22 is a galvanized sheet metal member of the
      cross-sectional configuration of an inverted channel, each housing section
      having a top wall 48 (FIG. 3) and two downwardly extending side webs 50
      which are offset inwardly towards each other as indicated at 52. The
      confronting offset portions 52 form a seat for the cradle portions 38 of
      the pipe sections 20 and the lower edges of the two side webs form a
      longitudinal slot 52 through which the pipe branches 34 extend, the slot
      being substantially narrower than the pipe 20. The previously mentioned
      housing connecting members 26 are also inverted channel members made of
      galvanized sheet metal, each connecting member overlapping the ends of the
      two corresponding housing sections 22 and being suitably connected
      thereto. In the construction shown, each end of each connecting member 26
      is connected to the corresponding housing section 22 by a transverse
      cotter pin 54 which extends through aligned apertures of the connecting
      member and the housing section respectively.
PAR  The body of each of the previously mentioned valves 25 has an upwardly
      extending enlargement 55 and each of the housing connector members 26 has
      an opening 56 (FIG. 2) in its top wall that receives the valve enlargement
      and thus prevents rotation of the valve out of its normal downwardly
      extending position.
PAR  Each of the housing sections 22 is supported by a heavy wire hanger 58
      which, in turn, is supported from above by a cable 60 which may be
      adjusted to raise and lower the pipeline assembly as a unit. For this
      purpose, each of the upwardly extending cables 60 passes over an overhead
      pulley 62 and is connected to a main cable 64 that extends along the
      length of the whole pipeline assembly. Each of the pulleys 62 is supported
      from above by a short cable 65. One end of the main cable 64 is connected
      to fixed structure, for example a post 66, at one end of the pipeline
      assembly and the other end of the main cable is connected to a pulley 68.
PAR  A post 70 or similar fixed structure near the second end of the pipeline
      carries a winch 72 that is operable by a crank 74. A control cable 75 is
      wound on the winch and extends upwardly therefrom to pass around a pulley
      76 and around the previously mentioned pulley 68, the upper end of the
      control cable being anchored to the post 70 by a bracket 78. The fixed
      pulley 76 is connected to the post by a similar bracket 80. It is apparent
      that the control cable 75 may be manipulated by the winch 72 to raise and
      lower all of the hangers 58 simultaneously. A suitable pawl-and-ratchet
      mechanism (not shown) may be used to releasably immobilize the winch 72 at
      selected adjustments of the control cable 75.
PAR  It may be noted that the various drinking cups 35 are directly under the
      housing sections 22 for protection by the housing sections against falling
      particles. It is further contemplated that birds will be prevented from
      perching on the housing sections 22. For this purpose, an electric
      conductor in the form of a metal cable 82 is mounted on the upper side of
      the housing assembly and is electrically charged in the well known manner.
PAR  In the construction shown the two opposite ends of the conductor 82 are
      connected to metal hooks 84 of two end insulators 85 made of suitable
      plastic material. Each end insulator 85 has a base portion that straddles
      the corresponding housing section 22 and is anchored to the housing
      section by a transverse cotter pin 86. In the construction shown, coil
      springs 88 are provided at the opposite ends of the conductor 82 to keep
      the conductor under tension.
PAR  Since the charged conductor 82 may be several hundred feet long, it is
      supported at intermediate points by intermediate insulators 90. Each of
      the intermediate insulators 90 has a pair of oppositely directed hook
      portions 92 to engage the conductor 82, and as best shown in FIG. 4, each
      of the insulators is mounted in an aperture 94 in the top wall 48 of the
      corresponding housing section 22.
PAR  Each of the intermediate insulators 90 is made of a resilient plastic and
      is provided with a slot 95 in its base portion to permit the intermediate
      insulator to be manually contracted for snap engagement with the housing
      section. The base portion of the intermediate insulator 90 has a
      relatively wide flange 96 that engages the upper surface of the top
      housing wall 48 and each of the intermediate insulators is further
      provided with a narrower lower flange 98 to engage the under surface of
      the top wall.
PAR  The construction of each of the valves 25 may be understood by referring to
      FIGS. 5 to 8. As shown in FIG. 7, each valve has an inlet passage 100 and
      an outlet passage 102 with a valve chamber 104 between the two passages.
      The valve chamber 104 is formed by the previously mentioned enlargement 55
      of the valve. The valve structure further includes a wall that forms a
      transverse cylinder 105 in diametrical alignment with the chamber 104,
      approximately half of the length of the cylinder being inside the valve
      with the remaining portion extending outside of the valve.
PAR  Both ends of the cylinder 105 are open and, as may be seen in FIG. 7, the
      inner end of the cylinder extends into the chamber 104. The cylinder 105
      intersects the inlet passage 100 but has a radial port 106 (FIG. 5) that
      registers with the inlet passage. Thus when the valve is open, flow from
      the inlet passage 100 is into the cylinder 105 through the port 106 of the
      cylinder and out of the inner end of the cylinder through the chamber 104
      to the outlet passage 102.
PAR  The previously mentioned valve member 46 is slidingly mounted in the
      cylinder 105 for movement between the closed position shown in FIG. 5 and
      the open position shown in FIG. 7. At the closed position of the valve
      member 46, the valve member extends across the port 106 to block off the
      inlet passage 100 and an O-ring 108 in a circumferential groove 110 at the
      inner end of the valve member prevents leakage into the chamber 104 while
      a second O-ring 112 in a circumferential groove 114 of the valve member
      cuts off leakage to the outer end of the cylinder 105. At the retracted
      open position shown in FIG. 7, the port 106 is unmasked to permit flow
      through the valve and the second O-ring 112 still serves its purpose of
      preventing leakage through the outer end of the cylinder.
PAR  Any suitable means may be provided to latch the valve member 46 at at least
      one of its two positions. In this embodiment of the invention the latch
      means includes a resilient plastic latch arm 115 that is integral with the
      handle 45 and extends longitudinally along the outer surface of the
      exposed portion of the cylinder 105. At the closed position of the valve
      shown in FIG. 5, a latching notch 116 of the latch arm 115 straddles a
      radial flange 118 of the cylinder 105, the flange providing a latching
      shoulder 120 for engagement by one side of the notch to keep the valve
      member from being moved to its alternate open position.
PAR  The leading end of the latch arm 115 has a finger piece 122 to facilitate
      manipulation of the latch arm and the leading end is further formed with a
      cam surface 124 that leads to the latching notch. On the other side of the
      latching notch 116, the latching arm is provided with a second cam surface
      125. As may be seen in FIGS. 6 and 8, the radial flange 118 is relatively
      short measured circumferentially of the cylinder 105.
PAR  The outer end of the cylinder 105 is provided with a radial flange 126 that
      forms an inwardly facing latch shoulder 128. When the valve member 46 is
      in its open position the latching notch 116 straddles the end flange 126
      with one side of the notch cooperating with the shoulder 128 to limit the
      outward retraction of the valve member.
PAR  Preferably the valve member 46 is further provided with a second
      longitudinal latch arm 130 which has a latch shoulder 132 capable of
      cooperating either with the latch shoulder 120 of the radial flange 118 or
      with the latch shoulder 128 of the radial flange 126. The leading end of
      the second latch arm 130 has a cam surface 134 that leads to the latch
      shoulder 132.
PAR  When the valve member 46 is in its closed position shown in FIG. 5 with
      either one of the latch arms 115, 130 in engagement with the radial flange
      118, the valve member may be unlatched by simply rotating the valve member
      to move the engaging latch arm circumferentially away from the short latch
      flange 118. The valve member 46 may then be pulled to its full open
      position. As the valve member approaches its full open position, the cam
      surface 125 rides over the end flange 126 whereupon the latch notch 116
      snaps into engagement with the latch flange. It is to be noted that the
      latch shoulder 132 of the second latch arm 130 functions as a stop
      shoulder in cooperation with the end flange 126 to limit the outward
      movement of the valve member.
PAR  To return the valve member 46 to its closed position from the position
      shown in FIGS. 7 and 8, it is merely necessary to push the valve member
      axially inwardly and then rotate the valve member approximately 90.degree.
      to bring one of the two latch arms into engagement with the radial flange
      118. If it so happens that one of the two latch arms is in the sector of
      the radial flange 118 when the valve member is moved to its closed
      position, the leading cam surface of the latch arm will simply ride over
      the radial flange to permit the latch arm to snap into engagement with the
      radial flange. The two cam surfaces 124 and 134 on the outer ends of the
      two latch arms 115 and 130 respectively, make it a simple matter to
      assemble the valve member 46 to the valve by inserting the valve member
      into the cylinder 105 and then exerting axial force in the valve member to
      cause the two latch arms to snap over the end flange 126.
PAR  The provision of two diametrically opposite resilient latch arms which
      press inwardly against opposite sides of the cylinder 105 has a
      stabilizing effect on the valve member in that the radial inward pressures
      of the two latch arms balance each other. A second advantage of providing
      two diametrically opposite latch arms is that when the valve member is in
      its closed position with one of the latch arms in engagement with the
      radial flange 118 as shown in FIGS. 5 and 6, only 90.degree. of rotation
      of the valve member suffices to position the two latch arms free from the
      radial shoulder 118.
PAR  Our description of the selected embodiment of the invention in specific
      detail will suggest various changes, substitutions and other departures
      from our disclosure within the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a valve, the combination of:
PA1  walls forming an inlet passage and an outlet passage spaced from each other
      in a first direction,
PA1  a wall forming a cylinder and having inner and outer ends and having its
      inner end in communication with the outlet passage and having its outer
      end opening onto the exterior of the valve, said cylinder extending
      axially in a second direction transverse to the first direction,
PA1  said cylinder extending across said inlet passage and having a side port in
      communication with the inlet passage;
PA1  a valve member slidingly mounted in said cylinder for axial movement in
      said cylinder between an inner closed position closing said side port to
      cut off the inlet passage and an outer open position uncovering the side
      port to permit fluid flow from the inlet passage through the side port
      into the cylinder and out of the inner end of the cylinder into the outlet
      passage,
PA1  first locking means disposed on the cylinder,
PA1  second means disposed on the cylinder in spaced relationship to the first
      means in the second direction, and
PA1  third means disposed on the valve member for cooperation with the first
      means, in a first limit position defined by the second and third means,
      for locking the third means on the first means in the first limit position
      and for cooperation with the second means for limiting the sliding
      movement of the valve member in the second direction to a second limit
      position.
NUM  2.
PAR  2. A combination as set forth in claim 1 in which the third means is
      defined in part by outer end of the valve member which extends beyond the
      outer end of the cylinder to serve as a handle for manual operation of the
      valve member.
NUM  3.
PAR  3. A combination as set forth in claim 1 in which the first means includes
      a detent on said cylinder and in which the third means includes a latching
      member on said valve member to engage the detent and thereby latch the
      valve member to the cylinder in the first limit position.
NUM  4.
PAR  4. A combination as set forth in claim 1 in which said third means includes
      an enlargement at the outer end of the valve member and further includes
      two arms which extend from said enlargement in sliding contact with the
      first means on said cylinder to stabilize the valve member relative to the
      cylinder.
NUM  5.
PAR  5. A combination as set forth in claim 4 in which said first means includes
      an exterior shoulder on the cylinder and at least one of said arms
      cooperates with the shoulder to limit the movement of the valve member
      between the first and second limit positions.
NUM  6.
PAR  6. A combination as set forth in claim 1 which includes a first sealing
      ring embracing the valve member to seal the inner end of the cylinder at
      the closed position of the valve member;
PA1  and which includes a second sealing ring embracing the valve member to cut
      off leakage at the outer end of the cylinder at both positions of the
      valve member.
NUM  7.
PAR  7. A combination as set forth in Claim 1 in which said first means includes
      an exterior shoulder spaced axially inwardly on the cylinder from the
      outer end of the cylinder;
PA1  and in which the third means includes latch means united with the outer end
      of the valve member to overhang the exterior of the cylinder and engage
      said shoulder to releasably hold the valve member at its first limit
      position.
NUM  8.
PAR  8. A combination as set forth in claim 7 in which said exterior shoulder
      has a circumferential extent of less than 360.degree. and in which said
      valve member is rotatable in the cylinder to permit the latch means to be
      disengaged from said shoulder by manual rotation of the valve member.
NUM  9.
PAR  9. A combination as set forth in Claim 8 in which said latch means is
      flexible and is formed with a cam surface at its leading end to cause the
      latch means to ride over, during the movement of the valve member in the
      second direction, said shoulder into engagement therewith.
NUM  10.
PAR  10. Apparatus for controlling the flow of fluid through a pipeline for use
      by fowl, the pipeline having first and second pipes each having an inlet
      and an outlet, the first pipe being at the upstream end of the pipeline
      and the second pipe being at the downstream end of the pipeline,
      including,
PA1  a housing defining a first opening at the outlet side of the first pipe and
      defining a second opening at the inlet end of the second pipe and defining
      an axial passage in a direction transverse to the flow of fluid through
      the pipeline and at a position between the first and second openings,
PA1  a valve member slidable axially with the axial passage in the housing
      between first and second limit positions and having walls closing the
      opening in the inlet side of the first pipe in the first position and
      spaced from the opening in the inlet side of the first pipe in the second
      position to provide for the passage of fluid through the pipeline in the
      second position,
PA1  means disposed on the valve member in cooperative relationship with the
      axial passage in the housing in the first position of the valve member for
      sealing the housing and the valve member against the flow of fluid in the
      first position of the valve member,
PA1  first means on the housing member for defining a detent,
PA1  second means disposed on the housing in axially spaced relationship to the
      first means and defining a shoulder, and
PA1  third means disposed on the valve member and extending externally from the
      valve member and cooperative with the first means in the first limit
      position of the valve member for retaining the valve member in the first
      limit position and cooperative with the second means on the housing member
      in the second limit position for retaining the valve member in the second
      limit position.
NUM  11.
PAR  11. Apparatus as set forth in claim 10 wherein
PA1  the first means includes a first flange and the third means includes at
      least one latch arm having a construction for engaging the first flange in
      the first limit position and the second means includes a second flange on
      the housing at a position removed from the first flange in the axial
      direction for engaging the latch arm in the second position of the valve
      member.
NUM  12.
PAR  12. Apparatus as set forth in claim 11 wherein
PA1  the passage in the housing is cylindrical and the valve member is
      cylindrical and is rotatable in the passage to release the valve member
      from retention of the latch arm on the valve member by the first flange on
      the housing in the first position and to provide for an axial sliding
      movement of the valve member to the second position.
NUM  13.
PAR  13. Apparatus as set forth in claim 12 wherein
PA1  the first means include a flange on the housing and the valve member has a
      handle at one end and the third means include a latch arm extending from
      the handle on the valve member externally of the valve member and the
      latch arm has resilient characteristics and has a construction relative to
      the flange on the housing to provide for a locking engagement of the latch
      arm with the flange on the housing upon movement of the valve member to
      the first limit position and to provide for a disengagement of the latch
      arm from the flange on the housing for axial sliding movement of the valve
      member to the second limit position.
NUM  14.
PAR  14. Apparatus as set forth in claim 13 wherein
PA1  the latch arm has a leading edge shaped relative to the flange on the
      housing to facilitate the disposition of the latch arm in locking
      engagement with the flange on the housing in the first limit position of
      the valve member.
NUM  15.
PAR  15. Apparatus as set forth in claim 14 wherein
PA1  the passage in the housing is cylindrical and the valve member is
      cylindrical and is rotatable in the passage to release the latch arm on
      the valve member from retention by the flange on the housing in the first
      limit position and to provide for an axial sliding movement of the valve
      member to the second position and wherein the handle on the valve member
      is constructed to facilitate the gripping of the valve member for axial
      sliding movement between the first and second limit positions.
NUM  16.
PAR  16. Apparatus as set forth in claim 15 wherein
PA1  the second means extend externally of the housing and are cooperative with
      the handle on the latch member for limiting the movement of the valve
      member in the axial direction to the first limit position.
NUM  17.
PAR  17. Apparatus as set forth in claim 16 wherein
PA1  the second means include a flange disposed on the housing and constructed
      to engage the handle on the latch member in the first limit position to
      limit the movement of the valve member in the axial direction.
PATN
WKU  039401073
SRC  5
APN  5036941
APT  1
ART  341
APD  19740906
TTL  Rotary valve with spring clutch
ISD  19760224
NCL  7
ECL  1
EXA  Miller; Robert J.
EXP  Schwadron; Martin P.
NDR  3
NFG  8
INVT
NAM  Allenbaugh, Jr.; George G.
CTY  Wadsworth
STA  OH
ASSG
NAM  Premier Industrial Corporation
CTY  Cleveland
STA  OH
COD  02
CLAS
OCL  251297
XCL  251315
XCL  192  8C
EDF  2
ICL  F16K  508
FSC  137
FSS  637.3;315;637.5;DIG. 2
FSC  251
FSS  304;309;383;384.2;297
FSC  192
FSS  8 C;12 BA;17 D;89 R
UREF
PNO  1686682
ISD  19281000
NAM  Coughlin
OCL  192  8C
UREF
PNO  2768806
ISD  19561000
NAM  Koehler
XCL  251297
UREF
PNO  3134405
ISD  19640500
NAM  White et al.
XCL  251297
UREF
PNO  3306572
ISD  19670200
NAM  Dove
OCL  251297
UREF
PNO  3307663
ISD  19670300
NAM  Lvenberger
OCL  192  8C
UREF
PNO  3827671
ISD  19740800
NAM  Bolden
XCL  251297
LREP
FRM  Isler & Ornstein
ABST
PAL  A fluid flow valve, particularly of the ball type, with an improved seal
      and mounting adapter arrangement to permit the valve to be uncoupled in
      place and swung out or completely removed for repair of maintenance or
      replacement without disturbing or disconnecting any other portion of the
      fluid flow system. The valve also includes an improved valve modulating
      control arrangement which includes frictional locking means coupling the
      valve control mechanism to the valve member for flow adjustment; but
      acting to lock the flow adjusting elements and the valve member itself
      against any significant change in flow control position in response to
      flow pressures tending to cause an angular shift or rotation of position
      of the valve element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of liquid flow control valves, particularly of the rotatable type,
      such as the ball type, is well known to the art. Such valves are used at
      various points in a variety of chemical and process industries as well as
      in other fields, such as fire control, for the purpose of controlling and
      adjusting the amount or volume of liquid flowing through or being
      discharged from a flow line. In the discussion which follows, particular
      reference will be made to the ball type of flow control valve, but it will
      be understood that some aspects of the invention are applicable to any
      form of rotary valve member in which modulation of the flow control
      subjects the valve member to flow pressures which tend to change the
      position of the valve member unless some means is provided to prevent this
      from happening. Although the discussion will be directed primarily to
      manually controlled valves, as these are the most commonly used, it will
      be understood that the principles of the invention could apply equally to
      power-controlled or remote-controlled valves where the problems
      encountered may be similar to those encountered in manual operation.
PAR  The prior art structure of valves can broadly be classified into two
      categories; the flanged body type and the threaded body type and, in some
      instances, a combination of both. In those valves using a threaded body,
      the valve body is threadedly secured in the flow line so as to become a
      unitary part of the line. In the event that maintenance, repair or
      replacement of the valve becomes necessary, it is necessary to disassemble
      a portion of the flow line to disconnect and remove the valve. Where a
      flanged valve body is used, the problem of removing or disconnecting the
      valve body is less laborious and time-consuming than in the case of the
      threaded valve body, as it merely requires the removal of the flange bolts
      which serve to connect the flanged valve body to suitable flange members
      forming part of the flow line. However, in a flanged valve body, in
      contrast to the threaded valve body, a serious seal problem exists between
      the faces of the abutting flanges. This is commonly resolved by using some
      form of gasket material to prevent leakage and effect a seal. However,
      such seals are subject to rapid deterioration and require considerable
      replacements and preventative maintenance in order to avoid leaks,
      particularly under high pressure. Thus, though the threaded type of valve
      body does not have any significant leakage problem, it is difficult and
      time-consuming to remove such a threaded valve body for purposes of
      maintenance, repair or replacement, which necessarily involves expensive
      downtime for the flow line. On the other hand, the conveniently removable
      flange type of valve body involves less down-time for removal, but
      requires more frequent maintenance because of the above-described leakage
      problem.
PAR  Although rotary valve members tend to have lower friction losses and more
      effective flow control and modulation than other types of valve
      structures, there is a problem, particularly in high pressure flow systems
      for the valve member to shift or rotate in response to the pressure force
      exerted upon it by the fluid flow so that a predetermined flow setting,
      without some form of locking means, cannot be maintained using simple and
      uncomplicated valve adjusting arrangements.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the invention to provide an improved frictional
      lock arrangement which will tend to lock the valve member against any
      shifting or rotation of position as a result of liquid flow pressures,
      without in any way interfering with easy and direct manipulation of the
      valve for desired flow adjustment purposes.
PAR  It is another object of the invention to provide an improved seal for a
      ball valve structure.
PAR  Still another object of the invention is to provide an improved mounting
      arrangement for a valve which will permit it to be quickly uncoupled and
      swung out of position for maintenance or repair without completely
      disconnecting it from the flow line.
DRWD
PAR  Other objects and advantages of the invention will become apparent during
      the course of the following description and with reference to the
      following drawings in which like numerals are used to designate like parts
      throughout the same.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in elevation of a valve structure embodying the features
      of the invention, portions thereof being broken away to show certain
      details.
PAR  FIG. 2 is a cross-sectional view, taken as indicated on line 2--2 of FIG. 1
      and showing the uncoupled position of the valve in phantom outline.
PAR  FIG. 3 is an enlarged cross-sectional view, taken as indicated on line 3--3
      of FIG. 2.
PAR  FIG. 4 is an enlarged cross-sectional view, taken as indicated on line 4--4
      of FIG. 3.
PAR  FIG. 5 is a cross-sectional view similar to FIG. 4, but showing a modified
      form of the invention.
PAR  FIG. 6 is a plan view of the seal.
PAR  FIG. 7 is a fragmentary cross-sectional view, taken as indicated on line
      7--7 of FIG. 6 showing details of the configuration of the seal.
PAR  FIG. 8 is a view similar to FIG. 7 showing a modification of the seal.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to FIGS. 1-4 of the drawings, the valve 10 is
      seen to consist of a substantially cylindrical valve body 11, the open
      ends of which are counterbored to provide an inwardly directed
      circumferential recess 12. The valve includes a rotatably mounted valve
      element, here shown as a ball 13 having a central flow opening 14
      extending therethrough at substantially right angles to its axis of
      rotation. This axis of rotation is defined by a pivot pin or rod 15 which
      is threadedly secured through the wall of the valve body 11 and projects
      into a bore 16 in the ball 13 to provide a journal therefore. The
      diametrically opposite pole of the spherical ball 13 is recessed as at 17
      for driving connection with the tongue 18 of a drive trunnion 19 which is
      mounted for axial rotation in the valve body coaxially with the axis of
      rotation of the ball.
PAR  That portion of the valve body which provides the housing 20 for the drive
      trunnion 19 includes a bore 21 to rotatably receive the lower or connector
      part 22 of the trunnion which is provided with a circumferential recess to
      receive an O-ring 23 to prevent fluid leakage through the bore 21. The
      bore 21 is counterbored as at 24 to provide a shoulder 25 on which a
      circumferential flange or collar 26 of the connector part 22 rests or
      seats to properly position the connector part 22 and retain it against
      further downward displacement. The counterbore 24 also provides a machined
      wall surface 28 coaxial with the connector part 22 and defining an annular
      space 27 therearound. A cap 29 having a central opening 30 therein
      overlies the top of the connector part 22 and is secured, as by fasteners
      31 to the top of the trunnion housing 20.
PAR  The drive part 32 of the trunnion 19 is provided with a circumferential
      collar 33 which is rotatably journalled in the opening 30 of the cap 29
      and has a downwardly projecting portion 34 which serves as a dowel or
      pivot pin and is received in a bore 35 of the connector part 22. The
      collar 33 rests upon the upper end of the connector part. A stem 36
      projects upwardly above the collar 33 and is desirably of polygonal
      cross-section so that a wheel or handle can be detachably secured thereto
      to manipulate the valve whenever desired. A suitable indicia mark 37 is
      preferably provided on the top of the stem to give visual indication of
      the position of the opening 14 of the ball element 13.
PAR  A slot or groove 38 is provided in the upper portion of the connector part
      22 to loosely accomodate a somewhat narrower tongue 39 of the drive part
      32 which serves as a driving connection between the part 32 and the part
      22 to effect angular rotation of the connector part 22 and of its attached
      ball element 13 in response to rotation of the drive part 32 of the
      trunnion. It will be noted that there is a clearance space 40 between the
      tongue 39 and the opposite walls of the groove 38 so that there can be a
      small degree of angular rotation of the connector part 22 relatively to
      the drive part 32. This extent of lost motion between the two parts is of
      small magnitude but is sufficient to accomplish the purpose hereinafter
      described. At one end thereof, the groove 38 is notched as at 41 to
      provide an enlarged space defined by the opposing walls 42 of the notch
      and the adjacent opposed surfaces of the tongue 39.
PAR  A resilient contractable clutch means 43, here shown as a coil spring 44,
      is prestressed and positioned in the annular space 27 of the housing 20 so
      as to snugly frictionally embrace the wall of the housing provided by the
      counterbore 24. The ends 45 of the spring 44 are inwardly directed and
      spaced from each other so as to straddle the tongue 39 and be received in
      the space defined between the opposing walls 42 of the notch 41. The
      spring 44 is so sized in relation to its function that neither of the ends
      45 exert any force upon either the connector part 22 or the drive part 32.
      The frictional engagement of the spring 44 with the wall 28 is
      sufficiently great to prevent any free movement of the trunnion 19.
PAR  As is well known in the art when the ball element 13 is rotated so that the
      ball opening 14 is aligned with the direction of fluid flow in the line in
      which the valve is connected then the valve is fully open. As the ball is
      rotated to progressively block off increasingly greater portions of the
      opening 14, the effective flow size of the opening 14 is diminished and
      the flow of fluid therethrough is also reduced. When the ball has been
      turned or rotated approximately 90.degree. or to a point at which the
      opening 14 no longer has any communication with the open ends of the valve
      body 11, the passage of fluid is completely blocked and the valve is
      completely closed. This manipulation of the ball element 13 is
      accomplished by rotation of the drive part 32 in one direction or the
      other which, in turn, is transmitted through tongue 39 and groove 38 to
      the connector part 22 which is secured to the valve element 13. In the
      illustrated structure, there could be on the order of 2.degree. to
      8.degree. of lost motion between the angular rotation of the drive part 32
      and the angular rotation of the connector part 22 as above noted. This
      lost motion, allows the tongue 39 to engage one or the other of the spring
      ends 45 (depending upon the direction of rotation) and tends to urge these
      ends slightly further apart so as to cause a slight further contraction of
      the spring 44 relieving the locking action of the spring and permitting
      rotation of the trunnion 19. As soon as the force of the tongue 39 on one
      of the spring ends 45 is relieved, the spring 44 again tends to expand and
      secure itself frictionally against further movement in the annular space
      27. It will be understood that during the angular rotation of the drive
      part 32 the spring 44 will be rotated contemporaneously.
PAR  However, as previously mentioned, in this type of rotatable valve
      structure, as the ball is rotated to diminish fluid flow in opposition to
      the pressure and velocity of the fluid stream in the flow line, there are
      constantly increasing forces acting upon the walls of the opening 14 which
      tend to urge the ball toward its fully shut position where it offers the
      most resistance to fluid flow. Such a pressure-induced movement of the
      ball element would be arrested by abutment of one or the other of the
      opposing walls 42 of the notch 41 with an end 45 of the spring and any
      continued tendency toward such movement would be resisted by the tendency
      of the spring to expand into tighter frictional locking engagement with
      the wall 28 as one end of the spring tends to be brought slightly closer
      to the other by the force exerted thereon due to the lost motion movement
      of its adjacent wall surface 42. The stronger the force on the ball
      element 13 tending to displace it from its adjusted setting, the greater
      the locking action of the spring 44 to resist such displacement. Thus the
      coil spring 44 provides a clutch means for the trunnion 19 which permits
      relatively unhindered rotation of the valve element 13 when such rotation
      is initiated through manipulation of the drive part 32 but locks the
      trunnion against any angular rotation when such rotation is initiated
      through the valve element 13 or its associated connector part 22 in
      opposition to the desired setting or adjustment of the valve established
      by rotation of the drive part 32.
PAR  In FIG. 5 of the drawings, there is shown a modified form of clutch means
      43 utilizing a spiral wound spring 46 which will function in the same
      manner as the previously described coil spring 44 to frictionally engage
      the wall surface 28 and lock the trunnion 19 against pressure-induced
      movement while permitting unhindered adjustment and setting of the valve
      by means of the drive part 32. The principles of operation of the spiral
      spring are the same as previously described for the coil spring. A portion
      of the spring 46 may be apertured to permit traverse thereof by the outer
      end.
PAR  As best seen in FIGS. 2, 3, 6 and 7 of the drawings, the opposed recesses
      12 of the valve body 11 are adapted to accomodate the marginal edge 47 of
      a flexible, self-sustaining annular seal element 48 which is preferably
      molded of a suitable synthetic resin. The seal element 48 is provided with
      a central opening 49 defined by an angular conically divergent lip portion
      50 which is of relatively thin section and seats on the spherical surface
      of the ball element 13 so as to be substantially coaxial with the opening
      14 when the valve is in its fully opened position. The lip diverges toward
      the surface of the ball. The opposite face 51 of the seal 48 abuts the
      adjacent surface 52 of a flanged coupling element 53 which is secured to
      the valve body 11 by suitable fastening means such as bolts or cap screws
      54 extending through apertured ears 55 which are provided on the valve
      body 11 and on the flange 56 of the coupling element 53. The end of the
      coupling element 53 opposite the flange 56 is illustrated as being
      provided with a female thread for suitable securement to other elements of
      the flow line, but this could optionally also be a flanged portion or any
      other suitable form for connection into the flow line.
PAR  When the coupling elements 53 are secured to the valve body 11 by means of
      the fasteners 54, the marginal edge 47 of each of the seal elements 48 is
      slightly compressed between the surface 52 and the bottom of the recess 12
      to effect a fluid-tight seal between the valve body 11 and each of the
      coupling elements 53. At the same time, the lip portions 50 of each of the
      seal elements is brought into sealing engagement with the spherical
      surface of the ball element 13. If the fluid flow is from left to right as
      indicated by the arrow on FIG. 3 of the drawings, the divergent conical
      configuration of the lip portion 50 at the intake end of the valve
      encourages the fluid pressure to flex the lip portion slightly away from
      its seat on the ball and permit a build-up of fluid under pressure within
      the valve body 11 around the exterior of the ball. This fluid pressure
      acts on the underside or exterior surface of the lip portion 50 at the
      discharge end of the valve body to force the lip more tightly into sealing
      engagement against the ball and, in effect, wedge the seal between the
      exterior surface of the ball 13 and the surface 52 of the coupling
      element, thus preventing any leakage between the ball and the seal or
      between the coupling element and the seal. Inasmuch as both seal elements
      48 are identical, the principle of operation of the seal as described will
      be effective regardless of the direction of flow of the fluid through the
      valve. An annular recess 57 may be provided in the face 51 of the seal to
      increase the flexibility of the seal element.
PAR  In high pressure applications, where such valves 10 are often utilized, the
      lip 50 of the seal could easily be deformed permanently beyond its elastic
      limit and its sealing effect destroyed, as it must necessarily have less
      elasticity than a material such as soft rubber in order to properly seat
      and seal on the ball 13. In order to avoid such deformation, it is
      advisable that the fluid pressure on opposite sides of the upstream lip 50
      be equalized before such pressure on one side of the lip reaches a value
      where deformation might occur. One practical method of accomplishing this
      is to have the bore 16 of the valve ball of slightly greater diameter,
      e.g. 1/32 inch greater, than the diameter of the pivot element 15 on which
      it is journalled. This permits a slight displacement of the ball 13 in the
      direction of fluid flow to relieve the sealing effect of the lip 50 on the
      intake end of the valve and enhance the sealing of the lip 50 on the
      downstream end. This provides less hindrance and obstruction to fluid flow
      between the lip and ball on the upstream end and permits a rapid build-up
      of fluid around the ball in the valve body 11 to equalize the pressure on
      the opposite sides of the lip 50 and the upstream seal 48 before any
      permanent deformation can occur. Although this is the preferred means for
      accomplishing such pressure equalization, other means such as described
      below, may also be utilized, in which case the bore 16 need not be made
      oversize as above described.
PAR  As best seen in FIG. 8, one or more openings 58 may be provided
      transversely of the seal in communication with the recess 57. The openings
      58 permit trapped pressure between the seals to bleed off between the
      surfaces 51 and 52 so that the seal will not be flexed or distorted beyond
      its flexible limit.
PAR  As best seen in FIG. 2, when all but one pair of aligned fasteners 54 are
      removed, the remaining pair of fasteners provide an axis of rotation
      permitting the valve body to be swung out between the coupling elements 53
      so that access can be had to the interior of the valve body. This permits
      inspection, repair or replacement of the interior components of the valve
      without the necessity of completely removing the valve from the flow line.
      The seal elements 48 are free of connection or attachment to the coupling
      elements 53 or to the valve body 11, so they do not interfere with the
      pivotal movement of the valve body for inspection or maintenance purposes.
      The seal elements 48 are flexible and self-sustaining in contrast to the
      compressible type of gasket or seal conventionally used, so that the
      separation of the seal from its assembled position on the valve creates no
      problem of replacement if the seal is otherwise in good condition. Upon
      completion of the necessary inspection or work on the valve, the valve can
      be swung back into its assembled relationship to the coupling elements 53
      and again secured by the bolts 54.
PAR  It is to be understood that the forms of my invention, herewith shown and
      described, are to be taken as preferred examples of the same and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of my invention, or the
      scope of the subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In a fluid flow control valve, the combination of a valve body, a flow
      control valve member mounted for axial rotation in said valve body, an
      adjustable control assembly rotatably mounted in said valve body and
      engaging said valve member to effect selective angular rotation thereof,
      said control assembly comprising a connector part engaging said valve
      member and a driver part operatively coupled to said connector part, and
      said control assembly including resilient contractible clutch means
      frictionally engaging said valve body and having end portions thereof
      disposed between said connector part and said drive part in the path of
      angular rotation thereof, said end portions being responsive to rotation
      of said drive part to cause contraction and release of said clutch means
      and being responsive to valve member-induced rotation of said connector
      part to cause expansion and locking of said clutch means on said body.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said valve member is a ball
      having a fluid flow opening extending therethrough.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said clutch means is a
      pre-stressed spring.
NUM  4.
PAR  4. A combination as defined in claim 3, wherein said clutch means is a
      helical coil spring.
NUM  5.
PAR  5. A combination as defined in claim 3, wherein said clutch means is a
      spiral spring.
NUM  6.
PAR  6. A combination as defined in claim 1, wherein there is a lost-motion
      connection between said connector part and said drive part.
NUM  7.
PAR  7. A combination as defined in claim 1, wherein said end portions are
      responsive to rotation of said parts in either direction.
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PAL  An annular, rigid reinforcement ring embedded in a body of molded
      elastomeric material forms a valve seat for a butterfly valve. The seat
      has a pair of diametrically aligned shaft openings for the valve disc
      supporting and actuating shaft. These holes extend through the elastomeric
      material and the reinforcement ring and, during molding of the elastomeric
      material, are occupied by removable cores which center the reinforcement
      ring about the cores between the end faces of the mold and position it
      concentrically between the inner and outer circumferential walls of the
      mold cavity. To prevent the reinforcement ring from rotating about the
      cores and to center it positively between the end faces of the mold, a
      pair of support extensions are provided aligned axially of the ring. One
      support extension protrudes from each edge or end face of the
      reinforcement ring. The pair of support extensions maintains proper
      alignment of the reinforcement ring with the end faces of the mold. These
      support extensions are located circumferentially along the reinforcement
      ring approximately halfway between the cores. A second pair of support
      extensions may be used, positioned from the first pair approximately
      diametrically on the reinforcement ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Butterfly valves normally consist of a housing or body within which an
      annular elastomeric seat is mounted for the purpose of effecting a
      resilient seal against the pivoted valve closure member. The valve closure
      member is a disc which may be rotated from an open position, aligned with
      the direction of flow of a fluid through the valve to a closed position at
      right angles to the direction of flow. In this latter position, the
      peripheral edge of the disc tightly engages the valve seat to effect a
      seal. In the conventional butterfly valve, this seat is molded of an
      elastomeric material whereby, as the valve's disc is rotated into closed
      position, the seat has a limited degree of resilience which will permit a
      seal effecting, interference fit between the disc and the seat, providing
      a fluid tight closure.
PAR  The need for a certain degree of resilience and, thus, displaceability of
      the valve seat necessitates the use of an elastomeric material. Materials
      of this type have a tendency to creep or migrate when subjected to high
      pressure, particularly when the pressure is applied to the seat on one
      side of the disc without a corresponding supporting pressure on the other
      side of the disc. The need to control this migration or creep without
      sacrifice of the necessary resilience of the elastomeric material has
      caused the industry to adopt the use of reinforcing members in the seat.
      These reinforcing members are rigid and provide support for the
      elastomeric material, limiting its ability to creep or migrate.
PAR  One of the more commonly used types of reinforcement is an annular ring or
      band of rigid material embedded within the seat as the seat is molded. It
      is important that this reinforcement be accurately positioned within the
      seat if the seat is to have uniformity of strength, and accurate control
      of deflection, migration and creep is to be maintained. During the actual
      molding process, the elastomeric material is injected into the mold, at
      high pressures. This tends not only to deflect but also to displace the
      reinforcement member and, thus, mislocate it within the seat. This results
      in a defective seat. This invention overcomes this problem.
PAR  One proposal for solving this problem is disclosed in U.S. Pat. No.
      3,537,683 issued Nov. 3, 1970 to A. H. Snell, Jr., entitled VALVE SEAT FOR
      A BUTTERFLY VALVE AND METHOD FOR MAKING THE SAME. This solution, however,
      is not entirely satisfactory. This solution requires modification of a
      conventional mold by the addition of lateral pins. Further, it results in
      openings in the valve seat which extend from the outer periphery of the
      valve seat through the reinforcement member, thus, creating a weakness
      which, as the patent points out, will result in leakage under certain
      circumstances. If this result is to be avoided, the opening has to be
      subsequently plugged to prevent the leakage. Even plugging does not
      overcome the fact that an opening is created through the reinforcement
      member, thus, permitting differential deflection of the seat at the hole
      because the plug cannot provide the same uniformity of support as would a
      continuous, uninterrupted reinforcement member.
PAR  This invention has the advantage of so molding the seat that there are no
      holes that result from aligning the reinforcement member. There are
      support projections which protrude axially from the reinforcement member.
      The support projections position the reinforcement member during molding.
      Any exposed end faces of the support projections are located in the end
      faces of the sealing member and can be positioned in the axially facing
      recesses between the end sealing beads. As so located, they do not
      interfere with the seal formed between the end faces of the valve and the
      end flanges of the pipes between which the valve is mounted.
PAC  SUMMARY OF THE INVENTION
PAR  The valve seat of this invention is of the annular type having a
      reinforcement band or ring. It is molded in a mold having an annular
      cavity into which project a pair of removable cores for forming the holes
      which are later used for the disc supporting and actuating stems. These
      cores pass through corresponding holes in the reinforcement ring. With the
      mold open, the reinforcement ring is placed in the mold and the cores are
      moved to extended position. In so doing, the cores move through the stem
      or shaft openings in the ring and appropriately located shoulders on these
      cores center the ring with respect to the inner and outer walls of the
      mold.
PAR  In accordance with this invention, the reinforcement ring has support
      extensions which prevent the ring from pivoting about the cores. Without
      these support extensions, a point 90.degree. from the cores can be
      rotationally displaced toward one or the other of the end faces of the
      mold. The support extensions are at least one pair of axial protrusions
      from the axial end faces of the ring. The pair is located at approximately
      90.degree. from the shaft openings. The protrusions are aligned and
      extend, one from each of opposite end faces of the ring, and are of such
      length that when the mold is closed, the protrusions seat or almost seat
      within the normal limits of manufacturing tolerances against the end faces
      of the mold and accurately position and lock the reinforcement ring in
      parallel alignment with the end faces of the mold. When the elastomeric
      material is injected into the mold, the combination of the cores and the
      support extensions stabilizes the reinforcement ring, holding it
      accurately positioned within the mold.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a central sectional view of the mold and valve seat partially
      broken away to disclose the support projections used in the practice of
      this invention;
PAR  FIG. 2 is a schematic view of the mold illustrating the mold in open
      condition with the reinforcement ring seated in the mold as it would be
      just before the mold is closed;
PAR  FIG. 3 is a perspective view of a reinforcement ring constructed in
      accordance with this invention;
PAR  FIG. 4 is a central sectional view of a butterfly valve equipped with a
      seat incorporating this invention illustrating the valve in closed
      condition; and
PAR  FIG. 5 is a sectional view taken along the plane V--V of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, the numeral 10 refers to a mold having a cavity
      or female portion 11 and a closure or cover member 12. The mold portion 11
      has an annular cavity 13 defined by generally concentric inner and outer
      cavity walls 14 and 15 shown in FIG. 2. The center of mold portion 11 is
      formed by an upstanding boss 16 which matches with a depending boss 17
      which is part of the closure member 12. The cavity or female portion 11 of
      the mold is separated from closure member 12 along a parting line 18. The
      mold has end faces 19 and 20.
PAR  The mold is equipped with a pair of diametrically positioned, reciprocal
      cores 30 and 31. The cores are actuated to extend and retract by suitable
      means such as a hydraulic piston and cylinder assembly 32. Since these are
      conventional, they are illustrated only schematically. It will also be
      understood that they would normally be provided with a common control for
      simultaneous operation. This again, is conventional practice and,
      therefore, is not illustrated. When cylinder assemblies 32 are actuated to
      retract cores 30 and 31, the cores withdraw entirely from mold cavity 13.
PAR  Each of the cores 30 and 31 has a shoulder 33. Projecting beyond shoulders
      33 each of the cores has a stem 34 of such length that when the cores are
      fully extended, the ends of stems 34 either touch or almost touch boss 16.
      For the purpose of this invention, it is irrelevant whether cores 34 do or
      do not contact boss 16 and, in fact, provisions could be made for them to
      enter a suitable hole in the boss and, thus, pass entirely through cavity
      13. As shown, stems 34 have a step such that the inner ends are of reduced
      diameter. This again, is not essential to this invention, it being
      entirely possible to practice the invention with a stem portion of uniform
      diameter throughout its length. It is, however, important that the
      diameter of that portion of the stem which passes through the hereinafter
      described reinforcement ring be such that the opening in the ring fits
      reasonably closely about the stems.
PAR  FIG. 3 shows a reinforcement ring 40 in accordance with this invention.
      Reinforcement ring 40 has stem openings 41. Stem openings 41 are centered
      midway between the end faces of the ring and are diametrically positioned.
      Further, reinforcement ring 40 has axially aligned and projecting support
      extensions or legs 42 and 42a. The support extensions are
      circumferentially located approximately 90.degree. from the stem openings
      41. In a modified version as shown in FIG. 3, an additional pair of
      support extensions 42b and 42c are provided located diametrically of the
      ring with respect to the support extensions 42 and 42a.
PAR  To initiate the molding of a seat in accordance with this invention, the
      mold is first opened and then, with the cores 30 and 31 retracted,
      reinforcement ring 40 is placed in the mold. Cores 30 and 31 are then
      extended to operative position. As the cores extend, stem portions 34 pass
      through stem openings 41 in the ring. It will be seen that shoulders 33 on
      cores 30 and 31 acurately position the ring 40 concentrically within the
      mold cavity with respect to inner and outer cavity walls 14 and 15. Also,
      since stem openings 41 are midway between the edges of the reinforcement
      ring (FIGS. 1 and 5), the ring, at the cores, is accurately and equally
      spaced from end faces 19 and 20 of the mold.
PAR  Support extensions 42 and 42a extend to the end faces of the mold to
      prevent the ring from rotating about the stems. Without these supports the
      ring is free to rotate about the stems and, thus, at a point 90.degree.
      removed from the stems could be tipped toward one or the other of end
      faces 19 or 20 of the mold. The support extensions protrude only that
      distance from the end faces of the ring necessary for the support
      extensions to engage the end faces of the mold. Thus, when the mold is
      closed, the support extensions stabilize and align the reinforcement ring
      as illustrated in FIG. 1. When reinforcement ring 40 is of substantial
      width, as illustrated in FIG. 1, the axial length of the support
      extensions is quite short. If the width of ring 40 is reduced, the length
      of the support extensions has to be correspondingly increased.
PAR  The support extensions are not subjected to extremely high loadings and,
      therefore, their ends can be of small cross section. It is advantageous to
      keep the ends of the support extensions as small as possible so that any
      exposed end faces of the support extensions in the seat are so small as to
      be insignificant.
PAR  It will be recognized that the support extensions, when the mold is closed,
      will accurately stabilize reinforcement ring 40 so that its edges are
      parallel to end faces 19 and 20 of the mold. A single pair of support
      extensions is sufficient to accomplish this purpose. However, in many
      cases, it may be desirable to add a second and identical pair of support
      extensions diametrically opposite from the first pair to provide further
      stabilization. This is suggested by support extensions 42b and 42c. By
      providing a second pair of support extensions, positive support of
      reinforcement ring 40 is provided which will prevent the ring from being
      distorted due to the pressures inherent in the injection of the
      elastomeric material into the mold. It will be recognized that when the
      distance between the end faces of a pair of support extensions is of
      minimal length within tolerance limits a gap will occur between the end
      faces of the mold and the end faces of the support extensions. However,
      for all normal usage such a gap will be entirely functional for the
      purpose of this invention. Such a gap may be filled with very thin film of
      elastomeric material.
PAR  With reinforcement ring 40 positioned as indicated in FIG. 2 in the mold,
      cover or closure member 12 is installed, thus, clamping the ring between
      the end faces of the mold. The elastomeric material is then injected into
      the mold through one or more of the gates 50 (FIG. 1). The elastomeric
      material under pressure is then caused to migrate along a distribution
      channel 51 and enter the mold through a gap 52. This gap is as thin as
      possible and may be no more than 0.015 of an inch. The narrower gap 52,
      the thinner the web of flash left on the final product when the seat is
      removed from the mold. After the mold has been filled with the elastomeric
      material and this material has set, cores 30 and 31 are retracted, closure
      member 12 is removed and a butterfly valve seat in accordance with this
      invention is taken out of the mold.
PAR  The butterfly valve seat is shown in FIG. 4 and numbered 55. It will be
      noted that in this particular embodiment of the invention the radial wall
      thickness of the reinforcement ring is only a minor portion of the radial
      wall thickness of the valve seat. Further, it will be noted that the end
      faces of the seat are provided with axially extending, concentric beads
      60, 61 and 62. The provision of beads of this type on the axial faces of a
      butterfly valve seal is conventional. However, by so arranging them that
      the area of the axial face which overlies the edge of reinforcement ring
      40 is positioned between a pair of the beads is a facet of this invention.
      By so spacing beads 61 and 62 that support extensions 42, 42a, 42b and 42c
      are located in the axially recessed areas between them, it is possible to
      isolate any exposed metal end faces of the support extensions from both
      the outer and inner portions of the seal. As is well-known in the
      butterfly valve art, these beads are pressed tightly against flanges 70,
      shown in FIG. 5, of the pipe ends between which the butterfly valve is
      installed. By tightening the conventional bolts provided for pulling the
      flanges together and clamping the butterfly valve in place, these beads
      are deformed and so tightly pressed against these flanges as to form a
      tight, leakproof seal against the migration of fluids, either liquids or
      gases, between the seal and the flanges. By locating the support
      extensions in the recesses between the beads, the beads isolate the ends
      of the support extensions from the liquids or gases which flow through the
      valve. Also because the support extensions never extend beyond the bottoms
      of the recesses between the beads, they cannot interfere with the clamping
      action of the flanges 70 against the beads necessary to effect a seal. The
      same is true whether a single pair or a double pair of the support
      extensions are utilized.
PAR  The assembled valve is illustrated in FIG. 4. Seat 55 is seated within a
      housing or valve body 71. In the case of the seat illustrated in this
      embodiment, the seat is installed by press fitting it endwise into the
      valve body bore 72. A valve disc 73 is then placed in the central fluid
      passage 74 of the seat and secured by installation of a stub shaft 75 and
      a main shaft 76. The ends of these shafts seat in bosses 77 and 78 of the
      disc 73. A nonrotatable engagement is provided by the boss 77 between the
      valve disc and the main shaft 76. All of this is conventional in butterfly
      valve construction.
PAR  FIGS. 4 and 5 illustrate the valve in closed position. FIG. 5 shows that
      the seal forming engagement between the valve disc 73 and seat 55 is
      substantially spaced from support extensions, 42, 42a, 42b and 42c. Thus,
      no matter how much deflection pressure is exerted on the seat by the valve
      disc or fluid pressure differential across the point of seal, there is no
      possibility of the axial end faces of the support projections impairing
      the seal. The reinforcement ring being uniformly positioned with the seat
      provides a dependable seal in the area of seat-valve engagement.
PAR  It will be recognized that this invention may be used irrespective of the
      type of elastomeric material used in the molding of the seat. The
      invention, thus, has the advantage of being versatile in its application.
      Further, the invention does not require any reconstruction of existing
      molds. Thus, the molding operation has an advantageous simplicity which
      tends to reduce costs. The invention has the advantage of automatically
      accurately positioning the ring in a predetermined, stable position in the
      mold without requiring the operator to exercise any particular precautions
      when the ring is placed in the mold. This substantially reduces
      manufacturing costs. It eliminates the problem of costly rejects.
PAR  These and other advantages of this invention will be readily understood by
      those skilled in the art of butterfly valves. They will recognize that the
      invention is useful whether the seat is fabricated as a separate component
      or is molded within the housing and, thus, permanently bonded to it. It
      will be recognized that the invention may be used with reinforcement rings
      of various widths and that the same advantages of uniform and complete
      support for the seat along the line of disc contact when the valve is
      closed will be obtained with this invention, irrespective of whether the
      disc is centered about the shafts 75 and 76 or is eccentric of them as
      some valves are constructed. Thus, from the preceding discussion, it will
      be recognized that the design of the reinforcement member and the overall
      design of the seat and of the valve may be varied widely without departing
      from the principles of this invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A seat for a butterfly valve, said seat being annular and having a
      central axially extending passageway therethrough; said seat having a body
      of molded elastomeric material, an annular rigid reinforcing ring embedded
      in said material; a pair of diametrically positioned shaft openings
      through said seat and said reinforcing ring having their central axis
      arranged radially of said seat; said seat having a pair of axial end
      faces; each of said end faces having a pair of radially spaced axially
      extending annular beads projecting outwardly from the surface thereof
      forming an annular recess therebetween, the improvement in said seat
      comprising: a pair of axially aligned support extensions projecting
      axially from opposite axial faces of said ring; said ring being radially
      aligned with said recesses and the maximum axial width of said extensions
      being no greater than the axial thickness of said body of molded
      elastomeric material at the bottoms of said recesses whereby said beads
      may be compressed to form a seal when said valve is installed without
      interference from said extensions.
PATN
WKU  039401090
SRC  5
APN  5451981
APT  1
ART  323
APD  19750129
TTL  Lifting device for raising, lowering and suspending heavy loads
ISD  19760224
NCL  5
ECL  1
EXA  Watson; Robert C.
EXP  Smith; Al Lawrence
NDR  3
NFG  4
INVT
NAM  Ahlgren; Nils Harald
STR  Skyttevagen 22
CTY  133 00 Saltsjobaden
CNT  SW
PRIR
CNT  SW
APD  19740130
APN  7401176
PRIR
CNT  SW
APD  19740314
APN  7403403
CLAS
OCL  254106
EDF  2
ICL  B66F  100
FSC  254
FSS  29 A;76;105-107
UREF
PNO  3096075
ISD  19630700
NAM  Brown
OCL  254106
UREF
PNO  3203669
ISD  19650800
NAM  Johansson
OCL  254107
UREF
PNO  3556480
ISD  19710100
NAM  Johansson
OCL  254105
UREF
PNO  3844023
ISD  19720900
NAM  Surribas et al.
OCL  254 29A
ABST
PAL  A lifting device for raising, lowering and suspending heavy loads comprises
      a climbing jack with alternating gripping means and a lifting element. For
      allowing repeated cooperation with the gripping means the lifting element
      consists of a plurality of outer wire elements and at least one inner wire
      element, where the elasticity of at least one inner wire element is
      greater than the elasticity of the outer wire elements. Usually, the outer
      wire elements are arranged in groups, with spaces between the groups.
PAL  A gripping device for a lifting element passed therethrough comprises a
      double-acting piston within a cylinder, with a plurality of jaw elements
      therein. The jaw elements are wedge shaped at their side remote from the
      lifting element, and are held between pairs of guides formed in the
      cylinder for radial movement only. The piston carries correspondingly
      wedge-shaped elements, so that longitudinal movement of the piston results
      in radial movement of the jaws.
BSUM
PAR  INVENTION RELATES TO A LIFTING DEVICE FOR RAISING, LOWERING AND SUSPENDING
      HEAVY LOADS.
PAR  Climbing jacks whose gripping means alternately engage a lifting element in
      the form of a wire rope, by reason of the repeated engagement of their
      gripping means with the wire rope tend to cause a displacement of the
      inner wire elements with respect to the outer wire elements of the wire
      rope, and as a result of the displacements being added to each other a
      bulge may be formed in the outer wire elements of the wire rope. These
      displacements are primarily due to the fact that the engagement of the
      gripping means is realized by wedge-shaped elements which are successively
      pressed into engagement with the wire rope in conjunction with a movement
      in the longitudinal direction of the lifting element.
PAR  The present invention has for its object to eliminate the effect of said
      displacements or to prevent said displacements.
PAR  The invention thus relates to a lifting device for raising, lowering and
      suspending heavy loads comprising a climbing jack with alternating
      gripping means and a lifting element, where the lifting element for
      allowing repeated co-operation with the gripping means consists of a
      plurality of outer wire elements and at least one inner wire element, and
      where the elasticity of said at least one inner wire element is greater
      than the elasticity of said outer wire elements. This lifting device will
      consequently eliminate the effect of said displacements.
PAR  The invention also relates to a gripping device for gripping engagement
      with a load-bearing lifting element passed therethrough, and having a
      plurality of releasable jaw means adapted to grip said lifting element.
      The improvement in the gripping device comprises a double-acting piston
      and cylinder means; guide means carried by said cylinder means; the side
      of each of said releasable jaw means remote from said lifting element
      being generally wedge-shaped; correspondingly wedge-shaped elements
      carried by said piston and adapted to slidably contact said sides of said
      jaw means remote from said lifting elements; said releasable jaw means
      being radially movable between co-operating pairs of said guide means; and
      means for communicating either side of said piston within said cylinder to
      a source of pressure medium; so that longitudinal movement of said piston
      and said wedge-shaped elements within said cylinder results in radial
      movement of said releasable jaw means within said cylinder for gripping
      engagement or release thereof with a lifting element passed through said
      gripping device.
PAR  A gripping device according to this invention can be arranged with other
      similar gripping devices in a climbing jack arrangement, where each
      gripping device forms one of the gripping elements of the climbing jack. A
      climbing jack of such a construction will prevent the wire elements of the
      wire rope from being so displaced with respect to each other that a bulge
      is formed. Incorporation of said climbing jack in the lifting device which
      except for the jack includes the wire rope, where the outer and inner wire
      elements are of different elasticity, ensures that the contemplated
      effects will be achieved.
DRWD
PAR  These and other objects, features and advantages of the present invention
      are discussed in greater detail hereafter, in association with the
      accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal cross-section of a gripping device and a lifting
      element co-operating therewith;
PAR  FIG. 2 is a side elevation of a climbing jack assembly and a load being
      supported on a gripping device secured to a lifting element;
PAR  FIG. 3 is a side view with an assembly similar to that of FIG. 2, together
      with a further gripping device co-operating with the lifting element; and
PAR  FIG. 4 is a cross-section of a lifting element according to this invention.
DETD
PAR  In the figures, the reference numeral 1 indicates a gripping device
      according to this invention. The gripping device includes a plurality of
      gripping jaws 3 which are symmetrically arranged around the lifting
      element 2 which passes through the gripping device 1. The gripping jaws
      are releasable with respect to the lifting element 2 so that upon
      operation of the gripping element the releasable jaws 3 have a gripping
      engagement with the lifting element or release therefrom. The releasable
      jaws 3 are operable through the action of a double acting hydraulic piston
      means 5, as discussed in greater detail hereafter.
PAR  The gripping device 1 also comprises a cylinder 4, within which the piston
      5 is displaceable so as to effect the operation of the releasable jaws 3.
      Within the cylinder 4 there are guide means 6 and 7 which preclude
      movement of the releasable jaws 3 longitudinally of the lifting element 2,
      thereby assuring that the releasable jaws 3 are moveable in a lateral or
      radial direction with respect to the lifting element 2. The guide means 6
      and 7 preclude movement of the releasable jaws 3 in a longitudinal
      movement with respect to the cylinder 4.
PAR  The piston 5 within the cylinder 4 carries with it a plurality of generally
      wedge-shaped elements 8. It will be noted that the outer sides of the
      releasable jaws 3 which are remote from the lifting element 2 are
      wedge-shaped, and the wedge elements 8 have a corresponding shape. The
      wedge elements 8 are such that they would normally form a cone, and they
      interfere with the correspondingly sloping or wedge-shaped faces of the
      releasable jaws 3 so that as the piston 5 is displaced within the cylinder
      4, the wedge elements 8 are also displaced in a longitudinal direction
      with respect to the cylinder 4 and the lifting element 2, and the
      releasable jaws 3 are displaced in a lateral or radial direction with
      respect to the lifting element 2 and the cylinder 4.
PAR  Displacement of the piston 5 within the cylinder 4 is effected by
      connecting the cylinder 4 to a source of pressure medium through pipes 9
      and 10. A special medium is introduced into the cylinder 4 through pipe 9
      from the pressure medium source, a gripping action of the releasable jaws
      3 against the lifting element 2 is effected; and when the pressure medium
      is introduced into the cylinder 4 from the pressure medium source through
      pipe 10, a releasing action of the releasable jaws 3 with respect to the
      lifting element 2 is effected. It is seen, therefore, that the gripping
      and releasing of the releasable jaws 3 from the lifting element 2 are
      independent of the load; and rely solely upon the operation and supply of
      the pressure medium to the cylinder 4 at either side of the piston 5.
      Because the gripping and releasing operations of the gripping device 1 are
      independent of the load, the cone which is formed by the wedge elements 8
      and the corresponding cone at the outer sides of the releasable jaws 3 may
      be inverted. An advantage is gained in that the cone cannot come loose
      because of vibration or shaking of the gripping device 1.
PAR  As shown in FIG. 1, the gripping device 1 is arranged on an hydraulic jack
      11. The jack 11 comprises a double-acting piston 12 moveable within the
      cylinder 13. The cylinder 13 is connected to a pressure medium source by
      pipes 14 and 15; and obviously the operation of the jack device 11 is
      independent of the load and may be operated independently of the operation
      of a gripping device 1. The jack device 11 is also provided with a central
      passage to accommodate the lifting element 2, which is passed
      therethrough.
PAR  A climbing jack device can be arranged in the manner illustrated in FIGS. 1
      and 2, by securing a gripping device 1 to the top of the jack device 11 as
      shown in FIG. 2, and a further gripping device 1' -- which is
      substantially identical with gripping device 1 -- to the bottom of the
      jack device 11. By so doing, a complete climbing jack is arranged. The
      gripping devices 1 and 1' are secured to the jack device 11 by mating
      threaded parts, where each of the gripping devices has a threaded male
      part 16 and a threaded female part 17. Thus, the jack device 11 is secured
      to the upper gripping device 1 by having the cylinder 4 thereof secured to
      the piston 12 of the jack device; and the cylinder 13 of the jack device
      11 is secured to the cylinder 4 of the lower gripping device 1'. Incorrect
      or faulty connections between the jack device 11 and the gripping devices
      1 and 1' are thereby precluded.
PAR  Referring to FIG. 2, it will be noted that the climbing jack which
      comprises the jack device 11 and the gripping devices 1 and 1' rests on a
      rigid member 18, which may be a part of a structure being built or the
      supporting construction therefor. In any event, the rigid member 18 is
      rigid relative to the load 19 which is lifted or lowered on the lifting
      element 2. The load 19 is arranged to be supported on the lifting element
      2 by a gripping device 1" -- which is identical to the gripping device 1
      discussed above -- so that the load 19 rests upon the gripping device 1".
      The load 19 may thereby be lifted by the climbing jack comprising the jack
      device 11 and the gripping devices 1 and 1'. Usually, several identical
      climbing jack assemblies are hydraulically connected together, and are
      arranged adjacent each other for lifting the load 19. In such
      circumstances, of course, each of the lifting elements 2 must be provided
      with a load-carrying gripping device 1".
PAR  The operation of the climbing jack assembly of jack device 11 and gripping
      devices 1 and 1' is obvious. Operation of the jack device 11 and either of
      the gripping devices results in a relative longitudinal displacement of
      the gripping devices 1 and 1', one from the other. Thus, if the lower
      gripping device 1' is operated to release from the lifting element 2, and
      the upper gripping device 1 is operated to grippingly engage the lifting
      element 2, and at the same time the jack device 11 is operated so as to
      extend the upper portion of the piston 12 which is mated to the cylinder 4
      of the gripping device 1, the gripping device 1 lifts the load 19 as it
      displaces upwardly away from the gripping device 1'. Thereafter, the
      gripping device 1' is caused to have a gripping relation with the lifting
      element 2, and the gripping device 1 is released therefrom, and the piston
      12 is driven downwardly in the jack device 11 with the load 19 remaining
      stationary. Another climbing operation can then ensue, whereby the load 19
      would again be lifted. It is seen that the operation of the releasable
      jaws 3 in each of the gripping devices 1 and 1' is independent of the load
      19, and does not rely upon the load 19 for gripping force.
PAR  Turning now to FIG. 3, there is shown a climbing jack assembly of the same
      sort discussed above with respect to FIG. 2, and marked generally with the
      numerical designation 20. The climbing jack assembly 20 may also be of
      conventional design, such as that taught in applicant's U.S. Pat. No.
      3,685,801 dated Aug. 22, 1972. In the arrangement of FIG. 3, the climbing
      jack assembly 20 is supported by the rigid member or firm structure 21,
      and co-operates with a lifting element 2 which consists of a multiple wire
      element wire rope or wire strand, which is spiral wound. There is a bulge
      22 above the climbing jack assembly 20, which is caused by a displacement
      in the longitudinal direction of the lifting element 2 of the inner wire
      elements with respect to the outer wire elements. The present invention
      alleviates and helps to overcome the difficulties encountered when a bulge
      22 occurs in the lifting element. It will be noted in the arrangement of
      FIG. 3 that above the climbing jack assembly 20 and the bulge 22 the
      lifting element 2 passes through a further gripping device 1'" -- which is
      identical to the gripping devices discussed above. The gripping device 1'"
      rests on or is supported by a rigid member 23.
PAR  The bulge 22 in the lifting element 2 is caused, at least in part, in any
      climbing jack device when ring stress or segmented arch stress is applied
      to a lifting element such as a wire rope or wire strand. A hoop stress may
      be caused in the outer wire elements or strands, and relative displacement
      of the inner wire elements or strands with respect to the outer wire
      elements or strands may be caused by the weight of the load carried by the
      lifting element. If the gripping device 1'" is operated so as to be
      engaged with the lifting element 2 at regular intervals, and the climbing
      jack assembly 20 is opened, the gripping device 1'" will thereby carry the
      entire load and all of the wire elements or strands of the lifting element
      2 can take up load, thereby eliminating the bulge 22. The number of
      climbing operations for the jack assembly 20 between operations of the
      gripping device 1'" to eliminate any bulges 22 which might occur must be
      determined empirically, but it normally is about ten or twenty climbing
      operations.
PAR  In an alternative arrangement to that shown in FIG. 3, the gripping device
      1'" does not need to be supported on a rigid member 23, but it can be
      arranged over spacing means secured to the jack assembly 20 above the
      bulge 22. Spacers can also be arranged to cause contact between the jack
      assembly 20 and the gripping device 1'" periodically, at which the time
      the gripping device 1'" is operated and the bulge 22 eliminated.
PAR  Turning now to FIG. 4, there is shown the cross-section of a preferred
      embodiment of a lifting element which according to this invention is
      adapted to be used in combination with a climbing jack with alternating
      gripping means. The climbing jack preferably comprises gripping devices 1
      as taught herein. The lifting element is a spiral-wound wire rope or wire
      strand; and is ideally illustrated as being a wire strand where each of
      the wire elements is shown in cross-section in FIG. 4.
PAR  The lifting element 2 comprises at least one inner wire element 25 and a
      plurality of outer wire elements 24. The inner wire elements 25 are formed
      of a material having a higher elasticity than the outer wire elements 24,
      so that relative displacement of the outer wire elements 24 and the inner
      wire elements 25 may be compensated. In a preferred embodiment, the outer
      wire elements 24 are steel, and the inner wire elements 25 are aluminium.
      Obviously, a number of other combinations of suitable metals may be
      provided, where the elasticity of the inner wire elements is greater than
      the elasticity of the outer wire elements. The different elasticities of
      the wire elements 24 and 25 are shown in FIG. 4 by different
      cross-hatchings with respect to each.
PAR  As shown in FIG. 4, the outer wire elements 24 are so arranged in
      relationship to the inner wire elements 25 that there is at least one
      space 26 between adjacent outer wire elements 24. Again, in the preferred
      embodiment, the outer wire elements 24 are arranged in groups with spaces
      26 between each of the groups. Each of the groups may consist of two or
      more wire elements 24.
PAR  To more easily assure the provision of the openings 26 between groups of
      outer wire elements 24, the diameters of the inner wire elements and outer
      wire elements are arranged to be different. As shown, the diameters of
      each of the inner wire elements 25 are greater than the diameters of the
      outer wire elements 24.
PAR  The number of outer wire elements is so chosen with respect to the number
      of inner wire elements that at least one space is formed between adjacent
      outer wire elements. In the preferred embodiment shown in FIG. 4 the
      number of outer wire elements is chosen so that each group of outer wire
      elements is adjacent a single inner wire element 25.
PAR  When ring stress or segmented arch stress is applied to a lifting element 2
      according to this invention, the outer wire elements 24 are forced into
      the inner wire elements 25. If a bulge 22 occurs in a lifting element, as
      discussed above, the inner wire elements 25 have a greater elasticity and
      thereby a greater capacity for elongation than the outer wire elements,
      and when a gripping element above the bulge is secured to the lifting
      element so that the load is picked up by all of the wire elements of the
      lifting element to eliminate the bulge 22, a slight elongation of the
      inner wire elements having higher elasticity may occur.
PAR  To be certain that the intended effect of the lifting element according to
      this invention is obtained upon repeated use of the lifting element 2, the
      lifting element should pass through a climbing jack assembly in the same
      direction each time that it is used.
PAR  There has been described a gripping device for use with lifting elements
      which carry heavy loads, whereby the loads may be lifted, lowered or
      suspended from above; and a lifting element which is particularly adapted
      for such use. Modifications, alterations and amendments to the precise
      embodiments discussed above may, of course, be made without departing from
      the spirit and scope of the appended claims.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A lifting device for raising, lowering and suspending heavy loads
      comprising a climbing jack with alternating gripping means and a lifting
      element, where the lifting element for allowing repeated co-operation with
      the gripping means consists of a plurality of outer wire elements and at
      least one inner wire element, where the elasticity of at least one inner
      wire element is greater than the elasticity of the outer wire elements.
NUM  2.
PAR  2. The lifting device of claim 1 where the outer wire elements are so
      arranged as to have at least one space between adjacent outer wire
      elements.
NUM  3.
PAR  3. The lifting device of claim 2 where the outer wire elements are arranged
      in groups, with spaces between said groups.
NUM  4.
PAR  4. The lifting device of claim 2 where the diameters of the inner and outer
      wire elements are different.
NUM  5.
PAR  5. The lifting device of claim 2 where the number of outer wire elements is
      so chosen with respect to the number of inner wire elements that at least
      one space is formed between adjacent outer wire elements.
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ABST
PAL  A lifting apparatus provided with a weight limit setting device which sets
      a limit to the weight of a load so that the lifting apparatus can safely
      lift a load. The device comprises a spring member the top end of which
      moves vertically in response to the weight of a load, a potentiometer for
      producing an output signal in proportion to the vertical movement of the
      spring member, and a comparator for comparing the output signal with a
      reference signal, whereby no load heavier than the limit thus set is
      lifted even if the lifting apparatus is operated to lift the load.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 460,473,
      filed on Apr. 12, 1974, now abandoned, which is a continuation of
      application Ser. No. 356,063, filed on May 1, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to lifting apparatuses.
PAR  The weight limit of a load which a lifting apparatus can safely move up and
      down is determined by the mechanical structure of the lifting apparatus.
      Accordingly, heretofore it has been inevitable that the weight limit is
      obtained in advance so that only the loads whose weights are lighter than
      the weight limit thus determined are lifted by the lifting apparatus. That
      is, the conventional lifting apparatus is disadvantageous in that it takes
      time and labor to weigh loads which are to be lifted by the conventional
      lifting apparatus. If a load which is heavier than the weight limit is
      lifted by the lifting apparatus by mistake, it will cause a dangerous
      accident and shorten the service life of the lifting apparatus.
PAR  Furthermore, it has been strongly demanded in the art to provide a device
      which can be employed in various lifting apparatuses by readily changing
      the weight limit according to the allowable weights thereof.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a lifting
      apparatus in which a load heavier than a weight limit set for the lifting
      apparatus is not lifted even if a control lever is operated to lift the
      load, the load is automatically balanced by leaving an operator's hand off
      the control lever, and the load is moved downward by moving the control
      lever downward.
PAR  Another object of the invention is to provide a lifting apparatus in which
      the weight limit of a load to be moved can be readily changed.
PAR  A further object of the invention is to provide a lifting apparatus which
      is remarkably improved in both safe operation and service life.
PAR  A still further object of the invention is to provide a lifting apparatus
      which can be positively and safely operated with the aid of a simple
      control circuit.
DRWD
PAR  The manner in which the foregoing objects and other objects are achieved by
      this invention will become more apparent from the following detailed
      description and the appended claims when read in conjunction with
      accompanying drawings, in which like parts are designated by like
      reference numerals or characters.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a schematic diagram illustrating a lifting apparatus to which
      this invention can be applied;
PAR  FIG. 2 is a block diagram illustrating the control system of the lifting
      apparatus shown in FIG. 1;
PAR  FIG. 3 is a perspective view of an operating section of the lifting
      apparatus shown in FIG. 1;
PAR  FIG. 4 is a perspective view illustrating a weight limit setting device,
      according to this invention, employed in the lifting device shown in FIG.
      1;
PAR  FIG. 5 is a circuit diagram showing one example of a control circuit,
      according to this invention, employed in the lifting apparatus shown in
      FIG. 1; and
PAR  FIG. 6 is a graphical representation indicating characteristics of a target
      speed signal which controls the operation of the lifting apparatus shown
      in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As conducive to a full understanding of this invention, first a lifting
      apparatus to which this invention can be applied will be described with
      reference to FIG. 1.
PAR  The lifting apparatus comprises: a support 1; a driving section 2 which is
      provided on the support 1, for driving the apparatus; arms 3 and 4
      connected to the driving section 2 through an arm connecting member 5
      which is adapted to connect these arms 3 and 4 to each other; an operating
      section 6, which is provided at the end of the arm 4; and a load carrying
      section, or load carrying member 9 which is adapted to hang a load 8 which
      is to be moved to a desired place. The operating section 6 has a control
      lever 7 which is operated by an operator 10.
PAR  A control system of this lifting apparatus is shown in FIG. 2, and a
      structure of the operating section 6 is illustrated in FIG. 3.
PAR  The control system shown in FIG. 2 includes: a servo system provided in the
      driving section 2, and an automatic balance signal generating section 17.
      The servo system comprises an adder 11 which carries out addition and
      subtraction operations of a target speed signal Vr, an automatic balance
      signal S and a speed feedback signal Vc to apply a driving signal Ve to an
      amplifier 12; an electric motor 13 which is driven with the aid of a
      driving signal Vm obtained by amplifying the driving signal Ve by the
      amplifier 12; a tacho-generator 14 which is connected to the rotary shaft
      of the motor 13 to produce the speed feedback signal Vc proportional to
      the rate of rotation of the rotary shaft; and a reduction gear mechanism
      15. The automatic balance signal generating device 17 is connected to an
      output shaft of the apparatus, that is shaft 16 of the gear mechanism 15.
      When the vertical movement of the load is stopped, the device 17 produces
      the automatic balance signal S which is employed to maintain the load
      wherever it is stopped.
PAR  The operating section 6, as is shown in FIG. 3, comprises a potentiometer
      20 for providing the target speed signal Vr corresponding to the vertical
      displacement (angle .theta. of rotation) of the control lever 7 from the
      neutral position n of the control lever 7, and a pair of springs 21 and 22
      to keep the control lever at the neutral position n. One end of the upper
      spring 21 is connected to the control lever 7, while the other end is
      connected to the upper wall of the operating section 6. Similarly, one end
      of the lower spring 22 is connected to the control lever, while the other
      end is connected to the lower wall of the operating section 6.
PAR  With the lifting apparatus thus organized, the operator 10 hangs a heavy
      load 8 on the load carrying section 9 and moves the load vertically to a
      desired place by operating the control lever 7.
PAR  When the control lever 7 is not operated, the control lever 7 is set at the
      neutral position n by the mutual action of the upper and lower springs 21,
      and accordingly no target speed signal Vr for driving the motor 13 is
      produced by the potentiometer 20, that is, the target speed is zero. In
      this case, the automatic balance signal S corresponding to the weight of
      the load 8 is produced by the automatic balance signal generating device
      17, whereby the position of the load 8 is maintained unchanged, that is,
      the load is not moved downward.
PAR  When the end of the control lever 7 is depressed downward for instance, the
      control lever 7 is turned around the axis of rotation of the
      potentiometer. As a result, the target speed signal Vr is produced by the
      potentiometer 20 to drive the motor 13 provided in the driving section 2
      (FIG. 1). The rotation of the motor thus driven is transmitted through the
      gear mechanism 15 to the output shaft 16, whereby the arms 3 and 4 are
      moved. In this operation, the target speed signal Vr operates to drive the
      motor 13 so that the operating section 6 is moved downward, that is, the
      load 8 is moved downward.
PAR  The downward movement speed, in this case, is proportional to the
      rotational angle .theta. of the control lever 7. Accordingly, if the
      control lever is operated to decrease the angle .theta. as the load 8 is
      moved downward, the downward movement speed of the load is decreased with
      the decrement of the angle .theta.. Finally, when the displacement angle
      .theta. becomes zero, that is, the control lever is at the neutral
      position n, the downward movement of the load is stopped, whereupon the
      load 8 is automatically balanced by the automatic balance signal
      generating device 17.
PAR  The automatic balance signal generating device 17 detects a movement of the
      load which is caused when the balance is changed by the weight of the
      load, and converts the movement thus detected into, for instance, a
      voltage variation which is fed back, as the automatic balance signal S, to
      the amplifier 12 (adder 11). In this operation, if the balance signal S is
      increased and decreased respectively by the downward and upward movements
      of the load 8, the balance signal S corresponding to the variation of
      weight of the load is produced to achieve the automatic balance operation.
PAR  In the case when the operator 10 moves the load upward or downward by
      operating the control lever 7, it is unnecessary to produce the automatic
      balance signal S. However, it is necessary that the automatic balance
      signals S be produced with respect to all of the positions of the
      operating section 6 ranging from the uppermost position to the lowermost
      position.
PAR  On the other hand, when the control lever 7 is moved upward, a target speed
      signal Vr corresponding to the angle .theta. is produced to move the load
      8 upward. Similarly as in the case when the control lever 7 was moved
      downward, the upward movement of the load is stopped by operating the
      control lever in such a manner that the angle .theta. becomes zero, that
      is, the automatic balance of the load is obtained.
PAR  When the operator 10 leaves his hand off the control lever 7, the control
      lever 7 is set at the neutral position n by the mutual action of the
      springs 21 and 22 and the lifting apparatus is under the automatic balance
      condition.
PAR  A weight limit setting device 30 is added, according to this invention, to
      the operating section 6 of the lifting apparatus thus organized, as is
      shown in FIG. 4. This weight limit setting device 30 comprises: a spring
      member 31 whose upper end is connected to the end part 32 of the load
      hanging member 9, the upper end of the spring member moving vertically in
      proportion to the weight of a load 8; movement connecting means; a rack 33
      which is fixedly connected to the upper end of the spring member 31 and is
      moved up and down together with the movement, or expansion and
      contraction, of the spring member 31, and a pinion 34 which is rotated by
      the vertical movement of the rack 33; a potentiometer 35 which produces a
      voltage corresponding to the rotation of the pinion 34; and a variable
      resistor 36 with a knob 37 for changing the output voltage of the
      potentiometer 35.
PAR  As is indicated in FIG. 5, the output voltage signal Vo of the variable
      resistor 36 and a reference voltage signal Vs provided by a potentiometer
      38 are applied to a voltage comparator 39 to produce an output signal to
      operate an analog switch 42 through an amplifier 40. The analog switch 42
      is connected in series to a Zener diode 41 to receive a target speed
      signal Vr having a characteristic designated by reference character II in
      FIG. 6.
PAR  In the graphical representation of FIG. 6, .theta. &gt; 0, or a positive value
      of .theta., means that the control lever is operated to move the load
      upward; .theta. &lt; 0, or a negative value of .theta., means that the
      control lever is operated to move the load downward; and .theta. = 0 means
      that the control lever is at the neutral position. Furthermore, a target
      speed signal Vr when .theta. = 0, that is, an output voltage e.sub.o
      corresponds to a bias voltage which causes the motor to produce the
      driving power necessary for balancing the load 8.
PAR  After the reference signal Vs has once been set by the potentiometer 38,
      the reference signal Vs is maintained unchanged. An output voltage of the
      potentiometer 35, which forms a series circuit with resistors R.sub.10 and
      R.sub.20, is changed in response to the weight of the load 8 and is
      gain-controlled by the variable resistor 36. The output voltage thus
      treated is applied to the voltage comparator 39. This voltage comparator
      39 operates to turn off the analog switch 42 when Vo &lt; Vs and to turn on
      the same when Vo .gtoreq. Vs, for instance. In this connection, the
      control circuit shown in FIG. 5 is so designed that the output voltage of
      the potentiometer 35 is increased with the weight of the load 8. The
      weight limit can be readily obtained by turning the knob 37 of the
      potentiometer 36.
PAR  When the weight of the load is lighter than the weight limit, that is, the
      output voltage Vo of the variable resistor 36 is lower than the reference
      voltage Vs, the analog switch 42 is in the "off" state. Accordingly, an
      output voltage of the potentiometer 20 series-connected through resistors
      R.sub.1 and R.sub.2 to a direct current power source is employed as a
      target speed signal Vr. That is, a target speed signal Vr having a
      character as designated by reference character I in FIG. 6 is obtained,
      whereby the load is moved upward or downward as was described before.
PAR  When the weight of the load 8 is equal to or heavier than the weight limit,
      that is, the output voltage Vo of the variable resistor 36 is equal to or
      higher than the reference voltage Vs, the analog switch 42 is turned on.
      Accordingly, the otuput voltage of the potentiometer 20 becomes equal to
      the Zener voltage (e.sub.o) of the Zener diode 36, and thereafter the load
      is no longer lifted upward even if the control lever 7 is operated to move
      the load upward.
PAR  In other words, when the load is heavier than the weight limit the target
      speed value Vr has the characteristic II in FIG. 6. Accordingly, even if
      the control lever is operated to move the load upward (.theta. &gt; 0), the
      target speed signal Vr is kept equal to the Zener voltage e.sub.o (Vr =
      e.sub.o), that is, the upward movement of the load cannot be effected,
      whereupon the automatic balance signal generating device starts its
      operation to obtain the automatic balance of the load, as described above.
      If, under this condition, the control lever 7 is depressed downward so
      that the angle .theta. becomes negative (.theta. &lt; 0), the output voltage
      of the potentiometer 20 becomes lower than the Zener voltage e.sub.o and
      the load is moved downward.
PAR  As is apparent from the description above, no load having a weight heavier
      than the weight limit is lifted by the lifting apparatus, that is, no load
      having a weight heavier than the allowable weight which can be safely
      lifted by the lifting apparatus is moved by the same. As a result, safe
      operation of the lifting apparatus can be expected, and the service life
      of the lifting apparatus can be prolonged. Furthermore, the weight limit
      setting device can be readily installed on the operating section of the
      lifting apparatus, and the weight limit can be readily changed. Therefore,
      the weight limit setting device can be installed on a variety of lifting
      apparatuses.
PAR  In addition, the analog switch may be replaced by a magnetic relay with
      contacts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lifting apparatus for moving a load on a load carrying section by
      driving a crane-type arm through a driving section with the aid of a
      target speed signal obtained by operating a control lever provided in an
      operating section, said lifting apparatus comprising:
PA1  a. a servo mechanism means, provided in said driving section, for moving
      said load carrying section with the aid of said target speed signal;
PA1  b. an automatic balance signal generating means, coupled to an output shaft
      of said servo mechanism means, for supplying an automatic balance signal
      to said servo mechanism means so that when said control lever is not
      operated, said load carrying section is maintained stopped;
PA1  c. a weight limit setting means operatively coupled to said operating
      section, for setting a weight limit which said lifting apparatus can
      safely move, said weight limit setting means comprising a spring member
      the top end of which moves vertically in proportion to the weight of a
      load, movement converting means coupled to the top end of said spring
      member for converting the vertical movement of said spring member into a
      rotational movement, a first potentiometer operatively connected to said
      movement converting means for converting the rotational movement into a
      voltage signal, and a voltage comparator for comparing said voltage signal
      with a reference voltage signal representative of said weight limit which
      is supplied thereto by a second potentiometer, thereby producing an output
      signal; and
PA1  d. a Zener diode connected through switching means in parallel to an input
      section of said servo mechanism means, said switching means being operated
      by said output signal produced by said voltage comparator when said
      voltage signal from said first potentiometer is equal to or greater than
      said reference voltage signal from said second potentiometer to maintain
      said load carrying section stopped, whereby when the weight of said load
      is equal to or greater than said weight limit, the load is not moved.
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ABST
PAL  This apparatus comprises a main jack for supporting elements from the
      installation and a regulating device which includes at least one pivoting
      jack and makes use of a source of pressurized fluid in communication with
      a chamber of variable volume in which the pressure of the fluid varies in
      inverse proportion with respect to the volume of the chamber. The main
      jack and the regulating device are connected in parallel to the source of
      pressurized fluid and the regulating device supplies a pressurized
      auxiliary fluid to means for adjusting the force exerted by the main jack.
BSUM
PAR  The present invention relates to an apparatus for applying a determined
      force to an element connected to an installation subjected to alternating
      movements.
PAR  There will be contemplated in the following, by way of non limitative
      example, the application of the invention to off-shore drilling operations
      performed from a floating installation, the apparatus of the invention
      being then used to apply to the drill string, at the upper part thereof, a
      determined force independently of the vertical movements of the floating
      installation.
PAR  It has already been proposed an apparatus for applying a determined force
      to an elongated member connected to an installation subjected to
      alternating movements, this prior apparatus comprising at least one main
      hydraulic jack and a regulating device making use of a source of
      pressurized fluid communicating with a chamber of variable volume, such as
      a hydraulic jack, the pressure of this fluid varying in inverse proportion
      relative to the volume of the chamber.
PAR  This prior device comprises a group of jacks having cylinder elements and
      piston-rod elements, one element of at least one jack of said group being
      connected through a moveable articulation to an element of at least
      another jack of said group, at least one jack of the group being pivotally
      mounted about a stationary point of the installation through its element
      which is not connected to said moveable articulation, said moveable
      articulation being compelled to move along a predetermined path, fixed
      with respect to the installation, the axis of said pivoting jack having,
      during its rotation, a variable angle of inclination relative to said
      path, at least one jack of said group being fed with pressurized fluid
      from said source and constituting said chamber of variable volume and at
      least one jack of the group supplying a pressurized working fluid.
PAR  In a device of this type which has been already proposed, the source of
      pressurized fluid is constituted by one or a plurality of oleopneumatic
      (gas-and-oil) accumulators and the regulating device is connected in
      series between this source of pressurized fluid and the cylinder of the
      main jack and supplies this main jack with pressurized working fluid.
PAR  The object of the present invention is to provide an apparatus for applying
      a predetermined force, formed by elements of limited size and consequently
      less bulky and less expensive than the prior devices, for the same
      accuracy of regulation.
PAR  This result is obtained by a special "parallel" connection of the elements
      forming the apparatus, this arrangement being substituted for the
      conventional "series" connection used in the apparatuses which have been
      proposed up to now.
DRWD
PAR  The invention will be better understood from the following description of
      non limitative embodiments diagrammatically illustrated by the
      accompanying drawings, wherein:
PAR  FIG. 1 illustrates a first embodiment of an apparatus according to the
      invention;
PAR  FIG. 1A illustrates a modification of this first embodiment;
PAR  FIG. 2 shows a second embodiment;
PAR  FIG. 2A illustrates a modification of this second embodiment;
PAR  FIGS. 3 and 4 represent other types of regulating devices which can be used
      in the apparatus;
PAR  FIG. 5 illustrates a third embodiment of the invention;
PAR  FIG. 5A shows an alternative embodiment of the regulating device used in
      the apparatus of FIG. 5;
PAR  FIG. 6 represents a fourth embodiment of the invention.
DETD
PAR  In the drawings the same reference numerals have been used to designate the
      same elements.
PAR  Attention is first drawn to the embodiment illustrated by FIG. 1, which
      diagrammatically shows an apparatus according to the invention used for
      off-shore drilling operations performed from an installation subjected to
      vertical movements, this apparatus being designed for applying to a drill
      pipe such as a conventional drill string (not shown) supported, for
      example, by a block 1 through cables, a tractive force F which remains
      substantially constant in spite of the vertical movements of the
      installation, so as to maintain at a predetermined value the load applied
      to the drill tool (this load being equal to the difference between the
      weight of the drill string above the tool and the tractive force applied
      to this drill string through block 1).
PAR  The block 1 is secured to a support member 2, carried by one element (for
      example the rod 4) of a main jack 3, the other element (i.e. the cylinder
      5 of this jack) being fixed to the top of the derrick 6.
PAR  The apparatus also includes a regulating device designated as a whole by
      reference numeral 7 and associated to a source of pressurized fluid, such
      as the oleopneumatic accumulator 8 (it is possible to use one or a
      plurality of pneumatic or oleopneumatic accumulators).
PAR  Instead of pneumatic or oleopneumatic accumulators it will also be possible
      to make use of a source of fluid to which a pressure is applied through
      resilient means, such as, for example, spring means, acting on a piston.
PAR  In the embodiment of FIG. 1, the regulating device is formed by a group of
      three jacks 9, 10 and 11, each having one element (in this example the
      piston-rod) connected to one element of the other jacks through the
      moveable articulation 12.
PAR  The jacks 9 and 10 are pivotably mounted on stationary points 13 and 14 of
      the installation.
PAR  The axis of jack 11 extending, in this embodiment, along the symmetry axis
      of the segment connecting points 13 and 14, the moveable articulation 12
      is displaceable along this symmetry axis, as indicated by the arrows.
PAR  The jacks 9 and 10 are fed with fluid under pressure P from the accumulator
      8 and the jack 11 supplies through pipe 15 an auxiliary hydraulic fluid
      under the pressure P.sub.u.
PAR  In the apparatuses which have been proposed up to now, the regulating
      device is connected "in series" between the cylinder of the main jack 5
      and the accumulator 8.
PAR  In the device according to the invention a substantial reduction in the
      volume (and consequently in the bulkiness and in the cost) of the
      accumulator 8 is obtained by connecting in parallel, to the accumulator,
      the main jack 5 through pipe 16 and the regulating device 7 through pipe
      15a.
PAR  The main jack 3 is connected to the accumulator 8 through pipe 16, and pipe
      15 delivers pressurized auxiliary fluid to means for exerting an adjusting
      force which is opposed to (FIGS. 1, 1A, 2, 2A) or, alternatively, which
      has the same direction as (FIGS. 5 and 6) the force exerted by the main
      jack 5, in order to apply to the block 1 a force which is accurately
      determined.
PAR  In the first embodiment of the invention, illustrated by FIG. 1, these
      adjusting means are formed of two adjusting jacks 17 and 18 exerting an
      action opposed to that of the main jack 5.
PAR  The predetermined value of the force F exerted by the apparatus for each
      position of the piston of the main jack may be selected at will by
      adjusting, through valve 19, the quantity of fluid in the feeding circuit
      to the main jack 5 and the regulating device 7 connected to the
      accumulator 8.
PAR  FIG. 1A shows a modification of the preceding embodiment wherein two jacks
      5A and 5B have been substituted for the main jack 5, said jacks being
      placed below the adjusting jacks 17 and 18. The force F is applied through
      a shaft 20 carrying pulleys 21.
PAR  FIG. 2 illustrates a second embodiment, wherein the stem 4 of the main jack
      is hollow and slidably mounted on a guide-rod 22 fixed to the cylinder 5
      of jack 3.
PAR  The accumulator 8 is connected through pipe 16 to the chamber 23 of jack 3,
      located on the side of the hollow stem 4 of the piston, the pressure
      prevailing in this compartment being thus substantially equal to the
      pressure P in the accumulator and the interior of this hollow stem is fed
      with pressurized auxiliary fluid at the pressure P.sub.u through pipe 15
      from a regulating device (not shown) which may, for example be of the type
      of the device 7 illustrated by FIG. 1.
PAR  It appears that the apparatuses of FIGS. 1, 1A and 2 operate substantially
      in the same way, the pressure P and P.sub.u exerting opposite antagonistic
      actions producing the resulting force F.
PAR  In the alternative embodiment of FIG. 2A, the guide stem 22 is provided
      with an axial channel 22A for the admission of auxiliary fluid into the
      hollow stem 4 of jack 3.
PAR  In the regulating device 7A an arrangement of the jacks 9 and 10 different
      from that of the device 7 of FIG. 1 has been selected (these jacks are
      articulated about the stationary points 13A and 14A respectively), so that
      the piston rod of jack 11A is subjected to a traction, instead of a
      compression as in the regulating device of FIG. 1.
PAR  Such an arrangement may be substituted for that of the device 7 of FIG. 1
      in any of the apparatuses according to the invention illustrated by FIGS.
      1, 1A and 2.
PAR  It will be also possible in these apparatuses to substitute for the
      regulating device 7 or 7A any of the regulating devices illustrated in
      Patent applications Ser Nos. 248,727 and 248,728 filed on Apr. 28, 1972.
PAR  FIGS. 3 and 4 illustrate two other embodiments of the regulating device
      which may be used in any of the above-described apparatuses, in
      combination with a source of pressurized fluid, such as jack 8, instead of
      the device 7 of FIG. 1 or of the device 7A of FIG. 2A.
PAR  These regulating devices include two jacks (jacks 23 and 24, FIG. 3; jacks
      23A and 24A, FIG. 4) whose elements are connected through rods articulated
      at the apices of a quadrilateral having diagonals perpendicular to each
      other (articulations 25 to 28, FIG. 3 and 25A to 28A, FIG. 4), the axes of
      these jacks extending along the diagonals of the quadrilateral. One of the
      articulation points of the jacks 23 and 23A is stationary (articulations
      25, FIG. 3 and 25A, FIG. 4, respectively) and the other articulation point
      is displaceable along a diagonal of the quadrilateral.
PAR  One cylinder of one of the jacks is connected to the accumulator 8 at the
      pressure P and the cylinder of the other jack contains an auxiliary fluid
      at the pressure P.sub.u which varies as a function of the pressure P in
      the accumulator 8 according to the relationship
      ##EQU1##
      S and s being the respective piston areas of jacks 23 and 24, .delta./2
      being the value of the half-angle at the apex 25 (or 25A) of the
      quadrilateral and .theta./2 being the value of the half-angle at the apex
      27 (or 27A) of the quadrilateral, these angles varying as a function of
      the variations in the pressure P, which result in displacements of points
      27 and 27A, respectively, in the directions indicated by the arrows and of
      points 26, 28, 26A and 28A in FIGS. 3 and 4. In the embodiments
      illustrated by FIGS. 3 and 4, the quadrilaterals 25, 26, 27, 28 and 25A,
      26A, 27A, 28A are rhombs, i.e.
      ##EQU2##
PAR  Those skilled in the art are able to determine by computation, in each
      particular case of use, the constructional parameters of the regulating
      device (devices 7 of FIG. 1, 7A of FIG. 2A or devices of FIG. 3 or of FIG.
      4), i.e. the cross-section and stroke of the pivoting jacks, the limit
      values of the angles such as .alpha. (FIG. 1), .alpha..sub.A (FIG. 2A),
      .theta./2 and .delta./2 (FIGS. 3 and 4), in order to obtain, for each
      position of the piston of the main jack 3, (as a function of the vertical
      displacement of the floating installation), i.e. for each value of the
      pressure P in the accumulator 8, a value of the pressure P.sub.u of the
      auxiliary fluid supplied to the adjusting jacks resulting in a force F as
      close as possible to a predetermined value which has been selected taking
      into account, in particular, the influence of a suspension system placed
      between the drill pipe and the main jack 3.
PAR  FIG. 5 illustrates an embodiment of the invention wherein are used, in
      combination with the main jack 3, two adjusting jacks 17A and 18A exerting
      actions having the same directions as the one of the main jack.
PAR  These jacks are supplied with auxiliary fluid through pipe 15, this fluid
      being pressurized by means of a regulating device which is connected to
      the accumulator 8 and may be of the type of the device 7 of FIG. 1 or of
      the device 7A of FIG. 1A.
PAR  FIG. 5A represents a modification of the above-described embodiment,
      wherein the chamber 29 of jack 11A of the regulating device supplies the
      auxiliary fluid to the pipe 15 and the chamber 30 of this jack is
      connected to the accumulator 8 through a pipe 31.
PAR  FIG. 6 illustrates another embodiment of the invention, in which the jack
      3A is provided with a piston having a hollow stem 4A slidably mounted on a
      guide-rod 22A secured to the cylinder 5A of the jack.
PAR  The accumulator 8 is connected through pipe 16 to the chamber 31 of the
      jack 3A located on the side opposite the hollow stem 4A, the pressure
      prevailing in this chamber being thus substantially equal to the pressure
      P in the accumulator and the interior of this hollow stem being supplied
      with auxiliary fluid at the pressure P.sub.u through pipe 15 from a
      regulating device which may, for example, be of the type illustrated in
      FIG. 1 or FIG. 5A.
PAR  In the apparatuses illustrated by FIGS. 5 and 6, it is possible, instead of
      using a regulating device such as the device 7 of FIG. 1 or the device 7A
      of FIG. 1A, to use a regulating device such as that illustrated by FIG. 4.
      It is however not possible, in these apparatuses, to use a regulating
      device of the type illustrated by FIG. 3.
PAR  This fact can be understood when considering that in the lowermost position
      of the block 1, the pressure P supplied by the accumulator 8 is high and
      consequently the force F reaches its maximum value.
PAR  In this position of the block, the cylinders of the adjusting jacks 17A and
      18A are empty, the piston of jack 24A of the regulating device of FIG. 3
      would then be in its lowermost position to which corresponds the maximum
      value of the angle .theta./2. The pressure P.sub.u supplied by the jack
      24, which is proportional to the product P tan .theta./2 would then be
      very high and would then add its effect to the effect of the pressure P,
      which would further increase the force F.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for an installation subjected to alternate displacements,
      wherein said apparatus maintains a predetermined force on an extended
      element connected to said installation, said apparatus comprising at least
      one main jack, at least one pressurized fluid accumulator, said main jack
      being supplied with said pressurized fluid from said accumulator for
      maintaining the extended element under tension, and a regulating device
      connected to said accumulator in parallel with said main jack, said
      regulating device comprising at least two regulating jacks whose axes form
      an angle therebetween, said regulating jacks being connected by at least
      one articulation, and said apparatus further comprising at least one
      adjusting jack connected to said regulating device, said adjusting jack
      applying an adjustment force on the extended element, and said adjusting
      jack having a fixed orientation in relation to that of said main jack,
      said adjusting jack applying said adjustment force to the extended element
      along the entire path of action of said main jack during changes in
      pressure in said accumulator and thereby adjust for changes in pressure in
      said accumulator, thereby producing the predetermined force on the
      extended element.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said at least one adjusting
      jack produces said adjustment force opposite to the tension force exerted
      by said main jack, said adjusting jack having a cylinder being fed with
      pressurized auxiliary fluid from said regulating device.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein two adjusting jacks are
      connected to said regulating device for producing said adjustment force
      opposite to the tension force exerted by said main jack on the extended
      element.
NUM  4.
PAR  4. An apparatus according to claim 3, wherein each of said two adjusting
      jacks and said at least one main jack include a piston cylinder, a piston
      and a piston rod, said piston rod of each jack being connected to a
      support member for the extended element.
NUM  5.
PAR  5. An apparatus according to claim 4, wherein said pressurized fluid is
      supplied to the piston cylinder of said main jack to provide said tension
      force on said extended member, while auxiliary pressurized fluid is
      supplied to the piston cylinders of said two adjusting jacks from said
      regulating device to provide said adjustment force on said extended member
      opposite to said tension force.
NUM  6.
PAR  6. An apparatus according to claim 5, wherein at least one of said at least
      two regulating jacks is further connected to a pivot point, and wherein
      said articulation is movable along a predetermined path such that the
      angle formed between the axes of the regulating jacks is variable.
NUM  7.
PAR  7. An apparatus according to claim 1, wherein said at least one adjusting
      jack is comprised of a hollow stem of the main jack piston which is
      slidably mounted on a guide rod fixed to the main jack cylinder, said
      accumulator of pressurized fluid being connected to the chamber of said
      main jack which is located on the same side as said hollow piston stem,
      and the interior of said hollow stem being supplied with pressurized
      auxiliary fluid from said regulating device.
NUM  8.
PAR  8. An apparatus according to claim 7, wherein said guide rod is provided
      with a longitudinal channel for admitting said pressurized auxiliary fluid
      into said hollow stem.
NUM  9.
PAR  9. An apparatus according to claim 1, wherein said at least one adjusting
      jack produces said adjustment force in the same direction as the tension
      force exerted by said main jack, said adjusting jack having a cylinder
      being supplied with pressurized auxiliary fluid from said regulating
      device.
NUM  10.
PAR  10. An apparatus according to claim 1, wherein said at least one adjusting
      jack is comprised of a hollow stem of the main jack piston which is
      slidably mounted on a guide rod fixed to the main jack cylinder, said
      accumulator of pressurized fluid being connected to the chamber of said
      main jack which is located on the side opposite to said hollow piston
      stem, and the interior of said hollow stem being supplied with pressurized
      auxiliary fluid from said regulating device.
NUM  11.
PAR  11. An apparatus according to claim 10, wherein said guide rod is provided
      with a longitudinal channel for admitting said pressurized auxiliary fluid
      into said hollow stem.
NUM  12.
PAR  12. An apparatus according to claim 1, wherein said accumulator of
      pressurized fluid is connected to at least one jack of said regulating
      device for supplying pressurized auxiliary fluid to said adjusting jack
      such that the pressure of said accumulator and the pressure of said
      auxiliary fluid are applied to different sides of the piston of said main
      jack.
NUM  13.
PAR  13. An apparatus according to claim 1, wherein said regulating device
      comprises a group of jacks, one element of at least one of said jacks
      being connected through a moveable articulation to an element of at least
      another jack of the same group, at least one jack of said group being
      pivotally mounted about a stationary point through its element which is
      not connected to the moveable articulation, said articulation being
      compelled to move along a predetermined path, the axis of said pivoting
      jack remaining inclined relative to said path during its rotation, at
      least one jack of said group being fed with said pressurized fluid from
      said accumulator and at least one jack of said group being connected to
      the cylinder of said at least one adjusting jack through a pipe supplying
      hydraulic fluid which constitutes pressurized auxiliary fluid.
NUM  14.
PAR  14. An apparatus according to claim 9, wherein said regulating device
      comprises, in combination, at least one pair of jacks whose elements are
      interconnected through articulated coupling rods at the apices of a
      quadrilateral the axes of the jacks extending along the diagonals of this
      quadrilateral, at least one articulation point of the jacks of said pair
      being stationary and the other articulation point of this jack being
      displaceable along a diagonal of said quadrilateral, the cylinder of a
      first of said jacks being connected to said accumulator of pressurized
      fluid, the cylinder of a second jack containing the pressurized auxiliary
      fluid and said adjusting jack being fed with pressurized auxiliary fluid
      through said second jack, the connection of said accumulator of
      pressurized fluid to said first jack and the connection of said adjusting
      jack to said second jack being both effected on the side of the pistons of
      said jacks to which correspond the application of a tractive force through
      said jacks to their piston rods.
NUM  15.
PAR  15. An apparatus according to claim 1, wherein at least one of said at
      least two regulating jacks is further connected to a pivot point, and
      wherein said articulation is movable along a predetermined path such that
      the angle formed between the axes of the regulating jacks is variable.
NUM  16.
PAR  16. An apparatus for an installation subjected to alternate displacements,
      wherein said apparatus maintains a predetermined force on an extended
      element connected to said installation, said apparatus comprising at least
      one main jack, at least one pressurized fluid accumulator, said main jack
      being supplied with said pressurized fluid from said accumulator for
      maintaining the extended element under tension, and a regulating device
      connected to said accumulator in parallel with said main jack, said
      regulating device comprising at least two regulating jacks whose axes form
      an angle therebetween, said regulating jacks being connected by at least
      one articulation, and said apparatus further comprising at least one
      adjusting jack connected to said regulating device, said adjusting jack
      applying an adjustment force on the extended element, and said adjusting
      jack having a fixed orientation in relation to that of said main jack to
      apply said adjustment force to the extended element along the entire path
      of action of said main jack, thereby producing the predetermined force on
      the extended element, wherein at least one of said at least two regulating
      jacks is further connected to a pivot point, and wherein said articulation
      is movable along a predetermined path such that the angle formed between
      the axes of the regulating jacks is variable, and wherein said regulating
      device comprises three regulating jacks, two of said three regulating
      jacks being supplied by said pressurized fluid from said accumulator, and
      the other of said three regulating jacks supplying auxiliary pressurized
      fluid to said at least one adjusting jack.
NUM  17.
PAR  17. An apparatus according to claim 16, wherein said two of said three
      regulating jacks are connected to a pivot point such that action of at
      least one of said pressurized fluid in said two regulating jacks or said
      auxiliary pressurized fluid in said other of said three regulating jacks
      varies the respective angles between the axes of each of said three
      regulating jacks.
NUM  18.
PAR  18. An apparatus according to claim 17, wherein the pressure of said
      auxiliary pressurized fluid in said other of said regulating jacks varies
      as a function of the pressure of said pressurized fluid supplied from said
      accumulator, thereby varying the adjustment force applied by said
      adjusting jack on the extended element.
NUM  19.
PAR  19. An apparatus according to claim 16, wherein said two of said three
      regulating jacks are connected to said accumulator in parallel, each of
      said two regulating jacks forming a variable volume chamber supplied with
      said pressurized fluid, the pressure of said pressurized fluid varying in
      inverse proportion relative to said variable volume.
NUM  20.
PAR  20. An apparatus according to claim 16, wherein two adjusting jacks are
      connected to said other of said three regulating jacks, said other
      regulating jack supplying said auxiliary pressurized fluid to said two
      adjusting jacks, thereby producing said adjustment force.
NUM  21.
PAR  21. An apparatus for an installation subjected to alternate displacements,
      wherein said apparatus maintains a predetermined force on an extended
      element connected to said installation, said apparatus comprising at least
      one main jack, at least one pressurized fluid accumulator, said main jack
      being supplied with said pressurized fluid from said accumulator for
      maintaining the extended element under tension, and a regulating device
      connected to said accumulator in parallel with said main jack, said
      regulating device comprising at least two regulating jacks whose axes form
      an angle therebetween, said regulating jacks being connected by at least
      one articulation, and said apparatus further comprising at least one
      adjusting jack connected to said regulating device, said adjusting jack
      applying an adjustment force on the extended element, and said adjusting
      jack having a fixed orientation in relation to that of said main jack to
      apply said adjustment force to the extended element along the entire path
      of action of said main jack, thereby producing the predetermined force on
      the extended element, wherein said at least one adjusting jack produces
      said adjustment force opposite to the tension force exerted by said main
      jack, said adjusting jack having a cylinder being fed with pressurized
      auxiliary fluid from said regulating device, wherein two adjusting jacks
      are connected to said regulating device for producing said adjustment
      force opposite to the tension force exerted by said main jack on the
      extended element, wherein each of said two adjusting jacks and said at
      least one main jack include a piston cylinder, a piston and a piston rod,
      said piston rod of each jack being connected to a support member for the
      extended element, wherein said pressurized fluid is supplied to the piston
      cylinder of said main jack to provide said tension force on said extended
      member, while auxiliary pressurized fluid is supplied to the piston
      cylinders of said two adjusting jacks from said regulating device to
      provide said adjustment force on said extended member opposite to said
      tension force, wherein at least one of said at least two regulating jacks
      is further connected to a pivot point, and wherein said articulation is
      movable along a predetermined path such that the angle formed between the
      axes of the regulating jacks is variable, and wherein said regulating
      device comprises three regulating jacks, two of said three regulating
      jacks being supplied by said pressurized fluid from said accumulator, and
      the other of said three regulating jacks supplying auxiliary pressurized
      fluid to said two adjusting jacks.
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ABST
PAL  Disclosed is an open center crown block pivotally mounting a pair of
      sheaves on each of the opposite sides of the well centerline. On one side
      of the crown block, there is pivotally mounted a crossover sheave for
      transferring the drilling line from one side of the well centerline to the
      opposite side thereof. Opposite the crossover sheave is a fastline sheave
      for aligning the drilling line from the draw works vertically above the
      travelling block. On another side of the frame, there is provided a
      deadline sheave for transferring the drilling line from the crown block to
      an anchor point on the mast or substructure. The crossover, fastline and
      deadline sheaves are spaced from the well centerline leaving the central
      portion of the crown block clear for receiving motion compensators or
      other drilling equipment thereby rendering unnecessary any increase in
      height of the mast in order to receive the compensator or other tools.
BSUM
PAR  The present invention relates to a crown block for use in masts (the term
      "mast" being used herein to describe a well drilling mast or a standard
      derrick) and particularly to a crown block having sheaves arranged to
      provide an open center for penetration by a heave compensator or other
      drilling tools.
PAR  In conventional drilling rigs, both on-land and offshore, the drilling line
      is attached to the drum of the draw works and extends over the crown block
      at the top of the mast. The drilling line is alternately reeved over the
      sheaves of the crown block and a travelling block with the end of the
      drilling line being deadended, i.e., anchored to the mast or its
      substructure. The crown block and travelling block thus support the drill
      string during drilling operations.
PAR  Most current crown blocks are centered along the well centerline and have
      four to six sheaves usually mounted in line on a common center pin.
      Earlier crown blocks had sheaves centered right angles to one another and
      center pins mounted at two different levels. In both cases, however, the
      components of the crown block substantially close the upper end of the
      mast along the centerline of the well. The location of the crown block
      along the centerline of the well and its substantial closing of the top of
      the mast are not particularly significant in land-based drilling rigs but
      become significant in offshore drilling rigs. It will be appreciated that
      floating offshore drilling rigs are subjected to vertical motions due to
      wind and wave action against the drilling vessel. It has proven desirable,
      however, to maintain the drill string substantially motionless in the
      vertical direction relative to the sea floor in order to permit continuous
      cutting action of the drill bit and prevent large compressive or buckling
      stresses on the drill string. Various devices are utilized to accomplish
      this, one of which is a heave compensator. A compensator may comprise an
      elongated cylinder secured to the travelling block with the piston of the
      cylinder secured to the drill string. By proper flow of hydraulic fluid to
      the cylinder, the motion of the vessel can be compensated with the result
      that the drill string remains substantially motionless in the vertical
      direction with its drill bit in substantial continuous engagement with the
      well bottom. However, this advantageous result is, in part, offset by the
      requirement for a taller mast since the cylinder of a compensator
      effective to eliminate vessel motions as a factor in maintaining the drill
      bit on bottom is usually quite long. That is, the travelling block
      utilizing an ordinary crown block and with a compensator attached to the
      travelling block cannot be raised adjacent the crown block during drilling
      operations. It has thus been recognized that the closing of the top of the
      mast by the crown block imposes a limitation upon the height of the
      travelling block above the rotary table and that it is therefore desirable
      to provide a crown block which is open along the well centerline such that
      the heave compensator or other drilling tools can penetrate through the
      crown block thereby eliminating the necessity of providing a taller mast.
PAR  The present invention provides a novel and improved crown block for a mast
      particularly useful in offshore drilling on vessels subject to wind and
      wave action causing motions in a vertical direction and which block is
      provided with an open center coincident with the well centerline to permit
      a heave compensator or other drilling tools to penetrate through the crown
      block. It will also be recognized, in providing a crown block of the
      foregoing type, that the travelling block must be retained on the well
      centerline and retained square relative to the mast. Accordingly, the
      present invention provides a crown block comprised of an open center frame
      having a pair of sheaves on each of the opposite sides of the frame
      leaving the center of the frame in vertical alignment with the well
      centerline open. A fastline sheave is carried by the frame on one side of
      the well centerline for transporting the drilling line from the draw works
      to a position in substantial vertical alignment with a sheave on the
      travelling block. A crossover sheave is provided on the side of the frame
      opposite the fastline sheave and transfers the drill line from one side of
      the well centerline to the opposite side of the well centerline. A
      deadline sheave is also carried on the frame and located to receive the
      drilling line from the travelling block whereby the line can be secured or
      anchored to the mast or its substructure.
PAR  In reeving the drilling line over the sheaves, the drilling line starts
      from the draw works and is reeved over the fastline sheave downwardly to
      the travelling block. The drilling line is then alternately reeved about a
      pair of sheaves on the crown block and three sheaves on the travelling
      block, all such sheaves lying on one side of the well centerline. The
      drilling line is then reeved over the transfer sheave for return to the
      travelling block on the opposite side of the well centerline. The drilling
      line is then alternately reeved about the pair of sheaves of the crown
      block and the three sheaves on the travelling block, all such latter
      sheaves lying on the opposite side of the well centerline. The drilling
      line is then received from the travelling block, reeved over the deadline
      sheave, and anchored to the drilling mast or its substructure. The pairs
      of sheaves on the crown block on opposite sides of the well centerline lie
      in oblique planes which converge to intersect in an acute angle. Also, the
      grooves of the fastline sheave, the crossover sheave and the deadline
      sheave lie in substantial vertical alignment with the sheaves of the
      travelling block for receiving or taking on the drilling line whereby the
      portions of the lines interconnecting the crown block sheaves and the
      travelling block sheaves lie substantially vertical relative to one
      another. In this manner the travelling block is free of forces tending to
      twist it relative to the mast or misalign it in a vertical direction
      whereby the travelling block is maintained square relative to the mast and
      in true vertical alignment with the well centerline and the crown block.
PAR  In accordance with the foregoing arrangement of the sheaves, an area of the
      crown block lying on the well centerline remains open. This area is
      bounded by the pairs of sheaves on opposite sides of the crown block
      frame, the crossover sheave and the fastline sheave. Also, the space above
      the travelling block is open and unencumbered by the drilling line.
      Accordingly, a heave compensator or any other tool carried by the
      travelling block can be received within the area above the travelling
      block and between the sheaves of the crown block. This enables the
      travelling block to be hoisted to the top portion of the mast with the
      result that the height of the mast effective to carry pipe is in no way
      shortened due to the use of a heave compensator or other drilling tool in
      the drill string.
PAR  Accordingly, it is a primary object of the present invention to provide a
      novel and improved open center crown block.
PAR  It is another object of the present invention to provide a novel and
      improved crown block having an open center for receiving a motion
      compensating cylinder or other drilling tool.
PAR  It is another object of the present invention to provide an open center
      crown block having an arrangement of sheaves which maintain the travelling
      block square relative to the mast and the portions of the drilling lines
      between the crown block and travelling block substantially vertically
      parallel relative to one another.
PAR  It is a further object of the present invention to provide a novel and
      improved open center crown block for use with masts carried by floating
      offshore drilling vessels.
PAR  It is a still further object of the present invention to provide a novel
      and improved crown block having an open center wherein the block can be
      readily and easily constructed and utilized.
DRWD
PAR  These and other objects and advantages of the present invention will become
      more apparent upon reference to the following specification, appended
      claims and drawings wherein:
PAR  FIG. 1 is a perspective view of a drilling mast and illustrates a crown
      block constructed in accordance with the present invention supporting a
      travelling block having a heave compensating cylinder secured thereto;
PAR  FIG. 2 is an enlarged plan view of the crown block hereof;
PAR  FIG. 3 is a side elevational view thereof;
PAR  FIG. 4 is a cross-sectional view thereof taken generally about on line 4--4
      in FIG. 2; and
PAR  FIG. 5 is a schematic representation of the manner in which the drilling
      line is reeved about the sheaves of the crown block and travelling block.
DETD
PAR  Referring now to the drawings and particularly to FIG. 1, there is
      illustrated a drilling rig, generally designated 10, comprised of a
      derrick floor 12, and a mast 14 including derrick legs 16 and
      interconnecting diagonal and longitudinally extending braces 18. The mast
      14 terminates its upper end in a crown block generally designated 20 and
      which crown block 20 is constructed in accordance with the present
      invention. The derrick floor 12 is provided with an opening 22 through
      which the drill string extends to the well bottom, the drill string being
      supported by derrick 10 from crown block 20. Particularly, the drill
      string is supported from crown block 20 by a travelling block 24 and a
      drilling line 90. Drilling line 90 is connected at one end to the draw
      works and is reeved over sheaves carried by the crown block and travelling
      block. The opposite end of the drilling line 90 is deadended to the mast
      14 or its substructure. The drilling line 90 cooperates with the crown
      block 20 of the present invention and travelling block 24 to, in
      accordance with the present invention, leave the centerline of the derrick
      above the travelling block and through the crown block open, all as
      described hereinafter. In the illustration of the derrick in FIG. 1, there
      is provided a heave compensator designated 26 and which compensator is
      supported by the travelling block. It will be recalled that a heave
      compensator is necessary particularly in floating drilling rigs in order
      to maintain the drill bit on bottom notwithstanding heave motions of the
      vessel caused by wind and wave action on the vessel. The heave compensator
      26 illustrated herein comprises a cylinder 28 secured to travelling block
      24. The piston 30 of cylinder 28 is connected to a hook which, in turn, is
      connected through a swivel and a kelly to the drill string. In the usual
      operation of a heave compensator of this type the piston 30 moves into and
      out of the cylinder 28 in response to vessel heave motions thereby
      maintaining the drill string substantially vertically motionless relative
      to the sea bottom notwithstanding vertical motion of the derrick or mast
      14 which is rigidly secured to the floating vessel.
PAR  Turning now to particularly FIGS. 2, 3 and 4, there is illustrated a crown
      block 20 constructed in accordance with the present invention and
      including a framework having a pair of generally parallel side frame
      members 32 connected one to the other by end framing members, one of which
      is illustrated at 34. Between the end framing members and also connected
      between the side frame members 32 there are two pairs of spaced cross
      frame members 36, each pair of cross frame members 36 being spaced on
      opposite sides of the well centerline designated C.L. Thus, from a review
      of FIG. 2, it will be appreciated that a generally rectangular, vertically
      opening area is defined between the side frame members 32 and the cross
      frame members 36 through crown block 20. A pair of sheaves are mounted
      between the cross frame members 36 of each pair thereof on the opposite
      sides of the well centerline C.L. Specifically, a pair of sheaves 38 and
      40 are carried on bearings, not shown, about a centerpin 42, the centerpin
      42 being secured at opposite ends in blocks 43 mounted on cross members
      36. Sheaves 44 and 46 are carried between the pair of cross members 36 on
      the opposite side of the well centerline and are likewise mounted on
      bearings, not shown, about a centerpin 48 similarly mounted in blocks 50
      secured to cross members 36. Each pair of sheaves 38, 40 and 44, 46, are
      mounted obliquely relative to the end frame members 34. That is, these
      sheaves are mounted in converging planes which, if extended, intersect one
      another on one side of crown block 20.
PAR  Carried adjacent one side of crown block 20 is a crossover sheave 52 which
      lies in a plane generally parallel to a side frame member 32 of the crown
      block. Crossover sheave 52 similarly is carried by bearings, not shown,
      about a centerpin 54 secured at opposite ends to blocks 55. Blocks 55 are,
      in turn, secured to the upper ends of a pair of support brackets 57 which
      straddle sheave 52 and upstand respectively from side frame member 32 and
      a structural member 56. Member 56 is secured between the innermost cross
      frame members 36 on opposite sides of the well centerline and lies
      adjacent the side frame member 32. As illustrated in FIG. 4, the crossover
      sheave 52 is thus elevated above the two pairs of sheaves between cross
      frame members 36.
PAR  A pair of upstanding frame members 58 (FIG. 2) are secured at their lower
      ends respectively to the innermost cross frame member 36 on one side of
      the well centerline and the side frame member 32 opposite from the frame
      member 32 supporting crossover sheave 52. A cross member 60 is secured at
      the top of upstanding members 58 and carries a support block 62 for
      carrying one end of a centerpin 64. An upstanding support bracket 66 is
      also carried by side frame member 32 and carries a block 68 which supports
      the opposite end of centerpin 64. Centerpin 64 rotatably mounts on
      bearings, not shown, a fastline sheave 70. The fastline sheave 70 is, as
      illustrated in FIG. 2, rotatable in a plane which extends obliquely
      relative to the side frame member 32.
PAR  Located on one of the pairs of cross frame members 36 on one side of the
      well centerline and adjacent opposite side frame members 32, there is
      provided a pair of upstanding supports 72. Supports 72 carry a cross
      support 74 at their upper ends. Cross support 74 carries a block 76 for
      mounting one end of a centerpin 78. The opposite end of centerpin 78 is
      carried in a block 80 mounted at the upper end of an upstanding support 82
      which is connected at its lower end to the outermost cross frame member 36
      and a cross bracing member 84 extending between side frame member 32 and
      cross frame member 36. A deadline sheave 88 is rotatably mounted on
      centerpin 78 on suitable bearings, not shown. From a review of FIG. 2, it
      will be seen that the deadline sheave 88 is rotatable in a plane which
      extends obliquely relative to the side frame members 32.
PAR  From a review of FIG. 2, it will be appreciated that each of the sheaves
      38, 40, 44, 46, 52, 70 and 88 are grooved to receive drilling line 90
      (FIG. 5) and are arranged such that drilling line 90 can be reeved over
      the sheaves of the crown block and the sheaves of the travelling block. As
      noted previously, one end of line 90 is deadended to the mast or its
      substructure while its opposite end is coupled to the draw works, it being
      appreciated that the drilling line supports the travelling block and drill
      string from the crown block. It will also be apparent from a review of
      FIG. 2 and for reasons which will become apparent from the ensuing
      description, that the groove of the fastline sheave 70 lies in substantial
      vertical alignment with the groove of sheave 40. Similarly, the groove of
      sheave 38 lies in substantial vertical alignment with the groove on one
      side of crossover sheave 52 while the groove on the opposite side of
      crossover sheave 52 lies in substantial vertical alignment with the groove
      of sheave 46. Also, the groove of deadline sheave 88 lies in substantial
      vertical alignment with the groove carried by sheave 44.
PAR  Referring now to FIG. 5, there is represented, in schematic form, the
      arrangement of the drilling line 90 over the sheaves of the crown block
      and the sheaves of the travelling block. The sheaves on the travelling
      block are designated for clarity hereinafter by the numerals 92, 94, 96,
      98, 100, and 102. It will be appreciated that the sheaves of the
      travelling block are normally mounted on tapered roller bearings which run
      on a centerpin secured in the body of the travelling block. Also, the six
      sheaves of the travelling block are divided into two sets of three sheaves
      each located on opposite sides of the travelling block and on opposite
      sides of the well centerline. The manner in which drill line 90 is reeved
      over the sheaves of crown block 20 and the sheaves of the travelling block
      24 will now be described with reference to FIG. 5. The fastline taken from
      the draw works is first reeved over fastline sheave 70 and extends to the
      travelling block for reeving about on interior sheave 96 on one side of
      the travelling block and the well centerline. The line 90 then extends
      upwardly from sheave 96 and over interior sheave 40 of the crown block on
      the like side of the well centerline. The line 90 from sheave 40 extends
      downwardly and about sheave 94 of travelling block 24. Line 90 then
      extends upwardly from sheave 94 and about sheave 38 of the crown block.
      Line 90 then extends from sheave 38 downwardly and about the outside
      sheave 92 of travelling block whereupon line 90 again extends upwardly.
      Line 90 is then reeved over crossover sheave 52. It will be appreciated
      that the foregoing detailed arrangement of the drilling line over sheaves
      92, 94, and 96 of the travelling block and sheaves 38 and 40 of the crown
      block is provided solely on one side of the well centerline and that
      crossover sheave 52 transfers line 90 over to the opposite side of of the
      mast. This transfer, as illustrated in FIG. 2, is accomplished directly
      adjacent one side of the mast. Drilling line 90 then extends downwardly
      from crossover sheave 52 and about the outermost sheave 102 of the
      travelling block. Drilling line 90 then extends upwardly from sheave 102
      and about the outermost sheave 46 of crown block. Line 90 then extends
      downwardly about sheave 100 of the travelling block and then upwardly
      again about sheave 44 of the crown block. Line 90 then extends downwardly
      about sheave 98 of the travelling block and then upwardly about the
      deadline sheave 88. The end of the drilling line from sheave 88 is
      deadended to the mast 14 or its substructure.
PAR  It will be appreciated that in the actual construction of the crown block
      and travelling block and due to the intricacies of this construction, the
      grooves of the outermost sheaves 92 and 102 of the travelling block are
      slightly offset outwardly from respective true verticals with the
      diametrically opposed grooves of the crossover sheave 52. These offsets
      are, however, equal in lateral distance and in opposite directions.
      Similarly the grooves of the fastline sheave 70 and the deadline sheave 88
      are slightly laterally offset from the respective grooves of the opposed
      innermost sheaves 96 and 98 of the travelling block. These offsets are
      likewise equal in lateral distance relative to one another and in opposite
      directions. The foregoing described offsets thus maintain the travelling
      block square relative to the crown block and throughout the full range of
      vertical movement of the travelling block within the mast. That is, the
      winding of the drilling line does not by itself develop forces tending to
      twist the travelling block relative to the crown block or tending to move
      the travelling block from a true vertical relative to the crown block.
PAR  It will thus be appreciated from the foregoing description that the area
      vertically above the travelling block and between the two sets of sheaves
      carried thereby lies open and is unencumbered by any portions of the
      drilling line 90 crossing over such space. Also, the central portion of
      the crown block remains open and unencumbered by any portion of the
      drilling line or support structure therefor. Thus a heave compensator of
      the type illustrated in FIG. 1 and wherein the cylinder 28 of the
      compensator extends above the travelling block may be carried within the
      mast unencumbered by the drilling line 90 or the sheaves of the crown
      block and for reception within the opening in the crown block. The open
      center crown block and the open area above the travelling block thus
      serves to limit the height of the derrick while simultaneously enabling
      disposition of a heave compensator in a manner which does not foreshorten
      the effective height of the derrick and also in a manner which permits
      other drilling tools to be inserted through the crown block and into the
      drilling string or mast.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. A crown block for use in well drilling apparatus having a mast, draw
      works and a travelling block comprising:
PA1  a frame having an open center in substantial vertical registration with the
      centerline of a well being drilled and adapted for mounting adjacent the
      top of the mast, a pair of sheaves carried by said frame on each of the
      opposite sides of the open center of said frame and adapted to reeve a
      drilling line thereabout and about the sheaves of a travelling block
      supported by the mast from said crown block, the pair of sheaves on one
      side of the open center of the frame lying on a common axis and the pair
      of sheaves on the other side of the open center of the frame lying on a
      common axis, a cross-over sheave carried by said frame for transferring
      the drilling line from the pair of sheaves on one side of the open center
      of said frame to the pair of sheaves on the other side of the open center
      of said frame, said cross-over sheave being spaced from the open center of
      said frame and located adjacent an edge of said frame, each of said pairs
      of sheaves being obliquely mounted relative to a side edge of said frame
      whereby planes containing a sheave of each pair thereof intersect at an
      acute angle on the side of said frame adjacent to which said cross-over
      sheave is mounted, a deadline sheave carried by said frame adjacent an
      edge thereof for reeving the drilling line from the travelling block and
      directing the line for securement to the drilling apparatus, a fastline
      sheave carried by said frame adjacent an edge thereof opposite the frame
      edge adjacent to which said cross-over sheave is located for reeving the
      drilling line from the draw works to a sheave carried by the travelling
      block, said fastline sheave and said deadline sheave being spaced from the
      open center of said frame and being obliquely mounted relative to a side
      edge of said frame and to planes containing said pairs of sheaves whereby
      planes containing said fastline sheave and said deadline sheave intersect
      at an acute angle to one side of said frame, the axes of said pairs of
      sheaves, said deadline sheave and said fastline sheave lying at different
      elevations in said crown block with the plane of operation of the deadline
      sheave intersecting the plane of operation of at least one of the pair of
      sheaves on one side of the open center of said block along a vertical line
      intersecting each said deadline sheave and the one sheave of the latter
      pair of sheaves.
NUM  2.
PAR  2. A crown block according to claim 1 wherein said fastline sheave has a
      groove in substantial vertical alignment with the groove of one of the
      pairs of sheaves on one side of the open center of the frame to maintain
      the portions of the drilling lines between the crown and travelling blocks
      generally parallel.
NUM  3.
PAR  3. A crown block according to claim 1 wherein said crossover sheave has
      diameterically opposed grooves in respective substantial vertical
      alignment with the grooves of respective sheaves of said pairs of sheaves.
NUM  4.
PAR  4. A crown block according to claim 1 wherein said deadline sheave has a
      groove in substantial vertical alignment with a groove of one of the pairs
      of sheaves on one side of the open center of said frame.
NUM  5.
PAR  5. A crown block according to claim 1 wherein said fastline sheave has a
      groove in substantial vertical alignment with the groove of one of the
      pairs of sheaves on one side of the open center of said frame to maintain
      portions of the drilling line between the crown block and travelling block
      generally parallel, said crossover sheave having diametrically opposed
      grooves in respective substantially vertical alignment with the grooves of
      respective sheaves of said pairs of sheaves.
NUM  6.
PAR  6. A crown block according to claim 1 wherein said crossover sheave has
      diametrically opposed grooves in respective substantial vertical alignment
      with the grooves of respective sheaves of said pairs of sheaves, said
      deadline sheave having a groove in substantially vertical alignment with a
      groove of one of the pairs of sheaves on one side of the open center of
      said frame.
NUM  7.
PAR  7. A crown block for use in well drilling apparatus having a mast, draw
      works and a travelling block comprising:
PA1  a frame having an open center in substantial vertical registration with the
      centerline of a well being drilled and adapted for mounting adjacent the
      top of the mast, a pair of sheaves carried by said frame on each of the
      opposite sides of the open center of said frame and adapted to reeve a
      drilling line thereabout and about the sheaves of a travelling block
      supported by the mast from said crown block, the pair of sheaves on one
      side of the open center of the frame lying on a common axis and the pair
      of sheaves on the other side of the open center of the frame lying on a
      common axis, a cross-over sheave carried by said frame for transferring
      the drilling line from the pair of sheaves on one side of the open center
      of said frame to the pair of sheaves on the other side of the open center
      of said frame, said cross-over sheave being spaced from the open center of
      said frame and located adjacent an edge of said frame, each of said pairs
      of sheaves being obliquely mounted relative to a side edge of said frame
      whereby planes containing a sheave of each pair thereof intersect at an
      acute angle on the side of said frame adjacent to which said cross-over
      sheave is mounted, a deadline sheave carried by said frame adjacent an
      edge thereof for reeving the drilling line from the travelling block and
      directing the line for securement to the drilling apparatus, a fastline
      sheave carried by said frame adjacent an edge thereof opposite the frame
      edge adjacent to which said cross-over sheave is located for reeving the
      drilling line from the draw works to a sheave carried by the travelling
      block, said fastline sheave and said deadline sheave being spaced from the
      open center of said frame and being obliquely mounted relative to a side
      edge of said frame and to planes containing said pairs of sheaves whereby
      planes containing said fastline sheave and said deadline sheave intersect
      at an acute angle to one side of said frame, said fastline sheave having a
      groove in substantially vertical alignment with the groove of one of the
      pairs of sheaves on one side of the open center of said frame to maintain
      portions of the drilling line between the crown and travelling blocks
      generally parallel, said crossover sheave having diametrically opposed
      grooves in respective substantially vertical alignment with the grooves of
      respective sheaves of said pairs of sheaves, said deadline sheave having a
      groove in substantially vertical alignment with a groove of the other of
      the pairs of sheaves on the other side of the open center of said frame,
      the axes of said pairs of sheaves, said deadline sheave and said fastline
      sheave lying at different elevations relative to one another along said
      crown block, the axis of said crossover sheave lying at a different
      elevation along said crown block relative to each of said deadline sheave,
      said fastline sheave and said pairs of sheaves.
NUM  8.
PAR  8. Well drilling apparatus comprising: a mast, a crown block secured to
      said mast adjacent the top of the mast, a travelling block having a set of
      sheaves of three sheaves each on each of the opposite sides of the
      vertical center of the travelling block, a drilling line coupled between
      said travelling block and said crown block, said crown block including a
      frame having an open center in substantial registration with the vertical
      centerline of a well being drilled and in substantial vertical
      registration with the center of said travelling block, a pair of sheaves
      carried by said frame on each of the opposite sides of the open center of
      said frame, a cross-over sheave carried by said crown block frame adjacent
      an edge of said frame and spaced from the open center of said frame, a
      deadline sheave carried by said frame adjacent an edge thereof, a fastline
      sheave carried by said frame adjacent an edge thereof opposite the frame
      edge adjacent to which said crossover sheave is located for reeving a
      portion of the drilling line from a draw works, said fastline sheave and
      said deadline sheave being spaced from the open center of said frame, said
      drilling line being reeved over said fastline sheave and extending
      downwardly and reeved over the innermost sheave on one side of the
      travelling block for return to the innermost sheave of the pair of sheaves
      on a like side of said crown block, said drilling line extending
      downwardly from the latter sheave and reeved over the intermediate sheave
      on said one side of the travelling block for return to the outermost
      sheave of the pair of sheaves on the like side of said crown block, said
      drilling line extending downwardly from the latter sheave and reeved over
      the outermost sheave of said one side of the travelling block for return
      to the crossover sheave on said one side of the crown block, said drilling
      line being transferred by said crossover sheave from said one side of the
      crown block and well centerline to the opposite side of the crown block
      and well centerline, said drilling line extending downwardly from said
      crossover sheave on the other side of said crown block and well centerline
      and reeved over the outermost sheave on the other side of said travelling
      block for return to the outermost sheave of the pair of sheaves on the
      other side of said crown block, said drilling line extending downwardly
      from the latter outermost sheave and reeved over the intermediate sheave
      on the other side of the travelling block for return to the innermost
      sheave on said other side of said crown block, said drilling line
      extending downwardly from the latter sheave and reeved over the innermost
      sheave on said other side of the travelling block for return to the
      deadline sheave, the drilling line being reeved over the deadline sheave
      and directed thereby for securement to the drilling apparatus, said
      fastline sheave and said deadline sheave being angularly oriented such
      that entry of said drilling line to the crown block over said fastline
      sheave and exit of said drilling line from said deadline sheave lie on
      substantially opposite sides of said crown block.
NUM  9.
PAR  9. A crown block according to claim 8 wherein the grooves of the outmost
      sheave on each of the opposite sides of the travelling block are laterally
      offset from true vertical alignment with the respective diametrically
      opposed grooves of said crossover sheave, said offsets being equal in
      magnitude and in opposite directions whereby said travelling block is
      maintained square relative to said crown block.
NUM  10.
PAR  10. A crown block according to claim 8 wherein the grooves of said fastline
      sheave and said deadline sheave are laterally offset from true vertical
      alignment with the respective grooves of the innermost sheave on each of
      the opposite sides of the travelling block, said offsets being equal in
      magnitude and in opposite directions whereby said travelling block is
      maintained square relative to said crown block.
NUM  11.
PAR  11. A crown block according to claim 8 wherein the grooves of the outermost
      sheave on each of the opposite sides of the travelling block are laterally
      offset from true vertical alignment with the respective diametrically
      opposed grooves of said crossover sheave, said offsets being equal in
      magnitude and in opposite directions, the grooves of said fastline sheave
      and said deadline sheave being laterally offset from true vertical
      alignment with the respective grooves of the innermost sheave on each of
      the opposite sides of the travelling block, the latter mentioned offsets
      being equal in magnitude and in opposite directions relative to one
      another, whereby said travelling block is maintained square relative to
      said crown block.
NUM  12.
PAR  12. Well drilling apparatus according to claim 8 wherein the pair of
      sheaves on one side of the open center of the frame lie on a common axis
      and the pair of sheaves on the other side of the open center of the frame
      lie on a common axis, each pair of sheaves being obliquely mounted
      relative to a side edge of said frame whereby planes containing a sheave
      of each pair thereof intersect at acute angle on the side of said frame
      adjacent to which said crossover sheave is mounted, said fastline sheave
      and said deadline sheave being obliquely mounted relative to a side edge
      of said frame and to planes containing said pairs of sheaves whereby
      planes containing said fastline sheave and said deadline sheave intersect
      at an acute angle to one side of said frame.
NUM  13.
PAR  13. Well drilling apparatus according to claim 12 wherein the latter
      mentioned planes intersect on the side of said frame opposite from the
      side of said frame adjacent to which the first mentioned planes intersect,
      said crossover sheave lying in a plane extending generally parallel to one
      side of said frame.
NUM  14.
PAR  14. Well drilling apparatus according to claim 12 wherein said fastline
      sheave has a groove in substantially vertical alignment with the groove of
      one of the pairs of sheaves on one side of the open center of said frame
      to maintain portions of the drilling line between the crown block and
      travelling blocks generally parallel, said crossover sheave having
      diametrically opposed grooves in respective substantially vertical
      alignment with the grooves of respective sheaves of said pairs of sheaves,
      said deadline sheave having a groove in substantial alignment with the
      groove of the other of the pairs of sheaves on the other side of the open
      center of said frame, the axis of said pairs of sheaves, said deadline
      sheave and said fastline sheave lying at different elevations relative to
      one another along said crown block, the axis of said crossover sheave
      lying at a different elevation along said crown block relative to each of
      said deadline sheave, said fastline sheave and said pairs of sheaves, the
      pairs of sheaves on one side of the open center of the frame lying on a
      common axis and the pair of sheaves on the other side of the open center
      of the frame lying on a common axis, each pair of sheaves being obliquely
      mounted relative to a side edge of said frame whereby planes containing a
      sheave of each pair thereof intersect at an acute angle to one side of
      said frame, said planes intersecting on the side of said frame adjacent to
      which said crossover sheave is mounted, said fastline sheave and said
      deadline sheave being obliquely mounted relative to a side edge of said
      frame whereby planes containing said fastline sheave and said deadline
      sheave intersect at an acute angle to one side of said frame, the latter
      mentioned planes intersecting on the side of said frame opposite from the
      side of said frame adjacent to which the first mentioned planes intersect,
      said crossover sheave lying in a plane extending generally parallel to one
      side of said frame.
NUM  15.
PAR  15. A crown block for use in well drilling apparatus having a mast, draw
      works and a travelling block comprising:
PA1  a frame having an open center in substantial vertical registration with the
      centerline of a well being drilled and adapted for mounting adjacent the
      top of the mast, a pair of sheaves carried by said frame on each of the
      opposite sides of the open center of said frame and adapted to reeve a
      drilling line thereabout and about the sheaves of a travelling block
      supported by the mast from said crown block, a crossover sheave carried by
      said frame for transferring the drilling line from the pair of sheaves on
      one side of the open center of said frame to the pair of sheaves on the
      other side of the open center of said frame, said crossover sheave being
      spaced from the open center of said frame and located adjacent an edge of
      said frame, a deadline sheave carried by said frame adjacent an edge
      thereof for reeving the drilling line from the travelling block and
      directing the line for securement to the drilling apparatus, a fastline
      sheave carried by said frame adjacent an edge thereof opposite the frame
      edge adjacent to which said crossover sheave is located for reeving the
      drilling line from the draw works to a sheave carried by the travelling
      block, said fastline sheave and said deadline sheave being spaced from the
      open center of said frame,
PA1  said fastline sheave having a groove in substantially vertical alignment
      with the groove of one of the pairs of sheaves on one side of the open
      center of said frame to maintain portions of the drilling line between the
      crown and travelling blocks generally parallel, said crossover sheave
      having diametrically opposed grooves in respective substantially vertical
      alignment with the grooves of respective sheaves of said pairs of sheaves,
      said deadline sheave having a groove in substantially vertical alignment
      with a groove of the other of the pairs of sheaves on the other side of
      the open center of said frame, the axes of said pairs of sheaves, said
      deadline sheave and said fastline sheave lying at different elevations
      relative to one another along said crown block, the axis of said crossover
      sheave lying at a different elevation along said crown block relative to
      each of said deadline sheave, said fastline sheave and said pairs of
      sheaves, the pair of sheaves on one side of the open center of the frame
      lying on a common axis and the pair of sheaves on the other side of the
      open center of the frame lying on a common axis, each pair of sheaves
      being obliquely mounted relative to a side edge of said frame whereby
      planes containing a sheave of each pair thereof intersect at an acute
      angle to one side of said frame, said planes intersecting on the side of
      said frame adjacent to which said crossover sheave is mounted, said
      fastline sheave and said deadline sheave being obliquely mounted relative
      to a side edge of said frame whereby planes containing said fastline
      sheave and said deadline sheave intersect at an acute angle to one side of
      said frame, the latter mentioned planes intersecting on the side of said
      frame opposite from the side of said frame adjacent to which the first
      mentioned planes intersect, said crossover sheave lying in a plane
      extending generally parallel to one side of said frame.
NUM  16.
PAR  16. A crown block for use in well drilling apparatus having a mast, draw
      works and a travelling block comprising:
PA1  a frame adapted for mounting adjacent the top of the mast and having an
      open center and a centerline within said open center in substantial
      vertical registration with the centerline of a well being drilled, a pair
      of sheaves of predetermined equal diameter carried by said frame on each
      of the opposite sides of the open center of said frame substantially
      equidistantly from the opposite sides of the frame centerline and adapted
      to reeve a drilling line thereabout and about the sheaves of a travelling
      block supported by the mast from said crown block, a cross-over sheave
      having a diameter greater than the predetermined diameter of the sheaves
      comprising said pairs thereof and carried by said frame for transferring
      the drilling line from the pair of sheaves on one side of the open center
      of said frame to the pair of sheaves on the other side of the open center
      of said frame, said cross-over sheave being spaced from the open center of
      said frame and located adjacent an edge of said frame, the closest spacing
      between the innermost sheaves of said pairs of sheaves in a direction
      parallel to a plane containing said cross-over sheave being greater than
      at least one half their predetermined diameters, a deadline sheave carried
      by said frame adjacent an edge thereof for reeving the drilling line from
      the travelling block and directing the line for securement to the drilling
      apparatus, a fastline sheave carried by said frame adjacent an edge
      thereof opposite the frame edge adjacent to which said cross-over sheave
      is located for reeving the drilling line from the draw works to a sheave
      carried by the travelling block, said fastline sheave and said deadline
      sheave being spaced from the open center of said frame, the pair of
      sheaves on one side of the open center of the frame lying on a common axis
      and the pair of sheaves on the other side of the open center of the frame
      lying on a common axis, each pair of sheaves being obliquely mounted
      relative to a side edge of said frame whereby planes containing a sheave
      of each pair thereof intersect at an acute angle on the side of said frame
      adjacent to which said cross-over sheave is mounted, said fastline sheave
      and said deadline sheave being obliquely mounted relative to a side edge
      of said frame and to planes containing said pairs of sheaves whereby
      planes containing said fastline sheave and said deadline sheave intersect
      at an acute angle to one side of said frame.
NUM  17.
PAR  17. A crown block according to claim 16 wherein the latter mentioned planes
      intersect on the side of said frame opposite from the side of said frame
      adjacent to which the first mentioned planes intersect, said cross-over
      sheave lying in a plane extending generally parallel to one side of said
      frame.
NUM  18.
PAR  18. A crown block according to claim 16 wherein the axes of said pairs of
      sheaves, said deadline sheave and said fastline sheave lie at different
      elevations in said crown block with the plane of operation of the deadline
      sheave intersecting the plane of operation of at least one of the pair of
      sheaves on one side of the open center of said block along a vertical line
      intersecting each said deadline sheave and the one sheave of the latter
      pair of sheaves.
NUM  19.
PAR  19. A crown block according to claim 16 wherein said fastline sheave has a
      groove in substantial vertical alignment with the groove of one of the
      pairs of sheaves on one side of the open center of the frame to maintain
      the portions of the drilling lines between the crown and travelling blocks
      generally parallel.
NUM  20.
PAR  20. A crown block according to claim 16 wherein said crossover sheave has
      diametrically opposed grooves in respective substantial vertical alignment
      with the grooves of respective sheaves of said pairs of sheaves.
NUM  21.
PAR  21. A crown block according to claim 16 wherein said deadline sheave has a
      groove in substantial vertical alignment with a groove of one of the pairs
      of sheaves on one side of the open center of said frame.
NUM  22.
PAR  22. A crown block according to claim 16 wherein said fastline sheave has a
      groove in substantial vertical alignment with the groove of one of the
      pairs of sheaves on one side of the open center of said frame to maintain
      portions of the drilling line between the crown block and travelling block
      generally parallel, said crossover sheave having diametrically opposed
      grooves in respective substantially vertical alignment with the grooves of
      respective sheaves of said pairs of sheaves.
NUM  23.
PAR  23. A crown block according to claim 16 wherein said crossover sheave has
      diametrically opposed grooves in respective substantial vertical alignment
      with the grooves of respective sheaves of said pairs of sheaves, said
      deadline sheave having a groove in substantially vertical alignment with a
      groove of one of the pairs of sheaves on one side of the open center of
      said frame.
NUM  24.
PAR  24. A crown block for use in well drilling apparatus having a mast, draw
      works and a travelling block comprising:
PA1  a frame adapted for mounting adjacent the top of the mast and having an
      open center and a centerline within said open center in substantial
      vertical registration with the centerline of a well being drilled, a pair
      of sheaves of predetermined equal diameter carried by said frame on each
      of the opposite sides of the open center of said frame substantially
      equidistantly from the opposite sides of the frame centerline and adapted
      to reeve a drilling line thereabout and about the sheaves of a travelling
      block supported by the mast from said crown block, a cross-over sheave
      having a diameter greater than the predetermined diameter of the sheaves
      comprising said pairs thereof and carried by said frame for transferring
      the drilling line from the pair of sheaves on one side of the open center
      of said frame to the pair of sheaves on the other side of the open center
      of said frame, said crossover sheave being spaced from the open center of
      said frame and located adjacent an edge of said frame, the closest spacing
      between the innermost sheaves of said pairs of sheaves in a direction
      parallel to a plane containing said cross-over sheave being greater than
      at least one half their predetermined diameters, a deadline sheave carried
      by said frame adjacent an edge thereof for reeving the drilling line from
      the travelling block and directing the line for securement to the drilling
      apparatus, a fastline sheave carried by said frame adjacent an edge
      thereof opposite the frame edge adjacent to which said cross-over sheave
      is located for reeving the drilling line from the drill works to a sheave
      carried by the travelling block, said fastline sheave and said deadline
      sheave being spaced from the open center of said frame, said fastline
      sheave having a groove in substantially vertical alignment with the groove
      of one of the pairs of sheaves on one side of the open center of said
      frame to maintain portions of the drilling line between the crown and
      travelling blocks generally parallel, said crossover sheave having
      diametrically opposed grooves in respective substantial vertical alignment
      with the grooves of respective sheaves of said pairs of sheaves, said
      deadline sheave having a groove in substantially vertical alignment with a
      groove of the other of the pairs of sheaves on the other side of the open
      center of said frame, the axes of said pairs of sheaves, said deadline
      sheave and said fastline sheave lying at different elevations relative to
      one another along said crown block.
NUM  25.
PAR  25. A crown block according to claim 24 wherein the axis of said crossover
      sheave lies at a different elevation along said crown block relative to
      each of said deadline sheave, said fastline sheave and said pairs of
      sheaves.
NUM  26.
PAR  26. A crown block according to claim 25 wherein the pair of sheaves on one
      side of the open center of the frame lie on a common axis and the pair of
      sheaves on the other side of the open center of the frame lie on a common
      axis, each pair of sheaves being obliquely mounted relative to a side edge
      of said frame whereby planes containing a sheave of each pair thereof
      intersect at an acute angle to one side of said frame, said planes
      intersecting on the side of said frame ajacent to which said crossover
      sheave is mounted, said fastline sheave and said deadline sheave being
      obliquely mounted relative to a side edge of said frame whereby planes
      containing said fastline sheave and said deadline sheave intersect at an
      acute angle to one side of said frame, the latter mentioned planes
      intersecting on the side of said frame opposite from the side of said
      frame adjacent to which the first mentioned planes intersect, said
      crossover sheave lying in a plane extending generally parallel to one side
      of said frame.
NUM  27.
PAR  27. A crown block for use in well drilling apparatus having a mast, draw
      works and a travelling block comprising:
PA1  a frame having an open center in substantial vertical registration with the
      centerline of a well being drilled and adapted for mounting adjacent the
      top of the mast, a pair of sheaves carried by said frame on each of the
      opposite sides of the open center of said frame and adapted to reeve a
      drilling line thereabout and about the sheaves of a travelling block
      supported by the mast from said crown block, the pair of sheaves on one
      side of the open center of the frame lying on a common axis and the pair
      of sheaves on the other side of the open center of the frame lying on a
      common axis, a cross-over sheave carried by said frame for transferring
      the drilling line from the pair of sheaves on one side of the open center
      of said frame to the pair of sheaves on the other side of the open center
      of said frame, said cross-over sheave being spaced from the open center of
      said frame and located adjacent an edge of said frame, each of said pairs
      of sheaves being obliquely mounted relative to a side edge of said frame
      whereby planes containing a sheave of each pair thereof intersect at an
      acute angle on the side of said frame adjacent to which said cross-over
      sheave is mounted, a deadline sheave carried by said frame adjacent an
      edge thereof for reeving the drilling line from the travelling block and
      directing the line for securement to the drilling apparatus, a fastline
      sheave carried by said frame adjacent an edge thereof opposite the frame
      edge adjacent to which said cross-over sheave is located for reeving the
      drilling line from the draw works to a sheave carried by the travelling
      block, said fastline sheave and said deadline sheave being spaced from the
      open center of said frame and being obliquely mounted relative to a side
      edge of said frame and to planes containing said pairs of sheaves whereby
      planes containing said fastline sheave and said deadline sheave intersect
      at an acute angle to one side of said frame, said fastline sheave having a
      groove in substantially vertical alignment with the groove of one of the
      pairs of sheaves on one side of the open center of said frame to maintain
      portions of the drilling line between the crown and travelling blocks
      generally parallel, said crossover sheave having diametrically opposed
      grooves in respective substantially vertical alignment with the grooves of
      respective sheaves of said pairs of sheaves, said deadline sheave having a
      groove in substantially vertical alignment with a groove of the other of
      the pairs of sheaves on the other side of the open center of said frame,
      the axes of said pairs of sheaves, said deadline sheave and said fastline
      sheave lying at different elevations relative to one another along said
      crown block with the plane of operation of the deadline sheave
      intersecting the plane of operation of at least one of the pair of sheaves
      on one side of the open center of said block along a vertical line
      intersecting each said deadline sheave and the one sheave of the latter
      pair of sheaves.
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ABST
PAL  A portable fence comprising a hollow tubular post element, guide discs
      adjacent opposite ends of the post element, a length of flexible fencing
      of the open or closed face type wound around the post element between the
      guides, and a supporting element removably carried in one end of the
      tubular post and adapted to be driven into the ground or similar surface.
      The post element is rotatably supported on the supporting element in an
      upright position, and the fencing is unwound therefrom to a position of
      use. At least one of the guide discs is removable from the post so that
      both guides can be located adjacent the lower end of the upright post
      thereby resembling a standard permanent fence in appearance. For use on
      hard or otherwise impenetrable surfaces, one or both of the guide discs
      can be weighted to support the post element in an upright position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of fences, and more particularly to a new
      and improved portable fence.
PAR  It would be highly desirable to provide a reusable, collapsible fence which
      is capable of easy transportation, erection and removal after temporary
      use for the protection of persons or property on earthen, sand or hard
      surfaces. Such a portable fence also should resemble a standard, permanent
      fence in appearance as much as possible.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a new and improved
      portable fence.
PAR  It is a more particular object of this invention to provide a portable
      fence which is capable of easy transportation, erection, removal and
      reuse.
PAR  It is a more particular object of this invention to provide a portable
      fence capable of secure installation in use and which is also of
      relatively compact construction.
PAR  It is a more particular object of this invention to provide a portable
      fence closely resembling a standard, permanent fence in appearance.
PAR  It is a further object of this invention to provide such a portable fence
      which is relatively easy and economical to manufacture.
PAR  The present invention provides a portable fence comprising a post element,
      guide elements adjacent opposite ends of the post element, a length of
      fencing wound around the post element between the guide elements, and a
      supporting element removably carried by the fence assembly and adapted to
      be driven into the ground or similar surface. The post element is
      rotatably supported on the supporting element in an upright position, and
      the fencing can be unwound therefrom to a position of use. At least one of
      the guide elements is removable from the post element so that both guide
      elements can be located adjacent the lower end of the upright post whereby
      the arrangement closely resembles a standard permanent fence in
      appearance. For use on hard or otherwise impenetrable surfaces, one or
      both of the guide elements can be weighted to support the upright post.
PAR  The foregoing and additional advantages and characterizing features of the
      present invention will become clearly apparent upon a reading of the
      ensuing detailed description together with the included drawing wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is a side elevational view of a portable fence according to the
      present invention resting on a supporting surface such as the ground with
      the fencing thereof in a position of storage;
PAR  FIG. 2 is a sectional view taken about on line 2--2 in FIG. 1;
PAR  FIG. 3 is an end elevational view of the apparatus of FIG. 2 as seen from
      the left-hand end thereof.
PAR  FIG. 4 is an end elevational view of the apparatus of FIG. 2 as seen from
      the right-hand end thereof;
PAR  FIG. 5 is an elevational view of the supporting element of the apparatus of
      FIGS. 1-4 as it would appear driven into the ground by manual rotation;
PAR  FIG. 6 is an elevational view similar to that of FIGS. 5 but showing a
      subsequent stage in the installation of the portable fence of the present
      invention;
PAR  FIG. 7 is an elevational view showing the portable fence of the present
      invention at a further stage of installation;
PAR  FIG. 8 is a perspective view showing the portable fence of the present
      invention installed in a position of use;
PAR  FIG. 9 is a side elevational view of a portable fence according to another
      embodiment of the present invention;
PAR  FIG. 10 is a sectional view taken about on line 10-10 in FIG. 9;
PAR  FIG. 11 is an end elevational view of the apparatus of FIG. 10 as seen from
      the left-hand end thereof;
PAR  FIG. 12 is an end elevational view of the apparatus of FIG. 10 as seen from
      the right-hand end thereof;
PAR  FIG. 13 is a fragmentary elevational view showing the portable fence of
      FIGS. 9-12 erected in a position of use; and
PAR  FIG. 14 is an elevational view showing a section of the fencing of the
      apparatus of FIGS. 9-13.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to FIGS. 1-4, a portable fence of the present invention
      generally designated 10 is shown resting on a supporting surface such as
      the ground 12 in a position of storage prior to installation and erection.
      The portable fence 10 comprises storage means including an elongated post
      element 14 and a pair of guide elements 16, 18 connected to post element
      14 at axially spaced locations thereon. In preferred form, post 14 is in
      the form of a hollow cylinder or tube of suitable metal or plastic, and
      guide elements 16, 18 are solid, generally discshaped with central
      openings for receiving tube 14 and of suitable plastic or wood material.
      The discs 16, 18 are fitted on the hollow tubular core 14 adjacent each
      end thereof in a manner leaving a small portion of the length of tube 14
      projecting outwardly from the exterior surface of the corresponding disc
      element. Discs 16, 18 define an open region therebetween in an axial
      direction and in all radial outward directions from post element 14. In
      other words, there is no enclosure surrounding post element 14 between
      guide elements 16, 18. Within this region is stored a length of flexible
      fencing 20 which is fixed at one end to post element 14 and which is wound
      around the post element in the region between guide elements 16, 18 in a
      manner similar to winding a length of material on a spool so as to be
      stored thereon. In particular, the inner end of fencing 20 is fixedly
      attached or secured by suitable means to post element 14 and the outer
      end, when fencing 20 is completely wound around post 14, can be releasably
      secured by means of the arrangement shown in FIG. 1 including a rod
      element 22 secured to the outer end of fencing 20 and a plurality of clip
      or hook type fasteners or catches 24 secured to rod 22 which releasably
      clip or hook to the body of fencing 20 stored around post 14. Other
      fastening arrangements can of course be employed.
PAR  The portable fence of the present invention further comprises supporting
      elements 28 removably carried by the storage means, the supporting element
      being elongated and adapted to be driven into the ground or supporting
      surface adjacent one end thereof and to be operatively connected to the
      storage means adjacent the other end thereof in a manner supporting post
      element 14 in a generally vertical position. The connection between
      supporting element 28 and post element 14 permits rotation of post element
      14 relative to supporting element 28 whereby fencing 20 can be withdrawn
      from the storage means for placement in a position of use with post
      element 14 supporting the fencing adjacent one end thereof in a manner
      which will be described in detail presently. In preferred form, post
      element 28 is a hollow tube or sleeve having a solid closed end 30 and
      provided with serrations or teeth 32 around the edge defining the opposite
      open end thereof. Supporting element 28 can be entirely of metal or it can
      be a combination of metal with wood, plastic or similar material in which
      case the metal portion of element 28 would include the region at the end
      thereof including teeth 32. Supporting element 28 is provided with a
      handle 34 including grip portions 36, 37 extending outwardly from opposite
      outer surface portions of element 28. Handle 34 can have various forms and
      can be connected to supporting element 28 in various ways, a preferred
      arrangement including a central rod-like section 38 which is pivotally or
      rotatably connected to element 28 through diametrically opposed openings
      provided in the cylindrical wall thereof. When the apparatus is in a
      storage condition prior to use, supporting element 28 is fitted into the
      open end of post 34 with teeth 32 being within tube 14. A pair of
      diametrically opposed, axially extending slots 41, 42 adjacent the open
      end of post 14 define a bayonet joint in which the central portion of the
      handle is lockingly received. During storage of the portable fence 10,
      handle 34 can be rotated to the position shown in FIGS. 1, 2 and 4 wherein
      the plane of the grip elements 36, 37 is disposed parallel to the plane of
      disc 18. Handle 34 can be used for carrying the entire assembly in which
      case it simply is pivoted or rotated through about an angle of 90.degree.
      so that one can easily grip the handle portions 36, 37 for carrying.
PAR  Guide element 18 preferably is fixedly mounted or secured on support tube
      14. Guide element 16 is releasably or removably connected onto the
      opposite end of support tube 14. One illustrative arrangement for
      releasably locking disc 16 onto tube 14 includes a slide bolt element 46
      adapted for longitudinal movement in a radial slot 48 provided in the
      exterior surface of disc 16 which bolt 46 is mounted by spaced apart
      brackets 50, 51 for movement into and out of an opening provided in the
      wall of tube 14. Other arrangements for releasably locking guide element
      16 onto tube 14 can be employed. As shown in FIG. 2, the interior of tube
      14 is closed at one end by supporting element 28 and at the other end by a
      closure element 54 permanently fixed in tube 14 defining therebetween an
      axial storage region containing a plurality of small diameter rigid rods
      or posts 56 which are removed from the interior of tube 14 during
      installation of the fence for supporting the same at spaced locations in a
      manner which will be described. Stakes 56, being at a length greater than
      the width of fencing 20, will extend into the hollow interior of
      supporting element 28.
PAR  The portable fence of the present invention is installed in the following
      manner. The assembly in the condition illustrated in FIG. 1 is taken to
      the desired location and can be carried conveniently by turning or
      rotating handle 34 out from the position shown in FIGS. 1 and 2 for
      grasping or gripping the handle portions 36, 37. In some instances it may
      be preferable to roll the assembly 10 along the ground to a position of
      use. Supporting element 28 then is removed from the end of post element 14
      simply by grasping the handle portions 36, 37 and rotating element 28
      slightly within post 15 to move the central portion 38 along the
      circumferential portion of the bayonet slot and into axial alignment with
      slots 41, 42 whereupon supporting element 28 is axially withdrawn from the
      end of tube 14. Then supporting element 28 is inserted into the ground 12
      at the selected location by manually turning or twisting element 28 to
      drive the end having teeth 32 into the ground. In particular, the user
      will grasp both handle portions 36, 37 and exert downward and twisting or
      turning force on element 28. Earth or ground will be contained within the
      open interior of element 28 and it may be necessary to remove some of this
      material to provide easy insertion. Element 28 is inserted in the ground
      to the level of handle 34 and the upper end of element 28 thus is
      supported from the ground in a generally vertical position as shown in
      FIG. 5. Element 28 can be about 10 inches in overall length with the
      distance from teeth 32 to handle 34 being about 6 inches so that the
      portion extending up from the ground as shown in FIG. 5 is about 4 inches
      in length.
PAR  The stakes 56 contained in tube 14 are removed and temporarily placed on
      the ground. Then guide element 16 is removed from the opposite end of post
      14 simply by turning and then withdrawing slide bolt element 46 in a known
      manner so that the end thereof is disengaged from tube 14 whereupon disc
      16 can be withdrawn from the end of tube 14. This can be facilitated by
      placing the portable fence assembly 10 in a vertical upright position
      resting on guide element 18 thereby making guide element 16 more easily
      accessible. Handle element 34 is rotated about central portion 38 so that
      the grip portions 36, 37 lie flat along the ground whereupon guide element
      16 is placed over and onto the upwardly extending portion of support
      element 28 so that it rests on the ground as shown in FIG. 6. Then the
      portable fence assembly comprising tube 14, guide element 18 and fencing
      20 is lifted and placed on the assembly of support element 28 and guide
      element 16 with the end of tubular post 14 containing guide element 18
      fitted onto the upstanding end of support element 28 as shown in FIG. 7.
      The assembly is moved downwardly onto element 28 with the bottom end of
      post 14 fitting within the central aperture of guide element 16 and with
      guide element 18 resting on guide element 16. As a result, the assembly
      comprising post 14, guide element 18 and fencing 20 is rotatably supported
      on the assembly comprising guide element 16 and supporting element 28.
      Then fencing 20 is unwound from post 14 by releasing the hook fasteners 24
      and by pulling rod 22, and the fencing is stretched out to the desired
      configuration and extent whereupon rods 56 are manually inserted into the
      ground at spaced locations for supporting the fence 20. Rods 56 are
      provided with hooks at the upper ends thereof to facilitate holding of
      fencing 20. The outer end of fencing 20 then can be secured to the end of
      the fencing attached to post 14 by the snap fasteners 24 to provide a
      complete enclosure as shown in FIG. 8.
PAR  Fencing 20 illustrated in FIGS. 1 and 8 is of the commercially available
      open face type, i.e. of mesh like construction and preferably is of
      plastic material although it could be metal wire mesh. The flexible nature
      of the fencing material enables it to be placed in various configurations,
      for example triangular, rectangular, square, circular, and oval to mention
      a few.
PAR  The portable fence of the present invention in use thus closely resembles a
      standard permanent fence in appearance as is evident from the foregoing
      description and the illustration of FIG. 8. It is capable of many various
      uses such as enclosed a play area for children or a play area for pets,
      enclosing picnic and beach areas, enclosing wading pools, outdoor grills,
      garbage cans, excavations, or new cement work, enclosing gardens and newly
      planted grass and plants, and serving as a crowd guide. The portable fence
      of the present invention is quite useful and convenient for mobile
      homeowners. When the fencing 20 is in the form of a continuous solid sheet
      of material, i.e. closed face fencing, the portable fence is useful as a
      modesty guard, windbreaker or snow fence. The foregoing uses and
      applications of the portable fence of the present invention are
      illustrative but by no means exhaustive.
PAR  The portable fence 10 is easily dismantled from the installed condition of
      FIG. 8 to the condition of FIG. 1 for transportation and storage. Snap
      fasteners 24 are released and rods 56 removed from the ground and fencing
      20 enabling the latter to be wound back on and around post 14 whereupon
      the end is secured by fasteners 24 as shown in FIG. 1. The assembly of
      post 14, fencing 20 and guide 18 is lifted from supporting element 28 and
      guide 16 and placed on the ground, and guide disc 16 is removed from
      element 28 and reconnected on the end of post 14, being locked thereon by
      means of slide bolt 46. Rods 56 are gathered and placed within post 14.
      Then handle 34 is grasped and element 28 is withdrawn from the ground and
      then inserted into the end of post 14, being locked therein by engagement
      of handle portion 38 in the bayonet slot arrangement. The portable fence
      10 then is ready for transportation or carryung to a storage location.
PAR  The guide elements or discs 16, 18 on each end of the hollow tubular core
      14 serve to contain the fencing 20 on the core, to form a base for upright
      storage, and to provide wheels to assist in rolling the fence to the point
      of use. The portable fence 10 of the present invention is of relatively
      compact construction and, for example, can have an overall length of about
      36 inches with the diameters of discs 16, 18 being determined by the
      quantity of fencing 20 it is desired to contain.
PAR  FIGS. 9-14 illustrate a portable fence 60 according to another embodiment
      of the present invention. The portable fence 60 includes an elongated post
      element 62 in the form of a hollow tube similar to post element 14 of the
      previous embodiment. The portable fence also comprises a pair of guide
      elements 64, 66 adjacent opposite ends of the cylindrical post 62. In this
      embodiment each guide element is circular in shape having an inner hub
      portion and an outer annular rim portion, the two being joined by a base
      thereby defining an annular open region therebetween. In particular, guide
      element 64 has an inner circular hub portion 68 which fits onto the
      corresponding end of tube 62. Guide element 54 also has an outer,
      concentric rim portion 69, and the portions 68, 69 are joined by a base
      portion 70 to define an open annular region. Similarly, guide element 66
      has an inner hub portion 71, an outer annular rim portion 72 and a base
      portion 73 joining the hub and rim portions, thereby defining an open
      annular region. Guide elements 64, 66 are of different outer diameters for
      a purpose which will be described.
PAR  A length of fencing 76 is secured at one end thereof by suitable means to
      post 62 and wound therearound in a position of storage between guide
      elements 64, 66 with the outer end fastened in place for storage in a
      manner similar to that of the previous embodiment. The fencing illustrated
      in FIGS. 9-14, however, is of the closed-face type and is of a sectional
      construction as will be described in detail presently. The portable fence
      60 further comprises a supporting element 80 in the form of a hollow tube
      or sleeve closed at one end and open at the other with teeth or serrations
      82 provided along the edge of the open end. Supporting element 80 is
      provided with a handle 84 having a central portion 85 connected therein
      and grip portions 86, 87 and this is similar to handle 34 of the previous
      embodiment. Guide element 66 is releasably fitted on support tube 62,
      being held thereon by means of handle 84. In particular, there is provided
      a bayonet slot arrangement in tube 62 and hub portion 71 of guide element
      66 for locking engagement with handle 84. As shown in FIG. 12, a pair of
      axially extending, diametrically opposed slots 90, 91 are provided in tube
      62 and a corresponding pair of slots 92, 93 are provided in hub portions
      71 of guide element 62 in alignment with slots 90, 91. The axial slots
      communicate with corresponding circumferential slots of short length in a
      known manner. Guide element 64 is releasably connected on the opposite end
      of tube 62 by an element 95 which is inserted through slots provided in
      hub portion 68 of guide element 64 and the body of post 62. Element 95 as
      shown in FIG. 11 is generally triangular shaped and can serve as an
      implement for digging a hole in the ground to receive the end of
      supporting element 80 in a manner which will be described.
PAR  The portable fence 60 is carried to a desired location by means of handle
      84 and in some instances can be rolled along the ground by means of the
      wheel-like guide elements 64, 66. Supporting element 80 is removed from
      the end of post element 62 by grasping handle portions 86, 87 and rotating
      elements 80 slightly within tube 62 to bring the central portion 85 of the
      handle in alignment with the slots whereupon supporting element 80 is
      axially withdrawn from the assembly. With element 80 removed, guide
      element 66 is withdrawn from the assembly and rods 96 are removed from the
      interior of tube 62 and temporarily placed on the ground. Guide element 66
      is placed at the location where supporting element 80 is to be inserted
      with base 73 on the ground and with hub 71 and rim 72 extending upwardly
      so that the annular region therebetween is accessible. Implement 95 is
      withdrawn from the opposite end of the assembly and is used to remove
      earth from the region where element 80 is to be inserted which earth can
      be placed on the annular region of guide element 66 for concealment.
PAR  Supporting element 80 is inserted through hub 71 of guide element 66 and is
      driven into the ground in a manner similar to that of the previous
      embodiment to a point where handle portion 85 rests on the upper surface
      of base portion 73. Guide element 64 is removed from post 62 and placed
      onto element 66 in a nested relation as shown in FIG. 13, this being
      facilitated by having the inner diameter of rim 69 slightly larger than
      the outer diameter of rim 72. Then the assembly is placed in a vertical
      position and the end of tube 62 is fitted onto the upstanding portion of
      element 80 as shown in FIG. 13. Post element 62 is thus rotatably
      supported on element 80 in an upright position and fencing 76 can be
      unfastened at the outer end thereof and withdrawn to a desired
      configuration in a manner identical to that of the previous embodiment,
      with rods or stakes 95 being used to support the fence at spaced
      locations.
PAR  FIG. 14 shows a section of fencing 76 comprising one or more intermediate
      fencing elements 98, one interlocking or connecting element 100 extending
      from one end of element 98 axially thereaong, to about the center thereof
      whereupon it terminates in a prong or pin-like member 102 extending
      generally parallel to element 98, and another interlocking or connecting
      element 104 in the form of a hollow tube or sleeve on the opposite side of
      element 98 and extending from the opposite end thereof axially therealong
      inwardly to about the center. The fencing elements in the present
      illustration are cylindrical, preferably hollow tubular, and adjacent
      elements are joined in a suitable manner. Adjacent fencing sections are
      connected by engagement between the pin member 102 of one element and the
      sleeve 104 of the other section. As a result, a certain quantity or length
      of fencing 76 can be carried on the portable fence 60, but the length of
      the erected fencing can be adjusted as desired simply by removing or
      adding sections.
PAR  The fence is dismantled simply by removing stakes 96, winding fencing back
      around post element 62, withdrawing the assembly from the end of
      supporting element 80, withdrawing element 80 from the ground, removing
      the earth from the region of guide element 66 to the ground and replacing
      the guide elements 64, 66 in the positions shown in FIG. 10, and fastening
      the outer end of fencing 76. The portable fence 60 then can be
      conveniently transported and stored until future use is required.
PAR  The portable fence of the present invention is easily adaptable for use on
      hard surfaces incapable of penetration. For example this can be on hard
      indoor surfaces such as in gymnasiums and exhibition halls and on hard
      outdoor surfaces such as driveways and at sporting events, to mention a
      few. This is accomplished by having one or both of the guide elements
      weighted by an appropriate amount so that with the weighted element or
      elements at the lower end of the assembly in a position of use, the post
      element will be supported and maintained in an upright position.
      Preferably both of the guide elements will be weighted evenly to provide a
      balanced assembly. Thus, guide discs 16, 18 in the embodiment of FIGS. 1-8
      would be made of a size and suitable material to have the desired weight.
      The guide elements 64, 66 in the embodiment of FIGS. 9-14 would be
      provided with weights in a suitable manner. The manner of erecting the
      portable fence would be similar to that described above with the exception
      that supporting elements 28 and 80 would not be used. In particular, guide
      element 16 of portable fence 10 would be removed from one end of the
      assembly, placed on the hard surface at a desired location, and then the
      portable fence assembly comprising tube 15, guide element 18 and fencing
      20 is lifted and placed onto guide element 16 with the extending end of
      tube 14 being rotatably received in guide element 16. Either or both of
      guide elements 16, 18 are of sufficient weight to firmly support the
      assembly in a vertically upright position on the surface. The erection of
      fencing 20 and placement of stakes 56 is performed in the manner
      previously described, and the portable fence is readily dismantled and
      arranged for storage, transportation and reuse.
PAR  In a similar manner, guide elements 64, 66 of portable fence 60 would be
      removed from the assembly, placed in a nested or telescoping relation on
      the hard surface at the desired location, and then the portable fence
      assembly is lifted and placed onto guide elements 64, 66 with the end of
      post 62 being rotatably received therein. Either or both of guide elements
      16, 18 are of sufficient weight to firmly support the assembly in a
      vertically upright position on the surface. The erection of fencing 76 and
      placement of stakes 96 is performed in the manner previously described,
      and the portable fence is readily dismantled and arranged for storage,
      transportation and reuse.
PAR  It is therefore apparent that the present invention accomplishes its
      intended objects. While several specific embodiments of the present
      invention have been described in detail, this is done for the purpose of
      illustration, not limitation.
CLMS
STM  I Claim:
NUM  1.
PAR  1. A portable fence comprising:
PA1  a. storage means comprising a hollow elongated post element and a pair of
      guide elements connected to said post element at axially spaced locations
      thereon defining an open region between said guide elements in an axial
      direction and in all radial outward directions from said post element;
PA1  b. a length of flexible fencing fixed at one end to said post element and
      wound around said post between said guide elements so as to be stored
      thereon; and
PA1  c. a supporting element removably carried by said storage means, said
      supporting element being elongated and adapted to be driven in the ground
      adjacent one end thereof and to be operatively connected to said storage
      means adjacent the other end thereof in a manner supporting said post
      element in a generally vertical position and permitting rotation of said
      post element relative to said supporting element whereby said fencing can
      be withdrawn from said storage means for placement in a position of use
      with said post element supporting said fencing adjacent one end thereof.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein one of said guide elements is
      releasably connected to said post and adapted to be connected to said post
      adjacent said other guide element whereby when said post is supported on
      said supporting element, said guide elements are adjacent the lower end
      thereof.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said post element is in the form
      of a hollow tube and said supporting element comprises a sleeve removably
      fitting in one end of said tube.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said supporting sleeve is
      provided with teeth on one end thereof, said end with said teeth being
      within said support tube when said supporting element is carried therein
      prior to use.
NUM  5.
PAR  5. Apparatus according to claim 3, wherein said supporting sleeve has a
      portion extending axially beyond the end of said tube, said supporting
      sleeve having handle means on the extending portion thereof for
      manipulating said supporting sleeve, said handle means cooperating with
      means on said tube for releasably locking said supporting sleeve in said
      tube whereby said portable fence can be transported by holding said handle
      means.
NUM  6.
PAR  6. Apparatus according to claim 1 further including an open region within
      said post element, means normally closing said region and permitting
      access thereto, and a plurality of fence supporting rods stored in said
      region.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein at least one of said guide
      elements is of circular shape having an inner hub portion and an outer
      annular rim portion spaced therefrom.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein said guide elements are of
      circular shape each having an inner hub portion and an outer annular rim
      portion spaced therefrom, the outer diameter of the rim of one element
      being slightly smaller than the inner diameter of the rim of the other
      element thereby permitting nesting of said elements.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein said fencing comprises a
      plurality of interlocking fencing sections.
NUM  10.
PAR  10. Apparatus according to claim 1, wherein said storage means comprises a
      hollow tube with disc-shaped guide elements adjacent opposite ends of said
      tube, at least one of said discs being removable from said tube, and
      wherein said supporting element comprises a sleeve removably fitted into
      one end of said tube and having handle means thereon.
NUM  11.
PAR  11. A portable fence comprising:
PA1  a. storage means comprising a hollow elongated post element and a pair of
      guide element connected to said post element at axially spaced locations
      thereon defining an open region between said guide elements in an axial
      direction and in all radial outward directions from said post element;
PA1  b. a length of flexible fencing fixed at one end to said post element and
      wound around said post between said guide elements so as to be stored
      thereon; and
PA1  c. one of said guide elements being releasably connected to said post and
      adapted to be connected to said post adjacent said other guide element and
      at least one of said guide elements being weighted for supporting said
      post element in a generally vertical position with said guide elements
      adjacent the lower end thereof and resting on a supporting surface and
      permitting rotation of said post element relative to said guide elements
      whereby said fencing can be withdrawn from said storage means for
      placement in a position of use with said post element supporting said
      fencing adjacent one end thereof.
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ABST
PAL  A kit for fencing a small area comprises a predetermined length of flexible
      fencing material having a total length which is less than the perimeter of
      the area by a small amount as measured by the permissive stretch of the
      fencing. A plurality of fence posts are secured to the fencing with
      distances therebetween of a predetermined amount and a plurality of ground
      engaging members are adapted to enter the ground to have the posts secured
      thereto, each of the ground engaging members being spaced from each other
      by a modular distance which is greater than the distance between the posts
      secured to the fencing. A closing post is provided with structure for
      driving the ground engaging members into the ground seriatim, and it is
      located after placing the ground engaging members.
PARN
PAR  This application is a continuation of Ser. No. 353,306 filed Apr. 23, 1973,
      now abandoned
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The structure disclosed herein makes it possible to enclose a small play
      area, for example, and to readily change the location thereof as desired.
PAR  2. The Prior Art
PAR  Fencing of the type as disclosed, but not arranged as disclosed, is
      disclosed in Rivelli U.S. Pat. No. 3,345,040 for Chain Link Fencing.
PAC  SUMMARY OF THE INVENTION
PAR  The structure according to the present invention can be merchandised as a
      kit and delivered to a site where it can be readily placed into position.
      The structure disclosed consists of chain link fencing, but there are a
      number of other forms of flexible fencing as readily adaptable for such
      purpose.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a plan view of a fencing kit according to the present invention,
      showing the same ready to be erected into position;
PAR  FIG. 2 is a similar view showing the components of the kit partly erected;
PAR  FIG. 3 is a detailed elevational view showing one of the end posts in
      erected position with the flexible fencing secured thereto;
PAR  FIG. 4 is an elevational view of a closing post, parts thereof being shown
      in longitudinal section;
PAR  FIG. 5 is a detailed elevational view showing the manner in which the
      fencing may be secured to a post;
PAR  FIG. 6 is an elevational view showing the posts threaded between the links
      of chain link fencing; and
PAR  FIG. 7 is a detailed elevational view showing how the area is closed at a
      gate portion of the kit.
DETD
PAR  The kit according to the present invention is referred to generally by the
      reference numeral 10 and consists of a length of flexible fencing 11A
      having posts 12 secured thereto in any convenient fashion, as by tie
      members 12A seen in FIG. 5. The kit 10 is shipped in a roll 16 thereof
      with the posts 12 secured thereto. A closing post 18 is made of tubular
      stock as shown and is provided with a central sleeve 18A which is welded
      in the interior thereof. The closing post 18 is adapted to drive ground
      engaging members 11 into the ground, the closing post 18 operating in the
      nature of a drop hammer. Closing post 18 is not secured to roll 16 for
      obvious reasons.
PAR  The spacing between adjacent ground engaging members 11 is at a modular
      distance D.sub.1 which is greater than a second modular distance D.sub.2
      corresponding to the distance between adjacent posts 12 secured to the
      flexible fencing 11A. After the ground engaging members 11 are placed at
      the proper modular distances D.sub.1 apart, flexible fencing 11A can be
      stretched a slight amount whereby the posts 12 are engaged with the ground
      engaging members 11. The operation described is continued until it becomes
      necessary to place the closing post 18 in position, it being the last one
      so placed, it being adapted to place a final ground engaging member 17, as
      seen more clearly in FIGS. 2 and 4.
PAR  The first closing posts 12 is shown in FIG. 3, and end lacing member 11B is
      shown at the starting end of the flexible fencing 11A, member 11B being
      secured to the posts 12 by conventional securing means 11C. Each of the
      posts 12 is provided with a top closure member 19 and the distance between
      adjacent posts 12 is spanned by an upper stringer member 21 having slotted
      end members 22 adapted to engage with an uppermost abutment member 23.
      Each of the upper members has a plurality of clip members 21A for securing
      the top edges of the flexible fencing 11A to the stringer member 21.
PAR  The last length of flexible fencing 11A between the last placed ground
      engaging member 17 and the first post 12 is provided with vertical member
      26 which can be laced into the flexible fencing material 11A and secured
      to the first placed post 12 by conventional securing members 27 which are
      arranged to be detached from the vertical members 26.
PAR  Referring now to FIG. 6, there is shown an arrangement whereby the post 12
      can be threaded through the link of the fencing material 11A if desired.
CLMS
STM  I CLAIM:
NUM  1.
PAR  1. A kit for fencing a small area such as a play area or the like without
      the need of special tools, said kit comprising:
PA1  a. a predetermined length of flexible fencing material having a total
      length less than the perimeter of said area by a small amount as measured
      by the permissive stretch of said fencing to enclose said area along said
      perimeter;
PA1  b. a plurality of fence posts including means for securing each post to
      said flexible fencing with a distance between each post to a predetermined
      amount;
PA1  c. a plurality of ground engaging members, each being separable from said
      fence posts, each being adapted to enter the ground and thereafter to have
      a fence post secured thereto;
PA1  d. said ground engaging members being spaced from an adjacent one a
      selected modular distance which is slightly greater than corresponding
      distance between cooperating posts secured to said flexible fencing;
PA1  e. a closing post having a dual function:
PA2  i. one being that of driving said ground engaging members into the ground
      one by one prior to the securement thereto to a related fence post,
PA2  ii. the other being that of driving the ground engaging member for said
      closing post prior to the securement to said last named ground engaging
      member of said closing post;
PA1  f. said closing post having an internal diameter corresponding to the
      diameter of said ground engaging member, and having;
PA1  g. a weight affixed therewithin spaced from an end thereof corresponding
      generally to the extent of said ground engaging member above the ground;
PA1  h. said weight being of mass sufficient to enable said closing post to
      drive said ground engaging members readily into the ground.
NUM  2.
PAR  2. The kit according to claim 1 wherein said flexible fencing material
      extends from said closing post to the first so located fence posts.
NUM  3.
PAR  3. The according to claim 2 wherein said flexible fencing material is
      provided with structure to secure same detachably to the first placed
      post.
NUM  4.
PAR  4. The kit according to claim 1 including structure extending between said
      posts for maintaining same in proper spaced relationship at the tops
      thereof.
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ABST
PAL  Emulsifying and dispersing apparatus for liquid-solids mixtures, comprising
      one or more cooperative and concentrically positioned stator and rotor
      rings having cutting rims with toothed portions for the passage of the
      mixtures being treated. Axial adjustment between stator and rotor is
      provided to permit changes in the spaces between the toothed portions so
      as to impart improved emulsifying and dispersing gradients to the
      materials.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an emulsifying and dispersing apparatus
      and, more particularly, an apparatus having a working member formed of at
      least two relatively rotatable concentric cutting rims, preferably a rotor
      and a stator, and including a shearing portion providing an operative
      arrangement. The rims are disposed about a central material inlet or feed
      chamber shaped as a hollow housing, and portions of the rims rotate in
      opposed directions with a speed reaching high ultrasonic frequency values.
PAC  DISCUSSION OF THE PRIOR ART
PAR  It is known to utilize an emulsifying and dispersing apparatus for
      laboratories, research and production, which operate on the principle of
      employing a rotating working head located within the fluid mixture,
      generally fluid-solids mixtures. The rotating elements may be motor-driven
      propeller wheels, gears, material dispersing plates, tumbling plates,
      etc., which rotate at high peripheral speeds to provide the desired mixing
      effect.
PAR  Furthermore, apparatus are also known which provide for a rotor rotatable
      about a stator wherein, in a known embodiment, a slotted rotor tube
      rotates within a similarly slotted stator tube.
PAR  In accordance with the same principle, known mixing and dispersing devices
      operate in this technology, whereby both the rotor and the stator are
      provided with cooperatively acting shearing rings positioned about a
      centrally located material inlet chamber formed by a hollow housing.
PAR  In all of the above described prior-art embodiments, drawbacks are
      encountered in that is difficult or even completely impossible to attain
      the frequently required variation in the emulsion or dispersion gradient
      of the fluid mixture (emulsion) being mixed, or of the fluid-solids
      mixture (dispersion).
PAR  In effect, the above described apparatus can be driven slower or faster
      while employing only a single rotating operating head. As a result, the
      emulsion and dispersion gradient is changed only slightly, or essentially,
      the statistic distribution of the size of fluid and solid particles,
      contained in the liquid mixture, can be only minutely varied.
PAR  The foregoing also applies to devices operating with the stator-rotor
      principle in accordance with the prior-art constructions when attempting
      to change the emulsifying and dispersing gradient through variations in
      the speed of the rotors. In those apparatus there is a limited possibility
      of interchanging the rotor or rotors with other rotors having a larger or
      smaller number of slots formed therein, thereby permitting variations in
      the operating members distributed about the periphery thereof.
PAR  Needless to say, such changes are rather difficult to effect and require
      complex constructional expedients in the apparatus. It is also noted that
      the physical size of the emulsifying and dispersing device, such as the
      diameter and the height of the operating rings, exerts no influence on the
      emulsion and dispersion gradient, but only affects the capacity of the
      apparatus relative to the liquid quantities being mixed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides for an emulsifying and dispersing apparatus
      adapted to ameliorate or eliminate the drawbacks encountered in the prior
      art, wherein the emulsion and dispersing gradient may be readily varied,
      in a simple manner; this means in effect that the statistical distribution
      of the size of the fluid and solid particles is varied within the fluid
      being treated.
PAR  In order to provide a solution to the foregoing problems, the present
      invention provides for an apparatus in accordance with a completely
      different operating principle in which there are provided cooperative
      sidewalls of working members extending in concentric rotor and stator
      rings which are relatively rotatable, extend parallel to each other at an
      angle relative to the rotational axis, and wherein the rings are axially
      movable and adjustable relative to each other.
PAR  Investigations have determined that the emulsion and dispersion gradient is
      not dependent in the first instance on the number of operative teeth
      formed on the operating stator or rotor rings and on the relative rotation
      thereof, but is dependent on the effect between the peripheral velocity
      and the spacing distance between the operative ring portions of the
      stators and rotors. The inventive concept permits, in a simple manner, the
      variation of the spacing distance between the operating rings, in which it
      is not unduly significant if the stator and rotor are formed of only one
      or more operating rings.
PAR  The sidewalls of the operating member, which extends at an angle opposite
      to the other parallel sidewall and which slope opposite with respect to
      the rotation axis, define a change in the distance or spacing between the
      operating rings, responsive to a small axial displacement between the
      stator and the rotor. The overlap of the sidewalls between oppositely
      located working members thereby remains practically unchanged.
PAR  Upon any axial displacement between the rotor and the stator, but not
      against the sidewalls tilted in the axial direction, there is provided a
      change in the mutual overlap of the operating members, which results in a
      completely unequal emulsification and dispersion.
PAR  In a preferred constructional embodiment of the invention, there is
      provided a plurality of concentric operating stator and rotor rings which
      are rotatable relative to each other, which have sidewall members in the
      radially sequentially positioned operating rings, and defining walls
      tilted at acute angles relative to one or the other side of the rotational
      axis.
PAR  In a simplified embodiment according to this construction, the cooperative
      sidewalls extend in the radially sequentially positioned operating rings
      alternatively at an angle and in parallel to the rotational axis.
PAR  A particularly practical and preferred embodiment in accordance with the
      invention is provided wherein the extend of the deflection or slope angle
      of the parallel sidewalls of successive operating rings diminishes
      relative to the rotational axis in a radial direction, extending from the
      central inlet chamber toward the outermost operating ring.
PAR  Since the fluid mixture that is being mixed, in effect the fluid-solid
      material mixture, is always aspirated from the inner or central inlet
      chamber outwardly to between the operating rings, so as to be thereby
      adapted to be engaged between the teeth of the operating members, it is
      particularly advantageous to provide a device or an apparatus having a
      plurality of concentrically positioned operating stator and rotor rings,
      the distance between the operating portions of the rings diminishing from
      the radially innermost location (from the inlet chamber) outwardly from
      ring to ring.
PAR  This permits the misture which at first is only partially ground up to flow
      through the larger radially inwardly formed operating spaces without
      excessive restriction, to be partially reduced in size, so that it will
      not be unduly coarse for successive smaller spaces or distances between
      radially outer operating rings.
PAR  By axially displacing the operating rings relative to each other, a
      progressive basic adjustment of the operating steps may be obtained since,
      in view of the different slope angles of the sidewalls, the spacing
      distances between radially inner operating rings become relatively larger
      than those between radially outer operating rings.
PAR  In order to facilitate the axial adjustment of the operating rings relative
      to each other, in accordance with the invention, in which the operating
      rings radially alternate between stators and rotors, and wherein the rotor
      shaft for the apparatus is positioned in a hollow stator support conduit,
      there is provided an adjusting device which effects the relative axial
      displacement and adjustment between the operating rings, and consequently
      the spatial distance between the sidewalls thereof, thereby resulting in
      the axial adjustment of the rotor relative to the stator, or conversely
      the stator relative to the rotor.
PAR  According to important features of the invention, an emulsifying dispersing
      apparatus is provided which comprises a plurality of concentric cutting
      rims rotatable relative to each other, mounted in radial alternation on a
      stator and on a rotor, the latter being rotatable relative to the former,
      the rims including teeth which interact in a shearing relation, and
      defining therebetween a cavity which serves as a central feed chamber, and
      the teeth further interact at frequencie reaching up to supersonic values,
      wherein opposite cutting flanks of the teeth are rotatable relative to one
      another in parallel alternation, the flanks being inclined at an acute
      angle to the axis of rotation toward respective adjoining sides, when
      viewed from opposite directions, the rims being axially slidable and
      adjustable, and wherein the magnitude of the angle of parallel flanks of
      radially consecutive rims decreases to the axis of rotation, looking from
      the feed chamber toward an outer one of the rims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Exemplary embodiments and structures according to the invention, and
      particularly the further application thereof as a continuously operating
      flow apparatus, may be readily recognized in the present disclosure.
      Reference is now being had to the specification that follows, in
      conjunction with the accompanying drawings, wherein
PAR  FIG. 1 is a partly sectional view of a first exemplary embodiment of the
      invention, in which the left-hand portion of the figure shows an
      adjustment for small operating gaps X, and the right-hand side for large
      gaps Y;
PAR  FIG. 2 is a partly sectional view of a further embodiment according to the
      invention, shown in a manner similar to that of FIG. 1;
PAR  FIG. 3 is a bottom plan view of the embodiment of FIG. 2, in which a
      radially outermost operating ring is only illustrated for a segment of the
      circumference thereof;
PAR  FIG. 4 is a partly sectional view of the operative portion of a further
      embodiment, showing differently tilted sidewalls of the operating rings;
PAR  FIG. 5 is a view similar to that of FIG. 4, showing the operating elements
      with large gaps therebetween;
PAR  FIG. 6 is a downwardly directed, partly sectional view along line VI -- VI
      in FIG. 4;
PAR  FIG. 7 is a bottom plan view of the embodiment of FIGS. 4 and 5;
PAR  FIG. 8 is a longitudinal sectional veiw of an exemplary embodiment of an
      adjusting device according to the present invention;
PAR  FIG. 9 is an elevational view of the device shown in FIG. 8;
PAR  FIGS. 10 and 11 are sectional views of preferred embodiments of the
      operating rings;
PAR  FIG. 12 is a partly sectional view of a continuous flow apparatus according
      to the present invention, having a plurality of operating stages; and
PAR  FIG. 13 is a schematic illustration of a single tooth in respect of the
      axis of rotation of the structure, with two successive viewing directions,
      to clarify "first" and "second" acute angles as they apply to the sides or
      flanks of the tooth.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with the preferred embodiment shown in FIG. 1, the operative
      stage of the apparatus is formed of a stator 1 and a rotor 2, which
      include operating rings 3 provided with cutting rims. In the described
      embodiment, three operative toothed rings, 3a1, 3b1 and 3c1 operate on
      stator 1 in conjunction with three operating rings 3a2, 3b2 and 3c2 on
      rotor 2. The innermost toothed ring 3c2 of the rotor consists of only, for
      example, three teeth, referring to FIG. 3, so as to provide a cavity or
      hollow chamber 4 forming a central material or liquid inlet (feed)
      conduit.
PAR  The operative or working tool components of the operating rings consist of
      teeth which, as may be seen from FIG. 1, have pyramid-shaped
      cross-sections in the radial cross-sectional direction, and rectangular
      cross-sectional shapes in the peripheral cross-sectional direction, as
      shown in FIG. 3. In view of the provision of the teeth, the rings 3a1 . .
      . , 3a2 . . . can best be termed cutting rims, as was mentioned before.
      Between opposed sidewalls or cutting flanks of the teeth of radially
      adjacent operating rings, the flanks being inclined at an acute angle,
      there are provided predetermined spaces X and Y for the liquid dispersion
      gradient. Through axial adjustment of stator 1 relative to rotor 2, or
      inversely, by a distance Z, the spacing distance may be predetermined
      without significantly changing the overlapping and the shearing
      cooperation between the operative portions of the rings.
PAR  In order to obtain a reasonably equal operating effect even with large
      distances Z, the roots 5' of the teeth between the teeth of radially
      consecutive operating rings on stator 1 and rotor 2, respectively, are a
      distance A (see FIGS. 1, 2) higher than the roots of the teeth between
      adjacent teeth of each ring, with the exception of the tooth root 5,
      according to FIG. 3, between the teeth of the outermost operating ring
      3a1. The slope angle of the sidewalls of the teeth relative to the
      rotational axis 6 of rotor 2 is designated by .alpha.. Further
      explanations in this respect will appear later, with reference to FIG. 13.
PAR  It will be understood by those skilled in the art that the structure just
      described constitutes an emulsifying dispersing apparatus which has a
      plurality of the concentric cutting rims 3a1 . . . , 3a2 . . . , rotatable
      relative to each other, mounted in radial alternation on stator 1 and
      rotor 2, respectively, the latter being rotatable relative to the former,
      the rims including teeth which interact in a shearing relation, and
      defining therebetween a cavity which serves as the central feed chamber 4.
      The teeth interact at frequencies reaching up to supersonic values, the
      opposite cutting flanks of the teeth being rotatable relative to one
      another in parallel alternation, the flanks being inclined at an acute
      angle to the axis of rotation 6 toward respective adjoining sides, when
      viewed from opposite directions. the rims being axially slidable and
      adjustable. It will be understood that the magnitude of the angle of
      parallel flanks of radially consecutive rims decreases to the axis of
      rotation, looking from the feed chamber toward an outside one of the rims.
PAR  The stator 1 is fastened onto a stator support conduit 7. The rotor 2 is
      connected by means of suitable connectors and pins with a drive shaft 8
      having a substantially lengthwise axis in the inventive apparatus. As can
      readily be seen from the drawings, the stator, rotor and the drive shaft
      have a common rotational axis. The connectors and pin components consist
      of a connecting housing 9 and a wedge 10 which may be fastened by means of
      a closed nut 11 on a threaded connector 12. The axial adjustment along the
      distance Z between rotor 2 and stator 1 results through rotation of stator
      tube 7 in a thread 13 of a connecting flange 14, for example, an attaching
      flange for a driving motor.
PAR  A locking screw 15 is utilized to provide for fastening the rings into a
      predetermined position (left-hand portion of FIG. 1), whereas the
      right-hand portion of FIG. 1 illustrates the position where stator conduit
      7 is supported in flange 14 through a sliding member 16. Upon rotation of
      a gear 17 within a gear segment 18 in tube 7, there is displacement of the
      rings along the distance Z.
PAR  The fastening in this manner results through a clamping of the shaft by
      gear 17. The adjusted position may be readily determined by markings on
      conduit or tube 7 in correlation with the lower edge 19 of flange 14.
PAR  In the embodiment according to FIG. 2, rotor shaft 8 is supported within a
      sleeve 20 in which, if desired, there may be provided a sealing element 21
      above sleeve 20, for example, a sealing ring. The sleeve 20 may be
      provided internally with a "Teflon" coating. The axial adjustment between
      stator 1 and rotor 2 along distance Z is obtained in this embodiment by
      rotation of stator 1 on a portion 22 of support tube 7 thereof.
PAR  Locking into the resulting spaced position is again obtained through
      locking screw 15. The upper chamfered edge 23 of stator 1 is provided with
      markings which are adapted to cooperate with markings on tube 7 in
      accordance with a vernier scale, sometimes called a "Nonius calibration".
PAR  In the embodiments according to FIGS. 4 to 7 there is disclosed an
      operative stage with a progressive emulsifying effect. The slope angle
      .alpha. of the two sidewalls decreases in the direction extending from the
      rotational axis 6, in effect the central inlet chamber forming conduit 4,
      radially outwardly by the amount X. As a result, the space or distance Y
      decreases beginning between tooth rings 3c2 and 3c1 up to between rings
      3a2 and 3a1. The adjusting device between stator 1 and rotor 2 may be
      constructed in accordance with any one of the previously described
      embodiments.
PAR  In FIGS. 8 and 9 it may be ascertained that the constructions of stator 1
      and rotor 2 are similar to those in FIGS. 1 through 7, in which, however,
      the adjusting device for the axial displacement along distance Z is so
      constructed, in conjunction with an upper bearing 24 for the drive shaft,
      such as rotor shaft 8, that an axial displacement of bearing 24, for a
      constant length of support tube 7 for stator 1, results in a change of the
      space or distance Y.
PAR  Within the upper end of stator tube 7 there is positioned a ring 26 located
      in a rotatable element 25 and supported within a sleeve, which supports
      the bearing 24. The axial position of the outer and inner rings of bearing
      24 is fixed by means of so-called Seeger rings 27. The bearing ring 26
      supports an arm 28 with a contact ring 29 which is rotatably positioned in
      bearing ring 26 within a threaded aperture.
PAR  The arm 28 extends through a diagonally extending slot 30 in support tube 7
      of stator 1 and may be displaced within the slot so as to permit the ring
      26 to create a lifting effect. Fastening of the components is obtained by
      rotation of arm 28 and consequent contact with ring 29. The rotation of
      shaft 8 is provided by a motor drive shaft 31 through a coupling 32 and a
      linkage rod 33 on shaft 8. A connecting coupling 32 is provided with an
      elongated milled aperture 34 which facilitates the lifting movement of
      line 33.
PAR  In the embodiments according to FIGS. 10 and 11 of the drawings, the
      cooperatively acting sidewall portions of radially sequential operating
      rings form teeth which alternate at an angle and in parallel relative to
      the rotational axis 6.
PAR  Referring now to FIG. 12 of the drawings, there is illsutrated a somewhat
      schematically shown flow apparatus incorporating a plurality of operative
      stages in sequential order. A housing of this apparatus is designated 130,
      a drive shaft 131, an actuating wedge is 132, stators of second and third
      operative stages 133, a stator of a first operative stage 134, and rotors
      of all stages 135. The rotors 135 are fastened onto shaft 131 and located
      in their positions by means of distance or spacer rings 136.
PAR  The shaft 131 is supported by a bearing 137 at the end adjacent the drive,
      and bearing 137 is protected by means of two sleeve seals 138. A pump
      flywheel 139 is provided at an inlet 101 for the fluid being mixed, and is
      rigidly fastened onto shaft 131. Stators 133, 134 are rigidly threaded
      onto a support ring 142 by means of a threaded member 140 and a tension
      ring 141. Through rotation of a supporting member 143, which is located in
      a diagonally extending slot 144 in housing 130, there is provided axial
      displacement of the stator assembly, so as to result in the fastening of
      member 143, as well as its positioning and marking corresponding to the
      construction of arm 28 in FIGS. 8, 9.
PAR  An annular space 145 which encompasses the stator assembly may be utilized
      for the introduction of a cooling medium which may, for example, be
      introduced through an aperture 102 and removed through an aperture 103.
      The space 145, as well as operating spaces 146 of the operative stages may
      be sealed by means of suitable elements 147. The material being mixed is
      compacted by pump flywheel 139 at inlet 101 in the direction of an arrow
      148, and is conveyed under pressure into the operating chamber of the
      first operative stage. The material then flows radially outwardly through
      the three stages and exits from the apparatus in the direction of an arrow
      149 through an outlet aperture 104. By providing an accelerating pump in
      the form of flywheel 139, flow capacity is increased, particularly at
      small space relationships in the operating stages.
PAR  In the schematic, explanatory illustration of FIG. 13 the axis of rotation
      6 of the inventive apparatus is shown by a substantially vertical line,
      with two successive viewing directions ("direction of looking"),
      identified by numerals 1. and 2., and respective first and second acute
      angles (in the first and the second directions, respectively), as they
      apply to the sides of flanks of a tooth. This of course can be any tooth
      as shown in the detailed views of FIGS. 1, 2, . . . 12, as will be
      understood by those skilled in the art.
PAR  When viewing two adjoining sides of a tooth from the same direction,
      evidently one will be an acute and the other an obtuse angle; however they
      are both acute angles if viewed from opposite directions.
PAR  In addition to the aforedescribed embodiments, there may be provided
      further embodiments in which the rotors are collectively supported on a
      drive shaft and are adjustable with respect to oppositely positioned
      stationary stators.
PAR  While there has been shown what is considered to be the preferred
      embodiments of the invention, it will be obvious that modifications may be
      made which come within the spirit and scope of the disclosure of the
      specification.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An emulsifying dispersing apparatus comprising: a plurality of
      concentric cutting rims rotatable relative to each other, mounted in
      radial alternation on a stator and on a rotor, having a common axis of
      rotation, said rotor being rotatable relative to said stator; said rims
      including interacting teeth and defining therebetweeen a cavity which
      serves as a central feed chamber, and said teeth further interacting at
      very high speeds; a hollow tubular mounting of said stator for a shaft of
      said rotor; wherein opposite cutting flanks of said teeth are rotatable
      relative to one another in parallel alternation, said flanks being
      inclined at an acute angle to the common axis of rotation toward
      respective adjoining sides, when viewed from opposite directions;
      adjusting means for the axial displacement and adjustment of respective
      rims toward one another on said stator and said rotor, and thus of a
      clearance gap between said cutting flanks, to facilitate relative axial
      adjustment between said rotor and said stator even during operation of the
      apparatus; wherein the magnitude of the angle of parallel flanks of
      radially consecutive ones of said rims decreases to the common axis of
      rotation, looking from said feed chamber toward an outside one of said
      rims; and wherein said teeth are pyramidal in the radial cross-sectional
      direction and rectangular in the peripheral cross-sectional direction; the
      tooth roots between teeth of said consecutive rims lying higher than the
      tooth roots between adjacent teeth of the same rim, with the exception of
      the tooth roots of an outermost one of said rims and finally wherein said
      tubular mounting includes a pair of telescopingly adjustable and
      interlocking tubular members forming said adjusting means, threaded means
      for axially adjusting said tubular members, and lockscrew means for
      interlocking said tubular members, and a vernier scale on one of said
      tubular members, being alignable with markings on another one of said
      tubular members for determining the relative position of said adjusting
      means.
NUM  2.
PAR  2. The apparatus as defined in claim 1, wherein one of said tubular members
      includes a connecting flange for an external drive motor.
NUM  3.
PAR  3. An emulsifying dispersing apparatus comprising: a plurality of
      concentric cutting rims rotatable relative to each other, mounted in
      radial alternation on a stator and on a rotor, having a common axis of
      rotation, said rotor being rotatable relative to said stator; said rims
      including interacting teeth and defining therebetween a cavity which
      serves as a central feed chamber, and said teeth further interacting at
      very high speeds; a hollow tubular mounting of said stator for a shaft of
      said rotor; wherein opposite cutting flanks of said teeth are rotatable
      relative to one another in parallel alternation, said flanks being
      inclined at an acute angle to the common axis of rotation toward
      respective adjoining sides, when viewed from opposite directions,
      adjusting means for the axial displacement and adjustment of respective
      rims toward one another on said stator and said rotor, and thus of a
      clearance gap between said cutting flanks, to facilitate relative axial
      adjustment between said rotor and said stator even during operation of the
      apparatus; wherein the magnitude of the angle of parallel flanks of
      radially consecutive ones of said rims decreases to the common axis of
      rotation, looking from said feed chamber toward an outside one of said
      rims; and wherein said teeth are pyramidal in the radial cross-sectional
      direction and rectangular in the peripheral cross-sectional direction; the
      tooth roots between teeth of said consecutive rims lying higher than the
      tooth roots between adjacent teeth of the same rim, with the exception of
      the tooth roots of an outermost one of said rims; further comprising
      threaded means for lengthwise adjustment of said tubular mounting with
      respect to said shaft, by rotating said stator with respect to a portion
      of said mounting, lockscrew means for locking said adjustment means
      relative to said mounting, and a vernier scale on said stator coordinated
      to markings on said tubular mounting.
NUM  4.
PAR  4. An emulsifying dispersing apparatus comprising: a plurality of
      concentric cutting rims rotatable relative to each other, mounted in
      radial alternation on a stator and on a rotor, having a common axis of
      rotation, said rotor being rotatable relative to said stator; said rims
      including interacting teeth and defining therebetween a cavity which
      serves as a central feed chamber, and said teeth further interacting at
      very high speeds; a hollow tubular mounting of said stator for a shaft of
      said rotor; wherein opposite cutting flanks of said teeth are rotatable
      relative to one another in parallel alternation, said flanks being
      inclined at an acute angle to the common axis of rotation toward
      respective adjoining sides, when viewed from opposite directions,
      adjusting means for the axial displacement and adjustment of respective
      rims toward one another on said stator and said rotor, and thus of a
      clearance gap between said cutting flanks, to facilitate relative axial
      adjustment between said rotor and said stator even during operation of the
      apparatus; wherein the magnitude of the angle of parallel flanks of
      radially consecutive ones of said rims decreases to the common axis of
      rotation, looking from said feed chamber toward an outside one of said
      rims; and wherein said teeth are pyramidal in the radial cross-sectional
      direction and rectangular in the peripheral cross-sectional direction; the
      tooth roots between teeth of said consecutive rims lying higher than the
      tooth roots between adjacent teeth of the same rim, with the exception of
      the tooth roots of an outermost one of said rims; and finally wherein said
      rotor shaft includes two co-rotational and axially adjustable portions for
      the axial displacement of said rotor and said rims relative thereto
      relative to said tubular mounting, further comprising bearing means
      supporting said rotor shaft, an angled slot being formed in said tubular
      mounting, an arm extending through said slot for manually displacing said
      bearing means, and a vernier scale adjacent said slot for cooperation with
      at least one marking on said arm.
NUM  5.
PAR  5. An emulsifying dispersing apparatus comprising: a plurality of
      concentric cutting rims rotatable relative to each other, mounted on
      radial alternation on a stator and on a rotor, having a common axis of
      rotation, said rotor being rotatable relative to said stator; said rims
      including interacting teeth and defining therebetween a cavity which
      serves as a central feed chamber, and said teeth further interacting at
      very high speeds; a hollow tubular mounting of said stator for a shaft of
      said rotor; wherein opposite cutting flanks of said teeth are rotatable
      relative to one another in parallel alternation, said flanks being
      inclined at an acute angle to the common axis of rotation toward
      respective adjoining sides, when viewed from opposite directions;
      adjusting means for the axial displacement and adjustment of respective
      rims toward one another on said stator and said rotor, and thus of a
      clearance gap between said cutting flanks, to facilitate relative axial
      adjustment between said rotor and said stator even during operation of the
      apparatus; wherein the magnitude of the angle of parallel flanks of
      radially consecutive ones of said rims decreases to the common axis of
      rotation, looking from said feed chamber toward an outside one of said
      rims; and wherein said teeth are pyramidal in the radial cross-sectional
      direction and rectangular in the peripheral cross-sectional direction; the
      tooth roots between teeth of said consecutive rims lying higher than the
      tooth roots between adjacent teeth of the same rim, with the exception of
      the tooth roots of an outermost one of said rims; further comprising
      hollow housing means which includes inlet and outlet apertures disposed in
      axially spaced-apart portions of said housing means, said apertures
      respectively communicating with said central feed chamber, and a plurality
      of consecutive stages, each including one of said stator and said rotor,
      whereby a continuous-flow apparatus is provided.
NUM  6.
PAR  6. The apparatus as defined in claim 5, wherein said consecutive rims
      constitute respective ring means on said stator and on said rotor, and
      wherein said rotor and said ring means thereon are supported on said rotor
      shaft which is positioned within said housing means, said stator and said
      ring means thereon forming a stator assembly, said adjusting means being
      also effective for displacing said stator assembly relative to said
      housing means along the common axis of rotation.
NUM  7.
PAR  7. The apparatus as defined in claim 5, wherein said consecutive rims
      constitute respective ring means on said stator and on said rotor, and
      wherein said stator and said ring means thereon are rigidly supported
      within said housing means, said rotor and said ring means thereon being
      supported on said rotor shaft which is within said housing means, said
      adjusting means being also effective for axially displacing said rotor and
      said ring means in addition to the displacement and adjustment of said
      respective rings.
NUM  8.
PAR  8. The apparatus as defined in claim 5, further comprising an accelerating
      pump, preceding said rims and connected to said consecutive stages, for
      the mixing of materials.
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ABST
PAL  An ice storage and dispensing device for flaked or other particulate ice
      which maintains the ice in an agitated dispensable condition or state. The
      device includes a hopper equipped with an agitator having a rotatable
      shaft and axially and angularly spaced rigid agitator spokes extending
      generally radially from the shaft. The ends of flexible polyvinylchloride
      tube members are received over and secured to certain of the axially and
      radially spaced spokes to provide generally helically extending lengths of
      the tubes between the spokes. The flexible tubes wipe against the inside
      wall of the hopper with a squeegee effect to prevent ice buildup. The
      tubes also lessen the tendency of the spokes to create tunnels in the
      particulate ice, especially at the ice setting temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to ice dispensing machines of the type which
      maintain particulate ice under agitation and more particularly relates to
      an agitator system for lessening tunneling and congealing of the ice.
PAR  2 Brief Description of the Prior Art
PAR  Devices for feeding or dispensing pulverized, chipped or flaked ice are
      useful for various refrigerating or cooling purposes. For example, dairy
      products, such as milk and cream in containers, are often packed in large
      crates and it is desirable to deposit an amount of chipped or flaked ice
      in the crates, e.g., as the crates are moved along a conveyor, to insure
      proper refrigeration of the crate contents. Flaked ice also is used
      extensively in mixed drinks such as fruit flavored drinks in slush-type
      form. For this purpose an ice dispenser is used. One type of dispenser
      includes a hopper for holding the ice, a delivery system such as a screw
      feed for delivering ice from the hopper, and an agitator for maintaining
      the ice in the hopper in a particulate agitated state for proper delivery
      from the dispenser. The agitator has a rotatable shaft with a plurality of
      agitating blades or other means carried thereon to agitate the ice. In one
      device generally radially extending rigid spokes are provided which churn
      through the ice as the agitator shaft rotates. However, it has been found
      that the use of such agitators can lead to ice buildup or congealing at
      the hopper walls and the spokes can create undesirable tunneling in the
      particulate ice especially at the temperature of setting.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improvement in ice storage and dispensing
      devices of the character described in which generally radially extending
      rigid agitator members or spokes are used to churn through the ice. In
      accordance with the present invention, flexible agitator means are secured
      to and extend between the ends of certain axially spaced spokes. The
      flexible means comprises tubular members positioned so as to ride close to
      and wipe against the hopper wall to prevent congealing as well as prevent
      tunneling of the spokes through the ice within the hopper.
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will herein be described in detail
      specific embodiments therefor, with the understanding that the present
      disclosure is to be considered as an exemplification of the principles of
      the invention and is not intended to limit the invention to the embodiment
      illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one form of the agitator assembly of the
      present invention;
PAR  FIG. 2 is a vertical section through a form of ice dispensing device
      provided by the present invention and using the agitator of FIG. 1;
PAR  FIG. 3 is a partial vertical sectional view showing the agitator within the
      dispensing device as viewed from the left in FIG. 2;
PAR  FIG. 4 is a horizontal section through the device taken generally along the
      line 4--4 in FIG. 3;
PAR  FIG. 5 is a vertical section similar to that of FIG. 2, of a modified form
      of the invention; and
PAR  FIG. 6 is a partial vertical sectional view similar to that of FIG. 3, of
      the form of the invention shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to the form of the invention shown in FIG. 1, the agitator
      assembly used in the storage and dispenser device of the present invention
      includes a tubular shaft 12 having a plurality (three pair shown) of rigid
      agitator bars or spokes 14, 16 and 18 extending laterally or generally
      radially therefrom. Each pair may comprise a single rod extending
      diametrically through the shaft 12. Two lengths of F.D.A. approved
      polyvinylchloride plastic tubes 20 and 22 are provided with their open
      ends received on the ends of spokes 14 and 18 so that they extend both
      lengthwise and angularly of the shaft 12 forming generally helically
      shaped flexible wipers. In other words, the ends of spokes 14 and 18 being
      axially and radially spaced from each other causes the tubes 20 and 22 to
      assume their generally helical shape.
PAR  Referring now to FIG. 2, the agitator assembly is mounted for rotation in
      the storage bin portion of an ice dispenser, generally designated 24,
      which has insulated sloping sidewalls 26 defining an ice hopper. More
      particularly, one end of shaft 12 is journalled for rotation in a
      U-bracket 28 (FIGS. 2 through 4) which in turn is secured to an inside
      wall 29 of hopper 26. The other end of shaft 12 is received on a drive
      shaft 30 extending through a bearing block 32 (FIGS. 2 and 4) to the
      outside of the dispenser 24 where it may be driven by suitable motor means
      (not shown). Pins 34 (FIGS. 2 and 4) on shaft 30 are received in slots 36
      (FIGS. 1 and 4) at the end of shaft 12 providing a driving connection
      between shafts 30 and 12. As the agitator assembly rotates, the flexible
      tubes 20 and 22 wipe the sloped sidewalls of the storage bin or hopper, as
      shown in FIGS. 3 and 4, and prevent congealing of the ice. The tubes 20
      and 22 also prevent channeling or tunneling through the ice in hopper 26
      which may otherwise be caused by the spokes 14, 16 and 18.
PAR  At the bottom of hopper 26 there is provided an auger 38 (FIG. 2) driven by
      suitable motor means (not shown) for delivering particulate ice from the
      storage bin or hopper through an ice dispensing chute 40.
PAR  In use, the ice dispenser 24 receives ice from an ice flaker, as at 42
      (FIG. 2) through an entry opening 43 (FIG. 3) and rotation of the agitator
      assembly maintains the ice in an agitated deliverable state. The auger 38
      can be driven from time to time whenever it is desired to dispense ice
      through chute 40.
PAR  The embodiment shown in FIGS. 5 and 6 incorporates the general principles
      set forth above except that the shape of the storage bin, and the
      disposition of the agitator spokes and tubing is somewhat different. More
      particularly, an agitator assembly, generally designated 42, is mounted
      within a storage bin, generally designated 44, which is provided with a
      circular interior wall 46, as seen in FIG. 6, rather than the trough-like
      or V-shaped storage bin shown in FIGS. 1-4.
PAR  The agitator assembly 42 includes a tubular shaft 48 having a plurality
      (four shown) rigid agitator bars or spokes 50a through 50d spaced
      lengthwise along the shaft 48. As best seen in FIG. 6, the spokes 50a and
      50d generally are in a common plane passing through the shaft 48. The
      spokes 50b and 50c are disposed angularly about the shaft 48 generally
      equidistant from the spokes 50a, 50d. A length of F.D.A. approved
      polyvinylchloride plastic tubing 52 is provided with its open ends
      received on the ends of the coplanar spokes 50a, 50d so that as the
      agitator assembly rotates, the flexible tubing 52 wipes the circular
      sidewalls of the storage bin as seen in FIG. 6. The spokes 50b and 50c,
      being disposed axially within the coplanar spokes 50a, 50d facilitate the
      agitating function as the tubing 52 prevents congealing of the ice and
      also prevents channeling or tunneling through the ice in the hopper which
      otherwise may be caused by simple spokes.
PAR  The shaft 48 is journalled for rotation in the storage bin by means of a
      bracket 54 at one end and a bearing block 56 at the other.
PAR  As with the embodiment shown in FIGS. 1-4, the bottom of the hopper or
      storage bin 46 is provided with an appropriate auger driven by suitable
      motor means for delivering particulate ice from the storage bin or hopper
      through an appropriate ice dispensing chute.
PAR  Again, in use, the ice dispenser receives ice from an ice flaker through an
      entry opening 58 (FIG. 6).
CLMS
STM  I claim:
NUM  1.
PAR  1. In an ice storage or dispensing device for storing particulate ice in an
      agitated state or condition, including an ice storage hopper having
      interior wall means and an agitator assembly within the hopper for
      agitating the ice, said agitator assembly having spoke-like agitator
      members for churning through the particulate ice, the improvement which
      comprises agitator means secured to and extending between said spokes for
      wiping said interior wall means of the storage hopper, said agitator means
      being fabricated of pliable material so as to be bodily deformable by said
      particulate ice thereby minimizing tunneling in the particulate ice.
NUM  2.
PAR  2. In an ice storage device for storing particulate ice in an agitated
      state or condition, including an ice storage hopper having interior wall
      means and an agitator assembly within the hopper for agitating the ice,
      said agitator assembly having spoke-like agitator members for churning
      through the particulate ice, the improvement which comprises an agitator
      means in the form of an open ended length of plastic tubing secured to and
      extending between the free ends of a pair of said spokes with the free
      ends received in the open ends of the tubing for wiping said interior wall
      means of the storage hopper and minimizing tunneling in the particulate
      ice.
NUM  3.
PAR  3. The device of claim 2 wherein said spokes are mounted on a rotatable
      shaft having a generally horizontal axis and the tubing extends in a
      generally horizontal direction.
NUM  4.
PAR  4. The device of claim 3 wherein said tubing is polyvinylchloride tubing.
NUM  5.
PAR  5. The device of claim 3 wherein the lower wall portion of said hopper
      slopes inwardly to define a generally V-shaped lower sidewall cross
      section in contact with and wiped by said tubing during rotation of said
      shaft, and including an auger adjacent the bottom of said lower wall
      mounted for rotation on an axis generally parallel to the agitator shaft
      axis, and outlet means for receiving ice driven by the rotating auger.
NUM  6.
PAR  6. The device of claim 2 wherein a pair of said spokes are spaced axially
      and angularly along an agitator shaft and said tubing extends in a
      generally helical direction.
NUM  7.
PAR  7. The device of claim 2 wherein a pair of said spokes are spaced axially
      along the agitator shaft in a generally common plane and said tubing
      extends generally axially of the agitator shaft.
NUM  8.
PAR  8. The device of claim 7 including at least one free ended spoke on the
      agitator shaft spaced angularly of said pair of spokes.
NUM  9.
PAR  9. The device of claim 8 wherein said one spoke is disposed between the
      pair of spokes having said tubing thereon.
NUM  10.
PAR  10. A device for storing ice in an agitated state, comprising: a hopper
      having sidewalls sloping inwardly toward the hopper bottom to define a
      trough at the bottom of the hopper, means in said trough for delivering
      particulate ice from said hopper, agitator means mounted above said
      delivery means on a generally horizontal axis generally parallel to the
      trough bottom including a rotatable shaft having generally radially
      extending axially and angularly spaced rigid spoke members which normally
      create tunnels in ice in the hopper during rotation of said shaft
      especially when the ice is at setting temperature, and a flexible
      polyvinylchloride tube having open ends receiving ends of two spoke
      members, said tubing extending in a generally helical path in close
      proximity to and against the hopper bottom wall for wiping said wall as
      the shaft is rotated.
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ABST
PAL  An agitating apparatus comprising a support, a container supported by the
      support and rotatable relative to the support about a substantially
      vertical axis, an agitator within the container and co-operating drive
      means between the support and the upper part of the container for driving
      said agitator when the container is rotated about said axis.
BSUM
PAR  The present invention relates to agitating apparatus and more particularly,
      but not solely, to apparatus for use in agitating and dispensing paint
      colourants.
PAR  In British Patent Specifications Nos. 1021676 and 1021677 there is
      described and shown a paint colourant dispensing and mixing machine in
      which a plurality of canisters are arranged around and supported by a
      rotatable carrier plate. The carrier plate can be rotated by means of a
      wheel and handle which is connected by means of a shaft and bevel gears to
      a friction roller which engages the underside of the periphery of the
      rotatable carrier plate. A drive transmission device having a pulley is
      located at the top of each canister and all the pulleys are driven by a
      common drive belt from a central driving pulley which is connected to an
      electric motor arranged beneath the carrier plate. Thus in order to rotate
      stirrers in the canisters it is necessary to switch on the electric motor
      whereas to bring a canister to a described dispensing position it is
      necessary to operate manually the wheel and handle. Furthermore in order
      to fill a canister it is necessary to pivot its respective drive
      transmission device away from the lid of the canister before the lid can
      be removed.
PAR  According to the present invention there is provided an agitating apparatus
      comprising a support, a container supported by the support and rotatable
      relative to the support about a substantially vertical axis, an agitator
      within the container and co-operating drive means between the support and
      the upper part of the container for driving said agitator when the
      container is rotated about said axis.
PAR  In one preferred embodiment of the present invention there is provided a
      support structure, a plurality of containers mounted around the structure
      and rotatable therearound about a vertical axis, a stirring device in each
      container, a drive transmission device located at or near the top of each
      container for operating the stirring device in the respective container,
      and a drive device supported by the support structure, the drive device
      being connected to each drive transmission device so that when the
      containers are rotated about said vertical axis the drive device drives
      the stirring devices through the drive transmission devices.
PAR  The containers may be rotated about the vertical axis manually or, if
      desired mechanical and/or electrical rotating means may be provided.
PAR  The drive device is preferably a central gear wheel and each drive
      transmission device is preferably a toothed gear provided around the top
      of its container and meshing with the central gear wheel. As the
      containers are rotated about the vertical axis the toothed gears are
      rotated as planet wheels with the central gear wheel acting as sun wheel.
PAR  Alternatively the drive device may comprise a flexible belt stretched
      around a central circular member. The drive device may also comprise a
      driving belt or chain for driving toothed gears on the containers.
PAR  Each agitator or stirring device may comprise a stirrer rotatably supported
      in bearings at the top and bottom of the container.
PAR  Each container may be provided with means for dispensing liquid from the
      container. The means for dispensing a liquid may comprise a valve and
      piston assembly. The piston may be slidably mounted in a calibrated
      housing or the piston movement may be controlled so that the amount of
      liquid dispensed can be predetermined.
PAR  The apparatus may be used for mixing paints. In this case each of the
      containers contain a paint pigment, i.e. colouring liquid. A container of
      basic paint is obtained and placed in front of the apparatus. The
      containers of the apparatus are rotated until the container with the
      required paint pigment is adjacent the container of basic paint. A
      predetermined quantity of paint pigment is then dispensed into the basic
      paint. In rotating the containers the paint pigment in each dispenser is
      automatically stirred.
PAR  Basic paint is not necessarily limited to white paint but means in general
      the basic colour employed for colour matching.
DRWD
PAR  A constructional embodiment of the present invention will now be described,
      by way of example, with reference to the accompanying drawings, wherein:
PAR  FIG. 1 shows a diagrammatical plan view of paint agitating apparatus
      according to the present invention; and
PAR  FIG. 2 is a cross sectional elevation through the centre of one half of the
      apparatus according to the present invention and one container.
DETD
PAR  FIG. 1 shows the general arrangement of an apparatus for use in mixing
      paints. The apparatus is shown to comprise a plurality of containers 1
      arranged around and supported by a support structure 2. In the examples
      shown there are 12 containers 1 which are arranged so as to be rotatable
      around the structure 2. Adjacent containers may inter-lock with each other
      to form a drum and may be provided with considerable cladding for
      aesthetic reasons.
PAR  As shown in FIG. 2 the support structure comprises a moulded base 3 and a
      disc or ring 4 with a spacer 5 arranged therebetween. The base 3 and disc
      4 are attached to the spacer by bolts 6.
PAR  Each container comprises a housing 10 having a bearing for supporting a
      stirrer or paddle 13 the upper end of which is supported by a cylindrical
      member 14 which is rotatably mounted on the container and has an external
      gearing 12 and a cover 15. Each container is provided with a dispenser 11.
PAR  The upper end of the housing 10 has a recess 16 in its internal surface.
      This recess 16 accommodates a mounting ring 17 with a bearing onto which
      the member 14 is fitted. The member 14 is of cylindrical form and is
      provided with a recess 18 in its outer surface into which the gearing 12
      is fitted. The gear 12 is integrally formed with the member 14. The member
      14 has a vane or web 19 which is provided with a square-shaped aperture
      through which a portion 21 of the stirrer stem 22 passes. A flange is
      provided on the underside of the web 19. To facilitate attachment of the
      cover 15 the inner surface of the member 14 is provided with an inner
      circular ledge 24. The cover 15 has a recess or projections 25 and the
      ledge 24 engages in the cover recesses or the cover rests by its
      projections on the ledge 24 when it is placed on the member 14. The cover
      15 has a handle 26 to facilitate removal of the cover.
PAR  The base 28 of each container is attached to a platform 27 which is mounted
      to be rotatable about a central vertical axis passing through the spacer 5
      and base 3.
PAR  Each dispenser comprises a housing 30 which may be integrally moulded with
      its housing 10. Each housing 30 contains a piston assembly 31. The housing
      30 is of cylindrical form and a portion of the housing 30 forms a part of
      the housing 10. The housing 30 extends substantially the whole length of
      the housing 10, support ribs interconnect the housing 30 with other parts
      of the housing 10. The ribs are integrally formed with the housing 30 and
      the housing 10. A base 34 provided in the housing 30 has an aperture 35
      which provides a flow path for liquid between housings 10 and 30.
PAR  The base 28 of the housing 10 has a projection indicated generally by the
      reference numeral 36 extending downwardly therefrom, the projection being
      shaped so as to accommodate a valve 37. The projection 36 consists of a
      first portion 33 depending from a horizontally disposed portion 38 of the
      base and a second portion substantially horizontally disposed. The second
      portion is situated beneath the base 34 of the housing 30 so as to form
      therewith a housing 40 for the valve 37. The housing 40 tapers by an angle
      of 2.degree., its narrower end, being the end nearest the centre of the
      dispenser. The housing 40 has an aperture 41 whose longitudinal axis is in
      alignment with the longitudinal axis of the aperture 35 which is in the
      base 34 of the housing 30. The base 34 which is a portion of the housing
      30 for the piston assembly 31 also forms a portion of the housing 40 for
      the valve 37. In the internal surface of the housing 40 there is provided
      a slot 42 and the external surface has a reinforcing rib 43.
PAR  The piston assembly 31 comprises a piston 44, a stem 45 and a head section
      46. The piston assembly 31 is slidably mounted in the housing 30. The stem
      45 is provided with an end portion 47 which is embedded in the piston 44.
      Alternatively the piston may comprise a pair of O-rings mounted on the end
      of the stem 45. The piston 44 is dimensioned such that it fits inside the
      housing 30 in a seal tight manner.
PAR  The valve 37 comprises two integrally formed portions 55 and 56. The
      portion 55 is substantially in the form of an hollow cylinder and is
      tapered. The taper is through an angle of 2.degree. to the horizontal and
      the narrower end is the end remote from the portion 56. The portion 55 is
      thus suitably shaped to fit into the housing 40. The portion 55 has
      recesses 57 in its outer surface which accommodate 0 seals 58.
PAR  The valve 37, when fitted into the housing, is rotatable with respect to
      the housing. The portion 55 has an intermediate part 59 which has an
      aperture 60 transverse to the longitudinal axis of the valve. By turning
      the valve, when mounted in the housing 40, through an angle of 90.degree.
      from the position shown in FIG. 2, the aperture 60 can be brought into
      alignment with the apertures 35 and 41. The outer surface of the portion
      55 has a projection 61 which engages in the slot 42 when the valve is
      mounted in the housing 40. The rotational movement of the valve can thus
      be limited by the amount of movement of the projection in the slot. The
      portion 56 of the valve, when viewed in end elevation is substantially
      oval-shaped and this portion is hollow like the portion 55.
PAR  The valve 37 is shaped or provided with markings so that it is possible and
      obvious to the user.
PAR  The operation of dispensing liquid from the apparatus will now be
      described. First the valve 37 is checked to see that its end 62 is
      uppermost, i.e. the position shown in FIG. 2. The piston 44 is then moved
      upwards within the housing 30. A low pressure region is created below the
      piston 44 in the housing 30 and as a result liquid will flow out of the
      housing 30 through channel 35. The valve 37 is then turned through
      90.degree. from the position shown in FIG. 2 thereby bringing aperture 60
      into alignment with the apertures 35 and 41. Liquid may then be dispensed
      from the housing 30 through aperture 35, aperture 60 and aperture 41 by
      depressing the piston 44 down to the base of the housing 30 to ensure that
      all the liquid that has entered the housing is dispensed. In operations
      where the amount of fluid dispensed needs to be known, the housing 30
      could be calibrated or the piston movement could be controlled so that the
      amount of liquid dispensed can be predetermined.
PAR  The arrangement for rotating the stirrers will now be described. The
      periphery of the disc or ring 4 comprises a gear wheel which meshes with
      the gearings 12 on the containers. Thus when the platform 27 is rotated to
      bring the container with the selected paint pigment into the correct
      position for dispensing the gearings 12, members 14 and stirrers 13 will
      rotate. The result is that, each time the platform 27 is rotated the
      liquid in the containers is stirred.
PAR  The upper end portion 21 of each stirrer stem 22 is square-shaped and is
      suitably dimensioned to fit within the aperture 20 of the web 19. The end
      portion 21 has a slot 74. Flanges 75 are also provided in the end portion
      21, the flanges engage with the upper surface of the web 19 when the
      stirrer 13 is fitted to the web. The lower end portion 76 of the stem is
      preferably an inverted frust-conical shape, the conical surface of which
      is inclined at, for example, 10.degree. to the vertical. When the stirrer
      13 is fitted in the container, the end portion 76 engages in a recess 77
      provided in the base 28 of the container, the recess 77 being of a similar
      shape to the end portion 76. The stirrer 13 is provided with preferably
      rectangular shaped leaves 78 each leaf 78 being attached to the stem 22 so
      that it is disposed at an angle of 45.degree. to the horizontal.
PAR  It should be noted that in order to fill the containers it is only
      necessary to raise their covers 15 by means of handles 26. The gearings 12
      can remain in engagement with disc 4 so that it is not necessary to
      disconnect the drive transmission devices in order to fill the containers.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for mixing and dispensing liquids comprising a central
      support structure, a support member rotatably mounted on said support
      structure, a plurality of dispensing containers mounted on said support
      member and fixed relative thereto, a drive member mounted on the support
      structure and fixed relative thereto, a drive transmission device located
      adjacent the upper end of each container and rotatably mounted thereon,
      each of said drive transmission devices engaging said drive member, a
      stirring device depending from each drive transmission device into its
      associated container, and a removable closure member in each drive
      transmission device, wherein the apparatus is constructed and arranged so
      that when the support member is rotated each of the drive transmission and
      stirring devices is rotated by the drive member relative to the dispensing
      containers.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, in which the drive member comprises
      a central sun gear wheel and each drive transmission device comprises a
      planet gear forming the external surface of a cylindrical member and
      meshing with said sun gear.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, in which each container is provided
      with a dispenser for dispensing a predetermined quantity of liquid, each
      dispenser comprising an elongated housing, a piston axially movable in the
      housing an a valve movable from a first position in which it connects the
      container to the housing to a second position in which it connects the
      housing to an outlet.
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ABST
PAL  The invention concerns a blade lifting member intended for installation
      inside a revolving drum and comprises a mounting plate for the scoop blade
      (lifting member) attached to the inner wall of the drum end of a curved
      blade shell extending from the mounting plate, the free rim of said blade
      forming a scoop edge pointing in the direction of rotation of the drum.
BSUM
PAR  Blade lifters for installation within a revolving drum are adapted to lift
      the material being treated within the drum as it rotates and in such
      manner that the material cascades back into the drum. In the case of prior
      art blade lifters, it has been observed that the lifting members which
      fill up with the material being treated at the lowest position of rotation
      of the drum, are emptied after a revolution (of the barrel shell) of about
      100.degree.. This then means that a cloud of the material being treated
      fills only little more than half of the drum cross section. Such method of
      operation of necessity leads to a poor efficiency of the revolving drum if
      it is to be used for cooling or heating the material undergoing treatment
      when a stream of gas is employed.
PAR  Therefore, an object of the present invention is to provide a blade lifter
      which ensures a gradual emptying of the lifting member over the entire
      cross section of the drum, while also being of economical construction.
PAR  In accordance with the invention, the radius of curvature of the blade
      shell is less within the region of the scoop edge than the radius of
      curvature of the blade shell within the area of attachment to the mounting
      plate.
PAR  When loose material is contained in the lower portion of a revolving drum,
      it assumes -- viewed in profile -- a slanted position inclined at a
      certain angle; this angle or this slanted position is present also for
      material located in a blade lifter of a revolving drum. The shape of the
      blade lifter of the present invention takes this into account and
      maintains a smaller radius of curvature for the blade shell within the
      area of the scoop edge, resulting in the fact that the last portion of the
      material to be treated and located inside the lifting member is dumped
      when the respective blade is traveling downward (as the drum rotates). In
      this way, a cloud of material is formed within the revolving drum which
      extends across the essential poortion of the drum cross section. This
      large cloud of loose material permits a most thorough contact of the
      individual particles of the goods with the treating gas fed through the
      revolving drum, achieving an improvement in the effectiveness of the
      treatment.
PAR  Due to the smaller radius of curvature of the blade shell within the area
      of the scoop edge, it is also possible to simultaneously achieve a saving
      in construction materials in comparison with prior art blade lifting
      members.
DRWD
PAR  Embodiments of the invention are illustrated in more detail in the
      following description and drawings wherein:
PAR  FIG. 1 is a cross section of a blade lifter according to the invention;
PAR  FIG. 2 is a partial plan view of the blade lifter shown in FIG. 1; and
PAR  FIG. 3 is a cross section of a revolving tube with blade lifters of the
      invention attached to its inner wall.
DETD
PAR  The blade lifting member 1 according to the invention as illustrated in
      FIGS. 1 and 2, and intended for installation in a revolving drum, contains
      a blade mounting plate 2 by means of which blade member 1 is attached to
      the inner wall of the drum, as well as a curved blade shell 3 extending
      from mounting plate 2. The free rim of blade shell 3 forms the scoop edge
      4 pointing in the direction of rotation of the drum, which edge is
      reinforced or enlarged because of strong abrasion wear. At opposite sides
      of blade shell 3 of the embodiment represented, is attached a side plate
      5, 5' forming one piece with blade shell 3, which plates have the same
      curvature as the blade shell. The scoop edges 4a, 4b pointing in the
      direction of rotation of the drum, of these side plates 5, 5' are
      approximately in the same plane with scoop edge 4 of blade shell 3 and
      join up with the latter in continuity; obviously, scoop edges 4a and 4b
      are also reinforced the same as scoop edge 4.
PAR  So that the blade lifting member of the invention can gradually empty the
      material picked up for treatment over the entire cross section of the drum
      during rotation of the drum, the radius of curvature of blade shell 3 is
      kept smaller within the area of scoop edge 4 than the radius of curvature
      of the blade shell within the area of its connection 3' to mounting plate
      2. For this reason, the curvature of blade shell 3 has two radii R and r
      of different size. The larger radius R extending from mounting plate 2
      thus determines the section of curvature A of about 45.degree. to
      55.degree., whereas the smaller radius of curvature r which immediately
      follows, determines a section of curvature B of about 20.degree. to
      30.degree.. The ratio of the larger radius of curvature R to the smaller
      radius of curvature r lies between 1.5:1 and 2.5:1, preferably between
      2.0:1 and 2.2:1. If blade lifter 1 of the invention is installed in a
      cooling pipe arranged in satellite fashion on a primary rotating tube,
      then the larger radius of curvature R is between 150 mm. and 200 mm.
      preferably between 160 mm. to 180 mm. and the smaller radius of curvature
      r amounts to 70 mm. to 100 mm., whereby the higher values essentially
      concern only blade lifter embodiments used in larger satellite cooling
      tubes.
PAR  Blade lifter 1 according to the invention is furthermore designed such that
      the curvature of the blade starts at mounting plate 2 with an angle of
      about 90.degree.. Center point 6 of the larger radius of curvature R is
      located on the side opposite the connection 3' of the blade shell from the
      centerline 7 of the blade, and is located from the latter by half of the
      amount of the larger radius of curvature R, thus by R/2. Center point 6 of
      the larger radius R is suitably located on the mounting plate or just
      above it, the latter position being illustrated in the embodiment shown in
      FIG. 1. Center point 8 of the smaller radius of curvature r on the other
      hand, is suitably located on line 9 connecting center point 6 with the end
      portion 3" of the section of curvature A pointing in the direction of
      rotation of the drum. Thereby the section of curvature B joins up at a
      tangent to the section of curvature A.
PAR  The blade lifting member of the invention is suitably cast as a single
      piece. So that this blade member on the one hand is of a comparatively
      lightweight construction and on the other hand possesses great rigidity
      and strength, one can construct the surface of the curved blade shell such
      that it has a profile manufactured in one piece with said shell.
PAR  FIG. 3 illustrates a cross section of a revolving drum 10, having several
      blade lifters 1 of the invention attached to its inner wall in suitable
      fashion by means of mounting plates 2. Inside of drum 10, rotating in the
      direction of arrow 12, is located the material 13 to be treated, which
      material assumes a position inclined at angle .alpha. in the lower portion
      of the drum because of the rotating motion. As the drum is rotated, each
      blade member 1 located at the bottom fills itself with the loose material
      to be treated. The material contained in blade lifter 1 forms a gradient
      .alpha. in the course of subsequent rotation, which gradient corresponds
      essentially to angle .alpha. so that in the course of rotating the
      revolving drum 10, the material little by little cascades by itself into
      the drum, whereby because of the curved blade shell of the invention, the
      last portion of this material falls out as the blade moves downward. This
      results in a cloud of loose material 14, which -- as illustrated by the
      interrupted vertical lines -- is distributed evenly across the larger
      portion of the drum cross section and thus ensures a most even and quick
      treatment of the material.
PAR  Finally, it should be mentioned that for some types of application it might
      also be suitable or sufficient to have the blade lifting member of the
      invention constructed without the front plates provided in the embodiments
      illustrated, and that the blade shell might also be curved such that its
      radius of curvature generally diminishes starting from the area of its
      connection to the mounting plate toward the scoop edge.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rigid blade lifting member for installation on a revolving drum
      comprising a mounting plate member for attachment to said drum to rotate
      therewith; and a blade shell joined at one end to and extending from said
      mounting member, said shell having at its other end a free rim forming a
      scoop edge, said shell being curved continuously from its one end to its
      other end, the radius of curvature of said shell from its one end to a
      point between its ends closer to said other end than to said one end being
      greater than the radius of curvature of said shell from said point to said
      other end.
NUM  2.
PAR  2. A blade lifting member according to claim 1 wherein the larger radius of
      curvature of said shell determines a section of curvature of about
      45.degree. to 55.degree. and the smaller radius of curvature determines a
      section of curvature of about 20.degree. to 30.degree..
NUM  3.
PAR  3. A blade lifting member according to claim 2 wherein said shell forms an
      angle of about 90.degree. to said mounting member at the juncture of said
      shell with said mounting member.
NUM  4.
PAR  4. A blade lifting member according to claim 1 wherein the ratio of the
      larger radius to the smaller radius is between 1.5:1 and 2.5:1.
NUM  5.
PAR  5. A blade lifting member according to claim 4 wherein said ratio is
      between about 2.0:1 and 2.2:1.
NUM  6.
PAR  6. A blade lifting member according to claim 1 wherein the larger radius
      has its center adjacent said mounting member and located about half the
      length of that radius from the centerline of said shell and on that side
      of the centerline opposite the juncture of said shell with said mounting
      member.
NUM  7.
PAR  7. A blade lifter according to claim 1 including side plates at opposite
      sides of said shell and having the same curvature as the latter.
NUM  8.
PAR  8. A blade lifter according to claim 7 wherein said side plates have free
      ends and wherein said ends are reinforced.
NUM  9.
PAR  9. A blade lifter according to claim 1 wherein said scoop edge is
      reinforced.
NUM  10.
PAR  10. A blade lifter according to claim 1 wherein said shell comprises a
      one-piece structure.
NUM  11.
PAR  11. A blade lifter according to claim 1 wherein said shell and said
      mounting member comprise a one-piece structure.
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ABST
PAL  Rotor gun means for the air placement of granular and cementitious
      material. A mixing chamber for granular and cementitious materials, has a
      rotor gun mounted therein. The rotor gun comprises a motor driven wheel
      having a plurality of holes or apertures equally spaced about said rotor
      wheel. The apertures pick up the material and pass in front of a source of
      high pressure air stream which blows the material from the apertures.
BSUM
PAR  This invention relates to cement guns and more particularly to a cement gun
      employing a rotor wheel to feed granular and cementitious materials to an
      air blast.
PAR  Conventional cement guns generally comprise a pressurized chamber from
      which the granular and cementitious material is blown by air pressure.
      These guns are subject to clogging and building up of the material on the
      interior surfaces and passage ways of the apparatus especially if the
      material has a relatively high moisture content.
PAR  The present invention provides a positive feeding of the material into the
      air blast by means of a rotor wheel having a plurality of holes or
      apertures spaced around its periphery. The rotor wheel feeds the material
      by filling the apertures and passing them in front of the air blast.
      Control switch means are provided at the nozzle end so that the air blast
      may be delivered alone for cleaning purposes, or in combination with the
      material. Accordingly, a principal object of the invention is to provide
      new and improved cement gun means.
PAR  Another object of the invention is to provide new and improved cement gun
      means having a rotor wheel connected to deliver granular and cementitious
      materials into the air blast.
PAR  Another object of the invention is to provide new and improved cement gun
      means having a rotor wheel connected to deliver the granular material into
      the air blast wherein the granular material is not passed around corners
      or angles in passage ways.
PAR  Another object of the invention is to provide cement guns having a rotor
      feed for the granular material wherein the rotor is slip-fitted to the
      drive shaft and the rotor is positioned by means of sealing pads having
      adjustable pressure means connected thereto.
DRWD
PAR  These and other objects of the invention will be apparent from the
      following specification and drawings, of which:
PAR  FIG. 1 is a top view of an embodiment of the invention.
PAR  FIG. 2 is a sectional view along the lines 2--2 of FIG. 1.
PAR  FIG. 3 is a side view of the embodiment of FIG. 1.
PAR  FIG. 4 is a detail view of the feeding nozzle.
DETD
PAR  Referring to the figures, the invention comprises a mixing chamber 1, into
      which are fed the granular and cementitious materials. The materials are
      mixed and fed to the right in FIG. 1 by means of the mixing blades 2 and
      3, which are mounted on the shaft 4, which is connected to be driven by
      the motor 5.
PAR  The solid material M is moved by the blades 2 and 3 into the gun section 1a
      of chamber 1. In the chamber 1a, the rotor wheel is mounted on the shaft
      4. The shaft 4 is preferably square in cross-section and the rotor wheel
      has a corresponding square hub aperture. The rotor wheel 6 is held in
      place in the axial direction of the shaft by means of rubber pressure pads
      7 and 8, which are held in place by steel plates 9 and 10. The steel
      plates 9 and 10 are adjustably held in place by means of the adjustable
      screw mountings, 11, 12, 13 and 14. The last two screw mountings are
      adjustable by means of the handles 13' and 14'. The purpose of the
      pressure adjustments are to hold the rotor in place with a desired amount
      of pressure and provide a good seal for the air blast stream.
PAR  The rotor picks up the material M in the holes or apertures 15, 16, etc.,
      which extend through the rotor wheel and carries the material up between
      the pads 7 and 8 and into registration with the high pressure air pipe 17,
      which is connected to a source of high pressure air through the valve 18.
      The high pressure air blows the material from the apertures in the rotor,
      into the exit pipe 17', which is connected to a hose 19, which delivers
      the solid material to the nozzle 20, where the granular and cementitious
      material is mixed with water, fed through the adjustable valve 21, in
      conventional manner. The mixture is then sprayed onto the work location
      thereby depositing a cement layer at the work location which may be, for
      instance, a swimming pool or other wall. In one embodiment the holes or
      apertures in the rotor were 23/8  inches in diameter.
PAR  Referring to FIG. 4, mounted on the nozzle are a pair of switches 22 and
      23. The switch 22 is connected by wire 22', to operate the motor 5, which
      controls the operation of the rotor wheel and the switch 23 is connected
      by wire 23', to operate the valve 18, which controls the high pressure
      air. Therefore, if desired, high pressure air only, may be fed for the
      purpose of blasting and cleaning the work surface. When it is desired to
      feed the material mixture, then the switch 22 is operated.
PAR  The operation of the machine is as follows:
PAR  1. Appropriate material is placed at the far end of the mixer away from the
      rotor and the mixer motor started.
PAR  2. The mixer blades blend the materials and propel them along the mixer
      until they reach the rotor.
PAR  3. When sufficient materials have been mixed to start the delivery phase,
      the air is turned on and as each hole in the rotor picks up its load of
      material and passes into the air lock created by the two rubber seal pads
      pressing against the rotor from opposite sides, the material is blown out
      of the rotor and into the discharge hose as each pocket passes through the
      air lock area. The rubber pads may have a steel core for strength.
PAR  At the delivery end of the discharge hose at the nozzle are located
      low-voltage electrical switches which operate the motor and the compressed
      air. The nozzle operator can turn on the air stream separately from the
      material and thus use the air to blow debris away from the area where the
      material is placed. The air will pass through the stationary rotor. The
      operator has full control of the delivery of air and material.
PAR  The rotor and sealing pad assembly has been designed for very fast
      maintenance and changing of components. The main shaft has a bearing at
      the far end of the mixer where it enters the mixer and another bearing
      located at the partition 1b near the center of the mixer. The rotor is
      slipped on the squared end of the shaft in a cantilever position. The
      rotor is positioned on the shaft by means of the seal pads, and since the
      square hub of the rotor fits loosely over the squared end of the shaft
      with no other means to secure the rotor to the shaft, the rotor is
      actually floating along the shaft. When the rotor needs to be removed for
      service, the pressure plates and rubber seal pads are removed and the
      rotor slides off the shaft.
PAR  To further improve the floating action of the rotor and to make the seal
      pads conform easily to the surface of the rotor, the bolts 13 and 14
      operating the pressure plates are loosely fitted into two tubes 13" and
      14" fixed to the pressure plates, which tubes maintain the position of the
      seal pads relative to the rotor and at the bottom of these tubes are
      bearing points made of fairly firm rubber into which the rounded ends of
      the bolts press, forming thereby ball joints 13a, 14 a, which can give
      with any fluctuation of the assembly.
PAR  The combination, therefore, of a free-floating rotor, held in place by the
      bearing surfaces of two, opposed rubber pads which in turn are secured in
      position by being fitted to steel pressure plates which in turn receive
      their pressure from the end of two bolts slip-fitted into appropriate
      tubes in the pressure plate and bearing in a ball-joint fashion on rubber
      pressure points located at the bottom of the tube, constitute a series of
      floating and rubberized connections leading to a self-aligning situation
      between the seal pads and the rotor as well as providing the means for
      quick disassembly and reassembly of the principal working parts of the
      apparatus.
PAR  Insofar as the operation is concerned, the salient feature is that the
      material blows directly out of the rotor and into a rubber-lined tube
      without amaking any turns. This is of utmost importance when the materials
      being used have excessive amounts of moisture since it is a well known
      fact of this industry that when materials make turns, the centrifugal
      force causes cementitious materials to adhere to the walls and to cause a
      clogging condition to occur. Other guns currently being used cause the
      material to make from 90.degree. to 180.degree. turns before entering the
      hose.
PAR  The main features of this invention are:
PAR  1. The straight-through all flow design.
PAR  2. The free-floating rotor slip-fitted to a shaft in a cantilevered manner.
PAR  3. The positioning of the rotor by means of the opposing pressure of the
      seal pads.
PAR  4. The rubber "ball joint" which evenly distributes the pressure to the
      pressure plates and thence to the seal pads.
PAR  5. The remote control switches at the nozzle which gives the selective
      operation of the air and material to the nozzle operator.
PAR  6. Since the rotor is floating on the shaft, the seal pad on the mixer side
      needs only one setting. All subsequent adjustments can be made from the
      outside by the two bolts with the swivel handles.
CLMS
STM  I claim:
NUM  1.
PAR  1. Rotor gun means for the air placement of granular and cementitious
      material, comprising,
PA1  a mixing chamber for granular and cementitious materials,
PA1  a driven shaft mounted parallel to the bottom of said chamber,
PA1  a rotor freely floating on said shaft in predetermined space relation in
      said mixing chamber,
PA1  said rotor comprising a motor driven wheel in the central portion of said
      chamber, said wheel having a plurality of apertures equally spaced about
      said rotor wheel, said apertures being adapted to pick up said material,
PA1  and a source of high pressure air stream connected to blow said material
      from said apertures as said apertures pass said high pressure air stream,
      into an outlet nozzle without any bends or turns in the path of the air
      stream,
PA1  a pair of resilient sealing pads, said rotor wheel passing between the pair
      of sealing pads, and means to adjustably mount at least one of said
      sealing pads in place, comprising a pair of steel plates one each on the
      outer sides of said pads and adjustable screw operated means for adjusting
      the pressure of one of said plates against one of said pads.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said rotor wheel has a square center
      aperture and is mounted on a square drive shaft.
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ABST
PAL  Method and apparatus for reducing the particulate emission from apparatus
      producing asphalt-concrete to a level compatible with environmental
      pollution acceptable limits by forming the moist sticky mixture of
      bituminous composition and aggregate into a filter veil and directing
      substantially all of the dust laden heated gas stream passing through the
      mixing chamber through said filter veil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Relates to processes and apparatus for producing asphaltconcrete and more
      particularly to apparatus and methods for reducing particulate emission
      from a dryer-drum mixer in the production of asphalt paving compositions.
PAR  2. Description of the Prior Art
PAR  Bituminous pavements of the plant mix type have traditionally been produced
      for the most part by drying aggregate in a drum dryer, feeding the dried
      aggregate into a screening unit capable of separating the dried aggregate
      into fractions held in a series of storage bins, feeding the fractions in
      proportioned amounts from the bin units, and mixing the proportioned
      amounts with a predetermined amount of bituminous composition in a mixing
      unit of the pug mill type. The drum dryers used to dry the aggregate are
      generally heated by a forced air burner. Particulate emissions from dryers
      of this type have posed a problem due to increasingly stringent air
      pollution regulations. Dust collectors of the "baghous" or "scrubber"
      types, costing tens of thousands of dollars per plant, are presently the
      means used to control particulate emissions from drum dryers used in
      drying aggregate.
PAR  Asphalt paving compositions have also been made in a continuous drum type
      mixing plant, by feeding aggregate into the mixer, contacting it in the
      mixer with a bituminous composition in the form of an emulsion, and
      heating the mixture, during mixture of the aggregate and bituminous
      composition, with a heated gas stream flowing counter-current to the flow
      of the aggregate-bituminous composition flow.
PAR  More recently, Shearer in his U.S. Pat. No. 3,832,201 disclosed a process
      and apparatus for making asphalt paving compositions wherein cold, wet
      aggregate is contacted with a liquefied asphalt composition just prior to
      or concurrently with introduction of the aggregate into a relatively high
      velocity, heated gas stream flowing parallel to the direction of the
      aggregateasphalt mixture through a mixing and drying zone. In the heated
      atmosphere, the mixture of aggregate and asphalt is mixed while being
      heated to coat the aggregate particles with asphalt and the coated
      particles are cascaded through the heated atmosphere to remove moisture
      therefrom without substantial aging or hardening of the asphalt.
PAR  While the basic Shearer process for asphalt production was considered to be
      pollution free in regard to particulate emission at that time, more
      stringent environmental protection standards imposed recently in many
      areas often require greater particulate emission control than is possible
      with the aggregate supplied locally using the basic Shearer process as
      originally disclosed.
PAR  Therefore, it is an object of the present invention to provide an improved
      dryer-mixture asphalt process and apparatus which will substantially
      reduce particulate emissions.
PAR  It is still another object of the present invention to provide an improved
      dryer-mixer asphalt process and apparatus with minimal particulate
      emissions providing improved thermal efficiency.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 cross section through a standard prior art mixer drum in operation
      showing the natural asphalt-aggregate veil created.
PAR  FIG. 2 graph of Motheral Emission Test summary of various mixer-drum and
      operation parameter configurations.
PAR  FIG. 3 cutaway side elevation of an asphalt mixer-drum employing the
      present invention in its preferred embodiment.
PAR  FIG. 4 cutaway end view of the mixer-drum of FIG. 3.
PAR  FIG. 5 cross section through various baffle ring configurations.
PAR  FIG. 6 partial cutaway side elevation of an asphalt mixer-drum employing an
      alternate embodiment of the present invention.
PAR  FIG. 7 detailed drawing of the apparatus of FIG. 6.
DETD
PAC  DESCRIPTION AND OPERATION OF THE PREFERRED EMBODIMENT
PAR  In analyzing the particulate retention properties of the basic Shearer
      process, it was discovered that the moist tacky asphaltaggregate mixture
      formed a veil across a portion of the cross section of the mixer-drum as
      shown in FIG. 1. Drum 10 is fitted with longitudinal flights 12 to mix the
      asphalt-aggregate mixture 14. As drum 10 revolves, asphalt-aggregate
      mixture 14 is lifted by flights 12 and is dumped by flights 12 as they
      change position creating veil 16. In the area not occupied by the veil 16,
      particulate laden air can pass by unhinered while particulate laden air
      striking and passing through the veil 16 is filtered. In order to improve
      this natural filtering capability sufficiently to meet environmental
      standards a number of considerations had to be provided for:
PA1  1. The veil must be as dense as possible.
PA1  2. The veil must cover as much of the cross sectional area of the
      mixer-drum as possible so that substantially all of the particulate laden
      air will pass through the veil.
PA1  3. The progress of the asphalt-aggregate mixture through the mixer-drum
      must not be substantially hindered.
PA1  4. Since the asphalt-aggregate mixture is dried in the mixer-drum by the
      air to be filtered, the flow rate of air (about 80,000 cubic feet per
      minute typical for large dryers) must not be adversely effected.
PAR  The invention hereinafter described was able to satisfy these criteria
      while providing the desired particulate emission elimination.
PAR  In attempting to find a solution to the problem, such obvious and well
      known techniques as staggering the flights and adding flights along the
      inner periphery of the mixer-drum and making the edge of the flights
      sawtoothed instead of straight were employed the attendant expected
      results - an improvement in veil density and coverage with a reduction in
      particulate emission. The results of these tests are shown in FIG. 2.
      While conducting these tests, various methods of mounting and
      configurations of the buckets (flights) within the mixer-drum were
      attempted. Included, therein, was the use of a narrow (18 inch) ring
      around the periphery of the mixer-drum adjacent to the ends of one of rows
      of buckets. The dramatic and unexpected results of the inclusion of this
      ring acting as a baffle is shown in the test results as configuration A.
PAR  In interpreting the test results as shown in FIG. 2, it is important to
      note that they were conducted under field-not laboratoryconditions.
      Generally, the parameters effect the particulate emission rate in the
      following manner:
PA1  1. The higher the moisture content of the aggregate as input, the lower the
      emissions.
PA1  2. The closer the asphalt feed to the front of the drum, the lower the
      emissions.
PA1  3. The greater the production rate in tons per hour (TPH), the thicker the
      veil and, therefore, the lower the emission per ton of throughput.
PAR  Referring to FIG. 2, not that by adding additional buckets and adjusting
      their configuration it was possible to reduce the particulate emission
      rate to approximately 10% of its original baseline configuration rate.
      However, not only is the addition of buckets more expensive and complex,
      but the resulting pollution level of particulate emissions is still well
      above established environmental standards. Note then, that by the
      inclusion of the narrow baffle ring which is the subject of the present
      invention, it was possible to achieve almost a 75% reduction from this
      level to a point representing only 2.5% of the baseline configuration -
      within acceptable limits in many areas.
PAR  The baffle ring which is the subject of the present invention is best
      understood by referring to FIG. 3 and FIG. 4. Mixer-drum 20 is rotatably
      mounted on chassis 22. As mixer-drum 20 is rotated, asphalt and aggregate
      24 are added through hopper 26. Hot air 28 is forced through the
      mixer-drum 20 by heater 30 and blower 32 entering through shroud 34.
      Flights or buckets 36 are attached to the inside periphery of the
      mixer-drum 20. As mixer-drum 20 revolves, flights 36 pickup and lift the
      asphalt and aggregate 24 to the top of the mixer-drum 20 where they are
      dropped, thus causing the asphalt and aggregate 24 to be mixed so that all
      the aggregate is coated completely with asphalt. Movement of hot air 28
      across the newly entered and, as yet, unmixed asphalt and aggregate 24
      near the hopper end of mixer-drum 20 causes the light aggregate dust or
      fines 38 to be carried along with the stream of hot air 28. By adding
      baffle rings 40 around the inside periphery of mixer-drum 20, the flow of
      hot air 28 containing fines 38 is deflected sufficiently to cause
      substantially all of the fines 38 to impinge on the asphalt in the asphalt
      and aggregate 24 comprising natural veils 42 where the lifted asphalt and
      aggregate 24 falls. Fines 38 are thereby filtered from hot air 28 and
      mixed into the asphalt and aggregate mixture 24.
PAR  The initial installation which lead to the discovery of the present
      invention and produced the results labeled configuration A of FIG. 2
      comprised one baffle ring 40, 18 inches wide, located approximately
      two-thirds the length of the mixer-drum 20 from the input hopper 26 end.
      In the preferred embodiment as presently contemplated and shown in FIG. 3
      and FIG. 4, five baffle rings 40, 12 inches wide are used. The 12 inch
      width just covers the innermost projection of the buckets 36. The quantity
      of five represents one baffle ring 40 between each row of buckets 36. In
      this manner, the flow of both the asphalt and aggregate 24 and the hot air
      28 are substantially unrestricted while the path of travel of hot air 28
      containing fines 38 is altered to cause substantially all the fines 38 to
      be directed through veils 42. Due to the inclined operation of such
      equipment as shown in FIG. 3, wherein the inlet end containing hopper 26
      is higher than the outlet end 44, each time asphalt and aggregate 24 is
      lifted and dropped, they fall a little closer to the outlet end 44. Not
      only does this lifting and dropping cause the asphalt and aggregate 24 to
      move through mixer-drum 20, but additionally, baffle rings 40 do not
      substantially hinder the progress of asphalt and aggregate 24 since the
      lifting and dropping action simply causes asphalt and aggregate 24
      reaching baffle ring 40 to be lifted and dropped on the other side of said
      baffle ring 40. This is to be clearly distinguished from such apparatus as
      that disclosed by Brock in his U.S. Pat No. 3,693,945 in FIG. 4. In said
      embodiment of his invention, Brock discloses a conical insert 76 to form a
      funnel shape (page 5, lines 30-65) causing the aggregate and air to pass
      through a greatly reduced opening where the asphalt is then introduced in
      the form of a spray. While the conical insert 76 would direct the air
      exiting therefrom through any asphalt veil which might exist in the mixing
      zone 79 as well as the asphalt spray created at the constricted funnel end
      opening of said conical insert 76, it would do so at the expense of
      hindering both the air flow and aggregate flow. Not only would this reduce
      the throughput of the apparatus, but, reduce the particulate filtering
      ability since the veil thickness is directly related to the volume of
      throughput in tons per hour as herein previously stated. Consequently, the
      ability to deflect the air flow through the filter veil without hindering
      air or aggregate flow as is possible with the present invention is a
      critical distinction.
PAR  The baffle rings 40 provide improved operation both as to thermal
      efficiency and particulate filtering during perids of operation at less
      than maximum throughput. The baffle rings 40 tend to cause the
      asphalt-aggregate mixture 24 to seek the baffle ring 40 thickness level
      adjacent to each baffle ring 40. As the asphaltaggregate mixture 24 is
      lifted and dropped, part of the asphalt-aggregate mixture 24 falls over
      the baffle ring 40 and part falls back behind. While this does not
      substantially hinder the flow of the asphalt-aggregate mixture 24 through
      the mixer-drum 20, it causes a bunching up at the baffle rings 40 which
      causes a thicker veil 42 in these areas adjacent the baffle rings 40 which
      would otherwise be less dense during periods of lower throughput. These
      thicker veils 42 promote better thermal efficiency and filtering as has
      been hereinbefore described.
PAR  While the preferred embodiment as disclosed herein is in the form of a
      solid ring of rectangular cross section, it is to be understood that the
      method of practicing the present invention can be accomplished with
      various configurations of apparatus. FIG. 5 shows various cross sectional
      configurations possible. Additionally, the baffle rings 40 can be solid,
      segmented, or comprised of a series of plates attached close adjacent one
      another about the inner periphery of the mixer-drum 20 so as to give the
      same effect as a solid ring.
PAR  A further embodiment of the present invention is shown in FIG. 6 and FIG.
      7. In this embodiment, a partial baffle ring 50 is held in place between
      two adjacent rows of buckets 36 by support means 52 attached to end plate
      54 of the outlet end 44. In this embodiment, the partial baffle ring 50
      remains fixed while the mixer-drum 20 revolves about it. While a full ring
      could be used, a partial ring as shown is preferred as adding less weight
      for the support means 52. This embodiment is primarily envisioned for
      retrofitting existing installations. The positioning of the partial baffle
      ring 50 would be dictated by the existing equipment configuration and the
      support means 52.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. The method of substantially reducing the amount of fines emitted into
      the atmosphere in the operation of apparatus for preparing asphalt paving
      material by mixing bituminous liquid and aggregate containing fines
      comprising the steps of:
PA1  a. providing a substantially horizontal rotatable mixer-drum having an
      inlet at one end and an outlet at the opposite end, said mixer-drum having
      a plurality of buckets disposed along the length of said mixer-drum
      substantially equally spaced around the inside periphery of said
      mixer-drum;
PA1  b. inserting bituminous liquid and aggregate containing fines into said
      mixer-drum;
PA1  c. causing hot air to pass through said mixer-drum entering at said inlet
      and exiting at said outlet;
PA1  d. rotating said mixer-drum to lift and drop said bituminous liquid and
      aggregate containing fines in said mixer-drum as said mixer-drum is
      rotated and said hot air is passed through said mixer-drum so as to mix
      said bituminous liquid, said aggregate, and a portion of said fines and
      create a veil of bituminous liquid coated aggregate in a portion of said
      mixer-drum; and,
PA1  e. causing the flow of said hot air containing fines passing along the
      inner periphery of said mixer-drum from said inlet to said outlet to be
      deflected through said veil of bituminous liquid coated aggregate, by
      deflection means disposed adjacent to the inner periphery of said
      mixer-drum the progress of said aggregate and said air in volume passing
      through said mixer-drum being substantially unhindered while substantially
      all of said fines are directed toward and caused to impinge upon the
      asphalt coated aggregate comprising said veil.
NUM  2.
PAR  2. The improvementt for substantially reducing the amount of fines emitted
      into the atmosphere by apparatus preparing asphalt paving material, said
      apparatus comprising:
PA1  a rotatable substantially horizontal mixer-drum having an inlet at one end
      and an outlet at the opposite end;
PA1  means inserting bituminous liquid and aggregate containing fines into said
      mixer-drum;
PA1  means causing hot air to pass through said mixer-drum entering at said
      inlet and exiting at said outlet; and,
PA1  a plurality of buckets disposed along the length of said mixer-drum in rows
      substantially equally spaced around the inside periphery of said
      mixer-drum, said plurality of buckets being so disposed as to lift and
      drop said bituminous liquid and aggregate containing fines in said
      mixer-drum as said mixer-drum is rotated and said hot air is passed
      through said mixer-drum so as to mix said bituminous liquid, said
      aggregate, and a portion of said fines and create a veil of bituminous
      liquid coated aggregate in a portion of said mixer-drum; said improvement
      comprising:
PA1  a. baffle means comprising a substantially vertical, flat, ring-shaped
      plate disposed adjacent the inner periphery of said mixer-drum deflecting
      said hot air passing through said mixer-drum from said inlet to said
      outlet through said mixer-drum into said veil of bituminous liquid coated
      aggregate, said baffle means being such that the progress of said
      aggregate and said air in volume passing through said mixer-drum is
      substantially unhindered while substantially all of said fines are
      directed toward and caused to impinge upon the asphalt coated aggregate
      comprising said veil.
NUM  3.
PAR  3. The improvement substantially reducing the amount of fines emitted into
      the atmosphere by apparatus preparing asphalt paving material as claimed
      in claim 2 wherein:
PA1  said baffle means is carried by said mixer-drum and revolves with said
      mixer-drum as said mixer-drum is revolved.
NUM  4.
PAR  4. The improvement substantially reducing the amount of fines emitted into
      the atmosphere by apparatus preparing asphalt paving material as claimed
      in claim 2 wherein:
PA1  said baffle means is carried by support means maintaining said baffle means
      non-movably adjacent said inner periphery of said mixer-drum while said
      mixer-drum is revolved.
NUM  5.
PAR  5. The improvement substantially reducing the amount of fines emitted into
      the atmosphere by apparatus preparing asphalt paving material as claimed
      in claim 4 wherein:
PA1  said baffle means is a complete ring.
NUM  6.
PAR  6. The improvement substantially reducing the amount of fines emitted into
      the atmosphere by apparatus preparing asphalt paving material as claimed
      in claim 4 wherein:
PA1  said baffle means is a partial ring with the portion adjacent the bottom of
      said mixer-drum being the open portion of said partial ring.
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PAL  A metal vapor-trapping system wherein a gaseous mixture containing vapors
      of liquid metal is conducted from a tank to a first device, where the gas
      is cooled to trap most of the metal vapors contained therein by condensing
      said vapors into a liquid form; the gaseous mixture is further delivered
      to a second device, where the gas is cooled to a lower temperature than
      the solidifying point of said liquid metal to trap residual metal vapors
      in the solidified form; a gas free from said metal vapors is discharged
      from the second device; and a liquid metal obtained by being condensed
      from its vaporized form in the first device is automatically brought back
      to the tank by valve control.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a metal vapor-trapping system which comprises
      cooling a gaseous mixture containing vapors of liquid metal, thereby
      trapping, said metal vapors by condensation and solidification.
PAR  Devices in common use for removing vapors of liquid metal from a gaseous
      mixture by cooling include a condensation type which traps metal vapors by
      condensation into a liquid form and a solidification type which traps
      metal vapors by solidification. The condensation type trapping device
      which simply consists in condensing metal vapors can be operated
      continuously for long hours by properly adjusting the liquefying rate
      through control of cooling temperature, but has the drawback that metal
      vapors can not be fully eliminated, namely, said trapping is carried out
      inefficiently. On the other hand, the solidification type trapping device
      can indeed attain a substantially 100% removal, but is accompanied with
      the shortcoming that the period of its continuous operation is short. The
      reason is that the solidification type trapping device is so designed as
      to cool metal vapors for solidification and deposit solidified metal on
      packing acting as a filter, and that the packing having a limited volume
      of deposition quickly has its meshes plugged with solid deposits of metal
      when a large amount of metal vapors is introduced into said device,
      failing to be used any longer.
PAR  As mentioned above, no satisfactory metal vapor-trapping device has been
      developed which attains said trapping at a high rate and can be operated
      continuously for long hours.
PAR  Such a metal vapor-trapping apparatus is applied, for example, in the case
      where it is desired to trap vapors of molten lithium carried into argon
      gas or vapors of molten aluminium brought into nitrogen gas.
PAR  Particularly in recent years, where detection is to be made of any failing
      fuel rod in a nuclear reactor using liquid metal, for example, molten
      sodium as a coolant, it is necessary to trap vapors of molten sodium
      carried into the inert gas, for example, argon gas enveloping active
      molten sodium. Detection of a failing fuel rod is carried out by sampling
      said inert gas enveloping the active molten sodium used as a coolant in a
      liquid metal coolant reactor to determine whether or not said inert argon
      gas contains fission products, for example, krypton (Kr) and xenon (Xe).
      The molten sodium used as a coolant is generally heated to about
      500.degree. C in the nuclear reactor, so that the inert argon gas
      enveloping the molten sodium is unavoidably contaminated with its vapors.
      Therefore, sampling of such argon gas for detection of any failing fuel
      rod simultaneously collects the vapors of the molten sodium. However, said
      vapors are already activated and moreover display electric conductivity
      when condensed or solidified, thus exerting a harmful effect on a
      detecting device. It is therefore necessary to trap in advance the vapors
      of the molten sodium carried into the argon gas. This necessity also
      occurs with the cask-car of a fuel handling mechanism included in a
      nuclear reactor system. Namely, the vapors of molten sodium deposited on
      the surface of a spent fuel rod is carried into the argon gas enveloping
      said molten sodium. And the vapors of molten sodium are collected in a gas
      circulation system, giving rise to various harmful effects. Accordingly,
      the cask-car should be provided with a device for trapping the vapors of
      molten sodium carried into the argon gas.
PAC  Summary of the Invention
PAR  The metal vapor-trapping system of this invention causes a gaseous mixture
      containing the vapors of liquid metal to be first conducted to a
      condensation type trapping device where the gaseous mixture is cooled by
      temperature controlling means included in said device. As the result,
      substantially all the vapors of the molten metal contained in the gaseous
      mixture are removed in the liquefied form to be collected in said
      condensation device. A gaseous mixture discharged therefrom is next
      conducted to a solidification type trapping device, where the gaseous
      mixture is cooled to a lower temperature than the solidification point of
      the vapors of the molten metal by temperature controlling means included
      in said solidification device. Accordingly, an extremely small amount of
      the vapors of the molten metal still remaining in the gaseous mixture is
      fully trapped in the solidified form to be collected in said
      solidification device. A gas released therefrom is quite free from the
      vapors of the molten metal and put to various applications in the purified
      form. The metal vapor-trapping system of this invention is further
      provided with a passageway through which to return the liquefied metal
      collected in the condensation type trapping device to the original tank,
      said passageway being fitted with a valve controlling device for its
      proper operation.
PAR  It is accordingly an object of this invention to provide a metal
      vapor-trapping system capable of very efficiently trapping the vapors of
      liquid metal from a gaseous mixture and being operated continuously for
      long hours.
PAR  Another object of the invention is to provide a metal vapor-trapping system
      capable of automatically returning the vapors of liquid metal condensed by
      the condensation device to the tank very quickly and unfailingly.
PAR  Further objects of the invention will be clearly understood from the
      description of the preferred embodiment and the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of the entire arrangement of the
      preferred embodiment of this invention;
PAR  FIG. 2 shows the distribution of temperatures of the various parts of the
      preferred embodiment of FIG. 1; and
PAR  FIG. 3 is a schematic circuit diagram illustrative of the operation of a
      valve controlling device included in the preferred embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 relates to the case where the vapors of molten sodium carried into a
      gaseous mixture containing argon gas are trapped by the metal
      vapor-trapping system of this invention.
PAR  Received in a tank 1 is molten sodium heated to about 500.degree. C with a
      small space 3 allowed in the upper portion of the tank 1. This space 3 is
      filled with argon gas. Collected in the space 3 is a gaseous mixture
      consisting of argon gas and the vapors of molten sodium. The space 3 of
      the tank 1 communicates with one end of a conduit 5 through a gas outlet
      4. The conduit 5 is fitted with a valve 6. The other end of the conduit 5
      is connected to the gas inlet 8 of a vertically positioned condensation
      device 7. When the valve 6 is opened, a gaseous mixture collected in the
      space 3 of the tank 1 is conducted through the conduit 5 into the
      condensation device 7, in the space of which there are superposed a
      plurality of perforated sieve plates 10 at a prescribed interval in the
      vertical direction. These perforated plates 10 may be replaced by wire
      nets, or packing members such as rasching rings. The upper part of the
      space 9 is fitted with a gas outlet 11 and the lower part thereof with a
      liquid outlet 12. The condensation device 7 is further provided with a
      temperature controlling device 13 for causing temperature prevailing in
      the space 9 fitted with perforated sieve plates 10 to present such a
      gradient as progressively falls from the gas inlet 8 to the gas outlet 11.
      The temperature controlling device 13 consists of a cooler and fan. Said
      temperature controlling device 13 controls temperature such that as shown
      in FIG. 2, temperature progressively falls from the gas inlet 8 to the gas
      outlet 11, so as to stand at about 130.degree. C a little higher than the
      solidification point (97.7.degree. C) of molten sodium. The liquid outlet
      12 is connected to the liquid return port 15 of the tank 1 through a
      conduit 14 fitted with a valve 16.
PAR  The gas outlet 11 is connected through a conduit 17 to the gas inlet 19 of
      a solidification device 18. The conduit 17 is provided with jacketing
      means including a heater so as to prevent, as shown in FIG. 2, the gaseous
      mixture drawn out of the gas outlet 11 from being decreased in temperature
      until it reaches the gas inlet 19 of the solidification device 18. In the
      space 20 of said device 18 a plurality of filters 21 are superposed at a
      prescribed interval. Provided at the lower part of the space 20 is a gas
      outlet 22. The solidification device 18 is further fitted with a
      temperature controlling device 23 consisting of a cooler and fan so as to
      control temperature prevailing in the space 20. Said temperature
      controlling device 23 carries out cooling such that as shown in FIG. 2,
      temperature gradually falls from the gas inlet 19 to the gas outlet 22 and
      that a gaseous mixture at the gas outlet 22 indicates a lower temperature
      than the solidification point (97.7.degree. C) of molten sodium.
PAR  The gas outlet 22 is connected to a discharge conduit 24, which is provided
      with valves 25 and 26 and a suction pump 27 disposed between these valves
      25 and 26. A return conduit 28 is connected at one end to the intermediate
      part of the discharge conduit 24 and at the opposite end to the gas return
      port 29 of the tank 1. The return conduit 28 is fitted with a heater 30
      and valve 31. The gas return port 29 communicates with the space 3 of the
      tank 1. The heater 30 serves, as shown in FIG. 2, to raise the temperature
      of a gaseous mixture carried from the discharge conduit 24 to the return
      conduit 28 to about 500.degree. C substantially equal to the temperature
      prevailing in the tank 1.
PAR  There will now be described the process of fully trapping the vapors of
      molten sodium received in the tank 1 from a gaseous mixture consisting of
      argon gas and said vapors by conducting said mixture through the
      condensation device 7 and solidification device 18.
PAR  First, the valves 16 and 31 are set at the closed position and the valves
      6, 25 and 26 at the open position. The temperature controlling device 13
      of the condensation device 7 is operated to cool said device 7. Also the
      temperature controlling device 23 of the solidification device 18 is
      actuated to cool said device 18. When the suction pump 27 is driven, then
      a gaseous mixture consisting of argon gas and vapors of molten sodium
      collected in the space 3 of the tank 1 is delivered to the condensation
      device 7 through the conduit 5 by the suction pump 27. While passing
      through the perforated sieve plates 10, the vapors of molten sodium are
      gradually condensed into liquid by the cooling action of the temperature
      controlling device 13. The molten sodium now liquefied by condensation
      drips to the bottom of the space 9 of the condensation device 7 to be
      collected therein. When the gaseous mixture is brought to the gas outlet
      11, substantially all the vapors of the molten sodium contained in said
      mixture are liquefied by condensation. Therefore, a gaseous mixture
      leaving the gas outlet 11 contains an extremely small amount of molten
      sodium vapors.
PAR  Thereafter, the gaseous mixture is introduced into the solidification
      device 18 at the gas inlet 19. The gaseous mixture is cooled by the
      cooling action of the temperature controlling device 23 to a lower
      temperature than the solidification point (97.7.degree. C) of molten
      sodium. While, therefore, flowing through the superposed filters 21
      provided in the space 20 of the solidification device 18, the vapors of
      molten sodium still remaining in the gaseous mixture are solidified into
      fine particle and deposited on the filters 21. As the result, a gas
      leaving the gas outlet 22 only consists of argon gas quite free from the
      vapors of molten gas. The argon gas thus purified is discharged to the
      outside through the discharge conduit 24 to be used in various
      applications.
PAR  As mentioned above, the vapors of molten sodium can be trapped at a
      prominently high rate by conducting a gaseous mixture collected in the
      tank 1 which consists of argon gas and said vapors through two types of
      trapping devices 7 and 18. The results of concrete tests are presented in
      Tables 1 and 2 below.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Tests of trapping metal vapors using                                      
     a condensation type trapping device                                       
     Inlet gas                                                                 
            Inlet gas                                                          
                  Sodium con-                                                  
                         Outlet gas                                            
                               Sodium Con-                                     
                                       Rate of                                 
     temperature                                                               
            flow rate                                                          
                  centration                                                   
                         temperature                                           
                               centration in                                   
                                       trapping so-                            
     (.degree.C)                                                               
            (Nl/min)                                                           
                  in inlet gas                                                 
                         (.degree.C)                                           
                               outlet gas                                      
                                       dium vapors                             
                  (.mu.g/Nl)   (.mu.g/Nl)                                      
                                       (%)                                     
     __________________________________________________________________________
                               0.06    Over 99.9                               
                   993   131   0.07    Over 99.9                               
                               0.06    Over 99.9                               
     510    140   1013   148   0.06    Over 99.9                               
                               0.08    Over 99.9                               
                  1118   160   0.08    Over 99.9                               
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     Tests of trapping metal vapors using a                                    
     solidification type trapping device                                       
     Inlet gas                                                                 
            Inlet gas                                                          
                  Sodium con-                                                  
                         Outlet gas                                            
                               Sodium Con-                                     
                                       Rate of                                 
     temperature                                                               
            flow rate                                                          
                  centration                                                   
                         temperature                                           
                               centration in                                   
                                       trapping so-                            
     (.degree.C)                                                               
            (Nl/min)                                                           
                  in inlet gas                                                 
                         (.degree.C)                                           
                               outlet gas                                      
                                       dium vapors                             
                  (.mu.g/Nl)   (.mu.g/Nl)                                      
                                       (%)                                     
     __________________________________________________________________________
                  0.08         *       100                                     
                  0.06         *       100                                     
     140    140   0.09   50    *       100                                     
                  0.08         0.01     88                                     
                  0.15         0.01     93                                     
                  0.10         *       100                                     
     __________________________________________________________________________
      * Lower concentrations than the detection limit permitting the analytical
      operation of the metal vapor-trapping system of this invention.          
PAR  When the vapors of molten sodium are continuously separated from the argon
      gas in the condensation device 7, the vapors are gradually collected in
      said device 7 by being liquefied by condensation. When the valve 16 is
      opened, the liquefied molten sodium vapors are returned to the tank 1.
PAR  There will now be described the circuit of FIG. 3 for controlling the
      operation of said return valve 16.
PAR  The condensation device 7 is further provided with a liquid level gauge 32,
      shown in FIG. 3, though not in FIG. 1, for detecting the amount of
      liquefied sodium vapors collected in said device 7. Said liquid level
      gauge 32 is designed to detect whether the level of the liquefied sodium
      vapors collected in the condensation device 7 reached the upper or lower
      limit and supply a detection signal to a control signal generator 33. This
      control signal generator 33 which is shown in FIG. 3, though not in FIG.
      1, may be disposed at any suitable part of the subject metal
      vapor-trapping system.
PAR  When the amount of collected liquefied sodium vapors rises to the upper
      limit on the liquid level gauge 32, said gauge 32 transmits a signal P to
      the control signal generator 33, which in turn gives forth control signals
      P.sub.1, P.sub.2 and P.sub.3. The control signal P.sub.1 stops the suction
      pump 27, the control signal P.sub.2 closes the valve 25, and the control
      signal P.sub.3 opens the return valve 16. The opening of this return valve
      16 is effected with such a prescribed time delay as to be preceded by the
      stop of the suction pump 27 and the closing of the valve 25. The
      above-mentioned control operation causes the liquefied sodium vapors
      collected in the condensation device 7 to be brought back to the tank 1
      through the return conduit 14.
PAR  As the return of liquefied sodium vapors proceeds, the liquid level gauge
      indicates a lower liquid level, and, when the level reaches the lower
      limit, supplies the control signal generator 33 with a signal Q showing
      that said lower limit has been reached. At this time, the generator 33
      gives forth control signals Q.sub.1, Q.sub.2 and Q.sub.3. The control
      signal Q.sub.1 drives again the suction pump 27 stopped up to this point.
      The control signal Q.sub.2 changes the condition of the valve 25 from
      "closed" to "open". The control signal Q.sub.3 changes the condition of
      the return valve 16 from "open" to "closed". In this case, the drive of
      the suction pump 27 and the opening of the valve 25 are carried out with a
      prescribed time delay from the closing of the return valve 16.
PAR  Since the liquefied sodium vapors collected in the condensation device 7
      are automatically controlled to return to the tank 1, said condensation
      device 7 can be continuously operated, eliminating an operator's
      troublesome work of watching the collected amount of the liquefied sodium
      vapors from time to time.
PAR  The other valves 2, 26 and 31 of the subject metal vapor-trapping system
      which are not included in the above-mentioned automatic control system can
      be opened or closed at the discretion of an operator. As apparent from the
      previously given Table 2, only an extremely small amount of free sodium
      vapors is contained in a gaseous mixture conducted to the solidification
      device 18 after most of the vapors originally contained in the mixture has
      already been trapped by liquefaction in the condensation device 7.
      Accordingly, the amount of sodium vapors collected in the solidified form
      in the solidification device 18 is considerably minute. It will,
      therefore, be a long time before the filters 21 are so much plugged with
      the solid deposits of sodium as to necessitate their replacement. This
      means that the metal vapor-trapping system of this invention can be
      operated continuously for long hours under a stable condition. Obviously,
      plugged fiters 21 should be taken out of the solidification device 18 for
      replacement.
PAR  Where it is desired to bring purified argon gas delivered to the discharge
      condiut 24 further back to the tank 1, it is advised to open the valve 31
      and close the valve 26. Where part of the purified argon gas is to be
      applied for other objects than that for which the gas is primarily
      intended, it is possible to open both valves 31 and 26.
PAR  It will be noted that the metal vapor-trapping system of this invention is
      not limited to the foregoing embodiment, but may be applicable in the
      undermentioned modifications.
PAR  a. The conduit 5 connecting the tank 1 with the condensation device 7 may
      be made not only to deliver a gaseous mixture containing vapors of molten
      metal to said condensation device 7, but also concurrently to act as a
      conduit for discharging metal vapors liquefied by condensation in said
      device 7. In such case, the discharge conduit 14 used in the preferred
      embodiment may be omitted.
PAR  b. The tank 1 may be provided with a pump to raise pressure in the space 3
      thereof for delivery of a gaseous mixture to the condensation device 7. In
      such case, the suction pump 27 of the preferred embodiment will be
      unnecessary.
PAR  c. According to the preferred embodiment, both condensation and
      solidification devices 7 and 18 take an upright position. However, these
      devices 7 and 18 may be disposed horizontally. It is also possible to
      combine both devices into an integral body.
PAR  d. The liquid level gauge 32 and control signal generator 33 used with the
      condensation device 7 may be replaced by a timer, thereby actuating the
      valves 16 and 25 and suction pump 27 at a prescribed interval so as to
      control the discharge of liquefied sodium vapors collected in the
      condensation device 7.
PAR  e. A coolant used in the temperature controlling devices 13 and 23 included
      in the condensation and solidification devices 7 and 18 may consist of a
      gaseous or liquid material. Further to provide a proper temperature
      gradient, an electric heater may sometimes be usable.
PAR  f. The valves 6, 25, 26 and 31 fitted to various parts of the preferred
      embodiment may be omitted, depending on the conditions under which the
      metal vapor-trapping system of this invention is operated.
PAR  g. The liquefied molten sodium vapors collected in the condensation device
      7 may be returned to a separate recovery tank instead of the tank 1 as
      practised in the embodiment.
PAR  h. The tank 1 of this embodiment holds liquid metal, and a gaseous mixture
      consisting of vapors of said liquid metal and another gas. It will be
      understood that the term "tank", as used herein, includes a combination of
      a tank only holding liquid metal and another tank communicating therewith
      so as to receive the aforesaid gaseous mixture. Further, said tank may
      possibly be a nuclear reactor.
PAR  As mentioned above, the metal vapor-trapping system of the invention
      enables only the metal vapors carried into a gaseous mixture to be trapped
      almost completely and is further operable continuously for long hours,
      attaining a higher efficiency of eliminating metal vapors and a longer
      effective life than is possible with the prior art device.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A metal vapor-trapping system for trapping vapors of liquid metal from a
      gaseous mixture consisting of said vapors and another gas which comprises:
PA1  a tank for holding a liquid metal heated to a prescribed temperature and a
      gaseous mixture consisting of vapors of said liquid metal and said another
      gas;
PA1  a first conduit connected at one end to the gas outlet of the tank;
PA1  a condensation device provided with a gas inlet connected to the other end
      of the first conduit, a gas outlet, and a liquid outlet, and provided with
      a plurality of packing members for progressively decreasing the
      temperature of said gaseous mixture from the gas inlet to the gas outlet
      and thereby trap substantially all of the metal vapors contained in the
      gaseous mixture by condensing the vapors into liquid;
PA1  first temperature control means associated with said condensation device
      for controlling the temperature of said gaseous mixture such that even
      when cooled, the gaseous mixture has its temperature near the gas outlet
      maintained at a higher level than the solidification point of the liquid
      metal;
PA1  a solidification device having a gas inlet and a gas outlet, and provided
      with a plurality of filters for progressively decreasing the temperature
      of said gaseous mixture conducted from said condensation device and
      passing through said filters from said gas inlet toward said gas outlet;
PA1  second temperature control means associated with said solidification device
      for controlling the temperature of said gaseous mixutre and for reducing
      said temperature of said gaseous mixture to a lower temperature level than
      the solidification point of the liquid metal so as to thereby solidify the
      small amount of metal vapors still remaining in the gaseous mixture, said
      solidified vapors being separated and deposited upon said filters within
      said solidification device; and
PA1  a second conduit connected at one end to the gas outlet of said
      solidification device so as to conduct a gas substantially free from metal
      vapors which has been drawn out through the gas outlet.
NUM  2.
PAR  2. A metal vapor-trapping system according to claim 1 wherein the liquid
      metal is molten sodium and one component of the gaseous mixture is argon
      gas.
NUM  3.
PAR  3. A metal vapor-trapping system according to claim 1, which further
      comprises:
PA1  a first valve disposed within said second conduit;
PA1  a third conduit connected at one end thereof to the second conduit at a
      position upstream of said first valve and at the other end thereof to the
      tank whereby upon closing of said first valve, said gas free from metal
      vapor which has been delivered to the second conduit through the gas
      outlet of the solidification device may be returned to said tank;
PA1  heating means disposed within the third conduit so as to heat the gas being
      returned to the tank up to a prescribed temperature prevailing in a tank;
      and
PA1  a second vlve provided on the third conduit for controlling the flow rate
      of said gas running through said conduit.
NUM  4.
PAR  4. A metal vapor-trapping system for trapping vapors of liquid metal from a
      gaseous mixture consisting of said vapors and another gas which comprises:
PA1  a tank for holding a liquid metal heated to a prescribed temperature and a
      gaseous mixture consisting of vapors of said liquid metal and said another
      gas;
PA1  a first conduit connected at one end to the gas outlet of the tank;
PA1  a condensation device provided with a gas inlet connected to the other end
      of the first conduit, a gas outlet, and a liquid outlet, and provided with
      a plurality of packing members for progressively decreasing the
      temperature of said gaseous mixture from the gas inlet to the gas outlet
      and thereby trap substantially all of the metal vapors contained in the
      gaseous mixture by condensing the vapors into liquid;
PA1  first temperature control means associated with said condensation device
      for controlling the temperature of said gaseous mixture such that even
      when cooled, the gaseous mixture has its temperature near the gas outlet
      maintained at a higher level than the solidification point of the liquid
      metal;
PA1  a second conduit connected between the liquid outlet of said condensation
      device and said tank so as to return to the tank the metal vapors
      liquefied by condensation in said condensation device;
PA1  a first valve provided on the second conduit for controlling the return
      flow of the liquefied metal vapors to the tank;
PA1  a third conduit connected at one end to the gas outlet of said condensation
      device;
PA1  a solidification device having a gas inlet connected to the other end of
      the third conduit, and a gas outlet, and provided with a plurality of
      filters for progressively decreasing the temperature of said gaseous
      mixture conducted from said condensation device and passing through said
      filters from said gas inlet toward said gas outlet;
PA1  second temperature control means associated with said solidification device
      for controlling the temperature of said gaseous mixture and for reducing
      said temperature of said gaseous mixture to a lower temperature level than
      the solidification point of the liquefied metal so as to thereby solidify
      the small amount of metal vapors still remaining in the gaseous mixture,
      said solidified vapors being separated and deposited upon said filters
      within said solidification device;
PA1  a fourth conduit connected at one end thereof to the gas outlet of the
      solidification device so as to conduct a gas substantially free from metal
      vapors which has been drawn out through the gas outlet;
PA1  a second valve provided within the fourth conduit for controlling the flow
      of said gas free of said metal vapors through said conduit;
PA1  a suction pump so driven as to conduct the gaseous mixture held in the tank
      to the condensation and solidification devices;
PA1  a detection means for detecting the upper and lower limits reached by the
      amount of metal vapors liquefied by condensation and collected in the
      condensation device and, when either limit is reached, generating a signal
      denoting this event;
PA1  a control signal generator connected to said detection means so as to be
      supplied with an output signal therefrom and so designed as to generate,
      upon receipt of an upper limit signal from the detection means, such a
      control signal as to close the second valve, deactivate the suction pump
      and thereafter open the first valve, thereby returning the liquid metal
      from the condensation device to the tank, and to generate, upon receipt of
      a lower limit signal from the detection means, such a control signal as to
      close the first valve and thereafter open the second valve and actuate the
      suction pump, thereby obstructing the return flow of the liquid metal from
      the condensation device to the tank.
NUM  5.
PAR  5. A metal vapor-trapping system according to claim 4 wherein the liquid
      metal is sodium and one component of the gaseous mixture is argon gas.
NUM  6.
PAR  6. A metal vapor-trapping system according to claim 4, which further
      comprises:
PA1  a third valve disposed within said fourth conduit;
PA1  a fifth conduit connected at one end thereof to the fourth conduit at a
      position upstream of said third valve and at the other end thereof to the
      tank, whereby upon closing of said third valve, said gas free from metal
      vapors which has been conducted to the fourth conduit through the gas
      outlet of the solidification device;
PA1  heating means provided within the fifth conduit so as to heat the gaseous
      mixture being returned to the tank up to a prescribed temperature
      prevailing in the tank; and
PA1  a fourth valve provided within the fifth conduit so as to control the flow
      rate of the gaseous mixture running through the fifth conduit.
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ABST
PAL  In a quick acting clamping device a pair of pressure levers are mounted in
      a cylindrical housing for displacement between an unclamped position and a
      clamped position. In the unclamped position the pressure levers extend
      obliquely to the cylindrical axis of the housing and in the clamped
      position they extend parallel to the cylindrical axis. Movement of the
      pressure levers between the clamped and unclamped positions is provided by
      mounting one end of each of the levers in a pressure piece. The pressure
      piece is located in a bore in a piston mounted in another bore within the
      cylindrical housing. The bore in which the piston is mounted extends
      transversely of the housing, while the bore in the piston extends in the
      direction of the cylindrical axis of the housing. The housing includes
      passageways for introducing pressurized hydraulic fluid into the opposite
      ends of the bore containing the piston.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a quick acting clamping device, in
      particular for clamping tools or workpieces and the like on machine tools,
      in which a pressure lever arrangement is mounted within a cylindrical
      housing for displacement between an unclamped position and a clamped
      position. In the unclamped position the axis of the pressure lever
      arrangement is disposed obliquely to the cylindrical axis of the housing
      while in the clamped position the axis of the lever arrangement is
      disposed in parallel with the cylindrical axis.
PAR  In a known quick clamping device, a preliminary clamping is obtained by
      manual actuation and/or by use of a wrench inserted into a socket opening
      in the housing. The high compressive stress required for displacing the
      pressure lever arrangement from its oblique position, that is its position
      in the unclamped state, to the parallel position, that is its position in
      the clamped state, is achieved by utilizing an additional wrench. Where it
      is necessary to actuate the clamping device twice there is, as a result,
      an interruption in effecting the clamping action, so that the clamping
      operation becomes complicated.
PAR  Therefore, it is the primary object of the present invention to provide a
      quick acting clamping device of the general type mentioned above, suitable
      in particular for clamping tools, workpieces or devices on machine tools,
      which affords an improved arrangement for the quick acting clamping while
      reducing the costs of construction.
PAR  In accordance with the present invention, the pressure lever arrangement
      employs a pair of pressure levers each extending from an opposite side of
      a pressure piece and having the form, in the unclamped state, of a bent or
      elbow lever. The pressure piece is mounted in a bore in a piston which is
      arranged for sliding movement in a bore extending transversely of the
      clamping direction of the levers. One of the pressure levers has its other
      end mounted in an abutment and the other pressure lever has its other end
      in contact with a part which affords the clamping action. In a quick
      acting clamping device of this type, the two pressure levers are brought,
      during a displacement of the piston, from the unclamped state where the
      levers extend obliquely to the cylindrical axis of the housing, to the
      clamped state where the levers extend parallel to the cylindrical axis.
      Such an arrangement is outstanding because of its space-saving
      construction and, further, because of its suitability for remote
      operation. Such remote operation can be effected pneumatically and/or
      electrically. Advantageously, however, the displacement of the piston is
      accomplished by hydraulic means.
PAR  To provide hydraulic pressurization of the piston, the housing is provided
      with a pair of passageways or bores, extending parallel to the housing
      axis, which terminate in blind bores or passageways extending transversely
      of the housing axis and extending into the opposite ends of the bore
      containing the piston. Displacement of the piston in one direction is
      effected by flowing a pressure medium, for instance a hydraulic oil,
      through one of the passageways into one end of the bore and, movement in
      the other direction, is achieved by flowing the pressure medium through
      the other passageway and into the other end of the bore containing the
      piston. Introduction of the pressure medium in one direction affords the
      clamping action while intorduction in the other direction releases the
      clamping action.
PAR  To simplify installation, an opening is provided in the housing in
      alignment with the piston bore and it is closed by a cover tightly sealed
      to the housing. One of the flow passageways into the bore passes through
      the cover and the cover is fixed to the housing by a hollow screw bolt
      inserted through an enlarged diameter portion of the passageway into the
      cover. Accordingly, the hollow screw bolt has a double function, it serves
      as a passageway for the pressure medium and, at the same time, secures the
      cover non-rotationally to the housing.
PAR  An essential feature of the present invention is the fact that the
      difference in length between the piston bore and the piston is
      approximately equal to the eccentricity of the pressure levers in the
      unclamped position and the clamped position. With this arrangement it is
      possible to assure that in the two different end positions of the piston
      the pressure levers are either in the unclamped or the clamped position.
PAR  The cover, mounted on the housing, is located at the end of the bore to
      which the piston is displaced when the pressure levers are disposed in the
      clamped position. An electric eontact is located in the cover and, over a
      line located in a longitudinally extending groove of the housing, it is
      connected with an instrument which indicates the clamped position of the
      device. By means of the electrical contact it is possible to limit any
      further supply of the pressure medium when the device is in the clamped
      position.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated and described a preferred embodiment of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a longitudinal sectional view through a quick acting clamping
      device embodying the present invention; and
PAR  FIG. 2 is a transverse sectional view of the device shown in FIG. 1 in the
      median plane of the piston of the device.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawing a quick acting clamping device is illustrated which includes
      a cylindrical housing 1 with a piston bore 3 extending transversely of the
      cylindrical axis 2 of the housing. A piston 5, having an axial dimension
      somewhat less than the axial dimension of the bore, is arranged for
      sliding movement within the bore. Adjacent the opposite ends of the
      piston, packing elements 4 are arranged in grooves in the piston and
      contact the side surfaces of the bore. Intermediate its ends, the piston 5
      has a guide bore 6 which extends in parallel with the cylindrical axis 2
      of the housing and a pressure member 7 is mounted for axial movement in
      the guide bore. It is evident, particularly from FIG. 2, that the guide
      bore is mounted eccentrically in the piston in a very specific manner. For
      a reason to be described more fully below, the eccentricity e of the guide
      bore axis 8 relative to the cylindrical axis 2 of the housing is
      approximately equal to the length difference a between the piston bore 3
      and the piston 5.
PAR  Recesses are formed in the opposite ends of the pressure member 7 and the
      recesses are centered on the axis 8 of the guide bore 6. Two pressure
      levers 12 and 13 are associated with and each extends from an opposite end
      of the pressure member 7. Each of the pressure levers 12, 13 has a
      spherically shaped end 9, 11 seated within one of the recesses in the
      pressure member. The spherically shaped ends 9, 11 are located on the axis
      8 of the bore 6 and are offset by the dimension e from the axis 2 of the
      cylindrical housing. The pressure levers 12 and 13 are elongated in the
      general direction of the axis 2 of the housing 1 and they extend in
      opposite directions from the pressure member 7. The opposite or outer
      spherically shaped end 14 of the pressure lever 12 is positioned in a
      recess in the inwardly facing end of an adjustment screw 16 mounted in the
      upper end of the housing 1, as viewed in FIG. 1. The opposite or outer
      spherically shaped end 15 of the pressure lever 13 is seated within a
      recess formed in the inwardly facing end of a clamping member 17. The
      adjusting screw 16 has a thread 18 on its external lateral surface for
      varying the extent to which it is inserted into the housing for adjusting
      the venting clearance of the clamping device. For this purpose the
      adjusting screw 16 has an internal hexagonally shpaed recess 19 and it is
      secured by a lock nut 22 supported on the top 21 of the housing 1.
PAR  Clamping piece 17 is mounted for axial movement within an enlarged threaded
      flange section 23 of a clamping pin 24. At its lower end extending
      outwardly from the housing 1, the clamping pin 24 has a screw-in pin 25
      for threading the clamping pin into a chuck, not shown, Immediately below
      the housing 1, a clamping plate 27 encircles the clamping pin 24 and is
      connected by means of screws 26 to the clamping member 17.
PAR  In one side of the housing 1 aligned with the piston bore 3 is an opening
      which is closed by a cover 28. A packing ring 29 is positioned between the
      housing 1 and the cover 28 so that the open end of the bore is sealed in a
      liquid-proof manner. The piston 5 is displaced through the bore by a
      hydraulic medium which enters through passageways or bores 31, 32 located
      in the housing 1 and the cover 28 and extending parallel to the
      cylindrical axis 2 of the housing. As viewed in FIG. 1 the bores 31, 32
      extend downwardly from the top of the housing and are intersected at their
      inner ends by blind bores 33, 34 which extend into the end faces of the
      piston bore 3. Each of the passageways or bores 31, 32 has a filling
      nipple 35, 36 positioned on the top 21 of the housing 1. As compared to
      bore 31, the bore 32 has an enlarged diameter extending downwardly through
      the housing 1 into the cover 28. A hollow screw bolt 37 extends downwardly
      through the enlarged diameter section of the bore 32 through the housing 1
      into the cover 28. The hydraulic medium flows through this bolt 37 into
      the bore 32 and then through blind bore 34 into the end of the piston
      bore. Further, the bolt 37 also serves to secure the cover 28 to the
      housing 1 so that is does not rotate relative to the housing.
PAR  An electric contact 38 is incorporated into the clamping device and is
      positioned in the cover 28. The electric contact 38 consists of a sleeve
      41 positioned in a bore 39 through the cover and a contact protuberance or
      blade 42 is formed on the end of the sleeve facing into the piston bore.
      On the opposite end of the sleeve 41, a contact stud 43 is positioned and
      is connected, via a line 45, to an indicating instrument, not shown. The
      line 45 extends through an upwardly extending lateral groove 44 in the
      surface of the housing. By means of this arrangement, the clamped position
      of the device can be indicated as piston 5 strikes the contact blade 42 of
      the electric contact 38. When contact is established, the hydraulic medium
      being supplied into the piston bore can be limited or cut off.
PAR  To ensure that piston 5 does not rotate within its bore 3, a groove 46 is
      formed in the piston extending in its axial direction and a guide pin 47,
      mounted on a centering member 48 secured within the housing 1, extends
      into the groove, note FIG. 2.
PAR  The quick acting clamping device embodying the present invention acts in
      the following manner.
PAR  In FIG. 1 the clamping device is illustrated in the unclamped position with
      the ends of the pressure levers 12, 13 seated within the pressure member 7
      so that the lever arrangement has an elbow or bent configuration and the
      axes of the levers extending between their opposite ends are disposed in
      an oblique position relative to the axis 2 of the housing 1. In effecting
      a clamping action the screw-in pin 25 of the clamping pin 24 is threaded
      into a chuck, not shown, provided with a corresponding thread, to the
      extent where the clamping plate 27 rests on the top of the part to be
      clamped. With the completion of this preliminary clamping movement, a
      certain preclamping is obtained. To achieve the final clamping action, a
      pressurized hydraulic medium is conveyed through the passageway 31 and the
      blind bore 33 into the left end of the piston bore 3, as viewed in FIG. 1.
      As a result, the piston 5 is displaced through the bore 3 to the right and
      the pressure member 7 is carried along with it. As the piston displaces
      the pressure member 7 to the right, the two pressure levers 12 and 13 are
      displaced from their oblique position, relative to the axis 2, until the
      axes of the pressure levers coincide with the axis 2, that is with the
      axis 8 of the bore being coaxial with the axis 2 of the housing. With the
      axis 8 of the pressure member 7 having traveled the distance e which is
      approximately equal to the difference a in length between the piston 5 and
      its bore 3, the righthand end of the piston contacts the inner surface of
      the cover 28 so that the contact blade 42 is actuated and over contact 43
      and line 45 a pulse is conducted to the indicating instrument which
      signals that the clamped position has been reached.
PAR  To release the quick acting clamping device, the introduction of the
      pressurized hydraulic medium into the bore 3 is reversed and flows through
      the nipple 36, the hollow bolt 37, the passageway 32 and blind bore 34
      into the piston bore 3 and the piston is moved leftward, as viewed in FIG.
      1, and the pressure levers 12 and 13 are again displaced into the oblique
      or inclined position illustrated. In carrying out the clamping action,
      that is the displacement of the piston 5, a very small pressure is
      required, for example only a pressure of 60 bar is needed.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Quick acting clamping device, such as for clamping tools, workpieces or
      devices on machine tools, comprising a cylindrical housing, an abutment
      mounted in said housing, a first part positioned within said housing for
      transferring clamping movement and being spaced from said abutment in the
      axial direction of said housing, a first pressure lever mounted in said
      housing and having its axis extending generally in the direction of the
      cylindrical axis of said housing and disposed between said abutment and
      said first part, said first pressure lever being displaceable between an
      unclamped position where its axis is disposed obliquely to the cylindrical
      axis of said housing and a clamped position where its axis is disposed
      substantially parallel to the cylindrical axis of said housing, wherein
      the improvement comprises that said housing has a first bore therethrough
      with the axis of the first bore extending transversely of the cylindrical
      axis of said housing, a piston positioned within said first bore for
      displacement therein in the axial direction of said first bore, said
      piston having an axial length less than the axial length of said bore,
      said piston having a second bore therethrough extending in the direction
      of the cylindrical axis of said housing, said first part being located
      within said second bore, one end of said abutment facing one end of said
      first part, a second part mounted within said housing and on the opposite
      side of said piston from said abutment and one side of said second part
      facing the other end of said first part, a second pressure lever having
      its axis extending generally in the direction of the cylindrical axis of
      said housing and disposed between the one side of said second part and the
      other end of said first part, said second pressure lever being
      displaceable between an unclamped position where its axis is disposed
      obliquely to the cylindrical axis of said housing and a clamped position
      where its axis is disposed substantially parallel to the cylindrical axis
      of said housing, said piston being displaceable through said first bore
      for displacing said first part in the axial direction of said first bore
      for moving said first and second pressure levers between the unclamped and
      clamped positions, means arranged in said housing for displacing said
      piston hydraulically, said means for hydraulically displacing said piston
      comprising a pair of passageways formed through said housing with each of
      said passageways opening into an opposite end of said first bore for
      introducing a pressurized hydraulic medium thereto for the displacement of
      said piston, said housing having an opening therein aligned with one end
      of said first bore, a cover sealingly secured to said housing and closing
      the opening aligned with the end of said first bore, one of said
      passageways extends through said housing and said cover to one end of said
      first bore, and a hollow screw bolt extending into the one of said
      passageways extending through said housing and cover for securing said
      cover to said housing.
NUM  2.
PAR  2. Quick acting clamping device, such as for clamping tools, workpieces or
      devices on machine tools, comprising a cylindrical housing having a first
      end and a second end spaced along the cylindrical axis of said housing
      from said end, an abutment mounted in the first end of said housing, a
      first part positioned within said housing intermediate the first and
      second ends thereof for transmitting clamping movement and being spaced
      from said abutment in the cylindrical axial direction of said housing, a
      first pressure lever mounted in said housing and having its axis extending
      generally in the direction of the cylindrical axis of said housing and
      having one end supported in said abutment and the other end supported in
      said first part, said first pressure lever being displaceable between an
      unclamped position where its axis is disposed obliquely of the cylindrical
      axis of said housing and a clamped position where its axis is disposed
      substantially parallel to the cylindrical axis of said housing, a second
      part mounted in the second end of said housing on the opposite side of
      said first part from said abutment, a second pressure lever having its
      axis extending generally in the direction of the cylindrical axis of said
      housing and having one end supported in said second part and the other end
      supported in said second part and the other end supported in said first
      part, said second pressure lever being displaceable between an unclamped
      position where its axis is disposed obliquely to the cylindrical axis of
      said housing and a clamped position where its axis is disposed
      substantially parallel to the cylindrical axis of said housing, wherein
      the improvement comprises that said housing has a first bore therein with
      the axis of the first bore extending transversely of the cylindrical axis
      of said housing, the axially spaced ends of said first bore being closed,
      a piston positioned within said first bore for slidable displacement
      therethrough in the axial direction of said first bore, said piston having
      an axial length less than the axial length of said bore between its closed
      ends, means in said housing for effecting a pressurized fluid flow into
      the opposite ends of said first bore for slidably displacing said piston
      therein, said piston having a second bore extending therethrough with the
      axis of the second bore disposed in parallel relation to the cylindrical
      axis of said housing, said first part being located within said second
      bore and slidably displaceable therethrough in the axial direction of said
      second bore from a first position to a second position, in the first
      position of said first part said first and second pressure levers are
      located in the unclamped position where the axes of the levers are oblique
      to the axis of said first part and in the second position of said first
      part said first and second levers are located in the clamped position
      where the axes of said levers are parallel to the axis of said first part,
      said piston being displaceable through said first bore between the closed
      ends thereof by said means in said housing for effecting a pressurized
      fluid flow for displacing said first part in the axial direction of said
      first bore for moving the first part between the first and second
      positions for selectively locating said first and second pressure levers
      in the clamped and unclamped position, said housing having a pair of bores
      extending therethrough in the direction of the cylindrical axis of the
      housing with each bore located at an opposite end of said first bore
      through said housing, a blind bore extending between the adjacent closed
      end of said first bore and the end of the adjacent said bore extending
      through said housing, said housing having an opening therein aligned with
      one end of said first bore, a cover sealingly secured to said housing and
      closing the opening aligned with the end of said first bore and forming
      one closed end of said first bore, one of said bores extends through said
      housing and said cover and the blind bore connecting said bore to said
      first bore extends through said cover, and a hollow screw bolt extending
      into the one of said bores extending through said housing and said cover
      for securing said cover to said housing.
NUM  3.
PAR  3. Quick acting clamping device, as set forth in claim 2, wherein an
      electrical contact is arranged in said cover in alignment with said piston
      in said first bore, said electrical contact arranged to be contacted by
      said piston when said first part is in the second position, an electrical
      line extending through said housing and said cover and connected to said
      electrical contact for connecting said electrical contact to an instrument
      for indicating the clamped position of the device, and a groove located in
      the outwardly facing surface of said cover and said housing and said
      electrical line located within said groove.
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ABST
PAL  A cutting machine for separating workpieces includes a cutting unit which
      is mounted above a workpiece to traverse the width of the workpiece and
      cut therethrough. The mounting means includes rails disposed over and
      across the workpiece over which the cutting unit travels and a workpiece
      clamping mechanism for securing the cutting unit to a fixed position along
      the length of the workpiece. The clamping mechanism includes a pair of
      opposed levers for movement into and out of engaging contact with the
      workpiece. In accordance with the invention adjustable stop means are
      provided to limit the movement of the clamping levers away from the
      workpiece so as to minimize the movement later required for re-engagement
      with the workpiece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cutting machines particularly cutting machines
      which employ gas cutting torches for separating workpieces into individual
      segments. The invention is particularly adapted for use with continuous
      castings wherein the continuous casting is separated into individual
      sections or slabs by traversing a cutting machine completely across the
      width of the casting. During this cutting operation, however, the casting
      is moving in a longitudinal direction. Accordingly, such cutting machines
      are clamped to the sides of the casting or workpiece to assure proper
      orientation between the cutting machine and casting so that the cutting
      machine properly moves across the casting in a transverse direction while
      the casting itself is moving longitudinally. Conventionally, such cutting
      machines are mounted on at least one transverse track disposed above and
      across the width of the workpiece so that the cutting machine can thereby
      move across the workpiece. The invention particularly relates to such
      mounting means which includes a clamping mechanism in the form of two
      opposed clamping levers having clamping devices at their ends for moving
      into engagement with the workpiece. After a cutting operation has been
      completed it is necessary to disengage the levers and move the machine to
      a different location along the workpiece for the next cutting operation
      whereupon the clamping levers are again engaged with the workpiece.
PAR  The clamping levers are preferably swung or moved by means of penumatic
      cylinders around their stationary location. When, after separation of the
      workpiece, the clamping levers are again to be disengaged, the clamping
      levers are driven back into their starting position, as noted above. If
      the path of the backswing of the levers into the starting position is
      relatively short, as when wide workpieces, e.g. of 2000 mm. and more, are
      being clamped there is no particular problem for re-engaging the levers.
      Frequently, however, narrow castings (e.g. 900 mm.) are being cut whereby
      a rather long backswing or return of the levers to their original open
      positions is required. There are thus disadvantages for workpieces of less
      width. Namely because of the relatively long backswing of the clamping
      levers into their starting position, useless time is lost, until the next
      clamping can be carried out. Furthermore, with pneumatic clamping devices,
      an increased amount of compressed air is required.
PAC  SUMMARY OF INVENTION
PAR  Therefore, an object of the present invention is to provide a clamping
      device for a cutting machine which minimizes re-clamping time even if the
      workpiece is relatively narrow.
PAR  For the solution of the above-mentioned problem it is proposed according to
      the invention, that to each clamping lever a barrier or stop means is
      assigned which limits the back movement from its clamping position.
PAR  A preferred method for carrying out the invention, is characterized in that
      as the barrier a toothed segment or ratchet is provided on the clamping
      lever, and a stationary stop bolt or pawl is disposed for engaging this
      toothed segment.
PAR  Due to this toothed segment barrier, it is possible in advantageous way,
      particularly when slabs, strands, etc. of small width are separated, to
      reduce the backswing of the clamping levers (after the separation), so
      that the levers are removed only a short distance from the casting and do
      not, as in the prior art always return into their maximim starting
      position. Due to the toothed-segment barrier, it is possible in a
      convenient manner, to adjust the backswing of the clamping levers, in
      accordance with the respective width of the workpiece a minimal distance
      (e.g. 100 mm.) by selection of the proper tooth for engagement with the
      stop bolt or pawl.
PAR  To make possible a maximum back movement of the clamping levers into their
      starting position, it is only necessary to lift out the toothed segment
      barrier to an inoperative position. This can be accomplished by a further
      inventive proposal, in that a lifting cylinder is provided for the toothed
      segment. By releasing the barrier, it is thus possible for the clamping
      levers to swingback into their maximum starting position, so that then
      even very broad workpieces can be clamped.
PAR  According to another inventive proposal, a stop bolt arranged on a
      stationary member is disposed in the path of movement of the lever to act
      as a barrier. The correspondingly assigned clamping lever strikes this
      stop bolt, and is thus hindered on a further back movement after the
      clamping is released.
PAR  In order to maintain this minimal backswing and yet accommodate workpieces
      of different width, the pickup or stationary members includes several
      borings arranged in succession, for a like member of stop bolts. These
      individual borings can be compared with the teeth of the toothed segment
      barrier of the first-mentioned example of the operation. In order to
      change the permissible backswing of the clamping levers after the
      releasing action where there is a change in workpiece width, it is then
      only necessary to select in dependence upon the width of the workpieces,
      the proper stop bolt to move into the path of the lever.
PAR  This selecting process may be manual or may be automatized according to a
      further advantageous inventive proposal. This proposal is characterized by
      one or more pneumatic or hydraulic piston-cylinder arrangements for the
      displacement of the stop bolt or bolts into the path of the clamping
      levers. In this case, the desired limitation of the backswing of the
      clamping levers, can be taken care of from the steering platform of the
      machine. Such can also be done in the case of the toothed segment-barrier.
      Then only the corresponding control button has to be activated, and the
      assigned stop bolt is pushed out of the boring by means of a
      piston-cylinder arrangement and blocks the further return path of the
      clamping lever.
PAR  In the case of a gas-cutting machine of the kind previously described it is
      finally still of advantage that the pivot of each clamping lever is
      provided above the path of attack of the clamping cylinder at the
      transverse track. Due to this advantageous position of the clamping lever,
      it is attained that the backswing can be kept in a relatively large
      curvature and thus can be kept flat, so that thereby it is also assured
      that the gas-cutting machine can be clamped on relatively flat workpieces.
DRWD
PAC  THE DRAWINGS
PAR  FIGS. 1A and 1B are simplified arrangements in elevation of the clamping
      device on a gas-cutting machine, illustrating, respectively, both of the
      embodiments according to the invention for the limitation of the clamping
      lever path; and
PAR  FIG. 2 is a plan view of the modification of FIG. 1B.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1A and 1B show the simplified construction of a clamping device 10 as
      it is used at gas-cutting machines, in particular for the separating of
      continuous castings. The gas-cutting machine itself is of known
      construction and is not shown for the sake of simplicity.
PAR  The clamping device 10 is carried by a transverse track 12, on which
      furthermore also the (not-shown) cutting unit which is arranged for moving
      transversely to the longitudinal axis. According to the examples
      represented in FIGS. 1A and 1B, a frame 14 is disposed on the transverse
      track 12. In the upper range of the frame in FIGS. 1A and 1B, bearings 16
      are provided, which serve as pivots for the tiltable clamping levers 18,
      20 of the clamping device 10.
PAR  The clamping levers 18, 20 are formed as angular levers in the middle of
      which a clamping actuating cylinder 22 is arranged. The clamping cylinder
      is flexibly or pivotally fastened at one end to, for example, the one
      clamping lever 20 while on the other clamping lever 18 the piston rod 24
      is hinged. The free part of the piston rod 24 which projects outwardly at
      times from the clamping cylinder is encased by a bellows for protection
      against dust, debris, etc.
PAR  At the lower end of each clamping lever 18, 20, tension claws or clamping
      members 28 are provided by means of which the workpiece 30 to be separated
      is clamped and in this way the displaceable part of the gas-cutting
      machine, is likewise displaced during the separating process by the
      workpiece 30 which moves slowly forward in its longitudinal direction.
PAR  As can further be seen from FIG. 1A, at the upper arm of clamping lever 18
      there is a toothed segment or ratchet 32 pivotally arranged. This toothed
      segment is held by the piston rod of a lifting cylinder 34, being fastened
      within the range of bearing 16 of the clamping lever 18.
PAR  The toothed segment 32 is in active connection with a stop bolt 36 which in
      turn is stationarily arranged on the gas-cutting machine.
PAR  As illustrated, a second stop or barrier arrangement is provided for lever
      20 identical but as a mirror image of the arrangement 32-36 illustrated
      with respect to lever 18.
PAR  FIG. 1B illustrates a further type of barrier in accordance with an
      alternative form of this invention. This alternative 40-44 is also
      illustrated in plan view in FIG. 2. Similarly, not only lever 20 is
      illustrated as being provided with the alternative barrier, in practice a
      second mirror image barrier is provided for lever 18 as also illustrated
      in FIG. 1B.
PAR  Referring again to barrier 32-36 when a workpiece 30 is to be separated,
      first of all the clamping levers 18, 20 are moved toward each other into
      clamping position with workpiece 30 in which then the gas-cutting machine,
      i.e. its displaceable part, is carried along by the moving workpiece.
      After the clamping has taken place lifting cylinder 34 is actuated and the
      toothed segment 32 is lowered or brought into a position where a tooth
      will be moved into contact with stop bolt 36 upon outward movement of the
      levers 18, 20 as illustrated e.g. in FIG. 1A.
PAR  When the cutting operation has been completed, the clamping levers 18, 22
      are swung back into their position of rest by the clamping cylinder 22 out
      of their clamping position on workpiece 30.
PAR  With prior art arrangements it was customary that the clamping levers were
      always moved back into their maximum starting position (that is the piston
      rod 24 was fully extended). However, in accordance with this invention
      this is no longer possible because the levers 18, 20 move back only until
      the tooth flank 33 being disposed toward the stop surface 38, strikes the
      latter.
PAR  The teething of the toothed segment is chosen advantageously so that
      between neighboring tooth flanks, a working clearance of e.g. 150 mm.
      exists. Therefore, this means that each clamping lever is capable of
      swinging back a maximum of 150 mm. from its clamping position. This
      backswing track (to the striking of the tooth flank 33 at the stop bolt
      surface 38) is sufficient, to obtain an orderly release of the clamping
      levers from their clamping position as illustrated in FIG. 1A.
PAR  For the next clamping of the workpiece having the same width, the clamping
      levers merely have to go back the minimal swinging path (e.g. a maximum
      150 mm.) in order to be able to clamp the machine again on the workpiece.
PAR  When it is necessary to clamp the gas-cutting machine on a workpiece of
      greater width, the piston rod of lifting cylinder 34 is retracted whereby
      the toothed segment 32 is swung out of the range of action of the stop
      bolt 36, so that then the clamping levers 18, 20 are moved into their
      maximum starting position by fully extending piston rod 24 of cylinder 22.
PAR  Similarly for such wider workpieces the clamping levers move close to the
      side surfaces of the workpiece 30 and clamp the gas-cutting machine
      thereon. With a wider workpiece a lower tooth, e.g. the tooth flank 33a,
      would have to be positioned to come into the range of action of the stop
      bolt area 38, since now, because of the wider workpiece, the distance of
      the tension claws 28 is greater. After the separation or cutting of the
      workpiece 30, the two clamping levers swing back until the tooth flanks
      33a lies against the stop surface 38. The proper positioning of the
      toothed segment 32 is assured by the lifting cylinder 34.
PAR  Another way of carrying out a barrier according to the invention, is
      illustrated in FIG. 1B which is arranged likewise on both clamping levers
      18, 20.
PAR  This barrier consists of a plate-like stationary pickup 40, in which one or
      more in the exemplified embodiment three borings 42 are provided and which
      is mounted to a stationary member adjacent lever 20. The borings are
      arranged in a horizontal plane one after the other, and serve for the
      housing of a stop bolt 44 which interrupts the back movement of each
      clamping lever 18, 20. Depending upon which one of the borings the stop
      bolt 44 will be inserted in accordance with the width of the workpiece the
      clamping lever moves back correspondingly far. Therefore, by the stop bolt
      44 it is assured that the clamping levers 18, 20 swing back only to a
      certain extent (e.g. 150 mm.) from the clamping position into the position
      of rest.
PAR  Since due to the barrier (32-38 or 40-44) which prevents further movement
      of the clamping lever, the pressure in the clamping cylinder 22 is
      increased for a short time, a relief pressure valve is arranged in the
      supply pipe line of the cylinder, via which, when a certain pressure is
      reached, the hydraulic control is switched off.
PAR  The changing of the stop bolt 44 into the boring 42, required at times of
      the pickup 40, is carried out by hand by the service personnel. However,
      it is also possible to provide for the change of the stop bolt
      automatically.
PAR  Such a possibility is shown simplified in FIG. 2. As stop bolts 44 are used
      here the free end of piston-cylinder arrangements 46 are arranged at the
      back side of the pickup member 40. In dependence upon the width of the
      workpiece having to be separated, the corresponding piston-cylinder 46 is
      switched on and its piston (i.e. stop bolt 44) pushes itself out of boring
      42 and into the swinging path of the clamping lever 18, 20.
PAR  With the above-described construction of barriers, it is possible
      advantageously in dependence upon the width of each workpiece, to limit
      the back movement of the clamping lever after releasing the clamping
      always to a short stretch of path, e.g. 150 mm., regardless of workpiece
      width so that the clamping levers, in particular with the workpieces of
      narrow width (e.g. 900 mm.), do not any longer have to carry out the
      entire back movement to the maximum starting position, which, as a rule is
      required only when workpieces of great width (e.g. 2200 mm.) must be
      clamped in. The barrier of the invention has the additional advantage that
      because of its simple construction, it can operate in rough foundry work,
      without disturbance and maintenance.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cutting machine clamping device comprising, in combination, a cutting
      machine for separating workpieces into individual segments, said cutting
      machine including a cutting unit, mounting means for mounting said cutting
      unit above the workpiece to traverse the width of the workpiece whereby
      the cutting unit may cut therethrough, said mounting means including rail
      means for being disposed over and across the workpiece and on which the
      cutting unit may travel, said mounting means further including a workpiece
      clamping mechanism for detachably securing said cutting unit to the
      workpiece at a fixed position along the length thereof, said clamping
      mechanism including a pair of opposed levers, clamping means on an end of
      each of said levers, pivotal securing means mounting said levers for
      movement toward and away from each other along a predetermined path
      whereby said clamping means may be moved into and out of engaging contact
      with the workpiece, barrier means for movement into said path whereby the
      movement of said clamping levers away from the workpiece is limited to
      minimize the subsequent return movement of said clamping levers when its
      clamping means later re-engages the workpiece, said barrier means being
      adjustable for adjustably preselecting the distance of movement permitted
      by said clamping levers whereby the distance of movement may be controlled
      in accordance with the width of the workpiece, said barrier means
      including a toothed segment mounted on at least one of said clamping
      levers, a stationary stop member disposed in the path of movement of one
      of the teeth on said segment, and a lifting cylinder connected to said
      toothed segment for adjusting the position of said segment whereby a
      preselected tooth may be disposed for contacting said stop member.
NUM  2.
PAR  2. A cutting machine clamping device comprising, in combination, a cutting
      machine for separating workpieces into individual segments, said cutting
      machine including a cutting unit, mounting means for mounting said cutting
      unit above the workpiece to traverse the width of the workpiece whereby
      the cutting unit may cut therethrough, said mounting means including rail
      means for being disposed over and across the workpiece and on which the
      cutting unit may travel, said mounting means further including a workpiece
      clamping mechanism for detachably securing said cutting unit to the
      workpiece at a fixed position along the length thereof, said clamping
      mechanism including a pair of opposed levers clamping means on an end of
      each of said levets, pivotal securing means mounting said levers for
      movement toward and away from each other along a predetermined path
      whereby said clamping means may be moved into and out of engaging contact
      with the workpiece, barrier means for movement into said path whereby the
      movement of said clamping levers away from the workpiece is limited to
      minimize the subsequent return movement of said clamping levers when its
      clamping means later re-engages the workpiece, said barrier means being
      adjustable for adjustably preselecting the distance of movement permitted
      by said clamping levers whereby the distance of movement may be controlled
      in accordance with the width of the workpiece, said barrier means
      including a stationary pickup member mounted ajdacent the path of movement
      of at least one of said clamping levers, and at least one stop bolt
      slidably mounted in said pickup member and disposed for being positioned
      into the path of movement of its clamping lever.
NUM  3.
PAR  3. A device as set forth in claim 2 wherein said pickup member includes a
      plurality of borings disposed different distances with respect to the path
      of movement of its clamping lever, and one of said stop bolts being
      disposed in each of said borings whereby the selection of a respective
      stop bolt for insertion into the path of movement of its clamping lever
      determines the length of movement of its clamping lever.
NUM  4.
PAR  4. A device as set forth in claim 3 including a power actuated
      piston-cylinder arrangement for each of said borings and its respective
      stop bolt, and each stop bolt being mounted selectively into and out of
      the path of movement of its clamping lever by actuation of its respective
      piston-cylinder arrangement.
NUM  5.
PAR  5. A cutting machine clamping device comprising, in combination, a cutting
      machine for separating workpieces into individual segments, said cutting
      machine including a cutting unit, mounting means for mounting said cutting
      unit above the workpiece to traverse the width of the workpiece whereby
      the cutting unit may cut therethrough, said mounting means including rail
      means for being disposed over and across the workpiece and on which the
      cutting unit may travel, said mounting means further including a workpiece
      clamping mechanism for detachably securing said cutting unit to the
      workpiece at a fixed position along the length thereof, said clamping
      mechanism including a pair of opposed levers, clamping means on an end of
      each of said levers, pivotal securing means mounting said levers for
      movement toward and away from each other along a predetermined path
      whereby said clamping means may be moved into and out of engaging contact
      with the workpiece, barrier means for movement into said path whereby the
      movement of siad clamping levers away from the workpiece is limited to
      minimize the subsequent return movement of said clamping levers when its
      clamping means later re-engages the workpiece, said barrier means being
      adjustable for adjustably preselecting the distance of movement permitted
      by said clamping levers whereby the distance of movement may be controlled
      in accordance with the width of the workpiece, said clamping levers being
      movable toward and away from each other into and out of clamping
      engagement by means of a clamping cylinder connecting said clamping levers
      to each other, and each of said clamping levers being pivotally mounted at
      a point above the line of action of said clamping cylinder.
NUM  6.
PAR  6. In a method of cutting continuous castings into individual segments
      while the casting moves longitudinally wherein a cutting machine moves
      across the width of the continuous casting and is clamped to the
      continuous casting by means of clamping levers which move along a path of
      movement into and out of clamping engagement with the casting, the
      improvement comprising disposing a barrier in the path of movement of at
      least one of the clamping levers after the clamping levers have been moved
      into clamping engagement with the workpiece whereby the distance of
      movement of the clamping lever in its non-engaging direction is limited to
      minimize the amount of movement required for subsequent reclamping of the
      clamping levers with the workpiece, the barrier having a plurality of
      preselected poisitons with respect to the path of movement of its clamping
      lever, and including the step of selecting the position of the barrier in
      accordance with the width of the casting, the position being selected to
      maintain a substantially uniform distance of movement of the clamping
      levers regardless of the width of the casting, the barrier including a
      toothed segment pivotally connected to its clamping lever and mounted at
      one end of a piston-cylinder arrangement with a stationary stop member
      disposed for contacting one of the teeth of said segment in accordance
      with the positioning of said segment, and including the step of selecting
      the positioning of said segment by controlled actuation of the
      piston-cylinder arrangement.
NUM  7.
PAR  7. In a method of cutting continuous castings into individual segments
      while the casting moves longitudinally wherein a cutting machine moves
      across the width of the continuous casting and is clamped to the
      continuous casting by means of clamping levers which move along a path of
      movement into and out of clamping engagement with the casting, the
      improvement comprising disposing a barrier in the path of movement of at
      least one of the clamping levers after the clamping levers have been moved
      into clamping engagement with the workpiece whereby the distance of
      movement of the clamping lever in its non-engaging direction is limited to
      minimize the amount of movement required for subsequent reclamping of the
      clamping levers with the workpiece, the barrier having a plurality of
      preselected positions with respect to the path of movement of its clamping
      lever, and including the step of selecting the position of the barrier in
      accordance with the width of the casting, the position being selected to
      maintain a substantially uniform distance of movement of the clamping
      levers regardless of the width of the casting, the barrier including a
      stationary pickup member having a plurality of borings with a stop pin
      slidably mounted in each boring, and including the step of controlling the
      distance of movement of said clamping levers by selectively moving one of
      the stop bolts into the path of movement of its clamping lever.
NUM  8.
PAR  8. In the method of claim 7 wherein for each of said stop bolts is provided
      with a piston-cylinder means, and including the step of automatically
      moving a predetermined stop bolt into the path of movement of its clamping
      lever by activation of its respective piston-cylinder means.
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ABST
PAL  A multi-ply lottery ticket or like article is formed from a single sheet of
      material transversely accordion folded into a set of three contiguous
      panels disposed in registered zig-zag relationship. The articles are
      formed from an endless web of sheet material transversely subdivided into
      a series of connected blanks each of which is transversely trisected into
      a set of three contiguous panels spanning the full width of the web,
      wherein portions of each surface of the web are provided with adhesive
      which is not activated for adhering to other panels until after original
      indicia has been applied to an upper surface of at least one panel of each
      blank. Thereafter, each set of panels is accordion folded into registered
      zig-zag relationship, abutting panels permanently bonded to one another,
      producing the continuous series of multi-ply tickets or like articles.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Each of my co-pending applications Ser. Nos. 433,464, 433,463, and 433,462,
      filed on even date herewith specifically discloses a particular genus of
      continuous business forms, the resulting articles and corresponding
      methods of manufacture.
PAR  The first mentioned application discloses a form wherein original indicia
      may be applied directly to separate surfaces of a cover ply and under ply
      of an article formed from a continuous web having at least three
      longitudinally extending co-planar panels, comprising a cover panel and an
      under ply panel separated by an intermediate discardible panel wherein one
      of the ply panels is disposed in overlying relationship with the
      discardible panel, thereby placing separate surfaces of the ply panels in
      side-by-side juxtaposition for application of indicia.
PAR  Application Ser. No. 433,463 discloses a form wherein original indicia is
      confined to the under ply of the article and the cover ply, when placed in
      overlying relationship with the under ply, conceals only selected portions
      of the original indicia.
PAR  Application Ser. No. 433,462 utilizes the teachings of either Ser. No.
      433,463 or those of Ser. No. 433,464 in combination with a method for
      collating a plurality of continuous webs into registered overlying
      relationship for producing a series of stuffed, sealed envelopes or the
      like including in some instances an attached return envelope form.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of the invention relates generally to business forms,
      particularly to a continuous form which comprises a series of connected
      blanks suited for subsequent processing into multi-ply lottery tickets or
      like articles which contain original, directly applied concealed indicia
      on an under ply. As used herein, the term "original indicia" excludes
      preprinted indicia and indicia applied by transfer means such as carbon
      paper and the like. Each blank comprises articles such as lottery tickets
      or the like having at least three plies disposed in registered zig-zag
      relationship, wherein abutting plies are permanently secured to one
      another for forming a sealed pocket therebetween and wherein original,
      directly applied indicia is contained on the interior surface of at least
      some of the sealed pockets, the concealed indicia being exposable through
      access to the pockets.
PAR  2. Description of the Prior Art
PAR  A number of patents have issued disclosing a variety of articles of
      multi-ply construction having an interior, exposable pocket for containing
      concealed indicia, such as with lottery tickets or the like. However, the
      previous embodiments do not disclose a continuous web permitting single
      run application of original, directly applied indicia to both the interior
      surface of the pocket and to the exterior face of the article.
PAR  The prior art as it relates to lottery tickets is present in two different
      formats. The first format includes original indicia in a concealed pocket
      having acceptable tamperproof features as exemplified by U.S. Pat. Nos.
      1,980,004; 2,108,749; and 2,180,808. Each of these patents discloses a
      lottery ticket having original indicia on one panel which is concealed by
      another panel in overlying relationship therewith, the overlying panel
      being partially or completely removable from the indicia-bearing panel to
      selectively expose the indicia thereon. None of these patents discloses or
      suggests a lottery ticket capable of being produced by mass production
      techniques nor does any provide for the simultaneous and direct
      application of original indicia to both the ticket face and the interior
      pocket surfaces.
PAR  The second ticket format is illustrated in U.S. Pat. No. 2,023,829 which
      discloses a lottery ticket permitting of mass production, however the
      ticket is not acceptable for use in lottery games of the type which
      require tamperproof, high security features. As with the first ticket
      format, there is no provision for the simultaneous application of
      original, directly applied indicia to both an exterior surface and an
      interior concealed surface of the final article.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a method of producing a series of
      connected blanks which are particularly suited for subsequent processing
      into multi-ply lottery tickets or like articles; to the blanks per se; and
      to articles formed therefrom.
PAR  An endless web of sheet material is transversely subdivided into a series
      of interconnected blanks each of which is transversely trisected into a
      set of three contiguous panels each spanning the full width of the web.
      Each blank defines a multi-ply article such as a lottery ticket or the
      like wherein the various plies are formed from a single flat sheet of
      material, and wherein the contiguous panels are accordion folded into
      registered zig-zag relationship to form the various plies of the article.
      Adhesive is selectively applied to portions of each surface of the web,
      after which the individual blanks are suitably accumulated for later use.
PAR  When later used, the individual, interconnected blanks are fed to a
      computer or the like where the indicia is applied to the upper exposed
      surface of at least one panel of each set of contiguous panels. Each set
      of panels is then accordion folded into registered zig-zag relationship
      defining a multi-ply lottery ticket or like article having indicia on at
      least one concealed ply thereof. Abutting panels are then permanently
      bonded to one another by means of the adhesive initially applied, thereby
      completing each article which is then adapted to be severed or otherwise
      separated from the interconnected blanks of the web in the form of the
      completed lottery ticket or the like.
PAR  Several embodiments of the invention provide for subdividing each panel of
      the sets of panels, then folding the subpanels into overlying relationship
      producing a series of blanks each defined by a set of three contiguous
      multi-ply panels which, when accordion folded, generate multi-ply articles
      of six or more plies.
PAR  It is, therefore, an object of the present invention to provide a method of
      making a series of interconnected blanks suited for subsequent processing
      into multi-ply lottery tickets or the like having a concealed pocket
      bearing original, directly applied indicia.
PAR  It is further an object of the invention to provide a unique form defining
      the interconnected blanks.
PAR  It is further an object of the invention to provide a multi-ply lottery
      ticket defined by a single sheet of material transversely accordion folded
      into a set of three contiguous panels disposed in registered zig-zag
      relationship.
PAR  It is yet another object of the invention to provide a family of articles
      conforming to the various other objectives of the present invention, to
      wit: a lottery ticket having substantially tamperproof features for use
      with games of chance, particularly as utilized and required by state
      lottery systems or the like, wherein it is desirable if not necessary that
      both an interior surface of the pocket of the ticket and an exterior face
      of the ticket contain original, directly applied indicia.
PAR  Other objects and features of the invention will be readily apparent from
      the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1, 2 and 3 diagrammatically illustrate steps in the method of making
      the continuous form comprising a series of interconnected blanks, and the
      articles incorporating features of the present invention.
PAR  FIGS. 4-8 illustrate the various steps for producing a continuous form by
      the process of FIGS. 1-3 and a lottery ticket obtained therefrom.
PAR  FIG. 9 diagrammatically illustrates a modification in the steps of the
      method of FIGS. 1-3.
PAR  FIGS. 10-15 illustrate the various steps for producing a second continuous
      form by the process of FIGS. 1-3 when including the modification of FIG.
      9, and a lottery ticket obtained therefrom.
PAR  FIG. 16 diagrammatically illustrates a modification in the steps of the
      method of FIGS. 1-3.
PAR  FIGS. 17-24 illustrate the various steps for producing a third continuous
      form by the process of FIGS. 1-3 when including the modification of FIG.
      16, and a lottery ticket obtained therefrom.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The continuous form of the present invention defines a series of
      interconnected blanks uniquely designed to receive indicia on a plurality
      of the panels thereof. The form is designated generally by the reference
      numeral 30 as illustrated particularly in FIG. 2, and is adapted to be
      subsequently processed into lottery tickets or like articles wherein the
      final article includes a closed pocket for carrying concealed indicia. The
      present form is unique in that it permits simultaneous application of
      original, directly applied indicia to an internal surface of the pocket
      and to a face of the article in a single printing procedure.
PAR  The steps required to produce the continuous form of the present invention
      are illustrated generally in FIGS. 1 and 2 and comprise: (1) continuously
      advancing a properly prepared endless web of material 10 toward an
      accumulating station 50; (2) transversely subdividing the web at station
      18 into a continuous series of interconnected blanks; and, simultaneously,
      (3) trisecting each blank at station 18 into a set of three contiguous
      panels 43, 44 and 45 (FIG. 2); (4) selectively applying a so-called
      initially inactive adhesive 11 to a portion of each surface of the web at
      26; and (5) accumulating the form 30 at 50 for later use.
PAR  These preliminary steps required to prepare the web 10 will vary somewhat
      depending upon the configuration of the final article. Generally, certain
      identifying and instructional indicia 48 (FIG. 4) and 49 (FIG. 5) is
      applied on either or both surfaces of the web at printer 12. Inventory
      control data may be added at station 14, and may include, for example, run
      number, date, form style number or similar information. This control data
      is generally added to a discardible portion of the form and is deleted
      from the final article. It is often desirable to add one or more
      continuous series of line holes 71 and 72 at punch station 16. Line holes
      are adapted to be engaged by sprocket gears or the like whereby the
      finished form is advanced through subsequent processing stages. The form
      often includes a series of side-by-side articles, see FIGS. 4-6, which may
      be separated along weakened lines 81 provided at station 20. While each of
      these steps are preliminary and may be performed in any order, with
      certain steps added and others deleted depending only upon the
      configuration of the final article, it should be understood that certain
      preliminary preparation of the web 10 is generally essential to generation
      of the continuous form 30.
PAR  The form 30, as illustrated in FIG. 2, is particularly suited for
      subsequent processing into lottery tickets or the like having a concealed
      pocket and an exterior face each bearing original, directly applied
      indicia. The web is either fan or accordion folded at 50 as illustrated,
      stored on a continuous roll, or otherwise accumulated in any well-known
      manner for subsequent use.
PAR  The subsequent processing steps, illustrated in FIG. 3, produce a final
      article from the form 30 of FIG. 2. The continuous form is advanced
      through a controlled printing process 32 wherein original indicia 90 and
      91 is applied to the upper surface of the web. The form is then accordion
      folded at station 34, placing each set of contiguous panels 43, 44 and 45
      in registered zig-zag relationship thereby forming a multi-ply article
      from the single, flat sheet of material which defines each article blank.
PAR  The initially inactive adhesive coating 11 applied at station 26 forms a
      permanent seal between and permanently bonds abutting panels to one
      another to generate a closed pocket containing concealed, originally
      applied indicia. One example of an initially inactive adhesive is a
      hot-melt glue of the type having an affinity for the surface of the web 10
      when applied at station 26, quickly becoming "inactive", as that term is
      used herein, until heated by a heat source located at station 36. Glue of
      this type is applied in an adherent, tacky, liquified state, thereafter
      transformed to a non-tacky state in which it remains until heated at
      station 36. It should be understood that other types of adhesive bonding
      could be utilized without departing from the spirit of the invention. One
      such example is known as self-stick adhesive wherein the adhesive once
      applied will not adhere to anything but another coating of the same
      adhesive. Utilization of this adhesive would require replacement of the
      heat source at station 36 with a nip-roll for applying pressure to the
      adhesive contact areas. It should be understood that for purposes of the
      present disclosure and claims an adhesive of the self-stick type is
      considered initially inactive, and is said to be activated when placed in
      direct contact with another surface having the same adhesive coating.
PAR  After sealing the printed form, the excess and marginal regions 69 and 70
      including line holes 71 and 72 may be removed at station 38 and the
      side-by-side series of tickets may be separated along lines 81 into a
      plurality of parallel continuous ticket strips which are separated into
      individual items at station 40 for distribution at station 41.
PAR  Thus, the basic continuous form 30 is generated by the steps illustrated in
      FIGS. 1 and 2 from a continuous web of material properly prepared as
      illustrated by steps in FIG. 1. It should be understood that some of the
      preliminary steps illustrated could be performed subsequent to
      glue-applicating station 26 if desired. The steps subsequent to generation
      of the continuous form 30 are illustrated in FIG. 3, and are utilized to
      produce a final article from the form of FIG. 2.
PAR  Therefore, FIGS. 1, 2 and 3 illustrate steps in the method of making the
      continuous form, and disclose both the continuous form per se (FIG. 2),
      and in general a final article (FIG. 3) meeting the objectives of the
      present invention. By utilizing an endless web transversely subdivided
      into a series of connected blanks each transversely trisected into three
      contiguous panels 43, 44 and 45, it is possible to directly apply original
      indicia 90 and 91 to a plurality of the plies of a multi-ply article in a
      single, continuous printing process.
PAR  FIGS. 4-8 illustrate an embodiment of the invention utilizing the teachings
      of the present invention as particularly illustrated in FIGS. 1-3. FIGS.
      9-24 illustrate modifications in the process and the resulting article
      utilizing in general the steps in the method of FIGS. 1-3. While the
      various embodiments and modifications vary with respect to detail, the
      principle of each is identical, i.e., achieving a final multi-ply article
      from a single sheet of material, the article including directly applied,
      original indicia on at least one concealed surface of a pocket formed
      between abutting plies.
PAR  While the embodiment of the continuous form 30 produced by utilizing the
      steps as particularly illustrated in FIGS. 1, 2 and 3 includes independent
      transversely spaced blanks each including a plurality of articles in
      parallel side-by-side relationship, it should be understood this is merely
      illustrative and not intended to be restrictive or limiting. The number of
      side-by-side articles contained in each blank is limited only by the
      desired size of the final article.
PAR  The upper surface of form 30, as produced by the process of FIGS. 1 and 2,
      and after application of indicia at printer 32, is illustrated in FIG. 4
      taken at line 4-4 of FIG. 3. The lower surface is illustrated in FIG. 5
      taken at line 5-5. The form is transversely subdivided by weakened lines
      51, 51 or the like into a blank which is transversely trisected by lines
      53 and 54 into a set of three contiguous panels 43, 44 and 45 each
      spanning the full width of the web and defining at least one complete
      article.
PAR  Adhesive 11 is supplied at station 26 to both sides of the centralmost
      panel 44 and, where a self-stick adhesive or the like is utilized, to the
      upper surface of panel 45, see FIG. 4, and the lower surface of panel 43,
      see FIG. 5. The adhesive completely surrounds uncoated regions 63 of each
      panel, forming a complete adhesive barrier about the periphery thereof. In
      the present embodiment the width of the form is separated into a plurality
      of side-by-side articles by longitudinally extending lines 81 and includes
      weakened lines 79 and 80 for facilitating in the removal of the excess
      marginal regions 69 and 70 including line holes 71 and 72.
PAR  A series of U-shaped tear lines 64 are provided in panel 43, generating a
      hinged tear strip 94 providing access to the interior of the final ticket.
      Other U-shaped tear lines 65 define strips 95 in panel 44 and provide
      access to region 63 of panel 45.
PAR  Preprinted indicia 48 and 49 are supplied to the web on the upper surface
      of panel 43 and the lower surface of panel 44 at station 12 during
      preliminary processing of the web. Line holes 71 and 72 and various
      weakened and fold lines are also supplied at this time.
PAR  The particular glue pattern of the present embodiment is illustrated in
      FIGS. 4 and 5 and is applied in a manner similar to that used to print
      inked indicia, permitting complex patterns to be generated while
      maintaining close tolerances. Thus it is possible to substantially
      surround the periphery of an article pocket, here region 63, with adhesive
      11, forming a seal between plies, thereby encasing concealed indicia.
      Where self-stick adhesive is utilized the glue pattern on the upper
      surface of central panel 44 must be matched on the upper surface of panel
      45 and the and the glue pattern on the lower surface of central panel 44
      must be matched on the lower surface of panel 43 in order to be effective.
      However, when hot-melt glue is utilized the patterns may be varying,
      applied in the most effective manner, and in fact need only be applied to
      each surface of central panel 44. After application of the so-called
      initially inactive adhesive 11, the form 30 is accumulated at station 50
      as shown in FIG. 2 and may be accordion folded, rolled or otherwise
      accumulated in an endless series of connected blanks. The form is then
      adapted to be printed, sealed and separated into individual articles for
      distribution as illustrated in FIG. 3.
PAR  The form 30 is advanced through a computer or other controlled printer at
      station 32 where original indicia, for example indicia 91 provided on the
      upper surface of panel 43 and indicia 90 provided in region 63 of panel 45
      is supplied as illustrated in FIG. 4. Sprocket or line holes 71 and 72 are
      useful in properly advancing the form through the printer.
PAR  After application of original indicia 90 and 91, the form is continuously
      accordion folded at station 34, placing each set of contiguous panels 43,
      44 and 45 in registered zig-zag relationship for concealing indicia 90 in
      an enclosed pocket between panels 44 and 45, as shown in FIG. 6. The
      accordion fold places the upper surface of panel 45 in abutting
      relationship with the upper surface of panel 44 and the lower surface of
      panel 44 in abutting relationship with the lower surface of panel 43, the
      upper surface of panel 43 becoming the exterior surface of the article.
PAR  Glue 11 is activated at station 36 by heating or other suitable means to
      bond abutting plies to one another and seal the concealed indicia in a
      closed pocket. The form 30 is next longitudinally cut or slit at station
      38 along lines 81 to separate the side-by-side tickets from one another,
      and along lines 79 and 80 to remove the excess margins 69 and 70 including
      line holes 71 and 72.
PAR  The final article is of three-ply construction having under ply 45,
      intermediate ply 44 and cover ply 43 wherein the cover ply 43 and the
      under ply 45 bear directly applied, original indicia 91 and 90,
      respectively. The continuous series of tickets is then burst apart at
      boundary lines 51, 51 and the like to provide individual tickets at 40 for
      distribution at 41 of FIG. 3.
PAR  A typical completed ticket is illustrated in FIGS. 7 and 8. U-shaped tear
      line 64 in panel 43 generates a tear strip 94 providing access to the
      pocket between the intermediate panel 44 and cover panel 43, exposing tear
      strips 95 each defined by a U-shaped tear line 65. Each of these tear
      strips may be opened as illustrated in FIG. 8 to expose the various
      concealed original indicia 90.
PAR  A modification to the steps of FIGS. 1-3 is illustrated in FIG. 9 wherein
      each panel of each set of contiguous panels is subdivided by weakened or
      fold line 101 into a pair of duplicate bisections which are folded into
      direct overlying relationship as illustrated at station 100 in FIG. 9,
      defining a printed article blank consisting of three contiguous two-ply
      panels. As in the earlier embodiment, each set of contiguous two-ply
      panels is then accordion folded into registered zig-zag relationship at
      station 134, thereby generating a six-ply lottery ticket. The continuous
      form 130 is identical in principle to that of form 30 and, therefore,
      elements of the form are indicated by numerals in the hundred series
      corresponding to similar elements in FIGS. 4-8.
PAR  The continuous form 130 is prepared by the steps of a process like that of
      FIGS. 1 and 2, the upper surface thereof illustrated in FIG. 10 after
      application of original indicia 190 and 191. The lower surface of the form
      is illustrated in FIG. 11. The web is again transversely subdivided into
      blanks at weakened lines 151, 151 and the like, each blank consisting of
      three contiguous panels 143, 144 and 145 defined by fold lines 153 and
      154, wherein each panel has been longitudinally subdivided into a pair of
      duplicate subpanels 143a, 143b, 144a, 144b, 145a and 145b by continuous
      longitudinal fold line 101. As before, indicia 148 and 149 may be
      preprinted on the form at station 12 of FIG. 1, see FIGS. 10 and 11, and
      line or sprocket holes 171 and 172 are included to facilitate progression
      of the form through the precessing steps.
PAR  The particular glue pattern of the second embodiment is illustrated in
      FIGS. 10 and 11. Where a hot-melt adhesive is utilized only the upper
      surface (FIG. 10) of the centralmost panel and the lower surface (FIG. 11)
      of subpanels "a" or subpanels "b" need be coated with glue 111, and where
      a self-stick adhesive is used, the pattern must conform to that
      particularly illustrated. As before, the adhesive 111 completely surrounds
      the periphery of pocket areas 163 of each panel, forming a seal between
      plies and thereby encasing concealed indicia in a closed, sealed pocket
      area. Thus, when original indicia 190 is applied to region 163 of the
      upper surface of subpanels 144a and 144b and later concealed when covered
      by panels 143 and 145 the indicia is completely sealed along all four
      margins by glue 111, making improper exposure and access impractical.
PAR  After application of glue 111, the form is advanced through computer
      printing station 32 for addition of indicia 190 and 191. The web is then
      continuously folded at 100 as illustrated in FIG. 9 placing the subpanels
      "a" and "b" in direct overlying relationship, see FIG. 12. The form is
      next accordion folded at 134, disposing panels 143, 144 and 145 into
      registered zig-zag relationship as illustrated in FIG. 13, generating a
      series of interconnected six-ply lottery tickets, the relationship of the
      folded panels being specifically illustrated in FIG. 14. After glue 111
      has been activated at 136 and excess marginal portions have been removed
      at 138, the individual tickets are separated for distribution.
PAR  A typical completed ticket, illustrated in FIG. 15, includes tear strips
      194 and 195, defined by the U-shaped tear lines 164 and 165 (see FIG. 10)
      which provide access to the concealed indicia 190 on the upper surface of
      panels 144a and 144b.
PAR  A third embodiment of the present invention is included in FIGS. 16-24
      wherein FIG. 16 diagrammatically illustrates a modification in the process
      of FIGS. 1-3 and FIGS 17-24 illustrate the form and articles produced from
      the method of FIGS. 1, 2, 3 and 16. The form is identical to earlier
      embodiments in principle, with differences being drawn to detail.
      Therefore, like elements are referred to by like numerals of the two
      hundred series.
PAR  Each set of three contiguous panels is longitudinally trisected into
      subpanels 243a, 243b, 243c, 244a, 244b, 244c, 245a,  245b and 245c along
      weakened or fold lines 201 and 202 as illustrated in FIGS. 17 (upper
      surface) and 18 (lower surface). After printing at station 232, the
      subpanels "a", " b" and "c" are each longitudinally accordion folded into
      zig-zag registered relationship at station 200 of FIG. 16, thereby
      generating a series of connected blanks each comprising a set of three
      contiguous three-ply panels 243, 244 and 245, see FIG. 19. When the panels
      are accordion folded at station 234, a nine-ply ticket having original
      indicia on the interior surface of various closed pockets is generated,
      see FIG. 20. The particular glue pattern 211 of the third embodiment,
      illustrated in FIGS. 17 and 18, surrounds the pocket area 263 of each
      subpanel. The glue pattern as illustrated is utilized when a hot-melt glue
      or the like is utilized, glue being applied to the upper surfaces of
      subpanel 243b, 244a, 244b, 245a and 245b (FIG. 17) and to the lower
      surfaces of 243b, 244b, 244c and 245b  (FIG. 18). Where self-stick
      adhesive or the like is utilized glue would be required on all but the
      upper surface of subpanel 243a and lower surface of subpanel 245c, i.e.,
      the exterior surfaces of the final article.
PAR  After application of original indicia 290 to regions 263 of the upper
      surface of subpanels 243c, 244a, 244b, 244c and 245a the various subpanels
      are longitudinally accordion folded along fold lines 201 and 202 at
      station 200 into registered zig-zag relationship as illustrated in FIG. 19
      forming a series of connected blanks each defined by a set of three
      contiguous three-ply panels 243, 244 and 245. The panels are then folded
      into registered zig-zag relationship at 234 as illustrated in FIG. 16,
      generating a series of nine-ply tickets. The glue is next activated at
      236, and the excess margins 269 and 270 (FIG. 20) are removed, with the
      individual tickets being separated and distributed as shown in FIGS. 21
      and 22. Various graduated tear strips 294, 295, 296, 297, 298, 299, 300,
      301 and 302, each respectively defined by a U-shaped tear line 265, are
      disposed in registered relationship as shown in FIGS. 23 and 24, providing
      access to the printed indicia.
PAR  In summary, I have provided a variety of continuous forms each defining a
      series of multi-ply articles, such as lottery tickets or the like wherein
      original, directly applied indicia is applied to a concealed portion of an
      interior surface of the pocket of the final article. Each of the articles
      includes three basic panels which are accordion folded into registered
      zig-zag relationship while in single or multiple ply relationship for
      providing a final multi-ply article having various abutting plies forming
      closed pockets therebetween for concealing original, directly applied
      indicia. While the forms vary in detail, illustrating various features of
      the invention, all are generated from the general steps illustrated in
      FIGS. 1, 2 and 3 with modifications as illustrated in FIGS. 9 and 16.
PAR  The final articles produced from each of the forms obtained particularly by
      the process of either FIG. 3, 9 or 16 each incorporate pattern gluing to
      generate a substantial seal between abutting plies forming a closed pocket
      containing original indicia. Access panels are provided inward of the seal
      on the various plies for exposing the original indicia. While each of the
      embodiments incorporates various features of the invention, it should be
      understood that these embodiments could be combined in any fashion to
      produce still other articles varying in detail but identical in principle
      to those disclosed. Further, it should be understood that the method,
      continuous forms, and articles here described are merely illustrative and
      are not intended to restrict the spirit of the invention or limit the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a series of interconnected blanks suited for
      processing into individual lottery tickets or like articles comprising the
      steps of:
PA1  a. continuously advancing an endless web of material having upper and lower
      surfaces toward an accumulating station;
PA1  b. transversely subdividing said web into a series of interconnected
      blanks;
PA1  c. transversely trisecting each blank into a set of three contiguous panels
      each spanning the full width of the web;
PA1  d. selectively applying an adhesive to a portion of both surfaces of the
      web;
PA1  e. accumulating said series of interconnected blanks for further
      processing;
PA1  f. continuously advancing said interconnected blanks toward an indicia
      applying station;
PA1  g. applying original indicia directly to an upper surface of at least one
      panel of each set of contiguous panels; and
PA1  h. accordion folding and permanently bonding each set of contiguous panels
      in registered zig-zag relationship, thereby providing a series of
      interconnected multi-ply lottery tickets or like articles.
NUM  2.
PAR  2. A method as called for in claim 1, wherein a hot-melt adhesive is
      applied in step "d" to portions of both surfaces of at least the
      centralmost panel of each blank.
NUM  3.
PAR  3. A method as called for in claim 1, wherein a self-stick adhesive is
      applied in step "d" to portions of the upper surface of both the
      centralmost panel and one other panel and portions of the lower surface of
      both the centralmost panel and one other panel of each blank.
NUM  4.
PAR  4. A method as called for in claim 1, wherein the panels of each blank are
      each longitudinally subdivided into a plurality of duplicate subpanels
      prior to step "e" and wherein said subpanels are folded into overlying
      registry in step "h", thereby generating a series of interconnected blanks
      each defined by a set of three contiguous multi-ply panels.
NUM  5.
PAR  5. A method as called for in claim 4, wherein said subpanels are folded
      prior to accordion folding each set of contiguous panels.
NUM  6.
PAR  6. A method as called for in claim 4, wherein said subpanels are folded
      subsequent to accordion folding each set of contiguous panels.
NUM  7.
PAR  7. A method as called for in claim 1, wherein the panels of each blank are
      each longitudinally bisected into a pair of side-by-side subpanels prior
      to step "e" and wherein said subpanels are folded into superposed
      overlying relationship in step "h", thereby generating a series of
      interconnected blanks each defined by a set of three contiguous two-ply
      panels.
NUM  8.
PAR  8. A method as called for in claim 1, wherein the panels of each blank are
      each longitudinally trisected into three side-by-side subpanels prior to
      step "e" and wherein said subpanels are accordion folded into registered
      zig-zag relationship in step "h", thereby generating a series of
      interconnected blanks each defined by a set of three contiguous three-ply
      panels.
NUM  9.
PAR  9. A method as called for in claim 1, wherein the adhesive comprises a
      hot-melt glue which is initially applied while in an adherent, tacky,
      liquified state after which it is transformed to a solid non-tacky state
      prior to step "e"; and wherein said superposed panels are permanently
      bonded in step "h" by application of heat to transform the adhesive from a
      solid non-tacky state to a tacky adherent heat liquified state.
NUM  10.
PAR  10. A method as called for in claim 9, wherein said adhesive is applied to
      portions of both surfaces of the centralmost panel of each blank.
NUM  11.
PAR  11. A method as called for in claim 1, wherein the adhesive comprises a
      self-stick adhesive which is adherent only to another surface coated with
      a like adhesive; wherein said adhesive is applied in step "d" to portions
      of an upper surface of both the centralmost panel and one other panel and
      to portions of a lower surface of both said centralmost panel and yet
      another panel of each blank; and wherein said panels are permanently
      bonded in step "g" when the adhesive portions of said panels are disposed
      in contacting relationship.
NUM  12.
PAR  12. A method as called for in claim 1, which comprises the additional step
      of separating the series of interconnected envelopes, lottery tickets or
      like articles into individual items.
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ABST
PAL  A method and apparatus for separating a single ply of limp material, such
      as fabric from a stack of such plies, and transporting the separated ply
      to a predetermined destination. The apparatus includes a rotatable ply
      gripping wheel, cooperating with a ply holding shoe. By rotating the wheel
      in contact with the ply, while restraining an adjacent area, the ply is
      buckled into a wave, nipped and then picked off of the stack. The gripping
      wheel and pressing shoe maintain a predetermined geometric relation, while
      being capable of independent yieldable contact with an uneven ply stack.
      The gripping wheel and holding shoe are operable in conjunction with an
      insertable flat plate, which is effective to progressively free the
      remainder of the ply. Thereafter, the flat plate is utilized to transport
      the freed ply to a desired destination, while the picking unit
      independently returns to the ply stack to commence its engagement with the
      next subsequent ply. Laterally movable sweep arms are provided as moving
      positioning abutments to secure the desired orientation of the ply at its
      destination.
BSUM
PAC  BACKGROUND AND SUMMARY OF INVENTION
PAR  The present invention is directed to a novel and improved method and means
      for engaging and removing a ply of limp material, typically a piece of
      fabric, from a stack of such plies, and transporting the ply in a desired
      manner. In the production of garments, for example, it is conventional
      practice to cut simultaneously an entire stack of garment sections from a
      stacked lay-up of fabric sections. The cut stack of fabric sections is
      then transferred to a subsequent production operation, in which the
      sections are removed one at a time for sewing, etc.
PAR  In a continuing effort to automate production operations of all kinds,
      substantial effort has been devoted to the development of systems capable
      of lifting off and separating the uppermost ply of fabric from a stack of
      pre-cut fabric sections and transporting the separated ply to a desired
      location for performance of a production operation. Prior proposals for
      this purpose have involved the use of means such as suction devices or
      pressure sensitive tapes, for example, for lifting off the top ply of a
      stack. Other arrangements heretofore proposed have involved the use of
      needle-like elements for engaging and lifting off the uppermost ply of a
      stack. A still further proposal for this purpose is represented by the
      Lutts et. al. U.S. Pat. No. 3,756,587.
PAR  Many of the above mentioned prior proposed arrangements are effective at a
      certain level, but each has disadvantages of one kind or another which
      limits its usefulness. For example, in an operation in which all
      conditions are fixed, with a single size and shape of ply and with the ply
      being at all times of the same material, it is frequently possible to
      adjust and adapt one or more of the various prior art devices for
      operation at a reasonable level of efficiency. However, in a more typical
      operation, the equipment may be called upon to handle parts of a variety
      of sizes and/or shapes and also to handle parts of different materials for
      which the prior art devices are not well suited. Even where a production
      operation involves only a single size and shape of part, serious problems
      may be experienced in dealing with a plurality of materials on different
      occasions. All of the prior art systems, insofar as the applicant is
      aware, have significant shortcomings in an environment requiring the
      handling of a variety of materials and/or shapes.
PAR  In accordance with one aspect of the present invention, an improved method
      and means is provided for effectively and reliably engaging, lifting and
      separating a ply of fabric or other limp material from a pre-cut stack
      thereof. To this end, the arrangement of the invention includes a novel
      and improved association of means for holding and restraining a portion of
      the top ply and means for frictionally gripping an adjacent area of the
      restrained ply and moving with it, first to form a wave in the ply and
      next in sequence to nip the wave. The new apparatus includes means for
      maintaining the gripping means and the restraining means in a
      predetermined geometrical association while, at the same time, enabling
      each to be brought independently into controlled and adjustably yieldable
      contact with the ply stack. In this respect, it will be understood that
      different ply materials may have widely different characteristics of
      stiffness, thickness, weight, roughness or smoothness, susceptibility to
      damage or marking, etc. Moreover, with fabric plies involving patterned
      weaves, a ply may have varying thickness and a stack of such plies may be
      wavy and uneven as a function of the cumulative effect of the individual
      ply variations. The apparatus of the invention uniquely accommodates such
      variable conditions and provides for reliable and effective operation
      under a wide variety of conditions.
PAR  In accordance with another aspect of the invention, novel and improved
      arrangements are provided for effectively limiting and controlling the
      pickup of a single ply from a stack thereof. In a typical production
      operation, a stack of cut plies will have been derived from a prior die
      cutting operation, in which a cutting die is driven through a lay-up of
      fabric elements to cut out an entire stack of shaped plies. Often such
      dies are not ideally sharp, causing the edge area of adjacent plies to
      fuse together (if of synthetic material) or to become entangled (if of
      natural fiber). As a result, in the picking up of a single ply, one or
      more adjacent plies often are dragged along by the edges, such that more
      than one ply are removed and/or the top of the stack is disarranged. In
      accordance with the present invention, the ply gripping and nipping means
      are located in spaced relation to the ply edges and function to displace
      one edge of the ply inwardly of the stack. If additional plies are
      attached to the displaced edge, they are rolled over and carried along
      with it for a short distance, after which they are temporarily engaged and
      effectively secured by a stack hold down element. Upon further
      displacement of the uppermost ply, it is separated along its displaced
      edge from the secured, underlying plies. Thereafter, and prior to the next
      ply removal operation, the stack hold down element is raised well above
      the stack, to permit the rolled over ply to return to its normal, flat
      condition on the stack.
PAR  As a further significant feature of the invention, a ply transport shutter
      means is provided for cooperative action with ply nipping and lifting
      means such that, when a single ply has been separated off of the stack and
      lifted at one edge, a plate-like transport shutter is inserted between the
      stack and the partially lifted ply, to complete the ply separation and
      thereafter to remove the ply from the area of the stack to another
      location. It will be understood, in this respect, that even after being
      nipped and separated from the stack at one edge, a ply may still be fused
      or entangled with lower plies of the stack along its other edges, such
      that simply attempting to lift the ply from the stack might well cause
      removal or displacement of one or more additional plies. Pursuant to the
      present invention, the plate-like transport shutter is actuated for
      movement generally in a plane parallel to the surface of the stack, and is
      inserted between the stack and lifted ply, while the stack hold down is in
      operation and while the lifted ply is still nipped, to progressively sever
      or disengage the lifted ply from the remainder of the stack. The transport
      shutter moves from the nipped edge of the ply toward its free edge, to
      keep the ply in tension while effecting progressive edge engagement. At
      the end of the disengagement stroke of the shutter, the freed ply rests on
      the upper surface of the shutter and can be transported away when the
      shutter is retracted. To advantage, while one ply is being transported by
      the shutter, another can be nipped and lifted, enabling optimum overall
      efficiencies to be realized.
PAR  In accordance with another feature of the invention, a method and means of
      simple construction yet high effectiveness is provided for reorienting a
      fabric ply, as necessary, after separation and transfer, to assure proper
      alignment of the ply with the sewing machine or other production
      apparatus. In this respect, it will be appreciated that the initial stack
      of plies may be somewhat irregular from its preliminary handling. Thus,
      the uppermost plies of the stack, as they are presented to the nipping
      elements, may be less than perfectly positioned in the first instance and
      may in any event be subject to a certain amount of displacement and
      disorientation in the course of nipping, lifting and transporting. In
      practice, ideal conditions are almost never experienced, and the separated
      ply is thus often in need of final positioning and orientation before
      processing. In the system of the invention, final positioning and
      orientation are achieved by means of a pair of sweep arms, which engage an
      edge of ply and are actuated through a lateral sweep movement along the
      ply edge, while the ply is lightly urged in the direction of such edge.
      This combined action quickly positions and rotationally orients the ply
      with respect to the reference axes of the system.
PAR  For a better understanding and appreciation of the above and other features
      and advantages of the invention, reference should be made to the following
      detailed description of a preferred embodiment and to the accompanying
      drawings. It should especially be understood that many of the features of
      the invention may be used to advantage individually as well as in
      association with some or all of the other features.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a ply separating and transporting system
      incorporating the features of the invention, as utilized, for example, in
      the handling of fabric sections in the manufacture of wearing apparel.
PAR  FIG. 2 is a side elevational view of the system of FIG. 1.
PAR  FIGS. 3 and 4 are enlarged, fragmentary views of a ply nipping and lifting
      mechanism incorporated in the system of FIG. 1, illustrating a sequence of
      positions of such mechanism.
PAR  FIGS. 5 and 6 are enlarged, fragmentary front and side views of a ply
      gripping wheel utilized in the mechanism of FIGS. 3 and 4.
PAR  FIG. 7 is an enlarged, fragmentary view of ply gripping and nipping
      elements incorporated in the new system.
PAR  FIGS. 8 and 9 are enlarged, fragmentary top and bottom views of a ply
      gripping wheel utilized in the new system, together with means for
      rotating the wheel.
PAR  FIG. 10 is a fragmentary view of a restraining shoe means used in the new
      system for both restraining and subsequently nipping a ply of material.
PAR  FIGS. 11-14 are sequential views illustrating the manner of operation of
      the ply nipping and lifting means as incorporated in the system of the
      invention, in conjunction with stack holddown means.
PAR  FIGS. 15-19 are sequential views illustrating the manner of operation of
      the transport shutter means in effecting completion of ply separation and
      transporting.
PAR  FIGS. 20-22 are sequential views illustrating the manner of operation of
      the ply positioning the reorientation means of the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings, and initially to FIGS. 1 and 2 thereof,
      there is shown a ply lifting and transporting means as typically used in
      the performance of a subassembly operation in the manufacture of wearing
      apparel. A stack 34 of individual fabric sections (shirt pocket sections
      in the illustration) is supported along side a conveyor belt 36 leading to
      a sewing machine or other processing apparatus (not shown). The mechanism
      of the invention serves to nip, separate and lift plies of fabric, one at
      a time, from the stack 34, and to transport them to the conveyor belt 36.
      After proper positioning and reorienting of the fabric section, it is
      deposited on the belt 36 for conveyance to the processing apparatus.
PAR  Typically, the stack 34 of fabric plies may be several inches thick,
      comprising a large number of individual plies of material. The stack is
      received within a suitable stack guide and is supported by a movable
      platform. The stack guide and platform are purely conventional elements,
      forming no part of the present invention, and are therefore not
      illustrated. It will be understood, however, that the stack guide includes
      a plurality of vertically disposed guide elements for loosely guiding and
      containing the side and end edges of the stack 34. The platform, upon
      which the entire stack is supported, moves vertically within such guides
      and is controlled by suitable means of conventional and well known
      construction to maintain the top ply of the stack approximately at a
      desired, predetermined level. Thus, as plies are successively removed from
      the top of the stack, the reduced stack height may be sensed and the
      stack-supporting platform incrementally raised to raise the top of the
      stack to the desired height.
PAR  In its illustrated form, the apparatus includes a pair of frame members 41,
      42 which support the working parts of the apparatus in desired relation to
      the ply stack and to the conveyor 36. A shaft 37 extends between the frame
      members and forms a pivot support for a lifting arm assembly, generally
      designated by the numeral 31, which comprises a pair of arm plates 90, 91,
      journalled on the shaft 37 and connected together in spaced relation. At
      its outer end, the lifting arm 31 supports a ply picking unit, generally
      designated by the numeral 92, to be described in further detail.
PAR  As reflected in FIGS. 1 and 2, the lifting arm assembly 31 includes an
      upwardly extending lever arm 93. This arm is connected by a pin 94 to the
      piston rod 44 of a pneumatic actuator 43, sometimes referred to as the
      lifting actuator. The body of the lifting actuator is in turn connected to
      an upward extension 95 of a central frame plate 96, mounted in fixed
      relation to the outer frame plates 41, 42. To advantage, the actuator rod
      44 is not directly connected to the pin 94, but is slidably associated
      therewith, with the pin 94 being urged against the head 88 of the actuator
      rod by means of a light, compression spring 85. The initial compression in
      the spring 85 is determined by means of threaded collars 87 adjustably
      positioned on the actuator rod. The arrangement is such that, when that
      actuator 43 is operated through a full stroke in the extending direction,
      the maximum torque imparted to the lifting arm assembly thereby will be
      accurately limited by the adjusted setting of the spring 85. The latter
      merely compresses when the arm assembly meets a predetermined resistance,
      permitting the rod 44 to slide through the connecting pin 94 (see FIG. 4).
      Desirably, the spring 85 has a relatively small spring constant, such that
      some degree of variability in the overtravel of the actuator rod may be
      accommodated without significantly affecting the compression force applied
      by the spring 85.
PAR  In the illustrated arrangement, the lifting arm assembly 31 is also acted
      upon by a torsion spring 86, which is adjusted as necessary to
      substantially offset any weight unbalance in the overall arm assembly. If
      desired this could also be accomplished by means of a suitably positioned
      counterweight. In either case, the objective is to closely balance the
      assembly, so that the operating pressures exerted by the arm may be very
      delicately and precisely controlled by the compression spring 85.
PAR  Mounted on the end of the lifing arm assembly 31 is a picking unit 92
      which, when the lifting arm is lowered by extension of the actuator 43, is
      arranged to be brought into engagement with the uppermost ply 46 of the
      ply stack 34, for engagement with the upper ply in a manner to be
      described. The picking unit includes a pair of bearing plates 97 secured
      to the outer ends of the lifting arms 90, 91 and rotatably supporting a
      wheel shaft 98. Keyed or otherwise secured to the wheel shaft 98 is a ply
      gripping wheel assembly 32 and a drive pinion 56a therefor. The pinion 56a
      cooperates with a rack element 56, which is guided for longitudinal
      movement in meshing relation with the pinion 56a by means of a back-up
      roller 80 carried by the lifting arms.
PAR  At its inner end, the rack element 56 is guided by a bearing block 99 and
      is connected by a coupler 100 to the operating rod 101 of an air actuator
      55. In accordance with one aspect of the invention, and as will be further
      described, the actuating rod 101 is normally urged to an initial static
      position intermediate its fully extended or fully retracted positions, by
      means of compression springs 83, 84 received over the actuating rod 101
      and rack 56 respectively. The spring 83 acts between the end of the
      actuator and the coupler 100, while the spring 84 acts between the coupler
      100 and the bearing block 99. The initial compression of the springs 83,
      84 is such that the opposed compression forces are balanced when the
      actuator rod 101 is in an intermediate position, typically somewhat toward
      the extended position from the midpoint of its full stroke.
PAR  When the actuator 55, which may be referred to as the nipping actuator, is
      operated to retract the rod 101, the pinion 56a and associated wheel
      assembly 32 are rotated in a counterclockwise direction, as viewed in the
      drawings. Suitable means, not specifically shown, may be provided for
      adjustably limiting the retracting stroke of the actuator, although in
      general it is sufficient for the purposes of the invention to provide for
      a fixed stroke sufficient to achieve a counterclockwise wheel rotation of
      for example 95.degree.-100.degree..  As will be explained more fully
      hereinafter, the return or extending stroke of the nipping actuator 55 is
      arranged to be somewhat greater than the retracting stroke, after which
      the actuating rod 101 is permitted to return to its neutral or static
      position. To this end, the nipping actuator 55 is controlled by a four-way
      valve (not shown), with a one-shot pulse means being associated with the
      extending stroke. Thus, after retraction of the rod to rotate the ply
      gripping wheel 32 counterclockwise for 95.degree.-100.degree.,  the
      four-way valve is reversed and a pulse of air introduced into the opposite
      end of the actuator 55, extending the rod 101 sufficiently to rotate the
      wheel clockwise through an angle greater than the counterclockwise
      rotation. After the pulse has been dissipated, both ends of the cylinder
      are exhausted and the actuating rod returns to its neutral position as
      determined by the respective springs 83, 84.
PAR  As reflected particularly in FIGS. 5-9, the ply gripping wheel 32
      advantageously comprises an assembly of toothed discs 48 provided with a
      series of radially extending, relatively sharp teeth 54. Between the
      toothed discs 48 are spacer discs 49 of a somewhat smaller diameter, which
      provide lateral separation between the teeth 54 and also serve to limit
      the effective depth of the teeth. The specific configuration of the teeth
      54 is not known to be critical, although a relatively sharp, somewhat
      sawtooth-type configuration has proven advantageous for use with respect
      to a wide variety of ply materials. The principal requirements of the
      surface characteristics of the wheel assembly 32 are that it be able to
      establish an effective gripping relationship with a single ply 46 of
      material on the stack 34, to move the ply laterally in the direction of
      its principal plane, without detrimentally marking or disfiguring the ply
      material. In one advantageous form of the invention, an effective wheel
      assembly 32, having a width of about one-quarter inch is provided with
      teeth 54 extending about 0.015 inch beyond the outer diameter of the
      spacing discs 49.
PAR  Pivotally supported by the wheel shaft 98 is a pressing unit generally
      designated by the reference numeral 102. The pressing unit includes a
      supporting lever 103, mounted on the wheel shaft and provided with an
      outwardly extending arm 104 and an upwardly extending arm 105. The arm 105
      is normally urged into contact with an abutment stop 106, by means of a
      spring 107 carried by a shaft 108 and acting at its opposite ends on a pin
      109 carried by the lever arm 105 and a pin 110 carried by a pressure
      adjustment lever 111. The pressure adjustment lever 111 is pivotally
      mounted on the shaft 108 and is frictionally or otherwise retained in a
      pre-set position. Counterclockwise pivoting of the adjusting lever 111
      will result in the application of increased upward pressure by the spring
      107, increasing the clockwise bias of the lever 103. Typically, the spring
      107 is very light, affording a delicate bias adjustment of pivoting
      movements of the lever 103 about the wheel shaft 98.
PAR  Secured to the lever arm 104, typically by means of a mounting screw 61
      received in an adjusting slot 62, is a pressing foot assembly 33a. In the
      illustrated construction, the pressing foot assembly 33a includes a body
      section 112, to which are secured a pair of spaced ply stripping plates
      113. As reflected in FIGS. 8 and 9, the stripping plates 113 are
      positioned in straddling relation to the ply gripping wheel 32,
      preferrably with the plates being positioned close against the outer discs
      of the wheel assembly. The lower surfaces 114 of the stripping plates 113
      constitute stripping surfaces, and the positioning and orientation of the
      pressing foot on the lever arm 104 is such the the stripping surface
      extends in overlapping relation to the wheel assembly 32, to a point
      inside the radius of the spacing discs 49. In addition, in the region of
      intersection of the stripping surfaces 114 with the peripheral outline of
      the gripping wheel 32, it is desired that the stripping surfaces 114 lie
      at a relatively shallow angle to a tangent plane. As reflected in FIG. 14,
      for example, the stripping surface 114 are shown to lie at an angle "A" of
      less than 45.degree.  to the wheel tangent. The arrangement, as will
      appear, is such that a fabric ply engaged by the toothed discs 48 and
      urged toward the stripping surfaces 114, will be effectively displaced
      outwardly from and disengaged by the teeth 54 of the wheel without
      damaging or marking the ply material.
PAR  Pivotally secured to the block 112, as by means of a pin 115 (FIG. 7) is a
      pressing foot 33 having a pressing surface 116 along its bottom, which is
      adapted to press upon the ply stack 34, when the lifting arm assembly 31
      is lowered by extension of the lifting actuator 43. If desired, the
      pressing surface may have a rough surface for enhanced gripping action, or
      may even have spikes or pins for use especially with stiff ply materials.
PAR  A small spring 57 is connected between the body portion 112 and the
      pressing foot 33, urging the foot to pivot clockwise about the pin 115 to
      a predetermined limit position, as reflected in FIG. 7, for example, in
      such limit position, the upper surface 117 of the pressing shoe desirably
      lies below the stripping surfaces 114 forming, in effect, a material
      receiving or accumulating slot 118. The pressing shoe 33 is also provided,
      in accordance with the invention, with a nipping surface 119 at its end
      adjacent the wheel assembly 32. The nipping surface 119 forms an acute
      angle with the bottom surface 116, so as to form a relatively sharp
      forward corner 120 and so as to be relatively evenly spaced from the
      outlines of the wheel assembly 32. The adjustment and orientation of the
      nipping and pressing foot on the lever arm 104 is such that, with the
      pressing foot 33 in its clockwise limit position, there is a gap between
      the nipping surface 119 and the wheel teeth 54 which is slightly greater
      than the thickness of one layer of the ply material.
PAR  In accordance with the invention, nipping of a single uppermost ply 46 from
      the stack 34, is accomplished by first energizing the actuator 43 to
      extend its operating rod 44 and pivot the lifting arm assembly 31 in a
      clockwise direction. When the picking unit 92 engages the top of the ply
      stack, a reaction or resistance force is imparted to the lifting arm 31,
      resisting further clockwise movement. The operating rod 44 nevertheless is
      extended through its full stroke, while the spring 85 compresses to
      accommodate continued movement of the rod without effecting further
      movement of the lifting arm. The effective force applied by the
      compression spring 85 is adjusted in accordance with empirical
      observations, to accommodate various materials, depending upon such
      factors as ply thickness, density, resilience, etc. When the compression
      of the spring 85 is properly adjusted, a full extension of the operating
      rod 44 will apply a delicately controlled pressure (e.g. a few ounces) to
      the ply stack 34, such that the gripping wheel assembly 32 will penetrate
      a single ply sufficiently to effectively grip that ply, but will not
      penetrate to the depth of a second ply. In some instances, it may be
      desired to pick exactly two plies off of the stack, which can be
      accomplished with the present apparatus by proper adjustment of its
      components including if needed, the use of a larger effective tooth depth
      on the wheel 32.
PAR  As the lifting arm descends onto the ply stack 34, the pressing shoe 33
      engages the uppermost ply 46 somewhat in advance of the wheel assembly 32,
      causing the entire pressing unit 102 to pivot about the wheel shaft 98,
      against the biasing action of the spring 107. Thus, in the ply nipping
      position of the apparatus, as reflected in FIG. 4, the entire pressing
      unit 102 is displaced in a counterclockwise direction from its rest
      position, such that the pressing shoe 33 is urged downwardly onto the ply
      stack with a force which is effectively independent of that applied to the
      wheel assembly 32 and which is a function of the biasing force of the
      spring 107. This biasing force may, in accordance with the invention, be
      adjusted with precision by manipulation of the lever arm 111, so that a
      desired amount of pressing force may be applied to the stack. Typically,
      enough pressing force is applied to reliably hold the top ply against
      lateral displacement with respect to the shoe, without causing the fabric
      to be marked or otherwise disfigured. It will be understood, of course,
      that the pressing unit 102, being mounted for pivoting movement about a
      common axis with the gripping wheel assembly 32, does not change its
      geometrical relationship to the wheel when displaced against the
      resistance of the spring 107.
PAR  For a variety of reasons, the upper surface of the ply stack 34 may be
      relatively uneven. In part, such unevenness is accommodated by the
      spring-biased pivoting movement of the pressing unit 102, as above
      described. In addition, the pressing shoe 33 itself is permitted to orient
      about the axis of its pivot pin 115, to accommodate itself to the
      undulations of the stack. Thus, when the pressing foot assembly 33a
      decends, the shoe 33 may pivot against the biasing action of the spring
      57. If desired, the biasing force of the spring 57 may be varied by means
      of an adjusting screw 121.
PAR  A typical ply nipping and lifting sequence is reflected schematically in
      the sequential views of FIGS. 11-14. Initially, the entire lifting arm
      assembly 31 is lowered by energizing the lift actuator 43, bringing the
      gripping wheel 32 into precisely controlled pressure contact with the
      upper ply, as determined by the spring 85, and likewise bringing the
      pressing shoe 33 into precisely controlled contact with the ply, under
      pressure determined by the setting of the spring 107. As reflected in the
      drawing, the geometrical relationship of the ply stack 34 and the lifting
      arm assembly is such that the wheel 32 and pressing foot assembly 33a
      engage the ply stack adjacent but spaced inwardly a short distance from
      the edge 122 of the ply stack (which, for purposes of description, may be
      considered as the forward edge).
PAR  After the arm assembly has descended onto the stack, the nipping actuator
      55 is energized to retract its operating rod 101 and effect
      counterclockwise rotation of the gripping wheel 32. As will be
      appreciated, the teeth 54 of the gripping wheel, engaging the uppermost
      ply 46, drive the ply toward the right as viewed in FIG. 11 substantially
      in its plane. However, since the ply is held fixed by the pressing shoe
      33, only the edge portion of the ply, to the left of the shoe, is
      permitted to move. As a result, the flexible ply material, in the short
      area between the bottom of the wheel 32 and the forward edge 120 of the
      nipping shoe, is buckled upwardly, and carried upward and to the right by
      the rotation of the wheel. After the first few degrees of rotation, the
      folded over leading edge of the upwardly buckled wave of the ply comes
      into contact with the stripping surfaces 114. With continued rotation of
      the wheel, the ply is progressively diverted outward from and stripped off
      of the wheel teeth by the stripping surfaces, and a loop or fold 65 of the
      ply material accumulates in the slot 118 above the pressing shoe. It will
      be appreciated, in this respect, that the material for the accumulating
      loop is drawn entirely from the left side of the pressing shoe 33, with
      the material under the shoe and to the right of it being held stationary
      by the pressure of the shoe.
PAR  In the initial adjustment of the pressing foot assembly on the lever arm
      103, the nipping surface 119 is spaced slightly away from the wheel teeth
      54 such that, when a ply loop is driven between the wheel and the nipping
      surface and on into the accumulation slot 118, the two layers of fabric
      are resiliently gripped between the surface 119 and the wheel assembly 32.
      At the same time, the spacing adjustment and the adjustment of the spring
      57 is such that the wheel teeth 54 do not penetrate through to the lower
      fabric layer, at least while the shoe 33 is pressed against the ply stack
      and the wheel is in motion. If appropriate, the initial adjusted
      orientation of the pressing foot assembly 33a may be such that, when the
      lifting unit has descended to the FIG. 4 position, the pressing shoe 33 is
      caused to pivot counterclockwise a few degrees, to slightly increase the
      gap between the nipping surface 119 and the wheel 32. When a unit is
      lifted, the pressing shoe pivots back toward its initial position, to
      enhance the gripping action.
PAR  In the operation of the nipping unit, a full stroke of the nipping actuator
      55, from its intermediate, neutral position, is calculated to achieve
      about 95.degree.-100.degree.  of counterclockwise rotation of the wheel
      32, to bring the uppermost ply 46 into the condition reflected in FIG. 11,
      with the loop 65 fully developed within the accumulation slot 118. As is
      frequently the case, the forward edge 63 of the uppermost ply 46 may be
      fused to or otherwise entangled with the forward edge 63a of one or more
      subsequent plies 64. In such cases, the forward edges of the subsequent
      ply or plies are dragged along, when the edge of the topmost ply 46 is
      displaced by rotation of the gripping wheel 32. Upon completion of the
      stroke of the nipping actuator 55, a typical condition of the fabric plies
      is as illustrated in FIG. 11.
PAR  In accordance with one aspect of the invention, a hold down element 68,
      movably carried by a support 69, is actuated by completion of the
      retracting stroke of the actuator 55 and caused to descend (by gravity or
      other means) upon the ply stack, to the position shown in FIG. 12. To
      advantage, the hold down element 68 includes a downwardly extending finger
      71, which engages the top of the ply stack at a point spaced inward from
      the forward edge 122 of the stack a distance slightly less than the
      distance through which the uppermost ply 46 is displaced during the
      nipping movement of the wheel 32. Thus, when the hold down element 68
      descends, the finger 71 presses down upon and restrains the folded over
      edge of the next ply or plies. Of course, if the plies separate
      satisfactorily in the first instance, the hold down finger merely descends
      to the top of the stack, in the manner reflected in FIG. 14. The downward
      projection of the finger 71 is desired to avoid pressing flat and thereby
      creasing a folded over ply section on the frequent occasions when edge
      entanglement does occur.
PAR  As reflected best in FIGS. 11-13, the operative geometrical relationships
      of the gripping wheel 32, and its actuator, and the hold-down finger 71
      are as follows: First, the gripping wheel 32 is located so as to engage
      the top ply a short distance in from the stack. For purposes of
      identification, this distance may be referred to as a first predetermined
      distance. Second, upon full actuation of the nipping actuator 55, the
      upper ply is displaced through a distance, referred to herein as a second
      predetermined distance. The second predetermined distance is less than the
      first, such that the top ply remains underneath the gripping wheel 32
      after actuation thereof, as shown in FIG. 11. Third, the location of the
      hold-down finger 71 is such that it will engage any folded over portion of
      a second ply which remains attached to the first ply. This relationship is
      also illustrated in FIG. 11. Thus, the location of the hold-down finger is
      at a third predetermined distance from the edge of the ply stack, and this
      third distance is less than the second predetermined distance, in order to
      clear the back edge of the first ply, but greater than half of the second
      predetermined distance, in order to overlie a folded over second ply.
      These various geometrical relationships, reflected in FIG. 11, are
      required in order for the hold-down finger 71 to operatively engage and
      hold back a folded over second ply, as frequently results from edge
      entanglement or edge fusing.
PAR  When the hold down element 68 has descended, the lifting cylinder 43 is
      actuated in the reverse or retracting direction, to raise the lifting arm
      31 and with it the picking unit 92. The uppermost ply 46 is, at this time,
      firmly gripped by the wheel teeth 54 against the nipping surface 119 and
      is thus pulled upward, as indicated in FIGS. 12 and 13, causing the nipped
      ply 46 to be drawn away from the lower plies, held by the finger 71. This
      action effectively disengages the fused or entangled ply edges 63, 63a, at
      least in the area of the picking unit 92.
PAR  In special applications, where edge entanglement of the individual plies is
      a minor problem, it might be feasible to manipulate the picking unit 92,
      after raising of the arm assembly 31, to transport the lifted fabric
      section to a further destination, by bodily movement of the picking unit.
      However, in accordance with one aspect of the invention, significant
      advantages, as well as higher operating efficiencies, are realized by
      limiting the functioning of the picking unit to simply nipping and lifting
      of an edge of the top ply, and providing separate transport means for
      lifting and separating the balance of the fabric section and transporting
      it to its further destination. In this respect, in a typical stack of die
      cut fabric sections, edge fusing or edge entanglement can be a problem
      about the entire periphery of the fabric section. Thus, merely separating
      the plies along a forward edge section, by the procedures thus described,
      may not under all conditions be adequate to achieve effective separation
      of the uppermost ply.
PAR  Pursuant to the invention, after the picking unit 92 has been retracted to
      its raised position, as shown in FIG. 14, carrying with it the detached
      forward edge of the ply 46, a transport shutter 35 is actuated from its
      retracted position, shown in broken lines in FIG. 1, to an extended
      position, shown in full lines in FIG. 1. The shutter 35 is suitably guided
      and supported from the frame plates 41, 42, for reciprocating movement in
      a horizontal plane, between the extended and retracted limit positions
      reflected in FIG. 1. Any suitable actuating means may be employed, such as
      an electric motor driving an endless chain loop (not shown), to which the
      shutter is connected. A single cycle of the chain loop operates to advance
      the shutter from its retracted position to its advanced position and back
      again to its retracted position over the conveyor 36. The overall
      efficiency of the unit is enhanced by timing the operation of the picking
      and lifting mechanisms to synchronize with the transport mechanisms such
      that, while the shutter 35 is delivering a separated ply to the conveyor
      36, the picking and lifting unit returns to the ply stack 34 to engage and
      nip the next ply.
PAR  In accordance with the invention, the shutter plate 35 is provided with a
      tapered leading edge, the narrowest portion of which is aligned with the
      picking unit 92. Thus, when a fabric ply is engaged and lifted by the
      picking unit, edge separation of a pair of plies may in some cases be
      completely effective only in the immediate vicinity of the picking unit
      itself. However, the narrow leading edge 123 of the transport shutter is
      able to enter between the top and lower plies in this narrow region. Then,
      as the shutter continues to advance, and while the top ply continues to be
      held in the picking unit and the hold down element 68 continues to hold
      all of the remaining plies of the stack, the tapered side edges 124 of the
      shutter progressively enter between the plies and effect complete
      separation of the forward edges 63, 63a. The shutter then continues to
      advance underneath the top ply 46, gradually lifting that ply up onto the
      surface of the shutter and simultaneously progressively separating any
      entangled edge areas of the top and lower plies until, finally, the entire
      leading edge area 123, 124 of the shutter emerges behind the back edge 126
      of the top ply. When the shutter is thus in its fully advanced position,
      all of the edges of the top ply will have been freed from the stack, and
      the entire ply will have been lifted above the stack and will be resting
      upon the upper surface of the shutter. The shutter then immediately
      reverses direction and returns toward its retracted position over the
      conveyor 36, carrying with it the separated ply.
PAR  In the system of the invention, the gripping action of the picking unit 92
      on the separate ply, during the progressive interpositioning of the
      transport shutter 35, is enhanced by the relatively sharp configuration of
      the shoe tip 120. This tip resists movement of the separated ply in the
      direction of shutter movement to the right, while the edges of the ply are
      being freed by the shutter.
PAR  As reflected in FIG. 1, the shutter plate 35, in its fully extended
      position, projects beyond the far edge 126 of the separated ply. Mounted
      on the upper surface of the plate, adjacent its leading edge are a pair of
      ply-positioning lugs 74. These are spaced a short distance on either side
      of the centerline of the shutter and include forwardly projecting lips 127
      (see FIG. 16). The positioning lugs are adapted, upon the return or
      transporting stroke of the shutter 35, to engage the ply edge 126, to
      assure positive engagement of the separated ply and to assist in its
      positioning.
PAR  Not infrequently, the edges of the separated ply may exhibit a tendency to
      curl. Thus, to assure proper engagement of the positioning lugs 74 with
      the ply edge 126, a lightweight, displaceable hold down element is
      provided to engage the upper surface of the separated ply, as it is lifted
      by the advancing shutter plate and to hold the ply edge 126 flat against
      the plate, at least in the region of the positioning lugs 74, until the
      ply is engaged by these lugs. To advantage, the hold down member may be in
      the form of a short length of ball chain or the like 81 disposed
      longitudinally over the centerline of the plate 35 and suspended at both
      ends by a bar 81a carried by a transverse rod 82. As reflected in FIGS.
      16-18, as the shutter plate 35 advances to its extended or pickup
      positions, the initially free-hanging chain 81 is displaced slightly
      upward, as the ply 46 is picked up and supported by the advancing plate. A
      portion of the chain lies between the positioning lug 74, so that at least
      in that area, the ply edge is held flat on the shutter plate. In some
      cases, the chain 81 may also be utilized to dissipate static electrical
      charges, if any, on the separated ply.
PAR  When the transport shutter 35 initiates its return movement, the separated
      ply typically is engaged by its back edge 126 and carried positively along
      with the transport shutter, until the shutter reaches the position shown
      in broken lines in FIG. 1. However, immediately prior to the commencement
      of return movement of the shutter, the leading edge of the fabric ply must
      be released by the picking unit 92 and freed to move with the shutter. In
      accordance with the invention, reliable and effective cast off of the
      separated ply from the picking unit 92 is achieved by effecting clockwise
      rotation of the gripping wheel assembly 32 through an angle of rotation
      greater than the counterclockwise rotation which occurs during the nipping
      operation. This is achieved, in accordance with the invention, by
      momentarily energizing the nipping actuator 55 in the extending direction,
      by means of a pulsing valve (not shown). Such momentary energizing of the
      actuator 55 causes its operating rod 101 to be extended to the right, as
      viewed in the drawings, through and beyond the "neutral" position
      otherwise determined by the static balance of the springs 83, 84. Thus, if
      the rotation of the wheel 32 during the nipping operation is on the order
      of 95.degree.-100.degree., counterclockwise, the rotation of the wheel
      during the cast off operation typically is on the order of
      10.degree.-15.degree. degrees greater, or in the range of
      105.degree.-115.degree., for example. This over rotation in the cast off
      direction assures that the fabric ply will be fully cleared from the
      picking unit at the time the transporting motion of the shutter plate 35
      commences. After the energizing pulse to the actuator 55 has been
      exhausted and dissipated, the spring 84 will return the operating rod 101
      to its neutral or static position. This will impart a slight
      counterclockwise rotation to the wheel 32, but this has no effect, since
      the ply has already been released by the picking unit.
PAR  In the system of the present invention, it is contemplated that the
      movement of the transport shutter 35 will be carried out at the relatively
      high speed (e.g. on the order of 24 inches per second). To make certain
      that the leading edge of the separated ply is not lifted by relative
      movement of the ply with respect to the air during the transport motions,
      hold-down guide means are provided, closely overlying the plane of the
      shutter plate 35 in the region between the picking unit 92 and the
      "destination" position over the conveyor 36. In the illustrated
      arrangement, the hold-down means includes a pair of longitudinally
      extending guide wires 128 supported in cantilever fashion by frame bars
      129. The guide wires 128 extend in straddling relation to the picking unit
      92 and, to advantage, are positioned slightly below the picking unit when
      the latter is in its upraised position, as shown in FIG. 3, for example.
      When the picking unit is raised with a nipped ply, the guide wires overlie
      the leading edge of the ply, on either side of the pick unit. As shown in
      FIG. 2, the shutter plate 35 is spaced slightly below the guide wires 128
      and supports 129 such that, during the transporting stroke of the plate
      35, the central portion of the ply is closely confined between the guides
      and the plate.
PAR  At some point in the operating cycle, after the topmost ply has been
      completely separated from the ply stack 34, the stack hold-down member 68
      is released and raised sufficiently high above the stack to free and
      permit the return to relatively flat condition of any doubled-over end
      portion of a ply or plies. In a typical system, the control signal for
      raising the stack hold-down element 68 may be derived from the transport
      shutter 35 reaching its destination position. The hold down 68 then
      remains in its lifted position until the next operation of the picking
      unit 92, to engage the new topmost ply and displace it laterally to the
      position shown in FIG. 11. Conveniently, the hold down 68 may be an
      appropriately weighted element, which is drawn to its down or holding
      position by gravity and is lifted at the appropriate time in the operating
      cycle by a solenoid or other actuator means. Desirably, the hold-down
      element may also be utilized for actuating a stack height control switch
      (not shown). Thus, when the hold-down element, upon release and gravity
      movement to its holding position, drops beyond a predetermined limit
      point, a suitably positioned switch is actuated to incrementally raise the
      supporting platform for the play stack.
PAR  When the transport shutter 35 has reached its destination position, over
      the conveyor 36, the transported ply is engaged and held, during the
      return movement of the shutter plate for pick up of a subsequent ply. As
      the shutter plate moves out from underneath the restrained ply, it drops
      onto the conveyor 36, whereupon it is conveyed away to a subsequent
      processing operation, such as a sewing step. Since the ply is
      progressively released by the returning shutter plate, it is appropriate
      to momentarily stop the conveyor 36 while it receives the ply, to avoid
      skewing the ply by reason of the conveyor motion. Alternatively, a
      suitable receiving platform (not shown) may be extended up in the spaces
      130 between the individual belt sections of the conveyor to receive the
      ply, holding it above the conveyor surface. After the shutter has
      completely released the ply, the platform may be withdrawn through the
      spaces 130 to deposit the ply onto the moving conveyor.
PAR  As will be readily appreciated, in the various handlings of the ply stack,
      various displacements and disorientations can and regularly do occur such
      that, when the ply is lifted by the picking unit and received on the
      transport shutter 35 in the first instance, it may be in a somewhat skewed
      position. Likewise, although it is intended that the back edge 126 of the
      separated ply be uniformly engaged by the positioning lug 74 in all
      instances, there may be occasions when the friction between the shutter
      and the ply will cause the ply to be accelerated with the shutter plate
      without coming into proper contact with the positioning lugs 74. It is
      nevertheless contemplated by the present invention that the separated and
      transported plies be placed upon the conveyor 36 in an accurately aligned
      and properly oriented condition, so that the plies can be effectively
      received and utilized in the processing station which comprises the
      destination of the conveyor 36. To this end, a variety of positioning and
      orienting means is provided in the illustrated system.
PAR  To assist in the proper initial engagement of the ply edge 126 with the
      shutter plate positioning lugs 74, it may be advantageous to utilize a
      plurality of light weigt drag bars 73, which are loosely suspended over
      the play stack 34 by means of a transverse rod 131. The drag bars are
      arranged to hang freely from the supporting rod 131 and have ply engaging
      surfaces 132. When the transport shutter plate 35 is actuated to its
      extended position, lifting up a separated ply, the drag bars are lifted
      slightly and swung toward the rear edge of the ply. When the shutter plate
      35 subsequently reverses direction, the ply is restrained by the drag bars
      73 and urged to slide over the top of the shutter plate 35 until engaged
      by the positioning lugs 74. At that time, the restraining action of the
      drag bars 73 is overcome, the bars are lifted further in their retaining
      slots 133 and pivoted around with the movement of the ply, as reflected in
      FIG. 18, for example.
PAR  When the transport shutter 35 reaches its destination position over the
      conveyor 36, the leading edge 63 of the ply is brought into engagement
      with a pair of widely spaced positioning lugs 76, which are supported by
      the central frame plate 96 and extend downward below the plane of the
      shutter plate 35. Appropriate recesses 133 are provided in the shutter
      plate for the accomodation of these positioning lugs. As will be
      appreciated, the location of the lugs 76 is such, in relation to the
      location of the shutter-mounted lugs 74 that, when the shutter plate is in
      its destination position, the transported ply is engaged at both end edges
      by the lugs 74, 76.
PAR  In accordance with one aspect of the invention, a novel and highly
      effective means is provided for both positioning and orienting the
      transported ply before depositing the ply on the conveyor 36. To this end,
      the equipment includes a pair of retractable sweep arms 78 mounted on a
      rock shaft 134 journalled in the frame plates 41, 42. The shaft 134 is is
      connected by a lever arm 135 to a sweep arm actuator 77 anchored to the
      machine frame. When the actuator 77 is energized to its extended
      condition, the shaft 134 is rotated clockwise and the sweep arms are
      raised up above the transport plate 35. When the actuator is retracted,
      the arms are lowered, and downwardly offset extensions 136 of the sweep
      arms are positioned to overlie in paralled relation the shutter plate 35
      and the trailing edge region of the separated ply, when the transport
      shutter is in its destination position.
PAR  As reflected best in FIG. 20, the offset extensions 136 of the sweep arms
      are provided with downwardly projecting positioning lugs 137, which are
      somewhat thicker than the thickness of the separated ply 46. When the
      sweep arm actuator 77 is retracted, these lugs 137 are brought to bear
      resiliently on the upper surface of the transport plate 35, with a surface
      sliding relationship, such that the plate may subsequently be actuated to
      move back to its extended or ply pick up position, with the lugs 137
      remaining in contact with the plate and sliding over its upper surface.
      The forward-facing edges 138 of the lugs 137 form positioning abutments,
      for engagement with and alignment of the rear ply edge 126, in the manner
      to be described. In this connection, the respective sweep arms 78 may
      include provisions for slight longitudinal adjustment, to effect precise
      alignment of the positioning lugs 137.
PAR  After lowering of the sweep arms 78, the transport shutter plate 35 may
      commence its extending movement to the ply pick up position. As it does
      so, the ply edge 126 will tend to engage at least one of the vertical
      abutment surfaces 138. However, particularly with the desired rapid
      movement of the transport shutter contemplated by the present invention,
      the mere movement of the shutter cannot be relied upon to effect proper
      rotational orientation of the ply in all cases, even though the ply will
      be driven up against one of the positioning lugs 137. Thus, if the
      transported ply 46 is slightly rotationally disoriented, as reflected in
      broken lines in FIG. 22, as the shutter 35 moves to the right, the ply
      edge 126 will be urged into engagement with one of the positioning lugs,
      but the frictional forces of the shutter plate moving out from under the
      disoriented ply are not reliably effective to urge the disoriented ply
      into contact with the second positioning lug. Accordingly, as a novel
      feature of the invention, provisions are made for effecting a laterally
      outward sweeping movement of the sweep arms 78 during the extending
      movement of the shutter 35. The combination of such manner has been found
      to be highly effective in bringing about the desired reorientation of the
      ply, so that it is properly aligned with the conveyor 36 as it is
      deposited thereon.
PAR  The desired sweeping action of the sweep arm 78 is achieved in the
      illustrated apparatus by providing a cam plate 139 on the upper surface of
      the shutter 35. The cam plate is provided with opposed divergently related
      cam surfaces 79 in its leading section, arranged for engagement with the
      inwardly facing side edges of the sweep arm positioning lugs 137.
PAR  When the shutter plate 35 is in its destination position, and the sweep
      arms 78 are initially lowered, the divergent cam surfaces 79 will lie
      slightly inside of the positioning lug 137, as reflected in FIG. 21, for
      example. Then, as the shutter moves to the right, as indicated in FIG. 22,
      the lugs are engaged by the cam surfaces 79, and the sweep arms are
      displaced laterally outward. This outward movement is accommodated by
      pivotal mounting of the sweep arms on support blocks 140, by means of
      pivot 141. Spring means 142 (FIG. 1) urge the sweep arms 78 in the return
      direction, when released by the cam surfaces 79.
PAR  As the sweep arms 78 are displaced outwardly, with a sweeping action, the
      abutment surfaces 138 act upon the ply edge 126, which is confined between
      the shutter plate and the arm extensions 136. The full sweeping stroke
      advantageously is completed within a short distance of travel of the
      shutter plate 35 in the advancing direction. This combined sweeping action
      and plate motion has been found to be highly and reliably effective in
      quickly orienting the transported ply, so that it is deposited properly on
      the conveyor 36 as the shutter is progressively withdrawn.
PAR  After the shutter plate has moved completely out from under the transported
      ply, the ply drops away from the sweep arms 78. Thereafter, the sweep arm
      actuator 77 may be extended to raise the arms above the plate to permit a
      subsequent ply to be transported to the destination position.
PAR  It will be appreciated, of course, that various of the inventive features
      herein described, while useful and even synergistic in combination, may in
      many cases be used to significant advantage by themselves. The picking
      unit for example has important independent features of novelty, among
      which are provisions for independent movement of the pressing foot
      assembly with respect to the gripping wheel, while maintaining the
      operative geometrical relationships between these elements, so that the
      picking unit will accommodate itself to uneven contours of a ply stack.
      First, the entire picking unit is arranged to be lowered onto the ply
      stack with a delicate, easily adjustable and accurately controlled
      pressure, determined by the precompression setting of the spring 85. In
      conjunction with this, the pressing foot assembly itself is independently
      yieldably mounted in the picking unit assembly.
PAR  In the system of the invention, the picking unit is advantageously
      positioned to grip the top ply of a ply stack adjacent but spaced from the
      forward edge of the ply. The picking unit functions initially to displace
      the forward edge of the ply toward the back edge, while an intermediate
      portion of the ply is restrained by the pressing foot. This forms a wave
      in the ply, which is guided into an accumulation slot, forming an upwardly
      displaced buckle or fold in the fabric, which is easily nipped for
      withdrawal of the forward edge area of the ply. Since most typical
      commercial installations of equipment of this type will require the
      handling of ply stacks in which at least some of the plies will be fused
      or entangled at the edges, a stack hold-down element is provided, to
      engage the top of the ply stack in a limited area, spaced inward from the
      forward edge of the plies a distance slightly less than the extent of
      lateral displacement of the topmost ply effected by operation of the
      picking unit. Thus positioned, the hold-down unit may descend upon the ply
      stack, after actuation of the picking unit but before lifting of the
      nipped ply, to secure the underlying plies, including any that may have
      been looped over and dragged along with the nipped ply because of edge
      entanglement. The location and functioning of the hold-down element
      provide for significantly improved operation of the overall system, in any
      operations in which edge entanglement of the plies is likely to be
      experienced, which is the usual case.
PAR  Although the picking unit of the invention is designed and intended
      principally for picking up a single ply, exluding others, there are some
      circumstances under which it is desired to pick up plies two at a time. In
      this respect, the picking mechanism of the invention can easily be
      adjusted to pick up precisely two plies, by control of wheel pressure,
      selection of appropriate wheel tooth depth, and the like.
PAR  Another particularly advantageous feature of the invention resides in the
      combined use of a picking and lifting mechanism for freeing a limited
      forward edge area of the top ply, after which the remainder of the ply is
      freed from the stack by the progressive interposition, between the
      partially lifted ply and the balance of the stack, of a flat plate-like
      shutter. To best advantage, the leading edge of the shutter is tapered, to
      gradually complete the severing action along the front edge of the ply;
      progressive severing of the back edge of the ply is automatically achieved
      by the progressive interposing movement of the shutter, as will be
      understood. While the shutter is being interposed between the upper ply
      and the balance of the stack, the ply itself is being securely held by the
      picking unit while the balance of the stack is being retained by the
      hold-down element. In this respect, the specifically illustrated
      equipment, intended for the handling of relatively small parts such as
      shirt pocket patches, functions effectively with a single picking unit and
      single hold-down element. For larger ply sections, it may be advantageous
      to utilize two or more picking units. Typically, there will be a hold-down
      element associated with and in alignment with each of the picking units.
PAR  Another of the advantageous features of the invention resides in the
      provision, in the picking unit, of an actuating arrangement for gripping
      wheel 32 which provides for a greater displacement of the wheel in the
      cast off direction than in the pickup direction. In this respect, in
      providing for effective and reliable nipping of the fabric between the
      gripping wheel and the pressing shoe, it is equally important to assure
      that the nipped fabric is reliably cast off and freed from the picking
      unit for the transport phase. If there is any hang up of the fabric on the
      picking unit, the ply will be crumpled at the start of the return movement
      of the transport shutter, and the equipment will malfunction. With the
      mechanism of the present invention, a simple yet highly effective
      overtravel motion is provided for the cast off operation, by arranging for
      a neutral or static position of the actuator, between the extremes of its
      stroke. On the return or cast off stroke, the actuator is momentarily
      pulsed and then exhausted, so that it is driven through and beyond its
      neutral position to achieve the desired over-travel movement in the cast
      off operation. After full release of the ply, the mechanism returns to its
      neutral or static position.
PAR  Another highly advantageous feature of the invention resides in the
      provision, for cooperation with the transport shutter plate, of laterally
      moving sweep arms, which form laterally moving edge abutment means for a
      transported ply, which is being released by the transport shutter. The
      lateral sweep motion of the edge abutments in conjunction with
      longitudinal releasing motion of the shutter plate is highly effective in
      achieving proper angular orientation of a ply at the conclusion of the
      transport phase.
PAR  It should be understood, of course, that the specific form of the invention
      herein illustrated and described is intended to be representative only, as
      certain changes may be made therein without departing from the clear
      teachings of the disclosure. Accordingly, reference should be made to the
      following appended claims in determining the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A picking apparatus for nipping and lifting a limp ply, which comprises
PA1  a. ply gripping means including a movable ply gripping surface,
PA1  b. means for moving said ply gripping surface into controlled pressure
      contact with the top ply of a ply stack, whereby movement of said surface
      will effect displacement of the ply generally in the plane in which the
      ply initially rests,
PA1  c. a stationary ply retaining means positioned adjacent said movable
      gripping means,
PA1  d. means for moving said ply retaining means into contact with said top ply
      whereby upon movement of said gripping surface toward said retaining
      means, said ply is buckled into a wave between said surface and said
      retaining means, and
PA1  e. means for gripping and lifting said wave,
PA1  f. said ply gripping and said ply retaining means being mounted for
      individually controlled pressure contact with adjacent portions of the top
      ply of a ply stack,
PA1  g. said ply gripping means comprising a controllably rotatable ply gripping
      wheel having a ply gripping surface, and
PA1  h. said ply retaining means being mounted for pivoting movement about the
      axis of said wheel.
NUM  2.
PAR  2. A picking apparatus according to claim 1, further characterized by
PA1  a. support means for said ply gripping means,
PA1  b. first yieldable means associated with said support means and said
      gripping means for urging said ply gripping wheel against said ply stack
      with a predetermined adjustable force, and
PA1  c. second yieldable means independent of the first yieldable means and
      associated with said ply retaining means for urging said retaining means
      against said ply stack.
NUM  3.
PAR  3. A picking apparatus according to claim 2, further characterized by
PA1  said second yieldable means comprising spring means acting between said ply
      gripping means and said ply retaining means to urge said ply retaining
      means to move relative to said gripping means.
NUM  4.
PAR  4. A picking apparatus for nipping and lifting a limp ply, which comprises
PA1  a. ply gripping means including a movable ply gripping surface,
PA1  b. means for moving said ply gripping surface into controlled pressure
      contact with the top ply of a ply stack, whereby movement of said surface
      will effect displacement of the ply generally in the plane in which the
      ply initially rests,
PA1  c. a stationary ply retaining means positioned adjacent said movable
      gripping means,
PA1  d. means for moving said ply retaining means into contact with said top ply
      whereby upon movement of said gripping surface toward said retaining
      means, said ply is buckled into a wave between said surface and said
      retaining means,
PA1  e. means for gripping and lifting said wave,
PA1  f. said ply gripping and said ply retaining means being mounted for
      individually controlled pressure contact with adjacent portions of the top
      ply of a ply stack,
PA1  g. support means for said ply gripping means,
PA1  h. first yieldable means associated with said support means and said
      gripping means for urging said ply gripping wheel against said ply stack
      with a predetermined adjustable force,
PA1  i. second yieldable means independent of the first yieldable means and
      associated with said ply retaining means for urging said retaining means
      against said ply stack,
PA1  j. said support means comprising a pivotally mounted lifting lever,
PA1  k. means for effectively substantially balancing said lever,
PA1  l. said first yieldable means comprising an actuator element operable
      through a predetermined stroke, and a spring interconnecting said lifting
      lever and said actuator, and
PA1  m. adjustable means interconnecting said spring and said actuator element
      for controlling the amount of displacement of said spring caused by the
      predetermined stroke of said actuator.
NUM  5.
PAR  5. A picking apparatus for nipping and lifting a limp ply, which comprises
PA1  a. a movable gripping member movable about an axis and having an arcuate
      ply gripping surface,
PA1  b. lifting means supporting said member for rotary movement of its gripping
      surface about said axis,
PA1  c. means forming a ply stripping element extending from a point outside the
      arcuate surface of the gripping member to a point within the projected
      configuration of the member and disposed at a relatively shallow angle
      with the gripping surface of the member at the point of intersection of
      said stripping element with said gripping surface,
PA1  d. ply retaining shoe means positioned to yieldably press upon the ply
      stack, adjacent said ply gripping member, whereby ply material displaced
      by movement of said member is caused to buckle into a wave in the region
      between said member and said shoe, and
PA1  e. said stripping element and said shoe means forming an accumulation
      cavity for receiving said wave.
NUM  6.
PAR  6. A picking apparatus according to claim 5, further characterized by
PA1  a. means for actuating said gripping surface through a predetermined
      distance in one direction to effect a predetermined accumulation of ply
      material, and
PA1  b. said means for actuating being operative to drive said gripping surface
      through a greater distance in the opposite direction to effect cast off of
      the accumulated ply material.
NUM  7.
PAR  7. A picking apparatus according to claim 6, further characterized by
PA1  a. said ply gripping member comprising a wheel,
PA1  b. said means for actuating comprising a double-acting fluid actuator
      having a static position intermediate the limits of its strokes.
NUM  8.
PAR  8. A picking apparatus according to claim 5, further characterized by
PA1  a. said ply gripping member comprising a toothed wheel assembly,
PA1  means mounting said ply retaining shoe means for pivotal movement about the
      axis of said wheel, and
PA1  c. yieldable means urging said shoe means to pivot about said axis in the
      direction of the ply surface.
NUM  9.
PAR  9. A picking apparatus according to claim 8, further characterized by
PA1  a. said retaining shoe means including a supporting member mounted for
      pivoting movement about the wheel axis, and
PA1  b. said shoe means further including a pressing shoe pivotally mounted on
      said supporting member and engageable with the surface of the ply
      material.
NUM  10.
PAR  10. A picking apparatus according to claim 9, further characterized by
PA1  a. said pressing shoe having a gripping surface facing and spaced slightly
      from said wheel and accommodating the passage of a wave of buckled ply
      material, and
PA1  b. spring means normally urging said pressing shoe to pivot in a direction
      urging said gripping surface toward said wheel.
NUM  11.
PAR  11. A picking apparatus according to claim 5, further characterized by
PA1  a. first adjustable spring means urging said gripping surface into contact
      with said ply material, and
PA1  b. second adjustable spring means, independent of said first spring means,
      for urging said ply retaining shoe means into contact with said ply
      material.
NUM  12.
PAR  12. An apparatus for picking and separating plies of limp material, one at
      a time, from a stack, which comprises
PA1  a. gripping means for engaging the top ply and displacing it away from one
      edge of the ply stack,
PA1  b. said gripping means engaging the ply at a first predetermined distance
      from said one edge.
PA1  c. pressing means engaging the ply stack adjacent the gripping means and on
      the side thereof away from said edge, to restrain the upper ply against
      movement and thereby causing said fabric to be formed into a wave between
      said gripping and pressing means,
PA1  d. ply stack hold-down means engageable with the top of the stack in a
      region spaced from said edge,
PA1  e. said hold-down comprising a first portion extending above the stack in
      spaced relation and a second portion extending downward to engage the
      stack in a limited area spaced inward from said edge,
PA1  f. actuating means of limited effective stroke for actuating said gripping
      means through a movement of limited displacement to displace said top ply
      a second predetermined distance from said edge,
PA1  g. said second predetermined distance being less than said first
      predetermined distance, and
PA1  h. the second portion of said hold-down means engaging said stack in a
      region spaced from said edge a third predetermined distance, less than,
      but greater than half of, said second predetermined distance, whereby
      following displacement of a ply by said gripping means, said hold-down
      means engages said ply stack at a point removed from the topmost ply but
      over a lower ply secured edge-to-edge with said first ply.
NUM  13.
PAR  13. An apparatus according to claim 12, further characterized by
PA1  a. control means for lowering said hold-down means into engaged relation to
      said stack after actuation of said gripping means, to accommodate edge
      separation of successive plies, and
PA1  b. control means for raising said hold-down means following said edge
      separation to release folded-over lower plies previously attached to the
      trailing edge of the topmost ply.
NUM  14.
PAR  14. An apparatus for picking and separating limp plies from a stack
      thereof, which comprises
PA1  a. means for gripping the top ply and displacing it away from one edge of
      the stack,
PA1  b. stack hold-down means engageable with the stack in a region spaced
      between said edge and said gripping means,
PA1  c. means for lifting said gripping means and a top ply held thereby away
      from the stack while said hold-down means is engaged with the stack,
PA1  d. means for lifting the hold-down means substantially above the stack
      after said top ply has been removed by said lifting means,
PA1  e. said gripping means being engageable with said top ply in a region
      spaced inwardly from said one edge of the stack a first predetermined
      distance and being operative to displace said top ply, generally in the
      direction of its initial plane, away from said edge through a second
      predetermined distance which is less than the first predetermined
      distance, and
PA1  f. said hold-down means being positioned to engage said stack in a limited
      area located between said edge and said gripping means and spaced inward
      from said edge a distance less than the second predetermined distance but
      greater than one-half thereof.
NUM  15.
PAR  15. Apparatus for separating and transporting limp plies one at a time from
      a stack thereof, which comprises
PA1  a. means for gripping and lifting one edge portion of a top ply of the
      stack,
PA1  b. hold-down means for engaging the stack below the top ply in the region
      of said one edge,
PA1  c. a plate-like shutter means movable into interposition below said top ply
      and above the remainder of the stack, to fully separate said top ply from
      said stack, and
PA1  d. means guiding said plate-like shutter for progressive interposing,
      longitudinal movement, entering adjacent said one edge and progressing
      toward and beyond the opposite edge,
PA1  e. said plate-like shutter being of greater width than the plies of said
      stack, whereby progressive longitudinal interposing movement of the plate
      is operative to effect positive separation of the side edges of said top
      ply from lower plies,
PA1  f. said means for gripping and lifting being engageable with limited areas
      only of said top ply,
PA1  g. said plate-like shutter having a tapered leading edge portion adapted to
      be received initially between said top ply and said stack in the limited
      region in which said top ply is gripped and lifted, and
PA1  h. said tapered leading edge portion progressively forcing outward and
      separating any edges of said top ply which are attached to said stack.
NUM  16.
PAR  16. Apparatus for separating and transporting limp plies one at a time from
      a stack thereof, which comprises
PA1  a. means for gripping and lifting one edge portion of a top ply of the
      stack,
PA1  b. hold-down means for engaging the stack below the top ply in the region
      of said one edge,
PA1  c. a plate-like shutter means movable into interposition below said top ply
      and above the remainder of the stack, to fully separate said top ply from
      said stack,
PA1  d. means guiding said plate-like shutter for progressive interposing,
      longitudinal movement, entering adjacent said one edge and progressing
      toward and beyond the opposite edge,
PA1  e. means for reciprocating said plate-like shutter between an interposed
      position, between said stack and top ply, and a predetermined destination
      position, and
PA1  f. means independent of said gripping and lifting means effective to retain
      said top ply on said shutter during movement of the shutter and the ply to
      said destination position.
NUM  17.
PAR  17. Apparatus for separating and transporting limp plies one at a time from
      a stack thereof, which comprises
PA1  a. means for lifting one edge of a top ply of the stack,
PA1  b. plate-like transport shutter means,
PA1  c. means for guiding and actuating said plate-like shutter means in a plane
      above the top of the ply stack but below a lifted edge of the top ply,
      whereby a lifted top ply may be engaged and supported for transport by
      said shutter means, and
PA1  d. means for actuating said shutter means to move with a ply to a
      predetermined destination position,
PA1  e. said shutter means being movable between said top ply and said stack
      progressively from one end edge of the ply to the other,
PA1  f. ply engaging means carried by said shutter means adjacent its leading
      edge and engageable with said other end edge of the top ply for positive
      engagement with said ply during movement of the shutter means toward said
      destination position, and
PA1  g. means for effecting removal of a ply from said shutter means at said
      destination position,
PA1  h. said means for effecting removal comprising means for retaining said ply
      and means for effecting return movement of said shutter means.
NUM  18.
PAR  18. The apparatus of claim 17, further characterized by
PA1  a. ply positioning means independent of said shutter means being mounted
      adjacent said destination position and engageable with said one end edge
      of the ply when said shutter means is in said destination position.
NUM  19.
PAR  19. An apparatus for separating and transporting limp plies one at a time
      from a ply stack, which comprises
PA1  a. means to pick plies one at a time from a ply stack,
PA1  b. a flat shutter plate for receiving plies one at a time from the picking
      means,
PA1  c. means for actuating said shutter plate between ply receiving and ply
      delivering positions, and
PA1  d. means for orienting said plies on said plate comprising a pair of sweep
      elements engageable with one end edge of a ply supported by said plate,
      near the center of said edge, and movable symmetrically away from said
      center while maintaining engagement between said edge and at least one of
      said sweep elements.
NUM  20.
PAR  20. The apparatus of claim 19, further characterized by
PA1  a. said sweep elements comprising a pair of pivotally mounted sweep arms
      having portions closely overlying said shutter plate and having edge
      engaging lugs engaging the surface of the plate,
PA1  b. first control means for raising and lowering said sweep arms, and
PA1  c. second control means for swinging said sweep arms outwardly to cause
      said edge engaging lugs to displace and reorient a misaligned ply.
NUM  21.
PAR  21. The apparatus of claim 20, further characterized by
PA1  a. third control means for effecting movement of said shutter plate in a
      direction to urge a ply supported thereon toward said edge engaging lugs
      during outward sweeping movements of said arms.
NUM  22.
PAR  22. The apparatus of claim 21, further characterized by
PA1  a. plies of material being discharged from said plate of said destination
      by movement of said plate while said sweep arms are lowered.
NUM  23.
PAR  23. The method of picking and removing limp plies one at a time from a
      stack, which comprises
PA1  a. displacing a first limited area of the top ply through a predetermined
      limited distance generally in the plane of the ply and away from a
      predetermined edge of the ply,
PA1  b. simultaneously restraining against displacement a second limited area
      portion of the top ply closely adjacent the first area and on the side
      thereof opposite said predetermined edge, whereby said ply is buckled into
      a wave,
PA1  c. gripping said ply in the region of said wave,
PA1  d. subsequent to displacement of said top ply, engaging and restraining the
      remainder of the stack of plies in a limited region located between said
      predetermined edge and said first limited area and spaced from said
      predetermined edge a distance greater than one-half of said predetermined
      distance, and
PA1  e. thereafter removing said top ply.
NUM  24.
PAR  24. The method of claim 23, further characterized by
PA1  a. the step of removing said ply being effected by the progressive
      interposition of an element between the partly displaced top ply and the
      remainder of the stack to separate and support said top ply, and
PA1  b. thereafter bodily removing the element and the top ply to another
      location.
NUM  25.
PAR  25. The method of claim 23, further characterized by
PA1  a. said first limited area being displaced a predetermined distance to
      effect formation of said wave, and
PA1  b. said first limited area being urged for displacement through a greater
      distance in an opposite direction for effecting castoff.
NUM  26.
PAR  26. The method of picking and removing limp plies, one at a time, from a
      stack which comprises
PA1  a. controllably, yieldably engaging a first limited area of the top ply
      adjacent one edge of the ply and displacing it in a direction away from
      said one edge through a predetermined limited distance,
PA1  b. thereafter pressing downward on the ply stack in a second limited area
      between said one edge and said first limited area and spaced from said one
      edge a distance less than, but greater than one-half of, the distance of
      displacement, whereby to engage all plies below the top, including any
      plies whose edges are connected to said one edge,
PA1  c. said second limited area being sufficiently removed from said one edge
      to substantially avoid creasing of the folded-over margin of a connected
      lower ply, and
PA1  d. thereafter lifting said top ply.
NUM  27.
PAR  27. The method of claim 26, further characterized by
PA1  a. said top ply being lifted a limited distance in said limited area,
PA1  b. thereafter said top ply being fully separated from said stack by
      progressive interposition between said stack and said top ply of a flat
      element,
PA1  c. after said full separation, said limited area of said top ply being
      released,
PA1  d. the separated top ply being supported on substantially its entire bottom
      surface and transported laterally from said stack, and
PA1  e. the transported ply being aligned and oriented while so supported, and
      then discharged.
NUM  28.
PAR  28. The method of picking and removing limp plies, one at a time, from a
      stack, which comprises
PA1  a. controllably, yieldably engaging a first limited area of the top ply
      adjacent one edge of the ply and displacing it in a direction away from
      said one edge through a predetermined limited distance,
PA1  b. thereafter pressing downward on the ply stack in a second limited area
      between said one edge and said first limited area and spaced from said one
      edge a distance less than, but greater than one-half of, the distance of
      displacement, whereby to engage all plies below the top, including any
      plies whose edges are connected to said one edge,
PA1  c. thereafter lifting said top ply,
PA1  d. controllably, yieldably engaging said top ply in a second limited area,
      immediately adjacent said first area and on the side thereof opposite said
      one edge,
PA1  e. restraining said second area while displacing the first to form a wave
      in the ply,
PA1  f. nipping the ply near the base of the wave and lifting the nipped area,
PA1  g. while continuing to nip the ply, interposing a member progressively
      between the ply and the stack to fully disengage and separate said ply
      from said stack, and
PA1  h. after disengaging and separating said ply, transporting said ply to a
      predetermined destination while simultaneously commencing to engage a next
      successive ply in the sequence set forth in subparagraphs (a), (b) and (c)
      hereof.
NUM  29.
PAR  29. The method of orienting a limp ply after transportation thereof, on a
      flat plate to a destination, which comprises
PA1  a. while the ply remains on the plate, interposing a pair of spaced edge
      engaging elements adjacent one end edge of the ply and spaced well inward
      from its side edges,
PA1  b. thereafter moving said plate in a direction to move said end edges
      toward said edge engaging elements, and
PA1  c. during engagement of said end edge with at least one of said elements
      and while continuing to move said plate in said direction, moving said
      edge engaging elements symmetrically outward from the center of the ply.
NUM  30.
PAR  30. The method of claim 29, further characterized by
PA1  a. continuing to move said plate in said direction while maintaining said
      edge in engagement with at least one of said elements, until said plate is
      fully removed from under said ply.
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ABST
PAL  A reproduction machine has a photoconductive surface and a stripping device
      for separating the leading edge of a transfer sheet from the surface.
      Located adjacent to the stripping device is a guide which is maintained at
      a reference voltage such that an electrostatic attraction is set up
      between the guide and the transfer sheet so as to draw the latter toward
      the guide. A support member generally uniformly separated from the guide
      serves to support the transfer sheet in the event the electrostatic
      attraction is insufficient to draw the transfer sheet to the guide. Either
      the guide or the support member may be at least partially covered by a
      layer of insulating material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sheet handling and processing mechanisms.
PAR  Sheet handling and processing mechanisms are employed in conventional
      automatic electrostatographic imaging systems. For instance, a single
      sheet is fed onto an electrophotographic drum where the developed image is
      transferred from the drum to the sheet. After the transfer step is
      completed, the sheet is stripped from the drum.
PAR  There are several known methods by which a sheet is separated from a drum;
      for example, that shown in U.S. Pat. No. 3,062,536 to Rutkus. This
      mechanism employs a manifold having a multiple outlet conduits or nozzles
      directed against the surface of the electrostatographic drum so that jets
      of compressed aeriform fluid from the nozzles are directed against the
      leading edge of the sheet being transferred to blow the edge of the sheet
      off the drum. In this system the remainder of the sheet being transferred
      is then peeled from the drum due to its own weight. The manifold is
      supplied with compressed aeriform by means of a pulsator or similar source
      of compressed aeriform fluid.
PAR  Another method utilizes mechanical arms which are physically inserted
      between the sheet and the conveyor surface. This type of apparatus is
      normally programmed so that the arm is placed against the drum surface as
      the sheet approaches the vicinity of the stripping area. When the sheet
      meets the arm, it is physically separated from the conveyor surface by the
      arm being inserted between the two. To assure that the sheet is always
      separated and diverted from the drum, the tip of the arm usually travels
      in recesses on the drum surface so that there is no possible way the sheet
      can move past the arm. An improvement in this type of system is described
      in U.S. Pat. No. 3,450,402 to Weiler. This apparatus consists of an arm
      carrying a multitude of wedge shaped fingers located adjacent to and
      spaced across the path of travel of the sheet being carried by the
      conveyor surface. The fingers are biased against the conveyor surface when
      the leading edge of the sheet reaches the vicinity of the fingers to cause
      separation of the sheet from the drum. After the leading edge of the sheet
      is separated, the arm rotates moving the fingers and the edge of the sheet
      away from the conveyor surface.
PAR  Whatever form of sheet stripping mechanism is provided, it is desired that
      the sheet or copy carrying medium which could be of continuous web form,
      continues to strip from the conveyor or drum surface. In many instances
      the copy carrying medium will continue to strip under the action of its
      own weight after its leading edge has been separated by one form of
      stripping device or another. However, in some instances we have found that
      the copy carrying medium does not continue to strip satisfactorily along
      its length under the action of gravity alone. In other instances, the
      copying apparatus is so positioned that the action of gravity is not in a
      direction that assists the stripping action and may even be acting counter
      to the desired direction for such stripping action.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a stripping aid for an
      electrostatic copying machine or for any other machine in which a laminar
      medium retains a net electrostatic charge after being processed.
PAR  According to the invention, there is provided a stripping aid for an
      electrostatographic copying machine comprising a guide arranged to be
      maintained at a reference voltage and mounted adjacent a stripping device,
      such that in use an electrostatic attraction is set up between the guide
      and the copy carrying medium to draw said medium towards said guide.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows schematically for illustrative pusposes an electrostatographic
      copying machine.
PAR  FIG. 2 shows diagrammatically the stripping aid.
PAR  FIG. 3 shows schematically the stripping aid as applied to an
      electrophotographic machine, which machine uses the same general copying
      principles as the machine illustrated in FIG. 1.
PAR  FIG. 4 shows how a modification of the present invention would appear if
      taken through line 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, FIG. 1 is generally illustrative of a
      conventional automatic electrophotographic reproducing apparatus. The
      principal element is number 11 bearing a photoconductive insulating layer
      or like receiving surface formed in the shape of a drum which is mounted
      for rotation. The drum is first passed through a charging station 13 at
      which a uniform electrostatic charge is deposited on the photoconductive
      layer. The drum is then passed through exposure station 15 at which a
      light or radiation pattern is projected onto the drum surface to dissipate
      the charge in the exposed areas thereof and thereby form an electrostatic
      latent image of the copy to be reproduced. Next, the drum is passed
      through the developing station 17 at which a developing material including
      toner particles having an electrostatic charge opposite to that of the
      electrostatic latent image is cascaded over the drum surface whereby a
      portion of the toner particles adhere to the electrostatic image to form a
      powdered image in the configuration of the copy to be reproduced. After
      developing the electrostatic latent image, the drum passes through
      transfer station 19 at which the powder image is electrostatically
      transferred from the drum surface to a transfer material or sheet.
      Thereafter the drum surface is brushed at station 21 to remove any
      residual toner particles remaining on it after image transfer, and the
      drum surface is exposed as station 23 to a relatively bright light source
      to effect substantially complete discharge of any residual electrostatic
      charge remaining on it in preparation for the next cycle.
PAR  After the development step and prior to the transfer step, the sheet to
      which the toner image is to be transferred is fed onto the photoconductive
      element or drum 11, the periphery of the drum becoming its conveying
      surface. The sheet may be any conventional size provided that it is made
      of semi-flexible material such as paper, plastic, film, etc.
PAR  The stripping apparatus designated as 25 is positioned adjacent the drum 11
      subsequent the image transfer station 19, but prior to the cleaning
      station 21. It is necessary to remove the sheet from the drum 11 at this
      point in order to further process the sheet at a location remote from the
      drum. For instance, once a sheet is removed from the vacinity of the drum
      11 the toner image can be fused to the sheet or otherwise made permanent
      without any deleterious side effect to the photoconductive surface of the
      drum 11. It is believed that the foregoing description is sufficient for
      purpose of this application to show the general operation of a known
      electrostatographic reproducing apparatus using a sheet stripping
      apparatus. For present purposes, it is sufficient to explain that the
      stripping device comprises one or more bristled interposers which are
      inserted between the sheet and the drum 11. The interposers are swung out
      of the path of the sheet as soon as the leading edge of the sheet is
      separated from the drum.
PAR  Referring to FIG. 2, a photoreceptor 100 is provided with a sharp-nosed
      stripping device 101. A paper transport system 102 is mounted above the
      photoreceptor 100 to supply sheets to pass between the surface of the
      photoreceptor 100 and a transfer roll 103. A metallic plate 104, which is
      electrically earthed, is mounted above the stripping device 101.
PAR  In use, the sheets pass under the transfer roll 103 to receive an image
      from the surface of the photoreceptor 100. The leading edge of each sheet
      is separated from the surface of the photoreceptor 100 by the stripping
      device 101 so that the leading edge moves towards the plate 104. Due to
      contact with the surface of the photoreceptor, each sheet attains at nett
      electrostatic charge. Thus, an electrostatic field is set up between the
      surface of the sheet and the surface of the plate 104 which tends to
      attract the sheet towards the plate 104. In practice, this attraction acts
      to strip the sheet, except for the leading edge, from the surface of the
      photoreceptor 100 so that the surface of the sheet does not contact the
      stripping device 101. This feature is particularly advantageous and
      especially as illustrated acting against gravitational forces, where the
      image transferred to the sheet is not firmly established and/or would be
      spoiled by rubbing contact. In the arrangement illustrated, it is noted
      that the image carrying surface, except perhaps adjacent the leading edge,
      of the sheet is not physically contacted by the stripping device 101 or
      the plate 104.
PAR  Referring to FIG. 3, similar parts to FIG. 2 are like numbered. The stages
      of operation of the copying apparatus are illustrated by lettering as
      follows on the photoreceptor 100: A is the charging station. B is the
      exposure station. C is the developing station, in this case comprising a
      liquid applicator roll 105. D is the transfer station where the image of
      the original document on the surface of the photoreceptor 100 is
      transferred to a sheet of paper (not shown). E is the cleaning station
      comprising a cleaning blade 106.
PAR  The stripping aid comprises, as in FIG. 2, a plate 104 which is connected
      to an earthing point in the apparatus when in use. A second plate 108
      beneath the plate 104 extends along the length of plate 104 and is
      substantially uniformly separated from it. In normal use, the plate 108
      takes no active part in the function of the stripping aid. However, if
      paper passes through the apparatus and the net charge on the surface of
      the paper is insufficient to generate a strong enough electrostatic field
      to cause the paper to be attracted against the plate 104, the plate 108
      tends to prevent paper jamming in the apparatus. Too small a charge can
      exist if the apparatus is out-of-operation for some time with a sheet of
      paper positioned in the transfer station, for example, allowing the
      surface of the sheet to discharge. Likewise, if the charging station fails
      to operate then not only will the copying function cease but, the surfaces
      of the sheets of paper passing through the apparatus will tend to be no
      longer charged or no longer charged sufficiently.
PAR  In carrying out the invention, the guide or plate 104 is maintained at some
      reference voltage. In the described embodiment the reference voltage is
      for example and for convenience, zero voltage. Whatever the voltage
      reference is, an electrostatic field is established due to the charge
      distributed on the surface of the sheets of transfer medium leaving the
      transfer station D.
PAR  It will be appreciated that this surface charge tends to leak away as soon
      as the surface of the sheets touches the plate 104. However, in practice
      and particularly when a liquid development system is used, the leakage is
      retarded by the inherent high resistance of the oily nature of diluent
      constituents of the ink. In a dry liquid system, the ink particles tend to
      be sufficiently electrically resistive to prevent rapid discharge of the
      surfaces of the sheets so that the electrostatic field exists at least
      until the functional requirements of the stripping aid is achieved.
PAR  In modifications of the embodiments described, the plate 104 is
      longitudinally grooved or corrugated so that air gaps are formed between
      the sheets and the plate 104 extending in parallel along the path of
      travel of the sheets. This tends to reduce the discharge area such that
      the attracting electrostatic field is maintained for a longer time period
      than before. For similar reasons, in other modifications, we provide an
      insulating layer on the plate 104 which covers in one arrangement the
      plate 104 and in another arrangement covers part of the plate 104.
      Likewise, this inhibits the leakage of the charge from the surface of the
      sheets.
PAR  The plate 108 is normally formed at least in part, of insulating material
      or, if electrically conductive, arranged to float in the electrical sense.
      If this is not the case the surface charges on the sheets of paper may
      establish an attracting electrostatic field with the plate 108 instead of
      the plate 104.
PAR  In the described embodiment of FIG. 3, the surface of the photoreceptor 100
      was charged to about 600 microcoulombs per square meter. The paper sheets
      used had a dielectric constant in dry air typically equal to 4 .times. 8.8
      .times. 10 .sup..sup.-12  farads per meter and a density of 80 grams per
      square meter. In the embodiment described a sufficiently strong
      electrostatic field is established if the surface of each sheet leaving
      the transfer station D has a value of at least 3 microcoulombs per square
      meter. In practice, we find the surface charge is of the order of about 20
      microcoulombs per square meter when copying average office type-written
      originals. Thus, a satisfactory working margin is generally established in
      the desired embodiment.
PAR  It will be appreciated that, as has been mentioned, if the copying
      apparatus is suitably positioned, the sheets of paper tend to fall away
      from the surface of the photoreceptor under the action of gravity. That
      is, this happens when the stripping station is positioned at the lowest
      part of the photoreceptor. The stripping aid described may be provided not
      as described to tend to lift the sheets away from the stripping device,
      but to pull down the sheets out of contact with the stripping device to
      assist the gravitational forces acting on the sheet.
PAR  Upper and lower most positions of the stripping device have been described
      and illustrated, and described in the previous paragraph respectively. The
      stripping aid is also useful in all other positions around the
      photoreceptor periphery, whenever required for a particular configuration.
      Thus, although some limitation in the attitude of other stations may
      exist, say the developing station, depending on what form or type of
      station is used, liquid or dry and what sort, the stripping aid of the
      present invention enables stripping to be independent of the point around
      the surface of the photoreceptor where stripping of the sheet takes place.
PAR  A stripping aid according to the invention can be used with virtually all
      stripping devices. In practice, the forces required to strip the leading
      edge of sheets cannot be generated by the described earthed planar surface
      acting alone. However, the stripping aid of this invention can be
      incorporated as described with most known and proposed stripping devices.
      The stripping aid can also be used in a non-copying environment, as will
      be appreciated, provided that the medium to be stripped carries sufficient
      electrostatic charge on its surface to cooperate with the planar surface
      to generate an attracting electrostatic field of suitable strength.
PAR  While a particular embodiment of the invention has been described above, it
      will be appreciated that various modifications may be made by one skilled
      in the art without departing from the scope of the invention as defined in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination of an electrostatographic reproduction machine having
      means defining a photoconductive surface, means for charging the
      photoconductive surface, means for exposing the photoconductive surface to
      form an electrostatic latent image on the surface, means for developing
      the latent image, and means for transferring the developed image to a
      transfer sheet, with an improved stripping mechanism, the stripping
      mechanism comprising means for separating the leading edge of the transfer
      sheet from the photoconductive surface, a guide disposed adjacent to the
      separating means for guiding the transfer sheet, means for maintaining the
      guide at a reference voltage sufficient to set up an electrostatic
      attraction between the transfer sheet and guide after the leading edge of
      the transfer sheet has been separated from the photoconductive surface,
      means for forming a plurality of air gaps between the transfer sheet and
      the guide during movement of the transfer sheet over the guide, means
      separated from and extending along and beneath the guide for supporting
      the transfer sheet in the event the electrostatic attraction is
      insufficient to attract the transfer sheet to the guide, and means for
      preventing the transfer sheet from being electrostatically attracted to
      the supporting means during movement between the guide and the supporting
      means.
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ABST
PAL  A programmably alterable incrementing system particularly adapted for use
      in conjunction with an apparatus for selectively indexing punch cards or
      like sheet material through a work station; such apparatus being
      particularly susceptible to errors in tolerance such as may be due to
      inaccuracies in mechanical components, but which are particularly
      attributable to variation in humidity conditions. Means including a
      stepping switch are provided to introduce a corrective factor, as needed,
      into the indexing system to ensure that the required correspondence exists
      between the actual and the intended increment imparted to a punch card as
      it is advanced through the work station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to incrementing systems particularly of the
      type used in conjunction with a punch card preparation device. Such an
      incrementing system is the subject of the co-pending patent application of
      Albert Romeo et al. entitled Card Advancement Mechanism, bearing Ser. No.
      402,328 and filed Oct. 1, 1973, the contents of which are incorporated
      herein by reference. Incrementing systems in the nature of that disclosed
      in the aforementioned Romeo et al. appplication are adapted to advance a
      punch card on a selective rather than an incremental basis. As a result of
      the selective advancement capability such indexing systems are
      particularly susceptible to errors such as result from a failure to
      observe mechanical tolerances in the fabrication or assembly of machine
      components since the results of such errors are usually reflected in a
      cumulative manner. Such errors may also be caused by variations in
      humidity conditions.
PAR  A punch card constitutes a convenient medium for storing information both
      at the input and output of a data processing system. Punch cards come in a
      variety of lengths, the most common of which is the 80 column version so
      designated because of a corresponding number of columns which are evenly
      spaced over the length of the card; each column comprises 12 rows such
      that the punch card in total yields some 960 possible punch positions.
PAR  Various punching techniques are available, including gang punching, whereby
      information may be entered into any or all of the 960 punch positions
      simultaneously. Serial punching techniques are also available whereby all
      positions of a single row or a single column may be simultaneously
      punched. Variations of the gang and serial punching techniques are also
      known. In the preferred embodiment of the present invention information is
      simultaneously punched into the punch positions comprising two cards
      columns.
PAR  Because of the large amount of information generated within a data
      processing system there is a need to expedite the preparation of punch
      cards; however, this latter need is secondary to the need to accurately
      position the punch information relative to the face of the punch card.
      Mechanical tolerances of the punching mechanism are extremely small in
      order to insure that information being entered into the punch card will be
      correctly interpreted in a subsequent processing operation. Thus, the
      punch aperture separation between adjacent columns generally employed is
      0.087 inch, measured from center to center of adjacent punch apertures. A
      tolerance of .+-. 0.010 inch is permitted; this tolerance being dictated
      in part by the resolution power of the punch card reading equipment. The
      latter may register an error condition if the differences in punch
      aperture spacing exceeds the allowed tolerance. It is therefore important
      that the center line of the aperture be accurately determined. For this
      purpose the center line of each aperture may be located relative to the
      leading edge of the punch card by the card reading mechanism. It is
      possible that an error introduced between adjacent punch apertures will be
      compounded over the length of the punch card, thus resulting in an error
      condition being detected in the subsequent processing of the punch card.
      This is particularly true of systems wherein the punch card is selectively
      indexed through the punch or read stations. In selective indexing a punch
      card is stopped at only those columnar positions at which information is
      to be entered.
PAR  In the selective indexing systems once a punch card has been positioned at
      the punch station and the leading edge or first columnar position has been
      brought into registration with respect to the indexing system the further
      advancement of the punch card proceeds somewhat independent of any
      reference indicia or reference point appearing thereon. Thus, a punch card
      is translated from one columnar position to another by rotating an index
      wheel through a predetermined amount such that the periphery of the index
      wheel, which is in contact with the punch card, advances the latter to the
      next punch location whereat information is to be entered. After entry of
      the information therein, the punch card is again rapidly advanced to the
      next columnar position at which information is to be entered. This may
      mean the punch card is incremented one columnar position between
      successive stops (in the preferred embodiment of the present invention the
      minimum increment would be two columnar positions) or it may be advanced
      any number of columnar positions within the limit of the balance of
      columnar positions remaining on the card.
PAR  The indexing system is theoretically designed to advance a punch card in
      exact columnar increments; however, various influencing factors are known
      to result in the development of a displacement, or error factor, between
      the actual advancement and the intended advancement. The mechanical
      tolerance related to the diameter of the index wheel is one factor which
      contributes to the development of displacements in such a selective
      indexing system; however, also critical is the possible affect of high
      humidity on the card length.
PAC  SUMMARY OF THE INVENTION
PAR  In order to accurately interpret information entered into a punch card it
      is important that the information, as it is being entered, be accurately
      positioned with respect to the face of the punch card. Errors due to
      mechanical tolerances and changes in weather conditions such as are noted
      above cannot be tolerated. Accordingly, it is a principal object of the
      present invention to provide means for use in conjunction with the
      indexing portion of a punch card preparation apparatus to compensate for
      differences between the actual and intended increment imparted to a punch
      card or like sheet material in an indexing system whether such differences
      are relatively fixed, as are those due to mechanical tolerances, or
      whether they are of a changing nature such as are due to changes in
      humidity conditions. In order to achieve the principal object of the
      present invention switching means are provided for use in conjunction with
      the indexing system, which switching means can be manually set whenever an
      error condition in excess of a predetermined minimum is registered by the
      indexing system. The switching means, when set, introduces a compensating
      increment of distance to be distributed, i.e. added or subtracted, over
      the card length as the punch card is advanced by means of the indexing
      system. In this manner allowances are made for displacements between
      intended and actual length of increments brought about for any reason.
PAR  It should be understood that the subject invention may serve as a means to
      correct mechanical deficiencies detected in the indexing portion of a
      punch card apparatus upon completion of the manufacture thereof and prior
      to the shipment to a customer; and after installation, as a means for
      continually compensating for changes in the intra-columnar spacing of a
      punch card due to changes in humidity conditions as measured between the
      time a punch card is prepared and a time subsequent thereto when the
      informational content of the punch card is being interpreted. If a punch
      card is prepared under relatively high humidity conditions and then is
      exposed to a dry atmosphere it may shrink considerably such that the
      spacing between adjacent apertures is no longer within the allowable
      tolerance, especially where the card is processed in a selectively
      indexable advancing system such that a cumulative error results.
PAR  Although recognition has been extended to the substantial influence
      humidity conditions may have on the preparation and processing of punch
      cards, Applicants are unaware of any attempt to compensate for the adverse
      effects of such conditions during the initial preparation of the punch
      card. Attempts are known to have been made to compensate for displacement
      errors incurred during the interpretive processing phase of punch cards,
      i.e. during the card read cycle. Such attempts have resulted in the
      development of elaborate systems to measure columnar spacing and introduce
      a correction factor accordingly; however, these compensating techniques
      are at best "after-the-fact" techniques and are not designed to compensate
      directly for such conditions at the point in time when the punch card is
      being prepared.
PAR  An approach, which has been tried in the related field of sheet feeding for
      xerography purposes, involves an attempt to control the humidity
      conditions within the sheet feeding apparatus by sensing the relative
      humidity and drying out the sheet material accordingly. The benefits of
      this latter approach have indirectly been available in earlier versions of
      electronic data processing equipment which, because of the fragile and yet
      electrically inefficient nature of the electronic equipment employed, it
      was necessary to provide a fairly stable operating environment. The
      controlled environmental conditions in turn resulted in a relative stable
      value of humidity in the punch cards. Because of the expanded use of data
      processing techniques and equipment these same controlled environmental
      conditions no longer prevail, at least to the extent that they once did,
      and as a consequence one is now more likely to find data processing
      equipment, particularly of the nature herein involved, in uncontrolled
      environmental conditions and thus subject to the normal extremes in
      humidity.
PAR  The preferred embodiment of the programmably alterable incrementing system
      constituting the subject of the present invention comprises a three
      position switch which operates in conjunction with signals generated in an
      associated servo actuated indexing system to introduce a positive,
      negative or zero correction factor to the length of card increment which
      is otherwise independently brought about by the indexing mechanism. The
      correction factor is distributed over the entire length of the punch card
      as a plurality of smaller increments, being either added to or subtracted
      from the normal spacing between adjacent columnar positions. In this
      manner the actual length of card increment effective over the entire
      length of the punch card is maintained within the tolerance limits
      prescribed by the punch card reading equipment.
PAR  Insofar as the error displacement introduced by both mechanical and
      humidity conditions is cumulative in nature it is only necessary to
      introduce a correction factor on a periodic basis, i.e. once every few
      columns, to ensure that the cumulative displacement does not exceed the
      tolerance limits of the equipment. In the preferred embodiment of the
      present invention this is accomplished by introducing a corrective factor,
      if needed, after incrementing through every 20 columnar positions. Thus,
      for 80 column punch card equipment, three such adjustments are introduced,
      these occurring at approximately the 20th, 40th and 60th columnar
      positions. The number and size of adjustment may be varied to meet the
      operative needs and standards of the equipment involved. In this respect
      it is only necessary to ensure that each correction factor does not
      introduce a displacement which exceeds the tolerances prescribed by the
      card reading equipment. In the 80 column card equipment comprising the
      preferred embodiment of the present invention, this end is achieved by
      introducing an overall adjustment capability of some 12 mils.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a partial system schematic illustrating dimensional and
      positional relationships between the card positioning-incrementing
      assembly and the work station; and further illustrating in block
      diagrammatic fashion the operative relationship of the components
      comprising the feedback network for sensing and further controlling the
      position of the card incrementing means;
PAR  FIG. 1A is a profile view of the dimensional and positional portions of the
      assembly depicted in FIG. 1;
PAR  FIG. 1B details the Position Sensor of FIG. 1;
PAR  FIG. 1C details a portion of the Sensor of FIG. 1B;
PAR  FIG. 2A depicts a portion of a waveform generated by the Position Sensor of
      FIG. 1B, the enlarged portion of the waveform includes plural operating
      points each of which corresponds to a stable shaft position assumed in
      consequence of the fact that an appropriate correction factor has been
      introduced;
PAR  FIGS. 2B and 2C represent the direction and magnitude of correction factors
      introduced into a punch card during the preparation thereof in order to
      compensate for either a "long" or a "short" condition which would
      otherwise result in a corresponding error in the punch card;
PAR  FIGS. 3A, 3B, 3C, 3D, and 3E are circuit schematics illustrating the
      construction details of corresponding portions of the programmably
      alterable incrementing system of FIG. 1;
PAR  FIG. 4 is a chart comparing the need for and the results achieved by means
      of the present invention in compensating for a long and a short condition;
      these results being further contrasted with an "ideal" condition in which
      no compensation is required; and,
PAR  FIG. 5 illustrates comparative timing of basic pulses provided by the
      control circuitry of FIGS. 3, or otherwise generated by corresponding
      portions of the subject data recorder, to enable the introduction of
      appropriate correction factors.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIGS. 1 and 1A, therein is disclosed a system-schematic
      illustrating the relationship between the card incrementing means used to
      advance an 80 column punch card and the further relationship between these
      incrementing means and the control circuitry therefor. A punch card 10 is
      releasably engaged with an index roll 12 by means of a relay actuated,
      spring biased, pressure roll 14, the latter being selectively retracted by
      means of the relay (not shown) during the initial phase of a card
      positioning operation to enable the leading edge of the punch card 10 to
      pass between the index roll and the pressure roll. In the preferred
      embodiment of the present invention the trailing edge of the punch card is
      referred to as the reference edge; there being means (not shown) operative
      during the initial phase of a card positioning operation (i.e., at
      "Register Roll" time, see FIG. 5) to contact the reference edge of the
      punch card and to bring the first two columns of the punch card into exact
      registration with respect to a work station. The mechanism for contacting
      the punch card by its reference edge and advancing it into registration at
      the work station is fully disclosed in the co-pending application of
      Alexander Hunter entitled CARD FEED MECHANISM, filed June 29, 1973 as Ser.
      No. 374,869. It is the function of the present invention to introduce a
      compensation factor of whatever magnitude may be required to ensure that
      the punch card is in exact registration with the work station at all times
      during the processing of the punch card therethrough.
PAR  The index wheel 12 is mechanically connected to a DC motor 18 by means of a
      shaft 20. Motor 18 may comprise a servo motor of conventional design. Also
      connected to the motor shaft 20 is a position sensor diagrammatically
      represented in FIG. 1 as member 22. The position sensor 22 may comprise a
      calibrated disc mounted directly on the motor shaft 20 so as to
      synchronously rotate with the index wheel 12. Conventional photoelectric
      sensing means may be used to scan the calibrated disc so as to
      continuously monitor the position of the index wheel 12 and hence the
      relative position of a punch card in engagement with the indexing
      mechanism.
PAR  As seen in FIG. 1B, the sensing means employed in the preferred embodiment
      of the present invention comprise a disc 24 operatively positioned between
      dual photo diodes 26 and a point source light beam emitted from a light
      emitting diode 28. The light emitting diode 28 is positioned so as to
      evenly irradiate the dual photo diodes 26 such that in the absence of the
      disc 24 each of the photo diodes would be equally illuminated and as a
      consequence a difference amplifier 30, connected to the two output leads
      from the photo diodes, would generate a null difference signal. Disc 24 is
      apertured such that when positioned between the light source 28 and the
      photo diodes 26, and made to rotate, it chops the light beam irradiating
      the dual photo diodes. The geometry of the light source, disc and photo
      diodes is such that first one and then the other of the paired diodes will
      receive a disproportionate amount of radiation. The output signal from the
      difference amplifier 30 varies in a manner proportional to the difference
      in the radiation reaching the photo diodes 26.
PAR  As may be seen from FIG. 1C, the width of one aperture or window on the
      disc 24 is the same as the width of the nonlight transmitting spacing
      between successive apertures on the disc; the disc being so positioned
      with respect to the light source 28 and the photo diodes 26 that the
      amount of light passed by each aperture equals the width of the two paired
      photo diodes. Since the width of the spacing between successive apertures
      is the same as the width of an aperture this means that both photo diodes
      go alternately from an all light to an all dark condition. The manner by
      which the photo cells are unbalanced in the transition from all light to
      all dark and vice versa results in an unbalance of the photo diode current
      so as to produce an approximately linear change in the difference current
      between the two photo diodes. The symmetry of the system is such that when
      both diodes are in an all light or an all dark condition there will be an
      essentially balanced condition between the two photo diode currents.
PAR  A power supply of conventional design (not shown) is used to energize the
      light emitting diode 28 of FIG. 1B. The power supply, represented
      generally in FIG. 1B as member 32, provides an output which in part is
      used to supply a constant current source 33, the output of which in turn
      flows essentially through diode 36, the latter being inserted to
      compensate for the base-to-emitter drop of transistor 35 of the
      transconductance amplifier 34. The diode 36 is connected in series with a
      thermistor 38 which has a temperature coefficient which complements the
      temperature coefficient of light emitting diode 28. The inter-relationship
      of members 34, 35, 36, 38 and 28 is such that the voltage developed at the
      point common to both the diode 36 and the base of the transistor 35 is a
      function of the ambient temperature. Since the voltage at the base of
      transistor 35 controls the output current of the transconductance
      amplifier 34, the latter directly reflects the ambient temperature. Also,
      since the transconductance amplifier 34 in turn drives light emitting
      diode 28 the latter operates at constant LED output independent of
      temperature. A variable resistor 37 is inserted into the transconductance
      amplifier circuit 34 to adjust initially for component tolerances such
      that the output of the difference amplifier 30 is maintained at
      approximately 10 volts peak-to-peak; or alternatively, that the motor 18
      will maintain a prescribed speed for a reference velocity command, the
      latter feature being unrelated to the subject of the present invention.
PAR  Rotation of the disc 24 results in the generation of a ramp shaped waveform
      at the output of the difference amplifier 30. The ramp shaped function
      rises to a maximum value as one or another of the two photo diodes 26
      becomes totally illuminated; it passes through the null reference level as
      both photo diodes are equally illuminated; and, goes to a negative peak as
      the other of the two photo diodes becomes totally illuminated. The ramp
      shaped signal appears at the output of the Position Sensor 22 of FIG. 1 as
      the waveform 22A. The waveform 22A is in turn inputted into a Schmitt
      Trigger 23 whereby pulses corresponding to successive positive peaks are
      generated. The output signals from the Schmitt Trigger are in turn
      inputted into a flip-flop 29, the output of which constitutes a MOVE INDEX
      signal which occurs once for each columnar increment for which the punch
      card is advanced.
PAR  The apertures on the disc 24 are such that a one-to-one correspondence
      exists between alternate successive positive or negative peaks of the
      signal generated at the output of the differential amplifier 30 and a
      displacement of one columnar position, i.e., 0.087 inch, of the punch card
      10 effected by way of the indexing mechanism. If now a particular one of
      the apertures on the disc 24 is referenced to a point on the punch card
      then any desired displacement of the punch card may be effected by moving
      the card by way of the indexing mechanism and at the same time counting
      the peaks occurring at the output of the difference amplifier 30 until the
      punch card has been translated through the desired number of columns.
PAR  The ramp-shaped waveform 22A generated at the output of the position sensor
      22 also serves as a feedback signal to the DC motor 18. As such, the
      output of the position sensor 22 is connected to the input side of
      position transfer logic 25. Logic 25 functions to convert the output of
      the sensor 22 into some meaningful drive signal for driving the DC motor
      18. In so doing the column count information derived from the sensor 22 is
      combined with input information from the central control portion of the
      data recorder defining the next stop position on the punched card.
      Appropriate circuitry, which may comprise a counter operative in
      conjunction with a comparator, registers the column count information and
      permits a POSITION signal to be selectively gated into member 25 until a
      favorable comparison is effected between the column count and the
      information defining the succeeding stop position. To this end a signal is
      generated within the position transfer function logic of member 25. This
      signal, after being amplified in power amplifier 21, serves to step motor
      18 thereby rotating the index wheel 12 through a sufficient arc to
      translate the punch card 10 through 0.087 inch for every two complete
      cycles of the waveform 22A. Further details of the position transfer
      function logic used in the implementation of the preferred embodiment of
      the present invention are to be found in FIGS. 3 and 5 hereof in
      conjunction with the explanations thereof appearing elsewhere herein and
      in the aforementioned Romeo et al. U.S. patent application Ser. No.
      402,328.
PAR  As noted above, there exists in the preferred embodiment of the present
      invention a ratio of two complete cycles of the ramp-shaped waveform for
      each column of the punch card. Taking into account the fact that the
      preferred embodiment of the present invention increments the punch card
      through the work station in minimal steps of two columns each, it follows
      that at least four cycles of the ramp-shaped waveform are registered per
      step of the indexing means. Further, since the preferred embodiment of the
      present invention is implemented to selectively increment the punch card
      through any desired number of columnar locations, it is possible that a
      cycle count of 156 may be registered in the course of processing a
      conventional 80 column punch card through a single step.
PAR  The number of cycles of the ramp-shaped waveform per column of the punch
      card may be altered by simply increasing or decreasing the number of
      apertures on the disc 24. The significance of such a change should become
      more readily apparent from the following explanation of a portion of one
      cycle of the waveform 22A, as depicted in FIG. 2A. The segment of the
      waveform 22A represented in FIG. 2A comprises a straight line portion
      having a negative slope. Resolving the straight line into horizontal and
      vertical components results in a representation of shaft position by way
      of the horizontal component while the vertical component represents
      displacement about a DC null level; the latter signal being more readily
      interpreted in terms of a difference signal generated at the output of the
      amplifier 30 of FIG. 1B.
PAR  If the output of the difference amplifier 30 represents a control signal in
      a closed loop DC servo system which includes DC motor 18, then the shaft
      20 of the motor 18 will tend to "lock-in" when the dual diodes 26 are
      equally illuminated. The point "E" on the negatively sloping diagonal line
      of FIG. 2A represents the relative position on the output waveform
      generated by the position sensor 22 where lock-in occurs under conditions
      whereby the dual diodes 26 receive equal amounts of illumination. This is
      a point of relative stability for the motor 18 and hence shaft 20; the
      point being referred to herein as a nominally stationary shaft position.
PAR  Since shaft position is directly translatable into relative orientation of
      the index wheel 12 there exists a means for establishing a correlation
      between the nominally stationary shaft position and a line passing through
      the center of a column of punch dies; it being intended that the punch
      dies be correctly aligned with a column of punch positions on the punch
      card. It should be noted that the problem being confronted by the subject
      invention is that of maintaining as exact a degree of coincidence as is
      possible between the punch dies and the respective punch positions on the
      punch card. Thus, in a properly aligned system wherein all construction
      tolerances have been met and wherein humidity conditions are constant, the
      translation of a punch card through any number of columns should result in
      the establishment of a new nominally stationary shaft position which
      maintains the punch dies in exact registration with the theoretical center
      line of the corresponding columnar punch positions on the punch card.
      Since these idealized conditions are not always met and in any event will
      change relative to changes in humidity, it has been found that it is
      possible to compensate for such changes by introducing a signal into the
      feedback loop of the servo system so as to offset the point on the
      negatively sloping diagonal at which the servo mechanism locks-in. The
      result of introducing such a compensation signal into the feedback loop is
      to move the point at which the servo locks-in from point E to some other
      point on the diagonal line of FIG. 2A. Since the diagonal line represents
      a linear approximation of the shaft position, the introduction of a
      compensating signal in the feedback loop of the servo mechanism may be
      used to impart a correction factor to the shaft position of motor 18 and
      hence to the punch card.
PAR  In the preferred embodiment of the present invention the disc 24 is
      designed to generate two complete cycles of the ramp-shaped waveform per
      column of the punch card, and since the intercolumnar separation of an 80
      column punch card is nominally 0.087 inch, the negatively sloping diagonal
      line of FIG. 2A represents one-quarter of the columnar separation, or
      approximately 22 mils. Of the 22 mils only a little over one-half, or
      approximately 12 mils, is available for compensation purposes since the
      end portions of the negatively sloping diagonal line are necessary as
      guard bands to insure servo stability. This follows since the servo is
      stable in the position mode only while on the negative slope of the
      triangular waveform. Also at the peaks of the triangular waveform some
      non-linearity will generally exist resulting in a further reduction of
      stability in these regions.
PAR  The 12 mils of reliable compensating range may be increased by reducing the
      number of cycles of the ramp-shaped waveform per column of the punch card
      from two to one, in which event the diagonal line of FIG. 2A represents
      some 44 mils of space on the punch card which in turn yields a reliable
      compensation range of approximately 24 mils. Similarly, the preciseness
      with which the indexing is effected may be improved by increasing the
      number of cycles of the ramp-shaped waveform per columnar separation;
      however, the range of compensation will be necessarily reduced.
PAR  In reality, the 12 mil compensation range afforded by the preferred
      embodiment of the present invention is more than adequate to compensate
      for any reasonably expected variation introduced by way of mechanical
      tolerances, humidity conditions, or similar causes. It should be
      understood that errors due to tolerances or humidity may be small relative
      to the spacing between adjacent columns on the punch card; however,
      cumulatively over the entire length of the card these may be substantial
      enough to introduce an error condition during the course of subsequent
      processing of a pre-punched card. It should be apparent that correction
      factors need not be introduced on a columnar basis; but rather, it has
      been found that two or three corrective steps distributed over the length
      of the card will ensure that any cumulative error factor will not exceed
      the allowed tolerances.
PAR  It is possible to introduce a correction factor in either of two ways;
      namely, by initially moving the punch card 10 to one side or the other of
      the null reference line, thus affording some 6 mils of compensation; or,
      by moving the shaft 20, i.e. by advancing or retarding it, so as to allow
      the correction factor to be distributed over the entire compensation
      range, i.e., the 12 mils of FIG. 2A. Practical considerations dictate the
      adoption of the latter approach since the range of compensation is thereby
      effectively doubled over that otherwise available. This latter approach is
      reflected in FIGS. 2A, 2B, 2C, which depict a three-step compensation
      technique for either a long or a short condition.
PAR  FIGS. 2A and 2B depict a three-step correction of a long condition whereby
      a correction factor of 4 mils is introduced at the 20/21st, 40/41st, and
      60/61st columnar positions. The long condition exists when it is
      ascertained that the spacing between adjacent columnar positions on the
      punch card is slightly in excess of the 0.087 inch standard. Problems
      which might otherwise develop in light of the long condition will be
      avoided if the spacing is periodically shortened. To this end, the
      nominally stationary shaft position is advanced some 6 mils just prior to
      registration of the punch card at the work station. At the conclusion of
      the registration step the pinch wheel 14 moves into engagement with the
      punch card 10. It is important to note that in the practice of the
      preferred embodiment of the present invention the determination of whether
      or not to compensate and the nature of the compensation steps to be
      effected is translated into shaft position prior to the time the pinch
      wheel 14 is moved into engagement with the punch card. It should be
      further noted that in the practice of the preferred embodiment of the
      present invention an 80 column punch card will be incremented through some
      78 columns, 2 columns at a time, following initial registration of the
      punch card at the work station. Thus, in compensating for the long
      condition, just prior to registration of the punch card at the work
      station the servo system is made to lock-in at the threshold level defined
      as point D on the waveform and remains locked-in at the D threshold
      through the succeeding 18 columns, then it locks-in at the C threshold for
      the next 20 columns, it locks-in at the B threshold for the next 20
      columns, and finally it locks-in at the A threshold for the final 20
      columns.
PAR  If, as indicated in FIGS. 2A and 4, the separation between adjacent
      threshold levels of the servo system corresponds to some 4 mils of spacing
      on the punch card then, while most all of the 39 increments incurred in
      processing a single 80 column punch card in the preferred embodiment of
      the present invention are 0.174 inch (i.e. 2 .times. 0.087 inches) as is
      depicted in FIG. 4, an increment of 4 mils will be added to or subtracted
      from the standard increment of 0.174 inch between positions 18/19 and
      20/21, again between positions 38/39 and 40/41 and finally between
      positions 58/59 and 60/61. As a result there is a corresponding
      lengthening or shortening of the distance between the first and last
      columnar positions, i.e. columns 1/2 and columns 79/80, of some 0.012
      inch.
PAR  As indicated in FIGS. 2B and 4, when the long condition exists it must be
      corrected in order to prevent a card from being punched too long. In the
      preferred embodiment of the present invention this is accomplished by
      reducing the normal increment of 0.174 inch by a factor of 0.004 inch at
      three points over the length of the card. This is the case indicated in
      FIGS. 2A and 4; the effect of the correction factors being depicted in
      FIG. 4. Also depicted in FIG. 4 are situations in which no compensation
      action is taken and alternatively wherein a short card condition exists.
PAR  A short condition exists when the apparatus for preparing the punch card
      normally results in a punch card wherein the intra-column separation is
      too short. It thus becomes necessary to increase the overall punch
      separation. This is done by initially retarding the shaft 20 before
      energizing the pinch roll 14 and thereafter introducing an additional
      increment of 0.004 inch after the 9th, 19th, and 29th increment, as may be
      seen upon reference to FIG. 4. Initially retarding the shaft 20 results in
      an increase in the overall amount of card surface which comes into contact
      with the surface of the index wheel in the course of completing the
      transfer of a punch card through the work station than would otherwise be
      the case. In similar fashion, preliminarily advancing the shaft 20 results
      in a decrease in card surface transferred per card cycle resulting in a
      shorter than normal card thus correcting for a long card condition which
      might otherwise result.
PAR  Consideration is now given to those portions of the programmably alterable
      incrementing system of FIG. 1 which give rise to the generation of the
      compensating signals. Referring first to the timing chart of FIG. 5, of
      both this and the aforementioned Romeo et al patent application, it will
      become apparent that all timing is governed by the PUNCH SPROCKET signals
      which occur at a nominally internal rate of 29.6 milliseconds (ms). In the
      preferred embodiment of the present invention, the PUNCH SPROCKET signals
      are derived from a reluctance pick-up attached to the shaft 18. It will be
      further noted from the timing diagram of FIG. 5, that the register roll 12
      operates to register the trailing edge of the card coincident with the
      PUNCH SPROCKET pulse occuring some three cycles prior to the punching of
      columns 1 and 2. The pressure roll 14 is held open until the trailing edge
      of the reference pulse associated with columns 1 and 2 occurs. By that
      time the card is properly registered at the work station. For further
      details of the registering of the punch card at the work station reference
      is made to the aforementioned co-pending application of Alexander Hunter,
      Ser. No. 374,869, filed June 29, 1973.
PAR  The pressure roll 14 closes prior to that portion of the punch cycle
      wherein the selected punch dies are made to penetrate the corresponding
      punch positions of columns 1 and 2 of the punch card. At the completion of
      each punching operation, a MOVE FF logic command is generated which
      indexes motor 18, thus advancing the punch card 10 two columns at a time.
      It will be noted that the MOVE FF signal is generated in timed
      relationship with respect to the PUNCH SPROCKET signal so as to insure
      that card motion does not occur while the punches are actually penetrating
      the card. In this respect, punch penetration occurs after the trailing
      edge of the MOVE FF signal, but prior to the leading edge of the
      succeeding PUNCH SPROCKET signal. Two MOVE INDEX signals occur for each
      incremental advancement of the card surface. This follows since the motor
      18 makes double increments, advancing the punch card two columns at a time
      while in the punching mode.
PAR  Referring now to FIG. 3A, and the corresponding member 40 of FIG. 1, a STEP
      PUNCH COLUMN COUNT signal is generated at the output of AND gate 50 for
      each PUNCH SPROCKET signal occuring during punch time, provided further
      that the Punch Data Inhibit Not condition obtains. Since the punch card is
      advanced two columns for each PUNCH SPROCKET signal, a total of 39 STEP
      PUNCH COLUMN COUNTS will be generated in the processing of columns 1
      through 80. The output of the Column Counter Pulse Generator 40 of FIG. 1,
      which corresponds to the output of AND gate 50 of FIG. 3A, appears as an
      input to the Offset Control Counter of FIG. 3B. The latter comprises a
      Binary To Decimal Counter 52 wherever overflow occurs on the tenth count,
      assuming the counter to have initially been reset to zero. The reset
      condition is established by a CLR SET signal which is effective in
      resetting the Offset Control Counter of FIG. 3B to a count of zero. The
      CLR SET signal occurs at the onset of each punch cycle, being removed on
      the registration of columns 1 and 2 and remaining thus until the
      registration of column count 79 and 80 is complete.
PAR  During the period of time the CLR SET signal is removed, the Offset Control
      Counter, corresponding to member 42 of FIG. 1, responds to each incoming
      STEP PUNCH COLUMN COUNT signal from the Column Count Pulse Generator of
      FIG. 3A. Every tenth STEP PUNCH COLUMN COUNT signal generates an overflow
      condition resulting in a Carry at the output of the Binary To Decimal
      Counter 52 of FIG. 3B. The two column incrementing system adopted in the
      preferred embodiment of the present invention means that a Carry signal
      will occur between columns 20 and 21, 40 and 41, and 60 and 61.
PAR  The Carry signals occuring at the output of the Offset Control Counter of
      FIG. 3B are buffered through Gate 54 into the Decode Logic of FIG. 3C
      which corresponds to member 44 of FIG. 1. The Decode Logic comprises a
      plurality of sequentially gated flip-flops 56, 58, 60, 62, 64, and 66,
      which are appropriately reset by the aforementioned CLR SET signal under
      the conditions described above with respect to the resetting of the Binary
      To Decimal Counter of FIG. 3B. As each tenth STEP PUNCH COLUMN COUNT
      signal is registered at the input of the Binary To Decimal Converter 52 of
      FIG. 3B, a Carry signal is generated. The leading edge of the first Carry
      signal sets flip flop 56 which in turn enables flip flops 58 for the next
      Carry signal. This first Carry signal also enables flip flop 62 such that
      the latter is responsible to the MOVE INDEX signal characterising the
      punch cycle corresponding to columns 21 and 22. As will be noted upon
      reference to FIG. 5, the trailing edge of this MOVE INDEX signal sets flip
      flop 62.
PAR  Flip flop 58, in turn, enables flip flops 60 and 64 during the punching of
      columns 41 and 42. That is, when the next Carry signal is generated in the
      Binary To Decimal Counter 52, flip flop 64 is set by the trailing edge of
      the MOVE INDEX signal associated with punch column 41 and 42. The leading
      edge of the next Carry signal sets flip flop 60 which enables flip flop
      66. Similarly, the trailing edge of the MOVE INDEX signal associated with
      punch columns 61 and 62 sets flip flops 66. As will be noted, the output
      of flip flops 62, 64, and 66 constitute conditioning input signals to
      field effect transistors 68, 70, and 72 respectively, located within the
      DC Null Offset Signal Generator of FIG. 3D.
PAR  The outputs of the field effect transistors 68, 70, and 72 are combined at
      a common summing node 100. In the preferred embodiment of the present
      invention, the signal level at the summing node 100 always has a value
      equivalent to a 6 mil offset when field effect transistors 68, 70, and 72
      are open. The source of the offset signal at the summing node 100 is
      determined by resistor 80 and a positive reference voltage 82. Initially
      at columns 1 through 20, flip flops 62, 64, and 66 are all reset such that
      the associated field effect transistors 68, 70, and 72 are all open. Under
      these conditions the summing node 100 represents a 6 mil displacement such
      as is represented at points A or D on the diagonal line of FIG. 2A. Since,
      at punch column 21 and 22 the carry signal generated at the output of the
      binary to decimal counter 52 is effective in setting flip flop 62, this
      enables the field effect transistor 68 to close. At the same time,
      resistor 83 combines with the reference voltage 71 to effectively subtract
      an equivalent 4 mil offset from the existing 6 mil offset resulting in the
      generation of a signal at the summing node 100 which represents a 2 mil
      offset, i.e., point B or C on the diagonal line of FIG. 2A. Similarly, at
      punch column count 41 and 42, another 4 mils of effective error are
      subtracted, leaving a net offset of minus 2 mils; this condition being
      established via components FF64, FET70, R86, and V71. Finally, at column
      61 and 62, an additional 4 mils are subtracted resulting in a signal at
      the summing node 100 which represents an offset of minus 6 mils. FF66,
      FET72, R88 and reference voltage 71 are responsible for generating this
      final increment to the correction figure established at the summing node
      100.
PAR  The polarity of the correction factor, and in fact whether or not a
      correction factor will be applied, is determined by the position of a
      switch 74 operative in conjunction with two unity gain inverting
      amplifiers 76 and 78. With the switch 74 in the neutral position (i.e., as
      is shown in FIG. 3D), no compensation will be injected into the position
      transfer function logic 25. If the switch is in the "L" position, the
      output at point 85 will be a correction factor corresponding to an initial
      positive 6 mils decreasing in 4 mil increments to a minus 6 mils at punch
      column 61 and 62. This result is achieved by way of the double inversion
      introduced by summing amplifier 76 and 78. Conversely with the switch 74
      in the "S" position, a single inversion will occur through amplifier 78 so
      that the initial offset will be from a negative 6 mils, increasing in 4
      mil increments to a positive 6 mil offset at punch columns 61 and 62.
PAR  The output from the summing node 100 is selectively gated through the
      Position Transfer Function Logic of FIG. 3E, corresponding to member 25 of
      FIG. 1, where it is summed with the output of the position sensor 22 to in
      turn drive the motor 18 in the manner outlined above.
CLMS
STM  Having now described our invention what we claim is:
NUM  1.
PAR  1. A programmably alterable incrementing system for punch cards, or like
      sheet material, the surface of each punch card or sheet material being
      divided into a predetermined number of rows and columns, said incrementing
      system being adapted to incrementally index said punch card or sheet
      material through a work station, comprising indexing means including an
      index wheel adapted to operatively engage the surface of said punch card
      or sheet material to thereby advance said card or sheet material through
      said work station, control means operatively connected to said index wheel
      to rotate said index wheel a predetermined amount so as to cause said
      punch card to be selectively advanced such that a particular one of said
      predetermined number of rows or columns is brought into registration with
      respect to a reference point at said work station, and switching means
      operatively connected to said control means and adapted when set to
      introduce one or more predetermined compensating factors into said
      indexing means so as to compensate for differences in intended and actual
      incremental displacement brought about by changes in the dimensions of the
      operative components of said incrementing system and/or in said punch card
      or sheet material.
NUM  2.
PAR  2. An incrementing system for punch cards, or like sheet material, said
      incrementing system being adapted to incrementally index said punch card
      or sheet material through a work station, comprising first means adapted
      to operatively engage the surface of said punch card or sheet material to
      thereby advance said card or sheet material through said work station,
      control means operatively connected to said first means to cause said
      punch card or sheet material to be selectively advanced a predetermined
      distance through said work station, and means operatively connected to
      said control means and adapted when set to introduce one or more
      predetermined corrective factors to compensate for differences in intended
      and actual incremental displacements introduced in the advancement of said
      punch card or sheet material through said work station said differences
      being brought about by changes in the dimensions of the operative
      components of said first means and/or in said punch card or sheet
      material.
NUM  3.
PAR  3. An incrementing system for punch cards of like sheet material of the
      type wherein said punch card or sheet material is selectively incremented
      through a work station, comprising indexing means adapted to operatively
      engage the surface of said punch card or sheet material to thereby advance
      said punch card or sheet material through said work station, said indexing
      means further comprising drive means, position sensing means operatively
      connected to said drive means for establishing the relative position of
      said punch card or sheet material as it is advanced through said work
      station, control means operatively connected to said drive means and
      adapted to generate control signals determinative of each incremental
      advancement to be imparted to said punch card or sheet material being
      advanced through said work station, and means operatively connected to
      said control means for introducing one or more predetermined compensating
      factors to compensate for differences in intended and actual incremental
      advancements being imparted to said punch card or sheet material, said
      last named means comprising counting means operatively connected to said
      position sensing means to determine the exact point or points along the
      transfer path of the punch card or sheet material at which said one or
      more predetermined compensating factors is to be introduced, said last
      named means further comprising means to determine the polarity of said one
      or more predetermined compensating factors to be introduced and for
      generating a signal proportional in magnitude to the correction to be
      effected.
NUM  4.
PAR  4. An incrementing system constructed in accordance with the principles of
      claim 3 wherein plural correction factors are introduced at at least three
      points along the transfer path of said punch card.
NUM  5.
PAR  5. An incrementing system in the nature of that described in claim 3
      wherein the last named means comprises a selectively settable switch to
      thereby permit the introduction of an additive factor, a subtractive
      factor, or no compensation factor.
NUM  6.
PAR  6. An incrementing system in the nature of that described in claim 3
      wherein the last named means comprises a selectively settable switch to
      alternatively increase or decrease the columnar spacing between selective
      groups of columns of a standard punch card.
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ABST
PAL  An exercising apparatus of the type simulating a pedaled vehicle wherein a
      pair of upright posts are mounted on a frame for respectively supporting a
      handlebar and seat. Drive means are mounted on the frame, and linkage
      means are provided for connecting the drive means to one of said posts,
      and for connecting said posts together for conjoint pivotal movement. The
      arrangement is such that rotation of the drive means causes the posts to
      oscillate together in the same directions and in substantially parallel
      relation throughout a cycle of operation of said apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an exercising apparatus and, more
      particularly, to a simulated pedaled vehicle wherein the posts
      respectively supporting the handlebar and seat oscillate together in the
      same directions in substantially parallel relation throughout a cycle of
      operation of said apparatus.
PAR  2. Description of the Prior Art
PAR  Heretofore, it has been proposed to construct a bicycle-type exercising
      apparatus wherein a pair of upright posts are mounted on a frame for
      respectively supporting the handlebar and seat. Pedaled drive means and
      extensive, complicated linkage means are provided for operatively
      interconnecting the drive means with the posts to effect movement of the
      handlebar and seat toward and away from each other, in scissor-like
      action, to maximize the extent of body movement during the exercising
      activity. This converging and diverging relative movement of the posts has
      a tendency to jam in view of the forces exerted during operation of the
      apparatus, particularly in light of the extensive linkage interconnecting
      the various components of the apparatus.
PAR  The jamming tendency of the drive means, which is transmitted to the posts
      during the scissor-like movements, exert unnecessary and undesirable
      forces on the person using the apparatus which present a safety hazard
      during the exercising activity. For example, the tendency for the
      apparatus to jam is more likely to occur when the pedaled drive means is
      rotatably driven at higher revolutions, during which time, the person is
      more apt to lose his balance and overturn the apparatus.
PAR  The present invention substantially reduces the jamming tendency of known
      bicycle-type exercising vehicles by providing a structure which effects
      conjoint pivotal movement of the handlebar post and seat post to cause
      said posts to oscillate together in the same directions, rather than in
      scissor-like motion, and in substantially parallel relation throughout a
      cycle of operation.
PAR  Accordingly, an object of the present invention is to provide a simulated
      bicycle-type pedaled vehicle which is smooth in operation to substantially
      reduce the likelihood of jamming during the exercising activity.
PAR  Another object and feature of the present invention is to provide a
      bicycle-type exercising apparatus having a relatively simple linkage
      connection between the drive means and the posts respectively supporting
      the handlebar and seat; whereby said posts are connected together for
      conjoint pivotal movement.
PAR  A further object and feature of the present invention is to provide an
      improved exercising apparatus of the type simulating a pedaled vehicle
      which is relatively inexpensive to manufacture, simple to use and safe in
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  The exercising apparatus of the present invention provides for a pair of
      posts each pivotally mounted on a frame in a substantially upright
      position. The frame includes a pair of substantially U-shaped side members
      each having leg portions and an interconnecting portion connecting the leg
      portions together. Fastening means are provided for locating said side
      members in laterally spaced relation with the posts pivotally mounted
      therebetween. Bracing means are also provided extending between and
      connecting the leg portions of each one of said frame members.
PAR  A handlebar is adjustably mounted on one of said pair of posts and a seat
      is adjustably mounted on the other one of said pair of posts. A pair of
      differently sized sprockets are rotatably mounted on the frame between
      said side members, and a chain serves to connect said sprockets together
      for conjoint rotation.
PAR  The apparatus further includes first and second linkage means
      interconnecting said posts and sprockets to effect conjoint pivotal
      movement of said posts during the exercising activity. In this regard, a
      ring is eccentrically mounted on the larger one of said differently sized
      sprockets for conjoint rotation therewith. The first linkage means has one
      end portion terminating in a collar member slideably mounted on the ring,
      and the opposite end portion pivotally connected to the lower end of the
      post associated with the handlebar. A locking plate serves to prevent the
      collar from disengaging from the ring upon rotation of the sprockets. The
      second linkage means has one end portion connected to the lower end of the
      post associated with the seat and the opposite end portion connected to
      the lower end of the post associated with the handlebar.
PAR  Each one of said differently sized sprockets has a fixed shaft passing
      therethrough with opposite end portions of each shaft being journaled in
      respective bearings mounted within the bracing means of said frame
      members. The opposite shaft end portions of the smaller one of said
      differently sized sprockets extend outwardly beyond the associated bracing
      means and pedal means are connected to each extended shaft end portion. In
      operation, rotation of said pedal means serve to rotate said sprockets
      which, by means of the interconnecting linkage, causes said posts to
      oscillate together in the same directions and in substantially parallel
      relation throughout a cycle of operation of said apparatus.
PAR  Additional features and advantages of the present invention will become
      more apparent from a consideration of the following detailed description
      when taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, with parts broken away, of the exercising
      apparatus constructed in accordance with the present invention;
PAR  FIG. 2 is an exploded perspective view illustrating the components of the
      exercising apparatus shown in FIG. 1, with the outer cover panels removed
      for purposes of clarity;
PAR  FIG. 3 is a side elevational view, partly in section and with parts broken
      away, of the exercising apparatus shown in FIG. 1 illustrating the
      position of the components when the handlebar post and seat post are in
      their respective forward positions; and
PAR  FIG. 4 is a view similar to FIG. 3 illustrating the position of the
      components when the handlebar post and seat post are in their respective
      rearward positions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, numeral 10 represents an exercising apparatus
      constructed in accordance with the present invention. Apparatus 10
      includes a frame 12 which is formed of a pair of substantially U-shaped
      side members 14 and 16, respectively. Frame member 14 is formed having leg
      portions 18, 18 and an intermediate portion 20 connecting the leg portions
      together. Similarly, frame member 16 is formed having leg portions 22, 22
      and an intermediate portion 24 connecting said leg portions together.
      Frame members 14, 16 are located in laterally spaced relation with the
      corresponding leg end portions 18, 22 in juxtaposed position. As will
      become hereinafter more apparent, fastening means are provided for
      maintaining said frame members in said spaced relationship.
PAR  Frame members 14 and 16 are preferably tubular and constructed of suitable
      metal; however, the shape and construction as indicated are merely
      illustrative and are not to be deemed limitations on the present
      invention.
PAR  Each leg portion 18 terminates in a bifurcated end portion 26 and each leg
      portion 22 terminates in a bifurcated end portion 28. Each of said
      bifurcated portions 26, 28 having a pair of aligned openings extending
      through opposed surfaces thereof as illustrated in FIG. 2. A pair of cross
      leg members 30 and 32 are provided, each received within a separate pair
      of juxtaposed bifurcated leg end portions 26, 28. Each of said cross leg
      members 30, 32 is preferably tubular and is constructed of suitable metal
      having a pair of laterally spaced through openings (not shown) each
      extending transverse to the axis of said tubular member. The cross leg
      members 30, 32 are located with each one of the through openings thereof
      aligned with a separate pair of the aligned openings in said bifurcated
      portions. A bolt 34 having an enlarged head is inserted in each of said
      aligned openings and has its threaded end extending beyond the opening to
      receive a washer and nut in conventional manner, as represented generally
      by numeral 36 in FIG. 1. The arrangement is such that the opposite end
      portions of each of said cross leg members 30, 32 project outwardly beyond
      frame members 14, 16 to provide a support for frame 12. A plastic or
      rubber protective cap 38 is inserted on each one of the end portions of
      said cross leg members 30, 32 for safety purposes.
PAR  Extending between and connecting the frame leg portions 18 is a brace
      member 40 having a plurality of laterally spaced through openings 42 and
      an additional set of enlarged laterally spaced through openings 44.
      Another brace member 46 similarly extends between and connects the frame
      leg portions 22; said brace member 46 also having a plurality of laterally
      spaced through openings 48 and an additional set of enlarged laterally
      spaced through openings 50. The opposite ends of each of said brace
      members 40, 46 are suitably connected to the respective frame leg portions
      18, 22 such as by welding or the like. The brace members 40, 46 are
      located with openings 42 aligned with openings 48 and with enlarged
      openings 44 aligned with enlarged openings 50.
PAR  Fastening means, in the form of a plurality of elongated bushings 52 are
      positioned between the brace members 40, 46 for maintaining the frame
      members 14, 16 in spaced relation. Each bushing 52 has threaded opposite
      end portions received within a separate pair of aligned openings 42, 48.
      The fastening means further include a plurality of bolts 54, each
      threadedly engaging with an end portion of a separate bushing 52.
PAR  Mounted within each of the pairs of aligned openings 44, 50 is a bearing
      member 55 for cooperating with the drive means of exercising apparatus, 10
      as hereinafter more fully noted in connection with the description of said
      drive means.
PAR  Each one of the leg portions 18, 18 is formed having a through opening 56
      and each one of the leg portions 22 is formed having a through opening 57.
      The spaced relationship between said leg portions 18, 22 is such that each
      leg opening 56 is aligned with a separate leg opening 57 to provide the
      basis for pivotally supporting a handlebar post and seat post in the
      manner hereinafter described.
PAR  In accordance with the invention, a pair of laterally spaced posts 58 and
      60 are each pivotally mounted on frame 12 in substantially upright
      position. Posts 58, 60 are preferably each tubular having open upper ends
      for receiving handlebar means and seat means, respectively. In this
      connection, a handlebar stem 62 has one end adjustably received in the
      upper swaged end of post 58, and is conventionally locked in position by
      means of interengaging bolts and nuts represented generally by numeral 64.
      The other end of stem 62 adjustably supports a handlebar 66 in
      conventional manner, which handlebar is locked in position by an
      interengaging bolt and nut represented generally by numeral 68. A seat
      stem 70 has one end adjustably received in the upper swaged end of post 60
      and is locked in position by means of an interengaging bolt and nut
      represented generally by numeral 72. The other end of stem 70 supports a
      seat 74 in conventional manner.
PAR  Post 58 is formed having a through opening 76 located intermediate its
      opposite ends. The post is located between side frame members 14, 16 with
      opening 76 aligned with one pair of the aligned leg portion openings 56,
      57. A sleeve member 78 extends through post opening 76 and serves as a
      spacer having ends projecting outwardly from opposite sides of post 58.
      Alternatively, instead of providing a one-piece sleeve 78 extending
      through the post opening, it will be appreciated that a separate sleeve
      member could be suitably connected to the opposite sides of post 58, each
      having an end projecting toward the adjacent leg portion of the frame. A
      bearing or bushing 80 is received in each end of sleeve 78 and an
      elongated bushing 82 is inserted through post opening 76, sleeve 78 and
      bearings 80. The opposite ends of bushing 82 are received in the aligned
      frame leg openings 56, 57, and a bolt 84 is inserted through each one of
      said leg openings and threadedly engages with a separate end of bushing
      82. Thus, bushing 82 serves as a pivot pin about which post 58 is free to
      pivot or oscillate in a plane substantially parallel to the planes defined
      by side frame members 14, 16.
PAR  Post 60 is also located between side frame members 14, 16 and is similarly
      formed having a through opening 86 intermediate its opposite ends. Post
      opening 86 is aligned with the other pair of aligned leg portion openings
      56, 57. A sleeve member 88, similar to sleeve member 78, extends through
      post opening 86 and a bearing 90 is received in each end thereof. An
      elongated bushing 92, similar to bushing 82, is inserted through post
      opening 86, sleeve 88 and bearings 90, with the opposite ends of said
      bushing received in the aligned frame leg openings 56, 57. A bolt 94 is
      inserted through each one of said leg openings and threadedly engages with
      a separate end of bushing 92. The arrangement is such that post 60 is also
      mounted for pivotal movement about bushing or pivot pin 92 and is free to
      pivot or oscillate in a plane corresponding to the plane in which post 58
      pivots.
PAR  The invention further provides for the posts 58, 60 to oscillate together
      in the same directions and in substantially parallel relation throughout a
      cycle of operation of the apparatus. This is achieved by providing linkage
      means represented by link 96 having one end pivotally connected to the
      lower flatened end of post 58 by means of pivot pin 98, and the opposite
      end pivotally connected to the lower flatened end of post 60 by means of
      pivot pin 100. Link 96 thus serves to connect post 58, 60 together for
      conjoint pivotal movement. Another link 102 is provided having one end
      pivotally connected to the lower flatened end of post 58 by means of pivot
      pin 104. The arrangement is such that pivot pin 104 is located below pivot
      pin 98 for smooth operation of the apparatus. The other end of link 102
      terminates in a collar member 106 which is connected to the drive means of
      exercising apparatus 10 in the manner hereinafter described.
PAR  The drive means for effecting pivotal movement of posts 58, 60 by means of
      links 96, 102 comprise a pair of laterally spaced differently sized
      sprockets 108, 110 rotatably mounted on frame 12 and interconnected by
      chain 112 for conjoint rotation. The sprockets are located between side
      frame members 14, 16 in the region between bracing members 40, 46.
      Sprockets 108, 110 are each formed with a centrally located through
      opening through which passes mounting shafts 114 and 116, respectively.
      Shafts 114, 116 are fixedly connected to their associated sprockets, such
      as by welding or the like, for conjoint rotation therewith. The opposite
      end portions of shaft 114 are each journaled in a bearing 55 mounted
      within one of the pair of aligned openings 44, 50 in bracing members 40,
      46. The opposite end portions of shaft 116 are similarly each journaled in
      a bearing 55 mounted within the other one of the pair of aligned openings
      44, 50 in said bracing members. In the preferred embodiment, the opposite
      end portions of shaft 114 project outwardly from larger sprocket 108
      whereas the opposite end portions of shaft 116 project outwardly from
      smaller sprocket 110.
PAR  Pedal means are provided for rotating the drive means during the exercising
      activity. In this regard, the opposite end portions of shaft 116 each
      extend outwardly beyond the associated bracing members 40, 46, and fixedly
      receive the end of a pedal crank 118 thereon. The other end of each crank
      118 is connected to a rotatably mounted pedal 120 in conventional manner.
PAR  Projecting outwardly from one side of sprocket 108 is a ring 122
      eccentrically mounted on said sprocket for conjoint rotation therewith.
      Ring 122 is fixedly mounted on sprocket 108 by means of welding or the
      like. A cam bushing 124 is slid over ring 122 and is free to move relative
      to rotation of said ring. Link end collar 106 is then slid over cam
      bushing 124 so as to provide free relative movement between link 102 and
      sprocket 108. Ring 122 is mounted such that an inner surface portion
      thereof is also fixedly connected to a surface portion of sprocket shaft
      114 by means of welding or the like. The arrangement is such that a force
      exerted on pedals 120, 120 serves to rotate cranks 118, 118
      counterclockwise in the direction of the arrow as viewed in FIGS. 3 and 4,
      which, in turn, causes connected shaft 116 to similarly rotate. Rotation
      of shaft 116 causes similar rotation of connected ratchet 110 which drives
      the larger sprocket 108 counterclockwise in the direction of the arrow as
      viewed in FIGS. 3 and 4 by means of the interconnecting chain 112.
      Rotation of sprocket 108 serves to pivotally displace handlebar post 58 by
      means of interconnecting link 102. Pivotal movement of post 58, in turn,
      causes seat post 60 to pivotally move by means of interconnecting link 96.
PAR  There is thus provided a kinetically integrated structure wherein handlebar
      post 58 and seat post 60 oscillate together in the same directions and in
      substantially parallel relation throughout a cycle of operation of said
      apparatus 10. This is illustrated more clearly in FIG. 3 wherein posts 58,
      60 are in their respective forward positions, and in FIG. 4 wherein said
      posts are in their respective rearward positions.
PAR  In order to prevent link collar 106 from inadvertently disengaging from
      ring 122 upon rotation of the drive means, a removable lock in the form of
      a plate 126 is mounted in spaced relation to sprocket 108. Plate 126 is
      formed with an opening through which passes bolt 128 having a threaded end
      which engages with a complementary threaded opening in the side of ratchet
      108. Plate 126 is located with portions thereof in overlying relation to
      ring 122, cam bushing 124 and link collar 106 to maintain said elements in
      their nested relationship during operation of the apparatus. In this
      regard, it will be appreciated that plate 126 has a length greater than
      the diameter of link collar 106. The mounting position of plate 126 is
      such that a side edge thereof is in contact with a surface of sprocket
      shaft 114.
PAR  Upon assembly of the apparatus, an outer panel member 130, shown broken
      away in FIG. 1, can be mounted on each frame member 14, 16 in
      substantially overlying relation thereto. Each panel 130 is formed with
      openings suitably located to receive the fastening bolts 54, 84 and 94
      which serve to mount said panels to the frame members. A suitable cut-out
      is also provided in each of said panels (not shown) to permit passage
      therethrough of the opposite ends of ratchet shaft 116, which in turn
      supports the pedal means for rotating ratchet 110.
PAR  There is thus provided a novel bicycle-type exercising apparatus which
      substantially reduces the jamming tendency of heretofore known exercising
      vehicles which operate in scissor-like motion. The aforesaid structure
      includes a simple linkage arrangement which enables the handlebar post and
      the seat post to oscillate together in the same directions and in
      substantially parallel relation throughout a cycle of operation. The
      apparatus is constructed of relatively few and inexpensive parts which can
      be easily assembled for use. The apparatus can be operated at higher
      revolutions of the drive means without any jamming tendency to thus
      provide an apparatus that is safer in operation than the heretofore known
      bicycle-type exercising vehicles.
PAR  While a preferred embodiment of the invention has been shown and described
      in detail, it will be readily understood and appreciated that numerous
      omissions, changes and additions may be made without departing from the
      spirit and scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An exercising apparatus comprising:
PA1  a. a frame;
PA1  b. a pair of laterally spaced posts each pivotally mounted on said frame in
      a substantially upright position, each of said posts having upper and
      lower end portions;
PA1  c. handlebar means mounted on the upper end portion of one of said pair of
      posts;
PA1  d. seat means mounted on the upper end portion of the other one of said
      pair of posts;
PA1  e. drive means rotatably mounted on said frame;
PA1  f. a ring eccentrically mounted on said drive means for conjoint rotation
      therewith;
PA1  g. first linkage means having end portions connecting one of said pair of
      posts to said drive means;
PA1  h. one end portion of said first linkage means terminating in a collar
      member slideably mounted on said ring and the opposite end portion of said
      first linkage means pivotally connected to the lower end of one of said
      pair of posts;
PA1  i. second linkage means having end portions connecting said post together
      for conjoint pivotal movement;
PA1  j. one end portion of said second linkage means pivotally connected to the
      lower end of the other one of said pair of posts and the opposite end
      portion of said second linkage means pivotally connected to the lower end
      of said one of said pair of posts;
PAL  whereby rotation of said drive means causes said posts to oscillate
      together in the same directions and in substantially parallel relation
      throughout a cycle of operation of said apparatus.
NUM  2.
PAR  2. The exercising apparatus as recited in claim 1, wherein said drive means
      comprises a pair of laterally spaced differently sized sprockets and a
      chain connecting said sprockets together for conjoint rotation; said ring
      being eccentrically mounted on the larger one of said differently sized
      sprockets; and removable lock means mounted on said larger sized sprocket
      to prevent the collar member from disengaging from the ring upon rotation
      of said drive means.
NUM  3.
PAR  3. The exercising apparatus as recited in claim 2, wherein said removable
      lock means comprises a plate mounted in spaced relation to said larger
      sized sprocket; said ring and collar member located between said plate and
      sprocket; and said plate having a portion in overlying relation to said
      ring and collar member.
NUM  4.
PAR  4. The exercising apparatus as recited in claim 3, wherein said plate has a
      longitudinal extent greater than the diameter of said collar member.
NUM  5.
PAR  5. The exercising apparatus as recited in claim 1, wherein said opposite
      end portions of said first and second linkage means are each pivotally
      connected to the lower end of the post associated with the handlebar
      means; the pivotal connection of said second linkage means being located
      above the pivotal connection of said first linkage means.
NUM  6.
PAR  6. The exercising apparatus as recited in claim 5, wherein said opposite
      end portions of said first and second linkage means are each pivotally
      connected to the lower end of the post associated with the handlebar
      means; the pivotal connection of said second linkage means being located
      above the pivotal connection of said first linkage means.
NUM  7.
PAR  7. The exercising appartus as recited in claim 1, wherein said frame
      comprises a pair of side members each having leg portions; fastening means
      for locating said members in laterally spaced relation; a pair of bracing
      means each extending between and connecting the leg portions of a separate
      one of said frame members; one of said bracing means having a first set of
      through openings and the other one of said bracing means having a second
      set of through openings; each one of said first set of bracing openings
      being aligned with a separate one of said second set of bracing openings;
      a bearing member mounted within each one of said first and second sets of
      bracing openings; said drive means comprising a pair of laterally spaced
      differently sized sprockets each supported between said frame members and
      a chain connecting said sprockets together for conjoint rotation, each one
      of said sprockets having a central through opening; a shaft extending
      through each sprocket opening and having opposite end portions each
      projecting outwardly from said sprocket; means connecting each shaft to
      its associated sprocket for rotation therewith; the opposite shaft end
      portions of each one of said sprockets being journaled in a separate pair
      of said aligned sets of bracing openings; the opposite shaft end portions
      of one of said sprockets extending outwardly beyond the associated bracing
      means; and a pair of pedal means for rotating said drive means, each one
      of said pedal means connected to a separate one of said extended shaft end
      portions.
NUM  8.
PAR  8. The exercising apparatus as recited in claim 7, wherein said ring is
      eccentrically mounted on the larger one of said differently sized
      sprockets for conjoint rotation therewith; and removable lock means
      mounted on said larger sized sprocket to prevent the collar member from
      disengaging from said ring upon rotation of said drive means.
NUM  9.
PAR  9. The exercising apparatus as recited in claim 8, wherein said ring has an
      inner surface; the shaft of said larger sized sprocket extending through
      said ring and in fixed contact with an inner surface portion of said ring.
NUM  10.
PAR  10. The exercising apparatus as recited in claim 8, wherein said extended
      shaft end portions extend outwardly from the smaller one of said
      differently sized sprockets.
NUM  11.
PAR  11. The exercising apparatus as recited in claim 1, wherein said frame
      comprises a pair of substantially U-shaped members each having leg
      portions and an intermediate portion connecting said leg portions
      together; fastening means for locating said members in laterally spaced
      relation; the leg portions of one of said frame members having a plurality
      of first through openings and the leg portions of the other one of said
      frame members having a plurality of second through openings; each one of
      said first openings being aligned with a separate one of said second
      openings; said fastening means comprising a plurality of elongated
      bushings having threaded end portions; each one of said bushings extending
      between said frame members with the end portions of each bushing received
      within a separate pair of said aligned openings; and a plurality of bolts
      each threadedly engaging with an end portion of a separate one of said
      bushings.
NUM  12.
PAR  12. The exercising apparatus as recited in claim 11, wherein each of said
      posts is located between said frame members and is formed having a through
      opening; each post opening being aligned with a separate pair of said
      aligned leg portion openings; spacing means located between said posts and
      said frame members; said spacing means comprising a pair of sleeve members
      each having a through opening; each one of said sleeve members extending
      through a separate post opening and having opposite end portions each
      projecting outwardly from said post; and each one of said bushings
      extending through a separate one of said sleeve members.
NUM  13.
PAR  13. The exercising apparatus as recited in claim 12, further comprising a
      pair of bracing means each extending between and connecting the leg
      portions of a separate one of said frame members; each one of said bracing
      means being located between the intermediate portion and the leg portions
      of the associated frame member; one of said bracing means having a
      plurality of first through openings and the other one of said bracing
      means having a plurality of second through openings; each one of said
      first bracing openings being aligned with a separate one of said second
      bracing openings; said fastening means comprising a plurality of
      additional elongated bushings having threaded end portions; each one of
      said additional bushings extending between said pair of bracing means with
      the end portions of each bushing received within a separate pair of said
      aligned bracing openings; and a plurality of additional bolts each
      threadedly engaging with an end portion of a separate one of said
      additional bushings.
NUM  14.
PAR  14. The exercising apparatus as recited in claim 13, wherein said drive
      means comprises a pair of laterally spaced differently sized sprockets
      each supported between said frame members and a chain connecting said
      sprockets together for conjoint rotation, each one of said sprokets having
      a central through opening; a shaft extending through each sprocket opening
      and having opposite end portions each projecting outwardly from said
      sprocket; means connecting each shaft to its associated sprocket for
      rotation therewith; one of said bracing means having a first set of
      additional through openings and the other one of said bracing means having
      a second set of additional through openings; each one of said first set of
      bracing openings being aligned with a separate one of said second set of
      bracing openings; a bearing member mounted within each one of said first
      and second sets of bracing openings; the opposite shaft end portions of
      each one of said sprockets being journaled in a separate pair of said
      aligned sets of bracing openings; the opposite shaft end portions of one
      of said sprockets extending outwardly beyond the associated bracing means;
      and a pair of pedal means for rotating said drive means, each one of said
      pedal means connected to a separate one of said extended shaft end
      portions.
NUM  15.
PAR  15. The exercising apparatus as recited in claim 14, wherein said ring is
      eccentrically mounted on the larger one of said differently sized
      sprockets for conjoint rotation therewith; and removable lock means
      mounted on said larger sized sprocket to prevent the collar member from
      disengaging from said ring upon rotation of said drive means.
NUM  16.
PAR  16. The exercising apparatus as recited in claim 15, wherein said ring has
      an inner surface; the shaft of said larger sized sprocket extending
      through said ring and in fixed contact with an inner surface portion of
      said ring.
NUM  17.
PAR  17. The exercising apparatus as recited in claim 15, wherein said extended
      shaft end portions extend outwardly from the smaller one of said
      differently sized sprockets.
NUM  18.
PAR  18. The exercising apparatus as recited in claim 1, wherein said frame
      comprises a pair of substantially U-shaped members each having leg
      portions and an intermediate portion connecting said leg portions
      together, each of said leg portions terminating in an end portion;
      fastening means for locating said members in laterally spaced relation
      with the corresponding leg end portions of said members in juxtaposed
      position; a pair of cross leg members each terminating in end portions;
      each one of said cross leg members connected to a separate pair of said
      juxtaposed leg end portions with the ends of each one of said cross leg
      members projecting outwardly beyond said frame members to provide a
      support for said frame.
NUM  19.
PAR  19. The exercising apparatus as recited in claim 18, further comprising a
      pair of panel members each mounted on a separate one of said frame members
      in substantially overlying relation thereto.
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ABST
PAL  A party game for two players wearing foam rubber or plastic headbands in
      which each stands on his own circular disc, and tries to push his opponent
      out of the opponent's circle with his hands tied behind his back, by
      pushing his head band against his opponent's head band.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a party game, and particularly to a game in which
      two participants each wearing a foam rubber or plastic head band stand on
      his own circular disc, and tries to push the other out of the circle, by
      pushing his head band against his opponent's head band. To avoid use of
      hands, the hands are placed behind the back, and a tie strap secured
      around the wrists.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the game being played;
PAR  FIG. 2 is a perspective view of a wrist band;
PAR  FIG. 3 is a sectional view of a head band taken along line 3--3 of FIG. 4;
PAR  FIG. 4 is an elevation view of a head band; and
PAR  FIG. 5 is a perspective view of the circular disc.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      illustrates the two players 40 each standing on an individual circular
      disc 10 of about 15 inches diameter mounted adjacent each other. Each
      player 40 has his wrists tied behind his back by a wrist band 30 and wears
      a foam rubber or plastic head band 20 and attempts by pushing his head
      band 20 against that of his opponent to push his opponent off of his disc
      10 or to otherwise cause him to lose his balance.
PAR  As shown in FIG. 2, the wrist bands 30 are of flexible sheet aterial fitted
      with Velcro or adhesive tabs 22 to enable fastening a band 30 about a pair
      of wrists.
PAR  As shown in FIGS. 3-4, the head band 20 is formed of a core 31 of foam
      rubber or plastic enclosed by flexible sheeting 32. Adhesive tabs 33 are
      mounted on one end of the head band for enabling the band to be fastened
      as a loop about the head of a player.
PAR  The disc 10, as shown in FIG. 4 may be preferably of fibre, paper board or
      wood.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A game device for playing a party game with two competing players
      comprising the following equipment:
PA1  A pair of headbands each formed of a strip of foam material enclosed by a
      flexible sheeting, with a fastening tab mounted externally adjacent one
      end of each strip for fastening to the other end of the said strip about a
      players head,
PA1  A pair of flexible wrist bands each formed of flexible sheeting in the form
      of a strip and each fitted with fastening means for joining the ends of
      each strip together about a pair of wrists of a player, and
PA1  A pair of circular discs, with both discs being of the same diameter, and
      with each disc being of a size to enable a player to place both feet upon
      a disc resting on a floor,
PA1  such that each player may stand on one of the two discs, with the discs
      located in general proximity to each other, with the two players fitted
      with the headbands and with the hands of the players fastened behind their
      backs in the wrist bands, and each of the players may attempt to push the
      other player out of the area bounded by the disc upon which he is standing
      by pushing his headband against the headband of the opposing player.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the diameter of each disc
      is in the general order of 15 inches.
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ABST
PAL  This specification discloses a bull fighting game comprising a bull that is
      electromechanically controlled to simulate certain animal movements
      associated with a bull similar to that in a bull ring. The bull is moved
      in a circular tracked arrangement having a carriage thereon with support
      appendages therefrom for supporting the bull. A participant stands on a
      central circular area that provides a safety switch for interlocking the
      entire system. The participant passes a cape or an electronically
      sensitive device over the bull to generate an output consistent with the
      quality of the passage of the cape by the participant. The bull moves
      through a various series of programmed moves for purposes of simulating
      the passage of the bull. A control computer controls the activity of the
      bull and creates the movements in response to a pre-established program,
      and the appendages of the bull are driven by actuators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of this invention is within the toys and games art. Specifically,
      it relates to human participation on a scale equivalent to an actual
      participant in a bull ring by virtue of a mechanically operated and
      electronically controlled bull and a participant's activity with respect
      to making cape passes with respect to the bull.
PAR  2. The Prior Art
PAR  The prior art shows games which are hand operated. Such small scale games
      are not consistent with player participation in a simulated real life
      situation.
PAR  Many of the prior art games incorporating life-size participation do not
      provide authenticity to a participant. As can be appreciated, it is
      difficult to provide authenticity to a participant in many games, in a
      real life sense of the word, without substantial danger.
PAR  This game is designed to avoid the dangers inherent to a participant if he
      incurred a real life situation. The invention allows a participant to
      incur a fully-simulated bull fight without the inherent dangers of
      actually passing a cape by a real bull.
PAR  Many games of the prior art did not provide the excitement, facility, and
      capability of providing a realistic enjoyable experience to a participant.
      It can be appreciated that there are certain rides in amusement parks that
      a participant enjoys, such as bumper cars and motorboat rides, wherein the
      participant has full participation. Furthermore, there are games such as
      ball throwing games and certain contests wherein the participant tests his
      skill.
PAR  However, it is believed that this invention is one of the first real life
      simulated games of its type wherein the participant enjoys the effects of
      his activity in a game of skill. In this particular invention, the
      participant responds with respect to simulated movements of a bull upon
      which the participant is to score. The score is maintained in a manner
      whereby the participant has an actual appreciation of his skill with
      respect to that which it would be in a real life situation. The score is
      maintained and fed back to provide simulated sound effects in adjacent
      relationship to the participant. For example, the participant receives
      either an ovation in the form of a Spanish Ole or a Boo as to the quality
      of his pass as recorded by a computer.
PAR  It is believed that there is no other game in the prior art incorporating
      the facilities of a real-life bull fight and scoring capability as
      provided by the instant invention. As a consequence, the invention is an
      exciting and innovative attraction that simulates actual bull fighting
      conditions. The invention can be utilized in a number of various
      configurations including the preferred embodiment as shown.
PAR  The movement of the bull can vary from its basic pattern in a random manner
      which is equivalent to the movement that a bull would normally make during
      his charging activity.
PAR  The invention incorporates safety interlocks such that the participant is
      protected within a certain area from damage by the charging bull. If the
      participant moves away from the area, a safety interlock stops the
      movement of the bull. As a consequence, this invention is a substantial
      improvement over the prior art by providing a realistic, simulated bull
      fight to a participant where the ability to score and have simulated
      surroundings is provided with safety.
PAC  SUMMARY OF THE INVENTION
PAR  In summation, this invention comprises a bull fighting game which has a
      substantial degree of real life similarity thereto.
PAR  More specifically, the invention provides a bull fighting game with the
      participant standing in the middle of a ring wherein a bull passes by the
      participant. The participant stands on a trip switch plate which
      interlocks the entire system with regard to movement of the bull. Thus, if
      the participant moves from the area of safety, affected by the interlock,
      the entire system stops and the participant will not be hurt by the
      movement of the bull.
PAR  The bull moves in a pre-established manner through a series of sequenced
      patterns in either a selected or random manner. As the bull moves, it is
      caused to make simulated body and charging movements. The participant
      passes a cape which can be electronically interfaced with the head of the
      bull or mechanically interfaced so that the passage of the cape is
      recorded. The passage of the cape as to its quality and placement can be
      recorded with regard to points and an environment provided in the form of
      cheers or nugatory comments.
PAR  The bull is caused to move in an annular orientation by means of a
      supporting arm that is on a track. The supporting arm can be moved with
      regard to its angle and elevation so as to cause the bull to move in any
      sort of arcuate or straight path in response to the direction desired and
      pre-established program of the computer.
PAR  The appendages of the bull are driven by pneumatic, hydraulic, or
      electromechanical devices in response to computer commands.
PAR  The details and other aspects of this invention will become apparent to one
      skilled in the art by a reading of the following specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more clearly understood by reference to the
      description below taken in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 shows a perspective plan view of the game of this invention wherein
      a bull is passing a person, simulating a matador with a cape, in a bull
      ring;
PAR  FIG. 2 shows a frontal elevation view (partially sectioned) of the bull and
      the device upon which it is supported in the direction of lines 2--2 of
      FIG. 1.
PAR  FIG. 3 shows a (partially sectioned) side elevation view of the bull and
      its support means in the direction of lines 3--3 of FIG. 2;
PAR  FIG. 4 shows a fragmented view of the support means of the bull as enclosed
      within the circle 4 of FIG. 1;
PAR  FIG. 5 shows a schematic sectioned view of the control elements of the bull
      as sectioned in the direction of lines 5--5 of FIG. 2;
PAR  FIG. 6 shows a plan view of some of the operative components of the bull as
      seen along lines 6--6 of FIG. 5;
PAR  FIG. 7 shows a schematic plan view line diagram of a pre-established
      program for movement of the bull with respect to a participant; and,
PAR  FIG. 8 shows a block diagram of the components of the system of this
      invention as incorporated in the major subsystem thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Looking more particularly at the figures, it can be seen in FIG. 1 that a
      simulated ring 10 for a matador and a bull is shown. The ring 10 is
      provided with a wall, a series of boards, or any other suitable means to
      effectuate a simulated bull ring. Within the bull ring 10 a participant 12
      is shown with a cape 14. The participant 12, of course, is playing the
      part of a matador. The participant 12 stands upon a disc 16 which is
      utilized to trigger an interlock of the operating controls of this
      invention.
PAR  Passing by the matador or participant 12 is a bull 18 on a cantilevered bar
      20. The cantilevered bar 20 is placed within a track 22 so that it can
      rotationally move around the track 22. The bar 20 is supported by means of
      a fixture 26 which shall be detailed hereinafter with respect to the drive
      and the various components of this invention.
PAR  Looking more specifically at FIG. 2, it can be seen that the bull 18 is
      supported by not only the bar 20, but an upright rod 28 joined by an elbow
      30. The connecting linkage 26 is secured to a second upright 32 that forms
      a portion of a travelling carriage 34.
PAR  The travelling carriage 34 incorporates a pair of wheels at the front and
      the rear, namely wheels 38 and 40. The wheels 38 and 40 are made of any
      suitable material such as metal, or can be made of a resilient rubber type
      of material to cushion the carriage 34 so that it moves smoothly over its
      underlying surface. The track 22 can be formed by a cast concrete channel
      46. The cast concrete channel has a passageway 48 with two overriding
      flanges 50 and 52. The overriding flanges 50 and 52 serve to protect the
      interior of the track and prevent any unwarranted entry of foreign objects
      thereinto.
PAR  The wheels 38 can be supported on the bottom surface of the concrete
      channel 46 and are guided by means of an I bar rail 56. The I bar rail 56
      incorporates rollers 60 and 62 which travel adjacent to the upright
      portion of the I of the I bar. The rollers 60 and 62 enable the carriage
      34 to support itself against the transverse portion of the I bar when
      there are substantial cantilevered loads on the arm or bar 20. The arm or
      bar 20 can be of a telescopic type so that it can move inwardly and
      outwardly. In this particular embodiment the telescoping feature has not
      been detailed, but for purposes of explanation, it can be seen that the
      bar is joined at point 66 so that one portion telescopes over the other in
      an inward and outward manner, in the same manner as a ladder used on a
      fire truck.
PAR  The carriage 34 is such, that it can be chain driven by a chain which is
      not shown, or it can be driven by an electric motor within the housing of
      the carrige 34. When driven by an electric motor within the housing, it
      causes the wheels to turn by any suitable means. The electrical connection
      between the carriage 34 can be made through the rail 36 or by means of a
      lead to the carriage 34, which is not shown. The control of the motor
      driving the wheels 38 and 40 can be effectuated by a remote controller.
      Also, the drive on the wheels 38 and 40 can be provided on a constant
      basis with any suitable control as previously mentioned or by means of an
      electrical connection between the I bar rail or through a lead or other
      contact.
PAR  The bull 18 is caused to move in a circular manner around the track 22. As
      it moves, it provides a simulated appearance of running by means of front
      legs 70 and rear legs 72 being actuated in a forward and backward
      direction by respective actuators 74 and 76. The actuators 74 and 76 can
      be pneumatically, hydraulically, or electrically controlled. They provide
      any suitable function as dictated by the control computer of this
      invention.
PAR  The movement of the legs can also be in a constant manner, back and forth,
      so that the pivotal action of the actuators 74 and 76 is on a constant
      basis. This can be effectuated through any drive means within the bull 18
      such as a rotational drive motor, crank, and cam to effectuate a forward
      and backward movement of the legs 70 and 72.
PAR  In addition to the foregoing movement of legs 70 and 72, the other portion
      of the legs can be moved by means of an actuator 80 at a pivotal point
      thereat. The actuator 80 can enhance the movement of the upper and lower
      portion of the legs as defined by the lower portion of the legs 70 and the
      upper portion 82. The upper portion 82 is fundamentally a structural
      member that can be made of any suitable structural material, such as the
      steel cross members as shown. The structural portion of the bull is shown
      with an upper structural member 84 attached to the legs 70 and an upper
      structural member 86 attached to the legs 72. The structural members 84
      and 86 provide the structure to allow the bull to move its legs as
      provided by actuators 74, 76 and 80.
PAR  In addition to the foregoing movement an actuator 90 is uiliized for
      causing the movement of a head 92 of the bull. The head 92 can move up and
      down so as to create a tossing type of movement which is tantamount to the
      movement of a bull's head during its charge when it tries to toss its
      prey.
PAR  The actuator 90 can be controlled by the control computer which controls
      the remainder of the bull 18.
PAR  The actuator 90 is not only used for allowing the head of the bull to go in
      an upward and downward direction as indicated by an arrow 94, but also can
      be utilized to provide a lateral movement so that the bull's head moves to
      either side. Regardless of how the head of the bull moves, it should be
      understood that the various movements provided by the actuator 90 can be
      effectuated by suitable servo means as in the previous cases. In other
      words, the servo means can be a hydraulic motor, a pneumatic system, or an
      electromechanical system.
PAR  In order to provide a charging appearance to the bull, an actuator can
      cause the bull to go up and down and move it in a rotational manner around
      the supporting pedestal member 28. In other words, the supporting upright
      28 can be such that the bull 18 can pivot on the support in a rotational
      manner to provide angular orientation of the bull with respect to the arm
      20. As will be described, certain movements of the bull are required in
      order to create a movement of the bull tantamount to a straight charge. As
      a consequence, rotational movement is imparted by actuator 98. The
      actuator 98 can also cause an upward and downward movement of the bull 18
      on the upright support 28. The upward and downward movement, of course,
      creates a situation where the bull can rear or move in a manner consonant
      with the way a bull's body moves in a real life situation.
PAR  In addition to the foregoing movement, a tail actuator 100 is provided for
      movement of the tail so that it swishes as in a real life situation. The
      tail, of course, on a bull swishes when it is ready to charge.
PAR  As shown in greater detail in FIG. 6 the actuator 90, 98 and 100 orient the
      bull in both the vertical as well as horizontal mode. The actuators 90, 98
      and 100 can also be of a type which will function in more than one axis.
      Each actuator 90, 98 and 100 can be substituted by two pairs of actuators
      which can each respectively move laterally and vertically.
PAR  The bull ring 10 is shown in a plan view in FIG. 7 wherein the bull 18 is
      making a pass; in this particular embodiment, the bull 18 has made a pass
      by the matador at station 104. As it passes by, the arm 20 is shown in a
      normal condition, or at a perpendicular to the longitudinal axis of the
      bull 18. As the bull 18 continues to move on the track 56 or 22, the angle
      of the arm 20 closes to an acute angle as seen at station 106. Thus, the
      bull 18 is provided with a relative motion that is generally in a straight
      line in the direction of arrow 108 until it begins to turn at arrow 110.
PAR  At arrow 110, the bull 18 is turned completely through the acute angle of
      the support 20 so that it is then in a perpendicular or normal orientation
      there as shown at station 114. In this orientation, the other side of the
      bull is exposed to the matador and the bull then makes the turn and
      charges in the direction of arrow 118 until it reaches another turn at the
      curved arrow 120.
PAR  It should be understood that the movement of the bull 18 with respect to
      the support arm 20 is effectuated and controlled by the actuator 98. This,
      of course, is controlled on a time and movement basis so that the angle of
      the bull 18 is such that it generally makes a pass at the matador on a
      looped basis.
PAR  Various angular orientations of the bull 18 with respect to the bar or
      support arm 20 can be provided. In other words, the angular orientation as
      it is changed provides different angles of attack and different modes so
      that the bull is not always attacking the matador at the same angle or
      mode. In other words, the stations at which the bull turns on the arm 20
      can change with respect to the desired relative placement on the track 56.
      This allows for variable preestablished patterns to be effectuated by the
      computer so that the bull charges at what appears to be random points in
      the direction of the matador to simulate a real life situation.
PAR  Looking more specifically at FIG. 8, the electrical and control
      configuration is substantially shown in a block diagram including the
      logic and the general flow thereof. As can be seen in FIG. 8, the
      different functions are generally controlled by a control computer 200.
      The control computer 200 is on line to control the various aspects and
      movements of the invention.
PAR  In operation, a participant pays a particular amount of money to begin the
      game to an operator or coin box. The participant then takes a matador's
      cape 14 into the ring. At this movement in time, due to a coin-operated
      device or other hand-operated switch means, the device then starts.
PAR  A checkout device 202 is provided to interface the entire operation and
      function of the invention with respect to either a coin-operated or manual
      operator-activated start function. The checkout device 202 also enables an
      override switch to create a situation wherein the checkout can allow the
      bull 18 to run without a participant for attraction purposes. In other
      words, in order to attract participants it is sometimes desirable to run
      the bull 18 on the track 22 in its different patterns without a
      participant in the ring. This can be accomplished by having a
      pre-established pattern for the bull and a charging motion applied to the
      bull through the control computer 200.
PAR  A human operator switch 206 is shown with an and gate going into the
      control computer. In this particular situation, the participant 12 stands
      on a plate 16 which is associated with the human operator switch 206. The
      human operator on-off switch 206 is a mechanical switch controlled by the
      participant's weight on the plate 16. In other words, when the participant
      steps off the plate 16 or disc into the ring 10, thereby being close to
      the bull 18 at the point where he might be hit, the entire device stops by
      means of an override to the control computer 200.
PAR  The participant 12 effectuates the location of the cape as indicated by box
      210. In effect, function 210 is performed by an optical or physical
      contactor associated with the bull 18 and cape 14. The participant, with
      respect to the cape 14 and bull 18 location, places his body in a position
      which is also a function judged by the control computer 200. As a
      consequence, the participant's activity goes into the and gate associated
      with the human operator on-off switch 206 as well as the cape location
      function 210.
PAR  The cape location 210 is integrated with and matched to the bull's optic or
      mechanical sensor. The bull's optic sensor 214 is placed in the head of
      the bull to determine the position of the cape 14. When the two are
      matched in a fundamentally direct area, the and gate associates them to
      provide a positive signal to the control computer for purposes of
      eliciting sound effects through the sound effect medium 216. The sound
      effect medium can be such that an ole or a boo can be applied depending
      upon the location of the cape as it relates to the bull's optic sensor
      214. In other words, when the cape is placed in a relatively obscure
      position, or is not laid in a proper manner over the bull's head 92, the
      sound effects will respond accordingly in the form of a boo. When the cape
      location of the bull's optic senses are directly on line to coordinate and
      effectuate a perfect pass of the cape, the control computer will match the
      two and create a sound effect such that there will be an ole.
PAR  In order to create the movement of the carriage, a bull motor drive in the
      form of a motor with adequate speed controls 218 is provided. The bull
      motor drive 218 is controlled by the computer and, of course, is overriden
      by the foregoing checkout 202 and human operator on-off switch 206 through
      the control computer 200. The bull motor drive 218 is generally provided
      on a constant speed basis. A bull motion means 220 effectuated by the
      control computer 200 causes a pre-programmed bull motion through the
      respective actuators 74, 76, 80, 90, 98 and 100. The foregoing actuators
      thereby create the bull's 18 response and it is shown in box 222. In
      addition thereto, the bull's response 222 can be varied by different means
      so as to provide a variable pattern depending upon the particular
      programming of the computer.
PAR  In addition to the foregoing apparatus and electronic instrumentation for
      causing the invention to actively operate, various other means can be
      utilized for causing the mechanical movement of the bull 18. Specifically,
      besides the foregoing technique, a telescoping technique can be utilized.
      The telescoping technique requires an outer ring which acts as the track
      or a rail which supports the bull. The bull is supported at its side and
      is placed at a distal relationship to the participant.
PAR  A telescoping shaft rides the outer rail and is projected inwardly and
      outwardly to provide the desired passes by the participant. In other
      words, the passes of the bull 18 are all provided on a controlled
      telescoping shaft that moves inwardly and outwardly. In addition thereto,
      the angular orientation with the track changes so that the bull comes
      toward the participant at different angular relationships.
PAR  In addition to the foregoing embodiment, a gear technique can be utilized
      in the form of a large precast gear or circumferential ring around the
      periphery of the bull ring. The precast gear can be sized properly to
      allow the bull to pass the participant in a predetermined pattern. In
      other words, the bull 18 can pass the participant inwardly and outwardly
      through a series of epicyclic trains which can be mounted in underlying
      relationship beneath the bull ring 10. In this manner, as the bull is
      passed from one epicyclic gear train to another, it can move in variable
      manners, depending upon how it is gated with respect to each series of
      gears as it moves through the epicyclic train.
PAR  Other mechanisms including an electric car technique and a remote control
      technique can be used in this instance. The electric car utilizes an
      energized surface either on the floor of the bull ring, the ceiling, or
      both, to supply power to the bull. Such methods are known in the
      utilization of bumper car rides. Thus, it provides the motion and also the
      power utilized for operation of the bull.
PAR  Other bull control and driving means can provide remote control of the bull
      on the tracks or other means can be used to guide the bull on a number of
      wheels. In other words, the bull can be attached to wheels or on a shaft
      which in turn moves the bull on a series of motive means such as the
      wheels with their own interior drives.
PAR  In any of the foregoing, it is generally desirable to provide a
      pre-established program either through an electromechanical system, or
      through a computer which can then cause the entire system to function in
      accordance with the movements desired to create a bull fighting game.
PAR  As can be understood from the foregoing alternative embodiments, this
      invention should be read broadly in light of the following claims, and
      should not be narrowed as to its scope and spirit.
CLMS
STM  I claim:
NUM  1.
PAR  1. A simulated bull fight game comprising:
PA1  a simulated bull's figure;
PA1  a first support means for holding said simulated bull's figure;
PA1  an area in proximate relationship to said bull's figure adapted for a
      participant taking the part of a matador;
PA1  a cape for said participant;
PA1  optical sensor means in said bull to register the position of said cape in
      a participant's hand; and,
PA1  means to move said bull on said support means with respect to said
      participant in a manner simulating the movement of a bull in a bull ring
      so that a participant can partake with a cape in a simulated bull fight.
NUM  2.
PAR  2. The bull fight game as claimed in claim 1 further comprising;
PA1  said simulated bull's figure having actuators for moving a portion of its
      body relative to said support means.
NUM  3.
PAR  3. The bull fight game as claimed in claim 1 further comprising:
PA1  an audio means for simulating audience response to a participant's activity
      with respect to the simulated bull's figure.
NUM  4.
PAR  4. The bull fight game as claimed in claim 1 further comprising:
PA1  a bull ring having a circular track;
PA1  a carriage on a circular track, said carriage moves around the edge of the
      bull ring said carriage comprises said support means in part; and,
PA1  a second support means that is attached to said carriage moves with respect
      to said carriage to move said figure in a separate path.
NUM  5.
PAR  5. The bull fight game as claimed in claim 4 further comprising;
PA1  actuators for moving the head of said figure in a lateral as well as a
      vertical relationship;
PA1  actuators for moving the legs of said figures to provide an appearance of
      running;
PA1  an actuator for moving the tail of said figure to provide a swishing
      effect.
NUM  6.
PAR  6. The bull fight game as claimed in claim 5 further comprising:
PA1  said track being an I-beam and,
PA1  a carriage having rollers for underlying a transverse portion of the I
      beam.
NUM  7.
PAR  7. The bull fight game as claimed in claim 1 further comprising:
PA1  a control computer for controlling the movement of said figure.
NUM  8.
PAR  8. The bull fight game as claimed in claim 7 wherein:
PA1  said control computer has a series of programs for various figure movements
      associated therewith.
NUM  9.
PAR  9. The bull fight game as claimed in claim 8 further comprising:
PA1  a participant area having an override switch which curtails the movement of
      the figure bull when a participant is not in said area.
NUM  10.
PAR  10. The bull fight game as claimed in claim 9 wherein:
PA1  said override switch is a plate upon which a participant stands to activate
      the opertion of the bull fight game his weight.
NUM  11.
PAR  11. The bull fight game as claimed in claim 10 further comprising:
PA1  a control override switch which can check the operation of the bull fight
      game through its various pre-established programs and provide an on and
      off function thereof.
NUM  12.
PAR  12. The bull fight game as claimed in claim 1 further comprising:
PA1  said cape having interfacing electrical means for causing said optical
      sensor to read the position of the cape.
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ABST
PAL  A batting practice device is provided for assisting a hitter in determining
      whether or not his swing is level and achieving a level swing at balls
      located at various positions relative to the strike zone. A pair of
      elongated vertically spaced horizontally extending arms are provided, the
      lower arm having a member associated therewith for supporting a practice
      baseball to be hit. The arms are supported on a vertical support member,
      and adjustment structure is provided for allowing positioning of the
      practice ball in any position relative to the strike zone. Base members
      for supporting the vertical support may be in the form of home-plates, and
      structure may be provided for rotating the arms about the vertical support
      to allow cooperation of the arms with either of the plates whereby the
      device may be used by both left-handed and right-handed batters.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The invention relates to a device for assisting a baseball player in
      practicing his swing and for ensuring that the swing is proper. It is well
      known in the sport that for a player to achieve maximum benefit from his
      power in hitting a ball that his swing be level. Many players have a level
      swing when a ball is pitched within some areas of the strike zone while
      they have a tendency to "chop" or "undercut" a ball in other areas of the
      strike zone. The invention provides a means for allowing a player with
      practice to achieve a level swing in all areas of the strike zone.
PAR  There have been many prior art devices that have been proposed for
      assisting a baseball player in practicing his swing. For instance U. S.
      Pat. Nos. 3,139,282 and 3,489,411 show means for supporting a baseball at
      various parts of a home plate-shaped base to allow a batter to strike the
      ball at various positions that cause him difficulty. Such devices while
      giving a batter a realistic feel in hitting a ball have no means for
      ensuring that the batter's swing is level at the various areas of the
      plate on which the ball is supported. Thus a batter will not get the
      maximum benefit of the practice of hitting the ball since he will not be
      able to determine whether or not his swing is level.
PAR  U.S. Pat. Nos. 2,985,452, 2,443,131 and 3,386,733 disclose prior art
      proposals for providing means for assisting a player in developing a level
      swing. These devices are not entirely successful in accomplishing this
      objective, however, because they do not provide for realistic contact with
      a baseball, nor do they provide for adjustability depending upon the areas
      relative to the strike zone a player is having difficulty maintaining a
      level swing in. U.S. Pat. No. 2,985,452 for instance provides only level
      guides for allowing movement of a bat therebetween, and no perspective is
      provided for various areas of the strike zone, no ball is hit, and the
      bars unnecessarily require that a player's swing remain level from start
      to finish instead of just requiring that it be level in the area of
      contact with the ball, which is all that is necessary or desirable. U.S.
      Pat. Nos. 2,443,131 and 3,386,733 also do not provide for realistic
      hitting of a ball, other materials being provided to simulate the hitting
      of a ball; also again no perspective relative to a plate is provided, nor
      is adjustment possible horizontally relative to a plate.
PAR  According to the teachings of the present invention an improved batting
      practice device is provided that ensures that a player's swing is level at
      the point of contact with a baseball while not unnecessarily restricting
      the swing at other portions thereof, provides for realistic hitting of a
      baseball to ensure proper feel, and allows adjustment of the point of
      placement of a practice ball to be hit both horizontally and vertically
      relative to a reference home plate and associated strike zone for both
      right-handed and left-handed hitters, while providing a device that is
      easy and inexpensive to manufacture. The exemplary device according to the
      present invention provides a pair of spaced horizontally-disposed parallel
      arms having means for holding a ball associated with the bottom one
      thereof. These arms may be mounted to a plate having a track therein
      providing for adjustment of the arms in one horizontal plane, while the
      ball-holding means provide for adjustment of the ball placement in another
      horizontal plane perpendicular to the above-mentioned plane. The plate may
      be mounted on a sleeve which sleeve is in turn mounted on a pole and
      adapted to be vertically adjusted with respect thereto. The pole may be
      attached to two home-plate base members which provide support for the
      device as a whole and also a reference for facilitating proper adjustment
      of a practice ball to be hit within various areas of a strike zone. The
      sleeve may be rotatable with respect to the pole so that the arms may
      extend over either of the two base home-plates, thus allowing practice by
      either a right-handed or left-handed batter.
PAR  It is the primary object of the present invention to provide an improved
      batting practice device. This and other objects of the invention will
      become clear from an inspection of the detailed description of the
      invention and from the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an exemplary batting practice device
      according to the present invention; and
PAR  FIG. 2 is an exploded detail perspective view of portions of the device
      shown in FIG. 1 with portions thereof cut away.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Exemplary apparatus according to the present invention is shown generally
      at 10 in the drawings. In general said apparatus includes a pair of
      parallel horizontally extending vertically spaced elongated relatively
      rigid arms, upper arm 12 and lower arm 14. The arms are "open" (that is
      have no vertically extending member therebetween) at end A thereof and are
      spaced a vertical distance B, the distance B being somewhat greater than
      the width of the bottle portion of a conventional baseball bat. Attached
      to the lower arm 14 is a member 16 adapted to hold a baseball or the like
      thereon between the arms 12 and 14. As shown the member 16 comprises a
      cup-shaped flexible member, but it may take other forms. The arms 12 and
      14 are supported in their generally horizontal position by a vertically
      extending support member, such as post 18.
PAR  In order to provide practice for a hitter having trouble maintaining a
      level swing at various portions of the strike zone, the apparatus 10 is
      provided with a number of means for adjusting the position of a baseball
      or the like supported by the means 16 relative to the ground and relative
      to a reference home-plate (such as home-plate base members 20 and 22).
      Such adjustment means include an adjustable coupling for attaching the cup
      member 16 to the lower arm 14, such as a collar 24 and thumb screw 26
      therein, whereby adjustment of the location of a baseball or the like
      relative to a home-plate 20 along the direction of elongation of arm 14 is
      provided. The degree of adjustment of the cup member 16 with respect to
      the arm 14 preferably corresponds to the width (17 inches) of the front
      edge 28 of home-plate 20 so that the batter will also be taught to swing
      at balls only within the strike zone. Adjustment outside this area may
      also be provided, however, if desired.
PAR  Another means 30 provides for adjustment of the arms in the horizontal
      direction perpendicular to the front edge 28 of plate 20 so that balls
      either in front of or behind edge 28 may be practice hit (preferably
      adjustment is limited to 3 inches in front of home-plate edge 28 and 9
      inches in back of it to again simulate game best pitch conditions). The
      means 30 preferably includes a plate 32 having a pair of horizontal
      grooves 34 formed therein. Each end of each groove may be terminated by an
      enlarged portion 36. The grooves 34 are adapted to receive tab portions 38
      of a vertically extending connecting member 40 for the two arms 12 and 14.
      The groove portions 34 and 36 are so dimensioned that the vertical
      dimension of the tabs 38 is greater than the width of the grooves 34 but
      that the dimension of the enlarged portions 36 are greater than those of
      the tabs 38, whereby the arms may be disconnected from the plate 30,
      facilitating replacement with new or differently dimensioned arms.
PAR  A means 42 provides for adjustment of the arms 12, 14 vertically with
      respect to the post 18, and additionally may provide for rotation of the
      arms with respect to the post 18. The means 42 preferably includes a
      sleeve member 44 having substantially the same inside diameter as the
      outside diameter of the post 18. The sleeve 44 is operatively attached to
      the plate 32, as by bracket 46 and screws (not shown) passing through
      bracket 46 and threaded into holes 48 in sleeve 44. A thumb-screw 50 or
      other suitable means may be provided for locking the sleeve 44 in various
      positions with respect to the post 18. As can be readily seen the arms 12,
      14 may be rotated about post 18 as allowed by sleeve 44 (after loosening
      of thumb-screw 50) so that the arms may cooperate with either plate 20 or
      plate 22.
PAR  As has been previously stated the members 20 and 22 are base plate members
      having the same size and dimension as a baseball home-plate, and they are
      orientated in the same direction. Each plate 20, 22 is spaced via
      cross-piece 52 from the vertical post 18 so that a batter practicing
      hitting a ball at the far end of the strike-zone will not hit the post 18.
      The base members may be merely placed on the ground, or affixed to the
      ground by any suitable means (depending upon the ground surface) such as
      spikes or suction cups on the bottom of plates 20 and 22.
PAR  Operation of the apparatus shown in the drawings is as follows: A hitter
      loosens thumb screw 50 of sleeve 44 and rotates the arms 12 and 14 about
      post 18 so that they are parallel to the front edge (i.e., edge 28) of
      either plate 20 or plate 22 depending upon whether the hitter is
      left-handed or right-handed. The hitter then (A) adjusts the horizontal
      position of the arms 12, 14 in the direction perpendicular to the front
      edge of the plate 20 or 22 by sliding the member 40 with respect to the
      plate 32, (B) adjusts the vertical position of the arms 12, 14 by
      adjusting the sleeve 44, and (C) adjusts the position of the cup member 16
      with respect to the arm 14 by loosening the thumb-screw 26 -- depending
      upon the position of pitches that the particular hitter is having trouble
      meeting properly with a level swing. After proper adjustment, a regulation
      baseball, rubber-coated ball, whiffle ball of baseball dimensions, or the
      like is placed on the cup member 16, the batter stands in the position he
      would normally take when going up to bat (that is within a batter's box,
      and the particular position therewithin where he feels most comfortable),
      and the batter swings at the ball. If the swing is level, the bat will
      properly pass between the arm members 12 and 14 and solidly meet the ball
      -- if the swing is not level it will hit one or both of the arm members
      12, 14 and the ball will not be met solidly. With constant practice in
      this manner, the batter will learn to swing level at balls at any portion
      of the strike zone.
PAR  While the invention has been herein shown and described in what is
      presently conceived to be the most practical and preferred embodiments, it
      will be obvious to those of ordinary skill in the art that many
      modifications may be made thereof within the scope of the invention. For
      instance other means, such as C-collars or interference fits, may be
      provided for providing adjustment between the various members for proper
      location of a baseball. Also a single home-plate base member maybe
      provided, the member being able to be flipped over about its operative
      attachment to post 18 for allowing use by either a right-handed or
      left-handed batter and anchorage of the device could be provided by other
      means (although anchorage by the pair of home-plates is in all probability
      superior). Also, arms 12, 14 could extend from either side of the post 18
      so that there would be no need for rotation of the arms about the post 18
      to cooperate with either plate 20 or 22, although this would add to the
      expense of the device. The arms 12 and 14 maybe coated with a soft
      material to protect them and the bat, and may be made flexible in the
      horizontal plane. Other modifications are also possible, thus it is
      intended that the appended claims be accorded their full scope so as to
      encompass all equivalent structures and devices.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A batting device comprising
PA1  means for assisting a baseball player in developing a level swing of a
      conventional baseball bat, said means including
PA1  a pair of elongated generally horizontally extending vertically spaced
      parallel arms including an upper arm and a lower arm, said arms being
      vertically spaced a distance sufficient to allow the passage of the
      bottle-shaped portion of a horizontally disposed conventional baseball bat
      therebetween, said arms substantially lying in a single vertical plane,
      said arms having no vertically extending connecting member at at least one
      of the ends thereof thereby forming an open end,
PA1  means located on said lower arm for supporting a baseball between said
      arms, and
PA1  means for supporting said pair of arms in their generally horizontally
      extending position.
NUM  2.
PAR  2. A device as recited in claim 1 further comprising means for attaching
      portions of said arms remote from the open end thereof to said supporting
      means so that said arms may be swung 180.degree. about a vertical axis.
NUM  3.
PAR  3. A device as recited in claim 2 wherein said attaching means is
      vertically adjustable with respect to said supporting means whereby the
      vertical position of said arms may be adjusted.
NUM  4.
PAR  4. A device as recited in claim 2 wherein said attaching means further
      comprise means for allowing adjustment of the horizontal position of said
      arms in a direction generally perpendicular to the direction of elongation
      of said arms.
NUM  5.
PAR  5. A device as recited in claim 1 wherein said baseball supporting means is
      adjustable along the length of said lower arm to thereby adjust the
      position of a baseball supported thereby with respect to said arms.
NUM  6.
PAR  6. A device as recited in claim 1 wherein said supporting means includes a
      vertically extending support member and a first base member for supporting
      said vertically extending member and adapted to be disposed on the ground,
      said base member including a first plate member having the same shape and
      diemsnions as a conventional baseball home-plate, and said base member
      being spaced horizontally from said vertical support member.
NUM  7.
PAR  7. A device as recited in claim 6 further comprising means for attaching
      said arms to said vertical support member, said means including means for
      allowing adjustment of said arms in a horizontal direction perpendicular
      to the front edge of said firt plate member from positions on one side of
      said front edge to positions on the other side of said front edge and
      means for allowing adjustment of the vertical position of said arms with
      respect to said vertical member, and
PA1  means for allowing adjustment of said ball supporting means along the
      direction of elongation of said lower arm from a position on one side edge
      of said first home-plate shaped base member.
NUM  8.
PAR  8. A device as recited in claim 7 further comprising a second base member
      operatively attached to said vertical support member, said second base
      member also having the shape and dimensions as a conventional baseball
      home-plate and being spaced on the opposite side of said vertical support
      member from said first base member and having edges thereof parallel to
      corresponding edges of said first base member and orientated in the same
      direction, and
PA1  means for operatively connecting said arms to said vertical support member
      so that said arms may be rotated 180.degree. about said vertical support
      member whereby said device may be used by either a right-handed or
      left-handed batter.
NUM  9.
PAR  9. A device as recited in claim 8 wherein said means for operatively
      connecting said arms to said vertical support member includes a sleeve
      member for surrounding a portion of said vertical support member, and
      means for maintaining said sleeve member in a particular vertical and
      rotative position with respect to said vertical support member.
NUM  10.
PAR  10. A device as recited in claim 7 wherein said means for allowing
      adjustment of said arms in a direction perpendicular to the front edge of
      said first plate member includes a plate member having a horizontally
      extending groove therein and means connected to said arms for cooperation
      with said groove, and wherein said groove includes an enlarged portion
      thereof for allowing detachment of said arms from said plate member.
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ABST
PAL  In order to aid in the instructions of the service stroke in tennis, a
      tennis ball is releasably held by suction at the mouth of a suspended
      supple hose at the proper height to be stroked by a tennis racquet as in
      serving. The ball is easily released from the restraining force of the
      suction upon impact by the tennis racquet.
BSUM
PAR  The invention contemplates an apparatus for use as an aid in teaching and
      practicing the serving of a ball in the game of tennis. When serving, the
      player tosses the ball straight up with a force, such that the ball will
      stop travelling upwardly at a desired height, which height is most suited
      for the individual player to serve the ball by stroking it into a desired
      location in the opposite court. A person who is learning to serve a ball,
      finds it difficult to coordinate his movements so that he can toss the
      ball straight up to a height at which it would be most desirable to strike
      the ball and get into position to strike it at the proper time. By
      concentrating on obtaining a proper toss and watching the ball, he is
      distracted from properly hitting the ball so as to place it at a selected
      desirable location in the opponent's court.
PAR  It is therefore highly desirable that some way be found for holding a
      tennis ball releasably suspended at the proper height to be impacted by
      the racquet in a service stroke, so as to enable the learner to
      concentrate on causing the ball to travel to a desired location. In this
      way, the learner's jerky toss that is necessary for the ball to reach
      proper height and which is often missed by a learner, is eliminated. In
      order to accomplish this, I have devised an elongated supple tubular hose
      which is suspended from one end and also connected to a source of suction.
      A tennis ball placed at the opposite open end of the hose is held
      suspended by the suction which is just sufficient to counteract the weight
      of the ball. Since the hose is supple, readily yieldably and highly
      flexible, it will provide a minimum impediment to the stroke movement of
      the racquet against the ball.
PAR  It is therefore one object of the invention to provide a device for
      releasably suspending a tennis ball at the proper height to be impacted by
      a racquet in simulating a service stroke.
PAR  It is another object of the invention to provide a suspended device for
      releasably grasping a portion of the periphery of a tennis ball, the
      device offering a minimum of impediment to the striking of a tennis ball
      by the racquet.
PAR  It is a further object of the invention to releasably suspend a tennis ball
      from a portable stand in a manner described in the above objects.
PAR  An additional object is to provide a ball replacing device in the above
      releasable ball grasping element.
PAR  The above and still further objects of this invention will become apparent
      as a description of the invention proceeds with specific reference to the
      FIGS. of the drawing in which:
PAR  FIG. 1 is a view of the apparatus assembled ready for use by a player; and
PAR  FIG. 2 is a fragmentary view of the apparatus of FIG. 1 with the addition
      of a ball replenshing device which may be attached thereto.
DETD
PAR  As shown in FIG. 1, a relatively massive base 2 is supported on caster
      wheels or rolls 4 so as to be capable of movement to a desired location.
      Secured to the upper surface of the base 2 is a vertically extending mast
      6. The mast may be hollow and provided at the lower end with a flanged
      collar 8 by which it is secured to the base, either by welding, if both
      the base and collar are of metal or by bolts 10 extending through the
      flange into the base 2. A collar 12 surrounds the upper end of the mast 6
      and is provided with a threaded opening extending laterally from its
      periphery intermediate its ends for the reception of a thumb screw 12. The
      mast is provided with a lateral opening through which the thumb screw may
      extend. Telescopically arranged within the upper portion of the mast 6, is
      a tubular rod 14 formed at its upper end with a tubular lateral arm
      extension 16. The end of the arm extension is provided with a downwardly
      extending tubular portion 18. A highly supple, flexible and readily
      yieldable tubular hose 20, which may be of rubber or plastic, has one end
      tightly fitted over the open end of the downwardly extending portion 18
      and secured thereon by means of a ferrule or clamp 22.
PAR  An electrically operated suction pump 24 is mounted on the underside of the
      base for the purpose of creating suction within the tubular member 20 by
      means of a conduit 26 extending from the inlet of the suction pump through
      the mast 6, rod 14, arm 16 and extension 18 and leading into the upper end
      of supple member 20. To prevent collapse of the supple tubular member 20
      when subjected to suction, a stiffened diametrically extending finger 26
      can be attached to the interior wall of the member 26 without preventing
      suction at the open mouth thereof. When a tennis ball is placed against
      the open mouth of the tubular member 20, suction produced by the pump 24
      will be sufficient to hold the ball therein. Obviously, the mouth of
      member 26 should have a diameter which is somewhat smaller than that of
      the tennis ball so that no more than half of the periphery and preferably
      less, enters the mouth thereof. The rod 14 is vertically adjustable within
      the mast and maintains the ball at the proper height for the particular
      learner, by means of the thumb screw 12 bearing thereagainst.
PAR  As the ball is struck by the learner swinging his racquet thereagainst, the
      impact causes the ball to break the suction and travel freely to the
      destination. Due to the highly yieldable nature of the member 20, there
      will be but little impedance to the free swing of the racquet. An
      arrangement may be provided for replacing the ball in the mouth of the
      member 20 without having to stand on a stool. Such an arrangement, as
      shown in FIG. 2, may be in the form of an elongated tube 30 having an
      internal diameter substantially that of a tennis ball. One end of the tube
      30 may be pivotally mounted on the rod for swinging movements on a
      horizontal axis 32 relative to the rod. The opposite end of the tube 30 is
      closed by an end wall 34 and a portion of the periphery of the tube, just
      rearwardly of the wall, is cut away to expose the lowermost ball of the
      series of balls within the tube. When the tube 30 is swung upwardly by
      pulling a string connected to the end of the tube rearwardly of the axis
      32, the tube is swung upwardly to place the lowermost ball in the open
      mouth of the tubular member 20 to which the ball will adhere by the
      suction in the member 20. The tube 30 is then permitted to lower to
      substantially a vertical position and the balls in the tube roll down
      until the endmost ball abuts the wall 34. After each ball is released from
      the tubular member 20, the string 36 is pulled to replace the ball in the
      mouth of member 20.
PAR  The apparatus above described has practical utility for the purpose of
      practicing service of a tennis ball, is simple and uncomplicated, in
      structure, economical to produce and may be moved to any location either
      indoors or outdoors.
PAR  While I have shown and described a reloading arrangement which includes a
      tubular arm 30 swingable about a horizontal pivot in order to move a ball
      stored therein toward the mouth of the tubular hose 20, the arm may also
      be mounted on the post 14 to swing horizontally thereabout or about a
      vertical pivot parallel to the post to present a ball to the hose, the arm
      being normally biased to a position 180.degree. away from that shown in
      FIG. 2. If it is not desired to utilize reloading devices as above
      described, one may obviously utilize a stick having a support for a ball
      at its upper end, for moving the ball to the mouth of the hose.
PAR  While I have described only one preferred embodiment of my invention by way
      of illustration, it will be evident that many modifications will occur to
      those skilled in the art and that I therefore, intend by the appended
      claims to cover all such modifications as fall within the true spirit and
      scope of my invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for use as an aid in learning the service stroke in tennis
      comprising,
PA1  a substantially vertical overhead support,
PA1  supple flexibly yieldable tubular means suspended from said support,
PA1  said tubular means having a lower open end for seating against the
      uppermost portion of the surface of a tennis ball placed at a height above
      a player's head,
PA1  and means for applying suction to the other end of said tubular means with
      a force which is just sufficient to maintain the weight of the ball in
      said open end but to be overcome to release the ball by impact of a
      racquet striking against the ball during a service stroke.
NUM  2.
PAR  2. An apparatus according to claim 1 including a an arm secured to the
      vertical support extending at an angle therefrom and comprising said
      overhead support,
PA1  said tubular element being suspended vertically from said arm.
NUM  3.
PAR  3. An apparatus according to claim 2 including means for adjusting the
      height of said arm on the vertical support.
NUM  4.
PAR  4. An apparatus according to claim 1 further including a movable ground
      engaging base on which the vertical support is mounted.
NUM  5.
PAR  5. An apparatus according to claim 1 including a ball storage means, means
      mounting the storage means on said substantially vertical support for
      movement to seat a ball in the open end of the tubular means.
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PAL  A ball retrieving apparatus used by a player for independently practicing
      the art of tossing a ball. The ball retrieving apparatus comprises a
      lightweight ball pivotally and detachably communicating with an elastic
      rubber band. The elastic rubber band is anchored to an adjustable wrist
      support band worn on the player's wrist. When the ball is tossed in a
      forward direction, the elastic rubber band is stretched in a forward
      direction. The ball snaps back to the player, when the rubber band has
      reached its maximum forward displacement.
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to an unique and novel concept permitting a forward
      tossed ball to be returned to the player tossing the ball.
PAR  It is known that ball members have been attached by means of an elastic
      band to stationary objects such as a rigid frame or a person's head.
      However, these aforementioned devices are ineffective as a ball retrieving
      apparatus because of the weight of the ball member as well as the support
      mechanism does not allow for maximum control over the tossed ball. The
      purpose of my invention is to provide a ball retrieving apparatus with
      maximum degree of efficiency of return of the ball to the player as well
      as improved control over the degree of accuracy in the tossing of the
      ball.
PAR  An advantage of my invention over the previously cited patents is that the
      weight characteristics of the ball permits maximum efficiency of return of
      the ball to the player. A further advantage of my invention is that the
      adjustable support wrist band provides improved control over the degree of
      accuracy in the tossing of the ball.
PAR  An elastic rubber band is pivotally mounted onto the surface of a ball. A
      common type of ball used in my invention is a standard shaped football,
      wherein the football is constructed of a lightweight thermoplastic foam
      having a plurality of apertures within the surface of the football. The
      second end of the elastic rubber band is looped onto a ring affixed to the
      top surface of an ajustable support wrist band.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of my invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a side elevated view of the ball retrieving apparatus in
      use;
PAR  FIG. 2 illustrates a side view of the lightweight ball of the invention;
      and
PAR  FIG. 3 illustrates a side perspective view of the adjustable wrist support
      band.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      shows the ball retrieving apparatus 10, wherein a forward pass is being
      thrown by a player 12. When the football 11 has reached its maximum
      forward displacement, the football 11 snaps back to the player 12. The
      ball retrieving apparatus 10 comprises a lightweight football 11
      communicating with an elastic rubber band 13 connected to an adjustable
      wrist support band 14. FIG. 2 shows the thermoplastic foamed football 11
      formed in the shape of a standard football. The lightweight football 11
      comprises a thermoplastic foamed member 15 having a plurality of apertures
      16 on its outer surface 28. A socket member 17 is embedded in one end 18
      of the football 11. A snaffle lock 19 is affixed to one end 20 of the
      elastic rubber band 13. A ring 21 is mounted onto a ball joint member 22.
      The ball joint member 22 is pivotally mounted into the socket member 17.
      The snaffle lock 19 clips onto the ring 21 of the ball joint member 22.
      FIG. 3 shows the attachment of the elastic rubber band 13 to the
      adjustable wrist support band 14. The adjustable wrist support band 14
      comprises a flat flexible rectangular shaped member 31 with a plurality of
      snaps 23 embedded in the bottom surface 24 of the flat flexible
      rectangular shaped member 31. The snaps 23 are aligned along each
      longitudinal edge 25 of the flat flexible rectangular shaped member 31. A
      plurality of snap receiving members 26 are embedded in the top surface 27
      of the flat flexible rectangular shaped member 31, wherein the snap
      receiving members 26 are aligned along each longitudinal edge 25. The
      snaps 23 and snap receiving members 26 are at opposite ends of the flat
      flexible rectangular shaped member 31 which wraps around the player's
      wrist 32. A U-shaped bracket 30 is mounted onto the top surface 27 of the
      flat flexible rectangular shaped member 31. The second end 29 of the
      elastic rubber 13 is looped around the U-shaped bracket 30 and joined back
      onto itself forming a loop attachment of the elastic rubber band 13 to the
      U-shaped bracket 30.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A ball retrieving apparatus used for a tossing of a ball in a forward
      direction, which comprises:
PA1  a. a thermoplastic foamed ball member;
PA1  b. an elastic rubber band;
PA1  c. an adjustable wrist support band;
PA1  d. a means for attaching said elastic rubber band to said adjustable wrist
      support band; and
PA1  e. a means for pivotally and detachably mounting said thermoplastic foamed
      ball member to said elastic rubber band.
NUM  2.
PAR  2. A ball retrieving apparatus as recited in claim 1, wherein said
      adjustable wrist support band comprises:
PA1  a. a flat flexible rectangular shaped member having a top and a bottom
      surface, said flexible rectangular shaped member adapted to receive a
      wrist of a user;
PA1  b. a top surface of said flat flexible rectangular shaped member;
PA1  c. a bottom surface of said flat flexible rectangular shaped member;
PA1  d. (b) a plurality of snaps embedded in said bottom surface;
PA1  e. (c) a plurality of snap receiving members embedded in said top surface;
      and
PA1  f. (d) a U-shaped bracket affixed onto said top surface;
PA1  g. said flat flexible rectangular shaped member wrapped around a player's
      wrist with said snap inserted into said snap receiving members.
NUM  3.
PAR  3. A ball retrieving apparatus as recited in claim 2, wherein said means of
      mounting said elastic rubber band to said adjustable wrist support band
      comprises:
PA1  a. a second end of said elastic rubber band looped through said U-shaped
      bracket; and
PA1  b. said second end of said elastic rubber band mounted back onto said
      elastic rubber band.
NUM  4.
PAR  4. A ball retrieving apparatus as recited in claim 3, wherein said means
      for pivotally and detachably mounting said thermoplastic foamed ball
      member to said elastic rubber band comprises
PA1  a. a socket member embedded in said thermoplastic ball member;
PA1  b. a ring;
PA1  c. said ring affixed onto a ball joint member;
PA1  d. said ball joint member pivotally mounted in said socket member;
PA1  e. a snaffle lock;
PA1  f. said snaffle lock affixed to a first end of said elastic rubber band;
      and
PA1  g. said snaffle lock clipped onto said ring.
NUM  5.
PAR  5. A ball retrieving apparatus as recited in claim 4, wherein said
      thermoplastic foamed ball member comprises:
PA1  a. said thermoplastic foamed ball member having a plurality of apertures on
      its outer surface; and
PA1  b. said thermoplastic foamed ball member formed in a shape of a standard
      football.
NUM  6.
PAR  6. A ball retrieving apparatus as recited in claim 5, wherein said elastic
      rubber band comprises a 12 foot length.
NUM  7.
PAR  7. A football retrieving apparatus used for the tossing of a football in a
      forward direction, wherein said football automatically returns to a user,
      which comprises;
PA1  a. a thermoplastic foamed football having an outer surface and a pair of
      ends, said outer surface having a plurality of apertures therein;
PA1  b. a socket member embedded in one said end of said thermoplastic foamed
      football;
PA1  c. a ball joint member pivotally mounted in said socket member;
PA1  d. a ring affixed onto said ball joint member;
PA1  e. an elastic rubber band having a pair of ends;
PA1  f. a snaffle lock affixed onto a first said end of said elastic band, said
      snaffle lock engaging said ring;
PA1  g. an adjustable wrist support band adapted to receive a wrist of said
      user;
PA1  h. said wrist support band having a pair of ends, a bottom surface, and a
      top surface;
PA1  i. a plurality of snaps embedded in said bottom surface of said wrist
      support band at one said end thereof;
PA1  j. a plurality of snap receiving members embedded in said top surface of
      said wrist support band at said other end thereof; and
PA1  k. a U-shaped bracket affixed centrally onto said top surface of said wrist
      support band, said second end of said elastic band affixed onto said
      U-shaped bracket.
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ABST
PAL  An elongated, rigid, torque-increasing sleeve telescopically received on
      the flexible handle of a hockey stick; the sleeve being freely slidable,
      at the player's option, along the stick and having a bore with a
      cross-section which prevents rotation of the sleeve on the hockey stick
      handle; the sleeve being optionally positionable, by the player, along the
      hockey stick handle and retained at a position by a friction brake which
      includes a flexible side wall of the rigid sleeve; one or more friction
      plates interposed between the inner surface of the sleeve and the outer
      surface of the hockey stick handle and activated by a plunger exposed at
      the outer surface of the sleeve and/or the sleeve includes a slotted side
      wall permitting opposed side walls to be gripped by a hockey player and
      frictionally engaged with opposite side surfaces of the hockey stick
      handle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a device for use with a hockey stick. The device
      provides for improved player control of the hockey stick particularly when
      shooting or passing a hockey puck.
PAR  2. Description of the Prior Art
PAR  It is difficult for a hockey player, particularly a young player, to always
      control the accuracy of his shots or passes. This is because the shaft or
      handle of the hockey stick has a tendency to turn or twist in the hands of
      the player when striking the puck with the blade of the stick. The young
      player cannot always provide enough torque, through his grip on the stick,
      to prevent this turning tendency.
PAR  It is also difficult for a very young player to lift or raise the puck off
      the ice in shooting or passing it. Again this is due to the lack of torque
      which a very young player can provide and transmit to the blade of the
      hockey stick.
PAR  The torque provided by the players in both above cases is dependent on
      their strength and the size of the handle of the stick. It is the purpose
      of the present invention to provide a device which effectively increases
      the size of the handle of the hockey stick, without reducing its
      flexibility, thereby increasing the torque which a player can provide. The
      increased torque permits younger players to more accurately control their
      shots and passes, and also permits all players to shoot harder.
PAC  SUMMARY OF THE INVENTION
PAR  The device comprises a relatively short, substantially rigid sleeve adapted
      to be non-rotatably mounted on the handle of a hockey stick to provide an
      enlarged hand grip on the handle. In use, the player grips the sleeve,
      rather than an intermediate position on the handle of the stick, with one
      hand. In gripping the sleeve on the handle, rather than the handle itself,
      the moment arm for manipulating the blade of the stick is effectively
      increased and thus, so is the applied torque.
PAR  During play, it is normal for the player's one hand to normally move along
      the handle. To accommodate this movement, the sleeve is sized to be
      normally, freely moved along the length of the handle. It is preferred,
      however, to have the sleeve fixed in position relative to the handle when
      shooting or passing and thus the sleeve is provided with means by which
      the sleeve can be made to selectively grip the handle with a force
      sufficient to prevent its movement relative to the handle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in detail having reference to the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates a sleeve according to the present invention.
PAR  FIG. 2 illustrates the sleeve member of FIG. 1 mounted on a hockey stick;
PAR  FIG. 3 is a cross-sectional view of the sleeve on the hockey stick taken
      along line 3--3 in FIG. 2;
PAR  FIG. 4 illustrates another embodiment of the sleeve member according to the
      present invention;
PAR  FIG. 5 is a cross-sectional view showing the sleeve of FIG. 4 mounted on a
      hockey stick;
PAR  FIG. 6 is a longitudinal sectional view showing the sleeve member of FIG. 4
      mounted on a hockey stick;
PAR  FIG. 7 illustrates another embodiment of the sleeve member according to the
      present invention;
PAR  FIG. 8 is a cross-sectional view showing the sleeve of FIG. 7 mounted on a
      hockey stick; and
PAR  FIG. 9 is a cross-sectional view showing a further embodiment of the sleeve
      member of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The sleeve member 1 of the present invention is employed with a hockey
      stick 3. As shown in FIG. 2, the sleeve 1 is adapted to be placed on the
      shaft or handle 5 of the hockey stick above the blade 7. The sleeve 1 has
      relatively thick, rigid walls 9 to provide an enlarged hand grip region on
      the handle of the stick. The thicker the walls 9, the higher torque
      provided since the moment arm "L", from the player's hand on the outer
      surface 11 of the walls to the longitudinal center of the handle 5,
      obviously increases. The thickness of the walls 9, or the overall outer
      size of the sleeve 1, is limited only in having to provide a sleeve sized
      to be comfortably gripped by the player's hand. The outer surface 11 of
      the walls 9 are preferably slightly rounded, both laterally, and
      longitudinally, to provide a more comfortable grip on the sleeve. The
      inner surface 13 of the walls are planar and preferably define an inner,
      rectangular, cross-sectional area of the sleeve which is just slightly
      larger in size than the cross-sectional area of the shaft 5. This permits
      the sleeve to normally, freely slide along the handle while at the same
      time preventing rotation of the sleeve relative to the handle. The sleeve
      has a length sufficient for it to provide a comfortable hand grip. The
      length can range between 4 and 7 inches. The length should not be much
      greater than 7 inches to avoid reducing the flexibility of the hockey
      stick handle. The sleeve can be made out of wood, thermoplastic or
      metallic material.
PAR  Since it is preferred to have the sleeve fixed relative to the handle, when
      shooting or passing, and movable relative to the handle at other times,
      suitable means can be provided by which the sleeve can be made to
      selectively grip the handle with a force sufficient to prevent its
      movement relative to the handle. As shown in FIGS. 4 to 6, the sleeve 1,
      of FIG. 1, can be modified to incorporate selective gripping means 17.
      These means 17 can comprise a thin, flat pressure plate 19 of metal or
      other suitable material mounted inside the sleeve, adjacent one wall 9a,
      to lie parallel to one side 20 of the handle. The interior cross-sectional
      area of sleeve 1 is increased slightly to be able to accommodate both the
      plate 19 and handle 5. A plunger 21 extends from the plate out through a
      slot 23 in the one wall 9a. When it is desired to "lock" the sleeve
      against movement relative to the hockey stick, the projecting plunger 21
      is pushed in by the hockey player, usually by merely tightening his grip
      on the sleeve. This forces the plate 19 against the one side 20 of the
      handle to frictionally hold the plate 19 against movement relative to the
      shaft and thus to hold the sleeve, through its contact with the plunger 21
      by the end walls 25 of its slot 23. Releasing the pressure on the plunger
      21 will again allow the sleeve, including the plate 19, to move on the
      handle.
PAR  To provide a more positive lock of the sleeve on the handle when desired,
      an addiitonal plate 19', bearing against another wall 20' of the handle,
      may be provided as shown in FIGS. 7 and 8. A plunger 21' extends outwardly
      through a slot 23' in the wall of the sleeve from plate 19'. The player
      can thus actuate the two plungers 21, 21' simultaneously if desired
      providing much more effective gripping of the handle by the two plates 19,
      19', and thus a more positive lock of the sleeve.
PAR  Other types of selective gripping means can be employed to hold the sleeve
      against movement relative to the handle. FIG. 9 illustrates a sleeve 101
      which is of the "open" type as compared to "closed" sleeve 1. Sleeve 101
      is open in that it does not completely enclose or encircle the handle 5 of
      the hockey stick. Rather one wall 103 of the sleeve has a slot 105
      extending its full length. Preferably, the sleeve 101 is formed so that
      the opposing full walls 107, 109 flare away from each other to a slight
      degree in extending from the other full wall 111. Thus the angle between
      wall 107 and wall 111, and wall 109 and wall 111, is slightly greater than
      90.degree.. In operation, sleeve 101 will move readily along the handle,
      particularly since little contact is made with the handle by flaring walls
      107, 109. To lock the sleeve, however, it is only necessary to squeeze
      walls 107, 109 toward each other to lie flat against opposed sides 113,
      115 of the shaft and thus frictionally hold the sleeve in place. The
      sleeve 101 can be advantageously moulded from thermoplastic material to
      provide inherent resiliency tending to return walls 107, 109 to their
      original flared position when a lock on the handle is no longer required,
      and the squeezing grip on the walls is released or relaxed.
PAR  It is also contemplated that a portion of wall 9 of sleeve 1 shown in FIG.
      1 could be made to have more flexible characteristics from the remainder
      of the wall, thereby allowing this more flexible wall portion to be pushed
      in against the handle when it was desired to lock the sleeve.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a hockey stick including an elongated,
      generally-longitudinally-flexible handle having a substantially
      rectangular cross-section and a laterally-extending terminal blade
      extending vertically into the general plane of the rectangularly
      cross-sectioned handle, the improvement comprising, in combination,
      manually-operable, torque-increasing means optionally adjustable at a
      player's option during play when effecting a puck-propelling movement in a
      combined rotary and sweeping manipulation of the hockey stick, said
      torque-increasing means comprising a relatively short rigid sleeve member
      including an inner surface portion circumposed about the handle and an
      outer surface portion to be gripped by the player and being of a length
      short enough not to interfere with the general-longitudinal-flexibility of
      the hockey stick handle, said sleeve member being constructed and arranged
      to be optionally freely slidable along and non-rotatably mounted on said
      hockey stick handle and optionally-positionable therealong prior to a
      puck-propelling manipulation and increasing the hockey stick cross-section
      at the position at which said sleeve member is disposed, said sleeve
      member having means for manually-displacing at least one inner surface
      portion of said sleeve member for frictionally engaging and locking the
      sleeve member relative to a confronting portion of said hockey stick
      handle so the sleeve member does not freely slide along the hockey stick
      handle whereby prior to effecting a puck-propelling manipulation the
      player can readily adjustably position the sleeve member and is afforded
      increased torque-generating means about the longitudinal axis of the
      hockey stick handle so that the increased torque can be correspondingly
      directed to the hockey stick blade.
NUM  2.
PAR  2. The combination as claimed in claim 1, in which said means for
      manually-displacing at least one inner surface portion of the sleeve
      member comprises at least one friction plate interposed between the outer
      surface of the stick handle and an inner surface of the sleeve member, and
      plunger means accessibly-disposed at the outer surface of the sleeve
      member and operatively connected to the friction plate and displaceably
      projecting through the sleeve member whereby gripping action of a player's
      hand on the sleeve member can cause the friction plate to lockingly engage
      the handle at the position optionally selected by the player.
NUM  3.
PAR  3. The combination as claimed in claim 2, in which said means for
      manually-displacing at least one inner surface portion of the sleeve
      member comprises a second friction plate interposed between the outer
      surface of the stick handle and an inner surface of the sleeve member, and
      second plunger means operatively connected to the second friction plate
      and projecting through the outer surface of the sleeve member whereby both
      friction plates can be lockingly engaged to the stick handle when the
      plunger means are gripped by a player.
NUM  4.
PAR  4. The combination as claimed in claim 1, in which said means for
      manually-displacing at least one inner surface portion of the sleeve
      member comprises an integral flexible wall portion in the sleeve member
      which is more flexible than adjacent portions of said sleeve member.
NUM  5.
PAR  5. The combination as claimed in claim 1, in which said means for
      manually-displacing at least one inner surface of the sleeve member
      comprises a full wall on said sleeve member engageable at its inner
      surface with one side of said hockey stick handle, opposed full walls on
      said sleeve member diverging from said first-mentioned full wall in flared
      relationship at opposite sides of the rectangularly cross-sectioned
      handle, and a wall projecting inwardly from the respective opposed,
      diverging full walls and interrupted by a longitudinally extending slot in
      the sleeve member whereby gripping action of a player on the sleeve member
      can cause the diverging walls to grippingly engage opposite sides of the
      hockey stick handle.
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ABST
PAL  A hockey game having a game board with a pair of spaced apart transparent
      plates and at least one magnetic actuator moving on the outer surface of a
      plate. Team members which can be attracted by the magnetic actuator are
      disposed in the space between the plates to slide on the upper surface of
      the bottom plate as an actuator is moved to hit and propel a puck. The
      team members are of three-dimensional construction to have an impact
      surface to the puck at any orientation. In the preferred embodiment, an
      area of the top plate is recessed and certain of the team members are of
      increased height confining their movement by an actuator in the area of
      the board which is not recessed.
PARN
PAR  This application is a continuation of my prior copending application Ser.
      No. 289,609 filed Sept. 18, 1972, now abandoned, which application was a
      continuation-in-part of the then copending application Ser. No. 95,814,
      filed Dec. 7, 1970, which latter application is also now abandoned.
BSUM
PAR  This invention relates to game devices of the type generally termed as
      indoor or table top games. More specifically, the present invention is a
      continuation in part of applicant's patent Application on HOCKEY GAME,
      Ser. No. 95,814, filed Dec. 7, 1970, now abandoned.
PAR  A principle object of the present invention is to provide a hockey game of
      the type described in Applicant's previous Application, and wherein the
      game is further improved by allowing only the puck to enter the goal, and
      preventing the playing pieces from entering it, thus giving more realism
      to the game.
PAR  Another object is to provide an improved hockey game in which the goalie
      playing piece is confined to move only in the goal vicinity so to also add
      realism to the game.
PAR  Yet other objects are to provide an improved hockey game device in which
      the puck includes resilient means around its periphery so that it rebounds
      when striking any object; wherein the hockey stick may be selectively
      lengthened or shortened; and wherein the game device may be selectively
      raised or lowered to suit the opposing players.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of the improved hockey game device.
PAR  FIG. 2 is a cross section on line 2--2 of FIG. 1.
PAR  FIG. 3 is a perspective view of the hockey stick used in the improved game.
PAR  FIG. 4 is a fragmentary side view of the hockey stick.
PAR  FIG. 5 is a side cross sectional view of the puck.
DETD
PAR  Referring now to the drawings in detail, the reference numeral 10
      represents an improved hockey game according to the present invention
      wherein there are a pair of horizontal spaced apart, upper and lower,
      glass or plastic transparent plates 11 and 12 supported at opposite ends
      in blocks 13. The block 13 is positioned on posts 14 by means of knurl
      headed screws 15, so that the game board elevation can be adjusted for the
      players.
PAR  In the space 16 between the plates 11 and 12 various playing pieces are
      movable and which include a puck 17, forward players 18, guards 19 and
      goalies 20. Each of the playing pieces 18, 19 and 20 includes a magnetic
      attractive steel material while the puck 17 is of a non-magnetic material.
      As shown in FIG. 2, the puck 17 is of least height of the playing pieces,
      while the goalies 20 are tallest. The other playing pieces 18 and 19 are
      of a height that is in between these.
PAR  A goal 21 is provided near each opposite end of the game board and into
      which only the puck 17 can enter due to a low doorway 22 in which a door
      23 is pivotable inwardly only as shown by dotted lines in FIG. 2. By this
      arrangement the puck can enter the doorway but cannot exit therefrom. An
      upwardly pivotable door 24 on top of each goal in the upper plate 11 of
      the board allows a person to reach in and remove the puck from the goal.
      The low doorway 22 prevents the playing pieces other than the puck from
      entering the goal. The doors 24 are flush with the upper surface.
PAR  The top plate 11 is downwardly dished toward its center, as shown at 25, so
      that the tall goalie playing pieces 20 cannot get under the center area of
      the dish section of the plate 11. Thus confines each goalie to move only
      in the area around his own goal. The forward 18 and guard 19 playing piece
      are of a height that allows them to move anywhere between the plates 11
      and 12, except into the goals.
PAR  A pair of upwardly pivotable trap doors 26 provide access for a player to
      place the puck between the plates for play after removing it form a goal.
      Doors 26 are flush with upper surface so as not to hinder the stick as it
      moves across the plate 11.
PAR  A rubber cushion 27 frames the playing area between the plates and the
      playing pieces after hitting it will rebound therefrom.
PAR  The puck 17 additionally has a plurality of coil springs 28 extending in
      all directions around its periphery for rebounding purpose. The puck 17
      includes a lead plate 29 on its bottom, and a cover 30 on its top.
PAR  To play the game, each player holds a hockey stick 31. One player 32 holds
      his hockey stick on the top surface of upper plate 11 while the other
      player 33 holds his hockey stick on the bottom surface of the bottom plate
      12. Each hockey stick has a permanent mangnet 34 so to magnetically
      attract the playing pieces and thus move them during the game. Each hockey
      stick has a shoe 35 on the bottom of its magnet which is of a low friction
      coefficient material, such as Teflon, so not to scratch the transparent
      plates 11 and 12 each hockey stick also has a threaded, removable handle
      36 that is interchangable with other longer or shorter handles.
PAR  In an alternate construction design, instead of gradually sloping or
      dishing the top plate 11, it may be stepped by a shoulder, thus preventing
      the goalie from becoming jammed or wedged.
PAR  Also in an alternate design the puck 17 forwards 18 and guards 19 may be of
      the same height, but the puck may be of narrower diameter or width. Thus,
      if doorway 22 is made likewise narrow, only the puck can enter it, thereby
      keeping the pieces 18 and 19 from the goal.
PAR  Trap door hinges and knobs are preferably made flush with the top surface
      of plate 11 so to not interfer with the hockey stick movement on top.
PAR  Preferably, the guards 19 are preferably square, the forwards 18 are
      triangular and lighter in weight than the guards, the end goalies 20 are
      rectangular and the heaviest of the players. The triangular lighter
      construction of the forwards 18 permit a more rapid penetration movement.
      Also, the narrower pointed corners of the triangular forwards can be
      offensively displayed to wedge between the puck and opponents players to
      pry the puck away.
PAR  The lead weight 29 in the puck keeps the puck flat and prevents it from
      turning over.
PAR  In playing the game each player manipulates his stick 31 across the surface
      of a plate to carry a player 18, 19 or 20 with the stick due to the
      magnetic attraction between the magnet 34 on the stick and each player.
      When the player being propelled by the stick hits the non-magnetic puck,
      the puck is propelled.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention, as is defined by the appended claims.
CLMS
STM  I claim as follows:
NUM  1.
PAR  1. A hockey game comprising upper and lower plates, means for mounting said
      plates on peripheral sides thereof with the inner face of one plate in an
      opposing relationship to the inner face of the other plate to define a
      hollow board forming an arena simulating a hockey court, at least the
      upper plate being transparent, a goal in the space between said plates
      toward each end position of the arena, said opposing inner faces of said
      plates having a maximum uniform spacing in the arena area surrounding the
      goals and a smaller spacing inwardly toward the center of the board, a
      plurality of team members disposed slidably within the arena, said team
      members including a goalie of a height greater than said smaller spacing
      towards the center of the arena so that the movement of the goalie is
      confined to movement within the larger area surrounding the goals and
      prevented in the area of smaller spacing by contact of the goalie with the
      portion of a plate defining the area of smaller spacing, the heights of
      all of said team members other than said goalie being less than the space
      between the opposing inner faces of the plates over the entire area of
      said arena, each said team member including magnetically attractable
      material, magnetic actuator means having a planar surface adapted to glide
      on the outer surface of one of said plates for attracting a team member
      when it is aligned with the magnetically attractable material of a said
      team member, movement of the actuator means on the outer surface of a
      plate causing the magnetically attracted team member to move across the
      corresponding inner face of the plate with the actuator means as it is
      moved, and a non-magnetic puck for gliding on the inner surface of the
      lower plate adapted to be struck by a said team member as it is moved by a
      said actuator means.
NUM  2.
PAR  2. A hockey game as in claim 1 wherein the puck is of lesser height than
      any of said team members and further comprising barrier means adjacent
      each goal for permitting entry only by the puck into the goal area, and
      means associated with said barrier means for preventing exit of said puck.
NUM  3.
PAR  3. A hockey game as in claim 2 wherein the barrier means includes a fixed
      upper portion preventing entry into the goals of the team members and a
      lower movable portion which moves only one way to permit entry of the puck
      into the goal area and prevents the puck from leaving the goal area.
NUM  4.
PAR  4. A hockey game as in claim 1 wherein an actuator means includess a shoe
      of a low coefficient friction material integrally mounted thereon to
      provide the planar gliding surface thereby preventing scratching of the
      surface on which it glides.
NUM  5.
PAR  5. A hockey game as in claim 1 wherein said team members are three
      dimensional objects having a generally closed peripheral face therearound
      to provide impact faces for the puck irrespective of the orientation of
      each team member with respect to the puck.
NUM  6.
PAR  6. A hockey game as in claim 5 further comprising doors at various
      locations in at least one of said plates permitting access to the arena
      and goal areas, said doors being movable to an open position and being
      continuously flush with the outer surface of the plate on which it is
      located when in the closed position.
NUM  7.
PAR  7. A hockey game as in claim 5 wherein the team members include goalies in
      the shape of an elongated rectangle, guards in the shape of a square of
      smaller height and of lighter weight than the goalie and forwards in the
      shape of a triangle which is of smaller size and lighter in weight than
      the guards.
NUM  8.
PAR  8. A hockey game to accommodate two players comprising a hollow board
      having opposing spaced upper and lower plates mounted on peripheral sides
      enclosing an arena simulating the playing area of a hockey court, at least
      the upper one of said plates being transparent, said game including a
      respective actuator means for each of the players having a planar gliding
      surface for movement in sliding relationship exteriorly on the outer
      surface of each of said plates, means for mounting the board to leave the
      outer surface of the lower plate accessible for unobstructed movement
      thereover by a said actuator means by a player beneath the playing area of
      the hockey court, a hockey puck of non-magnetic material disposed in
      sliding relationship on the inner surface of said lower plate, a plurality
      of team members disposed slidably within the hollow area defined by the
      plates, each of said team members being a three dimensional object having
      a vertically extending surface forming a vertical impact face for the puck
      therearound at all angular orientations of a said member with respect to
      the puck, the overall vertical height of each of said team members being
      slightly less than the space between the opposing inner surfaces of the
      plates in the area in which it is to move, each of said team members each
      having a gliding face adapted to glide on the inner surface of a
      respective plate on which it is to slide, each of said actuator means and
      each of said team members having means thereon which are mutually
      magnetically attractive at all angular orientations of a said actuator
      means with respect to a said team member when a said actuator means is
      placed opposite the gliding face of a said team member with a respective
      one of said upper or lower plates therebetween so that a team member will
      be attracted by an actuator means and the team member will be moved on its
      gliding face across the inner surface of the respective plate along with
      the movement of the actuator means on the outer surface of said plate with
      the vertical face of a team member impacting the puck to move it as a team
      member is moved by the actuator means into engagement with the puck.
NUM  9.
PAR  9. A hockey game as in claim 8 wherein the puck includes a plurality of
      springs extending externally from said puck in a generally horizontal
      direction whereby the puck will spring away from the members and all
      surrounding sides of the arena to keep the puck in active play at all
      locations.
NUM  10.
PAR  10. A hockey game as in claim 9 wherein the puck is hollow and includes a
      heavy weight at its lower portion to maintain gliding stability.
NUM  11.
PAR  11. A hockey game as in claim 8 further comprising a goal means disposed
      within the hollow space between the opposing surfaces of said plates.
NUM  12.
PAR  12. A hockey game as in claim 8 further comprising a rigid stick extending
      diagonally outwardly from a said actuator means to simulate a hockey
      stick.
NUM  13.
PAR  13. A hockey game as in claim 8 wherein each of said upper and lower plates
      is transparent.
NUM  14.
PAR  14. A hockey game as in claim 8 wherein said puck is at least half as high
      as each of said team members to present a relatively large impact area
      between the puck and a said team member.
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ABST
PAL  An amusement device, the subject matter herein, includes a support, which
      is particularly adapted for mounting on a floor. A hollow housing is
      secured to the support. The housing has a continuous bottom and side
      walls, and is open at its upper end. A table top is hingedly secured to
      the housing and is releasably locked thereto. The top has a screen opening
      in its center. A cathode ray tube is secured to the top, with the screen
      of the tube adjacent to the screen opening substantially parallel to the
      upper surface of the top. Electronic circuitry is mounted on the interior
      surface of the top and electrically connected to the cathode ray tube. A
      logic board is mounted in the housing and is connected to the electronic
      circuitry to generate the image of a ball moving across the screen and
      images of a plurality of paddles to give the appearance of a paddle
      striking the ball and returning it. A plurality of control knobs is
      mounted on the top for controlling the paddle images. A coin control
      device is mounted in the housing and is electrically connected to the
      electronic circuitry to turn on the amusement device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Amusement devices of the type wherein a cathode ray tube is used to produce
      an image generated by a solid-state printed circuit board and the players
      control portions of the electronic circuitry by manipulating knobs to give
      the illusion of controlling some device are well-known. Most of these
      devices are generally mounted on a wall or are set up in a console. One
      particularly good market for a coin-controlled amusement device of this
      type is the cocktail lounge or bar market. The operators of such
      establishments usually wish to provide some source of amusement for
      patrons in order to keep the patrons in their establishments. By the same
      token, they do not wish to have the patrons engage solely in the play of
      amusement devices to inhibit them from consuming food and beverages
      dispensed at the establishments. One of the disadvantages of the
      console-type device is that the patrons leave their places and go to the
      console, which means that the service to the patrons is made more
      difficult and the patrons leave some of their personal belongings behind,
      which in some instances give rise to inadvertent exchange of property or
      outright misappropriation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an amusement device of the type which
      utilizes a cathode ray tube and a screen of the tube. Players control a
      plurality of images shown on the screen by manipulation of control knobs.
      The present construction is one in which the cathode ray tube is placed in
      an attitude wherein the screen is substantially parallel to a table top;
      and the control knobs extend outward from the table top. The amusement
      device is built with the height at an appropriate height for a table in a
      cocktail lounge, so that the device thus forms a table. The players sit
      around a table and manipulate the device. Thus, the players do not leave
      their seats to go to a console; but, rather, are seated and make use of
      the amusement device.
PAR  The instant device includes a support, with a housing mounted on top of the
      support. A table top is hingedly connected to the housing; and a cathode
      ray tube is secured to the table top. Other electrical components are also
      mounted on the interior of the table top, so that, when the table top is
      pivoted, the electrical components are lifted out of the housing and
      exposed for easy repair, in the event that repair is necessary. A logic
      board is mounted in the housing and is connected to the electrical
      components. The amusement device is controlled by a coin-operated control
      device, which coin-operated control is mounted in the housing.
PAR  It is therefore a principal object of the present invention to provide an
      improved construction for an amusement device utilizing a cathode ray
      tube, wherein the device has a tube screen substantially parallel to a
      table top, which table top is at a convenient height for observing and
      manipulating control devices from a chair.
PAR  It is another object of the herein-disclosed invention to provide an
      improved construction for a table top amusement device, wherein electronic
      circuitry and cathode ray tube are fixed to the interior of the table top
      so that lifting of the table top exposes the various parts of the device.
PAR  It is a still further object of this invention to provide an amusement
      device which is highly secure in that there may be no tampering with the
      device.
PAR  Other objects and uses of the present invention will become readily
      apparent to those skilled in the art upon a perusal of the following
      specification in light of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a video amusement device which is a
      specific embodiment of the herein-disclosed invention;
PAR  FIG. 2 is an enlarged plan view of the video amusement device shown in FIG.
      1, but with a portion broken away in order to show better the construction
      thereof;
PAR  FIG. 3 is an enlarged fragmentary perspective view of the amusement device
      shown in FIG. 1, but with its table top raised;
PAR  FIG. 4 is an enlarged fragmentary cross-sectional view taken on Line 4--4
      of FIG. 3;
PAR  FIG. 5 is a side elevational view taken on Line 5--5 of FIG. 3, but with
      the table top moved down into a closed position, which table top is shown
      in dotted form;
PAR  FIG. 6 is an enlarged cross-sectional view taken on Line 6--6 of FIG. 2;
PAR  FIG. 7 is an enlarged fragmentary perspective view of a coin control device
      of the amusement device;
PAR  FIG. 8 is a cross-sectional view of a portion of the control device of FIG.
      7;
PAR  FIG. 9 is a cross-sectional elevational view of the device shown in FIG. 1;
      and
PAR  FIG. 10 is an enlarged plan view, showing images produced on a screen of a
      cathode ray tube.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and especially to FIG. 1, a coin-operated
      video amusement device, which is a specific embodiment of the present
      invention, is generally indicated by numeral 10. Amusement device 10
      generally consists of a support 12, a housing 14 mounted on the support
      12, a table top 16 hingedly mounted on the housing 14, a conventional
      cathode ray tube 18 mounted on the interior of table top 16, with a
      conventional shield 19 (shown in dotted form) covering the tube,
      electronic circuitry 20 mounted on the interior of table top 16, a
      solid-state printed circuit logic board 21 mounted in housing 14 and
      electrically connected to the electronic circuitry, and a coin control
      device 22 mounted in the housing 14 and electrically connected to the
      electronic circuitry 20.
PAR  The support 12 is of conventional construction in that it consists of four
      identical feet 24 formed integral with each other, joined at a central
      junction to form a base. An upright column 26 is connected to the base at
      its lower end.
PAR  The housing 14 includes a floor 25, fixed to the upper end of column 26.
      The housing includes eight side walls 28, 30, 32, 34, 36, 38, 40 and 42.
      The side walls have their adjacent edges sealingly fixed to each other and
      to the floor to form an open-ended housing.
PAR  The table top 16 has its upper surface flat, and has a rectangular screen
      aperture 44 in its center. A transparent bronze-tinted one-quarter inch
      thick plate glass 46 is mounted in the screen aperture 44, with its upper
      surface on the same plane as the upper surface of the table top to form a
      continuous smooth surface. The glass 46 has its edges sealed to the top to
      prevent any foreign matter from passing through aperture 44.
PAR  Table top 16 has a flat base 48, with a decorative sheet 50 over the base
      material. Along the periphery of the underside of the top, there is an
      underlayer 52, which conforms to the outline of the housing for receiving
      the housing within the underlayer. A decorative edge 54 covers the edges
      of the base 48 and the underlayer 52.
PAR  The table top 16 is pivotedly connected to the housing 14 by a piano hinge
      56. The piano hinge is conventional in its construction in that one half
      58 is secured to wall 40 by fasteners 60; and the other half 62 is secured
      to the top 16 by fasteners 64. A bracket 66 also connects the table top 16
      with the housing. The bracket 66 includes a pivot 68 fixed to the interior
      of base 48. A first bracket arm 70 is pivotedly connected to pivot bracket
      66. A second bracket arm 72 is pivotedly connected to arm 70 and to wall
      36. Bracket 66 limits the movement of table top 16 relative to the
      housing.
PAR  A lock 74 releasably locks the table top to wall 32 of the housing. The
      lock includes a catch 75, which is secured to the interior surface of the
      base 48. The catch 75 includes a catch mount 76 and a catch rod 77
      extending outward from the mount toward wall 32 of the housing. The lock
      also includes a lock cylinder 78, which is mounted in wall 32. The lock
      cylinder is connected to a cam 80, which pivots about the lock cylinder.
      The cam 80 has an arm 82, which is positionable in engagement with rod 77
      of catch 75 to lock the table top in a down position or in connection with
      the side wall 32.
PAR  The cathode ray tube 18 has a conventional screen 84, which is positioned
      adjacent to glass 46 in aperture 44. The screen is parallel to the table
      top 16. As was mentioned above, the tube 18 is connected to electronic
      circuitry 20, the construction of which circuitry is well-known in the art
      and is commercially available, as is the tube. Appropriate sections of the
      electronic circuitry are controlled by manual control devices. There are
      four manual control devices 86, 88, 90 and 92. The electronic circuitry is
      connected to the logic board 21, which is mounted on a pair of rails 93 on
      the floor of the housing. A conventional speaker 94 is mounted inside the
      housing and is electrically connected to the logic board to produce an
      appropriate sound.
PAR  The mechanical construction of each of the manual control devices is
      identical to each other manual control device. The construction of one of
      the devices is described in detail below. Manual control device 90 is best
      shown in FIGS. 2 and 6. As may be seen in FIG. 6, control device 90
      includes a rectangular mounting plate 95, which is held in a recess 96 in
      base 48 by four wood screws 98. The upper surface of the mounting plate is
      flush with base 48. The base 48 has a rectangular shaft aperture 100
      communicating with recess 96 and opening into the interior of the housing.
      A U-shaped mounting bracket 102 is secured to the mounting plate 95. The
      mounting bracket includes a base arm 104 fixed to mounting plate 95. A
      pair of upstanding arms 106 and 108 is formed integral with opposite ends
      of the base arm 104. Ears 110 and 112 are formed integral with arms 106
      and 108, respectively, and extend outwardly from their respective arms. A
      potentiometer bracket 114 is secured to the ears 110 and 112 by fasteners
      116 and 118, respectively. A knob shaft 120 is connected to a
      potentiometer 121, which is mounted on the bracket 114. The knob is
      rotatably mounted in plate 95 and extends up through decorative sheet 50.
      A knob 122 is mounted on the shaft 120 to provide a convenient means for
      rotating the shaft. The shaft is connected to the potentiometer, which
      forms a portion of the electronic circuitry, as is well-known in the art.
      The decorative sheet 50 lies over mounting plate 95 to provide a
      continuous surface over the mounting plate and adjacent thereto.
PAR  The coin control device is conventional in its construction for receipt of
      coins and operation of a control to the electronic circuit to energize the
      circuit. The coin control device includes a coin bank 124. Coin bank 124
      includes an open-top receptacle 126, which has a receptacle cover 128
      hingedly connected to one edge thereof. The receptacle cover 128 has an
      arm 130 pivotedly connected thereto. The arm 130 includes an ear 132,
      which extends into a slot 134 in cover 128. The arm has a hasp slot 136
      cut therein, which removably receives a hasp 138. The hasp 138 is fixed to
      a wall of receptacle 126. The arm has a lip 140 on the end spaced away
      from the ear 132. A seal 142 is positioned through the hasp 138 when the
      arm is in position to lock the cover 128 onto the container 126. The coin
      bank 126 may be removed from the remainder of the elements in the coin
      control device 22 by release of a lock 144.
PAR  The interior of the housing is cooled by a draft assembly 146. Floor 25
      contains a draft aperture 148, with a screen 150 mounted thereover. A fan
      152 is mounted on the floor adjacent to the draft aperture. The fan
      includes a fan mounting bracket 154, with a fan motor 156 mounted thereon.
      A conventional fan blade 158 is connected to the motor to drive air
      through the draft aperture.
PAR  The operation of the amusement device is simple in that two or more players
      insert sufficient coins into the coin control device 22 to activate the
      electronic circuitry. The players manipulate selected knobs 86, 88, 90 and
      92 in a game similar to ping pong. By appropriately moving the knobs, the
      players move representative paddle images 160 across the screen so that a
      dot 162 (which represents a ball) on the screen goes back and forth
      between the paddle images. As the dot appears to strike a paddle, a sound
      is produced from speaker 94 for greater realism. Should a player fail to
      place a paddle image in position to have the ball appear to strike the
      paddle image and return the ball to his opponent, the ball goes by and
      goes off the screen, thereby scoring a point for the opposing player. The
      score is displayed on the screen by numerals, such as numerals 164 and
      166.
PAR  The construction of the amusement device is such that the players may place
      glasses and dishes on the upper surface of the top 16; and there is a
      continuous surface. The glass 46 is sealed around its edges so that any
      spillage of any liquids does not go under the glass and into the
      electronic circuitry or onto the screen. The knob shaft for each of the
      manual control devices is also sealed at its respective mounting plate so
      that no liquid may enter. It may be appreciated that the construction of
      the amusement device is such that it is virtually impossible to get into
      the interior of the housing. Underlayer 52 surrounds the upper edge of the
      housing so that it is extremely difficult to insert any materials into the
      housing.
PAR  The construction of the device is such that the support is beneath the
      housing 14; and the table top 16 extends out beyond the housing 14, so
      that players may be comfortably seated around the amusement device. This
      comfortable seating of the players provides an added inducement for the
      players to utilize the amusement device while they eat and drink.
PAR  Maintenance of the amusement device is greatly facilitated by the
      construction herein. As was mentioned above, the tube 18 and the
      associated electronic circuitry 20 is mounted on the underside of table
      top 16. When it is necessary to perform any maintenance, the lock 74 is
      released so that top 16 may pivot about hinge 56. Pivoting of the top is
      limited by bracket 66. When the table top is pivoted to the attitude shown
      in FIG. 3, all of the parts are presented for ready servicing. It is not
      necessary for the service personnel to engage in a disassembly of a large
      number of parts in order to get at a given part; but, rather, the parts
      are presented for servicing.
PAR  The coin control device 22, with its coin bank 124, is readily available
      when the top is open. However, the serviceman may only open the cover 128
      if he breaks the seal 142. Thus, there is an indication of entry into the
      container. It may be appreciated that the seal 142 may be replaced with a
      suitable lock if it is so desired.
PAR  Although a specific embodiment of the present invention has been described
      in detail and shown in the accompanying drawings, it is readily apparent
      that those skilled in the art may make various modifications and changes
      in the construction of the disclosed device without departing from the
      spirit and scope of the present invention. It is to be expressly
      understood that the instant invention is limited only by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An amusement device comprising, an upright support adapted for mounting
      on a floor, a housing secured to and supported by the upper portion of the
      support at a selected height above the floor, said housing being open at
      its uppermost position, a table top hingedly connected to the housing to
      allow the top to be raised for exposing the interior of the housing, said
      top having a screen aperture in its center, a cathode ray tube secured to
      the top and having a screen positioned adjacent to the screen aperture to
      allow the screen to be viewed exteriorly of the top, electronic circuitry
      mounted on the interior surface of the top and electrically connected to
      the cathode ray tube to reproduce an image of a ball moving across the
      screen and a plurality of paddle images for giving the appearance of a
      paddle striking the ball and returning it, a plurality of manual control
      devices mounted on the top and accessible from the exterior of the top to
      manipulate selected portions of the electronic circuitry to move the
      paddle images on the screen, a coin control device mounted on the housing
      and electrically connected to the electronic circuitry to control the
      operation of electronic circuitry for the production of the images on the
      screen, a lock for releasably locking the top to the housing to control
      access to the interior of the housing, each of the manual control devices
      including a mounting plate positioned in the table top, each mounting
      plate covered by a portion of the top, a shaft aperture positioned below a
      portion of the mounting plate, a U-shaped bracket secured to the mounting
      plate and a portion of the electronic circuitry supported on the U-shaped
      bracket, a knob shaft rotatably mounted in the mounting plate and the
      U-shaped bracket and extending above the table top, said knob shaft
      connected to the portion of the electronic circuitry on the U-shaped
      bracket for controlling selected portions of the circuitry, and a knob
      mounted on the shaft exteriorly of the table top for operating the shaft,
      whereby a player turns the knob to move selectively an image across the
      screen.
NUM  2.
PAR  2. An amusement device comprising, an upright support adapted for mounting
      on a floor, a housing secured to and supported by the upper portion of the
      support at a selected height above the floor, said housing being open at
      its uppermost position, a table top hingedly connected to the housing to
      allow the top to be raised for exposing the interior of the housing, said
      top having a screen aperture in its center, a cathode ray tube secured to
      the top and having a screen positioned adjacent to the screen aperture to
      allow the screen to be viewed exteriorly of the top, electronic circuitry
      mounted on the interior surface of the top and electrically connected to
      the cathode ray tube to reproduce an image of a ball moving across the
      screen and a plurality of paddle images for giving the appearance of a
      paddle striking the ball and returning it, a plurality of manual control
      devices mounted on the top and accessible from the exterior of the top to
      manipulate selected portions of the electronic circuitry to move the
      paddle images on the screen, a coin control device mounted on the housing
      and electrically connected to the electronic circuitry to control the
      operation of electronic circuitry for the production of the images on the
      screen, a lock for releasably locking the top to the housing to control
      access to the interior of the housing, said table top includes a recess
      adjacent to each of the manual control devices, each of said control
      devices including a mounting plate mounted in its respective recess, each
      manual control device having a shaft extending through the mounting plate
      and being connected to a portion of the electronic circuitry, and said top
      having a decorative sheet extending over the surface of the top and over
      the mounting plates to provide a continuous surface.
NUM  3.
PAR  3. An amusement device comprising, an upright support adapted for mounting
      on a floor, a housing secured to and supported by the upper portion of the
      support at a selected height above the floor, said housing being open at
      its uppermost position, a table top hingedly connected to the housing to
      allow the top to be raised for exposing the interior of the housing, said
      top having a screen aperture in its center, a cathode ray tube secured to
      the top and having a screen positioned adjacent to the screen aperture to
      allow the screen to be viewed exteriorly of the top, electronic circuitry
      mounted on the interior surface of the top and electrically connected to
      the cathode ray tube to reproduce an image of a ball moving across the
      screen and a plurality of paddle images for giving the appearance of a
      paddle striking the ball and returning it, a plurality of manual control
      devices mounted on the top and accessible from the exterior of the top to
      manipulate selected portions of the electronic circuitry to move the
      paddle images on the screen, a coin control device mounted on the housing
      and electrically connected to the electronic circuitry to control the
      operation of electronic circuitry for the production of the images on the
      screen, a lock for releasably locking the top to the housing to control
      access to the interior of the housing, said table top includes a mounting
      plate recess adjacent to each of the manual control devices, each of said
      control devices including a mounting plate mounted in its respective
      recess substantially parallel to the surface of the table top, each manual
      control device having a knob shaft extending through its respective
      mounting plate and being connected to a selected portion of the electronic
      circuitry, a transparent glass positioned in the screen aperture in the
      center of the top, and said table top having a decorative sheet extending
      over the mounting plates and over the entire surface of the top to the
      glass and being on substantially the same plane as the glass to form a
      substantially continuous surface on the table top, said glass being
      sealingly secured at its edges to the top to seal closed the screen
      aperture, whereby the screen is visible exteriorly of the top but is
      protected from mechanical damage either by impact or by foreign materials
      by said glass.
NUM  4.
PAR  4. An amusement device comprising, an upright support adapted for mounting
      on a floor, a housing secured to and supported by the upper portion of the
      support at a selected height above the floor, said housing being open at
      its uppermost position, a table top hingedly connected to the housing to
      allow the top to be raised for exposing the interior of the housing, said
      top having a screen aperture in its center, a cathode ray tube secured to
      the top and having a screen positioned adjacent to the screen aperture to
      allow the screen to be viewed exteriorly of the top, electronic circuitry
      mounted on the interior surface of the top and electrically connected to
      the cathode ray tube to reproduce an image of a ball moving across the
      screen and a plurality of paddle images for giving the appearance of a
      paddle striking the ball and returning it, a plurality of manual control
      devices mounted on the top and accessible from the exterior of the top to
      manipulate selected portions of the electronic circuitry to move the
      paddle images on the screen, a coin control device mounted on the housing
      and electrically connected to the electronic circuitry to control the
      operation of electronic circuitry for the production of the images on the
      screen, a lock for releasably locking the top to the housing to control
      access to the interior of the housing, the support includes a plurality of
      outwardly-extending feet formed integral with each other at a junction and
      an upright column secured to the junction of said feet, said housing
      secured to the upper end of the column, said table top extending outwardly
      of the housing to allow players to place their feet and knees below the
      table top, each of the manual control devices includes a mounting plate
      positioned in the top, each mounting plate covered by a portion of the
      top, a shaft aperture extending through a portion of the top positioned
      below a portion of its respective mounting plate, a U-shaped bracket
      positioned in its respective shaft aperture and secured to its respective
      mounting plate, a portion of the electronic circuitry supported on the
      U-shaped bracket, a knob shaft rotatably mounted in its respective
      mounting plate and its respective U-shaped bracket, each of said knob
      shafts connected to its respective portion of the electronic circuitry for
      controlling selected portions of the circuitry, and a knob mounted on each
      shaft exteriorly of the table, whereby a player turns a selected knob to
      move a selected image on the screen.
NUM  5.
PAR  5. An amusement device comprising, an upright support adapted for mounting
      on a floor, a housing secured to and supported by the upper portion of the
      support at a selected height above the floor, said housing being open at
      its uppermost position, a table top hingedly connected to the housing to
      allow the top to be raised for exposing the interior of the housing, said
      top having a screen aperture in its center, a cathode ray tube secured to
      the top and having a screen positioned adjacent to the screen aperture to
      allow the screen to be viewed exteriorly of the top, electronic circuitry
      mounted on the interior surface of the top and electrically connected to
      the cathode ray tube to reproduce an image of a ball moving across the
      screen and a plurality of paddle images for giving the appearance of a
      paddle striking the ball and returning it, a plurality of manual control
      devices mounted on the top and accessible from the exterior of the top to
      manipulate selected portions of the electronic circuitry to move the
      paddle images on the screen, a coin control device mounted on the housing
      and electrically connected to the electronic circuitry to control the
      operation of electronic circuitry for the production of the images on the
      screen, a lock for releasably locking the top to the housing to control
      access to the interior of the housing, the support includes a plurality of
      outwardly-extending feet formed integral with each other at a junction and
      an upright column secured to the junction of said feet, the housing
      secured to the upper end of the column, said table top having a portion
      extending outwardly of the housing to allow players to place their feet
      and knees below the table top when seated, said table top includes a
      mounting plate recess adjacent to each of the manual control devices, each
      of said control devices including a mounting plate positioned in its
      respective recess and secured to the top, each manual control device
      having a shaft extending through the mounting plate and being connected to
      a selected portion of the electronic circuitry for controlling selected
      portions of the circuitry, a transparent member positioned in the screen
      aperture in the center of the top, said table top including a decorative
      sheet extending over the mounting plates over the entire upper surface of
      the top and abutting the transparent member to form a substantially
      continuous flat surface therewith, said transparent member being sealingly
      secured at its edges to the top to seal closed the screen aperture,
      whereby the screen is visible exteriorly of the top but is protected from
      mechanical damage.
NUM  6.
PAR  6. An amusement device comprising, an upright support adapted for mounting
      on a floor, the support includes a plurality of outwardly-extending
      integral feet formed integral with each other at a junction and a
      substantially vertical column secured to the junction of said feet, a
      housing secured to and supported by the upper portion of the support at a
      selected height above the floor, the housing supported at the upper end of
      the column, said table top having a portion extending outwardly of the
      housing to allow players to place their feet and knees below the table top
      in a seated attitude, said housing being open at its uppermost position, a
      table top hingedly connected to the housing to allow the top to be raised
      for exposing the interior of the housing, said top having a screen
      aperture in its center, a cathode ray tube secured to the top and having a
      screen positioned adjacent to the screen aperture to allow the screen to
      be viewed exteriorly of the top, electronic circuitry mounted on the
      interior surface of the top and electrically connected to the cathode ray
      tube to reproduce an image of a ball moving across the screen and a
      plurality of paddle images for giving the appearance of a paddle striking
      the ball and returning it, a plurality of manual control devices mounted
      on the top and accessible from the exterior of the top to manipulate
      selected portions of the electronic circuitry to move the paddle images on
      the screen, said top includes a mounting plate recess adjacent to each of
      the manual control devices, said top having a shaft aperture extending
      through a portion of the top and communicating with each of said recesses,
      each of said control devices including a mounting plate securely mounted
      in its respective mounting plate recess, a U-shaped bracket secured to
      each of the mounting plates and positioned in its respective shaft
      aperture, a portion of the electronic circuitry supported on the U-shaped
      bracket, a knob shaft rotatably mounted in its respective mounting plate
      and the U-shaped bracket and extending exteriorly of said table top, each
      of said knot shafts connected to the respective selected portion of the
      electronic circuitry for controlling its respective portions of the
      circuitry to move a selected image on the screen, a knob mounted on each
      of the knob shafts exteriorly of the table, a transparent glass positioned
      in the screen aperture in the center of the top, said top including a
      decorative sheet extending over the entire surface of the top over the
      mounting plates and abutting the transparent glass to form a continuous
      surface, said transparent glass being sealingly secured at its edges to
      the top to seal closed the screen aperture, a coin control device mounted
      on the housing and electrically connected to the electronic circuitry to
      control the operation of electronic circuitry for the production of the
      images on the screen; said coin control device includes a coin receptacle
      within the housing, said coin receptacle has a receptacle cover mounted
      thereon, an arm pivotedly connected to the receptacle cover, and a coin
      lock releasably locking the arm to the receptacle to hold the receptacle
      cover onto the receptacle; a lock for releasably locking the top to the
      housing to control access to the interior of the housing, a speaker
      mounted in the housing and being electrically connected to the electronic
      circuitry for emitting a sound when a paddle image appears to strike the
      ball; and a draft assembly mounted in the housing for cooling the interior
      of the housing.
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ABST
PAL  A pole vaulting game apparatus consisting of a carriage movable along a
      track by a manually operable device, a flexible pole carried pivotally by
      the carriage and having a piece simulating the vaulter frictionally
      mounted thereon, and a trip device operable to pivot the pole sharply
      upwardly into a bowed position at a point in the travel of the carriage,
      and against a stop, whereby the vaulter piece leaves the pole in an upward
      direction, the object of the game being to cause the vaulter piece to pass
      over a horizontal bar as in normal pole vaulting.
BSUM
PAR  This invention relates to new and useful improvements in games of skill,
      and has as its principal object the provision of a table game suitable for
      use by persons of all ages which closely simulates the sport of pole
      vaulting.
PAR  Generally, the game apparatus includes a base having a straight track along
      which a wheeled carriage is movable by manually operable means. A flexible
      pole normally arranged horizontally and longitudinally of the track is
      pivoted at its forward end to the carriage on a horizontal transverse
      axis, and a game piece simulating a human vaulter is frictionally mounted
      on the rearward end of the pole. When the carriage reaches a position
      corresponding to the point at which an actual vaulter would take off, a
      trip device pivots the pole sharply upwardly, the inertia of the pole and
      the vaulter piece causing the pole to bow sharply in a vertical plane.
      After a predetermined further travel of the carriage along the track after
      the upward impetus of the trip device has terminated, but before the pole
      has straightened, the pole strikes a stop to halt its pivotal movement,
      but the vaulter piece is allowed to continue its upward and forward
      movement when its frictional grip on the pole is overcome by its momentum,
      hopefully to clear a horizontal bar normally positioned relative to the
      track, without dislodging said bar from its supports. Thus the toy closely
      simulates the conditions and problems of actual human pole vaulting, and
      its use requires the acquisition of considerable skills which will
      maintain continuing interest of persons of all ages for long periods of
      time.
PAR  Secondary objects of the invention are the inclusion of features in the
      apparatus requiring skills of operation closely simulating those required
      in actual pole vaulting such as a properly adjusted frictional "grip" of
      the vaulter piece on the pole, the development of speed of travel along
      the track, release of the vaulter piece from the pole while the pole is
      bowed to the greatest possible degree, in order that the piece will be
      propelled more nearly vertically, and proper forward or rearward
      adjustment of the bar relative to the take-off and release points.
PAR  Other objects are simplicity and economy of construction, and efficiency
      and reliability of operation.
DRWD
PAR  With these objects in view, as well as other objects which will appear in
      the course of the specification, reference will be had to the accompanying
      drawing, wherein:
PAR  FIG. 1 is a side elevational view of a pole vaulting game apparatus
      embodying the present invention, shown at the commencement of a vaulting
      attempt,
PAR  FIG. 2 is a top plan view of the device as shown in FIG. 1, partially
      broken away,
PAR  FIG. 3 is a sectional view taken on line III--III of FIG. 1,
PAR  FIG. 4 is an enlarged sectional view taken on line IV--IV of FIG. 1, and
PAR  FIG. 5 is an enlarged, fragmentary sectional view taken on line V--V of
      FIG. 2, showing the elements thereof in various stages of the operation
      thereof, two preliminary positions of the carriage and pole being shown in
      dotted lines, and the position at which the vaulter piece is released
      being shown in solid lines.
DETD
PAR  Like reference numerals apply to similar parts throughout the several
      views, and the numeral 2 applies to the base of the toy, which may be
      supported on a table 4, and which comprises a flat, elongated board which
      may be of any desired length, a length of about three feet having been
      used in developmental devices. End 6 thereof is designated its forward
      end, and end 8 is designated its rearward end. Formed longitudinally in
      its upper surface are a pair of parallel grooves 10. Said grooves
      constitute the tracks for the carriage to be described, and extend from a
      point closely adjacent rearward end 8 of the base to a point more distant
      from the forward end 6 of the base. Directly adjacent the forward end of
      the base, a drum 12 is carried on a horizontal transverse axle 14, said
      axle being journalled in bearings 16 mounted on pillow blocks 18 fixed to
      the base. One end of axle 14 extends outwardly, and is transversely offset
      to form a manually operable crank 20. Wound on drum 12 is a flexible
      string 22, which extends rearwardly and downwardly and is trained slidably
      through an eye member 24 fixed in the top surface of the base, and then
      extends horizontally rearwardly, being secured at its free end in an eye
      member 26 fixed to the forward end of a carriage designated generally by
      the numeral 28.
PAR  Carriage 28 also comprises an elongated board, narrower than base 2,
      extending parallel to said base and disposed thereabove, being supported
      at each side by a pair of wheels 30 engaged in one of base grooves 10,
      whereby the carriage is supported for rolling movement along the base. A
      slot 32 is formed vertically through the forward end portion of carriage
      28, said slot being elongated longitudinally of said carriage. A pole
      lever 34, normally vertical as shown in FIG. 1, extends vertically through
      slot 32, and is freely pivoted therein intermediate its ends, on a
      horizontal transverse axis, by means of a pivot pin 36 carried by the
      carriage. At its lower end, said lever forms a forwardly facing trip
      finger 38 which, in the normal vertical position of the lever, extends
      below the carriage but does not engage the top surface of base 2. At its
      upper end, lever 34 is provided with a rearwardly extending spindle 40
      which is horizontal when the lever is in its normal vertical position. The
      lever and its spindle are formed of a rigid material such as wood.
PAR  Fixed on spindle 40 is the forward end portion of a pole 42, which
      simulates the pole used in actual vaulting. Said pole is resiliently
      flexible, and may be tubular, spindle 40 being sized to fit snugly and
      frictionally therein. Actually, a plastic soda straw has served very well
      in this capacity, but this is of course optional, and the desired
      resilient strength of the pole may be selected as desired. In fact, as
      players develop skill at the game, they may develop a style leading to a
      preference for either stiffer or more limber poles, and this preference
      may be accomodated by providing a set of poles of different degrees of
      stiffness, which may be applied selectively to spindle 40. At its free end
      portion, pole 42 is provided with a filler plug 44 (see FIGS. 4 and 5) of
      a relatively firm, but still compressible, rubber or the like, and with an
      outer covering 46, of friction tape or the like, providing for more secure
      mounting of a vaulter piece 48 thereon, said vaulter piece simulating the
      actual human pole vaulter. As shown, said vaulter piece comprises a flat
      piece of wood or the like having a tapering notch 50 formed upwardly from
      the lower edge thereof, as best shown in FIG. 4. As indicated in FIg. 4,
      the vaulter piece is applied to the pole by pressing notch 50 thereof
      downwardly over the portion of the pole having outer covering 46, so that
      the cross-sectional contour of the pole is deformed as shown. The taper of
      the notch is such that, in conjunction with the friction covering of the
      pole and the resilience of its filler plug 44, the vaulter piece is held
      on the pole with a force sufficiently great that the vaulter piece will
      not fall away from the pole by gravity, and will in fact be held in place
      with a still greater force, depending on the degree to which the
      cross-sectional configuration of the pole has been deformed. This degree
      of deformation is determined by a player as he sets the piece on the pole,
      and as will appear its proper determination and setting is an important
      factor in determining the height of the vault obtained. The shape and
      design of the vaulting piece is of course a matter of design choice, so
      long as it is provided with notch 50. Also, various vaulting pieces 48
      could be supplied with the game, interchangeably usable and having
      different weights to suit the playing styles and preferences of different
      contestants. When lever 34 is in its normal vertical position as shown in
      FIG. 1, pole 42 is supported in a horizontal position by a support block
      52 fixed to the top surface of carriage 28 just behind slot 32 thereof.
PAR  Affixed to the top surface of base 2 between grooves 10, at about the
      forward end of said grooves, is a trip block 54. Said trip block is
      sufficiently thin vertically that carriage 28 passes freely thereover in
      its forward movement, but its rearward edge 56 is engaged by the depending
      finger 38 of lever 34 during said forward carriage movement, whereby pole
      42 is pivoted upwardly and forwardly as indicated in FIG. 5. This action
      will be described in detail hereinbelow. A stop bar 58 extends
      horizontally, and transversely above base 2, forwardly of the rearward
      edge 56 of the trip block, preferably at such a spacing that if pole 42 is
      pivoted to a vertical position with lever finger 38 at edge 56 of the
      block, said pole will engage the rearward face of the stop bar. Stop bar
      58 is supported by a pair of posts 60 anchored at their lower ends in base
      2. A second horizontal transverse bar 62, higher than stop bar 58, is
      disposed farther forwardly than bar 58, preferably at an elevation greater
      than that to which vaulting piece 48 can be impelled, and is supported by
      a pair of posts 64 anchored at their lower ends in base 2. A "catching
      net" 66, which simulates the pit in which an actual pole vaulter lands
      after a vault, and which may consist of a length of pliable plastic film,
      is draped loosely between bars 58 and 62, its respective ends being tacked
      or otherwise secured to said bars. A bar 68, which the vaulting piece 48
      must pass over in a successful vault, extends horizontally and
      transversely over net 66, at an elevation higher than that of bar 58, but
      lower than that of bar 62. Bar 68 is loosely supported adjacent each of
      its ends, in one of a series of vertically spaced apart, rearwardly
      opening notches 70 formed in a vertical post 72. Each post 72 is anchored
      at its lower end in a base 74, bases 74 being separate from base 2 and
      adapted to be supported on table 4 adjacent the respecively opposite sides
      of base 2, whereby bar 68 may be adjusted forwardly or rearwardly relative
      to stop bar 58.
PAR  In operation, a player first selects a pole 42 of the desired degree of
      resilient stiffness and mounts it on spindle 40 of pole lever 34, then
      selects a vaulting piece 48 of the desired weight, and presses notch 50 of
      said piece downwardly over the portion of said pole having friction
      covering 46. As will appear, the selection of a pole having the proper
      relationship to the weight of the vaulting piece, the point along the
      axial length of the pole at which the vaulting piece is attached, and the
      force with which the vaulting piece is pressed into engagement with the
      pole, are all important factors in determining the height of a successful
      vault to be accomplished. Carriage 28 is then moved manually to the
      rearward end of base 2, paying out string 22 from drum 12 to permit this
      placement, with carriage wheels 30 resting in track grooves 10 and pole 42
      disposed horizontally and resting on support block 52.
PAR  Drum 12 is then turned by manual manipulation of crank 20 to cause string
      22 to pull carriage 28 forwardly. As will be apparent, a greater carriage
      speed will produce a higher vault. The string could of course be pulled
      manually, but the provision of drum 12, preferably of a quite small
      diameter, turned by crank 20, also preferably of a small throw, renders
      the obtaining of a high carriage speed more difficult, and their usage is
      therefore preferred as they introduce a further element of manual skill
      and dexterity into the game.
PAR  As the carriage moves forwardly, pole 42 remains horizontal, and stationary
      relative to the carriage, until it approaches stop bar 58, and the
      depending trip finger 38 of pole lever 34 engages the rearward edge 56 of
      trip block 54. The relative positions of the parts at this instant is
      shown in FIG. 5 in dotted lines at position 42A of the pole. The
      engagement of the trip finger with the trip block, and the next subsequent
      small segment of forward movement of the carriage, causes the upper end of
      pole lever 34 to move forwardly, and pole 42 to be pivoted upwardly and
      forwardly, as shown at position 42B of the pole in FIG. 5. This action is
      accomplished very rapidly, with a "snapping" action, so far as lever 34 is
      concerned, but the inertia of the pole itself, and of the mass of vaulting
      piece 48, causes the pole to assume an upwardly convex bowed
      configuration, also as shown in FIG. 5, the degree of bowing depending on
      the speed and suddenness with which the lever is pivoted, and hence on the
      carriage speed. At the instant indicated by position 42B of the pole in
      FIG. 5, trip finger 38 clears the top surface of the trip block. This
      occurs before the pole could engage stop bar 58, even if said pole were
      still straight and unflexed.
PAR  As the forward movement of the carriage continues, the pole continues its
      upward and forward pivotal movement relative to the carriage, by reason of
      the momentum already imparted thereto, but since its upward acceleration
      stopped when finger 38 cleared the top surface of block 54, it immediately
      begins to straighten and lose its bowed configuration. However, depending
      again on carriage speed, the pole will still be partially flexed when an
      intermediate point of its length hits stop bar 58, as shown in the solid
      line position of the pole in FIG. 5. This engagement of the pole with the
      stop bar in effect "locks in" whatever degree of pole flexure still
      remains in that portion of the pole between lever 34 and its point of
      contact with bar 58, but the free end portion of the pole still behind bar
      58 will continue to straighten, also as indicated, with a whiplike motion,
      before its upward motion is halted. At about this instant, if the
      frictional grip of piece 48 on the pole has been properly set, the upward
      momentum of the piece will cause it to be released from its frictional
      grip on the pole, and it will continue upwardly in free flight, generally
      in the direction of arrow 76 in FIG. 5. The object of the game is to cause
      vaulting piece 48 to pass over the top of bar 68, of course without
      dislodging said bar from notches 70 of its support posts 72, and to land
      within net 66.
PAR  It will be readily apparent that this toy or game closely simulates many of
      the problems, techniques and skills involved in actual human pole
      vaulting. For example, if the pole is too limply flexible in relation to
      the weight of the vaulting piece, it cannot supply the force necessary to
      propel the piece to greater heights as it moves through its whiplike
      motion. If the pole is too stiff in relation to the weight of the vaulting
      piece, the pole will not be adequately flexed, resulting inevitably in a
      more nearly horizontal release of the piece from the pole, and a reduction
      in the vaulting height obtained. Also, in many respects the height
      obtained is dependent on the speed of the carriage along the track, which
      corresponds to the running speed of a human vaulter, and in the present
      device depends on the player's dexterity in turning crank 20. The greater
      the carriage speed, the more flexure of the pole will remain when it hits
      stop bar 58, and the more nearly vertically piece 48 will be propelled,
      and the higher the vault will be although piece 48 must still have enough
      forward motion to pass rearwardly over bar 68. Human vaulters also
      sometimes fail to pass over the bar, even though they attain sufficient
      elevation to do so, if they lose their forward momentum. The frictional
      grip of piece 48 on the pole must also be properly set, not too loose and
      not too tight. If too loose, the piece may be dislodged from the pole
      before it reaches the optimum release position shown in solid lines in
      FIG. 5, or be discharged generally longitudinally from the free end of the
      pole by centrifugal force during the whiplike motion of the pole. A human
      vaulter also sometimes loses his grip on the pole. If the frictional
      mounting of the piece 48 on the pole is too tight, most or all of its
      momentum may be absorbed in effecting release from the pole, leaving
      little momentum to continue its upward course. A human vaulter also
      sometimes fails to release his grip on the pole. Bar 68 may be adjusted
      forwardly or rearwardly relative to the release point, as is done by a
      human vaulter, but only within limits, as the piece 48 must land on net
      66.
PAR  Many of the factors discussed are interdependent, so that the change of one
      requires changes of others. Also, this permits a player to adapt the game
      to his particular skills. For example, he may use a stiffer pole for
      greater propulsion force on the vaulting piece, and a lighter vaulting
      pice so that a given propulsion force will throw it higher, if he finds he
      has the necessary skill to move the carriage at a sufficient speed to
      produce the required initial bowing of the pole. Lower carriage speeds
      generally require more limber poles, or heavier vaulting pieces, to
      produce the desired trajectory.
PAR  Thus it will be apparent that a toy which simulates actual pole vaulting
      with a high degree of fidelity has been produced. As a game, it offers
      excellent opportunities for a high degree of competition for any number of
      players, and which should retain interest for long periods of use since it
      offers the possibility of continued improvement by the development of
      judgment and manual skills.
PAR  While I have shown and described a specific embodiment of my invention, it
      will be readily apparent that many minor changes of structure and
      operation could be made without departing from the spirit of the invention
     .
CLMS
STM  What I claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A pole vaulting game apparatus comprising:
PA1  a. a base forming an elongated horizontal track,
PA1  b. a carriage movable along said track,
PA1  c. operating means manually operable to advance said carriage along said
      track,
PA1  d. a pole carried by said carriage in a normally horizontal position but
      being pivoted to said carriage for upward and forward pivotal movement in
      the direction of carriage advancement,
PA1  e. a vaulting piece adapted to be frictionally mounted on the free end
      portion of said pole and to be released transversely therefrom when the
      friction of its mounting is overcome,
PA1  f. cooperating trip members carried by said base and said carriage and
      operable to pivot said pole upwardly relative to said carriage at a
      predetermined point in the travel of said carriage,
PA1  g. a stop member operable to arrest the upward pivotal movement of said
      pole before it reaches a vertical position, whereupon said vaulting piece
      is dislodged from said pole and propelled therefrom in an upward
      trajectory, and
PA1  h. a horizontal bar extending transversely of said base thereabove, the
      object of the game being to cause said vaulting piece to pass over said
      bar.
NUM  2.
PAR  2. An apparatus as recited in claim 1 wherein said horizontal bar is
      provided with support members operable to support said bar at adjustable
      variable elevations, said horizontal bar being horizontally displaceable
      from said support members if struck by said vaulting piece.
NUM  3.
PAR  3. An apparatus as recited in claim 2 wherein said support members are
      adjustably movable relative to said track in a direction longitudinal to
      said track.
NUM  4.
PAR  4. An apparatus as recited in claim 1 wherein said cooperating trip members
      impel said pole pivotally upwardly, and become substantially inoperative
      before said pole engages said stop member, said pole continuing its upward
      movement by its momentum, said stop member being affixed to said base to
      be engaged by said pole at a more advanced position of said carriage,
      whereby the degree to which said pole will have pivoted toward a vertical
      position when it engages said stop member is determined by the speed of
      travel of said carriage as produced by said operating means.
NUM  5.
PAR  5. An apparatus as recited in claim 1 wherein said carriage is provided
      with rotatable wheels engaged and guided in said track, and wherein said
      operating means comprises:
PA1  a. a drum rotatably mounted on said base forwardly of the the travel of
      said carriage,
PA1  b. a manually operable crank operable to rotate said drum, and
PA1  c. a flexible strand wound on said drum, extending therefrom, and secured
      to the forward end of said carriage.
NUM  6.
PAR  6. An apparatus as recited in claim 1 wherein said pole is formed of
      resiliently flexible material, whereby to be transversely flexed into a
      bowed configuration by its own inertia and that of said vaulting piece as
      it is pivoted suddenly upwardly by said cooperating trip members, whereby
      it will remain at least partially flexed and its free end portion will be
      more nearly horizontal, when it engages said stop member.
NUM  7.
PAR  7. An apparatus as recited in claim 6 wherein said cooperating trip members
      pivot said pole sharply upwardly, and become substantially inoperative,
      before said pole engages said stop member, said pole continuing upwardly
      by its own momentum, but immediately beginning to recover resiliently from
      its felxure, said stop member being fixedly related to said base to be
      engaged by said pole at a more advanced position of said carriage, whereby
      the degree to which said pole will have recovered from its flexure before
      it engages said stop member is determined by the speed of travel of said
      carriage.
NUM  8.
PAR  8. An apparatus as recited in claim 6 wherein said vaulting piece is
      generally planar, having an inwardly tapering notch formed inwardly from
      one edge thereof, said notch being engageable transversely over the free
      end portion of said pole to form a frictional engagement therewith.
NUM  9.
PAR  9. An apparatus as recited in claim 8 wherein said pole is tubular, the
      free end portion thereof being provided with an external covering
      providing frictional resistance to movement thereof relative to the walls
      of said vaulting piece notch, and with an internal filler of resiliently
      compressible material.
NUM  10.
PAR  10. An apparatus as recited in claim 1 with the addition of a net
      consisting of a sheet of pliable material, and supporting means for a pair
      of opposite edges of said sheet whereby it is supported in loosely draped
      form beneath said horizontal bar.
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ABST
PAL  A racing game device simulating horse racing, auto racing, etc. has guide
      members, a travelling base frame which can travel along a predetermined
      locus established by the guide members, a plurality of movable models
      disposed on the travelling base frame in such manner that they may be
      reciprocated freely and individually along the locus, and drive mechanisms
      for individually driving the respective movable models.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a racing game device which simulates horse
      racing, auto racing, etc.
PAR  Heretofore, a great many racing game devices have been known in which a
      plurality of racing car models, for example, are made to travel along an
      annular racing course to vie in order of arrival at a goal.
PAR  In some of these racing game devices, at an extremity of a rotary arm that
      is rotatable about a fixed point are mounted a plurality of models in a
      concentric manner so as to be freely rotated, and said rotary arm and said
      plurality of models are respectively rotated. However, in such type of
      racing game devices, since the movements of said models involve a
      regularity, participant interest was largely reduced.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is a principal object of the present invention to provide an
      improved racing game device that is free from the aforementioned
      disadvantages in the prior art.
PAR  A more specific object of the present invention is to provide an improved
      racing game device in which it cannot be anticipated at all which one of a
      plurality of movable models may first arrive at a goal whereby participant
      interest can be enhanced.
PAR  According to one feature of the present invention, there is provided a
      racing game device characterized in that said device comprises guide
      members, a travelling base frame which can travel along a predetermined
      locus established by said guide members, a plurality of movable models
      disposed on said travelling base frame in such manner that they may be
      reciprocated freely and individually along said locus, and drive means for
      driving said respective movable models.
PAR  In the racing game device according to the present invention, as described
      above, since said device is composed of guide members, a travelling base
      frame which can travel along a predetermined locus established by said
      guide members, a plurality of movable models disposed on said travelling
      base frame in such manner that they may be reciprocated freely and
      individually along said locus, and drive means for driving said respective
      movable models, if said travelling base frame is started towards a goal
      while said drive means is started after said movable models are aligned
      along a start line, then said plurality of movable models can travel along
      said predetermined locus while individually varying their speeds relative
      to each other during a period of time.
PAR  In addition, according to the present invention, by appropriately changing
      the timing of the operation of said drive means, the stroke of the
      reciprocating motion on said travelling base frame as well as the timing
      for switching the reciprocating motion can be arbitrarily varied, and
      consequently the interest of the participants can be maintained.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view showing one preferred embodiment of racing
      game device according to the present invention,
PAR  FIG. 2 is a longitudinal cross-section side view of the same,
PAR  FIGS. 3 and 4 are perspective views of an essential part of the same
      device,
PAR  FIG. 5 is an enlarged perspective view of an essential part of the part of
      the device shown in FIGS. 3 and 4,
PAR  FIG. 6 is a longitudinal cross-section side view of the part shown in FIG.
      5,
PAR  FIG. 7 is a control circuit diagram for the travelling base frame in this
      particular embodiment,
PAR  FIG. 8 is a control circuit diagram for the cabinet in the same embodiment,
      and
PAR  FIG. 9 is a diagrammatic view showing a timing diagram, which represents ON
      and OFF states (a, b, c, d and e) and current waveforms (a', b', c', d',
      e' and f) of cam switches in the upper portion, and profiles and
      directions of rotation of the respective cams for said cam switches in the
      lower portion.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Now the present invention will be described in more detail in connection to
      a preferred embodiment thereof illustrated in the accompanying drawings.
PAR  Referring to FIG. 1, reference numeral (1) designates a cabinet having a
      generally rectangular shape with its four corners obliquely cut away. On
      the top surface of the cabinet 1 is a horizontally extending opaque
      non-magnetic racing course plate 2 having tracks painted thereon.
      Transparent plates 3 are disposed above the racing course plate in a
      truncated rectangular pyramid shape, and five models 4 are placed on said
      racing course plate 2. The models are shown as autos, but they may be
      horses or other models of things which are raced on a race course.
PAR  Throughout the specification and drawings five similar members such as the
      five auto models 4 are described and illustrated. For convenience of
      explanation, these five similar members are generally designated by a
      given reference numeral, while the individual members among these five
      members are identified by reference numerals plus suffix a, b, c, d and e.
      For instance, the respective ones of the above-described auto models 4 are
      individually identified by reference numerals 4a, 4b, 4c4d and 4e. It is
      equally true for movable pieces 21a, 21b, 21c, 21d and 21e, model driving
      motors 29a, 29b, 29c, 29d and 29e, etc.
PAR  Within said cabinet 1 as seen in FIGS. 2-6 is a horizontally extending
      support table 5, in a central recessed portion 6 of which are laid two
      rails 7 parallel to each other, and a travelling base frame 8 is adapted
      to be capable of reciprocating forth and back until it strikes against
      stops 10 at the front and rear ends, of said recessed portion
      respectively, while it is supported on said rails 7 via rollers 9.
PAR  In addition, at the center of said travelling base frame 8 is a pivotal
      shaft 11 directed vertically upwards, a rotatable table 12 being pivotably
      mounted on said shaft 11, and a driving wheel 14 which is driven by a
      travelling motor 13 is mounted at the extremity of the rotatable table 12.
PAR  The diagonally opposite ends 15 of said two rails 7 are bent downwardly,
      and at the corresponding diagonally opposite corners of said travelling
      base table 8 are pivotably supported hooks 16 which are detachably
      engageable with the rotatable table 12. On the hook 16 is pivotably
      mounted a roller 17 which can roll along said rail 7, and when said
      travelling motor 13 is driven, if said travelling base frame 8 is
      positioned in the middle portion of the rails 7, then the hook 16 is
      engaged with the rotatable table 12, so that the travelling base frame 8
      can travel along said rails 7 while it is integrally coupled to the
      rotatable table 12 due to the torque of the driving wheel 14. When the
      travelling base frame 8 strikes against the stops 10 and is stopped
      thereby, the hook 16 which has been in engagement with the rotatable table
      12 is displaced downwardly at the bent portion 15 of the rail 7 and is
      disengaged from the rotatable table 12, so that while the travelling base
      frame 8 is kept stopped by the stop 10, the rotatable table 12 is turned
      180.degree. about the pivotal shaft 11 due to the torque of the driving
      wheel 14 running in frictional engagement with the support table 5 until
      the rotatable table 12 is engaged with the other hook on the opposite side
      of the traveling base frame 8 from the first-mentioned hook 16, so that
      the rotatable table 12 begins to return in the opposite direction along
      the rails 7 while it is integrally coupled with the travelling base frame
      8.
PAR  As illustrated in more detail in FIGS. 5 and 6, five brackets 18a, 18b, . .
      . 18e are integrally mounted on the rotatable table 12, the brackets 18a,
      18b, . . . 18e are respectively provided with two guide rails 19 extending
      horizontally over their entire length, movable frames 20a, 20b, . . . 20e
      are slidably fitted on the rails 19 of the respective brackets, on the
      movable frames 20a, 20b, . . . 20e are mounted movable pieces 21a, 21b, .
      . . 21e, respectively, in a manner such that they can be freely raised or
      lowered, and wheels 22 are rotatably mounted on the top surface of the
      movable pieces 21a, 21b, . . . 21e, the respective wheels 22 being adapted
      to be always brought in pressing contact with the lower surface of the
      racing course plate 2 by means of resilient forces of compression springs
      23 inserted between the movable frames 20a, 20b,  . . . 20e and the
      movable pieces 21a, 21b, . . . 21e, respectively.
PAR  In addition, on the respective brackets 19a, 19b, . . . 19e are pivotably
      mounted two chain sprockets 24 and 25 spaced a predetermined distance from
      each other, and around the sprockets 24 and 25 is stretched an endless
      chain 26. A pin 27 projecting from one position on the chain 27 is loosely
      fitted in a vertical groove 28 in the movable frame 20, and another
      endless chain 31 is stretched around the aforementioned one sprocket 24
      and a sprocket 30 of a model driving motor 29, so that when the model
      driving motor 29 is driven in one direction, the movable frame 20 is
      reciprocated in the lengthwise direction of the bracket 18 via the pin 27
      projecting from the chain 26.
PAR  At the bottom of the auto models 4 and at the top of the movable pieces 21
      are mounted magnets 32 (only the movable piece 21 being shown in FIG. 6),
      so that the auto models 4 are adapted to move on the racing course plate 2
      in response to the movements of the movable pieces 21, being magnetically
      attracted by the movable pieces 21 with the racing course plate 2
      interposed therebetween.
PAR  At the top of the pivotal shaft 11 is rotatably mounted a racing course
      plate supporting roller 64 in such manner that it may be also freely
      rotated about a vertical axis, and so, the weight of the auto models 4 on
      the racing course plate 2 is borne by the pivotal shaft 11 to prevent
      deformation of the racing course plate 2.
PAR  Now a control circuit for the above-described embodiment of the invention
      will be described with reference to FIGS. 7, 8 and 9.
PAR  FIG. 7 is a circuit diagram of a control circuit provided on the travelling
      base frame 8, while FIG. 8 is a circuit diagram of a control circuit
      provided in the cabinet 1, and these two control circuits are electrically
      connected to each other through trolleys 33 and trolley wires 34.
PAR  Reference numeral 35 designates an alternating cam motor which is provided
      with two alternating cams 36a and 36b as shown in the lower portion of
      FIG. 9, and adjacent to the alternating cams 36a and 36b are disposed
      alternating cam switches 37a and 37b, respectively. When the alternating
      cam motor 35 is driven in rotation, the alternating cam switches 37a and
      37b are adapted to generate a current waveform flowing through the model
      driving motors 29 as shown at f in the upper portion of FIG. 9. In this
      waveform, in the period when it is at an upper level, the alternating cam
      switch 37a is closed to cause a current flow in the direction shown by
      solid line arrows in FIG. 7, while in the period when it is at a lower
      level, the alternating cam switch 37b is closed to cause a current flow in
      the direction shown by dashed line arrows in FIG. 7, and in the period
      when it is at a middle level, neither the alternating cam switch 37a nor
      cam switch 37b is closed.
PAR  A pulse cam motor 38 is connected in parallel to the travelling motor 13,
      and pulse cams 39a, 39b, . . . 39e shown in the lower portion of FIG. 9
      are directly connected to the pulse cam motor 38, pulse cam switches 40a,
      40b, . . . 40e being disposed adjacent to the pulse cams 39a, 39b, . . .
      39e. When the pulse cam motor 38 is driven in rotation, the pulse cam
      switches 40a, 40b, . . . 40e are opened and closed according to waveforms
      a, b, c, d and e, respectively, of the diagram shown in the upper portion
      of FIG. 9. In these waveform diagrams, a higher level represents the state
      where the pulse cam switches 40a, 40b, . . . 40e are closed, while a lower
      level represents the state where they are opened.
PAR  Relay contacts 41'a, 41'b, . . . 41'e of a reset relay 41 are disposed in a
      power supply circuit for the driving motors 29a, 29b, . . . 29e. If the
      reset relay 41 is not actuated, then the model driving motors 29a, 29b, .
      . . 29e  are respectively connected to the pulse cam switches 40a, 40b, .
      . . 40e in series, whereas if the reset relay 41 is operated, then the
      model driving motors 29a, 29b, . . . 29e are respectively connected to the
      model start position switches 42a, 42b, . . . 42e in series. These model
      start position switches 42 are illustrated as micro-switches mounted on
      the respective brackets in FIG. 6, and also in FIG. 7 are shown their
      switch contacts (break contact) 42a, 42b, . . . 42e only. In addition,
      relay contact 41'f of the reset relay 41 is interposed between the driving
      motors 29a, 29b, . . . 29e and the circuitry of the alternating cam
      switches 37a and 37b.
PAR  One power supply terminal of the alternating cam motor 35 is connected to
      one terminal (ungrounded terminal) 43 of an A.C. 100V power supply via a
      trolley 33a and a trolley wire 34a, and the other power supply terminal of
      the alternating cam motor 35 is connected to the other terminal (common
      terminal) 44 of the A.C. 100V power supply via a trolley 33c and a trolley
      wire 34c, and therefore, when a power supply plug socket (not shown) for
      the cabinet 1 is plugged into an A.C. power supply, the alternating cam
      motor 35 is continuously driven in rotation.
PAR  Goal detector switches (not shown) of the respective auto models 4a, 4b, .
      . . 4e which correspond to the movable pieces 21a, 21b, . . . 21e,
      respectively, are electrically connected to a goal detector circuit (not
      shown) via trolleys 33b and trolley wires 34b, so that as will be
      described in more detail later, arrival of the five auto models 4a, 4b, .
      . . 4e at a goal can be detected by the goal detector switches and the
      detected signals are transmitted to the goal detector circuit.
PAR  One terminal of the reset relay 41 is connected through a trolley 33d, a
      trolley wire 34d, and a make contact 57' of a waiting relay 57, to a D.C.
      common terminal 47, and the other terminal of the reset relay 41 is
      connected through a trolley 33e and a trolley wire 34e to a positive
      terminal 46 of a D.C. 24V power source.
PAR  A trolley 33f and a trolley wire 34f are connected through a parallel
      connection of a make contact 58' of a running relay 58 and a make contact
      57' of the waiting relay 57 to a positive terminal 45 of a D.C. 12V power
      supply, a trolley 33g and a trolley wire 34g are connected to a negative
      common terminal of a D.C. power supply, and a trolley 33h and a trolley
      wire 34h are connected through a make contact 60' of a travelling relay 60
      to one terminal (ungrounded terminal) 43 of the A.C. 100V power supply.
PAR  In the control circuit on the cabinet side illustrated in FIG. 8, between
      one terminal 43 and the other terminal 44 of the A.C. 100V power supply is
      series connected a timing motor 48 and a make contact 49' of a holding
      relay 49.
PAR  In an actuation circuit for the holding relay 49 are series connected a
      coin switch 50 that is kept closed for a predetermined period of time
      after a coin has been thrown in, and a break contact 58" of the running
      relay 58, and in parallel to the holding relay 49 are connected a resistor
      51 and a capacitor 52 for locking the holding relay 49 with time delay for
      a predetermined period.
PAR  Further, in an actuation circuit for a control stepping coil 53 are series
      connected a timing cam switch 54 that is mechanically directly connected
      to the timing motor 48 and a make contact 49' of the waiting relay 49 in
      series. Thus if the holding relay 49 is actuated and the timing motor 48
      is driven, then the timing cam switch 54 is intermittently closed, so that
      the control stepping coil 53 is actuated at a predetermined time interval
      (for instance, about every two seconds) to make a slider 55' of a control
      stepping disc step one increment each time.
PAR  In the aforementioned control stepping disc 55, when the slider 55' that is
      permanently connected to a common D.C. negative terminal 47 is located at
      a home position 55", the slider 55' is not connected to a slide contact
      piece 55'" that is connected to the actuation circuit of the holding relay
      49. However, during the period when the slider 55' is made to slide one
      step in response to actuation of the control stepping coil 53, the slider
      55' is immediately connected to the slide contact piece 55'". In addition,
      when the slider 55' has been stepped to the first step, the slider 55' is
      connected to an actuation circuit of the waiting relay 57. Subsequently,
      when it is stepped to the second step, it is connected to an actuation
      circuit of the buzzer relay 56; when stepped to the third step, it is
      connected to a running relay 58; and after four stepping operations (total
      required time being about 10 seconds) the slider 55' is again restored to
      its home position 55".
PAR  In the actuation circuit of the waiting relay 57, a series connection of a
      self-holding make contact 57' and a start line switch 61 is connected in
      parallel to the first step of the control stepping disc 55, and in the
      actuation circuit of the running relay 58, a series connection of a
      self-holding make contact 58' and a goal line switch 59 is connected in
      parallel to the third step of the control stepping disc 55. Still further,
      in the actuation circuit of the travelling relay 60 are connected a
      waiting relay make contact 57' and a running relay make contact 58' as
      shown in FIG. 8.
PAR  While the goal line switch 59 and the start line switch 61 are shown in
      FIG. 8 merely as break contacts, practically they are micro-switches
      mounted at appropriate positions just under the goal line 63 and the start
      line 62, respectively, so that the micro-switches 59 and 61 may be
      actuated respectively when an auto model first arrives at the goal line
      63, and when all the auto models 4 have been aligned on the start line 62.
PAR  Since the illustrated embodiment is constructed as described above, in the
      initial state when the travelling base frame 8 is located just under the
      goal line 63, the movable frames 20a, 20b, . . . 20e are positioned at
      arbitrary positions on the brackets 18a, 18b, . . . 18e shown in FIG. 6,
      and the auto models 4a, 4b, . . . 4e are stopped at random positions on or
      near the goal line 63 with only the auto model which has first arrived
      positioned on the goal line 63. Then if a coin (not shown) is inserted
      into the racing game device, then the coin switch 50 in FIG. 8 is closed
      and the holding relay 49 is actuated. Thereafter, even if the coin switch
      50 is opened, the holding relay 49 is locked for a predetermined period of
      time by the self-holding delay circuit 51 and 52, and during that period
      of time, make contacts 49' of the holding relay 49 in the actuation
      circuit of the control stepping coil 53 and in the power supply circuit
      for the timing motor 48 are respectively closed, so that the control
      stepping coil 53 is intermittently energized by the operation of the
      timing motor 48, the control stepping disc 55 being stepped step-by-step,
      and the holding relay 49 is locked until the third step is finished.
PAR  When the control stepping disc 55 is stepped from its home position to its
      first step, the waiting relay 57 is actuated because a direct actuation
      circuit of the waiting relay 57 is closed. Then, the make contact 57' of
      the waiting relay 57 connected to the trolley wire 34d is closed, and so
      the reset relay 41 is actuated. Furthermore, since the waiting relay make
      contact 57' connected to the trolley wire 34f is closed, a D.C. current
      flows from a positive terminal 45 of a D.C. 12V power supply through the
      waiting relay make contact 57', trolley wire 34f, trolley 33f, model start
      position switches 42a, 42b, . . . 42e, reset relay make contacts 41'a,
      41'b, . . . 41'e, model driving motors 29a, 29b, . . . 29e, reset relay
      make contact 41'f, junction point 69, trolley 33g and trolley wire 34g to
      the common negative terminal 47 of the D.C. power supply. Accordingly, the
      model driving motors 29a, 29b, . . . 29e are simultaneously rotated in the
      positive direction until all the movable frames 20a, 20b, . . . 20e are
      driven to the rearmost position on the brackets 18a, 18b, . . . 18e, where
      the movable frames 20a, 20b, . . . 20e are stopped respectively in
      response to closure of the model start position switches 42a, 42b, . . .
      42e.
PAR  Simultaneously with starting of the positive rotation of the model driving
      motors 29a, 29b, . . . 29e, the travelling relay 60 is actuated by the
      closure of the waiting relay make contact 57' in the actuation circuit of
      the travelling relay 60, so that the travelling relay make contact 60'
      interposed between one terminal 43 of the A.C. 100V power supply and the
      trolley wire 34h is closed. Thus a circuit is completed from one terminal
      43 of the A.C. 100V power supply, through the travelling relay make
      contact 60', trolley wire 34h, trolley 33h, running motor 13 and pulse cam
      motor 38 connected in parallel to each other, trolley 33c and trolley wire
      34c to the other terminal 44 of the A.C. 100V power supply. As a result,
      the running motor 13 and the pulse cam motor 38 are driven, so that the
      driving wheel 14 is rotated by the driving of the running motor 13 to turn
      the rotatable table 12 180.degree. about the pivotal shaft 11 while the
      travelling base frame 8 is kept stopped at the extreme position on the
      goal-start side as seen in FIG. 1, and when the rotatable table 12 has
      come just under the start line 62, the start line switch 61 is opened,
      which denergizes the travelling relay 60. The running motor 13 as well as
      the pulse cam motor 38 are stopped, and so, the rotatable table 12 is also
      stopped at that position. The waiting relay 57 is also denergized because
      its locking circuit including the start line switch 61 is interrupted.
PAR  Since the time required for the rotatable table 12 to arrive at the
      position just under the start line 62 starting from the position just
      under the goal line 63 is a few seconds, when the slider 55' of the
      control stepping disc 55 is stepped to the second step to actuate the
      buzzer relay 56 and a buzzer not shown is sounding, the auto models 4 have
      been already aligned on the start line 62, and thus the participants are
      informed by the buzzer that the auto models 4 are about to start.
PAR  After about two seconds has passed after the buzzer being to sound, the
      slider 55' of the stepping disc 55 is stepped by one step up to the third
      step, where the running relay 58 and the travelling relay 60 are both
      actuated, and the running relay 58 is locked until the goal line switch 59
      is opened in response to arrival of the travelling base frame 8 at the
      goal line 63.
PAR  Owing to the actuation of the travelling relay 60, the travelling motor 13
      and the pulse cam motor 38 are driven similarly to the above-described
      operation, and thereby the travelling base frame 8 is caused to travel
      towards the position just under the start line 62.
PAR  In this case, however, since the reset relay 41 is denergized, a D.C.
      current flows from one positive terminal 45 of the D.C. 12V power supply,
      through the running relay contact 58', trolley wire 34f, trolley 33f,
      junction point 65, and either one of the alternating cam switches 37a and
      37b.
PAR  With reference to FIG. 9, if it is assumed here that the alternating cams
      36a and 36b and the pulse cams 39a, 39b, . . . 39e are at the angular
      position of 0.degree., then the alternating cam switch 37a and the first
      pulse cam switch 40a [Explanation will be omitted for the second pulse cam
      39b and the subsequent pulse cams.] are closed (See FIG. 9a and FIG. 9f).
      Accordingly, the D.C. current fed from the D.C. 12V power supply and
      passed through the trolley 33f, flows from the junction 66 rightwards in
      the horizontal direction (as viewed in FIG. 7) through the lower contact
      of the alternating cam switch 37a, junction points 68 and 70, the first
      pulse cam switch 40a, reset relay break contact 41'a, model driving motor
      29a, reset relay break contact 41'f, junction point 67, upper contact of
      alternating cam switch 37a, junction point 69, trolley 33g and trolley
      wire 34g, to the common negative terminal 47 of the D.C. power supply. As
      a result, the first model driving motor 29a, and the third and fourth
      model driving motors 29c and 29d through which a D.C. current flows
      similarly to the first motor 29a (See FIG. 9c' and FIG. 9d') rotate in the
      positive direction. Whereas, the second and fifth model driving motors 29b
      and 29e are kept stopped as seen from FIG. 9b' and FIG. 9e', so that the
      first, third and fourth models 4a, 4c  and 4d will and be advanced
      forwards with respect to the second and fifth models 4b and 4e.
PAR  As the alternating cams 36a and 36b and the pulse cams 39a, 39b, . . . 39e
      rotate, the current waveforms passed through the respective model driving
      motors 29a, 29b, . . . 29e become the waveforms as shown at a', b', c',
      d', e' in FIG. 9, which are derived by multiplying the values (1, 0, - 1)
      of the current waveform f produced by the alternating cam switches 37a and
      37b by the value (1 or 0) of the current waveforms a', b', c', d', e'
      produced by the pulse cam switches 40a, 40b, . . . 40e. Consequently, the
      relative positions of the individual auto models 4a, 4b, . . . 4e with
      respect to each other, are determined by the algebraic sums of the
      positive and/or negative amount of rotation of the respective model
      driving motors 29a, 29b, . . .  29e, and they are varied from moment to
      moment as time passes.
PAR  After the aforementioned operations, when the slider 55' of the control
      stepping disc 55 has passed through the third step and has been restored
      to the original home position 55", the holding relay 49 is denergized, but
      the running relay 58 and the travelling relay 60 are kept energized until
      the travelling base frame 8 arrives at the position just under the goal
      line 63, when the goal line switch 59 is opened, resulting in
      denergization of the running relay 58 and the travelling relay 60, and all
      the motors 13, 38, 29a, 29b, . . . 29e except for the alternating cam
      motor 35 are stopped, whereby the auto models 4a, 4b, . . . 4e are stopped
      in the proximity of the goal.
PAR  In the illustrated embodiment, although the alternating cam motor 35 is
      continuously rotating, the pulse cam motor 38 begins to rotate when the
      travelling relay contact 60' interposed between one terminal 43 of the
      A.C. 100V power supply and the trolley 34b has been closed. Thus the
      mutual relation between the timing for the switching of the alternating
      cam switches 37a and 37b and the timing for the switching of the pulse cam
      switches 40a, 40b, . . . 40e, are always random, so that it cannot be
      anticipated at all which one of the auto models 4a, 4b, . . . 4e will
      first arrive at the goal line 63. Therefore, even if the participant
      should repeat the play many times, he would not lose interest in the
      racing game, so that the present invention provides an extremely
      interesting racing game device.
PAR  In the preferred embodiment illustrated in the drawings and described
      above, the invention is described as an auto racing game device. However,
      it is quite immaterial whether the movable models are auto models, horse
      models, dog models, or the like. Therefore, obviously the present
      invention is applicable not only to auto racing but also equally
      applicable to horse racing, dog racing and the like.
PAR  While the present invention has been described above in connection with a
      preferred embodiment, the invention should not be limited to the
      illustrated embodiment only but various changes in design could be made
      without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A racing game device comprising a horizontal racing course plate, a
      plurality of racing elements on said racing course plate having magnets
      therein, a horizontally extending support table positioned beneath said
      racing course plate and having a central recess therein, a pair of
      parallel rails extending across said central recess, a traveling base
      frame mounted on said parallel rails for horizontal movement back and
      forth along said rails, a rotatable table pivotally mounted on said
      traveling base frame and a traveling motor fixedly mounted on said
      traveling base frame and having a single driving wheel driven thereby and
      engaged with and running along said support table for moving said
      traveling base frame and said rotatable table along said rails in one
      direction, then pivoting said rotatable table in a curvilinear movement
      around the one end of the parallel rails and then moving the traveling
      base frame and said rotatable table along said rails in the other
      direction, and finally pivoting said rotatable table in a curvilinear
      movement around the other ends of the parallel rails, whereby the
      rotatable table moves in a path made up of straightaways and curves
      joining the straightaways, a plurality of magnet means, one corresponding
      to each receiving element, positioned side by side on said rotatable table
      in a direction transverse to the direction of said path and mounted on
      said rotatable table for movement back and forth on said table in the
      direction of said path and electric motor means coupled to said magnet
      means for randomly driving said magnet means in said movement.
NUM  2.
PAR  2. A racing game device as claimed in claim 1 in which said electric motor
      means comprises a plurality of electric motors coupled to the respective
      magnet means and circuit means coupled to said electrical motors for
      supplying positive and negative electrical currents to said motors in a
      random pattern for moving said magnet means back and forth in a random
      pattern.
NUM  3.
PAR  3. A racing game device as claimed in claim 2 in which said circuit means
      comprises means for driving said motors in the direction for bringing all
      of the magnet means, and hence all of the racing devices, to an aligned
      position transverse of the direction of said path when said circuit means
      is first energized, and thereafter supplying the positive and negative
      electrical currents to said motors in a random pattern.
NUM  4.
PAR  4. A racing game device as claimed in claim 2 in which said circuit means
      comprises a plurality of sets of cam actuated switches and cams engaged
      with said switches for opening and closing them, and cam driving motors
      for driving said cams, said cam actuated switches being coupled for
      supplying a positive or negative current to the respective electric motors
      depending on the algebraic sum of the currents through the cams in the
      respective sets of cams.
NUM  5.
PAR  5. A racing game device as claimed in claim 1 in which said traveling base
      frame has latch means thereon for latching said rotatable table to said
      traveling base frame during movement along the length of said rails, and
      means for releasing said latch means to permit pivotal movement of said
      rotatable table adjacent the ends of said rails.
NUM  6.
PAR  6. A racing game device as claimed in claim 1 in which said traveling base
      frame has a pivot thereon on which said rotatable table is pivotally
      mounted, said pivot extending upwardly to adjacent the under surface of
      said racing course plate, and a rotatable element on the upper end of said
      pivot movable along the under surface of said racing course plate for
      supporting the central portion of said plate during movement of said
      traveling base frame.
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ABST
PAL  An upright rod-like wand attached to the side of a volleyball net at a
      selected position with respect to the boundary line of the court below the
      net. A volleyball striking the wand will be out of bounds. The net wand is
      held in place by a rubber strap having a hole at each end through which
      the wand is threaded, the wand being at one side of the volleyball net and
      the strap at the other side thereof.
BSUM
PAR  This invention relates to markers which serve as net boundary or
      out-of-bounds indicators for ballgames, and more particularly to upright
      poles or rods which are sometimes called "wands" which will indicate an
      out of bounds play whenever a wand is struck by a ball.
PAR  The present invention is further concerned with an out of bounds indicator
      for games which require a net, for example, a game such as volleyball
      where the indicator, a rod or wand, may be mounted at the side of the net
      to extend upwardly above the net and be struck whenever a ball passing
      over the net is out of bounds. In the present invention, the rod, or wand,
      is attached directly to the net and may be called a "net wand". Such a
      wand is useful for several games, but is especially useful for volleyball
      games and thus the invention, the net wand, will be described in
      connection with volleyball.
PAR  In a game such as volleyball, the object of the game is to bounce the ball
      over the net to the opponent, back and forth, until a player misses the
      ball or until the ball goes out of bounds. The out-of-bounds play may
      occur if the ball is hit too hard and is projected beyond the limits of
      the court, or it may occur if the ball is not hit squarely and veers to
      one side of the net. A volleyball court has a lateral boundary at each
      side of the net and a rule of the game is that the ball, or at least a
      portion of the ball, must cross over the net between these lateral
      boundaries. Often, a ball will pass over the net at a position which is so
      close to the limit of the lateral boundary that it is next to impossible
      for an umpire to tell whether or not the ball is, or is not, in bounds. In
      tournament play or in any other game where the game is serious, this can
      be important for the whole game may depend upon whether or not a
      particular pass of the ball was in bounds.
PAR  It has heretofore been proposed to use an upright pole standing along each
      side of the net and properly positioned to indicate an out-of-bounds play
      whenever the pole is struck. However, the problem in precisely placing and
      properly securing such a pole can render this expedient more trouble than
      it is worth.
PAR  The present invention was conceived and developed with the foregoing and
      other considerations in view and comprises, in essence, a wand, a
      lightweight, strong, resilient rod which is mounted directly upon the net
      to extend thereabove at a selected position with respect to the boundary
      line of the court to thus indicate an out-of-bounds play whenever it is
      struck.
PAR  It follows that an object of the present invention is to provide a novel
      and improved out-of-bounds indicator, an upright wand for a volleyball
      court, which is of a simple construction and is capable of being attached
      directly to the net.
PAR  Another object of the invention is to provide a net wand for volleyball
      games and the like which is quickly, easily and securely attached to the
      net and may also be quickly and easily adjusted to any selected position
      on the net to correspond with the rules of a game being played.
PAR  Other objects of the invention are to provide a net wand for volleyball
      games and the like which is a simple, economical, neat-appearing, rugged
      and durable unit.
DRWD
PAR  With the foregoing and other objects in view, my present invention
      comprises certain constructions, combinations and arrangements of parts
      and elements as hereinafter described, defined in the appended claims and
      illustrated in preferred embodiment by the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a fragment of a volleyball court and net
      showing a lateral boundary marker of the court, an upstanding support at
      the side of the court, a fragment of a net stretched from the support and
      a wand constructed according to the present invention affixed to and
      upstanding from the net, and illustrating further in broken lines an
      arrangement for positioning the wand on the net at a selected location
      with respect to the lateral boundary of the volleyball court;
PAR  FIG. 2 is a sectional elevational view of the net and the wand attached
      thereto as taken from the indicated line 2--2 at FIG. 1 but on an enlarged
      scale;
PAR  FIG. 3 is a perspective view of a fragment of the net showing the wand
      attached thereto similar to FIG. 1, but on a further enlarged scale and
      with portions of the net and the wand structure being broken away to
      conserve space;
PAR  FIG. 4 is a perspective view of a resilient strap used to hold the wand in
      place;
PAR  FIG. 5 is a plan view showing a fragment of the volleyball net, the wand
      mounted upon the net, and a fragment of the volleyball court and its
      lateral boundary, the view showing further the position of a volleyball
      moving over the net which is just out of bounds and is striking the wand;
      and
PAR  FIG. 6 is a fragmentary view of a portion of a strap modified by showing an
      enlarged end about the aperture in the strap.
DETD
PAR  Referring more particularly to the drawing, the improved wand W is
      illustrated as being mounted upon a volleyball net N by a resilient strap
      S, as will be further described. The net N is a standard volleyball net
      having its upper cord 10 and lower cord 11 extended to pull cords 12 of a
      suitable mounting apparatus 13 carried upon a net post 14. This post 14 is
      securely held by guy wire braces 15 in any conventional arrangement. In
      the regular gymnasium, a portion of the floor area beneath the net forms
      the volleyball court C and the boundaries, such as lateral boundaries 16,
      are clearly marked upon this floor F. The net post 14 and the guy wires 15
      are located to the side of the court and at a position where they are out
      of the way of the players. The ordinary volleyball net N will be several
      feet wider than the court and will thus extend a short distance beyond the
      lateral boundary of the court.
PAR  In the present invention, the out-of-bounds wand W is formed as a rod of a
      selected length, such as 5, 6 or 7 feet, and necessarily greater than the
      height of the volleyball net. This wand is mounted directly upon this net
      N to extend thereabove at least several feet, and possibly as much as 3
      feet, so as to be struck by a ball hit out of bounds. This rod is
      necessarily tough, strong and resilient since it is occasionally struck by
      a volleyball with considerable force. It was found that if a sufficient
      degree of strength were not incorporated into this wand, it could be bent
      or broken. A three-eighths or one-half-inch diameter aluminum rod of a
      strong tempered type of aluminum, such as ST 17, was found to be
      satisfactory. Other equivalent materials could be used for this wand. A
      three-eighths or one-half-inch spring steel rod was also found to be
      satisfactory but undesirably heavy. A small diameter fiberglass rod,
      although very tough and flexible, could be broken if hit by a volleyball
      at its connecting point close to the net. Fiberglass rods of sufficient
      strength are objectionably large in diameter.
PAR  The rods selected for a wand could be tapered to be reduced in size in the
      portion which extends above the net. Also, these rods could be painted or
      covered with material having different colors to enhance their design and
      also to facilitate proper placement upon the net N.
PAR  A selected wand W is mounted onto the net by a comparatively heavy,
      resilient strap S made of rubber or a like resilient, synthetic resin
      material, such as polyurethane rubber, having a durometer in the range of
      40-90 on the Shore-A scale. A suitable strap S was found to be
      approximately one-eighth-inch thick and 1 to 11/2-inches wide. A hole or
      aperture 20 having a diameter about the same as the rod diameter is formed
      at each end of the strap to receive the wand. This strap S and the wand W
      are connected to the net by fitting the wand into the hole 20 at the upper
      end of the strap and then threading the upper end of the strap onto the
      wand a distance slightly greater than the height of the net. Thereafter,
      the wand is placed against one side of the net with a short length
      projecting below the net, the strap S is placed over the net and against
      the other side of the net N. Next, the lower end of the wand is fitted
      into the hole 20 at the lower end of the strap so that the wand and strap
      snugly embrace the net as in the manner illustrated at FIGS. 2 and 3. The
      strap is necessarily somewhat shorter than the height of the net to
      provide for a tight fit under tension. With this arrangement, it has been
      found that the wand will remain securely in place upon the net when it is
      being used in a volleyball game. If desired, the ends of the strap may be
      enlarged about the holes 20 to enhance the strength of the strap, as in
      the manner illustrated on a portion of a strap S' at FIG. 6.
PAR  It was discovered that it is a simple matter to properly position a wand
      with respect to the edge of the court boundary 16 by simply dropping a
      plumb bob B from the net to the edge of this boundary as shown in dotted
      lines at FIG. 1. The position of the rod could then be measured from this
      plumb bob string 21 to any location desired. For example, a desired
      spacing x of the wand from the lateral boundary is 81/2-inches which is
      the diameter of the ball. When so positioned upon the net, it follows that
      any time a ball passes over the net at an out-of-bounds location, it will
      strike the wand no matter how close the ball is to the edge of the
      boundary. If, however, the ball is within the boundary a very short
      distance, one-fourth or even one-eighth-inch, where it is not out of
      bounds, it will not strike the wand. This eliminates guessing by the
      umpire. If it becomes desirable to modify the rules of the game to place
      the out-of-bounds line at a different position, such can be accomplished
      by the simple expedient of shifting the wand along the net to the desired
      location.
PAR  I have now described my invention in considerable detail. However, it is
      obvious that others skilled in the art can build and devise alternate and
      equivalent constructions which are nevertheless within the spirit and
      scope of my invention. Hence, I desire that my prtection be limited not by
      the constructions illustrated and described, but only by the proper scope
      of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An out-of-bounds indicator for a volleyball net, to indicate an
      out-of-bounds ball flight with respect to the volleyball court during a
      game, the indicator device comprising in combination with the net:
PA1  a. an elongated rod having a length which is greater than the vertical
      dimension of the volleyball net,
PA1  b. a narrow, elongated, elastic strap having an aperture at each end sized
      to fit said elongated rod, said member while in a relaxed condition having
      a length less than the vertical dimension of said volleyball net, and
PA1  c. said rod being attached in a vertical position to said net by placing
      the rod in a vertical position alongside one side of the net and the strap
      on the opposite side of said net paralleling the rod with said rod being
      threaded through said apertures above and below said net and with a
      substantial portion of the rod extending above the top edge of the net.
NUM  2.
PAR  2. A volleyball out-of-bounds indicator as defined in claim 1 wherein:
PA1  a substantial portion of said rod being covered with a colored material to
      increase the visibility of said rod.
NUM  3.
PAR  3. A volleyball out-of-bounds indicator device as defined in claim 1
      wherein:
PA1  a pair of out-of-bounds indicators are attached to the erected volleyball
      net,
PA1  each of said indicators being located near opposite ends of the net at a
      predetermined distance along the net from the point on the net directly
      above the side boundaries of the volleyball court whereby a volleyball
      passing over the net and between the indicators without touching the
      indicators will have at least a portion of the ball lying within the side
      boundaries of the court.
NUM  4.
PAR  4. A volleyball indicator device as defined in claim 1 wherein:
PA1  the rod is formed from a metallic material.
NUM  5.
PAR  5. A volleyball indicator device as defined in claim 1 wherein:
PA1  said elastic member is formed from a rubber material having a durometer of
      40-90 on the Shore-A scale.
NUM  6.
PAR  6. A volleyball indicator device as defined in claim 1 wherein:
PA1  said elastic member is formed from a resilient, synthetic resin.
NUM  7.
PAR  7. A volleyball indicator device as defined in claim 1 wherein:
PA1  the ends of said strap are enlarged about the end apertures so as to
      reinforce the straps around said apertures.
NUM  8.
PAR  8. A volleyball indicator device as defined in claim 1 wherein:
PA1  said rod has a length which allows the upper portion of the rod to extend
      at least 3 feet above the top edge of the net.
NUM  9.
PAR  9. A volleyball indicator device as defined in claim 2 wherein:
PA1  said rod covering material has at least two contrasting colors which are
      arranged in alternating color bands.
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ABST
PAL  A vibratory board game apparatus including a plurality of playing pieces
      and a game board with a playing surface having a plurality of stations
      defining a confined playing piece path of travel. Some of the stations are
      destination stations having indicia representative of different locations.
      Simulated money is provided which may be acquired by having a playing
      piece stop on a given destination station. The game board mounts a
      selectively actuatable vibratory motor for vibrating the board and thereby
      moving all of the playing pieces simultaneously along the playing piece
      path of travel from one station to another.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to board games and particularly to vibratory
      board games.
PAR  2. Brief Description of the Prior Art
PAR  Board games are well known in the art and generally include a game board
      with a playing surface having a plurality of stations printed thereon
      which define a playing piece path of travel. Playing pieces are provided
      to move from station to station. In most board games, the means for
      determining how much or how many stations a playing piece is to advance is
      a chance device of some kind, e.g., dice or a spinner.
PAR  Likewise, vibratory games per se are known in the art and generally include
      pieces which are movable over a surface in response to vibration. The
      vibration is usually generated by means of a vibratory motor, or the like,
      associated with the playing surface.
PAR  However, with the present invention, vibration is employed to produce
      movement of plural playing pieces along a defined path on a game board
      apparatus in an attempt to have the playing pieces stop at defined
      stations along the path.
PAC  SUMMARY OF THE INVENTION
PAR  It therefore is the principal object of the present invention to provide a
      board game apparatus wherein the playing pieces are movable over a playing
      piece path of travel in response to selectively actuatable vibratory drive
      means.
PAR  This and other objects are accomplished by one form of the invention
      currently contemplated which provides a plurality of playing pieces, at
      least one for each player of the game, and a game board. The game board
      includes a playing surface having a plurality of stations defining a
      playing piece path of travel bounded by side walls to confine the movement
      of the playing pieces. Some of the stations are destination stations
      having indicia thereon representative of different locations so that a
      player can attempt to have his playing piece or pieces stop at certain
      locations. Simulated money is provided which may be acquired by having a
      playing piece stop on a given destination station. Selectively actuatable
      vibratory drive means is mounted on the game board for moving all of the
      pieces simultaneously along the playing piece path of travel from one
      station to another.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the game of the present invention;
PAR  FIG. 2 is a plan view of one of the destination cards used in the present
      invention;
PAR  FIG. 3 is a plan view of one piece of simulated money used in the game of
      the present invention;
PAR  FIG. 4 is a plan view of one of the chance cards used in the game of the
      present invention;
PAR  FIG. 5 is a fragmented vertical sectional view taken generally along the
      line 5--5 of FIG. 1;
PAR  FIG. 6 is a horizontal sectional view taken generally along the line 6--6
      of FIG. 5;
PAR  FIG. 7 is a fragmented vertical sectional view taken generally along the
      line 7--7 of FIG. 1;
PAR  FIG. 8 is a front-to-rear central vertical sectional view of a playing
      piece used in the game of the present invention; and
PAR  FIG. 9 is a perspective view partially in section of the base portion of
      the playing piece shown in FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Looking at FIG. 1, the game of the present invention is seen to generally
      include a game board, generally designated 10, having a playing piece path
      of travel, generally designated 12, formed thereon. Four playing pieces,
      generally designated 14 (FIGS. 1 and 8), are provided and are supported on
      the playing piece path of travel 12 for movement in response to vibration
      of the board. Also provided in the game of the present invention is
      simulated money 16 (one piece of which is shown in FIG. 3), a set of
      destination cards 18 (one of which is shown in FIG. 2), and a set of
      chance cards 20 (one of which is shown in FIG. 4). Vibratory drive means,
      generally designated 22 (FIGS. 1, 5 and 6), is provided to vibrate the
      game board 10 and move the playing pieces along the playing piece path of
      travel 12.
PAR  The game board 10 has an upper surface 24 and is supported at the bottom
      thereof by four resilient support bumpers 26 (FIGS. 1 and 7) which depend
      from the underside of the game board at the four corners thereof and four
      depending support posts 27 located beneath the drive means 22. The bumpers
      26 and posts 27 engage a floor, table or other suitable support surface
      28.
PAR  The playing piece path of travel 12 is located between two upstanding
      generally parallel walls or rails 29 and 30 formed on surface 24. Walls 29
      and 30 serve to confine the playing pieces 14 therebetween for movement
      along the playing piece path of travel 12.
PAR  The playing piece path of travel 12 has indicated thereon "destination
      stations" 32, "chance stations" 34, and "hazard stations" 36. Each
      destination station 32 has indicia thereon representative of a given
      location such as a "hospital", a "theatre", a "train station", a "hotel",
      or an "airport".
PAR  The chance stations 34 have indicia thereon instructing a player whose
      playing piece 14 stops on that station to pick either a destination card
      18 or a chance card 20. Those chance stations 34 which indicate "pick up a
      fare", instruct a player to pick a destination card. Those chance stations
      34 that indicate "extra card" instruct a player to pick a chance card 20.
PAR  The hazard stations 36 have indicia thereon which instruct a player to
      suffer some disadvantage. For example, some of the hazard stations 36
      indicate "speeding (fine) $15.00"; "no parking (fine) $10.00" or "into the
      garage". If a playing piece 14 lands on the hazard station 36 indicating
      "into the garage", the playing piece is placed in a repair station 38
      located in the middle of the playing surface 24 adjacent the drive means
      22. In order for a player to get out of the repair station during the
      game, he must pay $25.00.
PAR  Looking at FIGS. 1, 5 and 6, the drive means 22 includes a housing 40 in
      the form of a simulated taxi stand having a vibratory motor 42 mounted
      therein. The motor 42 has a drive shaft 44 with an eccentric 46 mounted at
      the end thereof. The housing 40 also contains batteries 48 received in a
      suitable carriage 50 which are used to power the vibratory motor 42. A
      push button on-off switch 52 is mounted on top of the housing 40 to turn
      the motor on and off. When the drive means 22 is turned on, the game board
      10 vibrates due to the motion of the eccentric 46.
PAR  Each playing piece 14 generally includes a housing 54 in the form of a
      simulated vehicle, such as a taxi cab. Each playing piece 14 is supported
      on the playing piece path of travel 12 and is movable therealong in
      response to the vibration generated by the drive means 22. To this end
      each playing piece 14 has a base 56 mounted within the housing 54 having a
      plurality of depending fingers 58 mounted thereon. The fingers are canted
      rearwardly of the vehicle so that when the game board 10 is caused to
      vibrate by the actuation of the drive means 22, the playing pieces 14 will
      move irregularly or randomly forwardly in the direction of arrow A (FIG.
      8) over the playing piece path of travel 12.
PAR  The destination cards 18 have indicia thereon identical to the indicia of
      the destination stations 32. For instance, the card shown in FIG. 2 has
      the same indicia as the "train station" destination shown at the upper
      middle station in FIG. 1, and so on. In addition, the destination cards 18
      will have the amount of the "fare" that a player is to collect if he
      successfully reaches or stops at that destination. But the player must
      hold that destination card to collect the fare.
PAR  The chance cards 20 (FIG. 4) have indicia thereon, identical to one of the
      hazard stations, which would either nullify a hazard as represented by a
      hazard station 36, give a player some other advantage or give a player the
      right to operate the push button 52 according to the rules of the game
      which will be discussed hereinafter.
PAR  The game can be played by two or more players. The game is commenced by
      giving each player a given amount of destination cards 18 which are held
      in secret. In addition, each player is given a certain amount of money 16.
      The players then take turns operating the push button 52 of the drive
      means 22 in an effort to move a playing piece 14 along the playing piece
      path of travel 12. The object is to have a player's playing piece 14
      travel along the path of travel and stop at a destination station 32 which
      corresponds to one of that player's held destination cards 18. For
      example, if a player held a destination card 18 indicating "train station
      $14.00", that player, when it came to his turn, would push the button 52
      to activate the drive means and keep the drive means activated until his
      playing piece 14 reached the destination station 32 indicating "train
      station", the same as his card. When he reaches that station, that player
      releases the button 52 to stop the motor. If that player successfully
      executes this movement, he is entitled to $ 14.00 from the "bank".
      However, it must be kept in mind that while it is one player's turn and
      his piece 14 travels on the playing piece path of travel 12, all of the
      other pieces 14 are likewise moving. Thus, it is possible that during one
      player's turn, another player may be transported to another station which
      could benefit or harm him. For example, a player's playing piece 14 can be
      transported to a destination station 32 corresponding to a destination
      card 18 he holds during another player's turn. Regardless of the fact it
      was the other player's turn, he is still entitled to collect his money for
      successfully arriving at his destination. Likewise, a player who is not
      operating the push button 52 can suffer a hazard by ending up on a hazard
      station 36. There may be a situation wherein a player during his turn may
      choose to cause one of his opponents to suffer a hazard rather than
      collect money for himself, for instance when another player is running out
      of money.
PAR  As can be seen, during the course of the game, the players will accummulate
      money 16 by successfully reaching their destinations. The player with the
      most money at the end of the game is declared the winner.
CLMS
STM  We claim:
NUM  1.
PAR  1. A board game apparatus, comprising:
PA1  a plurality of playing pieces, at least one for each player of the game;
PA1  board means including a playing surface having means defining a plurality
      of individual stations defining a playing piece path of travel, the
      stations extending along substantially the entire playing piece path of
      travel and at least some of the stations being destination stations having
      indicia representative of different locations; and
PA1  manually selectively actuatable drive means associated with said pieces for
      stopping and starting the movement of all of said playing pieces
      simultaneously along the playing piece path of travel from one station to
      another in an attempt to have a player's or an opponent's playing piece
      stop at a particular station.
NUM  2.
PAR  2. A board game apparatus, comprising:
PA1  a plurality of playing pieces, at least one for each player of the game;
PA1  board means including a playing surface having means defining a plurality
      of individual stations defining a playing piece path of travel, the
      stations extending along substantially the entire playing piece path of
      travel and at least some of the stations being destination stations having
      indicia representative of different locations;
PA1  manually selectively actuatable drive means associated with said pieces for
      stopping and starting the movement of all of said playing pieces
      simultaneously along the playing piece path of travel from one station to
      another in an attempt to have a player's or an opponent's playing piece
      stop at a particular station; and
PA1  a set of destination cards which may be acquired during the course of the
      game, each destination card having location indicia thereon corresponding
      to the location indicia of at least one of said destination stations for
      awarding a player whose playing piece stops, after deactivating said drive
      means, at a destination station corresponding to a destination card held
      by that player.
NUM  3.
PAR  3. The board game apparatus of claim 2 including simulated money which may
      be acquired by having a playing piece stop on a given destination station,
      and wherein said destination cards define the amount of money that is
      awarded by the playing piece stopping at the given destination station
      indicated on the card.
NUM  4.
PAR  4. The board game apparatus of claim 1 wherein said stations include hazard
      stations having indicia representative of a hazard a player encounters
      when his playing piece stops thereat after said drive means is terminated.
NUM  5.
PAR  5. The board game apparatus of claim 1 wherein said playing pieces are
      movable irregularly over said playing surface in response to vibration of
      the board means, and said drive means includes means for vibrating said
      playing surface.
NUM  6.
PAR  6. The board game apparatus of claim 1 wherein said playing pieces have
      means associated with said drive means for moving in an irregular fashion
      along the playing piece path of travel.
NUM  7.
PAR  7. The board game apparatus of claim 1 including wall means on either side
      of the playing piece path of travel for confining the playing pieces for
      movement therealong.
NUM  8.
PAR  8. A board game apparatus comprising:
PA1  a plurality of playing pieces, at least one for each player of the game;
PA1  board means including a playing surface having a plurality of stations
      defining a playing piece path of travel, said stations including
      destination stations having indicia representative of different locations,
      hazard stations having indicia representative of a hazard encountered by a
      player, and chance stations having indicia instructing a player thereat to
      pick a card;
PA1  a set of destination cards which may be acquired during the course of the
      game having location indicia thereon corresponding to the different
      indicia of said destination stations and having indicia relating to
      monetary value that is awarded should a player's playing piece stop at the
      destination station corresponding to a destination card held by that
      player;
PA1  a set of chance cards which may be acquired by a player during the course
      of the game having indicia thereon corresponding to the indicia at said
      hazard stations and which nullify a hazard indicated on said hazard
      stations should a player's playing piece stop at a hazard stations should
      a player's playing piece stop at a hazard station corresponding to a
      hazard card held by that player;
PA1  simulated money which may be acquired by a player's playing piece stopping
      at a destination station and corresponding to a destination card held by
      that player according to the monetary value indicia on the card; and
PA1  manually selectively actuatable drive means associated with said pieces for
      stopping and starting the movement of all of said playing pieces
      simultaneously along the playing piece path of travel from one station to
      another in an attempt to have a player's or an opponent's playing piece
      stop at a particular station.
NUM  9.
PAR  9. The board game apparatus of claim 8 wherein said playing pieces are
      movable irregularly over said playing surface in response to vibration of
      the board means, and said drive means includes means for vibrating said
      playing surface.
NUM  10.
PAR  10. The board game apparatus of claim 8 wherein said playing pieces have
      means associated with said drive means for moving in an irregular fashion
      along the playing piece path of travel.
NUM  11.
PAR  11. The board game apparatus of claim 8 including wall means on either side
      of the playing piece path of travel for confining the playing pieces for
      movement therealong.
NUM  12.
PAR  12. A board game apparatus comprising:
PA1  a plurality of playing pieces, at least one for each player of the game;
PA1  board means including a playing surface having a plurality of individual
      stations formed thereon over a substantial portion of the playing surface
      and at least some of said stations having instructional indicia thereon
      dictating play of the game should a player's playing piece stop on one of
      said stations; and
PA1  manually selectively actuatable drive means operatively associated with
      said playing pieces for moving all of the playing pieces simultaneously
      over the board means in a random fashion and for starting and stopping the
      movement of the playing pieces in an attempt by the players of the game to
      have their own or their opponent's playing pieces stop at selected
      stations on the board means.
NUM  13.
PAR  13. The board game apparatus of claim 12 wherein said drive means includes
      means for vibrating said playing surface to effect said random movement of
      the playing pieces thereover.
NUM  14.
PAR  14. A board game apparatus, comprising:
PA1  a plurality of playing pieces, at least one for each player of the game;
PA1  board means including a playing surface having means defining a plurality
      of individual stations defining a playing piece path of travel, the
      stations extending along substantially the entire playing piece path of
      travel, at least some of the stations being destination stations having
      indicia representative of different locations, and at least some of the
      stations being hazard stations having indicia representative of a hazard a
      player encounters when his playing piece stops thereat;
PA1  manually selectively actuatable drive means associated with said pieces for
      stopping and starting the movement of all of said playing pieces
      simultaneously along the playing piece path of travel from one station to
      another in an attempt to have a player's or an opponent's playing piece
      stop at a particular station; and
PA1  a set of chance cards which may be acquired during the course of the game,
      each chance card having indicia corresponding to the indicia of at least
      one of said hazard stations to nullify said hazard should the player hold
      the corresponding hazard card.
NUM  15.
PAR  15. A board game apparatus comprising:
PA1  a plurality of playing pieces, at least one for each player of the game;
PA1  board means including a playing surface having a plurality of individual
      stations formed thereon over a substantial portion of the playing surface,
      at least some of said stations having indicia thereon;
PA1  manually selectively actuatable drive means operatively associated with
      said playing pieces for moving all of the playing pieces simultaneously
      over the board means in a random fashion and for starting and stopping the
      movement of the playing pieces in an attempt by the players of the game to
      have their own or their opponent's playing pieces stop at selected
      stations on the board means; and
PA1  a set of playing cards each having indicia thereon corresponding to the
      indicia on at least one of said stations for awarding or penalizing a
      player whose playing piece stops on a station having indicia corresponding
      to the indicia on a card held by that player.
NUM  16.
PAR  16. The board game apparatus of claim 2 wherein said playing pieces are
      movable irregularly over said playing surface in response to vibration of
      the board means, and said drive means includes means for vibrating said
      playing surface.
NUM  17.
PAR  17. The board game apparatus of claim 14 wherein said playing pieces are
      movable irregularly over said playing surface in response to vibration of
      the board means, and said drive means includes means for vibrating said
      playing surface.
NUM  18.
PAR  18. The board game apparatus of claim 15 wherein said playing pieces are
      movable irregularly over said playing surface in response to vibration of
      the board means, and said drive means includes means for vibrating said
      playing surface.
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ABST
PAL  A game device having a housing, comprising: two spaced apart upstanding
      support members; a first bar mounted horizontally within the housing
      between the support members; at least one open-ended, hollow cylinder
      loosely supported on the first bar, the cylinder having game indicia on
      its exterior surface; and an arm for momentarily imposing a force against
      the exterior wall of the cylinder, whereby the cylinder is caused to swing
      freely and eccentrically on and around the bar, and game points or results
      are determined by the positions of the indicia relative to a fixed point
      of reference when the cylinder is indexed by a projection member on a
      player actuated indexing member entering one of several apertures disposed
      circumferentially around the cylinder.
PARN
PAR  This is a division of application Ser. No. 343,356, filed Mar. 21, 1973,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a game device of the freely rotating cylinder
      type, wherein game points or results are determined by positions of
      indicia on the cylinder relative to a fixed point of reference when the
      cylinder comes to rest.
PAR  Representative of game devices of the invention are the so-called "slot
      machines". In such machines one or more cylinders are caused to rotate by
      a force applied in various ways. Such forces can be purely mechanical,
      electrical, magnetic, or combinations of such. The force for rotating the
      cylinders is usually activated, or permitted to be activated, by the
      insertion of a coin or token into the device. The cylinders then rotate
      freely, and either are permitted to come to rest in their own time, or can
      be braked to a rest by suitable means, such as a mechanical brake operated
      by a crank-type handle. Sometimes, the insertion of the coin or token
      merely makes operation of the machine possible, and the force for rotating
      the cylinders as well as the brake is combined in a single mechanism
      operated, for example, by the well known crank-type arm.
PAR  Such game devices tend to be complex and expensive, and depend upon
      precision bearings and the like for free rotation of the cylinders.
PAC  OBJECTS AND SUMMARY
PAR  Accordingly, an object of the invention is to provide a new and improved
      game device based upon a new principle of operation.
PAR  Another object is to provide a new and improved game device for games of
      chance, which incorporates non-complex and inexpensive mechanical
      operating elements, and which is simple to operate.
PAR  These and other objects, features and advantages of the invention will be
      apparent from the specification which follows.
PAR  In summary outline, the invention is a game device having a housing,
      comprising: a pair of spaced apart, upstanding support members; a first
      bar mounted horizontally between the support members; at least one
      open-ended, hollow cylinder supported on the bar with the inner surface of
      the cylinder in contact with the bar; and means for momentarily imposing a
      force against the exterior surface of the cylinder, whereby the cylinder
      is caused to swing freely on and around the bar.
PAR  The invention accordingly comprises a device possessing the features,
      properties, and the relation of elements which will be exemplified in the
      article hereinafter described, and the scope of the invention will be
      indicated in the claims.
DRWD
PAC  DETAILED DESCRIPTION
PAR  For a fuller understanding of the nature and objects of the invention,
      reference is made to the following description taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a partially diagrammatic, perspective view of a device of the
      invention on a miniaturized scale.
PAR  FIG. 2 is a somewhat enlarged, partially diagrammatic, plan view of the
      device of FIG. 1 with the top removed to show underlying structure.
PAR  FIG. 3 is a vertical section along the line 3--3 of FIG. 2 but with the top
      shown in FIG. 1 replaced.
PAR  FIG. 4 is also a vertical section along the line 3--3 of FIG. 2, as in FIG.
      3, showing the relative positions of elements of structure during
      operation of the device; and
PAR  FIG. 5 is a top plan view of another embodiment of device of the invention
      in more simplified form.
DETD
PAR  With reference to FIGS. 1-4, one embodiment 11 of the game device of the
      invention is illustrated. The device has a housing which includes a pair
      of spaced apart, upstanding support members such as parallel side walls 12
      and 13. The housing further includes a base member or floor 14, a back
      wall having a lower portion 15 and a sloping upper portion 16, and a front
      wall having a similar lower portion 17 and a sloping upper portion 18. The
      sloping wall portions 16 and 18 together form a top or roof of the
      housing.
PAR  A drawer 19 is slidably received in the front wall portion 17 for
      collection of coins or tokens inserted through a slot 21 in upper front
      wall portion 18. By suitable mechanisms (not shown), a coin or token
      inserted in slot 21 will activate, or permit activation of, the game
      device.
PAR  One or more windows 22 in the upper roof wall portion 18 permit viewing of
      game indicia on rotatable cylinders to be described. A first bar 23 is
      fixedly mounted horizontally within the housing between the end walls 12
      and 13. Riding on bar 23 are three rotatable, open-ended cylinders 24
      having game indicia 24a on the exterior walls thereof. The inner surfaces
      or walls of the cylinders 24 are in sliding or rolling contact with bar
      23, and the diameter, wall thickness and weight of the cylinders are such
      as to permit them to swing freely and eccentrically on and around the bar
      23. Each of the cylinders 24 has a plurality of encircling apertures 25
      having a purpose to be explained below. The cylinders may be polygonal
      rather than round, if desired.
PAR  A second bar 26 is rotatably mounted in the housing between end walls 12
      and 13, parallel to the first bar 23. The spacing between bars 23 and 26
      should be slightly more than the diameter of cylinders 24 so that the
      cylinders can swing freely on and around bar 23 without touching bar 26.
      One end of bar 26 extends through the wall 12 and has a crank-type handle
      27 to facilitate rotation thereof. The handle 27 may be substituted by a
      knob or similar actuating device, if desired. Connected transversely of
      bar 26 is an arm or similar member such as the U-shaped member
      illustrated, having a cross bar member 28 positioned for striking an
      exterior wall of the cylinders 24 when the bar 26 is rotated as by moving
      handle 27. The angle of contact of member 28 with cylinders 24 is somewhat
      tangential since member 28 "sweeps" against and past the cylinders. The
      striking force of member 28 is maximized by an spring 29 under tension
      joining one of the pair of connector arms 31 to a portion of the housing
      such as rear wall 15.
PAR  As most clearly appears in FIGS. 3 and 4, the cross member 28 is first
      cocked by moving the crank-type handle 27 upwardly in the view of FIG. 3
      such that the cross member 28 moves under the cylinder 24 to a position
      just to the right of the cylinder, as shown in the solid lines in FIG. 4.
      The handle 27 is then urged quickly downwardly as shown in outline in FIG.
      4, preferably under tension from spring 29. As a result, the cross member
      28 strikes the outer wall of cylinder 24, and the cylinder 24 is impelled
      from right to left in FIG. 4 so as to swing freely on and around the bar
      23 shown in outline in FIG. 4. The cylinder 24 finally comes to rest on
      bar 2 when its energy is spent. Cross member 28 of course is restored to
      rest on a post 32.
PAR  The cylinder 24 can be braked as it freely swings on and around bar 23 in
      the following manner by the structure to be described. A third bar 33 is
      rotatably mounted between end walls 12 and 13 parallel to bars 23 and 26.
      A crank-type handle 34, or similar activating means, may form an extension
      of bar 33. Affixed transversely of bar 33 near an edge thereof is a
      generally rectangular panel member 35 which will sweep out an arc when bar
      33 is rotated. An upstanding edge or similar abutment member 36 is
      positioned along the other edge of the panel member 35 parallel with bar
      33. The abutment member 36, when cylinder 24 is in a rest position,
      cradles the cylinder 24 in such position that indicia 24a  on the exterior
      wall of the cylinder 24, are viewable through window 22. Mounted on panel
      member 35 is one or more stop members such as projections 37. The number
      of such projections 37 corresponds to the number of cylinders 24. The
      projections 37 are illustrated as hemispherical members shaped to be
      received in the apertures 25. However, the stop members or projections may
      have any other shape or form effective for the functions described below.
PAR  A dog member 38 has one end 39 pivotally connected to an edge of abutment
      member 36. The dog member 38 has a first foot 41 for engagement with the
      floor 14 of the housing, and a second foot 42 intermediate the ends of the
      dog member.
PAR  As more clearly appears in FIGS. 3 and 4, the panel member 35 and dog
      member 38 cooperate to brake the free swinging of cylinder 24 as follows.
      The rest positions of the members are shown in solid line in FIG. 3 and
      cocked positions are shown in solid line in FIG. 4. Intermediate positions
      are illustrated in broken line in FIGS. 3 and 4. With reference to FIG. 3,
      when the cylinder 24 has been struck by cross member 28 so as to cause it
      to swing around bar 23, the handle 34 of the braking means is pulled
      clockwise. As a result, the panel member 35 is also urged clockwise and
      upwardly such that the projection 37 locates and enters an aperture 25 in
      a cylinder 24. Such entry thereby stops the motion of the cylinder 24. At
      the same time, the abutment member 36 cradles the cylinder 24 and thus
      holds it in position on the projection 37. Simultaneously, the dog member
      38 swings clockwise under abutment member 36 such that its first foot 41
      rests on floor 14, thereby maintaining abutment member 36 and projection
      37 in their cylinder-supporting positions. When it is next desired to
      cause the cylinder 24 to swing on and around bar 23, as most clearly
      appears from FIG. 3, the handle 27 is raised in the direction indicated by
      the arrow and second foot 42 of dog member 38 is thereby contacted by the
      upright member 31, thus causing the dog member 38 to pivot
      counterclockwise and releasing the cylinder 24 from its cradling position
      on abutment member 36 and projection 37. Cross member 28 is thus moved to
      its cocked position (FIG. 4) in preparation for again striking cylinders
      24.
PAR  By virtue of these operations, it will be seen that the cylinder 24 can be
      simply and quickly caused to swing on and around bar 23, and such movement
      can be arrested at any moment by activation of the braking means, as by
      clockwise displacement of handle 34. The ability to arrest the movement of
      the cylinders 24 promotes the amusement and unpredictability of the game,
      by virtue of an attempt by the player to stop the movement of the
      cylinders when he believes his game score will be enhanced.
PAR  In another embodiment of game device of the invention, illustrated in FIG.
      5, the structure may be further simplified. With reference thereto, the
      housing may include a rear wall portion 44, a front wall portion 45, and
      side walls 12 and 13 which fixedly support a bar 46 therebetween, similar
      to bar 23 of the embodiment of FIGS. 1-4. However, only a single cylinder
      24 is positioned for swinging on and around the bar 46, the cylinder 24 in
      all essential respects being identical to the cylinders 24 of the prior
      embodiment. A rotatable second bar 47 having a crank-type handle 48 is
      used to cause a cross member 49 to strike the wall of cylinder 34 so as to
      cause the cylinder to swing, in essentially the same manner as in the
      prior embodiment. The cross member 49 is connected to rotatable bar 47 by
      connector arms 51. An spring is not shown because such is not necessarily
      required for operation of the rotatable bar 47 and its cross member 49.
      After cocking of the cross member 49 by moving handle 48 downwardly in
      FIG. 5, the handle 48 may be quickly returned to the position shown in
      FIG. 5, with the effect of forcefully striking the cylinder 24 in its
      return movement. Braking means similar to that of the embodiment of FIGS.
      1-4 may be provided, if desired. As shown in FIG. 5, such braking means
      may include a third rotatable bar 53 having a crank-type handle 54, or
      similar activating member, together with a generally rectangular panel
      member 55 affixed longitudinally of bar 53. Projections 56 and an abutting
      edge 57 are part of the panel member structure, as in the embodiment of
      FIGS. 1-4. Except for differences in dimensions, the braking means
      comprising the foregoing structure operates in essentially the same manner
      as does the braking means illustrated in FIGS. 1-4.
PAR  The material of construction of the game device is not important to its
      inventive character, since the device and its components are readily
      manufactured of wood, metal, plastic, or combinations of such.
PAR  In view of the foregoing description it will be apparent that the invention
      is not limited to the specific details set forth therein for the purposes
      of illustration, and that various other modifications are equivalent for
      the stated and illustrated functions without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A game device having a stationary housing, comprising:
PA1  a pair of spaced apart, upstanding support members at opposite ends of the
      housing;
PA1  a first bar mounted horizontally on and between said support members;
PA1  at least one open-ended, hollow cylinder supported on said first bar with
      the inner surface of said cylinder in contact with said first bar, said
      cylinder having an inside diameter substantially greater than the diameter
      of said first bar and said cylinder having circumferentially disposed
      indicia on its outer surface;
PA1  player actuated mechanical means for striking the exterior surface of said
      cylinder, whereby said cylinder is caused to swing freely and
      eccentrically on and around said first bar;
PA1  mechanical means for braking said cylinder while said cylinder is swinging
      freely on and around said first bar to arrest the movement of said
      cylinder and place said indicia in a significant position relative to the
      housing; and
PA1  manually actuated means for moving said braking means into engagement with
      said cylinder.
NUM  2.
PAR  2. A game device as in claim 1 wherein the housing includes a wall
      enclosing the front of said device, said wall having at least one window
      for viewing said indicia, and the said significant position of said
      indicia being the position where it can be viewed in said window.
NUM  3.
PAR  3. A game device as in claim 1 wherein the wall of said cylinder has a
      plurality of circumferentially disposed apertures in the surface thereof,
      and wherein said braking means comprises a rotatable bar mounted in said
      housing and projecting members transversely connected to said rotatable
      bar, said projecting members corresponding in number to said cylinders and
      each being arranged to enter one of said apertures of a respective
      cylinder when said rotatable bar is rotated to thereby prevent further
      swinging of said cylinder on said first bar, the locations of said
      apertures and projecting members being such that at least one of the
      indicia on each cylinder is accurately indexed in a significant position
      when one of said members is engaged in one of said apertures.
NUM  4.
PAR  4. A game device as in claim 3 wherein said projecting members are mounted
      on a generally rectangular panel member so as to project at generally
      right angles therefrom.
NUM  5.
PAR  5. A game device as in claim 4 wherein said panel member has an abutment
      member angularly positioned along one edge of said panel member, said
      abutment member and said panel member being arranged to cradle said
      cylinders as said projecting members enter the apertures of the cylinders.
NUM  6.
PAR  6. A game device as in claim 5 further including a dog member pivotally
      connected to said panel member, said dog member being adapted to hold said
      panel in position when said projecting members enter said apertures, and
      to be restored to a non-holding position in response to contact with the
      striking means for causing said cylinder to swing freely on and around the
      first bar of said device.
NUM  7.
PAR  7. A game device as in claim 1, including a wall enclosing the front of
      said device, said wall having at least one window therethrough for viewing
      of said indicia, said wall also having a slot for insertion of coins or
      tokens, said device further including a drawer-like member mounted in said
      housing and positioned to collect said coins or tokens.
NUM  8.
PAR  8. A game device as in claim 1 wherein the striking means includes a member
      pivotally mounted in said housing in a position to swing into contact with
      said at least one cylinder, and means external of the housing for
      actuating said striking means.
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ABST
PAL  A die for use in a liquid filled die agitator is formed from a foldable,
      initially flat sheet having a plurality of discreet sections respectively
      adapted to define facets of the die. The sheet sections are integrally
      formed with one another and each is joined to at least one adjacent
      section by an integral foldable joint, with the sections being arrayed in
      a predetermined pattern so that upon folding about their associated
      joints, the sections will form the facets of the die. Cooperating recesses
      and mating posts on at least some of the sheet sections secure the
      sections together in the folded configuration to complete the die, while
      guide pins on at least some of these sections guide the sections into
      mating relation with one another during the folding operation.
BSUM
PAR  The present invention relates to a die member and more particularly to a
      hollow foldable die member adapted to be used in a liquid filled die
      agitator.
PAR  The use of dice or individual die members in games of chance has been known
      throughout the history of man. One such game involves placing a buoyant
      die member in a liquid filled die agitator which is used to randomly cause
      a facet of the die to appear adjacent an upper transparent surface of the
      agitator during the course of the game. Games of this type are shown, for
      example, in U.S. Pat. Nos. 3,119.621 and 3,168,315. In these types of
      games, the die used in the agitator is of critical importance in order to
      insure satisfactory operation of the agitator. It is necessary that the
      die be properly buoyant so as to insure that the facets thereof become
      properly exposed through the transparent surface of the agitator. In the
      past it has been relatively difficult and expensive to form die members
      having the desired buoyancy characteristics.
PAR  Accordingly, it is an object of the present invention to produce a die
      member for use in a liquid agitator which overcomes the problems inherent
      in previously proposed die structures.
PAR  Another object of the present invention is to provide a die member which is
      relatively inexpensive to manufacture.
PAR  A further object of the present invention is to provide a die member which
      can be formed initially as a flat one piece member and readily folded into
      a completed hollow die construction.
PAR  A still further object of the present invention is to provide a one piece
      foldable die member which is easily folded into a completed die
      construction with the folded sections of the die held securely in fixed
      positions with respect to each other.
PAR  In accordance with one aspect of the present invention, a die member is
      formed from a foldable flat sheet, preferably of a buoyant plastic
      material, which has inner and outer surfaces on opposite sides thereof and
      six integrally formed sections adapted to respectively define facets of a
      generally cubical die. The foldable sheet includes foldable joint means
      integrally formed therewith, for example as thin strips between adjacent
      sheet sections, for foldably joining each of the sheet sections to at
      least one other sheet section. The sections of the foldable flat sheet are
      arrayed in a predetermined pattern so that upon folding of at least some
      of the sections through 90.degree., about the joints therebetween and in a
      direction towards the inner side of the sheet, the sheet sections will
      form the facets of the die. Cooperating means are formed on at least some
      of these sheet sections for securing the sections together in a complete
      folded die configuration. Preferably, the sheet sections are arrayed
      generally in a T-shaped pattern in the initial flat or unfolded
      configuration of the die. In addition, certain of the sheet sections are
      provided with cooperating pins which extend from the inner side of the
      sheet in a predetermined pattern to define guide passageways therebetween
      which receive and guide each other during the folding operation to insure
      that each of the facets are properly positioned with respect to one
      another prior to securement of the sheet in the fixed folded die
      configuration by the cooperating means. At least some of these cooperating
      pins are arrayed in position to engage each other in a pressure or
      resilient contact to aid in maintaining the cooperating means securing the
      sections together in engagement.
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PAR  The above, and other objects, features and advantages of this invention
      will be apparent from the following detailed description thereof when read
      in connection with the accompanying drawing, wherein:
PAR  FIG. 1 is an elevational view, in section, of a liquid filled die agitator
      containing a die constructed in accordance with the present invention;
PAR  FIG. 2 is an enlarged perspective view of a die constructed in accordance
      with the present invention;
PAR  FIG. 3 is a perspective view of the die shown in FIG. 1 in its unfolded
      configuration;
PAR  FIG. 4 is a perspective view showing the die of FIG. 3 in a partially
      folded configuration;
PAR  FIG. 5 is a longitudinal sectional view taken along line 5--5 of FIG. 3;
PAR  FIGS. 6 and 7 are sectional views taken along lines 6--6 and 7--7
      respectively of FIG. 2;
PAR  FIG. 8 is a plan view of a die member constructed in accordance with
      another embodiment of the present invention wherein a different set of
      indicia is formed on the die facets; and
PAR  FIG. 9 is a plan view of yet another embodiment of the invention.
DETD
PAR  Referring now to the drawing in detail, and initially to FIG. 1 thereof, it
      will be seen that a die 10 constructed in accordance with the present
      invention is adapted to be contained within a liquid filled die agitator
      12. The latter may be of the type of agitator shown in the above-mentioned
      patents, and basically includes a cup or cylinder 14 formed from a
      suitably opaque plastic material which contains a suitable liquid 16. The
      upper end of the cup 14 has a transparent top 18 which is secured to the
      cup in liquid tight relation in any convenient manner. The die 10 is
      formed of a material which has a density slightly lighter than the density
      of the fluid 16 to provide the desired operating buoyancy for the member
      so that the die will rise to the top of the agitator. It has been found,
      for example, that polypropylene is a suitable material for forming the die
      10. Polystyrene can also be used to form the die, and a Styrofoam bead can
      be inserted in the die, if desired, to provide floatation and buoyancy,
      particularly when the specific gravity of the liquid 16 exceeds that of
      water.
PAR  In the illustrative embodiment of the invention, die 10 is formed as a
      generally cubical member having conventional dot arrays representative of
      the numerals 1-6 (see FIG. 2) and is agitated in container 14, as by
      inverting the container, in order to cause the facets of the die to become
      randomly engaged with the cover 18 of the container for exposure
      therethrough during the play of a game. Preferably, the liquid is dyed
      with a contrasting color so that if the numerals or indicia on the die are
      raised only the indicia engage the cover 18 and the liquid, in effect,
      covers and hides the remainder of the facet or die. On the other hand
      where the indicia are formed as depressions on the die facet the dyed
      liquid will enter the indicia and the die facet will engage cover 18 so
      that the facet is exposed with pockets of the contrasting liquid in the
      facets indicia-recesses.
PAR  Referring to FIGS. 2-4 of the drawing, it will be seen that the die 10 is
      formed by folding a single flat sheet or strip of flexible material. This
      strip can be formed in any convenient manner, as for example by cutting
      from a preformed sheet of material or by any well known molding process.
      In any case, the die 10 includes a plurality of sections 20, 22, 24, 26,
      28, and 30 which in the completed die form facets of the die. The die
      sheet has inner and outer surfaces 32, 34 respectively, with the dot
      indicia 36 formed preferably as recesses in the outer surface 34 of the
      facets. Alternatively, this dot structure can be formed as raised
      embossments on the surface 34 during the molding process.
PAR  The sheet sections or facets are integrally formed in a one piece
      construction and are interconnected by thin sheet segments or joints 38.
      These joints have a thickness which is substantially less than the
      thickness of the individual sheet sections, so that they are foldable to
      allow the sheet sections or facets to be folded with respect to one
      another about the interconnecting joints.
PAR  As will be apparent from FIG. 3, the individual sheet sections or facets
      are arrayed in a generally T-shaped pattern with the facets 20, 22, 24
      forming the stem of the T and the facets 26, 28, 30 forming the crossbar.
      By this arrangement, the individual facets can be folded from the flat
      configuration thereof shown in FIG. 3 to the completed folded
      configuration thereof in FIG. 2, simply by folding the individual facets
      about the joints 38. An intermediate position of the facets, between the
      unfolded and folded configurations thereof, is shown in FIG. 4. From that
      figure it will be apparent that each of the facets 20, 22, 24, 26 and 30,
      is folded at 90.degree. about its associated joint 38, with respect to its
      adjacent facet, and towards the inner side 32 of the die sheet in order to
      arrive at the completed folded configuration of the die. In this manner, a
      hollow die is provided which has improved buoyancy for use in the liquid
      die agitator. To further improve the buoyancy of the die a floatation bead
      formed of Styrofoam or the like can be placed in the die during the
      folding operation; for example as shown at 33 in FIG. 7.
PAR  In order to maintain the folded configuration of the die, the sheet
      material of which the die is formed is provided with integral cooperating
      means that serve to secure the die sections in the folded configuration
      with the marginal edges of each die section in abutting engagement with
      the edges of its adjacent sections. These cooperating means include a
      plurality of recesses 40 formed on the inner surface 32 of certain of the
      die sections or facets and a similar number of cooperating posts 42 formed
      on the inner surface of other of the facets. In the illustrative
      embodiment, it will be seen that the recesses 40 are formed in facets 22,
      28 while posts 42 are formed in the facets 20, 26 and 30. The recesses 40
      are generally rectangular in configuration and are adapted to receive a
      portion of the posts 42 therein in a friction-tight fit.
PAR  Posts 42 are formed as projections which extend perpendicularly from the
      inner surface 32 of their associated sheet sections and have integral
      lateral extensions 44 formed therewith. The extensions 44 are dimensioned
      to be substantially equal in length to the maximum dimension of the
      rectangular recesses 40, and have a height which is substantially equal to
      the minor dimension of the rectangular recesses. In addition, as seen in
      FIG. 6, the outer side 46 of the extensions 44 are under cut, as at 48, so
      that the extensions can be received in recesses 40 with the surfaces 46
      thereof adjacent the base 50 of the recess and the upper and lower sides
      of the extensions engaged against the sides of the recesses in a friction
      tight fit which firmly holds the adjacent sheet sections together. It will
      be appreciated that the cooperating recesses and projections 40, 42 are
      formed on sheet sections or facets which will extend at 90.degree. with
      respect to one another in the complete folded configuration of the die in
      order to insure that the various facets are held securely in their
      relative positions.
PAR  Die 10 is also provided with a plurality of projecting pins 52 extending
      perpendicularly from the inner surface 32 of some of the sheet sections,
      which form guides to insure proper alignment of the die facets with
      respect to one another. For convenience in following the locations of the
      various pins 52 in the drawings, the pins have been identified with the
      subscripts a-j.
PAR  Pins 52, in effect, form passageways or slots between themselves in the
      folding of the die in order to guide the remaining pins, and the posts 42,
      into proper relative position with respect to one another and the recesses
      40, so that the folding operation can be performed with accuracy and a
      minimum of difficulty. Thus, as seen in FIGS. 6 and 7, the pins will
      extend into the spaces or passages formed between themselves as the die is
      folded, so that substantially all of the pins act to guide the facets into
      their proper relative positions. In addition, pins 52i and 52j are
      dimensioned to engage pins 52a and 52d (as seen in FIG. 6) in a pressure
      or resilient contact so that the resilient engagement therebetween urges
      the posts 42 on facets 26, 30 into the recesses 40 on facet 22 to insure a
      positive lock in the closed die.
PAR  Each of the die sections or facets has a generally square configuration in
      plan, and includes four outer edges. The edges 53 of each section are
      mitered from the inner side 32 toward the outer side 34 of the section, in
      order to define inclined surfaces about each facet. These surfaces are
      preferably inclined at an angle of 45.degree. with respect to the inner
      and outer surfaces thereof, so that when the die sheet is folded the
      surfaces 53 will abut one another in marginally contacting relationship,
      in order to form straight edges 54 along the sides of the completed die.
      The corners 55 of each die section or facet is cut off in order to provide
      inclined edge segments. In the completed die configuration these edge
      segments 55 will form triangular openings 56 at each corner of the die
      (see FIG. 2) thereby providing access to the interior of the die.
PAR  Although the die of the present invention has been described particularly
      for use in a liquid filled die agitator, it will be appreciated that the
      die can also be used in other types of dice games. The securement between
      the die facets formed by the recesses and posts 40, 42 is sufficient so
      that the die can withstand substantial abuse without unfolding. In
      addition, although the die has been shown with embossed dot arrays
      representative of numerals, the facets of the die can be formed with other
      types of distinguishing indicia. This is shown for example in FIG. 8 where
      other distinguishing indicia are illustrated on the outer side 34 of each
      of the die facets. Again, these indicia either can be formed as recesses
      in the outer surface 34 of the facets or as embossments thereon.
PAR  Still further, the T-shaped array of the facet sections of the die may be
      formed as a T-shape with an array such as is shown in FIG. 9, wherein the
      facets 26, 30 are connected to facet 24, rather than facet 28. Thus, the
      term "T-shaped" as used herein is intended to include both the array of
      FIG. 3 and the array of FIG. 9. As will be apparent however, the
      arrangement of the posts and guide pins on facets 26 and 30 would remain
      the same.
PAR  Although illustrative embodiments of the present invention have been
      described herein with reference to the accompanying drawings, it will be
      appreciated that various changes and modifications can be effected therein
      without departing from the scope or spirit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A die member comprising a foldable, initially flat sheet having a
      plurality of discrete sections respectively adapted to define a facet of
      the die; said sections being integrally formed with one another and joined
      to at least one adjacent section by an integral foldable joint, said
      sections and joints being arrayed in a predetermined pattern whereby upon
      folding of said sections about their associated joints the sheet sections
      form the facets of a die; cooperating means on at least some of said sheet
      sections for securing said sections together in a complete folded die
      configuration; and guide means on at least some of said sections for
      guiding the sections into mating relation with one another during folding;
      said guide means comprising a plurality of guide pins extending generally
      perpendicularly from one side of said sheet on a plurality of said
      sections, said one side of said sheet defining the interior of the die
      upon folding of the sections, and said guide pins being arrayed in a
      predetermined pattern to define guide passageways therebetween which
      receive and guide the pins with respect to one another.
NUM  2.
PAR  2. The die as defined in claim 1 wherein said cooperating means include a
      plurality of recesses formed in certain of said sections and a plurality
      of cooperating posts formed on other of said sections and adapted to be
      received in said recesses in a friction tight fit to hold said sections
      together upon folding of said sheet.
NUM  3.
PAR  3. The die as defined in claim 1 wherein said sheet sections have
      complementary free edge portions adapted to engage each other in the
      folded configuration of the sheet.
NUM  4.
PAR  4. The die as defined in claim 3 wherein said free edges are mitered at
      complementary angles.
NUM  5.
PAR  5. The die as defined in claim 3 wherein said sections have a substantially
      identical polygonal configuration in plan and each includes a plurality of
      corners formed therein between each adjacent side of the section.
NUM  6.
PAR  6. The die as defined in claim 5 wherein each of said corners is formed as
      an edge section extending angularly between the adjacent edges of its
      associated sheet section whereby said corners, in the folded configuration
      of the sheet, define openings providing access into the interior of the
      die.
NUM  7.
PAR  7. A die member comprising a foldable flat sheet having inner and outer
      surfaces on opposite sides thereof and six integrally formed sections
      adapted to respectively define facets of a generally cubical die; said
      sheet including foldable joint means integrally formed therewith for
      foldably joining each of said sheet sections to at least one other sheet
      section; said sheet sections being arrayed in a predetermined pattern
      whereby upon folding of at least some of said sections through 90.degree.
      about said joint means, and in a direction towards the inner side of said
      sheet, the sheet sections form the facets of the die; cooperating means
      formed on at least some of said sheet sections for securing the sections
      together in a completed folded die configuration; and guide means formed
      on the inner side of said sheet on at least some of said sections for
      guiding the sections into mating relation with one another during folding,
      said guide means comprising a plurality of guide pins extending generally
      perpendicularly from the inner side of said sheet on at least some of said
      sheet sections and being arrayed in a predetermined pattern to define
      guide passages therebetween which receive and guide the pins with respect
      to one another.
NUM  8.
PAR  8. The die as defined in claim 7 wherein said sheet sections are arrayed in
      a generally T-shaped pattern.
NUM  9.
PAR  9. The die as defined in claim 8 wherein said cooperating means are formed
      on at least two of said sheet sections; said at least two sheet sections
      extending generally perpendicular to each other in the folded
      configuration of the die.
NUM  10.
PAR  10. The die as defined in claim 9 wherein said at least two sheet sections
      are located respectively in the stem and cross-bar of said T-shaped
      pattern.
NUM  11.
PAR  11. The die as defined in claim 8 wherein said sheet sections are
      substantially square in plan and have perpendicularly extending edges; one
      of said sheet sections having a pair of joint means formed along opposite
      edges thereof and being joined thereby to two other sheet sections to form
      the cross-bar of said T-shaped pattern; the other three sheet sections
      being joined to one another in lineal alignment by a second pair of joint
      means to form the stem of said T-shaped pattern; and said one sheet
      section having another joint means formed along a third edge and being
      joined thereby to one of the sheet sections in said stem.
NUM  12.
PAR  12. The die as defined in claim 11 wherein said cooperating means are
      formed on pairs of sheet sections extending perpendicularly to each other
      in the folded configuration of the die with the sheet sections of each of
      said pairs being located respectively in the stem and cross-bar of said
      T-shaped pattern.
NUM  13.
PAR  13. The die as defined in claim 12 wherein said cooperating means on each
      of said pairs of perpendicularly extending sheet sections comprise a
      recess formed in one section of said pairs and a generally mating post
      adapted to be frictionally fit in said recess.
NUM  14.
PAR  14. The die as defined in claim 12 wherein said sheet sections have
      complementary free edge portions adapted to engage each other in the
      folded configuration of the sheet.
NUM  15.
PAR  15. The die as defined in claim 14 wherein said free edges are mitered at
      complementary angles.
NUM  16.
PAR  16. The die as defined in claim 15 wherein the corners of each of said
      sheet sections, between the edges thereof, are mitered and formed as an
      edge section extending angularly between the adjacent edges of the sheet
      section whereby said corners, in the folded configuration of the sheet,
      define openings providing access into the interior of the die.
NUM  17.
PAR  17. The die as defined in claim 11 wherein said joint means each comprises
      a portion of the sheet, between adjacent sheet sections, which has a
      smaller thickness than its adjacent sheet sections.
NUM  18.
PAR  18. The die as defined in claim 11 having distinguishing indicia formed on
      the outer side of each of said sections.
NUM  19.
PAR  19. The die as defined in claim 11 wherein said sheet is formed of a
      buoyant material.
PATN
WKU  039401430
SRC  5
APN  5319986
APT  1
ART  334
APD  19741212
TTL  Golf game device
ISD  19760224
NCL  6
ECL  1
EXP  Marlo; George J.
NDR  1
NFG  4
INVT
NAM  Jenkins; Owen E.
STR  3318 River Forest Drive
CTY  Fort Wayne
STA  IN
ZIP  46805
CLAS
OCL  273178R
XCL  273185R
EDF  2
ICL  A63B 6936
ICL  A63B 5700
FSC  273
FSS  177;178;179;184;185;180;127 R;127 B;127 C
UREF
PNO  1961060
ISD  19340500
NAM  McCarthy
XCL  273184A
UREF
PNO  2443759
ISD  19480600
NAM  Anderson
OCL  273179A
UREF
PNO  2508701
ISD  19500500
NAM  Barnett
OCL  273177R
ABST
PAL  A game structure for guiding, receiving, and retaining in various scoring
      regions a game playing object. The framework is adapted to be mounted on a
      game playing surface, such as a household carpet. The game playing object
      may be a golf ball, stroked with a golf putter toward the framework
      structure to achieve scoring by proper placement in the scoring regions.
      Three substantially co-planar open-sided frames, one inside another, are
      connected to define scoring regions. The frames are made of bar stock and
      are rigid, easily disassembled for compact storage, are play stable,
      adjustable to vary the game skill required, and separable for game
      versatility. A ramp is provided over which the game playing object is
      propelled, the ramp height being adjustable by a frictional device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a game adapted for placement on a playing
      surface, adapted to receive a game object such as a ball propelled by a
      player, and having scoring regions for the game object defined by segments
      of a framework.
PAR  2. Description of the Prior Art
PAR  Numerous golf game playing devices have been designed in the past which are
      surface mounted. Certain of these prior devices have lacked durability,
      flexibility of play, ease of assembly and storage capability. The
      construction material of these prior devices has largely been of a plastic
      which was unsatisfactory in many respects due to its propensity for
      breaking, warpage, and lack of requisite weight for position stability
      during game play.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a sturdy, easily disassembled framework for use on
      a game playing surface to receive a game playing object. The framework is
      subdivided into a plurality of scoring regions and is adjustable to vary
      game playing skill requirement. Preferably, the game playing surface is a
      carpet and the game playing object is a golf ball that is propelled by a
      golf putter controlled by the player. The game improves golf playing skill
      while adding the interest of game scoring objectives and is designed for
      competitive play.
PAR  A framework, preferably of bar stock, has a first open-sided retaining and
      guiding frame having two parallel sides connected by a cross end member.
      Placed interiorly of the first frame is a second frame having parallel
      legs connected intermediately along the length thereof by a cross arm thus
      forming an "H" configuration. At one end the legs are shaped in the form
      of inverted U's or hooks which are placed over and frictionally engage the
      cross end member. This provides a relatively simple vertical adjustment of
      the legs and the cross arm; the vertical height of the cross arm varies
      the skill required in playing of the game. The region enclosed by the
      cross end, parallel legs and cross arm is a penalty area. Lowering the
      height of the cross arm lowers the barrier over which the ball must travel
      to enter the penalty area hence placing a greater premium on the precision
      with which the ball is stroked.
PAR  A third guiding and retaining frame is placed centrally of the second frame
      and is defined by a first set of segments which are generally parallel. A
      second set of segments is connected to the first set and converge
      therefrom. The second set of segments is connected to a third set of
      segments which are only slightly convergent. The third set of segments are
      finally connected to a circular ring member which defines a high scoring
      region. The third set of segments is inclined upwardly toward the ring
      member to provide a ramp over which the ball must roll to enter the high
      scoring region. The rearward portion of the ring contour abuts the cross
      arm member and is vertically adjustable to control the barrier height to
      the penalty area encountered by a game ball.
PAR  It is therefore an object of this invention to provide a game playing
      framework which may be easily assembled and disassembled, is durable, is
      relatively rigid, is relatively immovable on a game playing surface, has a
      simple mechanism for game playing adjustments that is relatively easy to
      operate, and has game playing flexibility.
PAR  A further object of this invention is to provide a game playing framework
      of the foregoing object which defines scoring regions separated by the
      framework structure and which is used with a golf ball and golf putter to
      improve golfing skill as well as provide game scoring objectives and
      provide for competitive game play.
PAR  The above-mentioned and other features and objects of this invention and
      the manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the framework of this invention;
PAR  FIG. 2 is a side view of the outer frame;
PAR  FIG. 3 is a sectional view taken substantially along section line 3--3 of
      FIG. 1 showing a side view of the intermediate frame, the other frame
      members not being fully shown; and
PAR  FIG. 4 is a sectional view taken substantially along section line 4--4 of
      FIG. 1 showing a side view of the center frame, the other frame members
      not being fully shown.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, guiding and retaining frame 10 comprises two L-shaped
      members having parallel sides 12a and 12b and a cross end member
      comprising sections 14a and 14b joined at their respective ends by plastic
      sleeve 13. Sides 12a and 12b are preferably made of metallic bar stock, as
      are the other frame members to be described, and have U-shaped formations
      16a and 16b, respectively, formed at the rearward ends thereof. Feet 18a
      and 18b are formed at the forward ends of sides 12a and 12b, respectively,
      by bending the forward ends downwardly to provide a four point support for
      frame 10 on playing surface 8. Preferably, playing surface 8 is a carpet
      material or the like simulating a putting green.
PAR  Placed interiorly of frame 10 is a second frame 20 comprising parallel legs
      22a and 22b which are joined, as by welding, to cross arm 24 at points 24a
      and 24b, respectively, thus forming an H-shaped structure. At the rear
      ends of legs 22a and 22b are inverted U-shaped members or hooks 26a and
      26b, respectively, which fit over and are in frictional engagement with
      elastic sleeves 28a and 28b, respectively, of rubber or the like
      telescoped over sections 14a and 14b. Sleeves 28a and 28b preferably have
      corrugated outer surfaces so that the vertical height of frame 20 is
      adjustable by the movement of hooks 26a and 26b on sleeves 28a and 28b,
      respectively. Due to the frictional engagement between the legs of hooks
      26a and 26b with the sleeves 28a and 28b, frame 20 will be held in the
      position to which it is adjusted. The forward ends of legs 22a  and 22b
      are downwardly turned to form feet 30a and 30b, respectively, which are in
      contact with and provide vertical spacing from playing surface 8 for the
      forward end of frame 20.
PAR  Fitted centrally in frame 20 is a third frame member of bar stock 34 having
      parallel segments 42a and 42b supported at their forward ends by
      downwardly turned feet 40a and 40b, respectively, for contacting surface
      8. Segments 42a and 42b are connected at their rearward ends to converging
      segments 44a and 44b, respectively, which in turn are connected to
      converging segments 46a and 46b, respectively, which have a smaller
      converging angle and are spaced apart a distance less than the diameter of
      a golf ball. Segments 46a and 46b are connected to circular member 48,
      simulating a golf cup, which has a vertical post 36 depending from the
      rearward end thereof and frictionally fitted into an elastic cup 38 of
      rubber or the like to provide a vertical adjustment of the rearward end of
      frame 34. Cup 38 rests on playing surface 8.
PAR  The scoring regions defined by the framework elements will now be
      explained. Scoring region 50a is bounded by side 12a, cross end section
      14a, and leg 22a. Region 50b is defined by leg 22b, cross end section 14b,
      and side 12b. Region 52a is defined by leg 22a, cross arm 24, circular
      section 48, segments 46a, 44a and 42a. Region 52b is defined by segments
      42b, 44b, 46b, circular section 48, cross arm 24 and leg 22b. Region 54 is
      defined by leg 22a, cross end members 14a, 14b, leg 22b, and transverse
      arm 24. Region 56 is defined by segments 42a, 44a, 46a, 46b, 44b and 42b.
      Region or golf cup 58 is defined by circular member 48. Golf cup 58 is the
      highest scoring region followed in reduced amounts by regions 52a, 52b,
      and regions 50a, 50b. Region 56 is a blocking region and region 54 is a
      penalty region.
PAR  The game playing apparatus shown in the drawings may be used as a golf
      putting game. The game is ordinarily played by multiple players with an
      equal number of players on opposing sides. The apparatus is positioned on
      a playing surface, such as a carpet, a suitable distance from the players.
      The players putt a golf ball, not shown, toward the open side of the
      framework 10 attempting to reach the cup 58. In order to reach cup 58, the
      ball must be rolled up the ramp formed by segments 46a, 46b. However, if
      the ball is stroked with too much force, it will continue over cup 58 and
      arm 24 into the penalty area 54 which counts a minus score. The vertical
      height of circular section 48 and arm 24 may be adjusted as previously
      described to provide a variable barrier resistance to the entry of the
      ball into penalty area 54. The lower the circular member 48 and arm 24 are
      placed, the more easily the ball will enter the penalty area 54 and the
      more precisely the ball must be stroked. The height of member 48 and arm
      24 may be adjusted to compensate for pile height of a carpet playing
      surface.
PAR  The second highest scoring areas are 52a, 52b and in order to enter these
      areas it is necessary to direct the ball between leg 22a and segment 42a
      or between segment 42b and leg 22b, respectively. Again, if the ball is
      struck with too much force, it will roll over arm 24 into penalty area 54.
      The lower arm 24 is adjusted, the more precisely the ball must be stroked
      to keep it in scoring regions 52a, 52b and prevent it from entering
      penalty area 54. The lowest scoring regions are regions 50a and 50b. The
      ball also may be manually rolled or otherwise propelled.
PAR  The game apparatus shown in the drawing may be easily disassembled by
      simply lifting frame 20 from frame member 10 and separating the two
      sections of frame 10 by sliding either end portion 14a or 14b from sleeve
      13. By forming the elements of metallic bar stock, a game of exceptional
      durability is provided and further, once placed on a playing surface, it
      will remain in place so that frequent adjustments and rearrangements are
      not necessary during the course of game play. A golf ball will not
      ordinarily disturb the alignment of the frame members as shown in the
      drawing. Further, the members may be used individually or in combinations
      shown other than that in the drawing. For example, frame section 34 may be
      used individually apart from the other frame sections.
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A game playing framework adapted for placement on a playing surface and
      having an open side receiving a ball comprising,
PA1  a first open-sided frame having a pair of sides connected to and
      transversely spaced by a cross end member and being adapted to rest on a
      playing surface and having a plurality of depending support members to
      support and space said frame a predetermined distance from the playing
      surface,
PA1  a second open-sided frame being placed interiorly of said first open-sided
      frame and having a pair of equal length parallel legs, said legs being
      connected intermediately of their length and transversely spaced by a
      cross arm,
PA1  one end of each of said legs having a hook formed thereon with the open
      side of each of the hooks straddling and frictionally engaging said cross
      end member to provide for vertical adjustment of said second frame with
      respect to said cross end member,
PA1  the other ends of said legs having supporting members depending therefrom
      to support said legs a predetermined distance from the playing surface,
PA1  a third open-sided frame disposed interiorly of said second frame and
      having a first pair of transversely spaced segments substantially parallel
      to said legs and defining an open side, a second pair of segments
      connected respectively to said first pair of segments and converging
      therefrom, a third pair of inclined segments connected respectively to
      said second pair of segments and converging at an angle smaller than said
      first angle and being transversely spaced a predetermined distance to form
      a ramp for game balls, a ring section being connected to said third pair
      of segments to form a cup-shaped retainer for golf balls propelled through
      the areas defined by said first and second pair of segments and over the
      ramp formed by said third pair of segments.
NUM  2.
PAR  2. A game playing framework according to claim 1 with said cross end member
      having a first and a second section, a sleeve member, said first and
      second sections being telescoped into opposite ends of said sleeve section
      to hold said first and second sections together.
NUM  3.
PAR  3. The apparatus of claim 1 with
PA1  said first frame sides being substantially parallel, and
PA1  said second frame parallel legs being substantially parallel to said first
      frame sides.
NUM  4.
PAR  4. A game playing framework according to claim 1 with a pair of elastic
      sleeves, said sleeves being telescoped over and positioned on said cross
      end member to receive the open side of said hooks.
NUM  5.
PAR  5. A game playing framework adapted for placement on a playing surface and
      having an open side for receiving a ball comprising,
PA1  an open-sided frame having a first pair of substantially parallel
      transversely spaced segments and defining an open side, a second pair of
      segments connected respectively to said first pair of segments and
      converging therefrom, a third pair of segments connected respectively to
      said second pair of segments and converging at an angle smaller than said
      first angle and being transversely spaced a predetermined distance to form
      a ramp for game balls, a ring section being connected to said third pair
      of segments to form a cup-shaped retainer for golf balls propelled through
      the areas defined by said first and second pair of segments and over the
      ramp formed by said third pair of segments.
NUM  6.
PAR  6. The game playing framework of claim 5 with a vertical post depending
      from said ring section, a socket member in a telescoping frictional
      relation to said post whereby said socket member may be adjusted
      vertically along said post to adjust the vertical height of said ring
      section.
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ABST
PAL  A device for at all times properly spacing the golfer's feet and at the
      same time causing the golfer to maintain his knees flexed and allowing him
      to shift his weight during the backstroke and down swing, the device being
      constructed so as to be convenient for use while actually playing golf, as
      opposed to devices intended merely for training, and comprising a belt (or
      elements such as clips removably attachable to the golfer's belt at each
      hip) and an elongated flexible, substantially non-stretching member
      extending between the belt hip positions, the member being of a length
      such that it is taut when the golfer stands thereon with his feet properly
      spaced and knees flexed, the member extending from one hip, under the
      spaced feet and up to the other hip, a more complete form of the device
      having members for adjustment of the length of the member to accommodate
      golfers of varying physical configuration and to accommodate proper foot
      spacing relative to the particular golf club (woods to short irons) being
      used by any particular golfer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As a participant sport, golf has experienced a tremendous growth in recent
      years, as evidenced by the great increase in the number of golf courses
      and the crowded conditions as soon as a new course is ready for play.
PAR  Numerous instruction books are now available on the subject of golfing, and
      a variety of devices are available or have been proposed as training aids
      for the amateur golfer that seeks to improve his game. Many of these
      training aids are of the type that, in various ways, attach to some
      portion of the golfer's anatomy for the purpose of constraining the
      golfer's movements in such a way that he develops proper form in his
      stance and/or swing and eliminates bad habits, such as swaying, looking
      up, back-swinging too far, failing to flex his knees and shift weight,
      etc.
PAR  Whether a particular golfer needs professional lessons, reference to books
      or use of training aids depends to a large extent upon his own ability to
      apply what he has learned and his state of development.
PAR  While many of the available or proposed training aids may accomplish their
      intended purposes, there still appears to be a need for a very simple,
      convenient, safe, inexpensive and light-weight device that is not limited
      to use in off-the-course practice but is adapted for convenient use during
      on-the-course golfing so that the golfer can experiment and observe the
      results of use of the device.
PAR  Further, there is a need for such a device that aids in training the golfer
      to properly space his feet, to flex his knees and to shift his weight
      properly on the back and down swings.
PAR  Additionally, there is a need for such a device that may be easily adjusted
      to not only accommodate the physical configuration of any particular
      golfer (height, length of legs, most comfortable and stable stance, etc.),
      but to also quickly and easily accommodate the proper foot spacing in
      relationship to the particular golf club (woods to high-numbered irons)
      being employed by a particular golfer at the time the device is being
      used.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the invention is to provide a simple, convenient,
      safe, inexpensive and light-weight golfer's aid device.
PAR  Another object of the invention is to provide such a device that may be
      employed for both off-the-course practice and on-the-course actual play.
PAR  Still another object of the invention is to provide such a device that is
      adapted to aid the golfer in assuming a proper stance (spread of feet)
      when addressing the golf ball, flexing his knees so as to avoid a
      stiff-legged stance and swing and shifting his weight on the back and down
      swings.
PAR  Another object of the invention is to provide such a device that is
      adjustable, not only to accommodate the physical configuration of various
      golfers but to also quickly and easily accommodate the proper stance in
      relationship to the particular golfer.
PAR  A still further object of the invention is to provide such a device that
      assures a more nearly proper stance when adjusted to provide more nearly
      proper flexing of the knees, and vice versa.
PAR  A more specific object of the invention is to provide such a device that
      comprises, in its simplest form, an adjustable waist belt and a flexible
      substantially non-stretchable cord or other elongated member having its
      ends attached (or attachable to the golfer's belt if he is wearing one) to
      the belt at the golfer's hips, the member being of a length such that it
      is taut when the golfer stands on the intermediate portion thereof with
      his knees properly flexed and his feet spread to the extent the member
      will permit.
PAR  Another object of the invention is to provide such a device wherein the
      elongated member has means for removably attaching the ends thereof to any
      belt.
PAR  Still another object of the invention is to provide such a device having
      means for adjusting the elongated member to accommodate the golfer and/or
      the particular golf club he is using.
PAR  These and other objects and advantages of the invention will become more
      apparent by reference to the following detailed disclosure and the
      appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating the principle of a golfer's aid
      device embodying the invention, taken generally from the right side of a
      golfer in a backswing position.
PAR  FIG. 2 is a reduced perspective view taken generally from the front of a
      golfer in the backswing position, illustrating the device of FIG. 1 in
      actual use.
PAR  FIG. 3 is an enlarged perspective view of the device shown in FIG. 1.
PAR  FIG. 4 is an enlarged perspective view illustrating a modification of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and particularly to FIGS. 1-3, a simple
      embodiment of the golfer's aid device 10 includes, as an element thereof,
      a belt 12, which may be of any desired material such as leather, fabric
      and the like, the belt shown having the usual buckle 14 and adjustment
      holes 16. Obviously, any other known type of waist belt and adjustment
      arrangement will serve the purpose of the invention.
PAR  The primary function of the belt 12 is to anchor the free ends 18 of the
      elongated, flexible, substantially non-stretching member 20, which may be
      formed from "Nylon" or other cord of a suitable diameter, such as quarter
      inch. The ends 18 may be permanently attached to the belt, as by simply
      passing the same through holes in the belt and tying a knot (not shown) or
      by means of metal or other rings 22 or spring clips 24 that may be
      adjusted on the belt for a purpose to be described.
PAR  The clips 24 may be employed, for example, in an embodiment of the device
      10 adopted for use by a golfer that regularly wears a belt. That is, a
      golfer normally wearing a belt 12 can merely hook the clips 24 over his
      own belt. For golfers that do not normally wear a belt, the device 10
      would include a belt 12.
PAR  The cord member 20 could possibly be continuous from belt to belt, without
      any breaks therein, as might be the case in a device that is tailor-made
      for a particular golfer that doesn't desire cord adjustment.
PAR  In FIGS. 1-3, the cord 20 comprises a longer segment 26 and a shorter
      segment 18, the longer segment being shown as provided with spaced metal
      or other rings 30, 32, 34 and 36 and the shorter segment having a hook 38.
      It is apparent that the hook 38 may be engaged with any of the rings
      30-36, providing a first means 40 to adjust the effective length of the
      cord 20 for a purpose to be explained.
PAR  In FIG. 4, which illustrates a modification, the shorter cord segment 28 is
      itself provided with a series of spaced rings 42, 44 and 46 and an
      additional hook 48 comprising a second means 50 for adjusting the
      effective length of the cord 20 for another purpose.
PAR  Use of the device 10 is best explained by considering a device such as that
      shown in FIG. 3, but also having the adjustable shorter segment, with
      rings 42-46, shown in FIG. 4. That is, the device includes both cord
      adjustments 40 and 50, which provide a universal design.
PAR  First, the golfer fastens the belt securely around his waist, as shown in
      FIGS. 1 and 2. Next, he attaches the clips 24 so that they are positioned
      at or adjacent his right and left hips, inserts hook 38 into ring 30,
      which provides the longest cord length, and steps on the bight of the
      cord, as shown in FIG. 2.
PAR  With his feet on the cord, he consciously spreads his feet to a proper
      stance with the knees properly flexed. That is, he assumes consciously a
      position that he knows is correct for addressing the ball when using the
      No. 1 wood, which requires the widest stance, and thus the longest length
      of cord 20, for any particular golfer. It is for this reason that
      adjustment 40, which may be termed the "club" adjustment, was initially
      set at ring 30.
PAR  Having assumed the proper No. 1 wood position, the golfer now moves the
      hook or snap 48 upwardly and hooks it into the ring 42, 44 or 46 that
      results in the cord 20 being taut to form substantially equal length first
      and second upright cord portions 52 and 54 extending from hip to foot and
      the horizontal portion 56 along the ground between the feet, as shown in
      FIG. 2. With the above initial conscious adjustment of means 50, which may
      be termed the "golfer" adjustment, the device is now ready for use.
PAR  It will be understood that while the "golfer" adjustment 50 is shown as
      having one hook 48 and three rings 42-46 (3 positions), any suitable means
      other than a hook and rings could be employed and sufficient positions
      could be provided to accommodate the largest and smallest golfer. The same
      is generally true of the "club" adjustment 40; that is, any suitable means
      and any number of positions could be provided, the first position 30 being
      the No. 1 wood position and the last position, such as 36, being the No. 9
      iron position, which requires the narrowest stance and thus the shortest
      cord.
PAR  While the adjusted device, as just described, can obviously be used in
      practice, it is well known that the best practice is actual play on the
      course, and the device is well suited for that purpose.
PAR  For example, let it be assumed that the golfer is out on the course and
      that he made the above initial adjustment and made a shot off the tee with
      the No. 1 wood. He can merely step off the cord, gather it up and insert
      it into his pocket.
PAR  If he selects a No. 9 iron for the next shot, he merely pulls out the cord
      and lowers the bight portion 56 to his feet, sets the adjustment 40 at the
      last or No. 9 iron position 36, steps into the cord system, spreads his
      feet as far as the now shorter cord 20 will permit, with the knees
      properly flexed, and makes the shot.
PAR  Referring again to FIG. 3, the dimension X for any particular golfer, which
      is the distance from the belt to the ground, with the knees properly
      flexed, is substantially constant for all clubs. Consequently, the length
      of cord portions 52 and 54 are constant. Further, once the adjustment 50
      is made for the particular golfer, the length of the cord 20 is a constant
      except when a club adjustment 40 is made. Thus, the invention involves a
      mathematical or geometric basis for varying the dimension Y, which is the
      stance or spread of the feet, when club adjustments 40 are made, the
      dimension Y being substantially constant for all shots at any given
      adjustment 40.
PAR  In other words, since the whole is equal to the sum of its parts, and since
      the belt-to-belt length of cord 20 is constant for any given setting at
      50, with any given setting at 40, a constant dimension X will result in a
      constant dimension Y, and vice versa. That is, if the golfer assumes a
      proper stance, at given adjustments 40 and 50, his knees will be properly
      flexed and vice versa. This is because the knees were flexed when the
      adjustment 50 was made to make cord 20 taut.
PAR  Further, since the stance (dimension Y) during a shot does not
      significantly change, the sum of the lengths of portions 52 and 54 cannot
      change, although their individual lengths can change, so as to become
      unequal as seen in FIG. 2, due to the fact that cord 20, being free of any
      obstructions at its intermediate portion 56, can move (see arrow 58 in
      FIG. 2) under the feet, which permits the legs to alternately straighten
      for proper and unrestricted weight shifting and proper hip movement on the
      back and down swings.
PAR  As previously explained, the device 10 of FIG. 1 has adjustment means 40,
      but no means 50, as would be adequate in a device used only by a
      particular golfer, the length of cord being selected to fit his particular
      configuration.
PAR  It will be appreciated that particularly with the assistance of a golf
      professional, a universal device 10, having both adjustment means 40 and
      50, can be designed with an adequate number of properly spaced adjustment
      positions at means 40 and 50 to accommodate all proper club stances for
      all golfer configurations.
PAR  If so desired, the cord 20 may, at any convenient location thereon, or at
      its connection to the belt, be provided with means, such a male-female or
      other connector, adapted to separate and thus provide a visual indication
      that the knees were not maintained flexed or that some other error, such
      as shifting the feet, was being committed during the shot.
PAR  It is apparent from the above description that the invention provides a
      golfer's aid device that meets the above-mentioned objectives.
PAR  While club adjustment and club and golfer configuration adjustment
      embodiments of the deivce, with modifications, have been shown and
      described in such clear and concise terms as to enable those skilled in
      the art to practice the same, other modifications are possible within the
      scope of the invention, and no limitations are intended, except as recited
      in the claims.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A golfer's aid device, comprising flexible substantially non-stretchable
      first and second elongated members physically detached from each other,
      said first and second elongated members being of unequal lengths as to
      have said first elongated member substantially shorter than said second
      elongated member, said first elongated member having first and second
      ends, said second elongated member having third and fourth ends, means for
      anchoring said first and third ends respectively adjacent one hip of the
      golfer, said second and fourth ends being provided with disconnectable
      connecting means effective for at times detachably connecting said second
      and fourth ends to each other, said connecting means being separate from
      but fixedly carried by said first and second elongated members, said
      second member being of a length such as to provide first and second
      generally upright portions interconnected by a lower disposed intermediate
      bight portion disposed adjacent the golfer's feet when said first and
      third ends of said first and second members are anchored and said second
      and fourth ends of said first and second elongated members are operatively
      connected to each other and said elongated members are hanging freely,
      said first upright portion being effective to combine with said first
      elongated member when operatively connected to each other by said
      connecting means to form a length functionally equal to the length of said
      second upright portion, said second elongated member being adapted when
      said second and fourth ends are operatively connected to each other to be
      placed under the golfer's feet to both limit the spread of the golfer's
      feet and to maintain the said golfer's knees flexed, at least one of said
      elongated members being provided with adjustment means for adjusting the
      overall length of said first and second elongated members when operatively
      connected to each other, said adjustment means being separate from but
      fixedly carried by said at least one of said elongated members.
NUM  2.
PAR  2. A golfer's aid device according to claim 1, wherein said anchoring means
      comprises a belt to be disposed at the golfer's waist.
NUM  3.
PAR  3. A golfer's aid device according to claim 2, wherein said anchoring means
      comprises means for detachably attaching said first and third ends to said
      belt.
NUM  4.
PAR  4. A golfer's aid device according to claim 3, wherein said attaching means
      comprises first and second spring clips for respectively removably
      attaching said first and third ends to said belt in a manner whereby said
      spring clips are directly engageable with said belt.
NUM  5.
PAR  5. A golfer's aid device according to claim 1, wherein said adjustment
      means for adjusting the overall length comprises separate first and second
      adjusting means, one of said separate first and second adjusting means is
      effective to be used for an initial adjustment of said overall length as
      to suit the legs of the particular golfer, and wherein the other of said
      separate first and second adjusting means is effective to be used for
      subsequent adjustment of said overall length as whenever a change in said
      overall length is needed to accommodate the golfer assuming a stance
      different from the previously assumed due to the selection and use of a
      different golfing club while still maintaining the said golfer's knees
      flexed.
NUM  6.
PAR  6. A golfer's aid device according to claim 5, wherein said one of said
      separate first and second adjustment means comprises a hook on said first
      elongated member, wherein said other of said separate first and second
      adjustment means comprises a plurality of spaced rings separate from but
      carried by said second elongated member, and wherein said hook is
      engageable with any one of said plurality of spaced rings.
NUM  7.
PAR  7. A golfer's aid device such as that recited in claim 1, wherein that
      portion of said member placed under the feet is free of obstructions so
      that as the golfer swings it may move under the feet to permit said
      upright portions to assume unequal lengths as the golfer's weight is
      shifted on backswing and downswing.
NUM  8.
PAR  8. A golfer's training device usable by a golfer while actually playing a
      game of golf for training the golfer to both properly flex his knees and
      properly space his feet while addressing a golf ball to be struck, said
      device comprising flexible substantially non-stretchable elongated
      cordlike means having first and second ends, said first and second ends
      being adapted for detachable anchoring attachment to points adjacent
      opposite hips of said golfer, said cord-like means comprising first and
      second upright portions interconnected by a bight portion which freely
      lies along the ground when said first and second ends are detachably
      anchored to said golfer, said cord-like means also being of a length as to
      force said golfer to flex his knees when said golfer steps onto said bight
      portion and spreads his feet as to obtain a desired spacing of said feet
      to accommodate for the particular length of the shaft of the golf club
      which said golfer may be employing for striking the golf ball, and length
      adjustment means for both adjusting the overall length of said cord-like
      means to adapt it to golfers of varying height and to adjust the length of
      said cord-like means to accommodate for the varying lengths of the shafts
      of said golf clubs used by said golfer during said game of golf, said
      adjustment means comprising first and second adjusting means, at least one
      of said first and second adjusting means comprising first quick-disconnect
      connecting members formed separately of but fixedly carried by said
      cord-like means as to be spaced from each other longitudinally along said
      cord-like means, said connecting members providing a plurality of latching
      positions for affecting length adjustment of said cord-like means.
NUM  9.
PAR  9. A golfer's training device usable by a golfer while actually playing a
      game of golf for training the golfer to both properly flex his knees and
      properly space his feet while addressing a golf ball to be struck, said
      device comprising flexible substantially non-stretchable elongated
      cord-like means having first and second ends, said first and second ends
      being adapted for detachable anchoring attachment to points adjacent
      opposite hips of said golfer, said cord-like means comprising first and
      second upright portions interconnected by a bight portion which freely
      lies along the ground when said first and second ends are detachably
      anchored to said golfer, said cord-like means also being of a length as to
      force said golfer to flex his knees when said golfer steps onto said bight
      portion and spreads his feet as to obtain a desired spacing of said feet
      to accommodate for the particular length of the shaft of the golf club
      which said golfer may be employing for striking the golf ball, and length
      adjustment means for both adjusting the overall length of said cord-like
      means to adapt it to golfers of varying height and to adjust the length of
      said cord-like means to accommodate for the varying lengths of the shafts
      of said golf clubs used by said golfer during said game of golf, said
      adjustment means comprising first and second adjusting means, said first
      adjusting means comprising a first quick-disconnect means being adapted
      for latching into a plurality of latching positions, said second adjusting
      means comprising second quick-disconnect means having a plurality of
      latching positions, said cord-like means comprising first and second
      cord-like portions physically separated from each other but mechanically
      detachably connectable to each other by said quick-disconnect means, said
      first quick-disconnect means comprises latching means formed separately of
      but totally carried by said first cord-like portion, and said second
      quick-disconnect means comprises a plurality of spaced second latching
      means formed separately of but carried by said second cord-like portion.
NUM  10.
PAR  10. A golfer's training device usable by a golfer while actually playing a
      game of golf for training the golfer to both properly flex his knees and
      properly space his his feet while addressing a golf ball to be struck,
      said device comprising flexible substantially non-stretchable elongated
      cord-like means having first and second ends, said first and second ends
      being adapted for detachable anchoring attaching to points adjacent
      opposite hips of said golfer, said cord-like means comprising first and
      second upright portions interconnected by a bight portion which freely
      lies along the ground when said first and second ends are detachably
      anchored to said golfer, said cord-like means also being of a length as to
      force said golfer to flex his knees when said golfer steps onto said bight
      portion and spreads his feet as to obtain a desired spacing of said feet
      to accommodate for the particular length of the shaft of the golf club
      which said golfer may be employing for striking the golf ball, and length
      adjustment means for both adjusting the overall length of said cord-like
      means to adapt it to golfers of varying height and to adjust the length of
      said cord-like means to accommodate for the varying lengths of the shafts
      of said golf clubs used by said golfer during said game of golf, said
      adjustment means comprising first and second adjustment means, said first
      adjustment means comprising first quick-disconnect means having a
      plurality of latching positions, and said second adjustment means
      comprising second quick-disconnect means also having a plurality of
      latching positions, said first quick-disconnect means further comprising a
      first plurality of ring-like latch portions, and said second
      quick-disconnect means further comprising a second plurality of ring-like
      latch portions.
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ABST
PAL  A restricted trajectory golf ball which resembles a U.S.G.A. approved
      regulation long range golf ball. The ball construction comprises a
      spherical coherent impact damping mass operative in dissipating golf club
      impact energy such that limited rebound energy is available for ball
      propulsion. The surface contouring disposed upon the damping mass function
      to provide advantageous aerodynamic effects and may take the form of
      standard dimples or dimples which are deeper than standard. That is if
      surface dimples are used, the dimple depth can be adjusted to assist
      toward providing a ball having the required restricted trajectory. Due to
      physical and structural characteristics, the ball is characterized as
      being firm, substantially durable, exhibiting a "click" sound when hit,
      and having a flight range of approximately one-half to one-quarter the
      range of regulation balls when hit with a No. 1 Wood in the same manner
      and under the same weather conditions. Since the flight range of the
      invented ball is intermediate long range regulation and short range
      practice balls, it is ideal for use within small indoor and outdoor
      driving ranges or on short golf courses of the Par-3 type. When used on
      Par-3 courses, the courses can be converted to operate on a par rating
      basis equivalent to those of U.S.G.A. approved regulation golf courses so
      that attained scores can be considered representative of scores a golfer
      should attain on a regulation course of similar complexity.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 90,078
      filed Nov. 16, 1970, now abandoned.
BSUM
PAR  Presently available limited range golf balls are of the unperforated and
      perforated shell type, of the coverless foam material type, and of the
      cellular or foamed material type having an extremely thin outer shell. Due
      to their inherently short flight range and extreme lightness, said balls
      cannot be used as game balls on short golf courses of the type herein
      disclosed.
PAR  The thin hollow shell type balls have a rather limited life because of
      collapsing and tearing induced by repeated golf club impact. These balls
      are not firm and can be easily hit Out-of-round. Also, said ball will not
      hold a true course when hit outdoors under windage or putted on a golf
      course putting green surface.
PAR  The cited foamed ball, either with or without a thin shell, also has
      substantially limited life due to tearing of the core and shell under
      repeated impact. Since said balls can be readily squeezed, it is obvious
      that they are of the "klunker" type which do not exhibit the "click" sound
      or the firmness preferred by golfers. Also, due to lightness, said balls
      will not hold a true course when hit outdoors under windage or when putted
      on a golf course type putting green having a grained surface texture.
PAR  Another type of ball extinct in use consists of a casing or shell of rubber
      filled with loose granulated cork, sawdust, or similar material.
PAR  Due to the said granular form of the cited fill material, the core will not
      have uniform structure and properties throughout, especially after being
      struck by a golf club. The ball will permanently distort or go
      out-of-round due to particle movement within, thus causing the core to be
      non-isotropic, with a noncentrally located center of gravity. This means
      that the said ball will exhibit poor and erratic flight stability such as
      uncontrollable hooks and slices. Also, said ball cannot be used for
      putting because of its tendency to roll erratically due to induced
      structural unbalance and out-of-roundness. Since said ball can be readily
      squeezed, it is of the "klunker" type.
PAR  The U.S.G.A. approved regulation wound type ball is constructed with a live
      center having vulcanized rubber thread wound around it under high tension,
      and a cover adhered over the said windings by heat treatment. The thread
      is practically pure natural rubber having just enough ingredients added to
      produce vulcanized rubber having the property of absorbing golf club
      impact energy and returning it very quickly with very little loss. Said
      thread resiliency is the property that makes the ball go.
PAR  This invention consists basically of a spherical impact damping means
      having surface contouring disposed thereupon. In operation, said damping
      means acts as a damper to restrict ball flight, whereas the resilient
      interior of a regulation long range ball acts as a "live center" to
      maximize the ball flight range. Field test results reveal that the flight
      range of the disclosed embodiments range from about one-half to about
      one-quarter that of regulation long range balls and approximately twice
      that of presently available short range practice balls.
PAR  The conventional long range ball is constructed with a live center which
      operates in an efficient manner to absorb golf club impact energy and
      return said energy instantly with very little loss, thereby propelling the
      ball away from the club head at a high velocity to provide for long range
      flight.
PAR  The medium range ball is constructed with a damping mass which operates in
      an inefficient manner when its distance performance is compared with that
      of a regulation long range ball. Said medium range ball operates by
      absorbing golf club impact energy and returning only a limited amount as
      rebound energy. The magnitude and release rate of said rebound energy is
      such that the ball leaves the golf club head at a relatively low velocity
      compared to velocities associated with regulation balls.
PAR  Since the flight range of the invention is intermediate long range
      regulation and short range balls, it is classifiable as a medium range
      ball. Said medium range ball presents many advantages when constructed to
      U.S.G.A. size and weight specifications. It can be utilized within small
      indoor and outdoor driving ranges, and on short golf courses. When used
      outdoors on a windy day, said medium range ball will provide better ball
      performance than is possible with the presently available lightweight
      practice balls. Also, said ball is superior to said practice balls in
      holding a true course when putted on a golf course putting green having a
      grained textured surface. Due to the restricted trajectory provided by the
      said medium range ball, building height and floor space can be kept to a
      minimum to provide substantial savings in building costs.
PAR  Building height is kept to a minimum through the aerodynamic effect of the
      patterned surface contouring of the said medium range ball. This means
      that if the dimple depth of any of the herein disclosed balls were
      increased beyond the standard depth common to long range regulation balls,
      the ball would encounter substantially more air resistance while in
      flight, thereby reducing ball backspin. This reduction in backspin will
      operate to decrease the air velocity above the ball, thereby causing an
      increase in pressure. Also, at the bottom of the ball, the velocity of the
      opposing air currents is increased and the pressure is therefore
      decreased. The net affect opperates to reduce the dynamic lift on the
      ball, thereby causing a reduction in ball trajectory height. Due to the
      affected decrease in said trajectory height, the time the ball is
      sustained in flight is decreased, thus operating to reduce the ball's
      horizontal flight range such that overall building dimensions for said
      indoor driving ranges can be substantially reduced.
PAR  It can now be readily discerned that the reduction in ball trajectory
      height is achieved by providing said impact damping means with surface
      dimples deeper than those used on regulation long range golf balls. This
      means that reduced horizontal flight range can be attained through the use
      of a high impact damping means in conjunction with dimples of standard
      depth or with dimples deeper than standard depth.
PAR  Presently available short courses called Par-3 golf courses, are a cut-down
      version of the regulation course. These courses average about 1800 yards
      for 18 holes compared to an average of about 6300 yards for standard
      regulation courses. According to the 1961 National Golf Foundation survey
      of Par-3 courses, the shortest course was 630 yards and the longest course
      was 2840 yards in total length. One these courses the golfer in unable to
      use all the golf clubs utilized on a standard regulation course. However,
      due to the optimum limited flight range provided by the medium range ball,
      the golfer can now use every club in his bag and still experience the
      challenge and satisfaction obtained on a regulation full length course.
      This means that with the use of standard U.S.G.A. approved golf clubs,
      short golf courses can be established on a par rating basis equivalent to
      those of regulation full length courses so that attained scores can be
      considered representative of scores a golfer should attain on a long range
      course of similar complexity.
PAR  It now becomes apparent that the intent of this invention is to provide a
      medium range ball having a flight range intermediate long range and short
      range practice balls so as to fill the intermediate flight range void
      necessary for the establishment of feasible and challenging small indoor
      or outdoor golf driving ranges, and short golf courses.
PAR  Accordingly, object of this invention are as follows:
PAR  To provide a medium range golf ball capable of being propelled by U.S.G.A.
      approved standard type golf clubs a substantially decreased distance when
      compared to distances obtained with long range regulation balls.
PAR  To provide a medium range golf ball having external features resembling a
      regulation long range ball.
PAR  To provide a firm medium range golf ball of optimum physical and structural
      properties for producing a "click" sound when hit.
PAR  To provide a medium range golf ball having a spherical impact damping means
      for dissipating golf club impact energy so that limited rebound energy is
      available for ball propulsion.
PAR  To provide a medium range golf ball that offers at least the minimal
      optimum trajectory flight time preferred by golfers for experiencing the
      satisfaction associated with watching ball flight.
PAR  To provide a medium range golf ball that will give stable flight trajectory
      and putting performance.
PAR  To provide a medium range golf ball having isotropic characteristics such
      that its center of gravity is centrally located.
PAR  To provide a medium range golf ball with a dimpled outer surface for
      substantially reducing the accentuated affect of flight instability
      associated with hollow perforated shell type balls.
PAR  To provide a medium range golf ball exhibiting similar aerodynamic
      characteristics associated with regulation type long range balls.
PAR  To provide a medium range golf ball adaptable for use on a small indoor and
      outdoor driving range, and on short golf courses.
PAR  To provide a medium range golf ball with surface dimples deeper than those
      prevailing on regulation long range balls for reducing ball trajectory
      height.
PAR  To provide a medium range golf ball in which the ball line-of-roll will
      hold a substantially true course when putted with U.S.G.A. approved
      standard type putters on a regulation type golf course putting green
      having a grained texture.
PAR  To provide a relatively inexpensive medium range golf ball of size
      equivalent to that of a regulation long range ball.
PAR  To provide a medium range golf ball that can be manufactured to U.S.G.A.
      size and weight specifications.
DRWD
PAR  These objects and other ojects of this invention should be discerned and
      appreciated from the description and claims taken in conjunction with the
      accompanying drawing in which:
PAR  FIG. 1 shows a perspective view of the medium range golf ball.
PAR  FIG. 2 shows one form of the golf ball taken as a sectional view along line
      A--A of FIG. 1.
PAR  FIG. 3 shows a second form of the golf ball taken as a sectional view along
      line A--A of FIG. 1.
PAR  FIG. 4 shows a third form of the golf ball taken as a sectional view along
      line A--A of FIG. 1.
PAR  FIG. 5 shows a fourth form of the golf ball taken as a sectional view along
      line A--A of FIG. 1.
PAR  FIG. 6 shows a fifth form of the golf ball taken as a sectional view along
      line A--A of FIG. 1.
DETD
PAR  Terms herein utilized should bear interpretation as follows:
PAL  U.s.g.a.- united States Golf Association.
PAL  Regulation Golf ball-- It is a ball approved by the U.S.G.A with
      specifications such that the ball size be a minimum of 1.680 inches in
      diameter, the ball weight be a maximum of 1.62 oz., and the initial ball
      velocity be not greater than 250 feet per second (plus 2% tolerance) based
      on the first 20 feet of ball travel when tested by the U.S.G.A. standard
      machine under specified conditions.
PAR  Published field tests conducted outdoors in calm weather at temperatures
      between 70 to 90 degrees Fahrenheit on regulation balls hit with identical
      force with a No. 1 Wood from a mechanical driving machine devised by
      Battele Memorial Institute, reveal that the average ball carry distance
      obtained by four well known regulation golf balls was 228, 239, 241, and
      247 yards, respectively.
PAL  Range--It relates to the distance a ball carries on-the-fly when hit.
PAL  Regulation Golf Clubs--It relates to clubs used for hitting of regulation
      long range golf balls.
PAL  Short Range Practice Golf Ball--It is a ball capable of being propelled
      approximately one-eighth to one-tenth the distance of a regulation ball
      when hit in the same manner and under equivalent weather conditions used
      for testing said regulation ball.
PAL  Medium Range Golf Ball--It is a ball capable of being propelled
      approximately one-half to one-fourth the distance of a regulation ball
      when hit in the same manner and under equivalent weather conditions used
      for testing said regulation ball.
PAL  Regulation Golf Course--It is a golf course conforming to U.S.G.A.
      standards for computing par, based on the use of U.S.G.A. approved balls
      and clubs. Mens par being established such that hole lenghts up to 250
      yards are rated Par-3, from 251 to 470 yards as Par-4, and from 471 yards
      and over as Par-5. These courses average about 6300 yards in total lenght
      for 18 holes.
PAL  Short Golf Course--It is a golf course wherein no individual hole exceeds
      the maximum of 250 yards set by the U.S.G.A. These courses average about
      1800 yards in total lenght for 18 holes.
PAL  Impact Damping Means For Dissipating Golf Club Impact Energy--It pertains
      to impact damping means that have the capability of absorbing impact
      energy and dissipating it to the surroundings as heat to yield low rebound
      energy. Said impact damping means may exist as a one-piece unit of impact
      damping material, or as a multi-piece unit having a center of impact
      damping material and a cover which may or may not be a damping material.
PAL  Knitted Fiber Mesh-- A structure consisting of a multipicity of
      interlocking spring-like fiber loops. Said knitted mesh can be formed into
      any desired size and shape with multidirectional orientation. This
      material possesses excellent damping properties because of the internal
      friction generated between the fibers when deformed.
PAL  Cork-- Natural cork is composed of an aggregation of minute air vessels
      having thin but very strong walls. There are approximately 200 million
      tiny air-filled cells per cubic inch so that more than 50 per cent of its
      volume is captive air. Cork is used both in its natural form or as
      composition cork. Composition cork is made by bonding together cork
      particles at high pressure under the influence of heat. By controlling the
      bonding process, several densities can be produced depending on the amount
      of compression and the type of binder used. Cork particles are often
      bonded together with a rubber binder to yield resilient composition cork.
      Special light quality composition cork has a density of 9-10 lbs. per
      cubic foot, light quality has a density of 13-14 lbs. per cubic foot,
      medium quality has a density of 15-16 lbs. per cubic foot, and hard
      pressed heavy quality has a density of 18-20 lbs. per cubic foot.
PAR  The first embodiment of the invention shown in FIG. 2 consists of an impact
      damping material such as natural cork core 4 encapsulated by a
      substantially thick dimpled cover 2, such as Surlyn an ionomer resin
      material. Said cover can be made from 0.025 to 0.075 of an inch thick. It
      is to be understood that said core 4 can also be made from coherent
      composition cork.
PAR  A second embodiment of the invention shown in FIG. 3 consists of an impact
      damping material such as knitted metallic fiber mesh core 6 encapsulated
      by a substantially thick dimpled cover 5, such as 0.025 to 0.075 of an
      inch thick Surlyn an ionomer resin material. In the manufacture of said
      core 6, wire is first knitted into a mesh structure consisting of a
      multiplicity of interlocking spring-like loops. The required amount of
      mesh structure is then formed into the desired size and shape to provide a
      multidirectional orientation of steel wire spring loops. When impact load
      is applied to the ball, the strands of the mesh rub on each other and
      damping is accomplished. Cited knitted wire mesh is equivalent to that
      used in vibration and shock isolators manufactured by companies such as
      Barry Control Div. of Barry Wright Corp., Schuyler Mfg. Corp., ACS Ind.
      Inc., and American Copper Sponge Co. Inc. It is to be understood that the
      said knitted mesh could be made from materials other than steel.
PAR  A third embodiment shown in FIG. 4 consists of impact damping polyurethane
      such as cellular or foamed polyurethane 8 encapsulated by a substantially
      thick dimpled cover 7, such as 0.025 to 0.075 of an inch thick Surlyn an
      ionomer resin material. Said core 8 can be made from formulations such as
      90-585/34-841, 90-635/34-841, and 90-646/34-841 provided by Reichhold
      Chemicals, Inc., and HC-2/30, HC-3/40, and BX-326-4 provided by Stepan
      Chemical Co. Cited formulations can be used to mold said core with a thin
      integral skin. However, a thin integral skin is not essential. Also, other
      materials such as foamed polyethylene, polyvinyl chloride, polystyrene,
      etc. can be used. It is to be noted that formulations having densities
      less than those associated with above cited formulations can be utilized
      with cover thicknesses appropriately greater than herein cited. Also, to
      be noted is the fact that said core can be made of solid damping materials
      such as butyl, polysulfide, etc.
PAR  A fourth embodiment shown in FIG. 6 is a molded one piece solid ball
      fabricated from an impact damping composition 10 consisting essentially of
      100 parts of the low resilient elastomer Butyl, approximately 40-70 parts
      of a monomer such as Butylene Glycol Dimethacrylate, approximately 20-60
      parts of fillers such as fine Silica(HiSil 233) and 60 mesh or less
      granulated Cork, and 0.5-10 parts of a curing agent such as Dicumyl
      Peroxide.
PAR  Instead of Butyl, long range regulation one piece molded balls use highly
      resilient materials such as Cis-polybutadiene, Cis-butadiene, etc.
      Resiliency tests conducted on a Bashore resiliometer indicate that
      Cis-polybutadiene has a percentage rebound of 85-90, and Butyl has a
      percentage rebound of 18-25. Therefore, when Butyl is substituted for said
      Cis-polybutadiene and Cis-butadiene in the compositions presently being
      used to provide solid one piece regulation balls, the results will be a
      composition for the manufacture of medium range golf balls.
PAR  For example, the following medium range ball composition is similar to that
      of a commercially available regulation ball with the exception that the
      Cis-polybutadiene elastomer is replaced by Butyl.
PA0  1. 100 parts of Butyl
PA0  2. 56.2 parts of Butylene Glycol Dimethacrylate
PA0  3. 37.5 parts of Silica
PA0  4. 6.2 parts of Cork
PA0  5. 3.13 parts of Dicumyl Peroxide
PAR  During ball manufacture, the above cited ingredients are thoroughly mixed
      on rubber rolls or a Banbury mixer at room temperature to a homogeneous
      composition. This material is then made up into slugs of suitable weight
      for insertion into the golf ball molds. Molding is effected at pressures
      of from 125 to 300 psi at a mold temperature of about 300.degree.
      Fahrenheit with a molding time of about 10 minutes.
PAR  For convenience in expressing proportions of ingredients of the above cited
      composition, said ingredients were given as parts by weight based on 100
      parts by weight of the elastomer.
PAR  Another one piece ball, representable by FIG. 5, is manufacturable by a
      one-step process which simultaneously molds the damping material to form a
      foamed core 9 having a surface contoured dense integral cover exhibiting a
      high degree of cut and abrasion resistance. An impact damping material
      such as foamed polyurethane can be molded with a substantially thick and
      tough solid integral self-formed layer surrounding the foamed core. Due to
      modern molding techniques and advanced chemical formulations, the core
      density can be varied to suit requirements and the said integral solid
      layer produced during the foaming reaction can be controlled to a
      thickness ranging from about one thirtysecond to one-eighth inches. The
      unique advantages of polyurethane foam are that stiffness, resiliency, and
      density can be independently controlled to provide the physical and
      structural properties required for the manufacture of medium range balls.
      This ball can be made from a formulation such as 90-585/34-841 Polylite
      provided by Reichhold Chemicals, Inc. Said formulation can yield a ball
      with an overall molded density of 10-16 pcf including an integral layer of
      about one-sixteenth of an inch having a denisty of 50-70 pcf and a surface
      hardness of 50-60 Shore D.
PAR  Also, this ball can be made from other formulations such as 90-635/34-and
      90-646/34-841 provided by Reichhold Chemicals, and formulations HC-3/40,
      HC-5/60, and BX-326-4 provided by Stepan Chemical Co. It is to be noted
      that with these formulations lower foam density balls will require a
      thicker integral layer, and higher foam density balls will require a
      thinner integral layer to provide a ball with the herein specified flight
      range. Also, other formulations with lower mold densities can be used
      providing an integral dense layer of appropriate thickness is provided.
      With above cited formulations, overall molded densities can range from
      4-45 pcf, integral layer densities can range from 50-70 pcf, and the
      surface hardness can range from 50-80 Shore D.
PAR  It is to be noted that all disclosed embodiments include patterned surface
      contouring of such design and dimensions that when operating in
      conjunction with said impact damping means will yield a ball that can be
      propeled with regulation golf clubs a distance of one-quarter to one-half
      the distance obtained with a regulation ball. For example, the presently
      used standard dimple can be made deeper to assist toward providing the
      required restricted ball trajectory.
PAR  All of the herein disclosed golf ball embodiments are finished in the
      conventional manner. That is, balls may be given a white primer and then
      one or two coats of tough polyurethane enamel. After brand and
      indentification marks are printed on the balls, clear urethane varnish may
      be used to proof them against scuffing and staining.
PAR  It is to be noted that a swing that drives a regulation ball 220 yards on
      the carry, will drive a medium range ball depending on its built-in
      physical and structural properties, from 165 to 330 feet under equivalent
      test conditions.
CLMS
STM  Having thusly described the invention, the following is claimed:
NUM  1.
PAR  1. A medium range golf ball, comprising impact damping means for
      dissipating golf club impact energy, and patterned surface contouring of
      such design and dimensions that when operating in conjunction with said
      impact damping means will yield a ball that can be propeled with
      regulation golf clubs an on-the-fly distance of one-quarter to one-half
      the distance obtained with a regulation golf ball when hit under identical
      conditions; said on-the-fly distance being such that when said medium
      range ball is played on short golf courses with said regulation golf
      clubs, said short courses can be converted to operate on a par rating
      basis equivalent to par of regulation golf courses of similar complexity.
NUM  2.
PAR  2. The invention as defined in claim 1, wherein said means is further
      characterized as a one piece unit consisting essentially of butyl,
      butylene glycol dimethacrylate, fine silica, granulated cork, and dicumyl
      peroxide.
NUM  3.
PAR  3. The invention as defined in claim 2, wherein said surface contouring is
      further characterized as patterned depressions.
NUM  4.
PAR  4. The invention as defined in claim 1, wherein said means is further
      characterized as a one piece unit of impact damping polyurethane.
NUM  5.
PAR  5. The invention as defined in claim 4, wherein said surface contouring is
      further characterized as patterned depressions.
NUM  6.
PAR  6. The invention as defined in claim 5, wherein said depressions are
      further characterized as dimples.
NUM  7.
PAR  7. The invention as defined in claim 1, wherein said means is further
      characterized as impact damping cork having a thick encapsulation, and
      said surface contouring is further characterized as patterned depressions
      contained within the surface of said encapsulation.
NUM  8.
PAR  8. The invention as defined in claim 7, wherein said depressions are
      further characterized as dimples.
NUM  9.
PAR  9. The invention as defined in claim 1, wherein said means is further
      characterized as an impact damping knitted fiber mesh having a thick
      encapsulation, and said surface contouring is further characterized as
      patterned depressions contained within the surface of said encapsulation.
NUM  10.
PAR  10. The invention as defined in claim 9, wherein said depressions are
      further characterized as dimples.
NUM  11.
PAR  11. The invention as defined in claim 1, wherein said means is further
      characterized as an impact damping cellular or foamed material having a
      thick encapsulation, and said surface contouring is further characterized
      as patterned depressions contained within the surface of said
      encapsulation.
NUM  12.
PAR  12. The invention as defined in claim 11, wherein said cellular or foamed
      material is further characterized as rigid polyurethane foam, and said
      depressions are further characterized as dimples.
PATN
WKU  039401464
SRC  5
APN  2826259
APT  1
ART  142
APD  19720821
TTL  Golf ball cover
ISD  19760224
NCL  4
ECL  1
EXP  Lieberman; Allan
INVT
NAM  Little; James F.
CTY  Greenville
STA  RI
ASSG
NAM  Uniroyal Inc.
CTY  New York
STA  NY
COD  02
RLAP
COD  72
APN  112488
APD  19710203
PSC  03
CLAS
OCL  273235R
XCL  273DIG4
XCL  273DIG22
XCL  260 4229
XCL  260 4241
XCL  260 4243
XCL  260 4246
XCL  26099814
EDF  2
ICL  A63B 3712
ICL  C08L 2334
FSC  273
FSS  218;235
FSC  260
FSS  897 C;998.14;42.43;42.46
UREF
PNO  2212786
ISD  19400800
NAM  McQueen
OCL  260 79.3R
UREF
PNO  3264272
ISD  19660800
NAM  Rees
OCL  273218
UREF
PNO  3454280
ISD  19690700
NAM  Harrison et al.
OCL  273235
UREF
PNO  3454676
ISD  19690700
NAM  Busse
OCL  273218
UREF
PNO  3572721
ISD  19710300
NAM  Harrison et al.
OCL  273218
OREF
PAL  "The Vanderbilt Rubber Handbook", R. T. Vanderbilt Co., Inc., N.Y., 1968,
      pp. 189 & 190.
LREP
FR2  Sprowls; Willard R.
ABST
PAL  This invention relates to an improved golf ball cover comprised of an
      ionomer based upon the copolymers of, e.g., ethylene and acrylic or
      methacrylic acid and a chlorosulfonated polyethylene. Covers made in
      accordance with this invention exhibit high durability features.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      112,488, filed Feb. 3, 1971 and now abandoned.
BSUM
PAR  This invention relates to a new golf ball cover which may be utilized to
      encompass either a conventional wound golf ball core or the more recently
      developed solid unitary core. Both cores may be enclosed in this new cover
      to produce a golf ball which is highly resistant to damage upon impact of
      a golf club, yet does not sacrifice the all important characteristics of a
      high quality golf ball.
PAR  It is the main aspect of this invention to produce a golf ball cover which
      displays improved durability over those covers now in use, while cost
      factors and processing technique remain realistic.
PAR  Golf ball covers have in the past been produced using a variety of
      materials. As main ingredients, natural transpolyisoprene (natural balata
      or gutta percha), synthetic transpolyisoprene, thermoplastic resins such
      as polyethylene or polypropylene and ionomer resins have been included in
      these formulations. The covers produced with these materials, however,
      display certain undesirable properties, among which are poor durability,
      low cut resistance, poor "click" and "feel". Many of these materials are
      also quite costly and not readily adaptable to golf ball covers.
PAR  The novel cover stock which I have discovered possesses all the features
      desired; a few of which are: (a) thermoplastic with a relatively low
      molding temperature, (b) no curing or vulcanization requirement, (c) low
      cost, (d) high durability, and (e) imparts good "click" and "feel" to a
      golf ball.
PAR  I have found that a composition made up primarily of an ionomer resin
      containing from about 5 to about 20 parts by weight, per 100 parts by
      weight of an ionomer resin, of a chlorosulfonated polyethylene can be
      molded into a golf ball cover which will possess all these desired
      qualities.
PAR  The use of the ionomer resin alone in a golf ball cover stock has been
      described in U.S. Pat. No. 3,454,280, issued July 8, 1969. However, covers
      produced in accordance with this patent have a tendency to split at the
      molding seams when struck by a golf club. Due to the inherent hardness of
      the ionomer, these covers also impart a hard or "stony feel" to the ball
      in play. The addition of the chlorosulfonated polyethylene to the ionomer
      cover stock greatly improves seam adhesion and the "feel" of the ball in
      play. The Shore C hardness of my cover composition is lower than the cover
      stock containing only the ionomer, and this factor contributes to the
      improved "feel" of the ball.
PAR  The ionomer component of my cover is a wellknown material, being described
      in detail in U.S. Pat. No. 3,264,272, issued Aug. 2, 1966, the disclosure
      of this patent being hereby incorporated herein by reference. The term
      "ionomer" has been introduced in the art to designate an ionic copolymer
      of at least 50 mole percent (based on the alphaolefin-acid copolymer) of
      one or more alphaolefins, including ethylene and alphaolefins having up to
      10 carbon atoms, together with a lesser proportion of an alpha, beta
      ethylenically unsaturated monocarboxylic acid or dicarboxylic acid having
      from 3 to 8 carbon atoms, the acid monomer content of said copolymer being
      from 0.2 to 25 mole-percent, based on the alphaolefin-acid copolymer, said
      copolymer containing uniformly distributed throughout the copolymer a
      metal ion having an ionized valence of 1 to 3 inclusive in monocarboxylic
      acid containing ionomers and a valence of 1 in dicarboxylic
      acid-containing ionomers. At least 10 percent to 90 percent of the
      carboxylic acid groups of the copolymer are neutralized by the metal ions
      and exist in the ionic state. Any other monomer component optionally
      copolymerized in said copolymer is monoethylenically unsaturated. Ionomers
      based on copolymers of ethylene and acrylic or methacrylic acid are most
      common. The metal ions are commonly ions of metals of Groups I, II, III,
      IV-A and VIII of the Periodic Table, the more common ones being ions of
      the alkali metals such as sodium and potassium, and the alkaline earth
      metals such as calcium, strontium, barium and such commonly available
      metals as zinc and aluminum. The ionomers are hard, transparent, resinous
      thermoplastic materials.
PAR  The preferred ionomers used in the practice of my invention are those known
      in the trade as "Surlyn A", these being ionic copolymers of approximately
      96.5 mole-percent of ethylene and 3.5 mole-percent of methacrylic acid,
      sodium or zinc ions being uniformly distributed throughout the copolymer
      to an extent representing about 50% neutralization of the methacrylic
      acid.
PAR  The chlorosulfonated polyethylene component of my cover stock is a material
      described in U.S. Pat. No. 2,212,786, issued Aug. 27, 1940, said
      disclosure being incorporated herein by reference. These materials are
      produced by reacting a solid ethylene polymer of at least 1000 molecular
      weight, with chlorine and sulfur dioxide. The resultant products used in
      my cover composition are those known in the trade as "Hypalon". Hypalon is
      marketed in five types, 20, 30, 40, 45, and 48, each of which contains
      varying percentages of chlorine and sulfur. Hypalon 20 contains 29%
      chlorine and 1.4% sulfur and gives optimum results when combined with the
      ionomer in my composition. It has been found that suitable limits for the
      chlorine and sulfur content of the chlorosulfonated polyethylene are
      25-35% chlorine and 1.0-1.4% sulfur.
PAR  Fillers can be used in the golf ball covers of this invention, but are not
      an essential ingredient. The functions of the fillers are to make the
      cover white and to make any desired adjustments in the specific gravity of
      the stock. Suitable fillers include titanium dioxide, whiting, lead
      carbonate and silica.
PAR  Conventional golf ball cover materials, especially those based on balata,
      can be molded onto wound cores (or centers as they are sometimes referred
      to) at temperatures ranging from about 200.degree. to about 250.degree. F.
      Ionomers of the type employed in my invention generally must be molded at
      higher temperatures, typically in the range from 250.degree. to
      350.degree. F. The inclusion of chlorosulfonated polyethylene in the cover
      stock lowers the processing temperature, so that the molding operation can
      be conducted in the lower portion of the latter range. Blanks or preforms
      of the cover material are prepared and preheated immediately prior to
      molding. Each blank should be large enough to make one half the finished
      cover, while including sufficient material to allow some flash to insure
      good molding. One blank is placed in each of the two preheated mold halves
      prior to insertion of the core (or center) into the lower half. The mold
      is then closed gradually to prevent bursting of the core. As soon as mold
      closure is completed, the mold and its contents are cooled. The finished
      ball is then removed from the press for buffing, painting, branding and
      packaging. Exact details of the molding cycle will vary slightly,
      depending on many factors; e.g. type of ball (wound or solid), cover
      composition, molding press, rate of heating and rate of cooling. The
      details of time, rate of closure, etc. will be readily determined by one
      skilled in the art of making golf balls. However, a typical cycle for the
      conventional equipment employed in the industry using a press with the
      mold halves placed vertically over one another runs as follows:
PA1  1. Preheat press to 300.degree. F.
PA1  2. preheat cover blank to 250-300.degree. F.
PA1  3. insert heated blanks into both halves of each mold.
PA1  4. Place core in lower mold half.
PA1  5. Close mold slowly to allow excess cover stock to flow out around the
      core without bursting the core (about 10 seconds required after first
      contact of the contents of the two mold halves.)
PA1  6. Hold press closed and maintain temperature for 10 seconds to insure good
      knitting of the two cover halves.
PA1  7. Cool the mold (10 to 30 minutes may be required depending on mold
      construction and temperature of the cooling medium).
PA1  8. Open press and remove ball for subsequent processing.
DETD
PAR  To illustrate my invention the following examples, in which all parts are
      by weight, are presented. It should be understood, however, that these
      examples are merely illustrative and are not to be regarded as limitations
      to the appended claims since the basic teachings thereof may be varied at
      will, as will be understood by one skilled in the art.
PAC  EXAMPLE 1
PAR  The following materials (parts by weight) were blended together on a
      conventional rubber mill:
TBL               A             B                                              
     Surlyn A 1559*                                                            
                  100           100                                            
     Titanium dioxide                                                          
                  10            10                                             
     Hypalon 20   --            10                                             
      *Characteristics of Surlyn A 1559 include:                               
     Major cation         Sodium                                               
     Density (ASTM D792-60T)                                                   
                          0.940 gms/cc                                         
     Melt flow index (ASTM                                                     
                          1.2 decigrams/                                       
      D1238-62T)           min.                                                
     Softening point - Vicat                                                   
                          160.degree.F.                                        
      (ASTM D1525-58T)                                                         
     Tensile strength (ASTM                                                    
                          4000 p.s.i.                                          
      D412-62T)                                                                
     Yield strength (ASTM D412-62T)                                            
                          1900 p.s.i.                                          
     Elongation (ASTM D412-62T)                                                
                          450%                                                 
PAR  These mixes were formed into blanks and molded onto conventional rubber
      thread wound cores. Balls were hit in a durability tester with the
      following results. (The durability tester is a machine which hits the ball
      with a hard consistent blow, repeating the blow until the ball fails due
      to rupture, distortion, cover loosening or some other change which
      destroys the function as a golf ball.)
TBL  ______________________________________                                    
                        A       B                                              
     ______________________________________                                    
     **   Durability half life                                                 
                              75        85                                     
          Shore C Hardness    93        90                                     
          Seam failure at 75 hits                                              
          in sample of 12 balls                                                
                              5         1                                      
     ______________________________________                                    
      **Half life is the number of hits in the durability test machine to cause
      half the balls in a given sample to fail.                                
PAC  EXAMPLE 2
TBL                  C         D                                               
     Surlyn A 1559   100       90                                              
     Titanium Dioxide                                                          
                     5         5                                               
     Hypalon 20      --        10                                              
PAR  After mixing as in Example 1 and used to cover golf balls, I obtained the
      following:
TBL                     C       D                                              
     Durability half life                                                      
                        100     115                                            
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a golf ball made up of a core and a thermoplastic cover said cover
      containing: (a) an ionic copolymer of (1) at least 50 mole percent (based
      on the alphaolefin-acid copolymer) of one or more olefins selected from
      the group consisting of ethylene and alphaolefins having up to 10 carbon
      atoms and of (2) from 0.2 to 25 mole percent (based on the
      alphaolefin-acid copolymer) of an alpha, beta ethylenically unsaturated
      mono- or dicarboxylic acid having from 3 to 8 carbon atoms, said copolymer
      containing in substantially uniform distribution a metal ion having a
      valence of 1 to 3 in monocarboxylic acid containing copolymers and a
      valence of 1 in dicarboxylic acid-containing copolymers; and (b) from
      about 5 to about 10 parts by weight of a filler per 100 parts by weight of
      said ionic copolymer, the improvement comprising the addition to the cover
      composition of from about 5 to about 20 parts by weight, per 100 parts by
      weight of said ionic copolymer, of a chlorosulfonated polyethylene
      containing from 25 to 35 percent chlorine and from 0.1 to 1.4 percent
      sulfur.
NUM  2.
PAR  2. The golf ball cover of claim 1, wherein the chlorosulfonated
      polyethylene contains 29% chlorine and 1.4% sulfur.
NUM  3.
PAR  3. The golf ball cover of claim 1, wherein the amount of chlorosulfonated
      polyethylene is about 10 parts by weight per 100 parts by weight of said
      ionic copolymer.
NUM  4.
PAR  4. In a golf ball made up of a core and a thermoplastic cover said cover
      containing: (a) an ionic copolymer of (1) at least 50 mole percent (based
      on the alphaolefin-acid copolymer) of one or more olefins selected from
      the group consisting of ethylene and alphaolefins having up to 10 carbon
      atoms and of (2) from 0.2 to 25 mole percent (based on the
      alphaolefin-acid copolymer) of an alpha, beta ethylenically unsaturated
      mono- or dicarboxylic acid having from 3 to 8 carbon atoms, said copolymer
      containing in substantially uniform distribution a metal ion having a
      valence of 1 to 3 in monocarboxylic acid containing copolymers and a
      valence of 1 in dicarboxylic acid-containing copolymers; and (b) an amount
      of filler sufficient to impart high durability and good "click" and "feel"
      to said golf ball, the improvement comprising the addition to the cover
      composition of from about 5 to about 20 parts by weight, per 100 parts by
      weight of said ionic copolymer, of a chlorosulfonated polyethylene
      containing from 25 to 35 percent chlorine and from 0.1 to 1.4 percent
      sulfur.
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ABST
PAL  A modular design disc receiving apparatus that is utilized as a cartridge
      holder or output hopper. When utilized as a cartridge holder, push to
      latch, push to unlatch means position the cartridge for proper disc
      insertion, thereby readying the apparatus for its function as a cartridge
      holder. The apparatus comprises means for counting and giving visual
      indication of the number of discs ejected into the cartridge, and means
      for sensing a cartridge full situation, thereby enabling associated
      feeding systems, and, accordingly, preventing jamming of the apparatus. In
      addition, the apparatus is utilized as a disc output hopper, in the
      situation where a cartridge is not being used. When used, as
      aforementioned, the capacity of the apparatus is approximately doubled.
      Discs ejected into the apparatus are neatly stacked so that they protrude
      from the front of the apparatus where they can be seen and easily removed.
      When the apparatus is completely filled with discs, a subsequently ejected
      disc will be forced out of the apparatus to prevent jamming.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates, generally, to dictation and transcription systems,
      and more particularly, to a disc receiving apparatus which can be utilized
      as a cartridge holder or as an output hopper, if a cartridge is not
      utilized, thereby, approximately, doubling disc storage capacity.
PAR  2. Description of the Prior Art
PAR  Heretofore, various types of dictation and transcription systems have been
      designed utilizing for information processing belts, tapes and discs.
      However, the primary effort has been in connection with tapes, and
      particularly, with the development of self-contained cartridges or
      cassettes. Cassettes provide a measure of convenience in storing, loading
      and unloading the record media. In addition, another important advantage
      of a self-contained cartridge or cassette is that an operator does not
      have to handle the record media, thereby affording protection to the
      record media against fingerprints, dirt, or other substances that would be
      dilatorious to the record media. As aforesaid, as far as can be
      determined, the primary effort in development of dictation and
      transcription systems have been in the cartridge or cassette area. These
      efforts, as far as can be determined have not been extended to disc
      recording and transcribing systems.
PAR  Notwithstanding, it is believed that dictation and transcription systems
      utilizing discs, and in particularly, the disc, itself, is superior to the
      aforementioned cassette systems and cassettes in general. For example,
      discs are cheaper and easier to handle. Also, discs can easily be
      transported using a standard envelope via the U.S. mailing system. The
      disc utilized in conjunction with the instant invention is disclosed in
      U.S. Pat. No. 3,797,035, filed June 23, 1971 by Ronald E. Hunt, et al,
      entitled "Recording Media Orientation," and assigned to the same assignee
      as this application. The aforementioned discs can record about 6 minutes
      of dictation. Moreover, it has been ascertained that six minutes of
      dictation is sufficient to cover at least 95% of the situations where
      business letters are the format, i.e., one letter per disc.
PAR  A dictation and transcription apparatus utilizing disc as a recording media
      is disclosed in U.S. Pat. No. 3,789,160, filed Dec. 20, 1971, by James D.
      Bruer, et al, entitled "Dictation Apparatus with Disc Loading, Feeding and
      Ejecting Feature," and assigned to the same assignee as this application.
      The system discloses an apparatus for accommodating a plurality of
      standard disc cartridges at a load station enabling convenient manual
      loading by an operator of the apparatus. Following the loading of the
      discs into the apparatus, the cartridge is thereupon moved to an eject
      (unload) station which serves to receive the discs, one by one, as they
      are processed in the apparatus.
PAR  Although, the aforementioned apparatus provides improvements in convenient
      and efficient structures for loading, feeding, and ejecting discs, it is
      apparent that improved structures for disc loading, for example, is
      necessary. Thus, U.S. Pat. No. 3,823,948, filed Nov. 13, 1972, by William
      Melchior Jenkins, entitled "Disc Unloading Apparatus," and assigned to the
      same assignee as this application, discloses an apparatus for unloading
      discs from a disc cartridge when the cartridge is inserted into an intake
      hopper or a loading station of the type described in U.S. Pat. No.
      3,789,160 to Bruer et al, aforementioned. By incorporating the unloading
      apparatus, aforementioned, into the intake hopper of a dictation or
      transcription apparatus, as disclosed in U.S. Pat. No. 3,789,160 to Bruer
      et al, enables discs to be removed from a cartridge and properly
      positioned in a time saving efficient manner.
PAR  As further background information, U.S. Pat. No. 3,854,784, filed Nov. 29,
      1972, by Ronald Eugene Hunt et al, entitled "Information Media Handling
      System," having the same inventive entities and the same assignee as the
      instant application, discloses a cartridge and a hopper adopted to receive
      the cartridge, the improvement over the prior art being means to push to
      latch, push to unlatch the cartridge in the hopper. Although, the push to
      latch, push to unlatch feature of the aforementioned reference is utilized
      in combination in the instant invention, it should be noted that no other
      aspect of the instant invention is disclosed therein.
PAR  As still further background information, an apparatus for receiving and
      storing a number of record members (discs), and adopted to have record
      members unloaded therefrom is disclosed in U.S. Pat. No. 3,860,248, filed
      Apr. 20, 1973, by Ronald E. Hunt et al, entitled "Record Member
      Apparatus," having the same inventive entities and the same assignee as
      the instant application. The apparatus disclosed is a cartridge that can
      be used in conjunction with the instant invention.
PAR  The state of the prior are as indicated hereinabove, includes many advances
      in disc dictation and transcription apparatus including improvements in
      input hopper, output hopper, and cartridge systems. However, insofar as
      can be determined, no prior art output hopper or station incorporates the
      features and advantages of the instant invention.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, a principle object of the present invention is to provide a
      disc receiving apparatus in modular form.
PAR  Another important object of the invention is to provide a disc receiving
      apparatus that functions as a cartridge holder or an output hopper,
      thereby doubling the disc storage capacity.
PAR  Still another important object of the present invention is to eliminate
      operator error by having interlock means which prevent jamming of the
      apparatus if a cartridge is not fully inserted therein.
PAR  Another object of the present invention is to activate by cartridge
      insertion, indicating means and switching means, thereby providing a
      visual indication of the number of discs in the cartridge and enabling
      sensing to associated dictation or transcription systems to automatically
      eject discs in the aforesaid cartridge in a reliable manner.
PAR  Another object of the invention is to prevent jamming of the apparatus when
      used as an output hopper through forcing a subsequently ejected disc out
      of the front of said hopper, so that an operator can observe that the
      apparatus has been filled.
PAR  Still another important object of the invention, when the apparatus is used
      as an output hopper, is to project the ejected discs towards the front of
      the hopper so that they can be easily removed by an operator.
PAR  Another object of the present invention is to minimize screws, clamps, and
      clips for ease of assembly.
PAR  Another object of the present invention is to provide a modular disc
      receiving apparatus with form adjustments rather than screw adjustments,
      thereby simplifying maintenance of the apparatus.
PAR  Another object of the present invention is to provide a complete disc
      receiving apparatus that plugs into an existing dictation or transcription
      apparatus with a minimal of mechanical and electrical connections, thereby
      affording easy replacement of a malfunctioning module.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with these and other objects and features of the present
      invention, a disc receiving apparatus is disclosed wherein the aforesaid
      apparatus is utilized as a cartridge holder or an output hopper.
PAR  When the apparatus of the instant invention is utilized as a cartridge
      holder, a cartridge is inserted into the apparatus guided by a throat
      surface. The ejected discs are stored in the cartridge and counted by a
      disc counter feeler which depicts, by means of indicator, the approximate
      number of discs stored in the cartridge. To continue, the cartridge, after
      being inserted through the access hole of the apparatus, is latched into
      place by a cartridge latch member. The cartridge latch member is cammed to
      the left by the cartridge as it is being inserted and is detented into the
      bottom of the cartridge. When the cartridge is completely inserted, the
      cartridge latch is spring loaded to the right and into an incline surface
      molded in the bottom of the cartridge. The aforesaid incline surface
      enables the cartridge to be removed by an operator by a second forward
      motion on the cartridge, i.e., push to latch, push to unlatch action.
PAR  Also, magnetic means cooperating with a reed switch functions with a
      cartridge insertion and a cartridge release so that when a cartridge is
      not inserted, the reed switch is opened, and when a cartridge is fully
      inserted, and the apparatus is interlocked, the magnet means is positioned
      so that the reed switch is closed, thereby providing enabling information
      to a dictation or transcription system to start the ejection of discs into
      the inserted cartridge. As aforementioned, the indicator means which
      depicts the approximate number of discs in the cartridge also cooperates
      with the aforesaid magnet means positioning it in a position which opens
      the reed switch when the cartridge is full. Accordingly, the reed switch
      opening provides disabling information to an associated dictation or
      transcription system which stops the ejection of discs into the cartridge,
      thereby preventing jamming of the apparatus of the instant invention.
PAR  On the other hand, when the apparatus of the instant invention is utilized
      as an output hopper for receiving ejected discs, the disc storage capacity
      is increased to approximately 50 discs, i.e., doubled. When utilized in
      the aforesaid manner, a selection lever is positioned to the left hand
      position. Thus, the magnet means is moved to a position over the reed
      switch which closes it providing enabling sensing to an associated
      dictation or transcription system, which readies said associated system
      for disc ejection into the apparatus. It should be noted, that the
      indicator means is inoperative when the apparatus of the instant invention
      is utilized in the aforesaid manner.
PAR  To continue, discs ejected into the hopper contact a disc stop, thereby
      propelling the discs toward the front of the apparatus where they rest
      tangent to an inner surface of the aforementioned selection lever. Thus,
      discs ejected are neatly stacked and protrude from the front of the
      apparatus where they can be easily removed by an operator. After
      approximately 50 discs are stacked into the apparatus, the first disc
      thereafter, ejected into the output hopper, will protrude further out of
      the front of the apparatus where it will rest on the top surface of the
      selection lever, thereby giving a visual indication to an operator that
      the apparatus is full. On the other hand, if an operator is not present,
      the apparatus will not jam.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of the
      preferred embodiments of the invention as illustrated in the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the modular disc eject apparatus in the
      cartridge insertion mode.
PAR  FIG. 2 is a plan view with the apparatus of the instant invention in a
      cartridge insertion mode to better depict particular elements of the
      invention.
PAR  FIG. 3 is a rear view of the apparatus illustrating particular elements of
      the invention.
PAR  FIG. 4 is a front view of the indicator surface of the invention depicting
      disc capacity indicia.
PAR  FIG. 5 is an exploded view of particular elements of the invention to
      illustrate in greater detail their arrangement on the main pivot post.
PAR  FIG. 6 is a plan view illustrating the change in position of particular
      elements of the invention with a cartridge fully inserted.
PAR  FIG. 7 is a side sectional view illustrating a disc being counted.
PAR  FIG. 8 is a bottom view of the apparatus illustrating in greater detail
      particular elements of the invention.
PAR  FIGS. 9a through 9c illustrate the push to latch, push to unlatch operation
      of the apparatus according to the invention.
PAR  FIGS. 10a through 10c illustrate in schematic form the electrical interlock
      function of the invention utilizing a magnet-reed switch combination.
PAR  FIG. 11 illustrates the invention being utilized as an output hopper
      depicting the positions of particular elements in this mode relative to
      the cartridge mode depicted in FIG. 6.
PAR  FIG. 12 is a side view of the invention depicting one output hopper full
      condition when the invention is utilized as depicted in FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates modular disc ejection apparatus 10 in the proper mode to
      receive disc cartridge 12. As aforesaid, disc cartridge 12 is an example
      of a cartridge suitable for use in conjunction with the instant invention
      and is disclosed in U.S. Pat. No. 3,860,248, filed Apr. 20, 1973 by Ronald
      E. Hunt et al, entitled "Record Member Apparatus," having the same
      inventive entities and the same assignee as the instant application.
PAR  To continue, selection lever 14 is pivotally connected to selection lever
      pivot post 16 which is an integral part of top support surface 18 of
      modular disc eject apparatus 10. Selection lever grip clip 20 secures
      selection lever 14 to selection lever pivot post 16. Selection lever 14 is
      operator controlled and selects between modes of operation of modular disc
      eject apparatus 10, i.e., with or without a cartridge.
PAR  Selection lever interlock post 22 cooperates with the edge of interlock
      surface 34 to rotate magnet support arm 36. Selection lever detent surface
      24 is biased by selection lever detent spring 26, an integral part of top
      support surface 18, allowing selection lever 14 to be detented in two
      positions, i.e., hopper mode or cartridge mode, as aforementioned. This
      operation is operator controlled by selection lever finger detent 28.
PAR  Still referring to FIG. 1, selection lever 14 has thereon disc detent
      surface 30 to hold discs in the apparatus when a cartridge is not being
      used. Selection lever cartridge guide surface 32 serves as a throat or
      guide area for inserting a cartridge 12 into modular disc eject apparatus
      10. Reed switch activating magnet 38 is mounted on the under surface of
      magnet support arm 36 which operates eject interlock reed switch 40. Reed
      switch 40 is mounted in reed switch holder 44 which is an integral part of
      top support surface 18. Magnet support form adjustment 42 is utilized to
      adjust the position of reed switch activating magnet 38 over eject
      interlock reed switch 40. By referring concurrently to FIG. 1 and FIGS.
      10a through 10b, the form adjustment can be visualized. Inserting a tool,
      such as a screwdriver, between interlock surface 34 and magnet support
      form adjustment 42, thereby, opening up the aforesaid surfaces allows reed
      switch activating magnet 38 to move further over eject interlock reed
      switch 40, i.e., in the direction depicted in FIG. 10. On the other hand,
      a tool such as a pair of pliers is utilized to close the aforementioned
      surfaces, thus, limiting the movement of reed switch activating magnet 38.
      Consequently, the proper form adjustment will result in reed switch
      activating magnet 38 being positioned over eject interlock reed switch 40
      as depicted in FIG. 10b, allowing reed switch closure at the proper
      position. Also, magnet support arm 36 is pivotally connected to main pivot
      post 46 which is an integral part of top support surface 18 of modular
      disc eject apparatus 10.
PAR  To continue, cartridge elect lever 48 is operably connected to magnetic
      support arm 36 by means of magnetic support arm biasing spring 50.
      Magnetic support arm biasing spring 50 is connected to magnetic support
      arm spring hook 52 and cartridge eject lever spring hook 54. Cartridge
      eject lever 48 is also pivotally connected to main pivot post 46. Also,
      cartridge contacting surface 56 is an integral part of cartridge eject
      lever 48.
PAR  Referring now to FIG. 2 and FIG. 6 concurrently, when cartridge 12 is
      inserted, the front edge of the cartridge moves cartridge contacting
      surface 56 forward. Accordingly, cartridge present surface 58, which is an
      integral part of cartridge eject lever 48, also moves, thus, moving magnet
      support arm 36 by means of cartridge present tab 60, thereby closing eject
      interlock reed switch 40. Cartridge present form adjustment 62, better
      viewable in FIG. 5, is utilized in conjunction with cartridge present
      surface 58 to adjust for the proper positioning of reed switch activating
      magnet 38 over eject interlock reed switch 40 when a cartridge is present
      (see FIG. 10). A restraining force on cartridge eject lever 48 is provided
      by cartridge eject lever biasing spring 64 which is attached to spring
      detent surface 66, an integral part of cartridge eject lever 48, and
      housing spring hook 68.
PAR  Still referring to FIGS. 2 and 6 concurrently, disc retaining arm 70 is
      pivotally connected to disc retaining arm pivot post 72 which is an
      integral part of top support surface 18. Disc retaining arm grip clip 74
      secures disc retaining arm 70 to disc retaining arm pivot post 72. Disc
      retaining arm 70 is biased by disc retaining arm biasing spring 76 which
      connects to disc retaining arm spring hook 78 and housing spring hook 80.
      Integral to disc retaining arm 70 is disc retaining arm surface 82.
      Integral to disc retaining arm surface 82 is disc retaining arm rotating
      tab 84 (also refer to FIG. 1). Disc retaining arm form adjustment 86 is
      utilized in conjunction with disc retaining arm surface 82 to position
      disc retaining tab 88 (see FIG. 3 for a better view of the aforementioned
      tab). Disc retaining arm tab 88 serves as a back stop for ejected discs
      when a cartridge is utilized forcing the discs to the rear of the
      cartridge. It also serves as a back stop that projects the discs forward
      up against and tangent to selection lever detent surface 30 when modular
      disc eject apparatus 10 is being utilized as an output hopper (refer to
      FIG. 11). The aforementioned functions will be explained hereinafter in
      the "Statement of the Operation."
PAR  Referring now to FIG. 3, disc counter feeler support 90 is pivotally
      connected by means of pivot holders 96 and 98 to disc counter feeler pivot
      shaft 100. Disc counter feeler pivot shaft 100 is press-fitted into ridges
      of top surface 18 for support. Disc counter feeler 92 is depicted in FIG.
      3 positioned in disc counter feeler recess 94. Disc counter feeler recess
      94 will be explained more fully in the "Statement of the Operation,"
      hereinafter.
PAR  Disc indicator activating arm 102 is an integral part of disc counter
      feeler support 90 and, accordingly, disc indicator activating arm tab 104
      cooperates with indicator rotation arm 106 to rotate indicator support arm
      110, better depicted in FIG. 1 and FIG. 2, for example. Briefly referring
      again to FIG. 2, indicator rotation arm 106 has thereon, indicator
      rotation arm detents 108 for form adjusting the aforesaid arm. Now briefly
      referring to FIG. 5, indicator rotation arm 106 is made adjustable by
      means of indicator rotation arm detent 108 in order to position background
      indicia 114 in the window of the front cover of an associated dictation or
      transcription apparatus (not shown). Still referring to FIG. 5, indicator
      surface 112 is attached to indicator support arm 110 and, accordingly,
      rotates therewith.
PAR  To continue, FIG. 4 illustrates a front view of indicator surface 112.
      Shown thereon, as aforementioned, is background indicia 114, which for
      example can be black in color. Also depicted is first disc indicia 116,
      half-full indicia 118, three-fourths indicia 120, and full indicia 122.
      For example, indicia 116, 118, and 120 can be white in color and indicia
      122 can be orange in color.
PAR  Referring again to FIG. 5 and FIG. 2, concurrently, indicator support arm
      110 is biased by means of indicator support arm biasing spring 124 which
      is attached at one end to indicator support arm spring hook 126 and
      housing spring hook 128. Also, indicator full capacity arm 130 having
      indicator full capacity tab 132 integral thereto, rotates with indicator
      support arm 110 which is pivotally connected to main pivot post 46.
      Indicator full capacity form adjustment 134 is the means utilized to
      position indicator full capacity tab 132 which cooperates with magnet
      support arm 36 to operate on eject interlock reed switch 40 as depicted in
      FIG. 10. Still referring to FIG. 5 and FIG. 2, indicator support arm 110
      is pivotally connected to main pivot post 46 and secured thereon by main
      pivot post grip clip 136.
PAR  Viewing FIG. 6, FIG. 7 and FIG. 11 concurrently, disc stacking spring 138
      is attached to top support surface 18 by stacking spring fasteners 140.
      Additional support is provided for disc stacking spring 138 by stacking
      spring holder lever 142 being recessed under restraining protrusion 144
      which is an integral part of top support surface 18. To continue, disc
      stacking spring 138 further comprises cantilever arm 146 and disc camming
      surface 148. The primary purpose of disc stacking spring 138 is to deflect
      a disc down, in the mode of operation when a cartridge is not used,
      thereby maintaining a bias on the disc stack as discs are continually
      ejected into the apparatus (see FIG. 12).
PAR  Referring to FIG. 8 and FIG. 3, concurrently, latching mechanism cavity 152
      is an integral part of bottom support surface 154. Latching arm pivot post
      156, having latching arm biasing spring 158 thereon, is attached to top
      support surface 18 and latching mechanism cavity 152 (see FIG. 3). Also,
      latching arm biasing spring 158 is connected to bottom support surface
      wall 160 and latching arm 162. The torsion force of latching arm biasing
      spring 158 forces latching arm 162 against latching mechanism cavity wall
      164, thereby providing a horizontal force vector. In addition, latching
      arm biasing spring 158 provides a compression force, i.e., a vertical
      force vector, thereby restraining latching arm 162 against latching arm
      restraining ledge 165. Integral to latching arm 162 is cartridge latching
      pin 166.
PAR  A latching mechanism similar to the aforementioned mechanism is disclosed
      in U.S. Pat. No. 3,854,784, filed Nov. 29, 1972, by Ronald Eugene Hunt et
      al, entitled "Information Media Handling System," having the same
      inventive entities and assignee as the instant application.
PAC  STATEMENT OF THE OPERATION
PAR  The modular disc eject apparatus of the instant invention has two modes of
      operation. It is utilized as an output hopper for receiving discs, or it
      is utilized as a cartridge holder whereby discs are ejected into the
      cartridge and counted. As aforementioned, in the "Background of the
      Invention," a disc suitable for utilization in the instant invention is
      disclosed in U.S. Pat. No. 3,797,035, filed June 23, 1971 by Ronald E.
      Hunt et al, entitled "Recording Media Orientation," and assigned to the
      same assignee as this application. A dictation and transcription system
      that can utilize the instant invention is disclosed in U.S. Pat. No.
      3,789,160, filed Dec. 20, 1971, by James D. Bruer et al, entitled
      "Dictation Apparatus with Disc Loading, Feeding and Ejecting Feature," and
      assigned to the same assignee as this application. In addition, an
      improved feeding and ejecting apparatus that is suitable for use with the
      instant invention is disclosed in application, Ser. No. 559352, filed
      concurrently herewith by James D. Bruer, entitled "Loader Carrier
      Mechanism," and assigned to the same assignee as this application. Other
      pertinent references have been cited hereinbefore in the "Description of
      the Preferred Embodiment."
PAR  1. Cartridge Holder Operation
PAR  Details of the operation according to this aspect of the invention, is
      explained in conjunction with FIGS. 2, 3, 4, 6, 7, 8, 9 and 10.
PAR  FIG. 2 depicts the apparatus of the instant invention readied for insertion
      of a cartridge. Selection lever 14 is positioned to the right as shown.
      Accordingly, magnet support arm 36 and reed switch activating magnet 38,
      attached thereto, is positioned over eject interlock reed switch 40 as
      depicted in FIG. 2, and shown in FIG. 10a. Consequently, an enabling
      sensing that will allow discs to be ejected is not transferred via reed
      switch 40 to associated dictation or transcription systems. Still
      referring to FIG. 2, indicator surface 112 is biased to the left by
      indicator support arm biasing spring 124 as depicted. Also, disc counter
      feeler 92 is positioned in disc counter feeler recess 94, as better
      depicted in FIG. 3.
PAR  FIG. 6 illustrates a cartridge 12 fully inserted and latched into position
      to receive discs. As shown, a disc 150 has been ejected into cartridge 12
      and under disc counter feeler 92. With the insertion of a single disc, as
      shown in FIG. 6 and better viewed in FIG. 7, disc counter feeler 92 has
      pivoted out of disc counter feeler recess 94 (see FIG. 3) thereby
      cooperating with disc indicator activating arm tab 104 and indicator
      rotation arm 106 to rotate indicator surface 112 to the right. It should
      be noted that the insertion of the first disc rotates indicator surface
      112 further to the right than a subsequent disc due to the distance of
      travel of disc counter feeler 92 out of disc counter feeler recess 94 to
      the top surface of a first disc 150. Thus, as depicted in FIG. 4, first
      disc indicia 116 is viewable in a window of a transcription or dictation
      system (not shown.)
PAR  Still referring to FIG. 6, the front edge of cartridge 12 has contacted
      cartridge contacting surface 56. Accordingly, cartridge present tab 60
      rotates against the edge of magnet support arm 36 positioning reed switch
      activating magnet 38 into a position over eject interlock reed switch 40
      as depicted in FIG. 10b. Thus, an enabling sensing is available to an
      associated dictation or transcription system allowing disc ejection into
      cartridge 12 as depicted in FIG. 6.
PAR  Still referring to FIG. 6, as aforementioned, cartridge eject lever 48 is
      rotated when a cartridge is inserted, thereby cooperating with disc
      retaining arm 70 via disc retaining arm rotating tab 84 moving disc
      retaining tab 88 (better viewed in FIG. 3) to the position depicted in
      FIG. 6. Consequently, disc retaining tab 88, in the position depicted,
      serves as a back stop for inserted discs.
PAR  To continue, the first disc insertion causes a large rotation of indicator
      surface 112 causing background indicia 114 to rotate out of a window (not
      shown), thus, causing first disc indicia 116 to appear in the window.
      Insertion of a subsequent disc into the apparatus will cause a relatively
      smaller motion then caused by the first disc. All subsequent discs will
      cause a linear motion and rotation of indicator support arm 110, and,
      accordingly, indicator surface 112.
PAR  Referring to FIG. 6 and FIG. 4 concurrently, indicator support arm 110
      continues to rotate counterclockwise by the insertion of subsequent discs
      into cartridge 12. This process continues until full indicia 122 appears
      in the window of an associated dictation or transcription system. As
      indicator support arm 110 continues to rotate counterclockwise, indicator
      support arm biasing spring 124 is extended, and as full capacity is
      approached, indicator full capacity tab 132 cooperates with magnetic
      support arm 36 to position reed switch activating magnet 38 as shown in
      FIG. 10b. Thus, disabling sensing is provided to an associated dictation
      or transcription system, thereby, discontinuing the ejection of discs into
      the cartridge. When cartridge 12 is pushed to unlatch and removed from
      modular disc eject apparatus 10, the biasing springs, depicted in FIG. 6
      operate to restore the various elements of the invention into the position
      depicted in FIG. 2.
PAR  The push to latch, push to unlatch feature of the apparatus is explained in
      conjunction with FIGS. 9a through 9c. Referring first to FIG. 9a, as
      cartridge 12 is inserted, cartridge front ramp surface 168 contacts
      cartridge latching pin 166 and rotates latching arm 162 clockwise.
      Accordingly, cartridge latching pin 166 follows along cartridge front ramp
      surface 168 until it approaches cartridge slot 170.
PAR  Referring now to FIG. 9b, cartridge latching pin 166 is shown in cartridge
      slot 170 due to a continual forward motion on cartridge 12. Thus,
      cartridge latching pin 166 rotates against cartridge surface 172.
      Cartridge latching pin 166 is still being biased counterclockwise by
      latching arm biasing spring 158 depicted in FIG. 9a. Accordingly, a
      continuous forward motion will force cartridge latching pin 166 against
      cartridge wall 174 latching the cartridge into the apparatus.
PAR  Referring to FIG. 9c, cartridge 12 is unlatched by a forward motion, which
      forces cartridge latching pin 166 against wall 176. Since cartridge
      latching arm 162 is still being biased counterclockwise by latching
      biasing spring 158, previously described, cartridge latching pin 166 moves
      along wall 176 and up ramp 178, the releasing force being provided by
      cartridge eject lever 48 via the restraining force of cartridge eject
      lever biasing spring 64, previously described, and shown in FIG. 6.
PAR  2. Output Hopper Operation
PAR  Details of the operation according to this aspect of the invention, is
      explained in conjunction with FIGS. 11, 10, 3 and 12.
PAR  Referring to FIG. 11, initially, selection lever 14 is rotated clockwise or
      to the left as shown. When selection lever 14 is in the aforementioned
      position, selection lever interlock post 22 cooperates with the edge of
      interlock surface 34 rotating magnet support arm 36, and consequently,
      reed switch activating magnet 38 into the position shown in FIG. 10b.
      Accordingly, an enabling sensing is provided to an associated dictation or
      transcription system allowing discs to be ejected into apparatus as shown.
      As the first disc is ejected into the apparatus, it contacts disc camming
      surface 148 of disc stacking spring 138. Accordingly, the disc is
      projected downward where it contacts disc retaining tab 88, better
      viewable in FIG. 3. This operation prevents the disc from going under disc
      counter feeler 92, also better viewable in FIG. 3. Consequently, the disc
      is forced toward the front of the apparatus until it becomes tangent to
      selection lever disc detent surface 30 where it comes to rest.
PAR  As subsequent discs are ejected into the apparatus, the stacking process,
      as aforementioned, is continued. Referring now to FIG. 12, the hopper is
      full as depicted. When approximately 50 discs are stacked in the
      apparatus, the 51st disc is projected out over the top of disc detent
      surface 30, as depicted in FIG. 12. A subsequent disc ejected into the
      hopper will force the aforementioned disc out of the apparatus, thus,
      preventing jamming.
PAR  While the invention has been particularly described with reference to the
      preferred embodiments thereof, it will be understood by those skilled in
      the art, that various changes in form and detail may be made therein
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for holding a cartridge for receiving ejected discs therein
      for use in an associated transcription or dictation system comprising in
      combination:
PA1  a modular structure comprising a top support surface, and a bottom support
      surface having at least one wall integral thereto attached to said top
      support surface, thereby forming a front entry throat for said cartridge,
      and a side entry throat allowing said ejected discs to be received in said
      cartridge;
PA1  cartridge eject lever means pivotally connected to a main pivot post
      integral to said top support surface, a front surface of said cartridge
      cooperating with said cartridge eject lever means after entry into said
      modular structure, causing rotation thereof;
PA1  magnet support means pivotally connected to said main pivot post, said
      cartridge eject lever means cooperating with said magnetic support arm
      causing rotation thereof;
PA1  an eject interlock reed switch secured to said top support surface of said
      modular structure, said reed switch disposed so as to be closed by said
      rotation of said magnetic support means when said cartridge is latched
      into said modular structure, whereby an enabling sensing is provided to
      said associated transcription or dictation system;
PA1  disc counter means pivotally connected to said top support surface, said
      disc counter means being rotated by said ejected discs entering said
      cartridge; disc capacity indicator means pivotally connected to said main
      pivot post and operably connected to said disc counter means being rotated
      thereby, for providing a visual indication of the number of discs in said
      cartridge, and for cooperating with said magnetic support means causing
      rotation thereof, whereby said reed switch is opened when full disc
      capacity of said cartridge is obtained, thereby providing a disabling
      sensing to said associated transcription or dictation system inhibiting
      the ejection of said discs into said cartridge thereby preventing jamming
      of said apparatus; and
PA1  push to latch, push to unlatch means pivotally connected to said bottom
      support surface, said push to latch, push to unlatch means cooperating
      with a front bottom surface of said cartridge during entry thereof thereby
      latching said cartridge into position to receive said ejected discs, said
      push to latch, push to unlatch means and said cartridge eject lever
      cooperating with said cartridge during a subsequent push motion thereby
      unlatching and ejecting said cartridge.
NUM  2.
PAR  2. An output hopper for receiving ejected discs therein for use in an
      associated transcription or dictation system comprising in combination:
PA1  a modular structure comprising a top support surface, and a bottom support
      surface having at least one wall integral thereto attached to said top
      support surface, thereby forming a front exit throat for said ejected
      discs, and a side entry throat allowing said ejected discs to be received
      therein;
PA1  magnet support means pivotally connected to a main pivot post integral to
      said top support surface;
PA1  selection means pivotally connected to said top support surface for
      rotating said magnet support means;
PA1  a reed switch secured to said top support surface, disposed so as to be
      closed by said rotation of said magnet support means, whereby an enabling
      sensing is provided to said associated transcription or dictation system;
PA1  disc spring camming means secured to said top support surface and disposed
      through an opening on said top support surface so as to project said
      ejected discs toward said bottom support surface; and
PA1  disc retaining means secured to said top support surface disposed so as to
      project said ejected disc toward said exit throat where said discs rest
      against a disc detent surface of said selection means; whereby ejected
      discs are stacked by said disc spring camming means against said disc
      detent surface of said selection means until said output hopper reaches
      full capacity at which time a subsequent ejected disc is projected over
      the top of said disc detent surface thereby preventing jamming of said
      output hopper.
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ABST
PAL  A lid is hinged to the base of a disc record player for movement between a
      closed position and an open position. A lid latch member is mounted in the
      base for (1) securely holding the lid in the closed position, and (2)
      releasing the lid in response to manipulation of a lid release lever. A
      cam is mounted in the base for movement between (one) a first condition
      decoupling, and (two) a second condition intercoupling, the release lever
      and the latch member. A linkage is provided between the cam and a signal
      pickup housing of the player for moving the cam (a) into the first
      condition when the housing is in a playback mode whereat manipulation of
      the release lever is ineffective to release the lid, and (b) into the
      second condition when the housing is in a standby mode whereat the latch
      member responsive to manipulation of the lever releases the lid, if the
      lid were closed.
BSUM
PAR  The present invention relates to disc record player systems, and more
      particularly relates to a lid interlock apparatus for preventing opening
      of the player lid during playback.
PAC  BACKGROUND OF THE INVENTION
PAR  In certain video disc systems, video information is recorded by means of
      geometric variations in the bottom of a smooth spiral groove on the
      surface of a disc record. The disc record surface includes a coating of
      conductive material which is preferably covered with a thin deposit of
      dielectric material. A signal pickup, supported at one end of a pickup
      arm, engages the spiral groove and includes a conductive electrode which
      establishes a capacitance with the conductive coating and the dielectric
      deposit of the disc record. When the disc record is rotated, the
      electrodedisc capacitance varies in response to the geometric variations
      in the bottom of the spiral groove passing beneath the signal pickup. The
      capacitance variations are converted to electrical signal variations by a
      suitable signal processing circuitry coupled to the pickup electrode. The
      output signal of the signal processing circuitry may be coupled to a
      conventional television receiver for reproduction. The pickup arm is
      mounted within a signal pickup housing of the playback system. A system of
      the aforementioned type is described in detail in U.S. Pat. No. 3,842,194,
      issued on Oct. 15, 1974 to Jon K. Clemens.
PAR  Video disc systems of the aforementioned type generally utilize disc
      records having groove densities in the order of four to eight thousand
      groove convolutions per inch. A typical video disc record of this type may
      have a groove convolution spacing in the order of 3.5 microns. The fragile
      walls of relatively narrow grooves of the disc record cannot be dependably
      relied upon to pull the pickup arm assembly, around the pickup arm pivot
      support, across the entire recorded surface of the disc record. Also, in
      video disc systems utilizing the variable capacitor concept, it is
      desirable for accurate reproduction of the prerecorded signals that the
      signal pickup electrode maintain a substantially constant attitude in the
      spiral groove. Therefore, a radial feed drive mechanism is provided for
      traversing the signal pickup housing in proper time relationship with the
      radial motion of the signal pickup tip engaged in the spiral groove so as
      to continuously maintain the longitudinal axis of the pickup arm
      substantially tangential to the spiral groove at the point of engagement
      when the player is in a playback mode. Reference may be made to the
      copending U.S. application of F. R. Stave, Ser. No. 351,600, filed Apr.
      16, 1973,  now U.S. Pat. No. 3,870,835 and entitled VIDEO DISC PLAYBACK
      APPARATUS for an illustration of a suitable radial feed drive mechanism
      for providing the indicated radial motion.
PAR  Further, in the aforesaid video disc systems, adequate bandwidth for
      monochrome and color display is obtained by rotating the disc at a speed
      substantially higher (e.g., 450 rpm) than the conventional audio playback
      speeds (e.g., 331/3  rpm).
PAR  Additionally, in the above-mentioned video disc systems, groove engaging
      and low mass requirements of a signal pickup assembly result in a pickup
      arm unit which is extremely fragile (e.g., signal pickup width 2 microns,
      signal pickup depth 5 microns, signal pickup electrode width 2 microns,
      and signal pickup electrode depth 0.2 microns).
PAR  In the playback systems of the aforementioned type the following
      considerations may be encountered. First, it is desirable to prevent
      opening of the lid when the signal pickup housing is in the playback mode
      in order to protect the fragile signal pickup assembly of the player.
PAR  Second, it is advantageous to brake the turntable when the lid is opened
      while the turntable is rotating at relatively high speed (e.g., 450 rpm)
      in order to reduce safety hazard to the player user.
PAR  Third, it may be preferably to preclude opening of the lid until the signal
      pickup housing has cleared the disc record so that the record just played
      may be removed for changing side, or placing a new disc record on the
      turntable without hindrance.
PAC  SUMMARY OF THE INVENTION
PAR  Pursuant to an illustrative embodiment of the present invention, a lid is
      pivoted to the base of a disc record player for movement between a closed
      position and an open position. A lid latch member is mounted on the base
      for (1) securely holding the lid in the closed position, and (2) releasing
      the lid in response to manipulation of a lid release lever. Means
      conditionable between (one) a first condition decoupling, and (two) a
      second condition intercoupling, the release lever and the latch member is
      provided. Means interconnecting the conditionable means and a signal
      pickup housing of the player is effective for conditioning the
      conditionable means (a) into the first condition when the housing is in a
      playback mode whereat manipulation of the release lever is ineffective to
      release the lid, and (b) into the second condition when the housing is in
      a standby mode whereat the latch member responsive to manipulation of the
      lever releases the lid, if the lid were closed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Objects, features, and advantages of the present invention will be more
      fully understood from the following detailed description of the preferred
      embodiment, the appended claims, and the accompanying drawings in which:
PAR  FIG. 1 is a plan view of a video disc player incorporating an illustrative
      embodiment of a lid interlock apparatus according to the present
      invention, the lid of the player is shown in an open position for clarity;
PAR  FIG. 2 is a side view of the video disc player of FIG. 1;
PAR  FIG. 3 is a partially cut-away, perspective view of the lid interlock
      apparatus suitable for use with the player of FIGS. 1 and 2;
PAR  FIG. 4 is a front view of a portion of the lid interlock apparatus of FIG.
      3;
PAR  FIG. 5 is a partially cut-away, sectioned side view of the lid interlock
      apparatus along the line X--X in FIG. 4;
PAR  FIG. 6 diagrammatically illustrates a turntable brake mechanism suitable
      for use with the lid interlock apparatus of FIGS. 3, 4, and 5; and
PAR  FIG. 7 is a partially cut-away, perspective view of a modified lid
      interlock apparatus according to another embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, wherein like reference numerals designate
      similar elements in the various views, in FIGS. 1 and 2 a video disc
      player is shown having a base 10. A lid 11 is pivoted to the base 10 for
      movement between a closed position and an open position. The player is
      suitable for use in a video disc system such as disclosed in the
      aforementioned Clemens patent. A turntable 12 is rotatably mounted on the
      base 10. The upper surface of the turntable 12 is adapted to support a
      video disc record 13. Video information is recorded by means of
      geometrical variations in the bottom of a smooth spiral groove 14 on the
      substrate of the disc record 13. The disc record 13 surface includes a
      conductive coating which is preferably covered with a thin deposit of
      dielectric material. A signal pickup 15, supported at one end of a
      conductive pickup arm 16, engages the spiral groove 14 and includes a
      conductive electrode (not shown) which, together with the conductive
      coating and the dielectric deposit, form a capacitor. When relative motion
      is established between the signal pickup 15 and the disc record 13, an
      edge of the electrode included in the signal pickup, while riding in the
      spiral groove 14, serves as an electrode of a capacitor varying due to the
      geometric variations in the bottom of a smooth spiral groove passing
      beneath. The other end of the pickup arm 16 is flexibly supported by a
      pickup arm support carried by a signal pickup housing 17.
PAR  As indicated before, a radial feed drive mechanism 18 traverses the pickup
      arm support mounted in signal pickup housing 17 in proper time
      relationship with the radial motion of the signal pickup 15 tip engaged in
      the spiral groove 14 so as to continuously maintain the longitudinal axis
      of the pickup arm substantially tangential to the spiral groove at the
      point of engagement. A slot 28 is provided in the base 10 for
      accommodating the radial motion of the housing 17. Reference may be made
      to the aforementioned copending Stave application (Ser. No. 351,600) for
      an illustration of a suitable feed drive mechanism for providing the
      indicated radial motion.
PAR  During playback, the pickup arm 16 passes through an opening 19 in the
      bottom wall of the housing to allow the signal pickup 15 to ride in the
      spiral groove 14. A pivotally mounted bracket 20 lifts the free end of the
      pickup arm 16 to disengage the signal pickup 15 from the spiral groove 14
      when the player is inoperative.
PAR  A plurality of push buttons 21, 22, 23, 24, 25, and 26 are provided along
      the front panel 27 for, respectively, effecting the following functions:
      start, pause, reject, fast forward, reverse, and lid release.
PAR  A lip 29 is fastened to the lid 11 for entry into an opening 30 provided in
      the base 10 in order to engage a latch member of a lid interlock apparatus
      31 to be described subsequently. A plunger 65 of a turntable brake
      mechanism 32 is reciprocably mounted in the base 10 for cooperation with
      the lid 11 in the manner also to be described subsequently.
PAR  Reference will now be made to FIGS. 3, 4, and 5. FIG. 3 is a partially
      cut-away, perspective view of the lid interlock apparatus 31. FIGS. 4 and
      5 are, respectively, the front view and a partially sectioned side view of
      a portion of the lid interlock apparatus of FIG. 3.
PAR  A latch member comprises a plate 33 pivotally mounted on the base 10 for
      movement between (1) a protruding position, and (2) a retracted position.
      A first tab 34 is secured to the plate 33 for (a) engagement with an
      aperture 35 provided in the lip 29 of the lid 11 when the plate 33 is in
      the protruding position, and (b) releasing the lip when the plate is in
      retracted position, if the lid is closed. A wire spring 36 is inserted
      into an opening 37 provided in a tab 38 fastened to the plate 33 in a
      manner that biases the plate in the protruding position. The first tab 34
      has a slanting top surface in order to facilitate gradual shifting of the
      plate 33 to the retracted position by the lip 29 as the lip is inserted
      into the opening 30 provided in the base 10. The wire spring 36 pushes the
      first tab 34 into the aperture 35 disposed in the lip 29 thereby securely
      holding the lid 11 to the base 10. A second tab 39 is secured to the plate
      33 for engagement with one end of a slide member 40 reciprocably mounted
      to a bracket 41 attached to the base 10. Elongated slots 42 and 43 are
      provided in the slide 40 for cooperation with pins 44 and 45 fastened to
      the bracket 41 thereby permitting reciprocating movement of the slide with
      respect to the bracket. The second tab 39 has a slanting bottom surface in
      order to facilitate gradual movement of the plate 33 against the spring 36
      to the retracted position by the one end of the slide 40 as the slide is
      pushed upward.
PAR  The slide 40 has a neck portion 46 at the second end forming a shoulder
      portion 47 at the second end of the slide. A lid release lever 48,
      carrying the push button 26, is pivotally mounted on a frame 49 attached
      to the base 10. An open-ended slot 50 is provided at one end of the lid
      release lever 48 for freely receiving the neck portion 46 of the slide 40.
      When the push button 26 is depressed, the lid release lever 48 engages the
      shoulder portion 47 of the slide pushing the slide upward. The upward
      motion of the slide causes the plate 33 to retract thereby releasing the
      lid 11, if the lid were closed. Means are provided for biasing the lid 11
      in the open position and the push button 26 in an elevated position.
PAR  A cam 51 is pivotally mounted on the bracket 41 by a pin 52 attached to the
      bracket on the side opposite of the slide 40. A retainer 53 positions the
      cam 51 on the pin 52. The cam 51 is movable between (1) a first condition
      decoupling, and (2) a second condition intercoupling, the release lever 48
      and the latch member plate 33. Orientation of the cam 51 in the first
      condition renders the lid release lever 48 immovable because a tounge
      portion 75 of the cam blocks the manipulation of the lever. Orientation of
      the cam 51 in the second condition (as illustrated in FIGS. 3, 4, and 5)
      frees the manipulation of the lever 48.
PAR  Means 54 are provided for interconnecting the cam 51 and the housing 17.
      The radial feed drive 18 drives the housing 17 between a standby mode and
      the playback mode. The interconnecting means 54 is effective for moving
      the cam 51 (a) into the first condition when the housing 17 is in the
      playback mode whereat manipulation of the release lever 48 is ineffective
      to release the lid 11, and (b) into the second condition when the housing
      is in the standby mode whereat the latch member responsive to manipulation
      of the lever releases the lid, if the lid were closed.
PAR  Illustratively, the interconnecting means 54 comprises a first hub 55
      pivotally mounted in the base 10. A pin 56 is secured to the hub 55 for
      engagement with a downwardly depending tab 57 coupled to the housing 17.
      When the housing 17 moves from the playback mode to the standby mode, the
      tab 57 engages the pin 56 and rotates the hub 55 in clockwise direction
      when viewed from the top. A second hub 58 is mounted in the base for
      rotation with the first hub 55. A pin 59 is secured to the second hub 58.
      A cord 60 interconnects the cam 51 and the pin 59 attached to the hub 58.
      A pulley 61 is mounted on a bracket attached to the frame 49 of the base
      10. The pulley 61 guides the cord 60 such that clockwise rotation of the
      hubs (55 and 58), as the housing 17 moves from the playback mode to the
      standby mode, causes the cam 51 to move to the second condition, thereby
      freeing the lid release lever 48 to operate the latch member for releasing
      the lid 11.
PAR  A wire spring 62 is provided for biasing the cam in the first condition,
      whereby when the housing 17 is in the playback mode manipulation of the
      lid release lever 48 is ineffective to release the lid 11.
PAR  A safety spring 63 may be inserted in the cord 60 to prevent damage in the
      event of mechanical failure, such as jamming.
PAR  An opening 64 is provided in the base 10, as shown in FIG. 5, for the
      purpose of releasing the lid 11 by pushing the slide 40 upward,
      irrespective of the position of the cam 51.
PAR  The turntable brake mechanism 32 will now be explained by reference to FIG.
      6. A plunger 65 is reciprocably mounted in the base 10 for movement
      between (1) a first position when the lid 11 is released open, and (2) a
      second position when the lid is closed, in response to the lid movement. A
      spring 66 is inserted between a retainer 70, attached to the plunger 65,
      and the base 10 for biasing the plunger in the first position. A friction
      pad 67 is secured to the other end of a bracket 68 attached to the plunger
      65 for engagement with the underside of the turntable 12 when the plunger
      is in the first position effecting braking of the turntable when the lid
      11 is opened while the turntable is rotating. A slot 69 is cut into the
      base 10 for permitting reciprocal motion of the bracket 68.
PAR  The movement of the plunger 65, when the lid 11 is opened, may be
      advantageously utilized to cut off power to the turntable drive motor (not
      shown), thereby further reducing the safety hazard.
PAR  Thus, the lid interlock apparatus (1) prevents opening of the lid during
      playback, and (2) brakes the turntable when the lid is opened while the
      turntable is rotating at a relatively high speed.
PAR  FIG. 7 is a partially cut-away, perspective view of a modified interlock
      apparatus according to another embodiment of the present invention. In the
      FIG. 7 embodiment the cam 51 is mounted on the reciprocating slide 40
      instead of on the fixed bracket 41. The cam 51 is positionable between (1)
      a first condition intercoupling, and (2) a second condition decoupling (as
      illustrated in FIG. 7), the release lever 48 and the slide 40. When the
      cam 51 is in the second condition, the latch member structure does not
      obstruct movement of the lever 48 as the shoulder portions 47 of the slide
      40 do not engage the lever throughout the range of movement of the lever
      (in contradistinction to arrangement of FIGS. 3, 4, and 5). The reason for
      the FIG. 7 arrangement is that it protects the lid interlock apparatus
      from damage in the event of accidental pushing of the lever 48 when the
      housing 17 is in the playback mode as the lever is now free to move.
      Interconnecting means is effective for moving the cam 51 (a) into the
      first condition when the housing 17 is in the standby mode whereat the
      latch member plate 33 responsive to the movement of the slide member 40
      caused by manipulation of the lever 48, via the cam, releases the lid 11,
      and (b) into the second condition when the housing is in the playback mode
      whereat manipulation of the release lever is ineffective to release the
      lid, if the lid were closed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a playback system for recovering prerecorded signals by a signal
      pickup from a disc record rotatably mounted on a turntable, the playback
      system including a lid pivoted on a base for movement between a closed
      position and an open position, and a signal pickup housing reciprocably
      mounted on the base for travel between a standby mode and a playback mode,
      a lid interlock apparatus comprising:
PA1  a lid release lever movably mounted on the base;
PA1  lid latch means selectively responsive to manipulation of the release lever
      for releasably securing the lid;
PA1  means conditionable between (1) a first condition decoupling, and (2) a
      second condition intercoupling, the release lever and the latch member;
      and
PA1  means interconnecting the conditionable means and the signal pickup
      housing, wherein the interconnecting means is effective for conditioning
      the conditionable means (a) into the first condition when the housing is
      in the playback mode whereat manipulation of the release lever is
      ineffective to release the lid, and (b) into the second condition when the
      housing is in the standby mode whereat the latch member responsive to
      manipulation of the lever releases the lid, if the lid were in the closed
      position.
NUM  2.
PAR  2. A system as defined in claim 1 wherein conditionable means comprises a
      cam movably mounted on the base, and wherein the lid latch means
      comprises:
PA1  a plate pivotally mounted on the base for movement between (1) a protruding
      position, and (2) a retracted position; a first tab secured to the plate
      for (a) engagement with a lip provided in the lid when the plate is in the
      protruding position, and (b) releasing the lip when the plate is in the
      retracted position, if the lid were closed; a second tab secured to the
      plate for engagement with one end of a slide member reciprocably mounted
      on the base, the second end of the slide member being subject to
      engagement with the release lever, and means for biasing the plate in the
      protruding position.
NUM  3.
PAR  3. A system as defined in claim 2 wherein the cam (1) blocks the
      manipulation of the lid release lever when it is in the first condition,
      and (2) frees the manipulation of the lever when it is in the second
      condition.
NUM  4.
PAR  4. A system as defined in claim 3 further including means for biasing the
      cam in the first condition, whereby when the housing is in the playback
      mode manipulation of the lever is ineffective to release the lid.
NUM  5.
PAR  5. A system as defined in claim 2 wherein the interconnecting means
      comprises:
PA1  a hub pivotally mounted in the base;
PA1  a pin secured to the hub and subject to engagement with the housing as the
      housing travels from the playback mode to the standby mode thereby
      rotating the hub;
PA1  a cord interconnecting the cam and the hub; and
PA1  guide means mounted on the base for guiding the cord such that rotation of
      the hub causes the cam to move to the second condition.
NUM  6.
PAR  6. A system as defined in claim 1 further including a turntable brake
      mechanism comprising:
PA1  a plunger reciprocably mounted in the base for movement between (1) a first
      position when the lid is released open, and (2) a second position when the
      lid is closed, in response to the lid movement;
PA1  means for biasing the plunger in the first position; and
PA1  a friction pad secured to one end of the plunger for engagement with the
      turntable when the plunger is in the first position thereby effecting
      braking of the turntable when the lid is opened while the turntable is
      rotating.
NUM  7.
PAR  7. In a playback system for recovering prerecorded signals by a signal
      pickup from a disc record rotatably mounted on a turntable, the playback
      system including a lid pivoted on a base for movement between a closed
      position and a released position, and a signal pickup housing reciprocably
      mounted on the base for travel between a standby mode and a playback mode,
      a lid interlock apparatus comprising:
PA1  a lid release lever movably mounted on the base;
PA1  a lid latch member for selectively releasing the lid in response to
      manipulation of the release lever, the latch member comprising: a plate
      pivotally mounted on the base for movement between (1) a protruding
      position, and (2) a retracted position; a first tab secured to the plate
      for (a) engagement with the lip provided in the lid when the plate is in
      the protruding position, and (b) releasing the lip when the plate is in
      the retracted position, if the lid were closed; a second tab secured to
      the plate for engagement with one end of a slide member reciprocably
      mounted on the base, and means for biasing the plate in the protruding
      position;
PA1  a cam mounted on the slide member for movement between (a) a first
      condition intercoupling, and (b) a second condition decoupling, the
      release lever and the slide; and wherein when the cam is in the second
      condition the latch member structure does not obstruct movement of the
      release lever; and
PA1  means interconnecting the cam and the signal pickup housing, wherein the
      interconnecting means is effective for moving the cam (one) into the first
      condition when the housing is in the standby mode whereat the latch member
      plate responsive to the movement of the slide member caused by
      manipulation of the lever releases the lid, and (two) into the second
      condition when the housing is in the playback mode whereat manipulation of
      the release lever is ineffective to release the lid, if the lid were
      closed.
NUM  8.
PAR  8. A system as defined in claim 7 wherein the interconnecting means
      comprises:
PA1  a hub pivotally mounted in the base;
PA1  a pin secured to the hub and subject to engagement with the housing as the
      housing travels from the playback mode to the standby mode thereby
      rotating the hub;
PA1  a cord interconnecting the cam and the hub; and
PA1  guide means mounted on the base for guiding the cord such that rotation of
      the hub causes the cam to move to the first condition.
NUM  9.
PAR  9. A system as defined in claim 8 further including a turntable brake
      mechanism comprising:
PA1  a plunger reciprocably mounted in the base for movement between (1) a first
      position when the lid is released open, and (2) a second position when the
      lid is closed, in response to the lid movement;
PA1  means for biasing the plunger in the first position; and
PA1  a friction pad secured to one end of the plunger for engagement with the
      turntable when the plunger is in the first position thereby effecting
      braking of the turntable when the lid is opened while the turntable is
      rotating.
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ABST
PAL  There is disclosed a tonearm linear-drive apparatus wherein the pivotal
      point of the tonearm is moved in the linear direction which is parallel
      with the pickup stylus linearly moving direction across the record disc
      being played, by using at least a portion of gravity force. A sliding
      mechanism having the tonearm supported at the pivot point is provided
      adapted to slide along a linear track by the portion of gravity force in
      the same direction as that of the linear movement of the pivotal point of
      the tonearm. A braking mechanism is provided responsive to the above
      stylus movement and the above pivotal point movement for starting and
      stopping the above sliding mechanism movement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tonearm linear-drive apparatus, and, more
      particularly to such apparatus wherein a linear-drive force for the
      tonearm is derived from at least a portion of gravity.
PAR  In a pivoted arm system in which the tonearm is rotated about its pivotal
      point which is stationary in position with respect to the rotating axis of
      the disc, it is known that, since the disc has a sound groove thereon
      which has been formed upon cutting of the master record disc by driving
      the cutter head linearly across the master record disc, various
      disadvantages including generation of tracing distortions, for example,
      appear when such record disc is re-produced.
PAR  In order to overcome above disadvantages, a tonearm linear-drive system was
      developed wherein the pivotal point of the tonearm was moved in response
      to the movement of the stylus tip due to pulling force by the groove of
      the rotating disc so as to permit the stylus tip to move linearly across
      the disc. In this prior system, the pivotal point of the tonearm was
      designed to linearly move step by step with small increment of the stylus
      tip movement toward the center of the disc, because the speed of such
      stylus tip movement is not constant in time. This linear movement of the
      pivotal point of the tonearm was carried out by using an electric motor.
PAR  Therefore, one object of this invention is to provide means for permitting
      the pivotal point of the tonearm to linearly move in the same manner as in
      the prior art system, without using an electric motor or any other driving
      source.
PAR  The other object of this invention is to provide means for causing step by
      step linear movement of the pivotal point of the tonearm in very simple
      manner.
PAC  SUMMARY OF THE INVENTION
PAR  In order to achieve the above and the other objects, this invention is
      embodied as a tonearm linear-drive apparatus comprising a sliding
      mechanism adapted to linearly move along a linear track by at least a
      portion of gravity force, said sliding mechanism having the tonearm
      pivotally mounted thereto, and a braking mechanism having a braking member
      also pivotally mounted to the sliding mechanism, said braking member
      receiving the stylus tip movement substantially toward the center of the
      disc with respect to the pivotal point of the arm and the tonearm pivotal
      point linear movement with respect to the stylus tip point through space
      transmission means, to start and stop the sliding mechanism movement step
      by step.
PAR  Therefore, in accordance with this invention, since no special driving
      device such as an electric motor for drive the pivotal point of the arm
      linearly is not used in this invention, the cost of the apparatus will be
      reduced and the construction also be simple. Further, the control
      mechanism for the tonearm linear-drive means can be constructed in a very
      simple manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  This invention will be explained in detail hereinafter by using a single
      drawing showing diagrammatically the tonearm linear-drive mechanism as one
      embodiment of this invention in connection with a record player in which
      the disc is rotated in substantially a vertical mode.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIGURE showing the tonearm linear-drive apparatus according to
      the invention which comprises in general a sliding mechanism 1 slidably
      supported between a pair of parallel rails 20 and 21. The sliding
      mechanism 1 has two rollers 10 and 12 which are tandem connected by a
      connecting member 14 in the form of a plate. At a middle point of the
      plate 14, a tonearm 3 is pivotally mounted through a suitable conventional
      universal joint member 30 which may be of a gyro balance type. Such middle
      point of the plate acts as a pivotal point 30' for the tonearm 3. Thus,
      the stylus S adapted to be attached to one end of the tonearm 3 can move
      freely therewith about the pivotal point 30' along the surface of the
      disc. The other end of the arm 3 has a suitable weight member 32 which
      acts to provide a proper pressure of the stylus tip against the disc.
PAR  In the embodiment as shown, the disc is supported for rotation about an
      axis tilted at a small angle with respect to the perpendicular plane, and
      the tonearm 3 is mounted to the sliding mechanism 1 through the joint
      member 30 so that the tonearm extends substantially in parallel with the
      disc surface so supported. Thus the parallel rails 20 and 21 are inclined
      at a small angle with respect to the horizontal plane so that the sliding
      mechanism 1 can slide therebetween in the direction as indicated by an
      arrow 16, by gravity.
PAR  Attached to the joint member 30 of the arm 3 and extending orthogonally
      therefrom is a rod 34 having at its free end a magnet m fixed thereto. A
      braking member 40 is pivotally mounted on the plate 14, and can rotate
      about a pivotal point P. The braking member 4 has two legs 41 and 42 each
      having its free end a magnet M fixed thereto. The magnet m of the rod 34
      of the arm 3 is interposed between the magnets M of the braking member 40.
      The magnet m has its polarity such that it can be expelled by both magnets
      M, the magnet m is always positioned at the middle point between the
      magnets M. The leg 42 of the braking member 40 has an extension 44 having
      at its free end a braking pad 46 attached thereto, which adapted to engage
      the rail 20 when the braking member 40 is rotated clockwise. A space
      transmission means comprising the magnet m and the magnet pair M thus
      positioned acts as a buffer or cushion between the rod 34 and the braking
      member 40. Therefore, by providing such space transmission means, it is
      possible that harmful effects as produced by interaction between the
      stylus tip and the side walls of the groove in the disc are prevented.
PAR  Now, assuming that the pivotal point 30' of the arm 3 is stationary in
      position, the stylus tip S moves with the arm by the pulling force of the
      groove of the rotating disc, in the direction as shown by an arrow 36
      along the circumference defined by a circle having its radius
      corresponding to the distance between the positions of the stylus and the
      pivotal point. In the linear-drive arm system, when the stylus tip moves
      by a predetermined small distance due to the pivotal movement of the arm,
      the pivotal point of the arm also moves in the same direction in response
      thereto by a predetermined small distance substantially in the direction
      of that of the stylus tip movement which has just made. This is an
      operation of a general linear-drive arm system.
PAR  In accordance with this invention, such movement of the pivotal point of
      the tonearm is effected by using at least a portion of gravity. Assuming
      that the stylus tip 3 is engaging the groove of the rotating disc and the
      braking mechanism 4 is operating with the braking pad 46 contacting the
      rail surface, to stop the movement of the sliding mechanism 1. In this
      condition, when the stylus S advances by a predetermined incremental
      distance substantially across the disc by pulling or guiding force of the
      groove so as thereby to rotate the arm 3 clockwise, the rod 34 is rotated
      clockwise an incremental amount. Since the magnet m on the rod 34 remains
      at the middle point between the pair of magnets M of the braking member
      40, the braking member 40 is rotated counterclockwise an incremental
      amount by the magnetic transmission force involved to cause disengagement
      of the braking pad 46 with the rail surface. The sliding mechanism 1 then
      moves a short distance in the direction of the arrow 16 by force of
      gravity which causes an incremental counterclockwise rotation of the
      tonearm 33 and a corresponding clockwise rotation of braking member 40 to
      cause engagement of the braking pad with the rail surface and the
      terminates of movement by gravity of the sliding mechanism 1. Therefore,
      the stylus S is moved substantially along a dotted line 38 which is
      parallel with the sliding track of the rails 20 and 21 and to the radius
      of the record disc.
PAR  Upon completion of playing, in order to return the arm 3 to an initial play
      position of the disc or to its locking position at the outside of the
      disc, the arm 3 is lifted up from the disc, and, by disengaging the
      braking pad from the rail surface, the rails are tilted in the opposite
      direction in a manual manner or by a suitable mechanical device. It is
      noted that, even though the arm is lifted up halfway in playing, the rod
      34 of the arm is only rotated about its longitudinal axis, so that the
      braking action of the braking mechanism can be maintained.
PAR  The tonearm linear-drive mechanism of this invention has been explained in
      connection with the record player in which the record disc is intended to
      be substantially vertically driven. However, this invention cannot be
      limited only thereto, but it is equally applicable to a record player in
      which record discs are horizontally drived. In this case, it is merely
      needed to arrange the sliding mechanism 1 so that the arm becomes parallel
      with the record surface and to tilt the rails 20 and 21 at a small angle
      from the horizontal plane so that the sliding mechanism 1 can slide or
      roll therebetween in the indicated direction 16.
PAR  In the embodiment explained hereinabove and shown in the drawing the
      braking member 40 is explained having the braking pad adapted to
      selectively engage the stationary surface such as the rail surface, but it
      may be replaced with one having an electro-magnet means adapted to be
      selectively energized to carry out the same function as the braking pad.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a record player for a rotatable disc record having a spiral groove,
      said record to be oriented in a given plane, and a tonearm provided with a
      stylus to track the record groove which pulls the tonearm in a generally
      radial direction parallel to the record disc, the improvement comprising a
      tonearm support apparatus including a carriage having pivot-forming means
      which pivotally supports said tonearm for pivotal movement in a plane
      generally parallel to the record disc, carriage guiding support means
      providing guide track means extending along an incline to the horizontal
      for supporting the carriage for free movement under force of gravity in
      said radial direction in the absence of a braking force on the carriage,
      and braking mechanism including braking means normally holding said
      carriage against movement when said tonearm has a given reference
      orientation in said plane and control means responsive to an incremental
      pivotal movement of said tonearm in said given direction for momentarily
      terminating the braking action of said braking means to permit incremental
      bodily movement of said carriage and the pivot point of said tonearm
      thereon in said radial direction by force of gravity, which bodily
      movement causes an incremental reverse pivotal movement of said tonearm on
      said carriage and re-establishment of the braking action of said braking
      means on said carriage until subsequent incremental pivotal movement of
      said tonearm in said given direction by said record disc groove.
NUM  2.
PAR  2. The tonearm support apparatus of claim 1 wherein said control means
      includes a first magnetic member attached to said tonearm, a carriage
      brake operating member having second and third magnetic members connected
      to said braking member and supported on opposite sides of said first
      magnetic member wherein said first magnetic member is magnetically
      supported in spaced relation to said second and third magnetic members and
      an incremental pivotal movement of said tonearm in said radial direction
      from said reference orientation will result in said second and third
      magnetic members following said first magnetic member and imparting
      movement to said brake operating member which releases said braking means.
NUM  3.
PAR  3. The tonearm support apparatus of claim 1 wherein said first magnetic
      member is attached to said tonearm adjacent to said pivot point, said
      braking means is a brake shoe which engages and disengages from a
      stationary surface on said carriage guiding support means and said
      carriage brake operating member is a pivoted member which moves said brake
      shoe into and out of engagement with said stationary surface when said
      pivotally mounted tonearm and brake operating members are moved into and
      out of given relative angular positions.
NUM  4.
PAR  4. The tonearm support apparatus of claim 1 wherein said carriage means
      includes roller means riding on said guide track means, the portion of
      said guide track means engaged by said roller means being inclined with
      respect to the horizontal.
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ABST
PAL  Partly melting rotating seal assembly surrounding a rotating shaft crossing
      through a wall limiting a volume of fluid kept under pressure, constituted
      by a solidified sleeve of the fluid to be sealed or of an intermediate
      fluid, contained in an external metallic sleeve fast with the wall,
      provided with cooling means. A very thin thread, fast with the shaft,
      maintains during the rotation of the shaft, a thin liquid film between the
      shaft and the solidified sleeve, ensuring sealing along said shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a partly melting rotating helical seal
      assembly ensuring sealing with respect to fluids along a rotating shaft.
      The present invention relates more particularly to a seal ensuring sealing
      with respect to fluids along a rotating shaft crossing through a wall
      separating two chambers, one of which contains the said fluid medium kept
      under a pressure which may reach several tens of bars whereas the second
      chamber may contain air under atmospheric pressure or even, may be kept
      under vacuum.
PAR  At present, a seal assembly ensuring sealing along a rotating shaft
      crossing through the wall separating a first enclosure containing a gas
      kept under slight pressure, from a second enclosure kept under vacuum is
      known. Such a seal is, in this case, in the form of a cylindrical sleeve
      connected to the separation wall; that sleeve has the rotating shaft
      crossing through it. On one of the cylindrical surfaces, opposite each
      other, in general on the shaft, one or several helical threads are cut in
      the direction which tends to expel the molecules towards the enclosure
      containing the gas, that is, in the reverse direction to that of the
      rotation of the shaft.
PAR  It is known that such a seal assembly ensures remarkable fluid-tight
      sealing when the gas contained in the first chamber is subjected to the
      molecular state and when the clearance between the sleeve and the shaft is
      very small.
PAR  It is obvious that such a device cannot be used without very great
      modifications for ensuring fluid-tight sealing of a shaft crossing through
      a wall separating a first chamber containing a fluid under a pressure of
      several bars from a chamber kept at atmospheric pressure or kept under a
      vacuum. Indeed, the free path of the molecules within a gas under high
      pressure or of a liquid is extremely small and there can no longer be any
      question of using the properties of the molecular state applicable to
      gases kept under slight pressure.
PAR  Moreover, seals designed to prevent the propagation of a fluid along a
      rotating shaft, tending to prevent the fluid from propagating along the
      shaft, are also known. These seals use the viscosity of the fluid and must
      operate with a very slight clearance between the shaft and the bore, in
      order to be able to ensure satisfactory sealing.
PAR  It will be seen that these two types of known seal assemblies have the
      common disadvantage of requiring a very great precision in the machining
      of the shaft, the bore or the fixed sleeve and the assemblies thereof.
PAR  Now, it is not possible to reduce the clearance between the fixed sleeve or
      the bore and the rotating shaft beyond certain limits. Indeed, even if the
      fixed sleeve and the shaft have been manufactured with very great
      precision, the least fault in the centring of the axis of rotation and the
      least local expansion of the shaft, the bore or the fixed sleeve would
      lead to an irremediable and permanent seizing of the shaft.
PAR  Moreover, these two types of seal assemblies do not ensure any sealing when
      the shaft is stopped, for the sealing which they provide is purely
      dynamic.
PAR  These considerations, which are known to the man in the art, tend to set
      aside the idea of applying a seal assembly of this type, even improved, to
      the sealing of fluids kept under high pressures.
PAR  Moreover, various inventors have contrived to solidify by freezing the
      fluid which it is intended to prevent from progressing along the shaft,
      thus forming a solid sleeve closely surrounding the shaft, formed by that
      fluid, frozen by a suitable auxiliary means. Sealing is then easily
      obtained, but that intermediate sleeve hinders, to a certain extent, the
      rotation of the shaft, whereas it is desirable, on the contrary, for it to
      have only an absolutely negligible resistance.
PAC  SUMMARY OF THE INVENTION
PAR  Combining these various techniques, the inventor has contrived to insert,
      in a rotating seal assembly, between the metallic sleeve and the rotating
      shaft, a solid intermediate sleeve whose face placed in contact with the
      thread cut in the shaft becomes liquid through a very slight thickness,
      within a monomolecular layer, for exemple, when the shaft is set in
      rotation subsequent to the heat given off by friction and solidifies when
      the shaft is motionless.
PAR  The partly melting rotating helical seal assembly which is the object of
      the invention and ensures sealing with respect to fluids along a rotating
      shaft crossing through a wall limiting a chamber containing a fluid medium
      kept under pressure, comprising:
PA0  a metallic sleeve fast with the said wall and surrounding the rotating
      shaft at a certain distance;
PA0  parallel threads having a depth of less than a half millimeter, cut in the
      shaft at the height of the metallic sleeve;
PA0  an intermediate sleeve arranged between the metallic sleeve and the
      threaded part of the shaft, entirely solid when the shaft is motionless;
PA0  means for refrigerating the intermediate sleeve;
PAL  wherein the parallel threads cut in the shaft keep the face of the said
      intermediate sleeve placed in contact with the shaft, in partial fusion
      and under balanced pressure during the rotating of the latter.
PAR  As a function of the nature of the fluid in the liquid state or in the
      gaseous state, contained in the chamber in which sealing is required to be
      ensured along the rotating shaft and as a function of the temperature of
      that fluid, it is, in general, easy to find a substance which is solid or
      at least non-deformable when the shaft is motionless but which undergoes a
      very slight surface melting when the shaft is in rotation, but substance
      being, simultaneously, compatible with respect to the fluid contained in
      the chamber; in this way, the device which is the object of the present
      invention very often makes it possible to find a very simple solution to
      the problem of sealing with respect to liquids or gases kept under
      pressure, along a shaft driven in a rotating movement, more particularly
      when the stopping of the shaft is not very frequent.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The advantage afforded by such seal assemblies becomes clearly appaent on
      referring to examples of embodiment having no limiting character described
      herebelow with reference to the 8 figures.
PAR  FIG. 1 is a cutaway view of the device in the particular case where the
      intermediate sleeve is formed by solidifying the liquid to be sealed.
PAR  FIG. 2 is a cutaway view of the device in the case where a seal ring is
      assembled on a conical coating.
PAR  FIG. 3 is a sectional view of an embodiment corresponding to the case where
      a seal ring is assembled on a ring formed by segments pressed by springs.
PAR  FIG. 4 is a sectional view of another embodiment where the shaft is
      decomposed into two elements connected together by a simplified clutch.
PAR  FIG. 5 is a sectional view of an embodiment employing a double clutch.
PAR  FIG. 6 is a sectional view of a general case where the intermediate sleeve
      is made of a substance compatible with the fluid medium to be sealed.
PAR  FIG. 7 is a sectional view of an embodiment where the driving of the shaft
      is obtained by means of an elastomeric ring.
PAR  FIG. 8 is a sectional view of an embodiment incorporating a device for
      cooling by forced convection;
PAR  FIG. 8' is a front cutaway view of the device of the FIG. 8 through AA'.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In all embodiments, like numerals designate like elements.
PAR  FIG. 1 and the first example concern the particular case where the fluid
      kept under pressure is a liquid. More particularly, they concern the case
      where the chamber through which the rotating shaft crosses, contains
      liquid indium and where the sealing is ensured by an intermediate solid
      indium sleeve which is formed at ambient temperature between the rotating
      shaft and the metallic sleeve.
PAR  FIG. 1 shows, at 1, the rotating shaft. The metallic sleeve 2 connected to
      the wall 3 limiting the chamber containing the liquid indium 4 is arranged
      at 2.
PAR  The metallic sleeve 2 is provided with cooling fins 5. In the case where
      the mass of liquid indium is great, it is an advantage to combine
      therewith or use separately a system for cooling the metallic sleeve by a
      fluid shown in the present example by a helical tubing 6 in which a
      cooling fluid flows from the external part 36 of the sleeve towards the
      separating wall 3, rising again towards the thread 7 from which the fluid
      is discharged for cooling.
PAR  Opposite the metallic sleeve, the rotating shaft is provided with a
      multiple pitch thread 8 whose angle of inclination is, in the present
      case, 75.degree.  in relation to a generatrix. The cross-section of the
      thread is rectangular, the width of the hollow part being equal to that of
      the full part and the depth being in the order of a tenth of a millimeter.
PAR  The cooling means enable the discharge of the heat given off by viscous
      friction in the liquid placed in contact with the shaft 1 and,
      contingently, the heat flux coming from the fluid 4 whose sealing is to be
      ensured so as to keep the intermediate sleeve assembly 12 in the solid
      state. The distance between the shaft 1 and the metallic sleeve 2 is not
      absolutely critical and may reach and exceed a millimeter; however, the
      best performances are obtained with a clearance which does not exceed a
      few tenths of a millimeter. To ensure suitable fixing of the solid indium
      sleeve 12 to the metallic sleeve 2, in order to make heat exchanges
      between the two sleeves easier and to avoid all flowage to solid indium m
      towards the low pressure zone, a thread 13 having a pitch which is the
      reverse of the thread 8 is cut in the metallic sleeve 2. Moreover, it has
      been observed that the existence of that thread makes it possible to
      improve very substantially the performances of that seal.
PAR  The rotation of the shaft 1 in a solidied sleeve 12 causes, upon the
      immediate contact of the shaft, the forming of a very thin liquid layer
      19, which is all the thinner as the external cooling is greater. That
      liquid layer is formed under the heat effect of friction. It enables a
      rotation of the shaft 1 without any appreciable torque. That thin film 19
      is subjected on the one hand to the pumping effect of the thread 8 which
      tends to draw it towards the chamber and on the other hand to the pressure
      effect exerted by the indium which would have a tendency to propagate
      along the shaft. In the aggregate, the pumping effect ensures a zero
      discharge but it sets up a counter-pressure which opposes the pressure of
      the fluid, the viscosity forces tending to compensate the resulting force
      and to keep the liquid film in place. The result of this is that the
      liquid film 19 which is formed between the intermediate sleeve and the
      screw pitch does not extend up to the safety seal 14 and ends in a
      meniscus 9 whose position may oscillate by a few centimeters along the
      multiple pitch thread 8.
PAR  The direction in which the parallel threads must be cut in the shaft is
      evidently that with exerts on the melted film of the intermediate sleeve a
      reverse flow action compensating the pressure to be sealed. To define the
      direction in which these threads must be cut on the shaft without having
      to specify the direction of rotation of the shaft, it is necessary to
      imagine the shaft driven in a rotating movement on a nut which is
      supposedly fixed. The direction to be imparted to the threads is then that
      which would drive the shaft in an axial displacement towards the pressure
      to be sealed.
PAR  It is shown by calculation that the difference in pressure which the liquid
      film can bear is inversely proportional to the square of the thickness of
      that film and directly proportional to its viscosity. Circumstances
      therefore lead to the local cooling of indium to a fairly great extent to
      make that film extremely thin; the temperature of that liquid sheet is
      then in the vicinity of that of the melting point, so much so that
      simultaneously, the viscosity remains fairly high. It is thus possible,
      with very slight dimensions to hold a pressure reaching several tens of
      bars while maintaining a very slight rotational torque. Moreover, the
      thinness of the film imparts to it a laminar state avoiding any forming of
      emulsion which may occur if the liquid layer thickens; indeed, a vortex
      movement might then be set up and it would be liable to cause the forming
      of an emulsion in contact with the atmosphere.
PAR  The laminar state to which the liquid layer is subjected has made
      itpossible to optimize the shape, the slope of the helixes cut in the
      shaft and to make the results independent form the nature of the fluid
      with respect to which sealing is to be ensured along the rotating shaft.
PAR  It has often been considered useful to combine with this type of seal a
      safety seal 14 constituted by a conventional element which is as simple as
      possible: packing, O-ring installed for a rotation operation, lip seal,
      etc.
PAR  That safety seal is called upon to fulfill contingently a function during
      the first implementing of the seal ring.
PAR  As soon as the rotating of the shaft stops, the solidification of the
      liquid film occurs subsequent to the disappearance of the friction heat
      and perfect sealing is ensured. Only the starting up is liable to set a
      problem. When the seal is stopped, the liquid film being solidified, the
      adherence of the solid plug resists the rotating of the shaft.
PAR  It is therefore necessary to form that film of liquid again at the precise
      moment of the starting up by the generation of heat. That generation is
      easily obtained by means, for example, of a Joule effect electrical
      reheating circuit 15, arranged within the external metallic sleeve 2. That
      arrangement of the reheating circuit nevertheless causes a reheating of
      the intermediate sleeve 12 as a whole.
PAR  Such surfaces reheating has also been effected by making a current pass
      through the winding 20 surrounding the shaft 1 acting as an induction coil
      which causes the forming of Foucault currents at the surface of the shaft.
PAR  At the starting up, the very rapid forming of a film in the melted state on
      the surface of the intermediate sleeve which is placed in contact with the
      threaded part of the shaft may also be ensured by mechanical means,
      without forasmuch resorting to previous electrical reheating. It is thus
      possible to reduce practically to zero the idle time required for the
      starting up of the rotating shaft.
PAR  The device implemented then comprises, from the centre towards the outside,
      the following elements:
PA0  a rotating shaft crossing through the wall;
PA0  a ring fast with the rotating shaft;
PA0  a thin collar;
PA0  a metallic sleeve fast with the wall through which the rotating shaft
      crosses and surrounding the latter at a certain distance;
PA0  sealing between the thin collar and the metallic sleeve being ensured as
      previously by an intermediate sleeve which is completely solidified when
      the rotating shaft is stopped.
PAR  At the starting up, the heating of the intermediate sleeve is obtained
      because the ring ensures a friction connection between the collar and the
      shaft.
PAR  The result of this is that when the shaft is set in rotation, the seal
      collar remains motionless, for, at the starting up, it is in contact with
      the intermediate sleeve which is solidified throughout its mass.
PAR  The friction torque in the cold state between the seal collar and the ring
      fast with the shaft is adjusted in such a way that it is slightly less
      than the starting torque applied to the shaft. The shaft therefore starts
      rotating. By friction between the seal collar and the ring, the collar
      heats up. The thickness of the collar is sufficiently slight for the heat
      which is generated in its internal part to be transmitted very rapidly to
      the peripheral part placed in contact with the intermediate sleeve. The
      ring connected to the shaft has a heat conduction coefficient which is
      lesser than that of the collar, so that the greatest fraction of the heat
      given off crosses through the collar and comes into contact with the
      intermediate sleeve. The contact surface of the intermediate sleeve starts
      to melt; the friction torque between the intermediate sleeve and the
      collar becomes very slight; the collar starts rotating and ceases to rub
      against the ring; the collar, the ring and the shaft are now fast with one
      another. The result of this is that it is not necessary in this case to
      effect preheating previous to the starting of the rotation of the shaft.
      The wear of the contact surface of the collar and of the ring is very
      slight, as the melting of the surface of the intermediate sleeve may be
      obtained after a few turns of the rotating shaft. The friction surface
      between the collar and the ring does not ensure sealing at the time of the
      starting up. It is therefore necessary to insert an extra safety seal
      which will be arranged on the side of the fluid to be sealed in the case
      where the intermediate sleeve is constituted by a part of that fluid, kept
      in solid form. That secondary seal ring will be arranged at the other end
      of the ring, on the downstream side, in the case where an intermediate
      sleeve constituted by a solid substance having a composition which is
      different from the fluid to be sealed is used. Indeed, when the
      intermediate sleeve has the same chemical composition as the fluid to be
      sealed, it is absolutely indispensable to prevent it from seeping in
      between the collar and the ring, for it would tend to solidify when the
      shaft is motionless and the collar would cease sliding with friction on
      the ring at the starting up.
PAR  With reference to FIG. 2, an arrangement which is frequently used for
      ensuring very fast starting up of the rotating shaft shown at 1 in that
      figure is described. The metallic sleeve is seen at 2 connected to the
      wall 3 of the chamber containing the fluid 4. According to the
      arrangements described above, the metallic sleeve 2 is cooled. To simplify
      the description, in all the following text, it will be assumed that the
      fins 5 fulfill that function, it being understood that this cooling may be
      ensured simultaneously or separately by any circuit containing a suitable
      cooling fluid. Subsequent to that cooling of the metallic sleeve, an
      intermediate sleeve 12 made of the solidifed fluid 4 is formed in contact
      with the said metallic sleeve. By friction of the intermediate sleeve
      against the shaft 1, a liquid film 19 is formed. That intermediate sleeve
      is made fast with the metallic sleeve 2 by a thread 13. Opposite the
      intermediate sleeve on the shaft side, a very thin collar 37 having a
      conical bore is fitted onto a truncated cone shaped part 46 of the shaft
      1. That collar is made of a sufficiently hard substance which is also a
      good heat conductor, such as certain alloys of cobalt of nickel, of
      chromium and of molybdenum, without iron or carbon. On that collar, the
      multiple pitch thread 8 has been cut. The surface of the truncated cone
      shaped part 46 of the shaft has been coated previously with an adhesive
      alumina or zirconia layer forming an annular coating 39.
PAR  A seal 11 ensures the sealing between the collar 37 and the ring 39
      preventing the fluid 4 from penetrating therein at the time of the
      starting up when the collar 37 turns with respect to the ring 39. Indeed,
      if a film of that fluid were to remain between these two surfaces, that
      film could solidify when the shaft stopped and would be liable to block
      the rotating of the collar 37 with respect to the ring 39 at the time of
      the starting up. On the contrary, in the case where an intermediate
      substance is used, the flow of the fluid 4 between the ring 39 and the
      collar 37 causes, no hindrance; quite on the contrary, that fluid may
      possibly act as a lubricant and enable the ring 37 to make a few extra
      turns before stopping, thus contributing to the smoothing of the
      transition between the two relative positions of the ring 37.
PAR  At the time of starting up, the whole of the gap comprised between the
      metallic sleeve 2 and the threaded collar 37 is filled with fluid in the
      solidified state. The coefficient of friction of the collar 37 on the
      surface of the coating of zirconium or of alumina constituting, in the
      present case, the ring 39, has been chosen so that the starting torque of
      the element 37 on the surface 39 is less than the motor torque driving the
      rotating shaft at the starting up.
PAR  That value is defined experimentally by the force with which the collar 37
      is fitted onto the truncated cone shaped part 46 of the shaft. Due to the
      presence of the seal 11, the gap between the ring 39 and the collar 37 is
      dry. The collar 37 starts turning with friction on the alumina or zirconia
      ring; the heat given off is completely absorbed by the collar 37, since
      the ring 39 is heat-insulant. That heat is propagated through the thin
      collar 37.
PAR  In the majority of cases, a certain effort must be provided for cooling the
      intermediate sleeve 12; for obvious economy reasons, it is kept at a
      temperature close to the melting point, so that when the temperature of
      the external surface of the collar 37 rises by only a few degrees, the
      surface of the intermediate sleeve 12 in contact with the collar starts to
      melt. At that moment, the collar 37, no longer being restrained by the
      sleeve 12, starts following the rotating shaft and consequently ceases
      rubbing against the ring 39. The rotation speed of the collar becomes
      equal to that of the shaft, the very slight rubbing against the liquid
      film of the intermediate sleeve 12 is sufficient to keep that film in the
      liquid state.
PAR  FIG. 3 concerns, like FIG. 2, the case where the fluid 4 in the solidified
      state forms the intermediate sleeve 12 between the metallic sleeve 2,
      extended by the wall 3 and the shaft 1. The ring is constituted, in the
      present case, by three segments 39', these annular segments being coated
      with a layer basically containing asbestos 9'. In other embodiments, the
      ring was divided into a number of segments greater than three. Each
      annular segment is applied against the collar 37 by springs 56, 56' and
      56". These springs are arranged in radial cylindrical drillings 40, 40'
      and 40", so that the springs being compressed, the ring formed by the 3
      circular segments passes very slightly beyond the surface of the rotating
      shaft. It is on this ring that the collar 37 is placed. The latter,
      although very thin, protrudes at the surface of the rotating shaft. That
      collar bears, on its upstream part, a recess for an 0 ring seal 11.
PAR  The operation of the device remains similar to that described above with
      reference to FIG. 2. The seal ring 11 prevents the passing of the fluid 4
      between the segments forming the ring, as well as along the springs 56,
      56', 56" at the time of starting up. It continues to fulfill the same
      functions when the collar 37 has become fast with the shaft, but then, it
      has only a purely static function which does not entail wear.
PAR  The device described with reference to FIG. 3 makes it possible to define
      with precision the pressure which the ring must ensure on the collar 37
      and to keep that value constant in a large wear gap of the type known
      under the trademark "ferrodo".
PAR  The conical shape to be imparted to the cross-section of the shaft in the
      case described with reference to FIG. 2, the circular cavities and the
      cylindrical drillings in the shaft in the cases described with reference
      to FIGS. 3 and 4 in no way lessen, or at least lessen in very slight
      proportions, the resistance of the rotating shaft by reason of the slight
      thickness necessary for forming the collar 37 and for forming the ring 39.
PAR  According to the technique described above, at the time of starting up, the
      threaded collar fast with the intermediate sleeve remains motionless
      whereas the ring is driven in a rotating movement with the shaft.
PAR  The friction between the ring and the collar gives rise to a heat flux
      which the collar transmits to its surface of contact with the intermediate
      sleeve.
PAR  Very rapidly, (in a few turns of the shaft) the liquid film forming a
      contact between the threaded part and the intermediate sleeve is formed;
      the collar detaches itself from the intermediate sleeve and becomes fast
      with the ring and the rotating shaft. This brings the situation back to
      the case of the shaft in motion. It is however necessary to ensure sealing
      between the collar and the ring, or, between the collar and the shaft at
      the time of the starting up.
PAR  That operation is carried out successfully by means of a seal of the
      conventional rotating type 14.
PAR  Nevertheless, the inventors considered that the use of a conventional
      rotating seal could be completely avoided by imparting to the rotating
      shaft a hollow structure at the level of the seal and by transforming the
      device described hereinabove into a simplified clutch.
PAR  FIG. 4 concerns the particular case where the fluid under pressure is a
      liquid and where the intermediate sleeve is obtained by solidifying the
      liquid to be sealed at ambient temperature as is the case, for example,
      with indium or sulphur or sodium.
PAR  At 1, the part of the rotating shaft driven in a rotating movement by a
      motor, not shown, which would be arranged to the left of the figure, is
      shown. At 2, the sealing box having a cylindrical shape, made fast with
      the wall 3 of the enclosure containing the liquid 4 may be seen. The fins
      5 and other means which are not shown ensure the cooling of the sealing
      box constituting the external metallic sleeve 2.
PAR  In the vicinity of the external metallic sleeve 2, the liquid 4 is
      solidified and forms the intermediate sleeve 12 which is mechanically
      connected to the external sleeve 2 by the thread 13.
PAR  The shaft 1 is extended inside the enclosure containing the liquid by a
      shaft 1' surrounding the shaft 1 at the level of the sealing box.
PAR  The mechanical connection between the drive shaft 1 and the driven shaft 1'
      is formed by means of a sealed clutch 38. Indeed, the shaft 1' is extended
      at the level of the sealing box by a collar 49 which ensures centering of
      the driven shaft 1' by means of two bearings 41 and 42.
PAR  That collar 49 bears a multiple pitch thread 8 having the same
      characteristics as previously.
PAR  The sealing between the driven shaft 1' and the wall 2 of the external
      metallic sleeve is ensured by the forming of a liquid film 19 at the
      surface of the intermediate sleeve placed in contact with the thread 8 of
      the collar 49 of the driven shaft 1'. That liquid film 19 ends at a
      certain distance from the outside of the enclosure in a meniscus 9. When
      the shaft 1 has been in rotation for a certain time, a non-sliding contact
      is established between the external wall of the collar 49 and the lining
      47 of the clutch 38. that lining 47 basically containing asbestos is
      pressed against the collar 49 by the clutch springs 56 and 56'.
PAR  When stopped, the solid sleeve 12 completely takes up the space comprised
      between the collar 49 and the external metallic sleeve 2 and thus ensures
      perfect sealing; but it prevents the rotating of the driven shaft 1', the
      thread 8 of the collar 49 being completely filled by a solid substance
      fast with the intermediate sleeve, which is itself made fast with the
      external sleeve by the thread 13.
PAR  At the time of starting up, under the effect of the motor, the drive shaft
      1 starts rotating.
PAR  The linings 47 of the sealed clutch pressed against the collar 49 by the
      springs 56 and 56', rub against the latter.
PAR  The temperature of the collar rises rapidly; the surface of the
      intermediate sleeve in contact with the thread 8 of the collar 49 starts
      melting through a slight thickness, enabling the rotating of the driven
      shaft 1'.
PAR  FIG. 5 concerns a double clutch device used, to gread advantage, in the
      case where the motor torque to be transmitted by the driven shaft 1' is a
      great torque.
PAR  In that case, in a device similar in all points to the previous one, the
      collar 49 is extended beyond the bearing 41 by a disk 52. The drive shaft
      1 is also provided with a disk 53. Between the two disks 52 and 53, a
      clutch 54 of conventional type with adjustable sliding may establish an
      adjustable sliding.
PAR  At the time of starting up, the drive shaft 1 drives the driven shaft 1'
      through the adjustable slide clutch 54. In the clutch 38, the lining 47
      pressed against the collar 49 rubs against and heats up very locally the
      collar 49. The surface of the intermediate sleeve in contact with the
      thread 8 of the collar 49 starts to melt through a slight thickness. The
      lining 47 ceases to slide on the collar 49.
PAR  The driven shaft 1' starts rotating at the same speed as the shaft 1. The
      clutch 54 ceases to slide.
PAR  Both at the time of starting up and during the normal rotation of the
      shaft, sealing remains ensured by the thickness of the liquid film 19 of
      the intermediate sleeve.
PAR  As has been seen above, one necessary condition for a thin liquid film 19
      to be formed in contact with the threaded part 8 of the shaft, is
      effectively that this thread 8 be itself shallow, the value which appears
      to be optimum being situated between a tenth and two or three tenths of a
      millimeter in depth according to industrial products to be sealed.
PAR  This data should be considered however only as experimental data but to all
      intents and purposes, that depth must remain very slight, for example,
      less than half a millimeter.
PAR  FIG. 6 concerns the more general case where the intermediate sleeve is made
      of a substance which is compatible with the fluid medium contained in the
      chamber and having, moreover, rheological qualities which constitute an
      advantage for that type of bushing.
PAR  As in FIG. 1, the shaft 1, the metallic sleeve 2 supported by the
      separation wall 3 of the chamber containing the fluid medium which happens
      to be gaseous nitrogen in the experimental case described herebelow, are
      illustrated again.
PAR  The metallic sleeve 2 is provided with cooling fins 5. It is not desirable
      to provide this metallic sleeve with cooling fluid although it is
      necessary to resort thereto in certain cases. The shaft is provided with
      threads 8 which are similar in all points to the threads cut in the
      rotating shaft in FIG. 1. The same applies to the metallic sleeve provided
      with threads 13 having a pitch which is the reverse of those of the
      threads 3. A solid substance having a higher melting point than the fluid
      4 is found at 62. A liquid volume having the same composition as the solid
      62 is found at 65. That volume is limited towards the back by the piston
      27. That annular piston 27 makes it possible to transmit to the solid
      substance 62 through the liquid volume 65 the pressure exerted by the
      fluid medium contained in the chamber while ensuring a relative separation
      between the two mediums. Along the contact surface between the thread 8
      cut in the shaft 1 and the sleeve made of intermediate substance 62, a
      liquid film 19 is formed, limited as in the previous case by a meniscus 9
      which prevents, by the mechanism previously described, the drawing away of
      the intermediate substance 62 outside the chamber so that the piston 27
      bears against that substance and contributes with the substance itself to
      the sealing of the shaft with respect to the liquid 4. The liquid volume
      65 makes it possible to compensate contingent leakages of the seal during
      operations which last very long in inacessible places.
PAR  The safety seal 14 is used in transit periods for the starting up of the
      shaft in the same conditions as previously. The intermediate substance 62
      may be chosen from among the substances compatible with the fluid of the
      chamber; that which solidifies the easiest while retaining the property of
      forming rapidly a liquid film 19 at the separation of the thread 8 and of
      the intermediate medium 62 will preferably be taken. Therefore, a
      substance having not quite such a ready melting as certain simple
      substances and contingently having, simultaneously, a certain sliding
      coefficient with respect to the thread 8, will preferably be used, so that
      the starting up of the rotation of the shaft may be effected without using
      a very high torque, while ensuring a sufficient friction for the surface
      of that intermediate substance to heat up on the contact of the thread and
      very rapidly gives a thin liquid film 19.
PAR  Among the substances subjected to experiments by the inventors and having
      given them satisfaction, paraffins waxes, pitches, sulphur, indium as well
      as various conventional alloys having a relatively low melting point may
      be mentioned.
PAR  There is an other advantage in using a relatively soft intermediate body.
      The rotating shaft comprises an unavoidable excentricity. It is easier for
      the shaft to "find its place" within a relatively soft sleeve than in a
      sleeve made of a perfectly solid substance.
PAR  Such a device has given the inventors entire satisfaction during duration
      tests which have been organized.
PAR  It the necessity makes itself felt, it is possible, in that case, as in the
      preceding cases, to reinforce the cooling of the outside of the
      intermediate sleeve and to heat up the part of that sleeve in contact with
      the thread at the time of the starting up by heating by a mechanical means
      either by a simplified clutch or by means of a ring sliding with friction
      at the time of starting up.
PAR  FIG. 7 shows an arrangement which is a particular advantage in which the
      ring 39 corresponding to the examples described with reference to FIGS. 2
      and 3 is materially shown by a hollow elastomer cylinder force fitted into
      a shallow circular groove 67. The fluid which is to be sealed along the
      shaft 1 at the bushing in a wall 3, extended outwards by a metallic sleeve
      2 will be seen at 4.
PAR  In the present example, the collar 37 is fitted onto the ring 39 made of an
      elastomer. In this way, the surface of the ring made of an elastomer 39 is
      substantially flush with the surface of the shaft, the collar 37
      extending, in that case, beyond the level of the shaft. The collar 37
      bearing the thread 8 has undergone a surface treatment, chrome plating,
      for example, so as to harden its surface of contact with the ring 39 made
      of an elastomer. The latter has been chosen from among the elastomers
      which are the most resistant to heat. In certain cases, a lining basically
      containing asbestos has been substituted for it. When the ring is made of
      an elastomer, neoprene, for example, sealing between the ring 39 and the
      collar 37 at the time of the starting up is entirely ensured.
PAR  Only sealing between the shaft 1 and the metallic sleeve 2 must be ensured
      at the time of the starting up. The seal 14 continues to fulfill that
      function in the same conditions as previously. On the other hand, if the
      ring 39 has been replaced by a lining basically containing asbestos, it
      may be an advantage to insert an extra seal between the shaft 1 and the
      collar 37 such as the 0 ring 75.
PAR  The operation of the device remains similar to that described previously
      with reference to FIG. 2.
PAR  In all the cases examined hereinabove, it is an advantage to obtain a
      cooling flux by forced convection affecting the cooling fins. It consists
      in assembling on the rotating shaft a device for driving the ambient air
      and projecting that air onto the fins. In cases where the seal itself is
      already in a sealed environment, it will be an advantage to suck in a
      external fluid and to project it onto the cooling fins, continuing to use
      mainly, for that purpose, the drive force of the rotating shaft. Thus, a
      selfregulating system is obtained. Indeed, when the shaft ceases to turn
      the friction heat to be discharged disappears of its own accord.
PAR  FIG. 8 shows a longitudinal cutaway view of the device in the particular
      case where the intermediate sleeve 12 is obtained by solidifying the
      liquid to be sealed.
PAR  FIG. 8' is a front cutaway view of FIG. 8 through AA'.
PAR  The device described hereinabove with reference to FIG. 8 applies,
      moreover, without any particular modification, to the case where the
      intermediate sleeve does not have the same composition as the fluid with
      respect to which the seal must ensure sealing.
PAR  FIG. 8 concerns the particular case where the fluid kept under pressure is
      a liquid. The chamber through which the rotating shaft crosses contains
      liquid indium. Sealing is ensured by an intermediate sleeve made of solid
      indium which is formed at ambient temperature between the rotating shaft
      and the metallic sleeve.
PAR  With the previous descriptions, it will be seen that when the shaft 1 is in
      rotation, the surface of the intermediate sleeve 12 is placed in contact
      with the rotating shaft comprises a thin layer of indium in the liquid
      state 19 ending towards the outside of the shaft in a meniscus 9. ,
PAR  The intermediate sleeve is kept in the solidified state by the cooling
      effected by the fins 5. The fins are cooled by forced convection by an air
      current produced by the ventilator or fan 78 keyed to the shaft 1. The
      fins are connected up to an external housing 79 which is seen better in
      the front cutaway view 8' through AA'm so that the cool air sucked in by
      the ventilator 78 is projected along the fins 5 in tunnels 50 limited by
      the housing 79.
PAR  It will be observed that each tunnel 70 has, to great advantage, an
      evolutive shape with the cross-sections of the air passages increasing.
PAR  Such an evolutive cross-section facilitates, when there is a stoppage, the
      dissipation of the heat which may be brought in by the shaft from the heat
      source. The evolutive shape with an increasing cross-section of the
      tunnels 70 provides, therein, a chimney effect which also contributes to
      the cooling of the seal.
PAR  In such a device, the air projected onto the fins 5 may be sucked in the
      immediate vicinity of the seal or at a more favorable place. The air may
      be replaced by any suitable fluid without going beyond the scope of the
      invention.
PAR  In the cases where the fluid 4 to be sealed is very hot, it may be
      necessary, as in the case of FIG. 1, to combine with the forced
      ventilation system described hereinabove an assembly of cooling pipes in
      the body of the external sleeve 2 which would act in that case as an
      adjusting means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A partly melting rotating helical seal assembly ensuring sealing with
      respect to fluids along a rotating shaft extending through a wall forming
      a chamber containing a fluid medium kept under pressure, said assembly
      comprising:
PA1  an outer metallic sleeve fixed relative to said wall, surrounding the
      rotating shaft and spaced radially therefrom a certain distance and having
      threads on its inner surface facing said shaft and having a radially
      inwardly extending flange at the end of said threads remote from said
      chamber, said flange terminating radially beyond said threads and forming
      seal means with said shaft relative to said fluid medium;
PA1  parallel threads having a depth of less than half a millimeter, cut in the
      shaft opposite the metallic sleeve;
PA1  cooling means for said metallic sleeve;
PA1  an intermediate sleeve arranged between the metallic sleeve and the
      threaded part of the shaft and being formed of a substance compatible with
      the fluid medium contained in the chamber, and cooled by said cooling
      means and frozen such that said intermediate sleeve is entirely solid and
      threaded to the outer sleeve and the intermediate sleeve when the shaft is
      motionless but capable of melting at its peripheral interface with the
      rotary shaft by the friction generated during rotation of the shaft; and
PA1  wherein said threads, within said shaft form a corresponding threaded
      liquid interface of said intermediate sleeve during shaft rotation to
      prevent said pressure fluid medium from escaping from said chamber along
      said shaft during its rotation.
NUM  2.
PAR  2. The partly melting rotating helical seal assembly according to claim 1,
      wherein the parallel threads (8) are cut in the shaft (1) to have a
      direction such that said threads exert on the melting film interface (19)
      of the intermediate sleeve (12) a reverse flow action in opposition to the
      pressure of the fluid medium to be sealed.
NUM  3.
PAR  3. The partly melting rotating helical seal assembly according to claim 2,
      wherein a very thin layer (19) of the intermediate sleeve (12) in contact
      with the threaded element (8) is maintained in a molten state with the
      depth of the said molten thread being less than half a millimeter.
NUM  4.
PAR  4. The partly melting rotating helical seal assembly according to claim 2,
      wherein the cross-section of each of the lips of the multiplex thread 8
      has at least one rigid side facing the direction of the pressure of the
      contained fluid medium.
NUM  5.
PAR  5. The partly melting rotating helical seal assembly according to claim 4,
      wherein the cross-section of each of the lips of the multiplex thread 8
      has a rectangular cross-section such that the thread material area is
      equal to the gap area therebetween.
NUM  6.
PAR  6. The partly melting rotating helical seal assembly according to claim 5,
      wherein the cross-section of each of the lips of the multiplex thread (8)
      has a width of less than a millimeter and wherein the inclination of the
      threads in relation to the generatrix of the cylinder (1) or (1') on which
      they are cut is in the order of 75.degree..
NUM  7.
PAR  7. The partly melting rotating helical seal assembly, according to claim 1,
      in which the cooling means for the intermediate sleeve (12) comprises
      tubing (6) fixed to the outer wall of the metallic sleeve (2) and fins (5)
      mounted to said tubing and extending radially outwardly thereof.
NUM  8.
PAR  8. The partly melting rotating helical seal assembly according to claim 3,
      wherein cooling of the fins (5) by force convection is obtained by
      projecting on these latter a fluid driven by a fan (78) driven by the
      rotating shaft (1).
NUM  9.
PAR  9. The partly melting rotating seal assembly according to claim 8, wherein
      the fins (5) fast with the said external sleeve (2) are arranged in radial
      planes which intersect the axis of rotation of said shaft (1).
NUM  10.
PAR  10. The partly melting rotating seal assembly according to claim 9, wherein
      the fins (5) fast with the said external sleeve (2) bear at their
      peripheral part against a metallic housing (78) forming tunnels (70) of
      increasing transversal cross-section.
NUM  11.
PAR  11. The partly melting rotating helical seal assembly according to claim 1,
      wherein an induction coil (20) effects the reheating of the surface of
      contact between the intermediate sleeve (12) and the thread (8) of the
      rotating shaft at the time of starting up by means of Foucault currents
      which are formed under the effect of the magnetic field set up by said
      induction coil (20).
NUM  12.
PAR  12. The partly melting rotating helical seal assembly according to claim 1,
      wherein:
PA1  a ring (39) is fixed to the rotating shaft;
PA1  a thin collar (37) surrounds said ring and carries said parallel threads
      (8); and
PA1  a friction connection is provided between the collar (37) and the shaft (1)
      through ring (39).
NUM  13.
PAR  13. The partly melting rotating seal assembly according to claim 12,
      wherein the thin collar (37) has a conical bore which is fit onto a
      corresponding truncated cone shaped part (46) of the shaft (1) and said
      ring (39) is formed by a layer of thermally insulating metallic oxide.
NUM  14.
PAR  14. The partly melting rotating seal assembly according to claim 12,
      wherein said ring (39) is elastomeric and is force fitted into a shallow
      circular groove (67) machined in the rotating shaft (1) at the axial
      position of the metallic sleeve (2).
NUM  15.
PAR  15. The partly melting rotating helical seal assembly according to claim 1,
      wherein: said rotating shaft comprises a driven shaft and said assembly
      further comprises an element (1) having a multiple pitch thread, fixed to
      the driven shaft, at least when the latter is rotating, a drive shaft
      element situated on the outside of said chamber containing the medium kept
      under pressure and said driven shaft element being situated inside said
      chamber, and the driven shaft element (1') being extended by a collar (49)
      surrounding the drive shaft (1) having a multiplex thread (8).
NUM  16.
PAR  16. The partly melting rotating helical seal assembly according to claim
      15, wherein the drive shaft (1) has, a simplified clutch (36) constituted
      by a set of springs (56) and (56'), which press a lining (47) against the
      collar (49).
NUM  17.
PAR  17. The partly melting rotating helical seal assembly according to claim
      16, wherein the seal (49) is extended by a disk (52) forming a part of a
      second clutch 54, with said disk (52) being in friction contact with a
      disk (53) keyed to the drive shaft.
NUM  18.
PAR  18. The partly melting rotating helical seal assembly according to claim 1,
      in which the intermediate sleeve (12) is formed by the fluid contained in
      the chamber, solidified at the area of contact with the metallic sleeve
      (2), and wherein an annular piston (27) seals the liquified substance (65)
      of the intermediate sleeve (12) from the fluid medium (4) contained in the
      chamber.
NUM  19.
PAR  19. The partly melting rotating helical seal assembly ensuring sealing with
      respect to fluids along a rotating shaft according to claim 1, wherein the
      metallic sleeve (2) and the intermediate sleeve (12) are assembled by
      means of a thread (13) within the metallic sleeve (2) according to a
      reverse pitch to that of the thread (8).
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ABST
PAL  A gland seal arrangement for effecting a fluid seal between two relatively
      movable parts wherein the loading applied to an annular sealing member in
      contact with such parts is derived from a coaxially arranged, sleeve-like
      thrust member sensitive to the pressure of the fluid being sealed so that
      with increasing fluid pressure the loading applied to the sealing member
      is correspondingly increased.
BSUM
PAR  The present invention relates to gland seal arrangements for providing
      seals between relatively movable parts, more particularly parts which
      rotate and/or reciprocate one relative to the other.
PAR  One particular application of the invention is to a gland for a hammer
      piston of a pressure-fluid actuated tool of the kind described in our
      co-pending British Patent Application No. 39611/74.
PAR  According to the invention there is provided a gland seal arrangement for
      providing a fluid-tight seal between two relatively movable parts, the
      said arrangement comprising an annular sealing member for disposal between
      said parts in sealing contact therewith, the said member being axially
      locatable in one said part, and a thrust member arranged to act axially
      upon the said sealing member, the said thrust member having a face for
      exposure to the pressure of the fluid being sealed and being adapted, when
      subjected to such pressure, to urge the sealing member into such sealing
      contact.
PAR  The invention also includes a structure embodying a gland seal arrangement
      as aforesaid.
DRWD
PAR  The invention will now be described further, by way of example only, with
      reference to the single FIGURE of the accompanying drawing illustrating,
      in axial section, one embodiment thereof as applied to a percussion tool
      of the kind disclosed in our British Patent No. 1,356,022.
DETD
PAR  Referring now to the drawing, a gland arrangement 11 for forming a seal
      between a piston 12 moving reciprocably within a cylinder 13 comprises a
      plurality of coaxially arranged annular parts 11a to 11e located in
      abutting face-to-face disposition within a peripheral groove 13a formed in
      the wall of the said cylinder, and a thrust member 11f bearing axially on
      the said superimposed parts 11a to 11e and sensitive to the fluid pressure
      within the cylinder 13, the member serving to urge the parts into mutual
      contact and the relevant ones thereof into sealing relationship with the
      surface of the piston 12 and the cylinder bore.
PAR  The plurality of parts consists of a sealing ring 11a interposed between
      two anti-extrusion rings 11b, 11c, a backing ring 11d outwardly of one
      ring 11b and a pressure ring 11e outwardly of the other ring 11c, the
      backing ring 11d abutting a seating 13b, at one end of the groove 13a to
      the cylinder and the pressure ring 11e receiving an end of the thrust
      member 11f into contact therewith. The thrust member 11f is of generally
      cylindrical form and that end thereof remote from the pressure ring 11e is
      provided with a radially outwardly directed flange 11f', the groove 13a
      being of stepped configuration, the body of the thrust member engaging the
      lesser diameter and the flange the greater diameter portions respectively
      of the said groove. Respective O-rings 14a, 14b are provided between the
      body of the thrust member 11f and the flange thereof, on the one hand, and
      the peripheral face of the groove, on the other. The axial extent of the
      greater diameter portion of the stepped peripheral groove exceeds the
      axial extent of the radial flange 11f' to the thrust member, and the said
      thrust member 11f is movable axially relative to the groove 13a, within
      the limits imposed by the end faces of such greater diameter portions.
PAR  A bleed passage 15 is provided extending from the closed annular space 16
      defined by and between a gland block assembly 17 which defines the groove
      13a and the inner annular end-face of the flange 11f', the said passage 15
      being in fluid flow connection with an outlet, such outlet being a further
      passage connected to atmosphere or simply that passage arrangement defined
      by the working tolerances between the gland block assembly and the
      cylindrical block, as preferred.
PAR  The outer annular end face 11f" of the thrust member 11f lies in spaced
      apart disposition relative to the adjacent annular end wall 13a' of the
      groove, whilst the inner end face 11f'" of such member is provided with
      radial flutings, or the like, to provide for passage of fluid to the
      region of the sealing ring 14a for lubrication purposes, fluid reaching
      the other sealing ring 14b by passage between the opposed end faces of the
      thrust member and end wall of the groove, 11f" and 13a' respectively.
PAR  The arrangement is completed by a circlip engaged with a suitable recess in
      the gland body assembly, such circlip serving to hold the various elements
      of plurality of parts captive on the gland body assembly prior to fitting
      the same in position in the cylinder.
PAR  In operation, the pressure of the fluid being sealed is applied to the free
      annular end face 11f" of the thrust member 11f, and, having regarding to
      the relative areas of the two ends of the thrust member, serves to load
      the member towards the abutting annular gland parts 11a to 11d to urge the
      sealing ring 11a into sealing contact with the gland body 17 and the
      surface of the piston 12, the load on the seal increasing with increasing
      fluid pressure within the cylinder.
PAR  The invention is not restricted to the exact features of the embodiment
      hereinbefore described, since alternatives will readily present themselves
      to one skilled in the art. Thus, for example, whilst we prefer to provide
      a bleed passage to prevent restraint due to pressure build-up in the
      annular space 16 behind the radial flange to the thrust member, the
      provision of such a means is not essential and may be omitted if
      preferred.
PAR  It is to be borne in mind that although we have described and illustrated
      an arrangement wherein the sealing ring operates against an element
      disposed radially inwardly thereof, the alternative arrangement wherein
      the sealing ring operates radially outwardly is equally feasible.
PAR  The gland arrangement as herein proposed has a variety of applications, but
      such arrangement is ideally suited to fluid spring applications.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A gland seal arrangement for providing a fluid-tight seal between two
      relatively movable parts (12, 17), the said arrangement comprising an
      annular sealing member (11a) for disposal between said parts (12, 17) in
      sealing contact therewith, the said member (11a) being axially locatable
      in one said part (12, 17), and a thrust member (11f) arranged to act
      axially upon the said sealing member (11a), the said thrust member (11f)
      having a face (11f") for exposure to the pressure of the fluid being
      sealed and being adapted, when subjected to such pressure, to urge the
      sealing member into such sealing contact.
NUM  2.
PAR  2. A gland seal arrangement as claimed in claim 1, wherein the annular
      sealing member (11a) is supported by and between two coaxially arranged
      anti-extrusion rings (11b, 11c).
NUM  3.
PAR  3. A gland seal arrangement as claimed in claim 1, wherein an abutment is
      provided towards which the thrust member (11f) is adapted to be loaded by
      the pressure to be sealed when applied to the said face (11f").
NUM  4.
PAR  4. A gland seal arrangement as claimed in claim 3, wherein the thrust
      member (11f) is of generally cylindrical form, that end thereof remote
      from the sealing member having a radially outwardly directed flange (11f')
      the end face of which defines the face (11f") aforesaid, that face of the
      flange directed towards the sealing ring (11a) being isolated from the
      pressure of the fluid being sealed.
NUM  5.
PAR  5. A gland seal arrangement as claimed in claim 4, wherein the elements
      (11a to 11f) thereof are disposed in a stepped peripheral groove (13a),
      the radial flange (11f') of the thrust member (11f) being positioned for
      limited axial movement within a larger diameter portion of such groove
      with the outer end 11f" face of the flange exposed to the pressure of the
      fluid being sealed, the said flange being in sealed relationship with the
      bottom of the groove about the periphery of such flange.
NUM  6.
PAR  6. A gland seal arrangement as claimed in claim 5, wherein the thrust
      member (11f) is in sealed relationship with the bottom of the lesser
      diameter part of the stepped groove (13a) and that space (16) behind the
      radial flange and the opposed step between the lesser and larger diameter
      parts of the groove is provided with a bleed passage (15) for relieving
      the pressure therein.
NUM  7.
PAR  7. A gland seal arrangement as claimed in claim 5, wherein that end of the
      thrust member (11f) adjacent the sealing member (11a) is provided with
      radial flutings for passage of the fluid to the region of the seal between
      the thrust member (11f) and the lesser diameter part of the stepped groove
      (13a).
NUM  8.
PAR  8. A gland seal arrangement as claimed in claim 5, further including a
      gland block (17) upon which the stepped peripheral groove (13a) is formed,
      the sealing member being captively located on the said block by a circlip
      engaged therewith.
NUM  9.
PAR  9. A gland seal arrangement as claimed in claim 1, wherein the sealing ring
      (11a) is arranged for co-operation with a relatively movable part (12)
      disposed radially inwardly thereof.
NUM  10.
PAR  10. A gland seal arrangement as claimed in claim 1, in combination with a
      structure having relatively movable parts (12,13) between which a fluid
      seal is to be effected, the arrangement being mounted on one such part
      (12,13) for sealing contact with the other such part (13,12).
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ABST
PAL  Pneumatic seal consisting of a flattened casing forming a base onto which
      are folded back symmetrically double thickness of two lateral walls. Such
      a seal has, in the "rest" position, a cross-section having a very slight
      height and, in the "inflated" position, a cross-section in height greater
      than that of known seals. Such a seal is intended to provide sealing
      between mobile elements belonging to sealed enclosures, for example at the
      level of the doors of those enclosures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention concerns an inflatable and deflatable seal.
PAR  Such a seal is intended to ensure sealing between two surfaces, that is, to
      prevent the ingress of any solid or of any fluid between those two
      surfaces.
PAR  The problem is particularly delicate when these surfaces must be made
      mobile with respect to each other. An inflatable and deflatable seal then
      constitutes an effective system, for all that is needed is a simple
      variation in the pressure of a fluid inside the seal to break or make,
      durably, fluid-tight sealing between two surfaces even if they have
      surface defects or great irregularities in planeness.
PAR  Inflatable and deflatable seals, consisting of profiled bars made of an
      elastic material provided with inflation connections linking them to a
      suitable pneumatic system have already been used in the branch of
      aeronautical, naval, nuclear and mechanical industries. These profiled
      bars generally have a U-shaped cross-section whose base may be fixed by
      cementing or any other mechanical means, on one of the two surfaces to be
      brought into contact or, the more often, in a groove in that surface.
PAR  A profiled bar of the preceding type is generally defined by the ratio H/h,
      H being the height of its transversal cross-section in the inflated state
      and h being the height of its transversal cross-section in the rest state.
      It is required to obtain a low value for h, that is, a slight bulk of the
      deflated seal and of the recess which is necessary for it; moreover, it is
      an advantage to have available seals having a great height H, to bring two
      surfaces spaced very far apart together. Now, pneumatic seals known up
      till now make it possible to obtain a value of the ratio H/h equal at most
      to 2 and the more often in the order of 1.6 to 1.85.
PAR  The aim of the present invention is to produce a pneumatic seal whose shape
      is such that the value of the ratio H/h may be very much greater than 2.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has for its object an inflatable and deflatable
      pneumatic seal consisting of a profiled casing made of an elastic
      material, characterized in that, in the deflated position, the said casing
      is flattened so as to form a base and at least one lateral wall folded
      back onto the base.
PAR  According to an embodiment which is a great advantage, the casing has two
      lateral walls folded back symmetrically onto its base.
PAR  According to a variant of embodiment, the lateral walls are folded back
      twice onto the base of the seal.
PAR  In a general way, the width L of that base is greater than or equal to
      0.785 H.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other characteristics and advantages of a seal according to the invention
      will become apparent from the following description which will be given
      with reference to the accompanying drawing, given by way of an
      illustration but having no limiting character and in which:
PAR  FIGS. 1 a and 1 b are diagrammatic cutaway views of a seal according to the
      invention, respectively in the deflated position and in the inflated
      position.
PAR  FIGS. 2 and 3 are diagrammatic cutaway views of two seals according to the
      invention arranged respectively in a circular recess and in a recess
      having an angled cross-section.
PAR  FIGS. 4 and 5 are two variants of heel type seals according to the
      invention.
PAR  FIG. 6 is a diagrammatic cutaway view of a variant of a seal whose casing
      has two lateral walls folded back twice onto its base.
PAR  FIG. 7 is a diagrammatic cutaway view of a seal in its groove connected
      with a valve.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The seal shown in the rest position in FIG. 1 a is constituted by a casing
      1, made of a material basically containing synthetic rubber or an
      elastomer, obtained by extrusion, having, or not having, walls reinforced
      by polyamide tissues. The casing 1 is flattened so as to form a base 3
      having a width L onto which are folded back its two lateral walls 4 and 5;
      the total height of the transversal cross-section of the seal, referenced
      h, is only very slightly greater than four times the thickness of the wall
      of the casing, this not being the case with known pneumatic seals. The
      seal rests by its base 3 on the bottom of a recess 2 whose depth is p, p
      being, to great advantage, slightly greater than h . The base 3 is fixed
      to the recess 2 generally by cementing, the cementing products preferably
      containing basically rubber which is self-vulcanizing at ambient
      temperature.
PAR  The recess 2 is formed in a wall 11 intended to be brought into contact
      with a wall 10 in a fluid-tight manner and shown diagrammatically at the
      instant when it is adjacent to the latter.
PAR  FIG. 1 b shows the seal in FIG. 1a in the expanded position enabling the
      walls 10 and 11 to be brought into contact with one another in a
      fluid-tight manner; the casing 1 then has a substantially circular
      cross-section, having a maximum height referenced H, the width L and the
      height H being connected related by the equation L .gtoreq.0.785 H.
PAR  It is observed that a seal having the preceding characteristics has, in the
      rest position, a smaller height h and therefore requires a recess having a
      slighter depth p in which a conventional seal could not be installed.
PAR  Moreover, the folded back structure of that seal makes it possible to
      obtain ratios H/h whose value is greater than 7, that value being limited
      only by the value of L, that is, the bulk of the width of the base of the
      seal.
PAR  When the seal is in the rest position, it takes up a minimum volume and it
      is possible to maneuver the wall 10 in relation to the wall 11; when the
      seal is in the expanded position after a fluid has been allowed to enter
      inside the casing and has caused its full development, it enables the
      blocking of the relative movements of the two walls and the complete
      stopping up of the free space between these walls. Sealing is provided by
      means of the elasticity of the material of which the seal is made and also
      by means of the force of application of the seal which, at the time of the
      letting in of the fluid, is applied vigorously against the wall 10
      opposite to its base. As soon as the feeding of the seal with fluid is
      stopped, it resumes its rest position and the relative moving of the
      mobile walls 10 and 11 again becomes possible.
PAR  FIGS. 2 and 3 show seals 21 and 23, analogous to that in FIG. 1 a, in the
      rest position, applied against the bottom of grooves having respectively a
      semi-circular cross-section 20 and a cross-section 22 with angular cut
      faces. In these two cases, fixing may be effected by cementing or by any
      other appropriate mechanical means.
PAR  FIG. 4 shows a seal 24 whose base is provided with a rectangular heel 13
      co-operating with a cavity 14 formed by the recess of the seal support.
PAR  FIG. 5 shows a seal 25 whose base has a dovetail heel 15 cooperating with
      an appropriate cavity 16 formed by the groove of the seal support.
PAR  It must be understood that these variants of embodiment are given only by
      way of examples.
PAR  FIG. 6 is a cutaway view of a variation of embodiment which has a
      particular advantage, for it makes it possible to obtain, for a same
      lateral bulk, a greater development of the seal; in other words, a greater
      value of H for a same value of L.
PAR  The double flattened casing of the seal 30 has a base 31 and two lateral
      walls 32 and 33 folded back twice onto the base 31. The folds are formed,
      in this particular case, in a symmetrical way in relation to the axis of
      the covering.
PAR  FIG. 7 shows diagrammatically a cutaway view of a seal 40 provided with an
      expansion connection 43, whose valve is screwed into the bottom of the
      recess 44 of the seal and which is connected to an appropriate pneumatic
      system. The expansion connection may also be arranged on one side of the
      seal.
PAR  A seal according to the invention makes is possible to provide fluid-tight
      sealing in all the types of fluid-tight compartments, for example at the
      level of the sliding doors in nuclear enclosures.  In all of the
      embodiments, the top of the casing of the seal is collapsed on its base
      and double thicknesses of the lateral sidewalls are folded in towards
      themselves and down on the collapsed top, while in the embodiment of FIG.
      6 the double thicknesses of the lateral sidewalls are first folded in
      towards themselves and then reversely folded at their terminal ends away
      from each other and down on the collapsed top.
PAR  The invention is in no way limited to the embodiments described and
      illustrated, which have been given only by way of examples. More
      particularly, without going beyond the scope of the invention, certain
      arrangements may be changed or certain means may be replaced by equivalent
      means.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an inflatable and deflatable pneumatic seal consisting of a profiled
      casing made of an elastic material, the improvement wherein in the
      deflated condition, the casing comprises a flat base,  a top collapsed on
      said base and at least one double thickness lateral sidewall which is at
      least folded in and down on the collapsed top.
NUM  2.
PAR  2. The pneumatic seal according to claim 1, wherein the double thickness of
      the lateral wall is folded back twice onto said collapsed top.
NUM  3.
PAR  3. The pneumatic seal according to claim 1, wherein the width L of the base
      is greater than 0.785 H, with H being the height of the transversal
      cross-section of the inflated seal.
NUM  4.
PAR  4. The pneunatic seal according to claim 1, wherein the casing has, in
      deflated condition, two lateral walls folded back symmetrically onto the
      said base.
NUM  5.
PAR  5. The pneumatic seal according to claim 2, wherein the casing has, in
      deflated condition, two lateral walls folded back symmetrically onto the
      said base.
NUM  6.
PAR  6. The pneumatic seal according to claim 3, wherein the casing has, in
      deflated condition, two lateral walls folded back symmetrically onto the
      said base.
NUM  7.
PAR  7. The pneumatic seal according to claim 3, wherein the ratio of H/h is
      greater than 2; with h being the height of the seal transversal
      cross-section in the deflated condition.
NUM  8.
PAR  8. The pneumatic seal according to claim 6, wherein the ratio of H/h is
      greater than 2, with h being the height of the seal transversal
      cross-section in the deflated condition.
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ABST
PAL  A labyrinth seal has two relatively rotatable members which are configured
      to define between them a succession of annular orifice or clearances
      between seal knives on one member and generally cylindrical surfaces or
      lands on the other. The members define a doubly recurved flow path from
      each orifice to the orifice next downstream. The first reversal of flow is
      effected by a barrier at the downstream end of the land having a
      hemi-toroidal surface to deflect the flow back toward the orifice. Flow is
      again reversed in passing around the barrier and flows between the barrier
      and the other seal member to the next downstream orifice. A ring of slots
      through the barrier tangential to the hemi-toroidal surface discharges
      some of the flow into the twice reversed flow so as to provide an
      aerodynamic dam to increase turbulence and reduce the flow area and,
      therefore, increase pressure drop and sealing effectiveness.
GOVT
PAR  The invention described herein was made in the course of work under a
      contract with the Department of Defense.
BSUM
PAR  My invention relates to labyrinth seals. As is well known, these are
      devices in which a gas (or, in some cases a liquid) flows through an
      annular path between two relatively rotatable members. At successive
      stations the members are in very close proximity to each other to define
      annular slit-like orifices which are ordinarily as narrow as is feasible.
      Between these orifices, the flow enters enlarged chambers in which the
      velocity energy is largely dissipated in turbulence. This turbulence
      reduces the pressure through successive orifices so that the leakage or
      undesired flow is minimized, while the seal avoids any direct contact of
      relatively moving surfaces.
PAR  My invention involves the concept of flow in a doubly recurved or S-shaped
      path, as considered in a section passing through the axis of the seal,
      between each orifice and the next downstream orifice, and particularly
      involves structure to divert a part of the flow from the first return bend
      to intersect the flow downstream of the second return bend so as to
      increase turbulence and thereby the pressure loss and sealing efficiency
      of the seal.
PAR  The principal objects of my invention are to provide an improved labyrinth
      seal; to provide a labyrinth seal of high sealing effectiveness and simple
      structure; and to provide a seal which employs interference between
      intersecting streams of fluid to increase turbulence and thus sealing
      efficiency.
PAR  The nature of my invention and its advantages will be apparent to those
      skilled in the art from the succeeding detailed description of the
      preferred embodiment of the invention, the accompanying drawings thereof,
      and the appended claims.
DRWD
PAR  Referring to the drawings,
PAR  FIG. 1 is a longitudinal section of a labyrinth seal installation, taken in
      a plane containing the axis of rotation.
PAR  FIG. 2 is a fragmentary view of the same, with parts broken away and in
      section on the plane indicated by the line 2--2 in FIG. 1.
PAR  FIG. 3 is a greatly enlarged fragmentary view taken in the same plane as
      FIG. 1.
PAR  FIG. 4 is a fragmentary sectional view taken on the surface indicated by
      the line 4--4 in FIG. 3.
DETD
PAR  The drawings show an axial-flow labyrinth seal 2 comprising an outer
      stationary member 3 and an inner rotating member 4. The inner member 4 may
      be integral with or fixed suitably to a rotating member, such as a shaft
      6, for example. The outer stationary member may be suitably fixed to a
      support 7 which may be some part of the frame of an engine. The stationary
      member 3 may have a generally cylindrical outer surface with a
      circumferential recess to receive an O-ring seal 8 and may have a flange
      10 through which bolts (not illustrated) are inserted to fix it in place.
PAR  Such seals are used to minimize leakage or control flow of air or other
      gases in compressors, turbines, and other rotating machinery, as is well
      known. Two examples of the application of such seals are described in U.S.
      patents to Atkinson et al., U.S. Pat. No. 2,848,284, Aug. 19, 1958, and
      U.S. Pat. No. 2,951,337, Sept. 6, 1960.
PAR  The seal 2 is disposed between two spaces containing air or other gas at
      different levels of pressure. Specifically, with the structure illustrated
      in FIG. 1, the higher pressure or upstream end of the seal is at 11 and
      the lower pressure or downstream end of the seal is at 12. The downstream
      end may be vented to atmosphere or subatmospheric pressure depending upon
      the installation. In other installations, both ends of the seal may be at
      quite high pressures, but the difference of pressure is from the end 11 to
      the end 12 in either case.
PAR  The above background material applies to conventional labyrinth seals. The
      invention to which this patent application is directed lies in the
      configuration of the confronting surfaces of the seal members; that is,
      the interior surface of the stationary member 3 and the exterior surface
      of the rotating member 4, particularly the former.
PAR  Gas enters between the seal members 3 and 4 through an entry space 14 the
      downstream end of which is nearly blocked by a rotating seal knife or
      ridge 15. As illustrated, the seal knife is inclined upstream at
      approximately 45.degree. from the radial direction, which is preferred.
      However, the seal knife may be inclined at other angles or be
      perpendicular to the axis. The gas flows between a cylindrical seal
      surface or land 16 on the interior of the stationary member and the outer
      margin 18 of the seal knife 15, as indicated by the arrow 19. The gas
      flows generally along the cylindrical surface 16 until it is redirected
      toward the seal knife by a hemi-toroidal surface 20 defined by a recess in
      the member 3. The inner surface of this recess is defined by a barrier 22
      extending back generally toward the knife 15. The outer surface of the
      barrier preferably slopes slightly outward toward the seal surface 16. As
      indicated by the arrows 23 and 24, a part of the gas flows in a generally
      hemi-toroidal path following the surface 20, and then flows backward
      toward the knife 15. The path for escape of the gas is, of course, between
      a second seal knife 26 and a second land 27 and on between successive seal
      knives and lands to the downstream end 12 of the seal. The gas flow thus
      must recurve and flow as indicated generally by the arrows 28 and 30 from
      the space between the seal surface 27 and the outer generally cylindrical
      surface 31 of the rotating member 4. This retroverted flow sets up a
      considerable degree of turbulence in addition to what will naturally
      result from the expansion of the gas after it passes through the orifice
      between seal margin 18 and the seal surface 16.
PAR  According to my invention, additional turbulence and pressure loss is
      created by diverting a relatively small portion of the flow through a ring
      of slots 32 lying in a generally conical surface as shown most clearly in
      FIG. 3. A continuous slot is not feasible, since means must be provided to
      support the outer portion of barrier 22. For this reason, bridges 34
      extend between adjacent slots at 60.degree. intervals.
PAR  The inner surface bounding each slot 32 is a conical surface tangent to the
      surface of the hemi-toroidal wall 20. Preferably, the angle of the slot of
      the slot to the axis of the seal is about 35.degree.. The flow scouring
      the wall 20 tends to continue in a straight line through the slot and the
      amount discharged through the slot is a function of the width of the slot.
      As will be apparent from the arrows 35 and 28, flow through the slots 32
      impinges roughly perpendicularly on the main stream flowing around the
      barrier 22 toward the second seal knife 26. The action of successive seal
      knives, seal surfaces, and barriers downstream of the first set is the
      same as the first and need not be further described.
PAR  Demonstration in a flow visualization rig has shown an increase in
      turbulence due to this diverted flow impinging on the main flow.
      Experience with rotating models of these seals under an air pressure
      differential has demonstrated a sealing effectiveness considerably greater
      than that of conventional labyrinth seals.
PAR  The preferred proportions of the seal parts are generally as shown in FIGS.
      1 and 3. In a particular seal with a rotating member 150 mm. in diameter,
      the clearance between the seal knives and lands, and the width of slot 32,
      were 0.25 mm.
PAR  In the seal illustrated, one seal member lies radially outside of the
      other. It will be apparent the relative position of the seal knives and of
      the seal lands could be reversed to put the structure of the stationary
      member on the rotating member and vice versa. However, this is not
      desirable because of matters of structural integrity of the barriers 22
      unless the outer member is the rotating one.
PAR  Also, it will be noted that the seal illustrated is one in which the
      diameter converges in the downstream direction. This is most favorable to
      sealing, since gas rotation around the axis of the seal induced by the
      rotation of one seal member creates a back pressure impeding flow through
      the seal. However, the principles of the seal are applicable to seals in
      which the diameter increases downstream or in which the diameters of the
      knives remain essentially constant from one end to the other. In this last
      case, with the structure shown, one seal member would presumably have to
      be sectional to permit assembly of the seal, but the seal could operate in
      the same manner. A seal embodying the structure described can also be
      constructed so that the path of flow is generally radial between two
      coaxial members standing in face-to-face relation.
PAR  The advantages of the invention as described should be clear to those
      skilled in the art from the foregoing description and accompanying
      drawings.
PAR  The detailed description of the preferred embodiment of the invention for
      the purpose of explaining the principles thereof is not to be considered
      as limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A labyrinth seal comprising two relatively rotatable annular proximate
      members and having an upstream end and a downstream end, the said members
      being configured to define between them a succession of annular orifices
      and to define between them a doubly recurved flow path from each orifice
      to the next downstream orifice, the said flow path being bounded by a
      barrier having a hemi-toroidal surface downstream of the orifice to
      reverse the flow the first time after passing the orifice, the flow path
      extending over the barrier downstream of the second reversal; and the
      barrier defining outlets through the barrier substantially tangent to the
      said hemi-toroidal surface discharging into the flow path downstream of
      the second reversal to increase turbulence in the flow.
NUM  2.
PAR  2. A labyrinth seal comprising two relatively rotatable annular proximate
      members and having an upstream end and a downstream end, the said members
      being configured to define between them a succession of annular orifices
      and to define between them a doubly recurved flow path from each orifice
      to the next downstream orifice, the said flow path being bounded by a
      barrier having a hemi-toroidal surface downstream of the orifice to
      reverse the flow the first time after passing the orifice, the flow path
      extending over the barrier downstream of the second reversal; and the
      barrier defining slot-like outlets through the barrier substantially
      tangent to the said hemi-toroidal surface discharging into the flow path
      downstream of the second reversal transversely to the said flow path to
      increase turbulence in the flow.
NUM  3.
PAR  3. A labyrinth seal comprising two relatively rotatable annular proximate
      members and having an upstream end and a downstream end, the first one of
      the said members having a plural number of annular knives extending from
      its surface toward the other member, the second one of the said members
      defining a plurality of relatively stepped seal surfaces, each knife
      confronting one of the said seal surfaces, the said second member having
      recurved hemi-toroidal surfaces defining an annular pocket at the
      downstream end of each said seal surface and having a barrier extending
      toward the upstream end of the seal from the said recurved surface, fluid
      leaking between a knife and the proximate seal surface tending to flow
      along the said seal surface and be deflected reversely by the recurved
      surface before flowing toward the downstream end of the seal, the flow
      after passing each knife other than the most downstream knife reversing
      flow direction around the barrier to proceed to the next downstream knife,
      the barrier having slot means extending tangentially to the recurved
      surface through the barrier to direct fluid from the pocket into the space
      between the barrier and the said first member to increase turbulence in
      the flow between the barrier and the next downstream knife.
NUM  4.
PAR  4. A labyrinth seal comprising two relatively rotatable annular proximate
      members and having an upstream end and a downstream end, the first one of
      the said members having a plural number of annular knives extending from
      its surface toward the other member, the second one of the said members
      defining a plurality of relatively stepped substantially cylindrical seal
      surfaces, each knife confronting one of the said seal surfaces, the said
      second member having recurved hemi-toroidal surfaces defining an annular
      pocket at the downstream end of each said seal surface and having a
      barrier extending toward the upstream end of the seal from the said
      recurved surface, fluid leaking between a knife and the proximate seal
      surface tending to flow along the said seal surface and be deflected
      reversely by the recurved surface before flowing toward the downstream end
      of the seal, the flow after passing each knife other than the most
      downstream knife reversing flow direction around the barrier to proceed to
      the next downstream knife, the barrier having slot means extending
      tangentially to the recurved surface at about a 35.degree. angle to the
      seal axis through the barrier to direct fluid from the pocket into the
      space between the barrier and the said first member to increase turbulence
      in the flow between the barrier and the next downstream knife.
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ABST
PAL  An improved rotary end face mechanical seal assembly particularly adapted
      for intermittent use in severe service environments. The seal comprises at
      least one relatively stiff primary sealing ring having an axially facing,
      radially directed end face portion, at least a part of which, in use,
      engates an oppositely directed member to form a primary seal band area.
      The primary seal ring includes an at least partially outwardly directed
      seat for receiving a portion of a secondary sealing and driving member
      which is made from an elastomeric material, which engages the seat so as
      to form a secondary seal, to transmit driving torque to said primary seal,
      and to prevent relative rotation between the primary seal ring and the
      secondary sealing and driving member. The secondary member also transmits
      an axial end load to the primary seal face to achieve the primary seal.
      The primary seal ring contains means forming a lubricant reservoir, so
      that lubricant may be retained in the area of the primary sealing surface
      even when the apparatus containing the seals is not in use, and so that,
      upon starting up, the lubricant will be supplied immediately to the seal
      faces lying immediately adjacent the seal band area. In a preferred form,
      the seal assemblies are formed from substantially identical pairs of seal
      parts, arranged in a mirror image relation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to so-called mechanical seals. More
      particularly, the invention concerns rotary end face seals, that is, seals
      in which the primary seal is usually formed between oppositely directed
      faces of two seal units lying in opposed relation and making contact along
      a seal band formed on or forming a part of the respective radial or end
      faces of the seal rings. Seals made according to the present invention are
      an improvement over known seals of a somewhat similar character, such as
      seals of the type shown and described in U.S. Pat. No. 3,241,843.
PAR  Seals of this type are sometimes referred to as heavy duty seals or grit
      seals, based on their well-known ability to be used in severe service
      environments. These seals are commonly used as seals for the track rollers
      or final drives of earth moving equipment in other track laying vehicles
      such as military tanks, or in other severe applications, such as in
      off-the-road scrapers, graders or other vehicles.
PAR  Seals such as those described and claimed in U.S. Pat. No. 3,241,843 have
      met with remarkable success by reason of their extreme reliability, and
      their ability to function as dirt excluders and lubricant retainers, even
      under extremely severe conditions.
PAR  By way of example, such seals routinely operate successfully in sand,
      water, mud, and rock and gravel environments, and in desert areas, in
      temperature climates, and in regions where the temperature is 20.degree.
      F. below zero or lower. Such seals perform their primary function of
      sealing under these conditions both because the end faces are precisely
      finished and because the seal rings themselves are accurately positioned
      and loaded by cooperating elastomeric rings of various configurations,
      with such rings also applying the desired range of loading forces,
      providing a secondary seal, and also providing sufficient driving torque
      so that relative rotation occurs only at the primary seal faces of the
      seal rings and not between the seal rings and the elastomer, or between
      the elastomer and a part of the machine housing. By "secondary seal" is
      meant any seal which is made between parts which do not undergo rotation
      relative to each other. Whereas seals of this type most commonly comprise
      an identical pair of seal rings and an identical pair of secondary sealing
      and driving members, arranged in mirror image relation, certain
      applications of these seals may be made where only one primary and one
      secondary member are used, with the mating surface being of some
      configuration other than that of the other parts of the seal assembly. The
      principles of the present invention are applicable to both types of seals.
PAR  As is often the case with seals of the type described above, in spite of
      the great success with the basic concept there is still the need for
      further improvements, particularly where the seals may be used in
      applications not originally envisaged by the designer.
PAR  Specifically, seals of the general type with which this invention is
      concerned are often used where lubricant is present only when parts
      associated with the seal undergo continuous motion, or where such parts
      are operated with reasonable frequency. By way of example, in final drive
      applications, a driving mechanism must be provided to transmit power from
      a transmission, differential, or similar assembly, to drive rollers or
      sprockets. In such cases, it is common for seals, and perhaps the
      bearings, to achieve lubrication by reason of splash action or flow caused
      by motion of the parts protected by the seal unit.
PAR  In the case of heavy duty vehicles such as military tanks, earth moving
      equipment or the like, it is not uncommon for the vehicle to be out of
      active use for extended periods, even where this is not economically
      desirable. For example, construction equipment is sometimes left unused
      for several months or more if weather prohibits construction operations.
      Moreover, considerable time elapses between the time an earth mover or
      other machine is taken out of service at one location and the time when it
      is placed in service in another location, or is undergoing repair for
      reasons other than those connected with repair of the sealed parts. In
      such cases, it has sometimes been found that seal damage, or even failure,
      occurs when there has been no movement of the sealed part for some time,
      during which lubrication to the seal is non-existent. Accordingly, upon
      start up, especially under extreme conditions, the seal may be damaged or
      its life shortened by lubrication failure occurring between the time the
      mechanism is operated and the seal can be properly lubricated by oil
      transferred thereto from or by other moving parts of the mechanism.
PAR  Because heavy duty seals of the type with which the present invention is
      concerned are designed for long life, they have customarily been formed
      with seal faces of considerable radial extent, such faces being finish
      ground so that, as wear occurs, the seal band moves progressively inwardly
      from the outermost periphery of the seal units to an area lying somewhat
      radially inwardly thereof. However, in most applications, by the time the
      seal band has moved inwardly a measurable amount, such as one-third or
      one-half of the radial extent of the seal face, the seal is generally
      ready to be discarded. The length of time to wear such a seal to this
      extent is usually several thousand hours or more, however, and the parts
      associated with the seal have by that time generally been worn out and
      discarded.
PAR  In view of the foregoing circumstances, it is an object of the present
      invention to provide a seal unit having an extended life in relation to
      similar but unimproved prior art seal.
PAR  Another object is to provide a heavy duty seal unit which includes a
      lubricant reservoir intended to eliminate or diminish the likelihood of
      dry starting after non-use of the mechanism for an extended time.
PAR  Another object is the provision of a heavy duty seal having fins, vanes or
      slots associated with the lubricant reservoir so as to insure distribution
      of the lubricant about the inner periphery of the end face of the seal
      upon initial start-up.
PAR  A further object is to provide a seal having a lubricant reservoir as well
      as means for creating turbulence within the reservoir upon relative
      rotation of the seal ring so as to facilitate lubricant circulation as
      well as increased heat transfer by the lubricant and the parts lubricated
      thereby.
PAR  A still further object is to provide a heavy duty grit seal having means
      for receiving and retaining a certain amount of lubricant during operation
      and for retaining at least a certain amount thereof in the region of the
      seal faces when rotation ceases, with such amount of lubricant being
      greatly increased relative to the merely incidental amounts of lubricant,
      if any, retained in this area by prior art seals.
PAR  Another object is to provide a primary seal ring having the characteristics
      referred to above and which is operable with various known types of
      secondary seal rings, including seal rings having parallelogram cross
      sections, generally equivalent cross sections, and those of quite
      different cross sections as well.
PAR  A further object is to provide an improved lubricant retaining seal which
      is especially useful in seals of mirror image or associated pair design,
      as well as with other designs.
PAR  These and other objects and advantages of the invention, including those
      inherent in the invention, are accomplished by providing a seal unit
      having at least one primary seal ring of a relatively rigid material, and
      at least one elastomeric or other flexible secondary seal ring associated
      with the ring in sealing and driving relation therewith, with the primary
      seal ring having a seat for the driving ring, a generally radially
      extending, axially directed, primary seal face, and means lying radially
      inwardly thereof and defining a reservoir for receiving lubricant, and, in
      some cases, ribs, vanes, or slots on the reservoir-defining surfaces of
      the primary seal ring to aid in lubricant transfer and to provide
      lubricant turbulence in use of the seal assembly.
PAR  The manner in which these and other of the objects of the invention are
      achieved will become more clearly apparent when reference is made to the
      accompanying detailed description of the invention set forth by way of
      example, and to the drawings, in which like reference numbers indicate
      corresponding parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of a part of a machine showing one form
      of seal made according to the invention disposed in a desired position
      within the housing;
PAR  FIG. 2 is a perspective view of one form of primary seal ring used in the
      invention;
PAR  FIG. 3 is an enlarged vertical sectional view of a part of the primary seal
      ring of FIG. 2;
PAR  FIG. 4 is a fragmentary vertical sectional view of a modified form of seal
      made according to the invention;
PAR  FIG. 5 is a fragmentary vertical sectional view of a further modified form
      of seal made according to the invention; and
PAR  FIG. 6 is a fragmentary vertical sectional view of a still further form of
      seal made according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  In the specification and in the appended claims, parts are sometimes
      described or identified with the use of terms such as "upper", "lower",
      "front", "rear", or other terms of position or relation. However, it will
      be understood, as used herein, and in the appended claims, that seals
      according to the invention are capable of use in any position or
      orientation and that descriptions and showings thereof in particular
      orientations are used merely for purposes of illustration and not in a
      limiting sense.
PAR  It will be further understood that the type of seal illustrated is one
      wherein sand, mud, and grit are excluded from a desired portion of the
      machine, and wherein oil is retained, even though the seal is capable of
      other and further applications including, but not limited to, sealing of
      water, greases, oils, various solvents and other liquid materials.
PAR  Referring now to the drawings in greater detail, FIG. 1 illustrates a
      portion of a track roller generally designated 10 and shown to include an
      axially extending shaft 12 received or journaled within a bushing 14
      pressed into a bore or opening 16 in a machine member 18. A reduced
      diameter end portion 20 of the shaft 12 is press fit into an opening 22 in
      an end cap 24 which is received over the shaft end 20. A rubber ring 26
      shown to be disposed in a ring groove 28 prevents leakage of fluid between
      the shaft end portion 20 and the end cap 24, forming an effective static
      seal.
PAR  Lying radially outwardly of the shaft 12 is a lubricant receiving cavity
      generally designated 30 and defined in part by the seal assembly 32 of the
      invention and by walls 34, 36, respectively, in the end cap 24 and a
      companion flange 38 forming a part of the machine member 18. Axially
      extending cylindrical walls 40, 42 in the end cap 24 and flange 38,
      respectively, further define the seal receiving area, with the walls 40,
      42 being concentrically aligned and having the same diameters.
PAR  As shown in FIG. 1, the seal assembly 32 consists of a pair of secondary
      sealing and driving members 44, 46 and a pair of primary seal rings 48,
      50. The primary and secondary seal rings 44, 48 are shown to be mirror
      images of their counterparts 46, 50, such construction being preferred for
      reasons which are referred elsewhere herein.
PAR  Each of the secondary seal rings 44, 46, is annular, and each is in the
      form of a "dished" or Belleville washer, that is, each is of a shape
      sometimes referred to as frustoconical. When viewed in cross section, the
      secondary seal rings generally conform in shape to a parallelogram, it
      being understood that, in keeping with common practices in the art, the
      members will have rounded or radiused corner portions. Moreover, because
      the rings are made from an elastomeric material, the cross-sectional
      configuration of the rings change upon installation, and during use. In
      other words, when the seal installation is complete, the rubber rings 44,
      46 form a tight, torque-transmitting interference fit between their
      associated machine members 24, 38 and the respective primary seal rings
      48, 50. Upon axial compression, the rings 44, 46 lie in a more vertical
      plane than they would in a relaxed or unloaded condition. Furthermore, the
      unconfined portions of the rubber rings bulge somewhat outwardly as an
      axial compressive load is applied to the seals. In other words, as the
      installation is made, the axial end load placed on the rubber members
      creates not only the required axial seal force, but also develops a radial
      compressive force which wedges it securely between the seal ring and the
      housing part. Upon release of the axial load, the rubber member relaxes
      and it can be easily removed from both the counterbore and the sealing
      ring.
PAR  The primary seal rings 48, 50 are of similar or identical construction to
      each other, and in the embodiment of FIG. 1, each includes a pair of
      divergently related, generally radially and axially extending surfaces 52,
      54 which define therebetween a generally right-angled seal for receiving
      the leading corner or edge portion of the secondary seal 44. The primary
      seal or so-called seal band itself is formed at the interface 56 lying
      between two oppositely directed end face sealing surface portions lying
      initially adjacent the radially outermost portions 58, 60 of the primary
      seal rings 48, 50. Just radially inwardly of the surfaces forming the
      primary seal 56 are a pair of almost flat but slightly radiused end face
      surfaces 62, 64.
PAR  Referring again to the formation of the primary seal, FIGS. 2 and 3
      illustrate that, in respect to a typical primary seal ring such as the
      ring 50, the end face of the ring itself includes a radially outermost
      area 56a, a highly polished annular surface which, while not truly flat in
      a relaxed condition, is ground on such a large radius as to be virtually
      perfectly flat when the seal is installed and placed under a typical load.
      Radially inwardly of this surface 56 is a transition surface 64 which is
      likewise not truly a flat surface. This surface 64 is ground on a radius
      smaller than the radius of the surface 56a but still very large in
      relation to the diameter of the seal. Typically, the radius R (FIG. 3) of
      this surface might be 60, 80 or 100 inches, in the case of a seal having a
      2 -inch to 6 -inch diameter, for example.
PAR  As referred to above, it is known in the art that in the case of seals
      manufactured in this way, wear occurring during continued use of the seal
      will cause the seal band 56 to move gradually inwardly and yet to maintain
      a tight seal. Accordingly, the highly polished or lapped initial seal band
      56a may be thought of as only a particular portion of the end face as a
      whole, it being understood that the seal band proper moves gradually
      inwardly as wear occurs. In prior art designs, the radially inwardly
      directed, axially extending annular surface 66 of the seal ring 50 joined
      the inner periphery surface 64 at a virtually square corner. Because of
      the large size of the radius R, the space between opposed surface 62, in a
      typical prior art seal, was only a few thousandths of an inch upon initial
      installation. As wear occurred, this clearance was gradually further
      reduced. In any case, the volume lying between the two seal rings
      outwardly of the axial surface 66 and radially inwardly of the seal band
      56a was extremely minute. Consequently, no significant amount of oil could
      be accummulated in this area, and in the event an apparatus containing the
      sealed parts were allowed to remain inactive for a long period of time,
      subsequent start up would result in a virtually dry condition of the seal
      faces. In those installations wherein the oil level did not rise at least
      to the level of the seal faces, such as in final drive installations, the
      problem of dry start up can be quite severe. Needless to say, failure of a
      seal which is intended to last for the lifetime of the sealed parts not
      only involves a certain expense per se, but also may cause replacement of
      far more expensive parts, and in any case, undesirably results in
      expensive "down time" for the equipment.
PAR  According to the present invention, heavy duty seals of the type just
      described are advantageously provided with a reservoir generally
      identified at 68 and shown to be defined in part by two tapered wall
      surfaces 70, 72. In seal ring 50, the wall 72 extends between the radially
      inner portion of the surface 64 and the axial surface 66. As shown in FIG.
      1, the wall 70 extends between counterpart surfaces on the ring 48.
PAR  Disposed on the surfaces 70, 72 are a plurality of ribs or vanes 74, which
      extend generally radially and terminate at surfaces 64, 66.
PAR  In the use of the form of seal shown in FIGS. 2 and 3, it has been found
      that sufficient oil may be accummulated so that the problem of dry
      starting can be virtually eliminated, even where the machines having the
      sealed parts are immobilized for several months, or a year or more, for
      example.
PAR  Furthermore, additional advantages are created by reason of the existence
      of the ribs 74. First, upon initial start up, the lubricant is often quite
      viscous, and the ribs insure rapid movement of the lubricant about the
      periphery of the seal rings. As the lubricant becomes less viscous, the
      ribs or vanes not only continue to direct additional lubricant to seal
      surfaces lying away from the portion of the seal immersed in oil, but also
      tend to create a turbulent or stirring action which both insures good oil
      circulation in the critical seal face area and also tends to reduce
      operating temperature of the seals. By creating a turbulent or stirring
      action, a continuing supply of fresh, clear oil is maintained, and the
      removal of dirt and impurities from the seal faces is effected. Location
      of the reservoir near the inner periphery of the seal ring has desirably
      been found not to weaken the seal ring significantly, but has been found
      to provide significant savings of the highly expensive seal ring material.
      Moreover, by locating the reservoir at the inside of the surface 64, seal
      life is not measurably shortened, because a significant amount of room is
      still provided for inward movement of the primary seal band as wear
      occurs.
PAR  Referring now to FIG. 4-6, the principles of the invention are shown to be
      applied to other forms of so-called two-piece or rubber loaded seals.
PAR  FIG. 4 shows one-half of a mirror image seal design wherein the primary
      seal ring 50a includes an axially extending inner surface 66a and an end
      face surface 64a joined at their respective edges to an inclined,
      reservoir-defining wall 72a. In the construction of FIG. 4, the secondary
      seal member 46a is in the form of a flattened or so-called toric O-ring
      adapted to roll up and down on the seat portion of the ring 50a as the
      seal moves in and out under initial load and dynamic conditions. FIG. 4
      shows that the seat for receiving the secondary sealing and driving member
      46a comprises a single inclined or ramp surface 53, and that its
      counterpart surface on the machine member 38a is likewise an inclined or
      ramp surface 55. Small flanges 51a, 51b, 51c and 51d are provided,
      respectively, on the seal ring 50a and the machine member 38a to limit
      movement of the member 46a.
PAR  FIG. 4 shows the surface 72a without any ribs 74, but it is understood that
      any number of these ribs may be provided if desired. In this connection,
      it will be appreciated that slots or cuts may be provided to take the
      place of the ribs 74, and that these ribs might be disposed either
      radially or at an angle with respect to a true radius of the seal. While
      the seal of FIG. 4 differs from the seal shown in FIGS. 1-3 in a number of
      important structural and functional particulars, the reservoir and ribs or
      vanes of the present invention are equally advantageously used therewith.
      If desired the half of the seal shown in FIG. 4 may be used with a
      non-mirror image mating part.
PAR  FIG. 5 shows one part of a mirror-image type seal which is similar to that
      shown in FIGS. 1-3, except that the shape of the rubber secondary sealing
      and driving member 46b differs therefrom in detail. The seal ring 50b in
      FIG. 5 includes the axial surface 56b, the end face surface 64b having a
      seal band area 56b thereon, and also includes surfaces 52b, 54b
      corresponding to their counterparts in FIG. 1. In the form of seal
      illustrated in FIG. 5, the surfaces 52b, 54b are separated by an angle of
      somewhat greater than 90.degree.. While the rubber secondary sealing and
      driving member 46b is not shown as being precisely in the shape of a
      parallelogram, the member 46b does, in use, engage both the radial and
      axial surfaces 52b and 54b of the ring 50b and the counterpart radial and
      axial surfaces of the housing or machine member 38b. A plurality of small
      conical mounting barbs or studs 61 are shown to be provided in the
      construction of FIG. 5 to aid in initial placement of the ring 46b.
PAR  As in the forms of seals shown in FIGS. 1-4, an inclined surface 72b
      extends between the forward edge of the axial surface 66b and the inner
      edge of the radial surface 64b to define a part of the reservoir for the
      lubricant. Seals such as those illustrated in FIG. 5 may be used in mirror
      image form, or may be used with other mating members, and such seals may
      advantageously include ribs or vanes such as those shown at 74 in FIGS. 2
      and 3.
PAR  FIG. 6 shows a seal construction wherein both the primary seal ring 50c and
      the machine member 38c include radial and axial surfaces defining the seat
      for the elastomeric sealing and driving member 46c. The axial surface 66c
      on the ring 50c terminates at its forward edge in the inclined surface 72c
      which extends forwardly and radially outwardly to the inner edge of the
      large radius end face seal surface 64c. The outer periphery 56c is shown
      to be provided for the formation of an initial seal band therein. Seals of
      this type are also commonly used in mirror image relation although they
      are also capable of being employed with mating members of another design.
      The shape of the secondary sealing and driving member 46c is virtually
      identical to that of the members 44, 46 of the form of seal shown in FIG.
      1, the only difference being the provision of small feet 77, 79 which
      engage the radial surfaces of the machine member and seal ring,
      respectively, to add shearing stiffness to the member 46c, which, as a
      whole, would otherwise have reduced stiffness because of the notches 59
      therein.
PAR  Referring again to the drawings, it will be noted that the mirror image
      seals of the forms shown in FIGS. 1-3 and 5-6 possess the additional
      advantage of being able to be protectively unitized by the addition of a
      seal-retaining and protecting band 81 (FIG. 1) which may be the same as
      that referred to in U.S. Pat. No. 3,241,843.
PAR  Preferred embodiments of the invention having been described in detail by
      way of example, it is anticipated that further and other modifications
      will be apparent to those skilled in the art, and it is anticipated that
      such modification may be made without departing from the spirit of the
      invention or the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An end face seal assembly for use in severe environments, said assembly
      comprising at least one generally annular, primary sealing ring having an
      axially facing, radially directed end face portion, at least a part of
      which is adapted to engage an oppositely directed mating part along a
      primary seal band area, an at least partially radially outwardly directed
      seat on said ring for receiving a portion of a secondary sealing member in
      driving engagement with said seat, an axially extending, radially inwardly
      directed annular inner ring surface, and a secondary sealing and driving
      member made entirely from an elastomeric material, said secondary member
      having at least a portion thereof adapted for snug secondary sealing
      engagement with said seat portion said beveled surface including a
      plurality of vanes disposed thereon said vanes being adapted to create
      turbulent flow of said lubricant whereby the distribution of said
      lubricant about the periphery of said seal ring will be facilitated, of
      said primary seal ring when an axial force is applied to said secondary
      sealing and driving member and when said member is at least partially
      confined against radially outward expansion, said secondary sealing and
      driving member being readily removable axially of said seat upon release
      of said axial forces and said radial confinement, said primary sealing
      ring further including at least one beveled surface defining a reservoir
      for receiving and retaining seal face lubricant, said surface lying
      between and joining an edge of said annular inner ring surface and an
      inner margin of said end face portion, said beveled surface being inclined
      at a substantial angle with respect to said end face portion, whereby, in
      the use of said seal, sufficient lubricant will be retained in said
      reservoir adjacent said end face portion to insure lubrication of said
      seal band upon initial movement of said machine parts.
NUM  2.
PAR  2. A seal assembly as defined in claim 1 wherein said secondary sealing and
      driving member is in the form of a Belleville washer, having the cross
      section of a parallelogram with inclined front and rear surface portions,
      and wherein said seat for receiving said secondary sealing and driving
      member is defined by axial and radial surfaces disposed at generally right
      angles to each other.
NUM  3.
PAR  3. A seal assembly as defined in claim 1 wherein said secondary sealing and
      driving member is in the form of an O-ring, and wherein said seat for
      receiving said secondary sealing and driving member is in the form of an
      inclined ramp comprised of a single annular surface and facing radially
      outwardly and rearwardly of said end face portion of said seal ring.
NUM  4.
PAR  4. A seal assembly as defined in claim 1 wherein said secondary sealing and
      driving member is generally in the form of a parallelogram, said member
      having areas of reduced cross section near its inner and outer ends, and
      further having areas of increased cross sections lying outwardly of said
      reduced cross section areas.
NUM  5.
PAR  5. A seal assembly as defined in claim 1 wherein said seal assembly is
      received within a machine part having a seat adapted to receive at least
      one other surface portion of said secondary sealing and driving member,
      said seat having a configuration similar to the configuration of the seat
      formed on said primary sealing ring.
NUM  6.
PAR  6. A seal assembly as defined in claim 1 wherein said seal assembly
      comprises a pair of primary sealing rings and a pair of said secondary
      sealing and driving members, said rings and members, respectively, being
      of substantially identical configuration and being disposed in a mirror
      image relation in position of use.
PATN
WKU  039401553
SRC  5
APN  507827&
APT  1
ART  243
APD  19740920
TTL  Elastomeric seal
ISD  19760224
NCL  5
ECL  1
EXP  Smith; Robert I.
NDR  1
NFG  4
INVT
NAM  Baumle; Rudolf F.
CTY  Mount Prospect
STA  IL
ASSG
NAM  Borg-Warner Corporation
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  277183
XCL  277207A
EDF  2
ICL  F16J 1518
ICL  F16J 1532
FSC  277
FSS  183;184;205;207-213
UREF
PNO  3173699
ISD  19650300
NAM  Nathan
OCL  277209
UREF
PNO  3394939
ISD  19680700
NAM  Mastro
OCL  277183
LREP
FR2  Geppert; James A.
ABST
PAL  A shaft seal for a slowly rotating shaft operating in a high pressure
      environment where the seal is formed of an elastomeric material providing
      annular rings and grooves on the internal diameter thereof adapted to
      engage the rotating shaft and a generally cylindrical exterior surface to
      engage a metal cup and/or the housing for the shaft. The end of the seal
      exposed to high pressure has an annular groove therein to form inner and
      outer annular lips which sealingly engage the shaft and the housing,
      respectively.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to an elastomeric shaft seal and more
      particularly to a high pressure, low speed, bi-directional elastomeric
      seal for sealing high pressure conditions on a slowly rotating shaft.
PAR  Elastomeric seals of various configurations have been utilized to provide a
      seal between a rotating shaft and a housing where a pressurized fluid
      environment is located on one side of the seal and a second fluid is
      located on the opposite side thereof. In most instances, a lip-type seal
      is utilized; especially in a high pressure situation such as for a sector
      seal for the gear shaft of an automobile power steering unit. In many
      cases of such a high pressure environment, a stack of two or more lip seal
      members and reinforcing spacers is necessary.
PAR  Problems occur in the stacked lip seal arrangements in the simple operation
      of assembling the seals onto the shaft; for example, the seals may be
      positioned in the wrong direction or two seals assembled in opposite
      directions, thus decreasing the efficiency of the seal. Also, when
      pressure is applied to a lip seal, the pressure acts directly on the lip
      and forces the lip tight against the shaft. When the pressure is great
      enough, the seal lip will be deformed and stretched so as to force a
      greater portion of the lip surface area tightly around the shaft. The
      torque required to turn the shaft under this high pressure condition
      becomes excessive and, correspondingly, lip wear increases and rupture of
      the "flex section" becomes a distinct possibility. The present invention
      obviates the above described problems.
PAR  Among the objects of the present invention is the provision of a resilient
      seal in the form of a unitary elastomeric plug for the sealing of high
      pressures exerted thereon where the seal engages a housing bore and a
      rotating shaft extending therethrough. This seal will replace one or more
      conventional type lip seals stacked together and thus reduce assembly time
      and possible assembly errors. Also, the seal will operate with
      considerably less torque than lip seals used in high pressure
      applications.
PAR  Another object of the present invention is the provision of a resilient
      seal where the torque exerted by the seal upon increasing pressure acting
      on one end of the seal is held at a minimum. The seal has an interference
      fit with the shaft to effect an initial and static seal. One end of the
      seal either abuts a shoulder or flange formed on the housing or is
      retained in a metal shell or cup member positioned in the housing, while
      the opposite end of the seal is provided with an annular groove forming
      the seal end surface into a pair of concentric lips or rings; one of which
      engages the housing bore and the other one engages the shaft. As the
      pressure increases, the annular rings tend to separate in opposite radial
      directions to effect a tighter seal.
PAR  A further object of the present invention is the provision of a resilient
      seal which will be lubricated by the pressurized fluid to reduce the
      torque required to rotate the shaft engaged by the seal. The internal
      diameter of the seal has a sealing surface with alternating annular rings
      and concave recesses. When the pressure acts on the one end of the seal,
      the pressure operates in an axial direction to squeeze the seal body
      axially and compress the body within the limited space between the shaft
      and the bore without appreciably increasing the torque required to turn
      the shaft. Fluctuation of pressure against the seal will cause the annular
      rings to move slightly in the axial direction, which will result in a
      wiping and distributing action for a thin film of the pressurizing fluid
      at the interface between the annular rings and the shaft; thus lubricating
      this interface and further reducing the turning torque requirement of the
      shaft.
PAR  Further objects are to provide a construction of maximum simplicity,
      efficiency, economy and ease of assembly and operation, and such further
      objects, advantages and capabilities as will later more fully appear and
      are inherently possessed thereby.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial cross sectional view through a standard sealing
      arrangement using lip seals for a shaft shown in elevation.
PAR  FIG. 2 is a partial cross sectional view through the improved sealing
      arrangement of the present invention.
PAR  FIG. 3 is an enlarged perspective view, partially cut away, of the
      resilient seal.
PAR  FIG. 4 is a partial cross sectional view, similar to FIG. 2, of an
      alternate construction of the seal assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to the disclosure in the drawing wherein are
      shown illustrative embodiments of the present invention, FIG. 1 discloses
      a conventional sealing method for a high pressure environment utilizing a
      stack of two or more lip seals 10, 10a and their reinforcing spacers 18,
      18a for sealing engagement between a rotating shaft 11 and a housing 12
      having a bore 13 through which the shaft extends. The housing has an
      enlarged recess 14 communicating with the bore 13 and housing the lip
      seals 10, 10a, and a snap ring 15 is mounted in an annular groove 16 in
      the generally cylindrical wall 17 of the recess to prevent axial movement
      of the lip seals under the high pressure present in the bore 13.
PAR  The sealing arrangement includes an annular reinforcing spacer or washer
      18, a first lip seal 10, a second annular spacer or washer 18a and a
      second lip seal 10a. Each lip seal includes an L-shaped body 19 with a
      cylindrical portion 21 frictionally engaging the wall 17, and an L-shaped
      reinforcing metal ring 22 at least partially embedded in the body 19. A
      sealing lip 23, having one or more sealing rings or surfaces 24, extends
      generally axially from the body 19 toward the high pressure side; and an
      annular spring 25 is positioned in a groove formed in the outer surface 26
      of the lip to aid in urging the lip into frictional engagement with the
      shaft.
PAR  When pressure is applied to the lip seals 10, 10a, the pressure acts
      directly on the lip 23, and especially against the surface 26, and forces
      the lip tight against the shaft 11. When the pressure increases, the seal
      lip 23 will be deformed and stretched so as to force a greater portion of
      the lip surface area 24 tightly around the shaft. Thus, the torque
      required to turn the shaft 11 becomes excessive and decreases the
      efficiency of the shaft motive force. Also, lip wear will increase and the
      flexible portion of the seal may rupture.
PAR  Now considering FIGS. 2 and 3, the shaft 31 extends through a bore 32 in a
      housing 33, and a resilient seal 34 formed of a suitable elastomeric
      material, such as rubber, is positioned in a recess 35 in the housing. A
      snap ring 36 acting as a movement limiting or stop means is received in an
      annular groove 37 in the housing to retain the seal in position in the
      recess. A metal shell or cup 38 is located in the recess 35 to abut the
      snap ring 36, and the diameter of the opening 39 through the cup receiving
      the shaft 31 has a minimum shaft clearance for the purpose to be later
      described.
PAR  As seen in FIG. 3, the resilient seal 34 includes a generally cylindrical
      outer surface 41 with a reduced diameter portion 42 therein to receive the
      side wall 43 of the cup 38. At the end of the seal opposite the cup, the
      outer wall terminates in an enlarged rounded edge 44, and a generally
      V-shaped annular groove 46 forms an outer annular lip 45 at the edge 44
      and a concentric annular inner lip or ring 47 radially inwardly of the
      groove.
PAR  Along with the rounded inner lip or ring 47, the seal has a pair of axially
      spaced annular rings 48 and 49 having rounded lobes; the rings 47, 48 and
      49 being separated by a pair of concave recesses 51 and 52. Forwardly of
      the ring 49, an annular recess 53 is formed in the internal diameter of
      the seal; which recess 53 acts to prevent the elastomeric material of the
      seal from being extruded axially, when under high pressure, through the
      clearance between the cup opening 39 and the shaft 31. The clearance is
      minimized to aid in preventing the possibility of the elastomer extruding
      along the shaft; the extruded elastomer tending to bind up the shaft and
      prevent rotation thereof.
PAR  The seal 34, as shown in FIG. 3, is inserted into the metal cup 38 with the
      recess 42 receiving the cup side wall 43 to provide a friction fit, and
      the cup and seal are positioned on the shaft 31 to the left of the housing
      33, as seen in FIG. 2, and inserted into the recess 35. Then the snap ring
      36 is positioned in the groove 37 to retain the seal in the recess, and
      pressure in the bore 32 will cause the seal and cup to abut the snap ring
      36. As the rounded outer edge 44 of the seal body has a diameter greater
      than that of the cylindrical surface 41, insertion of the seal into the
      recess will compress the rounded edge 44 and may result in a shallow
      concave recess 54 being formed in the surface 41.
PAR  The inner and outer annular lips 45 and 47 provide an interference fit in
      the recess 35 and on the shaft 31, respectively under static conditions.
      High pressure exerted on the seal 34 through the bore 32 acts on the inner
      and outer annular lips 45 and 47, respectively, to force the lips
      outwardly and inwardly in a radial direction to effect a tighter seal. The
      pressure also acts in an axial direction tending to squeeze the
      elastomeric seal 34 axially, wherein the axial displacement of the captive
      seal forces the elastomer to displace radially against the wall of the
      recess 35 and the shaft 31 effecting a tighter seal. The large exterior
      surface area of the seal is forced tightly against the shell 38 and recess
      wall, while the minimum surface area of the annular rings 47, 48 and 49
      are displaced radially against the shaft. However, the surface sealing
      area of the annular rings in contact with the shaft does not increase
      appreciable while the sealing force in the radial direction does increase
      with pressure. Thus, the torque required to turn the shaft under high
      pressure conditions is kept to a minimum.
PAR  Tests were made utilizing the seal 34 of the present invention compared to
      a conventional lip seal arrangement, such as shown in FIG. 1. Over a
      pressure range of 0 to 2000 psi, the torque required to rotate a shaft
      increased from a minimum value of 25 inch-pounds to a maximum value of
      approximately 325 inch-pounds at 2000 psi with the conventional
      arrangement. Over the same pressure range, the torque required to rotate a
      shaft contacted by the present seal showed a minimum value of 10
      inch-pounds and a maximum value of approximately 50 inch-pounds at a
      pressure of 2000 psi. Thus, the torque gradually increases upon a pressure
      increase exerted on the seal and the maximum torque is considerably lower
      than that resulting from a conventional lip seal arrangement.
PAR  Fluctuation of the pressure against the seal 34 will cause the seal body to
      move slightly in the axial direction and, correspondingly, the annular
      sealing rings 47, 48 and 49 engaging the shaft will also move slightly in
      the axial direction. The axial movement of these annular rings will wipe
      and distribute a very thin film of the pressurizing fluid at the interface
      between the sealing rings and the shaft, lubricating this interface and
      further reducing the turning torque requirement of the shaft. Under
      testing, the first concave recess 51 showed the presence of the
      pressurizing fluid while the second recess 52 was substantially free of
      this fluid.
PAR  FIG. 4 discloses an alternate embodiment of seal 34a utilized in a housing
      55 for the shaft 31, wherein the housing has a radially inwardly extending
      flange 56 providing an opening 57 having a slight clearance with the
      shaft. The housing has a bore 58 receiving the seal 34a, and the flange 56
      eliminates the necessity of the metal cup or shell shown in FIG. 2. The
      seal 34a has a cylindrical outer wall 41a in a friction fit with the bore
      58 of the housing; the wall 41a terminating at the open end of the bore in
      an outer annular sealing lip 45a. A concentric inner annular sealing lip
      or ring 47a is separated from the outer lip 45a by the annular groove 46a,
      and additional annular rings 48a and 49a are axially spaced from the ring
      47a by the concave recesses 51a and 52a. Also, the seal has an inner
      annular relief area 53a adjacent the flange 56. This seal operates in the
      same manner as the embodiment of FIG. 2.
PAR  This seal may find particular use as a sector seal in an automobile power
      steering assembly where high pressures are generated to provide the power
      assist, but the shaft rotates at a relatively slow speed. However, this
      seal is contemplated for use in other sealing arrangements and it is not
      my desire to unnecessarily limit the scope or utility of the present
      invention by this illustrative use thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a seal and a rotatable shaft of predetermined diameter
      located within a housing, said seal comprising a ring of imperforate
      elastomeric material having a generally cylindrical inner surface engaging
      the shaft and a generally cylindrical outer surface frictionally engaging
      the interior surface of the housing, means in said housing limiting axial
      movement of said seal, said seal ring having one end abutting said
      movement limiting means and an opposite free end provided with a pair of
      concentric annular inner and outer lips separated by an annular generally
      V-shaped groove defining the lips, said groove and lips being exposed to
      pressure in said housing causing inward and outward movement of said lips
      in a generally radial direction to engage said shaft and housing,
      respectively, axially spaced annular rings on the cylindrical inner
      surface engaging the shaft and separated by a pair of concave recesses,
      said annular rings and annular lips all having rounded surfaces in contact
      with said shaft and housing, and one end of said seal having a cut-away
      counterbore on the cylindrical inner surface adjacent said movement
      limiting means to prevent extrusion of said elastomeric material between
      said movement limiting means and said shaft.
NUM  2.
PAR  2. In the combination set forth in claim 1, wherein an annular concave
      recess is formed in the outer cylindrical surface adjacent the outer
      annular lip.
NUM  3.
PAR  3. In the combination as set forth in claim 2, wherein said V-shaped groove
      extends inward from the free end to terminate at a point generally
      radially aligned between the concave recess in the outer cylindrical
      surface and the concave recess in the inner cylindrical surface adjacent
      to the inner annular lip.
NUM  4.
PAR  4. In the combination as set forth in claim 1, wherein said movement
      limiting means comprises a radially inwardly extending stop integral with
      said housing and terminating in a cylindrical surface closely adjacent to
      the surface of said shaft.
NUM  5.
PAR  5. In the combination as set forth in claim 1, wherein said movement
      limiting means comprises a radially inwardly extending stop in said
      housing, a metal shell having a cylindrical wall and a radially inwardly
      extending flange adapted to abut said stop, the cylindrical outer surface
      of the seal having a reduced diameter portion receiving the cylindrical
      shell wall in a friction fit.
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ABST
PAL  In a safety ski binding for the automatic release of a ski boot from a ski
      in a case of danger, a releasable boot-holding member is secured by
      locking means comprising two interacting locking members. At least one of
      the locking members is carried by a supporting member so as to be
      displaceable within limits in the releasing direction of said boot-holding
      member.
BSUM
PAR  The invention relates to a safety ski binding, i.e. an apparatus for the
      automatic release of a ski boot from a ski in a case of danger. More
      particularly, the invention concerns an improvement in or modification of
      the apparatus disclosed in prior U.S. patent application Ser. No. 396,723,
      filed Sept. 13, 1973.
PAR  The parent application relates, inter alia, to an apparatus for the
      automatic release, in a case of danger, of a ski boot held on a ski,
      comprising at least one boot-holding member, locking means for securing
      said boot-holding member, a threshold value switch influencing said
      locking means, a time-evaluating member, and a force receiver.
PAR  By means of this apparatus, the ski boot is held substantially rigidly to
      the ski during normal skiing. This is desirable, for example, in order to
      avoid unfavorable friction influences. On the other hand, it makes it
      necessary to give the mechanically stressed components a particularly
      strong construction, which has its disadvantages as far as manufacturing
      costs and weight are concerned. Another disadvantage of a substantially
      rigid connection between the ski and the boot is that slow or bad skiers
      or those not thoroughly trained experience discomfort because the rigid
      connection puts a greater strain on their legs and leads to fairly rapid
      fatigue.
PAR  The present invention therefore aims to achieve a compromise solution.
PAR  According to the invention, the aforementioned locking means comprise two
      interacting locking members of which at least one is carried by a
      supporting member so as to be resiliently displaceable within limits in
      the releasing direction of the said boot-holding member.
PAR  In a practical embodiment of the invention, it has been found desirable
      that the said supporting member carrying the resiliently displaceable
      locking member should be mounted on the ski. This also enables existing
      safety ski bindings according to the parent application to be simply and
      cheaply adapted in accordance with the present invention.
PAR  Preferably, the displacement of the said one locking member is variable. It
      is then possible for the skier to adapt the binding to any particular
      requirements or wishes with due regard to his skiing skill and the snow
      conditions.
DRWD
PAR  An example of the invention will now be described with reference to the
      accompanying diagrammatic drawings in which:
PAR  FIG. 1 is a side elevation of an apparatus or ski binding according to the
      parent application;
PAR  FIG. 2 is a plan view of the sole plate and base plate of the FIG. 1
      apparatus, the actual boot-holding members and locking means being omitted
      for clarity;
PAR  FIG. 3 is a side elevation of the locking means incorporating the features
      of the present invention, and
PAR  FIG. 4 is a section on the line IV--IV in FIG. 3.
DETD
PAR  The safety ski binding according to the parent application and illustrated
      in FIGS. 1 and 2 comprises a sole plate 1 on which a ski boot 2 is held in
      any suitable manner so that it can only be intentionally released. A front
      or toe sole holder is indicated at 3 and a rear or heel sole holding is
      indicated at 4. The rear holder is pivotable about a transverse horizontal
      pivot 5 and fixed to a step-in pedal 6. The sole holder 4 is normally
      retained in the illustrated locking position by means of a pivotable latch
      7. This latch is spring-influenced, and by means of the tip of a ski
      stick, for example, the latch 7 can be pivoted against the force of the
      spring towards the right-hand side as viewed in FIG. 1, so that the sole
      holder 4 is released and the boot 2 can be lifted from the sole plate 1.
PAR  On inserting the ski boot in the binding, the heel end of the sole presses
      on the step-in pedal 6 and swings the rear sole holder 4 to its locking
      position. The pivotable latch 7 is thereby automatically snapped into
      engagement. The boot 2 is then held to the sole plate 1 and can only be
      released intentionally.
PAR  An electronic force receiving device generally indicated at 50 is provided
      adjacent the rear sole holder 4. The sole plate 1 is held to the ski 10 by
      means of a base plate 11 which is releasable from the ski together with
      the sole plate 1. At the toe end, the sole plate is provided with a pocket
      12 for receiving two swing arms 13 of the base plate 11. The swing arms
      are so constructed that they can take up tensile and compressive forces in
      a direction normal to the plane of the ski with comparatively little
      deformation whereas forces parallel to the plane of the ski are tkaen up
      with a comparatively large amount of deformation. Near the heel of the
      boot, a connection between the sole plate 1 and base plate 11 is effected
      by means of two buffers 14. As in the case of the swing arms at the toe,
      the buffers can likewise take up tensile and compressive forces normal to
      the plane of the ski with comparatively little deformation and forces
      parallel to the plane of the ski with comparatively large amounts of
      deformation. The sole plate 1 projects laterally beyond the base plate 11
      at its two longitudinal sides. Substantially in line with the leg of the
      skier, a rotary axis between the sole plate and base plate is formed in
      that the base plate 11 is provided with two lateral cams 15 (see FIG. 2)
      which make point contact with downwardly flanged longitudinal side walls
      of the sole plate 1. In this way transverse forces that arise during
      skiing and which do not lead to twisting of the leg are taken up.
PAR  At its rear end, the base plate 11 carries a force receiver 51' of the
      electronic force receiving device 50. This force receiver 51' is
      operatively connected to the rear end of the sole plate 1 so that
      torsional forces exerted on the sole plate are taken up by the force
      receiver and measured. Any vertically upwardly directed forces exerted on
      the sole holder 4 through loads exerted on the front are transmitted by
      the sole plate 1 to a further force receiver 51" which is also fixed to
      the base plate 11. The front end of the base plate 11 is releasably held
      to the surface of the ski by means of a fitting or bracket 16 fixed to the
      ski. The rear end of the base plate 11 is held to the surface of the ski
      by means of locking means 20 which become automatically unlocked in the
      case of danger.
PAR  The locking means 20 comprise an articulated lever consisting of two arms
      21, 22 and a hinge 23. The arm 21 of the lever is pivoted directly to the
      base plate 11 whilst the arm 22 is pivoted to a locking lever 24 which, in
      turn, is pivoted to the base plate 11. The articulated lever is normally
      held in its elongated condition and is therefore in a state of unstable
      equilibrium (see FIGS. 1 ane 3).
PAR  The locking lever 24 is in the form of a bell crank lever, the arm 22 of
      the articulated lever being pivoted to one arm of the locking lever. The
      other arm of the locking lever is cranked and formed with a locking
      projection 25. This projection is operatively connected to a locking
      recess of a swing member 26. This swing member, and a helical spring 27
      which normally holds the swing member in its locking position, are mounted
      at the free end of a sufficiently strong leaf spring 31 which is mounted
      on the surface of the ski 10 for pivotable movement about a vertical axis.
PAR  Engaged with that arm of the locking lever 24 which is pivoted to the
      articulated lever there is a stabilizing spring 28 which is in the form of
      a helical tension spring having one end suspended on the base plate 11.
      This stabilising spring serves to bring the articulated lever back to its
      elongated condition after the base plate 11 has been freed from the ski
      10. It also serves to prevent unintentional collapse of the articulated
      lever. The pivot 23 of the articulated lever constitutes a transmission
      member which can be actuated by a control member, for example by the core
      30 of a moving coil which receives a control signal in the form of an
      electric impulse from a threshold value switch 57 when the interlocked
      members 25, 26 are to be unlocked in a case of danger for the purpose of
      releasing from the ski 10 the base plate 11 and the boot 2 which is
      connected to the base plate by means of the sole plate 1.
PAR  During normal operation, the locking projection 25 of the lever 24 is
      engaged in the recess of the swing member 26 and is held upwardly as well
      as to both sides. By reason of the cranked arrangement of the locking
      projection 25 in relation to the pivot of the locking lever 24, when a
      control signal for unlocking the boot is delivered, that arm of the
      locking lever 24 connected to the articulated lever is swung upwardly
      irrespective of the nature of the load that is applied. Such upward
      swinging of the arm of the locking lever 24 ensures that the articulated
      lever collapses further.
PAR  The leaf spring 31 provided in accordance with the present invention is
      under the influence of two helical compression springs 32 (see FIG. 4)
      which hold the spring 31 in its normal position on the ski 10 and are
      themselves supported on the ski by angular stops or brackets 33. The two
      compression springs 32 are so dimensioned that the transverse forces which
      arise during normal skiing will not lead to swinging of the leaf spring 31
      about its axis. Further, the leaf spring is so strong that upwardly
      directed forces arising during normal skiing and transmitted through the
      locking projection 25 will not cause the free end of the leaf spring to be
      lifted off the ski. This ensures that, prior to safety release of the
      binding, a limited amount of resilient displacement is possible for the
      locking projection 25 and hence for the base plate 11 and the sole plate 1
      on which the ski boot 2 is held. Only at the end of the elastic path of
      the spring 31 towards the top as well as towards the sides will the
      appropriate force receiver 51' or 51" come into action, whereupon the
      electronic force receiving device 50 will initiate a releasing operation.
PAR  At this time the core 30 of the coil will exert a small force to upset the
      elongated condition of the articulated lever 21, 22, which can then
      collapse practically instantaneously under the influence of the releasing
      force and disengage the locking projection 25 from the swing member 26.
      Under the influence of the stabilising spring 28, the articulated lever
      will thereafter immediately resume its elongated condition. Similarly, the
      leaf spring 31 with swing member 26 and helical spring 27 will return to
      their normal positions. After this automatic release of the boot 2 from
      the ski 10, in order that the ski will not become too far separated from
      the skier, a catching element is provided between the base plate 11 and
      the ski 10. This catching element is of known construction and has
      therefore not been illustrated.
PAR  After safety release, the skier can simply step on the ski 10 with the base
      plate 11 that is fixed to the boot 2. The toe end of the base plate 11 is
      led under the fitting, or bracket, 16 and the locking projection 25 of the
      locking lever 24 at the heel end of the base plate is engaged with the
      swing member 26 which, for this purpose, can swing to the right as viewed
      in FIG. 3 against the force of the helical spring 27, so that the
      apparatus will then again be in an operative condition.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety ski binding for the automatic release of a ski boot from a ski
      in case of danger to the skier, comprising:
PA1  a ski having a surface;
PA1  a base plate releasably mounted on said ski;
PA1  a ski boot attaching means connected to said base plate for attaching a ski
      boot to said base plate;
PA1  a locking means mountd on said ski for releasably locking said base plate
      to said ski, said locking means including a resilient base member having
      lateral edges mountable on said ski to undergo transverse and vertical
      movements with respect to said ski surface in response to forces exerted
      on the skier's leg, a locking member fixed to one end of said resilient
      base member, mounting means fixedly mounting the end of said resilient
      base member remote from said locking member to said ski, a deformable
      member fixed to said ski and attached to one of said resilient base member
      lateral edges for limiting said resilient base member transverse movement
      to a predetermined amount;
PA1  connecting means fixed to said base plate releasably connected to said
      locking member;
PA1  a force evaluting means associated with said connecting means; and
PA1  an actuating means on said base plate cooperating with said force
      evaluating and connecting means for causing said connecting means to be
      released from said locking member when a dangerous amount of force is
      applied to the skier's leg; and
PA1  means for limiting said resilient base member vertical movement to a
      predetermined amount, said predetermined amounts of resilient base member
      vertical and transverse movement corresponding to forces exerted on the
      skier's leg which are less than said dangerous amount of force required to
      cause said connecting means to be released from said locking member.
NUM  2.
PAR  2. The safety ski binding of claim 1 further including a time evaluating
      means associated with said force evaluating means and cooperating with
      said actuating means for controlling the release of said connecting means
      from said locking member according to the length of time the skier's leg
      is subject to said dangerous amount of force.
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PAL  A ski structure having a core comprising: at least one elastic, tough,
      box-like inner core frame extending longitudinally within the ski
      throughout the major portion thereof, upper and bottom members enclosing
      therein said at least one inner core frame and defining at least one space
      extending longitudinally for the length of the members, excepting the
      shovel portion of the ski, and being located adjacent to said inner core
      frame, filling means contained in said space, and binding means made of a
      tough plastic material enclosing the inner core frame and the filling
      means to firmly wrap and bind them together. The filling means in
      different embodiments of the invention is honeycomb material and foamed
      plastic.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention pertains to a ski structure, and more particularly,
      it relates to an improved ski structure having at least one elastic,
      tough, box-like inner core frame extending longitudinally of the ski for
      the major length thereof.
PAR  B. Description of the Prior Art
PAR  It is generally appreciated that recent improvement in skiing techniques
      and increase in speed which can be achieved is related greatly to the
      construction of the skis used. As is well known, a ski has core means
      which, in olden days, was made of wood but for some time the core means
      has come to be made with plastic materials for the purpose of uniformity
      in the quality of the materials of skis and also for producing skis having
      a good balance as a whole. Thus, it has become possible to provide skis of
      good quality while meeting the demands of modern skiing in general.
      Moreover, it is known to mold plastic core means to include a hollow
      region or internal space therein for reducing the physical weight of skis
      for improving the controllability or operability of skis.
PAR  However, hollow skis still present many problems to be solved and
      characteristics to be improved. Hollow skis, indeed, do have the
      advantageous features that they are very flexible and easily adapt
      themselves to changes in the snow surface condition to exert good snow
      holding. On the other hand, however, they tend to cause skiers a sort of
      listlessness due to the absence of weight sensed by the feet of the user
      because of the actual light weight of such skis. Moreover, during
      movement, such skis cause the user to sense vibrations. Furthermore,
      though not of primary significance skis of this type lack a luxurious
      sensation when touched by the fingers of the user.
PAR  Additionally, there have been proposed and placed on the market skis whose
      core means employs honeycomb materials. Skis of this type have various
      advantageous features such that they have good twistability and are
      elastic, they can adapt themselves to the changes in the snow surface
      condition, and they can absorb impacts and vibrations. However, the
      honeycomb materials used are made of light aluminum alloys which are very
      expensive to manufacture and this fact can be termed to be the greatest
      drawback of the skis of this type. Furthermore, currently known skis
      having only honeycomb material as their filling members give the user a
      sensation that the skis are of poor substance and are "weak-kneed" skis.
PAR  Still further, skis having a markedly enlarged hollow region, and
      accordingly having a small thickness around this hollow region in order to
      minimize the total weight of the skis tend to develop sagging of the upper
      surface of the skis (as shown in FIG. 7) due to the molding pressure
      received during the manufacture. This causes to develop between the upper
      surface and the core members. As a result, the bonding relationship
      between the component members is destroyed, causing warping during use
      over an extended period of time.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of the present invention to solve the
      aforesaid various problems of hollow and honeycomb skis while making the
      most of the advantages of these two types of skis.
PAR  Another object of the present invention is to provide hollow skis which are
      light in weight and yet do not give the user any sensation of listlessness
      due to their actually being light in weight.
PAR  A further object of the present invention is to provide hollow skis of the
      type described having an improved snow holding ability and having the
      desirable capabilities to adapt themselves to the changes in the snow
      surface condition and to absorb impacts and vibrations.
PAR  Still another object of the present invention is to provide hollow skis of
      the type described which, in addition to the foregoing advantageous
      features, have desirable tough twistability while resisting fatigue of the
      component materials with which the skis are made.
PAR  A still further object of the present invention is to provide hollow skis
      of the type described, having the aforesaid advantageous features, which
      can be produced at a relatively low cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of the central portion of a ski according
      to one embodiment of the present invention.
PAR  FIG. 2 is a longitudinal cross-sectional view of the forward half of the
      ski of FIG. 1 taken along the line II--II in FIG. 1 with the upper and
      bottom surface members being depicted by phantom lines.
PAR  FIG. 3 is a longitudinal cross-sectional view of the forward half of the
      ski of FIG. 1 taken along the line III--III in FIG. 1 with the upper and
      bottom surface members being depicted by phantom lines.
PAR  FIG. 4 is a cross-sectional view similar to FIG. 1, but showing a ski
      wherein the inner core frame contains therein a foamed plastic.
PAR  FIG. 5 is a cross-sectional view of the central portion of a ski according
      to a further embodiment of the present invention, with the upper and the
      bottom surface members and side members being depicted by phantom lines.
PAR  FIG. 6 is a cross-sectional view, similar to that of FIG. 5, of still
      another embodiment of the present invention, with the upper and the bottom
      surface members and side members being shown in phantom lines.
PAR  FIG. 7 is a diagrammatic cross-sectional view, depicting the sagging of the
      upper surface which tends to develop in conventional hollow skis.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Description will hereafter be made of preferred embodiments of the present
      invention by referring to the accompanying drawings. It should be
      understood that like parts are indicated by like reference symbols and
      numerals in the various drawings.
PAR  In the first example of the present invention shown in FIGS. 1 through 3,
      description will be made by dividing the illustrated segment of ski A into
      the following three parts, (see FIG. 3) the forward end portion 1 or
      shovel portion; the snow surface-contacting portion 2; and the central
      portion 3. In FIG. 1, A represents in general the ski according to the
      present invention. Symbol a represents a top layer of an appropriate
      resin. Symbol b represents another layer made, for example, of fiber
      glass. Symbol c  represents a top edge fastened or glued to the ski.
      Symbol d represents a side of the ski. Symbol e represents a bottom edge
      member. Symbol f represents a dependent portion constituting a running
      surface of the edge member e.  Symbol g represents a lateral web portion.
      Symbol h represents a layer made for example, of fiber glass. Symbol i
      represents a running surface made of an appropriate plastic. These
      members, i.e. a, b, c, d, e, f, g, h and i which have no immediate
      relation with the present invention are shown in phantom lines in other
      Figures of the drawings for the purpose of simplicity. Hereinafter, they
      will be referred to as the upper and bottom members of the ski.
PAR  The forward end portion 1 of the ski includes a core portion 10 made from a
      plastic material such as acrylonitrile-butadiene-styrene resin and
      positioned between the upper and bottom members. In the snow
      surface-contacting portion 2, which is contiguous with the forward end
      portion 1, the upper and bottom members define a space 31 extending
      longitudinally of ski and varying in top-to-bottom dimension corresponding
      to the changes in the top-to-bottom thickness of the ski for the length
      thereof. The upper and bottom members in the central portion 3 of the ski
      define an extension of said space 31. The space 31 between the upper and
      bottom members has a top-to-bottom dimension which is maximum in the
      vicinity of the central portion of the ski, and it decreases gradually as
      it approaches the forward end portion. At the snow surface-contacting
      portion 2, the space 31 terminates. A tough, elastic box-like inner core
      frame B is provided centrally within the ski A and extends longitudinally
      of the ski between the upper and bottom members in firmly sandwiched,
      contiguous relationship therewith. This inner core frame B is made from a
      fiber-reinforced plastic material such as a glass fiber-reinforced plastic
      or a carbon fiber-reinforced plastic. In the FIG. 1 example, the box-like
      inner core frame B has a vacant space therein. The inner core frame B has
      an outer side wall-to-outer side wall dimension which is about one third,
      i.e. about 20 mm, of the entire side-to-side dimension, i.e. 60-70 mm, of
      the ski A. Outwardly of the sides of the inner core frame B and extending
      in the space 31 for the length of this core frame B and the upper and
      bottom members, are arranged filling means comprising honeycomb members 32
      secured firmly between the upper and bottom members. These honeycomb
      members 32 which are positioned in the snow surface-contacting portion 2
      are smaller in their height in accordance with the varying top-to-bottom
      dimension of the internal space defined by the upper and bottom members,
      and those honeycomb members 32 positioned in the central portion 3 are
      greater in their height in accordance with the varying top-to-bottom
      dimension of the internal space defined by the upper and bottom members.
      The respective component members, i.e. core frame B and honeycomb members
      32 are enclosed and bound together by a binding member 40 which is made,
      for example, of a glass fiber-reinforced plastic material so that these
      members will not become separated from each other. An important feature of
      this embodiment is to provide an ideal ski by reducing the amount of the
      expensive honeycomb members employed.
PAR  As stated above, the skis according to the foregoing example of the present
      invention, unlike known hollow skis, while not heavy nevertheless give the
      user a sensation of a considerable weight and accordingly can remove any
      sensation of listlessness which the skier may otherwise have while skiing.
PAR  Also, the skis just described prevent the development of horizontal as well
      as vertical vibrations during skiing a drawback of conventional hollow
      skis, and provide tough twistability and excellent snow holding effect
      which are peculiar to the honeycomb type skis. Moreover, such skis can
      adapt themselves to the changes in snow surface condition so as to absorb
      impacts. Additionally, skis of this kind can be produced at a relatively
      low cost as compared with known honeycomb type skis. Since the elements
      forming the centrally located box-like inner core frame and other parts of
      the ski are constructed from glass fiber-reinformed plastic material or
      carbon fiber-reinforced plastic material, the skis described above prevent
      the development of a weakened or fatigued central part even after extended
      use. Such a weakened part would not hold its initially formed upward curve
      or arch when loaded with the weight of the user and the arch would become
      flat and contact the snow surface when carrying the weight of a person.
      Such weakening of the central part of skis is one of the drawbacks of
      conventional skis. The aforesaid example of the ski, however, provides
      sufficient resistance to fatigue of the component parts and the provision
      of empty inner core frame B provides the user with a spring-like or
      resilient sensation.
PAR  FIG. 4 is a modified version of FIG. 1. In this embodiment, the empty
      box-like core frame B of FIG. 1 is stuffed with a foamed plastic 32a such
      as foamed urethane. As a result, the ski as a whole provides the user with
      what may be called a "ponderous" or "substantial" sensation as it reduces
      the feeling of light ski, albeit that the ski actually is not heavy. The
      user can gets the sensation of stability from such a ski.
PAR  Descriptions have been made of examples wherein the skis have only one
      inner core frame. Though not shown in the drawings, those skilled in the
      art will easily understand that the skis may have more than one core
      frame.
PAR  The descriptions hereinafter are of further modified examples of the
      present invention.
PAR  In FIG. 5 is shown an embodiment in which the box-like inner core frame,
      generally indicated at S, comprises two U-shaped inner core frame elements
      11 which are assembled together so that one of these elements is received
      within the other to define a space 31a of a substantially rectangular
      cross section. These assembled U-shaped elements 11 are made of the same
      fiber-reinforced plastics as in the preceding examples, and they are
      disposed in the central portion of the ski along the length of the upper
      and bottom members. The inner core frame S is flanked on both sides by
      filling means 32a which are made from a foamed plastic, such as urethane.
      The inner core frame S, as well as the filling means 32a are surrounded
      and hold together firmly by a binding members 40 to provide an entire
      core. The ends of the binding member 40 are arranged flush with one
      another to avoid the formation of a region longitudinally of the ski,
      which bulging region would be produced if the end portions of the binding
      member 40 were arranged to overlap one another.
PAR  FIG. 6 shows a still further embodiment of the present invention in which
      the filling means 32a disposed in the central part of the ski,
      longitudinally thereof, is flanked on both sides by two box-like inner
      core frames S, S each being formed in the same manner as described in the
      preceding example and shown in FIG. 5.
PAR  By so constructing the core means as in the examples of FIGS. 5 and 6, the
      weight of the ski is reduced while the sensation of light weight is
      reduced by the provision of the filling member. As stated previously,
      instead of the filling means being made of honeycomb, as in the examples
      illustrated in FIGS. 1-4 the filling means of the embodiments of FIGS. 5
      and 6 is made from a foamed resin. Therefore, an ideal ski is provided
      while reducing its weight and yet imparting a sensation of weight and
      stability to the user of this ski.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ski structure comprising separate upper and bottom members defining a
      space therebetween which extends substantially the length of said ski; a
      single elastic, box-like inner core frame located within said space and
      extending longitudinally of the ski, said frame being dimensioned in width
      to occupy only a portion of said space; filling means on opposite sides of
      said core frame occupying substantially the remaining portion of said
      space laterally of the frame; and binding means within said space
      surrounding the frame and the filling means to hold same together as a
      unit.
NUM  2.
PAR  2. A ski structure according to claim 1, wherein said frame has a hollow
      interior which contains a foamed plastic.
NUM  3.
PAR  3. A ski structure according to claim 2, wherein said filling means
      comprises honeycomb members.
NUM  4.
PAR  4. A ski structure comprising separate upper and bottom members defining a
      space therebetween which extends substantially the length of said ski; a
      single elastic, box-like inner core frame located within said space and
      extending longitudinally of the ski, said frame being dimensioned in width
      to occupy only a portion of said space; filling means comprising honeycomb
      members on opposite sides of said core frame occupying substantially the
      remaining portion of said space laterally of the frame; and binding means
      within said space surrounding the frame and the filling means to hold same
      together as a unit.
NUM  5.
PAR  5. A ski structure according to claim 4, wherein said frame has a hollow
      interior which contains a foamed plastic.
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ABST
PAL  A ski brake includes a length of spring wire of circular cross-section and
      a holding plate for retaining the brake on the top surface of a ski. The
      wire has two end portions which are covered with plastic protective caps
      forming the effective surfaces of the brake. One of the end portions lies
      on each side of the ski, the brake portions being movable between a
      position in which they lie essentially in the major plane of the ski and a
      position in which they extend downwardly below the bottom surface of the
      ski. A retaining plate is fastened to the top surface of the ski and
      includes two arcuate recesses which extend transversely across the ski.
      Between the two end portions, the wire is bent to form a first central
      shaft portion which extends through one of the arcuate recesses, a second
      central portion which is U-shaped, and a third central shaft portion which
      extends through the other arcuate recess. The central portion acts as a
      spring tending to urge the two end brake portions to their active,
      downwardly extending position. A small U-shaped bulge permits the central
      spring portion to clear one of the transverse axis portions to permit the
      loop to lie flush against the ski surface. Protective caps having
      longitudinal ribs enclose the end portions to form the active surfaces of
      the brake.
PARN
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 460,532, filed Apr. 12, 1974 and now U.S. Pat. No. 3,884,487.
BSUM
PAR  This invention relates to ski brakes and, particularly, to a spring-urged
      ski brake structure having brake portions on either side of the ski.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a ski brake having brake shoes arranged at the
      lateral edges of the ski, which brake shoe portions can be swiveled about
      axes running across the top of the ski. As described in the parent
      application, ski brakes having spring portions are known but are generally
      complex and expensive in nature and generally require relatively
      complicated spring arrangements. Application Ser. No. 460,532 described a
      structure which is an improvement over the known apparatus and is
      advantageous, but has the disadvantage of having only one brake shoe so
      that, in some circumstances, the braking action is not sufficient to brake
      the ski to a stop within a short distance under conditions of certain
      kinds of snow and on steep gradients.
PAR  An object of the invention is to provide a ski brake of the type described
      wherein reliable, rapid braking is obtained even under circumstances of
      hard snow and severe gradients.
PAR  Broadly described, the present invention includes a ski brake securable to
      the upper surface of the ski and having, laterally of the ski, first and
      second brake spurs which are pivotable about first and second pivot axes
      which extend transversely across the upper surface of the ski, and a lever
      depressible by the ski boot to hold the brake spurs in their rest position
      parallel with the major surface of the ski, the brake spurs being
      pivotable into their braking positions by spring action upon removal of
      the ski boot from the ski binding, the improvement in the present
      invention comprising a wire bent so that one end portion forms a first one
      of the brake spurs, the other end portion forms the second one of the
      brake spurs, a first central portion lies in the first one of the pivot
      axes, a second central portion is shaped into a holding loop forming a
      holding lever, and a third central shaft portion lies in the second one of
      the pivot axes, the first and second axes being parallel and
      longitudinally spaced apart, the holding loop acting as a spring which
      moves the brake spurs to their braking position and having two positions,
      one being against the ski when depressed by the ski boot and the other
      being away from the ski when the ski boot is removed from the binding.
DRWD
PAR  In order that the manner in which the foregoing and other objects can be
      attained in accordance with the invention can be understood in detail, a
      specific embodiment thereof will be described with reference to the
      accompanying drawings, which form a part of this specification, and
      wherein:
PAR  FIG. 1 is a side elevation of a ski brake according to the invention, shown
      with a fragmentary portion of a ski, in its braking position;
PAR  FIG. 2 is a plan view of the ski brake of FIG. 1, shown in its inactive
      position; and
PAR  FIG. 3 is a section along lines III--III of FIG. 1.
DETD
PAR  As shown in FIGS. 1 and 2, a holding plate 2 is fastened by screws 3 onto
      the upper surface of a ski 1 which is only partially shown in the figures.
      The holding plate 2 is located in the vicinity of a holding piece 4, which
      is generally illustrated, which can constitute a heel-holding piece of a
      safety ski binding. The holding plate includes a recess 5 which comprises
      a transverse groove extending upwardly into the underside of holding plate
      2 so that, when mounted on the ski, a transverse tunnel is provided. A
      first central shaft portion 7 of a wire rod indicated generally at 6
      extends through recess 5 and it is pivotable about a first axis. The rod 6
      is bent approximately 90.degree. to form a first end portion 8 which is
      covered by a brake shoe 9 of plastic material which is firmly attached to
      the wire rod.
PAR  Brake shoe 9 is provided with longitudinal ribs 9' as shown in FIGS. 2 and
      3 which reduce lateral flow of snow off the brake shoe portion and
      consequently improve the braking action.
PAR  At the other end of recess 5 the wire rod is bent 90.degree. in the
      opposite direction, this constituting a second central portion of the wire
      rod which forms a U-shaped holding loop 11 which, in the rest position
      illustrated in FIG. 2, is pressed by a ski boot, not shown, onto the upper
      surface of the ski. In this position, end portion 8 and brake shoe 9 are
      pivoted into its rest position which is parallel with the ski and above
      the running surface thereof.
PAR  The other end of loop 11 is bent to form a third central shaft portion 13
      which extends through a second recess 12 in holding plate 2. Recess 12 is
      formed in a fashion similar to recess 5 and it is parallel thereto and
      longitudinally spaced from recess 5 with respect to the longitudinal axis
      of the ski. Thus, retaining clip or holding loop 11 is pivoted about both
      of shafts 7 and 13, these defining first and second pivot axes. It is
      important that the axes of the two recesses and the two shaft portions
      which extend therethrough are spaced substantially parallel to each other
      because wire rod 6 is thereby elastically prestressed.
PAR  At the other end of recess 12, and laterally outwardly of the other side of
      ski 1 the rod is bent 90.degree. to form a second end portion 15 which is
      covered by and which supports a second brake shoe or spur 16 which, like
      brake shoe 9, is provided with longitudinal ribs 16'.
PAR  It will be recognized that because of the fact that wire rod 6 is
      elastically prestressed by the paralled staggered positions of the two
      shaft portions 7 and 13, upon release of the holding loop, brake shoes 9
      and 16 are automatically pivoted into their braking positions and held
      there. Thus, it is important that the wire rod, which serves the dual
      functions of the mounting of brake shoes 9 and 16 and the formation of a
      supporting arm in the form of a retaining clip 11, also simultaneously
      assumes the function of a swivel spring.
PAR  Because of the fact that rod 6 is simultaneously a spring, the arrangement
      of the brake shoes 9 and 16 on the end portions 8 and 15 creates a problem
      as to the crossing of the wire rod upon itself. It is, of course,
      important that the satisfactory operation of the brake, despite the
      limited space available, be assured, particularly without impairing the
      spring action of rod 6. This is achieved by providing, at the crossing
      point 17 of rod 6 upon itself in the inoperative or rest position, a small
      U-shaped indentation or bulge 18 is formed in one side of the major
      U-shape of holding loop 11. It is important that the bulge 18 is
      positioned within the depth of holding plate 2, i.e., that the extreme of
      the bulge in the rest position not extend significantly above the upper
      surface of plate 2. It will be observed that plate 2 is simultaneously
      used as the supporting ledge for the ski boot. Thus, the necessary height
      can be maintained.
PAR  Supporting plate 2 appropriately has indentations 19 and 20 on opposite
      sides of the plate to provide necessary clearance for the straight
      portions of U-shaped member 11 when the ski brake is in its inoperative
      position.
PAR  While one advantageous embodiment has been chosen to illustrate the
      invention, it will be understood by those skilled in the art that various
      changes and modifications can be made therein without departing from the
      scope of the invention as defined in the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a ski brake securable to the upper surface of a ski and having,
      laterally of the ski, first and second brake spurs which are pivotable
      about first and second pivot axes, respectively, extending on the upper
      side of the ski transversely with respect to the longitudinal axis thereof
      and a holding lever depressible by the ski boot to hold said brake spurs
      in a rest position, said brake spurs being pivoted into their braking
      positions by spring action upon removal of a ski boot from the ski
      binding, the improvement in the brake comprising a wire bent so that one
      end portion forms a first one of said brake spurs, the other end portion
      forms the second one of said brake spurs, a first central shaft portion
      lies in the first one of said pivot axes, a second central portion is
      shaped into a holding loop forming said holding lever, and a third central
      shaft portion lies in the second one of said pivot axes, said first and
      second axes being paarallel and longitudinally spaced apart, said holding
      loop acting as a spring which moves said spurs to their braking positions
      and having two positions, one position being against the ski when
      depressed by the ski boot and the other position being away from the ski
      when the ski boot is removed from the binding.
NUM  2.
PAR  2. A ski brake as claimed in claim 1, and further comprising a holding
      plate fastenable to the upper side of the ski, and having means defining
      first and second recesses in which said first central shaft portion and
      said third central shaft portion are located respectively.
NUM  3.
PAR  3. A ski brake according to claim 1 and further comprising a protective cap
      enclosing and protecting each of said brake spurs.
NUM  4.
PAR  4. A ski brake according to claim 3, wherein each of said protective caps
      is formed of a plastics material.
NUM  5.
PAR  5. A ski brake according to claim 4 wherein each of said protective caps is
      formed with longitudinal ribs.
NUM  6.
PAR  6. A ski brake as claimed in claim 1, wherein said wire is of circular
      cross-section throughout its length.
NUM  7.
PAR  7. A ski brake according to claim 6 wherein said second central portion is
      substantially U-shaped and is provided with a smaller U-shaped bent
      portion in a plane approximately perpendicular to the major plane in which
      the second central portion lies.
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PAL  The application relates to a steering knuckle assembly of the type utilized
      for supporting the steerable wheel of an automotive vehicle. Two
      embodiments of the steering knuckle assembly are disclosed and both
      comprise an integral metal housing formed from metal plate. The housing
      has a front extending between a top and a bottom and includes flanges
      extending rearwardly from the front along the sides and top and bottom.
      The housing includes an actuator opening in which a hydraulic actuator is
      disposed. A wheel supporting means is disposed in the front of the
      housing. The wheel supporting means in the first embodiment comprises a
      flange for rotatably supporting a driven axle. The wheel supporting means
      in the second embodiment includes a spindle for rotatably supporting a
      wheel. Both embodiments include a floating rotor defining a disk which is
      disposed between a pair of brake shoes, one of which is supported by an
      abutment connected to the housing and the other of which is movably
      supported on the housing for movement by the actuator. Each rotor disc
      comprise first and second members, the first of which is L-shaped in cross
      section and the second of which is U-shaped in cross section. The members
      are connected so as to define an inner space.
BSUM
PAR  This invention relates to a steering knuckle assembly of the type for
      rotatably supporting a steerable wheel of an automotive vehicle.
PAR  Typically, prior art knuckle assemblies have been made of cast iron.
      Typical prior art assemblies are shown in U.S. Pat. Nos. 3,183,999;
      3,298,468 and 3,384,203. The instant invention takes advantage of sheet
      steel which can be formed to almost any configuration as full advantage is
      taken to use it in easily stamped or cold form shapes. The instant
      invention reduces the automobile weight and requires fewer machining
      operations than the comparable cast assemblies and significantly
      simplifies the installation and maintenance requirements.
DRWD
PAR  Other advantages of the present invention will be readily appreciated as
      the same becomes better understood by reference to the following detailed
      description when considered in connection with the accompanying drawings
      wherein:
PAR  FIG. 1 is an exploded perspective view of a first embodiment of the subject
      invention;
PAR  FIG. 2 is a fragmentary cross-sectional view of the first embodiment of the
      subject invention;
PAR  FIG. 3 is an exploded cross-sectional view of the disc brake rotor utilized
      in the first embodiment;
PAR  FIG. 4 is a cross-sectional view of the disc brake rotor utilized in the
      first embodiment;
PAR  FIG. 5 is a fragmentary perspective view of the knuckle housing utilized in
      the first embodiment;
PAR  FIG. 6 is an exploded perspective view partially in cross section of a
      second embodiment of the subject invention;
PAR  FIG. 7 is a fragmentary cross-sectional view of the embodiment shown in
      FIG. 6;
PAR  FIG. 8 is a fragmentary perspective view of the housing of the embodiment
      of FIGS. 6 and 7; and
PAR  FIG. 9 is a side view of one-half of the disc brake rotor utilized in the
      embodiment of FIGS. 6 and 7.
DETD
PAR  The embodiment of the steering knuckle assembly of FIGS. 1 through 5
      includes an integral metal housing 10 formed of metal plate preferably in
      the form of stamped one-fourth inch 1008 hot rolled sheet steel. The
      housing 10 has a top flange 12 and a bottom flange 14 with a front 16
      extending therebetween. The housing 10 includes an actuator opening 18
      which extends therethrough and receives an actuator assembly generally
      indicated at 20. The actuator assembly 20 includes a cup-shaped casing 21
      surrounding a hydraulically actuated piston. The casing is welded to the
      knuckle housing 10 in the opening 18. The actuator assembly 20 reinforces
      the knuckle housing 10 and actuates the disc brakes, as will be more clear
      hereinafter. An arm 22 extends from the actuator assembly 20 for actuating
      the parking brake upon movement thereof. One of various actuator
      assemblies may be utilized in the opening 18 and the specifics of the
      actuator assembly 20 form no part of this invention.
PAR  The knuckle housing 10 includes integral flanges extending rearwardly from
      the periphery of the front 16 to define the sides 24 which extend between
      the top 12 and the bottom 14. Thus, the knuckle housing 10 includes
      flanges extending completely about the periphery of the front 16.
PAR  Also included is a wheel supporting means generally shown at 26. The wheel
      supporting means 26 is spaced vertically below the actuator opening 18.
      The wheel supporting means 26 includes a wheel support opening 28
      extending through the front 16 and cylindrical means defined by the
      cylindrical flange 30 and tubular member 32, both of which extend
      forwardly from the periphery of the wheel support opening 28. Bearing
      means defined by the bearing assemblies 34 and 36 are disposed within the
      tubular member 32. The bearing assemblies 34 and 36 are separated by a
      seal and a snapring, both of which are indicated at 37. Also included is a
      drive axle means comprising the hub 38 which is rotatably supported by the
      bearings 34 and 36 and is in splined engagement with the drive member 40.
      The hub 38 includes a wheel supporting flange having studs 42 for
      connection to a wheel 44 which, in turn, supports a tire 46.
PAR  The studs 42 also support a generally cup-shaped rotor drive member or
      rotor carrier 48. The rotor drive member or rotor carrier 48 may be held
      on the studs 42 by head retaining screws so that the rotor carrier 48
      remains in place when the wheel 44 is removed from the studs 42, although
      the rotor carrier 48 may be removed from the studs 42 when desired. The
      rotor drive member or rotor carrier 48 is in driving connection with an
      annular rotor disc generally indicated at 50. The rotor disc 50 will be
      explained in more detail hereinafter.
PAR  The housing 10 includes brake shoe supporting means comprising the tabs 52
      disposed on the front 16 of the housing and on either side of the actuator
      opening 18. The tabs 52 are struck out of the front 16 of the housing 10
      so as to extend perpendicularly from the front 16 of the housing. Floating
      brake shoe means generally shown at 54 is included for engaging one side
      of the rotor disc 50. The brake shoe means 54 includes a backing plate 56
      and a pad 58 of any one of various well known friction materials. The pad
      58 is connected to the plate 56 by rivets, or the like. Also included are
      the guide means comprising the ears 60 extending from opposite ends of the
      backing plate 56 of the floating brake shoe means for sliding engagement
      with the tabs 52 of the brake shoe supporting means for allowing
      horizontal movement of the floating brake shoe means 54 toward and away
      from the front 16 of the housing 10. The ears 60 have slots therein so
      that the tabs 52 are disposed in the slots for movably supporting the
      floating brake shoe means 54.
PAR  A support flange 62 extends radially from the distal end of the cylindrical
      means 32. The flange 62 has four holes extending therethrough for
      receiving fasteners 65 for attaching a brake shoe abutment member 64
      thereto thereby rigidly connecting the abutment member 64 to the housing
      10. The brake shoe abutment 64 includes a brake shoe supporting surface or
      plate portion 66 which, in turn, supports a brake pad 68 by rivets or the
      like. The fastener means 65 connect the abutment member 64 to the housing
      while allowing disconnection of the abutment member 64 from the housing
      for maintenance or replacing the brake pads 58 and 68.
PAR  The floating brake shoe means 54 extends over or diametrically across the
      actuator assembly 20 so that upon actuation of the actuator assembly 20,
      floating brake shoe means 54 moves toward the annular rotor disc 50 and
      toward the brake pad 68 and supporting surface 66.
PAR  The annular rotor disc 50 extends about the cylindrical wheel support means
      26 and is disposed axially between the brake shoe abutment member 64 and
      the floating brake shoe means 54. There is also included a floating
      connection means interconnecting the rotor disc 50 and the rotor drive
      member 48 for joint rotation while allowing axial movement of the rotor
      disc 50 relative to the rotor drive member 48.
PAR  The rotor disc 50 includes a first disc member 70 and a second disc member
      72. The first disc member 70 is an integral stamped metal member having an
      annular configuration defining an inner diameter and an outer diameter.
      The first disc member 70 is L-shaped in cross section, as best seen in
      FIGS. 3 and 4, with the long leg 73 of the L-shape extending radially and
      the short leg 74 of the L-shape extending axially from the inner diameter
      of the member 70. The second disc member 72 is an integral stamped metal
      member having an annular configuration defining an inner diameter and an
      outer diameter and having a generally U-shaped configuration in cross
      section. The base 75 of the U-shape extends radially with a first leg 76
      extending axially from the outer diameter and a second leg 77 of the shape
      extending axially from the inner diameter. The legs 76 and 77 engage the
      first disc member 70 for axially spacing the radially extending base 75 of
      the second disc member 72 from the radially extending leg 73 of the first
      disc member 70. The axially extending legs 76 and 77 of the second disc
      member 72 and the axially extending short leg 74 of the first disc member
      70 have openings 78, 79 and 80 respectively extending radially
      therethrough for air to circulate between the radially extending base 75
      of the second disc member 72 and the radially extending leg 73 of the
      first disc member 70. The openings 78 in the leg 77 of the second disc
      member 72 are aligned with the openings 80 in the short leg 74 of the
      first disc member 70 so as to define openings extending radially through
      the inner diameter of the rotor disc 50. The first leg 76 of the second
      disc member 72 has its distal end in abutment with the inner radial
      surface of the radially extending leg 73 of the first disc member 70. As
      best illustrated in FIG. 1, the openings 79 in the first leg 76 of the
      second disc member 72 are defined by circumferentially extending slots
      which extend axially through the radially extending base 75 of the second
      disc member 72 and axially through the radially extending leg 73 of the
      first disc member 70 thereby defining radially extending lugs 82 between
      the slots 79, as best seen in FIG. 1. Preferably, the two rotor disc
      members 70 and 72 are stamped from 1040 steel with the braking surface on
      the outer radial surfaces of the legs 73 and 75 ground to a 20 to 80 micro
      inch finish.
PAR  The rotor drive member 48 is generally cup-shaped to include an axially
      extending circular flange with recesses 84 therein. The lugs 82 are
      slidably disposed in the recesses 84 whereby the rotor disc 50 floats and
      is axially movable to compensate for wear, etc. of the brake pads 58 and
      68.
PAR  The short leg 74 of the first disc member 70 extends axially from the inner
      diameter thereof and is disposed immediately radially outwardly of the
      second leg 77 of the second disc member 72. More specifically, the short
      leg 74 is in radially abutting engagement with the leg 77. Preferably the
      leg 74 is press-fitted radially against the leg 77 and thereafter the disc
      members 70 and 72 are welded together at the inner and outer diameters
      thereof.
PAR  The housing 10 also includes arm support means for connection to a steering
      arm 86. The arm support means includes openings extending through the side
      flanges 24 for receiving a steering arm 86 from either side of the housing
      10. A spacer means defined by a block 87 is disposed between and engages
      the side flanges 24 of the housing for receiving the steering arm 86.
PAR  The spacer block 87 is preferably welded in position and reinforces or
      forms a reinforcing box section in the housing between the side flanges 24
      and the front 16. The spacer block 87 is keyed and may receive a steering
      arm from either side.
PAR  The front 16 of the housing 10 is wider from side to side 24 at the
      vertical position of the actuator opening 18 than at the vertical position
      of the arm support means, i.e., the spacer block 87. The wider portion of
      the housing 10 is adjacent the bottom thereof and the front of the housing
      has a lower portion defining the wider area, which wider portion includes
      the actuator opening 18 and the wheel support means 26. The front also
      includes an upper and narrower portion extending rearwardly and then
      upwardly from the upper extremity of the lower portion. Thus, the upper
      portion defines a generally L-shaped portion of the housing 10 extending
      from the lower wider portion. The actuator assembly 20, when welded into
      the actuator opening 18, reinforces the housing and the housing is also
      reinforced by the spacer block 87 in the L-shaped upper portion.
PAR  A very important feature of the assembly, as best illustrated in FIG. 1, is
      that the housing 10 and associated components, absent the steering arm 86,
      are symmetrical on either side of a center line passing from the top to
      the bottom thereof. This means that only one assembly need be produced for
      either the left or right hand or side of an automotive vehicle. In other
      words, the assembly is single handed and a steering arm such as 86 is
      inserted from either side of the housing, depending upon which side of the
      vehicle the housing is to be utilized.
PAR  There is also included steering support means comprising the bosses 88 and
      89 in the top and bottom flanges 12 and 14 respectively for rotatably
      supporting the housing 10. The bosses 88 and 89 are pin bosses for
      receiving a ball joint mount, such as that generally indicated at 90 in
      FIG. 2, for supporting the assembly for steering, as a steering force is
      applied to the steering arm 86. The bosses 88 and 89 are preferably welded
      to the flanges 12 and 14.
PAR  A bracket 92 is attached to the housing for supporting a hydraulic line 94
      which leads to the actuator assembly 20 for actuation thereof by the
      supply of hydraulic fluid thereto.
PAR  As will be appreciated, the assembly is very compact, lightweight and
      easily maintained. In the event of wear of the brake pads 58 and 68, the
      nuts on the studs 42 are removed to remove the wheel 44 and thereafter to
      remove the rotor drive member or rotor carrier 48. The fasteners 65 may be
      removed to remove the abutment member 64 whereupon the rotor 50 and the
      floating brake shoe 54 are easily removed.
PAR  The embodiment of the steering knuckle assembly of FIGS. 6 through 9
      includes a integral metal housing 110 formed of metal plate preferably in
      the form of a stamped five-sixteenths inch 1008 hot rolled aluminum killed
      sheet steel. The housing 110 has a top flange 112 and a bottom flange 114
      with a front 116 extending therebetween. The housing 110 includes an
      actuator opening 118 which extends therethrough and receives an actuator
      assembly generally indicated at 120. The actuator assembly 120 includes a
      cup-shaped casing 121 welded to the knuckle housing 110 in the opening
      118. The actuator assembly 120 reinforces the knuckle housing 110 and
      actuates the disc brakes, as will become more clear hereinafter. One of
      various actuator assemblies may be utilized and the specifics of the
      actuator assembly 120 form no part of this invention.
PAR  The knuckle housing 110 includes integral flanges extending rearwardly from
      the periphery of the front 116 to define the sides 124 which extend
      between the top 112 and the bottom 114 so that the knuckle housing 110
      includes flanges extending completely about the periphery of the front
      116.
PAR  Also included is a wheel supporting means generally shown at 126. The wheel
      supporting means 126 is spaced vertically below the actuator opening 118.
      The wheel supporting means 126 includes a wheel support opening 128
      extending through the front 116 and cylindrical means defined by the
      cylindrical flange 130 and tubular member 132. Flange 130 and tubular
      member 132 extend forwardly from the periphery of the wheel support
      opening 128. The wheel support means also includes a spindle 133 extending
      forwardly from the front 116 of the housing and rigidly secured in the
      opening 128 by the flange 130 and the tubular member 132. Bearing means
      defined by the bearing assemblies 134 and 136 are disposed on the spindle
      133. A hub means generally indicated at 138 is rotatably supported on the
      spindle 133 through the bearings 134 and 136. The hub means 138 includes a
      wheel supporting flange having studs 142 for connection to wheel 144. The
      hub member is defined by a flange element 145 welded to a tubular element
      146. A seal 135 is disposed about the spindle 133 adjacent the bearing
      assembly 134. Additionally, a spindle cap 137 frictionally engages the end
      of the hub 138 and surrounds a retaining nut which holds the assembly.
PAR  The tubular element 146 is splined at 147 for driving connection to the
      spline 148 of an annular rotor disc generally indicated at 150. The rotor
      disc 150 will be explained in more detail hereinafter.
PAR  The housing 110 includes brake shoe supporting means comprising the holes
      152 disposed on the front 116 of the housing and on either side of the
      actuator opening 118. The holes 152 are formed as the result of striking
      metal in the form of tabs out of the front 116 of the housing 110.
      Floating brake shoe means generally shown at 154 is included for engaging
      one side of the rotor disc 150. The brake shoe means 154 includes a
      floating backing plate 156 and a pad 158. The pad 158 may be made of any
      one of various well known friction materials suitable for use in braking
      systems and may be connected to the plate 156 by rivets or the like. Also
      included are the guide means comprising the ears, tabs or male projections
      160 extending from opposite ends of the backing plate 156 in a direction
      perpendicular to the backing plate 156 for sliding engagement with the
      holes 152 of the brake shoe supporting means for allowing horizontal
      movement of the floating brake shoe means 154 toward and away from the
      front 116 of the housing 110.
PAR  The assembly also includes a brake shoe abutment member 162 which supports
      a brake pad 163 by rivets or the like. The abutment member 162 includes
      connecting flanges 164 at either end thereof for engaging the side flanges
      124 of the housing 110. The connecting flanges 164 and the side flanges
      124 have bores 165 extending therethrough. Fastener means defined by the
      elements 166 and the dow pin 167 extend through the bores 165 for rigidly
      connecting the abutment member 162 to the housing 110. The fastener means
      166 and 167 are in body engagement with the bores 165 to prevent movement
      of the abutment member 162 relative to the housing 110 and to place the
      fastener means 166 and 167 in shear in response to forces urging such
      relative movement. The bores 165 through which the dow pins 167 extend
      define a center of rotation of the abutment member 162 relative to the
      housing 110 when the actuator assembly is actuated to force the floating
      brake shoe means 154 against the rotor disc 150 to in turn apply force
      against the abutment member 162. It is important that the fasteners 166
      and 167 are in circumferentially radially binding engagement with the
      holes 165 so that the fasteners are placed in shear. The center defined by
      the dow pins 167 assures that the adjacent fasteners 166 are placed in
      shear. The fasteners 166 clamp the connecting flanges 164 to the side 124
      of the housing 110 but should they loosen they will remain in shear
      preventing any relative movement between the abutment member 162 and the
      housing 110.
PAR  The floating brake shoe means 154 extends over or diametrically across the
      actuator assembly 120 so that actuation of the actuator assembly 120 moves
      the floating brake shoe means 154 toward the annular rotor disc 150 and
      toward the brake pad 163 and the adjacent supporting surface on the
      abutment member 162. The annular rotor disc 150 is disposed about or
      around the cylindrical wheel support means 126 and is axially between the
      brake shoe abutment member 162 and the floating brake shoe means 154. The
      splines 147 and 148 define a floating connection means interconnecting the
      rotor disc 150 and the hub means 138 for joint rotation while allowing
      axial movement of the rotor 150 relative to the hub means 138.
PAR  The rotor disc 150 includes a first disc member 170 and a second disc
      member 172. The first disc member 170 is an integral stamped metal member
      having an annular configuration defining an inner diameter and an outer
      diameter. The first disc member 170 is L-shaped in cross section with the
      long leg 173 of the L-shape extending radially and the short leg 174 of
      the L-shape extending axially from the inner diameter of the member 170.
      The spline 148 is disposed within the short leg 174 and defines support
      means disposed radially inwardly for rotating the disc members.
PAR  The second disc member 172 is an integral stamped metal member having an
      annular configuration defining an inner diameter and an outer diameter and
      having a generally U-shaped configuration in cross section. The base 175
      of the U-shape extends radially with a frist leg 176 extending axially
      from the outer diameter and a second leg 177 of the U-shape extending
      axially from the inner diameter. The legs 176 and 177 engage the first
      disc member 170 for axially spacing the radially extending base 175 of the
      second disc member 172 from the radially extending leg 173 of the first
      disc member 170. The second disc member 172 also includes a flange 178 in
      engagement with both legs 173 and 174 of the first disc member 170. The
      axially extending leg 176 of the second disc member 172 has openings 179
      therein and the leg 177 has openings 180 therein. Consequently, air may
      circulate between the radially extending base 175 of the second disc
      member 172 and the radially extending leg 173 of the first disc member
      170.
PAR  The openings 180 preferably are made with a circular cutter cutting into
      the leg 177 at circumferentially spaced intervals. The first leg 176 of
      the second disc member 172 has its distal end in abutting engagement with
      the inner radial surface of the radially extending leg 173 of the first
      disc member 170. Preferably, the disc members are welded together at this
      abutment. Additionally, the inner end of the flange 178 is preferably
      press-fitted against the outer circumference of the leg 174 whereby the
      disc members are press-fitted together, although they are preferably also
      welded.
PAR  The housing 110 also includes arm support means for connection to a
      steering arm 186. The arm support means includes openings extending
      through the side flanges 124 for receiving a steering arm 186 from either
      side of the housing 110. A spacer member comprising a tubular member 187
      is disposed between and engages the side flanges 124 of the housing 110
      for receiving the steering arm 186. The steering arm is held in rotative
      position by a Woodruff key interconnecting the arm and the sides of the
      housing. The spacer member 187 is preferably welded in position and
      reinforces or forms a box section in the housing 110 between the side
      flanges 124 and the front 116.
PAR  The front 116 of the housing 110 is wider from side to side at the vertical
      position of the actuator opening 118 than at the vertical position of the
      arm support means through which the arm 186 is attached. The wider portion
      of the housing 110 is at the top thereof. The actuator opening 118 is
      disposed in the top wider portion and the wheel support means 126 is
      disposed in the lower narrower portion of the housing 110. Further, the
      spacer block or tubular member 187 is disposed in the lowered narrower
      portion of the housing 110. The housing 110 is also narrower at the bottom
      than at the top when viewed in side elevation, i.e., the side flanges 124
      are wider at the top than at the bottom.
PAR  Like the first embodiment, an important feature of this embodiment is that
      the housing 110 and associated components, absent the steering arm 186,
      are symmetrical on either side of a center line passing from top to bottom
      thereof. This means that only one assembly need be produced for either the
      left or right hand side of an automotive vehicle. The assembly is single
      handed and a steering arm 186 may be inserted from either side of the
      housing 110, depending upon which side of the vehicle the housing is to be
      utilized.
PAR  There is also included steering support means comprising the bosses 189 in
      the top and bottom flanges 112 and 114 respectively for rotatably
      supporting the housing 110. The bosses 189 are pin bosses for receiving a
      ball joint mount for supporting the assembly for steering as a steering
      force is applied to the steering arm 86. The bosses 189 are preferably
      welded to the top and bottom flanges 112 and 114 respectively.
PAR  Both embodiments of the subject knuckle assembly are well reinforced in
      that they include actuator openings 18 and 118 in which an actuator casing
      is disposed by being welded thereto for reinforcing the widest or broadest
      section of the housing 10 or 110. Actually, the casing of the actuator
      assembly acts as a reinforcing rib. The casing of the actuator housing may
      be secured to the knuckle housing 10 or 110 before or after machining. It
      normally would be arc-welded if it is attached before machining, but if it
      is attached after, it would be attached by electron beam, laser or
      friction welding.
PAR  In addition, the arrangement for attaching the steering arm, whereby the
      steering arm passes through a spacer means, also reinforces the housings
      as the spacer block 87 or spacer 187 engages the opposite side flanges for
      reinforcing the respective housings 10 and 110. The side flanges of both
      housings 10 and 110 include key ways to receive a spacer arm and that key
      way is also symmetrical whereby each of the housings 10 and 110 are
      completely symmetrical about the vertical planes passing centrally
      therethrough.
PAR  In both of the housings 10 and 110 the widest and broadest part of the
      housing takes the brake torque as the brake shoe attachments are attached
      to the widest portions.
PAR  The first embodiment of FIGS. 1 through 5 is particularly suited for a
      front wheel drive vehicle, although it may be used for a non-front wheel
      drive vehicle and the second embodiment of FIGS. 6 through 9 is
      particularly suited for a nonfront wheel drive vehicle.
PAR  The invention has been described in an illustrative manner, and it is to be
      understood that the terminology which has been used is intended to be in
      the nature of words of description rather than of limitation.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A steering knuckle assembly comprising: an integral metal housing formed
      from metal plate, said housing having a top and a bottom with a front
      extending therebetween, said housing having an actuator opening extending
      through said front for receiving an actuator assembly, said housing
      including integral flanges extending rearwardly from and completely about
      the periphery of said front to define side flanges and top and bottom
      flanges, said housing being symmetrical on either side of a center line
      passing from top to bottom thereof, brake shoe supporting means disposed
      on said front of said housing on either side of said actuator opening for
      supporting a brake shoe extending over said actuator opening, arm support
      means extending through said side flanges for receiving a steering arm
      from either side thereof and wheel supporting means spaced from said
      actuator opening.
NUM  2.
PAR  2. An assembly as set forth in claim 1 including an actuator assembly
      disposed in said actuator opening and secured to said housing.
NUM  3.
PAR  3. An assembly as set forth in claim 1 including steering support means in
      said top and bottom flanges respectively for rotatably supporting said
      housing.
NUM  4.
PAR  4. An assembly as set forth in claim 1 wherein said front of said housing
      is wider from side to side at the vertical position of said actuator
      opening than at the vertical position of said arm support means.
NUM  5.
PAR  5. An assembly as set forth in claim 1 including a brake abutment member
      rigidly connected to said housing.
NUM  6.
PAR  6. An assembly as set forth in claim 5 wherein said abutment member
      includes a brake shoe supporting surface spaced from and horizontally
      aligned with said actuator opening.
NUM  7.
PAR  7. An assembly as set forth in claim 6 including floating brake shoe means
      and guide means extending therefrom for sliding engagement with said brake
      shoe means for allowing horizontal movement of said floating brake shoe
      means toward and away from said front of said housing.
NUM  8.
PAR  8. An assembly as set forth in claim 1 including a a spacer means disposed
      between and engaging said side flanges for receiving a steering arm.
NUM  9.
PAR  9. An assembly as set forth in claim 8 wherein said front is wider from
      side to side at the vertical position of said actuator opening than at the
      vertical position of said arm support means.
NUM  10.
PAR  10. An assembly as set forth in claim 9 including a brake shoe abutment
      member rigidly connected to said housing.
NUM  11.
PAR  11. An assembly as set forth in claim 10 wherein said abutment member
      includes a brake shoe supporting surface spaced from and horizontally
      aligned with said actuator opening.
NUM  12.
PAR  12. An assembly as set forth in claim 11 including fastener means
      connecting said abutment member to said housing for allowing the
      disconnection of said abutment member from said housing.
NUM  13.
PAR  13. An assembly as set forth in claim 12 including floating brake shoe
      means and guide means extending therefrom for sliding engagement with said
      brake shoe supporting means for allowing horizontal movement of said
      floating brake shoe means toward and away from said front.
NUM  14.
PAR  14. An assembly as set forth in claim 13 including an actuator assembly
      disposed in said opening and secured to said housing, said floating brake
      shoe means extending over said actuator assembly for movement thereby.
NUM  15.
PAR  15. An assembly as set forth in claim 14 including steering support means
      in said top and bottom flanges respectively for rotatably supporting said
      housing.
NUM  16.
PAR  16. An assembly as set forth in claim 15 wherein said steering support
      means comprises a first pin boss secured to said top flange for receiving
      a ball joint mount and a second pin boss secured to said bottom flange for
      receiving a ball joint mount.
NUM  17.
PAR  17. An assembly as set forth in claim 15 wherein said wheel supporting
      means includes a wheel support opening through said front and cylindrical
      means extending forwardly from the periphery of said wheel support
      opening.
NUM  18.
PAR  18. An assembly as set forth in claim 17 including bearing means disposed
      in said cylindrical means, a drive axle means rotatably supported by said
      bearing means, said drive axle means having a wheel supporting flange for
      connection to a wheel, a generally cup-shaped rotor drive member connected
      to said drive axle means for rotation therewith.
NUM  19.
PAR  19. An assembly as set forth in claim 18 including an annular rotor
      disposed about said cylindrical means and between said brake shoe abutment
      member and said floating brake shoe means, and floating connection means
      interconnecting said rotor and said rotor drive member for joint rotation
      while allowing axial movement of said rotor relative to said rotor drive
      member.
NUM  20.
PAR  20. An assembly as set forth in claim 15 wherein said brake shoe supporting
      means comprise a tab struck out of said front of said housing and said
      guide means extending from said floating brake shoe means comprises ears
      extending from each end thereof with slots therein, said tabs being
      disposed in said slots for movably supporting said floating brake shoe
      means.
NUM  21.
PAR  21. An assembly as set forth in claim 15 wherein said wider portion of said
      housing is adjacent the bottom thereof, said front of said housing having
      a lower portion defining said wider portion and including said actuator
      opening and said wheel support means, said front including an upper
      narrower portion extending rearwardly and then upwardly from the upper
      extremity of said lower portion thereof to define a generally L-shaped
      upper portion of said housing extending from the lower-wider portion
      thereof.
NUM  22.
PAR  22. An assembly as set forth in claim 21 wherein said spacer is disposed in
      said upper narrower portion of said housing.
NUM  23.
PAR  23. An assembly as set forth in claim 15 wherein said wheel supporting
      means includes a wheel support opening through said front and cylindrical
      means extending forwardly from the periphery of said wheel support
      opening, and including a support flange extending radially from the distal
      end of said cylindrical means, said fastener means connecting said
      abutment member to said support flange, thereby connecting said abutment
      member to said housing.
NUM  24.
PAR  24. An assembly as set forth in claim 15 wherein said wheel support means
      includes a spindle extending forwardly from said front of said housing.
NUM  25.
PAR  25. An assembly as set forth in claim 24 including bearing means disposed
      on said spindle, hub means rotatably supported on said spindle through
      said bearing means and including a wheel supporting flange for connection
      to a wheel, a circular rotor extending radially between said abutment
      member and said floating brake shoe means, and floating connection means
      interconnecting said rotor and said hub means for joint rotation while
      allowing axial movement of said rotor relative to said hub means.
NUM  26.
PAR  26. An assembly as set forth in claim 25 wherein said floating connection
      means comprises a splined connection.
NUM  27.
PAR  27. An assembly as set forth in claim 15 wherein said brake shoe supporting
      means comprise holes in said front of said housing and said guide means
      extending from said floating brake shoe means comprises male projections
      extending from each end thereof and slidably disposed in said holes for
      movably supporting said floating brake shoe means.
NUM  28.
PAR  28. An assembly as set forth in claim 15 wherein said wider portion of said
      housing is adjacent the top thereof, said actuator opening being disposed
      in said wider portion, said wheel support means being disposed in the
      lower narrower portion of said housing.
NUM  29.
PAR  29. An assembly as set forth in claim 28 wherein said spacer means is
      disposed in said lower narrower portion of said housing.
NUM  30.
PAR  30. An assembly as set forth in claim 15 wherein said abutment member
      includes connecting flanges engaging said side flanges of said housing,
      said connecting flanges and said side flanges having bores therethrough,
      said fastener means extending through said bores.
NUM  31.
PAR  31. An assembly as set forth in claim 30 wherein said fastener means are in
      body engagement with said bores to prevent movement of said abutment
      member relative to said housing and to place said fastener means in shear
      in response to forces urging such relative movement.
NUM  32.
PAR  32. An assembly as set forth in claim 31 wherein one of said bores through
      each connecting flange and the adjacent side flange defines a center of
      rotation of said abutment member relative to said housing.
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ABST
PAL  The present disclosure concerns an independent wheel suspension for motor
      vehicles having a wheel support member that is connected to vehicle body
      structure by upper and lower suspension arms so as to accommodate jounce
      and rebound movement of the wheel. In accordance with the disclosure one
      of the arms is connected to the wheel support member by means of a ball
      joint which has its socket secured to the arm and the shank of its ball
      stud secured to the wheel support member by a resilient bushing. The
      annular rubber element of the bushing isolates vibration and road noises
      occurring at the wheel support member from being transmitted through the
      suspension arm to the vehicle body structure. It also permits wheel
      compliance in response to minor impacts upon the road wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to independent wheel suspensions for motor
      vehicles, and more particularly to independent suspensions having upper
      and lower suspension arms that interconnect the wheel support members or
      wheel spindles with vehicle body structure.
PAR  It is an object of the invention to provide a means at the connection
      between the wheel support member and the suspension arms that prevents
      vibration and road noises from being transmitted through the wheel support
      member to the suspension arm.
PAC  BRIEF SUMMARY OF THE DISCLOSURE
PAR  In accordance with the presently preferred embodiment of this invention, an
      independent suspension system includes a steerable wheel support member
      that rotatably supports a road wheel. Upper and lower suspension arms are
      pivotally connected to vehicle body structure and have their outer ends
      connected to the wheel support member by ball joints. A suspension spring
      is interposed between the upper suspension arm and the vehicle body. The
      lower suspension arm is connected to the wheel support member by a novel
      resilient bushing that attenuates the transmission of noise and vibration
      from the wheel support member to the lower arm.
PAR  A ball and socket joint has its socket portion secured at the outer end of
      the lower arm. An annular resilient bushing surrounds the shank of the
      ball stud portion of the joint and is secured to the wheel support member.
      The bushing contains an annular rubber element which has a longitudinal
      axis arranged generally vertical. The rubber dampens vibrations which tend
      to be transmitted from the wheel support member to the arm. In addition,
      the resiliency of the rubber permits the wheel support member to move in a
      horizontal plane in response to minor impact forces which are imposed upon
      the wheel such as when the wheel encounters a tar strip or expansion joint
      in concrete pavement. The rubber element permits the wheel to deflect in
      response to the minor impact thereby minimizing the transmission of the
      shock of the impact to the suspension arm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The many objects and advantages of an independent suspension system for a
      motor vehicle constructed in accordance with this invention will become
      apparent upon consideration of the following detailed description and the
      accompanying drawings, in which:
PAR  FIG. 1 is a front elevational view of a wheel suspension incorporating a
      preferred form of the invention.
PAR  FIG. 2 is an enlarged sectional view of a portion of the wheel support
      member, the lower suspension arm and the resilient pivot means between the
      wheel support member and arm.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein the presently preferred embodiment
      of this invention is disclosed, FIG. 1 shows vehicle body structure 10, a
      road wheel 12 and a novel suspension means supporting the body upon the
      wheel.
PAR  The wheel 12 is rotatably supported on a steerable wheel support member 14.
      The member 14 has a spindle portion 16 that carries the wheel bearings.
      The entire wheel support member 14 is sometime known in the art as a wheel
      spindle.
PAR  An upper suspension arm 18 extends in a generally lateral direction from
      its pivotal connection 20 with a portion of the vehicle body structure 10.
      Part of the wheel support member 14 extends upwardly and is pivotally
      connected to the outer end of the upper arm 18 by means of a ball joint
      22. A lower spring seat 24 is pivotally supported on the upper arm 18 and
      an upper spring seat 26 is welded to the body structure 10. A coil spring
      28 is interposed between the lower spring seat 24 and the upper spring
      seat 26 to provide a means for resiliently supporting the vehicle body on
      the wheel 12.
PAR  A telescopic hydraulic shock absorber 30 has its lower end secured to the
      pivotable spring seat 24. A piston rod 32 extends upwardly from the shock
      absorber 30 and is connected to a portion 34 of the body structure 10 by
      means of a bayonet-type mount 36.
PAR  A lower suspension arm 38 has an inner end pivotally connected to a frame
      component 40 of the body structure 10 by means of a pivot 42.
PAR  According to the present invention, a resilient pivot means 44 connects the
      outer end of the arm 38 with an inwardly extending portion 46 of the wheel
      support member 14. The principal components of the resilient pivot means
      44 include a ball joint socket 48, a ball stud 50 and an annular resilient
      bushing 52.
PAR  The lower suspension arm 38 is provided with a flange 54 of generally
      cylindrical construction. The ball joint socket 48 is positioned in the
      opening defined by the flange 54 and is secured thereto by means of a
      press fit. A bearing 56 within the socket 48 pivotally supports the ball
      portion 58 of the ball stud 50. The shank portion 60 of the stud 50
      extends through the resilient bushing 52.
PAR  The bushing 52 comprises a cylindrical tube or sleeve 62 that surrounds the
      shank 60 of the ball stud 50 and an annular rubber element 64 that
      surrounds the tube 62. The outer sleeve 60 is of dual diameter and has an
      intermediate connecting shoulder. A dual diameter hole 68 is provided in
      the portion 46 of the wheel support member 14. The hole 68 compliments the
      configuration of the sleeve 66 but is of slightly smaller size so that
      when the bushing 52 is inserted into the hole 68 it is secured in position
      by a press-fit. The sleeve 66 is located properly by the engagement of its
      shoulder with the shoulder of the hole 68.
PAR  A washer 70 is positioned at the lower end of the inner tube 66 and the
      annular rubber element 64. It is seated against the head portion 58 of the
      ball stud 50. A second washer 72 is slipped over the shank 60 of the stud
      50 and positioned against the upper end of the tube 62 and the rubber
      element 64. A nut 74 is threaded on end of the stud 60 and tightened so
      that the ends of the rubber 64 are distorted outwardly as seen in FIG. 2.
      Tightening of the the nut 74 loads the rubber 64 in compression and the
      amount of compression is determined by the length of the inner sleeve 62.
      The tube 62 limits the extent to which the nut 74 can be tightened.
PAR  A resilient boot seal 76 surrounds the end of the socket 48 and engages the
      washer 70. It prevents the entry of contaminants into the socket bearing
      56.
PAC  OPERATION
PAR  When the vehicle of FIG. 1 is driven along the highway, the wheel 12 will
      traverse a jounce and rebound vertical path in accordance with road
      irregularities. The spring 28 will resiliently support the vehicle body 10
      upon the suspension and upon the wheel 12. The shock absorber 34 will
      dampen movement of the body 10 with respect to the suspension.
PAR  The upper ball joint 22 and the resilient pivot means 44 permit the wheel
      12 and spindle 14 to be pivoted about a vertical axis for steering
      purposes.
PAR  Noise and vibration occurring at the wheel 12 and therefore, at the wheel
      support member 14 will be isolated from the lower arm 38 by the resilient
      pivot means 44. The rubber element 64 will function as a damper to absorb
      such vibrations. In addition, minor impacts upon the wheel 12 will be
      absorbed and not transmitted to the suspension arm 38. For an example,
      when the wheel 12 strikes a tar strip or expansion joint in concrete
      pavement the impact will cause the wheel to move horizontally under impact
      whereby the shock will be absorbed rather than being transmitted to the
      suspension arm 38.
PAR  In summary, the rubber element 64 functions as an absorber or isolator with
      respect to vibrations of the wheel support member 14. It also acts as a
      compliant member to permit the wheel support member 14 to move
      horizontally under the force of an impact load. The inner tube 62 is
      provided for the purpose of controlling the compression of the rubber
      member 64 and, therefore, the extent to which the rubber element may
      reflect under load.
PAR  The foregoing description presents the presently preferred embodiment in
      this invention. Details of construction have been presented for purposes
      of illustration and not limitation. Modifications and alterations may
      occur to those skilled in the art which will come within the scope and
      spirit of the invention as defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An independent wheel suspension for a motor vehicle comprising vehicle
      body structure, a steerable wheel support member and suspension means
      interconnecting said body structure and said wheel support member;
PA1  said suspension means including a suspension arm member having its inner
      end pivotally connected to said body structure;
PA1  resilient pivot means connecting the outer end of said arm member to said
      wheel support member;
PA1  said resilient pivot means comprising an elastomeric bushing and a ball and
      socket joint;
PA1  said elastomeric bushing including an inner rigid sleeve, an intermediate
      annular elastomeric element and an outer rigid sleeve;
PA1  said rigid sleeves and said elastomeric element having coaxial axes
      arranged generally vertical;
PA1  said ball and socket joint having a ball stud with a shank portion
      positioned in and secured to said inner rigid sleeve;
PA1  said ball and socket joint also having a socket positioned about a ball end
      of said ball stud;
PA1  said socket of said ball and socket joint being rigidly secured to one of
      said members;
PA1  said outer sleeve of said elastomeric bushing being rigidly secured to the
      other of said members;
PA1  said elastomeric element being constructed to permit resilient horizontal
      deflection of said wheel support member relative to said arm member.
NUM  2.
PAR  2. An independent wheel suspension according to claim 1 and including:
PA1  a second suspension arm member pivotally connected to said body structure
      and said wheel support member,
PA1  a suspension spring interposed between one of said suspension arm members
      and said body structure.
NUM  3.
PAR  3. An independent wheel suspension for a motor vehicle comprising vehicle
      body structure, a steerable wheel support member and suspension means
      interconnecting said body structure and said wheel support member;
PA1  said suspension means including a suspension arm member having its inner
      end pivotally connected to said body structure;
PA1  resilient pivot means connecting the outer end of said arm member to said
      wheel support member;
PA1  said resilient pivot means comprising an elastomeric bushing and a ball and
      socket joint;
PA1  said elastomeric bushing including an inner rigid sleeve, an intermediate
      annular elastomeric element and an outer rigid sleeve;
PA1  said rigid sleeves and said elastomeric element having coaxial axes
      arranged generally vertical;
PA1  said ball and socket joint having a ball stud with a shank portion
      positioned in and secured to said inner rigid sleeve;
PA1  said ball and socket joint also having a socket positioned about a ball end
      of said ball stud;
PA1  said socket of said ball and socket joint being rigidly secured to one of
      said members;
PA1  said outer sleeve of said elastomeric bushing being rigidly secured to the
      other of said members;
PA1  said elastomeric element being constructed to permit resilient horizontal
      deflection of said wheel support member relative to said arm member;
PA1  means constructed to compressively load said annular elastomeric element
      and thereby increase the spring rate of said resilient horizontal
      deflection of said wheel support member relative to said arm member;
PA1  said outer sleeve being shorter than said inner sleeve;
PA1  said inner sleeve being constructed to limit the compressive loading of
      said annular elastomeric element and thereby limit the spring rate of said
      resilient horizontal deflection of said wheel member relative to said arm
      member.
NUM  4.
PAR  4. An independent wheel suspension for a motor vehicle comprising vehicle
      body structure, a steerable wheel support member and suspension means
      interconnecting said body structure and said wheel support member;
PA1  said suspension means including upper and lower suspension arms pivotally
      connected to said body structure;
PA1  pivot means connecting said upper arm to said wheel support member;
PA1  a suspension spring interposed between said upper arm and said body
      structure;
PA1  resilient pivot means connecting the outer end of said lower arm to said
      wheel support member;
PA1  said resilient pivot means comprising an elastomeric bushing and a ball and
      socket joint;
PA1  said elastomeric bushing including an inner rigid sleeve, an intermediate
      annular elastomeric element and an outer rigid sleeve;
PA1  said rigid sleeves and said elastomeric element having coaxial axes
      arranged generally vertical;
PA1  said ball and socket joint having a ball stud with a shank portion
      positioned in and secured to said inner rigid sleeve;
PA1  said ball and socket joint also having a socket positioned about a ball end
      of said ball stud;
PA1  said socket of said ball and socket joint being rigidly secured to said
      lower suspension arm;
PA1  said outer sleeve of said elastomeric bushing being rigidly secured to said
      wheel support member;
PA1  said elastomeric element being constructed to permit resilient horizontal
      deflection of said wheel support member relative to said lower suspension
      arm.
NUM  5.
PAR  5. An independent wheel suspension for a motor vehicle comprising vehicle
      body structure, a steerable wheel support member and suspension means
      interconnecting said body structure and said wheel support member;
PA1  said suspension means including upper and lower suspension arms pivotally
      connected to said body structure;
PA1  pivot means connecting said upper arm to said wheel support member;
PA1  a suspension spring interposed between said upper arm and said body
      structure;
PA1  resilient pivot means connecting the outer end of said lower arm to said
      wheel support member;
PA1  said resilient pivot means comprising an elastomeric bushing and a ball and
      socket joint;
PA1  said elastomeric bushing including an inner rigid sleeve, an intermediate
      annular elastomeric element and an outer rigid sleeve;
PA1  said rigid sleeves and said elastomeric element having coaxial axes
      arranged generally vertical;
PA1  said ball and socket joint having a ball stud with a shank portion
      positioned in and secured to said inner rigid sleeve;
PA1  said ball and socket joint also having a socket positioned about a ball end
      of said ball stud;
PA1  said socket of said ball and socket joint being rigidly secured to said
      lower suspension arm;
PA1  said outer sleeve of said elastomeric bushing being rigidly secured to said
      wheel support member;
PA1  said elastomeric element being constructed to permit resilient horizontal
      deflection of said wheel support member relative to said lower suspension
      arm and thereby attenuate the transmission of vibrations from said wheel
      support member to said lower suspension arm;
PA1  a nut threadedly engaging the end of said ball stud and constructed to
      compressively load said elastomeric element thereby increasing the spring
      rate of said elastomeric element resisting said resilient horizontal
      deflection of said wheel support member relative to said lower suspension
      arm;
PA1  said inner sleeve surrounding said shank constructed to limit the
      compressive loading of said elastomeric element and thereby limit the
      spring rate of said elastomeric element.
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ABST
PAL  An independent wheel suspension for a motor vehicle according to the
      present disclosure includes vehicle body structure, a wheel support member
      and upper and lower suspension arms which connect the body structure to
      the wheel support. A resilient pivot couples the outer end of the upper
      arm to the wheel support member and includes a ball and socket joint which
      has its socket secured to the arm and its ball connected to the wheel
      support by an annular resilient bushing. The resilient pivot isolates
      vibrations of the wheel support member from the upper arm. The resilient
      pivot also allows horizontal wheel movement when the wheel strikes a minor
      road obstacle such as tar strip or expansion joint in concrete pavement.
      Such horizontal wheel compliance attenuates the shock of the impact.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  The present invention relates to independent wheel suspensions for motor
      vehicles, and more particularly to a suspension construction that reduces
      noise, vibration and harshness in a vehicle. The present disclosure is
      directed to an independent suspension that isolates vibrations and impact
      shocks occurring at the wheel and wheel support member from being
      transmitted to the upper suspension arm and vehicle body.
PAC  BRIEF SUMMARY OF THE DISCLOSURE
PAR  According to the presently preferred embodiment of this invention, an
      independent wheel suspension for a motor vehicle includes a wheel support
      member that rotatably supports a road wheel. Upper and lower suspension
      arms connect the wheel support member to the vehicle body structure. The
      upper arm is coupled to the wheel support by a resilient pivot means that
      includes an annular resilient bushing and a ball and socket joint. The
      bushing is secured to the wheel support member and the socket portion of
      the joint is connected to the upper suspension arm. The ball stud of the
      joint is pivotally supported within the socket and has its shank secured
      in the resilient bushing.
PAR  The resilient element of the resilient bushing functions as an absorber or
      damper to isolate noise and vibration occurring at the wheel and in the
      wheel support member from being transmitted to the upper arm. In addition,
      the resilient element permits horizontal movement of the wheel support
      member and the wheel. This is advantageous for reducing the shock of minor
      road impacts upon the wheel. For an example, when the road wheel strikes a
      tar strip or expansion joint in concrete pavement, the impact will cause
      the wheel and the wheel support member to move horizontally due to the
      deformability of the resilient element of the bushing. As a consequence,
      the shock of the impact will be absorbed and not transmitted to the upper
      suspension arm and the vehicle body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The many objects and advantages of a motor vehicle suspension system
      constructed in accordance with this invention will become apparent upon
      consideration of the following detailed discussion and the accompanying
      drawings, in which:
PAR  FIG. 1 is a front elevational view of an independent wheel suspension for a
      vehicle incorporating the preferred form of the invention.
PAR  FIG. 2 is an enlarged sectional view of the resilient pivot between the
      upper suspension arm and wheel support member of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein the presently preferred embodiment
      of this invention is illustrated, FIG. 1 discloses vehicle body structure
      10, a road wheel 12 and a novel suspension system for connecting the wheel
      to the vehicle body.
PAR  The wheel 12 is rotatably supported on the spindle portion of a wheel
      support member 14. Lower and upper suspension arms 16 and 18 connect the
      wheel support member 14 to the vehicle body structure 10. The inner end of
      the lower arm 16 is pivotally connected by a pivot structure 20 to the
      body structure 10. The wheel support member 14 has an inwardly extending
      portion 22 and the outer end of the lower arm 16 is connected to the wheel
      support portion 22 by a ball joint assembly 24.
PAR  The arm 16 is provided with a spring seat 26. An upper spring seat 28 is
      welded to the vehicle body structure 10. A coil type suspension spring 30
      is interposed between the lower and upper spring seats 26 and 28. Spring
      30 supports a portion of the weight of the vehicle body upon the lower
      suspension arm 16 and the wheel 12. A telescopic hydraulic shock absorber
      32 is arranged generally concentrically within the spring 30 and has its
      upper end connected to the spring seat 28 and its lower end connected to
      suspension arm 16.
PAR  A pivot shaft 34 supported on the body structure 10 pivotally connects the
      upper arm 18 to the vehicle body. A resilient pivot 36 connects the outer
      end of the arm 18 to the wheel support member 14. The construction of the
      resilient pivot 36 is shown in FIG. 2. The upper end of wheel support
      member 14 has an inwardly extending portion 38 which is provided with a
      stepped bore 40 and an annular resilient bushing 42 is positioned in the
      bore 40. The bushing 42 comprises an inner rigid cylindrical sleeve 44
      that is surrounded by an annular elastomeric element 46. An outer rigid
      sleeve 48 surrounds the elastomeric element 46. The outer sleeve 48 has
      portions of two different diameters and is retained within the bore 40 by
      means of a press fit.
PAR  The upper suspension arm 18 is provided with a cylindrical flange 50 which
      forms a hole 52. A ball and socket joint has a socket portion 54 retained
      in the hole 52 by means of an interference fit with the flange 50. The
      socket 54 contains a bearing 56 in which the head 58 of a ball stud 60 is
      pivotally supported. The shank portion 62 of the stud 60 extends
      downwardly through the center of the inner sleeve 44 of the bushing 42.
PAR  A washer 64 is positioned about the shank 62 and is interposed between the
      upper end of the inner sleeve 44 and a shoulder formed by the head 58 of
      the ball stud 60. A second washer 66 is positioned about the other end of
      the shank 62 and against the lower end of the inner sleeve 44. A nut 68 is
      threadedly tightened on the end of the shank 62 whereby the elastomeric
      element 46 is compressed between the washers 64 and 66. The ends of the
      element 46 are distorted outwardly as seen in FIG. 2. The length of the
      inner sleeve 44 controls the extent to which the element 46 may be
      compressed.
PAR  An annular boot seal 70 is positioned about the open end of the socket 54
      and against the washer 64. It retains lubricant within the ball joint and
      prevents contamination of the bearing 56.
PAC  THE OPERATION
PAR  During normal operation of the motor vehicle of FIG. 1, the wheel 12 will
      traverse a jounce and rebound path in accordance with road irregularities.
      During such movement the arms 16 and 18 will pivot with respect to the
      body structure 10 and the wheel support member 14. The suspension spring
      30 resiliently supports a portion of the mass of the vehicle upon the
      lower arm 16 and the wheel 12. Movement of the lower arm 16 with respect
      to the body structure 10 will be damped by the hydraulic shock absorber
      32.
PAR  FIG. 1 illustrates a front wheel suspension. The wheel 12 and wheel support
      14 are steerable about a vertical axis extending through the center of the
      lower ball joint 22 and the upper pivot 36.
PAR  Noise and vibrations will occur at the wheel 12 as it traverses a road.
      These disturbances will also be present in the wheel support member 14.
      The elastomeric element 46 of the bushing 42 functions as an absorber or
      damper to attenuate the transmission of the vibrations from the wheel
      support member 14 to the upper arm 18.
PAR  The elastomeric element 46 also functions as a means for preventing the
      transmission of minor impact shocks to the upper arm 18. When the wheel 12
      strikes a minor obstacle, such as a tar strip expansion joint in concrete
      pavement, forces will be imposed upon the wheel 12 and the wheel support
      member 14 tending to cause their horizontal displacement. The resiliency
      of the element 46 will permit the wheel 12 and wheel support 14 to be
      displaced rearwardly in response to a minor impact load of this type. As a
      result of this deflection, the shock of such impact will not be conveyed
      to the upper arm 18 and the vehicle body structure 10.
PAR  A motor vehicle having a wheel suspension of the type disclosed in FIG. 1
      will, therefore, be characterized by its smooth operation and reduced
      vibration and harshness.
PAR  The foregoing description presents the presently preferred embodiment of
      this invention. Details of construction have been disclosed for purposes
      of illustration rather than limitation. Modifications and alterations of
      the invention may occur to those skilled in the art that will come within
      the scope and spirit of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wheel suspension system for a motor vehicle comprising:
PA1  vehicle body structure, a steerable wheel support member and suspension
      means interconnecting said body structure and said wheel support member;
PA1  said suspension means including upper and lower suspension arms pivotally
      connected to said body structure;
PA1  pivot means connecting said lower arm to said wheel support member;
PA1  a suspension spring interposed between said lower arm and said body
      structure;
PA1  resilient pivot means connecting the outer end of said upper arm to said
      wheel support member;
PA1  said resilient pivot means comprising an elastomeric bushing and a ball and
      socket joint;
PA1  said elastomeric bushing including an inner rigid sleeve, an intermediate
      annular elastomeric element and an outer rigid sleeve;
PA1  said rigid sleeves and said elastomeric element having coaxial axes
      arranged generally vertical;
PA1  said ball and socket joint having a ball stud with a shank portion
      positioned in and secured to said inner rigid sleeve;
PA1  said ball and socket joint also having a socket positioned about a ball end
      of said ball stud;
PA1  said socket of said ball and socket joint being rigidly secured to said
      upper suspension arm;
PA1  said outer sleeve of said elastomeric bushing being rigidly secured to said
      wheel support member;
PA1  said elastomeric element being constructed to permit resilient horizontal
      deflection of said wheel support member relative to said upper suspension
      arm and thereby attenuate the transmission of vibrations from said wheel
      support member to said upper suspension arm;
PA1  a nut threadedly engaging the end of said ball stud and constructed to
      compressively load said elastomeric element thereby increasing the spring
      rate of said elastomeric element resisting said resilient horizontal
      deflection of said wheel support member relative to said upper suspension
      arm;
PA1  said inner sleeve surrounding said shank constructed to limit the
      compressive loading of said elastomeric element and thereby limit the
      spring rate of said elastomeric element.
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ABST
PAL  A load-bearing structural member comprising an upper plate member, a lower
      plate member spaced a distance X from the upper plate member, and a
      reinforcing web comprising a plurality of web segments extending back and
      forth between the web segments in zigzag fashion, the web segments meeting
      the plate members at a web angle .theta., wherein the magnitude of the two
      variables X and .theta. are varied over the length of the structural
      member in accordance with the weight, strength, and shape requirements of
      particular sections thereof.
BSUM
PAR  This invention relates to a load-bearing structural member which is adapted
      for use in an environment in which the load requirements of the structural
      member vary over the length of the member. In other words, certain regions
      of the structural member are called upon to support greater loads than
      other regions. A structural member of the type referred to is particularly
      suited for use in vehicle frame assemblies. However, it is not intended
      that the application of the invention be limited solely to vehicle frame
      assemblies. Due to the special adaptability of the invention to vehicle
      frame assemblies, such an assembly is employed to exemplify the structure
      and function of the invention.
PAR  Heretofore, vehicle frame assemblies have typically included a pair of
      parallel, spaced-apart C-channel members of constant gauge or thickness
      which are joined together by a plurality of cross members. The C-channel
      members in a vehicle frame assembly as herein referred to include a
      vertical web portion and upper and lower laterally extending flanges. Due
      to manufacturing considerations, the gauge or thickness of the C-channel
      members remains substantially constant over their length. Accordingly, the
      weight per unit length and strength of the C-channel members also remain
      substantially constant. This is the case even though certain sections of
      the C-channel members need carry a far smaller load than other sections.
PAR  The size of the C-channels for a particular frame assembly is selected on
      the basis of the maximum load which must be carried by any one section. In
      other words, the frame is designed in view of the strength required by the
      heaviest loaded section of the C-channel member. Consequently, the
      strength of the C-channel member over much of its length is stronger than
      required due to the varying load distribution. As a general rule, weight
      increases in proportion to strength for any given material. Therefore,
      since certain sections of the frame are stronger than required by the
      loads experienced there is an unnecessary allocation of material to such
      sections. This additional material is wasted and adds unneeded weight to
      the frame assembly.
PAR  By way of illustration, in a typical light truck frame assembly the
      greatest load on the C-channel members is experienced in the vicinity of
      the engine mounts. Each side of the C-channel member in the regions where
      the engine mounts are located must be capable of carrying a load of over
      two thousand pounds. This figure is based on standard manufacturing
      requirements which include a safety factor. On the other hand, the regions
      a slight distance in front of the engine mounts in which the forward cab
      body mounts are located need only be capable of carrying a load of
      approximately 700 pounds including a safety factor. Since, as a general
      rule, the size of the C-channel members do not vary over their length, the
      regions in which the forward cab body mounts are located are as strong as,
      and, therefore, as heavy as, the regions in which the engine mounts are
      located although the former need carry only one third the load. It is
      apparent, therefore, that weight and material are wasted in the regions in
      which the forward cab body mounts are located.
PAR  Moreover, in many structural members, and particularly in vehicle frame
      assemblies, it is necessary to provide curved or bent sections commonly
      referred to as "kick-ups". As used herein a kick-up refers to a section of
      an otherwise straight C-channel member in which the vertical height is
      gradually increased and then decreased to produce a "hump". In a vehicle
      frame assembly, kick-ups are generally employed to accomodate the front
      and rear axle housings. The kick-up sections are troublesome since these
      discontinuities may interfere with the body or other components of the
      vehicle assembly. More specifically, in a standard vehicle frame using
      C-channel members, the height of the channel member remains constant
      through the kick-up section by maintaining the width of the web portion.
      This is required because the kick-up sections are generally relatively
      high-load regions since they support the axle housings.
PAR  The increased height of the C-channel in the kick-up section oftentimes
      causes packaging problems because they interfere with the wheel wells,
      suspension system and other components which must be located near the axle
      housings. Since a reduction of the width of the web portion is accompanied
      by a reduction in weight and therefore load carrying strength, it would be
      inappropriate to merely reduce the height of the member by reducing the
      width of the web. Moreover, in view of the normal methods employed in
      manufacturing C-channels, it would be difficult, as a practical matter, to
      provide such a reduction. In short, with standard C-channels, it is
      impossible to specially tailor the height and strength of the member in
      view of varying load requirements. This results in unnecessary weight,
      wasted material, and packaging problems.
PAR  In view of the foregoing, it is an object of the instant invention to
      provide a load-bearing structural member which is adapted to carry varying
      loads over its length wherein the height and strength of the structural
      member may be varied. The structural member of the instant invention
      includes an upper plate member, a lower plate member spaced apart a
      distance X from the upper plate member, and a reinforcing web comprising a
      plurality of web segments extending back and forth between the plate
      members in zigzag fashion. The web segments meet the plate members at a
      web angle .theta.. The weight, strength and shape of the structural member
      may be varied over its length by changing either of the variables X or
      .theta. in accordance with load and shape requirements. Moreover, the web
      segments may be provided with weight reducing cut-outs in relatively
      low-load regions to further reduce the weight of the structural member in
      relatively low-load regions.
DRWD
PAR  Other advantages of the present invention will be readily appreciated as
      the same becomes better understood by reference to the following detailed
      description when considered in connection with the accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view of a vehicle frame assembly constructed in
      accordance with the instant invention;
PAR  FIG. 2 is a side-elevational view of the vehicle frame assembly;
PAR  FIG. 3 is an enlarged, broken-away side-elevational view similar to FIG. 2;
PAR  FIG. 4 is a transverse cross-sectional view taken generally along line 4--4
      of FIG. 3; and
PAR  FIG. 5 is a graph illustrating the relationship between web weight and the
      web angle .theta..
DETD
PAR  Referring to the drawings, a vehicle frame assembly incorporating a pair of
      structural members constructed in accordance with the instant invention is
      generally shown at 10.
PAR  The vehicle frame assembly 10 is typical of one which is adapted for use in
      a light truck, such as, a pick-up truck. The instant invention, however,
      has equal application with automobile frames as well as other types of
      frames and structures.
PAR  Generally, the vehicle frame assembly 10 includes first and second parallel
      and spaced-apart structural members 12 and 14 which are connected by a
      plurality of cross members. The cross members are adapted to support the
      various components of the vehicle construction. More specifically, the
      front and rear cross members 16 and 18 are adapted to support the front
      and rear axle housings of the vehicle. One of the intermediate cross
      members 20 is adapted to support the transmission housing while the
      remaining cross members 22 and 24 support the bed of the pick-up truck.
      The cross members generally define relatively high-load regions on the
      structural members 12 and 14 at the points of connection. It is noted,
      however, that the loads vary. That is, the regions near the front cross
      member 16 experience much greater loads than the regions which carry the
      truck bed.
PAR  Each of the structural members 12 and 14 include an upper plate member 26
      and a lower plate member 28 in vertical spaced relationship. Each of plate
      members 26 and 28 is generally C-shaped as shown in FIG. 4 and includes an
      intermediate wall 30 and perpendicularly extending edges 32. As shown, the
      two plate members 12 and 14 face downwardly.
PAR  A reinforcing web generally indicated at 34 connects the upper and lower
      plates 26 and 28. The reinforcing web 34 includes a plurality of web
      segments 36 extending back and forth between the plate members 26 and 28
      in zigzag fashion. Preferably, the reinforcing web comprises a continuous
      strip of metal. The strip of metal is bent to form the individual web
      segments 36 and, at the juncture of adjacent web segments 36, flat
      portions 38 are provided. The flat portions 38 are welded or otherwise
      connected to the plate members 26 and 28. In order to increase the
      strength of the web, each of the web segments are preferably channel
      shaped, that is, each includes an intermediate strip 40 and
      perpendicularly extending sides 42.
PAR  Each of the wall segments 36 meet the plate members 26 and 28 at a web
      angle .theta. as shown in FIG. 3. The web angle .theta. is the acute angle
      between the web segment 36 and the plate member 26 or 28 to which it is
      joined.
PAR  The weight per unit length and, therefore, the strength of the structural
      members 12 and 14 can be varied by changing the web angle .theta.. The
      relationship between the angle .theta. and the total weight of the
      structural members when the plates are 0.134 inches thick and the
      reinforcing web is 0.105 inches thick is shown in the following table:
TBL                                  Total Wt./Ft.                             
     Web       Wt./Ft.    Wt./Ft. of of Assy.                                  
     Angle .theta.                                                             
               of Web     two Plates (Web Plates)                              
     ______________________________________                                    
     30.degree.                                                                
               1.26 lb.   3.98 lb.   5.24 lb.                                  
     40.degree.                                                                
               1.40 lb.   3.98 lb.   5.38 lb.                                  
     50.degree.                                                                
               1.66 lb.   3.98 lb.   5.64 lb.                                  
     60.degree.                                                                
               2.04 lb.   3.98 lb.   6.02 lb.                                  
     70.degree.                                                                
               2.75 lb.   3.98 lb.   6.73 lb.                                  
     80.degree.                                                                
               4.42 lb.   3.98 lb.   8.40 lb.                                  
     ______________________________________                                    
PAR  The relationship between the web angle .theta. and the weight per foot of
      the reinforcing web is graphically shown in FIG. 5. It is noted that as
      the web angle .theta. increases the weight of the web per foot of the
      assembly also increases. Accordingly, the total weight of the structural
      member increases. The increase in weight reflects an increase in the
      amount of material per unit length. As stated above, an increase in the
      amount of material increases strength. Therefore, increasing the web angle
      .theta. is accompanied by an increase in strength. It is therefore
      possible to vary the strength of the structural members 12 and 14 over
      their length in accordance with a varying load distribution by changing
      the web angle .theta.. In other words, the web angle .theta. may be
      increased in the relatively high-load regions thereby increasing the
      weight and consequently the strength of the structural member. In
      relatively low-load regions, in which the strength requirements are
      reduced, the web angle .theta. may be reduced thereby decreasing the
      weight of the structural member.
PAR  An example of the foregoing is shown particularly in FIG. 3. The left end
      of the structural member must carry a relatively high-load since it is
      near the front axle cross member 16 while the right end of the structural
      member is a relatively low-load region. In the relatively high-load
      region, near the left end of the structural member, the web angle
      .theta..sub.1 is greater than the web angle .theta..sub.2 in the
      relatively low-load region. In the structural members shown in FIG. 3
      .theta..sub.1 equals approximately 60.degree. and .theta..sub.2 equals
      approximately 45.degree.. By reference to FIG. 5 and the Table it is
      apparent that the weight of the relatively low-load region is reduced by
      using a web angle of 45.degree..
PAR  Since the resulting change in weight accompanying a decrease in the web
      angle .theta. falls off rapidly below 40.degree., reduction of weight by
      further decreasing the angle below 40.degree. becomes less productive.
      This is shown in FIG. 5. As the web angle .theta. is reduced below
      40.degree. the slope of the curve quickly approaches zero. Therefore, a
      smaller weight reduction is achieved for each incremental change in the
      web angle .theta.. As an alternative, therefore, weight reducing cut-outs
      44, such as are shown in FIG. 4, may be employed to further reduce the
      weight of the reinforcing web 34. The size, shape, and location, of the
      weight reducing cut-outs 44 are determined by employing standard stress
      analysis techniques. That is, the cut-outs 44 are located in those areas
      of the web 34 having the lowest stress to prevent web failure.
PAR  The upper and lower plate members are spaced apart a distance X. Generally,
      the distance X remains constant over the length of the structural members
      12 and 14. However, kick-ups, generally shown at 46, are required in
      certain locations. For example, kick-ups are required where the frame 10
      passes over the rear axle housing. It has been found by the inventor that
      the distance between the upper and lower plate members 26 and 28 may be
      reduced to more easily accomodate the vehicle body and other vehicle
      components while maintaining the weight and strength of the structural
      member by keeping the web angle .theta. constant. In other words, as shown
      in FIG. 2, the web angle .theta. is approximately 60.degree. through the
      kick-up portion 46 while the distance X between the upper and lower plate
      members 26 and 28 is reduced. It is, therefore, possible to vary the
      height of the structural members 12 and 14 without sacrificing strength.
      In other words, reducing the amplitude of the reinforcing web 34 increases
      the frequency thereof so that the amount of web material per unit length
      of structural member remains constant regardless of the distance between
      the plate members 26 and 28.
PAR  For example, in a vehicle frame assembly as shown it may be desirable to
      reduce the height of the structural member from the standard 6.75 inches
      to 4.00 inches in the region of the rear axle. By maintaining the web
      angle .theta. constant over the reduced region, the structural member will
      not be weakened. Accordingly, when encountering areas of limited
      dimension, the height of the structural member can be reduced without loss
      of bending strength.
PAR  By employing a structural member constructed in accordance with the instant
      invention and by judicious attention to the spacing distance X of the
      plate members and the web angle .theta. a structural member having optimum
      strength and weight can be fabricated. For example, by employing the
      teachings of the instant invention, a vehicle truck frame for a light
      truck may be manufactured with a substantial weight reduction and
      consequent material savings without sacrificing strength.
PAR  The invention has been described in an illustrative manner, and it is to be
      understood that the terminology which has been used is intended to be in
      the nature of words of description rather than of limitation.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore, to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vehicle frame assembly comprising: first and second parallel and
      spaced-apart structural members and a plurality of cross members
      connecting said structural members; each of said structural members
      including an upper plate member, a lower plate member, said upper and
      lower plate members being spaced apart a distance equal to variable X, and
      a reinforcing web comprising a plurality of web segments extending back
      and forth between said plate members in zigzag fashion, said web segments
      meeting said plate members at a web angle equal to variable .theta.; said
      structural member including a region having a higher load requirement
      wherein the distance between the points of intersection of adjacent web
      segments with said plate members is shorter for both of said upper and
      lower plate members than in regions having lesser load requirements, the
      distance between said points of intersection being reduced by varying at
      least one of said variables.
NUM  2.
PAR  2. An assembly as set forth in claim 1 wherein said web angle .theta. is
      greater in relatively high-load regions and lower in relatively low-load
      regions.
NUM  3.
PAR  3. An assembly as set forth in claim 2 wherein said web segments include
      weight reducing cut-outs in relatively low-load regions.
NUM  4.
PAR  4. An assembly as set forth in claim 2 wherein said structural member
      includes a first region and a second region, said upper and lower plate
      members being spaced apart a greater distance X in said first region than
      said second region and said web segments having the same web angle .theta.
      in both of said regions whereby the weight per unit length and strength of
      said regions are substantially equal.
NUM  5.
PAR  5. An assembly as set forth in claim 1 wherein said structural member
      includes a first region and a second region said upper and lower plate
      members being spaced apart a greater distance X than said first region
      than said second region and said web segments having the same web angle
      .theta. in both of said regions whereby the weight per unit length and
      strength of said regions are substantially equal.
NUM  6.
PAR  6. A vehicle frame assembly comprising: first and second parallel and
      spaced-apart structural members and a plurality of cross members
      connecting said structural members; each of said structural members
      including an upper plate member, a lower plate member substantially
      parallel to and spaced from said upper plate member, and a reinforcing web
      comprising a plurality of web segments extending back and forth between
      said plate members in zigzag fashion, said web segments meeting said plate
      members at a web angle; said structural member including regions having
      different load requirements wherein a lower load region includes a
      plurality of web segments meeting said upper and lower plate members at a
      first angle and a higher load region including at least two adjacent web
      segments meeting said upper and lower plate members at a second angle
      which is greater than said first angle whereby the bending strength of
      said higher load region is increased.
NUM  7.
PAR  7. A structural member as set forth in claim 6 wherein said web segments
      include weight reducing cut-outs in said low-load regions.
NUM  8.
PAR  8. A load-bearing structural member comprising: an upper plate member, a
      lower plate member, said upper and lower plate members being spaced apart
      a distance equal to variable X, and a reinforcing web comprising a
      plurality of web segments extending back and forth between said plate
      members in zigzag fashion, said web segments meeting said plate members at
      a web angle equal to variable .theta.; said structural member including a
      region having a higher load requirement wherein the distance between the
      points of intersection of adjacent web segments with said plate members is
      shorter for both of said upper and lower plate members and in regions
      having lesser load requirements, the distance between said points of
      intersection being reduced by varying at least one of said variables.
NUM  9.
PAR  9. A structural member as set forth in claim 8 wherein some of said web
      segments include weight reducing cut-outs.
NUM  10.
PAR  10. A structural member as set forth in claim 8 wherein said structural
      member includes a first region and a second region, said upper and lower
      plate members being spaced apart a greater distance X in said first region
      than said second region and said web segments having the same web angle
      .theta. in both of said regions whereby the weight per unit length and
      strength of said regions are substantially equal.
NUM  11.
PAR  11. An assembly as set forth in claim 8 wherein said structural member
      includes relatively high-load regions and relatively low-load regions,
      said web angle .theta. being greater in said high-load regions and lower
      in said low-load regions.
NUM  12.
PAR  12. A load-bearing structural member comprising: an upper plate member, a
      lower plate member substantially parallel to and spaced from said upper
      plate member, and a reinforcing web comprising a plurality of web segments
      extending back and forth between said plate members in zigzag fashion,
      said web segments meeting said plate members at a web angle; said
      structural member including regions having different load requirements
      wherein a lower load region includes a plurality of web segments meeting
      said upper and lower plate members at a first angle and a higher load
      region including at least two adjacent web segments meeting said upper and
      lower plate members at a second angle which is greater than said first
      angle whereby the bending strength of said higher load region is
      increased.
NUM  13.
PAR  13. A structural member as set forth in claim 12 wherein said web segments
      include weight reducing cut-outs in said low-load regions.
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ABST
PAL  A vehicle for traversing rough terrain, such as is commonly found in open
      mining operations and highway construction work. The vehicle is
      characterized by a movable frame structure. The frame includes a pair of
      elongated side members which are joined in a spaced apart relationship
      near the rear of the frame members by a first crossmember which is
      provided with a pivotal joint to permit the side members to rotate or
      pivot relative to each other. The front ends of the side members are
      connected by second and third crossmembers, each of which is pivotally
      connected at both ends to the side members to provide lateral restraint to
      the side members while the vehicle is traversing rough terrain. The second
      and third crossmembers are vertically displaced to prevent relative
      rotation of the side members about their longitudinal axes while
      permitting up and down movement of the forward ends of the side members as
      the side members rotate about the pivot point in the first crossmember.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 395,535 filed Sept. 10,
      1973, which was a continuation of application Ser. No. 67,901 filed Aug.
      28, 1970, both of which are now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to vehicles capable of traversing rough terrain, and
      more particularly to vehicles having frame structures which are capable of
      moving relative to the body being supported when the vehicle encounters
      rough terrain.
PAR  2. Description of Prior Art:
PAR  Many vehicles are designed to traverse rough terrain. Some unevenness in
      the terrain is usually accommodated by providing a suspension system for
      each of the wheel assemblies, or other ground engaging members, to permit
      the wheel assemblies to move relative to the vehicle, which is normally
      provided with a rigid frame to which the suspension systems are attached.
PAR  However, even with conventional suspension assemblies, the wheel assemblies
      and frame may be subjected to excessive loading. Consider, for example, a
      vehicle having a conventional rigid frame, suspension system and four dual
      tire assemblies, one of the dual tire assemblies being positioned at each
      of the corners of the vehicle. If one of the tires of the assembly passes
      over a large rock or the like, the wheel will rise causing the entire
      weight normally borne by both tires to be borne by only one of the tires,
      and then only on the area which is in engagement with the rock. The tires
      must thus be designed to absorb these anticipated loads, which, obviously,
      far exceed the normal operating loads.
PAR  If, for example, both tires of one of the dual assemblies encounters a very
      high spot then the opposite dual assembly may be lifted significantly or
      completely clear of the ground. In this instance the dual assembly in
      engagement with the ground will support up to twice its normal load, and
      the tires must be designed accordingly.
PAR  Further, if large irregularities are encountered, the limits of the
      suspension systems may be reached. Loads transmitted through the
      suspension systems must be absorbed by the vehicle and generate stresses
      in the frame. The frame therefore must be designed to absorb dynamic
      loading far in excess of normal loading. Thus, with vehicles employing
      pneumatically inflated tires, the tires must be designed to withstand
      loads which greatly exceed the normal operating load, and frame structures
      must likewise be designed to accommodate stresses which greatly exceed the
      normal stresses which will exist in the frames when the suspension systems
      are operating within limits.
PAR  Thus, the tires and frame assemblies must be designed to accommodate
      loading which greatly exceeds the normal loading, and the cost and size of
      both of these components could be reduced if it were not necessary to
      design for greater than normal loading when rough terrain is to be
      encountered by the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a vehicle which, due to a unique frame
      design, prevents buildup of stresses, compressive, tensional and
      torsional, in the frame assembly during travel of the vehicle over rough
      terrain thus permitting significant reduction in the size of the
      structural members comprising the frame. Additionally the frame permits
      more even loading of the wheel assemblies over wider ranges of deflection
      so a given wheel and suspension assembly can operate over a greater range
      of load limits. The frame of the present invention may be generally
      characterized as including a pair of elongated side members which are
      joined by a first crossmember in a spaced apart relationship. The first
      crossmember has a pivotal portion to permit the side members to rotate
      relative to each other in planes parallel to their longitudinal axes.
      There may also be provided a second crossmember which is pivotally joined
      at its ends to the side members to permit limited rotation of the side
      members while providing lateral restraint thereon. A frame assembly so
      constructed may move when the vehicle encounters rough terrain thus
      reducing stresses which would be inherently created if the frame assembly
      were rigid, as is conventional.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention is illustrated in the drawings. In the
      drawings:
PAR  FIG. 1 is a side elevational view of a dump truck which embodies the
      present invention;
PAR  FIG. 2 is a front elevational view of the vehicle illustrated in FIG. 1;
PAR  FIG. 3 is a partial, top plan view generally taken along line 3--3 of FIG.
      2;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 of FIG. 1; and
PAR  FIG. 6 is a partial cross-sectional view taken along line 6--6 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  One particular type of vehicle which is normally employed in rough terrain
      is the vehicle commonly characterized as a "Dump Truck". Dump trucks are
      used in off-highway work such as mining for removal of overburden
      materials as well as the ore to be refined, and such vehicles are also
      typically found in highway and dam construction work in removing and
      transporting earth from one location to another.
PAR  These vehicles are commonly very large as they are employed to transport
      very heavy loads. Thus, the conventional rigid frame assemblies which have
      been used in the past have been very massive to take the static and
      dynamic loading which will be placed on the frame during movement of the
      dump truck over rough terrain. Also, the suspension systems for the wheel
      assemblies of the dump truck have necessarily been quite massive to absorb
      as much of the energy from movement of the wheel assemblies as possible.
      The greater the weight of the frame assemblies and suspension systems of a
      commercial vehicle, such as a dump truck, the less payload may be hauled
      with a given size power plant, thus the less economical is the vehicle.
PAR  The vehicle in FIG. 1 has a unique frame assembly which permits better
      distribution of loads and thus employs smaller size structural members.
PAR  With particular reference to FIGS. 1 and 3, the dump truck 11 includes a
      pair of elongated side members 12 and 13 which are joined near the
      rearwardly oriented ends thereof by a first crossmember, generally
      indicated by the reference numeral 14. Crossmember 14 includes two
      V-shaped struts 15 and 16 the apices 17 and 18 of which, respectively, are
      positioned in a confronting relationship. Strut 15 has a downwardly and
      forwardly extending leg 21 and a downwardly and rearwardly extending leg
      22, both of which are affixedly attached to side member 13 in any
      conventional manner. Similarly, strut 16 has a forwardly and downwardly
      extending leg 23 and a downwardly and rearwardly extending leg 24, both of
      which are attached to side member 12 in any conventional manner, such as
      by weldment to rods 19 and 21 which are affixed to side members 12 and 13,
      respectively. Struts 15 and 16 are pivotally joined at their apices 17 and
      18 by pin 26 thus permitting side members 12 and 13 to rotate relative to
      each other in planes parallel to their longitudinal axes. To provide
      lateral restraint to the side members 12 and 13 upon movement thereof, the
      forwardly oriented ends thereof are joined by a second crossmember 27.
      Crossmember 27 is pivotally connected to side members 12 and 13 by clevis,
      tongue and pin connections 28 and 29, respectively. Thus, fairly uniform
      spacing will be maintained between the ends of members 12 and 13.
      Preferably, the second crossmember 27 is also assisted in providing
      lateral restraint by a third crossmember 31 the ends of which are
      pivotally attached to side members 12 and 13 by tongue, clevis and pin
      assemblies 32 and 33, respectively. As is particularly obvious in FIG. 2,
      the second crossmember 27 and third crossmember 31 are vertically
      displaced thus forming, with side members 12 and 13, a parallelogram
      bracing arrangement which will permit limited movement of the forward ends
      of side members 12 and 13 up and down as side members 12 and 13 rotate
      about pin 26. The parallelogram bracing arrangement also prevents relative
      rotation of side members 12 and 13 about their longitudinal axes in the
      event that any torsional loading is imparted to side members 12 and 13.
      Side member 12 has mounted thereto front and rear wheel assemblies 34 and
      35, while side member 13 has mounted thereto front and rear assemblies 37
      and 36. Front wheel assembly 34 includes a yoke 38 which pivotally
      receives therebetween hub assembly 41 of an electrically powered set of
      motorized wheels 42. The hub assembly 41, as particularly illustrated in
      FIG. 2 and in phantom line in FIG. 1 is pivotally mounted to yoke 41 by
      spindles 30 and 45 to permit the hub 38 and wheels 42 to pivot about an
      axis parallel to the path of travel of the vehicle.
PAR  Yoke 38 also has an upstanding spindle 43 which is received within a
      suspension assembly 44. Assembly 44 is positioned within an opening 46 in
      side member 12, to which it is securely fastened by any conventional
      means. Thus, spindle 43 may reciprocate within suspension assembly 44 as
      the wheel assembly 34 encounters rough terrain. The opposite front wheel
      assembly 36 is likewise provided with a yoke 47 within which is pivotally
      mounted a hub 48 of electrically powered wheels 50. Hub 48, as
      particularly illustrated in FIG. 2 is pivotally mounted to yoke 47 by a
      pair of spindles, only spindle 49 of which is illustrated. Yoke 47 also
      has an upstanding spindle 51 which is received within a suspension
      assembly 52, suspension assembly 52 being positioned within opening 53 in
      side member 13, to which suspension assembly 52 is rigidly attached.
PAR  The front wheel assemblies 34 and 36 are provided with a steering system
      employing the "Ackerman" principle which includes oppositely acting
      hydraulic cylinder and ram assemblies 54 and 55, the cylinder portions of
      which are affixed to crossmember 27 by pins 56 and 57, respectively. The
      opposite ends of cylinder and ram assemblies 54 and 55 are connected by
      pins 58 and 59, respectively, to bell cranks 61 and 62, the movements of
      which are coordinated by a tierod 63. The ends of tierod 63 are connected
      to bell crank 61 by pin 64 and to bell crank 62 by pin 65. Bell crank 61
      is rotatably pinned to side member 12 by pin 66 and upon rotation of bell
      crank 61 about pin 66 will effect movement of wheel assembly 34 through a
      linkage arm 67 one end of which is attached to bell crank 61 by a pin 68
      and the other end of which is connected to an upstanding arcuate tongue 69
      by a ball and socket connection 71.
PAR  The opposite bell crank 62 is similarly pinned to side member 13 by pin 72.
      Upon rotation of bell crank 62 about pin 72 movement of wheel assembly 36
      will be effected through linkage arm 73 which is attached to bell crank 62
      by pin 74 and to the upstanding arcuate tongue 70 of yoke 47 by a
      conventional ball and socket attachment 75.
PAR  The left rear wheel assembly 35 is provided with a hub portion 76,
      illustrated in phantom line in FIG. 1 which is received within a recess 77
      in side member 12. The forward end of hub 76 is pivotally mounted within a
      journal 78 while the rear end of the hub 76 is pivotally mounted through
      spindle 79 to the ram portion 81 extending from suspension assembly 82
      which is affixed to side member 12. To permit up and down movement of ram
      81 within suspension assembly 82 upon contact of wheel assembly 35 with
      irregularities in the terrain, journal 78 is pivotally mounted within side
      member 12 by any suitable means (not illustrated).
PAR  Hub 76 has attached thereto dual electric wheels 83.
PAR  The opposite rear wheel assembly 37 is provided with a hub 84 the forward
      end of which is received within a journal 85 which, like journal 78, is
      pivotally received within a side member, in this case side member 13, by
      any conventional means (not illustrated). The rear of hub 84, like hub 76,
      is attached through a spindle (not illustrated) to the ram of suspension
      assembly 86. Hub 84 also supports a pair of electric wheels 87. Power for
      the wheel assemblies 34-37 may be derived from a conventional engine and
      generator system supported within module 88 which is suspended from side
      members 12 and 13. To permit movement of side member 12 relative to side
      member 13 about the pin 26 in crossmember 14 without imparting undue
      stresses in module 88, module 88 is attached to side member 13 by bolts 91
      and 92 which pass through side member 13 and support, through rubber rings
      93 and 94, brackets 142 and 143. Brackets 142 and 143 pivotally receive
      arms 144 and 145 attached to module 88, to which they are connected by
      pins 146 and 147.
PAR  The opposite end of module 88 is secured to side member 12 by a bolt 96
      which passes downwardly through side member 12 for attachment, through a
      rubber ring 97, to a bracket 148. Bracket 148 pivotally receives and is
      pinned by pin 150 to an arm 149 which is attached to module 88. A dump box
      98 is supported for pivotal movement on side members 12 and 13 through a
      first pair of downwardly extending ears 101 and a second pair of
      downwardly extending ears 102, respectively. Ears 101 are pivotally
      mounted to side member 12 by a pin 103 and ears 102 are pivotally attached
      to side member 13 by a pin 104. The dump box 98 also has a depending ear
      105, the sleeve portion 106 of which is positioned between the apices 17
      and 18 of struts 15 and 16, respectively, to receive pin 26 therethrough.
      The pins 103, 104 and 26 have a common axis thus permitting the dump box
      to be elevated by a cylinder and ram assembly 107 on each of the side
      members, only one of which is illustrated. The cylinder and ram assembly
      107 attached to side member 12 is pivotally attached thereto by a pin 108
      and has its opposite end attached to depending ears 109 of the box 98 by a
      pin 111. Power for the cylinder and ram assemblies 107 is derived from a
      hydraulic pump situated within module 88 through lines which pass within
      side members 12 and 13 which, as illustrated in FIGS. 4 and 5, have open
      passageways 112 and 113, respectively. Control of the wheel assemblies
      34-37, steering cylinders 54 and 55 and lift cylinders 107 may be effected
      through a suitable conventional control system located in cab 114, which
      is supported on a platform 115 attached to side member 12. A similar
      platform 116 is attached to side member 13, and each is provided with
      safety rails 117 and 118, respectively. The forward end of dump box 98 is
      supported by a pair of hydraulic leveling assemblies 121 and 122 having
      ram portions 123 and 124 which engage brackets 126 and 127, respectively,
      depending from dump box 98. The brackets 126 and 127 have concave recesses
      128 and 129 which receive the convex ends of rams 123 and 124. The
      leveling cylinders 121 and 122 intercommunicate through a hydraulic line
      131 to permit equalization of the pressures within the leveling cylinders
      121 and 122, and the assemblies 121 and 122 are pivotally mounted within
      crossmember 27 by pins 130 and 132, as illustrated in FIG. 3, to permit
      the assemblies to remain in a vertical position upon movement of one of
      the side members relative to the other side member.
PAR  To assure that the dump box 98 is properly aligned with side members 12 and
      13 upon lowering of the dump box by assemblies 107, the side members 12
      and 13 and dump box 98 are provided with cooperating guide members
      generally indicated by the reference numeral 133, as particularly
      illustrated in FIG. 6. Side member 12 has attached to the interior wall
      thereof a spacer plate 134 which supports a ski-shaped guideplate 135. The
      dump box 98 has a suitably braced depending plate 136 to which is attached
      an annular ring 137. Received within ring 137 is a smaller ring 138 to
      which is affixed an oppositely pointed ski-shaped plate 139. Bonded
      between plates 139 and 136 is a resilient ring 141. As the dump box 98 is
      lowered the tips of plates 135 and 139 will, assuming dump box 98 is too
      far to the left (as viewed in FIG. 6), engage and cause the dump box to
      move inwardly for correct positioning of box 98 between side members 12
      and 13, as side member 13 is fitted with an identical guide mechanism.
PAR  In operation, if wheel assembly 34 is traveling over terrain which is lower
      than the area being traversed by wheel assembly 36, the side member 12
      will move down by pivoting about the pin 26 in crossmember 14. The
      crossmembers 27 and 31 will retain the vertical alignment of side members
      12 and 13. As side member 12 is permitted to lower or move downward when
      the wheel assembly 34 is traversing lower terrain than that of wheel
      assembly 36 no undue stresses are created in the frame or in the
      suspension system and thus the structural members need not be of the size
      of a conventional rigid frame vehicle. As the side members 12 and 13 will
      move slightly inwardly as one moves up or down relative to the other, due
      to the parallelogram bracing arrangement, the resilient rings 141 in the
      dump box guide members 133 will be compressed. The sleeves 137 and 138 are
      so dimensioned that upon excessive movement of dump box 98 toward one of
      the side members 12 or 13, the sleeves 138 and 137 will reach their fully
      telescoped position causing sleeve 138 to abut plate 136 and sleeve 137 to
      abut plate 139 to prevent crushing of the resilient ring 141. Further, as
      the side member 12 moves down relative to side member 13, as illustrated
      in FIGS. 1 and 2 particularly, the end of module 88 viewed in FIG. 1 will
      move downwardly relative to the opposite end causing arms 144 and 145 to
      pivot within brackets 142 and 143, respectively. As the front of side
      member 12 will also tilt downwardly, as viewed in FIG. 1, arm 149 will
      pivot in bracket 148, thus minimizing the creation of stresses in module
      88.
PAR  Further, as particularly illustrated in FIG. 4, as side member 12 moves
      downwardly, the load borne by ram member 124 of hydraulic leveler assembly
      122 will increase causing hydraulic fluid to flow through line 131 into
      hydraulic leveler assembly 121 thereby extending the ram 123 to maintain
      the dump box 98 in a level position and avoid shifting of the load in the
      dump box 98.
PAR  If the terrain under wheel assembly 34 is also inclined relative to the
      transverse axis of the vehicle, as illustrated in FIG. 2, the wheels may
      oscillate about spindle 30 to assure that each of the dual tire assemblies
      42 is supporting approximately the same amount of weight thus preventing
      undesirable loading of one of the tires. Yoke 38 is provided with stops 39
      which limit the degree of rotation and yoke 47 is provided with similar
      stops 40. As the forwardly oriented ends of side members 12 and 13 may
      move up and down relative to each other as rough terrain is encountered by
      wheel assemblies 34 and 36, relatively little stress is created in side
      members 12 and 13 or crossmembers 14, 27 and 31. Further, the loading of
      each of the side members 12 and 13 will remain relatively constant and
      need not be designed to bear excessive loads, as is the case in the design
      of conventional rigid frames. Further, as the loads because of the
      movement of side members 12 and 13 will be relatively uniformly
      distributed over the tire assemblies 34-37, the suspension of tire
      assemblies need not be greatly over designed as the load conditions will
      remain relatively constant regardless of the nature of the terrain.
PAR  As the various components of the illustrated and described vehicle need not
      be designed to accommodate loads significantly larger than normal
      operating loads they may be made smaller and lighter in weight thus
      permitting the hauling of larger payloads in dump box 98 for a given power
      plant size, thus increasing the efficiency and economy of operating the
      vehicle.
PAR  While the embodiment illustrated and described is the preferred embodiment,
      various modifications may be made therein without departing from the scope
      of the invention. For example, the struts 15 and 16 may be eliminated and
      dump box 98 employed as the first crossmember as it would serve to
      maintain side members 12 and 13 in a spaced apart relationship and permit
      one to rotate relative to the other. Preferably, however, additional
      bracing across the rearwardly oriented ends of members 12 and 13 is
      provided, and it may take other forms than that illustrated and described.
      Other types of steering systems could also be employed, and the power for
      the wheel assemblies 34-37 could be mechanical rather than electrical.
      Further, leveling of the dump box 98 may be effected by mounting the
      leveler assemblies 121 and 122 on side members 12 and 13, and mechanical
      as well as hydraulic leveling could be employed. Also the lifting
      assemblies 107 could be used separately or in combination with load
      levelers 121 and 122 to maintain dump box 98 in a level position.
PAR  While rather specific terms have been used to describe one embodiment of
      the invention, they should not be construed nor are they intended to be
      limiting upon the invention, which is defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle capable of traversing rough terrain, which vehicle includes a
      frame comprising:
PA1  a pair of elongated side members;
PA1  a first crossmember joining said side members in a spaced apart
      relationship and having a pivotal portion to permit said side members to
      rotate relative to each other in parallel planes; and
PA1  a second crossmember also joining said side members in a spaced apart
      relationship, each end of said second crossmember being pivotally
      connected to one of said side members to permit limited rotation of said
      side member while providing lateral restraint on the side member, and said
      second crossmember being unattached to structure which would limit its
      vertical and horizontal displacement during rotation of said side members
      as said vehicle traverses rough terrain.
NUM  2.
PAR  2. The vehicle of claim 1 including:
PA1  a third crossmember also joining said side members in a spaced apart
      relationship, each end of said third crossmember being pivotally connected
      to one of said side members to assist said second crossmember in providing
      lateral restraint on the side members during rotation, the points of
      connection of said third crossmember to said side members being vertically
      displaced from the points of connection of said second crossmember to said
      side members to prevent relative rotation of said side members about their
      longitudinal axes.
NUM  3.
PAR  3. The vehicle of claim 1 wherein the first crossmember comprises:
PA1  a pair of V-shaped struts the apices of which are positioned in a
      confronting relationship between said side members and the legs of which
      are attached to the side members; and
PA1  means pivotally joining the apices of the struts.
NUM  4.
PAR  4. The vehicle of claim 3 wherein each of said V-shaped struts has one leg
      attached to one of said side members forwardly of the pivotal axis of the
      first crossmember and the other leg attached to said side member
      rearwardly of the pivotal axis of the first crossmember.
NUM  5.
PAR  5. The vehicle of claim 4 wherein both of the legs of the struts are
      attached to the side members below the pivotal axis of the first
      crossmember.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said frame also includes:
PA1  load leveling assemblies carried by said frame which are adapted to
      maintain a load carried by said frame in a level position when one of said
      side members rotates relative to the other side member.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said load leveling assemblies are
      carried by said second crossmember.
NUM  8.
PAR  8. A vehicle capable of traversing rough terrain, which vehicle includes a
      frame having:
PA1  a pair of elongated, generally parallel side members;
PA1  a first crossmember joining said side members near the rearwardly oriented
      ends of said side members, the first crossmember having a pivotal portion
      to permit the forwardly oriented ends of said side members to move up and
      down; and
PA1  a second crossmember pivotally joined at each end to the side members near
      the forwardly oriented ends of the side members to permit up and down
      movement of said forwardly oriented ends while providing lateral restraint
      during the movements thereof, said second crossmember being unattached to
      structure which would limit its vertical and horizontal displacement
      during rotation of said side members as said vehicle traverses rough
      terrain.
NUM  9.
PAR  9. The vehicle of claim 8 including:
PA1  a third crossmember pivotally joined at each end to said side members near
      the forwardly oriented ends of said side members to permit up and down
      movement of said forwardly oriented ends and assist said second
      crossmember in providing lateral restraint on the side members, the points
      of connection of the third crossmembers to the side members being above or
      below the points of connection of the second crossmember to the side
      members to prevent relative rotation of said side members about their
      longitudinal axes.
NUM  10.
PAR  10. A vehicle capable of traversing rough terrain, which vehicle concludes:
PA1  a pair of elongated side members;
PA1  a pair of V-shaped struts, the apices of which are positioned in a
      confronting relationship between said side members and the legs of which
      are attached to the side members; and
PA1  means pivotally joining the apices of the struts.
NUM  11.
PAR  11. The vehicle of claim 10 wherein each of said V-shaped struts has one
      leg attached to one of said side members forwardly of the pivotal axis of
      the first crossmember and the other leg attached to said side member
      rearwardly of the pivotal axis of the first crossmember.
NUM  12.
PAR  12. The vehicle of claim 11 wherein both of the legs of the struts are
      attached to the side members below the pivotal axis of the first
      crossmember.
NUM  13.
PAR  13. The apparatus of claim 8 wherein said frame also includes:
PA1  load leveling assemblies carried by said frame which serve to maintain a
      load carried by said frame in a level position when one of said side
      members rotates relative to the other side member.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said load leveling assemblies are
      carried by said second crossmember.
NUM  15.
PAR  15. A vehicle capable of traversing rough terrain, which vehicle includes a
      frame comprising:
PA1  a pair of elongated side members supporting a body thereon;
PA1  a first crossmember interconnecting said side members, including means
      permitting said side members to pivot relative to each other about a
      transverse axis; and
PA1  a second crossmember interconnecting said side members, each end of said
      second crossmember being pivotally connected to one of said side members
      to permit limited pivotal movement of said side members relative to said
      transverse axis while providing lateral restraint thereon, said second
      crossmember being disposed apart from and movable independently of said
      body supported on said side members.
NUM  16.
PAR  16. The vehicle of claim 15 including:
PA1  a third crossmember also joining said side members in a spaced apart
      relationship, each end of said third crossmember being pivotally connected
      to one of said side members to assist said second crossmember in providing
      lateral restraint on the side members during rotation, the points of
      connection of said third crossmember to said side members being vertically
      displaced from the points of connection of said second crossmember to said
      side members to prevent relative rotation of said side members about their
      longitudinal axes.
NUM  17.
PAR  17. A vehicle capable of traversing rough terrain, which vehicle includes a
      frame comprising:
PA1  a pair of elongated, generally parallel side members supporting a body
      thereon;
PA1  a first crossmember interconnecting said side members near the rearwardly
      oriented ends of said side members, including means permitting said side
      members to pivot relative to each other about a transverse axis; and
PA1  a second crossmember interconnecting said side members near the forwardly
      oriented ends of the side members, each end of said second crossmember
      being pivotally connected to one of said side members to permit limited
      pivotal movement of said side members relative to said transverse axis
      while providing lateral restraint thereon, said second crossmember being
      disposed apart from and movable independently of said body supported on
      said side members.
NUM  18.
PAR  18. The vehicle of claim 17 including:
PA1  a third crossmember pivotally joined at each end to said side members near
      the forwardly oriented ends of said side members to permit up and down
      movement of said forwardly oriented ends and assist said second
      crossmember in providing lateral restraint on the side members, the points
      of connection of the third crossmembers to the side members being above or
      below the points of connection of the second crossmember to the side
      members to prevent relative rotation of said side members about their
      longitudinal axes.
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ABST
PAL  A passive restraint safety belt system for a vehicle comprises at least one
      belt movable from a hidden stowed position to a restraining position about
      the occupant of the vehicle at the time of an accident. Means are provided
      for sensing an impact or sudden deceleration or acceleration of the
      vehicle and are operable to shift the belt from the stowage position to
      the restraining position. Means are also provided for returning
      automatically the belt from the restraining position to the stowage
      position so that the belt may be readily reused. Preferably, the safety
      belt is substantially hidden from view and does not interfere with ingress
      or egress from the vehicle.
BSUM
PAR  This invention relates to a safety belt system for motor vehicles and more
      particularly to a passive restraint safety belt system in which the belt
      is moved automatically to a restraining position at the time of sudden
      deceleration or acceleration of the vehicle.
PAR  The present invention is directed to a passive restraint system which
      operates automatically without any conscious operation thereof by the
      vehicle driver or any of the occupants of the vehicle. One type of passive
      restraint system is the air bag system which upon a sudden acceleration or
      deceleration of the vehicle or an impact causes an air bag to be expanded
      to restrain the driver. However, the air bag may momentarily blind the
      vision of the driver which, in high speed traffic, is dangerous and may be
      the source of further accidents. Also, the air bags are expensive and are
      used in connection with belts as the air bags do not restrain against
      lateral impacts. After an expansion of the air bag, the air bag system is
      inoperative until the system has been rejuvenated by trained service
      personnel. This is in contrast to a safety belt which remains in position
      after an accident and which provides protection against a following
      accident without the expense of being reinstalled by trained personnel.
PAR  The conventional seat belt arrangement installed at this time is an active
      system rather than a passive system requiring the passenger to connect the
      seat belt to extinguish an alarm buzzer or to defeat an interlock system
      which prevents operation of the vehicle until the seat belt is connected.
      The interlock systems, which require fastening of the seat belt, are
      expensive and capable of being defeated.
PAR  Another passive restraint system proposed but not adopted on a large
      commercial scale includes a series of belts which are exposed and which,
      after the opening and closing of a vehicle door, move into restraining
      positions about the driver and/or passenger. However, the manifold exposed
      belts of this passive restraint system are unsightly and displeasing.
      Also, this system is complex in that mechanisms must shift the belts to
      allow ingress and egress of the vehicle.
PAR  U.S. Pat. No. 3,022,089 discloses a passive safety belt system in which the
      safety belt is stowed in a remote or obscure stowage position until the
      time it is needed, whereupon the belt is shifted to the restraining
      position to restrain the passenger from injury. However, the system shown
      in this patent only has a lap belt and is quite crude in its components.
      However, the safety belt may be returned to the stowage position and ready
      for reuse in case of a subsequent accident without the cost and expense of
      having to be rejuvenated by trained personnel.
PAR  Accordingly, a general object of the present invention is to provide a new
      and improved, as contrasted with the prior art, passive safety belt
      restraint system.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description taken in connection with the accompanying
      drawings in which:
PAR  FIG. 1 is a diagrammatic view of a safety belt system mounted in a vehicle
      and embodying the novel features of the invention;
PAR  FIG. 2 is another view of the safety belt system of FIG. 1 with the safety
      belts in their restraining positions about the vehicle passengers;
PAR  FIG. 3 is a diagrammatic view of a switch mechanism for operating the
      system of FIG. 1;
PAR  FIG. 4 illustrates a further embodiment of the invention; and
PAR  FIG. 5 is an enlarged view of a motor and reel means for positioning the
      safety belt shown in FIG. 4.
DETD
PAR  As shown in the drawings for the purposes of illustration, the invention is
      embodied in a passive restraint system 11 for use in a vehicle 12 such as
      an automobile having a seat 13 upon which are seated one or more
      occupants. The restraint system 11 includes one or more seat belts 15
      which are in a stowed position 16 allowing free ingress or egress from the
      vehicle. The preferred stowage position for the seat belt is in a
      relatively obscure or hidden position from which the belt is moved to the
      restraint position, such as shown in FIG. 2, at the time of an impending
      accident or a sudden deceleration or acceleration which normally is
      indicative of an impending collision.
PAR  In accordance with the present invention, the occurrence of a sudden
      acceleration or deceleration causes an electrical control means 20 (FIG.
      3) including an inertia switch means 21 to operate a means 23 to shift the
      safety belt 15 from the stowage position 16 to the restraining position at
      the chests of the occupants holding them against unrestrained forward
      movement. In contrast to the air bag type of a restraint system, the
      safety belt 15 may be readily returned by a return means 27 from the
      restraint position to the stowage position 16. Herein, the preferred
      return means 27 is in the form of a retracting means 29 which retracts the
      seat belt 15 to the stowed position.
PAR  In accordance with another important aspect of the invention, substantially
      the entire safety belt 15 which includes a pair of cable-like end
      portions, hereinafter called cables 30, is stowed in an inconspicuous
      manner with the cables 30 being stowed in stowage recesses 32 in the floor
      or floor carpet of the vehicle and in recesses formed in the seat 13. As
      will be explained in greater detail, the cables 30 are held and biased
      into the recesses 32 by the retracting means 29 which includes a series of
      individual retractors 33 spring biased to return the cables 31 into the
      recesses 32 in the seat upon de-activation of the shifting means 23.
PAR  Turning now in greater detail to the individual elements of the restraint
      system 11, the preferred seat belt 15 comprises a soft or inflatable,
      central occupant engaging portion 34 having a generally circular cross
      section. The seat belt portion 34 preferably extends transversely across
      the front of the seated occupant. The illustrated seat belt portion 34 is
      also mounted to turn about a longitudinal axis through it so that it may
      roll along the occupant's clothing or body when it is contacting the body
      and moving toward the restraint position at the occupant's waist or chest.
      Likewise, should the belt portion 34 hit the steering wheel 57, it will
      continue to roll therealong. In the preferred embodiment of the invention,
      a pair of seat belts 15 and 15a of identical construction are used with
      the seat belt portion 34 positionable at the chest of the occupant and the
      seat belt portion 34a positionable at the waist of the occupant as shown
      in FIG. 2. Alternatively, one seat belt may be used as will be explained
      hereinafter in connection with FIG. 4.
PAR  The preferred manner of providing rotation for the seat belt portion 34 or
      34a is to provide a rotational bearing 41 at each end of the seat belt
      mounted for turning relative to a non-rotatable connector plate 43 which
      is suitably connected by releasable connector 45 to an end of one of the
      cables 31 or 31a, the cable 31a being attached to the seat belt 15a. The
      preferred releasable connectors 45 are in the form of a releasable
      connector or snap ring 48 connected to a cable end and adapted to be
      disconnected from a circular aperture in the connector plate 43 so that an
      occupant may also detach the seat belt portion 34 and 34a if he is
      desirous of quickly releasing himself for egress of the vehicle after an
      accident.
PAR  The preferred means 51 for stowing the seat belt portions 34 and 34a is
      adjacent the bottom of the dashboard and may include a suitable slot in
      the lower portion of the dashboard or a suitable mounting bracket means 53
      for holding the seat belt portions in a generally hidden position at a
      lower end of the dashboard. In this manner, the seat belt portions 34 and
      34a will be spaced upwardly of the feet of the occupant and above any foot
      pedals or other devices and yet beneath the steering wheel 57 and the
      steering column 58 for unobstructed movement when the shifting means 23 is
      actuated to bring the seat belts to the restraint position. Of course,
      other stowage positions for the seat belt may be used and fall within the
      purview of the present invention.
PAR  The shifting means 23 for shifting the seat belts 15 and 15a from the
      stowage position 16 to the restraint position preferably comprises a power
      or motor means 59 in the form of an electrical motor and a reel means 63
      of conventional design. Preferably, the power or motor means also
      comprises a one-way clutch or brake means 61 to prevent the passenger's
      body from exerting sufficient force to unwind the cables 31 or 31a.
      Herein, the output shaft of the electrical motor means 59 is connected
      through a brake 62 to the reel means 63 in the form of a rotatable disc 65
      mounted within or adjacent the seat back 66. Ends of each of the
      respective cables 31 and 31a on opposite sides of the seat 13 are
      connected by means 67 to the reel means to wrap about the reel disc 65
      when the motor means 59 is energized with closing of the inertia switch
      means 21. Preferably, the cables 31 and 31a are connected at tangent lines
      to the reel disc 65 and are wrapped about the reel disc to an equal extent
      when pulling the cables 31 and 31a. The brake or one-way clutch means 61
      is actuated when the motor 59 is actuated to prevent the return
      directional movement of the reel as would allow the occupant's weight to
      pull the seat belts 15 and 15a forward. That is, a one-way mechanical
      brake means 61 may be provided to provide any unwinding of the cables 31
      or 31a due to the force of the occupant's body tending to pull the cables
      outwardly to unwrap them from the reel.
PAR  A suitable return or release switch means 69 may be provided on the dash or
      on the floorboard for actuation to release the brake means 61 after the
      accident. Alternatively, the return or release switch means 69 may be
      replaced by a time delay means which allows the one-way brake or clutch
      means 61 to be de-activated a short period of time after the seat belt has
      been moved into the restraint system. In either event, the brake or
      one-way clutch means 61 is disabled a short period of time after the
      accident to allow the occupant to escape from the vehicle if he so
      desires. If the brake or one-way clutch means 61 fails to release for some
      reason, the occupant may unsnap the releasable connector 45 and still
      escape from the vehicle.
PAR  While the illustrated power motor means 59 is an electric motor, other
      pneumatic or hydraulic motors may be used as the power motor means 59 to
      shift the safety belt 15. Also, the shifting means 23 may include other
      forms of take-up devices than the illustrated reel means 63. The preferred
      power motor means 59 operates almost instantaneously upon closing of the
      switch means 20 as in the manner of the air bag which operates
      sufficiently fast to prevent injury to the passenger.
PAR  The illustrated cables 31 and 31a are bands or cables formed of steel,
      nylon or other strong materials and are separably connected to the round,
      soft seat belt 15 or 15a and thereby provides a relatively small diameter
      cable, which may be multistranded to provide the desirable flexibility and
      strength for being stowed, and movable to the taut, straight line position
      shown in FIG. 2. On the other hand, the seat belt 15 or 15a may be a
      one-piece integral belt of the conventional seat belt webbing. The
      preferred steel cables 31 and 31a are more easily and readily directed
      through the back of the seat and wrapped onto the reel means 63.
PAR  The cables 31 and 31a are guided by a cable guide means 70 shown in FIG. 1
      which includes several pulleys 74 and 75 mounted within the seat back 66
      for guiding the cable 31 about a predetermined path to the reel means 63.
      The cables 31a may likewise be guided by one or more pulleys 77 and 78
      mounted within the seat back 66 to the reel means 63.
PAR  To mount the cable 31 and 31a in the stowage positions, the recesses 32 in
      the vehicle floor may be in the form of a pair of forward and aft
      extending slots 80 and 81 of sufficient depth that the cable may be
      inserted therein and remain hidden and not interfere with the passenger's
      movement into or from the vehicle. For similar purposes, the recesses 32
      comprise pairs of vertical slots 85 and 86 extending along the front edge
      87 of the seat 13 and in alignment with the rearward ends of the floor
      slots 80 and 81. The slots 85 and 86 in the front edge of the seat extend
      into similar and aligned slots 88 and 89 in seat bench 90 of the seat 13.
      When the chest belt is used, another recess 91 is provided in the seat
      back 66 for the cable 31.
PAR  In the illustrated embodiment of the invention, the return means 27 for the
      seat belts 15 and 15a includes a series of retracting means 29 comprising
      four retractors 33a, 33b, 33c and 33d connected to each cable 31. In a
      similar manner, the retracting means 29 for each cable 31a comprises four
      retractors 33e, 33f, 33g and 33h, disposed adjacent the retractors for the
      cables 31. The illustrated retractors 33 include a conventional spring
      biased reel upon which is coiled a strand 93 which has an inner end
      connected to the reel within its associated retractor and outer end
      fastened to the portion of the cable 31 or 31a most closely adjacent to
      its retractor when the cables are in the recesses 32. The strands 93a and
      93e for the retractors 33a and 33e are very long and, as seen in FIG. 2,
      extend from their respective retractors to points at the top and bottom of
      the slot 91 in the seat back 66.
PAR  With belt in restraining position of FIG. 2, each of the three strands 93a,
      93b and 93c fastened to a cable 31, extends to the top of the slot 91 to
      the pulleys 74 and 75. The strands 93d will be generally vertical within
      the slots 91. Similarly, the strands 93e, 93f and 93c will be extended
      from their respective retractors to the bottom of the slots 91. Because of
      the considerable unwinding of the respective strands 93 and because of the
      bias springs in the retractors 33, these retractors will automatically
      return the cables 31 and 31a into their stowage recesses 32 and return the
      seat belt portions 34 and 34a into the stowage position 16.
PAR  The preferred positions for the retractors 33a and 33e are beneath the
      dashboard 51 and in a generally horizontal plane above the top of the
      bench seat 90 to return the seat belts into or adjacent the stowage means
      53 therefor in the dashboard. Disposed in a vertical plane beneath the
      forward ends of the slots 80 and 81 are the retractors 33b and 33f which
      hold the cables in vertical, taut positions out of position of engagement
      of the feet of the persons in the vehicle. The cables 31 and 31a extend
      horizontally in the slots 80 and 81 to a position at the rear ends of
      these slots at which are located the retractors 33c and 33g, the latter
      also being located at positions generally below the front end 87 of the
      seat. The seat 13 may be shifted backward or forward in the conventional
      manner with the retractors 33 unwinding or taking up the strands 93 and
      the cables 31 and 31a are taken up further into the recesses and into the
      retractors or are allowed to move from the retractors to accommodate such
      seat movements. Thus, the cables 31 and 31a will remain within the floor
      recess slots 80 and 81 with seat movement. The retractors 33c and 33g
      also assure that the cables 31 and 31a remain within the recessed slots 85
      and 86 in the front end 87 of the seat and also cooperate with the
      rearward retractors 33d and 33h to hold the cables in the horizontal
      recess slots 88 and 89 in the horizontal portion of the seat. The
      retractors 33d and 33h are located beneath the bench back 66. The
      retractors 33d also assure that the cables 31 will remain within the
      vehicle bench slots 91.
PAR  In accordance with a further embodiment of the invention illustrated in
      FIG. 4, a short safety belt 15c may be disposed about the driver only with
      a second safety belt (not shown) provided for the other front seat
      occupants. Suitable recess slots 88c, 89c and 91c are provided for the
      cables used for the wider seat belt for the other passenger, or
      passengers, of the seat as shown in the embodiment of the invention
      illustrated in FIG. 4.
PAR  The cables 31c shown in FIG. 5 are connected to the belt connectors plates
      45c in the manner above described. However, rather than attaching the ends
      of the cables 31c directly to a reel means 63c, it is preferred to
      terminate the cables 31c at a connecting ball 101 disposed to abut an end
      103 of a guide bushing 105 carried in a stationary mounting plate 106
      mounted within the seat back 66. Curved hooks or fingers 109 are fastened
      to the rotatable disc 63c and are turned thereby to catch the cables 31c
      intermediate the bushings 105 and the balls 101 and to pull the cables 31c
      through the bushings 105. The balls 101 are larger than opening in the
      hooks so that the hooks abut the balls 101 and continue to pull the cables
      31c to shift the seat belt 15c from a stowage position not shown, but
      similar to the stowage position 16 above described, as the reel disc 63c
      turns. More specifically, hooks 109 are open on one side so that they will
      grab the cables 31c and balls 101, when the disc 63c turns in a first or
      clockwise direction as viewed in these figures upon operation of a power
      motor means 59c having a driving shaft 111 connected to the disk 63c. A
      suitable one-way clutch or brake means 61c may likewise be provided to
      prevent the momentum of the occupant's body from overcoming the winding
      torque and preventing the undesirable retrograde movement of the seat belt
      15c until the accident has terminated. However, once the one-way clutch or
      brake means 61c is deactuated as either by a time delay switch means or by
      a manually actuated switch means 69 as above described, the power motor
      means 59c allows or turns the disc 63c in the reverse direction thereby
      allowing the cables 31c to be returned by the respective retracting means
      (not shown) including retractors similar to those shown in FIG. 1 but not
      illustrated in FIG. 4. After suitable returning of the cables 31c,  the
      hooks 109 disengage from the balls 101 and the cables 31c. When the power
      motor means is again actuated, the reel disc 63c will again be connected
      or clutch by the balls 101 and hooks 109 to the cables 31c.
PAR  When only a waist seat belt 15c is used, the reel disc 63c has only two
      hooks 109, the cables 31c being led by and guided across suitable pulleys
      (not shown) to the positions in the guide bushings 105 in the mounting
      plate 106. If a breast safety belt is also used with the apparatus shown
      in FIGS. 4 and 5, a second pair of hooks 109 (not shown) each spaced at
      90.degree. from the illustrated hooks 109 are added to pull the similarly
      guided cables 31c so that both of the chest and waist seat belts may be
      pulled by the same power motor means 59c simultaneously to the restraint
      positions from the stowage positions.
PAR  The electrical switch means 20 is preferably an inertia switch means 21,
      but may be an actual impact switch mounted in a front bumper. The
      illustrated inertia switch means 21 has a pendulum member 120 mounted on a
      hemispherical pivot member 121 and in an omnidirectional support 123,
      which allows pivoting of the pendulum member and causes its actuator 125
      to move a normally open switch contact 127 against the other switch
      contact 128 to close the switch and complete an electrical circuit through
      leads 130 and 131 to the power motor means 59.
PAR  Preferably, the power motor means 59 is very quick acting an rapidly reels
      the cables 31 and 31a causing a quick motion on the seat belt portions 34
      and 34a from the stowage positions to their restraining positions. The
      particular position of the hands and arms of the occupants of a front seat
      may vary. In some instances, the occupants, upon seeing an imminent crash
      or deceleration, will thrust their hands forwardly toward the dashboard
      and the seat belt portions will slide under their arms and against their
      waists and breasts. On the other hand, when the occupants are not aware of
      the accident, the arms may be down and the belt portions may move across
      the outer sides of their arms, pinning their arms momentarily. It is
      assumed that the driver occupant will have at least one hand on the
      steering wheel so that he will have at least one hand free for continued
      steering of the vehicle as the belts move instantaneously from the stowage
      position 16 to the restraint position. In contrast to an air bag, a driver
      will have his vision unimpaired by the seat belts 15, 15a or 15c  when the
      latter are at their respective restraining position. Also, unlike the air
      bag, the seat belts 15 and 15a may be readily returned to the stowage
      position for further use and without the cost of rejuvenation or
      replacement of the air bag.
PAR  It will be seen that the foregoing invention provides a passive restraint
      system which is unencumbered by unsightly belts or other devices and which
      overcomes many of the shortcomings of the air bag. The preferred system is
      also capable of being installed or produced at a competitive cost to the
      other passive restraint systems or to the air bag or to the interlock
      system.
PAR  While a preferred embodiment has been shown and described, it will be
      understood that there is no intent to limit the invention by such
      disclosure but, rather, it is intended to cover all modifications and
      alternate constructions falling within the spirit and scope of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety belt system for a vehicle comprising at least one belt movable
      from a stowage position to a restraint position at a vehicle occupant's
      chest to restrain the occupant's upper body, means to shift said belt from
      the stowage position to the restraining position, means on said belt
      allowing the same to turn and to move upwardly along the occupant's body
      toward the occupant's chest, recess means associated with the backrest
      portion of the vehicle seat for receiving a portion of the belt as the
      belt comes to the occupant's chest, power operated means for returning
      said belt from said restraining position after restraining the occupant to
      the stowage position, an electrical control means operable with a
      deceleration or acceleration of said vehicle of at least one predetermined
      magnitude to operate said shifting means to shift said belt automatically
      from said stowage position to said restraint position, and means to guide
      said belt to a position about the occupant's chest.
NUM  2.
PAR  2. A safety belt system in accordance with claim 1 in which said belt
      comprises a plurality of cables at opposite ends thereof and in which said
      means to guide said belt comprises guides for said cables.
NUM  3.
PAR  3. A safety belt system in accordance with claim 1 in which said power
      operated means to return said belt comprises a plurality of spring
      actuated retracting means each operably connected to said belt for
      returning said belt to the stowage position after release of said shifting
      means.
NUM  4.
PAR  4. A safety belt system in accordance with claim 1 in which a means retains
      a portion of said belt in a position extending transversely of the
      driver's position and in which said belt further comprises cables fastened
      to transversely spaced portions of said belt and extends rearwardly along
      the sides of the driver's position for pulling said belt portion against
      the occupant to hold the occupant in the front seat.
NUM  5.
PAR  5. A safety belt system in accordance with claim 1 in which a second belt
      is connected for movement across the waist of an occupant in which said
      second belt is connected to said shifting means and to said return means
      for simultaneous movement with said first-mentioned belt.
NUM  6.
PAR  6. A safety belt system for a vehicle comprising at least one belt movable
      from a stowage position to a restraint position at a vehicle occupant's
      chest to restrain the occupant's upper body, means to shift said belt from
      the stowage position to the restraining position, means on said belt
      allowing the same to turn and to move upwardly along the occupant's body
      toward the occupant's chest, recess means associated with the backrest
      portion of the vehicle seat for receiving a portion of the belt as the
      belt comes to the occupant's chest, power operated means for returning
      said belt from said restraining position after restraining the occupant to
      the stowage position, an electrical control means operable with a
      deceleration or acceleration of said vehicle of at least one predetermined
      magnitude to operate said shifting means to shift said belt automatically
      from said stowage position to said restraint position, and means to guide
      said belt to a position about the occupant's chest, said means to shift
      said belt comprising a motor means and a reel means for wrapping said
      cables thereabout, said motor means and said reel means being located
      within the backrest of a vehicle seat.
NUM  7.
PAR  7. A safety belt system in accordance with claim 6 in which said motor
      means includes a means selectively operable to prevent reverse movement on
      said reel means and unwinding of the said cables by the occupant's body.
NUM  8.
PAR  8. A safety belt system in accordance with claim 7 in which release means
      is provided for operation by the occupant to release said selectively
      operable means to allow said return means to return said belt to the
      stowage position.
NUM  9.
PAR  9. A safety belt system for a vehicle comprising at least one belt movable
      from a stowage position to a restraint position at a vehicle occupant's
      chest to restrain the occupant's upper body, means to shift said belt from
      the stowage position to the restraining position, means on said belt
      allowing the same to move upwardly along the occupant's body toward the
      occupant's chest, recess means associated with the backrest portion of the
      vehicle seat for receiving a portion of the belt as the belt comes to the
      occupant's chest, power operated means for returning said belt from said
      restraining position after restraining the occupant to the stowage
      position, an electrical control means operable with a deceleration or
      acceleration of said vehicle of at least one predetermined magnitude to
      operate said shifting means to shift said belt automatically from said
      stowage position to said restraining position, and means to guide said
      belt to a position about the occupant's chest, means retaining a portion
      of said belt in a position extending transversely of the driver's
      position, said belt further comprising cables fastened to transversely
      spaced portions of said belt and extending rearwardly along the sides of
      the driver's position for pulling said belt portion against the occupant
      to hold the occupant in the front seat, said means to shift said belt
      further comprising a motor means located behind the seat on which the
      occupant is seated and further comprising cables extending from said motor
      means through openings in said seat, said return means pulling said cables
      into slots in said seat and into generally hidden positions.
NUM  10.
PAR  10. In combination with a vehicle having a front seat and a dashboard, a
      safety belt system comprising at least one safety belt stowed in a stowage
      position in front of the driver of the vehicle, recesses in said seat and
      its backrest and in said floorboard, said belt having portions thereof
      extending rearwardly and laterally of the sides of the driver and disposed
      in said recesses in said floorboard, seat and backrest to be substantially
      hidden from view, means guiding said belts through recesses in said
      backrest of said seat at the chest level of an occupant, a power means for
      taking up said belt portions and removing said seat belt from said stowage
      position and pulling said seat belt about the chest of the driver on the
      front seat to restrain the driver against injury at the time of collision,
      means for sensing an impact or acceleration or deceleration of the vehicle
      and for operating said power means to shift said belt to the restraining
      position, power operated means for returning said belt from said
      restraining position after restraining the occupant to the stowage
      position.
NUM  11.
PAR  11. In combination with a vehicle having a front seat and a dashboard, a
      safety belt system comprising at least one safety belt stowed in a stowage
      position in front of the driver of the vehicle, recesses in said seat and
      in said floorboard, said belt having portions thereof extending rearwardly
      and laterally of the sides of the driver and disposed in said recesses to
      be substantially hidden from view, means guiding said belts through
      recesses in said seat at the chest level of an occupant, a power means for
      taking up said belt portions and removing said seat belt from said stowage
      position and pulling said seat belt about the chest of the driver on the
      front seat to restrain the driver against injury at the time of a
      collision, means for sensing an impact or acceleration or deceleration of
      the vehicle and for operating said power means to shift said belt to the
      restraining position, said belt portions being cables, a retracting means
      retracting said cables to said recesses and returning said belt to said
      stowage position, said retracting means comprising a first pair of
      retractors having strands connected to opposite ends of said seat belt for
      returning said seat belt to the stowage position, a second pair of
      retractors having strands connected to said cables for returning the
      forward portions of the cable into the forward end of the recess of the
      floorboard of the vehicle, a third set of retractors having strands
      connected to said cables for pulling portions of said cables into rearward
      portions of said recesses in the floorboard and into recesses in the front
      edge of the seat, and a fourth set of retractors having strands connected
      to said cables for pulling the cables into recesses in the upstanding back
      bench of the seat.
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ABST
PAL  An improved deflectible hanger for vehicular mud flaps having a first and
      second support member, the second support member being resiliently held to
      and in axial alignment with the first support member by a spring-loaded
      cable which permits the second support member to be angularly deflected
      relative to the first support member and stud members secured to the first
      support member to rigidly attach the first support member to the vehicle
      frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  The present invention relates to an improved hanger for vehicular mud flaps
      and more particularly to such a device having means permitting deflection
      of the mud flap support member without damage to the support member when
      the support member accidentally comes into contact with an obstruction and
      improved means for attaching the hanger to the vehicle.
PAR  II. Description of the Prior Art
PAR  In many localities it is mandatory that trucks, trailers and other similar
      vehicles be provided with mud flaps to prevent damage to others from rocks
      and other debris thrown by the wheels. The hangers for such mud flaps are
      often damaged by obstructions such as loading docks when the vehicle is
      backed into position for loading or unloading.
PAR  In order to overcome the above mentioned difficulties, vehicular mud flaps
      hangers having resilient means in the support members to permit the
      support members to deflect from their normal position, have been disclosed
      in the prior art, such as my U.S. Pat. No. 3,224,791, issued Dec. 21,
      1965.
PAR  However, even though the device of my previous invention represents a
      substantial improvement over previously known mud flaps supports three
      disadvantages have been encountered in use. The first disadvantage of such
      hangers is that the resilient spring means disposed between the rigid
      support member and the deflectible support member of the hanger is subject
      to lateral deflection rather than axial deflection, and as such, the
      spring means is prone to fatigue and subsequent failure which typically
      results in replacement of the entire hanger assembly.
PAR  The second disadvantage of my previous deflectible mud flap hanger is that,
      when in a deflected condition, the internal spring means of the hanger are
      to a great extent exposed to the elements thus permitting mud, water,
      rocks and the like to enter into the internal workings of the hanger and
      to be trapped by and in the area surrounding the spring means. As more and
      more debris collects around the spring means, the debris not only hampers
      the resilient action of the spring, but also accelerates the failure of
      the spring and the resultant replacement of the hanger assembly.
PAR  The third disadvantage of my previous deflectible mud flap hanger is the
      second spring means utilized to secure the mud flap hanger to the vehicle
      frame has proved to be expensive to manufacture and prone to failure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the above mentioned disadvantages of
      previously known deflectible hangers for vehicular mud flaps by attaching
      the deflectible, or second, support member to the rigid, or first, support
      member by a resiliently attached cable disposed intermediate of the two
      support members. Two substantially cylindrical mating members, one of
      which is adapted to receive the other, form the junction between the first
      and second hanger support members. The above mentioned cable is attached
      to one of the mating members and extends slidably and axially through the
      other mating member and then through a helical spring behind which the
      second end of the cable is fastened. The helical spring is under
      compression so as to bias the two support members axially toward each
      other and maintain the support members in axial alignment and yet permit
      the second support member to deflect whenever an obstruction is
      encountered.
PAR  An improved means is utilized to secure the first support member to the
      frame of the vehicle thereby obviating the spring connecting means shown
      in my previous aforementioned patent. Two stud members are preferably
      welded to the outer surface of the first support member, in parallel with
      the axis of the first support member and diametrically opposed to each
      other so that the threaded portion of the studs extends beyond the end of
      the first support member. The vehicle frame is provided with a pair of
      apertures to receive the threaded portion of the studs therethrough
      afterwhich the stud ends are secured by bolts.
PAR  It is therefore a primary object of the present invention to increase the
      life of deflectible hangers for vehicular mud flaps by providing a
      resiliently attached cable between the rigid and deflectible support
      members of the hanger assembly.
PAR  It is another object of the present invention to provide a simple but
      improved means to secure the mud flap hanger to the frame of the vehicle.
PAR  It is yet a further object of the present invention to provide a
      deflectible mud flap hanger assembly which is easily and inexpensively
      constructed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Still further objects and advantages of the present invention will become
      readily apparent to those skilled in the art to which the invention
      pertains upon reference to the following detailed description when read in
      conjunction with the following drawings in which like reference characters
      refer to like parts throughout the several views and in which:
PAR  FIG. 1 is a perspective view of a mud flap assembly of the present
      invention;
PAR  FIG. 2 is a longitudinal cross-sectional view of the hanger assembly of the
      present invention; and
PAR  FIG. 3 is a fragmentary longitudinal cross-sectional view of the connecting
      assembly of the present invention, enlarged for clarity and shown in its
      deflected position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now referring to the drawings for a more detailed description of the
      present invention, FIG. 1 shows the mud flap hanger 10 secured to a
      framing member 12 of a vehicle such as a truck or the like. The hanger 10
      is adapted to carry a mud flap 14 in a position behind the wheels 16 of
      the vehicle.
PAR  As best seen in FIG. 2, the hanger 10 generally comprises an elongated
      tubular first support member 18 and a second elongated tubular support
      member 20. The improved means to secure the first support member 18 to the
      frame 12 comprises a pair of studs 22 attached to the outer surface of one
      end 26 of the first support member 18 substantially parallel to the
      longitudinal axis of the first support member 18 and diametrically opposed
      to each other so that the threaded portions 24 of the studs 22 extend
      beyond the end 26 of the first support member 22. The studs 22 are
      preferably welded to the exterior of the first support member 18 but may
      be attached to the first support member 18 by any conventional means, such
      as brazing, clamps and the like.
PAR  Apertures 28 are formed in the framing member 12 of the vehicle and are
      adapted to receive bolts 22 therethrough. Nuts 30, preferably with washers
      32 and lock washes 34, are provided to rigidly secure the first support
      member 18 to the framing member 12 of the vehicle. It is thus obvious that
      the described means to secure the first support member 18 to the vehicle
      frame 12 is simple and inexpensive to manufacture and overcomes the
      previously mentioned disadvantages of the spring loaded securing means
      known to the prior art.
PAR  The second support member 20 is carried by the free end of the first
      support member 18 in a position normally axially aligned therewith by a
      resilient connecting means 36 which comprises the novelty of this
      invention and is described in greater detail hereinbelow. Referring now to
      FIGS. 2 and 4, the resilient connecting means 36 includes first and second
      substantially cylindrical mating members 38 and 40, respectively. The
      first member 38 includes a small diameter portion 42 having an outside
      diameter slightly less than the inside diameter of the first support
      member 18 and adapted to fit inside the first support member 18. An
      annular groove 44 is formed in portion 42 of the member 38 for a purpose
      to be later described. An enlarged diameter portion 46 of the member 38
      forms an annular surface 48 with the smaller diameter portion 42 which
      abuts against the end surface 50 of the tubular first support member 18.
      Similarly, the second member 40 includes a small diameter portion 52 with
      an annular groove 54 adapted to fit within the tubular second support
      member 20. Likewise, an enlarged diameter portion 56 forms an annular
      surface 58 which abuts against the end surface 60 of the second support
      member 20.
PAR  An annular recess 62 is formed in the first mating member 38 on the surface
      adjacent to the second mating member 40 and is adapted to receive and
      register with an annular ridge 64 formed on the second member 40. Two
      generally opposing cone-shaped recesses 66 and 68 are formed in the
      central adjacent regions and preferably substantially along the
      longitudinal axis of the mating members 38 and 40, respectively, for a
      purpose to be later described. Apertures 70 and 72 are also respectively
      formed through the longitudinal axis of mating members 38 and 40.
PAR  A cable 74, preferably of braided steel construction and of slightly less
      diameter than apertures 70 and 72, is disposed through apertures 70 and 72
      and has a cable stop, or clamp 76 fastened to one end thereof. The cable
      stop 76 has a diameter larger than the diameter of the aperture 72, and,
      as such, will abut against surface 78 of the mating member 40 and prevent
      the cable 76 from passing completly through the aperture 72.
PAR  The opposite end of the cable 74 from that described above passes through a
      helical spring 80 and washer 82, disposed behind surface 84 of the first
      mating member 38 and substantially in axial alignment with the aperture
      70. With the spring 80 under compression between the surface 84 of the
      mating member 38 and the washer 82, a second cable stop 86, with a
      diameter larger than the aperture through washer 82, is clamped or pressed
      onto cable 76 in any conventional fashion so that when the connecting
      means 36 is thus far assembled, the spring 80 is in a state of
      compression. It should be appreciated that with the spring 80 in a state
      of compression mating members 38 and 40 are maintained in axial alignment
      with ridge 64 registering with recess 62.
PAR  The connecting means 36 is preferably completely assembled externally from
      either of the support members 18 or 20, after which the first mating
      member 38 along with the spring 80 and its associated components is
      inserted into the free end of the tubular first support member 18. With
      the preferred form of construction, a number of indentations 88 are formed
      in the first support member 18 in the region immediately above the annular
      groove 44 around the first mating member 38 in the support member 18.
      Similarly, the second mating member 40 is inserted into the second support
      member 20 which is indented at 90 to firmly lock the second mating member
      40 into the second support member 20.
PAR  Longitudinally extending flanges 92 and 94 are carried on the outer surface
      of the support members 18 and 20 respectively. Horizontally spaced
      perforations 96 provide the means by which the mud flap 14 may be secured
      to the hanger 10 by bolts 100 or the like as best shown in FIG. 1.
PAR  In operation the spring 80, which is under compression, normally biases the
      mating members 38 and 40 axially toward each other, so that the
      longitudinal axis of the second support member 20 is substantially aligned
      with the longitudinal axis of the first support member 18 as best shown in
      FIGS. 1 and 2. However, when the mud flap 14 encounters an obstruction,
      the second support member 20 may deflect from its normal position by
      extending the cable 74 outwardly from the vehicle and simultaneously
      compressing spring 80, as best shown by FIG. 3. Conical surfaces 66 and 68
      on the mating members 38 and 40 provide a smooth surface contact for the
      cable 74 and thereby serve to increase the life of the cable 74.
PAR  After the momentary deflection of the support member 20, the spring 80 will
      return the support member 20 to its normal, axially aligned position with
      the first support member 18. It should also be noted that while the second
      support member 20 is in its deflected position at least some portion of
      the ridge 64 remains in contact with the recess 62 so that the second
      support member 20 will return to substantially its original position at
      the end of its deflection.
PAR  It will be apparent to those skilled in the art that the spring 80 of the
      present invention is subject only to axial displacement or compression,
      rather than lateral bending and twisting as in the device of my previous
      invention and this greatly increases the life of the spring 80.
      Furthermore, because the spring 80 of the present invention unlike my
      previous device, is protected from the elements by the mating member 38
      and the first support member 18, the life of the spring 80 is even moreso
      extended.
PAR  Although I have described but one embodiment of the present invention, it
      is obvious that many changes and modifications can be made without
      departing from the spirit of the invention or the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hanger for a vehicular mud flap comprising an elongated tubular first
      support member, means carried at one end of said first support member for
      mounting said first support member to a vehicle, an elongated tubular
      second support member carried at the free end of said support member and
      in axial alignment therewith, means carried longitudinally on said first
      and second support members for securing a mud flap thereto, a helical
      spring in a state of compression disposed within one of said support
      members and having one end attached to the free end of said helical spring
      and having the other end of said cable attached to the other of said
      support members, a first mating member disposed at the free end of said
      first support member, and a second mating member disposed in the attached
      end of said second support member adjacent said first mating member,
      wherein one of said mating members includes an annular ridge adapted to
      register with a cooperating annular recess formed on the other of said
      mating members, wherein the means carried at one end of said first support
      member for mounting said first support member to said vehicle frame
      comprises a pair of studs welded to the outer periphery of said first
      support member substantially parallel with the longitudinal axis of said
      first support member and substantially diametrically opposed to each other
      so that the threaded portions of said studs extend beyond the end of said
      first support member, said frame being provided with a pair of apertures
      adapted to receive said stud threaded portions therethrough and locking
      means adapted to engage said stud threaded portions after extension of
      said stud threaded portion through said apertures.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said locking means are a
      pair of nuts.
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PAL  This invention relates to auxiliary seat and back cushion means with safety
      belt for protective retention of a passenger riding behind the operator of
      an open vehicle such as a motorcycle wherein the operator rides astride
      the seat and the passenger, riding behind the operator, is retained upon
      the vehicle by fastening means encompassing the passenger and the
      operator; and wherein a back cushion is provided for support of the
      passenger in upright position.
BSUM
PAR  This invention relates to a seat and back support cushion releasably
      attachable upon the seat of an open vehicle such as a motorcycle wherein
      the operator is seated astride the said vehicle, and a detachable belt for
      the encompassment of said back support cushion, the operator of the
      vehicle, and a passenger, for example, a small child, seated between said
      back support cushion and said operator.
PAR  The teachings herein are directed to and discussed in connection with
      motorcycles of the type having enlarged seats of a generally elliptical
      contour and being substantially horizontal throughout their entire length
      along the axis of the vehicle.
PAR  The operator of a motorcycle maintains his position by his secure grip on
      the steering handlebars and by the positioning of his feet on the speed
      and brake controls.
PAR  Frequently, however, a passenger rides on the vehicle and his seat directly
      behind the operator must be maintained by his grip on a transverse strap
      fitted closely over the cushion at substantially the mid-point thereof.
      When the passenger is a child, there is no assurance that he will give
      close attention to the necessity of holding the cross-strap. As an
      alternative, he may put his arms around the body of the operator, but here
      again, there is the danger that he will not remember to hold tightly, or
      that his small arms may not reach all the way around a stoutly built body
      and thus may not give the child a secure hold.
PAR  The present invention provides a seat member which is doubly secured in
      place upon the vehicle seat, by having a portion secured beneath the
      transverse strap and a forward end which extends to the area upon which
      the operator is seated.
PAR  The seat member is further secured against slippage by the provision of
      fastening means which retain said seat member in fixed position beneath
      said transverse strap. Such means may consist of one or preferably two
      minor straps, each integrally attached at one end to the seat member and
      being of such length as to enclose said transverse strap and retain the
      same by fastening means such as a snap button securing the other end of
      said minor strap to said seat member.
PAR  As an alternative method for securing the seat member upon the vehicle
      seat, there may be provided an apron-like sheet affixed in lateral
      attachment upon the seat member and having the apron extend rearwardly
      upon the seat member at substantially the midpoint thereof, with the
      transverse strap disposed between said seat member and said apron.
PAR  In a rearward continuation of the portion of the device resting upon the
      vehicle seat, there is provided a cushion through the opposite sides of
      which a strap, such as a conventional seat belt or any belt-like member
      closable by a spring or snap fastener, a buckle, or other means, may be
      inserted, said strap then being passed around the bodies of the passenger
      and the operator and being fastened in front of the operator so that the
      passenger's hands cannot reach it to disconnect the fastening means.
PAR  When a passenger, and particularly a child, is so secured within the
      encompassing belt and is supported by the cushion at his back, he is
      protected against the hazard of falling off or being jolted off the
      vehicle in the event of a sharp turn or a bump in the road.
DRWD
PAR  For a better understanding of the invention, reference is made to the
      accompanying drawings, wherein -
PAR  FIG. 1 is a perspective view of the invention installed on the seat of a
      motorcycle;
PAR  FIG. 2 is a side view of an operator and a small child mounted on a vehicle
      having the product of this invention attached thereon and around the
      bodies of the operator and passenger; and
PAR  FIG. 3 is a perspective view showing the rear of the cushion and the
      supporting belt around the bodies of the operator and passenger. In this
      Figure the child's hand is raised, indicating his freedom from the
      necessity of holding onto either the strap or the operator's body.
PAR  In FIG. 4 the invention is shown in storage position secured upon the seat
      of the vehicle to the rear of the operator, when not in use.
PAR  FIG. 5 is a top plan of the invention in extended position; and
PAR  FIG. 6 is a cross-section taken on line 6-6 of FIG. 5.
PAR  FIG. 7 shows an optional structure in which a single cushion is provided as
      an alternative to the dual cushions shown in the preceding Figures, and an
      apron-like sheet is affixed upon the seat member to retain the same
      securely beneath the transverse strap.
DETD
PAR  Referring more particularly to the drawings,
PAR  FIG. 1 shows the conventional type of seat 10 installed on a vehicle such
      as a motorcycle, with forward extension sheet 11 of the invention secured
      beneath transverse strap 12. Said transverse strap is integrally attached
      to the cushion by means 13, as shown in FIG. 1 and more clearly in FIG. 4.
PAR  As indicated in FIGS. 2 and 3, the operator sits on the forward end of the
      extension sheet 11, thus providing additional security against its
      possible displacement, and a passenger riding behind the operator sits on
      portion 11' of the extension sheet.
PAR  Cushioned portion 14 is folded down against a second cushioned member 14' ,
      and belt 15 is inserted through slots 16 in said cushioned members. The
      belt is then drawn around the bodies of the passenger and the operator and
      is fastened by means 17 at the front of the operator's body. Fastening may
      be effected by any desired means, for secure engagement and ready
      disengagement.
PAR  Minor straps 18 are provided, as shown in FIG. 5, each integrally attached
      at one end upon the said extension sheet at approximately the mid-point
      thereof, said minor straps being provided so that they may enclose the
      transverse strap at opposite sides of the said extension sheet. Each minor
      strap is integrally attached at one end to the seat member, as at 19, and
      at the other end 20 there is provided a fastener such as a snap button, by
      which the minor strap is secured to the seat member and the major, or
      transverse, strap is secured within said minor straps.
PAR  The dual cushions are provided so that, if the passenger is an older child
      or one having a plump body, or if the operator is stoutly built, the
      passenger need not be crowded when placed between the operator and the
      upright cushion member with only the extension sheet beneath him and the
      operator. In such event, the dual cushions may be unfolded so that the end
      cushion is at the passenger's back and the passenger sits on the cushion
      adjacent the extension sheet.
PAR  Optionally, it is contemplated that the product of this invention may also
      be made with a single cushion member. The device as thus shortened is
      shown in FIG. 7, wherein there is shown in addition an apron-like sheet 21
      laterally and integrally attached upon the seat member and extending
      rearwardly, for the receipt of the transverse strap between said apron and
      said seat member at the line of attachment thereof.
PAR  As a safety factor, this cushion and belt combination is of great value
      when the passenger is a child, because the thrill of a fast ride may
      easily distract his attention from the need to "hold on tight," and of
      course it is impossible for the operator to hold the child behind him and
      still maintain control of the vehicle.
PAR  If there is no passenger to be transported on the vehicle, the auxiliary
      cushion and support device may be stored flat upon the seat as shown in
      FIG. 4, with resilient cords such as spring actuated members 22, 22 to
      secure it in place.
PAR  While slots 16 are shown in these drawings, it is possible that loops may
      be integrally attached upon the borders of the cushion members for the
      passage of the belt therethrough.
CLMS
STM  Having thus disclosed my invention, I claim:
NUM  1.
PAR  1. An occupant retention device for an open vehicle having a plural
      occupant, straddle seat, said device comprising a cushion retained in a
      substantially upright position adjacent the back of a passenger on said
      seat; an extension sheet integrally connected to said cushion and lying
      horizontally on said seat; a transverse strap extending across said seat
      and over said extension sheet for releasably securing said device to said
      vehicle; and a belt secured to said cushion for extending around both said
      passenger and the operator of said vehicle.
NUM  2.
PAR  2. The invention of claim 1 wherein said extension sheet is secured against
      rearward slippage by additional securement means overlying said transverse
      strap for at least a portion of the length of said transverse strap.
NUM  3.
PAR  3. The invention of claim 2 wherein said additional securement means
      comprises an apron-like sheet integrally and laterally secured upon said
      extension sheet, the open border of said apron extending rearwardly and
      the transverse strap being disposed between said apron and said extension
      sheet, adjacent the line of attachment of said apron upon said extension
      sheet.
NUM  4.
PAR  4. The invention of claim 2 wherein said additional securement means
      comprises at least one minor strap member disposed in the longitudinal
      axis of the extension sheet and the vehicle, said minor strap being
      integrally attached upon the said extension member at one end thereof and
      having space for the accommodation of said transverse strap beneath said
      minor strap and between the integrally attached end and the opposite end
      thereof, said opposite end being detachably fastened upon said extension
      sheet.
NUM  5.
PAR  5. The invention of claim 4 wherein said minor strap is integrally attached
      to said extension sheet at the end thereof nearest the outermost end of
      said extension sheet, thus providing securement of the transverse strap
      beneath said minor strap even in the event of detachment of the fastening
      at the opposite end of said minor strap.
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ABST
PAL  A conventional over-the-road tractor is modified to include a rail car
      coupling assembly mounting a rail car coupler in tandem behind the
      conventional fifth wheel for selective movement into and out of the path
      of conventional trailer coupling movement to permit of selective coupling
      with a trailer or rail car.
PAL  When operating in the rail car coupling mode the conventional fifth wheel
      boom assembly is actuated to effect, via the rail car coupling assembly, a
      partial weight transfer from the rail car to the traction unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The more obvious advantages in the use of relatively light weight traction
      vehicles to perform the functions normally assigned to switching
      locomotives in railway shops, switching and rail yards are cost savings
      and, in the case of steerable rubber tired vehicles, maneuverability.
      Exemplary are the general recognitions contained in U.S. Pat. Nos.
      3,198,137; 3,232,241; 3,380,397; 3,427,044 and 3,638,579. Notwithstanding
      the obvious savings to purchase and maintain such vehicles as compared
      with conventional switching locomotives, their special design parameters
      substantially limiting the same to the rail car environment coupled with a
      relatively low volume requirement yet impose the usual high cost factor of
      specially designed equipment as compared with the economics of mass
      production. One such special design parameter relates to achieving the
      required traction for rail car movement.
PAR  The purpose of the invention is to modify a conventional, mass produced
      over-the-road vehicle whereby the same may be selectively employed for
      conventional over-the-road or rail car movement.
PAC  SUMMARY OF THE INVENTION
PAR  A conventional trailer tractor having an elevatable fifth wheel is modified
      to include a rail car coupling assembly outboard of the fifth wheel. The
      rail car coupling assembly supports a rail car coupler for selective
      movement into and out of the path of trailer coupling movement undergone
      by the tractor during a conventional trailer coupling operation. When the
      rail car coupler is supported in the path of trailer coupling movement,
      the tractor may be coupled to a rail car outboard of the fifth wheel and,
      when positioned out of the path of trailer coupling movement;
      tractor-trailer coupling may be effected in the usual fashion without
      interference from the rail car coupler.
PAR  The rail car coupler assembly is positioned for actuating engagement by the
      conventional, power operated, fifth wheel supporting boom to effect a
      weight transfer from the rail car to the tractor driving axle thus
      obviating the requirement to provide auxiliary power equipment to effect
      weight transfer between vehicles such as, for example, in U.S. Pat. Nos.
      323,283 and 3,767,069.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a broken, side elevational view of a convertible trailer/rail car
      traction unit in position to undergo coupling movement with a rail car;
PAR  FIG. 2 is a partial longitudinal section of the coupling end of the
      traction unit illustrating the rail car coupling mode of FIG. 1;
PAR  FIG. 3 is a similar section illustrating the trailer coupling mode;
PAR  FIG. 4 is a broken rear elevation of the rail car coupling assembly in the
      position of FIG. 3;
PAR  FIG. 5 is a partial top plan view of the rail car coupling assembly in the
      position of FIG. 2; and
PAR  FIG. 6 is an exploded isometric view of the rail car coupling assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, is illustrated a conventional over-the-road vehicle 10 having a
      power plant 12, frame 14, front steerable wheels 16, rear drive wheels 18
      and the usual fifth wheel 20 supported on boom assembly 22 for vertical
      adjustment about pivot axis 24 under the influence of double acting rams
      26 during trailer coupling operations.
PAR  The purpose of the present invention is to modify the aforedescribed
      vehicle, which may take the form of a spotter tractor of the type
      manufactured by the assignee of the present invention, to incorporate a
      rail car coupling capability and to this end the rail car coupling
      assembly 28, best shown in FIGS. 2, 3 and 6, is mounted on frame 14
      outboard of fifth wheel 20.
PAR  Rail car coupling assembly 28 includes a box frame bell crank assembly 30
      comprising spaced arms 32 integrated with top and bottom walls 34, 36
      (FIGS. 2 and 6), as by welding or the like, fulcrummed on pivot pin 38
      spanning frame brackets 40. A rail car coupler 42 is pivotally mounted on
      pin 44 at the outboard end of bell crank assembly 30 for pivotal adjusting
      movement between the positions of FIGS. 2 and 3 while the inboard end of
      the bell crank assembly mounts a heavy duty roller 46, on pin 47, in
      underlying relation to an integral outboard extension 48 of fifth wheel
      boom assembly 22 as illustrated in FIGS. 2 and 3. Boom assembly 22
      includes suitable cross bracing 50 which may, if desired, constitute the
      boom assembly construction overlying roller 46 by appropriate modification
      of the bell crank configuration. In either event it will be apparent that
      retraction of rams 26, only one of which is shown in FIG. 1, results in
      clockwise rotation (as viewed in FIG. 3) of boom assembly 22 about axis 24
      which translates into counterclockwise rotation of bell crank assembly 30
      through roller 46.
PAR  Rail car coupler 42 may be of any desired configuration to effectively mate
      with a corresponding coupling element 52 of conventional design carried by
      the rail car 54. To this end, the tractor mounted rail car coupler 42 may
      conveniently comprise a generally vertical plate 56 secured, as by welding
      or the like, to a generally horizontal plate 58 and an offset wedge shaped
      web 60. Since conventional rail car couplings are somewhat offset from the
      rail car centerline, the vertical coupling element plate 56 is
      correspondingly offset from the tractor centerline 62 as illustrated in
      FIG. 4. Since the trailer mounted coupler 42 does not normally undergo
      movement during a coupling operation the design of the same is such that
      the rail car coupling 52 with which it mates will operate in conventional
      fashion. The web 60 acts to rigidify the plates 56, 58 and may protrude
      through the offset opening in conventional rail car mounted coupling 52 to
      lend lateral stability to the coupled junction. Horizontal plate 58 is
      welded or otherwise secured to spaced side plates 64 containing central
      apertures 66 through which pivot pin 44 extends.
PAR  Positionment of the rail car coupling assembly 28 in the rail car coupling
      mode of FIGS. 1 and 2 is effected by lowering boom assembly 22 to the
      position of FIG. 2 and inserting locking pin 68 through aligned apertures
      70 and 72 formed in coupling element side plates 64 and the bell crank
      assembly 30, respectively, as best understood from the exploded view in
      FIG. 6. The rail car coupler 42 is thus positioned within the path of
      coupling movement 74 (FIG. 2) which would be traversed by vehicle 10
      during a coupling operation with either a trailer or rail car. When
      undergoing a coupling operation with a trailer (FIG. 3 position) the path
      of coupling movement 74 includes inclined frame structure 76 and
      terminates at fifth wheel 20 while the path of rail coupling movement
      terminates at rail car coupler 42 due to the fact that the same is
      positioned within such path of movement as shown in FIG. 2.
PAR  In order to effect a fractional weight transfer from the coupled rail car
      54 to the rear driving axle of vehicle 10, rams 26, following the coupling
      operation, are further retracted from the position of FIGS. 1 and 2
      resulting in counterclockwise movement of bell crank assembly 30 from the
      position of FIG. 2 and consequent weight transfer from the rail car to
      vehicle 10 via the bell crank assembly, pivot pin 38 and fifth wheel boom
      assembly 22. The purpose, of course, is to apply sufficient loading to the
      rear wheels 18 to provide traction for moving the rail car 54. The reason
      for such weight transfer requirement will be readily apparent upon
      consideration of the relative weights of the vehicles involved. Exemplary
      is a single drive axle spotter trailer manufactured by the assignee of the
      present invention having a total weight on the drive axle on the order of
      5,500 pounds which is insufficient to provide the necessary loading to
      pull a loaded rail car which may have a gross weight on the order of
      200,000 pounds.
PAR  In order to convert from the rail car coupling mode of FIG. 2 to the
      trailer coupling mode of FIG. 3; rams 26 are extended, locking pin 68 is
      removed, coupler 42 is rotated about pivot pin 44 to the position of FIG.
      3 and pin 68 is reinserted through aligned apertures 78, 80 in spaced side
      plates 64 and bell crank assembly 30, respectively, as best illustrated in
      FIGS. 3 and 6.
PAR  Where vehicle 10 is undergoing extensive usage in the trailer coupling mode
      it may be desirable to immobilize the rail car coupling assembly 28 and
      for this purpose, a downwardly extending bracket 82 having a pin receiving
      opening 84 may be provided at the aft end of frame 14. In such event, boom
      assembly 22 is appropriately lowered from the position of FIG. 3 to permit
      insertion of locking pin 68 through all of aligned apertures 78, 80, 84
      with such positionment moving resilient bumper 86 on the bell crank
      assembly into compressive engagement with vehicle frame 14. Each of pivot
      pins 38, 44 and 47 are retained by suitable pin retainer assemblies 88.
PAR  Coupling in the trailer mode is effected in conventional fashion with
      coupler 42 positioned outside the path of coupling travel 74 in either the
      position of FIG. 3 or the position last described where pin 68 extends
      through bracket opening 84.
PAR  Coupling in the rail car coupling mode is effected by positioning the
      assembly as in FIGS. 1 and 2, opening of the rail car coupling 52 and
      positioning vehicle 10 astride the rail tracks. Vehicle 10 is then backed
      toward rail car 54 with coupling 42 positioned in the path of coupling
      movement 78 until the same is forceably driven into rail car coupling 52
      which, in accordance with conventional design, will close upon coupler 42
      to effect the coupling union. When the vehicle 10 is of the relatively
      light weight type described above, it will be necessary to effect a
      partial weight transfer to the driving wheels by retracting rams 26 as
      previously described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A convertible trailer/rail car traction unit, comprising; a self
      propelled vehicle supporting a fifth wheel and rail car coupler in tandem
      for conjoint movement with said vehicle along a path of coupling movement;
      and means mounting one of said fifth wheel and rail car coupler for
      movement relative to said vehicle into and out of said path of coupling
      movement.
NUM  2.
PAR  2. The traction unit of claim 1 wherein said means includes pivot means
      carried by said vehicle outboard of said fifth wheel; said rail car
      coupler being mounted on said pivot means; and locking means for
      selectively positioning said rail car coupler clear of and in intersecting
      relation to said path of coupling movement.
NUM  3.
PAR  3. The traction unit of claim 2 including a vertically movable, power
      operated fifth wheel boom assembly supporting said fifth wheel; a rail car
      coupler assembly mounting said pivot means and rail car coupler adjacent
      one end thereof; and means mounting said rail car coupler assembly on said
      vehicle for vertical movement of said rail car coupler as a function of
      vertical movement of said fifth wheel boom assembly.
NUM  4.
PAR  4. The traction unit of claim 3 wherein said rail car coupling assembly
      includes a first class lever having the other end thereof in immediate
      underlying juxtaposition to the outboard end of said fifth wheel boom
      assembly whereby powered downward movement of the outboard end of said
      boom assembly elevates said rail car coupler for positioning the same and
      effecting weight transfer from a coupled rail car to said traction unit.
NUM  5.
PAR  5. The traction unit of claim 1 having driving wheels adjacent said rail
      car coupler; and weight transfer means, including said rail car coupler
      mounting means, for transferring a fraction of the weight of a coupled
      rail car to said driving wheels.
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PAL  A structure for providing a high pressure, fluidtight juncture between a
      tube or tubing and a fitting or body member in which a bore is provided in
      the fitting. The bore has a non-circular interior wall adjacent its
      opening and a threaded wall of lesser diameter interiorly of said
      non-circular portion. The tube has threads at or near one end which engage
      the threads of the bore. In addition, the tube is upset or displaced
      axially with the said end held against movement to flow the tubing into
      fluidtight sealing engagement with the threads, the non-circular portion
      of the bore and the transverse or lateral wall portion of the bore wall
      intermediate said threaded and non-circular portion, and with the exterior
      surface of the fitting at the bore opening. The invention also comprehends
      the method of making such a structure as set forth so that the tube and
      fitting resists relative movement tending to break the real, either from
      direct outwardly pull axially of the bore or by torque applied to the tube
      and such a structure which is in and is useful in and as a part of a pilot
      light harness for gas stoves, and the like.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of applicant's copending
      application Ser. No. 378,318 filed July 11, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and structure by which a tubular member
      or part is connected, plug and socket like, in a high torque and pull
      resistant, fluidtight engagement with a fitting or other body member. Such
      assemblies of tube and fitting, and the like, have a wide range of uses,
      including use in relation to gas stoves.
PAR  More particularly, this invention also relates to a new and improved pilot
      light harness comprising an assembly of a pliot light gas supply tube
      (hereinafter referred to as a pilot tube), one end of which is sealingly
      inserted in a pilot tube manifold or fitting, and which has disposed on
      the other end a fitting or structure to ensure a steady pilot flame.
      Conventionally, a single manifold supplies two pilot tubes, though a
      single pilot tube or several pilot tubes may be supplied from a pilot tube
      manifold.
PAR  Gas stoves of the type that are commonly used in kitchens for cooking
      purposes, are provided with burners which are conveniently lighted by
      flashing or projecting a normally restricted pilot flame, through a flash
      tube. One end of the flash tube is disposed next to the pilot flame, and
      the other end is disposed near the burner so as to place the burner in
      flame communication with the pilot flame, enabling gas issuing from the
      burner to be ignited. Typically, the pilot flame burns continuously, and
      will ignite any flammable gas reaching it. Thus, it is of utmost
      importance that there be no gas leaks from any portion of the gas supply
      system to the stove. In particular, because normally there is a continuous
      flow of gas through a pilot tube manifold and the one or more pilot tubes
      emanating from the manifold, it is necessary to effect a reliable and
      rugged gastight seal between each pilot tube and the manifold. Ruggedness
      of the seal is desirable for two reasons: the pilot harness may be handled
      roughly when it is fitted into a stove, or at some point during the
      manufacture of the stove, and the pilot harness is likely to be roughly
      contacted on occasions when the stove is in use as it is being thoroughly
      cleaned.
PAR  Prior art devices to seal the pilot tube in flow communication with a
      source of gas include a valve and coupling such as disclosed in U.S. Pat.
      No. 3,527,410. Such a valve may include a single fitting extending axially
      from the end of a pilot tube and obviating the need for a separate
      coupling and valve mechanism, without leakage or similar danger. However,
      where economics preclude the use of a valve such as is disclosed in the
      aforementioned patent, it is desirable to sealingly insert a pilot tube
      into a manifold directly, without benefit of a valve. Such a seal has been
      effected by slidingly inserting a pilot tube into a recess in a pilot tube
      manifold and exerting sufficient pressure on the manifold immediately
      surrounding the pilot tube so as to work the metal in the manifold against
      the cylindrical surface of the pilot tube, compressing the tube inwardly
      thus effecting a seal. A seal has also been effected by press-fitting a
      pilot tube into a recess having a diameter no larger than the tube, and
      usually, sufficiently smaller than the tube to work, or pare, or shave
      back enough metal around the tube to effect a seal.
PAR  Seals effected as described immediately hereinabove have resulted in a
      frangible seal, that is, a seal which will not withstand rough handling
      even if it is not easily disrupted. The risks of utilizing seals such as
      these have been deemed undue by certain governmental agencies. There is,
      therefore, a need for supplying an inexpensive pilot light harness in
      which the tubes are sealingly inserted in a pilot light manifold to form a
      rugged seal.
PAR  It is also obvious that such a structure whereby a tube and fitting can be
      formed into a fluidtight juncture which resists disjuncture due to axial
      or torque forces or because of return of the metal of the juncture to
      normalcy due to environmental or other causes following the imposition of
      surface and related stresses during formation of the juncture has the
      potential of a wide range of uses and applications beyond that in a pilot
      light harness.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of this invention to provide a new and
      improved juncture structure between a tube or tubing and a fitting or body
      member and to provide a new and improved method for making such a
      juncture.
PAR  It is a further object of this invention to provide a new and improved
      juncture for a tube or tubing and a fitting or body member which is gas or
      fluidtight and which resists loosening by large axial and/or torque
      forces, as well as such forces which are less than that necessary to
      destroy the tube or tubing and to provide a method for making such a
      juncture.
PAR  A still further object of this invention includes the provision of a new
      and improved gas or fluidtight juncture between a tube or tubing and a
      fitting or body member wherein the aging effect of the metal during use,
      following the stress of assembly and manufacture, will increase rather
      than decrease the effectiveness of the seal.
PAR  Another general object of this invention is to provide a new and improved
      pilot light harness for gas stoves, and the like, including a novel and
      unique seal for a pilot tube in a pilot tube manifold, or fitting.
PAR  Still another general object of this invention is to provide a direct seal
      with metal-to-metal contact of a pilot tube, or the like, within and
      around a recess in a pilot tube manifold, or the like, so as to effect a
      gastight seal between the tube and manifold.
PAR  It is a particular object of this invention to provide a gastight seal
      around a pilot tube, and the like, which is inserted in a pilot tube
      manifold, and the like, and which is therafter axially forced against the
      manifold, or the like, with sufficient force to form a sealing bead around
      the pilot tube, or the like.
PAR  It is another particular object of this invention to provide a
      metal-to-metal gastight seal around a pilot tube, one end of which is
      slidably inserted in a recess of a pilot tube manifold and subjected to an
      axial force sufficient to effect relative movement between the pilot tube
      and the pilot tube manifold in such a manner as to circumferentially
      enlarge the portion of the tube within the recess against the wall of the
      recess, and to form a gastight, circumferential sealing bead around the
      pilot tube, to seal the periphery of the recess in the pilot tube
      manifold.
PAR  It is a still more specific object of this invention to provide
      tangentially contiguous gastight sealing beads on at least two pilot
      tubes, or the like, proximately disposed in a pilot tube manifold,
      fitting, or body member to prevent relative rotation of one pilot light
      tube, or the like, with respect to the other at the surface of the
      manifold, fitting or body member.
PAR  It is yet another specific object of this invention to provide a gastight
      sealing bead on a pilot tube, or the like, slidingly or otherwise inserted
      in a fitting, or the like.
PAR  It is a further specific object of this invention to provide a process for
      sealing an end of a pilot tube by forming a circumferential sealing bead
      near the end, around a recess in a manifold or fitting in which the pilot
      tube is inserted with a close sliding fit.
PAR  Still other objects of this invention include the provision of a new and
      improved juncture and gas or fluidtight seal between a tube or tubing and
      a fitting or body member in which the tubing is positively held against
      axial and/or rotational movement relative to the fitting or body member;
      the provision of such a juncture and gas or fluidtight seal in which the
      tube or tubing is threadably engaged within the fitting or body member;
      the provision of such a juncture and gas or fluidtight seal in which the
      tube or tubing is compressed and distorted into sealing engagement with a
      bore, or the like, in the fitting or body member; the provision of such a
      juncture and gas or fluidtight seal having sealing engagement between the
      tube or tubing and fitting or body member externally of the fitting or
      body member and about a bore or recess in which the tube or tubing is
      disposed; and the provision of such a juncture and gas or fluidtight seal
      in which the tube or tubing is disposed within a bore in the fitting or
      body member at least a portion of which is non-circular and the tube or
      fitting is distorted or upset to have a tight and sealing engagement
      therewith to prevent relative rotation between the tube or tubing and the
      fitting or body member.
PAR  Other objects of this invention include the provision of a pilot light
      harness which provides a new and improved rugged, metal-to-metal, gastight
      seal between a pilot tube and a pilot tube manifold which provides a new
      and improved process for directly sealing a pilot tube manifold without
      press fitting; which provides a new and non-obvious article of manufacture
      and a method of producing the article with efficacious simplicity and at
      reduced cost.
PAR  A still further object of this invention is to provide a structure
      obtaining one or more of the objects and advantages set forth above.
PAR  These and other objects and advantages of this invention will appear from
      the following description of preferred forms thereof, reference being had
      to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a pilot light harness showing two pilot tubes
      sealed near their ends in a pilot tube manifold, with portions of the
      pilot tubes broken away;
PAR  FIG. 2 is a side elevation view of the pilot light harness including a
      vertical section along the line 2--2 in FIG. 1;
PAR  FIG. 3 is a partial vertical section of the pilot harness along the line
      3--3 in FIG. 2;
PAR  FIG. 4 is a front elevation view, partly in section, along line 4--4 in
      FIG. 3, of a pilot harness showing the front pilot tube of FIG. 3 in a
      clamping die;
PAR  FIG. 5 is an elevation of a pilot tube, sealed near one end in a fitting;
PAR  FIG. 6 is a side elevation section view along the line 6--6 in FIG. 5,
      showing other preferred embodiments of the invention;
PAR  FIG. 7 is a vertical section of a tube and fitting juncture embodying
      another preferred form of this invention;
PAR  FIG. 8 is a view, similar to FIG. 7, with the tube disposed in the fitting,
      but before upsetting thereof;
PAR  FIG. 9 is a sectional view, viewed along the line 9--9, of FIG. 8;
PAR  FIG. 10 is a view, similar to FIG. 8, of another form of the invention
      shown in FIG. 7; and
PAR  FIG. 11 is a view, otherwise similar to FIG. 3, showing the form of the
      invention in FIG. 7.
PAR  For clarity of presentation, flashing from the clamping die juncture is
      omitted from the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This invention is useful, inter alia, in gas cooking stoves, and the like,
      and comprises a new and improved pilot light harness for one or more gas
      pilot lights, and the like, including a new and improved direct
      metal-to-metal gastight sealing bead which is resistant to seal rupture
      due to normally expected bending and torquing of the pilot tubes.
PAR  A pilot light harness embodying a preferred form of this invention is
      adapted for use on a conventional gas stove having a gas supply line
      terminating in a conventional main manifold from which a plurality of
      branched, feed or supply lines lead to burners which are situated in
      openings in the stove top. Gas flows through a supply line to a burner
      when a valve is opened and the gas is lighted by the flow of a pilot
      light. The pilot light is supplied with gas through a pilot tube which is
      normally maintained in open gas communication with a pilot tube manifold
      or distributor, usually in combination with a filter. The entire pilot
      light apparatus, including the pilot tube manifold, the pilot light tubes,
      and the housing for the pilot light flame, is conventionally known as the
      harness.
PAR  All of the above is old and, per se, forms no part of the present
      invention.
PAR  Referring now to FIG. 1 which illustrates one particular embodiment of this
      invention, there is indicated a pilot tube manifold, designated generally
      at 1, and elongated pilot tubes indicated generally at 2, which are
      assembled as will be described hereinafter. The manifold includes a body 3
      having an upper surface 4 and is provided with recesses 5 which extend
      into the body from the upper surface, and are generally perpendicular
      thereto. One end 6 of each pilot tube is inserted into each recess 5. The
      other end 7 of each pilot tube 2 is adapted to secure a pilot light
      fitting as will be described hereinafter.
PAR  Since a pilot tube 2 is generally cylindrical, each recess is a
      corresponding cylindrical passage having a diameter slightly larger than
      the diameter of the end 6 of the pilot tube to permit the end 6 to be
      slidably inserted in the recess 5. The diameter of the recess is
      necessarily greater than the outside diameter of the pilot tube to permit
      easy insertion of the end 6 with a sliding fit. The pilot tube 2 is
      preferably any suitable workable metal tube of relatively small diameter,
      such as 1/8-inch aluminum tubing having a wall thickness of about
      0.035-inch, and the diameter of a recess is slightly greater, typically
      about 0.135-inch. Each recess 5 is provided with a stop means, such as a
      radially inwardly extending internal shoulder 8, at a predetermined depth
      from the surface 4, against which stop means the end 6 of an inserted
      pilot tube is abutted. The depth of the stop means is not critical and is
      typically about the same dimension as the nominal diameter of the pilot
      tube.
PAR  The body 3 of the manifold is provided with a stem portion or conduit 9,
      oppositely disposed from the upper surface 4. The stem portion 9 has an
      axial bore 12 which extends into the body 3 of the manifold and intersects
      the recesses 5 which are thus placed in open flow communication with the
      axial bore 12 through which gas is supplied to the pilot tubes. Since flow
      of gas through each pilot tube is mainly determined by the cross-sectional
      area of the intersection of each recess 5 with the axial bore 12, the area
      of the intersections are preferably maintained as nearly equal as
      possible.
PAR  In this preferred embodiment of the invention, the recesses 5 are
      proximately disposed in parallel spaced apart relationship with each
      other. Thus, the longitudinal axes of the end portions of the pilot tubes
      2, inserted in the recess, are maintained in parallel, spaced apart
      relationship as shown in FIG. 2. After the ends of the pilot tubes 2 are
      inserted in the recesses 5, a sealing bead 13 is formed circumferentially
      on each pilot tube, the sealing bead 13 being in direct metal-to-metal
      contact with the upper surfaces 4. The sealing bead is a circumferentially
      enlarged portion of the outer surface of the tube and overlies the
      periphery of the recess 5 at the upper surface 4 in gastight sealing
      relationship therewith as shown in FIG. 3. The sealing bead 13 has an
      unbroken outer surface with no jagged ends, or a break, such as is
      characteristic of a sealing bead formed by an interference fit between the
      outer surface of a pilot tube and the wall of a recess.
PAR  Referring now to FIG. 4, the sealing bead 13 is formed by supporting the
      body 3 of the manifold in a suitable support block or die 14. Pilot tubes
      2 protrude from recesses 5 in which ends 6 of the pilot tubes are
      slidingly disposed, resting against the internal shoulders 8. The pilot
      tubes 2 are clampingly supported, intermediate their ends, and near the
      surface 4, in a clamping die means 15 adapted to circumferentially,
      removably secure both pilot tubes simultaneously.
PAR  The clamping die is of conventional design and typically includes a split
      die with grooves having a diameter corresponding to the outside diameter
      of the pilot tubes. The precise distance from the surface at which the
      pilot tubes are clamped depends on several factors including the diameter
      of the tubes, the characteristics of the metal from which the tubes are
      fabricated, the dimensions of the sealing bead desired, and the like. For
      example utilizing 1/8 -inch aluminum tubes with 0.035-inch wall, the edge
      of the clamping die nearest the upper surface 4 is preferably about 1/8
      -inch from the upper surface.
PAR  The support block 14 for the body 3, and the clamping die 15 for the pilot
      tubes, are adapted for relative movement with respect to each other, along
      the longitudinal axis, for a predetermined distance so chosen as to form a
      sealing bead of desired size. In operation, the pilot tubes are placed in
      the lower portion of the open die and the body 3 inserted in the support
      block 14. The upper portion of the clamping die is then actuated to
      securely clamp both tubes circumferentially. Movement of support block 14
      toward the clamping die 15 is then effected causing axial compression of
      the pilot tubes between the internal shoulders 8 and the clamping die 15,
      and forcing the ends 6 of the pilot tubes against the internal shoulders
      8; and continued movement of the support block 14 forcibly causes the end
      portions of the walls of the pilot tubes within the recesses 5, to be
      distended against the walls of the recesses in gastight relationship
      therewith. Further, continued movement of the support block 14 forces flow
      of each pilot tube wall around the periphery of each recess 5, and
      indirect metal-to-metal contact with the upper surface 4 immediately
      around each recess. The resulting circumferential enlargement of the tube
      is the sealing bead 13 which is overlaid upon the upper surface 4, and
      provides a gastight seal between the outer surface of the pilot tube and
      the wall of the recess 5.
PAR  The method described immediately hereinabove provides a simple and
      efficacious gastight seal which is doubly secure by virtue of the sealing
      relationship of, first, the end portion of a pilot tube within the recess
      of the pilot tube manifold, or fitting, and then again, by the sealing
      bead around the periphery of the recess.
PAR  Occasionally, because of rough handling, a sufficient rotational torque may
      be exerted on a pilot tube to disrupt the seal with the pilot tube
      manifold. To prevent breaking the seal, and to resist the effect of
      rotational torque, the pilot tubes 2 are disposed in the recesses 5,
      sufficiently close to each other, to effect a tangential contact 16 (see
      FIG. 2) between the sealing beads 13, thus forming an interlock.
      Typically, 1/8 -inch aluminum tubes having a 0.35-inch wall are disposed
      in recesses spaced about 1/8 -inch apart.
PAR  In another embodiment of this invention, there is illustrated in FIG. 5 a
      pilot tube 20, one end 21 of which is slidingly inserted in a fitting,
      indicated generally at 22, having a recess 23 slightly larger in diameter
      than the outside diameter of the end 21 of the pilot tube 20. The recess
      23 is provided with a stop means, such as a chamfer 24, to limit the
      travel of the end 21 when it is inserted in the recess 23. The fitting 22
      may be of any suitable structure, and may have an externally threaded stem
      portion 25 having an axial bore 26 in open communication with the recess
      23. It will be apparent that, depending upon the relative dimensions of
      the stem portion in comparison with the remainder of the fitting, the axes
      of the bore 26 and the pilot tube 20, may be non-aligned. It will be
      equally apparent that, a small fitting illustrated in FIG. 5, such as is
      used to secure a pilot light housing by threadedly disposing it snugly
      against the sheet metal in a stove top, will conveniently have the
      aforementioned axes aligned. The threads of the fitting, although shown in
      FIG. 5 disposed in longitudinal relationship with recess 23 may be formed
      on the surface of the fitting, radially outwardly of the recess 23,
      depending on the relative sizes of the tube and fitting and the purpose
      and use of the fitting, as at 30 in FIG. 6.
PAR  A gastight sealing bead 27 is formed on the pilot tube 20 in a manner
      analogous to that described hereinbefore, for a pilot tube manifold in
      which the ends of two pilot tubes are sealed. The fitting 22 with the
      pilot tube slidingly inserted therein, is held in a support block and
      moved longitudinally axially against the end 21 of the pilot tube 20 which
      is secured in a clamping means. Movement of the support block is continued
      until a sealing bead of desired size is formed, whereupon the movement is
      terminated, the support block retracted, and the pilot tube unclamped.
PAR  A further embodiment of this invention useful in fittings and manifolds
      adapted to receive single or multiple tubes is illustrated in FIG. 6 which
      is a vertical section taken as though along the line 6--6 in FIG. 5. The
      fitting 22, shown with threads 30 exteriorly disposed on the body of the
      fitting, is provided with an irregular recess 32 such as may be formed by
      drilling a cylindrical hole and broaching it to provide an irregular
      surface, or by inserting a wobbling tool to yield an out-of-round hole.
      The particular means for providing the irregular recess or hole is
      unimportant as long as the wall of the recess has an undulating bumpy or
      rough surface. As described for other embodiments hereinbefore, a
      cylindrical pilot tube is slidingly thrust into the recess 32, the fitting
      22 is secured in a support block and moved longitudinally axially against
      the end 21 of the pilot tube 20 which is secured in a clamping means. The
      end of the pilot tube is deformed and the surface of the tube within the
      recess 32 is forced to conform to the irregularities of the recess, as
      indicated at 33, thus locking the pilot tube within the recess against
      rotational movement relative to the wall of the recess. This locking of
      the pilot tube is important because the length of a pilot tube can serve
      to generate great leverage and torque which must be resisted to effect a
      reliable and rugged gastight seal.
PAR  It will be apparent that irregularity of only a portion of the recess 32
      will suffice to provide a locking effect. Thus, a bumpy or distorted
      portion of the recess extending to some distance intermediate the
      counterbore or stop means for the pilot tube and the periphery of the
      recess will effectively lock the tube in place. It will also be evident
      that the use of an irregular recess to provide this locking action is not
      limited to a single pilot tube in a fitting and may be used when plural
      pilot tubes are to be sealingly disposed in a manifold. The locking action
      provided in such an embodiment will serve to reinforce the interlocking
      action of contiguous sealing beads. Alternatively, where it is
      inconvenient or undesirable to provide interlocking sealing beads, the
      locking action provided by irregular recesses may provide a sufficiently
      effective and rugged gastight seal.
PAR  Though it will be recognized, in each of the preferred embodiments
      hereinbefore described, that a pilot tube is slidingly inserted into a
      recess, and a circumferential bead formed to enhance the gastight seal
      effected by circumferential enlargement of the end of the pilot tube, it
      is also possible to press-fit the pilot tube into the recess and
      thereafter form the circumferential bead to enhance the effectiveness of
      the gastight seal to whatever extent it may do so.
PAR  Another form of the invention is indicated generally at 40 in FIG. 7. In
      this instance, a tube or tubular member 41 is shown within a fitting or
      body member 43 which, as shown, is also useful in a pilot light harness
      for gas stoves, and the like.
PAR  However, as with the other preferred embodiments of this invention,
      different tubes may be joined with different body members, in a plug and
      socket relationship, in accordance with one or more of the preferred
      embodiments of this invention for any desired purpose within the concepts
      hereof.
PAR  The form of the invention disclosed in FIG. 7 is especially useful for such
      junctures or assemblies which are to not only seal and be gas or
      fluidtight, but are also to have great resistence to loosening or loss of
      seal due either to torque or axially applied forces, such as pulling. In
      fact, the juncture or assembly 40, in its preferred form, withstands
      loosening under forces which would destruct the tube.
PAR  It is a further feature of the embodiments of this invention to be
      hereinafter more fully described, that the natural aging or annealing
      process, which tends to exist in environments common to those situations
      where such junctures or assemblies might be used, especially when
      temperatures thereat rise and fall periodically, or on a regular basis
      relative to ordinary room temperature.
PAR  To this end, in forming the juncture 40, includes a bore, recess or other
      suitable aperture 45 formed in the fitting or body member 43 and provided
      with internal threads 46, spaced from the open end 48 thereof. Bore 45
      also includes, at some place along the length thereof, intermediate the
      threads 46 and end 48, a portion 49, which is non-circular in
      cross-section, and of greater internal diameter than the external diameter
      of the tube to be disposed therein. Conveniently, such non-circular
      portion 49 may be hex-shaped as shown in FIG. 9, but, alternatively,
      portion 49 may take any convenient shape, such as square, rectangular, or
      as discussed in connection with FIG. 6 above. Also, conveniently, the
      non-circular portion 49 is immediately adjacent the open end 48 of the
      bore 45 for ease of formation, as by broaching, but this, too, may be
      varied in accordance with the desires, needs or convenience of the user or
      the particular use to which the juncture is to be put. Bore 45 is
      conveniently formed by drilling the fitting or body member and then
      tapping to form the threads.
PAR  As noted above, juncture 40 also includes a tube or tubular member 41. In
      this form of the invention, the end 51 of tube 41 is threaded externally,
      as at 53, FIG. 8, complementary to the threads 46. Thus, tube 41 and
      fitting 43 may be threadably engaged together in the first instance, and
      such engagement, ab initio, and after completion in accordance with the
      teachings hereof, prevents and resists displacement of the tube into or
      out of the fitting because of an axial (relative to the axis of the tube
      and juncture) force exerted on the tube, fitting or both, especially in
      tension.
PAR  After the tube 41 is threadably engaged within the bore 45, an axial force
      or pressure in compression is exerted on the tube 41, with the
      interengagement between the threads 46 and 53 functioning in the manner of
      an abutment to prevent movement (i.e., axial displacement) of the tube end
      51. The pressure or force on the tube 41 thus upsets and cold flows the
      tube metal so as to fill all the interstices between the threads 46 and 53
      and all of the space within the bore 45, including that at the
      non-circular portion 49 of the bore, and to form a bead or flange 55 (FIG.
      7) against the fitting surface 56 and about the bore opening 48. Bead or
      flange 55 is, in all respects, similar to the beads 13 and 27 heretofore
      described.
PAR  The upsetting and flow of metal in the tube 41, as just described, not only
      induces stress therein, but also creates an intimate engagement and gas
      and fluidtight seal between the tube 41 and fitting 43 at the threads, at
      the shoulder 57, when the bore 45 is so provided, FIGS. 7 and 8, between
      the fitting 43 and the tube 41 in the non-circular portion 49 and between
      the tube and fitting surface 56 at the flange 55 and about the periphery
      of the open end 48 of the bore 45.
PAR  In this connection, it is noted that the said engagement between the tube
      41 and fitting 43 at the non-circular portion 49 of the bore 45, prevents
      relative rotational movement between the fitting and tube because of any
      force applied in torque to one or the other, or both. The completed
      sealing engagement between the threads 46 and 53 prevents any relative
      movement axially between the fitting and tube. Thus, the completed seal
      prevents any relative displacement between tube and fitting which would
      break or interfere with the seal effected by the upsetting and deformation
      as set forth herein.
PAR  Further, the juncture 40 tends to improve its sealing characteristics with
      time, during use in the normal anticipated environment, because the
      changing temperatures, as adjacent a pilot light, or otherwise experienced
      in use, tend to anneal or age the metal, worked and thereby stressed
      during upsetting, and return the same to a normal condition and, it is
      believed, that such effect improves the seal effected by said juncture to
      further aid in obtaining the objects and advantages of this invention.
PAR  In the form of the invention shown in FIG. 10, the juncture is similar to
      that shown in FIGS. 7 and 8, except that the threads 46' within the bore
      45', do not meet the shoulder 48. Similarly, the threads on the tube could
      be spaced inwardly from the tip or end 51 thereof, it being sufficient
      only that there be threads on both the fitting and tube which can engage
      to function as set forth herein as an abutment for upsetting and to
      prevent, relative axial movement or displacement after completion of the
      juncture.
PAR  FIG. 11, in which like reference characters refer to like parts, as in
      FIGS. 1-10, inclusive, illustrates that the form of the invention shown in
      FIGS. 7-10, inclusive, can be used in the same environmental situation, as
      in FIG. 3, with the similar result that the interlocking beads or flanges
      prevent relative movement in response to torque. In such instance the
      non-circular portion may be incorporated in the juncture, as shown, for
      greater resistance or deleted as desired.
PAR  By way of example, a juncture comprising an aluminum fitting having a bore
      with a 40-pitch thread of 15 thousandths depth and 1/8 -inch aluminum
      tubing with an 0.035 wall and similar threads made in accordance with and
      embodying the structure of this invention resists relative axially
      movement when subjected to a 400-lb. hydraulic pull. And the non-circular
      portion, shown by way of example, in FIGS. 7-9, inclusive, provides
      sufficient resistance against forces in torque that the tube can fail and
      tear in response thereto, before relative rotational movement between the
      tube and fitting is effected in the juncture.
PAR  Modifications, changes and improvements to the preferred forms of the
      invention herein disclosed, described and illustrated may occur to those
      skilled in the art who come to understand the principals and precepts
      thereof. Accordingly, the scope of the patent to be issued herein should
      not be limited to the particular embodiments of the invention set forth
      herein, but rather should be limited by the advance by which the invention
      has promoted the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tube and fitting assembly comprising fitting means having a plurality
      of bore means therein each having an internal wall and an opening with a
      periphery, said fitting means also having an external surface surrounding
      each said bore means opening, and a plurality of elongated tube means each
      having an end and an external wall adjacent thereto, each said tube end
      and a portion of said associated tube means adjacent thereto being
      disposed in a said bore means, means co-acting between said fitting means
      and tube means within each said bore means limiting the inward, axial
      displacement of a part of said tube means nearer said end than the portion
      of said tube means most remote from said end and within said bore means,
      each said tube means having a sealing engagement with said wall of said
      bore means within which it is disposed, and a sealing bead means integral
      with each said tube means wall and in sealing engagement with said
      external surface of said fitting means adjacent said bore means opening
      within which said tube means is disposed, each said sealing bead means
      being in tangential interlocking relationship with a contiguous sealing
      bead means.
NUM  2.
PAR  2. The assembly according to claim 1 in which at least a portion of each
      said bore means wall is non-circular, and said wall of the tube means
      therein is in complementary sealing engagement therewith.
NUM  3.
PAR  3. A two piece tube and fitting assembly consisting of a fitting means and
      an elongated tube means, said fitting means having bore means therein
      having an internal wall and an opening, said fitting means also having an
      external surface surrounding said bore means opening and defining a
      periphery thereof, said elongated tube means having an end and an external
      wall adjacent thereto, said tube end and a portion of said tube means
      adjacent to said end being disposed in said bore means, mutually engaging,
      complementary threads in said walls of said bore and tube means,
      respectively, and spaced from said opening of said bore means to limit
      axial displacement of said tube means, said external wall of said tube
      means within said bore means having a compressive sealing engagement with
      said internal wall of said bore means intermediate said engagement between
      said fitting and bore means and said opening, and said tube means
      including integral sealing bead means in compressive sealing engagement
      with said external surface of said fitting means surrounding said bore
      means periphery.
NUM  4.
PAR  4. The assembly according to claim 3 in which a portion of said bore means
      intermediate said mutually engaging threads and said opening is
      non-circular in cross-section and said tube means wall is in sealing
      engagement therewith.
NUM  5.
PAR  5. The assembly according to claim 4 in which said mutual engaging threads
      are in mutually sealing engagement.
NUM  6.
PAR  6. The assembly according to claim 4 in which the engagement between said
      irregular portion of said bore and said tube means prevents relative
      rotation therebetween in response to torque forces acting thereon.
NUM  7.
PAR  7. The assembly according to claim 4 in which said non-circular portion of
      said bore means is of greater diameter than said threads thereof, there is
      a shoulder in said bore means between said threads and said opening of
      said bore means, and said tube means wall has a stepped portion, more
      remote from said end than said threads, in sealing engagement with said
      shoulder.
NUM  8.
PAR  8. A tube and fitting assembly consisting of a fitting means and a
      plurality of elongated tube means, said fitting means having a plurality
      of bore means therein each having an internal wall and an opening, said
      fitting means also having an external surface surrounding each said bore
      means opening and defining a periphery thereof, each said elongated tube
      means having an end and an external wall adjacent thereto, a portion of a
      said tube means being disposed in each said bore means with its ends and a
      portion of said tube means wall adjacent thereto disposed in the said bore
      means, said fitting means and each said tube means engaging each other
      within said bore means, respectively, to limit the inward, axial
      displacement of a part of each said tube means nearer the said end thereof
      than the portion of said tube means most remote from said end thereof and
      within the respective said bore means, said external wall of each said
      tube means within the said respective bore means having a compressive
      sealing engagement with said internal wall of said respective bore means
      intermediate said engagement between said fitting and tube means and said
      opening thereof, each said tube means including integral sealing bead
      means in compressive sealing engagement with said external surface of said
      fitting means surrounding said bore means periphery, respectively, and
      each said sealing bead means being in tangential interlocking relationship
      with at least one contiguous sealing bead means.
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ABST
PAL  A process and apparatus for forming from string a simple loop knot either
      through or about a product. While individual products may be hand-fed to
      the apparatus, the apparatus is adapted to perform the process
      continuously, rapidly and automatically upon a product in the form of a
      continuous flexible web utilizing a single, continuous, external string
      source. In an exemplary embodiment the apparatus comprises a rotating drum
      carrying a plurality of identical heads, each head operating upon a
      segment of the product web to form individual loop knotted products
      therefrom. Although the number of operations performed by each head upon
      the product web may be varied, in the exemplary embodiment to be described
      each head is provided with operating instrumentalities to pleat the web,
      clamp the pleated web, seal the web at a glue stripe printed thereon,
      meter the correct length of string, cut the metered string, pierce the
      pleated web, form a simple loop knot through the pierced hole and about
      the side of the web, cut the web and display a finished individual product
      by its string for pick-up by a discharge transfer means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a process and apparatus for forming from string a
      simple loop knot either through or about a product, and more particularly
      to a process and apparatus whereby the loop knotting step and other steps
      may be performed to produce individual products continuously,
      automatically and at a high production rate.
PAR  2. Description of The Prior Art
PAR  While the loop knotting process and apparatus of the present invention may
      have many uses, as will be discussed hereinafter, for purposes of an
      exemplary showing, they will be described with respect to their
      application in the manufacture of tampons of the type taught in U.S. Pat.
      3,815,601, issued to Jean E. Schaefer on June 11, 1974 and commonly owned
      by the assignee of the present application. In accordance with the
      teachings of that patent, the tampon comprises an aggregate composed of
      individual pieces of absorbent, foam-like material encased within a
      flexible, fluid-permeable overwrap. The overwrap is in the nature of a
      tubular sack gathered and sealed at one end, and gathered and closed at
      the other end by a withdrawal string passed through the gathered overwrap
      material and formed into a simple loop knot.
PAR  Prior art workers have developed numerous knot forming machines for various
      purposes, as exemplified by U.S. Pat. Nos. 3,166,035 -- 3,434,441 and
      3,583,131. The knots formed may be complex in nature or very simple
      utilizing preformed endless loop ties.
PAR  For the most part, prior art workers have affixed withdrawal strings to
      tampons by means of a simple loop knot. In some instances the loop knot
      has been formed transversely of and around the longitudinal center of a
      web of absorbent material and the web is thereafter folded upon itself to
      form a finished tampon. This is taught, for example, in U.S. Pat. Nos.
      2,934,068 -- 3,011,495 -- 3,063,453 and 3,477,102. In other instances the
      loop knot has been formed through the absorbent material as taught in U.S.
      Pat. Nos. 3,131,435 and 3,606,643.
PAR  Unlike the prior art, however, the apparatus and process of the present
      invention converts a continuous tube of overwrap material having spaced
      apart, measured increments of aggregate or like material located therein
      and glue stripes printed thereon between the spaced, measured increments
      of aggregate material into individual sacks. Each sack is pleated at its
      ends. One end of the sack is sealed, while the other end of the sack is
      gathered and closed by a withdrawal string formed into a loop knot passing
      therethrough.
PAR  The apparatus of the present invention is characterized by remarkable
      simplicity and a high production rate. The apparatus comprises a rotating
      drum carrying a plurality of identical heads. Each of the heads is
      provided with a number of operating instrumentalities performing in
      sequence the process steps of the present invention. The apparatus
      operates upon a continuous web or tube of overwrap material and utilizes a
      single, continuous, external string source.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a process and an apparatus are
      provided for forming from string or similar flexible cable-like material a
      simple loop knot through or about a product. In the exemplary embodiment
      taught herein, the product comprises a continuous tube of flexible
      overwrap material having measured increments of foam-like aggregate
      material within the tube spaced one product pitch apart. Peripheral glue
      stripes are printed on the tube between the aggregate increments and again
      one product pitch apart. The purpose of the process and apparatus of the
      exemplary embodiment taught herein is to form from the tube individual
      sacks gathered at both ends, sealed at one end and closed at the other end
      by a withdrawal string loop knotted through the gathered material of that
      end. Once the sealing and knotting operations have been performed, the
      tube is cut to form the ultimate sack-like products.
PAR  In the exemplary embodiment set forth, the apparatus comprises a rotating
      drum carrying about its periphery a plurality of identical heads equally
      spaced from each other. Each head is provided with a pair of pleating jaw
      assemblies, a pair of clamping jaw assemblies, a pair of string
      tensioners, a string metering device, a string shear and clamp, a needle
      to pass a metered length of the string through the tube, spreader-pliers
      to form the simple loop knot and means to cut the tube into the individual
      sack-like products.
PAR  The heads of the machine are supplied with a single tube which is pulled
      about the drum by the heads themselves. Similarly, the string for the
      heads is supplied from a single external string source. As each head
      rotates with the drum through 360.degree. it is supplied with the tube and
      the string. EAch head first pleats a segment of the tube and then clamps
      it in pleated condition. One of the clamps engages the tube at the
      position of a glue stripe and means are provided to heat that clamp to
      seal the tube at the glue stripe. The string metering device, in
      cooperation with the string tensioners, meters an appropriate length of
      string to the needle and the needle engages the string and perforates the
      tube, carrying the string through the perforation. The spreader-pliers
      thereafter pass within the string loop formed by the needle and to either
      side of the needle to engage the free ends of the string, having been cut
      by the string clamp and shear assembly. The needle is retracted and the
      spreader-pliers then draws the free ends of the string through the string
      loop to form the simple loop knot. The tube is thereafter severed and an
      individual sack, formed from the tube, is suspended by its string from the
      spreader-pliers and is displayed for pick-up by an appropriate discharge
      transfer means.
PAR  While the invention is described with respect to automatic apparatus having
      a plurality of identical heads, it is within the scope of the invention to
      utilize a single head, the operating instrumentalities of which are
      appropriately actuated. In such an instance, the product tube or
      individual product elements would be hand-fed to the head or automatically
      indexed therethrough. It is also within the scope of the invention to
      cause the loop knot to be formed through a preformed hole in a product. In
      instances where it is desirable to have a simple loop knot formed around a
      product, rather than through it, this can be accomplished by causing the
      needle of the head or heads to pass above the product.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a semi-diagrammatic, fragmentary plan view illustrating the
      head-carrying drum together with an infeed transfer wheel for the product
      tube, a discharge transfer wheel for the individual products and an
      external source of string.
PAR  FIGS. 2 through 17 are semi-diagrammatic illustrations of a typical head of
      the present invention, showing the various operating instrumentalities of
      the head and the sequence of process steps performed by those operating
      instrumentalities.
PAR  FIG. 18 is a chart illustrating the 360.degree. through which a given one
      of the heads passes as the drum of the machine rotates and further showing
      the operation of the instrumentalities of that head during its 360.degree.
      travel.
PAR  FIG. 19 is a simplified side elevational view of the loop knotting machine,
      partly in cross section.
PAR  FIG. 20 is a fragmentary side elevational view of a typical head.
PAR  FIG. 21 is an end elevational view of the head of FIG. 20, as seen from the
      right in that figure.
PAR  FIGS. 22 through 24 are respectively fragmentary side elevational, front
      elevational and plan views of a typical head of the present invention
      illustrating the pleating jaw assemblies and the means to actuate them.
PAR  FIGS. 25 through 27 are respectively fragmentary side elevational, front
      elevational and plan views of a typical head illustrating the clamping jaw
      assemblies thereof and the means to actuate them.
PAR  FIG. 28 is a fragmentary auxiliary view, partly in cross section, of the
      first clamping jaws.
PAR  FIGS. 29 through 31 are respectively fragmentary side elevational, front
      elevational and plan views of a typical head illustrating the needle and
      needle holder thereof, together with the actuating means therefor.
PAR  FIGS. 32 through 34 are respectively fragmentary side elevational, front
      elevational and plan views of a typical head illustrating the string
      metering device thereof and its actuating means.
PAR  FIG. 34a is a fragmentary side elevational view, partly in cross section,
      illustrating one of the string tensioners of the present invention.
PAR  FIGS. 35 through 37 are respectively fragmentary side elevational, front
      elevational and plan views of a typical head illustrating the string clamp
      and shear assembly thereof, together with its operating means.
PAR  FIGS. 38 through 40 are respectively fragmentary side elevational, front
      elevational and plan views of a typical head illustrating the
      spreader-pliers thereof and its operating mechanism.
PAR  FIG. 41 is a fragmentary auxiliary view of the spreader-pliers.
PAR  FIG. 42 is a semi-diagrammatic illustration similar to FIG. 11 but
      illustrating the head forming a loop knot around the product rather than
      through a perforation therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the process and apparatus of the present
      invention, the basic steps of the process and the primary operating
      instrumentalities of the apparatus performing these steps will first be
      described in association with the semi-diagrammatic representations
      thereof in FIGS. 1 through 17 wherein like parts have been given like
      index numerals. Turning first to FIG. 1, the apparatus of the present
      invention comprises a drum generally indicated at 1. Means (not shown) are
      provided to rotate the drum about its vertical axis 2 in the direction
      indicated by arrow A. Evenly spaced about its periphery, the drum carries
      a plurality of substantially identical heads or stations (some of which
      are indicated at 3), each made up of six basic operating instrumentalities
      to be described.
PAR  The product materials, in the particular exemplary application of the
      machine to be described, comprise a continuous tube of flexible material
      having a substantially circular cross section maintained by separate
      measured increments of aggregate material located inside the tube and
      spaced one product pitch from each other. Peripheral glue stripes are also
      printed on the tube between adjacent increments of aggregate material,
      again one product pitch from each other. It is the function of each head
      or station to form from the tube a discrete product comprising a sack-like
      structure heat sealed at one end closed with a string at the other end and
      containing one measured increment of aggregate material.
PAR  As will be described, the six basic operating instrumentalities of each
      head are actuated in the proper sequence as the drum rotates by means of
      fixed plate cams located within the drum. As the drum rotates, each head
      thereon will perform its various operations within the 270.degree. active
      portion of the drum cycle indicated in FIG. 1. These operations include
      pleating and clamping an appropriate portion of the tube, heating the
      clamping jaws to seal the tube at one of the above mentioned peripheral
      glue stripes printed thereon, metering the correct length of string to a
      needle, cutting the string, piercing the pleated tube, forming the string
      into a simple loop knot passing through the pierced hole and around the
      side of the tube, cutting the tube to form one sack or product and
      displaying the finished sack for transfer by its string to a transfer
      means by which the sack is taken to additional mechanisms for the
      performance of further operations thereon; these further operations do not
      constitute a part of the present invention. Similarly, the product
      discharge transfer means does not constitute a part of the present
      invention. Any appropriate conveying means may be used. For purposes of an
      exemplary showing, a discharge transfer wheel is illustrated in FIG. 1 at
      4.
PAR  The product material or tube (indicated at 5) enters the heads of the drum
      tangentially from outside the drum. The feed means for the tube does not
      constitute a part of the present invention and may be any appropriate feed
      means. For purposes of an exemplary showing, a tube infeed transfer wheel
      is shown at 6. Each head performs the sealing and loop knotting operations
      on one product or sack while part of the continuous tube. After these
      operations, the sacks are cut from the tube to form the individual
      products shown in FIG. 1 at 5'. In the feeding of the tube to the heads of
      the drum 1, it is important for this particular product that both the
      measured increments of aggregate within the tube and the peripheral glue
      stripes on the tube be kept in registration with the heads.
PAR  The string 7, to be formed into a loop knot through each sack product, is
      pulled into each head in similar fashion to the product tube 5 from one
      fixed spool outside and tangent to the drum 1. In FIG. 1, three such
      spools are illustrated at 8, 9 and 10, the string of each spool being tied
      to the string of the spool ahead of it to minimize or eliminate shutdown
      for changing or adding additional spools of string. Thus when one spool is
      depleated, another spool can be installed and its string tied to the
      immediately preceeding spool.
PAR  The drum 1 provides a high speed, continuous operation. The tube 5 and
      string 7 are, after an initial thread-up, pulled continuously and
      automatically into each head 3 of drum 1. In a working embodiment of the
      loop knotting machine of the present invention a rotating drum 1 is
      provided with 45 operating heads 3 evenly spaced about its periphery. The
      rotating drum provides 15 feet of active travel for each station, during
      which time each station performs its various operations on one product.
PAR  FIGS. 2 through 16 illustrate the operating instrumentalities of one of the
      heads 3 of drum 1, it being understood that all of the heads or stations
      are substantially identical. In FIG. 2, the clamping jaw assemblies and
      pleating jaw assemblies of the head are shown. A first clamping jaw
      assembly is generally indicated at 11 and comprises a first clamping jaw
      11a and a second clamping jaw 11b. The clamping jaw 11a is adapted to
      shift axially between open and closed position. The second clamping jaw
      11b is arranged to rotate between open and closed positions. In FIG. 2,
      the clampings jaws 11a and 11b illustrated in their open positions. In
      closed position, clamping jaws 11a and 11b are in substantial abutment
      with the tube 5 therebetween. A second clamping jaw assembly is generally
      indicated at 12 having a first clamping jaw 12a and a second clamping jaw
      12b. The clamping jaws 12a and 12b are similar to clamping jaws 11a and
      11b and function in substantially the same manner.
PAR  In FIG. 2, the product tube 5 is shown provided with a peripheral glue
      stripe 13. A measured increment of aggregate material is shown within the
      tube in broken lines at 14.
PAR  A first pleating jaw assembly is generally indicated at 15 and comprises an
      upper pleating jaw 15a and a lower pleating jaw 15b. Upper and lower
      pleating jaws 15a and 15b are illustrated in their open position. In their
      closed position, the teeth 16 of upper pleating jaw 15a interdigitate with
      the teeth 17 of lower pleating jaw 15b with the tube 5 therebetween. A
      second pleating jaw assembly is generally indicated at 18 and comprises an
      upper pleating jaw 18a having teeth 19 and a lower pleating jaw 18b having
      teeth 20. The upper and lower pleating jaws 18a and 18b are substantially
      identical to upper and lower pleating jaws 15a and 15b and function in the
      same manner.
PAR  The tube 5 is pulled from the positive grip infeed transfer wheel 6 (FIG.
      1) into the open clamping jaw assembly and pleating jaw assembly of the
      head (when the head is tangent to the incoming tube) by closed clamping
      jaw assemblies in heads further downstream. The pitch line speed of drum 1
      carrying the head is perferably slightly faster than the pitch line speed
      of the infeed transfer wheel 6 in order to maintain some tension in the
      tube. This tension is desirable to provide consistent location of the tube
      within the open clamping and pleating jaw assemblies as they close. The
      direction of drum rotation is indicated by arrow A and the tube 5 is so
      registered with the heads on the drum that the measured increments of
      aggregate or like material within the tube are located between the heads
      and the glue stripes 13 on the tube are located inside the heads in line
      with the downstream clamping jaw assemblies 11 thereof.
PAR  When a head 3 is tangent to the incoming tube 5 and is so positioned as to
      receive the tube, all of its operating instrumentalities are in their
      retracted or open position. In FIG. 2, the clamping jaw assemblies 11 and
      12 and the pleating jaw assemblies 15 and 18 are shown in such open
      position.
PAR  Pleating jaw assemblies 15 and 18 close first, as illustrated in FIG. 3.
      The pleating jaw assemblies ripple the tube 5 so as to provide a plurality
      of layers of the tube material through which the needle (to be described
      hereinafter) passes the string. By being a part of the head, the pleating
      jaw assemblies accurately locate these layers of the material of tube 5
      for the needle to pierce. Both the upper and lower pleating jaws of
      pleating jaw assemblies 15 and 18 open and close together, being connected
      by a four-bar linkage inside the head, as will be described hereinafter.
      It will further be understood that the pleats formed by the pleating jaw
      assemblies of each head fall between the increments 14 of aggregate within
      the tube 5.
PAR  Once the pleating jaw assemblies have formed the pleats in the tube 5, the
      clamping jaw assemblies, located between the pleating jaw assemblies,
      close upon the pleated tube. Both jaws of each clamping jaw assembly move
      so that in their open position they will not interfere with the pleating
      step. In their closed position, they gather the pleats as is illustrated
      in FIG. 4. As will be evident hereinafter, the clamping jaw assemblies
      maintain the pleats throughout the sealing, loop knotting and tube
      severing steps.
PAR  The downstream clamping jaw assembly 11 engages the tube 5 at the position
      of the peripheral glue stripe 13. This clamping jaw assembly will be used
      to seal the tube at the glue stripe, as will be seen hereinafter. The
      other clamping jaw assembly 12 does not have a sealing function. Its
      purpose is to maintain the pleats and the tension in the tube 5 between
      the clamping jaw assemblies for the loop knotting operation. Needle
      piercing force is reduced if the tube is maintained taut. To enable each
      clamping jaw assembly to engage the pleated tube tightly, the first or
      slidable jaws 11a and 12a thereof, are independently spring loaded. The
      two rotating clamping jaws 11b and 12b are mounted on a common pivot shaft
      connected by a four-bar linkage to the jaws 11a and 12a so that both jaws
      of each clamping jaw assembly operate together.
PAR  Turning to FIG. 5, once the clamping jaw assemblies 11 and 12 have engaged
      the pleated tube 5, the pleating jaw assemblies 15 and 18 open. This
      provides clearance about the clamping jaw assemblies for passage thereof
      through a fixed induction heating coil (generally indicated at 21) mounted
      externally of the drum 1. The induction heating coil comprises a long,
      narrow U-shaped structure curved to match the pitch circle about the drum
      1. The coil may be of any suitable and well known construction. For
      example, in a working embodiment of the present invention coil is made up
      of quarter-inch copper tubing through which cooling water passes. On the
      outside of the coil a low voltage, radio frequency alternating current is
      carried. The clamping jaw assemblies 11 and 12 pass between the legs of
      the U-shaped induction heating means. These legs are diagrammatically
      illustrated at 21a and 21b in FIGS. 1 and 5.
PAR  Only the downstream clamping jaw assembly 11 is intended to provide a
      sealing function, this clamping jaw assembly engaging the tube 5 at the
      position of the peripheral glue stripe 13. As a consequence, the abutting
      portions of clamping jaw assembly 11 are made of a magnetic material. The
      remaining support portions of clamping jaw assembly 11 and the other
      operating instrumentalities of the head (including clamping jaw assembly
      12) are preferably made of non-magnetic materials such as austenitic
      stainless steel or the like so that the heating effect of the induction
      heating coil 21 is confined only to clamping jaw assembly 11. The high
      frequency oscillating magnetic field generated between the legs 21a and
      21b of the induction coil induces heat by magnetic hysteresis loss in the
      abutting portions of clamping jaw assembly 11 which, in turn, is conducted
      to that portion of the tube having the glue stripe. The glue stripe melts
      to form the heat seal.
PAR  As is indicated in FIG. 1 the pleating and clamping steps take place during
      about the first 36.degree. of the active portion of the drum cycle. The
      sealing step occurs thereafter until the drum has passed through about
      120.degree. of its active cycle.
PAR  Once the tube 5 has been pleated, clamped and sealed the head functions to
      meter the correct length of string for its product and to cut the string.
      Turning to FIG. 6, in addition to the clamping jaw assemblies 11 and 12 a
      needle 22 and needle holder 23 are illustrated, together with a string
      metering device 24. A pair of string tensioners are diagrammatically
      indicated at 25 and 26. A string clamp and shear assembly, mounted on the
      head, is generally indicated at 27 and comprises a shear blade 27a with a
      clamping foot 27b affixed thereto together with an anvil 27c cooperating
      with shear blade 27a and a resilient clamping pad 27d cooperating with
      clamping foot 27b. A similar clamp and shear assembly is also generally
      indicated at 28 having a shear blade 28a, a clamping foot 28b, an anvil
      28c and a resilient clamping pad 28d. The clamp and shear assembly 28 does
      not constitute a part of the head illustrated in FIG. 6, but is mounted on
      the next adjacent downstream head. Again, the direction of rotation of
      drum 1 (i.e. the direction of movement of the head) is illustrated by
      arrow A.
PAR  In actuality, during the running of the loop knot forming machine of the
      present invention, the string may pass through several heads, being drawn
      therethrough by a closed clamp and shear assembly of a head further
      downstream. This allows several string metering devices to be active at
      once to provide slower, mor gentle string handling. For purposes of
      explanation, however, the string 7 in FIG. 6 is shown as being drawn into
      the head from the spool 8 by the clamp and shear assembly 28 of the next
      adjacent downstream head. As the string enters the head, it also enters
      the pair of tensioners 25 and 26, as shown in FIG. 6.
PAR  When the string is properly positioned as in FIG. 6, the string metering
      device 24 rotates upwardly toward the needle 22, intersecting the string
      stretched between the tensioners 25 and 26. The string metering device
      comprises bifurcations 24a and 24b, the free ends of which are notched as
      at 24c and 24d, respectively. As is clearly shown in FIG. 7, the string
      metering device 24 engages the string between tensioners 25 and 26 in its
      notches 24c and 24d. As it moves upwardly, string will be drawn through
      tensioner 25 from the spool 8. As the string metering device 24 approaches
      its uppermost string metering position, the needle 22 and its holder 23
      will rotate toward the pleated tube 5, passing between bifurcations 24a
      and 24b of the string metering device. This movement of the needle causes
      the string 7 to be engaged in a notch 22a in the needle near its point.
PAR  At the end of the metering stroke of the string metering device 24, the
      correct length of string has been established between the string clamp and
      shear assemblies 27 and 28. It will be noted that the correct length of
      string is greater than the pitch length of each product. The string
      metering device 24 and tensioners 25 and 26 cooperate to provide this
      additional string length. In order to complete the loop knot forming step,
      the free end of string 7 held by string clamp and shear assembly 28 must
      be released and the spool end of string 7 must be cut by string clamp and
      shear assembly 27. Since only one clamp at a time is pulling the string
      off spool 8, the spool end of the string must be cut and thereby clamped
      by string clamp and shear assembly 27 before the free end of the string
      can be unclamped by string clamp and shear assembly 28. This is
      illustrated in FIG. 8.
PAR  Turning now to FIG. 9, once the ends of that segment of string 7 utilized
      by the head have been released, the needle 22 can begin its rotation
      through the pleated tube 5. The needle will pierce the pleated tube and
      carry the string with it in the needle notch 22a. The string metering
      device 24 does not retract until the needle notch has carried the string
      through the pierced hole 5a in the pleated tube so that the friction from
      the hole edges will prevent the string from slipping out of needle notch
      22a. Thereafter, the string metering device 24 will retract from between
      string tensioners 25 and 26 prior to the time the needle 22 completes its
      stroke, so that the final needle motion will pull tension on the string
      between the hole and the tensioner disks. FIG. 9 illustrates the needle 22
      in its extended position and the string metering device 24 in its
      retracted position.
PAR  FIG. 10 illustrates the spreader-pliers mounted in the head. The
      spreader-pliers is generally indicated at 29 and comprises an actuator 30
      to which a pair of arcuate jaws 31 and 32 are pivotally attached in such a
      way that their ends may shift toward and away from each other. The
      rearward ends of jaws 31 and 32 bear large cam elements 33 and 34 and
      small cam elements 35 and 36, respectively. A non-rotating shaft 37 is
      fixed within the head. A pair of blocks 38 and 39 are supported by shaft
      37 and are mounted for rotation thereon. The blocks 38 and 39 support cam
      wheels 40 and 41. While not shown in FIG. 10, means are provided in
      association with the jaws 31 and 32 to urge the forwardmost pointed ends
      thereof into abutment. This biasing means in association with the
      spreader-pliers jaws will be described hereinafter. Nevertheless, it will
      be evident from FIG. 10 that if the actuator 30 is rotated in a
      counter-clockwise direction as viewed in FIG. 10, the large cam elements
      33 and 34 will cooperate with the cam wheels 40 and 41, respectively, to
      cause the pointed ends of the pliers jaws to spread apart. As the actuator
      30 rotates to the extent that cam elements 33 and 34 pass beyond cam
      wheels 40 and 41, the above mentioned biasing means will cause the pointed
      ends of the pliers to snap together. The purpose of small cam elements 35
      and 36 will be described hereinafter. A stop bar 42 prevents blocks 38 and
      39 from rotating out of the path of large cam elements 33 and 34 during
      counterclockwise rotation of the spreader-pliers.
PAR  The simplicity of the loop knotting concept of the present invention is
      based upon the chordal display of the segments 7a and 7b of string 7
      across the circular arc of the curved needle 22 as seen in FIGS. 9 and 10.
      As illustrated in FIG. 10, when the needle 22 has reached its forwardmost
      position the spreader-pliers 29 may begin its downward movement. As the
      jaws 31 and 32 pass between the string segments 7a and 7b the jaws will be
      spread by the cooperation of large cam elements 33 and 34 and cam wheels
      40 and 41. Jaw 31 will therefore pass between string segment 7a and needle
      22, while jaw 32 will pass between string segment 7b and needle 22.
      Continued downward movement of the spreader-pliers will disengage large
      cam elements 33 and 34 from cam wheels 40 and 41, respectively, causing
      the forwardmost ends of the spreader-pliers to snap together, engaging the
      free ends of string 7. Thus, the spreader-pliers accomplishes two vital
      functions. It first enters and spreads the loop of string 7 formed by
      needle 22 and thereafter engages and grips the free ends of the string
      near tensioners 25 and 26. The tensioners serve to position the string
      ends for proper gripping by the spreader-pliers.
PAR  As soon as the string ends have been gripped by the spreader-pliers 29, the
      needle retracts as shown in FIG. 12. Thereafter, the spreader-pliers 29 is
      free to retract with its ends closed and still gripping the ends of string
      7.
PAR  As is shown in FIG. 13, the spreader-pliers 29 will retract with its
      forwardmost ends closed and gripping the ends of string 7. This means that
      the large cam elements 33 and 34 at the opposite ends of pliers jaws 31
      and 32 will be fully separated from each other. As the large cam elements
      33 and 34 move toward cam wheels 40 and 41, they will abut these cam
      wheels and push them out of the way by virtue of the rotatable mounting of
      the blocks 38 and 39 on shaft 37 in the head. This is clearly shown in
      FIG. 13. Means (not shown in FIG. 13, but to be described hereinafter) are
      provided to bias the cam wheels to the position shown in FIG. 10 (with
      blocks 38 and 39 against stop bar 42) and to cause them to return to that
      position as soon as cam wheels 40 and 41 have been cleared by the large
      cam elements 33 and 34 on the spreader-pliers. As the spreader-pliers
      retracts, it pulls the string ends through the loop to form a simple side
      loop knot 43, as is shown in FIG. 14.
PAR  Once the knot 43 has been completed, the knotted and sealed tube 5 between
      clamping jaw assemblies 11 and 12 must be severed before the clamping
      assemblies can open to release the individual product sack for transfer by
      the discharge transfer wheel 4. The tube 5 is cut by a blade 44 mounted to
      one side of the string metering device 24, as illustrated in FIG. 15. The
      string metering device is caused to rotate a second time to perform the
      severing step. During the performance of the severing step, the string
      metering device 24 is rotated further than during its string metering
      function. Once severing has been accomplished, the string metering device
      24 immediately retracts to allow the clamping jaw assemblies 11 and 12 to
      open and release the sack ends, as is shown in FIG. 16. It will be
      understood that tube portion 5b in FIG. 16 represents the trailing part of
      the downstream sack sealed by the head. The seal is shown at 13a. The tube
      portion 5c in FIG. 16 represents the leading portion of that sack product
      tied by the head. It will be noted that had the sack severing blade 44
      been mounted between clamping jaw assembly 12 on the other side of needle
      22 and the needle, and had clamping jaw assembly 12 been the heated one,
      then the sealed end of a sack would have led the knotted end around the
      drum 1.
PAR  As the tubing or bag portions are released by clamping jaw assemblies 11
      and 12 the spreader-pliers 29 again rotate forwardly to the extend that
      the cam wheels 40 and 41 engage the small cam elements 35 and 36 to spread
      the pliers tips slightly, releasing the grip thereof on the string 7. This
      movement of the spreader-pliers 29 not only positions the tips thereof in
      an open area below the upper pleating jaws 15a and 18a (see FIG. 2) so
      that the discharge transfer wheel 4 can grip the string as close to the
      pliers tips as possible, but also releases the string from the pliers tips
      as the discharge transfer wheel gains control of the string so as to
      prevent the string from having to be forceably pulled from the pliers tips
      which would cause the string ends to become frayed. The removal of the
      product by the discharge transfer wheel is shown in FIG. 17. Thereafter,
      the spreader-pliers returns to its fully retracted position.
PAR  Having described the various steps performed by the six operating
      instrumentalities of the head, reference is made to FIG. 18 which
      graphically illustrates the 360.degree. travel of the head and the
      sequence of these steps. The zero degree vertical line at the left of the
      chart corresponds to the zero degree line of FIG. 1. At the left the chart
      lists the six operating instrumentalities of each head. The sequence may
      again be considered in terms of a single one of the heads, since all of
      the heads function in the same manner.
PAR  The first operating instrumentality listed is the needle 22. Thus, as the
      drum 1 rotates and the head reaches its 152.degree. position, the needle
      will begin to move from its retracted position. From 152.degree. to
      172.degree. the needle will pierce the pleated tube 5 and display the
      string segments 7a and 7b. From 172.degree. to 192.degree. the needle will
      remain in its extended-most position. From 192.degree. to 212.degree. the
      needle will retract and will remain retracted until the head again reaches
      its 152.degree. position wherein the cycle will repeat.
PAR  The spreader-pliers 29 will shift past the small and large cam elements
      35-36 and 33-34 as the head passes between 160.degree. and 192.degree.
      from its starting point. Between 172.degree. and 192.degree., the
      spreader-pliers will spread, by virtue of the large cam elements 33 and
      34, as it passes between the string segments 7a and 7b and will then
      engage the free ends of the string. It will thereafter remain in the
      extended position until the head reaches a position of 208.degree. to
      allow the needle to retract. From 208.degree. to 228.degree. the
      spreader-pliers will fully retract to tighten the knot 43. The
      spreader-pliers will remain in its fully retracted position until the head
      reaches 256.degree.. From 256.degree. to 270.degree., the spreader-pliers
      will shift forwardly to the extent that the small cam elements 35 and 36
      will cause it to release the string ends. The pliers will remain in this
      position until the head reaches 288.degree., whereupon between 288.degree.
      and 300.degree. the pliers will fully retract and remain so until the next
      cycle begins.
PAR  The pleating jaw assemblies 15 and 18 close upon the tube 5 as the head
      passes between its 8.degree. and 16.degree. positions. Between the
      16.degree. and 36.degree. positions of the head, the pleating jaw
      assemblies maintain the tube 5 in pleated condition. Between 36.degree.
      and 48.degree., the pleating jaw assemblies return to their retracted
      positions. The pleating jaws remain fully retracted for the remainder of
      the cycle.
PAR  The chart of FIG. 18 illustrates both movements of the string metering
      device 24. From the 120.degree. to the 136.degree. positions of the head,
      the string metering device meters the string between the string tensioners
      25 and 26. From 136.degree. to 156.degree. the string metering device
      maintains its metering position and then fully retracts between
      156.degree. and 172.degree..
PAR  As the head reaches 216.degree., the string metering device again comes
      into play, achieving its fully extended tube cutting position at
      232.degree.. From 232.degree. to 252.degree., the string metering device
      fully retracts, to remain fully retracted until the next cycle.
PAR  The clamping jaw assemblies 11 and 12 clamp the tube 5 between the
      16.degree. and the 36.degree. positions of the head. These assemblies
      remain in their clamped position until they retract between the
      232.degree. and the 252.degree. positions of the head. It will be noted
      that clamping jaw assembly 11 is heated between the 64.degree. and the
      124.degree. positions of the head.
PAR  Finally, the clamp and shear assembly 27 mounted on the head will clamp and
      cut the string 7 between the 122.degree. and 142.degree. positions of the
      head. The assembly will remain in its clamping position until the
      158.degree. position of the head. From 158.degree. to 178.degree. the
      assembly will open.
PAR  A comparison of FIG. 1 and FIG. 18 will show that all operating
      instrumentalities of the head are open to receive material in the area
      between the infeed transfer wheel 6 and product discharge transfer wheel
      4. As indicated above, the clamping jaw assemblies 11 and 12 of each head
      pull the tube 5 about the drum. However, since the clamping jaw assemblies
      of each head do not fully close until the head reaches 36.degree. past the
      infeed transfer wheel 6, the operator cannot reach the first closed clamp
      in order to secure a starting end of the tube 5 to the machine. As a
      consequence, the pleating jaw assemblies, which close much closer to the
      infeed transfer wheel 6, (at the 16.degree. position of each head) may be
      used for manual thread-up of the tube 5.
PAR  Ejection means is required for removing product sacks which are not
      transferable because of the absence of string. Any appropriate ejection
      means including a rotating brush may be employed and should be located
      between the discharge transfer wheel 4 and the infeed transfer wheel 6.
PAR  The pitch of each machine head is a fixed dimension. However, the pitch of
      the glue stripes 13 on the tube 5 may vary slightly with the tension
      imparted to the tube or the size of the increment of aggregate material in
      the tube. As a consequence, adjustment means should be provided to assure
      appropriate positioning of the glue stripes on the tube with respect to
      the heads. For example, running tension adjustment means may be provided
      in association with the infeed transfer wheel 6. Such means are well known
      in the art and do not fall within the scope of the present invention. To
      compensate for a change in the product pitch length, other appropriate
      adjustment means must be provided. For example, each head may be provided
      with a pitch bar (to be described hereinafter) which intersects the chord
      of the tubing that stretches from clamping jaw assembly to clamping jaw
      assembly between adjacent heads and which is adjustable radially to change
      that chord length. It is important that the same adjustment be made
      between all adjacent heads.
PAR  The string supply illustrated in FIG. 1 comprises a number of spools. In
      the exemplary showing, three spools 8, 9 and 10 are illustrated. These
      spools are fixed and string unwinds from one spool at a time without spool
      motion. Since all of the string on a given spool is outside the core
      thereof, the inner string end of one spool can be tied to the outer or
      lead end of the adjacent spool. In this way an infinitely long, continuous
      string source may be provided.
PAR  The advantages of such a string supply, as opposed to one that involves a
      separate spool rotating with each head, lies in the fact that only one
      spool at a time is being used. There is no shut-down required to replenish
      and thread-up a string supply for each head on the drum 1. There is only
      one string supply to fail, and when it does, it can be immediately
      detected. The string supply arrangements eliminates string waste and
      requires very little space.
PAR  Initial thread-up of the string is accomplished when the machine is
      stationary. The lead end of the string 7 is provided with a loop which may
      be hooked over a pin (not shown) extending from the clamp and shear
      assembly of the head nearest the operator. When the machine is started,
      the free end of the string remains looped to the pin and is pulled around
      the machine. Eventually the clamp and shear assembly 27 of that head will
      close to simultaneously cut and clamp the string. The severed portion of
      the string will ultimately fall away and will not interefere with the
      string feeding of succeeding cycles.
PAR  It is important that the string remain taut, so that it properly seats in
      head tensioners 25 and 26. As a consequence, any appropriate and well
      known tensioning means may be provided in association with the string
      supply.
PAR  It is also within the scope of the invention to provide additional sensing
      means (not shown) to sense a broken string and to sense a knot in the
      string, including splice knots. Although the mechanisms of the heads will
      not be damaged by small splice knots, nor will the knot snag and interrupt
      the string feed, nevertheless, there is a possibility that a knot will
      provide more drag in one or the other of tensioners 25 and 26 after the
      string has been cut during the knot forming operation. This, in turn, may
      result in a product with excess offset between string ends. Such a product
      can be automatically rejected at the discharge transfer wheel if the knot
      detector signals a memory device (not shown), as is well known in the art,
      so that the product in question can be rejected. The memory device
      provides a reject signal when the corresponding product arrives at the
      discharge transfer wheel 4.
PAR  Having described the basic suturing machine and the six primary operating
      instrumentalities of each of its heads, reference is made to FIG. 19
      wherein the machine itself is shown, partly in cross section. The machine
      comprises a suitable base 45 upon which a number of vertical supports or
      legs are mounted, two of which are shown at 46. These legs, in turn,
      support a horizontal frame 47 surmounted by a cylindrical member 48 having
      a top portion 49. The cylindrical member 48 is stationary and carries
      about its periphery six cam surfaces shown at 50 through 55. Cam surface
      50 actuates the needle 22 of each head. Cam 51 operates the
      spreader-pliers 29 of each head. Pleating jaw assemblies 15 and 18 of each
      head are activated by cam 52, while the string metering device 24 of each
      head is governed by cam 53. Cam 54 controls the clamping jaw assemblies 11
      and 12 of each head and the clamp and shear assembly 27 of each head is
      controlled by cam 55.
PAR  The drum 1 includes a top plate 173 which is supported for rotation by
      thrust bearing 56. The top plate 173, in turn, supports the heads of the
      machine, two of which are shown at 3a and 3b. The heads, themselves,
      support a ring gear 57 at their lowermost edges. The top plate 173, heads
      and ring gear 57 are combined to form the hollow drum 1 having its upper
      end closed and its lower end open. The drum 1 is maintained in the proper
      attitude by three radial bearings evenly spaced about the frame 47. One
      such radial bearing is illustrated at 58.
PAR  The drum 1 is driven by a motor 59 connected to a gear box 60. The output
      shaft 61 of gear box 60 carries an input pinion 62 which is in engagement
      with the ring gear 57. The output shaft 61 may also support drive means 63
      for the tube infeed transfer wheel 6 (shown in FIG. 1).
PAR  FIGS. 20 and 21 are, respectively, fragmentary side elevational and front
      elevational views of a typical head. It will be remembered that all of the
      heads of the loop knotting and sealing machine are identical. For this
      reason, the head of FIGS. 20 and 21 may be assumed to be the same as the
      head shown in FIGS. 2 through 17 and is generally indicated by index
      numeral 3. The head comprises a pair of plates 64 and 65 held in parallel
      spaced relationship by spacing means, two of which are shown at 66 and 67.
PAR  FIGS. 20 and 21 illustrate the needle 22 and its actuating mechanism
      generally indicated at 68 in abutting relationship with stationary cam 50.
      The spreader-pliers 29 and its operating mechanism, generally indicated at
      69, are shown together with stationary cam 51. Stationary cam 52 is shown
      in conjunction with the operating mechanism (generally indicated at 70)
      for the pleating jaw assemblies 15 and 18. In similar fashion, the string
      metering device 24 is shown operatively connected to its actuating
      mechanism generally indicated at 71 and in abutment with stationary cam
      53. Clamping jaws 11a and 11b of clamping jaw assembly 11 and clamping
      jaws 12a and 12b of clamping jaw assembly 12 are shown, together with
      their actuating mechanism generally indicated at 72 and the stationary cam
      54. Clamp and shear assembly 27 is shown together with its actuating
      mechanism (generally indicated at 73) and stationary cam 55. FIGS. 20 and
      21 also illustrate tensioners 25 and 26 and blade 44. The center line of
      that portion of tube 5 which would be located within the head 3 is
      indicated at B.
PAR  FIGS. 22 through 24 illustrate the pleating jaw assemblies 15 and 18 and
      their operating mechanism 70. As is most clearly seen in FIGS. 23 and 24,
      upper pleating jaws 15a and 18a comprise a unitary U-shaped element
      non-rotatively affixed to a shaft 74 by cap screws or the like 75 and 76.
      The shaft 74 is rotatively supported by the side plates 64 and 65 of the
      head 3. In similar fashion (see FIG. 23) the lower pleating jaws 15b and
      18b comprise a unitary U-shaped structure non-rotatively mounted to a
      shaft 77 by cap screws 78 and 79. Shaft 77 is rotatively supported by the
      head side plates 64 and 65.
PAR  An elongated support 80 extends rearwardly of the head 3 and is affixed to
      side plate 65 by bolt means, one of which is shown at 81. A swing arm
      bracket 82 is pivotally affixed to the support 80 as at 83. The swing arm
      bracket carries a follower wheel 84 adapted to contact stationary cam
      surface 52 (see FIGS. 19 and 20). An additional bracket 85 is mounted on
      side plate 65. One end of a guide rod 86 passes freely through a
      perforation 87 in the bracket 85. The other end of the guide rod 86 is
      pivotally affixed to the swing arm bracket 82 as at 88. The guide rod 86
      is provided with springs 86a and 86b. These springs urge the pivoted end
      of the guide rod away from the bracket 85 through which the guide rod
      slides. This, in turn, assures that the follower wheel 84 will remain in
      contact with stationary cam 52.
PAR  An actuating rod 89 is provided with a rod end 90 pivotally affixed to the
      swing arm bracket. The other end of the actuating rod 89 has a rod end 91
      pivotally affixed to an upper pleater crank 92, to be described
      hereinafter. The actuating rod 89 is provided at one end with a hollow
      tubular portion 89a. The central portion of the actuating rod comprises a
      shaft 89b adapted to be telescopically received in the portion 89a. Spring
      members 89c and 89d maintain the shaft 89b in its extended position as
      shown in FIG. 22. This construction enables the actuating rod 89 to
      telescope, effectively shortening its length should, for any reason, the
      pleating jaw assemblies 15 and 18 become jammed. This, in turn, will
      prevent damage to the various parts. Normally, actuating rod 89 will be in
      its fully extended condition as illustrated in FIGS. 22 and 24 and is
      preloaded by captive springs 89c and 89d.
PAR  As indicated above, the rod end 91 is pivotally affixed to upper pleater
      crank 92 as at 93. Upper pleater crank 92 is non-rotatively affixed to
      shaft 74.
PAR  Upper pleater crank 92 is also pivotally joined at 94 to one end of a link
      95. The other end of link 95 is pivoted, as at 96 to a lower pleater crank
      97. Lower pleater crank 97 is non-rotatively affixed to shaft 77.
PAR  The operation of the pleating jaw assemblies will be evident from FIGS. 22
      through 24. As stationary cam 52 causes swing arm bracket 82 and follower
      wheel 84 to pivot about pivot point 83 in a counter-clockwise direction,
      actuating rod 89 will shift forwardly (to the right as viewed in FIG. 22).
      This, in turn, will cause upper pleating jaws 15a and 18a to swing
      downwardly, by virtue of upper pleater crank 92. Simultaneously, link 95
      and lower crank 97 will be shifted to the left in FIG. 22, causing the
      lower pleating jaws 15b and 18b to move upwardly. The pleating jaws meet
      at the center line B of tube 5, as shown in broken lines in FIG. 22.
PAR  All of the remaining five operating instrumentalities of head 3 are
      provided with a support 80, a swing arm bracket 82, a follower wheel 84, a
      bracket 85, a guide rod 86 and a telescoping actuating rod 89
      substantially identical to those described with respect to FIGS. 22 and
      24. For this reason, in the remaining figures like parts have been given
      like index numerals and do not require further description.
PAR  FIGS. 25 through 28 illustrate clamping jaw assemblies 11 and 12 and their
      operating mechanisms. Second or lower clamping jaws 11b and 12b are
      non-rotatively affixed to a shaft 99, rotatively mounted in side plates 64
      and 65. The second clamping jaws 11b and 12b are held in place by cap
      screws 100 and 101.
PAR  The rod end 91 of actuating rod 89 is pivotally affixed as at 102 to one
      end of a lower crank 103. The other end of crank 103 is non-rotatively
      affixed to shaft 99. It will be evident that as stationary cam surface 54
      causes actuating rod 89 to move forwardly, crank 103 and shaft 99 will
      rotate in a counter-clockwise direction (as viewed in FIG. 25) causing the
      second clamping jaws 11b and 12b to rotate upwardly to their clamped
      position illustrated in broken lines in FIG. 25.
PAR  As is most clearly shown in FIGS. 25 and 28, first or upper clamping jaws
      11a and 11b are affixed to block-like structures 104 and 105,
      respectively. As is most clearly shown in FIG. 28, blocks 104 and 105 are
      mirror images of each other. A third block is shown at 106. Block 105 has
      a central passage 107 therethrough. Block 106 has a coaxial passage 108. A
      tubular bushing 109 passes through passages 107 and 108. The bushing is
      held in place by a flange 110 at its rearward end and by a screw 111
      passing through the forward end of block 105 and threadedly engaged in the
      forward end of the bushing The block 105 is spaced slightly forwardly of
      block 106 and is maintained in this spaced relationship by compression
      spring 112. Block 104 is of similar construction including bushing 113
      passing through block 106 and into block 104 and compression spring 114.
PAR  A pair of guide rods 115 and 116 are supported by a bracket 117 mounted on
      side wall 65 of head 3. The free ends of guide rods 115 and 116 are
      located in bushings 113 and 109 respectively. Blocks 104, 105 and 106 form
      a structure longitudinally slidable on guide rods 115 and 116. In this way
      first or upper clamping jaws 11a and 12a can be shifted between their
      clamping and retracted positions and guide rods 115 and 116 maintain them
      in their proper orientation. A plate 118 is mounted on block 106 and
      prevents rotation of block 105 about guide rod 116. A second plate 119 is
      fastened to head side plate 65 by screws 120 and 121 and serves to prevent
      rotation of block 104.
PAR  In addition to being shiftable with respect to guide rods 115 and 116, the
      blocks 104 and 105 can slide on the outsides of their respective tubular
      bushings 113 and 109 toward and away from block 106. The amount of this
      movement of block 105 is limited by compression spring 112 and screw 111
      (see FIG. 28). The movement of block 104 is similarly limited.
      Nevertheless, this construction results in the effective independent
      spring loading of blocks 104 and 105 and the clamping jaws 11a and 12a
      thereon assuring that clamping jaws 11a and 12a will seat with equal force
      against rotatable clamping jaws 11b and 12b respectively.
PAR  The block 106 has a rearward extension 122 (see FIGS. 25 and 26) pivotally
      connected as at 123 (see FIG. 28) to one end of a link 124. The other end
      of link 124 is pivoted as at 125 to a lever 126 non-rotatively mounted on
      a shaft 127. The shaft 127 is rotatively supported by side plates 64 and
      65. An upper crank 128 is non-rotatively affixed to the shaft 127. One end
      of a link 129 is pivotally joined to crank 128 as at 130. The other end of
      link 129 is pivotally affixed as at 131 to lower crank 103.
PAR  It will be evident that as actuating rod 89 causes lower crank 103 to
      rotate in a counter-clockwise direction (as viewed in FIG. 25) to bring
      the second or lower clamping jaws 11b and 12b to their clamping positions,
      the link 129 will similarly cause clockwise rotation of upper crank 128,
      shaft 127 and lever 126. This movement of lever 126 will, through the
      agency of link 124, causes the first or upper clamping jaws 11a and 12a to
      shift longitudinally to their clamping positions, as shown in broken lines
      in FIG. 25. As actuating rod 89 is permitted to shift to the left as
      viewed in FIG. 25, the second clamping jaws 11b and 12b will rotate to
      their open positions and the first or upper clamping jaws 11a and 12a will
      shift to their open positions.
PAR  FIGS. 29 through 31 illustrate the needle 22 and its operating mechanism.
      Needle holder 23 is non-rotatively affixed to a shaft 132 which, in turn,
      is rotatively mounted between side plates 64 and 65. Needle 22 is
      removably and replaceably mounted on needle holder 23 by a clamping plate
      133, held in place by screws, two of which are shown in FIG. 31 at 134 and
      135.
PAR  While not required, the needle 22 is preferably of triangular cross
      section, as shown in FIG. 30. As explained heretofore, the needle pushes
      the string 7 through the tube 5 just after piercing the tube. The
      triangular cross section of the needle provides the necessary strength of
      the needle notch 22a while minimizing the size of the hole 5a pierced in
      the tube 5. It also helps to guide the spreader-pliers 29 as they pass the
      needle, should they come in contact with the needle. Furthermore, the
      triangular cross section of the needle assists the string segments 7a and
      7b to achieve their chordal position and it maximizes the spread between
      the needle and string segments 7a and 7b for entrance therebetween of the
      spreader-pliers.
PAR  The shaft 132 carries a pinion 136. This pinion is engaged by a segment
      gear 137 affixed to a crank arm 138. Crank arm 138 is non-rotatively
      affixed to a shaft 139. The shaft, itself, is rotatively mounted between
      side plates 64 and 65. The uppermost end of crank arm 138 is pivotally
      joined to the rod end 91 of actuating rod 89, as at 140.
PAR  Referring to FIG. 29, the crank arm 138 and needle 22 are shown in their
      fully retracted positions. It will be evident that as the actuating rod 89
      is caused to move to the right (as viewed in FIG. 29) by stationary cam
      surface 50 (see FIG. 20) the crank arm 138 and shaft 139 will rotate in a
      clockwise direction. This, in turn, will cause a counter-clockwise
      rotation of pinion 136, shaft 132, needle holder 23 and needle 22. The
      forwardmost position of needle 22 is shown in broken lines in FIG. 29.
PAR  FIGS. 32 through 34 illustrate the string metering device 24 and its
      operating mechanism, together with string tensioners 25 and 26. Turning
      first to FIGS. 32, 33 and 34a, the string tensioners are substantially
      identical and are mounted on a block 141. As is most clearly seen in FIGS.
      32 and 34a, string tensioner 25 comprises a rod-like element 25a having
      fixed at its end a downwardly depending member 25b. A plate 25c is
      captively and slidably mounted on the rod 25a and is urged against the
      downwardly depending member 25b by a spring 25d. The plate 25c and the
      downwardly depending member 25b define a notch 25e for receipt of the
      string 7.
PAR  Affixed to string tensioners 25 and 26 there is a pair of guide pins 142
      and 143 (see FIG. 33) which tend to bring the string ends closer together
      to minimize the distance required between the pliers tips when open.
PAR  The string metering device 24 is non-rotatively affixed to a shaft 144,
      rotatively supported between side plates 64 and 65. The string metering
      device 24 carries a bracket 145 to which is replaceably mounted the blade
      44.
PAR  The forward rod end 91 of actuatingg rod 89 is pivotally attached to the
      string metering device 24 as at 146. When the actuating rod 89 is shifted
      to the right (as viewed in FIG. 32) by stationary cam surface 53 (see FIG.
      20) the string metering device and shaft 144 will be caused to rotate in a
      counter-clockwise direction. In FIG. 32 the string metering device is
      shown in full lines in its retracted position. In broken lines, the string
      metering device is shown in its fully extended position (i.e. the position
      achieved when blade 44 cuts tube 5). The position achieved by the string
      metering device during its metering operation is indicated by arrow C.
PAR  FIGS. 35 through 37 illustrate the string clamp and shear assembly 27 of
      FIG. 6, together with its actuating means.
PAR  FIGS. 35 and 36 also show pitch bar 147. The pitch bar 147 is a non-moving,
      but radially adjustable (with respect to drum 1), T-shaped element. The
      horizontal portion 147a of the pitch bar is slidably mounted in a
      perforation 148 in block 149. Block 149, itself, is fixed to side plate 64
      of head 3 by screws 150 and 151. The portion 147a of the pitch bar has a
      plurality of transverse perforations (not shown) therethrough which can be
      individually aligned with a vertical perforation (not shown) in block 149.
      A pin 152 passes through the aligned holes in block 149 and pitch bar
      portion 147a to hold the pitch bar in any desired radial position. The
      pitch bar is steadied by a spring 153 mounted on portion 147a and abutting
      block 149 and vertical portion 147b of the pitch bar.
PAR  The purpose of the pitch bar is to contact the tube 5 between heads
      enabling the pitch length between heads to be adjusted. Each head of the
      machine is provided with a pitch bar.
PAR  The clamp and shear assembly 27 comprises a first bracket 154 affixed to
      the exterior of side plate 64 by cap screws 155 and 156, or the like. The
      bracket 154 supports the pad 27d of urethane or similar resilient
      material. The shear blade 27a is pivoted to bracket 154 as at 157. The
      clamping block 27b is affixed to the shear blade. An extension 158 is also
      mounted to the shear blade. The rod end 91 of actuating rod 89 is
      pivotally affixed to the extension 158, as at 159. Bracket 154 also
      supports anvil 27c with which shear blade 27a cooperates.
PAR  It will be evident from FIG. 35, that as the actuating rod 89 is caused to
      shift to the right by stationary cam surface 55 (see FIG. 20) the shear
      blade 27a will pivot about pivot point 157 in a counter-clockwise
      direction. This will cause the shear blade 27a to shear against anvil 27c
      and the clamping block 27b to abut the resilient pad 27d. As a result of
      this, string located in the nip between anvil 27c and shear blade 27a will
      be cut by the blade and the left hand end of the string (as viewed in FIG.
      36) will be clamped between the clamping block 27b and resilient pad 27d.
      The parts are so arranged that the string is clamped before it is cut.
PAR  FIGS. 38 through 41 illustrate the spreader-pliers 29. A shaft 160 is
      rotatively mounted between side plates 64 and 65. The pliers actuator 30
      comprises a pair of upstanding members 30a and 30b non-rotatively affixed
      to shaft 160. The members 30a and 30b support a platform 30c to which the
      pliers jaws 31 and 32 are pivotally affixed so as to be shiftable toward
      and away from each other. In FIGS. 38 and 41, the jaws 31 and 32 are shown
      pivoted to platform 30c by pivot pin 161.
PAR  As is most clearly illustrated in FIGS. 40 and 41, the jaws 31 and 32 are
      provided on their facing surfaces with cap screws 162 and 163. These cap
      screws serve as supports for the end of a spring 164 which urges the jaws
      31 and 32 to their closed position. The platform 30c also carries an
      upstanding pin 165 which maintains the jaws 31 and 32 of the
      spreader-pliers properly centered relative to the needle mechanism when
      the jaws are closed.
PAR  The rearward end of spreader-pliers jaw 31 supports the large cam element
      33 and the small cam element 35 while the rearward end of jaw 32 supports
      large cam element 34 and small cam element 36. Cam elements 33 and 35 are
      adapted to cooperate with cam wheel 40, while cam elements 34 and 36 are
      adapted to cooperate with cam wheel 41.
PAR  Cam wheels 40 and 41 are mounted on blocks 38 and 39, respectively. The
      blocks 38 and 39 are joined together by a plate 166, so that the cam
      wheels will act in unison. Blocks 38 and 39 are pivotally mounted upon a
      shaft 167 non-rotatively supported between side plates 64 and 65. When the
      cam wheels 40 and 41 are in their normal positions, the blocks 38 and 39
      lie in abutment with a stop bar 42, as shown in FIGS. 38 and 41. The stop
      bar 42 comprises a shaft extending between side plates 64 and 65.
PAR  A third block 168 is non-rotatively mounted on shaft 167 between blocks 38
      and 39. Block 168 is illustrated in FIGS. 38 through 40, but has been
      eliminated from FIG. 41 for purposes of clarity. The block 168 rests on
      top of stop bar 42. Spring means 169 (not shown in FIG. 41) is mounted on
      shaft 167 and has one of its ends affixed to block 38 and the other of its
      ends affixed to block 168. In similar fashion, a second spring means 170
      is mounted on shaft 167 with one of its ends affixed to block 39 and the
      other of its ends affixed to block 168. The purpose of springs 169 and 170
      is to bias blocks 38 and 39 against stop bar 42, thus biasing cam wheels
      40 and 41 to their normal positions.
PAR  The spreader-pliers actuator 27 has on its portion 30a a rearward extension
      171, the free end of which is pivotally connected to the rod end 91 of
      actuating rod 89, as at 172 (see FIG. 38). Thus, it will be evident that
      if actuating rod 89 is shifted to the right (as viewed in FIG. 38) by
      stationary cam 51 (see FIG. 20), the actuator 30 and the spreader-pliers
      29 carried thereby will rotate in a clockwise direction. As the pliers
      rotate, they will be opened slightly by small cam elements 35 and 36,
      whereupon they will close. Thereafter, they will be opened again by large
      cam elements 33 and 34 permitting them to pass the needle 22. As soon as
      the large cam elements 33 and 34 pass beyond cam wheels 40 and 41, the
      spreader-pliers jaws 31 and 32 will snap together, engaging the cut ends
      of string 7 held in the string tensioners as described with respect to
      FIGS. 10 and 11.
PAR  As the actuating rod 89 is caused to shift to the left in FIG. 38, the
      actuator 30 and spreader-pliers 29 will rotate in a counter-clockwise
      direction. The large cams 33 and 34 will abut cam wheels 40 and 41
      shifting them in a clockwise direction out of the way and against the
      urging of springs 169 and 170. As soon as the small cams 35 and 36 have
      cleared cam wheels 40 and 41, the cam wheels will return to their normal
      position shown in the figures under the influence of springs 169 and 170.
      This was described above in conjunction with FIGS. 13 and 15. Finally, the
      actuating rod 89 will again shift to the right to the extent that small
      cam elements 35 and 36 will be engaged by cam wheels 40 and 41 to enable
      the spreader-pliers jaws 31 and 32 to release the string 7 and the product
      to the discharge transfer wheel 4, as described with respect to FIG. 17.
PAR  Modifications may be made in the invention without departing from the
      spirit of it. For purposes of an exemplary showing, the invention has been
      described in an embodiment wherein the drum 1 is provided with 45
      operating heads. It will be understood that more or fewer heads could be
      used by making appropriate design changes in the machine elements
      depending also, of course, on the size of the product being handled.
PAR  It would also be within the scope of the invention to provide a single
      head, the operating instrumentalities of which are appropriately actuated.
      For example, such a single head could be maintained stationary and a
      rotating cylindrical member equivalent to member 48 (FIG. 19) bearing cam
      surfaces 50 through 55 could be provided. In such an instance, the product
      components would be hand-fed to or indexed through the head.
PAR  While the process and apparatus of the present invention have been
      described in their application for the production of sack-like products to
      be ultimately formed into tampons, it will be understood by one skilled in
      the art that the process and apparatus may be applied to any appropriate
      product requiring loop knot string tying. This is true whether a single
      head, hand fed, is used or whether the automatic machine as described,
      with multiple heads, is used. For example, the machine may be used to tie
      strings to clothing tags, identification tags or the like either singly,
      or provided to the machine in the form of a continuous web. Where the
      product being loop knotted does not require selected ones of the steps
      described above, the operating instrumentalities performing those steps
      may be eliminated. For example, if sealing is not required the heating
      coil 21 may be eliminated. Where pleating is not required, pleating jaw
      assemblies 15 and 18 may be eliminated.
PAR  The needle 22 may form a hole in the product, as described above.
      Alternatively, the needle may pass through a preformed hole in the
      product. When the product is of such nature that the simple loop knot is
      to be formed about the product rather than through a perforation therein,
      the clamping means may be modified to hold the product in such position
      that the needle passes thereabove. This will cause the simple loop knot 43
      to be formed about the product rather than through it. This is illustrated
      in FIG. 42. FIG. 42 is essentially the same as FIG. 11. The operating
      instrumentalities are the same and like parts have been given like index
      numerals. The only difference between FIGS. 42 and 11 lies in the fact
      that the parts have been adjusted in FIG. 42 to cause the needle 22 to
      pass above, rather than through, the tube or product 5. As a consequence,
      a simple loop knot will be formed about but not through the tube or
      product 5.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for forming a simple loop knot of segment of flexible
      strand-like material about a portion at least of a product, said apparatus
      comprising a head, means on said head for clamping and holding said
      product in a position to receive said loop knot, means on said head for
      forming said strand segment into a U-shaped loop behind said product, said
      U-shaped loop having a pair of legs joined by a base portion, means on
      said head for frictionally engaging the free ends of said loop legs, means
      on said head for engaging the base portion of said strand loop and
      carrying said base portion of said loop forwardly of said product and
      about said portion at least thereof and means on said head for removing
      said free ends of said loop legs from said frictional engagement means and
      drawing said free ends through said base portion of said strand loop to
      form said simple loop knot.
NUM  2.
PAR  2. The apparatus claimed in claim 1 wherein said clamping and holding means
      comprise a pair of clamping jaw assemblies in parallel spaced
      relationship, each clamping jaw assembly comprising first and second
      clamping jaws, means for shifting said first and second clamping jaws
      between an open position and a closed position wherein said product is
      held therebetween, said portion at least of said product about which said
      loop knot is formed being located between said pair of clamping jaw
      assemblies.
NUM  3.
PAR  3. The apparatus claimed in claim 1 including means for shifting said means
      for engaging said base portion of said strand loop between a fully
      retracted position behind said product, through a strand loop base portion
      engaging position behind said product and to fully extended position
      forwardly of said product along a path of travel adjacent said product so
      as to carry said base portion of said strand loop forwardly of said
      product whereby said loop knot is formed about said product.
NUM  4.
PAR  4. The apparatus claimed in claim 1 including means to shift said means for
      engaging said base portion of said strand loop between a fully retracted
      position behind said product, through a strand loop base portion engaging
      position behind said product and to fully extended position forwardly of
      said product along a path of travel through a preformed hole in said
      product whereby said means for engaging said strand loop base portion
      pulls said base portion of said loop through said hole and said loop knot
      is formed through and about a portion of said product.
NUM  5.
PAR  5. The apparatus claimed in claim 1 including means to shift said means for
      engaging said base portion of said strand loop between a fully retracted
      position behind said product, through a strand loop base portion engaging
      position behind said product and to a fully extended position forwardly of
      said product along a path of travel through said product whereby said
      means for engaging said base portion of said loop pierces a hole in said
      product and pulls said loop base portion therethrough, said loop knot
      being formed through and about a portion of said product.
NUM  6.
PAR  6. The apparatus claimed in claim 1 wherein said means for removing said
      free ends of said strand loop legs from said frictional engagement means
      and drawing said free ends through said base portion of said strand loop
      comprises a pliers-like element having a pair of jaws, means for shifting
      said pliers-like element along a path of travel through said base portion
      of said strand loop between a fully retracted position and a fully
      extended position wherein said jaws engage said free ends of said loop
      legs, and means for opening said jaws during the shifting of said
      pliers-like element from said fully retracted position to said fully
      extended position and means for closing said jaws on said free ends of
      said strand loop legs and maintaining said jaws closed during the shifting
      thereof from said fully extended to said fully retracted position.
NUM  7.
PAR  7. The apparatus claimed in claim 1 including means to pleat said product
      prior to engagement thereof by said clamping and holding means.
NUM  8.
PAR  8. Apparatus for continuously forming a simple loop knot of a segment of
      flexible strand-like material about a portion at least of each product in
      a continuous web of product material, said apparatus comprising in
      combination a single continuous source of said web of product material, a
      single continuous source of said flexible strand-like material and a
      cylindrical drum rotatable about a vertical axis, a plurality of identical
      heads mounted on said drum at the periphery thereof and evenly spaced
      thereabout, means to rotate said drum so that each of said heads
      continuously follows a circular path of travel through pick up points for
      said strand and said web of product material, through an active portion of
      the drum cycle wherein each head operates upon a segment of said product
      web to form said loop knot about a portion at least of a product thereof
      and through a product discharge point, each of said heads having a
      plurality of operating instrumentalities comprising means for clamping and
      holding said product web segment in a position to receive said loop knot,
      means for metering said strand segment from said continuous strand and
      forming said strand segment into a U-shaped loop behind said web segment,
      said U-shaped loop having a pair of legs joined by a base portion, means
      to shear said metered strand segment from said strand and to clamp the
      free end of said strand to advance said strand about said drum until the
      metered strand segment of the next adjacent upstream head is sheared,
      tensioner means for frictionally engaging the free ends of said strand
      loop legs, means for engaging the base portion of said strand segment loop
      and carrying said base portion of said loop forwardly of said web segment
      and about said portion at least thereof, pliers means for removing said
      free ends of said strand loop legs from said tensioner means and drawing
      said free ends through said base portion of said strand loop to form said
      simple loop knot, and means to actuate said operator instrumentalities in
      the proper sequence.
NUM  9.
PAR  9. The apparatus claimed in claim 8 wherein said clamping means comprises
      an upstream clamping jaw assembly and a downstream clamping jaw assembly
      in parallel spaced relationship within said head, each clamping jaw
      assembly comprising first and second clamping jaws, said first and second
      clamping jaws being shiftable by said actuating means between an open
      position and a closed position wherein said product web segment is held
      therebetween, said portion at least of said product in said web about
      which said loop knot is formed being located between said pair of clamping
      jaw assemblies.
NUM  10.
PAR  10. The apparatus claimed in claim 8 wherein said string metering and loop
      forming means is shiftable by said actuating means between a fully
      retracted position adjacent said tensioner means and an extended strand
      loop forming position behind said product web segment.
NUM  11.
PAR  11. The apparatus claimed in claim 8 wherein said means for engaging said
      base portion of said strand loop is shiftable by said actuating means
      between a fully retracted position behind said product web segment,
      through a strand loop base portion engaging position behind said product
      web segment and to a fully extended position forwardly of said product web
      segment along a path of travel adjacent said product web segment so as to
      carry said base portion of said strand loop forwardly of said product web
      segment whereby said loop knot is formed about a product of said web
      segment.
NUM  12.
PAR  12. The apparatus claimed in claim 8 wherein said means for engaging said
      base portion of said strand loop is shiftable by said actuating means
      between a fully retracted position behind said product web segment,
      through a strand loop base portion engaging position behind said product
      web segment and to a fully extended position forwardly of said product web
      segment along a path of travel through a preformed hole in a product of
      said web whereby said means for engaging said base portion of said strand
      loop pulls said base portion through said hole and said loop knot is
      formed through and about a portion of said product of said web segment.
NUM  13.
PAR  13. The apparatus claimed in claim 8 wherein said means for engaging said
      base portion of said strand loop is shiftable by said actuating means
      between a fully retracted position behind said product web segment,
      through a strand loop base portion engaging position behind said product
      web segment and to a fully extended position forwardly of said product web
      segment along a path of travel through a product of said web segment
      whereby said means for engaging said base portion of said strand loop
      pierces a hole in said product of said web segment and pulls said strand
      loop base portion therethrough, said loop knot being formed through and
      about a portion of said product of said web segment.
NUM  14.
PAR  14. The apparatus claimed in claim 8 wherein said means for removing said
      free ends of said strand loop legs from said tensioner means and drawing
      said free ends through said base portion of said strand loop comprises a
      pliers-like element having a pair of jaws, said pliers-like element being
      shiftable along a path of travel through said base portion of said strand
      loop by said actuating means between a fully retracted position and a
      fully extended position wherein said jaws engage said free ends of said
      strand loop legs, and means for opening said jaws during the shifting of
      said pliers-like element from said fully retracted position to said fully
      extended position and means for closing said jaws on said free ends of
      said strand loop legs and maintaining said jaws closed during the shifting
      thereof from said fully extended to said fully retracted position.
NUM  15.
PAR  15. The apparatus claimed in claim 8 including means to pleat said product
      web segment prior to engagement thereof by said clamping and holding
      means.
NUM  16.
PAR  16. The apparatus claimed in claim 8 wherein said means to actuate said
      instrumentalities comprises a stationary cylindrical member located within
      and concentric with said rotatable drum, said cylindrical member having a
      plurality of cam surfaces about its periphery, each of said
      instrumentalities of each head being supported by its respective head and
      being operatively connected to one end of an actuating rod, the other end
      of said actuating rod being operatively connected to a cam follower
      adapted to contact the appropriate one of said cam surfaces and means to
      maintain said cam follower in contact with its respective one of said cam
      surfaces.
NUM  17.
PAR  17. The apparatus claimed in claim 8 including means to sever said web
      segment after formation of said loop knot whereby the product of said web
      segment loop knotted at each head is detached from the product of said web
      segment loop knotted by the next adjacent downstream head.
NUM  18.
PAR  18. The apparatus claimed in claim 8 including product pitch adjustment
      means affixed to each of said heads, said pitch adjustment means each
      comprising an elongated pitch bar having a free end adapted to contact
      that portion of said web material between said head to which said pitch
      bar is affixed and the next adjacent head, means to adjust the position of
      said free end of said pitch bar radially of said drum whereby to
      compensate for change in product length in said web of product material.
NUM  19.
PAR  19. The apparatus claimed in claim 8 wherein said web of product material
      comprises a tube of flexible fluid-permeable material having measured
      increments of absorbent material therein spaced from each other by a
      distance equal to one product length, peripheral glue stripes being
      printed on said tube equidistant between said increments of absorbent
      material, means to pleat said web segment prior to engagement thereof by
      said clamping and holding means, said clamping and holding means
      comprising an upstream clamping jaw assembly and a downstream clamping jaw
      assembly in parallel spaced relationship within said head, each clamping
      jaw assembly comprising first and second clamping jaws, said first and
      second clamping jaws being shiftable by said actuating means between an
      open position and a closed position wherein said product web segment is
      held therebetween, said portion at least of said product in said web about
      which said loop knot is formed being located between said pair of clamping
      jaw assemblies, said downstream clamping jaw assembly of each head
      engaging said web at the position of a glue stripe thereon, means to heat
      said downstream clamping jaw assembly to seal said web segment at the
      position of a glue stripe thereon, means to sever said web segment after
      formation of said loop knot whereby the product of said web segment loop
      knotted at each head is detached from the product of said web segment loop
      knotted at the next adjacent downstream head to form individual products
      each comprising a sack of said flexible fluid-permeable material having
      therein a measured increment of absorbent material, said sack being
      pleated at both ends, one end being sealed and the other end being closed
      by said loop knotted strand segment.
NUM  20.
PAR  20. The apparatus claimed in claim 9 wherein said first clamping jaws of
      said upstream and downstream clamping jaw assemblies are shiftable
      longitudinally by said actuating means between said open and closed
      positions, said second clamping jaws of said upstream and downstream
      clamping jaw assemblies being rotatable by said actuating means between
      said open and closed positions, means independently spring loading said
      first clamping jaws whereby to assure that they will seat with equal force
      against their respective second clamping jaws with said web therebetween
      when said clamping jaws are in said closed position.
NUM  21.
PAR  21. The apparatus claimed in claim 10 wherein said string metering and loop
      forming means comprises a bifurcated element, the free ends of said
      bifurcations being notched to engage said strand segment and to display
      said base portion as said strand segment loop between said free ends of
      said bifurcations for engagement by said means for engaging said base
      portion of said strand segment loop.
NUM  22.
PAR  22. The apparatus claimed in claim 11 wherein said means for engaging said
      base portion of said strand loop comprises an elongated element having a
      free end and a strand engaging notch adjacent said free end.
NUM  23.
PAR  23. The apparatus claimed in claim 12 wherein said means for engaging said
      base portion of said strand loop comprises an elongated element having a
      free end and a strand engaging notch adjacent said free end.
NUM  24.
PAR  24. The apparatus claimed in claim 13 wherein said means for engaging said
      base portion of said strand loop comprises an elongated needle having a
      free pointed end and a strand engaging notch adjacent said free end.
NUM  25.
PAR  25. The apparatus claimed in claim 14 wherein said fully retracted position
      of said pliers-like element lies on one side of said web segment and said
      fully extended position lies on the other side of said web segment, said
      path of travel of said pliers-like element lying forwardly of said web
      segment and said means for opening said jaws during the shifting of said
      pliers-like element from said fully retracted to said fully extended
      positions comprising cam means so configured as to cause said jaws to pass
      to either side of said means for engaging said base portion of said strand
      loop.
NUM  26.
PAR  26. The apparatus claimed in claim 15 wherein said pleating means comprises
      a pair of pleating jaw assemblies, each pleating jaw assembly comprising
      upper and lower pleating jaws shiftable by said actuating means between
      open and closed positions, said upper and lower pleating jaws of each
      assembly having pleating teeth which lie in interdigitated relationship
      when said jaws are in said closed position.
NUM  27.
PAR  27. The apparatus claimed in claim 17 wherein said severing means comprises
      a blade supported on said strand metering and loop forming means.
NUM  28.
PAR  28. The apparatus claimed in claim 19 wherein said means for engaging said
      base portion of said strand loop comprises an elongated needle having a
      free pointed end and a strand engaging notch adjacent said free end, said
      needle being shiftable by said actuating means between a fully retracted
      position behind said product web segment, through a strand loop base
      portion engaging position behind said product web segment and to a fully
      extended position forwardly of said product web segment along a path of
      travel through a product of said web segment whereby said needle pierces a
      hole in said product of said web segment and pulls said base portion of
      said strand loop therethrough, said loop knot being formed through and
      about a portion of said product of said web segment.
NUM  29.
PAR  29. The apparatus claimed in claim 19 wherein said means for removing said
      free ends of said strand loop legs from said tensioner means and drawing
      said free ends through said base portion of said strand loop comprises a
      pliers-like element having a pair of jaws, said pliers-like element being
      shiftable along a path of travel through said base portion of said strand
      loop by said actuating means between a fully retracted position and a
      fully extended position wherein said jaws engage said free ends of said
      strand loop legs and means for opening said jaws during the shifting of
      said pliers-like element from said fully retracted position to said fully
      extended position and means for closing said jaws on said free ends of
      said strand loop legs and maintaining said jaws closed during the shifting
      thereof from said fully extended to said fully retracted position, said
      pliers-like element being shiftable by said actuating means from said
      fully retracted position to a partially extended position after said
      product loop knotted by said head supporting said pliers has been severed
      from said web by the next adjacent upstream head whereby said pliers-like
      element displays said product by said loop knotted strand segment and
      means for slightly opening said jaws when said pliers-like element is in
      said partially extended position whereby to release said product to
      appropriate transfer means.
NUM  30.
PAR  30. The apparatus claimed in claim 24 wherein said needle has a triangular
      cross section.
NUM  31.
PAR  31. The apparatus claimed in claim 30 wherein said needle is configured as
      an arc of a circle, said path of travel being arcuate about the center of
      said circle.
NUM  32.
PAR  32. A method of forming a simple loop knot of a segment of flexible
      strand-like material about a portion at least of a product comprising the
      steps of clamping and holding said product in a position to receive said
      loop knot, forming said strand segment into a U-shaped loop behind said
      product, said U-shaped loop having a pair of legs joined by a base
      portion, frictionally engaging and holding the free ends of said strand
      loop legs, engaging the base portion of said strand loop and carrying said
      base portion forwardly of said product and about said portion at least
      thereof, releasing said free ends of said strand loop legs and drawing
      said free ends through said base portion of said strand loop to form said
      loop knot.
NUM  33.
PAR  33. The method claimed in claim 32 wherein said base portion of said strand
      loop is carried forwardly of said product along a path of travel adjacent
      said product whereby said loop knot if formed about said product.
NUM  34.
PAR  34. The method claimed in claim 32 wherein said base portion of said strand
      loop is carried forwardly of said product along a path of travel through a
      preformed hole in said product whereby said loop knot is formed through
      and about a portion of said product.
NUM  35.
PAR  35. The method claimed in claim 32 including the steps of piercing a hole
      through said product and carrying said base portion of said strand loop
      forwardly of said product along a path of travel through said hole whereby
      said loop knot is formed through and about a portion of said product.
NUM  36.
PAR  36. The method claimed in claim 32 including the step of pleating said
      product prior to said clamping and holding thereof.
NUM  37.
PAR  37. A method of continuously forming a simple loop knot of a segment of
      flexible strand-like material about a portion at least of each product in
      a continuous web of product material comprising the steps of providing a
      single continuous source of said web of product material, providing a
      single continuous source of said flexible strand-like material, providing
      a cylindrical drum rotatable about a vertical axis and having a plurality
      of identical heads mounted on said drum at the periphery thereof and
      evenly spaced thereabout, rotating said drum so that each of said heads
      continuously follows a circular path of travel through pick up points for
      said strand and said web of product material, through an active portion of
      the drum cycle wherein each head operates upon a segment of said product
      web to form said loop knot about a portion at least of a product thereof
      and through a product discharge point, at each of said heads clamping and
      holding a segment of said product web in a position to receive said loop
      knot, metering said strand segment from said continuous strand and forming
      said strand segment into a U-shaped loop behind said product, said
      U-shaped loop having a pair of legs joined by a base portion, shearing
      said metered strand segment from said strand and clamping the free end of
      said strand to advance said strand about said drum until the metered
      strand segment of the next adjacent upstream head is sheared, frictionally
      engaging the free ends of said strand loop legs, engaging the base portion
      of said strand segment loop and carrying said base portion of said loop
      forwardly of said product web segment and about said portion at least
      thereof, releasing said free ends of said strand loop legs and drawing
      them through said base portion of said strand loop to form said simple
      loop knot.
NUM  38.
PAR  38. The method claimed in claim 37 including the step of pleating said web
      segment prior to said clamping and holding thereof.
NUM  39.
PAR  39. The method claimed in claim 37 wherein said base portion of said strand
      loop is carried forwardly of said web segment along a path of travel
      adjacent said web segment whereby said loop knot is formed about a product
      in said web segment.
NUM  40.
PAR  40. The method claimed in claim 37 wherein said base portion of said strand
      loop is carried forwardly of said web segment along a path of travel
      through a preformed hole in said web segment whereby said loop knot is
      formed through and about a portion of a product in said web segment.
NUM  41.
PAR  41. The method claimed in claim 37 including the steps of piercing a hole
      through said web segment and carrying said base portion of said strand
      loop forwardly of said web segment along a path of travel through said
      hole whereby said loop knot is formed through and about a portion of a
      product in said web segment.
NUM  42.
PAR  42. The method claimed in claim 37 including the step of severing said web
      segment after formation of said loop knot whereby a product of said web
      segment loop knotted at each head is detached from the product of said web
      segment loop knotted at the next adjacent downstream head.
NUM  43.
PAR  43. The method claimed in claim 37 wherein said web of product material
      comprises a tube of flexible fluid-permeable material having measured
      increments of absorbent material therein spaced from each other by a
      distance equal to one product length and having peripheral glue stripes
      printed thereon equidistant between said increments of absorbent material,
      and including the steps of pleating said web segment prior to the clamping
      and holding thereof, applying heat to said web segment to seal said web
      segment at the position of said glue stripe thereon and severing said web
      segment after formation of said loop knot whereby a product of said web
      segment loop knotted at each head is detached from a product of said web
      segment loop knotted at the next adjacent downstream head to form
      individual products each comprising a sack of said flexible
      fluid-permeable material having therein a measured increment of absorbent
      material, said sack being pleated at both ends, one end being sealed and
      the other end being closed by said loop knotted strand segment.
NUM  44.
PAR  44. The method claimed in claim 43 including the step of suspending and
      displaying said sack for pick-up by an appropriate transfer means.
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ABST
PAL  A knee kicker which also incorporates means for intensifying the force of
      the blow to the carpet engaging head in carpet laying.
BSUM
PAR  The present invention relates generally to carpet stretchers which are used
      during the laying of carpets and more particularly to devices which are
      very well known in the art as knee kickers.
PAR  A knee kicker is provided at one end with prongs to penetrate the edges of
      the carpet and at the other end with a pad. By bumping the pad with the
      knee, the carpet is stretched and may be secured in its proper position.
PAR  Experience has shown that prolonged use of the human knee as a hammer
      develops painful bruises and knee trouble and quite often, permanent
      disability of the knee.
PAR  Accordingly, the main object of the present invention is to provide an
      improved carpet laying device of the knee kicker type which will eliminate
      the above and other disadvantages of known devices.
PAR  An important object of the present invention is to provide an improved
      carpet layer of the knee kicker type which will enable the user to apply
      the full force of the blow to the carpet which is not possible on
      conventional knee kickers due to the cushion on the end of the tool.
PAR  Another important object of the present invention is to provide an improved
      carpet laying tool of the type described which enables the user to pin
      carpet in tight and hard to get at places which cannot be done effectively
      with conventional knee kickers.
PAR  A further important object of the present invention is to provide an
      improved carpet laying tool which permits the necessary carpet stretching
      force to be applied by hand without risking injury thereto, and much
      faster and more effectively than before.
PAR  Other objects and advantages of the present invention will become apparent
      during the course of the following description.
DRWD
PAR  In the drawings, there is shown one embodiment of the invention. In this
      showing:
PAR  FIG. 1 is a perspective view showing the pronged carpet stretching head
      engaging the edge of a carpet and the position of the hand weight before
      and after the hand actuated blow;
PAR  FIG. 2 is a side elevational view thereof; and
PAR  FIG. 3 is a top plan view thereof.
DETD
PAR  Referring to the drawings, numeral 10 designates the carpet stretching tool
      as a whole which embodies the present invention and which may also be used
      as a conventional knee kicker.
PAR  The tool thus comprises a head end 12, a shank 14, an integral peripheral
      shoulder 16 on the shank 14 for engagement by a sliding hand weight 18,
      and a carpet engaging head 20 having prongs 22. Various carpet engaging
      heads 20 may be used for differing prong lengths and to this end, the head
      20 is indicated as being detachable by dotted lines 24.
PAR  By way of example, the size of the shank shaft 14 may be 1 inch in diameter
      with a 3/8 inch key-way 26 formed in the bottom thereof. The sliding hand
      weight 18 may weigh 3, 5, or 9 pounds depending upon the size needed or
      the desire of the carpet layer. It will be apparent that the bottom of the
      weight 18 must be provided with a key to travel in the key-way 26 to
      control the angle of the head 20.
PAR  As earlier stated, the present invention may also be used as a regular knee
      kicker and to this end, cushioning material 28 is secured to the head 12.
      In use, the head 20 engages the carpet C and the sliding hand weight 18 is
      forcefully moved from position B against the head 12 to the position B1
      against the shoulder and stop 16 (FIG. 1) to thus transmit the full force
      of the blow to the head 20. The stop 16 may take other forms than the
      peripheral one shown.
PAR  It is to be understood that the form of my invention herewith shown and
      described is to be taken as a preferred example of the same and that
      various changes in the shape, size and arrangement of parts may be
      resorted to without departure from the spirit of the invention or the
      scope of the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination with a knee kicker having a shank, a carpet-engaging
      head with depending prongs, and a padded head engageable by the knee to
      stretch the carpet; of a peripheral shoulder formed on said shank adjacent
      to said carpet engaging head and defining a stop; and a weight slidably
      mounted on said shank and forcefully moveable by hand from the padded head
      to and against said stop to impart a sharp tug to said carpet by said
      carpet engaging-head.
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ABST
PAL  A device for lifting and transporting building boards comprises a tubular
      column extending upwardly from a bottom plate and provided at its upper
      end with a rearwardly projecting handle. The bottom plate has a forward
      edge portion providing a bearing surface for the building board and an
      upwardly curved rearward portion. A vertical supporting plate extends
      upwardly from the bottom plate in front of the upwardly extending column
      and is preferably braced to a rearward portion of the bottom plate. A
      horizontal distance member mounted on the column comprises a pressure
      plate mounted at the end of the stem portion of a tubular tee having a
      sleeve portion surrounding the column so as to be rotatable and
      longitudinally movable thereon.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to a lifting device particularly for lifting,
      transporting and positioning building boards such as plaster boards and
      wood particle boards.
PAC  BACKGROUND OF THE INVENTION
PAR  In the handling and installation of building boards, such as plaster boards
      and wood particle boards, it is necessary to transport the boards from a
      storage area to the building site and to position them accurately while
      they are secured in place. Heretofore, no special handling devices have
      been available which satisfy the special requirements of handling and
      installing building boards. Such requirements include accurate positioning
      and leveling, good contact with a vertical surface of the board to hold it
      in place and easy transportability. Various conventional devices, mostly
      intended for a wide range of applications, do not satisfy these said
      requirements.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to eliminate the above-mentioned
      deficiencies and to provide a special lifting device which meets the
      various requirements of this specialized field. In accordance with the
      invention, there is provided a lifting device which provides for
      conveniently transporting the building boards from a storage area to the
      point of use, and for accurately positioning them and holding them in
      place while they are being installed.
PAR  In accordance with the invention a handle extends upwardly from a bearing
      support providing a bearing surface for the building board and is provided
      at its upper end with hand grip means. A horizontal distance member is
      movably mounted on the handle and is engageable with a vertical face of
      the building boards. The handle is arranged so as to coact with the
      bearing surface in a force-locking manner so as to hold and position the
      board. The horizontal distance member is movable vertically on the handle
      and is also rotatable about the handle. The bearing support preferably
      comprises a horizontal bottom plate having a forward edge portion
      engageable under a building board and an upwardly extending vertical
      supporting plate engageable with a face of the building board.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  The objects, nature and advantages of the invention will be more fully
      understood from the following description of a preferred embodiment, shown
      by way of example in the accompanying drawing in which the single FIGURE
      is a perspective view of a lifting device in accordance with the invention
     .
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The lifting device shown by way of example of the drawing comprises a
      bottom plate 1, which is generally of rectangular shape and is generally
      flat except for an upwardly curved rearward portion 2. A forward portion 3
      provides a lifting area for engagement with an edge of the building board
      that is to be transported or positioned. At the rearward extent of this
      relatively narrow lifting area a supporting plate 4 extends vertically
      upwardly from the bottom plate. The supporting plate 4 is disposed
      parallel to the forward edge of the bottom plate and is perpendicular to
      the bottom plate. Stays 6 sloping down from an upper portion of the
      supporting plate 4 to a rearward portion of the bottom plate 1, are
      secured to the supporting plate and the bottom plate, for example by
      welding, and assist in rigidifying and strengthening the structure.
PAR  A tubular column 5 extends vertically upwardly from the bottom plate 1 and
      is secured thereto, for example by welding. The column 5 is disposed just
      behind the supporting plate 4 and may be welded or otherwise secured to
      the supporting plate to provide a stronger construction. At its upper end
      the column 5 is provided with a rearwardly extending handle portion 7. A
      horizontal distance member mounted on the column 5 is shown as comprising
      a tubular tee 8 having a sleeve portion 8a having a bore therethrough and
      surrounding the column 5, so as to be rotatable and axially slidable
      thereon and a stem portion 8b projecting perpendicularly from the sleeve
      portion. A pressure plate 9 is adjustably mounted on the stem portion of
      the tee 8 by means of a shank portion 9a, which extends slidably in the
      stem portion 8b of the tee. Suitable means is provided for securing the
      pressure plate in adjusted position. Such means is shown by way of example
      as comprising a screw or bolt 11, which extends through a hole in the stem
      portion 8b, and is engageable selectively with spaced holes 9b in the
      shank portion of the pressure plate 9, only one such hole being visible in
      the drawing. The pressure plate 9 comprises a generally vertical plate
      which is flat except for a slightly rearwardly bent lower portion 9c. The
      mounting of the horizontal distance member provides for rotation and for
      axial movement on the column 5.
PAR  The bottom plate 1 is shown provided with threaded holes or other holding
      means 10 for the convenient attachment of distance pieces below the bottom
      plate. These distance pieces may be spacers (not shown) having threaded
      end portions for engaging the holding means 10 and extending downwardly
      from the bottom plate. By using spacers of different height, the height of
      the bottom plate above an underlying supporting surface is thereby
      rendered conveniently adjustable.
PAR  In using a lifting device in accordance with the invention for transporting
      a building board, the pressure plate 9 is swung around to the rear of the
      column 5 by rotation of the tubular tee 8 on the column 5 and the lifting
      area 3 of the bottom plate 1 is placed under the building board. The
      building board can thereupon be conveniently lifted and carried. Moreover,
      with the bottom plate 1 resting on a flat surface, the lifting device acts
      as a stand to support a building board in vertical position. After arrival
      at the place of installation, for example a vertical building surface to
      be provided with the board, the tubular tee 8 is raised to the desired
      height and is rotated about the column 5 to bring the pressure plate 9 to
      bear against the board. Owing to the weight of the board, the pressure
      plate presses the building board onto the surface where it is to be
      installed and it keeps it there without the need of applying other force.
      The curved rearward portion 2 of the bottom plate 1 acts as a fulcrum
      about which the bottom plate 1 may be pivoted. This may be achieved by
      pulling in a rearward direction on the column 5 or the handle 7. Upon
      lifting of the forward portion 3 of the bottom plate by tipping the device
      about the curved rearward portion as a pivot, it is only necessary to move
      the supporting plate 9 downwardly whereupon the device locks itself and
      the building board in the lifted position without application of external
      forces.
PAR  While a preferred embodiment of the invention has been illustrated in the
      drawings and is herein particularly described, it will be understood by
      those skilled in the art that various modifications can be made and that
      the invention is no way limited to the illustrated embodiment.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A lifting device for lifting and transporting a building board such as a
      plaster or wood particle board or the like, comprising:
PA1  a bearing support comprising a bottom plate having a forward portion for
      supporting said board in use and a rearwardly extending curved portion
      curved upwardly for pivoting said bottom plate thereabout to lift said
      board while supported in use on said forward portion;
PA1  a column connected to said bearing support and extending upwardly therefrom
      for effecting pivoting of said bottom plate about said curved portion by
      rearwardly displacing of said column from an upstanding position in a
      direction toward said curved portion;
PA1  a pressure plate freely mounted for rotation about said column and freely
      slidable axially along said column and positionable in use at a rearward
      position to clear said board while supported in use on said forward
      portion and rotatable to a forward position for bearing against a major
      surface of said board in use on said forward portion while said board is
      positioned against a generally vertical work surface on which said board
      is to be disposed; and
PA1  a tubular tee comprising a sleeve portion, and a stem fixed to said
      pressure plate and projecting from said sleeve portion, said sleeve
      portion having an axial bore extending therethrough mounted with said
      column extending through said axial bore for free rotation about said
      column and freely slidable axially along said column, said pressure plate
      and said tubular tee being gravity biased to slide downwardly along said
      column to maintain said pressure plate bearing against said board in use
      while said board is supported on said forward portion and while said board
      is positioned against said generally vertical work surface, and to bear on
      said board and progressively slide downwardly along said column as said
      column is progressively rearwardly displaced to effect pivoting of said
      bottom plate and lifting of said board while maintaining said pressure
      plate bearing against said board and thereby to maintain said board
      positioned against said generally vertical work surface during the lifting
      of said board, whereby said board is maintained in a lifted position while
      supported on said forward portion and positioned against said work surface
      and bearing downwardly on said forward portion upon release of said
      column.
NUM  2.
PAR  2. A lifting device according to claim 1, in which said bearing support
      further comprises a supporting plate that extends upwardly from said
      bottom plate at a selected distance from the forward edge of said bottom
      plate.
NUM  3.
PAR  3. A lifting device according to claim 2, further comprising bracing means
      connecting said supporting plate with the rearward portion of said bottom
      plate.
NUM  4.
PAR  4. A lifting device according to claim 2, in which said column extends
      upwardly from said bottom plate immediately rearwardly of said supporting
      plate and further includes at its upper end a rearwardly extending handle
      portion.
NUM  5.
PAR  5. A lifting device according to claim 1, in which said pressure plate has
      a lower portion that is curved rearwardly toward said column.
NUM  6.
PAR  6. A lifting device according to claim 1, in which said pressure plate has
      a shank portion received in the stem portion of said tee, and means for
      securing said shank portion in an adjusted position.
NUM  7.
PAR  7. A lifting device according to claim 1, in which said bearing support is
      provided with holding means for attaching to spacers extending below said
      bearing support.
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PAL  A pencil-size instrument body has a manually operable valve to control an
      air passage connected to a vacuum source. A first hollow axle projecting
      forward from the body carries a rotary finger control member. A rigid air
      tube of small diameter is mounted by one end in a second hollow axle and
      constitutes therewith a replaceable probe assembly that plugs into the
      first hollow axle. A rotary hub member on the second hollow axle is
      operated by the rotary finger control member and is connected to the end
      of a coil spring that rotatably embraces the rigid air tube. The second
      end of the coil spring is connected to a rotary tip member on the rigid
      air tube that picks up small objects by vacuum action and rotates the
      objects under control of the finger control member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a vacuum pick-up instrument of the general
      character disclosed in the Lasto et al. U.S. Pat. No. 3,071,402 and in IBM
      Technical Disclosure Bulletin Volume 9, No. 7. More particularly, the
      invention relates to a pick-up instrument of the general type disclosed in
      the Weber U.S. Pat. No. 1,449,358 and in the U.S.S.R. Pat. No. 248,952,
      wherein the instrument has manually operable means to rotate the picked up
      object.
PAC  SUMMARY OF THE INVENTION
PAR  The instrument has a pencil-size body equipped with a finger-operated slide
      valve that controls an air passage in the body which is in communication
      with a suitable vacuum source. Projecting forward from the body of the
      instrument is a first hollow axle which is in communication with the air
      passage and which carries a rotary finger control member. What may be
      termed a probe assembly is removably connected to the instrument body to
      permit the use of a plurality of such probe assemblies interchangeably.
      The probe assembly comprises a rigid metal air tube with a tip member on
      its outer end to pick up small objects by vacuum action, the tip member
      being rotatable to rotate the picked up objects. The rigid air tube is
      mounted in a second hollow axle that releasably plugs into the first
      hollow axle to make the probe assembly conveniently replaceable. This
      second hollow axle carries a rotary hub member that is releasably
      operatively connected to the finger control member for rotation thereby
      and suitable means operatively connects the rotary hub member to the
      rotary tip for rotation of the rotary tip by the finger control member. In
      the present disclosure, the means for operatively connecting the rotary
      hub member to the rotary tip member comprises a coiled spring that
      rotatably embraces the rigid air tube.
PAR  In one embodiment of the invention, the finger control member frictionally
      drives the rotary hub member by means of an O-ring that embraces the hub
      member and is seated in an inner circumferential groove of the finger
      control member. In another embodiment of the invention, a conical portion
      of the finger control member is urged by spring action against a
      corresponding conical portion of the rotary hub member. In some
      embodiments of the invention the rotary finger control member is slidable
      on the first hollow axle and whenever it is desired to replace the probe
      assembly, the finger control member is simply pushed forward against the
      rotary hub member to unplug the probe assembly.
PAR  A feature of one embodiment of the invention is the incorporation of
      motion-multiplying means to amplify the rotation that is transmitted to
      the rotary hub member by the finger control member. For this purpose a
      fixed bearing race unitary with the first hollow axle is interposed
      between the finger control member and the rotary hub member and the
      bearing race captivates a series of rotary bearing elements in the form of
      balls that are in peripheral contact with both the finger control member
      and the rotary hub member.
PAR  The features and objects of the invention may be understood from the
      following detailed description and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which are to be regarded as merely illustrative:
PAR  FIG. 1 is a plan view of a first embodiment of the invention;
PAR  FIG. 2 is an enlarged sectional view taken along the line 2--2 of FIG. 1
      showing the slide valve in open position;
PAR  FIG. 3 is an enlarged fragmentary sectional view of the probe assembly and
      the forward end of the instrument body into which the probe assembly is
      removably plugged;
PAR  FIG. 4 is a transverse section along the line 4--4 of FIG. 3 showing how
      the inner end of a coiled spring is connected to the rotary hub member;
PAR  FIG. 5 is a transverse section along the line 5--5 of FIG. 3 showing how a
      manually operable slide valve is mounted on the body and retained by a
      body sheath or shell of generally triangular cross sectional
      configuration;
PAR  FIG. 6 is a transverse section along the line 6--6 of FIG. 3 showing how
      the outer end of the coiled spring is connected to a rotary member that
      releasably engages the rotary tip member of the instrument;
PAR  FIG. 7 is a transverse section along the line 7--7 of FIG. 3;
PAR  FIG. 8 is a fragmentary longitudinal section of the instrument body showing
      the slide valve in closed position;
PAR  FIG. 9 is an enlarged fragmentary sectional view of a second embodiment of
      the invention;
PAR  FIG. 10 is a similar view of a third embodiment of the invention;
PAR  FIG. 11 is a similar view of a fourth embodiment of the invention which
      incorporates means to amplify the rotation that is transmitted to the
      rotary tip member of the probe assembly; and
PAR  FIG. 12 is a transverse section along the line 12--12 of FIG. 11.
DETD
PAC  DESCRIPTION OF THE SELECTED EMBODIMENTS OF THE INVENTION
PAR  Referring to FIGS. 1-8 that illustrate the first embodiment of the
      invention, the instrument has a pencil-size body, generally designated 20,
      with a tapered socket 22 (FIG. 3) on its forward end into which a
      forwardly extending probe assembly, generally designated 24, may be
      removably plugged. The probe assembly 24 comprises essentially a bent
      rigid air tube 25 that is adapted at its inner end to be plugged into the
      socket 22 and at its outer end carries a replaceable rotary tip member 26
      to pick up small objects such as a small rectangular silicon chip or wafer
      28. The tapered socket 22 on the body 20 is formed by what may be termed a
      first hollow axle 30 and the rear end of the air tube 25 is mounted in a
      second hollow axle 32 that is shaped and dimensioned to plug into the
      tapered socket in a fluid-tight manner. In the construction shown in FIG.
      3, the inner end of the air tube 25 extends through the second hollow axle
      32 and a tapered sleeve 34 on the second hollow axle is bonded both to the
      second hollow axle and to the inner end of the air tube 25 by welding 35.
PAR  The first hollow axle 30 serves as a bearing for a rotary annular means in
      the form of a finger control member 36 which, preferably, is not only
      freely rotatable but is also free to slide axially over a given range of
      movement between a rear limit position abutting the instrument body 20 and
      a forward limit position at which an inner circumferential shoulder 38 of
      the finger control member abuts an outer circumferential shoulder in the
      form of a radial end flange 40 of the first hollow axle. The second hollow
      axle 32 that plugs into the first hollow axle serves as a bearing for a
      rotary hub member 42 which is retained by a circumferential shoulder in
      the form of a radial flange 44 of the second hollow axle in cooperation
      with an inner circumferential shoulder 45 of the rotary hub member.
PAR  The rotary tip member 26 of the probe assembly rotatably embraces the outer
      end of the air tube 25 and has a serrated radial flange 46 that is
      releasably engaged by a pair of resilient wire jaws 47 of a retainer 48.
      The retainer 48 is rotatably mounted on the air tube 25 in abutment with a
      fixed collar 50 of the air tube.
PAR  Various suitable means may be employed within the scope of the invention to
      operatively connect the rotary hub member 42 to the rotary retainer. In
      this first embodiment, a wire spring 52 formed with open coils rotatably
      embraces the air tube 25 with the rear end 54 of the wire coil extending
      into an inner longitudinal slot 55 in a tubular insert 56 of the rotary
      hub member 42 as shown in FIG. 3 and, as shown in FIGS. 2 and 6, with the
      outer end 57 of the wire spring extending into a radial slot 58 of the
      retainer 48. It is apparent that rotation of the hub member 42 causes
      similar rotation of the rotary tip member 26 by the rotary retainer 48.
PAR  The finger control member 36 may be embraced by a suitable O-ring 60 that
      serves as a comfortable finger piece and the finger control member may be
      adapted in any suitable manner for releasable operative engagement with
      the rotary hub member 42 of the probe assembly 24. In the construction
      shown in FIG. 3, the rotary hub member 42 has an axially extensive
      cylindrical surface 62 and an O-ring 64 is seated in an inner
      circumferential groove 65 of the finger control member 36 to yieldingly
      grip the cylindrical surface to cause the rotary hub member to be actuated
      by the finger control member. It is apparent that when the second hollow
      axle 32 is plugged into the first hollow axle 30, the rotary hub member 42
      of the probe assembly is simultaneously plugged into the rotary finger
      control member 36.
PAR  The hub member 42 has a circumferential bead 66 that may be grasped to
      unplug the probe assembly 24, but a feature of the invention is that the
      finger control member 36 not only drives the rotary hub member but also
      may serve as convenient means for unplugging the second hollow axle 32
      from the first hollow axle 30 to free the probe assembly 24 for
      replacement by another probe assembly. For this purpose, the finger
      control member 36 is formed with an inner circumferential shoulder 67
      (FIG. 3) to abut the inner end of the rotary hub member 42 and the
      previously mentioned range of longitudinal sliding movement of the finger
      control member is sufficient to permit the finger control member to push
      the rotary hub member 42 forwardly a distance sufficient to cause
      disengagement of the second hollow axle 32 from the first hollow axle 30.
      Normally, the inner circumferential shoulder 38 of the finger control
      member 36 is spaced rearwardly from the end flange 40 of the first hollow
      axle 30 as shown in FIG. 3. If the finger control member is pushed forward
      from the normal position shown in FIG. 3, however, the inner
      circumferential shoulder 67 of the finger control member abuts the inner
      end of the rotary hub member 42 well in advance of abutment of the inner
      circumferential shoulder 38 of the finger control member with the end
      flange 40 of the first hollow axle 30. It is to be noted that the axial
      extent of the cylindrical surface 62 of the hub member 42 is at least
      equal to said range of sliding movement of the finger control member.
PAR  The body 20 of the instrument may be of any suitable construction, but
      there are special advantages in the particular construction shown in FIGS.
      1 and 2. The body 20 is made in a number of sections comprising: a
      longitudinal core 68 which is formed at its forward end with an internally
      threaded bore 70 and is provided with an extensive external screw thread
      72 at its rear end; the previously mentioned first hollow axle 30 which,
      in effect, is an extension of the core 68 and threads into the bore 70,
      the bore of the first hollow axle having a hexagonal portion 74 to receive
      a tool for the purpose of assembly; a sheath or shell 75 which is of
      triangular cross sectional configuration as indicated in FIG. 5; a forward
      end wall 76 mounted on the first axle member 30 and backed against a
      circumferential shoulder 78 of the hollow axle, the periphery of the end
      wall being cut away to telescope into the forward end of the sheath 75 and
      to provide an outer circumferential shoulder 80 in abutment with the
      forward edge of the sheath; a tapered rear body section 82 which is
      slidably mounted on the core 68 and is cut away to telescope into the rear
      end of the sheath 75 and to form a circumferential shoulder 84 in abutment
      with the rear edge of the sheath; a circular nut 85 which engages the
      screw thread 72 of the core 68 and which may be tightened against the rear
      body section 82 to tighten the clamping of the sheath 75 between the end
      wall 76 and the cooperative rear body section 82; and a tail piece 86
      which is threaded onto the rear end of the core 68 and is sealed by an
      O-ring 88 that embraces the core, the rear end of the tail piece forming a
      nipple 90 for engagement by a flexible air hose 92 that communicates with
      a suitable vacuum source such as a vacuum pump (not shown).
PAR  As shown in FIGS. 2 and 8, a longitudinal valve member 94 having serrations
      95 to facilitate finger operation is slidingly mounted in a longitudinal
      groove 96 on the upper side of the core 68 with the valve member
      protruding through a longitudinal slot 98 in the sheath 75. A suitable air
      passage extending longitudinally through the body 20 places the threaded
      bore 70 at the front end of the core in communication with the vacuum
      source under control of the finger-operated slide valve 94.
PAR  In the construction shown, a rearward longitudinal passage 100 in the body
      core 68 terminates at its forward end at a radial bore 102 to the bottom
      of the groove 96 in which the valve member 94 slides. A second forward air
      passage 104 in the core terminates at its rear end at a radial bore 105
      which also terminates in the bottom of the groove 96. The slidable valve
      member 94 has a longitudinal recess 106 on its underside that bridges the
      two radial bores 102 and 105 when the valve member is in its open position
      shown in FIG. 2. At that time a radial vent bore 108 to the bottom of the
      groove 96 is closed by the valve member. When the valve member 94 is in
      its alternate closed position shown in FIG. 8, it covers the radial bore
      102 to cut off the vacuum source and at the same time a passage 110 in the
      valve member places the radial bore 108 in communication with the
      atmosphere to vent the recess 106 of the valve member and at the same time
      to vent the air tube 25 of the probe assembly to cause the rotary tip
      member 26 to release any object with which it may be engaged.
PAR  The manner in which this first embodiment of the invention functions for
      its purpose may be readily understood from the foregoing description. The
      slide valve 94 may be placed at its rearmost open position shown in FIG. 2
      to create a vacuum in the air tube 25 of the probe assembly and thereby
      cause the rotary tip member 26 to pick up a small object by vacuum action.
      Once a small object such as the chip or wafer 28 is engaged by the tip
      member 26, the tip member may be rotated by manipulation of the finger
      control member 36. The small object 28 may be released at will by shifting
      the slide valve 94 to its rearward closed position shown in FIG. 8.
PAR  It is a simple matter to substitute one rotary tip member 26 for another.
      It is also a simple matter to dislodge the probe assembly from the tapered
      socket 22 of the instrument body either by grasping the circumferential
      bead 66 of the hub member 42 or by thrusting the finger control member 36
      forward against the hub member.
PAR  The described sectionized construction of the instrument body 20 makes the
      instrument structure relatively inexpensive and greatly simplifies the
      fabrication of the instrument body. It will also be apparent that the
      sectionalized body structure may be largely used economically for several
      different embodiments of the instrument.
PAR  The second embodiment of the invention shown in FIG. 9 is largely identical
      with the first embodiment as indicated by the use of corresponding
      reference numerals to indicate corresponding parts. The essential
      difference is in the manner that a rotary finger control member 112 on the
      first hollow axle 30 releasably engages a rotary hub member 114 on the
      second hollow axle 32. The rotary hub member 114 has a rearwardly tapered
      surface 115 and the finger control member 112 has a corresponding inner
      circumferential tapered surface 116 and a spring washer 118 that embraces
      the first hollow axle 30 urges the finger control member 112 forward to
      provide the required pressure between the mating tapered surfaces 115 and
      116. The finger control member 112 has a series of longitudinal ribs 120
      to facilitate rotation by finger pressure.
PAR  Since the spring washer 118 normally urges the rotary hub member 114
      against the radial flange 44 of the second hollow axle 32, a washer 122 of
      suitable low friction material such as Teflon may be interposed between
      the radial flange and the cooperating inner circumferential shoulder 123
      of the rotary hub member. It is to be noted that here too, the finger
      control member 112 has the capability of sliding forward from the normal
      position shown in FIG. 9 for the purpose of exerting thrust against the
      rotary hub member 114 to unplug the probe assembly 24. The probe assembly
      may also be unplugged by grasping a circumferential bead 124 of the rotary
      hub member 114.
PAR  If manual rotary control of a tip member is not required, the probe
      assembly 125 illustrated in FIG. 10 may be substituted for the probe
      assembly 24 of the first two embodiments of the invention. The probe
      assembly 125 comprises a rigid air tube 126 that carries at its outer end
      a removable tip member 128 that has a conical socket 130 to engage the
      correspondingly tapered end of the air tube 126. In the construction
      shown, a hub member 132 having a peripheral bead 133 is rigidly mounted on
      the air tube 126 and has a tapered tubular extension 134 that is welded to
      the rear end of the air tube. Thus, the probe assembly 125 is a rigid
      assembly with no movable parts. The tubular extension 134 fits into the
      conical socket 22 of the forwardly extending hollow axle 30 and the
      periphery of the fixed hub member 132 fits into the O-ring 64 of a
      previously described finger control member 36. The probe assembly 125 may
      be unplugged by grasping the peripheral bead 133 of the hub member 132.
PAR  The substitution of the probe assembly 125 frictionally immobilizes the
      finger control member 36. Thus, the structure of the instrument body 20
      and the finger control member 36 thereon is the same as in the first
      embodiment of the invention so that the first embodiment may be converted
      into the embodiment shown in FIG. 10 by simply substituting the probe
      assembly 125 for the previously described probe assembly 24.
PAR  The instrument construction shown in FIG. 11 is largely identical with the
      first embodiment of the invention, as indicated by the use of
      corresponding numerals to designate corresponding parts, but differs in
      the incorporation of means to amplify the rotation that is transmitted to
      the rotary retainer 48. For this purpose the second hollow axle 32 carries
      a rotary hub member 140 that has a conical rear surface 142, the rotary
      hub member having a peripheral bead 143 and being similar to if not
      identical with the rotary hub member 114 of FIG. 9. A finger control
      member 148 is mounted on a first hollow axle 32a which differs from the
      previously described first hollow axle 32 of the first embodiment of the
      invention in having an integral conical ball race 145 instead of an end
      flange. As shown in FIG. 12, the fixed ball race 145 has three equally
      spaced apertures that captivate three corresponding balls 146. The finger
      control member 148, which is rotatably mounted on the first hollow axle
      32a, has a forwardly facing conical surface 150 which imparts rotation to
      the three balls 146 and thereby imparts reverse rotation to the rotary hub
      member 140. Since the diameter of the portion of the rotary hub member 140
      that is in rolling contact with the three balls 146 is substantially less
      than the diameter of the portion of the finger control member 148 that
      makes contact with the three balls, the rate of rotation of the rotary hub
      member is correspondingly increased and may be approximately doubled.
PAR  The construction shown in FIGS. 11 and 12 is especially advantageous when
      the probe assembly 152 is provided with a special rotary tip member 154
      that has a leading edge or blade 155 shaped to engage the slot in a
      miniature screw 156 for driving the screw into a threaded bore of a small
      scale assembly. With the rotation of the tip member 154 amplified, the
      number of rotations of the finger control member 148 that are required to
      install the screw 156 is greatly reduced.
PAR  The description herein of the selected embodiments of the invention will
      suggest various changes, substitutions and other departures from the
      disclosure within the spirit and scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a vacuum-actuated pick-up instrument for handling small objects, the
      combination of:
PA1  an elongated body forming a passage for communication with a controlled
      vacuum source;
PA1  a first hollow axle in communication with said air passage and extending
      rigidly forward from said body;
PA1  a second hollow axle separate from the body,
PA1  one of said hollow axles forming a socket to permit the other of the hollow
      axles to be removably plugged into the socket;
PA1  an air tube mounted in said second hollow axle and extending forwardly
      therefrom;
PA1  a tip member rotatably mounted on an outer end of the air tube to engage
      small objects by vacuum action;
PA1  a hub member rotatably mounted on said second hollow axle;
PA1  a finger control member rotatably mounted on said first hollow axle and
      releasably operatively connected to said hub member to impart rotation
      thereto;
PA1  elongated flexible means rotatably embracing said air tube with a rear end
      of the flexible means connected to said hub member for rotation thereby,
PA1  a forward end of the flexible means being connected to said tip member to
      impart rotation thereto,
PA1  said hub member having a tapered outer circumferential surface;
PA1  said finger control member having a correspondingly tapered inner
      circumferential surface;
PA1  and means yieldingly urging the finger control member to cause the tapered
      surface of the finger control member to frictionally engage the tapered
      surface of the hub member.
NUM  2.
PAR  2. In a vacuum-actuated pick-up instrument for handling small objects, the
      combination of:
PA1  an elongated body forming an inner air passage for communication with a
      controlled vacuum source;
PA1  an air tube to pick up objects by vacuum action;
PA1  cooperative means on an inner end of the air tube and on a forward end of
      the body, respectively, releasably connecting the inner end of the air
      tube with said air passage in the body;
PA1  a hub member surrounding the air tube forwardly of said cooperative means;
      and
PA1  annular means on the forward end of the body surrounding said cooperative
      means and extending forward therefrom,
PA1  said annular means forming a socket forwardly of said cooperative means to
      embrace the hub member and to cooperate with said cooperative means to
      stabilize the rigid air tube, said annular means being slidable forwardly
      against the hub member to cause disconnection of said cooperative means.
NUM  3.
PAR  3. In a vacuum-actuated pick-up instrument for handling small objects, the
      combination of:
PA1  an elongated body forming an inner air passage for communication with a
      controlled vacuum source;
PA1  an air tube to pick up objects by vacuum action;
PA1  cooperative means on an inner end of the air tube and on a forward end of
      the body, respectively, releasably connecting the inner end of the air
      tube with said air passage in the body;
PA1  a hub member surrounding the air tube forwardly of said cooperative means;
      and
PA1  annular means on the forward end of the body surrounding said cooperative
      means and extending forward therefrom,
PA1  said annular means forming a socket forwardly of said cooperative means to
      embrace the hub member and to cooperate with said cooperative means to
      stabilize the rigid air tube and including yielding means to create
      pressure against the periphery of the hub member when the hub member is in
      said socket.
NUM  4.
PAR  4. In a vacuum-actuated pick-up instrument for handling small objects, the
      combination of:
PA1  an elongated body forming an inner air passage for communication with a
      controlled vacuum source;
PA1  an air tube to pick up objects by vacuum action;
PA1  cooperative means on an inner end of the air tube and on a forward end of
      the body, respectively, releasably connecting the inner end of the air
      tube with said air passage in the body;
PA1  a hub member surrounding the air tube forwardly of said cooperative means;
      and
PA1  annular means on the forward end of the body surrounding said cooperative
      means and extending forward therefrom,
PA1  said annular means forming a socket forwardly of said cooperative means to
      embrace the hub mebmer and to cooperate with said cooperative means to
      stabilize the rigid air tube, said socket having an inner circumferential
      groove and an elastomer ring seated in said groove and extending radially
      inwardly thereof to yieldingly embrace said hub under pressure.
NUM  5.
PAR  5. In a vacuum-actuated pick-up instrument for handling small objects, the
      combiation of:
PA1  an elongated body forming an inner air passage for communication with a
      controlled vacuum source;
PA1  an air tube to pick up objects by vacuum action;
PA1  cooperative means on an inner end of the air tube and on a forward end of
      the body, respectively, releasably connecting the inner end of the air
      tube with said air passage in the body;
PA1  a hub member surrounding the air tube forwardly of said cooperative means;
      and
PA1  annular means on the forward end of the body surrounding said cooperative
      means and extending forward therefrom,
PA1  said annular means forming a socket forwardly of said cooperative means to
      embrace the hub member and to cooperate with said cooperative means to
      stabilize the rigid air tube, said hub member and said annular means
      having mutually contacting tapered surfaces;
PA1  and spring means urging said annular means forwardly to create pressure at
      the mutually contacting surfaces.
NUM  6.
PAR  6. In a vacuum-actuated pick-up instrument for handling small objects, the
      combination of:
PA1  an elongated body forming a passage for communication with a controlled
      vacuum source;
PA1  a first hollow axle in communication with said air passage and extending
      rigidly forward from said body;
PA1  a second hollow axle separate from the body,
PA1  one of said hollow axles forming a socket to permit the other of the hollow
      axles to be removably plugged into the socket;
PA1  an air tube mounted in said second hollow axle and extending forwardly
      therefrom;
PA1  a tip member rotatably mounted on an outer end of the air tube to engage
      small objects by vacuum action;
PA1  a hub member rotatably mounted on said second hollow axle;
PA1  a finger control member rotatably mounted on said first hollow axle and
      releasably operatively connected to said hub member to impart rotation
      thereto;
PA1  elongated flexible means rotatably embracing said air tube with a rear end
      of the flexible means connected to said hub member for rotation thereby,
PA1  a forward end of the flexible means being connected to said tip member to
      impart rotation thereto,
PA1  said first hollow axle having a first rearwardly facing outer
      circumferential shoulder to retain the finger control member thereon;
PA1  the second hollow axle having a second rearwardly facing circumferential
      shoulder to retain the hub member thereon;
PA1  the finger control member being slidable on the first hollow axle;
PA1  a portion of the finger control member providing an abutment for engaging
      the hub member when the finger control member is slid axially towards said
      first circumferential shoulder;
PA1  and in which the range of axial movement of the finger control member
      permitted by said first outer circumferential shoulder permits the finger
      control member to drive said hub member against the second circumferential
      shoulder before the finger control member reaches the first
      circumferential shoulder thereby to permit the finger control member to
      forcibly release the second hollow axle from the first hollow axle.
NUM  7.
PAR  7. A combination as set forth in claim 6 in which the hub member has an
      outer cylindrical surface of an axial extent at least equal to said range;
PA1  and which includes resilient means extending radially inwardly from the
      finger control member to frictionally engage said cylindrical surface
      throughout said range of axial movement of the finger control member.
NUM  8.
PAR  8. In a vacuum-actuated pick-up instrument for handling small objects, the
      combination of:
PA1  an elongated body forming a passage for communication with a controlled
      vacuum source;
PA1  a first hollow axle in communication with said air passage and extending
      rigidly forward from said body;
PA1  a second hollow axle separate from the body;
PA1  said first hollow axle forming a socket to permit the second hollow axle to
      be removably plugged into the socket;
PA1  an air tube mounted in said second hollow axle and extending forwardly
      therefrom;
PA1  a tip member rotatably mounted on an outer end of the air tube to engage
      small objects by vacuum action;
PA1  a hub member rotatably mounted on said second hollow axle;
PA1  a finger control member rotatably mounted on said first hollow axle and
      releasably operatively connected to said hub member to impart rotation
      thereto;
PA1  elongated flexible means rotatably embracing said air tube with a rear end
      of the flexible means connected to said hub member for rotation thereby,
PA1  a forward end of the flexible means being connected to said tip member to
      impart rotation thereto,
PA1  said finger control member being slidable axially on the first hollow axle;
PA1  a portion of the finger control member providing an abutment for engaging
      the hub member when the finger control member is slid axially forward,
      thereby to permit the finger control member to serve as manual means to
      withdraw the second hollow axle from the socket of the first hollow axle.
NUM  9.
PAR  9. A combination as set forth in claim 8 in which said socket is of tapered
      configuration and said second hollow axle is correspondingly tapered to
      permit a relatively small axial movement of the second hollow axle to free
      the second hollow axle from said socket.
NUM  10.
PAR  10. In a vacuum-actuated pick-up instrument for handling small objects, the
      combination of:
PA1  an elongated body forming a passage for communication with a controlled
      vacuum source;
PA1  a first hollow axle in communication with said air passage and extending
      rigidly forward from said body;
PA1  a second hollow axle separate from the body,
PA1  one of said hollow axles forming a socket to permit the other of the hollow
      axles to be removably plugged into the socket;
PA1  an air tube mounted in said second hollow axle and extending forwardly
      therefrom;
PA1  a tip member rotatably mounted on an outer end of the air tube to engage
      small objects by vacuum action;
PA1  a hub member rotatably mounted on said second hollow axle;
PA1  a finger control member rotatably mounted on said first hollow axle and
      releasably operatively connected to said hub member to impart rotation
      thereto;
PA1  elongated flexible means rotatably embracing said air tube with a rear end
      of the flexible means connected to said hub member for rotation thereby,
PA1  a forward end of the flexible means being connected to said tip member to
      impart rotation thereto;
PA1  said hub member having a tapered outer circumferential surface;
PA1  said finger control member having a correspondingly tapered inner
      circumferential surface;
PA1  a conical bearing race interposed between said two tapered surfaces; and
PA1  bearing elements rotatably mounted in said bearing race in contact with
      both of said tapered surfaces to impart rotation from the finger control
      member to the hub member.
NUM  11.
PAR  11. A combination as set forth in claim 10 which includes spring means to
      urge said finger control member towards said hub member to place said
      bearing elements under compression.
NUM  12.
PAR  12. A combination as set forth in claim 11 in which said bearing race is
      integral with said first hollow axle.
NUM  13.
PAR  13. In a vacuum-actuated pick-up instrument for handling small objects, the
      combination of:
PA1  an elongated body forming a passage for communication with a controlled
      vacuum source;
PA1  a first hollow axle in communication with said air passage and extending
      rigidly forward from said body;
PA1  a second hollow axle separate from the body,
PA1  one of said hollow axles forming a socket to permit the other of the hollow
      axles to be removably plugged into the socket;
PA1  an air tube mounted in said second hollow axle and extending forwardly
      therefrom;
PA1  a tip member rotatably mounted on an outer end of the air tube to engage
      small objects by vacuum action;
PA1  a hub member rotatably mounted on said second hollow axle;
PA1  a finger control member rotatably mounted on said first hollow axle
      releasably and frictionally engaging said hub member to impart rotation
      thereto;
PA1  elongated flexible means rotatably embracing said air tube within a rear
      end of the flexible means connected to said hub member for rotation
      thereby,
PA1  a forward end of the flexible means being connected to said tip member to
      impart rotation thereto; and
PA1  an elastomer ring seated in an inner circumferential groove of the finger
      control member extending radially inwardly from the groove to frictionally
      engage the hub member.
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ABST
PAL  A safety hook for use with lifting hoists and the like features a thumb
      operated keeper latch device arranged adjacent an end of a hook body
      gripping groove, which serves to both protect the fingers of an operator
      and position and operator's thumb for engagement with the latch device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to improvements in safety hoists of the
      general type including a hook body; a keeper, which is pivotally mounted
      on the hook body for movements between hook closed and open positions; and
      a latch device for normally retaining the keeper in its hook closed
      position. Prior disclosures of various forms of this general type of
      safety hook include U.S. Pat. Nos. 1,956,786 and 3,722,943 and Swedish
      Patent No. 319,883.
PAC  SUMMARY OF THE INVENTION
PAR  The safety hook of the present invention constitutes a departure from prior
      designs of the type described above in the construction of the latch
      device employed and the arrangement of such latch device adjacent the end
      of a hook body gripping groove, which is arranged in relation to the latch
      device for guidingly positioning the thumb of an operator in operative
      association with the latch device.
DRWD
PAC  DRAWINGS
PAR  The nature and mode of operation of the present invention is now more
      clearly described in the following detailed description taken with the
      accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of the safety hook incorporating the present
      invention;
PAR  FIG. 2 is a side elevational view of the safety hook;
PAR  FIG. 3 is a sectional view taken generally along the line 3--3 in FIG. 2;
PAR  FIG. 4 is a sectional view taken generally along the line 4--4 in FIG. 3;
PAR  FIG. 5 is a sectional view similar to FIG. 3, but showing the keeper
      disposed in its open position; and
PAR  FIG. 6 is a sectional view taken generally along the line 6--6 in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference is now made particularly to FIGS. 1 and 2, wherein the safety
      hook of the present invention is designated as 10. Safety hook 10
      generally includes a hook body portion 12; a keeper 14, which is secured
      to body portion 12 by a pivot pin 16 for pivotal movements about the axis
      of such pivot pin between the hook closed and open positions shown in full
      and phantom line in FIG. 2, respectively; and a manually operable latch
      device 18 for releasably retaining keeper 14 in its closed position.
PAR  More specifically, body portion 12 includes a keeper and latch device
      mounting portion 20a; an intermediate hook gripping portion 20b; and an
      arcuate load bearing portion 20c, which cooperates with intermediate
      portion 20b and keeper 14 to define a through opening 22 for receiving a
      cable or other rigging device, not shown, by which a suitable load may be
      supported.
PAR  Portion 20a is formed with a slot 24, which defines a pair of ears 26, 26'
      spaced apart sufficiently to receive keeper 14 therebetween. Ears 26, 26'
      are provided with axially aligned mounting openings 28, 28' to receive
      opposite ends of pivot pin 16. Portion 20a is also formed with a
      transversely extending through opening 30, which is preferably of circular
      cross-sectional configuration and extends essentially parallel to the
      keeper pivot axis and communicates with slot 24 intermediate its ends. One
      end of opening 30 is partially blocked by an enlarged stop or abutment
      portion 32, which projects transversely outwardly of ear 26, as best shown
      in FIGS. 1, 3 and 5.
PAR  Intermediate portion 20b is of a generally I-shaped, cross-sectional
      configuration and includes an inner or finger protecting flange portion
      34, an outer or strengthening flange portion 36 and a connecting or
      gripping flange portion 38, which cooperate to define oppositely facing
      gripping grooves 39, 39a. As will be apparent from viewing FIG. 1, the
      width or transverse dimension of flange portion 34 is substantially in
      excess of the like dimension of outer flange portion 36. The configuration
      of intermediate portion 20b is such as to permit an operator's hand to
      comfortably enclose outer flange portion 36 with his thumb and fingers
      arranged within the grooves in gripping engagement with opposite,
      generally planar side surfaces 38a and 38b of connecting flange portion
      38, respectively; inner flange portion 34 extending from side surfaces 38a
      and 38b sufficiently to prevent engagement of a cable or the like arranged
      within opening 22 with the thumb or fingers of the operator. It will also
      be noted that the upper end of thumb receiving groove 39 "points" toward
      and terminates immediately adjacent to latch device 18.
PAR  Keeper 14 is provided with an upper supporting end portion having an eye 40
      for permitting safety hook 10 to be secured to a lifting hoist or the
      like, not shown, and a lower, pointed end portion 42, which is removably
      engageable with bearing portion 20c to releasably retain a cable or the
      like within opening 22. Keeper 14 is also formed intermediate its ends
      with an elongated and relatively narrow rib portion 44, which has
      generally parallel side surfaces 44a and 44b extending transversely of the
      axis of pivot pin 16 and an edge surface 46 arranged to face opening 30.
      Edge surface 46 is best shown in FIGS. 4 and 6 as being provided with a
      concave notch 46a. Rib portion 44 cooperates with latch device 18 to
      releasably retain the keeper in either its closed or open positions in the
      manner to be described.
PAR  Latch device 18 is best shown in FIGS. 3 and 5 as including a
      latch-operator member 50, which is preferably of a "bar-bell"
      configuration to permit it to be received within bore opening 30 for both
      rotation and axial reciprocating movement along a path of travel disposed
      essentially parallel to the pivot axis of keeper 14; a suitable spring
      device, such as coil spring 52; and a suitable closure device, such as a
      press fitted plate 54, which cooperates with stop 32 to confine member 50
      and spring 52 within bore opening 30. Specifically, member 50 includes a
      generally cylindrical operator or push button end portion 50a; a generally
      cylindrical latch end portion 50b; and a generally cylindrical reduced
      diameter, intermediate connecting portion 50c, which is of a length in
      excess of a distance between rib side surfaces 44a and 44b. Alternatively,
      member 50 could be of a non-round, such as square, cross-sectional
      configuration, but this would of course prevent rotation of the member
      within opening 30, which is desirable for the reason hereinafter
      described.
PAR  As indicated in FIGS. 3 and 4, spring 52 tends to bias member 50 towards a
      latched position, wherein latch end portion 50a is disposed in end surface
      engagement with the inner surface of stop 32 and latch end portion 50b has
      its cylindrical or side surface arranged in latching engagement within rib
      notch 46a. In this condition of member 50, keeper 14 is latched in its
      hook closed position shown in FIGS. 1, 2, 3 and 4.
PAR  An operator may release keeper i4 for movement into its open position shown
      in FIGS. 5 and 6 and in phantom line in FIG. 2 by first grasping
      intermediate portion 20b in the manner described above and then applying
      thumb pressure to end portion 50a; thumb receiving groove 39 cooperating
      with side surface 32a of abutment 32 to positionally locate the end of the
      operator's thumb in pressure applying engagement with end portion 50a.
      Thumb pressure serves to axially displace member 50 against the bias of
      spring 52 into its unlatched position shown in FIG. 5, wherein latch end
      portion 50b is removed from within notch 46a in order to free keeper 14
      for pivotal movement towards its fully open position shown in FIGS. 5 and
      6, wherein rib 44 extends into opening 30 intermediate end portions 50a
      and 50b. Upon release of thumb pressure on end portion 50a, spring 52
      tends to return member 50 to its latched position, but is prevented from
      doing so due to blocking engagement of the radially extending stop surface
      50b of latch end portion 50b with rib side surface 44a. The latch device
      is thus operative to frictionally retain keeper 14 in its open position.
      When it is desired to return keeper 14 to its latched or closed position,
      it is merely necessary to manually swing the keeper in a counter-clockwise
      direction, as viewed in FIG. 6, sufficiently to return the keeper to the
      position shown in FIG. 4, whereupon rib side surface 44a is removed from
      engagement with latch end portion surface 50b' and spring 52 automatically
      serves to return member 50 to its latched position shown in FIG. 3. During
      swinging movement of keeper 14 towards closed position, sliding frictional
      engagement between surfaces 44a and 50b' causes member 50 to rotate within
      bore opening 30. This rotational movement of member 50 each time keeper 14
      is opened and closed assists in maintaining the cylindrical surfaces of
      end portions 50a and 50b and the walls of bore opening 30 free from
      accumulations of foreign particles, which might otherwise "freeze" member
      50 against unlatching movements within the bore opening.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a safety hook including a hook body portion having a mounting
      portion, a load bearing portion and a hook gripping portion connecting
      said mounting and load bearing portions, said mounting portion being
      formed with a slot to define a pair of spaced ears, said ears having a
      pair of axially aligned openings; a pivot pin extending transversely
      between said ears and being end supported within said aligned openings; a
      keeper having a pointed end portion, said keeper being mounted by said
      pivot pin intermediate said ears for movements about a pivot axis between
      hook closed and open positions, wherein said pointed end portion is
      disposed in and removed from engagement with said load bearing portion,
      respectively; and a latch device carried by said hook body portion for
      releasably retaining said keeper in said hook closed position, the
      improvement wherein:
PA1  said mounting portion is formed with an opening arranged to extend
      transversely thereof and essentially parallel to said pivot axis, said
      opening communicating with said slot at a point intermediate the ends
      thereof, and said mounting portion having an abutment partially blocking
      one end of said ends of said opening;
PA1  said latch device includes a member mounted within said opening for
      reciprocating movements lengthwise thereof between latched and unlatched
      positions, and spring means arranged within said opening for biasing said
      member into said latched position; and
PA1  said keeper is formed with a rib arranged intermediate said ears, said rib
      having opposite side surfaces and an edge surface arranged to face said
      opening, said edge surface having a notch formed therein, said latched
      position of said member being defined by engagement of one end of said
      member with said abutment, said one end of said member being accessible to
      an operator of said safety hook through said one end of said opening to
      permit operator pressure to be applied to said one end of said member for
      moving said member against the bias of said spring means from said latched
      position into said unlatched position, said member when in said latched
      position being engageably received within said notch to prevent movement
      of said keeper from said hook closed position and when in said unlatched
      position being removed from within said notch to permit movements of said
      keeper between said hook closed and open positions.
NUM  2.
PAR  2. The improvement according to claim 1, wherein said member has an
      operating end portion defining said one end of said member, a latch end
      portion and an intermediate portion connecting said operating and latch
      end portions, said intermediate portion having a transverse dimension
      measured transversely of said member less than said latch end portion
      whereby to provide said latch end portion with a transversely extending
      stop surface and a lengthwise dimension measured lengthwise of said member
      in excess of the distance between said side surfaces of said rib, said
      latch end portion being disposed in and removed from latching engagement
      with said notch when said member is disposed in said latched and unlatched
      positions respectively, said intermediate portion being arranged in
      alignment with said slot when said member is in said unlatched position
      whereby to permit movement of said rib into said opening intermediate said
      operating and latch end portions incident to movements of said keeper
      between said hook closed and open positions, and said stop surface being
      maintained by said spring means in engagement with one of said side
      surfaces of said rib when disposed in said opening for frictionally
      retaining said keeper in said hook open position.
NUM  3.
PAR  3. The improvement according to claim 2, wherein said opening is of
      circular cross-sectional configuration and said member is of a bar-bell
      shaped configuration with said operating and latch end portions and said
      intermediate portion being of cylindrical configuration, said member being
      driven for rotary movements within said opening by frictional surface
      engagement between said one side surface of said rib and said stop surface
      as said keeper is pivoted from said hook open position into said hook
      closed position.
NUM  4.
PAR  4. The improvement according to claim 1, wherein said hook gripping portion
      has a generally I-shaped cross-sectional configuration thereby to define a
      pair of oppositely facing grooves for separately accommodating the thumb
      and fingers of an operator, and the one of said grooves serving to
      accommodate the thumb of the operator terminating adjacent said one end of
      said opening and cooperating with said abutment to positionally locate an
      end of the thumb of the operator in pressure applying engagement with said
      one end of said member.
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ABST
PAL  A trailer mounted poultry storage rack including a plurality of spaced
      vertically extending support posts. Each support post slidably mounting a
      series of collars thereon. Each collar in turn supports a pair of
      laterally extending support arms. The collars are selectively extensible
      relative to each other along the post with aligned support arms on
      adjacent posts cooperating in the support of poultry baskets therebetween.
BSUM
PAR  The present invention is concerned with new and useful improvements in
      equipment for transporting live poultry.
PAR  More specifically, the invention is concerned with means for transporting
      poultry in large numbers in a safe and efficient manner.
PAR  In conjunction therewith, it is among the objects of the invention to
      provide a poultry trailer storage rack which can be easily and efficiently
      loaded, normally directly in the poultry building itself, with the poultry
      receiving baskets being easily accessible, avoiding excessive effort on
      the part of the poultry loaders and at the same time avoiding injury to
      the poultry.
PAR  Basically, the objects of the invention are achieved through the provision
      of a collapsible poultry storage rack which, in the collapsed position
      thereof, supports empty poultry baskets in closely nested relation with
      each other. Upon an extension of the rack into the poultry loaded position
      thereof, the racks are moved out of nested relationship with each other
      and maintained in an overlying stacked relation whereby each acts so as to
      define a lid for the subjacent basket. The extension of the rack is,
      through power means, performed in a step-by-step manner wherein each
      superjacent basket is loaded at the nested height thereof and then
      elevated so as to clear and allow filling of the subjacent basket. This is
      effected through the utilization of a plurality of vertically extending
      support posts which in turn mount arm supporting collars. The arms of
      adjacent posts support the baskets therebetween with the controlled
      elevating of the collars effecting the vertical raising of the baskets
      during the loading procedure.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAR  FIG. 1 is a top plan view, with portions broken away for purposes of
      illustration, of a poultry trailer constructed in accordance with the
      instant invention;
PAR  FIG. 2 is a side elevational view of the poultry trailer;
PAR  FIG. 3 is an end elevational view of the poultry trailer;
PAR  FIG. 4 is an enlarged elevational detail of the poultry trailer with the
      rack in its extended loaded position;
PAR  FIG. 5 is a perspective detail of the main components of the rack; and
PAR  FIG. 6 is a sectional detail of the various support components.
DETD
PAR  Referring now more specifically to the drawings, reference numeral 10 is
      used to generally designate the poultry trailer comprising the present
      invention. This trailer 10 consists basically of a wheel mounted chassis
      or load bed 12 and a poultry storage rack 14 mounted thereon.
PAR  The chassis 12 includes an elongated central main frame section or beam 16
      formed of an elongated flat base plate 18 and a pair of vertically
      extending laterally spaced parallel side plates 20. An odd number of
      support posts 22, normally eleven in number, are provided at equally
      spaced points along the center frame member 16 and fixed between the side
      plates 20 in any appropriate manner so as to extend vertically upward
      therefrom.
PAR  Each of the posts 20, which are hollow and tubular in nature, mounts a
      series of stacked support units 24 thereon for vertical sliding adjustment
      therealong. Each of the support units 24 includes a collar 26 received
      about the corresponding post 22 and vertically slidable thereon. Each
      collar has a pair of diametrically opposed tubular support arms 28 rigidly
      affixed thereto and cantilevering outwardly therefrom so as to extend
      generally transversely of the length of the poultry trailer 10. Affixed to
      the opposed vertical faces of each of the support arms 24 is an elongated
      upwardly directed support channel 30.
PAR  An elongated hollow pipe section 32 is telescopically received within the
      open upper end portion of the support post 22 with this section 32
      projecting thereabove and mounting a pair of diametrically opposed
      outwardly extending support arms 34 similar to and aligned with the
      underlying support arms 28. Each of the support arms 34 also mounts a pair
      of opposed upwardly directed elongated support channels 36. An elongated
      stabilizing brace 38 extends longitudinally along the top of the rack and
      is affixed to and interconnects the post extension sections 32 coplanar
      with the uppermost transversely extending support arms 34 so as to both
      stabilize the posts 32 and act, in conjunction with the upper support arms
      34, as a means for supporting an appropriate top cover 40. A final set of
      support arms 42 is affixed to the opposed side plates 20 and project
      laterally outward therefrom in vertical alignment with the support arms 28
      associated with each support post 22. These arms 42 also incorporate the
      support channels 44.
PAR  Each arm, from the uppermost arms 34 to the lowest collar mounted arms 28
      are connected to the next subjacent arm by two pairs of links 46 pivoted
      to each other at one end and to the respective arms at the opposite ends
      thereof for movement between a fully extended position as illustrated in
      conjunction with the uppermost links in FIG. 5 and a collapsed position as
      illustrated with the lower ones of the sets of links. The sets of links
      immediately below the fully extended upper links in FIG. 5 are illustrated
      in a partially expanded position. It will be noted that the links 46 are
      positioned toward the inner ends of the respective support arms, inward of
      the support channels.
PAR  The upper pipe section 32 telescopically received within the upper end of
      the support post 22 has the upper end portion of an elongated piston rod
      48 telescoped therein and fixed thereto, this secured upper end of the
      piston rod 48 being designated by reference numeral 50. The lower end of
      the rod 48 is received within a hydraulic cylinder 52 fixed within the
      lower portion of the corresponding post 22. The control of the hydraulic
      lift system associated with all of the posts 22 will preferably be
      synchronized with the actual system being of a conventional nature
      supplied, as one example, from the cab utilized to pull the trailer. The
      extent of vertical movement of the rod 48 and associated piston within the
      cylinder 52 will be such so as to provide for a complete extension of the
      rack 14 as shall be explained presently.
PAR  Basically, a step-by-step extension of the rods 48 will effect a sequential
      elevating of the support commencing with commencingwith the upper arms 34
      and progressing downward as suggested in FIG. 5. Initially, the pipe
      section 32 will be elevated to the full extent of the uppermost sets of
      links 46. Continued extension of the rod 48 will, through the uppermost
      sets of links 46, raise the next lower support unit until the links 46
      depending therefrom are also fully extended. This procedure continues
      until the rack is fully extended as illustrated in FIG. 4 with the
      lowermost sets of links engaged between the fixed beam mounted arms 42 and
      the collar mounted arms 28 immediately thereabove tending to lock the
      support units in the fully extended position thereof.
PAR  The poultry baskets 54 have tapered bodies and oppositely projecting upper
      handle portions 56 terminating in downturned edge flanges 58 which engage
      within a pair of opposed support channels on adjacent support post
      assemblies. The tapered nature of the baskets allows a nesting of the
      baskets in the collapsed position of the storage rack as illustrated in
      FIG. 3 with the baskets, in the extended position of the rack as
      illustrated in FIG. 4, each being spaced slightly above the subjacent
      basket so as to allow full utility of the interior of the basket for the
      poultry while at the same time providing in effect a cover therefor. The
      uppermost baskets are of course covered by the top member 40.
PAR  The poultry trailer 10 is particularly constructed for loading inside a
      poultry building with the low slung nature of the chassis 12 allowing easy
      access to the rack for loading purposes with it being contemplated that
      the fully extended height of the rack be approximately seven feet ten
      inches. By providing for a poultry trailer which can be moved directly
      into the poultry building, it will be appreciated that the trailer can be
      loaded regardless of outside weather conditions. Further, there will be no
      necessity for carrying the poultry long distances to a remote trailer as
      is now frequently required.
PAR  In the actual loading of the trailer, the upper tier of baskets 54 is
      loaded first with the rack in its fully collapsed position. In this
      manner, the men can easily drop the poultry directly into the open baskets
      without requiring the opening of doors, the removal of lids, or the like.
      This actual loading of the poultry into the baskets is facilitated by
      outwardly sliding the baskets on the elongated support channels so as to
      clear the open top of the basket from any superimposed structure. Once the
      individual basket is loaded, it is merely slid back into position beneath
      the superjacent retaining structure and, preferably, locked in its
      inwardly slid position in any appropriate manner such as through a simple
      latch mechanism, not illustrated. As each tier of baskets is filled, it is
      raised so as to expose the subjacent tier of baskets which are then slid
      outwardly on their respective support channels for easy accessibility. In
      sequentially loading the baskets in this manner, it will be appreciated
      that the baskets being loaded are always at their lowestmost level easily
      accessible directly from the ground with the baskets, when outwardly slid
      on the support channels, having a substantially completely exposed top
      through which the poultry can be easily dropped into the baskets. In
      addition to the ease with which the poultry can be loaded, it will be
      appreciated that damage to the poultry is greatly reduced in that it is no
      longer necessary to introduce the poultry through doors, small openings,
      etc. When the rack is fully loaded, the basket supporting units are in
      effect suspended from the associated support posts with the individual
      poultry baskets being supported therebetween in a manner which positively
      confines the poultry while at the same time positioning the baskets for
      easy access thereto.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A poultry storage rack comprising a base, a plurality of elongated
      upright vertically extending supports supported at their lower end
      portions from said base at points spaced therealong, said supports each
      including means at least partially enclosing a passage defined thereby
      extending longitudinally thereof and having a series of horizontally
      extending support units for the support of a poultry basket therefrom
      mounted on the exterior thereof and spaced one above the other for
      vertical adjustment therealong, each support unit consisting of at least
      one support arm cantilevered outward from its support, lost motion
      connecting means connecting each support unit to the support unit
      therebelow for upward displacement of the lower unit with the unit
      thereabove in response to elevation of the upper unit a predetermined
      distance above the lower unit and allowing downward displacement of the
      upper unit relative to the unit therebelow below a level spaced said
      predetermined distance above the lower unit; elevating means extending
      along each of said passages and connected between the corresponding
      upright support and the associated upper support unit for raising and
      lowering the latter relative to said support said elevating means being
      operable in unison.
NUM  2.
PAR  2. The rack of claim 1 wherein each support unit is connected to the next
      higher support unit by collapsible elements comprising said connecting
      means, said support units being movable between a first downwardly shifted
      stored position on the support with the collapsible elements folded
      therebetween and a second upwardly shifted position with the collapsible
      elements fully extended therebetween.
NUM  3.
PAR  3. A poultry storage rack comprising a base, a plurality of vertically
      extending support posts fixed to the base at spaced points therealong,
      each post having a series of support units mounted thereon for vertical
      adjustment therealong, each support unit including a horizontally
      projecting support arm fixed thereto and projecting laterally of the post
      for the support of a poultry basket therefrom, and means for vertically
      adjusting said support units on said support post, each support unit being
      connected to the next higher support unit by collapsible elements, said
      support units being movable between a first downwardly shifted stored
      position on the post with the collapsible elements folded therebetween and
      a second upwardly shifted position with the collapsible elements fully
      extending therebetween, said collapsible elements, in the fully extended
      second position, suspending each subjacent support unit from the next
      superjacent unit, each support unit including a collar slidably received
      about the post and a pair of diametrically opposed horizontally projecting
      support arms fixed thereto and cantilevered outward therefrom.
NUM  4.
PAR  4. The rack of claim 3 wherein the means for vertically adjusting said
      support units includes a hydraulic unit mounted within the post and
      operatively engaged with the uppermost support unit for a vertically
      upward extension thereof and a corresponding upward raising of the lower
      support units by said collapsible elements between said units.
NUM  5.
PAR  5. The rack of claim 4 wherein each support arm has as elongated upwardly
      directed support channel fixed along the opposed sides thereof for the
      supporting reception of a basket edge portion therein, aligned arms on
      adjacent support posts being adapted to support opposed edge portions of a
      basket suspended therebetween.
NUM  6.
PAR  6. The rack of claim 5 wherein said base comprises a wheel mounted chassis.
NUM  7.
PAR  7. The rack of claim 4 wherein each support unit is elevatable relative to
      and independently of the subjacent support unit for a sequential
      step-by-step raising of the support units.
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ABST
PAL  A trailer intended to be towed behind an automobile and including readily
      accessible storage space therein through panels in side walls thereof to
      an ice chest and stove, the top of the trailer providing a sleeping
      surface for restingly supporting a mattress thereon, and the trailer being
      readily convertable to a picnic table having benches slidable out of
      opposite side walls of the trailer, and a telescoping canopy associated
      with the trailer for shading the picnic table and covering the sleeping
      area thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to trailers and more particularly to a
      novel and improved trailer readily converted to a picnic table for use at
      campgrounds along highways and other places where a table and benches may
      be desired in combination with a trailer having storage space therein for
      carrying supplies.
PAR  2. Description of the Prior Art
PAR  Picnic facilities, especially those near large metropolitan areas, are
      usually greatly overcrowded during the warmer summer months with the
      picnic tables normally being taken at an early time in the day. Thus, if
      an individual wishes to be assured of having a picnic table available, the
      individual must usually make advance reservations or arrive at an early
      time at the selected picnic grounds.
PAR  It would thus be desirable to provide a readily and easily transported
      portable picnic table with the desired stability for ease of use thereof.
PAR  In addition, those individuals who wish to select their own campsite at
      locations where picnic table and other facilities are not generally
      provided must carry the necessary equipment in the automobile or a trailer
      towed therebehind, and at the site must then unpack the automobile or
      trailer to set up the desired picnic area.
PAR  It would thus be desirable to provide a trailer having readily accessible
      storage areas for readily reachable and usable items needed in camping in
      a rapid manner, including a picnic table arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel multi-purpose combination trailer
      and picnic table in the form of a trailer designed to be attached to the
      rear of an automobile and towed thereby, the trailer constructed and
      arranged such that parts thereof form a picnic table and a pair of benches
      with camping paraphernalia and food supplies being readily carried in the
      trailer along with there being readily accessible a portable ice chest and
      a self-contained portable stove carried in appropriate compartments in the
      trailer.
PAR  It is a feature of the present invention to provide a multi-purpose
      combination trailer and picnic table.
PAR  A further feature of the present invention provides a combination trailer
      and picnic table wherein the trailer may be readily converted into a
      picnic table having self-contained seating benches at the desired point of
      usage.
PAR  Still a further feature of the present invention provides a combination
      trailer and picnic table which is extremely simple to convert and which is
      easily towed behind an ordinary passenger automobile.
PAR  Still yet a further feature of the present invention provides a combination
      trailer and picnic table which is relatively inexpensive to manufacture
      due to its simplicity of construction such that it may be retailed at a
      sufficiently low price to encourage widespread use thereof, the trailer
      having a large storage and carrying capacity.
PAR  Still yet a further feature of the present invention provides a combination
      trailer and picnic bench which is of a rugged and durable construction and
      which therefore may be guaranteed by the manufacturer to withstand many
      years of intended usage.
PAR  Among further features and advantages of this invention is the provision of
      a combination trailer and picnic table which is easy to use and reliable
      and efficient in operation; one which is aesthetically pleasing and
      refined in appearance; and one which is well adapted to perform the
      services required of it.
PAR  Other features and advantages of this invention will be apparent during the
      course of the following description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of this specification, and in
      which like reference characters are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is a perspective view of the combination trailer and picnic table of
      the invention;
PAR  FIG. 2 is a front end elevational view of the trailer partially converted
      to use as a picnic bench;
PAR  FIG. 3 is a side elevational view of the trailer showing the ice chest and
      self contained stove projecting outwardly from their associated
      compartments; and
PAR  FIG. 4 is a cross-sectional view taken along Line 4--4 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail there is illustrated a preferred
      form of a multi-purpose combination trailer and picnic table constructed
      in accordance with the principles of the present invention and designated
      generally in its entirety by the reference numeral 10.
PAR  The trailer 10 includes a pair of parallel longitudinal side frame members
      11 having their ends interconnected by transverse cross-members 12 and
      including an axle 13 extending normal to the side members and supported on
      a pair of leaf springs 14 from the side members. A yoke shaped tongue
      member 15 is secured to the members 11 and 12 and project outwardly from
      the front end of the trailer to terminate at a conventional coupler 16
      adapted to be engaged by an associated trailer hitch (not shown) on the
      back of the towing automobile (not shown). Associated with each end of
      axle 13 is one of a pair of wheels 17.
PAR  Extending upright from each side frame 11 are vertical side walls 21 and
      22, and connected along the peripheral front and back edges thereof and
      extending upright from associated cross-member 12 are vertical front end
      walls and back end walls 23 and 24 respectively. A bottom 25 is provided
      associated with frame members 11 and 12 and which, with the wall surfaces
      21-24 defines interiorly thereof a compartment 26 opening out of the top
      end of the trailer and which is closed by flat rectangularly shaped cover
      member 27 hingedly connected by hinge 28 extending along its back side
      edge 29 to the top edge of side wall 21 to provide selective swingable
      movement of the cover thereabout to provide selected access to compartment
      26. Disposed in each of the corners of cover 27 are removable caps 30
      which may be threaded into suitable openings in the cover or may be of the
      friction type cylindrical configuration to be frictionally inserted into
      suitable openings in the cover to close the same. Each of covers 30 is
      disposed axially above an associated socket 31 affixed in the corners of
      compartment 26 and projecting vertically relative thereto, the use thereof
      which will be later described.
PAR  A horizontal slot 35 extends through each of the side walls 21 and 22 with
      each slot having slidably inserted therein a bench member 36 of a flat
      rectangular configuration and having its corners nearest the trailer side
      wall connected by brackets 38 to guide tracks in the compartment 26 for
      retaining the bench in a position adjacent the associated trailer side
      wall when removed from the compartment and permitting ease of reinsertion
      of the bench into the compartment through its associated slot. Each bench
      36 has associated therewith leg members 39 pivotally supported by brackets
      40 to be opened to support the bench on the ground when apart from the
      trailer, and foldable flat against the bench to permit for the bench to be
      reinstated through is associated slot 35 for storage purposes in the
      trailer.
PAR  Disposed above each bench running longitudinally of the trailer adjacent
      each side edge 21 and 22 are a pair of storage shelves 42 which are
      transversely spaced apart and which provide increased storage space in the
      trailer which is readily accessible upon the lifting of cover 27.
PAR  Front trailer end wall 23 is provided with a rectangular opening 51
      closable by door 52 connected by hinges 53 to the front trailer end and
      which provides access to interior compartment containing portable ice
      chest 54 which is slidable outwardly from the compartment to rest on the
      interior of door 52 when in the open position resting on the top edges of
      tongue 15 to provide ease of access to the ice chest. Suitable tracks for
      guiding and supporting movement of the ice chest into and out of the
      trailer may be provided.
PAR  Similarly, disposed in trailer back end wall 24 is a rectangular opening
      closable by door 62 connected by hinges 63 to the trailer back end wall
      and swingable between a vertical position closing the opening and a
      horizontal position providing a platform onto which a self-contained
      cooking stove 64 may be slide for ease of access and use thereof.
PAR  In addition, disposed in compartment 26 rearwardly thereof is a water
      container 66 which is connected by suitable piping to a water discharge
      spout 67 projecting rearwardly of trailer back end wall 23 for ease of
      access to dispensing a desired quantity of water from the container at any
      time.
PAR  A canopy 70 of a flat rectangular configuration is provided having its
      corners supported by telescoping leg members 71 each having their base
      ends thereof received in associated sockets 31 to provide an overlapping
      canopy over the cover 27 for shading the picnic table as well as to
      protect the top surface of the cover 27 from the elements, this being
      preferable when a mattress (not shown) is supported on the cover for
      overnight sleeping of an individual, short naps, and the like.
PAR  It is to be understood that the form of this invention herewith shown and
      described is to be taken as a preferred example of the same, and that this
      invention is not to be limited to the exact arrangement of parts shown in
      the accompanying drawings or described in this specification as various
      changes in the details of construction as to shape, size, and arrangement
      of parts may be resorted to without departing from the spirit of the
      invention, the scope of the novel concepts thereof, or the scope of the
      sub-joined claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A multi-purpose combination trailer and picnic table intended for towing
      behind automobiles comprising:
PA1  a horizontally disposed frame having longitudinally extending side frame
      members and transversely extending cross frame members;
PA1  an axle extending transversely of the frame and having a wheel rotatably
      supported on each end thereof;
PA1  a tongue associated with the front end portion of the frame and projecting
      outwardly therefrom adapted to be connected to the towing automobile;
PA1  a horizontal bottom surface supported by the frame;
PA1  a pair of transversely spaced apart longitudinally extending vertically
      disposed side wall members;
PA1  a pair of longitudinally spaced apart transversely extending vertically
      disposed front and back end wall members interconnecting the side wall
      members at opposite ends thereof;
PA1  a compartment defined by the wall members and bottom floor member and
      opening out of the top of the trailer;
PA1  a flat rectangularly shaped cover member closing the top of the compartment
      and movable relative thereto between a position providing access to the
      compartment and a position completely closing the compartment;
PA1  a pair of flat elongated rectangularly shaped bench members, each member of
      a length less than the length of an associated sidewall slot and
      associated with the slot to be slid therethrough between a protected
      enclosed storage position within the trailer compartment and an operable
      position disposed exteriorly of the trailer in a position in the proximity
      of the cover member whereby the upper surface of the cover member may be
      utilized as a table top by a person disposed on said bench members;
PA1  means for guiding the movement of the benches between the exterior use and
      the interior storage position; and
PA1  a canopy telescopically supported relative to the cover member to be
      elevated thereabove to provide a shade and weather protective element
      therefor.
NUM  2.
PAR  2. The combination trailer and picnic table as set forth in claim 1 wherein
      each of the bench members comprises:
PA1  a flat seat forming member having opposed end edges;
PA1  a multitude of leg members each hingedly associated with the seat member
      and swingable between an extended position normal to the seat member to
      support the seat member on a ground surface in the exterior position of
      said bench member, and swingable to a storage position disposed adjacent
      one surface of the seat member for storage of the bench within said
      compartment;
PA1  and said guide means comprises:
PA2  a pair of elongated rigid brackets each having one end pivotally connected
      to a corner of an edge of the seat member and projecting outwardly
      therefrom in the direction of the associated trailer side wall member, the
      opposite end of each bracket being pivotally associated with the side wall
      member for guiding the movement of the bench between the storage position
      and the operative exterior position.
NUM  3.
PAR  3. The combination trailer and picnic table as set forth in claim 2 further
      characterized by an opening extending vertically through each corner of
      the cover member; a cap member associated with each opening and removably
      inserted thereinto; and a vertical socket member affixed to each corner of
      the trailer compartment in axial alignment with an associated one of the
      openings and adapted to receive therein the base end of an associated one
      of the telescoping supports of the canopy.
NUM  4.
PAR  4. The combination trailer and picnic table as set forth in claim 3 further
      characterized by a rectangular opening disposed in the trailer front end
      wall; a door associated with the opening and hinged to the front end wall
      to provide selective opening and closing of the opening, the door when
      opened resting on the top edges of the tongue, the door providing access
      to a front end portion of the trailer compartment having a portable
      self-contained ice chest carried therein and slidable between a storage
      position inwardly of the trailer compartment and an operative position
      resting on the interior surface of the door when open to form a horizontal
      platform resting on the tongue.
NUM  5.
PAR  5. The combination trailer and picnic table as set forth in claim 4 further
      characterized by a rectangular opening disposed in the trailer back end
      wall member; a door associated with the opening and hinged to the back end
      wall for swingable movement between a position closing the opening and a
      horizontal position defining a horizontal platform and providing
      simultaneous access to the back end portion of the trailer compartment;
      and a self-contained stove carried in the compartment and slidable between
      a storage position inwardly of the compartment and an operative position
      resting on the interior of the door defining horizontal platform.
NUM  6.
PAR  6. The combination trailer and picnic table as set forth in claim 5 further
      characterized by a pair of longitudinally extending transversely spaced
      apart flat shelf members each extending through the trailer compartment
      adjacent an associated interior surface of a side wall member spaced
      vertically above the storage position of the benches.
NUM  7.
PAR  7. The combination trailer and picnic table as set forth in claim 6 further
      characterized by a water container supported in the rear end portion of
      the trailer compartment; and a water spout affixed to the back end portion
      of the trailer and projecting outwardly therefrom and in communication
      with the water container for the dispensing of any desired quantity of
      water therefrom exterior of the trailer.
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ABST
PAL  A unitized body construction incorporating longitudinal and lateral
      reinforcing members providing also yieldable shock absorbing members.
BSUM
PAR  The present invention relates in general to a unitized body construction of
      a motor vehicle, and particularly to an improved construction of the front
      section of the body to secure survival space for the passengers in a
      collision.
PAR  When an automobile is involved in a head-on collision at high speed,
      various impact forces are applied on varied portions of the vehicle body.
      In a head-on collision, the impact forces produced will naturally result
      in heavy deformation or buckling of the front section of the body. A
      variety of reinforcing and shock absorbing constructions have been
      proposed and developed which are intended to absorb impact forces to
      prevent the vehicle front from being seriously deformed to protect the
      passengers of the vehicle.
PAR  In designing a collision collapse-resistant vehicle front prime
      consideration should, of course, be given to passenger protection.
PAR  In general, the designed strength of a vehicle body may be shared partly by
      the roof and side constructions of the body, but mainly by the
      construction of floor members. It is the modern and established practice
      to design and construct an integral, or a unitized body wherein the body
      and frame are made in one unit. The floor construction is thus
      proportionally the most important in the share of the constructional
      strength of a vehicle body, and therefore, there have been proposed a
      variety of floor constructions of reinforcing and shock absorbing
      character.
PAR  A typical conventional construction of the front floor section is
      illustrated in FIGS. 1 and 2, wherein a front floor member 10 secures on
      its upper surface, a cross member 12 extending laterally to constitute a
      reinforcing member of box-shaped cross section, a fire wall or dashboard
      panel 14 is secured to the front floor member 10, two dash side members 16
      secured onto the lower surface of the dashboard panel 14 separate from
      each other and extending in the longitudinal direction of the vehicle
      constituting a reinforcing member of box-shaped cross section, and two
      front floor side members 18 secured to both lateral sides of the front
      floor member 10 and having a box-shaped cross section, wherein both ends
      of the above-mentioned cross member 12 are secured to the lateral sides of
      the front floor side members 18. In section in FIG. 2, a cowl box 20,
      which is composed of an upper member 20a and a lower member 20b is shown.
PAR  Since such longitudinal and lateral reinforcing members of the vehicle
      cabin as the dash side members 16 and the cross member 12 are separated
      from each other, in a head-on collision of a motor vehicle, deformation,
      buckling or collapse in the bent sections P1 and P2 of discontinuous
      construction of the fire wall or dashboard panel 14 may occur.
PAR  It is therefore a primary object of the present invention to provide an
      improved and useful reinforcing construction of the front floor section of
      a vehicle which provides a continuous or integral joint construction
      between the dashboard panel and the front floor member to prevent any
      stress concentration in such a joint construction and to absorb such
      stresses caused in a collision minimizing the deformation or buckling of
      such floor construction, thus securing a survival space for the passengers
      in the vehicle cabin.
PAR  It is another object of this invention to provide an improved and useful
      reinforcing construction of the front floor section of a vehicle body
      which provides a right-angled connection both in the central portion and
      the lateral side portions of a vehicle floor, so that both longitudinal
      and lateral reinforcing members may continuously be jointed with each
      other in the front floor section of the vehicle, thereby improving
      substantially the rigidity of the entire vehicle floor construction
      against any of or combinations of buckling and/or torsional stresses in
      the longitudinal and lateral directions caused by a head-on collision,
      thus minimizing local deformation or buckling of the front floor section
      of the passenger cabin.
PAR  It is still another object of this invention to provide an improved and
      useful reinforcing construction of the front floor section which provides
      a construction of box-shaped and further curvilinear cross section
      stemming from the front floor section and rising up to the dashboard panel
      section to dissipate any stresses rendered in the longitudinal direction
      in the front floor section to the cooperating floor members therewith, and
      eventually minimizing local deformation or buckling of the front floor
      section.
PAR  It is still a further object of this invention to provide improved and
      useful shock absorbing members on the lateral sides of the engine room of
      a vehicle having box-shaped cross sections and shallow portions which may
      respond to predetermined impact loads so that they may buckle or deform
      without difficulty when exposed to such impact loads rendered in the
      longitudinal direction and thus may absorb such impact loads.
PAR  According to this invention there is provided an improved and useful
      reinforcing and shock absorbing construction of the front floor section of
      a motor vehicle, which comprises a fire wall or dashboard panel separating
      the passenger cabin from the engine room, a front floor member, a cross
      member extending in the lateral direction of the vehicle body and
      connected to the floor member, two side members with the leading ends
      thereof extending and connected to the dashboard panel and with the tail
      ends thereof extending to reach the cross member and connected thereto,
      and two front floor side members extending in the longitudinal direction
      and along the both lateral sides of the front floor member and connected
      thereto, whereby, in a collision, the front floor member, the dash side
      members and front floor side members constitute a rigid construction of
      box cross section to improve the rigidity of the floor members against the
      stresses applied in the longitudinal direction, and the cross member, the
      dash side members and the front floor side members constitute a
      right-angled joint of rigid construction to improve the rigidity of the
      floor members against the stresses applied in the lateral direction, such
      that stresses may be jointly shared by such constituent members, thus
      minimizing deformation of the vehicle body and assuring the safety of the
      passengers in a collision.
PAR  The foregoing objects, characteristics, principle, and details of the
      present invention, as well as further objects and advantages thereof, will
      become more apparent from the following detailed descriptions with respect
      to preferred embodiments of the invention when read in conjunction with
      the accompanying drawings, in which like parts are designated by like
      reference numerals.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is an exploded perspective view showing a conventional arrangement
      of front floor members of a motor vehicle;
PAR  FIG. 2 is a longitudinal section view taken along the plane designated by
      the line II--II in FIG. 1 showing a general arrangement of the front floor
      members of FIG. 1;
PAR  FIG. 3 is an exploded perspective view showing a first preferred embodiment
      of front floor members of a motor vehicle according to this invention;
PAR  FIG. 4 is a longitudinal section view taken along the plane designated by
      the line IV--IV in FIG. 3 showing the general arrangement of the front
      floor members of FIG. 3;
PAR  FIG. 5 is a cross section view taken along the plane designated by the line
      V--V in FIG. 3 showing the constructional members connected;
PAR  FIG. 6 is an exploded perspective view showing a second preferred
      embodiment of front floor members of a motor vehicle according to this
      invention;
PAR  FIG. 7 is a longitudinal section view taken along the plane designated by
      the line VII--VII in FIG. 6 showing the general arrangement of the front
      floor members of FIG. 6;
PAR  FIG. 8 is a cross section view taken along the plane designated by the line
      VIII--VIII in FIG. 6 showing the constructional members connected;
PAR  FIG. 9 is an exploded perspective view showing a modification of side
      reinforcing members of a motor vehicle according to this invention;
PAR  FIG. 10 is a fragmentary plan view showing the general arrangement of the
      side reinforcing members seen from the direction indicated by the arrow
      "X" in FIG. 9;
PAR  FIG. 11 is a side view showing the general arrangement of the side
      reinforcing members seen from the direction indicated by the arrow "y" in
      FIG. 10; and
PAR  FIG. 12 is a top plan view showing the joint portions of the side
      reinforcing members seen from the direction indicated by the arrow "Z" in
      FIG. 11.
DETD
PAR  The construction and function of a reinforcing and shock absorbing
      construction of the front floor section of a motor vehicle according to
      this invention will now be described in details with respect to preferred
      embodiments thereof in conjunction with the accompanying drawings.
PAR  Referring to the accompanying drawings, there are shown reinforcing
      constructions of the front floor section and the cooperative side
      constructional members of a motor vehicle according to this invention. A
      fire wall or dashboard panel separating the passenger cabin from the
      engine room reaches a cross member which extends in the lateral direction
      of the vehicle body (hereinafter simply referred to as "the lateral
      direction" or "laterally") to the full width of the front floor of the
      cabin, and in which two dash side members secured to the back surface of
      the dashboard panel extend in the longitudinal direction of the body
      (hereinafter simply referred to as "the longitudinal direction" or
      "longitudinally") at least to an extent enough to reach the cross member
      and is secured to the front floor member, thereby providing the entire
      floor construction with a higher rigidity against buckling and/or
      torsional stresses applied upon the vehicle body.
PAR  FIGS. 3 to 5 show a first embodiment of this invention. A front floor
      member 10 has a central ridge extending in the longitudinal direction, and
      a cross member 12 is secured onto the upper surface of the front floor
      member 10 and extending in the lateral direction, both members together
      constituting a rigid right-angled reinforcement. Also shown are a fire
      wall or dashboard panel 14 and two dash side members 16, the panel
      extending vertically downwardly and then turning horizontally so as to
      join the front floor member 10 in a horizontal plane, and the members
      being secured onto the under surface of the front floor member 10
      separated from each other at a certain distance and extending in the
      longitudinal direction to an extent enough to reach the cross member 12
      above the front floor member 10, both members being secured together so as
      to constitute a rigid reinforcement construction of box-shaped cross
      section. In addition, there are also provided a pair of front floor side
      members 18 of box-shaped cross section and secured to the lateral sides of
      the front floor member 10 and the dashboard panel 14, to which both ends
      of the cross member 12 are secured to form a right-angled reinforcement.
      In such a unitized floor construction of a vehicle cabin, although there
      is no illustration in the accompanying drawings, the tail ends of the dash
      side members 16 may be designed to further extend to such an extent that
      they reach another cross member secured on the under surface of a center
      floor member, thus forming another right-angled reinforcement.
PAR  According to the above described unitized floor construction of this
      invention, as the two dash side members 16 extend across the cross member
      12 under the front floor section of the cabin and are secured thereto, the
      rigidity of the entire front floor member 10 is increased. Furthermore,
      the dash side members 16 form a rigid-angled joint of box-shaped cross
      section together with the cross member 12 in the front floor section, in
      both upper and under surfaces thereof, and the cross member 12 being
      further secured immediately to the front floor side members 18, thus
      additionally improving the rigidity of the front floor construction of the
      vehicle body against buckling and/or torsional stresses applied thereupon.
PAR  In a head-on collision of a motor vehicle the impact forces applied on the
      dashboard penel 14 may be counteracted by the above-mentioned dash side
      member 16, and the impact forces applied directly on the dash side members
      16 may be cooperatively shared by the cross member 12 and the front floor
      side members 18, thus preventing the deformation and/or buckling of the
      vehicle body and assuring passenger safety.
PAR  The longitudinal section shape of the side members 16 may be modified as
      shown in the second preferred embodiment of this invention. Referring now
      to FIGS. 6 to 8, there are shown a front floor member 10 formed with a
      curvilinear cross section having an appropriate curvature R in concavity
      toward the inside of the cabin and a dashboard panel 14 formed with a
      curvilinear cross section having a curvature R' likewise toward the inside
      of cabin and secured to the above-mentioned front floor member 10. In
      addition, there are shown two dash side members 16 secured onto the under
      surface of the dashboard panel 14 and separated from each other at a
      certain distance on the under sides thereof, which are also formed with
      such a curvature so as to exactly fit with the curvatures R and R' of the
      front floor member 10 and the dashboard panel 14, respectively, and
      further these dash side members 16 extend to such an extent enough to
      reach the cross member 12 which is secured on the upper surface of the
      front floor member 10 so that the tail ends of the dash side members 16
      may be rigidly joined with the cross member to provide a reinforcing
      construction of a box-shaped cross section under the front floor member 10
      and a right-angled cross joint of box-shaped cross section with the cross
      member 12. The leading ends of the dash side members 16 are closed with a
      gradually shallowing groove therein, extending up to the lower end of a
      vertically hanging portion of the dashboard panel 14 to be secured rigidly
      over the dashboard panel. Along with the curvature of the front floor
      member 10, a part of two front floor side members 18 secured on the
      lateral sides of the front floor member 10 may be formed with a curvature
      R so that the front side members 18 may coincide at least partly with the
      curvature R of the front floor member when assembled therewith.
      Incidentally, in this second embodiment of the invention, it is required
      that a distance l from the lower end of the joint section of the dashboard
      panel 14 with the dash side member 16 to the lower end of a cowl box 20
      should be appropriately selected so that the distance l may not become a
      weak link in the rigidity of such box construction. This cowl box
      construction may be modified with such an alternative wherein a lower
      member 20b of the cowl box 20 is substituted by an appropriate extension
      of the dashboard panel 14.
PAR  According to the second embodiment of this invention as described above the
      front floor member 10 and the dashboard panel 14 are likewise formed with
      curvatures in a concave fashion toward the inside of the passenger cabin
      thus eliminating discontinuity as experienced in the conventional design
      in the rigid construction from the dashboard panel through to the front
      floor member. By virtue of such construction, there occurs no stress
      concentration in the front floor section in a collision of the vehicle and
      such stresses may be effectively dispersed to the constructional members
      cooperating adjacent thereto so that a deformation or buckling of such
      constructional members may be prevented or minimized. Moreover, the two
      dash side members 16 extending to reach the cross member 12 so that there
      is formed a right-angled cross joint both in the upper surface and the
      under surface of the front floor section, and the above-mentioned cross
      member 12 is crosswise secured to the front floor side member 18 to form
      an entirely integral connection of such longitudinal and lateral
      reinforcing members, consequently resulting in a remarkable improvement in
      the rigidity of the front floor construction against bending and torsional
      stresses in either the longitudinal direction or in the lateral direction.
PAR  When external forces are applied in the longitudinal direction in a head-on
      collision, for instance, the major part of such forces of stresses is
      shared by the front floor member 10 and the dash side members 16, and the
      forces applied on the dash side members 16 are further shared by side
      sills (not shown) of the body through the front floor side members 18.
      When external forces act in the vertical direction of the vehicle body,
      such forces or stresses are cooperatively shared by the dashboard panel 14
      and by the generally upright parts of the dash side members 16. By such
      cooperative function of the constructional members in the front floor
      section of the vehicle, deformation or buckling of the passenger cabin due
      to such stresses may be minimized as practicably as possible so that a
      survival space for the passengers can be maintained.
PAR  In a third embodiment of this invention, two front pillars are provided to
      disperse a great impact force generally in the vertical direction of the
      vehicle body, and simultaneously to absorb a portion of the force through
      substantial plastic deformation of such pillars. For more details, the
      component of such impact force applied on the upper part of the body is
      compensated by such lateral reinforcing members as the front pillars
      extending in the vertical direction in the front part of the cabin, while
      the component of such forces applied on the lower portion of the body is
      compensated by the dash side member located beneath the dashboard panel to
      cushion or diminish the transmission of such impact forces to the vehicle
      body, and thus to minimize the deformation of the cabin and to assure the
      safety of the passengers.
PAR  Referring now to FIGS. 9 to 12, there is shown only one side of two front
      pillars 30 composed of an inner panel 30a and an outer panel 30b of a
      polygonal cross section, a hoodridge panel 32 secured to the front pillars
      30 and a front bulk head 38 disposed in the lateral direction in the front
      end position of the body, a suspension member plate 34 secured to the
      hoodridge panel defining a polygonal section and constituting a
      reinforcing member A with the hoodridge panel. One end Ac of the
      reinforcing member A is secured to the outer panel 30b of the front
      pillars 30, while the other end Aa thereof is secured to the front bulk
      head 38, and the extended end of the suspension member plate 34 is bent
      and secured to the lower end of the hoodridge panel 32 so as to define a
      mounting surface Ab.
PAR  In the central upper portion of the suspension member plate 34 there is
      provided a bracket 36 for a strut suspension member (not shown), and the
      central portion thereof corresponding to the bracket defines a lower side
      portion Ad with a gradual reduction in the vertical dimension from both
      front and rear ends thereof so as to provide flexibility or fragility
      against the stresses applied thereto to effectively absorb shock loads, as
      described in details hereinafter.
PAR  There is also shown a part of a cowl top member or style strip 40 which
      covers an inlet port to the cabin ventilator or heater, and provides
      mounts for the windshield wipers, and to which secured are a cowl grill
      40a and a cowl lower panel 40b defining a chamber of a polygonal cross
      section. The elements 40, 40a and 40b are secured onto the above-mentioned
      reinforcing member A while extending partly to the front pillar 30, thus
      forming a unitized reinforcing submember in the upper portion of the
      vehicle body which provides rigidity against stresses applied in the
      lateral direction.
PAR  As in the preferred embodiments described hereinbefore, there are two dash
      side members 16 extending to the cross member 12 disposed in parallel
      separate positions under the dashboard panel 14, and secured thereto. The
      reference numeral 50 designates one of two side sills disposed along the
      lateral sides of the front floor member extending in the longitudinal
      direction, the leading end 50a of which is secured to the lower portion of
      the front pillar 30 and the lateral side thereof being secured to the
      cross member 12.
PAR  There is also shown a sub-frame 52 of a rectangular shape to support the
      engine of the vehicle, which sub-frame is provided with brackets 52a at
      the four corners thereof for connection to the vehicle body. The front
      brackets 52a of the sub-frame 52 are secured on the mounting surface Ab
      provided in the lower end of the reinforcing member A and the rear
      brackets 52a thereof are secured to the lower portions of the
      above-mentioned dash side members 16.
PAR  According to the above described construction of the constituent
      reinforcing members of this invention, advantages are attained in
      comparison with the conventional reinforcing construction of the vehicle
      body, i.e.;
PAR  1. By virtue of such arrangement that one end of the reinforcing member A
      of polygonal cross section is secured to the front pillars 30 and the
      other end thereof extending downwardly is secured in the longitudinal
      direction to the front bulk head 38, it is possible to attain further
      improved rigidity of the vehicle body in a practical way.
PAR  2. By virtue of such arrangement that the reinforcing member A of polygonal
      cross section is provided in the longitudinal direction, the cowl top
      member adding rigidity in the lateral direction, and the front pillar 30
      of polygonal cross section resisting stresses applied in the vertical
      direction, and further such constituent members cooperating with each
      other further improved rigidity of the vehicle body is attained against
      buckling and/or torsional deformation.
PAR  3. In a head-on collision of the vehicle, the impact forces from such
      collision are effectively dispersed by the reinforcing member A in the
      upper portion of the body and by the sub-frame 52 in the lower portion of
      the body, respectively, and the impact energies are absorbed through
      plastic deformation of such constituent members according to their
      individual rigidity. The forces applied on the upper portion of the body
      are relayed to the front pillar 30 of rigid construction, and the forces
      applied on the lower portion of the body are conveyed to the dash side
      members 16, further to the side sills 50 in the floor construction through
      the cross member 12, thus cushioning or damping the transmission of the
      shocks to the passenger cabin and assuring the safety of the passengers.
      Particularly in the reinforcing member A, by virtue of the central shallow
      section thereof which may become a section yielding to predetermined
      stresses applied thereupon, it can readily buckle or otherwise deform
      without difficulty, and therefore it can absorb effectively impact
      energies.
PAR   4. By virtue of the reinforcing member A which is immediately secured to
      the front pillar 30 and the cowl top member 40 prefabricated with the cowl
      grill 40a and the lower panel 40b, it may readily be assembled, thus
      contributing to a curtailment of the manufacturing steps of the entire
      vehicle cabin.
PAR  As fully described in the foregoing typical embodiments of this invention,
      this invention is essentially intended for providing the reinforcing and
      shock absorbing members applicable to the construction of the passenger
      cabin, and this reinforcing shock absorbing construction can provide such
      advantages and effects as summarized above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a body structure for a motor vehicle driven by an engine, the
      combination comprising a pair of transversely spaced, vertically extending
      front pillers; a pair of transversely spaced, longitudinally extending
      front floor side members secured to said front pillers and extending
      rearwardly therefrom; a front floor member mounted between said front
      floor side members and forming a part of a passenger cabin; a dashboard
      panel separating the passenger cabin from an engine room; a cross member
      transversely extending between and connected to said front floor side
      members and to said front floor member; a pair of transversely spaced,
      longitudinally extending dash side members, said dash side members being
      secured to said dashboard panel at front portions of said dash side
      members and also secured to said front floor member at rear portions of
      said dash side members, said dash side members extending longitudinally to
      positions to cross said cross member such that impact shocks transmitted
      to the dash side members are transmitted through the floor panel to the
      cross member; a pair of transversely spaced, longitudinally extending
      reinforcing members connected at their rearward portions to said front
      pillers; a sub-frame provided in front of said dashboard panel to support
      the engine thereon, said sub-frame being connected at its front portion to
      said reinforcing member and at its rearward portion to said dash side
      members so that impact shocks are delivered simultaneously to the dash
      side members and the front pillars.
NUM  2.
PAR  2. The combination according to claim 1, further comprising a transversely
      extending front bulk head connected to the front portions of said
      reinforcing members.
NUM  3.
PAR  3. The combination according to claim 1, further comprising a transversely
      extending cowl top member connected to said front pillers.
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ABST
PAL  An operator's cab is mounted on the frame of a track-type tractor by
      mounting means comprising first and second pairs of upstanding posts. A
      first vibration damping means connects a lower end of each of the first
      pair of posts to the frame for isolating the posts against vibrations and
      for permitting the posts to pivot rearwardly upon release of a second
      vibration damping means, releasably connecting a lower end of each of the
      second pair of posts to the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The operator's cab for an earthworking vehicle, such as a track-type
      tractor, is normally mounted on a frame of the vehicle by a plurality of
      supporting posts. The posts provide roll-over protection for the operator
      and are oftentimes attached to the frame by resilient bushing assemblies
      or the like for substantially isolating the operator's cab against
      vibrations occurring during vehicle operation. Typical mountings of this
      type are disclosed in U.S. Pat. Nos. 3,036,858, 3,203,728; 3,572,819; and
      3,623,754.
PAC  SUMMARY OF THIS INVENTION
PAR  An object of this invention is to provide an improved mounting means for
      mounting an operator's cab on the frame of an earthworking vehicle for
      isolating the cab against such vibrations and for permitting the cab to be
      pivoted to an open position to expose vehicle components located
      thereunder for servicing purposes. The mounting means comprises first post
      means interconnected between a back side of the cab and the frame and
      connected to the frame by first vibration damping means which further
      function to permit the cab to be pivoted rearwardly thereon. The mounting
      means further comprises second post means disposed forwardly on the
      vehicle and interconnected between the cab and the frame by second
      vibration damping means which further provide stability of the cab in all
      directions.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of an operator's cab mounted on the frame
      of a tractor;
PAR  FIG. 2 is an enlarged sectional view, taken in the direction of arrows
      II--II in FIG. 1, illustrating a first vibration damping means for
      mounting a first support post on such frame; and
PAR  FIG.3 is an enlarged sectional view, taken in the direction of arrows
      III--III in FIG. 1, illustrating a second vibration damping means for
      mounting a second support post on such frame.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 partially illustrates a track-type tractor comprising an operator's
      protective structure or cab 10 disposed on a frame 11 thereof. Mounting
      means for mounting the cab on the frame comprises first post means,
      preferably constituting a pair of laterally spaced posts 12 suitably
      secured at their upper ends to a back side of the cab by welds or the
      like. The lower end of each post is connected to the frame by a first
      vibration damping means l3, illustrated in detail in FIG. 2.
PAR  The vibration damping means is adapted to at least substantially prevent
      the transmission of vibratory energy, generated during vehicle operation,
      to the posts and thus to the cab. In addition, such means will permit the
      posts and cab to pivot rearwardly about an axis, disposed transversely
      relative to the longitudinal axis of the vehicle, as will be hereinafter
      more fully described. The vibration damping means preferably comprises a
      resilient bushing assembly 14 mounted as a removable cartridge in a bore
      formed transversely through a lower end of each post 12.
PAR  The bushing assembly comprises a cylindrical outer metallic sleeve 15, an
      annular elastomeric (e.g., rubber) bushing 16 and a cylindrical inner
      metallic bearing bushing 17 mounted on the shank of a bolt 18. The bolt
      releasably connects the lower end of the post to a bifurcated bracket 19,
      attached to a plate 20 by a plurality of bolts 21. Referring to FIG. 1,
      plate 20 is secured to an upstanding support member 22 which forms an
      integral part of frame 11. of bolts 21.
PAR  Referring once again to FIG. 2, bracket 19 comprises a pair of upstanding
      support legs 23 and 24 which are separated by a lateral distance
      substantially equal to the axial length of bearing bushing 17. In its
      assembled position, bolt 18 preferably functions to clamp the bearing
      bushing between slightly resilient support legs 23 and 24 to prevent
      rotation thereof. In addition, the distance between the lateral sides of
      the lower end of the post and the axial lengths of sleeve 15 and bushing
      16 are slightly less than the lateral distance between legs 23 and 24 to
      provide clearances 25 and 26 therebetween for permitting a slight but
      universal movement of bracket 19 relative to post 12.
PAR  Referring to FIG. 1, a second post means preferably constitutes a pair of
      laterally spaced second posts 27 (one shown) disposed on either side of
      the cab and forwardly on the vehicle relative to first posts 12. The cab
      is thus solely supported on frame 11 by mounting means comprising the four
      posts 12 and 27. FIG. 3 discloses the details of a second vibration
      damping means 28 for connecting a lower end of each of the second posts to
      frame 11 for substantially isolating the posts and cab against vibrations
      generated during vehicle operation.
PAR  Such second vibration damping means comprises a resilient bushing assembly
      29, similar to bushing assembly 14. In particular, bushing assembly 29
      comprises a cylindrical metallic outer sleeve 30, an annular elastomeric
      bushing 31 and a cylindrical inner metallic bearing bushing 32. The lower
      end of post 27 is tubular and is telescopically mounted on an upstanding
      support member 33 having a bore formed transversely therethrough to retain
      bushing assembly 29 therein.
PAR  The support member is integral with a base member 34, releasably attached
      to a fender 35 and to a bracket 36 forming an integral part of frame 11,
      by a plurality of bolts 37 (one shown). The lower end of the post is
      releasably attached to support member 33 by a bolt 38 having bushing
      assembly 29 mounted thereon. The lower end of the post is spaced slightly
      from support member 33 to define a clearance 39 completely therearound.
      The post and support member each preferably comprise a square cross
      section.
PAR  A continuous elastomeric (e.g., rubber) ring 40 is mounted in a recess 41
      formed around the upper end of support member 33 and is compressed against
      the abutting inner wall portions of post 27. A retainer plate 42 is
      releasably attached to the upper end of the support member by cap screws
      43 to retain ring 40 in position. It is thus apparent that second
      vibration damping means 28 will permit slight universal movement, as
      between each post 27 and a respective support member 33, to substantially
      isolate the posts and cab from the transmission of vibrations thereto from
      frame 11.
PAR  The cab is reinforced for rollover protection by interconnecting post 12
      and 27 by structural members 44 and 45 extending laterally and
      longitudinally between the upper ends of the post. This structure is
      further reinforced by gussets 46.
PAR  When it is desired to service vehicle components (not shown) mounted
      beneath cab 10, a workman need only remove bolts 37, loosen bolts 18 and
      pivot the cab rearwardly about the aligned longitudinal axes of bolts 18.
      Base member 34 of the second vibration damping means will also pivot
      rearwardly with the cab. A slight release of bolts 18 (e.g., 11/2  turns)
      is necessary to release the clamping pressures applied by upstanding legs
      23 and 24 against the respective ends of bearing bushing 17 to permit the
      bearing bushing to pivot on bolt 18.
PAR  The telescopically mounted post 27 on support 23 allows the front damping
      means 28 to resist longitudinal and lateral forces on the cab. When this
      occurs physical contact is made between post 27 and support 23
      transmitting the force directly into the frame resisting a tendency of the
      post to pivot thus stabilizing the cab.
PAR  The rear damping means 13 will not resist a tendency to pivot about bolt 18
      resulting from a longitudinal force due to the orientation of its lateral
      pivot axis. A lateral force on the cab, however, is resisted by contact of
      the post 12 contacting upstanding legs 23 and 24 of brackets 19. With this
      type of arrangement the second mounting means resists a percentage of the
      forces on the cab. Thus the cab frame requires less bracing keeping the
      size of gussets 46 to a minimum.
CLMS
STM  We claim:
NUM  1.
PAR  1. An earthworking vehicle disposed for movement along a longitudinal axis
      thereof comprising a frame, an operator's protective cab disposed on said
      frame, and mounting means mounting said cab on said frame, said mounting
      means comprising a pair of laterally spaced first posts inter-connected
      between a back side of said cab and said frame, first vibration damping
      means comprising a resilient bushing assembly mounted in a transverse bore
      formed through a lower end of each of said posts, said bushing assembly
      including a cylindrical bearing bushing rotatably mounted on the shank of
      a bolt means releasably attached between a pair of upstanding support legs
      secured to said frame, an annular elastomeric bushing mounted on said
      bearing and a cylindrical sleeve mounted on said elastomeric bushing and
      in said bore, the bearing bushing having an axial length substantially
      equal to the lateral distance between inner surface portions of said
      support legs and being clamped axially therebetween by said bolt means, a
      pair of laterally spaced second posts disposed forwardly on said vehicle
      relative to said first posts, the lower ends of said second posts being
      tubular and telescopically mounted on upstanding support members
      releasably secured to said frame, second vibration damping means
      comprising the said first resilient bushing assembly mounted in a
      transverse bore through said upstanding support member, said bolt means
      securing the tubular posts to the support members whereby said posts are
      isolated from vibrations in said frame during operation of said vehicle
      and by completely releasing said upstanding support member and partially
      releasing said first bolt means, said frame and cab may be pivoted
      backwards.
NUM  2.
PAR  2. The vehicle of claim 1 wherein the width of the lower end of said posts
      and the axial lengths of said elastomeric bushing and said cylindrical
      sleeve are each slightly less than the lateral distance between the inner
      surface portions of said support legs and are positioned relative thereto
      to provide a slight clearance between the inner surface portions of each
      support leg and a respective side of the lower end of said posts and
      respective ends of said elastomeric bushing and said cylindrical sleeve.
NUM  3.
PAR  3. The vehicle of claim 1 further comprising an elastomeric ring mounted on
      an upper end of said support members and compressed between inner surface
      portions of the lower end of said posts and said support members.
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ABST
PAL  The specification discloses apparatus for mounting a spare wheel and tire
      in a vehicle, and especially in a cargo box of a pickup truck wherein the
      spare is secured against one side wall of the box and does not extend
      above the side wall whereby rear vision of a driver of the truck remains
      unimpeded. The apparatus includes a well recessed in the floor of the box
      for receiving the spare adjacent the side wall and behind the cab of the
      truck and hinged bracket securing means allowing insertion and removal of
      the spare into and from the well.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various methods are available for mounting spare wheels and tires on motor
      vehicles and especially vehicles of the light-duty cargo and recreational
      types such as pickup trucks. With pickup trucks, a first method is to
      suspend the spare wheel and tire horizontally beneath the frame at the
      rear of the truck in a type of suspension apparatus. With this method, if
      the spare must be used, the device can be released dropping the tire
      beneath the truck where it can be pulled out for use. The principal
      drawback of this mounting is that the spare wheel and tire is exposed to
      mud, dirt, salt, as well as water and the like thereby causing the wheel
      and tire to corrode and otherwise deteriorate. Also, such method makes use
      of the tire very difficult because of the caked-on mud, dirt, and the like
      as well as the extremely inconvenient position in which the tire is
      secured.
PAR  A second method is to mount the spare inside the cargo box of the pickup
      truck either horizontally somewhat on the floor of the box or vertically
      atop the floor along one of the sides. These methods are undesirable
      because the horizontal method utilizes a large amount of the cargo storage
      space and prevents the insertion of camper units which must be slid into
      the box along the floor. The prior known vertical mounting has similar
      drawbacks in that it projects above the side wall of the box also
      preventing the insertion of camper units into the truck. Such projection
      above the side wall also makes the vertical mounting extremely unsafe
      especially when the tire is mounted against one side wall immediately
      behind the cab of the truck on the opposite side from the driver. The
      upward projection substantially blocks the driver's view over that side of
      the truck preventing him from seeing traffic on his right or other objects
      when he is backing up.
PAR  A third method for mounting spare wheels and tires on pickup trucks is on
      the outside of the box or inside the side walls of the box through a door
      accessible from the outside of the box. The former of these third methods
      also exposes the spare to varying weather conditions having the
      above-noted drawbacks as well as making the wheel and tire extremely
      accessible to theft. When the spare is mounted in the side wall through a
      door, it of course can be locked therein but such mountings are expensive
      and necessitate the manufacture of a separate tire compartment within the
      wall of the truck.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the purpose of the present invention to provide mounting
      apparatus for spare wheels and tires in vehicles. More particularly, the
      invention provides a spare wheel and tire mounting apparatus for pickup
      trucks and other vehicles. In pickup trucks, the apparatus allows complete
      driver vision rearwardly of the truck, allows substantially unimpeded use
      of the cargo space in the box of the truck including the capability of
      inserting camper units which are slid into the cargo box, and provides a
      deterrent to theft of the spare wheel and tire. A related purpose of the
      invention is to provide a covered mounting area for a spare wheel and tire
      which protects the spare wheel and tire against the effects of the
      elements and maintains the spare in readiness for immediate use.
PAR  In the preferred embodiment, the invention includes a recessed wheel well
      located rearwardly of the cab of the pickup truck along one of the side
      walls thereof and bracket means secured to the side wall adjacent the
      wheel well for securing the spare tire vertically against the side wall
      and within the well. The wheel well is sufficiently deep such that the top
      of the tire is no higher than the top of the side wall thereby leaving the
      driver's vision rearwardly over the spare tire mounting area substantially
      unobstructed.
PAR  The bracket means for securing the spare wheel and tire includes a hinge
      secured to the side wall and wheel-engaging means which extends outwardly
      from the hinge over the wheel well. A portion of the wheel-engaging means
      extends into contact with the side of the central support of the wheel
      closest to the side wall thereby holding the wheel and tire securely
      against the side wall. To insert the wheel and tire in the well, the
      bracket is pivoted upwardly on its hinge allowing the tire to be slid into
      the well after which the bracket is pivoted downwardly into engagement
      with the wheel. To remove the spare, the wheel is disengaged from the
      bracket and the bracket is pivoted upwardly while the tire is slid from
      the well.
PAR  The present mounting apparatus, therefore, results in significant
      advantages over previously known spare tire mountings including the
      provision of an accessible, protected area which receives the spare
      without hindering the visibility of the driver over and through that area.
      The apparatus also allows substantially unimpeded use of the cargo area
      including the fitting of camper units which are slid into the cargo box.
      Further, the mounting provides protection for the spare against both
      weather and theft as well as an extremely durable, sturdy, and inexpensive
      mounting device.
PAR  These and other objects, advantages, purposes, and features of the
      invention will become more apparent from a study of the following
      description taken in conjunction with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a typical pickup truck including the
      mounting apparatus of the present invention and a spare wheel and tire
      mounted therein;
PAR  FIG. 2 is a fragmentary, perspective view of the mounting apparatus;
PAR  FIG. 3 is a fragmentary, sectional end view of the apparatus taken along
      plane III--III of FIG. 1;
PAR  FIG. 4 is a fragmentary, sectional view similar to FIG. 3 but showing the
      spare tire and wheel as it is being inserted or removed from the well;
PAR  FIG. 5 is an enlarged fragmentary, sectional view of a portion of the
      apparatus shown in FIGS. 3 and 4;
PAR  FIG. 6 is a plan view of the mounting bracket shown installed on the side
      wall of the pickup truck;
PAR  FIG. 7 is a side elevation of the mounting apparatus illustrating the
      contoured cover therefor;
PAR  FIG. 8 is a perspective view of the contoured cover shown in FIG. 7; and
PAR  FIG. 9 is a fragmentary, sectional view of a portion of the cover taken
      along plane IX--IX of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in greater detail, FIG. 1 illustrates the
      present mounting apparatus 10 installed in the cargo box 14 of a typical
      pickup truck 12. The truck 12 includes a cab 16 and a rear window 18
      extending along the rear side of the cab 16. The cargo box 14 includes
      upstanding generally vertical side walls 20 and 22 extending parallel to
      one another and rearwardly from the cab as well as a floor 24
      therebetween. The side walls 20 and 22 extend to a height no greater than
      and generally below the level of the bottom of the rear window 18. Along
      either side wall 20 and 22 on the interior thereof is a closed, upwardly
      extending wheel housing 26 which forms a closure over the top of the rear
      wheel mounting area on either side of the truck. Wheel enclosures or
      housings 26 are usually located approximately two-thirds of the length of
      the cargo box 14 rearwardly of the cab 16.
PAR  The mounting apparatus 10 is located adjacent one of the side walls 20 or
      22. In the preferred embodiment illustrated in FIGS. 1-4, the apparatus is
      located on the passenger side of the vehicle and includes a recessed well
      30 as well as a spare wheel-engaging bracket means 40 secured to the side
      wall above the well 30 such that it extends outwardly thereover. The well
      30 is positioned generally parallel to one of the side walls, in this case
      to right-hand side wall 20, between the position of the wheel enclosure or
      housing 26 and the rear of the cab 16. Its total width (see FIGS. 3 and 4)
      is equal to or less than that of wheel enclosure 26. Thus, the cargo box
      will accept any camper unit that will slide past housing 26 since
      apparatus 10 takes only an equivalent amount of space along the side wall.
      The outline of a typical camper unit when inserted in the cargo box is
      shown in FIG. 3.
PAR  The well 30 has a substantially rectangular cross-sectional shape as shown
      in FIGS. 3 and 4 but is otherwise contoured to the circumferential outline
      of a spare wheel and tire as shown in FIG. 2. Thus, the well slopes
      downwardly to a central point at which is located a drain plug 32 (FIGS. 3
      and 4) for removing any collected water which may collect therein.
PAR  As shown in FIGS. 3, 4, and 5, the spare wheel land tire 27 received in
      apparatus 10 is generally of the type including a circular central support
      28 with a contoured tire-supporting rim 29 extending around the periphery
      of support 28 and laterally of either side thereof. The side walls of a
      pneumatic tire 31 mate with the edges of the rim 29 for support of the
      tire. The central support 28 includes a central aperture 33 for receiving
      the end of a wheel-supporting axle when the tire is mounted on the truck
      as well as a plurality of stud-receiving apertures 35 spaced about the
      central aperture 33 for securing the wheel and tire to the axle.
PAR  Typically, modern pickup trucks have double side walls 20 as shown in FIGS.
      3 and 4. The side walls also normally include a flange 21 at the top
      thereof extending inwardly of the cargo box as shown in those figures. The
      wheel well 30 is recessed below the level of floor 24 such that it is
      sufficiently deep to allow the spare wheel and tire 27 of the size
      utilized on the particular truck to be received in the well with its top
      fitting below flange 21. The top of tire 31 does not in any case extend
      above the top of the side wall. Well 30 is also slightly wider than the
      width of tire 31. Bracket means 40 secure the spare wheel and tire 27
      generally parallel to the side wall 20 when it is received in the well. As
      will be apparent to those skilled in the art, the depth of the well 30 can
      be made as desired to fit a particular wheel and tire size for the vehicle
      on which the mounting apparatus 10 is installed. Also, well 30 may be made
      deeper than the particular wheel and tire needed such that oversize tires,
      as well as smaller tires, may be secured easily therein.
PAR  As will be best seen in FIGS. 5 and 6, the bracket 40 includes a rigid
      member 42 extending outwardly of the wall and secured to the wall by a
      hinge 44. Member 42 is preferably formed from a length of angle iron.
      Secured normally on the end of member 42 is a spare wheel and tire
      engaging plate 46 including a pair of parallel studs 48 spaced
      horizontally apart secured normal to the outer face of plate 46 by welding
      or the like. The hinge 44 is secured to the side wall of the truck via an
      additional securing plate 45.
PAR  As will be best understood from FIGS. 4 and 5, a spare wheel is inserted in
      the well by sliding it at an angle to the well. Bracket means 40 is
      pivoted upwardly for such insertion to the position shown in FIG. 4 and in
      phantom in FIG. 5. When the tire has reached the bottom of the well,
      bracket 40 is pivoted downwardly and the spare 27 pivoted upwardly into
      engagement with studs 48 and plate 46. The spare wheel and tire is thus
      secured generally parallel to side wall 20 (FIG. 5) with the studs 48
      extending through two of the stud-receiving apertures 35 in a position
      above the central opening 33. Lug nuts 50 of the type normally used to
      secure the wheel and tire to the vehicle axle are then threaded on studs
      48 to hold the tire in its stored position.
PAR  The bracket means is spaced above the bottom of the well such that the
      studs are at the proper height for engaging the apertures 35 above central
      aperture 33. This height also allows a chain 52 of appropriate length
      welded or otherwise secured to the bottom of plate 46 to be extended
      through central aperture 33 and secured via a padlock 56 or the like to a
      separate length of chain 54 welded or otherwise secured to the side of
      well 30 (FIGS. 3-6). These chains 52, 54 or other flexible securing means
      allow the spare to be locked in apparatus 10 to prevent theft.
PAR  It will also be understood that the bracket 40 extends extends outwardly
      from the side wall 20 into engagement with the inside of central support
      28, i.e., the side which is closest to the side wall 20, while studs 48
      project through support 28 for securing the wheel and tire to the bracket.
      When the spare is secured in well 30, bracket 40 extends past the plane of
      the side wall of tire 31 and rim 29 and into engagement with the inside
      surface of support 28 (see FIGS. 3 and 4).
PAR  Removal of the wheel and tire is accomplished by the reverse of the above
      procedure. After removal of lug nuts 50, the bracket is pivoted upwardly
      to allow room between the corner 25 of the well 30 and floor 24 and the
      bottom of the bracket to slide the tire from the well as shown in FIG. 4.
PAR  Referring now to FIGS. 3, 7, and 8, a shell-like cover 60 is provided for
      use with the mounting apparatus. Cover 60 is generally contoured to the
      circular shape of a spare tire and wheel and has a well 61 extending in a
      circular path for covering at least part of the circumference of a spare
      wheel and tire and a side wheel 63 extending from one edge of wall 61 for
      covering at least a portion of one side of a spare. A continuous flange 62
      extends outwardly around the coplanar bottom edges of walls 61 and 63 for
      engaging the edge of the well 30 to seal the well and prevent the entry of
      water, snow, dirt, and the like. A rear flange 64 extends inwardly of the
      exterior of the cover around the edge of the open side of the cover for
      abutment with the side wall 20 of the pickup truck. When the pickup truck
      side wall is formed from a ferro-magnetic material such as steel, a series
      of magnets 66 set within flange 64 (FIGS. 8 and 9) along either side
      thereof hold the cover tightly against the side wall as shown in FIG. 3.
      In trucks or other vehicles, wherein the side wall is made from a
      nonferro-magnetic material, spring-biased hooks 68 or other securing means
      on floor 24 engage eyelets 70 secured by riveting or other similar means
      to the sides of cover 60 to hold the cover in its desired position.
      Handles 72 are provided on either side of the cover for easy handling.
      Cover 60 is preferably molded from a resinous plastic or another similar
      material which resists corrosion and other effects of the element.
PAR  Accordingly, the present mounting apparatus provides a simple, effective,
      and inexpensive method for securing a spare wheel and tire on the interior
      of a cargo box of a pickup truck. When the tire is mounted therewithin
      with or without its cover 60, the driver of the truck will have unimpeded
      vision rearwardly over the mounting area to view passing traffic or other
      obstacles over the top of side wall 20 (see dotted line in FIG. 1). This
      is because no part of the tire, when mounted, extends above the side wall.
      Also, since the mounting apparatus is no wider than the wheel enclosure
      26, substantially all types of cargo that can be carried in the normal
      pickup truck bed can be carried when the spare wheel and tire are mounted
      as shown herein. The apparatus also prevents theft of the spare tire by
      use of locking chains 52, 54 and because it is covered when a typical
      camper unit or other cargo is inserted in the bed of the truck.
PAR  The spare wheel and tire are easily inserted in and removed from the well
      because of the hinged bracket 40. Access to the tire is appropriately
      simplified over previously known spare mounting methods. Further, the
      spare wheel and tire is protected from mud, dirt, snow, ice, or the like
      because of its protected position and cover 60. It will be understood that
      the combined recessed well 30 and bracket 40 may be mounted adjacent any
      upstanding wall in any type of vehicle for the mounting of spare wheels
      and tires. Application of the invention is not limited solely to cargo
      boxes of pickup trucks.
PAR  While one form of the invention has been shown and described, other forms
      will now be apparent to those skilled in the art. Therefore, it will be
      understood that the embodiment shown in the drawings and described above
      is merely for illustrative purposes, and is not intended to limit the
      scope of the invention which is defined by the claims which follow.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for mounting a spare wheel and tire in a vehicle such as a
      pick-up truck comprising a cab, a rear window in said cab, a cargo box
      having a floor, and side walls which extend above said floor rearwardly of
      said cab to a level no higher than the bottom of said rear window, the
      height of said side walls above said floor generally being less than the
      diameter of one of the wheels and tires used to movably support said
      vehicle, a wheel housing along and immediately adjacent each side of said
      side walls for covering a wheel and tire when mounted for support of the
      vehicle, said housings each having a height no greater than said side
      walls and a predetermined width extending out from the side wall along
      which it is located, the distance between said wheel housings permitting
      insertion of cargo along said cargo box floor between said housings and
      said height of said housings permitting cargo to extend over said housings
      along the top edges of said side walls; means for mounting a spare wheel
      and tire generally parallel to and adjacent one of said side walls behind
      said cab and accessible from the interior of the cargo box such that no
      portion of the spare wheel and tire extends above the top of said one side
      wall; the spare wheel and tire being of the type including a central
      support having a tire-receiving rim extending about the periphery thereof
      and laterally of either side thereof, the central support including a
      vehicle axle-receiving aperture located centrally therein and a plurality
      of apertures for securing the wheel and tire to the axle spaced about the
      axle-receiving aperture; said mounting means including a well recessed a
      predetermined distance below said floor adjacent said one side wall for
      receiving the spare wheel and tire, and securing means for securing the
      spare wheel and tire within said well including means for engaging the
      side surface of the central support adjacent said one side wall when the
      spare wheel and tire is received in said well; said engaging means
      including a rigid member, a plate secured on one end of said rigid member,
      at least one stud extending outwardly from said plate, and hinge means for
      securing the end of said rigid member opposite said one end to said one
      side wall adjacent said well; said plate adapted to abut the said side
      surface of the central support adjacent said axle-receiving aperture while
      said stud projects through one of the securing apertures for securing the
      central support to said plate; said hinge means allowing pivotal movement
      of said engaging means between an operative position for engaging and
      securing the spare wheel and tire and an inoperative position for
      insertion of the spare wheel and tire in said well, said width of said
      wheel well being sufficiently wider than the width of the spare wheel and
      tire received therein to allow said wheel and tire to be tilted and slid
      past said securing means when they are pivoted, said well width being no
      greater than said predetermined width of said wheel housing along said one
      wall whereby when no cargo is loaded in said cargo box, a driver of said
      vehicle has unimpeded visibility over said side wall in the area of said
      mounting means when the spare wheel and tire are secured therein, said
      mounting means permitting the loading of any cargo in said cargo box such
      as a camper or the like which would otherwise fit between and over said
      wheel housings.
NUM  2.
PAR  2. The improvement of claim 1 wherein said side walls include generally
      horizontal flanges extending inwardly of the top edges of said side walls,
      said recessed well being sufficiently deep to receive the spare wheel and
      tire against said one side wall beneath said flange, the width of said
      well allowing said wheel and tire to be tilted and slide thereinto beneath
      said flange.
NUM  3.
PAR  3. The improvement of claim 1 wherein said bracket means includes flexible
      securing means adapted to extend through said receiving aperture for
      locking said tire in said well; and means extending from said well for
      securing said flexible securing means thereto.
NUM  4.
PAR  4. The improvement of claim 1 wherein said well includes a recessed bottom
      member contoured to the shape of a tire and which forms the sides and
      bottom of said well; said bottom member including a removable drain plug
      in the bottom thereof.
NUM  5.
PAR  5. The improvement of claim 1 wherein said mounting means includes a cover
      contoured to the shape of a wheel and tire, said cover including means for
      abutting said one side wall and the edge of said well and means for
      securing said cover over said well.
NUM  6.
PAR  6. The improvement of claim 5 wherein said one side wall is formed from
      ferro-magnetic material, said cover being made from a rigid material and
      including magnets for holding said cover against said one side wall.
NUM  7.
PAR  7. Apparatus for mounting and securing a spare wheel and tire of the type
      including a central support and a tire-supporting rim extending around the
      periphery and laterally of either side of said central support adjacent an
      upstanding wall of a cargo storage area of a vehicle, the central support
      including a vehicle axle-receiving aperture located centrally therein and
      a plurality of apertures for securing the wheel and tire to the axle
      spaced about the axle-receiving aperture; said apparatus including in
      combination a recessed well located adjacent the wall and bracket means
      secured to the wall said bracket means extending over said well and
      including hinge means for pivotally mounting the bracket means on the wall
      adjacent said well, a rigid spacing member extending outwardly from said
      hinge means to a position adjacent the side surface of said central
      support which is closest to said wall to which said bracket is secured for
      spacing said spare wheel and tire from the wall, a wheel engaging plate at
      the outer end of said spacing member for securing said spare wheel and
      tire to said bracket means, and at least one stud extending from said
      plate; said well having a width sufficiently wider than the width of the
      spare wheel and tire to be secured therein to allow said wheel and tire to
      be tilted and slid past said bracket means when pivoted via said hinge
      means; said bracket means extending from the wall beyond the plane
      including the side of the tire and rim closest to said wall when the wheel
      and tire are received in said well and into engagement with the said side
      surface of the central support while said stud projects through one of the
      securing apertures for securing the spare wheel and tire in the well
      whereby said hinge means allow said bracket means to be pivoted for
      insertion and removal of the spare wheel and tire into and from the well.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said bracket means includes flexible
      securing means adapted to extend through said axle receiving aperture for
      locking said tire in said well; and means extending from said well for
      securing said flexible securing means thereto.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said well includes a recessed bottom
      member contoured to the shape of a tire and which forms the sides and
      bottom of said well; said bottom member including a removable drain plug
      in the bottom thereof.
NUM  10.
PAR  10. The apparatus of claim 7 including a cover contoured to the shape of a
      wheel and tire, said cover including means for abutting one side wall and
      the edge of said well, and means for securing said cover over said well.
NUM  11.
PAR  11. The apparatus of claim 10 wherein the upstanding wall is formed from
      ferro-magnetic material, said cover including magnets for holding said
      cover against the wall.
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ABST
PAL  A stake to support vertically positioned side panels on a flatbed trailer
      comprising a tubular member integral with a plate member, which, together
      with a T-shaped member, forms grooves to receive and support the side
      panels. The stake is reversibly received by pockets positioned at the
      periphery of the flatbed, and stakes are oppositely located along the
      sides of the flatbed such that their upper ends may receive the ends to
      tarpaulin bowed rods. The tubular member includes off center stop means to
      stop and support the ends of the tarpaulin bowed rods. Depending upon
      which end of the stake is seated in the pocket and the length of the end
      of the bowed rod used, the height of the transverse portion of the rod
      from the flatbed may be varied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the field of panel support stakes, and has
      particular utility for use with flatbed trucks.
PAR  2. Description of the Prior Art
PAR  There are disclosed in the prior art various stakes to support panels on
      flatbed trucks. The Tuerk U.S. Pat. No. 3,692,354 discloses stakes having
      a hollow triangular shaped cross section with tapered bottom ends that fit
      into pocket brackets mounted to the periphery of the bed. Side panels are
      mounted to the bed, being supportably received by the stakes with T-shaped
      brackets integral therewith. Tarpaulin rods are secured to the hollow top
      ends of the stakes.
PAR  Carter, Jr., et al., U.S. Pat. No. 3,126,224 also discloses a stake or post
      structure for use with a platform trailer bed. The posts include a pair of
      laterally open vertical grooves extending substantially from end to end of
      said posts to receive the panels, and a hollow leg which is illustrated as
      being substantially rectangular in cross section with a curved indentation
      along the wall of the hollow leg adjacent the grooves. The lower end of
      the posts is seatable in pockets and a plug is fixed in the upper end
      which includes a socket for detachably receiving the end of a tarpaulin
      bow.
PAR  Other patents generally relating to a sidewall assembly for a flat load bed
      including upstanding stakes seatable in pockets include Reader U.S. Pat.
      No. 3,097,880; Garson et al., U.S. Pat. No. 3,155,419; and Johnson et al.,
      U.S. Pat. No. 3,788,684. The Turner U.S. Pat. No. 2,565,746 and the Owen
      U.S. Pat. No. 2,774,623 generally relate to supporting frames for truck
      body covers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to stake support structure to support panels
      on a flatbed truck which provides advantages over the prior art. The stake
      structure includes an elongated tubular portion with a plate portion being
      integral and coextensive therewith along one of its faces. A T-shaped
      elongated member is integrally connected along its leg to the other
      surface of the plate portion, the opposite faces of the plate member and
      the T-shaped member defining grooves therebetween on opposite sides of the
      leg of the T-shaped member. the T-shaped member is not coextensive in
      length with the tubular and plate members, and opposite ends of the
      tubular and plate members extend past the corresponding opposite ends of
      the T-shaped member.
PAR  The stakes are securely mounted vertically in pockets along the sides of
      the flatbed. The bottom end of the T-shaped member is seated on the floor
      of the flatbed, and the surface of the plate member with which it is
      integral extends vertically down the side of the flatbed. The described
      seating arrangement provides increased support for the stake structure.
PAR  The grooves defined on opposite sides of the stake receive the side panels.
      The stakes are mounted around the periphery of the flatbed and are aligned
      with oppositely positioned stakes, such that the upper ends of the tubular
      members receive the ends of tarpaulin bowed rods to provide a top cover
      for the flatbed.
PAR  A bow retaining pin is securely mounted within the tubular member off
      center relative to the longitudinal dimension of the stake. The stake
      structure including the tubular plate and the T-shaped member is
      symmetrical in configuration, and the off center positioning of the bow
      retaining pin provides an adjustment in the height of the configuration.
      Thus, depending upon which end of the stake is received by the flatbed,
      the use of tarpaulin bowed rods of different length ends provides
      adjustability in overall height of the transverse portion of the tarpaulin
      bowed rod from the flatbed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a flatbed truck using the stake structure of
      the invention;
PAR  FIG. 2 is an exploded detail isometric view of the stake structure
      according to the invention;
PAR  FIG. 3 is a frontal view of the stake structure of the invention;
PAR  FIG. 4 is a partial sectional view of the stake structure, taken along
      section lines 4--4 of FIG. 3; and
PAR  FIG. 5 is a sectional view of the stake structure, taken along section line
      5--5 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSURE
PAR  FIG. 1 shows a trailer body 10 which, through the use of panels 11, may be
      converted to an enclosed condition suitable for highway use. The shown
      trailer body is conventional in the art and includes a plurality of
      pockets 12 permanently mounted to the sides of flatbed 13, around the
      periphery thereof. A side railing 14 mounted to the outside of pockets 12
      is also exemplarily used in the art. A plurality of stake structures 15
      are vertically mounted in the pockets to support panels 11 as described in
      detail hereinafter.
PAR  FIGS. 2 through 5 show the stake structure 15 in greater detail. The stake
      structure comprises an elongated tubular member 16 integral with elongated
      plate member 17, and coextensive with the longitudinal dimension thereof.
      A T-shaped member 18 is integral with plate member 17. Opposite faces 19
      and 20 of plate member 17 and T-shaped member 18 respectively are
      connected by leg 21 of T-shaped member 18. The longitudinal dimension of
      T-shaped member 18 is less than that of tubular member 16 and plate member
      17, with the ends of the latter extending beyond the ends of T-shaped
      member 18 by a distance l. The width of plate member 17 is shown as the
      same as the width of T-shaped member 18, although this is not essential,
      and the opposite faces 19 and 20 thereof form grooves 22 and 23 on
      opposite sides of leg 21. The panels 11 are vertically received and
      supported by those grooves as shown in FIGS. 1 and 2.
PAR  FIG. 4 shows in greater detail the manner in which each stake 15 is
      vertically seated in its corresponding pocket 12. The bottom end of leg 21
      rests on the floor of flatbed 13. The surface 19 of plate member 17 abuts
      for length l beyond the bottom end of leg 21 against the side of flatbed
      13. An adaptor 25 is fitted over each end of stake 15, firmly around the
      tubular structure member 16. The stake and adaptor structure thus far
      described is symmetrically configured.
PAR  A bow end retaining and support cylinder 26 is securely positioned within
      tubular member 16 as shown in FIGS. 2 through 4. A plurality of apertures
      27 are defined on opposite sides of tubular member 16 for receiving spot
      welding pins (not shown) interfitting with holes 31 of cylinder 26 for
      welding cylinder 26 securely at the desired location within tubular member
      16. However, other securing means may be substituted.
PAR  As shown in the drawings, the cylinder 26 is positioned off center from the
      middle of the stake, and is thus closer to one end of the tubular member
      16 compared to the other end. The tarpaulin bow 28 comprises bow ends 29
      which are received by the top ends of tubular members 16. The cylinder 26
      functions as a stop and support means for bow ends 29. The height H
      between the flatbed 13 and the transverse position of tarpaulin bow 28 is
      thus adjustable by reversing the position of the stake in its pocket and,
      further, by using tarpaulin bows having bow ends of different lengths.
PAR  As shown in the figures, the stakes 15 have an adaptor 25 fitted over each
      end thereof. The stakes are vertically supported by the adaptors in
      pockets 12, with sets of stakes 15 being located directly opposite one
      another on opposite sides of the flatbed. The panels 11 are supported in
      grooves 22 and 23, and the ends 29 of tarpaulin support bow 28 are
      received by the free ends of tubular structure 16 and extend therein
      depending upon their length and the position of cylinder 26 within tubular
      member 16. The stakes including the adaptors are removable from their
      respective pockets for reversible mounting therein, to thus change the
      height H between flatbed 13 and the transverse portion of tarpaulin
      support bow 28; the height H being further variable through the use of
      bows having bow ends of different lengths.
PAR  The stakes may be made of aluminum to decrease the weight thereof and are
      particularly strong, although the amount of material used is minimized
      relative to the prior art. The adjustable height feature of the invention
      resulting from the reversible nature of the stakes is particularly useful
      and enables drivers of different heights to easily adjust the distance
      between the flatbed and the bow to accommodate themselves. The height
      adjustment feature also enables the use of side panels of different
      heights to be employed if desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A stake configuration for use with a trailer flatbed to support side
      panels comprising:
PA1  a tubular member,
PA1  a plate member tangentially integral and coextensive along one of its faces
      with the tubular member along the longitudinal dimension,
PA1  a T-shaped member, the leg thereof being integral with the plate member
      along the other face of the latter to form grooves to receive the side
      panels, the longitudinal dimension of the T-shaped member being less than
      the longitudinal dimension of the tubular and plate members, opposite ends
      of the T-shaped member in the longitudinal dimension being spaced at equal
      distances from opposite ends of the coextensive tubular and plate members
      in the longitudinal dimension located nearest thereto, such that either
      end of the stake configuration may be received by the flatbed,
PA1  means mounted within the tubular member and positioned closer to one end of
      the tubular member relative to the other end to vary the height at which
      the transverse portion of tarpaulin bowed rods are received within the
      tubular member and stopped and supported from the flatbed, depending on
      which end of the stake configuration is received by the flatbed.
NUM  2.
PAR  2. In combination with a trailer flatbed having pocket brackets mounted
      around the periphery of the flatbed, stakes mounted in the pocket brackets
      to receive and vertically support side panels, the improvement comprising:
PA1  each of said stakes having a tubular member, a plate member tangentially
      integral and coextensive along one of its faces with the tubular member
      along the longitudinal dimension, and a T-shaped member, the leg thereof
      being integral with the plate member along the other face of the latter to
      form grooves to receive the side panels, the longitudinal dimension of the
      T-shaped member being less than the longitudinal dimension of the tubular
      and plate members, opposite ends of the T-shaped member in the
      longitudinal dimension being spaced at equal distances from opposite ends
      of the coextensive tubular and plate members in the longitudinal dimension
      nearest thereto, such that either end of the stake configuration may be
      vertically received by the pocket brackets, and
PA1  means mounted within the tubular member and positioned closer to one end of
      the tubular member relative to the other end to vary the height at which
      the transverse portion of tarpaulin bowed rods are received within the
      tubular member and stopped and supported from the flatbed, depending on
      which end of the stake configuration is received by the pocket brackets.
NUM  3.
PAR  3. The combination of claim 2 further comprising adaptor means mounted at
      each end of the tubular member to mount and support the stake in the
      pocket bracket.
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ABST
PAL  A glare eliminating device for vehicles comprised of a single element
      shielding portion of a rectangular shape with rounded corners. The shape
      of the shielding portion being sufficiently large to effectively block
      objectionable glare of the sun to the eyes of a motorist while permitting
      maximum view. The shielding portion is selectively placed in any location
      in front of the driver by means of a support arm having two movable
      joints, one attaching the arm to the shielding portion, and the other
      attaching the arm to the mounting bracket with sufficient frictional
      engagement to retain the selected relative position of the members. An
      engaging means comprised of a loop-and-hook, releasably-engaging cloth
      material having one layer disposed above the inner upper windshield
      molding and the other layer disposed on the mounting bracket, permitting
      affixation of the glare eliminating device to any desired horizontal
      position in front of the driver by bringing the hook and loop layers in
      contact with one another.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to a glare eliminating device, in
      particular to a novel shape of the shielding portion and means for
      providing substantially universal adjustment thereof.
PAR  2. Description of the Prior Art
PAR  It has always been desirable to provide an effective sun and/or headlight
      shield for a motorist, having a cross sectional area sufficiently large
      enough to obscure the objectional rays, but yet small in size as to not
      obstruct the driver's clear view of the road. The conventional large size
      fold-down visor is not suitable because of its tendency to obscure such a
      great portion of a driver's view in attempting to screen out the rays of
      the sun.
PAR  Generally, devices other than conventional sun visors utilized to eliminate
      glare affecting a motorist from either the sun or from the headlights of
      on-coming cars have been relatively complicated devices having a plurality
      of spaced shielding areas requiring more than a simple touch of the hand
      for adjustment. While many previous devices were adjustable to some
      extent, they were generally characterized by a limited range of
      adjustment. Thus, these models which offered only limited adjustment
      capabilities left the driver with substantial visual areas where glare
      from the sun could still be hazardous to safe driving.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a device for shielding the objectionable
      direct rays of the sun or the glare from on-coming traffic at night to a
      motorist. The device is comprised of a shielding portion pivotally
      attached to the lower end of a support arm with sufficient frictional
      engagement to maintain a selected position of the shielding portion with
      respect to the support arm. The upper end of the support arm is pivotally
      attached to a mounting bracket again with sufficient frictional engagement
      to maintain a selected relationship between the mounting bracket and the
      support arm.
PAR  The shielding portion is of a round-ended rectangular shape of a size just
      sufficient to obscure objectionable rays of sun or glare from headlights
      of on-coming automobiles without obstructing the normal field of vision
      required by the driver.
PAR  A length of hook-type pressure sensitive releasably-engaging cloth material
      is affixed preferably by a cement, along the inner windshield molding
      forwardly of and above the driver and/or along the side window molding
      adjacent the driver. A loop pressure sensitive releasable cloth material
      is affixed on the bottom of the mounting bracket for engaging the hook
      cloth, thus permitting a motorist to horizontally position the glare
      eliminating device at any selected area, by bringing the hook and loop
      materials together in varying horizontal positions, followed by pivoting
      the support arm for exact vertical placement of the shielding portion.
PAR  It is an object of the present invention to provide a novel glare
      elminating device having a shielding portion easily adjusted to any
      desired position in front of a driver.
PAR  It is another object of the present invention to provide a novel glare
      eliminating device which effectively eliminates objectionable glare
      without obstructing visibility.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention, together with its
      organization, construction and operation will be best understood from the
      following detailed description of a preferred embodiment of the invention,
      taken in conjunction with the accompanying drawings, on which:
PAR  FIG. 1 is a pictorial representation of the view blocked by conventional
      visors and that of the device of the present invention;
PAR  FIG. 2 is a frontal view of the present invention showing the radially
      adjustable feature;
PAR  FIG. 3 is a side view taken along lines III--III of FIG. 2; and
PAR  FIG. 4 is a pictorial representation of the present invention in a stored
      position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a glare eliminating device indicated generally by the
      reference numeral 10 includes a shielding portion 11 having a rectangular
      shape with rounded ends of the approximate dimension of 4 inches in length
      and 11/2 inches in width. The shape (as best shown in FIG. 2) of the
      shielding portion 11 is chosen with the dimension X equalling about 2.50
      inches, approximating an average eye pupil-to-pupil distance to completely
      block the objectionable glare from impinging upon both eyes of the
      motorist, while leaving unobstructed the  greatest possible field of
      vision. As a result of the optical phenomenon referred to as "Binocular
      Diplopia" occurring under normal vision, the shielding portion 11 will be
      reduced, in the mind of the motorist, to a black, generally
      circular-shaped spot of approximately one-half the width of the shielding
      portion 11, which spot covers the sun effectively for both eyes.
PAR  The shielding portion is pivotally attached by means of a rivet 12 to the
      lower end of a support arm 13. The upper end of the support arm 13 is
      pivotally attached by means of a rivet 14 to an L-shaped mounting bracket
      15. The L-shaped configuration of mounting bracket 15 is best seen in FIG.
      3. The rivet 14 provides sufficient frictional engagement between the
      support arm 13 and the mounting bracket 15 to retain the selected relative
      positions of the arm 13 and the mounting bracket 15 after adjustment. A
      similar frictional engagement is provided by the rivet 12 between the
      shielding portion 11 and the support arm 13.
PAR  Permanently affixed by means of a suitable adhesive 17 to the outer side 16
      of the L-shaped bracket 15 is a loop layer of a pressure sensitive
      releasably-engaging cloth 18, such as is commonly sold under the Trademark
      VELCRO. A mating hook layer of a pressure sensitive releasably-engaging
      cloth 19 is permanently affixed by means of any suitable adhesive 21 to
      the upper inner windshield molding 20.
PAR  The mating hook layer of the pressure sensitive releasably-engaging clotch
      19 may be placed along the entire curved length of the side and upper
      windshield molding 20 forwardly of, and generally above, the steering
      wheel 22 of the automovile. Thus, the glare eliminating device 10 is
      selectively positionable at any horizontal or vertical location in front
      of the driver by bringing the hook layer 19 in contact with the loop layer
      18. Vertical adjustments of the shielding portion 11 are achieved by
      radially moving the support arm 13 about the pivotal attachment to the
      mounting bracket 15, as shown in FIG. 2.
PAR  The shielding portion 11, support arm 13 and the L-shaped mounting bracket
      15 are all made of a suitable opaque black material such as XP Bakelite to
      insure effective shielding of objectionable rays of the sun or the glare
      from on-coming traffic.
PAR  It is to be noted by looking at FIG. 1 that the glare eliminating device
      constructed in accordance with the present invention will effectively
      screen objectionable glare from the driver with absolute minimum
      obstruction of the area required by a conventional sun visor 23 (indicated
      in dotted lines).
PAR  The device is also provided with a convenient method of storage, as shown
      in FIG. 4. A small square 24 of the loop pressure sensitive
      releasably-engaging material is affixed to the shielding portion 11. The
      small square 24 and the layer of loop pressure sensitive
      releasably-engaging means 18 located on the L-shaped mounting bracket 15
      cooperate to affix the glare eliminating assembly 25, which is made up of
      the shielding portion 11, the support arm 13, and the mounting bracket 15,
      to the inner upper windshield molding 20 for easily accessible storage.
PAR  It will be apparent that the hook and loop portions of the fabric may be
      reversed, if desired. I have observed that the fabric-type fastener
      described herein provides a damping effect upon the suspended shield
      portion which insulates the shield from undue vibrations in operating,
      thereby permitting simple and inexpensive rivet connections. As a result
      of the described construction, a maximum shielding effect is provided,
      with minimum vision obstruction and a minimum cost.
PAR  It will be seen that the securing cloth may be applied to any of the upper
      window moldings of a vehicle to prevent glare. However, for purposes of
      driving, the preferred mounting position are the windshield and the
      driver's side window, at both of which positions I have found
      substantially improved vision. Since variations may be made without
      departing from the novel concepts of my invention, it is intended that the
      scope of the invention be limited solely by the hereinafter appended
      claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A glare eliminating device for use on vehicles, comprising:
PA1  a flat support arm having an upper and lower end,
PA1  a flat shielding portion of an opaque material pivotally attached centrally
      to said lower end of said support arm,
PA1  an L-shaped mounting bracket comprised of a bottom surface and an upright
      rib, pivot means attaching said rib to said upper end of said support arm
      providing for pivotal movement in the plane of said rib,
PA1  a surface of pressure sensitive releasably-engaging means affixed to said
      bottom surface of said L-shaped mounting bracket,
PA1  and a cooperating surface of pressure sensitive releasably-engaging means
      affixed to an area forwardly and above the steering wheel of an
      automobile,
PAL  whereby said glare eliminating device can be horizontally positioned by
      selectively bringing the cooperating surface of pressure sensitive
      releasably-engaging means of said L-shaped mounting bracket in contact
      with a selected point on said surface of pressure sensitive
      releasably-engaging means, and can be vertically adjusted by radial
      movement of said support arm to position the shielding portion in any
      selected area in front of the driver, thereby obscuring objectionable
      sunlight or headlights of on-coming cars while driving at night.
NUM  2.
PAR  2. A glare eliminating device in accordance with claim 1, wherein
PA1  said L-shaped mounting bracket has a loop surface of pressure sensitive
      releasably-engaging means disposed on said upwardly extending rib,
PA1  said shielding portion has a loop surface of pressure sensitive
      releasably-engaging means disposed on a side thereof corresponding to said
      loop surface of pressure sensitive releasably-engaging means disposed on
      said upwardly extending rib,
PA1  said cooperating surface has a hook fabric surface of pressure
      releasably-engaging means affixed to the area directly above the steering
      wheel of the automobile in a horizontal position,
PAL  whereby said glare eliminating device may be stored by bringing the loop
      surface of pressure sensitive releasably-engaging means of said L-shaped
      mounting bracket and said shielding portion in close contact with said
      hook surface of pressure sensitive releasably-engaging means located above
      the steering wheel of the automobile for storage of said glare eliminating
      device in a horizontal position.
NUM  3.
PAR  3. A glare eliminating device in accordance with claim 1, wherein said
      shielding portion has a rectangular shape with rounded ends, a length
      slightly in excess of the human pupil-to-pupil distance, whereby said
      shielding portion is of minimum size to effectively obscure objectionable
      glare from a two-eyed human motorist while leaving a minimally obstructed
      field of vision to the motorist.
NUM  4.
PAR  4. The device of claim 3, wherein the length overall approximates 4 inches
      and a width of about 1.5 inches is provided.
NUM  5.
PAR  5. A glare eliminating device for use on vehicles, comprising:
PA1  a flat opaque support arm having an upper and lower end,
PA1  a flat rectangular-shaped shielding portion having generally rounded ends
      of a light filtering or obstructing material pivotally attached in
      frictional engagement centrally to said lower end of said support arm,
PA1  an L-shaped mounting bracket comprised of a bottom surface and a
      transversely extending side having said side pivotally attached in
      frictional engagement to said upper end of said support arm,
PA1  a loop fabric surface of pressure sensitive releasably-engaging means
      affixed to said bottom surface, said side of said L-shaped mounting
      bracket and to said shielding portion in cooperative relationship to said
      upwardly extending side of said mounting bracket,
PA1  a hook fabric surface of pressure sensitive releasably-engaging means
      affixed to the area directly above the steering wheel of a vehicle in a
      horizontal position,
PAL  whereby said glare eliminating device can either be horizontally positioned
      by selectively bringing the loop surface of pressure sensitive
      releasably-engaging means of said L-shaped mounting bracket in contact
      with a selected point on said hook surface of pressure sensitive
      releasably-engaging means, and vertically adjusted by the radial movement
      of said support arm to position the shielding portion in any area in front
      of the driver, thereby obscuring objectional sunlight or headlights of
      on-coming cars or stored by bringing the loop surface of pressure
      sensitive releasably-engaging means of said L-shaped mounting bracket and
      said shielding portion in contact with selected points on said hook
      surface.
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ABST
PAL  An adjustable lightweight hassock comprising a cushion-like upper seat
      portion pivotally mounted on a unitary tubular base for angular
      displacement. The upper seat portion is provided with a movable brace
      element having a multiplicity of teeth for releasably retaining the seat
      in a tilted position and including an elongated slot so that when the seat
      is lowered to a horizontal position, the brace element will become
      horizontally disposed in an inconspicuous position beneath the seat.
PARN
     This is a continuation of application Ser. No. 361,824, filed May 18, 1973,
      now abandoned.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to furnishings used in the home or other
      habitable quarters. In particular, the invention concerns a portable
      footstool or hassock upon which a person may sit or rest the feet and
      legs.
PAR  2. Description of the Prior Art
PAR  The use of footstools, ottomans, or hassocks to accomodate ones feet and/or
      legs have been known for centuries. It was generally considered that
      physical and mental fatigue can be alleviated in part by relaxing in a
      sitting position with the feet and legs elevated. Various means have been
      devised to accomodate ones feet and leg portions including reclining
      chairs having built-in leg rests, rocking stools, large cushions filled
      with particulate materials, webbed frames and all other manner of devices
      to match the decorative scheme of ones home.
PAR  To obtain a relatively broad support for ones legs it became desirable to
      adjust the footstool, ottoman or hassock to conform to the angularity of a
      persons legs. U.S. Pat. Nos. 470,688, 2,838,097, 2,838,098, 2,994,364 and
      3,163,468 are illustrative of the prior art embodying various means to
      angularly adjust the leg supporting surfaces. These hassocks and their
      accompanying adjustment means have been unsatisfactory because they were
      complicated to operate, expensive to produce, and frequently awkward and
      cumbersome to move. Additionally, the prior art adjustment means were
      unreliable in maintaining the desired angle of elevation or incline and
      the adjustment mechanisms were exposed, unprotected or not shielded which
      created an unsightly and frequently unsafe or hazardous condition.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a portable lightweight adjustable
      hassock is provided which overcomes the various problems associated with
      prior art hassocks. The present invention comprises a unitary base frame
      upon which is rotatably mounted a cushion-like seat portion. The seat
      portion is provided with a depending movable brace element having
      downwardly inclined teeth sections which engage a stationary detent on the
      base frame for retaining the seat in various angular positions. The brace
      or rack element is provided with an elongated slot so that when the seat
      is in a fully retracted position the element will be disposed in a
      horizontal position substantially beneath the seat with the teeth pointing
      toward the underside of the seat. In this manner, the potentially
      hazardous brace element is not exposed for possible harm to children, the
      user, or snagging ones clothing. Additionally, the hassock of the present
      invention presents a more pleasing appearance while retaining the
      advantages of strength, durability and simplicity of operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a hassock constructed in accordance with
      the present invention with the seat portion in a closed or fully retracted
      position.
PAR  FIG. 2 is a perspective view of the hassock constructed in accordance with
      the present invention with the seat portion in an open or tilted position.
PAR  FIG. 3 is a side elevation view of the hassock of FIG. 1.
PAR  FIG. 4 is a detailed enlarged fragmentary view of FIG. 3 partially broken
      away.
PAR  FIG. 5 is an enlarged fragmentary sectional view taken along lines 4--4 of
      FIG. 2.
PAR  FIG. 6 is a rear elevation view of the hassock of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and more particularly to FIGS. 1-6, there is
      shown an adjustable hassock 10 in accordance with the present invention.
      The hassock 10 includes a relatively soft cushion-like seat portion 12 and
      an open framework base 14. The base 14 is advantageously made out of a
      tubular material and formed of a continuous length of material such as
      metallic tubing. However, other materials may be utilized such as wood and
      plastics in conjunction with other cross-sectional shapes.
PAR  As illustrated in the drawings, the tubing is formed to have lower side
      portions provided with a base length 16. From the ends of the base lengths
      16 the tubing curves upwardly into integral upright lengths 18. There are
      four upright lengths 18 defining the legs of the hassock. The legs are
      each inclined towards each other by extending inwardly from the lower
      portions 15. The legs also extend inwardly from the front and rear of the
      hassock over and above the base length 16.
PAR  Each of the upright legs 18 are preferrably of equal length and opposing
      pairs are joined across the rear and front of the hassock by cross members
      20 and 21, respectively. The cross members 20-21 are preferrably of equal
      length and integral with the upper ends of the upright lengths 18 so that
      a continuous unitary base support 14 is formed.
PAR  As best shown in FIG. 6, seat portion 12 is pivotally connected to cross
      member 21 by brackets 22. Brackets 22 connect the cushion 12 to base 14
      and are loose enough so that the cushion 12 may rotate in an angular
      direction, shown by arrow A in FIG. 2, about cross member 21.
PAR  The retaining assembly of the present invention includes detent means 24
      fixedly connected to cross member 20 proximate the midpoint thereof and
      includes an integral laterally extending member 26 having an elongated
      aperture 28 provided therein through which brace element 30 freely
      extends. Brace element 30 is provided with a multiplicity of teeth 32 with
      indented portions 31 which are adapted to engage the detent portion 34 of
      detent means 24. The brace element is pivotally journaled about pin 37 to
      angle part 38 so that it is free to swing beneath cushion 12 in a
      direction perpendicular to cross member 20.
PAR  A unique aspect of the present invention is the provision of elongated open
      ended slot 36 in brace element 30 at the uppermost end of the brace
      element adjacent pivot pin 37 and the underside of cushion 12. The slot
      extends angularly from the brace element edge 39, which generally faces
      the seat 12, toward pin 37 a distance substantially greater than the
      indented portions 31 of teeth 32. The slot terminates at closed end 33
      which is located adjacent pin 37 and is closer thereto than open end 35.
      When the cushion is moved to a fully closed position, the slot 36 will
      serve as a guide in cooperating engagement with detent 34, which acts as a
      secondary pivot point, to cause the rack element to rotatably slide
      thereabout into a substantially horizontal position completely beneath
      cushion 12.
PAR  Additionally, the lower end of brace element 30 is provided with a
      transversly extending tab 40. The purpose of the transversly extending
      bottom tab is to prevent the inadvertent withdrawal of the brace element
      through elongated aperture 28. It can be seen that the tab provides a
      maximum angular displacement of cushion 12 and will allow one to pick-up
      the hassock by grasping the cushion without fear that it will become
      disengaged from the base frame.
PAR  In operation, it will be apparent that when cushion 12 is in a fully
      retracted or closed position, the under-surface thereof will be resting on
      cross members 20-21 with the elongated slot 36 of brace element 30 engaged
      with detent 34. The slot 36 is disposed within the brace element in a
      manner such that when the slot slidably engages detent 34 it will pivot
      the element and cause it to rotate about pin 37 in the direction shown by
      arrow C in FIG. 5. Once one engages detent 34 with slot 36 the weight of
      the cushion 12 will automatically cause the rack to swing to a safe
      inconspicuous position beneath the cushion. To subsequently raise the
      cushion to a tilted position, one simply grasps the rear end thereof and
      lifts in the upwardly direction indicated by arrow A in FIG. 2. The brace
      element will swing in the reverse manner from that described above and as
      the cushion is further lifted the rack at slot 36 will become disengaged
      from detent 34. At his point the rack will hang freely by gravity within
      the constraints of elongated aperture 28.
PAR  One can continue raising the cushion to the desired angular disposition and
      maintain it there by simply swinging the rack in the direction shown by
      arrow B in FIG. 5 and letting the cushion down so that a tooth 32
      corresponding to the desired level will engage detent 34. The downwardly
      directed teeth and weight of the cushion serve to securely maintain the
      engagement of the teeth 32 with detent 34. From the above, it is clear
      that the cushion may be raised to various positions relative to the base
      simply by raising or lowering the front of the cushion and engaging the
      teeth 32 upon detent 34.
PAR  Because the base portion is of unitary design without the necessity of
      unsightly bracing means or cross pieces or other reinforcements the
      present invention provides a lightweight but sturdy portable hassock.
      Additionally, a safe and simply operated retaining assembly is provided
      which allows the hassock cushion to be tilted into various angular
      positions thereby providing the maximum in comfort to ones legs while
      providing a safe attractive asset to the decorative scheme of ones living
      quarters.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adjustable hassock comprising:
PA1  a unitary base;
PA1  detent means connected to said base; and,
PA1  a seat portion rotatably mounted on said base including a movable brace
      element pivotably attached to said seat having a multiplicity of teeth
      with indented portions for releasably retaining said seat on said detent
      means, said element having an inner edge which generally faces said seat
      and an elongated open ended slot disposed at an end thereof adjacent said
      seat for slidably guiding said element on said detent means to a position
      beneath said seat when said seat is placed in a closed position; said slot
      extending angularly from an open end at said edge a distance substantially
      greater than the indented portions toward a closed end at a location
      adjacent where said brace element is pivotably attached.
NUM  2.
PAR  2. The hassock of claim 1 wherein said detent means includes an aperture
      through which said brace element freely extends and a detent portion which
      releasably engages the teeth of said brace element for retaining said seat
      in a tilted position.
NUM  3.
PAR  3. The hassock of claim 1 wherein the teeth of said brace element are
      disposed thereon to point toward the underside of said seat when said seat
      is in a closed position.
NUM  4.
PAR  4. The hassock of claim 1 wherein said base comprises a continuous length
      of material having two equal base lengths at opposing side portions
      integral with four upright lengths joined by two opposing cross members.
NUM  5.
PAR  5. The hassock of claim 4 wherein said detent means is connected to one of
      said cross members and said seat portion is mounted on the other of said
      cross members.
NUM  6.
PAR  6. The hassock of claim 5 wherein said upright lengths are of equal height
      and extend inwardly toward each other and above said base lengths.
NUM  7.
PAR  7. In combination:
PA1  a base frame having at least two upper cross members;
PA1  a cushion pivotally connected to one of said cross members;
PA1  a retaining assembly connected to a second of said cross members and to
      said cushion, said assembly comprising:
PA1  detent means fixedly attached to said second cross member; and,
PA1  a toothed brace element with indented portions pivotally attached to said
      cushion and positioned to releasably engage said detent means, said
      element having an inner edge which generally faces said cushion and an
      elongated open ended slot disposed at one end thereof to engage said
      detent means and rotatably guide said element to a substantially
      horizontal position beneath said cushion when said cushion is moved to a
      closed position; said slot extending angularly from said edge a distance
      substantially greater than the indented portions toward a closed end at a
      location adjacent where said brace element is pivotably attached.
NUM  8.
PAR  8. The combination of claim 7 wherein said element includes a transversely
      extending tab located at the lower end thereof.
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PAL  A vehicle seat assembly having a substantially horizontal seat member and a
      normally upright backrest pivoted relative to the seat member is locked in
      one of a plurality of selectable positions lengthwise of a stationary
      guide fixed to the vehicle floor. A seat position memory element is
      provided having a first latch which is selectively engageable with the
      stationary guide and a slide member which is slidably carried on the
      stationary guide. The slide member has a second latch which normally
      engages the stationary guide to lock the seat assembly in position and is
      disengaged therefrom when the backrest is folded forward to permit the
      seat assembly to move forward. A control shaft is rotatably carried on the
      slide member and arranged to coact with the first and second latches. Upon
      rotation of the control shaft, the first and second latches are disengaged
      from the stationary guide to move the seat to a selected position.
      Restoring of the control shaft causes the first and second latches to come
      into engagement with the stationary guide. When the backrest is folded
      forward to move the seat forward, the first latch remains engaged with the
      stationary guide while the second latch is disengaged therefrom. Upon
      return movement of the seat, the second latch comes into engagement with
      the stationary guide such that the seat assembly returns to the selected
      position.
BSUM
PAR  The present invention relates to seat position control mechanisms for motor
      vehicles whereupon the forward tilting of the backrest releases the latch
      mechanism automatically disengaging the seat from a selected seat position
      to permit forward movement of the seat and, more particularly to an
      improved seat position control mechanism in which the seat is
      automatically latched in its original position as the seat slides backward
      upon the return movement of the backrest.
PAR  In two-door model automobiles it is usual to provide front seats in which
      the back portion of the seat pivots forward to permit entry and egress to
      and from the rear seat of the vehicle. The front seat, when the backrest
      is upright, is latched in one of the selectable positions with respect to
      the vehicle floor to prevent inadvertent forward movement thereof during a
      sudden stop. Upon the forward tilting movement of the backrest, the latch
      mechanism is automatically released and the seat is allowed to slide
      forward to permit entry and egress to and from the rear seats of the
      vehicle. However, this arrangement introduces some inconvenience during
      entry and egress to the rear seats, because upon the return movement of
      the backrest, the seat slides back past the previously selected position
      and is latched in a new and undesired position. Therefore, the latch
      mechanism must be manually released and readjustment of the seat position
      made, every time the front seat is disengaged.
PAR  Therefore, an object of the present invention is to provide an improved
      seat position control mechanism which overcomes the above-mentioned
      disadvantages.
PAR  Another object of the invention is to provide a seat position memory device
      which is normally connected to a stationary guide fixed to the vehicle
      floor when the backrest is tilted forward to permit entry and egress to
      and from the rear seats and is disconnected from the stationary guide only
      when the seat position requires readjustment.
DRWD
PAR  Other objects and features of the present invention will become apparent
      from the following description when taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a general perspective view of the seat assembly in accordance
      with the present invention;
PAR  FIGS. 2A and 2B are perspective views showing detailed structures of the
      seat position control mechanism of the invention;
PAR  FIGS. 3A and 3B are cross-sectional views taken along the line III--III of
      FIG. 2B;
PAR  FIG. 4 is a cross-sectional view taken along the line IV--IV of FIG. 2A;
PAR  FIG. 5 is a cross-sectional view taken along the line V--V of FIG. 2B;
PAR  FIG. 6 is a perspective view of a seat position memory element in
      accordance with the invention;
PAR  FIGS. 7A, 7B and 7C show relative positions of latch means, the memory
      element and the stationary guide.
DETD
PAR  Reference is now made to the drawings and in particular to FIGS. 1 and 2,
      the numeral 1a denotes a motor vehicle seat assembly having substantially
      horizontal seat member 25a and a seat back member or backrest 25b
      including a conventional hockey stick shaped member 27. The backrest 25b
      is movable relative to seat member 25a in that hockey stick 27 is
      pivotally attached to seat member 25a by a pivot pin 27a extending into a
      hole 27b formed in the hockey stick 27. Slide members 5 and 6 are fixed
      below the opposing sides of the seat member 25a and are slidably engaged
      with stationary guides 1 and 2 on supports 28 fixed to the floor of the
      motor vehicle. A connecting wire 15 is coupled to one end of a generally
      "L" shaped flat member 13 pivotally disposed on the slide member 6 and to
      a hole 27c of the hockey stick 27 as illustrated in a broken line. The
      backrest 28 is thus forwardly tiltable to permit entrance to and exit from
      the rear passenger seat of the vehicle. The slide member 6 is urged
      forward by means of a coiled spring 7 with respect to the stationary guide
      2 so that the seat member 25a is caused to move forward upon the backrest
      being folded forward.
PAR  A slide member 5 has on its upper surface a mounting plate 5a secured
      thereto at a position intermediate of the forward and backward ends
      thereof by welding. The mounting plate 5a laterally extends toward the
      slide member 6, has the intermediate portion thereof flared downwardly
      (FIG. 2B) and is formed with a pair of coaxially aligned sleeves 5b and 5c
      at the opposite ends thereof in parallel with the slide member 5. A
      control shaft 10 having at the forward end thereof a handle 10a which
      extends substantially at right angles has the diameter of the inner
      diameter of the sleeves 5b and 5c and extends therethrough so as to permit
      rotatable movement thereof by the handle portion 10a. A spring coil 16 is
      coupled at the rear end of the control shaft 10 and the slide member 5 so
      that control shaft 10 is normally urged in a counterclockwise direction.
      An upright lever 11 having integrally formed therewith a sleeve 11a
      extends through a hole 5d of the mounting plate 5a, with the sleeve 11 a
      being rotatably disposed about the control shaft 10 (FIG. 3A). The sleeve
      11a has an opening 11b which extends part of the circumference thereof and
      through which a lug 10b of the control shaft 10 extends and is normally in
      abutment with a stop member 17 secured to the mounting plate 5a. The
      stationary guide 1 has a plurality of equally spaced slots 3 arranged
      lengthwise thereof and the mounting plate 5a has a slot 5e on its
      downwardly flared portion in register with one of the slots 3. A latch 8
      is operatively connected at the intermediate position thereof to the
      upright lever or link 11 by a connecting pin 11c, and slidably received in
      the slot 5e and engageable with slots 23 and 3 (FIG. 3A) with a spring 8a
      urging the latch 8 toward slots 3.
PAR  On the other hand, the stationary guide 2 has also a plurality of slots 4
      arranged lengthwise thereof which correspond to the slots 3 of the
      stationary guide 1. The slide member 6 is provided with a latch 9 which is
      normally urged toward the stationary guide 2 by a spring 9a and slidably
      carried by a support member 6a secured to the slide member 6 so that latch
      9 engages one of the slots 4 of the stationary guide 2 (FIG. 4). The
      upright link 11 has its upper end operatively connected to the latch 9 by
      a connecting wire 12 and has its lower end connected to the "L" shaped
      member 13 by a connecting wire 14.
PAR  Upon forward tilting movement of the backrest 28, the connecting wire 15 is
      pulled backward so that the "L" shaped member 13 is rotated in a direction
      as indicated by the arrow in FIG. 2A. This in turn causes the lever 11 to
      rotate as indicated by the arrows in FIGS. 2B and 3A, so that the
      spring-biased latches 8 and 9 are disengaged from the stationary guides 1
      and 2, respectively. Under this circumstance, the seat member 25 is urged
      to slide forward by virtue of the spring 7.
PAR  In accordance with the present invention, a seat position memory element 19
      is provided between the stationary guide 1 and the slide member 5 (FIGS.
      2B, 3A and 6). The memory element 19 comprises an elongate member having a
      first side wall 19a, a bottom wall 19f, a second side wall 19g in opposed
      relation to and shorter in length than the first side wall, a downwardly
      flared portion 19e spaced from the second side wall 19g and an
      intermediate or third wall 19b which extends parallel with the first wall
      19a and has the length substantially equal to the stationary guide 1. The
      third wall 19b has a first and a second latch receiving slots 24 and 23.
      The first slot 24 is positioned to be in register with one of the slots 3
      of stationary guide 1 and adapted to receive the first spring biased latch
      20 therethrough and the second slot 23 is also in register with one of the
      slots 3 to receive a second spring-biased latch 20. The latch 20 is
      supported by the second wall 19g and downwardly flared portion 19e through
      slots 30 and 31 provided thereon and biased toward the intermediate wall
      19b by a spring 21 to engage the first slot 24. As illustrated in FIGS. 3A
      and 5, the position memory element 19 is arranged such that the first side
      wall 19a slides along the outer side wall of the slide member 5 with a
      friction reducing member 19d formed of a resin and the third or elongated
      wall 19b slides along the outer wall of the stationary guide 1 with the
      bottom wall 19f being slidably supported between the bottom wall of the
      stationary guide 1 and a support member 29 fixed to the vehicle floor
      supports 28. The spring-biased latch 20 is normally received in one of the
      slots 3 of the stationary guide 1 through the first slot 24 of the memory
      element 19, so that the memory element 19 is normally engaged with the
      stationary guide 1 when the backrest 28 is in normal upright position.
      According to the invention, the control shaft 10 is provided with a latch
      abutment member 22 integrally formed therewith adjacent the backward end
      thereof (FIGS. 2B and 5). The latch abutment member 22 has a transverse,
      U-shaped cross-sectional groove and is so positioned on the control shaft
      10 as to abut with the upright portion of the latch 20 when the latch 8
      comes into engagement with the second slot 23. Upon clockwise rotation of
      the control shaft 10 as indicated by the arrow in FIG. 2B, the upright
      portion of the latch 20 is received in the groove formed in the abutment
      member 22 and moved away from the stationary guide 1 to disengage
      therefrom so that the position memory element 19 is disengaged from the
      stationary guide 1 and then is engaged with the slide member 5 through the
      control shaft 10 which is supported by the slide member 5 (FIG. 5).
      Simultaneously, the lug 10b of the control shaft 10 comes into abutment
      contact with the adjacent edge of the opening 11b of the sleeve 11a and
      the lever 11 is forced to rotate clockwise (FIG. 3B) in a manner similar
      to that in which the lever 11 is rotated upon forward tilting movement of
      the backrest 28. Therefore, the clockwise rotation of the control shaft 10
      causes the latches 8, 9 as well as latch 20 to disengage from the
      respective stationary guides and the seat member 25a as well as slide
      members 5, 6 and intermediate member 19 is are thus free to move along the
      stationary guides 1 and 2 to permit the passenger to adjust the seat
      position (FIG. 7A). The position adjustment is made by moving the seat
      member to any suitable position with the control shaft 10 being held
      rotated to the extreme end of the clockwise rotation and restoring the
      control shaft to the normal position, so that the latch 20 is released and
      comes into engagement with a selected slot 3 of the stationary guide 1. In
      more detail, as the control shaft 10 is restored to the normal position,
      the latch 20 of the position memory element 19 is received into a slot 3a
      and the latch 8 of the slide member 5 is received into a slot 3b through
      slot 23 of the memory element 19, with the other slots such as 3c and 3d
      are covered with the non-perforated portion of the memory element 19 as
      illustrated in FIG. 7B, and the latch 9 is also received in the
      corresponding slot 4 of the stationary guide 2. Thus, the slide members 5
      and 6 are locked in a selected position determined by the latch 20 and the
      selected slot 3a.
PAR  When the seat assembly is in the selected position and the backrest is
      tilted forward, the latches 8 and 9 are caused to disengage from the
      stationary guides 1 and 2, respectively, while the latch 20 remains
      engaged with the stationary guide 1 as shown in FIG. 7C, since the
      clockwise rotation of the lever 11 due to the forward tilting movement of
      the backrest 28 provides no coaction with the control shaft 10 as seen
      from FIG. 3A. The slide members 5 and 6 are thus disengaged from the
      stationary guides 1 and 2, respectively, while the memory element 19
      remains engaged with the stationary guide 1. It is noted that as the seat
      member 25 is moved forward to permit entry and egress to and from the rear
      seats, it is only the memory element 19 which remains engaged with the
      stationary guide 1 by means of the spring-biased latch 20. Upon return
      movement of the backrest 28 to normal upright position, the latch 8 moves
      along the inner wall of the intermediate wall 19b of the memory element 19
      and is caused to reengage therewith through slot 23 and with the
      stationary guide 1 through slot 3b as illustrated in broken line in FIG.
      7C. It is to be understood that if the strength requirement is met then,
      the latch 9 may be dispensed with and the slot 23 may be located in any
      position not necessarily in register with each of the slots 3 of the
      stationary guide 1.
PAR  The foregoing description shows only preferred embodiment of the present
      invention. Various modifications are apparent to those skilled in the art
      without departing from the scope of the present invention which is limited
      by the appended claims. Therefore, the embodiment shown and described is
      only illustrative, not restrictive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seat position control mechanism for a vehicle seat assembly having a
      substantially horizontal seat and a normally upright backrest pivotable
      relative to the seat for forward tilting movement, the control mechanism
      comprising:
PA1  stationary guides having a plurality of spaced latch engaging means and
      fixedly attached to the vehicle floor under the seat;
PA1  slide members slidable on said stationary guides and attached to the seat;
PA1  an elongate member disposed parallel with one of said stationary guides and
      an associated slide member and having first and second latch engaging
      apertures therein, each being arranged in registry with one of said latch
      engaging means of said stationary guide;
PA1  a first spring-loaded latch on said elongate member and normally engaged
      with said first aperture and one of said latch engaging means of said
      stationary guide;
PA1  a second spring-loaded latch on said slide member and normally engaged with
      said second aperture of said elongate member and another latch engaging
      means of said stationary guide;
PA1  a manual control shaft axially rotatably supported by the slide member and
      engageable with said first and second latches to cause the same to
      disengage from the respective latch engaging means and said latch engaging
      apertures when said control shaft is manually turned, the engagement of
      said control shaft with said first latch being such that said elongate
      member is movable with said slide member; and
PA1  means for connecting the backrest with said second latch in such manner
      that upon the forward tilting movement of the backrest said second latch
      is disengaged from said another latch engaging means and said second
      aperture to thereby allow said slide member to be moved forward and then
      backward to the position determined by the engagement of said first latch
      with said first latch engaging aperture and said one of the latch engaging
      means of said stationary guide, and at this position said second latch is
      engaged in said second aperature and said another latch engaging means.
NUM  2.
PAR  2. A seat position control mechanism as claimed in claim 1, wherein said
      control shaft is provided with a transverse abutment member having a
      generally U-shaped groove engageable with said first latch to disengage
      the same from the stationary guide upon rotation of said control shaft.
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ABST
PAL  A car seat is described which includes a panel in the form of a
      substantially rectangular sheet of plastic material having seat and back
      portions connected to each other by an integral hinge. The seat and back
      portions each have a major central area formed with an array of T-shaped
      elements arranged in columns and rows and each having a T-shaped
      supporting surface. The T-shaped elements of adjacent rows are staggered
      and intermeshed to form a lattice of elongate substantially uniform width
      channels each extending about the periphery of an associated T-shaped
      section and oriented parallel to one of the directions of the rows and
      columns. The continuity between the channels aligned along the directions
      of said rows and channels is repeatedly interrupted by the T-shaped
      sections. A continuous stiffening bead is provided about each central area
      to define a peripheral channel open in the direction of the supporting
      surfaces. An optional stiffening wire may be disposed within the
      peripheral channel before the panel is covered with a mesh material which
      is connected to the latter after a peripheral strip of binding material is
      folded over to cover the edges of the panel and the mesh material. When
      the mesh material abuts against the T-shaped surfaces of the elements, the
      mesh material covers the opening of the elongate channel and prevents the
      stiffening wire from moving out therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to support panels for use as ventilated
      support mats, and more specifically to such panels which are suitable for
      use in car seats and seats made therefrom.
PAR  Ventilated pads for seats of automobiles, trucks, and other motor vehicles,
      are extensively used, particularly over long distance trips. Such pads or
      mats are intended to provide sufficient ventilation around the driver of
      the vehicle to prevent excessive perspiration and to increase the general
      comfort of the driver.
PAR  Numerous ventilated pads of the type generally under discussion are known
      in the prior art. However, many of these have disadvantages. For example,
      some pads are excessively flexible and do not provide the requisite local
      rigidity required to adequately support the driver. Pads which do not have
      the requisite rigidity tend to excessively deform and this decreases the
      ventilation through the seat as well as provides less support to the
      driver with attendant added discomfort. Other seats have complex
      constructions and therefore are expensive to manufacture. Some seats
      provide the resiliency support by the use of springs or other types of
      resilient materials which cooperate with a basic seat frame. Because many
      of these known car seats include frames or panels which do not in and of
      themselves provide the requisite rigidity, additional means must be
      utilized, such as stiffening wires which extend through the frame of the
      seat.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a panel
      for use in a ventilated body support mat which does not have the above
      described disadvantages associated with comparable known devices.
PAR  It is another object of the present invention to provide a support panel
      which is simple in construction and economical to manufacture.
PAR  It is still another object of the present invention to provide a support
      panel of the type under discussion which is made from a relatively thin
      sheet of plastic material but which is formed in a manner to enhance the
      rigidity thereof to provide the requisite support to a person resting on
      the panel.
PAR  It is yet another object of the present invention to provide a support
      panel of the type suggested in the above objects which does not require
      additional stiffening means to provide desired rigidity of the panel when
      the latter is formed from a relatively thin sheet of resilient plastic
      material.
PAR  It is a further object of the present invention to provide a car seat which
      includes a panel as suggested above which is formed from a plastic sheet
      of material provided over the surface area thereof with an array of
      T-shaped elements arranged in rows and columns and which are staggered and
      intermeshed to form a lattice of channels, with the continuity between
      channels aligned along the directions of said rows and columns being
      repeatedly interrupted by the T-shaped sections to enhance the stiffness
      of the panel and prevent excessive flexing thereof along all directions of
      the panel.
PAR  It is still a further object of the present invention to provide a support
      panel of the type set forth in the last object, wherein the lattice of
      channels permits the flow therethrough of ventilating air.
PAR  It is yet a further object of the present invention to provide a panel as
      in the last object wherein holes are formed in the T-shaped surfaces
      associated with the T-shaped elements in one of the faces of the panel to
      still further enhance the ventilation or flow of air through the panel.
PAR  It is an additional object of the present invention to provide a car seat
      which utilizes one or two above suggested panels to further enhance the
      rigidity of the car seat.
PAR  In order to accomplish the above objects, as well as others which will
      become apparent hereafter, a support panel for use as a ventilated body
      support mat comprises an array of T-shaped elements arranged in columns
      and rows. The T-shaped elements extend between and collectively define two
      spaced substantially parallel faces of the panel. Each of the T-shaped
      elements has a T-shaped surface disposed in one of said faces and has wall
      portions normal to said faces extending from the periphery of said
      T-shaped surface in said one face to said other face. Elongate connecting
      portions in the other of said faces are provided extending between said
      wall portions and connecting adjacent T-shaped elements. The T-shaped
      elements in adjacent rows are staggered and intermeshed to form a lattice
      of elongate substantially uniform width channels extending about the
      peripheries of the T-shaped sections and oriented parallel to one of the
      directions of said rows and columns. The continuity between said channels
      aligned along the directions of said rows and columns are repeatedly
      interrupted by said T-shaped sections. In this manner, the stiffness of
      the panel is enhanced and excessive flexing thereof is prevented along all
      directions along said panel including the longitudinal and transverse
      directions of said columns and rows respectively when a person is
      supported on the mat, while providing paths which permit the flow of
      ventilating air through said channels.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With the above and additional objects and advantages in view, as will
      hereinafter appear, this invention comprises the devices, combinations and
      arrangements of parts hereinafter described by way of example and
      illustrated in the accompanying drawings of a preferred embodiment in
      which:
PAR  FIG. 1 is a perspective view of a car seat incorporating the support panel
      in accordance with the present invention, showing the mesh covering broken
      away to expose the T-shaped elements forming the support panel;
PAR  FIG. 2 is a top plan view of the car seat shown in FIG. 1;
PAR  FIG. 3 is a perspective view of a corner portion of the support panel of
      the car seat shown in FIGS. 1 and 2;
PAR  FIG. 4 is an enlarged top plan view of the corner portion shown in FIG. 3;
PAR  FIG. 5 is a cross sectional view of a portion of the car seat shown in FIG.
      2, taken along line 5--5;
PAR  FIG. 6 is a cross sectional view of the car seat shown in FIG. 2, taken
      along line 6--6; and
PAR  FIG. 7 is similar to FIG. 6, but showing a car seat formed with two similar
      support panels in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the FIGURES, wherein identical or similar parts are
      designated by the same reference numerals throughout, and first referring
      to FIGS. 1-4, a car seat 10 is shown which incorporates the support panel
      or blank 12 in accordance to the present invention. Although a car seat is
      described, it will become evident that the present invention can be
      extended to other body support devices.
PAR  The panel 12 includes a back support portion 14 and a seat support portion
      16 connected to each other at an integral hinge 18. The panel or blank 12
      may be formed from any suitable material. In the presently preferred
      embodiment, the panel 12 is vacuum formed from a thin sheet of resilient
      elastomeric or plastic material.
PAR  The panel 12 is substantially rectangular in configuration, with the back
      and seat support portions 14 and 16 forming connected adjacent portions of
      the rectangular sheet. Although the back and seat support portions 14 and
      16 are shown each to be generally rectangular, this does not form a
      critical feature of the present invention and these support portions may
      assume any other configuration.
PAR  Each support portion 14, 16 includes a central region or area 20, shown to
      be rectangular, which follows and extends proximate to the peripheral
      edges of the respective support portions. Provided within each central
      area or region 20 is a grid or array of T-shaped elements 22, 22' arranged
      in rows 24 and columns 26. The elements 22 formed on the back support
      portion 14 and the element 22' formed on the seat support portion 16 are
      shown to be identical except for the orientation thereof. However, the
      elements 22 and 22' need not be identical and may differ in size and/or
      spacing as long as the back and seat support portions 14, 16 maintain the
      requisite rigidity as to be described.
PAR  The T-shaped elements 22, 22' are three dimensional and have the thickness
      of the panel 12. These elements extend between and collectively define two
      spaced substantially parallel faces of the panel 12 as will become evident
      from the description that follows.
PAR  Each of the T-shaped elements 22, 22' has a T-shaped support surface 22a
      disposed in one of the upper of the faces of the panel and has wall
      portions 22b-22f which are normal to the faces of the panel 12 and extend
      from the periphery of the T-shaped surfaces 22a to the other or lower face
      of the panel where the respective elements are connected to each other as
      shown and to be described. Advantageously, the wall portions 22b-22f are
      somewhat inclined outwardly from the support surfaces 22a as the wall
      portions extend towards the lower face of the panel. This permits the
      grids or blanks 12 to be stacked for storage by nesting corresponding
      T-shaped elements inside one another and provides a sufficient draft to
      facilitate mold removal.
PAR  An important feature of the present invention is that the T-shaped surfaces
      22a are arranged in the rows 24 and columns 26 with the surfaces 22a in
      adjacent rows being staggered and intermeshed to form substantially
      uniform elongate transverse and longitudinal spaces 36, 37 therebetween.
      Elongate connecting portions 36', 37' collectively define the other or
      lower face of the panel 12 and extend between adjacent facing or opposing
      wall portions 22b-22f and are coextensively disposed in opposition to the
      elongate spaces 36, 37 to form a lattice of elongate substantially uniform
      width channels 38, 40, shown in FIGS. 2-4, each extending about the
      periphery of an associated T-shaped section 22, 22'.
PAR  The transverse channels formed between the walls 22b-22f are designated by
      the reference numeral 38 and the longitudinal channels designated by the
      reference numerals 40. These channels, which are in effect channel
      segments, are oriented in directions parallel to one of the directions of
      said rows 24 and columns 26. An important feature of the present invention
      is that the elements 22, 22' are arranged to repeatedly interrupt the
      continuity between both channels 38, 40 aligned along directions parallel
      to the rows and columns 24, 26 to enhance the stiffness of the panel 12
      and prevent excessive flexing of the same along the channels 38, 40 when a
      person is supported on the mat or seat 10 while providing paths which
      permit flow of ventilating air through these channels.
PAR  Referring to FIGS. 3 and 4, the details of the grid or array of T-shaped
      sections 22' is shown in more detail. In the presently preferred
      embodiment, each of the T-shaped surfaces 22a comprises a transverse
      portion 32 and a longitudinal portion 34. In accordance with an
      advantageous construction of the subject panel, the width of each
      transverse portion 32 along the direction of said rows 24 is approximately
      three times the width of each of the longitudinal portions 34. In the
      construction under consideration, each longitudinal portion 34 has a
      length along the direction of the columns 26 which is approximately equal
      to the height of a transverse portion 32 and the width of one of the
      transverse channels 38. The width of the longitudinal portion 34 is
      approximately equal to the height of the transverse portion 32. As could
      best be seen in FIG. 4, the width of the transverse portion 32 is
      approximately equal to the width of the longitudinal portion 34 and four
      times the width of the longitudinal channel 40.
PAR  For the above described construction, the distance along the direction of
      the rows 24 between adjacent transverse portions 32 in adjacent columns 26
      is equal to the width of a longitudinal portion 34 and twice the width of
      the channel 40. Also, the distance along the direction of the rows 24
      between adjacent longitudinal portions 34 in adjacent columns 26 is equal
      to the width of the transverse portion 32 and twice the width of the
      channel 40. The distance along the direction of the columns 26 between
      adjacent transverse portions 32 in adjacent rows 24 is equal to the width
      of the transverse portion 32 and twice the width of the channel 38.
      Further, the distance along the direction of the columns 26 between
      adjacent longitudinal portions 34 in adjacent rows 24 is equal to the
      width of a transverse portion 32 and the width of the channel 38.
PAR  Referring to FIG. 2, the principle of the present invention will now be
      described. The reference numerals 38' designate lines parallel to the rows
      24 along which channels or channel segments 38 are formed and are aligned.
      It will be noted that the channels 38 are repeatedly interrupted along the
      lines 38' by spaced longitudinal portions 34 in every other column 26.
      Similarly, the reference numerals 40' designate those lines parallel to
      the directions of the columns 26 along which channel or channel portions
      40 are aligned. Here, the transverse portions 32 of the sections 22, 22'
      in every other row are shown to repeatedly interrupt the continuity of the
      channels 40 along the lines 40'. Accordingly, flexing of the panel 12
      along the lines 38' and 40' is minimized and the stiffness of the panel is
      substantially enhanced. Excessive flexing of the panel 12 is prevented
      along all directions of the panel including the longitudinal and
      transverse directions of the rows 24 and the columns 26 when a person is
      supported on the mat. However, because the channels 38 and 40 are
      interconnected with one another, these provide a grid of channels which
      permit free flow of ventilating air therethrough.
PAR  To further enhance the ventilation of air through the panel, there is
      advantageously provided at the free ends of the transverse portion 32 and
      the longitudinal portion 34 holes 22g and 22h respectively. Due to the
      novel construction above described, the provisions of these holes does not
      materially increase the flexibility of the panel and the requisite
      stiffness required for comfort is maintained.
PAR  In accordance with the presently preferred embodiment, there is provided an
      optional continuous peripheral bead 30' extending around each central grid
      area 20 which extends between the above-mentioned upper and lower faces of
      the panel 12 and which opens in the direction of the T-shaped surfaces
      22a. The nature of the bead 30' is shown in FIG. 5, wherein it is shown to
      define a continuous peripheral channel or groove 30 which extends about a
      respective grid area 20. The bead 30' is in the nature of stiffening
      portion which further enhances the rigidity of the panel 12 to make the
      same suitable for supporting persons without excessive flexing or
      deformation thereof. Extending about the periphery of the panel 12, there
      is provided a continuous planar portion 28 disposed in the upper face or
      in the plane of the T-shaped surfaces 22a.
PAR  Clearly, the above described blank or panel 12 may be made by vacuum
      forming, in which case the elongate surfaces 36', 37' and the bead 30' are
      drawn to a common side from a sheet of deformable material. The planar
      peripheral portion 28 as well as the T-shaped surfaces 22a remain in the
      plane of the original sheet.
PAR  While the panel or blank 12 may alone be used as a mat or cushion, the car
      seat 10 in accordance with the presently preferred embodiment utilizes a
      covering material 42 which is also rectangular and has dimensions
      comparable to those of the panel 12. The material 42 and the panel 12 are
      coextensive with each other and the material 42 is in abutment against the
      support T-shaped surfaces 22a and is arranged to dispose the peripheral
      edges of the coextensive sheets 12, 42 adjacently to each other. However,
      as should be clear, the panel 12 may be used as shown, or may be turned
      upside down to dispose the connecting portions 36', 37' in upwardly facing
      directions to serve as body support surfaces. In this connection, the
      covering material 42 may be provided on either major side of the panel
      and, accordingly, be in abutment with either the support surfaces 22a or
      36', 37'. As shown in FIGS. 1, 2 and 6, an optional elongate strip of
      binding material 46 extends about the edges of the sheets 12, 42 and is
      folded to cover the same. Suitable connecting means are utilized for
      connecting these sheets 12, 42 to the strip 46 and to each other. Although
      stitching 48 is utilized to effect this connection, other suitable
      conventional means, such as staples or adhesive, may equally be used. The
      covering material may be a mesh material as shown, or any other suitable
      covering material which renders exposed surfaces of the car seat
      aesthetically pleasing.
PAR  As above mentioned, the car seat 10 is relatively rigid due to the basic
      grid construction above described of T-shaped elements 22, 22' as well as
      the provision of the peripheral beads 30'. To still further enhance the
      stiffness of the panel, a stiffening wire 50 may be disposed within the
      peripheral channel 30, as shown in FIG. 6. Since the bead 30' opens in the
      direction of the T-shaped surfaces 22a, the wire 50 is maintained within
      the groove or channel 30 by the sheet of mesh covering material 42. This
      arrangement insures that the stiffening wire 50 remains within the channel
      30 and is not permitted to freely move in the space between the mesh
      material 42 and the panel or blank 12 as with many prior art
      constructions.
PAR  The present invention also contemplates the use of more than one panel or
      blank in the formation of a body support mat such as a car seat. One
      possible arrangement of two panels 12 is shown in FIG. 7. Here, two panels
      12' are shown coextensively arranged to cause corresponding elongate
      portions 36', 37' to be in abutment with each other. With such an
      arrangement, opposing supporting T-shaped sections on the two back-to-back
      panels are spaced from each other a distance approximately equal to twice
      the thickness of the panels. Accordingly, both major surfaces of the mat
      10' exhibit the T-shaped support surfaces 22a. Since the grid or array of
      surfaces 22a has an aesthetically pleasing appearance, it is presently
      contemplated that the mat or seat 10' is not provided with a mesh covering
      material 42 as described above. Thus, a driver sits directly on and is
      supported by the surfaces 22a on either panel 12'. However, it should be
      evident that a covering material may be used if desired.
PAR  As with the previously described mat, a strip of binding 46 is folded to
      cover the peripheral edges of the two panels 12'. Stitching 48 connects
      the panels to each other and to the binding.
PAR  The support mat 10', having approximately twice the rigidity or stiffness
      of a single blank 12, is capable of supporting most anticipated loads with
      minimum flexing or deformation. In the event, however, that the mat 10' is
      to be further reinforced, an optional wire 50 may be provided which is
      disposed between the two panels 12'. Where modified panels 12' are used,
      having the beads 30" formed to expose the opening of the resulting
      channels in the opposite direction or in a direction away from the
      T-shaped surfaces 22a, the two aligned beads 30" together form a closed
      channel 30a as shown which receives the wire 50 and prevents the same from
      freely moving between the panels. However, a double panel mat may be
      formed from the panels 12 wherein the channels 30 are open in the
      direction of the T-shaped surfaces as described above. Here, a wire may be
      disposed within the spaces 30b, shown in FIGS. 3, 5, and 6, formed between
      the beads 30' and the walls 22b-22f adjacent the respective beads.
PAR  The above described construction of the grid areas 20 is for purposes of
      illustration only. While the relative dimensions of the longitudinal
      portions 34 and the transverse portions 32, as well as the uniform spacing
      of the channels 38 and 40 is advantageous and forms the presently
      preferred embodiment, it must be pointed out that deviations from this
      construction may be made without departing from the spirit of the present
      invention. Of importance is that T-shaped elements in adjacent rows be
      staggered and intermeshed to form a lattice of elongate channels which
      extend about the periphery of the associated T-shaped sections. The
      sections must be so arranged that the continuity between channels which
      are aligned along directions parallel to the rows and columns are
      repeatedly interrupted. In this manner, the stiffness of the panel is
      enhanced and excessive flexing thereof including along the lines 38', 40'
      of the channels 38, 40 is prevented.
PAR  Numerous alterations of the structure herein disclosed will suggest
      themselves to those skilled in the art. However, it is to be understood
      that the present disclosure relates to a preferred embodiment of the
      invention which is for purposes of illustration only and is not to be
      construed as a limitation of the invention.
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STM  What is claimed is:
NUM  1.
PAR  1. A support panel for use as a ventilated body support mat, the panel
      comprising an array of sections arranged in columns and rows, each of said
      sections including a transverse head portion and a longitudianl stem
      portion projecting perpendicularly from a central region of said
      transverse head portion to define T-shaped elements, said transverse head
      portions and said longitudinal stem portions being respectively directed
      along directions parallel to the directions of said rows and columns, said
      T-shaped elements extending between and collectively defining two spaced
      substantially parallel faces of the panel, each of said T-shaped elements
      having a T-shaped surface disposed in one of said faces and having wall
      portions substantially normal to said faces extending from the periphery
      of said T-shaped surface in said one face to said other face; elongate
      connecting portions collectively defining the other of said faces and
      extending between said wall portions in the other of said faces for
      connecting adjacent T-shaped elements, said T-shaped elements in adjacent
      rows being staggered and intermeshed with each longitudinal stem portion
      along direction of said rows being disposed between ends of adjacent
      transverse head portions in adjacent columns and each transverse head
      portion along direction of said rows being disposed between adjacent
      longitudinal stem portions in adjacent columns, said T-shaped elements
      providing a lattice of elongate substantially uniform width channels each
      extending about the periphery of an associated T-shaped element and
      oriented parallel to one of the directions of said rows and columns with
      the continuity between said channels aligned along the directions parallel
      to said rows and columns being repeatedly interrupted by said T-shaped
      elements, whereby the stiffness of the panel is enhanced and excessive
      flexing thereof is prevented along all directions along said panel
      including the longitudinal and transverse directions of said columns and
      rows respectively when a person is supported on the mat, and said channels
      are provided to permit the flow of ventilating air therethrough.
NUM  2.
PAR  2. A support panel as defined in claim 1, wherein the width of each
      transverse portion along the direction of said rows is approximately three
      times the width of each longitudinal portion.
NUM  3.
PAR  3. A support panel as defined in claim 1, wherein the panel is formed from
      a resilient material.
NUM  4.
PAR  4. A support panel as defined in claim 3, wherein said material is an
      elastomeric plastic material.
NUM  5.
PAR  5. A support panel as defined in claim 1, wherein holes are provided in
      said T-shaped surfaces at the free ends of said longitudinal and
      transverse portions.
NUM  6.
PAR  6. A support panel as defined in claim 1, wherein the panel is used as a
      car seat and is generally rectangular and includes a first support portion
      and a second support portion connected by an integral hinge and each
      having a major central region thereof formed with said array of T-shaped
      elements.
NUM  7.
PAR  7. A support panel as defined in claim 6, further comprising a continuous
      stiffening bead extending between said faces about each central region and
      being open in said one of said faces.
NUM  8.
PAR  8. A support panel as defined in claim 7, further comprising a sheet of
      covering material having dimensions comparable to said panel and
      coextensive with the latter in abutment against said T-shaped surfaces to
      dispose the peripheral edges of said coextensive sheet and panel
      adjacently to each other; an elongate strip of binding material extending
      about said edges and folded to cover the same; and connecting means for
      connecting said sheet and panel to said strip and to each other.
NUM  9.
PAR  9. A support panel as defined in claim 8, wherein said covering material is
      a mesh material.
NUM  10.
PAR  10. A support panel as defined in claim 8, wherein said bead forms a
      continuous groove open in the direction of said one of said faces; and
      further comprising a stiffening wire disposed within said groove, said
      wire being maintained within said groove by said sheet of covering
      material.
NUM  11.
PAR  11. A support panel as defined in claim 1, wherein the panel comprises two
      similarly formed rectangular sheets of material arranged coextensively
      with each other with corresponding connecting portions on the two sheets
      being in abutment with each other and corresponding T-shaped surfaces
      being spaced in opposition to each other and spaced a distance
      approximately twice the spacing between said faces; and connecting means
      for maintaining said sheets fixed in relation to each other.
NUM  12.
PAR  12. A support panel as defined in claim 11, further comprising a continuous
      stiffening bead extending between the faces of each respective sheet about
      each major central area and open in the other of said faces to form
      continuous grooves, opposing grooves in said sheets together forming
      continuous closed channels; and stiffening wires maintained within said
      closed channels to reinforce the panel.
NUM  13.
PAR  13. A support panel as defined in claim 11, further comprising a continuous
      stiffening bead extending between the faces of each respective sheet about
      each major central area to form wire-receiving spaces with adjacent wall
      portions of said T-shaped elements; and stiffening wires disposed within
      said wire-receiving spaces to reinforce the panel.
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ABST
PAL  Methods and systems for forming a particulated solids-carrier liquid slurry
      and transporting it through a conduit are provided wherein a continuous
      stream of carrier liquid is flowed into a sump, particulated solids to be
      transported are introduced into the sump so that a pumpable solids-carrier
      liquid slurry is formed therein, and the slurry is pumped out of the sump
      into a conduit for transport to a remote location. The flow rate of the
      stream of carrier liquid flowing into the sump is varied in inverse
      proportion to changes in the flow rate of particulated solids introduced
      therein so that the flow rate of slurry formed in the sump is maintained
      substantially equal to the flow rate of slurry pumped out of the sump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to methods and systems for hydraulically
      transporting solids, and more particularly, but not by way of limitation,
      to methods and systems of apparatus for forming a particulated
      solids-carrier liquid slurry and transporting it through a conduit.
PAR  2. Description of the Prior Art
PAR  In the mining and transport of minerals such as coal as well as in other
      applications where it is required to transport solids to a remote
      location, hydraulic transport of the solids, i.e., forming the solids into
      a slurry and pumping the slurry through a conduit has heretofore been
      developed and used successfully. Generally, such hydraulic solids
      transportation systems have included a mixing tank wherein the solids to
      be transported, after being crushed to a desired size, are introduced and
      combined with a stream of carrier liquid to form a pumpable slurry. The
      slurry is continuously pumped from the tank through a conduit to a remote
      location. The flow rate of the slurry pumped through the conduit as well
      as the concentration of solids contained in the slurry have generally
      heretofore been uncontrolled, controlled manually, or partially automated,
      and problems have been encountered when the concentration of solids in the
      slurry becomes too high or the flow rate of slurry through the conduit too
      low in that either of these conditions will allow the solids to settle out
      of the slurry and deposit in the conduit. In order to overcome these
      problems, prior systems have often been operated using excess slurry flow
      rates with inefficient results.
PAR  In hydraulically transporting minerals such a coal from the working face in
      a mine to a terminus located either within the mine or outside the mine,
      problems associated with the control of the solids concentration in the
      slurry and the velocity of the slurry through the conduit in which it is
      being transported are acute. Because mining machines removing coal from
      the working face of a mine do not produce a constant flow of coal, when
      the coal is crushed and introduced into a sump wherein a coal-carrier
      liquid slurry is formed the concentration of coal in the slurry varies
      over a wide range, often from 0% to over 50% by volume. Heretofore, the
      flow rate of carrier liquid combined with the crushed coal to form the
      slurry has been controlled manually and the flow rate of slurry through
      the conduit transporting it to a remote location has varied, often leading
      to problems associated with plugging the conduit due to too high a solids
      concentration or too low a slurry flow rate.
PAR  By the present invention methods and systems for forming a particulated
      solids-carrier liquid slurry and transporting it through a conduit are
      provided wherein such problems associated with inadequate control of the
      solids concentration in the slurry and flow rate of the slurry through the
      transporting conduit are obviated.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method of forming a particulated
      solids-carrier liquid slurry and transporting it through a conduit
      comprising the steps of flowing a continuous stream of the carrier liquid
      into a sump at a flow rate such that when the maximum rate of the
      particulated solids to be transported is combined therewith a pumpable
      solids-carrier liquid slurry results, introducing the particulated solids
      to be transported into the sump so that the solids-carrier liquid slurry
      is formed therein, pumping the slurry out of the sump and through the
      conduit, and changing the flow rate of the stream of carrier liquid
      flowing into the sump in inverse proportion to changes in the flow rate of
      particulated solids introduced therein so that the flow rate of slurry
      formed in the sump is maintained substantially equal to the flow rate of
      slurry pumped out of the sump. Systems of apparatus for carrying out the
      methods of this invention are also provided.
PAR  It is, therefore, a general object of the present invention to provide
      improved methods and systems for hydraulically transporting solids.
PAR  A further object of the present invention is the provision of improved
      methods and systems for forming a particulated solids-carrier liquid
      slurry and transporting it through a conduit wherein changes in the flow
      rate of solids are automatically compensated for and the flow rate of
      slurry transported is maintained at a substantially constant level.
PAR  Another object of the present invention is the provision of improved
      methods and systems for forming a particulated solids-carrier liquid
      slurry and transporting it through a conduit wherein the concentration of
      solids contained in the slurry is automatically controlled at a
      substantially constant level.
DRWD
PAR  Other and further objects, features and advantages of the invention will be
      readily apparent to those skilled in the art upon a reading of the
      description of preferred embodiments which follows taken in conjunction
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of one system of apparatus which can
      be employed for carrying out the methods of the present invention.
PAR  FIG. 2 is a diagrammatic illustration of an alternate system for carrying
      out the methods of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The methods and systems of the present invention are useful in any
      application where it is desirable to transport particulated solids by
      suspending the solids in a liquid carrier and pumping the resulting slurry
      through a pipeline or conduit. However, the present invention is
      particularly suitable in the mining of coal or other minerals for
      continuously transporting the newly mined minerals in slurry form from the
      site of a mining machine within the mine to a terminus located either
      within the mine or outside the mine.
PAR  In conventional mining operations, the mined minerals are generally
      transported mechanically from the working face of the mine to a haulage
      system which transports the minerals to outside the mine. That is, the
      minerals are deposited by a mining machine into shuttle cars or other
      similar apparatus which convey the minerals a short distance to an endless
      conveyor belt or the like from where the minerals are further conveyed to
      a main line rail car system or a main line conveyor system. Because such
      conventional systems involve the mechanical loading and unloading of the
      mined minerals several times prior to when the minerals reach the desired
      terminal point, they generally cannot keep up with the production from
      modern continuous mining machines, and consequently, the mining machines
      cannot operate at maximum efficiency.
PAR  Recently, systems have been developed and used successfully which transport
      the mined minerals hydraulically from the location of the mining machine
      to a point of further processing within the mine or to a terminus outside
      the mine. Generally, these hydraulic systems include slurry preparation
      and pumping apparatus at or near the location of the mining machine. A
      crushing machine is generally provided which functions to particulate the
      raw solids to a particle size which can be suspended in a carrier liquid.
      The particulated minerals are introduced into a mixing tank wherein they
      are combined with a stream of carrier liquid and the slurry formed is
      pumped by way of a conduit, which may be a flexible hose, to a terminal
      point. At the terminal point the suspended coal is separated from the
      carrier liquid and the carrier liquid recycled. Heretofore, such systems
      for hydraulically transporting solids have been operated manually, i.e.,
      the flow rates of the carrier liquid and quality of the slurry formed have
      been controlled manually.
PAR  By the present invention improved methods and systems are provided for
      forming a particulated solids-carrier liquid slurry and transporting it
      through a conduit wherein the solids concentration in the slurry and the
      slurry velocity through the transporting conduit are controlled
      automatically or semi-automatically.
PAR  Referring to the drawings and particularly to FIG. 1, a system of apparatus
      of the present invention is illustrated and generally designated by the
      numeral 10. The system 10 includes a solids crusher 12 which receives raw
      solids from a source thereof, such as a continuous mining machine, and
      particulates the raw solids to a size such that they can be suspended in a
      carrier liquid, i.e., so that the maximum particle size produced can be
      formed with a liquid into a pumpable slurry. From the crusher 12 the
      particulated solids are conveyed by a conveyor 15 into a slurry sump 14. A
      conduit 16 for conducting a stream of carrier liquid into the sump 14 is
      connected thereto and to a source of carrier liquid which in mining
      applications is usually carrier liquid recycled from the terminal point
      where the solids are removed from the transported slurry. A conduit 18 for
      removing the particulated solids-carrier liquid slurry formed in the sump
      14 is attached thereto and to the suction connection of a slurry pump 20.
      A conduit 22 is attached to the discharge connection of the pump 20 for
      transporting the slurry to the remote terminal location and a liquid
      flowmeter 24 for measuring the flow rate of slurry pumped through the
      conduit 22 is disposed therein. The meter 24 is operably connected to a
      conventional flow rate controller 26 which is in turn operably connected
      to a pump speed controller 19 attached to the pump 20. A flow control
      valve 28 is disposed in the conduit 16 which is operably connected to a
      liquid level control assembly 30. The liquid level control assembly 30 can
      be any of a number of conventional level control systems and includes a
      conventional level sensing device 29 attached to the slurry sump 14 which
      generates a control signal proportional to the rise and fall of the liquid
      level within the sump 14. A level controller 31 receives the control
      signal from the device 29 and generates a control signal inversely
      proportional thereto which operates the control valve 28.
PAC  Operation of the System 10
PAR  As stated above, the system 10 can be utilized in any of a variety of
      applications where solids are to be transported in slurry form and where
      it is desirable that the flow rate of slurry transported remain
      substantially constant. When the system 10 is utilized in mining
      operations wherein a continuous mining machine is employed, the crusher
      12, slurry sump 14 and slurry pump 20 can be located in a fixed position
      near the mining machine, but are preferably mounted on a portable vehicle
      which moves in concert with the mining machine. In this application, the
      crusher 12 is positioned so that raw solids produced by the mining machine
      are deposited directly into the crusher, and the conduits 16 and 22 are at
      least partially formed of flexible tubing so that the apparatus is free to
      move with the mining machine.
PAR  A continuous stream of carrier liquid is caused to flow by way of the
      conduit 16 into the sump 14 and particulated solids from the crusher 12
      are conveyed into the sump 14 by way of the conveyor 15. As will be
      understood, the flow rate of solids conveyed into the sump 14 varies
      considerably depending upon various factors affecting the operation of the
      mining machine such as changes in the relative hardness of the solids
      being mined. The sump 14 is of a size and shape such that the particulated
      solids conveyed therein are combined with the stream of carrier liquid to
      form a pumpable slurry. The slurry formed is continuously withdrawn from
      the sump 14 by way of the conduit 18 and pumped by the pump 20 through the
      transporting conduit 22.
PAR  The level control assembly 30 senses the rise and fall of the liquid level
      within the sump 14 and produces a control signal inversely proportional
      thereto which urges the valve 28 disposed in the conduit 16 to a more open
      position when the level falls and to a more closed position when the level
      rises. As will be understood, the rate of the stream of carrier liquid
      flowing through the sump 14 by way of the conduits 16 and 18 is initially
      set by means of the controller 26 so that when the maximum flow rate of
      particulated solids is combined with the carrier liquid, a pumpable slurry
      results having a concentration of solids therein and a velocity through
      the conduit 22 such that the solids do not settle out and deposit in the
      conduit 22. Once the controller 26 has been set at this flow rate, changes
      in the flow of particulated solids conveyed into the sump 14 are
      automatically compensated for by the system 10 without changing the flow
      rate of slurry pumped through the conduit 22. That is, when the flow of
      particulated solids conveyed from the crusher 12 to the sump 14 is reduced
      or stopped, the level control assembly 30 senses a fall in the liquid
      level within the sump 14 and opens the valve 28 accordingly thereby
      increasing the flow rate of carrier liquid flowing into the sump 14 and
      maintaining the level within the sump 14 substantially constant and the
      flow rate of slurry formed therein equal to that being withdrawn by the
      slurry pump 20. When the flow of particulated solids conveyed into the
      sump 14 increases, the level controller 30 senses a rise in the liquid
      level within the sump 14 and causes the valve 28 to close an amount such
      that the rate of carrier liquid flowing into the sump 14 is reduced and
      the liquid level therein maintained substantially constant.
PAR  The pump 20 can be positioned at the location of the slurry sump 14 or
      various other pump arrangements can be utilized. For example, in mining
      applications, the pump 20 can be located at a terminal point within the
      mine with a smaller booster pump being located at the site of the slurry
      sump 14 and crusher 12.
PAR  Referring now to FIG. 2, an alternate system of the present invention is
      illustrated and generally designated by the numeral 40. The system 40 is
      similar to the system 10 and includes a solids accumulator or hopper 42
      which receives raw solids from a mining machine or the like. A solids
      level sensing device 48 is attached to the hopper 42 which functions to
      generate a control signal directly proportional to the rise and fall of
      solids which accumulate in the hopper 42. From the hopper 42 the raw
      solids are conveyed by a conveyor 44 into a crusher 46. A conveyor 50 is
      attached to the crusher 46 for conveying solids therefrom into a slurry
      sump 52. A control signal actuated solids flow control device 54 is
      attached to the conveyor 44 for regulating the flow of solids conveyed
      from the hopper 42 to the crusher 46 and sump 52.
PAR  The slurry sump 52 is similar to the slurry sump 14 described above and
      includes a particulated solids inlet into which the conveyor 50
      discharges, a carrier liquid inlet and a slurry outlet. A conduit 56 is
      attached to the carrier liquid inlet of the sump 52 and to a source of
      carrier liquid. A flow control valve 58 is disposed in the conduit 56 for
      controlling the flow rate of carrier liquid introduced into the sump 52.
      The control valve 58 is operably connected to a conventional liquid level
      control assembly 60 which includes a sensing device 61 attached to the
      sump 52 and a level controller 63. A conventional flowmeter 59 which
      generates a control signal directly proportional to the rate of the
      carrier liquid flowing through the conduit 56 is disposed in the conduit
      56.
PAR  A conduit 62 is connected to the slurry outlet of the sump 52 and to the
      suction connection of a slurry pump 64. The discharge connection of the
      slurry pump 64 is connected by a conduit 66 to the suction connection of a
      slurry booster pump 68 and a conduit 70 for transporting the slurry to a
      remote point is connected to the discharge connection of the pump 68. A
      flowmeter 72 which generates a control signal directly proportional to the
      rate of slurry flowing through the conduit 70 is disposed in the conduit
      70.
PAR  A central controller 74 for controlling the flow rate of slurry pumped
      through the conduit 70 by the pump 68 and the flow rate of particulated
      solids conveyed into the sump 52 is provided, the operation of which will
      be described in detail hereinbelow.
PAC  Operation of the System 40
PAR  As in the case of the system 10 described above, the system 40 can be
      utilized in a variety of applications. When used in conjunction with a
      continuous mining machine, the solids hopper 42, the crusher 46, slurry
      sump 52 and slurry pump 64 are preferably mounted on a portable vehicle
      which moves in concert with the mining machine. The booster pump 68 is
      preferably positioned a distance from the vehicle on which the apparatus
      is mounted with the conduit 66 being flexible to allow movement of the
      vehicle. As will be understood, however, the slurry pump 64 can be omitted
      and the booster pump 68 can be positioned at the location of the slurry
      sump 52, or, the booster pump 68 can be positioned at the terminus of the
      conduit 70 or several booster pumps can be positioned along the length of
      the transporting conduit 70.
PAR  A continuous stream of carrier liquid is caused to flow by way of the
      conduit 56 into the slurry sump 52 and particulated solids from the
      crusher 46 are conveyed into the sump 52 by means of the conveyor 50. The
      solids are mixed with the carrier liquid within the sump 52 and the
      resulting slurry is withdrawn therefrom by way of the conduit 62 and the
      pump 64. From the pump 64 the slurry flows by way of the conduit 66 into
      the suction of the pump 68, and from the discharge of the pump 68 the
      slurry is pumped through the transporting conduit 70.
PAR  The solids level sensing device 48 attached to the hopper 42 senses the
      rise and fall of solids accumulating in the hopper 42 and generates a
      control signal directly proportional thereto. This control signal is
      received by the central controller 74 which opens and closes the solids
      flow rate control device 54 attached to the hopper 42 in accordance
      therewith. That is, as the level of solids accumulating in the hopper 42
      increases, the controller 74 opens the valve 54 thereby increasing the
      rate of solids conveyed to the crusher 46 and sump 52 and vice versa.
PAR  The level controller assembly 60 operates in conjunction with the flow
      control valve 58 to maintain the level of slurry formed in the sump 52
      substantially constant. That is, the controller 63 generates a control
      signal inversely proportional to the rise and fall of the slurry level in
      the sump 52 which urges the valve 58 to more closed or open positions
      respectively, thereby decreasing or increasing the rate of carrier liquid
      flowing into the sump 52 and maintaining the flow rate of slurry formed in
      the sump 52 substantially equal to the flow rate of slurry withdrawn
      therefrom.
PAR  The controller 74, in addition to controlling the flow rate of solids
      conveyed into the sump 52 from the hopper 42, controls the flow rate of
      slurry pumped through the transporting conduit 70, i.e., the rate of
      slurry pumped by the pump 68, so that the volume concentration of solids
      in the slurry remains substantially constant. More specifically, the
      controller 74 receives the control signals generated by the flowmeters 59
      and 72 which are directly proportional to the flow rates of carrier liquid
      and slurry respectively, and generates a value representative of the
      actual solids volume concentration in the slurry, i.e., the difference
      between the control signals representing the measurements of the slurry
      flow rate and carrier liquid flow rate divided by the control signal
      representing the slurry flow rate. The actual solids volume concentration
      so determined is compared by the controller 74 with a preset desired
      solids volume concentration and a control signal proportional to the
      difference is generated. This control signal is used to control the flow
      rate of slurry pumped by the pump 68 so that the volume concentration of
      solids in the slurry is maintained substantially constant.
PAR  In operation of the system 40, when the flow rate of particulated solids
      conveyed to the slurry pump 52 increases, the level controller assembly 60
      and control valve 58 automatically decrease the flow rate of carrier
      liquid flowing into the sump 52 by way of the conduit 56. This in turn
      causes the slurry being removed from the sump 52 to have a higher solids
      concentration. The controller 74 senses the increase in solids volume
      concentration in the manner described above and automatically increases
      the flow rate of slurry pumped through the transporting conduit 70
      accordingly. This increase in flow rate of slurry withdrawn from the sump
      52 causes the level of slurry within the sump to fall which in turn causes
      the liquid level controller assembly 60 to increase the flow rate of
      carrier liquid introduced into the sump. The increase in carrier liquid
      flow rate reduces the concentration of the solids in the slurry to the
      desired level. The opposite of the above sequence occurs when the solids
      flow rate decreases.
PAR  Thus, by the method of the present invention as carried out in this system
      40, the volume concentration of solids in the slurry formed is
      continuously automatically controlled at a substantially constant level
      even though the flow rate of solids entering the system varies over a
      relatively wide range.
PAR  As will be understood by those skilled in the art, the carrier liquid
      utilized may be any of a variety of liquids or compositions suitable for
      suspending the particulated solids to be transported. When the methods and
      apparatus of this invention are utilized in coal mining operations, the
      carrier liquid is preferably water or an aqueous solution containing
      additives to facilitate suspension of coal particles therein.
PAR  While presently preferred embodiments of the invention have been described
      for the purpose of this disclosure, numerous changes in the arrangement of
      components of the systems for carrying out the methods of the invention
      can be made by those skilled in the art which are encompassed within the
      spirit of this invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming a slurry comprising particulate solids and a liquid
      carrier and transporting said slurry through a conduit comprising the
      steps of:
PA1  a. flowing a continuous stream of said carrier liquid into a sump;
PA1  b. introducing said particulated solids without fluid carrier into said
      sump so that a solids-carrier liquid slurry is formed therein;
PA1  c. pumping said slurry out of said sump and through said conduit;
PA1  d. measuring the flow rate through said conduit;
PA1  e. adjusting the pump speed during the pumping of said slurry out of said
      sump by an amount responsive to said measurements of variations in said
      flow rate in said conduit in a manner to maintain said flow rate
      substantially constant; and
PA1  f. changing the flow rate of said stream of carrier liquid flowing into
      said sump in inverse proportion to changes in the flow rate of
      particulated solids introduced therein so that the flow rate of slurry
      formed in said sump is maintained substantially constant.
NUM  2.
PAR  2. The method of claim 1 wherein step (d) is further defined to include the
      steps of:
PA1  sensing the rise and fall of the level of solids-carrier liquid slurry
      formed in said sump; and
PA1  correspondingly decreasing or increasing the flow rate of said stream of
      carrier liquid flowing into said sump.
NUM  3.
PAR  3. A method of forming a particulated solids-carrier liquid slurry and
      transporting it through a conduit comprising the steps of:
PA1  a. flowing a continuous stream of said carrier liquid into a sump;
PA1  b. introducing said particulated solids without fluid carrier into said
      sump so that a solids-carrier liquid slurry results;
PA1  c. pumping said solids-carrier liquid slurry out of said sump and through
      said conduit;
PA1  d. changing the flow rate of said stream of carrier liquid flowing into
      said sump in inverse proportion to changes in the flow rate of solids
      introduced thereinto so that the flow rate of slurry formed in said sump
      remains substantially equal to the flow rate of slurry pumped out of said
      sump; and
PA1  e. changing the flow rate at which said slurry is pumped out of said sump
      and through said conduit in direct proportion to changes in the flow rate
      of particulated solids introduced into said sump so that the volume
      concentration of solids in said slurry remains substantially constant.
NUM  4.
PAR  4. The method of claim 3 wherein the step (d) is further defined to include
      the steps of:
PA1  sensing the rise and fall of the level of solids-carrier liquid slurry
      formed in said sump; and
PA1  correspondingly decreasing or increasing the flow rate of said stream of
      carrier liquid flowing into said sump.
NUM  5.
PAR  5. The method of claim 4 wherein step (e) is further defined to include the
      steps of:
PA1  sensing increases or decreases in the volume concentration of particulated
      solids contained in said slurry and generating a physical signal directly
      proportional thereto; and
PA1  changing the flow rate at which said slurry is pumped out of said sump and
      through said conduit in direct proportion to changes in said physical
      signal.
NUM  6.
PAR  6. The method of claim 5 wherein the step of sensing increases or decreases
      in the volume concentration of particulated solids contained in said
      slurry and generating a physical signal directly proportional thereto is
      further defined to include the steps of:
PA1  measuring the flow rate of said slurry pumped out of said sump and through
      said conduit;
PA1  measuring the flow rate of carrier liquid flowing into said sump; and
PA1  generating a physical signal directly proportional to the difference
      between the slurry flow rate measurement and the carrier liquid flow rate
      measurement divided by the slurry flow rate measurement.
NUM  7.
PAR  7. The method of claim 3 wherein the particulated solids are crushed coal
      particles.
NUM  8.
PAR  8. The method of claim 7 wherein the carrier liquid is an aqueous solution.
NUM  9.
PAR  9. The method of hydraulically transporting coal through a conduit
      comprising the steps of:
PA1  a. crushing said coal to form solid particles of a size capable of being
      pumped in slurry form;
PA1  b. flowing a continuous stream of an aqueous carrier liquid into a sump;
PA1  c. introducing said coal particles without fluid carrier into said sump so
      that a coal-aqueous carrier liquid slurry is formed therein;
PA1  d. pumping said slurry out of said sump and through said conduit;
PA1  e. sensing the rise and fall of the level of slurry formed in said sump;
PA1  f. correspondingly decreasing or increasing the flow rate of said stream of
      aqueous carrier liquid flowing into said sump so that the flow rate of
      slurry formed therein remains substantially equal to the flow rate of
      slurry pumped out of said sump;
PA1  g. measuring the flow rate of slurry pumped out of said sump and through
      said conduit;
PA1  h. measuring the flow rate of aqueous carrier liquid flowing into said
      sump;
PA1  i. generating a physical signal directly proportional to the difference
      between the slurry flow rate measurement and the aqueous carrier liquid
      flow rate measurement divided by the slurry flow rate measurement; and
PA1  j. changing the flow rate at which said slurry is pumped out of said sump
      in direct proportion to changes in the physical signal generated in
      accordance with step (i) so that the volume concentration of coal
      particles in said slurry remains substantially constant.
NUM  10.
PAR  10. Apparatus for forming and transporting a particulated solids-carrier
      liquid slurry comprising:
PA1  a. a slurry sump having a particulated solids inlet, a carrier liquid
      inlet, and a slurry outlet;
PA1  b. a first conduit connected to the carrier liquid inlet of said sump and
      to a source of carrier liquid;
PA1  c. liquid level control means attached to said sump for generating a signal
      inversely proportional to the rise and fall of the level of slurry formed
      in said sump;
PA1  d. control valve means disposed in said first conduit and operably
      connected to said liquid level control means for adjusting the flow rate
      of carrier liquid flowing through said first conduit in accordance with
      said signal generated by said liquid level control means;
PA1  e. a slurry pump having suction and discharge connections;
PA1  f. a second conduit connected between the slurry outlet of said sump and
      the suction connection of said slurry pump;
PA1  g. a third conduit connected to the discharge connection of said slurry
      pump for transporting said slurry to a desired remote location;
PA1  h. means attached to said third conduit and to said first conduit for
      measuring the volume concentration of solids in said slurry pumped through
      said third conduit and generating a signal directly proportional thereto;
      and
PA1  i. means for receiving said signal proportional to the volume concentration
      of solids in said slurry and changing the flow rate of slurry pumped out
      of said sump and through said third conduit in accordance with changes in
      said signal operably connected to said slurry pump.
NUM  11.
PAR  11. The apparatus of claim 10 wherein the means for measuring the volume
      concentration of solids in said slurry and generating a signal directly
      proportional thereto comprises:
PA1  a first flowmeter disposed in said first conduit for measuring the flow
      rate of carrier liquid flowing through said first conduit and generating a
      first signal directly proportional thereto;
PA1  a second flowmeter disposed in said third conduit for measuring the flow
      rate of slurry flowing therethrough and generating a second signal in
      direct proportion thereto; and
PA1  control means for receiving said first and second signals and generating a
      third signal directly proportional to the difference between the first and
      second signals divided by the second signal.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said particulated solids are crushed
      coal particles.
NUM  13.
PAR  13. The apparatus of claim 11 wherein the carrier liquid is an aqueous
      solution.
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ABST
PAL  A device for centering a rail brake magnet comprises a centering element on
      the vehicle structure and having a centering bore with a conical surface
      around the bore. The magnet is provided with a rotatably adjustable
      eccentric sleeve within which is rotatably positioned a centering pin
      having a conical surface engageable with the conical surface around the
      centering bore. A portion of the pin has an eccentric peripheral portion
      disposed within the eccentric sleeve to provide for adjustment of the
      centering pin with respect to the magnet so that the adjusted position is
      secured by means of a screw coupling.
BSUM
PAR  The present invention relates to a device for centering a rail brake magnet
      mounted upon a vehicle structure, more particularly, to such a centering
      device which can be adjusted to facilitate centering of the rail brake
      magnet when it is raised to its inoperative position.
PAR  Vehicles, particularly railway vehicles, have been equipped with rail brake
      magnets which are displaceable between a lower braking position and an
      upper inoperative position by means of a suitable actuation device mounted
      between the magnet and the vehicle structure. Interengaging conical
      surfaces have been generally provided on the rail brake magnet and the
      vehicle structure for locating the magnet with respect to the vehicle
      structure when the magnet is raised to its inoperative position.
PAR  When the magnet is raised to its inoperative position various vibrations
      and forces acting on the mass of the magnet during travel of the vehicle
      produce transverse forces which result in an undesirable swinging of the
      magnet and possible abutting of the magnet against other components of the
      vehicle. These vibratory forces must be eliminated as much as possible
      without undue play between the components which support the rail brake
      magnet from the vehicle structure.
PAR  There is also the likelihood that the magnet because of the clearance
      between the parts is deflected toward one side or the other when in its
      lowered working position. It is desired that the cooperating engaging
      structures on the magnet and the vehicle structure be brought into proper
      abutting relationship when the magnet is raised into its inoperative
      position and that at the same time the magnet be properly centered so that
      the magnet is retained in its raised position with a minimum of wear
      between the abutting parts.
PAR  The German printed specification DT-AS 1,903,315 disclosed a structure
      intended to prevent the swinging of a rail brake magnet when it is in its
      raised inoperative position. The magnet has a stop member which transmits
      upwardly directed forces to portions of the vehicle structure when the
      magnet is raised into its inoperative position. This stop has conical
      surfaces which engage corresponding conical surfaces on the frame of the
      vehicle. The conical shape of the cooperating annular surfaces is intended
      to prevent swinging of the raised brake magnet in any direction but has
      the disadvantage of requiring a precise and secure centering of the
      abutting surfaces in all directions.
PAR  The German Gebraunchsmuster 7 326 669 discloses a rail brake magnet
      suspension structure of the general type described above wherein a
      centering pin mounted on either the vehicle structure or the magnet is
      received within a centering bore of a guide element mounted on the other
      of the vehicle structure end magnet. The centering pin has a conical end
      top surface followed by a cylindrical portion whose diameter is
      approximately the diameter of the centering bore and then tapers outwardly
      to form a conical portion which is engageable with a conical surface
      surrounding the centering bore. Here also satisfactory operation of the
      centering device requires precise and stable conditions for proper
      centering.
PAR  In order to provide for adjustment of the components to be centered it has
      been known to provide for a horizontal displacement of the centering bore
      on the vehicle structure until the centering bores are precisely aligned
      with the centering pin. The centering bore is formed in a flange or plate
      which is attached to the underside of the vehicle by means of bolts. The
      holes in the plate through which the bolts pass are provided with
      sufficient play so as to enable the plate to be laterally displaced and
      thereby bring about a centering with respect to the centering pin on the
      brake magnet.
PAR  This type of adjustment is not satisfactory since it is necessary to make
      modifications on a completely finished vehicle in order to provide for
      centering. These modifications in the plate will damage the anti-rust
      coatings or other protective coatings on the vehicle which in turn may
      lead to defects in the vehicle structure. Further, the play provided in
      the bolt holes does not produce a secure retaining of the guide element in
      which is formed the centering bore and under certain load conditions the
      plate with the centering bore may be shifted laterally when such lateral
      displacement is not at all desirable.
PAR  It is therefore the principal object of the present invention to provide a
      device for centering a brake magnet which is simple in structure,
      inexpensive to manufacture and provides for a reliable centering of the
      magnet when the magnet is raise from its working to its inoperative
      position.
PAR  It is another object of the present invention to provide such a centering
      device which is readily adjustable to provide for precise centering but
      which is not susceptible to accidental displacement because of loads.
PAR  It is a further object of the present invention to provide such a centering
      device which may be installed after the construction of the vehicle has
      been completed and in which all of the components for adjustment are
      incorporated in the centering device itself.
PAR  According to one aspect of the present invention a device for centering a
      rail brake magnet in the raised inoperative position with respect to the
      vehicle structure from which it is suspended may comprise a centering
      element on either the vehicle structure or magnet provided with a
      centering bore having a conical surface around the bore. A centering pin
      is mounted on the other of the vehicle structure or magnet and is provided
      with a conical surface engageable with the centering bore conical surface.
      The pin has an eccentric portion with respect to the conical surfaces and
      this eccentric portion is adjustable rotatably received in an eccentric
      sleeve which in turn is rotatably adjustable within a bore formed either
      in the magnet or the vehicle structure. The eccentric sleeve is then
      secured in its adjusted position.
PAR  By a relatively simple rotation of the eccentric sleeve and centering pin
      the present invention enables one to obtain a precise centering of the
      cooperating conical surfaces on the centering pin and guide element. As a
      result, the magnet is securely retained in a fixed position which
      eliminates any undesirable displacement of the magnet as a result of loads
      and forces incurred during operation of the vehicle.
PAR  In a preferred embodiment of the invention, the centering device is
      provided on three corners of the rail brake magnet and on the fourth
      corner there is provided a resilient buffer which can be adjusted to the
      level to which the magnet is raised.
DRWD
PAR  Other objects and advantages of the invention will be apparent upon
      reference to the accompanying description when taken in conjunction with
      the following drawings, which are exemplary, wherein;
PAR  FIG. 1a is a longitudinal sectional view of the centering device according
      to the present invention;
PAR  FIG. 1b is a bottom plan view of the centering device of FIG. 1a;
PAR  FIG. 2 is a view similar to that of FIG. 1a of a modification according to
      the present invention; and
PAR  FIG. 3 shows a buffer which may be employed on the fourth corner of the
      rail brake magnet provided at its other three corners with the centering
      device of the present invention.
PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts throughout the various views a specific embodiment and
      modification of the present invention will be described in detail.
DETD
PAR  A rail brake magnet to which the present invention relates is generally
      located between the wheels on a railway truck. When the brake magnet is
      lowered the entire length of the magnet is positioned against the rail and
      a braking effect is achieved upon energization of the magnet. The magnet
      is displaced vertically between its inoperative and working positions by
      known actuating devices such as compressed air actuated and spring-loaded
      cylinders as described in the German printed specification 1,903,315.
      These actuation devices are not illustrated nor described in further
      detail since they are known in the art and since the centering device of
      the present invention may be employed with various forms of such actuation
      devices.
PAR  As may be seen in FIG. 1a, a plate 2 is welded to a part 1 of the vehicle
      frame structure which for a railway vehicle would be the truck. A
      centering device indicated generally at 4 comprises a flanged cylindrical
      or cup member 4b whose inner surface is conical and which is retained by
      four screws 3 passing through openings in the flange of the cylindrical
      member. The inner diameter opening of the cylindrical cup 4b is received
      over a cylindrical boss 2a on the plate 2 which centers the centering
      device 4 and prevents lateral displacement of the centering device.
PAR  A ring 4a is mounted within the cup member 4b by means of a rubber O-ring
      4e which is positioned between mating grooves 4d and 4c on the inner
      surface of the cup member 4b and the outer surface of the ring 4a
      respectively. While the O-ring 4e is preferably of rubber it may be of any
      other suitable flexible material which would resiliently secure the ring
      4a. The ring 4a is thus resiliently maintained in position within the
      cylindrical member 4b.
PAR  Prior to the installation of the brake magnet on the truck of the vehicle
      an element indicated generally at 6 is mounted on a portion of the brake
      magnet 5. The element 6 comprises a centering conical portion 6a having a
      conical surface 6i and a pin portion 6c which is connected to the conical
      portion 6a by means of a flange 6h which rests on top of the magnet 5. The
      pin 6c has a conical shape and is received within a bore 5a formed in the
      brake magnet 5. The magnet 5 is then raised in a known manner by means of
      compressed air actuated cylinders into the centered position as described
      in detail in the German printed specification 1,903,315.
PAR  The flange 6h has its peripheral surface 6b in the form of a hexagon as
      shown in FIG. 1b. The conical spherical portion 6c which is the lower end
      of the element 6 has its longitudinal central axis positioned
      eccentrically by a small amount such as 3 mm with respect to the axis of
      the centering cone 6a.  An eccentric sleeve 7a is inserted from below into
      the bore 5a of magnet 5 and at its lower end the sleeve is provided with
      an external flange 7c also having an hexagonal peripheral surface 7b.
PAR  The bore of eccentric sleeve 7a comprises a double conical portion tapering
      outwardly toward both ends and comprising a conical surface 7d which
      conforms to the conical surface 6c and a lower conical surface 7e.  The
      double conical surface 7d, 7e is thus displaced laterally a small distance
      with respect to the cylindrical outer periphery of the eccentric sleeve 7a
      and the axis of this double conical surface is parallel to the axis of the
      outer peripheral portion of the sleeve.
PAR  The element 6 comprising the centering cone 6a is rotated by means of a
      wrench positioned on the hexagonal portion 6b until the eccentric sleeve
      7a is completely received within bore 5a in the brake magnet 5 and is in
      contact with the pin conical surface 6c. A conical ring 8 having a conical
      surface 8a which mates with the conical surface 7e on eccentric sleeve 7a
      is then positioned over the lower threaded end portion 6d of the element 6
      and is urged into abutting engagement with the eccentric sleeve by means
      of a locking plate 9 and a nut 10 which is threaded on the threaded
      extension 6d.
PAR  The eccentric sleeve 7a together with the centering cone 6a can be adjusted
      by means of a wrench or similar tool positioned on the hexagonal flange 7b
      until the conical portion 6a is fully and closely received against the
      conical surface 4f of the centering device 4. In some cases, the element 6
      and the eccentric sleeve 7a must be rotated with respect to each other in
      order to obtain precise centering. When the nut 10 is tightened, the force
      exerted by the nut 10 against the conical ring 8 will clamp the pin
      conical portion 6c and eccentric sleeve 7a by the interaction of the
      sleeve conical surfaces 7d, 7e and ring conical surface 8a. The locking
      plate 9 is provided with a radially extending tag which is then bent in
      order to secure the screw coupling comprising the pin threaded extension
      6d and nut 10.
PAR  The hexagonal flange 7b of the eccentric sleeve 7a is provided with a
      radial slit A as shown in FIG. 1b and the remaining five sides of this
      hexagonal flange are notched radially with incisions or notches B. The
      slit A and notches B are thus uniformly spaced around the periphery 7b.
      The radial slit A is located in that portion of the eccentric sleeve 7a
      which has the thinnest wall thickness and the notches B are so disposed so
      as to provide a non-slitted cross-section of identical size. The slit A
      and notches B provide for a uniform spreading of the eccentric sleeve 7a
      in the bore 5a around its periphery so that an automatic rotating of the
      eccentric sleeve 7a is prevented. The materials of the components of the
      centering device are selected so as to prevent rusting of those components
      which are resting upon or in contact with each other. The hexagonal
      outline 6b of the element 6 is indicated in FIG. 1 b by means of the
      dot-dash lines in a relatively rotated position.
PAR  In the element 6 the conical portion 6a is provided with a cylindrical
      axial extension 6f at the end of which is a conical end surface 6q rounded
      at its extreme end. The cylindrical extension 6f assures that the
      horizontal adjustment of the brake magnet remains unchanged during any
      brief lowering of the brake magnet 5 because of large vertical
      acceleration. In addition, the cylindrical guide surface 6f will absorb
      horizontal stresses without transforming these stresses into vertical
      stresses.
PAR  If only a very small travel or stroke is available for centering, the
      centering cone 6a may be constructed without these cylindrical guide
      portions 6f as shown in FIG. 2. The engaging conical surfaces 6i and 4f
      would in this case transform horizontal stresses into vertical stresses.
      In order to eliminate vertical vibrations together with any centering
      defects of the magnet 5 which may result therefrom, it is desirable to
      exert continously an upwardly directed force on the magnet 5 when it is in
      its inoperative position. This force is produced by an actuation device
      which is not illustrated but is known in the art and which strongly urges
      together the mating conical surfaces 6i and 4f. The remaining structure of
      the modification of FIG. 2 corresponds to that of FIG. 1a and accordingly
      the same reference symbols are employed.
PAR  As mentioned previously, only three corners of the rail brake magnet 5 are
      equipped with a centering device of FIG. 1 or FIG. 2. The fourth corner is
      provided with a sliding attachment in the form of a resilient buffer,
      preferably of rubber, an embodiment of which is shown in FIG. 3. A planar
      sliding plate 12 is welded to the vehicle frame structure 1. The magnet 5
      is provided with a threaded bore in which is inserted a tubular bolt 13
      having an upper external flange 13a. A rubber buffer element 14 or a
      similar flexible structure is attached to the upper flange 13a and may be
      reinforced or protected through metal plates 14a and 14b  on its upper and
      lower surfaces. The lower plate 14b is provided with a threaded extension
      15 that projects through an opening in the end flange 13a and is secured
      to the flange by means of a nut 16. The tubular bolt 13 is secured with
      respect to the magnet 5 by means of a nut 17 positioned above the magnet 5
      and below the magnet 5 there is provided a nut 18 and a locking or
      retaining washer 19.
PAR  In the installation and adjustment of the rubber buffer of FIG. 3, the
      buffer element 14 is first attached to the tubular bolt 13 by means of nut
      16. The tubular bolt 13 is then threaded into the bore in magnet 5 at
      which time the nut 17 is threaded up to abutting relationship against
      flange 13a. The various adjustments are then made on the remaining three
      corners of the magnet by means of the centering devices described above in
      connection with FIGS. 1 and 2. Subsequently, the buffer 14 is adjusted.
      The flange 13a of the tubular bolt 13 is held securely by a suitable tool
      applied to the peripheral edge of flange 13a which is in the shape of a
      hexagon and the nut 17 is threaded downwardly until the upper plate 14a
      contacts the sliding plate 12. Possible differences in adjustment caused
      by a twisting or bending of the frame of the vehicle or the truck would be
      compensated for in this manner. Finally, the nut 18 is tightened on the
      tubular bolt 13 and the tab on the locking washer 19 bent to secure the
      buffer 14 on the brake magnet 5.
PAR  It is therefore apparent that the present invention has provided a simple
      yet reliable centering device for a rail brake magnet wherein at least one
      of the two parts in abutting relationship and having engaging conical
      surfaces is provided with a pin located eccentrically with respect to
      these conical surfaces. The pin is adjustable with respect to its relative
      rotation and is secured in the bore of an eccentric sleeve and the
      eccentric sleeve is also adjustable with respect to its relative rotation
      about an axis eccentric to the bore of the sleeve. The pin is attached to
      either the rail brake magnet or to the vehicle structure.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within this invention as may
      fall within the scope of appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for centering a rail brake magnet in the raised inoperative
      position with respect to the vehicle structure from which it is suspended,
      and comprising a centering element on one of said vehicle structure and
      magnet having a centering bore with a first conical surface around said
      bore, the other of said vehicle structure and magnet having a bore therein
      and an eccentric sleeve rotatably received within said bore, a centering
      pin having a second conical surface thereon engageable with said first
      conical surface when the magnet is in the raised position, said pin having
      a peripheral portion eccentric with respect to said first and second
      conical surfaces and rotatably received within said eccentric sleeve, and
      means for securing said eccentric sleeve to said other of the vehicle
      structure and magnet after adjustably rotating said sleeve.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said pin peripheral portion is
      conical, and screw coupling means having a corresponding conical surface
      for securing said pin within said eccentric sleeve.
NUM  3.
PAR  3. A device as claimed in claim 2 wherein said eccentric sleeve has third
      and fourth conical surfaces thereon, a ring having a fifth conical surface
      threaded upon the free end of said pin against the outer of said third and
      fourth conical surfaces of said eccentric sleeve.
NUM  4.
PAR  4. A device as claimed in claim 3 wherein said eccentric sleeve has an
      external flange on its end toward said ring.
NUM  5.
PAR  5. A device as claimed in claim 1 wherein said centering element is mounted
      on said vehicle structure and said centering pin is mounted on said
      magnet.
NUM  6.
PAR  6. A device as claimed in claim 5 wherein said centering element comprises
      a flanged cylindrical member rigidly attached by its flange to the vehicle
      structure, a second ring resiliently mounted within said cylindrical
      member to define said centering bore, said first conical surface being on
      said second ring.
NUM  7.
PAR  7. A device as claimed in claim 6 and a plate attached to said vehicle
      structure and having a centering boss receiving said cylindrical member.
NUM  8.
PAR  8. A device as claimed in claim 1 wherein said eccentric sleeve has a
      radial slit therein and a plurality of radial notches uniformly spaced
      about the periphery thereof.
NUM  9.
PAR  9. A device as claimed in claim 8 wherein said radial notches are in the
      thicker wall portions than said radial slit.
NUM  10.
PAR  10. A device as claimed in claim 1 wherein said centering pin has an
      external flange between its said second conical surface and its said
      eccentric peripheral portion, said flange resting upon said magnet.
NUM  11.
PAR  11. A device as claimed in claim 1 wherein said centering pin has an axial
      projection from its said second conical surface, the outer end of said
      axial projection being conical.
NUM  12.
PAR  12. A device as claimed in claim 1 and a plurality of means between said
      vehicle structure and said magnet arranged in four positions in the shape
      of a rectangle for limiting the movement of the magnet into its raised
      inoperative position, three of said means comprising said centering
      element and said centering pin, the fourth means comprising planar
      resilient means for buffering movement of said magnet toward the vehicle
      structure.
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ABST
PAL  An adjustable ball groove slide having a slide movable axially along a
      beam, with balls secured in recirculation paths between the beam and
      slide, and pressure members carried by the slide for partially defining
      said paths, with adjustment means for varying selectively the force on
      said pressure members and the play in the assembly of the beam, balls and
      slide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved embodiment of an earlier known
      device for rectilinear guiding of a machine element along a beam which is
      provided with at least two parallel ball paths. The paths are preferably
      arranged on each side of the longitudinal central plane of the beam, and
      said ball paths are designed to give angle contact with the balls, whereby
      a machine member in the rectilinear guide is provided with deflection and
      recirculation tracks for the balls. A mechanism of this kind is designated
      a ball groove slide.
PAR  The earlier known device has certain disadvantages in regard to its
      manufacture and functioning. Since the paths for the bolts are integrated
      in the proper machine member, they must be machined and hardened which
      makes the design more expensive. Furthermore, in the prior art device
      there are no possibilities to eliminate play which could occur between the
      ball-cooperating parts when matching the same, or which could occur due to
      wear during operation.
PAC  SUMMARY OF THE INVENTION
PAR  The novelty of the invention is characterized in that the new ball groove
      slide is provided with trough-shaped sheet metal strips inserted into the
      machine member of this device, which strips serve as paths for the balls
      then strips are either fixed or resilient adjusting or compensation
      members for eliminating play.
DRWD
PAR  The invention will now be described in more detail with reference to the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of a ball groove slide in accordance
      with the invention,
PAR  FIG. 2 is a cross-sectional view of the device taken along line II--II in
      FIG. 1,
PAR  FIG. 3 is a cross-sectional view similar to FIG. 2 of another embodiment of
      the invention, and
PAR  FIG. 4 is a cross-sectional view similar to FIG. 2 of a further embodiment
      of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The main parts of the ball groove slide comprise the beam 1 with
      ball-bearing grooves 1a - 1d forming portions of the ball paths, the
      machine member 2 and the balls 3 as shown in FIG. 1. The machine member or
      slide comprises a middle portion 4 and end flanges 5. In the interior of
      the middle portion 4 recesses 4a have been machined, in which
      trough-shaped sheet metal strips 6 and 6' have been placed, one on each
      side of the beam 1 and the assembly is arranged in such a manner that at
      least one of the strips is resilient or adjustable. Each of said strips is
      generally C-shaped in cross-section, formed by a web and flanges extending
      transversely from edges of the web, with ball grooves defined by and along
      adjacent surfaces of said web and flanges on the inner side of the strip.
PAR  The strips have two functions, partly to provide second or slide
      ball-bearing grooves cooperating with said first or beam ball-bearing
      grooves in the beam to provide recirculating channels for the balls 3
      within the slide, and partly, at least for the strip or pressure member 6
      to function as a resilient or adjustable play-eliminating member so that a
      desired adjustment or selective force between the beam, the balls and the
      slide is obtainable. The end flanges 5 each include a recirculation track
      5a for guiding balls from the portion of the recirculation path defined by
      ball-bearing groove 1a of the beam and corresponding grooves 6a in strip 6
      to the portion of the path 4b within slide 4. It should be noted that the
      beam 1 has a generally cross-shaped cross-section formed by intersecting
      perpendicular elements with the ball-bearing grooves (surfaces, paths, or
      tracks) 1a, 1b, 1c and 1d located at the intersections of said two
      elements.
PAR  In FIG. 2 an embodiment is shown with adjustment possibilities for the
      strip 6. In the side of the machine member one or more holes 7 are
      drilled; a plunger 8 rests against the back side of the strip 6. To
      achieve the adjustment which is desired, a thin sheet of metal 9 is placed
      against the end of the plunger remote from the strip 6. In order to secure
      the adjusting device in the machine member, a cover 10 is placed outside
      the adjusting strip 9 and the assembly is locked by means of bolts 11. In
      order to obtain resilience and self-adjusting, it is possible to exchange
      the cover 10 for one or more blade springs, which are fixed in the same
      way as the cover 10.
PAR  In another modification, shown in FIG 3 the plunger is exchanged for a
      helical spring 8a, which is pressed by the cover 10.
PAR  In a further modification, shown in FIG. 4, a blade spring 8b is placed
      into a machined groove in the machine member behind the strip 6.
      Furthermore, it is possible to bend the strip 6 in such a manner that it
      will itself be resilient when placed in its recess 4a in the machine
      member 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a ball groove slide device including a beam having a longitudinal
      axis and a slide axially slidable thereon, the beam having a predetermined
      cross-section and the slide having a first aperture therethrough of
      cross-section corresponding generally to that of said beam and through
      which said beam extends in said sliding relationship, the device further
      including a plurality of balls in at least one recirculation path at least
      a portion of which path is parallel to said axis and is formed in part by
      an axially extending first ball-bearing groove in said beam, the
      improvement in combination therewith comprising a pressure member carrried
      by said slide and having an inner side adjacent said first groove in the
      beam and an opposite outer side, the inner side including an
      axially-extending second groove engaging balls in said first groove, and
      adjustment means carried by said slide for providing a selectively
      variable force on said pressure member inward against said balls which are
      thus urged against said first groove in the beam, for varying the play
      between said beam and said slide, and wherein said adjustment means
      comprises a plunger which is carried by said slide and contacts said
      pressure member, and locking means on said slide for securing said
      adjustment means and for urging said plunger inward against said pressure
      member with said selectively variable force, and wherein said slide
      comprises a wall adjacent said pressure member, and said wall includes
      therethrough a second aperture in which is situated said plunger, and said
      locking means comprises a cover contacting said plunger and fastener means
      urging said cover inward against said plunger which is thus urged inward
      toward said beam.
NUM  2.
PAR  2. In a ball groove slide device including a beam having a longitudinal
      axis and a slide axially slidable thereon, the beam having a generally
      cross-shaped cross-section defined by two intersecting elements which
      define four intersections, with a beam ball-bearing groove defined by and
      along each of said intersections, and the slide having a first aperture
      therethrough of cross-section corresponding generally to that of said beam
      and through which said beam extends in said sliding relationship, the
      device further including a plurality of balls in recirculation channels at
      least a portion of which channels are parallel to said axis and formed in
      part by said axially-extending beam grooves, the improvement in
      combination therewith comprising a first pressure member carried by said
      slide and having an outer side, and an inner side which includes therein
      two axially-extending slide grooves which are adjacent and form, with two
      of said beam grooves, portions of said recirculation channels, the
      improvement further comprising adjustment means carried by said slide and
      contacting said pressure member for providing a selectively variable force
      on said pressure member inward against said balls which are thus urged
      against said beam grooves for varying the play between said beam and said
      slide, and a second pressure member similar to the first and cooperating
      similarly with the two remaining beam grooves.
NUM  3.
PAR  3. A device according to claim 2 wherein said adjustment means comprises
      removable spring means carried by said slide and engaging the outer side
      of the pressure member and biased to resiliently urge said pressure member
      inward against balls in said first groove.
NUM  4.
PAR  4. In a ball groove slide device including a beam having a longitudinal
      axis and a slide axially slidable thereon, the beam having a predetermined
      cross-section and the slide having a first aperture therethrough of
      cross-section corresponding generally to that of said beam and through
      which said beam extends in said sliding relationship, the device further
      including two recirculation channels having portions thereof which are
      parallel to said axis and formed by spaced apart ball-bearing grooves in
      said beam, and a plurality of balls in said recirculation channels, the
      improvement in combination therewith comprising a pressure member carried
      by said slide and having an inner side adjacent said grooves in the beam
      and an opposite outer side, said pressure member being generally C-shaped
      in cross-section formed by a web and transversely extending flanges, the
      inner side including axially-extending slide grooves engaging balls in
      said beam grooves, each of said slide grooves formed by adjacent surfaces
      of said web and one of said flanges, and adjustment means which is carried
      by said slide and contacts said pressure member for providing a
      selectively variable force on said pressure member inward against said
      balls which are thus urged against said grooves in the beam, for varying
      the play between said beam and said slide.
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ABST
PAL  An antifriction bearing bush which includes a thin cylindrical outer
      sleeve, a cylindrical ball retainer, and balls. The outer sleeve has an
      end wall and at least three equidistant axially extending convex portions
      formed on the inner surface thereof except for one end. The cylindrical
      ball retainer fits within the thin cylindrical outer sleeve and has at
      least three axially oblong grooves on the outside thereof. The oblong
      grooves are composed of two straight sections and two curved sections. One
      of the straight sections and an adjacent portion of each curved section is
      cut completely through the ball retainer. The straight section has
      extended straight sectional grooves reaching the ends of the cylindrical
      ball retainer. The depth of the straight sectional grooves are
      complementary to the convex portions on the outer sleeve. Two segments of
      the convex portion of the outer sleeve which overlie the ends of the
      straight section of the ball retainer are of less convexity than the
      remainder of the convex portion. The balls within one portion of the
      oblong grooves contact the convex portion and simultaneously extend beyond
      the inner surface of the ball retainer. Balls within the remaining portion
      of the oblong grooves are enclosed by the ball retainer and the outer
      sleeve. A circular groove is within the end of the sleeve not having an
      end wall to retain the ball retainer within the sleeve.
BSUM
PAR  The invention relates to a bush or bearing assembly supporting or guiding a
      shaft for linear motion, as required in many machines. In this case, many
      balls are arranged so that they circulate axially in bearing contact with
      the bush and the shaft, along three or more circumferentially spaced
      portions of the inner surface of the bush.
PAR  The purpose of the invention is to develop the uses of these kinds of
      bushes with the simplest possible construction, and with a higher
      performance than existing kinds of bushes. In other words, it is
      characteristic of these kinds of bushes that the many balls which are
      between the shaft and the bush, roll and circulate under a load, and so it
      is important to provide a means of circulating these balls as simply as
      possible in respect of construction. Usually, the means of circulating
      such balls is constituted in such a way as to provide three or more ball
      circulating grooves, which are situated on the outer surface of the inner
      sleeve, with corresponding axially extending convex portions which are
      situated circumferentially on the inner surface of the outer sleeve, in
      three or more positions respectively. Therefore, if the outer sleeve is
      provided with a thick cylindrical metal bush, it is every difficult to
      shape the axially extending convex portions with precision, because the
      shape of the said convex portions is not simple. And when the outer sleeve
      is provided with a thin cylindrical metal bush, the construction of the
      said ball circulating paths is exceptionally difficult, and so linear
      motion antifriction bushes with a high performance cannot be realized.
PAR  In the case of this invention, the problems requiring solution in the art
      of constitution of the said existing bushes are generally solved, and the
      performance and the productivity of the bearing bushes are much improved.
DRWD
PAR  The present invention will be described in further detail by reference to
      the attached drawing, in which;
PAR  FIG. 1 is a partially transverse section view of the antifriction bearing
      according to the invention;
PAR  FIG. 2 is a partially longitudinal sectional side view of the antifriction
      bearing according to the invention;
PAR  FIG. 3 is a partially transverse sectional view of the outer sleeve of
      antifriction bearing according to the invention;
PAR  FIG. 4 is a partially longitudinal sectional side view of the outer sleeve;
PAR  FIG. 5 is a partially transverse sectional view of the ball retainer of
      antifriction bearing according to the invention;
PAR  FIG. 6 is a partially longitudinal sectional view of the ball retainer;
PAR  FIG. 7 is the second embodiment of the invention in which two guide grooves
      are axially arranged in the axially long ball retainer;
PAR  FIGS. 8 and 9 show the third embodiments in which the axial positioning
      means can be applied to the bearing bush of the invention, between the
      outer sleeve and the ball retainer;
PAR  FIGS. 10 and 10' are a detail view indicating an axially sectional form of
      inner periphery of outer sleeve according to the invention with respect to
      axial convex parts and indicating balls contacting condition to the axial
      convex parts;
PAR  FIGS. 11 and 12 are an elevation view in partial section and a side
      elevation view in partial section in which the bearing has been arranged
      in groove form to the axial convex parts in the inner periphery of outer
      sleeve and balls contacting surface at the outer surface of shaft fitted
      with the bearing; and
PAR  FIGS. 13 and 14 are a sectional view and a side elevation view in which
      ball bearing according to the invention has been applied to the rotational
      driving shaft for a gear as the ball spline.
DETD
PAR  As is shown in FIGs. 1 and 2, the antrifriction bush of the invention
      consists of the ball 1, the outer sleeve 2, and the ball retainer 3. The
      outer sleeve 2, as shown in FIGS. 3 and 4, has a thin cylindrical form
      having radially constant thickness, and the ball retainer 3, shown in
      FIGS. 5 and 6, has a thick cylindrical form. Thus the antifriction bearing
      bush of the invention consists of a ball retainer 3 having many balls in
      the guide grooves 4, fitting into the sleeve 2, and the outer sleeve 2,
      shown in FIGS. 3 and 4, has axially extending concave portions 5 on the
      outer surface and converse axially extending convex portions 6 on the
      inner surface, except on the axial end. The retainer 3, shown in FIGS. 5
      and 6, has the axially extending concave grooves 7 on the outer surface.
      This outer sleeve 2 and retainer 3 are fitted together with the convex
      portions 6 of the outer sleeve 2 against the concave portions 7 of the
      retainer 3. Thus the outer sleeve 2 and retainer 3 are mutually fitted in
      a circumferential direction precisely and firmly.
PAR  The exact location between the outer sleeve 2 and the ball retainer 3 in
      the radial direction is obtained precisely by the clearance-less fitting
      of the outer sleeve 2 and the retainer 3, excluding the ball circulating
      grooves of the outer surface of the retainer 3. In the axial direction,
      the location is also easily obtained by means of a side wall 8, shown in
      FIGS. 2 and 4, which is formed during press working of the outer sleeve 2,
      and by the usual technique of clamping on the other axial end side of the
      outer sleeve 2, after the fitting of the outer sleeve and the retainer has
      been completed. As for the bearing bush of the invention with the said
      construction, the many balls which are provided in the ball circulating
      ways, are simultaneously in bearing contact with the axially extending
      convex portions of the inner surface of the outer sleeve 2, and with the
      shaft fitted to the bearing bush, within the axially extending apertures
      9, as shown in FIGS. 2 and 6, on one straight range side of the elliptical
      or oblong guide grooves which are provided on the outer surface of the
      retainer. The balls, after supporting the radial load of the bearing bush
      in rolling contact, are released from the simultaneous bearing contact
      with the axially extending convex portions of the outer sleeve and the
      shaft fitted into the bush, within the curved portions of the said oblong
      guide grooves by the raised portions 6" and 6'", shown in FIG. 3, which
      are shaped axially on both sides of the said axially extending convex
      portions 6.
PAR  The following description of the invention will clarify the constructional
      features of the bearing bush.
PAR  In the antifriction bearing bush of the invention, the outer sleeve
      consists of a thin cylindrical shape of radially constant thickness, and
      the axially extending convex portions 6, shown in the accompanying
      drawings, are located on the inner surface of the said outer sleeve. In
      this way, it is possible to provide paths for the circulating balls
      without difficulty, and also to realise the many constructional features
      of the bearing bush as follows. In existing kinds of bearing bushes with a
      thick cylindrical outer sleeve, the axially extending convex portions of
      the inner surface of the outer sleeve must be shaped in such a way that
      the ball circulating guide ways using the appropriate ball retainer must
      be made from plates, or from a thick or thin cylindrical inner sleeve
      together with the said outer sleeve, and the said axially extending convex
      portions are formed by cut-outs on the inner side of the thick cylindrical
      outer sleeve except for the said axially extending convex portions, or by
      radially pressing the outer surface of the outer sleeve in an axial
      direction within a suitable range. In addition to this, the axially
      extending convex portions of the inner surface of the thick cylindrical
      outer sleeve are formed by drawing, using the appropriate die provided
      with the work piece for a thick cylindrical pipe, or by the forging of
      cylindrical work piece.
PAR  By the said methods of working used in the thick cylindrical work piece,
      the axially extending convex portions of the inner surface of the outer
      sleeve are easily provided so as to have radially different thicknesses in
      the direction of the circumference, since the thickness of the cylindrical
      outer sleeve is sufficient to provide the said convex portions of the
      outer sleeve. In the case where the said convex portions of the inner
      surface of the outer sleeve are formed by press working, the decrease in
      accuracy of the shape, (for example irregularity in the roundness,
      cylindrical inaccuracy and so on) caused by the press working, can be
      corrected by the metal-cutting process.
PAR  But as regards the accuracy of the shapes and dimensions of the outer
      sleeve in bearing bushes of these types, (that is first the roundness and
      the cylindrical accuracy of the outer surface and of the cylindrical
      surface which is simultaneously in contact with the said axially extending
      convex portions of the inner surface, and secondly, the concentricity of
      the said cylindrical surface in contact with the convex portions of the
      inner surface for the outer surface, and thirdly the accuracy of the shape
      of the said convex portions of the inner surface etc.) must be maintained
      at the highest level. To achieve this, the outer sleeve must be ground at
      the outer surface and at the axially extending convex portions of the
      inner surface, with the utmost precision, after the quenching and the
      annealing. But on the thick cylindrical outer sleeve, the deformations
      which are due to the circumferentially uneven thickness or the residual
      stresses of the press working, are by no means small after the quenching
      and the anealing process, and it is difficult to achieve the required
      degree of accuracy within permissible limits by means of the said grinding
      process.
PAR  Accordingly, because of such difficulties in making the outer sleeve from a
      thick cylindrical work piece, and because of the need for economical
      efficiency of operation etc, attempts are at present being made to make a
      thin cylindrical outer sleeve. The thin cylindrical sleeve can be made by
      deep drawing from a thin plate having constant thickness, and also by
      using very accurate tools (punch and die). By such deep drawing, the
      thickness of the thin cylindrical outer sleeve is achieved with the most
      precise uniformity, and when the bearing bush is fitted into the very
      precise housing in contact with the outer surface of the bearing bush, and
      when the highly precise working shaft is fitted into the bearing bush
      without any clearance, the accuracy of the shape and in the dimension of
      the outer sleeve of the bearing bush is obtained with great precision, as
      regards accomodation in the housing hole or the shaft. In particular,
      great accuracy in the shapes of the said thin cylindrical outer sleeve,
      which are obtained by the fitting to the housing hole or the working
      shaft, can also be expected, when the heat treatment of the cementation
      and the quenching of the said thin cylindrical outer sleeve is made after
      the press work. In this way, it is possible to omit the grinding work of
      the inner and outer surfaces for the thick cylindrical outer sleeve on the
      bearing bush following the heat treatment. But on the said thin
      cylindrical outer sleeve, it is impossible or very dificult to provide the
      said axially extending convex portions of the inner surface of the outer
      sleeve (which are necessary to circulate the balls in the bearing bush, as
      in the case of the thick cylindrical outer sleeve) by cutting out the
      inner surface of the outer sleeve in the axial direction or by press work
      on the outer surface in the radial direction. That is, by the former
      method it is impossible to provide the said convex portions, because the
      thin outer sleeve has not enough thickness for forming the said convex
      portions by the cutout method on the inner surface of the outer sleeve. By
      the latter method, it is difficult to obtain accuracy in the concentricity
      of the cylindrical surface, which is in contact simultaneously with the
      convex portions of the inner surface of the outer sleeve, for the outer
      surface of the outer sleeve, because the said convex portions can not be
      formed with precision by radial press work from the outer surface. Also,
      it is difficult to correct the accuracy of the concentricity and the
      cylindrical shape etc by the grinding process. For that reason, in the
      case of existing bearing bushes which consist of a thin cylindrical outer
      sleeve, the axially extending apertures with curved portions at both ends
      are provided by the punching press within the range of the circulations of
      the balls, after the said outer sleeve has been formed by the deep drawing
      of the thin plate in the cylindrical form, so as to provide the space
      necessary to circulate the balls, and the width of the said provided
      apertures on the outer sleeve is made slightly smaller than the diameter
      of the ball so that the balls will not fall from the bearing bush. But in
      the case of the said thin cylindrical outer sleeve, as the said long
      apertures are formed by the punching process with great precision, it is
      impossible during the said punching process to avoid a decrease in the
      accuracy in the shape and in the dimension of the outer sleeve, which is
      formed by deep drawing with great precision. The entry of dust from the
      said apertures of the outer sleeve into the bearing bush, and in
      particular the entry from the said apertures of the strong binding
      material which is often used, when the bearing bushes are clamped by the
      housing holes, obstructs the performance of the bearing bushes. Still more
      in the case of the thin cylindrical outer sleeve, the methods of clamping
      of the ball retainer, which are necessary to circulate the balls, are
      remarkably limited in contrast with the thick cylindrical outer sleeve,
      and the selection of suitable shapes for the ball retainers becomes
      difficult.
PAR  In constructing existing bearing bushes with the thin cylindrical outer
      sleeve containing the said apertures, the thick cylindrical ball retainer
      is adopted, fitting into the inside of the outer sleeve without any
      clearance, and the spaces which are necessary for circulating the balls
      are formed by the said apertures, and not by the said axially extending
      convex portions of the inner surface of the outer sleeve. And in the case
      of the said construction of the bearing bush, the balls which are provided
      in the oblong ball circulating grooves of the outer surface of the
      cylindrical ball retainer come in contact with the inner surface of the
      outer sleeve within the ranges of circulation of the balls, and so the
      fitting of the inner sleeve into the outer sleeve is impossible without
      deformation of the said inner sleeve of the retainer within the said ball
      circulating ranges.
PAR  So that in the case of the said existing bearing bushes with a thin
      cylindrical outer sleeve, the assembly of the bearing bush is possible
      with the retainer only made of plastic material, which can easily accept
      some slight elastic deformation. But with a retainer made from plastic
      material, the applications of the bearing bush are limited, since the
      strength of the retainer decreases and the range of the permissible
      temperatures is reduced.
PAR  Moreover, there are other methods of making the outer sleeve of the bearing
      bush, where the outer sleeve is shaped with thin or thick plates by
      bending to a cylindrical form. With the said thick cylindrical outer
      sleeve made from a thick plate, the axially extending convex portions of
      the inner surface are formed by means of radial pressure from the outer
      surface. With a thin cylindrical outer sleeve made from a thin plate, the
      axially extending apertures are formed by the punching press, so as to
      provide the said ball circulating space in the bearing bush. But with
      these working methods, it is very difficult to make the outer sleeve with
      the great precision which is necessary for these kinds of bearing bushes.
      With the outer sleeve made by these methods, the strength of the outer
      sleeve is less than that of the cylindrical outer sleeve made by other
      working processes, and the methods of clamping the ball retainer to the
      outer sleeve become too complicated. The outer sleeve of the invention, as
      shown in FIGS. 3 and 4, has the thin cylindrical form, with the axially
      extending convex portions on the inner surface. In this case the outer
      sleeve of the invention has the following features.
PAR  a. The improvement of the accuracy of the bearing bush. The accuracy of
      this kind of bearing bush is mostly dependent on the accuracy of the outer
      sleeve and the balls. Therefore, the performance of the bearing bush is
      greatly influenced by the accuracy of the outer sleeve. In the outer
      sleeve of the invention, the main feature is that the cylindrical outer
      sleeve is formed by the deep drawing method from a thin plate, and in the
      three or more circumferentially spaced positions of the inner surface of
      the outer sleeve, the axially extending convex portions are also formed at
      the same time by the said deep drawing method.
PAR  That is, the width of the said convex portions 6 of the inner surface, as
      shown in FIGS. 3 and 4, is almost the same as the diameter of each ball,
      and the sum of the width of the said convex portions and the
      circumferential length of the inner surface of the outer sleeve in the
      ratio of 1/5 - 1/10. And with the said deep drawing method, the influence
      of the simultaneous formation of the said convex portions with a uniform
      radial thickness in the outer sleeve can be diregarded, since the said
      convex portions are formed with the same distance circumferentially on the
      inner surface of the outer sleeve. Therefore if the shapes and dimensions
      of the punch and the die are formed with precision, and the relative
      position of the punch and the die is precisely maintained the accuracy of
      the thickness of the outer sleeve and the heights of the said axially
      extending convex portions of the inner surface are precisely obtained. So
      that the concentricity of the cylindrical surface, which is simultaneously
      in contact with the said convex portions of the inner surface of the outer
      sleeve, to the outer surface of the outer sleeve is obtained with
      precision, and with this, the concentricity of the bearing bush to the
      working shaft is also obtained precisely, since the dimensional accuracy
      of the ball diameter is usually achieved to the highest degree.
PAR  For the outer surface of the outer sleeve, it is easy to achieve
      cylindrical accuracy with the greatest precision by the said deep drawing
      method using precisely-made tools (punch and die).
PAR  In the case of the inner surface of the outer sleeve formed by the deep
      drawing method, it is difficult to obtain cylindrical accuracy with
      precision, since the punch must be formed with a slight taper on the
      cylindrical outer surface, in order to get rid of the worked piece from
      the punch. In the case of the inner surface of the outer sleeve of the
      invention, it is acceptable to have a taper of 0.02-0.05mm in accordance
      with the axial length of the bearing bush, except for the axially
      extending convex portions 6, shown in FIGS. 3 and 4, as the cylindrical
      accuracy of the said inner surface has no direct influence on the accuracy
      of the bearing. As the area of the inner surface of the outer sleeve,
      except the said convex portions, is 5-6 times the area of the said convex
      portions, it is therefor easily possible to get rid of the worked piece
      from the punch without any tapering of the said convex portions. Therefore
      the cylindrical accuracy of the cylinder which is in contact with the
      axially extending convex portions of the inner surface of the outer
      sleeve, is simultaneously obtained with great precision. In the outer
      sleeve of the bearing bush of the invention, a side wall 8, shown in FIGS.
      3 and 4, is provided in the axial end position of the outer sleeve. In the
      other axial end position of the outer sleeve, a simple cylindrical part,
      which does not have the convex portions 6 of the inner surface, is
      provided. These two features, i.e. the said wall 8 and the simple
      cylindrical part of the outer sleeve, are calculated to prevent the
      deformation of the outer sleeve after the said deep drawing, and
      especially after the heat treatment (quenching and annealing etc). That
      is, the said wall and the simple cylindrical part are effective in
      preventing the deformation of the outer sleeve after the convex portions
      are formed simultaneously during the deep drawing process and are also
      effective in maintaining the accuracy of the dimensions and the shape of
      the outer sleeve after the heat treatment. The outer sleeve of the bearing
      bush of the invention is formed into a thin cylindrical shape which is
      different from the thick cylindrical outer sleeve, which is characteristic
      of existing bearing bushes. After the assembly of a bush, with the said
      thin cylindrical outer sleeve, some slight deformation of the said outer
      sleeve is permissible, and so it is one of the great features of the
      bearing bush of the invention that it can be adapted to fit into the
      precisely-made hole and the shaft. Therefore, with the bearing bush of the
      invention, by providing a precise thin cylindrical outer sleeve without
      the grinding process after the heat treatment, it is easy to obtain a
      bearing bush of great precision, under the correct working conditions.
PAR  b. Rationalization of Construction. The bearing bush of the invention, as
      shown in FIGS. 1-6, consists of balls, the thin cylindrical outer sleeve
      and the thick cylindrical ball retainer, and it is different from existing
      bearing bushes, (which have a thin cylindrical outer sleeve) in that it
      has axially extending convex portions on the inner surface of the thin
      cylindrical outer sleeve, so that the ball paths of the circulating balls
      in the bearing bush are rationally provided. That is, in the case of
      existing bearing bushes, which have a thin cylindrical outer sleeve
      without the said axially extending convex portions, axially extending
      apertures on the outer sleeve have to be provided, in which the balls
      circulate and do not come in contact with the shaft. These axially
      extending apertures are formed with the punching press after the deep
      drawing of the outer sleeve. In this case, the decrease in the accuracy of
      the outer sleeve, (which is due to the deformation caused by the punch
      press) and the increase of the deformation following the heat treatment,
      (which is due to the residual stresses caused by the punching press) and
      also the decrease in the strength of the outer sleeve, (which is due to
      the formation of the aperture) result in some deterioration in the
      performance of the bearing bush.
PAR  Moreover, with the said apertures, penetration of dust into the bearing
      bush is accelerated, and, as mentioned above, in the case of assembly with
      the thick cylindrical ball retainer fitting into the thin cylindrical
      outer sleeve, (in which there is contact between the balls provided in the
      ball circulating grooves of the ball retainer and the inner surface of the
      outer sleeve), the thick cylindrical ball retainer must be made from
      plastic material which permits some slight elastic deformation.
PAR  With the bearing bush of the invention, the said axially extending convex
      portions of the inner surface of the outer sleeve can be simultaneously
      formed by deep drawing of the outer sleeve, so as to provide a rational
      method of producing the bearing bush. In the case of the invention, it is
      possible to maintain the accuracy of the shape and the dimension of the
      outer sleeve, without the formation of the said apertures in existing
      bearing bushes. Also, the penetration of dust from the said aperture into
      the bearing bush is prevented. As regards the construction of the bearing
      bush of the invention, with the rational shape of the said outer sleeve
      and the ball retainer, the fitting and the positioning of the outer sleeve
      and the ball retainer can be accomplished easily and precisely. That is,
      on the outer surface of the thick cylindrical ball retainer with a simple
      shape, as shown in FIGS. 5 and 6, three or more axially oblong guide
      grooves 4 are provided, corresponding to the axially extending convex
      portions on the inner surface of the outer sleeve, and also the axially
      extending grooves 7 are provided, corresponding to the said oblong ball
      guides 4 on one side of the axially straight portions, where the axially
      extending apertures 9 are formed. As regards the fitting of the
      cylindrical ball retainer 3 and the outer sleeve 2, as shown in composite
      FIGS. 1 and 2, these are mutually fitted without any clearance. The
      axially extending convex portions 6 on the inner surface of the outer
      sleeve, and the said axially extending grooves 7 on the outer surface of
      the cylindrical ball retainer 3 are also fitted simultaneously in the
      axial direction, so that the positioning of the outer sleeve 2 and the
      ball retainer 3 in the radial and circumferential directions is obtained
      with the greatest firmness and precision.
PAR  In the case of the fitting of the outer sleeve and the ball retainer, the
      problem of the balls, which are situated in the guide grooves 4 of the
      ball retainer, coming in contact with the inner surface of the outer
      sleeve is solved. Thus, a slight space is provided in the curved portions
      of the oblong ball circulating groove in which the balls do not come in
      simultaneous contact with the shaft and the axially extending convex
      portions of the inner surface of the outer sleeve. Therefore, the material
      of the thick cylindrical ball retainer of the invention is not limited to
      that which permits some slight elastic deformation, as in the case of the
      said existing bearing bushes which have a thin cylindrical outer sleeve.
      In the case of the bearing bush of the invention, the thick cylindrical
      ball retainer can be made from such material as metal, plastics, etc, by
      metal cutting, forging, metal or plastic extrusion, and by metal powder
      metallugy etc.
PAR  The outer sleeve of the bearing bush of the invention can be made with
      great precision (after the formation of a thin cylindrical shell by the
      deep drawing process with a thin plate), by heat treatment only (quenching
      and anealing etc) without the grinding processes, excluding the wall 8,
      shown in FIG. 4, which is formed by a punching press in the bottom of the
      thin cylindrical shell, and by the cutting off of the cylindrical shell at
      the other axial end, (so as obtain the axially constant length of the
      outer sleeve), and also excluding the formation of the slightly tapered
      portions 6" of the axially extending convex portions 6 on the inner
      surface by the metal cutting process. The axially slight difference of the
      thickness of the thin cylindrical outer sleeve, due to the slight taper of
      the punch, which is necessary to get rid of the worked piece from the
      punch by the deep drawing process as mentioned above, does not affect the
      performance of the bearing bush. So that, in the case of the deep drawing
      process, as shown in FIG. 7, it is possible to make the outer sleeve
      axially longer than usual, and to form an axially long bearing bush, by
      arranging the said thick cylindrical ball retainers, (which are mutually
      separate with the individual ball circulating grooves on the outer
      surface), on the inner surface of the outer sleeve in the axial direction.
PAR  Thus, construction of the bearing bush can be obtained only by the use of
      the said axially long outer sleeve of the bearing bush of the invention,
      which has the following special features, i.e., when using the bearing
      bush, by fitting it to the working shaft at the axial end, and by applying
      the load at the other end of the shaft, it is very difficult to maintain
      the minimum values of the radial displacement at one end of the shaft,
      where the load acts in a radial direction. Accordingly, the moment load
      acts concentrically on the bearing bush at both axial ends on the few
      balls which are in symmetrical position. The tendency of the load to
      concentrate on a few balls of the bearing bush is remarkable, because of
      the rather small range of the axially extending load carrying portions,
      where the balls roll in bearing contact with the shaft and with the inner
      surface of the outer sleeve of the bearing bush. The length of the said
      range is usually 1/2-1/3 of the length of the bearing bush in the axial
      direction. With the deformation of the said load carrying balls, and also
      the deformation of the outer sleeve of the bearing bush and the working
      shaft in the load carrying positions under the said moment load, it is
      frequently impossible to maintain the displacement of the load acting at
      the end of the shaft within the permissible limits and to avoid the
      acceleration of the damage to the bearing bush. For this reason, the two
      bearing bushes are used in an axial arrangement, so as to decrease the
      load due to the said moment, by extending the length in which the
      concentrated load acts in the bearing bush. But in bearing bushes of this
      kind, because the dimensional variation in the diameter of the working
      shaft, which fits into the bearing bush in any clearance, is between
      0.005-0.020mm and also because the dimensional variation of the diameter
      of the outer surface of the outer sleeve is between 0.007-0.025mm
      respectively in accordance with the size of the bearing bushes, and
      because the accuracy of the concentricity of the said working shaft and
      the outer surface of the outer sleeve of the bearing are different from
      each other in each bearing bush, it is impossible to set and to combine
      axially the two bearing bushes with the same or no clearance between the
      working shaft and the bearing bush, even though the housing hole and the
      shaft are made with the greatest precision. With the construction of the
      bearing bush of the invention, as shown in FIG. 7, because the outer
      sleeve does not come apart in correspondence with the two thick
      cylindrical ball retainers in the axial direction, it is easy to solve the
      technical difficulty of the said decrease of accuracy between the working
      shaft and the bearing bush, due to the said combination of the two bearing
      bushes and the influence of the dimensional variation in the dimension and
      the shape of each bearing bush. Moreover, it is also possible to increase
      the accuracy of the setting of the bearing bush in the housing hole, and
      to improve the setting conditions of selected clearance between the
      working shaft and the bearing bush, in order to minimize the deflection of
      the working shaft on the load acting end. Consequently, for the said
      reason, it is possible to decrease the cost of operation by using this
      bearing bush, as compeared with that of two existing bearing bushes, and
      it is also possible to decrease the cost of assembly, so that the process
      by which the bearing bush is fitted to the housing hole, can be easily
      accomplished.
PAR  Moreover, there are other additional features as compared with existing
      bearing bushes. FIGS. 8 and 9 show one such example, i.e. the axial
      positioning method which can be applied to the bearing bush of the
      invention, between the outer sleeve and the ball retainer. With the
      bearing bush of the invention, the positioning method of the ball retainer
      in relation to the outer sleeve in the circumferential direction has
      already been mentioned above, and the positioning in the axial direction
      has been also explained, as it is easy to perform by the usual technical
      method. That is, with the said wall 8, shown in FIGS. 3 and 4, which is
      formed at the axial end of the outer sleeve, after the fitting of the
      thick cylindrical retainer to the outer sleeve, the axial positioning of
      the ball retainer to the outer sleeve is maintained by the formation of
      the slightly curved portion on the other circular end, or by the suitable
      use of a snap ring etc. With the exception of the said usual technical
      methods of positioning in the axial direction, FIGS. 8 and 9 show one such
      way of positioning in the axial direction, in accordance with the
      constructional features of the bearing bush of the invention. In FIG. 9,
      10 is an annular groove situated on the axial end of the outer sleeve 2,
      11 is the convex parts formed on the axial end of the outer surface of the
      cylindrical ball retainer, and 12 is the slight concave parts formed also
      on the axial end of the outer surface of the ball retainer.
PAR  The inside diameter of the cylindrical surface, which is simultaneously in
      contact with said convex parts 11 of the outer surface of the ball
      retainer 3, is made greater than the diameter of the inner surface of the
      outer sleeve 2, and is made the same or slightly smaller than the inside
      diameter of the groove 10. Therefore in the case of the assembly of the
      bearing bush of the invention, and in the case of the fitting of the ball
      retainer 3 from the axial end, which does not have the said convex part 11
      in the axial direction on the outer sleeve, the said convex parts 11 come
      in contact with the axial end of the inner surface of the outer sleeve. So
      that, in the case of such contact of the said convex parts 11 with the
      inner surface of the outer sleeve with the pressure of the retainer 3
      against the outer sleeve 2, the thin cylindrical outer sleeve easily comes
      within the slight deformation of the said axial end section. After the
      convex parts 11 have become embedded in the inner surface of the outer
      sleeve, the deformation of the axial end of the outer sleeve is restored
      to its original state. The said convex parts 11 and the concave parts 12
      of the axial end of the cylindrical ball retainer are easily shaped, for
      example, by the extrusion process using zinc alloy or plastic material, to
      form the shape of the die which corresponds to the shape of the said
      convex and concave parts. In the case of the bearing bush of the
      invention, with the rational construction of the bearing bush, it is
      possible to simplify the axial positioning of the ball retainer to the
      outer sleeve by the process of assembly, and also to increase the
      efficiency of operation.
PAR  Moreover, in the case of the bearing bush of the invention, the thin
      cylindrical outer sleeve, corresponding to the diameter of the working
      shaft, has a smaller diameter than the diameter of the thick cylindrical
      outer sleeve provided in existing bearing bushes. So that, the defect of
      the antifriction bearing bush, caused by the need for a larger diameter of
      the housing hole than that of the housing hole in the usual type of metal
      bush, can be corrected. In contrast with existing bearing vushes which
      have a thick cylindrical outer sleeve, the bearing bush of the invention
      does not need the axial positioning rings on both sides of the outer
      sleeve, so that it is possible to increase the bearing load with the
      increase of the axially rolling range of the load carrying balls. With the
      formation of the said axially extending convex portions on the inner
      surface of the outer sleeve, the rigidity of the outer sleeve is increased
      in the axial direction, as compared with existing bearing bushes, which
      have a thin cylindrical outer sleeve, and the strength of the bearing bush
      is also increased.
PAR  c. Improvement in performance of the bearing bush. With the thin
      cylindrical outer sleeve of the bearing bush of the invention, the axially
      extending convex portions on the inner surface of the outer sleeve are
      formed simultaneously by the deep drawing of the outer sleeve. Therefore,
      the shape of the said axially extending convex portions, as shown in FIGS.
      10 and 10', with ball contacting radius r and a V shape, is formed by the
      deep drawing process, in accordance with the selection of the shapes of
      the axially extending grooves on the outer surface of the punch, and the
      selection of the shape of the convex portions on the inner surface of the
      die.
PAR  Generally, the more the groove radius r, as shown in FIG. 10, approaches
      the ball radius, the more the shape of the axially extending convex
      portions 6 approaches the shape of the groove. In order to provide the
      groove with the said radius r or the V shape, as shown in FIGS. 10 and
      10', on the axially extending convex portions 6, the load carrying
      condition of the bearing bush, which is different from the load carring
      condition of existing bearing bushes (which have the shape of r = R, as
      shown FIG. 10) on the axially extending convex portion 6, is particularly
      improved. Therefore, with the bearing bush of the invention, the static
      and dynamic load carrying capacity, and the performance of the bearing
      bush are more than a match for existing bearing bushes.
PAR  In the case of existing bearing bushes which have axially extending convex
      portions on the inner surface of the outer sleeve, as regards the shape of
      the said convex portions in the circumferential direction, as shown in
      FIG. 10, the radius R has the same center as the center of the outer
      surface of the outer sleeve, and also the same center as the outer surface
      of the shaft which is fitted to the bearing bush. So that in the
      circumferential direction, the balls which roll in bearing contact with
      the said convex portions of the inner surface of the outer sleeve and the
      shaft, are not restricted by the said outer sleeve and the shaft, and are
      restricted only by the guide grooves of the ball retainer. In these
      circumstances, the said guide grooves of the ball retainer need some
      clearance, so as to maintain the free rolling of the balls, and the said
      clearance is made larger than the necessary minimum, because of the
      dimensional variation of the ball retainer. Therefore, the balls which are
      in bearing contact, roll within the said guide grooves in such a way, as
      to be in contact with each other, and so they meander in the axial
      direction in rolling contact with the said convex portions and the shaft,
      and not in a straight line arrangement in the axial direction. With the
      use of these kinds of bearing bushes, it is very difficult to maintain
      precisely the guide for the linear motion under the above mentioned
      bearing conditions. With the bearing bush of the invention, within the
      load carrying range of the axially extending convex portions on the inner
      surface of the outer sleeve, it is possible to form the said convex
      portions in the shape of the axially extending grooves, so as to arrange
      and roll the balls in the line of the axial direction, so that movement is
      restricted to the circumferential direction of the bearing bush, and the
      guiding conditions of the shaft can be maintained very precisely.
      Moreover, the said tendency, in which the balls are arranged in the line
      of the axial direction, is accelevated with the increase of the load,
      which acts on the bearing bush in the radial direction, so that it is
      possible to avoid the destruction of the bearing bush which is due to the
      widening of the guide groove of the ball retainer under the increased
      load, and also to raise the performance of the bearing bush to a high
      level.
PAR  With the bearing bush of the invention, as mentioned above, the load
      carrying capacity can be increased by the formation of the grooves of the
      axially extending convex portions on the inner surface of the outer
      sleeve. Further, it is also possible to increase the load carrying
      capacity of the working shaft by means of the improvement of the bearing
      contact between the shaft and the balls, for example, by the formation of
      the axially extending grooves of the three or more circumferential
      positions of bearing contact on the outer surface of the shaft. But with
      existing bearing bushes, it is very difficult, and usually impossible to
      make the linear motion guide way using the bearing bush and the shaft, on
      which the said axially extending grooves are provided, without ball
      sprain.
PAR  With the bearing bush of the invention, as shown in FIGS. 11 and 12, it is
      easy to obtain the above mentioned bearing construction. That is, in FIGS.
      11-12, 1 is the ball, 2 is the outer sleeve, 3 is the ball retainer, and
      the basic construction of the bearing bush is the same as the construction
      of the bearing bush of the invention, as shown in FIGS. 1-10, except that
      (1) the guide grooves 14 of the balls are formed on the outer surface of
      the fitted shaft, (2) corresponding to the said grooves 14, the axially
      extending convex portions 15 of the inner surface of the thick cylindrical
      ball retainer are provided, so as to make the ball circulation smooth, and
      to construct the ball circulating grooves easily, and (3) the axially
      extending convex portions 15' on the inner surface of the cylindrical ball
      retainer are formed, because, within the parts of the ball circulating
      grooves, thickness of the ball retainer is lacking with the formation of
      the axially extending grooves 14 of the shaft, and the axially extending
      grooves 14' on the outer surface of the shaft are also formed,
      corresponding to the said convex portions 15' so as to fit the bearing
      bush and the shaft.
PAR  That is, as shown in FIGS. 11 and 12, with the axially extending convex
      portions 15 on the inner surface of the ball retainer, it is possible to
      form the guide grooves, so as to obtain smoothness in the rolling of the
      balls which are leaving the bearing contact from the said grooves 14 of
      the shaft, or which are coming in contact with the said grooves 14 after
      circulation. With the axially extending convex portions 15' on the inner
      surface of the ball retainer, it is possible to compensate for the
      decrease of the thickness which is due to the formation of the said guide
      grooves 14 of the shaft, and to maintain the strength of the ball
      retainer, with the bottom of the ball circulating grooves within the
      axially straight range. The method of making the said ball retainer with
      the axially extending convex portions 15 and 15' as shown in FIG. 11, is
      the same as in the case of the ball retainer shown in FIGS. 5 and 6. For
      example, in the case of the inner sleeve, the ball retainer is made from
      metal or plastic material by the extrusion process. The said axially
      extending convex portions on the inner surface of the retainer are formed
      by using a die which has axially extending grooves corresponding to the
      said convex portions 15 and 15'.
PAR  The many axially extending grooves on the outer surface of the shaft which
      is fitted to the bearing bush, are easily formed by the drawing process of
      the cylindrical shaft, by using the die which has axially extending convex
      portions corresponding to the said grooves of the shaft, and are also
      formed by the rolling method etc. Therefore, according to the construction
      of the bearing of the invention, it is posssible to increase the bearing
      performance, which is due to the increase of the bearing load carrying
      capacity and also to increase the life of the bearing bush by means of the
      formation of the ball rolling grooves of the shaft, which corresponds to
      the inner sleeve of radial antifriction bearings. Moreover, with the
      bearing constructiion of the invention with the above mentioned ball
      rolling grooves of the shaft, and the convex portions on the inner surface
      of the outer sleeve, the circumferential relative movement of the bearing
      to the shaft is firmly restrained. So that the said bearing bush of the
      invention can be used as a ball sprain, because the bearing bush and the
      shaft can transmit the torque of the rotation of the shaft or the bearing
      bush correspondingly. Moreover, the bearing bush and the shaft can
      maintain the axial movements with rolling contact of the balls. FIGS. 13
      and 14 show one example of the application of the bearing bush of the
      invention in which it is applied to the shaft of the gear train, i.e., in
      the drawing, 1 is the ball, 2 is the outer sleeve, 3 is the cylindrical
      ball retainer, 13 is the shaft, which usually transmits the torque of the
      rotation, 16 is the gear fitted to the outer sleeve of the bearing bush,
      and 17 is the snap ring, which is used for positioning of the bearing bush
      to the gear in the axial direction. As shown in FIGS. 13 and 14 the
      circumferential positioning of the bearing bush to the gear can be
      obtained firmly by the fitting of the axially extending concave portions
      on the outer surface of the outer sleeve of the bearing to the axially
      extending convex portions 18, which are provided on the inner surface of
      the housing center hole of the gear 16, or by the use of the key to the
      said axially extending concave portions on the outer surface of the outer
      sleeve. The axial positioning of the bearing bush to the gear, as shown in
      FIGS. 13 and 14, can also be easily obtained by the use of the snap ring
      17 in one axial end of the outer surface of the outer sleeve of the
      bearing, after the fitting of the bearing bush to the housing hole of the
      gear.
PAR  According to the bearing bush of the invention, with the basically rational
      construction, it is not only possible to realize a bearing bush with a
      high performance, but also easily to extend the use of bearing bush as the
      ball sprain. The positioning of the bearing bush to a rotatory machine
      element like the gear, in axial and circumferential directions, is also
      easily obtained. Moreover, the circumferential positioning and the fixing
      of the bearing bush to the housing hole are obtained with the fitting of
      the said axially extending concave portions to the axially extending
      convex portions of the housing hole, the convex portions of the inner
      surface of the outer sleeve are strengthened, and the load carrying
      conditions of the bearing bush are improved.
PAR  Besides, with the bearing bush of the invention, according to the above
      mentioned rationalization of the construction of the bearing bush, the
      diameter of the outer sleeve can be made smaller than the diameter of the
      outer sleeve of existing bearing bushes, which have the same diameter in
      the shaft which is fitted to the bearing bush, and it is also possible to
      obtain the smallest bearing bush which can be fitted to the smallest
      diameter shaft, for example fitted shafts with a diamter of 2-3mm.
PAR  Summarizing the description, the object of the invention, with the bearing
      bush which can support the axially reciprocating shaft with the many
      circulating balls between the shaft and outer sleeve, is to realize this
      kind of bearing bush with the simplest construction and the highest
      performance, as compared with existing bearing bushes, and also to obtain
      an increase in the performance of the machinery which necessitates the use
      of a bearing bush.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An antifriction bearing bush comprising a thin cylindrical outer sleeve
      having an end wall and at least three equidistant axially extending convex
      portions formed on the inner surface thereof except for one end, a
      cylindrical ball retainer fitting within said thin cylindrical outer
      sleeve having at least three axially oblong grooves on the outside
      thereof, the said oblong grooves being composed of two straight sections
      and two curved sections, one of said straight sections and an adjacent
      portion of each curved section being cut completely through said ball
      retainer, said straight section also having extended straight sectional
      grooves reaching the ends of said cylindrical ball retainer, the depth of
      said straight sectional grooves being complementary to said convex
      portions on said outer sleeve, two segments of said convex portion of said
      outer sleeve which overlie the ends of said straight section of said ball
      retainer being of less convexity than the remainder of said convex
      portion, balls within one portion of said oblong grooves which contact
      said convex portion and simultaneously extend beyond the inner surface of
      said ball retainer and balls within the remaining portion which are
      enclosed by the ball retainer and said outer sleeve, and means within the
      end of said sleeve not having an end wall to retain said ball retainer
      within said sleeve.
NUM  2.
PAR  2. The antifriction bearing bush, as claimed in claim 1, in which two ball
      retainers are axially fitted into the axially extended outer sleeve.
NUM  3.
PAR  3. The antifriction bearing bush as claimed in claim 1, wherein said sleeve
      has at one end thereof a circular groove and said ball retainer has at one
      end thereof protuberances uniformly distributed therearound to fit into
      said groove to retain said ball retainer in said sleeve.
NUM  4.
PAR  4. An antifriction bearing bush as claimed in claim 1, including a shaft
      having axially extending grooves on the outer surface thereof over which
      the bearing bush is fitted, said ball retainer having axially extending
      convex portions on the inner surface thereof, corresponding to both axial
      straight sections of the grooves on the outer surface of the ball retainer
      to provide the axially extending grooves on the outer surface of the
      shaft, corresponding to the said axial convex portions on the inner
      surface of the outer sleeve and to said axial convex portions on the inner
      surface of the ball retainer, to provide the axially extending grooves on
      the outer surface of the shaft, corresponding to said axial convex
      portions on the inner surface of the ball retainer, and also to provide
      slight clearances between the said convex portions on the inner surface of
      the ball retainer and the grooves on the shaft.
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ABST
PAL  A bearing housing for a heavy rotor is made axially-nonsymmetrical so that
      the bearing chamber therein is shifted axially of the rotor shaft upon
      reversing the bearing housing. With a new rotor, the nonsymmetry positions
      the bearing chamber axially outwardly from the housing center. When
      necessary, the rotor shaft, by virtue of having successively increased
      diameters inwardly from its end, can be reworked by turning new surfaces
      thereon positioned axially inwardly from the original surfaces. The
      bearing housing is then reversed so that its nonsymmetry locates the
      bearing chamber inwardly from the housing center, to accommodate the new
      positions of the shaft surfaces.
BSUM
PAC  INTRODUCTION
PAR  On heavy machinery such as shredders for automobile bodies, replacement of
      the shafts is an extremely expensive matter. A shaft may need replacement,
      for example, when the bearing has failed to such an extent that there is
      rotation between the inner ring of the bearing and the shaft, scoring the
      shaft. Heretofore, expedients for avoiding replacing the shaft in such
      situations have included various efforts to apply new metal to the shaft
      so that it could again be turned or ground down to the original contour,
      and a new bearing installed in the same location as the previous bearing.
      Although this procedure is believed to have been successful sometimes, it
      is also believed to have been sometimes unsatisfactory or even a total
      failure. In short, it has been unreliable.
PAR  According to the present invention, the step of building up the shaft by
      adding metal to it is avoided, thereby also avoiding the uncertainties of
      this procedure in the past. The original shaft, without build-up, is
      reworked by turning or grinding or both to provide new surfaces like the
      original surfaces except spaced axially inwardly from the original
      surfaces. This is possible because shafts of this type are always of
      inwardly increasing diameters (of generally tapering of stepped contour)
      so that even after bad scoring there is plenty of metal for turning down
      the shaft to provide new bearing-contoured surfaces if the locations of
      these surfaces are shifted axially inward, or further away from the end of
      the shaft.
PAR  There is an inherent difficulty attendant upon such shifting of the
      bearing-contoured surfaces in that the bearing housing has a fixed
      location. The fact that the shifted bearing-contoured surfaces would not
      fit the old bearing location has apparently heretofore discouraged all
      thought of reworking of shafts without build-up. Whether this ultimate
      nonmatching prevented anyone from thinking of such simple reworking of the
      shafts or whether they thought of it and were deterred from thinking
      further by the evident mismatching is not known.
PAR  According to the present invention, this difficulty of axial displacement
      is solved by making the bearing housing axially nonsymmetrical in such a
      way that by reversing it, the bearing housing is located slightly
      outwardly of the axial position of the center of the bearing housing. When
      the shaft has been reworked, the bearing housing is swung 180.degree. so
      that the same nonsymmetry now locates the bearing chamber slightly
      inwardly from the axial position of the bearing housing instead of
      slightly outwardly. It has been found to be possible, for example, to
      accomplish in this manner an axial bearing shift of 11/2 inches, which is
      enough to permit the reworking of the shaft in the new more inwardly
      located position.
PAR  The advantages of the invention will be more clearly understood with
      reference to the following description and to the drawings.
DRWD
PAC  DESIGNATION OF FIGURES
PAR  FIG. 1 is a horizontal sectional view through a bearing and its housing,
      taken approximately along the line 1 -- 1 of FIG. 3, and showing a new
      shaft with the bearing in its original situation.
PAR  FIG. 2 is a similar view but showing the shaft after reworking, and with
      the bearing housing reversed and the bearing located further inwardly.
PAR  FIG. 3 is an end view of the bearing housing and shaft.
DETD
PAC  INTENT CLAUSE
PAR  Although the following disclosure offered for public dissemination is
      detailed to ensure adequacy and aid understanding, this is not intended to
      prejudice that purpose of a patent which is to cover each new inventive
      concept therein no matter how others may later disguise it by variations
      in form or additions or further improvements. The claims at the end hereof
      are intended as the chief aid toward this purpose, as it is these that
      meet the requirement of pointing out the parts, improvements, or
      combinations in which the inventive concepts are found.
PAC  BACKGROUND DESCRIPTION
PAR  Ignoring, for the moment, the novel features of this invention, the
      invention is illustrated for rotatively mounting a heavy shaft 11 and
      includes a self-aligning roller bearing assembly 12. The assembly 12
      includes an inner race ring 13 which is internally tapered to fit a
      tapered portion 14 of shaft 11. The bearing assembly also includes an
      outer race ring 16 which fits snugly within a housing ring 17. The housing
      ring 17 is part of a housing 18, seen best in FIG. 3. The housing 18 is
      firmly secured in place on the machine's bearing sill 21 by bolts 19.
PAR  The outer ring 16 is properly positioned within housing ring 17 by an inner
      cap 22 and an outer cap 23, both of which are bolted to the housing ring
      17. The space occupied by ring 17 may be deemed the bearing chamber. The
      caps 22 and 23 have minute clearance around the shaft 11, resilient seals
      24 being provided for retention of lubrication and exclusion of dust.
PAR  Thus the weight of the housing 18, and also the great weight of the shaft
      11 and its rotor, are carried by base 26. The sill 21 is engaged by the
      base 26 of housing 18, through which the bolts 19 extend.
PAC  DESCRIPTION OF THE PRESENT INVENTION
PAR  In a sense, the present invention is made possible by the delightfully
      simple expedient of designing the onepiece bearing housing 18 with its
      housing ring 17 located in an axially nonsymmetrical position with respect
      to the base 26 (and more especially with respect to its positioning
      formations, the holes in base 26 which snugly receive bolts 19). Thus, as
      seen in FIG. 1, the axial center of the housing ring 17 is closer to the
      right-hand bolts 19 than to the left-hand bolts 19. Because of the small
      scale of the drawings, the amount of this nonsymmetry seems small.
      However, the actual embodiments of the bearings of the type illustrated
      have bolts 19 that are 21/2 inches in diameter. On that basis the amount
      of dissymmetry shown corresponds to a 3/4 inch displacement from axial
      center. In other words, the outer ring 16 is displaced 3/4 of an inch to
      the right in FIG. 1 from the position that it would have by its location
      in the conventional centered or symmetrical position. If the radial plane
      midway between the right bolts 19 and the left bolts 19 is called the
      mounting center of housing 18, the center of the bearing chamber is 3/4
      inch to one side of it, outwardly in a new machine. Upon reversal of the
      bearing housing, the bearing chamber will be centered 3/4 inch inwardly of
      the mounting center, a shift of 11/2 inches.
PAR  FIG. 2 shows the assembly after reworking of the shaft 11 and reversal of
      the bearing housing 18. The shaft 11, without any build-up by addition of
      metal, has been reworked by removal of metal, as by turning or grinding or
      both. The original contour seen in FIG. 1 is shown in part by broken lines
      31, considerable metal having been removed in this area. Within the
      bearing housing and its caps, the removal is mainly a moderate reduction
      in diameter of the shaft at particular points to provide the same contours
      as in FIG. 1 except shifted to the left. It will be observed in FIG. 2
      that the axial centers of the outer bearing ring 16 and of the housing
      ring 17 are now closer to the left-hand bolts 19 than to the right-hand
      bolts 19. This lateral shift of the bearing and housing parts must, of
      course, exactly match the leftward axial shift of the bearing-contoured
      parts of the shaft 11. This matching shift of the bearing and housing
      parts is accomplished by the delightfully simple expedient of reversing
      the housing 18. To facilitate recognizing this reversal, letters "R" have
      been shown at right-hand corners in FIG. 1 as if they had been stamped
      into the metal. In FIG. 2 these corners stamped with "R" are seen to be at
      the left, with each "R" upside down. Thus the housing 18 has been swung
      180.degree., as viewed in FIGS. 1 and 2, i.e., from above.
PAR  Preferably the other end of shaft 11 also is provided with a similar
      reversible nonsymmetrical bearing housing. However, only one bearing
      usually fails, and the other end of the shaft may therefore not need
      reworking. Of course its bearing may be replaced nevertheless.
PAR  It should be understood, of course, that in FIG. 2 the bearing assembly 12
      is a replacement assembly, not the one which, when located as shown in
      FIG. 1, had ultimately failed, causing scoring of the shaft so that it
      needed the reworking of the shaft to the condition seen in FIG. 2.
PAR  One detail which possibly needs to be specifically noted concerns the
      retaining nut 36 threaded on shaft 11. These threads are cut into a
      shoulder which, before thread cutting, is substantially the same diameter
      as the adjacent or smaller end of the tapered portion 14 of the shaft and
      slightly larger in diameter than the next outward or step portion 37 of
      the shaft. Inasmuch as the retaining nut 36 must slide freely over the
      step portion 37, it follows that the threads for nut 36 need not (and
      should not) be cut as deeply as to the diameter of the step portion 37.
      Hence in FIG. 2 the step portion 37, which has been extended to the left,
      will not be indented by the threads which were once in the zone through
      which step 37 has been extended. In other words, the threads 39 are cut
      into an annular shoulder the outer diameter of which is no greater than
      the diameter of the smaller end of the conical portion 14, with the
      internal diameter of the threads slightly larger than the diameter of the
      annular step 37.
PAC  ACHIEVEMENT
PAR  According to the present invention, a shaft which might otherwise need to
      be replaced is reworked, without rebuilding, i.e. without the addition of
      metal, to provide new bearing-contoured surfaces like those provided when
      the shaft was new, except for being relocated far enough inwardly so that
      the inwardly increased diameters of the shaft provide the necessary new
      metal for the reworking. The matching axial shift of the bearing housing,
      and particularly of the bearing chamber therein which is occupied by the
      outer ring 16, is accomplished merely by reversing or swinging through
      180.degree. the nonsymmetrical bearing housing provided according to the
      present invention.
PAR  For new installations (either new mills or newly replaced shafts) the
      original bearing center will presumably be slightly further out than
      heretofore. Lengthening the shaft correspondingly may be desirable, but
      rarely would it be necessary. The cost of the added length, if provided,
      will be almost negligible compared to possible savings.
PAR  With existing shafts it will apparently be possible, if scoring can be
      cleaned up by a relocation of the bearing-contoured surfaces 3/4 inch or
      so inwardly, to substitute a nonsymmetrical housing of the present
      invention for an existing symmetrical housing. The dissymmetry could be
      greater than 3/4 inch, a figure chosen to give a safe displacement of
      relocation when doubled by reversal. Shafts usually have "spare" length
      between the bearings which would permit the relocation.
PAR  Likewise, with a new shaft equipped with an outwardly disposed
      nonsymmetrical bearing housing of the present invention, if the scoring
      can be removed by one-half of the relocation-displacement which reversal
      would permit, a conventional symmetrical housing can be substituted. Then,
      in the event of another bearing failure and shaft scoring, the shaft can,
      if the nature of the scoring permits, be saved by a second reworking. This
      time the nonsymmetrical housing would be restored, with inward disposition
      of its bearing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bearing housing having positioning formations for cooperating with
      securing means to predetermine the axial location of a housing-base center
      along an axis extending through the bearing housing, and structure located
      with axial nonsymmetry with respect to said formations to provide a
      bearing chamber the center of which is axially displaced from said base
      center, said bearing housing being, in part at least, reversible so that
      the axial displacement of the center of the bearing-receiving chamber will
      be displaced axially in the opposite direction from the direction of the
      original displacement, the bearing housing being adapted to receive a
      shaft end with its diameters increasing in the direction inwardly from the
      end of the shaft providing shaft dimensions within which the shaft can be
      reworked to bearing-contours similar to its original bearing-contours but
      relocated inwardly to match the inward shifting of the center of the
      bearing-receiving chamber upon reversal of the bearing housing parts.
NUM  2.
PAR  2. A bearing housing member having positioning formations for cooperating
      with securing menas to predetermine the axial location of a housing-base
      center along an axis extending through the bearing housing, and a housing
      ring having a bearing-receiving chamber therein located with axial
      nonsymmetry with respect to said formations to be axially displaced from
      said base center, said bearing housing member being reversible so that the
      axial displacement of the bearing-receiving chamber will be displaced
      axially in the opposite direction from the direction of the original
      displacement, the bearing housing member adapted to receive a shaft end
      with its diameters increasing in the direction inwardly from the end of
      the shaft providing shaft dimensions within which the shaft can be
      reworked to bearing-contours similar to its original bearing-contours but
      relocated inwardly to match the inward shifting of the center of the
      bearing-receiving chamber upon reversal of the bearing housing member.
NUM  3.
PAR  3. The combination of a bearing housing member according to claim 2 and
      inner and outer caps each of which fits either side of said member so as
      to still be usable in its same inner or outer position when the member is
      reversed.
NUM  4.
PAR  4. A bearing housing according to claim 2 in which the nonsymmetry is of
      dimensions such that upon reversal the axial displacement will be an
      amount suitable for proper correlation with the original shaft, positioned
      as before but with its diameters for bearing and seal engagement moved
      axially by reworking the end portion of the shaft to the same diameters
      but axially displaced.
NUM  5.
PAR  5. The combination of a bearing housing member according to claim 2, a
      bearing therein, and a shaft rotatably carried by the bearing and engaged
      by seals in opposite axial directions from the bearing, said shaft having
      its diameters for bearing and seal engagement increasing inwardly from the
      end of the shaft and having an accessible portion of larger diameter
      inwardly of these diameters providing shaft dimensions within which the
      shaft can be reworked to bearing contours similar to its original
      bearing-contours but displaced axially inward by an amount equal to the
      axial displacement of the bearing housing upon being reversed.
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ABST
PAL  A traction motor suspension bearing and assembly wherein a bearing liner
      having grooves cooperating with a member on an axle surface to restrict
      lubricant losses.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present application is an improvement of the concepts shown in U.S.
      Pat. No. 3,905,659 filed Apr. 16, 1973, and divisional application Ser.
      No. 518,475 filed Oct. 29, 1974, and relates to traction motor suspension
      bearing lubrication as may be found in diesel and electric locomotives
      such as described in U.S. Pat. Nos. 2,980,472 and 3,254,925.
PAR  Suspension bearings of this type are used to support part of the weight of
      a driving electric traction motor on an axle of a locomotive. Lubrication
      is supplied to the suspension bearing by means of a lubricator.
PAR  Because of the critical nature of the suspension bearing, it is important
      that the supply of lubricant be conserved and that dirt and brake shoe
      dust be kept out of the bearing area. However, up to this time, this has
      been difficult to accomplish because of the many variables involved such
      as cocking of the suspension bearings (and traction motor) relative to the
      axle, because of gear reaction forces, because of lateral movement between
      the suspension bearings and the axle, and because of variances in
      clearances between the axle and the bearings.
PAC  SUMMARY OF INVENTION
PAR  The present invention provides an arrangement wherein the lubricant is
      restricted in its flow outwardly of the suspension bearing and is returned
      to the lubricant reservoir. This is accomplished by the use of a member
      such as a ring or series of rings which engage a circular surface and
      rotate in and cooperate with a groove(s) in the support bearing to reduce
      lubricant losses and return lubricant to the reservoir.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a fragmentary vertical section through a traction motor
      suspension bearing, axle cap and lubricator, embodying the features of the
      invention.
PAR  FIG. 2 is a perspective view showing one half of a split suspension bearing
      with one arrangement of the invention in position relative to a phantom
      axle.
PAR  FIG. 3 is a sectional view of the whole bearing taken through the window
      along lines 3--3 of FIG. 2.
PAR  FIG. 4 is a view of the oil drain passage into the window as viewed along
      lines 4--4 of FIG. 3.
PAR  FIG. 5 is a sectional view taken along lines 5--5 of FIG. 2 showing an
      embodiment for providing lubricant to the bearing flange.
PAR  FIG. 6 is an enlarged perspective view of a small portion of the bearing
      showing the various lubricant grooves.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  In the drawings, numeral 10 generally indicates a typical traction motor
      suspension bearing assembly. The assembly includes a split bearing liner
      or shell 11 which surrounds an axle or shaft 12. Bearing 11 is held in
      position against the axle 12 by a portion of the traction motor casting 13
      and by an axle cap 14 through bolts 15.
PAR  Lubricant is applied to the journal portion 16 of the axle 12 by a
      lubricator 17 which serves to lift a lubricant such as oil from the axle
      cap reservoir 18 and apply it to the journal through a generally
      rectangular window opening 19 in the axle cap and a corresponding window
      20 in the bearing 11. In a typical application, the window opens or faces
      downwardly toward the reservoir 18 at about 30.degree. from the
      horizontal.
PAR  The bearing 11 is of the sleeve type and formed of two complimentary halves
      or segments 21 and 22 (FIG. 1), which meet one another at a split line 23.
      The window 20 is in the bearing half 21. The two bearing halves have a
      common axial bearing surface or bore 24 which bears against the journal or
      axle. A thrust flange face 25 (FIG. 2) of the bearing is adapted to engage
      either a wheel hub or gear hub indicated by phantom lines at 26.
PAR  Because of the variables of traction motor lateral, axle movement, bore
      clearances, and axle and bearing misalignment, lubricant retention within
      the suspension bearing assembly has been very difficult.
PAR  In service, lubricant which is applied to the journal 16 by the lubricator
      17 is eventually squeezed axially outwardly toward both ends of the
      bearing and is lost. To reduce such losses, in accordance with the
      invention disclosed in the before noted U.S. Pat. No. 3,905,659, there is
      provided a member(s) 27 (FIGS. 2 & 3) which returns lubricant to the
      reservoir 18 after it reaches a predetermined position in the bearing bore
      where it no longer serves to lubricate the bearing load zone.
PAR  As shown in FIG. 2, the member 27, which may be in the form of a ring, is
      held on the journal by the clamping effect developed by a retaining or
      biasing member such as a tension spring 28. The ring 27 thus rotates with
      the journal in a recessed groove 29 formed circumferentially in the
      periphery of the bearing surface which opens inwardly toward the journal
      16. To permit rotation of the ring, the groove 29 is larger than the ring
      27 in both the axial and outer peripheral dimensions.
PAR  Oil which works outwardly into a ring groove 29 (i.e. away from the window
      load zone toward the ends of the bearing) is carried or moved by a
      rotating ring 27 and deposited in a passage or drain 30 (FIGS. 2 and 3)
      which communicates between the bearing window 20 and a ring groove 29
      (FIGS. 2-4). The passage 30 may be a substantially enclosed bore which
      extends from a generally vertically disposed side 31 of the bearing window
      20 and intersects the ring groove 29 as at 32 (FIG. 3). Preferably the
      passage 30 extends below the outer periphery 29' or bottom of the groove
      29 (FIG. 3) but breaks out into the groove as at 32 for good lubricant
      collection. The oil then runs through the window drain 30, through the
      axle cap window 19, and thence into the reservoir 18 wherein the maximum
      oil level 33 (FIG. 1) is below the window 19. To aid the flow of oil
      downwardly, the passage 30 may have a taper or pitch with a vertical
      component as shown in FIGS. 3 and 4.
PAR  Now, in accordance with the present invention, it has been found that a
      further substantial reduction in lubricant losses can be achieved by
      incorporating an additional collector groove 34 axially outwardly of a
      ring groove 29. In other words, the collector groove 34 (second groove) is
      closer to an end of the bearing than its adjacent and associated ring
      groove 29 (first groove).
PAR  The ring groove 29 and its adjacent collector groove 34 are connected by
      suitable means, such as a transfer channel or slot 35 (FIGS. 2 & 6), to
      allow oil which enters the collector groove 34 to move the ring groove 29.
      Such oil can then be moved by the ring member 27 to the passage or drain
      30. As shown in FIGS. 2 and 6, a very desireable position for the transfer
      channel 35 is at the bottommost part of the groove, or, at about the six
      o'clock position.
PAR  In operation, lubricant which passes the ring 27 and its groove 29 enters
      the collector groove 34 and runs downwardly to the 6 o'clock position to
      the bottommost transfer channel 35. It then runs laterally in the channel
      35 to the ring groove 29 and is moved upwardly to the window drain 30 by
      the rotating ring 27. Using the collector groove 34 and transfer channel
      35, oil losses have been reduced by as much as an additional factor of
      10:1.
PAR  In a typical installation, a ring groove 29 (first groove) an a collector
      groove 34 (second groove) can be positioned on each side of the bearing
      window 20 as shown in FIG. 2. However, in some installations where an
      excess of oil might be desired at the bearing flange 25, the collector
      groove 34 adjacent the flange can be eliminated.
PAR  In most applications, the traction motor is designed to allow for lateral
      movement between the axle 12 and the bearings 11 (which are fixedly
      secured to the motor). Lateral movement is generally between 1/16 inch to
      5/16 inch. To accommodate such movement and to keep any sliding or rubbing
      action of the rotating ring 27 against the ring groove sidewalls 36 (FIG.
      3) to a minimum, the ring groove 29 may be formed wider (in an axial
      direction) than the ring 27. In other words, if the axial width of the
      ring is 1/4 inch, the width of the groove may be 9/16 inch etc. In a
      radial direction, a ring thickness of 1/4 inch with a minimum clearance of
      0.030 inch between the bottom of the groove 29' and the ring have been
      found acceptable.
PAR  A satisfactory arrangement for the collector groove 34 is to have such
      groove spaced about 3/16 inch from the ring groove 29 as at 37 (FIG. 3 &
      6), with the width of the collector groove being approximately 1/4 inch.
      However, other spacings and widths have been used efficiently.
PAR  During running, the ring(s) 27 rotates with the journal with no contact
      with the groove 29 even though the traction motor with its attached
      bearings may move from side to side. However, contact of the ring 27
      against the side walls 36 of the grooves 29 is easily accommodated as the
      ring is cammed or moved slightly along the journal to provide a self
      centering action. As a further advantage, the ring spring 28 also allows
      the ring to slip on the journal if the ring is restrained from moving. In
      other words, it provides a slip-clutch effect.
PAR  If bearings incorporating the features of the invention are to be used in
      locomotive traction motors wherein they are interchangeably used in the
      pinion or commutator bearing positions (reversed end for end), the
      transfer channels 35 may be positioned at the "six" and "two" o'clock
      positions. When the bearing shown in FIG. 2 is inverted to be used in the
      opposite bearing position, the transfer channel 35 at the two o'clock
      position will then be at the six o'clock position (and viz).
PAR  As another feature, as shown in FIGS. 5 and 6, when additional lubricant
      flow to the bearing flange face 25 is desireable, a felt wick (not shown)
      is positioned in a cut-out notch 38 in the flange face and a opening 39
      drilled upwardly through the flange so as to intersect the adjacent
      collector groove 34. Some of the lubricant from the collector groove can
      then feed to the wick in the cut-out 38. A felt plug or other media might
      be used in the opening 39 to provide reduced oil flow. Preferably, the
      opening 39 intersects the collector groove 34 directly opposite the
      transfer channel 35 although the position may be varied. Likewise, while
      the opening 39 is shown to be drilled, it can also be an open trough with
      some means of restricting lubricant flow. Also, where additional oil is
      required at the flange, the opening 39 can be connected to a ring groove
      29.
PAR  While the window drain passages 30 have been shown to be centered with
      respect to the vertical sides 31 of the window 20, they can be at other
      locations around the ring grooves 29 so as to drain the oil outwardly from
      the bearing body. In such case, for example, a complimentary registering
      drain passage might be provided in the axle cap casting to allow drainage
      into the reservoir 18. Of course, several drain passages in each side of
      the window may be used, or a series of drains in other positions of the
      ring groove may be used. Likewise, while an enclosed drain passage 30 has
      been shown, a open trough-type passage cut in the bearing bore (similar in
      shape to channel 35) opening toward the journal could be used to connect
      the window and the ring groove, or a passage on the back of the bearing
      between the axle cap and the bearing could be used. Moreover, while only
      one collector groove is shown in conjunction with a ring groove,
      additional collector grooves can be used.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A bearing for use with a traction motor suspension assembly wherein a
      member is carried on the axle to reduce the oil losses through said
      bearing comprising,
PA1  a bearing body having an arcuate bearing surface defining an axial sleeve
      portion adapted to engage a surface of said axle,
PA1  said bearing body having a first recessed groove formed circumferentially
      in the periphery of said bearing surface into which said member extends
      and is rotated with said axle,
PA1  a passage communicating with said first groove, said passage being located
      to allow excess lubricant which enters said first groove to be moved into
      said passage by rotation of said member with said axle,
PA1  a second recessed groove in the periphery of said bearing surface, and,
PA1  means connecting said second groove with said first groove to allow excess
      lubricant from said second groove to move to said first groove.
NUM  2.
PAR  2. A bearing as claimed in claim 1 wherein said bearing has a window
      opening therein, and wherein said passage extends from said first groove
      to the opening provided by said window.
NUM  3.
PAR  3. A bearing as claimed in claim 2, wherein said first groove is positioned
      outwardly of said window and said second groove is positioned outwardly of
      said first groove.
NUM  4.
PAR  4. A bearing as claimed in claim 2 wherein a first groove is positioned on
      opposite sides of said window.
NUM  5.
PAR  5. A bearing as claimed in claim 1 wherein said passage is formed as a
      enclosed bore within said bearing and allows lubricant to move away from
      said first groove.
NUM  6.
PAR  6. A bearing as claimed in claim 1 wherein said first groove is wider than
      said member to allow said member to move axially within said bearing body.
NUM  7.
PAR  7. A bearing as claimed in claim 1 wherein said connecting means between
      said second groove and said first groove is disposed at approximately the
      six o'clock position of said bearing.
NUM  8.
PAR  8. A bearing as claimed in claim 1 wherein said bearing is of the split
      type and includes a pair of complementary bearing segments.
NUM  9.
PAR  9. A bearing as claimed in claim 8 wherein one of said bearing segments has
      a generally rectangular window opening therein, and said passage extends
      into a vertically disposed side of said window.
NUM  10.
PAR  10. A bearing as claimed in claim 1 wherein the bearing has thrust flange
      and means are provided for transferring lubricant from a groove to said
      flange.
NUM  11.
PAR  11. A bearing as claimed in claim 10 wherein an enclosed opening extends
      through the flange to a groove.
NUM  12.
PAR  12. A bearing as claimed in claim 10 wherein the means for transferring
      lubricant to the flange is close to the six o'clock position of the
      flange.
NUM  13.
PAR  13. A bearing as claimed in claim 1 wherein said passage communicates with
      said first groove at a point above the bottommost part of said first
      groove.
NUM  14.
PAR  14. A bearing comprising,
PA1  a arcuate bearing surface sized to engage a journal,
PA1  a first groove in which a rotating member may move during rotation of a
      journal,
PA1  a passage communicating with said first groove to allow a lubricant to be
      moved away from said groove and into said passage by said member during
      rotation thereof,
PA1  a second groove, and
PA1  means connecting said second groove to said first groove so lubricant
      collecting in said second groove can move into said first groove and be
      moved by said member into said passage.
NUM  15.
PAR  15. An assembly comprising,
PA1  a rotatable shaft,
PA1  a bearing mounted in supporting relation with respect to said shaft, said
      bearing having a first groove and a second groove therein opening toward
      said shaft,
PA1  a passage communicating with said first groove through which lubricant can
      move,
PA1  means carried by said shaft which extends beyond the diameter of said shaft
      and into said first groove, said means rotating with said shaft to move
      lubricant in said first groove toward said passage, and
PA1  means connecting said first groove to said second groove to aid in
      returning lubricant from said said second groove to said first groove.
NUM  16.
PAR  16. An assembly as claimed in claim 15 wherein said passage connects to
      said first groove at a point above the bottom-most part of said first
      groove.
NUM  17.
PAR  17. An assembly as claimed in claim 15 wherein said first groove is wider
      than said means carried by the shaft so as to allow said means and shaft
      to move laterally with respect to said bearing.
NUM  18.
PAR  18. An assembly as claimed in claim 15 wherein said means carried by said
      shaft may slip on said shaft.
NUM  19.
PAR  19. An assembly as claimed in claim 15 wherein said bearing has a window
      opening therein through which said lubricant is applied to said axle, and
      wherein said passage extends from said first groove to the opening
      provided by said window.
NUM  20.
PAR  20. An assembly as claimed in claim 15 wherein said means carried by said
      shaft encircles said shaft and is resiliently held on said shaft.
NUM  21.
PAR  21. An assembly as claimed in claim 15 wherein said first and second
      grooves are spaced from one another, are recessed in said bearing, extend
      circumferentially along the internal periphery of said bearing and open
      toward said shaft.
NUM  22.
PAR  22. An assembly as claimed in claim 15 wherein said means connecting said
      first groove to said second groove is in the form of a channel.
NUM  23.
PAR  23. An assembly as claimed in claim 15 wherein said bearing is provided
      with a thrust flange, and means are provided to bring oil from a groove to
      said thrust flange.
NUM  24.
PAR  24. An assembly as claimed in claim 15 wherein said bearing is provided
      with a window and wherein said first groove is disposed axially from said
      window and said second groove is spaced axially outwardly from said first
      groove.
NUM  25.
PAR  25. In combination in an assembly for traction motors,
PA1  an axle,
PA1  a bearing,
PA1  an axle cap having a lubricant reservoir therein mounted to aid in holding
      said bearing in contact with said axle,
PA1  both said bearing and said axle cap having window openings therein which
      generally register with one another and open to said reservoir,
PA1  said bearing having a circumferential first groove in the bore thereof and
      a passage communicating between said groove and said reservoir.
PA1  said bearing also having a second circumferential groove positioned axially
      outwardly of said first groove and means connecting said first and second
      grooves together to allow lubricant collecting in said second groove to
      move into said first groove, and
PA1  a member carried by said axle and extending into said first groove to aid
      in moving lubricant from said first groove to said passage and thence to
      said lubricant reservoir as said member is rotated by said axle.
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ABST
PAL  A multimetallic catalytic composite, comprising a combination of
      catalytically effective amounts of a platinum or palladium component, an
      iridium component, a nickel component, a Group IV-A metallic component,
      and a halogen component with a porous carrier material, is disclosed. The
      principal utility of this composite is in the conversion of hydrocarbons,
      particularly in the reforming of a gasoline fraction to make a high octane
      reformate. A specific example of the disclosed catalytic composite is a
      combination of catalytically effective amounts of a platinum component, an
      iridium component, a nickel component, a germanium component, and a
      chloride component with an alumina carrier material.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior, copending
      application Ser. No. 288,864 filed Sept. 13, 1972, now U.S. Pat. No.
      3,846,282, Nov. 5, 1974. All of the teachings of this prior aplication are
      incorporated herein by reference.
BSUM
PAR  The subject of the present invention is a novel acidic multimetallic
      catalytic composite which has exceptional activity and resistance to
      deactivation when employed in a hydrocarbon conversion process that
      requires a catalyst having both a hydrogenation-dehydrogenation function
      and a cracking function. More precisely, the present invention involves a
      novel dual-function acidic multimetallic catalytic composite which quite
      surprisingly, enables substantial improvements in hydrocarbon conversion
      processes that have traditionally used a dual-function catalyst. In
      another aspect, the present invention comprehends the improved processes
      that are produced by the use of a catalytic composite comprising a
      combination of catalytically effective amounts of a platinum or palladium
      component, an iridium component, a nickel component, a Group IV-A metallic
      component and a halogen component with a porous carrier material;
      specifically, an improved reforming process which utilizes the subject
      catalyst to improve activity, selectivity and stability characteristics.
PAR  Composites having a hydrogenation-dehydrogenation function and a cracking
      function are widely used today as catalysts in many industries, such as
      the petroleum and petrochemical industry, to accelerate a wide spectrum of
      hydrocarbon conversion reactions. Generally, the cracking function is
      thought to be associated with an acid-acting material of the porous,
      adsorptive, refractory oxide type which is typically utilized as the
      support or carrier for a heavy metal component such as the metals or
      compounds of metals of Groups V through VIII of the Periodic Table to
      which are generally attributed the hydrogenation-dehydrogenation function.
PAR  These catalytic composites are used to accelerate a wide variety of
      hydrocarbon conversion reactions such as hydrocracking, isomerization,
      dehydrogenation, hydrogenation, desulfurization, cyclization,
      polymerization, alkylation, cracking, hydroisomerization, etc. In many
      cases, the commercial applications of these catalysts are in processes
      where more than one of the reactions are proceeding simultaneously. An
      example of this type of process is reforming wherein a hydrocarbon feed
      stream containing paraffins and naphtenes is subjected to conditions which
      promote dehydrogenation of naphthenes to aromatics, dehydrocyclization of
      paraffins to aromatics, isomerization of paraffins and naphthenes,
      hydrocracking of naphthenes and paraffins and the like reactions, to
      produce an octane-rich or aromatic-rich product stream. Another example is
      a hydrocracking process wherein catalysts of this type are utilized to
      effect selective hydrogenation and cracking of high molecular weight
      unsaturated hydrocarbonaceous material, selective hydrocracking of high
      molecular weight saturated hydrocarbonaceous materials, and other like
      reactions, to produce a generally lower boiling, more valuable output
      stream. Yet another example is an isomerization process wherein a
      hydrocarbon fraction which is relatively rich in straight-chain paraffin
      components is contacted with a dual-function catalyst to produce an output
      stream rich in isoparaffin compounds.
PAR  Regardless of the reaction involved or the particular process involved, it
      is of critical importance that the dual-function catalyst exhibit not only
      the capability to initially perform its specified functions, but also that
      it has the capability to perform them satisfactorily for prolonged periods
      of time. The analytical terms used in the art to measure how well a
      particular catalyst performs its intended functions in a particular
      hydrocarbon reaction environment are activity, selectivity and stability.
      And for purposes of discussion here, these terms are conveniently defined
      for a given charge stock as follows: (1) activity is a measure of the
      catalyst's ability to convert hydrocarbon reactants into products at a
      specified severity level where severity level means the conditions used --
      that is, the temperature, pressure, contact time, and presence of diluents
      such as H.sub.2 ; (2) selectivity refers to the amount of desired product
      or products obtained relative to the amount of reactants charged or
      converted; (3) stability refers to the rate of change with time of the
      activity and selectivity parameters -- obviously, the smaller rate
      implying the more stable catalyst. In a reforming process, for example,
      activity commonly refers to the amount of conversion that takes place for
      a given charge stock at a specified severity level and is typically
      measured by octane number of the C.sub.5 + product stream; selectivity
      refers to the amount of C.sub.5 + yield relative to the amount of the
      charge that is obtained at the particular activity or severity level; and
      stability is typically equated to the rate of change with time of
      activity, as measured by octane number of C.sub.5 + product, and of
      selectivity as measured by C.sub.5 + yield. Actually, the last statement
      is not strictly correct because generally a continuous reforming process
      is run to produce a constant octane C.sub.5 + product with severity level
      being continuously adjusted to attain this result; and, furthermore, the
      severity level is for this process usually varied by adjusting the
      conversion temperature in the reaction zone so that, in point of fact, the
      rate of change of activity finds response in the rate of change of
      conversion temperatures and changes in this last parameter are customarily
      taken as indicative of activity stability.
PAR  As is well known to those skilled in the art, the principal cause of
      observed deactivation or instability of a dual-function catalyst when it
      is used in a hydrocarbon conversion reaction is associated with the fact
      that coke forms on the surface of the catalyst during the course of the
      reaction. More specifically, in these hydrocarbon conversion processes,
      the conditions utilized typically result in the formation of heavy, high
      molecular weight, black, solid or semi-solid carbonaceous material which
      is a hydrogen-deficient polymeric substance having properties akin to both
      polynuclear aromatics and graphite. This material coats the surface of the
      catalyst and thus reduces its activity by shielding its active sites from
      the reactants. In other words, the performance of this dual-function
      catalyst is sensitive to the presence of carbonaceous deposites or coke on
      the surface of the catalyst. Accordingly, the major problem facing workers
      in this area of the art is the development of more active and selective
      catalytic composites that are not as sensitive to the presence of these
      carbonaceous materials and/or have the capability to suppress the rate of
      the formation of these carbonaceous materials on the catalyst. Viewed in
      terms of performance parameters, the problem is to develop a dual-function
      catalyst having superior activity, selectivity, and stability. In
      particular, for a reforming process the problem is typically expressed in
      terms of shifting and stabilizing the C.sub.5 + yield to octane
      relationship -- C.sub.5 + yield being representative of selectivity and
      octane being proportional to activity.
PAR  I have now found a dual-function multimetallic acidic catalyst composite
      which possesses improved activity, selectivity and stability
      characteristics when it is employed in a process for the conversion of
      hydrocarbons of the type which have heretofore utilized dual-function
      acidic catalytic composites such as processes for isomerization,
      hydroisomerization, dehydrogenation, desulfurization, denitrogenization,
      hydrogenation, alkylation, dealkylation, disproportionation,
      polymerization, hydrodealkylation, transalkylation, cyclization,
      dehydrocyclization, cracking, hydrocracking, halogenation, reforming and
      the like processes. In particular, I have ascertained that a catalyst,
      comprising a combination of catalytically effective amounts of a platinum
      or palladium component, an iridium component, a nickel component, a Group
      IV-A metallic component and a halogen component with a porous refractory
      carrier material, can enable the performance of hydrocarbon conversion
      processes utilizing dual-function catalysts to be substantially improved
      if the metallic components are uniformly dispersed throughout the carrier
      material and if their oxidation states are controlled to be in the states
      hereinafter specified. Moreover, I have determined, as will be hereinafter
      demonstrated, that an acidic catalytic component, comprising a combination
      of catalytically effective amounts of a platinum or palladium component, a
      nickel component, an iridium component, a Group IV-A metallic component,
      and a chloride component with an alumina carrier material, can be utilized
      to substantially improve the performance of a reforming process which
      operates on a low-octane gasoline fraction to produce a high-octane
      reformate if the metallic components are uniformly dispersed throughout
      the alumina carrier material and if their oxidation states are fixed in
      the states hereinafter specified. In the case of a reforming process, the
      principal advantage associated with the use of the novel catalyst of the
      present invention involves the acquisition of the capability to operate in
      a stable manner in a high severity operation; for example, a low or
      moderate pressure reforming process designed to produce a C.sub.5 +
      reformate having an octane of about 100 F-1 clear. As indicated, the
      present invention essentially involves the finding that the addition of a
      nickel component and a Group IV-A metallic component to a dual-function
      acidic hydrocarbon conversion catalyst containing a platinum or palladium
      component and an iridium component, can enable the performance
      characteristics of the catalyst to be sharply and materially improved, if
      the hereinafter specified limitations on amounts of ingredients, oxidation
      states of metals and distribution of metallic components in the support
      are met.
PAR  It is, accordingly, one object of the present invention to provide a
      multimetallic hydrocarbon conversion catalyst having superior performance
      characteristics when utilized in a hydrocarbon conversion process. A
      second object is to provide a multimetallic catalyst having dual-function
      hydrocarbon conversion performance characteristics that are relatively
      insensitive to the deposition of hydrocarbonaceous material thereon. A
      third object is to provide preferred methods of preparation of this
      catalytic composite which insures the achievement and maintenance of its
      properties. Another object is to provide an improved reforming catalyst
      having superior activity, selectivity and stability. Yet another object is
      to provide a dual-function hydrocarbon conversion catalyst which utilizes
      a combination of a nickel component and a Group IV-A metallic component to
      promote an acidic catalyst containing a platinum or palladium metal
      component and an iridium component.
PAR  In brief summary, the present invention is, in one broad embodiment, a
      catalytic composite comprising a porous carrier material containing, on an
      elemental basis, about 0.01 to about 2 weight percent platinum or
      palladium metal, about 0.01 to about 2 weight percent iridium metal, about
      0.01 to about 5 weight percent nickel, about 0.01 to about 5 weight
      percent Group IV-A metal, and about 0.1 to about 3.5 weight percent
      halogen, wherein the platinum or palladium, nickel, iridium and Group IV-A
      metal are uniformly dispersed throughout the porous carrier material and
      wherein substantially all of the platinum or palladium, nickel, and
      iridium are present in the corresponding elemental metallic states and
      wherein substantially all of the Group IV-A metal is present in an
      oxidation state above that of the corresponding elemental metal.
PAR  A second embodiment relates to an especially preferred catalytic composite
      comprising a porous carrier material containing, on an elemental basis,
      about 0.01 to about 2 weight percent platinum or palladium metal, about
      0.01 to about 2 weight percent iridium metal, about 0.01 to about 5 weight
      percent nickel, about 0.01 to about 5 weight percent germanium, and about
      0.1 to about 3.5 weight percent halogen, wherein the platinum or
      palladium, nickel, iridium, and germanium are uniformly dispersed
      throughout the porous carrier material, wherein substantially all of the
      platinum or palladium, nickel, and iridium are present in the
      corresponding elemental metallic state and wherein substantially all of
      the germanium is present in an oxidation state above that of the elemental
      metal.
PAR  Another embodiment relates to a catalytic composite comprising a
      combination of the catalytic composite described in the first and second
      embodiment with a sulfur component in an amount sufficient to incorporate
      about 0.01 to about 1 weight percent sulfur, calculated on an elemental
      basis.
PAR  Yet another embodiment relates to a process for the conversion of a
      hydrocarbon comprising, contacting the hydrocarbon and hydrogen with the
      catalytic composite described above in the first or second or third
      embodiment at hydrocarbon conversion conditions.
PAR  A preferred embodiment relates to a process for forming a gasoline fraction
      which comprises contacting the gasoline fraction and hydrogen with the
      catalytic composite described above in the first or second or third
      embodiment at reforming conditions selected to produce a high-octane
      reformate.
PAR  Other objects and embodiments of the present invention relate to additional
      details regarding catalytic ingredients, preferred amounts of ingredients,
      suitable methods of composite preparation, operating conditions for use in
      the hydrocarbon conversion processes, and the like particulars, which are
      hereinafter given in the following detailed discussion of each of these
      facets of the present invention.
PAR  The multimetallic acidic catalyst of the present invention comprises a
      porous carrier material or support having combined therewith catalytically
      effective amounts of a platinum or palladium component, an iridium
      component, a nickel component, a Group IV-A metallic component, and a
      halogen component.
PAR  Considering first the porous carrier material utilized in the present
      invention, it is preferred that the material be a porous, adsorptive,
      high-surface area support having a surface area of about 25 to about 500
      m.sup.2 /g. The porous carrier material should be relatively refractory to
      the conditions utilized in the hydrocarbon conversion process, and it is
      intended to include within the scope of the present invention carrier
      materials which have traditionally been utilized in dual-function
      hydrocarbon conversion catalysts such as: (1) activated carbon, coke or
      charcoal; (2) silica or silica gel, silicon carbide, clays and silicates
      including those synthetically prepared and naturally occurring, which may
      or may not be acid treated, for example, attapulgus clay, china clay,
      diatomaceous earth, fuller's earth, kaoline kieselguhr, etc., (3)
      ceramics, porcelain, crushed firebrick, bauxite; (4) refractory inorganic
      oxides such as alumina, titanium dioxide, zirconium dioxide, chromium
      oxide, beryllium oxide, vanadium oxide, cesium oxide, hafnium oxide, zinc
      oxide, magnesia, thoria, boria, silica-alumina, silica magnesia,
      chromia-alumina, alumina-boria, silica-zirconia, etc.; (5) crystalline
      zeolitic aluminosilicates such as naturally occurring or synthetically
      prepared mordenite and/or faujasite, either in the hydrogen form or in a
      form which has been treated with multivalent cations; (6) spinels such as
      MgAl.sub.2 O.sub.4, FeAl.sub.2 O.sub.4, ZnAl.sub.2 O.sub.4, MnAl.sub.2
      O.sub.4, CaAl.sub.2 O.sub.4, and other like compounds having the formula
      MO.Al.sub.2 O.sub.3 where M is a metal having a valence of 2; and, (7)
      combinations of elements from one or more of these groups. The preferred
      porous carrier materials for use in the present invention are refractory
      inorganic oxides, with best results obtained with an alumina carrier
      material. Suitable alumina materials are the crystalline aluminas known as
      gamma-, eta-, and theta-alumina, with gamma- or eta-alumina giving best
      results. In addition, in some embodiments the alumina carrier material may
      contain minor proportions of other well known refractory inorganic oxides
      such as silica, zirconia, magnesia, etc.; however, the preferred support
      is substantially pure gamma- or eta-alumina. Preferred carrier materials
      have an apparent bulk density of about 0.3 to about 0.8 g/cc and surface
      area characteristics such that the average pore diameter is about 20 to
      300 Angstroms, the pore volume is about 0.1 to about 1 cc/g and the
      surface area is about 100 to about 500 m.sup.2 /g. In general, best
      results are typically obtained with a gamma-alumina carrier which is used
      in the form of spherical particles having: a relatively small diameter
      (i.e., typically about 1/16 inch), an apparent bulk density of about 0.3
      to about 0.8 g/cc, a pore volume of about 0.4 ml/g and a surface area of
      about 200 m.sup.2 /g.
PAR  The preferred alumina carrier material may be prepared in any suitable
      manner and may be synthetically prepared or natural occurring. Whatever
      type of alumina is employed, it may be activated prior to use by one or
      more treatments including drying, calcination, steaming, etc., and it may
      be in a form known as activated alumina, activated alumina of commerce,
      porous alumina, alumina gel, etc. For example, the alumina carrier may be
      prepared by adding a suitable alkaline reagent, such as ammonium
      hydroxide, to a salt of aluminum such as aluminum chloride, aluminum
      nitrate, etc., in an amount to form an aluminum hydroxide gel which upon
      drying and calcining is converted to alumina. The alumina carrier may be
      formed in any desired shape such as spheres, pills, cakes, extrudates,
      powders, granules, tablets, etc., and utilized in any desired size. For
      the purpose of the present invention a particularly preferred form of
      alumina is the sphere; and alumina spheres may be continuously
      manufactured by the well known oil drop method which comprises; forming an
      alumina hydrosol by any of the techniques taught in the art and preferably
      by reacting aluminum metal with hydrochloric acid, combining the resulting
      hydrosol with a suitable gelling agent and dropping the resultant mixture
      into an oil bath maintained at elevated temperatures. The droplets of the
      mixture remain in the oil bath until they set and form hydrogel spheres.
      The spheres are then continuously withdrawn from the oil bath and
      typically subjected to specific aging treatments in oil and an ammoniacal
      solution to further improve their physical characteristics. The resulting
      aged and gelled particles are then washed and dried at a relatively low
      temperature of about 300.degree. to about 400.degree.F. and subjected to a
      calcination procedure at a temperature of about 850.degree. to about
      1300.degree. F. for a period of about 1 to about 20 hours. This treatment
      effects conversion of the alumina hydrogel to the corresponding
      crystalline gamma-alumina. See the teachings of U.S. Pat. No. 2,620,314
      for additional details.
PAR  One essential ingredient of the present catalytic composite is a nickel
      component. This component may be present in the composite as an elemental
      metal, or in chemical compositions with one or more of the other
      ingredients of the composite or as a chemical compound of nickel such as
      nickel oxide, sulfide, halide, oxychloride, aluminate, and the like. Best
      results are obtained when the composite contains substantially all of this
      component in the elemental state, and the preferred preparation procedure
      which is given in Example I is believed to result in this condition. The
      nickel component may be utilized in the composite in any amount which is
      catalytically effective, with the preferred amount of being about 0.01 to
      about 5 weight percent thereof, calculated on an elemental nickel basis.
      Typically, best results are obtained with about 0.05 to about 2 weight
      percent nickel. It is, additionally, preferred to select the specific
      amount of nickel from within this broad weight range as a function of the
      amount of the platinum or palladium component, on an atomic basis, as is
      explained hereinafter.
PAR  The nickel component may be incorporated into the catalytic composite in
      any suitable manner known to those skilled in the catalyst formulation
      art. In addition, it may be added at any stage of the preparation of the
      composite -- either during preparation of the carrier material or
      thereafter -- since the precise method of incorporation used is not deemed
      to be critical. However, best results are thought to be obtained when the
      nickel component is relatively uniformly distributed throughout the
      carrier material, and the preferred procedures are the ones that are known
      to result in a composite having a relatively uniform distribution. One
      acceptable procedure for incorporating this component into the composite
      involves cogelling the nickel component during the preparation of the
      preferred carrier material, alumina. This procedure usually comprehends
      the addition of a soluble, decomposable compound of nickel such as nickel
      chloride to the alumina hydrosol before it is gelled. The resulting
      mixture is then finished by conventional gelling, aging, drying, and
      calcination steps as explained hereinbefore. One preferred way of
      incorporating this component is an impregnation step wherein the porous
      carrier material is impregnated with a suitable nickel-containing solution
      either before, during, or after the carrier material is calcined.
      Preferred impregnation solutions are aqueous solutions of water-soluble,
      decomposable nickel compounds such as nickel bromate, nickel bromide,
      nickel perchlorate, nickel chloride, nickel fluoride, nickel iodide,
      nickel nitrate, nickel sulfate, hexammine nickel (II) chloride and the
      like compounds. Best results are ordinarily obtained when the impregnation
      solution is an aqueous solution of nickel chloride or nickel nitrate. This
      nickel component can be added to the carrier material, either prior to,
      simultaneously with, or after the other metallic components are combined
      therewith. Best results are usually achieved when this component is added
      simultaneously with the other metallic components. In fact, excellent
      results are obtained, as reported in the examples, with a one step
      impregnation procedure using an aqueous solution comprising chloroplatinic
      acid, nickel chloride, hydrochloric acid, chloroiridic acid and germanium
      tetrachloride dissolved in anhydrous alcohol.
PAR  A second essential ingredient of the subject catalyst is the platinum or
      palladium component. That is, it is intended to cover the use of platinum
      or palladium or mixtures thereof as a second component of the present
      composite. It is an essential feature of the present invention that
      substantially all of this platinum or palladium component exists within
      the final catalytic composite in the elemental metallic state. Generally,
      the amount of this component present in the final catalyst composite is
      small compared to the quantities of the other components combined
      therewith. In fact, the platinum or palladium component generally will
      comprise about 0.01 to about 2 weight percent of the final catalytic
      composite, calculated on an elemental basis. Excellent results are
      obtained when the catalyst contains about 0.05 to about 1 weight percent
      of platinum or palladium metal.
PAR  This platinum or palladium component may be incorporated in the catalytic
      composite in any suitable manner known to result in a relatively uniform
      distribution of this component in the carrier material such as
      coprecipitation or cogellation, ion exchange or impregnation. The
      preferred method of preparing the catalyst involves the utilization of a
      soluble, decomposable compound of platinum or palladium to impregnate the
      carrier material in a relatively uniform manner. For example, this
      component may be added to the support by commingling the latter with an
      aqueous solution of chloroplatinic or chloropalladic acid. Other
      water-soluble compounds of platinum or palladium may be employed in
      impregnation solutions and include ammonium chloroplatinate, bromoplatinic
      acid, platinum trichloride, platinum tetrachloride hydrate, platinum
      dichlorocarbonyl dichloride, dinitrodiaminoplatinum, sodium
      tetranitroplatinate (II), palladium chloride, palladium nitrate, palladium
      sulfate, diamminepalladium (II) hydroxide, tetramminepalladium (II)
      chloride, etc. The utilization of a platinum or palladium chloride
      compound, such as chloroplatinic or chloropalladic acid, is preferred
      since it facilitates the incorporation of both the platinum or palladium
      component and at least a minor quantity of the halogen component in a
      single step. Hydrogen chloride or the like acid is also generally added to
      the impregnation solution in order to further facilitate the incorporation
      of the halogen component and the uniform distribution of the metallic
      components throughout the carrier material. In addition, it is generally
      preferred to impregnate the carrier material after it has been calcined or
      oxidized in order to minimize the risk of washing away the valuable
      platinum or palladium compounds; however, in some cases it may be
      advantageous to impregnate the carrier material when it is in a gelled
      state.
PAR  Yet another essential ingredient of the present catalytic composite is an
      iridium component. It is of fundamental importance that substantially all
      of the iridium component exists within the catalytic composite of the
      present invention in the elemental state and the subsequently described
      reduction procedure is designed to accomplish this objective. The iridium
      component may be utilized in the composite in any amount which is
      catalytically effective, with the preferred amount being about 0.01 to
      about 2 weight percent thereof, calculated on an elemental iridium basis.
      Typically, best results are obtained with about 0.05 to about 1 weight
      percent iridium. It is, additionally, preferred to select the specific
      amount of iridium from within this broad weight range as a function of the
      amount of the platinum or palladium component, on an atomic basis, as is
      explained hereinafter.
PAR  This iridium component may be incorporated into the catalytic composite in
      any suitable manner known to those skilled in the catalyst formulation art
      which results in a relatively uniform dispersion of iridium in the carrier
      material. In addition, it may be added at any stage of the preparation of
      the composite--either during preparation of the carrier material or
      thereafter--and the precise method of incorporation used is not deemed to
      be critical. However, best results are thought to be obtained when the
      iridium component is relatively uniformly distributed throughout the
      carrier material, and the preferred procedures are the ones known to
      result in a composite having this relatively uniform distribution. One
      acceptable procedure for incorporating this component into the composite
      involves cogelling or coprecipitating the iridium component during the
      preparation of the preferred carrier material, alumina. This procedure
      usually comprehends the addition of a soluble, decomposable compound of
      iridium such as iridium tetrachloride to the alumina hydrosol before it is
      gelled. The resulting mixture is then finished by conventional gelling,
      aging, drying, and calcination steps as explained hereinbefore. A
      preferred way of incorporating this component is an impregnation step
      wherein the porous carrier material is impregnated with a suitable
      iridium-containing solution either before, during, or after the carrier
      material is calcined. Preferred impregnation solutions are aqueous
      solutions of water soluble, decomposable iridium compounds, such as
      iridium tribromide, iridium dichloride, iridium tetrachloride, iridium
      oxalic acid, iridium sulfate, potassium iridochloride, chloroirific acid,
      sodium hexanitroiridate (III), and the like compounds. Best results are
      ordinarily obtained when the impregnation solution is an aqueous solution
      of chloroiridic acid or sodium chloroiridate. This component can be added
      to the carrier material, either prior to, simultaneously with, or after
      the other metallic components are combined therewith. Best results are
      usually achieved when this component is added simultaneously with the
      other metallic components. In fact, excellent results are obtained, as
      reported in the examples, with a one step impregnation procedure using an
      aqueous solution comprising chloroplatinic or chloropalladic acid,
      chloroirific acid, nickel chloride hydrochloric acid, and germanium
      tetrachloride dissolved in anhydrous alcohol.
PAR  It is essential to incorporate a halogen component into the multimetallic
      catalytic composite of the present invention. Although the precise form of
      the chemistry of the association of the halogen component with the carrier
      material is not entirely known, it is customary in the art to refer to the
      halogen component as being combined with the carrier material, or with the
      other ingredients of the catalyst in the form of the halide (e.g., as the
      chloride). This combined halogen may be either fluorine, chlorine, iodine,
      bromine, or mixtures thereof. Of these, fluorine and, particularly,
      chlorine are preferred for the purposes of the present invention. The
      halogen may be added to the carrier material in any suitable manner,
      either during preparation of the support or before or after the addition
      of the other components. For example, the halogen may be added, at any
      stage of the preparation of the carrier material or to the calcined
      carrier material, as an aqueous solution of a suitable, decomposable
      halogen-containing compound such as hydrogen fluoride, hydrogen chloride,
      hydrogen bromide, ammonium chloride, etc. The halogen component or a
      portion thereof, may be combined with the carrier material during the
      impregnation of the latter with one or more of the metallic components;
      for example in the case of the platinum component, through the utilization
      of a mixture of chloroplatinic acid and hydrogen chloride. In another
      situation, the alumina hydrosol which is typically utilized to form the
      preferred alumina carrier material may contain halogen and thus contribute
      at least a portion of the halogen component to the final composite. For
      reforming, the halogen will be typically combined with the carrier
      material in an amount sufficient to result in a final composite that
      contains about 0.1 to about 3.5%, and preferably about 0.5 to about 1.5%
      by weight of halogen, calculated on an elemental basis. In isomerization
      or hydrocracking embodiments, it is generally preferred to utilize
      relatively larger amounts of halogen in the catalyst--typically, ranging
      up to about 10 weight percent halogen calculated on an elemental basis,
      and more preferably about 1 to about 5 weight percent. It is to be
      understood that the specified level of halogen component in the instant
      catalyst can be achieved or maintained during use in the conversion of
      hydrocarbons by continuously or periodically adding to the reaction zone a
      decomposable halogen-containing compound such as an organic chloride
      (e.g., ethylene dichloride, carbon tetrachloride, t-butyl chloride) in an
      amount of about 1 to 100 weight ppm. of the hydrocarbon feed, and
      preferably about 1 to 10 weight ppm.
PAR  Another essential constituent of the instant multimetallic catalytic
      composite is a Group IV-A metallic component. By the use of the generic
      term "Group IV-A metallic component" it is intended to cover the metals of
      Group IV-A of the Periodic Table. More specifically, it is intended to
      cover: germanium, tin, lead, and mixtures of these metals. It is essential
      that substantially all of the Group IV-A metallic component is present in
      the final catalyst in an oxidation state above that of the elemental
      metal. In other words, this component may be present in chemical
      combination with one or more of the other ingredients of the composite, or
      as a chemical compound of the Group IV-A metal such as the oxide, sulfide,
      halide, oxyhalide, oxychloride, aluminate, and the like compounds. Based
      on the evidence currently available, it is believed that best results are
      obtained when substantially all of the Group IV-A metallic component
      exists in the final composite in the form of the corresponding oxide such
      as the tin oxide, germanium oxide, and lead oxide, and the subsequently
      described oxidation and reduction steps, that are preferably used in the
      preparation of the instant composite, are believed to result in a
      catalytic composite which contains an oxide of the Group IV-A metallic
      component. Regardless of the state in which this component exists in the
      composite, it can be utilized therein in any amount which is catalytically
      effective, with the preferred amount being about 0.01 to about 5 weight
      percent thereof, calculated on an elemental basis and the most preferred
      amount being about 0.05 to about 2 weight percent. The exact amount
      selected within this broad range is preferably determined as a function of
      the particular Group IV-A metal that is utilized. For instance, in the
      case where this component is lead, it is preferred to select the amount of
      this component from the low end of this range--namely, about 0.01 to about
      1 weight percent. Additionally, it is preferred to select the amount of
      lead as a function of the amount of the platinum group conponent as
      explained hereinafter. In the case where this component is tin, it is
      preferred to select from a relatively broader range of about 0.05 to about
      2 weight percent thereof. And, in the preferred case, where this component
      is germanium the selection can be made from the full breadth of the stated
      range--specifically, about 0.01 to about 5 weight percent, with best
      results at about 0.05 to about 2 weight percent.
PAR  This Group IV-A component may be incorporated in the composite in any
      suitable manner known to the art to result in a uniform dispersion of the
      Group IV-A moiety throughout the carrier material such as, coprecipitation
      or cogellation with the porous carrier material, ion exchange with the
      carrier material, or impregnation of the carrier material at any stage in
      its preparation. It is to be noted that it is intended to include within
      the scope of the present invention all conventional procedures for
      incorporating a metallic component in a catalytic composite, and the
      particular method of incorporation used is not deemed to be an essential
      feature of the present invention so long as the Group IV-A component is
      uniformly distributed throughout the porous carrier material. One
      acceptable method of incorporating the Group IV-A component into the
      catalytic composite involves cogelling the Group IV-A component during the
      preparation of the preferred carrier material, alumina. This method
      typically involves the addition of a suitable soluble compound of the
      Group IV-A metal of interest to the alumina hydrosol. The resulting
      mixture is then commingled with a suitable gelling agent, such as a
      relatively weak alkaline reagent, and the resulting mixture is thereafter
      preferably gelled by dropping into a hot oil bath as explained
      hereinbefore. After aging, drying, and calcining the resulting particles,
      there is obtained an intimate combination of the oxide of the Group IV-A
      metal and alumina. One preferred method of incorporating this component
      into the composite involves utilization of a soluble decomposable compound
      of the particular Group IV-A metal of interest to impregnate the porous
      carrier material either before, during, or after the carrier material is
      calcined. In general, the solvent used during this impregnation step is
      selected on the basis of its capability to dissolve the desired Group IV-A
      compound without effecting the porous carrier material which is to be
      impregnated; ordinarily, good results are obtained when water is the
      solvent; thus the preferred Group IV-A compound for use in this
      impregnation step are typically water-soluble and decomposable. Examples
      of suitable Group IV-A compounds are: germanium difluoride, germanium
      tetralkoxide, germanium dioxide, germanium tetrafluoride, germanium
      monosulfide, tin chloride, tin bromide, tin dibromide di-iodide, tin
      dichloride di-iodide, tin chromate, tin difluoride, tin-tetraiodide, tin
      sulfate, tin tartrate, lead acetate, lead bromate, lead bromide, lead
      chlorate, lead chloride, lead citrate, lead formate, lead lactate, lead
      malate, lead nitrate, lead nitrite, lead dithionate, and the like
      compounds. In the case where the Group IV-A component is germanium, a
      preferred impregnation solution is germanium tetrachloride dissolved in
      anhydrous alcohol. In the case of tin, tin chloride dissolved in water is
      preferred. In the case of lead, lead nitrate dissolved in water is
      preferred. Regardless of which impregnation solution is utilized, the
      Group IV-A component can be impregnated either prior to, simultaneously
      with, or after the other metallic components are added to the carrier
      material. Ordinarily, best results are obtained when this component is
      impregnated simultaneously with the other metallic components of the
      composite. Likewise, best results are ordinarily obtained when the Group
      IV-A component is germanium oxide or tin oxide.
PAR  Regardless of which Group IV-A compound is used in the preferred
      impregnation step, it is essential that the Group IV-A metallic component
      be uniformly distributed throughout the carrier material. In order to
      achieve this objective when this component is incorporated by
      impregnation, it is necessary to maintain the pH of the impregnation
      solution at a relatively low level corresponding to about 7 to about 1 or
      less and to dilute the impregnation solution to a volume which is at least
      approximately the same or greater than the void volume of the carrier
      material which is impregnated. It is preferred to use a volume ratio of
      impregnation solution to void volume of carrier material of at least 1:1
      and preferably about 2:1 to about 10:1 or more. Similarly, it is preferred
      to use a relatively long contact time during the impregnation step ranging
      from about one fourth hour up to about one half hour or more before drying
      to remove excess solvent in order to insure a high dispersion of the Group
      IV-A metallic component in the carrier material. The carrier material is,
      likewise, preferably constantly agitated during this preferred
      impregnation step.
PAR  Regarding the preferred amounts of the various metallic components of the
      subject catalyst, I have found it to be a good practice to specify the
      amounts of the iridium, nickel, and the Group IV-A metallic components as
      a function of the amount of the platinum or palladium component. On this
      basis, the amount of the iridium component is ordinarily selected so that
      the atomic ratio of iridium to platinum or palladium metal contained in
      the composite is about 0.1:1 to about 2:1, with the preferred range being
      about 0.25:1 to about 1.5:1. Similarly, the amount of the nickel component
      is ordinarily selected to produce a composite containing an atomic ratio
      of nickel to platinum or palladium metal of about 0.2:1 to about 20:1,
      with the preferred range being about 1:1 to about 10:1. The amount of
      preferred Group IV-A metallic component is likewise selected so that the
      atomic ratio of Group IV-A metal to platinum or palladium is 0.05:1 to
      about 10:1, with best results obtained when this ratio is fixed on the
      basis of the individual Group IV-A species as follows:
PAR  1. For germanium, it is about 0.3:1 to about 10:1 and most preferably about
      0.6:1 to 6:1.
PAR  2. For tin, it is about 0.1:1 to 3:1 and most preferably about 0.5:1 to
      1.5:1.
PAR  3. For lead, it is about 0.05:1 to 0.9:1 and most preferably about 0.1:1 to
      0.75:1.
PAR  Another significant parameter for the instant catalyst is the "total metals
      content" which is defined to be the sum of the platinum or palladium
      component, the iridium component, the nickel component, and the Group IV-A
      metallic component, calculated on an elemental basis. Good results are
      ordinarily obtained with the subject catalyst when this parameter is fixed
      at a value of about 0.15 to about 5 weight percent, with best results
      ordinarily achieved at a metals loading of about 0.3 to about 4 weight
      percent.
PAR  In embodiments of the present invention wherein the instant multimetallic
      catalytic composite is used for dehydrogenation of dehydrogenatable
      hydrocarbons or for the hydrogenation of hydrogenatable hydrocarbons, it
      is ordinarily a preferred practice to include an alkali or alkaline earth
      metal component in the composite. More precisely, this optional component
      is selected from the group consisting of the compounds of the alkali
      metals--cesium, rubidium, potassium, sodium, and lithium--and the
      compounds of the alkaline earth metals--calcium, strontium, barium, and
      magnesium. Generally, good results are obtained in these embodiments when
      this component constitutes about 0.1 to about 5 weight percent of the
      composite, calculated on an elemental basis. This optional alkali or
      alkaline earth metal component can be incorporated in the composite in any
      of the known ways, with impregnation with an aqueous solution of a
      suitable water-soluble, decomposable compound being preferred.
PAR  An optional ingredient for the multimetallic catalyst of the present
      invention is a Friedel-Crafts metal halide component. This ingredient is
      particularly useful in hydrocarbon conversion embodiments of the present
      invention wherein it is preferred that the catalyst utilized has a strong
      acid or cracking function associated therewith--for example, an embodiment
      wherein hydrocarbons are to be hydrocracked or isomerized with the
      catalyst of the present invention. Suitable metal halides of the
      Friedel-Crafts type include aluminum chloride, aluminum bromide, ferric
      chloride, ferric bromide, zinc chloride, and the like compounds with the
      aluminum halides and particularly aluminum chloride ordinarily yielding
      best results. Generally, this optional ingredient can be incorporated into
      the composite of the present invention by any of the conventional methods
      for adding metallic halides of this type; however, best results are
      ordinarily obtained when the metallic halide is sublimed onto the surface
      of the carrier material according to the preferred method disclosed in
      U.S. Pat. No. 2,999,074. The component can generally be utilized in any
      amount which is catalytically effective, with a value selected from the
      range of about 1 to about 100 weight percent of the carrier material
      generally being preferred.
PAR  Regardless of the details of how the components of the catalyst are
      combined with the porous carrier material, the final catalyst generally
      will be dried at a temperature of about 200.degree. to about 600.degree.F.
      for a period of at least about 2 to about 24 hours or more, and finally
      calcined or oxidized at a temperature of about 700.degree. to about
      1100.degree. F. in an air or oxygen atmosphere for a period of about 0.5
      to about 10 hours in order to convert substantially all of the metallic
      components to the oxide form. Because a halogen component is utilized in
      the catalyst, best results are generally obtained when the halogen content
      of the catalyst is adjusted during the oxidation step by including a
      halogen, hydrogen halide, or a halogen-containing compound which
      decomposes to yield a hydrogen halide in the air or oxygen atmosphere
      utilized. In particular, when the halogen component of the catalyst is
      chlorine, it is preferred to use a mole ratio of H.sub.2 O to HCl of about
      5:1 to about 100:1 during at least a portion of the calcination step in
      order to adjust the final chlorine content of the catalyst to a range of
      about 0.1 to about 3.5 weight percent.
PAR  It is an essential feature of the present invention that the resultant
      oxidized catalytic composite is subjected to a substantially water-free
      and hydrocarbon-free reduction step prior to its use in the conversion of
      hydrocarbon. This step is designed to selectively reduce the platinum or
      palladium, iridium, and nickel components to the corresponding metals and
      to insure a uniform and finely divided dispersion of these metallic
      components throughout the carrier material, while maintaining the Group
      IV-A metallic component in a positive oxidation state. Preferably,
      substantially pure and dry hydrogen (i.e., less than 20 vol. ppm. H.sub.2
      O) is used as the reducing agent in this step. The reducing agent is
      contacted with the oxidized catalyst at conditions including a temperature
      of about 800.degree. to about 1200.degree. F. and a period of time of
      about 0.5 to 10 hours effective to reduce substantially all of the
      platinum or palladium, nickel, and iridium components to their elemental
      metallic state while maintaining the preferred Group IV-A component in an
      oxidation state above that of the elemental metal. This reduction
      treatment may be performed in situ as part of a start-up sequence if
      precautions are taken to predry the plant to a substantially water-free
      state and if substantially water-free and hydrocarbon-free hydrogen is
      used.
PAR  The resulting reduced catalytic composite may, in some cases, be
      beneficially subjected to a presulfiding operation with a sulfiding
      reagent designed to incorporate in the catalytic composite about 0.01  to
      1, and most preferably about 0.05 to 0.5 weight percent sulfur, calculated
      on an elemental basis. Preferably, this presulfiding treatment takes place
      in the presence of hydrogen and a suitable sulfur-containing decomposable
      sulfiding reagent such as hydrogen sulfide, lower molecular weight
      mercaptans, organic sulfides, etc. Typically, this procedure comprises
      treating the selectively reduced catalyst with a sulfiding gas such as a
      mixture of hydrogen and hydrogen sulfide having about 10 moles of hydrogen
      per mole of hydrogen sulfide at conditions sufficient to effect the
      desired incorporation of sulfur, generally including a temperature ranging
      from about 50.degree. up to about 1100.degree. F. or more. It is generally
      a good practice to perform this presulfiding step under substantially
      water-free conditions. It is within the scope of the present invention to
      maintain or achieve the sulfided state of the instant catalyst during use
      in the conversion of hydrocarbons by continuously or periodically adding a
      decomposable sulfur-containing compound, such as the ones previously
      mentioned, to the reactor containing the catalyst in an amount sufficient
      to provide about 1 to 500 weight ppm., preferably 1 to 20 weight ppm. of
      sulfur based on hydrocarbon charge.
PAR  According to the present invention, a hydrocarbon charge stock and hydrogen
      are contacted with the multimetallic catalyst of the type described above
      in a hydrocarbon conversion zone. This contacting may be accomplished by
      using the catalyst in a fixed bed system, a moving bed system, a
      fluidizied bed system, or in a batch type operation; however, in view of
      the danger of attrition losses of the valuable catalyst and of well known
      operational advantages, it is preferred to use a fixed bed system. In this
      system, a hydrogen-rich gas and the charge stock are preheated by any
      suitable heating means to the desired reaction temperature and then are
      passed into a conversion zone containing a fixed bed of the catalyst type
      previously characterized. It is, of course, understood that the conversion
      zone may be one or more separate reactors with suitable means therebetween
      to insure that the desired conversion temperture is maintained at the
      entrance to each reactor. It is also important to note that the reactants
      may be contacted with the catalyst bed in either upward, downward, or
      radial flow fashion with the later being preferred. In addition, the
      reactants may be in the liquid phase, a mixed liquid-vapor phase, or a
      vapor phase when they contact the catalyst, with best results obtained in
      the vapor phase.
PAR  In the case where the multimetallic catalyst of the present invention is
      used in a reforming operation, the reforming system will comprise a
      reforming zone containing a fixed or moving bed of the catalyst type
      previously characterized. This reforming zone may be one or more separate
      reactors with suitable heating means therebetween to compensate for the
      endothermic nature of the reactions that take place in each catalyst bed.
      The hydrocarbon feed stream that is charged to this reforming system will
      comprise hydrocarbon fractions containing naphthenes and paraffins that
      boil within the gasoline range. The preferred charge stocks are those
      consisting essentially of naphthenes and paraffins, although in some cases
      aromatics and/or olefins may also be present. This preferred class
      includes straight run gasolines, natural gasolines, synthetic gasolines
      and the like. On the other hand, it is frequently advantageous to charge
      thermally or catalytically cracked gasolines or higher boiling fractions
      thereof. Mixtures of straight run and cracked gasolines can also be used
      to advantage. The gasoline charge stock may be a full boiling gasoline
      having an initial boiling point from about 50.degree. to about 150.degree.
      F. and an end boiling point within the range of from about 325.degree. to
      about 425.degree. F., or may be a selected fraction thereof which
      generally will be a higher boiling fraction commonly referred to as a
      heavy naphtha--for example, a naphtha boiling in the range of C.sub.7 to
      400.degree. F. In some cases, it is also advantageous to charge pure
      hydrocarbons or mixtures of hydrocarbons that have been extracted from
      hydrocarbon distillates--for example, straight-chain paraffins--which are
      to be converted to aromatics. It is preferred that these charge stocks be
      treated by conventional catalytic pretreatment methods such as
      hydrorefining, hydrotreating, hydrodesulfurization, etc., to remove
      substantially all sulfurous, nitrogenous and water-yielding contaminants
      therefrom and to saturate any olefins that may be contained therein.
PAR  The multimetallic catalyst of the present invention can also be used in a
      process for the steam-reforming of a hydrocarbon charge stock to make a
      methane-rich gas having a relatively high heating value. The charge stock
      used in this embodiment is ordinarily a light, normally gaseous
      hydrocarbon, such as ethane, propane, or butane, or a light hydrocarbon
      distillate such as a gasoline boiling range fraction containing C.sub.5 to
      C.sub.10 hydrocarbons. The charge stock is preferably substantially free
      of sulfur; that is, less than 10 weight ppm. sulfur and preferably less
      than 1 weight ppm. sulfur. In this embodiment, the instant multimetallic
      catalyst is preferably augmented with an alkali or alkaline earth metal
      component as previously described and preferably contains a relatively
      large amount of the nickel component (i.e., about 1 to 25 weight percent).
      According to this embodiment of the present invention, the hydrocarbon
      charge stock and steam, in an amount sufficient to provide about 1 to
      about 10 pounds of steam per pound of charge (preferably about 1:1 to
      6:1), are contacted with the modified catalyst of the present invention at
      steam-reforming conditions selected to produce a methane-containing
      product gas stream. Generally, the steam reforming conditions used
      include: (1) a temperature of about 800.degree. to 1500.degree. F. and
      preferably about 825.degree.  to 1000.degree. F.; (2) a pressure of about
      100 to 2000 psig. and preferably about 150 to about 500 psig; and (3) a
      liquid hourly space velocity of about 0.5 to about 50 hr..sup.-.sup.1 and
      preferably about 1 to about 10 hr..sup.-.sup.1 .
PAR  In other hydrocarbon conversion embodiments, the charge stock will be of
      the conventional type customarily used for the particular kind of
      hydrocarbon conversion being effected. For example, in a typical
      isomerization embodiment the charge stock can be a paraffinic stock rich
      in C.sub.4 to C.sub.8 normal paraffins, or a normal butane- or
      pentane-rich stock, or a n-hexane-rich stock, or a mixture of xylene
      isomers, etc. In a dehydrogenation embodiment, the charge stock can be any
      of the known dehydrogenatable hydrocarbons such as an aliphatic compound
      containing 2 to 30 carbon atoms per molecule, a C.sub.4 to C.sub.30 normal
      paraffin, a C.sub.8 to C.sub.12 alkylaromatic, a naphthene and the like.
      In hydrocracking embodiments, the charge stock will be typically a gas
      oil, heavy cracked cycle oil, etc. In addition, alkylaromatic and
      naphthenes can be conveniently isomerized by using the catalyst of the
      present invention. Likewise, pure hydrocarbons or substantially pure
      hydrocarbons can be converted to more valuable products by using the
      multimetallic catalyst of the present invention in any of the hydrocarbon
      conversion processes, known to the art, that use a dual-function catalyst.
PAR  In a reforming embodiment, it is generally preferred to utilize the novel
      multimetallic catalytic composite in a substantially water-free
      environment. Essential to the achievement of this condition in the
      reforming zone is the control of the water level present in the charge
      stock and the hydrogen stream which is being charged to the zone. Best
      results are ordinarily obtained when the total amount of water entering
      the conversion zone from any source is held to a level less than 50 ppm.
      and preferably less than 20 ppm. expressed as weight of equivalent water
      in the charge stock. In general, this can be accomplished by careful
      control of the water present in the charge stock and in the hydrogen
      stream. The charge stock can be dried by using any suitable drying means
      known to the art such as a conventional solid adsorbent having a high
      selectivity for water, for instance, sodium or calcium crystalline
      aluminosilicates, silica gel, activated alumina, molecular sieves,
      anhydrous calcium sulfate, high surface area sodium and the like
      adsorbents. Similarly, the water content of the charge stock may be
      adjusted by suitable stripping operations in a fractionation column or
      like device. And in some cases, a combination of adsorbent drying and
      distillation drying may be used advantageously to effect almost complete
      removal of water from the charge stock. Preferably, the charge stock is
      dried to a level corresponding to less than 20 ppm. of H.sub.2 O
      equivalent. In general, it is preferred to maintain the hydrogen stream
      entering the hydrocarbon conversion zone at a level of about 10 vol. ppm.
      of water or less. If the water level in the hydrogen stream is too high,
      drying of same can be conveniently accomplished by contacting the hydrogen
      stream with a suitable desiccant such as those mentioned above.
PAR  In the reforming embodiment, an effluent stream is withdrawn from the
      reforming zone and passed through a cooling means to a separation zone,
      typically maintained at about 25.degree. to 150.degree. F., wherein a
      hydrogen-rich gas is separated from a high octane liquid product, commonly
      called an unstabilized reformate. When a super-dry operation is desired,
      at least a portion of this hydrogen-rich gas is withdrawn from the
      separating zone and passed through an adsorption zone containing an
      adsorbent selective for water. The resultant substantially water-free
      hydrogen stream can then be recycled through suitable compressing means
      back to the reforming zone. The liquid phase from the separating zone is
      typically withdrawn and commonly treated in a fractionating system in
      order to adjust the butane concentration, thereby controlling front-end
      volatility of the resulting reformate.
PAR  The conditions utlized in the numerous hydrocarbon conversion embodiments
      of the present invention are those customarily used in the art for the
      particular reaction, or combination of reactions, that is to be effected.
      For instance, alkylaromatic and paraffin isomerization conditions include:
      a temperature of about 32.degree. to about 1000.degree. F., and preferably
      from about 75.degree. to about 600.degree. F.; a pressure of atmospheric
      to about 100 atmospheres; a hydrogen to hydrocarbon mole ratio of about
      0.5:1 to about 20:1 and an LHSV (calculated on the basis of equivalent
      liquid volume of the charge stock contacted with the catalyst per hour
      divided by the volume of 0.2 zone containing catalyst) of about 0.2 to 10
      hr..sup.-.sup.1. Dehydrogenation conditions include: a temperature of
      about 700.degree. to about 1250.degree. F., a pressure of about 0.1 to
      about 10 atmospheres, a liquid hourly space velocity of about 1 to 40
      hr..sup.-.sup.1 , and a hydrogen to hydrocarbon mole ratio of about 1:1 to
      20:1. Likewise, typically hydrocracking conditions include: a pressure of
      about 500 psig. to about 3000 psig., a temperature of about 400.degree. F.
      to about 900.degree. F., an LHSV of about 0.1 to about 10
      hr..sup..sup.-1, and hydrogen circulation rates of about 1000 to 10,000
      SCF per barrel of charge.
PAR  In the reforming embodiment of the present invention the pressure utilized
      is selected from the range of about 0 to about 1000  psig., with the
      preferred pressure being about 50 to about 600 psig. Particularly good
      results are obtained at a moderate pressure; namely, a pressure of about
      100 to 450 psig. In fact, it is a singular advantage of the present
      invention that it allows stable operation at lower pressures than have
      heretofore been successfully utilized in so-called "continuous" reforming
      systems (i.e., reforming for periods of about 15 to about 200 or more
      barrels of charge per pound of catalyst without regeneration) with all
      platinum monometallic catalysts. In other words, the multimetallic
      catalyst of the present invention allows the operation of a continuous
      reforming system to be conducted at lower pressure (i.e., 100 to about 350
      psig.) for about the same or better catalyst life before regeneration as
      has been heretofore realized with conventional monometallic catalysts at
      higher pressures (i.e., 400 to 600 psig.). On the other hand, the
      stability feature of the present invention enables reforming operations
      conducted at pressures of 400 to 600 psig. to achieve substantially
      increased catalyst life before regeneration.
PAR  Similarly, the temperature required for reforming is generally lower than
      that required for a similar reforming operation using a high quality
      catalyst of the prior art. This significant and desirable feature of the
      present invention is a consequence of the selectivity of the multimetallic
      catalyst of the present invention for the octane-upgrading reactions that
      are preferably induced in a typical reforming operation. Hence, the
      present invention requires a temperature in the range of from about
      800.degree. to about 1100.degree. F. and preferably about 900.degree. to
      about 1050.degree. F. As is well known to those skilled in the continuous
      reforming art, the initial selection of the temperature within this broad
      range is made primarily as a function of the desired octane of the product
      reformate considering the characteristics of the charge stock and of the
      catalyst. Ordinarily, the temperature then is thereafter slowly increased
      during the run to compensate for the inevitable deactivation that occurs
      to provide a constant octane product. Therefore, it is a feature of the
      present invention that the rate at which the temperature is increased in
      order to maintain a constant octane product, is substantially lower for
      the catalyst of the present invention than for a high quality reforming
      platinum- and iridium-containing catalyst which is manufactured in exactly
      the same manner as the catalyst of the present invention except for the
      inclusion of the Group IV-A metallic aand nickel components. Moreover, for
      the catalyst of the present invention, the C.sub.5 + yield loss for a
      given temperature increase is substantially lower than for a high quality
      reforming catalyst of the prior art. In addition, hydrogen production is
      substantially higher.
PAR  The reforming embodiment of the present invention also typically utilizes
      sufficient hydrogen to provide an amount of about 1 to about 20 moles of
      hydrogen per mole of hydrocarbon entering the reforming zone, with
      excellent results being obtained when about 5 to about 10 moles of
      hydrogen are used per mole of hydrocarbon. Likewise, the liquid hourly
      space velocity (LHSV) used in reforming is selected from the range of
      about 0.1 to about 10 hr..sup. .sup.-1, with a value in the range of about
      1 to about 5  hr..sup..sup.-1 being preferred. In fact, it is a feature of
      the present invention that it allows operations to be conducted at a
      higher LHSV than normally can be stably achieved in a continuous reforming
      process with a high quality reforming catalyst of the prior art. This last
      feature is of immense economic significance because it allows a continuous
      reforming process to operate at the same throughput level with less
      catalyst inventory than that heretofore used with convention reforming
      catalysts at no sacrifice in catalyst life before regeneration.
DETD
PAR  The following working examples are given to illustrate further the
      preparation of the multimetallic catalyst composite of the present
      invention and the use thereof in the conversion of hydrocarbons. It is
      understood that the examples are intended to be illustrative rather than
      restrictive.
PAC  EXAMPLE I
PAR  An alumina carrier material comprising 1/16 inch spheres is prepared by:
      forming an aluminum hydroxyl chloride sol by dissolving substantially pure
      aluminum pellets in a hydrochloric acid solution, adding
      hexamethylenetetramine to the resulting sol, gelling the resulting
      solution by dropping it into an oil bath to form spherical particles of an
      aluminum hydrogel, aging and washing the resulting particles and finally
      drying and calcining the aged and washed particles to form spherical
      particles of gamma-alumina containing about 0.3 weight percent combined
      chloride. Additional details as to this method of preparing the preferred
      carrier material are given in the teachings of U.S. Pat. No. 2,620,314.
PAR  A measured amount of germanium tetrachloride is dissolved in anhydrous
      ethanol. The resulting solution is then aged at room temperature until an
      equlibrium condition is established therein. An aqueous solution
      containing chloroplatinic acid, chloroiridic acid, nickel chloride, and
      hydrogen chloride is then prepared. The two solutions are then intimately
      admixed and used to impregnate the gamma-alumina particles in amounts,
      respectively, calculated to result in a final composite containing, on an
      elemental basis, 0.375 weight percent platinum, 0.25 weight percent
      iridium, 0.25 weight percent nickel, and 0.5 weight percent germanium. In
      order to insure uniform distribution of the metallic components throughout
      the carrier material, the amount of hydrogen chloride corresponds to about
      2 weight percent of the alumina particles. This impregnation step is
      performed by adding the carrier material particles to the impregnation
      mixture with constant agitation. In addition, the volume of the solution
      is approximately the same as the void volume of the carrier material
      particles. The impregnation mixture is maintained in contact with the
      carrier material particles for a period of about one half hour at a
      temperature of about 70.degree. F. The temperature of the impregnation
      mixture is subsequently raised to about 225.degree. F. and the excess
      solution is evaporated in a period of about 1 hour. The resulting dried
      particles are then subjected to a calcination or oxidation in a steam of
      dry air treatment at a temperature of about 975.degree. F. and a GHSV of
      about 500 hr..sup. .sup.-1 for about 1 hour. The oxidized spheres are then
      contacted with an air stream containing H.sub.2 O and HCl in a mole ratio
      of about 40:1 for about 2 hours at 975.degree. F. in order to adjust the
      halogen content of the catalyst particles to a value of about 0.90. The
      resulting oxidized and halogen treated catalyst particles are hereafter
      subjected to another treatment with a dry air stream at 975.degree. F. and
      a GHSV of 500 hr..sup. .sup.-1 for an additional period of about one half
      hour.
PAR  The resulting catalyst particles are analyzed and found to contain, on an
      elemental basis, about 0.375 weight percent platinum, about 0.25 weight
      percent iridium, about 0.25 weight percent nickel, about 0.5 weight
      percent germanium, and about 0.9 weight percent chloride. For this
      catalyst, the atomic ratio of germanium to platinum is 3.58:1, the atomic
      ratio of iridium to platinum is 0.68:1 and the atomic ratio of nickel to
      platinum is 2.22:1.
PAR  Thereafter, the catalyst particles are subjected to a dry prereduction
      treatment designed to reduce the platinum, nickel, and iridium components
      to the elemental metallic state while maintaining the germanium component
      in a positive oxidation state by contacting them for 1 hour with a
      substantially pure hydrogen stream containing less than 5 vol. ppm.
      H.sub.2 O at a temperature of about 1050.degree.F., a pressure slightly
      above atmospheric and a flow rate of the hydrogen stream through the
      catalyst particles corresponding to a gas hourly space velocity of about
      400 hr..sup..sup.-1.
PAC  EXAMPLE II
PAR  A portion of the spherical multimetallic catalyst particles produced by the
      method described in Example I is loaded into a scale model of a
      continuous, fixed bed reforming plant of conventional design. In this
      plant a heavy Kuwait naphtha and hydrogen are continuously contacted at
      reforming conditions: a liquid hourly space velocity of 1.5 hr..sup.
      .sup.-1, a pressure of 100 psig., a hydrogen to hydrocarbon mole ratio of
      8:1, and a temperature sufficient to continuously produce a C.sub.5 +
      reformate of 102 F-1 clear. It is to be noted that these are exceptionally
      severe conditions.
PAR  The heavy Kuwait naphtha has an API gravity at 60.degree.F. of 60.4, an
      initial boiling point of 184.degree. F., a 50% boiling point of
      256.degree. F., and an end boiling point of 360.degree. F. In addition, it
      contains about 8 vol. % aromatics, 71 vol. % paraffins, 21 vol. %
      naphthenes, 0.5 weight parts per million sulfur, and 5 to 8 weight parts
      per million water. The F-1 clear octane number of the raw stock is 40.0.
PAR  The fixed bed reforming plant is made up of a reactor containing the
      multimetallic catalyst, a hydrogen separation zone, a debutanizer column,
      and suitable heating, pumping, cooling, and controlling means. In this
      plant, a hydrogen recycle stream and the charge stock are commingled and
      heated to the desired temperature. The resultant mixture is then passed
      downflow into a reactor containing the catalyst as a fixed bed. An
      effluent stream is then withdrawn from the bottom of the reactor, cooled
      to about 55.degree. F. and passed to a separating zone wherein a
      hydrogen-rich gaseous phase separates from a liquid hydrocarbon phase. A
      portion of the gaseous phase is continuously passed through a high surface
      area sodium scrubber and the resulting water-free hydrogen stream recycled
      to the reactor in order to supply hydrogen thereto, and the excess
      hydrogen over that needed for plant pressure is recovered as excess
      separator gas. The liquid hydrocarbon phase from the hydrogen separating
      zone is withdrawn therefrom and passed to a debutanizer column of
      conventional design wherein light ends are taken overhead as debutanizer
      gas and a C.sub.5 + reformate stream recovered as bottoms.
PAR  The test run is continued for a catalyst life of about 20 barrels of charge
      per pound of catalyst utilized, and it is determined that the activity,
      selectivity, and stability of the present multimetallic catalyst are
      vastly superior to those observed in a similar type test with a
      conventional commercial reforming catalyst. More specifically, the results
      obtained from the subject catalyst are superior to the platinum
      metal-containing catalyst of the prior art in the areas of hydrogen
      production, C.sub.5 + yield at octane, average rate of temperature
      increase necessary to maintain octane and C.sub.5 + yield decline rate.
PAR  It is intended to cover by the following claims, all changes and
      modifications of the above disclosure of the present invention which would
      be self-evident to a man of ordinary skill in the catalyst formulation art
      or the hydrocarbon conversion art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for reforming a gasoline fraction which comprises contacting
      said fraction in the presence of hydrogen at reforming conditions with a
      catalytic composite comprising a porous carrier material containing, on an
      elemental basis, about 0.01 to about 2 weight percent platinum or
      palladium, about 0.01 to about 2 weight percent iridium, about 0.01 to
      about 5 weight percent nickel, about 0.01 to about 5 weight percent of a
      Group IV-A metal, and about 0.1 to about 3.5 weight percent halogen,
      wherein the platinum or palladium, iridium, nickel, and Group IV-A metal
      are uniformly dispersed throughout the porous carrier material, wherein
      substantially all of the platinum or palladium, iridium, and nickel are
      present in the corresponding elemental metallic states, and wherein
      substantially all of the Group IV-A metal is present in an oxidation state
      above that of the corresponding elemental metal.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the porous carrier material is a
      refractory inorganic oxide.
NUM  3.
PAR  3. A process as defined in claim 2 wherein the refractory inorganic oxide
      is alumina.
NUM  4.
PAR  4. A process as defined in claim 1 wherein the halogen is combined
      chloride.
NUM  5.
PAR  5. A process as defined in claim 1 wherein the atomic ratio of nickel to
      platinum or palladium contained in the composite is about 0.2:1 to about
      20:1.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the atomic ratio of iridium to
      platinum or palladium contained in the composite is about 0.1:1 to about
      2:1.
NUM  7.
PAR  7. A process as defined in claim 1 wherein the Group IV-A metal is
      germanium.
NUM  8.
PAR  8. A process as defined in claim 1 wherein the Group IV-A metal is tin.
NUM  9.
PAR  9. A process as defined in claim 1 wherein the Group IV-A metal is lead.
NUM  10.
PAR  10. A process as defined in claim 1 wherein the composite contains, on an
      elemental basis, about 0.05 to about 1 weight percent platinum or
      palladium, about 0.05 to about 1 weight percent iridium, about 0.05 to
      about 2 weight percent nickel, about 0.05 to about 2 weight percent Group
      IV-A metal, and about 0.5 to about 1.5 weight percent halogen.
NUM  11.
PAR  11. A process as defined in claim 1 wherein the reforming conditions
      include a temperature of about 800.degree. to about 1100.degree.F., a
      pressure of about 0 to about 1000 psig., a liquid hourly space velocity of
      about 0.1 to about 10 hr..sup. .sup.-1, and a mole ratio of hydrogen to
      hydrocarbon of about 1:1 to about 20:1.
NUM  12.
PAR  12. A process as defined in claim 1 wherein the contacting is performed in
      a substantially water-free environment.
NUM  13.
PAR  13. A process as defined in claim 1 wherein the reforming conditions
      include a pressure of about 100 to about 450 psig.
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ABST
PAL  A bearing comprising rows of rollers disposed between the outer and inner
      races, wherein a nozzle is provided for supplying lubricating oil mist to
      the entire periphery of the distance piece provided between said outer
      races, said nozzle being provided with oil supply apertures directed
      toward the roller end faces adjacent flange end faces of the inner race,
      said distance piece being also provided at a part thereof with holes or
      grooves through which oil can be discharged, said holes or grooves being
      positioned at a level of or lower than the lowest of roller contacting
      areas of inner surface of said outer races.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to multiple-row roller bearings, particularly
      large-sized ones, such as used for supporting rolls in rolling mill or for
      other purposes.
PAR  Lately, in order to keep up with increasing speed-up of rolling mills,
      there is a growing demand for high-performance roll neck roller bearings
      with high reliability and durability. However, for development of such
      high-performance bearings, it is required to provide highly effective and
      secure lubrication for attaining stabilization of performance.
PAR  Among the known effective roller bearing lubricating systems is an oil mist
      lubrication method. According to this method, hot compressed air is
      supplied into an oil mist generator where the high-viscosity lubricating
      oil is atomized and injected into the bearing from a nozzle. The atomized
      lubricating oil, when injected from the nozzle, is turned into coarse
      particles which are apt to adhere to an object due to fall of temperature
      caused by adiabatic expansion of air and disturbance of flow caused by
      injection, and thus dry mist is turned into wet mist. This wet mist
      impinges against respective parts in the bearing to provide a minimum
      amount of oil required for sufficient lubrication while that portion of
      oil which is not required for lubrication is retrieved in the form of
      floating mist. Thus, the oil mist lubrication system requires only a
      minimum amount of oil necessitated for lubrication, so that the agitation
      loss of oil is reduced and also high speed roller bearing lubrication is
      provided by the cooling action of air.
PAR  In the conventional roller bearings, however, above-said merits of the
      lubricating systems are not necessarily effectuated to the full. That is,
      in the conventional bearings, in order to prevent oil shortage that is
      liable to occur at the start of operation, arrangement is made such that
      the initial charge oil is supplied to the lower portion of the housing so
      that a part of the bearing will be immersed in the lubricating oil and
      that there can be maintained a constant oil level. Therefore, this initial
      charge oil is not discharged but remains in the housing even during
      operation, and hence even if oil mist lubrication is applied, actual
      lubrication has mostly depended on the oil bath. Consequently, abnormal
      rise of bearing temperature that could result in fatal defect to bearing
      performance would be caused due to increase of agitation loss of oil or
      increase of agitation heat during high speed rotation.
PAR  Particularly in the case of roller bearings, there is produced between the
      roller end face and the inner race flange face, for the structural reason,
      a sliding contact portion that takes a share of the thrust load acting in
      the axial direction, resulting in excessively increased frictional loss as
      compared with the rolling portion. It was also found that, in the
      conventional bearings, wet mist impinges against the outer peripheral face
      of the distance piece and here a substantial portion of mist is condensed
      and turned into liquid oil, and such oil merely flows down to the lower
      part of the outer wall of said distance piece, thus little contributing to
      lubrication. This means that the mist supplied to the lubrication area
      from the nozzle provided in the distance piece is low in concentration and
      hence little oil is retrieved in the bearing portion. Consequently, oil
      shortage would be caused on the roller end faces and inner race flange
      contact faces which are exposed to the most severe friction conditions,
      and these parts would often become a heat source causing abnormal rise of
      temperature.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has been deviced to overcome the above-said problems
      in the conventional lubricating systems. More specifically, the present
      invention is designed to inhibit any abnormal rise of temperature in the
      roller bearing by dispensing with the initial charge oil which has been
      the greatest disadvantage in the prior art oil mist lubricating systems
      and by forcing out the condensed oil in the housing, instead of allowing
      such oil to remain in the housing as in the conventional systems.
PAR  The present invention is also designed to allow more effective and positive
      supply of lubricating oil to the rolling areas in the bearing and to the
      roller end faces so as to arrest or minimize generation of heat in these
      parts.
PAR  It is also envisaged in the present invention to simplify the arrangements
      required for accomplishing the above-said objects of the invention, so as
      to improve workability in assemblage, maintenance and inspection.
PAR  The salient features of the present invention lie in that a distance piece
      is provided between the outer races of the bearing provided with plural
      rows of rollers and that there are also provided around said distance
      piece the holes or grooves for discharging the condensed oil so that the
      oil will not stay in the housing, said oil discharging holes or grooves
      being disposed at a level of or lower than the lowest of roller contacting
      areas of inner surface of the outer races.
PAR  It is also an important feature of the present invention that said outer
      race distance piece is formed with an integral oil mist injection nozzle
      projected inwardly of the bearing, so as to facilitate effective supply of
      lubricating oil to the roller end faces.
PAR  The present invention is further featured by an arrangement that allows
      easy mounting and detachment of said lubricating oil mist nozzle.
DRWD
PAR  The details of the present invention will now be described by way of some
      embodiments thereof with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a graph showing temperature rise variation caused by lubricating
      oil charge to bearing, which is the basis of the present invention;
PAR  FIG. 2 is a graph showing variation of oil deposit at the lubricating area
      according to the distance between the nozzle outlet and the lubricating
      zone;
PAR  FIGS. 3 and 4 are a front sectional view and a transverse sectional view,
      respectively, showing an embodiment of the bearing according to the
      present invention;
PAR  FIGS. 5 and 6 are a front sectional view and a transverse sectional view,
      respectively, showing another embodiment of the present invention;
PAR  FIGS. 7 and 8 are graphs comparatively showing performance of a prior art
      bearing and a bearing according to the present invention, where curve (A)
      represents the prior art bearing and curve (B) the bearing of the present
      invention;
PAR  FIG. 9 shows the pressure regulator means in the bearing chamber;
PAR  FIGS. 10 to 15 exemplify the configurations of distance piece and injection
      nozzle, each of these configurations being able to provide effective mist
      lubrication;
PAR  FIGS. 16 to 18 are partial front views showing the bearings according to
      the present invention where some modifications were made in the air supply
      and oil discharge mechanisms; and
PAR  FIGS. 19 to 21 show a distance piece of a split construction, where FIG. 19
      shows the entire structure of the distance piece, FIG. 20 shows the
      coupling arrangement in the split portion, and FIG. 21 shows a distance
      piece integrated to the assembly by a snap ring.
PAR  First, in order to facilitate understanding of the present invention, the
      foundamental factors and principles upon which the present invention is
      based are discussed briefly.
DETD
PAR  Referring to FIG. 1, there is shown a graph showing the relation between
      lubricating oil quantity Q in the bearing and bearing temperature rise
      .DELTA.T, as observed when the shaft was rotated continuously, at rotating
      speed N of 1,500 r.p.m. As will be noted, when the lubricating oil
      quantity Q is sufficient to provide oil deposition over the entire
      lubricating sections of the rollers and inner and outer races, temperature
      rise .DELTA.T shows the minimum value, but when oil quantity is scant, the
      bearing comes to suffer seizure of burning in a short period of time. On
      the other hand, in case extra oil is used in addition to normal oil
      deposition as when accompanied by oil bath lubrication and is gradually
      incrased, increased, rise .DELTA.T becomes sharp, and if lubricating oil
      is provided merely by initial oil bath (Q = A) as in the conventional
      bearings, temperature can reach the softening point of the bearing steel,
      resulting in disenabled operation or shortening of life of the bearing.
      FIG. 2 gives data explaining the phenomenon of liquefication of oil mist,
      that is, it shows the relation of oil deposit q to the distance h between
      the nozzle outlet and lubricating zone. As apparent from the graph, oil
      deposit decreases almost in reverse proportion to the distance h. The
      similar tendency is also observed in the air cooling action. Therefore,
      for achieving improvement of lubricating performance, it is advisable to
      dispose the injection nozzle adjacent the roller end face which is the
      heat source, such that oil mist will be deposited on the large end face
      near the intersection of the roller end face and flange face.
PAR  Now, the detail arrangements of the present invention are described by way
      of some preferred embodiments thereof.
PAR  Referring to FIGS. 3 and 4, there is diagrammatically shown an embodiment
      of the present invention. The housing 1 constituting the bearing shell is
      assembled from two side walls 2 and 3 arranged to fix the bearing in
      position Each of said side plates has integrally secured thereto an outer
      race 12 and a distance piece 10 located between the outer races and is
      also provided with an oil seal 4, 5 adapted to hermetically shut off the
      bearing chamber from the outer air. In the bearing chamber, rollers 14 are
      disposed between an inner race 13 secured to a support shaft 18 such as
      roll neck and the outer races 12 secured to the housing. In this type of
      roller bearing, particularly when used for supporting heavy load, rollers
      are arranged in plural rows, and the outer races 12 used therefor are
      divided for each row and have a tapered vertical sectional shape.
      Assemblage of rolling mechanism is accomplished by inserting a distance
      piece 10 between every adjoining outer races 12 successively. Rollers 14
      are fixed in position by means of retainers 17. The distance piece 10 has
      a trapezoidal portion projecting into the bearing chamber and is provided
      with small holes 21 serving as lubricating oil mist injection nozzles.
      Each said hole 21 is arranged so as to be directed in a direction of an
      outer edge of a flange end face 16 of the inner race (see FIG. 10) in
      sliding contact with a roller end face 15 (see FIG. 10), and as the
      distance piece is trapezoid-shaped, the outlet end of said hole 21, or
      nozzle jet, can be positioned in close proximity to the flange end face
      16.
PAR  The duct groove 9 provided circumscribing the distance piece 10 in the
      housing 1 is divided by partition blocks or protuberances 23 into an oil
      supply groove 24 communicated with the oil mist feeding hole 6 and an oil
      discharge groove 25 communicated with an oil discharging hole 19, such
      that lubricating oil will be supplied from a position above the bearing
      and discharged from a bottom portion thereof. In operation, dry mist is
      supplied through oil supply hole 6 into oil supply groove 24 and jetted
      out from the small nozzle holes 21 in the distance piece disposed within
      said groove. This oil mist is transformed into wet mist, which easily
      adheres to an object, owing to temperature fall caused by adiabatic
      expansion of air and flow disturbance caused by oil jet, and is thereby
      deposited on the lubricating section. The amount of this oil deposit is
      gradually increased with lapse of operating time and excess portion
      thereof is reservoired as extra oil in the lower part of the housing or at
      the bottom of the bearing, centering around each distance piece therein.
      Oil from this oil reservoir flows out from the oil discharge holes 28 in
      the direction of arrow and further passes through oil discharge groove 25
      into branched oil discharge holes 26A and 26B and then is released into
      the atmosphere from discharge hole 19 along with floating mist in the
      bearing chamber. It is to be noted here that the oil discharge groove 25
      is so formed as to provide an oil discharging chamber separate from the
      oil supply groove 24, allowing very orderly mist flow, with oil being
      supplied through nozzle holes 21 and with oil and air exhaust being
      effected through oil discharge holes 28. Further, since such oil discharge
      holes 28 are positioned at a level of or lower than the rolling portion of
      the bearing, oil is discharged out very efficiently under own weight of
      oil and mist pressure.
PAR  The present invention can be also embodied in the form shown in FIGS. 5 and
      6. This embodiment is characterized in that an arc-shaped oil supply
      groove 24 and an arc-shaped oil discharge groove 25, both smaller in
      radius than the inner diameter Ro of the housing, are provided in the
      inner periphery of the bearing housing 1. The scope of working of arc of
      said both arc-shaped grooves 24 and 25 can be determined by adjusting
      their respective radii R.sub.1 and R.sub.2. For instance, when it is
      desired to provide the oil supply and discharge areas of same dimension,
      the center positions e.sub.1 and e.sub.2 of the respective eccentric
      circles and the arc radii R.sub.1 and R.sub.2 are made equal, while when
      it is desired to provide oil supply area wider than the oil discharge
      area, arrangement is made such that e.sub.1 &lt; e.sub.2 and R.sub.1 &lt;
      R.sub.2, whereby desired working can be accomplished with ease. Mist flow
      in this embodiment is of same pattern as in the embodiment of FIGS. 3 and
      4.
PAR  FIG. 7 show data obtained from the comparative operating performance tests
      conducted on the bearing of the present invention having the
      above-described arrangement and on a conventional bearing. In the graph,
      curve (A) exhibits the performance curve of the conventional bearing. It
      shows that there is obtained no satisfactory oil mist lubricating effect,
      hence insufficient air cooling action, and that excess temperature rise is
      caused by the stirring action of oil. Curve (B) is the performance curve
      according to the embodiment of the present invention provided with a
      peculiar oil discharging mechanism. It shows that temperature rise is
      limited to about one-third that in the conventioanl bearing, thus ensuring
      high and stabilized performance. FIG. 8 shows the relation between the
      rotating speed N and bearing temperature rise .DELTA.T. As will be noticed
      from the this graph, the bearing (B) according to the present invention is
      capable of operating at as much as about 30% higher speed that possible
      with the prior art bearing (A), and a high-speed, low-loss rolling mill
      can be manufactured by merely improving the mechanism around the bearing.
PAR  Although in the present embodiment the oil discharge groove 29 at the
      bottom of the outer races 12 is of an arrangement where the branched oil
      discharging holes 26A and 26B are communicated with an arc-shaped groove
      25, it was confirmed that the oil discharging performance is not the least
      affected if, for simplifying the manufacture, the groove 27 communicated
      with the arc-shaped oil discharging groove 25 is extended in the direction
      of the side plate 3 to do away with the branched holes 26A and 26B. Also,
      according to the lubricating method using nozzles in the distance piece
      projected into the bearing, sufficient effective oil deposition can be
      provided by using only a small amount of oil mist, and as supply of such
      oil mist is practiced with reduced pressures, housing pressure can be
      markedly reduced as compared with the conventional systems. Further, in
      case there is any possibility of causing ingress of alien matters from the
      outside, a screw or small piece 35 having a hole or groove 34 smaller in
      diameter than the exhaust hole 19 (see FIG. 9) leading into the atmosphere
      may be provided at the outlet end, indicated by B, of said exhaust hole 19
      (see FIG. 5), so as to retain pressure in the housing at a desired level
      to thereby prevent ingress of alien matters.
PAR  In the foregoing embodiment of the present invention, the distance piece
      formed with the oil mist injection nozzles is trapezoidal in general
      configuration as shown in FIG. 10. Therefore, each injection nozzle hole
      21 is arranged to be directed toward the outer edge of the flange end face
      16 in sliding contact with the roller end face 15, with the fore end of
      said hole being positioned as close to the flange end face as possible.
      This distance piece 10, however, may be altered in its configuration as in
      the following embodiment.
PAR  FIG. 11 shows, in section, a modification where the distance piece 10 is
      T-shaped and L-shaped slits 21 are provided therein alternately, and FIG.
      12 shows another modification where T- or Y-shaped slits 21 are provided
      in the T-shaped distance piece 10. In still another modification shown in
      FIG. 13, slits 21 are formed with inclinations in the vertical and
      horizontal directions relative to the axis, and FIG. 14 shows yet another
      embodiment where a nozzle head 22 is detachably secured to a part or along
      the entire periphery of the distance piece such that said nozzle head will
      project into the bearing chamber. Sliding of the retainer means 17 and
      rollers 14 is an important factor in practicing lubrication of the bearing
      according to the present invention. It is therefore desirable to arrange
      the injection nozzle holes 21 in plural rows in the diametrical direction
      of the distance piece, as shown in FIG. 15, so as to effect lubrication
      between said retainer means 17 and rollers 14 simultaneously with
      lubrication over the roller end and flange end faces.
PAR  The above-described arrangements of the distance piece used in the present
      invention produce the following splendid effects in practical use. That
      is, the wet mist which has passed through the slits 21 is scarcely
      condensed in other parts than the areas to be lubricated and its
      deposition is concentrated on the end faces 15 of the rollers, allowing
      sufficient supply of lubricating oil to the inner race flange end faces
      16, too. Further, since scattering of lubricating oil cause by centrifugal
      force with rotation of the inner race flange end face 16 is confined to
      minimum by the axial component of force developed by hitting of injected
      air against the roller end faces, sufficient lubrication is provided on
      the inner race flange end face 16 where the greatest amount of frictional
      heat is produced. Moreover, increased air cooling efficiency can prevent
      burning and also stabilized supply of lubricating oil is assured by direct
      injection of oil mist to the rolling face of the inner race, thus
      phenomenally improving the bearing performance.
PAR  The present invention can be also embodied with the following arrangements.
      That is, FIG. 16 shows a sectional view of the housing and the lower
      portion of a bearing according to this embodiment, where, instead of
      employing the above-said arrangement for effecting oil supply from above
      and oil discharge from bottom, the oil supplied and air cooled area is
      expanded over the entire periphery of the bearing. As seen in the figure,
      the oil supplying duct groove 9 is provided in communication with the
      entire surroundings as in the conventional systems and oil discharge
      grooves 30 independent of said oil supply groove 9 are disposed on both
      sides of said supply groove 9 such as to circumscribe the oil discharge
      groove 29 in the distance piece shown in FIG. 5. In operation, this
      embodiment demonstrates the same performance characteristics as those of
      the bearing shown in FIGS. 7 and 8. In case no sufficient space can be
      acquired for the oil supply and discharge grooves 9, 30 because of a
      specific arrangement of the distance piece 10 as shown in FIG. 17, it is
      possible to provide an oil discharge groove 31 on the end face of each
      outer ring constructed in contact with the distance piece. It is also
      possible to provide a recess 33 in a spacer ring 32 disposed between the
      distance piece 10 and outer rings 12 so that said recess 33 will serve as
      oil discharging groove.
PAR  in a multiple-row roller bearing, it is impossible to incorporate the
      rollers 14 along with the distance piece having a protuberance such as
      above-described. In the bearing of the present invention, the inner race
      13, rollers 14 and retainer means 17 are arranged integral with each
      other, and as shown in FIGS. 19 and 20, the distance piece 10 is divided
      in multiple segments and these segments are assembled individually. Every
      divided portion C can be securely fastened by combination of a guide
      groove 36 and a cotter or key 37 to prevent removal or dislocation of the
      divided segments of the distance piece when installing the bearing. Such
      fastening can be also accomplished by providing a contant-width recessed
      groove 38 along the entire outer periphery of the distance piece as shown
      in FIG. 21 and fitting therein an internal piston ring or snap ring to
      thereby integrate the divided distance piece segments.
PAR  As described above, there is provided according to the present invention a
      bearing which is always provided with highly reliable lubrication and can
      stand long-time continuous operation, by eliminating extra lubricating oil
      in the multiple-row roller bearing utilizing oil mist lubricating system.
PAR  In addition, it should be understood that the present invention can be also
      applied for a four-row type roller bearing, a six-row type roller bearing
      or the like other than the two-row type roller bearing inclusive of a
      single-row type, although the above-described embodiments have been
      explained as a two-row type roller bearing. Further, the present invention
      can be naturally applied for a roller bearing of cylindrical type or the
      like other than conical type.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple row roller bearing comprising
PA1  at least two rows of roller bearings, each of said rows including inner and
      outer races for said roller bearings,
PA1  first means for separating the outer races of respective rows of said
      roller bearings, said first means including nozzle means for injecting
      lubricant to said roller bearings and discharge means for discharging said
      lubricant from said roller bearings,
PA1  second means for supplying said lubricant to said nozzle means, and
PA1  third means for exhausting said lubricant from said discharge means, said
      third means being independent and separated from said second means such
      that a positive flow of said lubricant through said roller bearings is
      effected.
NUM  2.
PAR  2. A multiple row roller bearing according to claim 1, wherein said first
      means comprises a spacer member between said outer races, said spacer
      member defining a bearing chamber with respective roller bearings of said
      at least two rows, and wherein said nozzle means include at least one bore
      communicating through said spacer member into said bearing chamber.
NUM  3.
PAR  3. A multiple row roller bearing according to claim 2, wherein at least one
      of said bores opens into said bearing chamber adjacent to each of said
      respective roller bearings.
NUM  4.
PAR  4. A multiple row roller bearing according to claim 3, wherein said nozzle
      means injects a fine mist of said lubricant to each of said respective
      roller bearings.
NUM  5.
PAR  5. A multiple row roller bearing according to claim 4, wherein each of said
      respective roller bearings are supported by said inner races by a flange
      end surface of said inner races in sliding contact with an end face of
      said roller bearings, said fine mist of said lubricant adhering to said
      flange end surface and said end face of said roller bearings.
NUM  6.
PAR  6. A multiple row roller bearing according to claim 2, wherein said second
      means includes a first duct circumscribing at least a portion of said
      spacer member, said first duct communicating with each of said bores of
      said nozzle means, and a channel means for feeding air and said lubricant
      to said first duct.
NUM  7.
PAR  7. A multiple row roller bearing according to claim 6, wherein said third
      means includes at least one second duct at the outer periphery of said
      spacer member, said second duct being separated from said first duct, and
      each of said second ducts being in communication with said discharge
      means.
NUM  8.
PAR  8. A multiple row roller bearing according to claim 7, wherein said first
      and second ducts are separated by partition members of a housing of said
      at least two rows of roller bearings.
NUM  9.
PAR  9. A multiple row roller bearing according to claim 8, wherein said first
      duct has a greater circumferential length about said spacer member than
      that of said at least one second duct.
NUM  10.
PAR  10. A multiple row roller bearing according to claim 8, wherein said
      discharge means include discharge holes in said spacer member, said
      discharge holes being disposed at a level of or lower than the lowest of a
      roller bearing contacting surface of said outer races.
NUM  11.
PAR  11. A multiple row roller bearing according to claim 10, wherein said
      discharge holes have a larger cross-section than said bores of said nozzle
      means.
NUM  12.
PAR  12. A multiple row roller bearing according to claim 7, wherein each of
      said first and second ducts are provided by arc-shaped grooves extending
      into a bearing housing surrounding said outer races and spacer member,
      each of said arc-shaped grooves having first and second radii respectively
      smaller than the radius of the inner periphery of said bearing housing and
      having first and second centers respectively offset with respect to the
      center of said bearing housing such that said first and second arc-shaped
      grooves are separated by portions of said inner periphery of said bearing
      housing between respective arcs.
NUM  13.
PAR  13. A multiple row roller bearing according to claim 12, wherein said first
      radius is greater than said second radius and said first center is offset
      from said center of said bearing housing at a distance greater than that
      of said second center, such that said first duct has a greater volume than
      said at least one second duct.
NUM  14.
PAR  14. A multiple row roller bearing according to claim 12, wherein said
      discharge means include at least one slot at least at one side of said
      spacer member facing end surfaces of said outer races, said slot
      discharging lubricant from said bearing chamber to said at least one
      second duct.
NUM  15.
PAR  15. A multiple row roller bearing according to claim 14, wherein said at
      least one slot has a greater cross-section than said at least one bore of
      said nozzle means.
NUM  16.
PAR  16. A multiple row roller bearing according to claim 2, wherein said spacer
      member has a substantially trapezoidal configuration such that each bore
      opening into said bearing chamber is disposed close to a flange end
      surface of said inner race in sliding contact with an end face of each
      respective roller bearing.
NUM  17.
PAR  17. A multiple row roller bearing according to claim 16, wherein each said
      bore extends through said substantially trapezoidal configuration with an
      inclination from said second means at the broad base of said trapezoidal
      configuration to said bearing chamber at the pitched sides of said
      trapezoidal configuration.
NUM  18.
PAR  18. A multiple row roller bearing according to claim 2, wherein said spacer
      member has a T-shaped configuration with each of said bores having at
      least one of an L-shape, a T-shape or a Y-shape extent in said spacer
      member.
NUM  19.
PAR  19. A multiple row roller bearing according to claim 2, wherein said spacer
      member includes a plurality of nozzle heads detachably secured along the
      periphery of said spacer member, each of said nozzle heads projecting into
      said bearing chamber.
NUM  20.
PAR  20. A multiple row roller bearing according to claim 7, wherein said first
      duct circumscribes the entire outer periphery of said spacer member, and
      said second duct includes two discharge channels being disposed
      independently at each side of said first duct, said two discharge channels
      being separated from said first duct by a portion of a bearing housing of
      said at least two rows of roller bearings.
NUM  21.
PAR  21. A multiple row roller bearing according to claim 20, wherein said
      discharge means includes at least two slots at respective sides of said
      spacer member facing end surfaces of said outer races, each of said two
      slots discharging lubricant from said bearing chamber to respective ones
      of said two discharge channels.
NUM  22.
PAR  22. A multiple row roller bearing according to claim 6, wherein said third
      means include at least one discharge duct at the end face of said outer
      race in contact with said spacer member, said at least one discharge duct
      forming said discharge means in communication with said bearing chamber.
NUM  23.
PAR  23. A multiple row roller bearing according to claim 6, wherein spacer
      rings are provided between the end faces of said outer races and said
      spacer member, and wherein said third means includes at least one recess
      in at least a portion of said spacer rings, said recess forming a
      discharge channel from said bearing chamber.
NUM  24.
PAR  24. A multiple row roller bearing according to claim 2, wherein said spacer
      member includes multiple segments.
NUM  25.
PAR  25. A multiple row roller bearing according to claim 24, wherein said
      multiple segments are secured by a combination of guide means and key
      means.
NUM  26.
PAR  26. A multiple row roller bearing according to claim 24, wherein said
      multiple segments are secured by a snap-ring fitted into a groove along
      the entire outer periphery of said spacer member.
NUM  27.
PAR  27. A multiple row roller bearing according to claim 1, wherein said third
      means includes at least one discharging channel in communication with said
      discharge means to exhaust said lubricant away from said rows of roller
      bearings out of a bearing housing.
NUM  28.
PAR  28. A multiple row roller bearing according to claim 27, wherein fourth
      means for preventing ingress of alien matter into said bearing housing and
      for maintaining said lubricant at a predetermined pressure in said housing
      is provided at an exit end of said at least one discharging channel.
NUM  29.
PAR  29. A multiple row roller bearing according to claim 1, wherein said nozzle
      means injects a fine mist of said lubricant to each of said respective
      roller bearings.
NUM  30.
PAR  30. A multiple row roller bearing according to claim 8, wherein said spacer
      member has a substantially trapezoidal configuration such that each bore
      opening into said bearing chamber is disposed close to a flange end
      surface of said inner race in sliding contact with an end face of each
      respective roller bearing.
NUM  31.
PAR  31. A multiple row roller bearing according to claim 30, wherein each said
      bore extends through said substantially trapezoidal configuration with an
      inclination from said second means at the broad base of said trapezoidal
      configuration to said bearing chamber at the pitched sides of said
      trapezoidal configuration.
NUM  32.
PAR  32. A multiple row roller bearing according to claim 12, wherein said
      spacer member has a substantially trapezoidal configuration such that each
      bore opening into said bearing chamber is disposed close to a flange end
      surface of said inner race in sliding contact with an end face of each
      respective roller bearing.
NUM  33.
PAR  33. A multiple row roller bearing according to claim 32, wherein each said
      bore extends through said substantially trapezoidal configuration with an
      inclination from said second means at the broad base of said trapezoidal
      configuration to said bearing chamber at the pitched sides of said
      trapezoidal configuration.
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ABST
PAL  A housing for the bearing of a worm gear of the type used in steering gear
      devices of vehicles is provided with a cover plate having an annular
      groove or cavity into which the conical disc spring which bears on a ball
      bearing race can bend or bow in order to give it the freedom required for
      precise pretensioning or resilient compression against the radial face of
      the race.
BSUM
PAR  Briefly, in prior art arrangements plate springs are used, namely springs
      which are provided with a certain amount of conicity between the cover of
      a bearing housing and the race. This spring becomes arched as the cover is
      fastened in place. A portion of the arch spring surface, bowing outwardly,
      is interferred with by the cover hampering the free arching movement. This
      makes it impossible to precisely determine the pressure brought to bear on
      the bearing race by the spring.
PAR  This drawback is compensated for in prior art constructions by the use of
      spacers disposed between the housing and the cover in order to prevent
      engagement of the arching spring with the cover. However, the present
      invention eliminates such spacers except for a single spacer which may be
      required to compensate for the thickness of the plate spring in tightening
      the cover to the housing.
DRWD
PAR  A detailed description of the invention now follows in conjunction with the
      appended drawing in which:
PAR  FIG. 1 is a plan view of the housing cover;
PAR  FIG. 2 shows a cross section on line II--II of FIG. 1; and
PAR  FIG. 3 is a longitudinal section illustrating the assembly of components of
      the invention as applied to a worm gear bearing prior to fastening of the
      cover plate to the housing.
DETD
PAR  Referring to the drawing, a bearing cover 1 has a center bore 2 and bores 3
      for screws to fasten the cover to worm gear housing 5.
PAR  The cover is provided with an annular groove 6 on its inner radial face
      concentric to bore 2. An annular ball bearing as indicated at 7 around the
      worm gear shaft 8 which ball bearing has a race 7a. A ring spacer 9 is
      intermediate housing 5 and cover 1 which spacer in effect determines the
      pretension of a conical ring-like spring 10 when the cover and housing are
      drawn against each other, thus precisely determining the axial force which
      the spring 10 bears against the bearing race 7a.
PAR  It will be appreciated that spring 10 between the cover and housing will
      change shape when the cover is drawn against the housing. There is an
      arching or bowing of the spring 10 which changes in length axially. In
      fact, the change is generally from rectangular to somewhat spherical in
      section. In order to avoid any restriction on the natural bowing of the
      spring 10 by engagement with the cover, which would destroy precise
      determination of axial force, a groove 6 which may be rather slight in
      depth is provided on the cover. This prevents the bowed spring 10 from
      being engaged by the cover in any measure that would affect the axial
      force which the stressed spring 10 exerts.
PAR  Thus, the plate spring essentially engages the race 7a at its outer
      periphery and engages the cover at its inner periphery so that it is free
      to bow and take an unrestricted arched shape under the compressive action
      of the cover when the cover is fastened to the housing. The effect
      achieved makes it possible to provide a precise axial force on the worm
      shaft 8 acting through the bearing and as determined by the thickness of
      the spacer 9. The advantage produced is the uniformity of turning effort
      of the worm 8 even when the bearing wears.
CLMS
STM  I claim:
NUM  1.
PAR  1. An arrangement for effecting a precisely determined axial force on a
      thrust bearing within a housing:
PA1  comprising a housing having a bearing race therein;
PA1  a cover on said housing;
PA1  a conical ring-like spring having an edge compressed by said cover to
      effect axial force of the other edge on said bearing race;
PA1  and an annular groove in said cover disposed to freely accommodate a bowed
      portion of said spring as it bows under compression, so as to maintain a
      precise force on said bearing by avoiding abutment between said bowed
      portion and said cover.
NUM  2.
PAR  2. An arrangement as set forth in claim 1, including a spacer between said
      housing and said cover encompassing said spring for predetermining the
      extent of stress exerted on said spring by said cover dependent upon the
      thickness of said spacer.
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ABST
PAL  An angular contact roller bearing has a sheet metal separator guiding
      rollers revolving on inclined axes in an orbital movement around the
      longitudinal axis of the bearing. The sheet metal separator is made from a
      ladder shaped strip of sheet metal with the cross bars in an angular
      orientation which is rolled to an annular form with axially spaced
      cylindrical end rings of equal diameter. The cross bars may be configured
      to provide roller retainment in either or both radial directions as
      exemplified by the three embodiments disclosed. In one embodiment one of
      the cylindrical end rings cooperates with one bearing race to provide a
      unit handled subassembly with retained rollers. As disclosed in the
      specification, the cylindrical end rings may also be used to center the
      separator from one of the races if such a feature is desired.
PARN
PAR  This application is a continuation of U.S. patent application Ser. No.
      356,772 filed May 3, 1973, now abandoned.
PAR  This invention relates generally to angular contact roller bearings and
      more specifically to such a bearing having a sheet metal separator and a
      method of making sheet metal separators.
PAR  Angular contact roller bearings with "drawn cup" sheet metal separators are
      already known. The "drawn cup" sheet metal separators are made by drawing
      a frustoconical cup, punching out the bottom wall and piercing roller
      receiving windows in the side wall. The generally frustoconical separator
      thus provided has inclined large diameter and small diameter end rings
      connected by inclined cross bars properly oriented for guiding the rollers
      on their inclined axis. The cross bars are usually straight in axial
      section, although bent cross bars have been proposed to provide two way
      retention as is shown in U.S. Pat. No. 3,133,770  issued to J. H. Cowles
      on May 19, 1964 for a "Roller Retainer For Tapered Bearings". In any
      event, the "drawn cup" method of making sheet metal separators for angular
      contact bearings results in scrap which generally outweighs the finished
      separator by about two-to-one.
PAR  On the other hand, sheet metal separators for radial roller bearings, that
      is, roller bearings in which the roller axes are parallel to the
      longitudinal axis of the bearing, are generally made by the "rolled strip"
      method which produces much less scrap. More specifically, sheet metal
      separators for radial roller bearings are made by piercing a series of
      windows in a flat strip of stock producing a ladder shaped strip which is
      then rolled into an annulus. In this process the cross bars between the
      windows connecting the end rings can be straight but often are bent for
      various purposes such as increased roller retainment into a configuration
      which by nature is symmetrical to the center plane of the separator.
PAR  The advantage of the "rolled strip" method over the "drawn cup" method in
      terms of material savings has long been recognized and various attempts
      have been made to apply the "rolled strip" method to the manufacture of
      sheet metal separators for angular contact bearings. See for instance the
      U.S. Pat. No. 1,446,487 issued to H. H. Timken on Feb. 27, 1923 for a
      "Roller Bearing Cage and Method of Making Same" and the U.S. Pat. No.
      3,365,775 issued to E. V. Cavagnero et al. on Jan. 30, 1968 for a "Method
      of Making Bearing Separators and the Like". In both of these prior
      attempts, however, the general approach is to first make a sheet metal
      separator as though it were for a radial roller bearing and then to
      subsequently modify the separator into a generally frustoconical form such
      as by coning the separator in the instance of the Timken patent or by
      scalloping one of the end rings to a small effective diameter as in the
      instance of the Cavagnero et al. patent. These approaches, however, have
      the drawback that the separator end rings are subjected to severe forming
      pressures which makes it extremely difficult to maintain concentricities
      and tolerances in the separator for efficient roller guidance and
      retainment. Also the angular orientation of the end rings resulting from
      these methods makes it difficult to retain the separator in assembly with
      one race or to center the separator from one race if either of these
      features is desired. In the case of the Cavagnero separator with its
      scalloped end ring, centering of the separator from a race ring is highly
      impracticable if not impossible and this scalloped end ring obviously
      cannot be realistically used for cooperative retainment with a race.
PAR  An object of my invention is to provide an angular contact roller bearing
      with a sheet metal separator improved in terms of material savings and/or
      roller guidance.
PAR  Another object of my invention is to provide an improved "rolled ladder"
      method of making sheet metal separators for angular contact roller
      bearings.
PAR  Yet another object of my invention is to provide an angular contact roller
      bearing with a sheet metal separator improved by making the separator by
      an improved "rolled ladder" method.
DRWD
PAR  Other objects and features of the invention will become apparent to those
      skilled in the art as the disclosure is made in the following detailed
      description of several embodiments of the invention as illustrated in the
      accompanying sheets of drawing in which:
PAR  FIG. 1 is an axial section of an angular contact roller bearing having
      tapered rollers and a sheet metal separator showing a first embodiment of
      my invention.
PAR  FIG. 2 is a section taken along the line 2--2 of FIG. 1 showing the
      relationship between the separator cross bars and a typical tapered roller
      adjacent the large diameter end of the roller.
PAR  FIG. 3 is a section taken along the line 3--3 of FIG. 1 showing the
      relationship between the separator cross bars and the tapered roller
      adjacent the small diameter end of the roller.
PAR  FIG. 4 is a plan view of a portion of a flat blank strip with pierced
      windows from which the sheet metal separator shown in FIG. 1 is made.
PAR  FIG. 5 is a section taken along the line 5--5 of FIG. 4 showing the side
      face of a typical cross bar.
PAR  FIG. 6 is a section taken along the line 6--6 of FIG. 4 showing a section
      through the cross bar.
PAR  FIG. 7 is a plan view of the blank strip portion shown in FIG. 4 after the
      cross bars have been bent.
PAR  FIG. 8 is a section taken along the line 8--8 of FIG. 7 showing a typical
      cross bar after being bent.
PAR  FIG. 9 is a front axial view, schematic in nature, showing a pierced and
      bent strip of requisite length rolled into a hoop to form the generally
      annular separator shown in FIG. 1.
PAR  FIG. 10 is a view taken along the line 10--10 of FIG. 9 showing the
      abutting ends of the rolled strip.
PAR  FIG. 11 is an axial cross section of an angular contact roller bearing
      having barrel shaped rollers and a sheet metal separator showing a second
      embodiment of my invention.
PAR  FIG. 12 is a section taken along the line 12--12 of FIG. 11 showing the
      relationship between the separator cross bars and the barrel rollers at
      the maximum center diameter of the barrel shaped rollers.
PAR  FIG. 13 is a plan view of a portion of a flat strip with pierced windows
      from which the separator shown in FIG. 11 is made.
PAR  FIG. 14 is a view taken along the line 14--14 of FIG. 13 showing the side
      face of a typical cross bar.
PAR  FIG. 15 is a plan view similar to FIG. 13 showing the strip after the cross
      bars have been bent.
PAR  FIG. 16 is a front axial schematic view of a proper length strip rolled to
      annular form.
PAR  FIG. 17 is an axial section of an angular contact roller bearing having
      barrel rollers and a sheet metal cage showing a third embodiment of my
      invention.
PAR  FIG. 18 is a plan view of a portion of a flat strip with pierced windows
      from which the separator shown in FIG. 17 is made.
DETD
PAR  Referring now to the drawings and more particularly to FIG. 1, a tapered
      roller bearing indicated generally at 20 comprises an inner race 22 and an
      outer race 24 concentrically disposed about a longitudinal axis 26. A
      series of frustoconical or tapered rollers 28 engage the races and revolve
      an axes 30 in an orbital movement around the longitudinal axis 26 as the
      races rotate relative to each other during operation of the bearing. The
      roller axes 30 are inclined or angularly related to the longitudinal axis
      26 of the bearing thus describing an imaginary conical surface as the
      rollers revolve and orbit.
PAR  A sheet metal separator indicated generally at 32 comprises axially spaced
      end rings 34 and 36 connected by a series of cross bars 38 defining
      windows 40 receiving and circumferentially spacing the rollers 28. The end
      rings 34 and 36 are cylindrical and of equal diameter with the cross bars
      38 angularly oriented to provide suitable guidance for the angularly
      oriented tapered rollers 28. More specifically the angularly oriented
      cross bars 38 comprise an elongated central portion 42 which is inclined
      with respect to the longitudinal axis 26 of the bearing 20.
PAR  In the first embodiment of my invention, the inclined central portions 42
      of the cross bars 38 are located outwardly of the imaginary conical
      surface defined by the roller axes 30 and have side faces 44 provided with
      flat roller guiding surfaces 46 which engage the rollers 28 in a line
      contact. The roller guiding surfaces 46 on adjacent cross bars slant
      toward each other in the radially outward direction and are spaced to
      retain the rollers 28 in the windows 40 in the absence of the outer race
      24. See FIGS. 2 and 3. The roller guiding surfaces 46 are shown as
      extending along the entire length of the inclined central portions 42 so
      that they guide and retain the rollers 28 for nearly their entire length.
      The roller guiding surfaces 46, however, need not necessarily be
      uninterrupted and in some instances separate guiding surfaces near the
      respective ends of the rollers 28 may be sufficient. In any event the
      inclined central portions 42 necessarily extend for a majority of the
      length of the cross bars 38 for adequate roller guidance irrespective of
      the nature of the roller guiding surfaces 46.
PAR  The inclined central portions 42 are connected to the end ring 36 by a
      generally radial S-shaped portion 48 which protrudes radially outwardly
      from the end ring 36 in order to provide a transition between the equal
      cylindrical nature of the end rings 34 and 36 and the inclined nature of
      the cross bars 38. At the opposite ends the inclined central portions 42
      are connected to the other end ring 34 by a smaller generally radial
      S-shaped portion 50 which extends radially inwardly from the end ring 34.
      However, in some instances it may be necessary only to bend the cross bars
      38 slightly in the radial outward direction at their connection to the end
      ring 36 in order to give the central portions 42 the proper inclinations.
      The inclination of the central portions 42 indicated by the lines 52 need
      not necessarily duplicate that of the roller axes 30. In the bearing shown
      in FIG. 1, the inclination of the central portions 42 forms a slightly
      more acute angle with the longitudinal axis 26 than does a typical roller
      axis 30 because of the roller retainment feature and the tapered nature of
      the rollers 28.
PAR  The end ring 36 includes a number of circumferentially spaced lanced tabs
      54 resilient enough to snap past a thrust shoulder 56 at the large
      diameter end of the inner race 22 and yet rigid enough to thereafter
      cooperate with the shoulder 56 to retain the separator 32, rollers 28 and
      inner race 22 in a unit handled subassembly in the absence of the outer
      race 24.
PAR  Referring now to FIGS. 4, 5 and 6, the separator 32 shown in FIG. 1 is made
      in the following manner. A series of windows 40a is first punched from a
      flat strip 32a of sheet metal into a "ladder" having flat end bands 34a
      and 36a interconnected by flat cross bars 38a. The windows 40a are pierced
      out with localized confronting enlargements 41a at the ends thereof such
      that the opposite side faces at end portions 48a and 50a of the cross bars
      38a are relieved for avoiding interference of the completed cage with the
      rollers 28 and at the same time the end portions 48a and 50a of the cross
      bars are thinned for easier bending later on.
PAR  The enlarged central portions 42a of the cross bars 38a are also preferably
      coined producing slanted surfaces 46a on their side faces which eventually
      engage the rollers of the bearing in a line contact. After the strip 32a
      is pierced and coined, the cross bars 38a are then bent at the thinned end
      portions 48a and 50a shown in FIGS. 4, 5 and 6 so that the enlarged
      central portions 42a are inclined with respect to the end bands 34a and
      36a and connected thereto by the upright S-shaped portions 48b and 50b
      formed from the end portions 48a and 50a. See FIGS. 7 and 8. The lanced
      tabs 54 in the end band 36a shown in FIGS. 7 and 8 may be pierced
      simultaneously with the piercing of the windows 40a  and bent
      simultaneously with the bending of the cross bars 38a or they may be
      provided by separate operations. However, in either event the lanced tabs
      are preferably formed while the end band 36a is flat. After the cross bars
      38a are bent as shown in FIGS. 7 and 8, a strip of requisite length is
      rolled to annular form as schematically shown in FIG. 9 with the ends of
      the strip in abutting engagement. The abutting ends of the rolled strip
      are then resistance welded as indicated at 58 in FIG. 9 and shown more
      clearly in FIG. 10.
PAR  A second embodiment of my invention is shown in FIG. 11 wherein the angular
      contact roller bearing 120 comprises an inner race 122 and an outer race
      124 concentrically disposed about a longitudinal axis 126. A series of
      barrel shaped rollers 128 engage the races and revolve on axes 130 in an
      orbital movement around the longitudinal axis 126 as the races rotate
      relative to each other during operation of the bearing. The roller axes
      130 are inclined or angularly related to the longitudinal axis 126 of the
      bearing thus describing an imaginary conical surface as the rollers
      revolve and orbit.
PAR  A sheet metal separator indicated generally at 132 comprises axially spaced
      end rings 134 and 136 connected by a series of cross bars 138 defining
      windows 140 receiving and circumferentially spacing the rollers 128. The
      end rings 134 and 136 are cylindrical and of equal diameter with the cross
      bars 138 angularly oriented to provide suitable guidance for the angularly
      oriented barrel shaped rollers 128. More specifically the angularly
      oriented cross bars 138 comprise an elongated central portion 142 which is
      inclined with respect to the longitudinal axis 126 of the bearing 120.
PAR  In the second embodiment of my invention, the inclined central portions 142
      of the cross bars 138 are located inwardly of the imaginary conical
      surface defined by the roller axes 130 and have side faces 144 provided
      with flat roller guiding surfaces 146 which engage the rollers 128 in a
      line contact. The roller guiding surfaces 146 on adjacent cross bars slant
      toward each other in the radially inward direction and are spaced to
      retain the rollers 128 in the windows 140 in the absence of the inner race
      124. See FIG. 12. The roller guiding surfaces 146 are shown as extending
      along the entire length of the inclined central portions 142 so that they
      guide and retain the rollers 128 for nearly their entire length. The
      roller guiding surfaces 146, however, need not necessarily be
      uninterrupted and in some instances separate guiding surfaces near the
      respective ends of the rollers 128 may be sufficient. In any event the
      inclined central portions necessarily extend for a majority of the length
      of the cross bars 138 for adequate roller guidance irrespective of the
      nature of the roller guiding surfaces 146.
PAR  The inclined central portions 142 are connected to the end ring 134 by a
      generally radial S-shaped portion 150 which protrudes radially inwardly
      from the end ring 134 in order to provide a transition between the equal
      cylindrical nature of the end rings 134 and 136 and the inclined nature of
      the cross bars 138. At the opposite ends the inclined central portions 142
      extend right to the other end ring 136 and are connected thereto with
      slight bends in the radially inward direction. The inclination of the
      central portions 142 indicated by the lines 152 need not necessarily
      duplicate that of the roller axes 130. However, in the bearing 120 shown
      in FIG. 11, the inclination of the central portions 142 is the same as
      that of the typical roller axis 152 because of the symmetrical nature of
      the barrel shaped rollers 128.
PAR  Referring now to FIGS. 13 and 14, the separator 132 shown in FIG. 11 is
      made in the following manner. A series of windows 140a is first punched
      from a flat strip 132a of sheet metal into a "ladder" having flat end
      bands 134a and 136a interconnected by flat cross bars 138a. The windows
      140a are pierced out with localized confronting enlargements 141a at one
      end thereof such that the opposite side faces at the end portions 150a of
      the cross bars 138a are relieved for avoiding interference of the
      completed cage with the rollers 128 and at the same time the end portions
      150a of the cross bars are thinned for easier bending later on.
PAR  The enlarged central portions 142a of the cross bars 138a are then
      preferably coined producing slanted surfaces 146a on their side faces
      which eventually engage the rollers of the bearing in a line contact.
      After the strip 132a is pierced and coined, the cross bars 138a are then
      bent so that the portions 142a are inclined with respect to the end bands
      134a and 136a and connected to the end band 134a by the upright S-shaped
      portions 150b formed from the end portions 150a and to the end band 134a
      by a slight bend. See FIG. 15. An axial section through the cross bar 138a
      now corresponds to the axial section through the cross bar 138 of the
      completed separator as shown in FIG. 11.
PAR  After the cross bars 138a are so bent, a strip of requisite length is
      rolled to annular form and the abutting ends are resistance welded as
      indicated at 158 in schematic FIG. 16.
PAR  Referring now to FIG. 17, a third embodiment of my invention is shown in
      conjunction with an angular contact bearing 220 having barrel shaped
      rollers 228 and inclined axes 226 similar to the bearing 120 except for
      the separator 232 which retains the rollers 228 in both radial directions.
      To this end, the cross bars 238 have their inclined portions consisting of
      two sections 241 and 243 respectively located radially inward and radially
      outward of the imaginary conical surface defined by roller axes 226. The
      sections 241 are connected to the end ring by a slight outward bend and
      have slanted surfaces 245 on their side faces which narrow the windows 240
      in the radially outward direction so that the slanted surfaces 245 retain
      the rollers 228 in one direction as well as contribute to their guidance.
      The sections 241 in turn are connected to the sections 243 by generally
      radial S-shaped portions 250. The sections 243 in turn are connected to
      the end ring 236 by slight radial bends. The sections 243 have slanted
      surfaces 247 on their side faces which narrow the windows 240 in the
      radially inward direction so that the slanted surfaces 247 retain the
      rollers in the other direction as well as contribute to roller guidance.
      As shown in FIG. 17, the sections 241 and 243 do not have the same
      inclinations as the roller axes 226 but preferably converge toward each
      other to reduce the height of the S-shaped portions 238 and thereby reduce
      the width of the original blank strip from which the separator is made.
PAR  The separator 232 is made from a flat blank strip shown in plan view in
      FIG. 18. The blank strip windows 240a are punched with localized
      confronting enlargements 239 at the middle so that the midportions 250a of
      the cross bars 238a connecting the end bands 234a and 236a have their side
      faces relieved for non-interference with the rollers and thinned for
      subsequent bending. The cross bars 238a are also preferably coined to
      produce the slanted surfaces 245a and 247a which eventually provide the
      slanted roller guiding and retaining surfaces 245 and 247. The surfaces
      245 and 247 are coined from the opposite directions either simultaneously
      or in separate operations. After the blank is of the form shown in FIG.
      18, the cross bars are then bent slightly at their connection to each of
      the end rings and deeply at the thinned midportions 250a into the
      configuration shown in FIG. 17. With the cross bars so bent, a strip of
      requisite length is rolled to annular form and the abutting ends of the
      strip resistance welded as before.
PAR  When completed each of the three sheet metal separators which have been
      disclosed have the advantages of cylindrical end rings which have not been
      subjected to any heavy forming pressures and inclined cross bars having a
      proper orientation for guiding the rollers in an angular contact bearing.
      The cylindrical end rings provide convenient structure for race retaining
      structure as illustrated in the first embodiment of my invention and they
      also provide convenient structure for centering the separator from one of
      the races if such a feature is desired.
PAR  It has been illustrated that a separator in accordance with my invention
      not only guides the rollers but can be configured to retain the rollers in
      either or both radial directions. It is also to be understood that the
      separator can also be configured to simply guide the rollers without any
      roller retention feature in which case it is preferable to locate the
      inclined portions of the cross bars on the roller axes. It is further to
      be understood that my invention is applicable to any angular contact
      bearing whether the rollers be cylindrical, tapered, barrel shaped or a
      tapered barrel shape. Further while the method of making the separator has
      for convenience been described as though an entire strip was punched, then
      coined, then bent, etc., it is to be understood that this is not a
      limiting feature as the separator might be made with progressive forming
      techniques so that several operations are simultaneously performed on
      different portions of a strip of material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An angular contact roller bearing comprising
PA1  relatively rotatable inner and outer races having a common longitudinal
      axis,
PA1  a plurality of rollers disposed between said races in rollable engagement
      therewith,
PA1  said rollers having longitudinal axes angularly disposed with respect to
      said common longitudinal axis of said races about which said rollers
      respectively revolve during operation of the bearing, and
PA1  a separator rolled to annular form from a strip of sheet metal, said
      separator having windows receiving said rollers and comprising cylindrical
      end ring portions of equal diameter disposed on opposite sides of an
      imaginary conical surface defined by said longitudinal axes, said end ring
      portions being interconnected by a plurality of cross bars having an
      asymmetrical configuration and major portions angularly disposed with
      respect to said common longitudinal axis of said bearing engaging and
      guiding said rollers along a majority of their lengths.
NUM  2.
PAR  2. An angular contact roller bearing as defined in claim 1 wherein said
      major portions are spaced from said imaginary conical surface and have
      radial faces, each of said radial faces confronting another of said radial
      faces on an adjacent cross bar in a circumferential spatial relationship
      which prevents said rollers from passing through therebetween.
NUM  3.
PAR  3. An angular contact roller bearing as defined in claim 2 wherein said
      major portions on each cross bar consists of a single inclined section.
NUM  4.
PAR  4. An angular contact roller bearing as defined in claim 2 wherein said
      major portions consist of first inclined sections located on one side of
      said imaginary conical surface and second sections located on the opposite
      side of said imaginary conical surface, said first and second sections
      being connected by S-shaped, generally radial portions.
NUM  5.
PAR  5. A separator for angular contact bearings which is rolled to annular form
      from a strip of sheet metal comprising axially spaced cylindrical end ring
      portions of equal diameter concentric with a longitudinal axis, said end
      ring portions being interconnected by a plurality of cross bars forming
      roller receiving windows, said cross bars being connected to said end ring
      portions at locations equidistant from said longitudinal axis and having
      an asymmetrical configuration, and said cross bars including inclined
      roller guiding portions angularly disposed with respect to said
      longitudinal axis for engaging and guiding rollers on axes disposed at an
      angle with respect to said longitudinal axis and generally radial S-shaped
      portions connected to the inclined portions and axially aligned therewith
      whereby production of the separator by rolling a ladder-shaped strip of
      sheet metal is possible without reducing the diameter of the end ring
      portions.
NUM  6.
PAR  6. The separator as defined in claim 5 wherein said inclined roller guiding
      portions are connected to one of said end ring portions by a slight bend
      and incline substantially directly from said one end ring.
NUM  7.
PAR  7. The separator as defined in claim 6 wherein said inclined roller guiding
      portions are connected to the other of said end rings by said generally
      radial S-shaped portions.
NUM  8.
PAR  8. The separator as defined in claim 6 wherein said inclined roller guiding
      portions comprise first and second sections interconnected by said
      generally radial S-shaped portions, said first and second sections being
      connected to said end ring portions respectively by slight bends inclining
      in opposite radial directions substantially directly from said end ring
      portions.
NUM  9.
PAR  9. The separator as defined in claim 5 wherein said inclined roller guiding
      portions are connected to one of said end ring portions by said generally
      radial S-shaped portions and to the other of said end ring portions by
      generally radial S-shaped portions extending in opposite radial direction
      of aforesaid generally radial S-shaped portions.
NUM  10.
PAR  10. A method of making a sheet metal separator for an angular contact
      roller bearing having rollers with longitudinal axes disposed at an angle
      with respect ot the longitudinal axis of the bearing comprising the steps
      of
PA1  forming a generally flat ladder shaped strip of stock with end bands
      connected by cross bars with at least one section thereof thinned in the
      plane of said strip defining a series of windows with confronting
      localized enlargements,
PA1  bending said cross bars into an asymmetrical configuration with S-shaped,
      generally upright portions at said one section and with inclined portions
      contiguous to said S-shaped upright portions angularly related to said end
      bands, and
PA1  rolling said strip into a generally annular separator having axially spaced
      cylindrical end ring portions formed from said end bands, said end ring
      portions being of equal diameter and concentric about an axis and said
      inclined portions on said cross bars being angularly disposed with respect
      to said axis.
NUM  11.
PAR  11. The method as defined in claim 10 wherein said one section is midway
      between the ends of said cross bars and wherein said cross bars are bent
      into a Z-shaped configuration with said S-shaped, generally upright
      portions projecting above and below said end bands and with said inclined
      portions comprising first and second sections contiguous to said S-shaped
      upright portions and connected respectively to said end bands by slight
      bends.
NUM  12.
PAR  12. The method as defined in claim 10 wherein said one section is adjacent
      one end of said cross bars and said cross bars are bent with said S-shaped
      upright portions projecting in a first single radial direction with
      respect to said end bands.
NUM  13.
PAR  13. The method as defined in claim 12 wherein said cross bars are bent with
      second S-shaped portions adjacent the other ends of said cross bars, said
      second S-shaped portions projecting in a second single direction with
      respect to said end bands which is opposite to said first single radial
      direction.
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ABST
PAL  Wheel bearing application, including same for a wholly unloaded, rigid rear
      shaft, comprising drive means arranged in a sleeve portion for
      transferring torsional movement from a drive shaft and a bearing
      consisting of a moment-carrying, play-adjusted, rigid inner-ring-rotated
      roller bearing. The inner ring comprises two directly adjacent separate
      rings that are fitted on the sleeve portion and an outer ring of one
      piece, with rolling bodies arranged between the inner and outer rings.
BSUM
PAR  The present invention relates to a wheel bearing application for a driven
      wheel of a motor vehicle, preferably a construction with rigid rear shaft.
PAR  Now existing, conventional constructions within this field comprise a
      relatively large number of parts which are so dimensioned that the
      construction is space consuming and heavy. In general two conical roller
      bearings are used in these constructions and, as a result, the bearings
      after mounting have to be adjusted regarding play and relubricated. It is
      also necessary to have the bearing outer ring rotatable and accessible
      from the front side in order to make it possible to perform the
      above-mentioned adjustment.
PAR  The above-mentioned disadvantages are avoided in the now proposed wheel
      bearing application, which is built up in a simple manner with a few parts
      and with a bearing type which makes the construction light and which
      requires little space. The chosen bearing is a moment carrying, angular
      contact double row bearing or a double row taper roller bearing, which
      during the manufacturing stage is given a certain, desired play.
PAR  Besides the earlier indicated advantages it is also possible, due to the
      very short, axial extension of the construction, to extend the
      construction radially without any special cost increase and to use this
      simple type of bearing for heavier vehicles. The above-mentioned radial
      extension makes it also possible to use a hollow shaft in order to reduce
      the total weight of the construction.
PAR  The construction can in principle be used to advantage for other types of
      driven wheels, front as well as rear wheels. Owing to the compact axial
      design, the drive joint can be provided with a very short stub axle. At
      the same time, the distance between the drive joint center and the wheel
      center can be reduced, which very often is desirable. The construction as
      such makes it also possible to use floating splines.
PAR  Contrary to conventional constructions, the construction in accordance with
      the invention is so shaped that the inner ring of the bearing rotates.
      This is novel in connection with for instance a wholly unloaded, rigid
      rear shaft construction. As to the fact that it is not necessary to adjust
      the bearing regarding play and not to relubricate, it is not necessary
      that the bearing be easily accessible. This fact has in accordance with
      the invention been used, contrary to known constructions, so that the
      inner ring is given the rotating function.
DRWD
PAR  The invention will now be described more in detail with reference to the
      accompanying drawing in which the FIGURE shows a longitudinal section
      through a wheel bearing application in accordance with the invention. The
      upper part shows a rear wheel and the lower part a front or rear wheel.
DETD
PAR  The brakes, such as for use in heavier vehicles, consist in general of drum
      brakes and in the drawing the drum 1 is shown but not the brake blocks.
      The wholly unloaded drive shaft 2 is provided with splines 3 by means of
      which only a wholly unloaded drive influencing force, i.e. the torsional
      moment, is transferred. The end part of the splines on the drive shaft is
      fitted into the sleeve portion 4 of a flange sleeve 5. The flange portion
      6 of the flange sleeve is by means of bolts 7 united to the drum 1 to
      which the vehicle wheel, not shown here, is fixed. The sleeve and the
      flange portions are integrated by a web portion 5'. The bearing of the
      proposed application consists in the embodiment shown of an outer ring 8
      and two inner rings 9, 10 and there between are arranged rolling bodies in
      the form of balls 11 in two rows. The invention is not restricted to this
      type of bearing but instead of a ball bearing it is possible to use a
      taper roller bearing. The outer ring 8 shaped in one piece has a cross
      section shape such that it is very rigid against strains of different
      kinds. The inner rings 9, 10 are fitted onto a bearing seating 12 on the
      sleeve portion 4. In the example shown, the outer ring is provided with a
      supporting shoulder 13 and holes 14 for bolts 15. The raceways of the
      bearing rings are so shaped that the bearing is of angular contact type,
      which means that the ball loads are directed at an angle against the shaft
      center, whereby the great axial loads which occur on a vehicle wheel can
      be carried. The bearing is provided with seals 16 of a suitable type. By
      means of the now described bearing type, a light and compact unit is
      obtained and no parts are extending outside the drum 1.
PAR  The above described embodiment is only one example since the invention
      might be varied in more ways within the scope of the claimed invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wheel bearing assembly, including same for a wholly unloaded, rigid
      rear shaft, comprising:
PA1  a. a sleeve portion;
PA1  b. drive means disposed in said sleeve portion, said drive means being
      adapted to transfer torsional moment from a drive shaft through a
      plurality of splines on said shaft which floatably engage the inner
      portion of said sleeve; and
PA1  c. a bearing disposed about said sleeve portion and comprising a
      moment-carrying, play-adjusted, inner-ring-rotated rolling bearing, said
      bearing comprising an inner ring member comprising two separate rings
      disposed directly adjacent to each other, and fitted on said sleeve
      portion, said two separate rings secured together on said sleeve portion
      between first and second axially spaced apart means located on said sleeve
      portion at opposite sides of said separate inner rings, said inner bearing
      rings being axially fixed in position relative to said sleeve independent
      of axial movement of said shaft, and a one-piece outer ring and rolling
      bodies disposed between said inner and outer rings.
NUM  2.
PAR  2. A wheel bearing assembly as in claim 1, wherein said outer ring
      comprises bolt holes whereby said outer ring can be connected to further
      parts of said wheel.
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ABST
PAL  A freezer or refrigerator cabinet having an outer shell for strength and
      rigidity, a relatively thin plastic liner spaced from the shell to provide
      an insulating space therebetween with the liner having a projecting
      portion extending into the insulation space such as one providing a socket
      for receiving a shelf retainer projection, a thin parting agent sheet
      enveloping the projecting portion on the side that is within the
      insulation space with this sheet having an edge area spaced from the
      projecting portion and attached to the liner so that the sheet encloses
      the projecting portion and the immediately adjacent portions of the liner
      to prevent adherent cast resin foam insulation in the space between the
      shell and the liner from tightly gripping the projecting portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The cast resin foam insulation that is now common in refrigerator and
      freezer insulation has the advantage of being strong, adherent to most
      surfaces, easy to install and with a high insulation value so that the
      desired degree of insulation can be obtained with relatively small
      thicknesses of the foam.
PAR  These characteristics also, however, create problems in certain instances.
      Thus where there are extremes of contraction and expansion under changing
      thermal conditions the adherence can create high stress in certain areas
      such as those in which the relatively thin plastic liner has one or more
      projecting portions such as the above-mentioned shelf retainer means due
      to locking of the liner in recesses in the foam formed by such projections
      even when the liner surface facing the foam is provided with a laminate
      release layer as disclosed in copending Weiss et al. application Ser. No.
      502,006, filed Aug. 30, 1974, (PA-4800) and assigned to the assignee of
      the present application. This close fit of the insulation foam resists
      movement between liner and foam during contraction and expansion due to
      differences in the coefficient of thermal expansion of the liner material
      and the insulating foam.
PAR  One of the features of this invention therefore is to provide an improved
      freezer cabinet in which changes in temperature with resulting excessive
      stress being placed on the liner in normal construction but with this
      invention cushioning areas that would normally be subject to high stresses
      with the result that the thermal changes that the freezer cabinet and
      particularly the plastic liner undergo will not damage the liner.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The most pertinent prior art of which applicant is aware is his prior U.S.
      Pat. No. 3,813,137 and the references cited therein. In this reference
      there is the disclosure of parting agent films at spaced areas of the
      insulation foam but the combinations disclosed in these prior patents are
      different from the inventions disclosed and claimed herein as will be
      apparent from the following description of this invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating a freezer cabinet shell and its
      relatively thin plastic liner separated from each other for illustrative
      purposes.
PAR  FIG. 2 is an enlarged fragmentary sectional view through the assembled
      cabinet itself and substantially coinciding with line 2--2 of FIG. 1 on
      the liner.
PAR  FIG. 3 is a view similar to FIG. 2 but substantially coinciding with line
      3--3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The cabinet 10 which is illustrated in FIG. 1 with the outer shell 11 and
      plastic inner liner 12 disassembled but capable of being assembled
      together by movement of the liner into the shell as illustrated by the
      arrows 13 is assembled as illustrated so that the space 14 between the
      shell and liner serves as an insulation space to receive the rigid cast
      resin foam 15. One such foam that is widely used in this type of
      construction is rigid polyurethane foam which has excellent insulation
      properties and is strongly adherent to the customary surfaces with which
      it comes in contact and which may be foamed in place so as to adapt itself
      to the contours of the surfaces with which it comes in contact.
PAR  The inner liner body 12 is preferably a relatively thin plastic resin of
      the type widely used in this art and includes acrylonitrile butadiene
      styrene (ABS) copolymer, modified polystyrene, polyolefins such as
      polyethylene and polypropylene, vinyl chloride polymers and the like. A
      parting or release layer 12' which may be polyethylene is laminated to the
      liner 12 prior to the vacuum forming as taught in copending application of
      Weiss et al. Ser. No. 502,006, filed Aug. 30, 1974 (PA-4800) assigned to
      the same assignee as the present application. This parting layer 12'
      serves to preclude firm bonding of polyurethane foam to the liner surface
      17 facing insulation 15. The foam however is firmly bonded surface 16 of
      the shell 11.
PAR  Freezer or refrigerator cabinets of the type illustrated are often provided
      with inwardly projecting portions 18 that form parts of the liner 12 for
      retaining article supporting shelves (not shown) in the customary manner.
      In order to retain these shelves in position there is provided adjacent
      the outer end of each projecting portion shelf support 18 a projecting
      portion 19 shown in enlarged detail in FIGS. 2 and 3 and that is shaped as
      a well or sump. These projecting portions 19 are used in this embodiment
      for securing shelf retainers for the shelves that are normally supported
      on the projecting portion supports 18. One suitable shelf retainer is
      disclosed in copending Winterheimer application Ser. No. 404,191, filed
      Oct. 9, 1973 and assigned to the assignee of the present application.
      These retainer portions 19 project into the insulation space 14.
PAR  Because of the extreme temperature changes that the liner 12 is subjected
      to in a freezer cabinet as well as during the manufacture and shipment of
      the freezer as illustrated there is a tendency for the expansion and
      contraction particularly at the inwardly extending projections 19 to cause
      such stresses in the liner 12 as to cause damage apparently due to
      mechanical "locking" of the liner in foam recess even though the laminate
      release or parting layer 12' prevents firm adhesion of the foam to the
      liner. In order to avoid this there are provided at each projection 19
      that extends into the insulation space 14 a thin parting sheet 21 that
      envelops each portion 19 and that has an edge 22 area spaced from the
      portion 19 and adhered by a suitable adhesive to the inner surface of the
      liner 12. This sheet 21 is preferably stretched over the projection 19 by
      applying the individual sheet portions or patches 21 and adhered at the
      marginal edges 22.
PAR  The parting sheet 21 to which the resin foam and particularly the
      polyurethane foam is relatively non-adherent may be made of polyethylene
      as noted above or polypropylene or other suitable polyolefin or may be
      kraft paper or the like all of which are well known in this art.
      Alternately, the parting sheets 21 may comprise adhesive backed
      polyethylene film.
PAR  The parting agent sheets or patches 21 encloses the projections 19 and the
      immediately adjacent portions of the liner 12 as illustrated and also a
      surrounding air space 23 which operates as a resilient cushion space that
      permits relative movement between the liner and the insulation in the
      areas of the projecting portions 19. These sheets 21 also prevents the
      insulation from closely embracing the inwardly extending projections 19
      and thereby tightly grasping them which would cause fractures of the liner
      12 under thermal stresses particularly at the areas of stress
      concentration such as the corners 24 and 25.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. A refrigeration cabinet comprising: an outer shell; a relatively thin
      plastic liner spaced from said shell to provide an insulating space
      therebetween, said liner having a projecting portion extending into said
      insulating space; cast resin foam insulation filling said insulating space
      between said shell and liner; and a thin parting agent sheet overlying
      said projecting portion and having an edge area spaced from said
      projecting portion and attached to said liner to define a surrounding
      space about said projecting portion for preventing said cast resin foam
      from closely embracing said projecting portion.
NUM  2.
PAR  2. The cabinet of claim 1 wherein said parting agent sheet comprises a
      flexible polymeric material.
NUM  3.
PAR  3. The cabinet of claim 1 wherein said sheet is taut and encloses an air
      space operating as a resilient cushion space permitting relative movement
      between the liner and the insulation in the area of said projecting
      portion.
NUM  4.
PAR  4. The cabinet of claim 1 wherein said projecting portion forms a well for
      receiving shelf retainer means.
NUM  5.
PAR  5. The cabinet of claim 1 wherein said parting agent sheet comprises a
      flexible adhesive backed polymeric material and wherein said sheet is taut
      and encloses resiliently an air space operating as a resilient cushion
      space permitting relative movement between the liner and the insulation in
      the area of said projecting portion.
NUM  6.
PAR  6. The method of making a refrigeration cabinet, comprising: providing an
      outer cabinet shell; providing a relatively thin plastic liner spaced from
      the shell defining an insulation space therebetween, the liner having a
      projecting portion that projects into said space; enclosing said
      projection on the surface of said liner that faces said insulation space
      with a thin parting material sheet by attaching a peripheral portion of
      said sheet to the inner liner surface at a peripherally closed area spaced
      from and surrounding said projection to provide a resilient cushion space
      between the liner and the sheet and to enclose said projection; and
      applying a cast resin foam insulation in said space between the shell and
      the liner.
NUM  7.
PAR  7. The method of claim 6 wherein said parting agent sheet is tautly drawn
      over said projection in said attaching.
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ABST
PAL  A cabinet for enclosing the faucets of a bathtub having a spring loaded
      latch requiring an operating force of sufficient magnitude to prevent
      small children from operating the cabinet and operating the faucets.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  It is occasionally the case that a small child left alone even momentarily
      in a bathtub during bathing will operate the faucets with the imminent
      danger of scalding himself. In order to eliminate this hazard, I have
      invented a faucet cabinet which is adapted to enclose the faucets in a
      bathtub. The cabinet has a cover lid which can be opened to expose the
      faucets for use. The lid has a latch with a spring release for locking the
      lid when the cabinet is closed. The spring release requires an operating
      force of sufficient magnitude that a child will be unable to operate the
      release and open the lid. The cabinet is preferably fabricated from a
      molded plastic which is water resistant and easily cleaned. The cabinet
      also preferably includes a combination lid handle and wash cloth rack, and
      a side mounted soap dish.
PAR  While the cabinet is principally for the protection of children, it is also
      useful for others, particualrly elderly persons, to prevent accidental
      operation of the faucets while bathing. These and other features will
      become evident from the following detailed description of the preferred
      embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the faucet cabinet with cover closed.
PAR  FIG. 2 is a perspective view of the faucet cabinet with cover opened.
PAR  FIG. 3 is a fragmentary bottom view of the latch mechanism taken on the
      lines 3--3 in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 the faucet cabinet shown therein and designated
      generally by the reference numeral 10 provides an enclosure concealing the
      faucets of a bath tub. The cabinet 10 is formed with a top 12, contoured
      sidewalls 14 and a curved front cover 16. The front cover 16 has a handle
      18 mounted to the bottom front edge of the cover, which handle is
      sufficiently elongated to serve also as a rack for wash cloth. The handle
      18 in FIG. 1 is illustratively broken away to reveal a latching mechanism
      20 for securing the cover 16 to a cabinet bottom 22.
PAR  The latching mechanism 20 includes two projecting finger levers 24 which
      when compressed together by a user will release the cover allowing it to
      be opened as shown in FIG. 2 on hinges 25.
PAR  Referring now to FIG. 2 the faucet cabinet is illustrated with cover 16
      opened to show the arrangement of the cabinet over a conventional tub
      faucet having two knobs 26 projecting through holes (not shown) in a back
      panel 28 of the cabinet 10, and spigot 30 positioned under a raised
      central segment 32 in the cabinet bottom 22. The raised central segment 32
      includes an aperture 34 through which a shower knob 36 projects when its
      cabinet is used with a faucet set of the type shown. Faucet flanges 38 are
      annularly arranged around the faucet knob stems 40 against the back panel
      28 for appearance.
PAR  For purposes of drainage of splashed or dripped water, several holes 42 in
      the cabinet bottom 22 are provided to drain water in the cabinet, and
      grooves 44 are provided in the outside of the back panel 28 to allow water
      dripping from a wall to pass behind the cabinet when the cabinet is
      fastened to a bathroom wall by appropriate conventional fasteners.
PAR  The latching mechanism 20 includes a boss 46 which projects from a cover
      mount 48 as shown in FIG. 2 in the broken away segment of the cover. The
      boss 46 has a rounded end 50 and an annular neck groove 52. The boss is
      engageable with a pair of spring biased pincers 54 operable by the finger
      levers 24. On closing the cover the locking mechanism can either be
      engaged by forcing the boss 46 between the pincers 54, or, the pincers can
      be separated by manipulation of the finger levers 24 until the cover is
      closed allowing the pincers 54 to engage the neck groove 52 on release.
PAR  The latching mechanism is shown with greater clarity in the fragmentary
      view of the underside of the faucet cabinet shown in FIG. 3. The pincers
      54 are integrally connected to the finger levers 24 and pivotally
      interconnected by pivot screw 56. Between the two pincers 54 is a tension
      spring 57. The arrangement is such that when the finger levers 24 are
      squeezed together the ends 58 of the pincers 54 separate. By proper
      selection of the spring the latching mechansim 20 can be operated by an
      adult or older child, but not an infant. For example, a spring causing a
      required compressure force of five pounds to be exerted at the finger
      levers 24 to release the cover is adequate to prevent infant operation.
PAR  The preferred embodiment includes a soap container 60 mounted to a side
      wall 14 of the cabinet. The container 60 is skeletal in form for adequate
      ventilation and drying of a soap bar (not shown) placed in the container
      60 through the open top. An open side slot 62 on the lower portion of the
      container side enables a soap bar to be raised from below by a user's
      finger.
CLMS
STM  I claim:
NUM  1.
PAR  1. A faucet cabinet adapted to enclose faucet knobs for the protection of
      young children comprising: an enclosure adapted to mount over and enclose
      at least one faucet knob, said enclosure having a cover operable between a
      closed position enclosing at least one faucet knob and an open position
      exposing enclosed faucet knobs, and, latching means for latching said
      cover in said enclosed position, said latching means having a release with
      a bias means for providing a predetermined magnitude of force in operating
      said release,  said predetermined magnitude of force being such that said
      release is operable by an adult and is inoperable by a young child.
NUM  2.
PAR  2. The Faucet cabinet of claim 1 wherein said cover includes an elongated
      handle adapted to support a wash rag.
NUM  3.
PAR  3. The faucet cabinet of claim 1 wherein said enclosure is mountable over
      faucet knobs and above a spigot of a tub, said enclosure having an
      aperture through which a shower knob is projectable.
NUM  4.
PAR  4. The faucet cabinet of claim 1 wherein said latching means comprises a
      boss projecting from a bottom edge of said cover, said boss having a
      narrow neck portion, and a pair of spring biased pincers mounted in said
      enclosure, said pincers having an end portion engageable with said boss
      and said narrow neck portion of said boss when said cover is closed.
NUM  5.
PAR  5. The faucet cabinet of claim 4 wherein said enclosure has a bottom panel
      and said pincers are mounted on a pivot on said bottom panel, and wherein
      said pincers have an extension beyond said pivot opposite said boss
      engageable end portion, said extension of each pivot projecting from said
      enclosure and comprising a pair of finger levers for releasing said
      latching means.
NUM  6.
PAR  6. The faucet cabinet of claim 5 wherein said bias means comprises a
      tension spring having ends connected to said pincers.
NUM  7.
PAR  7. The faucet cabinet of claim 1 having a soap container connected to said
      enclosure, said soap container having an open top and a skeletal structure
      with a side having an open portion adapted for insertion of a finger to
      lift a bar of soap from the container.
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ABST
PAL  In a glow discharge readout, cathodes are arranged on a glass substrate in
      electrical isolation from a plurality of anodes also on the substrate.
      Contact pins sealably imbedded in the substrate contact respective anodes
      and cathodes. A transparent cover forms a sealed envelope encasing the
      anodes and cathodes within an illuminating gas atmosphere. The anodes are
      purposely recessed with respect to the cathodes, whereupon an electrical
      potential impressed between the anodes and selected cathodes will cause
      electrons to flow from the cathodes to the anodes, the electron stream
      being focused toward the surface of the glass substrate and away from the
      transparent envelope thereby preventing electron collision with the
      transparent envelope. According to the method of the present invention,
      cathodes are formed from particulate metal particles sintered under
      pressure and at a temperature below the melting point of the metal
      particles, but at a temperature sufficient to cause fusion of the
      substrate material. Upon fusion of the substrate in an inert atmosphere,
      the anodes, cathodes and contact pins are fused to the substrate
      simultaneously in a single operation. Applying molding pressure during
      fusion of the substrate will desirably recess the anodes from the
      cathodes.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 468,356, filed May 9, 1974, now
      U.S. Pat. No. 3,891,883, which is a continuation-in-part application of
      application Ser. No. 300,631, filed Oct. 25, 1972, now U.S. Pat. No.
      3,818,556.
BSUM
PAR  In all prior art glow discharge display devices, sputtering of the cathodes
      has produced discoloration in the transparent cover of the display device.
      To prevent this, some prior art devices utilize anode screens against the
      cover to divert away electrons and sputtered particles. Other prior art
      devices utilize thin film layers separating anodes and cathodes, requiring
      electrons to migrate through the film toward the anodes and thus never
      migrate off the film toward the cover. The present invention provides a
      method whereby the anodes of a readout device according to the present
      invention are recessed from the cathodes. Electron emission thus is
      focused at a recessed anode away from the cover.
PAR  In the manufacture of prior art devices, several painstaking operations are
      required. Contact pins are imbedded in a glass substrate, and ground off
      flush with the substrate. Metal anodes and cathodes are then welded or
      brazed to corresponding contact pins establishing electrical connections.
      The anodes and cathodes are joined adhesively or fusibly to the substrate
      preventing the anodes or cathodes from lifting off the substrate. In other
      devices, the anodes and cathodes are silk screened on the corresponding
      pins. The manufacture of readout devices has heretofore required a
      relatively large number of operations. Accordingly there has been a need
      for a manufacturing process which can be performed with a minimum of
      operations. The present invention also relates to a method of manufacture
      wherein the anodes, cathodes and contact pins are joined simultaneously to
      a glass substrate thereby eliminating several operations heretofore
      required in the prior art.
PAR  In a glow discharge readout device, cathodes are arranged on a substrate of
      glass in electrical isolation from a plurality of anodes also on the
      substrate. Contact pins sealably imbedded in the substrate contact
      respective anodes and cathodes. A transparent cover forms a sealed
      envelope encasing the anodes and cathodes within an illuminating gas
      atmosphere. The anodes are purposely recessed with respect to the
      cathodes, whereupon an electrical potential impressed between the anodes
      and selected cathodes will cause electrons to flow from the cathodes to
      the anodes, the electron stream being focused toward the surface of the
      substrate and away from the transparent envelope thereby preventing
      electron collision with the transparent envelope. According to the method
      of the present invention, cathodes are formed from particulate metal
      particles sintered under pressure and at a temperature below the melting
      point of the metal particles, but at a temperature sufficient to cause
      fusion of the substrate material. Upon fusion of the substrate in an inert
      atmosphere, the anodes, cathodes and contact pins are fused to the
      substrate simultaneously in a single operation. Applying molding pressure
      during fusion of the substrate will desirably recess the anodes from the
      cathodes.
PAR  It is therefore an object of the present invention to provide a method of
      fabricating a glow discharge readout device adhering anodes and cathodes
      and electrical contact pins simultaneously to a fusible glass substrate.
PAR  Another object of the present invention is to provide a method for
      manufacturing a glow discharge readout by simultaneously adhering anodes,
      cathodes and electrical contact pins to a fusible glass substrate, the
      cathodes being formed from particulate metal particles sintered under
      pressure and at a temperature below the melting point of the metal
      particles, whereby the metal particles are formed to a cohesive mass of
      individual particles bonded to the fusible substrate while in a molten
      state.
PAR  Another object of the present invention is to provide a method for
      manufacturing a glow discharge readout wherein anodes, cathodes and
      electrical contact pins are fused simultaneously to a fusible glass
      substrate, with the anodes being purposely recessed from the cathodes such
      that upon operation of the glow discharge readout, electron flow from the
      cathodes will be focused toward the recessed anodes.
PAR  Another object of the present invention is to provide a glow discharge
      readout having anodes purposely recessed from a plurality of cathodes
      arranged in a desired pattern on a glass substrate such that during
      operation of the glow discharge readout, electron flow from said cathodes
      will be focused toward the anodes and at the surface of the glass
      substrate and away from a transparent envelope encasing the cathodes and
      anodes in an illuminating gas atmosphere.
PAR  Another object of the present invention is to provide a glow discharge
      readout apparatus having the cathodes thereof formed from particulate
      metal particles sintered under pressure and at a temperature below the
      melting point of the metal particles whereby the particles are formed to a
      cohesive mass of individual particles becoming bonded to a fusible glass
      substrate which is reduced to a molten state during sintering of the metal
      particles.
DRWD
PAR  Other objects and many attendant advantages of the present invention will
      become apparent upon perusal of the following detailed description taken
      in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a fragmentary perspective of a preferred embodiment with parts in
      exploded configuration to illustrate the details of apparatus for
      fabricating a glow discharge readout device according to the present
      invention, and further illustrating an assembly of selected component
      parts of the preferred embodiment;
PAR  FIG. 2 is a plan view of an exemplary glow discharge readout device
      according to the present invention fabricated according to the method of
      the present invention and illustrated prior to receiving a sealably
      attached transparent cover;
PAR  FIG. 3 is an enlarged fragmentary perspective of a portion of the preferred
      embodiment of FIG. 2 illustrated in section generally along the line 3--3
      of FIG. 2;
PAR  FIG. 4 is a preferred embodiment of an anode pattern received against a
      fusible glass substrate and thereby forming component parts of the glow
      discharge readout apparatus according to the present invention;
PAR  FIG. 5 is a fragmentary elevation with parts illustrated in exploded
      configuration and in section illustrating the details of the assembly
      according to the preferred embodiment illustrated in FIG. 1; and
PAR  FIG. 6 is an enlarged fragmentary elevation in section illustrating the
      assembly shown in FIG. 5 in assembled configuration with anodes, cathodes
      and conductive pins fusibly secured to the glass substrate;
PAR  FIG. 7 is a fragmentary perspective of another preferred embodiment
      according to the present invention illustrating in composite form various
      alternative constructions of a readout device according to the present
      invention;
PAR  FIG. 8 is a section taken generally along the lines 8--8 of FIG. 7
      illustrating the device of FIG. 7 in inverted configuration together with
      a modified carbon molding block;
PAR  FIG. 9 is an enlarged cross-section of an alternative embodiment using
      carbon molding blocks;
PAR  FIG. 10 is an enlarged plan of another embodiment according to the present
      invention;
PAR  FIG. 11 is an enlarged plan of a reverse side of the embodiment shown in
      FIG. 10.
DETD
PAR  With more particular reference to the drawings, there is illustrated in
      FIGS. 1 and 5 apparatus for manufacturing a glow discharge display device
      according to the present invention. The apparatus includes a generally
      rectangular molding block 1 having a recessed and continuous groove 2 in a
      rectangular configuration. The planar surface 4 of the molding block 1 is
      provided with a plurality of recesses machined therein. Some of the
      recesses are illustrated at 6. As more particular shown in FIG. 1, the
      recesses are isolated from one another and are purposely not
      interconnected. The recesses are also purposely arranged in a desired
      pattern forming the desired configuration of the glow discharge display.
      Any pattern may be used. However in the specific pattern as shown in FIG.
      1, the recesses are arranged to provide a plurality of alpha numeric
      configurations in order to provide an alpha numeric glow discharge
      display. As more particularly shown in FIG. 5, the recesses 6 are
      substantially filled with particles of a suitable cathode material. For
      example, one suitable cathode material is elemental nickel in particulate
      form sufficient to pass through a size 320 mesh. Other suitable cathode
      material in particulate form may be used. The particulate material is
      compacted into each of the recesses 6 of the molding block 1. The
      particulate cathode material is thereby distributed in the individual
      recesses 6 and will form the cathodes of the glow discharge readout
      apparatus in a manner to be described hereinafter. A frame 9 of fusible
      glass material is located in the groove 2. To form the required anodes of
      the glow discharge readout device, reference will be made to FIGS. 1 and
      5. As shown in the figures, a pattern of anodes is illustrated generally
      at 10. In the preferred embodiment of the invention illustrated in FIG. 1,
      the pattern of anodes is fabricated from a stamped and formed metal grid.
      As shown in FIGS. 1 and 5, the metal grid is generally rigid and is placed
      in overlying relationship with respect to the recesses 6 containing the
      particulate cathode material 8. The actual configuration of the pattern of
      anodes is more particularly illustrated in FIG. 2 at 10. The overlying
      relationship of the anode pattern 10 with respect to the particulate
      cathode material 8 is also illustrated in the figure. As shown in FIG. 5,
      the stamped and formed metal pattern of anodes includes a plurality of
      integral contact pins projecting therefrom. One of the contact pins is
      illustrated at 12. To complete the assembly as illustrated in FIGS. 1 and
      5, a plurality of fusible glass bricks 14 are stacked together to form a
      fusible glass substrate. The bricks are placed in overlying relationship
      with the pattern of anodes 10 received thereagainst. The integral contact
      pins 12 of the pattern of anodes are correspondingly received in apertures
      16 provided through the bricks 14. The substrate formed by the bricks 14
      is impressed directly over the frame 9 and the metal particles 8 contained
      within the corresponding recesses 6 of the carbon molding block 1. The
      pattern of anodes 10 is therefore interposed between the substrate formed
      by the bricks 14 and the metal particles 8 contained within the recesses
      6. In addition, the pattern of anodes 10 is received directly against the
      planar surface of the substrate formed by the bricks 14. As more
      particularly shown in FIGS. 1 and 5, each of the bricks 14 is provided
      with an aperture 16 receiving a contact pin 12 therein. A plurality of
      additional apertures are provided in the bricks, some of which apertures
      are illustrated at 18. The additional apertures 18 receive therethrough
      corresponding metal contact pins, some of which are illustrated at 20. As
      shown more particularly in FIG. 6, the contact pins 20 are partially
      imbedded in the particulate cathode material 8 located in the grooves 6 of
      the molding block 1. In addition, each of the bricks 14 includes a
      relatively enlarged diameter aperture generally illustrated at 22. A
      selected one of the apertures 22 receives therein a metal tube 24, the
      purpose of which will be described hereinafter.
PAR  With reference to FIGS. 1, 5 and 6, there is further provided an inverted
      molding block 26 of carbon having an inverted planar surface 27 impressed
      over the fusible glass substrate formed by the plurality of bricks 14. The
      inverted molding block includes an inverted encircling rim 28 which
      registers around the periphery of the substrate formed by the plurality of
      stacked bricks 14. As shown in FIG. 6, taken in conjunction with FIGS. 1
      and 5, the molding block 26 includes a plurality of apertures some of
      which are shown at 30 receiving corresponding pins 20 and 12 therein and
      aligning the pins in parallel fashion when the molding block 26 is
      impressed over the fusible glass substrate formed by the plurality of
      bricks 14. In addition the molding block 26 includes a relatively enlarged
      aperture 32 receiving the metal tube 24 therein, maintaining it in
      parallel alignment with the pins 20 and 12. As shown in FIG. 6, the weight
      of the molding block 26 over the bricks 14 applies a molding pressure when
      the assembly is heated for approximately 18 minutes in a 90%:10% hydrogen
      and nitrogen atmosphere at a temperature of 1860.degree.F. The bricks 14
      are Corning Glass Company 9013 type, fusible glass in powder form
      compacted to make the individual bricks 14 and the frame 9. Heating at
      1860.degree.F occurs at a temperature below the melting point of the
      nickel particles of the cathode material 8 but at a temperature sufficient
      to fuse the glass material forming the bricks 14 and the frame 9. The
      described heating cycle will fuse the particles of the fusible glass
      bricks 14 to form a continuous rectangular substrate as shown in FIG. 2
      generally at 32. In addition, the substrate will be substantially
      non-porous and will fuse in encirclement about the pins 12 and 20 and the
      metal tube 24. The pins and the tube are advantageously selected from
      52%:48% nickel and iron so as to have a coefficient of expansion
      compatible with that of the fusible glass particles of the bricks 14.
      During the heating cycle the particles of the fusible glass will bond
      sealably in encirclement around the pins and tube without voids being
      created by differential expansion.
PAR  A particular feature according to the present invention resides in the fact
      that the fusible glass particles in a molten or melted state will flow
      down into the recesses 6 and become bonded to the particulate cathode
      material 8 in the recesses. The same flowing action will also fuse the
      frame 9 unitarily to the substrate 32 and will cause the apertures 22 to
      disappear or close up during flowing of the glass substrate in the heating
      or firing operation. With reference to FIGS. 2 and 3, the invention will
      be further described in detail. After the heating cycle is completed, the
      assembly is cooled to room temperature and the molding blocks 1 and 26
      removed. As shown in FIG. 3, the flowing of the fusible glass into the
      recesses 6 during the firing operation forms projecting platforms or
      projections which are generally trapezoidal in cross section, the metal
      particles 8 being bonded to the projections or platforms upon partial
      diffusion of the particles into the glass forming the platforms. In
      addition, the glass when solidified holds the individual particles of each
      recess into a cohesive mass, compressing the particles of the cohesive
      mass in compression with one another in mechanical and electrical contact.
      The particles 8 are thereby sintered at a temperature below their melting
      point during the heating operation and are electrically in contact with
      each other and held in place by the fusible glass forming the platforms or
      projections 34. If desired, the cathode particles 8 may be arranged to
      form a plurality of alpha numeric readout patterns as shown in FIG. 2.
      Also additional particles of cathode material may be arranged and formed
      by the sintering process into a desired pattern representing a perido and
      comma as shown at 8'. As shown in FIG. 3, still additional cathode
      particles may be arranged and formed into a minus sign as above at 8". The
      pattern of metal particles 8, 8' and 8" thereby form the cathodes of the
      glow discharge readout device according to the present invention. As shown
      in FIG. 3 the pattern of anodes 10 includes loop portions 36 respectively
      surrounded by selected cathodes formed by the cathode material 8. Such
      loop portions 36 are interconnected by anode bridging portions 38
      connecting the loop portions 36 to the remaining part of the pattern of
      anodes externally of the selected encircling cathodes. The cathodes are
      electrically isolated from the anode bridging portions 38 by the fusible
      glass substrate which has flowed into the recesses 6 of the molding block
      1 during the firing operation to form the raised platforms or projections
      34. Thus during formation of the platforms 34 by flowing of the fusible
      glass material, the flowing glass also operates to electrically isolate
      the cathodes from the bridging portions 38 of the anodes which become
      imbedded in the glass forming the resulting platforms 34. Also during the
      firing operation, the pattern of anodes 10 becomes fusibly adhered to the
      molten surface of the glass substrate 32 during the firing operation. To
      complete the glow discharge readout according to the present invention, a
      conventional transparent glass cover (not shown) is adhered to the frame 9
      in a conventional manner, such as by utilizing a fusible sealant and
      bonding agent between the glass cover and the frame 9. This encases the
      anodes and cathodes within a transparent hermetically sealed envelope. The
      space within the envelope is defined between the surface of the substrate
      32 and the transparent window. The space is then evacuated and backfilled
      with a suitable illuminating gas according to techniques well known in the
      prior art. Evacuation of the envelope space and introduction of gas may be
      introduced through the metal tube 24 which may be advantageously sealed
      closed after introduction of the illuminating gas into the envelope space.
      The projecting pins 12 and 20 may be advantageously connected to a printed
      circuit board, or to a printed circuit silk screened directly on the
      exterior planar surface of the substrate 32. The specific type of printed
      circuit which is on a separate board or silk screened to the substrate is
      of conventional design and is thus not illustrated. However the present
      invention is readily suited for silk screening the printed circuit
      directly to the exterior surface thereof in contact with the pins 20 and
      12.
PAR  As another feature according to the present invention, the anode portions
      36 are purposely recessed with respect to the cathodes formed by the
      cohesive mass of particles 8, forming the cathodes. In operation, a
      voltage is impressed across the anodes and selected cathodes to produce a
      desired alpha numeric glow discharge readout in the conventional manner.
      However since the anode portions 36 as well as the remaining anode
      portions of the pattern 10 are recessed with respect to the cathodes, the
      electron stream will be directed from the cathodes downwardly toward the
      surface of the substrate 32 and will be focused at the recessed anode
      portions on the surface of the substrate. The electron stream or flow will
      thereby be directed away from the transparent window preventing
      discoloration thereof by stray electron bombardment. The trapezoidal shape
      of the platforms 34 will allow flow of electrons along the shortest
      possible path from the cathodes to the anode portions without collision
      with, or migration through, the fusible glass forming the platforms 34.
      Such action thereby insures a maximum foot-Lambert brightness of the glow
      discharge. Further to increase the foot-Lambert output of the glow
      discharge, each of the cathodes is formed by cathode material which is of
      separate particle form. The separate particles although in a cohesive mass
      as described give the cathodes a very rough surface having projecting
      portions formed by individual particles and valleys or crevices formed
      between irregular surfaces of adjacent abutting particles. When electrons
      are emitted from the surfaces of the selected cathodes some are emitted
      from the crevices so as to collide with one another and with the
      protruding particles of the cathodes to create an electron bombardment or
      cascading effect, further inducing additional electron emission and
      increasing the foot-Lambert output of the glow discharge. The rough
      surface also reduces tendency of the cathode material to sputter away from
      the crevices which trap the sputtered material.
PAR  FIG. 4 illustrates a modification, wherein the bricks 14 of the embodiment
      of FIGS. 1-3, 5 and 6, are replaced by a substituted unitary plate 40 of
      fusible ceramic or glass material similar to the bricks 14. The
      substituted plate 40 thus provides a substrate on which the anodes and
      cathodes are adhered during the described sintering and heating operation.
      As shown in FIG. 4, the pattern of anodes 10 may be placed against the
      substrate prior to the heating process. Since the substrate is unitary,
      the anode pattern may be silk screened directly to the surface without a
      need for a formed metal pattern of anodes as required in the embodiment of
      FIGS. 1-3.
PAR  Another way to recess the anodes would be to create depressions in the
      substrate during the molding process. This can be accomplished by
      depressing the glass substrate by the carbon molding block during the
      heating operation. This will depress the anodes with respect to the
      cathodes.
PAR  As shown in FIG. 7, a modification of the readout device is generally
      indicated at 40. The glass substrate 42 is provided with a plurality of
      cathodes 44 deposited directly on the surface of the substrate by a
      cohesive mass of particulate metal adhered to the surface of the substrate
      42 by a sintering process similar to that as previously described.
      Accordingly the formed cathodes 44 are adhered directly to the surface of
      the substrate 42, rather than on projecting portions as heretofore
      described in the embodiment illustrated in FIGS. 1-5. Since the invention
      is directed toward recessing the anodes with respect to the cathodes,
      reference is made to FIGS. 7 and 8 wherein recesses 46 are each provided
      with anode portions 48 similar in configuration to the rectangular or
      round configuration of the recesses 46. The recesses 46 may be of any
      desired configuration. As shown in FIGS. 7 and 8, the substrate 42 is
      provided with a plurality of contact pins 50 therein which are assembled
      to the substrate in a manner similar to the assembly of the embodiment
      previously described in conjunction with FIGS. 1-5. The pins 50 contact
      respectively the anode portions 44 or the cathode portions 48. In this
      embodiment it is understood that each anode portion 48 is provided with
      its own contact pin 50, rather than being interconnected by anode bridging
      portions which are incorporated into the preferred embodiment of FIGS.
      1-5. As shown in FIG. 8 a carbon molding block 52 is utilized which has a
      tapered projecting portion 46' having a recess portion 48' therein. In
      addition, the molding block 42 has a planar surface 54 from which the
      projecting portion 46' protrudes. The planar surface 54 has a plurality of
      recesses 44' therein which are of the same configuration as the desired
      cathode portions 44 of the preferred embodiment 40. With reference to FIG.
      8, the glass substrate 40, with the pins 50 assembled therein, is
      compressed over the carbon block 52. In the version as shown, the anode
      portions 44 and the cathode portions 48 may be deposited upon the glass
      substrate 40 which is preformed with the recess 46. For example the anode
      portions 44 and cathode portions 48 may be deposited by silk screening a
      quantity of discrete metal particles in a binder which sublimes during
      sintering at elevated temperatures. The assembly is then placed in
      registration over the carbon block 52, with the recess portions 44' of the
      carbon block receiving the cathode portions 44 therein, and with the
      recess portion 48' of the carbon block receiving the cathode portion 48
      therein. The assembly is then provided thereover with the carbon block 26
      which was utilised in the fabrication of the preferred embodiment
      discussed in conjunction with FIGS. 1-5. The assembly is then sintered to
      simultaneously adhere the metal particles of the anode portions 44 and the
      cathode portions 48 into a coherent mass of individual particles to
      provide anodes and cathodes having the same characteristics as those
      resulting from the fabrication of the preferred embodiment discussed in
      conjunction with FIGS. 1-5. The configuration of the carbon block 52 with
      its recessed portions 44' and 48' and its projecting portion 46' will mold
      the fusible glass of the substrate 40 to the desired configuration having
      recessed anodes, which configuration is shown in FIG. 7. In addition the
      sintering process fusibly and sealably adheres the anode portions 48, the
      cathode portions 44 and the pins 50 sealably to the substrate 40. The
      substrate 40 includes a projecting frame 56 to which the transparent
      window is sealably attached. The frame is formed by flowably conforming
      the fusible glass to a continuous recess 56' of the molding block 52.
PAR  As an alternative way of fabricating the preferred embodiment shown in FIG.
      7, metal particles forming the anodes and cathodes may be first deposited
      in the recesses 44' and 48' of the carbon block 52. The fusible glass
      substrate 40 then may overlie the carbon block 52 with the pins 50 being
      assembled within the fusible substrate and in contact with the respective
      anodes and cathodes. In this alternative fabrication technique, the
      fusible glass substrate 40 need not be preformed with the recesses 46.
      Instead, during the sintering operation, the glass will be reduced to a
      fusible state and will flowably conform itself to the configuration of the
      carbon molding block 52. The recesses 46 containing the resultant anodes
      48 will thus be formed in the fusible glass substrate and the anodes and
      cathodes will adhere to the glass, without a need for preforming the
      substrate prior to the sintering process.
PAR  In each of the preferred embodiments, the glass substrate sealably adheres
      to the contact pins to provide hermetic seals encircling the pins. In many
      prior art devices, the methods of assembly do not lend themselves to
      providing a hermetic seal in encirclement around each of the contact pins.
      The glass substrate of a prior art device must then be encapsulated within
      a glass envelope such as an electron tube. In the present invention, the
      glass substrate itself, together with the transparent cover plate serves
      as the envelope receiving the illuminating gas therein. This obviates the
      need for assembling the device within an electron tube.
PAR  As shown in FIG. 7, each alpha numeric character may be separated from an
      adjacent one on the substrate 42 by either a recessed barrier 58 or a
      projecting barrier 60 formed by a corresponding molding portion 58' and
      60' on the carbon molding block 52 which form the substrate 40 with the
      barriers 58 and 60 during the molding operation as described. The barriers
      58 and 60 provide a lengthened effective surface area between adjacent
      alpha numeric characters, thereby lengthening the bridging path between
      adjacent characters. The increased bridging path prevents the possibility
      of shorting between adjacent alpha numeric characters which might be
      caused by sputtered cathode material scattered upon the bridging path and
      causing an electrical connection between adjacent alpha numeric
      characters. Either a recessed barrier 99 or projecting barrier 99 may also
      be provided between the segments 44 of each display character, which
      barriers are similar to the barriers 58 and 60.
PAR  FIG. 9 is an enlarged cross section of an alternative using carbon molding
      blocks 101, 102, 103, and 104. Recess 106 receives glass to form the frame
      56. Glass preforms 14 are placed between blocks 101 and 102. The contact
      pins 20 are held in corresponding apertures of block 101. The cathode
      portions 44 are silk screened on the surface 108 of block 102. Block 103
      has projections 110 which protrude through block 102. The anodes 48 are
      silk screened on the ends of the projections 110. When the assembly is
      slightly compressed, the projections 110 will protrude from the surface
      108. The glass preforms 14 will flow around the projections 110 and will
      thereby form the recesses 46 as shown in the embodiment of FIG. 7. The
      anodes 48 and cathodes 44 will adhere to the reflowed glass and will
      transfer from the carbon blocks 102 and 103.
PAR  According to a further modification of the present invention, a low uniform
      operating voltage for lighting the display by ionization of the
      illuminating gas is desirable. Using a common Neon-Argon gas mixture
      charged with a component of commercially available radio-active gas such
      as Krypton 85, the ionization and reionization time of the plasma which
      causes illumination can be made very low. The radio-active gas in a trace
      amount is sufficient to supply a low level of charged ions at all times,
      enabling very quick reionization of the Neon-Argon mixture to a relatively
      high level, causing the desired illumination of the readout. In addition,
      the gas pressure within the hermetic envelope of the panel is purposely
      substantially increased beyond atmospheric up to 760 mm Hg. Due to the
      increased conductivity of the gas mixture provided by the radio-active gas
      component the internal gas pressure of the panel envelope may be
      maintained up to atmospheric, which is an improvement over a vacuum tube
      type envelope wherein the low internal pressure substantially increases
      the ionization time beyond that practical for an instantaneous display of
      a digital readout.
PAR  In addition, the anodes of the readout may be manufactured either flush
      with the cathodes or at different levels than the cathodes, as described
      in the previous embodiments. Once the pressure of the panel envelope is
      increased above 100 mm Hg, and as high as 760 mm Hg, the physical spacing
      between anode and cathode may be adjusted to less than 0.01 inches. The
      increased pressure in the panel reduces the possibility of sputtering of
      the cathode material which is always present in a low pressure vacuum type
      tube. With reduced sputtering there is a reduction in the possibility of
      creating a shorting bridge between anode and cathode even at such close
      spacing. With the anodes and cathodes closely spaced, the operational
      voltage for ionization may then be reduced to 175 volts and below. The
      relatively close spacing of the anodes and cathodes sustain ionization of
      the illuminating gas or the plasma. Because sputtering is negligible due
      to the higher pressure inside the panel, the life of the panel is
      substantially lengthened. Thus higher pressure within the panel envelope
      reduces sputtering and permits lower operating voltages with the anodes
      and cathodes closer together. With negligible sputtering and lower
      operating voltage, life of the plasma display is greatly extended.
PAR  A technique for greatly reducing the reionization time of the illuminating
      gas mixture is accomplished by maintaining a DC or AC voltage between the
      anodes and cathodes at a level just below that required for illumination.
      Then a scanning voltage is impressed across the anodes and cathodes to
      sustain illumination. Alternatively a set of constantly illuminated
      cathodes may be utilized in the panel but remote from the numerical
      display cathodes in order to sustain plasma constantly and uniformly
      within the panel envelope. The maintains a uniform voltage level when
      placed in a circuit, for example, containing MOS circuit elements. Then
      when a scanning or multiplexing voltage is impressed across the cathodes
      of the digits display, illumination or plasma is sustained with a
      reionization time of approximately 25 to 30 microseconds. For example,
      with a multiplexing voltage of 148 volts, plasma may be sustained across
      the display cathodes when placed at 0.01 inches spacing from corresponding
      anodes. The scanning voltage level is insufficient to cause a reaction
      voltage spike through the circuit and across the MOS elements, thereby
      preventing damage thereto.
PAR  The embodiment of the present invention wherein Krypton 85 and adjacent
      coplanar anodes and cathodes are utilized appears in FIGS. 10 and 11.
PAR  With more particular reference to FIG. 10, a fusible ceramic glass
      substrate 112 includes a planar surface 114 and an integral frame 116. An
      evacuation tube 118 and a plurality of pins, some of which are shown at
      120 are fusibly embedded in the substrate 112, according to the assembly
      techniques as described. In this embodiment, each numerical display, some
      indicated generally at 122, is fabricated from a plurality of cathodes 124
      arranged in the familiar alphanumeric pattern. Additional cathodes 126 and
      128 form periods and commas respectively.
PAR  Additionally each numerical display 122 is provided with a central anode
      electrode 130 in the form of two enclosed rectangles connected together
      and generally encircled by the cathodes 124 of each numerical display. The
      anode 130 additionally projects outwardly of the display to encircle a
      period 126 and comma 128 associated with each numerical display 124.
      Another anode 132 extends the length of the panel and has a plurality of
      depending strips 134 thereof which separate adjacent numerical displays
      122 to form anode guard strips preventing stray voltages and sympathetic
      glow discharge of adjacent numerical displays when nearby displays are
      activated to produce glowing or illuminating gas plasma.
PAR  Another cathode 136 extends entirely along the length of the panel 112 and
      includes a plurality of projecting portions 138 extending toward
      corresponding individual displays 122. The projecting portions 138 each
      terminates in a circular portion 140. An opaque coating of fusible glass
      or ceramic material 141 overlies the cathode portions 136 and 138, leaving
      the circular portions 140 exposed. The anodes and cathodes are
      respectively connected to corresponding pins 120 which connect the anodes
      and cathodes to circuitry indicated generally at 142 and deposited by silk
      screening, for example, on the reverse surface of the panel 112. Circuitry
      142 includes conductor paths 144 which electrically common selected pins
      120 to circuit pads 146 located at the edge of the reverse surface of the
      panel 112. Certain other circuit paths 148, for example, connect
      individual pins to additional circuit pads 146. In operation of the panel,
      the electrical pads 146 are connected in a well-known fashion to the
      programming circuitry for selectively lighting the numerical displays 122.
      When the panel 122 is covered by a transparent window, not shown, and
      illuminating gas containing Krypton 85 as a component thereof is sealably
      enclosed within the panel 112, the cathode 136 may remain constantly
      energized at a voltage level sufficient to produce quantities of ionized
      plasma, causing the exposed circular portions 140 of the cathodes to
      appear as continuously lighted dots. Since the dots are evenly distributed
      along the length of the panel 112 the constantly ionized gas plasma is
      also distributed entirely along the length of the panel. Thus when
      changing the illuminated displays to different numbers, the presence of
      the continuously ionized plasma reduces the reionization time of the
      plasma generated by the selectively illuminated displays 122. Thus the
      presence of charged ions at all time enables very quick reionization of
      the illuminating gas to produce a nearly instantaneous display of the
      desired numerical readout. The coating 141 is provided to minimize both
      the brightness and the total area of the cathode 136 which is maintained
      in continuous operation. In addition, the exposed portions 140 of the
      cathode 136 may also be covered by a shield, not shown, provided on the
      transparent cover in order to prevent visual distraction away from the
      illuminated displays 122. To further minimize visual distraction, the
      anodes material 132 and 130 may be fabricated from tungsten carbide which
      provides a low luster, dark apearance contrasting with the brightly
      illuminated cathodes of the displays 122. The tungsten carbide is applied
      in powder form together with a binder material by silk screen or other
      similar process. The tungsten carbide particles are fusibly imbedded
      permanently in the surface of the panel 112 upon firing.
PAR  Although preferred embodiments and modifications of the present invention
      have been shown and described in detail, other embodiments and
      modifications of the present invention are intended to be covered in the
      spirit and scope of the appended claims, wherein:
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for making a readout device, comprising the steps of:
PA1  placing conductive material arranged in a predetermined pattern of anodes
      and cathodes on a fusible substrate provided with an integral raised
      frame,
PA1  locating conductive pins in contact with said material and extending in
      protruding relationship from said substrate,
PA1  locating a tube through said substrate,
PA1  heating said substrate to fuse said substrate in sealed encirclement around
      said tube and said pins and to adhere said anode and cathode conductive
      material to said substrate surface,
PA1  partially covering one of said cathodes with a coating of fusible material
      leaving an exposed portion of said partially covered cathode to provide a
      continuously energized cathode during operation of said readout device,
PA1  sealably adhering a transparent window on said frame to provide an envelope
      containing said pattern of anodes and cathodes,
PA1  introducing an illuminating type gas into said envelope through said tube,
      and
PA1  sealably closing said tube to provide a sealed envelope containing
      illuminating gas and anodes and cathodes with conductive pins protruding
      through said substrate and in contact with corresponding anodes and
      cathodes.
NUM  2.
PAR  2. A method as recited in claim 1, and further including the step of:
PA1  filling said envelope with an illuminating gas comprising an Neon-Argon gas
      mixture together with a quantity of Krypton 85 radio-active gas and at
      pressure internally of the envelope greater than atmospheric.
NUM  3.
PAR  3. A method of making a readout device, comprising the steps of:
PA1  placing conductive material arranged in a predetermined pattern of anodes
      and cathodes on a fusible substrate provided with an integral raised
      frame,
PA1  locating conductive pins in contact with said material in extending and
      protruding relationship from said substrate,
PA1  locating a tube through said substrate,
PA1  heating said substrate to fuse said substrate in sealed encirclement around
      said tube and said pins and to adhere said anodes and cathodes conductive
      material to said substrate surface,
PA1  molding recesses in said substrate during said step of heating to provide
      selected ones of said anodes in said recesses,
PA1  sealably adhering a transparent window on said frame to provide an envelope
      containing said pattern of anodes and cathodes,
PA1  introducing an illuminating type gas into said envelope through said tube,
      and
PA1  sealably closing said tube to provide a sealed envelope containing
      illuminating gas and anodes and cathodes with conductive pins protruding
      through said substrate and in contact with corresponding anodes and
      cathodes.
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ABST
PAL  An integral multifinger contact with each finger being capable of flexing
      independently of one another while maximizing the number of independent
      finger contacts along a given contact line. The method involves the
      shearing of finger portions and elongating these portions during the
      shearing operation to provide a positive clearance between adjacent edges
      of the fingers. One embodiment of the invention being directed to a
      contact member particularly adapted for a rotary potentiometer while
      another embodiment has particular use in a linear potentiometer.
PARN
PAR  This is a division of application Ser. No. 447,616, filed Mar. 4, 1974, now
      U.S. Pat. No. 3,905,318.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electrical contact member and more
      particularly of the type used in a variable resistance device having a
      movable contact or wiper, such as a potentiometer.
PAR  There have been numerous prior art efforts to provide an acceptable and yet
      inexpensive multifinger contact serving as the wiper element in these
      devices. One such method of producing a multifinger contact involves the
      winding of a conductive wire about a mandrel, plating the wound wire with
      conductive material and selectively removing the plating to produce
      severable contacts having a plurality of fingers and a base portion. This
      method necessarily involves several complicated and expensive steps. A
      typical method of producing an inexpensive multifinger contact involves
      merely slotting and removing material in a strip to produce a plurality of
      finger members extending from the base which are spaced from one another.
      This method will not provide a plurality of densely arranged slender
      fingers necessary to maximize the number of fingers over a given area to
      be contacted. Efforts have also been made to shear adjacent finger
      portions from one another. This tends to leave the fingers in lateral
      contact with one another and, thus, restricts the capability of each
      finger to flex independently.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention basically utilizes a shearing process in which the
      shearing of one portion of a stock from another is accomplished with a
      stroke large enough to elongate the sheared portion beyond its elastic
      limit. When the fingers are returned to a coplanar position, they will,
      thus, include a slight lateral spacing between adjacent side edges.
PAR  One embodiment of the invention utilizes the elongation of adjacent finger
      portions to be particularly adapted in use as a wiper in a rotary-type
      potentiometer.
PAR  In such an embodiment, a succession of arcuate shears are performed on a
      sheet of conductive material. Each adjacent shearing step being such a
      depth as to elongate the material beyond its elastic limit. Upon returning
      the plurality of sheared portions to a coplanar position, a crescent
      shaped space will be provided between adjacent edges due to the
      differential in lengths of adjacent sheared portions.
PAR  Another embodiment of the invention again utilizes the elongation of
      adjacent finger portions but is particularly adapted for use in a
      rectilinear potentiometer. In such an embodiment, a plurality of parallel
      linear fingers are sheared from one another, each being sheared downwardly
      to a point which is beyond the elastic limit of the material thereby
      causing at least a portion of the length of the finger to be diminished in
      width as a result of the elongation. The fingers, when returned to a
      coplanar position, will thus be capable of individually flexing as a
      result of the diminishment in width of the fingers.
PAR  Accordingly, it is an important object of the invention to provide a
      multifinger contact member made by a shearing operation, the fingers of
      which are capable of independently flexing.
PAR  Another object of the invention is to elongate, while shearing, the finger
      portions from a sheet of material thus allowing a dense arrangement of
      such fingers on a relatively small contact member and yet allow the
      fingers to flex independently.
PAR  An additional object of the invention is to provide a procedure for forming
      relatively small integral multifinger electrical contact members which
      utilizes a series of punch and die stations contributing to reduction of
      manufacturing costs.
PAR  The above and other objects and advantages of the invention will be more
      fully understood from the following specification when read with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a portion of a strip following a first shearing
      step in the operation.
PAR  FIG. 2 is a plan view of the portion of the strip of FIG. 1 showing the
      first sheared portion returned to the coplanar position and showing a
      second shearing step in the material.
PAR  FIG. 3 is a partial cross-sectional view of the punch and die set at a
      first station in the invention and showing the punch at the bottommost
      position of a stroke.
PAR  FIG. 4 is a partial cross-sectional view of a second punch and die station
      showing the punch at the bottommost position of its stroke in a shearing
      operation following that shown by FIG. 3.
PAR  FIG. 5 is a partial plan view of a multifinger contact made in accordance
      with the invention.
PAR  FIG. 6 is an end view of the contact member shown in FIG. 5.
PAR  FIG. 7 is a partial plan view of a strip of material deformed in accordance
      with an alternate embodiment of the invention.
PAR  FIG. 8 is a partial cross-sectional view of a punch and die set used to
      form the alternate embodiment shown in FIG. 7.
PAR  FIG. 9 is a perspective view of a multifinger contact made in accordance
      with the embodiment shown in FIGS. 7 and 8.
PAR  FIG. 10 is a partial plan view of an individual finger deformed in
      accordance with the alternate embodiment shown in FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Integral multifinger contact members in which each finger is capable of
      independent action, may be efficiently made with the method of the present
      invention. The method utilizes shearing operations in each of the to be
      described embodiments and relies on the elongation of thin strips of
      material beyond their elastic limits to insure this independent action.
      During the shearing step in the formation of each individual member, the
      finger member is moved out of the plane of the strip a depth which is
      sufficient to deform that particular portion beyond its elastic limit so
      that it will not return to its original dimension. Of course, it will be
      realized that the actual depth of each shearing stroke to go beyond the
      elastic limit of the material will depend on the length of material being
      deformed as well as the characteristics of the material itself. Therefore,
      the actual dimensions of the punch and die set utilized in this invention
      will become apparent to those skilled in the art in accordance with the
      particular requirements of the contact member to be produced. Examples of
      material which has been used in the environment described above is brass
      or nickel-silver alloys. It should be noted that these particular
      materials are merely exemplary and not restrictive of the materials which
      may be used in the invention.
PAR  One embodiment of the invention utilizes a differential elongation in
      adjacent finger portions to produce a slight lateral space between
      adjacent and opposing side edges of the fingers. While extremities of an
      arcuate shear line are retained from elongation, a slender portion of the
      material is elongated beyond the elastic limit of the material and out of
      the plane of the strip. When each finger portion is returned to the plane
      of the strip, the difference in length will be reflected in a crescent
      shaped space between adjacent fingers.
PAR  Yet another embodiment of the invention utilizes the change in a lateral
      dimension in a slender finger portion as a result of elongation to insure
      that adjacent finger portions will not contact one another.
PAR  Turning now to FIG. 1, it will be seen that a portion of a strip of
      conductive material may be sheared along an arcuate shear line 12. The
      portion 14 on the convex side of the shear line will be deformed out of
      the plane of the strip. The shear line 12 will lie on one side of an
      imaginary line interconnecting the extremities 11 and the portion of the
      strip in the sectors outside of the sector defining the sheared portion
      will be clamped and retained in a coplanar position while the portion 14
      is transversely deformed.
PAR  FIG. 3 represents a punch and die set which may be utilized, in accordance
      with the principles of the invention, to shear an arcuate shaped portion
      14 from a strip 10 such as that depicted in FIG. 1. An upper punch 30
      which will have an arcuate shaped cutting or shearing edge conforming to
      the desired configuration of the shear line 12, will be associated with a
      lower spring loaded pressure pad 36. A lower die portion 34 will also be
      associated with an upper spring loaded pressure pad 32. The portions 34
      and 32 will serve to support and clamp the portions of the strip 10
      outside of the arc of shear as well as supporting and clamping portions of
      the strip within the arc of the shear and on the concave side of the shear
      line 12. As the upper portions 30 and 32 are moved relative to the lower
      portions 34 and 36, the punch 30 will sever a predetermined portion 14
      from the body of the strip and move portion 14 downwardly to a
      predetermined maximum depth A. This maximum depth A will be sufficient to
      elongate the portion 14 beyond its elastic limit.
PAR  Reference to FIG. 2 will now show that when the sheared portion 14 has been
      returned to be coplanar with the strip 10 the difference in lengths
      between the adjacent edges of the body 10 on the inner or concave side of
      the shear line and the portion 14 on the outer or convex side of the shear
      line will provide a crescent shaped gap 18 therebetween. A succession of
      similar shearing operations will thereafter be performed on the strip. A
      subsequent shear will thus be made on the previously deformed portion 14
      and is shown as a shear line 12a similar to the arcuate shaped initial
      shear line 12. In this step, however, a slender finger portion 16 remains
      in the plane of the strip 10 while a segment 14a, of the initially
      deformed portion 14, is sheared out of the plane of the strip to a
      distance B. The shearing of portion 14 to the predetermined maximum depth
      A will work harden portion 14 to the extent that its elastic properties
      will have changed, consequently the distance B must be a depth sufficient
      to further elongate portion 14a beyond its redefined elastic limit. While
      distance B is shown to be greater than distance A and for practical
      purposes will probably be greater when the shear lines are progressively
      longer in length, it should be understood that B is only required to be
      great enough to exceed the redefined elastic limit of 14a. This subsequent
      shearing strip will thus elongate portion 14a an extent greater than the
      previously elongated portion, now represented by finger 18. In this second
      station an arcuate punch 30a cooperates with a spring loaded pressure pad
      36a, while a die portion 34a cooperates with a spring loaded pressure pad
      32a in a manner somewhat identical to the description of the first
      shearing station.
PAR  After a predetermined number of shearing strokes to depths determined by
      the depth required to alongate the portion beyond its elastic limit, a
      contact member as shown in FIG. 5 will result. A plurality of individual
      fingers 16 will be formed, each being spaced slightly from the adjacent
      fingers by a crescent shaped gap 18. The spacings will thus allow fingers
      16 to flex relatively independent of one another and yet maintain an
      extremely dense array of contact members along a predetermined short line
      of contact. The strip 10 may furhter be deformed by a provision of a
      cut-out 20. The portion of the body on the concave side of cut-out 20 may
      thereafter be deformed in accordance with the particular requirements of
      attachment or may be deformed to provide a collector brushing element
      which would cooperate with the plurality of members 16 for particular use
      in a potentiometer environment. The centermost portions of the arcuate
      fingers 16 may also be deformed further to provide a radiused tip 22 to
      localize the contacting portion of each individual finger.
PAR  The arcuate fingers formed in the manner described above and with punches
      having somewhat identical arc configurations, will be narrowed somewhat at
      a portion intermediate the extremities.
PAR  The basic teachings of the invention can also be utilized to produce an
      integral multifinger brush in which the fingers are generally linear. FIG.
      7 shows a strip 39 which has been deformed utilizing the principles of
      this invention to provide a plurality of fingers 42 merging with and along
      one edge of a base portion 40. It will be noted that each finger 42 is
      substantially out of lateral contact with each other and is separated from
      each other by spaces 44. This configuration will thus allow the fingers 42
      to flex independent of one another.
PAR  FIG. 8 describes a punch and die station which may be utilized to provide
      the deformation of a strip as shown in FIG. 7. A punch 50 having a
      generally curved advancing edge is associated with a lower spring loaded
      pressure pad 52. Upper spring loaded pressure pad portions 56 cooperate
      with lower stationary die members 54 to retain the strip at the
      extremities of the fingers to be formed. As in the previously described
      embodiment, the maximum depth of deformation of portions 42 from the plane
      of the stock will be such that the elastic limit of the material is
      exceeded. The finger portions 42 will thus be elongated and deformed so as
      to diminish in width towards an intermediate portion of the fingers. In
      FIG. 10 it will be seen that each finger 42 will include a necked down or
      portion of diminished width 46 and wider portions 48 merging with the
      strip material 39. When the deformed fingers 42 are returned to a position
      coplanar with the strip, the diminishment of width will form sufficient
      spaces between adjacent fingers to permit individual and independent
      flexing thereof.
PAR  An integral multifinger contact member 38 shown in FIG. 9, may subsequently
      be formed from a plurality of such deformations on a strip. The fingers
      may be severed along cut lines a or b or positions intermediate thereof. A
      severing along line b at portion 48 is shown in phantom in FIG. 9 and
      would represent a dense arrangement of individually flexing contact points
      along a given line of contact. It should also be noted that the contact
      made by severing along cut line b would produce fingers with narrowed
      portions 44 to facilitate twisting about their own longitudinal axis,
      which capability may be advantageous in certain environments. Severing
      along cut line a at the area of diminished width 44 results in the most
      efficient use of material since a pair of elements 38 could be produced
      from a set of elongated fingers 42.
PAR  It will also be recognized that the elongation beyond the elastic limits of
      the material and work hardening thereof may serve to enhance the spring
      characteristics of the device.
PAR  While the invention has been described in connection with two particular
      embodiments, it should be understood that it is not intended to limit the
      invention to such embodiments. On the contrary, it is intended to cover
      all alternatives, modifications and equivalents as may be included within
      the spirit and scope of the invention as defined by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A one piece electrical wiper brush contact including a base portion
      adapted for attachment to a carrier, a plurality of slender, resilient,
      arc-like contact fingers, each extremity thereof integrally joined to the
      base, said contact fingers merging together at both regions of juncture
      with the base, the side edges of adjacent arc-like fingers being separated
      over substantially their entire length by a crescent shaped aperture,
      dimpled localized contact regions being formed in the fingers and
      substantially radially aligned thereon.
NUM  2.
PAR  2. A one piece wiper brush contact as in claim 1, wherein the localized
      contact regions are located substantially midway the extremities of the
      fingers and in the area of maximum spacing between adjacent arc-like
      fingers.
NUM  3.
PAR  3. An electrical contact brush as in claim 1, wherein each contact finger
      includes a necked down portion of a width less than the width of the
      fingers at the region of merger with the base.
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PAL  A rotary contactor for use in conjunction with a thermocouple mounted on a
      container so as to permit measurement of the temperature of the contents
      at an interior location while the container is being rotated about a
      longitudinal axis. The rotary contactor device includes a pair of contact
      pins one of which has an axially projecting portion and which is formed of
      a metal corresponding to that of one of the thermocouple materials while
      the other contact pin is formed of a metal corresponding to the dissimilar
      thermocouple material. A slip ring concentrically embraces a section of
      the projecting portion of the one pin and is suitably insulated therefrom
      while being electrically connected to the other pin. The slip ring is
      formed of the same metal as the pin to which it is electrically connected.
      A sleeve bearing and a spring-loaded brush are mounted on the slip ring
      and are formed of the same metal as the slip ring. A second sleeve bearing
      and a second spring-loaded brush are mounted directly on a portion of the
      axially projecting pin and are likewise formed of the same metal as that
      pin. A pair of flexible electrical conductors connect one set of sleeve
      bearing and spring-loaded brush to one stationary lead to a potentiometer.
      This set of flexible conductors and the lead connected thereto are formed
      of the same metal as the slip ring. A second set of flexible conductors
      are connected to the sleeve bearing and spring loaded brush mounted
      directly on the pin and are formed of the same metal as that pin and these
      conductors are connected to a second lead formed of the same metal and
      adapted to be connected to a potentiometer.
BSUM
PAR  This invention relates generally to improvements and innovations in rotary
      contactor units for use in electrically connecting a pair of stationary
      leads to the terminals of a thermocouple mounted on a rotating container
      so as to measure the internal temperature of the contents thereof. Devices
      of this general type are known and have been used commercially, primarily
      by the food industry.
PAR  For reasons of better product quality and reduced processing costs food
      processors are increasingly using "continuous", "rotary", "hydrostatic",
      "agitating" and other automatic type retorts for sterilizing their filled
      cans or jars. Many of these retorts feature a system by which the cans are
      rotated horizontally about their cylindrical axes to achieve greater
      agitation of the product in the can. With many products such rotation
      permits dramatically faster heating, resulting in shorter processing times
      and improved product quality.
PAR  To determine an adequate or "safe" process for a product it is necessary to
      obtain "heat penetration data" showing the temperature of the slowest
      heating part of the container contents throughout the heating and cooling
      cycles. Such data are usually obtained in special experimental retorts
      designed to simulate the heating and agitation provided by the large
      commercial retorts. One such retort is the so-called FMC Steritort. This
      unit can simulate the heating, cooling, shaft rotation and the rolling of
      the cans in the lower section of the retort that is obtained in several
      large commercial retorts. Heat penetration tests are made by means of
      thermocouples which enter one end of the can and extend to its geometric
      center. A rotary contacting device is connected to the thermocouple at the
      end of the can so as to permit the can to rotate without twisting the
      thermocouple lead wires. The lead wires from the rotary device are
      connected in known manner through a seal in the hollow shaft of the
      retort, to another slip ring assembly and then to either an indicating or
      recording potentiometer.
PAR  The principal deficiencies in previous rotary contactors have been
      intermittent electrical conductivity and/or excessive friction which in
      some cases was enough to stop, or reduce the rolling motion of the can
      thereby reducing the rate of heating and giving unreliable heat
      penetration data.
PAR  The principal object of the present invention is to provide a reliable
      rotary contactor of the foregoing type having markedly less rotating
      friction. This is accomplished in two ways. First, all bearings and
      brushes are made of thermocouple material and are part of the electrical
      circuit, so that essentially all rotating friction contributes toward
      maintaining continuity of the electrical circuit. Because of this
      arrangement, very minimal loading of the brushes is required, and
      reasonably satisfactory results can be obtained without the use of the
      brushes by depending on the contact provided by the bearings alone.
      Second, reducing the diameters of the rotating parts, thereby reducing the
      torque required to turn the rotor.
PAR  In my foregoing arrangement the axle of the rotor serves as one contact and
      an insulated slip ring concentrically mounted in insulated relationship on
      the axle serves as the other contact. The slip ring turns in an
      electrically active bearing and is provided with an electrically active
      spring-loaded brush. The axle likewise turns in an electrically active
      bearing and is also provided with an electrically active spring-loaded
      brush. Materials of thermocouple composition (except for solder) are used
      throughout the respective circuits in order to achieve a high degree of
      accuracy in temperature readings.
PAR  In addition to the foregoing principal objects of the invention, a further
      object thereof is to provide a rotary contactor for thermocouples of the
      foregoing type which is improved in the following respect: the amount of
      materials used therein is substantially reduced, the size is substantially
      reduced, the leads and connections are located within a compact body
      member so as to be fully protected.
PAR  Certain other additional objects of the invention will in part be obvious
      and will in part appear hereinafter.
DRWD
PAR  For a more complete understanding of the nature and scope of the invention
      reference may now be had to the following detailed description thereof
      taken in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is an elevational view of a rotary contactor forming one embodiment
      of the present invention mounted on one end of a "tin can" container shown
      in broken lines and equipped with a thermocouple for use in measuring the
      temperature of the contents in the geometric center of the can;
PAR  FIG. 2 is a perspective view, partially cut away and in section, of a
      post-like rotary sub-assembly constituting one main part of the rotary
      contactor in FIG. 1;
PAR  FIG. 3 is a top plan view of the rotary contactor as shown in FIG. 1;
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 3;
PAR  FIG. 5 is a bottom plan view partly in section of the rotary contactor of
      FIG. 1;
PAR  FIG. 6 is an end elevational view of a rotary contactor forming a second
      embodiment of the present invention; and
PAR  FIG. 7 is a fragmentary partial sectional view taken on line 7--7 of FIG. 6
     .
DETD
PAR  Referring to FIG. 1 a connecting means for so-called rotary contactor
      forming a preferred embodiment of the present invention is indicated
      generally at 10, being mounted on a fitting 11 of known type mounted in
      the center of one end of a can 12 shown in broken line. The fitting 11
      carries a thermocouple 13 of known commercial type used for heat
      penetration measurements in a rotary retort. A knurled can coupling nut 14
      carried on the rotary contactor device 10 serves to securely attach the
      rotary contactor to the installed fitting 11 in known manner.
PAR  The rotary contactor 10 comprises two subassemblies. One is a post-like
      rotor sub-assembly 15 which rotates co-axially with the can 12 and the
      other is a stationary arm sub-assembly 16 which is mounted on and receives
      therein the upper end of the post-like sub-assembly 15. Reference may now
      be had to FIGS. 2-5 for a detailed description of the rotary contactor
      unit 10.
PAR  Referring first to FIG. 2, the rotary post-like sub-assembly 15 comprises a
      base 17 formed of a suitable dielectric material such as glass-filled
      epoxy resin. Contact pins 18 and 20 are embedded in the base 17. Both
      contact pins have slotted portions 21 and 22, respectively, projecting
      from one end of the base 17 which are adapted to matingly connect in the
      known manner with the terminals of the thermocouple 13. However, the
      contact pins 18 and 20 will be formed of dissimilar metal compositions
      corresponding to the dissimilar metals comprising the thermocouple 13. For
      example, when the dissimilar materials of the thermocouple 13 are
      Constantan and copper, the longer pin 20 may be formed of Constantan and
      should, of course, be mated to the Constantan terminal of the thermocouple
      13. Contact pin 18 will then be formed of copper and should be matingly
      connected to the copper terminal of the thermocouple 13. It will be
      understood that when the thermocouple 13 is made of other different
      materials, the pins 18 and 20 should likewise be made of different metals
      so as to correspond thereto.
PAR  It will be noted that the longer contact pin 20 has a dog leg configuration
      with a longer portion 23 thereof being co-axial with the axis of the base
      17 and projecting beyond the end of the base 17 for a substantial
      distance. A sleeve 24 formed of a suitable dielectric material snugly
      embraces a section of the projecting portion 23 of the pin 20 which is
      adjacent to the base 17 and projects into the end of the base a short
      distance as indicated in FIG. 2. On its outer or outboard end the
      dielectric sleeve 24 is provided with a collar or flange 25 which serves
      to position a slip ring 26 fitting thereover. The slip ring 26 extends
      into the adjacent end of the base 17 wherein it is suitably connected by
      solder to the arcuate end portion 27 of the pin 18. The slip ring 26 will
      be formed of the same material as the pin 18, i.e. copper.
PAR  The projecting portion 23 of the contact pin 20 is supported adjacent the
      base 17 in a sleeve bearing 28 formed of the same material as the slip
      ring 26, i.e. copper. A short space from the outer end of the sleeve
      bearing 28 the slip ring 26 is embraced by a spring-loaded sleeve brush 30
      formed of copper and having radially projecting therefrom a copper pin 31
      over which fits a compression spring 32.
PAR  Adjacent the outer end of the projecting portion 23 of the contact pin 20,
      it is provided with a second sleeve bearing 33 formed of the same material
      as the contact pin 20, i.e. Constantan. Juxtaposed to the inner-face of
      the sleeve bearing 33 is a spring-loaded sleeve brush 34 which may take
      the form of a plurality of contacting turns of Constantan wire coiled
      around the pin 20 and provided with a radially projecting Constantan pin
      35 which is surrounded by a compression spring 36.
PAR  Electrical conductors 37 and 40 formed of copper are provided to
      electrically inter-connect the sleeve bearing 28 and the pin 31 on the
      brush 30, respectively, to a copper lead 41 which leads from the rotary
      contactor device pin to either an indicating or recording type
      potentiometer. Similarly, a pair of Constantan conductors 42 and 43
      electrically inter-connect the sleeve bearing 33 and the pin 35 on the
      brush 34, respectively, to a second lead 44 leading to the potentiometer.
      Both of the leads 41 and 44 are sheathed in suitable insulation to form a
      conductor cord as indicated at 45.
PAR  Reference may be had to FIG. 4 for a description of the manner in which the
      post-like sub-assembly 15 is journaled within the stationary arm
      sub-assembly 16. The latter sub-assembly comprises an elongated arm member
      46 formed of a suitable dielectric material and desirably being
      rectangular or square in transverse cross-section. The body 46 is provided
      with aligned openings on opposite sides so as to provide retention seats
      for the sleeve bearings 28 and 33. A washer 47 is secured on the outermost
      projecting portion 23 of the contact pin 20 so as to retain the inner-end
      of the base 17 against the adjacent face of the block 46 as shown. It will
      be seen that with this arrangement the sub-assembly 15 can rotate within
      the arm sub-assembly 16.
PAR  It will be seen that the interior of the block 46 between the bearings 28
      and 33 is in the form of a cavity which houses the spring loaded sleeve
      brushes 30 and 34 with the compression springs 32 and 36 extending in
      longitudinal and parallel bores 48 and 50 which are tapped at their
      outer-ends so as to receive the set screws 51 and 52 respectively. It will
      be seen that by turning the set screws 51 and 52 the desired amount of
      compression load can be placed on the springs 32 and 36, it being
      understood that the minimum compression for satisfactory operation should
      be used so as to reduce the friction between the brushes and the
      projecting portions 23 of the pin 20.
PAR  It will be seen from FIGS. 4 and 5 that the respective sets of conductors
      37-40 and 42-43 extend through transverse openings 53 and 54 respectively
      to the outside of the block 46 and then inwardly through the second set of
      transverse openings 55 and 56 respectively wherein they are connected to
      the leads 41 and 44 respectively. The leads 41 and 44 extend on an angle
      into the body 46 through the Y shaped opening 57 leading into the bore 58
      which receives the adjacent end of the lead cord 45. In order to prevent
      tension being applied onto the portion of the conductor cord 45 or lead
      cord 45 within the bore 58 a set screw 60 is positioned in a transverse
      tapped opening in the body 46 as shown in FIG. 4.
PAR  Since both the supporting bearings 28 and 33 and the spring loaded brushes
      30 and 34 are electrically active and formed of the same respective
      materials as the contact pins to which they are electrically connected it
      will be understood that maximum electrical contact is provided with a
      minimum of resistance and with a continual cleaning action of the
      relatively movable parts. By virtue of this arrangement and having the
      components or parts in the respective electrical paths formed of the same
      materials as the dissimilar materials of the thermocouple 13 all rotating
      friction contributes to maintaining continuity of the electrical circuit
      and only minimal loading of the spring-loaded brushes is required. In fact
      in some instances the spring-loaded brushes may be omitted. It will also
      be noted that the diameters of the rotating parts are minimized being the
      diameter of the projecting portion 23 and the diameter of the slip ring
      26.
PAR  In use it will be understood that normally several of the rotary contactor
      units 10 will be applied to a plurality of thermocouple-equipped rigid
      metal containers 12 supported in a horizontal position for rotation such
      as in a test or experimental retort of the type represented by a FMC
      Steritort. The lead wires 41 and 44 of each conductor cord 45 will be
      connected in known manner through a seal in the hollow shaft of the retort
      to a suitable slip ring assembly and then to a potentiometer, all in well
      known manner. The inner or probe end of each thermocouple 13 will normally
      be in approximately the geometric center of each container 12 so as to
      sense the temperature of the contents at this point. The resulting voltage
      or potential created will be impressed upon the contact pins 18 and 20 and
      transmitted from these pins through their respective associated electrical
      conducting paths to the lead wires 41 and 44 respectively.
PAR  The modification of the rotary contactor of FIGS. 1-5 that is shown in
      FIGS. 6 and 7 has basically the same construction and corresponding parts
      are indicated with corresponding reference numerals which are primed. The
      difference between the rotary contactor unit 10' of FIGS. 6 and 7 and the
      rotary contactor 10 of FIGS. 1-5 resides in omitting the set screws 51 and
      52 for adjusting the compression on the spring-loaded brushes 30 and 34,
      respectively, and replacing the same with retaining wires 61 and 62 which
      project through aligned small openings drilled transversely through the
      body 46 so as to extend through the center portions of the bores 48' and
      50'.
PAR  It will be appreciated that changes of a design nature may be made in the
      specific embodiments of the invention shown in FIGS. 1-7. For example, the
      pins 18 and 20 may be tubular instead of solid in which case the
      projecting slotted terminal portions 21 and 22 may be omitted and the
      hollow end portions of the tubular pins used as socket type terminals. In
      certain instances it may be desirable to have the thermocouple 13
      permanently attached to the rotary contact device 10. Other design changes
      may also be made without departing from the spirit and scope of the
      invention. The functions of the bearing 28 and brush 30 may be provided by
      a combination bearing and brush and likewise for the bearing 33 and the
      brush 34. Thus, these parts 28 and 30 may be combined into a single part
      and similarly for parts 33 and 34.
CLMS
STM  I claim:
NUM  1.
PAR  1. Connector means for use in electrically connecting first ends of a pair
      of stationary electrical leads to rotary thermocouple terminals mounted on
      a rotatable container, said thermocouple terminals being on a thermocouple
      projecting into the interior of said container for sensing the temperature
      of the contents therein, the second ends of said pair of stationary
      electrical leads being adapted to be electrically connected to terminals
      of a potentiometer responsive to voltage generated by said thermocouple,
      said connector means comprising:
PA1  a post-like rotary sub-assembly having a longitudinal axis about which it
      is adapted to rotate when said container rotates;
PA1  a stationary arm-like sub-assembly mounted on said post-like rotary
      sub-assembly;
PA1  said post-like rotary sub-assembly comprising, a base having mounted
      therein in electrically insulated relationship two contact pins one of
      which is formed of thermocouple material A corresponding to one material
      of said thermocouple and the other of which is formed of a different
      thermocouple material B corresponding to the other material forming said
      thermocouple, both of said pins having terminal portions at one end of
      said base for electrical connection with said pair of thermocouple
      terminals and said contact pin formed of material A projecting axially
      from the opposite end of said base, a slip ring sleeve formed of material
      B embracingly mounted in non-conductive relationship on said axially
      projecting pin portion with the end of said slip ring sleeve adjacent said
      base being electrically connected to said contact pin formed of material
      B, first sleeve bearing and/or brush means formed of material B embracing
      said slip ring sleeve, first conductor means formed of material B
      electrically connecting said first sleeve bearing and/or brush means to a
      first end of one of said stationary electrical leads and which is formed
      of material B, second sleeve bearing and/or brush means formed of material
      A embracing said projecting pin portion at a location spaced from said
      slip ring, and second conductor means formed of material A connecting said
      second sleeve bearing and/or brush means to a first end of the second of
      said stationary electrical leads and which is formed of material A;
PA1  and, said stationary arm sub-assembly comprising, a body member receiving
      therein said axially projecting pin portion and providing seats for said
      first and second sleeve bearing and brush means, and said body member
      providing support for said first and second conductor means and said first
      ends of said stationary electrical leads.
NUM  2.
PAR  2. Connector means for use in electrically connecting first ends of a pair
      of stationary electrical leads to a pair of rotary thermocouple terminals
      mounted on a rotatable container, said thermocouple terminals being on a
      thermocouple projecting into the interior of said container for sensing
      the temperature of the contents therein, the second ends of said pair of
      stationary electrical leads being adapted to be electrically connected to
      terminals of a potentiometer responsive to voltage generated by said
      thermocouple, said connector means comprising:
PA1  a post-like rotary sub-assembly having a longitudinal axis about which it
      is adapted to rotate when said container rotates;
PA1  a stationary arm-like sub-assembly mounted on said postlike rotary
      sub-assembly;
PA1  said post-like rotary sub-assembly comprising, a base having mounted
      therein in electrically insulated relationship two contact pins one of
      which is formed of thermocouple material A corresponding to one material
      of said thermocouple and the other of which is formed of a different
      thermocouple material B corresponding to the other material forming said
      thermocouple, both of said pins having terminals at one end of said base
      for mating electrical contact with said pair of thermocouple terminals and
      said contact pin formed of material A projecting axially from the opposite
      end of said base, a dielectric sleeve embracing a section of said axially
      projecting pin portion adjacent said base, a slip ring sleeve formed of
      material B embracingly mounted on said dielectric sleeve with the end
      adjacent said base being electrically connected to the adjacent end of
      said contact pin formed of material B, first sleeve bearing formed of
      material B embracingly supporting said slip ring adjacent said base, a
      first spring-loaded sleeve brush formed of material B embracing said slip
      ring, a first pair of conductors formed of material B electrically
      connecting said first sleeve bearing and said first spring-loaded sleeve
      brush respectively to a first end of one of said stationary electrical
      leads and which is formed of material B, a second sleeve bearing formed of
      material A embracingly supporting said projecting pin portion at a
      location spaced from said slip ring, a second spring-loaded sleeve brush
      formed of a material A embracing said projecting pin portion, and a second
      pair of conductors formed of material A connecting said second sleeve
      bearing and said second spring-loaded sleeve brush, respectively, to a
      first end of the second of said stationary electrical leads and which is
      formed of material A;
PA1  and, said stationary arm sub-assembly comprising, a body member having a
      transverse opening for receiving therein said axially projecting pin
      portion with one section of said transverse opening serving as a seat for
      said first sleeve bearing and with a spaced section thereof serving as a
      seat for said second sleeve bearing, said body member having space therein
      for receiving said first and second spring-loaded sleeve brushes and said
      body member providing support for said first and second pairs of
      conductors and said first ends of said stationary electrical leads.
NUM  3.
PAR  3. The connector means called for in claim 2 wherein said base is formed of
      dielectric material, portions of said contact pins are embedded in said
      base, and both of said pins have terminals projecting from one end of said
      base for mating electrical contact with said thermocouple terminals.
NUM  4.
PAR  4. The connector means called for in claim 2 wherein said body member is
      formed of dielectric material and adjustable set screws are mounted in
      tapped openings therein for adjusting the load on said first and second
      spring-loaded sleeve brushes.
NUM  5.
PAR  5. The connector means called for in claim 2 wherein non-adjustable means
      are carried thereby for maintaining predetermined loads on said first and
      second spring-loaded sleeve brushes.
NUM  6.
PAR  6. The connector means called for in claim 2 wherein said first and second
      pairs of conductors are flexible and portions of said stationary
      electrical leads adjacent said first ends thereof are encased in cord-like
      insulation extending in a longitudinal passageway in said body member and
      means is provided on said body member for anchoring said cord-like
      insulation in said longitudinal passageway.
NUM  7.
PAR  7. Connector means for use in electrically connecting first ends of a pair
      of stationary electrical leads to a pair of rotary thermocouple terminals
      mounted on one end of a rotatable container, said thermocouple terminals
      being on a thermocouple projecting from said container end into the
      interior thereof for sensing the temperature of the contents therein, the
      second ends of said pair of stationary electrical leads being adapted to
      be electrically connected to terminals of a potentiometer responsive to
      voltage generated by said thermocouple, said connector means comprising:
PA1  a post-like rotary sub-assembly having a longitudinal axis about which it
      is adapted to rotate when said container rotates;
PA1  a stationary arm-like sub-assembly mounted on said post-like rotary
      sub-assembly;
PA1  said post-like rotary sub-assembly comprising, a base having mounted
      therein in electrically insulated relationship two contact pins one of
      which is formed of thermocouple material A corresponding to one material
      of said thermocouple and the other of which is formed of a different
      thermocouple material B corresponding to the other material forming said
      thermocouple, both of said pins having terminals at one end of said base
      so as to mate in electrical contact with said pair of thermocouple
      terminals and said contact pin formed of material A projecting axially
      from the opposite end of said base, a dielectric sleeve embracing a
      section of said axially projecting pin portion adjacent said base, a slip
      ring sleeve formed of material B embracingly mounted on said dielectric
      sleeve with the end adjacent said base being electrically connected to the
      adjacent end of said contact pin formed of material B, a first sleeve
      bearing formed of material B embracingly supporting said slip ring
      adjacent said base, a first spring-loaded sleeve brush formed of material
      B embracing said slip ring, a first pair of flexible conductors formed of
      material B electrically connecting said first sleeve bearing and said
      first spring-loaded sleeve brush respectively to a first end of one of
      said stationary electrical leads and which is formed of material B, a
      second sleeve bearing formed of material A embracingly supporting said
      projecting pin portion at a location spaced from said slip ring, a second
      spring-loaded sleeve brush formed of material A embracing said projecting
      pin portion, and a second pair of flexible conductors formed of material A
      connecting said second sleeve bearing and said second spring-loaded sleeve
      brush, respectively, to a first end of the second of said stationary
      electrical leads and which is formed of material A;
PA1  and, said stationary arm sub-assembly comprising, a body member having a
      transverse opening for receiving therein said axially projecting pin end
      with one end of said transverse opening serving as a seat for said first
      sleeve bearing and with the other end thereof serving as a seat for said
      second sleeve bearing, and said body member having space therein for
      receiving said first and second spring-loaded sleeve brushes and having
      passageway space therein for receiving said first and second pairs of
      flexible conductors and said first ends and adjacent portions of said
      stationary electrical leads.
NUM  8.
PAR  8. For use in connector means for electrically connecting first ends of a
      pair of stationary electrical leads to rotary thermocouple terminals
      mounted on a rotatable container, said thermocouple terminals being on a
      thermocouple projecting into the interior of said container for sensing
      the temperature of the contents therein, the second ends of said pair of
      stationary electrical leads being adapted to be electrically connected to
      terminals of a potentiometer responsive to voltage generated by said
      thermocouple, a post-like rotary sub-assembly comprising, a base having
      mounted therein in electrically insulated relationship two contact pins
      one of which is formed of thermocouple material A corresponding to one
      material of said thermocouple and the other of which is formed of a
      different thermocouple material B corresponding to the other material
      forming said thermocouple, both of said pins having terminal portions at
      one end of said base for electrical connection with said pair of
      thermocouple terminals and said contact pin formed of material A
      projecting axially from the opposite end of said base, a slip ring sleeve
      formed of material B embracingly mounted in non-conductive relationship on
      said axially projecting pin portion with the end of said slip ring sleeve
      adjacent said base being electrically connected to the adjacent end of
      said contact pin formed of material B, first sleeve bearing and brush
      means formed of material B embracingly directly supporting said slip ring
      sleeve, first conductor means formed of material B electrically connecting
      said first sleeve bearing and brush means to a first end of one of said
      stationary electrical leads and which is formed of material B, second
      sleeve bearing and brush means formed of material A embracingly directly
      supporting said projecting pin portion at a location spaced from said slip
      ring sleeve, and second conductor means formed of material A for
      connecting said second sleeve bearing and brush means to a first end of
      the second of said stationary electrical leads and which is formed of
      material A.
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ABST
PAL  An electrical conductor bearing arrangement for conducting electrical
      current between rotating and non-rotating members includes at least one
      flexible annular race which cooperates intermediate ball bearings and a
      further race to provide the required electrical connection. The flexible
      race, which is preferably constructed of spring metal or the like, is
      adapted to be mounted in a support such that the outer circumferential
      edges of the race are firmly supported while the central recessed portion
      located between these circumferential edges is unsupported so that the
      race is free to flex as the bearings ride on the central portion. The
      support preferably comprises an annular member, which can be constructed
      of plastic or another insulating material, including spaced support
      surfaces which extend around the inner and outer circumferential edges and
      define a circumferential recess therebetween, the depth of the recess in
      the support member being greater than that of the recessed central portion
      so that the latter is unsupported.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to conductor arrangements for providing an
      electrical path between rotating and non-rotating members.
PAC  BACKGROUND OF THE INVENTION
PAR  In my earlier filed application, Ser. No. 850,055, filed on Aug. 14, 1969
      and now abandoned, a number of techniques were discussed for maintaining
      good electrical contact between the non-rotating and rotating race members
      of an electrical conductor bearing arrangement. Conductor bearing
      arrangements of this general type characteristically comprise a fixed or
      non-rotating annular race member, a rotating annular race member adapted
      to be affixed to a rotating shaft, and a plurality of ball or roller
      bearings which ride in races defined by the race members. Examples of
      electrical conductor bearing arrangements of this general type are
      disclosed in my earlier U.S. Pat. No. 3,501,204.
PAR  A very important consideration in constructing conductor arrangements of
      the type in question is that of providing a constant contact area between
      the rotating and non-rotating race members which is precisely and
      continuously maintained. Prior art conductor arrangements generally
      provide somewhat irregular contact between the fixed and rotating races
      because of imbalances in the mountings for the races, the geometrical
      relations between the races and the contact elements whereby different or
      variable areas of contacts are provided, and the differential expansion of
      the various parts forming the conductor arrangement.
PAR  A further very important consideration is manufacturing cost of the
      conductor arrangement. Thus, to be economically feasible to manufacture,
      such an arrangement should be relatively simple in construction yet rugged
      and efficient, and the individual parts should be relatively inexpensive
      to make.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an electrical conductor arrangement is
      provided for conducting electrical current between rotating and
      non-rotating members, which arrangement affords improved electrical
      contact between the fixed and rotating members. More specifically, the
      arrangement includes a race means on which the bearing members of the
      conductor arrangement ride comprising a flexible annular race member and
      an annular support for the race member, the annular support serving to
      support the inner and outer circumferential edges of the race member while
      leaving unsupported a central annular portion of the race member between
      the circumferential edges. This construction of the race means provides
      conductor arrangement with a flexibility or resiliency which enables
      continuous, uniform contact to be maintained between the conductive
      elements, i.e., the races and bearing members. As a benefit of this
      construction, the effects of any minor irregularities in the elements
      themselves, due to wear or manufacturing causes, or imbalances in the
      mountings for these elements, are compensated for, or at least reduced, by
      the ability of the race or races to flex so as to accomodate such
      irregularities or imbalances.
PAR  A further important advantage of the conductor arrangement of the invention
      concerns the ease of manufacture thereof. In particular, both the annular
      race member and the support can be of a very simple design. Moreover, the
      support can be made of plastic or the like so that the support is
      extremely easy to manufacture and the cost thereof significantly reduced.
      It should be noted in this latter regard, that a serious disadvantage of
      many conductor bearing designs is the amount of copper required in
      construction of the races. By providing a race construction comprising a
      thin metal race member and a plastic support or backing, this disadvantage
      is overcome.
PAR  In accordance with a preferred embodiment, the race member includes a
      recessed central portion in which the bearing members ride and the support
      member includes an annular groove in which the recessed portion of the
      race member is received, the depth of the groove being greater than that
      of the recessed portion so that the latter is unsupported and the race
      member is supported only at the inner and outer circumferential edges.
PAR  Other features and advantages of the invention will be set forth, or
      apparent from, the detailed description of a preferred embodiment found
      hereinbelow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one half of a race assembly constructed in
      accordance with a preferred embodiment of the invention;
PAR  FIG. 2 is side elevational view, partly in section, of a conductor bearing
      arrangement incorporating two race assemblies corresponding to that of
      FIG. 1;
PAR  FIG. 3 is sectional view of the arrangement of FIG. 2 taken generally along
      line III--III of FIG. 2; and
PAR  FIG. 4 is a sectional view of a shaft assembly incorporating two conductor
      arrangements such as those of FIGS. 2 and 3 for conducting electrical
      current to a device mounted on a shaft.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a race construction or assembly is shown which
      incorporates many of the important features of the invention. The race
      assembly, which is generally denoted 10, includes flexible annular race
      member 12 and a support or backing 14.
PAR  Race member 12 is constructed of a conductive material, preferably
      relatively thin spring metal or the like. As illustrated, race member 12
      includes inner and outer raised circumferential edges or edge portions 12a
      and 12b and a recessed central race 12c defined between these edge
      portions. Race 12c is curved in cross section to conform to the shape of
      the ball bearings of the conductor arrangement (not shown in FIG. 1) which
      ride thereon. A series of spaced tabs 12d which are located along outer
      edge 12b and extend substantially perpendicularly to the plane of race
      member 12. Tabs 12d enable race member 12 to be snap-fit onto support 14
      so that a rigid race assembly is provided. It will, of course, be
      appreciated that other techniques can be used in mounting or otherwise
      affixing race member 12 to support 14.
PAR  Support 14 includes a central annular groove 14c in one surface thereof
      located between inner and outer support surfaces 14a and 14b. As
      illustrated, edge portions 12a and 12b of race member 12 respectively
      engage support surfaces 14a and 14b of support 14 and recessed central
      portion 12c is received in groove 14c. The distance or depth to which
      recessed central portion 12c extends below edge portions 12a, 12b is
      substantially less then the depth of groove 14c so that recessed central
      portion 12c is not supported.
PAR  Referring to FIGS. 2 and 3, first and second race constructions
      corresponding to those of FIG. 1 are shown incorporated in an electrical
      conductor bearing arrangement. The first race member 22 and a support 24
      while the second, denoted 30, includes a race member 32 and a support 34.
      Race members 22 and 32 respectively include curved recessed central
      portions 22a and 32a which face each other and which support a plurality
      of ball bearings 40 therebetween. Although a series of three bearings 40
      is shown, it will be appreciated that the number of bearings used is
      arbitrary, within reason, and that, for example, the number of bearings
      used can be such as to fill the races, i.e., extend around the entire
      circumference of the races. It will be appreciated that where less than a
      full set of bearings is used, an intermediate spacer or the like can be
      employed between the races to maintain the separation of the bearings.
      Further, it will be understood that a different form of bearings, such as
      cylindrical roller bearings, can also be used.
PAR  In operation, assuming that race construction 20 is fixed and race
      construction 30 rotates, bearings 40 provide continuous rolling electrical
      contact between the two races. As noted hereinabove, the provision of
      flexible race members 22 and 32 enables the conductor arrangement to
      absorb or otherwise accomodate imbalances in the mountings for the races,
      irregularities in the races or bearings due to wear or manufacturing
      defects and/or other balance or contact problems.
PAR  Referring to FIG. 4, a system for conducting electrical current to a
      rotating shaft is shown. In this system, two conductor arrangements,
      corresponding to that of FIGS. 2 and 3, and denoted 50 and 60, are used to
      conduct current to an electrical device (not shown) mounted on a shaft 70.
      The conductor arrangement 50 includes a fixed race construction 51
      including a support member 52 having a flange 52a adapted to be secured to
      a fixed support, and a race member 53; a rotating race construction 54
      including a support member 55 which is affixed by flange 55a to shaft 70
      and a race member 56; and plurality of ball bearings, one of which,
      denoted 57, is shown, positioned between race members 53 and 56. Conductor
      arrangement 60 is of a similar construction. As illustrated, an input lead
      58 from a power supply (not shown) is connected to fixed race member 53
      while a second lead 59 extends through the shaft wall and connects
      rotating race member 56 to the electrical utilization device (not shown)
      mounted on shaft 70. Corresponding leads 68 and 69 connected to conductor
      arrangement 60, as shown, complete the circuit back to the power supply.
PAR  It will be understood that a conductor bearing arrangement incorporating a
      race construction according to the invention, can be used to mount a
      rotating conductive connector which would be located between two race
      assemblies such as have been described. It will also be understood that
      where, for example, cylindrical roller bearings are used, the supports can
      comprise concentric rings or annular members which are arranged such that
      one fits within the other and the two races are mounted on the facing
      peripheral surfaces, i.e., on the inner peripheral surface of the outer
      support and the outer peripheral surface of the inner support.
PAR  While the invention has been described in detail with particular reference
      to the preferred embodiments thereof, it will be understood by those
      skilled in the art that variations and modifications can be effected in
      the exemplary embodiments within the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical connector arrangement for conducting electrical current
      between rotating and non-rotating members, said arrangement comprising a
      first, non-rotating race means, a second, rotating race means spaced from
      said first race means and adapted to be connected to a rotating shaft, and
      bearing means located between said race means for providing electrical
      current conduction between said race means, at least one of said race
      means comprising an annular flexible race member constructed of an
      electrically conductive material and a support member for supporting the
      circumferential edges of said race member while leaving unsupported an
      annular central portion of said race member located between said
      circumferential edges, so that said race member makes flexible contact
      with said bearing means.
NUM  2.
PAR  2. An electrical connector arrangement as claimed in claim 1, wherein said
      central portion of said race member is recessed with respect to said
      circumferential edges so as to provide a race for said bearing means.
NUM  3.
PAR  3. An electrical connector arrangement as claimed in claim 2, wherein the
      shape of the recessed central portion of said race member substantially
      conforms to the shape of the portion of the bearing means received
      thereby.
NUM  4.
PAR  4. An electrical connector arrangement as claimed in claim 3, wherein said
      bearing means comprises a plurality of ball bearings and said recessed
      central portion of said race member is substantially semi-circular in
      cross section.
NUM  5.
PAR  5. An electrical connector arrangement as claimed in claim 2, wherein said
      support member comprises an annular member including first and second
      spaced annular support surfaces which respectively extend around the two
      circumferential edges of said support member and define a recess
      therebetween, the depth of said recess being greater than the depth of
      said recessed central portion of said race member so that said recessed
      central portion is spaced from said recess defining portion of said
      support member.
NUM  6.
PAR  6. An electrical connector arrangement as claimed in claim 5 wherein said
      support member is constructed of a non-conductive material.
NUM  7.
PAR  7. An electrical connector arrangement as claimed in claim 6, wherein the
      circumferential edges of said race member each form a concave arc in
      transverse cross section and receive the reciprocally shaped convex
      support surfaces of said support member therein.
NUM  8.
PAR  8. An electrical connector arrangement as claimed in claim 1, further
      comprising a further non-rotating race means, a further rotating race
      means spaced from said further non-rotating race means and adapted to be
      connected to the rotating shaft, and further bearing means located between
      said further race means for providing electrical current conduction
      therebetween, said non-rotating race means serving as input and output
      connections to an electrical device mounted for rotation on said shaft.
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PAL  A high operational reliability modulator, constituted by a mosaic of
      elements having variable double-refraction properties. It comprises, on a
      flat ferro-electric ceramic structure and in respect of each element, a
      first conventional pair of transparent electrodes and a second pair of
      distinct electrodes, made of transparent photoconductive material; by the
      application of illumination, the second electrodes are rendered conductive
      exclusively at the required instant, thus avoiding any interim disturbance
      to the action of the first electrodes and enabling the change of
      double-refraction properties of the ceramic.
BSUM
PAR  The present invention relates to storage-type electro-optical modulators
      and to their applications in optical systems for displaying or storing
      information.
PAR  A modulator of this kind generally comprises a thin flat structure
      constituted by a base material coated with transparent electrodes. This
      structure can be considered as comprising one or more adjacent elements
      which are, each of them, capable of successively adopting one or the other
      of two stable states characterized by optical properties which differ
      notably from one another for the two states (a bistable optical system).
PAR  By way of example, one can point to the transition from the vitreous
      (transparent) state to the opaque crystallized state, which occurs in
      certain semiconductors, and also to the double-refracting states
      characteristic of liquid crystals and ferroelectric materials.
PAR  Those skilled in the art will be aware that the variations associated with
      the phenomenon of double-refraction are utilised in order to produce
      extinction of a light ray in a given trajectory in which there are
      successively arranged a polarizer, a controlled double-refraction device
      and an analyzer which is in a "crossed" relationship with the polarizer.
PAR  In a storage-type optical modulator, the points defining an image specific
      to the input information, are materialized by a mosaic of modulator
      elements. These elements, in an otherwise homogeneous structure, are
      usually defined by the intersections between two networks of transparent
      electrodes deposited for example "in rows" on one broad face of the thin
      structure, and "in columns" on the opposite face. By means of electrical
      control it is possible to selectively bring about in the different
      elements of the mosaic, the transition from one to the other of the stable
      states in order to make up point by point a predetermined image. It is
      also possible to erase the image by placing all the elements in one of the
      stable states, called the 0 state, the other stable state then being known
      as the 1 state.
PAR  The object of the invention is to produce a storage-type electro-optical
      modulator which exhibits:
PAR  A HIGH DEGREE OF UNIFORMITY WHEN THE ELEMENTS ARE IN A GIVEN STATE;
PAR  A HIGH RELIABILITY OF RESPONSE TO THE CONTROL PULSES WHICH ARE RESPONSIBLE
      FOR BRINGING ABOUT A CHANGE IN STATE.
PAR  It has been found, in other words, that in known modulators there are
      considerable drawbacks. These, in certain of the known modulators one of
      the stable states is produced by applying a permanent mechanical stress to
      a base material. The material will for example take the form of a plate of
      transparent ferro-electric ceramic which has previously been stuck to a
      plate of vitreous material (a transparent organic polymer); the plate and
      consequently the ceramic plate, is given a permanent curvature. The other
      stable state is achieved by means of an electrical control acting upon
      transparent electrodes previously laid upon the device. A system of this
      kind suffers from a lack of uniformity because in practice the mechanical
      stress transmitted by the bonding agent, is non-uniform.
PAR  In other ferro-electric modulators, there are two sets of electrodes. A
      first set creates an electrical bias perpendicular to the large faces. The
      second set is constituted for example by electrodes in rows deposited upon
      one of the large faces and electrodes in columns deposited upon the
      opposite face. A mosaic element is defined by the intersection between a
      row and a column. The first set of electrodes is constituted for example
      by two interdigital networks of metallic electrodes deposited upon only
      one of the large faces and forming columns interspersed with the columns
      of the other set. The defect which is encountered here is as follows: the
      presence of the electrodes of the second set disturbs the orientation of
      the bias or polarization vector in the zone located at the intersection
      between a row and a column belonging to the first set of electrodes.
PAR  The invention overcomes the aforementioned drawbacks by employing an
      arrangement of two sets of electrodes one of which has a particular
      make-up.
PAR  According to the present invention, there is provided a storage-type
      electro-optical modulator, designed for modulating a radiated energy beam
      under the control of electrical input signals, said modulator comprising a
      plate of homogeneous material capable of transfer, under the action of an
      electric field, from a first stable state exhibiting certain optical
      properties to a second state exhibiting different optical properties; said
      plate having two large faces and being equipped, parallel to one of said
      faces, with a first network of parallel coplanar electrodes interconnected
      for forming two interdigital comb structures, and with a second network of
      distinct coplanar electrodes interleaved with those of the first network;
      said plate furthermore being equipped, parallel to the other of said faces
      and at the opposite side to said first and second networks, with a third
      network of distinct coplanar electrodes parallel with a direction making
      an angle with the direction of the electrodes of said second network; the
      electrodes of said second and third networks being constituted by a
      photoconductive material transparent to said radiated energy beam; said
      modulator further comprising illuminating means, provided to drive
      conductive said photoconductive material during a phase of selective
      application of said electrical input signals to the electrodes of said
      second and third networks, said illumination means being occulted during
      the erase phase, during which an erase voltage is applied between said
      comb structures.
DRWD
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect, reference will be made to the following description
      and the attached figures, among which:
PAR  FIG. 1 is a diagram explaining the prior art;
PAR  FIG. 2 illustrates a schematic section through a modulator element in
      accordance with the invention;
PAR  FIG. 3 is an explanatory graph;
PAR  FIG. 4 illustrates a variant embodiment of the invention;
PAR  FIGS. 5 and 6 schematically illustrate an optical display system in
      accordance with the invention;
PAR  FIG. 7 illustrates an example of a data storage system.
DETD
PAR  In FIG. 1, a known electro-optical modulator structure has been shown. It
      comprises a plate 1 of transparent ferro-electric ceramic, for example of
      lead and lanthanum titaniumzirconate, in which two stable
      double-refraction states are produced by the use of a special electrode
      arrangement.
PAR  The modulator comprises two sets of electrodes. The first set comprises
      transparent electrodes 11 and 12 of indium oxide for example, located on
      one and the same large face. The second set comprises electrodes 21 and
      22, likewise transparent, located on two opposite large faces of the plate
      1 and disposed opposite one another, the electrode 21 being arranged
      between the electrodes 11 and 12. The assembly of four electrodes 11, 12,
      21 and 22, constitutes an element of the mosaic which forms the modulator.
      A circuit comprising a d.c. voltage source 13 and a contact-breaker 14,
      applies to the electrode 11 a positive polarity and to the electrode 12 a
      negative polarity. A circuit comprising a d.c. voltage source 23 and a
      contact-breaker 24 applies to the electrode 21 a negative polarity and to
      the electrode 22 a positive polarity.
PAR  The electric field in the situation in which solely the electrodes 11 and
      12 are live, has been shown in full line. It will be seen that due to the
      presence of the electrodes 21 and 22 (although these are not biased) the
      lines of force starting from the electrode 11 separate further and further
      apart until the electrodes 21 and 22 are encountered, after which they
      bunch together again on their way to the electrode 12. The references
      E.sub.1 and E.sub.2 have been used to designate the electric field vectors
      in the neighbourhood of the interval separating the electrodes 11 and 21,
      on the one hand, and that separating the electrodes 21 and 12 on the other
      hand. In the zone located between the electrodes 21 and 22, there is a
      mean field represented by the vector E.sub.o, which is substantially
      weaker than the fields E.sub.1 and E.sub.2. By supplying the electrodes 21
      and 22 and cutting off the supply to those 11 and 12, a field E.sub.10
      perpendicular to that E.sub.o and substantially stronger than the latter,
      is created. The operation of the device is then seen to embody the
      following defect: if, by applying a voltage to the electrodes 21 and 22, a
      polarization is induced in the material with an orientation of the kind
      indicated by the vector E.sub.10, then it will be difficult to produce a
      change in state in the polarization to accord with the orientation of the
      vector E.sub.o due to the weakness of that field E.sub.o. If it is sought
      to overcome this difficulty by increasing the voltage of the source 13,
      then a corresponding increase is produced in the fields E.sub.1 and
      E.sub.2 and a restriction is then imposed by the risk of breakdown.
PAR  In FIG. 2, a structure similar to that of FIG. 1 has been shown but in
      which the electrodes 21 and 22 have been replaced by electrodes 31 and 32
      of transparent photoconductive material. Materials of this kind are well
      known, including for example the mineral compounds CdS, ZnS and CdSe,
      solid solutions of these compounds taken in pairs (or altogether), or,
      again, an organic polymer: polyvinyl carbazole.
PAR  In FIGS. 1 and 2, identical elements have been illustrated by identical
      references. However, the dimensions of the device shown in FIG. 2 are
      modified in relation to the former device, as follows:
PAR  the thickness of the plate 1 has been reduced;
PAR  the width of the electrodes 11 and 12 which define the boundary between two
      elements of the mosaic employed to compose the image, has been reduced.
PAR  The device has been supplemented by an illumination system comprising a
      radiation energy source 26 supplied from an electrical accumulator 27
      under the control of a contact-breaker 25. The rays emitted by the source
      26 are rendered parallel by a lens 28 and directed perpendicularly to the
      flat structure 1. These rays have a dual purpose:
PAR  a. they act as a light source for the projection of the image;
PAR  b. they excite the photoconductive material in order to momentarily give it
      a resistivity which is compatible with the field electrode function which
      it is to perform.
PAR  The operation of the modulator is as follows:
PAR  1 - in order to achieve the double-refraction state corresponding to the
      electric field E.sub.o, the contact-breaker 14 is closed, the
      contact-breakers 24 and 25 being open. The plate 1 being darkened, the
      electrodes 31 and 32 act as insulators and field E.sub.o is substantially
      uniform. In other words, the field is not disturbed by the presence of
      nonconductive electrodes and, on the other hand, since the plate 1 is very
      thin, the field distribution differs very little from that it would be
      between two mutually opposite electrodes and in addition, the field
      E.sub.o is of an order of magnitude comparable with those of the fields
      E.sub.1 and E.sub.2 in FIG. 1.
PAR  2 - in order to achieve the double-refraction state corresponding to the
      electric field E.sub.10, the contact-breaker 14 is opened and those 24 and
      25 are closed. The field E.sub.10, which is perpendicular to the field
      E.sub.o, then induces a polarization in a direction perpendicular to the
      flat structure 1 and this considerably reduces the double-refracting
      property of the base material. It is to be noticed that a prefered
      embodiment for the thickness of the base material is such that the
      difference (dn) between the two stable double-diffraction states produces
      a maximum phase shifting, said thickness being given by e = .lambda./2.dn.
PAR  Self-evidently, in the case of a mosaic, the illumination system can be a
      single one, the dimensions of the lens 28 then being matched to those of
      the mosaic, although by the same token there will be as many
      contact-breakers 24 as there are elements in the mosaic, each of these
      contact-breakers having to be independent.
PAR  In the embodiment shown in FIG. 2, a single radiated energy source is used.
      The choice of the wavelength of the light emitted is a particularly
      delicate matter. In other words, the transparency of the photoconductive
      material increases with the wavelength as the graph of FIG. 3, being a
      rectangular two-ordinate system, shows: the wavelength .lambda. (plotted
      on the abscissa) and the transmission factor T (plotted on the ordinates).
      The graph rises between the two points illustrated: M.sub.1
      (.lambda..sub.1, T.sub.1) corresponding to radiation of short wavelength
      (blue or violet or even ultraviolet) and M.sub.2 (.lambda..sub.2, T.sub.2)
      corresponding to radiation of a wavelength located in the central part of
      the visible spectrum.
PAR  It is therefore of interest to utilise the latter radiation. Unfortunately,
      if one studies the ratio k of the resistivities of the material
      respectively in the dark condition and when illuminated, it will be found
      that k has a variation which is the reverse of that corresponding to FIG.
      3. In fact, k increases by several orders of magnitude (10.sup.6 to
      10.sup.7) as the wavelength decreases from .lambda..sub.2 to
      .lambda..sub.1. It is desirable, therefore, to exploit the photoconductive
      properties of the material by illuminating it with radiation of very short
      wavelength, if possible ultra-violet, whilst for example a yellow light
      source will be used for the display or projection of the image via the
      modulator.
PAR  The use of two radiated energy sources operating at different wavelengths,
      gives rise to the embodiment schematically shown in FIG. 4 where we see
      once again the elements of FIG. 2 plus additional elements. Amongst these
      latter there is a radiation energy source 43 supplied from an electrical
      accumulator 42 under the control of a contact-breaker 41. The two faces of
      the modulator are illuminated obliquely, however at not too acute an angle
      of incidence, by means of two optical systems arranged either side of the
      source 43, comprising lenses 44 and 45 disposed respectively between the
      source 43 and mirrors 46 and 47 which reflect the light on to the
      electrodes 31 and 32. It would be equally possible to direct the light
      perpendicularly to the electrodes, using additional, semi-transparent
      mirrors.
PAR  In addition, in FIG. 4 a system for projecting and polarising the light
      used to compose the image, can be seen. There, in addition to the light
      source 26 already referred to, there can be seen a rectilinear polarizer
      480 (Nicol prism or polarizer plate), arranged between the source 26 and
      the plate 1, and then beyond that a quarterwave double-refracting plate
      481 and an analyser 482 (Nicol prism or polarizer plate). Finally, beyond
      the analyser 482 there is a filter 484 which illuminates the light from
      the source 43, and an image projection screen (marked 483).
PAR  The operation of the modulator is similar to that described in relation to
      FIG. 2, the contact-breaker 41 being operated, moreover, in the same
      fashion as the contact-breaker 25. As far as those elements of the flat
      structure 1 which are to remain dark, are concerned, the illumination of
      the electrodes 31 and 32 has no effect as long as the contact-breaker 24
      (FIG. 2) is not closed, that is to say as long as the electrodes 31 and 32
      are not live.
PAR  The polarizer 480 is designed for rectilinearly polarizing the light from
      the source 26, along a direction A which makes an angle (.pi./4) with the
      neutral lines of the plate 1. The plate 1, in its first stable
      double-refraction state, drives elliptical the polarization of the
      emergent light, and in its second stable double-refraction state,
      transmits a light whose polarization is quasi rectilinear (practically:
      lightly elliptical) parallel to A. The quarter wave plate 481 in said
      first stable state of the plate 1, linearises again the polarization in a
      parallel direction to A, and in said second stable state, drives
      elliptical the polarization. At last, the analyzer 482 is crossed with the
      polarizer 480: in other words, in said first state, it does not transmit
      any light, whereas in said second state it always transmits a light
      component, polarization of which is perpendicular to the direction A.
PAR  The operation explained hereinbefore is relating to a monochromatic light
      source 26. When a polychromatic light source is involved, of course a
      total extinction is not obtainable, but only the absorption of one
      wavelength.
PAR  In FIGS. 5 and 6 there has been schematically illustrated an optical
      display system in accordance with the invention showing only a few columns
      and rows of the modulator. The light sources as well as the illumination
      and projection systems, have not been shown.
PAR  In FIG. 5, on a first large face of the plate 1, there can be seen column
      electrodes C.sub.i.sub.-1, C.sub.i, C.sub.i.sub.+1, and on the opposite
      large face, row electrodes L.sub.j.sub.-1, L.sub.j, L.sub.j.sub.+1.
      Furthermore, there can be seen electrodes similar to those 11 and 12 of
      FIGS. 2 and 4, in the form of two comb structures 110 (+) and 120 (-)
      respectively connected to the + and - poles of the source 13 under the
      control of the contact-breaker 14. The teeth of the comb structures are
      interleaved and, moreover, between two successive electrodes 110 and 120,
      there is a column, such as that C.sub.i.
PAR  In FIG. 6 the plate 1 can be seen, cut by a perpendicular plane
      longitudinally sectioning electrode L.sub.j, so that at the opposite face
      there appear the transverse sections of the electrodes 110, C.sub.i, 120,
      C.sub.i.sub.+1, 110, etc.
PAR  The application of a voltage to the electrodes C.sub.i and L.sub.j by the
      source 23, is effected with the help of a switch which comprises a double
      set of contact-breakers such as those I.sub.i connecting the + pole to the
      column C.sub.i in one set, and those I.sub.j connecting the - pole to the
      row L.sub.j in the other set.
PAR  Operation of the system comprises the following phases which take place in
      alternation:
PAR  1 - the erase or reset phase:
PAR  Electric fields parallel to the plane of the structure are produced in
      order to create in all the elements the maximum double-refraction
      condition. In FIG. 6, the fields +E.sub.o and -E.sub.o created in two
      neighbouring elements by the set of alternating electrodes 110 and 120,
      can be seen. Broken lines have been used to show the centre zones P.sub.i
      j and P.sub.i.sub.+1 j corresponding to the elements of the mosaic which
      have the respective coordinates (i, j) and (i.sub.+1, j). If a
      ferro-electric material has been chosen which has crystalline symmetry,
      and this is the case for example with lead and lanthanum
      titaniumzirconates, the two double-refraction states will be virtually
      identical in the two neighbouring elements.
PAR  2 - selection of the image elements:
PAR  The row and column photoconductive electrodes are driven conductive by
      illuminating them. The selection of the elements (i, j) whose
      double-refraction state is to be modified, is effected by application of
      the opposite polarities of the source 23, respectively to the rows and the
      columns L.sub.i and C.sub.j. To prevent all the intersections between
      several rows and several columns which have been rendered live, from being
      selected simultaneously, recourse is had to the sequential method
      indicated hereinafter.
PAR  The projection of the illuminating light produced by the modulator onto a
      screen, results in a certain luminous intensity in respect of the selected
      elements whilst the other elements remain dark. Thus, a data page has been
      produced.
PAR  The system can be improved in two ways which have recourse to known
      techniques:
PAR  a. input to the elements is effected sequentially, either row by row or
      column by column, using a system of gates controlled by a computer. The
      selection phase then involves complete scanning of the mosaic without any
      interruption for resetting purposes.
PAR  b. those skilled in the art will be aware that elements which are
      neighbours of a selected element, these elements also being referred to as
      "half-set", are disturbed since they adopt an intermediate polarization
      state producing an intermediate state of double-refraction. This drawback
      can be overcome by using this intermediate state as the 0 state. This
      technique has been explained in detailed fashion in the article entitled
      "Active compensators for ferro-electrics optical circuits" by G. W. TAYLOR
      et al. which appeared in the magazine "FERRO-ELECTRICS" 1971 volume 2,
      pages 101 to 112, published by GORDON and BREACH (Norwich, Great Britain).
PAR  The optical system in accordance with the invention can be utilised to
      effect the storage of information in a storage plane 70 (FIG. 7) which is
      capable of holding a large number of data pages made up successively with
      the help of a modulator 71 in accordance with the invention.
PAR  FIG. 7 schematically illustrates the essential elements of this kind of
      system, in accordance with a non-limitative embodiment. The storage plane
      70 will, for example, be a photographic plate capable of recording a
      matrix of holograms 701, each of these corresponding to a data page. The
      data for storage are introduced, page by page, in the form of electrical
      signals supplied to the input 721 of an electrical control device 72
      connected by a cable 722 to the modulator 71 and by connections 723 and
      724 to light sources 73 and 74 emitting at the wavelength of illumination
      of the photoconductive electrodes. The device 72 is connected by a cable
      725 to an electro-optical light deflector 75 of known kind, arranged
      before a laser 76. Between the deflector 75 and the storage plane 70,
      there are successively disposed a beam-splitter system such as a
      semi-transparent plate 77, a matrix of holographic lenses 78, and an
      objective lens 79.
PAR  The operation of the system is as follows: for a given data page, which is
      to be stored for example at 701 in the storage plane 70, the device 72
      acts upon the deflector 75 which receives a beam of parallel,
      monochromatic light 80, from the laser 76. The emergent beam then occupies
      a predetermined position 801 and gives rise, after splitting by the plate
      77, to the beams 811 and 821. The beam 821 acts as a reference beam and is
      accordingly supplied to 701 by means of a set of mirrors 791 and 792. The
      beam 811 is focused by a lens 781 of the matrix 78 in order to form an
      illumination source 831 an image of which is formed at 701 by the
      objective lens 79, after passing through the modulator 71.
PAR  During the phase of input or writing in of the data corresponding to a data
      page, the sources 73 and 74 illuminate the photoconductive electrodes of
      the modulator 71. These are extinguished during the erase phase. The
      modulator is then available again for the storage of a new data page.
PAR  The invention is applicable to the field of display techniques, in
      particular to the production of electronically composed images, and to the
      field of information-processing utilising optical write-in, read-out and
      computing means.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A storage-type electro-optical modulator, designed for modulating a
      radiated energy beam under the control of electrical input signals, said
      modulator comprising: a plate of homogeneous material capable of
      switching, under the action of an electric field, from a first stable
      state exhibiting certain optical properties to a second state exhibiting
      different optical properties; said plate having two large faces and being
      equipped, parallel to one of said faces, with a first network of parallel
      coplanar electrodes interconnected for forming two interdigital comb
      structures, and with a second network of distinct coplanar electrodes
      interleaved with those of the first network; said plate furthermore being
      equipped, parallel to the other of said faces and at the opposite side to
      said first and second networks, with a third network of distinct coplanar
      electrodes parallel with a direction making an angle with the direction of
      the electrodes of said second network; the electrodes of said second and
      third networks being constituted by a photoconductive material transparent
      to said radiated energy beam; said modulator further comprising
      illuminating means, provided to drive conductive said photoconductive
      material during a phase of selective application of said electrical input
      signals to the electrodes of said second and third networks, and
      electrical erase means energizing said first network of parallel coplanar
      electrodes during an erase phase, means being provided for shutting off
      said illumination means during said erase phase.
NUM  2.
PAR  2. A modulator as claimed in claim 1, wherein said material which can
      occupy two stable states, is of the variable double-refraction kind, the
      variation in the phenomenon being induced by an electric field.
NUM  3.
PAR  3. A modulator as claimed in claim 2, wherein said material is a
      ferro-electric ceramic.
NUM  4.
PAR  4. A modulator as claimed in claim 3, wherein said ferro-electric ceramic
      is a lead and lanthanum titaniumzirconate.
NUM  5.
PAR  5. A modulator as claimed in claim 1, wherein said photoconductive material
      is constituted by at least one chemical element of the following group: Cd
      S, Cd Se, Zn S and polyvinyl carbazole.
NUM  6.
PAR  6. An optical display system for displaying data which are under the form
      of electrical control signals, said system comprising a storage-type
      electro-optical modulator as claimed in claim 1, and a radiated energy
      source furnishing said radiated energy beam for reading out the displayed
      data.
NUM  7.
PAR  7. A display system as claimed in claim 6, wherein said radiated energy
      source is combined with said illuminating means.
NUM  8.
PAR  8. A display system as claimed in claim 6, wherein said illuminating means
      are constituted by a further radiated energy source, said radiated energy
      source emitting a radiation of a predetermined wavelength such that the
      transmission factor of said photoconductive material vis-a-vis said
      predetermined wavelength, is located in the upper part of its range of
      variation, and said further source emitting a radiation of a different
      wavelength smaller than said predetermined wavelength; said
      photoconductive material, when the radiation of said further radiated
      energy is incident upon it, having a conductivity which is much higher
      than that which it has when it is the dark condition.
NUM  9.
PAR  9. An information storage system of electrical data, comprising at least
      one optical system as claimed in claim 6.
NUM  10.
PAR  10. A storage system as claimed in claim 9, comprising at least one laser
      emitting a radiated energy beam for writing and reading out said data, a
      beam splitter receiving said beam from said laser and furnishing an object
      beam and a reference beam, an objective lens associated to said modulator
      for transmitting and modulating said object beam and a holographic storage
      medium for storing said data, receiving said reference beam and the
      modulated object beam.
NUM  11.
PAR  11. An information storage system as claimed in claim 9, further comprising
      associated means for optically storing said electrical data in the form of
      holograms.
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PAL  A light beam deflection system for producing diffracted light having a
      holographic light beam deflection disc bearing a record of unidimensional
      fringe patterns along the radial axis on a time division basis over a
      circumferential portion of the disc, and having means for focusing
      coherent light beams on the circumferential portion of the light beam
      deflection disc while rotating the disc.
PARN
PAR  This is a continuation, of application Ser. No. 319,674, filed Dec. 29,
      1972, now abandoned.
BSUM
PAR  This invention relates to a light beam deflection system using a coherent
      light beam such as a laser light beam for unidimensional scanning with a
      light beam spot, thereby enabling light beam deflection control
      inexpensively and with high efficiency.
PAR  The light beam deflection system according to the invention may be
      effectively employed for television display and incorporated in facsimile
      systems.
PAR  The presently available methods of light beam deflection include mechanical
      ones, those which utilize certain effects of acoustic optics and those
      which utilize electro-optical effects. Any of these methods has both
      merits and demerits, and none of them is regarded as the most promising
      method. Generally, large deflection angle, high deflection speed, high
      resolution and stability are requisite factors for superior deflection
      performance. However, none of the afore-mentioned methods can meet by
      itself all of these factors. For example, with galvanometer deflection
      systems, which are examples of the mechanical method, large deflection
      angle can be obtained with simple construction on the merit side, but the
      deflection speed is low on the demerit side. Ultrasonic wave deflection
      systems, on the other hand, are quite opposite in performance. In addition
      to the above methods, there has recently been proposed a method using
      holographic techniques where the phenomenon of diffraction of light and
      mechanical rotational motion are combined. However, also in this method a
      problem is still involved in which uniform resolution can not be attained.
PAR  An object of the invention is to provide an improved light beam deflection
      system.
PAR  The present invention in particular provides improvements over the prior
      art system of D. H. McMahon et al. under the condition that its
      application is limited only to the uni-dimensional holographic scanning,
      and it is intended to provide a light beam deflection system, which has
      superior performance and ensures uniform resolution during holographic
      scanning.
PAR  According to the invention, there is provided a light beam deflection
      system using a holographic light beam deflective disc bearing a record of
      uni-dimensional fringe patterns arranged on a time division basis over a
      circumferential portion of said disc, said system including means for
      focusing coherent light beams on said circumferential portion of said
      light beam deflection disc while said disc is being rotated, to thereby
      produce diffracted light used as a scanning light beam.
DRWD
PAR  The invention will become more apparent from the following detailed
      description of a preferred embodiment thereof taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 shows an optical system for recording Fresnel zone plates resulting
      from the interference between two coherent light beams;
PAR  FIG. 2 is a schematic representation of an arrangement for successively
      recording similar interference fringe patterns on a rotating disc;
PAR  FIGS. 3a, 3b and 3c show production of diffracted light using holographic
      records obtained with the arrangement of FIG. 2;
PAR  FIG. 4 is a schematic representation of an embodiment of the optical system
      according to the invention for recording uni-dimensional fringe patterns
      on a rotating disc in synchronism with a vibrating mirror;
PAR  FIG. 5 is a schematic representation of a different embodiment of the
      optical system according to the invention; and
PAR  FIG. 6 shows the way of diffracting laser light using uni-dimensional
      fringe records obtained on a disc in accordance with the invention.
PAR  FIG. 1 shows an optical system for lattice pattern (hologram) recording
      used in such a light beam deflection method, and FIG. 2 shows an
      arrangement for hologram recording including other mechanisms than the
      above optical system.
DETD
PAR  Referring to FIG. 1, an interference pattern resulting from a signal wave 1
      and a reference wave 2 coherent to each other is recorded as a Fresnel
      zone plate 3 on a disc 4. In the arrangement of FIG. 2 a number of similar
      interference patterns are successively recorded along the circumferential
      portion of the disc by progressively varying the angle .theta. between the
      signal wave 1 and the reference wave 2. The adjustment of the angle
      .theta. is done by moving a lens 5 as shown in FIG. 2. Here a recording
      plane on which the Fresnel zone plate 3 is to be recorded is set in the
      conjugate plane of the lens aperture 5 with respect to the lens 6.
      Character f denotes the distance in such an arrangement. Thus, the Fresnel
      zone plate 3 can be recorded on the circumferential portion of the disc 4,
      which is rotated by a timing motor 7. Then, the disc 4 is illuminated with
      a colliminated coherent light beam while it is rotated to produce a
      diffracted light which scans successively on its focussed plane. This
      method is disclosed in detail in an article entitled "Light Beam
      Deflection Holographic Scanning Techniques" by D. H. McMahon et al.
      Applied Optics, 1969, vol. 8, pages 399 to 402.
PAR  According to this method, two-dimensional scanning at comparatively high
      speed and of large deflection angle can be realized in a simple way by
      merely rotating a single disc. However, this method has a drawback in that
      the resolution is lowered as the light beam deviates from each Fresnel
      zone plate during the rotation of the disc.
PAR  This aspect is illustrated in FIG. 3. FIG. 3a shows a disc 31 carrying
      Fresnel zone plates 32 for two-dimensional holographic scanning. It is
      rotated while it is illuminated with a collimated coherent light beam.
      When the light beam coincides with a Fresnel zone plate, a high output is
      obtained, as shown in FIG. 3b. However, when the spot of the light beam
      comes astride the gap between adjacent Fresnel zone plates, not only is
      the output reduced, but also both adjacent two zone plates are
      simultaneously illuminated. To avoid simultaneous reproduction of double
      points, the distance between adjacent record portions may be increased as
      shown in FIG. 3c, but this would merely lead to an extended time interval
      between consecutive outputs. In either case of FIG. 3b or FIG. 3c it is
      impossible to steadily maintain a constant resolution.
PAR  Referring now to FIG. 4, which shows an embodiment of the optical system
      for recording uni-dimensional laser light interference fringe patterns
      according to the invention, an image of a slit 41 illuminated with
      collimated coherent light is focused through lenses 42 and 43 on an
      oscillating mirror 44, and light reflected therefrom is focused through
      further lenses 45 and 46 to a recording surface 47. On the recording
      surface 47 the signal beam 48 falls in superimposition upon a reference
      beam 49 for recording of the uni-dimensional interference fringe patterns.
      The mirror 44 is slowly rotated at a constant angular velocity while
      causing the recording surface to proceed at a certain constant speed in a
      direction normal to the sheet of the Figure. By so doing, a continuously
      changing fringe pattern is progressively recorded on the recording
      surface. The driving of the recording surface is effected by operating a
      drive motor 50 in synchronism with a drive signal for driving the
      oscillating mirror 44.
PAR  FIG. 5 shows a different embodiment, whose mode of operation may be more
      easily understood. In FIG. 5, elements 51 to 60 correspond to the
      respective elements 41 to 50 in FIG. 4.
PAR  In place of focusing coherent light beams on a light-sensitive film formed
      on the recording surface, it is also possible to use electron beams for
      the formation of the uni-dimensional fringe patterns.
PAR  FIG. 6 shows a disc bearing a record of fringe patterns obtained in the
      above manner. By focusing a collimated coherent light beam 62 through a
      cylindrical lens 63 on a line labelled x axis passing through the center
      of the plane of the disc 61 whose normal is coincident with the direction
      of the beam 62 labelled z axis, the resultant diffraction angle .phi.
      corresponds to the angle between a signal light beam and reference light
      beam in the uni-dimensional holographic recording optical system of FIG.
      4. With the rotation of the disc 61 the fringe constant of the
      uni-dimensional fringe pattern appearing on the x axis changes. Thus, the
      change in the incident angle of the signal light beam 48 due to the
      rotation of the mirror 44 in the system of FIG. 4 is reproduced in the
      form of a change .DELTA..phi. in the diffraction angle. In FIG. 6, the
      diffracted light may be rendered into a parallel light beam by passing it
      through the cylindrical lens 64, and then it may be changed into a light
      beam of a required form. That is, the deflection disc 61 bears a record of
      a plurality of blocks of interference fringe patterns each consisting of a
      gathering of the uni-dimensional fringe patterns. The pitches along the
      radial axis in each one of the uni-dimensional fringe patterns is the same
      and the pitches along the radial axis of the uni-dimensional patterns
      differ as the patterns differ.
PAR  As for example, by dividing the recording surface of the disc 61 into 50
      equal sectors such that each sector AOB contains a fringe pattern for one
      cycle where the fringe constant continuously varies and by rotating the
      disc 61 at a speed of 18,000 rpm, the speed or frequency of scanning with
      the diffracted light is
      ##EQU1##
      By way of example, with .theta. = 360.degree./50 = 7.2.degree., track
      width l = 5 mm, maximum fringe constant d.sub.max = 3.7 microns, minimum
      fringe constant d.sub.min = 3 microns and laser light wavelength .lambda.
      = 6,328 A in the system of FIG. 4, a resolution of 500 lines may be
      obtained. In this case, if the disc diameter if D = 100 mm, that is, if
      the arc of each sector is AB = 6 mm, it is necessary for the line image
      along the x axis to have a half width of about
      ##EQU2##
      which corresponds to the resolution of the cylindrical lens 63. Also, a
      line image having a width of about 10 microns is required at the time of
      recording of the uni-dimensional fringe pattern. Further, although an
      amplitude type fringe pattern may be used for the deflection scanning, a
      phase type fringe is preferred from the standpoint of bettering the
      diffraction efficiency, and in the case of the phase type fringe the disc
      may be either transparent or of the reflecting type. Furthermore, by
      dividing the circumference of the disc into 275 equal sections, it is
      possible to obtain light beam spot scanning for one horizontal television
      scan line within each sector and for one television field with the whole
      circumferential portion of the disc.
PAR  As has been described in the foregoing, according to the invention by
      continuously rotating a disc in one direction it is possible to obtain
      light beam deflection scanning in one-dimensional direction with steady
      and constant resolution during the scanning. Also, scanning at high
      density may be obtained. Further, the light beam deflection system
      according to the invention may be applied to the television display and
      like field by combining it with an oscillating mirror operating at a low
      frequency (for instance 60 Hz). Furthermore, the disc bearing a record of
      fringe patterns may be manufactured inexpensively on a mass production
      basis by a contact printing method in case of the amplitude fringes, and
      by a method similar to the record disc duplicating technique using the
      original disc as a pressure mold in the case of the phase fringe.
      Moreover, it is also possible to use electron beams for the formation of
      the uni-dimensional fringe pattern.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A light beam deflection system comprising a light beam deflection disc
      having a surface divided into a plurality of identical contiguous blocks
      of interference fringe patterns each occupying a sector of an annulus on
      the surface of said disc, said sector being defined by first and second
      radial lines, the fringe pattern within each of said blocks comprising
      approximately circumferential fringe lines having a given radial spacing
      along said first radial line and a greater radial spacing along said
      second radial line, the radial spacing between said circumferential fringe
      lines along radial lines intermediate said first and second radial lines
      increasing in the direction from said first radial line to said second
      radial line,
PA1  means for rotating said disc, and
PA1  means for focusing a coherent light beam to a radially extending line on a
      portion of said disc having an interference fringe pattern block, the
      width of said line in the circumferential direction being substantially
      less than the circumferential width of said block, said beam being
      deflected as said disc is rotated.
NUM  2.
PAR  2. A light beam deflection system as defined by claim 1 wherein the
      difference in radial spacing of said circumferential lines along a pair of
      radial lines within one of said blocks varies substantially as a linear
      function of the angular displacement of said radial lines.
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ABST
PAL  Apparatus for forming at or closer than infinity an image of a primary
      image source is disclosed. The apparatus employs a reflection-type
      holographic analog of a spherical mirror and a birefringent array of
      optical elements. The primary image source is linearly polarized and made
      incident upon the holographic mirror analog. The light from the primary
      image passing through the analog is given a circular polarization by a
      first quarter-wave plate, and a fraction of this light is reflected by a
      plane beam-splitting mirror back to the analog where it is collimated and
      transmitted again through the first quarter-wave plate, beam-splitting
      mirror, a second quarter wave plate and a second polarizer for viewing by
      an observer. The remaining fraction of circularly polarized light from the
      primary image passing through the first quarter-wave plate which is not
      reflected by the beam-splitting mirror passes through the second
      quarter-wave plate, which gives that light a linear polarization at a
      90.degree. angle to the polarization direction of the second polarizer so
      that it is blocked from viewing by the observer. Although the holographic
      analog is produced with monochromatic light, there is no dispersion of the
      broad band polychromatic image source because the analog acts as a narrow
      band filter in the apparatus. The use of the holographic analog reduces
      the bulk of prior art image-forming apparatus and eliminates undesired
      optical aberrations encountered with the use of curved glass mirrors in
      prior art apparatus.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to image-forming apparatus, and more
      particularly to improved apparatus for forming, at or closer than
      infinity, a dispersion-free image of an object using a holographic analog
      of a curved mirror.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In-line infinity display systems capable of forming images at or closer
      than infinity of an object or a plurality of optically superimposed
      objects find important application in aircraft flight trainers or
      spacecraft simulators to provide the user of the trainer or simulator with
      a realistic "window" for viewing a simulated environment. One such system
      is described in my U.S. Pat. No. Re. 27,356, reissued May 9, 1972. In that
      system a single curved, spherical beam-splitting mirror is used as the
      image-forming element. A primary image is directed at the convex side of
      the mirror, and a birefringement beam-splitter array positioned on the
      concave side of the mirror reflects the image back to the spherical mirror
      which then collimates the image for viewing by an observer. Selective
      polarization of light prevents the primary image from being seen directly
      by the observer. The arrangement of that system obviates the use of an
      oblique beam-splitting mirror across the axis of the spherical mirror so
      that the optical elements can be assembled into a compact package. Since,
      with the exception of the curved mirror, all the elements of apparatus are
      in the form of flat sheets, the assembled package or "window" has a
      relatively thin cross-section. However, the curved mirror by its nature
      cannot be reduced to flat sheet form and therefore contributes somewhat to
      the bulk of the apparatus.
PAR  Another limitation of the system described in that patent is the fact that
      the light rays of the primary image must first pass through the optically
      significant thickness of the curved glass substrate of the spherical
      beam-splitting mirror before undergoing collimation. The curved glass
      substrate acts as a meniscus lens, imparting power to the image and
      introducing spherical and other optical aberrations to the system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved image-forming system of the type
      described in my above-mentioned U.S. Pat. No. Re. 27,356, having a large
      exit pupil, wide angular field of view, being compact, light in weight and
      of inexpensive construction. Additionally, the arrangement of the present
      invention eliminates the increase in apparatus size caused by the inherent
      sagitta of the curved mirror and also eliminates the optical aberrations
      caused by the meniscus lens effect of the curved mirror substrate
      thickness. Both these defects are overcome by replacing the curved mirror
      of the prior image-forming apparatus with a reflection-type holographic
      analog of a curved mirror. The use of such a holographic analog with
      image-forming apparatus of this type was not immediately obvious to me,
      and in fact I had initially rejected its utility because of the fact, well
      known to me, that reflection-type holograms, typically produced with
      monochromatic light, exhibit serious dispersion with broad band
      illumination (e.g., white light) when viewed in the transmission mode.
      This property of reflection-type holograms would apparently negate their
      usefulness in image-forming apparatus of the present type which are
      invariably used with broad band illumination, since the light rays to be
      collimated by the holographic analog must first pass through the analog
      and be dispersed thereby. After having passed through the holographic
      analog this dispersed illumination is reflected by a plane beam-splitter
      back toward the collimating holographic mirror analog, and it would be
      assumed that all the dispersed light rays reflected from the mirror analog
      would be collimated for viewing by the observer. This dispersion would
      completely destroy the usefulness of a system of this type.
PAR  However, in the course of experimenting with a holographic mirror analog in
      an in-line infinity display system I discovered that unexpectedly the
      dispersed illumination, after being reflected from the plane beam-splitter
      back to the analog, was effectively filtered by the holographic analog.
      The analog only reflected and collimated the narrow bandwith of
      illumination preferential to the hologram, and the remaining illumination
      passed through the analog towards the source of illumination. As a result,
      the observer viewed a collimated dispersion-free version of the primary
      image. The holographic mirror acted as a reflection filter, selecting and
      collimating a narrow band of illumination from the broad band source
      illumination. And since the holographic analog was in the form of a thin,
      flat transparent sheet the thickness and bulk of the apparatus package was
      reduced, and no optical power or aberrations were introduced because of
      the meniscus lens-like effects of a curved glass mirror.
PAR  In summary, the present invention is an image-forming apparatus comprising
      a reflection-type holographic analog of a curved mirror. A first
      quarter-wave plate is disposed on the side of the analog corresponding to
      the concave side of the mirror, and a plane beam-splitting mirror is
      disposed on the side of the first quarter-wave plate remote from the
      analog. A second quarter-wave plate is disposed on the side of the
      beam-splitting mirror remote from the first quarter-wave plate, and a
      polarizer is disposed on the side of the second quarter-wave plate remote
      from the beam-splitting mirror. The first and second quarter-wave plates
      have their fast axes oriented with respect to each other at a first
      integral multiple of 90.degree., and the polarizer has its direction of
      polarization oriented at a second integral multiple of 45.degree. with
      respect to the fast axis of the second quarter-wave plate. In a preferred
      embodiment of the invention another polarizer is disposed on the side of
      the analog corresponding to the convex side of the mirror, the direction
      of polarization of said other polarizer being oriented 45.degree. with
      respect to the fast and slow axes of the first quarter-wave plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is fragmentary perspective view of a preferred embodiment of
      image-forming apparatus in accordance with the present invention.
PAR  FIG. 2 ia an exploded schematic representation of the apparatus shown in
      FIG. 1 useful in explaining the operation of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a portion of a preferred embodiment of image-forming apparatus
      according to the present invention arranged in a package 10 of six optical
      elements 11-16 each in flat sheet form and stacked together. FIG. 2 shows
      a view of the elements 11-16 of the package 10 exploded for ease of
      explanation. Reference numeral 20 identifies a primary image source of
      unpolarized light. Although the image source 20 is shown as a point in
      FIG. 2 it is usually an extended source materialized at a diffusing
      screen.
PAR  A first polarizer 11 imposes linear polarization on the light from the
      source 20 which passes through it. The direction of the polarization of
      polarizer 11 is identified by a vertical arrow 22, although any other
      direction can be employed. The resultant polarization of the light passing
      through the polarizer 11 is indicated by the vertical arrow 24. From the
      polarizer 11 the linearly polarized light passes through a reflection-type
      holographic analog 12 of a curved mirror. Typically the analog will be of
      a concave spherical mirror. Such analogs are well known to those skilled
      in the art and are made by superimposing a coherent monochromatic
      "reference" beam of light and a coherent "object" beam of light upon a
      transparent photosensitive layer to form an interference pattern within
      the photosensitive layer. The layer is then photographically developed to
      produce the holographic analog. One particularly effective method for
      producing holographic analogs of curved mirrors is described in my U.S.
      Pat. application Ser. No. 445,747, filed Feb. 25, 1974, now abandoned,
      incorporated herein by reference.
PAR  The holographic analog 12 is positioned so that the side of the analog 12
      corresponding to the convex side of the curved mirror is facing the
      polarizer 11. A first quarter-wave plate 13 is disposed on the other side
      of the analog 12, i.e. on the side corresponding to the concave reflecting
      side of the mirror. The plate 13 has mutually perpendicular fast and slow
      axes F and S oriented at 45.degree. to the direction of polarization 22 of
      the polarizer 11. The linearly polarized light emerging from the
      quarter-wave plate 13 is circularly polarized, either right or left,
      depending upon whether the angle between the direction of polarization and
      the axis F is 45.degree. or -45.degree.. Assuming that the light coming
      from the plate 13 is right circularly polarized as represented by the
      helix 25, this light next encounters a plane, partially transmitting and
      partially reflecting beam-splitting mirror 14, and the fraction of this
      light passing through the mirror 14 goes on to a second quarter-wave plate
      15. The fast and slow axes F' and S' of plate 15 are parallel,
      respectively, to the corresponding axes of plate 13. The second
      quarter-wave plate 15 acts to change the right circularly polarized light
      from the mirror 14 back to linearly polarized light having a direction of
      polarization oriented at 90.degree. to the direction of polarization 22 of
      the polarizer 11. This is indicated in FIG. 2 by means of the arrow 26.
      The linearly polarized light emitted from the second quarter-wave plate 15
      is blocked at a second polarizer 16 whose direction of polarization is
      parallel to that of the first polarizer 11 as indicated by the arrow 28.
PAR  The fraction of the circularly polarized light from the first quarter-wave
      plate 13 which is reflected at the plane beam-splitting mirror 14 is
      converted by such reflection into circularly polarized light of the
      opposite rotation, i.e. into left circularly polarized light in the case
      assumed. This is indicated in FIG. 2 by the left-hand helix 29. In its
      reflected passage back toward the source 20 this left circularly polarized
      light again encounters the first quarter-wave plate 13 which transforms it
      into linearly polarized light with a direction of polarization at
      90.degree. with respect to that of the light first polarized at polarizer
      11. This linearly polarized light is then partially reflected by the
      holographic analog 12 of the spherical mirror without change in the
      orientation of its polarization direction. The light so reflected becomes
      left circularly polarized in passage through the first quarter-wave plate
      13 as indicated by the left-hand helix 30. The fraction of this light
      which is then transmitted through the beam-splitting mirror 14 is
      converted by the second quarter-wave plate 15 into linearly polarized
      light having a polarization direction parallel to the polarization
      direction of the first polarizer 11 as indicated by the arrow 32. This
      light accordingly is permitted to pass through the second polarizer 16 and
      constitutes the only fraction of the unpolarized light from the source 20
      which is visible to an observer 40 located on the side of the second
      polarizer 16 remote from the source 20.
PAR  The optical combination of the polarizers 11 and 16, quarter-wave plates 13
      and 15, and plane beam-splitting mirror 14 forms a virtual image of the
      primary image source 20 at or near the principal focus of the holographic
      analog 12. This virtual image is then imaged in turn at or closer than
      infinity by that analog. All the elements 11-16 of the apparatus can be
      assembled in a compact flat package, and neither the object ultimately to
      be imaged nor any oblique beam-splitting mirror need be disposed in the
      space between the apparatus and observer.
PAR  FIG. 2 shows the apparatus used to form an image of a generalized primary
      image source 20, but the apparatus can be used to form images of real
      objects, diffusely radiating images or real aerial images as described in
      my above-noted U.S. Pat. No. Re. 27,356.
PAR  Moreover, although in FIG. 2 the polarizers 11 and 16 have their directions
      of polarization parallel to each other, and the quarter-wave plates 13 and
      15 also have their fast and slow axes respectively parallel to each other,
      the present invention is not limited to this particular arrangement. If,
      instead, the polarizers 11 and 16 have their polarization directions
      perpendicular to each other, and the quarter-wave plates also have their
      respective corresponding axes crossed, the operation of the apparatus will
      be essentially the same.
PAR  In general, therefore, the two quarter-wave plates 13 and 15 should both
      have their mutually perpendicular fast and slow axes oriented at
      substantially .+-. 45.degree. to the direction of polarization of each of
      the polarizers 11 and 16. The two quarter-wave plates 13 and 15 should
      have their corresponding axes oriented to each other at an angle which is
      a first substantially integral multiple of 90.degree. and the two
      polarizers 11 and 16 should have their directions of polarization oriented
      to each other at an angle which is a second substantially integral
      multiple of 90.degree., both of these multiples being even or both being
      odd.
PAR  The invention is, or course, not limited to the use of holographic analogs
      of spherical mirrors, and analogs of other forms of curved mirrors can
      also be employed. And, although the specific embodiment described herein
      makes use of a first polarizer 11 to linearly polarize the primary image
      source, it will be understood that such a polarizer will be unnecessary in
      the present invention if the primary image source is already linearly or
      circularly polarized.
PAR  Finally, the image-forming apparatus has been shown in an arrangement in
      which the primary image source 20 is made incident upon the side of the
      analog 12 corresponding to the convex side of the curved mirror and the
      observer 40 is situated on the other side of the analog 12 and
      birefringement array of elements 13-16. However, the apparatus of the
      present invention is equally effective if the positions of the primary
      source 20 and observer 40 are interchanged.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Image-forming apparatus comprising:
PA1  a. a reflection-type holographic analog of a curved mirror;
PA1  b. a first quarter-wave plate disposed on a side of of the holographic
      analog corresponding to the concave side of the mirror;
PA1  c. a plane beam-splitting mirror disposed on the side of the first
      quarter-wave plate remote from said analog;
PA1  d. a second quarter-wave plate disposed on the side of the beam-splitting
      mirror remote from said first quarter-wave plate; and
PA1  e. a polarizer on the side of the second quarter-wave plate remote from
      said beam-splitting mirror; the first and second quarter-wave plates
      having their fast axes oriented with respect to each other at a first
      substantially integral multiple of 90.degree., and the polarizer having
      its direction of polarization oriented substantially at an odd integral
      multiple of 45.degree. to the fast axis of the second quarter-wave plate.
NUM  2.
PAR  2. Image-forming apparatus according to claim 1 further comprising:
PA1  another polarizer disposed on the side of the analog remote from the first
      quarter-wave plate, the direction of polarization of said polarizer and
      said other polarizer being oriented with respect to each other at a second
      substantially integral multiple of 90.degree., both said first and second
      multiples of 90.degree. being even or both being odd.
NUM  3.
PAR  3. Image-forming apparatus according to claim 1 wherein said holographic
      analog is an analog of a concave spherical mirror.
NUM  4.
PAR  4. Image-forming apparatus according to claim 1 wherein said analog,
      quarter-wave plates, plane beam-splitting mirror and polarizer are
      constituted of flat sheets assembled together in a package.
NUM  5.
PAR  5. Apparatus for forming at or closer than infinity a dispersion-free image
      of a polychromatic primary image comprising:
PA1  a reflection-type monochromatic holographic analog of a concave mirror
      arranged to receive light from said primary image on a side of the analog;
      and
PA1  optical means associated with said analog for reflecting a fraction of the
      light transmitted from said primary image through said analog back to the
      other side of the analog of said mirror for reflection thereby; for
      transmitting light so reflected to an observer; and for blocking the
      direct transmission of light transmitted from said primary image through
      said analog to said observer.
NUM  6.
PAR  6. Apparatus according to claim 5, said holographic analog acting as a
      reflection filter, selecting and collimating a narrow band of illumination
      from said polychromatic primary image.
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PAL  This invention is applicable to display systems, such as in a helmet
      mounted display or a head-up display, utilizing a holographic lens
      operating at a relatively large off-axis angle in order to perform the
      dual function of a combiner glass and an eyepiece. The holographic lens is
      used in conjunction with more conventional optical elements (lenses,
      mirrors and prisms) to present a high quality collimated virtual image of
      an object, such as the face of a cathode ray tube, to an observer. The
      aberrations inherent in a holographic lens constructed to operate at a
      large off-axis angle and with a large field of view are corrected both by
      constructing the holographic lens with aberrated wavefronts and by the
      optical elements used in conjunction with the holographic lens during
      playback. Some arrangements of the playback systems of the invention
      include a relay lens having cylindrical surfaces and tilted and/or
      decentered elements used to compensate for the axial astigmatism and axial
      coma in the holographic lens. The holographic lens is constructed with
      aberrated wavefronts primarily in order to correct a large assymetric
      variation of astigmatism across the field of view which arises because of
      a difference in tilt of the two image fields corresponding to the two
      mutually orthogonal line focal surfaces. The tilts of the two image fields
      are adjusted relative to one another in such a way that they may both be
      matched by a single tilt of the object surface.
PAL  The invention herein described was made in the course of or under a
      Contract or Subcontract thereunder with the Department of the Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to display systems utilizing holographic lenses and
      more particularly to a display system incorporating a holographic lens
      constructed with aberrated wavefronts which is used in conjunction with
      other optical elements including cylindrical, tilted and decentered
      surfaces to provide correction of the aberrations in the holographic lens.
PAR  2. Description of the Prior Art
PAR  Previously, optical systems utilizing holographic lenses have been designed
      with good image quality over small fields of view and poor image quality
      over large fields of view. Also, optical systems utilizing holographic
      lenses have been required to operate at relatively small off-axis angles
      because of the aberrations inherent in a holographic lens utilizing large
      off-axis angles. Aberrations arise for the on-axis image point in a
      holographic lens designed for a large field of view because the wavefront
      used in the reconstruction process is not identical to either construction
      beam. This arises because there is a pupil-to-pupil relationship between
      the construction beam sources while an object-to-image relationship must
      hold upon reconstruction. The holographic lens is constructed with
      coherent sources located close to or at the desired entrance and exit
      pupil locations of the holographic lens so that the Bragg condition is met
      for the chief rays, thus providing a high reconstruction efficiency across
      a large field of view. The principal aberrations in a holographic lens
      constructed as above and operating at a relatively large off-axis angle
      are axial astigmatism, axial coma and an assymetric variation of coma and
      astigmatism across the field. In addition there is a considerable amount
      of field tilt and distortion. The assymetric variation of astigmatism
      arises principally because the field tilt for fans of rays traced in a
      vertical plane is different from the field tilt for fans of rays traced in
      a horizontal plane. Unless compensation is provided for the aberrations in
      the holographic lens operating at a relatively large off-axis angle, the
      display provides a very poor image quality that may be unsatisfactory for
      operations such as helmet-mounted displays or aircraft head-up displays.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention is a display system such as a helmet-mounted
      display or a head-up display utilizing a holographic lens operating at a
      relatively large off-axis angle and with a relatively large field of view.
      The observer looks through the holographic lens at a scene which is a
      collimated virtual image of an object surface projected through optics
      including a relay lens. The holographic lens is constructed with aberrated
      wavefronts to minimize the variation of astigmatism across the field, the
      aberrated wavefronts being obtained by means such as by placing tilted
      cylindrical elements in the hologram construction optics. The relay lens
      may contain cylindrical surfaces which primarily permits the compensation
      of the axial astigmatism in the holographic lens. The relay lens may also
      include a prism system, tilted glass plates or lenses, or decentered
      lenses to compensate for axial coma in the holographic lens.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of this invention to provide a display system
      having good image quality over relatively large fields of view and
      obtained by utilizing a holographic lens in conjunction with other optical
      elements.
PAR  It is another object of this invention to provide a display system in which
      an image of an object is collimated by a holographic lens to provide a
      high quality image of the object located at infinity and clearly viewable
      by an observer located at the exit pupil of the holographic lens.
PAR  It is another object of this invention to provide a high quality display
      system utilizing a holographic lens operating at a relatively large
      off-axis angle in conjunction with other optical elements.
PAR  It is another object of this invention to provide a holographic
      helmet-mounted display that provides good image quality while operating at
      a relatively large off-axis angle and having a relatively large field of
      view.
PAR  It is still a further object of this invention to provide a holographic
      head-up display that provides good image quality while operating at a
      relatively large off-axis angle and having a relatively large field of
      view.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features of this invention as well as the invention itself both
      as to its organization and method of operation, will best be understood
      from the accompanying drawings, taken in connection with the accompanying
      description, in which like reference characters refer to like parts in
      which:
PAR  FIG. 1 is a schematic top view of a holographic visor helmet-mounted
      display in which the principles in accordance with the invention may be
      utilized.
PAR  FIG. 2 is a side view of the holographic visor helmet-mounted display of
      FIG. 1.
PAR  FIG. 3 is a schematic diagram of a top view showing the ray traces for the
      helmet-mounted display.
PAR  FIG. 4 is a schematic top view of the optical system for explained
      aberrations that may be provided in the helmet display system of the
      invention.
PAR  FIG. 5 is a schematic diagram of a side view of the optical system of FIG.
      3.
PAR  FIG. 6 is a schematic diagram of Schiemflugh's condition for explaining the
      relation of the tilts of the two image planes that may be corrected in the
      construction of the holographic lens.
PAR  FIG. 7 is a schematic diagram of a top view of the hologram construction
      arrangement that may be utilized to provide the holographic lens for the
      helmet-mounted display.
PAR  FIGS. 8a and 8b are schematic top views of the holographic helmet display
      respectively for construction and playback for further explaining the
      image plane characteristics.
PAR  FIG. 9 is a schematic diagram of a side view of the construction
      arrangement of FIG. 7 for the object beam system.
PAR  FIG. 10 is a side view for the reference beam system of the optical
      construction arrangement of FIG. 7.
PAR  FIG. 11 is a top view showing further detail of the optics and the traced
      rays in the helmet-mounted display system in accordance with the
      invention.
PAR  FIG. 12 is a view taken at line 12-12 of FIG. 11 for explaining the prism
      assembly.
PAR  FIG. 13 is a view taken at line 13 of FIG. 11 for further explaining the
      prism assembly.
PAR  FIG. 14 is a schematic diagram of the equivalent optical path of the prism
      assembly of FIG. 8.
PAR  FIG. 15 is a schematic diagram of an arrangement of a head-up display
      system utilizing the principles of the invention.
PAR  FIG. 16 is a schematic ray trace diagram of a vertical section of the
      head-up display system in accordance with the invention.
PAR  FIG. 17 is a schematic ray trace diagram of a horizontal section of the
      head-up display configuration of FIG. 16.
PAR  FIG. 18a is a schematic diagram of the holographic lens construction optics
      for the head-up display of FIG. 13.
PAR  FIG. 18b is a perspective of the tilted cylindrical lens of FIG. 18a to
      show that the curved surface is seen in a side view orthogonal to FIG. 18a
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1 and 2 which show a holographic visor
      helmet-mounted display as an illustrative example in which the concepts of
      the invention may be utilized, the pilot of an aircraft, for example, with
      a helmet 16 is provided a display of symbols from an object surface 21
      combined with a clear view of the outside scene as indicated by an arrow
      15 from his eye at an exit pupil 14. The helmet 16 includes a visor 18, an
      integral part of which is a holographic lens 20 constructed with aberrated
      wavefronts in accordance with the invention. The holographic lens operates
      in the reflection mode.
PAR  Referring also to FIG. 3, as well as to FIGS. 1 and 2, the principal
      optical components of the system are a prism assembly 24 (shown unfolded
      in FIG. 3), a relay lens 26, and the holographic lens 20, which is an
      intergral part of the visor and may be on the inner surface thereof. The
      object plane 21 which may be the face of a cathode ray tube (CRT) 22
      having a narrow wavelength band phosphor, is tilted by an angle 23 with
      respect to the normal to the axial ray 27 of the system. An aberrated
      intermediate image 25 of the object plane 21 is formed at the focal
      surface of the holographic lens 20 by imaging said object plane 21 through
      the prism assembly 24 (shown unfolded in FIG. 3), and the relay lens 26.
      An image of said object plane is subsequently formed at infinity by the
      holographic lens 20 which is used as an eyepiece. The holographic lens 20
      has aberrations which balance the aberrations in the intermediate image so
      that the collimated image viewed by the pilot's or observer's eye located
      at the exit pupil 14 is of high quality.
PAR  It is to be noted that tilting the object surface in the system optics is
      known in the prior art such as in U.S. Pat. No. 2,187,803 and is not parts
      of this invention. Although the principles of the invention are
      illustrated in systems utilizing a holographic lens operating in the
      reflective mode, it is to be understood that they are equally applicable
      to optical systems utilizing a suitable holographic lens, arranged in a
      configuration to operate in the transmissive mode. The field of view
      presented to the eye at the exit pupil 14 may be relatively large in the
      system of the invention such as for example a 30 degree conical field of
      view. The exit pupil diameter may also be relatively large such as for
      example 12 to 15 mm (millimeters). The wavelength band within which the
      holographic lens 20 will diffract light with a high optical efficiency is
      narrow since the holographic lens operates according to the well-known
      laws of Bragg diffraction. The holographic lens therefore has a high
      transmittance outside the narrow band reflected from the object plane,
      thus permitting the pilot to view the outside scene at the same time as
      viewing the display.
PAR  Referring now also to the schematic top view of FIG. 4 which shows the
      optics preceding the holographic lens, the light rays pass from the object
      plane 21 of the cathode ray tube 22, and then pass through the prism
      assembly 24 which includes prisms having wedges attached thereto to
      provide the optical equivalent of a glass plate which is tilted by an
      angle 78 with respect to the normal to the axial ray. This tilt causes
      axial coma in the intermediate image, the magnitude of which balances
      axial coma in the holographic lens 20. The relay lens 26 includes
      cylindrical surfaces 63, 64, 65 and 66 which cause axial astigmatism in
      the intermediate image. Some axial astigmatism is also caused by the
      tilted glass plate equivalent of the prism assembly 24. The total axial
      astigmatism introduced by the tilted prism assembly 24 and the cylindrical
      surfaces in the relay lens 26 balances the axial astigmatism in the
      holographic lens 20. Both axial coma and axial astigmatism in the
      holographic lens are thus corrected by introducing values of equal and
      opposite sign to the intermediate image by means of the tilted prism
      assembly and the cylindrical surfaces in the relay lens. The residual
      axial coma and astigmatism in the image seen by the eye is hence very
      small and the image is of a high quality.
PAR  The axial coma, which is a measure of the degree of symmetry in the
      aberrated intermediate image of the central point of the object plane, may
      alternatively in accordance with the invention be compensated for by
      tilting and/or decentering one or more of the lens elements in the relay
      lens 26. Tilting and/or decentering of lens elements in the relay lens 26
      may also be performed in conjunction with tilting the prism assembly 24
      which is the method used in the example to correct the axial coma.
PAR  Referring now also to FIG. 5 as well as to FIG. 4, the relay lens 26 in the
      illustrated arrangement includes a positive spherical lens 40, a positive
      spherical lens 42, a negative cylindrical lens 44, a negative spherical
      lens 46, a positive sphero-cylindrical lens 48 and a positive
      sphero-cylindrical lens 50. A sphero-cylindrical lens is a lens with a
      spherical surface on one side and a cylindrical surface on the other. The
      cylindrical surfaces on the lenses 44, 48 and 50 in the illustrated
      arrangement provide a negative power. In the top view of FIG. 5, the net
      power of the relay lens 26 is therefore less than the net power of the
      relay lens in the side view of FIG. 5. Fans of rays traced in the plane of
      FIG. 5 from the object plane 21 through the prism assembly 24 and relay
      lens 26 come to a focus at the horizontal line focus 55 of the
      intermediate image 23. Fans of rays traced in the plane of FIG. 4 which is
      mutually orthogonal to the plane of FIG. 5, come to a focus at the
      vertical line focal surface 53. Because the relay lens has less power in
      the plane of FIG. 4, the focal surface 53 is located further from the
      relay lens than the focal surface 55. The focal surfaces 53 and 55 are
      shown as lines that are sections through the surface in that view although
      the total projection would be a circle like the field of view. The
      distance between the two focal surfaces 53 and 55 along the axial ray 27
      is the longitudinal axial astigmatism which is in the holographic lens.
      The cylindrical surfaces which are curved only in the top view of FIG. 4
      are surfaces 63, 64, 65 and 66. These curved surfaces combine to have a
      negative power, but it is to be understood that the principles of the
      invention are not limited to the use of negative cylindrical lenses.
      Positive cylindrical lenses may also be used such as by rotating one or
      more of the cylindrical surfaces through 90.degree. so that the effective
      curvature of the cylindrical lenses would be in the side view of FIG. 5,
      such as is indicated by the dashed surfaces 70 and 72 in FIGS. 4 and 5.
      This use of a positive cylindrical lens may be done provided the two pairs
      of conjugates at which the relay lens 26 is used in the views of FIGS. 4
      and 5 are such that the focal surface 53 is further from the relay lens
      than the focal surface 55 and that the curvatures of all the surfaces are
      adjusted to maintain the proper balance of the aberrations in the system.
      It is also to be noted from FIGS. 4 and 5 that the tilt indicated by the
      angle 78 of the prism assembly 24 is in the plane of FIG. 4 so that the
      axial coma is only in the vertical line focus 53 of the intermediate
      image. This coma condition is consistent with the bi-symmetrical nature of
      the unfolded optical system (FIG. 3), the system being symmetrical about a
      horizontal plane containing the axial ray 27 so that the asymmetric
      aberration of axial coma is not present in the axial fan of rays traced in
      the vertical plane or section. It is to be understood that this invention
      is not limited to an orientation wherein the plane about which there is
      symmetry is horizontal. Horizontal and vertical are used in this
      description only as a means to identify the mutually orthogonal planes of
      interest in the bi-symmetrical optical system being described.
PAR  In FIGS. 4 and 5, it is to be noted that the positive lens group of lens
      elements 40, 42 and 44 used in conjunction with the negative lens 46 and
      the positive lens group of the lens elements 48 and 50 results in a relay
      lens derived from the well-known triplet design. In this design from, the
      powers and spacings of the two positive lens groups from the central
      negative lens 46 are used to control field curvature. In the illustrated
      example, these powers and spacings are used to match the intermediate
      image field curvature to the field curvature in the holographic lens.
PAR  Referring now to FIGS. 4 and 6, the object surface is tilted by the angle
      23 relative to the normal to the axial ray 27. The intermediate image
      focal surfaces 55 and 53 are therefore also tilted by respective angles 29
      and 31, with respect to the normal to the axial ray 27, these tilts being
      required to match the tilts of the two corresponding focal surfaces of the
      holographic lens. These two focal surfaces are separated by an amount
      equal to the axial astigmatism. However, in order to obtain high image
      quality across a large field of view, the two focal surfaces of the
      holographic lens and the two intermediate image focal surfaces must not
      only match in separation, but also in tilt and curvature. In the first
      order, the tilts of the two intermediate image surfaces are related by
      Schiemflugh's condition to the tilt of the object plane, as illustrated in
      FIG. 6 where the relay lens is represented as being thin. Because the
      relay lens has less power in the horizontal plane of FIG. 4 than in the
      vertical plane of FIG. 5, the magnification between the object and image
      planes is different in the two planes. If .theta. is the tilt of the
      object plane, and m.sub.H and .alpha. are the relay lens magnification and
      intermediate image tilt for fans of rays traced in the plane of FIG. 4,
      then Schiemflugh's condition requires that
EQU  tan .alpha. = m.sub.H  tan .theta. Similarly, tan .beta. = m.sub.V tan
      .theta. so that m.sub.V tan .alpha. = m.sub.H tan .beta.  (1)
PAR  The terms m.sub.V and .beta. are respectively the relay lens magnification
      and intermediate image tilt for fans of rays traced in planes orthogonal
      to FIG. 4. Equation (1) gives the first order relationship between the
      tilts of the two intermediate image focal surfaces based on Schiemflugh's
      condition which requires that in the plane of FIG. 6, lines drawn through
      the object plane 130, lens plane 132 and the two image surfaces 134 and
      136 must intersect at the same point assuming the relay lens to be thin.
      Because m.sub.H is not necessarily equal to m.sub.V, .alpha. is not equal
      to .beta. and the two focal surfaces are not necessarily parallel to one
      another. The relationship between the two tilts is fixed for a given relay
      lens and this relationship is matched in the holographic lens 20 by
      constructing said holographic lens with aberrated wavefronts.
PAR  Referring now to FIG. 7 which shows the optical system used to construct
      the holographic lens, the holographic lens 20 is constructed with two
      aberrated wavefronts derived from two mutually coherent point sources 97
      and 90 being termed the object and reference beam point sources
      respectively for the purposes of identification only in the illustrated
      example. As is well known in the art, these two point sources may be
      derived from the same laser 91 (as indicated by the line 93 and rectangles
      92 and 94) utilizing suitable optical components including a
      beam-splitter, microscope objectives and spatial filters. As is also well
      known in the art, the holographic lens is a recording of the interference
      pattern between the two coherent wavefronts derived from the two sources
      97 and 90. The recording may be made by any of the well-known techniques
      which, for example, may use a dichromated gelatin or photographic material
      with appropriate processing. It is to be understood that the optical
      design principles which are the subject of this invention are within the
      scope of this invention regardless of the methods used to record and
      process the holographic lens or the optical means used to obtain the two
      coherent point sources 90 and 97.
PAR  In FIG. 7, the object beam point source 97 is located at or close to the
      desired exit pupil location 14 of the optical system. The reference beam
      point source 90 is imaged by the imaging lens 110 at the point 96 which is
      close to or at the desired location of the relay lens exit pupil 116. It
      is to be noted that the point 96 is chosen to be close to the center of
      the desired relay lens location so as to minimize the diameter of the
      relay lens. It is also to be noted that the distances R.sub.o and R.sub.R
      of the respective points 97 and 96 from the holographic lens substrate
      determine the paraxial focal length, f.sub.H, of the holographic lens by
      the well-known equation
      ##EQU1##
      where .mu. is the ratio of the wavelength used to construct the hologram
      to the wavelength used in playback. It is particularly important to note
      that the points 97 and 96 are located close to the desired entrance and
      exit pupil locations of the holographic lens so that there is a high
      reconstruction efficiency for all the chief rays, thus providing a bright
      image for all field angles. In the illustrated example, the object beam
      incident on the surface 20 which is to be the holographic lens is
      diverging from the point 97, whereas the reference beam is converging on
      the point 96. It is well known that the direction of these two beams may
      be reversed. It is within the scope of this invention that the optical
      principles disclosed are applicable to both the illustrated example and
      the case in which the direction of the two beams is reversed, so that the
      reference beam diverges from the point 96 and the object beam passes
      through an imaging lens to converge on the point 97. It is also within the
      scope of this invention that the principles disclosed apply equally to the
      case of a transmission holographic lens. The illustrated example is a
      reflection holographic lens wherein the two beams used to construct said
      lens are incident on said lens from opposite sides of the lens substrate.
      In a transmission hologram, both beams would be incident from the same
      side. It is also within the scope of this invention that the optical
      principles disclosed do not depend on the optical design form of the
      imaging lens 110. The imaging lens 110 may be one of many design forms and
      is only required to have a sufficient aperture to illuminate the hologram,
      and to image the reference beam point source 90 at the point 96.
PAR  The construction of the holographic lens with point sources located close
      to the desired entrance and exit pupil locations of the lens is a
      significant departure from the well-known construction geometry by which
      perfect axial imagery is obtained. The geometry for perfect axial imagery
      requires the same relationship between the two construction point sources
      as the desired object to image locations, however, this geometry is not
      suitable for a large field of view because of efficiency considerations.
      The departure from the perfect axial imagery geometry for constructing the
      holographic lens with high efficiency across a large field of view causes
      axial aberrations in the holographic lens. The principle axial aberrations
      are axial coma and axial astigmatism which are balanced by the aberrations
      introduced to the intermediate image by means of the tilted prism assembly
      and the cylindrical surfaces in the relay lens. Because the holographic
      lens is used at a large off-axis angle 101 and large assymmetry angle 103
      the magnitude of the coma and astigmatism is large. In particular, the
      axial astigmatism in the holographic lens of the illustrated example may
      be as large as 50% of the focal length of the holographic lens causing two
      well separated focal surfaces 53 and 55 (FIG. 4) on playback.
PAR  As a result of the off-axis geometry, also it is to be noted that the focal
      surfaces 109 and 111 of the holographic lens are tilted with respect to
      the normal to the axial ray, and the tilt of the focal surface for
      horizontal lines is not necessarily equal to the tilt of the focal surface
      for vertical lines. If the holographic lens were not constructed with
      aberrated wavefronts, these tilts would be as large as about 63 degrees
      and 45 degress for the horizontal line focal surface 111, and the vertical
      line focal surface 109 respectively. These tilts are so largely different
      that they could not maintain the condition specified in Equation 1 for
      both tilts to be matched by a single tilt of the object surface imaged
      through the relay lens and prism assembly. In the illustrated example, the
      holographic lens is therefore constructed with aberrated wavefronts
      obtained by placing tilted cylindrical lenses 100 and 104, one in each
      construction beam. Adjusting the powers and tilt angles 105 and 107 of
      these lenses permits the tilt of the horizontal line focus to be varied
      relative to the tilt of the vertical line surface. In the illustrated
      example, the object surface is therefore tilted so that the tilt angle 31
      of the vertical line focal surface 53 in FIG. 4 in the intermediate image
      equals the tilt of the vertical line focal surface 109 of the holographic
      lens. The tilt of the horizontal line focal surface 111 of the holographic
      lens is then adjusted to match the tilt of the horizontal line focal
      surface in the intermediate image which corresponds to the tilt of the
      object surface by adjusting the tilts and powers of the cylindrical lenses
      used to construct the holographic lens.
PAR  Referring now to FIGS. 8a and 8b, the principle whereby the tilt adjustment
      of the horizontal line focus is obtained by constructing the holographic
      lens with aberrated wavefronts is explained. The principle is explained in
      a simplified manner for purposes of understanding only. Consider a
      holographic lens on a plane substrate which is to be constructed and used
      on playback at the same wavelength. Points 0 and R in FIG. 8a are the
      construction point sources and the desired exit pupil is to be located at
      0. Points H and H' are localized areas on the holographic lens which are
      used to image the axial ray bundle and a ray bundle at the field angle
      .theta..sub.o at the points I and I' in the focal surface of the lens as
      shown by the playback diagram of FIG. 8b. Although points H and H' are
      parts of the same holographic lens, let them be considered to be two
      separate holograms of focal lengths f and f' where
      ##EQU2##
PAR  If now f' is increased without changing f, I' moves to I" and the tilt,
      .alpha. of the focal surface is decreased. This can be done by changing
      the conjugates at which the holographic lens is constructed, as indicated
      by the following trigonometrical relationships:
PAR  In triangles OH'H and RH'H, the sin formula gives
EQU  R.sub.o ' = R.sub.o cos .phi..sub.o /cos (.phi..sub.o + .theta..sub.o)
EQU  R.sub.R = R.sub.R ' cos .phi..sub.R /cos (.phi..sub.R + .theta..sub.o)
PAL  so that
      ##EQU3##
      where Equation 1 and the small angle approximation has been used for
      .theta..sub.o and .theta..sub.R. The change in power, .DELTA.K, between
      the points H and H' is therefore given by
      ##EQU4##
      This equation can be further expressed in terms of HH' by the expression
      ##EQU5##
      The change in power, and therefore focal length, between points H and H'
      is hence shown to be a function of R.sub.o and R.sub.R, which are the
      conjugates used to construct the hologram. Since the change in power
      causes a change in the tilt of the focal surface relative to the axial
      ray, it may be concluded that the tilt of the focal surface is a function
      of the conjugates at which the hologram is constructed.
PAR  Referring now to FIGS. 9 and 10 as well as to FIG. 7, this principle is
      used in the illustrated example to adjust the tilt of the horizontal line
      focal surface relative to the tilt of the vertical line focal surface by
      constructing the holographic lens at different conjugates for fans of rays
      traced in the vertical plane than the conjugates used to construct the
      holographic lens for fans of rays traced in the horizontal plane. The
      means used to construct the holographic lens at two different pairs of
      conjugates for the two orthogonal planes of interest is to insert a
      positive cylindrical lens or lens combination into each construction beam.
      The orientation of these cylindrical lenses 100 and 104 is vertical, FIGS.
      9 and 10, and therefore effects the construction of the holographic lens
      for fans of rays traced in the vertical section. The effect of the
      cylindrical lenses 100 and 104 is therefore to reduce the tilt of the
      horizontal line focal surface from about 63.degree.  to about 45.degree.
      in the illustrated example. Tilt correction can also be obtained by
      placing a cylindrical lens in only one of the construction beams, however,
      this changes the focal length of the hologram in the plane of the
      cylindrical surface and can lead to an undesirably large amount of
      astigmatic pupil aberration in the system on playback.
PAR  It should be noted that it has also been found by computer ray tracing that
      tilting the cylindrical lenses used in the construction of the holographic
      lens has a significant effect on the tilt of the focal surface. The tilt
      is in the plane of FIG. 7 which is orthogonal to the plane containing the
      cylindrical curvature of the lenses 100 and 104. This causes a variation
      in focal length across the horizontal section of the holographic lens for
      vertical fans which in turn effects the tilt of the horizontal line focus.
PAR  It is to be noted that this invention is not limited to the use of two
      tilted or untilted positive cylindrical lenses used in the orientation
      shown in FIGS. 7, 9 and 10. Depending on the nature of the geometry of the
      application, said cylindrical lenses may have negative power and/or be
      rotated through 90 degrees in order to effect the tilt of the other focal
      surface. Said cylindrical lenses may also have positive or negative tilts
      depending on the tilt affect on the focal surface desired in the
      application. Neither is this invention limited to a single cylindrical
      element in either or both of the construction beams, the same affect being
      obtainable with a multitude of cylindrical lenses in each beam. It is only
      to be noted that one cylindrical element in each beam is sufficient to
      obtain the desired tilt of one focal surface relative to the other in this
      illustrated example.
PAR  Referring now to FIG. 11, the optical layout of the helmet-mounted display
      showing the path of the rays is given. As described previously, the axial
      coma is corrected in the system by tilting the prism assembly. The axial
      coma may also be corrected by tilting and/or decentering elements in the
      relay lens as indicated by the displacement 129 of the central negative
      lens 44 shown dashed in FIG. 11. Two other views of the prism assembly are
      shown in FIGS. 12 and 13. These figures, in conjunction with FIG. 14, show
      that the prism assembly is comprised of an upper right angle prism 122, a
      lower right angle prism 126 and two wedges 127 and 128. The right angle
      prisms 122 and 126 form a periscope arrangement in which the upper prism
      122 is rotated about the axial ray in order to fold the object surface 21
      and CRT 22 close to the helmet 16. The two wedges 127 and 128 provide the
      effective tilt angle 130 of the prism assembly which is the optical
      equivalent of a tilted glass plate as shown in FIG. 14. The tilt angle 23
      of the object plane 21 relative to the normal to the axial ray is also
      shown in FIG. 14.
PAR  Referring now to FIG. 15, the principles of the invention incorporated in a
      holographic lens head-up display for an aircraft 160 will be explained.
      The aircraft has a canopy 162 and a top surface 166 and an ejection line
      164 that provides a limitation on the head-up display configuration. A
      holographic lens 168 is positioned on a substrate 170 which may be a
      suitable transparent material such as Plexiglas. The object plane is a
      surface 176 on a cathode ray tube 178. The object plane is imaged through
      a relay lens 180 to a folding prism 182 having a surface angled to direct
      the rays over the surface of the halographic lens 168. The rays are then
      diffracted from the holographic lens 168 to the eye 184 which is the exit
      pupil for the display. The view from the exit pupil 184 is to the outside
      scene with the display from the surface 176 appearing as a virtual image
      at infinity.
PAR  Referring now to the ray trace diagrams of FIGS. 16 and 17, it is seen that
      the rays from the object surface 176 are imaged through the relay lens at
      an intermediate image which has a horizontal line focus 188 and a vertical
      line focus 186. This intermediate image is located at the focus of the
      holographic lens 168 as seen through the prism 182. The final image viewed
      by the eye at the exit pupil 184 is at infinity and of high quality. The
      field of view may be large, and is 15.degree. .times. 200.degree. in the
      illustrated example being primarily limited by the size of holographic
      lens that will fit within the cockpit geometry. The exit pupil may also be
      large being 3 .times. 5 inches in the illustrated example. It is to be
      noted that the system has bisymmetry about a vertical plane containing the
      axial ray of the system. It is also to be noted that the normal to the
      holographic lens bisects the off-axis angle 189 at which the holographic
      lens operates. This bisecting of the off-axis angle aspect of the geometry
      is not a part of the invention, being well known in the art in that it is
      a geometry that minimizes the aberrations in the holographic lens, most
      notably chromatic aberration, axial astigmatism and axial coma. In the
      illustrated arrangement of FIG. 16, there is comparatively little axial
      astigmatism and axial coma. Nevertheless, these aberrations have to be
      corrected in the relay lens. Further, the tilts of the intermediate image
      have to be matched by adjusting the design parameters of the holographic
      lens and by tilting the object surface as was done in the helmet-mounted
      display of FIG. 11.
PAR  In FIGS. 16 and 17, the relay lens 180 includes positive spherical lens
      elements 200, 201, 203 and 205, a negative spherical element 202 and a
      negative cylindrical element 204. The curvatures of the negative
      cylindrical element are in the side view of FIG. 16, but it is within the
      scope of this invention that this element may be positive with its
      cylindrical curvatures in the top view of FIG. 17. The cylindrical element
      204 corrects the residual axial astigmatism in the holographic lens. It is
      to be noted that this element 204 can be replaced by a cylindrical surface
      on one or more of the positive spherical elements in the relay lens. The
      axial coma is best corrected in the illustrated arrangement by a
      decentration 210 of the negative spherical lens 202 shown as a dashed lens
      209 in FIG. 13. It is to be noted that any axial coma can also be
      corrected by decentering any appropriate lens in the relay
PAR  The prism 182 also provides a partial correction to the axial coma, but
      this is not its main purpose. The prism is a wedge with a mirror on its
      rear surface and is located close to the intermediate image. Rays image at
      the top of the intermediate image traverse a thicker wedge of glass than
      those imaged at the bottom of the intermediate image. This considerably
      reduces the tilt of both the intermediate image focal surfaces, and hence
      also reduces the tilt of the object surface. The final tilt of the object
      surface in the illustrated configuration is about 15 degrees, but would be
      over 30 degrees if the prism were not used.
PAR  Referring now to FIGS. 18a and 18b, the optics used to construct the
      holographic lens used in the head-up display arrangement of FIGS. 16 and
      17 will be described. The wavefronts used in the construction of the
      holographic lens are obtained from the two mutually coherent point sources
      288 and 289, termed the object and reference beam point sources,
      respectively. These sources may be derived from the same laser 283 by
      means of suitable optical means including beamsplitting techniques,
      microscope objectives and spatial filters as indicated by 280, 282 and the
      line 284 joining 280 and 282. The object beam point source 288 is located
      close to the desired hologram exit pupil. The reference beam point source
      is imaged via the two cylindrical lenses 290 and 292 and off-axis
      spherical mirror 298, at a point located close to the desired entrance
      pupil to the holographic lens. This point 289 corresponds to the exit
      pupil of the relay lens 180 (FIG. 16) and is located close to the center
      of the relay lens in order to minimize the relay lens diameter. It should
      be noted that elements 290, 292 and 298 are used only to obtain a
      reference beam wavefront which illuminates the large holographic lens
      substrate and converges on the desired location of the holographic lens
      entrance pupil. The cylindrical lenses 290 and 292 correct astigmatism in
      the off-axis spherical mirror. The cylindrical lens 292 is also tilted to
      correct coma in the off-axis spherical mirror. The principles of this
      invention are not limited to the particular optical means used to obtain
      the convergent reference beam wavefront as described in the illustrated
      example.
PAR  It is also to be noted that there is a tilt to both the horizontal and the
      vertical line focus, and that these two tilts have to match the two tilts
      of the intermediate image which correspond to a single tilt of the object
      plane 176. In accordance with this invention, the tilt of the horizontal
      line focal surface 188 may be tilted relative to the tilt of the vertical
      line focus 186 by means of constructing the holographic lens with
      aberrated wavefronts. In FIG. 18a, this construction may be done by means
      of placing a tilted cylindrical lens 188 and 191 in each construction
      beam. In the described arrangement, the cylindrical lenses 188 and 191
      have no power in the side view of FIG. 18a and therefore do not
      appreciably effect the tilt of the horizontal line focus. However, the
      lenses do have power in the top views as can be seen by the lens of the
      perspective view of FIG. 18b representing lens 188 and 191, so the tilt of
      the vertical line focus 186 is adjusted. As noted for the helmet-mounted
      display of FIG. 11, the principles of this invention are not limited to
      cylindrical lenses of positive power and in the orientation shown.
      Depending on the arrangement, it can be expedient to also use negative
      cylindrical lenses, and the cylindrical lenses, positive or negative, may
      be rotated through 90.degree. in order to effect the tilt of the other
      focal surface.
PAR  Thus there has been provided optical display systems utilizing holographic
      lenses that allow increased flexibility in the selection of image forming
      geometry and the location of the major components within the aircraft or
      the flight helmet. This improvement is made possible because image
      formation in the holographic lens occurs by diffraction rather than
      refraction. Single exposure holographic lenses have operated with quality
      only over a very small field of view in conventional systems. However in
      the holographic display systems in accordance with the invention the
      operation covers a very large field of view such as for example 30.degree.
      or more by purposely aberrating the wavefronts used during the
      construction of the hologram lens and by introducing optical elements to
      further correct the image upon playback. The virtual image produced in
      some arrangements in accordance with the invention is monochromatic and in
      the helmet-mounted display may originate in a miniature cathode ray tube
      such as one of one inch diameter and having a narrow wavelength band
      phosphor and in the head-up display may be a relatively large cathode ray
      tube. Intermediate image tilt adjustment is introduced in the holographic
      lens construction by tilted cylindrical lenses in the two construction
      beams. The axial coma aberration is corrected by a tilt in the optical
      path such as in the prism structure which is effectively a tilted glass
      plate or alternatively, for example by tilting or decentering one of the
      lenses in the relay lens. The correction for the axial astigmatism in the
      holographic lens is provided by the use of cylindrical lenses in the relay
      lens, the correction being in the horizontal plane for horizontal fans of
      rays in the illustrated helmet-mounted display and being in the vertical
      plane for vertical fans of rays in the illustrated head-up display. It is
      to be understood that the concepts of the invention are equally applicable
      to any type of system and the helmet-mounted display and the head-up
      display are only illustrative examples of new and improved systems
      incorporating the concepts of the invention. Thus the system of the
      invention in some arrangements of the invention provides an improved
      virtual image to the observer appearing at infinity while allowing a clear
      vision through the holographic lens to the outside scene, if this view is
      desired in the system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A display system having a holographic lens constructed with two coherent
      sources located relatively close to entrance and exit pupils thereof, and
      which deviates the axial ray coming from an object surface through an
      off-axis angle into an exit pupil and which has a focal surface with axial
      coma and axial astigmatism, said display system having
PA1  first means along said axial ray between said object surface and said
      holographic lens to compensate said axial coma, and
PA1  second means along said axial ray between said object surface and said
      holographic lens to compensate said axial astigmatism.
NUM  2.
PAR  2. The display system of claim 1 in which said first means is prism means
      including first and second prisms with first and second wedges attached
      thereto to provide the optical equivalent of a tilted glass plate.
NUM  3.
PAR  3. The display system of claim 1 in which said second means is a lens
      assembly including lens means having cylindrical surfaces with a
      cylindrical curvature in a selected plane normal to said axial ray.
NUM  4.
PAR  4. The display system of claim 2 in which said second means is a lens
      assembly including lens means having cylindrical surfaces with a
      cylindrical curvature in a selected plane substantially normal to said
      axial ray.
NUM  5.
PAR  5. The display system of claim 3 in which said cylindrical lenses are
      structured to provide a negative axial astigmatism.
NUM  6.
PAR  6. The display system of claim 3 in which said cylindrical lenses are
      structured to provide a positive axial astigmatism.
NUM  7.
PAR  7. The display system of claim 1 in which said first means includes a lens
      decentered from the axial ray in a plane selected to compensate said axial
      coma.
NUM  8.
PAR  8. The display system of claim 1 in which said first means includes a lens
      tilted from the normal to the axial ray in a plane selected to compensate
      said axial coma.
NUM  9.
PAR  9. The display system of claim 4 in which the lens assembly of said second
      means includes first, second, third and fourth cylindrical surfaces
      forming in combination said compensating axial astigmatism.
NUM  10.
PAR  10. The display system of claim 1 in which a tilted folding prism is
      included along said axial ray for providing a correction of axial coma.
NUM  11.
PAR  11. The combination of claim 1 in which the holographic lens is formed on a
      helmet visor.
NUM  12.
PAR  12. Holographic lens construction apparatus used to construct a reflective
      holographic lens with aberrated wavefronts in order to compensate for the
      variation of astigmatism across the field of view which otherwise arises
      because the two focal surfaces of said holographic lens would be
      incorrectly tilted relative to one another, said holographic lens
      construction optics comprising
PA1  a holographic lens recording material on a substrate,
PA1  a source of a first laser wavefront incident on said holographic lens
      recording material, which is divergent from a point source located close
      to the desired exit pupil of the holographic lens, and is aberrated by
      passing through tilted cylindrical lenses, and
PA1  a source of a second laser wavefront incident on said holographic lens
      recording material from the opposite side as the first laser wavefront,
      and which is coherent with the first wavefront, is convergent on a point
      close to the desired entrance pupil of said holographic lens and is
      aberrated by passing through tilted cylindrical lenses.
NUM  13.
PAR  13. The holographic lens construction optics of claim 12 in which the first
      and second wavefronts are centered on points located a substantial
      distance from the desired holographic lens entrance and exit pupils.
NUM  14.
PAR  14. The holographic lens construction optics of claim 12 in which the first
      laser wavefront incident on the holographic lens recording material is
      convergent.
NUM  15.
PAR  15. The holographic lens construction optics of claim 12 in which the
      second laser wavefront incident on the holographic lens is divergent.
NUM  16.
PAR  16. The holographic lens construction optics of claim 12 in which the two
      wavefronts are incident on the holographic lens recording material from
      the same side in order to construct a holographic lens which operates in
      the transmission mode.
NUM  17.
PAR  17. Holographic lens construction apparatus used to construct a reflective
      holographic lens with aberrated wavefronts in order to compensate for the
      variation of astigmatism across the field of view which otherwise arises
      because the two focal surfaces of said holographic lens would be
      incorrectly tilted relative to one another, said holographic lens
      construction apparatus comprising
PA1  first and second tilted cylindrical lenses,
PA1  a holographic lens recording material on a substrate,
PA1  a source of a first laser wavefront incident on said holographic lens
      recording material, which is divergent from a point source located close
      to the desired exit pupil of the holographic lens, and is aberrated by
      passing through said first tilted cylindrical lens, and
PA1  a source of a second laser wavefront incident on said holographic lens
      recording material from the opposite side as the first laser wavefront,
      and which is coherent with the first wavefront, is convergent on a point
      close to the desired entrance pupil of said holographic lens, and is
      aberrated by passing through said second tilted cylindrical lens.
NUM  18.
PAR  18. The holographic lens construction optics of claim 17 in which the first
      and second wavefronts are centered at locations a substantial distance
      from the desired holographic lens entrance and exit pupils.
NUM  19.
PAR  19. The holographic lens construction optics of claim 17 in which the first
      laser wavefront incident on the holographic lens recording material is
      convergent.
NUM  20.
PAR  20. The holographic lens construction optics of claim 12 in which the
      second laser wavefront incident on the holographic lens is divergent.
NUM  21.
PAR  21. The holographic lens construction optics of claim 17 in which the two
      wavefronts are incident on the holographic lens recording material from
      the same side in order to construct a holographic lens which operates in
      the transmission mode.
NUM  22.
PAR  22. The holographic lens construction optics of claim 17 in which the
      cylindrical lenses are parallel to said first and second wavefronts.
NUM  23.
PAR  23. The holographic lens construction optics of claim 17 in which said
      cylindrical lenses are positioned in only a selected one of the two beams
      incident on the holographic lens.
NUM  24.
PAR  24. The holographic lens construction optics of claim 17 in a
      helmet-mounted display wherein the holographic lens is an integral part of
      the visor, the axial astigmatism is compensated for by means of
      cylindrical surfaces in a relay lens, the axial coma is compensated by
      means of a tilted prism assembly, and the variation of astigmatism across
      the field is corrected by cylindrical lenses selected to adjust the powers
      and tilts in said construction optics so that the two tilts of the two
      holographic lens focal surfaces may be simultaneously matched in playback
      by a single tilt of an object surface.
NUM  25.
PAR  25. The holographic lens construction optics of claim 17 in a head-up
      display wherein the holographic lens is an integral part of the visor, the
      axial astigmatism is compensated for by means of cylindrical surfaces in a
      relay lens, the axial coma is compensated by means of a tilted prism
      assembly, and the variation of astigmatism across the field is corrected
      by cylindrical lenses selected to adjust the powers and tilts in said
      construction optics so that the two tilts of the two holographic lens
      focal surfaces may be simultaneously matched in playback by a single tilt
      of an object surface.
PATN
WKU  039402053
SRC  5
APN  5043581
APT  1
ART  257
APD  19740909
TTL  Electrochromic device having an indium electrode
ISD  19760224
NCL  16
ECL  1
EXP  McGraw; Vincent P.
NDR  1
NFG  4
INVT
NAM  Crandall; Richard Seely
CTY  Princeton
STA  NJ
INVT
NAM  Faughnan; Brian Wilfred
CTY  Princeton
STA  NJ
ASSG
NAM  RCA Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  350160R
EDF  2
ICL  G02F  136
FSC  350
FSS  160 R
UREF
PNO  3451741
ISD  19690600
NAM  Manos
OCL  350160R
UREF
PNO  3521941
ISD  19700700
NAM  Deb et al.
OCL  350160R
UREF
PNO  3708220
ISD  19730100
NAM  Meyers
OCL  350160R
UREF
PNO  3840288
ISD  19741000
NAM  Schnatterly
OCL  350160R
LREP
FR2  Bruestle; Glenn H.
FR2  Silverman; Carl L.
ABST
PAL  A layer of electrochromic material is on a substrate. An acid electrolyte
      is on the layer of electrochromic material. An indium electrode is
      utilized to produce coloration in the layer of electrochromic material
      without the need for any external electrical power. If a conductor layer
      is disposed between the substrate and the layer of electrochromic
      material, the device operates under a biasing voltage with substantially
      no polarization.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrochromic devices, and particularly, to an
      electrochromic device requiring minimal external electrical power for
      coloration and in which substantially no polarization occurs.
PAR  Electrochromic devices are well-known devices which exhibit a phenomenon
      known as "persistent electrochromism", e.g., see U.S. Pat. No. 3,521,941
      entitled, "Electro-Optical Device Having Variable Optical Density," issued
      July 28, 1970. The term "persistent electrochromism" denotes the property
      of a material whereby its electromagnetic radiation absorption
      characteristic is altered, in most instances, even at ambient temperature,
      under the influence of an electric field. Such materials, for example, may
      exhibit little or no absorption of visible wavelength in the absence of an
      electric field, and therefore be transparent, but when subjected to an
      electric field, effectively absorb in the red end of the spectrum, turning
      blue in color. Similar effects can be observed in other portions of the
      electromagnetic spectrum, invisible as well as visible.
PAR  As described in the prior art, if a layer of a persistent electrochromic
      material is disposed between a pair of electrodes across which a potential
      is applied, the radiation transmitting characteristic of the material will
      change. If the electrodes and the electrochromic material are formed on
      the surface of a transparent substrate, such as glass, the light
      transmitting characteristics of the combination can be varied by
      controlling the electric field produced across the electrochromic
      material. For example, application of a voltage between the electrodes to
      establish an electric field of the proper polarity changes the light
      absorption characteristics of the electrochromic material, turning it
      darker, for example, thus decreasing the light transmitting ability of the
      entire assembly.
PAR  The phenomenon of "persistent electrochromism" has also been exhibited in
      electrochromic devices which include an electrolyte-electrochromic
      sandwich wherein the electrolyte functions both as a conductive medium and
      as a source of positive ions. For example, the sulfuric acid electrolyte
      of U.S. Pat. No. 3,708,220, issued Jan. 2, 1973. In these devices, the
      electrolyte is chosen as to be sufficiently conductive to permit low
      voltage operation of the electrochromic device while also being chemically
      compatible with the electrochromic layer and electrode employed in the
      device.
PAR  Although electrochromic devices have been developed and are successful for
      many applications, most electrochromic devices include electrochromic
      layers which require external electrical power for both coloration and for
      bleaching. Some electrochromic devices can be bleached by merely short
      circuiting the electrodes, but these devices still require external
      electrical power for coloration.
PAR  Furthermore, due to the electrochemical reactions occurring in conventional
      electrochromic devices, it has been found that the electrode adjacent to
      the electrolyte often becomes polarized. Polarization, when present,
      limits the switching speed, especially at contrasts in excess of 2:1,
      since the current decreases sharply with time. For example, aquadag, a
      conductive mixture of graphite and a non-conductive binder, is often
      employed as an electrode for electrochromic devices, since it is found
      that the graphite is capable of removing electrons from the negative ions
      in the electrolyte, thereby permitting a current flow. However, it appears
      that the aquadag electrode is responsible for polarization in the
      electrochromic device.
PAR  Although not wholly understood, it is presently believed that the removal
      of electrons from the negative ions in the electrolyte often creates a
      barrier of uncharged neutral species at the electrode. For example, with
      H.sub.2 SO.sub.4 utilized as the acid electrolyte, the positive graphite
      electrode attracts the negative SO.sub.4 .sup.= radical and removes
      electrons from the negative SO.sub.4 .sup.= so as to leave a neutral
      SO.sub.2 as well as O.sub.2 species at the electrode. It is also suspected
      that negative OH.sup.- radicals may be attracted to the positive graphite
      electrode wherein these unstable OH.sup.- radicals react to form H.sub.2 O
      and O.sub.2 at the positive electrode. The neutral SO.sub.2 and O.sub.2
      species can thereafter present a barrier to a flow of charge, thereby
      slowing down the switching speed or response time of the electrochromic
      device. Whether or not the above mechanisms prove to govern in these
      devices, the observed decrease in current with time, by definition, is
      caused by polarization. It would therefore be desirable to develop an
      electrochromic device which requires no external electrical power and one
      in which substantially no polarization occurs at the electrode adjacent
      the electrolyte.
PAC  SUMMARY OF THE INVENTION
PAR  An electrochromic device includes a substrate and a layer of electrochromic
      material on the substrate. An electrolyte is on at least a portion of the
      layer of electrochromic material. An electrode is utilized for contacting
      the electrolyte. The electrode is of a material capable of forming
      positive ions when in contact with the electrolyte.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view of one form of an electrochromic device of
      the present invention.
PAR  FIG. 2 is a cross-sectional view of another form of an electrochromic
      device of the present invention.
PAR  FIG. 3 is a cross-sectional view of still another form of an electrochromic
      device of the present invention.
PAR  FIG. 4 is a cross-sectional view of still another form of an electrochromic
      device of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring initially to FIG. 1, one form of an electrochromic device of the
      present invention is generally designated as 10. The electrochromic device
      10 includes a transparent substrate 12, such as glass, and a layer 14 of
      electrochromic material, such as tungsten oxide. An electrolyte 16, such
      as sulfuric acid or phosphoric acid, is in contact with a portion of a
      surface of the layer 14 of electrochromic material. As shown in FIG. 1, an
      electrode 18, of a material such as indium, is placed in the electrolyte
      16 so as to be in contact with a portion of the electrochromic material of
      the layer 14.
PAR  As shown in FIG. 1, the layer 14 of electrochromic material colors, i.e.,
      absorbs red so as to turn blue, under the region covered by the
      electrolyte 16, e.g., coloration will occur in a region 17 of the layer 14
      of electrochromic material. The coloration begins at the point of contact
      and radiates outward. While not wholly understood, it is believed that
      coloration in this embodiment involves positive indium ions which go into
      solution in the electrolyte. It is believed also that by being in contact
      with the layer 14 of electrochromic material, electrons remaining in the
      indium electrode 18 are injected into the electrochromic material of the
      layer 14. The injected electrons then attract protons from the electrolyte
      into the electrochromic material.
PAR  The coloration process is believed to occur in any situation as described
      wherein the electrode 18 is of a material capable of forming positive ions
      in the electrolyte and also capable of injecting electrons into the layer
      14 of electrochromic material. Other materials suitable for use as the
      electrode 18 include iron, magnesium, lead and gallium with indium, iron
      and magnesium being in the preferred group. As shown in FIG. 1, the
      electrochromic device 10 colors without the need for any external
      electrical power, a result not heretofore obtainable in the prior art.
      Thus, the electrochromic device 10 of FIG. 1 enables a user to take a
      movable electrode 18, of a material such as indium, dip it into an
      electrolyte, such as sulfuric acid, and then permanently write on the
      electrochromic material of the layer 14.
PAR  The electrochromic device of FIG. 1 can be constructed through methods well
      known in the art. For example, a layer 14 having a thickness of about
      10,000A of electrochromic material, such as tungsten oxide, can be
      deposited, e.g., evaporated or sputtered, onto a transparent substrate,
      such as glass. An electrolyte 16, such as sulfuric acid or phosphoric
      acid, can be prepared and applied onto a portion of the layer 14 of
      electrochromic material as is well known in the art. The acid electrolyte
      16 can be in the range of from about 0.5 molarity (M) to about 5M with
      about 2M being preferable. An electrode 18, such as indium, is readily
      available commercially.
PAR  Another form of an electrochromic device of the present invention is shown
      in FIG. 2. The electrochromic device 110 of FIG. 2 also enables a user to
      produce coloration in the layer 114 of electrochromic material without the
      need for any external electrical power. The electrochromic device 110
      includes a transparent substrate 112, such as glass, a conductor layer
      113, which may be transparent, such as tin doped indium oxide, and a layer
      114 of electrochromic material on the conductor layer 113. An electrolyte
      116, such as sulfuric acid, is on the layer 114 of electrochromic
      material. The electrolyte 116 can be in the form of a gel as in previously
      mentioned U.S. Pat. No. 3,708,220.
PAR  The electrochromic device 110 can be colored by utilizing an electrode 118,
      of a material such as indium, although any of the previously described
      materials for the electrode 18 of FIG. 1 would also be successful. For
      coloration of the electrochromic device 110, the electrode 118 is
      electrically connected to the conductor layer 113, e.g., by a wire 120 and
      a switch S. In the operation of the electrochromic device 110, the switch
      S is closed, thereby electrically connecting the conductor layer 113 and
      the electrolyte 116. In the electrochromic device 110, the electrode 118
      need not be in contact with the layer 114 of electrochromic material as
      required in the electrochromic device 10 of FIG. 1. For coloration to
      occur in the electrochromic device 110 of FIG. 2 it is sufficient that the
      electrode 118 merely be in contact with the electrolyte 116. It is
      believed that the electrons which must find their way to the
      electrochromic material of the layer 114 are supplied by the conductor
      layer 113. Thus, the electrode 118 need not be in contact with the
      electrochromic layer 114.
PAR  In the electrochromic device 110 of FIG. 2, coloration occurs in the entire
      area of the layer 114 of electrochromic material which is in contact with
      the electrolyte 116. If desired, the coloration produced in the layer 114
      of the electrochromic material can be erased, i.e., bleached, by
      establishing an appropriate biasing voltage across the device. For
      example, the electrochromic device 110 can be bleached by establishing a
      potential difference in the devices such that the electrode 118 is
      negative with respect to the conductor layer 113.
PAR  It should be noted, however, that the electrochromic device 110 of FIG. 2
      can be operated similarly to the electrochromic device 10 of FIG. 1, i.e.,
      without the need for the wire 120 and switch S. When operated in similar
      fashion to the electrochromic device 10 of FIG. 1, the electrochromic
      device 110 of FIG. 2 exhibits coloration in which the electrochromic
      material of the layer 114 colors substantially uniformly beneath the
      electrolyte 116 since it appears that the electrons which are supplied by
      the electrode 118 must first pass through the electrolyte 114. Thus,
      coloration occurs in the electrochromic device 110 of FIG. 2 which
      coloration first appearing in the region where the electrons pass through
      the electrolyte 116. Then, after the electrons reach the conductor layer
      113, the electrochromic material of the layer 114 colors uniformly.
PAR  Referring now to FIG. 3, still another form of an electrochromic device of
      the present invention is generally designated as 210. The electrochromic
      device 210 includes a transparent substrate 212, such as glass, with a
      conductor layer 213 which may be transparent, such as tin doped indium
      oxide, on the substrate 212. A layer 214 of electrochromic material having
      a thickness of about 10,000A such as tungsten oxide, is on the conductor
      layer 213. An electrolyte 216, such as sulfuric acid, is sandwiched
      between the layer 214 of electrochromic material and an electrode 218. The
      electrode 218 is of a material such as indium.
PAR  In the operation of the electrochromic device 210 of FIG. 3, a conventional
      biasing voltage is applied. For example, a network 222 enables one to
      reverse the biasing as desired wherein one biasing will produce coloration
      in the electrochromic material of the layer 214 and the opposite polarity
      will cause bleaching of the electrochromic material as is well known in
      the art. For example, when the electrode 218 is positive with respect to
      the conductor layer 213, coloration occurs. When the electrode 218 is
      negative with respect to the conductor layer 213, bleaching occurs. In the
      electrochromic device 210 substantially no polarization occurs at the
      electrode 218. It should be noted that although the electrochromic device
      210 of FIG. 3 has been described having a conductor layer 213, the
      conductor layer 213 could be in a different form, e.g., in the form of
      segments for an alphanumeric display.
PAR  Although not wholly understood, it is believed that the electrode 218 of
      indium is primarily responsible for the lack of polarization observed in
      the present invention wherein the positive indium ions pass directly into
      the electrolyte 216 under one biasing voltage, thereby leaving electrons
      behind. Under the reverse biasing voltage, the positive indium ions are
      redirected back to the indium electrode 218 where a recombination of
      electron and positive ion takes place. It is believed that this process
      results in a condition wherein polarization cannot take place since it
      appears that there is no build up of neutral species on the electrode
      surface. Although the electrochromic device 210 has been described with an
      indium electrode 218, the electrochromic device of the present invention
      functions, as described, as long as the electrode 218 is of a material
      which is capable of forming positive ions in the electrolyte 213. An
      indium electrode 218 is preferable since such a material forms positive
      ions quickly in most acids although, as previously described, iron,
      magnesium, lead and gallium would also be suitable with indium, iron and
      magnesium being in the preferred group.
PAR  In addition to the lack of polarization obtained in the electrochromic
      device of the present invention, an additional unexpected advantage is
      that the electrode 218 need not cover the entire back surface of the
      device, as in prior art devices, since it appears that as long as the
      concentration of indium ions in the electrolyte solution is not
      appreciably reduced by the current pulse, the entire colorable area of the
      layer 214 of electrochromic material will color or bleach uniformly,
      regardless of the shape or position of the opposing electrode 218. This
      results in a new degree of freedom in device design.
PAR  For example, the electrochromic device 210 of FIG. 3 can be utilized
      wherein the electrolyte 216 includes a white powder, e.g., zirconium
      oxide, so as to improve the viewing properties of the colored area. In
      this design, the white powder functions to provide a contrast for the
      colored electrochromic material and can also provide optical isolation for
      the device. The electrochromic device 210 can also be designed so as to
      operate as a reflecton cell with a transparent electrolyte 216 and a
      mirror or colored reflective surface as a backing plate. In addition, the
      electrochromic device 210 can also be designed so as to function as a
      transmission cell with a transparent glass backing plate. The last two
      structures are not possible with the usual graphite electrode since the
      graphite electrode must cover the entire active area of the electrochromic
      material as outlined by the electrolyte in order for coloration to occur.
      For example, FIG. 4 shows an electrochromic device 310 of the present
      invention in which the electrode 318, of indium, is ring shaped and in
      contacting relation with only a portion of the electrolyte 316. A ring
      shaped insulating spacer 315 of a material which is inert to the acid
      electrolyte 316, e.g., a plastic, can be employed so as to prevent
      undesired coloration from occurring due to the contact of the electrode
      318 with the layer 314 of electrochromic material. A transparent backing
      plate 324, e.g., glass, can be employed so as to create an electrochromic
      device 310 which functions as a transmission cell. If desired, a mirror or
      colored surface can be disposed between the backing plate 324 and the
      electrode 318 so as to create an electrochromic device 310 which functions
      as a reflection cell.
PAR  Although the electrochromic devices of the present invention have been
      described having tungsten oxide electrochromic layers, it is apparent that
      tungsten oxide is merely one of the many known electrochromic materials as
      described in previously mentioned U.S. Pat. No. 3,521,941. Furthermore,
      although much of the phenomenon of electrochromism is not presently
      understood, the electrochromic devices of the present invention function
      as described, whether or not the present theories explaining the
      phenomenon prove to be correct. Thus, electrochromic devices of the
      present invention can exhibit coloration without the need for any external
      power. Also, electrochromic devices of the present invention can operate
      under a biasing voltage with substantially no polarization. We claim:
CLMS
NUM  1.
PAR  1.  An electrochromic device comprising:
PA1  a substrate,
PA1  a layer of electrochromic material on said sustrate,
PA1  an electrolyte on at least a portion of said layer of electrochromic
      material, and
PA1  an electrode for contacting said electrolyte, said electrode being of a
      material capable of dissolving and forming positive ions when in contact
      with said electrolyte whereby coloration occurs in said layer of
      electrochromic material.
NUM  2.
PAR  2. An electrochromic device in accordance with claim 1 in which said
      electrode is of a material capable of injecting electrons into said layer
      of electrochromic material when in contact with said layer of
      electrochromic material when said contact is surrounded by said
      electrolyte.
NUM  3.
PAR  3. An electrochromic device in accordance with claim 2 in which said
      substrate is substantially transparent.
NUM  4.
PAR  4. An electrochromic device in accordance with claim 2 having an acid
      electrolyte.
NUM  5.
PAR  5. An electrochromic device in accordance with claim 4 in which said
      electrode comprises indium.
NUM  6.
PAR  6. An electrochromic device in accordance with claim 5 in which said
      electrochromic material comprises tungsten oxide.
NUM  7.
PAR  7. An electrochromic device in accordance with claim 1 in which a conductor
      layer is disposed between said substrate and said layer of electrochromic
      material and in which said electrode is selected from the group consisting
      of indium, iron and magnesium.
NUM  8.
PAR  8. An electrochromic device in accordance with claim 7 which includes means
      for electrically connecting said electrode to said conductor layer.
NUM  9.
PAR  9. An electrochromic device in accordance with claim 7 in which said
      substrate and said conductor layer are substantially transparent.
NUM  10.
PAR  10. An electrochromic device in accordance with claim 9 having an acid
      electrolyte.
NUM  11.
PAR  11. An electrochromic device in accordance with claim 10 in which said
      electrode comprises indium.
NUM  12.
PAR  12. An electrochromic device in accordance with claim 11 in which said
      conductor layer comprises tin doped indium oxide.
NUM  13.
PAR  13. An electrochromic device in accordance with claim 12 in which said
      electrochromic material comprises tungsten oxide.
NUM  14.
PAR  14. An electrochromic device in accordance with claim 11 in which said
      electrode is in contacting relation with only a portion of said
      electrolyte.
NUM  15.
PAR  15. An electrochromic device in accordance with claim 14 in which said
      electrolyte is substantially transparent.
NUM  16.
PAR  16. An electrochromic device in accordance with claim 1 in which said
      electrode is selected from the group consisting of indium, iron and
      magnesium.
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ABST
PAL  Improved biasing pads for eyeglass frames are provided for positioning
      between the lens portion of the frames and the temple bars in abutting
      engagement therewith so as to bias the temple bars inwardly against the
      head of the wearer. The biasing pads are made up of one or more plys or
      layers of a yieldable, nonresilient material and are adhesively applied to
      the eyeglass frames in layers so that the thickness and biasing effect of
      the pads may be varied as desired.
BSUM
PAR  The invention relates to biasing pads for eyeglass frames and, more
      particularly, to an imroved biasing pad construction to insure a proper
      fit of eyeglasses and eliminate sliding movement of the eyeglasses
      relative to the wearer's head.
PAR  As any wearer of eyeglasses knows, the most irritating aspect of wearing
      glasses is the tendency for the frames to slide during movement by the
      wearer. The problem is particularly acute whenever the wearer bends over,
      looks down, or otherwise moves his or her head in such a way that the
      frames for the lenses are lower than the temple bars. Although the frames
      and temple bars are customarily fitted at the time of purchase so as to
      fit snugly on the head of the wearer, they soon lose their snug fit and
      the glasses become loose and slide down the wearer's nose during movement
      of the wearer's head. The problem has been recognized and various
      solutions proposed. See, for example, U.S. Pat. No. 3,428,392 which issued
      Feb. 18, 1969 to J. L. Chaney, U.S. Pat. No. 2,684,014 which issued July
      20, 1954 to H. S. Fairly, U.S. Pat. No. 2,761,353 which issued Sept. 4,
      1956 to M. J. Eustis and U.S. Pat. No. 3,156,757 which issued Nov. 10,
      1964 to J. Spina.
PAR  Although numerous attempts have been made to solve the problem of
      maintaining the proper fit of eyeglass frames, these prior art attempts
      have not been successful. One prior art approach has been to insert a
      hard, unyielding surface, in the form of a metal clip, between the lens
      frame and the temple bars. See, for example, U.S. Pat. No. 3,387,910 which
      issued June 11, 1968 to O. T. Giraldi. Such an arrangement permits of no
      adjustment and, therefore, requires a preciseness not easily attained in
      simple devices of this nature. A more common prior art approach
      exemplified by the previously mentioned patents has employed resilient
      biasing pads between the temple bars and the lens frame. In this approach
      an elastomeric material, such as rubber, is used. Experience has shown
      that the use of such resilient biasing pads have not been effective in
      achieving a lasting, satisfactory result.
PAR  It is the object of the present invention to provide an improved biasing
      pad construction which will solve the problem by providing means by which
      the wearer may insure a continuing snug fit so as to eliminate movement of
      the glasses relative to the wearer's head.
PAR  The applicant's invention comprises improved biasing pads for eyeglass
      frames. The biasing pads are mounted between the front frame portion for
      the eyeglass lenses and the temple bars, so as to be in abutting
      engagement with both the front lens frame portion and the ends of the
      temple bars. Unlike prior art devices, the biasing pads are made up of one
      or more plys or layers of a yieldable, nonresilient material adhesively
      applied either to the lens frame or the temple bars. By reason of the
      nature of the pads and their availability in multiple layers or plys, an
      optician or the wearer of the eyeglasses may, by trial and error, vary the
      thickness and biasing effect of the pads until a lasting and comfortably
      snug fit of the temple bars is achieved.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a pair of eyeglasses fitted with the
      present invention;
PAR  FIG. 2 is a top plan view showing the positioning of the biasing pads;
PAR  FIG. 3 is an enlarged detail view showing a plurality of biasing pad plys
      applied to a pair of eyeglasses and prior to compression by the temple
      bars; and
PAR  FIG. 4 is a view similar to FIG. 3 showing the biasing pads after
      compression.
DETD
PAR  A preferred form of applicant' s improved biasing pads for eyeglass frames
      is shown in the accompanying drawings. As is customary, the eyeglass
      frames comprise a front portion 10 that surrounds and supports the
      eyeglass lenses 11. A pair of temple bars 12 are pivotally secured to the
      front frame portion 10 by hinges 14 for pivotal abutting engagement
      therewith when the glasses are being worn. Biasing pads 16 are mounted
      between the front frame portion 10 and the temple bars 12 in order to
      limit the outward pivotal movement of the temple bars away from the
      wearer's head. Since outward pivotal movement of the temple bars is
      limited by the biasing pads 16, the temple bars 12 are forced to snugly
      engage the wearer's head. As shown, the biasing pads 16 are adhesively
      mounted to the end surfaces 18 of the front frame portion 10 which
      normally abut against the inner edge portions 20 of the temple bars 12.
      Alternatively, the biasing pads may be mounted on the inner edge portions
      of the temple bars 12 if desired.
PAR  The biasing pads 16 are made in a plurality of plys or layers 22. Each of
      the individual layers or plys 22 may be adhered to the next adjacent layer
      by means of a suitable layer of adhesive 24. The biasing pads 16 are made
      from a yieldable, nonresilient material which may be compressively
      deformed without significant recovery. It has been found that biasing pads
      made from such material are especially suitable for biasing the temple
      bars of the eyeglasses, particularly when available in a plurality of thin
      layers or plys. In use, such biasing pads are automatically compressed to
      the proper degree by the inner edge portions 20 of the temple bars 12 so
      as to achieve a snug fit of the temple bars against the wearer's head. By
      reason of the multi-ply construction, the effective thickness of the
      biasing pads 16 can be built up by an optician, or the wearer, until the
      desired biasing effect is achieved. This is particularly advantageous
      since the necessary biasing effect required in the case of each individual
      wearer of eyeglasses will vary over a relatively wide range. It is this
      condition which limits the usefulness of biasing pads manufactured to a
      predetermined thickness, for such pads can satisfactorily perform in only
      a limited number of cases. Moreover, applicant's pads in use become
      sufficiently compressed to form a hard unyielding surface which then
      maintains the proper degree of biasing effect for a long time.
PAR  It will be recognized that the pads 16 may be applied to the glasses at the
      time they are purchased or at a later date. In either event, the pads 16
      can be cut or otherwise shaped to conform to the particular contour of the
      front frame portion 10 or inner edge portions of the temple bars 12 and
      may be colored to match the color of the eyeglass frame so as to maintain
      the normal appearance of the glasses.
CLMS
STM  I claim:
NUM  1.
PAR  1. Biasing pads for eyeglass frames having a lens frame and a pair of
      temple bars pivotaly abutting the frame, said pads mounted between the
      lens frame and the abutting end of the temple bars so as to bias the
      temple bars inwardly against the head of the wearer, said biasing pads
      being made from a yieldable, nonresilient material, and each of said pads
      having an adhesive layer thereon whereby said pads may be joined in a
      plurality of plys so the effective thickness of the pads may be
      selectively varied as desired.
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PAL  Disclosed is a soft, tough, contact lens for the human eye constructed of
      fluorine-containing polymers, said lens having a Clash-Berg torsion
      modulus of 95-1000 lb/sq. in. and a refractive index approximating that of
      human tears.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my application Ser. No.
      152,076 filed June 11, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to transparent soft, tough contact lenses for
      correcting vision deficiencies of the human eye.
PAR  2. Description of the Prior Art
PAR  Contact lenses are of two general types, scleral and corneal. Lenses of the
      scleral type cover a substantial area of the eye during use and seal off
      circulation of tears and the atmosphere. This causes partial asphyxiation
      which affects the metabolism and vision of the eye. The more recently
      developed corneal lenses, because of their relatively smaller size and
      lighter weight, cause less irritation to the cornea and have achieved
      greater acceptance. However, the "break in" period necessary to accustom
      the cornea of the wearer to a corneal lens usually extends over a
      considerable period of time. Some persons have found contact lenses to be
      intolerable because of the eye irritation resulting during and after any
      extended period of continuous wear.
PAR  Contact lenses of both the corneal and scleral types have been commonly
      constructed of poly(methyl methacrylate) (PMMA). A lens made of such
      material is hard and stiff and when introduced for the first time on the
      eye of a person, the sensation is that of a foreign body. A fraction of
      the people who try PMMA lenses become adapted after a break-in period and
      can successfully wear the lenses. However, a larger fraction of the
      individuals who attempt to wear PMMA lenses never become wearers since
      they cannot adapt to such hard and stiff lenses because of discomfort,
      irritation, excessive tearing, and the like. Even those individuals who do
      adapt successfully to PMMA lenses, however, suffer an awareness of the
      lens in the eye.
PAR  Contact lenses have also been made from fluorinated copolymers, as for
      example, those disclosed in U.S. Pat. No. 3,542,461 issued to Girard et
      al. These lens are also hard and stiff and suffer from the same
      disadvantages as the PMMA lenses.
PAR  Contact lenses have also been made from other materials such as hydrogels
      and silicones. These are exemplified by U.S. Pat. No. 3,220,960 to
      Wichterle et al. and U.S. Pat. No. 3,228,741 to Becker, respectively.
      Lenses made of these materials are referred to as soft lenses and are an
      improvement over hard and stiff lenses in being very comfortable, a
      property which is immediately apparent to the wearer. However, the
      hydrogel and silicone lenses have serious drawbacks which include poor or
      variable visual acuity resulting from difficulties in their manufacture
      and, in the case of the hydrogel lens, variable water absorption, tendency
      to absorb foreign substances, including tobacco smoke, bacteria,
      fluorescein, wetting solutions, mascara, and the necessity for daily
      sterilization. Hydrogel lenses, after a period of prolonged use, may
      acquire proteinaceoous deposits which can lead to physical discomfort and
      lessened visual acuity. In addition, the hydrogel and silicon lenses are
      weak and subject to damage by tearing and breaking. A discussion of the
      disadvantages of such lenses is found in "Precision-Cosmet Digest," Vol.
      5, No. 9, April 1965.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a soft, wettable, transparent contact lens
      for the eye constructed from at least one soft, tough, fluorine-containing
      polyer said lens having a concavo-convex structure with the concave
      surface conforming substantially to the shape of the eye surface, an
      optical zone, a refractive index in the range 1.30 to 1.40, and a
      Clash-Berg torsion modulus in the range of about 95 to about 1000 psi.
PAR  Preferred are such polymers having a Shore Durometer (A) hardness of 90 or
      less, a tensile strength (break) of at least about 100 psi, an elongation
      (break) of at least about 160 percent and a tear strength of at least
      about 5 lb/linear inch.
PAR  The softness of the lenses, as evidenced by the Clash-Berg torsion modulus
      values, insures excellent comfort to the wearer. In fact, comfort is equal
      to or greater than that observed with hydrogel and silicone lenses. At the
      same time the lenses are tough and strong enough to maintain constant
      visual acuity and to resist damage by tearing, breakage, abrasion or
      irreversible elastic deformation. Furthermore, the inert nature of the
      fluorine-containing polyer insures that the lenses will not absorb
      bacteria, lens-wetting and sterilizing solutions, fluorescein, tobacco
      smoke, mascara and other deleterious materials.
PAR  The lenses described herein are also characterized by a refractive index of
      between about 1.30 to 1.40. It is preferred that the refractive index be
      close to that of tears which is 1.336.
PAR  Because of the low refractive index of the lenses of this invention, they
      may be modified to obtain benefits not possible with lenses of higher
      refractive indices. For example, the posterior lens surface can be
      spherical or aspherical over part or all of the surfaces; or it may have
      one or more peripheral curves to improve fit and comfort; or it may be
      textured, patterned or channeled to improve the flow of oxygen and tears
      to the eye, all without adversely affecting visual acuity.
PAR  An additional advantage of the present lenses is that they can be made
      quickly and easily by compression molding, with heating times ranging from
      about 2 to 7.5 minutes. After the heating, the lenses are removed from the
      mold and edged. In contrast, manufacture of hydrogel and silicon lenses
      involve relatively slow polymerization or curing steps which greatly
      increase the time required for lens preparation and add to their cost. For
      example U.S. Pat. No. 3,696,254 (example 1) discloses that a period of 6
      hours is needed for polymerization and to produce a hydrogel lens in
      unhydrated form. The process is further complicated by being carried out
      in a rotating mold and in an oxygenfree atmosphere. The lens must then be
      edged and swollen (hydrated) to its final form.
PAC  DETAILS OF THE INVENTION
PAR  Soft, tough fluorine-containing polymers include those listed below. Table
      I gives their various properties and also shows some prior art materials
      for comparison.
TBL  __________________________________________________________________________
                                   U.S. Patent                                 
     Polymer             Abbreviation                                          
                                   Reference                                   
     __________________________________________________________________________
     Tetrafluoroethylene/perfluoro                                             
     (methyl vinyl ether)                                                      
                         (TFE/P.sub.f MVE)                                     
                                   3,132,123                                   
     Tetrafluoroethylene/perfluoro                                             
     (methyl vinyl ether) plasticized                                          
     with polyfluoropropylene oxide oil                                        
                                   3,484,503                                   
     Tetrafluoroethylene/perfluoro                                             
     (methyl vinyl ether)/vinylidene                                           
     fluoride            TFE/P.sub.f MVE/VF.sub.2                              
                                   3,235,537                                   
     Tetrafluoroethylene/perfluoro                                             
     [2(2-fluorosulfonylethoxy) propyl                                         
     vinyl ether]        TFE/PSEPVE                                            
                                   3,282,875                                   
     Vinylidene fluoride/hexafluoro-                                           
     propylene/tetrafluoroethylene                                             
                         VF.sub.2 /HFP/TFE                                     
                                   2,968,649                                   
     Vinylidene fluoride/hexafluoro-                                           
     propylene           VF.sub.2 /HFP                                         
                                   3,051,677                                   
     __________________________________________________________________________
PAR  Presently preferred are TFE/P.sub.f MVE and TFE/PSEPVE for their excellent
      combination of properties such as high clarity and dimensional stability,
      etc.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                           Hardness   Clash-                                   
                                           Tensile.sup.(3)                     
                                                        Tear.sup.(4)           
                   Polymer Shore      Berg.sup.(2)                             
                                           Strength                            
                                                  Elongation                   
                                                        Strength               
                                                               25.sup.(5)      
                   Composition                                                 
                           Durometer.sup.(1)                                   
                                      Torsion,                                 
                                           (break)                             
                                                  (break).sup.(3)              
                                                        lbs./linear            
                                                               n.sub.D.sup.25(5
                                                               )               
     No   Polymer  (mol ratio)                                                 
                           (A) (D)    psi  psi    %     in.                    
     __________________________________________________________________________
     1  TFE/P.sub.f MVE                                                        
                   64:36   67  --     127  500-885                             
                                                  160-200                      
                                                        15.1-17.6              
                                                               1.3276          
     2  TFE/P.sub.f MVE                                                        
                   64:36   56, 57                                              
                               --     132  --     --    --     1.3270          
     3  TFE/P.sub.f MVE                                                        
                   70:30   64, 65                                              
                               --     285  1800-1850                           
                                                  210-220                      
                                                        25.7   1.3300          
                   (wt.ratio)                                                  
     4  TFE/PSEPVE 6.5:1   90  --     728  1900   280   76.3   1.3389          
     5  TFE/PSEPVE 8.3:1   80, 81                                              
                               --     873  2800-2900                           
                                                  300   78.4   1.3400          
     6  TFE/P.sub.f MVE/VF.sub.2                                               
                   12:17:71                                                    
                           47-49                                               
                               --     &lt;95  450    560   43     1.3700          
     7  VF.sub.2 /HFP                                                          
                   78:22   35, 36                                              
                               --     &lt;109 160-165                             
                                                  &gt;1000 19.6-21.3              
                                                               1.3713          
     8  VF.sub.2 /HFP/TFE                                                      
                   61:17.3:21.7                                                
                           43  --     102  170-200                             
                                                  900-&gt;1000                    
                                                        24.5-26.0              
                                                               1.3617          
     9  TFE/P.sub.f MVE-                                                       
                   No. 2 contain-                                              
                           65  --     --   --     --    --                     
        poly(perfluoropro-                                                     
                   ing 10 wt. %                                1.3240          
        pylene oxide) oil                                                      
                   oil                                                         
     10 Silicone Rubber    56(80)                                              
                               --     &lt;144 410-850                             
                                                  80    0.69   1.430.sup.(7)   
        ("Sylgard" 184)                                                        
        Becker U.S.                                                            
        3,228,741                                                              
     11 Hydrogel           30-35                                               
                               --     &lt;101 38-71  20    Too low                
                                                               1.4275          
        Wichterle, Ex. 8                                measure                
        Br. 1,035,877                                                          
     12 Polyperfluoroalkyl-                                                    
                           92-96                                               
                               48     10,289                                   
                                           600    10    --     1.370           
        ethyl methacrylate                                                     
        Girard, Ex. 2                                                          
        U.S. 3,542,461                                                         
     13 Polyperfluoroalkyl-                                                    
                           93-96                                               
                               50     --   --     --    --     1.368           
        ethyl methacrylate                                                     
        Girard, Ex. 3                                                          
        U.S. 3,542,461                                                         
     14 Fluorinated Copolymer  60-65.sup.(6)                                   
                                      24,037                                   
                                           2700-3100.sup.(6)                   
                                                  250-330.sup.(6)              
                                                        110-143                
                                                               1.338.sup.(6)   
        of ethylene with                                                       
        propylene (Teflon                                                      
        FEP-110)                                                               
        DeCarle, Br. 1,045,665                                                 
     15 Polychlorotrifluoro-   R75-R95.sup.(6)                                 
                                      38,981                                   
                                           4500-6000.sup.(6)                   
                                                  80-250.sup.(6)               
                                                        90-96  1.425.sup.(6)   
        ethylene (Kel-F)                                                       
        Stroop, U. S.                                                          
        3,475,521                                                              
     __________________________________________________________________________
      NOTES:                                                                   
       .sup.(1) Conventional hardness measurements employing type A and D Shore
      Durometer in accordance with ASTM D2240-68. Some of the reported values  
      represent an average of more than one measurement.                       
      .sup.(2) Conventional measurement of the stiffness of a plastic by means 
      of a torsion test, in accordance with ASTM-D1043-72 using a Tinius Olsen 
      Torsion Stiffness Tester modified to the extent that the manually operate
      brake was replaced by an electromagnetic clutch with a time delay switch 
      mounted on the deflection head. The values were obtained at 74.degree.F. 
      .sup.(3) ASTM-D412-68. Standard Method of Tension Testing of Vulcanized  
      Rubber.                                                                  
      .sup.(4) Conventional measurements of tear resistance, as set forth in   
      ASTM-D470-71 (p. 251).                                                   
      .sup.(5) Refractive Index, measured by standard techniques on an Abbe    
      Refractometer.                                                           
      .sup.(6) Data from 1973-1974 Modern Plastics Encyclopedia.               
      .sup.(7) Data taken from Dow Corning Bulletin 67-005, Information About  
      Electrical/Electronic Materials, April 1970.    Lens Permeability        
PAR  Permeability of the novel lenses to O.sub.2 and CO.sub.2 has been found to
      be a valuable property. Good permeability is desirable in that oxygen can
      permeate through the lens to nourish the eye and metabolic waste (carbon
      dioxide) can permeate through the lens and away from the eye. Lens
      permeability is an important asset even though patterns can be employed to
      aid tear flow, etc. Oxygen and carbon dioxide permeabilities of about 500
      Centibarrers or more, at 1 PSIG, are desirable. Permeabilities somewhat
      below about 500 Centibarrers may, however, also prove beneficial. It
      should be understood that the further the permeability ranges below about
      500 Centibarrers, the more impermeable the lenses and the less the
      beneficial effect.
PAR  The contact lenses of the invention are significantly more permeable to
      oxygen and carbon dioxide than various art polymers as represented by
      poly(methyl methacrylate), PMMA. The following comparisons show the
      increased oxygen permeabilities of some of the polymers used in the novel
      contact lenses as compared to the prior art material PMMA.
TBL  ______________________________________                                    
                  O.sub.2 Permeability Centibarrers                            
                              Pressure                                         
     Polymer        1 Psig    15 Psig   100 Psig                               
     ______________________________________                                    
     PMMA           --        --        13*                                    
     TFE/P.sub.f MVE                                                           
                    1,190     1,202     --                                     
     TFE/P.sub.f MVE                                                           
                    2,740     1,150     --                                     
     plasticized with 10%                                                      
     poly(perfluoropropylene                                                   
     oxide)oils                                                                
     ______________________________________                                    
      *Permeability is nil at lower pressures.                                 
PAC  Bifocal Lenses
PAR  The soft, tough lenses of this invention can be constructed in a variety of
      ways to provide for the refractive and physical requirements of different
      individuals. Among the several types of lenses are the soft, tough single
      vision lenses having symmetrical spherical anterior and posterior curves.
      This type of lens meets the needs of the majority of contact lens
      patients. Other types of lenses falling within the scope of this invention
      include: (1) soft, tough toric lenses having non-spherical anterior and/or
      posterior curves; and (2) soft, tough bifocal lenses which are designed to
      provide near and far vision for individuals whose eyes have lost
      accomodative power.
PAR  Among the several types of bifocal lenses which may be constructed are (a)
      the peripheral near-segment bifocal lenses in which distant vision is
      provided by the curves on the central segment and near vision by the
      curves on the peripheral segment; (b) upper and lower segment bifocal
      lenses in which distant vision is provided by the curves on the upper
      segment and near vision by the curves on the lower segment. Other types of
      lenses considered to be within the scope of this invention are prism
      ballast lenses, truncated lenses and lenticular lenses.
PAC  Construction of Lenses
PAR  Two general methods in use for manufacture of contact lenses constructed of
      poly (methyl methacrylate) or other hard material are as follows: (1)
      cutting of lenses from blanks on a radiusing lathe, followed by polishing
      and edging with a grinding or cutting device, and (2) compression molding
      of the plastic with precision molds of glass or steel, followed by edging
      by cutting or grinding.
PAR  The lenses of this invention, because of their soft, tough nature, are
      preferably fashioned by compression molding, using precision molds
      constructed of suitable materials such as glass, stainless steel, carbon
      steel, carbides such as WC and TiC, brass, Ni- and Cr-plated steel or
      brass, and the like. By employing suitably constructed male and female
      mold forces, lenses can be molded which have anterior and posterior
      surfaces with the desired curvatures and degree of smoothness (polish) and
      which also have adequately tapered and rounded edges, so that the molding
      operation produces a finished lens, ready for wear. Or, if desired, the
      mold forces can be constructed so as to produce a so-called semi-finished
      lens, that is, one with proper anterior and posterior curves but which has
      not been edged. The lens is subsequently edged to provide a comfortable
      fit.
PAR  Wettability is an essential requirement for corneal lenses in order to
      provide comfort and good visual acuity. Wettability is achieved by
      altering the hydrophobic surface to a hydrophilic surface by any of
      several methods that are known to the art.
PAR  One generally applicable method involves subjecting the lenses to the
      action of a glow discharge at a low pressure of, say, 1 mm of Hg for a
      limited time of, say, 15 seconds. The lens is then wettable when placed in
      water. In a variation of this method, a vinyl monomer containing a
      hydrophilic group, e.g., acrylic acid is admitted to the lens, in either
      liquid or vapor form, after its exposure to the discharge but before
      exposure to air. This results in formation of a wettable hydrophilic film
      on the lens.
PAR  Another method for imparting wettability which is applicable to the
      polymers of this invention consists in etching the surface of the lens
      with sodium or other alkali metal as a solution in anhydrous NH.sub.3 or
      as a complex with naphthalene in solution or in suspension in
      tetrahydrofuran or other inert ethers, followed by exposure to water to
      destroy excess alkali metal. In some instances the treatment leaves a
      brown discoloration on the surface which is removed, frequently with
      enhancement of wetting, by exposure of the lens to warm commercial
      household bleach solution for several minutes. The method is particularly
      applicable to TFE/P.sub.f MVE.
PAR  Another polymer, TFE/PSEPVE, is rendered wettable by converting hydrophobic
      surface sulfonyl fluoride (--SO.sub.2 F) groups to more hydrophilic
      groups. For example, wettability is imparted by brief immersion of lenses
      of this polymer in ethanolamine, diethanolamine, or aqueous 5% sodium
      hydroxide solution, and forming the groups --SO.sub.2 NHCH.sub.2 CH.sub.2
      OH, --SO.sub.2 N(CH.sub.2 CH.sub.2 OH).sub.2  or --SO.sub.3 Na,
      respectively, on the surface.
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  The following examples are meant to illustrate but not to limit the
      invention.
DETD
PAC  EXAMPLE 1
PAR  A quantity of TFE/P.sub.f MVE copolymer was placed in a conventionally
      prepared steel lens mold previously heated to 200.degree.C., allowed to
      stand for 2 minutes, and a total force of 100 lbs. then applied to the
      mold. The sample was maintained at 200.degree.C and 100 lbs pressure for 5
      minutes, and then quickly cooled to room temperature while the pressure
      was maintained.
PAR  The mold was then opened and the lens then removed. The lens was
      transparent, colorless, soft, and flexible, yet tough and elastic, with
      well-feathered, smooth edges. The edge of the lens was good enough so that
      it could be worn comfortably without further modification. It weighed 53.5
      mg and had a diameter of 12 mm and a central thickness of 0.157 mm.
PAR  The lens was made wettable with water by subjecting it to a corona
      discharge at reduced pressure. The wetted lens was then placed on the
      right eye of a test subject who at the same time was wearing a
      conventional PMMA corneal lens as a control on his left eye. The lens
      centered perfectly and the subject reported the TFE/P.sub.f MVE lens to be
      more comfortable than the methacrylate lens and to be comparable in
      comfort with previously worn hydrogel contact lenses of the Wichterle
      type. The subject experienced none of the "scratchiness", even when
      blinking, which he associated with PMMA corneal lenses.
PAC  EXAMPLE 2
PAR  A quantity of TFE/P.sub.f MVE copolymer, in the form of a four-layer
      sandwich of pieces cut from 25 -mil film, was placed in a conventional
      steel lens mold heated to 200.degree.C. After standing for 1 minute to
      attain temperature, the polymer was molded at 200.degree.C and 125 lbs
      total mold pressure for 1 minute, and then cooled to room temperature
      under pressure. A well-formed lens was obtained; weight, 78.5 mg;
      diameter, 12.9 mm; central thickness, 0.358 mm. The lens required edging,
      including removal of some flash on the periphery.
PAC  EXAMPLE 3
PAR  A piece of 55-mil film of TFE/P.sub.f MVE/VF.sub.2 terpolymer was placed in
      a preheated lens mold of Example 2 and molded for 1 minute at 220.degree.C
      and 75 lbs total pressure. The lens was cooled to room temperature under
      pressure and removed from the mold. It was colorless, transparent, soft,
      rubbery, and tough with some peripheral flash; weight, 101.9 mg; diameter,
      13.2 mm; central thickness, 0.256 mm.
PAC  EXAMPLE 4
PAR  A quantity of TFE/PSEPVE copolymer in the form of stacked pieces of 9-mil
      film was placed in the steel lens mold of Example 2, preheated to
      250.degree.C. After allowing 1 minute for temperature equilibration, the
      material was molded for 30 seconds at 250.degree.C and 100 lbs total
      pressure. The mold was cooled to room temperatures under pressure and the
      lens removed. The lens was transparent, soft, tough, and flexible; weight,
      45.5 mg; diameter, 10.6 mm; central thickness, 0.262 mm.
PAC  EXAMPLE 5
PAR  A quantity of TFE/HFP/VF.sub.2 terpolymer containing 57 wt % of VF.sub.2
      was preheated in the steel lens mold of Example 2 for 1 minute at
      180.degree.C and then subjected to the following molding cycle: 30 seconds
      at 180.degree.C and 75 lbs pressure, followed by 30 seconds at
      180.degree.C and 150 lbs. the mold was cooled to room temperature under
      pressure and the lens removed. The well-formed lens weighed 49.9 mg and
      had a diameter of 11.2 mm, and a central thickness of 0.218 mm.
PAC  EXAMPLE 6
PAR  A quantity of VF.sub.2 /HFP copolymer was placed in the steel lens mold of
      Example 2, and heated to 180.degree.C. After standing for 1 minute for
      temperature-equilibration, the sample was subjected to the following mold
      cycle: 30 seconds at 180.degree.C and 75 lbs pressure followed by 30
      seconds at 180.degree.C and 100 lbs pressure. The mold was cooled under
      pressure and the lens removed. The well-formed lens was tough and rubbery;
      weight, 120.4 mg; diameter, 13.7 mm; central thickness, 0.348 mm.
PAC  EXAMPLE 7
PAR  A quantity of TFE/P.sub.f MVE copolymer in the form of stacked pieces of
      25-mil sheet was placed in a conventional lens mold preheated to
      280.degree.C. The polymer was allowed to stand for 3 minutes for
      temperature equilibration and the pressure then raised to 75 lbs total
      pressure. Immediately thereafter, the lens was cooled rapidly to room
      temperature with maintenance of pressure. The well-formed lens weighed
      121.8 mg and had a diameter, including flash, of 13.7 mm and a central
      thickness of 0.366 mm.
PAC  EXAMPLE 8
PAR  A quantity of TFE/P.sub.f MVE (64/36 mol ratio) copolymer was placed in a
      conventional lens mold previously heated to 260.degree.C, allowed to stand
      at 260.degree. for 5 min. and a total force of 85 lbs then applied to the
      mold. The mold was then quickly cooled to room temperature while the
      pressure was maintained. The mold was opened and the lens removed. The
      well-formed lens had a central thickness of 0.34 mm and a total weight,
      including flash, of 132.8 mg. The flash was cut off and the lens was
      edged.
PAR  The lens was then made wettable by the procedure described in Example 1,
      and the wetted lens placed on the right eye of a test subject. The test
      subject's immediate reaction was that the lens was very comfortable and
      couldn't be felt except for a slight awareness on the lower region of the
      sclera. The lens remained comfortable during a wearing period of 1.5
      hours. The test subject did not experience flare or photophobia outdoors
      with the lens and edema was absent at the end of the wearing period. The
      test subject's visual acuity with the lens was 20/15, when wearing a 2D
      auxiliary lens to compensate for a slight overcorrection in the lens. This
      indicated excellent optics for the lens.
PAC  EXAMPLE 9
PAR  A block of TFE/P.sub.f MVE (64/36 mol ratio) copolymer was placed in a
      conventional lens mold previously heated to 260.degree., allowed to stand
      for 5 min. at temperature and a total force of 50 lbs applied to the mold.
      The mold was then quickly cooled to room temperature while the pressure
      was maintained. The mold was opened and the lens removed. The lens weighed
      126.2 mg and had a central thickness of 0.67 mm.
PAR  The subsequently edged lens weighed 98.5 mg; the diameter of the optic zone
      was 7.2 mm and the overall diameter was 12.6 mm. The lens was made
      wettable as described in Example 1. When worn by a person having 20/400
      uncorrected vision, the lens was very comfortable and provided visual
      acuity of 20/15.
PAC  EXAMPLE 10
PAR  A block of TFE/P.sub.f MVE (64/36 mol ratio) copolymer was placed in a
      conventional lens mold previously heated to 260.degree.C, allowed to stand
      for 5 min. at temperature and a total force of 50 lbs. then applied to the
      mold. The mold was then quickly cooled to room temperature while the
      pressure was maintained. The mold was opened and the lens removed. The
      well-formed lens had a central thickness of 0.59 mm and weighed 114.0 mg.
PAR  The subsequently edged lens weighed 81.2 mg; the optic zone had a diameter
      of 7.2 mm and the overall diameter was 12.6 mm. The lens was made wettable
      as described in Example 1 and worn by a test person. The visual acuity of
      said person (having 20/400 uncorrected vision) was improved to 20/20 with
      the novel lens of this invention.
PAC  EXAMPLE 11
PAR  A block of TFE/P.sub.f MVE (64/36 mol ratio) copolymer was placed in a
      conventional lens mold previously heated to 260.degree.C, allowed to stand
      for 5 min. at temperature and a total force of 25 lbs. then applied to the
      mold. The mold was then quickly cooled to room temperature while the
      pressure was maintained. The mold was opened and the lens removed. the
      lens had a central thickness of 0.63 mm and weighed 89.2 mg including the
      flash.
PAR  The subsequently edged lens weighed 87.1 mg; the optic zone had a diameter
      of 7.2 mm and the overall diameter was 11.9 mm. The lens was made wettable
      as described in Example 1. The lens provided a person with visual acuity
      of 20/25 while wearing an auxiliary ophthalmic lens of -0.75D to correct
      for a slight difference in the power or the lens and the refractive
      requirement of that person.
PAC  EXAMPLE 12
PAR  A quantity of TFE/P.sub.f MVE copolymer plasticized with 10 wt % of a
      poly(perfluoropropylene oxide) oil, in the form of a stacked sandwich of
      pieces cut from 16-mil film, was placed in a conventional lens mold
      preheated to 240.degree.C. After standing for 5 min. at 240.degree.C, a
      total force of 100 lbs. was applied to the assembly, which was then cooled
      to room temperature with maintenance of pressure. A well-formed lens was
      obtained; weight 138.3 mg; central thickness 0.42 mm.
PAR  The subsequently edged lens weighed 137.7 mg. The overall diameter was 13.5
      mm and the diameter of the optic zone was 8 mm. The lens was made wettable
      as described in Example 1. The lens was placed on a test subject's eye. It
      provided visual acuity of 20/15 while the subject was also wearing a
      -1.00D auxiliary ophthalmic lens to correct for a slight difference
      between the power of the lens and the refractive requirement of the
      subject.
PAR  The poly(perfluoropropylene oxide)-plasticized TFE/P.sub.f MVE copolymer
      was prepared as follows. A quantity of TFE/P.sub.f MVE (64/36 mol ratio)
      copolymer was dissolved in dichlorooctafluorobutane and to the solution
      was added a quantity of poly(perfluoropropylene oxide) oil equal to 10% of
      the combined weight of polymer and plasticizer. The solution was filtered
      and the polymer recovered by evaporation of the solvent. The plasticized
      polymer was transparent, colorless, tough and elastomeric, and somewhat
      softer to the touch than unplasticized TFE/P.sub.f MVE. A 16-mil film was
      prepared by pressing a quantity of the plasticized polymer between 2
      sheets of polyimide film at 260.degree.C.
CLMS
STM  I claim:
NUM  1.
PAR  1. A soft, wettable, transparent contact lens for the eye constructed from
      at least one soft, tough, fluorine-containing polymer selected from the
      group consisting of tetrafluoroethylene/perfluoro(methyl vinyl ether),
      tetrafluoroethylene/perfluoro(methyl vinyl ether)/vinylidene fluoride,
      tetrafluoroethylene/perfluoro[2(2-fluorosulfonylethoxy)propyl vinyl
      ether], vinylidene fluoride/hexafluoropropylene/tetrafluoroethylene, and
      vinylidene fluoride/hexafluoropropylene said lens having a concavoconvex
      structure with the concave surface conforming substantially to the shape
      of the eye surface, an optical zone, a refractive index in the range 1.3
      to 1.4, a Clash-Berg torsion modulus in the range about 95 to about 1000
      pounds per square inch, a Shore Durometer (A) hardness of 90 or less, a
      tensile strength (break) of at least about 100 psi, an elongation (break)
      of at least about 160 percent and a tear strength of at least about 5
      lb/linear inch.
NUM  2.
PAR  2. A lens according to claim 1 in which the polymer is
      tetrafluoroethylene/perfluoro(methyl vinyl ether).
NUM  3.
PAR  3. A lens according to claim 2 in which the mol ratio of
      tetrafluoroethylene to perfluoro(methyl vinyl ether) is 64:36.
NUM  4.
PAR  4. A lens according to claim 1 in which the polymer is
      tetrafluoroethylene/perfluoro(methyl vinyl ether)/vinylidene fluoride.
NUM  5.
PAR  5. A lens according to claim 4 in which the mol ratio of
      tetrafluoroethylene to perfluoro(methyl vinyl ether) to vinylidene
      fluoride is 12:17:71.
NUM  6.
PAR  6. A lens according to claim 1 in which the polymer is
      tetrafluoroethylene/perfluoro[2(2-fluorosulfonylethoxy)propyl vinyl
      ether].
NUM  7.
PAR  7. A lens according to claim 6 in which the mol ratio of
      tetrafluoroethylene to perfluoro[2ranges 2-fluorosulfonylethoxy)propyl
      vinyl ether] range from 6.5:1 to 8.3:1.
NUM  8.
PAR  8. A lens according to claim 1 in which the polymer is vinylidene
      fluoride/hexafluoropropylene/tetrafluoroethylene.
NUM  9.
PAR  9. A lens according to claim 8 in which the mol ratio of vinylidene
      fluoride to hexafluoropropylene to tetrafluoroethylene is 61:17.3:21.7.
NUM  10.
PAR  10. A lens according to claim 1, wherein the polymer is
      tetrafluoroethylene/perfluoro(methyl vinyl ether) plasticized with
      poly(hexafluoropropylene oxide) oil.
NUM  11.
PAR  11. A lens according to claim 1, wherein the polymer is vinylidene
      fluoride/hexafluoropropylene.
NUM  12.
PAR  12. A lens according to claim 11 in which the mol ratio of vinylidene
      fluoride to hexafluoropropylene is 78:22.
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ABST
PAL  In a movie camera a control frequency generator for producing a picture and
      sound synchronizing sinusoidal control frequency using a rotating member
      of the camera such as a running gear made from a soft magnetic material
      and having a magnetically discontinuous region formed therein, a permanent
      magnet having one pole thereof placed in the vicinity of the discontinuous
      region, and a magnetic flux sensing device placed between the region and
      the pole of the permanent magnet for sensing the flux changes within the
      magnetic circuit during rotation of the camera gear and thereby producing
      the synchronizing control frequency.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a control frequency generator for a movie
      camera for producing a picture synchron signal of the sinusoid type which
      is especially used for synchronizing the running of the film during
      reproduction during which a tape recorder is also used for sound
      reproduction.
PAC  BACKGROUND OF THE INVENTION
PAR  In the area of producing a sinusoidal control frequency of the above type
      it has been known to employ a control frequency generator which in its
      structure resembles a dynamo which is driven synchronously with respect to
      the running of the movie camera.
PAR  The last mentioned type control frequency generator requires a very high
      driving energy and also requires substantial space, thus consequently it
      will contribute to the cost of the apparatus. Such control frequency
      generators are, therefore, not practical for amateur movie cameras.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      control frequency generator for a movie camera which is simple in its
      structure and can be ecomonically manufactured and, at the same time,
      requires a small space and energy for its operation.
PAR  According to the present invention on a rotating member of the running gear
      of the movie camera which is made from a soft magnetic material there is
      provided a magnetic discontinuity in the circumferential direction and a
      permanent magnet is arranged with one of its poles in the vicinity of such
      region and a sensing means for sensing the magnetic flux is placed between
      such region and the adjacently lying pole, and which sensing means
      produces the electrical control frequency pulses.
PAR  According to one aspect of the present invention the sensing means
      comprises a field plate, therefore, the magnitude of the control frequency
      is defined by the electrical resistance of the field plate which
      resistance changes along with the pulsating magnetic flux.
PAR  According to another aspect of the present invention, the sensing means
      comprises an induction coil. The electrical control frequency magnitude
      is, therefore, a voltage.
PAR  Furthermore, a hall generator can also be used as the sensing means.
PAR  A relatively pure sinusoidal frequency can be obtained when the sensing
      means feeds into a filter network. Such network according to the present
      invention is constructed in such a manner that the fundamental frequency
      is attenuated weakly, whereas the harmonics are attenuated strongly.
PAR  According to a preferred embodiment of the present invention the permanent
      magnet with its other pole is arranged at the location further away from
      the magnetically discontinuous region but in the vicinity of the rotating
      member of the gear. As a result, there will be a much larger magnetic flux
      produced and, accordingly, the flux change becomes relatively large.
PAR  According to a preferred aspect of the present invention a simple structure
      will result when the magnetically discontinuous region is a non-circular
      region on the shaft of the driving gear of the moving camera. With such
      construction there will be no need for additional elements. It will
      require only an appropriate shaping of a portion of the shaft.
PAR  Alternatively, according to the present invention the magnetically
      discontinuous region can be in the form of a disc. Such latter embodiment
      has the advantage that it will permit a relatively large change of the
      magnetic flux without adversely affecting the stiffness of the shaft of
      the driving gear. The disc according to the present invention can be
      provided with apertures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more readily apprent from the following
      description of preferred embodiments thereof shown in the accompanying
      drawings, in which:
PAR  FIG. 1 illustrates schematically the essential elements of the driving gear
      of a movie camera including the control frequency generator according to
      the present invention; and
PAR  FIG. 1A is similar to FIG. 1 but shows another embodiment.
PAR  FIG. 2 is a sectional view along the line II--II in FIG. 1;
PAR  FIG. 3 is a sectional view along the line II--II of FIG. 1, however,
      illustrating a different embodiment; and
PAR  FIG. 4 is a sectional view along the line II--II of FIG. 1, however,
      illustrating still a further embodiment at that section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIG. 1 it is seen that the driving gear arrangement of a
      movie camera includes a motor 1 which by means of a pinion gear 2 drives a
      toothed wheel 3 which is secured onto a long shaft 5.
PAR  The toothed wheel 3 is in operational engagement with a toothed wheel 4
      having a similar number of teeth thereon and which carries secured thereto
      a shutter device 6 which rotates in front of a picture window 7. The motor
      1 becomes energized over a switch means 9 from a battery 11 when a hand
      operable starting button 8 is depressed.
PAR  The shaft 5 is provided with a pair of recessed regions 16 and 17 which
      have a dimension reduced, by milling, such as can be seen more closely in
      the illustration of FIG. 2 or alternatively in FIG. 3. In the vicinity of
      such regions 16 and 17 the north pole of a permanent magnet 18 is placed,
      the south pole of which extends to a location remote from the
      aforementioned regions 16, 17 and near the shaft 5 so that a magnetic
      circuit is formed as hereinafter described. In front of the north pole of
      the permanent magnet 18 lies a field plate 19 the output connections of
      which are fed into a sine-wave shaping amplifier 15. The output voltage of
      the amplifier 15 is taken off at the output terminals 10.
PAR  The supply conductor 12 for the amplifier 15 is connected to one of the
      terminals of the motor 1 and when the switch 9 is actuated it becomes
      energized simultaneously with the motor 1.
PAR  During operation of the running or driving gear of the movie camera, the
      shaft 5 is rotating so that alternatively either one of the recessed
      regions 16 or 17 is followed by a non-recessed region 14 of the shaft 5 as
      it passes in front of the field plate 19. As a result, the air gap of the
      magnetic circuit swept by the field lines of the permanent magnet 18 will
      continuously change, so that the induction process undergoing within the
      magnetic circuit will also consequently change. The resulting changes of
      the ohmic resistance of the field plate 19 will result in an output which
      is then amplified within the sine-wave amplifier 15 and will produce a
      sinusoidal output voltage.
PAR  It can be seen that due to the fixed coupling of the shaft 5 with the
      shutter arrangement 6, an alternating voltage is produced the frequency of
      which is in exact synchronism with the turning frequency of the shutter
      arrangement 6.
PAR  The control frequency which can be taken off at the terminals 10 can be,
      for example, recorded on the second track of a magnetic tape and used as a
      pilot or clock sound, on the first track of such tape on the other hand
      the regular sound can be recorded. A filter network can be included to
      filter out harmonics.
PAR  FIG. 1A shows an alternative embodiment in which the disc 4 is provided
      with an aperture 23 and which passes in front of a rod magnet 24 and on
      the end of which lying adjacent the aperture a Hall generator 25 is
      provided, as a sensing means, which then feeds its control frequency to an
      amplifier similar to amplifier 15.
PAR  With reference to FIG. 3, it is noted that it illustrates a different
      embodiment of the recessed regions of the shaft 5, which are similar to
      the embodiment illustrated in FIG. 2, however, are differently shaped.
      From FIG. 3 it is seen that the shaft 5 has a recessed region of an oval
      cross-section and, as a result, the flux change of the magnetic flux
      circuit, above described, will undergo a change which approximates a
      sinusoidal shape so that the sine-wave shaping amplifier can be omitted.
      Of course, it can be replaced by a straight-forward amplifier.
PAR  FIG. 4 illustrates still a further embodiment of a control frequency
      generator according to the present invention in which instead of a field
      plate 19 as illustrated in FIG. 1, an induction coil 20 can be provided
      instead of the recessed regions 16 and 17 or 13 of FIGS. 1-3 the shaft 5
      is provided with a disc 21 which has 4 cam-like wings or lobes formed
      thereon. During the rotation of the shaft 5 the lobes 22 will pass in
      front of the induction coil 20 and the resulting change in the magnetic
      resistance or the reluctance of the magnetic circuit of the permanent
      magnet 18 will cause a flux change in the vicinity of the induction coil
      20 which will induce a voltage in the coil and fed to an amplifier and
      used for the purposes as described in connection with the first embodiment
      of FIG. 1.
PAR  The non-circular regions whether they are the regions 16, 17 or the oval
      region 13 or the lobes 22, serve as the means for changing the flux
      relationship within the magnetic circuit. They can be placed also in other
      locations within the camera. For example, for similar purposes, one may
      use the teeth of the toothed wheels 3 or 4 made from a soft iron material.
      It is also noted that instead of providing the recessed regions 16, 17 or
      the oval region 13, or the lobes 22, one may similarly provide also
      protruding portions on the shaft 5, such as iron protrusions which are
      glued to the shaft 5.
PAR  Within the scope of the present invention under the term "a magnetically
      discontinuous region" one should understand regions which due to their
      shaping and/or to their magnetic flux-shaping properties, will cause a
      magnetic flux change during movement of the active parts within the
      running gear of a movie camera.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  Having thus described the invention, what I claim as new and desire to be
      secured by Letters Patent, is as follows:
NUM  1.
PAR  1. In a movie camera, a control frequency signal generator for producing a
      picture and sound synchronizing sinusoidal control frequency signal
      including a magnetically discontinued region in a rotating member of said
      camera, a permanent magnet having one pole thereof disposed in the
      vicinity of said region to define therewith a magnetic circuit, and a
      magnetic flux sensing means disposed between said region and said pole of
      said permanent magnet and operable for producing said control frequency
      signal from the flux changes within the magnetic circuit during rotation
      of said member.
NUM  2.
PAR  2. The combination as claimed in claim 1, wherein said sensing means is a
      field plate means.
NUM  3.
PAR  3. The combination as claimed in claim 1, wherein said sensing means is an
      induction coil.
NUM  4.
PAR  4. The combination as claimed in claim 1, wherein said sensing means is a
      Hall generator.
NUM  5.
PAR  5. The combination as claimed in claim 1, wherein said permanent magnet has
      its other pole extending further away from said magnetically discontinuous
      region in the vicinity of said rotating member.
NUM  6.
PAR  6. The combination as claimed in claim 1, wherein said magnetically
      discontinuous region comprises a non-circular shape of a shaft.
NUM  7.
PAR  7. The combination as claimed in claim 1, wherein said magnetically
      discontinuous region comprises a disc means.
NUM  8.
PAR  8. The combination as claimed in claim 7, wherein said disc means comprises
      recessed and protruding regions for producing said flux changes in the
      magnetic circuit when rotated.
NUM  9.
PAR  9. The combination as claimed in claim 1, wherein said camera includes a
      shutter device, said discontinuous region is an aperture in said shutter
      device and said sensing means comprises a Hall generator disposed on said
      permanent magnet.
NUM  10.
PAR  10. The combination as claimed in claim 1, wherein said magnetically
      discontinuous region comprises an ovally shaped region on said rotating
      member which when said rotating member rotates produces a sinusoidal
      change in the magnetic flux produced by said permanent magnet.
NUM  11.
PAR  11. The combination as claimed in claim 1, wherein said magnetically
      discontinued region comprises a pair of recessed regions defined in said
      rotating member and therebetween non-recessed regions, whereby when said
      recessed regions alternatively with said non-recessed regions of said
      rotating member pass in the vicinity of said permanent magnet, said
      discontinued region will produce changes in the flux of said magnetic
      circuit, said sensing means being operable for producing a voltage in
      accordance with said flux changes, and an amplifier means coupled to said
      voltage and operable for producing a sinusoidal control frequency.
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ABST
PAL  A projector case assembly designed for use with a projector system which
      utilizes a system of mirrors to provide enlarged panoramic viewing. The
      projector case assembly is designed to accommodate any standard movie or
      slide projector and it serves as both support means during the time of
      actual projection and as a storage means when the equipment is not in use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention relates to a case-like device which is used to
      position a projector and a series of mirrors to permit greatly magnified
      images to be produced on a screen or other receiving surface with the case
      in asymetrical position.
PAR  As is disclosed in copending applications Ser. No. 488,074 and Ser. No.
      488,011, by using a specially configurated convex external mirror in
      conjunction with a flat auxiliary mirror, a distortion free image may be
      obtained on a large sized screen such as disclosed in application Ser. No.
      488,010.
PAR  Necessarily, as will be clear from copending application Ser. No. 488,074,
      precise positioning of the elements of the system is requisite to high
      quality movies or slides. While such precise positioning of the elements
      of the system as described in the aforementioned copending application,
      can be obtained in a variety of ways, the appeal of the system is
      diminished if in fact the elements cannot be made operational with a
      minimum of adjustments on the part of the user.
PAR  Since the mirrors used in the system are high quality optical instruments,
      they must be protected both when in use, and when not, to prevent damage
      which will diminish their effectiveness.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the subject invention to provide a
      projection case assembly which through a minimum of adjustment can be used
      to position elements of a projection system, including external mirrors
      which are utilized for the purpose of obtaining enlarged distortion free
      pictures.
PAR  It is a related object of the subject invention to provide a projection
      case assembly which has adjustability features to permit precise
      positioning of the elements of the aforementioned system.
PAR  It is still another object of the subject invention to provide a projection
      case assembly in which elements of the projection system may be stored in
      such manner as to minimize possible damage thereto.
PAR  It is but another object of the subject invention to provide a projection
      case assembly for a system of enlarged movies which is adapted to
      accommodate any standard movie or slide projector regardless of its
      physical characteristics.
PAR  It is yet another object of the subject invention to provide a projection
      case assembly for elements of a projection system used for producing
      greatly enlarged images, on the order of eight to one over standard
      projector focal lengths in which the elements of the system may be
      assembled and aligned rapidly.
PAR  It is still one other object of the subject invention to provide a
      projection case assembly for a projection system which includes means for
      separately aligning each individual element of this system to provide for
      maximum optical efficiency.
PAR  It is another object of the subject invention to provide a projector case
      assembly in which the mirrors and other elements may be compactly stored
      to avoid problems in handling and the like.
PAR  It is a related object of the subject invention to provide a projector case
      which can be used to transport the unique elements of the panoramic
      viewing system from location to location.
PAR  It is one more object of the subject invention to provide a projector case
      which serves as a shipping case for the unique mirrors and other elements
      of the panoramic viewing system.
PAR  It is still another object of the subject invention to provide a projection
      case assembly for a projection system in which a light shield is included
      in the case structure.
PAR  In accordance with the above objects, a projector case assembly has been
      developed to be compatible with the projection system which forms the
      subject matter of the aforementioned copending applications in which
      enlarged distortion free pictures may be obtained by using a system of
      mirrors with a standard slide or movie projector. The projection case
      assembly is designed to accommodate any standard type of movie or slide
      projector regardless of physical configurations either as direct view or
      as permitted by a vertically adjustable sliding system of aligning mirrors
      which will cause the beam from the projection source to be reflected to
      the principal mirrors of the system which comprise a flat auxiliary mirror
      and uniquely designed convex mirror from which images are reflected onto
      an enlarged screen. The projection case assembly may be utilized to store
      the mirror system and related elements within. It features a series of
      adjustment devices to align both the case assembly as a whole, and its
      individual members, with the screen.
PAR  The projection case assembly includes a horizontal support element on which
      any standard projector may be supported; a foldable upright portion having
      the means to support a large convex mirror for the system; supporting
      means for alignment mirrors which are used to align the projection beam
      with a basic flat auxiliary mirror for the system; and extension means for
      supporting the basic flat auxiliary mirror.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view showing the projection case assembly as used in
      the unique projection system herein described;
PAR  FIG. 2 is a side view of the projection case assembly of FIG. 1;
PAR  FIG. 3 is a top view of the projection case assembly of FIG. 1;
PAR  FIG. 4 is a front view of the projection case assembly of FIG. 1; and
PAR  FIG. 5 is a side view showing the projection case assembly of FIG. 1 when
      not in use.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to FIG. 1, the projection case assembly 10 is shown
      positioned in relation to a screen member 12 which is of large size and
      may be on the order of that shown in aforementioned copending application
      Ser. No. 488,011. A standard projector 14 which may be for slides or
      movies and can be of any physical configuration is shown supported within
      the projection case assembly 10. The projector itself will not be stored
      in the subject projection case and will only be positioned there during
      the actual showing of the movies or slides.
PAR  The projection case includes a base compartment member 16 and an upright
      member 18 which are secured to each other by a hinge 19, similar to a
      brief case or suitcase type arrangement. Within base member 16, support
      members 20 and 21 may be supported by ridges 22 and 24 (see FIG. 2).
      Elements of the assembly may be stored in the case when projection is not
      taking place and in place of support members 20 and 21, a solid plank
      extending widthwise across the inside of base member 16 may be used to
      better secure elements in the case during storage. A foldable support
      element 24 joins the base and upright members 16 and 18, respectively, and
      may further include a vernier type adjustment means (not shown) to
      precisely angularly position the upright member 18 with respect to the
      base member 16. Small wheels 26 are positioned below the base member 16
      and while two in the front portion are shown, any convenient number may be
      utilized. An adjustment member, which may be of threaded screw variety or
      of spring loaded construction as is commonly used with projection
      equipment today, is shown also extending downwardly from the base member
      16. Both the wheels 26 and adjustment member 28 may be retractable within
      or detachable from the case.
PAR  The upright member 18 has a projection slot 32 through which the beam from
      projector 14 will be projected. The upright member 18 also acts as part of
      a light shield which protects the screen from stray light and protects the
      viewers from the bright light of the projector bulb without affecting the
      ventilation requirements of the projector. The light shield further
      includes a canopy type overhead portion 33 which may be plastic or other
      suitable material, snapped or otherwise secured by fasteners 35 to the
      upright member 18 and further supported by pole-like member 37 which is
      readily removable when the assembly is to be disassembled. The inside of
      overhead portion 33 is preferably painted black to absorb escaping light
      rays from the projector. Since in normal operation, the projector case
      assembly 10 will be placed close the the screen 12, light shielding means
      as disclosed herein is important for otherwise light from the projector
      bulb will be distracting to viewers.
PAR  Positioned above the slot structure 32 is a uniquely designed convex mirror
      34 which is utilized in the system and which is described in detail in
      copending Application Ser. No. 488,074. The mirror 34 which is mounted on
      the external side of folding member 18 may be secured by any convenient
      means such as clamps 36 which may be screw type arrangement to provide for
      adjustability in positioning the mirror. The upright member 18 has an
      outer cover 38 which when the projection system is not in use, may be used
      to protect the mirror (see FIG. 5). The cover is snapped in place by
      clamping means 40 shown at the top and bottom of the device. The cover 38
      may be constructed of polystyrene or another soft material with a hard
      outer shell which will thoroughly protect the mirror when stored.
PAR  On the inside of the upright member 18, vertical adjustment means 42 which
      may comprise a series of notches or teeth is used to position an upper
      alignment mirror 44 securable by thumb screw 45 at the height necessitated
      by the projection beam from projector 14. This height will vary from
      projector to projector and thus, the vertical adjustability feature is
      necessary to make the system compatible with a wide range of different
      types of projectors. A companion lower alignment mirror 46 is mounted on
      bracket 47 below the upper mirror 44 and reflects the beams therefrom
      outwardly through the slot structure 32. The slot 32 may extend vertically
      upward further than shown in FIG. 1 so that projectors of varying heights
      may be used without the necessity of using the alignment mirrors 44, 46.
PAR  A handle 43 is shown affixed to the top edge of upright member 18 and
      enables the unit to be carried with ease when closed as shown in FIG. 5.
PAR  Extending outwardly from the base member 16 is an extension member 48 which
      may be telescopic and/or screw threaded into base member 16. The extension
      member 48 is for the purpose of supporting a flat auxiliary mirror 50
      which is adjusted by means of adjustment means 52. The flat auxiliary
      mirror 50 may be foldable upon itself or collapsable and can be stored in
      the base member 16 when not in use.
PAR  The projection case assembly is utilized to support the projector 14 as
      above described and when the actual projection takes place, it is used in
      the following manner. The alignment mirror 44 must be adjusted to reflect
      the beam from the projector 14 downwardly onto alignment mirror 46 from
      which the beam is reflected through the slot 32 to auxiliary flat member
      50. It reflects from auxiliary flat mirror 50 to convex mirror 34 from
      which it is reflected onto the screen member 12. In this manner and by use
      of the unique design of the convex mirror 34, enlarged images may be
      viewed distortion-free on the screen which may be full wall size or on the
      order of 6 by 8 feet.
PAR  The convex mirror 34 which is described in detail in copending Application
      Ser. No. 488,074 is produced from utilizing predetermined variables such
      as size of viewing areas. The configuration of the mirror 34 will vary
      depending on the variables of the desired system.
PAR  Once projection is completed, the cover 38 may be snapped on the upright
      member 18 and the mirror 50 and extension 48 disassembled and placed
      within the base member 16. The projector 14 is removed and the case may be
      folded into the compact unit shown in FIG. 5.
PAR  By means of the various adjustment features and the alignment means 42 for
      the mirror 44, the elements can be adjusted to provide precise focusing
      with a minimum of difficulty thus facilitating the setting up of the
      equipment.
PAR  While various embodiments of the invention have been shown and described,
      it will be understood that other modifications may be made. The appended
      claims, therefore, are intended to define the true scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A projection case assembly unit for utilization with a standard
      projector and a system of mirrors which together provide enlarged exact
      images on a receiving surface removed from said projection case assembly
      comprising:
PA1  a two-part foldable device having first and second sides which when folded,
      said sides are substantially parallel one to another to provide a
      compartment therebetween and which when said device is opened, said sides
      provide a base member and an upright member;
PA1  means connected to said base member for supporting a projector upon said
      base member;
PA1  a first mirror which is convex;
PA1  means for securing said first mirror on said upright member with said
      reflective surface of said mirror facing outwardly from said base member;
PA1  a second mirror which is substantially flat; and
PA1  an estension member removably attached to said device and when attached
      extending outwardly from said device including means by which said second
      mirror is attached thereto and positioned to receive a projected beam and
      direct the beam against said first mirror whereby an enlarged image can
      thereby be reflected onto the receiving surface.
NUM  2.
PAR  2. The projection case assembly unit of claim 1 further including third and
      fourth mirrors attached to said upright member, at least one of said third
      and fourth mirrors being adjustable vertically along said upright member
      to provide a means for reflecting beams from projectors of different
      heights.
NUM  3.
PAR  3. The projection case assembly unit of claim 1 including a means of
      storing said first mirror secured to said upright member including an
      outer cover member which is attachable to said upright member.
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ABST
PAL  A programmable controller is used to control the operation of a xerographic
      reproducing machine adapted to run in a simplex or duplex mode whereby
      copies are made on either or both sides of web material fed in a single
      pass and then cut into individual copy sheets. The controller incorporates
      a master program, and utilizes that program and the copy run instructions
      programmed by the reproduction machine operator to calculate a specific
      machine operating program for producing the copies programmed.
BSUM
PAR  This invention relates to reproducing machines in general and, in
      particular, to a computer controlled reproducing machine and an improved
      apparatus for and method of controlling and operating reproducing
      machines.
PAR  As the public has become accustomed to the convenience and economy of
      xerographic machines designed to make copies on ordinary plain paper, they
      are increasingly demanding more economical, high speed, reliable and
      inexpensive reproducing machines of flexible and versatile nature with
      diverse optional and add-on features. In response, many breakthroughs and
      significant enhancements have been made to machine to the point where in
      the span of about a dozen years or so, the machine speeds have increased
      dramatically.
PAR  One of the areas where major efforts have been directed for improvement has
      been control aspect of the machine and significant advances have been made
      in this area in recent years in the form of hardwired control logic that
      gives the machine added versatility and reliability. While the hardwired
      logic has provided significant advances to the overall enhancement of the
      machine, it has been shown to have its inherent limitations. Thus, for
      example, the functions provided by the hardwired logic are generally wired
      into the logic circuitry and frozen. Consequently, when a new function has
      to be added or existing functions have to be modified, the logic must be
      redesigned and rewired. But the time, efforts and cost involved in
      modifying existing logic, or designing a new hardwired logic control for
      machines of new configuration, or of old configuration with new add-on or
      optical features, have been found rather significant and burdensome.
PAR  Additionally, the increased complexity of the modern high speed
      copier/duplicator has resulted in a tremendous increase in control
      circuitry, which today is normally carried on circuit boards and through
      individual wiring. This increase in control circuitry has at this same
      time created a tremendous space problem, namely where to put circuity and
      still retain a reasonable machine size. In addition, subsequent changes,
      alterations, additions, and the like often bring with them increased
      amounts of circuit boards and wires which may tax to the limit the
      available space.
PAR  While developments in the art of circuit controller fabrication offer
      promise in alleviating the problems alluded to above, such developments
      have not heretofore appeared useful for the electrostatic
      copier/reproduction machines as we know them today. Recent advances in
      circuit fabrication techniques, i. e. L. S. I. chips, are of some help in
      reducing wiring bulk but do not themselves alleviate the necessity of
      rewiring in the event of design changes. As for controllers one may
      consider the control of an asynchronous printer operated through a data
      processing system. However, typically, electrostatic type copiers and
      reproduction machines are synchronous by nature and not asynchronous, or
      readily converted to asynchronous operation. This is part is due to the
      fact that most copiers employ a continuous photosensitive member or
      support therefor, and are hence alien to the use of individual
      photosensitive plates which appear to be required for asynchronous type
      operation.
PAR  It is therefore an object of the present invention to overcome the
      aforementioned difficulties found in the presently available
      copier/duplicator machines.
PAR  It is another object of the present invention to provide a new and improved
      reproduction machine.
PAR  It is an object of the present invention to provide an improved
      programmable controller for a reproduction machine.
PAR  It is yet another object of the present invention to provide a programmable
      controller for a high speed copier/duplicator machine which provides timed
      control signals to the process control devices of the machine for
      actuating the operating components of the machine.
PAR  It is a further object of the present invention to provide an improved
      method for controlling and operating an electrostatic reproduction
      machine.
PAR  The foregoing and other objects of the present invention are attained in
      accordance with the present invention using a programmable (computer)
      having a program storage means to store a set of program instructions for
      enabling the computer to generate control signals to actuate process
      control devices of the machine in a timed manner in making copies as
      directed by the operator.
PAR  It is a feature of the present invention to provide a set of programs to be
      stored in the computer and designed to enable the computer to respond to
      the operator's instructions, such as a selection of the copy length, copy
      numbers, etc. and calculate the requisite timing information to control
      the machine operating components to produce the copies desired.
PAR  It is another object of the present invention to provide a method of
      controlling a reproduction machine to produce copies from originals,
      comprising the steps of programming a computer so that it enables the
      computer to respond to the machine status in terms of machine
      operativeness and to the operating instructions provided by the operator
      that pertain to the reproduction run such as document numbers, number of
      copies for the respective documents, and length of the copy images, and
      generate control signals to operate the machine to make copies according
      to the operator's instructions.
PAR  It is yet another feature of the present invention to provide a program
      designed to provide noise immunity.
PAR  It is yet another feature of the present invention to provide a machine
      wherein the control signals for the machine are derived, under the control
      of software, in successive cycles, each cycle starting with a pitch or
      start signal, followed by a series of timed signals referenced back to the
      pitch signals, and then applied to the machine control devices to
      implement the machine process steps.
PAR  It is a further feature of the present invention to provide a roll fed,
      single pass electrostatographic reproducing machine.
PAR  It is still another feature of the present invention to provide, a document
      originals, a film cassette or roll having a plurality of documents in
      sets, each set having one or more pre-collated pages positioned in series
      in successive frames and the sets and the pages being coded for
      identification.
PAR  It is yet a further feature of the invention to provide an
      electrostatographic machine that has photoreceptive means in duplicate and
      so disposed that either one or both can be operated to make image
      impressions on either one or the other or both sides of the web material
      fed therepast.
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PAR  The foregoing and other objects and features and advantages of the present
      invention will become clearer from the following detailed description of
      the illustrative embodiment of the present invention in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1A shows a schematic front view of an exemplary reproduction machine
      with a programmable controller of the present invention, FIG. 1B shows a
      schematic front view of an exemplary operator control console of the
      controller;
PAR  FIG. 2 is an isometric view showing details of the paper path for the
      reproduction machine of FIG. 1;
PAR  FIG. 3 is an enlarged schematic view of the document input module for the
      machine shown in FIG. 1;
PAR  FIG. 4 is a view showing the document originals in the form of a plurality
      of film frames in series, each frame being code marked for identification;
PAR  FIG. 5 is an enlarged schematic view of the optical paths for the machine
      shown in FIG. 1;
PAR  FIG. 6 is an enlarged isometric view showing details of the developing
      apparatus for the machine shown in FIG. 1;
PAR  FIG. 7 is an enlarged view partially in section showing details of the
      guillotine assembly for the machine shown in FIG. 1;
PAR  FIG. 8 is a schematic block diagram showing the programmable controller of
      the present invention;
PAR  FIG. 9 is a schematic diagram of the input/output interface circuitry
      between the computer, reproduction machine, and the operator console;
PAR  FIG. 10 is a schematic ouline showing the paper path divided into imaginary
      pitch zones;
PAR  FIG. 11 is a schematic outline showing the input film module divided into
      imaginary pitch zones;
PAR  FIG. 12 is a schematic outline showing the electrostatic path divided into
      imaginary pitch zones;
PAR  FIGS. 13 and 14 are diagrams showing the timing relationship of the timed
      process events and the pitch zones for the paths illustrated in FIGS. 9,
      10 and 11 during processing;
PAR  FIG. 15 is a schematic chart of the program routines of the software for
      use for the computer to operate the machine shown in FIG. 1;
PAR  FIG. 16 is a flow chart illustrating a general sequence of the operation of
      the system shown in FIG. 1; and
PAR  FIGS. 17-28 show in detail the various major component parts and the
      general sequence of operation shown in FIG. 16.
DETD
PAC  THE MACHINE
PAR  Referring to the drawings in general, and in particular, to FIGS. 1A, 2 and
      8, the drawings show an exemplary embodiment of the present invention in
      the form of a reproduction system having copier/reproduction machine,
      designated generally by the numeral 5 and a programmable controller 200
      for operating the machine 5. Hereinafter, the invention will be described
      in terms of a specific copier/duplicator machine run by a specific
      programmable computer, but it is to be understood clearly from the outset
      that the specific configuration of the machine and computer is for
      illustrative purposes only and is not intended to limit the spirit and
      scope of the present invention. The exemplary machine 5 is preferably a
      xerographic processor and may be a simplex/duplexing machine, that is, one
      that produces image impressions on either or on both sides of copy
      material. The reproduction machine 5 includes duplicate processing units
      7, 7' as will be described more fully herein.
PAR  To simplify the ensuing description of the reproduction machine 5, the
      xerographic processing unit 7 is described in detail, with identical areas
      of processing unit 7' being identified on the drawings by the same numeral
      followed by a prime mark.
PAR  In the exemplary reproduction machine 5, the original document or documents
      being reproduced are in the form of a transparent film strip having a
      plurality of documents, books, each document having any given number of
      pages or frames 11 arranged in series in a film strip 12 as seen in FIG.
      4. As will be described in detail later, the frames 11 are grouped or
      positioned in series and are suitably coded to identify the starting and
      ending frames of each document and each individual frame or page. The film
      strip may come in a convenient cassette form. Film strip 12 is indexed in
      a timed manner across a copy platen 14, (seen in FIG. 3) under the control
      of the controller 200. The platen 14 is transparent and is sufficiently
      large to accomodate two frames at once. Once indexed, the frames may be
      flesh exposed to project optical light images. Dual illuminationn systems
      are disposed above platen 14, to illuminate the frames 11 and produce
      light image rays corresponding to the informational areas on each frame 11
      therebelow. The image rays are projected by means of independent optical
      systems 18, 18'  onto the photosentitive surface of the xerographic plates
      associated therewith.
PAR  In the exemplary reproduction machine 5, seen best in FIG. 1A, the
      aforesaid xerographic plates comprise endless flexible photoconductive
      belts 20, 20' supported in belt modules 21, 21' respectively. A suitable
      charging device, i. e. corona generating devices 22, 22', serve to
      uniformly charge the respective photoconductive belts 20, 22' preparatory
      to imaging at the respective exposure stations 23, 23'.
PAR  Each of the latent electrostatic images formed on the photoconductive belts
      20, 20' passes through respective development stations 24, 24' whereat the
      image is developed with an oppositely charged developing material to form
      a xerographic powder image corresponding to the latent image on the belts
      20, 20'. Thereafter, the developed image moves to the respective transfer
      station 25, 25' where the image is electrostatically transferred to one
      side or the other of a suitable support material, in this case web 28.
      Following transfer, residual developer on the belts 20, 20' is removed at
      the respective cleaning stations 29, 29' in preparation for the next
      copying cycle.
PAR  Web 28 is supplied from a roll 30, a web feeding system 31 being provided
      to advance the web in response to demand as will appear. Following
      transfer of a developed image to web 28, web 28 passes through fuser 33
      whereat the toner image thereon is permanently fused. Following fusing,
      the web 28 is cut into discrete sheets at cutting station 34, the cut
      sheets then being transported by discharge conveyor 35 to an output or
      collecting station 36.
PAC  BELT MODULES
PAR  The belt modules 21, 21' include a generally triangular subframe 38
      rotatably supporting rollers 39, 40, 41. The axes of rollers 39, 40, 41
      are substantially parallel with one another and are disposed at the apexes
      of the triangular subframe 38. The belt modules are supported in
      cantilever fashion from the main machine frame 8 by means of projecting
      support shafts 42, 43, shaft 42 being coaxial with the upper roller 39
      which is journaled for rotation thereabout. Suitable locking means (not
      shown) are provided to retain the belt modules on their respective
      supporting shafts 42, 43 and in predetermined operative position relative
      to the remaining system components. The aforedescribed lock means is
      releasable to permit an entire belt module to be withdrawn for servicing
      and repair.
PAR  In order to provide the necessary operating tension on the photoconductive
      belts 20, 20' as well as to assure their proper tracking during operation
      thereof, supporting roller 40 is rotatably journaled in a swingable yoke
      having a stem supported for both rotational movement about an axis
      perpendicular to the axis of roll 40 and for limited axial movement
      therealong. Suitable spring means mounted along the stem bias the yoke and
      the roller supported therewithin outwardly against the belts 20, 20'
      associated therewith to tension the photoconductive belt. The
      aforedescribed support arrangement for photoconductive belts is disclosed
      more fully in U.S. Pat. No. 3,702,131, issued Nov. 7, 1972 and
      incorporated by reference herein.
PAR  It is important that the photoconductive belts 20, 20' be substantially
      flat opposite their respective exposure stations 23, 23' and for this
      purpose a vacuum platen 45 is disposed on the belt module subframe 38
      opposite each exposure station 23, 23'. The outer side 46 of platen 45
      facing the photoconductive belts is substantially flat. A series of
      orifices in the surface 46 lead to the interior of platen 45 which in turn
      communicates with a suitable source of vacuum (not shown). The exposure of
      the surface of the belts 20, 20' opposite platen 45 to vacuum serves to
      draw the respective belt tight against the side 46 of platen 45 to thereby
      assure a flat, photoconductive belt surface at the exposure station. To
      reduce friction and prevent scratching of the underside of belts 20, 20' a
      cloth or paper sheet is stretched across the platen surface 46. A more
      complete description of the aforedescribed belt hold down arrangement may
      be found in U.S. Pat. No. 3,730,623, issued May 1, 1973 incorporated by
      reference herein.
PAR  Belt supporting rollers 40 and 40' are rotatably driven via suitable
      transmission means (not shown) from main drive motor 47, the
      photoconductive belts 20, 20' moving in the direction shown by the solid
      line arrow in FIG. 1A. To assure proper tracking of belts 20, 20' during
      operation thereof, the bearing support for roller 41 includes a tracking
      disc 48 (seen in FIG. 2) at one end thereof disposed in angular
      relationship to the axis of roller 41 so that a portion of the
      circumference of disc 48 rides against the edge of belts 20, 20'
      associated therewith. A double acting belt tracking switch 49 is
      cooperatively disposed with the periphery of disc 48 diametrically
      opposite the point where disc 48 contacts the edge of the photoconductive
      belt, the arrangement being such that excessive lateral movement of the
      belts 20, 20' in either direction along supporting roll 41 tilts disc 48
      to in turn actuate tracking switch 49. As will appear, actuation of switch
      49 works through the programmable controller to interrupt operation of the
      reproduction machine 5 under certain conditions of operation.
PAC  EXPOSURE SYSTEM
PAR  As best seen in FIGS. 2 and 3, the illumination and optical systems 17 and
      18, respectively, cooperate to provide a light image of the frame or
      frames 11 on platen 14 at the exposure station 23, 23' associated
      therewith. The illumination system 17, 17' are encased in a common housing
      50 disposed over platen 14. Platen 14 is of a size sufficient to
      accomodate two frames 11, 11' at once and illumination housing 50 is
      sub-divided into two separate illumination chambers 51, 51' by interior
      wall 52. Each illumination chamber 51, 51' covers one half of the platen
      14. A suitable flash lamp 53, 53' and condenser lens assembly 54, 54' are
      supported in each of the chambers 51, 51' above platen 14 to expose the
      portion of the film strip 12 thereunder respectively when lamp triggering
      means 55, 55' of a suitable design are energized in a timed sequence under
      the control of the controller 200.
PAC  THE OPTICAL SYSTEM
PAR  As best seen in FIGS. 2, 3, and 5, the optical systems 18', 18' transmit
      the light images generated upon actuation of the flash lamps 53, 53' to
      the exposure station 23, 23' associated therewith. The optical systems 18,
      18' each include a lens 56. Since platen 14 is above and to one side of
      exposure stations 23, 23', a series of mirrors 57, 58, 59 which cooperate
      with the lenses 56 to provide an optical path 60 for the light images of
      the film frames on platen 14 to the respective exposure station 23, 23'.
PAC  THE DEVELOPER STATION
PAR  The latent electrostatic image created on the photoconductive belts 20, 20'
      at the exposure station 23 or 23' is rendered visible through the
      application of developing material thereto at developing stations 24, 24',
      the developing material comprising a mixture of relatively large carrier
      particles and relatively small toner particles in triboelectric
      relationship to one another. Referring particularly to FIGS. 1A and 6 of
      the drawings, developing stations 24, 24' each include a developer housing
      62 supported on machine frame 8 and in operative juxtaposition with the
      belt modules 21, 21' proximate belt supporting roller 40. Developer
      housing 62 includes a lower sump portion 63 within which a supply of
      developing material is disposed. The portion of developer housing 62
      adjoining the photoconductive belts 20, 20' is arcuate in conformance with
      the arcuate shape of the photoconductive belts 20, 20' as the belts travel
      around the belt supporting roller 40. Supported within the housing 62 in
      close, spaced relationship to the adjoining belts 20, 20' is a curved
      developer bed 65 across and through which the developing material passes
      during operation thereof. Developer bed 65 consists of a lower base 66 and
      spaced upper electrodes 67, electrodes 67 being supported through sides 68
      in predetermined spaced relationship from base 66 to form therebetween
      chamber 69 through which the developing material passes. A suitable seal
      70 is provided along each side of bed 65 to prevent leakage of developer
      from the developer housing 62.
PAR  The developer bed 65 is supported in a generally upright position in the
      developer housing 62, housing 62 including an inlet baffle 71 cooperable
      with the external surface of housing 62 to form an inlet to bed 65 in the
      chamber 69 thereof. The lower portion of housing 62 adjoining bed 65 forms
      an outlet passage for the developing material to route the developing
      material back to the sump 63 of housing 62. The developer bed 65 is
      supported within developer housing 62 on flexible members 73, one side of
      the developer bed 65 being drivingly connected with a suitable vibrating
      mechanism such as acoustic coil 75.
PAR  To provide a flow of developer across electrodes 67 and through the chamber
      69 of the developer bed 65, a developing material conveyor 77 is provided.
      The supporting roller 78 for conveyor 77 is driven by motor 79. Conveyor
      77 serves to raise developing material from sump 63 and discharge
      developer onto the inlet baffle 71 leading to the developer bed 65. A more
      complete discription of the developer may be found in U.S. Pat. No.
      3,613,637 issued Oct. 19, 1971, incorporated herein expressly by
      reference.
PAC  TRANSFER STATION
PAR  The images developed on the photoconductive belts 20, 20' are
      electrostatically transferred onto the side of web 28 opposite thereto at
      transfer stations 25, 25'. To facilitate transfer and subsequent
      separation of the web 28 from the surface of belts 20, 20' without arcing,
      suitable transfer corona generating devices 81, 81' are provided opposite
      belt supporting rollers 41.
PAC  CLEANING STATION
PAR  Following transfer, residual developing material remaining on the belt 20,
      20' is removed at the cleaning station 29, 29' associated therewith.
      Cleaning stations 29, 29' include a housing 82 within which are mounted a
      pair of brush type cleaning rolls 83, 84, the periphery of which is in
      contact with the surface of belts 20, 20' associated therewith. Pick-off
      rollers 85, 86 engage each of the brush rollers 83, 84, respectively,
      rolls 85, 86 serving to remove developer picked up by the rolls 83, 84. A
      flicker bar 87 engages the rolls 85, 86 to remove developing material
      picked up by rolls 85, 86 from the cleaning rolls 83, 84, the removed
      developer being urged from the housing 82 by suitable vacuum means (not
      shown). The several rollers of cleaning stations 29, 29' are driven by
      motors 88, 88', respectively.
PAC  WEB FEEDING MACHANISM
PAR  Referring particularly to FIGS. 2 and 5 of the drawings, the copy substrate
      material 38 is supplied from a relatively large roll 30 supported upon a
      shaft 90 and disposed in a paper supply housing 91 appended to main
      housing 9 of the reproduction machine 5. Drag brake 92 on shaft 90
      restrains rotation of the supply roll 30. Web 28 is unwound over a first
      de-curling roll 93 rotatably supported within the housing 91 proximate
      supply roll 30. The axis of the de-curling roll 93 (FIG. 1A) is
      substantially parallel with the axis of supply roll support shaft 90.
PAR  From the de-curling roll 93, web 28 passes over guide roll 94 where the web
      28 is turned through an angle of approximately 90.degree.. For this
      purpose, guide roll 94 is rotatably supported within housing 91 at an
      angle of 45.degree.. From guide roll 94, web 28 passes through a second
      de-curling device 96 and around guide rollers 97, 98 to splicer 100. There
      may be provided a suitable detecting means 99 for detecting the end of the
      roll 30. The detecting means is so positioned that it detects the end
      before the end reaches the splicer 100. The detected signal may then be
      used by the programmable controller to stop the machine to permit the
      operator to mount a new roll and splice it to the old roll being used up.
      Splicer 100, which may comprise any suitable paper splicing device, serves
      to enable the leading edge of a fresh supply roll to be attached to the
      trailing edge of the previous web. Following splicer 100, the web 28
      passes over a second guide roll 102 which turns the web through
      90.degree.. Web 28 then enters housing 9 of the reproduction machine 5.
PAR  As web 28 enters the machine housing 9, the web 28 passes over feed roll
      104, roll 104 being driven by web feed motor 105. A dancer roll 106, which
      is arranged to float vertically in slotted openings 108 in the machine
      frame 8, cooperates with feed roll 104 and downstream guide roll 109 to
      give a proper tension to the web 28. Switches 111, 112 cooperate with
      dancer roll 106 enable the supply and continuity of web 28 to be monitored
      as will appear hereinafter.
PAR  From dancer roll 106, the web 28 is routed via guide rolls 114, 115 to the
      dual transfer stations 25, 25'. Guide roll 115 serves to tension the web,
      roll 115 being supported upon a displaceable frame 116. Spring 118 biases
      the frame 116 in the direction of web feed to maintain a tension upon the
      web 28. Following guide roll 115, web 28 is drawn past transfer stations
      25, 25' and through fuser 33 by feed roll pair 119, 120, roll 120 thereof
      being suitably driven by motor 122 to advance web 28 against the tension
      imposed by the guide roll 115. Following feed roll pair 119, 120, web 28
      is advanced to cutting station 34.
PAR  To enable the belt modules 21, 21' to be operated independently and belts
      20, 20' thereof to move without contact with web 28, rolls 123, 124 are
      provided adjacent each of the transfer stations 25, 25'. Each roll 123,
      124 is supported upon a displaceable frame 125 designed to enable the
      rolls together with the portion of the web therebetween to be moved into
      and out of transfer contact with the photoconductive belts 20, 20'.
      Suitable drive means, such as solenoids 126, 127 actuable by the
      controller 200 are povided to selectively move the rolls 123, 124.
PAC  THE FUSER
PAR  Following transfer of the developed image to web 28, the web passes through
      fuser 33 wherein the toner image is permanently fixed. Fuser 33 comprises
      a heated fusing roll pair 129, 130 forming a nip between which web 28
      passes. External heating lamps 131 131' serve as the source of heat for
      fusing rolls 129, 130. Fusing rolls 129, 130 turn in the direction shown
      by the solid line arrows in the drawings, drive motor 132 being provided
      for this purpose. To permit pressure between fusing rolls 129, 130 to be
      relaxed, as, for example, when web 28 is stationary, roll 129 is supported
      for limited translating movement toward and away from the roll 130. A
      suitable drive means such as solenoid 133 actuable under the command of
      the controller 200 is provided to selectively displace roll 129 into and
      out of contact with roll 130. Alternatively other suitable fusing means
      such as flash fusing means may be used to effect the fusing operation.
PAC  FILM
PAR  Referring to FIGS. 3 and 4, the document originals 11 in the form of film
      to be copied are, as illustrated, in frames 11 arranged in series in a
      film strip 12 and mounted on a supply reel 134. A film take-up reel 135 is
      disposed on the opposite side of platen 14. A suitable film advancing
      means 137 and 137' is provided to draw the film from reel 134 and advance
      the same across platen 14 and onto take-up reel 135.
PAR  The film advancing means may be arranged to advance the film strip 12 in
      continuous fashion in taking up the film leader or in rewinding the film,
      or indexing the film 12 during copying operation, as directed by the
      controller 200. To identify the individual frames, code marks 138 are
      provided along one side of film strip 12 and marks 138S, 138E are provided
      to identify starting and end frames to indicate the start and end of each
      document series. Control marks 138 are also relied upon to locate the
      individual film frames in proper position on platen 14. Suitable
      photoelectric detectors 139S, 139A, 139B, 139E are provided adjacent
      platen 14 to read the marks 138S, 138, 138E on the film strip 12.
PAR  In operation, the operator loads a selected supply reel or cassette 134 in
      place, and manually threads the film leader into film drive path, across
      platen 14 and onto take-up reel 135. A suitable slew control means in the
      form of a button 507 on the operator console 500 may then be used to
      operate motor 137' to take up the film leader.
PAR  The film strip 12 may have been previously prepared off line by a suitable
      camera (not shown) which is used to render a photographic rendition, in
      the form of image transparencies of the individual pages of the original
      document originals. A suitable device, such as selectively operated light
      sources (not shown) may be employed to provide the code marks 138S, 138,
      138E when the film strip is prepared.
PAR  A film strip 12 may be first prepared by photographic a number of books or
      documents, each having any given number of pages, up to its frame
      capacity. For example, suppose one of the books or documents has one
      hundred pages. The first frame pair will comprise images of pages 1 and 2
      and will carry code marks 138S and 138. The second negative pair are
      images of pages 3 and 4, and carry a mark 138 for each of the pair. This
      continues until the last negative pair, images of pages 99 and 100, which
      bear marks 138 and 138E. It will be understood that depending on the
      length of film strip 12 available and the number of pages in each
      document, a number of complete documents, the position of which on film
      strip 12 is identified by code marks 138S, 138, 138E may be provided on a
      single film reel 134 in a convenient cassette form. Suitable legends are
      normally provided with the completed film reel to identify the various
      documents and their position on the film.
PAC  WEB CUTTING STATION
PAR  Referring to FIG. 7, cutting station 34 includes a guillotine knife 160
      supported by carriage 161 for reciprocating movement into and out of
      cutting relationship with lower knife member 164. Carriage 161 is
      supported for slideable up and down movement in frame journals 162. A
      rotatable eccentric driver 165 is journaled within carriage 161 and serves
      on rotation of eccentric shaft 166 to reciprocate carriage 161 and
      guillotine knife 160 up and down. A suitable driver for guillotine knife
      160 is provided, exemplified by drive motor 167 coupled to eccentric shaft
      166 via a solenoid operated clutch 168.
PAR  Armature 169 of clutch control solenoid 170 cooperates with clutch stop 171
      of clutch 168 to engage and disengage clutch 168, it being understood that
      contact of armature 169 with stop 171 retains clutch 168 disengaged and
      motor 167 and eccentric shaft 166 uncoupled. Upon actuation of solenoid
      170, armature 171 is withdrawn permitting clutch 168 to engage and drive
      eccentric shaft 166 to operate guillotine 160. Subsequent de-energization
      of solenoid 170, normally immediately thereafter, returns armature 169
      into blocking position for engagement with stop 171 following one
      revolution of eccentric shaft 166. Actuation and deactuation of solenoid
      170 is placed under the control of the controller 200 so that the
      operation of the guillotine is properly synchronized with the rest of the
      machine operation.
PAR  To prevent movement of web 28 during cutting, feed roll pair 174 brake to a
      stop during the cutting process, the continued feed of web 28 being
      accommodated by the adjoining structure in the form of a buckle 28'. A
      suitable brake/clutch control device is provided for roll pair 174.
PAR  Hereinabove, major machine elements of a reproduction system embodying the
      present invention has been briefly described. As apparent from the
      foregoing description certain of specific operative steps indicated, such
      as exposure, image transfer and cutting operations must be precisely timed
      whereas certain other steps, such as the operation of the charging station
      for the developer, have to be operated in proper sequence although precise
      timing is not essential. These operational steps are implemented by
      actuating device control means that actuate process step implementing
      means provided therefor.
PAR  These timed control functions for reproduction systems which have been
      provided heretofore principally by hardwired logic are now implemented in
      accordance with the present invention by a programmable controller wherein
      the sequencing and timing of the operative steps are now programmed in
      software instructions and can be stored to run the machine and can be
      readily modified to the change sequence and timing to alter the process
      steps for making prints or copies of different sizes and programmed by the
      operator. Hereinbelow, an illustrative embodiment of the programmable
      controller used to operate aforedescribed copier/duplicator machine will
      be described in detail.
PAC  PROGRAMMABLE CONTROLLER
PAR  Referring to the system block, diagram shown in FIG. 8, the programmable
      controller 200 for reproduction machine 5 includes a suitable programmable
      computer 201, together with interface circuitry 203 for operatively
      coupling the computer to the various control device elements of the
      reproducing machine and the operator's control console 500.
PAR  For timing the operation of the reproduction machine, there is provided a
      timing signal clock pulse generator 207. Preferably the clock pulse
      generator may be of such an arrangement that its output repetition rate is
      related to the speed of the machine main drive motor 47 that drives the
      belt rollers 41 and 41'. In this manner the clock pulse train output 208
      produced by generator 107 is time related to the operational speed of
      reproduction machine 5 and, in particular, to the speed of the travel of
      the belts 20 and 20' and the web 28. As apparent from this, given a fixed
      rate of travel of the web or belt, the pulse count can be used to measure
      the travel distance.
PAR  As shall be explained in detail, the computer is programmed so that during
      the initialization period when the machine is programmed to make a
      particular copy run, means are provided for the operator to indicate a
      length of the image impression, plus an appropriate amount of space. For
      convenience and ease of reference, the length plus space will be called
      pitch; also note that the impression length controls the pitch or image
      length and thus the time intervals between successive machine process
      events. Given the pitch length information, the computer is programmed to
      claculate a list of the time intervals between the successive process
      events which are stored in a table or storage location 205 of a suitable
      memory 206 of the computer. For each pitch cycle, a pitch signal for an
      imaging cycle is generated by the computer. The pitch signal may be keyed
      to suitable machine process events, such as image exposure step, that can
      be used as a reliable time reference point. The pitch interval, that is
      the time interval between successive pitch contains the controls signals
      for the machine process events for each imaging cycle.
PAR  In operation, each of the successive time interval count numbers in the
      table 205 is stored in a counter 209 in succession for the successive
      machine process events. In response to a start command by the computer the
      machine starts to operate and starts imaging cycle. The start on of the
      imaging cycle is marked by a pitch pulse. Thereafter, the next count
      stored in the counter is decremented to zero by the clock pulse counts. As
      it decrements to zero the computer generates a control signal and
      addresses it out to its intended device control elements or means to
      implement a machine event. This process continues until the end of the
      pitch. The process is repeated again for the succeeding pitch interval
      until a copy run as programmed by the operator is completed.
PAR  While the counter 209 and the table 205 for the process events may be
      provided internally within the computer, it need not be so limited. For
      example, the counter may be provided external to the computer and
      essentially operated in the same manner as described above.
PAR  In accordance with an aspect of the present invention, a suitable program,
      such as the one more fully described below, is stored in the memory 206 to
      run the computer as described above in generating the various signals
      required to operate the machine. In this connection the stored program
      includes instruction routines to enable the computer to calculate the
      count numbers, i.e. the timing list for a particular reproduction or copy
      run for a given pitch and other information pertinent to the reproduction
      run.
PAR  As is well known generally, a computer operates at an extremely high speed
      compared to a mechanical machine. Likewise, in the present system, the
      reproduction machine operates relatively slowly compared to the computer
      201. In fact, the speed disparity is such that the computer can do all
      necessary chores to generate the timed pulse signals to implement the
      machine events, such as exposure, develop, transfer, cut, etc. and yet
      have substantial amount of time left over to perform other chores.
      Accordingly, in accordance with another aspect of the present invention,
      the computer is utilized to perform a number of other functions utilizing
      its free time intervals, such as housekeeping chores, monitoring and
      updating of timing list, etc.
PAC  PROCESS PATHS AND WORK STATIONS
PAR  Referring to FIG. 8, the timed control signals generated by the computer
      are applied via the interface circuitry 203 to various control devices of
      the work stations in the various process paths that implement the process
      steps or machine events in making copies. The nature of the paths can be
      better appreciated on a functional basis. Thus, there is a paper path
      formed by the paper web 28, xerographic photoconductor paths formed by the
      belts 20 and 20' and imaging path formed for the film 12. Control devices
      are provided at the work stations along these paths to implement the
      specific machine function or process events.
PAR  Now referring to the paper path shown in FIG. 1, and depicted in a separate
      figure, FIG. 10, there is provided means 99 for sensing the trailing end
      of the web supply, suitable detectors 111 and 112 for sensing the tension
      or other conditions of the web 28. The path also includes one or more
      sheet jam detectors 113 for monitoring the condition of the individual
      copy sheets downstream of web cutting station 34. Other operating stations
      in the paper path include web control solenoids 126, 127 which move the
      web 28 into and out of transfer relationship with the photoconductive
      belts 20, 20', respectively, at transfer stations 25 and 25', a fuser
      loading solenoid 133, a guillotine drive solenoid 170, and a deflecting
      gate drive solenoid 402, for effecting the transferring, fusing, cutting
      and deflecting operations.
PAR  Along the xerographic paths, essentially formed by the belts 20 and 20' as
      depicted in, FIG. 12, there are provided exposure stations 23, 23',
      developer station 24, 24', transfer stations 25 and 25', cleaning stations
      29, 29' and charging stations 22, 22' for their intended functions.
PAR  The optical path or image forming path, as depicted in FIG. 11, includes
      means 55 and 55', for triggering the lamps 53 and 53', in precise timing
      so that they produce electrostatic latent images on the belts 20, 20' at
      the proper time. The path also includes the means for advancing and
      positioning the film strip 12 where the advancing and positioning of the
      film must be time synchronized to the machine operation frames to be
      copied.
PAR  The control devices shown positioned along the paths are described as
      illustrative of various means that may be utilized to implement machine
      process events and that are to be controlled by the controller.
      Accordingly, they should not be construed as complete or limiting.
PAR  The individual control devices or means that implement or monitor the
      machine events or functions, may be made of any suitable conventional
      means, such as solid state devices, photo optical sensing means or
      switches, exposure circuits, solenoids, etc., arranged to monitor various
      states or respond to the actuating and deactuating signals from the
      computer via the I/O interface 203.
PAR  As generally seen in FIG. 1B, the operator console 500 may include any
      suitable input and output means such as a set of push bottons 501 for
      enabling the operator to key in digit numbers such as the document and
      copy numbers for a particular reproduction run. The computer is so
      programmed that the document numbers and corresponding copy numbers keyed
      in via the digit keys in any random order are placed in proper order and
      sequence in the computer memory 206 for later use. Suitable means
      including a push botton 502 are provided for the operator to indicate to
      the computer that a document number is being keyed in. Similarly, a push
      button 503 with appropriate means may be provided to signify to the
      computer that the digit keyed is copy numbers.
PAR  There is a limit as to how many documents may be copied per reproduction
      run. The upper limit depends on a number of factors such as the capacity
      of the film, the computer memory capacity and the number of pages. Taking
      all of these into account, in the present embodiment the computer was
      programmed to copy up to any suitable number such as 10 documents per
      reproduction run.
PAR  In accordance with another aspect of the present invention the computer was
      programmed to make a copy run for making only parts of documents. Thus,
      suppose a document has 100 pages and the operator wishes to copy pages 50
      to 70. The operator would code in page 50 as the start and page 70 as the
      end pages for that copy run.
PAR  For correcting erroneous entry, the console may include suitable means with
      appropriate entry means 509, the pressing of which in conjunction with the
      document number or copy number will erase the corresponding stored digit
      numbers. For displaying the machine status information such as the copy
      run information visual indicating means 510 with appropriate actuating
      buttons 511, 512 are provided
PAR  The console 500 also includes a visual display means 514 indicating a
      malfunction and the nature, condition, and the location of the
      malfunctioning part.
PAR  Console 500 also includes a power-on switch 520 print start button 521, and
      film slow control 507. Console 500 also includes suitable means 523, 524
      for selecting simplex or duplex, operation of the machine. The pitch
      length of the copy run may be entered after pressing a push button 528
      provided for the purpose and then making digit entry of the length using
      the digit keys 501. The console also includes a push button control key
      531 for jogging or advancing the copy paper web increments.
PAR  In addition, the console may include any number of keys 533, 534 . . . for
      any special function that can be actuated to input signals to the computer
      to perform the special functions.
PAC  INTERFACE CIRCUITRY
PAR  FIG. 9 shows an illustrative embodiment of an interface circuitry 203, in a
      functional block diagram, that connects the computer 201 to the various
      operating control devices of reproduction machine 5 and the operator
      control console 500. Interface circuitry 203 is designed to serve the
      function of enabling the operator to input copy run information to the
      computer to run the machine 5 in a particular mode and provide visual
      output signals indicative of both machine and program status and
      malfunction conditions at the operator control console 500.
PAR  It also serves the function of enabling the computer to monitor various
      work stations in the process paths and channel the timed control signals
      to the various control devices in the processing paths. In short, the
      interface circuitry is so designed that it enables the computer to address
      or monitor in successive cycles the various stations or control devices
      positioned in the control console 500 and process paths of the machine.
PAR  More specifically, referring to FIG. 9, an address decoder 241 is
      operatively disposed between the computer 201 and individual latch
      circuits 243a, 243b . . . 243n and monitoring or scan circuits 251a, 251b
      . . . 251n. The latch circuits are connected operatively to the various
      control devices, such as the exposure lamp means triggering and 55, 55'
      solenoid actuating means 126, 127, 170, 402, film advancing means 137 and
      137', various switches at the console, etc. When set or toggled as the
      case may be, the latches enable the control device elements to implement
      the machine process events or give visual indications to the console. The
      monitoring or scanning circuits are connected to the sensing means, such
      as the means 111 and 112 for monitoring the web 28, film code sensing
      means 139S, 139A, 139B, 139E, jam sensing means 113, etc. for sensing the
      status of the various stations being monitored by the computer and the
      various push button input means at the operator console.
PAR  With a given decoding capacity, for example, an 9 bit decoding capacity,
      the decoder 241 can correspond to 9 bit address words from the computer
      201 and decode and address up to 2.sup.9 or 512 lines. The latch circuits
      243a, 243b . . . 243n may be reset or set selectively by a signal via set
      signal path 246 and checked selectively as addressed via the address
      decoder 241 and its output paths 242a, 242b, . . .242n. Selective setting,
      resetting and toggling takes place as the decoder 241 decodes the address
      words and applies the strobed out output to the selected or addressed
      latches when the STROBE OUT clock pulse is applied thereto via a path 247.
      The selected latch then assumes the condition indicated by computer output
      lines 9 and 10. It will set if 10 is high and 9 is low, reset if 9 is high
      and 10 is low, or toggle if both are high.
PAR  Similarly in scanning the status of the various monitoring means, the
      computer addresses them via the decoder 241 and scanning circuits 251a,
      251b. . . 251n in succession. The scanned status signals are applied to a
      latch circuit means 257 via OR gate 255 and are sent to the computer 201
      when strobed in by strobe signals applied to the latch 257 in succession
      via a STROBE IN signal path 258. In this manner, the computer strobes the
      copy run information from the control console in various keys as the
      information is keyed in.
PAR  The copy run information that the operator programs into the computer in
      this manner typically includes the condition of the image length, the
      documents numbers and copy numbers, and the simplex or duplex mode and the
      like information that the computer requires in running the machine in
      making the copies.
PAC  TIMING OF CONTROL SIGNALS
PAR  Certain of the reproduction process steps, such as exposure step for
      forming latent images on the belts 20, 20' and actuating the guillotine
      cutter, etc. requires precise timing. There are other machine process
      events or steps, such as the actuation of the transfer solenoids 126 or
      127 or both, depending upon whether or not the machine is to be operated
      in a simplex or duplex mode. The operation of the cleaning and charging
      corotrons are generally of such a nature that they must be actuated at the
      initialization period and kept on for the rest of the copy run or actuated
      and deactuated during each of the imaging cycles wherein proper timing
      sequence is required.
PAR  There are other types of events which occur at random and which are not
      time related to the machine operation cycle, such as a paper jam, fuser
      over-temperature, paper splice a belt runout condition, and the like.
      These events normally represent machine malfunctions or interrupt
      conditions which must be monitored and acted upon when they occur.
PAR  The way the control signals are derived according to the present invention
      will be now described in detail in terms of "pitch" zones and process
      events taking place in successive pitch zones in succession during the
      successive pitch time intervals in the various process paths, namely, the
      copy paper or web 28 path, the photoconductive belts paths 20 and 20' and
      the film path.
PAR  Each of these paths may be considered as being divided into "pitch" zones
      where pitch zones refer to spatial equivalence to a "pitch" zone in the
      xerographic path, i.e., an image impression length plus a suitable space
      on the photoreceptor belts 20' 20' traveling, at a constant speed. Here it
      may be noted that the process speed of items in different process paths
      need not and in fact are not generally at the same speed. Thus, for
      example, the speed of the speed of the film is much faster than the belts
      and moreover does not travel at a uniform speed. In case of the paper
      path, the web travels at a uniform speed until the quillotine cuts the web
      into successive sheets containing images. But the cut sheets can be moved
      out faster than the rate at which the web travels. These process paths
      with different processing speeds are time and space related to the travel
      speed and distance of the belts. This relationship can be visualized by
      considering that these paths are divided into pitch zones, wherein the
      start and the end of each zone in each path correspond in time to the
      start and end of the pitch zones in the belt.
PAR  Various process speeds at different paths and zones are different. Hence,
      the spatial distance traversed by the items being processed are different.
      But, the pitch zones are deemed set up so that the events taking place in
      the various zones of the different paths controlled to time relate back to
      a reference process path, namely, the xerographic process or the
      photoconductor process path in the process system.
PAR  According to an aspect of the present invention, the computer 201 is
      programmed to run and generate timed control signals to the various paths
      in successive pitch cycles as the belt travels pitch distances in
      succession. The timing of the control signals and application of the
      signals to the control devices at the various work stations in the various
      process paths will now be described in detail with reference to the
      process paths illustrated in FIGS. 10-14. FIG. 10 shows the paper web 28
      traversing through the paper path, the web tension sensing means 111 and
      112, roll end sensing means 99, engaging means 126 and 127 for engaging
      and disengaging the web 28 from the image transfer stations 25 and 25',
      fusing station 33 and deflecting means 400 for deflecting unwanted sheets
      into reject bin 401. FIG. 11 shows the film path with film reel advancing
      and positioning means 134, 137 and 135, 137' and image exposure stations A
      and B. FIG. 12 shows the photoconductive paths which includes image
      exposure stations 23 and 23', image development stations 24, 24', transfer
      stations 25 and 25' and cleaning stations 29 and 29', and charging
      stations 22, 22'.
PAR  Suppose the machine is set to operate at a given speed so that belts 20,
      20' are driven at 20 inches per second that the belts are 40 inches long,
      and the pitch length is 10 inches that is, one impression plus one spacing
      between impressions. This means that the belts travel past the image
      exposure station 23 and 23' at the speed of 10 inches per image or pitch.
      Given the foregoing conditions, it can be visualized that the belts can
      have four pitch zones, I, II, III and IV with each pitch zone
      corresponding to a distance the belt travels past the exposure station
      between successive exposure. For convenience, the time interval it takes
      for the belt during two successive exposures may be called "pitch time
      interval" and an "imaging cycle" interchangeably. Similarly, the other two
      paths, namely, the paper path and film paths can be imagined as being
      divisible into pitch zones so that they are time related back to the pitch
      zones in the photoconductor belt.
PAR  The spatial and timing relationship evident from the foregoing can be
      appreciated further from FIGS. 13 and 14 which graphically illustrate the
      timing and spatial relationship between the paper and the belt paths and
      various process steps that take place in the pitch zones in their paths.
      This can be better described in operational context as follows: In
      operation, the film frame pairs 11A and 11B in film strip 12 are
      simultaneously positioned on platen 14. (FIG. 4). In a simple operation,
      one (11A) or the other (11B) frame is exposed and the light image A' or B'
      formed is projected onto the belt 20 or 20 to form a latent electrostatic
      image. In a duplex operation, exposure of the frame 11B (B') is delayed by
      suitable time interval dt (FIG. 13) after exposure of, frame 11A, to allow
      the web 28 to travel from transfer station 25 to station 25' to effect
      back-to-back alignment of the impressions produced on web 28.
PAR  As illustrated in FIGS. 13 and 14, the belts 20 and 20' are exposed to the
      light images A' and B' at times t.sub.1 and t.sub.3 during a first pitch
      interval in the first pitch zone I, to form the latent images. The images
      are then developed at pitch zone II during the following or second pitch
      time interval. The developed images are then transferred at pitch zone III
      at time t.sub.2 and t.sub.4. The transferred images A' and B' are
      thereafter fused at pitch zone IV during the succeeding or fourth pitch
      interval. The web 28 containing the impressions is then cut by a
      guillotine 160 at pitch zone V during the next or fifth pitch interval.
      The deflector gate 400 in pitch zone VI is actuated at time t.sub.6 in the
      sixth pitch interval when a cut sheet has to be scrapped. Otherwise the
      acceptable sheet is collected at the collection tray at t.sub.6. Pitch
      zones are set up so that the start, t.sub.o and t.sub.end of each of the
      pitch zone intervals coincide with one another in timing sense. Once the
      paths are loaded, the aforementioned process events in the various zones
      occur in the time sequence shown in FIG. 14 on different images processed
      in the various zones.
PAR  It can be appreciated from the foregoing that where copying processes for
      multiple copies are well under way, a number of images are in process
      concurrently, but at different stages in different zones. Thus, for
      example, at any given instant in time, an image may be undergoing fusing
      operation in pitch zone IV, while a second image is undergoing transfer
      operation from belt 20 to web 28 in pitch zone III, a third image is
      undergoing development on photoreceptive belt 20 in pitch zone II and a
      fourth image undergoing exposure in pitch zone I.
PAR  The aforementioned imaginary pitch zones are set up so that they correspond
      in time, i.e., start and end at the same time, so that the process events
      for different images occurring at the various pitch zones occur during the
      same pitch time interval. These process events are repeated in succession
      for each of the pitch time intervals in the various pitch zones in
      cyclical manner until the copy run is complated.
PAR  In accordance with an aspect of the present invention, a software program
      is used to operate the computer 201 so that it generates the timed signals
      for the timed process events E1, E2, E3, etc....En taking place at the
      various zones in the manner described above and apply then to the
      corresponding control or monitor devices via the interface circuitry 203.
      The computer is programmed to perform the foregoing operation for each of
      the imaging or pitch cycles in succession for the entire copy run.
PAR  The foregoing general description of the way the control signals are
      derived using a programmable controller or computer will now be described
      in detail in terms of a specific example. Assume the clock pulse generator
      207 is designed to generate 1000 pulses per pitch interval and that the
      process paths are fully loaded. Referring to FIG. 14, during each pitch
      interval the computer generates the timed control signals for the machine
      process events in succession at successive time intervals starting from
      the pitch pulse starting time, t.sub.o, generated by the computer after
      the operator commands the machine to print.
PAR  The exposure for the frame 11A then occurs at a given time, for example,
      230 clock pulses after t.sub.o, at zone I, and transfer of an earlier
      developed image at zone III at 450th pulse at t.sub.2. In the first
      photoconductor belt path 20', expose another frame 11B at 490th pulse at
      t.sub.3 in zone I, and transfer still another earlier developed image at
      650th pulse at t.sub.4 l in the second belt path 20' in zone III. The web
      containing a developed and fused image of still another frame is cut at
      the 770th pulse at t.sub.5 in zone V, and a decision to eject or not eject
      at the 800th pulse at t.sub.6 in zone VI.
PAR  As alluded to before, the pitch start time t.sub.o, may be internally
      generated or even keyed to a specific machine process step that can serve
      as the reference or bench mark at the start of each copying or imaging
      cycle. For example, although not so shown in FIGS. 13 and 14, the exposure
      step can serve as the start for the imaging cycles for the belt path 20.
      In FIGS. 13 and 14, this can be readily done by shifting the zone marks to
      the right so that the exposure step coincides with the start time of the
      first pitch cycle.
PAR  The computer 201 is programmed to calculate the time intervals between the
      successive machine process events in the form of corresponding, clock
      pulse counts 230, 220, 40, 160, 120, 30 . . . during the initialization as
      illustrated above and stores them in the memory table 205. In operation,
      the computer places the count numbers in the counter 209 in the memory in
      succession and the number on the counter is decremented by the clock
      pulses from the clock signal generator 207. As the count is decremented to
      zero the computer generates a control signal and applies it a control
      device. The counter is then reset with a succeeding count and the rest of
      steps of decrementing, etc., follows. In this manner, the clock pulse
      count of 230 is first stored and decremented to zero to generate the
      transfer signal and so forth until all of the timed control signal pulses
      for the pitch duration are generated in succession for the entire copy run
      and addressed and applied to corresponding control devices or control
      elements to effect the corresponding process events.
PAR  During the initial period while the zones in the paper and belt paths are
      being filled with the images being processed and during the cycle out
      period while zones are being emptied as the images being processed are
      cycled out, the computer is programmed to generate appropriate control
      signals and apply them via the interface circuit 203 that includes
      appropriate modification to the control signals over those for the fully
      loaded situation so that only those of the process events for the zones
      being filled with images in precession are acted on and events for the
      empty zones are not implemented. The computer is also programmed to
      respond to the paper jam or other machine interrupt conditions and handle
      them appropriately.
PAR  Use of the software to run the computer for deriving the timed control
      signals renders the control for the machine highly flexible. Thus, for
      example, controller can be programmed to make images of different length
      (in the direction of the travel), i.e., make the machine operate at
      different pitch lengths for different reproduction or copy runs. The
      pitch, i.e., copy length, can be changed from one reproduction run to
      another by using appropriate instructions in the software routine stored
      in the computer and without entailing any change in the hardwired logic
      and the machine.
PAR  This is accomplished in accordance with the present invention by having the
      computer calculate, for each copy run of different pitch length being set
      up the operator, a set of timing lists in the form of the clock pulse
      counts for the successive time intervals between the succesive process
      events. The computer is programmed to do this operation during the
      initialization phase of the particular reproduction run. Consequently,
      changes required in the timing of the timed control signals for a new
      reproduction run which is different from the earlier run due to the change
      in the pitch or copy image length are implemented automatically under the
      control of a stored program and all the operator is required to do is to
      indicate or key in the pitch length for the reproduction run about to be
      made.
PAR  This is in contrast to the conventional control systems utilizing a
      hardwired and fixed logic; although to a limited degree a hardwired logic
      can be adapted to accommondate variable machine timing, its complexity
      expands so quickly as the number of machine process control steps and
      timing variations increase, that either the machine performance must be
      sacrificed or entail high cost for the hardwired logic.
PAR  Generally, in accordance with the present invention, the controller can be
      programmed to vary the timing sequence and cycles of the control signals,
      composition and order of the control signals, etc., to meet the changing
      need of reproduction runs or machine characteristics. This can be done by
      software with a master program having various optional features stored in
      the controller that entails little or no change in the hardware, logic and
      mechanism.
PAR  Thus, for example, the present controller can be programmed to run the
      reproduction machine in a single pass duplex mode whereby copies can be
      reproduced with impressions on both sides of copy sheets in a single pass
      of the copy sheets through the process path. Also, with appropriate
      optional features, the software control can also render the machine
      readily expandable to add new functions to the machine with little or no
      changes in the circuitry of the controller, and thereby upgrade the
      machine capability. For example an optional instruction routine may be
      provided for enabling the controller to generate control signals that will
      enable the xerographic process implementing stations to skip a splice or
      other types of defective portions of the web 28 being advanced to avoid
      forming impressions thereon.
PAR  To determine the feasibility of operating the reproduction machine
      described above using a computer, a software program was developed for a
      PDP8/S computer available from Digital Equipment Corporation; it was
      programmed to provide many functions, including the function of
      calculating and providing the timing list of the control signals for
      successive machine process events in terms of the clock pulse counts for a
      given pitch or copy length indicated by the operator. An illustrative
      software program used for a PDP8/S computer is included below. The program
      will be briefly described in terms of the software program routine
      architecture shown in FIG. 15 in conjunction with the accompanying
      operational flow charts shown in FIGS. 16-28.
PAC  SYSTEMS SOFTWARE ARCHITECTURE
PAR  FIG. 15 shows, in general, a software architecture that parallels the
      operational process steps shown in the flow charts in FIGS. 16-28 in
      operating the copier/duplicator duplicator machine 5. Broadly, the routine
      includes steps for initializing and placing the computer into STANDBY mode
      and calculating the timing list for timed machine events, then placing the
      computer into EXECUTIVE mode so that the computer generates the control
      signals for the timed machine process events E1, E2, E3 . . . En the
      housekeeping control signals for monitoring the operating status of the
      various machine components and machine malfunctions, and real time machine
      functions events, T1, T1, T3 ---Tn.
PAR  Specifically now referring to the STANDBY mode operation, after power is
      applied to the computer and interface logic (See FIG. 16), an instruction
      routine is used to RESET the latch circuits 243a, 243b, . . . 243n and
      FLAG any fault condition. Appropriate FLAG routines are used to program
      the computer so that the computer checks with various monitoring and
      control elements to check readiness for operation. After the foregoing
      routine, the power is applied to the machine 5 itself. (See FIGS. 17 and
      18).
PAR  Next the software routine enters a SWITCH SCAN loop for entering copy run
      instruction data from the operator console as programmed by the operator
      and status of monitoring devices in the machine. This routine entails the
      steps of scanning the various input means or keys in the operator console
      to receive copy run information and other operator instructions, and the
      status signals of the machine and calculate the timing list for the timed
      control signals.
PAR  For SWITCH SCAN routines the computer is programmed to scan various input
      terminals at the operator control console. Referring to FIG. 1B showing
      the control console, the input information applied to the computer by the
      operator such as the pitch length, copy run (i.e., document number, copy
      numbers), mode of operation (i.e., simplex or duplex) are applied to
      suitable register circuits means (not shown) including the AND gates 251a,
      251b, . . .251n. The inputs so provided are strobed into the computer in
      succession as the computer addresses them one at a time at a very high
      speed.
PAR  The computer operational speed is extremely fast compared to the speed with
      which the operator keys in the input information. Consequently, if need
      be, the computer can be programmed to scan an input instruction from the
      operator console several times and determine statistically on the basis of
      composite result of the scanned input the genuineness of the input and
      store the instruction. This feature renders the control immune to
      electrical noise signals which would otherwise interfere with the
      operation of the controller and thus of the machine.
PAR  The importance of this noise immunity feature is especially significant in
      view of the fact that xerographic reproducing machine to be operated by
      the programmable computer is inherently, very noisy machine in the
      electrical sense because of the high AC and DC power supplies which range
      in the order of thousands of volts. The noise immunity feature is
      attributable to a number of factors. Thus, for example, the scanning
      operation implemented by the software control as described above enables
      the computer and interface logic to use DC power supply in the range of
      below 20 to 30 volts D.C. There are other factors that render the machine
      less noise immune: For example, the input signals from the control console
      are not directly applied to the computer but selectively examined by the
      computer using the interface circuits. In this manner, the computer need
      only examine those signals which are necessary for the operation of the
      system at a particular given time. All other signals can be ignored so
      that noise on these other signal lines does not affect the operation of
      the system. Secondly, the noise signals, e.g. conducted and radiated
      noise, that might pass through the buffered isolation are prevented from
      affecting the internal operation of the computer because of the sampling
      approach used in the input scanning operation. In this regard, it is noted
      that the scanning and sampling time interval is typically in the order of
      only microseconds or submicroseconds whereas non-scanning timing interval
      is in the order of miliseconds. So the probability of noise signals
      occurring in the microseconds or submicrosecond scan time slot as opposed
      to the milisecond nonscan duration is very small. Consequently, the
      probability that the scanning operation will take up the spark noise is
      extremely low.
PAR  Furthermore, if in spite of this noise should occur at the scanning
      interval that noise, is even further reduced, according to the present
      invention, by scanning, that is, by sampling the input means several times
      before accepting the input as the genuine input. Thus, suppose the input
      is applied in the form of logic 1. But suppose the noise condition
      prevents the entry of logical 1 signal when the input is first scanned. If
      the scanning cycle is limited in one cycle, this would be picked up and
      the computer will take the erroneous logical 0 signal as the input.
PAR  This rather remote possibility is removed even further by scanning the
      input means a given number of times, for example, five times, and the
      computer is programmed to determine the consistency, e.g., four out of
      five matching sampled signals match, and then treat the matching signal
      correct input.
PAR  Another advantage of the present scanning and sampling technique is that it
      is immune to switch debounce problem generally associated with
      electro-mechanical switches used in the control console and elsewhere.
      Electro-mechanical switches open and close very rapidly for a short period
      of time after activation. This characteristic is known as switch bounce
      and often complex interface latching circuits are needed to "debounce" the
      switch to prevent the control system from thinking there were several
      switch actiations instead of one. By choosing the proper sampling interval
      with this scanning technique the debounce problem is elminated without the
      need for complex circuits or switches.
PAR  Another feature of this scan technique is that it solves the problem of
      multiple operation, switch activation or "rollover." If an operator
      activates more than one switch at the same time, the controls do not know
      which information to accept first. This scanning technique prevents any
      information from being accepted by the computer until the operator is
      activating only one switch at any one time. Again this is accomplished
      without complex circuits or interlocking switches.
PAR  In short, according to an aspect of the present invention, the software is
      programmed to include redundancy in sampling or scanning of the inputs
      during the SWITCH SCAN routine so that the machine operation and
      particularly, the scanning operation is rendered immune to noise, switch
      debounce, and rollover problem without the need for complex switches or
      interface circuits.
PAR  Now with reference to FIGS. 1B and 15, some of the SWITCH SCAN routine, in
      the standby mode, in entering the command or copy run information will be
      described. Referring to FIG. 15 the DIGIT INPUT routine entails the steps
      of the computer reading digit inputs, such as the copy run information,
      i.e., the document numbers, and copy numbers, pitch length, ect. into the
      computer. These digits are entered either to the left (510L) or right
      (510R) side of the visual means via ENTER LEFT or RIGHT routine using the
      selection keys 511 and 512 and digit entry keys 501. Whether to enter
      right or left depends on the specific need of the situation and the way
      the operator programs the information. For example, the operator may enter
      the book number on the left and the copy number on the right.
PAR  Process mode word PMWRD CONTROL (FIG. 15) refers to the software routine
      that enables the computer to operate selected ones of the operative
      machine components while the rest of the machine is idle. This feature is
      especially useful in the diagnostic operation. Thus, using this routine,
      the computer can operate and test selected ones of the process members
      such as guillotine knife 160, wet drive motor 105, charging means 22
      transfer means 81, developer 24, etc. as signified by the operator via
      special instruction keys 533 and 534 so provided.
PAR  CONTROL DEVICE routine comprises a software program routine that enables
      the computer to scan the operative status of the device elements or
      machine input elements such as interlock, etc. to be sure that they are in
      an inactivated or reset or energized condition or whatever status is
      required for operation. For an illustrative routine for this operation,
      see FIG. 20.
PAR  SIMPLEX AND DUPLEX SCAN routines includes software instruction routine
      enabling the computer to scan the mode of operation (i.e., simplex and
      duplex) instructed by the operator via the keys 523 and 524. The JOG
      routine entails software instruction routine that enables the operator to
      jog or advance the paper reel 30 by keying the button 531 for a certain
      purpose such as getting rid of its splice joint.
PAR  In a similar manner, other SWITCH SCAN routines may be programmed into the
      computer to implement other SWITCH SCAN function as directed by the
      operator.
PAR  In short then, the SWITCH SCAN routines described above enable the computer
      to enter the instructions provided by the operator on the copy run
      information, copy length, copy run mode, i.e., simplex or duplex and the
      like and scan the operative status of the machine. (For more specifics see
      FIGS. 19 and 20 also).
PAR  According to another aspect of the present invention, the software is
      designed so that, if by mistake two or more input keys are pressed
      simultaneously, it enables the computer to recognize this and not to take
      in the keyed information until the operator keys in a sequence.
PAR  According to yet another aspect of the invention, the software routines
      prevent the computer from running the machine until the copy run and other
      necessary information required for making a copy run is keyed in by the
      operator. When all of the necessary information is keyed properly and
      entered by the computer then the computer implements the START PRINT SCAN
      routine and proceeds further.
PAR  The START PRINT routine is possible only after copy run or diagnostics or
      other operational instructions have been scanned and entered into the
      computer properly and the operator presses START PRINT button 521. This
      routine directs the computer to execute the next routine, namely,
      calculation of the TIME LISTS of those of machine process events that
      require precise timing (FIG. 21). In this routine, the software directs
      the computer to calculate the time intervals between the successive
      machine events that must occur at precise time positions within each pitch
      in terms of the clock pulse counts, such as the counts of 230, 450, 650,
      (FIG. 14) and so on for the exposure, transfer, web cutting jam detection
      etc. discussed earlier in connection with FIGS. 13 and 14. The timing
      lists derived from this routine is then stored in the event table 205 of
      the computer memory (FIG. 8) for subsequent use in the EXECUTIVE mode.
PAR  Upon completion of the calculating subroutine, the software is programmed
      to direct the computer to enter with the EXECUTIVE mode to start up the
      machine (FIG. 22) and generate control signals to implement reproduction
      process steps and monitor the machine operation in successive cycles until
      the copy run is completed (FIGS. 23-26).
PAR  The EXECUTIVE mode comprises three main types of operational routines. One
      routine entails the steps of implementing the machine process events,
      designated PITCH EVENTS, E1, E2, E3 --- En. This operation requires the
      computer to generate control signals for the machine process events that
      require precise timing within each pitch time interval such as flash, web
      cutting, jam detection, etc. These events occur once every pitch interval
      when the process zones are fully loaded and are phased in or phased out as
      the zones are being loaded or unloaded during the start and end of the
      copy run.
PAR  A second routine provides control signals for certain machine process
      events which do not require precise timing within pitch time intervals but
      which require proper timing in a real time, although they do not
      necessarily occur repetitively for every pitch. This subroutine is
      designated TIME EVENTS, T1, T2, T3 . . .Tn. These events T1, T2 . . . Tn,
      and include the steps actuating the MAIN DRIVE motor, controlling the
      engagement of web 12 relative to photoreceptor belts 20, 20', heating of
      fuser 33, and the like in a proper sequence and in a real time during
      operation of the machine. The PITCH and TIME event control signals are
      generated by the computer and addressed to the corresponding control
      device elements via the address decoder 241 and the latch circuits 254a,
      245b . . . 254n of FIG. 9.
PAR  A third routine is for checking or monitoring the machine operation status
      and the like that might be considered a housekeeping routine. This
      includes the routine to check operator actuated interrupt conditions such
      as stop command. It includes monitoring operation of sensing components of
      the machine 5 for checking their malfunction status, such as paper supply
      run out, excessive fuser temperature, and other non-timed events of random
      nature. The third routine entails the steps for enabling the computer to
      send out the scanning signals to the various scanning stations that
      monitor or sense the status of the various device control elements in the
      machine or the switches in the control console. Upon completion of a copy
      run, the machine enters a cycle out routine.
PAR  In the cycle out routine, the software instructs the computer to go to
      SWITCH SCAN routine to await for the next copy run instruction the
      operator may provide. If desired, suitable means, such as teletype or CRT
      readout may be provided to display the data on the copy run completed via
      any suitable DATA DUMP routine.
PAR  At this point, if the operator encodes the next copy run informations
      within a suitable waiting time period, then the computer executes the
      SWITCH SCAN mode for the next copy run. If not, the computer cycles out
      the machine and the computer.
PAR  In operating the computer in the EXECUTIVE MODE the software is programmed
      to follow through EXEC operations. The EXEC operations comprise a series
      of interrupt operations adapted to operate the computer as follows. The
      computer is programmed to operate in cycles in succession usually in micro
      or submicro second cycle time. As the computer cycles through, a pitch
      event clock count is stored in counter 209 and checked. If the stored
      number is not 0, the counter decrements by one and moves to perform the
      TIME events, the housekeeping operations, or other events.
PAR  The computer operates in cyclical fashion in this manner and decrements the
      counter by one after each machine clock pulse. When the computer finds
      that the counter being decremented is zero the counter generates and
      applies the PITCH event control signal. The next event is taken from the
      event table and the pitch in which the event occurs is checked to see if
      an image is present. If no image is present, the event is changed to a
      non-operation event. The computer then loads this next PITCH event count
      into the counter and moves on to perform other functions. The foregoing
      steps are repeated to generate the PITCH event control signals in
      succession as timed by the timing list prepared during the STANDBY mode.
PAR  Several significant features may be noted here involving the EXEC
      operations. Suppose two PITCH events occur at precisely the same time in
      the actual operation of the machine. Since the software is programmed to
      generate PITCH EVENT signals one at a time in sequence, it is undesirable
      to generate more than one PITCH signals simultaneously. But the conflict
      presented by this situation is avoided by shifting one of the two events
      by one or two or more machine clock pulse counts and having the computer
      generate the PITCH event control signals accordingly. The shifting does
      not adversely affect the operation of the machine nor the quality of the
      copy because a shift of a few clock pulses as manifested in the operation
      or copy is hardly noticeable. This can be readily perceived by noting that
      one clock pulse shift means 0.01 inch movement of the belt in the above
      example and consequently the image.
PAR  Another aspect of the software control pertains to the jam detect function
      operation. The software is so programmed that the computer generates PITCH
      EVENT control signals to look for the absence or presence or both of the
      cut sheet in the paper path at given times during each pitch time
      interval. Thus, more specifically, the computer is programmed to generate
      a timed control signal and apply it to the sensing means 113 of any
      suitable type. If paper should be there, no jam occurs. Absence of the
      paper at this point is sensed as jam condition and this is signified to
      the computer via a monitor circuit and the latch 257. The jam detect
      operation may be performed at an appropriate time interval later within
      the same pitch time interval again to assure that the cut sheet has moved.
      Hence a second jam detect signal is generated by the computer as another
      PITCH event signal and applied to the monitoring means and sensed. This
      time the presence of the paper is detected as the jam condition.
PAR  The double check performed in detecting the jam condition is especially
      useful in the high speed machine where, because of the high throughput
      capacity, failure to detect the jam timely and promptly can result in a
      large number of sheets being crumpled and accumulated in the paper path
      which clog the machine and waste paper.
PAR  A typical program for use with aforementioned PDP8/S computer for
      demonstrating the feasibility of operating reproduction machine 5 in an
      integrated manner to produce copies appears hereinbelow from pages 58 to
      107 together with an exemplary copy run readout of the program from pages
      111 to 117. For information respecting the definition of the various terms
      used, one may refer to Digital Equipment Corporation's Small Computer
      Handbook, published in 1967, for the PDP8/S computer.
      ##SPC1##
      ##SPC2##
      ##SPC3##
      ##SPC4##
      ##SPC5##
PAC  EXAMPLE OF A RUN ON THE COMPUTER
PAR  The following is the printout on the Teletype of a typical run of the
      program on the PDP-8/S.
PAR  The first thing the computer does is to force a length request. In this
      case the operator enters 17 inches. Next the computer requests the number
      of copies required in batch number 1. The operator in this instance enters
      2. The computer then goes on to request the number of copies needed in
      batch number 2. The operator requests 1 copy. The computer then requests
      the number of copies in batch number 3. At this point the operator
      requests a return to the length input mode which the computer does. It
      types out "Length" and the previously entered length of 17 inches and then
      waits to allow the operator to change the length if he wants to. In this
      example the operator changes the length to 13.5 inches. The computer
      immediately returns to inputing the number of copies in batch number 3
      where it was before the change length request came. At this point the
      operator requests to return to the number of copies in batch number 2
      mode, so that he can change that number. The computer does this, showing
      that the operator had requested one copy previously. The operator changes
      this value to 2 and the computer again returns to the point that it was
      before the change request, namely inputing the number of copies in batch
      number 3. At this point the operator makes a run request and the computer
      does the necessary calculations as indicated by the flow charts and starts
      cycling up the machine.
PAR  The computer is now in the run mode and the timed operations are typed out
      in sequence. The jam true and false operation involves testing the
      condition of various paper detectors to determine if paper is present or
      absent at the proper times. The "End Pitch" output separates the block of
      operations which go on in each pitch length of belt travel. In the
      exposure sequence, the frame pairs are exposed and the film advances
      forward to the next pair of frames. This repeats until the micro input
      sees an end frame (in this simulation the end frame indication is entered
      from the keyboard) at which point the film advance is inhibited because
      these pair of frames are the last pages of this set and the first pages of
      the next set and must be exposed twice in succession. In our example the
      operator arbitrarily produces an end frame via the keyboard after the
      second pair of frames is in position. Thus out set in batch number one has
      4 pages in it, and it will be noted that after the second pair of
      exposures the film does not advance forward again. The first set in this
      batch has been made at this point, so that the display is changed from two
      to one as shown immediately following the two flashes. It should be noted
      that the paper path and the transfer corotrons have not been turned on
      until this point. This is because the paper path is turned on as late as
      possible to minimize waste of paper.
PAR  The first set of this batch is now completely exposed and the second and
      last set is started. Two more pairs of images are exposed to complete the
      batch, and the film is slewed forward to the next batch.
PAR  When the next set is in position on the micro input, it's exposure begins.
      Again the operator of the simulation has arbitrarily made this set contain
      four pages. It is exposed like the first batch, and the machine starts to
      process out the copies.
PAR  In the middle of this processing, the operator has simulated a jam
      condition via the keyboard which shuts down the machine immediately. The
      operator then restarts the machine and the controller repositions the film
      to recover those images which were lost in the jam. The controller
      restarts the machine, reprocesses the lost images, and cycles out
      normally.
      ##SPC6##
PAC  SYSTEMS OPERATIONS
PAR  The sequence of systems operations will now be described with reference to
      the accompanying flow charts shown in FIG. 16-24. The sequence assumes a
      roll fusing approach, but other suitable fusing means and operations can
      be used. If flash fusing is used all steps involving fuser warm up and
      fuser roll engagement disengagement operation would be eliminated as
      indicated.
PAR  In operating the system, the first aforementioned software program
      including various features are stored into the computer in a conventional
      manner. To make individual copy runs, a particular film cassette having
      desired document originals are loaded in place. These being done then the
      following sequence of operations follow in making the copy run.
PAC  GENERAL SEQUENCE (FIG. 16)
PAR  The flow chart shows the general overall sequencing of the machine. The
      charts following this one, break down the individual boxes in this chart
      into more detailed descriptions of the specific sequences. The general
      sequencing of the machine is always entered through the "Power On" which
      is initiated by pressing the ON button 520. From there the "Initialization
      and Warmup" sequence follows. After the machine is properly warmed up and
      it has been determined that the machine is ready for operation, the "Data
      Acquisition" mode is entered. In this mode the operator enters through the
      control console 500 all the information needed for a copy run, namely, the
      pitch length, mode indication (simplex or duplex), document numbers and
      number of copies for each of the documents called for copies. After the
      entry of the required information about the run and loading of the film
      cassette, the operator pushes the print button and the machine enters the
      "Checkout/Start" mode using the aforedescribed SWITCH SCAN routine to
      check if the copy run information entry is complete and correct. From
      there the "Calculation" mode is entered to calculate the timing list of
      the machine process events. After this sequence is finished the "Start Up
      Sequence" is entered. Previous to this point the machine had been in the
      STANDBY routine but at this point the machine begins to cycle up. After
      the "Checkout/Start" sequence has been completed, the SYSTEM enters
      EXECUTIVE routine and performs a "Run Mode." At this point the machine
      processes copies.
PAR  During the "Run Mode" if an emergency or malfunction situation is detected
      in the machine, an exit to the "Emergency Condition" is made and
      appropriate action is taken. Afterwards depending upon the required
      action, the "Emergency Condition" exits to a "Run Mode," "Cycle Out" mode
      or to "Hold" mode. During the "Run Mode" if no emergency situation is
      detected, the machine processes out the required number of copies and the
      "Run Mode" exits to the "Cycle Out" mode.
PAR  The "Cycle Out" mode starts the shut down routine of the machine, but since
      some copies are still in process in the machine, the "Cycle Out" mode
      returns to the "Run Mode" which in turn returns to the "Cycle Out" mode.
      When all the required copies are processed, the "Cycle Out" mode shuts the
      machine down and exists to the "Hold" condition. If the run was normal
      with no emergencies, the "Hold" condition exits to "Data Acquisition" to
      receive information for the next run. If the run had not been completed
      properly the information about the uncompleted run is held by the
      controller while it is in "Hold" and when the problem is cleared up, the
      machine exits to the "Start Up Sequence" to complete the run.
PAR  This is the general sequence for the machine. Now the flow charts showing
      the in depth details of each mode follow.
PAC  POWER ON (FIG. 17)
PAR  This is the entry point for the whole system. It is entered by pushing the
      ON button 520 and theonly decision point is a check to make sure the OFF
      button 540 is not pushed. OFF always overrides ON. We now exit to
      "Initialization and Warmup."
PAC  INITIALIZATION AND WARMUP (FIG. 18)
PAR  The first thing done upon entering this mode is to turn on the computer
      logic power supply. The controller goes into a routine which clears its
      registers and clears the output structure as described before. The ON
      button is checked by the controller and the interlocks are checked. If all
      conditions are satisfied, the main power is latched on by the controller.
      At this point, all the standby devices such as fuser 33, and developer 62,
      charger 22, etc. are turned on. RESET and POWER ON software routine
      described above are used to implement these steps.
PAR  If the machine had a roll fuser it would have been warmed up at this point.
      Since the flash fuser needs no warm up this step would be eliminated with
      flash fusing. A logic check is performed next and if this is successful
      and if there is no fuser warmup, the program exits to "Data Acquisition"
      shown in FIG. 19.
PAC  DATA ACQUISITION (FIG. 19)
PAR  Upon entering this mode the first thing the controller requests is the
      input of a pitch length. This may be entered in digits via the digit keys
      501. The program then converts the digits to a binary form using the
      proper scale factors and check to make sure that this figure falls within
      the machine allowable length of say between 4 and 30 inches. After the
      length data is satisfactorily entered, the other information on the copy
      run, i.e. document numbers and copy numbers and mode (i.e., simplex or
      duplex) are entered. Since a billing system has not been specified,
      billing information is not included in this discussion, but it can be
      easily incorporated in the program once the billing format is decided
      upon. The program is so written that it is possible to change the document
      number and page numbers or the length data at any time before the systems
      enters into the "run mode" and start processing the copies. The program is
      written so that the document numbers and corresponding copy numbers can be
      entered in at random to the document buffer register 210. But the computer
      reads them into the computer memory in the order of sequence in which the
      numbers appear on film 12. If a request to change previously entered
      document or length data is made, the program will return to the requested
      location to make the change and then return back to the original location
      when the request for the change was made. Information for at least one
      document must be entered before the program can leave this mode and
      information for up to 10 documents can be entered before the document
      buffer register is considered to be full. The exit from this mode is
      provided by a run request or when the document table 205 is full. The
      capacity of document table 205 depends on the memory capacity and the
      configuration of the reproduction memory system. They can be readily
      increased by appropriate changes in the memory capacity and the software.
PAR  The "Data Acquisition" mode is implemented by the SWITCH SCAN software
      routine described before.
PAC  CHECK/OUT/START (FIG. 20)
PAR  A check out routine may be used to check out the machine 5 to make sure it
      is ready to run and the film 12 is loaded (FIG. 20) into the film input
      head (FIG. 3, 11). Successful completion of these operations allows the
      program to exit from this mode. Malfunction conditions of various relevant
      elements are checked out and if a malfunction is detected, appropriate
      steps are taken. SWITCH SCAN software routine described above are written
      to include necessary instructional routine to implement this step.
PAC  CALCULATION (FIG. 21)
PAR  In this mode a list of the machine timing of process events is calculated
      based on the pitch length information and the mode of operation (i.e.
      simplex or duplex) in the manner described above in terms of the clock
      pulse count numbers between the successive machine process events in the
      pitch zones of the process paths as described above. Film advance and
      positioning is figured in so that film movement occurs between the
      successive machine exposure steps. As an added feature of the control,
      selected ones of the exposure and other steps can be skipped to avoid
      defective portions. For example, the pitch location immediately preceding
      the earliest flash is calculated so that splices in the paper web 28 can
      be avoided properly.
PAR  Since the controller is limited as to the number of simultaneous events
      which it can handle and since only a few events have very critical time
      relationships, the non-critical events are adjusted i.e., time shifted, so
      as to eliminate simultaneous events. The calculated timing lists is then
      stored in the memory 206 for use. The program exits from this mode and
      enters into the Executive mode.
PAC  START-UP SEQUENCE (FIG. 22)
PAR  The Start-up sequence shows a general sequence for the machine cycle up.
      The delays can be adjusted by the program to almost any value, although it
      would be easiest if they were all the same length. This sequence is
      implemented by the real time process event T1, T2, T3. . . Tn software
      routine during the EXECUTIVE mode as described above.
PAC  RUN MODE PART 1 (FIG. 23)
PAR  This shows the list development program that the controller 200 implements
      as the controller determines what events should occur in any pitch pulse
      time interval according to the progress of machine operation. During this
      operation, conventional interrupt routine is utilized to load the counter
      209 with a time interval indicating the time difference between succeeding
      events in the form of clock pulse counts for the intended machine process.
PAC  RUN MODE PART II (FIG. 24)
PAR  This chart shows the flow of action when the controller has determined that
      the next event in the list developed in the Run Mode Part I (FIG. 23)
      should occur. In most cases this involves straightforward execution of the
      event. In the case of certain real time events, T, such as End of Pitch,
      Web Cutting Signal, Flash ect., the operations must be done in real time
      to determine whether the event should be executed or not. For instance,
      before the advance film signal can be sent out, it must be determined if
      an end frame is present and if one is, whether the film should be advanced
      to the next document or more copies should be processed of the same
      document by reversing the direction of advancement of the film 12. The End
      of Pitch event does not cause the end of outputs by itself. Certain
      internal "housekeeping" chores are performed by the controller before this
      takes place. The flash signal has to check an internal flag before it is
      allowed to occur. The cut signal event is used to check to see if all
      copies have been processed out up to the cut area. If the machine is clear
      up to this point, the program exits to "Cycle Out," Chart 28.
PAC  EMERGENCY CONDITIONS (FIGS. 25 and 26)
PAR  This mode is entered whenever an emergency condition is discovered.
      Basically there are three types of emergencies as defined by the actions
      taken when an undesired condition is detected. The first type is a cycle
      out type of emergency where the program acts as if the stop copy button
      450 had been pushed and cycles out the machine, processing out the copies
      already exposed in the machine. A more severe type of emergency is the
      "Quick Stop" type in which the machine is shut down to standby immediately
      and all data is held for start-up. The most extreme type of emergency is
      the emergency OFF condition in which all power to the machine is shut off
      immediately.
PAC  CYCLE OUT (FIG. 27)
PAR  This is the mode that the Run Mode Part II (FIG. 24) exits to when the
      machine copy sheet paper path is clear of copies up to cutting station 34.
      The paper path is shut down to save paper and then the rest of the process
      is cycled out. When the machine is completely empty of copies, the program
      exits to "Hold."
PAC  HOLD (FIG. 28)
PAR  This is the mode entered from both the cycle out (FIG. 27) and emergency
      modes (FIGS. 25 and 26). If this is a normal end of run entrance, the old
      data is cleared out of the controller, a check is performed upon the
      logic, and the program exits to receive new data for the next run. If the
      termination of run was not normal, then all information is held until the
      problem is corrected at which point the machine can be restarted so as to
      complete the run. A feature of the program is that in the case of a quick
      stop type of emergency in which some copies are lost in process in the
      machine, the film 12 is automatically repositioned by the program upon
      restarting so that the lost copies may be reprocessed out.
PAR  In the foregoing, an electrostatographic reproducing machine with a
      programmable controller embodying various aspects of the present invention
      has been described above. Utilization of a programmable controller renders
      the machine highly flexible and versatile. In particular, it renders the
      machine to be capable of functioning as a variable pitch machine whereby
      the spaces or distances allotted for successive images formed and
      developed can be changed from reproduction run to reproduction run using
      stored programs and without changing any intervals circuitry.
PAR  While the principles of the present invention have been described in terms
      of web fed, single pass simplex duplex copier/duplicator machine, clearly
      the application thereof is not so limited. A person of skill in the art
      may modify or change the application from the teachings of the principles
      of the present invention without departing from the spirit and scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a reproduction machine for producing impressions of an original to be
      reproduced, the reproduction machine having a photosensitive member and a
      plurality of discrete operating components cooperable with one another and
      the photosensitive member to electrostatically produce impressions on
      support material, the improvement comprising:
PA1  a programmable controller for use in programming the machine to produce one
      or more reproduction runs, said controller including program storage means
      adapted to retain a master control program, said controller being adapted
      on programming to produce, in accordance with said master program, an
      individual set of instructions for actuating said components in integrated
      association with one another for each reproduction run programmed.
NUM  2.
PAR  2. The reproduction machine according to claim 1, wherein processing of
      multiple impressions overlap, said controller being adapted on programming
      of said machine to produce multiple impressions to provide a set of
      instructions wherein actuation of said operating components are related to
      a common time frame.
NUM  3.
PAR  3. The reproduction machine according to claim 1, in which said machine
      includes means for varying the size of the impressions produced,
PA1  said controller being adapted to produce specific set of instructions for
      each copy length selected.
NUM  4.
PAR  4. In the method of controlling an electrostatic reproduction machine
      having processing components to produce impressions of originals, the
      steps comprising:
PA1  programming the reproduction machine to produce a predetermined number of
      impressions;
PA1  calculating for said programming in accordance with a master program the
      operational timing sequences for actuating the operating components of
      said reproduction machine required to produce said predetermined
      impressions; and
PA1  actuating said processing components in accordance with said calculated
      timing sequences to produce said predetermined impressions.
NUM  5.
PAR  5. The method of controlling an electrostatic reproduction machine
      according to claim 4, including the step of changing the master program to
      provide a different copy program capacity for the reproduction machine.
NUM  6.
PAR  6. A reproduction system for producing copies of an original, comprising:
PA1  a reproduction machine including a plurality of control devices for
      implementing the copying process events,
PA1  means for inputting a reproduction run instruction of predetermined
      characteristics for the reproduction run,
PA1  a programmable controller having means responsive to the run instruction
      and means for storing an operating control program for operating the
      machine, said controller being operable by said operating program to
      derive timed control signals related to the reproduction run of said
      predetermined characteristics and applying said control signals to said
      plurality of control devices for implementing the copying process steps
      whereby the machine is enabled to make copies according to the
      reproduction instruction.
NUM  7.
PAR  7. A reproduction system for producing copies of an original, comprising:
PA1  a reproduction machine including a plurality of control devices for
      implementing the copying process events,
PA1  means for inputting a reproduction run instruction for the reproduction run
      including a copy size,
PA1  a programmable controller having means responsive to the run instruction
      and selected copy size and means for storing an operating control program
      for operating the machine, said controller being operable by said
      operating program to derive timed control signals related to the selected
      copy size and applying said control signals to said plurality of control
      devices for implementing the copying process steps whereby the machine is
      enabled to make copies according to the reproduction instruction.
NUM  8.
PAR  8. The system according to claim 6, including an instruction routine in the
      stored program for enabling said system to change the copy size from a
      reproduction run to another.
NUM  9.
PAR  9. The system according to claim 6, wherein said reproduction system
      includes means for roll feeding web as copy material.
NUM  10.
PAR  10. The system according to claim 9, including an actuable cutting means,
      said operating control program an instruction routine for enabling said
      controller to generate timed control signals to actuate said cutting means
      to cut said web into sheets of predetermined copy length in succession
      after the copies are made.
NUM  11.
PAR  11. The system according to claim 6, wherein said reproduction machine
      including means for operating said machine in a simplex or duplex mode
      selectively, said operating control program including instructions for
      enabling said controller to operate said machine in simplex or duplex as
      selected.
NUM  12.
PAR  12. The system according to claim 6, wherein:
PA1  said program includes an instruction routine for enabling said controller
      to generate said control signals in successive pitches at a predetermined
      repetition rate, said rate being time related to the rate at which the
      originals are reproduced.
NUM  13.
PAR  13. The system according to claim 6, including means for generating a train
      of clock pulses related to the operational speed of the machine wherein
      the pitch repetition rate is set at the rate of image exposure.
NUM  14.
PAR  14. The system according to claim 6, said controller including an operating
      control console with a plurality of input means, a computer, a plurality
      of latches for the control devices, and,
PA1  input/output interface circuit means having a decoder for enabling said
      computer to address selected control devices and respond to the signals
      from said input means of said operating control console.
NUM  15.
PAR  15. The system according to claim 2, wherein said controller includes a
      computer and, said operating program including an instruction routine for
      relating the timed control signals to the operational speed of the machine
      and enabling said computer to calculate time intervals between the
      successive timed copying process events, forming a timing list and storing
      the list in the memory of said computer, generating timed control signals
      accordingly, and addressing them to corresponding control devices in
      succession per imaging cycle intervals in synchronization with the machine
      operation.
NUM  16.
PAR  16. The system according to claim 6, wherein said machine is adapted to
      implement copy making processes for a plurality of copies concurrently,
      said operating program stored in said controller includes instruction
      routines for enabling said controller to generate control signals to
      operate said machine in implementing the copy making processes
      concurrently for the plurality of copies related to a common time frame of
      the machine operation.
NUM  17.
PAR  17. The system according to claim 6, including means for advancing a
      continuous web of copy sheet,
PA1  a web cutting means therefore,
PA1  said operating program including instruction routines for enabling said
      controller to produce timed control signals in sequence in successive
      cycles for activating said web advancing means, said machine and said
      cutting means for making copies in succession and cutting said continuous
      web into sheets in succession after images are formed.
NUM  18.
PAR  18. In a programmable system for making reproductions of originals, the
      combination of:
PA1  a. a series of electrostatic processing stations adapted when actuated in
      proper timed sequence to form an operable reproduction apparatus capable
      of making reproductions electrostatically; and
PA1  b. a computer for controlling actuating of said processing stations in
      proper timed sequence to provide said operable reproduction apparatus,
      said computer including:
PA1  a programmable memory adapted to retain a master operating program for said
      apparatus,
PA1  said computer being adapted to calculate in accordance with said master
      program for the reproductions programmed timed control signals; and
PA1  control means responsive to said timed control signals for actuating said
      processing stations to render the apparatus operative to make the
      reproductions programmed.
NUM  19.
PAR  19. In a reproduction system for producing copies of an original, the
      reproduction system having a photosensitive member and a plurality of a
      discrete operating components cooperable with one another and the
      photosensitive member to electrostatically produce copies, the improvement
      comprising:
PA1  first program storage means adapted to retain a master program for
      operating said system components in an integrated manner to provide an
      operable reproduction system, said system being adapted when actuated to
      produce copies:
PA1  second program storage means adapted to hold at least one individual copy
      run program for use in actuating said system to produce a selected number
      of copies, said system when actuated operating in accordance with said
      master program to produce copies;
PA1  said first and second program storage means being individually programmable
      to change said master program and said copy run program.
NUM  20.
PAR  20. A reproduction system according to claim 19, in which said stored
      operating control program includes an instruction routine to permit the
      size of the copies produced to be changed.
NUM  21.
PAR  21. The reproduction system according to claim 20, including a source of
      copying material on which copies are produced, and means for cutting said
      copy material to a selected copy size.
NUM  22.
PAR  22. The reproduction system according to claim 21, in which said stored
      operating control program includes a second instruction routine for
      actuating said cutting means to cut said copy material for a selected copy
      size.
NUM  23.
PAR  23. In a system for producing reproductions of an original, the combination
      of:
PA1  a. a processor having a photosensitive member movable in an endless path
      and electrostatic processing means co-operable with said photosensitive
      member to electrostatically produce reproductions, said electrostatic
      processing means including
PA2  1. means to produce an electrostatic image on said photosensitive member,
PA2  2. means to develop said latent electrostatic image, and
PA2  3. means to fix the developed image to provide a permanent reproduction,
      and
PA1  b. A computer for operating said processing means to produce reproductions,
      said computer including
PA2  1. programmable means to receive individual reproduction run instructions,
PA2  2. a master program including instruction routines for deriving control
      signals and
PA2  3. means responsive to the control signals for actuating said processor
      photosensitive member and said processing means to produce reproductions
      electrostatically.
NUM  24.
PAR  24. The system according to claim 23, in which said computer includes means
      to permit reprogramming of said master program to provide a set of control
      signals adapted for actuating said photosensitive member and said
      processing means.
NUM  25.
PAR  25. In a reproduction machine for producing impressions of an original, the
      machine having a photosensitive member and a plurality of reproducing
      process step implementing means to produce impressions on a support
      material, the improvement comprising;
PA1  a programmable controller having means for enabling an operator to put in a
      copy run instruction program, a storage means for storing an operating
      program for enabling said controller to respond to the copy run
      instruction program, deriving a third program including a time table, and
      generating a plurality of timed control signals related to the time table,
      and
PA1  means for applying the timed control signals to the plurality of
      reproducing process step implementing means to produce the impressions as
      programmed by the copy run instruction program.
NUM  26.
PAR  26. The machine according to claim 25, said machine having a reproducing
      process path and including means for operating said machine to operate in
      a simplex or duplex mode of operations to produce impressions on one or
      both sides of a copy sheet medium selectively in a single pass through
      said process path, said controller having said operating program adapted
      to include a set of program routines for implementing selectively in
      combination a first algorithm and a second algorithm architectured to
      operate said machine in the simplex or duplex mode selectively.
NUM  27.
PAR  27. The machine according to claim 26, wherein said operative program
      includes instruction routines for enabling said controller to generate
      timed control signals of a first characteristic for implementing
      sequential process events and a second characteristic for implementing
      real time process events.
NUM  28.
PAR  28. The machine according to claim 26, wherein said operating program
      includes a set of instructions for enabling the controller to operate the
      machine asynchronously.
NUM  29.
PAR  29. A reproduction system for producing copies of film originals in a
      duplex mode comprising:
PA1  a reproduction machine including a plurality of control devices for
      implementing the copying process events,
PA1  means for producing electrostatic latent images on photosensitive material
      corresponding to a pair of successive film frames, one frame for each side
      of an original,
PA1  means for developing said latent images,
PA1  means for feeding support material along a single path,
PA1  transfer means for transferring the developed image of one of said pair of
      images to one side of the support material and then transferring the other
      image of said pair of images to the other side of the support material
      opposite to the first developed image thereon,
PA1  means for inputting a reproduction instruction for the reproduction run,
      and
PA1  control means responsive to the run instruction for producing control
      signals and applying the same to said control devices for implementing the
      copying process setps wherein the machine is enabled to make duplex copies
      according to the reproduction instruction and during a single pass of the
      support material.
NUM  30.
PAR  30. A method for producing duplex copies of originals, the steps
      comprising:
PA1  a. reproducing each side of each original on successive frames of film
      material,
PA1  b. producing electrostatic latent images on photosensitive material
      corresponding to a pair of successive film frames, one frame for each side
      of an original,
PA1  c. developing said latent images,
PA1  d. feeding support material along a single path,
PA1  e. transferring the developed image of one of
PA1  said pair of images to one side of the support material and then
      transferring the other image of said pair of images to the other side of
      the support material opposite to the first developed image thereon, and
PA1  f. controlling the initialization of steps b, c, d and e in accordance with
      a reproduction run instruction to produce duplex copies during a single
      pass of the support material.
NUM  31.
PAR  31. In the method of controlling an electrostatic reproduction machine
      having processing components to produce impressions of originals, the
      steps comprising:
PA1  programming the reproduction machine to produce a predetermined number of
      impressions;
PA1  calculating for said programming in accordance with a master program an
      operating program for actuating the processing components of said
      reproduction machine to produce the impressions programmed;
PA1  actuating said processing components in accordance with said operating
      program to produce the impressions programmed; and
PA1  erasing said operating program when the last impression programmed is
      produced.
NUM  32.
PAR  32. The method according to claim 31 including the steps of programming the
      machine to produce at least two sets of impressions, each of a different
      predetermined number;
PA1  calculating in accordance with said master program an operating program for
      each of said sets; and
PA1  actuating said processing components in accordance with each individual
      operating program to produce each set of impressions programmed in
      succession.
NUM  33.
PAR  33. In the method of controlling an electrostatic reproduction system
      having processing components to produce impressions of a set of
      pre-collated originals, the steps comprising:
PA1  programming the reproduction machine to produce a predetermined number of
      impressions;
PA1  calculating for said programming in accordance with a master program an
      operating program for actuating the processing components of said
      reproduction machine to produce the impressions programmed;
PA1  actuating said processing components in accordance with said operating
      program to produce the impressions programmed; and
PA1  collecting said impressions of said set of originals in a single stack.
NUM  34.
PAR  34. In the method of controlling an electrostatic reproduction system
      having processing components to produce impressions of a set of
      pre-collated originals, in a two sided reproduction mode, the steps
      comprising:
PA1  programming the reproduction machine to produce a predetermined number of
      impressions on both sides of support material;
PA1  calculating for said programming in accordance with a master program an
      operating program for actuating the processing components of said
      reproduction machine to produce the impressions programmed;
PA1  actuating said processing components in accordance with said operating
      program to produce the impressions programmed; and
PA1  collecting said support material for said set in a single stack.
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PAL  A wafer-bearing chuck, an annular reference plate, a copy lens system, and
      a mask-bearing holder are mounted on a floating unit so that the copy lens
      system produces an image of a pattern-bearing surface of the mask at a
      plane positioned between the annular reference plate and the wafer chuck
      and produces an image of a selected pattern-bearing region of a
      photosensitive-film-bearing surface of the wafer at the pattern-bearing
      surface of the mask. The wafer chuck is movably mounted for positioning
      the photosensitive-film-bearing surface of the wafer in abutment with the
      annular reference plate in a plane parallel to the image plane of the
      pattern-bearing surface of the mask and for subsequently positioning the
      selected pattern-bearing surface region of the wafer in the image plane of
      the pattern-bearing surface of the mask. A stop mechanism may be employed
      to automatically stop the wafer chuck when the selected pattern-bearing
      surface region of the wafer is substantially positioned in the image plane
      of the pattern-bearing surface of the mask. Alternatively, the wafer chuck
      may be manually adjusted, while viewing the pattern-bearing surface of the
      mask and the image of the selected pattern-bearing surface region of the
      wafer through a microscope of an optical unit, to precisely position the
      selected pattern-bearing surface region of the wafer in the image plane of
      the pattern-bearing surface of the mask. The mask holder is movably
      mounted for thereafter aligning the pattern of the mask with the image of
      pattern of the selected surface region of the wafer while they are viewed
      through the microscope. The floating unit is floatingly supported within a
      base unit on three balls and coupled to the base unit by a parallelogram
      linkage so that the floating unit may be scanned relative to the
      microscope without rotating relative to the base unit to facilitate and
      verify alignment of all portions of the pattern of the mask with the image
      of the pattern of the selected surface region of the wafer. A vacuum
      clamping mechanism may be employed to clamp the floating unit in any
      position to which it may be scanned, whereupon the mask holder may be
      moved to further align the pattern of the mask with the image of the
      pattern of the selected surface region of the wafer. Upon completion of
      the pattern alignment operation, the floating unit is unclamped and a
      centering mechanism employed to automatically return the floating unit to
      a central position at which an exposure lens system of the optical unit
      may be employed for exposing the photosensitive film on the selected
      surface region of the wafer in accordance with the pattern of the mask. A
      loading arm is mounted on a movable stage secured to the floating unit and
      is rotated in a plane orthogonally intersecting the first optical axis to
      move the wafer between a loading station and the wafer chuck. The movable
      stage is stepped to a plurality of different positions arranged in
      orthogonal rows and columns so that the loading arm may be employed to
      move the wafer to a corresponding plurality of different positions on the
      wafer chuck. This permits a corresponding plurality of different regions
      of the photosensitive-film-bearing surface of the wafer to be aligned and
      exposed in accordance with the pattern of the mask.
PARN
PAR  This is a continuation of U.S. Pat. Application Ser. No. 126,769, filed on
      Mar. 22, 1971 now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates generally to apparatus for aligning a mask with a
      workpiece and exposing a photosensitive-film-bearing surface of the
      workpiece in accordance with a pattern of the mask. More particularly,
      this invention relates to a step-andrepeat projection alignment and
      exposure system for successively aligning a pattern of a photomask with a
      plurality of different regions of a photosensitive-film-bearing surface of
      a semiconductive wafer and exposing the photosensitive film on each of
      these surface regions in accordance with the pattern of the mask.
PAR  In most conventional optical alignment and exposure systems for aligning
      and exposing a photosensitive-film-bearing surface of a semiconductive
      wafer in accordance with a pattern of a photomask, the
      photosensitive-film-bearing surface of the wafer and the pattern-bearing
      surface of the mask are brought into intimate contact to establish
      parallel-plane alignment therebetween. The wafer and the mask are then
      separated to permit out-of-contact alignment of the pattern of the mask
      and the photosensitive-film-bearing surface of the wafer. After this
      pattern alignment operation, however, the photosensitive-film-bearing
      surface of the wafer and the pattern-bearing surface of the mask are again
      brought into intimate contact and so maintained while the photosensitive
      film on the surface of the wafer is exposed through the mask. Optical
      alignment and exposure systems of this type are shown and described, for
      example, in U.S. Pat. No. 3,192,844 issued July 6, 1965, to Peter R. Szaz
      et al and in U.S. Pat. No. 3,220,231 issued Nov. 30, 1965, to James A.
      Evans et al. The mechanical abrasion inevitably produced between the
      photosensitive-film-bearing surface of the wafer and the pattern-bearing
      surface of the mask in such optical alignment and exposure systems may
      scratch or otherwise damage these surfaces. Scratched or otherwise damaged
      areas on the pattern-bearing surface of the mask are especially
      undesirable since they will be reproduced on all wafers with which the
      mask is subsequently used. Moreover, the resolution that can be obtained
      with conventional alignment and contact printing systems of this type is
      limited to lines of about 0.1 mil or more in width spaced about 0.1 mil or
      more apart.
PAR  A projection alignment and exposure system for eliminating mechanical
      abrasion between the photosensitive-film-bearing surface of the wafer and
      the pattern-bearing surface of the mask has now been developed by
      AEG-TELEFUNKEN Company of Germany. The resolution that can be obtained
      with this system is limited to lines of about 5.0 microns or more in width
      spaced about 5.0 microns or more apart. Neither this projection alignment
      and exposure system nor the above-described contact printing alignment and
      exposure systems can be employed to step and repeat the pattern of the
      mask on different regions of the photosensitive-film-bearing surface of
      the same wafer and to subsequently step and align the patterns of other
      masks with the pattern previously formed on each of these same surface
      regions of the wafer.
PAR  In all of the above-described optical alignment and exposure systems the
      wafer chuck, the mask holder, or both are rigidly supported on a base unit
      of the system so that external forces acting upon the base unit may also
      affect the parallel-plane and pattern alignment established between the
      photosensitive-film-bearing surface of the wafer and the pattern-bearing
      surface of the mask. Moreover, the wafer chuck is typically mounted for
      translational and rotational movement in a horizontal plane substantially
      parallel to the pattern-bearing surface of the mask, as well as, for
      translational movement along a vertical axis toward and away from the
      pattern-bearing surface of the mask and pivotal movement about the
      vertical axis. This tends to impair the stability of the wafer chuck and
      may therefore also affect the parallel-plane and pattern alignment
      established between the photosensitive-film-bearing surface of the wafer
      and the pattern-bearing surface of the mask, thereby degrading the
      resolution that may be achieved. The foregoing factors limit the
      usefulness of such optical alignment and exposure systems in fabricating
      smaller and higher density integrated circuits, or the like, and in high
      yield production set-ups.
PAR  Accordingly, one of the principal objects of this invention is to provide
      an improved optical alignment and exposure system for aligning a pattern
      of a mask with a photosensitive-film-bearing surface of a wafer and
      exposing the photosensitive film on the surface of the wafer in accordance
      with the pattern of the mask without ever bringing the wafer into contact
      with the mask and with a resolution that may be extended to lines of 1.0
      micron or less in width spaced 1,0 micron or less apart.
PAR  Another of the principal objects of this invention is to provide an
      improved optical alignment and exposure system for aligning a pattern of a
      mask with a plurality of different surface regions of a wafer and exposing
      a photosensitive film on each of these surface regions in accordance with
      the pattern of the mask and for subsequently aligning patterns of other
      masks with each of these surface regions and exposing photosensitive films
      thereon in accordance with the patterns of these other masks.
PAR  Still another of the principal objects of this invention is to provide an
      improved optical alignment and exposure system for minimizing the effect
      of external forces upon the parallel-plane and pattern alignment
      established between a pattern of a mask and a photosensitive-film-bearing
      surface of a wafer and for increasing the stability of the wafer chuck and
      minimizing the required movement thereof to help maintain the
      parallel-plane and pattern alignment established between the
      pattern-bearing surface of the mask and the photosensitive-film-bearing
      surface of the wafer.
PAR  These objects are accomplished according to the illustrated preferred
      embodiment of this invention by providing a step-and-repeat projection
      alignment and exposure system in which a wafer-bearing chuck, an annular
      reference plate, and a copy lens system are mounted within a floating unit
      along a horizontal optical axis and in which a mask-bearing holder is
      mounted on the floating unit along a vertical optical axis orthogonally
      intersecting the horizontal optical axis at an inclined mirror also
      mounted within the floating unit. These elements are arranged so that the
      copy lens system produces an image of a pattern-bearing surface of the
      mask at a plane positioned between the annular reference reference plate
      and the wafer chuck and further produces an image of a selected
      pattern-bearing region of the photosensitive-film-bearing surface of the
      wafer at the pattern-bearing surface of the mask. The wafer chuck is
      supported for pivotal movement about and translational movement along the
      horizontal optical axis so that an unused marginal portion of the
      photosensitive-film-bearing surface of the wafer may be moved forward into
      face-to-face abutment with an annular reference surface of the annular
      plate to orient the photosensitive-film-bearing surface of the wafer in
      parallel-plane alignment with the image plane of the pattern-bearing
      surface of the mask and so that the selected pattern-bearing surface
      region of the wafer may then be moved backward into the image plane of the
      pattern-bearing surface of the mask. A stop mechanism movable with the
      wafer chuck may be clamped to the floating unit when the
      photosensitive-film-bearing surface of the wafer is in face-to-face
      abutment with the annular reference surface of the annular plate to
      automatically stop the wafer chuck when the selected pattern-bearing
      surface region of the wafer is substantially positioned in the image plane
      of the pattern-bearing surface of the mask. Alternatively, a microscope of
      an optical unit pivotally mounted on a base unit and positioned above the
      mask holder may be employed for viewing the pattern-bearing surface of the
      mask and the image of the selected pattern-bearing surface region of the
      wafer while the wafer chuck is manually adjusted to precisely position the
      selected pattern-bearing surface region of the wafer at the image plane of
      the pattern-bearing surface of the mask. The optical unit is provided with
      a rotatable turret for positioning a selected objective lens system of the
      microscope in optical alignment with a stationary ocular lens system of
      the microscope during this wafer-focusing and subsequent wafer-focusing
      and pattern-alignment operations. Three beams of illuminating light are
      projected through the mirror and along the horizontal optical axis so that
      only three spaced portions of the photosensitive-film-bearing surface of
      the wafer are illuminated during these wafer-focusing and
      pattern-alignment operations.
PAR  The mask holder is mounted for translational and rotational movement in a
      horizontal plane orthogonally intersecting the vertical optical axis so
      that after the above-described wafer-focusing operation the mask holder
      may be adjusted to align the pattern of the mask with the image of the
      pattern of the selected surface region of the wafer while they are viewed
      through the microscope of the optical unit. The floating unit is
      floatingly supported, for example, on three balls captivated within the
      base unit so that the floating unit and, hence, the wafer chuck and the
      mask holder together as a unit, may be scanned relative to the microscope
      of the optical unit to facilitate and verify alignment of all portions of
      the pattern of the mask with the image of the pattern of the selected
      surface region of the wafer. Mounting the floating unit in this manner
      also prevents external forces acting on the base unit from affecting the
      floating unit and, hence, the parallel-plane and pattern alignment
      established between the pattern of the mask and the image of the pattern
      of the selected surface region of the wafer. The floating unit is also
      coupled to the base unit by a parallelogram linkage to prevent the
      floating unit from rotating relative to the base unit. A clamping
      mechanism comprising, for example, a pair of vacuum cups secured to the
      base unit and spring biased into sliding abutment upon a pair of plates
      secured to the floating unit may be employed to clamp the floating unit in
      any position to which it may be scanned, whereupon the mask holder may be
      adjusted to further align the pattern of the mask with the image of the
      pattern of the selected surface region of the wafer. Following this
      pattern alignment operation, the floating unit is unclamped and a
      centering mechanism employed to automatically move the floating unit to a
      central position at which an exposure lens system of the optical unit will
      be aligned with the vertical optical axis upon being rotated by the turret
      to an operative position for receiving a beam of exposure light. The
      centering mechanism may comprise, for example, three roller bearings
      pivotally secured to the base unit and normally clustered within an
      enlarged cylindrical aperture of the floating unit to permit movement of
      the floating unit relative to the base unit, but pivotable outward into
      engagement with the wall of this enlarged cylindrical aperture to force
      the floating unit to the central position.
PAR  A loading arm is mounted on a movable stage secured to the floating unit
      above the wafer chuck and is supported for angular movement in a vertical
      plane orthogonally intersecting the horizontal optical axis. The movable
      stage may be stepped to a plurality of different positions arranged in
      orthogonal rows and columns. When it is stepped to a central position, the
      loading arm may be employed to pick up a wafer at a loading station and
      deposit the wafer upon the wafer chuck in a central position so that a
      central pattern-bearing surface region of the wafer may be aligned and a
      photosensitive film thereon exposed in accordance with the pattern of the
      mask. Following these alignment and exposure operations, the loading arm
      may be employed to pick up the wafer from the wafer chuck, the movable
      stage stepped to a different position, and the loading arm employed to
      redeposit the wafer upon the vacuum chuck in a different position so that
      a different pattern-bearing surface region of the wafer may be aligned and
      a photosensitive film thereon exposed in accordance with the pattern of
      the same mask. This may be repeated until the last pattern-bearing surface
      region of the wafer has been aligned and the photosensitive film thereon
      exposed in accordance with the pattern of the mask. The loading arm is
      then employed once again to pick up the wafer from the wafer chuck, after
      which the movable stage is again stepped to the central position and the
      loading arm employed to return the wafer to the loading station.
      Subsequently, the loading arm and the movable stage on which it is mounted
      may be similarly employed to align each of the previously aligned
      pattern-bearing surface regions of the wafer and expose photosensitive
      films thereon in accordance with the patterns of other masks.
PAR  Other and incidental objects of this invention will become apparent from a
      reading of this specification and an inspection of the accompanying
      drawings.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a step-and-repeat projection alignment
      and exposure system according to the preferred embodiment of this
      invention.
PAR  FIG. 2 is a top plan view of the system of FIG. 1.
PAR  FIG. 3 is a sectional front elevational view of the floating unit and the
      base unit of the system of FIGS. 1 and 2 taken along section line 3--3 of
      FIG. 2.
PAR  FIG. 4 is a sectional side elevational view of the floating unit and a
      portion of the base unit of the system of FIGS. 1-3 taken along section
      line 4--4 of FIG. 2.
PAR  FIG. 5 is a simplified top plan view of the centering mechanism and of the
      parallelogram linkage coupled between the floating unit and the base unit
      of the system of FIGS. 1-4.
PAR  FIG. 6 is a sectional side elevational view of the optical unit of the
      system of FIGS. 1-5 taken along section line 6--6 of FIG. 2.
PAR  FIG. 7 is a sectional side elevational view of the loading arm assembly of
      the system of FIGS. 1-6 taken along section line 7--7 of FIG. 2.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1-3, there is shown a step-and-repeat projection
      alignment and exposure system 20 according to the preferred embodiment of
      this invention. This system includes a base unit 22, a floating unit 24,
      and an optical unit 26. As best shown in FIG. 3, a wafer chuck 28, an
      annular reference plate 30, and a copy lens system 32 are coaxially
      mounted within a generally rectangular housing 33 of floating unit 24 at
      spaced positions along a horizontal optical axis 34. Wafer chuck 28
      comprises a circular chuck plate 36 secured by a pair of springs to a
      chuck holder 40 coaxially disposed along horizontal optical axis 34. A
      bearing member 42 in the form of a section of a sphere is secured to chuck
      plate 36 and seated in a central conically-shaped recess of chuck holder
      40 so that the center of radius of the bearing member is located at
      substantially the center of the outermost surface of the chuck plate, so
      that clearance space is provided between the chuck plate and the chuck
      holder, and so that the outermost surface of the chuck plate extends
      slightly beyond the outermost surface of the chuck holder. Wafer chuck 28
      may therefore be pivoted about horizontal optical axis 34 as required to
      orient a photosensitive-film-bearing surface of a semiconductive wafer 52
      in a vertical plane orthogonally intersecting the horizontal optical axis.
      Wafer chuck 28 and chuck holder 40 are vacuum clamped together so that the
      resultant frictional engagement between bearing member 42 of the wafer
      chuck and the conically recessed portion of the chuck holder is increased
      sufficiently to maintain the wafer chuck in whatever position it may be
      pivoted to while still permitting the wafer chuck to be pivoted relative
      to the chuck holder. This is accomplished by connecting a first flexible
      tube communicating with a first passageway axially extending through the
      conically recessed portion of chuck holder 40 to a source of vacuum. Wafer
      chuck 28 may be unclamped from chuck holder 40 by disconnecting the first
      flexible tube from the source of vacuum.
PAR  A circular perforated plate is concentrically and fixedly secured on a
      central recessed portion of chuck plate 36 so that the outermost surfaces
      of the perforated plate and the chuck plate lie in substantially the same
      plane. The perforated plate covers a plurality of interconnected radial
      grooves formed in the central recessed portion of chuck plate 36. These
      grooves communicate with a second passageway laterally extending to the
      periphery of chuck plate 36 and communicating with a second flexible tube.
      Wafer 52 may therefore be vacuum clamped on wafer chuck 28 by drawing a
      vacuum through the perforated plate, the radial grooves, the second
      passageway, and the second flexible tube. This is accomplished by
      actuating a first solenoid-operated control valve to connect the second
      flexible tube to the source of vacuum. Wafer 52 may subsequently be
      unclamped from wafer chuck 28 by actuating the first solenoid-operated
      control valve to vent the second flexible tube to the atmosphere or,
      alternatively, to connect it to a source of air pressure.
PAR  Wafer chuck 28 is supported for translational movement along horizontal
      optical axis 34 by a sleeve-like cylindrical part 74 that is fixedly
      secured to chuck holder 40 and that telescopically surrounds a cylindrical
      guide 76 coaxially disposed along the horizontal optical axis and fixedly
      secured to an annular flange of floating unit housing 33. A piston of a
      first air cylinder 82 fixedly mounted within a cylindrical cavity of guide
      76 is fixedly secured to chuck holder 40. Wafer chuck 28 may therefore be
      moved forward along horizontal optical axis 34 toward annular reference
      plate 30 by actuating a second solenoid-operated control valve to connect
      a third flexible tube communicating with the first air cylinder 82 between
      the back end of the piston and the back end of the air cylinder to the
      source of air pressure. Similarly, wafer chuck 28 may be moved backward
      along horizontal optical axis 34 away from annular reference plate 30 by
      actuating the second solenoid-operated control valve to vent the third
      flexible tube to the atmosphere and thereby permit expansion of a return
      spring mounted within the first air cylinder 82 between the front end
      thereof and the back end of the piston. If a first air cylinder without a
      return spring should be employed, wafer chuck 28 could be moved backward
      by actuating the second solenoid-operated control valve to connect the
      third flexible tube to the source of vacuum. A micrometer screw 90 is
      threadedly mounted within another cylindrical cavity of guide 76 and
      positioned for abutment upon a convex portion 92 of chuck holder 40 to
      stop the backward movement of wafer chuck 28. Once chuck holder 40 and
      micrometer screw 90 are brought into abutment, they are so maintained by
      the return spring of the first air cylinder 82. Micrometer screw 90 may
      therefore be employed to precisely and positively adjust the position of
      wafer chuck 28 without any creeping of the wafer chuck during the
      adjustment. A focus adjustment spindle 94 (see FIGS. 1 and 2) mounted on
      an upright portion 93 of floating unit housing 33 is coupled to micrometer
      screw 90 by a cable engaging an idler pulley and a pair of pulleys fixedly
      attached to the focus adjustment spindle and the micrometer screw,
      respectively. This permits the position of micrometer screw 90 and, hence,
      wafer chuck 28 to be precisely adjusted by manually turning focus
      adjustment spindle 94.
PAR  Annular reference plate 30 is fixedly secured to the housing of the copy
      lens system 32 adjacent to wafer chuck 28. It is provided with an
      optically flat annular reference surface that faces wafer chuck 28 and
      lies in a vertical plane orthogonal to horizontal optical axis 34.
PAR  Copy lens system 32 is mounted within a cylindrical housing supported by
      annular flanges 108 and 110 of floating unit housing 33 and is fixedly
      secured to annular flange 110. It includes an alignment lens mounted
      within a cylindrical case 116 pivotally supported at the front end of the
      lens housing by a pin 118 fixedly secured to the upper front end of the
      lens housing. A lever is fixedly secured at one end to the upper portion
      of casing 116 and pivotally secured at the other end by a pin to a
      bifurcated end of a piston of a second air cylinder supported adjacent to
      the lens housing. The back end of the second air cylinder is pivotally
      secured to annular flange 110 of floating unit housing 33 opposite a
      recessed portion of flange 108 by a pin fixedly secured to a bifurcated
      bracket which is in turn fixedly secured to annular flange 110. The
      alignment lens may therefore be pivoted to a raised inoperative position
      by actuating a third solenoid-operated control valve to connect a fourth
      flexible tube communicating with the second air cylinder between the front
      end thereof and the back end of its piston to the source of air pressure.
      This adjusts copy lens system 32 as required for use with ultraviolet
      exposure light of, for example, 4358.+-.75A. The alignment lens may be
      pivoted back to the illustrated, lowered operative position the fourth
      flexible tube to the atmosphere and thereby permit expansion of a return
      spring mounted within the second air cylinder between the back end thereof
      and the back end of its piston. If a second air cylinder without a return
      spring should be employed, the alignment lens be pivoted back to the
      lowered operative position by actuating the third solenoid-operated
      control valve to connect the fourth flexible tube to the source of vacuum.
      In either case, this adjusts copy lens system 32 as required for use with
      visible illuminating light of, for example, around 5461.+-.100A. Copy lens
      system 32 may comprise, for example, a 10:1, 4:1, 2:1, or 1:1 copy and
      alignment lens system of a type manufactured and sold by Tropel
      Incorporated of Fairport, N.Y. These copy and alignment lens systems may
      be interchangeably employed in the same floating unit by ordering them
      with the same optical conjugates or by providing the floating unit housing
      with an adjustable mounting structure to accommodate different copy and
      alignment lens systems. The resolution and the field coverage that can be
      obtained with each of these copy and alignment lens systems is given in
      the chart below.
TBL  ______________________________________                                    
     COPY LENS                                                                 
              RESOLUTION IN  FIELD COVERAGE                                    
     SYSTEM   LINE WIDTH                                                       
     ______________________________________                                    
     10:1     1       MICRON     8     MILLIMETERS                             
     4:1      1.5     MICRONS    0.7   INCH                                    
     2:1      2       MICRONS    1.5   INCHES                                  
     1:1      2.5     MICRONS    2     INCHES                                  
     ______________________________________                                    
PAR  As best shown in FIGS. 1 and 3, a mask holder 164 is mounted on floating
      unit housing 33 along a vertical optical axis 166 orthogonally
      intersecting horizontal optical axis 34 at a circular mirror 168
      adjustably mounted on an annular flange 170 of the floating unit housing.
      Mask holder 164 comprises a circular top plate 172 of a rotary stage 174.
      Top plate 172 is provided with three locating lugs 176 for locating a
      photomask 178 on its upper surface over a circular aperture 182 axially
      extending therethrough. Photomask 178 is made of glass or some other
      transparent material and provided on its lower surface with a geometric
      pattern to be projected onto the photosensitive-film-bearing surface of
      wafer 52. It is vacuum clamped in place on mask holder 164 by drawing a
      vacuum through a passageway 186 laterally extending through top plate 172
      and communicating with an annular groove formed in the upper surface of
      top plate 172 around aperture 182 and beneath an unused marginal portion
      of the photomask. This is accomplished by actuating a fourth
      solenoid-operated control valve to connect a fifth flexible tube passing
      through an enlarged slot in an annular base plate 194 of rotary stage 174
      and communicating with passageway 186 to the source of vacuum. Photomask
      178 may subsequently be unclamped from mask holder 164 by actuating the
      fourth solenoid-operated control valve to vent the fifth flexible tube to
      the atmosphere.
PAR  Rotary stage 174 is provided by rotatably supporting an annular flange of
      top plate 172 upon an annular flange of base plate 194. Top plate 172 and
      aperture 182 axially extending therethrough are maintained in axial
      alignment with base plate 194 by three ball bearings 200 mounted in
      cylindrical holes 202 spaced along the inner periphery of the base plate
      and spring loaded against a V-shaped groove formed in the outer periphery
      of the flange of top plate 172. Ball bearings 200 are spring loaded
      against the lowermost side of this V-shaped groove to hold the flange of
      top plate 172 in slidable abutment with the flange of base plate 194. A
      ball carried at the end of a pin fixedly attached to the flange of top
      plate 172 is engaged between a pair of push rods and slidably mounted
      within a channel laterally extending through base plate 194. One of these
      push rods is engaged by an adjustment screw threadedly mounted at one end
      of this channel. A spring mounted within this channel between the other of
      these push rods and a stop screw threadedly mounted at the other end of
      the channel keeps the ball engaged between these push rods. Mask holder
      164 may therefore be rotated clockwise or counterclockwise about an axis
      parallel to vertical optical axis 166 by turning the adjustment screw.
PAR  Base plate 194 of rotary stage 174 is fixedly mounted on a square top plate
      220 of an X-Y stage of, for example, the type manufactured and sold by
      Scherr-Tumico Company of Saint James, Minnesota. In an X-Y stage of this
      type top plate 220 is reciprocally mounted on a square intermediate plate
      224 by bearing supports 226 and is spring loaded against a micrometer
      screw 228 threadedly mounted in a bracket 230 fixedly secured to the
      intermediate plate of the X-Y stage. Intermediate plate 224 is in turn
      reciprocally mounted on a base plate 232 by bearing supports 234 oriented
      at right angles to bearing supports 226 and is spring loaded against
      another micrometer screw threadedly mounted in another bracket fixedly
      secured to base plate 232. An X adjustment spindle 240 and a Y adjustment
      spindle are mechanically coupled to these micrometer screws. Base plate
      194 of rotary stage 174 and, hence, mask holder 164 may therefore be moved
      in any direction in a horizontal plane orthogonally intersecting vertical
      optical axis 166 by turning the X and Y adjustment spindles.
PAR  Base 232 of the X-Y stage is fixedly secured to a top plate of floating
      unit housing 33 toward one side 246 thereof. Circular apertures 248 and
      250 axially extend through base plate 232 of the X-Y stage and this top
      plate of floating unit housing 33 in axial alignment with aperture 182
      axially extending through rotary stage 174 of mask holder 164. Enlarged
      circular apertures 252 and 254 axially extend through top plate 220 and
      intermediate plate 224 of the X-Y stage so that translational movement of
      these plates will not obstruct the passage of light between mask 178 and
      mirror 168.
PAR  As best shown in FIG. 3, mirror 168 is mounted within an annular retainer
      256 and held in abutment against three symmetrically spaced projections
      thereof by three cushions fixedly secured to three retaining plates 262,
      which are in turn fixedly secured to retainer 256 opposite these
      projections. Retainer 256 and, hence, mirror 168 are adjustably secured to
      flange 170 of floating unit housing 33 at an angle of 45.degree. with
      respect to vertical and horizontal optical axes 34 and 166 by three
      adjustment screws 264. These adjustment screws axially extend through
      three clearance holes 266 passing through three spaced bosses 268 of
      retainer 256 and threadedly engage three holes in flange 170 of floating
      unit housing 33. Retainer 256 is maintained in abutment with the heads of
      adjustment screws 264 by three springs supported within enlarged portions
      of clearance holes 266 around the adjustment screws and between the
      bottoms of these enlarged portions of the clearance holes and flange 170
      of the floating unit housing. Thus, by adjusting adjustment screws 264,
      mirror 168 may be precisely oriented at 45.degree. with respect to
      horizontal and vertical optical axes 34 and 166 and precisely positioned
      relative to mask holder 164 and copy lens system 32 to optimize the
      magnification provided by the copy lens system. Once this is accomplished,
      three set screws 274 threadedly mounted in bosses 268 of retainer 256 are
      screwed into abutment with flange 170 of floating unit housing 33 to hold
      mirror 168 in place and thereby avoid the need for subsequently
      readjusting the mirror. Mirror 168 comprises an optically flat glass plate
      276 having a dichroic-coated surface 278 that is substantially one-hundred
      percent reflective to ultraviolet exposure light of about 4358.+-.75 A and
      that is about fifty percent transmissive to visible illuminating light of
      about 5461.+-.100A. It may be purchased, for example, from Tropel
      Incorporated of Fairport, New York.
PAR  As best shown in FIGS. 3 and 4, floating unit 24 is floatingly supported on
      an intermediate housing 280 of base unit 22 by three balls 282 supported
      on the intermediate housing adjacent to side 246 of floating unit housing
      33 and adjacent to the front and back of the floating unit housing toward
      side 284 thereof. Each ball 282 is captivated between a lower flat
      rectangular plate 286 fixedly secured to intermediate housing 280 and an
      upper flat rectangular plate 288 fixedly secured to floating unit housing
      33. This is accomplished by a lower annular retainer 290 fixedly secured
      to lower plate 286 and an upper annular retainer 292 fixedly secured to
      upper plate 288. A cylindrical shaft 294 is pivotally secured toward one
      end thereof to intermediate housing 280 by a spherical ball joint 296,
      toward the middle thereof to floating unit housing 33 by another spherical
      ball joint 298, and toward the other end thereof to a control handle 300
      by still another spherical ball joint 302. Control handle 300 is slidably
      supported on a flat circular portion 304 of a top panel 306 of floating
      unit housing 33 and is positioned over a circular aperture 308 axially
      extending through top panel 306. Thus, by manually moving control handle
      300 along portion 304 of top panel 306, floating unit 24 and, hence, mask
      178 vacuum clamped on mask holder 164 and the image of wafer 52 vacuum
      clamped on wafer chuck 28 may be horizontally scanned relative to optical
      unit 26.
PAR  As best shown in FIGS. 4 and 5, floating unit housing 33 is coupled to
      intermediate housing 280 by a parallelogram linkage 312. this
      parallelogram linkage comprises a pair of links 314 and 316 pivotally
      secured at one end thereof to opposite sides of one end of a longer link
      318 by a pair of concentric roller bearings. It further comprises an
      identical pair of links 324 and 326 pivotally secured at one end thereof
      to opposite sides of the other end of link 318 by a pair of concentric
      roller bearings. Links 314 and 324 are pivotally secured at the other end
      thereof to the bottom of intermediate housing 280 by another pair of
      roller bearings. Similarly, links 316 and 326 are pivotally secured at the
      other end thereof to the bottom of floating unit housing 33 by still
      another pair of roller bearing. This prevents floating unit 24 from
      rotating relative to base unit 22 and optical unit 26 while the floating
      unit is being scanned relative to the optical unit.
PAR  As best shown in FIG. 3, two shallow cylindrical cups 336 and 338 are
      fixedly secured at opposite tapered ends of a leaf spring 340 by two
      screws. Leaf spring 340 is reinforced by a similar leaf spring 344,
      opposite tapered ends of which abut upon the heads of these screws. These
      leaf springs are fixedly secured to intermediate housing 280 so that cups
      336 and 338 project upwardly and slidably abut upon two flat circular
      plates 350 fixedly secured to the bottom of floating unit housing 33. Leaf
      springs 340 and 344 prevent cups 336 and 338 from moving horizontally,
      while maintaining them in slidable face-to-face abutment with plates 350.
      Floating unit 24 may therefore be vacuum clamped in any position to which
      it may be scanned by drawing a vacuum through two passageways 354
      laterally extending through cups 336 and 338, respectively, and
      communicating with the interiors thereof adjacent to plates 350. This may
      be accomplished by actuating a fifth solenoid-operated control valve to
      connect a sixth flexible tube communicating with passageways 354 to the
      source of vacuum. Floating unit 24 may subsequently be unclamped by
      actuating the fifth solenoid-operated control valve to vent the sixth
      flexible tube to the atmosphere.
PAR  When floating unit 24 is unclamped, a centering mechanism 360 (see FIGS. 4
      and 5) may be employed to automatically move the floating unit to a
      central position at which vertical optical axis 166 will be axially
      aligned with an exposure lens system 362 of optical unit 26 (see FIGS. 1
      and 6) once the exposure lens system is rotated to an operative position.
      As shown in FIGS. 4 and 5, centering mechanism 360 comprises three upright
      cylindrical shafts 364, 366, and 368 rotatably mounted on a base plate 370
      at symmetrically spaced positions along a circle 372 by three roller
      bearings. Base plate 370 of centering mechanism 360 is fixedly secured to
      a flange of intermediate housing 280 opposite a circular aperture 382
      axially extending through a rectangular plate 384 fixedly secured to
      floating unit housing 33. Three gears 386, 388, and 390 fixedly secured to
      shafts 364, 366, and 368, respectively, are engaged by a fourth gear 392
      fixedly secured to a fourth upright cylindrical shaft 394 rotatably
      mounted on base plate 370 at the center of circle 372 by another roller
      bearing. Three roller bearings 398, 400, and 402 are rotatably mounted on
      three upright pins fixedly secured to the ends of three levers 410, 412,
      and 414, which are in turn fixedly secured to shafts 364, 366, and 368
      adjacent to gears 386, 388, and 390, respectively. Levers 410, 412, and
      414 are arranged to rotate roller bearings 398, 400, and 402 between a
      clustered inoperative position within circular aperture 382, as shown in
      solid lines in FIG. 5, and an extended operative position at which roller
      bearings 398, 400, and 402 abut upon the wall of circular aperture 382.
      When floating unit 24 is unclamped, the abutment of roller bearings 398,
      400, and 402 upon the wall of circular aperture 382 in their extended
      operative position forces the floating unit to its central position
      described above.
PAR  An outwardly extending portion 416 of lever 414 is pivotally secured to a
      bifurcated end of a piston of a third air cylinder 420 by a pin. The back
      end of the third air cylinder 420 is pivotally secured to a flange of
      intermediate housing 280 by a pin fixedly secured to a bifurcated bracket,
      which is in turn fixedly secured to this flange. Roller bearings 398, 400,
      and 402 may therefore be rotated to their extended operative position by
      actuating a sixth solenoidoperated control valve to connect a seventh
      flexible tube communicating with the third air cylinder 420 between the
      back end thereof and the back end of piston 418 to the source of air
      pressure. This automatically returns floating unit 24 to its central
      position. Subsequently, roller bearings 398, 400, and 402 may be rotated
      back to their clustered inoperative position by actuating the sixth
      solenoid-operted control valve to vent the seventh flexible tube to the
      atmosphere and thereby permit expansion of a return spring mounted within
      the third air cylinder 420 between the front end thereof and the back end
      of its piston. If a third air cylinder without a return spring should be
      employed, roller bearings 398, 400, and 402 may be rotated to their
      clustered inoperative position by actuating the sixth solenoid-operated
      control valve 430 to connect the seventh flexible tube to the source of
      vacuum. in either case, this permits floating unit 24 to be scanned
      relative to optical unit 26 (see FIGS. 1 and 2) unless the floating unit
      is vacuum clamped in place as described above.
PAR  As shown in FIG. 3, intermediate housing 280 is supported within a
      rectangular outer housing 436 of base unit 22 upon four rubber shock
      absorbers fixedly secured to the base of the outer housing toward the
      corners thereof. Mounting intermediate housing 280 within outer housing
      436 in this manner and in turn mounting floating unit housing 33 within
      the intermediate housing upon three balls 282 as described above serves to
      prevent external forces acting on base unit 22 from affecting floating
      unit 24 and impairing the resolution that may be achieved with the
      projection alignment and exposure system.
PAR  As best shown in FIGS. 1-2 and 6, optical unit 26 includes an inner housing
      440 upon which a microscope 310 is mounted and an outer housing 442 within
      which inner housing 440 is mounted. Except as differently set forth below,
      optical unit 26 may be contructed and operated in substantially the same
      manner as the optical unit shown and described in detail in connection
      with FIGS. 1-10 of U.S. Pat. No. 3,490,846 entitled OPTICAL ALIGNMENT AND
      EXPOSURE APPARATUS and issued on Jan. 20, 1970. Optical unit 26 is
      pivotally mounted on base unit 22 above mask holder 164 by rotatably
      securing a pair of spaced brackets 444 projecting downwardly from the back
      of outer housing 442 to a pin 446 that is fixedly secured to the back of
      intermediate housing 280 in the same manner as shown and described in
      connection with FIG. 3 of U.S. Pat. No. 3,490,846. This permits optical
      unit 26 to be pivoted between a raised inoperative position shown in FIG.
      1 and a lowered operative position shown in FIG. 2. Optical unit 26 may be
      pivoted to the raised inoperative position manually or by employing a
      lever 448 or a bell crank arrangement driven by a fourth air cylinder in
      the same manner as shown and described in connection with FIG. 3 of U.S.
      Pat. No. 3,490,846. The lever 448 or bell crank arrangement and, hence,
      optical unit 26 may be raised by actuating a seventh solenoid-operated
      control valve to connect an eighth flexible tube communicating with the
      fourth air cylinder to the source of air pressure. When optical unit 26 is
      in the raised inoperative position, mask 178 may readily be loaded onto or
      unloaded from mask holder 164. Optical unit 26 may also be pivoted back to
      the lowered operative position manually or by actuating the seventh
      solenoid-operated control valve to vent the eighth flexible tube to the
      atmosphere and thereby lower the lever 448 or bell crank arrangement. When
      optical unit 26 is in the lowered operative position it may be employed
      for viewing the patternbearing surface of mask 178 and an image of a
      selected region of the photosensitive-film-bearing surface of wafer 52 and
      for exposing the selected region of the photosensitive-film-bearing
      surface of the wafer in accordance wih the pattern of the mask.
PAR  Inner housing 440 is mounted for vertical adjustment relative to outer
      housing 442 under control of a focus adjustment knob 456 in the same
      manner as shown and described in connection with FIGS. 1-3 and 7 of U.S.
      Pat. No. 3,490,846. A microscope 310 mounted on inner housing 440 may
      therefore be focused relative to the pattern-bearing surface of mask 178
      by adjusting focus adjustment knob 456 while optical unit 26 is in its
      lowered operative position.
PAR  A rotatable turret 458 is constructed and rotatably mounted on inner
      housing 440 in the same manner as shown and described in connection with
      FIGS. 7 and 8 of U.S. Pat. No. 3,490,846. Rotatable turret 458 is
      positioned toward the front of inner housing 440 adjacent to a circular
      aperture in outer housing 442. A plurality of different objective lens
      systems 462 of microscope 310 and, in addition, exposure lens system 362
      are fixedly mounted on rotatable turret 458 at different turret positions.
      The objective lens systems of microscope 310 may comprise, for example, a
      single-field row and column objective lens system and a pair of adjustable
      splitfield objective lens systems of different magnification. They may be
      constructed like those shown and described in connection with FIGS. 7-10
      of U.S. Pat. No. 3,490,846, except that they are illuminated by visible
      illumination light of about 5461.+-.100A introduced through mirror 168.
PAR  The illumination light is generated by a mercury are lamp 468 mounted
      within outer housing 442 along another horizontal optical axis 470
      orthogonally intersecting vertical optical axis 166 when floating unit 24
      is in its central position and optical unit 26 is in its lowered operative
      position. A collector lens system 472 fixedly mounted within outer housing
      442 adjacent to mercury arc lamp 468 and along horizontal optical axis 470
      collects the illumination light generated by the mercury arc lamp. The
      collected illumination light is transmitted to floating unit housing 33 by
      three fiber optic light pipes 474 fixedly mounted at one end in a cluster
      adjacent to collection lens system 472. As shown in FIG. 3, these three
      fiber optic light pipes 474 are fixedly mounted at the other end in
      vertical alignment adjacent to three focusing lenses 476, which are in
      turn fixedly mounted adjacent to mirror 168 and along horizontal optical
      axis 34. Focusing lenses 476 project the collected and transmitted
      illumination light in three vertically spaced beams through mirror 168 and
      along horizontal optical axis 34 to the photosensitive-film-bearing
      surface of wafer 52. Illuminating only three spaced portions of the
      photosensitive-film-bearing surface of wafer 52 in this manner eliminates
      glare that otherwise results from passage of the illumination light
      through the optics of floating unit 24.
PAR  Referring again to FIG. 6, exposure lens system 362 may comprise, for
      example, a two-hundred to 500 watt short-arc-condensor field lens system
      478 and a mirror 480, which is substantially 100 percent reflective to
      ultraviolet exposure light of about 4358.+-.75A. Mirror 480 is mounted
      above field lens system 478 at an angle of 45.degree. with respect to
      vertical optical axis 166 and horizontal optical axis 470, when exposure
      lens system 362 is in an operative position aligned with vertical optical
      axis 166. A bean of ultraviolet exposure light projected forward along
      horizontal optical axis 470 is therefore reflected by mirror 480
      downwardly through field lens system 478 and along vertical optical axis
      166 when the exposure lens system is in its operative position.
PAR  The ultraviolet exposure light is generated by mercury arc lamp 468, which
      is mounted for vertical adjustment relative to outer housing 442 under
      control of an adjustment lever 482 and stop screw 484 (see FIG. 2) in the
      same manner as shown and described in connection with FIGS. 3 and 4 of
      U.S. Pat. No. 3,490,846. A two-hundred to 500 watt short-arc-condensor
      lens system 468 mounted within outer housing 442 adjacent to mercury-arc
      lamp 468 and along horizontal optical axis 470 collects the ultraviolet
      exposure light generated by the mercury-arc lamp and projects it forward
      in a single beam along horizontal optical axis 470. Condensor lens system
      486 is mounted for horizontal adjustment relative to mercury-arc lamp 468
      under control of a pair of push rods 488 (see FIG. 2) in the same manner
      as shown and described in connection with FIGS. 3-4 of U.S. Pat. No.
      3,490,846. A solenoid-operated shutter 490 fixedly mounted within outer
      housing 442 and along horizontal optical axis 470 between condensor lens
      system 486 and mirror 480 controls passage of the beam of ultraviolet
      exposure light to the exposure lens system.
PAR  The amount of ultraviolet exposure light passed by soleniodoperated shutter
      490 may be controlled by employing an adjustable timer switch of the type
      manufactured and sold by Bristol Motors of Old Saybrook, Connecticut to
      control the length of time the solenoid-operated shutter remains opened
      after being actuated. Alternatively, a portion of the beam of ultriaviolet
      exposure light passed by solenoid-operated shutter 490 may be deflected
      downwardly by a beam splitter 494 fixedly mounted within outer housing 442
      adjacent to the solenoid-operated shutter and at an angle of 45.degree.
      with respect to horizontal optical axis 470. The deflected exposure light
      is passed through an ultraviolet light transmissive filter 496 fixedly
      mounted within outer housing 442 directly below the beam splitter and is
      converted to an electrical signal by a photosensitive diode 498 also
      fixedly mounted within outer housing 442 directly below the ultraviolet
      light transmissive filter. This electrical signal is fed to a
      light-integrating shutter controller coupled to solenoid-operated shutter
      490 to precisely control the amount of ultraviolet exposure light passed
      by the solenoid-operated shutter. The light-integrating shutter controller
      may be of the type manufactured and sold by Kasper Instruments, Inc. of
      Mountain View, Calif. in connection with the Kasper Model 1,900A alignment
      and exposure system. All of the other optics of the above-described
      mercury-arc illumination and exposure system may be of, for example, the
      type manufactured and sold by Tropel Inc. of Fairport, N. Y.
PAR  As shown in FIGS. 1, 3, and 6, rotatable turret 458 may be manually rotated
      to position any one of the objective lens systems of microscope 310 in an
      operative position at which the selected objective lens system is aligned
      with an ocular lens system 502 of the microscope and with vertical optical
      axis 166, when floating unit 24 is in its central position. The ocular
      lens system of microscope 310 is constructed and fixedly mounted on inner
      housing 440 above rotatable turret 458 in the same manner as shown and
      described in connection with FIGS. 1-3, 7, 9, and 10 of U.S. Pat. No.
      3,490,846. When the selected objective lens system 462 is in the operative
      position aligned with ocular lens system 502, microscope 310 provides the
      operator with a magnified view of the pattern-bearing surface of mask 178
      and an image of the selected region of the photosensitive-film-bearing
      surface of wafer 52. Rotatable turret 458 may also be manually rotated to
      position exposure lens system 362 in its operative position aligned with
      horizontal optical axis 470 and with vertical optical axis 166, once
      floating unit 24 is in its central position. The operator may then actuate
      solenoid-operated shutter 490 as required to expose the selected region of
      the photosensitive-film-bearing surface of wafer 52 in accordance with the
      pattern of mask 178.
PAR  As best shown in FIGS. 1-3 and 7, floating unit 24 includes a wafer loading
      and stepping structure 600 mounted on an upright portion 93 of floating
      unit housing 33 at side 284 thereof. Wafer loading and stepping structure
      600 comprises a loading arm 604 fixedly secured to a cylindrical shaft
      606, which is in turn rotatably supported by a journal box 608 fixedly
      secured to a vertical side plate 610 of the wafer loading and stepping
      structure. Side plate 610 is fixedly secured to a square top plate 5l6 of
      an X-Y stage 518, in which top plate 516 is reciprocally mounted on a
      square intermediate plate 520 by bearing supports 522 and in which
      intermediate plate 520 is reciprocally mounted on a square base plate 524
      by bearing supports 526 oriented at right angles to bearing supports 522.
      A roller bearing is rotatably and pivotally mounted within a recessed
      portion of top plate 516 and is spring loaded for successively engaging a
      plurality of vertically arranged indentations (for example, three) in a
      detent plate fixedly secured to an adjacent recessed portion of
      intermediate plate 520. This provides X-Y stage 518 with a plurality of
      vertical detent positions. Top plate 516 is counterbalanced by springs
      attached between a lower portion of the top plate and an upper portion of
      intermediate plate 520 so that top plate 516 may be moved upward or
      downward between these vertical detent positions with equal ease.
PAR  A roller bearing is also rotatably and pivotally mounted within a recessed
      portion of intermediate plate 520 and is spring loaded for successively
      engaging a plurality of horizontally arranged indentations (for example,
      three) in another detent plate fixedly secured to an adjacent recessed
      portion of base plate 524. This provides X-Y stage 518 with three
      horizontal detent positons. Intermediate plate 520 does not need to be
      counterbalanced since it only moves horizontally with respect to base
      plate 524. A cylindrical lever 528 axially extending through circular
      apertures in side plate 610, and base plate 524 and enlarged circular
      aperture 534 in top plate 516 and intermediate plate 520 is pivotally
      secured toward one end thereof to base plate 524 by a spherical ball joint
      530 and toward the other end thereof to side plate 610 by another
      spherical ball joint 532. Side plate 610 and, hence, loading arm 604 may
      therefore be moved to any of the vertical or horizontal detent positions
      by moving lever 528. Base plate 524 of X-Y stage 518 is fixedly mounted on
      the upright portion 93 of floating unit housing 33 so that loading arm 604
      may be employed for transferring wafer 52 between wafer chuck 28 and a
      loading station fixedly, but adjustably, secured to side plate 610.
PAR  A driven gear fixedly secured to shaft 606 is engaged by a driver gear
      fixedly secured to another shaft, which is in turn rotatably supported by
      another journal box fixedly secured to side plate 610. The piston of a
      fifth air cylinder is pivotally secured to a lever fixedly attached to the
      driver gear, and the fifth air cylinder itself is pivotally secured to the
      upright portion of floating unit housing 33. Thus, by actuating an eighth
      solenoid-operated control valve to connect the source of air pressure to a
      ninth flexible tube communicating with the fifth air cylinder, the driven
      gear and, hence, loading arm 604 may be rotated counterclockwise to
      transfer wafer 52 from the loading station to wafer chuck 28. A mechanical
      stop and a position sensor comprising a light source and a photodiode may
      be employed to stop the counterclockwise rotational movment of loading arm
      604 when the loading arm is precisely positioned as required to deposit
      wafer 52 in the proper position on wafer chuck 28. Loading arm 604 may be
      rotated clockwise to return wafer 52 from wafer chuck 28 to the loading
      station by actuating the eighth solenoid-operated control valve to vent
      the ninth flexible tube to the atmosphere thereby permitting expansion of
      a return spring mounted within the fifth air cylinder. Another mechanical
      stop may be employed to stop the clockwise rotational movement of loading
      arm 604 when the loading arm is positioned as required to redeposit wafer
      52 at the loading station.
PAR  The loading station has a perforated top plate which may be connected via a
      ninth control valve and a tenth flexible tube to the source of vacuum to
      hold wafer 52 in place on the loading station. The perforated top plate
      may also be connected via a tenth control valve and an eleventh flexible
      tube to the source of air pressure to help transfer wafer 52 from loading
      station 536 to loading arm 604. The loading arm itself may be similarly
      connected to the source of vacuum to pick up the wafer and hold it in
      place thereon and to the source of air pressure to transfer the wafer to
      the wafer chuck and the loading station.
PAR  Wafer chuck 28, annular reference plate 30, copy lens system 32, mirror
      168, and mask holder 164 are arranged so that the copy lens system
      produces an image of the selected region of the
      photosensitive-film-bearing surface of wafer 52 at the pattern-bearing
      surface of mask 178 and further produces an image of the pattern-bearing
      surface of the mask at a vertical plane disposed parallel to the annular
      reference surface of the annular reference plate and orthogonally
      intersecting horizontal optical axis 34 between the annular reference
      plate and the wafer chuck. In the operation of the projection alignment
      and exposure system, wafer chuck 28 is moved forward toward annular
      reference plate 30 to position, an unused marginal portion of the
      photosensitive-film-bearing surface of wafer 52 in face-to-face abutment
      with the annular reference surface of the annular reference plate. This
      pivots wafer chuck 28 about horizontal optical axis 34 as required to
      orient the photosensitive-film-bearing surface of wafer 52 in parallel
      plane alignment with the image plane of the pattern-bearing surface of
      mask 178. Wafer chuck 28 is then moved backward away from annular
      reference plate 30 until convex portion 92 of chuck holder 40 abuts upon
      micrometer screw 90. Micrometer screw 90 may thereupon be manually
      adjusted, while viewing the pattern-bearing surface of mask 178 and the
      image of the selected region of the photosensitive-film-bearing surface of
      wafer 28 through microscope 310, to move vacuum chuck 28 forward or
      backward as required to precisely position the selected region of the
      photosensitive-film-bearing surface of wafer 52 at the image plane of the
      pattern-bearing surface of mask 178. This can only be done when a mark or
      pattern has previously been formed on the selected surface region of wafer
      52. If no mark or pattern has been previously formed on the selected wafer
      region of surface 52, a stop mechanism 140 may be employed to
      automatically stop the backward movement of wafer chuck 28 away from
      annular reference plate 30 when the selected surface region of wafer 52 is
      positioned in the image plane of the patternbearing surface of mask 178.
      Stop mechanism 140 comprises a rectangular block 142 fixedly secured to a
      flattened lower portion of sleeve-like cylindrical part 74 and positioned
      between end portions 144 and 146 of a stop member 148 slidable supported
      upon a plate 150 secured to base 152 of floating unit housing 33. An
      adjustment screw 154 is threadedly mounted in end portion 144 of stop
      member 148 so that the spacing L.sub.1 between the inner surface of end
      portion 146 of the stop member and the adjacent surface of block 142, when
      the block 142 is positioned in abutment upon the adjustment screw, may be
      set equal to the spacing L.sub.2 between the annular reference surface of
      annular reference plate 30 and the image plane of the pattern-bearing
      surface of mask 178. Thus, as wafer chuck 28 is moved forward toward
      annular reference plate 30, block 142 moves into abutment upon the inner
      surface of end portion 146 of stop member 148 and thereafter moves the
      stop member forward with the wafer chuck. Once the
      photosensitive-film-bearing surface of wafer 52 is positioned in
      face-to-face abutment with the annular reference surface of annular
      reference plate 30, stop member 148 is vacuum clamped in place on plate
      150 by drawing a vacuum through a passageway extending through plate 150
      and communicating with a recessed region 158 in the adjacent lower surface
      of the stop member. This is accomplished by actuating an eleventh
      solenoid-operated control valve to connect a twelth flexible tube
      communicating with this passageway to the source of vacuum. As wafer chuck
      28 is moved backward away from annular reference plate 30, block 142
      therefore moves into abutment upon the end of adjustment screw -154. This
      automatically stops the backward movement of wafer chuck 28 when the
      photosensitive-film-bearing surface of wafer 52 is substantially
      positioned in the image plane of the pattern-bearing surface of mask 178
      since the spacing L.sub.1 between the inner surface of end portion 146 of
      stop member 148 and the adjacent surface of block 142, when the block is
      positioned in abutment upon adjustment screw 154, is equal to the spacing
      L.sub.2 between the reference surface of annular reference plate 30 and
      the image plane of the pattern-bearing surface of mask 178. Stop member
      148 may be unclamped to permit further backward movement of wafer chuck 28
      by actuating the eleventh solenoid-operated control valve to vent the
      twelth flexible tube associated therewith to the atmosphere.
PAR  Following this wafer focusing operation, the selected region of the
      photosensitive-film-bearing surface of wafer 52 may be exposed in
      accordance with the pattern of mask 178, if no other patterns have been
      previously formed on the wafer. Wafer loading and stepping structure 600
      may then be employed to step the wafer to different positions on wafer
      chuck 28 so that corresponding different regions of the
      photosensitive-film-bearing surface of the wafer may also be exposed in
      accordance with the mask. However, if a pattern has been previously formed
      on the selected surface region of wafer 52, floating unit 24 is scanned
      relative to optical unit 26 and mask holder 164 is moved relative to wafer
      chuck 28, while viewing the pattern-bearing surface of mask 178 and the
      image of the selected surface region of the wafer, as required to bring
      different portions of the mask and the image of the selected surface
      region of the wafer into the field of view of microscope 310 and to align
      and verify the alignment of the pattern of the mask with the pattern
      previously formed on the selected surface region of the wafer. During this
      pattern alignment operation, mask 178 only has to be moved in a horizontal
      plane orthogonally intersecting vertical optical axis 166, and wafer 52
      does not have to be moved at all. Neither the wafer nor the mask has to be
      moved thereafter until the pattern of the mask has been projected onto the
      selected region of photosensitive-film-bearing surface 50 of the wafer.
      Mask holder 164 and wafer chuck 28 therefore do not have to be mounted for
      movement other than as described above. This makes it possible to
      substantially increase the stability of wafer chuck 28 and mask holder 164
      and thereby help maintain the parallel-plane alignment established between
      the photosensitive-film-bearing surface of wafer 52 and the annular
      reference surface of annular reference plate 30 and the pattern alignment
      established between the pattern-bearing surface of mask 178 and the
      selected surface region of the wafer. Following this pattern-alignment
      operation, floating unit 24 is returned to its central position.
      Concomitantly, exposure lens system 362 is rotated to its operative
      position, and solenoid operated shutter 490 (see FIG. 6) is actuated to
      permit exposure of the photosensitive film on the selected surface region
      of the wafer in accordance with the pattern of the mask. These alignment
      and exposure operations may be repeated for other pattern-bearing surface
      regions of the wafer by employing loading and stepping structure 600 to
      step the wafer to different positions on wafer chuck 28.
CLMS
STM  I claim:
NUM  1.
PAR  1. A projection alignment and exposure system comprising:
PA1  a base unit;
PA1  a floating unit floatingly supported on the base unit;
PA1  a wafer chuck, a reference member, a projection lens system, and a mask
      holder mounted on the floating unit so that the projection lens system is
      operable for producing an image of a selected region of a
      photosensitive-film-bearing surface of a wafer supported on the wafer
      chuck at a pattern-bearing surface of a mask supported on the mask holder
      and for producing an image of the pattern-bearing surface of the mask in
      an image plane positioned between the reference member and the wafer chuck
      and oriented parallel to a reference surface of the reference member;
PA1  said wafer chuck being movably mounted for positioning the
      photosensitive-film-bearing surface of the wafer in abutment with the
      reference surface of the reference member and for thereafter positioning
      the selected region of the photosensitive-film-bearing surface of the
      wafer at the image plane of the pattern-bearing surface of the mask;
PA1  said mask holder being movable mounted for aligning the patternbearing
      surface of the mask with the selected region of the
      photosensitive-film-bearing surface of the wafer; and
PA1  an optical unit mounted on the base unit above the mask holder for
      providing a magnified view of the pattern-bearing surface of the mask and
      the image of the selected region of the photosensitive-film-bearing
      surface of the wafer while they are being aligned and for thereafter
      exposing the selected region of the photosensitive-film-bearing surface of
      the wafer.
NUM  2.
PAR  2. A projection alignment and exposure system as in claim 1 including means
      for stepping the wafer relative to the mask holder and the optical unit.
NUM  3.
PAR  3. A projection alignment and exposure system as in claim 1 wherein:
PA1  said wafer chuck, reference member, and projection lens system are mounted
      along a horizontal optical axis; and
PA1  said mask holder is mounted along a vertical optical axis orthogonally
      intersecting the horizontal optical axis at an inclined mirror also
      mounted on the floating unit.
NUM  4.
PAR  4. A projection alignment and exposure system as in claim 1 wherein said
      floating unit is floatingly supported on the base unit by three balls
      mounted at three spaced positions on the base unit.
NUM  5.
PAR  5. A projection alignment and exposure system as in claim 4 including
      control means coupled to the base unit and to the floating unit for
      scanning the floating unit relative to the base unit and the optical unit.
NUM  6.
PAR  6. A projection alignment and exposure system as in claim 5 wherein said
      control means comprises:
PA1  a control handle; and
PA1  a shaft pivotally secured toward one end thereof to the base unit,
      pivotally secured toward the other end thereof to the control handle, and
      pivotally secured intermediate the ends thereof to the floating unit.
NUM  7.
PAR  7. A projection alignment and exposure system as in claim 5 including a
      parallelogram linkage for coupling the floating unit to the base unit to
      prevent the floating unit from rotating relative to the base unit and the
      optical unit while the floating unit is being scanned relative to the base
      unit and the optical unit.
NUM  8.
PAR  8. A projection alignment and exposure system as in claim 7 wherein said
      parallelogram linkage comprises:
PA1  a common link;
PA1  a first pair of shorter links each pivotally secured at one end thereof to
      one end of the common link; and
PA1  a second pair of shorter links each pivotally secured at one end thereof to
      the other end of the common link;
PA1  one of said first pair of shorter links and one of said second pair of
      shorter links each being pivotally secured at the other end thereof to the
      base unit; and
PA1  the other of said first pair of shorter links and the other of said second
      pair of shorter links each being pivotally secured at the other end
      thereof to the floating unit.
NUM  9.
PAR  9. A projection alignment and exposure system as in claim 7 including
      clamping means for clamping the floating unit to the base unit to hold the
      floating unit in any position to which it may be scanned relative to the
      base unit and the optical unit.
NUM  10.
PAR  10. A projection alignment and exposure system as in claim 9 wherein said
      clamping means comprises:
PA1  a spring member fixedly secured to one of the base unit and the floating
      unit;
PA1  at least one vacuum clamping member fixedly secured to the spring member
      and disposed in slidable engagement with the other of the base unit and
      the floating unit; and
PA1  means coupled to each vacuum clamping member for connecting it to a source
      of vacuum to vacuum clamp the floating unit to the base unit and for
      subsequently disconnecting each vacuum clamping member from the source of
      vacuum to unclamp the floating unit from the base unit.
NUM  11.
PAR  11. A projection alignment and exposure system as in claim 10 wherein:
PA1  said spring member comprises a leaf spring fixedly secured to the base
      unit; and
PA1  a pair of vacuum clamping members is fixedly secured toward opposite ends
      of the leaf spring and disposed in slidable engagement with the floating
      unit.
NUM  12.
PAR  12. A projection alignment and exposure system as in claim 9 including
      centering means for automatically moving the floating unit to a central
      position at which an optical axis passing through the mask supported on
      the mask holder is aligned with an exposure lens system of the optical
      unit when the exposure lens system is in its operative position.
NUM  13.
PAR  13. A projection alignment and exposure system as in claim 12 wherein said
      centering means comprises:
PA1  a plurality of roller members pivotally mounted on one of the base unit and
      the floating unit and disposed within an aperture in the other of the base
      unit and the floating unit for movement between a clustered inoperative
      position out of engagement with said other of the base unit and the
      floating unit to permit scanning of the floating unit from the central
      position and an extended operative position in engagement with said other
      of the base unit and the floating unit to return the floating unit to the
      central position when the floating unit is not clamped to the base unit by
      the clamping means; and
PA1  drive means coupled to the roller members for driving the roller members
      between their clustered inoperative position and their extended operative
      position.
NUM  14.
PAR  14. A projection alignment and exposure system as in claim 13 wherein said
      drive means comprises:
PA1  a plurality of shafts rotatably mounted on the base unit at symmetrically
      spaced positions adjacent to a circular aperture in the floating unit;
PA1  a plurality of levers each fixedly secured to an associated different one
      of said plurality of shafts, said plurality of roller members each being
      rotatably mounted on an associated different one of the levers for
      movement between the clustered inoperative position out of engagement with
      the floating unit and the extended operative position in engagement with
      the floating unit;
PA1  a plurality of gears each fixedly secured to an associated different one of
      said plurality of shafts; and means, including another gear rotatably
      mounted on the base unit in engagement with said plurality of gears, for
      rotating said plurality of gears to drive the roller members between their
      clustered inoperative position and their extended operative position.
NUM  15.
PAR  15. A projection alignment and exposure system as in claim 14 wherein:
PA1  said plurality of roller members comprises three roller bearings;
PA1  said plurality of shafts comprises three cylindrical shafts;
PA1  said plurality of levers comprises three levers;
PA1  said plurality of gears comprises three gears; and
PA1  said last-mentioned means further includes an outwardly extending portion
      of one of the levers coupled to a drive mechanism for selectively rotating
      said plurality of gears.
NUM  16.
PAR  16. A projection alignment and exposure system as in claim 1 wherein:
PA1  said wafer chuck is mounted for translational movement only along an
      optical axis of the wafer chuck and the reference member; and
PA1  said mask holder is mounted for translational movement along at least two
      orthogonal axes lying in a plane orthogonally intersecting an optical axis
      of the mask holder and the optical unit to permit alignment of the
      pattern-bearing surface of the mask with the image of the selected region
      of the photosensitive-film-bearing surface of the wafer.
NUM  17.
PAR  17. A projection alignment and exposure system as in claim 16 including:
PA1  a guide member fixedly mounted on the floating unit and coaxially disposed
      along the optical axis of the wafer chuck and the reference member;
PA1  a piston member coaxially and slidably supported by the guide member for
      translational movement only along the optical axis of the wafer chuck and
      the reference member, said wafer chuck being mounted on the piston member
      for pivotal movement about the optical axis of the wafer chuck and the
      reference member;
PA1  clamping means coupled to the wafer chuck for clamping the wafer chuck to
      the piston member in whatever position the wafer chuck may be pivoted to
      by abutment of the photosensitivefilm-bearing surface of the wafer with
      the reference surface of the reference member; and
PA1  drive means coupled to the piston member for driving the wafer chuck along
      the optical axis of the wafer chuck and the reference member between the
      image plane of the pattern-bearing surface of the mask and the reference
      surface of the reference member.
NUM  18.
PAR  18. A projection alignment and exposure system as in claim 17 including
      micrometer adjustment means mounted in the guide member and disposed for
      abutment with the piston member to stop the translational movement of the
      wafer chuck away from the reference member at a selected position.
NUM  19.
PAR  19. A projection alignment and exposure system as in claim 18 wherein said
      piston member is spring biased against the micrometer adjustment means
      when they are brought into abutment so that the micrometer adjustment
      means may be employed to precisely adjust the position of the wafer chuck
      to locate the selected region of the photosensitive-film-bearing surface
      of the wafer at the image plane of the pattern-bearing surface of the
      mask.
NUM  20.
PAR  20. A projection alignment and exposure system as in claim 19 including
      stop means for automatically stopping the translational movement of the
      wafer chuck away from the reference member when the selected region of the
      photosensitive-filmbearing surface of the wafer is located in the region
      of the image plane of the pattern-bearing surface of the mask.
NUM  21.
PAR  21. A projection alignment and exposure system as in claim 20 wherein said
      stop means comprises:
PA1  a first member slidably supported on the floating unit;
PA1  a second member fixedly secured to the piston member and disposed between a
      pair of spaced opposite end portions of the first member for abutment upon
      one end portion of the first member when the wafer chuck is moved to a
      first position at which the photosensitive-film-bearing surface of the
      wafer is brought into abutment with the reference surface of the reference
      member and for abutment upon the other end portion of the first member
      when the wafer chuck is moved to a second position spaced away from the
      reference member;
PA1  an adjustment screw mounted in said other end portion of the first member
      for abutment with the adjacent end of the second member to adjust the
      spacing between the other end of the second member and said one end
      portion of the first member to equal the spacing between the reference
      surface of the reference member and the image plane of the pattern-bearing
      surface of the mask; and
PA1  clamping means coupled to the first member for clamping the first member to
      the floating unit when the wafer chuck is moved to the first position so
      that subsequent translational movement of the wafer chuck away from the
      reference member is automatically stopped when the selected region of the
      photosensitive-film-bearing surface of the wafer is positioned in the
      image plane of the pattern-bearing surface of the mask.
NUM  22.
PAR  22. A projection alignment and exposure system as in claim 16 including
      stepping means for selectively moving the wafer to different positions on
      the wafer chuck to permit alignment of the pattern-bearing surface of the
      mask with different selected regions of the photosensitive-film-bearing
      surface of the wafer.
NUM  23.
PAR  23. A projection alignment and exposure system as in claim 22 wherein said
      stepping means comprises:
PA1  an X-Y stage mounted on the floating unit adjacent to the wafer chuck, said
      X-Y stage having a plurality of different detent positions;
PA1  a wafer loading arm rotatably mounted on the X-Y stage for transferring the
      wafer between the wafer chuck and a wafer loading station when the X-Y
      stage is in one of tis detent positions and for moving the wafer to
      different positions on the wafer chuck when the X-Y stage is moved to
      different ones of its detent positions; and
PA1  means coupled to the X-Y stage for selectively moving it to different ones
      of its detent positions.
NUM  24.
PAR  24. A projection alignment and exposure system as in claim 16 including:
PA1  an X-Y stage mounted on the floating unit; and
PA1  a rotational stage mounted on the X-Y stage, said mask holder being mounted
      on the rotational stage.
NUM  25.
PAR  25. A projection alignment and exposure system as in claim 22 wherein said
      projection lens system includes an alignment lens pivotally mounted at one
      end of the projection lens system for movement between an operative
      position to adjust the projection lens system for use with illuminating
      light and an inoperative position to adjust the projection lens system for
      use with exposure light.
NUM  26.
PAR  26. A projection alignment and exposure system as in claim 25 wherein said
      optical unit includes:
PA1  an ocular lens system fixedly mounted on the optical unit;
PA1  a plurality of objective lens systems rotatably mounted on the optical unit
      at different positions, each of said objective lens systems being aligned
      with the ocular lens system when rotated to an operative position;
PA1  a source of illumination light for the objective lens systems;
PA1  an exposure lens system rotatably mounted on the optical unit at a still
      different position; and
PA1  a source of exposure light for the exposure lens system;
PA1  said exposure lens system being aligned with the source of exposure light
      when rotated to the operative position.
NUM  27.
PAR  27. A projection alignment and exposure system as in claim 22 wherein said
      projection lens system may comprise any one of a 10:1, 4:1, 2:1, and 1:1
      copy lens system.
NUM  28.
PAR  28. A projection alignment and exposure system as in claim 3 including:
PA1  means for adjustably positioning the inclined mirror at forty-five degrees
      relative to both the horizontal and vertical optical axes; and
PA1  means for holding the inclined mirror in place once it is so positioned.
NUM  29.
PAR  29. A projection alignment and exposure system as in claim 26 including
      means coupled to the source of illumination light for transmitting it in a
      plurality of spaced beams to the photosensitive-film-bearing surface of
      the wafer supported on the wafer chuck.
NUM  30.
PAR  30. Alignment and exposure apparatus comprising:
PA1  a housing;
PA1  a workpiece chuck, a reference member, a projection lens system, and a mask
      holder mounted on the housing so that the projection lens system is
      operable for producing an image of a selected region of a
      photosensitive-filmbearing surface of a workpiece supported on the
      workpiece chuck at a pattern-bearing surface of a mask supported on the
      mask holder and for producing an image of the pattern-bearing surface of
      the mask in an image plane positioned between the reference member and the
      workpiece chuck and oriented parallel to a reference surface of the
      reference member;
PA1  said workpiece chuck being mounted for translational movement only along an
      optical axis of the wafer chuck and the reference member to position the
      photosensitive-film-bearing surface of the workpiece in abutment with the
      reference surface of the reference member and for thereafter positioning
      the selected region of the photosensitive-film-bearing surface of the
      workpiece at the image plane of the pattern-bearing surface of the mask;
PA1  said mask holder being movably mounted for translational movement along at
      least two orthogonal axes lying in a plane orthogonally intersecting an
      optical axis of the mask holder to align the pattern-bearing surface of
      the mask with the selected region of the photosensitive-film-bearing
      surface of the workpiece; and
PA1  an optical unit mounted on the housing above the mask holder for providing
      a magnified view of the pattern-bearing surface of the mask and the image
      of the selected region of the photosensitive-film-bearing surface of the
      workpiece while they are being aligned and for thereafter exposing the
      selected region of the photosensitive-film-bearing surface of the
      workpiece.
NUM  31.
PAR  31. A projection alignment and exposure system as in claim 1 including
      control means coupled to the base unit and to the floating unit for
      scanning the floating unit relative to the base unit and the optical unit.
NUM  32.
PAR  32. A projection alignment and exposure system as in claim 31 including a
      parallelogram linkage for coupling the floating unit to the base unit to
      prevent the floating unit from rotating relative to the base unit and the
      optical unit while the floating unit is being scanned relative to the base
      unit and the optical unit.
NUM  33.
PAR  33. A projection alignment and exposure system as in claim 32 wherein said
      parallelogram linkage comprises:
PA1  a common link;
PA1  a first pair of shorter links each pivotally secured at one end thereof to
      one end of the common link; and
PA1  a second pair of shorter links each pivotally secured at one end thereof to
      the other end of the common link;
PA1  one of said first pair of shorter links and one of said second pair of
      shorter links each being pivotally secured at the other end thereof to the
      base unit; and
PA1  the other of said first pair of shorter links and the other of said second
      pair of shorter links each being pivotally secured at the other end
      thereof to the floating unit.
NUM  34.
PAR  34. A projection alignment and exposure system as in claim 31 including
      clamping means for clamping the floating unit to the base unit to hold the
      floating unit in any position to which it may be scanned relative to the
      base unit and the optical unit.
NUM  35.
PAR  35. A projection alignment and exposure system as in claim 34 wherein said
      clamping means comprises:
PA1  a spring member fixedly secured to one of the base unit and the floating
      unit;
PA1  at least one vacuum clamping member fixedly secured to the spring member
      and disposed in slidable engagement with the other of the base unit and
      the floating unit; and
PA1  means coupled to each vacuum clamping member for connecting it to a source
      of vacuum to vacuum clamp the floating unit to the base unit and for
      subsequently disconnecting each vacuum clamping member from the source of
      vacuum to unclamp the floating unit from the base unit.
NUM  36.
PAR  36. A projection alignment and exposure system as in claim 31 including
      centering means for automatically moving the floating unit to a central
      position at which an optical axis passing through the mask supported on
      the mask holder is aligned with an exposure lens system of the optical
      unit when the exposure lens system is in its operative position.
NUM  37.
PAR  37. A projection alignment and exposure system as in claim 36 wherein said
      centering means comprises:
PA1  a plurality of roller members pivotally mounted on one of the base unit and
      the floating unit and disposed within an aperture in the other of the base
      unit and the floating unit for movement between a clustered inoperative
      position out of engagement with said other of the base unit and the
      floating unit to permit scanning of the floating unit from the central
      position and an extended operative position in engagement with said other
      of the base unit and the floating unit to return the floating unit to the
      central position; and
PA1  drive means coupled to the roller members for driving the roller members
      between their clustered inoperative position and their extended operative
      position.
NUM  38.
PAR  38. A projection alignment and exposure system as in claim 1 including:
PA1  a guide member fixedly mounted on the floating unit and coaxially disposed
      along the optical axis of the wafer chuck and the reference member;
PA1  a piston member coaxially and slidably supported by the guide member for
      translational movement along the optical axis of the wafer chuck and the
      reference member, said wafer chuck being mounted on the piston member for
      pivotal movement about the optical axis of the wafer chuck and the
      reference member;
PA1  clamping means coupled to the wafer chuck for clamping the wafer chuck to
      the piston member in whatever position the wafer chuck may be pivoted to
      by abutment of the photosensitive-film-bearing surface of the wafer with
      reference surface of the reference member; and
PA1  drive means coupled to the piston member for driving the wafer chuck along
      the optical axis of the wafer chuck and the reference member between the
      image plane of the pattern-bearing surface of the mask and the reference
      surface of the reference member.
NUM  39.
PAR  39. A projection alignment and exposure system as in claim 38 including
      micrometer adjustment means mounted in the guide member and disposed for
      abutment with the piston member to stop the translational movement of the
      wafer chuck away from the reference member at a selected position.
NUM  40.
PAR  40. A projection alignment and exposure system as in claim 39 wherein said
      piston member is spring biased against the micrometer adjustment means
      when they are brought into abutment so that the micrometer adjustment
      means may be employed to precisely adjust the position of the wafer chuck
      to locate the selected region of the photosensitive-film-bearing surface
      of the wafer at the image plane of the pattern-bearing surface of the
      mask.
NUM  41.
PAR  41. A projection alignment and exposure system as in claim 38 including
      stop means for automatically stopping the translational movement of the
      wafer chuck away from the reference member when the selected region of the
      photosensitive-film-bearing surface of the wafer is located in the region
      of the image plane of the pattern-bearing surface of the mask.
NUM  42.
PAR  42. A projection alignment and exposure system as in claim 41 wherein said
      stop means comprises:
PA1  a first member slidably supported on the floating unit;
PA1  a second member fixedly secured to the piston member and disposed between a
      pair of spaced opposite end portions of the first member for abutment upon
      one end portion of the first member when the wafer chuck is moved to a
      first position at which the photosensitive-film-bearing surface of the
      wafer is brought into abutment with the reference surface of the reference
      member and for abutment upon the other end portion of the first member
      when the wafer chuck is moved to a second position spaced away from the
      reference member;
PA1  an adjustment screw mounted in said other end portion of the first member
      for abutment with the adjacent end of the second member to adjust the
      spacing between the other end of the second member and said one end
      portion of the first member to equal the spacing between the reference
      surface of the reference member and the image plane of the pattern-bearing
      surface of the mask; and
PA1  clamping means coupled to the first member for clamping the first member to
      the floating unit when the wafer chuck is moved to the first position so
      that subsequent translational movement of the wafer chuck away from the
      reference member is automatically stopped when the selected region of the
      photosensitive-film-bearing surface of the wafer is positioned in the
      image plane of the pattern-bearing surface of the mask.
NUM  43.
PAR  43. A projection alignment and exposure system as in claim 1 including
      stepping means for selectively moving the wafer to different positions on
      the wafer chuck to permit alignment of the patternbearing surface of the
      mask with different selected regions of the photosensitive-film-bearing
      surface of the wafer.
NUM  44.
PAR  44. A projection alignment and exposure system as in claim 43 wherein said
      stepping means comprises:
PA1  an X-Y stage mounted on the floating unit adjacent to the wafer chuck, said
      X-Y stage having a plurality of different detent positions;
PA1  a wafer loading arm rotatably mounted on the X-Y stage for transferring the
      wafer between the wafer chuck and a wafer loading station when the X-Y
      stage is in one of its detent positions and for moving the wafer to
      different positions on the wafer chuck when the X-Y stage is moved to
      different ones of its detent positions; and
PA1  means coupled to the X-Y stage for selectively moving it to different ones
      of its detent positions.
NUM  45.
PAR  45. A projection alignment and exposure system as in claim 1 wherein said
      projection lens system includes an alignment lens pivotally mounted at one
      end of the projection lens system for movement between an operative
      position to adjust the projection lens system for use with illuminating
      light and an inoperative position to adjust the projection lens system for
      use with exposure light.
NUM  46.
PAR  46. A projection alignment and exposure system as in claim 45 wherein said
      optical unit includes:
PA1  an ocular lens system fixedly mounted on the optical unit;
PA1  a plurality of objective lens systems rotatably mounted on the optical unit
      at different positions, each of said objective lens systems being aligned
      with the ocular lens system when rotated to an operative position;
PA1  a source of illumination light for the objective lens systems;
PA1  an exposure lens system rotatably mounted on the optical unit at a still
      different position; and
PA1  a source of exposure light for the exposure lens system;
PA1  said exposure lens system being aligned with the source of exposure light
      when the rotated to the operative position.
NUM  47.
PAR  47. A projection alignment and exposure system as in claim 46 including
      means coupled to the source of illumination light for transmitting it in a
      plurality of spaced beams to the photosensitive-film-bearing surface of
      the wafer supported on the wafer chuck.
NUM  48.
PAR  48. A projection alignment and exposure system as in claim 1 wherein said
      projection lens system may comprise any one of a 10:1, 4:1, 2:1, and 1:1
      copy lens system.
NUM  49.
PAR  49. A projection alignment and exposure system as in claim 30 including
      means for stepping the wafer relative to the mask holder and the optical
      unit.
NUM  50.
PAR  50. A projection alignment and exposure system as in claim 30 wherein:
PA1  said workpiece chuck, reference member, and projection lens system are
      mounted along a horizontal optical axis; and
PA1  said mask holder is mounted along a vertical optical axis orthogonally
      intersecting the horizontal optical axis at an inclined mirror also
      mounted on the housing.
NUM  51.
PAR  51. A projection alignment and exposure system as in claim 50 including:
PA1  means for adjustably positioning the inclined mirror at fortyfive degrees
      relative to both the horizontal and vertical optical axes: and
PA1  means for holding the inclined mirror in place once it is so positioned.
NUM  52.
PAR  52. A projection alignment and exposure system as in claim 30 including:
PA1  a guide member fixedly mounted on the housing and coaxially disposed along
      the optical axis of the workpiece chuck and the reference member;
PA1  a piston member coaxially and slidably supported by the guide member for
      translational movement only along the optical axis of the workpiece chuck
      and the reference member, said workpiece chuck being mounted on the piston
      member for pivotal movement about the optical axis of the workpiece chuck
      aand the reference member;
PA1  clamping means coupled to the workpiece chuck for clamping the workpiece
      chuck to the piston member in whatever position the workpiece chuck may be
      pivoted to by abutment of the photosensitive-film-bearing surface of the
      workpiece with the reference surface of the reference member; and
PA1  drive means coupled to the piston member for driving the workpiece chuck
      along the optical axis of the workpiece chuck and the reference member
      between the image plane of the pattern-bearing surface of the mask and the
      reference surface of the reference member.
NUM  53.
PAR  53. A projection alignment and exposure system as in claim 52 including
      micrometer adjustment means mounted in the guide member and disposed for
      abutment with the piston member to stop the translational movement of the
      workpiece chuck away from the reference member at a selected position.
NUM  54.
PAR  54. A projection alignment and exposure system as in claim 53 wherein said
      piston member is spring biased against the micrometer adjustment means
      when they are brought into abutment so that the micrometer adjustment
      means may be employed to precisely adjust the position of the workpiece
      chuck to locate the selected region of the photosensitive-film-bearing
      surface of the workpiece at the image plane of the pattern-bearing surface
      of the mask.
NUM  55.
PAR  55. A projection alignment and exposure system as in claim 52 including
      stop means for automatically stopping the translational movement of the
      workpiece chuck away from the reference member when the selected region of
      the photosensitive-film-bearing surface of the workpiece is located in the
      region of the image plane of the patternbearing surface of the mask.
NUM  56.
PAR  56. A projection alignment and exposure system as in claim 55 wherein said
      stop means comprises:
PA1  a first member slidably supported on the housing;
PA1  a second member fixedly secured to the piston member and disposed between a
      pair of spaced opposite end portions of the first member for abutment upon
      one end portion of the first member when the workpiece chuck is moved to a
      first position at which the photosensitive-film-bearing surface of the
      workpiece is brought into abutment with the reference surface of the
      reference member and for abutment upon the other end portion of the first
      member when the workpiece chuck is moved to a second position spaced away
      from the reference member;
PA1  an adjustment screw mounted in said other end portion of the first member
      for abutment with the adjacent end of the second member to adjust the
      spacing between the other end of the second member and said one end
      portion of the first member to equal the spacing between the reference
      surface of the reference member and the image plane of the pattern-bearing
      surface of the mask; and
PA1  clamping means coupled to the first member for clamping the first member to
      the housing when the workpiece chuck is moved to the first position so
      that subsequent translational movement of the workpiece chuck away from
      the reference member is automatically stopped when the selected region of
      the photosensitive-film-bearing surface of the workpiece is positioned in
      the image plane of the pattern-bearing surface of the mask.
NUM  57.
PAR  57. A projection alignment and exposure system as in claim 30 including
      stepping means for selectively moving the workpiece to different positions
      on the workpiece chuck to permit alignment of the pattern-bearing surface
      of the mask with different selected regions of the
      photosensitive-film-bearing surface of the workpiece.
NUM  58.
PAR  58. A projection alignment and exposure system as in claim 57 wherein said
      stepping means comprises:
PA1  an X-Y stage mounted on the housing adjacent to the workpiece chuck, said
      X-Y stage having a plurality of different detent positions;
PA1  a workpiece loading arm rotatably mounted on the X-Y stage for transferring
      the workpiece between the workpiece chuck and a workpiece loading station
      when the X-Y stage is in one of its detent positions and for moving the
      workpiece to different positions on the workpiece chuck when the X-Y stage
      is moved to different ones of its detent positions; and
PA1  means coupled to the X-Y stage for selectively moving it to different ones
      of its detent positions.
NUM  59.
PAR  59. A projection alignment and exposure system as in claim 30 including:
PA1  an X-Y stage mounted on the housing; and
PA1  a rotational stage mounted on the X-Y stage, said mask holder being mounted
      on the rotational stage.
NUM  60.
PAR  60. A projection alignment and exposure system as in claim 30 wherein said
      projection lens system includes an alignment lens pivotally mounted at one
      end of the projection lens system for movement between an operative
      position to adjust the projection lens system for use with illuminating
      light and an inoperative position to adjust the projection lens system for
      use with exposure light.
NUM  61.
PAR  61. A projection alignment and exposure system as in claim 60 wherein said
      optical unit includes:
PA1  an ocular lens system fixedly mounted on the optical unit;
PA1  a plurality of objective lens systems rotatably mounted on the optical unit
      at different positions, each of said objective lens systems being aligned
      with the ocular lens system when rotated to an operative position;
PA1  a source of illumination light for the objective lens systems;
PA1  an exposure lens system rotatably mounted on the optical unit at a still
      different position; and
PA1  a source of exposure light for the exposure lens system;
PA1  said exposure lens system being aligned with the source of exposure light
      when rotated to the operative position.
NUM  62.
PAR  62. A projection alignment and exposure system as in claim 61 including
      means coupled to the source of illumination light for transmitting it in a
      plurality of spaced beams to the photosensitivefilm-bearing surface of the
      workpiece supported on the workpiece chuck.
NUM  63.
PAR  63. A projection alignment and exposure system as in claim 30 wherein said
      projection lens system may comprise any one of a 10:1, 4:1, 2:1, and 1:1
      copy lens system.
NUM  64.
PAR  64. A projection alignment and exposure system comprising:
PA1  a base unit;
PA1  a floating unit floatingly supported on the base unit;
PA1  a wafer chuck, an annular reference plate, a copy lens system, and a mask
      holder mounted on the floating unit so that the copy lens system is
      operable for producing an image of a selected region of a
      photosensitive-film-bearing surface of a wafer supported on the wafer
      chuck at a pattern-bearing surface of a mask supported on the mask holder
      and for producing an image of the pattern-bearing surface of the mask in
      an image plane positioned between the annular reference plate and the
      wafer chuck and oriented parallel to a reference surface of the annular
      reference plate;
PA1  said wafer chuck being movably mounted for positioning the
      photosensitive-film-bearing surface of the wafer in abutment with the
      reference surface of the annular reference plate and for thereafter
      positioning the selected region of the photosensitive-filmbearing surface
      of the wafer at the image plane of the patternbearing surface of the mask;
PA1  said mask holder being movably mounted for aligning the patternbearing
      surface of the mask with the selected region of the
      photosensitive-film-bearing surface of the wafer; and
PA1  an optical unit mounted on the base unit above the mask holder for
      providing a magnified view of the pattern-bearing surface of the mask and
      the image of the selected region of the photosensitive-film-bearing
      surface of the wafer while they are being aligned and for thereafter
      exposing the selected region of the photosensitive-film-bearing surface of
      the wafer.
NUM  65.
PAR  65. A projection alignment and exposure system as in claim 64 including
      means for stepping the wafer relative to the mask holder and the optical
      unit.
NUM  66.
PAR  66. A projection alignment and exposure system as in claim 64 wherein:
PA1  said wafer chuck, annular reference plate, and copy lens system are mounted
      along a horizontal optical axis; and
PA1  said mask holder is mounted along a vertical optical axis orthogonally
      intersecting the horizontal optical axis at an inclined mirror also
      mounted on the floating unit.
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ABST
PAL  A furniture bracket and method of using the same wherein the bracket
      secures vertically related, wood framed furniture pieces and includes a
      unitary metal body having a plurality of openings extending there through
      and defined by generally frusto conical walls projecting a greater
      distance away from the body than a perimetric flange thereon to provide a
      bighting engagement with the frame while stabilizing the bracket
      securement.
BSUM
PAC  BACKGROUND AND SUMMARY OF INVENTION
PAR  This invention relates to a furniture bracket and method of using the same,
      and, more particularly, to a bracket intended to secure vertically related
      wood frames furniture pieces together. Illustrative of the type of
      furniture pieces are a buffet topped by a hutch. Inasmuch as the supported
      piece, i.e., the hutch, or other breakfront type of furniture, is
      relatively heavy, securement of the same to the supporting case is not
      required under completely static conditions. However, securement is most
      desirable because the supported piece may move or topple when the
      furniture is moved for cleaning or if someone falls against the supported
      piece, or even in the abnormal event of an earth tremor--with the
      possibility of serious injury or damage. Thus, the invention is directed
      to stabilizing the supported piece during every kind of contingency.
      Bearing in mind that the chances of this occurring may be slight, it will
      be appreciated that not much can be invested in the form of securing
      brackets. Yet, on the other hand, whatever the securing means is, it must
      be able to withstand the stresses referred to. In the past, furniture
      manufacturers have provided very simple and therefore cheap straps for
      this purpose but without much thought as to maximizing realiability and
      aesthetics while minimizing cost.
PAR  According to the invention, these seemingly conflicting goals have been
      realized. It should be pointed out that with an expensive piece of
      furniture such as a dining buffet and hutch, and even though the rear side
      is not seen often, when it is seen, whatever hardware is used should be
      pleasing in its functional aspect. To this end, I have developed a novel
      bracket which includes a unitary body which is relatively elongated and
      has a plurality of aligned, longitudinally spaced openings extending
      therethrough for receiving wood screws. The body on the face adjacent the
      furniture is equipped with a continuous perimetric flange extending toward
      the furniture and with a generally frustro conical projection or wall
      about each of the openings, each projection extending away from the
      confronting face a distance slightly greater than the distance the flange
      extends away from the confronting face. On the face of the body remote
      from the furniture, I provide integrally embossed means which serve a dual
      purpose in first rigidifying the bracket while at the same time serving as
      informational indicia as to the source of the bracket.
PAR  Other advantages and objects of the invention may be seen in the details of
      the construction and operation set down in the ensuing specification.
DETD
PAC  DETAILED DESCRIPTION
PAR  The invention is described in conjunction with an illustrative embodiment
      in the accompanying drawing, in which
PAR  FIG. 1 is a fragmentary rear elevational view of furniture pieces connected
      according to the teachings of this invention;
PAR  FIG. 2 is an enlarged fragmentary view of the portion of FIG. 1 circled and
      having the numeral 2 applied thereto;
PAR  FIG. 3 is a perspective view of the furniture bracket constructed according
      to the teachings of this invention;
PAR  FIGS. 4 and 5 are sectional views taken along the lines 4--4 and 5--5,
      respectively, as applied to FIG. 3; and
PAR  FIG. 6 is a perspective view of a package containing the bracket and
      associated elements provided by the manufacturer and to be used by the
      purchaser at the time of assembly.
PAR  In the illustration given and with reference first to FIG. 1, the numeral
      10 designates generally a first or lower furniture piece which may be a
      buffet or case. In FIG. 1, the view is from the rear side of the furniture
      piece.
PAR  The numeral 11 designates generally a second or upper furniture piece which
      can be a hutch or breakfront supported on the lower piece 10. I find it
      advantageous to provide felt pads at the four corners of the upper unit 11
      such as the elements designated 12 in FIG. 6 and which will be described
      in greater detail hereinafter.
PAR  To prevent inadvertent movement of the upper piece 11 relative to the lower
      piece 10, I provide a pair of brackets generally designated 13, and which
      can be seen in greater detail in FIGS. 2-5.
PAR  Referring first to FIG. 3, the bracket 13 is seen to include a generally
      rectangular or elongated unitary metal body. The body is advantageously
      made of steel plate having a thickness of the order of about 0.030 to
      about 0.036. inch. The plate 13 as can be readily appreciated from a
      consideration of FIG. 3 is equipped with four openings 14 which are
      aligned and longitudinally spaced apart. Each opening extends through the
      thickness of the plate and each opening is defined in part by a frusto
      conical projection 15 (see FIGS. 4 and 5). Inasmuch as the projections 15
      have been developed in a unitary body as by stamping, the surface 16 (the
      upper surface is viewed in FIG. 3) is characterized by a generally frustro
      conical recess about each opening 14. It will be appreciated that the
      surface 16 becomes the outer face of the bracket when the same is
      installed as seen in FIG. 1. For that purpose a pair of wood screws 17 are
      provided for each bracket (compare FIG. 6) which extend through the
      bracket and are threadably received within the wood frames of the upper
      and lower pieces 11 and 10, respectively. I prefer to install the wood
      screws 17 in the lowermost opening in the bracket for receipt into the
      lower piece 10 so as to avoid any "chip-core" construction that may be
      used for the top surface of the lower furniture piece 10. However,
      depending upon the height of the frame associated with each of the pieces,
      wood screws may be inserted into various of the four openings 14 that are
      provided.
PAR  Referring again to FIGS. 4 and 5, it will be seen that the bracket 13 is
      equipped with a perimetric flange 18. Further, it will also be noted from
      a consideration of FIGS. 4 and 5 that the frusto conical projections 15
      extend further away from the inner wall 19 than does the flange 18. In the
      illustration given, the difference in extension is exaggerated. In normal
      practice, the frusto conical projections extend away from the inner
      surface a distance of from about 0.002 to about 0.025 further than does
      the flange 18. This permits the initial engagement of the bracket with the
      furniture piece to be achieved through the projections 15--causing them to
      bightingly engage the wooden frames and provide a secure anchor or seat.
      Thereafter, as the wood screws 17 are tightened (and here it will be
      appreciated that the frusto conical recesses around the openings 14 permit
      the wood screws to be countersunk), the perimetric flange 18 comes into
      contact with the frames of the furniture pieces 10 and 11 thereby
      providing an additional stabilization and stiffness for the connection
      between the two pieces.
PAR  In the preferred form of the invention, I provide advantageous
      rigidification or stiffening of the brackets 13 by means of upstanding
      embossments in the outer surface 16. These can be quickly appreciated from
      a consideration of FIG. 3 where the indicia "STAK-EM" designated 20,
      "KENLIN" designated 21 and "PAT. PEN." designated 22 are seen. Thus, I
      simultaneously provide a reinforcing rib means and informational indicia.
      This again permits the use of lighter gauge material yet yields
      advantageous stiffness and rigidity for the installed bracket.
PAR  In the operation of the invention, a package 23 (see FIG. 6) is provided
      that is preferably a polyethylene bag. Provided within the sealed bag as
      at 24 is an instruction placard (alternatively printed on the bag itself),
      two brackets 13, four wood screws 17, and four felt pads 12. Such a
      package is conveniently provided by the furniture manufacturer and is
      normally sent along with the upper unit 11. When the upper unit 11 is
      received by the purchaser, the package is opened and the four felt pads
      removed. These are constructed fo felt having a pressure sensitive
      adhesive on one surface initially covered by a release backing. The
      release backing is peeled off and the pads are placed at the corners of
      the upper or lower unit, as desired. Thereafter, each of the brackets 13
      is installed and the center indicia 21 can be advantageously used as a
      guide by having this indicia even with the bottom of the upper unit 11.
      Thereafter, each bracket 13 is attached to the upper and lower units
      through the use of the wood screws 17. Through the foregoing structure and
      operation, an exceedingly reliable connection is made between vertically
      related furniture pieces. Moreover, the installation is simple, the
      hardware and associated parts providing the connection are relatively
      inexpensive yet artistic in appearance.
PAR  The bracket 13 is enhanced both functionally and aesthetically by its
      obround character when viewed in elevation--see FIG. 2. By obround, I
      refer to the fact that the ends are essentially semicircular but spaced
      apart and connected by straight lines. This results in the perimetric
      flange 18 being spaced generally equally from adjacent of each of the
      projections 15 -- both at the sides and ends of the body.
CLMS
STM  I Claim:
NUM  1.
PAR  1. A bracket for securing vertically related, wood framed furniture pieces
      together comprising a generally rectangular, unitary metal body having
      length, width, and thickness dimensions with said length and width
      dimensions defining outer and inner faces, a plurality of aligned,
      longitudinally spaced openings extending through said thickness for
      receiving wood screws, said body on said inner face being equipped with a
      continuous perimetric flange extending generally perpendicularly away from
      said inner face, said inner face also being equipped with a generally
      frusto conical projection about each of said openings, each projection
      extending away from said inner face a distance from about 0.002 to about
      0.025 inch further than said flange whereby said projections are adapted
      to bightingly engage said wood frames prior to engagement of said flange
      with said frames, said projections providing generally frusto conical
      recesses in said top surface to permit countersinking said wood screws.
NUM  2.
PAR  2. The structure of claim 1 in which said perimeter is generally obround
      whereby said flange is spaced generally equally from adjacent of said
      openings at the ends and sides of said body.
NUM  3.
PAR  3. The structure of claim 1 in which said upper surface is equipped with
      integral, upstanding rib means between adjacent openings, said rib means
      being contoured as informational indicia.
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ABST
PAL  A vehicle of the type for applying a coating to a surface such as applying
      a sealant to asphalt pavement, the vehicle including a body having a
      reservoir for storing and distributing a fluid, two driven wheels disposed
      in spaced-apart relationship along the longitudinal axis of the body and
      adapted for continuous engagement with a support surface, one of the
      driven wheels being dirigible, support wheels disposed laterally of the
      axis of the body and spaced from the dirigible driven wheel, and variable
      drive means for driving the driven wheels.
BSUM
PAR  This invention relates to a machine of the type for applying a coating to a
      surface, such as applying a sealant to asphalt pavement. Such machines are
      frequently called seal coaters or sealing applicators.
PAR  Such machines typically include a body having various tanks or
      compartments, one of which is a tank for storing the coating fluid and
      which includes means for dispensing the coating fluid from the storage
      tank. A spreader device is provided rearwardly of the coating fluid tank
      for spreading the coating fluid evenly over the surface. This spreader
      device is pivotally connected to the body to permit movement in a vertical
      direction to accommodate unlevel terrain and includes a hydraulically
      operated lift mechanism for removing or raising the spreader device from
      the operative position.
PAR  The body of heretofore known machines or vehicles of this type is supported
      by three wheels arranged in tricycle fashion. In other words, a dirigible
      wheel is disposed forwardly and centrally of the body and two axially
      aligned spaced-apart wheels are disposed rearwardly of the body, one on
      either side of the longitudinal axis thereof. In most cases, the front or
      dirigible wheel is driven by a suitable power source, such as a fluid
      motor and pump, to move the vehicle over a surface. The primary function
      of the rear wheels, therefore, is to support the rear of the body.
PAR  Problems have been encountered with the vehicle arrangement described
      above. Specifically, the front wheel must remain in frictional or driving
      engagement with the surface; however, when the vehicle travels up an
      incline, the weight is transferred to the rear wheels and the front wheel
      tends to lose traction. Obviously, this greatly impairs the operation of
      the vehicle.
PAR  One solution to this problem, which has been suggested, is to drive the
      rear wheels rather than the front wheel. This solution is unacceptable
      because when the vehicle is turned sharply, the rear wheel on the inside
      of the turn must have the capacity to move rearwardly while the rear wheel
      on the outside of the turn moves forwardly. For example, taking the most
      extreme case where the front wheel is turned 90.degree. with respect to
      the longitudinal axis of the body, the body turns by pivoting about a
      point on the longitudinal axis between the two support wheels. To
      accomplish this movement, the inside wheel must move rearwardly while the
      outside wheel moves forwardly. In other words, the two support wheels must
      rotate in opposite directions. Differential gearing for axles is available
      which permits different rotational speeds of two wheel-supporting axles,
      but none permit one to rotate in a direction opposite to the other.
      Furthermore, attempting to drive each of the two support wheels
      independently would be extremely difficult if not impossible in a vehicle
      of this type.
PAR  It is, therefore, a primary purpose of the instant invention to provide a
      vehicle of the type referred to above which includes a second driven wheel
      disposed along the longitudinal axis of the body and generally between the
      two support wheels to permit operation of the vehicle on an incline while
      avoiding the steering problems noted above. Furthermore, the drive means
      for driving the two driven wheels includes compensating means responsive
      to the increase in the resistance to motion of one of the driven wheels
      occasioned by a difference in their respective rotational speeds for
      directing at least a portion of the motive energy away from the slower
      driven wheel.
DRWD
PAR  Other objects and attendant advantages of the instant invention will be
      readily appreciated as the same becomes better understood by reference to
      the following detailed description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a preferred embodiment of the instant
      invention;
PAR  FIG. 2 is a front elevational view of the preferred embodiment of the
      instant invention taken generally along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the preferred embodiment of the instant
      invention taken generally along line 3--3 of FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken generally along line 4--4 of FIG. 3;
      and
PAR  FIG. 5 is a schematic diagram showing the arrangement of components of the
      preferred embodiment of the instant invention.
DETD
PAR  Referring now to the drawings wherein like numerals indicate like or
      corresponding parts throughout the several views, a preferred embodiment
      of the asphalt sealing vehicle of the instant invention is generally shown
      at 10. The vehicle 10 is of the type for applying a coating to a surface
      11, such as applying a sealant coating to asphalt pavement.
PAR  The vehicle 10 includes a body means generally indicated at 12. The body
      means 12 generally includes upper and lower extremities interconnected by
      opposite sides and front and rear ends. The body means 12 includes various
      tanks or compartments for storing fluids necessary to the operation of the
      vehicle. More specifically, a major portion of the body means 12 comprises
      reservoir means for storing and distributing the coating fluid. The body
      means 12 also includes a forwardly disposed tank 14 for storing water
      which is applied to the surface before the sealing coat. The tank 14
      includes a suitable filling spigot 16 for refilling the tank 14 after the
      water is expended. The body means 12 also includes a tank 18 for storing
      hydraulic fluid, the purpose for which will be hereinafter described. The
      tank 18 also includes a suitable filling spigot 20.
PAR  The vehicle 10 also includes an operator seat 22 which is supported by the
      body means 12 through a suitable cantilever beam 24. Foot pedals 26 are
      pivotally mounted by means of a rod 28 on the body means 12 and are
      connected through suitable connecting links 30 to valves 32 which control
      the flow of coating fluid from the reservoir. In other words, the valves
      32 open and close dispensing apertures 34 in the bottom of the reservoir
      for controlling the amount of coating fluid applied to the surface 11.
PAR  The vehicle 10 is also provided with a spreader device, generally shown at
      34, which is adapted to spread the coating fluid evenly over the surface.
      The spreader device 34 generally includes a paddle wheel 36 rotatably
      supported on a shaft disposed between two beams 38. Each of the beams 38
      is pivotally attached to the side of the body means 12, such as at 40. A
      hydraulically operated piston and cylinder device is disposed between the
      beams 38 and the body means 12 for moving the spreader device 34 between
      operative and inoperative positions with respect to the surface 11. The
      paddle wheel 36 is enclosed by a suitable cover or cowling 43. A manually
      operated scraper 44 is also provided at the rear of the paddle wheel 36
      which is operated by a suitable handle 46.
PAR  The vehicle, as heretofore described, is disclosed in greater detail in
      U.S. Pat. No. 3,533,336 granted to David C. Wikel, which may be referred
      to for a greater understanding of the various specific components of the
      vehicle.
PAR  In accordance with the instant invention, the body means 12 is supported by
      two driven wheels 48 and 50 which are disposed in spaced-apart
      relationship along the longitudinal axis of the body means and is adapted
      for continuous engagement with the support surface 11. A pair of support
      wheels 52 are also provided which are disposed laterally of the
      longitudinal axis of the body means 12 and generally adjacent the driven
      wheel 50.
PAR  One of the driven wheels, driven wheel 48, is dirigibly supported adjacent
      the front end of the body means 12. For this purpose attachment means,
      generally indicated at 54, is provided for attaching the dirigible driven
      wheel 48 to the body means 12. The attachment means 54 includes a
      rotatable, generally vertical shaft member 56 which is rotatably secured
      to the body means 12 by a pair of brackets 58. A yoke member 60 is secured
      to the lower end of the shaft member 56 and supports an axle member 62 on
      which the dirigible wheel 48 is disposed. To allow steering of the
      dirigible wheel 48, the upper end of the shaft member 56 includes a chain
      sprocket 64 which is rotated by an endless loop chain 66. The chain 66 is
      operatively connected to a chain sprocket 68 rotated by a steering wheel
      70 positioned in close proximity to the operator seat 22. Rotation of the
      steering wheel 70 by the operator causes rotation of the shaft member 56
      and, consequently, the dirigible wheel 48.
PAR  Attachment means is provided for attaching the nondirigible driven wheel 50
      to the body means 12. The attachment means includes a pair of spaced-apart
      arm members 72 which are pivotally connected to the body means 12, as at
      73. An axle member 74 is supported between the arm members 72 on which the
      wheel 50 is disposed. The pivotal connection of the arm members 72 permits
      vertical movement of the driven wheel 50 with respect to the body means
      12. The attachment means also includes shock absorbing suspension means
      including a frame member 76 disposed over the driven wheel 50 and
      supported by the arm members 72. Resilient means comprising a pair of coil
      springs 78 are disposed between the cross member 80 of the frame member 76
      and the underside of the body means 12 for providing shock absorbing
      suspension between driven wheel 50 and the body means 12.
PAR  The support wheels 52 are disposed on each side of the non-dirigible driven
      wheel 50 and are spaced laterally therefrom, as shown in FIG. 3. Means for
      attaching the support wheels 52 through the body means 12 includes a pair
      of depending leg members 82 and an axle member 84 supported by each of
      said depending leg members 82. The support wheels 52 are mounted for
      rotation on the axle member 84 and are free to rotate independently of one
      another.
PAR  The vehicle 10 also includes drive means for driving the driven wheels 48
      and 50. In the preferred embodiment of the vehicle 10, the drive means
      includes a fluid pump 86 which is powered by a gasoline engine 88. The
      fluid pump 86 is connected by line 90 to the hydraulic fluid reservoir 18
      which functions as a source of hydraulic fluid. Each of the driven wheels
      48 and 50 include a fluid motor 92 and 94 which are connected by suitable
      lines to the fluid pump 96. Each of the fluid motors 92 and 94 includes a
      drive pinion which engages an endless loop chain 96 for rotating a driven
      sprocket 98 attached to the corresponding driven wheel 48 or 50. Hydraulic
      fluid, under pressure, is supplied from the fluid pump 86 to drive the
      fluid motors 92 and 94 which, in turn, rotate the driven wheels 48 and 50
      to move the vehicle 10 over the surface 11.
PAR  Suitable controls represented by a handle 100 in operative proximity to the
      operator seat 22 are provided for controlling the output of the gasoline
      engine 88 and, therefore, the fluid pump 86, and also for controlling a
      four-way valve for changing the direction of flow of the hydraulic fluid
      to reverse the direction of the fluid motors 92 and 94.
PAR  When the vehicle is traveling in a straight line, both driven wheels 48 and
      50 have the same rotational velocity, assuming of course that they are
      both of the same diameter. If both wheels are not of the same diameter,
      the drive pinion and driven sprocket 98 are suitably arranged so that the
      speeds of both fluid motors 92 and 94 are the same when the vehicle is
      traveling along a straight path. For purposes of explanation, however, it
      is assumed that the two driven wheels 48 and 50 are of equal diameter.
      Under these conditions, when the dirigible driven wheel 48 is turned, it
      has a rotational velocity greater than the rotational velocity of the
      driven wheel 50 since the dirigible driven wheel 48 is traveling along a
      curved path having a greater radius of curvature. Consequently, the fluid
      motor 94 which drives the slower moving rear wheel 50, encounters
      increasingly greater resistance to motion as the difference in rotational
      speeds increases. Therefore, compensating means is provided which is
      responsive to the increase in resistance to motion of the fluid motor 94
      occasioned by the difference in the respective rotational speeds of the
      driven wheels for directing at least a portion of the hydraulic fluid away
      from the fluid motor 94.
PAR  By way of explanation, and referring to FIG. 5 which shows a schematic
      illustration of the drive means, the gasoline engine 88 is shown connected
      to the fluid pump 86 for driving the same. Hydraulic fluid from the fluid
      pump 86 is pumped through a four-way valve 102 and then through line 104
      to the fluid motor 92 to drive the dirigible driven wheel 48. The
      hydraulic fluid then passes through line 106 to the fluid motor 94,
      associated with the rear driven wheel 50 to drive the same, and then
      through line 108 and four-way valve 102 and returns to the reservoir 18.
      The hydraulic fluid traveling in this direction, through the fluid motors
      92 and 94, moves the vehicle 10 in a forward direction. When the vehicle
      10 is moving in a straight line, both of the motors 92 and 94 operate at
      the same speed; however, when the dirigible wheel 48 is turned, the fluid
      motor 94, associated with the non-dirigible driven wheel 50, is forced to
      slow down since the driven wheel 50 is no longer capable of rotating at
      the same speed as driven wheel 48. Consequently, pressure builds up in
      line 106 since the volume of hydraulic fluid moving through fluid motor 92
      is greater than the volume of hydraulic fluid moving through fluid motor
      94. The compensating means referred to above includes a relief valve 110
      disposed in a line 112 connecting line 106 with line 108. When the
      pressure in line 106 reaches a critical value, relief valve 110 opens
      allowing a portion of hydraulic fluid to bypass the slower fluid motor 94.
      It is noted that the fractional amount of hydraulic fluid allowed to pass
      through the relief valve 110 is proportional to the difference in the
      relative speeds of the two fluid motors 92 and 94. In this way, fluid
      motor 92 is capable of operating at a higher speed than fluid motor 94;
      however, some hydraulic fluid is supplied to fluid motor 94 to drive the
      same.
PAR  If the vehicle 10 is operated in the reverse direction, that is, for the
      purposes of backing up, the four-way valve 102 is activated by the control
      handle 100 to reverse the direction of flow of the hydraulic fluid from
      the fluid pump 86 to the fluid motors 92 and 94. More specifically, the
      hydraulic fluid from the fluid pump 86 travels through the four-way valve
      102, line 108, fluid motor 94, line 106, fluid motor 92, line 104, and
      back through the four-way valve 102 to the reservoir 18. Similarly,
      compensating means is provided for accommodating the difference in the
      speeds of the fluid motors 92 and 94 during turns while the vehicle is
      backing up. Accordingly, a relief valve 114 is disposed in the line 116
      between line 108 and line 106. During a turn and while the vehicle is
      moving in a rearward direction, the dirigible wheel 48 will have a
      rotational speed higher than the rotational speed of the driven wheel 50
      associated with the fluid motor 94. Again, the speed of the fluid motor 94
      will be retarded causing fluid pressure to build in line 108. When the
      pressure has reached a critical amount, relief valve 114 opens to permit a
      portion of the hydraulic fluid to pass from line 108 through line 116 to
      line 106 and then through fluid motor 92. Again it is noted that, in this
      manner, the fluid motors 92 and 94 may operate at different speeds to
      allow turning of the vehicle 10.
PAR  It is further noted that during a turn only a portion of hydraulic fluid is
      directed away from the slower moving fluid motor 94, except in the
      situation in which driven wheel 50 is absolutely stationary. Consequently,
      driving power is being simultaneously supplied to both of the driven
      wheels 48 and 50 at all times.
PAR  Both of the fluid motors 92 and 94 are provided with safety valves which
      open in the event that the fluid pressure within the respective fluid
      motor reaches an unsafe level. In other words, to prevent blowing the
      seals out of the fluid motors, safety valves are provided. The safety
      valves are connected to a line 118 which conducts the fluid to the
      reservoir 18.
PAR  As described above, the vehicle 10 is provided with a hydraulic drive
      system for driving the two driven wheels 48 and 50. Accordingly, the
      compensating means includes relief valves 110 and 114. It is contemplated
      that drive means other than a hydraulic system may be provided, for
      example, the fluid motors 92 and 94 may be replaced by electric motors and
      the fluid pump 86 may be replaced by a suitable generator. Again,
      compensating means is provided which is responsive to the increase in
      resistance to motion of one of the motors occasioned by a difference in
      the respective rotational speeds of the driven wheels for directing at
      least a portion of the motive energy away from the motor of the slower
      wheel.
PAR  The invention has been described in an illustrative manner, and it is to be
      understood that the terminology which has been used is intended to be in
      the nature of words of description rather than of limitation.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that the invention may be practiced otherwise than as
      specifically described, yet remain within the scope of the depending
      claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A vehicle of the type for applying a coating to a surface such as
      applying a sealant to asphalt pavement, said vehicle comprising: body
      means including reservoir means for storing and distributing a fluid, two
      driven wheels disposed in spaced-apart relationship along the longitudinal
      axis of said body means and adapted for continuous engagement with a
      support surface, one of said driven wheels being dirigible, support wheels
      disposed laterally of the longitudinal axis of said body means and spaced
      from said dirigible driven wheel, and variable drive means for driving
      said driven wheels.
NUM  2.
PAR  2. A vehicle as set forth in claim 1 wherein said drive means includes
      motor means in driving engagement with each of said driven wheels, power
      source means for providing motive energy to said motor means, and
      compensating means responsive to the increase in resistance to motion of
      one of said motor means occasioned by a difference in the respective
      rotational speeds of said driven wheels for directing at least a portion
      of the motive energy away from said motor means of said slower driven
      wheel.
NUM  3.
PAR  3. A vehicle as set forth in claim 2 wherein the motive energy directed
      away from said motor means of said slower driven wheel is directed to said
      motor means of said faster driven wheel.
NUM  4.
PAR  4. A vehicle as set forth in claim 2 including attachment means for
      attaching said non-dirigible driven wheel to said body means, said
      attachment means being pivotally connected to said body means for
      permitting vertical movement of said wheel and including shock absorbing
      suspension means.
NUM  5.
PAR  5. A vehicle as set forth in claim 4 wherein said attachment means includes
      a pair of spaced-apart arm members pivotally connected to said body means
      and an axle member supported between said arm members.
NUM  6.
PAR  6. A vehicle as set forth in claim 5 wherein said suspension means includes
      a frame member disposed over said nondirigible driven wheel and supported
      by said arm members, and resilient means disposed between said frame
      member and said body means.
NUM  7.
PAR  7. A vehicle as set forth in claim 6 including attachment means for
      attaching said dirigible driven wheel to said body means, said attachment
      means including a rotatable, generally vertical shaft member; a yoke
      member secured to the lower end of said shaft member; and an axle member
      supported by said yoke member.
NUM  8.
PAR  8. A vehicle as set forth in claim 7 including means for controlling said
      dirigible driven wheel.
NUM  9.
PAR  9. A vehicle as set forth in claim 8 wherein said dirigible driven wheel is
      dirigibly supported adjacent the front end of said body means.
NUM  10.
PAR  10. A vehicle as set forth in claim 9 wherein one of said support wheels is
      disposed on each side of said nondirigible driven wheel and spaced
      laterally therefrom.
NUM  11.
PAR  11. A vehicle as set forth in claim 10 wherein said body means includes
      means for attaching said support wheels thereto, said means including a
      pair of depending leg members and an axle member supported by each of said
      depending leg members.
NUM  12.
PAR  12. A vehicle as set forth in claim 11 wherein said drive means includes a
      fluid motor in driving engagement with each of said driven wheels, fluid
      pump means for supplying motive fluid to said fluid motors, and valve
      means responsive to the pressure increase occasioned by a difference in
      the respective rotational speeds of said driven wheels for directing at
      least a portion of the motive fluid away from said fluid motor of said
      slower driven wheel.
NUM  13.
PAR  13. A driven vehicle comprising: body means; a pair of driven wheels
      disposed in spaced-apart relationship along the longitudinal axis of said
      body means, one of said driven wheels being dirigible; a pair of axially
      aligned support wheels spaced longitudinally from said dirigible driven
      wheel; and drive means for driving said driven wheels, said drive means
      including a fluid motor in driving engagement with each of said driven
      wheels, fluid conducting means connecting said fluid motors in series for
      conducting a motive fluid thereto, fluid pump means for supplying a motive
      fluid to said fluid motors through said fluid conducting means, and valve
      means responsive to the pressure increase occasioned by a difference in
      the respective rotational speeds of said driven wheels for directing a
      portion of the fluid away from said fluid motor of the slower wheel.
NUM  14.
PAR  14. A vehicle as set forth in claim 13 wherein said body means includes
      reservoir means for storing and distributing a fluid.
NUM  15.
PAR  15. A vehicle as set forth in claim 13 including attachment means for
      attaching said non-dirigible driven wheels to said body means, said
      attachment means being pivotally connected to said body means for
      permitting vertical movement of said wheel and including shock absorbing
      suspension means.
NUM  16.
PAR  16. A vehicle as set forth in claim 15 wherein said attachment means
      includes a pair of spaced-apart arm members pivotally connected to said
      body means and an axle member supported between said arm members.
NUM  17.
PAR  17. A vehicle as set forth in claim 16 wherein said suspension means
      includes a frame member disposed over said nondirigible driven wheel and
      supported by said arm members, and resilient means disposed between said
      frame member and said body means.
NUM  18.
PAR  18. A vehicle as set forth in claim 17 including attachment means for
      attaching said dirigible driven wheel to said body means, said attachment
      means including a rotatable, generally vertical shaft member; a yoke
      member secured to the lower end of said shaft member; and an axle member
      supported by said yoke member.
NUM  19.
PAR  19. A vehicle as set forth in claim 18 including means for controlling said
      dirigible driven wheel.
NUM  20.
PAR  20. A vehicle as set forth in claim 19 wherein said dirigible driven wheel
      is dirigibly supported adjacent the front end of said body means.
NUM  21.
PAR  21. A vehicle as set forth in claim 20 wherein one of said support wheels
      is disposed on each side of said non-dirigible driven wheel and spaced
      laterally therefrom.
NUM  22.
PAR  22. A vehicle as set forth in claim 21 wherein said body means includes
      means for attaching said support wheels thereto, said means including a
      pair of depending leg members and an axle member supported by each of said
      depending leg members.
NUM  23.
PAR  23. A driven vehicle comprising: body means; two driven wheels disposed in
      spaced-apart relationship along the longitudinal axis of said body means
      and adapted for continuous engagement with a support surface, one of said
      driven wheels being dirigible, and drive means for driving said driven
      wheels, said drive means being variable and adapted to automatically
      compensate for differences in the rotational speed of said driven wheels,
      said drive means including a fluid motor in driving engagement with each
      of said driven wheels, fluid pump means for supplying a motive fluid to
      said fluid motors, fluid conducting means connecting said fluid motors in
      series for conducting the motive fluid thereto from said fluid pump means,
      and valve means responsive to the fluid pressure increase between said
      fluid motors occasioned by a difference in respective rotational speeds of
      said driven wheels for directing at least a portion of the motive fluid
      away from said fluid motor of said slower driven wheel.
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ABST
PAL  A twist drill bit for drilling through metal and having a cutter recessed
      in the spiral portion of the drill auger and spring tensioned to be biased
      outwardly beyond the peripheral surface of the drill to remove burrs
      raised by the drill bit as it passes through the metal in either
      direction.
BSUM
PAR  The invention relates generally to drill bits for drilling holes through
      metal sheets or parts and more particularly concerns an attachment mounted
      on the drill bit for removing burrs formed around the marginal portions of
      both the front and back sides of the hole drilled by the bit.
PAR  It is well known that in the drilling or tapping of holes in metal plate,
      for example, a sharp burr will be raised around the front edge of the hole
      as the drill bit enters the plate and a similar burr will be formed around
      the back side of the hole as the bit passes through the hole. Such burrs,
      not only cause a certain hazard in subsequent handling of the plate or
      workpiece involved but also prohibit flush contact of the plate with other
      parts in the area of the hole which is frequently desirable in assembly of
      a finished product. Accordingly it is generally necessary to remove the
      burrs by a separate boring or grinding operation which is both
      time-consuming and expensive.
PAR  In an effort to eliminate such additional operations various attempts have
      been made to incorporate a deburring device in the drill bit itself which
      will remove the burrs as the hole is drilled. Examples of such devices are
      found in U.S. Pat. Nos. 2,437,822 to Jones; 2,373,474 to Heyer; and
      2,847,884 to Favre et al, copies of which are submitted with this
      application.
PAR  While the above mentioned prior art devices would appear to perform a
      reasonably effective deburring function, they are not believed to present
      a completely satisfactory solution to the problem for several reasons.
      First, at least Jones and Heyer would be quite expensive and could not be
      readily incorporated in a conventional bit. Secondly, in all cases the
      size of the deburring attachment cavity is so large that it would greatly
      weaken the overall strength of the bit. Thirdly, the attachments, with the
      possible exception of Heyer, are so flexible or yieldable as to give way
      and perhaps not perform the desired function in difficult hard metal
      deburring situations. Finally, and perhaps of greatest importance is the
      fact that all of these prior art deburring attachments are mounted in the
      shank portion of the drill bit and in fact by nature of their design can
      only be mounted there. As a result these structures have limited
      application and cannot be used unless there is ample clearance in the part
      being drilled to allow virtually the entire bit to pass through the
      drilled hole which is not always the case.
PAR  With these factors in mind the primary object of the present invention is
      to provide a deburring attachment which can be built into the spiral body
      portion of the drill bit so that it may be positioned near the pointed tip
      of the bit.
PAR  Another object of the invention is to provide a deburring attachment in a
      drill bit wherein the cutter performing the deburring function is
      positively locked in position during the deburring operation.
PAR  With these and other objects in view the invention broadly comprises
      providing an outwardly opening elongated recess in an auger portion of a
      drill bit extending longitudinally parallel to the bit axis but slightly
      inclined to the radius of the bit, a cutter having a sharp outer edge
      mounted in the recess for radial sliding movement between extended and
      retracted positions, a stop means acting between the cutter and bit to
      limit outward movement of the cutter, and a spring acting between the
      cutter and bit to bias the cutter toward its extended position. The
      invention also provides a wedging means for locking the cutter bar against
      inward movement against the bias of the spring means when there is inward
      pressure upon the outer edge of the cutter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of a drill bit incorporating the
      deburring device forming the subject matter of the present invention with
      the bit in operative position in a drilled hole in a metal plate.
PAR  FIG. 2 is a sectional view through the bit and deburring device taken on
      line 2--2 of FIG. 1.
PAR  FIG. 3 is a fragmentary side elevational view of the bit partially broken
      away to show the deburring device in elevation and in the position it
      occupies during deburring of the back side of the drilled hole.
PAR  FIG. 4 is similar to FIG. 3 but showing the position of the deburring
      device as it passes through the drilled hole.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to the drawing reference numerals will be
      used to denote like parts or structural features in the different views.
      The drill bit denoted generally at 10 has a shank 11 which fits into a
      chuck on a power source such as an electric drill 12. The bit 10 having a
      pointed end 13 is a two groove fluted twist drill with spiral auger
      portions 14 separated by grooves 15 and each having a spiral cutting edge
      16 in the same manner as a conventional drill bit.
PAR  One auger portion 14 is provided with an outwardly opening socket in the
      form of an elongated narrow recess 17 having a uniform width throughout
      its length and depth. This recess serves as a socket or seat for holding
      the deburring attachment which is designated generally by the numeral 18.
      The recess extends longitudinally parallel to the axis of the bit but is
      preferably disposed at a slight angle to the radius of the bit as shown in
      FIG. 2 so in its outward extension it is inclined forwardly relative to
      the direction of rotation of the bit denoted by the arrow. This angle of
      inclination facilitates radial sliding of the attachment 18 within the bit
      during the boring operation.
PAR  The attachment 18 in the embodiment of the invention herein disclosed is
      made up of four components. They are a wedging element 19, a cutter 20, a
      holding pin 21 and a spring 22. Element 19 and cutter 20 are both
      generally rectangular plates of equal length and are disposed side by side
      within recess 17 having a sliding fit therewithin for radially inward and
      outward movement. The wedging element 19 has a cam 24 on its outer edge
      which hooks over the outer edge of the cutter 20 as at 25. It will be
      noted (FIG. 2) that element 19 tapers gradually in thickness in its
      outward extension from its inner edge to the hook 25 so as to have a wedge
      shape.
PAR  The cutter 20 tapers in thickness gradually in an inward direction so as to
      have a mating relation with element 19 whereby the overall thickness of
      the two elements combined is substantially constant. The outer edge of the
      cutter 20 is provided with sharp cutting edge 26 adjacent to the element
      19 and over which the hook 25 engages. The end portions of edge 26 are
      inclined slightly on either side of the hook as denoted at 27 and 28 in
      FIG. 3.
PAR  The members 19 and 20 are respectively provided with aligned radially
      extending slots denoted respectively at 29 and 30. The holding pin 21
      extends through the slots 29 and 30 and has its ends suitably fixed in the
      auger portion 14. The pin accordingly secures the members 19 and 20 within
      the recess 17 but permits limited radial sliding movement thereof. The
      spring 22 is bow shaped and is held under compression between the bottom
      wall of recess 17 and the inner edge of wedging element 19 to yieldably
      retain the element 19 in its outermost position in the recess as best
      observed in FIGS. 2 and 3. The spring is somewhat shorter in length than
      the recess 17 when it is not fully compressed.
PAR  Referring again to the wedging element 19 and the cutter 20 it will be
      noted that the cam 24 is centered on the cutter edge of element 19 so that
      the portions 27 and 28 of cutting edge 26 of member 20 are exposed on
      either side of the cam. The slots 29 and 30 and pin 21 are so positioned
      as to normally leave the edge 26 projecting slightly beyond the peripheral
      surface of the auger portion 14 as shown in FIGs. 1 and 2.
PAR  During the normal drilling operation, as the bit 10 is used to bore a hole
      through the metal plate A, as shown in FIG. 1, slight burrs denoted at B
      and C will be formed respectively at the front and back sides of the hole.
      Then as the attachment 18 advances into the hole the edge 28 of the cutter
      20 will cut into and remove the burr B to provide a smooth edge around the
      front side of the hole.
PAR  When the cutter 20 first engages the plate A there will, of course, be a
      substantial amount of pressure applied to the cutter tending to depress it
      inwardly into the recess 17. However, the wedging engagement of wedging
      element 19 against the cutter locks the cutter in its extended position.
PAR  After the burr B has been removed and with continued advancement of the bit
      through the hole, the cam 24 will engage the front edge of the opening and
      the inward pressure on the cam will depress the wedging element 19 into
      recess 17 against the bias of spring 22 to the position shown in FIG. 4.
      Element 19 by virtue of its hook portion 25 in engagement over the edge 26
      will also move the cutter 20 to a retracted position.
PAR  As the bit progresses the attachment 18 will pass through the hole and will
      again be projected to its outermost position shown in FIGS. 1 and 2. When
      the bit is withdrawn from the plate and the drill still in operation the
      edge 27 of the cutter will remove the burr C (FIG. 3) and the cam 24 will
      again cause retraction of the deburring attachment to the position shown
      in FIG. 4 during the withdrawal movement. The disposition of the recess 17
      and attachment 18 at a slight angle to the radius of the bit, while not
      absolutely essential, seems to facilitate sliding action of the attachment
      between its extended and retracted positions.
PAR  The deburring attachment can be mounted in standard drill bits and the
      elements 19 through 22 readily replaced if necessary.
CLMS
STM  Having now therefore fully illustrated and described my invention, what I
      claim to be new and desire to protect by United States Letters Patent is:
NUM  1.
PAR  1. In a drill bit for drilling a hole through a piece of metal whereby
      burrs are formed on the edges of the hole, said bit having a shank for
      connection to a power source and a boring body comprising spiral auger
      portions separated by spiral grooves,
PA1  a. one of said spiral auger portions having an outwardly opening recess
      therein,
PA1  b. a deburring attachment disposed in said recess for radial sliding
      movement between outwardly extended and retracted positions,
PA1  c. stop means on the auger portion engaging said attachment to limit
      outward sliding movement thereof,
PA1  d. spring means disposed between the bit and the attachment yieldably
      biasing the attachment toward its outwardly extended position, and
PA1  e. said attachment including a cutter having a sharp outer cutting edge
      projecting beyond the peripheral surface of the auger portion to remove
      said burrs from the metal portions surrounding the hole.
NUM  2.
PAR  2. The subject matter of claim 1 wherein the recess extends longitudinally
      parallel to the axis of the bit but outwardly at an angle to a radial
      direction from said axis and inclined forwardly relative to the direction
      of rotation.
NUM  3.
PAR  3. The subject matter of claim 1 wherein the stop means comprises a
      radially directed slot in the cutter and a pin extending crosswise through
      the slot with its ends fixed in the adjacent spiral auger portions.
NUM  4.
PAR  4. The subject matter of claim 1 wherein the deburring attachment is
      provided with a cam member positioned medially along said outer cutting
      edge of the cutter which is adapted to engage the edge of the hole and
      cause the attachment to move to its retracted position as the central
      portion of the cutter moves through the hole.
NUM  5.
PAR  5. The subject matter of claim 1 wherein said deburring attachment includes
      a wedging element positioned for wedging engagement with the cutter when
      the attachment is in its outwardly extended position to securely hold the
      cutter as it engages and removes said burrs.
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ABST
PAL  A blower in which on a suction side of a cross flow fan having a vortex
      stabilizing plate and a back guider is provided a flow dividing guider,
      which is different from the back guider, for changing the flowing
      direction of a portion of the air flow. The blower in accordance with the
      present invention is suitable to be used as a blower for a cooling
      apparatus, a heating apparatus, a ventilator, and the like, and has a wide
      variety of applications other than mentioned above.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, there have been used several types of blowers having a cross
      flow fan in which the flow produced by the fan is changed in the flowing
      direction thereof. In a blower disclosed in U.S. Pat. No. 3,116,011, a
      vortex stabilizing plate and a back guider are rotated as an integral unit
      through 180.degree. about the rotating axis of a fan so that the flowing
      direction is reversed without changing the rotating direction of the fan
      itself. And in a blower according to British Pat. No. 876,614, two sets of
      vortex stabilizing plates and back guiders are provided symmetrically in
      relation to the axis of a fan. With this arrangement, the back guiders are
      moved alternately to part from an outer periphery of the fan for adjusting
      size and shape of spaces on the suction side and delivery side so that the
      flowing direction is reversed. Further, in a blower of Japanese Pat.
      Application No, 44,408/1972, a vortex stabilizing plate has connected
      thereto on the suction side thereof a guider which is different from the
      vortex stabilizing plate, and the guider is rotated about the connecting
      portion to reverse the flowing direction.
PAR  However, in those blowers, the flow is merely reversed and there always
      exists only one suction port and only one delivery port. Thus, it is very
      difficult to divide the air sucked in in one suction port of a fan and
      deliver the air flows thus produced in two directions which are nearly
      opposite relative to each other, as is done in the present invention.
      Viewed from the standpoint of the dividing of an air flow, one method
      employs diffusers disposed in the delivery port portion to divide the
      flow, and in another method (U.S. Pat. No. 3,288,355), a back guider is
      separated into two parts so that the one part can serve as a diffuser for
      obtaining divided flows. The former method in which the diffusers are
      arranged in the delivery port is not based on a new idea and only divides
      the flow in the same direction. The latter method in which the back guider
      is separated into two parts also merely divides the flow in the nearly
      same directions. In this case, since the back guider is separated into two
      parts, the overall flow guiding effect of the two separated back guiders
      is naturally smaller than the flow guiding effect of the original one back
      guider, resulting in a decrease in the total amount of air delivered.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based on the idea to provide a flow dividing
      guider on an air suction side, for dividing the air flow into two flows
      and delivering the two air flows in the different two directions, in an
      apparatus in which a vortex stabilizing plate and a back guider are
      disposed close to the outer periphery of a cross flow fan to form on said
      cross flow fan the air suction side and an air delivery side.
PAR  One object of the present invention is to divide the sucked air in the
      different two directions and deliver it in such directions, by providing a
      flow dividing guider on a suction side of a cross flow fan having a vortex
      stabilizing plate and a back guider.
PAR  Another object of the present invention is to make it possible to change
      the amounts of branching air and circulating air and suck in the air, in
      the reverse manner, through a branching air delivery port, by rotatably
      supporting a flow dividing guider arranged on a suction side of a cross
      flow fan on a shaft parallel to the rotating shaft of the cross flow fan
      and rotating said flow dividing guider about said shaft.
PAR  Still another object of the present invention is to reduce the noise due to
      a branching air flow by providing a nose in a branching air delivery port.
PAR  A further object of the present invention is to provide an apparatus in
      which there is arranged on a suction side of a cross flow fan a flow
      dividing guider covering a portion of said cross flow fan in the axial
      direction thereof, so that, while the room air is circulating in the room,
      a portion of the room air can be exhausted to the outdoors and the
      exterior air can be sucked in the apparatus, and which is capable of being
      used, for instance, as a blower for a cooling or heating apparatus for
      performing ventilation during a cooling or heating operation.
PAR  A still further object of the present invention is to carry out dividing of
      the sucked air efficiently with a low level of noise.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These objects and features of the present invention will become more clear
      by the following description of the preferred embodiment with reference to
      the attached drawings, in which:
PAR  FIG. 1a is a view showing the principles of a blower in accordance with the
      present invention;
PAR  FIG. 1b is a longitudinal sectional view of FIG. 1a;
PAR  FIG. 2 is a partly broken away back perspective view illustrating a room
      unit of a separate-type air conditioner in which the blower in accordance
      with the present invention is employed as a ventilating device;
PAR  FIG. 3 is a view showing a body of said ventilating device;
PAR  FIG. 4 is a view illustrating the installation of a separate-type air
      conditioner having the ventilating device;
PAR  FIGS. 5 through 7 are sectional views showing a mounting portion of the
      ventilating device of the air conditioner room unit, with FIG. 5
      illustrating a state in which a ventilating passage is closed to allow the
      air to circulate in the room, FIG. 6 showing a state in which the exterior
      air is being sucked in, and FIG. 7 illustrating a state in which a portion
      of the air in the room is being exhausted to the outdoors.
PAR  FIG. 8 is a sectional view showing a cross flow fan and a flow dividing
      guider of FIG. 7 and taken in a direction at right angles to a shaft of
      said cross flow fan;
PAR  FIG. 9 is a diagram showing the changes in amounts of air exhausted and
      noise corresponding to the change in position of the flow dividing guider;
PAR  FIG. 10 is a diagram showing the change in amount of air corresponding to
      the change in ratio of the flow dividing guider width to ventilating hole
      diameter;
PAR  FIG. 11 is a sectional view taken along the line XI--XI in FIG. 7 and
      illustrates only the cross flow fan and the flow dividing guiders for
      explaining the positioning of the flow dividing guider in the axial
      direction of said cross flow fan; and
PAR  FIG. 12 is a front perspective view of the room unit.
DETD
PAR  Referring to FIG. 1a, the numeral 1 indicates a cross flow fan provided
      with a vortex stabilizing plate 2 and a back guider 3. The vortex
      stabilizing plate 2 and the back guider 3 are indispensable elements for a
      high-efficiency blower using the cross flow fan 1. The back guider 3 is
      mounted opposite to the vortex stabilizing plate 2. And viewed in cross
      section, with the one end thereof located in close vicinity to the cross
      flow fan 1, the back guider 3 describes a near spiral line in relation to
      a shaft of said cross flow fan 1, progressively parting from said fan 1.
      As shown in FIG. 1b, a nearest portion 2a of the vortex stabilizing plate
      2 and a nearest portion 3a of the back guider 3, which are placed at
      positions nearest to the outer periphery of said cross flow fan 1, are
      located substantially on a same plane passing through the rotating shaft
      of said fan 1. The numeral 4 designates a flow dividing guider in
      accordance with the present invention. The flow dividing guider 4 forms an
      air suction space together with said vortex stabilizing plate 2 on a
      suction side of the cross flow fan 1. The flow dividing guider 4 also
      forms a branching air delivery space together with one end of said back
      guider 3, which is in the vicinity of the portion of the back guider 3
      nearest to the outer periphery of the cross flow fan 1. Having this
      construction, the flow dividing guider 4 is arranged such that it
      progressively parts from the outer periphery of the cross flow fan 1 in
      the same direction as the rotating direction A of said fan 1. Supporting
      plates 5 support the both ends of the cross flow fan 1, the vortex
      stabilizing plate 2, the back guider 3, and the flow dividing guider 4.
      The cross flow fan 1 is rotated in the direction of the arrow A by means
      of a driving motor 6.
PAR  In the construction described above, the air sucked in in the direction of
      the arrow B is divided into two flows in the directions of the arrows C
      and D. In this case, it should be noted that if the flow dividing guider 4
      were not provided, all of the air sucked in in the direction of the arrow
      B would be delivered in the direction of the arrow C, and the amount of
      air flow delivered in the direction of the arrow C in such a case would be
      larger than the amount of air flow delivered in the direction of the arrow
      C in the case of FIG. 1b. Thus, by providing the flow dividing guider 4,
      the amount of air flow delivered in the direction of the arrow C is
      decreased.
PAR  If the flow in the direction of the arrow C and the flow in the direction
      of the arrow D are compared with each other, it is understood that the
      angular difference between these two flows is upward of 90.degree.. It is
      not easy to make a comparison between the speeds of these two flows. The
      flow in the direction of the arrow C is stable and has a speed larger than
      that of the flow in the direction of the arrow D if the space to suck in
      the air in the direction of the arrow B is relatively large in area, and a
      sectional area at right angles to the direction of the flow, of a delivery
      port through which the flow passes in the direction of the arrow C, is not
      excessively large in comparison with a sectional area at right angles to
      the direction of the flow, of a branching air delivery port through which
      the flow passes in the direction of the arrow D. If these conditions are
      reversed, the flow in the direction of the arrow D attains a speed higher
      than that of the flow in the direction of the arrow C, and it becomes
      possible even to reverse the direction of the flow flowing in the
      direction of the arrow C for sucking said flow in.
PAR  As described above, the ratio of the amount of air flowing in the direction
      of the arrow C to the amount of air flowing in the direction of the arrow
      D can be controlled, and the flow delivered in the direction of the arrow
      C can be reversed to be sucked in in the direction of the arrow D, by
      suitably changing the sectional areas at right angles to the direction of
      the flow, of the air suction space, the delivery port formed by the back
      guider 3, and the branching air delivery space. Since the flow dividing
      guider 4 is mounted independently of the back guider 3, the length of the
      flow dividing guider 4 in the rotating direction of the cross flow fan 1
      can be determined at any value to obtain a sufficient branching flow,
      regardless of the position of the one end of the back guider 3 in the
      vicinity of the portion 3a of the back guider 3 nearest to the outer
      periphery of the cross flow fan 1.
PAR  Turning to FIG. 2, the numeral 7 indicates a base plate of a separate-type
      air conditioner room unit, on which is mounted an outer case 8 covering
      the sides and top of the unit. The numeral 9 designates a front grill
      fixed to the outer case 8. The numeral 10 indicates a heat exchanger for
      performing heat exchange of the air in the room, which is disposed on the
      suction side of the cross flow fan 1. The cross flow fan 1 is rotated in
      the direction of the arrow A by the driving motor 6, so that into the room
      is delivered the air which passed through the heat exchanger 10 and air
      direction changing plate 11 due to the actions of the vortex stabilizing
      plate 2 and the back guider 3. The flow dividing guider 4 in a ventilating
      device is provided on the suction side of the cross flow fan 1 covering a
      portion of said fan 1 in the axial direction thereof, and is mounted in a
      flow dividing guider receiving portion 12 to be rotated about a rotating
      shaft 13. The flow dividing guider receiving portion 12 is disposed in the
      rear of the back guider 3. The flow dividing guider 4 is rotated by means
      of an operating lever 14. By rotating the operating lever 14 about a shaft
      16 on an operating lever supporting base 15 using said shaft 16 as a
      fulcrum, concave portions of a cam 17 fixed to the other end of the
      operating lever 14 are engaged with a convex portion of a leaf spring 18.
      With this engagement, an operating wire 20 rotatably attached to the
      operating lever 14 through a fitting 19 moves in the axial direction in a
      conduit 22 secured to a fixed fitting 21. As the other end of the
      operating wire 20 is connected to the flow dividing guider 4, the flow
      dividing guider 4 is rotated about the rotating shaft 13. The flow
      dividing guider 4 has a stopper (not shown) to prevent the flow dividing
      guider 4 from contacting the outer periphery of the cross flow fan 1. The
      flow dividing guider receiving portion 12 is formed with a ventilating
      hole 23 to which is detachably fixed a ventilating duct 24.
PAR  FIG. 3 shows a body of the ventilating device in a more detailed manner
      than FIG. 2. Turned down portions 25 are arranged on two ends of the flow
      dividing guider 4 in the axial direction of the cross flow fan 1. The
      turned down portions 25 extend in a direction at right angles to the shaft
      of the cross flow fan 1, and the amount of air exhausted can be best
      increased by providing the turned down portions 25 in such a manner that
      their outer edges extend along the outer periphery of the cross flow fan 1
      as close to said outer periphery of said fan 1 as possible. At the end of
      the flow dividing guider 4 opposite to the portion where the rotating
      shaft 13 is disposed, there is provided a whistle sound preventing bend 26
      in a manner to part from the outer periphery of the cross flow fan 1. Near
      the ventilating hole 23 is arranged an exhaust air guiding nose 27 having
      a length nearly equivalent to the width of the flow dividing guider 4, and
      an attaching arm 28 for the operating wire 20 is disposed in the vicinity
      of the rotating shaft 13 of the flow dividing guider 4.
PAR  Referring to FIG. 4, the room unit is mounted on a wall 29 and connected to
      an outdoor unit 30 by means of a refrigerant tube 31. In the wall 29 are
      drilled two holes for the refrigerant tube 31 and the ventilating duct 24.
PAR  Turning to FIGS. 5 through 7, an insect net 32 is provided in the
      ventilating duct 24, and the front grill 9 has suction ports 9a and
      delivery ports 9b. In the three figures, the operating wire 20 is not
      shown.
PAR  Referring to FIG. 12, the numeral 33 indicates operating knobs of the room
      unit while the numeral 9c designates a portion where the suction ports 9a
      have larger opening areas. The numeral 11a indicates a portion where the
      air direction changing plates 11 are increased in number. The flow
      dividing guider 4 is accommodated behind the portions 9c and 11a.
PAR  In the construction described above, when the cross flow fan 1 is rotated
      in the direction of the arrow A, with the flow dividing guider 4 received
      in the flow dividing guider receiving portion 12 as shown in FIG. 5, the
      air is sucked in in the suction port 9a as indicated by the arrow E and
      undergoes heat exchange in the heat exchanger 10 to flow through the cross
      flow fan 1 and down to the air direction changing plates 11. Then, the air
      is delivered through the delivery port 9b to return to the room. The
      movement of the air is the same as in the conventional blower having no
      flow dividing guider. In this case, the ventilating hole 23 is closed by
      the flow dividing guider 4, blocking the inflow of the external air.
PAR  If the flow dividing guider 4 is rotated about the rotating shaft 13 for
      opening the ventilating hole 23 to establish a communication with the
      exterior air, the exterior air is sucked in in the direction of the arrow
      G to be delivered into the room together with the air flow in the
      direction of the arrow F, as is shown in FIG. 6. However, in a portion of
      the cross flow fan 1 where there is no flow dividing guider 4 covering
      said fan 1 in the axial direction thereof, the air flows in the direction
      of the arrow E in FIG. 5. This applies also to the operation shown in FIG.
      7. When sucking in the exterior air as described above, the problem
      arising is to what position the flow dividing guider 4 should be rotated.
      In case the flow dividing guider 4 is rotated only a small distance from
      the position shown in FIG. 5, the ventilating hole 23 also opens only
      slightly, resulting in a very limited amount of the air sucked in. And in
      case the flow dividing guider 4 is rotated to a position in which the flow
      dividing guider 4 extends in the peripheral direction of the cross flow
      fan 1 along the outer periphery of said fan 1, with substantially equal
      distances maintained between said guider 4 and the outer periphery of said
      fan 1 along said outer periphery, the flow dividing guider 4 begins to act
      as an air guiding plate for the branching flow, and it very often happens
      that the air in the room is discharged to the outdoors through the
      ventilating hole 23. Thus, in this case too, no large amount of the
      exterior air can be expected to be sucked in.
PAR  Therefore, in order to obtain a maximum amount of air sucked in, the flow
      dividing guider 4 should be placed in a position in which the flow
      dividing guider 4 extends in a direction opposite to the rotating
      direction (the arrow A) of the cross flow fan 1 along the outer periphery
      of said fan 1, progressively parting from said outer periphery, and at the
      same time, the ventilating hole 23 is opened to a degree permitting a
      sufficient communication with the exterior air. Sometimes the exterior air
      is sucked in flowing on the back side of the flow dividing guider 4, as
      shown in the figure by the arrow H.
PAR  Turning to FIG. 7, if the flow dividing guider 4 is rotated about the
      rotating shaft 13 to be placed close to the outer periphery of the cross
      flow fan 1, the flow dividing guider 4 acts as an air guiding plate, so
      that a portion of the air sucked in as indicated by the arrow I is
      exhausted to the outdoors through the ventilating hole 23 and the
      ventilating duct 24 as shown by the arrow J, and the rest of the air
      sucked in is delivered into the room. In this case, a large decrease does
      not occur in the amount of air delivered into the room since the flow
      dividing guider 4 is arranged to cover only a portion of the cross flow
      fan 1 in the axial direction of said fan 1. Thus, the room can be
      ventilated during the cooling or heating operatiton which is performed by
      passing a heat medium in the heat exchanger 10. What is more, the diameter
      of the ventilating hole 23 need not be large enough to cover the entire
      axial length of the cross flow fan 1, so that a ventilating duct 24 having
      a small diameter can be used, making the diameter of a hole drilled in the
      wall 29 small.
PAR  In designing the blower in accordance with the present invention as
      described in the foregoing, the problems relating to the amount of air
      exhausted are to what position the flow dividing guider 4 should be
      rotated in bringing said guider 4 in close vicinity to the outer periphery
      of the cross flow fan 1, the width of the flow dividing guider 4 in the
      axial direction of the cross flow fan 1, the position of the flow dividing
      guider 4 in the axial direction of the cross flow fan 1, the relative
      positions of the nose 27 and the flow dividing guider 4, the vertical
      position, inner diameter, and size of the ventilating hole 23, the air
      passage resistances on the suction side and the delivery side which are
      formed by the vortex stabilizing plate 2 and the back guider 3 in a
      portion of the blower where the flow dividing guider 4 is provided, the
      space between the whistle sound preventing bend 26 and the vortex
      stabilizing plate 2, and the like. Hereinafter explanations will be given
      on the important ones of the problems described above.
PAR  In the first place, the relative positions of the flow dividing guider 4
      and the cross flow fan 1 are considered. Referring to FIG. 8, noise
      including a whistle sound will be increased in amount if the distance
      t.sub.1 at a point where a portion of the flow dividing guider 4 close to
      the whistle sound preventing bend 26 comes nearest to the outer periphery
      of the cross flow fan 1, is determined at a value which is excessively
      small. On the other hand, a great amount of air exhausted cannot be
      obtained if the distance t.sub.1 is determined at a value which is
      excessively large. This interrelationship is shown in FIG. 9. In the
      figure, along the abscissa are plotted the ratios of the distances t.sub.1
      to the outer diameter of the cross flow fan 1 D.sub.1, while along the
      ordinate are plotted the ratios of the amounts of air exhausted at various
      times Q to the amount of air exhausted at the time t.sub.1 /D.sub.1 = 0.11
      Qo. In addition, there is shown a tendency of the change in noise value
      corresponding to the change in t.sub.1 /D.sub.1 value. As can be clearly
      seen in the figure, there is an optimum range for the ratio t.sub.1
      /D.sub.1. An examination was done on the change in relationship between
      the ratios t.sub.1 /D.sub.1 and Q/Qo by moving the flow dividing guider 4
      in the axial direction of the cross flow fan 1. As a result, it was found
      that, in some cases, the value of the ratio Q/Qo did not decrease sharply
      when the value of the ratio t.sub.1 /D.sub.1 was decreased from 0.11, in
      contrast to the case shown in FIG. 9. However, even in these cases, the
      noise had a tendency to change nearly identical with that indicated in
      FIG. 9. In conclusion, it can be said that about 0.03 - 0.20 is the
      optimum range for the value of the ratio t.sub.1 /D.sub.1.
PAR  Examined next was the width of the flow dividing guider 4 in the axial
      direction of the cross flow fan 1. This width has something to do with the
      size of the ventilating hole 23. That is to say, in order to obtain a
      better result, this width should be increased according to an increase in
      the dimension of the ventilating hole 23 in the axial direction of the
      cross flow fan 1. A very good effect can be attained by providing a flow
      dividing guider 4 having a width slightly larger than the size of the
      ventilating hole 23. FIG. 10 shows this relationship. In the figure, along
      the abscissa are plotted the ratios of the widths of the flow dividing
      guider 4 in the axial direction of the cross flow fan 1 l.sub.1 to the
      inner diameter of the ventilating hole 23 D.sub.2, while along the
      ordinate are plotted the ratios of the amounts of air exhausted at various
      times Q to the amount of air exhausted at the time l.sub.1 /D.sub.2 = 1.64
      Qo. As can be understood from the figure, about 1.0 -  2.0 is the optimum
      range for the value of the ratio l.sub.1 /D.sub.1.
PAR  Then, let us consider the position of the flow dividing guider 4 in the
      axial direction of the cross flow fan 1. The determination of this
      position is influenced by such factors as the width of the flow dividing
      guider 4 l.sub.1, the relative positions of the flow dividing guider 4 and
      side plates 1a of the cross flow fan 1, the relative positions of the flow
      dividing guider 4 and partition plates 1b, and the like, as shown in FIG.
      11. When the width l.sub.1 is smaller than the width l.sub.2 in the axial
      direction of the cross flow fan 1, of a portion of said fan 1 formed by
      substantially equally dividing said fan 1 in the axial direction thereof
      by the partition plates 1b, a favorable result can be obtained by
      arranging the width l.sub.1 in the central part of the width l.sub.2 as
      exemplified by the flow dividing guider 4a in FIG. 11, or by arranging the
      width l.sub.1 such that one partition plate 1b is positioned in the center
      of the width l.sub.1 as exemplified by the flow dividing guider 4 b in
      FIG. 11. In the event the width l.sub.1 is larger than the width l.sub.2,
      it is better to arrange the width l.sub.1 so that one partition plate 1b
      is placed in the center of the width l.sub.1 as shown by the flow dividing
      guider 4b in FIG. 11.
PAR  Next, an examination will be made on the air passage resistances on the
      suction side and the delivery side which are formed by the vortex
      stabilizing plate 2 and the back guider 3 in a portion of the blower where
      the flow dividing guider 4 is provided. A good result can be attained by
      making the ratio of the air passage resistance on the suction side to the
      air passage resistance on the delivery side smaller than such a ratio in a
      portion of the blower where the flow dividing guider 4 is not provided.
      FIG. 12 illustrates an embodiment realizing the above principle. In this
      embodiment, the flow dividing guider 4 is disposed on a side near the
      operating knobs 33 of the room unit, and the suction ports 9a in a portion
      where the flow dividing guider 4 is disposed have, as shown at 9c, larger
      opening areas than the suction ports 9a in the other portion.
      Additionally, in said portion where the flow dividing guider 4 is
      disposed, the air direction changing plates 11 in the delivery ports 9b
      are increased in number in comparison with said plates 11 in the other
      portion, as shown at 11a in the figure. Thus, in said portion where the
      flow dividing guider 4 is disposed, a larger amount of the room air is
      sucked in through the ports 9c compared with the other portion, and thanks
      to a great delivery resistance at 11a, the amount of air exhausted by the
      flow dividing guider 4 is increased.
PAR  Turning to FIG. 7, if a space between the whistle sound preventing bend 26
      and the vortex stabilizing plate 2 is too small, all of the flow in the
      direction of the arrow I flows in the direction of the arrow J, and as
      shown by the arrow K, sucks in the room air through the delivery ports in
      a manner reverse to normal, and then passes through the air direction
      changing plates 11, the cross flow fan 1, and the ventilating duct 24 for
      being exhausted to the outdoors. If said space is too large, the length of
      the flow dividing guider 4 in the peripheral direction of the cross flow
      fan 1 is not sufficient to expect a large amount of air exhausted. Thus,
      said space must have an appropriate length in order to obtain the flows
      indicated by the arrows I and J in FIG. 7.
PAR  Referring again to FIG. 7, principal sources of noise in this ventilating
      device are a portion where one end of the flow dividing guider 4 and the
      outer periphery of the cross flow fan 1 are brought nearest to each other,
      and the nose 27. As for the noise produced in said portion where one end
      of the flow dividing guider 4 and the outer periphery of the cross flow
      fan 1 are brought nearest to each other, it is recommended to arrange the
      whistle sound preventing bend 26 in a portion of the flow dividing guider
      4 nearest to the outer periphery of the cross flow fan 1, so that the flow
      passing through the first mentioned portion is not distrubed. In this
      case, the bend length t.sub.2 shown in FIG. 8 must have a suitable value,
      and the value of the bending angle .alpha. must be chosen within a range
      of 10.degree. -90.degree. depending upon the particular state of use. The
      shape of the surface of the whistle sound preventing bend 26 need not be a
      plane through all instances, a curved surface being acceptable. As for the
      noise produced around the nose 27, a dominant factor in the solution of
      this particular noise problem is the relation between an inclined surface
      27a and the outer periphery of the cross flow fan 1, as can be seen in
      FIG. 7. In this case too, as is the case with said whistle sound
      preventing bend 26, there are optimum ranges for the length, shape, and
      angle of the inclined surface 27a to obtain a minimum amount of whistle
      sound and a maximum amount of air exhausted.
CLMS
STM  We claim:
NUM  1.
PAR  1. A blower for blowing air, comprising: a cross flow fan; a vortex
      stabilizing plate spaced apart from one side of the outer periphery of the
      fan; a back guider spaced apart from the outer periphery of the fan and
      extending from the side of said fan opposite said one side towards said
      stabilizing plate, said fan, said stabilizing plate and said back guider
      forming, on the same side of said fan, an air suction side and an air
      delivery side; and on said air suction side a flow dividing guider, which
      with said back guide forms a branching air delivery space on the opposite
      side of said air suction side, for dividing the air flow and enabling the
      air to flow in substantially two opposite directions from said air suction
      side back to said air delivery side and to said branching air delivery
      space, respectively.
NUM  2.
PAR  2. A blower for blowing air, comprising: a cross flow fan; a vortex
      stabilizing plate spaced apart from one side of the outer periphery of the
      fan; a back guider, located in a position opposite to the position of said
      vortex stabilizing plate, with said cross flow fan located therebetween,
      said back guider being in the form of a curved surface which parts
      progressively from the outer periphery of said cross flow fan in the
      rotating direction of said cross flow fan; and a flow dividing guider,
      disposed on a suction side of said cross flow fan and parting
      progressively from the outer periphery of the cross flow fan in the
      rotating direction of said cross flow fan, an air suction space being
      formed between said flow dividing guider and said vortex stabilizing
      plate, a branching air delivery space being formed between said flow
      dividing guider and said back guider, and an air delivery space being
      formed between said vortex stabilizing plate and said back guider, said
      flow dividing guider including means for enabling air to flow in two
      substantially opposite directions from said air suction space back to said
      air delivery space and to said branching air delivery space.
NUM  3.
PAR  3. A blower in accordance with claim 2 in which said back guider is mounted
      to be rotatable about an axis parallel to the rotating shaft of the cross
      flow fan.
NUM  4.
PAR  4. A blower in accordance with claim 2 in which there is further provided a
      nose for guiding the branching air which is located on the back guider
      side in the branching air delivery space.
NUM  5.
PAR  5. A blower for blowing air, comprising: a cross flow fan; a vortex
      stabilizing plate spaced apart from one side of the outer periphery of the
      fan; a back guider, located in a position opposite to the position of said
      vortex stabilizing plate, with said cross flow fan located therebetween,
      said back guider being in the form of a curved surface which parts
      progressively from said cross flow fan in the rotating direction of said
      cross flow fan; and a flow dividing guider, disposed on a suction side of
      said cross flow fan and rotatable about an axis parallel to the rotating
      shaft of said cross flow fan, for dividing the air flow and enabling the
      air to flow in two substantially opposite directions, one of the
      directions being back towards the air suction side.
NUM  6.
PAR  6. A blower in accordance with claim 5 in which a space between said flow
      dividing guider and said vortex stabilizing plate is used as an air
      suction port, and a space between said flow dividing guider and said back
      guider is used as a branching air delivery port.
NUM  7.
PAR  7. A blower in accordance with claim 5 in which a space between said flow
      dividing guider and said back guider is used as an air suction port for
      sucking in air in addition to said air suction side.
NUM  8.
PAR  8. A blower in accordance with claim 5 in which said flow dividing guider
      closes a space formed between said flow dividing guider and said back
      guider.
NUM  9.
PAR  9. A blower in accordance with claim 5 in which there is provided on a back
      guider side in a space between said flow dividing guider and said back
      guider a nose with which said flow dividing guider comes in engagement
      when said flow dividing guider closes said space between said flow
      dividing guider and said back guider.
NUM  10.
PAR  10. A blower for blowing air, comprising: a cross flow fan: a vortex
      stabilizing plate spaced apart from one side of the outer periphery of the
      fan; a back guider, located in a position opposite to the position of said
      vortex stabilizing plate, with said cross flow fan located therebetween,
      said back guider being in the form of a curved surface which parts
      progressively from the outer periphery of said cross flow fan in the
      rotating direction of said cross flow fan; and a flow dividing guider,
      disposed on a suction side of said cross flow fan and having a width
      equivalent to a portion of the axial length of said cross flow fan,
      wherein spaces are formed between said flow dividing guider and said
      vortex stabilizing plate and between said flow dividing guider and said
      back guider, said flow dividing guider including means for enabling air to
      flow in two substantially opposite directions, one of the directions being
      back towards the suction side.
NUM  11.
PAR  11. A blower in accordance with claim 10 in which the space between the
      flow dividing guider and the vortex stabilizing plate is used as an air
      suction port, and the space between said flow dividing guider and the back
      guider is used as a branching air delivery port.
NUM  12.
PAR  12. A blower in accordance with claim 11 in which a nose for guiding
      branching air in the branching air delivery port is further provided on
      the side of said back guider in the branching air delivery port.
NUM  13.
PAR  13. A blower in accordance with claim 10 in which the space between the
      flow dividing guider and the back guider is used as an air suction port
      for sucking in air in addition to said air suction side.
NUM  14.
PAR  14. A blower in accordance with claim 10 in which there is disposed near
      said space between said flow dividing guider and said back guider a
      branching air delivery port and the width of the flow dividing guider is
      about 1 - 2 times the width of said branching air delivery port in the
      axial length of the cross flow fan.
NUM  15.
PAR  15. A blower in accordance with claim 10 in which end edges of said flow
      dividing guider located in the axial direction of the cross flow fan are
      turned down toward the cross flow fan making substantially a right angle
      with the surface of said flow dividing guider.
NUM  16.
PAR  16. A blower in accordance with claim 10 in which the ratio of the air
      passage resistance on the suction side in a portion of the blower where
      said flow dividing guider is provided in the axial direction of the cross
      flow fan to the air passage resistance on a delivery side in said portion
      of the blower, is smaller than the ratio of the air passage resistance on
      the suction side in a portion of the blower where said flow dividing
      guider is not provided to the air passage resistance on the delivery side
      in said portion of the blower where said flow dividing guider is not
      provided.
NUM  17.
PAR  17. A blower for blowing air, comprising: a cross flow fan; a vortex
      stabilizing plate spaced apart from one side of the outer periphery of the
      fan; a back guider, located in a position opposite to the position of said
      vortex stabilizing plate, with said cross flow fan located therebetween,
      said back guider being in the form of a curved surface which parts
      progressively from the outer periphery of said cross flow fan in the
      rotating direction of said cross flow fan; and a flow dividing guider,
      disposed on a suction side of said cross flow fan and having a width
      equivalent to a portion of the axial length of said cross flow fan, said
      flow dividing guider being rotatably supported on a shaft parallel to the
      rotating shaft of said cross flow fan, and wherein spaces are formed
      between said flow dividing guider and said vortex stabilizing plate and
      between said flow dividing guider and said back guider, said flow dividing
      guider including means for enabling air to flow in two substantially
      opposite directions, one of the directions being back towards the air
      suction side.
NUM  18.
PAR  18. A blower in accordance with claim 17 in which the positional relation
      between said flow dividing guider support shaft and said flow dividing
      guider is so determined that, when said flow dividing guider is rotated
      about said flow dividing guider support shaft in the same direction as the
      rotating direction of said cross flow fan, said flow dividing guider
      closes a space formed between said flow dividing guider and said back
      guider.
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ABST
PAL  This invention relates to an apparatus for forming a nonwoven fibrous web
      from multiple laps of staple fibers. The apparatus includes lap forming
      means for forming the laps of staple fibers and for generating air
      currents. A lap-confining channel is defined in part by an upper
      horizontal run of a substantially air-impervious conveyor belt, and the
      horizontal run directs the laps through an open downstream end of the
      channel. A shield encloses the downstream end of each lap forming means
      for defining an enclosed flow path from each lap forming means to the
      lap-confining channel. This enclosed flow path aids in establishing
      laminar flow of the air currents to form air barriers between adjacent
      laps, and between the upper horizontal run of the conveyor belt and its
      adjacent lap. A fiber spreading and reorienting section is positioned
      adjacent the downstream open end of the lap-confining channel and includes
      a plurality of bowed rolls spaced from each other in the machine-direction
      of web formation with their axles extending in the cross-machine-direction
      of web formation. The axles are disposed along a generally upwardly
      inclined path from the horizontal run of the conveyor belt in the
      machine-direction of web formation, and this generally upwardly inclined
      path is at an acute angle to the direction of movement of said horizontal
      run. The most upstream roll of the fiber spreading and reorienting
      section, that is, the roll closest to the upper horizontal run of the
      conveyor belt, is in adjacent, noncontacting relationship with the
      horizontal run of the conveyor belt for receiving the overlying laps
      without compressing them against the conveyor belt. A calendering section
      is disposed downstream of the fiber spreading and reorienting section for
      pressing the fibrous laps together into a unitary nonwoven fibrous web
      after the fibers in the laps have been spread and reoriented, and a
      bonding section is disposed downstream of the calendering section for
      bonding together the fibers of the unitary nonwoven fibrous web to enhance
      the integrity of the web.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for forming a nonwoven fibrous web,
      and more particularly to an apparatus for forming a nonwoven fibrous web
      from multiple laps of staple fibers.
PAR  2. Description of the Prior Art
PAR  Nonwoven webs of oriented staple length fibers are well known in the prior
      art, and have been conventionally formed on carding machines which orient
      the fibers predominately in the machine-direction of web formation. These
      webs have excellent machine-directon strength due to the predominate fiber
      orientation in that direction; however, this strength is obtained at a
      sacrifice of cross-machine-direction strength.
PAR  An improved apparatus for achieving enhanced cross-machine-direction
      strength in nonwoven fibrous webs formed from multiple laps of
      predominately machine-direction-oriented staple length fibers is disclosed
      in U.S. Pat. No. 3,772,107, issued to Gentile et al on Nov. 13, 1973, and
      assigned to Scott Paper Company. That apparatus includes a plurality of
      lap-forming means, preferably in the form of carding machines, for forming
      multiple laps of staple-length fibers and for directing said laps through
      an enclosed flow path into overlying relationship within a lap-confining
      channel. The carding machines generate air currents which are directed
      into the lap-confining channel under substantially laminar air flow
      conditions to form air barriers between the overlying laps and between the
      lower lap and the upper run of an air-impervious conveyor belt. The upper
      run of the conveyor belt is moved in a horizontal path through the
      lapconfining channel, and then is diverted upwardly at an acute angle to
      direct the laps into a horizontally disposed fiber spreading and
      reorienting section. The diversion of the upper run of the conveyor belt
      from its horizontal path into its upwardly inclined path takes place by
      directing the upper run around a conveyor diverting roll. The Gentile et
      al apparatus further includes a calendering section disposed downstream of
      the fiber spreading and reorienting section for pressing the adjacent
      overlying laps together to form a unitary nonwoven fibrous web after the
      fibers in the laps have been spread and reoriented, a bonding section
      disposed downstream of the calendering section for bonding together the
      fibers of the unitary nonwoven fibrous web and a drying section for both
      drying and curing the bonding material to complete the formation of the
      nonwoven web.
PAR  The Gentile et al apparatus was designed to prevent any significant
      compression of the laps until after the fiber spreading and reorienting
      operation. In this manner the air barriers formed between the overlying
      laps of staple fibers were maintained during the fiber spreading and
      reorienting operation to achieve a greater degree of fiber reorientation
      and randomization then was achievable when the laps were pressed into a
      unitary web construction prior to the spreading and reorienting operation.
      A complete discussion of the advantages of the Gentile et al apparatus is
      set forth in the U.S. Pat. No. 3,772,107, and for the purpose of brevity
      will not be repeated herein.
PAR  Although the Gentile et al apparatus accomplished its intended objective of
      forming a nonwoven fibrous web with enhanced cross-machine-direction
      strength, it has been found that at web forming speeds exceeding about 300
      feet per minute (i.e.), the speed of web removal from the drying section)
      the finished nonwoven fibrous web consistently contained undesirable
      wrinkles extending in the machine direction of web formation.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention resides in an improvement of the Gentile et al
      apparatus and greatly reduces the frequency of wrinkle formation at web
      forming speeds exceeding 300 feet per minute. Specifically, applicant has
      discovered that in the Gentile et al device the upper run of the conveyor
      belt cooperates with the conveyor diverting roll to define an air-flow
      restricting gap which traps air immediately adjacent the upstream side of
      the diverting roll during the web forming operation. The air which is
      trapped adjacent the diverting roll builds up to cause the laps to lift
      off of the conveyor belt in the form of a fiber bubble. As the fibrous
      laps are continuously directed toward the diverting roll the fiber bubble
      is forced to continuously collapse and pass through the restricting gap.
      This collapsing of the fiber bubble creates wrinkles which are generally
      aligned in the machine-direction of web formation, and therefore, these
      wrinkles are not pulled out of the laps by tension imposed upon said laps
      as they are directed through the subsequent calendering, bonding and
      drying operations. Accordingly, the wrinkles are included in the completed
      nonwoven fibrous web, and render said web unacceptable for many end uses.
PAR  Applicant has solved the wrinkling problem described in the preceding
      paragraph by eliminating both the conveyor diverting roll and the upwardly
      inclined section of the conveyor belt from the Gentile et al apparatus. In
      the apparatus of this invention a fiber spreading and reorienting section
      is disposed adjacent the horizontal delivery run of the conveyor belt to
      receive the overlying laps of staple fibers, with the air barriers trapped
      therebetween, directly from said horizontal delivery run. The fiber
      spreading and reorienting section is comprised of a plurality of bowed
      rolls spaced from each other in the machine-direction of web formation
      with their axles extending in the cross-machine-direction of web
      formation. The axles are disposed along a generally upwardly inclined path
      from the horizontal run of the conveyor belt in the machine-direction of
      web formation, and this generally upwardly inclined path is at an acute
      angle to the direction of movement of said horizontal run. The generally
      upwardly inclined path can be a straight path resulting from positioning
      successive roll axles along a straight line, or said path can be an
      undulating path resulting from offsetting adjacent roll axles from each
      other. Regardless of the disposition of the roll axles, the overlying laps
      of staple fibers are directed past the bowed rolls along a path, the
      straight line approximation of which is upwardly inclined from the
      horizontal delivery run of the conveyor belt at an acute angle to the
      direction of movement of said horizontal delivery run. The overlying laps
      of staple fibers can be threaded through the bowed rolls so as to engage
      each of said rolls, or alternatively, some of said rolls can be bypassed,
      depending upon the degree of fiber spreading and reorientation that is
      desired.
PAR  In the preferred embodiment of this invention the axles of adjacent rolls
      are offset with respect to each other so that the outer surfaces of
      successive rolls overlap to define an undulating fiber spreading and
      reorienting path between them. The straight path approximation of the
      undulating path is upwardly inclined from the horizontal delivery run of
      the conveyor belt and is disposed at an acute angle to said horizontal
      delivery run. Regardless of the orientation of the bowed rolls, the most
      upstream roll, i.e., the roll closest to the upper horizontal run of the
      conveyor belt, is in adjacent, noncontacting relationship with the
      horizontal run for receiving the laps without compressing said laps or
      restricting the flow of air. In this manner the formation of fiber bubbles
      and the wrinkles resulting therefrom have been eliminated.
PAR  The fiber spreading and reorienting section of the apparatus of this
      invention provides the same function as the fiber spreading and
      reorienting section in the Gentile device, and in addition performs the
      lap directing function which, in the Gentile et al device, required the
      inclusion of an upwardly inclined conveyor belt run and a conveyor
      diverting roll. Accordingly the apparatus of this invention is of a
      simplified construction producing considerably better results than the
      Gentile et al device. Specifically, the apparatus of this invention has
      been employed to form unitary nonwoven fibrous webs at speeds in excess of
      400 feet per minute without the formation of wrinkles therein.
PAR  Other objects and advantages of this invention will become apparent upon
      reading the detailed description which follows taken in conjunction with
      the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevation of an apparatus according to this
      invention; and
PAR  FIG. 2 is a sectional view along line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  This invention relates to an improvement over the apparatus described in
      U.S. Pat. No. 3,772,107, issued to Gentile et al on Nov. 13, 1973, and
      assigned to Scott Paper Company. Subject matter of the Gentile et al
      patent is incorporated by reference into this application to the extent
      necessary to provide a complete understanding of the operation of the
      instant invention and the environment in which said instant invention is
      employed.
PAR  Referring to FIG. 1, an apparatus 10 of this invention for forming a
      nonwoven fibrous web includes conventional lap forming means, such as
      carding machines 12, for forming laps 14 and 16 of loosely associated
      staple fibers, the major proportion of which are predominately oriented in
      the machine-direction of lap formation. Each carding machine 12 includes a
      carding roll 18 having a plurality of pins or wire points (not shown)
      disposed about the periphery thereof for combing fibers from a feed mat of
      staple fibers to orient a major proportion of said fibers substantially in
      the machine-direction. In addition, the carding machine 12 includes a
      doffing roll 20 for collecting and removing the oriented fibers from the
      carding roll 18 in the form of a fibrous lap. Suitable lap removing means
      22; such as that which is sold under the trademark "Doffmaster" by John D.
      Hollingsworth on Wheels, Inc. of Greenville, South Carolina; is disposed
      adjacent the doffing roll 20 of each carding machine 12 for removing the
      laps from the doffing roll and for directing said laps into overlying
      relationship onto an upper horizontal delivery run 28 of an air-impervious
      continuous conveyor belt 26.
PAR  Referring to FIGS. 1 and 2, a lap-confining channel 24 is defined by the
      upper horizontal delivery run 28 of the continuous conveyor belt 26; a
      pair of transversely spaced, substantially U-shaped side members 30, each
      of which has a central web portion 32 disposed closely adjacent to a
      respective side margin of the upper delivery run 28 of the conveyor belt
      26; a back member 34 and an upper closure. The upper closure preferably is
      defined by discrete members 36 which are spaced apart in the
      machine-direction to define entrance openings 38 through which the fibrous
      laps 14 and 16 are directed into the lapconfining channel 24. Each side
      member 30 preferably has a lower inturned leg 41 which is secured to a
      floor 43 by any suitable securing means (not shown), and an upper inturned
      leg 45 to which the closure members 36 are secured by any suitable
      securing means (not shown). The lap-confining channel 24 has an open
      downstream end 39 through which the superimposed fibrous laps 14 and 16
      are directed by the conveyor belt 26.
PAR  The individual laps 14 and 16 are directed from the carding machines 12
      through respective entrance openings 38 by the Doffmaster 22 into
      overlying relationship within the lap-confining channel 24. High speed
      rotation of the carding roll 18, preferably in excess of 200 feet per
      minute, drives air into the lap-confining channel 24, as is shown
      schematically by arrows 47, to form an air barrier between the individual
      fibrous laps 14 and 16, and between the upper delivery run 28 of the
      conveyor belt 26 and its adjacent fibrous lap 14. The air barrier between
      the delivery run 28 of the conveyor belt 26 and the lower lap 14 prevents
      the buildup of static charges between said lower lap and said delivery
      run. The air barrier between the fibrous laps 14 and 16 prevents extensive
      clinging together of the fibers of lap 14 with the fibers of its adjacent
      lap 16 to permit more effective reorientation among the fibers in the
      adjacent laps, as is fully explained in the above-referred to Gentile et
      al patent. The lap-confining channel 24 aids in establishing laminar air
      flow of the air barriers by confining the flow path of said air to a
      substantially downstream direction. For further details relating to the
      function performed by the various members forming the lap-confining
      channel 24 reference should be had to the Gentile et al patent.
PAR  An air-impervious shield 40 is disposed adjacent the downstream end of each
      carding machine 12 and encloses the front and sides of each machine to
      define a substantially enclosed flow path from each carding machine 12 to
      a respective entrance opening 38 of the lap-confining channel 24 to
      thereby aid in establishing the laminar air flow from each carding machine
      12 into the lap-confining channel 24, and to insure that each lap will be
      directed through its corresponding entrance opening 38.
PAR  The components of the appatatus 10 described thus far are identical to the
      Gentile et al apparatus. The present invention resides in the unique
      relationship between the upper horizontal delivery run 28 of the
      air-impervious conveyor belt 26 and a fiber spreading and reorienting
      section 42.
PAR  Referring to FIG. 1, the upper delivery run 28 of the air-impervious
      conveyor belt 26 is disposed in a substantially horizontal plane for
      directing the overlying laps 14 and 16 in a downstream direction through
      the open downstream end 39 of the lap-confining channel 24 into the fiber
      spreading and reorienting section 42.
PAR  The fiber spreading and reorienting section 42 includes a plurality of
      bowed rolls (preferably of the type sold under the trademark "Mount Hope"
      by Mount Hope Machinery Company of Tauton, Massachusetts) spaced from each
      other in the machine direction of web formation. The number of these rolls
      can be varied, depending upon the desired degree of spreading and
      reorienting. In the embodiment depicted for illustration only, six bowed
      rolls are shown, and are designated by numerals 52, 54, 52', 54', 52" and
      54". Preferably, the outer surfaces of successive rolls overlap to define
      an undulating fiber spreading and reorienting path for the overlying laps
      14 and 16 as said laps are directed between said successive rolls. The
      straight path approximation of the undulating path is upwardly inclined
      from the horizontal delivery run 28 and is disposed at an acute angle to
      the direction of movement of said delivery run. The most upstream bowed
      roll 52 of the fiber spreading and reorienting section 42 (i.e., the roll
      closest to the upper delivery run 28 of the conveyor belt 26) is in
      adjacent, noncontacting relationship with the horizontal delivery run 28.
PAR  The bowed rolls of the fiber spreading and reorienting section 42 spread
      and reorient the fibers in substantially the same manner as described in
      the Gentile et al patent; however the adjacent, noncontacting relationship
      between the delivery run 28 of the conveyor belt 26 and the most upstream
      roll 52 of said fiber spreading and reorienting section eliminates the
      creation of an air-flow restricting gap of the type which exits between
      the conveyor diverting roll and the conveyor in the Gentile et al device.
      Accordingly, the problem of fiber bubbles and web wrinkles is eliminated
      in the device of this invention.
PAR  Preferably the bowed rolls 52, 52' and 52" (hereinafter referred to as the
      "upper rolls") are mounted so that they can be moved upwardly to move
      their outer surfaces out of overlapping relationship with the outer
      surfaces of the bowed rolls 54, 54' and 54" (hereinafter referred to as
      "the lower rolls"). Accordingly, threading the laps 14 and 16 through the
      fiber spreading and reorienting section is easily achieved by moving the
      upper rolls to a position in which their outer surfaces do not overlap
      with the outer surfaces of the lower rolls, and merely directing the laps
      over the lower rolls. Thereafter the upper rolls can be lowered to engage
      the laps as is shown in FIG. 1.
PAR  After the fibers in laps 14 and 16 have been spread and reoriented the laps
      are directed into a wet calendering section 58 over a guide roll 53. If
      desired additional bowed rolls (not shown) can be included between the
      guide roll 53 and the calendering section 58 to further spread and
      reorient the fibers within the laps 14 and 16.
PAR  The wet calender section includes opposed driven rolls 60 and 62 defining a
      nip 64 therebetween. The lower roll passes through a wetting solution 66,
      and conveys the wetting solution to the nip 64 to accomplish wet pressing
      of the laps 14 and 16 in said nip to form a unitary nonwoven fibrous web
      68. the nonwoven fibrous web 68 is then directed through a bonding section
      70 which preferably is a print bonding section comprising opposed, driven
      roll 72 and 74 defining a nip 76 therebetween. The lower roll 72 passes
      through an adhesive solution 78, and conveys said solution into the nip 76
      to bond fibers together in the unitary nonwoven fibrous web 68.
      Preferably, the lower print bonding roll 72 is patterned to pick up
      adhesive in discrete patterns to thereby form discrete bonded areas in the
      nonwoven fibrous web 68 which account for less than 25% of the total area
      of said web, and preferably account for 10% or less of the total area of
      said web. The wet calendering operation prior to the bonding operation
      prevents wrap-up of the nonwoven fibrous web 68 around either of the
      bonding rolls 72, 74. If a spray bonding section is utilized to bond
      together fibers of the nonwoven web 68, the wet calendering section 58 may
      be replaced by a dry calendering section, since there is no wrap-up
      problem associated with a spray bonding operation.
PAR  A dryer section 80 is disposed downstream of the bonding section 70, and
      preferably is comprised of a plurality of driven can dryers 81. The can
      dryers 81 dry the web to remove moisture therefrom, and also serve the
      function of setting and/or curing the adhesive. The dried web is then fed
      from the can dryers 81 onto a supply roll (not shown) for storage and/or
      subsequent use.
PAR  The staple fibers utilized in forming a nonwoven web in the apparatus of
      this invention preferably have a length exceeding one-half inch, and
      include such fibers as rayon, polyolefins, polyamides and polyesters.
PAR  Any suitable wetting solution can be utilized at the wet calendering
      section 58. For example, the wetting solution can include water with less
      than 1% of a wetting agent, such as DIANOL, sold by Quaker Chemical
      Company of Conshohocken, Pa.
PAR  Many different adhesives can be utilized to bond together fibers of the
      nonwoven web, and the specific type of adhesive utilized does not form a
      part of the present invention. Latices, such as polyvinyl acetate,
      copolymer emulsions and acrylic latices have been satisfactory utilized in
      the present invention.
PAR  The problem of web wrinkles was encountered in the Gentile et al device at
      web forming speeds of approximately 300 feet per minute (i.e., the speed
      of the web coming off of the dryer cans). However, under the same draw
      condition of about 15% the present invention has been employed to form
      fibrous webs at speeds exceeding 400 feet per minute without the creation
      of web wrinkles. This invention represents a significant improvement over
      the Gentile et al apparatus by permitting a higher speed more reliable web
      forming operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for forming a unitary nonwoven fibrous web from multiple
      laps of staple fibers:
PA1  A. lap forming means for forming said laps of staple fibers and for
      generating air currents;
PA1  B. a lap-confining channel defined in part by an upper, substantially
      horizontal delivery run of an air-impervious conveyor, said channel having
      an open down-stream end;
PA1  C. shield means for defining a flow path between the lap forming means and
      the lap-confining channel for directing said laps and air currents into
      said lap-confining channel with said laps in overlying relationship with
      each other and with the upper delivery run of the air-impervious conveyor;
PA1  D. drive means for moving said air-impervious conveyor to convey said
      overlying laps in a downstream direction through the open downstream end
      of said lap-confining channel; the improvement comprising:
PA1  E. a fiber spreading and reorienting section adjacent the upper delivery
      run of the conveyor downstream of the lap-confining channel, said fiber
      spreading and reorienting section including a plurality of bowed rolls
      spaced from each other in the machine direction of web formation with
      their axles extending in the cross-machine-direction of web formation,
      said axles being disposed along a generally upwardly inclined path from
      the horizontal delivery run of the conveyor, said generally upwardly
      inclined path being at an acute angle to the direction of movement of said
      delivery run, and the most upstream bowed roll of the fiber spreading and
      reorienting section being in adjacent, noncontacting relationship with the
      horizontal delivery run for receiving the overlying laps of staple fibers
      without compressing said laps against said delivery run.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein the axles of adjacent bowed
      rolls are offset from each other so that a line connecting successive
      axles follows an undulating path, the straight path approximation of said
      undulating path being upwardly inclined from the horizontal delivery run
      of the conveyor at an acute angle to the direction of movement of said
      delivery run.
NUM  3.
PAR  3. The apparatus according to claim 2, wherein the outer surfaces of
      successive rolls overlap to define an undulating fiber spreading and
      reorienting path between said rolls through which the laps of staple
      fibers are directed, the straight path approximation of the undulating
      path being upwardly inclined from the upper delivery run of the conveyor
      at an acute angle to the direction of movement of said delivery run.
NUM  4.
PAR  4. The apparatus according to claim 1, further including a calendering
      section disposed downstream of the fiber spreading and reorienting section
      for pressing the adjacent overlying laps together to form a unitary
      nonwoven fibrous web and a bonding section disposed downstream of the
      calendering section for bonding together fibers of said unitary nonwoven
      fibrous web.
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ABST
PAL  A machine is provided for practicing the method of forming a comestible in
      one of a variety of shapes from a foodstuff slurry. The slurry includes a
      gel-forming material and is supplied in predetermined amounts to a cavity
      which has been washed with a combination release and gellation agent.
      Apparatus is provided for contacting the exposed surface of the slurry in
      the cavity with a gellation agent to gel the gelforming material at the
      outer surface of the formed product. Further apparatus is provided for
      transporting the cavity filled with the foodstuff to a product removal
      station. Punch apparatus is aligned with the cavity at the product removal
      station and is actuated to extend into and extrude the product from the
      cavity onto a conveyor belt to be removed for further processing. Control
      means are provided for ensuring operation of the punch apparatus only when
      the cavity is aligned therewith and, further, the control apparatus
      ensures that the cavity is not transported back to the filling station
      until the punch has been fully retracted from the cavity.
BSUM
PAR  The present invention relates generally to an apparatus and a method for
      forming a foodstuff from finely divided food particles, and in particular
      to an apparatus and method for shaping a comestible from a foodstuff
      containing a gel-forming material and gelling the outer surface thereof by
      washing the formed comestible with a gellation agent.
PAR  Various machines are available for the formation of a comestible in a
      desired shape from a foodstuff which has been finely divided or comminuted
      such as by shredding, chopping mashing, grinding or the like. In certain
      instances, the divided foodstuff may be re-formed into a desired shape by
      extruding the foodstuff from a nozzle of a specific shape or by forcing
      the foodstuff through a die. Alternately, the divided foodstuff may be
      reformed into a desired shape by extruding into a cavity, thereby assuming
      the shape or configuration of the cavity, and then being removed from the
      cavity as a formed comestible.
PAR  The needs for initially dividing a foodstuff or using an already-divided
      foodstuff and reforming said foodstuff by forcing through an opening or
      the like are many. For example, a certain product having desirable
      nutritional qualities may be too fibrous for easy consumption by children
      or those with dental problems.
PAR  Certain "natural" foodstuffs may be too fibrous for enjoyable consumption
      by someone possessed of normal dention. For example, certain grades of
      beef are possessed of high quality protein but contain fibers which render
      them difficult to masticate. If such beef were prepared in the normal
      manner, such as by frying or broiling whole, it would be virtually
      inedible.
PAR  However, if the fibers of such beef were broken down by forcing the beef
      through a small opening and the resultant foodstuff were reformed into the
      well-known hamburger pattie, the cooked, re-formed foodstuff could be
      easily consumed by virtually anyone.
PAR  In addition, it may be desirable to utilize what would normally be the
      waste products of processing of foods such as fish, shrimp, chicken or the
      like. For example, in filleting a whole fish, various scrap pieces are
      normally discarded which contain much high quality protein. In a like
      manner, when boned chicken is prepared, numerous scraps of chicken are
      normally discarded which only find utilization as food not usually
      destined for human consumption.
PAR  Many small shrimp are caught with larger, more desireable shrimp. The small
      shrimp are usually too small to be considered of commercial value and are
      returned to the sea often to die and be wasted. The small shrimp in fact
      possess virtually all of the flavor and food value, if not the size of the
      larger shrimp.
PAR  With each of the foodstuffs noted, the divided foodstuff, whether fish,
      chicken or shrimp can be mixed with other products to form a slurry usable
      for re-forming. Re-forming can be accomplished by including a product in
      the slurry which forms a gel upon exposure to a gel-forming solution in
      the form of a bath or a wash.
PAR  If a nutritious, desirable food product can be formed in an appealing shape
      from these normally-wasted by-products, great cost savings can be effected
      while eliminating waste.
PAR  In addition, if a method of forming such food products can be repeated
      consistently, portion control is greatly simplified and accomplished by
      simply counting the number of identical formed shapes produced. Such
      portion management is usable in both cost and nutrition control.
PAR  The process for the manufacture of food products by extrusion of a slurry
      of food material including a gel-forming matrix together with formation of
      a gel-like skin around the extruded product is contained in U.S. Pat. No.
      3,650,765 and U.S. Pat. No. 3,650,766, both of which issued Mar. 21, 1972
      and both of which are assigned to the assignee of the present application.
PAR  Machines are disclosed in the prior art for use in the formation of a
      product, such as a hamburger pattie or the like, by forcing ground meat
      into a shape forming cavity in direct communication with a large supply of
      such ground meat. The cavity containing the ground meat is removed from
      communication with the supply and the meat is removed from the cavity as a
      formed pattie.
PAR  In order to prevent waste in such a forming machine, there must be a
      relatively tight fit between the plate carrying the cavity and the source
      of the meat when the meat is forced into the cavity. This same tight fit
      renders it difficult to remove the plate from communication with the
      supply of meat. Were it not for the natural and added fats which are
      included in ground meat, such a device would be very difficult to operate
      without external lubrication which could easily contaminate the foodstuff,
      obviously an undesirable result.
PAR  Many foodstuff molding or forming devices presently available are not
      equipped for forming a plurality of foodstuffs simultaneously. Further,
      most foodstuff forming devices are not equipped for forming a foodstuff in
      other than a shape which is generally uniform in cross-section.
PAR  In addition, machines which exist in the market for producing an extruded
      foodstuff containing a gel-forming matrix which forms a gel-like skin upon
      exposure to a gellation agent, are not capable of producing involved
      shapes including recurved peripheries or shapes which vary sharply in
      cross-section in adjacent areas.
PAR  It is an object of the present invention to provide a machine for the
      manufacture of one or a plurality of formed food products, from a
      foodstuff containing a gel-forming matrix where the exterior of the
      foodstuff is washed with a gellation agent, thereby forming a gelled skin
      thereabout.
PAR  It is a further object of the present invention to provide a method for the
      formation of a shaped food product which includes use of a foodstuff
      slurry which contains a gel-forming material therein, extruding said
      foodstuff slurry into a shape forming cavity which has been previously
      wetted with a combination gellation and release agent and wetting the
      formed foodstuff with a combination gellation and release agent to aid in
      the formation of the foodstuff and the release thereof from the cavity.
PAR  In accordance with a specific embodiment of the present invention, a
      machine is provided for the formation of a shaped comestible from a
      foodstuff slurry containing a gel-forming material. The machine comprises
      a forming station where the shaped comestible is formed by extruding
      material into the shape forming cavity and a removing station wherein the
      shaped comestible is removed from the cavity. A plate has at least one
      shape forming cavity therein of a predetermined outer configuration for
      use in forming the foodstuff into a shape having the same outer
      configuration as the cavity. Means mount the plate for movement of the
      cavity between the forming station and the removing station. Foodstuff
      delivery means are located in operative relation to the forming station
      for periodically supplying the cavity with a predetermined amount of the
      foodstuff. Means are provided in operative relation to the forming station
      for use in coating the unfilled cavity and the surface of the foodstuff
      delivered to the cavity with a gellation agent for gelling the gel-forming
      material on the surface of the foodstuff. Means are provided for use in
      preventing the slurry not in the cavity from leaving the forming station.
      A punch is provided in operative relation to the removing station of
      substantially the same outer configuration as the cavity. Means mount the
      punch for movement between a normal position where the punch does not
      intersect the cavity when it is located at the removing station and an
      extended position where the punch does intersect and extend into the
      cavity when the cavity is located at the removing station. Means are
      provided for operating the foodstuff delivery means to supply the
      predetermined amount of foodstuff to the cavity and fill the cavity
      therewith. Means are provided for transporting the filled cavity from the
      forming station to the removing station and into alignment with the punch.
      Control means are supplied including means which are constructed and
      arranged to operate the punch from the normal to the extended position for
      use in urging the foodstuff from the cavity only upon the cavity being
      aligned with the punch. The control means further includes means
      constructed and arranged for operating the transporting means to remove
      the cavity from the removing station toward the forming station only upon
      the punch returning from the extended to the normal position.
DRWD
PAR  The above brief description as well as further objects, features, and
      advantages of the present invention will be more fully understood by
      reference to the following detailed description of the presently preferred
      but nonetheless illustrative embodiments in accordance with the present
      invention, when taken in conjunction with the accompanying drawing,
      wherein:
PAR  FIG. 1 is a front elevational view, with parts broken away and shown in
      section of an illustrative form of the present invention;
PAR  FIG. 2 is a fragmentary sectional elevational view of part of the foodstuff
      supply and delivery means of the present invention showing a supply hopper
      in communication with a foodstuff advance piston;
PAR  FIG. 3 is a fragmentary sectional elevational view similar to FIG. 2 with
      the foodstuff advance piston shown in communication with a conduit
      connected to a cavity of the present invention;
PAR  FIG. 4 is a fragmentary sectional elevational view, with parts broken away,
      of the forming and ejection apparatus of the present invention, on an
      enlarged scale, with a shape-forming plate being shown in position at a
      forming station and receiving foodstuff in mold cavities thereof;
PAR  FIG. 5 is a fragmentary sectional elevational view similar to FIG. 4 with a
      plate being shown in position for ejection of a shaped product therefrom
      and an ejecting means being shown in an extended position intersecting and
      partially extending through cavities of the forming plate;
PAR  FIG. 6 is a fragmentary top plan view of the forming plate and advancing
      apparatus of the present invention taken substantially along the lines
      6--6 of FIG. 4 and looking in the direction of the arrows;
PAR  FIG. 7 is a fragmentary perspective view, on an enlarged scale, of a
      forming plate of the present invention showing a formed foodstuff having
      been ejected therefrom;
PAR  FIG. 8 is a fragmentary top plan view, similar to FIG. 6., of an alternate
      embodiment of a wedge-shaped forming plate of the present invention;
PAR  FIG. 9 is a fragmentary perspective view, similar to FIG. 7, of the
      wedge-shaped forming plate of FIG. 8 showing a wedge-shaped extruded
      product having been ejected therefrom;
PAR  FIG. 10 is a fragmentary sectional right side elevational view, with parts
      broken away, of the plate of FIGS. 8 and 9 taken substantially along line
      10--10 of FIG. 1 and looking in the direction of the arrows; and,
PAR  FIG. 11 is a schematic representation of the control system and associated
      apparatus of the present invention.
DETD
PAR  Referring now specifically to the drawing, and first to FIG. 1, in
      accordance with an illustrative embodiment demonstrating objects and
      features of the present invention, there is provided a forming machine,
      generally designated by the reference numeral 20, which includes a frame
      22 having four lower, generally horizontal support members 24 joined in a
      rectangle and which may be supported on casters 26. The machine 20
      includes four upstanding frame members 28 fixed to the horizontal support
      members 24 which, in turn, support a generally plane horizontal table
      surface 30 at their upper limits.
PAR  The forming machine 20 generally includes a foodstuff delivery station
      generally designated by the reference numeral 32 operatively connected to
      a forming station, generally designated by the reference number 34, which
      is, in turn, in operative relation to a removing station generally
      designated by reference numeral 36.
PAR  The foodstuff delivery station 32 includes a hopper 38 for receipt of an
      extrudable, formable foodstuff slurry and may include an auger for
      impelling the foodstuff toward a supply conduit 40 into a foodstuff supply
      drum valve 42, the operation of which will be described hereinafter.
PAR  Affixed to the left side of the drum valve 42 is a foodstuff supply
      cylinder 44 which is mounted on the drum valve 42. The drum valve 42 and
      the foodstuff supply cylinder 44 are both supported in part on a frame
      member 46 which, in turn, rests upon a generally horizontal support 48.
      The support 48 is, in turn, supported on the table 30 by upstanding
      support legs 50.
PAR  Also fixed to the frame 46, is an outwardly extending extension arm 52
      which is shown in greater detail and the purpose of which will be
      described in conjunction with FIG. 2.
PAR  The extension arm 52 supports a double-acting drum valve actuating cylinder
      54 which is connected to the drum valve 72 to actuate the same in a manner
      to be described in detail hereinafter.
PAR  The leftmost, downwardly extending leg of the frame 46 includes an opening
      therein which carries a bearing through which a piston rod 56 protrudes.
      The right end of the piston rod is fixed to a foodstuff advance piston 58
      (see FIGS. 2 and 3) and carries an operating piston 60 medially thereof.
      The operating piston 60 is enclosed within actuating cylinder 62. The
      piston rod 56 includes a limit switch actuator 64 at its leftmost end, for
      a purpose to be described hereinafter.
PAR  The right end of a piston rod 66 of the drum valve actuating cylinder 54 is
      pivotably fixed to the left end of a connecting arm 68 such as by being
      pinned thereto. The right end of the connecting arm 68 is, in turn,
      pivotably fixed to the left end of a drum valve actuating arm 70 such as
      by being pinned thereto. The drum valve actuating arm 70 is, in turn,
      fixed to a drum valve body 72 of the drum valve 42 for actuation thereof
      in a manner to be described.
PAR  A spool valve 73 includes operators 73a and 73b extending outwardly from
      the left and right sides thereof and is mounted atop drum valve actuating
      cylinder 54 by a bracket 74. The bracket 74 includes openings through the
      upturned ends thereof to permit reciprocation of the operators 73a, 73b
      therethrough. Piston rod 66 includes left and right spool valve actuators
      76a, 76b affixed to the left end right ends thereof which are generally
      upstanding and extend sufficiently upwardly to contact left and right
      spool valve operators 73a, 73b, respectively, upon actuation of drum valve
      actuating cylinder 54 in a manner to be described in more detail
      hereinafter.
PAR  As may be seen by reference to FIG. 1, when the drum valve body 72 is in
      the counterclockwise position, piston rod 66 is extended to the left and
      drum valve operator 73b has been contacted by drum valve actuator 76b and
      has been moved to the left for use in operation of the forming machine 20
      in a manner to be described hereinafter.
PAR  A forming plate 80, which will be more fully described hereinafter with
      reference to FIGS. 4, 5 and 6, is removably fixed at its left and right
      ends to generally horizontal, transversely extending, support bars 82, 83.
      Support bars 82, 83 are supported, in turn, on guide bearings 84, 85 on
      both sides of the machine 20 which are slidably carried by support rods
      86. The support rods 86 are, in turn, supported at their leftmost ends by
      support blocks 88, 89 affixed to the table 30 at the left and right ends
      thereof (see FIG. 4). The right support blocks are located within a
      housing 90 for part of the control apparatus of the present invention.
PAR  As may be best seen by reference to FIGS. 2 and 3, the drum valve body 72
      is generally cylindrical and is housed within a generally cylindrical
      opening 92 within drum valve housing 78. The drum valve body 72 includes a
      T-shaped passageway therethrough with a center leg 94 in communication
      with left and right arms 96, 98 (see FIGS. 2 and 3).
PAR  When the drum valve actuating arm 70 is in the clockwise rotated position
      by virtue of the double acting cylinder 54 having been moved to the right
      in a manner to be described hereinafter, the drum valve body 72 is rotated
      so that the left arm 96 of the passageway therein is in communication with
      the interior of the hopper 38 through a passageway 100 which extends
      through the valve housing 78 and into the hopper. In this position, the
      center leg 94 of the passageway in the drum valve body 72 is in
      communication with the interior of the foodstuff supply cylinder 44. If
      the piston rod 56 of the double acting cylinder 62 is moved to the left as
      shown by directional arrow A in FIG. 2, the foodstuff advance piston 58
      will like-wise move to the left by virtue of being connected thereto.
      Movement of the foodstuff advancing piston to the left draws foodstuff
      slurry S from the hopper 38 through the passageway 100, through the arm 96
      of the passageway within the drum valve body 72, through the leg 94 and
      into the interior of the cylinder 44.
PAR  The piston rod 56 will travel to the left as shown by the directional arrow
      A until the actuator 64 abuts a "strongback" stop 102 which is adjustably
      fixed to the outer end of the arm 52 which also carries a limit switch 104
      which is actuated by the actuator 64 for a purpose to be described
      hereinafter.
PAR  As may be noted by reference to FIG. 2, stop 102 and limit switch 104
      carried thereby are adjustably fixed to the arm 52 for use in varying the
      length of the stroke of the product actuating cylinder 62 for supplying
      varying amounts of slurry S for a purpose and in a manner to be described
      more fully hereinafter. A limit switch 105 is fixed to the arm 52 and is
      actuated by actuator 64, when the piston rod 56 is at the right-most limit
      of its stroke, for a purpose to be described.
PAR  Upon actuation of the actuating cylinder 54 to move the piston rod 66 to
      the left, the actuating arm 70 is moved counterclockwise to the position
      shown in FIG. 1 and the drum valve body 72 is rotated within the opening
      92 in the valve housing 78 so that the central leg 94 of the passageway
      therein is closed (see FIG. 3). In that position, the left arm 96 of the
      passageway is in communication with the interior of the foodstuff supply
      cylinder 44 and the right arm 98 of the passageway is in communication,
      through a passageway 106, with a conduit 108 which is, in turn, in
      communication with the forming station 34 in a manner to be described.
PAR  With the drum valve body 72 in the position shown in FIGS. 1 and 3, if the
      operating piston 60 and the piston rod 56 to which it is affixed are moved
      to the right as shown by the directional arrow C in FIG. 3, the foodstuff
      supply piston 58 urges the foodstuff slurry S through the drum valve
      passageway arms 96, 98 through the passageway 106 and into the conduit 108
      toward the forming station 34.
PAR  The forming plate 80, in one of the preferred embodiments of the present
      invention, is of substantially uniform longitudinal and transverse
      cross-section (see FIGS. 4, 5 and 7) and includes one or more forming
      cavities 110 therein near the right end thereof (see FIG. 6). The forming
      cavities 110 may be of any predetermined shape or configuration and the
      cavities 110 shown in the preferred embodiment illustrated in FIGS. 4-7
      shows an outer configuration which generally approximates the shape of a
      small fish.
PAR  The forming plate 80 is moved by sliding along the support rods 86 so that
      the forming cavities 110 move between the forming station 34 and the
      removing station 36 by virtue of actuation of double acting cylinders 112,
      114 fixed to the table 30 at opposite transverse sides of the forming
      plate 80. Piston rods 116, 118 are operated by cylinders 112, 114. The
      exterior ends of rods 116, 118 are connected to opposite transverse sides
      of support bar 82 and are shown in FIG. 6 in an extended position with the
      forming cavities 110 of the forming plate 80 at the forming station 34 as
      also shown in FIG. 4.
PAR  As may be best seen in FIG. 4, conduit 108 is in communication with a
      foodstuff distribution plate 120 through an opening 122 in the top
      thereof. The foodstuff distribution plate 120 includes a foodstuff
      distribution manifold cavity 124 therein which is of a size to be
      generally aligned with forming cavities 110 in the forming plate 80 when
      the forming plate is in communication therewith at the forming station 34.
PAR  The manifold cavity 124 in the plate 120 communicates with the forming
      cavities 110 through a plurality of generally funnel-shaped cavity supply
      openings 126 in a foodstuff channeling plate 128. The opening 126 in the
      plate 128 are equal in number to the number of forming cavities 110 and
      are aligned at their lower ends with the forming cavities 110 when the
      forming plate 80 is at its leftmost position totally within the forming
      station 34 (see FIG. 4).
PAR  The foodstuff channeling plate 128 is fixed to the underside of the
      foodstuff distribution plate 120 with virtually no clearance therebetween.
      The foodstuff channeling plate 128 is mounted above the forming plate 80
      with sufficient clearance to permit transportation thereof so that the
      cavities 110 reciprocate between the forming station 34 and the removing
      station 36 in a manner to be described.
PAR  The forming plate 80 is in sliding contact with and maintains sufficient
      clearance above a substantially solid backing plate 130 to permit
      relatively unhampered movement of the cavities 110 between the forming
      station 34 and the removing station 36.
PAR  As noted above and as may be seen by reference to FIGS. 4, 5 and 6, the
      manifold cavity 124 is sufficiently large to overlie all of the forming
      cavity supply openings 126 for aid in uniform distribution of foodstuff
      slurry S thereto. In addition, the forming cavity supply openings 126 need
      not be precisely the same size or configuration as the cavities 110. In
      fact, the supply openings 126 may be smaller than the forming cavities
      110, thereby permitting the use of a single configuration for the cavity
      supply openings 126 with various different configurations of the forming
      cavities 110 and still maintain the desired distribution of the foodstuff
      slurry S thereto.
PAR  As noted above, when the plate actuating cylinders 112, 114 are in the
      position shown in FIG. 6 with the piston rods 116, 118 in an extended
      position, the forming plate 80 is located with the forming cavities 110
      within the forming station 34 aligned with the respective forming cavity
      supply openings 126 and in communication with a predetermined supply of
      foodstuff slurry S. In this position, the leftmost edge of the forming
      plate 80 bears against and actuates both of a pair of limit switches 132a,
      132b fixed atop the support blocks 88 for the support rod 86 (see FIGS. 4
      and 11).
PAR  When the plate actuating cylinders 112, 114 have been actuated (as
      described hereinafter) to retract the rods 116, 118 thereby transporting
      the forming plate 80 with the forming cavities 110 to the removal station
      36 (see FIG. 5) and into alignment with punches 134, the rightmost end of
      the forming plate 80 abuts and actuates both of a pair of limit switches
      136a, 136b (see FIG. 11) mounted atop the support blocks 89, which support
      the rightmost end of the support rod 86 as seen most clearly in FIG. 5.
PAR  The punches 134 are of the same outer configuration as the cavities 110,
      are aligned with and equal in number thereto and are permanently affixed
      to or are part of a punch base plate 138. The punches 134 and the base
      plate 138 may be fashioned of any convenient material such as metal or a
      plastic such as Delrin or the like. In an alternate embodiment, the
      punches 134 may be smaller than or of a different configuration than the
      cavities 110, though in the preferred embodiment they are substantially
      the same outer configuration as the configuration of the interior of the
      forming cavities.
PAR  The punch base plate 138 is affixed to the underside of a punch bracket 140
      which is, in turn, fixed to a support plate 142. The support plate 142
      includes two guide members 144 each of which is slidably mounted on a
      guide rod 146 for guiding the movement of the punches 134 between the
      extended position wherein they intersect and extend through the forming
      cavities 110 when the cavities are at the removing station as shown in
      FIG. 5, and a normal position wherein the punches 134 do not intersect the
      cavities 110 as shown in FIG. 4.
PAR  The guide member 144 shown in FIGS. 4 and 5 includes an actuating cam 148
      which bears against and actuates a limit switch 150, fixed to the housing
      90, when the punch bracket 140 and associated mechanism is in the extended
      position illustrated in FIG. 5 for a purpose to be described hereinafter.
PAR  When the punch bracket 140 and associated mechanism including the guide
      member 144 is in the normal position as illustrated in FIG. 4, the
      actuating cam 148 bears against and actuates limit switches 152 and 154,
      fixed to the housing 90, for a purpose to be described hereinafter.
PAR  As punch bracket 140 and associated mechanism begins to move from the
      extended position shown in FIG. 5 to the normal position shown in FIG. 4,
      the actuating cam 148 initially contacts and actuates the limit switch
      152. Shortly thereafter, as the punch bracket 140 and associated mechanism
      continues upwardly, the actuating cam contacts and actuates limit switch
      154 while maintaining contact and actuation of the limit switch 152 due to
      the designed length of the actuating cam 148 and the location of the limit
      switches 152, 154.
PAR  Movement of the punches 134 as attached to the associated support mechanism
      including support plate 142, punch bracket 140 and base plate 138, is
      accomplished by connection of the support plate 142, by angle support 156,
      to mounting member 158. Mounting member 158 is, in turn, affixed to the
      end of piston rod 160 actuated by a double-acting punch actuating cylinder
      162 mounted atop the upper wall 164 of the housing 90. The piston rod 160
      protrudes through an opening in the wall 164 (not shown).
PAR  As may best be seen by reference to FIGS. 1, 4 or 5, a through or weir 166
      is located atop the foodstuff distribution plate 120 and is mounted at the
      lefthand edge thereof on the side of the conduit 108 opposite the removing
      station 36. The weir 166 extends across the entire top of the plate 120
      and is arranged transversely to the direction of movement of the forming
      plate 80 or an alternate embodiment 80a thereof, as shown in FIG. 10, for
      a purpose to be described hereinafter.
PAR  The interior of the weir 166 includes a transversely extending interior
      wall 168 which is generally U-shaped in cross-section with a longer leg of
      the U located closest to the conduit 108 (to the right in FIGS. 4 and 5).
      The wall 168 continues downwardly from the right leg to form a bottom wall
      and angles upwardly and outwardly to the left as seen in FIGS. 4 and 5. At
      a location adjacent the leftmost edge of the weir 166, the wall 168
      re-curves downwardly and extends straight down toward the plate 80. At the
      location where the wall 168 re-curves, it forms a spillover wall 170 which
      is lower than the top surface of the right edge of the wall closest to the
      conduit 108.
PAR  The weir 166 is designed so that the part of wall 168 at the leftmost edge
      of the weir projects downwardly beyond the left edge of the plates 120,
      128 and terminates at a point above the forming plate 80 for a purpose to
      be described hereinafter.
PAR  A substantially similar though reversed trough or weir 172 is affixed to
      the right hand edge of the top of the plate 120 and extends transversely
      thereacross. The weir 172, in a manner similar to the weir 166, includes
      an interior wall 174 which is configured to also have a re-curved
      spillover wall 176 which extends transversely thereacross. In a similar
      manner to the wall 168, the wall 174 extends to the right of and lower
      than the right edge of the plate 120 for a purpose to be described more
      fully hereinafter.
PAR  If it is desired to produce a product by the apparatus and method of the
      present invention which is of uniform thickness in transverse dimension
      but varies in thickness in the longitudinal direction, a forming plate
      80(a) is utilized which is uniform in thickness in the longitudinal
      direction but varies in thickness in the transverse direction (see FIGS. 8
      and 9).
PAR  Such a forming plate 80(a) may be made in a single section or, as shown in
      FIGS. 8 and 10, may be made in two sections each of which are affixed to
      support bars 82, 83 at their left and right sides and which are arranged
      with the thicker part thereof toward the center.
PAR  As may be best seen by reference to FIG. 10, wherein the same reference
      numerals denote the same parts and the subscript a is used to denote
      similar parts, a backing plate 130 forms the base for a cavity 110(a)
      shown as being generally in the form of a chicken leg in FIGS. 8 and 9.
      The plate 80(a) is shown as attached for movement in a plane into and out
      of the paper as viewed in FIG. 10 in traveling from the forming station 34
      to the removing station 36 and back to the forming station.
PAR  In view of the lack of uniform transverse cross-section of the plate 80(a),
      the foodstuff channeling plate 128 usable with a forming plate 80 of
      uniform longitudinal and transverse cross-section is not usable with the
      plate 80(a). Consequently, a foodstuff channeling plate 128(a) is
      provided. The underside of plate 128(a) which will be in sliding contact
      with the upper surface of plate 80(a) which is angled with respect to the
      upper surface thereof in order to permit longitudinal movement between the
      forming station 34 and the removing station 36 of the plate 80(a) with a
      minimum of leakage of the foodstuff slurry S therebetween.
PAR  As may be best seen in FIG. 10, the alternate embodiment of the foodstuff
      channeling plate 128(a) includes openings 126(a) therein which may be
      different than the openings 126 in the foodstuff channeling plate 128 but
      which may also be the same openings 126 of a generally rectangular shape
      as used for the cavities 110.
PAR  The same foodstuff distribution plate 120 may be used in this alternate
      embodiment including the same manifold opening 124 in communication with
      all of the openings 126(a) in the foodstuff channeling plate 128(a). The
      manifold cavity 124 communicates through opening 122 therein, through the
      conduit 108 with the predetermined amount of the supply of foodstuff
      slurry S.
PAR  As may be seen by reference to FIGS. 8 and 10, the forming plate or plates
      80(a) assume an attitude which is longitudinally uniform in cross-section
      with respect to the direction of movement of the plate or plates 80(a)
      between the forming station 34 and the removing station 36. The forming
      plate or plates 80(a) vary in cross-section in the direction which is
      transverse with respect to the movement between the forming and removing
      stations 34, 36.
PAR  The forming cavity 110(a) includes a boundary configuration which is
      generally in the shape of a chicken leg and is arranged in the plate 80(a)
      with its longitudinal, thickness varying axis transverse with respect to
      the direction of movement of the forming plate between the forming station
      and the removing station. The basal end of the chicken leg configuration
      is at the right as seen in FIG. 9 and the distal end of the chicken leg
      configuration is at the left as seen in FIG. 9.
PAR  As a result of the wedge-shaped nature of the cross-section of the plate or
      plates 80(a) and the aforementioned alignment of the configuration of the
      forming cavity 110(a), the product P(a) formed within the forming cavity
      110(a) by a procedural combination of steps to be described in detail
      hereinafter is also generally wedge-shaped, being thicker in cross-section
      at its basal end to the right in FIG. 9 and tapering to a cross-section
      which is thinner at its distal end to the left in FIG. 9. The product P(a)
      is generally uniform in transverse cross-section though tapering slightly
      toward the ends thereof.
PAR  As noted hereinabove, one of the objects of the present invention is to
      provide a method and apparatus for forming a shaped comestible from a
      foodstuff slurry containing a gel-forming material and washing an unfilled
      forming cavity and the surface of foodstuff delivered to the cavity with a
      gellation agent for gelling the gel-forming material on the surface of the
      foodstuff.
PAR  In accomplishment of that object there are provided weirs 166, 172 which
      include therein a bath B of a gellation agent which is continuously
      supplied to both weirs so as to form a continuous curtain and wash the
      plate 80 or 80(a) and the respective forming cavities 110, 110(a) therein
      with gellation material. The weirs 166, 172 are continuously supplied with
      gellation agent by a supply system to be described.
PAR  As most clearly seen in FIG. 1, gellation agent washes over the spillover
      walls 170, 176 of weirs 166, 172 and washes over, for example, forming
      plate 80, falls through a central opening 178 in the table 30 (see FIG.
      10) and is collected in a collection trough 180. The collection trough 180
      includes a lower wall 182 which has an opening 184 located generally
      centrally of the machine 20.
PAR  The trough 180 collects the excess gellation agent supplied by the weirs
      166, 172 and directs the same through the opening 184, through an upper,
      removable particle screen 186 and, in turn, through a lower, removable
      particle screen 188 and into a collection tank 190.
PAR  The upper and lower particle screen 186, 188 include openings therein sized
      to permit the passage therethrough of the gellation agent but also sized
      to prevent the passage therethrough to most of the particles of the
      extruded foodstuff slurry S which are not retained within the forming
      station 34 or which do not form a product P or P(a).
PAR  The purpose of having upper and lower screens 186, 188 is that screen 186,
      removably mounted beneath opening 184, may be removed for cleaning, while
      screen 188 remains in place and operation of the forming machine 20 need
      not be interrupted. Once screen 186 has been cleared and replaced in
      position beneath the opening 184, particle screen 188 (which is also
      removably mounted beneath the opening 184) may be removed and cleaned and,
      again, the operation of the forming machine 20 need not be interrupted.
PAR  The collection tank 190 includes a generally upstanding spillover wall 192
      which extends across the width of the tank and forms a dam therein and a
      collection chamber at the right side thereof. By virtue of the location of
      the wall 192 relative to the opening 184, most if not all of the gellation
      agent which is received by the collection tank is initially contained
      within the rightmost section formed by the wall 192.
PAR  Particles of the foodstuff slurry 5 which have passed through both of the
      particle screen 186, 188 in succession, fall to the bottom of the right
      hand section of the collection tank 190 and substantially only gellation
      agent spills over the top of the wall 192 into the leftmost or supply
      chamber.
PAR  A centrifugal pump 194, driven by connection to a suitable motor 196,
      includes an intake conduit 198 attached to the intake thereof with the
      rightmost end of the conduit being in communication with the leftmost,
      supply chamber in the collection tank 190. The pump 194 draws gellation
      agent into the conduit 198 in the direction indicated by the directional
      arrow F in FIG. 1. The gellation agent drawn into the conduit 198 exists
      from an outlet of the centrifugal pump 194 along a conduit 200 in the
      direction of the directional arrow G, passing through an adjustable valve
      202 in the conduit 200 to a T connection with a conduit 204 which equally
      divides and supplies the gellation agent to the two weirs 166, 172.
PAR  The motor 196 which supplies the power for the centrifugal pump 194 is most
      efficiently operated as a constant speed device. However, the requirements
      for the amount of gellation agent supplied at the weirs 166, 172 to
      provide the continuous curtain of gellation agent flowing over the
      overflow walls 170, 176 thereof may vary with variation in speed of
      operation of the machine, variation in the number or complexity of shape
      of the products produced, or various other factors.
PAR  Accordingly, valve 202 may be adjusted to restrict the size of the opening
      therethrough, thereby controlling the amount of gellation agent supplied
      to the weirs 166, 172. In order to maintain the pump 194 functioning at
      constant speed and yet control the amount of gellation agent passing to
      the weirs 166, 172 by use of the adjustable valve 202, a relief conduit
      206 intersects the conduit 200 in close proximity to the discharge orifice
      of the centrifugal pump 194. The relief conduit 206 supplies the excess
      gellation agent through an adjustable valve 208 in the direction of the
      directional arrow H back to the supply compartment on the left of the
      collection tank 190.
PAR  The adjustable valve 208 is necessary in order to provide a restriction in
      the relief conduit 206 sufficient to provide enough pressure to the fluid
      within the conduit 200 to force it to pass through the adjustable
      construction formed by the valve 202 and be supplied in the required
      amount to the weirs 166, 172 through the conduit 204.
PAR  As the forming cavities 110 or 110(a) produce product P or P(a) by use of
      the apparatus of the present invention in a manner to be described,
      punches 134 (or 134a not shown) urge the product P or P(a) out of the
      respective cavities and onto a conveyor belt 210. The conveyor belt 210 is
      driven by a conveyor drive wheel 220 which is, in turn, driven by being
      fixed on a common axle with a drive wheel 222. The drive wheel 222 is
      driven by virtue of having sprockets thereof engaging drive chain 224
      which is, in turn, being driven by being in engagement with sprockets of a
      main drive wheel 226. The main drive wheel 226 is powered by a drive motor
      228 through a gearing arrangement within the housing 230, which gearing
      arrangement is not shown but is of conventional manufacture.
PAR  As the plate 80 travels from the forming station 34 to the removing station
      36 there is a possibility that the weight of the foodstuff slurry S and
      the release action of the gellation agent to be discussed hereinafter may
      operate to cause the product P to partially or completely be dislodged
      from the forming cavity 110 as soon as the cavity leaves the forming
      station and exits from between the foodstuff channeling plate 128 and the
      backing plate 130. This dislodgement may occur before the punches 134 have
      intersected the forming cavities 110 and urged the product P therefrom.
PAR  This accidental dislodgement may result in the product P being pulled from
      the cavity 110 if the product is only partially dislodged and contacts a
      conveyor belt 210 that is moving much more rapidly than the speed at which
      the plate 80 is advancing from the forming station 34 to the removing
      station 36. A result would be wasteful breakage of the product P.
      Alternately, if the conveyor belt 210 were moving too slowly with respect
      to the speed of advance of the plate 80 as aforesaid, the product P may
      tend to be bent under and retarded by the conveyor belt 210 again causing
      wasteful breakage of the product.
PAR  In order to prevent this unwanted and needless breakage, the speed of
      operation of the motor 228 (and, in consequence of the power train
      connection heretofore described, the speed of advance of the conveyor in a
      clockwise direction as viewed in FIGS. 1, 4 or 5) is controlled to match
      the speed of advance of the forming plate 80 from the forming station 34
      to the removing station 36. This may be accomplished by the use of a
      silicon controlled rectifier or other controller contained within housing
      240 (see FIG. 1) for controlling the amount of power supplied to the motor
      228 or by some other available form of variable gearing to permit
      variation of the speed of rotation of the conveyor belt 210.
PAR  The control system which is used in the preferred embodiment of the present
      invention is virtually completely pneumatic and utilizes a plurality of
      normally closed pneumatically operated limit switches (which are actually
      valves and act as such) and requires a supply of cleaned refrigerated air
      under pressure. It is to be understood, however, that an electrical
      control system can be substituted for the pneumatic control system to be
      described and can function in substantially the same manner to control the
      operation of the forming machine 20. Throughout the description of the
      operation and the functioning of the control system, previously used
      reference numerals will be used to designate elements previously
      described.
PAR  A supply of refrigerated, dried air is provided from a source to a main
      line which, in the preferred embodiment, supplies the air at a pressure of
      100 pounds per square inch and which is capable of supplying air at that
      pressure at the rate of 100 cubic feet per minute.
PAR  The source of air is connected to one side of a conduit 242 (see FIG. 11)
      the other side of which is connected to the inlet of a normally closed
      limit switch 132a. The limit switch 132a has its outlet connected through
      conduit 244 to the inlet of limit switch 132b thereby effectively placing
      the two limit switches 132a, 132b in series with each other for actuation
      by the leftmost end of the forming plate 80 when it is in the position
      illustrated in FIG. 4 with the piston rods 116, 118 of the actuating
      cylinders 112, 114 extended.
PAR  The outlet of the limit switch 132b is connected by conduit 246 to the
      inlet side of a main on-off switch 248. The outlet of the main on-off
      switch is connected by conduit 250 to the pilot 252 of a control valve
      254, the general operation of which will be discussed.
PAR  The control valve 254 is connected to a supply of air through an inlet
      conduit 256 and generally includes a main valve body 258 which functions
      to channel the air received through the conduit 256 to one of the two
      outlet conduits 260, 262. Which of the conduits 260, 262 are to receive
      air through the valve body 258 is determined by the valve pilot 252 which
      received air alternately through the conduits 250, 264.
PAR  If air enters the pilot 252 through the conduit 250, air entering the
      control valve 254 through the conduit 256 is directed by actuation of the
      pilot through conduit 262. If, on the other hand, the pilot 252 receives
      air through the conduit 264, the pilot causes the valve body 258 to direct
      the entering air through the outlet in communication with conduit 260.
PAR  If the control valve 254 directs air through the conduit 262, it supplies
      air to the lefthand portion of the piston within the cylinders 112, 114,
      and forces retraction of the piston rods 116, 118. Retraction of the
      piston rods, 116, 118 causes the transportation of the plate 80 attached
      thereto from the forming station 34 toward the removing station 36.
PAR  In a like manner, if the piston rods 116, 118 are in a retracted position
      and air is supplied to the pilot 252 through conduit 264, air coming into
      the control valve 254 through the conduit 256 exits from the valve through
      the conduit 260 which is connected to supply air to the righthand part of
      the double acting cylinders 112, 114 and the piston rods 116, 118 are
      extended, thereby transporting the plate 80 from the removing station 36
      to the forming station 34.
PAR  In a similar manner, a supply of air is connected by a conduit 266 to the
      inlet of limit switch 136b located on the right of the machine as seen in
      FIGS. 4 and 5, the outlet of which is connected by conduit 268 to the
      inlet of the limit switch 136a, thereby effectively placing the two limit
      switches 136a, 136b in series. The outlet of the limit switch 136a is
      connected by conduit 270 to a "one-shot" valve 272 which permits the
      passage therethrough of a single "shot" or pulse of air. The valve 272
      does not permit passage therethrough of any additional air until it resets
      itself which only occurs when the air pressure in the conduit is relieved.
      The outlet of valve 272 is connected by a conduit 274 to the pilot 276 of
      a control valve 277. The other end of the pilot 276 of the control valve
      277 is connected by conduit 280 to the outlet of limit switch 150 (see
      FIGS. 4, 5 and 11), the inlet of which is connected to a supply of air
      through conduit 282.
PAR  Valve 277 receives air from a supply through conduit 284 and, if conduit
      274 has supplied air to the pilot 276, the valve body 278 supplies the air
      from the conduit 284 through conduit 286 to urge the double acting punch
      actuating cylinder 162 and the associated punch mechanism downwardly.
PAR  Alternatively, if the pilot 276 receives air through the conduit 280, the
      air supplied to the valve 277 through the conduit 284 is directed through
      the conduit 288 to the cylinder 162 to urge the double acting piston and
      associated punch mechanism upwardly.
PAR  The limit switch 154 (see FIGS. 4, 5 and 11) receives air at its inlet
      through conduit 290 and, upon actuation of the limit switch by the cam
      148, supplies air through a conduit 292 to a "one-shot" valve 294. If the
      valve 294 has been reset, it supplies a pulse of air to the pilot 252 of
      valve 254 through the conduit 264.
PAR  If the pilot 252 receives air through the conduit 264, the valve body 258
      directs the air it has received through conduit 256 through conduit 260 to
      supply air to the right of the double acting cylinders of the pistons 112,
      114 to extend the piston rods 116, 118, thereby transporting the forming
      cavities 110 or 110(a) within the forming plate 80 or 80(a) from the
      removing station 36 to the forming station 34.
PAR  The limit switch 152 (see FIGS. 4, 5 and 11) receives air at its inlet from
      a supply through conduit 296 and, upon actuation by the cam 148, sends air
      through a conduit 298 to the inlet of one-shot valve 300. If valve 300 has
      been reset by a previous release of air pressure in conduit 298, it sends
      a pulse of air through conduit 30 to a valve 304.
PAR  The valve 304 is a spring loaded valve, the operation of which will be
      described in detail hereinafter, and includes an outlet conduit 306 and an
      inlet conduit 308. A valve 310 is connected at an inlet thereof to a
      source of supply of air through a conduit 312. An outlet from the valve
      310 is connected by conduit 314 to the left side of double acting drum
      valve actuating cylinder 54. The piston rod 66 of the cylinder 54 is moved
      to the right upon the valve 310 directing air through the conduit 314.
      Another outlet from the valve 310 is connected by conduit 316 to the right
      of the double acting drum valve actuating cylinder 54 to move the piston
      rod 66 and associated mechanism to the left as seen in FIGS. 1 and 11 upon
      supply of air to the cylinder 54 through the conduit 316.
PAR  The limit switch 105 (see FIGS. 2 and 11) has an inlet thereof in
      communication with a supply of pressurized air through a conduit 318. An
      outlet port of the valve 105 is connected to an inlet of the valve 310 by
      a conduit 320.
PAR  The limit switch 104 (see FIGS. 2 and 11) receives a supply of pressurized
      air from a supply through conduit 322 at an inlet thereof. Upon actuation
      of the limit switch 104 by the actuator 64, air is supplied through
      conduit 324 from an outlet of limit switch 104 to conduit 308.
PAR  Spool valve 73 receives a supply of pressurized air from a supply through
      conduit 326 and, depending upon the position of operators 73a, 73b,
      supplies the received air to either one or the other of conduits 328 or
      330 connected thereto.
PAR  Conduit 328 connects an outlet of the spool valve 73 which the right of
      double acting actuating cylinder 62 for use in urging the piston 60 and
      the attached piston rod 56 to the left (see FIGS. 1, 2, 3 and 11) when air
      is supplied thereto through conduit 328.
PAR  Conduit 330 is connected to an outlet of valve 73 and to the left side of
      double acting actuating cylinder 62 to move the piston 60 and the attached
      piston rod 56 thereto to the right (see FIGS. 1, 2 3 and 11) when air is
      supplied thereto through conduit 330.
PAR  In operation, the following components are in the following "normal"
      positions: the foodstuff advance piston 58 and the mechanism associated
      therewith is in the leftmost position as illustrated in FIG. 2 with a
      predetermined supply or "charge" of foodstuff slurry S therein (the
      foodstuff slurry S contains a gel-forming material such as sodium alginate
      in combination with finely divided food particles of, for example, fish,
      shrimp or chicken); the drum valve body 72 is in the position illustrated
      in FIG. 2, in communication with the interior of the hopper 38; the double
      acting actuating cylinders 112, 114 are in position with the piston rods
      116, 118 thereof in the extended position and the plate 80 is in a
      position so that the forming cavities 110 are at the forming station 34 in
      registry with the cavity supply openings 126; the double acting
      punch-actuating cylinder 162 is in the retracted position as shown in FIG.
      4; and, the weirs 166, 172 include a bath B of a suitable gel-forming,
      lubricating, release solution containing alkaline earth irons, for
      example, calcium chloride, up to their respective spill-over walls 170,
      176. In addition, a suitable amount of foodstuff slurry S is contained in
      the hopper 38 and in the conduit 108, the cavity 124 and the openings 126.
PAR  Upon actuation of the switch 248 from the "off" position to the "on"
      position, if the plate 80 is in the normal, leftmost position as shown in,
      for example, FIG. 4, the series arranged limit switches 132a, 132b, are
      both actuated by the leftmost edge of the forming plate 80 and air,
      supplied through conduit 242, passes through limit switch 132a, through
      the conduit 244, through the limit switch 132b, through the conduit 246,
      through the switch 248 and the conduit 250 and enters the pilot 252 of the
      valve 254.
PAR  Air entering the pilot 252 of the valve 254 through the conduit 250 causes
      air entering the valve 254 through conduit 256 to be directed by the valve
      body 258 through conduit 262 which divides to supply air to the left side
      of both cylinders 112, 114 to impinge upon the pistons therein and retract
      the rods 116, 118. Retraction of the rods 116, 118 moves the plate 80 with
      the forming cavities 110 therein to the right transporting the cavities
      from the forming station 34 toward the removing station 36.
PAR  When the rightmost edge of the forming plate 80 has advanced to the right
      to a position wherein the rightmost edge thereof actuates both limit
      switches 136a and 136b, air under pressure which has entered the limit
      switch 136b through the conduit 266 can pass therethrough, through the
      conduit 268 into and through the actuated limit switch 136b and out along
      conduit 270 which supplies it to the inlet of valve 272.
PAR  If valve 272 has been previously reset, it supplies a pulse of air directed
      through conduit 274 to pilot 276 of valve 277. The continuation of
      pressure in the conduit 270 prevents an additional pulse of air from being
      transmitted through valve 277 until actuation of limit switches 136a and
      136b ceases and they vent conduit 270 and valve 272 re-sets itself. This
      will not occur until the plate 80 moves to the left.
PAR  When the pulse of air enters pilot 276 of valve 277 through conduit 274, it
      causes valve 277 to introduce air received therein through conduit 284
      into conduit 286 which is directed to the top of punch actuating cylinder
      162, forcing the piston and piston rod 160 thereof (see FIG. 5) downwardly
      along with the punch bracket 140 and the punches 134 affixed thereto. It
      should be noted that the limit switches 136a, 136b are located
      horizontally relative to the forming plate 80 that they are not actuated
      and the punch actuating cylinder 162 is not actuated as described above
      until the cavities 110 are aligned with the respective punches 134.
PAR  As may be noted from reference to FIGS. 4 and 11, when the piston rod 160
      is in the retracted or normal position, the cam 148 bears against and
      actuates both limit switches 152 and 154 and when the piston rod 160 is in
      the extended position as shown in FIG. 5, neither of the limit switches
      152 or 154 are actuated thereby. Rather, when the piston rod, and the
      punches 134 operatively connected thereto, is in the fully extended
      position as shown in FIG. 5, the cam 148 actuates the limit switch 150.
PAR  When the limit switch 150 is actuated, air is supplied to the inlet thereof
      through conduit 282 and, as a result of the switch 150 being actuated, the
      air passes therethrough and is directed through conduit 280 to the pilot
      276 of the valve 277. When the pilot 276 receives air through conduit 280,
      it directs air from the conduit 284 through the conduit 288 which
      initiates operation of the punching actuating cylinder 162 in the upward
      direction carrying the piston rod 160 (see FIG. 4) and the punches 134
      operatively connected thereto from the extended position shown in FIG. 5
      wherein the punches 134 extend through and intersect the cavities 110 back
      to the normal position where said intersection does not take place.
PAR  As the cam 148 moves upwardly and out of contact with the actuating switch
      150, the normally closed actuating switch 150 closes and pressurized air
      is no longer directed into conduit 280 which is permitted to vent through
      switch 150. However, due to the actuation of the pilot 276, valve 277
      continues to supply air from the conduit 284 through the conduit 288 to
      the bottom of actuating cylinder 162.
PAR  As the piston rod 160 returns to its normal position, the actuating cam 148
      first actuates limit switch 152 and then, in turn, actuates limit switch
      154. Limit switches 152 and 154 remain actuated by the cam 148 as long as
      the actuating cylinder 162 retains the piston rod 160 in the normal
      position.
PAR  When limit switch 152 is actuated, air which is supplied thereto through
      the conduit 296 (see FIG. 11), passes therethrough and is supplied to the
      conduit 298. The one-shot or "pulse" valve 300 supplies a pulse of air
      through the conduit 302 to the valve 304. When valve 304 receives the
      pulse of air from the conduit 302, it momentarily moves a spring-loaded
      valve body contained therein off of a seat and permits air to momentarily
      escape from a pilot of valve 310 to atmosphere through outlet 306.
PAR  The escape of air from the pilot of valve 310 causes the valve 310 to
      supply air received through conduit 312 along conduit 316 to the right
      side of double acting drum valve actuating cylinder 54 forcing the piston
      rod 66 to the left, thereby establishing communication between the
      interior of the foodstuff supply cylinder 44 and the conduit 108 through
      the left arm 96 and the right arm 98 of the valve body 72 which has been
      rotated by virtue of the connection of the actuating arm 70 through the
      connecting arm 68 to the piston rod 66 (see FIGS. 1, 3 and 11).
PAR  When the actuating cylinder 54 has extended the piston rod 66 as far to the
      left as its stroke will permit the actuator 76b on the right end thereof
      contacts the operator rod 73b of the valve 73 moving the operator rod 73b
      to the left. This forces the internal spool within the spool valve 73 and
      the left operator rod 73a to the left. Air from a supply is then directed
      from the conduit 326, by the spool valve 73 along the conduit 330 to the
      left side of actuator cylinder 62 which thereby impinges upon the piston
      60 therein. This forces the piston 60 and the piston rod 56 and associated
      mechanism to the right in the direction of the directional arrow C (see
      FIG. 3). This movement forces the foodstuff advance piston 58 to advance
      the predetermined amount of foodstuff slurry S contained within the
      cylinder 44 through the conduit 108 toward the forming station 34.
PAR  Once the piston rod 56 has advanced to the right and the actuator 64 abuts
      and actuates limit switch 105 (see FIGS. 2 and 11), air enters limit
      switch 105 through conduit 318, passes through the limit switch, and is
      directed along conduit 320 to valve 310. Upon receipt of air from conduit
      320, the valve 310 switches the air entering through conduit 312 from
      conduit 316 to conduit 314 thereby forcing the piston within cylinder 54
      and attached piston rod 66 to the right thereby rotating drum valve body
      72 to the right through the associated linkage described hereinbefore and
      establishing communication between the interior of hopper 38 and the
      interior of the food-stuff supply cylinder 44 through the left arm 96 and
      the bottom leg 94 of the passageway within the valve body 72 (see FIGS. 2
      and 11).
PAR  When the piston rod 66 has moved all the way to the right, the actuator 76a
      abuts against and operates the operating rod 73a to the right, which
      causes the spool within spool valve 73 to shift to the right (and also
      shifts operator 73b to the right) causing air entering the spool valve 73
      through the conduit 326 to be shifted from conduit 330 to conduit 328.
PAR  Air entering conduit 328 is directed in the right of actuating cylinder 62,
      impinges upon piston 60 therein and moves the piston and the associated
      piston rod 56 and the actuator 64 on the end thereof to the left.
PAR  When the piston rod 56 moves to the left sufficiently to cause the actuator
      64 to actuate the limit switch 104, air enters the limit switch 104
      through conduit 322, passes through the limit switch 104 and is directed
      along conduit 324 to valve 310 where it re-pressurizes the pilot of valve
      310.
PAR  When piston rod 56 moves to the left under pressure of the air supplied to
      the right side of cylinder 62 through the conduit 328, the piston 58 draws
      an amount of foodstuff slurry S into the interior of the cylinder 44 from
      the supply hopper 38. The amount of foodstuff slurry S drawn in is
      controlled by controlling the length of the stroke of the cylinder 62.
PAR  As may be noted by reference to FIG. 2, "strongback" stop 102 is adjustably
      mounted on extension arm 52 in order that the limit of travel of the
      stroke of piston rod 56 to the left may be controlled. In this manner the
      amount of foodstuff slurry S to be injected during each actuation of the
      cylinder 62 may be predetermined. The amount of foodstuff slurry S to be
      injected depends on various factors including the degree of
      compressibility of the material, the size of the forming cavities, the
      leakage factor, and numerous other variables.
PAR  As noted above, when actuator 64 actuated the limit switch 104, the
      pressure in the conduit 324 reset the pilot in the valve 310. Valve 310 is
      therefore in a condition to release the pressure on the pilot through
      valve 304 upon receipt by valve 304 of a pulse of air through valve 300
      along conduit 302. Receipt of such a pulse would again initiate the
      abovedescribed supply sequence. Valve 152 continuously supplies air to
      one-shot valve 300 which will not permit another pulse to pass
      therethrough until it is reset. Valve 300 cannot be reset until the
      pressure thereon is released by the downward movement of the piston rod
      160 and cam 148 associated therewith. When that occurs, conduit 298 vents
      through switch 152 being reactuated once the piston rod 160 and cam 148
      again move upwardly.
PAR  As noted above, when the piston rod 160 moves upwardly cam 148 first
      contacts and actuates the limit switch 152. The cam 148 next contacts and
      actuates the limit switch 154. When the limit switch 154 is actuated, air
      from a supply is directed to the inlet of switch 154 through the conduit
      290, passes through the switch 154 along the conduit 292 to the one-shot
      valve 294. Valve 294 supplies a pulse of air along conduit 264 which
      directs the air to the pilot 252 of valve 254.
PAR  Receipt of air by the pilot 252 of the valve 254 causes air from conduit
      256 supplied to the valve body 258 to be switched from conduit 262 to
      conduit 260. Conduit 260 divides to supply air to the right side of the
      cylinders 112, 114 which operate to move the piston rods 116, 118 and the
      plate 80 attached thereto to the left. The forming cavities 110 are
      thereby transported from the removing station 36 toward the forming
      station 34.
PAR  It should be noted that the transportation of the forming plate 80 with the
      cavities 110 being directed from the removing station 36 to the forming
      station 34 could not have been initiated until the punches 134 were
      removed from intersection with the cavities as the actuation of the
      cylinders 112, 114 could not be initiated until the cam 148 attached to
      the punch bracket 140 actuated the limit switch 154. This actuation could
      not occur until the punches 134 were removed from the cavities 110.
PAR  As noted above, when the cam 148 actuated the limit switch 152, through the
      sequence described above, cylinder 62 received air through conduit 330
      which caused the piston 60 to be moved to the right, thereby causing
      piston 58 within the cylinder 44 to move the foodstuff slurry S along the
      conduit 108.
PAR  As the foodstuff slurry S moved along the conduit 108, it was forced
      therethrough until it entered the foodstuff distribution plate 120 through
      the opening 122 therein and entered the manifold cavity 124.
PAR  When sufficient operations of the forming machine 20 have occurred,
      sufficient foodstuff slurry S would have been transported to completely
      fill the manifold cavity 124 and the cavity supply openings 126 in the
      foodstuff channeling plate 128.
PAR  The manifold cavity 124 which is in communication with all of the openings
      126 ensures uniform distribution of food-stuff slurry to each of the
      openings 126 preparatory to passage of the slurry therethrough into the
      forming cavities 110.
PAR  As the forming plate 80 moves to the left toward the forming station 34,
      the process has been initiated by cam 148 actuating switch 152 to begin
      supply of predetermined amount of foodstuff slurry S. As the forming
      cavities 110 come into communication with the supply openings 126 the
      foodstuff slurry S begins to be forced into the cavities to begin
      formation of the product P. The formation process is completed when the
      forming plate 80 moves all the way to the left and the cavities 110 are
      completely within the forming station 34.
PAR  As noted hereinbefore, a constant supply of a combination gellation-release
      agent is provided the weirs 166, 172 through the conduit 202 and T 204 in
      an amount sufficient to cause a continuous bath or sheet of gellation
      agent to be spilled over the edges 170, 176 on either side of the limits
      of the forming station 34. When the forming plate 80 is in the position
      shown in FIG. 5, the continuous bath of gellation agent from the weir 172
      flows out onto the forming plate 80 and travels along the entire
      transverse width thereof. As the plate 80 moves to the left after the
      cylinder 162 has retracted the punches 134 from the cavities 110, the
      entire surface thereof including the empty forming cavities 110 passes
      under the falling bath of gellation agent from the weir 172.
PAR  A sufficient amount of gellation agent remains on the top surface of the
      forming plate 80 to be wiped off by the rightmost edge of the foodstuff
      channeling plate 128 as the plate 80 moves to the left to cascade down the
      edge of the cavities 110. Some of this gellation agent forms a pool or
      collection under the forming cavity on the backing plate 130 once the
      forming cavities 110 are completely within the forming station 34 beneath
      the foodstuff channeling plate 128.
PAR  Consequently, the foodstuff slurry S which is delivered to the forming
      cavities 110 will contact the gellation agent as soon as the foodstuff
      slurry S is forced into the cavities 110 thereby gelling the gel-forming
      material on the surface of the formed foodstuff.
PAR  Once the forming plate 80 is moved to the right toward the removing station
      36, it again passes under the bath of cascading gellation material from
      the weir 172, thereby gelling the gel-forming material on the top surface
      of the foodstuff slurry S and the entire product P is gelled prior to the
      punches 134 urging the formed product P from the forming cavities 110.
PAR  In addition to performing the function of gelling the gel-forming material
      in the foodstuff slurry S, the gellation agent also acts as a release
      agent permitting easy removal of the formed product P from the cavity 110.
      Further, the gellation agent facilitates the sliding action of the plate
      80 between the foodstuff channeling plate 128 and the backing plate 130.
PAR  The clearance between the foodstuff channeling plate 128 and the backing
      plate 130 must be sufficient to permit reciprocating transportation of the
      plate 80 between the forming station 34 and the removing station 36 but
      cannot be so great as to permit unwanted extrusion of slurry S between the
      bottom surface of the foodstuff channeling plate 128 and the top surface
      of the forming plate 80.
PAR  In order to aid in containing the foodstuff slurry S within the forming
      station 34, the weir 166 continuously supplies a curtain of gellation
      agent to the top surface of the forming plate 80 on the left side thereof.
      By virtue of the reciprocation of the plate 80, the supplied gellation
      agent forms a bead at the juncture of the left edge of the foodstuff
      distribution plate 128 and the adjacent top exposed surface of the forming
      plate 80.
PAR  In a like manner, there is a similar bead of gellation agent formed at the
      juncture of the right edge of the foodstuff channeling plate 128 and the
      adjacent top surface of the plate 80.
PAR  The existence of these two beads serves to lubricate the reciprocation of
      the forming plate 80 and, perhaps more importantly, aids in containing the
      foodstuff slurry S within the forming station 34 as defined by the left
      and right edges of the foodstuff channeling plate 128.
PAR  Provision of the manifold cavity 124 within the foodstuff distribution
      plate 120 in communication with all of the supply openings 126 in the
      foodstuff channeling plate 128 permits uniform distribution of foodstuff
      slurry S to each of the forming cavities 110 when they are in registration
      with the cavities 126. This structure eliminates the need for separate
      conduits 108 in communication with each of the individual cavities 110.
PAR  Further, the provision of a foodstuff channeling plate 128 and the openings
      126 therein in communication with the reciprocated forming plate 80
      substantially reduces the number of square inches of exposed foodstuff
      which is available to the reciprocating forming plate 80. This minimizes
      leakage of the foodstuff slurry S from without the confines of the forming
      station 34.
PAR  Minimization of leakage is from the forming station 34 especially enhanced
      by the use of the continuous curtain of gellation agent supplied at both
      the left and right side of the forming station 34 by weirs 166, 172
      forming the beads at the left and right edges of the slurry channeling
      plate 128.
PAR  Since the apparatus of the present invention is particularly adapted for
      use with a foodstuff slurry and since it is desired to maximize
      containment of the slurry within the confines of the forming station, the
      provision in the present apparatus of a predetermined amount of slurry is
      particularly advantageous.
PAR  As noted hereinabove, the location of the stop plate 102 on the arm 52 can
      be varied with respect to the location of the actuating cylinder 62.
      Consequently, in the manner described above, the actuating member 64 at
      the left end of the piston rod 56 can be stopped a variable distance from
      the cylinder 62 which varies the length of the stroke of the piston 58 as
      well. This, in turn, varies the amount of foodstuff slurry S which will be
      drawn into the cylinder 44 during the intake stroke of the piston 58. This
      varies the amount of foodstuff slurry S delivered to the cavities 110 when
      they are in communication with the interior of the cylinder 44.
PAR  As the configuration of the cavities is varied for different products and
      as the alternate, wedge-shaped forming plates are utilized, the
      predetermined amount of slurry provided can be varied to provide the
      proper amount of slurry for the particular cavity being used.
PAR  In addition, as slurries of different materials having different
      characteristics are used, the predetermined amount of slurry provided can
      be varied as well.
PAR  Further, the length of the stroke of the cylinder 62 can be varied to vary
      the pressure supplied to the foodstuff slurry S if the same is necessary
      to ensure complete filling of the forming cavities by adjusting the stroke
      of the cylinder to be slightly greater than the capacity of the cavities,
      thereby increasing the pressure on the foodstuff to be extruded.
PAR  As noted above, it is known in the art to supply an extrudable foodstuff to
      a forming cavity and force the same to assume the configuration of the
      cavity thereafter ejecting the configured, formed foodstuff therefrom.
PAR  It is also known in the art to coat the exterior of an exposed extruded
      foodstuff containing a gel-forming material with a gellation agent to gel
      the gel-forming material on the exterior of the formed shape to envelop
      the formed product with a gelled skin.
PAR  However, until the apparatus of the present invention, it was not known to
      supply a predetermined amount of a foodstuff slurry containing a
      gel-forming material to a forming cavity and coat the formed product with
      a gellation agent with as uncomplicated an apparatus as the weirs 166, 172
      of the present invention.
PAR  Further, it was not known to coat the entire surface of a formed food
      product, including the underside of the surface which contacts an interior
      part of the forming apparatus (the backing plate 130) during introduction
      of the slurry S into the forming cavity during the formation process.
PAR  The lack of method or apparatus for wetting the surface of a formed
      foodstuff containing a gel-forming material with a gellation agent within
      the forming apparatus without the use of complicated and expensive
      equipment has precluded development of a commercially acceptable machine
      until the present invention.
PAR  The present invention provides a simple, inexpensive and economical device
      and method for forming a plurality of formed food products from a
      foodstuff slurry containing a gel-forming material while bathing
      substantially all of the food product with a gellation agent while it is
      still within the forming station environment and bathing the remainder of
      the product with gellation agent immediately upon its exiting from the
      forming station by use of an extremely simple and uncomplicated apparatus.
PAR  In addition, the apparatus of the present invention provides positive
      control means for ensuring that the product which is formed is uniform and
      complete and that the apparatus of the present invention does not
      malfunction by the provision of various safeguards for preventing
      initiation of certain operations until other operations are completed.
PAR  The formed product P which is carried away from the forming machine 20 by
      the conveyor 210 may be further processed, such as by being battered and
      breaded and fried prior to being frozen or by being battered and breaded
      and frozen prior to being fried. During the frying process, the water
      within the product turns to steam and the product P or P(a) seen in FIGS.
      7 and 10 tends to puff up and smooth out the sharp corners in the product
      illustrated in FIGS. 7 and 9.
PAR  Naturally, the apparatus and method of the present invention renders
      possible the formation of shapes other than the generally uniform
      cross-section fish shape shown in FIG. 7 and the generally wedge-shaped
      cross-section chicken leg shape shown in FIG. 9. Other possible shapes
      include fan-tail shrimp shapes, egg roll shapes and others.
PAR  In addition, other, non-uniform cross-section products may be produced,
      such as, for example, crinkle-cut shapes, by the use of appropriately
      shaped forming plates and foodstuff channeling plates with eigher plane or
      appropriately configured backing plates.
PAR  The provision of the reciprocating forming plate of longitudinally constant
      cross-section and transversely varying cross-section (the terms
      longitudinal and transverse being relative to the direction of movement of
      the plate 80(a)) to produce the simulated chicken leg piece of FIG. 9 is
      illustrative and not restrictive.
PAR  As will be readilly apparent to those skilled in the art, the invention may
      be used in other specific forms for other formed products without
      departing from its spirit or essential characteristics. The present
      embodiments are, therefore, to be considered as illustrative and not
      restrictive, the scope of the invention being indicated by the claims
      rather than by the foregoing description, and all changes which come
      within the meaning and range of equivalence of the claims are therefore
      intended to be embraced therein.
CLMS
STM  What is claimed is: foodstuff, foodstuff,
NUM  1.
PAR  1. A machine for the formation of a shaped comestible from a foodstuff
      slurry containing a gel-forming material, said machine comprising a
      forming station and a removing station, a forming plate having at least
      one forming cavity therein of a predetermined outer configuration for use
      in forming said foodstuff into a shape having said outer configuration,
      means mounting said forming plate for movement of said forming cavity
      between said forming station and said removing station, foodstuff delivery
      means in operative relation to said forming station for periodically
      supplying said forming cavity with a predetermined amount of said
      foostuff, means in operative relation to said forming station for use in
      coating the unfilled forming cavity and the surface of said foodstuff
      delivered to said forming cavity with a gellation agent for gelling the
      gel-forming material on the surface of said foorstuff, means for use in
      preventing foodstuff not in said forming cavity from leaving said forming
      station, a punch in operative relation to said removing station and being
      of substantially the same outer configuration as said forming cavity,
      means mounting said punch for movement between a normal position wherein
      said punch does not intersect said forming cavity located at said removing
      station and an extended position wherein said punch intersects and extends
      into said forming cavity located at said removing station, means for
      operating said foodstuff delivery means to supply said predetermined
      amount of foodstuff and fill said forming cavity, means for transporting
      said filled forming cavity from said forming station to said removing
      station into alignment with said punch, control means including means
      being constructed and arranged to operate said punch from said normal to
      said extended position to urge said foodstuff from said filled forming
      cavity only upon said forming cavity being aligned therewith and further
      including means being constructed and arranged for operating said
      transporting means to move said forming cavity from said removing station
      toward said forming station only upon said punch returning to said normal
      position.
NUM  2.
PAR  2. A machine for the simultaneous production of a plurality of shaped
      comestibles from a foodstuff slurry containing a gel-forming material,
      said machine comprising a forming station and a removing station, a
      forming plate having at least two forming cavities therein each being of a
      predetermined outer configuration for use in forming said foodstuff into a
      shape having said outer configuration, means mounting said forming plate
      for movement of said forming cavities between said forming station and
      said removing station, foodstuff delivery means in operative relation to
      said forming station for periodically supplying each of said forming
      cavities with a predetermined amount of said foodstuff, said delivery
      means including a foodstuff channeling member having at least two openings
      therein each being in communication with a corresponding forming cavity
      when said forming cavities are within said forming station, said delivery
      means further including a foodstuff distribution member having a manifold
      chamber being in communication with each of said channeling member
      openings and being in communication with a supply of foodstuff, means in
      operative relation to said forming station for use in coating each of the
      unfilled forming cavities and the surface of said foodstuff delivered to
      each of said forming cavities with a gellation agent for gelling the
      gel-forming material on the surface of said foodstuff, means for use in
      preventing foodstuff not in any of said forming cavities from leaving said
      forming station at least, two punches in operative relation to said
      removing station and each being of substantially the same outer
      configuration as each of said forming cavities, means mounting said
      punches for movement between a normal position wherein said punches do not
      intersect said respective forming cavities located at said removing
      station and an extended position wherein each of said punches intersects
      and extends into a respective one of said forming cavities located at said
      removing station, means for operating said foodstuff delivery means to
      supply said predetermined amount of foodstuff and fill each of said
      forming cavities, means for transporting said filled forming cavities from
      said forming station to said removing station into alignment with said
      punches, control means including means being constructed and arranged to
      operate said punches from said normal to said extended position to urge
      said foodstuff from said respective filled forming cavities only upon said
      forming cavities being aligned with said respective punches and further
      including means being constructed and arranged for operating said
      transporting means to move said forming cavities from said removing
      station toward said forming station only upon said punches returning to
      said normal position.
NUM  3.
PAR  3. A machine for the formation of a shaped comestible from a foodstuff
      slurry containing a gel-forming material, said machine comprising a
      forming station and a removing station, a forming plate having at least
      one forming cavity therein of a predetermined outer configuration for use
      in forming said food-stuff into a shape having said outer configuration,
      means mounting said forming plate for longitudinal movement of said
      forming cavity between said forming station and said removing station,
      said forming plate having a substantially uniform longitudinal
      cross-section and having a non-uniform transverse cross-section, foodstuff
      delivery means in operative relation to said forming station for
      periodically supplying said forming cavity with a predetermined amount of
      said foodstuff, means in operative relation to said forming station for
      use in coating the unfilled forming cavity and the surface of said
      foodstuff delivered to said forming cavity with a gellation agent for
      gelling the gel-forming material on the surface of said foodstuff, means
      for use in preventing foodstuff not in said forming cavity from leaving
      said forming station, a punch in operative relation to said removing
      station and being of substantially the same outer configuration as said
      forming cavity, means mounting said punch for movement between a normal
      position wherein said punch does not contact said forming plate and does
      not intersect said forming cavity located at said removing station and an
      extended position wherein said punch intersects and extends into said
      forming cavity located at said removing station, means for operating said
      foodstuff delivery means to supply said predetermined amount of foodstuff
      and fill said forming cavity, means for longitudinally transporting said
      filled forming cavity from said forming station to said removing station
      into alignment with said punch, control means including means being
      constructed and arranged to operate said punch from said normal to said
      extended position to urge said foodstuff from said filled forming cavity
      only upon said forming cavity being aligned therewith and further
      including means being constructed and arranged for operating said
      transporting means to move said forming cavity from said removing station
      toward said forming station in said longitudinal direction only upon said
      punch returning to said normal position.
NUM  4.
PAR  4. The invention according to claim 1 wherein said means for coating said
      unfilled forming cavity and the surface of said foodstuff delivered to
      said forming cavity with a gelation agent includes a lower plate located
      at said forming station and mounted in sliding contact with said forming
      plate, a trough mounted above and in operative relation to said forming
      station, said trough being constructed and arranged to contain a supply of
      said gelation agent and including means for directing a predetermined
      amount of said gelation agent from said trough toward said forming plate,
      and means for continuously providing said predetermined amount of said
      gelation agent to said trough so that a continuous flow of said gelation
      agent is directed from said trough toward said forming plate.
NUM  5.
PAR  5. The invention according to claim 1, said means for preventing foodstuff
      not in said forming cavity from leaving said forming station including an
      upper plate and a lower plate, each being in sliding contact with said
      forming plate on opposite sides thereof, said upper and lower plates each
      having transversely extending opposite ends being vertically aligned
      relative to one another and extending substantially completely across said
      forming plate in a direction transverse to the direction of transportation
      of said forming plate between said filling station and said removing
      station, means in operative relation to said forming plate for providing a
      continuous supply of said gelation agent to said forming plate at each of
      the transversely extending ends of said upper plate.
NUM  6.
PAR  6. The invention according to claim 1 wherein said control means is
      pneumatic and said means for operating said punches includes at least one
      pneumatic limit switch.
NUM  7.
PAR  7. The invention according to claim 1, said transportation means being
      constructed and arranged to move said filled forming cavity from said
      forming station to said removing station in a given direction at a given
      speed, conveyor means for moving a removed formed food product from said
      removing station, said conveyor means including a surface being in
      registry with said forming cavity upon said forming cavity being
      transported from said forming station, said conveyor means including means
      being constructed and arranged to move said conveyor surface in said given
      direction at said given speed.
NUM  8.
PAR  8. The invention according to claim 5, said forming plate having a top
      surface being exposed upon said forming plate not being in registry with
      said forming station, said means for preventing foodstuff not in said
      forming cavity from leaving said forming station including means for
      providing a continuous supply of said gelation agent to the transversely
      extending opposite ends of said upper plate so that a continuous bead of
      said gelation agent is formed at the juncture of said transversely
      extending opposite ends of said upper plate with said top exposed surface
      of said forming plate.
NUM  9.
PAR  9. The invention according to claim 1 wherein said means for coating said
      unfilled forming cavity and the surface of said foodstuff delivered to
      said forming cavity with a gelation agent includes a lower plate located
      at said forming station and mounted in sliding contact with said forming
      plate, a trough mounted above and in operative relation to said forming
      station, said trough being constructed and arranged to contain a supply of
      said gelation agent and including means for directing a predetermined
      amount of said gelation agent from said trough toward said forming plate,
      and means for continuously providing said predetermined amount of said
      gelation agent to said trough so that a continuous flow of said gelation
      agent is directed from said trough toward said forming plate.
NUM  10.
PAR  10. The invention according to claim 2, said means for preventing foodstuff
      not in said forming cavity from leaving said forming station including
      said foodstuff channeling member and a lower plate, each being in sliding
      contact with said forming plate on opposte sides thereof, said foodstuff
      chaneling member and said lower plate each having transversely extending
      opposite ends being vertically aligned relative to one another and
      extending substantially completely across said forming plate in a
      direction transverse to the direction of transportation of said forming
      plate between said filling station and said removing station, and means in
      operative relation to said forming plate for providing a continuous supply
      of said gelation agent to said forming plate at each of the transversely
      extending ends of said foodstuff channeling member.
NUM  11.
PAR  11. The invention according to claim 2 wherein said control means is
      pneumatic and said means for operating said punches includes at least one
      pneumatic limit switch.
NUM  12.
PAR  12. The invention according to claim 2, said transportation means being
      constructed and arranged to move said filled forming cavity from said
      forming station to said removing station in a given direction at a given
      speed, conveyor means for moving a removed formed food product from said
      removing station, said conveyor means including a surface being in
      registry with said forming cavity upon said forming cavity being
      transported from said forming station, said conveyor means including means
      being constructed and arranged to move said conveyor surface in said given
      direction at said given speed.
NUM  13.
PAR  13. The invention according to claim 2, said foodstuff channeling member
      openings each being smaller in cross-sectional area than the
      cross-sectional area of each of said forming cavities thereby ensuring
      complete filling of said forming cavities with said foodstuff upon
      delivery of said predetermined amount thereto.
NUM  14.
PAR  14. The invention according to claim 10 said forming plate having a top
      surface being exposed upon said forming plate not being in registery with
      said forming station, said means for preventing foodstuff not in said
      forming cavity from leaving said forming station including means for
      providing a continuous supply of said gelation agent to the transversely
      extending opposite ends of said foodstuff channeling member so that a
      continuous bead of said gelation agent is formed at the juncture of said
      transversely extending opposite ends of said foodstuff channeling member
      with said top exposed surface of said forming plate.
NUM  15.
PAR  15. The invention according to claim 3 wherein said means for coating said
      unfilled forming cavity and the surface of said foodstuff delivered to
      said forming cavity with a gelation agent includes a lower plate located
      at said forming station and mounted in sliding contact with said forming
      plate, a trough mounted above and in operative relation to said forming
      station, said trough being constructed and arranged to contain a supply of
      said gelation agent and including means for directing a predetermined
      amount of said gelation agent from said trough toward said forming plate,
      and means for continuously providing said predetermined amount of said
      gelation agent to said trough so that a continuous flow of said gelation
      agent is directed from said trough toward said forming plate.
NUM  16.
PAR  16. The invention according to claim 3, said means for preventing foodstuff
      not in said forming cavity from leaving said forming station including an
      upper plate and a lower plate, each being in sliding contact with said
      forming plate on opposite sides thereof, said upper and lower plates each
      having transversely extending opposite ends being vertically aligned
      relative to one another and extending substantially completely across said
      forming plate in a direction transverse to the direction of transportation
      of said forming plate between said filling station and said removing
      station, and means in operative relation to said forming plate for
      providing a continuous supply of said gelation agent to said forming plate
      at each of the transversely extending ends of said upper plate.
NUM  17.
PAR  17. The invention according to claim 3 wherein said control means is
      pneumatic and said means for operating said punches includes at least one
      pneumatic limit switch.
NUM  18.
PAR  18. The invention according to claim 3, said transportation means being
      constructed and arranged to move said filled forming cavity from said
      forming station to said removing station in a given direction at a given
      speed, conveyor means for moving a removed formed food product from said
      removing station, said conveyor means including a surface being in
      registry with said forming cavity upon said forming cavity being
      transported from said forming station, said conveyor means including means
      being constructed and arranged to move said conveyor surface in said given
      direction at said given speed.
NUM  19.
PAR  19. The invention according to claim 3, said forming plate including at
      least two forming cavities, said foodstuff delivery means further
      including a foodstuff channeling member having at least two openings
      therein each adapted to be in communication with a respective forming
      cavity when said forming cavities are within said forming station, said
      foodstuff delivery means further including a foodstuff distribution member
      having a manifold chamber, said manifold chamber adapted to be in
      communication with each of said channeling member openings and also
      adapted to be in communication with a supply of foodstuff, at least two
      punches in operative relation to said removing station each being of
      substantially the same outer configuration as each of said respective
      forming cavities, means mounting said punches for movement between a
      normal position wherein said punches do not contact said forming plate and
      do not intersect said forming cavities and an extended position wherein
      respective punches extend through respective forming cavities located at
      said removing station, said control means including means being
      constructed and arranged for operating said punches from said normal to
      said extended position only upon said respective forming cavities being in
      registry with said respective punches.
NUM  20.
PAR  20. The invention according to claim 3 wherein said non-uniform transverse
      cross-section of said forming plate includes a thick section and a
      contiguous thin section, said forming cavity being generally in the shape
      of a chicken leg being transversely oriented relative to said forming
      plate with the basal end of said chicken leg shape being located at the
      thick section of said non-uniform transverse cross-section and the distal
      end of said chicken leg shape being located at the thin section of said
      non-uniform transverse cross section.
NUM  21.
PAR  21. The invention according to claim 16, said forming plate having a top
      surface being exposed upon said forming plate not being in registry with
      said forming station, said means for preventing foodstuff not in said
      forming cavity from leaving said forming station including means for
      providing a continuous supply of said gelation agent to the transversely
      extending opposite ends of said upper plate so that a continuous bead of
      said gelation agent is formed at the juncture of said transversely
      extending opposite ends of said upper plate with said top exposed surface
      of said forming plate.
NUM  22.
PAR  22. The invention according to claim 17, said foodstuff channeling member
      openings each being smaller in cross-sectional area than the
      cross-sectional area of each of said forming cavities thereby ensuring
      complete filling of said forming cavities with said foodstuff upon
      delivery of said predetermined amount thereto.
NUM  23.
PAR  23. The invention according to claim 19, said means for preventing
      foodstuff not in said forming cavity from leaving said forming station
      including said foodstuff-channeling member and a lower plate, each being
      in sliding contact with said forming plate on opposite sides thereof, said
      foodstuff-channeling member and said lower plate each having
      transversely-extending opposite ends being vertically aligned relative to
      one another and extending substantially completely across said forming
      plate in a direction transverse to the direction of transportation of said
      forming plate between said forming station and said removing station, said
      forming plate including a top surface being exposed upon said forming
      plate not being in registry with said forming station, and means in
      operative relation to said forming station for providing a continuous
      supply of said gelation agent to each of said tranversely-extending ends
      of said foodstuff-channeling member in an amount sufficient to form a bead
      at the juncture of each of said tranversely-extending ends of said
      foodstuff channeling member with said exposed surface of said forming
      plate.
NUM  24.
PAR  24. The invention according to claim 20 including transporting said forming
      cavity including said formed product therein to said removing station in a
      first direction at a given speed, providing a conveyor having a surface
      thereof in registry with said forming cavity at said removing station for
      transporting said removed formed product, and moving said conveyor surface
      in said first direction at a speed substantially equal to said given
      speed.
NUM  25.
PAR  25. A machine for the simultaneous formation of a plurality of shaped
      comestibles from a foodstuff slurry containing a gel-forming material,
      said machine comprising a forming station and a removing station, a
      forming plate having at least two forming cavities therein, each being of
      a predetermined outer configuration for use in forming said foodstuff into
      a shape having said outer configuration, means mounting said forming plate
      for movement of said forming cavities between said forming station and
      said removing station, foodstuff delivery means in operative relation to
      said forming station for periodically supplying each of said forming
      cavities with a predetermined amount of said foodstuff, said delivery
      means including a foodstuff-channeling member having at least two openings
      therein, each being in communication with the top of a corresponding
      forming cavity when said forming cavities are within said forming station,
      said delivery means further including a foodstuff distribution member
      having a manifold chamber being in communication with each of said
      channeling member openings and being in communication with a supply of
      foodstuff, a backing plate mounted at said forming station so in sliding
      contact with the lower surface of said forming plate, said
      foodstuff-channeling member and said backing plate each having
      tranversely-extending opposite ends being vertically aligned relative to
      one another and extending substantially completely across said forming
      plate in a direction transverse to the direction of transportation of said
      forming plate between said forming station and said removing station,
      trough means mounted relative to said forming station above each of said
      transversely-extending opposite ends of said foodstuff-channeling member
      and being constructed and arranged to contain a supply of a gelation agent
      for gelling the gel-forming material on the surface of said foodstuff and
      including means for directing a predetermined amount of said gelation
      agent toward said foodstuff-channeling member, means for continuously
      providing said predetermined amount of said gelation agent to said trough
      so that a continuous flow of said gelation agent is direction from said
      trough toward said transversely extending edges of said food
      stuff-channeling member thereby forming a bead of said gelation agent at
      the juncture of the transversely-extending edges of said
      foodstuff-channeling member with said forming plate, at least two punches
      in operative relation to said removing station each being of substantially
      the same outer configuration as each of said forming cavities, means
      mounting said punches for movement between a normal position wherein said
      punches do not intersect said respective forming cavities located at said
      removing station and an extended position wherein each of said punches
      intersects and extends into a respective one of said forming cavities
      located at said removing station, means for operating said foodstuff
      delivery means to supply said predetermined amount of foodstuff and fill
      each of said forming cavities, means for transporting said filled forming
      cavities from said forming station to said removing station into alignment
      with said punches, control means including means being constructed and
      arranged to operate said punches from said normal to said extended
      position to urge said foodstuff from said respective filled forming
      cavities only upon said forming cavities being aligned with said
      respective punches and further including means being constructed and
      arranged for operating said transporting means to move said forming
      cavities from said removing station toward said forming station only upon
      said punches returning to said normal position.
NUM  26.
PAR  26. A machine for the formation of a shaped comestible from a foodstuff
      slurry, said machine comprising a forming station and a removing station,
      a forming plate having at least one forming cavity therein of a
      predetermined outer configuration for use in forming said foodstuff into a
      shape having said outer configuration, means mounting said forming plate
      for movement of said forming cavity between said forming station and said
      removing station, foodstuff delivery means in operative relation to said
      forming station for periodically supplying said forming cavity with a
      predetermined amount of said foodstuff, means in operative relation to
      said forming station for use in coating the unfilled forming cavity and
      the surface of said foodstuff delivered to said forming cavity with a
      release agent for aiding in the subsequent release of formed foodstuff
      from said forming cavity, means for use in preventing foodstuff not in
      said forming cavity from leaving said forming station, a punch in
      operative relation to said removing station and being of substantially the
      same outer configuration as said forming cavity, means mounting said punch
      for movement between a normal position wherein said punch does not
      intersect said forming cavity located at said removing station and an
      extended position wherein said punch intersects and extends into said
      forming cavity located at said removing station, means for operating said
      foodstuff delivery means to supply said predetermined amount of foodstuff
      and fill said forming cavity, means for transporting said filled forming
      cavity from said forming station to said removing station into alignment
      with said punch, control means including means being constructed and
      arranged to operate said punch from said normal to said extended position
      to urge said foodstuff from said filled forming cavity only upon said
      forming cavity being aligned therewith and further including means being
      constructed and arranged for operating said transporting means to move
      said forming cavity from said removing station toward said forming station
      only upon said punch returning to said normal position.
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ABST
PAL  Apparatus for moulding confectionery, comprising a series of moulds, each
      of which is divided into a fixed half and a hinged half which is normally
      aligned with the fixed half, a conveyor for traversing the moulds in
      sequence past a filling station, through a cooling zone to a discharge
      station and back to the filling station, a depositor at the filling
      station which is arranged to deposit different materials into moulding
      cavities in each half of each mould, mechanism disposed at a folding
      station beyond the cooling zone for folding the hinged half of each mould
      about its hinge against the fixed half and effecting deposition of the
      contents of the moulding cavities thereof into the moulding cavities of
      the fixed half, mechanism disposed at a following unfolding station for
      returning the folded hinged half of each mould into alignment with its
      fixed half, and means for inverting the moulds prior to arrival at the
      discharge station and turning them right way up during their return to the
      filling station.
BSUM
PAR  This invention relates to apparatus for moulding confectionery of the kind,
      hereinafter termed the kind specified, comprising a conveyor for
      traversing moulds, each having a number of moulding cavities, in a
      continuous procession and in sequence past a filling station, at which the
      mould cavities are filled with confectionery by a moving head depositor,
      through a cooling zone to a discharge station and back to the filling
      station, the moulds being inverted before they reach the discharge station
      and turned right way up during their return to the filling station. In the
      case of soft fondant the confectionery may be discharged from the mould
      cavities by blowing air through holes in the bases of the cavities as
      described in British Specification No.1050699. In the case of hard fondant
      the moulds may be made of elastic material and subjected to tapping or
      deformation at the discharge station to facilitate discharge of the
      fondants as described in British Specification No.1005674.
PAR  It is possible with such apparatus to deposit two different materials into
      each mould cavity from the moving head depositor, the two deposits being
      made successively or simultaneously. Thus simultaneous deposition may be
      made from concentric nozzles, one of which is annular and surrounds the
      other. While deposition of two different materials from a common depositor
      into the same mould cavities permits of production of a confection with a
      liquid filling, such as jam, in a cream shell there is considerable
      restriction in regard to compatability of the two materials. Thus they
      cannot differ materially in terms of density.
PAR  The invention provides an apparatus of the above specified kind in which
      each mould is divided into a fixed half and a hinged half which is
      normally aligned with the fixed half, in which the depositor is arranged
      to deposit different materials in the moulding cavities of each mould
      half, and which includes, at a folding station disposed beyond the cooling
      zone, mechanism for folding the hinged half of each mould about its hinge
      against the fixed half and effecting deposition of the contents of the
      moulding cavities of the hinged half into the moulding cavities of the
      fixed half and, at a following unfolding station, mechanism for returning
      the folded hinged half of each mould into its normal position of alignment
      with the fixed half.
DRWD
PAR  Two embodiments of the invention are illustrated, by way of example, in the
      accompanying drawings. Both embodiments have identical mould folding and
      unfolding mechanisms and they differ only in respect of the general layout
      of the apparatus. In the drawings:
PAR  FIGS. 1 to 4 are cross-sectional views of a mould showing successive stages
      in the moulding and demoulding procedure,
PAR  FIG. 5 is a diagrammatic side elevation showing the first embodiment,
PAR  FIG. 6 is a similar view of the second embodiment,
PAR  FIG. 7 is a side elevation of the mould folding and unfolding mechanism,
PAR  FIG. 8 is a corresponding plan view,
PAR  FIG. 9 is a side elevation showing a mould approaching the folding station,
PAR  FIG. 10 is a section on the line X--X in FIG. 9, and
PAR  FIG. 11 is a section on the line XI--XI in FIG. 9.
DETD
PAR  In both embodiments the apparatus includes a series of moulds 12, each
      consisting of a frame 13 (FIGS. 9 and 10) connected at each end to a
      continuously moving conveyor chain 14 and carrying at each end a pair of
      rollers 15 which run on a fixed rail 16. Each mould is divided into two
      halves, namely a fixed half 17 (FIG. 8) which is integral with the frame
      13 and a hinged half 18, which is normally disposed within a recess in the
      frame 13 aligned with the fixed half as shown in FIG. 1 but which can be
      folded about a hinge 19 so that it can be laid flush on the fixed half as
      shown in FIG. 2. The mould halves 17, 18 are formed with mould cavities
      20, 21 respectively.
PAR  In operation of the apparatus, and as described in more detail later,
      different materials A and B (for example cream and pectin jelly) are
      deposited simultaneously in the mould cavities 20 and 21 of each mould as
      indicated in FIG. 1. After the mould has travelled sufficiently far for
      the contents of the mould cavities to have cooled and solidified in a
      cooling zone, the hinged mould half 18 is folded down on top of the fixed
      mould half 17 as shown in FIG. 2 to deposit the material B in the cavities
      21 on top of the material A in the cavities 20.
PAR  Such deposition may be assisted by blowing air through minute holes in the
      bases of the cavities 21 as described in British Specification No.1050699
      or by tapping as described in British Specification No.1005674.
      Alternatively the cavities 21 may contain deformable membranes, as
      described in British Specification No.532873, which are normally retained
      within the cavities by application of vacuum but are allowed to contract
      to eject the filling by release of the vacuum after folding of the mould.
PAR  After such deposit the hinged mould half 18 is folded back to its initial
      position as shown in FIG. 3. If desired, a third material C for example
      fudge, can then be introduced into the cavities 20, this acting to weld
      together the materials A and B. Following this, the moulds are inverted
      and the contents of the cavities 20 are discharged on to a discharge
      conveyor 22, as shown in FIG. 4.
PAR  Apart from the hinged construction of the moulds and the provision of mould
      folding and unfolding mechanism the apparatus in both embodiments operates
      as described in British Specification No.1050699, which describes in
      detail parts of the apparatus other than the mould folding and unfolding
      mechanisms.
PAR  In the embodiment shown in FIG. 5, the moulds 12, after having discharged
      their contents on to conveyor 22, pass in succession past a spray unit 23
      which sprays release agent into the cavities 20 and then beneath a moving
      head depositor 24 of the kind described in British Specification No.405374
      which deposits the materials A and B in the mould cavities as shown in
      FIG. 1. After passage through a cooler 25, of the construction described
      in British Specification No.1005674, the mould reaches a folding zone D
      described in detail below and at which the mould is folded as shown in
      FIG. 2. Beyond this is a mechanical tapping device 29, which taps the
      upwardly facing surface of the folded half 18 of the mould to assist in
      discharging the material B into the cavities 20. The mould then passes
      through an unfolding zone E, described in detail below, in which the
      hinged half 18 is returned to its original position aligned with the fixed
      half 17. It then passes beneath a further moving head depositor 26 which
      deposits the third material C (FIG. 3) in the cavities 20 of its fixed
      half 17 and back to the cooler 25. The mould then passes through a
      turnover unit 27, which inverts it and then beneath a pneumatic discharge
      unit 28, which discharges the confections from the cavities 20 on to the
      conveyor 22 (see also FIG. 4). The units 27, 28 are as described in
      British Specificiation No.1050699.
PAR  The apparatus shown in FIG. 6 differs in that the second depositor 26
      immediately follows the cooler 25 and deposits jam, or some other material
      suitable for bonding the materials A and B together, in the recesses 20 of
      the fixed mould half before the mould is folded, and in that the mould
      passes, after leaving the unfolding zone D, beneath a tamping unit 30
      which presses the two halves of the mould together. From this the mould
      passes directly to the turn-over unit 27.
PAR  The forms of apparatus just described are suitable when the fixed halves 17
      of the moulds are of metal and the hinged halves are of flexible material,
      e.g. silicone rubber. A release agent is therefore applied to the recesses
      20 in the fixed half only, a mechanical tapping unit 29 is used to deform
      the flexible half during the first demoulding operation when the mould is
      closed (FIG. 2) and a pneumatic discharge unit 28 which applies air
      pressure to minute holes 31 (FIG. 4) in the bases of the cavities 20 of
      the inverted moulds is used for the second demoulding operation.
PAR  As an alternative the hinged halves of the moulds could be of metal and
      demoulded by air pressure and the fixed halves of flexible material and
      demoulded mechanically, in which case release agent would be applied to
      the cavities in the hinged halves. Obviously both halves may be of rigid
      material and demoulded by air pressure or of flexible material and
      demoulded mechanically.
PAR  Folding and unfolding of the moulds is accomplished as will now be
      described with reference to FIGS. 7-11.
PAR  Each hinged mould half 18 carries a roller 32 which, as shown most clearly
      in FIG. 11, is rotatable in a fixed boss 33 which projects from the mould
      half 18 through a slot 34 in the frame 13. The hinged mould half 18 is
      nornally held in the unfolded position flush with the fixed mould half by
      a latch 35, pivoted by a pin 36 to the frame 13 and carrying at its lower
      end a roller 37. A spring 38, extending between the latch 35 and the frame
      13, normally holds the hook shaped upper end 39 of the latch in engagement
      with the boss 33.
PAR  As the mould approaches the folding station, the roller 37 encounters a cam
      rail 40, which rocks the latch 35 counterclockwise as seen in FIG. 9 to
      disengage it from the boss 33, and the roller 32 engages a lifting rail
      41. As the mould proceeds, to the left as seen in FIG. 8, the rail 41
      progressively lifts its hinged half 18 through the agency of the roller 32
      until it reaches the vertical position as indicated at F. The roller 32
      then leaves the lifting rail 41 and comes under control of a lowering rail
      42, which permits the hinged portion 18 to descend gradually under gravity
      to the folded position shown in FIG. 2.
PAR  After demoulding from the cavities 21 has taken place as already described,
      the roller 32 encounters a second lifting rail 43, which gradually lifts
      the hinged mould half to the vertical as shown at G, and then a second
      lowering rail 44 which allows it to return gradually under gravity to its
      original horizontal position, in which it is re-locked by engagement of
      the latch 35 with the boss 33.
PAR  The materials introduced into the cavities 20, 21 by the depositor 24 may
      be basically different confections, e.g. cream and pectin jelly as
      described above. Alternatively they may be the same basic confection but
      of different colour or flavour.
CLMS
STM  What I claim as my invention and desire to secure by letters patent is:
NUM  1.
PAR  1. Apparatus for moulding confectionery, comprising an endless conveyor, a
      series of moulds, each of which is divided into a first half attached to
      the conveyor and a second half which is hinged to and normally aligned
      with the first half, said conveyor carrying the moulds in sequence past a
      filling station, through a cooling zone to a folding station, then to an
      unfolding station and then to a discharge station and back to the filling
      station, a depositor at the filling station which is arranged to deposit
      different materials into moulding cavities in each half of each mould,
      mechanism disposed at the folding station for folding the second half of
      each mould about its hinge against the first half and effecting deposition
      of the contents of the moulding cavities thereof into the moulding
      cavities of the first half, mechanism disposed at the unfolding station
      for returning the folded second half of each mould into alignment with its
      first half, and means for inverting the moulds prior to arrival at the
      discharge station and turning them to cause their moulding cavities to
      face upwardly during their return to the filling station.
NUM  2.
PAR  2. Apparatus according to claim 1, which includes a further depositor
      situated between the unfolding station and the discharge station and
      arranged to deposit a third material into the moulding cavities of the
      fixed halves only of the moulds, and in which the moulds are arranged to
      traverse the cooling zone again after leaving the further depositor.
NUM  3.
PAR  3. Apparatus according to claim 1, which includes a further depositor
      situated between the cooling zone and the folding station and arranged to
      deposit a third material into the moulding cavities of the fixed halves
      only of the moulds.
NUM  4.
PAR  4. Apparatus according to claim 1, in which each mould includes a framework
      attached at its ends to parallel conveyor chains and carrying at its ends
      rollers which run on supporting rails, the framework having a recess for
      accommodation of the second mould half in a position aligned with the
      first mould half.
NUM  5.
PAR  5. Apparatus according to claim 4, in which the second half of each mould
      carries, at the end remote from the first half, a roller which projects
      from the framework and which includes, both at the folding station and at
      the unfolding station, a lifting rail which coacts with the rollers on the
      second mould halves to raise said mould halves to a vertical position
      followed by a lowering rail which coacts with the rollers to guide said
      mould halves into a horizontal position.
NUM  6.
PAR  6. Apparatus according to claim 5, in which the framework of each mould
      carries a pivoted latch which is biased to engage a projection on the
      second mould half to latch it in its position aligned with the first mould
      half and which includes at the folding station a cam rail which cooperates
      with the latches to move them clear of the projections and so to permit
      folding of the moulds.
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PAL  A three-part histologic tissue receptacle and embedding structure comprises
      an identification, open-ended, mold section, a pan section, and a
      perforated top section which can be slid over the mold and pan sections
      and retain all three sections in a closed relation. The mold, pan and top
      sections of the structure may be arranged for service, with the pan
      telescoped in the mold section, as a perforate, integral, shallow depth,
      receptacle for holding and transporting the tissue specimens through
      various liquids during processing, as a mold for embedding the specimen,
      as a holder for holding the embedded specimen in a microtome during
      slicing and after slicing, as a housing for holding and protecting the
      remaining unsliced embedded specimen during extended storage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an improved composite histologic tissue receptacle
      and embedding structure which serves as an integral, perforate, shallow
      depth, receptacle for holding tissue during the processing thereof, as a
      mold for embedding processed tissue in a paraffin body preparatory to
      mounting in the microtome, as a means for aligning and holding the
      embedded specimen in the microtome and as a receptacle for protecting and
      storing the embedded tissue after portions of the same have been severed
      by the microtome.
PAR  2. Description of the Prior Art
PAR  A composite tissue receptacle and embedding structure of the type most
      closely related to this invention is taught by U.S. Pat. No. 3,456,300.
      The structure taught by this patent includes an open mold, a base pan
      which is detachably secured onto either open end of the open mold and a
      perforated top which is detachably secured onto the other end of the open
      mold all of which forms an integral closure for the specimen. The open
      mold element of the patent is rectangular in cross section and includes
      four smooth surfaced perpendicular and interconnecting walls. An outer
      surface of the upper mold is etched in order to receive indicia by means
      of an ordinary pencil. The base pan of the patent is shaped substantially
      like a rectangular open topped box with a thin, heat conducting, flat
      bottom surface and an indented ledge which extends downwardly from the
      inside edge of the base pan walls so as to "snap fit" onto either end of
      the open mold. The flat bottom surface is provided with openings which
      allow the processing fluids to pass through the composite tissue embedding
      structure. The perforated top of the patent is detachably secured to the
      other end of the open mold and consists of a perforated rectangular shaped
      surface having outwardly projecting sides which "snap fit" over the end of
      the open mold. The top element in conjunction with the mold and pan
      elements of the patent forms an integral perforate structure which can be
      inverted, tilted and otherwise handled without coming apart.
PAR  Since the device of the present invention specifically improves on the
      device of the U.S. Pat. No. 3,456,300, the operation of the device of the
      patent will next be explained to more fully appreciate the prior art. In
      operation, a tissue specimen to be pathologically examined is placed in
      the base pan of the prior patent device without regard to any particular
      position. One end of the open mold is "snap fastened" to the base pan and
      the other end of the mold is "snap fastened" to the perforated top to
      provide the mentioned integral, perforate enclosure for the specimen. The
      serial number of the tissue specimen is marked by means of a graphite
      pencil onto an etched surface of the open mold. The mold with the top
      cover and base pan "snap fastened" to it at either end at this stage
      provides a perforate tissue processing receptacle. The composite tissue
      embedding structure is placed sequentially into various treating liquids
      and finally into a paraffin bath where paraffin is transferred by osmosis
      into the tissue cells.
PAR  As the description proceeds, many similarities will be observed between the
      construction and use of the device of the U.S. Pat. No. 3,456,300 and the
      present invention. However, what is important to observe is that the
      patent device makes no provision for telescoping the pan section into the
      mold section for reducing the amount of space occupied during processing
      when the three elements form a processing receptacle. With an increasing
      use of the patent device the need to process greater and greater numbers
      of receptacles in the processing chambers has become increasingly critical
      and important. The relative depth of the three elements when assembled as
      a processing receptacle thus becomes of increasing importance since this
      depth to a major extent determines how many receptacles can be processed
      simultantously. The bottom outside surface is next wiped to remove excess
      paraffin. At this stage, a thin film of paraffin coats the bottom inside
      surface of the boat receptacle and while the paraffin is hot and tacky,
      the perforated top is removed and may be discarded as a disposable item.
      After adding additional liquid paraffin, the specimen is repositioned on
      the flat bottom surface of the base pan into a precise cutting position.
      The paraffin is allowed to harden so that the precise plane of the
      specimen along which it is to be severed is presented to the microtome
      blade. The positioning of the specimen is most important for frequently
      the only means for determining the malignancy of tissue is by properly
      selecting the plane of severance. As an alternative, the thin coating of
      paraffin clinging to the bottom surface of the boat receptacle may be
      allowed to harden and later reheated and the tissue specimen repositioned.
      In either case, the tissue specimen is positioned while the mold and base
      pan are "snap fastened" together.
PAR  After the tissue specimen is selectively positioned in the base pan, melted
      paraffin is poured into the base pan through the open end of the open mold
      to a level substantially adjacent that open end thus completely embedding
      the tissue specimen. After the paraffin hardens and approaches room
      temperature, the tissue specimen is presented to the blade of the
      microtome. Thus, while the base pan remains "snap fastened" to the mold,
      the composite structure is placed in the jaws of the microtome with the
      jaws abuted against the exposed surface of the edges of the base pan which
      act to align the cutting surface of the paraffin block with the microtome
      blade. After such alignment, the jaws of the microtome are tightened onto
      the open mold and the base pan is removed which exposes the bottom surface
      of the block for cutting. After one or several sections are sliced from
      the tissue specimen by the microtome knife, the base pan is "snap
      fastened" back onto the open mold so as to cover the exposed tissue
      specimen surface and prevent the same from becoming soiled or damaged
      during the usual extended storage for possible later reference to the same
      patient. At any later time, the tissue specimen may be removed from
      storage and made available for further sectioning and in the interim the
      base pan acts as a protective cover.
PAR  Further prior art includes devices for processing tissue in plastic or
      metal perforated containers and for embedding the tissue with paraffin in
      separate plastic, paper, or metal pans. The device of U.S. Pat. No.
      3,674,396, for example, uses a perforated plastic container with a
      removable metal perforated cover for processing. This metal cover is
      removed after processing and the tissue specimen is transferred to a metal
      pan for embedding. The container is then placed in the metal pan and the
      unit is filled with paraffin for embedding. These devices offer some
      advantage in providing a relatively shallow depth receptacle for
      processing but lack the advantage of being able to use the same device for
      all the steps of processing, embedding, slicing and storing. The devices
      referred to in U.S. Pat. No. 3,456,300 and in a prior U.S. Pat. No.
      2,996,762 mark an advancement over this latter type art since it is
      desirable to provide an identification mold section which can be used
      through tissue processing with a perforated top and a pan section, as one
      unit, for holding and transporting the tissue specimen through the various
      processing liquids, then as a mold for paraffin embedding the specimen and
      as a holder for holding the embedded specimen in a microtome during
      slicing and as a cover for protecting the remaining paraffin tissue block
      during storage.
PAR  Thus, while it can be said that the prior art device described in U.S. Pat.
      No. 3,456,300 represented a substantial improvement over other prior art
      devices, there has remained a substantial need to retain the multi-purpose
      advantages of the patent device but to reduce the amount of space required
      to process embedded specimens. Stated differently, larger and larger
      quantities of tissue specimens are being embedded in hospitals, pathology
      laboratories, and the like, which means that while the device of U.S. Pat.
      No. 3,456,300 has vastly improved the processing, embedding, and slicing
      procedures there still remains an critical problem of processing embedded
      specimens in a minimum of space.
PAC  SUMMARY OF THE INVENTION
PAR  The compact telescoping tissue processing and embedding receptacle of the
      invention is comprised of a mold opening at both its top and bottom ends,
      hereafter known as the identification mold; a pan section which may either
      be detachably secured to the bottom of the identification mold for molding
      purposes or fitted downward through the top of the identification mold
      thereby telescoping within the identification mold during processing for
      reducing the receptacle depth and a perforated over or top section which
      encloses both the identification mold and pan telescoped within by means
      of two appended sidewalls which extend perpendicularly downward from the
      ends of the perforated top and overlap the outer end walls of the
      identification mold to a point where these overlapping sidewalls turn
      perpendicularly inward to form sliding tongue members which operate in
      grooves that are cut along the outer end walls of the identification mold.
      The tongue and grooves extend for only a portion of the length of the
      respective walls in which they are formed which gives the top section a
      positive stop in one direction and adds to its positive securement. The
      top sidewalls and mold walls could be otherwise formed so long as the top
      member can be detachably secured to the mold member.
PAR  After the pan section has been telescoped into the mold section and the top
      section slid into place, the three sections act together to form a
      perforated enclosure, hereafter called the processing unit, for the tissue
      specimen. Each element or section may be molded of the same kind of
      material so long as such material is moldable and inert to the various
      processing fluids. The exterior surfaces of the sidewalls of the mold
      section are smooth and provide surfaces to receive indicia by means of an
      ordinary pencil.
PAR  The interior wall surfaces of the identification mold are preferably sloped
      inwardly at an approximate angle of 03.degree. off vertical which
      sufficiently increases the thickness of the walls near the bottom to allow
      the exterior sides of the end walls to be grooved as previously mentioned.
      The interior and exterior wall surfaces of the identification mold are
      preferably smooth and uninterrupted by projections, flanges, or the like.
      However, a narrow and continuous ledge extends inward from the bottom
      edges of each interior wall of the mold section at an angle of
      approximately 93.degree. and acts both as a resting shelf for the
      telescoped pan during processing and as a trapping or gripping member for
      the hardened paraffin during microtome cutting. The wall surfaces of the
      mold are otherwise free of flanges, projections, or the like, which
      minimizes opportunity for tissue damage and enhances opportunity to
      observe and position the tissue. While the described ledge offers minimum
      interference and has been found useful to secure the molded block, it is
      contemplated that the mold interior wall surfaces could be otherwise
      formed to secure the block. For example, two converging, angled interior
      walls could be used as in FIG. 7 of U.S. Pat. No. 3,456,300.
PAR  The outside width and length of the open mold are preferably limited to
      about one and five-eighths inches long by one and one-sixteenth inches
      wide and with a depth of about one-fourth of an inch. The pan section is
      shaped substantially like an open topped rectangular box composed of four
      interconnecting walls, a thin heat conducting flat bottom surface, and has
      a continuous ledge which extends outward from the top edge of each
      exterior wall. Both exterior and interior walls of the pan section are
      smooth, uninterrupted and sloped at an angle from top to bottom which
      corresponds to the slope of the mold walls and allows the pan to telescope
      within the identification mold as a primary step in the assembly of the
      processing unit.
PAR  The pan ledge which extends outward from the top edges of the exterior
      walls serves three purposes. During processing, when the pan is telescoped
      within the identification mold, the ledge provides a positive stop and
      deters the pan from falling through the mold since it overlaps the top
      edges of the mold. During embedding, when the pan is positioned underneath
      the identification mold, the pan ledge acts as a base on which the bottom
      edges of the walls of the identification mold may rest and be snap-fitted
      to the pan section. At the same time, the identification mold is prevented
      from shifting its position on the pan ledge by means of a small,
      continuous lip which provides the snap-fit and extends perpendicularly
      upward from the outside edges of the pan ledge to surround a small area of
      the lower exterior walls of the identification mold. The securing lip also
      serves to eliminate the need for aligning flanges on the identification
      mold during microtome cutting since the pan lip furnishes a means of
      obtaining alignment of the paraffin block with the microtome jaws. The
      third purpose served by the pan ledge is that of acting as an aid for
      handling the pan throughout the various steps of processing and embedding.
      After embedding and following the slicing of the tissue block by the
      microtome, the pan has the additional function of serving as a protective
      cover for the exposed block since the pan may, at any time, be resecured
      to the identification mold.
PAR  In order to assemble the processing unit, the pan section is first
      telescoped into the identification mold. Following that, the sliding
      tongue members of the top section are inserted into the open ends of the
      identification mold grooves and the top section is then pushed forward,
      its enclosing sidewalls moving along the outside end edges of the pan
      ledge while the sliding tongue members move along inside the grooves of
      the identification mold. When the sliding members have been pushed as far
      as possible into the grooves, the perforated top completely covers the
      open pan so that the side edges of the top are flush with the side edges
      of the pan ledge and an integral, perforate processing unit is thereby
      created. The width and length of the processing unit are preferably
      limited to about one and one-eighth inches wide and one and
      thirteen-sixteenths inches long with the depth of the same being about
      thirteen thirty-seconds of an inch. The depth of the device of the
      invention when used as a processing unit thus constitutes a major
      improvement over that taught by U.S. Pat. no. 3,456,300, the depth of
      which is twice that of the invention. Accordingly, substantially more
      specimens may be processed in a given space than with the device of the
      patent.
PAR  In use, the specimen accession number is written on one etched surface of
      the exterior walls of the identification mold. The tissue which is to be
      pathologically examined is placed in the pan section without regard to any
      particular position and the perforated top section is slid into place as
      previously explained. The processing unit thus created is capable of
      serving all purposes conventionally served by the processing receptacle
      taught by U.S. Pat. No. 3,456,300, yet the depth or thickness of the
      invention remains one-half that of the prior art. A plurality of
      processing units are then stacked side-by-side in a tissue processing
      basket which in turn is placed in an automatic tissue processor where the
      specimens undergo exposure to various liquids such as alcohol and xylene
      which prevent autolization and prepare the specimen for embedding. As a
      final step within the processor, the specimens are bathed in liquid
      paraffin whereupon quantities of paraffin are transferred by osmosis into
      the tissue cells as previously explained. The basket is then removed from
      the processor and the receptacle units are removed and placed on a heated
      surface. The top section is removed from each unit by sliding the tongue
      members backwards out of the grooves. The heretofor processing unit now
      becomes the embedding unit as the relative positions of the pan and the
      identification mold are reversed. This is accomplished by removing the pan
      from its telescoped positioned within the mold and then placing the mold
      on top of the pan where it rests on the pan ledge and is snugly held in
      place by the surrounding lip which extends upward from the ledge. This
      embedding unit is then partially filled with melted paraffin and placed on
      a cold surface. As the paraffin begins to solidify, the tissue specimen is
      respositioned into a precise cutting position. The paraffin is allowed to
      harden so that the precise plane of the specimen along which it is to be
      severed is presented to the microtome blade. The positioning of the
      specimen is most important, as previously explained, for frequently the
      only means for determining the malignancy of tissue is by properly
      selecting the plane of severance. As an alternative, the paraffin which
      partially fills the pan may be allowed to harden and at a later time may
      be reheated and the tissue specimen repositioned. In either case, the
      tissue specimen may be positioned while the identification mold is
      securely resting upon the pan ledge since the mold itself is free of
      internal projections which might otherwise interfere with such
      repositioning.
PAR  After the tissue specimen has been selectively positioned in the pan,
      melted paraffin is poured into the pan through the open end of the
      identification mold to a level which is substantially adjacent that open
      end thus completely embedding the tissue specimen after accounting for the
      shrinkage of the paraffin upon solidification. The paraffin is allowed to
      cool and the cooling may be hastened by placing the pan and identification
      mold on a cold surface. After the paraffin has hardened and been cooled
      with ice, or otherwise, the tissue specimen is adapted to be presented to
      the blade of the microtome. Thus, while the identification mold remains
      snap-fit secured to the pan ledge, the composite structure is placed in
      the jaws of the microtome whereby the jaws abut against the securing lip
      of the pan ledge which acts to align the cutting surface of the paraffin
      block with the microtome blade.
PAR  After such alignment, the jaws of the microtome are tightened onto the
      identification mold and the pan is removed. The tissue block at this stage
      is prevented from being pulled from the mold by the gripping effect of the
      internal identification mold ledge and the removal of the pan exposes the
      bottom surface of the block for cutting. After one or several sections
      have been sliced from the tissue specimen by the microtome knife, the pan
      may again be secured onto the identification mold in a snap-fit relation
      so as to cover the exposed tissue surface and present the same from
      becoming soiled or damaged during the usual extended storage for possible
      later reference to the same patient. At any later time, the tissue
      specimen may be removed from storage and made available for further
      sectioning by removing the same from the storage drawer and inserting it
      into the microtome as described above. The absence of flanges on the
      identification mold as found in the prior art plus the compact size of the
      invention facilitates storage of more units in the same space.
PAR  Therefore, the object of the invention is generally to improve on the
      device of U.S. Pat. No. 3,456,300 while retaining its many advantages but
      principally to substantially reduce the amount of space required when
      processing with such a device as a receptacle.
PAR  Other objects and advantages of this invention will become apparent when
      the following detailed description is read in conjunction with the
      appended drawings and claims. A preferred embodiment of this invention
      will now be described with reference to the accompanying drawings, in
      which:
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the compact-telescoping processing and
      embedding unit of this invention showing the various elements in an
      interconnected relationship as they are assembled to form the processing
      unit.
PAR  FIG. 2 is a perspective view of the perforated top section.
PAR  FIG. 3 is a perspective view of the pan section.
PAR  FIG. 4 is a perspective view of the identification mold section.
PAR  FIG. 5 is a perspective view of the various elements and the identification
      mold as they are assembled to form the processing unit.
PAR  FIG. 6 is a perspective view of the pan section and the identification mold
      as they are assembled to form the embedding unit.
PAR  FIG. 7 is a section view taken along lines 7--7 of FIG. 1 and showing the
      invention structure as it appears in service as a receptacle for receiving
      and processing a tissue specimen through the various processing liquids.
PAR  FIG. 8 is a section view taken along lines 8--8 of FIG. 6 and showing the
      invention structure as it appears in service as the embedding unit
      prepared to receive the melted paraffin for embedding the tissue specimen
      in a paraffin block.
PAR  FIG. 9 is a section view of the embedding unit with the tissue specimen
      embedded in the solidified paraffin.
PAR  FIG. 10 is a section view showing the identification mold portion of the
      finished unit clamped between opposed jaws of a microtome with the lip of
      the pan ledge abutting against the jaws and thereby acting as a means of
      aligning the embedded specimen to be sliced by the microtome cutting
      blade.
PAR  FIG. 11 is a section view like FIG. 10 with the pan section removed so as
      to present the tissue specimen to the knife of the microtome.
PAR  FIG. 12 is an enlarged pictorial view of the tissue specimen at it appears
      embedded in the exposed paraffin block and mounted for cutting by the
      microtome.
PAR  FIG. 13 is a section view comparable to FIG. 7 of the prior art device of
      the U.S. Pat. No. 3,456,300 in use as a receptacle.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The first element of the compact-telescoping processing and embedding
      structure when assembled as the compact processing unit 10 is a perforated
      top 11 which includes a rectangular central plate 16 and two
      perpendicularly downward extending sidewalls 12 and 13 which are
      integrally connected to plate 16 along the end edges thereof. Sliding
      tongue members 14 and 15 are inward turning, perpendicular continuations
      of sidewalls 12 and 13 but are of a shorter length than sidewalls 12 and
      13. Perforated top 11 serves as a means of admitting the various
      processing fluids, including hot liquid paraffin, into the compact
      processing unit 10 and the perforations are provided by a plurality of
      openings 17 through which the various liquids may pass. Perforated top 11
      is preferably molded from a thin resilient plastic such as a
      polyformaldehyde resin or metal which is inert to and will not float in
      the various processing liquids and which will withstand the usual
      processing temperatures. Top 11 may be disposable if made of plastic and
      reusable if made of metal. Further, top 11 is also provided with a
      plurality of knobs 18 which extend outwardly from the top surface of plate
      16 and which provide means for spacing several of the structures 10 from
      each other when the same are stacked side by side during the fixation
      process and which allows the fixation fluids to enter and leave the
      openings 17.
PAR  The second element of the compact structure 10 is the pan section 20, which
      like top 11, may also be molded of polyformaldehyde resin material or of
      metal and is comprised of a thin, heat conducting bottom wall 27, the
      outside surface of which may be etched to receive indicia, and sidewalls
      23, 24, 25 and 26 which intersect bottom wall 27 at an approximate
      off-vertical angle of 03.degree. from top to bottom to form an open topped
      rectangular box. The 03.degree. inward angle of sidewalls 23, 24, 25 and
      26 corresponds to a similar slope of the outer walls of pan section 20 and
      enables pan section 20 to telescope snugly within sidewalls 34, 35, 36 and
      37 of identification mold 30. The upper outer edges of sidewalls 23, 24,
      25 and 26 of pan section 20 are provided with a continuous generally
      horizontal exterior ledge or flange 21, which forms an angle of
      approximately 93.degree. with the sidewalls 23, 24, 25 and 26. A shallow,
      continuous lip 22 extends perpendicularly upward from the outside edges of
      the flange or pan ledge 21 such that when pan section 20 is telescoped
      within identification mold 30 for processing, pan ledge 21 overlaps and
      rests on the top edges of the identification mold sidewalls 34, 35, 36 and
      37. Later, when the relative positions of pan section 20 and
      identification mold 30 are reversed in order to form the embedding unit
      shown in FIG. 6, pan ledge 21 acts as a base on which the bottom edges of
      identification mold sidewalls 34, 35, 36 and 37 may rest. At the same
      time, lip 22 both prevents identification mold 30 from shifting position
      on pan ledge 21 and effects a snug, snap-fit joint between pan section 20
      and identification mold 30 which prevents the leaking of paraffin during
      embedding. Whether pan section 20 is molded of polyformaldehyde resin or
      metal, pan bottom 27 should have the character of thinness in the order of
      from 0.020 to 0.050 inch thick to rapidly conduct heat and rapidly cool
      the specimen as required just prior to embedding.
PAR  The third and previously mentioned element of the compact processing
      structure 10 is an open mold 30, referred to as identification mold 30,
      which, like top 11 and pan section 20, is preferably also molded of
      polyformaldehyde resin material and is comprised essentially of four
      integrally connected sidewalls 34, 35, 36 and 37 whose exterior surfaces
      intersect at right angles so as to form an open-ended box which is
      rectangular in cross section, both longitudinally and laterally. The
      exterior surfaces of sidewalls 35 and 37 are flat and one or both are
      etched to receive appropriate indicia. The exterior surfaces of sidewalls
      34 and 36 are also flat but are interrupted by longitudinal grooves 31 and
      32 which extend respectively from the exterior intersection of sidewall 34
      and sidewall 35 and from the exterior intersection of sidewall 36 and
      sidewall 35 and terminate at equidistant points on both sidewalls 34 and
      36, said points lying just short of the exterior intersections of
      sidewalls 34 and 37 and sidewalls 36 and 37. The lower edges of sidewalls
      34, 35, 36, and 37 are provided with a short, continuous interior mold
      ledge 33, which extends inward from the lower edges of said sidewalls 34,
      35, 36 and 37. The interior surfaces of sidewalls 34, 35, 36 and 37 are
      smooth and intersect identification mold ledge 33 at an approximate angle
      of 93.degree.. This inward angle relation produces a greater thickness for
      the lower portions of sidewalls 34 and 36 thereby enabling sidewalls 34
      and 36 to accommodate grooves 31 and 32. Identification mold ledge 33
      serves as a resting shelf for the outer edges of pan bottom 27 when pan
      section 20 is telescoped within identification mold 30. A further and more
      important function of identification mold ledge 33 is to act as a gripping
      or trapping member for securing paraffin block 46 to identification mold
      30 as best shown in FIGS. 9, 10 and 11 which eliminates the need for
      projections or like interior configurations to secure the molded block to
      the interior wall surfaces of identification mold 30, presents the least
      opposition to the flow of processing fluids and makes it practical to
      position the tissue specimen 45 in pan 20 when identification mold 30 is
      seated atop pan section 20 as shown in FIG. 6. While similar advantages
      are to be found in the device of U.S. Pat. No. 3,456,300, they have not
      been previously obtained in a shallow depth, multi-purpose unit as with
      the present invention.
PAR  In operation, pan section 20 is first telescoped within identification mold
      30.
PAR  It should be noted that the manner in which the mold and pan members are
      shaped with the described interior angled wall and block securing ledge,
      the pan section can be inserted into the mold member only through the open
      end of the mold member opposite ledge 33 and the pan section is blocked
      from entry through the opposite end of the mold member. Further, the
      described tongue and groove securing arrangements for securing the top
      member operate when the pan section is properly nested, thus proper
      assembly of the receptacle is always assured.
PAR  The specimen accession number is next written on one or both of the etched
      exterior surfaces of identification mold walls 35 and 37. Note here that
      the use of the identification mold as part of the processing receptacle
      during processing insures that the mold and specimen always stay together
      and that the specimen is always identifiable by indicia on the mold. This
      is particularly significant since the top is normally discarded after
      processing and the pan section becomes separated from the specimen during
      slicing. Tissue specimen 45 is then placed on pan bottom 27 after which
      tongue members 14 and 15 of top 11 are aligned with and inserted into the
      open ends of grooves 31 and 32 of identification mold 30. Top section 11
      is then slid into place as indicated in FIG. 5. Completion of the sliding
      action results in the creation of the compact, shallow depth perforate
      processing unit 10 of FIG. 1. It is contemplated that a plurality of
      processing units 10 will be stacked in a tissue processing basket with
      knobs 18 spacing adjacent compact processing units 10.
PAR  What should be particularly appreciated at this point in the description is
      that the improved telescoping pan-mold and top securing arrangement of the
      present invention provides a processing unit 10 of relatively shallow
      depth as compared to the processing device of U.S. Pat. No. 3,456,300. To
      illustrate, FIG. 13 shows the patent device and it will be noted that the
      receptacle depth D.sub.1 is obtained by effectively stacking the covered
      mold on the pan of the patent device. In comparison, the receptacle depth
      D.sub.2 of the invention is effectively only the depth of the pan. Thus,
      in the preferred embodiment previously described, the receptacle depth of
      the invention device for purpose of processing is substantially half that
      of the patent device. Therefore, in a given space with the invention
      receptacle, twice as many receptacles and twice as many specimens may be
      processed. However, as with the patent device, the identifying mold always
      stays with the specimen, thus the critical identification, once properly
      applied to the mold cannot be lost or separated from the specimen except
      by very gross error in procedure.
PAR  The processing basket, once filled with the processing units 10, is then
      placed within an automatic tissue processor where the tissue specimens 45
      undergo exposure to various processing liquids which enter and exit
      through perforations 17 in top 11. The final liquid to which tissue
      specimen 45 is exposed is hot paraffin whereupon quantities of the melted
      paraffin are transferred by osmosis into the tissue cells. The basket is
      then removed from the processor and the units 10 are removed and placed on
      a heated surface. Top section 11 is removed by a reverse sliding action
      wherein sliding tongue members 14 and 15 are slid backwards out of grooves
      31 and 32 of identification mold 30.
PAR  After removal of top 11, the heretofore compact processing unit 10 is now
      ready to be transformed into the embedding unit 40 of FIG. 6. This is
      accomplished by removing pan 20 from its telescoped position within
      identification mold 30 and then placing identification mold 30 on top of
      pan 20 where it rests on pan ledge 21 and is snap-fit secured in this
      position by lip 22. The structure of the now assembled embedding unit 40
      is shown in FIG. 6. Embedding unit 40 is next partially filled with liquid
      paraffin and transferred to a cold surface whereupon the paraffin begins
      to solidify. As the paraffin solidifies, tissue specimen 45 is
      repositioned so that the precise plane of cutting may be achieved. After
      tissue specimen 45 has been properly repositioned on bottom 27 of pan 20,
      embedding unit 40 is placed under an orifice which then supplies
      additional liquid paraffin to embedding unit 40, such liquid paraffin
      filling embedding unit 40 to a level substantially level to the open end
      of identification mold 30. The paraffin is then cooled to form paraffin
      block 46 which contracts and assumes the shape shown in FIG. 9, completely
      embedding specimen 45. It can be seen from FIG. 9 that paraffin block 46
      extends above identification mold ledge 33 so that upon removal of pan
      section 20, paraffin block 46 is securely trapped within identification
      mold 30.
PAR  Embedding unit 40, which now includes paraffin block 46, is ready to be
      positioned between opposing microtome jaws 47 and 48. This is accomplished
      by inserting sidewalls 35 and 37 of identification mold 30 between
      microtome jaws 47 and 48, as shown in FIG. 10, until selected edges of pan
      lip 22 abut against the ends of jaws 47 and 48. It is this abutment of lip
      22 which acts to correctly align embedding unit 40 so that when pan
      section 20 is removed from block 46, as shown in FIG. 11, block 46 will be
      substantially parallel to microtome blade 49 as shown in FIG. 12. This
      arrangement, as previously mentioned, eliminates the need for aligning
      flanges on identification mold 30 but nevertheless results in accurate
      alignment. When pan 20 has been removed from block 46, as illustrated in
      FIGS. 11 and 12, tissue slices 50 are cut from block 46 and after the
      required number of slices 50 have been taken from block 46, pan 20 may be
      repositioned onto identification mold 30 so as to protect tissue specimen
      45 and to provide abutting surfaces if it is ever desirable to replace and
      realign paraffin block 46 in microtome jaws 47 and 48 for further
      severance of the same.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composite histologic tissue structure useful for transporting a tissue
      specimen through processing fluids during processing, providing a mold for
      embedding the specimen, holding the embedded specimen during microtome
      cutting and covering the remaining embedded specimen following cutting,
      comprising:
PA1  a. a rectangular open rigid mold and microtome block holding member formed
      by interconnecting smooth surfaced rectangular end and sidewalls with the
      interior wall surfaces thereof being formed with means for securement of a
      molded block thereon and the exterior wall surfaces thereof being formed
      to provide an indicia marking area to identify the specimen;
PA1  b. a rectangular pan receptacle and storage cover member formed by a thin
      rectangular bottom wall and interconnecting rectangular end and sidewalls,
      said pan and mold members being dimensioned such that said pan member
      walls may rest within said mold member walls during processing through
      processing fluids, the wall edges on one open end of said mold member
      having means for being detachably secured to the top wall edges of said
      pan member during the molding of said block; and
PA1  c. a top receptacle member formed by a central rectangular perforated wall
      and interconnecting rectangular sidewalls extending perpendicularly from
      the edges thereof, said top member sidewalls having means for detachably
      securing said mold member to said top member with said central wall
      covering said pan member while said pan member is resting within said mold
      member whereby said top member may combine with said mold and pan members
      to form a perforate receptacle having the depth of said pan section for
      purposes of processing through said liquids;
PA1  said mold and pan members in combination with said top member providing a
      receptacle for transporting the tissue specimen through the processing
      fluids, said mold member in combination with said pan member providing an
      embedding unit for molding and housing a paraffin body of depth greater
      than that of said receptacle used in processing, said mold member
      providing an exterior surface for clamping said mold member and the
      specimen embedded therein between the opposing jaws of a microtome clamp
      for presenting the embedded specimen to a microtome blade for cutting, and
      said mold member in combination with said pan member providing a housing
      for protecting the remaining specimen following cutting.
NUM  2.
PAR  2. The structure of claim 1 wherein said mold member includes a ledge
      formation on the interior wall surfaces thereof and proximate one open end
      thereof, said ledge formation serving as said means for securing said
      block.
NUM  3.
PAR  3. The structure of claim 1 wherein said detachable securement means for
      said mold member and top member include interlocking tongue and groove
      formations on the detachably secured surfaces thereof.
NUM  4.
PAR  4. The structure of claim 3 wherein said groove formations are formed in
      said mold member exterior end wall surfaces, said tongue formations are
      formed on the interior surfaces of said top member sidewalls and said
      tongue and groove formations each extend from a respective surface edge
      for a distance less than the length of the corresponding surface on which
      so formed whereby said top member tongue formations may enter said groove
      formation from only one direction and be positively stopped after
      appropriate movement in such direction.
NUM  5.
PAR  5. The structure of claim 1 wherein said pan member includes an outwardly
      extending flange surrounding its open end and including a lip formation
      therein and said mold member walls adapt to resting on said flange and to
      being snap-fitted to said lip formation.
NUM  6.
PAR  6. The structure of claim 5 wherein with said pan member detachably secured
      to said mold member and said mold member containing said molded block,
      said flange provides a positive stop for correct mounting of said mold
      member in a microtome preparatory to slicing of said specimen.
NUM  7.
PAR  7. The structure of claim 6 wherein said mold member includes a ledge
      formation on the interior wall surfaces thereof and proximate one open end
      thereof, said ledge formation serving as said means for securing said
      block and wherein said mold member interior wall surfaces and said pan
      member wall surfaces are sloped in a manner enabling said mold member
      interior wall surfaces to form a continuation of said pan member interior
      wall surfaces when said mold member is detachably secured to said pan
      member.
NUM  8.
PAR  8. The structure of claim 1 wherein said mold and pan members are shaped to
      allow said pan member to be inserted through one open end of said mold
      member and to be prevented from entry through the opposite open end of
      said mold member and said top member is securable to said mold member only
      when so inserted thereby insuring correct assembly of said receptacle.
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ABST
PAL  Variegated detergent bars are made by mixing together pieces of soaps of
      contrasting colors in a vacuum zone and plodding the mixture in such
      manner as to fuse the different soaps together but maintain colors
      separate, thereby producing a desired pattern therein, preferably
      resembling marble. The pattern is controllable by variations of the
      proportions of material charged, plasticities thereof, speeds of the
      worms, design of the compression-extrusion head and preferably, by
      extruding the soaps through small openings in a plate after the final
      plodder worm, cutting the extrudates and imparting transverse or radial
      motions to them before final extrusion.
PAL  Also described are plodding and extruding apparatuses utilized to practice
      the variegating process.
PARN
PAR  This is continuation of application Ser No. 206,412, filed Dec. 9, 1971,
      now abandoned.
BSUM
PAC  SUBJECT OF THE INVENTION
PAR  This invention relates to processes and apparatuses for producing
      variegated detergent bars and tablets. More particularly, it is of methods
      and apparatuses wherein differently colored detergent compositions,
      preferably soaps of contrasting colors, are blended together in a vacuum
      zone of a plodder, before a plodder worm, and are extruded in the form of
      a variegated bar, which may be subsequently cut to lengths and pressed
      into cake or tablet form.
PAC  BACKGROUND OF THE INVENTION
PAR  Variegated, striped, marblized or mottled soap bars have been known for
      many years. Initially, as laundry soaps, they contained coloring
      materials, such as bluing agents, which functioned as aids for the
      whitening of clothing and textiles washed with the soaps. In recent years,
      however, interest in such bars has been primarily due to the possibility
      of producing attractive designs therein, which would be preferred by
      consumers. Thus, a marble pattern on a soap gives it a rich appearance and
      stripes or other similar configurations make the soap distinctive.
PAR  The manufacture of attractive variegated detergent bars is more difficult
      than the production of white soaps or these of a single color. To make the
      variegated products, it is important to mix the coloring agents with the
      soap to the correct degree. Too much mixing results in a completely
      colored product and too little mixing can produce an unatractive detergent
      bar. Furthermore, the nature of the blending of the coloring agent with
      the base detergent is relevant to the final design. Finally, although it
      is important to maintain the differently colored parts of the soap
      separate and distinct in appearance, they must be satisfactorily fused
      together so that they do not prematurely come apart in use and do not
      crack, become rough or pebbly at interfaces or dissolve at different
      rates.
PAR  Prior art methods of making variegated soap bars include: blendings of
      differently colored liquid soaps; pressing into cake form of soap powders;
      adding dyes or pigments to the vacuum chamber of a plodder; and blending
      together differently colored soaps, in solid form, and compacting them to
      bar or cake form. Many of these methods have met with a measure of success
      but the method of the present invention is particularly useful because it
      is readily adaptable to available equipment, is easily controlled and
      results in the production of a delicately marbled detergent bar or tablet.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordancce with the present invention a method of manufacturing a
      variegated detergent bar comprises plodding a first solid, plastic
      detergent composition in a vacuum plodder, adding to pieces of such
      detergent composition in a vacuum zone, before the final worm of the
      plodder, pieces of a second solid, plastic detergent composition of a
      contrasting color, plodding the mixture of detergent compositions and
      extruding it as a variegated detergent bar. Preferred embodiments of the
      process are those wherein a variegated soap bar or tablet is being made,
      high vacuum is employed in the vacuum zone, the proportion of one of these
      soaps is 3 or 5 to 25% of the total final bar, the plodder worm under the
      vacuum chamber is covered with soap filaments or rods to the extent of 30
      to 70% of the height thereof, the soap present in minor quantity is more
      plastic than the major soap, a short compression-extrusion section is
      employed after the final plodder worm and shortly before extrusion, the
      mixed soaps are passed through plates with small openings therein and are
      given a transverse or radial movement to improve the marblized pattern.
PAR  Also described are apparatuses for effecting the process, comprising
      principally a plurality of plodders, at least one of which includes a
      vacuum chamber before the final worm, means for controlling the rates of
      feed to the final worm and means for extruding the mixed product through a
      short head after it has been extruded as filaments or pellets, cut and
      given a transverse or radial motion.
PAR  Various objects, details, constructions, operations, uses and advantages of
      the present invention, in its various aspects, will be apparent from the
      following description, taken in conjunction with the accompanying drawing
      of apparatus embodiments of the invention and the product made, in which
      drawing:
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a partially vertically sectioned front elevational schematic view
      of an embodiment of apparatus of the present invention;
PAR  FIG. 2 is a central longitudinal vertical elevation of the apparatus of
      FIG. 1;
PAR  FIG. 3 is a central longitudinal vertical elevation of a part of the lower
      worm portion of the final plodding apparatus, similar to that illustrated
      in FIG. 2 but with a perforated pressure plate between the final plodder
      worm and the plodder nose or compacting head;
PAR  FIG. 4 is a view similar to that of FIG. 3 but with the more highly tapered
      plodder nose of FIG. 3 replaced with a shorter compacting head, for better
      control of the variegating of detergent composition plodded;
PAR  FIG. 5 is a central longitudinal vertical section of the final plodder
      barrel, worm and nose, with an additional variegating head thereon, to
      modify the marblizing effects obtainable;
PAR  FIG. 6 is a transverse sectional view along plane 6--6 of FIG. 5,
      illustrating the openings in a plate through which mixed colored detergent
      passes and the rotating knife which cuts them and inparts transverse or
      radial movements to them;
PAR  FIGS. 7 and 8 are views similar to that of FIG. 6, showing pressure plate
      and cutter-mixer designs; and
PAR  FIGS. 9, 10 and 11 are top plan; longitudinal, vertical sectional; and
      transverse, vertical, sectional views of variegated marblized soap tablets
      made according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, numeral 11 designates a primary plodder, from which a variegated
      soap bar 13 is extruded through a nozzle plate. As shown, primary plodder
      11 is greater in size and capacity than auxiliary plodder 15 and for the
      purpose of discussion herein it will be considered that the feed to the
      primary plodder 11 is a base soap of one color, preferably white, and that
      to the auxiliary or secondary plodder 15 is a soap which constitutes a
      minor proportion of the final product and is of contrasting appearance to
      the base soap, preferably a colored soap and most preferably, a strongly
      colored soap.
PAR  As illustrated, the primary plodder comprises a plurality of barrels 17 and
      19, in each of which there is present a plodding worm, better illustrated
      in FIGS. 2-4. Soap chips, ribbons, filaments, rods or powders are added to
      plodder 11 through hopper 21 (it is preferred to use milled soap chips or
      ribbons as the charge), pass through the upper worm, are extruded into a
      vacuum chamber, wherein they are mixed with colored soap rods or filaments
      from the auxiliary plodder and then, the mixture is plodded through the
      lower worm of the two-worm plodder to form billet or bar 13, which may be
      cut to length and pressed into cake or tablet form on a conventional soap
      press, either with or without preliminary scraping away of the bar surface
      to reveal more attractive marblized or variegated patterns. The auxiliary
      plodder, illustrated as a comparatively small single worm plodder 15,
      comprises hopper 23, worm 25, perforated pressure plate 27 and cutting
      knife 29. As shown, rods 31 of white soap, extruded from the primary
      plodder are blended with rods 33 of colored soap, produced by the
      auxiliary plodder, and are dropped to the lower and final compacting worm
      in barrel 19 for extrusion to final variegated billet form.
PAR  In FIG. 2 the relationship of the two plodders is better illustrated. In
      this figure vacuum chamber 35, between upper and lower worms of plodder
      11, is held under vacuum by communication with vacuum line 37. Into the
      vacuum chamber, white soap is forced by drive means, not illustrated,
      shaft 29 and worm 41, through screen 43 and pressure plate 45, containing
      openings 47, and is extruded in rod form after being cut by knife 49.
      White soap rods 31 are blended with colored soap rods 33, which are forced
      by auxiliary plodder 15 through perforations 51 in plate 27 and are cut to
      lengths by knife 29. Subsequently, the rods or filaments extruded and cut
      form a bed 53 about worm 55 in plodder barrel 19. The depth of the bed is
      regulated by the feed rates from worm 41 and auxiliary plodder 15, in
      conjunction with the extrusion rate through plodder nozzle 57, held to
      plodder nose or cone 59 by threaded fastening means 61. The delivery and
      take-off rates for the soaps are controlled in part by the worm sizes,
      pitches and depths thereof but the major means of control is variation of
      the speeds at which the worms are driven. Variable speed drives for drive
      shafts 39 and 63 of the primary plodder are not illustrated but are
      employed, and variable speed motor 65 is used to modify the delivery of
      colored soap from the auxiliary plodder. The correct depth of bed of soap
      at 53 is regulatable by controlling speeds of the drive motors and such
      control is effected when the depth is either too great or too small, as
      viewed through a transparent window 67 in wall 69 of the primary plodder.
PAR  The secondary plodder is held firmly in position against the primary
      plodder by pressure-tight gasketed flange 69 which is fastened to the
      auxiliary plodder at 71 and is held to wall 73 of the first plodder by
      bolts 75.
PAR  To secure the correct plodding temperatures, the plodders are water
      jacketed and the temperatures of the water in the jackets are
      controllable. A water jacket is not illustrated for the auxiliary plodder
      nor is a vacuum chamber shown thereon but it is to be understood that such
      may also be employed there and preferably are utilized. Water jackets 77
      and 79 serve to heat or cool the soap in the primary plodder, as may be
      desired. In the plodding of ordinary milled and plodded toilet soaps, it
      will usually be necessary to employ cooling water in the jackets to
      prevent the temperature of the soap from becoming too high, due to the
      heat which is generated by the friction of working the soap in the plodder
      barrels. Although cooling water or other heat transfer fluid will often be
      employed in the present processes, in some cases the medium in the jacket
      may be used to heat the detergent composition being plodded so as to
      render it more plastic, and to promote bonding together of the differently
      colored soaps.
PAR  In FIG. 3 there is represented the lower barrel 19 of the first plodder and
      worm 55 therein. The soap contained in the worm is forced through plodder
      nose 59 and nozzle 81 to produce variegated billet 83. To modify the
      design of the plodder bar extruded, and to make it somewhat streakier with
      a greater blending of the colored and uncolored soaps, a perforated
      pressure plate 85 is utilized, through the perforations 87 of which, rods
      or filaments of soaps are extruded into the plodder nose or compression
      zone. A different design of the compression and extrusion zone is
      illustrated in FIG. 4, wherein there is fastened to plodder barrel 19 a
      comparatively short plodder nose or chamber 89 after perforated pressure
      plate 91. It will be seen that the length of such nose, including the
      extrusion head portion thereof 93, is less than half of the diameter of
      the worm. The boundaries determining the path followed by most of the soap
      being extruded are shown by dotted lines 95 and 97.
PAR  In FIG. 5 there is fastened to plodder barrel 19 a nose section 99, to the
      end of which is held a perforated plate or extrusion section 101
      containing opening or passages 103 therein, through which rods or
      filaments of the variegated soap are extruded into a plodder head
      compression zone 105 in an auxiliary variegating head 107. Rotating
      knife-pusher 109, connected to plodder worm 55 by rod 111, cuts off the
      rods or filaments of soap being extruded through passageways 103 and gives
      them a transverse or radial movement outwardly in compression zone 107,
      whereby a greater degree of marblizing or mottling is obtained. Additional
      means for imparting transverse or other motions to the soaps in the
      compression head 107 may be employed but are not illustrated. Then, the
      marblized soap billet is extruded through the opening 113 and past
      trimming knives 115, which shave off the outer surfaces thereto to expose
      better variegated regions of the soaps. The soap then may be conditioned,
      as by cooling or drying to facilitate pressing, and may be cut to length
      and pressed.
PAR  In FIG. 6 is shown the cutting knife 109 of FIG. 5, a three-bladed knife of
      relatively great longitudinal thickness (longitudinal with respect to the
      direction of the plodder barrel), "plate" 101, passageways, 103 and
      compression head wall 117. In FIGS. 7 and 8 are shown designs of other
      knives 119 and 121, the former with two blades and latter with six blades.
      In FIG. 7, pressure plate 123 includes perforations 125, all smaller in
      size than those illustrated in FIG. 6. Such openings give a more uniform
      and more gently marbled soap tablet than do the larger ones of FIG. 6. In
      FIG. 8, perforations 127 and 129 are of different sizes, leading to a
      variegating effect intermediate those of products made utilizing the
      plates of FIGS. 6 and 7. Instead of the comparatively regular distribution
      of the passageways of different sizes, they also may be interspersed,
      which will produce a somewhat different design.
PAR  In FIGS. 9-11, there are shown views of a desirably variegated marblized
      bar made utilizing the apparatuses shown in FIGS. 1-3. Such equipment is
      employed because of the considered desirability of producing a marblized
      bar with a somewhat longitudinal or streaked appearance. Thus, colored
      soap 131 is rather evenly distributed in the light soap matrix 133.
      Because the coloring material used includes partially water soluble, water
      dispersible pigments, there is some penetration of the coloring material
      into the matrix soap, giving it a light colored appearance in places.
PAR  The synthetic detergents that find use, usually in blends with soaps but
      sometimes alone, are generally the solid anionic or nonionic detergents
      but amphoterics and cationics are sometimes present, generally in minor
      proportions. The synthetic anionic detergents are primarily alkali metal
      salts of higher alkyl or alkyl aryl sulfuric or sulfonic acids, wherein
      the alkyl is of 10 to 18 carbon atoms and the aryl is preferably benzene
      or benzene substituted with from 1 to 3 lower alkyl radicals. The higher
      alkyls are preferably from 12 to 16 carbon atoms long for the alkyl
      sulfonates and sulfates and the chains for the alkyl aryl sulfonates are
      preferably from 12 to 15 carbon atoms in length. The nonionic detergents
      used are those which are normally solid, such as the condensation products
      of ethylene oxide with the condensate of propylene oxide and propylene
      glycol, sold under the Pluronic trademark, especially Pluronic F-68.
PAR  Although the synthetic detergents may be major components of detergent
      bars, in most cases they will be minor proportions of the variegated bar
      products. Preferably, they will be blended with soap, which usually has
      better physical properties for processing, storage and use. In the
      manufacturo of some synthetic -soap combination bars, the soap employed
      will be a water-insoluble soap, e.g., magnesium stearate.
PAR  Preferred synthetic detergents that are employed are: sodium lauryl
      sulfate; linear dodecyl benzene sulfonate, sodium salt; sodium
      n-tetradecyl sulfonate; sodium n-hexadecyl sulfate; sodium n-hexadecyl
      benzene sulfonate; magnesium n-tetradecyl sulfate; potassium n-octadecyl
      sulfate; and sodium linear pentadecyl toluene sulfonate. Other useful
      synthetic detergents include sodium monoglyceride sulfates of coconut oil
      fatty acids; sodium salt of the lauryl alcohol-polyethylene glycol ether
      sulfuric acid ester; disodium di-alkyl sulfosuccinates; and other such
      compounds mentioned or referred to in the previously cited patent
      application.
PAR  Adjuvants may be present in the soap and synthetic detergent compositions
      used but will usually constitute only a minor proportion of the detergent
      composition. In the case of soap bars, adjuvant content, exclusive of
      water, byproducts of soap manufacture and unreacted raw materials, will
      usually be less than 10% of the total bar, preferably less than 5%. With
      the synthetic detergent bars this adjuvant content may be considerably
      higher, sometimes reaching 40%. Generally, most detergent bars, of soap or
      synthetic, will include at least about 1% of adjuvants, such as perfume,
      stabilizers, coloring agents, whitening agents, sequestrants,
      antioxidants, emollients, foaming agents, foam stabilizers, germicides,
      fungicides, plasticizers.
PAR  Water contents of milled soaps will usually be from 5 to 20% but can be as
      high as 25% in some cases. Floating soaps, not preferred products of the
      present processes, can be made with moisture contents as high as 30%. In
      the practice of the invention, it has been found desirable that the minor
      soap or synthetic detergent component of the variegated bars should have a
      lower firmness or a higher plasticity than the other soap or detergent
      during the variegating operations, to facilitate penetration of a coloring
      soap or detergent into the other detergent body. However, although the
      difference in plasticity is helpful and is often intentionally created by
      the addition of more water, glycerine, free fatty acid, oil, lotions or
      other plasticizing agents, including softer soaps and hydrotrope salts,
      the two bodies of detergent compositions should not have inordinately
      different plasticities. Thus, the plasticity of the minor component should
      usually be slightly less than that of the major component but enough less
      to promote filling in by the more plastic detergent of the openings
      between particles of the harder base, during the initial turns of the
      plodder worm after mixing of the differently colored detergent rods and
      filaments. Although the viscosity adjustment will be apparent to one
      operating the plodder and is largely empirical, a measure of the
      differences in viscosities involved can be realized by considering that
      the softer soap or synthetic composition will extrude through a narrow
      space, as between soap pressing dies and the surrounding die-box
      (clearance of 0.003 inch) ) at a pressure of about 150 p.s.i., whereas the
      harder soap or detergent may reguire about 200 p.s.i. to be extruded
      similarly.
PAR  For best binding of the different detergents, especially if they are milled
      hard soaps, the rods or filaments thereof are subjected to vacuum before
      being forced together in the plodding worm. Such operation removes any air
      present that might otherwise interfere with the binding of the surfaces
      together. This is best effected at a point where both base and coloring
      rods or filaments of soaps are being mixed together, usually in the
      primary plodder before plodding by the final worm thereof. At such point,
      especially if the soaps are in filament form and of small diameters,
      occluded air near the surfaces thereof may be withdrawn most readily.
      Furthermore, the gentle shearing, compressing and tensioning effected when
      the mixed soaps or detergents are fed by the worm into the lower barrel of
      the plodder aid in removing air or other entrapped non-condensible gases.
      For good gas removal the rods or filaments should be of a diameter or
      equivalent diameter of from 0.5 to 10 mm., preferably from 0.5 to 5 mm.,
      and more preferably from 0.5 to 3 mm. With the thinner filaments, the
      lengths thereof are not important but with those which are thicker than 3
      mm., it is preferred to have the rod lengths no greater than 20 mm. and
      preferably less than 10 mm.
PAR  To remove air from the detergent pieces most efficiently it will be
      desirable to employ the highest vacuum. However, even slight vacuums, such
      as those wherein the absolute pressure in the vacuum chamber is as high as
      700 mm, of mercury, will be helpful. Usually there is employed a pressure
      of from 1 to 300 mm. Hg, absolute, preferably from 1 to 150 mm. Hg, abs.
      Of course, when equipment design permits, it will be preferred to employ
      similar vacuums in other earlier stages of the manufacturing process, for
      example, before the final plodding of the colored soap or in preliminary
      plodding and other operations on the base or colored soap.
PAR  The various mixing, conveying, milling and plodding equipment employed,
      except for that portion of the production equipment from the point at
      which the base and colored soaps are blended, to final extrusion and
      scraping, may be conventional equipment employed in soap manufacturing.
      Even in the critical portion of such manufacturing processes, insofar as
      producing a variegated soap is concerned, the equipment may be a readily
      modified form of the commercial apparatuses. The plodding worm employed
      and the drives therefor will be such as to minimize the churning of the
      soap particles but the working effect will be sufficient to blend them
      together and exert sufficient pressure to force the soap through the
      nozzle or a variegating attachment utilized. Generally, in the initial
      portion of the worm, that in communication with the vacuum chamber, the
      number of "threads" per unit length will be less than in the portion
      thereof enclosed in the barrel. Similarly, the depths of threads will be
      greater in the initial stages, thereby providing less compacting of the
      soaps. The speeds of revolution, usually from 2 to 30 r.p.m., will
      preferably be from 5 to 20 r.p.m., most preferably about 10 r.p.m.
PAR  To obtain the desired feed rates and mixings of the different detergent
      compositions, while at the same time removing air from these when a hard
      milled soap is being produced, the rate of feed to the plodder worm in the
      vacuum chamber should be regulated so that a substantial proportion of the
      worm is exposed. Automatic level detection means may be employed or visual
      means such as the window illustrated in FIG. 2, may be present, to allow
      operator control of feed rates to keep the worm sufficiently open. For
      good operation, the charge of soap is maintained below the top of the worm
      and preferably, the height of soap is, on the average, from 30 to 70% of
      the worm height, with a 50% height being considered most preferable for
      desired feed rates and maximum deaeration and blending.
PAR  The slightly greater plasticity of the colored or minor component of the
      variegated soaps aids in causing these to fill in the interstices between
      the harder base soap particles, thereby decreasing the amount of air
      entrapped in the soaps. Also, it tends to facilitate air removal from the
      more plastic minor soap component and from the surfaces of the base soap
      with which it comes into contact. Although the minor soap, generally
      comprising from 3 to 49% preferably from 3 to 25% and most preferably from
      5 to 20% of the total detergent composition present, will often have a
      somewhat lower plasticity than the major soap, for the purposes indicated,
      it will usually have a similar moisture content and similar plodding
      properties, especially in mixture with the major soap. Thus, the
      difference in plasticity will not be so great as to cause preferential
      extrusion of the minor soap through the worm, extrusion plate openings and
      final nozzle plate, but there will be enough difference to promote
      deaeration, bonding and penetration. Such plasticity differences are
      detectable by the pressing technique previously described, or by a simple
      thumb pressing test. They may be caused by the addition to the miner soap
      component of from 9.5 to 10% of plasticizers, preferably from 1 to 5%
      thereof. Such plasticizers include the higher fatty acids, e.g., stearic
      acid, myristic acid; mineral oils and waxes, e.g., paraffin, petrolatum;
      animal and vegetable fats and oils; lower di- and polyhydric alcohols,
      e.g., glycerol, sorbitol, polyethylene glycol, Carbowaxer; hydrotrope
      salts, e.g., sodium cumene sulfonate, potassium benzene sulfonate, sodium
      xylene sulfonate; softer soaps, e.g., potassium oleate, potassium soaps of
      mixed tallow and coconut oil fatty acids; water; and other known
      plasticizers.
PAR  The plasticities of the detergent compositions being plodded are also
      dependent on temperature. Therefore, a plodder barrel will preferably be
      jacketed or otherwise capable of temperature regulation so as to maintain
      soap being processed at a desirable temperature. Such a temperature will
      usually be within a range of 30.degree.C. to 60.degree.C., preferably from
      35.degree.C. to 55.degree.C and most preferably, from 38.degree.C. to
      45.degree.C. Automatic temperature control is preferably employed on the
      water, oil or other fluid in the jackets. Although such temperature
      control may be limited to the final plodder or the final barrel thereof,
      it is preferred that when the different colored soaps or detergent
      compositions are mixed together they should be at about the same
      temperature. Therefore, temperature regulation of plodding and other
      processing conditions before the point of mixing are also desirable, with
      respect to both the base and the minor soap compositions.
PAR  At the end of the final worm the mixed soap is forced through a compacting
      section or an extrusion head, usually through a plodder nozzle and nozzle
      plate, which may be heated, extruded as a continuous bar, shaved, cut to
      length and pressed. Such a bar will be variegated, due to the mixing
      action in the vacuum chamber and the moving of the soaps through the
      plodder worm, but it will generally be longitudinally striped too, due to
      stream effects during the final extrusion. For additional control of the
      appearance of the bar, and for assistance in compacting the different
      soaps, a pressure plate may be installed at the end of the worm and before
      the plodding nozzle or head. Such a pressure plate may be one having
      openings therein in the ranges previously described for the plate through
      which soap is extruded from the top worm of the primary plodder.
      Preferably, the holes will be of an equivalent diameter to from 0.5 to 5
      mm. To further modify the variegating effects, a cutting knife is used,
      which is preferably thick enough so that as it rotates it imparts a
      transverse or whirling motion to the soap filaments or rods being extruded
      through the openings in the pressure plate. This spreads them better
      through the area of the compression head and leads to a more distinctive
      mottling or marbling effect. The thickness of the knife blades will
      usually be from 0.3 to 4, preferably 0.4 to 2 cm., so as to impart a
      significant degree of transverse movement to the extruded material being
      cut off and moved transversely by the blades. Generally the cutting knife
      will have from one to twelve blades, preferably from two to five blades.
      The number of blades may be dependent on the number of openings in the
      pressure plate and the sizes thereof, to obtain desired degrees of
      variegating effects. Sometimes plural blade units will be employed in the
      compacting head so that at separate parts thereof transverse motions will
      be given to the variegated soap. Thus, when sharply contrasting
      variegating effect are desired, one might employ fewer blades and a larger
      pressure plate opening with the number of openings being small. Generally,
      the number of openings will be from about 3 to 100, with from 3 to 40
      being used for more prominent variegating effects and from 50 to 100 for a
      "gentler" marblizing.
PAR  The nature of the marblizing effects is also controlled by the type of
      coloring material employed. This usually constitutes a very small
      proportion, generally less than 1% and often less than 0.1 or 0.01% and
      may even be as low as 0.001% of the content of the colored soap. Thus, it
      does not affect the physical properties of the soap, other than their
      appearances. If the coloring material is one of the well known insoluble
      pigments, such as the water dispersible pigments which are commercially
      available and marketed for the coloring of soaps, less bleading into the
      base soap is noted and a more contrasting variegating effect is the
      result. On the other hand, if dyes are used, it will often be difficult to
      prevent them from penetrating into the base soap. Of course, some
      desirable combinations of the water dispersible pigments and the water
      soluble dyes may be used and in some cases, small proportions of oil
      soluble dyes or oil dispersible pigments may be included for their
      additional effects.
PAR  The perforated pressure plate and the cutting knife blades may be located
      adjacent to the end of the worm or at the end of a compacting section
      which follows the worm. In the latter case, there will be another plodding
      head or compression section before extrusion of the final bar. This is
      necessitated because the pieces of soap must be fused again into a compact
      form to create a unitary variegated bar. In either case, the final
      compacting head or plodder nozzle section is preferably one of comparative
      shortness, with respect to its width and will normally be less than half
      as long, as the diameter of the lower plodder worm. By using short flow
      path nozzles, the degree of streaking or striping of the product is
      diminished, compared to use of an ordinary comparatively long conical
      plodder head. Of course, where streaking is desirable, the use of the
      knife and shortened plodder head may be omitted.
PAR  The operation of the present apparatus and the practice of the invented
      processes are considered to be clear from the preceding description and
      drawings. The type of variegating effect obtained will be found to be
      comparatively easily controlled by an operator and the changes in
      operating techniques and apparatuses employed to produce certain effects
      will become obvious to him after employment of the present machinery over
      a period of time. The advantages accruing from its use are many.
      Principally, variegated detergent bars of consistantly similar, although
      not identical designs, can be manufactured with little change in regular
      production lines and without the necessity for the purchase of expensive
      auxiliary equipment. The designs can be varied by minor changes, such as
      the proportion of plasticizer added to the colored soap, screen sized,
      hole density therein, knife blade construction, plodding speeds, etc. It
      is true that to convert from a variegated soap line to a white soap line,
      cleaning out of the lower worm of the main plodder is required. However,
      the cleaning may be made easier by the fact most of the soap in that lower
      worm will be white soap and colored particles will stand out more readily
      on the white background, thereby making their removal easier. By the
      present manufacturing techniques, it is not necessary to employ special
      means for controlling the conditions at which the colored and uncolored
      soaps are fused together, since they pursue intimate and parallel paths
      through the plodder wall, at which time their temperatures become
      identical and fusion is facilitated.
PAR  The following examples illustrate some embodiments of this invention.
      Unless otherwise indicated, all parts are by weight and all temperatures
      are in .degree. C.
PAC  EXAMPLE 1
PAR  A white soap is prepared by drying and converting to ribbon form a mixture
      of 95.7 parts of a 33% moisture kettle soap, made from a charge of 62%
      tallow and 38% coconut oil, 4% distilled palm oil fatty acid and 0.3% of a
      mixture of preservative, sequestrant and antioxidant. The moisture loss is
      21.9% and 73.1 parts of soap products are produced, of 10.6% moisture.
      Subsequently this soap is whitened further by milling together 96.8 parts
      thereof, 0.25 part titanium dioxide, 1 part soap perfume and 2 parts
      water, to produce a white soap base. A colored soap is produced from the
      "unwhitened soap" by milling together, with 96.5 parts thereof, 1 part
      soap perfume, 2 parts glycerine, 0.5 part water and 0.03 part of a water
      dispersible green pigment, Viscofil Green, powder (Sandoz).
PAR  Five parts of the colored soap are mixed with 95 parts of the white base
      soap in the vacuum head of a twin barrel plodder, the equipment used being
      like that illustrated in FIGS. 1 and 2. The plodding head used is like
      that of FIG. 4 and the soap produced resembles that of FIGS. 9-11.
PAR  The temperature of the soaps plodded into the vacuum zone is about
      42.degree.C. The temperature of the water in the jacket about the lower
      primary plodder worm is 35.degree.C. and it counteracts the heating of
      working, to maintain the soap temperature at about 42.degree.C., at which
      temperature it is extruded. The sizes of the soap rods, when blended in
      the vacuum chamber, approximate 2 cm. in length and are cylindrical, of
      diameters of about 8 mm. The cutting knife used is a three-bladed knife
      with a thickness of about 2 mm. and a sharp cutting edge. The throughput
      of soap is at the rate of about 30 pounds per minute, total. The main
      plodder worm revolves at about 8 r.p.m. and the pressure in the compacting
      extrusion nozzle zone is about 200 lbs./sq. in. Control of the variegated
      design is maintained by holding the feed rates of the soaps so that the
      plodder worm is just half covered with soap rods and the rates are
      proportionately and regularly maintained to keep this condition constant,
      controls being by regulations of worm speeds of the plodders.
PAR  Bars like these of FIGS. 7-9 are made by shaving off the outer 1/16 inch of
      the surfaces of the extruded bars, then surface drying and cooling them
      and pressing in an ordinary soap press. When the shaving operation is
      omitted, the appearance of the bar is less attractive and more striped.
PAR  A more highly marblized product is obtained when, in place of the head of
      FIG. 4, that shown in FIG. 5 is used. In such case, a three-bladed knife
      with a thickness of approximately 1 cm. is used and the auxiliary
      compacting head following the knife is about 1/4 as long as the worm
      diameter. The extrusion plate used includes 30 holes, each of which is
      about 9 mm. in diameter. Otherwise, the conditions are essentially the
      same as those previously described.
PAR  Variations in the mottling or marblizing effects are obtained by altering
      the number of knives used from three to six or ten, and the marblizing is
      not as pronounced. When, instead, the nozzle of FIG. 5 is replaced with
      that of FIG. 3, a more highly striped product results.
PAC  EXAMPLE 2
PAR  A wide variety of soaps of mixed colors is produced by utilizing the
      processes, apparatuses and formulations of Example 1 substituting other
      coloring materials for the described water dispersible pigment. For
      example, pigments and dyes such as Blue Iragon L/UD (Geigy); 1390 Pink GT
      Vat Red No. 1 (D. F. Anstead, Ltd.); C. I. Pigment Green 7 (Geigy,
      Sandoz); and C. I. Pigment Red 6 (Geigy) are employed. Soap- or
      water-soluble dyes are also used to obtain a more diffused, variegated
      product and in some cases, a mixture of the pigments and dyes is employed.
      In these formulas, the soap composition is varied to 85% tallow soap and
      15% coconut oil soap, with no addition of fatty acids. The moisture
      content of the soap is 14% and the proportions of colored and uncolored or
      differently colored soaps are varied over the range from 50:50 to 5:95,
      preferably 25:75 to 5:95. The products obtained are all variegated,
      marblized soaps of attractive appearances. The colored shavings are
      recycled back with the colored soap, to avoid waste. No difference in
      appearance of the final soap product is noted.
PAC  EXAMPLE 3
PAR  The procedures of Examples 1 and 2 are repeated but with the base soap also
      being colored, although of a lighter and contrasting color with that of
      the "colored" soap from the secondary plodder. Coloring of the major soap
      is effected with water-soluble and soap-soluble dyes, which are added to
      the kettle soap before removal of the moisture therefrom, so that the
      colors are uniformly distributed, preferably yielding pastel shades. The
      products made are attractive marblized soaps in which the contrasts are
      more subdued than in the products made by following the methods of
      Examples 1 and 2.
PAR  The products of Examples 1, 2 and 3 are tested in practical washing tests
      and are found to be satisfactorily bonded together. They do not wash away
      unevenly, are not rough or pebbly after use, and do not crack excessively.
      Incorporation of plasticizing agent and the maintenance of the moisture
      content within the desired range of 8 to 15% are considered to help in
      maintaining the desirable use properties of the final tablet.
PAC  EXAMPLE 4
PAR  The experiments of Examples 1-3 are repeated with 30% of the soap being
      replaced by sodium lauryl sulfate or with 70% of the soap being replaced
      by a mixture of magnesium stearate and linear higher alkyl benzene
      sulfonate, sodium salt, in which the higher alkyl is substantially of 12
      to 15 carbon atoms, averaging about 13 carbon atoms. Such synthetic
      detergent-soap combination bars are marblized and have the desirable
      cohesiveness and washing properties previously mentioned.
PAR  The invention has been described with respect to various embodiments
      thereof but it will be appreciated that it is not limited to those, since
      it will be obvious to one of skill in the art to substitute equivalents
      for various elements of the invented processes and apparatuses.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for manufacturing a variegated detergent bar which comprises:
PA1  a. first detergent plodding means,
PA1  b. second detergent plodding means,
PA1  c. a vacuum chamber communicating with said first and second plodding
      means,
PA1  d. a final third plodding means located below and communicating with said
      vacuum chamber,
PA1  e. said final plodding means including a mixing worm having a predetermined
      diameter
PA1  f. means for regulating the rate of feed to said final plodding means to
      leave from 30 to 70 percent of said worm immediately below said vacuum
      chamber uncovered during operation,
PA1  g. extrusion means including a pressure plate with a plurality of holes
      located at the downstream end of said final third plodder means.
PA1  h. rotating and cutting means disposed downstream from said extrusion means
      for imparting a transverse or radial motion to detergent passing through
      said pressure plate and cutting extruded detergent to desired length,
PA1  i. compression means disposed downstream from said rotating and cutting
      means,
PA1  j. said compression means including a chamber having a length less than one
      half of said predetermined diameter of said worm and,
PA1  k. final extrusion means disposed downstream from said compression means
      for forming said detergent into bar shape.
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ABST
PAL  A die having a controllable lip opening, through which flowable material is
      forced to form a sheet, film or tube. Lip opening control means including
      an elongated member which expands and contracts thermally and adjusts the
      lip opening to control the product thickness, and heating means is
      provided for controlling this expansion and contraction.
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PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to an extruder die for sheet, tube or film made of a
      flowable material, such as thermoplastic material, paper pulp, molten
      glass, metal extrusion, coated materials such as paint and the like, to
      form continuous sheets, tubes or films with controlled thickness profile.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Heretofore, flat sheet, film or tube extrusion dies have been provided with
      various mechanical means for adjusting the die lip in order to provide a
      controlled film, sheet or tube thickness. Heretofore, this has sometimes
      been accomplished for sheet or film by providing either a movable lip or a
      yieldable lip which is composed of a somewhat elastic material such as
      steel or the like, having a narrowed portion adjacent to the lip in order
      to provide flexability. It has been conventional, as indicated
      schematically in FIG. 1 of the drawings, to apply a plurality of bolts,
      spaced apart from each other along a movable part M of the lip, so that
      each bolt can be adjusted individually in a manner to apply its own
      individual force (f) to control the lip opening (o) relative to fixed lip
      portion (F) at each one of the spaced points along the lip.
PAR  Similarly, the sheet or film thickness in tubular products can be
      controlled, as indicated in FIG. 2, by using forces f,f' for controlling
      the movement of a movable outer tube M' relative to a fixed inner piece
      F'. This provides a centering function.
PAR  In referring to such adjustments for sheet, film or tubing, the word
      "sheet" will be used in the interest of brevity, to cover all three. Thus,
      the word "sheet" is intended to cover thicknesses within the range of
      about .0003 inch to about 1 inch or more. Further, the word "width" means
      the width of a sheet from edge to edge, or when the edges join to form a
      tube, the "width" of the sheet means the circumference of the tube.
PAR  Such adjustments as referred to above have had the purpose of controlling
      the uniformity of thickness across the sheet, and to "trim" the die in a
      manner to adjust and control the sheet profile. Usually, this control has
      been accomplished by taking a sample of the sheet as it is being produced
      and measuring its thickness at various points along its width by using a
      micrometer, a beta-ray gauge, an X-ray gauge or the like. Having made such
      measurements, the operator then uses a wrench in order to adjust the
      individual bolts to such positions as, in his judgment, will correct the
      profile of the sheet. However, this involves a considerable amount of
      human judgment and guesswork, and has resulted in the production of large
      quantities of off-measurement sheet.
PAR  Hydraulic or electric motors have also been used to turn the
      lip-controlling adjusting nuts or bolts. For example, one apparatus of
      this type uses a hydraulic or electric motor and a turning device which
      indexes from position to position across the die and makes adjustments of
      nuts or bolts using mechanical forces according to the operator's
      judgment. Here again, the adjustments are based upon an evaluation of a
      strip taken from previously produced sheet. Further, the inevitable
      presence of backlash between the nut and the bolt, between either of these
      and the mechanism turning it, and elsewhere, interferes with accuracy of
      adjustment.
PAR  Furthermore, when using a hydraulic or electrical mechanism a space problem
      arises, particularly in the usual sheet extruder which is provided with a
      roll that receives the sheet as it emerges, which roll limits the space in
      which the mechanism can operate. The fact that sheet extrusion usually
      takes place in a hot environment further complicates the space problem,
      since there are certain areas that are not accessible to human operators
      and frequently bolts are either completely inaccessible or at best very
      difficult to reach.
PAR  The U.S. Pat. to Lowey, Jr. No. 2,938,231 discloses the idea of utilizing
      resistance heating wires in conjunction with elongated bolts, in order to
      slide the separate lip members of a plastic extrusion die toward and away
      from each other, in order to regulate the lip opening. However, such an
      apparatus produces unbalanced performance since quick response is obtained
      when the die lip is adjusted in one direction, but the response in the
      reverse direction is so slow as to produce substantial and troublesome
      lack of uniformity in the thickness of the extruded sheet product.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of this invention to provide a readily
      controllable means for accurately adjusting the lip opening of a die in
      both the opening and the closing direction to produce an accurately
      controlled sheet thickness which may be uniform all across the width of
      the sheet.
PAR  It is another object of the invention to provide controlling means of an
      automatic nature which senses the variations of thickness of the
      continuously running sheet without interfering with continuity of
      production, and which automatically adjusts the die lip opening at points
      where adjustment is required, in a manner to provide continuously a
      precision controlled sheet thickness contour all across the width of the
      sheet.
PAR  Other objects and advantages of this invention will further become apparent
      in the drawings and in the description which follows.
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PAC  DRAWINGS
PAR  FIG. 1 is a schematic end view showing a typical die lip through which
      sheet is extruded;
PAR  FIG. 2 is a similar view showing the extrusion of tube;
PAR  FIG. 3 is a sectional view taken through a sheet extruder die, showing
      details of a preferred embodiment in accordance with this invention;
PAR  FIG. 4 is a fragmentary plan view of the extruder die appearing in FIG. 3;
PAR  FIG. 5 is a sectional view taken as indicated by the lines and arrows V--V
      which appear in FIG. 3;
PAR  FIG. 6 is a schematic plan view showing a typical sheet extrusion die, and
      showing the general arrangement of a sheet extruder scanning and control
      apparatus which embodies features of this invention;
PAR  FIG. 7 is a schematic view in side elevation showing the die and a
      controlling apparatus comprising a portion of the apparatus appearing in
      FIG. 6;
PAR  FIG. 8 is a diagrammatic view of an alternate form of control means in
      accordance with this invention; and
PAR  FIG. 9 is a schematic view of an alternate control means embodying features
      of this invention.
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PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Although specific terms will be used in describing the specific forms of
      the invention selected for illustration in the drawings, these are not
      intended to limit the scope of the invention which is defined in the
      appended claims.
PAR  The operation of the die lips schematically shown in FIGS. 1 and 2 may, of
      course, be performed manually as in the prior art, but great advantages
      are attained by controlling the die lip contour as will now be described.
PAR  FIG. 3 shows, in cross section, a particular form of lip control device
      which is highly advantageous in accordance with this invention. This form
      happens to be adapted to produce flat film or sheet. The number 40
      designates a metal block having a passageway 41 arranged to receive the
      flowable material which moves in the direction indicated by the arrow,
      from any source such as an extruder outlet 17, and has a necked down
      portion 42 enabling the flowable material to spread sidewardly (while it
      is also moving longitudinally) to assume the width that is required for
      the desired sheet. The number 43 designates the lower lip portion of the
      die 20, and the number 44 designates the upper lip portion which has a
      necked down portion 45 allowing flexibility of the upper lip 44 for fine
      adjustment. The number 46 designates an optional choker bar which is
      mounted upstream of the lips 43, 44 and which serves to equalize and
      distribute the pressure drop of the plastic material as it flows
      sidewardly in the die, as heretofore discussed. A plurality of bolts 50
      with adjusting nuts 51 are provided for manually adjusting the choker bar
      46 at various points across the width of the sheet extruder die 20.
PAR  In accordance with this invention, novel means are provided for critically
      adjusting the opening between the lips 43, 44. An elongated metal rod 60
      which is threaded through a projection 61 on the block 40 and has a head
      62 engageable by a wrench, has its operating end 63 in contact with the
      flexible upper lip 44. The metal rod 60 extends through an individual
      heater block 64 which contains a heater plug 65 which is electrically
      connected by a wire 66 to an energizing source, not shown, providing heat
      to the plug 65 and, by convection, to the entire heater block 64. The
      heater block 64 also includes a bore forming an air passage 67 through
      which air is continuously passed in accordance with this invention. The
      numbers 70, 71 designate layers of insulation which limit the flow of heat
      between the die block 40 and the rod 60, so that the function of each is
      substantially independent thermally of the other.
PAR  It will be apparent that the elongated rod 60 is made of a metal such as
      steel, for example, having a definite and constant coefficient of thermal
      expansion and contraction. Accordingly, once an initial adjustment has
      been made by a mechanical turning of the head 62 of rod 60, the rod 60 is
      then adapted for precise and automatic continuous thermal adjustment of
      the flexible lip 44. When the thickness of the sheet that is being
      extruded between the lips 43 and 44 is excessive, the electric wire 66 is
      energized causing the heater 65 to emit heat which is conveyed by
      conduction to the elongated rod 60, raising its temperature and causing it
      to expand. Since the upper end of the rod 60 is threaded to the projection
      61 and is thus fixed while the lower end 63 is free to move, the lower end
      63 is forcibly displaced in an axial direction, pressing upon the flexible
      lip 44 and bending it slightly for swinging movement around the necked
      down portion 45 to narrow the gap between the lips 43, 44, thus decreasing
      the thikness of the sheet subsequently extruded. Similarly, when the
      extruded sheet is too thick, the wire and heater 65 are deenergized and
      the air (which is continuously flowing through the passage 67) rapidly
      cools the elongated rod 60, causing its lower end 63 to withdraw, and
      permitting the inherent springiness of the metal of the flexible lip 44 to
      swing it through a precisely controlled arc away from the lip 43, thus
      controllably increasing the thickness of the sheet.
PAR  It will be appreciated that FIG. 3 shows only one such automatic
      controlling station, and that many such stations are arranged in a
      predetermined spaced relationship all across the width of the sheet
      extruder die. Referring to FIG. 4, a plurality of such stations 22 appear
      in plan view.
PAR  Referring to FIG. 5, it will be appreciated that each station 22 is
      insulated from its neighbors by layers of insulation 71 and that each such
      station includes an individual elongated rod 60, an individual air passage
      67 and an individual heater plug 65.
PAR  In the operation of the apparatus according to this invention, the opening
      of the die lip is normally preset by mechanical adjustment in an
      approximately parallel manner, using a feeler gauge to check the
      parallelism. Also, in those optional situations where choker bars are
      useful, rough adjustments are made mechanically with the choker bars in
      order to provide initial settings which are close (plus or minus about
      10%) to the desired final adjustment. Then the sheet extruding process is
      begun. After steady state conditions have been reached, measurements are
      taken along the width of the sheet and the errors or deviations from the
      desired thickness are fed as signals to the individual heaters 65, thus
      applying fine adjustments all across the width of the sheet, to produce a
      sheet having remarkably uniform thickness all across. As previously stated
      similar advantages apply as well to film and to tubing, all referred to
      generically as "sheet".
PAR  The elongated rod 60 may, for example, have a length of about six inches
      and may be made of ordinary carbon steel, although other metals are also
      suitable. The coefficient of thermal expansion of steel is sufficient to
      give a range of adjustment of about eighteen thousands of an inch, which
      is more than adequate. In the operation of the apparatus of this
      invention, there is no backlash as in the case with mechanical adjustments
      and corrections. Both in the die opening and die closing directions all
      movements occur continuously and virtually to an exact degree of
      precision. The adjusting member is moved promptly and in the correct
      amount, by heating or cooling the expandable band or rod. Indeed, some
      stations may be heating while others may be cooling at a given time.
PAR  If desired, the same type of compensating means may be applied to the
      choker bar as well as to the die lip. Such an arrangement appears
      schematically in FIG. 9 of the drawings, where the number 75 designates a
      control box for the choker bars, operating to send an electrical error
      signal to control heaters operatively associated with expendable members
      such as bolts 50 of FIG. 3.
PAR  Turning now to FIG. 6, which shows an overall apparatus designated to
      operate automatically, the number 110 designates an extruder having a
      hopper 111 into which plastic material is introduced and forwarded under
      pressure under the influence of a helical worm 112 which is driven in
      rotation in a conventional manner within the extruder 110. It should be
      understood that an extruder is only one example of a device for forwarding
      a flowable material; it is optional in accordance with this invention. In
      any event, the flowable material flows continuously through the outlet 117
      of the extruder to a sheet extrusion die 120 which is connected to receive
      the flowable material coming from the outlet 117. The material flows out
      sidewise as well as lengthwise since the sheet extrusion die 120 has a
      width which is much greater than that of the outlet 117. The die 120 has a
      lip 121 through which the material flows in a manner to produce
      continuously a sheet S, which is shown broken in FIG. 6 to indicate an
      area A in which the sheet is cooled. Details with respect to the
      construction and operation of one form of the lip 121 have been provided
      in the discussion of FIGS. 3-5.
PAR  Still referring to FIG. 6, it will be observed that there are a plurality
      of stations 122 at spaced intervals all across the width of the sheet
      extruder die 120, each being a control station for controlling the lip
      opening in that area. It will be noted that a control box 123 is provided
      adjacent to the sheet extrusion die 120 and that it has a terminal 124 for
      receiving impulses from a helically wound expandable electric cord 125
      which carries individual impulses, as will be explained hereinafter, which
      are proportional to the thickness of the cooled sheet S at various
      stations, all as it is being produced continuously. The control box 123
      also has a composite output terminal 126 to which is connected a group of
      individual wires 127 each of which is connected individually to one of the
      stations 122 on the die 120, with ability to make adjustments locally to
      control the opening of the lip 121 for each station 122.
PAR  A scanning device generically designated 130 is mounted for movement along
      a cog rail 131, and is driven back and forth by its own motor adjacent to
      the sheet S, to measure the thickness of the sheet S at locations
      corresponding to the individual stations 122 on the sheet extruder die
      120. It will be appreciated that the scanning device 130 is moved
      continuously back and forth across the entire width of the sheet S; that
      it continuously makes measurements of the error of sheet thickness at each
      station, that by means of expandable cord 125 it automatically actuates an
      electrical error signal to the control box 123 for each station, and that
      the control box 123 automatically relays the signal through the wires 127
      to each control station 122 in a manner automatically to energize or
      de-energize the correct wire 66 to control the thickness of the die lip at
      each station. The scanning device 130 includes a counter, actuated by the
      cogs on rail 131, which automatically actuates the correct individual wire
      which corresponds to the station at which the measurement was made, as is
      well known in the electrical art.
PAR  Referring to FIG. 7, the scanning means is mounted to ride upon a support
      (not shown) located outwardly beyond the edges of the sheet S, and carries
      a radiation detector 137 which receives a signal from a radiation source
      136 mounted to run by cog 134 on a similar cog rail 129 directly below the
      scanning receiver 137 so that the scanner and receiver travel in a
      synchronized manner together, one vertically above the other, in a
      reciprocating path across the sheet S and back again, always counting
      revolutions so the position of the scanner and receiver is always reported
      corrected to the control box, all without interfering with the continuity
      of the sheet.
PAR  In one embodiment of this invention, the beam emitter 136 is a beta-ray
      emitter and the scanner 137 is a beta-ray receiver. Since the presence of
      the sheet tends to cut down the transmission of beta-rays from the emitter
      to the scanner, the extent to which this transmission is cut down varies
      in proportion with the thickness of the sheet. Accordingly, readings taken
      by the scanner at individual stations across the width of the sheet vary
      according to variations of sheet thickness and provide an excellent basis
      for the automatic control apparatus heretofore described.
PAR  Although this invention has been described in relation to a completely
      automatic apparatus wherein a scanner feeds a signal to each heater in
      order automatically to adjust the die lip opening in response to a
      measured sheet thickness, in some cases a semi-automatic apparatus may be
      used, such as that illustrated in FIG. 8. FIG. 8 schematically illustrates
      a control board having a plurality of rheostats 180, which may be operated
      by a human operator in response to thickness readings for each position or
      station across the sheet, such thickness readings being taken by the
      scanner 137 of FIG. 7 and simply displayed as numerical indicia on a chart
      such as the chart 81. Each rheostat 180 is, of course, connected to an
      electric circuit for controlling the heating that is applied to a
      particular elongated rod 60 at a particular station along the lip of the
      die.
PAR  Although this invention has been described in conjunction with a flexible
      lip, it can also be applied to lips of other types, including those having
      a member which is slidably arranged for movement back and forth with
      respect to the block 40. However, the flexible lip is preferred in view of
      the complete absence of backlash, and because of its quick response and
      precision adjustment.
PAR  It is important, in accordance with this invention, that the individual
      stations be thermally insulated from each other and from the die, so that
      no individual station affects the operation of its neighbor, and so that
      the stations as a whole do not materially affect the temperature of the
      die itself, which temperature is desirably controlled individually in
      order to attain optimum conditions for extruding the particular plastic
      material that is involved.
PAR  The cooling means in accordance with this invention is important as well;
      since control in one direction is achieved by heating, it is also
      important to be able to cool and it has been found particularly
      advantageous to run cooling air through a bore in the center of the block.
      This provides rapid heat loss at a constant rate when called for.
PAR  The fine differences with regard to lip spacing that are achieved in
      accordance with this invention make a great difference in the uniformity
      of the sheet, and in its physical properties and appearance.
PAR  Although the measuring device referred to and described in the drawings may
      be a beta-ray gauge which utilizes the principle of absorption through a
      sheet using a weakly radioactive source, all of which is well known per
      se, various other measuring means may be used, including feeler gauges
      which are based on resistance to air flow as a function of the variations
      of sheet thickness, X-ray gauges, and a wide variety of other devices
      which are of themselves well known in the art. It will be appreciated,
      also, that it is not always necessary to heat the die lips themselves, or
      even to heat the flowable material, unless heat is necessary to maintain
      it in a flowable condition.
PAR  Various modifications may be made within the spirit and scope of this
      invention, including the substitution of equivalent elements, the reversal
      of parts, the use of certain features independently of other features, all
      as defined in the appended claims.
CLMS
STM  The following is claimed:
NUM  1.
PAR  1. In an extrusion die for continuously producing a sheet of material that
      has a substantial width in comparison to its thickness, the combination
      which comprises: means forming a slit which extends along the width of
      said die, said slit having an opening of variable thickness, means
      continuously forcing said material through said slit to form said sheet,
      slit opening control means including a plurality of spaced-apart elongated
      members each having capacity to expand and contract thermally, and each
      operatively arranged to adjust the slit opening at an individual location
      to control the sheet thickness at said location, a plurality of individual
      cooling means each connected and structurally located in heat exchange
      relationship with one of said elongated members upstream of said slit
      opening for positively cooling said elongated member, and a plurality of
      individual heating means also connected and structurally located in heat
      exchange relationship with each said elongated member to heat each said
      elongated member, means for individually alternately actuating and
      deactivating said heating means, said heating means having capacity to
      overcome the cooling of said cooling means on the elongated member with
      which they are associated, insulating means interposed between said die
      and both said heating and cooling means, such that the functions of said
      elongated members and the remainder of the die are substantially thermally
      independent of each other.
NUM  2.
PAR  2. The die defined in claim 1, wherein the cooling means includes a
      continuous stream of air, and means for flowing said air along and in heat
      exchange relationship with said elongated member in a manner to cool and
      to contract said elongated member lengthwise.
NUM  3.
PAR  3. The die defined in claim 1 wherein a plurality of said slit opening
      control means are in the form of elongated metal rods provided at spaced
      apart locations along said slit, and wherein a separate unit of said
      heating means and a separate unit of said cooling means is arranged in
      heat conducting relationship with each of said elongated members.
NUM  4.
PAR  4. The die defined in claim 1 wherein said slit includes a portion which is
      bendable under the influence of mechanical force, and wherein said lip
      opening control means includes an elongated metal member which is
      physically connected to apply such a bending force under the influence of
      sufficient heat and cooling to cause thermal expansion and contraction of
      said metal.
NUM  5.
PAR  5. The die defined in claim 1 wherein a plurality of heater blocks are
      provided through which a plurality of said elongated metal members extend,
      each said heater block being in heat exchanging relationship with a
      corresponding one of said elongated metal members to provide heat to
      further elongate said elongated metal member.
NUM  6.
PAR  6. The die defined in claim 5 wherein means are provided for selectively
      heating said heater block to selectively elongate said elongated metal
      member.
NUM  7.
PAR  7. The die defined in claim 6 wherein said cooling means are constructed
      and arranged for contact cooling with said heater block.
NUM  8.
PAR  8. The die defined in claim 1 wherein said cooling means is continuous but
      said heating means is connected to operate selectively and intermittently.
NUM  9.
PAR  9. The die defined in claim 5 wherein said heater block has three
      substantially parallel elongated bores, one containing said elongated
      metal member, another containing a heater plug, and the other providing a
      passage for cooling air.
NUM  10.
PAR  10. The die defined in claim 1 wherein scanning means are provided for
      sensing the thickness of said sheet at a given location along said lip,
      and wherein automatic means is connected to control said lip opening
      control means in response to said scanning means.
NUM  11.
PAR  11. The die defined in claim 10 wherein a plurality of said lip opening
      control means are provided at predetermined stations located along said
      lip, and wherein said scanning means are arranged to sense said sheet
      thickness at each of said stations and to control said control means at
      each corresponding station.
NUM  12.
PAR  12. The die defined in claim 1 wherein thickness measuring means is
      positioned downstream of said slit and in line with said slit opening
      control means.
NUM  13.
PAR  13. The die defined in claim 12, wherein said measuring means includes a
      thickness indicating means.
NUM  14.
PAR  14. The die defined in claim 10, wherein said scanning means includes an
      emitter and a receiver of rays which are transmitted partially through
      said sheet.
NUM  15.
PAR  15. The die defined in claim 14 wherein said rays are beta-rays.
NUM  16.
PAR  16. The die defined in claim 14 wherein automatic control means is provided
      at a multiplicity of stations spaced apart from one another across the
      width of said sheet, and where said scanner includes means for determining
      relative thickness of said sheet at each of said stations and for
      providing indicia representing such thickness at each of said stations.
NUM  17.
PAR  17. The die defined in claim 16 wherein said automatic control means is
      also operative to introduce heat controllably into each of a multiplicity
      of heaters located in said lip opening control means at each of said
      stations.
NUM  18.
PAR  18. The die defined in claim 10, wherein said scanning means includes a
      pair of parallel trackways extending across said sheet, one above and the
      other below, and wherein means are provided for moving an emitter and a
      receiver of sheet-penetrating rays in synchronization back and forth
      across said sheet to measure the thickness of said sheet at prescribed
      intervals.
NUM  19.
PAR  19. The die defined in claim 1, wherein a controllable weir is provided
      upstream of said lip.
NUM  20.
PAR  20. The die defined in claim 19 wherein a plurality of said weirs are
      provided, spaced apart from one another across said sheet extruder.
NUM  21.
PAR  21. The die defined in claim 1 wherein insulating means is provided between
      said heating means and said lip.
NUM  22.
PAR  22. The die defined in claim 1, wherein thermal insulating means includes a
      layer of insulating material interposed between said die and said cooling
      means.
NUM  23.
PAR  23. The die defined in claim 1, wherein thermal insulating means includes a
      layer of insulating material interposed between said die and said heating
      means.
NUM  24.
PAR  24. The die defined in claim 1, wherein thermal insulating means includes a
      layer of insulating material interposed between said die and said both
      heating and cooling means.
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ABST
PAL  In combination with extrusion apparatus having a liquid source, a die and
      alternate filter means, a continuous flow plug valve unit is provided for
      use in changing filters; the valve unit comprises a valve housing, plug
      means seated in the housing, and control means for moving the plug means
      with respect to the housing. Passage means in the plug means and housing
      overlap in all operative positions of the valve to provide an available
      flow passage of hydraulic flow radius everywhere at least about equal to
      that of the inlet from the source; the valve presents no restriction to
      the flow of liquid from the source.
PARN
PAR  This is a continuation-in-part application of our application Ser. No.
      326,019 filed Jan. 23, 1973 now abandoned.
BSUM
PAR  In the operation of extrusion apparatus, a viscous liquid, for example, an
      organic plastic material, is supplied from a source to a die. It is
      generally necessary to filter this liquid between the source and die, and
      the filter after a period of use becomes dirty and must be removed for
      cleaning. It is desirable to avoid shutting down the operation of the
      extrusion apparatus in order to clean the filter; to accomplish this,
      alternate filters are provided, and flow is directed through a first
      filter until it requires cleaning, whereupon flow is diverted to the
      second filter while the first is removed and cleaned. The filters are
      alternated in use.
PAR  However, even skilled operators of the extrusion apparatus are seldom able
      to accomplish the alternation from one filter to the next without any
      change in the rate or quantity of flow of liquid to the die, or inclusion
      of air in the flow. Therefore the ultimate product, such as, for example,
      a sheet film or a multiplicity of fibers may have variations in thickness
      or may break because of variations in the flow of liquid from which the
      product is formed.
PAR  It is therefore an object of the present invention to provide a valve for
      use in such extrusion apparatus that will permit two filter elements to be
      alternated in use while maintaining at all times a constant flow of liquid
      to the die. This is accomplished by providing a valve that presents no
      restriction to the flow at the source end of its inlet passage, but that
      provides an available flow passage throughout the valve that has a
      hydraulic flow radius that is everywhere at least as great as that at the
      source end of the inlet passage.
PAR  It is also an object of the invention to provide means for completely
      filling and purging all air from the second filter before cutting off flow
      from the first filter, thus avoiding any interruption or decrease in the
      flow to the die, or any inclusion of air in the flow, when the first
      filter is taken off line.
PAR  In one aspect of the invention, there is provided, in combination with
      extrusion apparatus having a liquid source, a die and alternate filter
      means, a plug valve unit comprising a valve housing, plug means seated in
      the housing, and control means. The valve housing has a first filter
      outlet passage to the first filter means and first return passage from the
      first filter means, and a second filter outlet passage to the second
      filter means and second return passage from the second filter means; the
      housing further has source inlet passage from the source and a die outlet
      passage to the die. The valve housing has at least one bore defining
      internal housing surfaces, and the housing passages have spaced openings
      in the internal housing surfaces. The plug element means provides inlet
      through passage means for connecting the source inlet passage to a filter
      outlet passage, and outlet through passage means for connecting a return
      passage to the die outlet passage. More specifically, the plug means
      comprises at least one plug element rotatably mounted within a housing
      bore and having external surfaces of revolution cooperating with the
      internal housing surfaces. The plug through passage means at their
      opposite ends have spaced openings in the plug element surfaces. Each
      housing bore has at least three spaced openings in its internal housing
      surface. The through passage means spaced openings of the plug element
      mounted in the bore are alternately connectable to selected pairs of the
      housing passage openings.
PAR  The control means moves the plug element means between a position in which
      the inlet through passage means connects the source inlet passage with the
      first filter outlet passage and the outlet through passage means connects
      the first return passage with the die outlet passage, and a position in
      which the inlet through passage means connects the source inlet passage
      with the second filter outlet passage and the outlet through passage means
      connects the second return passage with the die outlet passage.
PAR  The source inlet passage cross sectional area increases from the end
      proximate to the source toward the plug element means, and the die outlet
      passage cross sectional area decreases from the plug element means toward
      the end proximate to the die. The through passage means cross sectional
      area is everywhere greater than that of the source inlet passage proximate
      end, such that in all operative positions of the plug element means the
      overlap of the inlet through passage means with the source inlet passage
      and the overlap of the outlet through passage means with the die outlet
      passage provide an available flow passage of hydraulic flow radius
      everywhere at least about equal to that of the source inlet passage end
      proximate to the source.
PAR  This structure provides a valve which presents no restriction to the flow
      of liquid through it from source to die, in any operative position of the
      valve.
PAR  In another aspect of the invention, there is provided a novel
      interconnected double plug valve, and the plug element means comprises
      inlet and outlet plug elements seated in the housing, each plug element
      having a flow passage therethrough. The valve control means, which
      includes connecting means between the two plug elements, initially rotates
      the inlet plug element to a filling position in which initial flow passage
      means in that plug connects the source inlet passage with the second
      filter outlet passage, without rotating the outlet plug element. In this
      filling position, vent passage means in the outlet plug element
      communicates with the second return passage. Thereafter the control means
      rotates both plug elements at different rates and completes the rotation
      of both simultaneously. The vent passage means is removed from
      communication with the second return passage by rotation of the outlet
      plug element from its initial position. Flow to the second filter means is
      thereby begun and the second filter means is filled before flow from the
      first filter means is cut off, and continuous flow from source to die is
      maintained without inclusion of air throughout the operation of the valve.
PAR  In still another aspect of the invention there is provided a novel plug
      valve, preferably with a single plug. The valve housing further provides
      first and second cleanout passages communicating with the first and second
      filter means respectively, the second cleanout passage being connected
      with the second return passage when the plug means is in its initial
      position, and the first cleanout passage being connected with the first
      return passage when the plug means is in its final position.
PAR  The housing and plug means further provide cooperative vent passage means
      communicating with the exterior of the valve, and the plug means further
      provides initial flow passage means. The control means initially rotates
      the plug means to a filling position in which the initial flow passage
      means connects the source inlet passage with the second return passage and
      the vent passage means communicates with the second cleanout passage. The
      vent passage means is removed from communication with the second cleanout
      passage by further rotation of the plug means out of the filling position.
      Flow to the second filter means is thereby begun and the second filter
      means is filled and deaerated before flow from the first filter means is
      cut off, and continuous flow from source to die is maintained without
      inclusion of air throughout operation of the valve.
DRWD
PAR  Other objects, features and advantages will appear from the following
      description of preferred embodiments of the invention, taken together with
      the attached drawings thereof, in which:
PAR  FIG. 1 is a view of a double-plug embodiment of the invention, with the
      housing and part of the control means shown in section;
PAR  FIG. 2 is taken on line 2--2 of FIG. 1;
PAR  FIGS. 3 through 8 are schematic views showing the relationships of the plug
      elements and housing at various times during the operation of the valve;
PAR  FIG. 9 is taken on line 9--9 of FIG. 1;
PAR  FIG. 10 is a detail view of the source inlet passage and a portion of the
      housing;
PAR  FIGS. 10a through 10d are schematic views showing the overlap of various
      passages of the valve at various times during its operation;
PAR  FIG. 11 is an elevation of a single-plug embodiment of the invention
      together with filter means;
PAR  FIG. 12 is taken on line 12--12 of FIG. 11;
PAR  FIG. 13 is a view of the plug and housing of a second embodiment of the
      invention, the plug being in elevation and the housing in section;
PAR  FIG. 14 is taken on the line 14--14 of FIG. 13;
PAR  FIG. 15 is a detail view similar to FIG. 10;
PAR  FIGS. 15a through 15c are schematic views showing the overlap of various
      passages of the valve at various times during its operation;
PAR  FIGS. 16a through 16c are sectional views of the passages whose overlap is
      shown in FIGS. 15a through 15c; and
PAR  FIGS. 17a and 17b through 24a and 24b show the inlet and outlet passage
      means of the plug with portions of the housing during various stages in
      the operation of the second embodiment of the invention;
PAR  FIGS. 25 through 31 are schematic views showing, for a second double-plug
      embodiment, the relationships of the plug elements and housing at various
      times during the operation of the valve.
DETD
PAR  Referring to the drawings, FIG. 1 shows a first embodiment of the present
      invention. The valve unit, designated generally at 10, comprises a valve
      housing 12, an inlet plug element 14 and an outlet plug element 16, and
      control means generally designated at 18. Housing 12 provides a source
      inlet passage 20 and a die outlet passage 22. As seen in FIG. 3, housing
      12 further provides a first filter outlet passage 24 leading to a first
      filter (not shown) and a first return passage 26 returning from the first
      filter, and a second filter outlet passage 28 leading to a second filter
      (not shown) and a second return passage 30 returning from the second
      filter.
PAR  Inlet valve plug element 14 provides inlet through passage means in the
      form of passage 32, and outlet valve plug element 16 provides outlet
      through passage means in the form of passage 34. Filter outlet passages 24
      and 28 are schematically placed within housing 12 with respect to source
      inlet passage 20 and generally co-planar therewith, so that the single
      through passage 32 can connect source inlet passage 20 either with first
      filter outlet passage 24 or (after plug 14 is rotated about its long axis)
       with second filter outlet passage 28. Filter return passages 26 and 30
      are similarly symmetrically placed with respect to die outlet passage 22
      and generally co-planar therewith.
PAR  As seen in FIGS. 10 and 10a, source inlet passage 20 has a circular cross
      section at end 40 proximate to the source. The "hydraulic flow radius" at
      the inlet orifice is defined as the total area at end 40 of source inlet
      passage 20 divided by the perimeter at the same point. Source inlet
      passage 20 enlarges to a rectangular (or other configuration) cross
      section of greater area at end 42 at the interface of housing 12 and plug
      element 14. Through passage 32 has a matching rectangular cross section.
      Similarly, at the die end of the valve, die outlet passage 22 has a
      rectangular (or other configuration) cross section at the interface of
      plug element 16 and housing 12 and decreases to a circular cross section
      at end 44 proximate to the die; this circular cross section is at least as
      large as that at end 40 and the hydraulic flow radius at end 44 is at
      least equal to that at end 40 of passage 20.
PAR  The inner curve of through passage 34 in outlet plug element 16 defines a
      land 36, as seen in FIGS. 3-6. The size of plug 16 is related to the size
      of through passage 34 (and of passages 30, 26, and 22 at the plug housing
      interface) such that the arcuate width of land 36 is about one-half the
      arcuate width of passage 34 at the plug-housing interface. Diagonally
      opposite to land 36 is a vent hole 60, as best seen in FIGS. 1 and 9,
      extending downwardly through the body of plug element 16 to the exterior
      of plug unit 10 and communicating with the atmosphere. Two plug passages
      62 and 64 extend at right angles to vent hole 60 and to each other, and
      each accommodates a vent plug 66 providing an aperture 68. Vent plugs 66
      are removable and interchangeable with others to provide a suitably sized
      aperture 68 for the particular flow conditions in which the valve is used.
PAR  Through passage 32 in inlet plug element 14 provides initial flow passage
      means in the form of a bleed-off slit 70, as seen in FIG. 3, and the inner
      curve of through passage 32 defines a land 37, whose arcuate width is
      about one-half the arcuate width of through passage 32 at the plug-housing
      interface.
PAR  Control means 18 includes a worm wheel drive assembly 50 which is connected
      through shaft 52 to inlet valve plug element 14. Cam 49 is rotated by
      shaft 52 and engages cam follower 54, as best seen in FIG. 2, which is
      connected to driving gear 46. Gear 46 engages driven gear 48, which is of
      smaller diameter than gear 46 and is connected to outlet valve plug
      element 16. This arrangement provides for an interconnected lost motion
      rotation of the two plug elements such that inlet plug element 14 begins
      to rotate first, and completes a portion of its rotation before cam 49
      engages cam follower 54, causing driving gear 46 to engage driven gear 48
      to initiate motion of outlet plug element 16.
PAR  In operation, a first filter, not shown, is initially on line (FIG. 3). At
      this time, plug elements 14 and 16 are so oriented that source inlet
      passage 20 is connected by through passage 32 to first filter outlet
      passage 24, and first return passage 26 is connected by through passage 34
      to die outlet passage 22. In this condition, as seen in FIG. 10a, through
      passage 32 exactly registers with source inlet passage 20 and with first
      filter outlet passage 24. The same conditions obtain at the outlet plug
      element, first return passage and die outlet passage. Thus, the available
      flow passage within valve unit 10 is everywhere greater than the flow
      passage at end 40 of source inlet passage 20, so that valve unit 10
      presents no restriction to the flow of fluid through it.
PAR  As shaft 52 is rotated by drive assembly 50, inlet valve plug element 14 is
      rotated, as seen in FIG. 4, to a point at which bleed-off slit 70 just
      overlaps second filter outlet passage 28, and cam 40 just engages cam
      follower 54, as shown in phantom. Up to this point, outlet plug valve
      element 16 does not rotate. Second return passage 30 is vented to the
      atmosphere through vent plug passage 64 and vent hole 60, permitting flow
      to the second filter through bleed-off slit 70. Valve unit 10 remains in
      this position while the second filter is filled and deaerated. As seen in
      FIG. 10b, land 37 blocks off about one-half of the passage area at the
      interface of source inlet passage 20 and inlet plug element 14.
      Nevertheless, the remaining flow passage available at the interface,
      designated at 72 in FIG. 10b, is at least as great as the area at end 40
      of source inlet passage 20. The condition at the interface of through
      passage 32 and first filter outlet passage 24 is the same; thus no
      restriction occurs in the flow of fluid through plug element 14.
PAR  After the second filter has been filled, shaft 52 is further rotated and
      cam 49 engages cam follower 54, causing rotation of outlet plug element 16
      into the position of FIG. 5, in which vent plug passage 64 has moved out
      of contact with return passage 30. The second filter is still off-line but
      is now being pressurized. Further rotation moves plugs 14 and 16 into the
      final position of FIG. 8, in which the second filter is on-line while the
      first is off-line and vented to atmosphere, permitting it to be removed
      for cleaning. In the position shown in FIG. 5, both ends of through
      passage 32 overlap source inlet passage 20, separated by land 37,
      providing two available flow areas 74 and 76 whose total area is at least
      as great as that of end 40 of source inlet passage 20 (FIG. 10c). At the
      same time, one end of passage 32 overlaps first filter outlet passage 24,
      providing an available flow passage 78 that is also at least as great as
      that of end 40 (FIG. 10d). It will be seen from FIGS. 5 through 8 that in
      all positions of plug elements 14 and 16 this condition on the available
      flow passage is met throughout valve unit 10; that is, the hydraulic flow
      radius is everywhere at least as great as the hydraulic flow radius at the
      inlet orifice 40, in all operative positions of the valve.
PAR  By reversing the rotation of shaft 52 the second filter can be taken off
      line and the first filter put on line. During this reverse process, plug
      element 14 is rotated to the point at which bleed-off slit 80 just
      overlaps first filter outlet passage 24 and the first filter is filled
      while the valve is in this position. The operation otherwise is similar to
      that already described.
PAR  Referring now to FIGS. 11 through 24, in a second embodiment of the
      invention the valve unit, designated generally at 110, provides a housing
      112, in which is seated a plug element 114, and control means generally
      designated at 118. Housing 112 provides a source inlet passage 120 and a
      die outlet passage 122. In addition, as seen in FIG. 14, housing 112
      provides a first filter outlet passage 124 to the first filter means 125
      and a first return passage 125 therefrom, and a second filter outlet
      passage 128 to the second filter means 129 and a second return passage 130
      therefrom. Additionally, housing 112 provides first cleanout passage 132
      and second cleanout passage 134.
PAR  Return passages 126 and 130, cleanout passages 132 and 134, and the plug
      interface end 123 of die outlet passage 122 are spaced axially from filter
      outlet passages 124 and 128 and source inlet passage 120 within housing
      112.
PAR  Valve plug element 114 provides inlet through passage means in the form of
      passage 136 and outlet through passage means in the form of first and
      second outlet through passages 138 and 140. Passages 138 and 140 are
      axially spaced from passage 136 within plug 114.
PAR  Filter outlet passages 124 and 128 are symmetrically placed within housing
      112 with respect to source inlet passage 120 and generally co-planar
      therewith, so that through passage 136 in plug 114 can connect source
      inlet passage 120 either with first filter outlet passage 124 or with
      second filter outlet passage 123. Similarly, return passages 126 and 130
      are symmetrically placed with respect to die outlet passage 122 and
      generally co-planar therewith, as are cleanout passages 132 and 134. Thus,
      if through passage 140 initially connects passages 134 and 130, and
      through passage 138 connects passages 126 and 122, one simple rotation of
      plug 114 about its long axis will change the valve condition to that in
      which through passage 140 connects passages 130 and 122, and through
      passage 138 connects passages 132 and 126.
PAR  As seen in FIGS. 15 and 15a, source inlet passage 120 has a circular cross
      section at end 141 proximate to the source, enlarging to a rectangular (or
      other configuration) cross section of greater area at end 143 at the
      interface of housing 112 and plug element 114. Through passage 136 has a
      matching rectangular (or other) cross section. Similarly, at the die end
      of the valve, die outlet passage 122 has a rectangular (or other) cross
      section at the interface of plug element 114 and housing 112 and decreases
      to a circular cross section at end 145 proximate to the die; this circular
      cross section is at least as large as that at end 141.
PAR  Through passage 136 in plug element 114 provides initial flow passage means
      in the form of bleed off slits 170 and 172, and the inner curve of through
      passage 136 defines a land 174. Housing 112 provides vent holes 142 and
      144 which extend downwardly through housing 112 and are connected by vent
      passages 146 and 148 extending at right angles from the vent holes to the
      interface of housing 112 and plug element 114. Vent slits 150 and 152 are
      provided in plug element 114, and one or the other may communicate with
      one of vent holes 150 and 152 as plug element 114 is rotated, as will
      appear more fully in what follows. Depressurization slot 154 communicates
      with the atmosphere by means of axial passage 156 and may be brought into
      communication with either of cleanout passages 132 and 134.
PAR  In operation (FIGS. 16 through 24), first filter means 125 is initially on
      line (FIG. 17). At this time, plug 114 is oriented so that source inlet
      passage 120 is connected by through passage 136 to first filter outlet
      passage 124, and first return passage 126 is connected by first through
      outlet passage 138 to die outlet passage 122. Second through outlet
      passage 140 connects second return passage 130 with second cleanout
      passage 131, providing access for complete cleanout of the off-line
      passages. Second cleanout passage 132 is vented to atmosphere through
      depressurization slot 154.
PAR  As plug element 114 is rotated by control means 118 (FIG. 18), inlet
      through passage 136 is moved to a position in which bleed-off slit 170
      just overlaps second filter outlet passage 128. Second cleanout passage
      134 is vented to atmosphere by vent slit 150 which communicates with vent
      hole 142. In these conditions, second filter means 129 begins to fill
      while flow is maintained through first filter means 125. When second
      filter means 129 has been filled and completely deaerated, further
      rotation of plug element 114 (FIG. 19) moves vent slit 150 past vent hole
      142. Second filter means 129 is still off-line but is now being
      pressurized. In mid-position (FIG. 20), there is equal flow through first
      filter means 125 and second filter means 129.
PAR  Further rotation of plug element 114 (FIG. 21) moves through outlet passage
      138 out of communication with die outlet passage 123, taking first filter
      means 125 off-line. Still further rotation (FIG. 22) brings vent slit 152
      into bridging relation between cleanout passage 132 and vent hole 144,
      permitting first filter means 125 to be depressurized, prior to
      disassembly and cleaning. In the final position (FIG. 23) second filter
      means 129 is on-line and first filter means 125 is off-line. When it is
      desired to clean second filter means 129 the process is reversed. Plug 114
      is rotated (FIG. 24) until bleed-off slit 172 just overlaps first filter
      outlet passage 124. First cleanout passage 132 is vented to atmosphere
      through vent slit 152 and vent hole 144. When first filter means 125 has
      been filled, plug 114 is rotated further to complete the disconnection and
      depressurization of second filter means 129 and the placing of first
      filter means 125 on-line.
PAR  When first filter means 125 is on-line, as seen in FIGS. 16a and 17,
      through passage 136 exactly registers with source inlet passage 120 and
      with first filter outlet passage 124. The same conditions obtain at
      through passage 138, first return passage 126 and die outlet passage 122.
      Thus, the hydraulic flow radius within valve unit 110 is everywhere at
      least as great as that at end 141 of source inlet passage 120, so that
      valve unit 110 presents no restriction to the flow of fluid through it.
PAR  In the filling position (FIGS. 15b and 16b), land 174 blocks off about
      one-half of the passage area at the interface of source inlet passage 120
      and plug element 114. Nevertheless, the remaining flow passage available
      at the interface, designated at 180 in FIG. 15b, is at least as great as
      the area at end 141 of source inlet passage 120. The condition at the
      interface of through passage 136 and first filter outlet passage 124 is
      the same; thus no restriction occurs in the flow of fluid through plug
      element 114 to first filter means 125. The same conditions obtain at the
      filter return and die outlet passages.
PAR  In the position shown in FIGS. 16c and 15c, both ends of through passage
      136 overlap source inlet passage 120, separated by land 174, providing two
      available flow areas 182 and 184 whose total area is at least as great as
      that of end 141 of source inlet passage 120 (FIG. 15c). It will thus be
      seen from FIGS. 17 through 24 that in all positions of plug element 114
      the hydraulic flow radius is everywhere at least as great as it is at
      inlet orifice 141.
PAR  FIGS. 25 through 31 show a third embodiment of the invention, which is a
      variation of the double-plug embodiment previously described, and shown in
      FIGS. 1 through 10. Unlike the double-plug embodiment previously shown and
      described, the two plug elements of the third embodiment are rotated
      simultaneously throughout and at the same speed, rather than with the
      lost-motion rotation of the first described double-plug embodiment.
PAR  As seen in FIG. 25, the valve unit, designated generally at 210, comprises
      a valve housing 212, an inlet plug element 214 and an outlet plug element
      216, and control means including gears as indicated in phantom at 218.
      Housing 212 provides a source inlet passage 220 and a die outlet passage
      222, a first filter outlet passage 224 leading to a first filter (not
      shown) and a first return passage 226 returning from the first filter, and
      a second filter outlet passage 228 leading to a second filter (not shown)
      and a second return passage 230 returning from the second filter.
PAR  Inlet valve plug element 214 provides inlet through passage means in the
      form of passage 232, and outlet valve plug element 216 provides outlet
      through passage means in the form of passage 234. As in the first
      double-plug embodiment, filter outlet passages 224 and 228 are
      symmetrically placed within housing 212 with respect to source inlet
      passage 220 and generally co-planar therewith, so that the single through
      passage 232 can connect source inlet passage 220 either with first filter
      outlet passage 224 or (after plug 214 is rotated about its long axis) with
      second filter outlet passage 228. Filter return passages 226 and 230 are
      similarly symmetrically placed with respect to die outlet passage 222 and
      generally co-planar therewith.
PAR  The details of the cross sections of the passages and the lands formed
      between the inner curves of the passages and the plug surface are not
      significantly different from those previously described for the first
      double-plug embodiment, and the available flow areas are similar to those
      shown for that embodiment with reference to FIGS. 10 and 10a through d,
      and will not be separately described here.
PAR  Inlet through passage 232 includes leading edge portions 250 and 252; as
      the plug element is rotated as shown in FIGS. 25 through 31, edge portion
      250 is the first part of passage 232 to reach second filter outlet passage
      228. When the plug is rotated in the opposite sense to that shown in the
      FIGS., leading edge portion 252 is the first part of passage 232 to reach
      first filter outlet passage 224. Adjacent leading edge 250 is an initial
      flow passage 254, so positioned as to reach passage 228 ahead of leading
      edge 250 when the plug element is rotated in the sense in the FIGS.
      Similarly, an initial flow passage 256 is positioned adjacent leading edge
      252 so as to reach passage 224 ahead of edge 252 when the plug element is
      rotated in the opposite sense.
PAR  Outlet plug element 216 provides two vent passages 262 and 264 similar to
      those shown in the earlier double-plug embodiment, but positioned more
      centrally within the plug element. These vent passages communicate with
      vent hole 260 as previously described.
PAR  As shown in the sequence of FIGS. 25 through 31, the first filter is
      initially on-line (FIG. 25). The second filter is vented to atmosphere.
      Both plug elements are then rotated simultaneously and at equal speeds,
      and (as seen in FIG. 26) initial adjustable prefill orifice 254 reaches
      second filter outlet passage 228 to begin prefilling of the second filter
      while the vent passage 264 is rotated but still in communication with
      second return passage 230 (FIG. 26) to allow for purging of air initially
      contained in second filter. As seen in FIG. 27, further filling and
      simultaneous prepressurization of the second filter continues while full
      flow is maintained through the first filter; leading edge 250 of inlet
      through passage 232 has just reached second filter outlet passage 228. In
      the position shown in FIG. 28, flow through the two filters is equal.
      Further rotation (FIG. 29) moves outlet through passage out of
      communication with the first filter; thus the flow to the die is now
      altogether through the second filter. Further rotation (FIG. 30) brings
      the plug elements to the final position (FIG. 31) in which the first
      filter is vented to atmosphere and is altogether off-line, for cleaning
      and changing of the filter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with extrusion apparatus having a liquid source, a die
      and alternate filter means, a plug valve unit comprising
PA1  a valve housing having
PA2  a first filter outlet passage to the first filter means and first return
      passage from the first filter means
PA2  a second filter outlet passage to the second filter means and second return
      passage from the second filter means
PA2  a source inlet passage from the source
PA2  a die outlet passage to the die
PA1  said valve housing having at least one bore defining internal housing
      surfaces, said passages having spaced openings in said housing surfaces
PA1  plug means seated in said housing providing
PA2  inlet through passage means for connecting said source inlet passage to a
      said filter outlet passage and
PA2  outlet through passage means for connecting a said return passage to said
      die outlet passage
PA1  said plug means comprising at least one plug element rotatably mounted
      within said housing bore and having external surfaces of revolution
      cooperating with said internal housing surfaces
PA1  said through passage means at their opposite ends having spaced openings in
      said plug element surfaces
PA1  each said housing bore having at least three said spaced openings in its
      said internal housing surface,
PA1  the said through passage means spaced openings of the said plug element
      mounted in said bore being alternately connectable to selected pairs of
      said housing passage openings
PA1  and control means for moving said plug means between a first position in
      which said inlet through passage means connects said source inlet passage
      with said first filter outlet passage and said outlet through passage
      means connects said first return passage with said die outlet passage, and
      a second position in which said inlet through passage means connects said
      source inlet passage with said second filter outlet passage and said
      outlet through passage means connects said second return passage with said
      die outlet passage,
PA1  said source inlet passage cross sectional area increasing from the end
      proximate to said source toward said plug means, and said die outlet
      passage cross sectional area decreasing from said plug means toward the
      end proximate to said die,
PA1  said through passage means having cross sectional area everywhere greater
      than that of said source inlet passage proximate end and such that in all
      operative positions of said plug means the overlap of said inlet through
      passage means with said source inlet passage and the overlap of said
      outlet through passage means with said die outlet passage provide an
      available flow passage of hydraulic flow radius everywhere at least about
      equal to or greater than that of said source inlet passage end proximate
      to said source.
NUM  2.
PAR  2. In combination with extrusion apparatus having a liquid source, a die
      and alternate filter elements, an interconnected double plug valve
      comprising
PA1  a valve housing
PA1  an inlet plug element and an outlet plug element seated in said housing,
      each said plug element having a flow passage therethrough, said inlet plug
      element having initial flow passage means, and said outlet plug element
      having vent passage means communicating with the exterior of said valve,
PA1  said valve housing having
PA2  a first filter outlet passage to the first filter element and first return
      passage therefrom
PA2  a second filter outlet passage to the second filter element and second
      return passage therefrom
PA2  a source inlet passage from the source to said inlet plug element
PA2  a die outlet passage from said outlet plug element to the die
PA1  said valve housing having two spaced bores defining internal housing
      surfaces, said passage having spaced openings in said housing surface
PA1  said plug elements being rotatably mounted within said housing bores and
      having external surfaces of revolution cooperating with said internal
      housing surfaces
PA1  said plug flow passages at their opposite ends having spaced openings in
      said plug element surfaces
PA1  each said housing bore having at least three said spaced openings in its
      internal housing surface,
PA1  the said flow passage spaced openings of the said plug element mounted in
      said bore being alternately connectable to selected pairs of said housing
      passage openings
PA1  and control means including connecting means between said plug elements for
      rotating said plug elements with respect to said housing
PA1  said inlet plug element being rotated between an initial position in which
      said inlet plug flow passage connects said source inlet passage with said
      first filter outlet passage and a position in which said inlet plug flow
      passage connects said source inlet passage with said second filter outlet
      passage,
PA1  said outlet plug element being rotated between an initial position in which
      said outlet plug flow passage connects said first return passage with said
      die outlet passage and a final position in which said outlet plug flow
      passage connects said second return passage with said die outlet passage
PA1  said control means initially rotating said inlet plug element to a filling
      position in which said inlet plug initial flow passage means connects said
      source inlet passage with said second filter outlet passage, without
      rotating said outlet plug element,
PA1  said outlet plug vent passage means communicating with said second return
      passage in said filling position of said inlet plug element
PA1  said control means thereafter rotating both plug elements at different
      rates and completing the rotation of both plug elements simultaneously
PA1  said vent passage means being removed from communication with said second
      return passage by rotation of said outlet plug element from its said
      initial position
PA1  whereby flow to the second filter element is begun and the second filter
      element is filled and deaerated before flow from the first filter element
      is cut off, and continuous flow from source to die is maintained without
      inclusion of air in said flow throughout the operation of the valve.
NUM  3.
PAR  3. The valve of claim 1, said housing having further
PA1  first and second cleanout passages communicating with the first and second
      filter means respectively,
PA1  said outlet through passage means connecting said second cleanout passage
      with said second return passage when said plug means is in said first
      position, and connecting said first cleanout passage with said first
      return passage when said plug means is in said second position.
NUM  4.
PAR  4. The valve of claim 3,
PA1  said housing and said plug means further providing cooperative vent passage
      means communicating with the exterior of said valve
PA1  said plug means further providing initial flow passage means
PA1  said control means initially rotating said plug means to a filling position
      in which said initial flow passage means connects said source inlet
      passage with said second return passage and said vent passage means
      communicates with said second cleanout passage,
PA1  said vent passage means being removed from communication with said second
      cleanout passage by further rotation of said plug means out of said
      filling position
PA1  whereby flow to the second filter means is begun and the second filter
      means is filled before flow from the first filter means is cut off, and
      continuous flow from source to die is maintained without inclusion of air
      throughout the operation of the valve.
NUM  5.
PAR  5. The valve of claim 2,
PA1  said source inlet passage being of cross sectional area increasing from the
      end proximate to said source toward said inlet plug element
PA1  said die outlet passage being of cross sectional area decreasing from said
      outlet plug element toward the end proximate to said die
PA1  said inlet and outlet plug element flow passages having cross sectional
      areas everywhere greater than that of said source inlet passage proximate
      end and such that in all operative positions of said valve the overlap of
      said source inlet passage with said inlet plug element flow passage and
      the overlap of said outlet plug element flow passage with said die outlet
      passage provide an available flow passage of hydraulic flow radius
      everywhere at least about equal to or greater than that of said source
      inlet passage end proximate to said source.
NUM  6.
PAR  6. The valve of claim 2 wherein
PA1  said inlet plug element flow passage curves through said inlet plug element
      to define a first land portion included between the two ends of said
      passage, and said outlet plug element flow passage curves through said
      outlet plug element to define a second land portion included between the
      two ends of said passage.
PA1  the diameter of said inlet plug element being related to the diameter of
      said inlet flow passage such that said first land portion has an arcuate
      width at the interface of said inlet plug element and said housing of
      approximately one-half the arcuate width of said inlet flow passage at
      said interface,
PA1  and the diameter of said outlet plug element being related to the diameter
      of said outlet flow passage such that said second land portion has an
      arcuate width at the interface of said outlet plug element and said
      housing of approximately one-half the arcuate width of said outlet flow
      passage at said interface.
NUM  7.
PAR  7. The valve of claim 3 wherein
PA1  said inlet through passage means comprises an inlet flow passage curving
      through said plug means to define a first land portion included between
      the two ends of said passage
PA1  said outlet through passage means comprises two outlet flow passages,
      generally co-planar and spaced axially from said inlet flow passage, each
      said outlet flow passage curving through said plug element to define a
      second land portion included between the two ends of a said outlet flow
      passage
PA1  the diameter of said inlet flow passage being related to the diameter of
      said plug element such that said first land portion has an arcuate width
      at the interface of said inlet plug element and said housing of
      approximately one-half the arcuate width of said inlet flow passage at
      said interface
PA1  and the diameter of said outlet flow passages being related to the diameter
      of said plug element such that each said second land portion has an
      arcuate width at the interface of said plug element and said housing of
      approximately one-half the arcuate width of said outlet flow passages at
      said interface.
NUM  8.
PAR  8. The valve of claim 4 wherein
PA1  said inlet through passage means comprises an inlet flow passage curving
      through said plug element to define a first land portion included between
      the two ends of said passage
PA1  said outlet through passage means comprises two outlet flow passages,
      generally co-planar and spaced axially from said inlet flow passage, each
      said outlet flow passage curving through said plug element to define a
      second land portion included between the two ends of a said outlet flow
      passage
PA1  the diameter of said inlet flow passage being related to the diameter of
      said plug element such that said first land portion has an arcuate width
      at the interface of said inlet plug element and said housing of
      approximately one-half the arcuate width of said inlet flow passage at
      said interface
PA1  and the diameter of said outlet flow passages being related to the diameter
      of said plug element such that each said second land portion has an
      arcuate width at the interface of said plug element and said housing of
      approximately one-half the arcuate width of said outlet flow passages at
      said interface.
NUM  9.
PAR  9. In combination with extrusion apparatus having a liquid source, a die
      and alternate filter means, a plug valve comprising
PAR  a valve housing
PA1  plug means seated in said housing, and
PA1  control means for moving said plug means with respect to said housing
PA1  said valve housing having
PA1  a first filter outlet passage to the first filter means and first return
      passage from the first filter means
PA1  a second filter outlet passage to the second filter means and second return
      passage from the second filter means
PA1  a source inlet passage from the source to said valve plug means
PA1  a die outlet passage from said valve plug means to the die, and first and
      second cleanout passages communicating with said first and second filter
      means respectively
PA1  said valve housing having at least one bore defining internal housing
      surfaces, said passages having spaced openings in said housing surfaces
PA1  said plug means comprising at least one plug element rotatably mounted
      within said housing bore and having external surfaces of revolution
      cooperating with said internal housing surfaces
PA1  said plug means having
PA2  through inlet passage means for connecting said source inlet passage to a
      said filter outlet passage
PA2  through outlet passage means for connecting a said return passage to said
      die outlet passage, and
PA2  initial flow passage means,
PA1  said through passage means at their opposite ends having spaced openings in
      said plug element surfaces
PA1  each said housing bore having at least three said spaced openings in its
      said internal housing surface,
PA1  the said through passage means spaced openings of the said plug element
      mounted in said bore being alternately connectable to selected pairs of
      said housing passage openings
PA1  said housing and said plug further providing cooperative vent passage means
      communicating with the exterior of said valve,
PA1  said control means moving said plug means between an initial position in
      which said through inlet passage means connects said source inlet passage
      with said first filter outlet passage and said through outlet passage
      means connects said first return passage with said die outlet passage, and
      a final position in which said through inlet passage means connects said
      source inlet passage with said second filter outlet passage and said
      through outlet passage means connects said second return passage with said
      die outlet passage
PA1  said control means initially rotating said plug means to a filling position
      in which said initial flow passage means connects said source inlet
      passage with said second return passage and said vent passage means
      communicates with said second cleanout passage
PA1  said vent passage means being removed from communication with said second
      cleanout passage by further rotation of said plug element means out of
      said filling position
PA1  whereby flow to the second filter means is begun and the second filter
      means is filled and deareated before flow from the first filter means is
      cut off, and continuous flow from source to die without inclusion of air
      is maintained throughout the operation of the valve.
NUM  10.
PAR  10. The valve of claim 1, wherein
PA1  said plug means comprises
PA2  an inlet plug element and an outlet plug element
PA1  said outlet plug element having vent passage means cummunicating with the
      exterior of said valve for venting the off-line filter in said first and
      second positions of said plug means,
PA1  said inlet through passage means in said inlet plug element having a
      leading edge portion at each end
PA1  said inlet plug element providing an initial flow passage adjacent each
      said leading edge portion and communicating with said inlet through
      passage means inwardly of said leading edge portion for initial filling
      and pressurizing of the off-line filter means in a position intermediate
      between said first and second positions of said plug means.
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ABST
PAL  This invention reduces the time that a core rod must remain at an injection
      station of a plastic blow molding machine. The injection operation is
      usually performed by a plasticizer, and while the injection operation
      itself requires very little time, the plasticizer performs other roles
      that must be complete before the next injection. This invention uses two
      plasticizers alternately so that one can inject while the other recovers
      for its next injection operation. A plastic pump is used to relieve the
      plasticizers of some of the operations that they previously performed.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In conventional plastic blow molding machines, the molten plastic is
      injected into the cavity of an injection mold to apply a parison to a core
      rod in the cavity. The plasticizer injects the plastic at high pressure
      and then maintains a reduced pressure which supplies plastic to the mold
      to compensate for such shrinkage as occurs from the initial cooling of the
      plastic in the mold cavity.
PAR  The plasticizer then draws back plastic to disconnect the runners from the
      parison and following this operation, the plasticizer screw works its way
      back in the screw barrel to accumulate a charge of plastic for the next
      injection operation.
PAR  In some apparatus, new core rods can be brought to the injection mold more
      rapidly than the plasticizer can go through its cycle; and this means that
      the operation of the plasticizer delays the injection operation and thus
      limits what could otherwise be higher production of the molding machine.
PAR  This invention utilizes two plasticizers which are used alternately. They
      are operated so that one of the plasticizers can prepare itself for the
      next injection operation while the other plasticizer is injecting molten
      material into the injection mold cavity. In order to make this alternate
      operation practical, this invention utilizes a plastic pump to perform
      some of the operations of each plasticizer so that after an injection of
      plastic into the injection mold cavity, the plasticizer which performs the
      injection can start recovering for the next injection.
PAR  As soon as either plasticizer has injected plastic into the injection mold
      cavity, valve means shut off that plasticizer from communication with the
      injection mold. The plastic pump maintains a pressure on the plastic to
      compensate for such shrinkage as occurs immediately after injection; and
      the plastic pump also draws back the plastic to disconnect the plastic in
      the runners from the parison in the cavity, both of these functions being
      ordinarily performed by the plasticizer. Thus the plastic pump permits the
      plasticizer to start its recovery operation immediately following its
      injection of plastic into the injection mold.
PAR  The second plasticizer stands ready to inject plastic into the injection
      mold as soon as the next core rod or core rods are in position and the
      mold has closed. The plastic from the second plasticizer is injected into
      the mold and the second plasticizer is immediately shut off by a valve
      from communication with the mold so that the plastic pump can again take
      over and perform the operations of compensating for shrinkage and drawing
      back plastic from the mold runners.
PAR  The same plastic pump can perform the shrinkage compensation and drawback
      operation for both of the plasticizers and in the preferred construction
      the plastic pump always remains in communication with the mold runners of
      the injection molds so that the only valving necessary is that required
      for putting the plasticizers alternately in communication with the
      injection mold followed by immediate cutoff from communication with the
      injection mold.
PAR  A plastic pump used as a time saver in connection with a single plasticizer
      is disclosed in U.S. Pat. No. 3,709,644, issued Jan. 9, 1973.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic top plan view of a blow molding machine equipped
      with two plasticizers and a plastic pump in accordance with this
      invention; and
PAR  FIG. 2 is a fragmentary view, mostly in section, showing the injection
      mold, plasticizers and plastic pumpof FIG. 1 on a larger scale.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 shows a four-position blow molding machine 10 which has a frame 12
      supporting an injection station 14, a parison conditioning station 16, a
      blowing station 18 and a stripper station 20. An indexing head 22 rotates
      about a center supporting shaft 24 and supports core rods 26 which extend
      from the four faces of the indexing head 22.
PAR  An injection mold 28 at the injection station 14 has a manifold 30 for
      supplying molten plastic to the cavities of the injection mold 28. At the
      center of the manifold 30 there is a recess for receiving an injection
      nozzle 32 which is supplied with plastic material from two separate
      plasticizers 34 and 36. These two plasticizers are mounted on a frame 38
      which is movable toward and from the manifold 20 to bring the nozzle 32
      into engagement with the socket of the manifold through which plastic is
      injected into the manifold 30 of the injection mold 28.
PAR  The plasticizer 34 has a barrel 40 which discharges plastic material into a
      passage 42, and there is a shutoff valve 44 by which the passage 40 can be
      closed for purposes which will be explained in connection with FIG. 2.
PAR  The passage 42 leads to the nozzle 32. The valve 44 is operated by a handle
      46 which is shown in solid lines in the position which puts the valve 44
      in open position. The dotted line position of the handle 46 puts the valve
      44 in closed position.
PAR  The plasticizer 36 is similarly connected with the nozzle 32 and parts
      corresponding to those of the plasticizer 34 are indicated by the same
      reference characters for the plasticizer 36 but with a prime appended.
PAR  A time saver or plastic pump 50 is located between the passages 42 and 42'
      and has a passage 52 communicating with the nozzle 32.
PAR  In the operation of the apparatus shown in FIG. 1, one or the other of the
      plasticizers 34 or 36 discharges a supply of molten plastic material into
      the manifold 30 to fill the cavities of the injection mold 28 and thereby
      coat each of the core rods, in the different mold cavities, with a
      parison. When the injection mold 28 opens, the shaft 24 lifts the indexing
      head 22, and the core rods 26 which the indexing head carries, high enough
      to clear the fixed lower section of the mold 28; and the indexing head
      turns 90.degree. to carry the core rods 26 and their parisons to a
      conditioning station 16. Other core rods which were at the stripping
      station 20 move into position at the injection station and are lowered
      into position as the support 24 lowers the indexing head.
PAR  The injection mold 28 again closes and a supply of molten plastic material
      is supplied to the injection mold cavities from the other plasticizer 36.
      The function of the plastic pump 50 will be described in connection with
      FIG. 2.
PAR  After the parisons have been applied to the new group of core rods 26, the
      injection mold 28 again opens, the indexing head rises, and the core rods
      advanced one station as the indexing head rotates through another angle of
      90.degree.. This carries the indexing heads at the conditioning station 16
      to the blow mold at the blow station 18 and carries the new group of core
      rods from the injection station 14 to the conditioning station 16.
PAR  This type of plastic blow molding machine is well known and no additional
      illustration or description of it is necessary for a complete
      understanding of this invention. The novelty of the present invention is
      in the apparatus for supplying the molten plastic material to the
      injection mold 28 in combination with a blow molding machine of the type
      shown in FIG. 1.
PAR  FIG. 2 shows the manifold 90 with runners 56 leading to seven different
      cavities of the mold 28. The center runner 56 of the manifold 30 is shown
      communicating with a runner 60 of the injection mold 28, and this runner
      60 leads into a cavity 62 into which a core rod 26 extends. The cavity 62
      is shown filled with plastic material 64 which comprises the parison that
      is coated over the portion of the core rod 26 which projects into the
      cavity 62. In FIG. 2 the cavity 62 is shown very much shortened by the
      fact that much of the mold 28 is broken away in order to increase the
      scale of the drawing.
PAR  Only one cavity 62 is shown, but it will be understood that all of the
      runners 56 of the manifold 30 communicate with other runners and mold
      cavities similar to the runner 60 and mold cavity 62 but which are merely
      indicated in FIG. 2 by the broken lines 66 which are the center lines of
      such injection mold cavities and mold runners.
PAR  FIG. 2 shows the nozzle 32 located in the socket 68 of the manifold 20 and
      held in the socket with sufficient force to resist the pressure of the
      material discharged from a passage junction 70 where the passages 42, 42'
      and 52 come together.
PAR  FIG. 2 shows the interior of the barrel 40 of the plasticizer 34. A
      plasticizer screw 72, located in the barrel 40, has helical screw threads
      74 which advance the plastic material in the barrel 40 as the screw 72
      rotates.
PAR  The screw 72 accumulates plastic material in the inside of the barrel 40
      ahead of the screw and the screw forces itself back, toward the right in
      FIG. 2, as more plastic material is accumulated beyond the forward end of
      the screw.
PAR  When enough material has been accumulated ahead of the screw 72, the
      rotation of the screw stops; and when this material is to be fed forward
      through the passage 42 and into the injection mold, the screw 72 is pushed
      forward like a piston to force the material from the interior of the
      barrel 40 without any rotation of the screw. It will be understood that in
      the operation of the plasticizer 34 the passage 42 and the manifold 30
      will already contain plastic material from previous cycles of the machine
      so that the piston stroke of the screw 72 need displace only as much
      plastic as is necessary to fill all of the cavities of the injection mold;
      that is, to replace the plastic material that was carried away on the core
      rods at the previous injection operation.
PAR  This operation of the plasticizer 34 is conventional and the apparatus for
      rotating the screw 72 for one operation and advancing it as a piston
      without rotation for another operation are well understood in the art and
      no description of this apparatus is necessary for a complete understanding
      of the present invention.
PAR  The plasticizer 36 operates in the same way as the plasticizer 34 but these
      plasticizers alternate in supplying plastic material to the manifold in
      the injection mold. In FIG. 2 the screw 72 of the plasticizer 34 may be
      considered as advancing as a piston since the valve 44 is open for
      communication with the manifold 30 and plastic forced through the passage
      42 by the screw 72 is advanced through the manifold 30, manifold runners
      56 and mold runners 60 into the injection cavities 62 of the mold 28. The
      plasticizer 36 may be considered as accumulating material for the next
      charge since its valve 42' is closed and material advanced beyond the end
      of the screw 72', as this screw rotates, is accumulated ahead of the screw
      while the screw 72 moves back away from the passage 42'.
PAR  Operating mechanism for the handle 46' is shown as a cylinder-and-piston
      motor 78 having a piston rod 80 with a pin 82 that extends through a slot
      84 in the handle 46'. Reciprocating movement of the motor 78 causes the
      handle 46' to move through an angle of approximately 90.degree. from the
      full line position shown to the dotted line position and this turns the
      valve 42' from closed position to open position. It will be understood
      that this operating mechanism is merely diagrammatic and simplified for
      clearer illustration. It represents an actuator for opening and closing
      the valve 42'.
PAR  Apparatus for supplying working fluid to the motor 78 includes a slide
      valve 86 with piping 88 leading to opposite ends of the cylinder of the
      motor 78. This slide valve 86 has a center supply line for working fluid
      and two exhaust lines indicated by the arrows under the slide valve 86.
      The slide valve is moved toward the left by a spring 90 whenever a
      solenoid 92 is deenergized. Energizing of the solenoid 92 moves the slide
      valve 86 into the position indicated by dotted lines in FIG. 2 and this
      supplies working fluid to the right hand end of the motor 78 to move the
      piston rod 80 toward the left so that the valve 42 is moved from closed to
      open position.
PAR  Power leads of the solenoid 92 lead to a controller 94 including a timer 96
      with power lines 98 leading to the solenoid 92.
PAR  The plastic pump 50 includes a cylinder-and-piston motor having a piston
      100 secured to a piston rod 102 which extends into the passage 52 and
      which carries a small working piston 104 at the crank end of the piston
      rod 102.
PAR  Adjustable collars 106 on a part of the piston rod 102 beyond the head end
      of the motor 50 operate limit switches 108 and 110 for stopping the
      movement of the piston rod 102 and the piston 104 at the desired limits of
      its stroke.
PAR  Working fluid for the motor of the pump 50 is supplied through tubing 112
      leading from the controller 94 to the opposite ends of the cylinder on
      opposite sides of the piston 100. The limit switches 108 and 110 operate
      the controller to shut off the supply of working fluid to the motor. It
      will be understood that the controller 94 is tied in with the controls for
      the plasticizers 34 and 36.
PAR  The working piston 104 is actually the portion of the plastic pump 50 that
      contacts with the molten plastic. As soon as the plasticizer 34 has
      completed a stroke injecting plastic material into the manifold 30 and the
      cavities of the injection mold 28, the control mechanism operates a motor
      78a which is identical with the motor 78 already described; and this
      operation pulls the handle 46 from the full line position to the dotted
      line and thereby closes the valve 44. The controller 94 then supplies
      working fluid to move the piston 100 toward the left in FIG. 2. This
      pressure on the piston 100 applies pressure to the plastic material in the
      manifolds 30 and mold 28 so as to move additional material into the
      manifold and injection mold as necessary to compensate for shrinkage of
      the plastic during the initial cooling which follows an injection step.
PAR  The controller then reverses the flow of working fluid to the piston 100
      and urges the piston 100 to move toward the right so that the working
      piston 104 draws back molten plastic material from the runners in the
      manifold 30 and the injection mold 28. During this time both of the valves
      44 and 44' are closed, and the plasticizer 34 which made the last
      injection into the manifold 30 and mold 28 can be recovering for the next
      injection it will make, since the plastic pump 50 has relieved the
      plasticizer 34 from the usual plasticizer function of compensating for
      shrinkage and drawing back the plastic in the mold runners.
PAR  As the injection mold 28 closes for the next group of core rods, the motor
      78 is actuated by the timer 98 to open the valve 44' so that the
      plasticizer 36 can inject a new charge of plastic material into the
      manifold 30 and injection mold 28.
PAR  As soon as the plasticizer 36 has completed its injection of the necessary
      amount of plastic to fill the injection mold cavities, the motor 78 closes
      the valve 44' and the plastic pump 50 again operates to compensate for
      shrinkage and to draw back plastic from the mold runners as already
      described in connection with the operation of the plasticizer 34.
PAR  The operation of the valve 44 is under the control of the controller 94 in
      the same way as the valve 44' and as already described in connection with
      the valve 44'. It will be apparent from the foregoing description that the
      plastic pump 50 can operate to relieve both of the plasticizers 34 and 36
      from the usual plasticizer operations of compensation for shrinkage and
      drawback of runners; and this combined with the fact that each plasticizer
      need operate only every other cycle greatly shortens the injection period
      of the molding machine.
PAR  The preferred embodiment of the invention has been illustrated and
      described, but changes and modifications can be made and some features can
      be used in different combinations without departing from the invention as
      defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Injection molding apparatus including an injection mold that opens for
      transfer of the injected material from the mold and that closes for the
      start of a subsequent injection cycle, a first and a second plasticizer,
      each of which fully charges the mold with the same kind of hot plastic
      material as the other plasticizer for alternate injection cycles, passages
      through which both plasticizers communicate with the mold, valve means for
      selectively shutting off the communication of each of the plasticizers
      from the mold for each alternate cycle, and control means connected to the
      valve means to shut off communication of the first plasticizer from the
      mold at the end of an injection operation of the first plasticizer and
      before the fully charged mold opens, the control means including means for
      operating the valve means to put the second plasticizer in communication
      with the mold following the next closing of the mold and while the first
      plasticizer is recovering for its next injection operation, characterized
      by the passages from the two plasticizers including a nozzle that connects
      with the mold at the entrance of a runner passage of the mold, said
      passages including a passage through the nozzle and branch passages from
      said nozzle passage to each of the plasticizers, the valve means being in
      said branch passages, means to draw back plastic material from the runner
      at the conclusion of each injection operation communicating with said
      nozzle and being located at the branch passages end of said nozzle.
NUM  2.
PAR  2. The injection molding apparatus described in claim 1 said means to draw
      back plastic material comprising pump means and a passage through which
      the pump means communicates with the mold at a location on the mold side
      of the valve means.
NUM  3.
PAR  3. The injection molding apparatus described in claim 2 characterized by
      the pump means communicating with the mold downstream of the valve means
      and being operable independently of the shutting off of the communication
      of either plasticizer with the mold whereby said pump means can draw back
      from the mold material injected by either of the plasticizers.
NUM  4.
PAR  4. Injection molding apparatus including an injection mold that opens for
      transfer of the injected material from the mold and that closes for the
      start of a subsequent injection cycle, a first and a second plasticizer,
      each of which fully charges the mold, with the same kind of hot plastic
      material as the other plasticizer, passages through which both
      plasticizers communicate with the mold, valve means for selectively
      shutting off the communication of each of the plasticizers from the mold,
      and control means connected to the valve means to shut off communication
      of the first plasticizer from the mold at the end of an injection
      operation of the first plasticizer and before the fully charged mold
      opens, the control means including apparatus that operates the valve means
      to put the second plasticizer in communication with the mold following the
      next closing of the mold and while the first plasticizer is recovering for
      its next injection operation, characterized by pump means that draws back
      plastic material from the mold at the conclusion of each injection
      operation, and a passage through which the pump means communicates with
      the mold at a location on the mold side of the valve means, characterized
      by the pump means communicating with the mold downstream of the valve
      means and being operable independently of the shutting off of the
      communication of either plasticizer with the mold whereby said pump means
      can draw back from the mold material injected by either of the
      plasticizers, further characterized by the valve means including two
      separate valves, a different one of which shuts off communication between
      each of the plasticizers and the mold, the pump means communicating with
      the mold side of each of the valves.
NUM  5.
PAR  5. The injection molding apparatus described in claim 2 characterized by
      controls that actuate the pump means in timed relation with the valves
      that shut off communication of the plasticizers with the mold.
NUM  6.
PAR  6. The injection molding apparatus described in claim 1 characterized by
      the injection mold including a plurality of cavities for receiving a
      number of separate core rods, a manifold in the injection mold with
      runners extending to the individual cavities, and a single entrance
      passage to the manifold for receiving molten material from a nozzle that
      communicates with both of the plasticizers.
NUM  7.
PAR  7. The injection molding apparatus described in claim 6 characterized by
      pump means communicating with the manifold for sucking back material to
      sever the runner plastic from the parisons in the respective cavities.
NUM  8.
PAR  8. Injection molding apparatus including an injection mold that opens for
      transfer of the injected material from the mold and that closes for the
      start of a subsequent injection cycle, a first and a second plasticizer,
      each of which fully charges the mold, with the same kind of hot plastic
      material as the other plasticizer, passages through which both
      plasticizers communicate with the mold, valve means for selectively
      shutting off the communication of each of the plasticizers from the mold,
      and control means connected to the valve means to shut off communication
      of the first plasticizer from the mold at the end of an injection
      operation of the first plasticizer and before the fully charged mold
      opens, the control means including apparatus that operates the valve means
      to put the second plasticizer in communication with the mold following the
      next closing of the mold and while the first plasticizer is recovering for
      its next injection operation, characterized by the passages from the two
      plasticizers including a nozzle that connects with the mold at the
      entrance of a runner passage of the mold, said passages including a single
      passage through the nozzle and branch passages from said single passage to
      each of the plasticizers, the valve means being in said branch passages,
      further characterized by pump means connected directly with the single
      passage for compensating shrinkage of the material in the mold.
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ABST
PAL  A plastic injection blow molding manifold has progressively smaller
      passageways defined at the mating surfaces between its two primary
      members. The circular cross sectional inlet area is reduced by one-half in
      a first cross passageway, and then further reduced in two additional cross
      passageways in an eight nozzle version. All of these cross passageways are
      defined at said mating surfaces, and the respective ends of such
      additional cross passageways communicate with paired outlets, each of
      which outlets has an associated nozzle and coaxially arranged heating
      element.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates generally to a plastic injection manifold for
      dividing an incoming stream of molten material, which material is
      thermally degradable plastic, into a plurality of smaller streams for
      delivery to several individual molds. More specifically, this invention
      relates to a manifold structure so designed as to maintain a constant
      velocity of all the material being handled at a particular time whereby
      the temperature thereof can be more closely controlled than has been
      possible heretofore.
PAR  The increasing use of plastic materials, especially in the container
      industry, has created a need for a moldable material capable of
      withstanding the extreme environmental conditions to which containers of
      glass and other materials have been subjected. Efforts to develop such
      materials have led to the introduction of materials which are
      characterized by higher melting points than have been encountered
      heretofore. For example, molten polyvinylchloride (PVC) can be handled in
      prior art manifolds at temperatures of less than 400.degree.F if the
      pressure in the manifold is kept sufficiently high. This material degrades
      at approximately 500.degree.F, so that the PVC manifold need only keep the
      molten material at 400.degree., .+-.50.degree.F in order to provide for
      the efficient handling of the PVC in such manifolds and also to prevent it
      from degrading.
PAR  Newer plastics have been developed, especially for the container industry,
      from acrylics and nitriles, which materials still degrade at approximately
      500.degree.F, but which can only be caused to flow at reasonable pressures
      at temperatures on the order of 450.degree.F or higher. Thus, a manifold
      structure suitable for handling such materials must be capable of
      maintaining all of the material in such manifold at a temperature which is
      necessarily closely controlled. For example, the temperature of this
      material must be held between narrow limits, such as 475.degree.,
      .+-.10.degree.F. The chief aim of the present invention is to provide a
      manifold structure which will permit maintaining this degree of control
      over the temperature of all of the material being handled in the manifold.
PAR  Prior art manifolds have been designed to handle plastics, such as PVC, by
      increasing the pressure so that the material can be forced through the
      manifold's passageways at lower temperatures. This approach has obvious
      disadvantages in the handling of PVC, and becomes impractical in the
      handling of the more critical acrylics and nitriles.
PAR  The general aim of the present invention is to provide a manifold so
      designed that all of the plastic material is moved through all of its
      passageways at a velocity which is kept constant throughout the manifold
      at least at any one time during the cycle of operation of the injection
      molding machine. Sharp corners and any protuberances in these passageways
      are carefully avoided to decrease friction, and the cross sectional area
      of each passageway or branch is progressively reduced between the inlet
      and the plurality of outlet nozzles to keep the instantaneous speed of
      every particle of material in the manifold at a level which is the same as
      every other particle.
PAC  SUMMARY OF INVENTION
PAR  A manifold structure capable of realizing the foregoing objects can be
      fabricated from two manifold members having mating surfaces in which
      internal passageways are machined to define at least one generally arcuate
      cross passageway, the midpoint of which communicates with the inlet and
      simultaneously turns the incoming stream through 90.degree., and splits it
      into two smaller streams. Flow splitting passageway defining means at the
      symmetrically arranged ends of said cross passageway further divide the
      flow and feed the individual outlet nozzles, and all of said passageways
      are defined at the interface between said mating manifold members.
DRWD
     BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is an elevational view, with portions broken away to reveal in
      vertical section the internal arrangement of one-half of a generally
      symmetrical manifold structure incorporating the present invention. The
      phantom lines show a slightly different version capable of servicing two
      additional nozzles on the right-hand side of the four nozzle version shown
      in solid lines.
PAR  FIG. 2 is a bottom view of the FIG. 1 manifold, also showing in phantom
      lines the alternative version depicted in that view for servicing eight
      nozzles.
PAR  FIG. 3 is an end view of the collar shown in FIG. 1.
PAR  FIG. 4 is an elevational view of the collar.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there is shown a four nozzle manifold structure in
      solid lines which incorporates the present invention, and which manifold
      is suitable for use between a conventional screw-type feedeer (not shown)
      and the individual molds (not shown) of a conventional injection blow
      molding machine of the type adapted to form individual parisons which are
      thereafter blown into hollow articles such as containers or the like. The
      additional structure shown in phantom lines shows the adaptations
      necessary to feed eight nozzles in a larger machine of the same type.
PAR  The manifold structure to be described is particularly useful in the
      handling of plastic materials which are characterized by the need for
      critical control of their temperature in order to prevent thermal
      degradation on the one hand, and in order to permit their passage through
      the manifold at reasonable pressures on the other hand. Typical of such
      materials is LOPAC sold by Monsanto; XR-16 sold by DuPont; and Vistron's
      BAREX. However, the advantages to the present invention can also be
      realized in the handling of conventional polyvinylchloride (PVC) or the
      like. Such materials can be advantageously handled by the manifold
      structure of the type described herein.
PAR  Basically, the manifold structure comprises at least two manifold members
      10 and 12 which members have mating surfaces as indicated generally at 14
      and 16, respectively, and which members 10 and 12 are securely fastened
      together preferably by suitable bolt means (not shown). Each of these
      members 10 and 12 is generally rectangular in configuration and the upper
      member 10 defines an inlet opening 18 of circular cross section, which
      opening is vertically oriented and generally of linear configuration as
      best shown in FIG. 1. This inlet 18 receives a stream of molten material
      from the feeder (not shown) through a superstructure 20 which is adapted
      to turn the stream of molten material from its initial horizontal
      direction as it enters the intake 22 through 90.degree. to a vertically
      downwardly oriented direction aligned with the inlet opening 18 in the
      manifold member 10. When a superstructure 20 is used, it is an important
      feature of the present invention that the radius of curvature of the
      passageway 24 be large enough to efficiently turn the stream of molten
      material with a minimum of friction. The cross sectional area of the
      passageway 24 in the superstructure 20 is identical to that of the inlet
      passageway 18 in the upper manifold member 10, and an annular insert 26 is
      preferably provided to avoid any sharp corners at the interface between
      the superstructure 20 and the upper manifold member 10. Similar inserts
      26, 26 may be provided in the area of the intake opening 22 of the
      superstructure 20. The superstructure 20 is bolted to the upper manifold
      member 10 as indicated generally at 28, 28 and a heating element of
      conventional construction is shown generally at 30 for maintaining the
      desired temperature of the material as it passes through the arcuate
      passagway 24 of the superstructure 20.
PAR  As best shown in FIG. 2, the vertically oriented linear inlet passageway 18
      communicates with the midpoint of a generally arcuate cross passageway 32
      defined in part by an arcuate semi-circular groove in the upper manifold
      member 10 and a matching groove defined in the lower member 12. It is an
      important feature of the present invention that the cross passageway 32,
      like the inlet passageway 18, also be of circular cross section, and that
      said cross passageway 32 have a cross sectional area which is one-half
      that of the inlet passageway 18. The midpoint of this cross passageway 32,
      and more particularly in that portion defined by said lower manifold
      member 12, a flow splitting device 40 is provided to split the flow from
      the inlet 18 into two streams in the symmetrically arranged cross
      passageway's two branches. As shown the device 40 comprises a nut which is
      threadably received on a screw 42 in the lower manifold member 12.
PAR  Flow splitting passageway defining means is provided at the ends of said
      cross passageway 32 for connecting at least two nozzles 34, 34 to an
      associated end of said cross passageway. The cross passageway 32 can be
      seen from FIG. 2 to be symmetrical about its midpoint, and to have an
      arcuate center line which is located in a flat plane defined by the mating
      surfaces 14 and 16 of the manifold members 10 and 12, respectively. Still
      with reference to FIG. 2, the flow splitting means at the downstream ends
      of the cross passageway 32 preferably includes a nut 40 held in a suitable
      receptacle defined at the surface 16 by a screw 42 similar to the screw 42
      and conical nut 40 associated with the junction between the inlet
      passageway 18 and the cross passageway 32 of FIG. 1.
PAR  Each nozzle 34 comprises an annular member which is threadably received in
      the lower manifold member 12 as best shown in FIG. 1, which nozzle 34 has
      an internal bore adapted to correspond to the circular cross section of
      its associated outlet passageway 44. Two such outlet passageways 44, 44
      are associated with each of the flow splitting passageway defining means
      mentioned in the preceding paragraph, and thus, each outlet passageway has
      an effective cross sectional area reduced by a factor of two from that of
      its associated cross passageway 32 as best shown in FIG. 1. The outlet
      passageway 44, 44 associated with each of the nozzles 34, 34 are in fact
      linearly oriented and generally parallel to the inlet opening 18, although
      offset therefrom as shown in FIG. 2. These outlet openings 44, 44 are thus
      parallel to one another and defined in part by the lower manifold member
      12 and in part by the internal bore of the associated nozzle 34. Their
      effective cross sectional area is reduced from that of the cross
      passageway 32 as mentioned above, and in fact a cylindrical heating
      element 46 extends downwardly into each associated outlet passageway 44
      and into its associated nozzle so as to provide an annular cross sectional
      area for each of the outlet passageways 44. These heating elements 46 are
      of conventional construction, and each includes an associated thermocouple
      for sensing the temperature of the molten material in its associated
      nozzle. A threaded base portion 48 of each element 46 is received in a
      threaded opening provided for this purpose in the upper manifold member
      10, and the thermocuple lead out wires and electrical power for the
      internal heating element are all contained in an electrical conduit 49. A
      faired collar 50 is provided for the shank portion of each of these
      heating elements 46, and said collar 50 is of generally annular cross
      section as best shown in FIG. 3. As best shown in this view and in FIG. 4
      the collar 50 includes a depending fillet portion 52 at the junction
      between said flow splitting passageway defining means and said outlet
      passageway in order to minimize the impedance offered to the flow of
      molten material as it is channeled from the cross passageway 32 into the
      outlet passageways 44, 44.
PAR  By way of summary then, the path taken by the molten material from the
      intake 22 associated with the superstructure 20 as it passes through the
      intermal passageways of the manifold to be ejected from the nozzles 34, 34
      can be seen to be one which is of progressively reduced cross sectional
      area and hence one which assures that the velocity of the material is kept
      constant at all points in the manifold, at least at any particular instant
      of time. In addition, the generous radius of curvature, as indicated
      generally at 24 for the superstructure 20, and also as indicated in FIG. 2
      for the cross passageway 32, together with the use of devices such as the
      flow splitting nut 40 and the faired collar 50 assure that no sharp
      corners are encountered by the material as it passes through the manifold.
      Thus, the manifold of the invention has very little resistance to the flow
      of the molten material and all of the foregoing contribute to the
      favorable results mentioned previously for a constant velocity manifold in
      that the degradation of the plastic material is effectively prevented by
      controlling the time period when each particle of molten material is in
      contact or is located in the passageways of the manifold itself. The
      manifold is so configured that the molten material approaching a
      90.degree. turn or intersection will not impinge against the opposite wall
      and tend to build up a mound or area of non-flowing material as is true of
      many prior art manifold designs. Each intersection provided in the
      manifold described above effectively splits the flow equally in both
      directions so as to keep the flow moving at the same rate of speed. By
      providing equal rates of flow throughout the manifold structure, the
      pressures available at each of the individual nozzles is effectively kept
      constant, hence a balanced manifold system is provided.
PAR  Turning next to the alternative manifold structure depicted in phantom
      lines in FIGS. 1 and 2, one-half of a cross passageway 32a is depicted in
      FIG. 2 wherein the radius of curvature of the arcuate cross passageway is
      altered to feed a quantity of the molten material somewhat farther out
      laterally from its associated inlet 18 in order to feed an additional two
      nozzles 34a, 34a at the right-hand side of the manifold structure. It
      will, of course, be apparent that a similar configuration for the
      left-hand side of the structure is also required, and a symmetrical branch
      cross passageway 32a is provided at the left-hand side of the axis of
      symmetry defined by the inlet passageway 18 of FIG. 2. Still with
      reference to the alternative version shown in phantom lines in FIGS. 1 and
      2, at least two additional cross passageways are provided, each of which
      has a cross sectional area of approximately one-fourth that of the inlet
      passageway 19. The first mentioned cross passageway 32a communicates at
      its midpoint with the inlet passageway 18, but the ends of the first cross
      passageway 32a do not communicate directly with the outlet passageway as
      in the previous embodiment, but rather with a second cross passageway 32b
      and more particularly with its midpoint in a manner similar to the
      intersection between the inlet passageway 18 and the cross passageway 32
      associated with the first version described hereinabove. Each of the
      additional crosss passageways 32b (one shown in FIG. 2) has its respective
      ends communicating with flow splitting passageway defining means similar
      to that described above. A flow splitting nut 40a is provided at each of
      these intersections in order to split the flow of molten material as it
      enters the associated outlet passageways 44a, 44a. Thus, each of the
      additional cross passageways 32b has each of its ends feeding at least two
      outlet passageways 44a and associated nozzles 34a. It is an important
      feature of the present invention, that the cross passageways 32, 32a and
      32b are all defined at the interface between the upper and lower manifold
      members 10 and 12, or 10a and 12a , with the result that the fabrication
      of the arcuate passageway portions associated with each of these members
      is greatly facilitated. These passageways are conveniently fabricated by a
      conventional milling machine or the like, and the linear inlet and outlet
      passageways by a conventional drilling and reaming process. The
      intersections are also configured to reduce fluid friction by the use of
      novel flow splitting or turning devices such as the nuts 40, 40a and the
      collar 50 best shown in FIGS. 3 and 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. A manifold structure for dividing a stream of molten material for
      delivery to the several cavities of a molding machine, said manifold
      comprising:
PA1  a. at least two manifold members one of which members defines an inlet
      passageway of circular sectional area (A), and at least one other manifold
      member defining a plurality (N) of outlet passageways,
PA1  b. a plurality of nozzles carried by said other manifold member and
      communicating with said outlet passageways,
PA1  c. said manifold members having planar mating surfaces which cooperate to
      define at least one circular cross passageway the midpoint of which cross
      passageway communicates with said inlet passageway to define two
      symmetrically arranged arcuate branches, the cross sectional area of said
      cross passageway branches being fractionally reduced from that of said
      inlet passageway inversely as related to the number (N) of such outlet
      passageways,
PA1  d. flow splitting passageway defining means also defined in said planar
      mating surfaces for connecting at least two outlet passageways to said
      cross passageway, said outlet passageways oriented parallel to one another
      and adapted to receive said nozzles perpendicularly with respect to said
      planar mating surfaces,
PA1  e. said cross passageways and flow splitting passageways providing equal
      length paths for said molten material to each of said outlet passageways,
      and
PA1  f. a plurality of elongated heating elements mounted in said one manifold
      member and extending coaxially into said outlet passageways and into said
      nozzles, and a faired collar for each such heating element, each collar
      being of generally annular cross section and including a fillet portion at
      the junction between said flow splitting passageway defining means and
      said outlet passageways to minimize the impedance to the flow of molten
      material being channeled from one to the other of these passageways.
NUM  2.
PAR  2. The manifold structure of claim 1 wherein said flow splitting means
      further includes at least two additional cross passageways each having a
      cross sectional area fractionally reduced from that of said inlet
      passageway and each having its midpoint in communication with the ends of
      said first mentioned cross passageway, said additional cross passageways
      having their respective ends communicating with said flow splitting
      passageway defining means and being defined at the mating surface of said
      two manifold member all of said passageways providing equal length paths
      for said molten material to each of said outlet passageways.
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ABST
PAL  An improved apparatus for forming blow molded articles of enhanced physical
      characteristics by orienting the material during the formation of the
      article. A two-stage blowing operation is provided wherein a pre-form blow
      mold effects a uniform and controllable transfer of heat from a freely
      extruded tube. The pre-form is conditioned, both thermally and
      dimensionally, within the pre-form for most effective orientation during a
      subsequent final blowing operation. Manipulatively, the disclosed method
      provides a completely overlapped pre-blowing and final blowing operation,
      and more than one set of pre-blow and final blow molds may be utilized at
      a single extruder orifice, if desired. Further, the direction and extent
      of movement of the molds adapts the apparatus to presently existing blow
      molding machines, while increasing the machine output. Successively
      utilized blow tubes form and reform the open or blowing end of the tube to
      a final configuration. In the manufacture of containers, the two
      successively utilized blow tubes form an accurate, dimensionally stable
      finish for a bottle while also severing any neck flash from the finish.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of my copending application, Ser. No. 359,062, filed
      May 10, 1973, now abandoned, which is a division of my copending
      application, Ser. No. 103,624, filed Jan. 4, 1971, now U.S. Pat. No.
      3,767,747.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art contains several examples of attempts to utilize the
      phenomenon of bi-axial orientation in thermoplastic material for the blow
      molding of various articles. For example, U.S. Pat. Nos. 3,311,684;
      3,470,282; 2,919,462, and 3,337,666 provide various blow molding
      arrangements. Generally, the prior art processes attempt to cool a parison
      to a uniform orientation temperature, stretch the parison and then blow
      the stretched parison into a container. Alternatively, other proposals
      involve the injection molding of a parison, the cooling and the reheating
      of the injections molded parison, and the blowing of the reheated parison
      to its final configuration.
PAR  Such processes and the apparatus for implementing these processes are ill
      adapted to high production rates. Furthermore, such processes are not
      adaptable to conventional, free extrusion blow molding machines now in use
      in many blow molding operations.
PAR  In view of the very substantial advantages residing in blow molding under
      conditions conductive to bi-axial orientation, there does exist a need for
      a practical, rapid, efficient blow molding apparatus which is adaptable to
      the over-all free extrusion blow molding technique. If such apparatus
      would, at the same time, eliminate extraneous flash from the article, e.
      g., at the neck, handle and bottom portions of a bottle, a long standing
      need in the art would be satisfied.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention now proposes a blow molding apparatus which is an
      improvement over the so called "free-extrusion" blow molding machines
      wherein a pendant tube of thermoplastic material is issued from a
      downwardly facing orifice. This is probably the simplest form of blow
      molding machine, and such machines are in wide usage.
PAR  In essence, the apparatus of this invention forms a plastic article, such
      as a bottle or the like, by the performance of two successive blowing
      operations upon a section of such a freely extruded pendant tube. The blow
      molds are shiftable into and out of registry with the tube, preferably in
      a linear path which is inclined so as to include both horizontal and
      vertical components of movement. This same type of linear, inclined
      movement has been earlier utilized in known blow molding machines, for
      example, in machines manufactured and sold by Bekum Maschinen-Vertrief of
      Berlin, Germany. Of course, other mold movements, either linear or rotary,
      can be utilized, but the herein disclosed specific inclined movement is
      preferred for modification of known machines of the "Bekum" type.
PAR  The shiftable blow molds include openable and closable blow mold sections
      which move transversely of their path of linear, inclined movement, and
      such blow molds are provided in pairs. One mold of the pair of blow molds
      is a pre-form mold having an interior body-defining blow cavity which
      corresponds generally to the shape of the final article, but of
      substantially smaller dimensions. In the manufacture of a bottle, the
      bottle neck in the pre-form mold is an exact duplicate of the final
      non-blown bottle neck. The second mold of the pair of blow molds has an
      interior cavity which conforms exactly to the size and shape of both the
      body and the neck of the finished article.
PAR  In operation, the pre-form mold is closed on the pendant tube hanging from
      the extrusion orifice, the closure of the pre-form mold pinching the tube
      shut to form a blowable bubble or parison. The tube entrapped in the
      pre-form mold is then moved with the mold laterally and vertically away
      from the location of the extruded tube, and a first blow tube is inserted
      into the portion of the tube protruding from the pre-form mold. Insertion
      of the first blow tube compression molds the neck of the container and air
      under pressure is introduced into the parison to inflate the same to the
      configuration of the pre-form mold. During blowing of the pre-form and
      during the residence time of the pre-form in the pre-form mold, the
      pre-form is being cooled.
PAR  After the desired amount of cooling has been accomplished in the pre-form
      mold, the pre-form mold is opened, and the pre-form is retained in
      position on the first or pre-form blow tube. The open pre-form mold is
      then shifted into alignment with the next successive tubular extrusion at
      the extrusion orifice, leaving the pre-form on the blow tube. The final
      blow mold is then closed on the pre-form, the first blow tube is retracted
      and the pre-form is retained interiorly of the blow mold. The blow mold,
      with the entrapped pre-form, is then moved into alignment with a final
      blow tube which is inserted into the preform. Air under pressure through
      the final blow tube inflates the pre-form to the exact shape of the final
      article.
PAR  The amount of cooling of the plastic material during the extrusion of the
      tube, the time of retention of the plastic material in the pre-form mold
      and the time of transfer of the pre-form to the final blow mold for
      blowing are all carefully correlated with the wall thickness of the
      pre-form and of the final article and with the material utilized in the
      operation, so that the final blowing is accomplished under conditions most
      conducive to orientation. Such conditions exist when the average wall
      temperature of the pre-form at the time of blowing is at a temperature
      within the range defined from the crystalline melting point of the
      material plus 20.degree. F. to the crystalline freezing point of the
      material minus 20.degree. F. At these temperatures, the maximum
      orientation of the material is developed and the full benefits of bi-axial
      orientation during blowing are obtained. Further, the size and shape of
      the pre-form is carefully correlated with these characteristics of the
      final article. Preferably, the shape of the pre-form is such that the side
      walls of the pre-form will all be expanded to substantially the same
      extent during the final blowing operation, so that the walls are
      bi-axially oriented to a uniform degree. In this manner, thick and thin
      spots in the side walls are avoided, and the occurrence of non-oriented or
      over-oriented localized areas is avoided. Of course, variation can be made
      to provide thickened portions in the walls or other portions of the
      article, less orientation in selected areas, etc.
PAR  The present invention contemplates a specific apparatus for forming and
      then reforming those portions of the article which are contacted by the
      blow tube for both the pre-form and the final article. By utilizing the
      herein suggested apparatus in connection with the specific blow pipe
      arrangement, one can form a container or the like which is free of neck
      flash, thus eliminating a subsequent post-blowing operation.
PAR  Similarly, that portion of the extruded tube which is pinched shut in the
      pre-form mold forms bottom flash on the container. By removing the bottom
      flash after the pre-form is blown to shape, this flash does not interfere
      with the subsequent final blowing operation and the final article is free
      of bottom flash.
PAR  Generally, the present invention provides for the pre-form molds and the
      blow molds to be jointly displaceable relative to the extrusion orifice,
      with the pre-form sections being openable and closable jointly with the
      final mold sections. This arrangement not only simplifies the mold
      actuating mechanism, it also insures accurate registry of the blow molds
      with their respective blow tubes and accurate registry of the compression
      molded portions of the container with the appropriate portions of the blow
      mold sections, and a completely overlapped, efficient molding operation is
      obtained.
PAR  In effect, the present invention sub-divides the blowing and cooling of the
      extruded tube into two successive blowing and cooling operations. This
      means that the residence time of the tube in the blow mold is reduced by
      one-half, and by accurately overlapping the two blowing and cooling
      operations, the cycle time is reduced by approximately 50%. Further, it is
      possible to utilize multiple sets of molds, each set including a pre-form
      mold and a final blow mold. By alternately advancing the pre-form molds of
      two such sets of molds into alignment with the extrusion orifice, the
      production capacity of a blow molding machine can again be doubled.
PAR  It is, therefore, an important object of the present invention to provide
      an improved apparatus for blow molding articles from a tube depending from
      an extrusion orifice by enclosing and blowing the tube in a pre-form mold,
      and transferring the blown pre-form to a final blow mold wherein the
      article is blown to its final configuration under conditions conducive to
      bi-axial orientation of the material constituting the article.
PAR  Another important object of this invention is the provision of an apparatus
      for blow molding articles from a tubular parison and including
      consecutively utilized pre-form and final blow molds, and individual blow
      tubes for the tube molds to aid in transferring the blown pre-form to the
      final blow mold and to provide a flash-free opening in the blow molded
      article.
PAR  It is a further important object of this invention to provide an apparatus
      for making blown articles wherein a parison of thermoplastic material is
      blown into a pre-form of generally the same configuration as the final
      article, but of substantially less size, and the final article is blown
      from the pre-form as the pre-form walls are at a temperature ranging from
      the crystalline melting point of the material plus 20.degree. F to the
      crystalline freezing point of the material less 20.degree. F.
PAR  Yet another, and no less important, object of this invention is the
      provision of an apparatus for the manufacture of blown thermoplastic
      articles wherein a freely extruded tube is formed into a blowable parison
      interiorly of a pre-form mold, a blow tube is inserted into the parison
      and the parison is blown to its pre-formed shape, following which the
      pre-form is transferred on its blow tube to a blow mold cavity of larger
      size than the pre-form but of substantially the same shape, and the
      pre-form is blown interiorly of the blow mold to the final configuration
      of the article while the pre-form walls are at an average temperature most
      conductive to bi-axial orientation.
PAR  Other and further objects of the present invention will become apparent
      from the following description.
DRWD
PAC  AS SHOWN IN THE DRAWINGS
PAR  FIG. 1 is a plan view of a blow molding machine of the present invention;
PAR  FIG. 2 is a side elevational view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a front elevational view, with parts broken away and in section,
      of the apparatus of FIGS. 1 and 2 and showing one adjusted position of the
      apparatus;
PAR  FIG. 4 is a view similar to FIG. 3 showing a different adjusted position of
      the apparatus;
PAR  FIG. 5 is a view similar to FIGS. 3 and 4 and illustrating a different
      adjusted position of the apparatus;
PAR  FIG. 6 is a view similar to FIGS. 3 through 5 and showing yet another
      adjusted position of the apparatus; and
PAR  FIGS. 7 through 12 are fragmentary, enlarged sectional views, with parts
      shown in elevation, of the blow tube and mold arrangement of the present
      invention and capable of forming and reforming a portion of an article
      made in the apparatus of FIGS. 1 through 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrated in FIGS. 1 through 6, reference numeral 20 refers generally
      to a blow molding apparatus of the present invention. This blow molding
      apparatus 20 includes a conventional screw-type extruder with the
      necessary drive mechanism associated therewith, the extruder mechanism
      being generally indicated by reference numeral 21 and being capable of
      issuing a pendant tube 22 therefrom.
PAR  Positioned generally below and laterally to either side of the pendant tube
      22 are blow mold assemblies indicated generally at 25. For purposes of
      illustration, these blow mold assemblies 25 are indicated schematically as
      comprising a pair of relatively massive side support plates 26 joined by
      transverse bar 27 to be moved in unison toward and away from the vertical
      plane of the pendant tube 22 by actuating cylinders 28, the cylinders
      having their piston rods 29 connected to the bars 27. This will be readily
      apparent from a comparison of FIGS. 3, 4, 5 and 6. The cylinders 28 move
      the mold assemblies 25 in an inclined path having both vertical and
      horizontal components relative to the location of the extruder 21. The
      inclined paths of the mold assemblies 25 are defined by similarly inclined
      fixed guide tracks 25a receiving rollers 25b carried by the side plates
      26, respectively.
PAR  The massive side plates 26 each carry a transversely extending guide rod 30
      which is fixed to the plates and which serves to carry mold support plates
      31 transversely movable toward and away from one another between the fixed
      side plates 26. Such transverse motion is effected by mold actuating
      cylinders 32 mounted on each of the side plates and having their piston
      rods projecting through the side plates and attached to the mold plates
      31. Of course, other actuating means for the plates 31 may be utilized,
      such as a single cylinder 32 and an equalizing chain, etc.
PAR  Mounted on the mold plates 31 for displacement therewith are separate pairs
      of pre-blow mold sections 35 and blow mold sections 36. It will be
      appreciated that pre-blow molds 35 and the blow molds 36 are provided in
      matched pairs and that one set of blow mold sections 35 and one set of
      pre-blow mold sections 36 are opened and closed in unison by the
      appropriate cylinders 32.
PAR  As schematically represented in FIGS. 3 through 6, each set of the pre-blow
      molds cooperate to define an interior pre-blow cavity 37, while each set
      of the blow molds 36 cooperate to define an interior final mold cavity 38
      which conforms in all particulars to the final shape of the article being
      blown. In the illustrated embodiment of the invention, the blown article
      is a bottle and the blow mold cavity 38 accurately defines the body and
      neck or finish of the bottle. The pre-blow mold cavity 37 has a neck or
      finish portion (hereafter described in detail) which conforms to the neck
      of the finished article, but the body portion or the blow portion of the
      pre-blow mold cavity 37 is substantially smaller than (1) the body portion
      of the blow mold cavity and (2) the body section of the blown and finished
      bottle. Additionally, the pre-blow mold 35 is provided with a pair of
      pivoted inserts, schematically shown at 39, which engage the bottom waste
      of "tail" portion of the blown pre-form and which are pivotally moved
      relative to the remainder of the pre-blow mold following the pre-blowing
      of the parison to remove the "tail", as is well known in the prior art.
PAR  Generally overlying each set of molds (comprising a pre-blow mold 35 and a
      blow mold 36) is a blow tube arrangement indicated generally and
      schematically at 40. Each such blow tube arrangement comprises the support
      plate 41 mounted at the lower end of an actuating rod 42 forming a part of
      an actuating cylinder 43 fixed to an overhead support, as schematically
      indicated at 44. Superimposed on the support plate 40 is a pair of blow
      tube actuating cylinders 45 from each of which depends a blow tube 46, 48,
      the blow tubes extending through the plate 41 and being connected to a
      supply of blow air under pressure. Mounted on the underside of the support
      plate 41 and adjacent the blow tube 48 for each of the blow molds 36 is a
      stripper plate 47.
PAR  As thus described and as schematically illustrated in FIGS. 1 through 6,
      the apparatus of the present invention is quite similar to free extrusion
      blow molding machines manufactured by Bekum Maschinen-Vertrieb under the
      classification "Bekum 120". The Bekum 120 machine does not utilize a
      pre-blow machine or a pre-blow mold such as the mold 35, but rather the
      Bekum machine utilizes one or more identical blow molds, such as the molds
      36. Further, the blow tubes 46 in the Bekum machine are not individually
      and independently actuated, but rather are simultaneously actuated for
      blowing.
PAR  In other words, in the conventional Bekum machine, the pendant freely
      extruded tube is simply enclosed within a blow mold, a blow tube is
      inserted into the tube and the tube is blown interiorly of the single blow
      mold. Further, if more than one article is to be blown at a time with the
      Bekum machine, more than one tube 22 must be extruded. However, the
      actuating arrangement for the molds including the actuating cylinders 28
      and the diagonal path of movement of the mold carriage comprising the
      support plates 26 and the bar 27 of the present invention are generally
      similar to those of the Bekum machine.
PAR  Turning now to the operation of the over-all machine illustrated in FIGS. 3
      through 6, it will be seen from FIG. 3 that both of the sets of molds 35
      and 36 have been moved from the extrusion location and a pendant tube 22
      for the next blowing operation is being extruded from the extruder 21.
PAR  Next, the left hand molds 35 and 36 are opened by actuation of their
      cylinders 32 and the mold carrying side plates 26 and the molds are then
      moved diagonally upward and to the right to the position illustrated in
      FIG. 4 of the drawings. To accommodate such movement of the mold assembly,
      the corresponding cylinder 43 is actuated to retract the support plate 41
      and the blow tubes 46, 48 upwardly. Of course, opening of the mold
      sections 35 and 36 suspends the previously blown pre-form 50 and the final
      blown article 51 intermediate the opened mold sections with the blown
      pre-form 50 and the blown article 51 remaining on their corresponding blow
      tubes 46. Upward retraction of the cylinder 43 moves the blow tube
      assembly out of the path of movement of the blow molds.
PAR  The mold assembly 25 moves to the right to an extent such that the cavity
      37 of the pre-blow mold 35 is aligned vertically with the pendant tube 22.
      Further, the movement of the blow mold assembly 25 to the right aligns the
      pre-blown shape 50 with the blow mold cavity 38, the cylinder 45 for the
      blow tube 46 being actuated to adjust the height of the pre-blown shape 50
      properly with respect to the height of the cavity 38. The completely blown
      article 51 is positioned exteriorly of the blow mold assembly 25.
PAR  Summarizing the operations performed in the transition from FIG. 3 to FIG.
      4 of the drawings, it will be seen that the following steps are carried
      out: (1) Blow mold assembly 25 is opened by cylinders to separate the mold
      sections defining the pre-form cavity 37 and the blow mold cavity 38; (2)
      Cylinder 43 is actuated to move the blow tube support plate 41 out of the
      path of movement of the blow molds 25; (3) The pre-blown shape 50 and the
      blown shape 51 are retained on the blow tubes 46, 48; (4) As the blow mold
      assembly 25 is shifted to the right and upwardly by actuation of cylinder
      28 to align the pre-blow cavity 37 with the extruded tube 22; (5) The same
      shifting motion moves the blow mold cavity 36 into alignment with the
      pre-blown shape 50 still retained upon its blow tube 46; and (6) The fully
      blown shape 51 is disposed exteriorly of the blow mold assembly 25 on its
      blow tube 48 in vertical alignment with the stripper 47.
PAR  Next, transition is made from that adjusted position of the apparatus of
      FIG. 4 to that adjusted position illustrated in FIG. 5 of the drawings. To
      carry out this transition, the pre-blow mold sections 35 are closed on the
      pendant tube 22 and the blow mold sections 36 are closed on the pre-blown
      shape 50. This step is carried out by actuation of the cylinders 32. Next,
      the blow tubes 46, 48 are both retracted upwardly. Retraction of the right
      hand blow tube 46 withdraws the blow tube from the shape 50, leaving the
      pre-blown shape 50 suspended freely within the blow mold cavity 38. The
      retraction of the left hand blow tube 48 from the finally blown article 51
      contacts the bottle neck or finish portion of the article 51 with the
      stripper plate 47 and allows the finished article 51 to fall from the
      molding apparatus. Of course, the closure of the pre-blown mold sections
      35 on the tube 22 pinches the lower open end of the tube 22 between the
      pivoted "tail" -- removing plates 39. This closure of the open end of the
      tube makes a blowable parison shape which can be subsequently inflated at
      the next stage of the operation. After the closing of the pre-blown mold
      sections 35 on the tube 22, the tube knife 49 severs the tube above the
      closed pre-form mold sections.
PAR  In the next stage of the operation, the blown assembly 25 is moved to the
      left by retraction of the piston rod 29 upon actuation of the cylinder 28,
      the closed mold sections 35 carrying with them the pinched, blowable tube
      therebetween and the closed blow mold sections 36 retaining therein the
      pre-blown section 50. When the position of FIG. 6 has been attained, the
      cylinder 43 is actuated to lower the blow tube plate 41, and the
      individual blow tubes 46, 48 are lowered by the cylinders 45 for insertion
      into the cut, blowable tube in the pre-blow mold sections 35 and into the
      pre-blown shape 50 in the blow molds, respectively. Next, blow air is
      passed through the blow tubes 46 to blow the tube and the pre-mold to the
      configurations illustrated in FIG. 6. The cycle is then repeated.
PAR  Thus, it will be apparent that the ultilization of the two sets of molds
      (ie, a left hand set consisting of the pre-blow mold 35 and the blow mold
      36 and a right hand set consisting of a second pre-blow mold 35 and a
      second blow mold 36) results in a completely overlapped operation wherein
      substantially continuous operation is insured and maximum utilization of
      the capability of the extruder 21 to dispense the pendant tube 22 is
      obtained. Equally important is the fact that the utilization of
      consecutive preblowing and blowing operations reduces the cycle time by
      one-half.
PAR  The pre-blow operation, of course, extracts heat from the extruded tube
      which is pinched shut within the pre-blow mold. This means that less heat
      must be extracted in the final blow mold, and the cooling of the extrudate
      in two stages cuts the over-all residence time in the final blow mold to
      about one-half of that required in a single stage blow molding operation.
PAR  However, the greatest advantage of the present invention lies in the fact
      that it is now possible to blow mold at a temperature which is most
      conductive to bi-axial orientation of the material being molded. The
      theory and advantages of bi-axial oriented molded plastic articles are
      well known by this time. The substantial increases in strength, the
      avoidance of localized weakened portions in the molded article, and the
      more efficient utilization of the material constituting the article have
      been well established.
PAR  It has been found that the most efficient orientation of material in a blow
      molding operation occurs where the material is stretched by blowing while
      the material is at that average wall temperature (i.e., temperature
      throughout the thickness of the wall) which is most conducive to
      orientation. The average wall temperature for each essentially crystalline
      polymer material lies intermediate the crystalline melting point of the
      material plus 20.degree. F, and the crystalline freezing point of the
      material less 20.degree. F. With respect to essentially amorphous
      polymers, such as polyvinyl chloride and polystyrene, the glass transition
      temperature is utilized, rather than crystalline melting and freezing
      temperatures. For high density polyethylene (having a density lying
      between 0.954 and 0.970) it is preferable to operate at a temperature of
      250.degree. F plus or minus 20.degree. F. For polyvinyl chloride and
      polystyrene the ideal orienting temperature is 205.degree. F plus or minus
      25.degree. F. For polypropylene, the ideal temperature is 310.degree. F
      plus or minus 30.degree. F.
PAR  The present invention makes possible the utilization of this phenomenon by
      initially only partially expanding the parison with the pre-blow mold to
      initially cool the article to a temperature within 20.degree. F of its
      crystalline melting point and then blowing the article to its final
      configuration while it is within the above recited temperature range and
      while the maximum degree of orientation can be obtained. Of course, the
      only temperature which is important is the temperature at the time the
      extrudate is actually blown to its final configuration in the final blow
      mold. The rheological history of the pre-blown shape is of no substantial
      importance, but the attainment of a temperature related to the melting
      point and freezing point as above defined at the exact moment of blowing
      is important. Thus, all of the cooling which takes place during extrusion
      of the tube, enclosure of the tube within the pre-blow mold, the
      pre-blowing, the transfer to the final blow mold and the residence time in
      the final blow mold prior to blowing are all calculated to yield the
      pre-blown shape, at the moment of blowing, at an average wall temperature
      at which orientation can be best carried out and the greatest strength
      obtained in the blown container.
PAR  Further, by correlating the shape of the pre-blown intermediate with
      respect to the shape of the final blown article. it is possible to
      uniformly orient all portions of the bottle, so that all portions of the
      bottle become uniformly stretched and uniformly oriented during the final
      blowing operation within the critical temperature range. Thus, the shape
      of the pre-form will vary with the shape of the final bottle. This factor
      in and of itself introduces a new element of flexibility into the
      designing of blow molded plastic bottles capable of exhibiting the maximum
      physical characteristics for the material being blown. In other words, by
      using the pre-blow technique of this invention, one can obtain uniform
      orientation and uniformly high physical properties in bottles of complex
      shape and of widely varying cross sectional dimensions.
PAR  Turning now to FIGS. 7 through 12, there is illustrated in greater detail a
      preferred neck-forming apparatus for utilization with the overall forming
      apparatus illustrated in FIGS. 1 through 6. While the apparatus of FIGS. 1
      through 6 can be utilized for blow molding of any desired article, the
      apparatus of the present invention is particularly adapted to the
      formation of bottles, jugs, or the like provided with a "finish" or neck
      having exterior threads and an accurately formed pouring lip. That portion
      of the apparatus illustrated in FIGS. 7 through 12 is particularly adapted
      to the formation of this type of finish and this type of pour lip.
PAR  As indicated generally on FIGS. 3 through 6 and specifically in FIGS. 7 and
      8, the pre-form mold sections 35 are provided with sectional,
      semi-cylindrical finish inserts 60 which are seated in recesses formed at
      the upper confronting portions of the pre-form molds 35. These recesses
      are provided by horizontal ledge surfaces 35a which are semi-circular in
      shape and by vertical surfaces 35b which are semi-cylindrical in shape.
      The semi-cylindrical inserts 60 are retained in place by conventional
      means (not shown). The interior surfaces of the insert 60 defines a
      complete cylindrical wall 61 provided with radially outwardly extending
      recesses 62 conforming to the threads to be formed on the neck or finish
      of the container.
PAR  Superimposed on the finish inserts 60 are striker inserts 63 which are
      generally semi-cylindrical in configuration and which have interior
      surfaces 64 forming continuations of the surfaces 61 and upwardly opening,
      radially enlarged recesses 65 for a purpose to be hereafter more fully
      described. The blow tube 46 which cooperates with the finish insert 60 to
      form the bottle finish is provided with a reduced diameter, lower
      extremity 70 joined to the blow tube 46 through a radially outwardly
      extending shoulder 71 (FIG. 8). The blow tube 46 and the lower end 70
      thereof serves to define an interior air passage 72 open at its lower end
      onto a smoothly rounded lower extremity 73.
PAR  Surrounding the reduced lower end 70 of the blow pipe 46 and seated against
      the shoulder 71 is a forming sleeve 75 which is telescoped into the recess
      65 of the striker block 63. This sleeve 75 is provided with a lower
      arcuate recess 76 terminating in a sharpened cutting edge 78.
PAR  In operation, anb by a comparison of FIGS. 7 and 8, it will be seen that
      the tube 22 as extruded has an outside diameter slightly smaller than the
      outside diameter of the finish, which outside diameter is determined by
      the combined diameter of the semi-cylindrical surfaces 61 of the finish
      inserts 60. Further, the tube, as extruded and cut, has a flared open
      upper end 22a into which the lower extremity 70 of the blow tube 46 is
      inserted. To facilitate entry of the blow tube into the extruded tube 22,
      blow air may be emitted from the blow tube as it is lowered into the tube
      22 to retain the end 22a open.
PAR  The blow tube 46, of course, is lowered into the blow tube 22 by the
      cylinder 45 only after the extruded tube 22 has been entrapped within the
      pre-form mold 35 and pinched shut by the mold inserts 39, and then only
      after the pre-form mold sections 35 have been moved to their position of
      FIG. 3 by retraction of the cylinders 28. Thus, when the blow tube
      extension 70 is lowered into the extruded tube 22, the tube is expanded
      radially by the extension 70 which has an exterior diameter larger than
      the interior diameter of the tube. The entry of the extension 70 into the
      tube thus compression molds the finish of the container. Contact of the
      sleeve 75 with the flared open upper end 22a of the tube will shape a
      portion of the tube forced into the recess 76 to a convex or "crowned"
      configuration, indicated by reference numeral 77. The tube 22 is engaged
      outwardly of this convex portion 77 by the severing edge 78 of the sleeve
      75 to substantially completely sever the flared waste or end portion 79 of
      the tube from the blown and compression formed remainder of the tube.
PAR  Thus, at the conclusion of the steps illustrated in FIGS. 7 and 8 of the
      drawings, the threaded portion of the finish of the final container has
      been compression formed by the blow tube 46 and the reduced end 70 thereof
      cooperating with the finish inserts 60. That portion of the tube which
      will ultimately form the lip or pouring edge of the container has been
      preformed to a convex shape by the sleeve 75 and the waste portion 79 of
      the container has been substantially severed from the container lip, but
      not completely severed therefrom.
PAR  Next, the blow air through the blow tube 46 is shut off, the mold sections
      35, 36 are opened, and the mold sections are shifted from their position
      in FIG. 3 to their positions of FIG. 4. At this time, the blow tube 46 and
      the blown pre-form 50 carried thereby is positioned in the blow mold
      cavity 38, as illustrated in FIG. 9. The blow mold sections 36 are
      recessed at the neck region as described in connection with the pre-form
      molds 35 above and identical finish inserts 60 are carried by the blow
      mold sections 36.
PAR  However, different striker insert sections 80 are utilized. As best shown
      in FIG. 9, these striker insert sections 80 carried by the blow mold
      sections 36 are again generally semi-cylindrical in exterior configuration
      and are provided with a lower semi-cylindrical opening 81, registering
      with the openings 61 in the finish insert section 60. Upper, enlarged,
      concave opening 82 joins the opening 81 with an upper, substantially
      enlarged concave portion 83.
PAR  As above described, once the blow molds are closed onto the blown pre-form
      50, the blow tube 46 is retracted and the blow tube 48 is introduced
      thereinto.
PAR  As best illustrated in FIGS. 10 through 12, the blow tube 48 is provided
      with the same lower, reduced extension 71 joined to the blow tube 48 by
      the radially outwardly extending shoulder 71. Encircling the reduced
      diameter extension 70 of the blow tube 48 is a cutting sleeve indicated
      generally at 85, (FIGS. 10-12). This cutting sleeve 85 is provided at its
      lower surface with an outer, upwardly extending recess 86 communicating
      with one or more vertical slots 87 into which project stripping fingers
      88. The purpose of these slots 87 and fingers 88 will later be described.
PAR  The lower extremity of the cutting sleeve 85 is provided with a downwardly
      opening, concave recess 90 surrounded by a sharpened cutting edge 91
      located between the recess of 90 and a cylindrical exterior conical wall
      92 which mates closely with and slides axially into the recess 82 of the
      striker insert 80 heretofore described. A frusto-conical wall 93 joins the
      wall 92 with the exterior recess 86 heretofore described, and this wall is
      interrupted by a locking groove 94.
PAR  Turning now to FIG. 10, it will be seen that the lower reduced projection
      70 of the blow tube 48 enters the pre-form threaded neck which has been
      accurately positioned and retained in place by closure of the finish
      inserts 60 on to the neck. Next, the cutting sleeve 85 telescopes over the
      insert 80, and the recesses 90 and 82 cooperate to restrike or reform the
      previously formed extremity 77 of the bottle to the finally desired
      configuration of the pour lip 96. At the same time, the telescopic
      surfaces 92, 82 and the edge 91 severs from the remainder of the bottle
      those portions of the originally extruded tube lying beyond the pouring
      lip 96, these portions being indicated by reference numeral 95. The
      confining of this waste portion 95 between the surfaces 83 and 93 will
      force a portion of the material into the groove 94, thereby interlocking
      the severed material with the surface 93.
PAR  Upon retraction of the blow tube 48 from its position in FIG. 11 to its
      position of FIG. 12, the heretofore described stripper fingers 88 move
      into and through the slots 87 into contact with the severed waste portion
      95, thus displacing the waste portion from the surface 93. Generally, the
      opening of the blow molds will release the finally formed bottle and the
      final retraction of the blown end extension 70 from the formed neck of the
      finished article will strip the article from the apparatus as has been
      described heretofore in connection with FIG. 5 of the drawings.
      Preferably, the stripping fingers 88 form a part of the stripper plate 47.
PAR  From the foregoing description, it will be appreciated that the two stage
      blowing of the extruded tube 22 carries with it several advantages. Not
      only is the tube conditioned, both dimensionally and thermally for the
      final blowing under conditions most conducive to orientation, but the
      finish of the bottle is pre-formed and then reformed to its final accurate
      shape and any flash or waste at the finish is eliminated. The resultant
      compression forming of the neck and threads, the accurate formation of the
      pouring lip, and the elimination of flash all take place during the
      pre-form blowing and the final blowing of the container and no extra time
      or manipulation is required to carry out these steps. As a consequence,
      the cycle time is not increased by the neck forming and flash severing
      operations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for blow-molding thermoplastic articles having enhanced
      physical characteristics, due to molecular orientation of the articles
      during their formation, said apparatus including means for extruding a
      tubular parison from an orifice at a first station, means for blowing the
      tubular parison into a pre-form at a second station, and means for blowing
      the pre-form into a final article at a third station, said apparatus being
      operable to cool said pre-form prior to blowing said pre-form to said
      final article to an average wall temperature conducive to molecular
      orientation during the blowing at said third station; the improvement
      comprising:
PA1  means for closing a pre-form blow mold onto the parison at said first
      station and means for closing a final blow mold on a previously blown
      pre-form at said second station;
PA1  means for simultaneously conveying said closed molds carrying the parison
      and blown pre-form, respectively, from said first and said second stations
      to said second and third stations;
PA1  means for opening each of said molds;
PA1  and means for supporting said blown pre-form at said second station
      independently of said molds while said open molds are simultaneously
      conveyed back to said first and second stations, respectively.
NUM  2.
PAR  2. In an apparatus for making a blown container of a thermoplastic
      material, said apparatus including an extrusion station for forming freely
      pendant tubes along an extrusion axis, a first station displaced from the
      extrusion axis for blow molding said tubes into pre-forms and a second
      station for blow molding said pre-form into said container, said apparatus
      further including a pre-form mold having an interior cavity and a final
      mold having an interior cavity of the shape and size of the container; the
      improvement comprising:
PA1  means for closing said pre-form mold at said extrusion station to enclose
      said pendant tube therein;
PA1  means for displacing said closed pre-form mold from said extrusion station
      and from the extrusion axis to said first station;
PA1  means for opening said pre-form mold at said first station;
PA1  means for supporting said pre-form at said first station independently of
      said pre-form mold;
PA1  means for closing said final mold on said pre-form supported on said
      supporting means; and
PA1  means for blowing said pre-form interiorly of said closed final mold.
NUM  3.
PAR  3. Apparatus for making a container or the like of a thermoplastic
      material, comprising:
PA1  means for extruding a freely pendant tube from an annular orifice at a
      first station;
PA1  a pre-form blow mold, said mold having an interior cavity;
PA1  means for moving said pre-form blow mold to said first station and for
      enclosing the pre-form blow mold about said tube and for shifting said
      tube in said mold to a second station;
PA1  a first blow tube means selectively insertable into said tube at said
      second station for blowing said tube into a pre-form to fill the interior
      cavity of said pre-form mold;
PA1  said first blow tube means having means for supporting said blown pre-form
      independent of said pre-form mold;
PA1  a final blow mold having an interior cavity the size and shape of the
      container;
PA1  means for moving said final blow mold to said second station and for
      enclosing the blown pre-form within said final mold, and for shifting said
      blown pre-form in said final mold to a third station; and
PA1  a second blow tube selectively insertable into said blown pre-form at said
      third station for blowing said blown pre-form to fill the cavity of said
      final blow mold.
NUM  4.
PAR  4. The apparatus as in claim 3 and further including means for separating
      the tube enclosed in the pre-form mold from the annular orifice at said
      first station.
NUM  5.
PAR  5. The apparatus as in claim 3 wherein:
PA1  said pre-form moving means further moves said pre-form mold from said
      second station back to said first station to enclose another tube while
      said blown pre-form is supported at said second station by said first blow
      tube means.
NUM  6.
PAR  6. The apparatus as in claim 5 wherein:
PA1  said final blow mold moving means further moves said final mold from said
      third station back to said second station to enclose another blown
      pre-form while said container is supported at said third station by said
      second blow tube means.
NUM  7.
PAR  7. The Apparatus as in claim 3 and wherein:
PA1  said pendant tube is being extruded simultaneously with the enclosing and
      moving of a previously extruded tube to said second station and with the
      enclosing and moving of a previously blown pre-form to said third station,
PA1  said first and second blow tube means are simultaneously inserted into a
      previously extruded tube and a previously blown pre-form, respectively;
      and
PA1  said pre-form mold is opened and closed simultaneously with the opening and
      closing of said final mold.
NUM  8.
PAR  8. The apparatus as in claim 3 wherein:
PA1  said second blow tube means is for supporting the container independently
      of said final mold; and
PA1  said container is supported on said second blow tube means at said third
      station simultaneously with a blown pre-form being supported on said first
      blow tube means at said second station and simultaneously with said moving
      of the final blow mold to said second station and said pre-form blow mold
      to said first station.
NUM  9.
PAR  9. The apparatus as in claim 3 wherein said extruded pendant tube is blown
      into a pre-form to fill the interior cavity of said pre-form mold at said
      second station simultaneously with the blowing of a previously blown
      pre-form at said third station into a container to fill the interior
      cavity of said final mold.
NUM  10.
PAR  10. The apparatus as in claim 9 wherein said first and second blow tube
      means are simultaneously inserted into said tube at said second station
      and said blown pre-form at said third station, respectively;
PA1  said first and second blow tube means support a blown pre-form at said
      second station and a container at said third station, respectively, and
      independently of said mold; and
PA1  said first and second blow tube means are simultaneously withdrawn from
      said blown pre-form at said second station and said container at said
      third station after said final blow mold has been moved to said second
      station and enclosed the blown pre-form within its interior cavity.
NUM  11.
PAR  11. Apparatus for making a container or the like of a thermoplastic
      material, comprising:
PA1  means for extruding a freely pendant tube from an annular orifice at a
      first station;
PA1  a pre-form blow mold positionable at a second station, said mold having an
      interior cavity;
PA1  means for transporting said tube to said second station, said pre-form blow
      mold enveloping said tube at said second station;
PA1  first blow tube means selectively insertable into said tube at said second
      station for blowing said tube into a pre-form to fill the interior cavity
      of said pre-form mold and for supporting said blown pre-form independent
      of said pre-form mold;
PA1  a final blow mold having an interior cavity the size and shape of the
      container and positionable at a third station;
PA1  means for transporting said blown pre-form from the second station to said
      third station; and
PA1  second blow tube means for blowing said blown pre-form at said third
      station within said final blow mold.
NUM  12.
PAR  12. Apparatus for making a container or the like of a thermoplastic
      material, comprising:
PA1  means for extruding a freely pendant tube from an annular orifice at a
      first station;
PA1  a pre-form blow mold, said mold having an interior cavity;
PA1  means for moving said pre-form blow mold to said first station, for closing
      the pre-form blow mold about said tube and for shifting said tube in said
      mold to a second station;
PA1  first blow tube means selectively insertable into said tube at said second
      station for blowing said tube into a pre-form to fill the interior cavity
      of said pre-form mold and for supporting said blown pre-form independent
      of said pre-form mold;
PA1  a final blow mold having an interior cavity the size and shape of the
      container and positionable at a third station;
PA1  means for transporting said blown pre-form from the second station to said
      third station; and
PA1  second blow tube means for blowing said blown pre-form at said third
      station within said final blow mold.
NUM  13.
PAR  13. Apparatus for making a container or the like of a thermoplastic
      material, comprising:
PA1  means for extruding a freely pendant tube from an annular orifice at a
      first station;
PA1  a pre-form blow mold, said mold having an interior cavity;
PA1  means for moving said pre-form mold to said first station, for enclosing
      the pre-form blow mold about said tube and for shifting said tube in said
      mold to a second station;
PA1  blow tube means selectively insertable into said tube at said second
      station for blowing said tube into a pre-form to fill the interior cavity
      of said pre-form mold and for supporting said blown pre-form independent
      of said pre-form mold;
PA1  a final blow mold having an interior cavity the shape and size of the
      container and being reciprocable between said second station and a third
      station for enveloping said blown pre-form and accomodating the expansion
      of said pre-form to the size and shape of the container.
NUM  14.
PAR  14. Apparatus for making a container or the like of a thermoplastic
      material, comprising:
PA1  means for extruding a freely pendant tubular parison along an extrusion
      axis from an annular orifice at a first station;
PA1  a pre-form blow mold, said mold having an interior cavity;
PA1  means for moving said pre-form blow mold to said first station, for closing
      the pre-form blow mold about said parison and for shifting said parison in
      said closed mold from said extrusion axis to a second station;
PA1  a blow tube insertable into said parison at said second station for blowing
      said parison into a pre-form to fill the interior cavity of said closed
      pre-form mold and for supporting said blown pre-form independently of said
      pre-form mold;
PA1  means for opening said pre-form mold at said second station to expose the
      blown pre-form supported on said blow tube, and
PA1  a final blow mold closable on said exposed blown pre-form as it is
      supported on said blow tube, said final blow mold having an interior
      cavity the size and shape of the container and the blown pre-form being
      inflatable interiorly of the final mold to form the container.
NUM  15.
PAR  15. In an apparatus for blow molding thermoplastic articles and including
      means for extruding a pendant tubular parison, the improvements of a
      sectional pre-form blow mold, a sectional final blow mold, a reciprocal
      common carrying means for said blow molds, mold opening and closing means
      mounted on said carrying means for reciprocal movement therewith and for
      opening and closing said pre-form blow mold and said final blow mold,
      means for reciprocating said carrying means between two separate positions
      so that the two blow molds are collectively positionable at a total of
      three machine stations including a pair of blowing stations, only the
      pre-form blow mold being positionable at a first of said stations at which
      the parison is extruded, only the final blow mold being positionable at a
      second of said stations spaced from said first station, and both of said
      blow molds being positionable at said third station which is a blowing
      station, pre-form supporting means at said third station cooperable with
      both said pre-form blow mold and said final blow mold as said molds are
      alternately positioned at said third station, said supporting means
      retaining a blown pre-form at said third station (1) as the blow molds are
      opened by said mold opening and closing means to expose the blown pre-form
      intermediate the sections of the pre-form blow mold, (2) as the opened
      blow molds are both reciprocated by said carrying means to position the
      pre-form blow mold at said first station and to position said final blow
      mold at said third station, and (3) as the final blow mold is closed at
      said third station by said closing means to thereby enclose said blown
      pre-form in said final blow mold.
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ABST
PAL  A plurality of compressible chambers dispense measured amounts of dough
      through one or more nozzles suspended universally from the bottom of each
      chamber for swivel movement relative thereto. The nozzles are
      interconnected by a plate movable in a plane to jointly rotate the nozzles
      simultaneously in a circuitous manner as the dough is dispensed to provide
      a predetermined swirl design of the dough as it is dispensed on the moving
      conveyor. The plate includes openings through which the nozzles extend and
      are universally connected. The movement of the plate is responsive to a
      rotating cam which eccentrically drives a follower on the plate to dictate
      the preselected swirl design.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a method and apparatus for automatically
      dispensing measured amounts of food and particularly for dispensing
      predetermined amounts of unbaked dough onto a moving conveyor in a
      commercial oven assembly.
PAR  2. Description of The Prior Art
PAR  Large commercial bakeries depend on highly sophisticated conveyors, ovens
      and related mechanisms for baking and packaging literally thousands of
      cookies or the like in a single day. In spite of the current level of
      automated equipment, however, it has proven extremely difficult to
      massproduce what are known as "swirl" cookies. Swirl cookies are those
      having a very attractive arcuate pattern generally ascending to a peak in
      a shape similar to an Archimedes spiral.
PAR  The general method and approach of the prior art is to rotate a nozzle
      having a configurated opening above the support conveyor to develop a
      circular or cylindrical pattern to the dough being dispensed. If each
      locus point were traced however, a plurality of circles would be developed
      about the axis of rotation since each locus was maintained at a constant
      radius of rotation. This mechanism would not therefore create a swirl
      having a radius changing about the axis of rotation. In addition those
      machines required individual drive mechanisms for each nozzle and was
      therefore extremely expensive.
PAR  One alternative known prior art mechanism achieves a swirl by rotating the
      whole die mechanism through a desired path. This type of mechanism
      requires a substantial drive which is far too complex and expensive. In
      addition, its size and complexity has prevented ready desired speed or
      rate on a mass-production basis. Thus, there is a need in this art for an
      improved dough dispensing device capable of producing a plurality of
      preselected swirl designs on a mass-production basis.
PAC  SUMMARY OF THE INVENTION
PAR  In the preferred embodiment of the invention, cookie dough or the like is
      fed from a hopper into a bank of piston-like chambers which include one or
      more nozzles depending therefrom. Dough in measured amounts is deposited
      onto a moving conveyor beneath the nozzles by piston-like action of the
      chambers which compress to urge the measured amount of dough through the
      nozzles.
PAR  In accordance with the invention, the nozzles are universally mounted to
      the chambers so that the nozzle axes along which the dough is dispensed
      can be swiveled freely at an angle to a generally vertical axis. The
      nozzle axis is projected at a constant angle to the vertical subscribes
      the evolution of a cone. The nozzles are interconnected by a planar means
      preferably in the form of a plate through which the nozzles extend and are
      universally connected to the plate so that as the plate is driven
      arcuately in a plane, the nozzles are likewise rotated simultaneously to
      deposit dough smoothly in a swirled design.
PAR  In the preferred embodiment, each locus point of each nozzle as it is
      rotated changes its position relative the axis of rotation so that a
      plurality of swirls similar to an Archimedes spiral are developed.
      Depending on the degree and direction of rotation, an infinite number of
      very artistic swirl designs for cookies can be achieved in an economic and
      very fast mass-produced basis not heretofore possible.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a dough dispensing device
      utilizing the invention;
PAR  FIG. 2 is a fragmentary perspective view of the drive mechanism for
      actuating the device of the invention;
PAR  FIG. 3 is a perspective view of a barrel cam forming part of the drive
      mechanism;
PAR  FIG. 4 is a perspective view illustrating the underside of the bank of
      nozzles;
PAR  FIG. 5 is a fragmentary top view of the bank of nozzles illustrating the
      injection chambers of the invention;
PAR  FIG. 6 is a fragmentary cut-away view similar to FIG. 5 with the nozzles
      removed;
PAR  FIG. 7 is a fragmentary cross-sectional view taken along line VII--VII of
      FIG. 6;
PAR  FIG. 8 is a fragmentary cross-sectional view taken along line VIII--VIII of
      FIG. 6;
PAR  FIG. 9 is a fragmentary cross-sectional view taken along line IX--IX of
      FIG. 6;
PAR  FIG. 10 is a fragmentary partial cross section view similar to FIG. 9 of an
      alternative embodiment; and
PAR  FIG. 11 is a schematic view of the movement of the nozzle driven in
      accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail, FIG. 1 illustrates the machinery
      10 in which the dough dispensing device 30 (FIG. 4) is mounted for
      dispensing a plurality of predetermined volumes of dough onto moving
      conveyor 12 preparatory to baking same.
PAR  The machinery 10 includes a hopper 14 in which the dough is initially
      deposited. Rotatably mounted beneath hopper 14, are a pair of feed rolls,
      only one roll 16 of which is shown in FIG. 1. These feed rolls form a nip
      through which dough is fed into a bank of cylindrically shaped injection
      chambers 32 illustrated in FIGS. 5-7. The chambers 32 are interconnected
      together by a support plate 86 referred to as a compression plate for
      reasons described hereinafter. When inserted in machinery 10, the
      orientation of the chambers is as shown in FIG. 7, the feeding rolls being
      positioned just above the upper open end of chambers 32 so that by
      rotation of the rolls each chamber 32 is loaded by compression with dough.
PAR  Briefly, with reference to FIG. 7, the bottom of each chamber is closed by
      a bottom plate 34 having a plurality of openings 36 (FIG. 6) in which are
      anchored a respective plurality of nozzles 40. The dough loaded in each
      chamber 32 is dispensed downwardly onto conveyor 12 through the plurality
      of nozzles 40 which are actuated in a novel fashion as described
      hereinafter.
PAR  The annular side walls of each chamber 32 includes an annular wall portion
      37 (FIG. 7) secured to compression plate 86 and a movable wall portion 38
      telescopically fitted within wall 37 and movable longitudinally in the
      direction of the generally vertical axis "A" of chamber 32. The movable
      wall 38 includes an annular shoulder 42 in abuttment with a plate 44.
      Plate 44 (FIG. 1) is mounted within machinery 10 immediately beneath a
      rotatable shaft 46 having mounted thereon a plurality of cams 48. These
      cams are eccentric such that when the shaft 46 is rotated, the cam lobe
      portion (not shown) of each cam drives plate 44 upwardly to lock plate 44
      to the machine.
PAR  Referring to FIG. 7, compression plate 86 is based by spring 50 at each end
      into the expanded position illustrated in FIG. 7. When compression plate
      86 is pushed upwardly by a cam mechanism within the machine (not shown) a
      measured amount of dough is deposited on conveyor 12 through each nozzle
      40. The cam engagement in the machine for upward movement of plate 86 is
      released rapidly so that springs 50 provide a quick return of compression
      plate 86 to the position shown creating a vacuum in chamber 32 and the
      passageway portion 52 of each nozzle 40 causing a very effective vacuum
      cutoff at the nozzle discharge orifice 54.
PAR  Referring now to FIGS. 7 and 9, each nozzle 40 includes a flow passageway
      52 which tapers downwardly to a configurated discharge orifice 54. The
      discharge portion 55 of the nozzle is in the form of a nose portion which
      is held in abuttment with the forward end 56 of nozzle 40 by a threaded
      cap 58. This permits nose portions of different design and dimension to be
      readily attached to the nozzle 40 depending upon the desired configuration
      of the dough to be deposited on support 12. Thus, cap 58 is simply
      threaded off the forward end 56 and the desired nose portion 55 is
      inserted by rethreading it back on.
PAR  The outer periphery of each nozzle 40 includes a pair of longitudinally
      spaced annular ring portions 60 and 62 which are encapsulated within
      respective socket portions 64 and 66. The ball and socket relationship
      between rings 60, 62 and sockets 64, 66 permits movement of nozzle 40
      rotationally or pivotally about a vertical axis or circumferentially about
      the nozzle axis "AA" as well as pivotal or swivel movement B passing
      through the locus point 68 (FIGS. 9 and 11) which is the center of FIG.
      62. Actually, the nozzles do not rotate circumferentially in sockets 64
      and 66 since the compression force exerted on the dough seats the nozzle
      firmly therein although it will pivot. This facilitates the swirl effect
      as illustrated hereinafter.
PAR  The socket portions 66 are anchored to the bottom wall 34 of chamber 32
      such that each nozzle 40 is free to rotate pivotally about locus point 68
      shown in FIG. 9. The socket portions 64 are held within openings 69 formed
      in a movable plate 70 spaced from the bottom 34 of chamber 32. The
      actuation of plate 70 will be described in more detail hereinafter.
PAR  The annular socket rings 64 are held within openings 69 by a pair of snap
      rings 72 and 72a shown in FIG. 9. The ball ring 62 is formed integrally
      with nozzle 40 while ball ring 60 is preferably separate therefrom. It
      slips over the forward end 56 of nozzle 40 and seats against a shoulder 74
      and is held securely to the nozzle body by a snap ring 76. The nozzle can
      be quickly dismantled for cleaning. Release of snap ring 76 permits
      removal of socket portion 64 and ball ring 60 after cap 58 is removed. The
      rings 72, 72a also index the nozzle relative compression plate 86 and
      movable plate 70. The entire nozzle can be removed upwardly through
      opening 36 by removing seal 134 (FIG. 9) and canting the nozzle so that
      ball ring 62 clears opening 36. Socket portion 66 may also be removably
      connected to compression plate 86 by an appropriate mechanica fastener.
PAR  The ball-socket formed by ring 60 and socket 64 likewise permits free
      rotation pivotally about vertical axis BB which passes through the ring
      center 78. Each nozzle is also capable of swivel movement about locus 78
      at an angle of incline to vertical axes B or BB in the same manner that
      the nozzle is rotatable and pivotal about locus point 68 described above.
      However, the securement of nozzles 40 in two separate ball-socket
      arrangements causes an inter-relationship in the free movement thereof
      which will be described hereinafter.
PAR  As will be described hereinafter, the controlled movement of each nozzle 40
      simultaneously in joint action with the remaining nozzles is provided by
      the controlled movement of plate 70 which is movable within the plane of
      the plate. This movement of plate 70 relative to the remainder of
      dispensing device 30 provides a predetermined circuitous swirl design of
      the dough as it is dispensed through each nozzle.
PAR  Referring now in detail to FIG. 4, the device 30 is illustrated in
      perspective rotated so that it is viewed from the bottom which would
      normally be facing downwardly within machinery 10. The movable plate 70 is
      illustrated in FIG. 4 as is the plurality of nozzles 40 which protrude
      through each respective opening 69 in plate 70. The bank of nozzles
      extends widthwise over conveyor belt 12 to deposit individual amounts of
      dough along the entire width of the belt. FIG. 5 illustrates the device 30
      fragmentarily from the rear also in the rotated position of FIG. 4. Thus,
      the orientation of each chamber 32 is illustrated showing four nozzles
      extending downwardly from each bottom wall 34 of chamber 32 spaced
      radially and circumferentially equal distances. It will be appreciated
      that any practical number of nozzles could be suspended from each chamber
      and there may be instances where only one nozzle or one chamber is used.
      The sizes could easily be varied.
PAR  Referring to FIGS. 4-6, a drive shaft 80 is mounted in a pair of spaced
      bearings 82 and 84 anchored to each end of compression plate 86.
      Compression plate 86 also serves as a mounting plate and is receivable
      within a pair of guide tracks (not shown) in the machinery 10 so that the
      entire device 30 can be easily inserted over conveyor 12 or removed from
      the machinery for repair or cleaning. The drive shaft 80 illustrated in
      FIGS. 1 and 4 is releasably connected through a universal joint 86 to a
      drive mechanism 90 illustrated in FIGS. 1 and 2.
PAR  The drive mechanism 90 illustrated in FIG. 2 is for the most part
      conventional and need not be described in detail. A gear reduction box 92
      has an output shaft 94 which is connected to the input end 87 of shaft 80
      when the dispensing device 30 is properly indexed within machinery 10. The
      movement of output shaft 94 is dictated by an input crank mechanism 96
      which is connected to a cam follower arm 98. A cam follower (not shown) is
      adjustably bolted to arm 98 by a bolt 99 for cooperative engagement with a
      barrel cam 100 illustrated in FIGS. 2 and 3. Barrel cam 100 is rotated at
      a given speed and has a cam face 102 which drives the cam follower causing
      reactive movement in cam follower arm 98 resulting in eventual controlled
      rotation of output shaft 94. The configuration of cam face 102 is selected
      to provide the desired rotational output and hence drive of drive shaft 80
      which controls the movements of movable plate 70 in a way which will be
      described hereinafter. The movement of plate 70 results in the desired
      swivel movement of nozzles 40 simultaneously with each other to provide
      the desired swirl pattern of the dough being dispensed therethrough.
PAR  Referring to FIGS. 6 and 8, as shaft 80 is rotated, a helical gear 110
      mounted on shaft 80 is rotated therewith. Referring briefly to FIG. 4, it
      can be seen that a pair of helical gears 110 and 110a are provided on each
      end of the dispensing device 30 providing simultaneously driving movement
      of plate 70 through two cam drives although only one cam drive mechanism
      will be described in detail. Helical gear 110 is in mesh engagement with a
      second gear 112 illustrated in FIGS. 6 and 8. Gear 112 is anchored on a
      shaft 114 which is rotated with gear 112 as it is driven by helical gear
      110. Shaft 114 shown enlarged in FIG. 8 is mounted in bearings 116, 116a
      and 118, 118a between the compression plate 86 and a bearing plate 120
      illustrated in FIGS. 5 and 8. A disc 122 (FIG. 8) is secured to the front
      end of shaft 114 and has an opening which faces movable plate 70 and is
      positioned eccentrically with respect to the axis of shaft 114. A follower
      124 is positionable within an opening 126 in movable plate 70 and anchored
      relative thereto, follower 120 including a projecting shaft portion 128
      which fits within the opening of cam disc 122 such that as shaft 114 is
      rotated, cam disc 122 and follower 124 along with plate 70 are rotated in
      a circle having a radius equal to the magnitude of the displacement of the
      axis of cam follower 24 from the axis of shaft 114. This will cause
      resultant circular movement of plate 70 within the plane of the plate
      causing each nozzle 40 to react simultaneously in phase with each other
      for arcuate rotation about locus point 68 illustrated in FIG. 9.
PAR  Referring to FIG. 11, as each nozzle 40 is rotated simultaneoulsy with the
      movement of plate 70, the axis "AA" of each nozzle as it is pivoted
      relative locus point 68 circumscribes the evolution of a cone, the
      dimensions of which depend upon the magnitude of displacement or
      eccentricity of the cam disc as well as the length of the nozzle measured
      from locus point 68 to the discharge orifice 54 shown schematically in
      FIG. 11. Both of these distances are subject to adjustment by replacement
      of cam disc 122 or replacement of a different nose portion 55 of varied
      length. It will be readily appreciated however that as plate 70 is moved
      in accordance with the above description, nozzles 40 illustrated therein
      will project the evolution of a cone rotating the axis of the nozzles at
      an angle to the vertical axis B. The nozzle itself however will not rotate
      circumferentially in socket 66 due to the compression force generated by
      chamber 32. Thus, each locus of the nozzles in effect generates a circular
      evolution different than each other locus thereby producint a plurality of
      preselected swirls similar to the spiral of Archimedes when viewed as a
      finished product. The evolution of discharge orifice 54 illustrated in
      FIG. 9 is shown circularly in phantom in FIG. 6 which illustrates the
      movement of only the axis of the discharge end of each nozzle 40 if
      movable plate 70 is rotated in a constant direction and magnitude. The
      evolution of a second locus point L is shown also in FIG. 11 illustrating
      the circular revolution about a different center point thereby developing
      the swirl effect.
PAR  It will be appreciated that in developing a variety of desired swirl
      designs for cookies, the evolution will not always be a continuous circle.
      Thus, shaft 80 is rotated through various angles of rotation in a
      direction both clockwise and counter-clockwise to dispense the dough in a
      precise preselected swirl design.
PAR  Referring briefly once more to FIGS. 7 and 9, the upper inlet end 130 of
      nozzles 40 projects up to a position flush with the bottom 34 of each
      container 32. As each nozzle is rotated, the wall of the nozzle will
      rotate and pivot above and below the plane defined by the upper surface of
      bottom 34. Proper clearance must be provided and as noted in FIG. 9, an
      undercut 132 is provided within bottom wall 34 to permit ball ring 62 to
      likewise obtain clearance. To eliminate leakage of dough between the
      spacing of the upper end of nozzles 40 and the bottom of each container, a
      sealing ring 134 is use to fill the spacing provided by undercut 132. As
      each nozzle is rotated and deflected, the respective portion of ball ring
      62 causes compression of the ring in one direction causing a reactionary
      bulge 136 (FIG. 9) in the upper direction with a corresponding downward
      deflection in bulge 138 in the opposite direction. This seal prevents
      leakage of the dough intermediate the wall of the nozzle and the
      container.
PAR  While the seal 134 works adequately, it has been found that it can be
      eliminated resulting in a savings not only in the cost of the seal but in
      reducing the material content of each nozzle 40. Referring to FIG. 10, an
      alternative embodiment is illustrated wherein like numerals are utilized
      with modified structure identified by adding the suffix "a".
PAR  The only change in the embodiment is that nozzle 40a is modified to the
      extent that it is shortened and annular socket 66a is modified to fill the
      void left by the absence of sealing ring 134. This fills the spacing
      beneath undercut 132. It has been found that the close tolerance between
      ring 62 and socket 66a is sufficient to prevent leakage of dough between
      the movable surfaces. The resultant benefit is a simpler and cheaper
      design.
PAR  Although but two embodiments have been shown and described in detail, it
      will be obvious to those having ordinary skill in this art that the
      details of construction of this particular embodiment may be modified in a
      great many ways without departing from the unique concepts presented. It
      is therefore intended that the invention is limited only by the scope of
      the appended claims rather than by particular details of construction
      shown, except as specifically stated in the claims.
CLMS
STM  The embodiment of the invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for dispensing dough in a predetermined pattern onto a
      conveyor or the like comprising, in combination: a support; one or more
      dispensing chambers fixed to said support, said chambers defining a
      conduit through which measured amounts of dough are dispensed, said
      chambers being mounted to said support whereby flow through said chambers
      is in a generally vertical downward direction, each of said chambers
      including a bottom having one or more openings; one or more nozzles
      depending from said bottom in a generally vertical direction and having a
      portion extending into said bottom openings and being mounted relative
      said chamber bottom by a first mounting means whereby said nozzle can be
      pivoted circuitously in a swivel fashion such that the axis of the nozzle
      is at an angle to the vertical, said first mounting means being an annular
      ring means projecting outwardly from said nozzle receivable in an annular
      socket on said support forming a ball and socket joint; dough being
      dispensed through said one or more nozzles along the axis of each nozzle
      onto the conveyor or the like; means interconnecting said one or more
      nozzles jointly together, and a drive means for moving said
      interconnecting means whereby said nozzles are driven simultaneously
      together relative said support whereby the axis of said nozzles is
      swiveled at a preselected angle of incidence to the axis of said conduit
      such that the dough is deposited on the conveyor or the like in a
      preselected swirl design.
NUM  2.
PAR  2. Apparatus for dispensing dough in a predetermined pattern onto a
      conveyor or the like comprising, in combination: a support; one or more
      dispensing chambers fixed to said support, said chambers defining a
      conduit through which measured amounts of dough are dispensed, said
      dispensing chambers being mounted to said support whereby flow through
      said chambers is in a generally vertical downward direction, each of said
      chambers including a bottom having one or more openings; one or more
      nozzles swivelly connected to said chambers and depending from the bottom
      of said chambers in a generally vertical direction and having a portion
      extending into said bottom openings and being mounted relative said
      chamber bottom by a first mounting means whereby said nozzle can be
      pivoted circuitously in swivel fashion such that the axis of the nozzle is
      at an angle to the vertical; dough being dispensed through said one or
      more nozzles along the axis of each nozzle onto the conveyor or the like;
      means interconnecting said one or more nozzles jointly together, wherein
      said interconnecting means is a plate spaced from said support, said plate
      having a plurality of spaced openings through which said nozzles extend;
      and a drive means for moving said plate circuitously in the plane of said
      plate to drive said nozzles simultaneously together relative said plate
      and support whereby the axis of said nozzles is swivelled at a preselected
      angle of incidence to the axis of said conduit such that the dough is
      deposited on the conveyor or the like in a preselected swirl design.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said nozzles are anchored to said
      plate by a second mounting means comprising an annular ring means
      projecting outwardly from said nozzle and receivable in an annular socket
      on said plate forming a ball and socket joint whereby the discharge
      opening of said nozzle is moved in a plane parallel to the plane of said
      plate as said drive means circuitously drives said plate.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein the projection of said nozzle as
      it is driven circuitously by said plate defines a segment of a cone, the
      apex being the axis of rotation of said first mounting means and the base
      being in the plane of movement of the discharge opening of said nozzle.
NUM  5.
PAR  5. Apparatus according to claim 2 wherein said drive means is comprised of
      a cam rotatable on said support and a cam follower mounted on said plate,
      the axis of said follower being displaced from the axis of said cam
      whereby said follower is driven electrically causing circular movement of
      said plate within the plane of said plate.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said cam is rotated
      intermittently in a clockwise and counter-clockwise direction of selected
      angular durations causing a reactionary circuitous movement of said
      nozzles as dough is dispensed through said nozzles to form a preselected
      swirl design of the dough on a conveyor or the like.
NUM  7.
PAR  7. Apparatus for dispensing dough in a predetermined pattern onto a surface
      comprising, in combination: a support; a dough dispensing chamber secured
      to said support; one or more nozzles connected to the bottom of said
      chamber for  dispensing dough from said chamber onto said surface, said
      nozzles mounted to said chamber for swivel movement relative said chamber
      and said support, the axis of each nozzle being rotatable at an angle to
      the direction of movement of dough from said chamber into said nozzles;
      plate means interconnecting said one or more nozzles jointly together,
      said plate means having a plurality of spaced openings through which each
      of said one or more nozzles extend; and drive means for moving said plate
      means circuitously with the plane of said plate means, said drive means
      when actuated driving said one or more nozzles circuitously by said plate
      means simultaneously together relative both said plate and said support
      causing said nozzles to deposit dough onto said surface in a preselected
      swirl design.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said nozzles are anchored to said
      plate in said openings by a mounting means whereby said nozzle is moved
      jointly with said plate but will swivel relative said plate.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said mounting means includes an
      annular ring means projecting outwardly from said nozzle and receivable in
      an annular socket on said plate forming a ball and socket joint whereby
      the discharge opening of said nozzle is moved in a plane parallel to the
      plate of said plate as said drive means moves said plate.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said plate is driven in a
      circuitous fashion, each of said nozzle axes being likewise circuitously
      driven to define a segment of a cone the apex being at the connection of
      said nozzle to said chamber and the base being in the plane of movement of
      the discharge opening of said nozzle.
NUM  11.
PAR  11. Apparatus according to claim 8 wherein the drive means includes a cam
      rotatable on said support and a cam follower on said plate, the axis of
      said follower being displaced from the axis of said cam whereby said
      follower is driven in a circle causing circular movement of said plate
      within the plane of said plate.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein said dispensing chamber
      includes a first portion mounted stationary to said support and a second
      portion movable relative said support and first portion whereby the volume
      of said chamber can be arbitrarily decreased forcing a predetermined
      volume of dough to be dispensed out of said chamber through said nozzles.
NUM  13.
PAR  13. Apparatus according to claim 11 wherein bias means are provided to
      rapidly return said chamber to its original volume when said volume
      reducing means is released to cause a partial vacuum within said chamber
      cutting off the flow abruptly at the discharge orifice of said nozzles.
NUM  14.
PAR  14. Apparatus according to claim 12 wherein said apparatus includes a
      plurality of dough dispensing chambers, each chamber having one or more
      nozzles connected to the bottom thereof, said plate interconnecting all of
      said nozzles for joint movement relative said support and plate.
NUM  15.
PAR  15. Apparatus for dispensing dough in a predetermined pattern onto a
      conveyor or the like comprising, in combination: a support; one or more
      dispensing chambers fixed to said support, said chambers defining a
      conduit through which measured amounts of dough are dispensed; one or more
      nozzles swivelly connected to said chambers, dough being dispensed through
      said one or more nozzles along the axis of each nozzle onto the conveyor
      or the like; plate means interconnecting said one or more nozzles jointly
      together, said plate means having a plurality of spaced openings, said
      nozzles extending through said openings; and a drive means for moving said
      plate means circuitously in the plane of said plate means, whereby said
      nozzles are driven circuitously by said plate means simultaneously
      together relative both said plate and support whereby the axis of said
      nozzles is swiveled at a preselected angle of incidence to the axis of
      said conduit such that the dough is deposited on the conveyor or the like
      in a preselected swirl design.
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ABST
PAL  In an expansible core, a plurality of first plate segments are moved
      radially outwardly by means of a conical portion on an operating rod which
      is moved axially along the longitudinal axis of the core. A plurality of
      second plate segments are moved axially by the operating rod into the
      plane of the first plate segments and then expanded outwardly into the
      spaces between the first plate segments. First and second retraction means
      are also provided on the operating rod and are engageable respectively
      with the first and second plate segments to retract the plate segments
      from their expanded positions upon axial movement of the operating rod in
      the other direction.
BSUM
PAR  The present invention relates to an expansible core of the type wherein a
      plurality of plate segments are expanded such that their peripheral
      surfaces define the surface of the core, more particularly, to the
      structure for expanding and retracting the plate segments.
PAR  Expansible cores have been utilized in order to form internal annular
      grooves in pipes or tubes made of synthetic plastic materials. When such
      synthetic plastic pipes are used to convey fluids or liquids under
      pressure the annular grooves must be precisely formed in order to receive
      closely packing or sealing rings. If the packing rings fit loosely or
      imperfectly in the annular grooves leakage is likely to occur when fluids
      under pressure are conveyed through the pipes.
PAR  Such internal annular grooves are formed by various processes but
      essentially the grooves are formed when the synthetic plastic material has
      been heated to thermo elasticity so that the plastic can be formed or
      molded into the desired configuration of the annular groove.
PAR  Various processes and apparatus have been proposed for the formation of
      such internal grooves in plastic pipe. One general category of such
      processes utilizes the deforming force of a controlled fluid using either
      pressure or suction forces. According to these processes, the synthetic
      plastic material of the pipe is generally heated and then forced radially
      outwardly or inwardly into a mold. Such processes are generally
      disadvantageous in that the annular groove produced has relatively large
      radii at the transitions so that it is not possible to obtain an ideal fit
      or seat for the packing ring intended to be inserted into the groove. It
      is also noted that in such processes fixed outer dies are positioned
      around the pipe. During the expansion of the pipe wall to form the groove
      the wall of the pipe will be forced against the outer die. However, as a
      practical matter the initial wall thickness of pipes is rarely uniform and
      the result is that there are variations in the internal diameters of the
      annular grooves. This variation in the diameters of the annular grooves
      contributes to a poor fit for the packing ring or seal.
PAR  It is therefore a principal object of the present invention to provide a
      novel and improved apparatus for the precise and accurate forming of
      annular grooves in the walls of synthetic plastic pipe.
PAR  It is another object of the present invention to provide an expansible core
      wherein the expansible portions which shape the groove in the wall of the
      tube are precisely and accurately controlled so that accurate and uniform
      grooves can be produced.
PAR  According to one aspect of the present invention there is provided an
      expansible core which may comprise first and second plate segments which
      are radially movable between expanded and retracted positions. An
      operating rod is axially reciprocable along the longitudinal axis of the
      core. First and second expansion means are provided on the rod and are
      operatively engageable with the first and second plate segments
      respectively for expanding the segments radially outwardly. First and
      second retraction means are axially spaced on the rod and are also
      engageable with the first and second plate segments for retracting these
      segments respectively.
PAR  Employing the apparatus of the present invention, expanding a core
      consisting of a plurality of plate segments whose peripheral surfaces
      define the surface of the core may comprise the steps of displacing
      radially outwardly a plurality of first plate segments into an expanded
      position wherein the plate segments are spaced from each other. A
      plurality of second plate segments are displaced axially into the plane of
      the first plate segments. The second plate segments are then displaced
      radially outwardly in the plane of the first plate segments into the
      spaces between the expanded first plate segments such that the expanded
      first and second plate segments define a continuous peripheral surface.
DRWD
PAR  Other objects and advantages of the present invention will be apparent upon
      reference to the accompanying description when taken in conjunction with
      the following drawings, which are exemplary, wherein;
PAR  FIG. 1 is a longitudinal sectional view of an expansible core according to
      the present invention; and
PAR  FIG. 2 is a sectional view taken along the line I--II of FIG. 1.
DETD
PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts throughout the various views a specific embodiment and
      modifications of the present invention will be described in detail.
PAR  The expansible core of the present invention as shown in FIGS. 1 and 2 is
      provided with an operating rod 1 which is positioned along the central
      longitudinal axis of the core. A sleeve 2 is mounted upon the rod 1 in
      such a manner so as to be secured against rotation and secured against any
      axial displacement. The rod 1 together with the sleeve 2 can be
      reciprocated by means of a cylinder-piston unit (not shown in the drawings
      but known in the art), for the purpose of expanding and retracting the
      expansible core in a manner to be presently described.
PAR  The sleeve 2 is provided at one end thereof with a smaller diameter
      cylindrical portion 3, a conical portion 4 which interconnects smaller
      diameter portion 3 with a larger diameter cylindrical portion 5. Four
      longitudinal grooves 6 spaced 90.degree. apart are formed in the
      cylindrical portion 5 of sleeve 2. A corresponding number of wedge-shaped
      or cam members 7 are seated within the groove 6 and are secured therein by
      means of screws 8. A pin 9 attaches the sleeve 2 to the rod 1.
PAR  Each wedge-shaped member 7 is provided with an inclined surface 10 which
      comprises a dove-tail guide 11. The wedge-shaped members function as
      expansion members as will be presently described.
PAR  A plate segment 12 is positively guided upon each dove-tail guide 13 by
      means of a correspondingly shaped groove. These plate segments may be
      generally referred to as the second plate segments. Each plate segment 12
      has a definite thickness as can be seen in FIG. 1, a curved peripheral
      surface 13 and two lateral surfaces 14 which diverge inwardly from the
      peripheral surface 13 as can be seen in FIG. l3. Generally speaking, each
      of the second plate segments 12 is cuboid in shape.
PAR  In the positions of the plate segments 12 as shown in FIG. 1 the segments
      are each spaced a small radial distance from the inner wall surface 15 of
      a sleeve 16. The sleeve 16 is connected by screw 17 to a tubular casing
      18. The casing 18 is provided with four longitudinally extending grooves
      19 uniformly spaced around its periphery such that the wedge-shaped
      members 7 slide longitudinally in the grooves 19.
PAR  Four first plate segments 20 in their retracted positions rest upon the
      cylindrical portion 3 of sleeve 2 and are uniformly spaced around the
      periphery thereof. The plate segments 20 are sector-shaped as can be seen
      in FIG. 2 and each defines an angle of about 90.degree.-95.degree. between
      its lateral surfaces 22. Each segment 20 also has an outer curved
      peripheral surface 21 and an inner curved surface 23 whose radius of
      curvature is substantially that of the radius of curvature of the
      cylindrical portion 5.
PAR  The lateral surfaces 22 of segments 20 are positioned approximately in
      parallel with the lateral surfaces 14 of the second segments 12 which are
      positioned behind the first segments 20 in an axial direction as can be
      seen in the drawings.
PAR  Each first segment 20 has two front surfaces 24 which are received in
      recesses 25 in a sleeve 26. The surfaces 24 are on the face of the segment
      20 that is seen directly in view of FIG. 2. In this manner, the segments
      20 are thus guided for movement in both the radial and axial directions
      and can be displaced by means of the guide surface 24 only radially,
      inwardly or outwardly. Each segment 20 is provided between its front guide
      surfaces 24 with a slot 27 through which extends a pin 28. The pin 28
      passes also through sleeve 26 and is threaded into the casing 18. Each
      segment 20 is also provided with a forward or leading inclined surface 29.
PAR  On the left end of rod 1 as seen in FIG. 1, a jaw-shaped ring 30 is mounted
      by means of a pin 32 upon the rod 1. The ring 30 is provided with four
      inclined guide surfaces 31 which correspond with the inclined surfaces 29
      of the segments 20. When the operating rod 1 is retracted or moved to the
      right as seen in FIG. 1, the rod guide surfaces 31 will cam the segment
      guide surface 29 to retract the segments 20 radially inwardly and to
      retain the segments 20 in their retracted positions as shown in FIG. 1.
PAR  The expansible core is also provided with a receiving cone 33 which
      facilitates the sliding of a synthetic plastic pipe or tube upon the
      mandrel. This pipe or tube within which a groove is to be formed is moved
      upon the mandrel until the end of the tube abuts shoulder 34 on sleeve 16.
PAR  In FIG. 1, the operating rod 1 is shown in its righthand or retracted
      position wherein the expansible core is ready for receiving a tube in
      which a groove is to be formed. In this position, the second plate
      segments 12 are shown in their retracted positions which is in a plane
      axially spaced from the plane of the first plate segments 20 which later
      plane is perpendicular in FIG. 1. It is to be noted that the plate
      segments 20 are displacable only in a radial direction while the second
      plate segments 12 are displacable both axially and radially. The axial
      movement of the second plate segments 12 occurs when the operating rod and
      thus the wedge-shaped member 7 is moved axially toward the left as viewed
      in FIG. 1. The plate segments 12 can be displaced radially outside of
      sleeve 16 in the plane of the first plate segments 20 only when the
      segments 12 are moved axially so as to contact face 34 on sleeve 26. When
      the segments 12 are abutting the face 35 further axial movement of the rod
      1 toward the left will cause the inclined surface 10 of wedge member 7 to
      cam the plate segments 12 radially outwardly.
PAR  Upon sliding a plastic pipe within which a groove is to be formed upon the
      expansible core of FIG. 1, the operating rod 1 is shifted toward the left
      as seen in FIG. 1. As soon as the conical portion 4 contacts the plate
      segments 20, these segments are displaced radially outwardly since they
      become disengaged from the inclined surfaces 31 on the retaining ring 30.
      Upon continued displacement of the rod 1 toward the left as seen in FIG.
      1, the plate segments 12 are moved axially into the plane of plate
      segments 20 at which point they contact the face 35. Additional
      displacement of rod 1 will cause the inclined surfaces 10 of wedges 7 to
      cam the plate segments 12 radially outwardly until they reach their
      expanded position in which their lateral surfaces 14 are in contact with
      the lateral surfaces 22 of the plate segments 20. When the plate segments
      20 are expanded outwardly spaces remain between these segments and the
      plate segments 12 are moved radially outwardly into the spaces. The
      expanded position of the segments 20 is indicated at 20' by dash lines in
      FIG. 1. Similarly, the expanded position of the segments 12 is shown in
      FIG. 1 by the dash lines 12'. In the expanded positions, the peripheral
      surfaces 13 of segments 12 and the peripheral surfaces 21 of segments 20
      now form together a continuous peripheral surface of a plate which has the
      thickness of segments 12 or 20. These segments are the same in thickness.
PAR  In a manner known in the art, that portion of the tube in which the groove
      is to be formed is heated to thermo elasticity such that the radial
      outward movement of segments 12 and 20 form the groove in the heated
      region of the plastic pipe. A mold which may comprise two-piece dies and
      not shown in the drawing is also provided outside the expansible core in
      the plane of the segments 20 to shape the outer surface of the groove.
PAR  After the groove has been molded in the plastic pipe, the segments 20 and
      12 must now be retracted radially inwardly. The fitting of the dove-tail
      guide 11 of wedge element 7 within a correspondingly shaped groove formed
      in the plate segment 12 would bring about a retraction of the plate
      segments 12 as the operating rod 1 is retracted or moved to the right as
      shown in FIG. 1. Since in its radially expanded position 12', each segment
      12 is positioned against axial displacement because of its contact with
      the ends of the sleeves 16 and 26, the displacement of the rod 1 to the
      right will necessarily bring about the radially inward displacement of
      segments 12. Thus the segments 12 are retracted from their expanded
      positions 12' into the interior of sleeve 16 and are then displaced
      axially into the position shown in FIG. 1 upon further movement to the
      right by the rod 1. It is only when the segments 12 have been retracted
      from their expanded positions 12' and then displaced axially into the
      interior of sleeve 16 so that the segments 12 are outside of the plane of
      segments 20 will be inclined surfaces 29 of segments 20 engage the
      inclined surfaces 31 of ring 30. This engagement of inclined surfaces 31
      and 29 will bring about a radially inward displacement of plate segments
      20. The expansible core is now in its original or starting position as
      shown in FIG. 1 and is ready to receive a further synthetic resin pipe
      into which a groove is to be expanded.
PAR  In the embodiment of the expansible core as disclosed herein the segments
      12 and 20 are constructed as circular segments such that in their expanded
      positions the segments 12 and 20 form a continuous circular surface so as
      to form a circular annular groove. However, the process for producing this
      expansible core according to the present invention can also be applied to
      the forming of an annular groove that is not circular in shape. In such a
      modification, the curved peripheral surfaces 13 and 21 of segments 12 and
      20 would no longer be segments of a circle.
PAR  Thus it is apparent that the present invention has disclosed an expansible
      core which is simple in construction but reliable in operation when
      employed in the formation of an annular groove in a plastic pipe or tube.
      In effect, the groove is formed by means of a circular plate being forced
      against the inner surface of the plastic tube. This circular plate is
      formed by first segments which move only radially and of second segments
      which are moved axially into the plane of the first segments and then
      moved radially outwardly between the first segments. As a result of the
      present invention, precise and accurate annular grooves can be formed to
      insure the accurate seating of packing and sealing rings therein.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within this invention as may
      fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An expansion mandrel for forming an internal annular groove in a tubular
      element of a synthetic plastic material comprising first and second groups
      of plate segments being positionable alternately in side-by-side relation
      in the expanded position, said first plate segments being larger than said
      second plate segments, means on said mandrel for mounting said first group
      of plate segments for movement inwardly and outwardly in a radial plane of
      the mandrel, an operating rod axially reciprocable along the longitudinal
      axis of the mandrel, a conical portion on said rod engageable with said
      first plate segments to cam said first segments radially outwardly into
      the expanded position upon axial movement of said rod in a first
      direction, a plurality of wedge-shaped elements on said rod subsequent to
      said conical portion with respect to said first direction of movement and
      having inclined surfaces thereon with dove-tail guides therein slidably
      engaging said second segments, said second plate segments being movable
      axially and then radially, and stop means on said mandrel for stopping the
      axial movement of said second segments in the said radial plane of said
      first segments so that axial movement of said rod in said first direction
      will cam said second segments radially outwardly into the expanded
      position in alternate side-by-side relation with said first segments.
NUM  2.
PAR  2. In an expansible core as claimed in claim 1 wherein there are four first
      plate segments and four second plate segments all of which in their
      expanded positions define a circular surface, each of said first plate
      segments defining an angle of 90.degree.-95.degree..
NUM  3.
PAR  3. In an expansible core as claimed in claim 1 wherein said second plate
      segments each are substantially cuboid in shape and each outer surface
      thereof is a segment of a cylinder, the lateral surfaces of each second
      plate segment diverging inwardly from its outer surface.
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ABST
PAL  A molded plastic fixture holds an end of a telephone wire cord wound on a
      mandrel to retain the cord in position during subsequent heat processing.
      The mandrel fits into a bore in the fixture and an angled arm extending
      from one side holds a band spacer and strain relief member at the end of
      the cord. An opposite side of the fixture includes a channel to receive
      cords with no strain relief member. A manually adjustable screw clamps the
      end of the mandrel within the bore of the fixture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to a novel fixture for holding a wire
      cord wound on a mandrel and particularly to a plastic retainer which can
      be used with telephone cords of different types and does not contaminate
      the wire cord.
PAR  2. Description of the Prior Art
PAR  Telephone wire cords which connect the hand held earpiece to the base of
      the telephone receiver are usually coiled and heat treated to maintain the
      set of the coils. The cord is wound on a mandrel and held between a fixed
      retainer at one end and a removable retainer at the other end. The
      assembly is then placed in a oven to heat the wire cord. Previous
      retainers or dogs were made of aluminum which flaked off in the form of
      aluminum oxide dust during the heat treatment and later removal from the
      mandrel. This caused undesirable contamination of the wire cord and
      equipment. In addition, it was necessary to use different retainers for
      some cords having strain relief members at the end and others which did
      not.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the primary object of the present invention to provide a
      novel telephone cord mandrel end retainer which is of a material that does
      not contaminate the cord as a result of heat treatment and is useable with
      different types of cords.
PAR  This is accomplished by use of an end retainer made of a moldable plastic
      material of a particular configuration which can hold the ends of both
      cord types having strain relief members as well as those which do not. The
      retainer includes a bore to accommodate the mandrel, an arm with
      bifurcated fingers extending from one side to hold a band spacer and
      strain relief member at the end of the wire cord and a channel on the
      opposite side for cords without a strain relief member. A manually
      adjustable screw also clamps the end of the mandrel within the bore. The
      details of the invention and other objects and advantages will become
      apparent from the following description in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view showing the assembly of the cord mandrel end
      retainer and associated elements, and
PAR  FIGS. 2a and 2b show side and end views of the novel retainer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, a stainless steel mandrel or rod 10 is secured within a
      bore 11 of a first molded plastic dog or retainer 12 at one end. Retainer
      12 is preferably of nylon and is secured to the mandrel by a pin 14. Two
      sets of bifurcated fingers 16, 18 extend horizontally from the opposite
      ends on the inner side of like upper and lower portions 20, 22. The upper
      and lower portions have the same configuration but extend in opposite
      directions with respect to the central bore so that either portion may be
      used to hold one end of a wire cord 24. The fingers of each pair are
      spaced apart sufficiently to receive the wire cord therebetween, while a
      metal band spacer 26 of larger diameter is held on the top surface of the
      fingers. This end of the cord is generally the end that connects to the
      base of a telephone set.
PAR  In order to prepare for the heat treatment process, one end of the
      telephone cord is secured within the fingers of retainer 12 which is fixed
      to one end of the mandrel. That end of the mandrel is placed in a cord
      winding machine, a few turns are manually wound adjacent the retainer and
      the wire is then fed by hand as the machine turns to wind the desired cord
      length onto the mandrel. Cords of from 8 to 25 feet in length are wound on
      mandrels into coiled sections of from 11/2 to 5 feet.
PAR  The second retainer 28, preferably of molded plastic such as nylon, is then
      slipped onto the opposite end of mandrel 10 which fits into bore 29. One
      side of retainer 28, as shown more clearly in FIG. 2a, includes an
      upwardly extending angled arm 30 having a set of bifurcated fingers 32
      which project horizontally over the wound cord. The angled arm provides a
      strong support and the space between the fingers 32, a lower ledge 34 and
      arm 30 is designed to provide clearance for and receive a strain relief
      member 36 at the loose end of the cord 24. This end, which includes
      another band 38, is the one which normally connects to the hand held
      earpiece of the telephone set. The fingers 32 are spaced apart to receive
      the cord diameter between the upper end of strain relief member 36 and
      band 38. After the cord end is mounted on retainer 28, a manually
      adjustable plastic screw 40 at the bottom of the retainer, is tightened
      against the mandrel to hold the cord in a fixed position for the following
      heat treatment. The screw is threaded into hole 42 which is aligned with
      bore 29 within the retainer. Screw 40 is preferably of the same molded
      nylon as the two end retainers and includes a lateral hole for a stainless
      steel roll pin 44 and a knurled knob 46 to facilitate manual adjustment.
      In addition, a threaded steel insert 48 in the bottom hole 42 of retainer
      28 provides a more secure fastening and avoids stripping of threads.
PAR  The same retainer 28 is also used for securing cord ends which do not have
      strain relief members. This is done by merely reversing the retainer and
      sliding the opposite side 50 onto the mandrel facing the cord. In this
      case a vertical channel 52 accommodates the vertical end of the cord and
      flat area 54 bounded by walls 56, 58 receives the coiled wire portion
      around the mandrel. The band at the cord end fits over the top of the
      vertical channel. A cut-out portion 60 merely reduces the quantity of
      plastic material required for molding the retainer.
PAR  The present invention thus provides an improved end retainer for telephone
      cords wound on mandrels which avoids contamination of the cord and can be
      used with cords having different end terminations. While only a single
      embodiment has been illustrated and described, it is apparent that other
      variations may be made in the particular design and configuration without
      departing from the scope of the invention as set forth in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fixture for holding a wound wire cord comprising:
PA1  a mandrel,
PA1  a wire cord wound around said mandrel,
PA1  a first wire cord end retainer secured at one end of said mandrel for
      holding one end of said wound cord,
PA1  a second wire cord end retainer slidably secured at the other end of said
      mandrel for holding the other end of said wound cord, the body of said
      second retainer including a bore accommodating said mandrel and an arm
      extending upwardly at an angle from one side of said retainer, said arm
      including bifurcated fingers extending from said arm and adapted to
      receive the other end of said wire cord, said one side including a ledge
      spaced from said fingers, the space between said ledge and fingers being
      adapted to receive a strain relief member at said other end of said wire
      cord, and
PA1  means for detachably securing said second retainer at said other end of
      said mandrel.
NUM  2.
PAR  2. The device of claim 1 wherein said second retainer is of a moldable
      plastic material.
NUM  3.
PAR  3. The device of claim 2 wherein said fingers extend from said arm at
      another angle, said fingers and ledge being substantially parallel.
NUM  4.
PAR  4. The device of claim 2 wherein said second retainer is reversible to
      slidably engage said mandrel from the opposite side and includes a channel
      in said opposite side adapted to receive said other end of said cord
      without a strain relief member.
NUM  5.
PAR  5. The device of claim 4 wherein said moldable plastic material is nylon.
NUM  6.
PAR  6. The device of claim 4 wherein said detachable securing means is a
      manually adjustable screw threadably engaging said second retainer and
      aligned with said bore.
NUM  7.
PAR  7. A retainer for holding an end of a wire cord wound on a mandrel
      comprising:
PA1  a body portion having a bore therein adapted to slidably engage a mandrel,
PA1  an arm extending upwardly at an angle from one side of said retainer, said
      arm including bifurcated fingers extending from said arm and adapted to
      receive an end of said wire cord, said one side including a ledge spaced
      from said fingers, the space between said ledge and fingers being adapted
      to receive a strain relief member at said end of said wire cord, and
PA1  means for detachably securing said retainer to said mandrel.
NUM  8.
PAR  8. The device of claim 7 wherein said retainer is of a moldable plastic
      material.
NUM  9.
PAR  9. The device of claim 8 wherein said fingers extend from said arm at
      another angle, said fingers and ledge being substantially parallel.
NUM  10.
PAR  10. The device of claim 8 wherein the opposite side of said retainer
      includes a channel adapted to receive an end of said wire cord without a
      strain relief member.
NUM  11.
PAR  11. The device of claim 10 wherein said detachable securing means is a
      manually adjustable screw threadably engaging said retainer and aligned
      with said bore.
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ABST
PAL  Apparatus for manufacturing a brick having a roughened side surface
      including interconnected, upright, side plates defining a mold cavity
      having generally the shape of a brick to be formed. A bottom plate is
      shiftable vertically from a position against the lower edges of the side
      plates to form a bottom for the mold and a position spaced a distance
      therebelow. A power-operated pusher mounted above the side plates is
      shiftable downwardly into the region between the side plates for forcing a
      brick formed in the mold outwardly through the bottom of the mold when the
      bottom plate is lowered. One of the side plates has a lip projecting
      substantially normally outwardly therefrom into the path along which a
      side of a brick will be moved as it is forced from the mold. This lip
      scrapes a side of the brick to produce a roughened surface thereon.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to brick-molding apparatus, and more particularly to
      such apparatus which is operable to produce a brick with a roughened face.
PAR  For aesthetic and other reasons, it often is desired to produce bricks, or
      blocks, having irregularly roughened surfaces. To manufacture roughened
      bricks, or blocks, of concrete, it has generally been necessary in the
      past to form a block which is a whole number multiple of the size required
      and then break it along a plane extending normal to one of its sides to
      provide multiple blocks having irregularly roughened sides. In such
      previous methods those sides which previously had been joined along
      opposite sides of the cleavage line become the roughened surfaces of the
      blocks.
PAR  Others have attempted to roughen the surfaces of blocks by providing
      projecting teeth which extend at substantially less than a 90.degree.
      angle to the path of movement of a side of the brick, which projections
      were to form grooves in a surface of the block. These previous devices
      have proved unsatisfactory in that, for the most part, very regular lines
      are formed in the surface of the brick, rather than the desired
      irregularly roughened surface.
PAR  A general object of the present invention is to provide novel apparatus
      operable to form bricks, or blocks, having an irregularly, roughened
      surface along at least one of its sides.
PAR  More specifically, an object of the present invention is to provide novel
      apparatus which is operable to produce an irregularly roughened surface on
      a brick by providing a scraping, or tearing, of the surface of one side of
      the brick by a rigid member extending substantially normal to such face of
      the block as the member and block are moved relative to each other.
PAR  Still more specifically, an object is to provide a novel mold for a brick
      having interconnected side plates bounding a block-forming cavity for
      receiving block material. One of the side plates has a lip projecting
      outwardly from one of its edges substantially normal to the side. The mold
      is so constructed that a formed, uncured brick is discharged from the mold
      past said lip whereby the lip produces a tearing, or scraping, action
      along the face of brick adjacent thereto to produce a desired irregularly
      roughened effect.
PAR  Yet another object is to provide such novel apparatus which includes a
      bottom plate which is shiftable vertically relative to the side plates of
      the mold between a raised position adjacent the undersides of the side
      plates for forming a bottom of the mold and a position lowered a distance
      therebelow. Also included in such apparatus is a powered pusher above the
      mold operable to push down against the top of a brick formed in the mold
      for forcing it out through the bottom of the mold when the bottom plate is
      lowered. The bottom plate and pusher are mounted for movement vertically
      at substantially the same speed so that the bottom plate may continue to
      provide underlying support for an uncured brick as it is forced out of the
      bottom of the mold by operation of the pusher. This permits the brick to
      be forced past the projecting lip on a side plate to provide the required
      force for scraping, or tearing, the surface for roughening.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages will become more fully apparent as
      the following description is read in conjunction with the drawings,
      wherein:
PAR  FIG. 1 is a perspective view of portions of brick, or block, molding
      apparatus according to the invention;
PAR  FIG. 2 is a cross-sectional view taken generally along the line 2--2 in
      FIG. 1;
PAR  FIG. 3 is a view of a portion of a side plate taken generally along the
      line 3--3 in FIG. 2; and
PAR  FIGS. 4, 5 and 6 are sequential cross-sectional views of the apparatus at
      different stages of operation for forming a rough-faced brick.
DETD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
PAR  Referring to the drawings, and first more specifically to FIG. 1, at 10 is
      indicated generally a multiple-cavity mold for forming bricks, or blocks.
      The mold includes a pair of laterally spaced, substantially parallel,
      elongate, upright side plates 12, 14. A plurality of laterally spaced,
      substantially parallel, upright, elongate divider, or side, plates 18
      extend between and are connected adjacent their opposite sets of ends to
      side plates 12, 14.
PAR  Axially aligned in a row midway between side plates 12, 14 are a plurality
      of upright plates 22 which extend between and are connected adjacent their
      opposite sets of ends to opposed divider plates 18.
PAR  Referring to FIG. 2, it will be seen that plates 12, 14, 18 and 22 are so
      connected that their lower marginal edges are all disposed in a
      substantially common horizontal plane. All of such upright plates are
      referred to herein as side plates, and they define between them a
      plurality of brick-forming cavities indicated generally at 26, 28, 30, 32.
      Each of such cavities, when viewed from above, has substantially the
      outline, or shape, of a brick which is to be formed by such molds.
PAR  In each of such cavities, and referring specifically to cavity 26, the
      upper marginal edge portions of plates 14, 22, and 18 bound an opening in
      the top of the mold and the lower marginal edges of these plates bound an
      opening in the bottom of the mold.
PAR  As is best seen in FIGS. 1, 2 and 3, plates 18 have elongate lips 34, 36
      thereon extending adjacent and substantially parallel to lower marginal
      edges of plates 18. The lips on a plate project substantially normally
      outwardly from a planar face of the plate into the mold cavity with which
      the plate is associated.
PAR  Lip 34 on a plate 18 has a substantially constant rectangular cross section
      extending fully across its portion of the plate. The edge margin of lip 36
      facing outwardly and away from the face of the plate is serrated, forming
      sawtooth-like projections extending outwardly from the plate. It has been
      found that in working with concrete to form bricks and blocks, it is
      preferable if lips 34, 36 project outwardly from the face of the divider
      plates a distance less than 0.15 inch.
PAR  Mounted adjacent the lower marginal edges of the plates forming the mold
      cavity is a substantially planar, horizontal bottom plate 40 (see FIGS. 4,
      5 and 6). Plate 40 is connected, through suitable connecting means, to the
      rod end of an extensible-contractible upright ram 42. The ram mounts the
      bottom plate for vertical shifting between a raised position, as
      illustrated in FIGS. 4 and 5, held against the lower marginal edges of the
      side plates to form a bottom for the mold and a lowered position spaced
      therebelow as illustrated in FIG. 6.
PAR  Mounted above each of the mold cavities is a substantially horizontal,
      planar pusher plate, or element, 44. Pusher plate 44 has a substantially
      rectangular outline of such dimensions as to be able to fit slidably
      within a mold cavity. Plate 44 is connected, through suitable connecting
      means, to the rod end of an upright extensible-contractible ram 50.
PAR  Extension of the ram 50 is operable to shift plate 44 vertically under
      power between a raised position as shown in FIG. 4, spaced a distance
      above the mold cavity, downwardly to enter the top opening of the mold
      cavity as illustrated in FIG. 5. Further extension of ram 50 moves plate
      44 fully through the mold cavity to the bottom of the cavity.
PAR  Explaining the operation of the apparatus, and referring initially to FIG.
      4, with bottom plate 40 held against the underside of the mold-forming
      side plates 12, 14, 18 and 22, flowable brick-forming material, such as
      concrete, is poured into a cavity as indicated at 52. Ram 50 is then
      extended to lower pusher plate 44 against the top of the mass of concrete
      to compact the concrete and positively form a flat top surface for the
      mass of concrete in the mold (see FIG. 5).
PAR  Referring to FIG. 6, after top plate 44 has been lowered into the mold
      cavity to compact the mass of concrete therein to conform it to the shape
      of the cavity, ram 50 is extended and ram 42 is contracted concurrently,
      with both moving at substantially the same speed. This produces concurrent
      lowering of plates 40, 44 relative to mold plates 12, 14, 18 and 22. As
      this occurs, top plate 44 forces the formed brick through the bottom
      opening of the mold with plate 40 maintaining support on the underside of
      the brick.
PAR  It should be realized that although the concrete is in an uncured state
      when it is discharged from the mold it is sufficiently set to maintain its
      general brick-shaped configuration. As the uncured block is forced from
      the mold, lips 34 or 36 projecting normally into the path of a side of the
      brick produces a scraping, or tearing, action on the surface of the brick
      to produce an irregularly roughened surface for that side of the brick.
PAR  It has been found that the serrated, or sawtoothed, projections of lips 36
      while producing an irregularly roughened surface for the brick do not
      produce as coarse, or rough, a face as does lip 34.
PAR  While a preferred embodiment of the invention has been described herein, it
      should be apparent to those skilled in the art that variations and
      modifications are possible without departing from the spirit of the
      invention.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. Apparatus for manufacturing a brick having a roughened side surface,
      said apparatus comprising a mold including a plurality of interconnected
      side plates defining a cavity therebetween having substantially the shape
      of a brick to be formed and adapted to receive material for molding into
      brick shape, said side plates having a set of edge margins defining an
      opening therebetween through which a formed uncured brick may be
      discharged from the mold, one of said side plates having an elongate lip
      rigidly secured thereon adjacent said opening, said lip extending
      substantially parallel to said edge margin of the plate and projecting
      substantially normally into the path along which a side of a brick moves
      on being discharged from said mold operable to tear a portion of the
      material forming said brick from the surface of the brick as it is
      discharged from the mold to produce an irregularly roughened surface for
      said brick.
NUM  2.
PAR  2. The apparatus of claim 1, wherein the path along which the brick moves
      on being discharged from said mold is substantially parallel to the side
      plate having said lip and said lip projects substantially normally
      outwardly from said side plate.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said lip projects outwardly from its
      associated side plate a distance less than 0.15 inch.
NUM  4.
PAR  4. The apparatus of claim 1, which further comprises powered means operable
      to engage a formed, uncured brick in said mold on a side of the brick
      opposite said opening and to force said brick through said opening to
      discharge it from the mold.
NUM  5.
PAR  5. The apparatus of claim 1, wherein said side plates are disposed
      substantially upright in the mold with upper marginal edge portions of
      said side plates bounding an opening in the top of the mold and lower
      marginal edge portions of said side plates bounding an opening in the
      bottom of the mold, said lip on a side plate being disposed adjacent the
      lower marginal edge of its associated plate, and which further comprises a
      substantially horizontal bottom plate mounted for vertical movement toward
      and away from said lower marginal edge portions of the side plates between
      a raised position contiguous the lower edge portion of said side plates
      and a lowered position spaced a distance therebelow, and a power-operated,
      vertically shiftable pusher mounted for powered vertical movement from a
      position spaced above said mold to a position in said mold for forcing a
      brick through said bottom opening in the mold when said bottom plate is
      lowered.
NUM  6.
PAR  6. The apparatus of claim 5, which further comprises means for lowering
      said bottom plate at substantially the same speed at which said pusher is
      moved into said mold.
NUM  7.
PAR  7. The apparatus of claim 1, wherein said lip is serrated along an edge
      thereof facing outwardly from said one side plate.
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ABST
PAL  An apparatus for molding a particle board product manufactured from the
      wood waste of sawmills, such waste preferably comprising cedar or redwood
      bark, sawdust and shavings. The product may also be made from certain
      non-wood fibrous vegetable materials, such as bagasse. The particle board
      is prepared by mixing dried sawmill waste or other fibrous material of
      substantially uniform particle size with phenolic resin and wax in
      predetermined proportions, and placing a measured amount of the resultant
      mixture in an elongate mold where it is bonded together under the
      influence of heat and pressure. The mold includes a moveable pressure
      plate forming the top of an enclosure within which the material is
      compressed to a predetermined thickness by pressure applied to the
      exterior of the plate. The thickness of the cmpressed mixture is
      substantial, so as to enable continuous solid pieces of the processed
      material later to be cut to standard dimension lumber sizes. After the
      material in the mold has been compressed to the predetermined thickness,
      fasteners are attached for retaining the pressure plate in its compressed
      position. Thereafter the mold is taken from the press and transferred to
      an oven where its contents, still under pressure from the retained
      pressure plate, are baked and cured for an extended period of time and
      then allowed to cool. The resultant thick bonded material has sufficient
      strength and other characteristics to make it suitable for use as a
      substitute for lumber studs and certain other types of dimension lumber.
PARN
PAR  This application is a division of co-pending application Ser. No. 359,687,
      filed May 14, 1973, which is a division of application Ser. No. 297,999,
      filed Oct. 16, 1972 and subsequently issued as U.S. Pat. No. 3,804,935.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a apparatus for molding a bonded product, made of
      sawmill wood waste or other suitable fibrous waste matter, having
      sufficient continuous thickness, strength and other characteristics to
      enable the product to be utilized satisfactorily as a lumber substitute.
      The invention enables the product to be manufactured at a high production
      rate despite its substantial continuous thickness, without inordinate
      financial investment in equipment.
PAR  The lumber industry is presently confronted with the severe problem of
      disposing of vast amounts of bark and other wood waste accumulating at
      sawmills in the lumber-producing regions of the United States. Although
      limited amounts of the waste may be used in paper production or as fuel,
      there remain huge quantities of bark, sawdust and shavings for which no
      adequate market presently exists. In the past, disposal of the material by
      burning caused sufficient air pollution that the practice has now been
      almost completely prohibited. More recent types of disposal result in land
      pollution or land disfiguration, which is equally undesirable. Industries
      producing other types of fibrous vegetable waste, such as bagasse from
      sugar cane processing, are faced with a similar disposal problem.
PAR  In recent years the wood products industry has introduced an assortment of
      resin-bonded particle board products to the market in an attempt to
      develop a demand for sawmill wastes. Several of these products, and the
      processes by which they are made, are exemplified in Roman U.S. Pat. No.
      2,446,304, Goss U.S. Pat. No. 2,581,652, Elmendorf et al, U.S. Pat. No
      2,381,269, and Schueler U.S. Pat. No. 3,309,444. A significant and almost
      universal characteristic of the various particle board products is that
      they are prepared by compressing and curing them over an extended period
      of time in a relatively expensive hot platen press. This occupies the
      press and thus delays production for the period of time necessary to
      insure sufficient curing of the resin binder the length of curing time
      being a function primarily of the thickness of the compressed material.
      (The temperature of the press cannot be raised significantly to shorten
      the curing time because charring or scorching of the material might then
      result.) The above-mentioned Goss patent has suggested that the delay
      problem might be alleviated by removing the pad of compressed material
      from the press without curing it and then transfering it to a separate
      oven. This proposal is unacceptable, however, because relieving the
      external pressure prior to curing will yield an inadequately bonded
      product. Consequently, to avoid tying up expensive platen presses for an
      inordinate period of time and thereby delaying production unduly while
      waiting for the material to cure, particle board manufacturers have
      generally limited the maximum final thickness of the product to between
      1/2 and 3/4 inch. Such limited thickness requires only a fraction of an
      hour for curing in a platen press under normal temperature conditions as
      opposed, for example, to at least two hours for material of 11/2 inch
      thickness.
PAR  Unfortunately the practical limitations on the maximum thickness of
      particle board, imposed by the shortcomings of present production methods,
      has severely limited the market for which particle board is suitable. The
      product is satisfactory for use as a decorative or protective siding, but
      lacks the continuous solid thickness necessary to permit its being cut to
      standard dimension lumber sizes, for example the 11/2 inch thickness now
      required of a nominal 2 .times. 4 stud. This limitation has, up to now,
      effectively foreclosed particle board from entry into the very substantial
      market for framing lumber, i.e. the dimension lumber market, wherein the
      demand for the product might well multiply many times and thereby offer
      some solution to the present sawmill waste problem.
PAR  An additional drawback of present particle board for this application is
      that it is generally denser than lumber, tending to require relatively
      greater shipping costs which would place particle board at a competitive
      disadvantage in the dimension lumber market. Moreover there has apparently
      been a failure in the industry to discriminate between those types of bark
      which may be used in particle board without adversely affecting its
      strength, and those types which detract from its strength. This has
      generally resulted in a reluctance to use any kind of bark in a particle
      board product where strength is a factor. These problems have tended
      further to limit the effectiveness of particle board as an answer to the
      overall wood waste disposal problem.
PAR  Accordingly a great need presently exists for a particle board product
      which utilizes a maximum amount of vegetable waste matter in its
      manufacture and has thickness and other characteristics sufficient to
      enable such product to be sold competetively in the dimension lumber
      market as a lumber substitute, particularly for use as studding, thereby
      establishing a requirement for a much greater percentage of sawmill and
      other fibrous vegetable waste matter than is presently being utilized. In
      order to accomplish this purpose a new apparatus is required by which much
      thicker continuous layers of the particle board material may be cured
      under pressure than has been accomplished in the past, such apparatus
      being capable of a high production rate despite the need for long curing
      times and yet not requiring an unusually high investment in equipment to
      achieve such production rate.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is directed to a unique apparatus for molding a
      particle board product which satisfies the foregoing ecological and
      industrial requirements. The product may be manufactured from the total
      waste, including bark, sawdust and shavings, of cedar or redwood sawmills,
      leaving no component of the waste to be otherwise disposed of. Other types
      of sawmill wood waste, i.e. sawdust, shavings and chips from fir, pine,
      hemlock etc., may also be utilized in the product, but the use of bark
      from other than cedar or redwood cannot be recommended because it lacks
      the fibrous consistency necessary for a strong finished product.
      Alternatively, other vegetable fiber waste such as bagasse may be used in
      the manufacture of the product. The particle board product comprises
      molded solid pieces of sufficient continuous thickness (at least 11/2
      inches) to enable it to be cut to standard dimension lumber sizes, such as
      the nominal 2 .times. 4 size. In addition the product has a density and
      compressive strength comparable to that of lumber, with sufficient tensile
      strength, nail retention and other characteristics to render it suitable
      for the high-volume stud market and for selected other uses.
PAR  The unique apparatus with which the product is prepared is designed to
      alleviate the production delay problem which would otherwise be
      encountered in attempting to heat and cure such thick pieces of material
      while simultaneously maintaining pressure on the material. The problem of
      occupying an expensive platen press for the several hours required to cure
      material of such substantial thickness is overcome by separating the
      function of initially compressing the material from the functions of
      retaining pressure on the material and heating the material. This
      eliminates the need for platen presses altogether and enables the product,
      after initial compression in a conventional press, to be removed from the
      press without thereby decompressing the material due to the provision of
      the separate pressure retention function. The pressurized material may
      then be transferred to a separate oven of large capacity wherein the
      lengthy curing process may take place. This frees the press, by far the
      most expensive single piece of equipment utilized in the process, to
      compress additional quantities of the material which may then immediately
      be added to the oven while the initial material is being cured.
PAR  The unique separation of the initial compression, pressure retention and
      heating functions is accomplished by utilizing a plurality of special
      molds for holding the waste material, adhesive binders and other mixed
      ingredients from which the product is manufactured. Each mold includes a
      moveable pressure plate which, in combination with the mold, forms an
      enclosure surrounding the material. By placing the mold in a press and
      applying pressure to the plate, the material may thereby be initially
      compressed to the desired thickness and to a shape conforming with the
      interior of the mold. While the mold is under initial compression,
      fastener means are applied to the mold which function to retain the
      pressure plate in its compressed position regardless of whether or not the
      mold thereafter remains in the press. Consequently, it is possible to
      transfer the mold immediately from the press to a separate baking oven
      with no expansion or loss of internal pressure of the material, although
      the initial external pressure imposed by the press has been relieved. The
      material may then be cured for the required period of time, during which
      the internal pressure of the material gradually decreases due to the
      setting of the binder and loss of moisture from the material. After curing
      has been completed, the material is allowed to cool and is then removed by
      dismantling the mold. The molds are built in an elongate shape of such
      predetermined dimension that the final molded material piece may
      thereafter be sawed conveniently into pieces of standard lumber sizes.
PAR  The foregoing and other objectives, features, and advantages of the present
      invention will be more readily understood upon consideration of the
      following detailed description of the invention taken in conjunction with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic flow diagram of the process with which the molding
      apparatus of the present invention is utilized to manufacture a particle
      board product.
PAR  FIG. 2 is a fragmented perspective view of a typical mold which may be
      utilized in the manufacture of the product, with certain portions cut away
      for clarity.
PAR  FIG. 3 is a simplified, partially schematic side view illustrating the
      initial compression of the particle board material in a press, with
      portions of the mold cut away for clarity.
PAR  FIG. 4 is a simplified, partially schematic side view illustrating an
      alternative press for compressing the material.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates the various steps in the manufacture of a particle board
      product from sawmill wood waste utilizing the molding apparatus of the
      present invention. In the specific example to be discussed, the wood waste
      is collected preferably from cedar or redwood sawmills as this will enable
      all of the components of the waste, i.e. the bark as well as the sawdust
      and shavings, to be utilized indiscriminately in the same proportions as
      found in sawmill waste. Although chips may also be used in the manufacture
      of the product, if desired, there will normally be no need to use them
      since they have an adequate market in the paper manufacturing industry.
PAR  It has been discovered that cedar and redwood bark, which represent roughly
      30-35% of the total quantity of bark, sawdust and shavings found at cedar
      and redwood sawmills, are sufficiently fibrous in their makeup so as not
      to detract significantly from the strength of a particle board product
      manufactured in accordance with the process described herein, even though
      the same substantial proportion of bark as actually exists in the total
      waste material is used in the product. The significance of this discovery
      is that, at least with respect to cedar and redwood wastes, the product
      manufactured utilizing the present invention will have a maximum impact on
      present disposal problems. Unfortunately the bark of other species such as
      fir, pine, hemlock, and spruce are insufficiently fibrous to support the
      strength requirements of a particle board product intended for the
      dimension lumber market. However the sawdust, shavings and chips of such
      other species may be utilized to good advantage in the product, leaving
      only a relatively small volume of bark to be otherwise disposed of.
      Certain other fibrous vegetable materials, such as bagasse waste resulting
      from sugar cane processing, are also considered to be acceptable for use
      in a bonded product of this type, either alone or in combination with
      other fibrous material.
PAR  The aforementioned combination of wood waste components is transported from
      the sawmill to a manufacturing site and dried by any suitable means to a
      moisture content of approximately 6%, after which the combination of dried
      bark, sawdust and shavings is placed in a hammer hog and chopped into
      smaller particles of uniform consistency suitable for molding. Following
      this initial preparation, the chopped waste material is blended with
      predetermined quantities of an adhesive resin binder and wax respectively.
      A phenolic resin is deemed most suitable for this application, a preferred
      type being dry Monsanto Resinox Compound 673 or 736. The wax may be any
      one of the commercially available types presently used in particle board
      manufacture, for example Hercules Brand Paracol 800N. The blending of the
      hogged waste material with the resin and wax is preferably done with the
      aid of batch scales and conventional mechanical mixing apparatus, the
      resultant mixture comprising approximately 91% wood waste, 71/2% dry
      phenolic resin and 11/2% wax by weight.
PAR  The next step comprises placing measured quantities of the resultant
      mixture in respective molds of the type shown in FIG. 2. A typical mold,
      designated generally as 10, comprises an elongate, channel-shaped
      container having a pair of flat, parallel upright side walls 12 and 14
      connected at the bottom by means of bolts 15 to a base 16 which is joined
      at right angles with each of the walls 12 and 14. A group of spaced
      apertures 18 is formed in each of the side walls 12 and 14 respectively,
      each group running in a straight line above and parallel to the base
      member 16 with opposite apertures being in transverse alignment with one
      another. At each end of the mold 10 a vertical row of transversely aligned
      apertures 20 is also provided in each of the side members 12 and 14.
      Through these latter apertures 20 a series of transverse bolts 22 are
      fastened to support respective end plates 24 which seal each end of the
      channel member. A pressure plate member 26 is provided having a width and
      length just slightly less than the inside dimensions between the two end
      plates 24 and the side walls 12 and 14, respectively. This permits the
      plate 26 to move freely in a vertical direction between the sides and end
      plates of the mold, thereby forming a mold enclosure of variable internal
      height.
PAR  The interior length of the mold enclosure is preferably slightly more than
      24 feet to enable the molding of pieces which may thereafter be sawed in
      thirds to produce dimension lumber in eight foot lengths (the normal
      length of a stud). The interior width between the side members 12 and 14
      is preferably 111/2 plus inches as this will permit the resultant molded
      pieces to be produced alternatively in standard nominal sizes of 12, 6 or
      4 inch widths after allowing for cutting and sanding. It is expected that
      nominal 4 inch width pieces (which have an actual width normally of 3 9/16
      inches) will be by far the highest volume items, and the molds should
      accordingly have an interior width which is approximately a multiple of
      this dimension. Some molds having an interior width of 10 plus inches
      might also be provided, to enable production of nominal 5 or 10 inch width
      pieces.
PAR  Most types of dimension lumber, and 2 .times. 4 studs in particular,
      require a minimum actual thickness of 11/2 inches. Consequently the
      interior height of the ultimate mold enclosure, i.e. the interior area
      bounded by the channel member the end plates 24 and the underside of the
      pressure plate 26, must be at least equal to or greater than this
      dimension to form molded pieces of adequate continuous thickness. This
      thickness is regulated by the ultimate vertical position of the pressure
      plate 26, which is in turn determined by the locations of the two rows of
      apertures 18. Accordingly, with the thickness of the plate 26 taken into
      account, the two rows of apertures 18 must be spaced a sufficient distance
      above the upper surface of the base 16 that, when fastener bolts 28 are
      inserted transversely through the aligned apertures 18 and the pressure
      plate 26 is installed as shown in FIG. 2 with its upper surface abutting
      the underside of the bolts 28, the interior space between the plate 26 and
      the base member 16 will be equal to the thickness desired for the pressed
      product.
PAR  In the use of the molding apparatus of the present invention, the foregoing
      blended mixture of waste material, resin and wax is weighed into separate
      measured quantities preparatory to being placed in a respective mold 10 of
      the type just described. For a mold having interior dimensions
      approximately 24 feet long and 111/2 inches wide, and having an ultimate
      interior enclosure 11/2 inches high, about 135 pounds of the mixture must
      initially be placed in the mold. In its uncompressed condition the mixture
      can be expected to fill the mold to a height of approximately 8 inches
      when spread evenly. As soon as the mold 10 has been filled with the
      measured weight of mixture, the pressure plate 26 is inserted into the
      mold atop the mixture and the mold is conveyed to a press. The press,
      indicated generally as 30 in FIG. 3, comprises an elongate,
      cylinder-actuated plunger 32 sized so as to fit loosely between the side
      and end walls of the mold 10 and designed to distribute a predetermined
      initial external pressure evenly along the top of the pressure plate 26.
      The bottom face of the plunger 32 includes a group of transverse notches
      36 spaced so as to correspond with the spacing of the apertures 18 in the
      side walls of the mold 10.
PAR  Upon placement of the mold in proper position beneath the press 30, with
      the apertures 18 vertically aligned with the notches 36, pressure is
      applied to the plunger 32 which thereby forceably pushes the pressure
      plate 26 into the mold 10 and compresses the mixture 38. An initial
      external pressure of between about 800 psi and about 1100 psi applied to
      the pressure plate 26 is required to accomplish compression to the desired
      thickness and density, it having been found through experimentation that a
      pressure of about 1000 psi yields optimum results. While the external
      pressure is being applied, the fastener bolts 28 are inserted through the
      respective apertures 18 over the plate 26, the insertion being made
      possible by the aligned notches 36. After insertion the bolts are
      tightened so as to prevent any spreading of the side walls 12 and 14 of
      the mold which might otherwise occur due to the internal pressure within
      the compressed material 38. The press 30 is then released, but the
      internal pressure existing within the mixture 38 is nevertheless
      maintained by the plate 26, now held in its compressed position by the
      fastener bolts 28 as shown in FIG. 2. While the mold is in this condition
      it is removed from the press 30, preferably by transferring it forward on
      a conveyor such as 40. This frees the press 30 immediately to accept
      another mold of the same type, thereby permitting the compression and
      fastening steps just described to be repeated continuously.
PAR  A somewhat different type of press, also capable of accomplishing the
      foregoing compression step, is shown in FIG. 4. The mold 10 and
      compression process are the same as before, but in this case the press
      comprises a series of eccentrically mounted rollers 42, each fixed to a
      respective shaft 44. Initially the rollers 42 are situated with their
      eccentric portions facing upwardly to permit the mold 10 to be placed
      beneath the rollers. Thereafter the rollers 42, which are narrow enough to
      fit between the side walls 12 and 14 of the mold, are forceably rotated in
      a counterclockwise direction as shown in FIG. 4 by torque applied to the
      respective shafts 44, thereby pushing the plate 26 down and compressing
      the material 38 as before. The fastener bolts 28 may then be inserted in
      the spaces between the rollers 42 to retain the pressure plate 26. Other
      molding methods employing the basic mold structure which makes possible
      the manufacture of particle board utilizing the steps of initial
      compression and subsequent pressure retention may also be utilized and may
      be equally satisfactory.
PAR  After their removal from the press 30 the molds 10, with their pressure
      plates 26 still fastened in compressed position, are transferred to a
      curing oven. The oven is preferably of elongate configuration with
      multiple tiers of conveyors moving from an entry port to an exit port of
      the oven. The maximum temperature of the oven should not exceed
      approximately 450.degree.F., or the materials 38 may be scorched. A
      temperature of 425.degree.F. is deemed preferable. The speed of the
      conveyor through the oven is regulated so as to insure a minimum heating
      period sufficient to properly cure the resin throughout the entire
      thickness of the material, a minimum curing time of about two hours being
      required for a material thickness of 11/2 inches. Upon their exit from the
      oven the molds are permitted to cool in ambient air until the compressed
      material is at least below 200.degree.F., which normally takes about 1/2
      hour. Thereafter the molds may be dismantled by first loosening the bolts
      15 on one side of the mold to relieve the pressure on the fastener bolts
      28 and then loosening and extracting the bolts 28. Thereafter the bonded
      particle board product is removed from the mold for cutting and sanding to
      desired sizes. The molds, pressure plates and fastener bolts respectively
      are returned to stations where they may be reused in the process.
PAR  It should be noted that the side walls and end walls 12, 14 and 24
      respectively of the typical mold 10, as well as the base 16 and the
      pressure plate 26, are provided with a large number of small vent holes 46
      which perform a twofold purpose. First, during the initial compression of
      the material the vents 46 readily permit the escape of air from the
      mixture and thereby aid the compaction of the material. Second, during the
      heating step, the same vents 46 also permit the escape of water vapor. In
      addition, the mold 10 is preferably constructed of an aluminum alloy which
      is a good conductor of heat and thereby further aids both the heating and
      cooling processes.
PAR  The product resulting from use of the novel mold apparatus in the
      above-described process is a unique bonded particle board material,
      preferably including a substantial proportion of either cedar or redwood
      bark, having a solid continuous thickness of at least 11/2 inches and a
      width and length enabling it to be sawed into pieces corresponding in size
      to standard dimension lumber. Tests conducted in accordance with ASTM
      Standard D1037- 72 on various samples of the product manufactured from
      cedar waste showed the material to have the following properties:
TBL                                      Nail Pull                             
     Sample                                                                    
           Density  Modulus of  Compression                                    
                                         (lbs.)                                
     No.   (lb/ft.sup.3)                                                       
                    Rupture (psi)                                              
                                Strength (psi)                                 
                                         Top   Edge                            
     ______________________________________                                    
     1     37.0      990        5480      85   59                              
     2     40.2     1120        4080     103   60                              
     3     40.2     1080        4820     122   78                              
     4     41.0     1270        6860     102   100                             
     5     39.6     1250        8800     135   89                              
     ______________________________________                                    
PAL  The compressive strength, nail holding qualities and density are particular
      characteristics which make the product acceptable for use as a substitute
      for studding and certain other types of dimension lumber. In addition the
      material cuts well, does not readily produce slivers and is thought to be
      more termite proof than lumber because of the resin present in the
      material. If it is desired, for certain applications, to have a stiffer
      material than that obtainable by the above process, a stiffener such as
      wire or fiberglass rods or expanded metal can be molded into the material
      during the manufacturing process by placing the stiffener material in the
      mold enclosure together with the blended particle mixture prior to the
      compression step.
PAR  The terms and expressions which have been employed in the foregoing
      abstract and specification are used therein as terms of description and
      not of limitation, and there is no intention, in the use of such terms and
      expressions, of excluding equivalents of the features shown and described
      or portions thereof, it being recognized that the scope of the invention
      is defined and limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mold for forming a highly densified particle board product of
      substantial thickness from a mixture of comminuted lignocellulosic
      material and binder, comprising:
PA1  a. an elongate container having spaced, opposing side walls and a base
      which define a hollow interior, the top of said container being open;
PA1  b. an elongate pressure member wholly insertable within said hollow
      interior of said container through the top thereof; and
PA1  c. lock means for fastening said pressure member to said container in a
      position wholly within said container so as to retain said pressure member
      in said wholly inserted position, said lock means being positioned
      intermediate the ends of said elongate container.
NUM  2.
PAR  2. The mold of claim 1 wherein said lock means includes means for fastening
      said pressure member to opposing ones of said side walls intermediate the
      ends of said elongate container.
NUM  3.
PAR  3. The mold of claim 1 including means connected to the two longest ones of
      said side walls at a location above said base and intermediate the ends of
      said elongate container for resisting the spreading apart of said side
      walls at said location due to outward force exerted thereon from the
      interior of said container.
NUM  4.
PAR  4. The mold of claim 1 including means connecting the two longest opposing
      side walls of said container together at a location above said base and
      intermediate the ends of said elongate container for resisting the
      spreading apart of said side walls due to outward force exerted thereon
      from the interior of said container.
NUM  5.
PAR  5. The mold of claim 1 including means connected to the two longest ones of
      said side walls discontinuously at spaced locations along said side walls
      and intermediate the ends of said elongate container for resisting the
      outward spreading of said walls due to outward force exerted thereon from
      the interior of said container.
NUM  6.
PAR  6. The mold of claim 5 wherein said base and pressure member each includes
      spaced vent holes defined therein for permitting the escape of fluid
      therethrough.
NUM  7.
PAR  7. A mold for forming a highly densified particle board product of
      substantial thickness from a mixture of comminuted lignocellulosic
      material and binder, comprising:
PA1  a. an elongate container having spaced, opposing longitudinal side walls
      and a base defining a hollow interior, the top of said container being
      open;
PA1  b. a pressure member insertable through the top of said container;
PA1  c. lock means for fastening said pressure member within said container; and
PA1  d. support means connected to said longitudinal side walls discontinuously
      at spaced locations along said side walls intermediate their ends for
      resisting outward spreading of said walls due to outward force from the
      interior of said container.
NUM  8.
PAR  8. The mold of claim 7 wherein said support means is connected to a pair of
      said opposing side walls at spaced locations above said base.
NUM  9.
PAR  9. The mold of claim 7 wherein said support means connects a pair of said
      opposing side walls together at said spaced locations.
NUM  10.
PAR  10. A mold for forming a highly densified product of substantial thickness
      from a mixture of comminuted lignocellulosic material and binder,
      comprising:
PA1  a. an elongate container having spaced, opposing longitudinal side walls
      and a base defining a hollow interior, the top of said container being
      open;
PA1  b. a pressure member insertable through the top of said container;
PA1  c. lock means for fastening said pressure member to said container at
      spaced locations so as to retain said pressure member therein; and
PA1  d. means connecting said longitudinal side walls together at a location
      above said base and intermediate the ends of said walls for resisting
      outward spreading of said walls due to outward force from the interior of
      said container.
NUM  11.
PAR  11. A mold for forming a highly densified particle board product of
      substantial thickness from a mixture of comminuted lignocellulosic
      material and binder, comprising:
PA1  a. an elongate container having spaced, opposing longitudinal side walls
      and a base defining a hollow interior, the top of said container being
      open;
PA1  b. a pressure member insertable through the top of said container;
PA1  c. means connected to at least some of said longitudinal side walls
      discontinuously at spaced locations along said side walls intermediate
      their ends for fastening said pressure member within said container and
      resisting outward spreading of said walls due to outward force from the
      interior of said container.
NUM  12.
PAR  12. An apparatus for compressing a mixture of comminuted lignocellulosic
      material and binder to a predetermined substantial thickness and density,
      comprising:
PA1  a. a mold comprising a container having side walls and a base defining a
      hollow interior, the top of said container being open;
PA1  b. a pressure member insertable within said container through the top
      thereof; and
PA1  c. a press having plunger means for exerting a force on said pressure
      member, said plunger means being of a size so as to fit within said
      container through the top thereof and between said side walls.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said mold and pressure member are of
      elongate, mating shape and wherein said plunger means is also of a similar
      elongate shape for substantially evenly distributing said force along said
      elongate pressure member.
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PAL  The present invention provides an apparatus for thermally conditioning a
      blowable shape or parison, prior to blow molding, so that a subsequent
      blowing operation can be carried out under conditions conducive to
      bi-axial orientation in the final blown article.
PAL  More specifically, the parison is formed by conventional techniques, such
      as free extrusion or injection molding. The parison is then enclosed in a
      heat exchange chamber, having interior walls spaced substantially
      uniformly from the exterior of the parison, and the parison is exposed to
      a fluid heat transfer agent, so that the parison temperature is adjusted
      to that temperature at which the parison, upon expansion, will become
      bi-axially oriented. The fluid agent can either heat or cool the parison
      to the desired temperature.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is related to the co-pending application Ser. No. 103,624
      now U.S. Pat. No. 3,767,747, filed in the U.S. Pat. Office on Jan. 4,
      1971, in the name of the present inventor and assigned to the Assignee of
      the present invention. This application is a division of my application
      Ser. No. 443,092 now U.S. Pat. No. 3,882,218, filed Feb. 15, 1974, which,
      in turn, is a continuation of my application Ser. No. 225,448, filed Feb.
      11, 1972, and now abandoned.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The invention of this application is related to the above-identified
      commonly invented and commonly owned applications. In the first mentioned
      earlier application, the desirability of bi-axial orientation during a
      blowing operation is set forth, the temperatures at which various
      materials must be for bi-axial orientation are defined, and a specific
      method, procedure, and apparatus are set forth to insure bi-axial
      orientation during blow molding.
PAR  The present invention provides a different apparatus for insuring bi-axial
      orientation during blow molding, but the result (the formation of a
      bi-axially oriented blown article) is the same as in the earlier
      application, and the broad method of obtaining this result (by thermally
      conditioning a blowable shape) remains the same.
PAR  It has been found that the most efficient orientation of material in the
      blow molding operation occurs when the material is stretched by blowing
      while the temperature is at that average wall temperature (i.e., the
      temperature throughout the thickness of the wall) which is most conductive
      to orientation. The average wall temperature for each essentially
      crystalline polymer lies intermediate the crystalline melting point of the
      material plus 20.degree. F and the crystalline freezing point of the
      material less 20.degree. F. With respect to essentially amorphous
      polymers, such as polyvinyl chloride and polystyrene, the glass transition
      temperature is utilized, rather than crystalline melting and freezing
      temperatures. For high density polyethylene (having a density lying
      between 0.954 and 0.970) it is preferable to operate at a temperature of
      200.degree. F plus or minus 20.degree. F. For polyvinyl chloride and
      polystyrene, the ideal orienting temperature is 205.degree. F plus or
      minus 25.degree. F. For polypropylene, the ideal temperature is
      310.degree. F plus or minus 30.degree. F.
PAR  In accordance with the present invention, a blowable shape or "parison" is
      formed by conventional techiques, i.e., by either injection molding or by
      free extrusion. This blowable shape is enclosed in a heat transfer chamber
      having interior walls which are substantially uniformly spaced from the
      exterior of the blowable portions of the parison. A heat transfer medium
      then flows through the space between the parison and the interior walls of
      the chamber for a period of time sufficient to obtain an average wall
      temperature in the parison which is most conductive to bi-axial
      orientation upon the subsequent blowing of the parison. In the event that
      the parison, as formed, is at a temperature lower than that at which
      maximum or most effective bi-axial orientation can be obtained, then the
      heat transfer medium is a heating medium. In the event that the parison is
      at a temperature higher than that which is most conductive to bi-axial
      orientation upon subsequent blowing, then the heat transfer medium is a
      cooling medium. Preferably, the interior of the parison is also thermally
      conditioned, although this is not critical, so long as the average wall
      temperature is at the desired level following the thermal conditioning of
      the parison.
PAR  In the carrying out of the method, the thermal conditioning step is
      performed intermediate the steps of (1) parison formation and (2) blow
      molding. Since some delay necessarily must be encountered in moving the
      parison physically from the conditioning step to the blowing step, then
      some thermal change may occur in the parison during any such delay. The
      temperature of the blowable parison portions following thermal
      conditioning is calculated to yield that temperature most conductive to
      bi-axial orientation during the final blowing. Since the parison probably
      will be cooled during the transfer, the thermal conditioning generally is
      carried out at a temperature slightly in excess of that conductive to
      bi-axial orientation.
PAC  OBJECTS
PAR  It is, therefore, an important object of the present invention to provide
      an apparatus for thermally conditioning a blowable parison of
      thermoplastic material so that a subsequent blow molding step is carried
      out at a temperature most conducive to bi-axial orientation.
PAR  Another important object of the present invention is the provision of an
      apparatus for forming bi-axially oriented blown plastic articles by
      subjecting blowable portions of the parison to a heat exchange medium to
      adjust the temperature of the blowable portions of the parison to a
      temperature which is most conducive to bi-axial orientation during the
      performance of a final blowing step.
PAR  Another important object of the present invention is the provision of an
      apparatus for thermally conditioning a blowable parison of thermoplastic
      material by circulating a fluid heat exchange medium in contact with the
      parison to heat or cool the blowable parison portions to a temperature
      most conducive to bi-axial orientation upon subsequent blowing.
PAR  It is a still further, and no less important, object of the present
      invention to provide an apparatus for making a bi-axially oriented blown
      plastic article by forming a blowable parison, enclosing the blowable
      parison interiorly of a heat exchange chamber having interior walls
      substantially uniformly spaced from the exterior of the parison,
      circulating a heat exchange fluid through the chamber to adjust the
      temperature of the blowable portions of the parison to a temperature most
      conducive to bi-axial orientation, and finally blowing the thermally
      conditioned parison at that temperature.
PAR  Other and further objects of the present invention will be apparent from
      the following detailed description of the invention and the appended
      drawings.
DRWD
PAC  ON THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of that portion of the apparatus of the
      present invention utilized in forming a parison to be thermally
      conditioned and then blown according to the principles of the present
      invention;
PAR  FIG. 2 is a vertical sectional view similar to FIG. 1 but illustrating the
      parison as enclosed within a heat exchange chamber;
PAR  FIG. 3 is a view similar to FIGS. 1 and 2 but illustrating the final
      blowing apparatus of the present invention; and
PAR  FIGS. 4 through 6 are similar to FIGS. 1, 2 and 3, but illustrating a
      modified apparatus of the present invention.
DETD
PAC  AS SHOWN ON THE DRAWINGS
PAR  In FIG. 1, reference numeral 10 refers generally to a blowable shape or
      "parison" from which a blown plastic article is ultimately formed. The
      parison 10 includes generally conical side walls 11 tapering from an
      enlarged finish 12 to a closed convex bottom 13.
PAR  The parison is formed by injection molding within a parison mold 15 having
      a mold cavity 16 conforming to the exterior surface of the parison and
      adapted to receive plasticized thermoplastic material through an injection
      passage 17. The interior of the parison is defined by a mold core 20
      conforming in shape to the interior of the parison and depending from a
      core head 21. The core consists of a core body 22 terminating in a radial
      lower end surface 23 and having a radially enlarged flange 24 at its upper
      end. The core body 22 has an axial bore 25 therethrough, this bore 25
      opening onto a lower spring chamber 26 located slightly above the end
      surface 23 of the core body. The radially enlarged chamber 26 is closed by
      an annular closure plate 27 secured to the lower end core body by suitable
      means, as by counter sunk screws 28. Located interiorly of the chamber 26
      to be guided therein for axial movement is an enlarged head 30 secured
      through a stem 31 to a lower core tip 32, this core tip having a rounded,
      convex outer surface 33 conforming to the interior of the closed bottom 13
      of the parison 10. The stem 31 accommodates the flow of blow air
      thereabout, as will be explained later.
PAR  A spring 34 is interposed between the enlarged head 30 and the annular
      plate 27 to normally urge the tip 32 snugly against the under surface of
      the plate and to retain the core in its position illustrated in FIGS. 1
      and 2.
PAR  The axial bore 25 communicates with a passage 36 in the head 21 which is
      connected to a source of air under pressure. When the passages 36, 25 are
      opened to air under pressure, this pressure reacts against the head 30 and
      forces the head and the associated tip 32 downwardly against the bias of
      the spring 34 with the tip assuming the position shown in FIG. 3 of the
      drawings. In this way, air under pressure flowing about the stem 31 is
      introduced into the interior of the parison during the subsequent blow
      molding operation.
PAR  The core 22 also is provided with a pair of axially extending passages 37
      and 38 which are joined by a transverse interior passage 39 to form a
      closed loop communicating through head passage 40 with a source of heat
      exchange fluid through head passage 41 with a return line to the source of
      the heat exchange fluid. Thus, the fluid will flow from the source through
      passages 40 and 37 through the return passage 39 and the passages 38, 41
      back to the source. The heat exchange fluid can either be a cooling fluid
      or a heating fluid, as desired.
PAR  The core flange 24 carries a pair of fluid passages 42, 43 also
      communicating with the source of heat exchange fluid through head passages
      44, 45, respectively. The fluid passages 44 and 45 are both connected to a
      source of heat exchange fluid which is introduced through the passages 42,
      43 respectively for a purpose to be hereinafter more fully described.
PAR  Returning now to the operation of the apparatus of the present invention,
      the plasticized material is injected under pressure through the passage 17
      into the space between the exterior of the core 20 and the parison mold
      cavity 16 to injection mold the parison. Conventional hot runner
      techniques are utilized to insure that the parison is injection molded
      without a sprue or "tail" and that the configuration illustrated in FIG. 2
      of the drawing is obtained.
PAR  Next, the parison 10 is stripped from the parison mold 15 while still being
      supported upon the core 20, preferably by upwardly withdrawing the head
      and the core from the parison mold. The head 21, the core 20 and the
      injection molded parison 10 are now transferred to a thermal conditioning
      station illustrated in FIG. 2 of the drawings. This transfer can be
      carried out in any number of desired ways as is well known in the art.
PAR  At the conditioning station illustrated in FIG. 2 of the drawings, a
      thermal conditioning chamber indicated generally at 50 is provided.
      Specifically, this thermal conditioning chamber comprises a pair of
      openable and closeable chamber segments 51 and 52 which, when assembled,
      fit snugly at their upper ends, about the flange 24 of the core 20. The
      chamber 50 is provided with an internal recess 53 which conforms generally
      to the shape of the core 20 and the injection molded parison 10 thereon,
      the chamber 53 being of somewhat larger radial dimension and of somewhat
      greater length than the parison 10. The walls of this chamber 53 are
      preferably provided with interior fluid-directing fins 54 in the form of
      an internal spiral for directing air flow in an axial and peripheral
      spiral path around the exterior of the parison 10 as it is supported upon
      the internal core 20. The chamber 53 is provided with a restricted outlet
      opening 55 at its lower end, while the upper end of the chamber 53
      communicates with the fluid inlet passages 42, 43 in the flange 24 of the
      core 20. Fluid under pressure introduced through the head passages 44, 45
      and flowing through the core passages 42, 43 will enter the flow passage
      53 defined by the chamber sections 51, 52 to be directed by the helical or
      spiral fins 54 in a spiral flow path as indicated by directional arrows
      56. This fluid under pressure will flow over the exterior surface of the
      parison 10 until it exits through the passage 55 adjacent the closed
      bottom end 13 of the parison. Substantially the entire exterior surface of
      the parison will be exposed to this flow of heat exchange fluid. At the
      same time, heat exchange fluid is flowed through the head passages 40, 41
      into the core passages 37, 38 and the return passage 39.
PAR  The heat exchange fluid can be either gaseous or liquid and any number of
      heat exchange fluids, such as air, carbon dioxide, water, water droplets
      suspended in air or other gaseous medium, or other materials may be
      utilized. The heat exchange fluid can either heat the parison or cool the
      parison, depending upon the temperature of the parison prior to its
      initial subjection to the heat exchange fluid and the final parison
      temperature which is desired.
PAR  As above explained, the heat exchange fluid is utilized to heat or cool the
      parison to a temperature most conducive to orientation during a subsequent
      blowing step. These temperatures and the ranges of the temperatures have
      been earlier defined.
PAR  Once the parison has obtained the desired temperature or has been
      "thermally conditioned" as desired, the thermal conditioning chamber
      sections 51, 52 are opened, and the thermally conditioned parison, while
      still supported on the core 20 is transferred to a blow molding station
      illustrated in FIG. 3 of the drawings. Once again, the transfer can be
      carried out in any desired manner.
PAR  At the blow molding station, the parison is positioned between closeable
      blow mold sections 61, 62 and the blow mold sections are closed on the
      parison still supported on the core, the blow mold sections cooperatively
      defining an interior blow mold chamber 63 which conforms to the final
      shape of the blown article.
PAR  It will be noted that the blow mold configuration is such that the sections
      61 and 62 shut off the heat exchange fluid flow passages 42, 43 in the
      core 20.
PAR  Next, the passages 36, 25 are utilized in conjunction with the source of
      air under pressure (not shown) to blow the parison to its final
      configuration. The flow of air under pressure through these passages
      forces the piston 30 downwardly against the bias of the spring 34, opening
      the core for the flow of air about the stem 31, and the parison is
      inflated by the air thus introduced into the interior thereof.
PAR  Finally, the blow mold sections 61, 62 are opened and the finished
      bi-axially oriented blown article 65 is stripped from the core.
PAR  In that version of the invention illustrated in FIG. 4, 5 and 6 of the
      invention, the concept of thermal conditioning of a parison is applied to
      a freely extruded parison.
PAR  More specifically, a downwardly directed extrusion block 70 having an
      annular extrusion orifice 71 is utilized to issue a tubular extrudate 72.
      This extrudate 72 issues from the orifice 71 until a sufficient length of
      tubing has been formed to provide the parison indicated at 73. At this
      time the parison 73 is severed from the remaining extrudate 72 beneath the
      orifice 71 by a transversely operating knife 69.
PAR  The parison 73 is enclosed within a conditioning chamber 74 comprising a
      pair of chamber halves 75, 76 of roughly semi-cylindrical shape and
      provided with lower pinching projections 75a, 76a which pinch the tube
      shut to form a blowable shape or the finished parison. The chamber halves
      75, 76 open and close transversely or radially relative to the parison 73,
      and each chamber section 75, 76 carries a tail plate 77 movable
      transversely with the chamber section but movably vertically relative
      thereto.
PAR  The chamber sections 75, 76, when closed, define an interior fluid pressure
      chamber 80 communicating with a source of heat exchange fluid under
      pressure through port 79 and with a heat exchange fluid return line
      through port 78. The interior cavity 80 is provided at its inner surface
      with a helical rib 81 which defines a spiral flow passage for heat
      exchange fluid entering through the port 79 and exiting through the port
      78.
PAR  After formation of the parison and closure of the chamber 74 thereabout as
      indicated in FIG. 4, the parison and chamber are transferred to a parison
      conditioning station illustrated in FIG. 5. As indicated in FIG. 5, a heat
      exchange fluid flow head 85 is inserted into the free open upper end of
      the parison 73. This head 85 has a lower peripheral surface 86 insertable
      into the open upper end of the parison and displacing the open upper end
      of the parison radially outwardly against the surrounding portions of the
      chamber sections 75, 76 to seal the parison internally of the chamber 80.
      The head also has an inlet passage 87 for heat exchange fluid under
      pressure and an egress port 88 for removing heat exchange fluid, this
      fluid flowing through the center of the parison being indicated by
      directional arrows 90 in FIG. 5.
PAR  At the conditioning station, heat exchange fluid, such as the fluids above
      identified, introduced through the passage 79 and exiting through the
      passage 78 flow in a spiral path along the exterior surface of the parison
      in heat exchange contact therewith. At the same time, heat exchange fluid
      flows through the interior of the parison, this fluid being introduced
      through the inlet passage 87 and exiting from the egress port 88. The flow
      of heat exchange fluid is regulated by appropriate volume controls and
      pressure controls both at the exterior and interior of the parison so that
      there is no differential pressure across the walls of the parison, and
      appropriate volumes are introduced through the inlet ports 79, 87 and
      exited through the egress ports 78, 88 to maintain the parison in its
      position illustrated in FIG. 5.
PAR  As above explained, the heat exchange fluid utilized at the station
      indicated at FIG. 5 may be either a chilling medium or a heating medium,
      depending upon the temperature of the parison 73 with relation to the
      final parison temperature which is desired for orientation during a
      subsequent blow molding operation.
PAR  After the parison 73 has attained the desired temperature at the
      conditioning station of FIG. 5, the parison now is transferred by means of
      the head 85 to a blow molding station illustrated in FIG. 6. Prior to this
      transfer, the tail 73 formed during pinching shut of the parison as
      illustrated in FIG. 4 is removed by relatively moving the tail plates 77
      downwardly. Also, prior to transfer, the conditioning chamber sections 75,
      76 are opened following termination of the exchange fluid flow both
      internally and externally of the parison.
PAR  The parison, at the desired temperature, is simply transferred to the
      position illustrated in dotted outline at 73 in FIG. 6, and a blow mold
      indicated generally at 93 is closed thereon, this blow mold comprising
      blow molds sections 94, 95 which cooperatively define an interior cavity
      96 corresponding to the shape of the final article to be formed. A final
      blow head 97 is inserted into the open upper end of the parison following
      the removal of the head 85, and blow air is introduced under pressure
      through the head passage 98 to inflate the parison 73 to its final shape
      99. Since the parison has been conditioned at the station indicated in
      FIG. 5 to that temperature most conducive to orientation during blowing,
      the blowing step will finally orient the material during blowing to attain
      all of the advantages set forth above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for making a blown plastic article by inflating
      interiorly of a blow mold a blowable pre-form of thermoplastic material
      having distendible side walls and a closed end wall, the improvements of a
      conditioning apparatus for ensuring the attainment of a desired
      orientation temperature of the pre-form prior to blowing of the pre-form
      to its final shape and including separable opposed chamber sections
      closeable in sealing relation upon the pre-form, said chamber sections
      cooperably defining an interior chamber having walls spaced substantially
      uniformly from the walls of the pre-form and having a closed end wall, and
      means for introducing a heat exchange fluid into the space intermediate
      the pre-form and the interior chamber walls, the fluid flowing into and
      through said space being in intimate surface contact with the side walls
      and the closed end wall of the pre-form.
NUM  2.
PAR  2. In an apparatus as defined in claim 1, and wherein the pre-form is
      supported interiorly of said chamber, the further improvement of a heat
      exchange head having interior fluid ingress and egress passages
      communicating freely with the interior of the pre-form and second means
      for circulating heat exchange fluid through said passages at pressures and
      volumes correlated with the pressures and volumes of heat exchange fluid
      in said chamber to avoid distortion of said pre-form from its initial
      configuration.
NUM  3.
PAR  3. In an apparatus as defined in claim 2 wherein the pre-form is an
      extruded tube, the further improvement in said first fluid circulating
      means of interior fluid ingress and egress passages extending through at
      least one chamber section and freely communicating with the interior of
      said chamber for circulating said heat exchange fluid in intimate surface
      contact with the exterior of said pre-form.
NUM  4.
PAR  4. In an apparatus as defined in claim 2 wherein the pre-form is injection
      molded about a core, the further improvement wherein said first fluid
      circulating means includes additional interior ingress and egress passages
      in said heat exchange head, and wherein said second fluid circulating
      means is for varying the temperature of the core.
NUM  5.
PAR  5. In an apparatus for making a blown plastic article by inflating a
      blowable pre-form of thermoplastic material interiorly of a blow mold, the
      improvements of a conditioning apparatus for obtaining a desired
      temperature of the pre-form prior to blowing of the pre-form to its final
      shape and including a chamber defining member for receiving the pre-form
      to be conditioned, said chamber defining member having interior walls
      substantially uniformly radially spaced from the exterior walls of the
      pre-form, means for circulating a heat exchange fluid in intimate surface
      contact with the exterior of the pre-form and confined thereagainst by
      said chamber interior walls, and fins formed on said interior walls of the
      chamber defining member for directing the flow of heat exchange fluid in
      the space between said interior walls and the pre-form.
NUM  6.
PAR  6. The apparatus as defined in claim 5 wherein said fins are arranged in a
      generally spiral configuration.
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ABST
PAL  An apparatus for forming ice cubes mold means are provided having walls
      that define a plurality of separate cavities. A resilient, pliable empty
      bag is brought into engagement in a mold to be frozen and is placed in
      contact with the mold means. Preferably the mold means is comprised of two
      mold sections between which is sandwiched the liquid pliable package which
      because of its inherent resiliency and pliability the liquid filled
      package conforms to the shape of the cavities in the mold means.
      Passageways are provided that interconnect adjacent ones of the cavities
      so that the resulting frozen articles are connected to each other by
      readily frangible sections. In one form of the invention a reservoir is
      provided for containing the liquid to be frozen as well as a plurality of
      conduit means that are used for filling a number of the pliable packages
      positioned within the mold means. The reservoir may include a float that
      cooperates with a water inlet supply valve so as to maintain the liquid in
      the reservoir at a predetermined level. The reservoir is elevated with
      respect to the pliable packages and the mold means so that the water fills
      the packages by gravity feed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Search
PAR  This invention relates generally to the refrigeration arts and more
      particularly to commercial apparatus for forming ice cubes, block ice or
      the like.
PAR  2. Description of the Prior Art
PAR  The most common form of structure used for forming ice cubes or the like is
      an open metal tray in which is positioned a removable grid. The tray is
      filled with water and, with the grid in place, is subjected to a reduction
      in temperature that causes the water to freeze and thereby form cubes that
      conform to the grid structure. While this form of prior art is in general
      use it does exhibit several shortcomings. First of all it is frequently
      difficult to remove the ice cubes and to accomplish this it is often
      necessary to provide complex and costly structure that is frequently
      subject to malfunction. In addition, the metal tray must be filled at a
      sink and then transported to the freezer compartment of a refrigerator and
      in the process the water is frequently spilled.
PAR  Commercially large scale manufacturers of block ice form large blocks in
      the normal fashion and then the blocks are cut into smaller cubes which
      are then in turn handled by loaders and placed into plastic bags of
      predetermined weights. The plastic bags are generally tied or stapled
      closed. These plastic bags are thereafter transferred to large insulated
      bags weighing approximately forty (40) pounds in order to facilitate their
      storage and handling. The commercial process outlined requires people to
      handle the cubes for bagging and distribution to the final vendor. The
      process outlined also exposes the water or ice block to contaminants
      during the handling and further increases the risk of the melting of the
      ice cubes during storage and transporting periods. Even a partial melting
      and a later refreezing will create substantial inconveniences for the
      ultimate consumer and also those handling the bags of cubes. Further,
      excessive handling by individuals either in loading cubes into the bag or
      handling the bag after it has been loaded creates the punctures in the bag
      which results in contamination of the cubes. All of these contribute to
      the failure of the prior art to furnish a satisfactory commercial method
      and apparatus for producing ice cubes under complete sanitary conditions.
PAR  In order to overcome these and other objections to the prior art a somewhat
      different approach has been taken such as disclosed in U.S. Pat. Nos.
      2,964,920 and 2,966,041. In the aforementioned United States Patents a
      pliable package is positioned between a pair of hingedly connected
      grid-like members which, in their closed condition, compress the package
      and displace the water therein so as to form discrete cube-like columns.
      The package, together with grid-like structure is then placed in the
      freezer compartment of a refrigerator and the liquid therein is then
      frozen.
PAR  While the issued United States patents do represent a substantial
      improvement over the open metal tray form of prior art they too exhibit
      their own disadvantages. For example, the prior art devices described in
      the aforementioned patents do not conveniently lend themselves to rapid
      filling of a large number of packages. Another disadvantage of these prior
      art devices is that the packages are subject to contamination during the
      filling process. Still another disadvantage of the patented prior art
      devices is the relatively weak construction of the grid-like members. It
      will be readily appreciated that when the grid-like structures are closed
      considerable pressure must be applied to the pliable package and there is
      the ever present likelihood of rupturing the package. Moreover, because
      the patented prior art mentioned above utilizes a grid-like structure, the
      volume of the resultant ice cubes cannot be closely controlled. It is an
      unmeasured quantity and distortion of the package and cubes.
PAC  SUMMARY OF THE INVENTION
PAC  Purposes of the Invention
PAR  It is a general object of the present invention to avoid and overcome the
      foregoing and other difficulties with prior art ice cube making
      structures.
PAR  An object of the present invention is to provide apparatus for commercially
      producing ice cubes in closed packages at relatively high rates of speed.
PAR  Another object of the present invention is to provide apparatus for
      producing ice cubes already packaged.
PAR  A further object of the present invention is to provide for the formation
      of ice cubes within a bag under completely controlled sanitary conditions.
PAR  Still a further object of the present invention is to provide a means for
      delivering measured quantities of water to a bag so that uniform numbers
      of ice cubes can be frozen simultaneously in different bags.
PAR  A further object of the present invention is to provide for the forming of
      ice cubes wherein the bag which is filled with a liquid is only handled in
      a frozen condition.
PAR  Another object of the present invention is to provide a system of filling
      bags to form ice cubes and avoid the formation of air pockets.
PAR  A primary object of the present invention is to provide ice cubes in a
      closed clean system which requires minimum handling.
PAR  Another object of the present invention is to provide an improved ice cube
      forming structure that is capable of producing uniformly sized ice cubes.
PAR  Still another object of the present invention is to provide a system
      wherein a large number of ice cube forming molds may be rapidly filled
      under sanitary conditions.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The foregoing objects and other objects which will become more apparent as
      the description proceeds are achieved by providing apparatus for use in
      freezing a liquid into a plurality of readily separable volumes wherein
      the apparatus comprises mold means having walls that define a plurality of
      separate cavities, passageway means interconnecting adjacent ones of the
      vacities, pliable package means adapted to sealingly contain the liquid to
      be frozen with the package means being positioned in the cavities of the
      mold means and in the passageways of the cavities and means for
      introducing the liquid to be frozen into the package whereby the package
      and the liquid therein substantially conform the to the volume of the
      cavities and the passageway means.
PAR  The present invention also contemplates a system using the foregoing
      apparatus in combination with a reservoir for containing the liquid to be
      frozen. Filling means adapted to be connected to a source of the liquid
      are also included as well as conduit means that are in fluid communication
      with the interior of the reservoir and the means for introducing the
      liquid into the pliable package means.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the present invention reference should be had
      to the accompanying drawings wherein like numerals of reference indicate
      similar parts throughout their respective views and wherein:
PAR  FIG. 1 is a pictorial representation of an improved mold means and pliable
      package means comprising the present invention;
PAR  FIG. 2 is a pictorial representation of one embodiment of the pliable
      package means;
PAR  FIG. 3a is a transverse sectional view taken along line 3a--3a of FIG. 2;
PAR  FIG. 3b is a transverse sectional view, similar to FIG. 3a but illustrating
      an alternative embodiment of the pliable package means comprising the
      present invention;
PAR  FIG. 4 is a pictorial representation of a typical mold section used with
      the present invention;
PAR  FIG. 5 is a sectional elevational view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a pictorial representation of another embodiment of the mold
      means comprising the present invention;
PAR  FIG. 7 is a fragmentary, pictorial representation of a portion of a system
      comprising the present invention;
PAR  FIG. 8 is a fragmentary elevational view of a typical product formed by the
      present invention;
PAR  FIG. 9 is a perspective view of an alternative means for filling the
      pliable package;
PAR  FIG. 10 is a cross sectional of the filling orifice of the alternative
      filling means of FIG. 9 and taken along lines 10--10 thereof; and
PAR  FIG. 11 is a cross sectional view of the alternative embodiment taken along
      the lines 11--11 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and in particular to FIG. 1, there is shown
      a mold member 10 comprising the present invention. The mold member 10
      includes first and second mold sections 12 and 14 and a pliable plastic
      package 16 sandwiched therebetween. An inlet valve 18 provides means for
      introducing liquid into the pliable package 16 via a conduit 20.
PAR  The pliable package 16 is shown best in FIG. 2 wherein it will be seen that
      there is also provided two layers of plastic sheets 16a and 16b for
      example made from polyethylene or other suitable material and two pairs of
      laterally spaced tabs 22 each of which has an opening 24 formed therein.
      The package 16 may be formed of any suitable plastic material such as
      polyethylene, for example. While the package 16 has been illustrated in
      tubular or rounded form, in actual practice it would be packed flat and
      free of air. A tear strip schematically represented and designated by the
      reference character 26 is used for rupturing the package when it is
      desired to remove the contents thereof.
PAR  Whereas the package shown in FIG. 2 and FIG. 3a is comprised of two plastic
      layers 16a and 16b that are heat sealed to each other along the peripheral
      or marginal edges thereof, the package 28 shown in FIG. 3b is comprised of
      a pair of outer plastic layers 30 and an inner plastic layer 32 that
      defines two separate compartments 34 whose function will be described
      subsequently.
PAR  Turning now to FIG. 4 there is shown a typical form on one of the mold
      sections 12 or 14 which essentially are identical. The transverse cross
      section of the mold 14 is generally U-shaped and is provided with a
      plurality of axially spaced apart transverse partition walls 36 that
      define adjacent cavities 38 which include sidewalls 40 and a base wall 42.
      At the top of each of the partition walls 36 a notch 44 is included. When
      the two mold sections 12 and 14 are in the position shown in FIG. 1 the
      opposed notches 44 will define passageways that interconnect adjacent one
      of the cavities 38. Preferably, as shown in FIG. 5 the partition walls 38
      are tapered from top to bottom to permit easy removal of the package with
      the cubes formed therein. Further, legs 43 are provided on the outer
      surface 45 of the mold section 12 or 14, so that a space is maintained
      between stacked molds 10, to permit free air circulation therearound.
PAR  The mold sections 12 and 14 are each provided with two pair of laterally
      extending tabs 46 and 48. In the embodiment illustrated in FIG. 1 for
      example the tab 48 of the mold section 14 is provided with a pin 50 while
      the tab 46 of the mold section 12 is provided with an opening 52. Of
      course, this arrangement can be reversed. In the assembled condition, the
      pin 50 extends through the opening 24 formed in the tabs 22 of the package
      16 as well as through the openings 52 formed in the tabs 46 of the mold
      section 12. Although not illustrated, other means may be provided for
      clamping the two mold sections 12 and 14 to each other. Such means may
      take the form of cap nuts, spring clips or the like. Further, the
      semi-rigid plastic material from which the mold sections 12 are made to be
      snap-fitted together may be so constructed as to be capable of being
      snap-fitted together around the pliable package.
PAR  When the fluid is positioned within the pliable package 16 within the mold
      sections 12 and 14 the natural expansion of the fluid when the same
      freezes may urge the snap-fitted mold sections to be opened thereby
      simplifying the removal of the mold sections 12 and 14 from the pliable
      bag 16 when the cubes have been frozen.
PAR  An alternative embodiment of the present invention is shown in FIG. 6. In
      this alternative embodiment each mold section, for example, mold section
      12' , is comprised of units 12a, 12b, 12c and 12d, which, by way of
      example are positioned side-by-side and are suitably secured to each
      other. It should be evident that a plastic package, for example, of the
      type designated by the reference character 16, would be provided in an
      appropriate size. With respect to the plastic package 16 in its unfilled
      condition, it may take the form of an enfolded structure such that when
      the package 16 expands into the various cavities 38' the enfolded package
      will expand precisely against the wall of each cavity, the folding of the
      plastic pliable package 16. The form of enfolding of the plastic package
      will resemble a heavily embossed pattern on the surface of the pliable
      package to facilitate the expansion of the package 16. Each of the
      cavities 38' in each unit would include side walls 40' and a base wall 42'
      as well as a passageway 44' that interconnects adjacent cavities 38' in
      each unit.
PAR  The system comprising the present invention is fragmentarily illustrated in
      FIG. 7. A reservoir in the form of a tank 54 is mounted on a pedestal 56
      such that is is elevated with respect to a plurality of the mold members
      10 and package means 16 that are to be filled so that the water flows from
      the tank 54 by gravity. Either a removable cover 58 or a permanent closure
      member is also provided. Conduit 60 is coupled to a water source and is
      provided at its inner end with a valve 62 that is responsive to the
      movement of a float 64 so that the level of the water in the tank 54 may
      be maintained at a predetermined height.
PAR  One end of each of a plurality of conduits 66 is in fluid communication
      with the interior of the tank 54. The other end of each conduit 66 is
      provided with a nozzle means 68 and is adapted to engage and open the
      one-way valve 18 formed integrally with the package 16. In the embodiment
      of FIG. 3b, there would be of course two such valves 18, one for each of
      the compartments 34. Means, such as a plurality of balls 70 positioned
      within each conduit 66 provide an indication of the cessation of the
      liquid flow. Clips 72 that are mounted on the outside surface of the tank
      54 are used for retaining the conduits 66 when they are not in use. The
      use of a plurality of conduits 66 may permit fast filling of many mold
      members 10. Preferably one of the conduits 66 is located at the lowest
      point of the tank 54 in order to permit complete draining thereof when the
      water supply is turned off.
PAR  With the mold sections 12 and 14 and the pliable package 16 are positioned
      as shown in FIG. 1 water may be introduced by any suitable means such as
      the system shown in FIG. 7. The package 16 is oversized in order to allow
      for the volume of water introduced. That is, the weight of the water will
      enlarge the package 16 and cause it to conform to the volume of the
      cavities 38 as well as the passageways defined by the opposed notches 44.
      As mentioned above, the package 16 is accurately maintained relative to
      the cavities 38 and the passageways 44 by means of the pins 50 shown in
      FIG. 1.
PAR  One form of the resultant product is shown in FIG. 8. There will be a
      plurality of cubes 74 which conform generally to the size and shape of the
      cavities 38. In addition each cube 76 will be connected by a frangible
      member 76 that results from the size and shape of the passageways defined
      by the notches 44. It is contemplated that the volume of the connection 76
      will be substantially less than the volume of the cubes 74 so that, in
      use, the connections 76 may easily be broken. It should be clearly
      understood that the present invention is not limited to the particular
      shape shown in FIG. 8. That is the cavities 38 may be so designed so as to
      produce more than one shape of ice cubes and, in fact, any single mold may
      be designed so as to produce multiple sizes and multiple shapes of ice
      cubes.
PAR  From the foregoing it will be evident that an improved apparatus system for
      forming ice cubes has been provided. The square or rectangular shape of
      the mold members can conveniently be used for economy in stacking before
      and after the ice has been formed. The pliable package may be formed with
      either one or two compartments but in either event are normally shipped
      flat and free of air and contamination. The pliable packages are oversized
      and expansible and dimensionally condensed to permit them to assume the
      size and shape of the cavities in the mold sections.
PAR  An important advantage of the present invention is that a water filled
      package need never be handled. The only time the package is handled is
      after the water is frozen. There is no requirement that the ice cube
      maker, at any time, has to handle a package filled with fluid. It should
      be further noted that the package when filled with a liquid is always
      supported as by the mold section 12 and 14. The closed, clean, gravity fed
      system of the present invention is an advantageous feature. Because of the
      method used in filling the pliable package of the present invention air
      pockets in the mold compartment are avoided.
PAR  The alternative embodiment shown in FIGS. 9, 10 and 11 represents an
      alternative means of filling the plastic pliable package. The mold
      sections 12" and 14" remain as previously described. The bottom and top
      mold sections may each be provided with a projecting area which forms a
      top 80 and bottom 82 of a flat tubular feed member 86 into which water may
      be injected as a means of filling the plastic package 16" positioned
      within the mold sections 12" and 14". As shown in FIG. 11 the top and
      bottom sections of the tubular feed member 86 are integrally molded with
      the respective top and bottom sections 12" and 14" of the mold so that
      when the mold is closed the flat tubular feed member top and bottom
      sections are joined together around a part of the plastic package 16"
      forming the completed member 86. An opening 88 is provided at one end 90
      of the flat tubular member 86 so that water may be injected into the
      package 16" which is held in the tubular member 86 by means of a nozzle
      68. A constricted area 92 is formed inwardly of the opening 88 and blocks
      the channel 94 formed by the package 16" held within the flat tubular
      member 86. When the nozzle part 68 of a filler tube 66 is urged into the
      opening 88 the constricted area 96 is urged open so that water may flow
      down the channel 94 and branch off through side branches 98 into the
      package 16" which expands as it is being filled into the various cavities
      38 thereby filling the various compartments and thereby forming the ice
      cubes 74 after they are frozen. It should be noted that when the mold
      sections are filled the nozzle 68 may be removed from the opening 88 and
      the constriction is reformed thereby preventing the water from flowing
      back out through the channel 94 formed in the package 16" in the flat
      tubular portion 86 preventing the water from flowing back out the opening.
PAR  It should further be noted that when the water freezes within the package
      16" formed by these compartments or various sections of the joined mold,
      the water will expand thereby snapping the mold open helping in the quick
      removal of the cubes from the compartments in the mold.
PAR  In the case of the preferred and alternative embodiments the mold sections
      are provided with vent holes 100 to permit the air in the mold to escape
      while the package 16 expands into the compartments 38.
PAR  In order to prevent bubbling from forming within each of the cube forming
      sections leak holes are provided to permit the escape of trapped air in
      each of the compartments.
PAR  While in accordance with the patent statutes a preferred and alternative
      embodiment of the present invention has been described in detail, it
      should be particularly understood that the invention is not limited
      thereto or thereby.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for use in freezing a liquid into a plurality of readily
      separable volumes comprising:
PA1  a. two cooperative mold sections each having a plurality of separate
      cavities, respective ones of said cavities being opposed to each other,
      each cavity including a base wall and a plurality of side walls extending
      from said base wall;
PA1  b. passageway means interconnecting adjacent cavities;
PA1  c. a pliable package means to sealingly contain the liquid to be frozen,
      said mold sections adapted to receive said pliable package means in its
      unfilled condition therebetween; and
PA1  d. one way valve means adapted to be coupled to a source of the liquid for
      introducing the liquid into said pliable package means after said pliable
      package means has been positioned between said mold sections whereby said
      pliable package means with said liquid therein expands precisely against
      said base wall and said side walls and said passageway means so that said
      pliable package means containing said liquid substantially conforms to the
      volume of said cavities and said passageway means.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said package means comprises
      three fluid impervious layers sealed to each other for defining two
      superimposed compartments therein, said one way valve means being in fluid
      communication with both said compartments whereby both said compartments
      and the liquid therein are adapted to conform to the volume of said
      cavities and passageway means in both said mold sections.
NUM  3.
PAR  3. A system for freezing a liquid into a plurality of readily separable
      forms comprising:
PA1  a. mold means having a plurality of separate cavities, each cavity
      including a base wall and a plurality of side walls extending from said
      base wall;
PA1  b. passageway means interconnecting adjacent cavities;
PA1  c. a pliable package means to sealingly contain the liquid to be frozen,
      said mold means adapted to receive said pliable package means in its
      unfilled condition; and
PA1  d. one way valve means for introducing the liquid to be frozen into said
      pliable package means after said pliable package means has been positioned
      in said mold means whereby said pliable package means with said liquid
      therein expands precisely against said base wall and said side walls and
      said passageway means so that said pliable package means containing said
      liquid substantially conforms to the volume of said cavities and said
      passageway means;
PA1  e. a reservoir for containing the liquid to be frozen;
PA1  f. means adapted to be connected to a source of liquid for filling said
      reservoir; and
PA1  g. conduit means in fluid communication with the interior of said reservoir
      and adapted to be placed in fluid communication with said one way valve
      means for introducing the liquid into said pliable package means.
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ABST
PAL  A lead-free candle wick composition comprising a combustible wick and a
      stiffening agent is disclosed. The stiffening agent comprises a
      substantially wax-insoluble polymer or copolymer which has a Vicat
      softening point at least 2.5.degree.C. higher than the melting point of
      the candle wax and which depolymerizes or pyrolyzes to substantially
      completely combustible products at a temperature above said melting point
      and at or below the temperature of the candle flame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  A candle is simply a combustible, porous core or wick surrounded by a
      fusible, flammable solid, such as a wax or waxlike material. When the
      candle is lit, the heat from the flame melts the solid and the resulting
      liquid then flows up the wick by capillarity. This liquid is subsequently
      vaporized and becomes part of the innermost of three layers in the flame.
      The middle zone of the flame is where the vapor is partially decomposed,
      and the outer layer is marked by combustion of the vapor and the emission
      of carbon dioxide, water and other vapors into the atmosphere.
PAR  Candles, particularly those enclosed in plastic or glass containers, such
      as votive candles, generally require a stiffened wick. A limp wick may
      extinguish itself in the pool of liquid wax lying just below the flame of
      the burning wick. Another disadvantage of a limp wick in these types of
      candles is the possibility that while burning, the wick and flame could
      bend enough to make contact with the side of the container and cause
      breakage or other damage.
PAR  It is customary to stiffen the wicks of these kinds of candles by forming
      the wicks around a fine lead wire. When the wick is burned, the lead
      strand conveniently melts or vaporizes and leaves no undesirable residue
      to plug the porous wick and disrupt its capillary action. However, the
      lead vapors emitted into the atmosphere are toxic and may create a health
      hazard under certain conditions. As a result, an alternative, non-toxic
      stiffening agent for the wicks is desirable.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides stiffened candle wicks that will not impair the
      efficient burning of the candles in which they are implanted and will not
      emit a toxic or noxious odor when burned. Accordingly, there is provided a
      stiffened candle wick comprising a combustible wick and stiffening agent
      which comprises wax-insoluble polymer or copolymer having a Vicat
      softening point of at least 2.5.degree.C. higher than the melting point of
      the candle wax, and depolymerizes or pyrolyzes to substantially completely
      combustible products at a temperature above said softening point and at or
      below the temperature of the candle flame.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, a stiffened candle wick
      composition comprising a combustible wick and a nonmetallic stiffening
      agent is provided.
PAR  The wicking utilized in this invention may be selected from a variety of
      materials. Not only must these materials be combustible, but they must
      also be porous enough to allow the required capillary action.
      Modifications of the wicking materials which do not affect the porousness
      may include such things as weaving or plaiting to assure clean burning or
      varying the diameter to effect proper consumption. The wicking material
      comprises approximately 80-90 weight percent of the stiffened candle wick
      composition. An excellent example is plaited cotton yarn of various sizes,
      weights and textures.
PAR  The wicking material used for the stiffened wicks of this invention may be
      treated with other chemicals as is customarily done with the leaded wicks.
      These chemicals have been found generally not to interfere with the
      embodiments of this invention. An example of such treatments would be the
      addition of a phosphorus compound to facilitate rapid extinction of the
      wicks and prevent smouldering.
PAR  The combustible and porous wicking may be surrounded by, and implanted in,
      any suitable fusible, flammable solid. These solids are customarily
      referred to as the "wax" of the candle. As herein employed, the term "wax"
      includes any wax or other wax-like material suitable for use in candles.
      These waxes are usually relatively readily easily volatilized and
      combustible. Some examples include beeswax, paraffins, stearines, carnuba
      wax, and montan wax, separately or in mixtures. Also suitable are mixtures
      of thermoplastic polyamide resins and flammable solvents such as disclosed
      in U.S. Pat. No. 3,819,342.
PAR  In order to maintain rigidity and to avoid drowning itself in the pool of
      liquid wax formed as the candle burns, the above-described wicking must be
      combined with a stiffening agent that is substantially wax-insoluble and
      whose softening point is above the temperature of the pool of molten wax.
      The wax of most votive candles has a melting point of approximately
      50-70.degree.C., and commonly 52-55.degree.C. The Vicat softening point of
      the stiffener of this invention would accordingly be at least
      2.5.degree.C. higher than the temperatures within that range, or
      approximately at least 52.5-72.5.degree.C. As an example, if the melting
      point of the wax were 52.5.degree.C. or lower, polymethylmethacrylate
      would be an ideal stiffening agent, since it has a Vicat softening point
      of about 120.degree.C. and is substantially waxinsoluble.
PAR  The capillary function of the wick must not be hindered by residues left
      from combustion. As the wax and wicking are substantially completely
      combustible, it is also desirable to have a stiffening agent that is
      substantially completely combustible between the above-defined softening
      point and the temperature of the candle flame.
PAR  Preferably the stiffening agent is a wax-insoluble polymer or copolymer
      which depolymerizes or pyrolyzes at a temperature above its softening
      point and at or below the temperature of the candle flame. Suitable
      polymers or copolymers are those which pyrolyze or depolymerize into
      combustible products in the above-defined range of temperatures. These
      products leave substantially no residue when burned thereafter within the
      same given range of temperatures.
PAR  Suitable wax-insoluble polymers or copolymers which have the
      above-specified softening points, depolymerization points and combustion
      properties generally have a molecular weight of approximately 1000 to
      1,000,000, preferably 10,000 to 100,000, and generally contain only
      carbon, hydrogen, oxygen and nitrogen.
PAR  Monomeric units making up these suitable polymers include lower alkyl
      (preferably C1-C4) esters of acrylic acid and derivatives thereof such as
      methacrylic acid and aromatic alkenes having a total carbon content of
      8-16 carbon atoms.
PAR  Examples of suitable polymers that depolymerize or pyrolyze within the
      temperature range specified, producing materials which are substantially
      completely combustible, are polymethylmethacrylate and polystyrene. The
      approximate Vicat softening point of polymethylmethacrylate is
      120.degree.C., of polyethylmethacrylate is 80.degree.C., of
      polyisobutylmethacrylate is 68.degree.C., of a mixture of poly(25% butyl,
      75% isobutylmethacrylate) is 60.degree.C., of cellulose trinitrate is
      68-81.degree.C., and of polystyrene is approximately 115.degree.C. The
      depolymerization temperature of polymethylmethacrylate is approximately
      250.degree.C. and that of polystyrene is approximately 325.degree.C. The
      temperature of a candle flame is not exactly known, as it varies with the
      type of wax used and the conditions under which the candle is burned.
      However, the flame generally has a temperature in the range of
      315-1000.degree.C. Since both polymethyl-methacrylate and polystyrene have
      softening points and depolymerization points within the necessary ranges,
      these materials are excellently suited as stiffening agents in this
      invention.
PAR  Although not meant to be exhaustive or restrictive of the claims appended
      hereto, suitable examples of these polymers and copolymers include
      polyacrylates, polymethacrylates, polystyrenes, styrene-acrylate
      copolymers, styrene-methacrylate copolymers, nitrocellulose, and
      derivatives thereof. Some examples include polymethylmethacrylate,
      polyethylmethacrylate, polypropylmethacrylate, polybutylmethacrylate,
      polyisobutylmethacrylate, polystyrene, styrene-methyl-methacrylate
      copolymer, styrene-acrylate copolymer, and the like. Derivatives of
      naturally occuring polymers such as cellulose trinitrate are also
      suitable.
PAR  The stiffened candle wicks of this invention may be prepared by combining
      the wicking material and the stiffening agent in any suitable manner which
      provides stiffening without blocking the capillary flow of the melted wax
      in the wicking material. Generally, the stiffened candle wicks will
      comprise 75-95 weight percent of a wicking material and 5-25 weight
      percent stiffening agent. A preferred ratio is 80-90 weight percent
      wicking material and 10-20 weight percent stiffening agent.
PAR  In one method, the polymer is dissolved in a suitable solvent and the
      wicking material drawn through the solution to impregnate it with the
      polymer. After the wicking material is withdrawn from the solution, the
      solvent is removed by evaporation and a stiffened wick is obtained ready
      for use. Suitable solutions for use in this method comprise approximately
      5-10% polymer and 90-95% solvent. Suitable solvents must be capable of
      dissolving the polymer and later being evaporated, leaving the polymer as
      a deposit in or on the wick. Preferably the solvents should vaporize
      without addition of substantial amounts of thermal energy. The particular
      solvent which can be used depends upon the particular polymer selected.
      The choice of solvents is not a matter of difficulty and will not be
      discussed except for a few illustrative examples.
PAR  For the polyacrylates and polymethacrylates commonly used suitable solvents
      include halogenated alkanes such as methylene chloride, chloroform, carbon
      tetrachloride, trichloroethane and ethers such as tetrahydrofuran.
      Examples for suitable solvents for polystyrene include benzene, styrene,
      and xylenes as well as the above-mentioned solvents.
PAR  In another method, the polymer can be applied to the wicking material in
      the form of an emulsion. In this method, emulsions of the polymer are
      prepared by emulsifying the monomer in water and adding an initiator to
      produce the emulsified polymer. These emulsions are easily prepared and
      also can be obtained commercially. In this method, the wicking material is
      impregnated with the polymer by drawing it through the emulsion, followed
      by heating to drive off the water and fuse the polymer to the surface of
      the wicking material.
PAR  In yet another method, a thread of the polymer can be inserted into the
      wicking material and used in the same manner as the lead wire is now used
      in lead-cored wicks. In this embodiment, the polymer thread should be of
      sufficient diameter to provide the necessary stiffening, but yet should
      not be so large that the wicking material becomes too stiff to handle
      easily or is subject to breakage.
PAR  The stiffened wicks which are prepared by surface treatment of the wicking
      material with a polymer solution or a polymer emulsion are soft and
      pliable enough that they can be wound on spools for easy shipment and
      handling. The stiffened wick containing the polymer thread likewise is
      pliable enough if the thread diameter is not too large to wind on a spool.
PAR  The following example is included to further illustrate the invention:
PAR  7 grams of polymethylmethacrylate are dissolved in 93 grams of
      trichloroethylene. A plaited-cotton wicking material is drawn through the
      solution at a rate of approximately 1 foot/sec. Following impregnation,
      the solvent is allowed to evaporate from the wicking material at room
      temperature, producing a stiffened wick not containing a lead core. The
      stiffened wick is then coated with wax and used to prepare a 100-hour
      votive candle.
PAR  The votive candle is prepared by filling a sanctuary-glass candle container
      with 7in. of white scale wax, 128/130 AMP. A section of the stiffened
      candle wick prepared above was inserted in the molten wax and the wax was
      allowed to solidify. After the wax had solidified, the candle was lighted
      and allowed to burn until completely consumed. The total burning time was
      approximately 100 hours. The stiffened wick was sufficiently stiff to
      allow the candle to burn properly throughout the entire burning time.
PAR  Votive candles prepared using wicks stiffened with
      polyisobutylmethacrylate, polyethylmethacrylate, polystyrene and cellulose
      trinitrate are found to burn satisfactorily and the wick is sufficiently
      stiff throughout the entire burning time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stiffened candle wick composition for use in a wax candle comprising a
      combustible wick and a stiffening agent comprising a substantially
      wax-insoluble polymer or copolymer having a Vicat softening point at least
      2.5.degree.C. higher than the melting point of the wax of said candle and
      which depolymerizes or pyrolyzes to substantially completely combustible
      products at a temperature above said softening point and not greater than
      the temperature of the flame of said candle when said candle is burned.
NUM  2.
PAR  2. The composition of claim 1 wherein said wax-insoluble polymer is a
      polyacrylate or polyalkylacrylate.
NUM  3.
PAR  3. The composition of claim 1 wherein said wax-insoluble polymer is a
      polymethacrylate.
NUM  4.
PAR  4. The composition of claim 3 wherein said polymethacrylate is
      polymethylmethacrylate.
NUM  5.
PAR  5. The composition of claim 1 wherein said wax-insoluble polymer is a
      polystyrene.
NUM  6.
PAR  6. The composition of claim 1 wherein said wax-insoluble polymer is a
      nitrocellulose.
NUM  7.
PAR  7. The composition of claim 1 wherein said stiffening agent comprises
      10-20% weight of said stiffened candle wick composition.
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ABST
PAL  A noiseless premix burner comprising a cylindrical housing which is
      attached to the outer covering of the furnace wall, and closed at its
      opposite end by a closure plate which supports a concentric burner tube
      which extends from the closure plate through an opening in the furnace
      wall to the interior of the furnace. A gas fuel line is inserted along the
      axis of the burner tube. Pressurized fuel gas flows through an orifice in
      the fuel line in an expanding flow. The proximal end of the burner tube
      has a venturi type throat construction. The annular space between the
      burner tube and the cylindrical housing comprises two plenums, one
      adjacent the outer wall of the furnace supplying secondary air, which
      passes into the furnace through a narrow annular gap between the burner
      tube and the furnace lining. The second plenum provides primary air to the
      burner tube at the position of the fuel nozzle, where it mixes turbulently
      with the inflowing high velocity gas stream, to provide a fuel-air mixture
      which passes down the burner tube. The axial outlet of the burner tube
      inside the furnace is closed and there are a plurality of longitudinal
      slots spaced circumferentially around the burner tube through which the
      gas-air mixture moves radially into the furnace impinging on tile which
      surrounds the burner tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of fuel gas burners for furnaces. More
      particularly, it concerns a type of burner which is more or less
      completely sealed so as to minimize the noise of the issuing gas and
      mixing activity, so that on the outside of the burner housing the level of
      noise is nominal.
PAC  CROSS REFERENCES TO RELATED PATENT
PAR  This invention is related to U.S. Pat. No. 3,684,424 in the names of John
      Smith Zink, Hershel Goodnight and Robert D. Reed dated Aug. 15, 1972,
      entitled "Noiseless Radiant Wall Burner."
PAR  In the prior art as represented by the U.S. Pat. No. 3,684,424, the
      noiseless character of the burner is provided at considerable expense in
      apparatus and construction to achieve the quiet operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a noiseless premix
      burner with a simple and relatively inexpensive construction. It is a
      further object of this invention to provide a type of burner and tile
      construction such that by the incandescence of the tile the ignition of
      the gas and primary air mixture is continuously obtained. The tile
      construction is simpler and less expensive than in the prior art
      construction.
PAR  These and other objects are realized and the limitations of the prior art
      are overcome in this invention by providing a burner housing which is
      cylindrical metal tube with flanges adapted to be fastened at one end to
      the outer steel covering of the furnace wall and at the second end to be
      closed off by a mounting plate, which supports a gas fuel line on the axis
      of the cylinder and which also supports a burner tube of diameter less
      than the housing diameter. Air openings are provided in the burner tube at
      the input end which connects the interior of the burner tube with an
      annular plenum between the burner tube and the housing. Inlet air openings
      are provided in the outer wall of the housing to supply primary air and
      separate openings are provided to provide secondary air. An annular plate
      is inserted between the burner tube and the housing wall in order to
      divide the annular space into the two plenums. Means are provided for
      controlling the effective size of the air openings for the primary and
      secondary air. The burner tube is closed on its outlet end and the gas air
      mixture leaves the tube through a series of longitudinal slots which are
      spaced circumferentially around the burner tube. The gas-air mixture from
      the burner tube exiting through the slots impinges on a tile ring
      surrounding the burner tube which, in operation when the tile is
      incandescent, provides a positive means of continuously igniting the gas
      air mixture.
DRWD
PAC   BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of this invention and a better
      understanding of the principles and details of the invention will be
      evident from the following description taken in conjunction with the
      appended drawings:
PAR  FIG. 1 represents a vertical cross section of the burner and furnace
      construction.
PAR  FIG. 2 is a transverse cross section of the burner along the plane 2--2.
PAR  FIG. 3 is a cross section of the burner tube in the plane 3--3.
PAR  FIG. 4 is a cross section of the burner tube at the plane 4--4.
DETD
PAR  Referring now to the drawings and in particular to FIG. 1 there is shown,
      indicated generally by the numeral 10, one embodiment of the burner of
      this invention. It comprises a cylindrical housing 12, preferably of a
      cylindrical circular nature having two flanged ends 16 and 17, the end 16
      is mounted to the outer steel wall 18 of the furnace wall 38 by means such
      as bolts 14. The input end of the burner at the flange 17 is closed by a
      closure plate 20 and is fastened by means of bolts 22. The closure plate
      20 supports an input fuel pipe 50 which can, for example, be supported by
      threads to a nut 46 welded by means 48 to the plate 20, so that the gas
      nozzle 52 is directed along the axis of the burner tube 24. The burner
      tube 24 is a cylindrical pipe of lesser diameter than the housing 12 and
      is supported by welding such as 31 to the closure plate 20.
PAR  As shown in FIG. 2, the major circumferential portion of the burner tube 24
      is cut away leaving two longitudinal strips 56 to support the burner tube
      and providing large openings for the passage of primary air in accordance
      with the arrows 74. The input end of the burner tube 24 has a cylindrical
      insert 58 in the form of a tapered throat construction 58, providing a
      narrow throat of a diameter 29 and an expanding portion 33.
PAR  At its output end the burner tube 24 is closed off by means of a plate 62.
      There are a plurality of longitudinal slots 64 which are arrayed
      circumferentially around the tube. The gas and air mixture in the burner
      pipe 24 flows radially outwardly through these slots and impinges on the
      hot tile 40 which surrounds the end of the burner.
PAR  The tile 40 with the ceramic 38 forms part of the lining of the furnace.
      The outer surface 37 of the tile can be of any shape such as circular,
      square, etc. There is a central opening to the tile which is larger than
      the outer diameter of the burner tube 24 to provide an annular space 36
      through which secondary air can reach the interior of the furnace.
PAR  The tile 40 shown with a plurality of circular recesses 41, 42, 44, etc.
      which serve as impingement edges so that when the furnace is in operation,
      these edges become incandescent and serve as continuing ignition means for
      the gas-air mixture flowing outwardly through the slots 64 against the
      tile edges.
PAR  There are two sets of circumferential openings in the burner housing, both
      sets mounted close to the furnace wall, but spaced apart to provide for an
      internal annular plate 26 that closes off the annular space between the
      burner tube and the housing, so as to form two air plenums 76 and 78.
PAR  The first series of openings 28 are covered by a circumferential tube 30
      which has a corresponding plurality of holes of the same size and spacing,
      so that as the tube 30 is rotated with respect to the cylindrical housing
      12, more or less area of the openings 28 can be covered by the tube 30, so
      as to control the effective size of the air openings and, therefore,
      control the amount of secondary air which flows inwardly in accordance
      with the arrows 66 through the annular space 36 in accordance with arrows
      68 and into the furnace, to mix with the burning gases issuing from the
      slots 64 in the burner tube.
PAR  Inasmuch as the outer end of the burner tube is adjacent the hot flame
      provided by the ignited gases issuing from the slots 64, the outer portion
      25 of the burner tube should be of high temperature resistant metal so as
      to be able to withstand the high temperature to which it will be
      subjected. On the other hand, since the input end of the burner tube is
      handling only cool gases, it does not have to be of high temperature
      metal. Therefore, the burner tube can be constructed of two parts an input
      end 24 of conventional steel pipe welded by means 27 to an output end 25
      of high temperature steel.
PAR  The second set of openings 32 in the housing wall 12 are for primary air.
      These openings are toward the end of the housing attached to the furnace
      wall 18 so as to provide a sizable plenum 78 to help deaden the noise
      generated in the burner tube by the high velocity gases 54 issuing from
      the nozzle 52 and mixing with the primary air indicated by the arrows 72
      and 74 passing along the annular space of the plenum 78.
PAR  It will be clear that the portion of the burner tube at the input end,
      where the noise generated by the issuing gases 54 and the turbulent mixing
      with the input air 74 in the throat 29 of the burner tube creates a
      considerable noise, this noise is entirely enclosed except for the
      openings 32, which are removed as far as possible from the source of
      noise. Thus, the amount of noise issuing through the openings 32 will be a
      minimum. However, if desired, it is possible to line the interior surface
      of the plenum 78 with acoustical insulating material 79 so as to further
      minimize the amount of noise that will be radiated from the housing 12.
PAR  The amount of primary air entering the burner tube in accordance with
      arrows 74 can be regulated by means of a short cylinder 58 surrounding the
      burner pipe 24. There are a pair of steel rods 60 attached to this short
      pipe 58 by means such as the welds 59 of FIG. 2. The rods 62 extend
      through appropriate openings in the closure plate 20 to the outside, where
      they form handles 62 so that they can be pulled out, or pushed in, as
      desired, appropriately moving the pipe 58 so as to cover more or less of
      the openings in the input end of the burner pipe.
PAR  The openings 28 and 32 in the wall of the housing 12 can be of any desired
      size sufficiently large to provide enough air in accordance with the flow
      of gaseous fuel. This information is well described in the literature of
      the industry and need not be discussed here. However, a plurality of
      openings 28 which may be for example comprised of eight openings of
      diameter, one inch to 11/2 inches might usefully serve for the secondary
      air openings. As regards the opening 32 these might for example be 12
      openings of 2 in. diameter. Adequate regulation is provided by the
      circumferential pipe 28 over the secondary air openings and the pipe 58
      covering the openings in the input end of the burner pipe.
PAR  In normal operation because of the draft through the furnace and also
      because of the high velocity jet of gaseous fuel, the pressure inside the
      furnace will be less than atmospheric, and primary and secondary air will
      flow into the burner in accordance with the arrows 72, 74 and 66.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A quiet premix gaseous fuel burner assembly comprising:
PA1  a. a cylindrical housing means of diameter L having a first end supported
      against an outside wall of a furnace, said wall having a tile lined
      opening of diameter D, where D is less than L, along the axis of said
      housing, the second end of said housing closed by a mounting plate;
PA1  b. a gaseous fuel line with nozzle passing through said mounting plate
      along the axis of said housing, the pressureized gas flowing from said
      nozzle in an expanding cone of high velocity gas;
PA1  c. a burner pipe of diameter d, where d is less than D mounted at its
      second end to said mounting plate coaxially with said housing and
      extending at least to an inside wall of said furnace, primary air openings
      in said burner pipe at its second end and means to control the area of
      said openings, a closure over the first end of said burner tube, and a
      plurality of longitudinal slots distributed circumferentially around said
      pipe at said first end;
PA1  d. an annular plate in said housing closing off the annular space between
      said tube and said housing, forming a first plenum space between said
      plate and said furnace wall and a second plenum space between said annular
      plate and said mounting plate;
PA1  e. a plurality of secondary air openings into said first plenum and means
      to vary the area of said secondary air openings, said openings adapted to
      pass secondary air into said first plenum and into the annular space
      between said burner pipe and said tile; and
PA1  f. a plurality of air openings on the wall of said housing adjacent said
      annular plate to convey air into said second plenum thence into said
      primary air openings.
NUM  2.
PAR  2. The burner assembly as in claim 1 including an annular insert into the
      second end of said burner tube forming a throat of reduced diameter
      leading to an expanding conical surface.
NUM  3.
PAR  3. The burner assembly as in claim 1 including acoustical insulation over
      at least part of the internal surface of the annular space comprising said
      second plenum.
NUM  4.
PAR  4. The burner assembly as in claim 1 in which at least the first end of
      said burner tube is composed of high temperature resistant metal.
NUM  5.
PAR  5. The burner assembly as in claim 1 in which said inside wall of said
      furnace which surrounds the first end of said burner tube is cut in a
      series of shallow cuts of decreasing diameter, providing sharp edges for
      the purpose of igniting the gas mixture.
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ABST
PAL  Method and apparatus to heat fix a heat fusible xerographic powder image to
      a final support material in which the powder image is first transferred to
      a final support material and the image-bearing support material then
      brought into contact with a bath of hot liquid metal for a period of time
      sufficient to fix the image to the support material. The temperature of
      the bath is maintained at a temperature high enough to fuse the image but
      below that at which the support material is damaged. The liquid metal bath
      has floating on it a layer of molten non-metal to prevent oxidating of the
      metal and to precoat the support material on its entry into the bath to
      prevent particles of the liquid metal from embedding in the support
      material. The relative high density of the molten metal acts as a wringer
      to keep the plasticized coating very thin when drawn out of the bath.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to xerographic image fusing and, in particular, to
      apparatus and method for effecting image fixing by placing an image
      bearing support material in thermal contact with a bath of liquid metal.
PAR  In the process of xerography, a xerographic plate comprising a layer of
      photoconductive insulating material placed on a conductive backing is
      given a uniform electric charge over its surface. The charged
      photoconductor is then exposed to a light image of the subject matter to
      be reproduced thereby discharging the photoconductive plate in the areas
      of greatest radiation intensity to create an electrostatic latent image.
      The latent image is developed with an electrostatically charged finely
      divided powder or toner which is brought into contact with the
      photoconductive layer. The toner is electrostatically attracted to the
      image areas thus developing the latent image. Thereafter, the developed
      xerographic powder image is electrostatically transferred to a support
      material to which it is fixed to form a permanent copy. One way in which
      the toner image is fixed to the support material is by heat fusing. All of
      this is well known in the art.
PAR  One method of heat fusing a toner image is disclosed in U.S. patent
      application Ser. No. 459,863, filed Apr. 11, 1974 by Prafulla S. Dhoble.
      The full disclosure of the Dhoble application is incorporated herein by
      reference.
PAR  In brief, the Dhoble invention is of a method and apparatus for heat fusing
      a toner image by immersion of the support material and toner image in a
      hot liquid, including certain molten metals. Basically, the unfused toner
      image is driven on a web of paper through a bath of molten metal which
      fuses the toner to the paper. This is shown schematically in FIG. 1 of the
      drawing. While the liquid metal does not wet the paper, minute particles
      of the metal may get embedded in the paper or in the fused image.
      Furthermore, oxidation of the molten metal exposed to atmosphere is
      undesirable.
PAR  It is an object of this invention, therefore, to provide a method and
      apparatus for xerographic fusing by means of a liquid metal in which
      embedding of metal particles in the toner or in the support material is
      avoided.
PAR  Another object of this invention is to provide a method and apparatus for
      xerographic fusing by the application of liquid metal with means to
      prevent the metal from oxidizing.
PAR  Briefly, the salient features of this invention include xerographic fusing
      by moving a support material and an undeveloped zerographic image thereon
      through a liquid metal bath. A layer of molten plasticizer floats atop the
      liquid metal whereby paper flowing into the system is contacted and coated
      by the placticizer prior to contact with the liquid metal. The layer of
      plasticizer coats the entire copy and xerographic image to prevent
      particles of the liquid metal from attaching thereto, and also serves as
      an oxidation barrier for the liquid metal.
PAR  For a better understanding of this invention, reference is made to the
      following detailed description given in connection with the accompanying
      drawing.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a schematic of prior art liquid metal fusing apparatus.
PAR  FIG. 2 is a schematic of a liquid metal fusing apparatus according to the
      present invention.
DETD
PAC  DESCRIPTION
PAR  FIG. 1 shows schematically a prior art system of the type disclosed by
      Dhoble as discussed above. A liquid fusing apparatus is represented
      generally at 2 and includes a container 4 containing a bath of liquid or
      molten metal 6. A web of paper or other support material 8 is fed into the
      metal bath 6 by means of suitable guide rollers 10. A roller or other
      guide member 12 guides the web 8 through the metal bath 6, and guide
      rollers 14 direct the web 8 upon exit from the metal bath. The path 16 of
      the paper is represented by arrows 16 at the input and output sides of the
      system.
PAR  In operation, an unfused toner image borne by the paper 8 is moved into and
      through the molten metal bath. As a result of the heat derived from the
      molten metal, the toner is fused and thereby fixed to the paper prior to
      its delivery to a cutting and/or collecting station.
PAR  Referring now to FIG. 2, the present invention is represented with the same
      numbers representing the same elements as in FIG. 1. There is shown, in
      addition, a bath of molten plasticizer 18 floating atop the metal bath 6.
      The plasticizer material may be paraffin or a suitable high melting point
      wax. The particular material is not essential to the present invention.
PAR  A dam or baffle member 20 extends from one side to the other of the
      container 4 (that is toward and away from the reader from one to the other
      side of the container). Baffle 20 extends downwardly into the container to
      a level below the level of the liquid metal 6, and upwardly to a level
      above that of the plasticizer 18. The function of the baffle 20 is to keep
      the plasticizer in the paper inlet side of the container 4 and out of the
      paper outlet side. It is preferable in order to get maximum efficiency of
      the plasticizer as an oxidation barrier to have the plasticizer cover as
      much of the liquid metal where the paper 8 is drawn out. For this purpose,
      the baffle 20 is located as shown, fairly close to the paper 8 as it exits
      the system.
PAR  In operation, the paper 8 as it is introduced to the system is contacted
      and coated by the plasticizer 18 prior to the entry into the liuqid metal
      6. The plasticizer thus coats the entire paper surface and toner image
      prevents embedding of metal particles in the paper or the toner image. The
      metal bath itself, because of its much greater density, acts as an
      efficient wringer which keeps the plasticizer coating very thin, whereby
      the paper 8 will have a thin glossy surface when it leaves the metal bath
      6. For this last purpose, it is important to keep the plasticizer 18 away
      from the area where the paper 8 leaves the bath. Otherwise, a second
      coating of plasticizer would attach itself.
PAR  The foregoing description of an embodiment of this invention is given by
      way of illustration and not of limitation. The concept and scope of the
      invention are limited only by the following claims and equivalents thereof
      which may occur to others skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of heat fixing a heat fusible xerographic toner image to a
      final support material to which it has been applied in image
      configuration, including:
PA1  moving said support material into a hot molten bath of metal and liquid
      nonmetal in which the liquid nonmetal floats atop the metal in the area
      where the support material moves into the bath,
PA1  said molten nonmetal forming an initial coating on said support material
      and forming a vapor and oxidation barrier over said molten metal, said
      molten bath of metal being sufficient in size and heat content to effect a
      thermal fixing of said toner image to said support material without
      degrading either said toner or said support material, and to effect a
      wringing of said initial coating of nonmetal,
PA1  moving said support material out of said molten bath of metal in an area
      where floating molten nonmetal is not present,
PA1  maintaining a floating cover of liquid nonmetal in the area where the
      support material moves into the bath, and
PA1  maintaining a bath of metal uncovered by liquid nonmetal in the area where
      the support material exits the bath.
NUM  2.
PAR  2. A method of making an electrostatically reproduced copy wherein
      thermo-responsive particulate material is arranged in a predetermined
      pattern on a support material, including:
PA1  contacting the suppport material with a body of liquid sufficient in size
      and heat content to effect a thermal fixing of said thermo-responsive
      particulate material without degrading said support material or said
      thermo-responsive particulate material, said body of liquid including a
      bath of hot liquid metal and a bath of liquid nonmetal floating atop said
      hot liquid metal in the area thereof wherein said support material is
      introduced, said liquid nonmetal forming an initial coating on said
      support material and forming a vapor and oxidation barrier over said
      liquid metal, said liquid metal effecting a wringing of said initial
      coating of nonmetal,
PA1  maintaining said contact for a time sufficient to thermally fix said
      thermo-responsive material to said support material,
PA1  maintaining a floating cover of nonmetal in the area where said support
      material moves into the bath, and
PA1  maintaining a bath of liquid metal uncovered by liquid nonmetal in the area
      where said support material exits the bath.
NUM  3.
PAR  3. A method of fixing a heat fusible particulate material to a support
      material to which it has been applied in imagewise configuration, and of
      coating said support material said configuration of particulate material
      with a nonmetallic plasticizer, including:
PA1  moving said support material into a molten bath of metal and nonmetal
      plasticizer in which said nonmetal plasticizer floats atop said metal in
      the area where said support material moves into said bath, the movement of
      said support material being in a direction so as to contact said
      plasticizer before said metal, said plasticizer forming a coating on said
      support material and forming a vapor and oxidation barrier over said
      molten metal, said molten bath of metal being sufficient in size and heat
      content to effect a thermal fixing of said particulate material to said
      support material, and to effect a wringing of said coating of plasticizer,
PA1  moving said support material out of said molten bath of metal in an area
      where floating plasticizer is not present.
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ABST
PAL  Fine-grained material such as raw ground cement adapted to be fired in a
      rotary tube furnace is introduced to a vertical perheater and falls
      through a heating zone located at a level below the level at which the
      material enters the preheater. A stream of air enters the preheater at a
      level below the heating zone and passes upwardly at sufficient velocity to
      entrain the material that has passed through the heating zone, thereby
      causing such material to pass again through the heating zone. From the
      preheater the material is delivered to the furnace for final firing.
BSUM
PAR  This invention relates to the heat-treatment of fine-grained material such
      as raw ground cement, which is preheated in a preheater with the hot
      exhaust gases from a rotary tube furnace, heated and then finally fired in
      the rotary tube furnace.
PAR  In the manufacture of cement, clay, lime, magnesite, dolomite and the like,
      the heat treatment of the fine-grained material is frequently effected by
      first preheating the material in a preheater consisting of several
      cyclones, using the hot exhaust gases from a rotary tube furnace, before
      it is then finally fired or sintered in the rotary tube furnace. In this
      case the greater part of the heating must be effected in the rotary tube
      furnace, while only a lesser part of the total heat energy is supplied to
      the material in the pre-heater. This distribution of the heating effect
      between the preheater and the rotary tube furnace is not optimal from the
      capital cost aspect, since the specific capital costs of the rotary tube
      furnace are relatively high.
PAR  In order to be able to make the rotary tube furnace with smaller dimensions
      in cross-section and/or length, attempts have hitherto been made to
      dispose a prefiring zone between the preheater and the rotary tube
      furnace, wherein the preheated material is heated as high as possible
      (though without passing from the condition of powdered free-flowing solid
      to that of reduced fluidity due to the incipient grain coarsening and
      possibly melt-phase formation). The special problem in designing a
      prefiring zone of this type is that extremely uniform feed of fuel to the
      material is necessary in order to avoid excessive firing of individual
      particles of material (with all the associated difficulties such as
      caking, agglomerate formation, etc.).
PAR  In one known method this prefiring zone is formed by a whirl chamber
      directly heated by burners, and from which the material passes into the
      rotary tube furnace. Another known method uses a burner chamber with the
      material and fuel entering and leaving tangentially. The disadvantage of
      these known methods lies in the high capital costs of the prefiring zone
      which causes a considerable fraction of the savings made possible in the
      rotary tube furnace to be lost again.
PAR  The invention is based on the avoidance of these disadvantages by the
      provision of a method of the type initially described wherein the desired
      uniform heat-treatment of the material in the prefiring zone is made
      possible with very low expenditure on equipment.
PAR  According to the invention this objective is achieved in that in a pipe,
      along which furnace exhaust gases flow in a generally vertical direction
      from below upwards, between the rotary tube furnace and the preheater, a
      firing zone extending over substantially the entire cross-section of said
      pipe is produced at a level such that at least a substantial part of the
      material passes through said firing zone more than once.
PAR  With the method according to the invention, the gas pipe which is in any
      case present between the rotary tube furnace and the preheater is used as
      a firing chamber, so that no appreciable extra capital costs arise from
      this firing zone. On the other hand the transfer of a considerable part of
      the heat transmission into this firing zone enables the rotary tube
      furnace to be made substantially smaller.
PAR  Of particular importance in the method provided by the invention is the
      position of the firing zone in the said gas pipe. Since in this gas pipe
      the particles of material move partly with the gases and partly in
      counter-flow, and depending on the construction of the preheater partly
      undergo a reversal of their direction of movement (as with a preheater
      comprising cyclones and whirl chambers) and partly perform an up-and-down
      cyclonic movement (as with a counter-flow shaft provided with
      cross-section constrictions), the firing zone can be disposed in such
      manner that at least an appreciable part of the material passes through
      the firing zone more than once. In this way a particularly intensive
      transfer of heat from fuel to material is achieved in the firing zone.
PAR  The oxygen concentration in the gases supplied to the firing zone should be
      between 5 and 14%, and preferably between 8 and 12%, In this case the
      oxygen concentration in the rotary tube furnace exhaust gas is preferably
      set to at least 2.5% (i.e., above the usual oxygen content), so that only
      the additionally needed amount of oxygen has to be supplied to the firing
      zone from another source (for instance the cooler outlet air). The entire
      amount of oxygen needed can also be supplied via the exhaust gases from
      the rotary tube furnace.
DRWD
PAR  Numerous further features of the invention will be described below in
      reference to the description of two embodiments in the drawings, wherein:
PAR  FIG. 1 is a vertical section through the main parts of apparatus for
      carrying out the method of the invention;
PAR  FIG. 2 is a section along the line II--II of FIG. 1; and
PAR  FIG. 3 is a section on the line III--III of FIG. 1.
DETD
PAR  The apparatus shown in part in FIGS. 1 - 3 comprises a preheater 1 formed
      of a number of cyclones and whirl chambers superimposed at different
      levels, only the two cyclones 2, 3 of the lowest level being shown in FIG.
      1. The apparatus also includes a rotary tube furnace 4 whose exhaust gases
      flow to the two cyclones 2, 3 via a gas pipe 5.
PAR  Material is injected into the gas pipe 5 through a feed pipe 6 which comes
      from a central whirl chamber in the next higher level. A bridge-shaped
      distributor member 8 is located in the gas pipe 5 below the feed aperture
      7.
PAR  In order to produce a generally horizontal firing zone, in accordance with
      the invention there are now disposed below this distributor member 8 a
      number of fuel jets 9 which feed finely divided liquid or gaseous fuel
      into the gas pipe 5. In the embodiment shown, see especially FIG. 3, the
      fuel jets 9 are so disposed and directed that the fuel is fed into the gas
      pipe 5 in the form of a horizontal rotary flow (clockwise in FIG. 3).
PAR  If necessary, additional burners 10 are also provided above the mouth of
      the feed pipe 6 as a safeguard in cases of breakdown.
PAR  The apparatus operates as follows:
PAR  After being well-heated in the individual stages of the cyclone preheater,
      the material passes through the feed pipe 6 and the aperture 7 into the
      gas pipe 5. On meeting the distributor member 8 the flow of material is
      broken up. However, under the influence of its kinetic energy a large
      proportion of the material first drops somewhat further down in the gas
      pipe 5, and during its falling movement passes through the firing zone
      which is formed over the whole cross-section of the gas pipe 5 in the
      vicinity of the fuel jets 9. The material is then deflected by the exhaust
      gases from the rotary tube furnace 4 as they move from the bottom of the
      gas pipe 5 upwards, the velocity of the gases being sufficient as to
      entrain the material. Thus it passes a second time, though now in the
      upwards direction, through the firing zone at the level of the fuel jets
      9, and in this manner is again strongly heated. But since the fuel is fed
      into the area of this firing zone in very fine distribution, avoiding the
      formation of intense flames, the fine-grained material is heated very
      uniformly and localized overheating is avoided.
PAR  The material now highly heated in this manner passes with the gases into
      cyclones 2 and 3 where it is separated in known manner and fed to the
      rotary tube furnace 4 where it is finally fired.
PAR  As already stated, an important part of the oxygen needed for combustion in
      the said firing zone is made available by suitable adjustment of the
      residual oxygen content in the exhaust gases from the rotary tube furnace.
      In this connection it is advantageous that only an appreciably less heat
      transfer, as compared with the previous normal mode of operation, has to
      take place in the furnace itself. The fuel jets 9 can therefore be run
      with quite a small amount of air.
PAR  In order to achieve optimum conditions in the firing zone, it may be
      beneficial to make the fuel jets 9 adjustable, in a known manner, in the
      horizontal and vertical directions. The fuel jets can also be provided in
      a number of superimposed planes, thereby to provide a defined firing zone
      with uniform firing conditions over the entire cross-section of the gas
      pipe 5, with a somewhat larger height.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the heat treatment of fine-grained material prior to firing
      said material in a furnace having a vertical waste gas conduit, said
      method comprising conducting waste gas from said furnace upwardly through
      said conduit at a predetermined velocity; supplying fine-grained material
      having a grain size such that a substantial portion of said material will
      be entrained by said gas; introducing said material downwardly into said
      conduit at a first level between its upper and lower ends so that said
      material will fall downwardly through said conduit toward the lower end
      thereof prior to said portion being entrained by said gas; distributing
      said material over the cross-sectional area of said conduit following the
      introduction of said material to said conduit; and combusting fuel in said
      conduit at a level below said first level to provide a heating zone
      through which said material passes as it falls toward said lower end of
      said conduit and through which said portion of said material again passed
      following its being entrained by said gas.
NUM  2.
PAR  2. A method according to claim 1 including maintaining at said zone an
      atmosphere containing oxygen at a concentration of between 5 and 14
      percent of said atmosphere.
NUM  3.
PAR  3. A method according to claim 2 wherein the concentration of oxygen is
      maintained between 8 and 12 percent.
NUM  4.
PAR  4. A method according to claim 1 including heating said gas prior to its
      introduction to said conduit.
NUM  5.
PAR  5. A method according to claim 1 including maintaining in said gas at least
      2.5 percent oxygen.
NUM  6.
PAR  6. A method according to claim 1 including maintaining said gas stream at a
      velocity of at least 7 meters per second.
NUM  7.
PAR  7. A method according to claim 1 including delivering said entrained
      material from said conduit to said furnace.
NUM  8.
PAR  8. Apparatus for the heat treatment of fine-grained material prior to
      firing said material in a furnace, said apparatus comprising a conduit
      having a substantially vertical portion; inlet means for introducing
      material to said conduit at a first level such that said material may fall
      downwardly through said vertical portion; means for distributing said
      material over the cross-sectional area of said conduit as it falls
      downwardly; means for combusting fuel in said conduit at a second level
      lower than said first level to provide at said second level a heating zone
      through which said material may fall; and means for delivering waste
      furnace gas to said conduit at a level below said heating zone and at such
      velocity with respect to the grain size of said material that at least
      part of the material which falls through said heating zone is entrained in
      said gas and passed again through said heating zone.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said heat generating means for
      combusting fuel comprises a plurality of fuel jets spaced from one another
      and disposed in a generally horizontal plane.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said jets are spaced in such
      manner that fuel discharged from said jets assumes a horizontal rotary
      flow.
NUM  11.
PAR  11. Apparatus according to claim 9 including means for adjusting said jets
      vertically and horizontally.
NUM  12.
PAR  12. Apparatus according to claim 8 wherein said full combusting means
      comprises a plurality of fuel jets arranged in a number of vertically
      spaced horizontal planes.
NUM  13.
PAR  13. Apparatus according to claim 8 including cyclone means in communication
      with said conduit and into which said gas discharges.
NUM  14.
PAR  14. Apparatus according to claim 8 including burner means in said conduit
      at a level above said inlet means.
NUM  15.
PAR  15. Apparatus according to claim 8 including a rotary tube furnace, and
      means for delivering material from said conduit to said furnace.
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ABST
PAL  A carbon baking furnace is provided with a furnace effluent filter using as
      the filter medium a carbonaceous material of the type employed in making
      green carbon bodies to be baked in the furnace, and the used filter
      material is recovered in a form suitable for making such bodies. The
      filter unit includes a filter medium supply tube extending vertically
      downwardly into an enclosed funnel-shaped housing. An effluent inlet tube
      is coaxially arrayed within the filter medium supply tube. Fresh filter
      material is added to renew a bed thereof in the funnel-shaped housing,
      through the filter medium supply tube, and used filter material is
      withdrawn therefrom via a valve located at the base of the housing.
      Effluent from the furnace enters the filter via the effluent inlet tube,
      rises upwardly through the bed of filter material, disposed generally in
      the region where the filter material leaves the filter medium supply tube,
      and exits via an outlet tube located atop the funnel-shaped housing.
      Subsequent to performing its filtering function, the used filter material
      is recovered for use, preferably for products of the type processed in the
      furnace, or recycled through the filter and reused therein.
BSUM
PAR  This invention is directed to an improved filter system and, more
      particularly, to an effluent filter for carbon baking operations wherein
      the filter material may be replenished continuously and the used material
      recovered for use in making baked carbon bodies.
PAR  As will be better understood from the following description, the present
      invention is of particular use in the manufacture of baked carbon
      articles, particularly anode blocks of the type used in aluminum reduction
      cells. The invention is useful in systems for manufacturing such articles
      because the filter medium employed is a component of the articles big
      anode, which are formed of a mixture of coke and pitch, for example, and
      the coke is suitable for use as the filter medium utilized by the filter
      of the invention. However, it will be appreciated by those skilled in the
      art and others that the invention can also be used in other environments.
PAR  With respect to the manufacture of baked carbon articles, particularly
      anode blocks of the type used in aluminum reduction cells, such articles
      are prepared by forming a mixture of carbonaceous aggregate (such as coke)
      and binder (such as pitch) into a suitable shape. The resultant green
      carbon body is then baked to carbonize the binder. During the baking step,
      hydrocarbon volatiles are released from the green carbon bodies. In
      addition to hydrocarbon volatiles, the furnace effluent also contains
      entrained solid particulate matter. The invention is directed to removing
      these materials from the furnace effluent prior to discharging the
      residual effluent gas into the atmosphere.
PAR  More specifically, the customary method of producing baked carbon anodes
      typically involves the steps of: molding a carbonaceous mixture into a
      desired shape to form green carbon bodies; loading the green carbon bodies
      into a ring-type furnace; packing the furnace pits with coke to support
      the carbon bodies and to protect against oxidation; and, baking the thusly
      supported and protected green carbon bodies at a temperature that
      gradually increases to about 750.degree. - 800.degree. C. for about 5
      days. Thereafter, the baked carbon bodies are carefully heated further to
      about 1,100.degree. C. during a curing period lasting about 40 hours.
      After the curing period, the furnace is cooled and the finished carbon
      anodes and the packing material are removed.
PAR  The green carbon body mixture comprises a suitable carbonizable material,
      such as a carbonaceous aggregate, in admixture with an effective binder,
      preferably a carbonizable anode paste of the type conventionally used for
      making aluminum reduction cell anodes. Suitable aggregates include
      petroleum coke, pitch coke and the like. Suitable binders include coal
      tar, coke oven pitch and petroleum pitch, for example. The portion of
      binder to aggregate will be generally at least about ten percent by weight
      and, more typically, lie in the range of about 11% to 16%. The aggregate
      is customarily of graded sizes, with the coarse fraction being on the
      order of -4 to +20 mesh (U.S. Standard).
PAR  Various methods and apparatus directed to removing hydrocarbon volatiles
      and particulate matter have been proposed by the prior art. However, these
      methods and apparatus have various disadvantages. For example, probably
      the most successful prior art apparatus for removing undesirable
      components from furnace effluents are electrostatic precipitators.
      Electrostatic precipitators create electrostatic fields that attract, and
      thereby remove, undesirable components from furnace effluents. The
      precipitator plates are then cleaned by water sprays, which wash the
      attracted materials from the plates into suitable receptacles. One of the
      major problems with such devices is the requirement that the resulting
      dirty water be cleaned, subsequent to its being used to clean the
      precipitator plates, but before it is returned to a stream, river or other
      ultimate disposal region. Another problem with electrostatic precipitators
      relates to their power requirements. Specifically, electric power must be
      applied to the precipitator plates and to the electric pumps used to spray
      the water over the plates. Obviously, the consumption of electric energy
      makes the use of these devices undesirable, particularly when compared to
      filter systems that do not consume large amounts of electric energy.
      Moreover, electrostatic prcipitators are somewhat expensive to manufacture
      and install.
PAR  In the past, it has been known that certain carbonaceous materials, such as
      coke and the like, can be utilized as a filter medium. The problem with
      the use of such materials in a furnace effluent environment is that they
      rapidly become clogged and, thus, most be continuously replaced. In order
      to alleviate this problem, it has been proposed to provide filters wherein
      such filter materials are continuously moved through the filter. In this
      manner, "clean" carbonaceous material is continuously presented to the
      effluent stream for filtering purposes. While a variety of devices that
      function in this manner have been proposed, none of them have been proven
      to be entirely satisfactory. In some such devices, the depth or thickness
      of the portion of the filter material through which the effluent gases
      pass has varied, with the result that one portion of the filter medium
      becomes clogged while another portion remains relatively clean. This
      causes high presssure regions in which filter material blowouts occur,
      i.e., a hole is created in the filter material. In some such devices,
      expensive mechanical systems, adapted to move the filter material through
      a housing, have been required. In other such devices, complicated, and
      often unsatisfactory, discharge control mechanisms have been required.
PAR  Therefore, it is an object of the invention to provide a new and improved
      furnace effluent filter.
PAR  It is another object of this invention to provide a new and improved
      furnace effluent filter wherein the filter material is continuously moved
      through the filter by gravity.
PAR  It is a further object of this invention to provide a furnace effluent
      filter that requires no complicated mechanical devices to move a
      recyclable filter material through a filter housing.
PAR  It is also an object of this invention to provide a new and improved
      furnace effluent filter that uses as a filter medium a material suitable
      for use in forming a carbonaceous product.
PAR  It is yet another object of this invention to provide a new and improved
      system for baking green carbon bodies so as to form aluminum reduction
      cell anodes that includes a furnace effluent filter having as its filter
      medium a material suitable for use in the carbonaceous aggregate portion
      of the green carbon bodies.
PAR  It is a still further object of this invention to provide a new and
      improved carbon anode baking system adapted to create aluminum reduction
      cell anodes wherein a carbonaceous material is first used in a new and
      improved filter to filter the effluent generated by a green carbon body
      baking furnace and then used to form green carbon bodies to be
      subsequently baked.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a furnace effluent filter useful
      in treating the furnace effluent generated during carbon baking operations
      and the like is provided. The filter uses a carbonaceous aggregate filter
      material and is designed such that the filter material is constantly moved
      by gravity through a filter housing. Preferably the filter material is the
      same as at least part of the aggregate used to form the carbon articles to
      be baked. The "used" filter material and the recovered effluent components
      can be utilized in the subsequent manufacture of the additional carbon
      articles. In one specific form, the filter material is a carbonaceous
      material of the type used to form the green carbon bodies. As known in the
      aluminum reduction cell anode making art, such a material preferably has a
      coarse fraction of the order of -4 to +20 mesh (U.S. Standard) in size.
      The filter using this material is effective to clean the effluent
      generated by a furnace used to bake such green carbon bodies. Filtering is
      achieved at minimal cost because used filter material is utilized in
      making additional baked carbon articles. In other words, the added expense
      created by the use of an expendable filter medium is avoided. Moreover,
      the above described disadvantages of an electrostatic precipitator do not
      exist.
PAR  In accordance with more specific principles of the present invention, a
      portion of the carbonaceous aggregate supply used to form green carbon
      bodies (e.g. the previously mentioned coarse fraction) is diverted first
      to the filter of the present invention where it is used to filter the
      furnace effluent generated during the baking of previously formed green
      carbon bodies. Then, some or all of the dirty filter material, which is
      still a carbonaceous aggregate, is transported to the place where the
      green carbon body formation process takes place and used to form
      additional green carbon bodies. Since the dirty carbonaceous aggregate
      includes recovered effluent components, the recovered components are also
      utilized to form the additional green carbon bodies. Because the entire
      process employs all available materials, very little waste exists whereby
      total filtering costs are reduced.
PAR  In accordance with the present invention, the furnace effluent filter
      comprises a filter medium supply tube that extends vertically downwardly
      into an enclosed funnel-shaped housing. An effluent inlet tube is
      longitudinally arrayed within the filter medium supply tube so as to
      direct effluent gases downwardly into the filter material as it exits from
      the filter medium supply tube. The effluent is cleaned as it rises through
      a bed of the filter material. The clean effluent gas leaves the
      funnel-shaped housing via an outlet tube located at or near the top of the
      funnel-shaped housing, in any event above the filter material. Clean
      filter material is added to the mass of filter material in the housing,
      periodically or continuously, under the force of gravity, and dirty filter
      material is similarly removed, also under the force of gravity, via a
      valve mechanism located at the base of the funnel-shaped housing. The
      valve mechanism, in turn, cooperates with suitable conveyors that either
      transport the recovered filter material to the place where the green
      carbon bodies are formed, or to a supply bin for furnishing filter
      material to the filter unit.
PAR  In accordance with further principles of this invention, the angle defined
      by the walls of the funnel-shaped housing is less than or equal to the
      angle of slide of the filter material.
PAR  It will be appreciated from the foregoing brief summary that the present
      invention provides an uncomplicated furnace effluent filter that has a
      variety of advantages over prior art filters, particularly those adapted
      to filter the effluent generated by a carbon article baking furnace. The
      funnel-shaped housing, in combination with gravity feed results in the
      provision of a constant flow filter that continuously presents a clean
      filter medium to the furnace effluent flow. The design of the filter is
      such that suitable filter material is constantly presented to the gas
      flow. Because the filter bed is regenerated in this fashion, pressure
      buildups, and a blowout of the filter material, are very unlikely. Because
      gravity moves the filter material through the housing, expensive
      mechanical filter material moving systems are not required. Finally,
      because the filter material is useful in forming the resultant product,
      waste is eliminated. Moreover, because waste is eliminated, the storage
      and disposal problems normally associated with an expendable (non-useful)
      filter medium do not exist.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and many of the attendant advantages of this
      invention will become more readily appreciated with reference to the
      following detailed description when taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a flow diagram illustrating a process for forming carbon anodes,
      as modified in accordance with the present invention;
PAR  FIG. 2 is a schematic view of an improved carbon anode forming system
      including a baking furnace having the improved filter of the invention;
PAR  FIG. 3 is a cross-sectional view of a preferred embodiment of the filter
      aspect of the invention;
PAR  FIG. 4 is a cross-sectional view of an alternate preferred embodiment of
      the filter aspect of the invention; and,
PAR  FIG. 5 is a top or plan view of a valve mechanism suitable for controlling
      the rate of discharge of the filter medium from the filter unit of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a flow diagram illustrating various stages of a carbon anode
      baking system from the time that coke is delivered to the carbon anode
      baking site until the time it becomes part of a finished carbon anode,
      i.e., an anode suitable for use in an aluminum reduction cell. The flow
      diagram illustrates the incorporation of an effluent filter of the
      invention in the overall carbon anode baking process. In general, calcined
      coke is delivered by a suitable means, such as a railroad car, to the
      carbon anode baking site. At the site, the coke is ground and sized, as
      necessary. Alternatively, the grinding and sizing steps may be performed
      before the coke is delivered. In any event, the sized coke or other
      carbonaceous aggregate is stored in suitable storage bins or other
      containers. As needed, the coke is removed from these storage bins and
      supplied to the hereinafter described furnace effluent coke filter, for
      use in accordance with the invention.
PAR  After the coke passes through the filter it is either stored in a suitable
      filter coke storage bin or other container, or transported directly to a
      carbon anode forming site (as illustrated by the alternative path). The
      stored filter coke, as needed, is transported to the carbon anode forming
      site. If desired, some of the stored filter coke can be recycled back to
      the furnace effluent filter, as illustrated by another alternate path. In
      any event, sooner or later the filter coke is delivered to the carbon
      anode forming site. At the carbon anode forming site green carbon bodies
      are formed. The green carbon bodies are transported to a furnace and
      packed in the furnace pits. In the furnace, the green carbon bodies are
      baked in the manner well known in the aluminum reduction cell anode
      forming art. Combustion gases, generated by the furnace during the carbon
      anode baking step, are directed through the furnace effluent filter of the
      invention. The filter removes volatile hydrocarbons and particulate
      matter, and the filtered effluent gas is exhausted to the atmosphere.
      After the baking step is completed, the baked carbon anodes are removed
      from the furnace and transported to a carbon anode finishing site for the
      remaining operations.
PAR  Certain advantages of the present invention will be readily appreciated
      from the foregoing description. First, there is essentially no waste. All
      of the coke (carbonaceous aggregate), including volatile hydrocarbons and
      particulate matter released into the furnace effluent, is consumed,
      because the filter coke ends up as part of a carbon anode. Second, the
      system is flexible. Coke, after being used to form a filter medium can
      either be reused to perform the same function or it can be immediately
      used to form a green carbon body. Third, because consumable coke is used
      as the filter element, the problems associated with electrical
      precipitators and the like do not exist. Fourth, very little additional
      storage, over and above that normally associated with a carbon anode
      baking operation, is needed.
PAR  FIG. 2 is a schematic diagram generally illustrating the process
      functionally illustrated in FIG. 1 and described above. In FIG. 2 the
      sized clean coke (carbonaceous material) is transported to clean coke
      storage bins 10 by a delivery conveyor 12. As needed, clean coke is
      removed from the clean coke storage bins 10 and transported along a path
      of travel designated by dashed line 14 to a coke elevator 16. The coke
      elevator raises the clean coke to a filter delivery conveyor 18 which
      delivers the clean coke to a filter feed bin 20. The filter feed bin 20 is
      vertically mounted above the filter 22 and delivers coke thereto.
PAR  The clean coke flows through the filter 22 under gravitational force and
      exhausts therefrom at the bottom of the filter as dirty coke. The dirty
      coke is picked up by one of two exhaust conveyors 24 or 26. The first
      exhaust conveyor 24 transports the dirty coke it receives to a third
      conveyor 27, which runs to a storage elevator 28. The storage elevator 28
      raises the dirty or filter coke and delivers it to dirty coke storage bins
      30.
PAR  The second exhaust conveyor 26 transports the dirty or filter coke it
      receives to a filter return elevator 32. The filter return elevator raises
      the dirty coke and returns it to the filter feed bin 20 where it is mixed
      with clean coke before being recycled through the filter. It should be
      noted here that the coke can be recycled through the filter several times
      without any detrimental filtering effect occuring because the shifting of
      the coke during the recycling operation presents new coke surfaces to the
      effluent during subsequent passage through the filter. Thus, removed dirty
      coke is reusable for several cycles of operation, particularly if unused,
      entirely clean coke is added.
PAR  Whether or not the first or second exhaust conveyors 24 or 26 receive
      discharged dirty coke depends upon the desired mode of operation. In some
      cases, it may be desirable to recycle all of the dirty coke back through
      the filter. In other instances it may be desirable that none of the dirty
      coke is recycled. Still further, it may be desirable that some of the coke
      is recycled and the rest is not recycled. The invention can accommodate
      any of these modes of operation.
PAR  Coke from the clean coke bins 10 and the dirty coke bins 30 is mixed as
      desired (illustrated by the dash line 40) and transported by a further
      conveyor system 42 through a green carbon body forming site 44 to a
      furnace 46. The green carbon bodies are baked in the furnace 46 in a
      conventional manner. Exhaust pipes 48 carry the furnace effluent to the
      filter 22 where it is cleaned in the manner hereinafter described. A
      further pipe 50 carries the cleaned effluent from the filter 22 to an
      exhaust stack 52 from which it enters the atmosphere.
PAR  Since the mixing of carbonaceous aggregate with a binder and the subsequent
      forming of green carbon bodies and their subsequent baking in the furnaces
      involve conventional steps and procedures which are well known, they are
      not discussed here. However, it will be apparent from the foregoing
      description that the overall system accomplishes the production of baked
      carbon anodes in a manner that uses the basic raw material involved in an
      improved manner. Specifically, previously wasted effluents (volatile
      hydrocarbons and particulate matter) generated during the carbon baking
      operation are largely retained in the system because the filter medium
      utilized for capturing the effluent ends up as a portion of the resultant
      product. Because such effluents are retained and reused, the resultant
      cost of baked carbon anodes is reduced.
PAR  FIG. 3 illustrates a preferred embodiment of an effluent filter 22 formed
      in accordance with the present invention, including a tank 60 having a
      cylindrical upper portion 62 and a funnel-shaped lower portion 64. The
      upper portion 62 is enclosed. Axially aligned and projected downwardly
      into the cylindrical upper portion 62 is a filter medium supply tube 66.
      The upper end of supply tube 66 diverges outwardly so as to define an
      inverted, truncated cone-shaped portion 68. The cone-shaped portion 68 is
      topped by a cylindrical upper portion 70. The cylindrical upper portion 70
      of the supply tube 66 is enclosed, the enclosure including a suitable
      aperture (not shown) through which coke 72 enters under the force of
      gravity. As will be understood for the previous description, the incoming
      coke is supplied from the filter feed bin 20 (see FIG. 2).
PAR  Centrally aligned within the filter medium supply tube 66 is at effluent
      inlet tube 74. One or more braces 76 support the effluent inlet tube 74 in
      its aligned vertical position. The braces 76 are perforated to allow the
      coke 72 to readily flow through the annular passageway defined by the
      outer surface of the effluent inlet tube 74 and the inner surface of the
      filter medium supply tube 66. Preferably, the effluent inlet tube 74
      extends slightly beyond the lower end of the recovery medium supply tube
      66.
PAR  A vertically adjustable sleeve 78 surrounds the lower tip of the filter
      medium supply tube 66. The position of the vertically adjustable sleeve
      controls the point at which the coke exhausts from the supply tube. The
      rate of gravity flow of the coke through the effluent filter 22 is
      controlled in the manner hereinafter described and is such that an
      inverted cone-shaped cavity 80 is formed at the lower tip of the effluent
      inlet tube 74. Effluent exhausting from the effluent inlet tube 74 passes
      through the inverted cone-shaped cavity and then rises through the coke
      surrounding it, as illustrated by the arrows 82. The rising effluent
      enters an enclosed chamber 83 defined by the filter tank 60, particularly
      the cylindrical upper portion 62 and the upper region of the funnel-shaped
      lower portion 64. The filtered effluent leaves the effluent filter via the
      outlet tube 50, which is located atop the cylindrical upper portion 62.
PAR  The used filter coke is withdrawn from the bottom of the funnel portion 64
      through an exhaust valve 84. The exhaust valve 84 is further illustrated
      in FIG. 5 and comprises a circular rotatable plate 86 and a pair of
      inwardly projecting vanes 88. The vanes are fixed in position, during
      normal operation but are movable inwardly and outwardly to adjust their
      relative spacing. They are not attached to the rotatable plate. The vanes
      88 are positioned above the circular rotatable plate 86 and the first and
      second conveyors 24 and 26 illustrated in FIG. 2. In operation, the plate
      86 is rotated by a suitable drive mechanism (not shown). The vanes 88,
      depending upon the extent of their inward projection position, cause a
      predetermined portion of the coke, which drops onto the plate due to
      gravity, to be withdrawn. Withdrawal of some of the coke from the plate
      allows more coke to drop onto the plate under the effect of gravity.
      Consequently, controlling the rate of removal controls the rate of coke
      passage through the effluent filter 22. In this manner an uncomplicated
      constant flow filter system is provided. No mechanical means, such as
      agitators, for example, are required to move the coke. The angle of slide
      of the coke, which is dictated by its size and nature, is coordinated with
      the filter unit construction so as to be greater than or equal to the
      angle defined by the sides of the funnel-shaped portion 64 of the filter
      tank.
PAR  FIG. 4 is an alternate preferred embodiment of an effluent filter structure
      formed in accordance with the invention. The FIG. 4 embodiment is
      substantially identical to the FIG. 3 embodiment except that a rim 90 is
      located at the base of the effluent inlet tube 74. The rim 90 is in the
      form of a truncated cone and causes the coke to be diverted outwardly as
      it emerges from the filter medium supply tube 66. In this manner the size
      of the inverted cone-shaped cavity 80 is increased. Again, a sleeve 92,
      which is movable upwardly and downwardly, controls the thickness of the
      coke path through which the effluent gases rise, as illustrated by the
      arrows 94.
PAR  It will be appreciated from the foregoing description that the invention
      provides an uncomplicated effluent filter. Even though gravity is the main
      force employed, the filter is effective to present a constantly clean
      filter medium surface to effluent gases. Moreover, because the recovery
      medium (coke aggregate) is constantly changing and continuously presenting
      relatively clean coke to the effluent, blowout problems are substantially
      reduced. The invention finds its primary use in a carbon baking system to
      provide improved effluent treatment without substantially increasing the
      overall cost. In fact, the invention tends to reduce material costs
      because it recovers hydrocarbon volatiles and particulate matter that were
      previously exhausted to the atmosphere or removed by an electrostatic
      precipitator in a generally nonrecoverable manner. Hence, the invention
      results in the provision of a substantially waste-free carbon anode baking
      system.
PAR  While the presently preferred embodiments of the invention have been
      illustrated and described, it will be recognized that various changes can
      be made therein without departing from the spirit and scope of the
      invention. Hence, the invention can be practiced otherwise than as
      specifically described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a carbon baking system having a furnace, and means for mixing
      carbonaceous aggregate with a suitable binder and forming the mixture into
      green carbon bodies for baking in said furnace at elevated temperature,
      the improvement comprising a filter unit for treating the furnace effluent
      using a bed of carbonaceous aggregate as the filter medium, with provision
      to recover the used carbonaceous filter material from said filter unit in
      a form suitable for making such green carbon bodies, said furnace effluent
      filter including:
PA1   a vertically arrayed funnel-shaped housing through which said carbonaceous
      aggregate moves under the force of gravity;
PA1  means for supplying the carbonaceous aggregate to maintain a bed thereof
      within said funnel-shaped housing;
PA1  means located at the base of said funnel-shaped housing for controlling the
      withdrawal of carbonaceous aggregate from said funnel-shaped housing;
PA1  an effluent entrance conduit vertically mounted in said funnel-shaped
      housing for directing the effluent generated by said furnace into the bed
      of carbonaceous aggregate located in said funnel-shaped housing; and,
PA1  an outlet conduit for discharging the treated effleunt gas to atmosphere
      after it has passed through a mass of said carbonaceous aggregate.
NUM  2.
PAR  2. An improved carbon baking system as claimed in claim 1 including a
      vertical filter medium conduit surrounding said effluent entrance conduit
      in a manner such that the region between said vertical filter medium
      conduit and said effluent entrance conduit defines a passageway through
      which said carbonaceous aggregate enters said funnel-shaped housing.
NUM  3.
PAR  3. An improved carbon baking system as claimed in claim 2 including control
      means associated with said vertical filter medium conduit for controlling
      the depth of a bed of the carbonaceous aggregate through which said
      effluent passes.
NUM  4.
PAR  4. An improved carbon baking system as claimed in claim 3 wherein said
      control means for controlling the depth of a bed of the carbonaceous
      aggregate through which said effluent passes comprises a sleeve at the
      lower end of said vertical filter medium conduit.
NUM  5.
PAR  5. An improved carbon baking system as claimed in claim 2 including means
      adjoining the lower end of said effluent entrance conduit for distributing
      said carbonaceous aggregate outwardly as it exits from the passageway
      through which it enters said funnel-shaped housing.
NUM  6.
PAR  6. An improved carbon baking system as claimed in claim 5 wherein said
      distributing means comprises a truncated conical shaped rim adjacent the
      lower end of said effluent entrance conduit.
NUM  7.
PAR  7. An improved carbon baking system as claimed in claim 2 including a
      supply bin mounted above said vertically arrayed funnel-shaped housing for
      supplying the carbonaceous aggregate to said vertically arrayed
      funnel-shaped housing via the passageway located between said vertical
      filter medium conduit and said effluent entrance conduit.
NUM  8.
PAR  8. An improved carbon baking system as claimed in claim 7 including first
      conveyor means for moving said carbonaceous aggregate exiting from said
      funnel-shaped housing to the site where said green carbon bodies are
      formed.
NUM  9.
PAR  9. An improved carbon baking system as claimed in claim 8 including second
      conveyor means for moving said carbonaceous aggregate exiting from said
      funnel-shaped housing to said supply bin above the funnel-shaped housing.
NUM  10.
PAR  10. A carbon baking furnace and associated filter system for treating
      furnace effluent using carbonaceous aggregate as a filter medium, said
      filter system comprising:
PA1  a vertically arrayed funnel-shaped housing through which said carbonaceous
      aggregate moves under the force of gravity, the angle defined by the walls
      of said funnel-shaped housing being less than or equal to the angle of
      slide of said carbonaceous aggregate;
PA1  means for supplying the carbonaceous aggregate to maintain a bed thereof
      within said funnel-shaped housing;
PA1  a valve located at the base of said funnel-shaped housing for regulating
      the rate of withdrawal of carbonaceous aggregate from said funnel-shaped
      housing;
PA1  an effluent entrance conduit for directing the effluent generated by said
      furnace downwardly within the bed of carbonaceous aggregate located in
      said funnel-shaped housing; and,
PA1  an outlet conduit for removing the treated effluent gas after it has passed
      through a mass of said carbonaceous aggregate.
NUM  11.
PAR  11. A furnace filter system as claimed in claim 10 including a vertical
      filter medium conduit surrounding said effluent entrance conduit in a
      manner such that the region between said vertical filter medium conduit
      and said effluent entrance conduit defines a passageway through which said
      carbonaceous aggregate enters said funnel-shaped housing.
NUM  12.
PAR  12. A filter system as claimed in claim 11 including control means
      associated with said vertical filter medium conduit for controlling the
      depth of a bed of the carbonaceous aggregate through which said effluent
      passes.
NUM  13.
PAR  13. A filter system as claimed in claim 12 wherein said control means for
      controlling the depth of a bed of the carbonaceous aggregate through which
      said effluent passes comprises a sleeve at the lower end of said vertical
      filter medium conduit.
NUM  14.
PAR  14. A filter system as claimed in claim 10 including means adjoining the
      lower end of said effluent entrance conduit for distributing said
      carbonaceous aggregate outwardly as it exits from the passageway through
      which it enters said funnel-shaped housing.
NUM  15.
PAR  15. A filter system as claimed in claim 14 wherein said distributing means
      comprises a truncated conical shaped rim adjacent the lower end of said
      effluent entrance conduit.
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PAL  Contact fusing system for utilization in the process of forming toner
      images on support sheets. The system is characterized by the provision of
      structure for cleaning toner material from an elastomeric backup member
      cooperating with a heated fuser member to move support sheets bearing the
      toner images therebetween with the toner images contacting the heated
      member. The cleaning structure comprises a sleeve of tetrafluoroethylene
      which is heat shrunk onto an angular-shaped support member whereby
      approximately one-third of the sleeve forms a cleaning surface which is
      contacted intermediate the ends thereof by the elastomeric backup member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to xerographic copying apparatus and, more
      particularly, to a contact fusing system for fixing electroscopic toner
      material to a support member.
PAR  In the process of xerography, a light image of an original to be copied is
      typically recorded in the form of a latent electrostatic image upon a
      photosensitive member with subsequent rendering of the latent image
      visible by the application of electroscopic marking particles, commonly
      referred to as toner. The visual image can be either fixed directly upon
      the photosensitive member or transferred from the member to a sheet of
      plain paper with subsequent affixing of the image thereto.
PAR  In order to permanently affix or fuse electroscopic toner material onto a
      support member by heat, it is necessary to elevate the temperature of the
      toner material to a point at which the constituents of the toner material
      coalesce and become tacky. This action causes the toner to be absorbed to
      some extent into the fibers of the support member which, in many
      instances, constitutes plain paper. Thereafter, as the toner material
      cools, solidification of the toner material occurs causing the toner
      material to be firmly bonded to the support member. In both the
      xerographic as well as the electrographic recording arts, the use of
      thermal energy for fixing toner images onto a support member is old and
      well known.
PAR  One approach to thermal fusing of electroscopic toner images onto a support
      has been to pass the support with the toner images thereon between a pair
      of opposed roller members, at least one of which is internally heated.
      During operation of a fusing system of this type, the support member to
      which the toner images are electrostatically adhered is moved through the
      nip formed between the rolls with the toner image contacting the fuser
      roll to thereby effect heating of the toner images within the nip. By
      controlling the heat transferred to the toner, virtually no offset of the
      toner particles from the copy sheet to the fuser roll is experienced under
      normal conditions. This is because the heat applied to the surface of the
      roller is insufficient to raise the temperature of the surface of the
      roller above the "hot offset" temperature of the toner whereat the toner
      particles in the image areas of the toner would liquify and cause a
      splitting action in the molten toner to thereby result in "hot offset".
      Splitting occurs when the cohesive forces holding the viscous toner mass
      together is less than the adhesive forces tending to offset it to a
      contacting surface such as a fuser roll.
PAR  Occasionally, however, toner particles will be offset to the fuser roll by
      an insufficient application of heat to the surface thereof (i.e. "Cold"
      offsetting); by imperfections in the properties of the surface of the
      roll; or by the toner particles insufficiently adhering to the copy sheet
      by the electrostatic forces which normally hold them there. In such a
      case, toner particles may be transferred to the surface of the fuser roll
      with subsequent transfer to the backup roll during periods of time when no
      copy paper is in the nip.
PAR  Moreover, toner particles can be picked up by the fuser and/or backup roll
      during fusing of duplex copies or simply from the surroundings of the
      reproducing apparatus.
PAR  One arrangement for minimizing the foregoing problems, particularly that
      which is commonly referred to as "offsetting" has been to provide a fuser
      roll with an outer surface or covering of polytetrafluoroethylene,
      commonly known as Teflon, to which a release agent such as silicone oil is
      applied, the thickness of the Teflon being on the order of several mils
      and the thickness of the oil being less than 1 micron. Silicone based
      oils, which possess a relatively low surface energy, have been found to be
      materials that are suitable for use in the heated fuser roll environment
      where Teflon constitutes the outer surface of the fuser roll. In practice,
      a thin layer of silicone oil is applied to the surface of the heated roll
      to thereby form an interface between the roll surface and the toner images
      carried on the support material. Thus a low surface energy layer is
      presented to the toner as it passes through the fuser nip and thereby
      prevents toner from offsetting to the fuser roll surface. The silicone oil
      or other suitable release agent is conventionally applied to the fuser
      roll structure by wick or other suitable means which serves to remove
      those toner particles whice do find their way onto the fuser roll.
PAR  It is also desirable to provide a cleaning structure for the backup roll
      for removing toner therefrom, particularly, when the fuser is utilized in
      a duplex mode of operation. In certain prior art fusing devices, the
      backup roll is provided with a Teflon sleeve which is cleaned by contact
      with a web, wick or brush without the aid of oil or other release agent
      being applied thereto. It has been observed that continued operation at
      elevated temperatures such as exhibited in the fusing environment of a
      xerographic reproducing apparatus, the life expectancy of material such as
      Teflon is somewaht curtailed.
PAR  Silicone rubbers and other temperature resistant elastomeric materials such
      as Viton employed for backup roll constructions have been found to better
      withstand such operating conditions. Viton is a trademark of E. I. duPont
      de Nemours and Co. which covers a series of fluoroelastomers based on the
      copolymer of vinylidene fluoride and hexafluoropropylene. However, they do
      not readily lend themselves to being cleaned by the aforementioned
      techniques. This is due to a large extent to the relatively high
      coefficient of friction and asperities in the surface of the elastomeric
      surface.
PAR  Accordingly, it is the principal object of this invention to provide a new
      and improved copier apparatus.
PAR  It is a more particular object of this invention to provide a new and
      improved contact fuser for fixing toner images to support sheets.
PAR  Another object of this invention is to provide a new and improved cleaning
      system and method of fabrication thereof which cleaning system is utilized
      in conjunction with an elastomeric fuser member of a system for fixing
      toner images to support sheets.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, the above-cited objects are accomplished by the provision of a
      heat and pressure roll fusing system comprising an elastomeric backup roll
      forming a nip with a heated fuser roll structure through which copy sheets
      are moved with toner images carried thereby contacting the heated fuser
      roll structure. The elastomeric backup roll preferably comprises a
      material known as Viton which is a trademark of E. I. Dupont. However, the
      backup roll may comprise a layer of other high temperature elastomeric
      material such as silicone or fluorosilicone rubber.
PAR  A triangular-shaped cleaning member supported on an angular support member
      is provided for cleaning toner from the backup roll. In the preferred
      embodiment of the invention, the triangular-shaped member is fabricated
      from a low surface energy material, for example, tetrafluoroethylene which
      is molded or otherwise suitably formed into a sleeve which can be heat
      shrunk onto the angular support.
PAR  The triangular cleaning member is disclosed in conjunction with the
      detailed description of the preferred embodiment, is movably supported on
      a base member of the fuser assembly by means of a pair of rollers. Spring
      means are provided for urging the cleaning member into light pressure
      engagement with the backup roll so as to form a nip therewith which
      preferably has its exit disposed sub-adjacent its entrance. The cleaning
      structure is supported such that the rotation of the backup roll tends to
      move or bias the structure against the roller supports. The base member
      serves as a catch tray for toner material which accumulates at the exit of
      the nip formed between the cleaning member and the backup roll and then
      falls onto the base member. While the preferred mounting of the cleaning
      structure allows for biasing thereof into engagement with the backup roll
      it may also be fixedly mounted. It may also be associated with a backup
      roll which occupies a reverse position to that disclosed relative to the
      fuser roll structure in which event it would be necessary to provide a
      toner catch tray rather than allowing the toner to fall onto the
      aforementioned base plate. In the event that the cleaning member and
      backup roll structure are so positioned as to have the exit nip disposed
      above the entrance of the nip, means, for example, suction apparatus could
      be provided adjacent the exit nip to remove the accumulated toner
      therefrom.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      when read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic representation of a xerographic reproducing apparatus
      incorporating the novel image fuser of the present invention;
PAR  FIG. 2 is a top plan view of a fuser assembly incorporated in FIG. 1;
PAR  FIG. 3 is a right side elevational view of the fuser assembly of FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken on the line IV--IV of FIG. 3;
PAR  FIG. 5 is an enlarged fragmentary view in section of a release agent
      doctoring structure forming a part of the fuser assembly of FIGS. 2 thru
      4;
PAR  FIG. 6 is a perspective view of the composite doctoring structure of FIG.
      5;
PAR  FIG. 7 is an elevational view of the fuser assembly as viewed from the left
      in FIG. 3;
PAR  FIG. 8 is a perspective view of a copy sheet stripper finger;
PAR  FIG. 9 is a cross-sectional view of a fuser roll system showing a modified
      stripper finger arrangement and a backup roll cleaning structure;
PAR  FIG. 10 is a cross-sectional view of a sprocket drive and one-way clutch
      arrangement incorporated in the fuser assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The reproducing machine illustrated in FIG. 1 employs an image recording
      drum-like member 10 the outer periphery of which is coated with a suitable
      photoconductive material 11. One type of photoconductive material is
      disclosed in U.S. Pat. No. 2,970,906 issued to Bixby in 1961. The drum 10
      is suitably journaled for rotation within a machine frame (not shown) by
      means of a shaft 12 and rotates in the direction indicated by arrow 13, to
      bring the image retaining surface thereon past a plurality of xerographic
      processing stations. Suitable drive means (not shown) are provided to
      power and coordinate the motion of the various cooperating machine
      components whereby a faithful reproduction of the original input scene
      information is recorded upon a sheet of final support material such as
      paper or the like.
PAR  Since the practice of xerography is well known in the art, the various
      processing stations for producing a copy of an original are herein
      represented in FIG. 1 as blocks A to E. Initially, the drum moves
      photoconductive surface 11 through a charging station A. At charging
      station A an electrostatic charge is placed uniformly over the
      photoconductive surface 11 of the drum 10 preparatory to imaging. The
      charging may be provided by a corona generating device of a type described
      in U.S. Pat. No. 2,836,725 issued to Vyverberg in 1958.
PAR  Thereafter, the drum 10 is rotated to exposure station B where the charged
      photoconductive surface 11 is exposed to a light image of the original
      input scene information, whereby the charge is selectively dissipated in
      the light exposed regions to record the orginial input scene in the form
      of a latent electrostatic image. A suitable exposure system may be of the
      type described in U.S. Patent application, Ser. No. 259,181 filed June 2,
      1972.
PAR  After exposure, drum 10 rotates the electostatic latent image recorded on
      the photoconductive surface 11 to development station C, wherein a
      conventional developer mix is applied to the photoconductive surface 11 of
      the drum 10 rendering the latent image visible. A suitable development
      station is disclosed in U.S. Patent application, Ser. No. 199,481 filed
      Nov. 17, 1971. This application describes a magnetic brush development
      system utilizing a magnetizable developer mix having carrier granules and
      toner comprising electrophotographic resin plus colorant from dyes or
      pigments. A developer mix is continually brought through a directional
      flux field to form a brush thereof. The electrostatic latent image
      recorded on photoconductive surface 11 is developed by bringing the brush
      of developer mix into contact therewith. The developed image on the
      photoconductive surface 11 is then brought into contact with a sheet of
      final support material 14 within a transfer station D and the toner image
      is transferred from the photoconductive surface 11 to the contacting side
      of the final support sheet 14. The final support material may be plain
      paper, gummed labels, transparencies such as Polycarbonate, Polysulfane
      and Mylar, etc., as desired.
PAR  After the toner image has been transferred to the sheet of final support
      material 14, the sheet with the image thereon is advanced to a suitable
      fuser assembly 15 which fuses the transfer powder image thereto. After the
      fusing process, the final support material 14 is advanced by a series of
      rolls 16 to a copy paper tray 17 for subsequent removal therefrom by a
      machine operator.
PAR  Although a preponderence of the toner powder is transferred to the final
      support material 14, invariably some residual toner remains on the
      photoconductive surface 11 after the transfer of the toner powder image to
      the final support material 14. The residual toner particles remaining on
      the photoconductive surface 11 after the transfer operation are removed
      from the drum 10 as it moves through cleaning station E. Here the residual
      toner particles are first brought under the influence of a cleaning corona
      generating device (not shown) adapted to neutralize the electrostatic
      charge remaining on the toner particles. The neutralized toner particles
      are then mechanically cleaned from the photoconductive surface 11 by
      conventional means as for example, the use of a resiliently biased knife
      blade as set forth in U.S. Pat. No. 3,660,863 issued to Gerbasi in 1972.
PAR  The sheets of final support material 14 processed in the automatic
      xerographic reproducing device may be stored in the machine within a
      removable paper cassette 18. A suitable paper cassette is set forth in
      U.S. Patent application, Ser. No. 208,138 filed Dec. 15, 1971.
PAR  The copier can also have the capability of accepting and processing copying
      sheets of varying lengths. The length of the copy sheet, of course, being
      dictated by the size of the original input scene information recorded on
      the photoconductive surface 11. To this end, the paper cassette 18 is
      preferably provided with an adjustable feature whereby sheets of varying
      length and width can be conveniently accommodated therein.
PAR  In operation, the cassette 18 is filled with the stack of final support
      material 19 of pre-selected size and the cassette 18 is inserted into the
      machine by sliding along a baseplate (not shown) which guides the cassette
      18 into operable relationship with a pair of feed rollers 20. When
      properly positioned in communication with the feed rollers 20 the top
      sheet of the stack 19 is separated and forwarded from the stack 19 into
      the transfer station D by means of registration rollers 21.
PAR  It is believed that the foregoing description is sufficient for purposes of
      present application to illustrate the general operation of an automatic
      xerographic copier which can embody the teachings of the present
      invention.
PAR  The fuser assembly 15 as best illustrated in FIGS. 2 through 4 comprises a
      heated fuser roll structure 30 and a backup roll 32 which cooperate to
      form a nip 33 therebetween through which copy paper having toner images
      thereon passes with the toner images contacting the fuser roll structure
      30.
PAR  A channel shaped support base 34 (FIG. 3) is provided for supporting the
      fuser assembly 15 in the copier apparatus. The backup roll 32 is supported
      by a pair of support brackets 36 which are secured to the support base 34
      by means of right angle brackets 38, the base of which are spot welded or
      otherwise suitably affixed to the support base 34. A pair of ball bearings
      40 are supported by the brackets 36 and are captivated in the brackets by
      means of retaining rings 42. The backup roll structure may comprise any
      suitable construction, for example, a steel cylinder, but preferably
      comprises a rigid steel core or shaft 46 having a Viton elastomer surface
      or layer 48 disposed thereover and affixed thereto. A pair of shaft ends
      49 of the core or shaft 46 are received in the bearings 40 for supporting
      the backup roll 30. A suitable backup roll has an overall dimension of
      approximately 1.55 inches including a 0.1 inch cover or layer of Viton
      elastomer or other suitable high temperature elastomeric material, for
      example, fluorosilicone or silicone rubber. The specific dimensions of the
      backup roll will be dictated by the requirements of the particular copying
      apparatus wherein the fuser assembly 15 is employed, the dimensions being
      greater or less depending upon the process speed of the machine. In this
      embodiment the length of the roll is approximately 151/2  inches to
      accomodate various paper sizes.
PAR  A pair of support brackets 50 (FIG. 2) having a generally E-shaped
      configuration similar to the support brackets 36 are provided for mounting
      the fuser roll structure in the fuser assembly 15. To this end, a pair of
      ball bearings 52 one in each of the support brackets 50 are provided, the
      bearings being retained in the brackets by means of retaining rings 54. A
      pair of end caps 55 are secured to a hollow cylinder or core 56 (FIGS. 3
      and 4) forming a part of the fuser roll structure 30 and reduced portions
      57 thereof are received in the bearings 52 for supporting the fuser roll
      structure. A heating element 58 is supported internally of the core 56 for
      providing thermal energy to elevate the temperature of the core to
      operating limits. The heating element may comprise any suitable type
      heater for elevating the surface temperature of the cylinder to
      operational temperatures, therefore 285-290.degree. F. For example, it may
      be a quartz envelope having a tungsten resistance heating element disposed
      therein. The cylinder or core 56 is fabricated from any suitable material
      capable of efficiently conducting the heat to the external surface of the
      core. Typical materials are anodized aluminum and alloys thereof, steel,
      stainless steel, nickel and alloys thereof, nickel plated copper, chrome
      plated copper, copper and alloys thereof. The resulting structure has an
      outside diameter on the order of 1.5 inches and has a length equal to that
      of the backup roll. The power requirements for the foregoing are 420 watts
      peak power with an average power of 320 watts and 100 watts for standby.
PAR  The heater element 58 is supported internally of the core 56 by a pair of
      spring supports 60 which are mounted by insulator blocks 62 to the support
      brackets 50. The free ends of the springs supporting the heater element
      are each provided with a locating ball 64 while the opposite end of the
      spring is disposed in contact with an electrical terminal 66 to which
      electrical wires (not shown) may be attached for supplying electrical
      energy to the heater element. The terminal blocks can be secured to the
      support brackets in any suitable manner, for example, by screws. The
      springs supports and terminals are preferably rivoted to the terminal
      block.
PAR  The aforementioned materials from which the core 56 of the fuser roll
      structure may be fabricated are relatively high surface energy materials,
      consequently, hot toner material contacting such surfaces would readily
      wet the surface of the fuser roll and it would be difficult to remove the
      toner therefrom. Accordingly, there is provided a sump 68 (FIGS. 2 and 4)
      for containing a material 69 capable of interacting with the core in a
      manner described in U.S. Patent application, Ser. No. 383,231 filed July
      27, 1973 in the name of Moser, et al and assigned to the same assignee as
      the instant application. The material is preferably a low molecular weight
      substance which is solid at room temperature and which has a relatively
      low viscosity at the operating temperatures of the fuser roll structure.
      An example of such a material is polyethylene homopolymer manufactured by
      Allied Chemical Co. and having the designation AC-8 hopolymer.
PAR  The sump 68 comprises a rear wall 70 having a generally sloping portion
      connected to a generally vertical portion. The rear wall is provided with
      a pair of apertured flanges 72 for receiving supports 74 for mounting the
      sump 68 to the flanges 51 secured to the brackets 50 in a manner to allow
      pivotal movement thereof. The sump also comprises a front wall (FIG. 5)
      which comprises a composite doctoring blade 78 including a base member 80
      with an elongated strip 82 secured to the base member. The strip 82 is
      fabricated from a high temperature elastomeric material which is
      compatible with the particular material 69, for example, silicone rubber
      or Viton. By compatible with the strip it is meant that the dimensions of
      the strip are not altered by contact with the material.
PAR  The base member 80 and therefore the blade 78 is supported by the rear wall
      70 by means of a rubber seal attached to a lip 84 forming a part of the
      rear wall and a retainer 86 which is suitably secured by, for example,
      screw 87, to the rear wall 70. The base member 80 is provided with a
      plurality of slots 88 in which the screws 87 ride to allow mounting of the
      base member intermediate the retainer 86 and the rear wall 70. The base
      member is also provided with a plurality of apertures 90 disposed on the
      sides of the slots 88. The apertures receive dimples 92 forming a part of
      the retainer 86. The slots and the apertures are oversized with respect to
      the dimples and screws so that the base member can move due to thermal
      expansion without buckling thereof. It will be appreciated that in
      addition to serving as a metering blade the composite structure 78 serves
      to clean toner from the fuser roll structure 30 and also act as a seal to
      prevent the liquid or low viscosity polyethylene from leaking out of the
      sump 68. A pair of arcuate recesses 94 provided in the rear wall 70 have
      disposed therein end seals 96 which contact the fuser roll structure and
      thereby cooperate with the strip 82 to prevent leakage of polyethylene
      from the sump.
PAR  A pair of links 100 attached to extensions 101 of the rear wall by
      retaining pins 102 have their ends threaded for receiving nuts 104. A tie
      bar 106 attached to the support brackets 50 support L-shaped brackets 108
      having slots 110 therein. The links 100 are received in the slots 110 to
      thereby provide means for adjusting the pivotal orientation of the sump 68
      to thereby increase or decrease the pressure of the composite doctoring
      structure 78 on the fuser roll structure to thereby control in accordance
      with a predetermined amount, for example, a layer less than 1 micron
      thick, the application of polyethylene to the fuser roll structure. This
      is accomplished by tightening or loosening of the nuts 104.
PAR  As mentioned hereinbefore, the polyethylene is solid at room temperature
      and is liquid at operational temperatures. The polyethylene in solid form
      is placed in the sump and is heated by the thermal energy of the fusing
      roll structure and thereby liquified. When the polyethylene resolidifies
      after the machine has been inoperative for a period of time the
      polyethylene tends to move away from the fuser roll structure consequently
      when the machine is restarted the polyethylene may not be applied to the
      fuser roll structure immediately. This means that the fuser roll structure
      may not be properly protected against toner offsetting to the bare metal.
      In order to safeguard against the foregoing, the surface of the rear wall
      contacting the polyethylene is coated with a material that has a low
      affinity for the polyethylene, for example, silicon rubber. in order to
      insure that the polyethylene is in contact with the fuser roll structure
      at the time of restarting the machine, a collecting bar 111 is provided in
      the sump and attached thereto such that it is positioned adjacent the
      fuser roll structure. Accordingly, when the polyethylene resolidifies it
      will pull away from the rear wall 70 and it will solidify on the
      collecting bar such that it is still in contact with the fuser roll
      structure. This arrangement will insure proper operation of the fuser
      assembly until the bulk of the polyethylene is melted in the sump.
PAR  The axis of the backup roll which should be apparent from a consideration
      of its mounting as discussed above is fixed relative to the support base
      34. However, the fuser roll structure is mounted such that it's pressure
      engagement with the backup roll can be adjusted to thereby enable
      variation of the length of the nip 33 formed between the two roll
      structures. To this end, the fuser roll support brackets 50 are mounted to
      the backup roll support brackets 36 by a pair of flexures 112 which are
      secured to the support brackets 36 and 50 by means of retaining plates
      114, dowl pins 116 and caps screws 118. The flexures 112 are preferably
      fabricated from spring steel having a relatively small thickness but
      sufficiently sturdy to hingedly mount the fuser roll support brackets to
      the backup roll support brackets. A force at the nip on the order of 150
      pounds is provided by means of socket head screws 120 and commercial
      compression springs 122 which are supported by the upper flanges 51
      secured to the fuser roll support brackets 50. The screws 120 are received
      in threaded lower flanges 126 which are fixedly mounted to the backup roll
      support brackets 36. It will be appreciated that by adjusting the socket
      head screws 120 against the force exerted by the springs 122, the nip
      pressure can be varied to produce the desired nip pressure.
PAR  The copy paper 14 carrying the fused images comprising toner 124 is moved
      through a lower guide plate 128 (FIG. 4) which is supported by mounting
      brackets 129 attached to the backup roll supporting brackets 36 and an
      upper guide plate 130 attached to the tie bar 106. The upper guide plate
      is mounted to the tie bar by means of a generally U-shaped flange 132
      having an open area which is integral with the plate 130 and disposed at
      an acute angle relative thereto. To insure that the copy paper follows
      along a predetermined path including the space between the lower and upper
      guide plates a plurality of generally L-shaped stripper fingers 134 (FIGS.
      4 and 8), preferably two in number, are provided. The leading edges of the
      stripper fingers are biased into engagement with the fuser roll structure
      30 by means of a pair of combination mounting brackets and bias member 136
      in the form of leaf springs. The leaf springs are mounted to the tie bar
      106 such that a cantilevered portion 137 thereof engages a cam surface 138
      of the stripper finger 134. Portions of the mounting bracket 136 are
      rolled as indicated at 140 to provide a bearing surface for shafts 141
      carried by the stripper fingers 134.
PAR  An alternate form of stripper finger may be employed which comprises
      stripper fingers 142 (FIG. 9) supported on a shaft 143 which is supported
      indirectly by the support brackets 50 of the fuser roll structure 30. A
      counterweight 144 is provided for each of the stripper fingers 142 and is
      secured thereto by means of a cap screw 145 which is threaded into the
      stripper finger. The position of the counterweight can be varied relative
      to the stripper finger to increase or decrease the amount of pressure
      which is applied by the stripper finger to the fuser roll structure. The
      position of the stripper fingers 142 are maintained on the shaft in a
      position relative to the longitudinal axis of the fuser roll structure 30
      by grip rings 146. The grip rings while maintaining the position of the
      stripper fingers fixed relative the fusing roll structure 30 allow
      movement relative to the aforementioned axis of the stripper fingers with
      respect to the fuser roll structure so that the fuser stripper fingers can
      be repositioned in the event of wear of the fuser roll structure.
PAR  The surface temperature of the fuser roll structure 30 is controlled by
      contacting the surface thereof with a thermistor probe 148 of the type
      described in U.S. Pat. No. 3,327,096, issued in 1967 to Bernous and
      incorporated herein by reference.
PAR  During operation of the fuser assembly 15, particularly during duplex
      copying, toner accumulates on the backup roll structure 32. Accordingly, a
      backup roll cleaning structure or assembly 150 is provided which comprises
      a triangular shaped support member 152 having a wiper member 153 carried
      thereby. The cleaning assembly is supported for movement in the direction
      of the backup roll structure by a plurality of roller supports 154 and a
      spring member 156 supported by a member 158 urges the wiper surface into
      wiping contact with the backup roll. As can be seen from the drawings, the
      cleaning assembly is disposed adjacent the support base 34 so that toner
      removed from the backup roll will be deposited onto the support base. In
      operation it has been found that the toner accumulates on the exit side of
      the nip formed between the backup roll and the wiper member. The wiper
      member is preferably a high temperature material with a high degree of
      resiliency and low affinity for toner particles and preferably comprises
      tetrafluoroethylene, commonly referred to as TFE.
PAR  In order to accomplish rotational movement of the fuser and backup rolls,
      the main machine drive is coupled to the backup roll structure via a drive
      sprocket 160, which is coupled to a driven sprocket 161 by means of a
      one-way clutch 162, a bushing 164, and stub shaft 166. The driven sprocket
      161 is coupled to a sprocket 170 carried by the shaft of the backup roll
      structure 30 via a chain 172. The clutch 162 serves as a coupling between
      the input from the main machine drive and the fuser roll structure, which
      allows the fuser roll structure and backup roll to be rotated
      independently of the sprockets provided for power driving the fuser roll
      sturcture. In the event that a machine jam occurs, a sheet of copy paper
      which has started through the nip of the fuser assembly 15 can be manually
      moved out of the fuser assembly while simultaneously fusing the toner
      images to the copy paper. Accordingly, unlike prior art fuser structures
      utilized in the xerographic process, a copy which has started through the
      fuser but has not been completely fused can be saved because it can be
      fused notwithstanding a paper jam.
PAR  A cover structure 174 protects the fuser assembly from contaminates. As
      viewed in FIG. 7, the cover structure has a bifurcated flange portion 176
      which receives a pin member 178 carried by the bracket 50. There are two
      such flanges and pin members, one on each side of the fuser assembly. A
      sidewardly projecting flange 180 has an aperture through which a screw 181
      is inserted and received in a threaded aperture in a flange 182 forming a
      part of the sump 68. The combination bifurcated flanges and pin members
      together with the screw 181 secures the cover in place. As viewed in FIG.
      3, the cover has an inclined top surface 184 and an opening 186 at the
      extreme right end thereof for directing vapors out of the fuser assembly.
      A pair of depending flanges 190 cooperate with pins 192 carried by the tie
      bar 106 to assist in maintaining the cover in place.
PAR  While the invention has been described with respect to a preferred
      embodiment, it will be apparent that certain modifications and changes can
      be made without departing from the spirit and scope of the invention, for
      example, the images to be fused can be formed by other than the
      xerographic process disclosed and it is therefore intended that the
      foregoing disclosure be limited only by the claims appended hereto.
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STM  What is claimed is:
NUM  1.
PAR  1. Contact fuser apparatus for fixing toner images to support sheets, said
      apparatus comprising:
PA1  a heated fuser member;
PA1  a resilient backup member;
PA1  means including a support base for supporting said members such that they
      cooperate to move support sheets therebetween with said toner images
      contacting said heated fuser member, said backup member being disposed
      adjacent said base;
PA1  means for cleaning toner from said backup member including a smooth
      surfaced member having a substantially planar portion positioned for
      contacting said backup member intermediate the ends of planar portion and
      forming a nip therebetween, the exit of said nip being disposed opposite
      said support base whereby toner particles accumulating at the exit of said
      nip fall upon said support base; said cleaning means comprising a
      triangular-shaped member and an angular support therefor wherein two sides
      of said triangular-shaped member are in intimate contact with the two
      sides of said angular support while said planar portion is unsupported
      thereby, said planar portion being the third side of said triangular
      member;
PA1  means for movably supporting said cleaning means; and
PA1  means for biasing said cleaning means into its operative position in
      engagement with said backup roll, said biasing means comprising a spring
      contacting one side of said triangular member for urging the triangular
      member in a first direction and said bias means further comprising said
      backup member for urging said triangular member in a second direction
      substantially perpendicular to said first direction.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the urging of said triangular
      member is said first direction effects engagement of said substantially
      planar portion with said backup member and said triangular shaped cleaning
      member is supported on rollers disposed between the other side of said
      triangular member and said support base.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said heated fuser member
      comprises a fuser roll structure having an internal source of heat and
      said backup member comprises an elastomeric roll structure.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said triangular-shaped member
      comprises a sleeve of tetrafluoroethylene which is shrunk fit onto said
      triangular support.
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PAL  A seal is disclosed between a stationary hood and an end of a rotary kiln
      enclosed thereby to prevent entrance of atmospheric air or the exit of
      process gas. The seal includes a first annular seal ring on a flange to
      rotate with the kiln, and a second and nonrotating annular seal ring
      mounted on an axially movable cylinder arranged around the kiln. The
      cylinder is part of a movable assembly that also cooperates with the kiln
      flange to define an annular chamber encompassing both seal rings and which
      is filled with a pressurized gas to prevent leakage between the rings. A
      thin annular flexible diaphragm around the kiln is circumferentially
      sealed on one end to the hood and on the other end to the movable
      cylinder. The diaphragm is sufficiently flexible to allow the cylinder and
      attached seal ring to move axially, as the kiln expands, to maintain an
      effective seal. A biased linkage pushes the two seal rings relatively
      together while thermal expansion of the kiln causes the diaphragm to fold
      and contraction causes the diaphragm to unfold. The diaphragm is shielded
      from high temperature kiln gases by an annular flexible wiper that
      projects inwardly of the movable cylinder to engage a stationary cylinder
      secured to the hood; and this wiper along with the diaphragm, hood and the
      stationary cylinder define a chamber filled with relatively cool
      pressurized gas to cool the diaphragm and resist leakage of high
      temperature kiln gas into the chamber defined in part by the flexible
      diaphragm.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a sealing arrangement between a
      rotatable member and a stationary member which are arranged in material
      flow relation with each other, the seal serving to restrict the entrance
      of atmospheric gas into or the exit of process gas from the region of the
      junction between the relatively rotatable members, and in particular to a
      seal between an end of a generally horizontal rotary mineral reducing kiln
      and a hood surrounding an end thereof.
PAR  2. Description of the Prior Art
PAR  Seals between the stationary rotating parts of kilns are illustrated and
      described in U.S. Pat. Nos. 3,042,489, D. H. Giesking and 3,068,015, A. J.
      Roubal. Such prior art seals were designed to reduce the ingress of air
      from the surrounding atmosphere and/or the egress of exhaust gases from
      the kiln to an acceptable level so as to not significantly impair the fuel
      economies of the mineral processing or materially pollute the atmosphere.
      However, in dealing with a reducing kiln, it becomes essential to
      eliminate any ingress of air from the surrounding atmosphere into the
      kiln, because air entering the kiln after reduction has taken place will
      reoxidize reduced material. Furthermore, the gas within a reducing kiln is
      toxic and highly explosive, so it is imperative that none of this gas be
      released into the atmosphere.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an improved seal is providedd between a
      stationary hood and an end of a rotary kiln enclosed thereby to prevent
      entrance of atmospheric air or the exit of process gas. The seal includes
      a first annular seal ring on a flange which is, in turn, secured around
      the kiln to rotate with the kiln, and a second and nonrotating annular
      seal ring mounted on an axially movable cylinder arranged around the kiln.
      The cylinder is part of an axially movable assembly that also cooperates
      with the kiln flange to define an annular chamber encompassing both seal
      rings and which is filled with a pressurized gas to prevent leakage of
      kiln gas outwardly or air inwardly between the rings. A thin annular
      flexible diaphragm around the kiln is circumferentially sealed on one end
      to the hood and on the other end to the axially movable cylinder. A biased
      linkage pushes the two seal rings relatively together while thermal
      expansion of the kiln moves the seal rings toward the hood and causes the
      diaphragm to fold, the contraction of the kiln causes the diaphragm to
      unfold, with an effective seal being thereby maintained under variable
      operating conditions.
PAR  In a preferred embodiment of the invention, the thin flexible diaphragm is
      shielded from high temperature kiln gases by an annular flexible wiper
      that projects inwardly of the movable cylinder to engage a stationary
      cylinder secured to the hood; and this wiper along with the diaphragm, the
      hood and the stationary cylinder define a chamber filled with relatively
      cool pressurized gas to cool the diaphragm and resist leakage of high
      temperature kiln gas past the wiper and into the chamber defined in part
      by the flexible diaphragm.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Additional features and advantages of the invention will become apparent
      from the following description taken in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a view in longitudinal elevation of a rotary reduction kiln
      having a rotary kiln cylinder which rotates with respect to a stationary
      material discharge and firing hood at one end and with respect to a
      stationary feed hood at the opposite end; and
PAR  FIG. 2 is a detailed view of the improved sealing arrangement of the
      invention as applied to the junction between the rotating kiln cylinder
      and the stationary material discharge hood.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a rotary reduction kiln generally
      indicated at 1 which may be of the type used for reducing ore to a lower
      state of oxidation. The rotary kiln 1 comprises an elongated rotary
      cylinder or kiln shell 2 which rotates with respect to a stationary
      material feed hood 4 and also with respect to a stationary material
      discharge hood 6. The shell 2 of the kiln may be supported for rotation by
      a pair of axially spaced annular girth rings 8 and 10 carried for rotation
      about a central axis x--x' by rollers 12, 14 which in turn are rotatably
      contained in conventional journal bearings 16 and 18, respectively. The
      kiln shell 2 is carried by the rollers 12, 14 with the central axis x--x'
      inclined downwardly at a slight angle from the feed hood 4 to the
      discharge hood 6. Rotation or oscillation of the kiln body may be provided
      by any conventional means and herein is shown as including a motor 20
      which drives a gear 21 in mesh with an annular girth gear 22 connected to
      the kiln shell 2.
PAR  Suitable chute-like means 23 is provided at the feed hood 4 for delivering
      into the interior of the kiln material such as ore or the like which is to
      be processed and the material discharge hood 6 has an opening 24 (see FIG.
      2) and a passage therethrough through which the processed ore may pass
      from the kiln through a duct 25 (in FIG. 1) to a cooler (not shown).
PAR  To provide cooling of the rotary kiln shell 2 in the region where it enters
      the stationary discharge hood 6, kiln shell 2 includes a cooling shroud 27
      which is suitably mounted on and extends around the entire periphery of
      the outer surface of the kiln shell 2. For purposes of the specification
      and claims, the cooling shroud 27 is considered part of the rotating kiln
      shell 2. As shown in FIG. 2, the end of cooling shroud 27 received within
      material discharge hood 6 is closed air tight by any suitable means 28 to
      prevent entrance of air from the cooling shroud into the kiln. The
      opposite end of the cooling shroud, i.e., the right-hand end as shown in
      FIG. 1, is open and is provided with an outwardly flared end surface 29
      which directs blasts of cooling air from a suitable source, such as an air
      nozzle 30, into cooling shroud 27 for cooling kiln shell 2. Cooling
      shrouds, such as 27, are well known in the art and form no part of this
      invention.
PAR  The diameter of opening 24 in discharge hood 6 must be sufficient to
      receive the rotating shell structure including the cooling shroud 27 and
      enable the shell structure to rotate freely therein. Thus an annular
      clearance indicated at 32 (FIG. 2) is provided between the cooling shroud
      27 and the periphery of opening 24 in the stationary hood 6.
PAR  During the operation of the kiln from its cold condition to its normal
      operating temperature, the rotary shell 2 thermally expands or elongates
      for as much as five inches in length in a typical installation, the kiln
      shell contracting by this same distance when it cools down from operating
      temperatures to its cold temperature. The sealing arrangement about to be
      described accommodates such expansion and contraction while maintaining an
      effective seal.
PAC  Description of Sealing Arrangement
PAR  Referring to FIG. 2, an annular flange 34 is attached to the radially outer
      surface 35 of cooling shroud 27, as by welding. The flange 34 may be
      structurally supported by a plurality of circumferentially spaced gussets
      36, one of which appears in FIG. 2. Secured to a surface 37 of flange 34
      intermediate the radial length of flange 34 is an annular seal ring 38.
      Flange 34 and the annular seal ring 38 mounted thereon rotate with the
      rotating kiln shell 2.
PAR  An axially movable assembly 40 is arranged and supported, as will be
      described later, between the hood 6 and the radial flange 34. The assembly
      40 includes a cylinder 41 having a radial flange 42 projecting radially
      outward of and circumferentially connected to an axial end of cylinder 41
      that faces the rotating flange 34 and seal ring 38 carried by the kiln
      shell 2. The assembly 40 defines an annular space 43 around kiln 2 and
      shroud 27 which is enclosed on one end by a second, and nonrotating, seal
      ring 44 mounted on flange 42 to engage the rotating seal ring 38 in
      rubbing frictional contact resistant to gas flow therebetween. A portion
      42a of flange 42, radially outward of seal ring 44, functions along with
      an axially short cylinder 45 connected to the outer circumference flange
      portion 42a and a flexible annular sealing wiper 46 circumferentially
      sealed to cylinder 45, as wall defining means.
PAR  The wiper 46 of such wall defining means (42a, 45, 46) engages the rotating
      flange 34 radially outward of seal ring 38 and in rubbing contact
      resistant to gas flow therebetween, and the wall means 42a, 45, 46 thereby
      cooperates with flange 34 to define an annular purge chamber 47
      encompassing both of the seal rings 38, 44. The wiper 46 may be of any
      flexible sealing material, such as Teflon, and may be reinforced by spring
      fingers (not shown) to maintain the wiper in sealing engagement with
      flange 34.
PAR  At one or more locations circumferentially of the purge chamber 47, an
      inlet pipe 48 communicates through an opening in wall 45 to admit into the
      chamber 47 a nonreactive purge gas having a higher pressure than
      atmospheric pressure to prevent creepage of atmospheric air radially
      inwardly past the interface between the wiper 46 and flange 34, and
      between the relatively rotatable seal members 38 and 44. This is
      particularly important where the kiln is a rotary reduction kiln for
      reducing ore to a lower state of oxidation because the entrance of air
      into the interior of the kiln would tend to reoxidize the charge of
      metallic ore which is in a reduced state by the time it reaches the
      discharge end 17 of the kiln. The pressure of the purge gas preferably
      should also be such as to prevent the flow of kiln process gas radially
      outwardly through the interface between the relatively rotatable seal
      rings 38 and 44. By "nonreactive" purge gas is meant a gas which is
      essentially nonreactive with the atmosphere inside the rotary reduction
      kiln. For example, if the seal is used on a rotary reduction kiln, the
      purge gas should preferably either be a neutral gas, such as nitrogen, or
      by reducing in nature, such as methane, hydrogen or carbon monoxide; or
      cooled process gas withdrawn from the system at a location where it is
      substantially neutral.
PAR  Because of the thermal expansion and contraction of kiln shell 2, which
      results in an axial movement of flange 34 and the rotating seal ring 38,
      which can be as much as five inches, the axially movable assembly 40
      (comprising parts 41 through 49) must also be capable of moving such a
      distance to maintain sealing contact between seal rings 38, 44 and between
      wiper 46 and flange 34. In order to exclude air from kiln 2 and prevent
      process gas escaping therefrom while the assembly 40 is moving axially to
      maintain the seals at 38, 44 and 46, 34, still another seal is provided
      between the assembly 40 and hood 6 to complete an enclosure about the
      space 43. Such a seal is provided by a thin flexible collapsible diaphragm
      50 having a shape of a frustum of a cone, and preferably made of segments
      of stainless steel foil backed by a cloth woven of asbestos fibers. Such a
      diaphragm 50 is shown as being connected in sealing relation between hood
      6 and the assembly 40 in a manner that will now be described.
PAR  To provide for the aforesaid utilization of such a diaphragm 50, an annular
      flange 49 may be coaxially connected to the end of cylinder 41 facing hood
      6, with the flange 49 projecting both radially outward and radially inward
      of cylinder 41. The end of the diaphragm 50 having the smaller diameter
      may be sealed by any suitable means to a radially outer portion of the
      annular flange 49. The end of the diaphragm 50 having the larger diameter
      may be sealed to a short cylinder 52 connected to an annular bracket 53
      attached to hood 6 concentrically about the hood clearance space 32. Thus
      a complete enclosure is provided around the annular clearance 32, which
      comprises the following parts connected in series from hood 6 to kiln 2:
      the bracket 53; cylinder 52; diaphragm 50; flange 49; the assembly 40
      (parts 41-49) and the flange 34 with the attached seal ring 38. When kiln
      2 expands as it is heated, the kiln moves flange 34 and seal ring 38 to
      push the assembly 40 toward hood 6 to fold and collapse diaphragm 50 to a
      position and configuration as shown in FIG. 2 with broken lines.
PAR  In a preferred embodiment of the apparatus, means are provided to shield
      the flexible diaphragm 50 from high temperature kiln process gases. Kiln
      process gases passing through clearance 32 and into the space between
      cylinder 41 and shroud 27, may be over 2,000.degree. Fahrenheit and
      prolonged exposure of diaphragm 50 to such high temperature gases is
      undesirable in order to ensure a long useful life for the thin flexible
      diaphragm. To provide such protection, a stationary cylinder 56 concentric
      to kiln 2 is connected to hood 6 to project axially, at least in part,
      into the annular space 43 between the shroud 27 and axially movable
      cylinder 41. The cylinder 56 may be connected to hood 6 by welding
      cylinder 56 to bracket 53. A flexible annular wiper 57 is connected to the
      flange 49 and projects inwardly into engagement with the outer periphery
      of the stationary cylinder 56 to provide a wiping seal therebetween as
      wiper 57 is carried by the assembly 40, upon thermal expansion of the kiln
      2, from the position shown in solid lines to the position shown in broken
      lines. The cylinder 56 and wiper 57, along with parts 49 through 53,
      define a second annular purge chamber 58. To purge chamber 58, a gas inlet
      pipe 59 communicates therewith through an opening in cylinder 52. A
      relatively cool pressurized gas is admitted through pipe 59 into chamber
      58 to resist leakage between cylinder 56 and wiper 57 and to cool
      diaphragm 50 below temperature it may reach as a result of heat conducted
      thereto via the connection with the assembly 40 which is directly exposed
      to high temperature process gas enclosed therein. Since the flexible
      diaphragm 50 provides a seal between the hood 6 and cylinder 41 that is
      very effective to prevent leakage of process gas from the kiln 2 to the
      surrounding atmosphere, this means readily available process gas from kiln
      2, cooled to below kiln operating temperature, may be admitted to chamber
      58 for the purposes described.
PAR  With reference to FIG. 1, support means will now be described which carry
      the assembly 40 to accommodate the movement thereof which has been
      described. Such description will be followed by a description of means for
      biasing the assembly 40 to move on the support means toward and into
      sealing engagement at 44, 38 and 46, 34.
PAR  The support means comprise a pair of identical assemblies 60, one of which
      can be seen in FIG. 1 with another being hidden from view on the opposite
      side of the kiln. Each support assembly 60 comprises a pair of brackets
      61, 62 which are respectively rigidly connected to the flanges 42 and 49
      which are part of the axially movable assembly 40. The two brackets 61, 62
      support a track 63 which rides on a pair of rollers 64. The rollers 64 are
      in turn supported by bearing brackets 65 mounted on a beam 66 which is
      suitably supported by the stationary structures 67, 68. Thus as the
      axially movable assembly 40 moves back or forth in response to thermal
      expansion or contraction of the rotary kiln shell 2, assembly 40 is
      supported and guided for movement by the cooperation between the track 63
      and the roller 64. The support assembly 60 is positioned to guide the
      axially movable assembly 40 along an inclined path having substantially
      the same angle of inclination relative to the horizontal plane as the
      central axis x--x' of kiln shell 2.
PAR  Suitable biasing means for maintaining sealing contact between the parts
      38, 44 and 34, 46 may be constructed and arranged to constantly exert a
      biasing pressure against the flange 42 of the axially movable assembly 40
      to maintain the seal ring 44 in constant sealing engagement with the seal
      ring 38, and the wiper 46 in constant sealing engagement with the flange
      34. One way of providing the biasing pressure is through the use of
      counterweighted bellcranks generally indicated at 70 and 71, which are
      suitably supported for pivotal movement on the hood 6. The bellcrank 70
      will be described as typical of the four bellcranks (70 and 71 plus tow
      identical bellcranks on the opposite side of the kiln shielded from view)
      although some minor variations occur between the upper bellcrank 70 and
      the lower bellcrank 71 which will be described. The bellcrank 70 includes
      two arms 72, 73 which are at close to right angles to each other, and a
      fulcrum 74 mounted on hood 6. The arm 72 of the bellcrank 70 carries a
      plurality of weights 75 which tend to turn the bellcrank 70
      counterclockwise around its fulcrum 74 as viewed in FIG. 1. The lower arm
      73 of the bellcrank 70 is thus constantly urged in a counterclockwise
      direction as viewed in FIG. 1 and into engagement with a member 76 which
      is rigidly secured to the outer peripheral surface of the axially movable
      cylinder 41 and the flange 42. Thus, with respect to the views of FIGS. 1
      and 2, the action of the bellcrank 70 is to constantly urge the axially
      movable cylinder 41 and hence, the entire assembly 40 including the
      nonrotatable seal ring 44 toward the flange 34 and into constant
      engagement with the rotatable seal ring 38. At the same time, this biasing
      action of bellcrank 70 urges the wiper 46 into sealing engagement with the
      flange 34. The construction of bellcrank 71 is similar to that described,
      except that the position of its arm 77 relative to a fulcrum 79 is axially
      reversed and its arm 78 is inverted, as compared to bellcrank 70, and the
      motion about fulcrum 79 is clockwise rather than counterclockwise as it is
      about fulcrum 74. The action of bellcrank 71, however, urges the assembly
      40 toward flange 34 to maintain effective seals in the same manner as does
      bellcrank 70.
PAC  Operation
PAR  The parts as shown in FIG. 2 of the drawings represent the cold condition
      of the kiln before any thermal expansion of the kiln takes place due to
      rise from cold starting temperature to operating temperature. As the kiln
      is brought up to operating temperature, the shell 2 expands to the left
      relative to the view in FIG. 2 moving further inwardly into the end
      opening 24 of the hood 6. As the kiln shell 2 moves to the left, the
      annular flange 34 and the seal ring 38 mounted thereon will, of course,
      also move to the left. The nonrotatable seal ring 44 and the axially
      movable cylinder 41 on which ring 44 is mounted, will be pushed to the
      left by the movement of rotatable seal ring 38, and the wiper 57 will
      slide to the left along the radially outer surface of the cylinder 56 and
      along with a cool gas admitted at 59 will protect the flexible diaphragm
      50 from high temperature kiln gases. The flexible diaphragm 50 bounding
      secondary purge chamber 58 will fold or collapse in somewhat like an
      accordion effect to accommodate the movement of the axially movable
      cylinder 41 in response to the axial movement of flange 34, and diaphragm
      50 maintains a seal of great integrity between hood 6 and cylinder 41 for
      all positions of kiln 2 relative to hood 6. During the expansion movement
      of kiln shell 2, the primary purge chamber 47 will maintain its same
      relative position as shown in the view of FIG. 2 since the annular wall
      42a, which represents the radially outer boundary of purge chamber 47, and
      the wiper 46 attached to the cylindrical wall 45, are moved to the left by
      flange 34 when kiln 2 expands, while simulataneously being biased to the
      right by the bellcranks 70 and 71. High temperature gases from kiln 2
      passing through clearance 32 will, therefore, be trapped in the annular
      space 43 and unable to escape through either axial end of the axially
      movable cylinder 41, and likewise, atmospheric air will be unable to find
      its way into space 43 or kiln 2.
PAR  From the foregoing detailed description of the present invention, it has
      been shown how a reducing kiln is provided with a seal between the
      rotating shell and a stationary hood, which is effective despite
      substantial thermal expansion and contraction and a thin flexible
      diaphragm utilized in the invention is protected from direct and indirect
      overheating thereof by high temperature kiln gases. However, modifications
      and equivalents of the disclosed concepts such as readily occur to those
      skilled in the art are intended to be included within the scope of this
      invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a generally horizontal rotary mineral reducing kiln having a
      stationary hood surrounding one end of the kiln, a sealing assembly for
      preventing the passage of gas through an annular clearance space between
      the hood and the kiln, the sealing assembly comprising:
PA1  a. an annular flange secured to and extending radially outward from the
      kiln and axially spaced from the hood;
PA1  b. a first annular seal ring secured concentrically on the flange to rotate
      with the flange and the kiln;
PA1  c. an axially movable assembly comprising a cylinder spaced around the kiln
      between the hood and the first seal ring, a second annular seal ring
      concentrically connected to an end of the movable cylinder for engagement
      with the first seal ring, wall means connected to the movable cylinder are
      arranged with a portion thereof radially outward of the seal rings for
      cooperating with the annular flange on the kiln to define an annular
      chamber encompassing the first and second seal rings, and gas delivery
      means connected to the annular chamber for introducing pressurized purge
      gas into the annular chamber to prevent leakage of other gas between the
      first and second seal rings;
PA1  d. an annular flexible diaphragm spaced around the kiln with an axial end
      thereof adjacent the cylinder of the floating assembly being
      circumferentially connected thereto in gas sealing relation, and an
      opposite end adjacent the hood being circumferentially connected to the
      hood in gas sealing relation;
PA1  e. means engaging the movable assembly and biased to push the movable
      assembly toward the annular flange on the kiln and maintain the second
      seal ring in engagement with the first seal ring; whereby upon thermal
      expansion of the kiln the flange and first seal ring will push the movable
      assembly to fold the flexible diaphragm, upon contraction of the kiln the
      biased means will push the movable assembly to expand the flexible
      diaphragm and toward the first seal ring, and with an effective seal being
      thereby maintained under variable operating conditions;
PA1  f. a cylindrical guide member which is circumferentially connected to the
      hood substantially concentric to the kiln and projects at least in part
      into an annular space between the outer periphery of the kiln and the
      inner periphery of the cylinder of the movable assembly; and
PA1  g. an annular flexible wiper which is circumferentially connected to the
      movable cylinder and projects radially inward thereof into engagement with
      the other periphery of the cylindrical guide member to shield the flexible
      diaphragm from high temperature gases within the kiln.
NUM  2.
PAR  2. An apparatus according to claim 1 in which the annular chamber
      encompassing the first and second seal rings, is in turn sealed by an
      annular flexible sealing wiper which is secured to the wall means of the
      floating assembly radially outward of the first and second seal rings, and
      which engages the flange on the kiln.
NUM  3.
PAR  3. An apparatus according to claim 1 in which a means is connected to the
      hood for introducing a pressurized purge gas at a temperature lower than
      the temperature of gases in the kiln, into the annular space defined by
      the flexible diaphragm, the second annular wiper, cylindrical guide member
      and the hood, to cool the flexible diaphragm and resist any tendency of
      higher temperature kiln gases leaking between the second wiper and the
      cylindrical guide member, into such annular space.
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ABST
PAL  A baking method and a kiln to bake many tiles rapidly and continuously
      which comprises providing endless chains, set fire-proof L-shaped
      supporting parts that tiles are inserted into, which are provided with an
      inserting apparatus that puts tiles to be baked intermittently and nearly
      horizontally at the front end and a rotating loop belt, to receive baked
      tiles, covered by a wall for keeping them hot at the rear end, and,
      rotating said chains in and beside the kiln and passing tiles to be baked
      with holding them in a standing position through the kiln.
BSUM
PAR  This invention relates to a method and an apparatus for baking tiles or the
      like. The substance of the invention is, in the process of baking tiles or
      the like, connecting movable supporting frames or supporting plates, which
      are made of fire-proof material, with a loop-belt such as an endless chain
      which is rotated by a driving apparatus, putting tiles or the like to be
      baked on said supporting frames or supporting plates manually or
      automatically and letting objects to be baked on tiles or the like pass
      through the kiln continuously while holding them in a standing position.
      The invention enables the tiles or the like to be baked rapidly.
PAR  Heretofore, the process of baking tiles has been as follows; putting
      moulded tiles in a saggar manually, piling up these saggars in a kiln-car
      (wagon for baking) manually and, after baking, taking down these saggars
      from the kiln-car manually. The tiles are taken from the saggars one by
      one, so it takes a very long time for the manual labor, which is quite
      hard. This process is accompanied by low efficiency and high labor cost
      and has been one of the reasons arresting development of industries of
      this kind.
DRWD
PAR  The invention eliminates said defects and relates to a method which is
      intended to bake excellent tiles or the like rapidly and efficiently
      without hard labor, and to a kiln which is used to realize the method.
      Other objects and advantages of the invention will be apparent from the
      following description taken in conjunction with the accompanying drawings
      wherein:
PAR  All the figures illustrate one example of the invention;
PAR  FIG. 1 is a cross section of a kiln which is used to execute the invention;
PAR  FIG. 2 is a plane figure illustrating the relation between the endless
      chains and holders of the supporting frames for tiles;
PAR  FIG. 3 is a side view of the driving apparatus;
PAR  FIG. 4 is a side view illustrating the relation among the endless chain,
      the holders and the supporting parts;
PAR  FIG. 5 is a side view of the rear part of the kiln and apparatus for
      carrying out tiles;
PAR  FIG. 6 is a plane figure of the rear part of the kiln and apparatus for
      carrying out tiles;
PAR  FIG. 7 is a side view of tile feeding apparatus;
PAR  FIG. 8 is a front view of the tile feeding apparatus.
DETD
PAR  In FIG. 1, the walls of the kiln 1, 1' and 1" are made of fireproof and
      heat insulating material, and as shown in the figure, they are constructed
      like a so-called tunnel-kiln. The upper parts of the walls of the kiln 1
      and 1' are respectively lifted by fixing frame boards 9, 9' and 10, which
      are made of steel, fixed externally with the aid of a lifting frame 15
      laid over the kiln, and form a reasonably wide space between the upper
      part of the wall 1' and its lower part 1". In said space between the walls
      1' and 1", in order to fit and hold both ends of the fireproof supporting
      frames or supporting plates 2, movable fire-proof holders 3 are set
      parallel movably, whose number is correlative with that of the supporting
      frames or supporting plates 2. The outer end of said holder 3 is fixed, as
      it is or reduced in thickness, to the inner end of a connecting plate 8
      with a metal frame or the like 4, which envelopes the holder 3. The
      holders 3 are supported by suitable supporting equipment 7 located under
      them without preventing their movement, and beside the kiln holders 3 are
      connected with a loop belt such as an endless chain 5 that is set in
      between guide rails 6 and 6' and rotated continuously or intermittently by
      an arbitrary driving apparatus. If it is desired, before entering the
      kiln, a suitable feeding apparatus can be provided which will push,
      intermittently, the tiles or the like 16 to be baked into the supporting
      part of said supporting frames or the like 2 through another conveyor or
      the like, synchronizing with the driving apparatus or not sychronizing. At
      the exit of and beneath the kiln, a circulating belt 17 is provided which
      is made up of net or the like for receiving and removing the baked tiles.
      Spaced away and surrounding said circulating belt 17, a covering wall 18
      for keeping baked tiles hot is provided which may be integrated with the
      wall of the kiln or constructed separately from it and which has holes or
      the like 19 letting moisture escape.
PAR  The invention is the baking method, which rapidly bakes objects such as
      tiles at a relatively high temperature while they are held in a standing
      position and pass through the above-mentioned kiln and its apparatus.
PAR  In order to drive the loop belt such as the endless chain or the like 5 by
      which the supporting parts of the supporting frames or the supporting
      plates 2 are rotated, a motive wheel 11 behind the kiln with sprockets
      (not illustrated) located at suitable places is used. Crank shafts 12 and
      12' are connected to the eccentric axis or the cam of a motor M, and, at
      the middle part of the upper shaft 12', sending nail 13 is rotatably set
      and has a downward moment caused by its own weight or a spring 14. The
      upper edge of the sending nail 13 hooks the teeth 11' of the motive wheel
      11 and with the action of the crank shafts 12 and 12' the sending nail 13
      makes the motive wheel 11 rotate. A synchronization mechanism is provided
      which rotates the axis 22 of a chain wheel 23 located in front of and
      beneath the kiln, at the moment when said shaft 12 is pushed backward
      (refering to FIG. 3, pushed to left), by means of a traction rope 21
      connected to said shaft 12 and a chain 20. The axis or the wheel of a
      geared motor 26, located on a moving rod 25 pushed up by a cam 24 attached
      to said axis 22, contacts a roller 28 which feeds tiles or the like to the
      supporting frames or, alternately, a wheel 30 of a conveyor belt 29. With
      this contact feeding roller 28 or the conveyor belt 29 rotates, and the
      tiles or the like 16 stopped on the front guide roller and waiting to
      transfer to the supporting frames are inserted synchronously into the open
      end of the supporting frames. In FIG. 7, a weight 20', a framework and
      guide wheels 32 and 32' are also illustrated.
PAR  The apparatus of the invention used to execute the above-mentioned method
      for the kiln baking of objects in a standing position is composed like the
      above explanation. When the apparatus is used, the feeding apparatus for
      feeding the tiles or the like is positioned at the front end of the kiln
      and said feeding apparatus is operated synchronously with the driving
      apparatus such as the chain or the like. It is possible to insert tiles or
      the like automatically and continuously or intermittently into the
      supporting part of the fire-proof supporting frames or the like 2 which
      are fixed horizontally to said chain or the like however, is also possible
      to insert them manually without the feeding apparatus. If many baking
      objects and to be inserted into the support frames, automatic insertion is
      desirable. Automatic insertion however, is not always necessary,
      especially if there are only a few items to be baked. The objects to be
      baked are quickly moved to and inserted into the supporting part that
      comes to the front end of the kiln and has a horizontal position,
      corresponding with the movement of all the mechanisms. Said supporting
      part consists of a bottom 2', which supports the base of the baking object
      such as tiles or the like 16, and a reasonably long back side 2"; in other
      words, the cross section is L-shaped. Both ends of one or more supporting
      parts are fixed in setting spaces 3' of the fire-proof holders 3
      respectively. If a holder has only one supporting part, the baking object
      is moved, as if dipped up, and held in a standing position by the bottom
      2'  and the back side 2". If plural supporting parts are provided, the
      tiles or the like are inserted into the spaces between the back side 2"
      when they have a horizontal position, and they are supported between the
      front surface of one back side and the back surface of the next. Then, as
      the chain or the like 5 rotates, the supporting part goes up, and the
      position of tiles or the like becomes nearly vertical. After that, keeping
      the standing position, they go forward into the kiln. As many tiles or the
      like 16 may be set in a line or in lines in supporting parts of supporting
      frames or the like 2 with relatively narrow width, and the holders have
      few sections in the supporting part respectively, the invention has an
      advantage that it is possible to bake a great number of tiles or the like
      16 in a unit area. The kiln baking objects in a standing position in the
      invention are generally 4-6 m wide, the moving velocity of the endless
      chain or the like 5 in the kiln is about 65 mm/min; and the proper range
      of the maximum baking temperature is about 1200.degree.C. The kiln of the
      invention is provided with a feeding apparatus for feeding the objects to
      be baked located in front of the kiln and a receiving apparatus for
      receiving the baked objects at the end of the kiln. The total length of
      the kiln, including these apparatuses, is 25-30 m. The temperature at said
      apparatuses is 500.degree.-600.degree.C, and by keeping said high
      temperature only at the central part of the kiln, the objects set in a
      standing position are baked rapidly with said velocity. In this method,
      liquiefied petroleum gas can be used as the heat source, and so the baking
      cost will be quite economical. When the direct flame baking method is
      adoptable, the invention has a merit in that it is possible to use a glaze
      whose melting point is near SK2 and to expect excellent glazing.
      Therefore, by using the baking method of the invention and by making use
      of the kiln of the invention, a great number of baked objects, excellently
      glazed, can be produced in a short time. As a result, with this invention
      excellent baking can be achieved with increased productivity of 3-5 times,
      at least, when compared with that of the most improved and productive kiln
      ever used.
PAR  Moreover, if baked objects are received and removed from the kiln on the
      circulating belt 17 such as mesh belt surrounded by said covering wall 18
      which is provided behind the kiln of the invention for keeping the baked
      objects hot, the surface of the baked objects cools gradually by
      convection, and the remaining heat is used to preheat the kiln as the
      auxiliary heat source. So, the invention has the advantage of improving
      the thermal efficiency of the total system, and a utility in that fuel
      cost can be reduced very much.
PAR  When the automatic feeding apparatus for feeding the objects to be baked is
      used to execute the invention, the tiles or the like can be inserted
      automatically and synchronously into the supporting parts of the
      supporting frames or the like, and the invention will have the additional
      advantage in that working hours can be reduced remarkably, and the tiles
      or the like are inserted correctly and rapidly into the supporting parts
      set on the loop belt such as an endless chain or the like.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method for baking tiles or the like in a baking apparatus which bakes
      the tiles in an upright position, said baking apparatus having:
PA1  a tunnel kiln,
PA1  an endless chain through the tunnel kiln which has L-shaped supporting
      receptacles attached thereto for supporting the items to be baked in an
      upright position as they pass through the kiln on the endless chain, said
      chain being supported and moved by gear wheels at the entrance of the
      kiln, and by sprockets at the exit from the kiln moved by a motive wheel,
      and
PA1  a feeding means at the entrance to the kiln with an inclined feeding
      conveyor which conveys the items to be baked into the L-shaped
      receptacles,
PA1  said method comprising:
PA1  intermittently rotating the motive wheel by driving means positioned
      outside the kiln, thereby causing the endless chain to move
      intermittently;
PA1  intermittently conveying and loading the items to be baked onto the long
      back portion of the L-shaped receptacles on the endless chain by the
      intermittent rotation of the feeding conveyor in response to the
      intermittent rotation and stopping of the endless chain at the front of
      the kiln;
PA1  passing the items to be baked through the kiln in an upright position at a
      speed of approximately 4 meters per hour.
NUM  2.
PAR  2. In a baking apparatus for baking tiles or the like in an upright
      position, said baking apparatus having a tunnel kiln, and an endless chain
      through the tunnel kiln which has L-shaped supporting receptacles attached
      thereto for supporting the items to be baked in an upright position as
      they pass through the kiln on the endless chain, the improvements
      comprising:
PA1  rotating means for rotating said endless chain through the kiln, said
      rotating means comprised of:
PA2  a notched wheel operatively connected to said endless chain at the exit
      from the kiln,
PA2  a motor having an eccentric axis positioned at the exit from and beneath
      said kiln,
PA2  crank shaft means connected at one end to said motor for movement
      therewith, and
PA2  a sending nail rotatably attached at middle portion thereof to said crank
      shaft means, the lower portion of said nail having a continuous downward
      moment and the upper portion of said nail being engageable with said
      notched wheel, whereby in response to the rotation of the motor, the crank
      shaft moves and causes the sending nail engaged with said notched wheel to
      rotate said wheel, thereby causing said endless chain to rotate;
PA1  feeding means at the entrance of the kiln for feeding the items to be baked
      into the support receptacles of the endless chains, said feeding means
      comprised of:
PA2  inclined conveyor means spaced from the support receptacles at the entrance
      of the kiln for conveying the items to be baked in the kiln into the
      support receptacles,
PA2  roller means operatively attached to said conveyor means for turning said
      conveyor means, and
PA2  feed motor means pivotally mounted beneath said conveyor means and said
      roller means for pivoting, contacting, and rotating said roller means,
      whereby said conveyor means turns and feeds the items to be baked into the
      support receptacles; and
PA1  synchronizing means connected between the rotating means and the feeding
      means for synchronizing the feeding of the items to be baked with the
      intermittent motion of the endless belt, said synchronizing means
      comprised of:
PA2  an axially mounted chain wheel beneath and at the front of the kiln under
      the feed motor means,
PA2  a traction rope attached at one end to said crank shaft means,
PA2  a chain attached to the free end of said traction rope and fitted partially
      around the circumference of said chain wheel,
PA2  a weight attached to the free end of said chain fitted around said chain
      wheel,
PA2  a cam coaxially mounted with said chain wheel for rotation as the chain
      wheel rotates,
PA2  a moving rod resting against the circumference of said cam at one end and
      attached to said feed motor means at the other end, whereby movement of
      the crank shaft causing the intermittent movement of the endless chain
      causes the traction rope and chain attached thereto to move in the
      direction of the crank shaft, thus causing the chain wheel and its
      coaxially mounted cam to rotate against the moving rod and pivot the feed
      motor means attached thereto upward against the roller means, thereby
      turning the conveyor means and feeding the items to be baked into the
      support receptacles on the endless chain.
NUM  3.
PAR  3. An improved baking apparatus as claimed in claim 2 further comprising a
      spring attached to said crank shaft means at one end and to the lower
      portion of said sending nail at the other end for imparting the continuous
      downward moment to the lower portion of the sending nail.
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ABST
PAL  A rotary kiln plant for calcining and sintering mineral materials such as
      cement raw materials, comprising a separate unit for preheating and at
      least partially calcining the raw materials, a rotary kiln for sintering
      the preheated and calcined raw materials, a separate inside airswept
      rotary cooler means for cooling the materials burnt in the kiln, and a
      stationary chamber positioned intermediate the outlet of the rotary kiln
      and the inlet of the rotary cooler means and forming a passage for the
      burnt kiln product from the kiln to the rotary cooler means in
      countercurrent with heated cooling air passing to the rotary kiln. Air
      inlet and outlet means on the chamber make it possible to introduce
      additional cooling air and to utilize cooling air from the chamber for the
      preheating and calcining unit while by-passing the rotary kiln.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to rotary kiln plants for calcining and sintering
      mineral materials such as cement raw meal.
PAR  2. Background of the Invention
PAR  Rotary kiln plants of the type contemplated are advantageous whenever
      manufacturing plants requiring high outputs are concerned. The
      manufacturing process is thus arranged to be performed in separate units
      in a number of stages comprising a preheater, a calcining unit, a
      sintering unit in the form of a short rotary kiln and a cooler unit for
      cooling the hot kiln product.
PAR  The treatment of the raw material -- especially cement-forming raw
      materials such as cement raw meal -- in units divided in stages of
      treatment according to the various heat exchange steps in the process has
      been found attractive, primarily because economical production of the
      material can be obtained, but also because in such a plant it is possible
      to provide careful supervision and automatic control of the manufacturing
      process.
PAR  In the rotary kiln in plants of the type having a separate calcining unit,
      the amount of air necessary for combustion in the kiln is small so that
      only part of the heated cooling air may be effectively utilized in the
      rotary kiln for recovering the heat content of the cooling air. Another
      part is therefore utilized as combustion air in the calcining unit.
PAR  In prior art plants of this type, the cooler comprises either a number of
      cooler tubes arranged in planetary fashion around the outlet end of the
      rotary kiln rotating with the kiln so that all the heated cooling air to
      be used as combustion air is drawn through the rotary kiln. Alternatively,
      a grate cooler is combined with the rotary kiln in such a manner that at
      least part of the heated cooling air is utilized in the rotary kiln as
      secondary combustion air, whereas another part is utilized for preheating
      or combustion purposes in the calcining process performed in the calcining
      unit associated with the preheater.
PAR  However, with a separate planetary cooler or rotary cooler it has hitherto
      not been possible to combine an effective cooling of the hot product with
      satisfactory use of the amounts of heated cooling air as combustion air in
      the process, because it is difficult to construct and arrange the passage
      between the kiln and the cooler in such a manner that the heated cooling
      air and the hot product may pass in countercurrent to each other without
      encountering difficulties. A narrow passage (or passages) gives rise to
      dust problems and the cooling efficiency of the rotary cooler may be too
      low unless part of the cooling air is removed from the rotary cooler to
      overcome this problem. This results in a high overall heat comsumption of
      the process. Furthermore, although sufficient amounts of air are passed to
      the rotary kiln for use in the combustion process, the volume of air may
      be insufficient to cool the outlet of the kiln, the passage and/or the
      inlet of the cooler. Such insufficient cooling may result in damage being
      caused to either the passage or the cooler, or both due to the heat from
      the hot product. On the other hand, it is imperative that as much as
      possible of the heat content of the hot product is recovered. I have
      invented a plant which avoids these disadvantages while optimizing the
      transfer of heat to maintain substantial efficiency in the production of
      cement clinker.
PAC  SUMMARY OF THE INVENTION
PAR  A rotary kiln plant for calcining and sintering mineral materials such as
      cement raw materials which comprises separate means for preheating and
      calcining the raw materials, a rotary kiln for burning the raw materials
      and a rotary cooler means for cooling the materials burnt in the rotary
      kiln. A stationary chamber is positioned intermediate the outlet portion
      of the rotary kiln and the inlet portion of the rotary cooler means in a
      manner to form a passage for the burnt kiln product from said kiln to said
      rotary cooler means in countercurrent with heated cooling air passing to
      said rotary kiln for use as combustion air. The intermediate chamber
      further comprises inlet means for the admission of additional cooling air
      into the chamber, and outlet means for discharging at least part of the
      preheated cooling air therefrom, said chamber outlet means communicating
      with said preheating and calcining means independently of the rotary kiln
      so as to bypass the rotary kiln.
PAR  According to a preferred embodiment of the invention, the plant is
      constructed in such a manner that the rotary kiln and the rotary cooler
      communicate through a stationary intermediate chamber forming a direct
      passage for the burnt product from the kiln to the rotary cooler in
      countercurrent with heated cooling air passing to the rotary kiln as
      combustion air. The stationary intermediate chamber has a separate inlet
      for the admission of the additional cooling air and an outlet for the
      discharge of at least part of the preheated cooling air and is connected
      directly with the combustion air inlet of the calcining unit through a
      pipe which by-passes the rotary kiln.
PAR  The raw material first passes in suspension through the preheater in
      countercurrent to the waste gases from the calcining unit and the rotary
      kiln. After being fully or partly calcined it proceeds to the rotary kiln
      for sintering (final burning) and is discharged through the outlet in the
      lower end of the kiln to the stationary intermediate chamber connecting
      the rotary kiln and the rotary cooler. In the cooler, air is passed in
      countercurrent to the hot material to be cooled.
PAR  When additional cooling air is supplied to the intermediate chamber, an
      effective quenching of the hot product is performed immediately after the
      hot product leaves the rotary kiln. At least a part of the air used for
      this quenching is then immediately removed through the kiln by-pass to the
      calcining unit. As a result of this quenching the rotary cooler receives a
      precooled product. Consequently, only a reduced amount of cooling air is
      necessary for final cooling in the rotary cooler. Such a reduction is
      advantageous to the performance of the cooler and to the passage of the
      heated cooling air out through the cooler material inlet, into the
      intermediate chamber, and into the rotary kiln. Part of the total amount
      of cooling air is passed directly out through the by-pass pipe from the
      intermediate chamber to the calcining unit, such as the air which is drawn
      off is from both the additional cooling air inlet and from the rotary
      cooler.
PAR  In this manner the heat contained in the heated cooling air may be
      recovered and utilized in the heat treatment processes so that a
      controlled amount of heated cooling air is used as combustion air in the
      rotary kiln and another controlled amount of heated cooling air is used as
      combustion air in the calcining unit. As a further result, the amount of
      heated cooling air to be passed out of the hot material inlet end of the
      rotary cooler is reduced so that the number of dust particles carried from
      the cooler and into the rotary kiln is substantially reduced.
PAR  It is advantageous to quench the hot product after it is discharged from
      the kiln and before it enters the rotary cooler. Such cooling
      substantially relieves the inlet parts of the rotary cooler from severe
      thermal and mechanical wear.
PAR  Preferably, the waste gas outlet from the rotary kiln is connected to one
      suspension preheater unit and the waste gas outlet from the calcining
      apparatus (using the cooler air from the outlet in the stationary
      intermediate chamber) is connected to a second suspension preheater unit,
      the gas outlets from both preheater units being subsequently united.
PAR  Also, the streams of combustion air, one of which passes through the rotary
      kiln and the other through the calcining apparatus, may to a large extent
      be controlled independently and individually, thereby enabling a proper
      adjustment of the processes in the calcining apparatus and in the rotary
      kiln. For example, control of the preferred division of the two gas
      streams may be arranged by means of fans at the outlets from the two
      preheater units before the waste gas outlets are joined into a single pipe
      which passes the waste gas to a precipitator for cleaning.
PAR  The intermediate chamber may be equipped with means for retaining part of
      the hot product on a grid acting as a fluidized-bed grid. For example, the
      intermediate chamber may include a substantially horizontal grid in the
      bottom portion. The charging of the grid is controlled by means of a weir
      plate controlling the overflow of material into the rotary cooler.
PAR  In a quenching step envisaged by the invention, a rapid and effective
      quenching of the hot product may take place and the air utilized both as
      fluidizing air and as cooling air may be removed through the discharge
      opening in the intermediate chamber without having to pass through the
      rotary kiln.
PAR  Alternatively, the intermediate chamber may be provided with a horizontal
      or inclining movable grate for further transport of the material through
      the chamber. In this case such effective heat exchange is achieved that a
      considerable drop in the temperature of the hot product is obtained. Also,
      the cooling air is heated sufficiently to serve as preheated combustion
      air.
PAR  The rotary cooler tube is preferably provided with built-in devices serving
      to transport and lift the material. When only limited amounts of cooling
      air are passed through the rotary cooler of the type contemplated it is
      important to secure an intimate contact between the hot material and the
      cooling air. This contact can be obtained by using such transporting and
      lifting means for lifting and dropping the hot material repeatedly across
      the stream of cooling air.
PAR  It is also advantageous to provide the rotary cooler tube with a number of
      secondary cooler tubes arranged in planetary fashion around the outlet end
      of the main rotatable cooler tube. Planetary cooler tubes arranged in such
      a manner improve the heat exchange efficiency and are particularly useful
      when the rotary kiln plant is designed for a high output. An additional
      advantage is obtained when only part of the necessary cooling air must
      pass through the planetary cooler tubes. Otherwise, the chutes through
      which they communicate with the interior of the central tube give rise to
      problems in connection with the transfer of material to the planetary
      cooler tubes and cause dust circulation at the cooler tube inlets because
      of the increased air velocity due to the narrow passage through the narrow
      chutes.
PAR  Further improvements in the cooling efficiency of the intermediate chamber
      and the rotary cooler may be obtained if the plant is arranged so that the
      intermediate chamber, or the rotary cooler, or both are provided with
      means for the injection of cooling water. Although it is imperative for
      the economy of the plant that the amounts of cooling air are carefully
      matched with the amounts of combustion air needed, minor amounts of excess
      cooling air may be passed through the rotary kiln or through the by-pass
      passage to the calcining unit for dedusting in the plant precipitator
      without substantially affecting the heat economy of the plant. However,
      the injection of cooling water may serve as a means of controlling the
      temperature and of adjusting the amounts of cooling air. In addition to
      improving the cooling effect of the cooler, the water serves to humidify
      and condition the heated cooling air before it is passed to the rotary
      kiln or the calcining unit as combustion air.
PAR  In a modification of the preferred embodiment, the stationary intermediate
      chamber may be provided with air-vented sealing means such as labyrinth
      seals, at its junction with both the kiln and cooler in such a manner that
      the air drawn from the sealing means passes to the suction side of the fan
      supplying cooling air to the intermediate chamber. When using sealing
      means of this type, considerable amounts of air must be drawn through the
      sealing means to obtain effective cooling of the parts adjoining the
      sealings, and the sealing means to thereby avoid damage to the components
      of the plant, particularly the outlet end of the kiln.
PAR  By utilizing the spent sealing air as part of the additional cooling air
      supply to the intermediate chamber, the heat content of the sealing air is
      recovered and utilized when the heated cooling air is used as combustion
      air. Also it is advantageous in that dust coming from the sealings is
      avoided and that dust contained in the sealing air is reintroduced into
      the plant via the additional cooling stream.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the invention are described hereinbelow with
      reference to the drawings wherein:
PAR  FIG. 1 is a side elevation of a rotary kiln plant constructed according to
      the invention;
PAR  FIG. 2 shows a side elevation of the lower end portion of the rotary kiln
      plant shown in FIG. 1;
PAR  FIG. 3 is a side elevation of the lower end of an alternate embodiment of
      the invention illustrating a second rotary kiln plant with a rotary cooler
      tube and an intermediate cooling chamber; and
PAR  FIG. 4 is a side elevation of the lower end of another alternate embodiment
      of the invention illustrating a third rotary kiln plant with a rotary
      cooler and a slightly modified intermediate cooling chamber.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The kiln plant shown in FIG. 1 has a rotary kiln 1 having a number of live
      rings 2 supported by means of bearing rollers 3 on foundations 4, and the
      outlet end of the rotary kiln has a smoke gas chamber 5 supported on the
      foundation 4.
PAR  The smoke gas chamber 5 is connected with a preheater comprising two
      separate units 6 and 7, one unit 6 of which is connected to the smoke gas
      chamber 5 by means of a smoke gas outlet duct 8. A material outlet pipe 9
      serves to connect both units 6 and 7 to the rotary kiln through the smoke
      gas chamber 5.
PAR  Both preheater units are composed of a number of series-connected preheater
      cyclones with corresponding riser pipes, and gas and material pass
      countercurrently through the preheaters.
PAR  The preheater unit 7 has at its bottom, a calcining unit 10 with a fuel
      inlet pipe 11 and a connecting tube 12 for the supply of combustion air.
      It is fed with material from both preheaters by means of feed pipes 13 and
      14.
PAR  The preheater units 6 and 7 have separate waste gas outlet tubes 15 and 16,
      each with a fan 15' and 16' respectively, from which the waste gas may
      pass to a precipitator (not shown) or through a chimney (not shown) into
      the atmosphere. Raw material to be treated in the rotary kiln plant is fed
      to the preheaters 6 and 7 through feed valves 17 and 18 respectively.
PAR  The discharge end 19 of the rotary kiln 1 communicates with a stationary
      intermediate cooling chamber 20 having a discharge opening 21 for air to
      the connecting tube 12, a bottom opening 22 for the admission of cooling
      air, and a material discharge opening 23. The bottom opening 22 is
      connected to a fan 24 for the supply of air. The discharge opening 23 of
      the intermediate chamber opens into a rotary cooler 25 having live rings
      26 supported by means of bearing rollers 27 on foundations 28. The rotary
      cooler 25 has a number of planetary cooler tubes 29 communicating with the
      interior of the main rotary cooler tube 25 through openings 30 and with
      discharge of material into a stationary casing 31 with a bottom outlet 32.
      Fuel is supplied to the rotary kiln through a burner aggregate 33.
PAR  In FIG. 2 the lower end of the rotary kiln, the intermediate chamber, and
      the rotary cooler of the plant shown in FIG. 1 are shown in more detail
      and partly in section. The intermediate cooling chamber 20 has air-vented
      labyrinth sealings 34 and 35 at its junction with both kiln and cooler and
      these are connected by means of pipes 36 and 37 to the suction side of the
      cooling air fan 24.
PAR  The intermediate cooling chamber has a transporting grate 38, which, via
      link 39, is movable by devices not shown in the drawing.
PAR  FIGS. 3 and 4 show modified types of intermediate cooling chambers 20
      cooperating with a rotary cooler tube 25. The intermediate cooling chamber
      shown in FIG. 3 has a stationary grid 40 for guiding the material into the
      cooler tube 25. Furthermore, the bottom of the cooling chamber has an
      outlet 41 for discharge of fine grained material passing through the grid
      40. The cooler tube discharges into a stationary casing 42 with a bottom
      outlet 43.
PAR  In the modified construction shown in FIG. 4 the bottom of the intermediate
      cooling chamber is constructed as a fluidized bed having an air penetrable
      bottom plate 44 and an overflow weir plate 45. Cooling water or another
      cooling medium may be injected through pipes 46. The cooler tube 25 is
      equipped with lifters 47.
PAR  The rotary kiln 1 is arranged to be driven from a driving station 48
      comprising gears and an electric motor and the rotary cooler is likewise
      arranged to be driven by its own driving station 49 also comprising gears
      and an electric motor. The two units may thus be rotated independently of
      one another.
PAR  In operation, raw material, say cement raw material, for the production of
      cement clinker, is fed to the plant through the feed valves 17 and 18 in
      controlled quantities, for instance by means of weigh feeders. In the
      rotary kiln 1 and in the calcining unit 10, burning is performed by means
      of fuel introduced through the burner aggregate 33 and the fuel pipe 11,
      respectively, and by means of combustion air fed through the opening 19
      and the combustion air pipe 12, respectively.
PAR  The raw material descends through the preheater cyclones of the two
      preheater units 6 and 7 and is preheated by the waste gases passing
      upwards through the preheater units. The preheated raw material from both
      preheater units is passed via feed pipes 13 and 14 to the calcining unit
      10 and from there to the rotary kiln 1, in which final burning or
      sintering takes place.
PAR  The burnt product is discharged through the lower outlet end 19 of the
      rotary kiln into the stationary intermediate cooling chamber 20. Cooling
      air is blown, by means of the fan 24, into the intermediate cooling
      chamber and an effective quenching of the hot product is thereby
      performed. At the same time the cooling air is heated to a substantial
      temperature before it proceeds as combustion air into the rotary kiln or
      out of the discharge opening 21 to the pipe 12 leading to the calcining
      unit.
PAR  The quenched product is discharged from the stationary intermediate chamber
      into the rotary cooler tube 25, in which further cooling of the product
      takes place in a heat-exchange process with cooling air introduced through
      the casing 31 (or 42 in the modified arrangement of FIGS. 3 and 4).
PAR  Lifters 47 shown in FIGS. 3 and 4 transport the hot product through the
      cooler tube and lift and discharge it repeatedly into the cooling air
      stream passing in countercurrent through the tube. The heated cooling air
      is united with the heated cooling air from the intermediate cooling
      chamber and the total stream of heated cooling air is divided into the two
      heated cooling air streams passing as combustion air into the rotary kiln
      and through the pipe 12 into the calcining unit.
PAR  It is essential that the amounts of cooling air are correlated with the
      amounts of combustion air required in the process, and the stationary
      intermediate cooling chamber affords a prompt and effective heat exchange
      between the air and the hot product which, if necessary, may be assisted
      by water spraying.
PAR  The intermediate cooling chamber enables a proper division of the cooling
      air streams so that all of the heated cooling air is passed into and
      through the calcining unit and the sintering unit in divided streams in
      such a manner that it is unnecessary to install filters to clean possible
      excess cooling air. Furthermore, the quenching of the hot product before
      it is passed to the rotary cooler ensures that the amounts of cooling air
      required in the rotary cooler are reduced so that the velocity of the air
      passing through the rotary cooler can be kept to a moderate level to avoid
      dust nuisance, especially at the restricted passage of the material inlet
      end of the rotary cooler.
PAR  The heat exchange in the intermediate cooling chamber is improved with the
      use of a horizontal or inclining movable grate or a fluidized-bed grid
      whereby a certain layer of hot material is retained in the intermediate
      chamber. The air sealings of the connections between the stationary
      intermediate cooling chamber and the rotary kiln and the rotary cooler
      cool and protect those parts and provide a favorable solution to the
      sealing problem since the escaping air is recirculated to the cooling
      chamber.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary kiln plant for calcining and sintering mineral materials such
      as cement raw materials which comprises separate means for preheating and
      calcining the raw materials, a rotary kiln for burning the raw materials
      and a rotary cooler means for cooling the materials burnt in the rotary
      kiln, a stationary chamber positioned intermediate the outlet portion of
      the rotary kiln and the inlet portion of the rotary cooler means in a
      manner to form a passage for the burnt kiln product from said kiln to said
      rotary cooler means in countercurrent with heated cooling air passing to
      said rotary kiln for use as combustion air, inlet means on said
      intermediate chamber for the admission of additional cooling air into said
      chamber, and outlet means on said intermediate chamber for discharging at
      least part of the preheated cooling air therefrom, said chamber outlet
      means communicating with said preheating and calcining means independently
      of said rotary kiln so as to by-pass said rotary kiln.
NUM  2.
PAR  2. The rotary kiln plant according to claim 1 wherein said separate means
      for preheating and calcining said raw materials comprises a separate
      suspension preheater for preheating the raw materials, and a calcining
      unit for calcining the preheated raw materials.
NUM  3.
PAR  3. The rotary kiln plant according to claim 2 further comprising means to
      connect the waste gas outlet of the rotary kiln to a first suspension
      preheater unit, means to connect the waste outlet of the calcining unit to
      a second suspension preheater unit, and means connecting the outlet of
      said stationary intermediate chamber with the combustion air inlet of said
      calcining unit, said calcining unit utilizing heated cooling air from said
      stationary intermediate chamber as combustion air.
NUM  4.
PAR  4. The rotary kiln plant according to claim 2 wherein said intermediate
      chamber further comprises means for retaining at least a part of the hot
      kiln product on a grid which acts as a fluidized-bed grid.
NUM  5.
PAR  5. The rotary kiln plant according to claim 3 wherein said intermediate
      chamber further comprises means for retaining at least a part of the hot
      kiln product on a grid which acts as a fluidized-bed grid.
NUM  6.
PAR  6. The rotary kiln plant according to claim 2 wherein said intermediate
      chamber further comprises at least one of a horizontal and inclining
      movable grate adapted for receiving the burnt kiln products within said
      chamber.
NUM  7.
PAR  7. The rotary kiln plant according to claim 3 wherein said intermediate
      chamber further comprises at least one of a horizontal and inclining
      movable grate adapted for receiving the burnt kiln products within said
      chamber.
NUM  8.
PAR  8. The rotary kiln plant according to claim 2 wherein said intermediate
      chamber further comprises at least one of a movable horizontal and
      inclining grate adapted for transporting the burnt kiln products from said
      rotary kiln to said rotary cooler means.
NUM  9.
PAR  9. The rotary kiln plant according to claim 3 wherein said intermediate
      chamber further comprises at least one of a movable horizontal and
      inclining grate adapted for transporting the burnt kiln products from said
      rotary kiln to said rotary cooler means.
NUM  10.
PAR  10. The rotary kiln plant according to claim 2 wherein said rotary cooler
      means further comprises means positioned therein to transport and lift the
      material to be cooled.
NUM  11.
PAR  11. The rotary kiln plant according to claim 3 wherein said rotary cooler
      means further comprises means positioned therein to transport and lift the
      material to be cooled.
NUM  12.
PAR  12. The rotary kiln plant according to claim 4 wherein said rotary cooler
      means further comprises means positioned therein to transport and lift the
      material to be cooled.
NUM  13.
PAR  13. The rotary kiln plant according to claim 6 wherein said rotary cooler
      means further comprises means positioned therein to transport and lift the
      material to be cooled.
NUM  14.
PAR  14. The rotary kiln plant according to claim 8 wherein said rotary cooler
      means further comprises means positioned therein to transport and lift the
      material to be cooled.
NUM  15.
PAR  15. The rotary kiln plant according to claim 2 wherein said rotary cooler
      means further comprises a plurality of secondary cooler tubes arranged in
      a planetary fashion around the outlet end of the main rotatable cooler
      tube.
NUM  16.
PAR  16. The rotary kiln plant according to claim 3 wherein said rotary cooler
      means further comprises a plurality of secondary cooler tubes arranged in
      a planetary fashion around the outlet end of the main rotatable cooler
      tube.
NUM  17.
PAR  17. The rotary kiln plant according to claim 4 wherein said rotary cooler
      means further comprises a plurality of secondary cooler tubes arranged in
      a planetary fashion around the outlet end of the main rotatable cooler
      tube.
NUM  18.
PAR  18. The rotary kiln plant according to claim 6 wherein said rotary cooler
      means further comprises a plurality of secondary cooler tubes arranged in
      a planetary fashion around the outlet end of the main rotatable cooler
      tube.
NUM  19.
PAR  19. The rotary kiln plant according to claim 8 wherein said rotary cooler
      means further comprises a plurality of secondary cooler tubes arranged in
      a planetary fashion around the outlet end of the main rotatable cooler
      tube.
NUM  20.
PAR  20. The rotary kiln plant according to claim 10 wherein said rotary cooler
      means further comprises a plurality of secondary cooler tubes arranged in
      a planetary fashion around the outlet end of the main rotatable cooler
      tube.
NUM  21.
PAR  21. The rotary kiln plant according to claim 2 further comprising means to
      inject cooling water into at least one of said intermediate chamber and
      said rotary cooler means.
NUM  22.
PAR  22. The rotary kiln plant according to claim 3 further comprising means to
      inject cooling water into at least one of said intermediate chamber and
      said rotary cooler means.
NUM  23.
PAR  23. The rotary kiln plant according to claim 4 further comprising means to
      inject cooling water into at least one of said intermediate chamber and
      said rotary cooler means.
NUM  24.
PAR  24. The rotary kiln plant according to claim 6 further comprising means to
      inject cooling water into at least one of said intermediate chamber and
      said rotary cooler means.
NUM  25.
PAR  25. The rotary kiln plant according to claim 8 further comprising means to
      inject cooling water into at least one of said intermediate chamber and
      said rotary cooler means.
NUM  26.
PAR  26. The rotary kiln plant according to claim 10 further comprising means to
      inject cooling water into at least one of said intermediate chamber and
      said rotary cooler means.
NUM  27.
PAR  27. The rotary kiln plant according to claim 15 further comprising means to
      inject cooling water into at least one of said intermediate chamber and
      said rotary cooler means.
NUM  28.
PAR  28. The rotary kiln plant according to claim 2 further comprising
      air-vented sealing means associated with said intermediate chamber and
      positioned at the junction between said intermediate chamber and said
      rotary kiln and rotary cooler means, means communicating said air-vented
      sealing means with the suction side of a fan adapted to supply cooling air
      to said intermediate chamber to thereby recover the heat content of the
      sealing air when the heated cooling air is subsequently utilized as
      combustion air.
NUM  29.
PAR  29. The rotary kiln plant according to claim 3 further comprising
      air-vented sealing means associated with said intermediate chamber and
      positioned at the junction between said intermediate chamber and said
      rotary kiln and rotary cooler means, means communicating said air-vented
      sealing means with the suction side of a fan adapted to supply cooling air
      to said intermediate chamber to thereby recover the heat content of the
      sealing air when the heated cooling air is subsequently utilized as
      combustion air.
NUM  30.
PAR  30. The rotary kiln plant according to claim 4 further comprising
      air-vented sealing means associated with said intermediate chamber and
      positioned at the junction between said intermediate chamber and said
      rotary kiln and rotary cooler means, means communicating said air-vented
      sealing means with the suction side of a fan adapted to supply cooling air
      to said intermediate chamber to thereby recover the heat content of the
      sealing air when the heated cooling air is subsequently utilized as
      combustion air.
NUM  31.
PAR  31. The rotary kiln plant according to claim 10 further comprising
      air-vented sealing means associated with said intermediate chamber and
      positioned at the junction between said intermediate chamber and said
      rotary kiln and rotary cooler means, means communicating said air-vented
      sealing means with the suction side of a fan adapted to supply cooling air
      to said intermediate chamber to thereby recover the heat content of the
      sealing air when the heated cooling air is subsequently utilized as
      combustion air.
NUM  32.
PAR  32. The rotary kiln plant according to claim 21 further comprising
      air-vented sealing means associated with said intermediate chamber and
      positioned at the junction between said intermediate chamber and said
      rotary kiln and rotary cooler means, means communicating said air-vented
      sealing means with the suction side of a fan adapted to supply cooling air
      to said intermediate chamber to thereby recover the heat content of the
      sealing air when the heated cooling air is subsequently utilized as
      combustion air.
NUM  33.
PAR  33. A rotary kiln plant for calcining and sintering cement raw materials
      which comprises separate means for preheating said raw materials in the
      form of at least two suspension cyclone preheaters, a calcining apparatus
      for calcining the cement raw materials preheated in said cyclone
      preheaters, a rotary kiln for sintering the cement raw materials, a rotary
      cooler means for cooling the materials sintered in the rotary kiln, said
      rotary cooler means having a plurality of cooler tubes arranged in a
      planetary fashion around an outlet end of a main rotary cooler tube, a
      stationary chamber positioned intermediate the outlet end of the rotary
      kiln and the inlet end of the rotary cooler and communicating therewith so
      as to form a passage for the sintered cement clinker from said kiln to
      said rotary cooler in countercurrent with heated cooling air passing to
      said rotary kiln for use as combustion air, a stationary inlet means on
      said intermediate chamber adapted for admitting additional cooling air
      into said chamber, an outlet means on said chamber adapted for discharging
      at least part of the preheated cooling air therefrom, a conduit connected
      to the preheated cooling air outlet of said intermediate chamber and
      communicating with the combustion air inlet of said calcining apparatus, a
      conduit connecting the air outlet end of said calcining apparatus with at
      least one suspension cyclone preheater, a fan positioned and adapted to
      direct cooling air into said intermediate cooling chamber, a fan
      associated with each suspension preheater and positioned and adapted to
      direct cooling air through said preheaters in controlled correlation with
      the air required in the calcining process, said preheater control
      combining with said stationary intermediate cooling chamber to provide
      effective and efficient heat exchange between the hot kiln product and the
      air passing through the system.
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ABST
PAL  A flat flame burner comprises an air swirling chamber, an air supply tube
      provided for the air chamber for introducing combustion air thereinto in
      the peripheral direction of the air chamber so as to produce a swirling
      air stream in the chamber, a fuel gas supply tube disposed in the air
      chamber and having inlets centrally of the space for the swirling air
      stream and a flame opening positioned at one side in the direction of axis
      of the swirling air stream coaxially with the swirling air stream, the
      flame opening being defined by a wall having a thin portion around said
      opening and a flat outer face.
PARN
PAR  This is a division of application Ser. No. 344,891 filed Mar. 26, 1973 and
      a continuation-in-part of application Ser. No. 139,709 filed May 3, 1971
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Burners heretofore used for producing a flat flame over a wide area include
      a relatively elongated flaring section extending from the mixing chamber
      to the combustion chamber so as to permit thoroughly mixed fuel and air to
      flow into the combustion chamber and spread out in radial directions. With
      such structure, the flame may spread out radially to some extent, but
      because of provision of the elongated flaring opening, the axial component
      of jet velocity exerts influence on the flame to result in increase in the
      overall thickness of the flame in the axial direction of the egressed
      flame. Thus, the burner of the above-mentioned type fails to provide a
      flat flame.
PAR  Furthermore, the burner which includes a flaring section such as above,
      requires an elongated construction and the necessity to employ a
      refractory structure made of bricks or the like adds to the thickness of
      the constituent wall portions at the sacrifice of effective work space and
      renders the overall structure heavier.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to flat flame burners capable of producing a
      flame spread out radially over a wide area relative to its small
      thickness.
PAR  The flat flame burner in accordance with the present invention comprises a
      housing having an interior serving as an air swirling chamber. The wall of
      the housing at one side thereof in the direction of axis of the swirling
      air stream is formed with a flame opening which is disposed at the
      position corresponding to the axis of the swirling air stream. The wall
      defining the flame opening has a small thickness around said opening and a
      flat outer face. Accordingly, the characteristic of this construction that
      the combustion gas is forced out from the flame opening in a spiral
      direction by the swirling air current within the air chamber and the
      orifice effect of permitting the flame to emanate from a small opening to
      an unconfined outer space assure formation of a flat flame spreading out
      over a very wide area, thereby ensuring very rapid, uniform and highly
      efficient heat treatment of an article to be heated. With the present
      invention, moreover, it is possible to materially reduce the thickness of
      the overall device. The supply of combustion air in the form of a swirling
      stream makes it possible to provide a high velocity combustion burner
      without using a high pressure fuel gas, with the consequent advantage of
      satisfactory mixture of the fuel gas and combustion air and therefore
      markedly reduced combustion noise.
PAR  An object of the present invention is to provide a flat flame burner which
      is inexpensive and very compact in overall construction and yet which is
      capable of producing a flat flame spreading out over a wide area with high
      reliability and great ease.
PAR  Another object of this invention is to provide a flat flame burner
      including an exhaust cylinder opened respectively at one end proximate to
      a flame opening of a housing and at the other end positioned externally of
      the housing at one side thereof opposite the flame opening in the
      direction of axis of a swirling stream, the arrangement being such that
      the exhaust gas of the flat flame is moved toward the flame opening in
      circulation and flowed out through the exhaust cylinder so as to always
      enable a high temperature combustion gas to easily come into contact with
      the surface to be treated.
PAR  Another object of the present invention is to provide a flat flame burner
      which comprises two flat flame burners in combination, with the flame
      openings thereof disposed in face-to-face relation to define a narrow
      space therebetween, or which comprises a flat flame burner and a
      refractory plate disposed in facing relation to the burner with a narrow
      space formed therebetween, so as to enable a very thin flat flame to
      egress, outwardly and radially of the housing, from the passage provided
      by the narrow space and to perform heat treatment with its sharp flame
      edge.
PAR  Still another object of the present invention is to provide a flat flame
      burner which is capable of producing a very thin disc-like flat flame
      which spreads out radially of the housing as above-mentioned and which can
      be used for continuously heat-treating articles which are moved along the
      outer periphery of the disc-like flat flame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in veritcal section showing a flat flame burner in
      accordance with this invention;
PAR  FIG. 1a is a view in vertical section showing a further embodiment of the
      structure shown in FIG. 1;
PAR  FIGS. 2 to 4 are views in vertical section showing other embodiments;
PAR  FIG. 5 is a side elevation showing the burner of this invention as it is
      used for continuous heat treatment;
PAR  FIG. 6 is a plan view of FIG. 5;
PAR  FIG. 7a is a schematic sectional view of a burner disclosing another
      embodiment of a top plate for control of the flame emitted;
PAR  FIG. 7b is a schematic sectional view of a burner disclosing still another
      embodiment of a top plate for control of the flame emitted;
PAR  FIG. 8 is a generally cross-sectional view in vertical elevation showing a
      further embodiment of a burner provided with a flue;
PAR  FIG. 9 is a sectional view on line 9-9 of FIG. 8;
PAR  FIG. 10 is an elevational view of another embodiment of a burner showing
      the air entrance cavity within the general interior configuration of the
      burner shown in dotted outline; and
PAR  FIG. 11 is a sectional view on line 11--11 of FIG. 10.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings, the modes of embodying the present invention
      will be described in detail.
PAR  In FIG. 1 there is shown a cylindrical housing 11 made of metal, ceramic or
      other refractory material and provided, proximate to its bottom 11a, with
      an air supply tube 13 having an opening 13a for supplying combustion air
      into the housing 11 tangentially of the periphery thereof. The interior of
      the housing 11 serves as an air swirling chmber 15. Fixed to the housing
      11 at the position corresponding to the center of the space for swirling
      air in the chamber 15 is a gaseous fuel supply tube 12 extending through
      the bottom 11a. The peripheral wall of the gaseous supply tube 12 adjacent
      to its closed end is formed with gas inlets 12a for injecting the gaseous
      fuel into the air swirling chamber 15 in a radial direction or in a
      swirling manner. At an upper position in the direction of axis of the
      swirling movement of the air in the chamber 15, there is disposed the top
      wall 11b of the housing 11. The top wall 11b is formed, at the position
      corresponding to the axis of the swirling movement, with means defining a
      flame opening 16 which is small relative to the area of the top wall 11b.
      The top wall 11b is made of relatively thin material and includes a flat
      outer surface. The air chamber 15 includes a cylinder 14 surrounding the
      gas inlets 12a and fixed to the bottom 11a of the housing 11, the cylinder
      14 being outwardly spaced from the gas inlets 12a a suitable distance 19.
      Indicated at 18 is a flame detecting rod.
PAR  The air is supplied into the chamber 15 through the air supply tube 13 and
      a gaseous fuel is introduced into the chamber 15 from the gaseous supply
      tube 12 through the inlets 12a in a radial direction or in a swirling
      manner. Due to the provision of the surrounding concentric collar or
      cylinder 14, the air forced in from the opening 13a of the air supply tube
      13 is formed into a vigorous spiral swirling air stream, while the
      cylinder 14 defines the space 19 for stagnating the fuel gas at the center
      of the swirling stream around its axis after the fuel gas has been
      injected into the chamber 15. At this time, adverse effects to be
      otherwise exerted by the force of supplied air and that of the injected
      fuel gas upon each other are controlled and occurrence of turbulence in
      the swirling air stream as well as in the fuel gas is prevented. In fact,
      the fuel gas is forced into the swirling air stream to achieve a very
      satisfactory mixture of both the gaseous fuel and the air.
PAR  Thus, both gaseous fuel and air flow upward in swirling movement while
      partially being initiated into combustion to form a cylinder of swirling
      flames. Since the depth of the flame opening 16 in the axial direction of
      the swirling stream is small, with the interior of the chamber
      communicating with an unconfined outer space through the flame opening 16,
      the combustion gas, upon egression from the opening 16, spreads laterally
      outwardly of the top wall 11b in the form of a spiral swirling stream. The
      fact that combustion gas having a high temperature spreads out radially
      while expanding rapidly in its volume results in the formation of a thin
      flame a.sub.1 over a wide area on the outside of the top wall 11b near the
      flame opening 16. Between the flame a.sub.1 and the top wall 11b, at this
      time, a layer of air which did not take part in combustion is formed to
      prevent the top wall 11b from overheating by the flame a.sub.1.
PAR  The flame opening 16 which flares outward as indicated at 17 in FIG. 1
      serves to increase the component of velocity in a direction perpendicular
      to the axial direction. This is most desirable in producing a flat flame.
PAR  The surrounding cylinder 14 can be dispensed with in forming a flat flame
      without resulting in particular objections.
PAR  When an article to be heat-treated b is placed on a plane A.sub.1 as shown
      in FIG. 1, the article b is subjected to rapid heat treatment by the flame
      edge a' at a local portion in its one surface. In the case where an
      article to be heat-treated is placed on a plane B.sub.1, the article will
      be heated rapidly with the exhaust gas of the flame a.sub.1 circulating
      between the opening 16 and the plane B.sub.1 as indicated by an arrow as
      well as with radiant heat, uniform heating thus being achieved without
      direct contact of the flame a.sub.1 with the plane B.sub.1 which would
      cause spot heating.
PAR  Since the chamber 15 is so designed as to form a cylinder of swirling
      flames at its center, the housing per se need not be of a refractory
      construction made of bricks or the like but it may be built of a metal
      material in compact form having a small diameter. The swirling stream
      ensures a satisfactory mixture and serves to materially reduce combustion
      noise.
PAR  In FIG. 1a is shown an embodiment of the flat flame burner illustrated in
      FIG. 1 which further also includes in addition to the features described
      earlier a flame rod 11b which functions as an electrode and an ignition
      plug 11c.
PAR  As well shown in this view a flame column is formed around the burner axis
      and between this flame column and the inside wall of the burner is
      provided a swirling air layer. This mixture of air and gas which swirls
      along the length of the body 11 of the burner, is suddenly throttled at
      the burner top by the plate 15. As a result, the velocity in the axial
      direction is suppressed and the swirling effect of the gas and air is
      further intensified. Upon leaving the burner body through the axially
      disposed opening 17, the mixture is thus spread radially over the top of
      the plate 15 and the flame is then flat and planar.
PAR  The air required to support combustion as previously described in
      connection with the earlier views in this application is introduced
      tangentially through 13a so that the flame as a whole is constantly
      rotating at a very high speed, thus creating a negative pressure between
      the burner and the exit port 17 in the plate 15 thereby inducing air
      currents in the manner shown by the dotted arrows.
PAR  It is believed that it will be understood by those skilled in this art that
      a furnace of this design has particular utility in providing for uniform
      distribution of temperature.
PAR  Due to the negative pressure which exists within the flame column in the
      burner body, the injection of fuel gas is evenly promoted and thereby
      helps maintain the flame. This formation of a columnar flame is one of the
      salient features of this burner construction. Thus, due to the stable
      flame that is formed, any resultant noise is considerably less than
      ordinarily produced by a burner and also since the flame itself is not in
      contact with the burner walls, but only with the swirling air, the walls
      are then kept cool. Accordingly, it is conceivable that burners of this
      type, not being subjected to excessive temperatures, can be made from
      ordinary inexpensive castings and still have sufficient durability and
      long life.
PAR  In FIG. 2 an exhaust cylinder 31 is aligned with the axis of swirling
      movement of the air in an air swirling chamber 25 and has one end opened
      at a position close to a flame opening 26 formed in the top wall 21b of a
      housing 21. The exhaust cylinder 31 has the other open end opposite to the
      flame opening 26 and extending outwardly of the bottom 21a of the housing
      21. The cylinder 31 further extends through a gas supply tube 22 coaxially
      therewith and is fixed in position. Communicating with the lower end of
      the exhaust cylinder 31 is a heat exchanger 32. Gas inlets 22a are formed
      at the peripheral wall proximate to the closed distal end of the gas
      supply tube 22. Indicated at 23 are air supply tubes for supplying air to
      be swirled for combustion; at 24, a surrounding cylinder; and at 28, a
      flame detecting rod.
PAR  As already described with reference to FIG. 1, the combustion gas flowing
      in the direction of the arrows in FIG. 2 is discharged from the exhaust
      cylinder 31. The discharge from the cylinder 31 of the combustion gas
      which has been deprived of heat by effecting heating operation ensures
      positive outflow of the gas which has been cooled and tends to stay under
      a plane B.sub.2 in contact therewith, allowing the following hot
      combustion gas to come into contact with the plane B.sub.2 with greater
      ease and to impart its heat directly to the plane B.sub.2 or to an article
      thereon more effectively. Through repetition of this phenomenon the plane
      B.sub.2 or the article thereon can be heated for treatment efficiently and
      uniformly.
PAR  In the case where the surface to be treated is spaced from the flame
      opening 26 of the housing 21 by a smaller distance to provide more
      effective work space, the present device can be used with greater
      advantage.
PAR  It will be seen that with the burner of this invention, the exhaust gas of
      a relatively high temperature discharged from the exhaust cylinder 31
      serves to preheat the combustion air and fuel gas flowing through the
      chamber 25, and the exhaust gas may be fed into the heat exchanger 32 to
      preheat the air and gaseous fuel for heat recovery. The burner thus has a
      great advantage of improved combustion efficiency to achieve highly
      efficient heat treatment in its entirety.
PAR  The closer the upper opening of the exhaust cylinder 31 to the flame
      opening 26, the better will be the result attained. The best result will
      be obtained with a cylinder, the upper opening of which projects slightly
      above the flame opening 26.
PAR  FIG. 3 shows a cylindrical housing 41 made of metal, ceramic or like
      material and is provided, proximate to its bottom 41a, with an air supply
      tube 43 having an opening 43a for supplying combustion air into the
      housing 41 tangentially of the periphery thereof. The interior of the
      housing 41 serves as an air swirling chamber 45. Fixed to the housing 41
      centrally of the space for swirling air in the chamber 45 is a gaseous
      fuel supply tube 42 extending through the bottom 41a. The peripheral wall
      of the gas supply tube 42 proximate to its closed end is formed with gas
      inlets 42a for injecting a gaseous fuel into the air swirling chamber 45
      in a radial direction or in a swirling manner. At one side in the
      direction of axis of the swirling movement of air in the chamber 45, there
      is disposed a thin plate 44 formed, at the position corresponding to the
      axis of the swirling movement, with a flame opening 46 which is small
      relative to the area of the thin plate 44. The thin plate 44 has a small
      thickness and a flat outer face. The flame opening 46 flares outwardly as
      indicated at 47.
PAR  Disposed in facing relation to the thin plate 44 of a flat flame burner F
      thus constructed is a refractory plate 50, the plates 44 and 50 being
      spaced apart by a small distance. The refractory plate 50 is formed, in a
      portion thereof opposite the flame opening 46, with an air inlet 49.
      Annular plates 44a and 50a defining a flame jet 48a are provided around
      the outer peripheries of the thin plate 44 and refractory plate 50,
      respectively.
PAR  The refractory plate 50 confines a flat flame emanating from the flame
      opening 46 of the flat flame burner F and promotes radially spreading out
      of the flame a.sub.3, with the result that a sharp-edged flame a.sub.3 is
      obtained. In addition, the jet of the flat flame a.sub.3 causes fresh air
      to flow from the outside into the air chamber 45 by way of the air inlet
      49 and thereby assures swirling movement of the air within the chamber 45
      to maintain stable combustion all the time. Consequently, the desired
      heating efficiency will be ensured for a continuous operation over a
      prolonged period to achieve improved working efficiency.
PAR  In FIG. 4 the air supply tubes 63, 63' supply combustion air into air
      swirling chambers 65, 65' in a spiral swirling manner. The gaseous fuel
      supply tubes 62, 62' extend from the bottom of the air chambers 65, 65'
      coaxially therewith. The peripheral walls of the gas supply tubes 62, 62'
      are formed, proximate to their closed distal ends, with gaseous fuel
      inlets 62a, 62a'. Thin plates 64, 64' are fixed to the ends of housings
      61, 61', each at one side in the axial direction of swirling movement of
      air in each of the air chambers 65, 65'. These may be made of a metal or
      ceramic material. Flame openings 66, 66' are formed in the thin plates 64,
      68' coaxially with the swirling air stream. The flame openings flare
      outwardly.
PAR  Two flat flame burners F.sub.2, F.sub.2 ' thus constructed are disposed in
      opposite relation, with their flame openings 66, 66' facing each other. A
      small space is formed between the thin plates 64, 64' to define a passage
      68 for a flat flame.
PAR  With the flat flame burner shown in FIG. 4, cylinders of flames in stable
      swirling movement are produced in the air chambers 65, 65' in the same
      manner as already described. The energy of the swirling movement further
      acts to form flat flames which spread out radially respectively at
      positions close to the flame openings 66, 66' externally thereof. The flat
      flames emanating from the respective burners F.sub.2, F.sub.2 ' in
      face-to-face relation are joined with each other in the passage 68 so as
      to form a thin flame a.sub.5 which continuously extends along the
      peripheries of the burners.
PAR  Since two flat flames strike each other and are joined into the flame
      a.sub.5 which is forced out from the narrow passage 68 radially thereof,
      it is possible to jet a flat flame with improved sharpness and at a high
      velocity. Furthermore, the use of two burners F.sub.2, F.sub.2 '
      remarkably facilitates temperature control to eliminate waste of gaseous
      fuel. Layers of air produced on the surfaces of the thin plates 64, 64' of
      the burners F.sub.2, F.sub.2 ' protect the thin plates 64, 64' from
      overheating. As a result, heat treatment can be conducted with high
      efficiency with a flame of high temperature and high velocity.
PAR  The flat flames to be produced by the embodiments of FIGS. 3 and 4 may of
      course be formed continuously or discontinuously over the entire periphery
      of the thin plate of the housing.
PAR  An embodiment of an apparatus for heat treatment incorporating the burner
      of this invention will now be described with reference to FIGS. 5 and 6.
PAR  This apparatus employs, for instance, a burner C comprising flat flame
      burners F.sub.2, F.sub.2 ' as shown in FIG. 4 which are disposed in
      face-to-face relation. The burner C in the form of a disc is positioned
      substantially horizontally and a turntable 82 is disposed under the burner
      C coaxially therewith. Rotatably supported on the turntable 82 along its
      periphery are article carriers 83 which are positioned outwardly of the
      flame jet 81 of the burner C, the article carriers being rotatable on
      their own axes and spaced apart from each other by a given distance along
      the periphery. Pinion gears 85 fixedly mounted on the lower ends of the
      drive shafts 84 of the carriers 83 are in meshing engagement with a
      disc-like rack 86 fixed in position, the rack being such that some of the
      teeth are removed as indicated at 86a. The turntable 82 is coupled to a
      motor 87. Mounted at suitable positions around the outer periphery of the
      turntable 82 corresponding to the toothless portion 86a of the rack 86 are
      supply means 88 and unloading means 89 for loading an article to be
      heat-treated onto, and unloading the same from the carrier 83 while it is
      not in rotation on its own axis.
PAR  The turntable 82 is driven by the motor 87, whereby the carriers 83 are
      rotated on their own axes by means of the pinion gears 85 and rack 86, the
      articles 90 on the carriers 83 thus being moved around the flame jet 81
      while being moved on their own axes. On the other hand, a sharp flat flame
      a.sub.6, the same as described with reference to FIG. 4, is emanated from
      the periphery of the jet 81 of the burner C in the form of a disc.
      Accordingly, the articles to be heated are continuously and uniformly
      heat-treated at their peripheral portions.
PAR  For heat-treating articles such as mouths of bottles in continuous
      operation, a number of burners of the cylindrical type, so-called Pian
      burners, have heretofore been used in alignment or in radial arrangement.
      However, the arrangement of such burners for heat treatment operation is
      extremely complex and requires great expense and much space and the
      control, such as temperature control, of a number of individual burners is
      difficult to achieve without ingenuity and skill. Conventional devices are
      therefore inefficient.
PAR  With the present apparatus comprising two flat flame burners in
      face-to-face relation, it is possible to provide a continuous or
      discontinuous flat flame along the periphery thereof, with the resulting
      advantage that it is suitable for continuous heat treatment for mouths of
      bottles or the like, free of the drawbacks conventionally experienced and
      capable of conducting continuous heat treatment with extreme ease.
PAR  The burner as shown in FIG. 3 can of course be used for continuous heating
      operation with ease.
PAR  The burner of this invention can obtain not only a flat flame but also a
      cylindrical flame may be made to project perpendicularly relative to the
      outside of the housing by quantities of the gas and the air supply for
      combustion and their pressures being adjusted relative to each other.
      Accordingly, in case of a heat treatment for a metal article, it may be
      possible for the burner to be utilized in the following manner. At first,
      the material to be treated is exposed to said cylindrical flame to be
      heated by a burner. After it reaches a desired temperature, it can
      thereafter be uniformly heated by a flat flame burner. And furthermore, a
      reverse operation is also possible to be practiced.
PAR  The drawings of FIGS. 7a and 7b are only schematically shown since the
      inventive concept is well disclosed in the earlier views in this
      application and these later views are only necessary to show the type of
      cover plates that are required for the burner 11 to provide generally
      cylindrical or toroidal flames.
PAR  In FIG. 7a the cover plate 15, it will be observed, is of somewhat greater
      thickness than that shown in the earlier views in this application and
      includes a flame opening 26a, the throat of which is constricted at the
      exterior surface of the plate as shown at 26b. The line 11 in this view as
      in FIG. 8 represents the wall of the burner and 11a the bottom thereof.
PAR  In the FIG. 7b view there is disclosed the type of opening in the top wall
      of the burner that will provide a toroidal flame. It will be noted from
      this view that the throat 27b is more constricted toward the inner surface
      of the plate than it is on the exterior surface, thereby  providing
      between the interior and exterior walls of the cover plate a conical
      surface which widens toward the outer wall thereof and as indicated at
      27c.
PAR  Thus, it is believed to be clear from the foregoing that by carefully
      controlling the thickness of the material from which the top plate is
      manufactured and the shape of the aperture therein, that is, whether on
      the one hand the throat area be lesser on the outside of the top plate and
      the angular divergence of the conical wall is less severe, a cylindrical
      flame will be formed, or on the other hand, if the throat area is lesser
      on the interior surface of the top wall and the angle of divergence of the
      conical wall is greater, then a flat flame that extends radially outward
      over the top of the burner will be created.
PAR  Further, as shown in FIG. 7b, by controlling the angle of divergence or
      conicity through the wall of the top plate, one can thereby completely
      control the type of flame emitted from the burner.
PAR  Referring now to FIGS. 8 and 9, there is disclosed in these views a further
      embodiment of the improved burner disclosed herein which includes a
      preheater for combustion air.
PAR  The burner 11 is provided with the usual top plate 15 as explained earlier
      herein, but as distinguished from the earlier burners disclosed, this type
      of burner includes a flue which is disposed along the negative pressure
      region. It is believed that it will be apparent to those skilled in the
      art that, as explained in connection with the structure of FIG. 1a, air
      will travel downwardly into the flue as shown by the dotted arrows in the
      view of FIG. 8 and be emitted at the bottom thereof as an exhaust. Thus,
      preheating of the combustion air is provided for by means of this flue.
PAR  Accordingly, negative air enters the mouth of the flue 100 and flows
      downwardly where it is diverted radially by the top surface of baffle 101
      toward the perpendicularly extending straight fins 102 thereby heating the
      tubular wall 103. Ultimately the air that enters the mouth 100 is
      exhausted at 104.
PAR  Further, in this structure the air enters at 13b where it is swirled by the
      spiral fins 105 into contact with the heat exchanger wall 103.
      Simultaneously therewith the gas is introduced into pipe 12b and passes
      upwardly therethrough until it enters the chamber 106 which is provided
      with the beveled perforate wall 107. At this point the rising, swirling
      air intermixes with the gas and upon ignition is discharged as a flat
      flame as explained earlier herein.
PAR  This concept has therefore the advantages of making it unnecessary to
      provide heat insulation for combustion air piping as well as making it
      unnecessary to provide piping for a separate heat exchanger and this
      structure as well eliminates the usual flue. This type of burner is
      principally intended for furnace use and is designated to give its
      specified capacity at the equivalent of air inlet pressure approximating
      about 300 mm H.sub.2 O.
PAR  In FIG. 10 there is shown a type of burner which utilizes low pressure air
      which enters the mouth 108 and is soon thereafter divided into two flow
      streams by a baffle 109 with the outer burner wall 110 as well as the
      baffle being shaped to generally resemble the curvature of a snail shell.
      It will be noted from an examination of FIG. 11 that the terminus 111 of
      the baffle 109 is substantially diametric to the terminus 112 of the wall
      113, this being so to avoid eccentricity of the swirling air stream so
      that the air flow is then divided into two routes. The sum of the areas of
      these two sub-inlets 114 and 115 is equal to that of the initial inlet
      108.
PAR  Referring back again to the view in FIG. 10, it will then be well
      understood that with the air flowing in the manner indicated earlier and
      the gas being brought in through the bottom wall of the burner that the
      gas and air will mix as it is swirling along the length of the burner body
      11 and will be suddenly throttled at the burner top by the plate 113 and
      thence discharged as a flat flame as explained fully hereinbefore in
      connection with the embodiments of this invention.
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STM  What is claimed is:
NUM  1.
PAR  1. A burner comprising a housing provided with a first perforated planar
      exterior wall, an axially apertured plate means disposed in spaced
      relation thereto, said axially apertured plate means serving to form one
      wall of a supplemental housing which further includes combustion air and
      gaseous fuel supply means, a rotary turntable means associated with said
      supplemental housing adapted to support a circumferentially disposed
      series of work holding means, each of said work holding means having a
      perpendicular axis and capable of supporting an article, means defining a
      second opening in the housing in axial alignment with the perforation in
      said wall, gas conduit means having an inner terminal portion coaxial with
      the said second opening in the housing, said conduit further including
      plural outlets spaced from the terminus, inlet means to introduce
      continuously swirling combustion air into said housing exteriorly of said
      gas inlet conduit and flame control means embodied with the first
      perforate wall to form a flame having a predetermined characteristic.
NUM  2.
PAR  2. A burner as claimed in claim 1, wherein further rotary means are
      provided for orbiting the work holding means about their respective axes.
NUM  3.
PAR  3. A burner as claimed in claim 1, wherein article loading and unloading
      means are arranged for cooperation with said work holding means.
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ABST
PAL  A semiconductor wafer baking and handling system includes a pair of wheel
      assemblies each comprising a pair of spaced apart plates having opposed,
      aligned slots formed therein for receiving and supporting semiconductor
      wafers. A wafer transporting air track includes portions extending between
      the plates of both of the wheel assemblies. The wheel assemblies are
      rotated about axes lying substantially in the plane of and extending
      perpendicularly to the path of wafer travel along the air track to
      sequentially position the slots to receive semiconductor wafers, to rotate
      the received semiconductor wafers through an arc of 180.degree., and to
      subsequently sequentially position the slots to effect removal of the
      semiconductor wafers. One of the wheel assemblies is mounted in a housing
      which also encloses a heater, a fan, and baffles for directing gas from
      the fan across the heater and across the wafers to effect baking of the
      wafers. The other wheel assembly is maintained at room temperature and
      functions as a temporary storage and inverting apparatus for the wafers.
BSUM
PAR  This invention relates to a semiconductor wafer baking and handling system,
      and more particularly to a semiconductor wafer baking and handling system
      which functions to bake semiconductor wafers for a predetermined wafer
      baking time of relatively long duration while maintaining the wafer
      throughput rate of an associated electronic component processing system.
PAR  In the fabrication of electronic components and devices, semiconductor
      materials are first manufactured in polycrystalline form, and are then
      grown into a single crystal. Typically, the single crystal takes the form
      of a cylindrical billet which is subsequently sawed into wafers. By way of
      example, such a semiconductor wafer may have a diameter of approximately 3
      inches and may have a thickness of approximately 20 mils (0.020 inches).
PAR  The semiconductor wafers thus formed are further processed in order to form
      electronic components thereon. A typical step in such processing involves
      the application of a photoresist material to at least one side of each
      wafer. The semiconductor wafers are then baked at a relatively low
      temperature to dry the photoresist material, after which the photoresist
      material is exposed to light through a mask.
PAR  The exposure to light of portions of the photoresist material results in at
      least partial cross-linking of the material. The wafers are thereafter
      subjected to a developer solution which removes the portions of the
      photoresist material which were not exposed to light. In certain
      manufacturing operations, the wafers are subsequently baked at a higher
      temperature to complete the cross-linking of the photoresist material.
      Further processing of the semiconductor wafers may include such steps as
      etching of the semiconductor wafers, in which case the photoresist
      material remaining on the semiconductor wafer protects the portion of the
      wafer covered thereby from contact by the etch solution.
PAR  In the past, it has been the practice to process semiconductor wafers by
      means of batch processing. In accordance with such procedures, a plurality
      of wafers are grouped into a batch, and all of the various steps
      comprising the particular electronic component fabrication process are
      applied to all of the semiconductor wafers comprising the batch
      substantially simultaneously. Considered another way, in accordance with
      the concept of batch processing, the completion of each particular step of
      the electronic component fabrication process is completed with respect to
      all of the semiconductor wafers comprising a particular batch prior to the
      application of the next step in the process to any of the wafers in the
      batch.
PAR  In accordance with more recent developments in the electronic component
      industry, it is now possible to process semiconductor wafers sequentially,
      rather than by means of batch processing. In a sequential processing
      system, a plurality of work stations are arranged along a predetermined
      path of semiconductor wafer travel. Semiconductor wafers are transported
      in sequence along the path by a suitable conveying device, for example, an
      air track. As each wafer arrives at a particular work station, the portion
      of the overall electronic component fabrication process associated with
      the work station is applied to the wafer on an individual basis. When all
      of the operations to be performed on the wafer at the particular work
      station have been completed, the wafer is returned to the conveying device
      and is transported thereby to the next work station.
PAR  Electronic component fabrication processes of the sequential type may be
      characterized by an average wafer processing time per work station. At the
      present, an average wafer processing time per work station of
      approximately 15 seconds is considered feasible in the electronic
      components manufacturing industry. This presents a problem with respect to
      the portions of such processes in which the wafers are baked, since the
      baking operation typically requires a considerably longer period of time.
      For example, a baking time of as long as 10 minutes or more may be
      required in the case of 3 inch diameter semiconductor wafers. Thus, a need
      exists for a semiconductor wafer baking and handling system which can
      subject the semiconductor wafers to elevated temperatures for the duration
      of the necessary wafer baking time, but which does not interfere with the
      overall semiconductor wafer throughput rate of the associated electronic
      component fabrication system.
PAR  The present invention comprises a semiconductor wafer baking and handling
      system which fulfills the foregoing and other requirements long since
      found lacking in the prior art. In accordance with the broader aspects of
      the invention, there is provided a semiconductor wafer baking zone in
      which a predetermined elevated temperature is maintained. Apparatus is
      provided for receiving individual semiconductor wafers from the air track
      or other wafer conveying apparatus, and for transporting the wafers
      through the wafer baking zone. The speed of operation of the wafer
      receiving the transporting apparatus is such that each semiconductor wafer
      remains in the baking zone for the predetermined baking time, after which
      the receiving and transporting apparatus returns the individual wafer to
      the conveying apparatus. The receiving and transporting apparatus has a
      wafer receiving capacity which is at least as great as the wafer baking
      time divided by the average wafer processing time per work station of the
      overall electronic component fabrication process, so that even though the
      semiconductor wafer baking and handling system retains each wafer for a
      substantial period of time, the overall semiconductor wafer throughput
      rate of the electronic component fabrication process is maintained.
PAR  In accordance with more specific aspects of the invention, the
      semiconductor wafer receiving and transporting apparatus comprises a wheel
      assembly including a pair of spaced apart plates having opposed, aligned
      slots formed therein for receiving the semiconductor wafers. The wheel
      assembly is mounted for rotation about an axis lying substantially in the
      plane of and extending perpendicularly to the path of wafer travel. The
      air track or other wafer conveying apparatus extends between the plates of
      the wheel assembly on both sides of the axis rotation. Structure is
      provided for rotating the wheel assembly to sequentially align the slots
      with the path of wafer travel to receive individual wafers from the
      conveying apparatus, to rotate the wafers through an arc of about
      180.degree., and to subsequently sequentially align the slots with the
      path of wafer travel, whereby the wafers are returned to the conveying
      apparatus.
PAR  The wheel assembly is positioned within a housing which defines the wafer
      baking zone. A heater is provided, together with a fan for directing gas
      across the heater and across the semiconductor wafers in the wheel
      assembly to effect baking of the wafers. More specifically, the heater may
      comprise a circular heater mounted concentrically with the wheel assembly
      and the fan may comprise a centrifugal fan mounted within the heater
      assembly, in which case baffles are provided for directing gas from the
      fan outwardly across the heater, then axially to the wheel assembly, then
      inwardly past the semiconductor wafers in the wheel assembly, and then
      back into the fan. Apparatus may also be provided for maintaining a
      predetermined atmosphere, such as an atmosphere rich in nitrogen gas,
      within the baking zone.
PAR  In accordance with still more specific aspects of the invention, the
      semiconductor wafer baking and handling system comprises two wheel
      assemblies positioned at spaced apart points along the path of wafer
      travel. The first wheel assembly is mounted within the housing and is
      utilized in the baking of the semiconductor wafers. It will be understood
      that upon discharge from the first wheel assembly, the wafers are in an
      inverted orientation with respect to the path of wafer travel. The second
      wheel assembly functions to re-invert the wafers, that is, to return each
      wafer to its original orientation with respect to the path. The second
      wheel assembly also functions as a temporary storage apparatus for the
      semiconductor wafers.
DRWD
PAR  A more complete understanding of the invention may be had by reference to
      the following detailed description, when taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a schematic illustration of a semiconductor wafer baking and
      handling system incorporating the invention;
PAR  FIG. 2 is a top view of a semiconductor wafer baking and handling system
      incorporating the invention in which certain parts have been broken away
      more clearly to illustrate certain features of the invention;
PAR  FIG. 3 is a front view of the system of FIG. 2 in which certain parts have
      been broken away;
PAR  FIG. 4 is an end view of the system in which certain parts have been broken
      away;
PAR  FIG. 5 is a detailed illustration of a wheel assembly utilized in the
      semiconductor wafer baking and handling system;
PAR  FIG. 6 is a schematic illustration of the gas flow pattern of the
      semiconductor wafer baking and handling system; and
PAR  FIG. 7 is an illustration of the sensors used in the semiconductor wafer
      baking and handling system.
DETD
PAR  Referring now to the drawings, and particularly to FIG. 1 thereof, a
      semiconductor wafer baking and handling system 10 incorporating the
      present invention is schematically illustrated. The system 10 includes an
      air track 12 or other suitable conveying apparatus for transporting
      semiconductor wafers 14 along a predetermined path of wafer travel 16. The
      semiconductor wafers 14 travel along the path 16 generally in the
      direction indicated by the arrows 18. A wafer receiving and transporting
      apparatus 20 is provided for receiving individual wafers traveling along
      the path 16 under the action of the air track 12 and for transporting the
      wafers through a wafer baking zone 22. A predetermined elevated
      temperature is maintained within the baking zone 22, and the wafer
      receiving and transporting apparatus 20 is operated at a predetermined
      rate such that each wafer 14 remains in the baking zone 22 for a
      predetermined wafer baking time. The wafer receiving and transporting
      apparatus 20 then realigns the wafers 14 with the path 16, whereupon the
      air track 12 transports the wafers out of the apparatus 20 and along the
      path 16 in the direction of the arrows 18.
PAR  As will be appreciated from the drawings, the wafer receiving and
      transporting apparatus 20 rotates each wafer 14 through an arc of
      180.degree. during the transportation thereof through the baking zone 22.
      The wafers 14 leaving the apparatus 20 are thus inverted relative to their
      normal orientation with respect to the path 16. It is also considered
      desirable to provide a certain amount of storage capacity in the
      semiconductor wafer baking and handling system 10. Therefore, wafers 14
      leaving the wafer receiving and transporting apparatus 20 and traveling
      along the path 16 under the action of the air track 12 are individually
      received by a second wafer receiving and transporting apparatus 24. The
      wafer receiving and transporting apparatus 24 transports the wafers 14
      through an inversion zone 26 which differs from the baking zone 22 in that
      it is maintained at room temperature. The apparatus 24 then realigns the
      individual wafers 14 with the path 16. The air track 12 then removes the
      wafer from the apparatus 24 and moves the wafer 14 along the path 16 in
      the direction of the arrows 18.
PAR  The semiconductor wafer baking and handling system 10 is utilized as a
      component of an electronic component fabrication system. Such a system has
      a plurality of work stations disposed along the path of wafer travel, and
      may be characterized by an average wafer processing time per station. For
      example, such an average wafer processing time per work station may be
      approximaterial 15 seconds. On the other hand, the wafer baking time, that
      is, the time period during which each wafer must remain in the baking
      zone, is usually considerably longer than the average wafer processing
      time per work station. For example, a typical wafer baking time for a 3
      inch diameter wafer might be 10 minutes or longer.
PAR  In order to permit each wafer to remain in the baking zone for the required
      baking time while maintaining the wafer throughput rate of the overall
      electronic component fabrication system, it is necessary for the wafer
      receiving and transporting apparatus of the semiconductor baking and
      handling system to have a wafer capacity which is at least equal to the
      wafer baking time divided by the average wafer processing time per work
      station. For example, if the average wafer processing time per work
      station is 15 seconds and the wafer baking time is 10 minutes, each wafer
      receiving and transporting apparatus of the semiconductor wafer baking and
      handling system must have a wafer capacity of at least 40 wafers. When the
      type of wafer receiving and transporting apparatus shown in FIG. 1 is
      used, each apparatus must have a capacity of at least 80 wafers because
      only half of the wafer receiving and transporting capacity thereof is
      available for use at any one time.
PAR  Referring now to FIGS. 2, 3 and 4, there is shown a semiconductor wafer
      baking and handling system 30 incorporating the present invention. The
      system 30 includes an air track 32 having a normal path 34 and a divert
      path 36. The function of the divert path 36 is to permit selected
      semiconductor wafers to bypass the semiconductor baking and handling
      system of the present invention.
PAR  The air track 32 includes a plurality of slot vacuum brakes 38 and a square
      vacuum brake 40, all of which function to selectively arrest the movement
      of semiconductor wafers traveling along either the normal path or the
      divert path 36. The air track 32 further employs a plurality of circular
      vacuum brakes 42 and air brakes 42' which function to arrest semiconductor
      wafer movement at particular points in accordance with the operation of
      the semiconductor wafer baking and handling system. High pressure air jets
      44 are employed in the air track 32 to dislodge any semiconductor wafers
      which may tend to stick in the semiconductor wafer baking and handling
      apparatus 30. Finally, the air track 32 is provided with a plurality of
      sensors 46, the function of which is to provide an output indicative of
      the positioning of semiconductor wafers with respect to the air track. In
      those instances in which dual sensors 46 are employed at adjacent
      positions along the normal path 34 of the air track 32, sensor redundancy
      in the system is deemed necessary in view of the fact that a sensor
      failure at such points might result in the destruction of one or more
      semiconductor wafers.
PAR  The operation of the sensors 46 of the air track 32 may be better
      understood by reference to FIG. 7. Pressurized air is received from a
      supply thereof (not shown) through a passageway 48 and is directed through
      a plenum 50 and out through an annular outlet aperture 52. If no wafer is
      present over the aperture 52, the air flowing therethrough is exhausted.
      However, if a semiconductor wafer 54 is positioned over the aperture 52,
      air flowing therethrough is diverted downwardly into a circular inlet
      aperture 56 and through a passageway 58 to a sensor 60. The sensor 60
      therefore produces an output signal indicative of whether or not a wafer
      is positioned over the aperture 52. By this means it is possible to
      control the movement of semiconductor wafers through the semiconductor
      wafer baking and handling system 30, and in fact, sensors of the type
      illustrated in FIG. 7 make it possible to provide computer control over
      the processing of individual semiconductor wafers as they travel through
      an entire electronic component manufacturing system.
PAR  Referring again to FIG. 2, the semiconductor wafer baking and handling
      system 30 includes a pair of wheel assemblies 62 and 64. The wheel
      assemblies 62 and 64 are positioned at spaced points along the normal path
      34 of the air track 32 and are mounted for rotation about spaced, parallel
      axes 66 and 68. The axes 66 and 68 each lie substantially in the plane of
      and extend substantially perpendicularly to the path of semiconductor
      wafer travel through the semiconductor baking and handling system 30.
PAR  The wheel assembly 62 comprises a pair of spaced apart plates 70 having
      opposed, aligned slots formed therein to receive individual semiconductor
      wafers. The plates 70 are mounted on the slotted hub 72 which is in turn
      supported for rotation about the axis 66 by a bearing assembly 74. The
      wheel assembly 64 comprises a pair of similar plates 78 mounted on a hub
      80 which is not slotted. The hub 80 is supported by a bearing assembly
      similar to the bearing assembly 74 for rotation about the axis 68.
PAR  As is best shown in FIG. 4, the wheel assemblies 62 and 64 are driven by
      individual stepping motors 82 which are drivingly connected to their
      respective wheel assemblies by means of a toothed belt 84, a lower toothed
      pulley 86 and an upper toothed pulley 88 (FIG. 2). Thus, upon each
      actuation of the stepping motor 82, the wheel assembly associated
      therewith is rotated about its respective axis of rotation to sequentially
      align the wafer receiving slots with the air track 32, whereby a wafer may
      be received in the slot from the air track. Simultaneously, the wheel
      assembly aligns a diametrically opposed set of slots with the opposite
      portion of the air track, whereby a wafer may be removed from the slot of
      the wheel assembly by means of the high pressure jets 44 and the normal
      action of the air track 32.
PAR  Referring again to FIG. 4, a code wheel 90 is mounted for rotation with
      each of the stepping motors 82. Each code wheel 90 operates in conjunction
      with a light emitting device/light responsive device assembly 92 to
      generate an output indicative of the rotational positioning of its
      associated wheel assembly. This information, together with the information
      provided by the sensors 46 provides for complete control over the travel
      of semiconductor wafers through the semiconductor baking and handling
      system 30.
PAR  Returning again to FIG. 2, the wheel assembly 62 is mounted within an
      insulated housing 94 defining a semiconductor wafer baking zone 96. The
      heating zone 96 has a heater 98 contained therein. The heater 98 comprises
      a central heating element 100 having a multiplicity of fins 102 mounted
      thereon. A centrifugal fan 104 (sometimes referred to as a squirrel cage
      blower) is mounted within the heater 98. As is best shown in FIG. 4, the
      centrifugal fan 104 is driven by a fan motor 106 and is drivingly
      connected thereto by means of a belt 108 and suitable pulleys.
PAR  Referring simultaneously to FIGS. 2, 3 and 6, the housing 94 has an
      arcuately shaped baffle 110 mounted therein. The hub 72 of the wheel
      assembly 62 is provided with a plurality of slots 112. By this means the
      centrifugal fan 104 causes gas flow in the direction indicated by the
      arrows in FIG. 6, that is, first radially outwardly across the heater 98,
      then axially under the baffle 110, then radially inwardly across the
      semiconductor wafers 114 carried by the wheel assembly 62, then through
      the slots 112 formed in the hub 72, and back into the centrifugal fan 104.
      It will thus be understood that the arrangement of the component parts
      within the baking zone 96 effects a substantially toroidialy shaped flow
      of heated gas, whereby the semiconductor wafers carried by the wheel
      assembly 62 are heated by such gas flow during substantially the entire
      time that they are within the baking zone 96.
PAR  Referring again to FIG. 2, the wheel assembly 64 is enclosed by a housing
      116 defining a wafer inversion zone 118 which is maintained at room
      temperature. The housing 116 is formed from a transparent plastic material
      that is specially colored in order to prevent damage to the photoresist
      layer on the semiconductor wafers passing through the semiconductor baking
      and handling system 30 under the action of ambient light. Referring both
      to FIGS. 2 and 3, the entire air track 32, including both the normal path
      34 and the divert path 36 is enclosed in a transparent plastic housing 120
      which is also specially colored in order to prevent damage to the
      photoresist coating on the semiconductor wafers under the action of
      ambient light.
PAR  FIG. 3 further illustrates certain features of the semiconductor baking and
      handling system 30. The heating element 100 of the heater 98 extends to a
      pair of terminals 122 and 124 which are in turn connected to a suitable
      source of electric current to effect operation of the heater 98. A
      temperature probe 126 is utilized to provide an output indicative of the
      operating temperature within the baking zone 96. The operating temperature
      within the baking zone 96 is also indicated by a visual temperature
      indicator 128. A switch 130 is provided for terminating operation of the
      heater 98 in the event that the temperature within the baking zone 96
      exceeds the predetermined upper limit. This is primarily for the purposes
      of safety and fire prevention.
PAR  A conduit 132 is provided for introducing a gas or a mixture of gases into
      the baking zone 96 and thereby maintaining a controlled atmosphere
      therein. For example, in certain semiconductor wafer baking operations, it
      is considered desirable to maintain an atmosphere of nitrogen within the
      baking zone 96. A flow meter 134 provides a visual indication of the rate
      of gas flow through the conduit 132.
PAR  The construction of the wheel assemblies 62 and 64 of the semiconductor
      wafer baking and handling system 30 will be better understood by reference
      to FIG. 5. In particular, the plates 70 and 78 of the wheel assemblies 62
      and 64, respectively, are provided with aligned, opposed slots 136. The
      slots 136 of the plates 70 and 78 are specially designed to receive and
      support semiconductor wafers without damage thereto as the wafers are
      rotated through the baking zone 96 and the inversion zone 118 of the
      semiconductor wafer baking and handling system. The slots 136 are arranged
      in the plates in diametrically aligned pairs. The innermost portions of
      the slots 136 comprise inserts 138 formed from a low function, heat
      resistant material such as polytetrafluoroethylene.
PAC  Operation
PAR  The stepping motors 82 function to sequentially position the slots 136 of
      the plates 70 comprising the wheel assembly 62 in alignment with the
      portion of the air track 32 extending between the plates 70 on the
      left-hand side (FIG. 2) of the wheel assembly 62. Upon the arrival of a
      semiconductor wafer in the semiconductor wafer baking and handling system
      30, a decision is reached by an associated computer as to whether the
      particular wafer is to be directed along the normal path 34 or along the
      divert path 36 of the air track 32. Assuming that the wafer is to be
      directed along the normal path 34, the wafer is advanced by the air track
      32 until its presence is detected by the sensors 46 in the portion of the
      air track 32 extending into the left-hand side (FIG. 2) of the wheel
      assembly 62. The adjacent circular vacuum brakes 42 are then applied to
      arrest the motion of the semiconductor wafer. At this point the wafer is
      positioned in one of the aligned, opposed sets of slots 136 in the plate
      70.
PAR  The stepping motor 82 associated with the wheel assembly 62 is then
      advanced to position the next set of aligned, opposed slots 136 in the
      plates 70 to receive a semiconductor wafer carried by the air track 32. As
      this action continues, the received wafer is rotated through the baking
      zone, and through an arc of 180.degree.. The operation of the stepping
      motor 82 is such that the received wafer is maintained in the baking zone
      for a predetermined wafer baking time, for example, 10 minutes. During
      this time the heater 98 is operated to maintain a predetermined
      temperature within the baking zone 96.
PAR  When the stepping motor 82 associated with the wheel assembly 62 has been
      operated to rotate the received wafer through an arc of 180.degree., its
      presence is detected by the sensors 46 in the portion of the air track 32
      extending into the righthand side (FIG. 2) of the wheel assembly 62. The
      high pressure jets 44 are then actuated to dislodge the wafer from the
      slots 136 of the plate 70. The use of the high pressure jets 44 is
      necessary in this regard because the layer of photoresist material on the
      semiconductor wafers may cause the wafers to tend to stick in the slots
      136.
PAR  At this point the received wafer is inverted with respect to its normal
      orientation relative to the air track 32. The air track 32 is therefore
      operated to continuously float the received wafer over the adjacent
      surface, thereby preventing any possible damage to the wafer and the layer
      of photoresist material thereon. The air track 32 also advances the wafer
      toward the wheel assembly 64.
PAR  The stepping motor 82 associated with the wheel assembly 64 also functions
      to sequentially align the slots 136 of the plate 78 to receive
      semiconductor wafers. The received wafer therefore moves along the portion
      of the air track 32 extending into the left-hand side (FIG. 2) of the
      wheel assembly 64 until its presence is detected by the sensors 46
      therein. At this point the circular air brakes 42 are actuated to arrest
      the movement of the semiconductor wafer. This is accomplished by lifting
      the wafer upwardly into engagement with the wafer receiving slots of the
      wheel assembly 64, as opposed to drawing the wafer downwardly by vacuum
      action which might cause damage to the wafer.
PAR  At this point the received wafer is positioned in a pair of aligned,
      opposed slots 136 of the plates 78 of the wheel assembly 64. Therefore,
      upon subsequent actuation of the stepping motor 82 associated with the
      wheel assembly 64, the received wafer is rotated through an arc of
      180.degree.. Upon the completion of this rotation, the presence of the
      received wafer is detected by the sensors 46 in the portion of the air
      track extending into the right-hand side (FIG. 2) of the wheel assembly
      64. The high pressure jets 44 are then actuated to advance the received
      wafer out of the slots 136 of the plate 78, whereupon the air track 32
      advances the wafer out of the semiconductor wafer baking and handling
      system 30.
PAR  It will be understood that although the operation of the semiconductor
      wafer baking and handling system 30 has been described in conjunction with
      a single received semiconuctor wafer, in the actual use of the system,
      semicondutor wafers are received by and are discharged from the system on
      a substantially continuous basis. One of the primary advantages to the use
      of the present invention involves the fact that although individual
      semiconductor wafers remain in the baking zone for an extended period of
      time, the system is compatible with electronic component fabrication
      systems in which the average wafer processing time per work station is
      relatively short. This is because the wheel assemblies 62 and 64 of the
      system 30 each have a wafer receiving capacity which is at least as great
      as the wafer baking time divided by the average wafer processing time per
      work station of the overall system.
PAR  In the use of the present invention as part of a continuously operating
      electric component fabrication system, the wheel assembly 62 normally has
      a total of 40 wafers contained therein, and the wheel assembly 64 normally
      has a single wafer contained therein. In the event of a malfunction of the
      system downstream from the location of the semiconductor wafer baking and
      handling system incorporating the present invention, it may become
      impossible to transport semiconductor wafers beyond the downstream
      intersection between the normal path 34 and the divert path 36 of the air
      track 32. In such instances the semiconductor wafer baking and handling
      system of the present invention continuously functions, with wafers from
      the wheel assembly 62 being accumulated in the wheel assembly 64.
      Simultaneously the next wafer to arrive at the baking and handling system
      of the present invention is retained at the upstream intersection between
      the normal path 34 and the divert path 36 of the air track 32. In this
      manner the baking of the wafers in the wheel assembly 62 is completed and
      the baked wafers are stored in the wheel assembly 64 until such time as
      further processing of the wafers is permitted.
PAR  Although particular embodiments of the invention have been illustrated in
      the accompanying drawings and described in the foregoing detailed
      description, it will be understood that the invention is not limited to
      the embodiments disclosed, but is capable of numerous rearrangements,
      modifications, and substitutions of parts and elements without departing
      from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor wafer handling system comprising:
PA1  means for advancing semiconductor wafers along a predetermined path of
      travel including incoming and outgoing portions;
PA1  wheel means including a plurality of radially extending slot means each for
      receiving and supporting a semiconductor wafer;
PA1  means supporting the wheel means for rotation about an axis lying
      substantially in the plane of and extending substantially perpendicularly
      to the predetermined path of semiconductor wafer travel;
PA1  means for rotating the wheel means about the axis to sequentially align the
      slot means with the incoming portion of the path of semiconductor wafer
      travel so that the semiconductor wafers are received in the slot means
      from the incoming portion of the path to rotate received semiconductor
      wafers through a predetermined arc, and to subsequently sequentially align
      each slot means with the outgoing portion of the path of semiconductor
      wafer travel so that semiconductor wafers are removed from the slot means
      for travel along the outgoing portion of the path.
NUM  2.
PAR  2. The semiconductor wafer handling system according to claim 1 wherein:
PA1  the wheel means comprises a pair of spaced apart plates;
PA1  the slot means of the wheel means comprises sets of aligned, opposed slots
      formed in the plates; and
PA1  the incoming and outgoing portions of the path of semiconductor wafer
      travel extend between the plates of the wheel means.
NUM  3.
PAR  3. The semiconductor wafer handling system according to claim 1 wherein the
      semiconductor wafer advancing means comprises air track means.
NUM  4.
PAR  4. The semiconductor wafer handling system according to claim 1 wherein the
      means for rotating the wheel means about the axis comprises means for
      rotating the wheel means to sequentially position the slot means in
      alignment with the incoming portion of the path of semiconductor wafer
      travel and to subsequently sequentially position diametrically opposed
      slot means in alignment with the outgoing portion of the path of
      semiconductor travel.
NUM  5.
PAR  5. The semiconductor wafer handling system according to claim 4 wherein the
      means for rotating the wheel means includes a stepping motor for rotating
      the wheel means step by step about the axis.
NUM  6.
PAR  6. The semiconductor wafer handling system according to claim 1 further
      including means for directing a heated gas over the semiconductor wafers
      in the slot means during the rotation thereof through the predetermined
      arc and thereby baking the semiconductor wafers.
NUM  7.
PAR  7. A semiconductor wafer baking system comprising:
PA1  means for advancing semiconductor wafers along a predetermined path of
      travel including incoming and outgoing portions;
PA1  wheel means including a plurality of radially extending slot means each for
      receiving and supporting a semiconductor wafer;
PA1  means supporting the wheel means for rotation about an axis lying
      substantially in the plane of and extending substantially perpendicularly
      to the predetermined path of semiconductor wafer travel;
PA1  means for rotating the wheel means about the axis to sequentially align the
      slot means with the incoming portion of the path of semiconductor wafer
      travel so that semiconductor wafers are received in the slot means from
      the incoming portion of the path, to rotate received semiconductor wafers
      through a predetermined arc, and to subsequently sequentially align each
      slot means with the outgoing portion of the path of semiconductor wafer
      travel so that the semiconductor wafers are removed from the slot means
      for travel along the outgoing portion of the path; and
PA1  means for directing a heated fluid over the semiconductor wafers during the
      rotation thereof through the predetermined arc and thereby baking the
      semiconductor wafers.
NUM  8.
PAR  8. The semiconductor wafer baking system according to claim 7 wherein the
      means for directing a heated fluid over the wafers further comprises:
PA1  a housing surrounding the wheel means;
PA1  means for directing a predetermined gas into the housing;
PA1  heater means mounted within the housing for heating the gas therein; and
PA1  fan means mounted within the housing for directing the heated gas over the
      semiconductor wafers in the slot means of the wheel means.
NUM  9.
PAR  9. The semiconductor wafer baking system according to claim 8 wherein:
PA1  the heater means is circular in shape and substantially concentric with the
      wheel means;
PA1  the fan means comprises a centrifugal fan mounted for rotation within the
      heater means; and
PA1  the housing includes baffle means for directing heated gas from the fan
      means across the heater means and the semiconductor wafers in the wheel
      means and then returning the gas to the fan.
NUM  10.
PAR  10. The semiconductor wafer baking system according to claim 7 wherein the
      wheel means comprises a pair of spaced apart plates, wherein the slot
      means each comprise a pair of aligned slots formed in the two plates of
      the wheel means, and wherein the incoming and outgoing portions of the
      predetermined path of travel each extend between the plates of the wheel
      means.
NUM  11.
PAR  11. The semiconductor wafer baking system according to claim 7 wherein the
      semiconductor wafer advancing means comprises air track means.
NUM  12.
PAR  12. A semiconductor wafer baking and handling system comprising:
PA1  a pair of wheel assemblies positioned at spaced points along a
      predetermined path of wafer travel and each comprising a pair of spaced
      apart plates having aligned, opposed slots formed therein for receiving
      and supporting individual semiconductor wafers;
PA1  means supporting the wheel assemblies for rotation about spaced apart axes
      lying in the plane of and extending perpendicularly to the path of wafer
      travel;
PA1  air track means extending along the path of wafer travel for sequentially
      advancing semiconductor wafers therealong and including portions extending
      between the plates of both of the wheel assemblies on both sides of the
      axes of rotation; and
PA1  means for rotating the wheel assemblies about the axes to sequentially
      align the slots of the wheel assemblies with the air track means so that
      semiconductor wafers are received therefrom in the slots, to rotate the
      received semiconductor wafers through predetermined arcs, and to
      subsequently align each of the slots with the air track means to effect
      removal of the semiconductor wafers from the slots.
NUM  13.
PAR  13. The semiconductor wafer baking and handling system according to claim
      12 wherein the slots of each wheel assembly are arranged in diametrically
      opposed sets and wherein the wheel assembly rotating means rotates the
      wheel assemblies in step by step fashion to sequentially align the slots
      with the air track means to receive semiconductor wafers therefrom and to
      simultaneously align the slots with the air track means to effect removal
      of the semiconductor wafers therefrom.
NUM  14.
PAR  14. The semiconductor wafer baking and handling system according to claim
      12 further characterized by:
PA1  housing means enclosing one of the wheel assemblies and defining a
      semiconductor wafer baking zone;
PA1  heater means;
PA1  fans means; and
PA1  means for directing gas from the fan means across the heater means and
      across the semiconductor wafers in the wheel assembly to effect baking
      thereof during the rotation of the semiconductor wafers through the
      predetermined arc by the wheel assembly.
NUM  15.
PAR  15. The semiconductor wafer baking and handling system according to claim
      14 further including means for maintaining a predetermined atmosphere
      within the housing means during the baking of the semiconductor wafers
      therein.
NUM  16.
PAR  16. The semiconductor wafer baking and handling system according to claim
      14 wherein the heater means comprises a circular heater configuration
      which is substantially concentric with the wheel assembly, wherein the fan
      means comprises a centrifugal fan mounted within the heater means, and
      wherein the gas flow directing means comprises baffle means mounted within
      the housing for directing gas flow from the fan means first radially
      outwardly across the heater means, then axially across the semiconductor
      wafer in the wheel assembly, then inwardly between the plates of the wheel
      assembly, and then into the fan means.
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ABST
PAL  A novel insulation module for lining the interior surfaces of high
      temperature chambers such as furnaces, is described. The module comprises
      in its basic form a first block of high temperature insulating material
      and a second block overlying the first block but rotated 90.degree. with
      respect thereto. Each of these blocks is formed from a mass of ceramic
      fibers, all of which are oriented generally in planes substantially
      perpendicular to the surface of the furnace wall.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application briefly describes, but does not claim, a method and
      apparatus for welding which is more fully described and claimed in U.S.
      Pat. No. 3,706,870 issued Dec. 19, 1972, in the names of the inventors
      Robert A. Sauder and Gary R. Kendrick and entitled "Method and Apparatus
      for Stud Welding."
PAR  In addition, the subject matter of this application is related to U.S. Pat.
      No. 3,819,468 issued June 25, 1974, in the names of the inventors herein
      and entitled "High Temperature Insulating Module."
PAR  Moreover, the subject matter of this application is related to copending
      U.S. Patent application Ser. No. 445,807 filed Feb. 25, 1974, a Division
      of Ser. No. 157,433, filed June 28, 1971, now U.S. Pat. No. 3,819,468 in
      the names of the inventors Robert A. Sauder and Gary R. Kendrick and
      entitled "High Temperature Insulation Module."
PAC  BACKGROUND OF THE INVENTION
PAR  In U.S. Pat. No. 3,819,468, granted on June 29, 1974, there is disclosed a
      novel form of construction for a high temperature insulation module
      wherein the outer surface of the module consists of a mat of resilient
      ceramic fibers formed by combining in side-by-side relation thin strips
      cut from standard blankets of ceramic fiber insulation such that the
      fibers are oriented generally in planes substantially perpendicular to the
      hot face of the insulation module. The module was especially adapted to be
      fastened to the interior surfaces of a high temperature chamber, such as a
      furnace, by means of a unique method of stud welding, also disclosed in
      the above-mentioned application and more fully described in U.S. Pat. No.
      3,706,870, issued Dec. 19, 1972.
PAR  This novel module construction eliminated to a large extent the tendency
      for the insulation material to crack and thereby lose effectiveness as a
      result of exposure to the continued cycles of heat-up and cool-down
      experienced in high temperature furnaces. Furthermore, the unique aspect
      of the insulation module construction, that is, with the ceramic fibers
      disposed generally perpendicular to the surface of the furnace wall,
      essentially eliminated a second problem previously encountered with the
      use of ceramic fiber insulation, that of devitrification and delamination
      of the outer surfaces of the insulation material. Finally, the ceramic
      fiber layer of the insulation module disclosed in that earlier application
      had the property of being resilient and significantly less inclined toward
      loss of structural integrity.
PAR  In the module disclosed in the above first-mentioned patent, the ceramic
      fiber mat was adapted to overlie an intermediate rigid insulating member
      positioned between the mat and the interior wall or surface of the high
      temperature chamber to which the module was to be attached. The primary
      function of this rigid base member was to give structural strength and
      rigidity to the final insulation module.
PAR  Because of the necessity of providing this rigid base member as part of the
      insulation module, additional manufacturing operations were involved. This
      obviously resulted in a higher cost for the module. Further, there were
      some limitations placed on the shape and size of the modules which would
      be available without special order. This was due to the fact that the hole
      for insertion of the stud on which the module would be mounted against the
      furnace wall was required to be cut through the rigid base member during
      the manufacturing operation.
PAR  Development has been directed toward manufacturing these modules at lower
      cost. While more efficient methods and apparatus for constructing such
      modules have been developed, there remains, nevertheless, a strong need
      for an effective insulation module which can be manufactured and installed
      at lower cost.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is the result of the unexpected discovery that when a
      plurality of strips cut from standard ceramic fiber insulation blankets
      are secured in side-by-side relation so as to form a singular insulation
      mat of suitable thickness having the fibers generally oriented in planes
      perpendicular to the surface of the insulation mat and then two such mats
      are attached one on top of the other, the resultant mat has a rather
      significant degree of structural strength and rigidity. Thus, it was found
      that for many purposes a satisfactory insulation module could be
      constructed without the additional thickness of rigid refractory material
      as an essential element. The present invention provides a novel high
      temperature insulation module wherein the insulation medium consists
      solely of a pair of overlying mats of ceramic fiber insulation the fibers
      of which are oriented generally in planes substantially perpendicular to
      the hot face of the module.
PAR  The necessary requirement of a backing for fastening the instant modules to
      the furnace surface is satisfied by adhering the insulation block to a
      thin support sheet or plate of metal or some other suitable material. The
      insulation module resulting therefrom is thus lighter and more cheaply
      manufactured than the module having a rigid block of refractory material
      as an integral part thereof.
PAR  Additionally, the present invention has many on-the-site installation
      advantages. For example, when the backing sheet of the module is a
      material such as expanded metal, having openings throughout, the support
      studs may be inserted into the module during the installation process on
      the field site. Thus, further substantial reductions in the manufacturing
      process and flexibility in the installation process have been realized.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a semidiagrammatic illustration of a mat made according to the
      present invention. An expanded metal support backing is illustrated, the
      backing being partially cut away;
PAR  FIG. 2 is an elevation cross section of the mat shown in FIG. 1,
      illustrating in section the construction of the preferred means of
      fastening to be employed in attaching the module to the furnace wall;
PAR  FIG. 3 is an elevation view, on a larger scale, of the preferred means of
      fastening;
PAR  FIG. 4 is a further enlarged and isometric detail of the "washer" employed
      in the preferred method of fastening;
PAR  FIG. 5 is a plan view of the back surface of the module, illustrating a
      welded wire embodiment of the metal support backing;
PAR  FIG. 6 is a cut away cross section of the embodiment shown in FIG. 5,
      illustrating the method of adhering the welded wire backing sheet to the
      ceramic fiber mat;
PAR  FIG. 7 is a plan view of a module with an expanded metal backing and having
      been cut to a special shape, there further being illustrated the
      flexibility in location of the stud fastener;
PAR  FIGS. 8, 9, and 10 relate to a preferred method of on-the-site installation
      of the preferred means of fastening where an expanded metal backing sheet
      is employed in the module.
PAR  FIG. 8 is a side elevation view showing a tube and nut assembly with
      insertion dart attached;
PAR  FIG. 9 is an enlarged view of the area at the expanded metal backing where
      the preferred stud fastener is located;
PAR  FIG. 10 is a cut away side elevation view of the embodiment shown in FIG.
      9, showing the relationship of the various parts subsequent to insertion
      and prior to the stud welding operation.
PAR  FIGS. 11 and 11a are perspectives of modules according to the present
      invention wherein the ceramic fiber insulation block is formed by adhering
      two mats of insulation material to each other, said mats being offset in
      such a manner that the seams between the modules are overlapped.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  According to the present invention, there is provided a novel insulation
      module for lining the interior surfaces of high temperature furnaces. The
      module consists in its basic form of a first flat block or mat of
      insulating refractory material, with a thin plate or sheet of backing
      adhered thereto for fastening the insulating block to the furnace wall. A
      second flat block is attached to the hot face of the first block. The hot
      face of the insulating module, to be exposed to the furnace heat, is the
      surface formed by the outer edges of a mass of ceramic fibers of the
      second block, all of which are oriented generally in planes substantially
      perpendicular to the surface of the furnace wall. The mass of ceramic
      fibers so oriented forms a resilient mat of insulation comprising
      essentially the entire insulating medium of the novel insulation module.
PAR  While ceramic fiber insulation has been used in the past as thermal
      insulation, such use has been limited to blankets of the fiber insulation
      wherein the fibers are oriented generally in planes parallel to the
      surface upon which the heat impinges. In high temperature applications,
      that is, those in the order of 1,600.degree. to 2,600.degree. F. or
      higher, such blankets alone do not have the structural integrity and
      resistance to cracking due to heat shrinkage necessary for a practicable
      insulation. Even when a thickness of rigid refractory material such as an
      asbestos block is employed as a support medium for the blanket of ceramic
      fiber insulation, the fiber rapidly losses its structural integrity due to
      devitrification and delamination, cracks open due to heat shrinkage and
      heat is therefore transmitted to the outer surface of the furnace shell.
      Only when the thickness of ceramic fiber insulation forming the module hot
      face is formed by disposing the fibers in planes substantially
      perpendicular to the direction of the impinging heat are these problems
      significantly lessened.
PAR  Prior to the present invention, however, it was assumed that, even when
      using a thickness of ceramic fiber insulation wherein the fibers are
      oriented in perpendicular planes, it was still necessary to provide a
      thickness of rigid refractory material in an insulation module for
      adequate structural rigidity and strength. It has now been discovered that
      ceramic fiber insulation modules of this type can be formed having
      sufficient integrity, strength and resistance to heat shrinkage and loss
      of structural rigidity due to devitrification that a thickness of a
      second, rigid insulating material, is not necessary. This is accomplished,
      according to the present invention, by combining two overlying mats
      fabricated from thin strips cut from a typical ceramic fiber insulation
      blanket, with the strips so disposed as to orient the ceramic fibers in
      planes substantially perpendicular to the surface of the insulation
      batting, to form a single insulation module.
PAR  With reference to the accompanying drawings, a mat of an insulation mat
      according to the present invention is illustrated in FIG. 1. As seen, the
      module 1 comprises a flat block of insulation formed by combining a
      plurality of strips 2 of ceramic fiber insulation disposed in side-by-side
      relationship in such manner that the fibers are oriented in planes
      generally perpendicular to the opposed larger surfaces of the flat block
      so formed. These strips of ceramic fibers are cut transversely from a
      length of ceramic fiber blanketing which is commercially available. These
      blankets are manufactured by several different manufacturers and sold
      under the trademarks or tradenames "KAOWOOL" (Babcock & Wilcox), "LO-CON"
      (Carborundum Co.), "CERAFELT" (Johns Manville Corp.), and "FIBERFRAX"
      (Carborundum Co.). The strips are cut from the fiber blanket in widths
      determined by the desired final thickness of the insulation module. It has
      been found that with presently available fibers the best combination of
      high temperature refractoriness and self-supporting structural rigidity
      results from thicknesses of from 2 to 12 inches. The strips are placed on
      edge and laid lengthwise adjacent each other with a sufficient number of
      strips being employed to form a mat of the desired width. Naturally the
      thickness of the fiber blanket from which the strips are cut will
      determine the number of strips required to construct the mat. Those strips
      may be fastened together by wire, ceramic cement or mortar, which is
      preferably employed in the region of the cold face of the mat to be
      formed. The manner of forming the insulation mats is more fully disclosed
      in copending application Ser. No. 157,433, herein incorporated by
      reference and not forming a part of this invention.
PAR  In FIG. 1, the strips are shown adhered to a sheet of backing paper 3. This
      paper is only used during the manufacturing process and generally burns
      away in use in a furnace. Over the block of ceramic fiber insulation thus
      formed is placed a thin sheet or plate of backing material 4, preferably
      metal or some other rigid material which would withstand the necessary
      temperatures and provide adequate support to hold the module together and
      against the furnace wall. More preferably yet, the backing substrate
      consists of a perforate metal structure such as welded wires, expanded
      metal or the like, which has at least one opening through which may be
      inserted a fastening stud assembly or some other suitable means by which
      the block may be affixed to the furnace wall. FIG. 1 shows a partially cut
      away backing plate formed of expanded metal. This metal backing plate 4
      may be adhered to the block of ceramic fiber insulation by any suitable
      means, such as ceramic mortar.
PAR  It is contemplated that during the manufacturing process a small hole will
      be punched in the backing paper 3 to which the block of ceramic fiber
      insulation is adhered. This hole will be visible through the expanded
      metal support sheet and will provide a convenient means of locating the
      center of the block for insertion of a fastening stud or any other means
      by which the block may be attached to the furnace wall in the field.
PAR  Illustrated in FIGS. 1-4 is a preferred means of facilitating stud
      placement in field operations. This means and the method of carrying it
      out (as further illustrated in FIGS. 8-10) are described as follows:
PAR  The metal piece 5 illustrated in detail in FIG. 4, which we prefer to call
      a "washer", is shaped in a generally arcuate manner, so as to be fitted
      (on an angle if necessary) through the gaps in the expanded metal backing
      and further shaped so that end prongs 6 will lock into place onto one
      "diamond" of the expanded metal backing 4. As will be apparent, any
      location in the expanded metal backing will be acceptable, although for
      most purposes the central location, adjacent the hole in the paper backing
      will be preferred. However, where the block must be cut and shaped into a
      size to fit a peculiar area on the surface to be insulated, it will be
      apparent that this washer would be placed advantageously at or near the
      center of gravity or even two washer assemblies used, as shown in FIG. 7.
PAR  This washer, in conjunction with the other pieces of stud assembly 7, as
      illustrated in FIG. 3, provides an effective means of attaching the
      insulation module to the furnace surface, employing the stud welding
      technique fully described and claimed in U.S. Pat. No. 3,706,870 issued
      Dec. 19, 1972, and also referred to in the above-mentioned copending
      application. FIG. 3 shows the stud assembly 7, as it would appear when
      attached to the furnace wall.
PAR  Prior to locking the washer 4 into place in the selected diamond location
      in the expanded metal backing, tube and nut assembly 9 is inserted through
      the selected diamond into the ceramic fiber insulation thickness. The dart
      10 shown at the tip of tube and nut assembly 9 merely provides a point on
      the tube and nut assembly so it will easily penetrate into the ceramic
      fibers. As will be more fully understood with reference to the
      above-mentioned U.S. Pat. No. 3,706,870, the tip of tube and nut assembly
      9 which is adjacent to the dart is flared out slightly to facilitate stud
      welding. The dart 10 is removable. It may or may not protrude through to
      the hot face of the insulation module. As shown in FIG. 10 the dart 10
      protrudes beyond the hot face of the first mat, and thus facilitates
      locating the stud once the module is in place on the surface and ready to
      be attached.
PAR  Once the tube and nut assembly is inserted into the ceramic fiber
      insulation, the washer 5 is inserted and locked in place at the selected
      diamond location. When this is accomplished, the stud and ceramic ferrule
      assembly 7 is inserted into the diamond location, the stud 12 being
      extended through the central hole 8 in the washer 5 and contacting the nut
      11, wedged inside tube and nut assembly 9 as further illustrated in FIG.
      10. At this point, the module is ready for placement on the furnace
      surface, the dart 10 is removed from the tube and nut assembly 9, and the
      stud welding procedure as more fully described in the above referenced
      patent is carried through. The stud 12 is welded onto the surface of the
      furnace wall and the nut 11 screwed down onto the stud into the thickness
      of ceramic fiber insulation. The tube is removed from the nut and taken
      out of the insulation. The fibers are then closed over the nut and stud
      effectively sealing them from the impinging heat.
PAR  A second preferred embodiment of the present invention, enabling
      utilization of the preferred method of fastening as described above, is
      illustrated in FIGS. 5 and 6. As seen in FIG. 5, the backing is a standard
      welded wire mesh 13 adhered to the ceramic fiber mat by steel clinching
      type staples 14. The washer 5 is then fitted into a span between two
      lengths of welded wire.
PAR  While the preferred embodiments of the invention have been described with
      reference to a particular means of fastening, that is, the stud welding
      technique described, it should be understood that any other suitable
      method of fastening the insulation module to the surface of the furnace
      will be acceptable. With a solid backing plate, a suitable ceramic mortar
      applicable at temperatures expected for the cold face of the module may be
      employed. Alternatively, for the open mesh type of backing plate, an
      explosive impact type drive pin fastener technique, which is well known to
      those skilled in this art, will also provide the dual advantages of being
      accomplished in a single step and of having the fastener hidden within the
      mat of ceramic fiber insulation after installation. Those skilled in this
      art will undoubtedly see many further advantages and many equivalent means
      of fastening the ceramic fiber insulation module to the surfaces of the
      heating chamber.
PAR  The insulation module of this invention is formed by adhering to each other
      one or more separate layers of ceramic fiber insulation mat formed as
      described above to form an insulation block of desired final thickness. It
      should be understood, however, that in order to obtain the full advantages
      of the present invention, each such separate sheet of ceramic fiber
      insulation material should be formed with the fibers disposed generally in
      planes perpendicular to the outer surfaces or faces of the module. Thus,
      for example, a mat formed with strips cut 2 inches thick, could be adhered
      to another mat formed from 2 inch strips, resulting in an insulation block
      4 inches in total insulation thickness. If desired, opposing layers to be
      adhered to each other could also be oriented so that the strips would be
      facing in directions perpendicular to each other. Such a configuration,
      illustrated in FIGS. 11 and 11a, would provide additional structural
      rigidity to the final module, and overlapped seams between modules.
PAR  An additional advantage to providing an insulation thickness consisting of
      more than one mat of ceramic fiber insulation is that the outer sheet,
      forming the hot face of the module, may be offset slightly with respect to
      the remaining thicknesses of insulation in such manner as illustrated in
      FIG. 11. As shown in FIG. 11, the outer layer of insulation thickness
      overlies the inner layer or layers of the module which are adjacent to it
      on the wall surface. Thus, the seam or joint between the adjacent
      insulation modules, which can serve as a point of insulating weakness, is
      effectively overlapped and sealed. FIG. 11a illustrates a design in which
      all joints of adjacent insulation modules are overlapped, thus providing
      further improved joint seals.
PAR  As will be apparent, an insulation module formed from a single thickness of
      ceramic fiber insulation may also be shaped into the offset overlapping
      form, if desired, by simply cutting a portion of the insulation material
      from the edges of the module in the appropriate locations.
PAR  Shrinkage, as a result of exposure to high temperatures occurs in the
      longitudinal direction of the individual ceramic fiber strips. Thus it
      becomes beneficial to provide overlapping in the joints which are
      perpendicular to the ceramic fiber strips.
PAR  Added benefit accrues from overlapping joints which are parallel to the
      strips as well. This feature is illustrated in FIG. 11a.
CLMS
STM  We claim:
NUM  1.
PAR  1. An insulation module for lining an interior wall of a high temperature
      chamber comprising:
PA1  a first block of high temperature insulating material, said first block
      comprising:
PA2  a relatively cold face for positioning adjacent the interior wall of the
      high temperature chamber, and
PA2  a relatively hot face, opposite said cold face, for exposure to a
      relatively cold face of a second black of high temperature insulating
      material; and
PA1  a second block of high temperature insulating material, said second block
      comprising:
PA2  a relatively cold face for positioning adjacent said relatively hot face of
      said first block, and
PA2  a relatively hot face, opposite said cold face of said second block, for
      exposure to chamber heat;
PA1  said first and said second blocks each comprising:
PA2  a plurality of strips of resilient fiber insulation positioned adjacent
      each other in side-by-side relation, the fibers of said resilient strips
      being arranged in planes substantially perpendicular to the plane of said
      respective relatively hot faces of said first and said second blocks;
PA2  said first and said second blocks being attached together, said strips of
      said first block being arranged to face in a lateral direction
      perpendicular to said strips of said second block to provide an insulation
      module attachable to the interior wall of the high temperature chamber.
NUM  2.
PAR  2. The insulation module of claim 1 wherein said fibers are randomly
      oriented in said planes of fibers.
NUM  3.
PAR  3. The insulation module of claim 1 wherein said first block is offset
      slightly in at least one direction so as to overlap said second block and,
      wherein said modules are attachable to the interior wall of the high
      temperature chamber to overlap a seam between adjacent modules.
NUM  4.
PAR  4. The insulation module of claim 1 and further comprising a thin, rigid
      substrate attached to said first block for affixing the module to the wall
      of the high temperature chamber.
NUM  5.
PAR  5. The insulation module of claim 4 wherein said thin, rigid substrate is
      provided with at least one opening through which a fastening stud assembly
      may be inserted for affixation of the module to the wall of the high
      temperature chamber.
NUM  6.
PAR  6. The insulation module of claim 5 wherein said thin, rigid substrate
      comprises expanded metal and wherein said substrate is attached to said
      cold face of said first block.
NUM  7.
PAR  7. The insulation module of claim 5 wherein said thin, rigid substrate
      comprises a welded wire mesh adhered to said cold face of said first block
      by steel clinching type staples.
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ABST
PAL  A gas pressure bonding furnace having a convection shield with (1)
      monolithic tubular refractory insulation having its upper end surrounding
      the work receiving hot zone of the furnace and its lower end depending to
      a cool zone, (2) an impervious tubular metal shell surrounding the tubular
      insulation and holding it under compression by differential thermal
      expansion, (3) a cover closing the top of the shell by a gas tight gasket
      seal and (4) a piston actuated by the gas working pressure to hold the
      cover closed. In a preferred form, the insulation is cast in the shell and
      the composition is an alumina cement with embedded alumina balloons.
BSUM
PAR  The operation of high temperature furnaces for gas pressure diffusior
      bonding and isostatic pressing is improved by a convection shield which
      prevents mass flow of the gas to the pressure vessel and simplifies the
      loading and unloading of the work. The furnace insulation is a refractory
      cement held under compression by differential thermal expansion of a metal
      shell spaced inward from the pressure vessel. The lower end of the shell
      depends to a cold zone and is open to permit pressure equalization. The
      upper end of the shell surrounds the hot zone of the furnace and is closed
      gas tight by a cover having a gasket seal and an actuator using the gas
      pressure so increase in working pressure cannot cause leakage.
DRWD
PAR  In drawing
PAR  FIG. 1 is an elevation partly in section through a diffusion bonding
      furnace and
PAR  FIGS. 2 and 3 are diagrams.
DETD
PAR  Hot isostatic pressing and diffusion bonding are carried out in a pressure
      vessel having upright tubular side walls 1 (usually water cooled) and top
      and bottom closures 2, 3. The work 4 is carried on a pedestal 5 extending
      upward from a suitable support (not shown) on the bottom closure. Electric
      heating elements 7 surround the work and create a hot zone required for
      heating the work. Insulation (not shown) in and around pedestal 5 results
      a cool zone at the lower end of the pedestal. The foregoing is of common
      construction and may differ substantially from the structure illustrated.
PAR  To prevent convection between the hot zone of the furnace and the walls 1
      of the pressure vessel, a convection shield 8 is provided which surrounds
      the top and sides of the furnace and extends to the cool zone below the
      furnace. This shield is impermeable to gas at its top and sides and is
      open at the bottom for pressure equalization. Convection currents due to
      thermal gradients between the furnace and the cooled walls of the pressure
      vessel are positively prevented.
PAR  The convection shield has a tubular metal shell 9 spaced inward from the
      side walls 1 of the pressure vessel with its upper end extending
      substantially above the hot zone of the furnace and with its lower end 11
      depending into the cool zone adjacent the bottom closure 3 and supported
      on the closure by brackets 9a. The shell has flanges 12, 13 at its upper
      and lower ends defining a tubular space into which is cast refractory
      concrete or cement insulation 14. The refractory cement may be any of the
      commercially available cements which can stand the operating temperature,
      which will block mass flow of the gas through the cement but which are
      sufficiently porous to permit diffusion of the gas into the cement, and
      which have a coefficient of thermal expansion such that the shell holds it
      under compression at the operating temperatures. The compression greatly
      increases the life by preventing cracks on the inner surface of the
      refractory. The combination of a steel shell and an alumina cement has
      given satisfactory results for operation at temperatures of 2800.degree. F
      and pressures of 15,000 lbs./sq.in.
PAR  The upper end of the convection shield is closed hermetically or gas tight
      by a cover 15, a gasket 16 and a sealing ring 17. The sealing ring is
      integral with the flange 12 and has a gasket surface 18 for the gasket.
      The cover has a surface 19 for the gasket. Sealing pressure is applied to
      the cover by a spring 20 in thrust relation between the cover and the top
      closure. The spring is located in a body 21 removably fixed in the top
      closure. One end of the spring 20 is seated in a body 21 and the other end
      transmits a force to cover through piston 22, piston 23, and ram 24
      swivelled on the lower end of piston 23. The spring 20 exerts enough force
      to seal at low pressures. The piston 22 which is supplied with gas working
      pressure through way 25a supplies enough sealing force to prevent leakage
      at any higher working pressure. This is important; if there were leakage
      through the gasket 16, convection would be set up through the leak and gas
      would circulate from the work piece 4 to the cold walls 1 and the
      resultant turbulence  in the hot zone would cause uncontrollable
      variations in temperatures about the work piece 4. Absence of leakage
      becomes more important at higher pressures since convection increases
      faster than pressure as shown by comparison of FIGS. 2 and 3.
PAR  To prevent overheating of the pistons 22, 23 coolant may be circulated
      through inlet way 25 leading to space 26 between the pistons and outlet
      way 27 leading from the space 26. The way 27 is similar to way 25 in
      configuration but is in a plane at right angles to the plane of way 25. A
      plug 28 of castable refractory such as alumina cement is mounted on the
      cover 15 to insulate the cover and reduce the quantity of gas required. A
      similar plug may be mounted on the ram 24. The gas remains relatively
      quiet in the narrow space 29 around the plug 28.
PAR  Loading the furnace requires four steps. First the work piece 4 is mounted
      on the pedestal 5. Second the cover 15 is mounted on the sealing ring 17
      at the upper end of the convection shield 8. Third, the closure 2 which
      carries the ram 24 and the associated parts is mounted in the upper end of
      the pressure vessel. Fourth, the pressure vessel is pressurized with an
      inert gas such as argon, etc. and the heating elements 7 are energized. A
      vacuum may be drawn before pressurizing to remove air. If necessary one or
      more purging operations with the inert gas may be carried out before final
      pressurizing.
PAR  Unloading requires the same steps in reverse order. First depressurizing,
      second removing the top closure 2, third removing the cover 15 and fourth
      removing the finished work piece. Both the loading and unloading
      operations are fast enough that the furnace does not have time to cool
      down between cycles. During the working cycle turbulence of the hot
      pressurized gas about the work piece 4 is prevented by the convection
      shield 8. Due to the absence of turbulence, the temperature of the gas
      about the work piece is uniform from top to bottom. The hermetic seal
      provided by the gasket 16 prevents mass flow of gas in the narrow space 29
      surrounding the plug 28 on the cover 15. The gas diffuses into the porous
      refractory cement. This diffusion takes place without turbulence and
      without building up pressure differentials within the refractory cement
      which could cause breakage of the cement on depressurizing. By making the
      furnace insulation an integral part of the convection shield insulation
      remains in place at all times during the operation and need only be
      removed for replacement or repair. By casting or plastering the refractory
      cement directly on the inner surface of the shell 9, the space required
      for the furnace insulation is reduced so that a larger part of the space
      may be used for the furnace. The removal of cover 15 provides easy access
      for loading and unloading. The structure for conducting gas into and out
      of the vessel and the electrical connections for the heating elements are
      well known and need no illustrations.
PAR  The thermal insulation is increased and convection decreased dispersing low
      porosity open cell refractory balloons in the cement 14.
PAR  Refractory balloons are hollow spheres of high density ceramic such as
      alumina, zirconia, etc., of diameters in the range of 1/16 inch to 1/8
      inch. For example, while the alumina cement has a density of about 75%,
      alumina balloons have a density of 99%. One effect of the balloons is to
      trap gas. The trapped gas greatly decreases the thermal conductivity. For
      example, the conductivity of alumina cement is about 10 and the
      conductivity of the high density alumina shells of the balloons is about
      12. The conductivity of the argon at the operating temperatures and
      pressures of the furnace is about 0.01. Another effect of the balloons is
      to block mass flow of the gas. The low porosity shells of the balloons
      substantially completely block the flow of gas through the balloons. The
      shells of the balloons are in effect impervious to the gas. The
      substantial flow of heat and the substantial flow of gas must accordingly
      be through the restricted sections of cement between the balloons. Flow of
      heat and gas straight through the balloons is essentially blocked.
      Refractory balloons are commercially available products.
PAR  The benefits of the balloons are achieved with relatively small amounts,
      e.g. 20% by volume balloons and 80% by volume cement. The mechanical
      properties of the mixture, i.e. strength, resistance to cracking, etc. are
      not significantly changed.
PAR  The improved resistance to heat and gas flow both increase the efficiency
      of the furnace by reducing the heat loss to the pressure vessel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A furnace for isotatic pressing, diffusion bonding and the like
      comprising
PA1  A pressure vessel for holding gas at high pressures, said vessel having
      tubular walls with a top closure and a bottom closure,
PA1  Means for creating a hot zone in the upper part of the vessel and a cool
      zone in the lower part of the vessel,
PA1  A convection shield having an impervious tubular shell open at the top and
      bottom and spaced inward from the vessel side walls and surrounding the
      hot and cool zones and having its open top spaced below said top closure,
      and
PA1  Means for hermetically sealing the open top of the tubular shell comprising
      a cover for closing the top of the shell and piston means in thrust
      relation between the top closure and the cover and energized by vessel gas
      pressure for forcing the cover into gas tight sealing engagement with the
      open top of the shell.
NUM  2.
PAR  2. A furnace for isostatic pressing, diffusion bonding and the like
      comprising
PA1  A pressure vessel having means for holding gas at high pressure, said
      vessel having tubular side walls with a top closure and a bottom closure.
PA1  Means for creating a hot zone in the upper part of the vessel and a cool
      zone in the lower part of the vessel,
PA1  A convection shield having an impervious tubular shell open at the top and
      bottom and spaced inward from the vessel side walls and surrounding the
      hot and cool zones and having its open top spaced below said top closure,
PA1  Cover means for engaging and hermetically sealing the open top of the
      tubular shell and
PA1  A refractory cement cast on the interior of the shell for providing thermal
      insulation for the hot zone and for blocking mass flow of gas through the
      cement to the shell.
NUM  3.
PAR  3. The furnace of claim 2 in which the means for hermetically sealing the
      open top of the shell comprises a cover for closing the top of the shell
      and piston means in thrust relation between the top closure and the cover
      and energized by vessel gas pressure for forcing the cover into gas tight
      sealing engagement with the top of the shell.
NUM  4.
PAR  4. The furnace of claim 2 in which the shell has an inwardly extending
      flange at its open top against which the refractory cement is cast and on
      which is mounted a sealing ring for the cover means.
NUM  5.
PAR  5. The furnace of claim 2 in which the differential thermal expansion of
      the shell and cement maintains the cement under compression and prevents
      damaging cracks in the cement.
NUM  6.
PAR  6. The furnace of claim 2 in which the cement has dispersed therein
      particles of material substantially impervious to gas.
NUM  7.
PAR  7. The furnace of claim 6 in which the particles are open cell balloons
      with shells of dense ceramic.
NUM  8.
PAR  8. The furnace of claim 7 in which the balloons are of high purity alumina.
NUM  9.
PAR  9. The furnace of claim 7 in which the balloons are a minor fraction of the
      volume of the cement.
NUM  10.
PAR  10. The furnace of claim 7 in which the balloons are about 1/16 inch to 1/8
      inch in diameter.
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ABST
PAL  The invention relates to a process for the manufacture of prints which are
      fast to wet processings and sublimation on textile or non-textile sheets
      by means of the transfer printing process, wherein dyestuffs containing
      mercapto, hydroxyl and/or amino groups and applied to sheets by means of
      the transfer printing process are fixed by the action of isocyanates or
      masked isocyanates, which are applied to the sheets before, during, or
      after the dyestuff transfer.
PARN
PAR  This is a divisional of application Ser. No. 245,648, filed on Apr. 19,
      1972, now U.S. Pat. No. 3,782,896.
BSUM
PAR  It is known to print textile materials that are in the form of webs by
      means of textile printing machines that have engraved printing rollers.
      Very recently, the so-called transfer printing has become known, wherein
      the dyestuffs are transferred onto the textile substrate by diffusion and
      sublimation from printed intermediate or auxiliary carriers, chiefly paper
      webs. Such transfer printing processes are described in French Pat. No.
      1,223,330 and in Swiss Pat. No. 476,893.
PAR  Since dyestuffs which are more or less easily sublimable and with not too
      high a molecular weight are used for this process, the fabric prints
      obtainable by means of the transfer printing are not particularly fast to
      ironing and migration.
PAR  The discovery has now been made that, notwithstanding, it is possible to
      obtain fast prints by applying to the fibres beforehand, simultaneously or
      afterwards, chemical fixing agents which react chemically with the
      transferred dyestuffs.
PAR  The invention therefore relates to a process for the manufacture of prints
      which are fast to wet processings and sublimation on textile or
      non-textile sheet materials by means of the transfer printing process,
      characterised in that the sheet materials are printed with disperse
      dyestuffs containing mercapto, hydroxyl and/or amino groups by the
      transfer printing process and fixed by the action of isocyanates or masked
      isocyanates.
PAR  Suitable fibre materials are those from cotton and wool and preferably from
      hydrophobic synthetic fibres, for example acrylic fibres of
      polyacrylonitrile and copolymers of acrylonitrile and other vinyl
      compounds, such as acrylic esters, acrylic amides, vinyl pyridine, vinyl
      chloride or vinylidene chloride, copolymers of dicyanoethylene and vinyl
      acetate, fibres of polyurethane, polyolefines, cellulose tri-acetate and
      cellulose-21/2-acetate, polyamides, such as nylon 6, nylon 66 or nylon 12,
      and in particular, fibres of aromatic polyesters, for example those from
      terephthalic acid and ethylene glycol or 1,4-dimethylolcyclohexane and
      copolymers of terephthalic and isophthalic acid and ethylene glycol.
PAR  The fixing of dyed hydrophobic synthetic textile material is distinguished
      primarily in that the fixing of the dyestuff in the solution of the
      dyestuff takes place in the fibre itself, since fibres such as polyester,
      acrylic and synthetic polyamide fibres, do not contain the disperse
      dyestuffs in aggregate form, but in the form of a solution.
PAR  The disperse dyestuffs present on the wool fibres or dissolved in the
      hydrophobic, fully synthetic fibres, contain either hydroxyl groups and/or
      primary or secondary amino groups which react basically and are able to
      react with the isocyanates. The disperse dyestuffs contain preferably at
      least one primary or secondary amino group.
PAR  Particularly preferred dyestuffs are those which contain both hydroxyl and
      amino groups.
PAR  The dyestuffs may belong to the most diverse dyestuff classes, for example
      the classes of perinone, quinophthalone, nitro, stilbene and methine
      dyestuffs, including the styryl, azamethine, polymethine and azostyryl
      dyestuffs. Preferably they belong to the azo series, such as the mono- or
      disazo series, to the anthraquinone series.
PAR  Suitable disperse dyestuffs are, for example, those of the following
      formulae:
      ##SPC1##
PAL  obtained by diazotising 2-cyano-4-nitroaniline and coupling with
      N-bis-(.beta.-hydroxyethyl)-aniline;
      ##SPC2##
PAL  obtained by diazotising p-aminosulphonylaniline and coupling with
      N-ethyl-N-.beta.-aminoethyl-aniline;
      ##SPC3##
PAL  obtained by diazotisation of
      2-chloro-4-(.beta.-aminoethylamidosulphonyl)-aniline and coupling with
      N-ethyl-N-.beta.-methylaminoethyl-aniline;
      ##SPC4##
PAL  obtained by diazotisation of p-nitro-aniline and coupling with
      N-.beta.-hydroxyethyl-N-.gamma.-aminopropylaniline;
      ##SPC5##
PAL  obtained by diazotisation of 4-(.beta.-hydroxyethylamidosulphonyl)-aniline
      and coupling with N-.beta.-hydroxyethyl-N-.gamma.-aminopropylaniline;
      ##SPC6##
PAL  wherein Z represents a hydroxy or acetyloxy group or a hydrogen or chlorine
      atom,
      ##SPC7##
      ##SPC8##
PAL  2-hydroxy-5-methyl-4'-acetylaminobenzene
      ##SPC9##
PAR  The treatment with the isocyanates can be carried out in such a manner that
      the isocyanate acts upon the fabric in vapour form before, during or after
      the transfer of the dyestuff. It is also possible to apply the isocyanate
      by means of prior padding.
PAR  To fix the dyestuff, the alkyl- and arylisocyanates and heterocyclic
      isocyanates are used, for example methylisocyanate, ethylisocyanate,
      n-propylisocyanate, n-butylisocyanate, octylisocyanate, methylisocyanate
      acetate, butylisocyanate acetate, cyclohexylisocyanate, phenylisocyanate,
      p-tolylisocyanate, o-, m- and p-chlorophenylisocyanate, m- and
      p-nitrophenylisocyanate, 2,5-dichlorophenylisocyanate, o- and
      p-methoxyphenylisocyanate, 2-naphthylisocyanate, 2-bisphenylylisocyanate,
      2-isocyanatotetrahydropyrane, tetrahydrofurfurylisocyanate,
      3`-isocyanatopyridine 2-furylisocyanate, 3-isocyanato-N-ethylcarbazole
      and, preferably, isocyanates of sulphur-containing heterocycles such as
      2-carbomethoxy-3-isocyanatothiophene, 2-isocyanato-3-cyanothiophene,
      2-isocyanato-3-carbomethoxy-4-methyl-thiophene,
      2-isocyanato-5-methylthiophene-3-carboxylic acid amide,
      2-isocyanato-3-carbomethoxy-4,5-dimethylthiophene,
      2-isocyanato-3-carboethoxy-4,5-tetramethylene-thiophene, and
      3-isocyanatosulpholane.
PAR  Particularly good fastness properties are obtained by using di- and
      multivalent diisocyanates, for example hexamethylenediisocyanate,
      tetramethylenediisocyanate, ethylenediisocyanate,
      N,N'-bis-(4-methyl-3-isocyanato-phenyl)-urea,
      cyclohexane-1,4-diisocyanate, isophorone-diisocyanate,
      1,2,3,4,5,6-hexahydro-diphenylmethane-4,4'-diisocyanate, as well as
      aromatic diisocyanates such as toluene-2,4-, 2,5- or 2,6-diisocyanate or
      mixtures thereof, phenylene-1,4-diisocyanate,
      bis-(4-methyl-3-isocyanatophenyl)-carbodiimide,
      diphenyl-4,4'-diisocyanate, diphenylmethane-3,3'-diisocyanate,
      diphenyl-dimethylmethane-4,4'-diisocyanate, stilbene-4,4'-diisocyanate,
      benzophenone-4,4'-diisocyanate, diphenylether- or
      diphenylsulphide-diisocyanate, as well as their substitution products,
      e.g. derivatives substituted with alkyl, alkoxy, halogen or nitro groups,
      such as, e.g. 3,3'-dimethyl- or 3,3'-dimethoxy- or
      3,3'-dichlorodiphenylmethane-4,4'-diisocyanate. Also cited as examples are
      diisocyanates of the naphthalene series, such as
      naphthylene-1,5-diisocyanate, or heterocyclic diisocyanates, e.g. of
      benzofuran, or diisocyanates containing urea and uretdione groups, such as
      1,3-bis-(4'-methyl-3'-isocyanatophenyl)-uretdione.
PAR  For preference, ordinary commercially available diisocyanates are used, for
      example 1,6-hexamethylene-diisocyanate or mixtures thereof.
PAR  Particularly advantageous is the use of isocyanates in the form of
      so-called "masked isocyanates". This class of substances, which is unitary
      in its chemical function, consists of chemical derivatives of isocyanates
      which decompose into free isocyanates only on the application of heat or
      in the presence of special activators. The free isocyanates then react in
      the desired manner with the dyestuffs, which are either on or in the
      fibres, and fix these chemically.
PAR  Suitable masked isocyanates are: isocyanates in the form of their
      decomposition products with alcohols, phenols, thiols, carboxylic acid,
      hydrocyanic acid, amines, oximes, carboxylic amides and sulphonamides,
      ureas, urethanes, methylene-active compounds, bisulphites, cyanamide and
      dimeric isocyanates.
PAR  Such products are described in the literature (cf. Angew, Chemie, Col. 49,
      pages 257 to 288 (1947), Liebigs Annalen, Vol. 562, pages 205 to 299,
      Ullmann, Encyclopadie der technischen Chemie, Vol. 14, page 341, 3rd
      Edition). Exemplary of such masked isocyanates are:
EQU  C.sub.2 H.sub.5 OCONH(CH.sub.2).sub.6 NHCOOC.sub.2 H.sub.5
      ##SPC10##
EQU  (C.sub.2 H.sub.5 OCO).sub.2 CHCONH(CH.sub.2).sub.2 NHCOCH(COOC.sub.2
      H.sub.5).sub.2
EQU  (C.sub.2 H.sub.5 OCO).sub.2 CH-CO-NH(CH.sub.2).sub.6 NHCOCH(COOC.sub.2
      H.sub.5).sub.2
EQU  (C.sub.2 H.sub.5 OCO).sub.2 CH-CO-NH(CH.sub.2).sub.4 NHCOCH(COOC.sub.2
      H.sub.5).sub.2
      ##SPC11##
EQU  NaO.sub.3 SCONH(CH.sub.2).sub.6 NHCOSO.sub.3 Na
      ##SPC12##
EQU  CH.sub.3 --COOCO--NH(CH.sub.2).sub.6 NH--COOCO--CH.sub.3
EQU  [NC--NH--CO--NH--(CH.sub.2).sub.3 ].sbsb.2
      ##SPC13##
      ##SPC14##
PAL  [bis(benzoesaure-1,2-sulfimid-N-carbonsaure)-hexamethylendiamid]
      ##SPC15##
PAR  It is possible, for example, to impregnate or coat carrier sheets or papers
      with such masked isocyanates (preferably in the form of finely divided
      printing pastes which contain from 50 mol% to 500 mol%, preferably from
      200 mol% to 400 mol%, relative to the dyestuff used, of the isocyanate
      compound in a preferably organic medium which boils at 1 atmosphere
      pressure below 220.degree.C) and then, exactly as in the transfer printing
      process, to apply the isocyanate which is split off at elevated
      temperature to the sheet material to be printed. This can be done before
      the printing with the dyestuff, if the conditions are so chosen that the
      isocyanate remains for a sufficient length of time on the sheet material
      in order to fix the dyestuff. It is also possible to apply the isocyanate
      by transfer or by padding after the printing with the dyestuff.
PAR  A further particularly interesting possibility consists in printing the
      auxiliary sheets or papers, which are printed with the dyestuff, with a
      masked isocyanate which liberates the isocyanate at a temperature at which
      the dyestuff has already been transferred to the sheet material to be
      printed, so that, after the actual transfer printing, it is only necessary
      to raise the temperature so as to liberate the isocyanate and fix the
      dyestuff.
PAR  During the treatment with isocyanates it is advantageous to add basic and
      other accelerating catalysts, for example tertiary organic amines, such as
      hexahydro-N,N-dimethyl-aniline, tribenzylamine, N-methyl-piperidine,
      N,N'-dimethylpiperazine, alkali or alkaline earth hydroxides, heavy metal
      ions, such as iron(III), manganese(III), vanadium(V) or metal soaps such
      as lead oleate, lead-2-ethylhexanoate, zinc(II)octanoate, lead and cobalt
      naphthenate, zinc(II)-ethylhexanoate, and also bismuth, antimony and
      arsenic compounds, for example tributyl arsenic, triethylstibine oxide or
      phenyldichlorostibine.
PAR  It is also possible to add to the reaction of the isocyanates retarding
      substances, for example sulphur dioxide and boric acid or compounds which
      form acid fission products, such as carboxylic acid chlorides,
      butadienesulphonic and boric acid alkyl esters.
PAR  The other dyestuffs whose conjoint use is optional may be any kind of
      dyestuffs and/or fluorescent whitening agents which are not capable of
      reacting with isocyanates and are suitable for the transfer printing on
      account of their sublimation and diffusion behaviour, for example disperse
      dyestuffs of the following chemical classes: anthraquinoid dyestuffs, azo
      dyestuffs, quinonaphthalone dyestuffs, styryl dyestuffs or
      nitrodiarylamines, for example dyestuffs of the following formula:
      ##SPC16##
PAR  Suitable fluorescent whitening agents are primarily mono- and bisazole as
      well as benzoxazole derivatives, for example the fluorescent whitening
      agents of the formula
      ##SPC17##
PAL  wherein R is hydrogen, isopropyl, methyl, tert.butyl.
PAR  Suitable sublimable dyestuffs within the purport of the invention are those
      dyestuffs and chromogenic substances which, in conformity with the
      "Process for Determining the Fastness to Dry Heat Setting and Fastness to
      Pleating of Dyeings and Prints (Dry Heating)" of the Swiss Standards
      Institute, Standard Specification SNV 95 8 33/1961, yield a tinctorially
      adequate surface bleeding (staining). In the case of Standard
      Specification SNV 95 8 33/1961, a sample of the dyed material is heated
      for 30 seconds under a pressure of 40 g.+-.10 g per cm.sup..sup.-2 at
      specified test temperatures in close contact with an undyed material for
      which the dyestuff shows a good affinity according to traditional methods.
PAR  In selecting the dyestuffs suitable for the process according to the
      invention, however, a printed or dyed auxiliary substrate such, for
      example, as paper is used instead of the dyed material.
PAR  In the process, the temperature conforms up to the thermal resistance or
      according to the behaviour of flow of the substrate to be printed in the
      transfer process. The process is thus carried out, for example, in the
      case of soft PVC at temperatures ranging approximately between 80.degree.
      and 140.degree.C, in the case of polypropylene at temperatures ranging
      approximately between 120.degree. and 155.degree.C and in the case of wool
      at temperatures ranging approximately between 160.degree. and
      220.degree.C. Depending on the substrate, the process is also carried out
      at temperatures lower from 80.degree.C or at temperature higher than
      220.degree.C if there merely results a tinctorially adequate surface
      bleeding (staining) on the substrate in contact with the dyestuff on the
      auxiliary carrier.
PAR  According to the invention, dyestuffs are also used that adequately stain
      (dye) the undyed substrate after a heating period of less than 30 seconds
      and up to 2 minutes and/or both at lower and at higher contact pressure
      than that specified in the Standard Specification, or also without contact
      pressure.
PAR  It is here quite immaterial whether the dyestuff sublimes in the physical
      sense or penetrates the substrate in some state other than the gaseous
      state, if it only migrates from the auxiliary carrier onto the substrate.
PAR  The substrates may be in the most diverse forms, but preferably in the form
      of sheet materials, for example woven and knitted fabrics, non-wovens,
      which may be in the form, for example, of webs or ready-meade goods, also
      carpets, foils, papers etc. It is also possible to print bottles and cans.
PAR  It is also possible to print blends of these materials with one another,
      i.e. both those from purely synthetic, hydrophobic fibres and those from
      natural and synthetic fibres.
PAR  The intermediate or auxiliary carriers necessary for the transfer printing
      can be any kind of structures, preferably non-textile ones, for preference
      sheet materials based on cellulose, chiefly paper, but also sheets of
      regenerated cellulose, which can be printed single or multi-coloured in
      the desired pattern or completely with aqueous, aqueous-organic but in
      particular with virtually anhydrous printing inks, solutions, dispersions
      or emulsions. Suitable carriers are also metal sheets; but chiefly paper
      is used as carrier.
PAR  The dyestuffs are applied and dried by printing, but this can also be done
      by impregnating or dyeing the intermediate carrier in the dyestuff
      solution or dispersion (for example, in a dye bath).
PAR  The intermediate carriers can also be printed on both sides, in the process
      of which dissimilar dyes and/or patterns can be selected for the two
      sides. In order to avoid using a printing machine, the printing inks can
      be sprayed onto the auxiliary carrier, for example by using a spray gun.
PAR  Particularly interesting effects are obtained if more than one shade is
      printed or sprayed onto the auxiliary carrier simultaneously. In the
      process, certain patterns can be obtained, for example by using stencils,
      or artistic patterns can be produced by using a brush. If the auxiliary
      carriers are printed, the most diverse forms of printing techniques can be
      employed, for example the planographic process (e.g. offset), the
      relief-printing process (e.g. book cylinder printing, rotary gravure,
      print engraving), softground etching (e.g. silk screen, film printing).
PAR  A particular embodiment of the transfer process consists in applying,
      instead of a complete web, only pieces of the carrier to the material to
      be printed.
PAR  These pieces are obtained by punching or cutting the above mentioned
      printed or dyed intermediate carriers into suitably formed segments, for
      example into flowers, rings, triangles, circles, stars, strips and so
      forth. The undyed intermediate carrier pieces can also be dyed or
      impregnated with the dyestuff(s), for example by dipping them into an
      appropriate dyestuff solution or dispersion.
PAR  These paper pieces are then scattered manually or by means of a suitable
      mechanical device onto the material to be printed and the whole is
      subsequently heated to the sublimation or diffusion temperature in a
      suitable device, for example an ironing press.
PAR  The two sides of a woven fabric, knitted fabric or fleece can be printed
      simultaneously or successively with identical or different patterns. It is
      also possible to apply a complete paper web, impregnated with the
      dyestuff, over the top of the scattered pieces of paper to be printed, and
      in this way a reserve effect is achieved in which the reserved areas are
      simultaneously printed.
PAR  A special resist effect is obtained if undyed pieces, for example paper
      pieces, are used together with, or optionally instead of, the colored
      intermediate carrier pieces. It is also possible to place the pieces of
      intermediate carrier between two textile webs and in this way to print
      both textile webs simultaneously.
PAR  On suing dispersions, the dyestuffs dispersed in the printing color must in
      the main have a particle size of .ltoreq.10.lambda., preferably
      .ltoreq.2.lambda.. Besides water, practically all organic solvents are
      possible that boil at atmospheric pressure at temperatures below
      220.degree.C, preferably below 150.degree.C, and which possess sufficient
      dissolving or dispersing power for the dyestuffs used and sufficient
      dissolving or emulsifying power for the binders to be used. Exemplary of
      organic solvents that may be used are: aliphatic and aromatic
      hydrocarbons, for example n-heptane and benzene, xylene or toluene;
      halogenated hydrocarbons, for example methylene chloride,
      trichloroethylene or chlorobenzene, nitrated aliphatic hydrocarbons, for
      example nitropropane, aliphatic amides, for example dimethylformamide or
      mixtures thereof; furthermore, glycols, for example ethylene glycol or
      polyethylene glycol-monoethylether or polyethylene glycol-diethylether,
      diethylcarbonate, dimethylcarbonate or esters, for example ethyl acetate,
      propylacetate, butylacetate, .beta.-ethoxyethyl acetate; aliphatic or
      cycloaliphatic ketones, for example methylethyl ketone, methylisobutyl
      ketone, cyclohexanone, isophorone, mesityloxide or diacetone alcohol;
      mixtures of an aliphatic ketone, for example methylethyl ketone, and of an
      aromatic hydrocarbon, for example toluene; and alcohols, for example
      methanol, ethanol and preferably n-propanol, isopropanol, n-butanol,
      tert.-butanol, sec.-butanol or benzylalcohol; furthermore, mixtures of
      several solvents are possible that contain at least one solvent from one
      of the above named classes. Printing inks that are practically anhydrous
      are used with advantage.
PAR  Especially preferred solvents are esters, ketones or alcohols, for example
      butyl acetate, acetone, methylethyl ketone, ethanol, isopropanol or
      butanol.
PAR  In addition to the dyestuff or brightener and solvent (diluent), the
      printing colors (inks) to be used according to the invention also contain
      preferably at least one binder, which acts on the material to be printed
      as thickener of the printing color and at least as temporary binder of the
      dyestuff. Synthetic, semi-synthetic and natural resins, which is to say
      both polymerisation as well as polycondensation and polyaddition products,
      are suitable as such binders. In principle, all resins and binders
      customary in the printing ink and paint industry, for example those
      described in the lacquer raw material tables of Karsten (4th edition,
      Hanover, 1967) and in Wagnes and Sarx's work on lacquer resins (4th
      edition, Munich, 1959), are used. Preferably, in the case of solvent-based
      printing inks, physically drying resins are used, i.e. resins that do not
      react (or cross-link) in the atmosphere or with each other chemically, but
      leave behind a dry film after the solvent has been removed. The use of
      resins that are soluble in the solvents used is advantageous.
PAR  In the case of printing inks that are solvent-free or contain but little
      solvent, it is preferable to use chemically drying binding agents, for
      example oxidatively drying oils, oil varnishes and oil-modified alkyd
      resins, or two or more components that react chemically with each other.
PAR  The following, for example, are suitable resins: colophony and derivatives
      thereof, hydrogenated colophony, dior polymerised colophony, with
      colophony esterified with monoor polyvalent alcohols; with resinifiers
      such as acrylic acid and butane diol or maleic acid and pentaerythritol
      modified colophony resin; the soluble phenol resins modified with
      colophony and resins based on acrylic compounds, maleinate resins,
      oil-free alkyd resins, styrolated alkyd resins, vinyl toluene modified
      alkyd resins, alkyd resins with synthetic fatty acids, linsed oil alkyd
      resins, ricinene alkyd resins, castor oil alkyd resins, soy oil alkyd
      resins, cocoanut oil alkyd resins, tall oil and fish oil alkyd resins,
      acrylated alkyd resins, also oils and oil varnishes. Also suitable are
      terpene resins, polyvinyl resins such as polyvinyl acetate, polyvinyl
      chloride, polyvinylidene chloride, polyvinyl acetals, polyvinyl alcohol,
      polyvinyl ether, copolymers and graft polymers with various vinyl
      monomers, polyacrylic resins, acrylate resins, polystyrenes,
      polyisobutylenes, polyesters based on phthalic acid, maleic acid, adipic
      acid, sebacic acid etc., naphthaline formaldehyde resins, furane resins,
      ketone resins, aldehyde resins, polyurethanes (especially urethane
      precondensates that cure only at elevated temperature), epoxide resins
      (especially resin-curing agent mixtures that cure only at elevated
      temperature) and precondensates thereof. Suitable too are primary-products
      of unsaturated polyester resins, dialkylphthalate-prepolymers,
      polyolefines such as polyethylene wax or polypropylene wax, indene and
      cumaronindene resins, carbamide and sulphonamide resins, polyamide and
      polyester resins, silicon resins, rubber and derivatives thereof, for
      example cyclorubber and chlorinated rubber, chiefly, however, cellulose
      derivatives such as cellulose esters (nitrocellulose, cellulose acetate
      and the like), and especially cellulose ethers, for example
      methylcellulose, hydroxyethylcellulose, hydroxypropylcellulose,
      propionitrile cellulose, ethyl cellulose and benzylcellulose. The
      corresponding derivatives of other polysaccharides can also be used.
PAR  The printing colors (solutions, dispersions, emulsions) manufactured by
      usual methods with the resins, dyestuffs, solvents or lithographic
      varnishes mentioned are applied directly to the auxiliary carrier to be
      printed.
PAR  In order to improve the suitability of the printing inks, optional
      components can be added, for example plasticizers, swelling agents, high
      boiling solvents such, for example, as tetralin or decalin, ionic or
      non-ionic surfaceactive compounds such, for example, as the condensation
      product of .beta.-naphthalenesulphonic acid with formaldehyde, partially
      desulphonated lignin sulphonate, or the condensation product of 1 mol
      octylphenol with 8 to 10 mols ethylene oxide.
PAR  The quantitive composition of the printing colors with respect to resin
      mixture and solvent mixture is determined by two requirements.
PAR  Where solvents are used, they must be present in such amounts that the
      resin remains dissolved and/or dispersed, and on the other hand, the
      amount of the solvent must be within such limits that the viscosity of the
      printing color has the necessary value for carrying out the printing
      process. Thus, for example, in gravure printing good results are obtained
      as a rule by using a proportion of resin: solvent that lies between 1:1
      and 1:50, preferably between 1:3 and 1:20.
PAR  Water-soluble thickeners such, for example, as polyvinyl alcohol, carob
      bean flour, methyl cellulose or water-soluble polyacrylates are used in
      aqueous inks.
PAR  To manufacture printing inks or dyeing dispersions, dyestuff preparations
      can be used that contain the dyestuffs mentioned above and a carrier
      resin. Such preparations possess the advantage that they contain the
      dyestuffs already in very finely divided form so that a milling or
      grinding process for the manufacture of the printing inks is superfluous.
      Printing inks that are ready for use are obtained with such preparations
      by merely stirring these in solvent or solvent/binding agent systems.
PAR  It is preferable to use the above named cellulose derivatives as resin,
      especially the ethers.
PAR  The transfer printing is carried out in the usual way. To this end, the
      carriers are brought into contact with the textile or non-textile sheet
      materials and maintained at sublimation or diffusion temperature for as
      long as it takes the dyestuffs applied to the auxiliary carrier to be
      transferred onto the textile material. As a rule a brief heating (10 to 60
      seconds) to 150.degree. to 220.degree.C suffices for this purpose.
      Transfer prints are also possible at lower temperatures, for example on
      polyvinyl chloride at 100.degree.C. The transfer printing may be carried
      out continuously on, for example, a heated roller or also by means of a
      heated plate (flat iron or warm press), or by using steam or dry warm air,
      under atmospheric pressure or in vacuo.
PAR  If the transfer printing is carried out by means of steam, the steam jet
      can, for example, be sent through the organ that presses against the
      substrate to be printed, or it can be sent through the substrate to be
      printed, for which purpose perforated cylinders, for example, can be used.
PAR  The following Examples illustrate the invention. In the Examples, the
      parts, unless otherwise stated, denote parts by weight and the percentages
      denote percentages by weight. The relationship between parts by weight and
      parts by volume is the same as that between the gram and milliliter.
DETD
PAC  EXAMPLE 1
PAR  a. 1 Part of yellow dyestuff of the formula
      ##SPC18##
PAL  10 parts of ethyl cellulose (Ethocel E 7, Dow Chem.), 42.5 parts of ethanol
      and 42.5 parts of methyl ethyl ketone are ground for 4 hours in a sand
      mill while cooling. Upon isolation of the sand from the ground product, a
      printing ink with very good fine division of the dyestuff is obtained. The
      printing ink obtained is imprinted on paper, providing a suitable
      intermediate carrier paper for the transfer printing process.
PAR  b. 5 Parts of a masked diisocyanate of the formula
EQU  (H.sub.5 C.sub.2 OOC).sub.2 --CH--CO--NH(CH.sub.2).sub.6
      --NH--CO--CH--(COOC.sub.2 H.sub.5).sub.2
PAL  (manufactured according to Liebigs Annalen der Chemie 562, 205, 1949) and
      95 parts of tetrachloroethylene are ground for 5 hours in a sand mill
      while cooling. Upon isolation of the sand from the ground product, a
      printing paste with very good fine distribution of the diisocyanate is
      obtained.
PAR  The printing paste obtained is imprinted on paper, thus providing an
      intermediate carrier paper suitable for the transfer printing process.
PAR  c. The dyestuff of the intermediate carrier paper obtained according to
      Example (1a) is transferred to polyethylene terephthalate fabric on an
      ironing press for 60 seconds at 220.degree.C. A yellow print with
      insufficient fastness to sublimation is obtained. The diisocyanate
      compound of the intermediate carrier paper obtained according to Example
      (1b) is transferred for 60  seconds to the resulting print. The
      transferred diisocyanate compound reacts with the dyestuff to give a
      yellow print of very good fastness to sublimation, light and wet
      processings.
PAC  EXAMPLE 2
PAR  In a manner analogous to Examples (1a) and (1b) intermediate carrier papers
      are manufactured with the red dyestuff of the formula
      ##SPC19##
PAL  and the transfer process is carried out on polyacrylonitrile fabric
      analogously to Example (1c). A red print having excellent fastness to dry
      heat is obtained.
PAC  EXAMPLE 3
PAR  In a manner analogous to Examples (1a) and (1b) intermediate carrier papers
      are manufactured with the yellow dyestuff of the formula
      ##SPC20##
PAL  Firstly, and proceeding in a manner analogous to Example (1c), the
      diisocyanate compound is transferred to polyethylene terephthalate fabric;
      then the dyestuff of the intermediate carrier paper obtained according to
      Example (1a) is transferred. A yellow print having very good fastness to
      dry heat is obtained.
PAC  EXAMPLE 4
PAR  In a manner analogous to Examples (1a) and (1b) intermediate carrier papers
      are manufactured with the red dyestuff of the formula
      ##SPC21##
PAL  and the transfer process is carried out on cellulose fabric. A print having
      excellent fastness to dry heat is obtained.
PAC  EXAMPLE 5
PAR  Red prints are obtained on polyamide fibres by the same process as
      described in Example 4.
PAR  A similar procedure is used for prints on wool, the sole difference being
      that the process is carried out at lower temperatures.
PAC  EXAMPLE 6
PAR  A polyethylene terephthalate fabric is impregnated with a solution or
      suspension of a diisocyanate (H.sub.5 C.sub.2 OOC).sub.2 --CH--
      --CO--NH(CH.sub.2).sub.6 --NH--CO--CH-(COOH.sub.2 H.sub.5).sub.2 (50 g/l)
      in tetrachloroethylene at room temperature, squeezed out and dried in the
      air. The dyestuff of the intermediate carrier paper obtained according to
      Example (1a) is then transferred to this polyethylene terephthalate fabric
      on an ironing press for 60 seconds at 220.degree.C. The transferred
      dyestuff reacts with the diisocyanate and a yellow print having very good
      fastness to dry heat setting is obtained.
PAC  EXAMPLE 7
PAR  1 Part of the yellow dyestuff of the formula
      ##SPC22##
      5 parts of a masked diisocyanate of the formula
      ##SPC23##
PAL  10 parts of ethyl cellulose (Ethocel E 7, Dow Chem.), 42 parts of ethanol
      and 42 parts of methyl ethyl ketone are ground for 4 hours while cooling.
      Upon isolation of the sand from the ground product, a printing ink with
      very good fine distribution of the dyestuff and the masked diisocyanate is
      obtained. The printing ink obtained is imprinted on paper, thus providing
      an intermediate carrier paper suitable for the transfer printing process.
PAR  The dyestuff is transferred to polyethylene terephthalate fabric on an
      ironing press for 60 seconds at 200.degree.C. A yellow print having
      insufficient fastness to dry heat setting is obtained. The diisocyanate
      compound is transferred to the resulting print for 60 seconds at
      220.degree.C. The transferred diisocyanate compound reacts with the
      dyestuff to give a yellow print having good fastness to dry heat setting.
CLMS
STM  We claim:
NUM  1.
PAR  1. A transfer printing process for the manufacture of prints on a textile
      or non-textile, hydrophobic sheet which prints are heat-fast and fast to
      wet processing, comprising the steps of
PA1  a. applying to an auxiliary carrier web a sublimable dyestuff containing a
      hydroxyl group, an amino group or both,
PA1  b. transferring said dyestuff to said sheet by heatinduced sublimation or
      diffusion from said auxiliary carrier web.
PA1  c. subsequently providing to the printed area of said sheet an isocyanate
      compound, having only one isocyanate group per molecule, and which is
      capable of reacting with said dyestuff and fixing the dyestuff to the
      printed area of said sheet by reaction therewith.
NUM  2.
PAR  2. The process of claim 1, wherein the dyestuff is selected from the group
      consisting of
      ##SPC24##
PAL  in which X represents a hydrogen or a chloride atom or a hydroxyl or an
      acetoxy group,
      ##SPC25##
PA1  wherein E.sub.1 is cyano, hydrogen or --CO--O--C.sub.n H.sub.2n.sub.+1
      where n is 3 or 4, E.sub.2 is hydrogen, phenyl or aminophenyl, and
      ##SPC26##
PAL  wherein
PA1  X.sub.1 is hydroxyl, hydrogen or unsubstituted amino,
PA1  X.sub.2 is hydroxyl, unsubstituted amino or methyl provided that when
      X.sub.1 is hydrogen X.sub.2 is not methyl,
PAL  and
PA1  Z is substituted by nitro, cyano, hydroxyethylsulfamoyl,
      aminoethylsulfamoyl or unsubstituted sulfamoyl.
NUM  3.
PAR  3. A process of claim 1, wherein the sheet is a textile sheet.
NUM  4.
PAR  4. A process of claim 3, wherein the textile sheet comprises semi-synthetic
      or fully synthetic fibers.
NUM  5.
PAR  5. A process of claim 4, wherein synthetic polyamide fibers are printed.
NUM  6.
PAR  6. A process of claim 4, wherein textile material from acrylic fibers is
      printed.
NUM  7.
PAR  7. A process of claim 4, wherein the fiber material contains ester groups.
NUM  8.
PAR  8. A process of claim 7, wherein the fibers are polyethylene terephthalate
      fibers.
NUM  9.
PAR  9. A process of claim 1, wherein the sheet is a non-textile sheet.
NUM  10.
PAR  10. A process of claim 9, wherein the sheet is supported by another kind of
      fabric support and printed.
NUM  11.
PAR  11. A process of claim 10, wherein polyvinyl chloride is printed.
NUM  12.
PAR  12. A process of claim 10, wherein polyurethane is printed.
NUM  13.
PAR  13. A process of claim 1, wherein the isocyanate compound is provided by
      decomposing a masked isocyanate applied to the sheet in the printed area.
NUM  14.
PAR  14. A process of claim 13, wherein the masked isocyanate is applied to the
      sheet either by padding or by a transfer of the masked isocyanate by
      heating process, before the dyestuff is applied thereto.
NUM  15.
PAR  15. A process of claim 13, wherein the masked isocyanate is heated to
      effect the decomposition thereof and liberation of the isocyanate
      compound.
NUM  16.
PAR  16. A process of claim 13, wherein step (a) further comprises applying a
      masked isocyanate to the auxiliary carrier web and wherein step (c) is
      effected by applying the auxiliary carrier web to the sheet and heating
      the web at a temperature at least as great as that used in step (b).
NUM  17.
PAR  17. The process of claim 2, wherein the masked isocyanate is heated to
      effect the decomposition thereof and liberation of the isocyanate
      compound.
NUM  18.
PAR  18. The process of claim 2, wherein step (a) further comprises applying a
      masked isocyanate to the auxiliary carrier web and wherein step (c) is
      effected by applying the auxiliary carrier web to the sheet and heating
      the web at a temperature at least as great as that used in step (b).
NUM  19.
PAR  19. A process of claim 16, wherein step (b) is carried out under vacuum.
NUM  20.
PAR  20. A process of claim 13, wherein the masked isocyanate is applied to the
      sheet either after or simultaneously with the dyestuff.
NUM  21.
PAR  21. A process of claim 1, wherein step (b) is carried out under vacuum.
NUM  22.
PAR  22. The process of claim 1, wherein the isocyanate is selected from the
      group consisting of methylisocyanate, ethylisocyanate, n-propylisocyanate,
      n-butylisocyanate, octylisocyanate, methylisocyanate acetate,
      butylisocyanate acetate, cyclohexylisocyanate, phenylisocyanate,
      p-tolylisocyanate, o-, m- and p-chlorophenylisocyanate, m- and
      p-nitrophenylisocyanate, 2,5-dichlorophenylisocyanate, o- and
      p-methoxyphenylisocyanate, 2-naphthylisocyanate, 2-bisphenylylisocyanate,
      2-isocyanatotetrahydropyrane, tetrahydrofurfurylisocyanate,
      3-isocyanatopyridine, 2-furylisocyanate, 3-isocyanato-N-ethylcarbazole,
      2-carbomethoxy-3-isocyanatothiophene, 2-isocyanato-3-cyanothiophene,
      2-isocyanato-3-carbomethoxy4-methyl-thiophene,
      2-isocyanato-5-methylthiophene-3-carboxylic acid amide,
      2-isocyanato-3-carbomethoxy-4,5-dimethylthiophene,
      2-isocyanato-3-carboethoxy-4,5-tetramethylene-thiophene, and
      3-isocyanatosulpholane.
NUM  23.
PAR  23. The process of claim 13, wherein the masked isocyanate contains a
      masking radical selected from the group consisting of alcohol, phenyl,
      bisulfite, oxime, carboxylic or sulfonic amide, urethane, urea, amine
      carboxylic acid, active methylene compound, cyanide, and cyanamide
      radicals.
NUM  24.
PAR  24. An auxiliary carrier web for use in heattransfer printing, consisting
      essentially of flexible sheet material carrying (1) a sublimable disperse
      dyestuff containing a hydroxyl group, an amino group or both, and (2) a
      masked isocyanate compound which decomposes to liberate an isocyanate,
      having only one isocyanate group per molecule, at a temperature no greater
      than 240.degree.C., wherein the sublimation temperature of the dyestuff is
      at least 10.degree.C. lower than the decomposition temperature of the
      masked isocyanate.
NUM  25.
PAR  25. An auxiliary carrier web of claim 24, wherein the sheet material is
      selected from the group consisting of paper, paper provided with a
      silicone-layer, cellophane and metal foil.
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ABST
PAL  In the Thermosol and like processes in which a dye-impregnated textile
      material is dried prior to fixation, uncontrolled migration of the dye to
      the surface of the material during the drying operation is obviated by the
      incorporation of an antimigration additive in the aqueous dye bath liquid,
      said additive being an amine salt of poly(vinyl methyl ether/maleic acid).
      The parent poly(vinyl methyl ether/maleic anhydride) from which the said
      poly(vinyl methyl ether/maleic acid) is prepared by hydrolysis has a
      specific viscosity of about 0.75 to about 4.5, preferably about 1.0 to
      3.5, more preferably from about 2.0 to about 3.5, measured at a
      concentration of 1 gram of said parent polymer per 100 ml. of methylethyl
      ketone at 25.degree.C. The additive, employed within the general range of
      from about 0.05% to about 0.50% by weight based on the total weight of the
      dye bath, serves to enhance the uniformity of the dyeing operation and the
      color properties of the dyed textile material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the dyeing of textile materials. More
      particularly, it relates to a dye bath composition and to a dyeing process
      in which uncontrolled migration of the dye to the material surface during
      drying prior to fixation is minimized.
PAR  Description of the Prior Art
PAR  In commercial dyeing operations in which a textile material is impregnated
      with a dye by padding with an aqueous dye bath liquid, as in the
      conventional Thermosol process, the dye-impregnated material is commonly
      dried, e.g., by heating, prior to fixation of the dye. It is well known
      that the dye particles tend to migrate to the surface of the material
      during the drying operation and that such migration tends to be of an
      uncontrolled and random nature. Such uncontrolled migration, however,
      leads to an uneven dyeing, detracting from the appearance and value of the
      dyed textile material. As a result, various additives, including natural
      gums, sodium alginate and a variety of synthetic antimigrants have been
      proposed in order to reduce such uncontrolled migration. Many of the
      materials thus proposed in the literature were described also with respect
      to thickening characteristics, the terms "thickeners" and "antimigrants"
      commonly being employed synonymously. While many materials thus proposed
      as antimigrants also tend to find application in other systems as
      thickeners, the more persuasive teachings available suggest that the
      viscosity of the dye bath per se does not have any significant effect with
      respect to the uncontrolled dye migration problem discussed above.
PAR  While various materials have thus been proposed as antimigration additives,
      no such materials have found widespread acceptance because of the
      relatively high incremental costs associated with the use of such
      antimigrants, undesirable side effects that often occur as a result of the
      presence of particular antimigrants in specific aqueous dye bath liquor
      systems or a combination of these or like factors disadvantageous in the
      overall dyeing operation. There exists in the art, therefore, a need and a
      desire for less expensive, more technically efficient antimigrants having
      an enhanced compatibility with aqueous dye bath liquid systems for the
      dyeing of textile materials.
PAR  It is an object of the present invention, therefore, to provide an improved
      aqueous dye bath liquid capable of minimizing undesired dye migration.
PAR  It is another object of the invention to provide an improved dyeing process
      in which migration of the dye during drying prior to fixation is
      minimized.
PAR  It is a further object of the invention to provide an improved dye bath
      liquid having a desirable combination of effective dye migration
      prevention and minimal incremental cost.
PAR  With these and other objects in mind, the invention is hereinafter
      disclosed in detail, the novel features thereof being particularly pointed
      out in the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  Dyed textile material of enhanced quality and appearance is conveniently
      obtained by minimizing uncontrolled dye migration to the surface of the
      material during drying prior to dye fixation by the incorporation of an
      amine salt of poly(vinyl methyl ether/maleic acid) in the aqueous dye bath
      liquid. The amine salt is incorporated in the aqueous dye bath liquid in
      small amounts within the general range of from about 0.05% to about 0.50%
      by weight, based on the total weight of said dye bath. By padding an
      aqueous dye bath liquid containing the indicated antimigration agent
      therein onto the textile material being treated, it is thereafter possible
      to dry the dyeimpregnated material prior to fixation without appreciable
      uncontrolled dye migration during the drying operation, thus preserving a
      greater uniformity of dyeing and permitting the production of the enhanced
      quality of product referred to above.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention applies to dyeing operations of the type represented
      by the conventional Thermosol process in which a dye is padded onto the
      fabric, achieving penetration into the textile fiber itself, followed by a
      drying of the dyeimpregnated textile material and a subsequent curing or
      fixation of the dye as by a heat treatment operation. While numerous
      proposals have been made for controlling the well known migration of the
      dye particles to the surface of the material during the drying step, the
      present invention is particularly advantageous in that the improved
      antimigration result achieved by carrying out the dyeing operation by the
      use of the novel dye bath liquid herein disclosed and claimed is of an
      economical nature and may readily be applied to a wide variety of dyeing
      operations, involving a variety of different textile materials and types
      of dyes. This combination of effective antimigration effect, economy and
      flexibility of application represents a significant advance in the efforts
      in the art to overcome the adverse effects resulting from uncontrolled
      migration of dyes during essential portions of the overall dyeing
      operations as conveniently carried out in commercial textile dyeing
      applications.
PAR  The novel dye bath liquid and the dyeing process that represent differing
      aspects of the present invention can readily be applied in the dyeing of
      the various textile materials commonly dyed by the conventional Thermosol
      process approach. Such materials include cotton fibers, polyester fibers,
      polyester-cotton blends, and the like, that are thus dyed in very large
      quantities in commercial operations. The invention is not limited to such
      fibers, however, but may also be readily applied to acrylic fibers, wool
      and the like. It might be noted, in this regard, that the Thermosol
      process is commonly employed for such dyeing purposes since it is readily
      adapted for continuous processing involving padding, drying and curing by
      heat treatment or chemical means. Operations in which the material being
      treated is cooked or otherwise treated in the dye bath for dye fixation
      purposes prior to drying, on the other hand, are more commonly of a batch
      type operation.
PAR  One of the advantageous features of the present invention is its general
      application with respect to a variety of dyes, as opposed to an
      antimigrant approach that may only apply with respect to a particular type
      of dye or a specific dye product. Thus, the present invention may be
      practiced in dyeing operations involving such dyes as direct dyes, vat
      dyes, reactive dyes, disperse dyes, acid dyes and other such dyes that are
      of utility, from a practical viewpoint, for textile dyeing purposes. It
      will be appreciated that a vast number of dyes of the various,
      commercially useful types are available in the art, such dyes being well
      known in the art, described in numerous patents and further designated by
      a systematic Color Index number arrangement as is well known in the art.
      As the invention is not limited to any specific type of dye or to any
      particular dye, no further descriptive matter is deemed necessary with
      respect to the dyes per se, apart from the general references to such dyes
      herein with respect to the improvements in the aqueous dye bath liquid and
      the dyeing process employing said novel dye bath liquid.
PAR  It will be appreciated by those skilled in the art that a variety of
      additives may be present in the aqueous dye bath liquid apart from the dye
      itself and the water with which it is associated in the dye bath liquid.
      Such additives include dye assistants, carriers, promoters, and the like
      and may be employed in conventional amounts for their usual purposes in
      the practice of the present invention. The dye itself may be incorporated
      in the dye bath liquid in amounts generally up to about 5% or more by
      weight based on the total weight of the dye bath. For heavier or darker
      shades, the dye may be employed in amounts typically of from about 2% to
      about 5% by weight, most typically about 3-4% by weight, whereas light
      shades may be achieved by employing dye concentrations of about one-half %
      by weight, or less. Dye concentrations outside such ranges can also be
      employed within the scope of the invention, however, it also being
      understood that the amount of said dye bath liquid with which the textile
      material is impregnated, by padding, spraying, coating, printing or other
      means, commonly at 25-100% wet pickup, will depend upon the color
      requirements of any given application.
PAR  In the conventional drying operation following the impregnating of the
      textile material with the desired dye, the treated material is heated to
      any temperature and for any time sufficient to dry off the dye bath
      liquor, preferably at a temperature of about 100.degree.C. for convenience
      of rapid action, by any suitable means, such as by hot air, infra-red
      radiation, microwave oven or the like. Thus, pressures may range from
      below to above atmospheric, and temperatures below room temperatures to
      over 100.degree.C. It is during this conventional drying operation that
      dye migration to the material surface is known to occur, said migration
      tending to be uncontrolled, random and uneven, thus resulting in an uneven
      overall dyeing action, stripiness and a generally inferior quality of the
      finished product.
PAR  The antimigration additive incorporated in the aqueous dye bath liquid in
      the practice of the present invention serves to effectively and
      efficiently minimize uncontrolled dye migration during the drying
      operation prior to fixation. The subject additive, heretofore known and
      available in the art for other purposes, is the amine salt of poly(vinyl
      methyl ether/maleic acid) believed to have the unit structural formula:
      ##EQU1##
      where x is from about 0.5 to about 2.0, preferably from about 1.0 to about
      1.25, R.sub.1, R.sub.2 and R.sub.3 each being taken from the group
      consisting of H, CH.sub.3, CH.sub.2 CH.sub.3, CH(CH.sub.3).sub.2, CH.sub.2
      CH.sub.2 CH.sub.3, CH.sub.2 CH.sub.2 OH and CH.sub.2 CHOHCH.sub.3, with
      the exception that R.sub.1, R.sub.2 and R.sub.3 are not all H and that
      R.sub.1 and R.sub.2 together may be a divalent unit taken from the group
      consisting of--(CH.sub.2).sub.4-6 and (--CH.sub.2 CH.sub.2).sub.2 O. The
      parent poly(vinyl methyl ether/maleic anhydride) from which the said
      poly(vinyl methyl ether/maleic acid) is prepared by hydrolysis has a
      specific viscosity of from about 0.75 to about 4.5, preferably about 1.0
      to 4.0, more preferably about 2.0 to 4.0, measured at a concentration of 1
      gram per 100 ml. of methylethyl ketone at  25.degree. C. Illustrative of
      the amines that can be used in making the subject additive are trimethyl
      amine and monoethanol amine and the like.
PAR  The subject antimigration additive will generally be incorporated in the
      aqueous dye bath liquid in an amount within the range of from about 0.05%
      to about 0.50% by weight, based on the total weight of the dye bath
      liquid, with the additive concentration being commonly in the range of
      from about 0.10% to about 0.25% by weight. As indicated above, said
      additives are generally known in the art and available from GAF
      Corporation, the additives not having been previously employed or
      considered with respect to the dye migration problem discussed herein.
      With regard to the additive materials per se, their preparation and prior
      applications, reference is herein made to U.S. Pat. Nos. 1,976,679, Re.
      23,514, and 2,746,837. As the additives employed in the practice of the
      invention and their production are known and available in the art,
      detailed information concerning the preparation of the additive compounds
      is not deemed necessary herein, the present invention being directed to
      the dye bath liquids and methods of dyeing herein disclosed and claimed in
      which such known compounds are employed for antimigration purposes.
PAR  It should be noted that the pH of the aqueous dye bath liquid of the
      invention can generally vary over rather broad limits, although it will be
      appreciated that optimum pH limits will pertain with respect to particular
      dye bath-textile systems. If the dye bath liquid is too basic in nature,
      however, the amines may tend to be driven off. For this reason, the pH of
      the dye bath will generally be less than about 9, e.g., in the range of
      from about 4 to about 9, typically from about 6 to about 8, preferably
      about 7, although some dyetextile applications may be operative outside
      the indicated limits.
PAR  After the textile material being treated has been impregnated with a
      desired dye by contact with the aqueous dye bath liquid of the present
      invention, and the material has been dried by conventional means, the dye
      is fixed by heat or other means as by chemical action. Such fixation
      techniques are well known and established in the textile dyeing art. The
      present invention is not limited to any such technique, but can be
      practiced with dye fixation by any conventional technique following the
      drying of the dye-impregnated fiber. Illustratively, curing may be carried
      out at temperatures ranging from about 120.degree. to 230.degree. C. for
      about 3 minutes to 15 seconds, depending on the fabric, the dye, and the
      like.
PAR  The present invention is hereinafter illustrated by reference to specific
      illustrative examples, it being understood that such examples are
      presented to provide a further understanding as to the advantages of the
      invention and should not be construed as limiting the scope thereof as set
      forth in the appended claims. It will also be understood that all parts
      and percentages expressed in the examples are by weight unless otherwise
      so indicated.
PAC  EXAMPLE 1
PAR  A representative sample of aqueous dye bath liquid was prepared by
      slurrying 175 g. of poly(vinyl methyl ether/maleic anhydride), specific
      viscosity 3.77, in 1575 g. of distilled water. Upon heating of the slurry
      to about 80.degree.-90.degree. C. with a boiling water jacket, a slight
      exotherm occurred, and the solution cleared, said solution thereafter
      being allowed to cool having the indicated polymer present therein in the
      poly(vinyl methyl ether/maleic acid) form. 154 g. of this solution, 26.8
      g. of a 25% by weight solution of trimethylamine in water, and 39.2 g. of
      distilled water were mixed until a homogeneous result was obtained. The
      resulting additive solution, when measured as a 6% by weight solution in
      water, had a pH of 7.3.
PAR  The additive solution was then incorporated in a dye bath liquid having the
      following composition: Indanthrene olive T3R paste, GAF Vat Black 25,
      Color Index No. 69525, 3.0 g.; the additive solution prepared above, 3.0
      g.; Gaftex CD 169, a biodegradable anionic surfactant, wetting agent, 0.15
      g.; and water, 93.85 g. After the above ingredients were mixed, the pH of
      the resulting aqueous dye bath liquid was adjusted to 6.7 by the addition
      of a few drops of glacial acetic acid.
PAR  For purposes of illustrative dyeing tests, a 5 inches .times. 5 inches
      swatch of 100% cotton twill was padded with the indicated dye bath at 57%
      wet pickup by weight, based on the weight of dry fabric. The thus-treated
      material was placed flat on a glass plate and dried by means of an
      electric hot air gun held with the muzzle 11 inches above the
      dye-impregnated swatch for 5 minutes. In this manner, the unevenness of
      drying that occurs in ordinary commercial operations was exaggerated and
      emphasized in order to illustrate the advantageous effect achieved in the
      practice of the invention. The reflectance of the two sides of the swatch
      was measured, after such drying and conventional fixation, with a
      Hunterlab Spectrometer calibrated to read 100% reflectance for an
      untreated swatch of cotton twill, increasing lower percentages thus
      indicating an increased color effect resulting from an increased dye
      content at the surface of the material. The reflectances thus obtained for
      the swatch thus dyed in accordance with the invention were 49.1% at the
      top of the swatch and 59.0% at the bottom, the lower reflectance at the
      top resulting from the tendency for dye migration to occur during drying
      and the predetermined positioning of the drying means on top of the swatch
      as indicated above.
PAR  A second swatch sample was treated identically as above except that
      distilled water was substituted for the additive solution. Under the same
      drying conditions, the reflectances obtained on top of the swatch and on
      the bottom thereof were 48.3% and 64.5% respectively. The considerably
      larger variation in top and bottom reflectance values obtained in the
      latter test, as compared with that carried out in accordance with the
      present invention, is indicative of the uneven dyeing that results from
      uncontrolled and uneven dye migration that inevitably occurs in ordinary
      commercial dyeing operations of the type herein discussed.
PAC  EXAMPLE 2
PAR  The procedures set forth in Example 1 were essentially followed in the
      preparation and use of an additive solution made from 50 g. of the
      indicated poly(vinyl methyl ether/maleic acid), 3.87 g. of
      monoethanolamine and 46.13 g. of water. A 9% by weight solution of this
      additive solution in distilled water gave a pH of 7.1. A dye bath liquid
      was prepared with this additive solution, said dye bath having the
      following composition: 3.0 g. of said Indanthrene olive T3R paste; 0.15 g.
      of said Gaftex CD 169 wetting agent; 4.5 g. of said additive solution; and
      92.35 g. of water. After mixing, the pH was adjusted to 6.7 with glacial
      acetic acid.
PAR  Upon treatment of a swatch with this dye bath liquid, drying and fixing
      said dye, as in Example 1 above, the reflectance values obtained were
      52.8% at the top of the swatch and 61.5% at the bottom. An identically
      treated swatch with the exception that distilled water was again
      substituted in place of the additive solution gave the following
      comparative reflectances: 51.5% at the top and 66.5% at the bottom. As in
      Example 1, the significant reduction in the reflectance variation between
      the top and bottom of the treated swatch under the predetermined uneven
      drying conditions employed is indicative of the control of dye migration
      the present invention makes possible, the minimizing of uncontrolled dye
      migration and the resulting enhancing of the uniformity and general
      quality of textile products dyed in accordance with the present invention.
PAR  In dyeing operations employing a commonly used textile gum antimigrant,
      i.e., Superclear 100-N, the effective antimigration action of the present
      invention has been found to require, on a weight to weight basis,
      approximately twice the active solid antimigrant content as that required
      in the practice of the present invention. Coupled with a considerably
      lower unit cost, for example on the order of about one-third the cost per
      unit of antimigrant solids, the aqueous dye bath liquid of the present
      invention permits the production of improved textile products, having
      enhanced uniformity of color, at a very significantly reduced cost
      compared with that required with the use of conventional textile gums. The
      present invention satisfies the needs and requirements of the dyeing art,
      therefore, in a manner highly advantageous from an overall technical and
      economic viewpoint.
PAR  As indicated above, commercially applicable techniques for the drying of
      dye-impregnated textile materials are always subject to variations and
      degrees of unevenness that tend to result in uncontrolled, random and
      uneven migration of the dye to the surface of the treated material. Even
      under highly uneven drying conditions, beyond those likely to be
      encountered in quality commercial applications, the present invention
      tends to minimize such uncontrolled and uneven dyeing migration. As a
      result, textile material dyed in accordance with the practice of the
      present invention has an enhanced evenness and quality of color, avoiding
      the unevenness and stripiness that obtains in inferior dyeing operations
      and products. As the highly desirable results obtainable by means of the
      present invention are accomplished in an advantageously economic manner,
      with desired flexibility of application, the invention herein described
      and claimed represents an important advance in the textile dyeing art, and
      the production of premium quality textile products.
CLMS
STM  Therefore, We claim:
NUM  1.
PAR  1. In an aqueous dye bath liquid suitable for the impregnating of textile
      material with said dye, with subsequent drying prior to the fixing of said
      dye, the improvement comprising the incorporation in said dye bath of a
      polymeric antimigration additive in an amount within the range of from
      about 0.05% to about 0.50% by weight, based on the total weight of said
      dye bath, said additive being the amine salt of poly(vinyl methyl
      ether/maleic acid) having the unit structural formula:
      ##EQU2##
      where x is from 0.5 to 2.0, R.sub.1, R.sub.2 and R.sub.3 each being taken
      from the group consisting of H, CH.sub.3, CH.sub.2 CH.sub.3,
      CH(CH.sub.3).sub.2, CH.sub.2 CH.sub.2 CH.sub.3, CH.sub.2 CH.sub.2 OH and
      CH.sub.2 CHOHCH.sub.3, with the exception that R.sub.1, R.sub.2 and
      R.sub.3 are not all H and that R.sub.1 and R.sub.2 together may be a
      divalent unit taken from the group consisting of--(CH.sub.2).sub.4-6 and
      (--CH.sub.2 CH.sub.2).sub.2 O, the presence of said additive serving to
      minimize uncontrolled dye migration to the surface of the dye-impregnated
      textile material during the drying of said material prior to fixing, thus
      enhancing the uniformity of the dyeing operation and the color properties
      of the dyed textile material.
NUM  2.
PAR  2. The aqueous dye bath liquid of claim 1 in which x is from 1.0 to 1.25.
NUM  3.
PAR  3. The aqueous dye bath liquid of claim 1 in which said additive is present
      in an amount within the range of from about 0.10% to about 0.25% by weight
      based on the total weight of said dye bath.
NUM  4.
PAR  4. The aqueous dye bath liquid of claim 1 in which said amine is trimethyl
      amine.
NUM  5.
PAR  5. The aqueous dye bath liquid of claim 1 in which said amine is
      monoethanolamine.
NUM  6.
PAR  6. A process for the dyeing of textile materials essentially without
      uncontrolled migration of the dye to the surface of the material during
      the drying of the impregnated material prior to dye fixation, consisting
      essentially of:
PA1  a. impregnating the textile material being treated with an improved aqueous
      dye bath liquid as defined in claim 1;
PA1  b. heating said dye-impregnated textile material to remove aqueous dye bath
      liquid therefrom, thus drying said material; and
PA1  c. fixing said dye present in said dried, dye-impregnated textile material,
      whereby the antimigration additive serves to minimize uncontrolled dye
      migration to the surface of the textile material during said drying
      operation, thus enhancing the uniformity of the dyeing operation and the
      color properties of the dyed textile material.
NUM  7.
PAR  7. The process of claim 6 in which x is from 1.0 to 1.25.
NUM  8.
PAR  8. The process of claim 6 in which said additive is present in an amount
      within the range of from about 0.10% to about 0.25% by weight based on the
      total weight of said dye bath.
NUM  9.
PAR  9. The process of claim 6 in which said amine is trimethyl amine.
NUM  10.
PAR  10. The process of claim 6 in which said amine is monoethanolamine.
NUM  11.
PAR  11. The process of claim 6 in which said textile material being treated is
      taken from the group consisting of cotton, polyester and cotton-polyester
      blend fabrics.
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ABST
PAL  A corrosion inhibiting composition which comprises an aqueus medium having
      dissolved therein an effective amount of at least one of water-soluble
      8-hydroxy-s-triazolo[b]pyridazine compounds and watersoluble salts
      thereof, said water-soluble 8-hydroxy-s-triazolo[b]pyridazine compound
      having the formula of
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen atom or an alkyl group having 1 to 4 carbon
      atoms: R.sub.2 is hydrogen atom, an alkyl group having 1 to 10 carbon
      atoms, phenyl, hydroxyphenyl, nitrophenyl, benzyl, hydroxybenzyl or
      nitrobenzyl group; and a method for inhibiting corrosion of a metal which
      comprises contacting a metal with said composition.
BSUM
PAR  This invention relates to an aqueous corrosion inhibiting composition and a
      method for inhibiting corrosion of metals such as iron, copper, zinc,
      alloys thereof, etc.
PAR  In the prior art various water-soluble corrosion inhibitors for metals are
      known. For example, sodium nitrite, chromium trioxide and amine-based
      surfactants are known as water-soluble corrosion inhibitors for metals and
      have been extensively used for protecting the same from corrosion.
      However, such known inhibitors are not sufficient in practical uses.
      Although sodium nitrite displays an excellent corrosion inhibiting effect
      on ferrous metals which are brought into contact with water having
      dissolved therein said inhibitor, for example, the effect reduces markedly
      when ferrous metals coated with the inhibitor is placed in the air.
      Further, the nitrite has a considerable toxicity, causing water pollution
      when exhausted to water system without post-treatment. Chromium trioxide
      displays corrosion inhibiting effect not only on ferrous metals but also
      on other metals such as copper, zinc, etc. and has been widely used
      particularly in water where different metals coexist. However, the
      chromium trioxide has drawbacks similar to those of the sodium nitrite.
      Amine-based surfactants are insufficient in corrosion inhibiting effect in
      air as well as in water and will sometimes disturb cooling and washing
      operations due to marked foamability thereof. Metals treated with the
      amine-based surfactants, moreover, can not be subjected to parkerizing
      treatment or coated with paints without removing the surfactants attached
      thereto. When the surfactants are to be removed, a complicated procedure
      such as electrolysis is necessary, since it can not be washed off with an
      alkali solution. Furthermore these known inhibitors can hardly prevent
      corrosion of metals placed in highly moist atmosphere at elevated
      temperatures.
PAR  An object of the invention is to provide a composition and method for
      inhibiting corrosion of metals which are free from the drawbacks of the
      conventional inhibitors.
PAR  Another object of the invention is to provide a corrosion inhibiting
      composition which displays an excellent corrosion inhibiting effect on
      metals not only in water but also in air.
PAR  Another object of the invention is to provide a corrosion inhibiting
      composition which is low in toxicity and can be exhausted free from water
      pollution.
PAR  Another object of the invention is to provide a corrosion inhibiting
      composition which has no foamability and therefore can be added to cooling
      or washing water without adversely affecting cooling or washing operation.
PAR  Another object of the invention is to provide a corrosion inhibiting
      composition which can be easily removed from the surface of metals treated
      therewith, as desired.
PAR  Another object of the invention is to provide a corrosion inhibiting
      composition which displays a corrosion inhibiting effect on metals in
      highly moist atmosphere at elevated temperatures.
PAR  These and other objects and advantages of the present invention will be
      apparent from the following description.
PAR  The corrosion inhibiting composition of the present invention comprises an
      aqueous medium having dissolved therein an effective amount of at least
      one of water-soluble 8-hydroxy-s-triazolo[b]pyridazine compounds and
      water-soluble salts thereof, said water-soluble
      8-hydroxy-s-triazolo[b]pyridazine compound having the formula of
      ##SPC2##
PAL  wherein R.sub.1 is hydrogen atom or an alkyl group having 1 to 4 carbon
      atom; R.sub.2 is hydrogen atom, an alkyl group having 1 to 10 carbon atom,
      phenyl, hydroxyphenyl, nitrophenyl, benzyl, hydroxybenzyl or nitrobenzyl
      group.
PAR  According to the researches of the present inventors it has been
      unexpectedly found that when metals are treated with the
      8-hydroxy-s-triazolo[b]pyridazine and its derivatives specified above,
      they are effectively protected from corrosion not only in water but also
      in highly moist air at elevated temperatures. The reason why the
      8-hydroxy-s-triazolo[b]pyridazine and its derivatives can display such
      marked effect on metals has not been fully made clear yet, but it is
      supposedly attributable to the fact that the surface of metals is covered
      with a monomolecular film of chelate compound formed between metal atom
      and 8-hydroxy-s-triazolo[b] -pyridazine or its derivatives to be shut off
      from air and/or water, whereby the metals are effectively protected from
      corrosion.
PAR  Moreover, metals treated with the present composition can advantageously be
      subjected to parkerizing treatment or coated with paint without removal of
      8-hydroxy-s-triazolo[b]pyridazine or its derivatives therefrom. When
      metals treated with the present composition are to be chemically or
      electrically plated, 8-hydroxy-s-triazolo[b]pyridazine or its derivatives
      attached thereto can easily be removed from the metal surface by simple
      procedures, for example, by washing with an alkali solution.
PAR  The 8-hydroxy-s-triazolo[b]pyridazine and derivatives thereof to be used in
      the invention are 8-hydroxy-s-triazolo[b]pyridazine compounds having the
      formula (I) before and water-soluble salts thereof. Representative
      examples of the 8-hydroxy-s-triazolo[b] -pyridazine compound are
      8-hydroxy-s-triazolo[b]pyridazine,
      6-methyl-8-hydroxy-s-triazolo[b]pyridazine,
      6-methyl-7-isopropyl-8-hydroxy-s-triazolo [b]pyridazine,
      6-butyl-7-propyl-8-hydroxy-s-triazolo[b]pyridazine,
      6-hexyl-7-methyl-8-hydroxy-s-triazolo [b]pyridazine,
      6-decyl-8-hydroxy-s-triazolo[ b]pyridazine, 6-phenyl-8-hydroxy-s-triazolo[
      b]pyridazine, 6-phenyl-7-ethyl-8-hydroxy-s-triazolo[ b]pyridazine,
      6-benzyl-8-hydroxy-s-triazolo[b] -pyridazine,
      6-hydroxyphenyl-8-hydroxy-s-triazolo[b] -pyridazine,
      6-hydroxyphenyl-7-methyl-8-hydroxy-s-triazolo[b] pyridazine,
      6-nitrophenyl-8-hydroxy-s-triazolo[b] -pyridazine,
      6-nitrophenyl-7-methyl-8-hydroxy-s-triazolo-[b]pyridazine,
      6-hydroxybenzyl-8 -hydroxy-s-triazolo[b]-pyridazine,
      6-hydroxybenzyl-7-ethyl-8-hydroxy-s-triazolo-[b]pyridazine,
      6-nitrobenzyl-8-hydroxy-s-triazolo[b]-pyridazine,
      6-nitrobenzyl-7-ethyl-8-hydroxy-s-triazolo[b]pyridazine, etc. Also
      employable in the invention are water-soluble salts of the above
      8-hydroxy-s-triazolo-[b]pyridazine compounds. Such salts include, for
      example, ammonium salts, alkali metal salts, hydrazine salts, amine salts
      and pyridinium salts.
PAR  In the invention it is preferable to use the water-soluble salts, since
      they have lower acidity and display higher water-solubility. Such salts
      can easily be prepared by adding ammonia, alkali metal hydroxides such as
      sodium hydroxide, potassium hydroxide etc., hydrazine, amines or
      pyridinium compounds to an aqueous solution or dispersion of
      8-hydroxy-s-triazolo-[b]pyridazine compounds to produce the solution
      having a pH adjusted as about 6.5 to 10. Employable amine include various
      amines capable of producing water-soluble salts by the reaction with the
      8-hydroxy-s-triazolo[b]pyridazine compounds. Examples thereof are alkanol
      amines such as monoethanolamine, diethanolamine, etc., alkylamines such as
      isopropylamine, ethylenediamine, propylenediamine, dicyclohexylamine, etc.
PAR  Particularly preferable 8-hydroxy-s-triazolo[b]pyridazine compounds having
      the formula (I) before are, for example,
      8-hydroxy-s-triazolo[b]pyridazine, 6-methyl-8-hydroxy-s-triazolo[b]pyridaz
     ine, 6-methyl-7-isopropyl-8-hydroxy-s-triazolo[b]pyridazine,
      6-butyl-7-propyl-8-hydroxy-s-triazolo[b]pyridazine,
      6-hexyl-7-methyl-8-hydroxy-s-triazolo[b]pyridazine,
      6-decyl-8-hydroxy-s-triazolo[b]pyridazine,
      6-phenyl-8-hydroxy-s-triazolo[b]-pyridazine,
      6-phenyl-7-ethyl-8-hydroxy-s-triazolo[b]-pyridazine,
      6-benzyl-8-hydroxy-s-triazolo[b]pyridazine and water-soluble salts
      thereof.
PAR  The 8-hydroxy-s-triazolo[b]pyridazine compounds to be used in the invention
      are known in the art and can be prepared, for example, by the reaction of
      N-amino-1,2,4-triazine with dicarboxylic acid ester having the general
      formula of
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are the same as defined before [J. Am. Chem.
      Soc. Vol. 81, P. 6289(1959)].
PAR  The metals to which the present composition is applied include ferrous
      metals such as iron, cast iron, mild steel, carbon steel, stainless steel,
      etc., copper metals such as copper, brass, beryllium copper, cupronickel,
      etc. and zinc metals such as zinc, etc.
PAR  The 8-hydroxy-s-triazolo[b]pyridazine and derivatives thereof to be used as
      corrosion inhibitor in the invention are water-soluble, so that they can
      be applied to the metals in the manner conventional to water-soluble
      corrosion inhibitors. For example, metals may be brought into contact with
      the present corrosion inhibitor by coating them with an aqueous solution
      of the inhibitor, followed by drying, or by adding the inhibitor to water
      to be brought into contact with the metals. In the latter case, the
      present inhibitor is added to water such a cooling water in the rolling of
      metals, cooling water in a cooling system, washing water for pickled or
      degreased metals, etc. Since the present inhibitor is thermally stable, it
      displays an excellent corrosion inhibiting effect in various water of near
      0.degree.C in winter as well as in cooling water of about 60.degree. to
      80.degree.C in rolling operation.
PAR  The effective concentration of the present inhibitor in an aqueous medium
      varies over a wide range depending on the application method, kind of
      metals to be treated, etc., but it displays a corrosion-inhibiting effect
      in such a small concentration as 0.001 weight percent. Since the present
      inhibitor has little or no toxicity, it can be used in any large amount.
      But it is preferable to use the inhibitor in a concentration of not more
      than 5 weight percent from economical view point. Particularly, when the
      present inhibitor is used in the form of an aqueous solution for coating
      metals, preferable concentration of the inhibitor in solution is in the
      range of 1.0 to 3.0 weight percent. When the present inhibitor is added to
      water with which metals are brought into contact, preferable concentration
      thereof in the water system is in the range of 0.01 to 0.05 weight
      percent.
PAR  Various additives can be added to the present composition in order to
      improve the properties thereof. For example, water-soluble high molecular
      weight substances are added thereto to further improve the corrosion
      inhibiting effect on metals. Examples thereof are polyvinyl alcohol,
      polyvinyl pyrrolidone, carboxymethyl cellulose, starch, polyacrylic acid,
      styrene-maleic acid copolymer, etc. Further, surfactants are added in
      order to improve wettability of ferrous metals to be treated with the
      present composition. Examples of such surfactants are nonionic surfactants
      such as polyoxyethylene octyl ester, polyoxyethylene alkylphenyl ether,
      polyoxyethylene lauryl ether, polyoxyethylene oleyl ether, polyoxyethylene
      nonylphenyl ether, polyoxyethylene octyl ester, etc.; cationic surfactants
      such as quaternary ammonium salts, etc.; anionic surfactants such as
      ammonium salt of alkylbenzenesulfonate, sodium salt of polyoxyethylene
      nonylphenyl ether sulfate, ammonium laurate, ammonium oleate, ammonium
      stearate, etc.
DETD
PAR  For a better understanding of the present invention examples are given
      below.
PAC  EXAMPLE 1
PAR  8-hydroxy-s-triazolo[b]pyridazine compounds shown in Table 1 below were
      respectively dissolved at 50 .degree.C in water containing 50 p.p.m. of
      C1.sup.-, 50 p.p.m. of SO.sub.4 .sup.-.sup.- and 50 p.p.m. of HCO.sub.3
      .sup.-, and the resulting solutions were adjusted with sodium hydroxide
      solution to a pH of 7 to prepare compositions according to this invention.
PAR  Test pieces of steel, cast iron, copper and galvanized steel were
      respectively immersed at 50 .degree.C for 10 days in the compositions
      obtained as above to inspect corrosion produced. The results of this
      corrosion test are given as the reduction of weight of respective test
      pieces in Table 1 below which also shows the results conducted using the
      water containing the same corrosive ions in the same amounts.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Corrosion inhibitor used                                                  
     Test  R.sub.1 R.sub.2  Amount                                             
                                 Test.sup.*1)                                  
                                       Reduction of weight                     
     No.                    used piece by corrosion                            
                            (p.p.m.)   (mg/cm.sup.2)                           
     __________________________________________________________________________
     1     H       6-CH.sub.3                                                  
                            100  Steel 0.07                                    
     2     7-CH.sub.3 CH.sub.2 CH.sub.2                                        
                   6-C.sub.10 H.sub.21                                         
                            100   "    0.11                                    
     3     H       6-CH.sub.3 (CH.sub.2).sub.4 CH.sub.2                        
                            500  Cast iron                                     
                                       0.15                                    
     4     H       6-C.sub.6 H.sub.5 CH.sub.2                                  
                            500   "    0.23                                    
     5     7-C.sub.2 H.sub.5                                                   
                   6-(CH.sub.3).sub.2 CH                                       
                             50  Copper                                        
                                       0.03                                    
     6     H       6-C.sub.8 H.sub.17                                          
                            100  Galvanized                                    
                                       0.13                                    
                                 steel                                         
     Comparison                                                                
     1     --      --       --   Steel 15.3                                    
     Comparison                  Cast                                          
     2     --      --       --   iron  19.8                                    
     Comparison                                                                
     3     --      --       --   Copper                                        
                                       0.11                                    
     Comparison                  Galvanized                                    
     4     --      --       --   steel 0.97                                    
     __________________________________________________________________________
      Note: .sup.*1) Test pieces were pre-treated as follows.                  
      a) Steel: cold-rolled steel sheets of JIS G 3141, Class 1 (SPCC),        
      measuring 60 mm .times. 80 mm .times. 1.2 mm, were polished by polishing 
      paper (JIS R 6251, No. E. 240), washed with petroleum naphtha at         
      50.degree.C and further with methanol at 50.degree.C, in accordance with 
      JIS Z 2912.                                                              
      b) Cast iron: cast iron sheets of JIS G 5501, Class 3 (FC-20), measuring 
      60 mm .times. 80 mm .times. 3 mm, were pre-treated in the same manner as 
      the steel sheets of a) above.                                            
      c) Copper: copper sheets of JIS H 310, Class 1 (TCuP-1), measuring 60 mm 
      .times. 80 mm .times. 1.2 mm, were pre-treated in the same manner as the 
      steel sheets of a) above.                                                
      d) Galvanized steel: galvanized steel sheets of JIS H 8610 (ZMC-4),      
      measuring 60 mm .times. 80 mm .times. 1 mm, were washed with petroleum   
      naphta at 50.degree.C and further with methanol at 50.degree.C.          
PAR  The results shown in Table 1 indicate that the compositions of this
      invention exhibit outstanding corrosion inhibiting effects on ferrous
      metals, copper and zinc in water containing large amount of corrosive
      ions.
PAR  The LD.sub.50 test was conducted using male Wistar rats after 24 hours'
      fasting weighing 150 g, each 10 rats as a group. An aqueous solution
      containing 25% by weight of 6-methyl-8-hydroxy-s-triazolo[b]pyridazine
      ammonium salt was forcibly administered orally to the rats and the rats
      were raised for 1 week in a constant temperature and constant humidity
      chamber at a temperature of 22.degree.C and humidity of 65%. The LD.sub.50
      as determined by Litchfield Wilcoxon method was about 3750 mg/kg which is
      about 1/45 the LD.sub.50 of 85 mg/kg for sodium nitrite as determined in
      rats. This indicates that the present composition is very low in toxicity.
PAC  EXAMPLE 2
PAR  Cold-rolled steel sheets of JIS G 3141, Class 1 (SPCC), each measuring 60
      mm .times. 80 mm .times. 1.2 mm, were pre-treated in the same manner as
      the Example 1 in accordance with JIS Z 2912. The resulting steel sheets
      were then immersed in the present compositions shown in Table 2 below for
      30 seconds respectively, dried and thereafter placed for 10 days in
      humidity cabinets at a temperature of 49.degree. .+-. 1.degree.C and
      relative humidity of not lower than 95% according to JIS Z 0228 to inspect
      corrosion produced. The results are given in Table 2 below which also
      shows the result of the steel sheet which was likewise placed in humidity
      cabinet without application of the present composition.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Corrosion inhibitor used                                                  
     Test   R.sub.1                                                            
                R.sub.2  X          Concentration                              
                                            Corrosion.sup.*2)                  
     No.                            (wt.%)                                     
     __________________________________________________________________________
     7      H   6-CH.sub.3          2       A                                  
     8      H   6-CH.sub.3 (CH.sub.2).sub.4 CH.sub.2                           
                         NH.sub.4   1.5.sup.*1                                 
                                            A                                  
     9      7-C.sub.2 H.sub.5                                                  
                6-CH.sub.3          2       B                                  
     10     H   H        NH.sub.4   2       B                                  
     Comparison 5                                                              
            --  --       --         --      E                                  
     __________________________________________________________________________
     Note:                                                                     
          .sup.*1 This composition further contains 1 wt.%                     
          of ammonium oleate in concentration.                                 
          .sup.*2 The resulting corrosion was evaluated                        
          according to JIS Z 2912 based on the                                 
          following criteria: -                                                
     Symbol         Degree of corrosion                                        
                    (%)                                                        
     A              0                                                          
     B               1 - 10                                                    
     C              11 - 25                                                    
     D              26 - 50                                                    
     E               51 - 100                                                  
PAR  The results of Table 2 above show that the compositions of this invention
      effectively prevent corrosion of metals in highly moist atmosphere at an
      elevated temperature.
PAC  EXAMPLE 3
PAR  Cold-rolled steel sheets of JIS G 3141, Class 1 (SPCC), each measuring 60
      mm .times. 80 mm .times. 1.2 mm, were polished and washed in the same
      manner as in Example 1 and then immersed in the present compositions shown
      in Table 3 below for 30 seconds. After dried in a desiccator, the steel
      sheets thus treated were placed in a storage-shed according to JIS Z 0231
      for 20 days. The resulting corrosion measured according to JIS Z 2912 are
      listed Table 3, which also shows the result obtained by using an aqueous
      solution having dissolved therein 1 wt.% of sodium nitrite and 0.01 wt.%
      of carboxymethyl cellulose.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Corrosion inhibitor used                                                  
                                   Additive                                    
         R.sub.1                                                               
                R.sub.2  X    Concen-                                          
                                   Kind    Concen-                             
     Test                     tration      tration                             
     No.                      (wt.%)       (wt.%)                              
                                                Corrosion.sup.*1               
     __________________________________________________________________________
     11  H      6-C.sub.6 H.sub.5                                              
                         NH.sub.4                                              
                              2    Carboxymethyl                               
                                           0.01 A                              
                                   cellulose                                   
     12  H      6-C.sub.6 H.sub.4 (OH)                                         
                         NH.sub.2 NH.sub.3                                     
                              2    Polyoxyethylene                             
                                           0.1  A                              
                                   octyl ester                                 
     13  H      6-CH.sub.3                                                     
                         NH.sub.4                                              
                              1    Ammonnium                                   
                                           1    A                              
                                   stearate                                    
     14  7-CH.sub.3 CH.sub.2 CH.sub.2                                          
                6-CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2                          
                         K    0.5    --    --   B                              
     Com-       Sodium nitrite                                                 
                              2    Carboxymethyl                               
                                           0.01 E                              
     parison                       cellulose                                   
     No. 6                                                                     
     __________________________________________________________________________
      Note:                                                                    
      .sup.*1 Criteria of corrosion are the same as in Example 2.              
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for inhibiting corrosion of metal which comprises contacting a
      metal with a composition consisting essentially of an aqueous medium
      having dissolved therein an amount in the range of from 0.001 to 5 weight
      percent of at least one water-soluble 8-hydroxy-s-triazolo (b) pyridazine
      compound and water-soluble salts thereof selected from the group
      consisting of ammonium salts, alkali metal salts, hydrazine salts and
      amine salts, said water-soluble 8-hydroxy-s-triazolo(b)-pyradazine
      compound having the formula of
      ##SPC3##
PAL  wherein R.sub.1 is hydrogen atom or an alkyl group having 1 to 4 carbon
      atoms: R.sub.2 is hydrogen atom, an alkyl having 1 to 10 carbon atoms,
      phenyl, hydroxyphenyl, nitrophenyl, benzyl, hydroxybenzyl or nitrobenzyl
      group.
NUM  2.
PAR  2. The method of inhibiting corrosion of a metal according to claim 1,
      wherein said metal to be contacted with said composition is at least one
      of iron, copper, zinc and alloys thereof.
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ABST
PAL  A laboratory testing procedure wherein test tubes are uniquely supported
      under conditions of refrigeration, the test tubes being placed in a
      generally vertical position with only the test tube bottom portions in
      contact with the top surfaces of a closed refrigerant reservoir having
      heat-absorbing means confined therein.
PARN
PAR  This application is a continuation-in part of U.S. application Ser. No.
      364,953, filed May 29, 1973 now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF INVENTION
PAR  In certain laboratory tests, it is necessary to maintain specimens at a
      stable low temperature for a considerable length of time. The present
      practice is to place a few drops of the specimen in a test tube and place
      the test tube in crushed ice. Frequently, a number of test tubes are
      placed in the same crushed ice container which results in water from the
      melted ice adhering to the bottoms of the test tubes. Thereafter, when a
      test tube is removed for further processing, the drops of water about it
      may fall downwardly into the remaining test tubes, thereby introducing
      foreign material into those test tubes remaining.
PAR  Further, there is always a question of whether all of the test tubes are
      subjected to uniform temperature conditions -- this being significant to
      provide reproducibility of results, as in an assay or the like. This is
      particularly important in binding interactions where the affinity constant
      increases as the temperature decreases, i.e., approaches 0.degree.C.
PAR  Through the practice of the invention, the objectionable drawbacks of the
      prior art are avoided and a number of advantages provided. More
      particularly, in the practice of the invention, the test tubes are mounted
      in a unique fashion in a holder which includes a base portion and a
      superstructure portion integral therewith. The base portion includes a
      sealed container substantially filled with a freezable liquid and has a
      top surface equipped with recesses to receive the bottom portions of test
      tubes. The superstructure has a plurality of apertures therein aligned
      with the aforementioned recesses for supporting and stabilizing the test
      tubes a spaced distance above the base portion.
PAR  Other advantages of the invention may be seen in the details of operation
      and construction set down in the ensuing specification.
DRWD
PAC  DETAILED DESCRIPTION
PAR  The invention is described in conjunction with the accompanying drawing, in
      which
PAR  FIG. 1 is a perspective view of apparatus embodying teachings of the
      invention;
PAR  FIG. 2 is a top view of the apparatus of FIG. 1;
PAR  FIG. 3 is a sectional view such as would be seen along the line 3--3 of
      FIG. 1;
PAR  FIG. 4 is a fragmentary perspective view of a modified form of apparatus
      employed in the practice of the invention with a portion cut away to show
      the details of construction; and
PAR  FIG. 5 is an enlarged fragmentary sectional view of the showing in FIG. 4.
DETD
PAR  Referring first to the showing in FIGS. 1-3 (first page of drawing), one
      apparatus employed in the practice of the invention is referred to
      generally by the reference numeral 10 and includes a bottom housing 12
      having a top member secured to the upper periphery thereof in a sealed
      manner and extending there across.
PAR  The top member 14 is provided with a plurality of spaced apart receptacle
      supports or recesses which extend downwardly into the bottom housing 12 as
      illustrated in FIG. 3. In this embodiment, the receptacle supports 16 are
      constructed and arranged to receive test tubes as at 20, the closed unit
      developed by the cooperation of the housing 12 and top member 14 being
      equipped with a fill opening 18.
PAR  The apparatus 10 is advantageously contructed of a thermoplastic material
      with the top member 14 being heat sealed or otherwise secured to the
      bottom housing 12. The closable fill opening 18 is provided in the top
      member 14 for filling the holder 10 with a freezable liquid such as water.
      As seen in FIG. 3, the frozen water embraces each of the receptacle
      supports 16 and thereby refrigerates any specimen contained within the
      test tubes 20.
PAR  A second and preferred embodiment of the invention is seen in FIGS. 4 and 5
      (second sheet of drawing). The apparatus shown there is generally
      designated by the numeral 22 and is seen to include a base or container
      portion 24. The apparatus 22 also includes a superstructure 26 which is
      perimetrically secured to the container 24 as at 28. As seen in FIG. 5, a
      test tube 30 is advantageously supported both by the base portion 24 and
      by the superstructure 26.
PAR  For this purpose, the base portion 24 has a top 32 which is equipped with a
      plurality of recesses or dimples as at 34 which project downwardly toward
      the bottom wall 36. The superstructure 26 is equipped with a plurality of
      apertures 38 which are aligned with the recesses 34.
PAR  In the practice of the invention, a test tube (as at 20 or 30) may be
      employed in a radioimmunoassay. These assays are commonly employed to
      detect small levels of hormones and many other substances. In such testing
      a small quantity of the specimen, i.e., less than 1 milliliter has to be
      maintained in the temperature range 0.degree.-4.degree.C. from 4 to 6
      hours. It is not uncommon for the specimen to have a volume of 0.2
      milliliters, i.e., a few drops where the average drop size is 0.05
      milliliters. Thus, it will be appreciated that the level of the specimen
      within the test tube 20 or 30, as the case may be, is near the test tube
      bottom, i.e., at the level designated 40 in FIG. 5. In other words, with a
      test tube 30 which may have a height of 75 millimeters, the liquid
      specimen occupys only the lowest few millimeters. By constructing the
      recess 34 to have an interior depth of the order of 10-15 millimeters, I
      insure that the level 40 is substantially embraced by a heat transfer
      surface, viz., the top 32. Further, the superstructure 26 provides a
      support for the test tube 30 a spaced distance above the heat transfer
      surface made up of the top wall 32. In the illustration given the distance
      between the top wall 42 of the superstructure 26 and the top 32 of the
      base portion 24 is of the order of 30-35 millimeters. Advantageously, the
      superstructure supports the test tube 30 at a point at least a quarter of
      its height above the heat transfer surface 32. In addition to providing a
      support or stabilization, the superstructure 26, in combination with the
      top 32 of the base portion 34 provides a dead air space as at 44 (see FIG.
      5) which affords additional insulation. This effectively precludes
      condensation on the test tube and further serves to avoid the problem of
      contamination of other test tubes, referred to previously. It will be
      appreciated that because of the very small volume of the specimens, it is
      unnecessary to have a recess 34 of sizable depth, particularly when the
      additional stabilization provided by the superstructure 26 is taken into
      account.
PAR  In the preferred form of the invention, the walls, i.e., the members 32, 36
      and 26 are all constructed of a plastic material such as
      acrylonitrile-butadiene-styrene (ABS) having a thickness of the order of
      0.060 inches, i.e., about 1.5 millimeters. The top 42 is equipped with a
      depending cylindrical flange 46 (see FIG. 5) further defining each
      aperture 38 and it will be appreciated that although the inside diameter
      of the flange 46 is greater than the outside diameter of the test tube 30
      (to provide an annular space 48), there can be developed an advantageous
      wiping action on the test tube 30 should any condensation occur thereon.
PAR  The bottom wall 36 of the base portion 24 is equipped with a plurality of
      longudinally extending grooves 50 which serve to rigidify the apparatus
      22. An especially advantageous size of apparatus (to accommodate 50 test
      tubes) measures 14 inches in length by 9 inches in width by 3 inches in
      height. In the illustration given, the length dimension is in the
      direction of the grooves 50. To assist the laboratory technician in
      identifying the various test tubes, I have embossed in the top wall 42
      indicia as at 52 (see FIG. 4) and consisting of the numbers 1-5. Further
      embossed along the length of the apparatus 22 are the further indicia 54
      (consisting of the letters A-J). Thus, the laboratory technician need only
      jot down the coordinates in terms of the indicia 52-54 to identify a given
      test tube.
PAR  Referring to FIG. 4, the numeral 56 (in the upper central portion thereof)
      designates a fill opening (corresponding to the open 18 previously
      referred to). The opening 56 is closed by a removable stopper (not shown)
      and permits the introduction of a freezable fluid into the base portion
      24. The base portion 24 has a hollow interior 58 defined by the
      cooperation of the top and bottom walls 32 and 36 which are perimetrically
      united as at 28. As seen in both FIGS. 4 and 5, each of the three wall
      providing portions 32, 36 and 42 has a perimetric flange and the ABS
      material is conveniently fused or united by using methyl-ethyl-ketone
      which is a solvent for ABS. Thus, the superposed flanges (in the area 28)
      are effectively integrated.
PAR  In the preferred practice of the invention, a water solution is employed.
      The solution includes water and a material having colligative properties
      relative to water, i.e., reduces the freezing point and the swelling of
      the water crystal via reduction of inter molecular spacing. This prevents
      uneven swelling of the water at freezing which produces bulging of the
      unit. Useful for this purpose is sodium chloride or ethylene glycol.
      Through the use of such an aqueous solution, in the range of 0.05 molar to
      0.5 molar, it is possible to avoid undue bulging of the base portion 24
      incident to the freezing of the aqueous solution. In the illustration
      given, the interior volume of the base portion or container 24, i.e., the
      space 58, is approximately 1600 milliliters. To accommodate the swelling,
      approximately 1300 milliliters of the aqueous solution is introduced.
PAR  Normally the apparatus 22 is filled with liquid at the time of sale so that
      it is ready for introduction into the laboratory freezer. To prepare the
      apparatus for use, it is merely necessary to place it in a level position
      in a freezer overnight to freeze the aqueous solution 60 which is confined
      within the space 58 of the base portion or container 24. Then, for use, it
      is merely necessary to remove the apparatus from the freezer and use the
      same at room temperature on a laboratory bench. This is done by inserting
      the test tubes in the assay in the apertures 38. The test tubes 30 thus
      are automatically directed into the recesses 34 and are in stable
      condition. The temperature of the contents of the test tubes 30 is
      maintained in the range of 0.4.degree.C. for up to 8 hours at normal room
      temperature. In the event the unit is used in refrigerator temperatures
      (5.degree.-12.degree.C), it is capable of maintaining a plurality of test
      tubes at a stable temperature for from 2-4 days. When not in use, the
      apparatus 22 is conveniently stored in the freezer so that it is always
      ready to be used.
PAR  If for some reason, the liquid 60 should leak out of the apparatus 22 or be
      accidentally drained, the apparatus is conveniently refilled - merely by
      removing the stopper installed in the fill opening 56 and adding
      approximately 1,300 milliliters of water containing a material having
      colligative properties such as salt, sugar, ethylene glycol, etc.
PAR  It will be seen from the foregoing that the apparatus is always ready for
      use in practicing the invention. It can be stored in the freezer when it
      is not being used and eliminates the difficulty of prior art procedures in
      having to provide crushed ice. This is especially advantageous for
      laboratories which do not have a source of crushed ice.
PAR  While in the foregoing specification a detailed description has been set
      down for the purpose of explanation, many variations in the details
      hereingiven may be made by those skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A laboratory testing procedure for specimens under refrigeration
      comprising the steps of
PA1  providing a test tube holder apparatus which includes a container having a
      bottom, walls extending upwardly from said bottom, and a top secured to
      and extending across the upper ends of said walls, said top having a
      plurality of spaced apart supports integrally formed therein extending
      downwardly therefrom toward said bottom for removably supporting the
      bottom portions of test tubes therein, said container being substantially
      filled with a freezable liquid material comprising H.sub.2 O and a
      material having colligative properties relative to H.sub.2 O, said
      container being equipped with a superstructure mounted a spaced distance
      above said top and equipped with an aperture aligned with each of said
      supports whereby a test tube is supported at two vertically spaced apart
      positions, said superstructure including a unitary member having a top
      panel with depending sidewalls, said sidewalls being connected to the
      perimeter of said container, said superstructure being positioned above
      said top a distance to support a test tube at at least one-quarter of the
      test tube height,
PA1  selectively introducing liquid materials to be tested into a plurality of
      test tubes,
PA1  placing said test tubes in generally vertical position with only the test
      tube bottom portions in contact with said top supports whereby the
      material in said container is adapted to maintain the materials in said
      test tube at a temperature below about 4.degree.C. for up to about 8 hours
      and while said apparatus is in ambient room temperature,
PA1  maintaining said portions in heat transfer contact with said top,
PA1  thereafter selectively withdrawing said test tubes from said contact for
      further testing, and
PA1  analytically testing the contents of said test tubes.
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ABST
PAL  A method and apparatus for testing a sample by means of luminescent
      reaction to detect reactive materials therein. A light-transparent filter
      is provided to filter the sample and to carry the residue to a reaction
      position. A light-transparent surface is provided to carry a reagent to
      the reaction position. Both surfaces are brought into mutual contact in a
      region between two photodetectors, which thereby detect the resulting
      luminescent reaction to provide an indication of the quantity of reactive
      material present in the sample.
PARN
     This is a continuation of application Ser. No. 222,256 filed Jan. 31, 1972,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method and apparatus for detection of
      reactive material in a test sample and more specifically to an apparatus
      for detecting and measuring luminescence which occurs as a result of
      interaction between reactive materials and reagents.
PAR  2. Description of Prior Art
PAR  A great number of organic, inorganic and living materials may be detected
      by luminescent reaction techniques. Adenosinetriphosphate (ATP) has been
      found in all forms of living organisms and the average amount of ATP
      contained in each species of cells is well defined, thus making ATP an
      indicator of living materials. By measuring ATP, the number and size of
      microbial cells can be easily computed. Enzyme contained in the firefly
      tail is used as an reagent for detecting ATP and consequently for
      detecting microorganisms. When the firefly enzyme extracted from the
      firefly tail, known as luciferase luciferin, is mixed with ATP from
      microorganisms, a reaction takes place with luminescent emission of light.
      The light emitted is proportional to the quantity of ATP provided
      sufficient enzyme is present for the reaction of the total ATP.
      Luminescence also occurs during interaction of microbial cells with
      reagents such as luminol-peroxide.
PAR  All known current methods for detection of bioluminescence and
      chemiluminescence used in pollution control and clinical applications are
      based on the use of a reaction chamber where sample and reagents are
      introduced for reaction and luminescent emission, a photomultiplier is
      used to detect luminescence, and a data recording unit records
      luminescence. These methods have limited resolution and sensitivity due to
      losses of light in transmission from the reaction chamber to the
      photo-detector, self-absorption of luminescence in the reaction chamber,
      and photodetector noise. The present invention is an improvement upon
      copending U.S. Pat. application Ser. No. 29,475, filed Apr. 17, 1970, and
      entitled "Luminescence Detection by Surface Reaction now U.S. Pat. No.
      3,690,832," which disclosed a new way of detecting the reaction of very
      small volumes of sample and reagent by use of a surface reaction and of
      coincidence circuitry. The present invention is an improvement upon this
      method and provides a sample filtration unit and a reagent dilution unit.
      Furthermore, the function of the present invention as a scintillation
      detector has been improved by the use of liquid scintillator for greater
      instrument capability at a lower cost.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the object of the present invention to provide a rapid
      method of optically detecting the reactive material in a test sample by
      filtering the sample, concentrating the residue on a light transparent
      filter for direct contact with reagent, and thus eliminating
      time-consuming cultivation procedures.
PAR  Another object of the invention is to provide an apparatus for diluting dry
      enzyme within the instrument to thus preserve its potency until the time
      of use.
PAR  Another object of the invention is to provide an improved surface reaction
      instrument comprising a fluid supply unit, filtration unit, extraction
      unit, reagent dilution and supply unit, detection unit, and recording
      unit, all operating together to accurately measure the reaction of
      reactive materials carried on a filter surface when direct contact is made
      with reagents carried on a transparent surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a surface reaction apparatus illustrating
      the principles of operation according to a preferred embodiment of the
      invention.
PAR  FIG. 2 is a cross-sectional view of light pipes suitable for use in the
      embodiment of FIG. 1 for conducting an individual-cell reaction
      experiment.
PAR  FIG. 3 is a cross-sectional view of light pipes suitable for use in the
      embodiment of FIG. 1 for conducting a total reaction experiment.
PAR  FIG. 4 is a cross-sectional view of an alternative set-up of the system of
      FIG. 2 using one photomultiplier and a reflecting mirror for individual
      cell reaction experiments.
PAR  FIG. 5 is a cross-sectional view of a similar setup using a reflecting
      mirror as in FIG. 4 and suitable for use in place of the system of FIG. 3
      for total reaction experiments.
PAR  FIGS. 6, 7, and 8 illustrate the enzyme dilution and supply unit as used in
      the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawings, for detection of bioluminescent
      reaction according to the preferred embodiment of the invention, a
      light-transparent filter 10 begins its motion from a supply reel 16,
      passes through a sample filtration unit 19 where sample-containing
      reactive materials are forced through the filter, then advances between
      extractors 35 and 36 and carries the residue in the form of an aquatic
      layer between photodetectors 14 and 15 for reaction. A light transparent
      film or surface 11 begins its linear motion from a supply reel 62, passes
      under a reagent feeder 65, 66 and carries the reagent in the form of an
      aquatic layer between the photodetectors 14 and 15. Face A of filter 10
      bearing reactive material and face A of surface or film 11 bearing the
      reagent are drawn together between the photodetectors 14 and 15. As the
      reagent medium and reactive material contact each other, a reaction
      occurs, and the resulting luminescence is transmitted to the
      photodetectors through the transparent films via coupling liquid and light
      pipes.
PAR  Now, with more specific reference to the operation of the system for
      bioluminescent detection, the reel 16 supplies a light transparent
      flexible porous filter 10 in the form of a film. Filter film 10 may be
      made of cellulose or other plastic materials of high optical transparency.
      Also, materials that become transparent when their pores are filled with
      samples or liquids of the same refractive index may be used effectively.
      The thickness of the material should be between 50 microns and 500 microns
      for greatest effectiveness, although other thicknesses may be used. Mean
      flow pore size should be between 0.007 and 5 microns depending on the
      nature of the specific experiment. Filter film 10 passes through the
      filtration unit 19 comprising blocks 22 and 23, their respective seals 24
      and 25, an activator 26 for positioning block 23 selectively to free or
      seal the filter film 10, a cavity 20 being formed when block 23 is in the
      sealed position, and a grill 21 to support the filter film 10 and thus to
      enable it to resist differential pressure as the sample is forced through
      the pores of the filter.
PAR  The sample, whether liquid or gas, is introduced through one of the inlets
      27 or 28, comprising one-way valves fitted in the block 31, and waste is
      drained through a hose 32. Block 31 contains additional inlets, such as 29
      and 30 for introduction of different fluids necessary for residue
      preparation of various sample materials. Blocks of different sizes may be
      substituted to permit adjustment of filtration area while preserving
      sterile conditions.
PAR  After the filtration process is complete, the filter film 10 with the
      residue on face A passes over a coupling liquid feeder 33 where optical
      coupling liquid is deposited on face B of filter film 10. The coupling
      liquid may be any transparent liquid having a refractive index comparable
      to that of the filter film and the light pipes. A coupling liquid stored
      in container 33 saturates a sponge 34, which contacts face B of the filter
      film 10 and applies the coupling liquid to facilitate light transmission
      from the reaction surfaces to the light pipes.
PAR  Filter film 10 stops when the residue area is between extractors 35 and 36,
      to permit extraction of the test sample, which may contain a plurality of
      biological cells, such as those of certain microorganisms. When ultrasonic
      extraction is selected as the more effective means of disruption of cells
      of microorganisms of certain species, transducer 35 radiates ultrasonic
      energy which is transmitted through the coupling liquid to the residue on
      face A of filter film 10. Under ultrasonic oscillation, disruption of
      microbial cells occurs, releasing the adenosinetriphosphate compound,
      which reacts with the firefly enzyme when they come in contact between the
      photo-detectors. When chemicl extraction is selected, an activator 38
      operates a spray valve 37 connected to an aerosol container (not shown) by
      a hose 39. Valve 37 sprays a fine mist of liquid solution such as butanol,
      dimethyl sulfoxide, acetone, or other extracting liquid through a guide
      funnel 36.
PAR  Filter film 10 travels over a guiding roller 40 and transports the residue
      between the lightpipes 12 and 13 for reaction process. The lightpipes are
      coupled to the photocathodes of the photomultipliers with mineral oil,
      silicon oil, Canada balsam or other similar liquid to insure good optical
      contact. After the luminescent reaction is recorded, the filter film 10
      continues its motion around a guiding roller 44 and is collected on a
      storage reel 45 which is operated through an extension shaft 46.
PAR  The description following concerns the path of film 11 carrying the
      reagents, such as firefly enzyme (luciferaseluciferin). A reel 62 supplies
      the light transparent film 11 of high optical transparency. Film 11 passes
      over a container 60 filled with a sponge material 61 saturated with
      optical coupling liquid, which is applied to face B of the film 11. The
      reagent is deposited on face A of film 11 by a reagent feeder 65,66. When
      an enzyme is used as the reagent, it is stored in a frozen lyophilized
      state in cylindrical cuvettes or tubes such as cuvette 68, sealed on both
      sides with sterilized protective paper 69. An injection needle 70, located
      over the cuvette, has lateral injection holes 71 and a disc 72 of soft
      material mounted rigidly on the needle 70, which is connected with a
      metering pump (not shown) through tube 73 to supply dilution liquid. As
      the needle is lowered into the cuvette, breaking both the protection
      papers, the disc 72 seals the upper opening to prevent leakage. Dilution
      liquid is injected into the cuvette through holes 71 and dilutes the dry
      enzyme. The enzyme solution drops into feeder guide 65 and wets face A of
      film 11 with a uniform aquatic layer as film 11 moves between guide 65 and
      a support 59. When the needle 71 is raised, cuvette 68 is disposed of
      through a side port (see FIG. 6) and a new cuvette is pushed into position
      by a spring 67. Another way of supplying reagent is to prepare film 11
      with a dry reagent adhering to face A at evenly spaced intervals and to
      dilute it at the reagent feeder position. Some dry reagents may be used
      even without dilution. For example dry firefly enzyme gives a satisfactory
      reaction when direct contact is made with a wet residue. However firefly
      enzyme should be kept at low temperatures whether applied dry to the film
      or stored in cuvette for dilution. A thermoelectric element 74 maintains
      cuvette 68 at a desired temperature.
PAR  Film 11 continues its motion over a guide roller 58 and brings the reagent
      between the photodetectors 14 and 15 for the reaction process. After the
      reaction is completed, the film 11 passes over a guide roller 51 and is
      collected on a storage reel 50.
PAR  For recording total luminescence of the filtration area the faces A of the
      transparent films are not permitted to contact while in motion. When the
      films reach the reaction position between the photodetectors, they stop.
      Assembly 52, operated by an actuator 57 and a non-illustrated mechanism,
      moves toward an assembly 43, and faces A of film 10 and 11 contact each
      other and a reaction takes place. Assembly 52 slides free in the frame 53,
      and the fixed position of the ring 54 controls the clearence between the
      two films to that the reactive and reagent materials will make contact but
      will not be displaced. After the reaction is completed and the results are
      recorded on a chart recorder or display tube (not shown), assembly 52 is
      reset, thereby freeing the films 10 and 11 to be collected on their
      respective storage reels. Ring 42 and seal 41 of assembly 43 and ring 56
      and seal 55 of assembly 52 touch each other and protect the photodetectors
      from ambient light during the reaction process and during instrument
      repairs. Films 10 and 11 are respectively maintained in constant tension
      by pressure blocks 17 and 63 and by tension cords 18 and 64. FIGS. 3 and 5
      show the preferred geometrical shape of light pipes used in combination
      respectively with two photomultiplers or with one photomultiplier for
      measuring total reaction. Light pipes permit uniform response by
      photomultipliers, but satisfactory experiments may be performed without
      them.
PAR  For recording individual cell reaction, narrow-edged light pipes are used
      as shown in FIGS. 2 and 4, and the clearance between them is preadjusted
      so that the faces A of the respective films 10 and 11 will contact,
      forming a series of reaction lines across the width of the moving films.
      For counting individual cells, the cell density per ml of the sample
      should be very low in order to achieve a good statistical sample value on
      the counter. The number of microbial cells can be computed even with a
      total reaction experiment if the kind or size of bacterial cells is known.
PAR  Operational procedures for chemiluminescent experiments are similar to
      those described above with the exception that chemical compounds such as
      luminol peroxide, alkaline luminol, or luminol perborate are used as
      reagents instead of the enzymes, and therefore, the residues do not
      require extraction. Usually, chemical reagents are applied through the
      tube 73 and the needle 70 directly into the guide 65. However, chemical
      reagents may be diluted by the same procedure as used with dry enzymes.
PAR  The surface reaction apparatus is also capable of measuring the level of
      fluorescence when biological samples carrying labeled carbon or other
      isotopic products are interacted with liquid scintillation materials. The
      set-up for this experiment is similar to that for bio-chemi-luminescence
      with the exception that the light transparent film 11 carries a liquid
      scintillator such as aromatic or water miscible solvent base, supplied by
      needle 70. The apparatus achieves high sensitivity in fluorescent
      measurement due to coincidence circuitry and due to the fact that
      radioactive materials are totally wetted with scintillation liquid and
      therefore no radiation is absorbed by the filter film, as happens when
      filter paper is used.
PAR  The surface reaction system can be used with no modification for detecting
      metal ions in water and air by precipitating the substance to be
      determined with tagged reagents. For example, metal ions preciptated with
      reagents S.sub.35, and P.sub.32 and I.sub.131, form a stable compound. The
      precipitant may be filtered through the filtration unit to remove excess
      amounts of reagent and to retain the compound on the filter. The compound
      is washed with a neutral liquid to remove free particles of tracer and
      then the measured activity of the compound will be proportional to the
      amount of the substance precipitated.
PAR  For special, high-accuracy experimental work, the films may be replaced by
      light transparent plates, one of which is a filter. In another
      alternative, the instrument may be operated using only one photodetector.
      By using a mirror 80 at the back of one light pipe instead of the usual
      lightpipe-photomultiplier assembly, luminescence is reflected back toward
      the active photomultiplier. The mechanism for adjusting the clearance
      between the light-transparent surfaces is necessary and can be the same as
      that described for use with two photomultipliers. The single
      photomultiplier-mirror arrangement may be used for all of the experiments.
      However, two photo-multiplier tubes give better resolution especially for
      scintillation fluorescence.
PAR  The transparent film needed for this system to provide the transparent
      surface may be made of cellulose, such as cellophane, and can be obtained
      commercially from Dupont and other manufacturers. The transparent filter
      material can be made of the same materials, and can be obtained
      commercially from Gelmar Instrument Co. of Ann Arbor, Michigan.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of optically detecting the presence of biological cells as
      reactive materials in a sample containing a plurality of biological cells
      comprising the steps of:
PA1  A. filtrating said sample on a light-transmitting filter to produce a
      filtrate containing biological cells from the sample,
PA1  B. rupturing the cells in the residue while on said filter,
PA1  C. depositing a reagent on a light-transmitting surface,
PA1  D. bringing said surface and said filter into contact for luminescent
      reaction, and
PA1  E. detecting said luminescence as an indication of said biological cells as
      reactive materials present in said sample.
NUM  2.
PAR  2. A surface reaction system for detecting reactive materials in a test
      sample containing a plurality of individual biological cells by means of
      luminescent reaction, comprising:
PA1  A. means for filtering said sample through a filter to produce a residue
      containing biological cells from the sample,
PA1  B. extraction means for rupturing the cells in the residue while on said
      filter,
PA1  C. means for bringing reagent material into contact with the ruptured cells
      on the filter to cause reaction and consequent bioluminescence, and
PA1  D. detector means for measuring and indicating the intensity of the
      bioluminescence, thereby indicating the quantity of biological cells in
      the sample.
NUM  3.
PAR  3. A surface reaction system for detecting biological cells as reactive
      materials in a test sample containing a plurality of biological cells by
      means of luminescent reaction, comprising:
PA1  A. means for filtrating said sample through a light-transmitting filter to
      produce a residue containing biological cells from the sample,
PA1  B. extraction means for rupturing the cells in the residue while on said
      filter,
PA1  C. means for depositing reagent material on a light-transmitting surface,
PA1  D. means for bringing said light-transmitting filter with the ruptured
      cells of said residue thereon into contact with said light transmitting
      surface with said reagent material thereon, thereby allowing reaction and
      consequent luminescence, and
PA1  E. detector means for recording the intensity of said luminescence, thereby
      indicating the quantity of biological cells as said reactive materials
      present in the sample.
NUM  4.
PAR  4. The system of claim 3 wherein said means for filtrating sample through a
      light-transmitting filter further comprises:
PA1  A. a filtration unit to guide the sample through said filter,
PA1  B. supply inlets to introduce said sample and any other fluids necessary
      for preparation of residues, and
PA1  C. means for mechanically operating and positioning said filter.
NUM  5.
PAR  5. The system of claim 3 wherein said light-transmitting filter is a
      light-transmitting filter film for filtrating sample and carrying the
      residue in adjustable areas between the photodetectors for reaction.
NUM  6.
PAR  6. The system of claim 3 wherein said means for depositing reagent
      materials on a light-transmitting surface further comprises means for
      supplying and diluting dry enzyme and for applying a resulting enzyme
      solution in a uniform layer of adjustable area on said light-transmitting
      surface.
NUM  7.
PAR  7. The system of claim 3 wherein said means for depositing reagent
      materials on a light-transmitting surface further comprises means for
      adhering dry reagent to one face of said light-transmitting surface.
NUM  8.
PAR  8. The system of claim 3 wherein said means for depositing reagent
      materials on light-transmitting surface further includes means for
      applying liquid scintillator in a uniform layer on said surface.
NUM  9.
PAR  9. The system of claim 3 wherein said means of bringing said
      light-transmitting filter and said light-transmitting surface into contact
      comprises:
PA1  A. means for guiding said transmitting surfaces between a pair of
      photodetectors,
PA1  B. means of controlling motion of said filter and said surface, and
PA1  C. means for continuously supplying and storing said surface and said
      filter.
NUM  10.
PAR  10. The system of claim 3 wherein said surface and said filter both
      comprise light-transmitting plates.
NUM  11.
PAR  11. The system of claim 3 wherein said detector means further comprises:
PA1  A. two photomultiplier tubes with coincidence circuitry,
PA1  B. light pipes,
PA1  C. optical coupling liquid, and
PA1  D. means for adjusting the space between the light pipes, said coupling
      liquid allowing low-refraction coupling of said luminescence to said light
      pipes, the light pipes coupling said luminescence to the photomultipliers.
NUM  12.
PAR  12. The system of claim 3 wherein said detector means comprises a plurality
      of pairs of interchangeable light pipes with one face equal in area to
      that of the sensitive face of the photomultiplier tube and the opposite
      face equal in area to that of the desired reaction area for coupling light
      from a reaction area of any desired size to the photomultiplier.
NUM  13.
PAR  13. The system of claim 3 wherein said detector means comprises one
      photodetector in combination with light pipes, one of said light pipes
      carrying reflecting mirror means and means to adjust the clearance between
      the light-transmitting surfaces.
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ABST
PAL  Apparatus for detecting alcohol vapour in a gas, such as exhaled breath.
      The apparatus comprises a detachable mouthpiece through which a person
      exhales. The mouthpiece includes a vent for venting some exhaled breath to
      atmosphere and an outlet port connected to a sensor which provides an
      electrical output dependent upon the amount of alcohol in the breath
      sample. A piston and cylinder valve assembly is provided for introducing a
      predetermined amount of the sample into the sensor at a time dictated by
      an operator. A calibrated meter, which may be analogue or digital is
      connected to the sensor to indicate the amount of alcohol in the sample.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for detecting or measuring a
      constituent of a gas and is particularly but not exclusively concerned
      with apparatus for detecting or measuring alcohol in a gas, such as
      exhaled breath.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided apparatus comprising
      means for introducing a sample of the gas to a sensor for providing a
      voltage or current output dependent upon the amount of the constituent in
      the gas sample and means for measuring the voltage or current generated by
      the sensor. Preferably the measuring means is arranged to measure the peak
      potential or current or some other parameter which is a function of the
      peak potential or current so generated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the present invention will now be described by way of
      example and with reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic representation of apparatus for measuring blood
      alcohol constructed in accordance with the present invention, and
PAR  FIG. 2 is a section through a fuel cell sensor suitable for use in the
      meter of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus shown in the accompanying drawing comprises a detachable tube
      10 of plastics material through which a person exhales air.
PAR  The tube 10 has leading radially into it one end of a pipe 12. The other
      end of pipe 12 leads to one side of a sensor in the form of a fuel cell
      generally indicated at 14 and shown in greater detail in FIG. 2. The fuel
      cell 14 consists of a thin sheet 16 of a porous material such as glass,
      ceramic or plastic which is coated on both sides with layers 18, 18' of
      one or any combination of the following metals; namely gold, silver,
      platinum, palladium or their alloys. The porous sheet 16 contains an
      electrolyte of phosphoric acid and/or sodium hydroxide. The layers 18, 18'
      act as the anode and the cathode of the cell 14 and the cell is contained
      in a housing which has an opening 20 so that the layer 18' is in constant
      contact with the atmosphere. The layers 18, 18' are also connected to
      electrodes 22, 22' from which the potential generated by the cell can be
      measured.
PAR  The surface of the layer 18 is connected via a pipe 24 to a piston and
      cylinder arrangement indicated at 26. The piston 28 of this piston and
      cylinder arrangement 26 is biased by resilient means, here a compression
      spring 30. The piston 28 also has a groove 32 arranged to co-operate with
      a latch 34 so that the piston 28 can be held in a depressed position with
      the spring 30 compressed by the latch 34. A further press switch 36 is
      connected to the latch 34 and is also arranged to act upon a pair of
      electrical contacts 38 so that depression of the switch 36 releases the
      latch 34 and closes the contacts 38 thus completing an electrical circuit
      between a battery 40 and an operational amplifier 42 also connected to the
      electrodes 22, 22'. The output of the operational amplifier 42 is taken
      via a potentiometer 44 to a microameter 46. The microameter 46 has a taut
      suspension movement, the relatively small angle of deflection being
      amplified by means of a drum partly shown at 46 which has a spiral line 48
      marked on it, thus giving an analogue display of the output from the
      operational amplifier. The meter 46 can be calibrated to indicate the
      amount of alcohol in the gas sample, or it may be arranged to indicate
      whether the amount of alcohol in a sample exceeds a predetermined value.
PAR  When in operation, the piston 28 is depressed and held in this position by
      the latch 34. The tube 10 is fitted to the pipe 12 and the subject asked
      to blow through it. Because of the open end of the tube 10 and the
      aperture 10a, the tube acts as a whistle thus providing an indication that
      the subject is blowing. It has been found that with a low resistance
      system of this kind, it is easy to get a discard volume of a liter in
      practically all cases and in most cases 2 liters or more can be obtained.
      As the subjects level of exhalation starts to decrease as indicated from
      the sound of the whistle the switch 36 is pressed releasing the latch 34.
      The compressed spring 30 pushes the piston 28 thus drawing air from the
      tube 10 via the pipe 12 into the fuel cell 14 so that this sample of air
      comes into turbulent contact with the layer 18 of the fuel cell 14. A
      potential is thus generated in the cell by the oxidation of any alcohol at
      this electrode and the reduction of oxygen at the other electrode. At the
      same time as the release of the piston 28 the switch 36 closes the
      contacts 38 so that a reading of the potential generated can be obtained
      from the microameter 46. The output from the fuel cell 14 rises to a peak
      in a few seconds but takes about 3 minutes to decay to a point at which
      the rate of change is slow enough for another reading to be taken. The
      tube 10 is not essential, the same effect could be obtained by asking the
      subject to breathe over the open end of the pipe 12.
PAR  If necessary a zeroing device can be fitted for the display, such as by
      providing a switch which is arranged to short circuit the electrodes 18,
      18' and to open circuit the electrodes before a reading is taken. Such a
      switch could be operated by the switch 36. The sensitivity can be adjusted
      and is normally set by the calibration potentiometer 44 so that the
      microameter reads 50% of full scale at the limit level. This makes
      readings of sufficient precision quite easy and enables readings up to
      twice the limit to be measured. If it is felt desirable to make any
      different readings above this level a divide by two button can be
      supplied.
PAR  In the cell described the air side of the fuel cell, i.e., that formed by
      layer 18' acts as an oxygen electrode which imposes a constant power
      potential, so that oxidation of alcohol does not proceed beyond acetic
      acid making the system reasonably specific for alcohol in breath. In
      particular it is not sensitive to acetone or hydrocarbons such as petrol.
PAR  While apparatus has been described using a sensor in the form of a fuel
      cell other suitable electrochemical sensors can be used such as a
      polarographic cell or a voltaic cell, or semiconductor or catalytic
      sensors.
PAR  The valve system has the important advantage that it introduces to the
      sensor a small, precise and reproducible volume of gas to the sensor. In
      addition the apparatus is simple in operation merely requiring the
      operation of the push button 28a to set the apparatus and the operation of
      switch 36 to sample the gas and provide the output indication on meter 46.
PAR  Furthermore the apparatus can be made such a size that it can easily be
      carried in an inside pocket or better still in a small holster next to the
      skin. This ensures that temperature is maintained at a sufficiently high
      and constant level to ensure constant calibration and avoid excessive
      condensation or moisture in the air passages. There is no need for a
      heated sampling system as breath is sucked directly into the sensor.
      Although the apparatus has been described embodying an analogue display
      device 46, it is possible to substitute a digital display device for the
      analogue device.
PAR  Finally, current is only drawn from the battery 20 when actually taking a
      reading so that the latter has virtually its shelf life and provided it is
      renewed regularly there is no need for a voltage checking system.
PAR  Although the description hereinbefore has been solely concerned with the
      detection of alcohol in breath naturally it may be possible to have other
      fuel cells which could detect other contaminants in other gasses, thus
      extending the utility of the meter.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for detecting alcohol vapour in a gas and particularly for
      detecting alcohol vapour in exhaled breath, comprising a fuel cell, said
      fuel cell having inlet means for interposition in an intermediate position
      of a low resistance path along which breath is exhaled, said low
      resistance path comprising a tube including an inlet for receiving said
      gas, a first outlet for detachable connection to the inlet means and a
      vent port for venting at least some of the gas to atmosphere, means
      serially communicating with said inlet means through said fuel cell and
      actuable for drawing a predetermined sample volume of gas from the exhaled
      breath stream into said fuel cell, said fuel cell further including means
      for providing an electrical output signal dependent upon the amount of
      alcohol vapour in the gas sample, and measuring means coupled to the
      sensor output for measuring the magnitude of said electrical output
      signal.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, in which said tube is open ended with
      its inlet being at one end thereof, said first outlet being intermediate
      said ends, said inlet means being a pipe inserted through said first
      outlet partially into said tube and connected to said fuel cell.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 in which the tube includes means
      defining an aperture open to the atmosphere intermediate to the tube ends
      for defining a whistle wherein a change in sound of the whistle warns of
      decreasing exhalation into the tube, and including means actuable upon
      said changes for both initiating expansion of said chamber means and
      applying operating potential to said measuring means whereby measurement
      of alcohol content can be reliably carried out during the latter portion
      of an exhalation, said tube providing a low resistance to said exhalation
      for maximizing exhalation volume.
NUM  4.
PAR  4. Apparatus for detecting alcohol vapour in a gas and particularly for
      detecting alcohol vapour in exhaled breath, comprising a fuel cell, said
      fuel cell having inlet means for interposition in an intermediate position
      of a low resistance path along which breath is exhaled, means serially
      communicating with said inlet means through said fuel cell and actuable
      for drawing a predetermined sample volume of gas from the exhaled breath
      stream into said fuel cell, said drawing means comprising a cylinder, a
      piston slidably mounted in the cylinder, a gas communicating means
      connected between the cylinder and fuel cell, and resilient means for
      biasing the piston in one direction, said fuel cell further including
      means for providing an electrical output signal dependent upon the amount
      of alcohol vapour in the gas sample, and measuring means coupled to the
      sensor output for measuring the magnitude of said electrical output
      signal.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, further comprising latch means for
      maintaining the resilient means in a stressed state whereby the piston is
      in one predetermined position and means for releasing the resilient means
      whereby, in operation, the piston is moved to a second predetermined
      position and the said predetermined volume of gas is introduced into the
      fuel cell.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, further comprising a source of
      electrical energy, in which the measuring means includes
      electrically-operated amplifier means and the releasing means includes
      switch means for connecting the source to the electrically-operated
      amplifier means.
NUM  7.
PAR  7. In apparatus for detecting alcohol vapour in a gas including a sensor
      for providing an electrical output signal dependent upon the amount of
      alcohol present in a gas sample introduced into it; and means introducing
      a predetermined volume of a gas sample into the sensor comprising,
PA1  a cylinder having a gas port formed therein, a gas communicating means
      connecting between the gas port and a port in the sensor,
PA1  a piston slideably mounted in said cylinder between first and second
      limiting positions, and means resiliently biasing the piston towards said
      second position,
PA1  latch means for maintaining the piston in its first position against the
      bias of the resilient means, and
PA1  means for releasing the latch means and thereby for introducing the said
      predetermined volume of gas into the sensor as the piston is moved to its
      second position by said resilient means.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, including a source of electrical
      energy, an amplifier connected to the electrical output of the sensor and
      a switch closable to energize the amplifier from the electrical energy
      source, said latch means and piston including interengageable detent means
      releaseable for permitting said piston to move to its second position,
      said means for releasing comprising manually actuable means coupled to
      said switch actuable for separating said detent means and simultaneously
      closing said switch, whereby to cause said piston to draw a gas sample
      into said sensor and simultaneously energize said amplifier.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, including an open-ended tube for
      receiving exhaled breath at one end and providing a low resistance path
      therethrough to the atmosphere, said sensor including an open-ended inlet
      pipe transversely and partially extending into an intermediate portion of
      said tube to enable drawing of breath from said tube upon release of said
      piston, and whistle means on said tube responsive to a decrease in
      exhalation flow for signaling a preferred time for actuation of said
      manually actuable means.
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ABST
PAL  Voluminous precipitates or suspensions are contacted countercurrently with
      liquid purification or extraction agents that hold the continuously
      supplied precipitate or suspension in the upwardly flowing liquid in a
      kind of fluidized bed. A suitable apparatus is also described.
PARN
PAR  This is a division of application Ser. No. 343,170, filed Mar. 20, 1973,
      now U.S. Pat. No. 3,867,197.
BSUM
PAR  It is known that voluminous precipitates such as, for example, hydroxides,
      are only freed with great difficulty from adhering soluble constituents.
      The working up of such products is carried out for the most part by
      frequent decanting and pressing off the precipitate in a filter press. It
      is possible to wash in a filter press. However this is mostly very
      time-consuming because of the poor filtration behavior of such
      precipitates. Also these processes, which are always run off
      discontinuously, are bound to be a considerable expense in personnel.
      There are needed large tanks which require much space. The preparation of
      the waste water often causes difficulties since the waste water
      accumulation takes place in batches in the decanting. This requires an
      over-sizing of the clarifying apparatus or the waste water drains off in
      poorly clarified condition. Precipitates of the above described types, for
      example, are the hydroxides or iron, zinc, aluminum, titanium, beryllium,
      chromium, as well as silica, silicates and other finely divided materials
      which are used as pigments.
PAR  In contrast it has now been found that voluminous precipitates or
      suspensions can be easily freed of the adhering dissolved materials if
      they are brought into countercurrent contact with liquid purification or
      extraction agents, that the constantly fed precipitate or suspension is
      held by the upwardly flowing liquid in a suspended condition in the manner
      of a fluidized bed, whereupon the dissolved material is withdrawn with the
      liquid agent over the top of the column and the precipitate or paste freed
      from adhering material is withdrawn from the bottom of the column as a
      suspension and is separately concentrated in known manner.
PAR  As washing agent there is preferably added water. However, there can also
      be used aqueous solutions of organic solvents if they satisfactorily
      dissolve the impurities. Thus there can be used lower molecular weight
      aliphatic alcohols and ketones such as methyl alcohol, ethyl alcohol,
      isopropyl alcohol, propyl alcohol, butyl alcohol, acetone and methyl ethyl
      ketone as well as ammonia, aliphatic amines, e.g. methyl amine, ethyl
      amine, propyl amine, diethylamine, ethyl propyl amine, trimethyl amine,
      aliphatic aminoalcohols, e.g. ethanolamine, diethanolamine,
      triethanolamine, propanolamine and low molecular weight aliphatic acids,
      e.g. formic acid, acetic acid, propionic acid and butyric acid. In general
      heterophilic organic compounds can be added.
PAR  Generally the process is carried out so that the liquid purification agent
      enters from below into the washing apparatus and the suspension to be
      washed arrives through a dip tube in the upper part of the apparatus.
PAR  The speeding of falling of the solid material must be greater than the
      upward flowing speed of the washing liquid, which amounts to a maximum of
      90% of the dropping speed.
PAR  The process of the invention can be carried out in all apparatuses known
      for fluidized bed processes. The preferred apparatus, however, is a
      special apparatus of the invention described below.
DRWD
PAR  The invention will be understood best in connection with the drawings
      wherein the single FIGURE is a schematic representation of a preferred
      apparatus.
DETD
PAR  Referring more specifically to the drawings, there is provided a
      cylindrical column 1 having a widened upper portion, preferably in the
      upper third, to form a tubular portion 10. The ratio of the cross section
      of the upper tubular portion 10 to the lower tubular portion 12 is
      preferably 1:2.  The upper section 10 and the lower section 12 are joined
      by a short frustoconical section 14. Greater particle dispersion, however,
      can require a greater ratio or a smaller particle dispersion makes
      possible a smaller ratio of the cross sections. The increase in the cross
      section serves to lower the velocity of upward flow. The screen 2 effects
      an equal distribution of the washing liquid which enters via line 7. The
      distribution, however, can also take place with the help of a bubble plate
      or a tuyere plate. In the drain 3 there is located a measuring instrument,
      for example, an apparatus for measuring the electrical conductivity, with
      which the washing process can be controlled. The dip tube 4, for
      introduction of the precipitated or suspended product, is provided with
      spray diffuser apparatus 5, for example, a plate which provides for a
      uniform distribution of the suspension over the entire cross section of
      the lower part of the washing apparatus.
PAR  Through the product discharge 8 a diluted suspension is discharged which
      can be concentrated in known manner by decanting or centrifuging. In
      special cases, however, the solid material can be recovered as a dry
      powder (spray drying). It is also possible to subject the solid material
      in the form of the suspension to a subsequent reaction.
PAR  The process and apparatus are especially suited for washing so-called
      Berlin white and Berlin blue (Prussian blue) as well as other voluminous
      metal salts of ferro or ferricyanic acid, as well as for silicic acid and
      silicates, e.g. aluminum silicate, zinc silicate, calcium silicate and
      magnesium silicate.
PAR  Unless otherwise indicated all parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  A washing apparatus according to the FIGURE and made of glass consisted of
      a tubular column having a lower portion 24 cm. long and 9 cm. in diameter
      and an upper portion 16 cm. long and 14 cm. in diameter. The two portions
      were connected by a frustoconical section. The bottom consisted of a glass
      frit GO through which the wash water was introduced. A few millimeters
      above the bottom there was located a drain for the washed suspension. The
      draining suspension was inspected for its contents of soluble material by
      means of an electrode which measured the electrical conductivity. The
      suspension to be washed was introduced through a dip tube which terminated
      in the frustoconical portion of the apparatus. A deflection plate was
      provided below the tube to uniformly distribute the solid material. The
      wash water discharged from a side pipe 6 in the upper wide portion of the
      apparatus.
PAR  An aqueous suspension of the so-called Berlin white, an iron (II) salt of
      ferrocyanic acid still contained dissolved calcium chloride from the
      production from calcium ferrocyanide and iron (II) chloride. The calcium
      chloride was to be removed. The finely divided precipitate was flocculated
      by addition of a non-ionic flocculating agent, specifically
      polyacrylamide, in order to increase the speed of sinking. The suspension
      was introduced through the dip tube into the wash water flowing upwardly
      from below. The Berlin white particles slowly sank against the counter
      flowing water and were discharged from the bottom pipe. Inside 1 hour 5.5
      liters of a suspension having 70 grams/liter of Berlin white were passed
      through. The wash water needed amounted to 23 liters. The electrical
      conductivity of the draining suspension was at 2050 .mu. S compared to
      1780 .mu. S of the wash water.
PAC  EXAMPLE 2
PAR  A semi-industrial apparatus of glass was built according to the principles
      given in example 1. The measurements were as follows:
PAR  lower portion diameter 200 mm., length 1,300 mm.
PAR  upper portion diameter 400 mm., length 400 mm.
PAR  The material washed was silica which was produced by precipitation from
      water glass and sulfuric acid. Within one hour 170 liters of a suspension
      having a solids contents of 29 grams/liter, were freed of the soluble
      constituents (Na.sub.2 SO.sub.4). 340 liters of wash water were used for
      that purpose. The conductivity of the draining suspension amounted to
      2,000 .mu.S in comparison to 1,500 .mu.S in the wash water added.
CLMS
STM  What we claimed is:
NUM  1.
PAR  1. Apparatus for removing solvent soluble material from a voluminous
      suspension of solid material by countercurrent flow comprising
PA1  a vertical column having a vertical cylindrical upper wide portion, a
      vertical cylindrical lower narrow portion, and a frustoconical portion
      interconnecting said upper and lower portions, the cross-sectional area of
      said upper portion being approximately twice that of the lower portion,
PA1  first conduit means for introducing said suspension into said column
      extending from above and through said upper portion and terminating near
      the bottom of said frustoconical portion,
PA1  dispersing means comprising a horizontal spray diffuser for providing a
      uniform distribution of the suspension over the entire cross-sectional
      area of said column lower portion, terminating said first conduit means at
      the beginning of said lower column portion,
PA1  second conduit means disposed near the bottom of said column for
      introducing said solvent,
PA1  means for evenly distributing said solvent introduced near said column
      bottom over the entire cross-sectional area of said column lower portion,
      said means including a horizontally disposed perforate member having a top
      portion thereof and located above said second conduit,
PA1  means for discharging purified suspension from said column, said means
      including a single discharge conduit extending from slightly above the top
      of said horizontally disposed member through said member to below the
      second conduit, and
PA1  means for removing solvent containing solubles released from the voluminous
      suspension, said means including a discharge device disposed in the top of
      said column upper portion and above the bottom termination of said first
      conduit means.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein said horizontally disposed
      member includes a screen.
NUM  3.
PAR  3. Apparatus as recited in claim 1 further including means for measuring
      the conductivity of said solvent, said means disposed in said discharge
      device.
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ABST
PAL  A combustion chamber device for the purification of process waste gases
      from poisonous, noisome and/or other noxious constituents by combustion
      while using a support combustion device and under conditions used in gas
      turbine technology. The process gases to be purified are fed into the
      combustion chamber through the axial central inlet thereof, and the
      combustion chamber is provided with a special inlet for further additional
      air. A flame tube is disposed inside the combustion chamber wall and
      spaced therefrom. The flame tube is arranged to be cooled by means of a
      film of the main part of the further additional air entering through the
      special inlet.
BSUM
PAR  The present invention relates to a device for the purification of process
      waste gases from poisonous, odious and/or other noxious constituents by
      combustion while using a support combustion device and under conditions in
      the gas turbine such as are used technology process gases to be purified
      being fed into the combustion chamber through the axial central inlet
      thereof. If desired, air may be added to the combustion chamber in order
      to avoid too high a proportion of impurities in the gas mixture.
PAR  In many industrial processes, especially in the chemical and metallurgical
      industry, air and/or gas mixtures, are formed containing a considerable
      amount of poisonous, noisoml explosive and/or in other ways noxious
      constituents which for environmental reasons should or must be removed
      before the gas mixture is discharged into the ambient atmosphere. A
      typical example is the sulphate cellulose process wherein odious waste
      gases often are discharged into the atmosphere. In most cases it has been
      determined by means of research and development work what noxious
      constituents should be removed from the different process waste gases.
      Thus, the unpleasant odour of the waste gases from sulphate cellulose
      plants derives from a number of sulphur compounds.
PAR  Noxious constituents have already been removed from process waste gases in
      accordance with several different main principles, a very common one being
      combustion. In such case the waste gases are passed through a furnace
      chamber which is usually provided with a brick lining and in which a flame
      or an electric arc is generated, heating the gas to a temperature
      necessary for the combustion of the constituents to be removed to form
      harmless substances such as water vapour, carbon dioxide, etc. However,
      the flow and the composition of the process waste gases can vary as a
      function of time for one and the same process, and in order to assure that
      the noxious constituents are effectively destroyed, the previously used
      furnace chambers have been constructed with a large extension in the flow
      direction or with a large volume altogether so that in all cases a
      sufficient residence time of the gas in the chamber is assured.
PAR  However, when applying said combustion method to many industrial processes,
      particularly the sulphate cellulose process, it has been found that the
      process waste gases require a very large furnace chamber under said
      conditions. in a current case the weight of the furnace chamber would be
      about 10 tons. It is obvious that such a chamber will be bulky and also
      expensive to operate since the brick lining normally has to be replaced
      once a year. Until now no really successful attempts have been made to
      achieve the same effective combustion of the noxious constituents of
      process waste gases in a more simple way, in spite of the great need
      thereof.
PAR  British Pat. No. Specification No. 884 627 describes a method of carrying
      out combustion in a gas turbine. However, said method can be used
      successfully only when the amount of process waste gas is small in
      relation to the amount of air sucked in by the gas turbine and when the
      residence time of the waste gas is sufficiently long. If these conditions
      are not fulfilled, the combustion will be impossible to control, and
      serious superheating problems will arise.
PAR  Thus, the main object of the present invention is to provide a device which
      allows the combustion of noxious constituents to be carried out in a
      surprisingly simple and favourable way without any superheating. The
      device according to the invention is distinguished in that the combustion
      chamber is provided with a special inlet for further additional air and
      that a flame tube is disposed inside the combustion chamber wall and
      spaced therefrom, which flame tube is arranged to be cooled by means of a
      film of the main part of the further additional air entering through the
      special inlet.
PAR  The combustion takes place by applying the technology used in gas turbines.
      This means, in the first place, that the combustion is carried out in a
      combustion chamber under carefully determined flow conditions for the
      process waste gases. More exactly, the combustion is carried out in a
      chamber having a cross section, suitably circular, and, so dimensioned
      that the gas flow will maintain a mainly axial flow direction during the
      whole heating and combustion process. The combustion is maintained by
      means of a support flame near the gas inlet, preferably having a central
      location in relation to said inlet. By means of suitable known devices,
      the support flame is extended in a combustion zone across the whole
      cross-section of the combustion chamber to assure that all parts of the
      waste gases penetrating into the chamber will be heated at least to the
      temperature required for the combustion of the constituents to be
      destroyed.
PAR  Another basic condition well-known from gas turbine technology is that the
      average value of the gas flow rate through the chamber substantially shall
      exceed the speed of propagation of the combustion in the gas.
PAR  The term "process waste gases", as used herein, is meant to comprise all
      common gas mixtures. Thus, a chemical or other process can of course emit
      a waste gas which practically consists of air containing a minor
      proportion of noxious or nasty-smelling substances, such as sulphur
      compounds, carbon monoxide, etc., which substances must be destroyed
      before the air is discharged into the surrounding atmosphere. Other
      processes provide heavily contaminated waste gases containing only a
      moderate amount of air and, for the rest, compounds which must be
      destroyed, such as carbon monoxide and others. In, for example the
      sulphate digestion process, non-condensable gases are obtained which, in
      addition to nitrogen, carbon monoxide and formic acid, also contain the
      previously mentioned noisome, organic sulphur compounds. In the
      preparation of mineral wool, on the other hand, waste gases are obtained
      which mainly contain carbon monoxide in a content as high as about 15 %.
PAR  Thus, a common feature of the process waste gases is that, to a larger or
      smaller extent, these gases have a greater energy value than pure air. The
      supply of heat by the support flame is therefore adjusted so that the
      combustion of the supplied fuel and the combustible components of the
      waste gases will give a temperature sufficiently high to permit the final
      oxidation of the waste gas components to be destroyed.
DRWD
PAR  A combustion chamber according to the invention will be described in detail
      in the following, referring to the attached drawing with a single FIGURE
      showing a vertical longitudinal view in section of the combustion chamber.
DETD
PAR  The combustion chamber illustrated is provided with an outer surrounding
      casing 1 having a substantially circular cross section. At one of its
      ends, said casing 1 is provided with an inlet 2 for the process waste
      gases to be purified in the combustion chamber. The waste gases are
      supplied to said inlet 2 by means of a suitable suction fan. The inlet 2
      is dimensioned so that the gas will attain the necessary flow rate when
      entering the chamber. The inlet 2 is further so constructed together with
      the chamber casing 1 that the gas flow will maintain a substantially axial
      flow direction through the whole length of the chamber.
PAR  An injection device 3 for a suitable fuel is disposed near the inlet end of
      the chamber. Although practically any gaseous or liquid fuel can be used,
      it is preferred to use an oil firing unit known per se, the injection
      nozzle of which is disposed centrally in the injection device 3. One or
      more ignition means 4 are disposed at the orifice of the nozzle. In order
      to facilitate satisfactory operation of the device, it is essential that
      the support flame from the injection device 3 be expanded over the whole
      cross-section of the combustion chamber as quickly as possible, and for
      this purpose flame holding means 5, known from gas turbine technology, are
      distributed around the injection device 3. All of the gas entering through
      the inlet 2 will thus be forced to pass through a flame curtain which
      rapidly and extremely efficiently will heat the gas flow to the ignition
      temperature necessary for the combustion of the constituents to be
      destroyed.
PAR  A flame tube 6 is coaxially disposed inside the casing 1 and spaced
      therefrom. Said flame tube 6 is cooled by means of a thin air film. The
      air for this film is fed through a cooling air inlet 7 in the casing 1 and
      is then passed through the gap between the casing 1 and tube 6 and also
      into the tube 6 via slots distributed along both the length and periphery
      of said tube. In this way, the necessary corrosion and flame protection is
      attained as regards the tube 6 which per se eliminates the need of chamber
      lining and which can be made of comparatively cheap materials.
PAR  The length of the combustion chamber is sufficient to guarantee that all
      parts of the entering process waste gas are heated to the temperature
      necessary for the combustion of the noxious constituents of said gas. One
      or more air inlets 8 are disposed in the inlet end of the combustion
      chamber near the injection device 3. By means of said inlets 8, additonal
      air can be fed centrally into the combustion chamber not only for
      controlling the final temperature at the combustion chamber outlet 10 but
      also for cooling, in the form of a film, the injection device 3, a so
      called swirl 9 and the inside of the finger like flame holding means 5.
PAR  The purified gas mixture leaving the combustion chamber outlet 10 has a
      high heat value and can therefore be utilized in various processes. A
      combustion chamber device according to the invention has been used to
      treat 800 Nm.sup.3 waste gases from the cooking and the evaporation steps
      in a sulphate cellulose plant. Said process waste gases containned carbon
      monoxide and odious sulphur compounds while the purified gases leaving the
      chamber outlet 10 had a temperature of 1400.degree.C and contained only
      harmless compounds, carbon monoxide and water and a minor amount of
      sulphur compounds which were not odious.
PAR  The greatest advantage of the device according to the invention is the very
      substantial decrease of the space required. Another advantage of the
      device according to the invention as compared to the previously used very
      large furnace chamber is that the combustion starts immediately after the
      waste gases have entered the chamber. When starting the known furnaces
      after a breakdown, it may happen that at first no combustion takes place
      in spite of the support flame due to insufficient concentration of the
      combustible constituents of the gas. When these constituents then reach
      the necessary concentration an explosive combustion can occur, and it is
      not unusual to have several such explosions occur after one another. This
      behavious must, of course, be considered in the strength calculations of
      these futnace chambers. However, in the device according to the invention
      no such explosive combustion will take place.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for the purification by combustion of waste gases emanating
      from chemical processes and the like and having poisonous, odious and/or
      other noxious and/or corrosive constituents comprising:
PA1  an elongate outer casing,
PA1  an inner flame tube disposed within but spaced from said outer casing and
      providing an inner surface which is exposed to the combustion of the waste
      gasses occurring in said flame tube,
PA1  means for admitting air into the space between said flame tube and said
      outer casing,
PA1  means comprising a multiplicity of through slots in said inner flame tube
      spaced about the periphery of said flame tube and along its length for
      permitting the flow of air from said space into said flame tube to flow as
      a thin film of air over the inner surface of said air tube,
PA1  means for burning a fuel at said inlet end of said flame tube,
PA1  means for spreading the flame from the burning fuel over the entire
      cross-sectional area of said flame tube,
PA1  and means for admitting the gases to be purified into an inlet end of said
      flame tube and for passing said gases through the flame of the burning
      fuel,
PA1  the purified gases following combustion in said flame tube exiting at the
      other end of said flame tube.
NUM  2.
PAR  2. The apparatus of claim 1 which further includes an inlet means for
      admitting outside air for admixture with said gases to be purified before
      entry into said flame tube.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said flame tube is of circular
      cross-section and has a substantially uniform inner diameter over its
      length.
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ABST
PAL  A two-component blank suitable for minting into a coin is described. The
      blank consists of a low-carbon steel core completely encased in nickel.
      The blank has magnetic properties sufficiently similar to a solid nickel
      coin of the same size that the minted blank is accepted by magnetic
      property testing coin discriminating devices which accept pure nickel
      coins.
BSUM
PAR  This invention relates to a two-component blank suitable for minting into a
      coin, medallion or a like-shaped article and to a method of production of
      the blank. More particularly, the invention relates to a blank having a
      low carbon steel core completely encased in a nickel cladding. The
      properties of the blank after minting are sufficiently similar to those of
      a solid nickel coin that the minted blank is treated as such by many
      coin-discriminating devices capable of distinguishing between a genuine
      nickel coin and a counterfeit coin or a slug. The blank is produced
      according to the invention by a process which includes both electroplating
      and annealing steps.
PAR  Metallic nickel, owing to its tarnish-resistance, durability and attractive
      appearance, is used in many countries for coinage material. Recently,
      however, owing to the rapidly escalating value of metallic nickel, the
      intrinsic value of some nickel coinage has approached, and in some cases
      surpassed, its face value. Nickel coins have, as a result, largely
      disappeared from circulation in some countries despite laws which prohibit
      the melting down or export of such coins.
PAR  Efforts have been made to alloy or otherwise dilute nickel with cheaper
      elements in an attempt to produce coins which have the desirable qualities
      of pure nickel coins but which have a lower intrinsic value. While many
      alloys have been investigated, usually the resulting coins have properties
      which are less desirable than those of coins composed of pure nickel. For
      example, coins composed of nickel-copper or nickel-zinc alloys, when
      freshly minted, appear very similar to pure nickel coins but tend to
      become tarnished and dull in use. Also, nickel-alloy coins generally have
      properties sufficiently different from those of pure nickel coins that
      mechanical or electrical devices, which discriminate between genuine
      nickel coins and counterfeit coins or slugs, reject them, thus preventing
      the use of the alloy coins contemporaneously with nickel coins of the same
      size and face value.
PAR  Coin-discriminating devices in widespread use in coin-operated vending
      machines subject a coin to a number of tests on the basis of its size,
      weight, modulus of elasticity and magnetic properties.
PAR  Discrimination on the basis of magnetic properties is commonly made by
      causing the coin or slug to roll down an inclined ramp and through the
      magnetic field of a permanent magnet which is positioned under and
      adjacent to the lower end of the ramp. In Canada and other countries which
      use nickel coinage, the discriminator is adjusted such that the trajectory
      of a non-magnetic coin or slug which rolls off the end of the ramp is not
      influenced by the magnet and the coin or slug will fall into a "reject"
      compartment. If, on the other hand, the coin or slug is strongly magnetic,
      its trajectory will be greatly influenced by the magnet and it will
      likewise fall into the reject compartment. However, the trajectory of a
      pure nickel coin, while it is somewhat influenced by the magnet, is much
      less so than a coin or slug composed of iron or other strongly magnetic
      material so the nickel coin will fall into the "accept" compartment.
      Another type of magnetic test makes use of the force of attraction between
      the coin and a small magnet positioned adjacent to the face of the
      inserted coin. If the force of attraction between the magnet and the coin
      is large, in one type of magnetic testing device the coin is prevented
      from rolling down an incline or is diverted sideways, and is thereby
      rejected or accepted, respectively. However, if the coin is non-magnetic
      or the attractive force is not sufficient to hold the coin, as in the case
      of a nickel coin, it will proceed down the incline to the next test as,
      for example, determination of electrical conductivity or modulus of
      elasticity.
PAR  It is highly desirable that coins intended as substitutes for pure nickel
      coins have properties similar to those of pure nickel coins. Such
      substitute coins should desirably have appearance, wear and tarnish
      resistance similar to nickel but also should have similar magnetic
      properties so that they are accepted by coin-discriminating devices using
      magnetic tests. Where they have such properties, their introduction into
      circulation will cause little inconvenience to manufacturers and users of
      coin-operated vending machines which are adapted to accept pure nickel
      coinage.
PAR  It is an object of this invention to provide a blank which is significantly
      lower in cost than a blank of the same size and shape composed of pure
      nickel but which has an appearance, wear resistance and corrosion
      resistance similar to a pure nickel blank and which may be imprinted with
      deep and clear impressions without excessive die wear. Also, the blank so
      imprinted has magnetic properties sufficiently similar to a pure nickel
      coin of the same size and shape that it is accepted by most
      coin-discriminating devices that accept pure nickel coins.
PAR  A further object is to provide a process by which such a blank may be
      produced.
PAR  Broadly, the blank which forms the subject matter of the subject invention
      comprises a core formed of low carbon steel having a carbon content below
      about 0.03 wt %, a continuous cladding of nickel completely encasing said
      core, said cladding being of a thickness of at least 0.05 mm on the
      opposed faces of the blank and of 2 to 4 times greater radial thickness at
      the edge thereof, a layer of interdiffused nickel and iron metallurgically
      bonding said cladding to said substrate, said blank having a hardness
      value of less than 65 on the Rockwell 30T hardness scale and said blank
      having an induced magnetism value B in a field of 150 oersteds of less
      than about 4000 gauss measured on an axis through the centre of and normal
      to the faces of the blank whereby said blank, after minting, will be
      accepted by substantially all magnetic property testing coin
      discriminating devices which accept pure nickel coins.
PAR  The process of the invention broadly involves the steps of providing a core
      piece having opposed, substantially planar faces and a common side edge,
      said piece being composed of a low carbon steel containing less than about
      0.03% by weight carbon; electrolytically plating said core piece with a
      continuous cladding of nickel of not less than  0.05 mm in thickness at
      the faces of said piece and of 2 to 4 times greater radial thickness at
      the side edge of said piece and heating said nickel cladded core piece to
      anneal the substrate to decrease the hardness thereof to less than 65,
      preferably less than 45, on the Rockwell 30T hardness scale and to form a
      layer of interdiffused nickel and iron which metallurgically bonds said
      cladding of nickel to said substrate.
PAR  The starting material for the blank of the invention is low carbon steel.
      The steel must contain less than about 0.03% by weight carbon. A higher
      carbon content is not desirable because it makes the material too hard for
      satisfactory minting. Preferably, for ease of minting, the carbon content
      is 0.01% or less. In addition to carbon, the starting material may contain
      other alloying elements commonly found in minor amounts in low carbon
      steel. The starting material may, for example, contain small quantities of
      silicon, manganese and nickel. Provided the starting material initially is
      of a hardness less than 65 Rockwell 30T, preferably less than 45, or is
      capable of annealing to such hardness, the material is satisfactory for
      purposes of the present invention.
PAR  The low carbon steel is formed to the desired thickness by rolling, for
      example, and is processed through a blanking and, if desired, edge forming
      operations which produce pieces of a size such that when the pieces are
      encased in the required amount of nickel, they will be the required size
      of the finished blank. In most cases, the blank will be circular in shape
      although the invention contemplates using other shapes such as squares,
      heptagons, etc. as well.
PAR  The substrate pieces are preferably given raised or upset rims in order to
      provide a rim thickness greater than that of any other portion of the
      finished blank, not only to facilitate stacking, but also to provide
      better wear protection to the central portion of the finished coin. The
      upset pieces are then treated in an electroplating step where a continuous
      layer or cladding of nickel is applied to the faces of the pieces as well
      as to their edges.
PAR  Electroplating of nickel onto the pieces may conveniently be carried out in
      a barrel plating apparatus. One such type of apparatus consists of a
      cylindrical barrel rotatable about a horizontal axis within a tank filled
      with plating solution. Flexible cathode rods are mounted internally of the
      barrel and baskets containing anode pieces are fixed in the tank
      externally of the barrel. The cathode rods and anode baskets are connected
      to the negative and positive terminals respectively of a D.C. source. The
      potential difference between the anode and cathode is desirably maintained
      in the range of 5-20 volts.
PAR  The substrate pieces are contacted by the cathode rods as they are tumbled
      within the rotating barrel. The plating solution is a standard
      nickel-plating electrolyte such as nickel sulphamate or Watt's solution.
      The amount of nickel plated onto the substrate pieces can be varied as
      required by changing the current density or the plating time. For economic
      reasons, it is preferable to plate onto the substrate the minimum amount
      of nickel that will provide satisfactory wear and corrosion-resistance as
      well as the desired magnetic properties. In general, for these purposes,
      the nickel layer on the face of the blank should be at least about 0.05 mm
      in thickness. A thicker layer of nickel may, however, be necessary in some
      cases, to ensure that the finished blanks meet commercial specifications
      and have the required magnetic property. The latter requirement is
      discussed in detail below.
PAR  The nickel layer plated onto the core piece is of greater thickness at the
      edge than at the centre of either face of the blank. In this context, the
      thickness of plating at the edge means thickness as measured radially
      outwardly at the midpoint of the core piece edge and the thickness of
      plating on the faces means thickness as measured axially outwardly at the
      centre of the face of the blank. The ratio of the thickness of nickel
      plated on the edge of the substrate pieces to the thickness of nickel
      plated onto the faces of the pieces is governed primarily by the
      dimensions of the barrel and the size of the pieces. Usually, the ratio is
      in the range of 2:1 to 4:1. That is, the thickness of plating on the edge
      (measured radially) is two to four times the thickness of the plating on
      either face of the blank. In general, it is found that the edge/face
      thickness ratio is decreased as the plating barrel diameter is increased
      and as the diameter of the piece is decreased. Since the thickness of the
      nickel on the core piece faces is less than on the edges, the thickness of
      nickel on the faces only need be determined following barrel plating to
      ensure that the minimum required layer or plating of 0.05 mm has been
      deposited.
PAR  Following the electroplating step, the nickel-clad substrate pieces are
      annealed to decrease the hardness of the blank to less than 65, and
      preferably less than 45, on the Rockwell 30T hardness scale and, at the
      same time, to cause atomic interdiffusion of metals at the interface of
      the substrate and the nickel cladding. The conditions most suitable for
      this operation are a temperature of about 800.degree. to about
      1000.degree.C., a treatment time of about 10 to 40 minutes and a reducing
      atmosphere, e.g. a hydrogen atmosphere. Under microscopic examination, the
      annealed pieces are observed to have between the nickel cladding and the
      substrate a layer of interdiffused nickel and iron of finite thickness,
      typically 0.01 mm. The nickel cladding is thus metallurgically bonded to
      the substrate throughout the interface between the cladding and the
      substrate. The plated and annealed blank may be imprinted between minting
      dies with deep and clear impressions without excessive die wear and the
      imprinted nickel layer exhibits excellent wear and corrosion resistance.
PAR  The magnetism which can be induced by an applied field of 150 oersteds in
      the annealed blank should be less than about 4,000 gauss measured on an
      axis through the centre of and perpendicular to the faces of the blank.
      The induced magnetism of a blank under an applied field of 150 oersteds
      can conveniently be measured by known procedures using a Walker model MH-1
      Hysteresisgraph. In most cases, provided the nickel layer on the faces of
      the blank is at least 0.05 mm, the blanks, and the coins minted therefrom,
      will have the desired magnetic properties. However, should the induced
      magnetism B of a particular plated and annealed blank which meets the
      minimum plating thickness requirements be in excess of about 4000 gauss,
      (measured on the axis through the centre of and normal to the face of the
      blank in a field of 150 oersteds), the value of "B" can be decreased by
      increasing the thickness of the layer of nickel plated onto the blank.
PAR  The magnetism should be below the above-noted level to ensure that the
      blanks, after minting, are accepted by most existing coin-discriminating
      devices using magnetic tests. In such devices, as previously indicated,
      the magnitude of the force of attraction developed between an inserted
      coin and a permanent magnet determines whether the inserted coin will be
      accepted or rejected by the devices. Quite surprisingly, it is found that
      most coin-discriminating devices using magnetic tests cannot distinguish
      between coins minted from the blanks of the invention and like-shaped
      solid nickel coins despite significant differences in the construction of
      the devices. Some devices, for example, determine the force of attraction
      between a permanent magnet and a coin in its radial direction while others
      determine the attraction between a magnet and a coin along its cylindrical
      axis. The magnetic induction of the permanent magnets among the different
      devices vary considerably as do the gap lengths between the magnets and
      the coins in their passage through the devices. Despite these differences,
      coins minted from the blanks of the subject invention are accepted by most
      coin-discriminating devices which accept pure nickel coins of the same
      size, shape and weight.
PAR  Following annealing, the blanks must be burnished prior to minting to give
      their surfaces a uniform finish suitable for minting. Minting will usually
      consist of pressing the blanks simultaneously between obverse and reverse
      dies to form a complete design including a milled edge or reeding, if
      desired.
DETD
PAC  EXAMPLE 1
PAR  This example describes a procedure for producing blanks according to the
      subject invention. 42.3 gms of coin-shaped steel pieces having a carbon
      content of 0.01 wt. % and having a mean piece weight of 4.23 gms were
      placed in a perforated polypropylene horizontal plating barrel 30.5 cm
      long and 15.25 cm in diameter. After loading, the barrel and contents were
      subjected to the following sequence of cleaning steps: a 15 minute soak in
      a hot detergent; a 2 minute rinse in hot water; a 2 minute rinse in cold
      water; another 2 minute rinse in cold water; a 4 minute soak in 10% HCl;
      and a 2 minute rinse in cold water.
PAR  The barrel and contents were then placed in a plating tank provided with
      approximately 150 liters of a nickel sulphamate electrolyte containing
      79.1 g/l nickel, 1.34 g/l chloride ions and 24.5 g/l borate ions. The
      solution had a pH of 4.0 and was maintained at a temperature of
      49.degree.C. Four anode baskets were immersed in the plating tank, each
      basket being formed of titanium mesh and containing approximately 9000
      grams of nickel anodes. The potential difference between the anode and
      cathode was 6.0 volts and the current flowing therebetween was 30 amps.
      D.C.
PAR  The barrel was rotated at 6 rpm for 18.6 hours and was then removed from
      the tank and was subjected to a cold rinse for two minutes and a hot rinse
      for two minutes. The contents of the barrel were then discharged and dried
      in hot air.
PAR  The dimensions of a representative blank before and after plating are given
      in the following table:
TBL                TABLE 1                                                     
     ______________________________________                                    
     Dimension of Steel                                                        
                  Thickness of  Amount of Nickel                               
     substrate (mm)                                                            
                  nickel layer  Deposited (as                                  
                  (mm)          wt % of total wt.                              
                      on       on     of substrate and                         
     diameter                                                                  
            thickness faces    edges  nickel cladding)                         
     ______________________________________                                    
     23.454 1.249     0.072    0.278  20.9                                     
     ______________________________________                                    
PAR  The results show that the nickel layer deposited on the edges of the steel
      pieces is slightly less than 4 times thicker than that deposited on the
      faces.
PAR  The blanks were next annealed at 990.degree.C. for 17 minutes in a hydrogen
      atmosphere. The induced magnetism value B of a typical annealed blank in
      an applied field of 150 oersteds was measured on an axis through the
      centre of and normal to the face of the blank and, for comparative
      purposes, the B value of one of the steel blanks before plating and
      annealing and of a pure nickel blank of essentially the same size and
      shape were determined. The results are shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Blank            B (Gauss)*                                               
     ______________________________________                                    
     Nickel plated and annealed                                                
                      3,100                                                    
     Mild steel       6,000                                                    
     Pure nickel      2,400                                                    
     ______________________________________                                    
      *In each case, values for the magnetic induction B were taken from the   
      first quadrant for a B-H loop with a positive increasing applied field.  
CLMS
STM  What we claim as new and desire to protect by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A coin blank comprising a core formed of low carbon steel having a
      carbon content below about 0.03 wt. %, a continuous cladding of nickel
      completely encasing said core, said cladding having a thickness of at
      least 0.05 mm on each of the opposed faces of the blank and a thickness,
      measured radially, of 2 to 4 times the face thickness at the edge thereof,
      a layer of interdiffused nickel and iron metallurgically bonding said
      cladding to said core, said blank having a hardness value of less than 65
      on the Rockwell 30T hardness scale and said blank having an induced
      magnetism value B in a field of 150 oersteds of less than about 4000 gauss
      measured on an axis through the centre of and normal to the faces of the
      blank whereby said blank, after minting, possesses magnetic properties
      substantially similar to a pure nickel coin of similar size and shape.
NUM  2.
PAR  2. The blank as claimed in claim 1 wherein said mild steel core contains
      less than 0.01% by weight carbon.
NUM  3.
PAR  3. The blank as claimed in claim 1 wherein the hardness value is less than
      about 45 on the Rockwell 30T hardness scale.
PATN
WKU  039402550
SRC  5
APN  4947371
APT  1
ART  115
APD  19740805
TTL  Process for making cordierite glass-ceramic having nucleating agent and
      increased percent cordierite crystallinity
ISD  19760224
NCL  8
ECL  1
EXP  McCarthy; Helen M.
INVT
NAM  Harrington; Roy V.
CTY  Brecksville
STA  OH
INVT
NAM  Beal; Donald F.
CTY  Medina
STA  OH
ASSG
NAM  Ferro Corporation
CTY  Cleveland
STA  OH
COD  02
CLAS
OCL   65 33
XCL  106 396
XCL  106 397
XCL  106 398
EDF  2
ICL  C03C  322
FSC  106
FSS  39.6;39.7;39.8
FSC   65
FSS  33
FSC  264
FSS  125
UREF
PNO  2920971
ISD  19600100
NAM  Stookey
OCL  106 39.6
UREF
PNO  3113877
ISD  19631200
NAM  Janakirama-Rao
OCL  106 39.6
UREF
PNO  3275493
ISD  19660900
NAM  MacDowell
OCL   65 33
UREF
PNO  3282711
ISD  19661100
NAM  Lin
OCL   65 33
UREF
PNO  3389458
ISD  19680600
NAM  Ostrander et al.
OCL  106 48
UREF
PNO  3450546
ISD  19690600
NAM  Stong
OCL   65 33
UREF
PNO  3464806
ISD  19690900
NAM  Seki et al.
OCL   65 33
UREF
PNO  3464880
ISD  19690900
NAM  Rinehart
XCL   65 33
UREF
PNO  3473936
ISD  19691000
NAM  Smith
OCL   65 33
UREF
PNO  3480452
ISD  19691100
NAM  Fleischner
OCL  264125
UREF
PNO  3775164
ISD  19731100
NAM  Smith et al.
OCL   65 33
FREF
PNO  1,020,573
ISD  19660200
CNT  UK
OCL  106 39.6
FREF
PNO  1,082,016
ISD  19600500
CNT  DT
OCL  106 39.7
FREF
PNO  1,085,804
ISD  19610100
CNT  DT
OCL  106 39.7
FREF
PNO  1,099,135
ISD  19610200
CNT  DT
OCL  106 39.7
LREP
FR2  Simmons; Milton L.
FR2  Taylor; Wesley B.
ABST
PAL  A cordierite-type glass-ceramic and a process for its preparation are
      disclosed, characterized in that a nucleating agent in a small amount is
      added preferably to a glass batch capable of producing cordierite. The
      nucleating agent aids in forming a glass-ceramic refractory of relatively
      large amounts of crystalline cordierite. The melt is quenched and ground
      to an average particle size no greater than about minus 325 U.S. Standard
      sieve. This particle size in combination with a relatively small amount of
      a nucleating agent has been found to increase the amount of cordierite
      formed during crystallization and simultaneously decrease the amount of
      glassy phase remaining in the glass-ceramic. In this manner, the ultimate
      product more nearly resembles pure cordierite. The nucleating agent
      includes the compounds, usually the oxides, of Mo, Ta, Zr, Nb, Ti, Li, As,
      and mixtures thereof. The preferred nucleating additive or agent is
      Nb.sub.2 O.sub.5. The present refractories may have a coefficient of
      thermal expansion less than 1.60 .times. 10.sup.-.sup.6
      inch/inch/.degree.C from room temperature to about 600.degree.C as
      determined by the Orton dilatometer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cordierite is a crystalline mineral that is desired for its physical
      properties, especially its relatively low rate of thermal expansion.
      Cordierite occurs naturally in certain rocks, but it is difficult to
      obtain substantially pure cordierite from this source and virtually
      impossible on a commercial basis.
PAR  Accordingly, the practice has been to synthesize cordierite. The
      crystalline structure of this mineral is generally taken theoretically to
      be a solid solution consisting essentially of the following oxides in the
      molar ratio: 2MgO.2Al.sub.2 O.sub.3.nSiO.sub.2, n being a whole number
      within the range of 5 to 8. As indicated, the cordierite lattice can
      accept 5 to 8 moles of SiO.sub.2 with respect to the ratio given to
      provide a thermal expansion only slightly higher than that of the molar
      ratio 2:2:5, respectively. Beyond the molar ratio of 2:2:8 crystal
      composition, no further silica is accepted and cristobalite inversion
      appears in the expansion curves; note "Thermal Expansion of Some Glasses
      in the System MgO--Al.sub.2 O.sub.3 --SiO.sub.2 " by Hummel and Reid,
      Journal of the American Ceramic Society, Volume 34, No. 10, October, 1951,
      page 319. Beyond the indicated saturation limit for silica, the presence
      of free silica is indicated as by changes in the thermal expansion curves.
PAR  Although, as indicated, cordierite is considered to have a basic chemical
      composition, 2MgO.2Al.sub.2 O.sub.3.nSiO.sub.2, there is evidence of
      limited solid solutions in cordierite toward the theoretical compound
      "Mg-beryl" (3MgO.Al.sub.2 O.sub.3.6SiO.sub.2), and also between cordierite
      and silica to the composition 2MgO.2Al.sub.2 O.sub.3.nSiO.sub.2, where n
      can be any whole number from 5 to 8. The complex nature of the proposed
      solid solutions and the long times that may be required to reach
      equilibrium in compositions of this type have resulted in conflicting
      opinions as to whether these solid solutions were stable or metastable at
      room temperature.
PAR  The crystal structure of cordierite is similar to the structure of the
      mineral beryl which consists of six-membered silicon-oxygen tetrahedron
      rings. Because of the differences in chemical composition between beryl
      and cordierite, the six-membered rings in the cordierite structure consist
      of one (AlO.sub.4).sup.-.sup.5 group and five (SiO.sub.4).sup.-.sup.4
      groups. The differences between the two forms of cordierite, high or
      disordered cordierite and low or ordered cordierite, lie in the degree of
      order in the distribution of these aluminum-oxygen tetrahedra in the
      structure. High cordierite, with hexagonal symmetry, is found in nature as
      the mineral indialite and is most commonly associated with volcanic
      structures. Low cordierite has orthorhombic symmetry and is most commonly
      found in metamorphic rocks where the greatest degree of ordering in the
      cordierite crystal structure is achieved.
PAR  Modified cordierite structures also exist including a series of solid
      solutions between 2MgO.2Al.sub.2 O.sub.3.5SiO.sub.2 and 2FeO.2Al.sub.2
      O.sub.3.5SiO.sub.2, between 2MgO.2Al.sub.2 O.sub.3.5SiO.sub.2 and
      2MnO.2Al.sub.2 O.sub.3.5SiO.sub.2, and ostensibly between 2FeO.2Al.sub.2
      O.sub.3.5SiO.sub.2 and 2MnO.2Al.sub.2 O.sub.3.5SiO.sub.2. All these
      compositions maintain the cordierite crystal structure and also may
      display the same attractive physical and thermal properties as previously
      described for magnesian cordierite.
PAR  The term "cordierite-type" is used here and in the claims to include any
      and all of the cordierite crystalline structures previously described.
PAR  Cordierite may be synthesized either through a solid state reaction of
      metal oxides or by recrystallization from a glass. In either case, high
      cordierite always forms first. Some degrree of structural ordering of the
      alumina-oxygen tetrahedra can be achieved by prolonged heat treatment of
      high cordierite at elevated temperatures. In the formation of cordierite
      with the composition 2MgO.2Al.sub.2 O.sub.3.5SiO.sub.2, by
      recrystallization from a glass, there are three important reactions which
      occur. An endothermic reaction at about 800.degree.C indicates a point
      where relaxation in the glass structure occurs, thereby allowing ionic
      mobility and the formation of nuclei or sites for subsequent
      crystallization at higher temperatures. An exothermic reaction
      representing the formation of beta quartz solid solution crystal phase
      occurs at about 950.degree.C. It is believed that there is a replacement
      of part of the silicon atoms in the crystal lattice of beta quartz by
      aluminum atoms and the corresponding filling of the spiral-like vacancies
      with magnesium atoms. The formation of high cordierite at the expense of
      beta quartz solid solution and most of the remaining glass is detected as
      an exothermic reaction occurring at about 1020.degree.C. Heating to
      temperatures up to about 1425.degree.C, depending on chemical purity of
      the starting glass, ensures maximum cordierite formation for that
      particular glass composition.
PAR  In one process for synthesizing cordierite, the oxides, MgO, Al.sub.2
      O.sub.3, and SiO.sub.2, or batch materials yielding these oxides upon
      firing, such as talc and clay or other aluminum silicates, are smelted and
      then quenched to a solid glass. A desired article may be shaped from the
      glass melt prior to a rapid cooling. The glass or preformed article is
      then reheated to a crystallizing temperature in which cordierite is formed
      in situ. Unfortunately, the entire mass of solid glass does not convert to
      cordierite, such that there is coexistence of crystalline cordierite and a
      glassy phase. The presence of the glassy phase militates against
      realization in the glass-ceramic the desirable properties of cordierite,
      the more glassy phase being present, the more serious becomes the problem.
      While the glassy phase when fluid tends to densify the cordierite, in the
      resulting glass-ceramic the crystalline cordierite and vitreous glassy
      phase compete to dominate its physical properties. Glass-ceramics with the
      lowest residual glass have also the lowest coefficients of thermal
      expansion.
PAR  Attempts have, therefore, been made to increase the amount of cordierite
      that crystallizes, and thereby reduce the amount of glassy phase formed,
      by adding nucleating agents to the glass-forming batch. Previously, the
      amounts added, however, have been relatively large, for example, in the
      case of titania of the order of at least 5 to as much as 10% by weight and
      in some instances as much as 20% based on the weight of the glass. While
      such additives may have increased the crystallization of cordierite, their
      presence in such relatively large quantities has acted as a diluent or
      poison to the cordierite insofar as realizing the desired physical
      properties is concerned. For instance, the rate of thermal expansion
      unduly suffers. Use of significant amounts of such agents may also promote
      formation of crystalline systems other than the desired cordierite-type
      glass-ceramic.
PAR  In this respect, prior nucleating agents have a built-in counter-effect
      which at least in part negates any improvement that may have been realized
      in increasing crystallization to cordierite.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide a
      cordierite-type glass-ceramic having a low rate of thermal expansion for
      cordierite-glass mixed phases. This is realized by the use of relatively
      small amounts of a nucleating agent in combination with finely ground
      glass of potential cordierite composition. The combination increases the
      formation of crystalline cordierite at a crystallizing temperature and
      thereby decreases the attendant amount of glassy phase formed or left
      during the formation of cordierite.
PAR  In the case of bulk glass, crystalliization to a cordierite-type
      glass-ceramic initiates at sites largely at the surface and propagates
      inwardly. Large crystal sizes and large amounts of residual glass result.
      However, when the glass is ground to fine particle size in accordance with
      the present invention and then preferably shaped as may be desired, the
      same crystallization occurs; but in combination with relatively small
      amounts of a nucleating agent and the vastly increased surface area, a
      greatly increased number of nucleating sites are born. A higher degree of
      crystallization to a cordierite-type glass-ceramic eventually results in
      which the sizes of the crystals are advantageously limited by the size of
      the original glass particles. That residual glass which does remain is
      also appreciably reduced in amount than would otherwise be the case.
PAR  In one form of the invention, a glass batch capable of yielding a melt
      consisting essentially of MgO, Al.sub.2 O.sub.3, and SiO.sub.2 is melted
      together with up to about 3% by weight of the glass to be formed of a
      nucleating agent. The agent is a metal compound, usually the oxide, in
      which the metal is selected from a class consisting of Mo, Ta, Zr, Ti, Li,
      As and mixtures thereof. The melt is quenched to a solid glass and the
      glass then ground to an average particle size of minus 325 U.S. Standard
      sieve. The large surface area afforded by the small particle sizes enables
      the use of a much smaller amount of nucleating agent than previously has
      been thought possible to achieve the desired results. In fact, especially
      small amounts, up to 0.5% by weight, have been found to be especially
      useful in the case of Ti, Nb, Mo, or Zr. The admixture of the glass
      particles and nucleating agent is formed into a desired shape and then
      heated to a nucleating temperature, such as from about 700.degree. to
      about 900.degree. C, for a time sufficient to form a plurality of
      crystallization sites, such as about 1 hour to about 4 hours.
PAR  The actual role of the nucleating agent is not clear. In some manner, the
      relatively small amount of nucleating agent is still effective in forming
      many centers or sites of nucleation for forming crystalline cordierite.
      There results a relatively large number of tiny and randomly oriented
      crystals which grow ever larger to a desirable maximum size. In this
      manner, the growth of crystalline cordierite is encouraged with the
      simultaneous reduction in the amount of a residual glassy phase. The
      cordierite-type glass-ceramic is then formed by heating at a still higher,
      crystallizing temperature, for example, from about 1000.degree. to about
      1200.degree.C for about 1 hour to about 5 hours.
PAR  Cordierite-type glass-ceramics of the present invention contain at least 80
      percent by weight of a cordierite-type crystalline structure and have a
      coefficient of thermal expansion less than about 1.60 .times.
      10.sup.-.sup.6 inch/inch/.degree. C from room temperature (15.degree. to
      30.degree.C) to about 600.degree.C, as compared to about 2.5 .times.
      10.sup.-.sup.6 inch/inch/.degree. C usually found in cordierite-type
      bodies, and as compared to about 1 .times. 10.sup.-.sup.6
      inch/inch/.degree. C as found in pure polycrystalline cordierite, all as
      measured on the Orton dilatometer.
PAR  The present refractories are adapted for use at high temperatures, thermal
      shock conditions, such as in heat exchangers, for example, for gas turbine
      engines, in radome applications, for plates, rods, tubes, and the like.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In one form of the invention, batch materials are fused to form a glass
      melt containing sufficient amounts of MgO, Al.sub.2 O.sub.3, and SiO.sub.2
      to engender the cordierite composition. For example, the batch materials
      may contain the following components or materials adapted to yield such
      components upon smelting: 10 to 30% MgO, 15 to 50% Al.sub.2 O.sub.3, and
      35 to 70% SiO.sub.2. The theoretical formula 2MgO.2Al.sub.2
      O.sub.3.5SiO.sub.2 corresponds to a composition of 13.8% MgO, 34.9%
      Al.sub.2 O.sub.3, and 51.3% SiO.sub.2. Smelting may be carried out at
      1500.degree. to 1700.degree.C for 1 to 6 hours, although values outside
      these ranges can also be used.
PAR  The nucleating agent may be added at any time prior to reheating the glass
      that is formed to a nucleating temperature. For example, the nucleating
      agent may be added to the glass at the time it is ground, as hereinafter
      described, either before, during, or after the glass is ground. In this
      case, the necleating agent is ground to the same average particle size as
      the glass. However, for convenience and better dispersion of the
      nucleating agent throughout the glass, it is preferred to add the agent
      directly to the original batch materials and to be smelted with them. In
      any case, a sufficient amount of nucleating agent is added to provide no
      more than about 3% by weight of the glass. In fact, for certain of the
      nucleating agents, extremely small amounts have been found to be
      effective. More particularly, for Ti, Nb, Mo or Zr, as little as up to
      0.5% of the nucleating agent is surprisingly effective.
PAR  After the glass melt is formed from the batch materials, it is quenched,
      preserving the non-crystalline, glassy phase, and the resulting solid
      glass then conventionally ground to an average particle size of minus 325
      U.S. Standard sieve (that is, finer than 44 microns) and preferably up to
      about five microns. It is postulated that the relatively large surface
      area of the particles provide high energy surfaces. The particle size
      therefore is significant in the practice of the present invention. The
      resulting ground glass becomes the raw material for fabricating the
      ceramic product of the invention.
PAR  The ground glass particles are formed into a desired article shape by
      standard techniques, such as dry pressing, casting, extruding, injection
      molding, or other powder fabrication techniques. In a subsequent heating
      operation to a nucleating temperature, the nucleating agent in combination
      with the fine particle size promote an increase in number of nucleating
      sites for more efficient nucleation.
PAR  The ultimate crystal size is ideally limited by the size of the glass
      particles and also by the large number of crystals which grow
      simultaneously. It is thought that the nucleating agents encourage the
      formation of more sites for crystallization, thereby resulting in greater
      crystallinity. The times and temperatures for the nucleating step can be
      developed by trial and error. However, heating for about 1 hour to about 4
      hours in a range of about 700.degree. to about 900.degree.C has been found
      to be satisfactory. The nucleation at this stage may largely be on the
      surfaces of the glass particles. It is believed that many nucleation sites
      become available, resulting in an overall finer crystal size in the
      refractory body.
PAR  Thereafter, the article shape can be heated at a still higher temperature
      in a suitable furnace such as a muffle furnace to promote crystallization
      to the cordierite-type refractory. For instance, the second heat may be
      for about 0.5 hour to about 6 hours with a range of about 1050.degree. to
      about 1425.degree.C. Both the nucleating and crystallizing steps are a
      function of time and temperature. Refractory products of the present
      invention contain at least 80% by weight of a cordierite-type crystalline
      structure. The glass-ceramic may then be allowed to cool with the furnace.
PAR  The original chemical composition of the batch materials may vary widely as
      is understood in the art. The batch materials may comprise various
      materials, either oxides or other compounds which on being heated are
      converted to the desired oxide composition. In place of the oxides, other
      relatively easily decomposed compounds of magnesium, aluminum, and silica
      can be used such as the carbonates, sulfates, nitrates, silicic acid, and
      the like.
PAR  In a like manner, the metal compound defining the nucleating agent can vary
      in chemical composition as long as it is one convertible by heat to the
      oxide as during smelting or, additionally, in the case of lithium, in the
      form of the fluoride. Thus, the term "metal compound" as used herein to
      designate the necleating agent includes, as a starting additive, the metal
      in free metal form, or its oxide, or a form decomposable to the oxide or
      additionally in the case of lithium, lithium fluoride.
PAR  In general, following the procedure just outlined provides products of the
      present invention having the following typical properties:
TBL  Modulus of Rupture                                                        
                  2,000 to 25,000 psi                                          
     Coefficient of                                                            
                  Less than 1.60 .times. 10.sup.-.sup.6 inch/inch/.degree.C,   
     Thermal Expansion                                                         
                  from 0.degree.C to 600.degree.C as determined by             
                  the Orton dilatometer                                        
     Porosity     5% to 40%                                                    
     Cordierite-type                                                           
     Crystalline Content                                                       
                  At least 80% by weight                                       
PAR  At least the metal of the nucleating agent may remain in the ultimate
      refractory, normally as the oxide or additionally, in the case of lithium,
      as the fluoride.
DETD
PAR  The following examples are intended only to illustrate the invention and
      should not be construed as imposing limitations on the claims.
      Compositions are by weight percent and temperature is on the centigrade
      scale unless otherwise indicated.
PAC  EXAMPLES 1 THROUGH 9
PAR  Using commercially available raw materials, nine different batch
      compositions as shown in Table A were prepared and melted in platinum
      crucibles. Calcined magnesite was used as the source of the MgO, while
      calcined alumina was used as a source of the Al.sub.2 O.sub.3.
      Pennsylvania powdered glass sand was used to provide the SiO.sub.2, and
      reagent grade chemicals were used as a source of the nucleating agents
      which were included directly in the batch formulations.
PAR  All glasses were water quenched to guard against possible devitrification
      which could occur on a slow quench. Where necessary, all resulting glasses
      were crushed and remelted until no unmelted material was visible. The
      quenched glasses were then ball milled to an average particle size no
      greater than about minus 325 U.S. Standard sieve. Each composition of
      Table A was prepared and processed in the same manner. Press mixes were
      prepared by adding to a predetermined amount of glass particles about 4%
      by weight of polyethylene glycol dissolved in denatured ethyl alcohol.
      After drying, the samples were passed through a 42 mesh screen and about
      1.5 weight percent of oleic acid was added and thoroughly blended with the
      press mixes. A bar sample was then prepared from each composition under
      test by pressing 15 grams of the glass particles at 5,000 psi in a die of
      square cross-section measuring 10 centimeters in length and 1 centimeter
      on a side.
PAR  The heat treatment schedule consisted of two hold temperatures, namely, one
      for nucleation, and the other for crystallization. A standard heat
      treatment schedule had a heating rate of 100.degree.C per hour to a
      temperature in the range of 815.degree. to 835.degree.C, followed by a
      1-hour hold. Heating was then continued to 950.degree.C at a 25.degree.C
      rise per hour (sintering can occur at this time) and from that temperature
      to 1150.degree.C over a 2-hour period, where the samples were then held
      for 5 hours.
TBL                                    TABLE A                                 
     __________________________________________________________________________
     PHYSICAL, THERMAL AND STRUCTURAL PROPERTIES OF TEST SAMPLES               
                                                  CTE   CTE   Relative         
     Batch Formulations    Agent      %     Flexural                           
                                                  RT-600.degree.C              
                                                        RT-600.degree.C        
                                                              Cordierite       
     Example                                                                   
           MgO  Al.sub.2 O.sub.3                                               
                      SiO.sub.2                                                
                           Type  Wt.% Shrinkage                                
                                            Strength                           
                                                  Vertical                     
                                                        Orton Content          
     __________________________________________________________________________
     1     13.8 34.9  51.4 --    --   1.8   2440  1.35  1.60  98               
     2     13.8 34.9  51.4 TiO.sub.2                                           
                                 1.5  2.4   2530  1.23  1.46  100              
     3     13.8 34.9  51.4 LiF   0.5  4.2   4940  1.39  --    98               
     4     13.8 34.9  51.4 Cr.sub.2 O.sub.3                                    
                                 1.0  6.3   5970  2.93  3.21  55               
     5     13.8 34.9  51.4 Nb.sub.2 O.sub.5                                    
                                 1.0  3.7   4370  1.32  1.46  97               
     6     13.8 34.9  51.4 ZrO.sub.2                                           
                                 1.0  4.5   6140  1.30  1.54  95               
     7     13.8 34.9  51.4 MoO.sub.3                                           
                                 1.0  5.4   5960  1.30  1.39  97               
     8     13.8 34.9  51.4 TiO.sub.2                                           
                                 6.0  2.6   1550  6.50  --    19               
     9     13.8 34.9  51.4 TiO.sub.2                                           
                                 10.0 10.0  2480  3.61  --    44               
     __________________________________________________________________________
PAR  Firing shrinkage, rate of thermal expansion and flexural strength were
      determined for each example. Firing shrinkage was determined by measuring
      the percent change in length. Bulk density and porosity were determined by
      the ASTM boiling water method C 20. The coefficient of thermal expansion
      (CTE) was determined over a temperature range of room temperature (RT) to
      600.degree.C on both a vertical dilatometer with a vitreous silica push
      rod and sample holder at a heating rate of 160.degree.C per hour, and on a
      horizontal Orton automatic recording dilatometer, also with a vitreous
      silica push rod and sample holder at a heating rate of 160.degree.C per
      hour. The Orton determination of the coefficient of thermal expansion is
      more reliable than the vertical dilatometer determination, but the former
      is also much more time consuming. Use of both techniques was made in
      collecting the data, the vertical dilatometer being employed more as a
      screening device. Flexural strength data of Table A were determined on an
      Instron tester by a three-point loading on a 2.5 inch span.
PAR  The cordierite content was determined by standard X-ray diffraction
      technique in which the intensity of peaks was compared with a known,
      standard material. Crystalline substances such as cordierite exhibit a
      distinctive group of X-ray diffraction peaks in which the angle that each
      peak occurs is dictated by the internal structure of the mineral. The
      intensity of these peaks is proportional to the amount of the crystalline
      phase present in the sample. When a standard is used, the amount of a
      crystal phase in a sample can be calculated using peak intensities in
      relation to the intensities of the standard peaks. It is necessary
      therefore to use standards of known crystal phase content. It has not been
      possible to obtain a cordierite standard where the absolute cordierite
      content is known. This is because, if the sample is prepared by
      recrystallization of a glass having a chemical composition close to that
      of cordierite, there is always some residual glass, the amount of which is
      not accurately known. Samples having the highest amount of cordierite are
      either described herein or have been obtained by prolonged heat treatment
      or both. Extended heat treatments, however, also result in the initiation
      of the structural inversion from the hexagonal crystal structure to the
      orthorhombic crystal structure. This change in structure results in
      changes in the angles where the X-ray diffraction peaks occur and also in
      changes in the intensities of those peaks.
PAR  The cordierite content as used herein was, therefore, determined by
      comparing the cordierite X-ray diffraction peak intensities of a group of
      experimental samples and assigning a value of 100 to that sample with an
      intense cordierite peak, namely, that of Example 2. The compositions of
      other examples subsequently analyzed were, in turn, compared to this
      example. These values, then, indicate the relative amounts of cordierite
      by weight as detected by X-ray diffraction. However, all data to indicate
      that all cordierite-type glass-ceramics prepared in accordance with the
      present invention did contain at least 80% by weight of cordierite as
      2MgO.2Al.sub.2 O.sub.3.nSiO.sub.2, where n is a whole number in the range
      of 5 to 8.
PAR  As shown by Table A, within the amounts of nucleating agent that are
      contemplated by the present invention, there were minor differences in
      shrinkage, strength, coefficients of thermal expansion, and cordierite
      content, with each formulation showing slightly different trends. All of
      the nucleating agents of the invention provided excellent coefficients of
      thermal expansion of less than 1.60 .times. 10.sup.-.sup.6
      inch/inch/.degree. C on the Orton dilatometer. It will be noted that the
      coefficient of thermal expansion for Example 1, which contained no
      nucleating agent was 1.60 .times. 10.sup.-.sup.6 inch/inch/.degree. C from
      room temperautre (RT) to 600.degree.C on the horizontal (Orton)
      dilatometer. All of the other formulations containing a nucleating agent
      of the present invention at amounts less than 3% provided coefficients of
      thermal expansion less than 1.6 .times. 10.sup.-.sup.6 inch/inch/.degree.
      C over the same temperature range as determined by the Orton dilatometer.
PAR  Example 4 is included to show the adverse effect of adding a metal compound
      not in accordance with the invention. In this case, an addition of 1% by
      weight of Cr.sub.2 O.sub.3 results in coefficients of thermal expansion of
      2.93 .times. 10.sup.-.sup.6 inch/inch/.degree. C by the vertical
      dilatometer; and 3.21 .times. 10.sup.-.sup.6 inch/inch/.degree. C by the
      Orton dilatometer.
PAR  Examples 8 and 9 are included to show the effect of adding more than 3% by
      weight of a nucleating agent. These examples are representative of the
      amounts of added agents used by the prior art. In Example 8, the addition
      of 6% TiO.sub.2 resulted in a coefficient of thermal expansion of 6.50
      .times. 10.sup.-.sup.6 inch/inch/.degree. C by the vertical dilatometer.
      In Example 9, the addition of 10% TiO.sub.2 resulted in a coefficient of
      thermal expansion of 3.61 .times. 10.sup.-.sup.6 inch/inch/.degree. C by
      the vertical dilatometer.
PAC  EXAMPLES 10 THROUGH 21
PAR  Table B provides batch formulations for 12 additional examples and the test
      results on the glass-ceramics prepared from the formulations.
PAR  These formulations were smelted together with the indicated nucleating
      agent and test samples prepared from the resulting glasses in the same
      manner as described for Examples 1 through 9. In Table B, the values
      indicated correspond to those described for Table A. It will be noted that
      the values reported are within desirable ranges and especially the
      coefficients of thermal expansion which are less than 1.60 .times.
      10.sup.-.sup.6 inch/inch/.degree. C as determined by Orton and vertical
      dilatometers.
PAR  Although the foregoing describes several embodiments of the present
      invention, it is understood that the present invention may be practiced in
      still other forms within the scope of the following claims.
TBL                                    TABLE B                                 
     __________________________________________________________________________
     PHYSICAL, THERMAL AND STRUCTURAL PROPERTIES OF TEST SAMPLES               
                                                  CTE   CTE   Relative         
     Batch Formulations    Agent      %     Flexural                           
                                                  RT-600.degree.C              
                                                        RT-600.degree.C        
                                                              Cordierite       
     Example                                                                   
           MgO  Al.sub.2 O.sub.3                                               
                      SiO.sub.2                                                
                           Type  Wt.% Shrinkage                                
                                            Strength                           
                                                  Vertical                     
                                                        Orton Content          
     __________________________________________________________________________
     10    13.8 34.9  51.4 TiO.sub.2                                           
                                 2.5  1.5    830  1.11  1.11  105              
     11    13.8 34.9  51.4 TiO.sub.2                                           
                                 0.8  6.0   5240  1.02  1.18  113              
     12    13.8 34.9  51.4 MoO.sub.3                                           
                                 0.5  3.0   3900  1.03  1.29  107              
     13    13.8 34.9  51.4 MoO.sub.3                                           
                                 2.0  4.5   4560  1.23  --    105              
     14    13.8 34.9  51.4 Nb.sub.2 O.sub.5                                    
                                 0.5  5.0   4560  1.04  --    111              
     15    13.8 34.9  51.4 Nb.sub.2 O.sub.5                                    
                                 1.0  3.0   3790  1.03  1.13  108              
     16    13.8 34.9  51.4 Nb.sub.2 O.sub.5                                    
                                 2.0  2.5   3110  1.03  --     95              
     17    13.8 34.9  51.4 ZrO.sub.2                                           
                                 0.5  7.0   5940  1.20  --    108              
     18    13.8 34.9  51.4 ZrO.sub.2                                           
                                 2.0  10.0  7550  1.41  --     93              
     19    13.8 34.9  51.4 LiF   1.0  5.0   3970  1.22  --    112              
     20    13.8 34.9  51.4 Ta.sub.2 O.sub.5                                    
                                 1.0  6.1   3000  1.16  --    102              
     21    13.8 34.9  51.4 As.sub.2 O.sub.3                                    
                                 1.0  5.8   4500  1.13  --    107              
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for producing a cordierite glassceramic by fusing a mixture
      of ingredients to form a melt consisting essentially of MgO, Al.sub.2
      O.sub.3, and SiO.sub.2, quenching the melt to a solid glass, and then
      heating the solid glass to crystallize such oxides to a cordierite
      crystalline structure in the presence of a glassy phase; the improvement
      of increasing the amount of cordierite crystalline structure formed and
      reducing the amount of glassy phase obtained, comprising: admixing with
      said mixture or glass at any time prior to such heating step a nucleating
      agent in a relatively small amount of about 0.5% to about 3%, based on the
      weight of said solid glass, said agent consisting essentially of a metal
      compound, the metal of said compound being selected from a class
      consisting of Mo, Ta, Zr, Nb, Ti, Li, As and mixtures thereof, and said
      compound of the metal being selected from the class consisting of the
      metal itself, an oxide of the metal, a compound convertible to the oxide
      by heat, and lithium fluoride, comminuting said solid glass to an average
      particle size no greater than about minus 325 U.S. Standard sieve to
      provide substantially increased surface area, heating said particles and
      nucleating agent to a nucleating temperature and forming a plurality of
      sites for crystallization of said comminuted glass to a cordierite
      glass-ceramic by the combination of said relatively small amount of
      nucleating agent and said increased surface area, and then heating the
      particles and agent at a higher temperature to promote crystallization and
      form a cordierite glass-ceramic containing at least 80% by weight of a
      cordierite crystalline structure corresponding to 2MgO.2Al.sub.2
      O.sub.3.nSiO.sub.2, n being a whole number within the range of 5 to 8,
      said glass-ceramic having a coefficient of thermal expansion less than
      1.60 .times. 10.sup.-.sup.6 inch/inch/.degree. C from room temperature to
      600.degree.C as determined by the Orton dilatometer.
NUM  2.
PAR  2. The process of claim 1 in which said cordierite crystalline structure
      corresponds to 2MgO.2Al.sub.2 O.sub.3.5SiO.sub.2.
NUM  3.
PAR  3. The process of claim 1 in which said metal compound is Nb.sub.2 O.sub.5.
NUM  4.
PAR  4. The process of claim 1 in which said nucleating temperature is in the
      range of about 700.degree. to about 900.degree.C, and said time is about 1
      hour to about 4 hours.
NUM  5.
PAR  5. The process of claim 1 in which said nucleating agent is added to said
      ingredients prior to forming said melt.
NUM  6.
PAR  6. The process of claim 1 in which said heating at a higher temperature
      includes heating from about 1050.degree. to about 1425.degree.C for about
      0.5 hour to about 6 hours.
NUM  7.
PAR  7. The process of claim 1 including forming a desired shape from the glass
      particles prior to heating to said nucleating temperature.
NUM  8.
PAR  8. The process of claim 1 in which the metal of said nucleating agent is
      Ti, Nb, Mo, or Zr, said amount of the nucleating agent is about 0.5% and
      said coefficient of thermal expansion is no greater than 1.54 .times.
      10.sup.-.sup.6 inch/inch/.degree. C from room temperature to 600.degree.C.
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ABST
PAL  Flat glass is produced by advancing a layer of molten glass on the surface
      of molten metal while cooling it sufficiently to form a continuous sheet
      of glass which is lifted upwardly from the surface of the supporting pool
      of molten metal and conveyed upwardly from it for further processing. A
      method is provided for selectively controlling the temperature, and thus
      the viscosity, of the glass of selected portions across the width of the
      continuous sheet of glass in order to adjust and maintain the relative
      lengths of the respective portions of the continuous sheet of glass as it
      is lifted upwardly from the supporting pool of molten metal and to thereby
      control the flatness of the continuous sheet of glass as it is ascending
      from the supporting pool of molten metal.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to application Ser. No. 483,508 entitled,
      "Manufacture of Glass," filed June 27, 1974, by Gerald E. Kunkle and
      assigned to the present assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the method for the manufacture of a continuous
      sheet of flat glass by supporting molten glass on a pool of molten metal
      while cooling and forming the glass. More particularly, this invention
      relates to a method for selectively controlling the temperature of the
      glass while the glass is supported for forming prior to removal from the
      supporting pool of molten metal to minimize relative differential flow of
      glass within the advancing glass.
PAR  2. Description of the Prior Art
PAR  Molten glass may be delivered onto molten metal and formed into a
      continuous sheet or ribbon of flat glass according to the teachings of
      Heal, U.S. Pat. No. 710,357 or Hitchcock, U.S. Pat. No. 789,911; or
      according to the teachings of Pilkington, U.S. Pat. Nos. 3,083,551 and
      3,220,816; or according to the teachings of Edge and Kunkle, application
      Ser. No. 338,497 filed Mar. 6, 1973 now U.S. Pat. No. 3,843,346. These
      patents describe processes in which continuous sheets of flat glass are
      formed while the glass being formed is supported on molten metal. These
      patents are primarily concerned with different methods for delivering
      molten glass to the surface of a pool of molten metal and different
      methods of treating the glass while supported thereon. After a continuous
      sheet of glass has been formed, it has been shown to be removed from the
      surface of a pool of supporting molten metal by lifting it slightly and
      conveying it away from the pool of molten metal. It has also been shown in
      U.S. Pat. No. 3,233,995 to Javaux and U.S. Pat. No. 3,420,647  to Charnock
      that molten glass delivered onto the supporting surface of a pool of
      molten metal may be cooled insufficiently to form a continuous sheet of
      glass having fixed dimensions and then the unfinished layer of glass is
      drawn upwardly from the surface of a pool of molten metal to form a
      continuous sheet of glass having stable dimensions. The layer of glass is
      cooled and formed during such upward drawing, with such drawing being in
      the nature of sheet glass drawing as known per se in the Pittsburgh,
      Colburn or Fourcault process.
PAR  In the cross-referenced, related application already referred to, Kunkle
      describes a process wherein a layer of molten glass is delivered onto a
      surface of a pool of molten metal and is advanced thereon and cooled to
      form a dimensionally stable, continuous sheet of glass having a fixed
      width and thickness, and this completely formed sheet of glass is then
      lifted upwardly from the surface of the pool of molten metal and conveyed
      upwardly, preferably vertically, from the pool of molten metal. As the
      ascending sheet of glass is conveyed upwardly, it is engaged above the
      surface of the pool of molten metal by traction-applying means such as the
      rolls of a conveyor. It is desirable that stresses within the glass be
      avoided in the method of Kunkle as it is a method having the purpose of
      minimizing thermally-induced stresses within the glass during its
      horizontal advance, during its lifting and during its upward conveyance
      into and through the upward conveying apparatus provided. The present
      invention is concerned with means for alleviating and preventing the
      development of stresses within the glass due to misalignment or
      disorientation of the sheet of glass caused by uneven mechanical forces
      acting upon the sheet of glass as it enters a conveying mechanism. This
      invention provides for preventing substantial disorientation of a sheet of
      glass ascending upwardly from a pool of molten metal and entering the
      lowermost traction-applying engaging elements of a conveying apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  A continuous sheet of flat glass is produced by a method including the
      following steps: A layer of molten glass is delivered onto the surface of
      a pool of molten metal maintained within a forming chamber. The molten
      metal is preferably tin, an alloy of tin or some other metal having a
      specific gravity greater than the glass and having a melting point lower
      than the glass to be formed while being substantially nonreactive to the
      glass and its melting temperature. The layer of molten glass is advanced
      along the surface of the pool of molten metal and is cooled during such
      advance to form a dimensionally stable, continuous sheet of glass.
PAR  Forces are applied to the glass while it is advanced along the surface of
      the pool of molten metal. Forces may be applied to the glass which are
      aligned substantially along its path to cause it to be advanced and may
      cause it to be attenuated to a thickness that is less than an equilibrium
      thickness during its advance. These forces are characterized as
      longitudinal tractive forces and may be applied to any location along the
      length of the glass sheet. They are preferably applied to the glass at
      locations well along its path of advance and are transferred to the hot or
      more fluid glass primarily by the surface tension of the glass. Other
      forces may be applied to the glass in the manner such that they are
      aligned substantially across or transverse to its path of advance, and
      these are characterized and transverse forces. The resultant forces,
      caused by the application of the described forces in combination with the
      reactive surface tension and gravity forces acting on the glass, cause it
      to be formed into a continuous, flat sheet of desired thickness.
PAR  After the glass has been cooled sufficiently to become dimensionally stable
      (that is, if it has reached its final width and thickness), it is advanced
      farther along the surface of molten metal and then is lifted from the
      surface of the pool of molten metal and conveyed from the forming chamber.
      The continuous sheet of glass is lifted and conveyed upwardly from the
      pool of molten metal in the manner described by Gerald E. Kunkle in his
      copending, commonly assigned patent application, the description of which
      is incorporated by reference herein.
PAR  The glass is cooled sufficiently prior to lifting it from the surface of
      the pool of molten metal so that its width and thickness remain unchanged
      during lifting and conveyance from the forming chamber. It is most
      desirable to adjust or control the temperature of the glass so that its
      viscosity will be within the range from about 10.sup.7.5 to 10.sup.12.5
      poises at the time of lifting. It is further desirable to adjust and
      maintain the temperature of the glass during its upward conveyance so that
      the temperature will be decreased sufficiently to cause the viscosity to
      be greater than about 10.sup.13 poises while maintaining the glass in
      flat, planar alignment.
PAR  The continuous sheet of glass is permitted to freely form a curved, lifting
      region having a radius indicated by the temperature and viscosity of the
      glass. As the glass is advanced along the surface of the molten metal pool
      and immediately before the glass is lifted from the supporting pool of
      molten metal, selected portions of the glass are separately and
      individually conditioned to control the temperature of the glass at those
      locations. In this way the viscosity of the advancing continuous sheet of
      glass is controlled to be substantially uniform across the width of the
      sheet and to everywhere across the width be greater than a viscosity
      permitting observable flow of the glass within the sheet. The selected
      portions of the continuous sheet of glass are preferably conditioned by
      exposure to separate controllable heaters and coolers extending into the
      forming chamber over the selected portions of the continuous sheet of
      glass. The selected portions of the glass each comprise no more than about
      one-fifth of its width and preferably no more than about one-tenth of its
      width. Even if the portions are unequal in width a minimum of five
      portions are preferred.
PAR  This invention will be further understood with reference to the drawings
      accompanying this description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevation view of an apparatus for producing flat
      glass in accordance with this invention;
PAR  FIG. 2 is a perspective view of a suitable segmented heater/cooler for use
      in the apparatus shown in FIG. 1;
PAR  FIGS. 3A and 3B are partial sectional schematic views of the liftoff
      location in a forming chamber such as shown in FIG. 1 showing in detail
      the effect of selective heating and/or cooling upon the flatness of a
      continuous sheet of glass during and immediately after lifting from the
      surface of a supporting pool of molten metal;
PAR  FIG. 4 shows a bottom view of the heater/cooler shown in FIG. 2; and
PAR  FIGS. 5, 6, 7 and 8 show an alternate embodiment of a cooler for use in the
      present invention in perspective, a partial sectional elevation view,
      front elevation and bottom plan view, respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown a view of a suitable apparatus for
      carrying out the present invention. The glassmaking apparatus comprises a
      furnace 11, delivery means 13 and a forming chamber 15 and a vertical
      conveyor 17 which may be, and preferably is, included in an annealing
      lehr. It will be understood that the lifting and conveying apparatus
      employed in the practice of this invention may cause the glass to be
      conveyed along an upwardly extending path that need not be vertical as
      shown in FIG. 1, but rather may be sloped upwardly.
PAR  The glassmaking furnace 11 includes a melting section (not shown) and a
      refiner or conditioner, the end of which is shown. The refiner or
      conditioner section of the furnace 11 comprises a furnace bottom 19, side
      walls 21 and a front basin wall 23. The basin wall 23 is maintained in
      position by structural members 24. The furnace further comprises an upper
      front wall 25 which is preferably suspended or supported from above and a
      roof overlying the upper portion of the furnace, the roof not being shown.
PAR  The delivery means 13 includes a threshold 31 resting on a cooling block 33
      or other support, which is supported by structural member 34. A cast
      refractory seal 35 or the like is disposed between the threshold 31 and
      the cooling block 33. Extendig through the holes in the threshold are
      conduits or pipes 36 for transporting coolant or the like through the
      interior of the threshold 31 and for controlling its temperature during
      use. At the ends of the threshold 31 there are side wall portions or jambs
      37 on the sides of the channel through which molten glass may be
      discharged from the pool of molten glass 27 residing in the bottom portion
      of the furnace 11. The top of the delivery means 13 is defined by a roof
      39. The roof is preferably a flat arch which is supported by supporting
      means (not shown). The supporting means extend above the roof and are
      connected to flat arch supporters 40 embedded in the flat arch itself.
      Extending transversely across the delivery means 13 are two gates or
      tweels. The first of these is a backup tweel 41 connected to a support
      assembly 43 (not fully shown) for raising or lowering it into engagement
      in the pool of molten glass 27. The second tweel is a control tweel 45
      supported by support assembly 47 (not fully shown) for raising and
      lowering the tweel. The tweel is held in operating position in contact
      with the molten glass to be delivered for forming. The control tweel 45,
      along with the threshold 31 and the jambs 37, defines an opening through
      which a layer of molten glass 49 may be delivered for forming.
PAR  The forming chamber 15 comprises a bottom casing 51 supported on support 62
      in addition to support 34. This casing is preferably a casing constructed
      of metal, such as steel. The casing is preferably impervious to the molten
      metal in the chamber. The forming chamber 15 further comprises a top
      casing 53 and an end casing 55. Both of these casing members are also
      preferably constructed of impervious metal. Disposed within the bottom
      casing 51 is a refractory bottom 57, preferably a refractory bottom that
      has been cast in place inside the bottom casing 51. Preferably embedded
      within the bottom refractory 57 are pipes 59 through which coolant or
      other fluid may be directed for controlling the temperature of the forming
      chamber 15 at discrete locations along its length. Also extending
      transversely across the forming chamber 15 are dams or weirs 61 mounted in
      the refractory bottom 57 and extending across its width. These dams are
      preferably adjustable and are held down at their ends at each side of the
      forming chamber. They are preferably constructed of material that is less
      dense than the molten metal in the forming chamber so that their vertical
      position may be varied upwardly or downwardly by controlled adjustment of
      holddown devices at their ends.
PAR  The forming chamber 15 further comprises refractory side walls 63 and a
      refractory exit lip 65. These, along with the bottom refractory 57 and the
      threshold 21, define a container in which a pool of molten metal 66,
      preferably molten tin or an alloy of tin, is disposed. At the downstream
      end of the forming chamber there are provided extensions 67 of the bottom
      container portion of the forming chamber which serve as cavities into
      which dross floating on the surface of the molten metal 66 may be
      withdrawn for removal from the forming chamber. The upper portion of the
      forming chamber includes an end wall liner 69, preferably constructed of
      refractory material. This liner 69 and the end casing 55 to which it is
      connected may include a suitable opening 70 through which a continuous
      sheet of glass may be withdrawn from the forming chamber along a
      substantially horizontal path in the event that such removal is
      temporarily desired.
PAR  The upper portion of the chamber further includes a lintel 71 at its
      upstream end. This lintel 71 may be used as a means for supporting
      delivery means roof 39. Additionally the upper portion of the chamber
      includes a ceiling or roof 73 preferably constructed of a refractory
      material suitable for radiating or absorbing heat uniformly over the area
      facing the glass beneath it during operation. Extending through the
      ceiling of the forming chamber are controllable heating elements 75 used
      to control the rate of heat removal from the glass during forming. These
      heating elements are connected to bus bars 77 which are connected, in
      turn, to a source of electric power (not shown). Similarly, heaters 76 are
      positioned along the sides of the chamber 15 and connected to a source of
      electrical power. These heaters 76 extend over the marginal edge portions
      of an advancing layer and sheet of glass and are spaced sufficiently close
      to it to limit their view of the glass to limited portions of the glass
      facing the heaters directly. These heaters 76 are used to preferentially
      retard the loss of heat from the marginal edge portions of the advancing
      glass and maintain the temperature of the glass more uniform across its
      width than would otherwise be maintained. The upper portion of the forming
      chamber 15, preferably includes a top casing end wall 79 providing a space
      between the upper portion of the forming chamber 15 and the upstream or
      furnace side of the conveyor mechanism 17.
PAR  Advancing along the surface of the pool of molten tin 66 is a continuous
      sheet of glass 81 formed from the layer of molten glass 49 delivered onto
      the pool of molten tin for forming. Extending into the forming chamber
      through its side walls there may be provided edge contacting devices 83
      for applying outward tractive forces to the layer of glass 49 during its
      advance along the pool of molten metal for forming. These devices are
      preferably driven wheels disposed and driven in such manner as to apply
      opposing outward or transverse forces to the glass to maintain its width
      during its attenuation. The resultant forces resulting from the
      combination of longitudinal and transverse forces acting on the glass
      cause it to be attenuated to a thickness that is less than that which
      would be attained by molten glass if allowed to remain on the surface of
      the pool of molten metal for a sufficient time to come to equilibrium with
      it. The heaters 76 of the present invention are most needed when
      edge-contacting devices 83 are employed for, when they are used, the glass
      tends to cool excessively along the marginal edge portions contacted by
      the devices.
PAR  The vertical conveyor 17 comprises a machine casing 91 and thermally
      insulated machine wall 93. The machine walls 93 are preferably constructed
      of refractory material. Within the preferred vertical conveyor there is a
      series of supporting rolls 95 for engaging a continuous sheet of glass 81
      and for conveying it upwardly through the conveyor. These machine rolls
      are operated in a coordinated manner. They are used to apply sufficient
      tractive forces to the glass to convey it upwardly and to transmit
      tractive forces along the glass downwardly and about the curved glass at
      liftoff to the hot or more fluid glass within the advancing layer of glass
      49. There, the glass, which is hotter and more fluid, is susceptible to
      forming and attenuation due to the imposition of these tractive forces.
PAR  Disposed across the internal space within the conveyor casing at several
      locations along its length are machine seals 97 for retarding the flow of
      gases either upwardly or downwardly through the enclosed space surrounding
      the rolls 95. Extending through the walls of the enclosed conveyor are
      openings 99 through which broken glass or cullet may be directed in the
      event the continuous sheet of glass is chipped or broken in the upper
      portion of the conveyor. A space is provided between the top casing of the
      forming chamber and the walls of the vertical conveyor for accommodating
      cullet removal. This space is characterized as a cullet chamber 101.
PAR  In a preferred embodiment of this invention, coolers 103 are disposed
      across the bottom portion of the vertical conveyor to control the removal
      of heat from a continuous sheet of glass 81 as it is conveyed upwardly
      from the surface of the pool of molten metal of the forming chamber.
PAR  Extending across the forming chamber upstream of the location at which a
      sheet of glass is lifted from the pool of molten metal is a segmented
      heater/cooler 111 to selectively adjust and maintain the temperature of
      the glass passing it. The heater/cooler 111 is effective for selectively
      adjusting and maintaining the temperature of the glass at a plurality of
      selected locations spaced across the width of the glass. The heater/cooler
      111 comprises a main cooler body having faces for facing the advancing
      glass. Connected to the cooler body are conduits 112 for directing
      coolant, such as water, to and from the cooler. The upstream side of the
      cooler is preferably covered with thermal insulation 113 to prevent
      unnecessary cooling of the portion of the forming chamber where the glass
      must be kept hotter and more fluid for forming and attenuation.
PAR  Mounted on the face of the cooler body facing the advancing glass is a
      segmented heater 115 having electric supply cables 116 connected to it and
      to a controllable source of power (not shown). The heater 115 is comprised
      of several separately controllable sections, 15a through 15e for example.
      The individual heating elements may be resistance coils as shown or rigid
      resistance heating elements, such as silicon carbide rods or the like.
      Each separate section is individually controllable and preferably each
      heating element of each section is individually controllable. This permits
      fine, precise control of the glass temperature completely across the width
      of the glass sheet.
PAR  A series of radiation shields or curtains 117 are mounted above the cooler
      111. These curtains 117 are mounted on adjustable mountings 119 connected
      to a support 121. Thermal insulation 123 is provided on the upstream face
      of the support 121, again to prevent unnecessary cooling of the main
      portion of the forming chamber. The curtains 117 may be individually
      adjusted to shield particular portions of the upwardly ascending glass
      from the downstream face of the cooler 111. This further assists in
      adjusting and maintaining a uniform temperature for the glass across its
      full width.
PAR  In FIGS. 3A and 3B there are shown schematic views of a continuous sheet of
      glass 81 being lifted upwardly from a supporting pool of molten metal 66.
      FIG. 3A shows a sectional elevation view of the glass sheet.
PAR  FIG. 3B shows a schematic sectional plan view of the continuous sheet of
      glass in the vicinity where it is lifted from the pool of molten metal
      with the view taken along section lines 3B-3B of FIG. 3A. Two continuous
      sheets of glass are represented in these drawings -- one is shown by solid
      lines and represents a continuous sheet of glass 81 having its flatness
      properly controlled according to this invention, and one is shown by
      broken lines and indicates a continuous sheet of glass 81' that is not
      flat.
PAR  Referring first to the misaligned sheet 81' shown in the drawing by the
      broken lines, it is observed that while the sheet is advancing
      horizontally along the surface of the pool of metal 66 in the forming
      chamber, it appears to be advancing satisfactorily. However, as the glass
      is lifted, the radii of curvature of various portions of the continuous
      sheet of glass 81' vary widely and the glass has different lengths in
      these different portions of the sheet. As the sheet of glass enters the
      lowermost traction rolls 95 of a conveyor at an angle, the sheet is
      flattened and forced into conformity with the plane of the conveyor by the
      mechanical forces applied to it due to contact with the rolls 95. This
      also marks the surface of the glass. By applying the principles of this
      invention, the rate of cooling of several selected portions of the
      continuous sheet of glass is adjusted to be greater while the rate of
      cooling of other selected portions of the continuous sheet of glass is
      decreased until the continuous sheet of glass is smoothly lifted as a flat
      sheet from the pool of molten metal. The upwardly ascending portion of the
      continuous sheet of glass 81 below the first pair of engaging traction
      rolls 95 in the conveyor is kept flat and aligned with the plane of the
      conveyor as shown by the continuous sheet of glass represented by solid
      lines in FIGS. 3A and 3B.
PAR  Another embodiment of a suitable cooler for use in the practice of this
      invention is shown in FIGS. 5, 6, 7 and 8. A cooler 131 is provided in
      place of the heater/cooler 111 in a forming chamber. The cooler 131 has
      coolant conduits 132 connected to it for directing a coolant such as water
      through it. The cooler 131 has channels or other mounting elements 133
      connected to it to support and hold thermal insulators 135 over the
      downstream face of the cooler 131. The cooler 131 further has channels or
      other mounting elements 137 connected to it to support and hold thermal
      insulators over the bottom face of the cooler 131. The size, number and
      position of the thermal insulators 135 and 139 may be varied to effect
      different cooling patterns for the glass advancing first past the bottom
      face of the cooler and then ascending past the downstream face of the
      cooler. This embodiment of the invention is simple, cheap and easily
      constructed but offers less flexibility than the preferred embodiment.
PAR  The function of the apparatus already described and the effect of the
      practice of this invention upon glass during its forming on, advance over
      and removal from a pool of molten metal may be further appreciated from a
      consideration of the following example. Consider FIGS. 1, 3A and 3B. A
      typical soda-lime-silca glass is produced in a forming chamber such as
      illustrated. Although heater/cooler 111 is present, it is not initially
      used. The bulged glass 81' is flattened by using the heater/cooler to
      selectively adjust and maintain the temperatures of five portions of the
      advancing glass prior to lifting the glass. View areas, a through e, of
      the segmented heaters, 115a through 115e, project onto the glass as
      illustrated. Electric power applied to sections 115b and 115e is increased
      relative to that applied to the other sections. More power is applied to
      section 115e than 115b. The power to section 115c is reduced or turned off
      for a short time. Meanwhile, the flow of water through the cooler 111 is
      increased to full flow. The sheet of glass quickly becomes flat and the
      line of glass lift off is straightened. The average temperature of the
      glass across the width of the sheet is 1230.degree.F. (665.degree.C.) with
      no portion having a temperature greater than 1240.degree.F.
      (670.degree.C.) or less than 1220.degree.F. (660.degree.C.). While not
      intending to be bound to any theoretical explanation of reasons for the
      success of this invention, the following matters are believed useful to an
      understanding of the invention.
PAR  A typical soda-lime-silica glass containing about 71 percent by weight
      silica may be considered to illustrate the effect of several factors upon
      the lengthening of glass during lifting which lengthening is undesired
      because of its effect upon the flatness of glass.
PAR  The viscosity of the glass is expressed as a function of temperature in the
      conventional manner.
EQU  log .eta. = -0.00883 T +19.5
PAL  where .eta. is the viscosity in poise and T is temperature expressed in
      .degree.F. (of course, the appropriate conversion factor for .degree.C. =
      (.degree.F. - 32) .times. 5/9 is applicable). From this and the accepted
      principles of differential calculus it is evident that the following
      relationship describes the dynamic effect of temperature upon viscosity.
      ##EQU1##
PAR  From the principles of momentum transfer in viscous media, it is evident
      that the stress is a function of viscosity and the rate of change of
      velocity along the length of the glass with respect to location along that
      same length. Thus,
      ##EQU2##
      where .tau. is the stress, .nu. is the velocity with .nu.y being the
      velocity in the y direction and y is a length along the direction of glass
      movement.
PAR  The rate of change of the length related velocity variation (which in
      itself is an elongation rate) with respect to temperature is then
      ##EQU3##
      Solving this between 1350.degree.F. (730.degree.C.) and 1500.degree.F.
      (815.degree.C.) reveals that the rate of lengthening at the higher
      temperature is about 25 times as great as at the lower temperature.
      Although, theoretically lengthening could be permitted to occur while
      avoiding differential lengthening across an ascending sheet of glass, it
      is preferable to cool the glass to temperatures below 1350.degree.F.
      (760.degree.C.) prior to lifting. Even so, it is found desirable to
      control the temperature of the glass in selected portions across its width
      to insure a uniform transverse temperature in the sheet prior to lifting
      it.
PAR  The variation in velocity with respect to length is, of course, equivalent
      to the variation in length with respect to time divided by the length;
      this follows from the definition of velocity. Since gravity acting on the
      mass of the ascending glass beneath the first traction rolls provides the
      force for lengthening of the glass, the unit stress applied to the glass
      is the product of the glass density, the gravitational constant and the
      height above the molten metal for the glass under consideration. When
      considering lifting glass about 20 inches (50 centimeters) before engaging
      it with a traction roll, it is seen that the tendency to lengthen, that
      is, the increase in length over the distance, is more than an order of
      magnitude greater at 1500.degree.F. (815.degree.C.) than at 1350.degree.F.
      (730.degree.C.). The relative rates of lengthening at different
      temperatures, all close to 1500.degree.F. (815.degree.C.), vary much more
      than the relative rates of lengthening at different temperatures, all
      close to 1350.degree.F. (730.degree.C.).
PAR  With these observations in mind, the present invention is preferably
      practiced to provide sufficient cooling to cool the glass to below about
      1350.degree.F. (730.degree.C.) while providing selective heating and/or
      cooling of the glass to maintain its temperature in each portion across
      its width within 20.degree.F. and preferably 10.degree.F.
      (5.degree.-10.degree.C.) of its temperature in any other portion. If the
      glass temperature were permitted to be generally higher, the variation in
      temperature would necessarily have to be less. By imposing upon the glass
      a generally lower temperature for lifting, it is relatively easy to use
      the simpler cooling device such as illustrated in FIGS. 5, 6, 7 and 8 to
      practice this invention. The cooling is sufficient to yield a glass
      viscosity of at least 10.sup.7.5 poises at liftoff.
PAR  Although this invention has been described with reference to particular
      embodiments of it and has been illustrated by specific examples, those
      skilled in the art of glass manufacture will recognize that departures may
      be made from these specific embodiments of the invention without departing
      from the invention itself.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the method of making flat glass wherein a layer of molten glass is
      delivered onto the surface of a pool of molten metal, the glass is
      advanced in a substantially horizontal path along the surface of the pool
      of molten metal, the glass is cooled during its advance to form a
      continuous sheet of glass and the continuous sheet of glass is lifted
      upwardly along a curved path from the pool of molten metal and then
      conveyed substantially vertically upwardly along a substantially vertical
      path away from the pool of molten metal; the improvement of
PA1  adjusting and maintaining the temperature in each of a plurality of
      discrete portions of the sheet of glass to be within 20.degree.F.
      (10.degree.C.) of the temperature of each other discrete portion of the
      advancing glass, the discrete portion of the glass being disposed from one
      another transversely across the width of the continuous sheet of glass as
      it is lifted from the pool of molten metal along the curved path such that
      its curvature is substantially uniform across all of its width as the
      continuous sheet of glass is lifted from its horizontal path of advance to
      its vertical path of conveyance.
NUM  2.
PAR  2. The method according to claim 1 wherein the temperature of each of the
      plurality of discrete portions of the sheet of glass is adjusted and
      maintained to be within 20.degree.F. (5.degree.C.) of each other discrete
      portion of the sheet of glass as the glass is lifted from the pool of
      molten metal.
NUM  3.
PAR  3. The method according to claim 1 further comprising the step of heating
      marginal edge portions of the sheet of glass prior to carrying out the
      step of adjusting and maintaining the temperature of each discrete portion
      of the sheet of glass.
NUM  4.
PAR  4. The method according to claim 1 wherein the step of adjusting and
      maintaining the temperature of each discrete portion of the sheet of glass
      is carried out by selectively applying heat in a space closely spaced from
      and facing the upper surface of the sheet of glass in a region where the
      glass is being lifted along a curved path from the pool of molten metal.
NUM  5.
PAR  5. The method according to claim 1 wherein the step of adjusting and
      maintaining the temperature of each discrete portion of the sheet of sheet
      of glass is carried out by selectively removing heat from a space closely
      spaced from and facing discrete portions of the upper surface of the
      advancing glass in a region where the glass from which heat is removed is
      being lifted along its curved path.
NUM  6.
PAR  6. The method according to claim 5 wherein the step of adjusting and
      maintaining the temperature of each discrete portion of the sheet of glass
      includes selectively applying heat in a space closely spaced from and
      facing discrete portions of the upper surface of the sheet of glass and
      spaced from the space from which heat is removed and within the region
      where the glass from which heat is removed in discrete portions and to
      which heat is applied in discrete portions is being lifted along its
      curved path.
NUM  7.
PAR  7. The method according to claim 5 wherein the selective cooling is
      accomplished by selectively thermally insulating the face of a cooler
      disposed transversely across, spaced from and facing the glass being
      lifted along its curved path and then being conveyed substantially
      vertically upwardly from the pool of molten metal.
NUM  8.
PAR  8. In an apparatus for making flat glass comprising a forming chamber
      having a bottom, sidewalls, a roof, an inlet end and an outlet end and
      containing a pool of molten metal, means for delivering a layer of molten
      glass onto the surface of the pool of molten metal at the inlet end of the
      forming chamber, means for advancing the glass substantially horizontally
      along the surface of the pool of molten metal in a path extending from the
      inlet end of the forming chamber toward the outlet end thereof, means for
      cooling the glass during its advance to form a continuous sheet of glass,
      means for lifting the continuous sheet of glass upwardly along a curved
      path from the pool of molten metal and for conveying it substantially
      vertically upwardly therefrom; the improvement of
PA1  means for adjusting and maintaining the temperature in each of a plurality
      of discrete portions of the sheet of glass to be within 20.degree.F.
      (10.degree.C.) of the temperature of each other discrete portion of the
      advancing glass, the discrete portions of the glass being disposed from
      one another transversely across the width of the continuous sheet of glass
      as it is lifted from the pool of molten metal along the curved path for
      maintaining substantially uniform curvature across the width of the
      continuous sheet of glass as it is lifted from its horizontal path to its
      vertical path,
PA1  said temperature adjusting and maintaining means being disposed at least
      partially across the width of the forming chamber between its sidewalls
      and being spaced above the pool of molten metal beneath the roof of the
      forming chamber at a location at least partially overlying that at which
      glass is first lifted from the pool of molten metal.
NUM  9.
PAR  9. The apparatus according to claim 8 wherein said temperature adjusting
      and maintaining means comprises an elongated cooler extending across at
      least the central portion of the forming chamber between its sidewalls and
      having means for selectively cooling the space beneath each of a plurality
      of discrete regions and said cooler along its length.
NUM  10.
PAR  10. The apparatus according to claim 9 wherein said selective cooling means
      comprises means for applying heat to at least one discrete region of said
      cooler.
NUM  11.
PAR  11. The apparatus according to claim 10 wherein said cooler has mounted on
      its face for facing a sheet of glass a plurality of individually
      controllable electric heating elements.
NUM  12.
PAR  12. The apparatus according to claim 9 wherein said selective cooling means
      comprises means for thermally insulating a selected region of said cooler
      face facing a sheet of glass.
NUM  13.
PAR  13. The apparatus according to claim 12 wherein said cooler has mounted at
      its face for facing advancing glass a mounting for movably mounting
      thermal insulation thereon and providing for the movement of thermal
      insulation between selected regions of said cooler and the sheet of glass.
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ABST
PAL  A soil conditioning and fertilizer composition and the process of producing
      it is disclosed, the composition composed of particulate seaweed
      intimately mixed with particulate tree bark.
PARN
PAR  This application is a continuation-in-part of our earlier filed
      application, Ser. No. 688,023, filed Dec. 5, 1967 and now abandoned.
BSUM
PAR  This invention relates to a soil conditioning and fertilizing compound, and
      one, more especially, which contains seaweed, and preferably raw seaweed,
      in its composition. Seaweeds (a term which is inclusive of sundry sea
      plants) have been long known to contain ingredients which are especially
      valuable in the fertilization of soil. Seaweeds also contain wetting
      agents -- the so-called mucilaginous colloids -- such as carrageenin, agar
      and algin. In addition to these colloids, colloidal solutions which serve
      to reduce evaporation are formed from polysaccharides and other sugars
      present in seaweeds. Seaweeds of course contain an extraordinary number of
      trace elements which are extremely valuable in the fertilization of soil
      and which are not readily available in any other source.
PAR  One problem in the use of seaweeds for conditioning and fertilizing soil is
      that raw seaweed, which is to say seaweed in the natural state, is
      relatively unpleasant to handle and it develops a very obnoxious odor upon
      being exposed to air. Moreover, there is an application problem, to wit:
      difficulty in obtaining an even distribution. This is because seaweed
      should not be haphazardly applied. Seaweed becomes self-defeating as a
      soil conditioner and fertilizer when more than a small quantity is used
      for each square yard of treated ground surface. Studies by various
      authorities, using seaweed concentrates, that is raw seaweed from which
      substantially all of the water has been removed, show that the greatest
      benefits are obtained when 2 ounces are used per square yard treated.
      Other authorities, principally German, maintain that under certain
      conditions no more than one-half ounce of concentrate should be used per
      square yard treated. The discovery that the beneficial effect of a seaweed
      extract is greatest at high dilution is a fairly recent discovery, and has
      been attributed to the auxins contained in seaweeds. Auxins, hormonal in
      nature, are considered to perform the following functions with plant life:
PA1  1. Increase growth rate.
PA1  2. Increase assimilation of minerals.
PA1  3. Reduce check from heat and cold.
PA1  4. Promote resistance to fungus and disease and attack by aphids.
DETD
PAR  Our own extensive experiments, largely conducted with raw seaweed, bear out
      the above findings. Raw seaweed, i.e. seaweed in the natural state,
      appears to achieve the greatest benefit when applied in the amount of 20
      ounces per square yard of treated soil surface. Being approximately 90%
      water, this quantity of raw seaweed is perforce equivalent to 2 ounces of
      seaweeed concentrate.
PAR  In order to effectively apply natural seaweed in this small amount to an
      area of soil, and bearing in mind that there are special soil conditions
      in which the maximum effect from treatment with seaweed is achieved by the
      use of as little as 1 ounce of natural seaweed per square yard of soil
      surface, the matter of obtaining a uniform distribution is of controlling
      import. Our answer thereto is to mix the seaweed with a carrier which is
      large in bulk by comparison with that of the seaweed, one which is itself
      a material which will condition and fertilize the soil, which will mix
      advantageously both physically and chemically with the seaweed, and which
      will produce a product pleasant to the touch and one easy to apply to the
      soil. Fir, hemlock or other suitable tree barks are ideal for the purpose,
      preferably with the water content which customarily is present in barks
      procured from coastal sawmill logs.
PAR  The seaweed and tree bark are intimately mixed in a proportion determined
      by the thickness to which the product is to be spread, say 1 part by
      weight of the natural seaweed to 10 parts by weight of the fibrous
      carrier, and this mixture is pulverized, ground, crushed or otherwise
      impacted so that the content of seaweed is uniform throughout the mixture
      and its juices caused to wet and enter the fibrous material. The product
      obtained is pleasant to the touch and easy to spread upon the soil, having
      a feel and appearance not unlike pipe tobacco.
PAR  The process of the present invention is presently being performed by
      metering, quantitatively in accordance with the prescribed ratio,
      continual flows of natural seaweed and tree bark from separate hoppers
      onto respective conveyor feed belts. The tree bark when supplied to its
      hopper is fresh from the mill and hence has been reduced to bits and small
      pieces typical of the output from a log barker, and issues from the hopper
      in accurately measured volume. The seaweed likewise issues from its hopper
      in small pieces accurately metered. The seaweed and bark are delivered
      from the feed belts onto a common mix conveyor, first the bark and then
      the seaweed being deposited thereon from overhead delivery points in a
      manner to accomplish a relatively uniform distribution of the seaweed
      through the bark. The intermixed bark and seaweed either feeds directly
      from the mix conveyor to a pulverizer, or may first be fed to an
      intervening charging hopper, and from the pulverizer is packed into bags
      for shipment to the consumer.
PAR  For maximum clarity in an understanding of the invention it is thought
      desirable to here reiterate that by reason of its hormonal nature, seaweed
      can inhibit rather than promote plant growth where more than a small
      amount of the auxin content is available to the soil. Again reiterating,
      our findings are that 20 ounces per square yard of soil surface area
      represents very nearly a ceiling level for optimum results. This is not to
      say that a heavier concentration will damage plant life. It is only that
      such heavier concentration can inhibit growth and thus becomes
      self-defeating if the looked-for results are those for which soil
      conditioners and fertilizers are usually applied. The tree bark which is
      mixed with the seaweed is itself beneficial to a degree as a conditioning
      and fertilizing agent. Used as a mulch in ordinary flower beds a depth of
      1.2 inches is usually prescribed. A composition in the proportion of 10 to
      1, weight considered, fir bark to natural seaweed is optimum for normal
      mulch use in that it supplies approximately 20 ounces of natural seaweed
      per square yard of surface area when spread to a depth of 1.2 inches.
      Should it be desired to provide 2 inches or more mulch usually prescribed,
      say, for a rose bed, the composition should be proportioned 20 to 1. Where
      lawns are treated, a depth in excess of one-half inch is not desirable in
      that it would bury the lawn. In this application the mix is fortified by
      doubling the seaweed content. However, owing to the high water content a
      mulch containing much in excess of 10% by weight of raw seaweed adversely
      affects the physical character of the mulch. It is not as easily spread
      and also gives rise to unpleasant oder and excessive mold formation. While
      the odor and mold is not undesirable from a fertilizer point of view it is
      from an aesthetic aspect. To meet this problem, fortified mix maintains
      the same 10 to 1 ratio between tree bark and raw seaweed but augments the
      seaweed by inclusion of water-free concentrate. This is to say, for a 1/2
      inch mulch, bark fiber, raw seaweed, and seaweed concentrate are in the
      proportion of 100-10-1.
PAR  The wetting agents contained in seaweed and hereinbefore referred to give
      to the fibers of the tree bark an ability to absorb, hold and conduct
      water during the prolonged period required for the tree bark to decompose.
      Tree barks have natural nutrient value which is released to the earth as
      the decay progresses. Bark in finely ground condition forms a "host" for
      soil bacteria. Decay of the bark releases nutrients that provide an
      environment for a certain spectrum of soil bacterial activity triggered by
      the seaweed. The combination of tree bark and seaweed interacts both
      chemically and physically to release its components in a fashion
      compatible and inter-related to the action of the seaweed.
PAR  It is here pointed out that seaweed is a very complex organic product and
      the closer it is kept in its natural state during processing, handling,
      and storage prior to the actual use of the compound the greater is the
      assurance that there will be provided in the soil an environment best able
      to promote the growth of soil bacteria. Natural preservatives in tree
      bark--the most important of which are a series of natural organic
      polymers--hold the seaweed in very near a natural state until the bark is
      combined with soil. When so combined, the polymers start to decay. Unlike
      artificial preservatives such as a formaldehyde, heretofore rather widely
      used to keep seaweed in a stable form, the preservative effect of bark
      ceases when the compound is put to use, making both the bark and the
      seaweed free to promote growth of soil bacteria. The wider the spectrum of
      soil bacteria which can be generated, the greater is the likelihood that
      the greatest possible variety of the minerals present will be broken down
      to form plant food. Formaldehyde has the particular disadvantage that a
      soil environment does not reduce its bacteria-inhibiting characteristic.
PAR  The preservative effect peculiar to tree barks is not obtained from
      peatmoss. Peatmoss has the capacity to absorb seaweed juices, albeit in a
      much less degree than tree barks. There is also some lessening of odor by
      the use of peatmoss although in a degree considerably below that which is
      obtained from tree barks.
PAR  To enlarge somewhat upon one of the above-mentioned advantages inherent to
      the mulch of the present invention, namely that its seaweeed content
      inhibits the growth of organisms inimical to germinants, it is here
      pointed out that the propensity for these organisms to be stimulated by
      nitrogen has heretofore deterred substantial use of nitrogen fertilizers
      in the raising of nursery stock even though nitrogen is probably the most
      important plant nutrient. With Douglas-fir seedlings, for example a case
      has been made that an increase of nitrogen from 30 to 90 pounds per acre
      treated causes a significant drop in the germination of the seedlings. One
      of today's major costs in the logging industry is reforestation, and
      seedling survival is hence of paramount importance. The matter of
      providing adequate nitrogen without thereby stimulating organisms which
      are inimical to plant growth is a problem which of course applies to most
      plants and certainly all trees and shrubs. Tests so far conducted give
      persuasive evidence that the present invention answers the problem.
      Nitrogen can be applied safely in fairly large amounts where there is a
      conjunctive application to the seaweed mulch.
PAR  Pure sand was mixed with 25% by volume of the following materials: (1)
      particulate tree bark and particulate seaweed prepared as described
      previously, (2) sawdust treated such that it would not decay rapidly and
      then treated to add nitrogen, (3) peatmoss alone, and (4) sawdust alone.
      Grass seed of the type used in preparation of golf course putting greens
      was sowed in the four compositions. The composition of this invention
      referred to as (1) produced young turf with the best color, density and
      growth rate. The composition (2) ranked second and the compositions (3 and
      4) were poorest of the four compositions tested. Despite the fact that the
      composition (1) contained virtually no nitrogen it out performed
      composition (2) to which nitrogen had been added in an unexpected way,
      indicating that the addition of a nutrient such as nitrogen to a basically
      inert carrier such as sawdust (composition 2) produced results not
      comparable to the combination of particulate tree bark and seaweed of
      composition (1).
PAR  It is thought that the invention will have been clearly understood from the
      foregoing description. It is our intention that no limitations be implied
      and that the hereto annexed claims be given the broadest interpretation to
      which the language fairly admits.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. The method of combining particulate raw seaweed and particulate tree
      bark to produce a soil conditioning and fertilizing composition
      comprising;
PA1  providing particulate raw seaweed,
PA1  providing particulate tree bark,
PA1  mixing the particulate seaweed and tree bark in a weight ratio of 10 parts
      tree bark to no more than about 1 part seaweed to assure uniform
      distribution of the seaweed throughout the bark, and
PA1  pulverizing the mixture to reduce the composition to particulate form and
      to cause the juices of the seaweed to wet the fibers of the tree bark.
NUM  2.
PAR  2. The method of claim 1 wherein the mixing is performed by delivering by
      conveyor metered quantities of the bark and seaweed to a common hopper.
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ABST
PAL  Process of employing as herbicides N-phenylalkyl - .gamma.
      hydroxybutyramide or methyl or halo derivatives thereof wherein the methyl
      or halo substituent occupies any one of two of the ortho-, meta- and
      para-positions of the phenyl ring; said compounds having the following
      formula:
      ##SPC1##
PAL  Wherein m is 1 or 0 and R.sub.1 is hydrogen, methyl, chlorine, or bromine;
      R.sub.2 is hydrogen, methyl or, when R.sub.1 is other than hydrogen,
      R.sub.2 can also be chlorine or bromine; and R.sub.3 is hydrogen or, when
      R.sub.1 is hydrogen, R.sub.3 can also be chlorine or bromine.
PAL  The above compounds are useful as plant growth regulating agents
      particularly as a herbicide or control agents for aquatic weeds.
PARN
PAR  This application is a continuation-in-part of Ser. No. 202,595 filed Nov.
      26, 1971 now abandoned, the entire disclosure of which is incorporated
      herein.
BSUM
PAR  This invention relates to a process for using a
      N-phenylalkyl-.gamma.-hydroxybutyramide and derivatives thereof in the
      control of aquatic weeds.
PAR  The preparation of subject compounds is known from the literature. For
      example, Spath, E., et al. Ber 69B, 2727-31 (1936) CA 31, 2272.sup.8 react
      .gamma.-hydroxybutyric acid lactone with benzyl amine at a temperature of
      215.degree.-220.degree.C. to obtain as the reaction product,
      N-benzyl-.gamma.-hydroxybutyramide in 42% yield. It is further known from
      the literature (Reppe, W. CA 50, 16786 ie) that when 214 g. benzyl amine
      (b.p. 187.degree.C.) are reacted with 172 g. .gamma.-butyrolactone (b.p.
      204.degree.C.) for 8 hours, there is obtained only 184 g. of reaction
      product amounting to a yield of 47.6% of the theoretical. After
      recrystallization of this latter reaction product from ethylacetate, the
      compound recovered has a melting point of 70.degree.-72.degree.C.
PAR  It is an object of the invention to provide a process for employing a
      N-benzyl-.gamma.-hydroxybutyramide and derivatives thereof in the control
      of aquatic weeds.
PAR  Another object of the invention is to provide a process for the use of a
      N-benzyl-.gamma.-hydroxybutyramide and derivatives thereof as thickening
      agents for protective coatings including oils, greases and paints.
PAR  Still another object of the invention is to provide a low temperature
      process for the economical preparation of
      N-benzyl-.gamma.-hydroxybutyramide and derivatives as superior and
      inexpensive herbicides.
PAR  Yet another object of the invention is to provide compositions containing a
      N-benzyl-.gamma.-hydroxybutyramide as active ingredient which are suitable
      as plant growth regulating agents and are particularly adapted for
      regulating growth of aquatic weeds.
PAR  Those and other objects and advantages of the invention will become
      apparent from consideration of the following disclosure.
PAR  In accordance with the invention, it is now surprisingly found that the
      N-phenylalkyl-.gamma.-hydroxybutyramide and its methyl and halo
      derivatives can be synthesized in substantial quantitative yield at a
      temperature of only 150.degree.C. in a reaction time amount to only a few
      minutes according to the following reaction scheme:
      ##SPC2##
PAL  Wherein m, R.sub.1, R.sub.2 and R.sub.3 are as designated above.
PAR  The reaction of the invention is accordingly effected at considerably lower
      temperatures than have heretofore been employed, i.e., from about
      30.degree., up to 200.degree.C. It has now been discovered that, when
      reaction is effected at 250.degree.-300.degree.C., the
      N-benzyl-2-pyrrolidone is predominantly formed instead of
      N-benzyl-.gamma.-hydroxybutyramide, and that even between 200.degree. and
      250.degree.C., substantial quantities of the benzylpyrrolidone compound is
      obtained. The N-benzyl-2-pyrrolidone is innocuous to aquatic weeds and is,
      therefore, considered a poison in aquatic herbicidal compositions, since
      it dilutes the active species and shortens its effective life. A reaction
      time amounting to minutes for N-benzyl-.gamma.-hydroxybutyramide and the
      above derivatives rather than hours, as was heretofore believed necessary
      by the art, has also been found most effective at temperatures between
      100.degree. and 180.degree.C.
PAR  Additional advantages of the invention lie in that no enclosed equipment is
      required, condensers are not necessary, considerable energy in the form of
      heat is saved and the equipment involved is not committed for long periods
      of time. Further, the process of the invention is adapted to both batch
      and continuous operation. Continuous operation can be carried out, for
      example, by proportionately pumping the liquid benzyl amine and the liquid
      .gamma.-butyrolactone through a heated reactor for the required residence
      time. The molten product obtained can be fed into storage vessels or
      shipping containers wherein it is allowed to solidify.
PAR  In order to better disclose the process for preparing the
      N-benzyl-.gamma.-hydroxybutyramides, the following examples are furnished.
      It is to be clearly understood that these examples are illustrative only
      of the improved process for making subject compounds and that any other
      process resulting in these products can be employed to obtain the active
      herbicides of the present invention.
DETD
PAC  EXAMPLE 1
PAR  There were weighed into a beaker, 21.4 g. (0.2 mol) benzyl amine and 17.2 g
      (0.2 mol) .gamma.-hydroxybutyric acid lactone. The resultant mixture was
      heated to 150.degree.C. over a flame for 15 minutes and allowed to cool.
      The product which thereby formed in 100% yield was a hard, waxy, white
      solid which melted at 70.degree.-72.degree.C. without recrystallization.
      The N-benzyl-.gamma.-hydroxybutyramide product was identified by its IR
      and NMR spectra.
PAC  EXAMPLE 2
PAR  Example 1 was repeated but using 86 g. .gamma.-butyrolactone and 107 g.
      benzyl amine. This mixture was heated to 150.degree.C., maintained at this
      temperature for 10 minutes and then poured onto a slab. The product on
      cooling, obtained in 100% yield, formed a substance identical to that
      obtained in Example 1. The above procedure illustrates the process of the
      invention carried out on a larger scale than that described in the
      preceding example.
PAC  EXAMPLE 3
PAR  A portion of the product prepared in Example 1 was heated over a short time
      to 250.degree.C. and then chilled without any observed alteration of
      material. The foregoing substantiates the wide range of the temperature
      stability of the product and the fact that subject composition can be
      economically produced in comparable yield and higher purity without
      resorting to high temperatures and extended reaction time.
PAR  A temperature range of 30.degree.-200.degree.C. and a reaction time ranging
      from one minute or less to slightly longer periods can be advantageously
      used in carrying out the process of the invention. The reaction takes
      place quite rapidly at 100.degree.C. and is essentially instantaneous at
      higher temperatures. The use of temperatures above 250.degree.C. for
      periods above 15 minutes is to be avoided as this results in loss of
      selectivity by the formation of significant amounts of undesirable side
      reactions which produce the corresponding alkyl butyramide and methyl
      butyl ester and N-benzyl-2-pyrrolidone. Further, the reaction can be
      carried out in an appropriate solvent such as water acetone, acetic acid
      as well as many others, if the product to be recovered is desired in
      liquid form. In presence of some solvents, it is desireable to carry out
      the reaction in an enclosed reactor capable of withstanding low pressures.
PAC  EXAMPLE 4
PAR  There were weighed into a beaker 7.08 g. (.05 mol) p-chlorobenzylamine and
      4.3 g. (.05 mol) .gamma.-hydroxybutyric acid lactone. The resultant
      mixture was heated to 167.degree.C. over a flame for 1 hour and allowed to
      cool. The product which thereby formed in 100% yield was a hard, waxy,
      white solid. The N-(p-chlorobenzyl)-.gamma.-hydroxybutyramide product was
      identified by its IR and NMR spectra.
PAC  EXAMPLE 5
PAR  There were weighed into a beaker 5.0 g. m-chlorobenzylamine and 3.04 g.
      .gamma.-hydroxybutyric acid lactone. The resultant mixutre was heated to
      166.degree.C. over a flame for 1 hour and allowed to cool. The product
      which thereby formed in 100% yield was a liquid which did not immediately
      freeze when cool. The N-(m-chlorobenzyl)-.gamma.-hydroxybutyramide product
      was identified by its IR spectrum.
PAC  EXAMPLE 6
PAR  There were weighed into a beaker 8.8 g. 2,4-dichlorobenzylamine and 4.3 g.
      .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated to
      170.degree.C. over a flame for 2 hours and allowed to cool. The product
      which thereby formed in 97% yield slowly froze to a pale yellow solid on a
      period of 5 weeks. The N-(o-,p-dichlorobenzyl)-.gamma.-hydroxybutyramide
      product was identified by its IR and NMR spectra.
PAC  EXAMPLE 7
PAR  There were weighed into a beaker 6.1 g. 4-methylbenzylamine and 4.3 g.
      .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated to
      160.degree.C. over a flame for 1 hour and allowed to cool. The product
      which thereby formed in 100% yield was a hard, waxy, white solid. The
      N-(p-methylbenzyl)-.gamma.-hydroxybutyramide product was identified by its
      IR and NMR spectra.
PAC  EXAMPLE 8
PAR  There were weighed into a beaker 8.8 g. 3,4-dichlorobenzylamine and 4.3 g.
      .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated to
      165.degree.C. over a flame for 1 hour and allowed to cool. The product
      which thereby formed in 100% yield was a white solid. The
      N-(m-p-dichlorobenzyl)-.gamma.-hydroxybutyramide product was identified by
      its IR and NMR spectra.
PAC  EXAMPLE 9
PAR  There were weighed into an Erlenmeyer flask 64.4 g. phenethyl amine and
      45.8 g. .gamma.-hydroxybutyric acid lactone. The resultant mixture was
      heated to 190.degree.C. over a flame for 1 hour and allowed to cool. The
      product which thereby formed in 100% yield was a hard, waxy, white solid.
      The N-phenethylbutyramide product was identified by its IR spectrum.
PAC  EXAMPLE 10
PAR  There were weighed into a beaker 4.9 g. .alpha.-1-aminopseudocumene and 3.1
      g. .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated
      to 167.degree.C. over a flame for 1 hour and allowed to cool. The product
      which thereby formed in 100% yield was a white solid. The
      N-(2,4-dimethylbenzyl)-4-hydroxybutyramide product was identified by its
      IR and NMR spectra.
PAR  The following hydroxybutyramides were prepared for the purpose of comparing
      herbicidal properties with those of the above compounds.
PAC  EXAMPLE 11
PAR  There were weighed into a beaker 4.9 g. .alpha.-2-aminopseudocumene and 3.1
      g. .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated
      to 164.degree.C. over a flame for 1 hour and allowed to cool. The white
      solid product which thereby formed in 100% yield. The
      N-(2,5-dimethylbenzyl)-4-hydroxybutyramide product was identified by its
      IR and NMR spectra.
PAC  EXAMPLE 12
PAR  There were weighed into a beaker 7.8 g. p-chlorophenethylamine and 4.3 g.
      .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated to
      165.degree.C. over a flame for 1 hour and allowed to cool. The light
      yellow solid product which thereby formed in 100% yield. The
      N-(p-chlorophenethyl)-.gamma.-hydroxybutyramide product was identified by
      its IR and NMR spectra.
PAC  EXAMPLE 13
PAR  There were weighed into a beaker 6.8 g. m-xylylenediamine and 8.6 g.
      .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated to
      180.degree.C. over a flame for 1 hour and allowed to cool. The product
      slowly froze during 6 weeks in 100% yield. The N,N'-m-xylylenebis
      (.gamma.-hydroxybutyramide) product was identified by its IR and NMR
      spectra.
PAC  EXAMPLE 14
PAR  There were weighed into a beaker 11.3 g. hexahydrobenzylamine and 8.6 g.
      .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated to
      175.degree.C. over a flame for 1 hour and allowed to cool. The colorless
      liquid product was thereby formed in 100% yield. The
      N-cyclohexanemethyl-.gamma.-hydroxybutyramide product was identified by
      its IR and NMR spectra.
PAC  EXAMPLE 15
PAR  There were weighed into a beaker 6.9 g. p-methoxybenzylamine and 4.3 g.
      .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated in a
      160.degree.C. oil bath for 1 hour and allowed to cool. The white solid
      product which thereby formed in 100% yield. The
      N-(p-methoxybenzyl)-.gamma.-hydroxybutyramide product was identified by
      its IR and NMR spectra.
PAC  EXAMPLE 16
PAR  There were weighed into a beaker 7.2 g. 1,4-bis(aminomethyl)cyclohexane and
      8.6 g. .gamma.-hydroxybutyric acid lactone. The resultant mixture was
      heated to 170.degree.C. over a flame for 1 hour and allowed to cool. The
      waxy solid product which thereby formed in 100% yield. The
      N,N'-(1,4-cyclohexanedimethylene)-bis(4-hydroxybutyramide) product was
      identified by its IR and NMR spectra.
PAC  EXAMPLE 17
PAR  There were weighed into a beaker 100 g. hydrazine hydrate (a 100% excess)
      and 86 g. .gamma.-hydroxybutyric acid lactone added gradually with cooling
      and stirring. The reaction took place at a maximum temperature of about
      35.degree.C. When cooled, 97 grams of large white crystals were obtained
      in 82% yield. The product had a melting point of 92.degree. - 95.degree.C.
      Identification was as follows:
PAR  Calculated for: C.sub.4 H.sub.10 N.sub.2 O.sub.2, C 40.6, H 8.53, N 23.8
      Found: C 40.61, H 8.54, N 23.39, 23.35
PAL  The product obtained was 4-hydroxybutyric acid hydrazide.
PAC  EXAMPLE 18
PAR  There were weighed into a beaker 14.6 g. butylamine and 17.2 g.
      .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated to
      130.degree.C. over a flame for 1 hour and allowed to cool. The
      N-butyl-.gamma.-hydroxybutyramide product was identified by its IR
      spectrum.
PAC  EXAMPLE 19
PAR  There were weighed into a beaker 37 g. Armeen C D and 17.2 g.
      .gamma.-hydroxybutyric acid lactone. The resultant mixture was heated to
      100.degree.C. over a flame for 1 hour and allowed to cool. The solid
      product, which thereby formed in 97% yield, was a very pale amber waxy
      solid identified as N-dodecyl-.gamma.-hydroxybutyramide by IR spectrum.
PAC  EXAMPLE 20
PAR  Into a flask were weighed 442 grams (7.54 mols) hydrazine hydrate and 2.41
      g. (7.54 mols) .gamma.-butyrolactam. After being allowed to stand several
      days ambient temperature, crystals were formed. The charge was distilled
      to a pot temperature of 161.degree.C. whereupon there was obtained 198
      grams of water (theoretical = 201 grams) and product
      4,4'-dihydroxybibutyramide which was identified by IR spectrum.
PAR  The N-benzyl-.gamma.-hydroxybutyramide products produced in accordance with
      the invention or by any other process are useful as thickening agents for
      various liquids and, in particular, for lubricating oils and greases as
      well as paints; as intermediates for use in further chemical reactions
      including the preparation of biologically active materials such as
      N-substituted-2-pyrrolidones; and as aquatic herbicides effective against
      potamogeton, elodea, salvinia and duckweed, etc. Other uses for these
      materials are as components of rust-preventive compositions, drying oils
      and incendiary compositions.
PAR  In regard to the use of the N-benzyl-.gamma.-hydroxybutyramides as
      thickening agents, they can be added directly in a concentration between
      0.1 and 10% by volume to a paint or oil formulation to provide a
      thickened, dipless paint or a lubricating grease.
PAR  In particular, the compounds of the present invention are superior aquatic
      herbicides which possesses high activity and which deposit none of the
      halogenated residue resulting from use of other commonly employed
      herbicidal compositions. Consequently, large areas can be treated with the
      present compound while avoiding buildup of ecologically deleterious
      by-products such as are associated with the use of 2,4-D* which deposits
      chlorinated hydrocarbon residues harmful to aquatic, animal and bird life
      in the areas where applied and in substantially extensive surrounding
      areas.
FNT  * 2,4-dichlorophenoxy acetic acid commercially available and usually
      obtained in admixture with 2,4,5-trichlorophenoxy acetic form
      chlorodibenzodioxin by-products.
PAR  The compounds of the present invention are usually applied to the plant
      situs, preferably an aquatic plant situs, in a concentration of between
      0.1 to 25 lbs./acre and may be employed in the form of water soluble solid
      granules or dust compositions which can be scattered on the surface of the
      ground or water over the area intended for treatment or as an aqueous
      solution in vehicles including water, alcohol, kerosine, acetone, dimethyl
      sulfoxide, etc. Solids with which the present compound can be mixed
      include talc, clay, diatomaceous earth, pulverized oak leaves,
      vermiculite, kaolin, pumice, bentonite, fuller's earth, asbestos, chalk,
      crosslinked polyvinylpyrrolidone, etc. Generally, the concentration of the
      compound in the carrier is between 0.05 and about 25% by volume; however,
      the effective amount for the particular application an be determined by
      the user and the species to be destroyed.
PAR  The present composition can be applied to the situs on either a
      pre-emergence or post-emergence basis as illustrated by the following
      examples which are not to be construed as limiting to the scope of the
      invention but rather as being illustrative and representative of the
      applications as herbicides.
PAR  Stated in other terms, the effective concentration of the present
      N-benzyl-.gamma.-hydroxybutyramides in a suitable carrier is between about
      1 ppm and about 50 ppm, preferably between about 3ppm and about 15 ppm,
      amd most preferably between 4 and 8 ppm.
PAR  In the formulation of the herbicidal composition, wetting agents such as
      nonionic surfactants, such as polyoxyethylated alkyl phenols, neutral
      ethylene oxide derivatives, may be employed in a concentration between
      about 1 and about 5% to provide contact with the members of certain plants
      which extend out of the water, such as duckweed. Further, diluents and
      inert carriers may be optionally employed in order to apply the present
      agents which are highly potent at such a low dose rate without overdose
      and waste. The agents may be treated with binders such as for example,
      emulsified raw linseed oil, natural oils, fats, waxes, drying oil, poly
      vinyl alcohol, polyvinylpyrrolidone in a concentration between about 1 and
      about 5% to prevent rapid run-off, i.e., to maintain longer contact.
      Gelling agents such as starches, sugar and cross-linked polymers or
      polyvinyl pyrrolidone may also be employed as multipurpose addition agents
      to dilute and to give body to the product composition when desired.
PAR  The following tabulation provides representative hydroxybutyramides
      prepared with butyrolactone as set forth above and reports upon testing
      the compounds as 5ppm solutions on various aquatic weeds.
PAR  The general procedure for treating comprises adding a water solution of
      5ppm of the individual hydroxybutyramide compound into a glass vessel
      maintained with illumination, nutrients, and temperature suitable to
      support the aquatic plant life tested. The suitability of the aqueous
      medium in the absence of added hydroxybutyramide was tested by immersing
      each plant in the medium and allowing it to remain in said medium for 3
      months, at which time the control was terminated. No harmful effect on any
      of the plants so tested in the absence of herbicide was evidenced.
PAR  The results reported in the following table were obtained after the plant
      had been immersed for 3 weeks in the hydroxybutyramide injected aqueous
      medium.
TBL                                    Table 1                                 
     __________________________________________________________________________
                            Weed Tested - % Destroyed (Kill)                   
     Formula - name of Hydroxybutyramide at 5 ppm                              
                            Potamogeton                                        
                                   Algae                                       
                                        Elodea                                 
                                             Solvenia                          
                                                  Duckweed                     
     __________________________________________________________________________
     N-benzyl-4-hydroxybutyramide                                              
                            100    100  100  100  100                          
     4-hydroxy-N-(p-methylbenzyl)butyramide                                    
                            60     N.T. 100  90    N.T.*                       
     N-(p-chlorobenzyl)-4-hydroxybutyramide                                    
                            90     N.T. 100  100  60                           
     N-(m-chlorobenzyl)-4-hydroxybutyramide                                    
                            100    N.T. 60   30   30                           
     N-(2,4-dichlorobenzyl)-4-hydroxybutyramide                                
                            N.T.   N.T. 90   N.T. 30                           
     N-(3,4-dichlorobenzyl)-4-hydroxybutyramide                                
                            30     N.T. 90   30   30                           
     4-hydroxy-N-phenethyl butyramide                                          
                            N.T.   N.T. 90   N.T. 60                           
     N-(2,4-dimethylbenzyl)-4-hydroxybutyramide                                
                            100    N.T. 60   N.T. 60                           
     N-(2,5-dimethylbenzyl)-4-hydroxybutyramide                                
                             0      0    0    0    0                           
     N,N'-m-xylylenebis(4-hydroxybutyramide)                                   
                            N.T.   30   N.T. N.T. N.T                          
     N-cyclohexanemethyl-4-hydroxybutyramide                                   
                             0      0    0    0    0                           
     N,N'-(1,4-cyclohexanedimethylene)                                         
                             0      0    0    0    0                           
     bis-(4-hydroxybutyramide)                                                 
     N-(p-methoxybenzyl)-4-hydroxybutyramide                                   
                            30     N.T. 30   N.T. N.T.                         
     NH--CO--(CH.sub.2).sub.3 OH                                               
     .vertline.                                                                
     NH--CO--(CH.sub.2).sub.3 OH                                               
     Bibutyramide-4,4'-dihydroxy                                               
                             0      0    0    0    0                           
     CH.sub.3 (CH.sub.2).sub.3 --NH--CO--(CH.sub.2).sub.3 OH                   
     N-butyl-4-hydroxybutyramide                                               
                             0      0    0    0    0                           
     CH.sub.3 (CH.sub.2).sub.11 --NH--CO--(CH.sub.2).sub.3 OH                  
     N-dodecyl-4-hydroxybutyramide                                             
                             0      0    0    0    0                           
     __________________________________________________________________________
      *Not Tested                                                              
PAR  In the above table, there are many instances where the particular compound
      was not tested against algae. Since of the plant species tested, algae are
      most easily killed, it was assumed that where the compound possessed
      ability to kill other plant species its toxicity to algae would be at
      least as great as that demonstrated for potamogeton or elodea, whichever
      is higher. Conversely, where the compound displayed only 30% toxicity
      toward algae, it would be expected to be substantially innocuous toward
      other plant species and was not further tested. Since duckweed was found
      to be the most resistant to herbicides, in cases where the compound had
      only 30% toxicity to both potamogeton and elodea it was expected to be
      relatively innocuous toward duckweed and was, therefore, not tested
      further.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of controlling the growth of aquatic weeds which comprises
      applying to the site where said growth is to be controlled, an effective
      amount of an herbicidal composition comprising as the active component, an
      N-phenylakyl-2-hydroxybutyramide having the following formula:
      ##SPC3##
PAL  wherein m is 1 or 0; at least one of R.sub.1 and R.sub.3 is hydrogen and
      the other is hydrogen, methyl, chlorine or bromine, and R.sub.2 is
      hydrogen, methyl, chlorine or bromine.
NUM  2.
PAR  2. The process of claim 1 wherein the benzylhydroxybutyramide is
      unsubstituted or is substituted in the para position.
NUM  3.
PAR  3. The process of claim 1 wherein an inert carrier is employed with the
      benzylhydroxybutyramide and the concentration of the
      benzylhydroxybutyramide is between about 0.05 and about 25% by volume with
      respect to the inert carrier.
NUM  4.
PAR  4. The process of claim 3 wherein the composition additionally contains at
      least one additive selected from the group comprising a wetting agent, a
      binder and a gelling agent.
NUM  5.
PAR  5. The process of claim 3 wherein the carrier is selected from the group
      comprising diatomaceous earth, talc, vermiculite, kaolin, pumice,
      bentonite, fuller's earth, asbestos, chalk, cross-linked
      polyvinylpyrrolidone, alcohol, kerosine, acetone, dimethyl sulfoxide and
      water.
NUM  6.
PAR  6. The process of claim 4 wherein the composition contains a non-ionic
      surfactant as a wetting agent.
NUM  7.
PAR  7. The process of claim 4 wherein the composition contains a binder.
NUM  8.
PAR  8. The process of claim 4 wherein the composition contains a gelling agent.
NUM  9.
PAR  9. The method of claim 1 wherein 1 to 50 parts per million of the
      benzylhydroxybutyramide is applied to the plant situs.
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ABST
PAL  This invention discloses new compounds of the formula
      ##EQU1##
      wherein Y is selected from the group consisting of hydrogen, lower alkyl
      and halogen; R.sup.1 is selected from the group consisting of hydrogen,
      lower alkyl and lower alkoxy; R.sup.2 is lower alkyl; R.sup.3, R.sup.4,
      R.sup.5, R.sup.6 and R.sup.7 are independently selected from the group
      consisting of hydrogen and lower alkyl; X is halogen; m is an integer from
      0 to 2; Z.sup.1 and Z.sup.2 are independently selected from the group
      consisting of oxygen and sulfur; and n is an integer from 1 to 2. The
      compounds of the above description are useful as herbicides.
PARN
PAR  This application is a division of copending application Ser. No. 357,746,
      filed May 7, 1973, now issued into U.S. Pat. No. 3,859,308."
BSUM
PAR  This invention relates to new compositions of matter and more specifically
      relates to new compounds of the formula
      ##EQU2##
      wherein Y is selected from the group consisting of hydrogen, lower alkyl
      and halogen; R.sup.1 is selected from the group consisting of hydrogen,
      lower alkyl and lower alkoxy; R.sup.2 is lower alkyl; R.sup.3, R.sup.4,
      R.sup.5, R.sup.6 and R.sup.7 are independently selected from the group
      consisting of hydrogen and lower alkyl; X is halogen, m is an integer from
      0 to 2; Z.sup.1 and Z.sup.2 are independently selected from the group
      consisting of oxygen and sulfur; and n is an integer from 1 to 2.
PAR  The term lower as used herein designates a straight or branched carbon
      chain of up of 4 carbon atoms.
PAR  The compounds of the present invention are unexpectedly useful as
      herbicides and are particularly useful in controlling grassy weeds.
PAR  In a preferred embodiment of the present invention Y is hydrogen, X is
      chlorine or bromine, and at least two of R.sup.4, R.sup.5, R.sup.6 and
      R.sup.7 are hydrogen.
PAR  The compounds of the present invention can be prepared by reacting a
      compound of the formula
      ##EQU3##
      wherein Y, R.sup.1, R.sup.2, R.sup.4, R.sup.5, R.sup.6, R.sup.7, Z.sup.1,
      Z.sup.2, n and m are as heretofore described, with an .alpha.-haloalkanoyl
      chloride of the formula
      ##EQU4##
      wherein X and R.sup.3 are as heretofore described. This reaction can be
      effected by combining a compound of formula II with a compound of formula
      III in an inert organic reaction medium, such as dioxane, in the presence
      of an acid acceptor, such as an alkali metal carbonate or bicarbonate at a
      temperature of from about -10.degree.C to about 25.degree.C and stirring
      the resulting mixture for a period of about 15 to about 120 minutes. After
      this time the reaction mixture can be washed with water to remove
      inorganic salts and stripped of solvent to yield the desired product. This
      product can be used as such or can be further purified by
      recrystallization or other conventional means.
PAR  The compounds of formula II can be prepared by reacting a substituted
      aniline of the formula
      ##SPC1##
PAL  wherein Y, R.sup.1 and R.sup.2 are as heretofore described, with a compound
      of the formula
      ##EQU5##
      wherein Hal designates halogen such as chlorine or bromine and wherein
      Z.sup.1, Z.sup.2, R.sup.4, R.sup.5, R.sup.6, R.sup.7, n and m are as
      heretofore described. This reaction can be effected by combining a
      compound of formula IV with a compound of formula V in an inert organic
      reaction mixture such as dimethylformamide in the presence of an acid
      acceptor such as an alkali metal carbonate or bicarbonate and heating the
      resulting mixture at reflux for a period of from about 4 to about 48
      hours. After this time the reaction mixture can be filtered and distilled
      to yield the desired product.
PAR  The compounds of formula V can be prepared by reacting an acetal of the
      formula
      ##EQU6##
      wherein n is as heretofore described, with a diol or dithiol of the
      formula
      ##EQU7##
      wherein R.sup.4, R.sup.5, R.sup.6, R.sup.7, Z.sup.1, Z.sup.2 and m are as
      heretofore described. This reaction can be effected by combining the
      compound of formula VI with the compound of formula VII in about equimolar
      amounts and in the presence of an acid catalyst, such as sulfuric acid or
      toluene sulfonic acid, under anhydrous conditions. The mixture can be
      heated at reflux for a period of from about 1 to about 4 hours. After this
      time the reaction mixture can be distilled under reduced pressure to yield
      the desired product.
PAR  Exemplary diols and dithiols of formula VII useful for preparing the
      compounds of formula V are ethandiol-1,2, propandiol-1,2, propandiol-1,3,
      butandiol-1,2, butandiol-1,3, butandiol-1,4, butandiol-2,3,
      pentandiol-1,2, pentandiol-1,3, pentandiol-1,4, pentandiol-2,3,
      pentandiol-2,4, 2-methylpentandiol-2,4,  2-methylpropandiol-1,2,
      2-methylbutandiol2,3, 3-methylbutandiol-1,3, hexandiol-1,2, hexandiol-1,3,
      hexandiol-1,4, hexandiol-2,3, hexandiol-2,4, hexandiol-2,5, hexandiol-3,4,
      3-methylhexandiol-3,4, 3-ethylhexandiol-3,4, ethandithiol-1,2,
      propandithiol-1,2, propandithiol-1,3, butandithiol-1,2, butandithiol-1,3,
      butandithiol-1,4, butandithiol-2,3, pentandithiol-1,2 and the like.
PAR  Exemplary substituted anilines of formula IV useful for preparing the
      compounds of formula II are 2-methylaniline, 2-ethylaniline,
      2-propylaniline, 2-isopropylaniline, 2-butylaniline, 2,6-dimethylaniline,
      2,6-diethylaniline, 2,6-dipropylaniline, 2,6-dibutylaniline,
      2-methoxy-6-methylaniline, 2-methoxy-6-ethylaniline,
      2-ethoxy-6-methylaniline, 2-ethoxy-6-ethylaniline,
      2-propoxy-6-methylaniline, 2-butoxy-6-ethylaniline,
      2,4,6-trimethylaniline, 2,4,5-triethylaniline, 2,4,6-tripropylaniline,
      2,6-dimethyl-4-butylaniline, 2,4-dimethylaniline, 2,4-diethylaniline,
      2-methyl-4-chloroaniline, 2-ethyl-3-bromoaniline,
      2,6-dimethyl-4-iodoaniline, 2,6-diethyl-4-chloroaniline and the like.
PAR  Exemplary .alpha.-haloalkanoyl chlorides of formula III are chloroacetyl
      chloride, bromoacetyl chloride, iodoacetyl chloride,
      .alpha.-chloropropanoyl chloride, .alpha.-bromopropanoyl chloride,
      .alpha.-chlorobutanoyl chloride, .alpha.-chloropentanoyl chloride,
      .alpha.-chlorohexanoyl chloride and the like.
PAR  The preparation of the compounds of the present invention is more
      specifically illustrated in the following examples.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 2-Chloromethyl-1,3-dioxolane
PAR  The dimethyl acetal of 2-chloroacetaldehyde (125 grams; 1.0 mole) and
      ethandiol-1,2 (62 grams; 1.0 mole) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      Toluene sulfonic acid (0.3 grams) is added to the flask and the reaction
      mixture is refluxed for a period of about 2 hours. After this time the
      reaction mixture is distilled under aspirator partial pressure to remove
      methanol yielding the desired product 2-chloromethyl-1,3-dioxolane.
PAC  EXAMPLE 2
PAC  Preparation of N-(1,3-Dioxolan-2-ylmethyl)-2,6-dimethylaniline
PAR  2,6-Dimethylaniline (75 grams), 2-chloromethyl-1,3-dioxolane (25 grams),
      potassium carbonate (34 grams) and dimethylformamide (50 ml) were charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture was heated at
      reflux for a period of about 18 hours. After this time the mixture was
      filtered and distilled to yield the desired product
      N-(1,3-dioxolan-2-ylmethyl)-2,6-dimethylaniline.
PAC  EXAMPLE 3
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)2,6-dimethylaniline
PAR  N-(1,3-Dioxolan-2-ylmethyl)-2,6-dimethylaniline (7.8 grams), sodium
      bicarbonate (7.0 grams), dioxane (20 ml) and water (4 ml) were charged
      into a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The mixture was cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (5.0 grams) was added, with stirring, over a
      period of about 15 minutes. After the addition was completed stirring was
      continued for a period of about 1 hour. After this time ether (100 ml) was
      added to the mixture and the resulting solution was washed with water. The
      washed solution was then dried over anhydrous magnesium sulfate and
      stripped of solvents leaving a solid residue. The residue was
      recrystallized from an ether-pentane mixture to yield the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2,6-dimethylaniline
      having a melting point of 58.degree. to 60.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of N-(1,3-Dioxolan-2-ylmethyl)-2,6-diethylaniline
PAR  2,6-Diethylaniline (75 grams; 0.5 mole), 2-chloromethyl-1,3-dioxolane (25
      grams; 0.2 mole), potassium carbonate (22 grams; 0.2 mole) and
      dimethylformamide (50 ml) were charged into a glass reaction vessel
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture was heated, with stirring, for a period of about 18
      hours. After this time the reaction mixture was filtered and then
      distilled to yield the desired product
      N-(1,3-dioxolan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 5
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2,6-diethylaniline
PAR  N-(1,3-dioxolan-2-ylmethyl)-2,6-diethylaniline (7.7 grams), sodium
      bicarbonate (6.0 grams), dioxane (20 ml) and water (4 ml) were charged
      into a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. This mixture was cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (4.0 grams) was added, with stirring, over a
      period of about 15 minutes. After the addition was completed stirring was
      continued for a period of about 1 hour. After this time ether (100 ml) was
      added to the mixture and the resulting solution was washed with water. The
      washed solution was then dried over anhydrous magnesium sulfate and
      stripped of solvents leaving a solid residue. The residue was
      recrystallized from an ether-pentane mixture to yield the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2,6-diethylaniline
      having a melting point of 86.degree. to 87.degree.C.
PAC  EXAMPLE 6
PAC  Preparation of N-(1,3-Dioxolan-2-ylmethyl)2-methyl-5-chloroaniline
PAR  2-Methyl-5-chloroaniline (75 grams), 2-chloromethyl1,3-dioxolane (25
      grams), potassium carbonate (22 grams) and dimethylformamide (50 ml) were
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer, and reflux condenser. The reaction mixture was heated, with
      stirring, for a period of about 26 hours. After this time the reaction
      mixture was filtered and then distilled to yield the desired product
      N-(1,3-dioxolan-2-ylmethyl)-2-methyl-5chloroaniline having a boiling point
      of 116.degree. to 118.degree.C at 0.1 mm of Hg pressure.
PAC  EXAMPLE 7
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-methyl-5-chloroanilin
     e
PAR  N-(1,3-Dioxolan-2-ylmethyl)-2-methyl-5-chloroaniline (8 grams), sodium
      bicarbonate (7 grams), dioxane (50 ml) and water (4 ml) were charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. This mixture was cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (4.3 grams) was added, with stirring, over a
      period of about 15 minutes. After the addition was completed stirring was
      continued for a period of about 1 hour. After this time ether (100 ml) was
      added to the mixture and the resulting solution was washed with water. The
      washed solution was then dried over anhydrous magnesium sulfate and
      stripped of solvents leaving a solid residue. The residue was
      recrystallized from hexane to yield the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2methyl-5-chloroaniline
      having a melting point of 88.degree. to 89.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of 2-Chloromethyl-1,3-dithiepane
PAR  The dimethyl acetal of 2-chloroacetaldehyde (125 grams; 1.0 mole) and
      butandithiol-1,4 (122 grams; 1.0 mole) are charged into a glass reaction
      vessel equipped with a mechanical stirrer, thermometer and reflux
      condenser. Toluene sulfonic acid (0.3 grams) is added to the reaction
      mixture and the mixture is refluxed for a period of about 2 hours. After
      this time the reaction mixture is distilled under aspirator pressure to
      yield the desired product 2-chloromethyl-1,3-dithiepane.
PAC  EXAMPLE 9
PAC  Preparation of N-(1,3-Dithiepan-2-ylmethyl)2,6-diethylaniline
PAR  2,6-Diethylaniline (75 grams), 2-chloromethyl1,3-dithiepane (36.5 grams),
      potassium carbonate (34 grams) and dimethylformamide (75 ml) are charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture is heated at reflux
      for a period of about 18 hours. After this time the mixture is filtered
      and distilled to yield the desired product
      N-(1,3-dithiepan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 10
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dithiepan-2-ylmethyl)-2,6-diethylaniline
PAR  N-(1,3-Dithiepan-2-ylmethyl)-2,6-diethylaniline (15 grams), sodium
      bicarbonate (10 grams), dioxane (30 ml) and water (5 ml) are charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The mixture is cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (7 grams) is added, with stirring, over a period
      of about 15 minutes. After the addition is completed stirring is continued
      for a period of about 1 hour. After this time ether (100 ml) is added to
      the mixture and the resulting solution is washed with water. The washed
      solution is then dried over anhydrous magnesium sulfate and stripped of
      solvents leaving a solid residue. The residue is recrystallized to yield
      the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dithiepan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 11
PAC  Preparation of 2-Chloromethyl-1,3-dioxane
PAR  The dimethyl acetal of 2-chloroacetaldehyde (125 grams; 1.0 mole) and
      propandiol-1,3 (76 grams; 1.0 mole) are charged into a glass reaction
      vessel equipped with a mechanical stirrer, the thermometer and reflux
      condenser. Toluene sulfonic acid (0.3 grams) is added to the reaction
      mixture and the mixture is refluxed for a period of about 3 hours. After
      this time the reaction mixture is distilled under aspirator pressure to
      yield the desired product 2-chloromethyl-1,3-dioxane.
PAC  EXAMPLE 12
PAC  Preparation of N-(1,3-dioxan-2-ylmethyl)-2,6-diethylaniline
PAR  2,6-Diethylaniline (75 grams), 2-chloromethyl-1,3-dioxane (14 grams),
      potassium carbonate (34 grams) and dimethylformamide (60 ml) are charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture is heated at reflux
      for a period of about 18 hours. After this time the mixture is filtered
      and distilled to yield the desired product
      N-(1,3-dioxan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 13
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxan-2-ylmethyl)-2,6-diethylaniline
PAR  N-(1,3-Dioxan-2-ylmethyl)-2,6-diethylaniline (25 grams), sodium bicarbonate
      (10 grams), dioxane (30 ml) and water (4 ml) are charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      mixture is cooled to a temperature of about 0.degree.C and chloroacetyl
      chloride (15 grams) is added, with stirring, over a period of about 15
      minutes. After the addition is completed stirring is continued for a
      period of about 1 hour. After this time ether (100 ml) is added to the
      mixture and the resulting solution is washed with water. The washed
      solution is then dried over anhydrous magnesium sulfate and stripped of
      solvents leaving a solid residue. The residue is recrystallized to yield
      the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxan2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 14
PAC  Preparation of 2-Chloromethyl-1,3-dioxepane
PAR  The dimethyl acetal of 2-chloroacetaldehyde (125 grams; 1.0 mole) and
      butandiol-1,4 (90 grams; 1.0 mole) are charged into a glass reaction
      vessel equipped with a mechanical stirrer, thermometer and reflux
      condenser. Toluene sulfonic acid (0.3 grams) is added to the reaction
      mixture and the mixture is refluxed for a period of about 3 hours. After
      this time the reaction mixture is distilled under aspirator pressure to
      yield the desired product 2-chloro methyl-1,3-dioxepane.
PAC  EXAMPLE 15
PAC  Preparation of N-(1,3-Dioxepan-2-ylmethyl)-2,6-diethylaniline
PAR  2,6-Diethylaniline (75 grams), 2-chloromethyl1,3-dioxepane (15 grams),
      potassium carbonate (34 grams) and dimethylformamide (60 ml) are charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture is heated at reflux
      for a period of about 18 hours. After this time the mixture is filtered
      and distilled to yield the desired product
      N-(1,3-dioxepan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 16
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxepan-2-ylmethyl)-2,6-diethylaniline
PAR  N-(1,3-dioxepan-2-ylmethyl)-2,6-diethylaniline (26.3 grams), sodium
      bicarbonate (15 grams), dioxane (30 ml) and water (4 ml) are charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The mixture is cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (15 grams) is added, with stirring, over a
      period of about 15 minutes. After the addition is completed stirring is
      continued for a period of about 1 hour. After this time ether (100 ml) is
      added to the mixture and the resulting solution is washed with water. The
      washed solution is then dried over anhydrous magnesium sulfate and
      stripped of solvents leaving a solid residue. The residue is
      recrystallized to yield the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxepan-2-ylmethyl)-2,6-diethylaniline.
PAR  Additional compounds within the scope of the present invention can be
      prepared by the procedures detailed in the foregoing examples. In the
      following examples are given the essential starting materials required to
      prepare the indicated named compounds by the methods heretofore described.
PAC  EXAMPLE 17
PAR  The dimethyl acetal of 2-chloroacetaldehyde + ethandiol-1,2 + methylaniline
      + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-methylaniline.
PAC  EXAMPLE 18
PAR  The dimethyl acetal of 2-chloroacetaldehyde + ethandiol-1,2 +
      2-ethylaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-ethylaniline.
PAC  EXAMPLE 19
PAR  The dimethyl acetal of 3-chloropropionaldehyde + ethandiol-1,2 +
      2,6-diethylaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylethyl)-2,6-diethylaniline.
PAC  EXAMPLE 20
PAR  The dimethyl acetal of 2-chloroacetaldehyde + propandiol-1,2 +
      2,4-dimethylaniline + bromoacetyl chloride =
      N-.alpha.-bromoacetyl-N-(4-methyl-1,3-dioxolan-2-ylmethyl)-2,4-dimethylani
     line.
PAC  EXAMPLE 21
PAR  The dimethyl acetal of 2-chloroacetaldehyde + butandiol-1,2 +
      2-propyl-4-bromoaniline + .alpha.-chloropropanoyl chloride =
      N-.alpha.-chloropropionyl-N-(4-ethyl-1,3-dioxolan-2-ylmethyl)-2-propyl-4-b
     romoaniline.
PAC  EXAMPLE 22
PAR  The dimethyl acetal of 2-chloroacetaldehyde + pentandiol-1,2 +
      2,4,6-tributylaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(4-propyl-1,3-dioxolan-2-ylmethyl)-2,4,6-tributyl
     aniline.
PAC  EXAMPLE 23
PAR  The dimethyl acetal of 2-chloroacetaldehyde + hexandiol-1,2 +
      2-methyl-6-methoxyaniline + .alpha.-chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(4-butyl-1,3-dioxolan-2-ylmethyl)-2-methyl-6-meth
     oxyaniline.
PAC  EXAMPLE 24
PAR  The dimethyl acetal of 2-chloroacetaldehyde + hexandiol-3,4 +
      2,3-diethyl-6-ethoxyaniline + .alpha.-chlorobutanoyl chloride =
      N-.alpha.-chlorobutanoyl-N-(4,5-diethyl-1,3-dioxolan-2-ylmethyl)-2,3-dieth
     yl-6-ethoxyaniline.
PAC  EXAMPLE 25
PAR  The dimethyl acetal of 2-chloroacetaldehyde + propandiol-1,3 +
      2-methyl-4-iodoaniline + iodoacetyl chloride =
      N-.alpha.-iodoacetyl-N-(1,3-dioxan-2-ylmethyl)-2-methyl-4-iodoaniline.
PAC  EXAMPLE 26
PAR  The dimethyl acetal of 2-chloroacetaldehyde + butandiol-1,3 +
      2-methyl-6-butoxyaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(4-methyl-1,3-dioxan-2-ylmethyl)-2-methyl-6-butox
     yaniline.
PAC  EXAMPLE 27
PAR  The dimethyl acetal of 2-chloroacetaldehyde +  butandiol-1,4 +
      2-propyl-4-ethylaniline + .alpha.-chlorohexanoyl chloride =
      N-.alpha.-chlorohexanoyl-N-(1,3-dioxepan-2-ylmethyl)2-propyl-4-ethylanilin
     e.
PAC  EXAMPLE 28
PAR  The dimethyl acetal of 2-chloroacetaldehyde + ethandithiol-1,2 +
      2,6-dimethylaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(1,3-dithiolan-2-ylmethyl)2,6-dimethylaniline.
PAC  EXAMPLE 29
PAR  The dimethyl acetal of 2-chloroacetaldehyde + propandithiol-1,3 +
      2,6-diethylaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(1,3-dithian-2-ylmethyl)-2,6-diethylaniline.
PAR  For practical use as herbicides the compounds of this invention are
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of such a compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable powders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compounds are sufficiently soluble in common
      organic solvents such as kerosene or xylene so that they can be used
      directly as solutions in these solvents. Frequently, solutions of
      herbicides can be dispersed under super-atmospheric pressure as aerosols.
      However, preferred liquid herbicidal compositions are emulsifiable
      concentrates, which comprise an active compound according to this
      invention and as the inert carrier, a solvent and an emulsifier. Such
      emulsifiable concentrates can be extended with water and/or oil to any
      desired concentration of active compound for application as sprays to the
      site of the weed infestation. The emulsifiers most commonly used in these
      concentrates are nonionic or mixtures of nonionic with anionic
      surface-active agents. With the use of some emulsifier systems an inverted
      emulsion (water in oil) can be prepared for direct application to weed
      infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in parts by weight.
PAC  EXAMPLE 30
PAC  Preparation of a Dust
PA1  Product of Example 3   10
PA1  Powdered Talc     90
PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, freeflowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the weed infestation.
PAR  The compounds of this invention can be applied as herbicides in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity which is herbicidally toxic to said weeds, a compound of the
      present invention. The concentration of the new compounds of this
      invention in the herbicidal compositions will vary greatly with the type
      of formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95 percent
      by weight of the active compounds of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 percent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compounds of the present invention are also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5 to about 95% of the active ingredients
      in the herbicidal compositions. Use of combinations of these other
      herbicides and/or defoliants, dessicants, etc. with the compounds of the
      present invention provide herbicidal compositions which are more effective
      in controlling weeds and often provide results unattainable with separate
      compositions of the individual herbicides. The other herbicides,
      defoliants, dessicants and plant growth inhibitors, with which the
      compounds of this invention can be used in the herbicidal compositions to
      control weeds, can include chlorophenoxy herbicides such as 2,4-D,
      2,4,5-T, MCPA, MCPB, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4-CPP, 2,4,5-TB,
      2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides such as IPC,
      CIPC, swep, barban, BCPC, CEPC, CPPC, and the like; thiocarbamate and
      dithiocarbamate herbicides such as CDEC, metham sodium, EPTC, diallate,
      PEBC, perbulate, vernolate and the like; substituted urea herbicides such
      as norea, siduron, dichloral urea, chloroxuron, cycluron, fenuron,
      monuron, monuron TCA, diuron, linuron, monolinuron, neburon, buturon,
      trimeturon and the like; symmetrical triazine herbicides such as simazine,
      chlorazine, atraone, desmetryne, norazine, ipazine, prometryn, atazine,
      trietazine, simetone, prometone, propazine, ametryne and the like;
      chloroacetamide herbicides such as alpha-chloro-N, N-dimethylacetamide,
      CDEA, CDAA, alpha-chloro-N-isopropylacetamide,
      2-chloro-N-isopropylacetanilide, 4-(chloroacetyl)morpholine,
      1-(chloroacetyl)piperidine, and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon, 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like; chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, tricamba, amiben, fenac, PBA,
      2-methoxy-3,6-dichlorophenylacetic acid,
      3-methoxy-2,6-dichlorophenylacetic acid,
      2-methoxy-3,5,6-trichlorophenylacetic acid, 2,4-dichloro-3-nitrobenzoic
      acid and the like; and such compounds as aminotriazole, maleic hydrazide,
      phenyl mercuric acetate, endothal, biuret, technical chlordane, dimethyl
      2,3,5,6-tetrachloroterephthalate, diquat, erbon, DNC, DNBP, dichlobenil,
      DPA, diphenamid, dipropalin, trifluralin, solan, dicryl, merphos, DMPA,
      DSMA, MSMA, potassium azide, acrolein, benefin, bensulfide, AMS, bromacil,
      2-(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine-3,5-dione,
      bromoxynil, cacodylic acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone,
      diphenatril, DMTT, DNAP, EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium
      cyanate, MAA, MAMA, MCPES, MCPP, MH, molinate, NPA, OCH, paraquat, PCP,
      picloram, DPA, PCA, pyrichlor, sesone, terbacil, terbutol, TCBA, brominil,
      CP-50144, H-176-1, H-732, M-2901, planavin, sodium tetraborate, calcium
      cyanamid, DEF, ethyl xanthogen disulfide, sindone, sindone B, propanil and
      the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as pigweed,
      lambsquarters, foxtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose-grass, chickweed, wild oats, velvetleaf, purslane,
      barnyard grass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffeeweed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morning glory, bedstraw,
      ducksalad and naiad; biennials such as wild carrot, matricaria, wild
      barley, campion, chamomile, burdock, mullein, roundleaved mallow, bull
      thistle, hounds-tongue, moth mullein and purple star thistle; or
      perennials such as white cockle, perennial ryegrass, quackgrass, Johnson
      grass, Canada thistle, hedge bindweed, Bermuda grass, sheep sorrel, curly
      dock, nutgrass, field chickweed, dandelion, campanula, field bindweed,
      Russian knapweed, mesquite, toadflax, yarrow, aster, gromwell, horsetail,
      ironweed, sesbania, bulrush, cattail and wintercress.
PAR  Similarly, such weeds can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compounds of this invention are particularly valuable for weed
      control because they are toxic to many species and groups of weeds while
      they are relatively nontoxic to many beneficial plants. The exact amount
      of compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about 1 or 2 ounces of active
      compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      10 pounds or more of an active compound per acre may be required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal activity of the compounds of this invention was demonstrated
      by experiments carried out for the pre-emergence control of a variety of
      weeds. In these experiments small plastic greenhouse pots filled with dry
      soil were seeded with the weed seeds. Twenty-four hours or less after
      seeding the pots were sprayed with water until the soil was wet and the
      test compounds formulated as aqueous emulsions of acetone solutions
      containing emulsifiers were sprayed at the indicated concentrations on the
      surface of the soil.
PAR  After spraying, the soil containers were placed in the greenhouse and
      provided with supplementary heat as required and daily or more frequent
      watering. The plants were maintained under these conditions for a period
      of from 25 to 35 days, at which time the condition of the plants and the
      degree of injury to the plants was rated on a scale of from 0 to 10, as
      follows: 0 = no injury, 1,2 = slight injury, 3,4 = moderate injury, 5,6 =
      moderately severe injury, 7,8,9 = severe injury and 10 = death. The
      effectiveness of these compounds is demonstrated by the following data:
TBL                                    TABLE I                                 
     __________________________________________________________________________
              Concentration of Test                                            
                           Yellow                                              
                                Johnson   Yellow                               
                                               Barnyard-                       
     Test Compound                                                             
              Compound in lbs./acre                                            
                           Nutsedge                                            
                                Grass                                          
                                     Pigweed                                   
                                          Foxtail                              
                                               grass Crabgrass                 
     __________________________________________________________________________
     Product of                                                                
              10           10   9    10   10   10    10                        
     Example 3                                                                 
              4            10   9    10   9    10    10                        
              2            10   10   10   9    9     10                        
              1            10   8    10   8    9     9                         
     Product of                                                                
              10           10   9    10   10   10    10                        
     Example 5                                                                 
              4            10   9    9    9    10    9                         
              2            10   8    9    9    9     9                         
              1            10   8    3    9    8     9                         
     Product of                                                                
     Example 18                                                                
              10           9    2    10   10   10    5                         
              4            10   1    10   9    9     7                         
              2            10   0    9    9    8     5                         
              1            10   0    3    8    4     4                         
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A herbicidal composition comprising an inert carrier and, as the
      essential active ingredient, in a quantity toxic to weeds, a compound of
      the formula
      ##EQU8##
      wherein Y is selected from the group consisting of hydrogen, lower alkyl
      and halogen; R.sup.1 is selected from the group consisting of hydrogen,
      lower alkyl and lower alkoxy; R.sup.2 is lower alkyl; R.sup.3, R.sup.4,
      R.sup.5, R.sup.6 and R.sup.7 are independently selected from the group
      consisting of hydrogen and lower alkyl; X is halogen; m is the integer 1;
      Z.sup.1 and Z.sup.2 are oxygen; and n is an integer from 1 to 2.
NUM  2.
PAR  2. The composition of claim 1 wherein the compound is
      N-.alpha.-chloroacetyl-N-(1,3-dioxan-2-ylmethyl)-2,6-dimethylaniline.
NUM  3.
PAR  3. The composition of claim 1 wherein the compound is
      N-.alpha.-chloroacetyl-N-(1,3-dioxan-2-ylmethyl)-2,6-diethylaniline.
NUM  4.
PAR  4. The composition of claim 1 wherein the compound is
      N-.alpha.-chloroacetyl-N-(4-methyl-1,3-dioxan-2-ylmethyl)-2-methyl-6-butox
     yaniline.
NUM  5.
PAR  5. A method of controlling weeds which comprises contacting said weeds with
      an effective amount of a herbicidal composition of claim 1.
NUM  6.
PAR  6. A method of controlling weeds which comprises contacting said weeds with
      an effective amount of a herbicidal composition of claim 2.
NUM  7.
PAR  7. A method of controlling weeds which comprises contacting said weeds with
      an effective amount of a herbicidal composition of claim 3.
NUM  8.
PAR  8. A method of controlling weeds which comprises contacting said weeds with
      an effective amount of a herbicidal composition of claim 4.
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ABST
PAL  Eradication of oak and other woody plants is obtained through a synergistic
      effect derived from the application of herbicides of two different groups
      wherein the first group consists of a chlorinated aliphatic acid which can
      be trichloroacetic acid or 2,2-dichloropropionic acid; and the second
      group consists of 2,4-dichlorophenoxyacetic acid,
      2,4,5-trichlorophenoxyacetic acid, 2,4-dichlorophenoxypropionic acid,
      2,4,5-trichlorophenoxypropionic acid, 2-methyl-4-chlorophenoxyacetic acid,
      3,6-dichloro-o-anisic acid, 2,3,6-trichlorobenzoic acid and
      4-amino-3,5,6-trichloropicolinic acid.
BSUM
PAC  DETAILED DESCRIPTION
PAR  According to this invention there is provided a method for eradicating
      brush and other woody plant growth from overland rights-of-way, along
      roadsides, railroad roadbeds, drainage and irrigation ditches, rangelands
      and other non-crop lands by applying in conjunction two or more
      herbicides.
PAR  More particularly, this invention concerns a method for killing brush by
      the directed application of two or more herbicides, separately or in
      admixture, to wet the foliage with one herbicidal component and the ground
      area under the foliage with a second herbicidal component.
PAR  This invention further concerns a combination product comprising a
      herbicidal spray solution having two herbicidal components one of which,
      Component A, contains a herbicide selected from the group consisting of a
      trichloroacetic acid (TCA), its salts and esters and 2,2-dichloropropionic
      acid (dalapon), its salts and esters; and the other of which, Component B,
      contains a herbicide selected from the group consisting of
      2,4-dichlorophenoxyacetic acid (2,4-D), its salts and esters;
      2,4,5-trichlorophenoxyacetic acid (2,4,5-T), its salts and esters;
      2,4-dichlorophenoxypropionic acid (2,4-DP), its salts and esters;
      2,4,5-trichlorophenoxypropionic acid (2,4,5-TP), its salts and esters;
      2-methyl-4-chlorophenoxyacetic acid (MCPA), its salts and esters;
      3,6-dichloro-o-anisic acid (dicamba), its salts and esters;
      2,3,6-trichlorobenzoic acid (TBA), its salts and esters; and
      4-amino-3,5,6-trichloropicolinic acid (picloram), its salts and esters.
PAR  The control of brush and woody plants is a problem in many areas,
      particularly utility rights-of-way, such as power transmission lines,
      telephone lines, gas and oil pipelines, etc., along irrigation and
      drainage ditches, along roadsides and railway roadbeds and for the
      selective elimination of undesirable species in gamelands, parklands,
      etc., thereby to permit better development of desired species,
      particularly, in such areas where climate and heavy rainfall cause
      prolific growth.
PAR  Brush which needs control and preferably eradication includes a great
      number of plants such as, various maples, willows, oaks, elms, ashes,
      locusts, hickories, persimmons, sumacs, pines, firs, spruces, hemlocks,
      cedars, sassafras, sour gums and the like. A particularly difficult
      control problem arises when various brush and vines (briars) growing in
      the same area reach for the sun, resulting in a high intertwine and almost
      impenetrably dense growth. Additional problems are encountered where the
      natural brush mix includes a significant proportion of oak and other
      species which are not easily controlled by chemical methods. Control of
      such brush growth has met with some success by the application of
      chemicals and, particularly the application of 2,4-dichlorophenoxyacetic
      acid and 2,4,5-trichlorophenoxyacetic acid, their esters and salts and
      mixtures. Solutions of these chemicals are ordinarily sprayed on the
      foliage by means of power or hand-operated equipment or by aircraft
      (helicopter or fixed-wing aircraft). Disadvantages to this type treatment
      is that, to date, these chemicals have given only incomplete control of
      brush, particularly as regards the hard-to-kill species notably the oak,
      ash and maple varieties. Control of these and other hard-to-kill species
      requires repeated applications, as well as cutting. Varieties of conifers
      have also been found to be highly resistant to these treatments. Previous
      attempts have been made to effect better brush control with the phenoxy
      derivatives by applying them in combination with trichloroacetic acid (as
      the sodium salt). Thus, for example, control of maple by such combination
      of chemicals has been reported by William S. Hoff (Down to Earth No. 8
      (1), pages 5 to 7, 1952). During the period 1962-65 J. R. Aldred evaluated
      the effect of trichloroacetic acid (as the sodium salt) in brush control
      when added to various 2,4-dichlorophenoxyacetic acid and
      2,4,5-trichlorophenoxyacetic acid esters and amine salts in very extensive
      experiments on the rights-of-way of the Tennessee Valley Authority's
      transmission lines (Procedure of SWC, pages 316-321, 1966). The chemicals
      were applied by helicopter and by power sprayer from a truck, and also by
      hand. From these tests Aldred concluded there was no advantage in using
      trichloroacetic acid (as the sodium salt) with the phenoxy derivatives,
      since the latter when used alone gave an equal amount of kill and the
      results obtained by adding trichloroacetic acid (as the sodium salt) in
      combination with the phenoxy herbicides did not warrant further work with
      these combinations on brush control. Others have experienced similar lack
      of promise in these combinations.
PAR  It has now, however, been discovered that thorough and lasting brush
      control and eradication of many of the hard-to-kill species can be
      accomplished with a combination of trichloroacetic acid or its salts or
      esters, or 2,2-dichloropropionic acid, its salts and esters when applied
      in combination with a chlorophenoxyaliphatic acid, dicamba, TBA or
      picloram by applying these herbicides in such a manner that the foliage
      receives a dosing of one or more of the herbicides comprising Component B
      as described above, while the trichloroacetic acid and/or
      2,2-dichloropropionic acid herbicide (Component A) is applied to the
      ground over the rooth system of the brush. This can be accomplished by
      spraying a combination of these products in a suitable liquid carrier in
      such a way that a portion of the spray solution contacts the foliage while
      the remainder goes onto the ground over the root system. This can be
      conveniently done by applying the spray solution having one or more of the
      herbicidal materials of Component A and one or more of the herbicidal
      materials of Component B in solution or suspension so that when the spray
      solution is applied in such a manner as to be directed from above the
      brush down through the foliage to the ground producing sufficient contact
      with the foliage to moisten it while permitting the bulk of the spray
      solution to contact the ground over the roots. This technique emphasizes
      spray application to the foliage at low rates and application to the
      ground area at higher rates. Similar results can also be accomplished by
      split application whereby the Component A herbicide is applied to the
      ground and the Component B herbicide is applied to the foliage. Where
      split applications are employed the second application should be made as
      soon as practicable after the first and in any case within about one or
      two weeks. Either compound can be applied first, though for practical
      reasons it is generally best to make the ground application first.
PAR  Still a further unexpected and advantageous result of the combination
      treatments of this invention is the discovery that marked improvement in
      brush kill is obtained even when the treatment is applied during periods
      of retarded growth and in early Spring and late Fall. Treatments according
      to this invention applied in early Spring and in late Fall gave comparable
      results to those obtained from applications during the normal growing
      season. Conventional herbicide treatments for brush control show a
      distinct decrease in efficiency when applied before or after the main
      growing season. The treatments of this invention by providing pre- or
      post-growing season results produce the highly desirable result of
      lengthening the spray season.
PAR  Accordingly, it is an object of this invention to provide an effective,
      low-cost process for eradicating woody plants (brush), particularly oak,
      ash and red maple. The compositions and methods of this invention are
      especially effective against certain difficult oak species, for example
      the species Quercus spp. Another object of this invention is to dispense
      with repeated applications or cuttings in brushkilling. It is a further
      object of this invention to provide a brushkilling process that is equally
      effective for pine, maple, oak and other woody vegetation, such as is
      ordinarily found in a random mix of brush in rights-of-way. Still another
      objective of this invention is to use two types of herbicides for
      brushkilling in such a way that they mutually reinforce their individual
      action on woody plants and their killing effect to provide a synergistic
      herbicidal effect which substantially exceeds the effect expected on the
      basis of their activity as an additive effect. A further object of this
      invention is to provide a brushkilling method that provides complete
      eradication of oak and other woody plants in utility rights-of-way and
      similar areas where such plants are undesirable without the need for
      repeated application or supplementary cutting operations.
PAR  One method of application according to this invention is to apply a
      combination of herbicides in liquid form using conventional spray
      techniques but employing a spray nozzle with large openings and applying
      at relatively low pressures. When spraying with this setup the foliage is
      covered only with a light spray and the spray pattern is directed mainly
      toward the ground. Another method of application is to spray down through
      the brush. This can be accomplished from a platform on a spray truck using
      a spray gun that allows the spray to be directed downward through the
      brush thereby covering the foliage only lightly with most of the spray
      going on through to the ground. The liquid herbicide mixture is sprayed
      down through the foliage to the ground thereby wetting the foliage in the
      process of getting the herbicidal product onto the ground. This method is
      facilitated by having the operator on a tower or platform so that the
      spray source is elevated above the foliage to be sprayed thereby
      permitting the spray operator, when applying the liquid, to spray down
      through the foliage.
PAR  In conventional spraying the spray is applied to the foliage until it is
      thoroughly wet, that is until run-off. According to the process of this
      invention the spray is applied to the foliage as a light application,
      sufficient to barely wet the foliage and the remainder of the spray
      application is directed to the ground. While this may result in some
      wetting of the canes or stems of the brush, this is not necessary
      according to the process of this invention.
PAR  For maximum results a split application could be employed whereby the
      Component B herbicide is directed to the foliage only and the
      trichloroacetic acid or 2,2-dichloropropionic acid herbicide (Component A)
      is directed to the ground only. This can be done in successive
      applications or by the use of two separate spray nozzles. However, for
      convenience it has been found best to use a single mix spray as described
      above, whereby the application is made by spraying down through the
      foliage to the ground, wetting the foliage in the process. It has also
      been found that unlike conventional spraying where it is desirable to use
      a small nozzle tip, usually a No. 6 (6/64 inch opening) with high pressure
      (about 650 psi) to give a finer type of spray so as to thoroughly wet the
      foliage; the process of this invention utilizes a larger nozzle, usually
      about a No. 10 (10/64 inch opening) and lower pressure (about 400 psi or
      less). This will result in heavier spray particles which drop more quickly
      to the ground and only incidentally wet the foliage while passing through.
      Such coarser spray pattern will penetrate through the foliage to the
      ground much better than the fine spray from the smaller nozzle tip and
      higher pressure using conventional techniques.
PAR  Additionally, it is customary in spraying brush by conventional techniques
      to increase the volume used as the size of the brush increases. Thus, it
      is necessary to adjust the total volume of spray solution applied in
      accordance with the size and density of the brush. According to the
      process of this invention the rate of application is substantially
      independent of the height or density of the brush and excellent results
      can be obtained when the herbicidal combinations of this invention are
      properly applied in accordance with the invention at dosage rates
      determined on a per acre basis depending upon the choice of components
      regardless of the size or density of the brush.
PAR  The herbicidal components of this invention can be formulated as high
      strength concentrates with both essential components combined in a single
      concentrate mixture or blend of compatible components. Or, they can be
      formulated as separate concentrates to be separately applied in
      conjunction one with the other, or combined at the time they are diluted
      to the final spray concentration, i.e. as tank mixes.
PAR  The total amount of active ingredient will ordinarily be present in the
      concentrate in amounts ranging between about 50 and 95% by weight whether
      as a single formulation, combining the two active components, or as
      separate concentrates containing one or more active herbicidal substance
      in each concentrate. The remaining portion of the concentrate will consist
      of one or more of the conventional herbicidal adjuvants, such as water,
      petroleum distillates or other organic solvent carriers, surface active
      dispersing agents and finely divided inert solids. The concentrates thus
      formulated are subsequently diluted for use with additional inert carrier
      to produce the ultimate treating solution.
PAR  The exact concentration of the herbicidal components to be employed in
      accordance with the process of this invention for the treatment of oak and
      other woody plant species may be varied within a fairly wide range
      provided the required dosage of active components are supplied to the
      foliage and the ground around over the root system of the plant,
      respectively. The concentration of active ingredients in the herbicidal
      concentrates can also vary widely as indicated above, so long as the final
      spray composition is made up and applied so as to provide the required
      active dose.
PAR  In applying the herbicidal compositions according to the process of this
      invention the dosages will vary depending upon the particular selection of
      ingredients for Component A and Component B and the combination of these
      components, though ordinarily the following amounts will be required for
      best results.
PAR  In using TCA, generally in the salt form there is optimally utilized about
      60 lbs/acre of active ingredient though lower amounts can also be utilized
      with only slight loss in effectiveness, even amounts as low as 35 to 40
      lbs/acre. If the TCA esters are utilized, somewhat lower amounts can be
      employed, and in particular ethylene glycol bis(trichloroacetate) can be
      used in amounts of 40 lbs/acre or less.
PAR  When using the dalapon or dalapon ester there is optimally employed about
      12 lbs/acre, though as low as 8 lbs/acre used with a Component B herbicide
      as described herein will give effective eradication of most woody plants.
PAR  In the case of the Component B materials, where the active ingredient is
      dicamba in either its salt, ester or acid form, there is optimally
      utilized about 6 lbs/acre, though amounts as low as 4 lbs/acre can also be
      employed. Particularly useful is the dicamba oil soluble amine form.
PAR  In the case of picloram amounts of about 1 to about 1.5 lbs/acre are
      suitably employed in either the salt or ester form and lower amounts in
      the order of three-fourths lb/acre can even be used to achieve effective
      results.
PAR  With TBA there is ordinarily required about 12 lbs/acre, though 8 or 10
      lbs/acre will also provide sufficient elimination of woody plant species
      when used in combination as provided for in this invention.
PAR  In the case of the phenoxy herbicides, 2,4-D should be employed in amounts
      of about 24 lbs/acre in either its acid, salt or ester forms, though lower
      amounts can be employed, even as low as about 16 lbs/acre. When 2,4,5-T is
      employed it should be utilized in amounts of about 8 lbs/acre, though as
      little as 6 lbs/acre can also be employed. 2,4-DP and 2,4,5-TP should be
      utilized in amounts corresponding to those for 2,4-D and 2,4,5-T. MCPA
      should likewise be utilized in amounts corresponding to those for 2,4-D
      and 2,4-DP. In the case of mixtures of the phenoxys they are optimally
      used in equal proportions. Thus, for example, a particularly effective
      combination for use in this invention can be made by using a 1 : 1 ratio
      of 2,4-D and 2,4,5-T applied at a rate of about 12 lbs/acre with about 40
      to 60 lbs/acre of TCA, generally as the ester or the salt thereof.
PAR  The concentration of the active components of this invention in their final
      spray solutions is not critical, though ordinarily it will be such as to
      provide a final spray volume that can be conveniently dispensed over the
      area for treatment with the particular equipment being utilized.
      Ordinarily spray solutions giving the required dosages as set forth above
      can be suitably applied by diluting the amounts of active ingredients
      indicated in about 150-300 gallons of liquid carrier (generally water or
      an oil/water emulsion).
PAR  The herbicidal products comprising Component A and Component B for use in
      accordance with this invention are known materials or readily available by
      analogy to known materials and for the most part they are commercially
      available as liquid or solid concentrates readily dissolved or dispersed
      in an appropriate liquid carrier.
PAR  The herbicidal concentrates which make up the components for use in
      accordance with this invention are ordinarily formulated in the form of
      liquid concentrates or water-dispersible or water-soluble power
      formulations. The spray solutions applied to the plants are obtained by
      dissolving or suspending the concentrates in water and diluting to volume
      for application. With the water-soluble agents make-up is facilitated and
      conveniently accomplished by including suitable surface active dispersing
      agents, such as anionic or nonionic emulsifying agents. The aqueous
      concentrates can contain one or more water miscible or water immiscible
      solvents. The water dispersible or water soluble concentrates can also be
      applied in the water phase of inverts according to techniques well known
      in the art.
PAR  The choice of dispersing and emulsifying agents and amounts thereof as well
      as other inert ingredients is dictated by the nature of the concentrate
      and the ease with which the active ingredient can be dispersed for final
      application in the liquid carrier, usually water. The liquid concentrates
      preferably use water as a carrier, though other liquid carriers can be
      used. Examples of liquid organic carriers include liquid aliphatic
      hydrocarbons, such as kerosene, diesel oil and the like as well as liquid
      aromatic hydrocarbons, such as xylene. Other liquid hydrocarbon oils, such
      as the various types and grades of petroleum stocks can also be utilized.
      Petroleum oils which are particularly suitable include the hydrocarbon
      mixtures of low molecular weight which are obtained by fractional
      distillation and which usually have a flash point between about
      150.degree.F. and 185.degree.F. Other petroleum oils, including those
      generally referred to as agricultural spray oils, which are light and
      medium oils and consist of the fractional distillation of petroleum can
      also be utilized. Tall oils obtained from the sulfate digestion of wood
      pulp may also be employed. In some cases, where desired, formulations of
      this invention can also be applied in organic solvent systems such as
      oil-water, in which case an added herbicidal effect can be obtained from
      the oil carrier.
PAR  Dispersing and emulsifying agents which can be suitably employed are the
      condensation products of alkylene oxides, phenols and organic acids,
      alkylaryl sulfonates, polyoxylene derivatives of sorbitan esters, complex
      alcohols, phosphate esters and the like.
PAR  In the preparation of dry powder formulations the active component is
      dispersed in and on a finely divided solid which is non-reactive with the
      active agents, such as silicas, calcium silicate, carbonates, calcium
      phosphates, sulfur, lime, starch and the like.
PAR  The preferred concentrates of this invention are those which permit a
      single package combination of the Component A and Component B herbicides.
      A suitable formulation of such kind is a water soluble powder comprised of
      the sodium salts of 2,4-D and TCA combined in a ratio of about 2.5 to 5
      parts of TCA for each part by weight of 2,4-D. Another preferred
      combination product comprises a wettable powder composition having 2,4-D
      and 2,4,5-T as the acids in equal proportions combined with an ester of
      TCA with about 4 to 5 parts of TCA for each part by weight of the 2,4-D :
      2,4,5-T mixture. Salts of the herbicidal acids, used in the practice of
      this invention can be any of the conventional salts such as Na, K, Li,
      NH.sub.4 and the like. Still a further example of a preferred single
      package liquid concentrate is an aqueous solution of the potassium salt of
      picloram and the sodium salt of TCA with about 10 to 40, preferably about
      20, parts by weight of TCA per part of picloram.
PAR  In tests with the herbicidal combinations of this invention, TCA was
      employed as Component A in the form of its sodium salt or the ethylene
      glycol diester. Other salts or esters could be employed with similar
      results as could also the acid form of 2,2-dichloropropionic acid or its
      salts or esters. The phenoxys 2,4-D and 2,4,5-T were generally used in the
      form of their glycol esters through the acid form or the esters or salts,
      especially the sodium, potassium, lithium or amine salts of these and the
      other specified phenoxys could also be employed.
DETD
PAC  EXAMPLE 1
PAR  Tests carried out, and the results obtained, with the various combination
      of chemicals at different concentrations and proportions are shown in
      Table I. The application of a 50:50 mixture of the butoxyethyl esters of
      2,4-D and 2,4,5-T and the sodium salt of TCA at a concentration of 4 lbs.
      of the esters and 20 lbs. of TCA per 100 gallons of water was made using a
      No. 10 nozzle tip on an 8-gallon per minute sprayer operating at around
      200 psig. pressure. The brush was up to 20 feet high. The spray,
      consisting of relatively large droplets, was directed under the leaf
      canopy or down on the foliage so that a substantial proportion of it
      reached the lower part of the brush and the ground.
PAR  Observations made after 3 months showed brown-out of foliage, and that
      sassafras was dead to the ground.
PAR  One year later there was 99% brush reduction. There was no foliage,
      resurge, ground cover or buds, but some canes were still green. During
      late August and September, some fireweed came in.
PAR  The following spring the plot looked the same, some canes were still green,
      but there was no resurge from the bases or along the old stems. Early
      during the second growing season, the canes started to desiccate rapidly
      and by early July, practically all were dead to ground level, maintaining
      the 99% brush reduction noted in the previous fall.
PAR  The fall of the second year after spraying there was still 99% of the brush
      killed to ground level. The ground cover was sparse. Some blueberry and
      sweet fern was moving in, and there was a heavy stand of fireweed present.
PAR  The fall of the third year showed 98% kill on all existing brush. Ground
      cover composed of sweet fern, huckleberry and grass was moving in well. In
      view of the elapse of over three years since treatment, the brush kill was
      considered as permanent and this has been confirmed by observations six
      years after treatment.
PAR  The treatment and results of these tests are summarized in Table I. These
      results demonstrate that the combinations of this invention are useful for
      the eradication of oaks.
TBL                Table I                                                     
     ______________________________________                                    
     Plots treated with 300 gallons per acre in July and rated                 
     in September 6 years later.                                               
     Chemical                lbs./100 gal.                                     
                                       % kill                                  
     ______________________________________                                    
     Trichloroacetic acid (TCA), Na Salt                                       
                             20        60                                      
     Esters of 2,4-D and 2,4,5-T + TCA Na salt                                 
                             4 + 20    90                                      
                             4 + 18    95                                      
                             4 + 16    95                                      
                             4 + 14    95                                      
                             4 + 12    85                                      
                             4 + 10    80                                      
     Esters on foliage, TCA Na salt on ground                                  
                             4 + 20    98                                      
     Esters of 2,4-D + 2,4,5-T + TCA Na salt                                   
                             4 + 20    90                                      
                             4 + 10    85                                      
     Ester of 2,4-D + TCA Na salt                                              
                             4 + 20    80                                      
                             8 + 20    90                                      
     Ester of 2,4,5-T + TCA Na salt                                            
                             4 + 20    90                                      
                             2 + 20    90                                      
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A series of tests were carried out to evaluate the effectiveness against
      particular species with results as shown in Table II. Again the spray with
      this combination of chemicals was directed in such a way as to wet the
      foliage with most of the spray directed towards the ground. The treatment
      was applied at the level of 300 gal./acre.
PAR  On inspecting the plots after the elapse of 12 months it was found that the
      combinations when applied at optimum dose rates produced 95% kill while
      conventional treatments showed a significantly lower kill.
TBL                                    Table II                                
     __________________________________________________________________________
     Plots treated with 300 gallons per acre in August and rated August 5      
     years later                                                               
                        Rate   Virginia                                        
                                    Red Sour                                   
                                            Sassa-                             
                                                Scarlet                        
                                                     Chestnut                  
                                                          Scrub                
     Chemical           lb/100 gal                                             
                               Pine Maple                                      
                                        Gum fras                               
                                                Oak  Oak  Oak                  
     __________________________________________________________________________
     Esters of 2,4-D and 2,4,5-T                                               
                         4     0    25  30  90  20   30   30                   
     Trichloroacetic Acid (TCA)                                                
                        20     50   30  80  80  40   50   50                   
     Esters of 2,4-D and 2,4,5-T + TCA                                         
                        4 + 20 100  100 95  100 100  100  95                   
                        4 + 18 100  100 100 100 95   95   95                   
                        4 + 16 100  80  100 95  70   90   80                   
                        4 + 14 85   100 100 95  90   90   85                   
                        4 + 12 65   90  90  90  90   90   80                   
                        4 + 10 45   80  90  85  60   50   50                   
     Esters on foliage, TCA on ground                                          
                        4 + 20 100  100 100 100 100  100  100                  
     Esters of 2,4-D and 2,4,5-T + TCA                                         
                        2 + 20 80   90  100 90  85   95   90                   
     Esters of 2,4,5-T + TCA                                                   
                        2 + 20 --   50  100 90  95   90   90                   
                        4 + 20 --   90  95  80  90   95   85                   
     Ester of 2,4-D + TCA                                                      
                        4 + 20 --   50  90  80  90   50   95                   
                        8 + 20 --   100 100 100 100  100  98                   
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  This test demonstrates that the use of the combined herbicidal treatment
      using 2,4-D and 2,4,5-T in combination as Component B and TCA as Component
      A for brush killing in the specified manner allows the lengthening of the
      spray season and the application of the spray during the early spring or
      late fall without any significant decrease in efficiency. The lengthening
      of the spray season is a definite economic advantage as it permits the use
      of specialized spray equipment requiring considerable investment over many
      more months of the year than was possible with the conventional chemical
      sprays and spray techniques hitherto used. The combination was applied as
      in examples 1 and 2, though late in the season (after September 1).
      Evaluations the following year and 6 years later show 95% eradication,
      whereas control with conventional treatments applied at the same time was
      diminished by more than 50% over what is obtained when applied during the
      growing season.
PAC  EXAMPLE 4
PAR  Table III summarizes the effect of treatments with various chemicals and
      combinations of chemicals at different concentrations after about 1 year
      and 6 years. The percentage of kill is given for all species; all oak
      species and the hard-to-kill scrub oak, respectively.
PAR  These data show clearly the excellent kill accomplished by the combinations
      of this invention, provided the herbicides are used in combination at the
      proper dose rates. The synergistic effect in brush killing is displayed by
      the combination of these two types of herbicides particularly well in the
      case of the oaks, since the effect of the combination of the two chemicals
      on oak, particularly scrub oak, when applied in accordance with the
      invention exceeds by far the sum of the effects shown by each component
      when used alone.
PAR  These tests also show that efficient brush killing is accomplished on
      replacing TCA with 2,2-dichloropropionic acid, provided the spray
      application is carried out in accordance with the novel techniques of this
      invention. Also, the 2,4-D and 2,4,5-T derivatives can be substituted by
      other chlorophenoxy derivatives or dicamba or picloram; namely
PA1  2-(2,4-dichlorophenoxy)-propionic acid (2,4-DP);
PA1  2-(2,4,5-trichlorophenoxy)-propionic acid (2,4,5-TP);
PA1  3,6-dichloro-o-anisic acid (dicamba);
PA1  4-methyl-2-chlorophenoxyacetic acid (MCPA);
PA1  4-amino-3,5,6-trichloropicolinic acid (picloram);
PAL  which can be used either as the alkali, or amine salts or in the form of
      esters. On using these chlorophenoxy derivatives in combination with TCA
      or dichloropropionic acid in accordance with the spray technique of this
      invention substantially complete and longlasting control of all common
      brush species can be accomplished.
TBL                                    Table III                               
     __________________________________________________________________________
                                         Percent Control                       
                                                 Percent Eradication           
     Herbicidal Combination                                                    
                           Rate (lb/Acre)                                      
                                          All    All Mixed                     
                                                         Scrub                 
                                                             Years After       
     Component B    Component A                                                
                           Component B                                         
                                  Component A                                  
                                         Species                               
                                             Oak Species                       
                                                     Oak Oak Application       
     __________________________________________________________________________
     2,4-D ester* + 2,4,5-T                                                    
     ester* (1:1)    NaTCA*                                                    
                           12     60     99% 99% 98% 98% 90% 7                 
     2,4-D ester + 2,4,5-T                                                     
     ester (1:1)     NaTCA 12     60     90% 90% 94% 98% 87% 1                 
                                                 85% 85% 75% 6                 
     2,4-D ester + 2,4,5-T                                                     
     ester (1:1)     NaTCA 12     60     98% 98% 98% 98% 95% 1                 
                                                 95% 90% 85% 6                 
     2,4-D ester + 2,4,5-T                                                     
     ester + dicamba OSA*                                                      
     (1:1:1)         NaTCA 18     60     99% 99% 98% 99% 98% 1                 
                                                 99% 98% 98% 6                 
     2,4-D ester + 2,4,5-T                                                     
                     Dalapon                                                   
     ester (1:1)     (sodium                                                   
                           12     12     75% 75%             1                 
                     salt)                                                     
     2,4-D ester + 2,4,5-T                                                     
     ester (1:1)     NaTCA 12     60     99% 99% 97% 98% 94% 6                 
     2,4-D ester + 2,4,5-T                                                     
     ester (1:1)     TCA ester*                                                
                           12     60     90% 90%             1                 
     Dicamba WSA     NaTCA 6      60     70% 90% 70% 90% 70% 6                 
     Dicamba OSA + 2,4-D ester                                                 
     + 2,4,5-T ester (2:1:1)                                                   
                     TCA ester                                                 
                           12     30     85% 85%             1                 
     2,4-D ester     NaTCA 12     60     90% 90% 80% 80% 70% 6                 
     2,4,5-T ester   NaTCA 12     60     90% 90% 85% 85% 70% 6                 
     2,4-D ester + 2,4,5-T                                                     
     ester (1:1)     NaTCA 12     60     95% 95% 93% 95% 90% 6                 
     2,4-D ester     NaTCA 24     60     90% 90% 90% 95% 75% 6                 
     Picloram (potassium salt)                                                 
                     NaTCA 1.5    60     98% 98%             1                 
     Picloram (potassium salt)                                                 
                     NaTCA .75    60     95% 95%             1                 
     Picloram (potassium salt)                                                 
                     TCA ester                                                 
                           1.5    45     93% 93%             1                 
     Picloram (potassium salt)                                                 
                           .75           40% 40%             1                 
     2,4-D ester + 2,4,5-T ester                                               
     (1:1)           NaTCA 12     60     95% 95%             1                 
     2,4-D ester     NaTCA 24     60     90% 90%             1                 
     2,4-D (sodium salt)**                                                     
                     NaTCA 24     60     95% 95%             1                 
     2,4-D (sodium salt)**                                                     
                     NaTCA 24     60     90% 95%             1                 
     2,4-D ester + 2,4,5-T ester                                               
     (1:1)           NaTCA 12     60     98% 98%             1                 
     __________________________________________________________________________
      *2,4-D ester is the butoxyethyl ester of 2,4-D.                          
      2,4,5-T ester is the butoxyethyl ester of 2,4,5-T.                       
      NaTCA is the sodium salt of TCA.                                         
      Dicamba OSA is an oil soluble amine salt of dicamba.                     
      TCA ester is ethylene glycol bis-(trichloroacetate).                     
      Dicamba WSA is a water soluble amine salt of dicamba.                    
      **Spray solution prepared from one package dry powder mixture of water   
      soluble salts of 2,4-D and TCA.                                          
PAC  EXAMPLE 5
PAR  A convenient way to use the 2,4-D and 2,4,5-T is in the form of their
      butoxy ethoxy esters while the TCA is used as the sodium salt. These two
      components can then be conveniently supplied to the users in a package
      containing them in separate compartments. By way of example, a package
      containing these components in amounts sufficient for 100 gallons of
      solution would need a liquid compartment for 1 gallon of the esters of
      2,4-D and 2,4,5-T and a compartment for 20 lbs. of the pelleted sodium
      salt of TCA. This package is about the size of a 5-gallon pail. The user
      first dissolves the TCA in the spray tank with agitation and then adds the
      ester mixture. This mode of handling these chemicals avoids more expensive
      approaches to formulating a mixture in solid or concentrated form which is
      subject to deterioration. With the separate concentrates stability is not
      a problem since in the dilute spraying solution or emulsion they have
      sufficient stability to maintain their full activity and complete
      dispersion while the solution is being used up.
PAR  If it is desired to supply the user with a combined concentrate, TCA is
      provided as a concentrated aqueous solution of the sodium salt containing
      about 6 lbs. of the salt per gallon, or an emulsifiable TCA ester, such as
      ethyleneglycol bis-(trichloroacetate).
PAR  Using the ester as the source of TCA together with the esters of 2,4-D
      and/or 2,4,5-T, the two components of the herbicide combination can be
      combined into one package, and thus the user can be spared the trouble of
      handling two components separately.
PAR  Another way of accomplishing a one-package system of the two herbicides is
      to use both components in the form of alkali salts, either as a mixture of
      dry powder or as an aqueous solution. Thus for example the sodium salts of
      TCA and 2,4-D or the lithium salts of TCA, 2,4-D and 2,4,5-T can be
      combined in the proper proportions. Such a system preferably includes
      sequestering agents to prevent the precipitation of the salts, e.g.,
      calcium and magnesium salts of 2,4-D and 2,4,5-T in hard water as well as
      other conventional herbicidal additaments. The lithium or potassium salts
      in place of the sodium salts described above can be employed if necessary
      to ensure better solubility.
PAR  A representative example of a dry powder water soluble concentrate for use
      in preparing spray solutions for the method of this invention can be
      conveniently formulated as follows:
TBL                            % by Wt.                                        
     ______________________________________                                    
     Trichloroacetic acid, sodium salt                                         
                                 66.67                                         
     2,4-D sodium salt           29.33                                         
     Aerosol OT-B (sodium sulfosuccinate                                       
      wetting agent)             0.10                                          
     Polyfon 0 (sodium lignosulfonate                                          
      dispersing agent)          3.90                                          
                                 100.00                                        
     ______________________________________                                    
PAR  The ingredients are blended until a uniform product is assured. The product
      must be ground so that it passes 100% through a 20 mesh screen.
PAR  In the foregoing examples I have described several versions and embodiments
      of my invention. However, on the basis of these descriptions those versed
      in the art can design and deduce many other combinations of spraying
      techniques, herbicidal combinations and formulations for effective and
      lasting brush killing provided a combination of chemicals selected from
      each of the two groups of herbicides is applied in accordance with my
      invention. Accordingly, the scope of my invention is not limited by the
      specific modes of execution and particular formulations disclosed above,
      except as it is defined by the claims that follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the process of eradicating oak plants with a combined effective
      amount of A) trichloroacetic acid, its conventional salts and esters and
      B) a mixture containing equal proportions of 2,4-dichlorophenoxyacetic
      acid and 2,4,5-trichlorophenoxyacetic acid, their conventional salts and
      esters, the improvement consisting of applying onto the ground and over
      the root systems of said plants component A and applying to the foliage or
      upper portions of said plants component B wherein component A is applied
      in a ratio of about 2.5 to 5 parts for each part of component B.
NUM  2.
PAR  2. The method of claim 1 wherein A and B are applied simultaneously so as
      to cause the upper portions of said plants to be moistened while the bulk
      of the material is applied to the ground and root systems of said plants.
NUM  3.
PAR  3. The method of claim 2 wherein component A is sodium TCA and component B
      is the butoxyethyl ester of 2,4-D and 2,4,5-T respectively.
NUM  4.
PAR  4. The method of claim 1 wherein component A is sodium TCA and component B
      is the butoxyethyl ester of 2,4-D and 2,4,5-T respectively.
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ABST
PAL  Processes are disclosed for preparing large crystalline silver particles
      having exceptionally conductive surfaces. The particles may be prepared by
      the reduction of a water soluble silver salt in an acidified aqueous
      solution by a redox reaction. Silver particles having conductive surfaces
      may also be prepared by treating commercial silver powder with a phenolic
      reducing compound such as hydroquinone dissolved in a polar solvent such
      as a lower alcohol.
PAL  The silver powders obtained by the processes have very low electrical
      contact resistance and furthermore retain this low contact resistance even
      though the powders are exposed to air and airborne contaminants.
PARN
PAR  This is a continuation-in-part application of Application Ser. No. 492,795,
      filed July 24, 1974, now abandoned.
BSUM
PAR  This invention relates to a new process for preparing large crystalline
      silver particles having exceptionally conductive surfaces which make these
      particles useful in imparting conductivity to adhesives, coatings,
      plastics, and other items where the flow of current is needed.
PAR  The silver particles having electrically conductive surfaces may be
      prepared by the reduction of a water soluble silver salt in an acidified
      aqueous solution by a redox reaction. A second method of preparation of
      silver particles having electrically conductive surfaces involves treating
      a commercial silver powder with a phenolic reducing compound such as
      hydroquinone dissolved in a polar organic solvent such as a lower alcohol
      wherein the solute/solvent weight ratio is in the range of 0.1/100 to
      10/100. The silver powders obtained by either method have very low
      electrical contact resistance and furthermore retain this low contact
      resistance even though the powders are exposed to air and airborne
      contaminants.
PAR  The reduction of silver nitrate, particularly by substances such as
      hydroquinone is well known and forms the basis for the photographic
      industry. However, this chemistry is performed under alkaline conditions
      on highly dispersed silver nitrate and results in the formation of
      colloidal silver metal which has unclean surfaces and displays essentially
      no conductive properties. The chemistry of this reaction has been studied
      by three scientists [T. H. James, J. Phys, Chem. 45, p. 223 (1941) and G.
      P. Fearman and E. D. Voeikova, Trudy Soveschaniya Elektrokhim., Akad. Nauk
      S.S.S.R., Otdel Khim. Nauk 1950, p. 212 (1953)] in neutral to alkaline
      aqueous solutions, but under these conditions a colloidal silver is also
      formed which is difficult to isolate and purify and is unsuitable for use
      as a conductive agent.
PAR  The silver particles of this invention are preferably prepared from silver
      nitrate dissolved in acidified aqueous solutions by a redox reaction. The
      reducing agents which perform satisfactorily in this process have only a
      slightly lower electrochemical potential than does the reduction of silver
      ion to silver metal. This closeness of potential allows the reduction to
      proceed at a rate sufficient to enable the formation of large crystalline
      silver particles. For practice of this invention the reducing agents of
      value have oxidation potentials within the range of the single electrode
      potential of silver to -0.150 volts below that of silver when measured by
      the technique described hereinafter.
PAR  The acidified solution results in the formation of silver metal which has
      exceptionally clean, conductive surfaces. There are a wide variety of
      materials which will function as a reducing agent in this redox system,
      but there are only a few reducing agents which give large crystalline
      silver particles (approximately 10-100 microns in size) during this
      reduction. Most reducing agents cause very rapid reduction of the silver
      nitrate and result in the formation of colloidal silver particles (&lt;1
      micron in size) which are difficult to isolate and purify. Because of
      extreme difficulties in obtaining clean surfaces on these particles and
      their small size, they are unsatisfactory for use in this invention.
PAR  It is well known that single electrode potentials are difficult to measure
      with accuracy and precision. The electrochemical potential measurements
      can be made with an approximately 10.sup..sup.-4 molar solution of the
      compound in an electrolyte; for example, methanol which is 0.05 molar in
      lithium chloride. A dropping mercury electrode can be used for the
      cathodic measurement with the polarographic half-wave potential for the
      first cathodic response in potential designated E.sub.c. A pyrolytic
      graphite electrode can be used for the anodic measurement with the
      voltammetric half-peak potential for the first anodic response in
      potential designated E.sub.a. In each measurement, the reference electrode
      is a saturated Calomel electrode at 20.degree.C. The potential values are
      reported by reference to a silver-silver chloride electrode in a saturated
      solution of potassium chloride at 20.degree.C. Plus and minus signs are
      assigned to the potential values according to the IUPAC Stockholm
      Convention 1953. The E.sub.a and E.sub.c values so measured shall not
      include processes in which electron transfer is primarily the result of
      the presence in solution of the counter ion of a positively charged dye or
      other such chemical entities insolution that are not an integral part of,
      or attached to, the chromophoric system of the dye. A response of lesser
      current magnitude preceding the primary response, such as a prewave
      resulting from adsorption of the electrolysis product to the electrode
      surface, shall be excluded from designation as E.sub.a or E.sub.c.
PAR  Electrochemical measurements of this type are known in the art and are
      described in one or more of the following reference texts: New
      Instrumental Methods in Electrochemistry, by Delahay, Interscience
      Publishers, New York, N.Y., 1954; Polarography, by Kolthoff and Lingane,
      2nd Edition, Interscience Publishers, New York, N.Y., 1952; and
      Electrochemistry at Solid Electrodes, by Adams, Marcell Dekker, Inc., New
      York, N.Y., 1969.
PAR  Broadly the process of this invention for the reduction of silver salt to
      prepare crystalline silver particles ranging in size from about 10-100
      microns, with the silver particles being characterized by exceptionally
      clean surfaces, comprises reducing a water soluble silver salt in a redox
      reaction at a temperature of about 0.degree. to 50.degree.C. for about 2
      to 24 hours, the silver salt being present as an aqueous solution in a
      concentration of about 0.25-1.0 mole per liter of water, dilute nitric
      acid being present in the amount of 0.1 to 3 ml. per liter of silver salt
      solution, and a reducing agent characterized by an oxidation within -0.150
      volts of the silver salt under the conditions of the reaction solution
      solubility of about 0.025 or more moles per liter of water at
      25.degree.C., and being present in the ratio to silver salt of 1 to 1.25
      molar equivalents dissolved in about 0.5 to 2 liters of water.
PAR  A preferred process for the production of silver salts to prepare
      crystalline silver particles ranging in size from about 10-100 microns,
      the silver particles being characterized by exceptionally clean surfaces,
      comprises (a) preparing an aqueous solution of a silver salt, the
      concentration of said silver salt being in the range of about 0.25-1.0
      mole per liter of water; (b) adding dilute nitric acid in the ratio of
      about 0.1 to 3.0 ml. per liter of said aqueous solution; (c) preparing an
      aqueous solution of reducing agent characterized by an oxidation of -0.150
      volts of the silver salt under the conditions of the reaction solution,
      solubility of at least about 0.25 mole per liter at 25.degree.C., and
      being present in a concentration of 1 to 1.25 molar equivalents based on
      the silver ion to be reacted, dissolved in about 0.5 to 2 liters of water;
      (d) blending said aqueous solution of reducing agent and said aqueous
      solution of silver salt to thereby reduce said silver salt in a redox
      reaction, said reaction being at a temperature of about
      0.degree.-50.degree.C. for about 2 to 24 hours; (e) filtering and washing
      said silver particles until the filtrate is essentially clear; and (f)
      drying said silver particles.
PAR  The materials which will effect the following reaction to give large
      crystalline silver particles of this invention
EQU  Ag.sup.+  + e.sup.-  .fwdarw. Ag.sup.0
PAL  have oxidation potentials within -0.150 volts of the potential of the
      silver salt under the conditions of the reaction. These reducing agents
      must also be soluble at least at the 0.25 moles/liter level in water. It
      is preferable that they be soluble at the 0.5 moles/liter level.
PAR  The materials which meet these requirements are both organic and inorganic
      reducing agents. The organic reducing agents of this invention include
      such materials as hydroquinone, toluhydroquinone, tert-butylhydroquinone,
      catechol, chlorohydroquinone, bromohydroquinone, pryrogallol or mixtures
      containing these reducing agents and other similar reducing agents. A
      preferred inorganic reducing agent is ferrous sulfate. Photographic silver
      halide developing agents having oxidation potentials as indicated are
      particularly useful in the practice of this invention. The reducing agents
      named above are known photographic developing agents. Other developing
      agents include aminophenol and o-phenylenediamine developing agents. The
      water soluble silver salts include salts such as silver nitrate, silver
      acetate, silver trifluoroacetate, and the like. Silver nitrate is a
      particularly preferred silver salt useful in the practice of this
      invention.
PAR  The initial acidification of the solution with dilute nitric acid is
      necessary to obtain the clean, conductive surfaces of the forming silver
      particles by dissolving minute amounts of the surface, thus exposing clean
      crystalline silver surfaces. In the case of the hydroquinone-type reducing
      agents, it is necessary to neutralize the also forming nitric acid with
      the slow addition of sodium acetate or similar material. If this is not
      done, the increasing acid concentration will dissolve the surfaces of the
      silver to the extent of greatly reducing the yields of silver powder. In
      the case of the ferrous sulfate, the oxidized ferric ion is able to
      accommodate the nitrate ion. Thus, neutralization is not necessary.
PAR  Another process for preparing silver particles having electrically
      conductive surfaces comprises the treatment of commercial silver powder by
      stirring the silver powder in a solution of 0.1 to 10 percent, based on
      the weight of the solution, of any of the above named organic reducing
      agents dissolved in a polar solvent such as water or a lower alcohol such
      as methanol. After the treatment the silver particles are collected by
      filtration and dried. This powder is found to have a very low electrical
      contact resistance.
PAR  The fact that the powders of the invention show almost no contact
      resistance is very surprising in view of the theory and application of
      electric contacts. (A relatively complete description of the theory, art,
      and technology of electric contacts is found in "Electric Contacts Theory
      and Application" by Ragnor Holm, 4th edition, Springer-Verlog New York,
      Inc., 1967). Particularly surprising is the fact that the silver powder
      produced by this process is stabilized in the very conductive condition
      even though it is exposed to air, moisture and airborne contaminants.
PAR  The following was done to further characterize the nature of the silver
      obtained by the above named processes. An apparatus was designed and
      assembled to measure a known volume of unpacked conductive powders where
      the electrical resistance and current could be measured at low applied
      voltages. The samples of powder were placed in a groove 0.107 .times.
      0.107 .times. 3.3 cm. At each end of the groove copper contacts
      amalgamated with mercury were placed to contact the conductive powder. The
      mercury provided a contact free of electrical contact resistance. A
      Hewlett-Packard Voltimeter Model 410C was used to measure the electrical
      resistance of the powders with very low applied voltage and essentially
      zero current flow. This measurement is designated "passive resistance"
      (Rp). A Sorensen Model QRB15-2 regulated powder supply was used to measure
      applied voltage designated "breakdown voltage" (Vb), "voltage" (V), and
      current flow (I). Ohms Law equations were used to obtain a calculated
      electrical resistance (Rc). The table below lists the results obtained
      from the measurement of various silver powders.
TBL                                    Table                                   
     __________________________________________________________________________
     Sample Description                                                        
                      Rp ohms   Vb volts                                       
                                      V volts                                  
                                           I amp.                              
                                               Rc ohms                         
     __________________________________________________________________________
     Silflake (A commercial silver                                             
                      &gt;500 .times. 10.sup.6                                    
                                &gt;16   16   0   .infin.                         
     powder made by Handy and                                                  
     Harman, 850 3rd Ave.,                                                     
     New York, NY)                                                             
     Silflake after washing with                                               
                        2 - 500 .times. 10.sup.6                               
                                &gt;16   16   0   .infin.                         
     acetone                                                                   
     Silflake after washing with                                               
                      &gt;500 .times. 10.sup.6                                    
                                &gt;16   16   0   .infin.                         
     methanol                                                                  
     Silflake after washing with                                               
                        1 .times. 10.sup.3                                     
                                .congruent.16                                  
                                      4    2.0 2.0                             
     hexane                                                                    
     Silflake after heating 6 hr.                                              
                      0.2 - 500 .times. 10.sup.6                               
                                .congruent.16                                  
                                      1.6  2.0 0.8                             
     at 250 and &lt;1mm. Hg pressure                                              
     Prepared by reduction-aqueous                                             
                      0.8       3     1.1  2.0 0.55                            
     hydroquinone                                                              
     Prepared by reduction-aqueous                                             
                      1.8       3     1.2  2.0 0.60                            
     hydroquinone                                                              
     Silflake after washing with                                               
                      130       7     4.5  2.0 2.25                            
     dilute nitric acid                                                        
     Silflake after washing with                                               
                      0.8       3.1   1.4  2.0 0.7                             
     a methanol solution of                                                    
     hydroquinone                                                              
     __________________________________________________________________________
PAR  From these results it may be hypothesized that commercial silver particles
      as received have an oxidized and/or contaminated surface as is predicted
      by Holm. Silver powder made by reduction of silver ions and in particular
      that made by reduction using hydroquinone appears to have a clean,
      electrically conductive surface. Silver powder "cleaned" by treatment with
      hydroquinone is also electrically clean. However, according to theory
      these surfaces should become contaminated almost instantly on exposure to
      air. It is therefore further hypothesized that these "clean" silvers
      actually are stabilized by an adsorbed reducing agent and are only clean
      electrically.
DETD
PAR  This invention will be further illustrated by the following examples
      although it will be understood that these examples are included merely for
      purposes of illustration and are not intended to limit the scope of the
      invention.
PAC  EXAMPLE 1
PAR  A 3 liter, three-necked, round-bottom flask is equipped with a thermometer,
      a mechanical stirrer, and inlet ports from a Polystaltic pump which drains
      two reservoirs. One mole of silver nitrate dissolved in 1 liter of water
      and 2 ml. of dilute nitric acid are added to the flask and cooled to
      approximately 20.degree.C. One liter of water containing 0.62 mole of
      hydroquinone is placed in one reservoir and 500 ml. of water containing 1
      mole of sodium acetate is placed in the other reservoir. The mechanical
      stirrer agitates the solution at approximately 75 rpm. The addition of the
      hydroquinone solution is initiated and fed at such a rate as to complete
      addition in 30 minutes. Fifteen minutes after beginning the addition of
      the hydroquinone solution, the addition of sodium acetate solution is
      begun. It is also added at such a rate as to complete addition in 30
      minutes. The reduction is allowed to proceed for 4 hours from the start of
      the hydroquinone addition. At this time, the larger crystalline silver
      particles are filtered and washed with water until the filtrate is clear.
      This requires about 10 liters of water. The silver powder is dried in a
      vacuum oven at 50.degree.C. This yields a high quality silver powder in
      94.2 percent yield.
PAC  EXAMPLE 2
PAR  The same equipment set-up as described in Example 1 is used. One mole of
      silver nitrate and 1 ml. of dilute nitric acid in 1 liter of water, 0.5
      mole of toluhydroquinone in 1 liter of water and 1 mole of sodium acetate
      in 500 ml. of water are used as reactants. The toluhydroquinone solution
      is added to the chilled (approximately 5.degree.C.) silver nitrate
      solution over a 1-hour period. The sodium acetate solution is also added
      over a 1-hour period beginning 30 minutes after the addition of
      toluhydroquinone. The reaction is allowed to proceed for 8 hours. The
      silver powder is filtered, washed, and dried, resulting in an 83.1 percent
      yield.
PAC  EXAMPLE 3
PAR  The same equipment set-up as described in Example 1 is used. One mole of
      silver nitrate in 1 liter of water is added to the flask and maintained at
      20.degree.C. One drop of dilute nitric acid is added. One mole of ferrous
      sulfate dissolved in 1 liter of water is placed in the reservoir. One drop
      of sulfuric acid is added. The ferrous sulfate solution is pumped into the
      flask over a 1-hour period. The reduction is allowed to proceed for 4
      hours. The silver metal is filtered, washed with 10 liters of water, and
      dried 24 hours, in a vacuum oven at 50.degree.C. A crystalline silver
      powder is obtained in 76.7 percent yield.
PAC  EXAMPLE 4
PAR  "Silflake," a commercial silver powder (sold by Handy & Harman) is treated
      by stirring the silver powder in a solution of 2 percent, based on the
      weight of the solution, hydroquinone dissolved in methanol. After 2
      minutes the silver is collected by filtration. After drying, the powder is
      found to have very low electrical contact resistance as shown by the
      following comparative data. A volume of unpacked powder having the
      dimensions 0.107 .times. 0.107 .times. 3.3 mm. is measured for resistance
      along the 3.3 mm length using an Ohm meter having an input impedance of
      10.sup.9 ohms. The following results were obtained when untreated Silflake
      silver powder, Silflake washed with methanol, and Silflake treated as
      described in the example were tested:
     Untreated "Silflake"                                                      
                      R = &gt;5 .times. 10.sup.8 ohms                             
     "Silflake" washed with                                                    
                      R = &gt;5 .times. 10.sup.8 ohms                             
     methanol                                                                  
     "Silflake" washed with                                                    
                      R = 0.8 ohms                                             
     methanol containing                                                       
     2% hydroquinone                                                           
PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the reduction of water soluble silver salts to prepare
      crystalline silver particles ranging in size from about 10-100 microns,
      the silver particles being characterized by exceptionally clean, bright,
      electrically conductive surfaces, said process comprising reducing a water
      soluble silver salt in a redox reaction at a temperature of about
      0.degree. to about 50.degree.C. for about 2 to 24 hours, said silver salt
      being present as an aqueous solution in a concentration of about 0.25-1.0
      mole per liter of water, dilute nitric acid being present in the amount of
      0.1 to 3 ml. per liter of silver salt solution, and a reducing agent
      characterized by an oxidation potential within -0.150 volts of the silver
      salt under the conditions of the reaction solution, solubility of about
      0.025 or more moles per liter of water at 25.degree.C., and being present
      in a concentration of 1 to 1.25 molar equivalents, based on the silver ion
      to be reduced, dissolved in about 0.5 to 2 liters of water.
NUM  2.
PAR  2. Process of claim 1, wherein said silver salt is silver nitrate.
NUM  3.
PAR  3. Product produced by the process of claim 1.
NUM  4.
PAR  4. Process for the reduction of silver nitrate to prepare crystalline
      silver particles ranging in size from about 10-100 microns, the silver
      particles being characterized by exceptionally clean, bright, electrically
      conductive surfaces, said process comprising:
PA1  a. preparing an aqueous solution of silver nitrate, the concentration of
      said silver nitrate being in the range of about 0.25-1.0 mole per liter of
      water;
PA1  b. adding dilute nitric acid in the ratio of about 0.1 to 3.0 ml. per liter
      of said aqueous solution;
PA1  c. preparing an aqueous solution of reducing agent characterized by a
      oxidation within -0.150 of the silver salt under the conditions of the
      reaction solution, solubility of at least about 0.25 mole per liter at
      25.degree.C., and being present in the concentration of 1 to 1.25 molar
      equivalents, based on the silver nitrate, dissolved in about 0.5 to 2
      liters of water;
PA1  d. blending said aqueous solution of reducing agent and said aqueous
      solution of silver nitrate to thereby reduce said silver nitrate in a
      redox reaction, said reaction being at a temperature of about
      0-50.degree.C. for about 2 to 24 hours;
PA1  e. filtering and washing said silver particles until the filtrate is
      essentially clear, and
PA1  f. drying said silver particles.
NUM  5.
PAR  5. Product produced by the process of claim 4.
NUM  6.
PAR  6. Process for preparing silver powder having bright electrically
      conductive surfaces comprising treating silver powder with a phenolic
      reducing compound dissolved in a polar organic solvent, the solute/solvent
      ratio being in the range of 0.1/1.00 to 10/100, and collecting the treated
      silver.
NUM  7.
PAR  7. Process of claim 6 wherein said phenolic reducing compound is
      hydroquinone and said polar organic solvent is methanol.
NUM  8.
PAR  8. Product produced by the process of claim 6.
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ABST
PAL  Foamed metal articles having reinforcing fibers, such as inorganic fibers;
      for example, fiberglass, refractory fibers, and metal fibers, dispersed in
      the foamed metal for strength improvement. Processes of manufacturing such
      fiber reinforced foamed metal articles are also disclosed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a Continuation-in-Part of application Ser. No. 235,294,
      filed Mar. 16, 1972, now abandoned which in turn is a Continuation-in-Part
      of application Ser. No. 155,342, filed June 21, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Foamed metal articles are relatively new. Only very recently have the
      problems of uniform density and foam reproducibility been solved.
      Uniformity and reproducibility are required for commercial acceptance and
      production. This invention contributes significantly to increasing the
      strength-to-weight ratios of the metal foams produced. The foamed metal
      articles produced have generally higher strength-to-weight ratios than
      foamed metal articles heretofore produced.
PAR  Foamed metals have been described previously; see for example, U.S. Pat.
      Nos. 2,895,819; 3,300,296; 3,297,431. In general such foams are produced
      by adding a gas-evolving compound to a molten metal and heating the
      mixture to decompose the compound causing the gas evolved to expand and
      foam the molten metal. After foaming, the resulting body is cooled to
      solidify the foamed mass forming a foamed metal solid. The gas-forming
      solid can be metal hydride; such as, titanium hydride, zirconium hydride,
      or lithium hydride (such as described in U.S. Pat. Nos. 2,983,597); or in
      general any metal hydride which evolves hydrogen on decomposition.
PAR  Fiber reinforced foams have also been described; see U.S. Pat. Nos.
      3,707,367 and U.S. 3,773,098. However, processes described require unusual
      low speed mixers or expensive baffled tube mixers which are slow and
      expensive processes. In contrast and complete contradiction to the prior
      art, applicants have employed high speed mixing equipment for short times
      to produce fiber reinforced foamed metals with acceptable uniformity,
      reproducibility and increased strength.
PAC  SUMMARY OF THE INVENTION
PAR  A process for producing a fiber reinforced metal foam, said process
      comprising dispersing with high speed stirring from about 0.1 to about 25
      weight percent, based on the weight of said metal foam, of fibers from
      about 125 to about 1000 mils in length into a molten metal to be foamed,
      foaming the molten metal, and cooling the foamed metal to set said foam.
      In another preferred aspect of this invention, the fiber may be an
      inorganic fiber selected from the group consisting of fiberglass,
      metallized fiberglass, mineral fibers, refractory fibers and metal fibers.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  FIG. 1 which is not to scale illustrates the foamed article produced by the
      process of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Reinforcing of metal foams requires a material which is not deleterious to
      the metal, has considerable strength but low density and weight, and which
      is easily adapted to processes for producing metal foams. The material
      must adhere strongly to the metal since a considerable volume of foamed
      metals consists of the void spaces encompassed by the cells of the foam.
      The fiber can, in general, be any fiber which can be incorporated into a
      foamed metal body. For example, materials which are wetted by the metal
      are illustrative of this invention. In a preferred embodiment the fibers
      are inorganic fibers. More preferred are inorganic fibers selected from
      the group consisting of fiberglass, metallized fiberglass, mineral fibers,
      refractory fibers and metal fibers.
PAR  Another class of materials suitable as reinforcing fibers are the tough,
      high strength, heat resistant organic fibers, such as polyamide fibers
      commercially available from DuPont under the tradename "Nomex," or
      polybenzimidazole fibers and the like. Also, organic fibers which are heat
      resistant and have chemically inert or physical abrasion resistant
      coatings are suitable.
PAR  The reinforcing fiber may be in any form which is convenient for
      incorporation into the foamed metal body, that is, it may be in long
      continuous strands, filaments or fibers which are long enough to span a
      number of cells in the foamed metal body as shown in FIG. 1. Preferably,
      the fibers range from about 125 to about 1000 mils in length, with fiber
      lengths of from about 125 to about 625 mils being more preferred. Fiber
      diameter is not critical, and commercially available fibers are suitable,
      so long as the fibers have a high ratio of length to diameter, that is,
      greater than 50. The above lengths are the lengths of fibers initially
      incorporated into the foamed metal. During dispersion, some fibers are
      broken but a substantial amount remains within the preferred range.
PAR  The amount of fiber included in the foamed metal body is not critical so
      long as sufficient fiber is included to reinforce the foam metal. Thus,
      the amount of fiber included may vary depending on the foamed metal
      substrate. Low strength foams will show a remarkable increase in strength
      with relatively low amounts of fiber material included therein, for
      example, from about 0.1 percent by weight or more. On the other hand,
      higher strength foams, whether using higher strength alloys or higher
      density foams, may require more reinforcing fiber to show significant
      strength improvements; that is, about 1 weight percent or more. The amount
      of reinforcing fiber should not be so large that other advantageous
      properties of foamed metals are affected.
PAR  In general, the amount of reinforcing fiber can range from about 0.1 to
      about 25 weight percent based on the total weight of the foamed metal
      article. Preferably, for aluminum-based foams, amounts of reinforcing
      fiber from about 1 to about 25 weight percent based on the weight of the
      foam may be used. More preferably, the aluminum-based foams can contain
      from about 5 to about 15 weight percent when the fiber is either
      fiberglass or aluminized fiberglass. For zinc-based foams it is preferred
      to employ from about 0.1 to about 10 weight percent of reinforcing fiber
      to obtain significant increase in strength. More preferably, from about
      0.2 to about 5 weight percent based on the zinc foam of reinforcing fiber
      is used when the fiber is fiberglass or aluminized fiberglass.
PAR  One of the preferred types of fibers is fiberglass. This material is well
      known and has been used in the past as a reinforcing material; for
      example, in plastics. The type of fiberglass used is not critical.
      However, it has been found that the random dispersion of chopped fibers
      produces a foamed metal body of good strength without sacrificing the
      relatively low weight of the foamed metal. A preferred type of fiberglass
      is fiberglass which has been coated or metallized with a metal. The nature
      of the metal is not critical but is used to improve the compatibility of
      the fiberglass with the foamed metal body. Without limiting the invention,
      it is a preferred embodiment of this invention to incorporate a metallized
      fiberglass into the foamed metal. A suitable metal-coated fiber is one
      which has been coated with a metal selected from the group consisting of
      aluminum, zinc, lead, nickel, magnesium, copper, and alloys of these
      metals. More preferred are aluminum, zinc, and nickel for coating
      materials. It is immaterial as to the method by which the fiberglass is
      metallized. However, a convenient process is to flame-spray or
      vacuum-sputter the fiberglass with the coating metal. Commercial processes
      include simply drawing the fiber through the molten metal as, for example,
      in the case of aluminum or zinc coatings, or by electroless plating, such
      as for nickel coating. When the metal coating for fiberglass is the same
      as the metal used in the foamed metal body, a most compatible metallized
      fiber will be provided. Thus, a most preferred embodiment of this
      invention is aluminum-coated fiberglass and zinc-coated fiberglass.
PAR  The coating of fiberglass with a metal is a non-limiting example of metal
      coated fiber. Any of the fibers useful in this invention may be metal
      coated. Metallized fibers can be advantageously incorporated into the
      metal foam. The metal coating of the fiber can be the same or different
      from the metal of the foam. Any of the metals described above for
      metallizing fiberglass can be used for the mineral, refractory, or metal
      fibers disclosed below.
PAR  The refractory fibers which are useful in this invention are made from any
      refractory material prepared in fiber form. By refractory is meant a
      material which has a high melting point and is resistant to the action of
      heat. A preferred group of refractory materials which may be used as
      refractory fibers for reinforcing foamed metal are selected from the group
      consisting of potassium titanate, silicon carbide, boron nitride, titanium
      carbide, titanium dioxide, carbon, graphite, alumina, silica,
      alumina-silica and the like. As with the case of fiberglass, such
      refractory fibers are more compatible with the foamed metal body and can
      be more easily incorporated therein when coated with a metal. Thus,
      preferred refractory fibers are the foregoing when coated with metal.
      Appropriate metals for coating refractory fibers are disclosed
      hereinabove. Most preferred refractory fibers are potassium titanate,
      boron nitride, graphite, alumina, alumina-silica, and such fibers coated
      with metal. Particularly, aluminum-coated graphite and potassium titanate
      are preferred.
PAR  Other inorganic fibers suitable for reinforcing foamed metal bodies are
      mineral fibers which are not necessarily considered to be refractory.
      Examples of such materials are asbestos, kaolin, alumina-silica,
      alumina-magnesia, and alumina-magnesia-silica fibers. It should be
      recognized that any known inorganic material which is found in nature or
      which may be produced by inorganic reactions, which is not found in any
      particular classification above and which is capable of being made into a
      fiber may be suitable mineral fiber within the scope of this invention.
PAR  Metal fibers are a further preferred type of reinforcing fiber. Fibers
      produced from iron, steel, nickel, titanium, copper, magnesium and the
      like are preferred metal fibers. Also preferred are alloys of these
      metals. Further, the metal-plated metal fibers are useful in this
      invention. For example, nickel-plated iron, nickel-plated steel,
      nickel-plated copper, aluminum-plated steel and the like are preferred
      metal-plated and metal fibers. It is, of course, unnecessary that the pure
      metals be employed because alloys of any of the foregoing metals which are
      available commercially may be used.
PAR  The foamed metal body in which the foregoing fibers are incorporated may be
      produced from any suitable metal which is capable of being foamed. Thus,
      aluminum, steel, zinc, lead, nickel, magnesium, copper and alloys thereof
      are preferred metals for producing metal foams. The metal foams produced
      in the prior art processes are generally suitable as metal foams according
      to this invention. It is inappropriate here to include a vast amount of
      description regarding the production of metal foams. Reference has been
      made to several prior art processes for producing metal foams. Such
      processes as in U.S. Pat. Nos. 2,895,819; 3,300,296 and 3,297,431 are
      useful and are hereby incorporated by reference. To produce
      fiber-reinforced foamed metal, the foregoing processes only require the
      inclusion of reinforcing inorganic fibers. Such inclusion can employ high
      speed stirring of fibers into the molten metal at any appropriate point in
      the process.
PAR  In addition to modifying the prior art processes, reinforced foamed metal
      articles can be prepared by a proceess comprising increasing the viscosity
      of a molten metal by incorporating therein a viscosity-increasing agent
      selected from the group consisting of air, carbon dioxide, nitrogen,
      oxygen, water, and the inert gases into said molten metal and then
      dispersing said inorganic fiber into the thickened molten metal, foaming
      the molten metal and then cooling the foaming molten metal to set the
      foam, thus producing a reinforced foamed metal article.
PAR  Accordingly, this invention provides a method for producing an
      aluminum-based foam which comprises (a) increasing the viscosity of a
      molten aluminum-based metal with a viscosity-increasing amount of a
      viscosity-increasing agent, said viscosity increasing agent being admixed
      with the molten aluminum alloy at a temperature of from about 20.degree.
      to about 90.degree.C above the liquidous point of the said molten aluminum
      alloy, and (b) treating the viscous melt thereby produced. In this
      operation, the thickened system is heated sufficiently to thermally
      decompose the blowing agent to release gas which makes the foaming take
      place.
PAR  Upon cooling, a set foam is produced. Such foams produced by this invention
      are characterized by a surprising degree of uniformity in pore size and
      configuration. They can be used as structural materials especially where
      it is advantageous to have a light metal construction; for example, in
      trailer walls, doors and floors, aircraft decking, sandwich wall
      constructions, curtain walls, etc.
PAR  Ordinarily molten aluminum and its alloys have viscosities akin to water.
      When such metals are treated with a viscosity-increasing agent in
      accordance with this invention, a much thicker melt can be produced.
      Generally speaking, the thickness is proportional to the amount of agent
      added. In fact, it is possible to make a material so thick that it is
      stirred with difficulty by powerful stirring devices.
PAR  Viscosity, as the term is used herein, refers to fluidity of a liquid. (In
      a technical sense, fluidity is the reciprocal of viscosity or "apparent"
      viscosity.) A liquid will flow slowly (have less fluidity) when the
      viscosity is increased. There are two types of viscosity, true viscosity
      and apparent viscosity. Apparent viscosity refers to the viscosity
      equivalence in appearance and mobility of a fluid which when measured with
      a viscometer evidences no or only a slight change in true viscosity. An
      example of a material exhibiting apparent viscosity is whipped cream. It
      is not known whether the viscosity-increasing treatment of this invention
      results in an increase of true and/or apparent viscosity. Nevertheless,
      the above viscosity-increasing agents, for example, can change an
      aluminum-based metal from a material having about the same resistance to
      flow as water, to one much less fluid. It appears that the increase in
      viscosity is a major increase in apparent viscosity and a minor increase
      in true viscosity. It has been found that treatment of an aluminum alloy
      having 7 percent magnesium with a viscosity-increasing agent increased the
      viscosity (according to viscosity measurement) only about 16 centipoises.
      Nevertheless, when such a molten alloy is treated, according to this
      invention it is possible to prepare a viscous melt very resistant to
      pouring out of a spoon even when the spoon is turned over.
PAR  In foams produced by the process of this invention, pore size is smaller
      and more uniform. Moreover, the use of a viscosity-increasing agent makes
      it possible to use less foaming agent than would otherwise be required,
      the reduction in amount of foaming agent being greater than that provided
      by any expansion of the alloy due to the presence of the
      viscosity-increasing agent. For example, when carbon dioxide is used and
      ZrH.sub.2 is the foaming agent, 0.6 gram of ZrH.sub.2 will give the same
      expansion that 1.0 gram thereof provide in the absence of CO.sub.2
      pretreatment. This provides a considerable saving in the cost of foaming.
PAR  One can calculate how much gas is required to achieve a desired amount of
      foaming. The amount of gas is conveniently expressed in theories, and one
      theory is the amount of gas which would be generated (if the foaming agent
      completely decomposed) to produce a known void volume in a mass
      (conveniently expressed in pounds per cubic foot density or g/cc of foam).
      For 15 pounds per cubic foot density, 2.5 to 3.0 theories of TiH.sub.2 are
      required and this is equivalent to 0.8 to 1.0 gram TiH.sub.2 per 1000
      grams of metal. However, after CO.sub.2 treatment, to make an equivalent
      foam, only 1.2 to 1.7 theories or 0.4 to 0.6 gram of TiH.sub.2 are
      required.
PAR  When the foamed metal is thickened, the fibers can then be dispersed into
      the thickened material. When adding the inorganic fiber reinforcing
      material to the thickened molten metal the fibers should be substantially
      uniformly adequately dispersed into the molten metal. However, the
      addition of the fibers to the thickened molten metal should not consume so
      much time that the temperature of the melt is unduly decreased or the melt
      begins to "thin" or the fiber material is damaged by the mixer or the
      relatively high temperatures of the molten metal. The inorganic fibers may
      be admixed into the thickened molten metal by high speed stirring means
      known to those skilled in the art. It is not sufficient to merely add the
      inorganic fibers to the top of the molten melt since this results in
      insufficient incorporation of the fiber into the final foamed product with
      resulting variations in strength of the reinforced foam. Further, it is
      not a requirement of this invention that the mixing or stirring be carried
      out to such a point that the fibers are entirely uniformly distributed
      throughout the thickened molten metal. Variations in the amount of fiber
      dispersed throughout the final foamed metal body are possible without
      unduly decreasing the strengthening effect of the fibers. However, it is a
      preferred embodiment of this invention to have the fibers substantially
      uniformly and randomly dispersed throughout the molten metal.
PAR  When the fiber is added prior to thickening by high speed stirring, the
      molten metal is considerably more fluid and requires less energy to stir.
      However, the fibers tend to float on the top of the melt and separate from
      the melt. By using high speed stirring the fibers are quickly incorporated
      into the melt and wetted by the molten metal. Thus, the fiber-containing
      melt is ready for thickening and/or foaming without substantial
      temperature loss and before substantial damage can be done to the fibers.
PAR  By high-speed stirring is meant speeds greater than 1000 rpm and preferably
      from about 1200 to about 10,000 rpm. Usually the stirrer will proceed from
      the lower end of the range to the higher end during incorporation of
      fibers into the molten metal or thickened melt. This can be accomplished
      easily with a variable speed motor and avoids inefficient operation or
      splashing of the molten metal.
PAR  The high speed stirring is accomplished rather quickly, depending on the
      size of the batch. Usually, the thickened melt requires a longer stirring
      time to incorporate the fibers into the melt. In general, less than one
      minute is required to disperse the fibers sufficiently. Factors
      influencing the time range from the composition of the alloy, type of
      fiber, viscosity of the melt, the speed of the mixer and the like. To
      avoid cooling the melt and damaging the fibers the stirring should be kept
      to a minimum, preferably less than 30 seconds and more preferably from
      about 10 to about 20 seconds.
PAR  In addition, the fibers may also be incorporated into the molten metal
      during the thickening process or during the foaming step. Moreover, if
      sufficient control of the foaming molten metal mass can be maintained, one
      can incorporate the strengthening fibers after the metal was foamed and
      prior to cooling the temperature of the foaming mass to set the foam. A
      skilled practitioner can vary the point in the process at which the fiber
      is incorporated into the metal melt according to the type of fiber, the
      type of metal to be foamed, the time and type of foaming and thickening,
      and the stability of the foam produced to produce a fiber reinforced foam
      within the scope of this invention.
PAR  The process for preparation of fiber reinforced metal foam is more fully
      illustrated in the following examples. For purposes of illustration a
      general procedure for preparing foamed aluminum without reinforcing fibers
      is first described in the following example.
PAC  EXAMPLE 1
PAC  General Procedure for Preparing Foamed Aluminum Without Fiber Reinforcing
PAR  A sample of a magnesium-aluminum alloy having 7 weight percent of magnesium
      and 0.2 weight percent of Mn weighing 3173 grams was melted. Nitrogen gas,
      at a flow rate of 8 liters per minute, was bubbled through the molten
      alloy for five minutes. The nitrogen was admitted into the molten alloy
      through a ceramic tube about two inches below the surface. The alloy was
      stirred at about 2500 rpm during the nitrogen introduction. Stirring was
      commenced when the alloy was at 670.degree.C, and at the end of nitrogen
      introduction the temperature was 550.degree.C.
PAR  The alloy was heated to 725.degree.C and transferred to a holding furnace.
      The increase in viscosity noted at the end of the five-minute introduction
      period was still apparent upon reaching 725.degree.C. The alloy (prior to
      nitrogen introduction) had a true viscosity of about 13.8 cp and, upon
      reaching 725.degree.C, the viscosity was about 29 cp. However, the alloy
      was very resistant to flow.
PAR  The above procedure was repeated using a second batch of the alloy weighing
      3185 grams. The nitrogen flow rate was 7 liters per minute and the
      nitrogen introduction time was 5.4 minutes.
PAR  The two batches were combined in a pot heated to 670.degree.C. The metal
      mass was allowed to cool to 680.degree.C. The mass was stirred at 6000 to
      10,000 rpm and 40 grams of zirconium hydride, ZrH.sub.2, was admixed over
      an introduction period of 8.6 seconds. Thereafter, it was cast into a
      mold. The mold capacity was about 8 to 9 times as big as the volume of the
      unblown liquid combined batches.
PAR  The mixture foamed to fill the (closed) mold. The resultant foam was
      sectioned demonstrating a fine pore, quite uniform structure having a
      density of about 25 pounds per cubic foot (a density of about 15 percent
      of unfoamed alloy).
PAR  Similar results are obtained when the viscosity-increasing agent is carbon
      dioxide, air, oxygen, or an inert gas. Also, the foaming agent can be
      titanium hydride or hafnium hydride.
PAR  The following example utilizes a generally similar procedure and
      illustrates the process of this invention and the articles produced
      thereby.
PAC  EXAMPLE 2
PAR  A magnesium-aluminum alloy weighing 14,074 grams and having 7 weight
      percent of magnesium and one weight percent of titanium was melted into a
      suitable pot by an induction furnace. To the molten metal was added 785
      grams of fiberglass. The melt was stirred with high speed stirring to
      disperse the fibers which were about 1 inch in length. Reheating was
      frequently necessary to maintain the melt temperature at about
      790.degree.C. The addition of the fiberglass fibers caused the melt to
      thicken. Additional thickening was achieved by adding 800 grams of
      CO.sub.2 as a solid to the melt pot with efficient stirring.
PAR  The thickened melt was transferred to a foaming pot and reheated to a
      temperature of 670.degree.C. Then 94 grams of zirconium hydride were added
      and quickly dispersed into the melt by stirring with a high-speed stirrer,
      up to about 8200 rpm, for about 12 seconds. The foaming melt was cast into
      a mold measuring 26 .times. 26 .times. 35/8 inches. Approximately 98
      percent of the foaming melt was transferred to the mold and the foaming
      metal filled about 90 percent of the mold.
PAR  On cooling the foamed aluminum slab appeared to have a fair foam quality
      with medium to fine pores. The foamed aluminum contained about 5 weight
      percent fiberglass.
PAR  Similar results are obtained when the thickening agent is nitrogen, oxygen,
      air, water, or an inert gas. Also, the zirconium hydride foaming agent can
      be replaced by titanium hydride or hafnium hydride. The aluminum alloy can
      be replaced by other alloys of aluminum; such as, a magnesium alloy from 2
       to 10 percent by weight of magnesium, 0.5 to 2.5 percent titanium, 2.5 to
      35 percent copper, from 3 to 15 percent zinc, 0.4 to 1.5 percent
      magnesium, 0.4 to 2 percent tin, 0.2 to 4 percent zirconium, and further
      aluminum alloys. Moreover, preferred aluminum alloys can be any
      commercially available aluminum. Typical of the commercially available
      aluminum metal preparations are aluminum Alloy-3S (98 percent aluminum,
      1.25 percent magnesium) and Aluminum 2S (99.2 percent aluminum). A most
      preferred aluminum alloy is Almag 35 which is a magnesium alloy having 6
      to 8 percent magnesium. Further, similar results can be obtained when the
      aluminized fiberglass is substituted with aluminized chopped fiberglass
      mat or plain fiberglass chopped fibers up to about 2 inches in length.
PAR  The following examples are illustrative of the different types of fibers
      which may be included in the foamed aluminum.
PAC  EXAMPLE 3
PAR  Following a procedure similar to Example 2, about 750 grams of chopped
      fiberglass mat was dispersed by high speed stirring into a melt consisting
      of an aluminum-magnesium alloy (7 percent magnesium) with 1 percent by
      weight of titanium of about 13,620 grams. The melt was further thickened
      by adding 800 grams of solid CO.sub.2 and the thickened melt was
      transferred to a foaming pot. The temperature in the foaming pot was
      maintained at about 660.degree.C and 94 grams of zirconium hydride was
      added by high speed stirring for about 12 seconds. The foaming mass was
      cast but only about 50 to 60 percent of the mold was filled.
PAC  EXAMPLE 4
PAR  A charge of 1650 grams of Almag 35 plus one percent titanium alloy was
      melted at about 790.degree.C. To the melt was added 397.25 grams of
      aluminized fiberglass which was dispersed into the melt with high speed
      stirring. The aluminized fiberglass is fiberglass coated with aluminum. To
      the melt was then added 80 grams of CO.sub.2 with efficient stirring. The
      fibers were added to the melt at a temperature of 750.degree. to
      760.degree.C, and the additional CO.sub.2 thickening was carried out at a
      melt temperature of 760.degree.C. The melt had a consistency of whipped
      cream. After transferring to the foaming pot, 9.4 grams of zirconium
      hydride was added to the melt over a period of 21 seconds with high speed
      stirring. On completion of hydride addition, the melt was cooled and the
      foam filled only about 3/4 of the foaming pot. The foam removed from the
      pot was a fair quality foam containing 25 percent weight of aluminized
      fiberglass.
PAC  EXAMPLE 5
PAR  Following the procedure of Example 2, a charge of 20,251 grams of Almag 35
      plus one percent titanium alloy was melted at about 790.degree.C, and to
      the melt was added 1500 grams of a kaolin mineral wood material
      commercially available from Babcock and Wilcox under the trade name
      "Kaowool." The "Kaowool" was stirred into the melt by high speed stirring
      and then 121.5 grams of CO.sub.2 were added to the melt. The melt was
      transferred to the foaming pot, and 94 grams of zirconium hydride was
      added thereto with high speed stirring for about 12 seconds. The melt
      temperature was about 670.degree.C. The melt began to foam and was
      transferred to a mold measuring 26 .times. 26 .times. 35/8 inches. About
      60 percent of the charge was transferred, and this amount of material
      filled approximately 50 percent of the mold. A foamed aluminum slab
      containing 10 percent "Kaowool" fibers was produced.
PAR  Similar results may be obtained when the "Kaowool" is replaced by any
      mineral fiber; for example, asbestos, kaolin, and the like. Further, the
      inorganic refractory fibers may also be used to replace the "Kaowool";
      such as, potassium titanate, silicon carbide, boron nitride, titanium
      carbide, titanium dioxide, graphite, alumina, aluminum-coated graphite,
      and the like. These fibers may be used in from 1 to about 25 percent by
      weight based on the weight of the metal foam.
PAC  EXAMPLE 6
PAR  Following the procedure outlined in Example 2, a charge of about 13,393
      grams of Almag 35 was melted at a temperature of 790.degree.C. To the
      charge was added 5 weight percent chromel fibers or about 772 grams. The
      charge was thickened with CO.sub.2 using about 467 grams in solid form.
      The fiber addition and thickening were carried out at about 790.degree.C
      using high speed stirring. A portion of the charge was lost while
      thickening and stirring in the fibers. The molten metal was transferred to
      a foaming pot where 94 grams of zirconium hydride was added to the charge
      at about 670.degree.C with high speed stirring for about 12 seconds. The
      foaming metal was transferred to a mold measuring 26 .times. 26 .times.
      35/8 inches and allowed to foam. The foam was cooled and set forming a
      slab having a deep depression in the top since either this portion did not
      fill in or the foam collapsed prior to cooling.
PAR  The foam produced is of fair quality and contains about 5 percent chromel
      fibers.
PAR  Similar results are obtainable when the reinforcing fiber is iron, steel,
      nickel, titanium or alloys of these metals. In addition, the reinforcing
      fiber may be nickel-plated iron or nickel-plated steel or copper fibers
      and aluminum-plated versions of these fibers or alloys thereof.
PAR  The reinforcing effect of the inclusion of fibers into foamed metals can be
      seen from the result of flexural test data obtained in comparison with
      unreinforced foams. The test procedure involved is the use of a sample of
      foam measuring about 21/2 .times. 12 .times. 3/4 inches. The test foams
      are set up on cyclindrical 1 inch bars over a 10 inch span with the
      supports being parallel to the 21/2 inch dimension and approximately 1
      inch from the end of the test sample. Thus, providing a unsupported span
      of about 10 inches. The unsupported span was then incrementally loaded
      uniformly across its midpoint by means of a flat beam 1 inch wide driven
      by an Instron tester at a speed of about 21/2 inches per hour. The load
      required to deflect the test sample 0.15 inches, the load at test sample
      failure and the deflection in inches at failure were recorded. Data is
      presented in the following table.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Flexural Strength Test Data*                                              
                          Density,                                             
                               Load to                                         
                                     Failure*                                  
                                          Deflection                           
                                                 Strength                      
        Foamed       Amount,                                                   
                          lbs per                                              
                               Deflect                                         
                                     Load,                                     
                                          at Failure,                          
                                                 to Weight                     
     Test                                                                      
        Metal  Type  %    cubic ft                                             
                               0.15 in.                                        
                                     lbs. inches Ratio                         
     __________________________________________________________________________
     1  Almag 35                                                               
               --    --   13   --    20   --     1.5                           
                               --    28   --     2.16                          
     2  Almag 35                                                               
               --    --   15   --    29   --     2.00                          
                               --    40   --     2.66                          
     3  Almag 35+                                                              
               Aluminized                                                      
                     10   13.1 45    45   0.15   3.4                           
        1 Wt. % Ti                                                             
               Fiberglass                                                      
                          14.1 50    58   0.22   4.1                           
     4  Almag 35+                                                              
               Alumina-                                                        
                     10   17.4 --    48   0.135  2.76                          
        1 Wt. % Ti                                                             
               Silica                                                          
               Kaowool    17.5 57    70   0.24   4.30                          
                          18.0 --    57   0.14   3.16                          
     5  Almag 35+                                                              
               Chromel                                                         
                     5    15.4 42    44   0.135  2.8                           
        1 Wt. % Ti                                                             
                          17.3 55    57   0.185  2.9                           
     __________________________________________________________________________
      *Test sample 21/2" .times. 12" .times.                                   
         -- 10" on centers --                                                  
PAR  The data illustrate that higher load values are obtained by the reinforced
      samples. An interesting comparison of the samples is made by dividing the
      failure load by the density of the particular foam sample to provide a
      value known as the strength-to-weight ratio. Such a comparison allows one
      to correlate the strength of various densities of foamed metals. This
      value is fairly consistent for foams having densities between 12 and 20
      pounds per cubic foot. It is significant that the strength-to-weight ratio
      of the reinforced metal foams is greater than for the unreinforced foams.
      Particularly, the fiberglass reinforced foams show significant increases
      in the strength-to-weight ratios.
PAR  Metal foams other than aluminum are useful in producing fiber reinforced
      foams. Metals, such as zinc, lead, nickel, copper, steel, and the like are
      all suitable for foaming and reinforcing according to the process and
      articles of this invention. The following examples illustrate the
      preparation of zinc foams (Examples 7-9 and 11) and reinforced zinc foams
      (Examples 10 and 12) according to this invention.
PAC  EXAMPLE 7
PAR  In a cylindrical reaction vessel, a 1200 gram charge of substantially pure
      zinc was heated to 440.degree.C. To this was added 4 grams of TiH.sub.2
      enclosed within lead foil. The addition of titanium hydride was carried
      out while dispersing, using high speed mixing, for approximately 30
      seconds. Very slight foaming occurred. An additional 5-gram portion of
      titanium hydride was added and stirred in for approximately 30 seconds
      while the molten metal was at a temperature of 470.degree.C, utilizing an
      induction field. While this temperature was maintained, foaming continued
      for 4-5 minutes. Upon cooling, a good quality foam of 12-13 percent
      density with very small (1/64-1/32 inch) average pore size cells was
      produced.
PAR  Similar foams are made when the amount of titanium hydride is from 1 to 15
      grams per 1000-gram portion of zinc. Similar foams are also produced when
      the same amounts of magnesium hydride are employed but in general they
      have larger pores than analogous TiH.sub.2 foamed materials. Likewise,
      analogous foams are produced from zinc alloys having up to about 15 weight
      percent of alloying material selected from magnesium, aluminum, zinc, and
      combinations thereof. Similar foams are produced when the process of the
      above invention is continued at temperatures up to about 625.degree.C.
      However, the foaming is more rapid and in many instances, greater amounts
      of blowing agent are preferably employed.
PAR  Our work has indicated that zinc foams are made in fine pore qualities only
      if they have been subjected to at least two foam operations. If only one
      expansion is allowed to take place, the resultant foam will be large
      celled, non-uniform, and will usually have a heavy skin bottom. Such
      inferior foams can be produced for example, using pure zinc and 0.75 -
      1.25 grams of titanium hydride per each 100-gram portion of zinc employed.
PAC  EXAMPLE 8
PAR  To a cylindrical mixing vessel was added 7,425 grams of pure zinc. The
      temperature of the vessel was increased until the zinc melted at about
      242.degree.C. The temperature of the melt was increased to about
      550.degree.C. After heating, 145 grams of titanium powder (100-200 mesh)
      was stirred into the melt at about 550.degree.C. The metal was transferred
      to a mixing pot equipped with a bottom drop for casting in a mold. The
      temperature of the metal at transfer was 525.degree.C. About 56 grams of
      titanium hydride in 5 aluminum foil packets was added to the melt with
      efficient stirring for about 10 to 20 seconds using a high speed stirrer.
      The temperature of the melt after addition of titanium hydride was between
      500.degree. and 510.degree.C. The melt became so thick that the stirrer
      motor could not stir it. The bottom was dropped from the mixing vessel and
      the metal cast into a 15 .times. 15 .times. 41/2 inch mold lined with 3/4
      inch thick porous silica brick. Considerable zinc did not transfer. The
      melt began to foam in the mold but did not fill the corners. The cooled
      and set foam weighed about 3,960 grams. After cooling the foam was
      sectioned revealing a fine pore foam.
PAC  EXAMPLE 9
PAR  Following the procedure of Example 8, a charge of pure zinc weighing 7,410
      grams was melted and 145 grams of titanium powder was stirred into the
      melt. The melt was transferred to a mixing pot containing a bottom drop at
      about 520.degree.C. About 40 grams of titanium hydride in 5 aluminum foil
      packs was added to the melt at about 520.degree.C. The titanium hydride
      was stirred into the melt for about 20 seconds using a high speed stirrer.
      The mixture was transferred to the mold through the bottom drop with the
      stirrer still running but did not flow readily. Approximately 60 to 70
      percent of the mold bottom was covered initially. A marinite lid was
      placed on top of the mold; and as the zinc foamed, it filled the entire
      mold and raised the lid. The cooled and set foam weighed 5,160 grams. On
      sectioning it was observed to be a uniform quality foam having pores about
      1/8 to 1/16 inch in diameter.
PAC  EXAMPLE 10
PAR  To an inductively heated crucible was added 11.62 kilograms of
      substantially pure zinc balls. The metal was melted by heating to
      550.degree.C. About 75 grams of alumina (Al.sub.2 O.sub.3) were added
      while dispersing, using high speed stirring, to thicken the molten zinc.
      The melt was then transferred to a casting unit which was a 6-inch
      diameter cylindrical cast iron mixing pot having a hinged bottom through
      which the melt can be cast into a mold. The mixing pot was preheated to
      about 600.degree.C. At 510.degree.C, 200 grams of titanium hydride, grade
      E, from Ventrol Chemical Co., enclosed in 10 aluminum foil packets was
      added to the melt with stirring. The zinc foamed in the crucible and was
      transferred to a mold heated to about 385.degree.C. The foaming zinc was
      cast into the mold and continued to foam slightly during cooling. The
      foamed zinc was of poor quality being only about 2 inches high and having
      a very heavy bottom layer.
PAR  The set foamed zinc was removed from the mold and broken into manageable
      pieces. About 9 kilograms of this were placed into another crucible and
      heated to about 460.degree.C. On melting, the stirrer was placed in the
      melt and stirred at high speed for about 30 seconds. The molten metal
      began foaming. At this point about 40 grams of aluminized fiberglass in
      strands about 0.001 inch in diameter and 0.625 inch long was mixed into
      the melt while dispersing using the high speed stirrer. The melt was
      allowed to stand for several minutes and became very thick. The metal was
      heated to about 530.degree.C, restirred and it remained viscous, though it
      appeared to be not quite as thick as before.
PAR  At 530.degree.C the melt was transferred to another crucible heated to
      565.degree.C. The second crucible having a bottom drop was positioned so
      that upon foaming the melt could be dumped into a 15 .times. 15 .times.
      41/2 inch mold heated to about 375.degree.C. When the melt reached about
      505.degree.C, about 150 grams of titanium hydride enclosed in 20 aluminum
      foil packs were added to the melt and dispersed with high speed mixing for
      about 15 seconds. When the metal began to foam in the crucible, the
      stirrer was shut off and removed. The foaming molten mass was transferred
      to the mold. About 10 percent of the metal did not transfer. The metal
      foamed above the mold height but did not fill the corners.
PAR  Sectioning revealed large pores, a dark color, the presence of fiberglass,
      and a thin bottom skin.
PAC  EXAMPLE 11
PAR  In a cylindrical reaction vessel were melted 1,091 grams of ILZRO Alloy
      Number 12 (11-13 percent aluminum, 0.15 - 1.25 percent copper, 0.01 - 0.03
      percent magnesium, and balance zinc). The temperature was raised to
      720.degree.C. One hundred seventy grams of solid carbon dioxide (dry ice)
      were mixed into the metal. The temperature dropped to 550.degree.C after
      mixing. No marked viscosity improvement was noted.
PAR  The temperature of the melt was raised to 680.degree.C; and before the
      hydride blowing agent could be added, it was noted that some foaming
      occurred and the metal became extremely thick. At 680.degree.C, 10 grams
      of zirconium hydride was stirred into the melt. The stirrer was removed
      and the molten zinc began to foam rapidly. When the foam was cooled and
      set, a good quality foam with a 1/2 inch solid bottom was produced.
PAC  EXAMPLE 12
PAR  This example illustrates the reinforcement of ILZRO Zinc Alloy Number 12
      with fiberglass. A charge of 1,010 grams of Alloy Number 12 was melted in
      a reaction vessel and the temperature raised to 550.degree.C. Twenty grams
      of aluminized fiberglass strands averaging about 5/8 inch in length and
      being 0.001 inch in diameter were stirred into the melt with the high
      speed stirrer. The temperature decreased to about 520.degree. and the
      metal was reheated to 650.degree.C. About 10 grams of zirconium hydride
      contained in an aluminum foil packet was stirred into the melt. Severe
      flaming and smoking accompanied stirring the hydride into the melt. After
      90 seconds high speed stirring, the stirrer was removed and the metal
      foamed rapidly almost to the top of the reaction vessel. On cooling the
      foam began to shrink. The set zinc foam reinforced with fiberglass was of
      medium quality with a thick bottom skin.
PAR  Similar results may be obtained when the aluminized fiberglass is replaced
      with any suitable metal, mineral, or refractory fiber. Typical fibers are
      potassium titanate, silicon carbide, boron nitride, graphite, asbestos,
      kaolin, iron, steel, nickel, copper, titanium, magnesium and the like.
      Similar reinforcement of zinc foams can be obtained with aluminized
      fiberglass or any of the hereinabove-mentioned fibers when the
      substantially pure zinc is replaced with a suitable alloy of zinc such as
      ZDC No. 3 (AG40A), ZDC No. 5 (AC41A), and Alloy ZDC No. 7. Compositions of
      such alloys are set forth on pages 28-9 of ASARCO, Zinc Die Casting
      Alloys, American Smelting and Refining Company Bulletin VI-1. The
      compositions of those alloys recited on the cited pages are incorporated
      herein by reference as if fully set forth. Another typical alloy is ILZRO
      12, having the following composition:
     Aluminum          11-13 percent                                           
     Copper            0.15-1.25 percent                                       
     Magnesium         0.01-0.03 percent                                       
     Zinc              balance                                                 
PAL  Also lead-zinc alloys can be used as the foaming metal and reinforced by
      this invention.
PAR  The reinforced zinc foams have improved properties resulting from the
      inclusion of fibers. The strength of the fiber-reinforced zinc foams is
      considerably increased because of the fiberglass. The advantageous
      properties are readily apparent from the following compressive strength
      data comparing unreinforced zinc foam with zinc foam having 0.4 weight
      percent of aluminized fiberglass added thereto. The compressive strength
      was determined using a 1-inch cube of foamed zinc. The test sample is set
      on an Instron tester and incrementally loaded with the crosshead set at a
      speed of about 0.2 inch per minute. The maximum load required to crush the
      foam sample is recorded.
TBL  COMPRESSIVE STRENGTH TEST DATA*                                           
                Reinforcement     Compressive                                  
                                         Strength to                           
     Test       Type of   Foam Density                                         
                                  Strength                                     
                                         Weight Ratio                          
     No.                                                                       
        Foamed Metal                                                           
                Fiber Amount                                                   
                          lbs/ft.sup.3                                         
                                  lbs/in.sup.2                                 
                                         lbs/in.sup.2 /lbs/ft.sup.3            
     __________________________________________________________________________
     6  99.9% Zn                                                               
                None      16.0    56     3.5                                   
     7  99.9% Zn                                                               
                None      17.1    56     3.3                                   
     8  99.9% Zn                                                               
                None      27.2    109    4.0                                   
     9  99.9% Zn                                                               
                None      45.5    340    7.5                                   
     10 99.9% Zn                                                               
                Aluminized                                                     
                      0.4 16.0    118    7.4                                   
                Fiberglass                                                     
     11 99.9% Zn                                                               
                Aluminized                                                     
                      0.4 17.4    125    7.2                                   
                Fiberglass                                                     
     12 99.9% Zn                                                               
                Aluminized                                                     
                      0.4 27.7    270    9.7                                   
                Fiberglass                                                     
     13 99.9% Zn                                                               
                Aluminized                                                     
                      0.4 45.5    448    9.9                                   
                Fiberglass                                                     
     14 Alloy 12                                                               
                None      17.5    430    24.6                                  
     15 Alloy 12                                                               
                None      23.6    785    33.3                                  
     16 Alloy 12                                                               
                None      33.1    1050   31.1                                  
     17 Alloy 12                                                               
                Aluminized                                                     
                      0.4 17.3    567    33.1                                  
                Fiberglass                                                     
     18 Alloy 12                                                               
                Aluminized                                                     
                      0.4 25.7    1150   44.8                                  
                Fiberglass                                                     
     19 Alloy 12                                                               
                Aluminized                                                     
                      0.4 35.7    1420   41.0                                  
                Fiberglass                                                     
     __________________________________________________________________________
      *Test sample 1"  .times. 1" .times. 1                                    
PAR  The data illustrate that higher compressive strengths for a given density
      sample are obtained with reinforced zinc foam samples resulting in higher
      strength-to-weight ratios. For the pure zinc foams the use of 0.4 weight
      percent of aluminized fiberglass reinforcing fibers provides almost double
      the strength-to-weight ratio. This is especially important in the lower
      density foams so that increased strength without a large increase in
      weight is obtained.
PAR  Reinforced metal foams can be used in any application that the metal foams
      themselves can be employed. However, they have the advantage of a greater
      safety factor in load bearing properties because of the higher
      strength-to-weight ratios. Reinforced metal foams can be used as
      structural materials especially where it is advantageous to have light
      metal construction in trailer walls, doors and floors, aircraft decking,
      sandwich wall constructions, curtain walls, etc.
PAR  In addition to the foregoing applications, fiber material can be used in
      metal foams to enhance other properties and for other reasons. Without
      limiting the invention, the hereinabove described fibers can be used to
      extend the metal foams. Thus, a given weight of metal can be extended to a
      greater volume when fiber material is incorporated therein. Further, when
      metal fibers, such as steel or iron, are incorporated in non-magnetic
      foamed metals, the magnetic properties of foamed metals are enhanced. One
      skilled in the art can envision further uses for fiber-containing metal
      foams within the spirit of this invention.
PAR  The foregoing description and disclosure are exemplary and illustrative of
      the invention. One skilled in the art will recognize a number of
      variations which can be made in the invention without departing from the
      spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a fiber reinforced aluminum-based metal foam,
      said process comprising dispersing with high speed stirring from about 0.1
      to about 25 weight percent, based on the weight of said metal foam, of
      fibers from about 125 to about 1000 mils in length and having a ratio of
      length to diameter greater than 50 into a molten metal to be foamed which
      is aluminum or an aluminum alloy; increasing the viscosity of said molten
      metal by incorporating therein a viscosity-increasing agent selected from
      the group consisting of air, carbon dioxide, nitrogen, oxygen, water and
      the inert gases at a temperature of from about 20.degree. to about
      90.degree.C above the liquidous point of said molten metal; foaming said
      molten metal by treating the thickened molten metal with a foaming agent
      which is a metal hydride selected from the group consisting of titanium
      hydride, zirconium hydride and hafnium hydride; and cooling the foamed
      metal to set said foam.
NUM  2.
PAR  2. A process of claim 1 wherein said fibers are inorganic fibers.
NUM  3.
PAR  3. A process of claim 2 wherein said inorganic fibers are selected from the
      group consisting of fiberglass, metallized fiberglass, mineral fibers,
      refractory fibers and metal fibers.
NUM  4.
PAR  4. A process of claim 1 wherein said fibers are fiberglass.
NUM  5.
PAR  5. A process of claim 1 wherein said fibers are metallized fiberglass, said
      metallized fiberglass being coated with a metal selected from the group
      consisting of aluminum, zinc and alloys of these metals.
NUM  6.
PAR  6. A process of claim 1 wherein said fibers are refractory fibers selected
      from the group consisting of potassium titanate, silicon carbon, alumina,
      boron nitride, titanium carbide, titanium dioxide, and these fibers when
      coated with a metal selected from aluminum, zinc, and alloys of these
      metals.
NUM  7.
PAR  7. A process of claim 1 wherein said fibers are metal fibers selected from
      the group consisting of iron, steel, nickel, titanium, alloys of these
      metals, nickel-plated iron, nickel-plated steel, nickel-plated copper and
      aluminum-plated steel.
NUM  8.
PAR  8. A process of claim 1 wherein said fibers are mineral fibers selected
      from the group consisting of asbestos, kaolin, alumina-silica,
      alumina-magnesia and alumina-magnesia-silica.
NUM  9.
PAR  9. A process of claim 1 further characterized in that the viscosity of the
      molten metal to be foamed is increased by incorporating therein a
      viscosity-increasing agent selected from the group consisting of air,
      carbon dioxide, nitrogen, oxygen, water and the inert gases, and then
      dispersing said fibers into the thickened molten metal, foaming the molten
      metal and cooling the foaming molten metal to set the foam producing a
      reinforced foamed metal article.
NUM  10.
PAR  10. A process of claim 1 wherein said molten metal is an aluminum alloy
      having from 6 to 8 percent magnesium.
NUM  11.
PAR  11. A process of claim 1 wherein said fibers are fiberglass in the form of
      chopped filament, said fiberglass being present in an amount of from about
      1 to 25 percent by weight based on the weight of the molten aluminum
      alloy.
NUM  12.
PAR  12. A process of claim 1 wherein said metal foam is a zinc-based foam and
      said molten metal is a zinc alloy having about 11-13 weight percent
      aluminum.
NUM  13.
PAR  13. A process of claim 12 wherein said fibers are metallized fiberglass.
NUM  14.
PAR  14. A process of claim 12 wherein said fibers are aluminized fiberglass in
      an amount of from about 0.1 to about 10 weight percent.
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PAL  An oxygen steelmaking process utilizing also an inert gas to reduce the
      oxidation of a desired element such as chromium while permitting a
      desirably low carbon level to be reached, is characterized by recovery and
      recycling of the inert gas for economy. The inert gas is preferably argon
      and is preferably recovered by fractional distillation so as to reduce the
      nitrogen in the cycle stream and to recover and store and mix and reuse
      the argon and oxygen as desired. After removal of dust and carbon dioxide
      from the effluent gases from the converter, and prior to fractionation,
      10-30% of the effluent gas is mixed with a minor part of the recovered
      oxygen and blown beneath the hood to limit air aspiration and to aid in
      the combustion of CO.
BSUM
PAR  The present invention relates to a process for making steel, more
      particularly to a process in which an inert gas and oxygen are blown into
      the molten bath.
PAR  As is well known, in oxygen steelmaking, the oxygen oxidizes the carbon
      present in the metal bath, as well as other elements. However, in certain
      types of steel, it is necessary to prevent the oxygen from reducing or
      eliminating desired elements. For example, in the case of high chromium
      steel, which may for example contain about 10 to 18% chromium, oxygen
      steelmaking tends to result in a substantial oxidation of the chromium, so
      that oxygen blowing cannot be carried out beyond certain limits, and the
      resulting steel tends to have an undesirably high carbon content. This is
      due to the fact that, for each chromium content, there exists a
      corresponding carbon content for which the equilibrium constant of the
      reaction C + 1/2 O.sub.2 .fwdarw.CO is such that the activity of the
      oxygen dissolved in the bath is sufficient to oxidize the chromium.
PAR  The prior art has proposed to lower the partial pressure of CO existing in
      the bath so as to drive the decarburization reaction to the right, as in
      U.S. Pat. No. 3,252,790. This can be done by adding to the oxygen a gas
      which is inert to the bath, so as to ensure the presence in the bath of a
      dispersion of small bubbles of a gas within which the CO produced by the
      decarburization reaction diffuses. It has thus been possible to produce
      high chromium steels without resort to electric furnace refining
      processes, thereby achieving high productivity without high cost.
PAR  The use of an inert gas has the disadvantage, however, that the cost of the
      inert gas is undesirably high. Nitrogen is not to be used, because it is
      reactive with the bath. The cheapest inert gas is argon; and when speaking
      of the inert gas hereinafter, reference will be had specifically to argon
      simply because it is the cheapest of the suitable gases. However, it is to
      be understood that other inert gases, more expensive than argon, can also
      be used if desired if for any reason the use thereof is feasible despite
      their ordinarily higher cost.
PAR  Accordingly, it is an object of the present invention to provide a process
      for reducing the cost of oxygen steelmaking when an inert gas is also
      used.
PAR  Another object of the present invention is the provision of a method which
      permits conservation of the inert gas used in a corresponding process of
      oxygen steelmaking.
PAR  Briefly, the objects of the invention are achieved by collecting the gases
      emitted from the bath during decarburization by blowing with an
      argon-oxygen mixture, separating from the collected gases dust and gases
      that can easily be eliminated such as carbon dioxide, and then recycling
      the gas rich in argon to the bath. This recycling is preferably done after
      fractionation of the gas enriched in argon, and can be accompanied by
      storage of gas not immediately required for the process, either before,
      after or in lieu of fractionation.
PAR  The contamination by air of the gases leaving the vessel is controlled by
      creating a curtain of gas between the converter hood and the top of the
      vessel. This curtain is formed by a fraction of the effluent gas itself,
      suitably purified and enriched in oxygen, the curtain being such that a
      small fraction is lost to the atmosphere while at least 80% enters the
      hood to burn the CO emitted from the metallic bath. It is thus possible to
      control the quantity of air aspirated by regulating the flow of this
      fraction of the gas. However, this latter has the possible drawback that
      the temperature rise may be too great and that complications may be
      introduced in the separation of argon from nitrogen in order to recycle
      the argon. Therefore, the latter difficulty can be overcome by diluting
      the oxygen of the gas curtain with gas that is unreactive to the gas
      leaving the converter and which has a high thermal capacity and which is
      easily separable from argon by chemical or physical methods, e.g. carbon
      dioxide or steam or the like.
DRWD
     Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawing, which is a diagrammatic flow
      sheet of the process.
DETD
     Referring now in greater detail to the drawing, there is shown a
      conventional converter 1 containing a metallic bath 2 into which a mixture
      of oxygen and argon is blown through tuyeres 3. The evolved gases are
      collected by hood 4 and sent to a conventional unit 5 for dust removal and
      a conventional unit 6 for the removal of CO.sub.2  and any residual CO.
      Sampling of the gas between units 5 and 6 is conducted in a conventional
      gas analyzer 7 which controls a valve 8 to send the gas to a second valve
      10 or a third valve 12. Again according to the composition of the gas,
      valve 10 sends the mixture to a fractionating unit 9 or to a chimney 11
      through which it is vented to the atmosphere. Valve 12 selectively sends
      the gas toward a gas holder 16 or to a mixer 17 where it can be mixed with
      oxygen and argon coming from gas holders 14 and 15, respectively and then
      sent to blower 18 whence it is returned to the tuyeres 3. The control of
      valves such as valves 8, 10 and 12 by analyzer 7 is conventional and so
      need not be disclosed in greater detail.
PAR  A portion of the gas downstream of unit 6, e.g. 10-30%, can be diverted
      through mixer 13 in which it is mixed with oxygen from holder 14 and sent
      by blower 19 beneath the edge 20 of converter hood 4, at least 80% of this
      gas, as indicated above, admixing with the gas in hood 4, the rest
      escaping to the ambient atmosphere to prevent or limit air entry with its
      undesirable nitrogen. This gas will be rich in oxygen and so will assist
      in the combustion of the CO to CO.sub.2.
PAR  In the fractionating unit 9 gases rich in oxygen, argon and nitrogen can be
      taken off at appropriate concentration levels according to well known air
      fractionation techniques which thus need not be elaborated. The nitrogen
      can be vented to the atmosphere or otherwise used, if desired after heat
      exchange (not shown) to recover its refrigeration, the oxygen and argon
      streams (which of course are not pure) proceed to the holders 14 and 15,
      respectively. If desired, air may also be introduced into unit 9 so as to
      make up unavoidable argon losses and to provide at least a portion of the
      consumed oxygen. Of course the various well known air separation
      techniques of compression, heat exchange, plural stage fractionation,
      expansion, reflux, etc. are not shown in the drawing in connection with
      unit 9 because they are merely conventional.
PAR  To enable those having ordinary skill in this art to practice the
      invention, the following illustrative example is given:
PAR  A 50-ton bath 2 is established in converter 1, whose composition is 14%
      chromium, 1% carbon, balance essentially iron. Decarburization is effected
      in three stages, in the first of which an argon to oxygen ratio of about
      1:3 is maintained, while 14NM.sup.3 /min of argon and 33NM.sup.3 /min of
      oxygen are blown through tuyeres 3 for a period of 20 to 25 minutes. In
      the second stage, the argon is increased until the argon:oxygen ratio is
      about 1:2, and 14NM.sup.3 /min of argon and 28NM.sup.3 /min of oxygen are
      blown for 8 to 10 minutes. In the third stage, the argon to oxygen ratio
      is increased to about 2:1, and 28NM.sup.3 /min of argon and 14NM.sup.3
      /min of oxygen are blown for 8 to 10 minutes. A total of about
      1,200NM.sup.3 of oxygen and about 750NM.sup.3 of argon is blown, and the
      carbon removed is about 575 kg, the final carbon content being 0.04%.
PAR  The gas leaving hood 4, after combustion of CO to CO.sub.2, has a total
      composition of about 1,200NM.sup.3 CO.sub.2, 850NM.sup.3 argon,
      12,500NM.sup.3 nitrogen and 2,500NM.sup.3 oxygen. The flow rate from the
      hood is about 25,000NM.sup.3 per hour.
PAR  After removal of dust in unit 5 and CO.sub.2 in unit 6, the gas is divided
      and about 20% sent to mixer 13, where it joins a total of 600NM.sup.3 of
      oxgen from holder 14, this mixture than being supplied beneath hood 4. In
      the example in question, a considerable amount of air is aspirated beneath
      hood 4 in order to burn the CO and to cool the hood suitably, and so the
      nitrogen content of the gases leaving the hood is correspondingly high.
      Such a high nitrogen content would be unsuitable for introduction through
      tuyeres 3, and so valve 12 is closed and all the remaining gas, that is,
      80% of what left unit 6, is sent by valve 8 to valve 10 and thence to
      fractionating unit 9 where it is separated as described above, the oxygen
      and argon stored and reused and the nitrogen ultimately vented.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that the initially recited objects of the present invention have
      been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with preferred embodiments, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. An oxygen steelmaking process for the selective removal of carbon from a
      bath of molten steel in a converter having a hood, said bath containing
      10-18% by weight of chromium, comprising blowing into said bath an
      oxygen-argon mixture, removing dust and CO.sub.2 from the effluent gases
      from said bath, passing one portion of said effluent gas beneath the hood
      of said converter thereby to reduce the flow of ambient air into said
      converter, and enriching another portion of said effluent gas in argon and
      recycling said enriched portion into said bath.
NUM  2.
PAR  2. A process as claimed in claim 1, and removing any residual carbon
      monoxide from said effluent gas prior to recycling into said bath.
NUM  3.
PAR  3. A process as claimed in claim 1, and adding oxygen to said one portion
      of said effluent gas.
NUM  4.
PAR  4. A process as claimed in claim 3, in which said added oxygen is obtained
      by the fractional distillation of said another portion of said effluent
      gas.
NUM  5.
PAR  5. A process as claimed in claim 4, in which argon and oxygen from said
      fractional distillation comprise said recycled gas.
NUM  6.
PAR  6. A process as claimed in claim 1, in which said one portion of said
      effluent gas comprises 10 to 30% by volume of said effluent gas.
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ABST
PAL  A method of distributing molten metal to consumer points is described, in
      which molten metal is caused to run under gravitational forces from a
      container to different consumer points through a system of generally
      horizontal passages. As the molten metal is consumed at the consumer
      points fresh metal is charged to the molten metal container to maintain a
      generally constant, predetermined level of molten metal in the container
      and in the system of passages.
BSUM
PAR  The present invention relates to a method of distributing molten metal to
      consumer stations.
PAR  For the purpose of distributing molten metal to consumer stations, e.g. in
      the form of casting machines, there has normally previously been used a
      relatively large melting furnace from which pre-determined quantities of
      molten metal has been picked up by means of ladles or like devices and
      conveyed to the different consumer stations. The conveyance of the molten
      metal to the consumer stations is controlled manually in a manner such
      that all consumer stations are charged with molten metal essentially at
      the rate at which said stations consume the metal. When the consumer
      stations have the form of casting machines, it has been normal practise to
      use heat-retaining or holding furnaces, the construction of such furnaces
      varying in dependence, inter alia, of the principle on which the casting
      machine works. One of the simplest methods in this respect is to use a
      hand ladle to pick up molten metal from a transportable container, which
      in turn is arranged to pick up molten metal from a common melting furnace,
      and to pour suitable portions of the molten metal from the ladle into the
      receiving vessels of the different casting machines or holding furnaces.
      This method requires a considerable amount of manual work which, although
      possibly acceptable with smaller systems, can be encumbered with serious
      drawbacks when distributing molten metal to large casting systems.
PAR  With another known method, molten metal is conveyed in a transportable
      ladle from a central melting furnace and poured from the ladle into
      so-called heat-retaining or holding furnaces arranged adjacent the casting
      machines. With regard to simplicity and convenience of distribution this
      method is relatively advantageous, but both of the aforementioned known
      methods present a problem in the form of oxidation of the distributed
      metal, since the surface of the molten metal is exposed to the influence
      of air, both in the manually operated ladle and the transportable ladle,
      wherewith the exposed surface layer of the molten metal is strongly
      oxidized and frozen as a result of the large difference between the
      temperature of the melt and the air.
PAR  When, as is many times the case, fresh, solid melt goods, e.g. in the form
      of pigs or ingots are charged to the melt and/or the heat-holding
      furnaces, the ingots or pigs in the relatively limited spaces of the
      furnaces will stir the oxides in the surface layer of the melt and also
      the frozen portions of said surface. This stirring of the melt is
      undesirable, since it can result in the presence of troublesome inclusions
      in the cast products or uneveness in the metal structure thereof.
PAR  With the former of the two aforementioned methods, in which limited
      quantities of molten metal are poured stepwise into the receiving vessel
      of the casting machine or to heat-holding furnaces, the molten metal will
      each time be subjected to oxidation and freezing. This is also true for
      the molten metal charged to the casting machines by means of tiltable
      ladles, since the molten metal flowing from the ladle is also subjected to
      strong cooling and a substantial surface thereof is exposed to oxidation
      by the surrounding air. Furthermore, charging of the molten metal to the
      heat-holding furnaces causes the temperature of the melt to vary in a very
      undesirable manner, which can give rise to nucleations in the melt.
PAR  The prime object of the invention is to avoid substantially excessive
      agitation of the distributed molten metal and to ensure that said metal is
      charged to the receiving stations as gently as possible. A further object
      of the invention is to distribute the metal in a manner such that it is
      not exposed to the influence of the outer air while being distributed.
      Another object of the invention is to enable the molten metal to be
      distributed substantially automatically, so that charging of the molten
      metal to the consumer stations from a main melting furnace takes place
      substantially at the same rate as the molten metal is consumed at said
      stations, i.e. the casting machine.
PAR  Another object of the invention is to provide a method and a device for
      charging at least a main melting furnace with solid metal goods, which may
      comprise pigs or ingots or scrap return material, in a manner which
      prevents the oxide layer on the molten metal from being broken in a manner
      to cause subsequent problems, said oxide layer being unavoidable even when
      the molten metal is well shielded from the outer air.
PAR  A further object of the invention is to distribute the molten metal as
      slowly as possible and to maintain the surface of the metal in the melt
      system as constant as possible and to utilize to the greatest possible
      extent, for distributing said metal to said consumer stations,
      self-running of the metal from the main smelt furnace to the different
      consumer stations, e.g. the casting machines.
PAR  In accordance herewith the invention is mainly characterized by passing
      metal from a molten metal container under the force of gravity, i.e.
      self-running, in substantially horizontal passages to the different
      consumer stations, and by maintaining in the container and passages a
      predetermined, substantially constant level of molten metal by supplying,
      preferably automatically, to the molten metal in the container fresh metal
      substantially at the same rate as the metal is consumed at the consumer
      stations.
PAR  In accordance with a preferred embodiment of the invention, the molten
      metal in the container and in the distributing passages is permitted to
      run off at a speed so restricted that the layer of impurities on the
      surface of the melt is retained substantially unbroken.
PAR  The invention also relates to a device for carrying out the method, said
      device being substantially characterized by a molten metal container
      arranged to communicate through substantially horizontal passages with the
      different consumer stations, there being co-ordinated with the container a
      conveying means which is controlled in response to the consumption of
      metal so as to automatically hold the surface of the molten metal in the
      container and the passages substantially at a fixed level.
PAR  With a particularly preferred embodiment of the device according to the
      invention, the discharge end of the conveyor means is located, at least
      when in its discharge position, closely adjacent the level of the molten
      metal.
PAR  The invention will now be described in more detail with reference to an
      embodiment thereof illustrated diagrammatically in the enclosed drawing,
      further features of the invention being made apparent in connection
      therewith.
DRWD
     In the drawing,
PAR  FIG. 1 is a diagrammatic plan view of a system according to the invention
      for distributing molten metal to consumer stations, for example the
      indicated die-casting machines, and
PAR  FIG. 2 is a vertical section of a main melting furnace forming part of the
      system for distributing molten metal to the diecasting machines
      graphically shown in FIG. 1.
DETD
PAR  In FIG. 1, the reference numerals 10 and 11 indicate two separate
      die-casting machines, which are assumed to have a construction preferred
      in the present connection. The two machines are served by a common,
      so-called industrial robot 12 which removes the finished cast goods from
      the machines and which controls the operation of said machines in a manner
      such as to prevent them from continuing a casting operation before the
      robot has removed the finished, cast goods and established that the molds
      are empty. The arrowed arcuate line 13 indicates the main movement path of
      the robot, at least when seen in plan view.
PAR  The robot 12 delivers the finished, cast goods to conveyors 14 and 15 which
      transport the goods to trimming stations, generally shown at 16 and 17
      respectively.
PAR  For each die-casting machine 10 and 11 there is arranged a heat holding
      furnace 18 and 19 respectively, which receive molten metal from a melting
      furnace 20 via a closed system of passages 21 which is heat-insulated in a
      suitable manner. Communication through the passage system 21 is such that
      a constant level is substantially maintained in said system and the
      holding furnaces 18 and 19. Coordinated with the system of passages is a
      furnace 22 for recovering metal from slag, the slag being now and then
      skimmed from the melting furnace 20. The melting furnace is also
      co-ordinated with a pre-heating furnace 23, in which solid metal is dried
      and pre-heated to temperatures suitable for charging the metal to the melt
      initially present in the melting furnace 20.
PAR  The pre-heating furnace is charged by means of a suitable conveyor 24,
      which, for example, supplies to said furnace metal ingots, pigs or the
      like 25 at a rate suitable for carrying out the total process in
      dependence on the amount of molten metal consumed by the die-casting
      machines 10 and 11.
PAR  With the system shown in FIG. 1 it is assumed that scrap such as sprue
      flashes and the like removed from the cast metal goods at stations 16 and
      17 is recovered and returned to the melting furnace 20 in a circulating
      process. To enable this scrap material to be handled in a convenient
      manner, there is provided in the system shown in FIG. 1 a conveyor 26 for
      return material, i.e. scrap, which feeds the material into the pre-heating
      furnace through a side conveyor 27 at a rate which may be determined
      essentially by differences in the surface level of the volume of molten
      metal in the melting furnace.
PAR  In accordance with an alternative feature, the pre-heating furnace of the
      melting furnace may be charged solely with ingots or pigs by means of the
      conveyor 24 or solely with scrap by the conveyor 27, whereby either one of
      the two conveyors may be temporarily activated. In accordance with a third
      alternative, the feed by means of conveyor 24 and conveyor 27 may be
      co-ordinated in a manner such that the two conveyors together charge the
      pre-heating furnace with the requisite material to constantly maintain the
      operation of the system.
PAR  Reference is now made to the embodiment shown in FIG. 2, which is a
      vertical sectional view in detail of the melting furnace 20, the
      pre-heating furnace 23 and part of the system of passages 21. The Figure
      also shows a part of the conveyor 24 with ingots or pigs or the like 25
      conveyed thereon.
PAR  In the pre-heating furnace 23 there is arranged a further conveying means
      28, which, for example, may be of the shaking or vibrating type and which
      is arranged to feed the solid metal goods, which may comprise the ingots
      25 or scrap or both ingots and scrap, in a direction obliquely downwardly
      towards the molten metal 29 in the melting furnace 20, into which molten
      metal the solid metal goods are relatively carefully placed substantially
      on the level of the surface layer 30 of the melt, which surface layer for
      natural reasons consists of slag, i.e. impurities and metal oxides. For
      the purpose of removing this layer there is arranged in the wall of the
      furnace 20 a so called slag removal opening 31 through which a scoop or
      the like is inserted in a conventional manner to skim off the slag. As
      shown in the Figure, the melting furnace 20 has built therein a partition
      wall 32 which extends through the layer of slag 30 down into the molten
      metal. The partition wall 32 is intended to prevent the relatively large
      quantity of slag formed in the melting furnace from being passed to and
      through the distribution passage 21 to the holding furnaces. Arranged in
      the pre-heating furnace 23 are sources of heat, which for the sake of
      simplicity have been shown as electrical resistance heating elements.
      These elements are shown in the Figure by the reference numerals 33 and 34
      respectively.
PAR  Heating elements are also arranged in the molten metal 29 in the melting
      furnace, said heating elements being shown in the form of electric
      resistance element 35. The design of the heat sources or the type of heat
      sources used is not restricted, however, to the electrical resistances
      shown in the drawing, but may comprise any appropriate type of heat
      source. The system of passages 21 may also be provided with heating
      elements, of which one is shown at 36. The illustrated embodiment also
      includes a level monitor 37, which constantly senses the surface level of
      the molten metal in the furnace and therewith also essentially the level
      in the distribution passage system, although normally with a certain time
      delay between the furnace and the passage system. In accordance with the
      invention, the level monitor may be so connected to the drive means of the
      conveyors 24, 26 and 27 that said conveyors, either singly or together,
      charge the quantity of solid metal goods to the pre-heating furnace
      required to maintain a constant surface level of the molten metal in the
      distribution systems in order to maintain the die-casting machines in
      productive operation.
PAR  With regard to the pre-heating furnace 23 it can be mentioned that on the
      part of both the ingots 25 and the returned scrap the furnace is dried,
      wherewith water, oil and other lubricants or chemical solvents are first
      removed simultaneously as the solid metal goods are preheated to a
      suitable temperature before said goods are placed in the melt 29 in the
      melting furnace 20.
PAR  When placing the solid goods into the melt, a vibrating conveyor 28 is
      arranged to relatively carefully tip the goods down through the slag layer
      30, wherewith an ingot or the like, such as that shown by the reference
      25a in the Figure, preheated to a relatively high temperature, although
      not melting temperature, passes locally through the slag layer while
      practically simultaneously melting upon contact with the molten bath. In
      this way, the layer of slag-forming impurities 30 on top of the molten
      metal 29 is left substantially undisturbed and the risk of parts of the
      layer penetrating the molten metal 29 to cause undesirable inclusions
      therein is substantially avoided, such inclusions otherwise accompanying
      the molten metal when said metal is distributed to the consumer stations.
      In addition, the method causes the minimum of slag to be formed when the
      ingots are melted, since melting of the ingots takes place essentially at
      or beneath the level of the molten metal, i.e. in the absence of air.
      Further, it is assumed in accordance with the invention that the volume of
      molten metal 29 is so considerable compaired with the volume of the ingots
      or scrap passed to the melt per unit of time that the temperature of the
      melt is not essentially changed as a result of the charge. The metal is
      thus distributed from the melting furnace through the system of passages
      21 by gravitational forces, i.e. self-running, in a particularly uniform
      manner at very low speeds, which is necessary in order for the system to
      provide a maximum yield with respect to the quality of the final product.
      The closed structure of the entire distributing system from the
      pre-heating furnace and the melting furnace and the distribution passage
      21 provide a fully closed structure which prevents in a particularly
      effective manner both freezing and oxidizing effects in the distributed
      melt. The closed structure prevents the furnace atmosphere from being
      through passed by air, so called drafts, which means that only a minimum
      amount of heat need by supplied to the system. This enables inexpensive
      and simple heat sources to be used, which renders the system very
      economical. The aforedescribed system gives good results both with respect
      to economy and quality.
PAR  The invention is not restricted to the illustrated and described
      embodiments thereof, but can be modified within the scope of the
      accompanying claims. Thus, it can be used to distribute molten metal to
      such consumer stations as those used for sand molding and gravity
      die-casting.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for distributing molten metal to consuming stations comprising
      the steps of providing a supply of molten metal in a heat insulated
      container having an enclosed atmosphere to establish a column of said
      molten metal in said container, the surface of said molten metal being
      exposed to said enclosed atmosphere in said container, while supplying
      heat to said column of molten metal to keep it at a desired temperature;
      leading off said molten metal from said container at a level substantially
      below the exposed surface of said column and passing it in open
      communication into one or more closed heat insulated and substantially
      horizontal distributing passages enclosing an atmosphere, to establish and
      maintain a substantially constant surface level of said led-off molten
      metal common to said container and said passages; supplying heat to said
      passages to keep the molten metal therein at a desired temperature;
      removing the molten metal from said passages at said consumer stations,
      thereby establishing and retaining on said molten metal in said container
      and passages a covering layer of slag formed in situ on said molten metal;
      and adding fresh solid metal to said supply of molten metal through said
      layer of slag in said container in such a manner as to maintain said slag
      layer on the surface of the molten metal in said container substantially
      undisturbed and to maintain said slag layer in said passages substantially
      unbroken.
NUM  2.
PAR  2. A process according to claim 1 wherein the enclosed atmosphere above the
      surface of the molten metal in said container and said passages is an
      oxidizing atmosphere.
NUM  3.
PAR  3. A process according to claim 1, wherein the rate of withdrawal of said
      molten metal from said passages and the rate of adding fresh metal to said
      supply of molten metal is restricted whereby said metal flows in said
      passages at a speed slow enough to avoid disrupting said surface slag
      layer.
NUM  4.
PAR  4. A process according to claim 1 wherein said fresh metal is introduced
      into said supply of molten metal in solid form.
NUM  5.
PAR  5. A process according to claim 1 wherein said fresh metal is preheated
      before being introduced into said supply of molten metal.
NUM  6.
PAR  6. A process according to claim 1 wherein said fresh metal is introduced
      into said supply of molten metal by sliding through said slag layer.
NUM  7.
PAR  7. A process according to claim 1 wherein the level of said molten metal is
      sensed by a level monitor which controls the rate of addition of fresh
      metal to the supply of molten metal whereby a constant level of molten
      metal is maintained in said container.
PATN
WKU  039402657
SRC  5
APN  5899990
APT  1
ART  111
APD  19750625
TTL  Recovery of lead from battery scrap
ISD  19760224
NCL  3
ECL  1
EXP  Andrews; M. J.
NDR  1
NFG  1
INVT
NAM  Wilson; Donald A.
CTY  Silver Spring
STA  MD
ASSG
NAM  The United States of America as represented by the Secretary of the
      Interior
CTY  Washington
STA  DC
COD  06
CLAS
OCL   75 77
EDF  2
ICL  C22B 1300
FSC   75
FSS  77;120
UREF
PNO  3689253
ISD  19720900
NAM  Dorenfeld et al.
OCL   75 77
LREP
FR2  Brown; William S.
FR2  Fraser; Donald R.
ABST
PAL  Lead is recovered from battery scrap by means of a process comprising (1)
      reacting the scrap with a slurry of calcium hydroxide to form a product
      comprising PbO and CaSO.sub.4.2H.sub.2 O, (2) filtering and drying the
      reaction product and (3) reacting the product with a mixture of carbon and
      a KCl-NaCl flux at elevated temperature to flux the calcium sulfate and
      reduce the lead oxide to metallic lead.
BSUM
PAR  Conventional processes for recovering lead from lead battery scrap depend
      on the use of a reverberatory or lead blast furnace. The basic furnace
      reduction reactions are:
EQU  PbSO.sub.4 + 2C.fwdarw. PbS + 2CO.sub.2                    ( 1)
EQU  PbS + 2PbO .fwdarw. 3Pb.degree. + SO.sub.2                 ( 2)
EQU  PbS + 7PbSO.sub.4 .fwdarw. 4[PbSO.sub.4.PbO] + 4SO.sub.2   ( 3)
EQU  3PbS + 2[PbSO.sub.4.PbO] .fwdarw. 7Pb.degree. + 5SO.sub.2  ( 4)
PAL  These prior art processes result in production of copious quantities of
      SO.sub.2, and therefore present severe air pollution problems. Attempts to
      solve these problems, by use of improved emission control processes and
      equipment, have resulted in greatly increased costs of operation.
PAR  It has now been found that the pollution problems can be largely overcome
      by means of the process of the invention in which a hydrometallurgical
      step is employed to convert PbSO.sub.4 to an easily reduced form of PbO,
      without emission of significant amounts of SO.sub.2. This process employs
      an initial step in which the battery scrap, the essential component of
      which is PbSO.sub.4, is reacted with a slurry of calcium hydroxide,
      according to the equation:
EQU  PbSO.sub.4 + Ca(OH).sub.2 + H.sub.2 O.fwdarw. PbO + CaSO.sub.4.2H.sub.2 O
      (5)
PAL  The resulting product consists of an aqueous slurry of PbO and
      CaSO.sub.4.2H.sub.2 O, which is then filtered and dried in the second step
      of the process.
PAR  The third step of the process comprises reduction of the PbO to metallic
      lead by means of carbon, which may be readily accomplished at temperatures
      of about 600.degree. to 650.degree.C. However, it was found that the
      presence of calcium sulfate particles from the first step of the process
      prevents coalescense of the lead into a molten pool that is readily
      separated as a metallic lead product of high purity. Applicant has found,
      as an essential aspect of the invention, that the calcium sulfate may be
      fluxed by means of a mixture of KCl and NaCl, thereby fluidizing the
      calcium sulfate and permitting formation of a molten pool of the reduced
      lead that is readily separated from the reaction mixture. Accordingly, the
      third step of the process of the invention consists of reaction of the
      product from step 1 with a combination of carbon, KCl and NaCl, resulting
      in simultaneous fluxing of the calcium sulfate and reduction of the PbO to
      metallic lead.
DRWD
PAR  The invention will be described in greater detail with reference to the
      drawing, which consists of a flow diagram of the process. Feed material 1
      consists of conventional lead battery scrap, which typically consists of
      about 61 percent paste material and 39 percent metallic lead-antimony grid
      material. The paste material consists predominantly, i.e., about 41
      percent, of PbSO.sub.4, the balance being PbO.sub.2 and fine metallic lead
     .
DETD
PAR  The scrap is initially ball milled, wet or dry, in ball mill 2 to liberate
      the paste and reduce it to a particle size of about -100 mesh. The
      metallic grid material is not effected but remains as pieces or chunks of
      metal. The ball-milled product is then fed to reactor 3 and admixed with
      Ca(OH).sub.2 slurry 4. The reactor may be any suitable reaction or mixing
      vessel such as a revolving drum, twin shell, or double cone mixer. The
      Ca(OH).sub.2 slurry will consist of about 15 to 20 percent CaO in water,
      and is admixed with the battery scrap in an amount sufficient to supply
      approximately the stoichiometric amount of Ca(OH).sub.2 required by
      equation (5), above. The resulting mixture is allowed to react for a time
      sufficient to substantially complete reaction (5), a reaction period of
      about 2 to 5 minutes usually being sufficient. Room temperature is usually
      sufficient; however, temperatures up to about 50.degree.C may be employed
      if shorter reaction times are desired.
PAR  The reaction mixture is then filtered, reference 5, or otherwise treated
      for removal of water 6, and the residue passed to drier 7 where a
      temperature of about 150.degree. to 200.degree.C is employed to
      substantially completely remove any remaining free water. The dried
      product is then fed to mixer 8, which may be any conventional mixing
      apparatus such as those mentioned above, where it is dry mixed with the
      carbon reductant 9 and the KCl-NaCl flux 10.
PAR  This mixture is then fed to furnace 11 where the combined fluxing and
      reducing reactions take place. The carbon may be in any conventional form
      suitable for use as a reductant, e.g., charcoal, coke, carbon black,
      lampblack, etc. It is preferably employed in the form of a fine powder,
      but granular forms may also be used. It is used in approximately the
      stoichiometric amount required to reduce the lead oxide formed in equation
      (5) according to the equation:
EQU  2PbO + C.fwdarw. 2Pb.degree. + CO.sub.2                    (6)
PAR  The KCl-NaCl flux mixture is added in an amount sufficient to flux the
      calcium sulfate formed in equation (5), thereby forming a fluid mixture
      from which the molten lead product is readily recovered. Preferably, the
      amounts of KCl and NaCl are sufficient to form a ternary eutectic mixture
      with the calcium sulfate. This mixture consists of 38.5 mole percent of
      KCl, 19.0 mole percent of CaSO.sub.4 and 42.5 mole percent of NaCl, and
      melts at 605.degree.C. However, mixtures comprising about 32 to 54 mole
      percent KCl, 21 to 19 mole percent CaSO.sub.4 and 48 to 25 mole percent
      NaCl are generally sufficient to fluidize the calcium sulfate and permit
      efficient recovery of the lead.
PAR  Furnace 11 may be any conventional reactor designed to provide the required
      reaction temperature and to be inert to the reagents employed. Reaction
      temperatures of about 605.degree. to 700.degree.C are satisfactory, with a
      temperature of about 650.degree.C generally being preferred. Optimum time
      of the reaction will depend on the specific types and amounts of
      reactants, as well as temperature, but a period of about 1 to 2 hours is
      usually sufficient for substantially complete conversion to the PbO to
      molten metallic lead. Since the carbon has a lower density than the flux,
      an up and down stirring motion of the mixture during the reaction is
      generally necessary to ensure efficient reduction of the PbO.
PAR  Lead product 13 collects as a molten pool at the bottom of the furnace and
      is readily separated from slag 12 by means of conventional methods such as
      tapping, pouring, or use of a molten metal pump.
PAR  The invention will be more specifically illustrated by the following
      example.
PAC  Example
PAR  2,268 g of battery plates (28.5 percent PbSO.sub.4) and 350 ml of water
      were ball milled for 45 minutes to reduce the paste to -100 mesh. This
      product, and a slurry containing 158g Ca(OH).sub.2 and 500g water, were
      added, with mixing, to a revolving drum reactor and the mixture was
      allowed to react for a period of 10 to 15 minutes. The reaction product
      was filtered and dried at 200.degree.C.
PAR  55g of -80 mesh charcoal, 657g KCl and 516g NaCl were then added and the
      mixture was reacted in a pot furnace, with mixing, at a temperature of
      650.degree.C for 1 hour. The molten lead product was then separated from
      the slag by pouring into a high form mold and allowing the lead and flux
      to solidify. The flux was easily removed from the surface of the lead.
      Lead reduction was found to be 97 percent, with a lead recovery of 94.9
      percent.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for recovery of lead from lead battery scrap comprising (1)
      reacting the scrap with an aqueous slurry of calcium hydroxide to form a
      product comprising lead oxide and calcium sulfate, (2) filtering and
      drying the reaction product and (3) reacting the product with a mixture of
      carbon and a KCl-NaCl flux at a temperature of about 605.degree. to
      700.degree.C to flux the calcium sulfate and reduce the lead oxide to
      metallic lead.
NUM  2.
PAR  2. The process of claim 1 in which the carbon consists essentially of
      charcoal in the form of a powder.
NUM  3.
PAR  3. The process of claim 1 in which the KCl and NaCl in the flux are added
      in proportions suitable for formation of a KCl-CaSO.sub.4 -NaCl eutectic
      mixture.
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ABST
PAL  A stress corrosion resistant austenitic stainless steel essentially
      consisting of from 15.5% to 20% chromium, from 11% to 14% manganese, from
      1.1% to 3.75% nickel, from 0.01% to 0.12% carbon, from 0.20% to 0.38%
      nitrogen, and balance substantially iron. Phosphorous may be present up to
      0.06% maximum, sulfur up to 0.04% maximum, and silicon up to 1% maximum.
      The steel has high strength at room temperature, good stability when
      severely cold worked, good cryogenic strength and toughness, wear
      resistance and excellent fusion welding characteristics, making it useful
      for a multiplicity of cryogenic applications, fabrication of welded
      articles, and cold-drawn wire.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 238,862 filed Mar. 28, 1972,
      now abandoned, which in turn is a continuation-in-part of Ser. No. 868,893
      filed Oct. 23, 1969 in the names of the same inventors and entitled
      AUSTENITIC STAINLESS STEEL, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to an austenitic
      chromium-manganese-nickel-nitrogen stainless steel having a relatively low
      nickel content, which exhibits a unique combination of properties enabling
      its use in cryogenic applications requiring low temperature toughness and
      good resistance to cracking in chloride corrosive media where resistance
      to stress corrosion is needed, and in the production of cold reduced
      articles which have great tensile strength and low magnetic permeability.
      While not so limited, the alloys of the invention have particular utility
      in the fabrication of welded pressure vessels for cryogenic service
      requiring high strength at room temperature together with good cryogenic
      toughness and stability.
PAR  2. Description of the Prior Art:
PAR  Periodic scarcities of nickel, and its relatively high cost, have
      stimulated workers in the art to develop nickel-free or low nickel
      austenitic alloys. Over a period of years many such alloys have been
      investigated.
PAR  An article by R. Franks, W. Binder and J. Thompson (A.S.M. Transactions,
      Vol. 47, pp. 231-266, 1955) discloses the structural constitution of
      steels containing about 0.1% carbon and about 0.15% nitrogen at chromium
      levels of 12 to 18%, 0 to 22% manganese and 0 to 14% nickel. It was there
      concluded that a fully austenitic structure cannot be produced with
      manganese alone at chromium levels above about 15%, despite the fact that
      carbon and nitrogen expand the austenitic region in steels of this
      composition range and are more potent in this respect than nickel.
PAR  U.S. Pat. No. 2,778,731, issued Jan. 22, 1957 to D. J. Carney discloses an
      austenitic low nickel alloy steel consisting of from 17% to 18.5%
      chromium, 14% to 20% manganese, 0.05% to 1.00% nickel, 0.06% to 0.15%
      carbon, 0.25% to 1.0% nitrogen, 0.25% to 1.0% silicon, and balance iron.
      The steel of that patent was alleged to have high strength and a high
      work-hardening rate and to be comparable in mechanical properties to AISI
      Types 301 and 302. The steel is currently sold by U.S. Steel Corporation
      under the registered trademark TENELON, having the following composition
      range: chromium 17.0-19.0%, manganese 14.5-16%, nickel 0.75% maximum,
      carbon 0.08-0.12%, nitrogen 0.35% minimum, silicon 0.75% maximum and
      remainder iron.
PAR  Reference may also be made to U.S. Pat. No. 2,820,725 issued Jan. 21, 1958,
      to R. D. Wasserman et al.; U.S. Pat. No. 3,151,979 issued Oct. 6, 1964 to
      D. J. Carney et al; and U.S. Pat. No. 3,192,041 issued June 29, 1965, to
      J. J. Kanter et al.
PAR  Among other high-strength low nickel austenitic alloys which have been
      developed are a Type 16-16-1 and Allegheny-Ludlum Type 205. Type 16-16-1
      contains from 15% to 16% chromium, from 16% to 17.5% manganese, less than
      1% nickel, 0.10% carbon, 0.20% maximum nitrogen, 0.20% to 0.70% silicon,
      and remainder substantially iron. Allegheny Type 205 contains from 16% to
      18% chromium, 14.0% to 16.0% manganese, 1.1% to 2.0% nickel, 0.12% to
      0.25% carbon, 0.32% to 0.40% nitrogen, 0.2% to 0.7% silicon, and remainder
      substantially iron.
PAR  It has been previously believed that if manganese is substituted for nickel
      as an austenite former, the substitution should be made on a 2:1 basis. An
      article in Metal Progress Data sheet, February 1960, page 100-B, by A.
      Schaeffler, contains a constitution diagram in which manganese is
      considered to be one-half as potent as nickel as an austenite former in
      high-chromium alloys containing about 0.10% nitrogen.
PAR  Present standard austenitic stainless steels used for cryogenic service
      include AISI Types 304, 304-N, 316, Armco 2-6-9, and most recently U.S.
      Steel Crogenic TENELON.
PAR  Although Type 304 has good toughness at cryogenic temperatures, it
      transforms to untempered martensite when deformed and hence has poor
      fatigue life. Its melting specifications call for from 8.00 to 10.50%
      nickel, and hence it is relatively expensive. Moreover, it has relatively
      low room temperature tensile and yield strengths (about 85 and 35 ksi,
      respectively, in the annealed condition), and the design stresses must
      thus be kept at low values.
PAR  Type 304-N is somewhat stronger than Type 304 at room temperature but is
      still subject to transformation to martensite at cryogenic temperatures,
      which tends to a lower fatigue life.
PAR  Type 316, because of its high nickel content (from 10% to 14%), is more
      stable against transformation to martensite at cryogenic temperatures,
      which is conducive to good fatigue life, but use of the alloy severely
      limits design stresses because of its low strength at room temperature.
PAR  Armco Type 2-6-9 is stable against transformation to martensite at
      cyrogenic temperatures, but also has the disadvantage of being expensive
      because of a relatively high nickel content.
PAR  Cryogenic TENELON (which has a nominal composition of 0.08% carbon, 16%
      manganese, 18% chromium, 5.5% nickel, 0.38% nitrogen and remainder
      substantially iron) achieves good room temperature strength levels and
      stability against martensite transformation at low temperatures, but has
      the disadvantages of a relatively high nickel content, poor weldability,
      and poor stress corrosion resistance. It also has substantially lower
      impact values at cryogenic temperatures than Type 304. Data on cryogenic
      TENELON are given in a reprint of a paper by C. E. Spaeder, Jr., et al.,
      in Metals Engineering Quarterly, ASM, August 1969, pages 1-15.
PAR  Stress corrosion resistance is another important property of stainless
      steels in many applications, such as formed and/or welded vessels used in
      chemical processing. The residual stresses in such vessels or other
      products cannot be relieved by annealing because of their size, and the
      stresses are often high enough to cause cracking in certain environments.
      All the previously mentioned prior art alloys having nickel contents of
      about 8% suffer from stress corrosion cracking when exposed to
      hot-chloride-containing media while under stress.
PAC  SUMMARY
PAR  It is a principal object of the invention to provide a stress corrosion
      resistant stainless steel of relatively low alloy content, which by reason
      of its critical composition balance exhibits a unique combination of
      properties, viz., capacity to be work hardened to a very high strength
      while retaining a low magnetic permeability, high strength at room
      temperature, good fatigue life, cryogenic toughness and stability against
      martensite transformation, good general corrosion resistance, wear
      resistance, and excellent welding characteristics, viz., formation of a
      small amount of ferrite in the as deposited weld metal of fusion
      weldments, freedom from weld deposit porosity and from harmful carbides in
      the heat affected zone. In the broad range the steels of the invention
      consist essentially of from 15.5% to 20% chromium, from 11% to 14%
      manganese, from 1.1% to 3.75% nickel, from less than 0.01% to 0.12%
      carbon, from 0.20% to 0.38% nitrogen, and balance substantially iron
      except for incidental impurities which do not affect the properties of the
      alloys. Phosphorus may be present up to 0.06% maximum, sulfur up to 0.04%
      maximum, and silicon up to 1% maximum. In a preferred range for cryogenic
      applications, the steels of this invention consist essentially of from
      about 15.5% to about 20% chromium, from about 11% to about 14% manganese,
      from about 2.50% to about 3.75% nickel, from about 0.01% to about  0.06%
      carbon, from about 0.20% to about 0.38% nitrogen, phosphorus up to 0.06%
      maximum, sulfur up to 0.04% maximum, silicon up to 1% maximum, and
      remainder substantially iron except for incidental impurities.
PAR  In a more preferred range for cryogenic applications, which results in
      optimum properties, the steels consist essentially of from about 17.50% to
      about 18.50% chromium, from about 12.25% to about 13.75% manganese, from
      about 2.75% to about 3.50% nickel, from about 0.03% to about 0.05% carbon,
      from about 0.23% to about 0.35% nitrogen, phosphorus up to about 0.04%
      maximum, sulfur up to about 0.03% maximum, silicon about 0.2% to about
      0.7% and balance substantially iron except for incidental impurities.
PAR  In a preferred range for hot rolled bar, rod and the like (e.g. shafting
      for marine use) or for cold reduced strand-like articles of high strength
      (e.g. cold-drawn wire) the steels consist essentially of from about 15.5%
      to about 20% chromium, from about 11% to about 14% manganese, from about
      1.1to about 2.5% nickel, from about 0.06% to about 0.12% carbon, from
      about 0.20% to about 0.38% nitrogen, up to about 0.06% phosphorus, up to
      about 0.04% sulfur, up to about 1% silicon, and balance substantially iron
      except for incidental impurities.
PAR  In a more preferred range this lower nickel and higher carbon embodiment
      consists essentially of from about 17.0% to about 19.0% chromium, from
      about 11.5% to about 13.5 % manganese, from about 1.1% to about 2.0%
      nickel, from about 0.08% to about 0.12% carbon, from about 0.27% to about
      0.35% nitrogen, up to about 0.04% phosphorus, up to about 0.03% sulfur,
      from about 0.2% to about 0.7% silicon, and remainder substantially iron
      except for incidental impurities.
PAR  Any molybdenum present as an impurity should be restricted to a maximum of
      0.5% since a greater amount would adversely affect stress corrosion
      resistance.
PAR  Copper and cobalt are undesirable in the steel of this invention since both
      elements adversely affect stress corrosion resistance. Copper should not
      exceed 0.5% maximum for this reason.
PAR  Columbium and/or vanadium may be added in amounts of 0.1% to 0.5% each for
      increased strength and grain size refinement. Titanium is believed to have
      the same effect, but the addition of titanium would reduce cryogenic
      toughness, as would columbium and/or vanadium in amounts greater than
      0.5%.
PAR  Boron may be added in amounts up to 0.01% where increased hot workability
      is desired.
PAR  The elements carbon, manganese, chromium, nickel and nitrogen, and the
      composition balance therebetween, are in every sense critical. If one of
      these elements is omitted, or if the critical percentage ranges are not
      observed, one or more of the novel combination of properties is lost.
PAR  Carbon is preferred, in amounts of at least about 0.03%, in order to impart
      high tensile and yield strengths at room temperature and to act as an
      austenite former. For certain applications, carbon may be present in
      amounts less than 0.03%, i.e. down to 0.01%, since nitrogen can be relied
      upon to exert a similar effect on the tensile and yield strengths of the
      steel. A maximum carbon content of 0.06% must be observed for cryogenic
      applications. It has been found that cryogenic toughness decreases sharply
      if the carbon content exceeds the preferred maximum of 0.05% for material
      in the sensitized condition, e.g. the heat affected zone of a weld. For
      cold drawn wire, carbon up to 0.12% in combination with lower nickel
      contents, is desirable for increased strength and wear resistance.
      However, carbon in excess of 0.12% cannot be tolerated because of its
      adverse effects on weldability and corrosion resistance, and difficulty in
      fully dissolving carbides in annealing during subsequent processing.
PAR  At least 11% manganese is required in order to stabilize the austenitic
      structure, impart toughness and hold nitrogen in solution. More than 14%
      manganese would upset the composition balance, and preferably no more than
      13.5% manganese is present because of the increased cost associated with
      high losses of this element is melting. Moreover, manganese in excess of
      14% would lower the general corrosion resistance of the steel.
PAR  Chromium is necessary in amounts of at least 15.5% in order to impart
      corrosion resistance and, in combination with manganese, hold the nitrogen
      in solution. A lower chromium content would also reduce cryogenic
      toughness. More than 20% chromium cannot be tolerated, at the preferred
      carbon, manganese, nickel and nitrogen levels, because chromium is a
      ferrite former, and the presence of more than about 2% ferrite in a
      wrought material must be avoided for good cryogenic toughness. For these
      reasons about 18% chromium is preferred.
PAR  Nickel is essential in amounts of at least about 2.5% for cryogenic
      applications, both for its function as an austenite former and for its
      effect in increasing cryogenic toughness. However, more than 3.75% nickel,
      in an alloy having the strength described herein, offers no advantage in
      increased toughness and hence is undesirable in the composition of the
      present alloys. Of greater significance, it has been found that nickel
      contents greater than 3.75% result in stress corrosion failure in boiling
      magnesium chloride. An alloy with no more than 3.5% nickel is thus
      preferred for optimum properties, and a maximum of 3.75% must be observed.
      Moreover, more than 3.75% nickel, in combination with the other elements,
      at preferred levels, would eliminiate the small amount of ferrite formed
      in weld deposits which is necessary to prevent hot cracking. For
      cold-drawn articles nickel as low as 1.1% may be employed with higher
      carbon levels, i.e. 0.06%-0.12%.
PAR  At least 0.23% nitrogen is preferred in order to obtain high strength at
      room temperature. However, nitrogen is a strong austenite former, and a
      minimum of about 0.20% nitrogen is thus needed for this reason at the
      carbon, manganese, chromium and nickel levels here involved. More than
      0.38% nitrogen cannot be tolerated because it decreases cryogenic
      toughness, and causes "gassy" heats and weld porosity. Nitrogen contents
      greater than 0.38% will also cause embrittlement in cold-drawn items
      exposed to elevated temperatures in the range of 350.degree. F  -
      1150.degree. F. Silicon is limited to a maximum of about 1.0% and
      preferably to about 0.70%, because it is a potent ferrite former.
PAR  The precise balance among the proportions of essential elements results in
      an austenitic structure which has high stability when the steel is
      severely cold worked or subjected to cryogenic service, thereby producing
      several of the desirable physical properties mentioned above. This
      compositional balance also achieves excellent stress corrosion resistance.
      In addition, it has been found that an interrelation exists between
      austenite stability and ferrite forming tendency (as hereinafter defined)
      which should be observed to attain optimum properties, particularly low
      temperature toughness and good welding characteristics for cryogenic
      applications.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Reference is made to the accompanying drawing which is a graphic
      representation of the relation between austenite stability and ferrite
      forming tendency in steels of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It is well known in the art that the formation of a small amount of ferrite
      in the as-solidified weld metal is desirable when welding austenitic
      stainless steels, in order to avoid hot cracking. The above-mentioned
      Schaeffler constitution diagram and a revision thereof to incorporate the
      effect of variations in nitrogen content represent a generally accepted
      relation between ferrite formers (such as chromium, silicon and
      molybdenum) and austenite formers (such as carbon, nickel, manganese and
      nitrogen) from which the amount of ferrite in weld deposits can be
      predicted.
PAR  The compositional balance of the steel of the present invention is such
      that from about 0.5% to about 5% ferrite is formed in an austenite matrix
      in an as-solidified weld metal. However, contrary to the prior art belief,
      applicants have found that manganese does not act as an austenite former
      having 0.5 times the potential of nickel in a manganese stainless steel
      when the manganese content is above about 2%. In other words, the
      austenite forming potential in the preferred steels of this invention
      containing from 11% to 14% manganese is not as high as would be predicted
      from the Schaeffler diagram.
PAR  On the other hand, applicants have found that manganese within the above
      range acts as a strong austenite stabilizer, and hence is effective in
      preventing transformation of the austenite to untempered martensite when
      plastically deformed. Austenite stability against transformation to
      martensite is relatively independent of austenite forming potential, and
      recognition of this independence together with the discovery that
      manganese increases austenite stability without substantially increasing
      austenite forming potential constitutes one of the most important aspects
      of the present invention.
PAR  Applicants have developed an austenite stability factor by assignment of
      values to major elements in the alloy system from which stability against
      transformation to martensite can be demonstrated (as measured by magnetic
      values taken from the faces of cryogenic impact speciments). More
      specifically, the factor is 30 .times. %N + %Mn + %Ni + 30 .times. %C +
      %Cr + % Mo. When this value ranges between about 34 and about 53, the
      steel is relatively stable and possesses good cryogenic notch properties.
      Keeping in mind that the chromium range is fixed and that substantially no
      molydenum is present for reasons set forth above, so that the ferrite
      forming potential or tendency is also fixed, manganese is one element
      which can be increased to increase austenite stability without increasing
      austenite forming potential, whereas nitrogren up to 0.2%, carbon and
      nickel are all potent austenite formers.
PAR  The revised Schaeffler constitution diagram assigns to nitrogen an
      austenite forming potential 30 times greater than that of nickel,
      regardless of nitrogen content. However, applicants have found that this
      is true only up to nitrogen contents of about 0.2%. Above this level
      nitrogen has been found to have little or no austenite forming potential
      in alloys having the general composition ranges of the steel of this
      invention. This will be verified by data set forth hereinafter. On the
      other hand, nitrogen above 0.2% apparently acts in a manner similar to
      manganese as an austenite stabilizer, and hence is incorporated in the
      above austenite stability factor.
PAR  The steel of the present invention thus exhibits an austenite forming
      tendency low enough to permit formation of from 0.5% to %5  delta ferrite
      in a weld deposit but at the same time has high austenite stability which
      prevents any substantial transformation to martensite when subjected to
      severe cold working and/or cryogenic service, as will be shown
      hereinafter.
PAR  It should be pointed out that the steel of this invention, when cast in
      ingots or slabs, would contain a small amount of delta ferrite as it does
      in a weld deposit. However, during hot working, the delta ferrite will
      transform to austenite which is then substantially completely stable
      against subsequent transformation.
PAR  An austenite stability factor between about 34 and 53 results in a steel
      having excellent stress corrosion resistance, low magnetic permeability
      after severe cold working and/or cryogenic service, high strength at room
      temperature, good general corrosion resistance, good wear resistance (i.e.
      against galling), and good resistance against relaxation at elevated
      temperature in articles cold reduced to spring temper. additionally, as
      indicated above, the present invention includes a determination of ferrite
      forming tendency (hereinafter referred to for convenience as "ferrite
      ratio") which governs the amount of ferrite formed in an austenite matrix
      in the as-solidified weld metal of a weldment. More specifically,
      applicants have developed a ferrite ratio as follows:
      ##EQU1##
      where Cr equivalent  % Cr + 1.5 .times. %Si and Ni equivalent = % Ni + 30
      .times. %C + 7.
PAR  The constant of 7 in the nickel equivalent is derived from:
EQU  30 .times. 0.2%N + 0.5 .times. 2%Mn.
PAR  As explained above, nitrogen does not act as an austenite former above a
      level of 0.2%, and manganese does not act as an austenite former above a
      level of 2%.
PAR  In the steels of present interest, when the ferrite ratio ranges between
      about 1.3 and about 2.1 and the austenite stability factor ranges between
      about 34 and about 53, the steels exhibit good cryogenic strength and
      toughness, freedom from carbides of a size which would be harmful in the
      heat affected zone of a weldment, freedom from porosity in a weld deposit,
      and formation of from about 0.5% to about 5% ferrite in the as-solidified
      weld metal, in addition to the previously mentioned desirable properties.
PAR  The above relationship is illustrated in the graph of the drawing wherein a
      rectangular area designated ABCD encompasses the austenite stability
      factor range of 34 to 53 and the ferrite ratio range of 1.3 to 2.1. Within
      this area a more preferred area designated ABEF is shown, representing an
      austenite stability factor range of 40 to 53 and a ferrite ratio range of
      1.3 to 2.1. This area ABEF defines that within which optimum properties
      are achieved.
PAR  In the graph of the drawing two typical steels of the invention have been
      plotted, one representing a preferred composition for cryogenic
      applications, and the other representing a preferred composition for hot
      rolled bar, rod and the like, and/or cold-drawn wire. For comparison
      purposes, a number of prior art steels have also been plotted (cryogenic
      Tenelon, Types 304, 304N and 316), and it will be noted that all fall
      outside the area ABCD. It will thus be apparent that partial overlap of
      the composition ranges of the steel of this invention does not result
      inherently in the novel combination of properties of the invention if the
      critical interrelation between the austenite stability factor and ferrite
      ratio is not observed. Conversely, an alloy having an austenite stability
      factor and a ferrite ratio within the area ABCD but having a composition
      outside the ranges of the present invention would fail to attain the novel
      combination of properties of the invention. There are thus, in effect, two
      sets of parameters which are critical to the present invention.
PAR  Preferred and more preferred composition ranges have been set forth above,
      both for cryogenic applications, and for hot rolled bar, rod and the like
      and/or cold reduced strand-like products. Within these preferred ranges, a
      preferred alloy for cryogenic applications comprises the following
      approximate composition:
PAR  0.05% carbon, 13.0% manganese, 18% chromium, 3.0% nickel, 0.25% nitrogen,
      incidental amounts of phosphorus, sulfur and silicon, and remainder
      substantially iron.
PAR  Another preferred alloy for cryogenic use having an enchanced combination
      of high strength at room temperature, good stability against martensite
      transformation and good toughness at -320.degree. F, and excellent
      weldability, comprises the following approximate composition:
PAR  0.05% carbon, 13.5% manganese, 18% chromium, 3.5% nickel, 0.35% nitrogen,
      up to 0.50% of an element chosen from the group consisting of vanadium,
      columbium and mixtures thereof, incidental amounts of phosphorus, sulfur
      and silicon, and remainder substantially iron.
PAR  A more preferred alloy, exhibiting optimum austenite stability, good
      cryogenic toughness, good stress corrosion resistance, and assuring the
      presence of from 0.5% to 5% ferrite in the as deposited weld metal of a
      fusion weldment, has the following composition:
PAR  0.04% carbon, 13.0% manganese, 18.0% chromium, 3.25% nickel, 0.28%
      nitrogen, 0.04% maximum phosphorus, 0.03% maximum sulfur, 0.45% maximum
      silicon, and remainder substantially iron.
PAR  When the alloy will be used in products which cannot be relieved of
      stresses due to their large sizes or intricate configuration, the
      preferred composition comprises less than 3.6% nickel, viz., about 2.75%
      to about 3.50% nickel.
PAR  A preferred composition for use in cold-drawn spring wire having an
      ultimate tensile strength greater than 220 ksi comprises about 0.10%
      carbon, about 12% manganese, about 18.5% chromium, about 1.5% nickel,
      about 0.35% nitrogen, incidental amounts of phosphorus, sulfur and
      silicon, and remainder substantially iron.
PAR  For cryogenic service design stresses are based on room temperature tensile
      and yield strengths, percentage of elongation and reduction of area at
      room temperature, impact strength at -320.degree. F, and degree of
      conversion to martensite measured at magnetic transformation. Alloys of
      the present invention were subjected to such tests in comparison with
      prior art cryogenic alloys and with alloys having chromium contents above
      and below, nitrogen contents below and manganese contents above and below
      the ranges of steel of the invention but with other components within the
      ranges of the steel of the invention. The compositions of the various
      alloys tested are set forth in Table I below, and the above mentioned
      properties of the alloys of Table I are set forth in Table II A below.
      Table II B below contains the chromium equivalent, nickel equivalent,
      ferrite ratio, austenite stability factor, and percent ferrite calculated
      (from the Schaeffler diagram) and actually measured, for representative
      alloys of Table I.
PAR  In addition to the tests of the mechanical and metallurgical properties of
      the alloys, Samples 1 through 6, 8 through 10, and 12 through 22 were
      subjected to stress corrosion tests in boiling magnesium chloride
      (MgCl.sub.2). The samples were prepared by applying fusion welds to
      opposite sides of one-inch rounds, thereby creating tensile stresses in
      the outer fibers of the specimen. Whereas, samples 1-5, 8-10 and 12-17
      showed no evidence of cracking in 264 hours, sample 6 exhibited surface
      stress cracks in this period of time. Samples 19-22 all failed after 24
      hours exposure, while sample 18 failed after 120 hours exposure. The most
      significant difference in the compositions of these groups is the nickel
      content. It is evident that when nickel exceeds about 3.70%, the stress
      corrosion resistance suffers.
PAR  All heats were melted in an induction furnace, hot-worked and annealed at
      1950.degree. F for one-half hour, followed by a water quench.
PAR  The date of Table II A indicate that the room temperature strength of the
      alloys of the present invention is markedly superior to that of AISI Types
      304 and 316 and substantially higher than that of Type 304-N. The
      toughness of the steels of this invention at -320.degree. F is not as
      great as that of Types 304, 316 and 304-N. However, in this connection, it
      should be recognized that the toughness of the steels of this invention
      (ranging from 17 to 78 ft.-lb.) is excellent for cryogenic service since a
      minimum of 15 ft.-lb. Charpy V-notch impact strength at -320.degree. F is
      considered acceptable.
PAR  It will be further noted that the alloys of this invention exhibited only
      slight magnetic transformation when deformed at -320.degree. F. In
      contrast, Types 304 and 304-N exhibited strong magnetism due to
      transformation to martensite, while Type 316 exhibited slight
      transformation.
PAR  U.S. Steel cryogenic TENELON, (Sample 20), having a substantially higher
      content of alloying ingredients, particularly nickel and manganese, still
      exhibits room temperature properties and toughness at -320.degree. F.
      comparable to those of the present invention, but as pointed out above,
      this alloy showed poor stress corrosion resistance.
PAR  Samples 12 and 13 containing manganese in amounts less than required in the
      alloy of this invention exhibited unacceptably low toughness at -320 F and
      during deformation transformed to martensite at room temperature. The
      necessity for a manganese content of at least 11.0% in imparting austenite
      stability is thus demonstrated by these results.
PAR  High chromium (Samples 14 and 15) resulted in a twophase structure
      containing large percentages of ferrite and unacceptably low impact
      strengths at -320.degree. F.
PAR  A heat (Sample 16) containing a chromium content below the required minimum
      of 15.5% exhibited an unacceptably low impact strength at -320.degree. F.
PAR  Table II B tabulates calculations of the critical ferrite ratio and
      austenite stability factor of representative steels of the invention and
      prior art steels. It will be noted that the steels of the invention fall
      within the area ABCD of the graph while the prior art steels are outside
      this area. Moreover, while a low manganese alloy (Sample 12) falls within
      the area ABCD, it will be noted that the actual ferrite content was 10%,
      thus demonstrating the criticality of both composition and austenite
      stability vs. ferrite ratio. Similarly, a low nitrogen alloy (Sample 17)
      while falling within the area ABCD, has inadequate room temperature
      tensile and yield strengths; more specifically a yield strength in excess
      of 50 ksi in the hot worked and annealed condition is considered
      necessary.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     COMPOSITION OF STEELS*                                                    
          Type of                                                              
     Sample                                                                    
          Alloy  C  Mn   Cr   Ni   N   Si  Heat                                
     __________________________________________________________________________
     1    present                                                              
                .046                                                           
                    11.88                                                      
                         17.76                                                 
                              1.97 .30 .39 R7602                               
          invention                                                            
     2    present                                                              
                .10 12.07                                                      
                         17.86                                                 
                              1.75 .38 .50  7603                               
          invention                                                            
     3    present                                                              
                .053                                                           
                    12.00                                                      
                         17.00                                                 
                              3.40 .23 .52 R8464                               
          invention                                                            
     4    present                                                              
                .054                                                           
                    12.16                                                      
                         17.84                                                 
                              2.74 .33 .44 R7891                               
          invention                                                            
     5    present                                                              
                .056                                                           
                    12.54                                                      
                         17.46                                                 
                              2.94 .33 .42 R7892                               
          invention                                                            
     6    present                                                              
                .056                                                           
                    12.79                                                      
                         17.46                                                 
                              3.71 .33 .42 R7893                               
          invention                                                            
     7    present                                                              
                .12 11.91                                                      
                         18.65                                                 
                              1.58 .38 .60 39010                               
          invention                                                            
     8    high Mn                                                              
                .041                                                           
                    14.8 18.05                                                 
                              2.05 .31 .33 R7821                               
     9    high Mn                                                              
                .015                                                           
                    15.12                                                      
                         17.37                                                 
                              1.87 .32 .21 R7368                               
     10   high Mn                                                              
                .110                                                           
                    15.04                                                      
                         17.99                                                 
                              2.11 .30 .32 R7822                               
     11   high Mn                                                              
                .043                                                           
                    14.52                                                      
                         17.41                                                 
                              1.38 .33 .33 R7740                               
                                                .21V                           
                                                .14Cb                          
     12   low Mn                                                               
                .045                                                           
                     7.96                                                      
                         17.18                                                 
                              1.98 .29 .39 R7601                               
     13   low Mn                                                               
                .052                                                           
                     5.64                                                      
                         18.07                                                 
                              1.94 .29 .29 R7604                               
     14   high Cr                                                              
                .06 14.54                                                      
                         25.31                                                 
                              2.29 .32 .42 R7768                               
     15   high Cr                                                              
                .12 14.52                                                      
                         25.30                                                 
                              2.23 .32 .40 R7769                               
     16   low Cr                                                               
                .10 11.80                                                      
                         12.86                                                 
                              1.71 .30 .52 R7804                               
     17   low N .053                                                           
                    11.70                                                      
                         15.81                                                 
                              3.33 .15 .52 R8462                               
     18   304-N .052                                                           
                     1.74                                                      
                         18.29                                                 
                              9.6  .16 .54 R7800                               
          (AISI)                                                               
     19   304-N .060                                                           
                     1.48                                                      
                         18.70                                                 
                              8.36 .25 .46 R7802                               
     20   U.S.S.                                                               
                .066                                                           
                    16.08                                                      
                         18.11                                                 
                              5.81 .39 .32 R7823                               
     Cryogenic Tenelon                                                         
     21   304   .054                                                           
                     .77 18.19                                                 
                              8.81 .031                                        
                                       .37 17105                               
     22   316   .064                                                           
                     1.80                                                      
                         17.58                                                 
                              13.38                                            
                                   .026                                        
                                       .68 382497                              
                                                2.55Mo                         
     23   21-6-9                                                               
                .045                                                           
                     8.95                                                      
                         20.46                                                 
                              6.67 .29 .30 55711                               
     __________________________________________________________________________
      *In Samples 1 through 16 phosphorus ranged from .003% to .027%, and sulfu
      from .010% to .029%.                                                     
TBL                                    TABLE II A                              
     __________________________________________________________________________
     PROPERTIES OF STEELS OF TABLE I                                           
                Y.S.           Impact*                                         
                                    Magnetic                                   
                (0.2%                                                          
                     %         ft.-lb.                                         
                                    Transformation                             
          U.T.S.                                                               
                offset)                                                        
                     Elong.                                                    
                          % Red                                                
                               Charpy                                          
                                    -320.degree. F.                            
          ksi   ksi  in. 2"                                                    
                          in Area                                              
                               V-notch                                         
                                    during                                     
     Sample                                                                    
          Rm. T.                                                               
                Rm. T.                                                         
                     Rm. T.                                                    
                          Rm. T.                                               
                               -320.degree.F.                                  
                                    Deformation                                
     __________________________________________________________________________
     1    109   64   54   70   21   slight                                     
     2    120   74   52   70   17   very slight                                
     3    102   55   57   72   78   slight                                     
     4    109   66   49   71   36   slight                                     
     5    109   63   51   70   43   slight                                     
     6    109   62   49   70   53   slight                                     
     7    116   65   53   73   --   --                                         
     8    108   59   54   70   31   very slight                                
     9    104   54   50   70   34   slight                                     
     10   111   61   54   70   39   very slight                                
     11   120   78   42   62   20   very slight                                
     12   115   66   53   67    6   transforms                                 
                                    at Rm. T.                                  
     13   126   65   52   51    5   transforms                                 
                                    at Rm. T.                                  
     14   111   74   39   68    4   35% ferrite                                
     15   114   78   40   63    6   20% ferrite                                
     16   119   66   51   68    9   slight                                     
     17   96    47   59   70   108  very slight                                
     18   93    44   53   70   78   transforms                                 
     19   105   54   51   70   64   transforms                                 
     20   113   61   49   69   40   none                                       
     21   86    46   59   69   110  transforms                                 
     22   89    45   51   69   100  slight                                     
     23   103   58   50   70   75   very slight                                
     __________________________________________________________________________
      *Rm. Temp. impact values exceeded 100 ft-lbs. for all materials.         
TBL                                    TABLE II B                              
     __________________________________________________________________________
     FERRITE RATIO vs. AUSTENITE STABILITY FACTOR                              
                               Austenite                                       
          Type of                                                              
                Cr   Ni   Ferrite                                              
                               Stability                                       
                                     % Ferrite                                 
     Sample                                                                    
          Alloy Equiv.                                                         
                     Equiv.                                                    
                          Ratio                                                
                               Factor*                                         
                                     Calculated                                
                                           Actual                              
     __________________________________________________________________________
     2    present                                                              
                18.65                                                          
                     11.75                                                     
                          1.59 45.5        +.5                                 
          invention                                                            
     3    present                                                              
                17.77                                                          
                     11.99                                                     
                          1.48 40.9  - 1   + 1                                 
          invention                                                            
     4    present                                                              
                18.50                                                          
                     11.36                                                     
                          1.63 44.3  - 6   + 2                                 
          invention                                                            
     5    present                                                              
                18.09                                                          
                     11.62                                                     
                          1.55 44.5  - 8   + 1                                 
          invention                                                            
     6    present                                                              
                18.09                                                          
                     12.39                                                     
                          1.46 46.0  - 9   +.5                                 
          invention                                                            
     8    high Mn                                                              
                18.55                                                          
                     10.28                                                     
                          1.81 43.5  - 1   + 4                                 
     12   low Mn                                                               
                17.78                                                          
                     10.33                                                     
                          1.71 38.0  - 1   +10                                 
     14   high Cr                                                              
                25.94                                                          
                     10.09                                                     
                          2.57 54.0  +18   +65                                 
     16   low Cr                                                               
                13.63                                                          
                     11.71                                                     
                          1.16 38.5  -20   0                                   
     17   low N 16.57                                                          
                     11.92                                                     
                          1.38 36.9  + 3   +.5                                 
     18   304-N 19.08                                                          
                     18.16                                                     
                          1.05 36.0  -10   0                                   
     19   304-N 19.39                                                          
                     17.16                                                     
                          1.13 38.5  -10   0                                   
     20   Cryogenic                                                            
                18.58                                                          
                     14.79                                                     
                          1.26 54.0  -17   0                                   
          Tenelon                                                              
     21   304   18.74                                                          
                     17.42                                                     
                          1.07 33.0  + 7   + 5                                 
     22   316   18.61                                                          
                     21.30                                                     
                          0.94 39.0  - 3   +0.5                                
     __________________________________________________________________________
      *30 .times. %C + %Mn + %Cr + %Ni + 30 .times. %N                         
PAR  The effect of carbon on the cryogenic impact strength of sensitized steels
      of the present type is illustrated in Table III below wherein the
      specimens were heated at 1200.degree. F for 1/2 hour and air cooled to
      simulate the effects obtained in the heat affected zone of a weldment. It
      will be noted that the Samples of Table III have substantially constant
      manganese, nickel and nitrogen contents while the carbon content is
      varied. It is evident that when the carbon content exceeds about 0.06%,
      the cryogenic impact strength of the sensitized material drops sharply
      even though that of the annealed material remains about the same
TBL                TABLE III                                                   
     ______________________________________                                    
                         Impact Strength at                                    
                         -320.degree.F in ft-lbs                               
                                              Annealed &                       
     Sample                                                                    
           C      Mn       Ni    N     Annealed                                
                                              Sensitized                       
     ______________________________________                                    
     9     .015   15.12    1.87  .32   34     34                               
     8     .041   14.80    2.05  .31   31     31                               
     10    .110   15.04    2.11  .30   39      6                               
     ______________________________________                                    
PAR  The increase in cryogenic impact strength obtained by the presence of from
      11% to 14% manganese is shown in Table IV below. Here the specimens have
      substantially constant carbon and nickel contents while the manganese
      content is varied. It will be apparent that a minimum of about 11%
      manganese is necessary to obtain acceptable cryogenic toughness.
TBL                TABLE IV                                                    
     ______________________________________                                    
                                  Impact Strength at -320.degree.F             
     Sample  C     Mn       Ni    in ft-lbs - Annealed                         
     ______________________________________                                    
     13     .052    5.64    1.94   5                                           
     12     .045    7.96    1.98   6                                           
     1      .046   11.88    1.97  21                                           
     8      .04    14.80    2.05  31                                           
     ______________________________________                                    
PAR  Similar effects on cryogenic impact strength in the annealed and sensitized
      conditions were observed for nickel, as illustrated in Table V wherein the
      carbon and manganese contents are substantially constant while the nickel
      content ranges from 1.97% to 3.71%
TBL                TABLE V                                                     
     ______________________________________                                    
                        Impact Strength at                                     
                        -320 .degree.F in ft-lbs                               
                                            Annealed &                         
     Sample                                                                    
           C        Mn       Ni     Annealed                                   
                                            Sensitized                         
     ______________________________________                                    
     1     .046     11.88    1.97   21      21                                 
     5     .056     12.54    2.94   43      33                                 
     6     .056     12.79    3.71   53      46                                 
     ______________________________________                                    
PAR  The ability of austenite to remain stable when plastically deformed has
      been reported to enhance impact strength, and notch fatigue strength under
      cyclic loading. The amount of transformation to martensite undergone as a
      result of deformation at -320.degree.F was thus ascertained. It was found
      possible to rate the relative magnetic density (as non-magnetic, very
      slightly magnetic, slightly magnetic, magnetic and strongly magnetic) by
      application of a magnetized needle to the faces of broken cryogenic impact
      test specimens. Table VI below summarizes data for representative heats.
      The amount of deformation on the face of the impact specimen has been
      taken into account, i.e. specimens where relatively large amounts of
      deformation (and hence greater cold working) had occurred could exhibit
      greater degrees of magnetism.
TBL                TABLE VI                                                    
     ______________________________________                                    
                                    Magnetic                                   
                                    Transformation                             
            Austenite               during Deformation                         
     Sample Stability Factor*                                                  
                           %Mn      at -320.degree.F                           
     ______________________________________                                    
     1      42.0           11.88    slight                                     
     3      40.9           12.00    slight                                     
     4      44.3           12.16    slight                                     
     5      44.5           12.54    slight                                     
     6      46.0           12.79    slight                                     
     12     38.0            7.96    magnetic                                   
     14     54.0           14.54    strong                                     
     18     36.0            1.74    magnetic                                   
     20     54.0           16.08    non-magnetic                               
     ______________________________________                                    
      *30 .times. %C + %Mn + %Cr + %Ni + 30 .times. %N.                        
PAR  As indicated in Table II, Sample 12 transformed to martensite at room
      temperature when deformed, while Sample 14 contained 35% ferrite at room
      temperature.
PAR  As stated above, applicants have found that nitrogen at levels greater than
      about 0.2% does not have the austenite forming potential attributed to it
      by the revised Schaeffler constitution diagram for alloys of the present
      type. Table VII below compares a series of heats wherein the nitrogen
      ranges downwardly from 0.33% to 0.15% and tabulates for each the amount of
      ferrite in as-solidified weld metal as calculated from the Schaeffler
      diagram, the actual amount measured and the differential between
      calculated and measured values.
TBL                TABLE VII                                                   
     ______________________________________                                    
                    % Ferrite  % Ferrite                                       
     Sample %N      calculated measured Differential                           
     ______________________________________                                    
     5      .33     -8         1        increase 9                             
     11     .33     -4         3        increase 7                             
     4      .33     -6         2        increase 8                             
     6      .33     -9         0.5      increase 9.5                           
     1      .30     -1         6        increase 7                             
     13     .29      1         10       increase 9                             
     12     .29     -1         10       increase 11                            
     3      .23     -1         1        increase 2                             
     17     .15     +3         0.5      decrease 2.5                           
     ______________________________________                                    
PAR  In interpreting the data of Table VII it should be noted that the
      Schaeffler diagram is based on an average weld deposit size when deposited
      using a covered electrode. The actual measurements reported above were
      based on a gas-tungsten arc weld which is characteristically smaller (thus
      solidifying more rapidly) and hence lower ferrite contents were exhibited.
      However, the lower ferrite contents for the actual measurements were
      constant throughout, and the significant finding was that the differential
      between 0.23% and 0.15% nitrogen was from an increase of 2 to a decrease
      of 2.5. This indicates that nitrogen in excess of about 0.2% has no
      further effect in forming austenite.
PAR  Prior art stainless steels used for the production of cold-drawn wire of
      high tensile strength include AISI Types 301 and 302, and U.S. Steel
      TENELON. The steel of the present invention has been found to possess high
      strength and can be drawn to an ultimate tensile strength of at least
      about 200 ksi and a yield strength (0.2% offset) of at least about 165 ksi
      in a final pass of about 40% reduction. The work-hardening capacity of the
      alloy of this invention is substantially higher than that of the three
      prior art alloys above mentioned, and the other physical properties of the
      steel of this invention are at least favorable in comparison thereto. The
      higher work-hardening ability of the present steel makes it possible to
      draw a rod to final thickness in a single pass of about 40% cold
      reduction, whereas Type 302 requires a total cold reduction on the order
      of 60% in order to reach an ultimate tensile strength of 200 ksi, thereby
      necessitating two passes when using Type 302.
PAR  The heat of Sample 7 analyzing 18.65% chromium, 11.91% manganese, 1.58%
      nickel, 0.12% carbon, 0.38% nitrogen, 0.015% phosphorus, 0.010% sulfur,
      0.60% silicon, and balance substantially iron, was subjected to tests in
      order to ascertain cold drawn mechanical properties. The data are set
      forth below in Table VIII and are based on unstraightened wire having a
      starting size of 1/4 inch round which had been annealed at 1950.degree.F
      for 1/2 hour and water quenched. It had an annealed hardness of R.sub.B
      98.
TBL                TABLE VIII                                                  
     ______________________________________                                    
     Percent                                                                   
     Cold    U.T.S.    Y.S. (0.2% % Elong.                                     
                                         % Reduction                           
     Reduction                                                                 
             ksi       offset) ksi                                             
                                  2"     in Area                               
     ______________________________________                                    
     10      148       110        40     63                                    
     20      170       138        25     58                                    
     30      190       158        17     53                                    
     40      215       180        12     48                                    
     50      238       203        10     43                                    
     60      265       238        10     40                                    
     ______________________________________                                    
PAR  The 1/4 inch round starting material was prepared from a 4 inch square
      billet. The 4 inch square billet exhibited and ultimate tensile strength
      of 116 ksi, a yield strength (0.2% offset) of 65 ksi, a percent elongation
      in 2 inches of 53 and a percent reduction in area of 73.
PAR  A coil of this steel was roughed to 0.099 inch round, annealed at
      1900.degree.F, pickled and finished in a single pass to 0.075 inch round,
      a reduction of area of 43%, at a speed of 100 feet per minute. The
      resulting ultimate tensile strength was 220 ksi. By way of comparison, in
      attempting to draw wire of the same thickness with AISI Type 302, a total
      reduction of 58% was required in order to attain an ultimate tensile
      strength of 220 ksi. This required two passes, the first at a speed of 100
      feet per minute, and the second at a speed of 60 feet per minute in order
      to prevent scratching of the wire.
PAR  The steel of the invention may be prepared by melting in the electric
      furnace. It may be further refined, and poured into ingots or continuously
      cast into slabs. It is then usually hot worked and cold worked into plate,
      sheet strip, bar, rod or wire, e.g. spring wire or weld wire. In some
      instances, the steel may be used in the cast or forged condition, as well
      as fabricated into shaped articles which may involve welding.
PAR  Strip, sheet, bar, castings, forgings and the like, and fabricated articles
      for cryogenic use, which may involve welding, hot working and/or cold
      working, having the preferred and more preferred composition ranges set
      forth above for cryogenic appliations and falling within the area ABCD of
      the accompanying graph, exhibit excellent stress corrosion resistance,
      high austenite stability, low magnetic permeability, high cryogenic
      strength and toughness, and high yield strength at room temperature.
      Additionally, when such articles are welded they are free of weld deposit
      porosity, free of harmful carbides in the heat affected zone of the weld,
      and contain from about austenite 0.5% to 5% ferrite in an austennite
      matrix in the assolidified weld metal. The steel is thus particularly
      suitable for fusion welding.
PAR  Hot rolled bar, rod and the like, and/or wire cold-drawn to spring temper,
      having the preferred and more preferred composition ranges set forth above
      for such applications and falling within the area ABCD of the accompanying
      graph, possess excellent stress corrosion resistance, a substantially
      austenitic structure, low magnetic permeability, high tensile and yield
      strengths at room temperature, and good wear resistance. Additionally,
      when cold-drawn to spring temper, such strand-like articles exhibit
      resistance to relaxation at elevated temperature and will have a magnetic
      permeability of less than 1.02 .mu. at 50 oersteds after 75% cold
      reduction.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that modifications may be made therein without departing
      from the spirit and scope of the invention, and no limitations are to be
      inferred except as set forth in the following claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An austenitic stainless steel consisting essentially of from 15.5% to
      20% chromium, from 11% to 14% manganese, from 2.50% to 3.75% nickel, from
      0.01% to 0.06% carbon, from 0.20% to 0.38% nitrogen, up to 0.06%
      phosphorus, up to 0.04% sulfur, up to 1% silicon, and remainder
      substantially iron except for incidental impurities, said steel having an
      austenite stability factor and a ferrite forming tendency, as hereinbefore
      defined, falling within the area ABEF of the accompanying graph,
      exhibiting no stress corrosion failure after 264 hours exposure to boiling
      magnesium chloride solution, by the hereinbefore described test, and
      having a Charpy V-notch impact strength of
NUM  2.
PAR  2. An austenitic stainless steel consisting essentially of from about
      17.50% to about 18.50% chromium, from about 12.25% to about 13.75%
      manganese, from about 2.75% to about 3.50% nickel, from about 0.03% to
      about 0.05% carbon, from about 0.23% to about 0.35% nitrogen, up to about
      0.04% phosphorus, up to about 0.03% sulfur, from about 0.2% to about 0.7%
      silicon, and remainder substantially iron except for incidental
      impurities, said steel having an austenite stability factor and a ferrite
      forming tendency, as hereinabove defined, falling within the area ABEF of
      the accompanying graph, exhibiting no stress corrosion failure after 264
      hours exposure to boiling magnesium chloride solution, by the hereinbefore
      described test, and having a Charpy V-notch impact strength of 15 ft-lb
      minimum at -320.degree.F in the wrought and annealed condition.
NUM  3.
PAR  3. The steel claimed in claim 2, including from about 0.1% to 0.5% of an
      element chosen from the group consisting of columbium, vanadium, and
      mixtures thereof.
NUM  4.
PAR  4. An article for cryogenic use exhibiting no stress corrosion failure
      after 264 hours exposure to boiling magnesium chloride solution, by the
      hereinbefore described test, and having a Charpy V-notch impact strength
      of 15 ft-lb minimum at -320.degree.F in the wrought and annealed
      condition, said article consisting essentially of from 15.5% to 20%
      chromium, from 11% to 14% manganese, from 2.50% to 3.75% nickel, from
      0.01% to 0.06% carbon, from 0.20% to 0.38% nitrogen, up to 0.06%
      phosphorus, up to 0.04% sulfur, up to 1% silicon, and remainder
      substantially iron except for incidental impurities.
NUM  5.
PAR  5. An austenitic stainless steel consisting essentially of from 17.0% to
      17.86% chromium, from 11.88% to 12.79% manganese, from 1.75% to 3.71%
      nickel, from 0.046% to 0.10% carbon, from 0.23% to 0.38% nitrogen, from
      0.39% to 0.52% silicon, and remainder iron except for incidental
      impurities, said steel having an austenite stability factor and a ferrite
      forming tendency, as hereinbefore defined, falling within the area ABCD of
      the accompanying graph, exhibiting no stress corrosion failure after 264
      hours exposure to boiling magnesium chloride solution, by the hereinbefore
      described test, and having a Charpy V-notch impact strength ranging from
      17 to 70 ft-lb at -320.degree.F in the hot-worked and annealed condition.
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ABST
PAL  An austenitic heat resisting steel exhibiting excellent strength for a long
      period of time services at an elevated temperature, coexistant-adding 0.02
      to 1.0% Nb and 0.02 to 1.9% Zr or 0.02 to 1.0% Nb, 0.02 to 1.0% Zr and
      0.02 to 1.0% Ti in addition to usual composition of a stainless steel,
      simultaneously adjusting the atomic ratio of said(Nb+Zr) or (Nb+Zr+Ti) to
      C within the range of 0.05 to 1.0, preferably 0.2 to 0.5.
PARN
PAR  This is a division of application Ser. No. 387,736 filed Aug. 13, 1973.
BSUM
PAR  This invention relates to composition of improving heat resistance of
      austenitic heat resisting steel, and more particularly, strength for a
      long period time services at an elevated temperature.
PAR  It is well known that higher strength and better oxidation resistance of
      steel for long period of time at elevated temperature are required in some
      services such as tubings for boiler, chemical facilities and atomic power.
      For example, as the boiler becomes large-sized and ultracritical pressure
      typed, higher strength of employed steels has been called for said
      services.
PAR  At present, JIS (Japanese Industrial Standards) SUS-29 and SUS-43 steel
      (AISI-321 and 347 steel as similar standards) among 18Cr-8Ni austenitic
      stainless steels are generally employed for elevated temperature and high
      pressure services. In the above case, the feature of SUS-29 steel
      (AISI-321 steel) lies in that Ti is added in connection with C content and
      that og SUS-43 steel (AISI-347 steel), Nb is added in the same manner.
      These steels aimed at high temperature strength of more than 600.degree.C.
      However, according to many experiments, it is evidently confirmed that
      said strength of the above steels is inferior to that of SUS-27 steel
      (AISI-304 steel) not containing Ti or Nb. That is, it is discovered that
      creep rupture strength of SUS-29 and 43 steel falls rapidly as servicing
      temperature becomes higher and employing time becomes longer. For example,
      said strength of SUS-27 steel at 700 C .times. 10.sup.5 hr. is 4.3
      Kg/mm.sup.2, while both SUS-29 and 43 steel are 4 Kg/mm.sup.2 in the same
      manner. It is presumed that this deterioration of said strength is due to
      that Ti and Nb carbide coalesces and precipitates in grain boundary during
      servicing for long period of time at higher temperature.
PAR  Thus, a heat resisting steel being inexpensive and having higher strength
      is not yet provided for industrial circles. It is a fact that development
      of some economical heat resisting steels is required today.
PAR  This invention has been developed in order to meet the above requirements.
      One of the features of this invention lies in that both Nb and Zr are
      simultaneously added in the range of which the atomic ratio of (Nb+Zr)/C
      is 0.05 to 1.0. Another feature of this invention lies in that Ti are
      further added to the above composition in the range which the atomic ratio
      of (Nb+Zr+Ti)/C is 0.05 to 1.0.
PAR  An object of this invention is to provide an economical heat resisting
      steel having higher strength and better heat resistance for long period of
      time at elevated temperature than those of ordinary stainless steels in
      the JIS, e.g. SUS-29 (AISI-321) or SUS-43 (AISI-347).
PAR  Another object of this invention is to provide a heat resisting steel
      having excellent heat resistance for long period of time at elevated
      temperature, which is based on synergestic effect depending upon the
      coexisting of (Nb+Zr) or (Nb+Zr+Ti).
DRWD
PAR  Additional object of this invention will become apparent by the following
      description refering to the examples and the accompanying drawings, in
      which:
PAR  FIGURE is a diagram showing creep rupture strength of this invention steels
      arranged with the atomic ratio of (Nb+Zr+Ti)/C.
DETD
PAR  This invention steel has the following composition; that is,
PA1  C: 0.03 to 0.30% by weight
PA1  Si: up to 1.0% by weight
PA1  Mn: up to 2.00% by weight
PA1  Cr: 15.0 to 26.0% by weight
PA1  Ni: 7.0 to 22.0% by weight
PA1  the atomic ratio of (Nb+Zr)/C or (Nb+Zr+Ti)/C is from 0.05 to 1.0%
      respectively at the range of which Nb, Zr or Ti is from 0.02 to 1.0%
      respectively, unavoidable impurities and the balance being Fe.
PAR  As mentioned above, the reason for simultaneously adding said additional
      elements, i.e. coexistance of (Nb+Zr) or (Nb+Zr+Ti) in steel, lies in that
      the coexistance of these elements are effective for preventing formed
      carbides from coalescing and for causing said carbides to disperse
      uniformly. With this, the strength at an elevated temperature and for a
      long period of time service is improved remarkably. The fact that single
      addition of Nb, Zr, or Ti is very insufficient to improve said strength is
      made clear in many experiments based on the prior art. Therefore, the
      simultaneous addition as mentioned above, i.e. coexistance of these
      elements in steel, becomes an indispensable requirement of this invention.
      Such details will be apparent from the following examples.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Chemical composition of tested steels is as follows.                      
     __________________________________________________________________________
     Chemical composition of tested steel (weight %)                           
     Steel                                                                     
          C   Si  Mn  Cr   Ni   Nb    Zr    Ti    (Nb+Ze+Ti)/c                 
                                                  atomic ratio                 
     __________________________________________________________________________
     A    0.17                                                                 
              0.54                                                             
                  1.58                                                         
                      18.32                                                    
                           10.15                                               
                                --    --    --    --                           
     B1   0.16                                                                 
              0.55                                                             
                  1.57                                                         
                      18.09                                                    
                           10.10                                               
                                0.090 0.066 --    0.12                         
     B2   0.15                                                                 
              0.57                                                             
                  1.56                                                         
                      17.89                                                    
                           9.92 0.191 0.238 --    0.38                         
     B3   0.16                                                                 
              0.59                                                             
                  1.51                                                         
                      17.95                                                    
                           9.98 0.655 0.606 --    1.03                         
     C1   0.16                                                                 
              0.56                                                             
                  1.60                                                         
                      18.04                                                    
                           10.01                                               
                                0.097 0.027 0.047 0.17                         
     C2   0.17                                                                 
              0.55                                                             
                  1.55                                                         
                      17.81                                                    
                           9.92 0.308 0.114 0.089 0.45                         
     C3   0.16                                                                 
              0.55                                                             
                  1.54                                                         
                      18.25                                                    
                           9.83 0.601 0.202 0.181 0.94                         
     B4   0.15                                                                 
              0.58                                                             
                  1.55                                                         
                      17.80                                                    
                           10.11                                               
                                0.99  0.98  --    1.71                         
     C4   0.15                                                                 
              0.57                                                             
                  1.45                                                         
                      18.02                                                    
                           9.89 1.01  0.32  0.30  1.65                         
     CD   0.15                                                                 
              0.51                                                             
                  1.59                                                         
                      17.65                                                    
                           9.58 --    --    0.29  0.48                         
     E    0.14                                                                 
              0.55                                                             
                  1.41                                                         
                      18.20                                                    
                           9.86 --    0.25  --    0.24                         
     F    0.15                                                                 
              0.53                                                             
                  1.58                                                         
                      17.54                                                    
                           10.10                                               
                                0.33  --    --    0.28                         
     __________________________________________________________________________
PAR  These steels are hot-rolled to the thickness of 12 mm and then are
      subjected to solution treatment of being heated-up to 1,100.degree.C and
      soaked at the same temperature for 1 hr, then water-quenched. The results
      of creep rupture test by ordinary test pieces cut off from the
      above-mentioned plates are shown in Table II and the changes of said creep
      rupture strength at 650.degree.C .times. 10.sup.4 hr. depending upon said
      atomic ratio is shown in the accompanying drawing.
TBL                TABLE II                                                    
     ______________________________________                                    
     Creep rupture strength of tested steels (Kg/mm.sup.2)                     
     650.degree.C        700.degree.C                                          
     Steel   10.sup.3 hr                                                       
                       10.sup.4 hr                                             
                                 10.sup.3 hr                                   
                                         10.sup.4 hr                           
     ______________________________________                                    
     A       15.0      11.2       9.7    7.1                                   
     B1      18.5      14.5      11.4    8.6                                   
     B2      19.0      14.7      11.7    9.0                                   
     B3      16.8      12.7      10.9    8.0                                   
     C1      18.0      14.0      12.4    9.2                                   
     C2      18.0      14.1      12.2    9.2                                   
     C3      17.4      13.2      10.5    8.2                                   
     B4      15.1      11.5       9.9    7.3                                   
     C4      15.5      11.7      10.2    7.6                                   
     D       15.3      11.6       9.5    7.0                                   
     E       16.2      12.3      10.3    7.5                                   
     F        6.5      12.4      10.5    7.4                                   
     ______________________________________                                    
PAR  These steels are grouped together with a usual stainless steel-(steel A),
      coexisting steels of (Nb+Zr)-(steel B1-B4), coexisting steels of
      (Nb+Zr+Ti)-(steel C1-C4) and single-added steels of Nb, Zr or Ti-(steel D,
      E and F). According to the above Tables I and II, it will be well
      understood that the change of said neat resistance for a long period of
      time services at an elevated temperature depends upon the composition,
      specially, how the selected elements, i.e. Nb, Zr or Ti, are added and
      what the atomic ratio of the said elements to carbon is. That is, first,
      said strength of a usual stainless steel, i.e. steel A is too low for a
      long period of time services at an elevated temperature. Secondly, said
      strength of the single-added steel of Nb, Zr, or Ti, i.e. steel D, E and
      F, is little improved for said services. Thirdly, the coexisting steels of
      (Nb+Zr), i.e. steel B1-B3, and of (Nb+Zr+Ti), i.e. C1-C3, exhibit superior
      strength in comparison with other steels, i.e. steels A, D, E and F.
      Fourthly, said strength of steels in which said atomic ratio of (Nb+Zr) or
      (Nb+Zr+Ti) to C exceeds 1.0, i.e. steel B4 and C4, are as low as that of
      steels A, D, E and F, evenif (Nb+Zr) or (Nb+Ti) is coexistently added. It
      is understood from the above results that the coexisting condition of
      (Nb+Zr) or (Nb+Zr+Ti) in steel should be adjusted to the most suitable
      range. Such a range is selected from the scope that the atomic ratio of
      (Nb+Zr) or (Nb+Zr+Ti) to C, wherein C is 0.03 to 0.30% and Nb, Zr or Ti is
      0.02 to 1.0% respectively, is from 0.05 to 1.0, preferably 0.2 to 0.5 as
      shown in the drawing.
PAR  The reason why the most suitable range is set up in the present invention
      is as follows.
PAR  C: C content of this invention is selected from 0.03 to 0.3%. Actually, it
      should be decided in connection with the later-mentioned atomic ratio. In
      such a case, Cr carbide is possible to be made to precipitate and disperse
      around Nb and Zr or Nb, Zr and Ti carbides without any coalescence
      bringing about the lowering of said strength. This behavior results in
      improvement of said heat resistance for a long period of time service at
      an elevated temperature.
PAR  Cr: less than 15.0% Cr brings about a change of oxidizing resistance for
      the worse, while more than 26.0% Cr becomes apt to be hard to get
      stabilizing austenitic phase.
PAR  Ni: 7.0 to 22.0% Ni is substantially selected in connection with the above
      Cr content.
PAR  Si: and Mn: These elements are enough to be in the usual range of stainless
      steel.
PAR  Nb, Zr or Ti: These elements are added in steel with a coexisting manner of
      (Nb+Zr) or (Nb+Zr+Ti). On such a case, content of each of said elements is
      selected from the range of 0.02 to 1.0% in connection with the above C
      content. Such a selection depends upon the later-mentioned atomic ratio of
      (Nb+Zr) or (Nb+Zr+Ti) to C.
PAR  Atomic ratio: said heat resistance for a long period of time services at an
      elevated temperature is dependent upon the atomic ratio of (Nb+Zr) or
      (Nb+Zr+Ti) to C in steel. Said atomic ratio is calculated with the
      following formula:
      ##EQU1##
      When weight % and atomic weight of each of C, Nb and Zr are substituted in
      the above formula, the required atomic ratio can be easily obtained. In
      the present invention, said atomic ratio must be adjusted within the range
      of 0.05 to 1.0, preferably 0.2 to 0.5. In other words, said content of C,
      Nb and Zr should be selected from the abovementioned range to obtain the
      required atomic ratio. It is needless to say that said atomic ratio of
      (Nb+Zr+Ti) to C is also calculated with the same manner. The atomic ratio
      also may be substituted with the weight ratio of (Nb+Zr) or (Nb+Zr+Ti) to
      C. In such a case, said weight ratio is calculated with the following
      formula and becomes frow 0.4 to 8.0 in correspondence with said atomic
      ratio of 0.05 to 1.0.
      ##EQU2##
      That is, said atomic ratio of 0.05 to 1.0 is equal to said weight ratio of
      0.4 to 8.0.
PAR  A steel plate having the above-mentioned composition is prepared by hot or
      cold working after usual steel making. The obtained plate should be heated
      up to 1050.degree.C or more and soaked for at least 10 min, then is
      water-quenched. With the above process, carbides and nitrides of Nb, Zr
      and Ti are solution-treated into matrix of said steel, simultaneously, the
      grain size is adjusted to N 0.4 to 0.8 of ASTM.
PAR  Thus, when a steel is prepared as mentioned above and interrelation among
      C, Nb, Zr and Ti is adjusted to the scope of said atomic ratio or said
      weight ratio, excellent heat resistance for a long period of time at an
      elevated temperature can be obtained with stability and ease.
CLMS
STM  We claim:
NUM  1.
PAR  1. An austenitic heat resisting steel exhibiting excellent strength for a
      long period of time services at an elevated temperature consisting of the
      following composition;
TBL   C: 0.03 to 0.30%,                                                        
                       Si: up to 1.00%,                                        
     Mn: up to 2.00%,  Cr: 15.0 to 26.0%,                                      
     Ni: 7.0 to 22.0%.                                                         
     0.02 to 1% of each of Nb(containing Ta) and Zr                            
PAL  wherein
PA1  the atomic ratio of (Nb+Zr) to C is within the range of 0.05 to 1.0,
      preferably 0.2 to 0.5 unavoidable impurities and the balance being Fe.
NUM  2.
PAR  2. An austenitic heat resisting steel exhibiting excellent strength for a
      long period of time services at an elevated temperature consisting of the
      following composition:
TBL   C: 0.03 to 0.30%,                                                        
                       Si: up to 1.00%,                                        
     Mn: up to 2.00%,  Cr: 15.0 to 26.0%.                                      
     Ni: 7.0 to 22.0%                                                          
     0.02 to 1 % of each of Nb (containing Ta), Zr and Ti                      
PAL  wherein
PA1  the atomic ratio of (Nb+Zr+Ti) to C is within the range of 0.05 to 1.0,
      preferably, 0.2 to 0.5 unavoidable impurities and the balance being Fe.
PATN
WKU  039402681
SRC  5
APN  3504247
APT  1
ART  223
APD  19730412
TTL  Method for producing rotor discs
ISD  19760224
NCL  7
ECL  1,3
EXA  Hunt; B.
EXP  Padgett; Benjamin R.
NDR  2
NFG  3
INVT
NAM  Catlin; John P.
CTY  Beaver
STA  PA
ASSG
NAM  Crucible Inc.
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL   75208R
XCL   291568R
XCL   75214
XCL   75226
EDF  2
ICL  B22F  300
ICL  B22F  312
FSC   29
FSS  156.8 R
FSC   75
FSS  208 R;226;214
UREF
PNO  2466432
ISD  19490400
NAM  Jenkins
OCL   75208R
UREF
PNO  2479039
ISD  19490800
NAM  Cronstedt
OCL   29156.8R
UREF
PNO  2769611
ISD  19561100
NAM  Schwarzkopf
OCL   75208R
UREF
PNO  2894318
ISD  19590700
NAM  Bloomberg
OCL   29156.8R
UREF
PNO  2957235
ISD  19601000
NAM  Steinberg
OCL   75208R
UREF
PNO  3000081
ISD  19610900
NAM  Webb
OCL   29156.8R
UREF
PNO  3032864
ISD  19620500
NAM  Webb
OCL   29156.8B
UREF
PNO  3622313
ISD  19711100
NAM  Havel
OCL   75226
UREF
PNO  3698962
ISD  19721000
NAM  Kasak et al.
OCL   75226
UREF
PNO  3773506
ISD  19731100
NAM  Larker et al.
OCL   75226
UREF
PNO  3803702
ISD  19740400
NAM  Bratt et al.
OCL   75226
ABST
PAL  The production of rotor discs by bonding a plurality of fully dense,
      preformed blades to a hub of compacted alloy powder. The blades are
      embedded in the uncompacted powder and by the use of hot isostatic
      compacting the powder is compacted to full density to form the hub and the
      blades are bonded thereto simultaneously.
BSUM
PAR  Small gas turbines having a hub with a plurality of blades or vanes bonded
      thereto are used for a variety of applications including jet aircraft
      engines. These articles are constructed from various titanium-base alloy
      compositions, superalloys, elevated temperature steels, refractory metals,
      such as molybdenum and ceramic high-temperature materials.
PAR  Typically, small gas turbines for example use an investment cast one-piece
      rotor hub and blade design made from a superalloy, such as 713 LC. For
      larger turbines the blades are mechanically coupled to the hub by
      conventional "fir-tree" type joints. Although this method provides a more
      reliable, crack-resistant bond between the hub rim and the blades, it is
      impractical for small turbines because of the high machining costs
      involved.
PAR  It is accordingly the primary object of the present invention to produce
      rotor discs and the like by means of a powder metallurgy process in which
      preformed, fully dense blades are bonded to the hub of a disc of alloy
      powder by hot isostatic compacting; in this manner it is possible to
      provide the required fatigue strength in the hub rim area to prevent
      cracking during high temperature service and yet achieve the desired high
      temperature strength in the blades.
DRWD
PAR  This and other objects of the invention as well as a complete understanding
      thereof may be obtained from the following description, specific examples
      and drawings, in which:
PAR  FIG. 1 is a vertical section through an assembly suitable for use in the
      practice of the invention is producing rotor discs;
PAR  FIG. 2 is a sectional view of a portion of the assembly of FIG. 1 taken
      along lines II--II of FIG. 1; and
PAR  FIG. 3 is a photomicrograph (magnification 200X) showing the metallurgical
      bond, which is designated by the arrows, achieved between a preformed
      projection and compacted powder both of the nickel-base superalloy
      composition 713 LC.
DETD
PAR  Broadly in the practice of the invention a fully dense preformed alloy
      projection, typically in the form of a rotor disc blade, is initially
      embedded in a base or hub of alloy powder which is defined in a mold
      having a cavity conforming to the desired configuration of said base or
      hub. The mold must be of a nondeformable material such as molybdenum or
      various nondeformable ceramic compositions, such as 95% alumina with a
      binder of colloidal silica. Typically the mold cavity with the powder
      contained therein would be evacuated, preferably after heating to an
      intermediate temperature, to remove impurities in the form of gaseous
      reaction products, particularly oxygen. Thereafter, the mold cavity would
      be sealed against the atmosphere and the mold assembly and alloy powder
      would be heated to an elevated temperature suitable for hot isostatic
      compacting to final densities approaching 100% of theoretical density.
      Although the temperature for this purpose would be dependent upon the
      particular material being compacted and the compacting pressure,
      temperatures within the range of 1500.degree. to 2400.degree.F would be
      generally suitable.
PAR  Hot isostatic compacting is achieved by the use of a conventional autoclave
      wherein the compacting pressure is provided by a fluid pressure medium,
      which is usually gas at pressures within the range of 300 to 60,000 psi
      and preferably within the range of 10,000 to 20,000 psi; by the
      application of suitable fluid pressure at elevated temperature the base or
      hub of alloy powder is compacted to final density and simultaneously the
      projection or blade is bonded thereto metallurgically. Although various
      materials may be used for the blades and the hub, in the production of
      rotor discs superalloys and titanium-base alloys are particularly well
      suited. It is necessary that the mold in which the alloy powder of the hub
      is confined be of a nondeformable material so that during hot isostatic
      compacting the same is not deformed to the extent that the final compacted
      product is not of the configuration desired, thus requiring extensive
      machining and defeating the purpose of the invention in achieving an
      economical practice. When employing molybdenum molds it is preferred to
      use rapid heating, compacting and cooling cycles to avoid the tendency of
      the alloy powder to bond to the mold walls. In applications involving the
      production of rotor discs, for which the invention is particularly
      adapted, the material or alloy of the powder constituting the hub portion
      will be of substantially the same alloy composition as that of the
      preformed blades; however, this need not necessarily be the case, and if
      warranted by a particular application the blades and hub may be of
      different material as long as a desired integral bond may be achieved
      during hot isostatic compacting of the alloy powder to full density.
PAR  With reference to the drawings there is shown in FIGS. 1 and 2 an assembly,
      designated generally as 10, suitable for use in the method of the
      invention to produce a rotor disc. The assembly 10 has a mold 12 of a
      nondeformable material such as molybdenum. The mold 12 has a mold cavity
      14 having a major cavity portion 15 machined to the configuration desired
      in the hub portion of the rotor disc and a second annular portion 16
      communicating with the cavity 14. The mold 12 has a ring 18 overlying and
      defining a surface of the annular portion 16 of the mold cavity.
      Positioned within the annular portion 16 are a plurality of preformed,
      fully dense blades 20 separated and maintained in spaced apart relation by
      molybdenum spacers 22. Insertion of the blades 20 and spacers 22 and
      accurate arrangement thereof in the annular portion 16 of the mold is
      facilitated by ring 18, which is removed during assembly of the blades and
      spacers and then placed in position thereafter. The mold with the blades
      20 and spacers 22 in position as shown in FIG. 2 of the drawings is placed
      in a mild steel collapsible container 24 having a stem portion 26
      connected to the interior of the mold which is filled with alloy powder
      material 28 of minus 20 mesh U.S. Standard from which the hub of the rotor
      disc is to be constructed. The stem 26 facilitates outgassing of the mold
      interior by connection to a vacuum pump (not shown) and thereafter may be
      sealed, as shown in FIG. 1 of the drawings, to render the assembly gas
      tight. As earlier described this assembly may be, after suitable
      outgassing, heated to elevated temperature and placed in an autoclave for
      compacting the alloy powder 28 to a final density approaching 100% of
      theoretical density; this operation simultaneously bonds the blades 20
      metallurgically to the compacted powder, and provides a hub configuration
      corresponding to that of the mold cavity 14. Upon the application of fluid
      pressure in the autoclave, the container 24 collapses to permit compacting
      of the powder 28. Thereafter the mold and container may be stripped from
      the compact, the molybdenum inserts 22 removed and, after a light
      machining and polishing operation, the rotor disc is ready for use.
PAR  As one specific example of the practice of the invention compacting of a
      cast, fully dense pin to a powdered alloy charge of minus 60 mesh U.S.
      Standard was successfully performed with both the powdered alloy charge
      and the pin being of the following nickel-base, superalloy composition:
TBL  713 LC (Percent by Weight)                                                
     Element             Composition                                           
     ______________________________________                                    
     Carbon              .05                                                   
     Chromium            12.00                                                 
     Aluminum            6.00                                                  
     Molybdenum          4.50                                                  
     Columbium           2.00                                                  
     Titanium            .70                                                   
     Nickel              Balance                                               
     ______________________________________                                    
PAR  This operation was performed by using an assembly similar to that shown in
      the figures with the assembly being outgassed during the initial stages of
      heating to a final compacting temperature of 2200.degree.F. After
      outgassing, and prior to compacting at this temperature, the container was
      sealed against the atmosphere. It was transferred to an autoclave where
      compacting was performed at a pressure of 15,000 psi by the use of
      nitrogen gas. After compacting and removal of the mold and associated
      container, examination of the compacted article showed that the powdered
      charge was compacted to a density approaching 100% of theoretical and the
      pin was metallurgically bonded thereto. This result is clearly shown in
      the photomicrograph of FIG. 3. The arrows generally indicate the bond
      interface with the structure below the arrows being the cast pin and that
      above the arrows the compacted powder.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for producing an article having at least one preformed alloy
      projection metallurgically bonded to a base of compacted alloy powder,
      said method comprising confining alloy powder in a cavity of a mold of
      nondeformable material, said mold cavity conforming to the desired
      configuration of said base of said alloy article, embedding a portion of
      said projection in said alloy powder within said mold cavity, sealing said
      mold cavity and said alloy powder confined therein against the atmosphere
      by enclosing the same in a collapsible container, heating said alloy
      powder, container and mold to an elevated temperature and compacting said
      alloy powder while at elevated temperature by the application of fluid
      pressure  to compact the same to substantially full density and to
      metallurgically bond said preformed projection to said base of compacted
      alloy powder.
NUM  2.
PAR  2. The method of claim 1 wherein said mold cavity is evacuated prior to
      compacting.
NUM  3.
PAR  3. A method for producing a composite rotor disc having a hub of compacted
      alloy powder and a plurality of preformed alloy blades metallurgically
      bonded thereto, said method comprising confining alloy powder in a cavity
      of a mold of nondeformable material, said mold cavity having a first
      portion thereof conforming to the desired configuration of said hub and a
      second generally annular portion in communication with and surrounding
      said first portion, a plurality of preformed alloy blades positioned in
      spaced-apart relation with said second annular portion with a portion of
      each said blade being embedded in said alloy powder, sealing said mold
      cavity and said alloy powder confined therein against the atmosphere by
      enclosing the same in a collapsible container, heating said alloy powder,
      container and mold to an elevated temperature and compacting said alloy
      powder while at elevated temperature by the application of fluid pressure
      to compact the same to substantially full density to form said hub and to
      metallurgically bond said blades thereto.
NUM  4.
PAR  4. The method of claim 3 wherein spacers of nondeformable material are
      positioned within said second annular portion of said mold cavity to
      maintain said blades in selected spaced-apart relation during said
      compacting and are removed thereafter to expose said blades.
NUM  5.
PAR  5. The method of claim 3 wherein said compacting is performed with said
      alloy powder at a temperature within the range of 1500.degree. to
      2400.degree.F and by the application of fluid pressure within the range of
      300 to 60,000 psi.
NUM  6.
PAR  6. The method of claim 3 wherein said alloy powder and said preformed alloy
      blades are of substantially the same alloy composition.
NUM  7.
PAR  7. The method of claim 3 wherein said alloy of both said alloy powder and
      said preformed alloy blades is an alloy selected from the group consisting
      of superalloys and titanium-base alloys.
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ABST
PAL  Powdered austenitic chromium-nickel stainless steel is blended with a
      powdered metal ferrite stabilizer, such as molybdenum, and the resulting
      blend is sintered to produce a new steel, namely, an unwrought
      austenitic-ferritic chromium-nickel alloy having, as sintered, desirably
      high tensile and yield strength and other desirable properties.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No.
      743,588, filed July 10, 1968, now U.S. Pat. No. 3,620,690.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to powder metallurgy of stainless steel. In another
      aspect, it relates to the manufacture of sintered stainless steel articles
      from powdered metals. In another object, it relates to a novel mixture of
      powdered stainless steel and powdered metal ferrite stabilizers. In a
      further aspect, it relates to a shaped article of a novel chromium-nickel
      steel alloy and a method for its preparation using principles of powder
      metallurgy.
PAC  BACKGROUND OF THE PRIOR ART
PAR  Austenitic chromium-nickel stainless steels are enjoying an increasing
      wide-spread industrial application as engineering alloys because of their
      resistance to corrosion and desirable mechanical properties.
      Unfortunately, these steels are not significantly hardenable by or
      responsive to heat treatment; phase transformation is suppressed by the
      nickel constituent in these steels and austenite (the gamma form of iron)
      is substantially retained on cooling from the gamma region. The mechanical
      properties of these austenitic steels cannot be controlled or varied by
      the usual types of heat treatment, such as quenching and tempering.
      Changes in mechanical properties, such as strength, are brought about only
      by expensive, time-consuming cold working (rolling) and annealing,
      resulting in the so-called wrought austenitic stainless steel. (See
      "Forming of Austenitic Chromium-Nickel Stainless Steels" 2nd Ed. (1954),
      published by The International Nickel Co., Inc., New York, N.Y.).
PAR  In accordance with this invention, desirable changes in austenitic
      chromium-nickel stainless steels are brought about by a certain novel
      powder metallurgy technique, resulting in a sintered or unwrought alloy
      having increased strength and other desirable mechanical properties.
PAR  Powder metallurgy broadly is not a new type of metallurgical process but it
      is receiving increasing application in the manufacture of metallic
      articles, extending as it does the design limits of liquid metallurgy. An
      excellent description of this metallurgical process is found in "Review of
      the Powder Metallurgy Process," July, 1966, published by the U.S. Army
      Production Equipment Agency, Manufacturing Technology Division, Rock
      Island Arsenal, Illinois.
PAR  Powder metallurgy has been used to make metal articles approaching the
      physical properties, such as density and strength, of cast or wrought
      alloys of similar composition. In fact, powder metallurgy has been applied
      to stainless steel (see "Progress in Powder Metallurgy", Vol. 16, pp
      120-129, 1960, Capital City Press, Montpelier, Va.). Although useful
      stainless steel articles have been made by the powder metallurgy
      technique, generally high compacting pressures and prolonged sintering at
      elevated temperatures have been found necessary in order to produce high
      density articles. Generally stainless steel articles commercially produced
      by powder metallurgy procedures have densities of 80-90 percent of
      theoretical density and interconnected porosity. These densities are not
      as high as desired and result in mechanical properties that are not as
      good as those of annealed wrought articles of similar composition, and the
      interconnected porosity increases their susceptibility to corrosion.
      Further, in order to obtain desired strengths, it generally has been
      necessary to coin or mechanically work the sintered stainless steel
      articles.
PAR  By further way of background of the prior art, mention should be made of
      U.S. Pat. No. 2,593,943 (Wainer) which discloses molding mixtures of metal
      powders with a heat-fugitive binder, the metal powders employed therein
      including powdered molybdenum, nickel, cobalt, and other metals, as well
      as mixtures of both a metal and an alloy. However, there is no teaching in
      this patent of sintering a powdered metal mixture of austenitic
      chromium-nickel stainless steel and exclusively a ferrite stabilizer such
      as molybdenum, to form an austenitic-ferritic chromium-nickel alloy of
      increased strength. U.S. Pat. No. 2,792,302 (Mott) discloses making
      sintered articles from 18-8 stainless steel using 10 to 15 weight % of a
      binder which can contain a relatively small amount of molybdenum disulfide
      as a die lubricant, which, upon subsequently being reduced during the
      sintering operation, has an insignificant effect, if any, on the
      properties of the sintered article. U.S. Pat. No. 3,223,523 (Adler)
      discloses a powder metallurgy technique in which stainless steel powder
      (AISI 302) is blended with an aqueous solution of a salt of molybdenum,
      copper, or nickel, such as ammonium molybdenate, which salt is reduced to
      form a metallic coating on the stainless steel powder, the amount of
      metallic coating being sufficient to improve the green strength of the
      powder compact and apparently less than that which would increase the
      strength of the resulting sintered article or change the finished
      properties thereof.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Briefly, this invention provides a new alloy or steel, characterized as an
      unwrought chromium-nickel steel alloy, by sintering a mixture of powdered
      austenitic chromium-nickel stainless steel and powdered metal ferrite
      stabilizer, such as molybdenum, to form during sintering an
      austenitic-ferritic structure. This new alloy has a number of desirable
      properties and can be made in accordance with this invention with
      densities ranging from those which are relatively low to those which
      approach theoretical density, with strengths equaling or surpassing that
      of cast or wrought and annealed stainless steels of substantially the same
      elemental composition. These objects can be achieved by powder metallurgy
      techniques without resorting to specially produced powders, very high
      densification pressures and extremely high temperature sintering cycles of
      prolonged duration, or subsequent mechanical working and annealing
      operations. The low density products of this invention have particular
      utility as filter elements and the highly dense articles can be used, for
      example, in fabricating complex shapes that ordinarily would be cast,
      forged, or machined.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The stainless steel powders used in this invention are commonly known in
      the art as austenitic chromium-nickel stainless steels, these alloys
      generally containing 16.0 to 26.0 wt. % chromium, 6.0 to 22.0 wt. %
      nickel, 0.03 to 0.25 wt. % (max.) carbon, and occasionally some other
      elements added to develope certain specific properties, such as 1.75 to
      4.00 wt. % molybdenum or small amounts of titanium, tantalum, and niobium
      to minimize formation of chromium carbides, especially in welding.
      Standard types of these steels have been assigned numbers and
      specifications by the American Iron and Steel Institute. These are
      generally known in the art as stainless steels of the AISI 300 series,
      types 301, 302, 304, and 305 generally referred to as "18-8" stainless
      steel, and the "workhorse" type 316 generally referred to as "18-8-Mo".
      All of these AISI stainless steels of the 300 series are applicable in the
      practice of this invention. However, AISI 303 and 304 are preferred over
      grades such as AISI 316 and 317 because a greater amount of the ferrite
      stabilizer can be used without producing sintered articles with reduced
      ductility.
PAR  Powdered AISI stainless steels of the 300 series are commercially available
      in various grades or sizes and can be prepared by the atomization of
      molten metal. Generally, the powdered stainless steel used in this
      invention will have a mesh size of -50. In making highly dense articles, I
      prefer to use -325 mesh and in making less dense articles, I prefer to use
      -50+325 mesh, such as -200+325, -100+200, -50+100, or blends thereof,
      suitably selected to produce the desired micronic rating or bubble point,
      and, to that end, small amounts, e.g., 1-20 wt. %, of -325 mesh can be
      blended with the coarser powder, i.e., the -50+325 mesh. (The term "mesh"
      referred to herein means mesh size according to U.S. Standard Sieve.)
      Preferably, in the practice of this invention, the stainless steel powder
      is used in its alloyed form, sometimes referred to as being a "prealloy";
      however, it is within the scope of this invention to use blends of the
      powdered individual metal elements in the same proportions found in the
      prealloyed steels since the amounts of the elemental metal constituents in
      the sintered articles will be equal to those found in prealloyed stainless
      steel.
PAR  The metal ferrite stabilizers used in this invention (in combination with
      the powdered austenitic chromium-nickel stainless steel) are a known class
      of materials, most of them having body centered, cubic crystal form. They
      are distinguished from the austenite stabilizers, such as nickel and
      cobalt, which do not produce the desired results, such as high density,
      when used in a similar fashion in the practice of this invention, even
      when used in fine particle size (1.2 - 3 microns) at a level of 6 weight
      percent. The ferrite stabilizers used in this invention include
      molybdenum, titanium, vanadium, tungsten, chromium, zirconium, silicon,
      tantalum, and niobium. It is also within the scope of this invention to
      use combinations in the form of mixtures of alloys of two or more of these
      stabilizers, such as molybdenum-tungsten combination, or a
      molybdenum-vanadium combination. The amount of stabilizer used will depend
      upon the particular stabilizer to be used and the properties desired in
      the subsequently sintered article. Generally, the amount of stabilizer
      blended with the powdered stainless steel will be that amount,
      functionally expressed, sufficient to impart a desirably high tensile or
      yield strength without undesirably imparting brittleness to the article.
      The particular stabilizer to be used and the amount thereof can be
      determined by those skilled in the art in possession of this disclosure by
      simple routine tests involving correlating various levels of stabilizer
      with the mechanical properties of the corresponding sintered articles.
      Generally, the amount of stabilizers used will amount to 1 to 11 weight
      percent, based on the total weight of the blend of powdered stainless
      steel and powdered ferrite stabilizer. Generally, low amounts do not
      impart the desired increase in strength and fast sintering rate, and high
      amounts will result in brittleness of the sintered article. In the case of
      the stronger ferrite stabilizers, such as silicon and zirconium, amounts
      of 1 to 3 weight percent may be sufficient to achieve the desired results.
      In the case of chromium, tungsten, titanium, and vanadium, these
      stabilizers are preferably used in amounts of 3 to 9 weight percent, and
      molybdenum is preferably used in amounts of 5 to 7 weight percent.
PAR  The mesh of the powdered ferrite stabilizer can vary from relatively coarse
      to relatively fine, but fine mesh of -325 is preferred because of the
      greater distribution of the resulting ferrite in the grain boundaries. The
      size of the ferrite stabilizer powder is preferably expressed in terms of
      the Fisher Standard Subsieve Series. Generally, powdered ferrite
      stabilizer having Fisher Numbers in the range 0.5 to 44 microns will be
      applicable, though that in the range of 2 to 10 microns is preferred. It
      is also within the scope of this invention to use reducible oxides,
      hydrides, and, less desirably, salts of such ferrite stabilizers, since
      such precursors will be reduced during sintering to the metal. Such salts
      include the nitrates, sulfates, acetates, halides such as chlorides and
      bromides, and the like, as well as ammonium molybdate.
PAR  The blended mixture of the austenitic stainless steel powder with the
      powdered ferrite stabilizer can be deposited in the form of a loose powder
      on a suitable substate or in a suitable mold, as in the case of slip
      casting, and sintered to form a rigid sintered article. Alternatively, the
      blended powdered mixture can be compacted or pressed to form a shaped
      article which is then sintered.
PAR  Where organic heat-fugitive binders are used to form a shaped article,
      binders of the nature disclosed in U.S. Pat. Nos. 2,593,943, 2,709,651,
      and 2,902,363 can be employed, such as methylcellulose. Various solvents
      can be used in conjunction with these binders, such as water, as well as
      various plasticizers, such as glycerin. Useful die lubricants which can
      also be used include stearic acid, and zinc, calcium, and lithium
      stearates. Where organic materials or adjuncts are blended with the
      mixture of powdered stainless steel or ferrite stabilizer, the resulting
      shaped articles can be dried or slowly heated prior to sintering, or even
      partially sintered, e.g., at 1050.degree.-1200.degree.C., in a reducing
      atmosphere, in order to volatilize, burn-off, and/or decompose the organic
      material, taking suitable precautions to minimize any carbon from being
      left in the sintered article.
PAR  The blending of powdered stainless steel, powdered ferrite stabilizers, and
      binders and other various adjuncts where used, can be carried out in a
      conventional manner in various types of commercially available mixers,
      tumblers, blenders, rotating drums, and the like, care being taken to
      insure that the blend is homogeneous and the components well-dispersed.
      Where a binder is used, the blend will be in the nature of a plastic mass,
      dough, or clay, and can be shaped and dried, for example, on a rolling
      mill or by means of extrusion, injection molding, etc. The shaped article
      can then be compacted under pressure, if desired, before sintering.
PAR  Compacting of the blended powdered mixture, either as a dry mixture or as a
      dough, or even after partially sintering a dough to burn-off organic
      binder, can also be carried out in a conventional manner, using either hot
      or cold pressing, such as die pressing, isostatic pressing, etc., the
      compacting pressures range from 4,000 to 200,000 psi. Actually, the high
      compacting pressures normally used in compacting powdered stainless steel
      will not be required in the practice of this invention in order to obtain
      desirably high strength and density in the sintered article, and thus the
      longevity of die parts, etc., will be far greater, with the attendant cost
      savings. In fact, the desired objects of this invention can be readily
      achieved with low compacting pressures in the range of 20,000 to 50,000
      psi.
PAR  Shrinkage of the shaped articles upon sintering will occur, as it does in
      conventional powder metallurgy, and this should be compensated for by
      making the article to be sintered with oversize dimensions, etc.
      Generally, linear shrinkage will be 1 to 25%.
PAR  The sintering step of this invention will be generally carried out at
      sufficiently high temperatures and have sufficient duration to achieve at
      least during the sintering step the austenite-ferrite structure and the
      desired increased tensile strength in the sintered article. Generally, the
      sintering temperature will be below that at which any melting of the metal
      powders occur. Sintering temperatures useful in the practice of this
      invention will be generally in the range of 1200.degree. to
      1400.degree.C., and preferably from 1250.degree. to 1350.degree.C., this
      latter preferred temperature range being the range where the ferrite phase
      is readily formed. The duration of sintering will vary and can be from 10
      minutes to 2 or 3 hours or longer. In any event, the sintering temperature
      will be sufficiently high and of sufficient duration to cause the
      formation of two-phase austenite-ferrite microstructure. The sintering
      operation is carried out in a conventional reducing atmosphere or under
      vacuum or in an inert gas such as argon. The reducing atmospheres
      particularly useful include hydrogen and anhydrous or cracked ammonia, the
      dew points of these gases being - 40.degree.F. or lower. The sintering
      furnaces which can be used include the conventional resistance or
      induction heated gas-tight shell or muffle furnace of the pusher, hump, or
      batch types. After sintering, the sintered articles are preferably rapidly
      cooled through the region where the ferrite phase is partially unstable,
      so as to minimize rejection of ferrite formers and maintain the ferrite
      formed during the sintering operation. The rate of cooling necessary to
      retain the ferrite formed during sintering can be determined empirically
      by simple routine cooling tests by those skilled in the art. Means for
      effecting the rapid cooling necessary to preserve the ferrite phase, or at
      least 50 to 95 volume percent of that formed during sintering, are
      available in the art, such cooling being carried out by quenching sintered
      articles from their sintering temperatures in cooled furnace gas, other
      gas such as argon or nitrogen, air, water, oil, or the like. Slow cooling,
      such as furnace cooling, of the sintered articles can be employed but
      generally is not preferred since this favors the formation of sigma and
      related undesired phases, which impart brittleness and other generally
      undesirable properties to the sintered article. However, slow cooling can
      be used in those instances where the presence of these normally
      deleterious phases is desired or is of no consequence.
PAR  The microstructure of the preferred sintered articles of this invention is
      substantially two-phased: austenite and ferrite. Other phases, namely
      sigma and/or related phases, may be present if the sintered article is
      slowly cooled as described above. The austenite-ferrite two-phase
      structures can be heated further at higher sintering temperatures very
      near the melting point of the structure to form structures which are
      substantially all ferritic, or, by appropriate heat treatment, the
      two-phase structures can be transformed into substantially all austenitic
      structure. These essentially single-phase structures, however, will revert
      to the two-phase austenite-ferrite structure if reheated to temperatures,
      e.g., 1250.degree.-1350.degree.C., favoring their coexistence. In any
      event, in order to produce sintered articles having desired properties,
      such as strength and density, it is essential in this invention to sinter
      at the temperature where the two-phase structure exists, regardless of
      whether it is destroyed or retained by further heating at higher or lower
      temperatures or upon cooling. That is, these desirable properties are not
      dependent on the existence of the two-phase structure in the cooled,
      sintered article, but are dependent on a sintering step where such
      two-phase structure is formed. However, in the case of single phase
      ferritic structures, these will exhibit reduced ductility and toughness
      and reduced corrosion resistance to salt solution, i.e. sea water.
PAR  Generally, at sintering temperatures favoring such two-phase structure or
      at ambient temperatures where such two-phase structure is retained, the
      ferrite phase will comprise 4 to 80 volume percent, preferably 10 to 60
      volume percent, and the balance will be substantially austenite.
PAR  The presence of the ferrite phase results in a faster rate of sintering due
      to the increased diffusion rate of this phase and it imparts magnetism to
      the sintered article. The grains of austenite and ferrite are randomly
      distributed and the grain size of these phases in the sintered article is
      relatively fine, e.g., 5-8 according to ASTM E19- 33, and is in contrast
      to the relatively coarse grain of prior art sintered stainless steel
      caused by the costly long high sintering temperatures necessary to obtain
      dense articles.
PAR  X-ray studies of quenched sintered articles of this invention show, for
      example, face centered, cubic (FCC) diffraction lines, attributed to
      austenite, with a relative intensity of about 100, and body centered cubic
      (BCC) diffraction lines, attributed to ferrite, with a relative intensity
      of 70. Slow or furnace cooling of such sintered articles showing FCC
      relative line intensity of 100 and BCC relative line intensity of 20, and
      two very weak lines attributed to sigma phase.
PAR  Rapidly cooled specimens when viewed under an optical microscope show
      microstructure characterized as grains of austenite dispersed in an
      essentially continous matrix that was ferrite during sintering but has
      transformed at least partially to a very fine mixture of austenite and
      ferrite during cooling from the sintering temperature. Where a relatively
      large amount, e.g. 9%, of the molybdenum stabilizer is used, the grains of
      austenite will be needlelike or lenticular, and where a relatively small
      amount of molybdenum (e.g., 3%) is used, the grains of austenite will be
      irregular equiaxed in shape. Low temperature sintering, e.g.,
      1250.degree.C., tends to reduce the amount of ferrite and produces
      irregular equiaxed austenite grains; at high sintering temperatures, e.g.,
      1350.degree.C., the amount of austenite decreases and the grains of
      austenite appear lenticular or needle-like.
PAR  Most importantly, the tensile strength of the sintered article will be
      significantly greater than that obtained by sintering powdered stainless
      steel of the AISI 300  series in the absence of ferrite stabilizers. Dense
      sintered articles of this invention made with -325 mesh austenitic
      stainless steel powder (and ferrite stabilizer) will have "as sintered"
      ASTM E8- 66 tensile strengths as high as 55,000-80,000 psi, and even as
      high as 110,000 psi, these values being as much as 25 to 200% greater than
      those obtained by sintering stainless steel powder without ferrite
      stabilizer addition. The sintered articles of this invention also have
      very high yield strengths, a property of considerable importance to
      structural designers. Yield strength is usually defined as the stress
      required to impart a permanent deformation of 0.2% in the article. Dense
      sintered articles of this invention prepared from -325 mesh austenitic
      stainless steel powder (and ferrit stabilizer) will have ASTM E8- 66 yield
      strengths "as sintered" as high as 25,000 to 80,000 psi, which values are
      50-400% higher than that of "as sintered" stainless steel articles of
      similar composition produced by powder metallurgy (without ferrite
      stabilizer). These high yield strengths even substantially exceed that
      obtained by annealed wrought stainless steel of similar composition.
PAR  The apparent density of the dense sintered articles will also be
      significantly greater (e.g., 5-25% greater) and generally will be in a
      range of 85 to 95+% of the theoretical density (as sintered), as
      determined by mercury porousimetry described by the American Instrument
      Co. in its Bulletin 2300 (1960).
PAR  In the case of the porous sintered articles of this invention, the "as
      sintered" tensile strength and absolute micronic rating values of the
      sintered articles can be multiplied to obtain a product value which is
      useful as a parameter for evaluating the mechanical properties of the
      articles without reference to the particle size of the stainless steel
      powder used in preparing them. For example, a tensile strength of 17,475
      psi. multiplied by an absolute micronic rating of 14 microns, gives a
      product value or parameter of 244,650. The parameter values of the porous
      articles of this invention will be as high as 200,000 to 500,000, and as
      much as 90 to 450% higher than that of porous articles made of sintered
      stainless steel powder without ferrite stabilizer addition.
PAR  Where reference is made to "as sintered" values, this means the value of
      the article after sintering and cooling to room temperature and prior to
      any subsequent or post treatment, such as mechanical working and
      annealing.
PAR  As far as known, the desirably high strengths and/or densities of the
      articles of this invention can be obtained in the prior art only by
      repeatedly cold working and annealing stainless steel of the cast type
      obtained by liquid metallurgy, or by prior art powder metallurgy
      techniques involving significantly greater compacting or pressing
      pressures and long high temperature sintering and subjection of the
      sintered article to subsequent repeated cold working and annealing.
PAR  The novel alloy of this invention can be used in manufacturing articles of
      either a relatively low density or porous nature, which would be
      particularly suitable where the sintered articles are used to filter
      elements, or relatively dense articles having densities approaching
      theoretical densities. Such high densities are particularly suitable in
      the fabrication of such articles as die pressed or injection molded parts,
      such as a cam, valve housing, etc., seamless tubing for heat exchangers
      and immersion heaters, corrugated recuperative or regenerative heat
      exchangers (made without welding or brazing). The dense shaped articles
      can also be used for architectural applications such as window casings and
      decorative railing supports, burner grids of corrugated or foamed
      structure, acoustic materials made as a foamed structure, catalyst carrier
      and catalyst support structures, dinnerware, etc. Dense sintered articles
      of this invention can be made highly impervious, for example, by injection
      molding, such articles being advantageously employed in applications where
      leakage or corrosion would present problems if relatively porous sintered
      stainless steel were used. It is also within the scope of this invention
      to subject the sintered articles to finishing operations which result in
      even denser articles or better mechanical properties, such operations
      including, for example, coining and resintering. However, the "as
      sintered" articles in most cases will have the properties desired and
      further processing will be unnecessary though useful in some cases to
      achieve final dimensional tolerances.
DETD
PAC  EXAMPLES
PAR  The objects and advantages of this invention are further illustrated by the
      following examples, but the particular materials and amounts thereof
      recited in these examples, as well as other conditions and details, should
      not be construed to unduly limit this invention.
PAC  EXAMPLE 1
PAR  Two batches of powdered metal were made using -325 mesh prealloyed powdered
      stainless steel of the AISI 316L type, one batch being made in accordance
      with this invention using 3 weight % powdered molybdenum with a Fisher
      Number of 3.27 microns. In each batch, 100 g. of the powdered material
      were mixed with 3 g. of methyl cellulose (4,000 cps) in a twin shell
      blender for 1 hr. and then for about 20 min. in a sigmal blade mixer with
      9.5 cc. of 16.6 wt. % solution of glycerin in distilled water until a
      stiff clay or plastic mass was produced. The wet clay was then rolled to a
      0.060 inch thick sheet on a rubber mill with a roll speed ratio of 1.4:1.
      The sheets were cut into specimens 1 .times. 2 inches, placed in a vacuum
      drying oven and dried at 115.degree.F. The specimens were then pressed at
      20,000 psi and sintered in a vacuum furnace by heating from room
      temperature to 350.degree.C. in about 3 hrs. and then heating to
      1325.degree.C. and holding for 8 hrs., the samples being suspended in -100
      mesh alumina during sintering and furnace cooled (7.34.degree.C./min. over
      1300.degree.-600.degree.C.). In Table I below, the results of these two
      runs are shown. Metallographic mounts of the sintered specimens were
      etched with ferric chloride. In estimating the amounts of the phases,
      light-appearing grains were considered austenite and the relatively darker
      matrix was considered as mixed grains of austenite (light) and ferrite
      (dark) which was considered all ferrite at sintering temperature.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Amt. of                                                                   
     Mo in Green density      Microstructure                                   
     316L-Mo                                                                   
           of rolled,dried                                                     
                    Sintered                                                   
                         % of of specimen                                      
     blend,                                                                    
           sheet before                                                        
                    density,                                                   
                         theo.                                                 
                              at sintering                                     
     wt.%  pressing, g/cc.                                                     
                    g/cc density                                               
                              temperature                                      
     __________________________________________________________________________
     0     3.83     6.13 76.8 austenite                                        
     3     3.70     7.24 89.8 94 vol. % austenite                              
                               6 vol. % ferrite                                
     __________________________________________________________________________
PAL  These data show that the use of ferrite stabilizer results in a sintered
      article having a significantly greater density and causes the formation of
      a two-phase microstructure of austenite and ferrite.
PAC  EXAMPLE 2
PAR  In this example, a series of six runs was made in which compacted mixtures
      of stainless steel of AISI 303 type and varying amounts of molybdenum
      (Fisher Number 3.27 microns) were sintered and furnace cooled. The
      compacting, sintering, and cooling procedures and microstructure
      evaluation used were the same as that of Example 1. For comparison
      purposes, another run was made in a similar fashion without the use of
      molybdenum. Results of this series of runs are shown in Table II below.
TBL                TABLE II                                                    
     ______________________________________                                    
             Pressed Sin-    Vickers                                           
     Amt. of green   tered   Diamond Microstructure                            
     Mo in   den-    den-    pyramid of sintered                               
     303-Mo  sity,   sity,   hardness,                                         
                                     article, vol. %                           
     blend,wt.%                                                                
             g/cc    g/cc    100 g load                                        
                                     Austenite                                 
                                             Ferrite                           
     ______________________________________                                    
     0       4.58    6.35    246     100     0                                 
     1       4.34    6.44    216     100     0                                 
     3       4.46    6.43    234     100     0                                 
     5       4.48    6.79    353     91.6    9.4                               
     7       4.56    7.67    460-981 79.2    20.8                              
     9       4.46    7.95    359-866 68      32                                
     11      4.42    7.58    485-877 56      44                                
     ______________________________________                                    
PAL  The data of Table II show that the enhancement in density obtained by the
      ferrite stabilizer is associated with increased hardness and the formation
      of the two-phase microstructure.
PAC  EXAMPLE 3
PAR  One thousand g. of -325 mesh AISI 316L powder, 30 g. of molybdenum of a 2.4
      micron Fisher Number, and 50 g. of methylcellulose (4000 cps) were dry
      blended for 1 hr. To this was added 110 cc of 10% aqueous solution of
      glycerin in distilled water. The batch was mixed to a clay-like
      consistency in a sigma blade mixer and the batch was rolled into sheet and
      pressed. Blanks were cut from the sheet and these were sintered in a
      hydrogen atmosphere for 4 hrs. at 1315.degree.C. The specimens were water
      quenched from 1300.degree.C. and mechanical tests were performed. The
      carbon content after sintering averaged 0.06 wt. %. Table II summarized
      the results.
TBL                                    TABLE III                               
     __________________________________________________________________________
               Strength** of                                                   
               sintered spec-                                                  
               imens, psi.                                                     
     Green     0.2%           Density of Sintered                              
     pressing  offset    Elonga-                                               
                              specimen                                         
     Run*                                                                      
        pressure, psi                                                          
               yield                                                           
                    Ultimate                                                   
                         tion,%                                                
                              Apparent                                         
                                     Real                                      
     __________________________________________________________________________
     1  30,000 41,800                                                          
                    80,620                                                     
                         39.6 7.62   7.66                                      
     2   4,000 40,430                                                          
                    79,027                                                     
                         34.4 7.32   7.39                                      
     __________________________________________________________________________
       *Values shown for each run are averages of 3 specimens.                 
      **Strengths were determined according to ASTM E8-66, using pin loaded    
      specimens 1" gauge length and 1/4" width.                                
PAL  The data of Table III show that high strengths and densities can be
      obtained with desirable elongation. The values shown for these properties
      are considerably better than what is now commercially achieved in powder
      metallurgy and compare very well with many wrought austenitic stainless
      steels in the annealed condition. The closeness of the apparent and real
      density values show that the connected porosity in the specimens is very
      minor.
PAC  EXAMPLE 4
PAR  In this example, a series of runs was made in which compacts of -325 mesh
      AISI 304L or AISI 316L stainless steels dry blended with varying amounts
      of molybdenum (Fisher No. 4.2 microns) were pressed at 20,000 psi and
      sintered at various temperatures for various periods of time in dry
      hydrogen and rapidly cooled (110.degree.C./min.) and the properties of the
      green compacts and sintered articles determined and compared. For purpose
      of comparison, other runs were made in which stainless steel compacts made
      without molybdenum addition were prepared and sintered under these varying
      conditions. Results are summarized in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                 Runs.sup.d                                                    
                 1   2   3   4   5   6   7   8                                 
     __________________________________________________________________________
     Stainless steel                                                           
      used       304L                                                          
                     304L                                                      
                         304L                                                  
                             304L                                              
                                 304L                                          
                                     304L                                      
                                         316L                                  
                                             316L                              
     Amt. of Mo in blend,                                                      
      wt. %      0   3   6   9   0   6   0   3                                 
     Sintering,time,hrs.                                                       
                 2   2   2   2   1.25                                          
                                     1.25                                      
                                         2   2                                 
       temp.,.degree.C.                                                        
                 1250                                                          
                     1250                                                      
                         1250                                                  
                             1250                                              
                                 1300                                          
                                     1300                                      
                                         1350                                  
                                             1350                              
     Densities                                                                 
      green,g/cc 5.09                                                          
                     5.14                                                      
                         5.17                                                  
                             5.28                                              
                                 5.08                                          
                                     5.20                                      
                                         5.56                                  
                                             5.59                              
      sintered,g/cc                                                            
                 6.33                                                          
                     6.84                                                      
                         7.38                                                  
                             7.50                                              
                                 6.57                                          
                                     7.58                                      
                                         6.72                                  
                                             7.43                              
      % of theo. 79.4                                                          
                     85.0                                                      
                         91.0                                                  
                             91.8                                              
                                 82.4                                          
                                     93.4                                      
                                         84.2                                  
                                             92.3                              
     Strengths.sup.a,                                                          
      0.2% offset                                                              
      yield,KSI  19.4                                                          
                     29.6                                                      
                         37.9                                                  
                             --  21.7                                          
                                     58.5                                      
                                         17.9                                  
                                             30.0                              
      ultimate,KSI                                                             
                 33.5                                                          
                     57.0                                                      
                         81.0                                                  
                             86.0                                              
                                 50.4                                          
                                     95.6                                      
                                         43.3                                  
                                             64.4                              
     Hardness,Vickers                                                          
      Diamond pyramide.sup.b                                                   
                 68  122 130 271 80  216 69  119                               
     Elongation.sup.a, %                                                       
                 15  20.3                                                      
                         7.0 2.0 25.9                                          
                                     19.5                                      
                                         25.0                                  
                                             16.5                              
     Phases.sup.e                                                              
      austenite,vol.%                                                          
                 100 78  60  20  95.6                                          
                                     60  96  90                                
      ferrite,vol.%                                                            
                 0   22  40  80  4.4 40  4   10                                
     Grain size of phases.sup.c                                                
      austenite  6   6   7   8   6   8   5   5                                 
      ferrite    8   8   7   8   8   8   8   8                                 
     __________________________________________________________________________
      a -- Specimens for tensile strength tests were made with a Haller DL-1001
      die and tested on an Instron machine, following ASTM E8-66 and MPIF 10-63
      b -- Using 10 kg load.                                                   
      c -- ASTM E19-33 (smallest size on chart is 8).                          
      d -- Value shown for each run is an average of 3-6 specimens.            
      e -- Microstructure evaluations were made as described in Ex. 1.         
PAL  The data of Table IV show again the increase in density and strengths
      obtained through the use of ferrite stabilizer. In addition, the data show
      that in general these values increase with increasing molybdenum content,
      though elongation of the sintered article falls off with higher amounts of
      molybdenum addition. The data also show that higher sintering
      temperatures, at the same level of molybdenum addition, give higher
      densities, strengths, and hardnesses. I have also found that longer
      sintering times at a given sintering temperature will give higher values.
PAC  EXAMPLE 5
PAR  In this example, a series of runs was made in which various ferrite
      stabilizers were blended with AISI 304L stainless steel, the blends
      compacted, sintered, and rapidly cooled. The stainless steel powder had a
      mesh size of -325. All of the stabilizers were used in elemental powder
      form except for the titanium, vanadium, and zirconium stabilizers, which
      were used as hydrides. For purposes of comparison, runs were also made
      with nickel and cobalt additions. The sizes of the ferrite stabilizers
      used are shown in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     Powder            Size                                                    
     ______________________________________                                    
            Mo         2-4     microns*                                        
            Cr         3       microns                                         
            W          0.9     microns                                         
            TiH.sub.2  6-9     microns                                         
            ZrH.sub.2  2-8     microns                                         
            Co         1.2     microns                                         
            Ni         3-5     microns                                         
            VH.sub.2   -325    mesh**                                          
            Si         -325    mesh                                            
     ______________________________________                                    
        *Fisher Standard Subsieve Series                                       
      **U.S.Standard Series                                                    
PAL  The powdered materials were blended in a twin shell blender for about 30
      min. Those sintered articles whose tensile strengths were determined were
      made from compacts prepared by pressing the blended powders in a Haller
      DL-1001 die in accordance with ASTM E8- 66 and MPIF 10-63, these specimens
      having been pressed at 20 tsi before sintering. All sintering was
      performed at sintering temperatures of 1300.degree.C. for 1.25 hrs.
      (except in Runs 3, 12, and 13, where sintering was at 1350.degree.C. for 2
      hrs.), in a palladium-silver purified hydrogen atmosphere using induction
      heating. The sintered articles were rapidly cooled in the furnace. The
      results are summarized in Table VI.
TBL                                    TABLE VI                                
     __________________________________________________________________________
                     Density, % of                                             
     Ferrite stabilizer(s)                                                     
                     theoretical    Strength (KSI)                             
         used and amt. thereof,                                                
                     Green                                                     
                          Sintered                                             
                               Elong-                                          
                                    0.2%                                       
            wt. % of (.+-.0.5                                                  
                          .+-.1.0                                              
                               ation,                                          
                                    offset                                     
                                         Ulti-                                 
     Run     blend   max.)                                                     
                          (max.)                                               
                               %    yield                                      
                                         mate                                  
     __________________________________________________________________________
     1   none        63.6 82.4 25.9 21.7 50.4                                  
     2   6% Mo       64.1 93.7 18.3 55.2 98.6                                  
     3   6% Mo       64.9 95.0 22.3 53.4 105.0                                 
     4   6% Cr       68.2 94.8 22.5 45.3 82.7                                  
     5   4% Si       61.4 93.5 4.1  78.2 96.8                                  
     6   6% W        68.0 86.8 25.0 40.9 78.8                                  
     7   3% Vi       63.0 94.0 28.0 46.9 83.2                                  
     8   3% TiH.sub.2                                                          
                     63.1 88.2 7.1  43.6 66.5                                  
     9   3% ZrH.sub.2                                                          
                     63.9 94.2 --   --   --                                    
     10  3% Mo + 1.5% VH.sub.2                                                 
                     63.8 93.2 30.1 49.3 88.6                                  
     11  3% Mo + 1.5% TiH.sub.2                                                
                     63.6 89.0 9.3  44.0 70.4                                  
     12  6% Ni       64.2 85.5 36.7 19.7 53.0                                  
     13  6% Co       64.4 85.8 37.8 21.9 67.9                                  
     __________________________________________________________________________
PAL  The above data show the applicability of a host of ferrite stabilizers in
      the practice of this invention as well as combinations thereof, and also
      show that Ni and Co, by comparison, are inferior.
PAC  EXAMPLE 6
PAR  Following the procedure of Example 5, a compact was made and sintered from
      a blend of elemental metals used in amounts matching with the composition
      of AISI 304L. In one run, the blend contained 6 wt. % of powdered
      molybdenum and the compact prepared from this blend had a green density of
      70% that of the theoretical density, the sintered density of this compact
      being 87.4% of theoretical. The compact made from the blend without
      molybdenum addition had a comparable green density of 70.9% of theoretical
      but by contrast the sintered density of this compact was only 81.5% of
      theoretical. The sintered article made with molybdenum had an 0.2% yield
      of 47.1 KSI, an ultimate strength of 56.1 KSI, and an elongation of 2.5%.
      The sintered article made without molybdenum had an 0.2% offset yield of
      22.0 KSI, an ultimate strength of 38.3 KSI, and an elongation of 10%.
PAC  EXAMPLE 7
PAR  Two dough batches of stainless steel powder (AISI 304L) of the following
      composition were prepared:
PAC  Batch 1
PA1  1000 g. 304 L stainless steel,
PA1  50 g. Methylcellulose* (4000 cps.)
PA1  120 cc 5% solution of glycerin in water
PAC  Batch 2
PA1  1000 g. 304L stainless steel,
PA1  60 g. Molybdenum,
PA1  56 g. Methylcellulose * (4000 cps.)
PA1  120 cc 5% solution of glycerin in water
FNT  *In place of methylcellulose, other binders can be used, such as
      polypropylene, polystyrene, stearin mixed with vegetable oil, etc.
PAR  In preparing Batch 1, the stainless steel and methylcelluose were blended
      in a sigma blade mixer for about 30 min. and then the glycerin-water
      solvent was added. The material was mixed into a clay-like consistency
      under a vacuum of about 29 inches of mercury. The clay-like material was
      added to a Frobring Mini-Jector injection molding machine (Model 70VC100)
      and the clay was injected in a flat bar configuration. Batch 2 was handled
      in an identical manner except that the molybdenum addition was blended
      with the stainless steel using a V-shell blender and an intensifier rod
      prior to adding the powder to the sigma blade mixer. The injection molded
      bars of both batches were weighed and measured in the green or injected
      state. The green density of Batch 1 was 4.189 g/cc and that of Batch 2 was
      4.127 g/cc. Specimens from both batches were placed in a hydrogen furnace
      and heated from room temperature to 1310.degree.C. in 12 hrs. The
      specimens were held at temperature for 2 hrs. After sintering, the
      densities of the specimens were determined using a mercury porosimeter.
      Carbon content was also determined. Results are summarized in Table VII.
TBL                                    TABLE VII                               
     __________________________________________________________________________
                                        Carbon                                 
            Apparent density,                                                  
                      Apparent Porosity*,                                      
                                  % of theo                                    
                                        content                                
     Batch No.                                                                 
            g/cc      %           density                                      
                                        wt. %                                  
     __________________________________________________________________________
     1      6.28      19.04       80.6  0.7                                    
     2      7.68      0           94.7  0.05                                   
     __________________________________________________________________________
      *Apparent porosity is based on volume change exhibited by specimen when  
      subjected to mercury pressure of 3000 psig (see Bulletin 2300, Amer. Inst
      Co.).                                                                    
PAR  The data of Table VII show that the addition of molybdenum significantly
      aided the sintering process and allowed the production of dense
      impermeable parts by injection molding. Heretofore it has been necessary
      to cast or machine stainless steel bar to obtain dense complex parts. The
      subject invention now makes it possible to produce complex, dense, strong
      parts in stainless steel by injection molding without resorting to the
      more expensive process of machining or the process of molten metal
      casting.
PAC  EXAMPLE 8
PAR  Six batches of various commercial grades of stainless steel powder were
      prepared, some of which were blended with powdered molybdenum (Fisher
      Number 4.2 microns).
PAR  Two hundred g of each batch were blended with 10 g. of methylcellulose and
      then with 35-45 cc. of 10% aqueous solution of glycerin, and each batch
      was converted into a clay-like material. This material was then rolled
      using a rubber mill to produce sheet. The green sheet was sintered in
      hydrogen by heating from room temperature to 1350.degree.C. in 12 hrs. and
      holding at 1350.degree.C. for 2 hrs., and furnace cooled. The resulting
      sintered sheets were cut into suitable specimens for flow, bubble point,
      and tensile testing. These runs and the results obtained are summarized in
      Table VIII.
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     Runs                                                                      
                           1     2     3     4     5     6                     
     __________________________________________________________________________
     Stainless steel used  316L  316L  316L  316L  316L  316L                  
     Mesh                  -50+100                                             
                                 -50+100                                       
                                       -100+200                                
                                             -100+200                          
                                                   -200+325                    
                                                         -200+325              
     Amt. of Mo in blend, wt. %                                                
                           0     5     0     5     0     5                     
     Pressure (cm. H.sub.2 O) to produce follow-                               
     ing air flows through specimen:                                           
        37 CFH             2.2   3.3   5.7   12.3  33.2  204                   
        74 CFH             5.0   7.9   13.0  28.7  71.2  397                   
       111 CFH             9.3   12.9  20.5  45.9  106   730                   
       148 CFH             13.7  18.7  39    66.8  143.6 --                    
     Strengths*:                                                               
      0.2% Offset yield, psi                                                   
                           --    4250  1400  10,075                            
                                                   4466  12,400                
      Ultimate, psi        900   5050  1825  11,200                            
                                                   6325  17,475                
     Apparent density      39    46    44    54    50    70                    
     Bubble point (.DELTA.P req to burst bubble)**                             
      cm. H.sub.2 O        8.4   8.6   13.8  16.2  30.8  40.3                  
     Absolute micronic rating**, microns                                       
                           72    70    43    38    20    14                    
     Parameter***          64,800                                              
                                 353,500                                       
                                       78,473                                  
                                             425,600                           
                                                   126,500                     
                                                         244,650               
     __________________________________________________________________________
       *Specimens for tensile strength were made from flat 1" gauge length and 
      tested (as in Ex. 3) at room temperature using a loading rate of 0.5     
      cm/min. Values shown are averages of 4 runs.                             
       **Specimens were tested for bubble point according to MIL-F-8815B, excep
      that specimens were not rotated, and the absolute micronic rating was    
      determined therefrom by dividing the bubble point into the conversion    
      factor of 605.                                                           
      ***Parameter is the product of ultimate strength multiplied by absolute  
      micronic rating.                                                         
PAR  The significance of the data of Table VIII can be further demonstrated by
      plotting the values for the various properties of the sintered articles
      made with and without molybdenum addition. For example, if the strengths
      of the sintered specimens are plotted as a function of the absolute
      micronic rating using a simple linear plot and linear extrapolation
      between data points, the plot will show that a porous membrane with an
      absolute micronic rating of 40 microns would be 320% stronger if
      molybdenum addition is used in accordance with this invention. A plot of
      strength versus density will show that, for any given density, the
      structure made in accordance with this invention, using molybdenum
      addition, will be stronger. For example, at a density of 48% of
      theoretical, the structure made with molybdenum addition is 42% stronger.
PAC  EXAMPLE 9
PAR  Two 3000 g. batches of AISI 316L (-100+200 mesh) were prepared in a manner
      like Example 8, one of these batches containing 5 wt. % molybdenum (Fisher
      Number 4.2 microns). The batches of clay were extruded to form 4-foot long
      tubes with an outside diameter of 0.504 inch and an inside diameter of
      0.314 inch. The green tubes were sintered in dry hydrogen for 3 hrs. at
      1150.degree.C. to burn-off the binder and partially sinter the tubes. The
      tubes were then isostatically pressed and resintered at 1350.degree.C. for
      2 hrs. in dry hydrogen. The tubes were furnace cooled to form porous tube
      useful as filter elements. The tubes were machined to form tensile
      specimens and the ultimate tensile strengths were determined. These runs
      and results are summarized in Table IX.
TBL                TABLE IX                                                    
     ______________________________________                                    
          Amt. of Mo                                                           
                    Isostatic          Ultimate                                
          blended   compaction                                                 
                              Density of                                       
                                       tensile strength                        
          with 316L,                                                           
                    pressure, sintered tube,                                   
                                       of sintered tube,                       
     Run  wt. %     psi       % of theo.                                       
                                       psi                                     
     ______________________________________                                    
     1    0         40,000    66.1     11,900                                  
     2    5         30,000    71.7     24,100                                  
     ______________________________________                                    
PAL  These data show the tube formed in accordance with this invention had a
      strength 100% greater than the tube formed without molybdenum addition,
      even though the partially sintered compact wasn't isostatically pressed to
      as high a pressure as the control.
PAR  Various modifications and alterations of this invention will become
      apparent to those skilled in the art without departing from the scope and
      spirit of this invention, and it should be understood that this invention
      is not to be unduly limited to the illustrative embodiment set forth
      herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process comprising blending powdered austenitic chromium-nickel
      stainless steel, or powdered elemental constituents thereof, with powdered
      ferrite stabilizer or reducible precursors thereof, and sintering the
      resulting blend to produce an austenitic-ferrite chromium nickel alloy.
NUM  2.
PAR  2. A process comprising blending powdered austenitic chromium-nickel
      stainless steel of the AISI 300 series with powdered ferrite stabilizer,
      sintering the resulting blend in loose or compacted form in a reducing
      atmosphere, and cooling the resulting sintered article, the amount of said
      ferrite stabilizer in said blend and conditions of sintering being
      sufficient to form a two-phase austenitic ferritic alloy which in its "as
      sintered" state has increased strength and/or density.
NUM  3.
PAR  3. The process according to claim 2, wherein said ferrite stabilizer is
      selected from the group consisting of molybdenum, titanium, vanadium,
      tungsten, chromium, zirconium, silicon, tantalum, and combinations
      thereof.
NUM  4.
PAR  4. The process according to claim 2, wherein the amount of said ferrite
      stabilizer is 1 to 11 weight percent by weight of said blend.
NUM  5.
PAR  5. The process according to claim 2, wherein the amount of said ferrite
      stabilizer is about 3 to 9 weight percent by weight of said blend and is
      titanium, vanadium, tungsten, or chromium.
NUM  6.
PAR  6. The process according to claim 2, wherein said ferrite stabilizer is
      molybdenum and the amount thereof is about 5 to 7 weight percent by weight
      of said blend.
NUM  7.
PAR  7. The process according to claim 2, wherein said sintering is carried out
      at 1200.degree. to 1400.degree.C.
NUM  8.
PAR  8. The process according to claim 2, wherein said sintering is carried out
      at 1250.degree. to 1350.degree.C.
NUM  9.
PAR  9. The process according to claim 2, wherein said cooling of said sintered
      article is carried out at a sufficiently rapid rate to substantially
      retain in the cooled sintered article the two-phase austenite-ferrite
      formed during sintering.
NUM  10.
PAR  10. The process according to claim 2, wherein said stainless steel powder
      is AISI 304L or AISI 316L.
NUM  11.
PAR  11. The process according to claim 2, wherein said stainless steel powder
      is -50+325 mesh and said ferrite stabilizer has Fisher Numbers of 0.5 to
      10 microns.
NUM  12.
PAR  12. The process according to claim 2, wherein said stainless steel powder
      and said ferrite stabilizer are -325 mesh.
NUM  13.
PAR  13. The process according to claim 2, wherein said two-phase alloy
      comprises 10 to 60 volume percent ferrite and 90 to 40 volume percent
      austenite.
NUM  14.
PAR  14. The process according to claim 2, wherein said stainless steel powder
      has -325 mesh and said alloy produced by said process has "as sintered"
      ultimate tensile strengths of 55,000 to 110,000 psi, 0.2% offset yield
      strengths of 25,000 to 80,000 psi, and apparent densities of 85 to
      99.sup.+% of theoretical.
NUM  15.
PAR  15. The process according to claim 2, wherein said stainless steel powder
      has -50+350 mesh and said alloy produced by said process has tensile
      strength and absolute micronic rating values whose product is in the range
      as high as 200,000 to 500,000.
NUM  16.
PAR  16. The process according to claim 2, wherein said blend is compacted
      before sintering.
NUM  17.
PAR  17. The process according to claim 2, wherein said blend is mixed with an
      organic heat-fugitive binder to form a shaped plastic mass which is heated
      in a reducing atmosphere at 1050.degree.-1200.degree.C. to burn off said
      organic binder and the resulting partially sintered article is compacted
      to desired dimensions and tolerances and then subjected to said sintering
      step and sintered at 1250.degree. to 1350.degree.C.
NUM  18.
PAR  18. The process according to claim 2, wherein said blend is mixed with an
      organic heat-fugitive binder to form a plastic mass which is injection
      molded, extruded, or rolled to form a shaped article and the latter is
      then subjected to said sintering step.
NUM  19.
PAR  19. A process for producing an unwrought, sintered chromium-nickel
      stainless steel, which comprises blending powdered austenitic
      chromium-nickel stainless steel of the AISI 300 series with 1 to 11 weight
      percent of powdered ferrite stabilizer having Fisher Numbers of 0.5 to 10
      microns and selected from the group consisting of molybdenum, titanium,
      vanadium, tungsten, chromium, zirconium, silicon, tantalum, and mixtures
      thereof, shaping the resulting blend to produce a green shaped article,
      sintering said green shaped article in a reducing atmosphere at 1250 to
      1350.degree.C. for a sufficient time to produce a two-phase structure
      comprising 10 to 60 volume percent ferrite and 90 to 40 volume percent
      austenite, and cooling the resulting article to produce a product having
      increased strength and density.
NUM  20.
PAR  20. The process according to claim 19 wherein said ferrite stabilizer is
      molybdenum which amounts to 5 to 7 weight percent by weight of said blend.
NUM  21.
PAR  21. The process according to claim 19, wherein said stainless steel powder
      has a mesh size of -325 and said product has "as sintered" tensile
      strength in the range of 55,000 to 110,000 psi, 0.2% offset yield strength
      in the range of 25,000 to 80,000 psi, and apparent density in the range of
      85 to 99+% of theoretical.
NUM  22.
PAR  22. The process according to claim 19, wherein said stainless steel powder
      has a mesh size of -50+325 mesh and said product has a tensile strength
      and absolute micronic rating values whose product is in the range of
      200,000 to 500,000.
NUM  23.
PAR  23. The process according to claim 19, wherein said sintered article is
      rapidly cooled at a rate sufficient to substantially retain said two-phase
      structure.
NUM  24.
PAR  24. The process according to claim 19 wherein said blend of powdered
      stainless steel and ferrite stabilizer is mixed with an organic
      heat-fugitive binder and the resulting green shaped article is heated to
      burn off said organic binder prior to said step of sintering.
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PAL  An electrophotographic system is described in which a photoconductive ion
      modulator screen is used in conjunction with an anodized aluminum
      dielectric imaging surface. This combination enables the steps of image
      transfer and fixing to be carried out simultaneously without destroying
      the latent image produced on the dielectric imaging surface.
PAL  A duplex anodized aluminum coating is prepared by forming a porous aluminum
      oxide layer by electrolytically oxidizing an aluminum surface and
      thereafter continuing the electrolytic oxidation under conditions which
      produce a barrier type aluminum oxide layer. The resulting duplex anodized
      aluminum coating containing both porous type aluminum oxide and barrier
      type aluminum oxide is used as the dielectric imaging surface in this
      electrophotographic system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrophotographic reproduction systems and in
      particular to an electrophotographic process and apparatus in which an
      image is transferred from a novel dielectric surface to a receiving
      surface such as plain paper.
PAR  Electrophotographic processes are well known with many ramifications having
      been disclosed since the earliest disclosure thereof by Chester F. Carlson
      in U.S. Pat. No. 2,297,691. In that patent a photoconductive insulating
      material such as sulfur, anthracene, anthraquinone or selenium was
      utilized as the imaging surface. Since then various other types of
      photoconductors have been disclosed. Inorganic crystalline photoconductive
      compounds such as zinc oxide, used in an insulating organic resin binder,
      were disclosed in U.S. Pat. No. 3,121,006 to Arthur E. Middleton and
      Donald C. Reynolds. Various organic photoconductors have also been
      described as imaging surfaces. Polyvinylcarbazole is described as a
      photoconductor in U.S. Pat. No. 3,037,861 to H. Hoegl, O. Sus and W.
      Neugebauer. Other organic photoconductors which are known for this purpose
      include the polyvinylbenzocarbazoles disclosed in U.S. Pat. No. 3,751,246
      to Helen C. Printy and Evan s. Baltazzi and the polyiodobenzocarbazoles
      described in U.S. Pat. No. 3,764,316 to Earl E. Dailey, Jerry M. Barton,
      Ralph L. Minnis and Evan S. Baltazzi, both assigned to the same assignee
      as this invention.
PAR  Other classes of organic photoconductors are the benzofluorenes and
      dibenzofluorenes described in U.S. Pat. No. 3,614,412 to William J. Hessel
      and the cumulenes described in U.S. Pat. Nos. 3,674,473 to Robert G.
      Blanchette also assigned to the same assignee as this invention.
PAR  The organic photoconductors are generally utilized in conjunction with a
      suitable sensitizer to extend the spectral range of the photoconductor.
      Dyes may be used for this purpose. Another class of materials which are
      widely used are the pi-acids. Representative of these compounds are the
      oxazolone and butenolide derivatives of fluorenone, described in U.s. Pat.
      No. 3,556,785 to Evan S. Baltazzi, the dicyanomethylene substituted
      fluorenes, described in U.S. Pat. No. 3,752,668 to Evan S. Baltazzi and
      the bianthrones described in U.S. Pat. No. 3,615,411 to William J. Hessel,
      all assigned to the same assignee as this invention.
PAR  Prior art electrophotographic processes in general consisted of uniformly
      charging a photoconductor electrostatically in the dark, exposing the
      uniformly charged photoconductor to a pattern of light and shadow
      corresponding to the image to be reproduced, whereby the photoconductor
      was selectively discharged in the light-struck areas, contacting the
      resulting latent electrostatic image with a contrasting colored dielectric
      powdered material known as a toner to develop the image and either
      permanently fixing the toned image to the photoconductive surface or
      transferring it to a suitable receiving material such as a sheet of paper
      and thereafter permanently fixing the visible image to such receiving
      material.
PAR  Instead of uniformly charging a photoconductive surface with an
      electrostatic charge, use has been made of a conductive grid or screen
      upon which is deposited a layer of photoconductor which itself is
      photoconductive and acts as an ion modulating device. The photoconductive
      screen is first uniformly charged and then exposed to the image to be
      reproduced so as to produce a latent electrostatic image thereupon. A
      stream of ions impinged upon the screen is modulated by the latent
      electrostatic image thereon so that a latent electrostatic image
      comparable to that on the screen is formed upon a dielectric imaging
      surface placed in the path of the ion stream. The resulting latent
      electrostatic image is then developed upon the imaging surface,
      transferred to a sheet of paper of other receiving material and then
      permanently fixed thereto. The use of such screens is described, for
      example, in U.S. Pat. No. 3,220,324 to Christopher Snelling.
PAR  The various prior art processes disclosed above have certain disadvantages.
      For example, where it is necessary to transfer a toned image from a
      photoconductive surface to a receiving material, such as a sheet of plain
      paper, it is necessary to use a corona discharge in order to accomplish
      the transfer. The primary disadvantage of using corona transfer is that
      the corona discharge destroys the usefulness of the latent image which
      must therefore be reformed for each copy. In addition in such processes
      the transferred image must be fixed following transfer, usually by means
      of heat or pressure. These shortcomings add process steps which put an
      upper limit on copying speed. Where the image is fixed upon the
      photoconductive surface itself, it is also necessary to use as the
      photoconductive surface a costly, specially formulated material such as
      zinc oxide coated paper rather than plain paper.
PAC  OBJECTS
PAR  It is a principal object of this invention to provide an
      electrophotographic reproduction system in which transfer of a toned image
      to a receiving material and fixing of the image are accomplished
      simultaneously.
PAR  Another object of this invention is to provide an electrophotographic
      duplicating system which is capable of producing a number of copies
      without re-imaging the original after production of the first and
      successive copies.
PAR  Another object of this invention is to provide a system for
      electrophotographic copying which is equipped with a dielectric surface
      which is hard and resistant to wear and which can be used for pressure
      fixing of a toned image.
PAR  Another object of this invention is to provide a dielectric surface which
      is capable of accepting an electrostatic charge of a relatively high
      potential and retaining the charge throughout the reproduction of a large
      number of copies.
PAR  Other objects and advantages of this invention will become apparent from
      the following detailed disclosure and description
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that the combination of a photoconductive ion modulator
      and a duplex anodized aluminum dielectric imaging surface comprising both
      barrier type aluminum oxide and porous aluminum oxide can be used to
      achieve the above noted objects. Such duplex anodized aluminum layers can
      be made as thick as desired resulting in a sufficiently low capacitance to
      enable the dielectric surface to hold a relatively high potential, for
      example, one in the range of about from 500 volts to 1,000 volts.
      Thicknesses of about from 0.5 micron to 20 microns are preferred. Use of
      this combination results in a system which is capable of simultaneous
      transfer of a toned image from the dielectric imaging surface to plain
      paper and pressure fixing of the image thereon. Since the latent
      electrostatic image persists upon the dielectric surface after transfer it
      is unnecessary to re-image the original or reproduce the latent
      electrostatic image upon the dielectric surface from the ion screen
      modulator between successive copies which can be made by merely toning the
      dielectric surface each time a copy is desired.
PAR  Use of the system of this invention results in a simpler and faster process
      for a number of reasons. In the first place use of a thick dielectric
      layer results in a process exhibiting a faster imaging speed than has
      previously been realizable. In addition, obviating the need for creating
      the latent electrostatic image anew for each copy of the same original
      effects a higher speed process.
PAR  Other advantages in this system are that the dielectric surface is durable
      and wear resistant. This durability permits the use of sufficient pressure
      to achieve simultaneous transfer and fixing of the toned image. Since
      corona discharge is not used in transferring the image, the integrity of
      the latent electrostatic image upon the duplex anodized aluminum
      dielectric surface is retained and the image can be retoned, transferred
      and fixed many times without re-imaging.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic view of an apparatus embodying the general
      features of this invention.
PAR  FIG. 2 is a diagrammatic view of a specific embodiment of this invention.
PAR  FIG. 3 is a diagrammatic cross-sectional view of an anodized aluminum
      surface such as used in this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 an imaging unit 10 to be described hereafter in greater
      detail is positioned adjacent a drum 11. Downstream of imaging unit 10
      adjacent to the drum 11 is positioned developing unit 12. Receiving
      material 13 is fed from supply roll 14 between drum 11 and pressure roll
      15.
PAR  Imaging unit 10 functions to provide a latent electrostatic image upon the
      surface of drum 11 corresponding to an original which is to be reproduced.
      Drum 11 is rotated so that the resulting latent electrostatic image is
      advanced to developing unit 12 for development of the latent electrostatic
      image. Developing unit 12 may be any conventional type of developing
      device such as a cascade, powder cloud or magnetic brush developing
      device. The resulting developed image is then transferred from drum 11 to
      receiving material 13, which may be, for example, plain paper, by passing
      receiving material 13 between the surfaces of drum 11 and pressure roll
      15. Simultaneous transfer and fixing of the developed image is achieved in
      this step since pressure roll 15 exerts sufficient pressure against the
      surface of drum 11 to both transfer the developed image from the surface
      of drum 11 to receiving material 13 and fix the image thereon.
PAR  In FIG. 2 a specific embodiment of this invention is shown illustrating in
      some detail the various components used therein. In this embodiment
      imaging unit 10 includes ion modulator screen 20 which comprises a
      conductive screen and a coating thereon of a photoconductor. Screen 20 has
      imparted to it a uniform electrostatic charge in the dark by means of
      corona electrode 21 provided with high voltage source 22 and grounded
      shield 23. After the charging of the photoconductive layer of ion
      modulator screen 20 has been completed, the corona is shut off and
      original 24 to be reproduced is illuminated by means of lamps 25 whereby a
      pattern of light and shadow corresponding to original 24 is focussed upon
      ion modulator screen 20 by means of lens 26 resulting in selectively
      discharging those areas of the ion modulator screen corresponding to the
      light areas in the original. Corona electrode 21 is then turned on again,
      drum 11 is rotated and an ion stream is caused to impinge upon ion
      modulator screen 20 resulting in the passage through the screen and mask
      27 of ions in a pattern corresponding to the original 24 and the formation
      of a latent electrostatic image upon the anodized aluminum dielectric
      surface of drum 11. Corona electrode 21 is then turned off and as drum 11
      rotates the surface which carries the latent electrostatic image is moved
      into position adjacent developing unit 12 which includes magnetic brush
      28. Toner particles 29 are applied by means of magnetic brush 28 and
      caused to adhere to the dielectric surface of drum 11 in a pattern
      corresponding to the original 24. As drum 11 continues to rotate the toned
      image held upon its surface by electrostatic charges is compressed between
      pressure roll 15 and drum 11 and transferred to receiving material 13,
      most suitably plain paper, which is fed from supply roll 14 to the nip
      between drum 11 and pressure roll 15. Contact between drum 11 and pressure
      roll 15 is made under pressure so that the toner carried by drum 11 in the
      form of a toned image is simultaneously transferred to receiving material
      13 and permanently fixed thereon, as depicted at 30.
PAR  Due to the rotation of drum 11 beneath mask 27 the area subjected to
      imaging at any given time is made to approximate a flat surface.
PAR  If the machine described above is to be used for producing a single copy,
      the latent electrostatic image which is retained upon drum 11 following
      transfer and fixing can be easily removed by exposure to a stream of high
      humidity air as shown at 31 or by discharging with a suitable A.C. corona,
      not shown.
PAR  Where, however, more than one copy is desired the latent electrostatic
      image remaining upon the anodized aluminum surface of drum 11 following
      transfer of the toned image to receiving material 13 is rotated past
      imaging unit 10, which is shut off, to magnetic brush 28 for retoning and
      then to pressure roll 15 for transfer and fixing of the developed image as
      before. The foregoing cycle is repeated as many times as desired depending
      upon the number of copies which are to be made. Since the anodized
      aluminum surface of drum 11 is capable of retaining the latent
      electrostatic image for an extended period of time it is possible to make
      a large number of copies by this method. In this mode the machine
      functions as an electrostatic duplicator. Following the last transfer,
      that is, the production of the last copy desired in a given run, the
      latent electrostatic image remaining upon the anodized aluminum surface of
      drum 11 is removed as described above and the surface of drum 11 is ready
      for re-imaging to reproduce a different original.
PAR  As shown in FIG. 3 drum 11 consists of anodized aluminum layer 40 overlying
      aluminum substrate 41. The anodized aluminum layer 40 is of a duplex type
      which contains both barrier type aluminum oxide, which functions as a
      dielectric and porous type aluminum oxide which functions as a conductor.
      Since the thickness of porous type aluminum oxide which can be produced
      can be as much as about 10,000 times the thickness of barrier type
      aluminum oxide it is readily apparent that significantly greater
      thicknesses of anodized aluminum can be produced by using a duplex type
      anodization than if the barrier type aluminum oxide, which is necessary
      for the anodized layer to act as a dielectric, is used by itself. As
      pointed out above this results in low capacitance and enables charging the
      dielectric to a relatively high potential.
PAR  In order to provide the duplex layers described above an aluminum surface
      is subjected to a first electrolytic oxidation in which a layer of porous
      type aluminum oxide is formed. After the desired thickness of porous
      aluminum oxide is produced the resulting anodized aluminum surface is
      subjectd to further electrolytic oxidation under conditions to produce
      barrier type aluminum oxide. It is not known whether the barrier aluminum
      oxide forms upon the surface of the porous aluminum oxide, at the
      interface between the aluminum and the porous aluminum oxide or in the
      pores of the porous aluminum oxide. In any event the desired dielectric
      character results.
PAR  The porous aluminum oxide layer is readily formed upon an aluminum surface
      by means of an electrolytic oxidation utilizing an electrolyte comprising
      a strong acid, for example, sulfuric acid, phosphoric acid, chromic acid,
      oxalic acid or sulfamic acid or a mixture of acids. Dilute solutions of
      the acid appear to be most effective in producing layers of the desired
      thickness although concentrated acids may be used as well. The electrical
      potential required for anodizing varies with the conditions of
      anodization. In general, potentials of about from 50 volts to 500 volts
      may be used. A potential at the lower end of the range, for instance, from
      about 50 volts to 200 volts is preferred.
PAR  Temperatures in the room temperature range are preferred for the sake of
      convenience. The range of about from 20.degree.C to 25.degree.C has been
      found satisfactory. The time necessary to provide the desired thickness of
      porous type aluminum oxide varies from a few minutes to several hours.
      Times in the range of about from 10 minutes to 2 hours have been found
      eminently satisfactory for this purpose.
PAR  Following the formation of the desired thickness of porous type aluminum
      oxide the electrolytic oxidation is continued using as electrolyte a bath
      which causes the formation of barrier type aluminum oxide, namely, a
      buffered acidic electrolyte.
PAR  In providing the requisite barrier type aluminum oxide the pH of the
      electrolyte should be buffered in the range of about from pH 6 to pH 9.
      Electrolytes in the range of from about pH 7 to pH 9 are preferred. Acids
      which may be used as electrolytes include such weak acids as citric acid,
      malic acid, glycolic acid and boric acid. In the case of boric acid baths
      an aqueous solution of a mixture of boric acid and borax can be used to
      provide the requisite buffered electrolyte. Such electrolyte can also
      include materials such as ethylene glycol which facilitate the formation
      of the barrier type aluminum oxide. The potential of the electrolytic cell
      in which the aluminum substrate is anodized should be controlled within
      the range of about from 100 volts to 700 volts. A voltage in the range of
      from about 200 volts to 400 volts is preferred. Using baths and potentials
      as above indicated a thickness of about from 5,000 angstroms to 10,000
      angstroms of barrier type aluminum oxide can be obtained in a reasonable
      period of time. A convenient rule of thumb is that about 14 angstroms per
      volt is obtained utilizing the electrolytes described above.
PAR  Anodizing temperatures in the room temperature range are preferred with
      satisfactory results being obtained using temperatures in the range of
      about from 20.degree.C to 25.degree.C. The time necessary to provide the
      necessary barrier type aluminum oxide can vary from a few minutes to
      several hours. In general, it is found that about from 30 minutes to 2
      hours is a range which provides satisfactory results. The utilization of
      diols or triols in the acid electrolytic baths as believed to facilitate
      the electrolytic oxidation by increasing the acidity of the bath without
      increasing the solvency of the bath for aluminum or aluminum oxide.
      Presumably, some sort of complex formation involving the acid and diol or
      triol is involved.
PAR  In order to achieve the results of simultaneous transferring and fixing of
      the toned image in this invention, it is necessary that a minimum pressure
      be exerted upon the receiving material which is passed between the
      anodized aluminum dielectric imaging surface and the pressure roll. It has
      been found that pressures in the range of about from 200 to 300 pounds per
      linear inch are effective for this purpose. These pressures can be
      achieved using a pressure roll of the type commonly used in pressure
      fixing in electrostatic copying machines. One type of such roll is a nylon
      covered steel roll which has the advantage over a plain steel roll that it
      is somewhat resilient.
PAR  For the pressure fixing of toned images it is desirable to use a toner in
      the developing system which is particularly adaptable to pressure fixing.
      A variety of toners of this kind are well known such as those described in
      U.S. Pat. No. 3,764,538 to Loren E. Shelffo and U.S. Pat. No. 3,775,326 to
      Virgil W. Westdale both assigned to the same assignee as this invention.
      It should be understood, of course, that various other toners are likewise
      useable in carrying out the process of this invention.
PAR  This invention will be better understood by reference to the following
      examples which are given for the purpose of illustration and are not
      intended to unduly limit the invention herein which is defined in the
      claims appended hereto.
PAC  EXAMPLE 1
PAR  A sample of aluminum sheet stock 8.5 cm. .times. 8.5 cm. and 0.081 cm.
      thick was pre-cleaned 5 minutes in a bath having the following
      composition:
TBL  Phosphoric Acid      20 milliliters                                       
     (H.sub.3 PO.sub.4)                                                        
     Nitric Acid          30 milliliters                                       
     (HNO.sub.3)                                                               
     Water, deionized      1 liter                                             
PAL  The resulting acid etched sample was then washed with deionized water and
      methanol and air dried. The sample was then suspended to a total anodizing
      area of 120 cm.sup.2 in a bath of the following composition:
TBL  Sulfuric Acid          90 grams                                           
     (H.sub.2 SO.sub.4)                                                        
     Water, deionized       1 liter                                            
PAR  The bath was maintained at a temperature of 20.degree.C.
PAR  The aluminum sample was made the anode by connecting it to the positive
      terminal of a 0 - 100 volt D.C. power source. The negative terminal was
      connected to dual 9.5 cm. .times. 17.5 cm. stainless steel cathodes
      suspended in the bath parallel to the aluminum anode. Moderate stirring
      was provided with a magnetic stirrer. A current of 1 ampere was produced
      and the electrolytic oxidation continued for 30 minutes. Then the anodized
      aluminum sample was removed and transferred to a bath of the following
      composition:
TBL  Boric Acid             90 grams                                           
      (H.sub.3 BO.sub.3)                                                       
     Sodium Tetraborate (Borax)                                                
                            5.6 grams                                          
      (Na.sub.2 B.sub.4 O.sub.7 . 5 H.sub.2 O)                                 
     Water, deionized       1 liter                                            
PAR  A high voltage power supply giving 0 - 400 volts at a maximum current of
      150 milliamperes was then connected with the same polarities and the
      voltage was adjusted to maintain the limit of current. After about 30 to
      40 minutes the maximum supply voltage was attained at a current of
      approximately 10 - 20 milliamperes. The sample was then removed from the
      bath, rinsed in tap water and oven dried at 150.degree.C for 30 minutes.
      The total thickness of the anodized layer was 8.5 microns (85,000
      angstroms).
PAR  A latent image was projected onto the resulting duplex anodized aluminum
      surface by passing ions from a corona wire connected to the negative
      terminal of a 6,000 volt D.C. power supply through a 200 mesh stainless
      steel screen onto the anodozed aluminum surface. The screen was connected
      to the negative terminal of a 15,000 volt D.C. power supply and the
      aluminum on which the anodized aluminum layer had been deposited was
      connected to the positive terminal of the power supply. The ion stream
      from the corona wire was image-wise modulated by means of a silk-screen
      emulsion of a resolution target bonded to the downstream side of the
      screen.
PAR  The latent image which resulted was toned by hand using a magnetic brush
      and the resulting image was found to have excellent resolution with very
      little background.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated using a 15 minute electrolytic
      oxidation in the first bath and as the second bath an electrolytic bath of
      the following composition:
TBL  Boric Acid           70 grams                                             
     Ethylene Glycol     500 grams                                             
     Water, deionized    500 grams                                             
     Ammonium hydroxide  (to adjust bath                                       
                         to pH 7.2)                                            
PAR  The results obtained using this bath were comparable to those observed in
      Example 1 except that the thickness of the anodized aluminum layer was 4.9
      microns (49,000 angstroms).
PAC  EXAMPLE 3
PAR  A drum provided with the anodized aluminum surface produced by means of the
      electrolytic oxidation described in Example 1 was substituted for the
      imaging drum in a commercial electrophotographic copier, the
      Addressograph-Multigraph Model 5000, and was found to successfully
      transfer and fix a commercially available pressure fusible toner to plain
      paper.
PAC  EXAMPLE 4
PAR  The procedure of Example 2 was followed using as the first electrolyte a
      solution having the following composition:
TBL  Formic Acid            55 grams                                           
     Oxalic Acid            80 grams                                           
     Water, deionized        1 liter                                           
PAR  A current of 50 milliamperes was maintained for 30 minutes resulting in a
      porous type anodized aluminum layer 0.32 micron (3200 angstroms) thick.
      The total thickness of the anodized aluminum layer after treatment in both
      electrolytic baths was 0.75 micron (7500 angstroms).
PAC  EXAMPLE 5
PAR  The procedure of Example 4 was followed except that a current of 50
      milliamperes was maintained in the oxalic/formic acid bath for a period of
      1 hour resulting in a porous type anodized aluminum layer 0.75 micron
      (7500 angstroms) thick. The final thickness of the anodized aluminum layer
      following treatment in both electrolytes was 1.07 microns (10,700
      angstroms).
PAC  EXAMPLE 6
PAR  The procedure of Example 2 was followed using as the first electrolyte a
      solution having the following composition:
TBL  Oxalic Acid              80 grams                                         
     Potassium hydrogen sulfate                                                
                             100 grams                                         
      (KHSO.sub.4)                                                             
     Water, deionized         1 liter                                          
PAR  The bath was of an acidity of pH 0.75. A current of 50 milliamperes was
      maintained for 15 minutes resulting in a porous type anodized aluminum
      layer 1.35 microns (13,500 angstroms) thick. The total thickness of the
      anodized aluminum layer after treatment in both electrolytic baths was 2.9
      microns (29,000 angstroms).
PAC  EXAMPLE 7
PAR  The procedure of Example 6 was followed except that a current of 50
      milliamperes was maintained for 30 minutes resulting in a thickness of
      porous type anodized aluminum layer of 0.83 micron (8300 angstroms) and a
      total thickness after both anodizations of 1.91 microns (19,100
      angstroms).
PAC  EXAMPLE 8
PAR  The procedure of Example 2 was followed maintaining a current of 1 ampere
      for 1 hour in the first bath and a potential of 200 volts in the second
      bath. The total thickness of anodized aluminum layer was 16.7 microns
      (167,000 angstroms).
PAC  EXAMPLE 9
PAR  The anodized aluminum sample prepared in Example 8 was placed on a support
      2 inches below a 2-wire negative corona source of 6000 volts and charged
      for 2 minutes. Immediately following the charging the sample was placed
      under a Monroe probe head for 4 seconds with the intial maximum voltage
      being recorded. The maximum voltage to which the sample was charged was
      620 volts.
PAR  Although specific embodiments of the instant invention have been described
      for the purpose of illustration, it should be readily apparent that other
      embodiments may be devised using the system described in the foregoing
      description.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for electrophotographic reproduction which comprises
PA1  imparting a uniform electrostatic charge to a photoconductive ion
      modulator,
PA1  exposing the charged ion modulator to a pattern of light and shadow
      corresponding to an original image which is to be reproduced, thereby
      producing a latent electrostatic image thereon,
PA1  passing ions through the ion modulator carrying said latent electrostatic
      image to selectively impinge upon a duplex anodized aluminum dielectric
      surface comprising both barrier type aluminum oxide and porous type
      aluminum oxide on aluminum, thereby producing a latent electrostatic image
      thereon,
PA1  developing said latent electrostatic image with toner particles to produce
      a toned image thereon,
PA1  transferring said toned image to a receiving material and
PA1  fixing said toned image upon said receiving material.
NUM  2.
PAR  2. A process according to claim 1 wherein said transferring and fixing are
      accomplished simultaneously.
NUM  3.
PAR  3. A process according to claim 1 wherein said duplex anodized aluminum
      dielectric surface is produced by anodizing an aluminum surface having a
      layer of porous aluminum oxide thereon under conditions to produce a
      barrier type aluminum oxide.
NUM  4.
PAR  4. A process according to claim 1 wherein said duplex anodized aluminum
      dielectric has a thickness of about from 0.5 micron to 20 microns.
NUM  5.
PAR  5. A process according to claim 1 wherein said receiving material is plain
      paper.
NUM  6.
PAR  6. A process according to claim 1 wherein multiple copies are produced by
      repeating the developing, transferring and fixing steps without
      re-exposing said photoconductive ion modulator or reproducing the latent
      electrostatic image upon said dielectric surface between successive
      copies.
NUM  7.
PAR  7. A process for producing a dielectric surface for use in an
      electrophotographic reproduction system which comprises electrolytically
      oxidizing aluminum under conditions to form porous type aluminum oxide and
      thereafter electrolytically oxidizing the aluminum having a porous type
      aluminum oxide layer thereon under conditions to form barrier type
      aluminum oxide.
NUM  8.
PAR  8. A process according to claim 7 wherein an electrolyte comprising a
      strong acid is used for producing said porous type aluminum oxide.
NUM  9.
PAR  9. A process according to claim 8 wherein said strong acid is sulfuric
      acid.
NUM  10.
PAR  10. A process according to claim 7 wherein an electrolyte comprising a
      buffered solution of a weak acid is used for producing said barrier type
      aluminum oxide.
NUM  11.
PAR  11. A process according to claim 10 wherein said weak acid is boric acid.
NUM  12.
PAR  12. A process according to claim 7 wherein the thickness of said dielectric
      surface is about 0.5 micron to 20 microns.
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ABST
PAL  A color photographic light-sensitive material comprising a support having
      coated thereon at least one light-sensitive silver halide emulsion layer
      containing a yellow dye-forming coupler, at least one light-sensitive
      silver halide emulsion layer containing a magenta dye-forming coupler, at
      least one light-sensitive silver halide emulsion layer containing a cyan
      dye-forming coupler, and at least one light-sensitive silver halide
      emulsion layer containing a compound having a thioether bond directly
      connected to a nitrogen-containing heterocyclic ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention relates to a color photographic light-sensitive
      material, and more particularly it relates to a color photographic
      light-sensitive material capable of recording sound images.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  As recording methods for sound images for color photographic
      light-sensitive materials, an optical recording system and a magnetic
      recording system are generally known. The present invention relates to the
      photographic materials suitable for the optical recording system.
PAR  Color print films, color reversal films, color reversal print films, etc.
      are used as the color photographic light-sensitive materials for movies
      and for television. Sound images are optically recorded with color images
      on the color photographic light-sensitive materials, and are reproduced by
      converting the sound signals recorded as the optical density or areas in
      the materials into light-signals, then converting the light-signals into
      electric signals using a light-receiving device, and further converting
      the electric signals into sound signals. In the reproduction steps of
      sound images, phototubes having various optical characteristics have been
      used as the light-receiving device. The most typical phototube which is
      called an "S-1 type" has an optical absorption maximum at about 800.mu. in
      the infra-red region (for example, as disclosed in Adrin Cornwell, Color
      Cinematography, page 593 (1951)).
PAR  On the contrary, color dyes, which are formed by the coupling reaction of
      color couplers and the oxidation products of color developing agents, such
      as the p-phenylenediamines, according to the subtractive color
      photography, all have a main absorption within the visible region, and
      therefore the main absorption of the dyes does not correspond to the
      optical characteristics of the above-described phototube. Accordingly,
      sound reproductions based on only color dye images are weak and
      impractical. For the purpose of more practical sound reproductions of
      color photographic light-sensitive materials, silver images or silver
      sulfide images are formed on the sound track areas of the color
      photographic light-sensitive materials in the developing process, and the
      optical density in the infra-red region of the images is utilized for
      sound reproductions. In this case, the optical density in the infra-red
      region (transmitting density) is usually about 1.0 to 1.6.
PAR  The sound track areas of color print films can be produced using the
      processing steps disclosed in the Journal of the Society of Motion Picture
      and Television Engineers, Vol. 77, page 1154 (1968). According to this
      method, color images of image portions and sound images of sound track
      areas are simultaneously developed in a color developing bath. In a first
      fixing bath, the unexposed silver halide is removed and in a bleaching
      bath, the developed silver formed in the developing step is rehalogenated.
      In a sound developing step, the silver halide corresponding to only the
      sound track areas is converted into silver images by coating a viscous
      sound developer on the sound track areas, selectively. In a second fixing
      bath, the silver halide in the image portions is removed, and in a
      stabilizing bath, the dye image are stabilized. Thus, the optical density
      in the infra-red region of the silver images on the sound track areas can
      be utilized for sound reproductions.
PAR  As described above, it is necessary in the production of the sound track
      areas of color films to form silver or silver sulfide images using
      processing steps other than the color image forming steps. The reason why
      the sound track areas containing silver or silver sulfide images is needed
      is due to the optical characteristics of the phototube used for the sound
      reproductions which requires an absorption maximum in the infra-red region
      and that the color dyes formed by color development do not have sufficient
      optical density in this region.
PAR  Color photographic light-sensitive materials capable of forming sound track
      areas which do not require the special processing steps as described above
      have been proposed (U.S. Pat. Nos. 3,705,801; 3,715,208; and 3,737,312;
      and U.S. patent application Ser. No. 360,507, filed May 15, 1973). The
      color photographic light-sensitive materials include an auxiliary layer
      capable of forming silver images upon color development and which are not
      bleached in a bleaching step. In the auxiliary layer, developable silver
      is hardly formed by imagewise exposure, but only in the sound track areas
      of the layer, silver for sound images is formed which is not bleached in
      the following bleaching step and hence remains in the layer. Therefore,
      photographic materials including the auxiliary layer have the advantage
      that the selective coating of a viscous sound developer on the sound track
      areas can be omitted. Further, with these photographic materials, since
      the silver images formed in the sound track areas by color development can
      be used as the sound images, the rehalogenation step of the developed
      silver is unnecessary, and the bleaching and fixing step can be carried
      out in the same bath, whereby the processing steps are simplified.
PAR  A color photographic light-sensitive material is composed of a support
      having coated thereon silver halide emulsion layers having different
      optical sensitivities. The photographic material is developed, after
      imagewise exposure, with a color developer, whereby color dye images and
      silver images are formed. Then, the material is bleached in a bleaching
      step, whereby the silver images are oxidized, and is fixed in a fixing
      step, whereby the silver halide is removed and a color photograph
      containing the color dye images can be obtained.
PAR  The above described color photographic light-sensitive material has a layer
      capable of forming silver images which are not removed by the bleaching
      and fixing steps, and gives, by conventional color development, a color
      photograph containing color dye images and silver images that are
      advantageously utilized as sound track areas.
PAR  As an advantageous method for forming the silver images which are not
      removed by the processing steps, the following compounds are proposed.
      That is, when the compound is incorporated into a silver halide emulsion
      layer, it remarkably reduces the rate at which silver is removed in the
      bleaching and fixing steps or it causes the silver to lose its ability to
      be removed in these steps. The compound can have the property in which the
      silver is removed in some degree only in the initial period of these steps
      but that the silver is not substantially removed after the initial period.
      Such a compound is defined as a bleach inhibitor in the specification.
PAR  As bleach inhibitors, a compound having a mercapto group is disclosed in
      Japanese Patent Application laid open to public inspection No. 13482/72.
      However, since a bleach inhibitor is also considered to be a development
      inhibitor or a chemical inhibitor, it is difficult to obtain a higher
      optical density of silver even if it is used. Namely, where a large amount
      of the bleach inhibitor is used, the amount of silver remaining after the
      bleaching step is small because the amount of the developed silver is
      small due to the development inhibitor while the bleach inhibiting effect
      is higher. On the other hand, where a small amount of the bleach inhibitor
      is used, the amount of silver remaining after the bleaching step is also
      small because the bleach inhibiting effect is lower while the amount of
      the developed silver is greater due to less development inhibition.
PAR  An object of the invention is, therefore, to provide a bleach inhibitor
      capable of providing sufficient optical density in the infra-red region
      without or with little development or chemical inhibition.
PAR  Another object of the invention is to provide a color photographic
      light-sensitive material capable of providing sufficient optical density
      in the infra-red region which does not require special processing steps as
      in the conventional method to produce sound track areas by using a novel
      bleach inhibitor.
PAR  Still another object of the invention is to provide a method for forming
      sound images having higher sound quality which does not involve special
      processing steps as in the conventional method.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects of the invention can be attained by using as a bleach
      inhibitor a compound having a thioether directly connected to a
      nitrogen-containing heterocyclic ring. That is, according to the present
      invention, a color photographic light-sensitive material can be provided
      comprising a support having coated thereon at least one light-sensitive
      silver halide emulsion layer containing a yellow color-forming coupler, at
      least one light-sensitive silver halide emulsion layer containing a
      magenta color-forming coupler, at least one light-sensitive silver halide
      emulsion layer containing a cyan color-forming coupler and at least one
      light-sensitive silver halide emulsion layer containing a compound having
      a thioether directly connected to a nitrogen-containing heterocyclic ring.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to one embodiment of the invention, a light-sensitive material
      comprises a support having coated thereon a first silver halide emulsion
      layer containing a coupler forming a yellow dye when reacted with the
      oxidation product of a color developing agent and having a
      light-sensitivity in a first region of visible light, a second silver
      halide emulsion layer containing a coupler forming a magenta dye when
      reacted with the oxidation product of a color developing agent and having
      a light-sensitivity in a second region of visible light, a third silver
      halide emulsion layer containing a coupler forming a cyan dye when reacted
      with the oxidation product of a color developing agent and having a
      light-sensitivity in a third region of visible light, and a fourth silver
      halide emulsion layer containing a bleach inhibitor and having a
      light-sensitivity in the ultra violet region, visible region or infra-red
      region.
PAR  When the color photographic light-sensitive material is imagewise exposed
      through an original, and then developed with a color developer, yellow dye
      images and silver images are formed in the first silver halide emulsion
      layer, magenta dye images and silver images are formed in the second
      silver halide emulsion layer, cyan dye images and silver images are formed
      in the third silver halide emulsion layer, and silver images are formed in
      the fourth silver halide emulsion layer. Then, the color photographic
      material is bleached, whereby the silver images in the first, second and
      third silver halide emulsion layers are bleached but the silver images in
      the fourth silver halide emulsion layer are not bleached due to the action
      of the bleach inhibitor and remain. Thus, a color photograph having color
      dye images and silver sound images is obtained.
PAR  The fourth silver halide emulsion layer can have a light-sensitivity to the
      ultra violet region, the visible region or the infra-red region. However,
      this silver halide emulsion layer must not form developable silver which
      gives an optical density in such a degree that the silver adversely
      influences the color reproduction under usual imagewise exposure.
      Accordingly, if the light-sensitive region of the fourth silver halide
      emulsion layer overlaps those of the first, second and third silver halide
      emulsion layers, it is desirable that the sensitivity of the fourth silver
      halide emulsion layer be 1/4 or less, preferably 1/6 or less, the
      sensitivities of the other layers.
PAR  Alternatively, the sensitivity region of the fourth silver halide emulsion
      layer can be provided between the sensitivity regions of the first and
      second silver halide emulsion layers and/or between the sensitivities of
      the second and third silver halide emulsion layers. These methods, i.e.,
      this method and that described above, can be used in combination. By
      applying these methods the formation of a silver image in the fourth
      silver halide emulsion layer in an amount undesirable for color
      photographic images can be prevented.
PAR  In the light-sensitive material of the invention, a silver halide emulsion
      layer containing a bleach inhibitor is further coated in addition to a
      blue-sensitive emulsion layer, a green-sensitive emulsion layer and a
      red-sensitive emulsion layer of the conventional color photographic
      light-sensitive material.
PAR  As a preferred embodiment of the invention, the photographic material
      comprises a support having coated thereon, in order from the support, a
      blue-sensitive silver halide emulsion layer containing a yellow
      dye-forming coupler, a red-sensitive silver halide emulsion layer
      containing a cyan dye-forming coupler, a green-sensitive silver halide
      emulsion layer containing a magenta dye-forming coupler and a
      green-sensitive silver halide emulsion layer containing a bleach
      inhibitor.
PAR  In this case, two green-sensitive silver halide emulsion layers, i.e., the
      green-sensitive layer containing the magenta dye-forming coupler and the
      green-sensitive layer containing the bleach inhibitor, can be coated in
      the reverse order. In all cases, the emulsion layer containing the bleach
      inhibitor can have an optical sensitivity in the ultra violet region, the
      visible region or the infra-red region.
PAR  As another preferred embodiment of the invention, the silver halide
      emulsion layers containing the dye-forming couplers can be coated on a
      support in an order different from the above embodiment, for example, in
      the order on a support of a blue-sensitive layer containing a yellow
      dye-forming coupler, a green-sensitive layer containing a bleach
      inhibitor, a red-sensitive layer containing a cyan dye-forming coupler and
      a green-sensitive layer containing a magenta dye-forming coupler or in the
      order on a support of a green-sensitive layer containing a bleach
      inhibitor, a blue-sensitive layer containing a yellow dye-forming coupler,
      a red-sensitive layer containing a cyan dye-forming coupler and a
      green-sensitive layer containing a magenta dyeforming coupler.
PAR  A bleach inhibitor represented by the following general formula (I) is
      quite advantageous in this invention and is preferred,
      ##SPC1##
PAL  wherein R is an alkyl group having not less than 12 carbon atoms, with the
      alkyl group being both substituted or unsubstituted. Generally, an alkyl
      group having up to 20 carbon atoms can suitably be used. Suitable examples
      of such alkyl groups are dodecyl, tetradecyl, pentadecyl, hexadecyl,
      oleyl, octadecyl, etc. groups. Suitable substituents which can be present
      are alkoxy groups such as methoxy, ethoxy, etc., hydroxy, sulfo, carboxy,
      amino, etc.
PAR  An alkylimidazole compound represented by the general formula (I) can be in
      the free form or in a salt form. The salt can be formed using usual
      salt-forming agents such as hydrogen halides, perchloric acid, sulfuric
      acid, nitric acid, etc.
PAR  The following compounds are typical examples of compounds of the general
      formula (I).
      ##EQU1##
PAR  These compounds can be easily synthesized by the reaction of ethylene
      thiourea and an alkyl halide as described in Analytical Chemistry, vol.
      32, page 55 (1966).
PAR  Since the compound represented by the general formula (I) is
      non-diffusible, per se, and does not diffuse into color image-forming
      layers, silver images do not remain in the color image-forming layers.
PAR  The bleach inhibitor having thioether bond of the invention is different
      from the mercapto compound described in U.S. Pat. No. 3,715,208 in into
      chemical structure and its properties. That is, while the mercapto
      compound forms a mercapto silver salt in the presence of silver ion, the
      bleach inhibitor of the invention does not form mercapto silver salt under
      the same conditions. This is proved from the results of argentometric
      (potential) titration which is carried out using the bleach inhibitors (1)
      and (3) of the invention, and the compund (A) having a mercapto group.
EQU  Compound (A) HS--C.sub.12 H.sub.25
PAL  The silver potential is measured by dissolving 1 .times. 10.sup.-.sup.3 mol
      of each compound in methanol, adding a buffer to each solution to adjust
      the pH to 5.0, 7.0, 9.0 and 11.0, and then adding dropwise an aqueous
      silver nitrate solution at the rate of one equivalent per 5 minutes at
      50.degree.C. The buffer each is an acetate buffer for the pH of 5.0, a
      maleate buffer for the pH of 7.0, and and a borate buffer for the pH of
      9.0 and pH 11.0. The results obtained are shown in the following table.
TBL  __________________________________________________________________________
          Buffer                                                               
               Bleach      Bleach                                              
     pH   Only Inhibitor (1)                                                   
                           Inhibitor (3)                                       
                                    Compound (A)                               
     (Volts)   1 Equiv-                                                        
                     2 Equiv-                                                  
                           1 Equivalent                                        
                                    1 Equiv-                                   
                                          2 Equiv-                             
               alent alent          alent alent                                
               (Volts)                                                         
                     (Volts)                                                   
                           (Volts)  (Volts)                                    
                                          (Volts                               
     __________________________________________________________________________
     5.0  + 0.54                                                               
               + 0.28                                                          
                     + 0.55                                                    
                           + 0.54   + 0.04                                     
                                          + 0.55                               
     7.0  + 0.52                                                               
               "     + 0.51                                                    
                           + 0.52   - 0.04                                     
                                          + 0.52                               
     9.0  + 0.53                                                               
               "     + 0.52                                                    
                           + 0.53   - 0.08                                     
                                          + 0.51                               
     11.0 + 0.40                                                               
               "     + 0.41                                                    
                           + 0.39   - 0.13                                     
                                          + 0.41                               
     __________________________________________________________________________
PAR  In the table, since silver potential (+ 0.28 volt) of the bleach inhibitor
      (1) to one equivalent of silver has no relation to the pH value and the
      silver potential of the bleach inhibitor (3) to two equivalents of silver
      is not shown, it is believed that these silver potentials depend on the
      silver potential of silver bromide. Also, it is believed that all silver
      potentials of the bleach inhibitor (1) to two equivalents of silver, the
      bleach inhibitor (3) to one equivalent of silver and the compound (A) to
      two equivalents of silver depend on the silver potential of the buffer.
      Further, it is believed that the silver potential of + 0.04 volt, - 0.04
      volt, - 0.08 volt and - 0.13 volt at pH 5.0, pH 7.0, pH 9.0 and pH 11.0 of
      the compound (A) each depends on the silver potential of the mercapto
      silver. From the results that the bleach inhibitors (1) and (3) do not
      show reducing values, it is apparent that they can not form mercapto
      silver at a pH of 5.0 to 11.0.
PAR  The bleach inhibitor of the invention does not have a mercapto group in the
      structure and does not produce the mercapto group during the preparation
      of the photographic material and during the photographic processings
      thereof.
PAR  The bleach inhibitor of the invention has the following advantage in
      comparison with a compound having a mercapto group. That is, the mercapto
      compound is strongly adsorbed on the silver particles, whereby the
      bleaching of silver is reduced. However, since the mercapto compound is
      adsorbed on silver halide particles, similarly, the optical density of the
      developed silver, as a result thereof, is reduced. It is, therefore,
      impossible to obtain a sufficient optical density in the infra-red region
      and to obtain higher sound quality. On the contrary, the bleach inhibitor
      of the invention is not adsorbed on silver halide particles but is
      selectively adsorbed on only silver particles, whereby the silver
      particles are protected from bleaching. Accordingly, the optical density
      of the silver is not reduced as in the case of using a mercapto compound
      and a stronger bleach inhibiting action is obtained. Thus, a higher
      optical density in the infra-red region and higher a sound quality can be
      obtained.
PAR  The amount of the bleach inhibitor which can be added to the
      light-sensitive material of this invention, although it will differ
      depending on the characteristics of the inhibitor and emulsions used, is
      usually about 1 .times. 10.sup.-.sup.7 to 1 .times. 10.sup.5 g, preferably
      about 1 .times. 10.sup.-.sup.5 to 1 .times. 10.sup.4 g, per 1 mol of
      silver in the emulsion layer to which it is added.
PAR  Examples of the preferable supports on which the lightsensitive silver
      halide emulsion layers are coated are a cellulose ester film such as a
      cellulose nitrate film or a cellulose acetate film; a polyester film such
      as a polyethylene terephthalate film; a polyvinyl chloride film; a
      polystyrene film; a polycarbonate film, etc.
PAR  The hydrophilic colloid which can be used in the silver halide emulsion
      layer includes all of those known in the art. Advantageously gelatin,
      acylated gelatin such as described in U.S. Pat. No. 2,614,928, glaft
      gelatin such as described in U.S. Pat. Nos. 2,831,767; 2,763,625; and
      2,956,884, albumin, gum arabic, agar, a cellulose derivative (e.g., an
      alkyl ester of carboxycellulose, hydroxyethyl cellulose, carboxymethyl
      hydroxyethyl cellulose), and a synthetic resin (e.g., polyvinyl alcohol,
      polyvinyl pyrrolidone) can be used. These hydrophilic colloids also can be
      preferably used as a binder for a photographic layer other than the
      emulsion layer, such as a protective or uppermost layer, a filter layer,
      an intermediate layer, an antihalation layer, a subbing layer or a backing
      layer.
PAR  The hydrophilic colloid used for the photographic layers of the
      light-sensitive material can be advantageously hardened using hardeners
      such as aldehydes, methylols, 1,4 -dioxanes, azirizines, isooxazoles,
      carbodiimides, active halogen compounds or active vinyl compounds, for
      example, as described in U.S. Pat. Nos. 3,232,764; 3,288,775; 2,732,303;
      3,635,718; 3,232,763; 2,732,316; 2,586,168; 3,103,437; 3,017,280;
      2,983,611; 2,725,294; 2,725,295; 3,100,704; 2,091,537; 3,321,313, etc.
PAR  In the light-sensitive materials of the invention, all silver halide
      emulsions known in the photographic art can be used. As such silver
      halides, there are silver bromide, silver iodobromide, silver
      chlorobromide, silver chloroiodobromide, silver chloride, etc. A so-called
      converted type silver halide particles disclosed in U.S. Pat. Nos.
      2,592,250 and 3,622,318 and British Pat. No. 635,841 can also be
      advantageously used.
PAR  The silver halide emulsion can be chemically sensitized using active
      gelatin or with a sulfur compound. It can be also chemically sensitized
      with a noble metal salt such as palladium or gold, a reducing agent such
      as a stannous salt or a polyalkylene derivative as described in U.S. Pat.
      Nos. 1,574,944; 1,623,499; 2,410,689; 2,448,060; 2,399,083; 2,642,361; and
      2,487,850. The emulsion can be further spectrally sensitized with a
      cyanine or merocyanine dye as described in U.S. Pat. Nos. 2,519,001;
      2,666,761; 2,734,900; 2,739,964; and 3,481,742. The emulsion can contain a
      stabilizer such as a mercury compound or an azaindene, a plasticizer such
      as glycerol as described in C. E. K. Mees and T. H. James, The Theory of
      the Photographic Process, pages 53 - 54, The Macmillan Co., New York
      (1966) and in U.S. Pat. Nos. 2,904,434; 2,940,854, etc., or a coating aid
      such as saponin or polyethylene glycol monolaurylether as described in
      U.S. Pat. Nos. 3,663,229; 3,619,199; 3,617,292; 3,545,974; 3,607,291;
      3,589,906; 3,539,152; 3,564,576; 3,514,253; 3,666,478; 3,506,449;
      3,514,293; and 3,493,379. Further, it can contain an antistatic agent as
      described in U.S. Pat. No.  2,739,888, an ultraviolet absorbent as
      described in U.S. Pat. Nos. 2,415,624; 3,052,636; 3,074,971; 3,085,097;
      3,069,456; 3,215,536; 2,719,086; 2,537,877; 2,739,888; 2,784,087;
      2,882,150; 2,875,053; 2,739,971; 3,097,100; 3,060,029; 2,632,701;
      2,888,346; and 2,748,021, an optical brightening agent as described in
      U.S. Pat. Nos. 3,630,738; 3,615,544; 3,586,673 and 3,434,837 and British
      Pat. Nos. 1,332,475; 1,319,763; and 1,333,586, etc.
PAR  In the present invention, all kinds of open-chain ketomethylene type yellow
      dye-forming couplers can be advantageously used. Typical examples of these
      couplers include benzoyl acetoanilide type couplers and pivaloyl
      acetoanilide type couplers. All kinds of magenta dye-forming couplers such
      as pyrazolones or indazolones also can be advantageously used. Further,
      all kinds of cyan dye-forming couplers such as the phenols or naphthols
      can be advantageously used. These couplers can have a coupling-off group
      connected to the active carbon atoms at the coupling position. In these
      couplers, it is preferable that they have a ballast group in the molecule,
      whereby they are rendered non-diffusible. The terms "coupling-off group",
      "ballast group" and "non-diffusible" are used as they are generally used
      in the art with respect to color couplers, and can be easily understood by
      one skilled in the art. More preferable color couplers in the invention
      are selected from the group consisting of yellow dye-forming couplers
      which react with the oxidation product of a color developing agent to form
      yellow dyes having an absorption maximum between 420 to 460 .mu., magenta
      dye-forming couplers which react with the oxidation product of a color
      developing agent to form magenta dyes having an absorption maximum between
      520 to 570 .mu., and cyan dye-forming couplers which react with the
      oxidation product of a color developing agent to form cyan dyes having an
      absorption maximum between 630 to 710 .mu.. Suitable examples of such
      couplers are well known in the art, for example, as disclosed in U.S. Pat.
      Nos. 1,108,028; 2,186,849; 2,206,142; 2,343,702; 2,367,531; 2,369,489;
      2,423,730; 2,436,130; 2,474,293; 2,600,788; 2,689,793; 2,728,658;
      2,742,832; 2,808,329; 2,998,314; 3,046,129; 3,062,653; 3,265,506;
      3,311,476; 3,408,194; 3,419,390; 3,419,391; 3,458,315; 3,476,563;
      3,516,831, etc.
PAR  These couplers are introduced into the hydrophilic colloid of photographic
      material using well-known techniques. For example, the couplers can be
      dissolved in a high boiling organic solvent such as dibutyl phthalate or
      tricresyl phosphate as described in U.S. Pat. No. 2,322,027, if necessary,
      in a mixture of the solvent with a low boiling organic solvent, and the
      resulting solution is dispersed in the hydrophilic colloid. If the
      couplers have an acid group such as a carboxylic acid or sulfonic acid
      group, they can be introduced into the hydrophilic colloid as an aqueous
      alkaline solution.
PAR  To the color photographic light-sensitive material of the invention, there
      can be also used the "infra-red couplers" described in U.S. Pat. Nos.
      2,530,349 and 2,545,687. The "infrared couplers" are couplers capable of
      forming dyes having a longer wave length than 725 .mu. by a coupling
      reaction with the oxidation product of a color developing agent By
      utilizing the optical density of these dyes, the optical density of the
      silver images in sound track areas can be decreased. That is, the amount
      of silver coated can be further reduced.
PAR  The color photographic light-sensitive materials of the invention is
      imagewise and sound-imagewise exposed in a conventional manner, and then
      is processed using conventional color developing steps, which are
      basically color development, bleach and fixing steps, and if necessary,
      include a washing step therebetween. After the fixing step, the
      photographic material is washed and dried, but it is preferred that it be
      treated with a stabilizing bath before the drying step.
PAR  A useful color developer is an aqueous alkaline solution containing a color
      developing agent. Examples of color developing agents include the
      well-known primary aromatic amine dye-forming developing agents, for
      example, the phenylenediamines (e.g., N,N-diethyl-p-phenylenediamine,
      N-ethyl-N-hydroxyethyl-p-phenylenediamine,
      N-ethyl-N-hydroxyethyl-2-methyl-p-phenylenediamine,
      N-ethyl-.beta.-N-methanesulfonamidoethyl-3-methyl-4-aminoaniline,
      N,N-diethyl-2-methyl-p-phenylenediamine, and the sulfates thereof, the
      hydrochlorides thereof and the sulfites thereof). The color developer can
      further contain conventional additives such as alkali metal sulfites,
      carbonates, bisulfites, bromides, iodides or benzyl alcohol. These
      developing solutions and their components are well known and are
      described, for example, in C. E. K. Mees and T. H. James, The Theory of
      the Photographic Process, pages 294 - 295, The Macmillan Co., New York,
      (1966) and in U.S. Pat. Nos. 2,592,364; 2,193,015, etc.
PAR  A bleach solution is one which contains conventional bleaching (oxidizing)
      agents such as ferricyanide or bichromate, and a fixing solution is one
      which contains conventional fixing agents such as sodium thiosulfate or
      potassium thiocyanate. The bleach step and the fixing step can be carried
      out in one bath in the invention, which is impossible in the conventional
      method requiring sound development. By using such a bleach-fix bath, the
      processing steps are even more simplified and the processing time is
      shortened.
PAR  The bleach-fix solution in the invention can contain a silver halide
      solvent which has been used in conventional bleach-fix solutions, such as
      a water soluble thiosulfate (sodium thiosulfate, potassium thiosulfate,
      ammonium thiosulfate, etc.), a water soluble thiocyanide (sodium
      thiocyanide, potassium thiocyanide, ammonium thiocyanide, etc.), a water
      soluble organic diol fixing agent having an oxygen atom or a sulfur atom
      (3thia-1,5-pentanediol, 3,6-dithia-1,8-octanediol,
      9-oxa-3,6,12,15-tetrathia-1,17-heptadecanediol, etc.), a water soluble
      sulfurcontaining organic dibasic acid and a water soluble salt (ethylene
      bisthioglycolic acid, the sodium salt thereof, etc.).
PAR  The bleach-fix solution in the invention can contain an oxidizing agent for
      silver which has been used in conventional bleach-fix solutions, such as a
      water soluble ferricyanide (e.g., sodium ferricyanide, potassium
      ferricyanide, ammonium ferricyanide, etc.), a water soluble quinone (e.g.,
      quinone, chloroquinone, methylquinone, etc.), a water soluble ferric salt
      (e.g., ferric chloride, ferric sulfate, ferric thiocyanide, ferric
      oxalate, etc.), a water soluble cupric salt (e.g., cupric chloride, cupric
      nitrate, etc.), a water soluble cobaltic salt (e.g., cobaltic chloride,
      ammonium cobaltic nitrate, etc.). As the oxidizing agent, a polyvalent
      cation of a water soluble organic acid and an alkali metal complex thereof
      are preferably used. The organic acid includes compounds represented by
      the general formulae,
EQU  HOOC--R.sub.1 --X--R.sub.2 --COOH
PAL  or
      ##EQU2##
      wherein X is a hydrocarbon group, a oxygen atom, a sulfur atom or a
      NR.sub.6 group, R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 each is an
      unsubstituted or a substituted hydrocarbon group, and R.sub.6 is a
      hydrogen atom or an unsubstituted or substituted hydrocarbon group.
PAR  Examples of these organic acids are malonic acid, tartaric acid, ethyl
      malonate, malic acid, fumaric acid, diglycolic acid, thioglycolic acid,
      ethyliminodipropionic acid, nitrilotriacetic acid, ethylenediamine
      tetraacetic acid, aminotriacetic acid, ethylenedithioglycolic acid,
      dithioglycolic acid, etc.
PAR  Examples of polyvalent cations include ferric ions, cobaltic ions, and
      cupric ions. A complex salt of sodium ethylenediamine tetraacetate with
      iron is quite useful as the bleaching agent.
PAR  The bleach-fix solution of the invention can advantageously contain
      additives used in conventional bleach-fix solutions, such as sodium
      sulfite, potassium bromide, potassium iodide, sodium iodide, a
      polyalkylene oxide, 2-mercaptoimidazole, 3-mercapto-1,2,4-triazole,
      dithioglycol, thiourea, ethylene thiourea, a hydroxylamine salt,
      o-aminophenol, ascorbic acid, semicarbazide, hydrazine, etc.
PAR  These bleaching solutions, bleach-fix solutions and the components
      contained therein are well known to one skilled in the art as disclosed
      in, for example, The Journal of the Society of Motion Picture and
      Television Engineers, 61, pp. 665-701, and U.S. Pat. Nos. 3,189,452 and
      3,582,322.
PAR  An example of bleach-fix bath which can be used in the invention is shown
      by the following formulation,
     Bleaching Agent      amount shown below                                   
      Sodium Carbonate (monohydrate)                                           
                          5 g                                                  
      Boric Acid          5 g                                                  
      Sodium Sulfite      5 g                                                  
     Fixing Agent         amount shown below                                   
      Water to make one liter (pH 6.0)                                         
PAR  The bleaching agent and the fixing agent are shown below.
TBL  __________________________________________________________________________
     Bleach-fix                                                                
     Bath  Bleaching Agent                                                     
                          Fixing Agent                                         
     __________________________________________________________________________
     a)    Ferric Sulfate Sodium Thiosulfate                                   
           Disodium Ethylenediamine                                            
                                 0.6 mol                                       
           Tetraacetic Acid  0.1 mol                                           
     b)    Sodium Ethylenediamine                                              
                          "                                                    
           Tetraacetic Acid-Iron(III)                                          
           Complex Salt    0.1 mol                                             
     c)    Nitrilotriacetic Acid-                                              
                          "                                                    
           Iron(III) Complex Salt                                              
                     0.1 mol                                                   
     d)    N-Hydroxyethyl-ethylene-                                            
                          "                                                    
           diamine Triacetic Acid-                                             
           Iron(III) Complex Salt                                              
                     0.1 mol                                                   
     e)    Sodium Ethylenediamine                                              
                          Potassium Thiocyanate                                
           Tetraacetic Acid-Iron(III)                                          
                                 0.6 mol                                       
           Complex Salt    0.1 mol                                             
     f)    Sodium Ethylenediamine                                              
                          Potassium Thiocyanate                                
           Tetraacetic Acid-Iron(III)                                          
                                 0.5 mol                                       
           Complex Salt   Sodium Thiosulfate                                   
                                 0.5 mol                                       
     g)    Sodium Ethylenediamine                                              
                          Thiourea  0.066 mol                                  
           Tetraacetic Acid-Iron(III)                                          
                          Sodium Thiosulfate                                   
           Complex Salt          0.6 mol                                       
     __________________________________________________________________________
PAR  According to the present invention, the color photographic light-sensitive
      material is exposed and color developed with a color developer, whereby
      silver images necessary for sound images are formed together with the
      yellow, magenta and cyan dye images for the color images. Although silver
      images are formed, in this case, in the color image portions, they are
      easily removed by the above-described bleach or bleach-fix bath. On the
      other hand, the silver images formed in the emulsion layers containing the
      bleach inhibitor are not bleached by the bleach or bleach-fix bath and
      therefore remain in the layer. Accordingly, according to the invention,
      sound images (silver images) can be produced using only conventional color
      development, and the processing steps can be greatly simplified because it
      is unnecessary to carry out sound development for forming silver images.
      Namely, silver sound development is not necessary using the
      light-sensitive material of the invention.
PAR  Further, according to the invention, sound track areas of silver images are
      provided. Therefore, there is the advantage that the decrease of optical
      density caused by light, heat or humidity is not generated which often
      results in the sound track areas composed of an organic dye having an
      absorption in the infra-red region.
PAR  In some cases, since a yellow filter layer containing a yellow colloidal
      silver or an antihalation layer containing a black colloidal silver is
      provided on the photographic light-sensitive material, which colloidal
      silver is rehalogenated in the bleaching step and developed in sound
      development, the photographic material can not be sound developed. On the
      contrary, according to the invention, since sound development is
      unnecessary, colloidal silver can be used for the photographic material as
      the yellow filter layer or antihalation layer.
DETD
PAR  The invention will be explained in greater detail by reference to the
      following examples. Unless otherwise indicated, all parts, percents,
      ratios and the like are by weight.
PAC  EXAMPLE 1
PAR  On opposite surfaces of a cellulose acetate film base, an antihalation
      layer containing carbon black and a subbing layer were coated. On the
      subbing layer, a coating composition containing 100 g of a silver
      iodobromide emulsion (silver content 0.05 mol, iodide content 1.2 mol%)
      and 7.5 g of
      .alpha.-(2-methylbenzoyl)-3-.alpha.-(2,4-di-tert-amylphenoxy)acetoamide-ac
     etoanilide as a yellow coupler which is dispersed in gelatin together with
      ethyl acetate and dibutyl phthalate was coated to provide a blue-sensitive
      emulsion layer. On the emulsion layer, a gelatin intermediate layer was
      coated and then a coating composition containing 100 g of a spectrally
      sensitized silver chlorobromide emulsion (silver content 0.06 mol, bromide
      content 30 mol%) and 11.7 g of
      1-hydroxy-4-chloro-N-hexadecyl-N-(2-cyanoethyl)-2-naphthamide as a cyan
      coupler dispersed in gelatin together with ethyl acetate and dibutyl
      phthalate was coated to provide a redsensitive emulsion layer. The
      emulsion layer was spectrally sensitized with 0.0015 g of the following
      spectral sensitizer so as to have a sensitization maximum at about 685
      .mu..
      ##SPC2##
PAL  On the red-sensitive emulsion layer, a gelatin intermediate layer was
      coated and then a coating composition containing 100 g of a silver
      chlorobromide emulsion (silver content 0.06 mol, bromide content 35 mol%)
      and 2.1 g of
      1-(2,6-dichloro-4-methylphenyl)-3-[3-.alpha.-2,4-di-tert-amylphenoxy)butyl
     amide-benzamide]-5-pyrazolone and 4,9 g of
      1-(2,4,6-trichlorophenyl)-3-[3-.alpha.-(2,4-di-tertamylphenoxy)butylamide-
     benzamide]-5-pyrazolone as magenta couplers which were dispersed in gelatin
      together with ethyl acetate and tricresyl phosphate was coated to provide
      a green-sensitive emulsion layer. The emulsion layer was spectrally
      sensitized with 0.02 g of the following spectral sensitizer so as to have
      a sensitization maximum at about 555.mu..
      ##SPC3##
PAL  Then, a coating composition composed of liquid paraffin dispersed in an
      aqueous gelatin solution was coated on the emulsion layer to provide a
      protective layer. Thus, a color print film as Sample (I) was obtained.
PAR  A color print film as Sample (II) was prepared by coating a composition as
      a sound track area-forming layer containing 100 g of a silver
      chlorobromide emulsion (silver content 0.06 mol, bromide content 35 mol%),
      0.4 g of Bleach Inhibitor (2), 0.1 g of
      4-hydroxy-6-methyl-1,3,3a,7-tetraazaindene and the same spectral
      sensitizer as used for the green-sensitive layer of Sample (I) between the
      green-sensitive layer and the protective layer as in Sample (I).
PAR  A color print film as Sample (III) was prepared in the same manner as in
      Sample (II) except that Bleach Inhibitor (2) was not added to the sound
      track area-forming layer. The coating amount of silver in Samples (II) and
      (III) each was 1.5g/m.sup.2.
PAR  Samples (I), (II) and (III) each was exposed to a tungsten lamp through an
      ultra violet absorbing filter transmitting light of a wave length longer
      than about 400 .mu., a yellow filter transmitting a light of a wave length
      longer than about 500 .mu. and a silver wedge. The filters used in the
      exposure have been used in the step wedge exposure of usual color print
      film. Samples (I), (II) and (III) were processed using the following steps
      A, B and C. The optical densities thus obtained were measured by using a
      Status S-58 filter using a Macbes TD-206A type densitometer, and are shown
      in Table 1.
TBL  ______________________________________                                    
     Processing A                                                              
     Processing Step                                                           
                   Temperature Time                                            
     ______________________________________                                    
     Pre-bath      27.degree.C 10 seconds                                      
     Washing       "           15 sec.                                         
     Color Development                                                         
                   "           5 min. 20 sec.                                  
     Washing       "           15 sec.                                         
     First Fixing  "           1 min.                                          
     Washing       27.degree.C 40 sec.                                         
     Bleach        "           3 min.                                          
     Washing       "           1 min.                                          
     Sound Development                                                         
                   20.degree.C 15 sec.                                         
     Washing       27.degree.C 15 sec.                                         
     Second Fixing "           2 min.                                          
     Washing       "           5 min.                                          
     Stabilizing   "           10 sec.                                         
     ______________________________________                                    
PAL  Each processing composition was as follows.
TBL  ______________________________________                                    
     Pre-bath Solution                                                         
     Water                   800 ml                                            
     Sodium Carbonate (monohydrate)                                            
                             10.0 g                                            
     Sodium Sulfate (anhydrous)                                                
                             50.0 g                                            
     Water to make one liter                                                   
     Color Developer                                                           
     Water                   800 ml                                            
     Sodium Hexametaphosphate                                                  
                             2.0 g                                             
     Sodium Sulfite (anhydrous)                                                
                             4.0 g                                             
     2-Amino-5-diethylaminotoluene                                             
                             3.0 g                                             
     Hydrochloride                                                             
     Sodium Carbonate (monohydrate)                                            
                             25.0 g                                            
     Potassium Bromide       2.0 g                                             
     Water to make one liter                                                   
     First and Second Fixing Solution                                          
     Water                   600 ml                                            
     Sodium Thiosulfate (pentahydrate)                                         
                             240 g                                             
     Sodium Sulfite (anhydrous)                                                
                             15.0 g                                            
     Glacial Acetic Acid     12.0 g                                            
     Boric Acid              6.0 g                                             
     Potassium Alum          15.0 g                                            
     Water to make one liter                                                   
     Bleaching Solution                                                        
     Water                   800 ml                                            
     Potassium Bromide       20.0 g                                            
     Potassium Bichromate    5.0 g                                             
     Potassium Alum          40.0 g                                            
     Sodium Acetate (trihydrate)                                               
                             3.0 g                                             
     Glacial Acetic Acid     10.1 g                                            
     Water to make one liter                                                   
     Sound Developer Solution                                                  
     (Solution A)                                                              
     Water                   600 ml                                            
     Sodium Sulfite (anhydrous)                                                
                             40.0 g                                            
     N-Methyl-p-aminophenol Sulfate                                            
                             40.0 g                                            
     Sodium Hydroxide        40.0 g                                            
     Hydroquinone            40.0 g                                            
     (Solution B)                                                              
     Water                   300 ml                                            
     Tragacanth Gum          5.0 g                                             
     Denatured Alcohol       10 ml                                             
     (Solution C)                                                              
     Ethylenediamine (70%)   20 ml                                             
     ______________________________________                                    
PAL  Solution A and Solution B were mixed and, immediately before use, Solution
      C and water were added to make one liter.
TBL  ______________________________________                                    
     Stabilizing Bath                                                          
     ______________________________________                                    
     Water                  800 ml                                             
     Formalin (37%)         10 ml                                              
     Polyethylene Glycol (mol. wt. 400)                                        
                            5 ml                                               
     40% aqueous Solution                                                      
     Processing B                                                              
      Processing Step                                                          
                    Temperature Time                                           
     ______________________________________                                    
     Pre-bath       27.degree.C 10 sec                                         
     Washing        "           15 sec                                         
     Color Development                                                         
                    "           5 min 20 sec                                   
     Washing        "           15 sec                                         
     First Fixing   "           1 min                                          
     Washing        "           40 sec                                         
     Bleach         "           3 min                                          
     Washing        "           1 min                                          
     Second Fixing  "           2 min                                          
     Washing        "           5 min                                          
     Stabilizing Bath                                                          
                    "           10 sec                                         
     ______________________________________                                    
PAL  Each processing solution was same as used in the Processing A.
TBL  ______________________________________                                    
     Processing C                                                              
     Processing Step                                                           
                   Temperature    Time                                         
     ______________________________________                                    
     Pre-bath      27.degree.C    10 sec                                       
     Washing       "              15 sec                                       
     Color Development                                                         
                   "              5 min 20 sec                                 
     Washing       "              15 sec                                       
     First Fixing  "              1 min                                        
     Washing       "              40 sec                                       
     Bleach        "              3 min                                        
     Washing       "              1 min                                        
     Second Fixing "              2 min                                        
     Washing       "              5 min                                        
     Stabilizing Bath                                                          
                   "              10 sec                                       
     ______________________________________                                    
PAL  Each processing solution was same as in Processing A except for the
      bleaching solution shown below.
TBL  ______________________________________                                    
     Ethylenediamine Tetrasodium                                               
                              100 g                                            
     Tetraacetate-Iron(III) Complex Salt                                       
     Tetrasodium Ethylenediamine                                               
                              18 g                                             
     Tetraacetate                                                              
     Ammonium Bromide         160 g                                            
     Aqueous Ammonia Solution 5 ml                                             
     Water to make one liter                                                   
     ______________________________________                                    
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Sample    I           II          III                                     
     Processing                                                                
               A   B   C   A   B   C   A   B   C                               
     __________________________________________________________________________
     Optical Density                                                           
     in the Infra Red                                                          
               1.95                                                            
                   0.04                                                        
                       0.05                                                    
                           2.53                                                
                               1.78                                            
                                   2.02                                        
                                       2.30                                    
                                           0.04                                
                                               0.06                            
     Region                                                                    
     __________________________________________________________________________
PAR  From the results shown in Table 1, it is apparent that Samples (I) and
      (III) must be sound-developed in order to obtain an optical density in the
      infra-red region, and that Sample (II) need only be color developed in a
      conventional manner in order to obtain it.
PAC  EXAMPLE 2
PAR  Sample (IV) was prepared by using 0.1 g of the compound disclosed in U.S.
      Pat. No. 3,715,208 and represented by the formula,
      ##SPC4##
PAL  in replace of the Bleach Inhibitor (2) in a sample prepared in the same
      manner as Sample (II) of Example 1.
PAR  The Samples (IV) and (I) to (III) of Example 1 were exposed in the same
      manner as described in Example 1, and then processed using the following
      processings D and E. The optical densities thereof in the infra-red region
      were measured in the same manner as described in Example 1 and are shown
      in Table 2.
TBL  ______________________________________                                    
                      Processing D                                             
                                  Processing E                                 
     ______________________________________                                    
     Processing         38.degree.C                                            
                                    27.degree.C                                
     Temperature                                                               
     Processing Step                                                           
     Pre-bath         10 sec      10 sec                                       
     Washing          10 sec      15 sec                                       
     Color-development                                                         
                      1 min 30 sec                                             
                                  5 min 20 sec                                 
     Stop-fixing      40 sec      2 min                                        
     Washing          1 min       2 min                                        
     Bleach-fixing    1 min 20 sec                                             
                                  4 min                                        
     Washing          1 min 40 sec                                             
                                  2 min                                        
     Stabilizing      10 sec      10 sec                                       
     Stop-fixing Solution                                                      
     Sodium Thiosulfate           240 g                                        
     Sodium Sulfite (anhydrous)   15 g                                         
     28% Acetic Acid              48 ml                                        
     Boric Acid                   7.5 g                                        
     Potassium Alum               15 g                                         
     Water to make one liter                                                   
     Bleach-fixing Solution                                                    
     Ethylenediamine Sodium       34.0 g                                       
     Tetraacetate-Iron(III)                                                    
     Complex Salt                                                              
     Sodium Carbonate             11.0 g                                       
     (monohydrate)                                                             
     Boric Acid                   45.0 g                                       
     Sodium Thiosulfate           140.0 g                                      
     Water to make one liter                                                   
     ______________________________________                                    
PAL  The processing solutions other than the stop-fixing solution and the
      bleach-fixing solution were the same as those used in Processing A.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Processing  E           D       E                                         
     Sample      I       II      II    III   IV                                
     ______________________________________                                    
     Optical Density                                                           
     in the Infra Red                                                          
                 0.06    2.05    2.02  0.07  0.90                              
     Region                                                                    
     ______________________________________                                    
PAR  From the results contained in Table 2, it is apparent that Sample (II) of
      the invention provided a higher optical density in the infra-red region by
      the bleach-fixing bath without sound development, while Sample (I) which
      is a conventional light-sensitive material and Sample (III) which has a
      sound track area-forming layer but does not contain the bleach inhibitor
      do not give a practical density in the infra-red region. When the
      light-sensitive material of the invention is processed at a high
      temperature as in Processing D gave similar better results, but Sample
      (IV) having sound track area-forming layer containing the mercapto
      compound similarly processed did not to provide sufficient optical
      density. When Sample (II) is processed by Processing B and C, similar
      better color images and sound images are obtained.
PAC  EXAMPLE 3
PAR  Sample (V) was prepared using 0.15 g of Bleach Inhibitor (1) instead of
      Bleach Inhibitor (2) using the same procedures as in Sample (II) of
      Example 1, and Sample (VI) was prepared using 0.20 g of Bleach Inhibitor
      (4) instead of Bleach Inhibitor (2) as in Sample (II) of Example 1.
      Samples (V) and (VI) were exposed, and processed in the same manner as in
      Examples 1 and 2. The thus obtained optical density in the infra-red
      region was measured and is shown in Table 3.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Sample           V           VI                                           
     Processing       D           D                                            
     ______________________________________                                    
     Optical Density                                                           
     in the Infra Red 2.10        1.84                                         
     Region                                                                    
     ______________________________________                                    
PAR  Using Samples (V) and (VI) which are light-sensitive materials of the
      invention, a higher optical density in the infra red region is obtained.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color photographic light-sensitive material comprising a support
      having coated thereon at least one light-sensitive silver halide emulsion
      layer containing a yellow dye-forming coupler, at least one
      light-sensitive silver halide emulsion layer containing a magenta
      dye-forming coupler, at least one light-sensitive silver halide emulsion
      layer containing a cyan dye-forming coupler, and at least one
      light-sensitive silver halide emulsion layer containing a compound
      represented by the following formula,
      ##SPC5##
PAL  wherein R is an alkyl group having at least 12 carbon atoms.
NUM  2.
PAR  2. A color photographic light-sensitive material comprising a support
      having coated thereon at least one blue-sensitive silver halide emulsion
      layer containing a yellow dye-forming coupler, at least one
      green-sensitive silver halide emulsion layer containing a magenta
      dye-forming coupler, at least one red-sensitive emulsion layer containing
      a cyan dye-forming coupler and at least one silver halide emulsion layer
      containing a bleach inhibitor represented by the following formula,
      ##SPC6##
PAL  wherein R is an alkyl group having at least 12 carbon atoms.
NUM  3.
PAR  3. The color photographic light-sensitive material as claimed in claim 2,
      wherein said silver halide emulsion layer containing said bleach inhibitor
      contains at least one gelatin hardener selected from the group consisting
      of an aldehyde, a methylol, a dioxane, an aziridine, an isooxazole, a
      carbodiimide, an active halogen compound and an active vinyl compound.
NUM  4.
PAR  4. The color photographic light-sensitive material as claimed in claim 2,
      wherein said silver halide emulsion layer containing said bleach inhibitor
      contains at least one spectrally sensitizing cyanine dye or merocyanine
      dye.
NUM  5.
PAR  5. The color photographic light-sensitive material as claimed in claim 2,
      wherein said silver halide emulsion layer containing said bleach inhibitor
      is adjacent said green-sensitive emulsion layer.
NUM  6.
PAR  6. The color photographic light-sensitive material as claimed in claim 2,
      including an intermediate layer adjacent said green-sensitive layer and
      wherein said silver halide emulsion layer containing said bleach inhibitor
      is adjacent said intermediate layer.
NUM  7.
PAR  7. The color photographic light-sensitive material as claimed in claim 2,
      wherein said silver halide emulsion layer containing said bleach inhibitor
      is adjacent said blue-sensitive emulsion layer.
NUM  8.
PAR  8. The color photographic light-sensitive material as claimed in claim 2,
      including an intermediate layer adjacent said blue-sensitive emulsion
      layer and wherein said silver halide emulsion layer containing said bleach
      inhibitor is adjacent said intermediate layer.
NUM  9.
PAR  9. A process for forming color dye images and silver images which comprises
      exposing the color photographic light-sensitive material as claimed in
      claim 2, developing, stopping, first fixing, bleaching and then second
      fixing said material.
NUM  10.
PAR  10. The process as claimed in claim 9, wherein said stopping and said first
      fixing are carried out simultaneously.
NUM  11.
PAR  11. a process for forming color dye images and silver images which
      comprises exposing the color photographic light-sensitive material as
      claimed in claim 2, developing, stopping, bleaching, and fixing said
      material.
NUM  12.
PAR  12. A process for forming color dye images and silver images which
      comprises exposing the color photographic light-sensitive material as
      claimed in claim 2, developing, bleaching and fixing said material.
NUM  13.
PAR  13. The color photographic light-sensitive material as claimed in claim 2,
      wherein said bleach-inhibitor is
      ##SPC7##
      ##SPC8##
PATN
WKU  039402720
SRC  5
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APT  1
ART  166
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TTL  Method of developing an electrostatic latent image
ISD  19760224
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ABST
PAL  An apparatus for developing an electrostatic latent image. The apparatus is
      moved from an inoperative position spaced from the latent image to a
      position in operative communication therewith. After the latent image is
      developed, the apparatus is moved to the inoperative position thereof.
PARN
PAR  This is a division of application Ser. No. 255,259, filed May 22, 1972, now
      U.S. Pat. No. 3,854,449.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an electrostatographic printing
      machine, and more particularly concerns an improved development system for
      use therein.
PAR  An electrostatographic process involves the formation and utilization of
      electrostatic latent charge patterns for the purpose of recording and
      reproducing the patterns in viewable form. The field of electrostatography
      includes electrophotography and electrography. Electrophotography is that
      class of electrostatography which employs a photosensitive medium to form,
      with the aid of electromagnetic radiation, the electrostatic latent charge
      pattern. Xerography, which employs infrared, visible or ultraviolet
      radiation, and xeroradiography, which employs x-rays or gamma rays, are
      sub-classes of electrophotography. Electrography is that class of
      electrostatography which utilizes an insulating medium to form, without
      the aid of electromagnetic radiation, the electrostatic latent charge
      pattern. Xero printing, which uses a pattern of insulating material on a
      conductive medium to form electrostatic charge patterns, and
      electrographic recording, which uses a charge transfer between a plurality
      of electrodes to form directly, electrostatic charge patterns, are
      sub-classes of electrography. Development, which is the act of rendering
      an electrostatic pattern or image viewable, is employed in all of the
      aforementioned classes of electrostatography. In the illustrated
      embodiment hereinafter discussed, an electrophotographic process is
      utilized.
PAR  An electrophotographic process involves the use of a photosensitive element
      having a photoconductive insulating layer which is charged to a
      substantially uniform potential in order to sensitize its surface. The
      charged photoconductive surface is exposed to a light image of an original
      document to be reproduced. As a consequence of the exposure, the charge is
      selectively dissipated in the irradiated areas in accordance with the
      light intensity reaching the surface, thereby creating an electrostatic
      latent image on the photoconductive surface. Development of the
      electrostatic latent image recorded on the photoconductive surface is
      achieved by bringing the charged photoconductive surface into contact with
      a developer mix. Typical developer mixes employed are well-known in the
      art, and generally comprise dyed or colored thermoplastic powders, known
      in the art as toner particles, which are mixed with coarser carrier
      granules, such as ferromagnetic granules. The toner particles and carrier
      granules are selected such that the toner particles acquire the
      appropriate charge relative to the electrostatic latent image recorded on
      the photoconductive surface. When the developer mix is brought into
      contact with the charged photoconductive surface, the greater attractive
      force of the latent electrostatic image recorded thereon causes the toner
      particles to transfer from the carrier granules and adhere to the latent
      electrostatic image. This concept was originally disclosed by Carlson in
      U.S. Pat. No. 2,297,691 and is further amplified and described by many
      related patents in the art.
PAR  Many factors influence the quality of the developed image, the most
      significant factor being the uniformity with which the toner particles are
      deposited on the electrostatic latent image recorded on the
      photoconductive surface. Heretofore, development systems have employed
      rotary impellers, fur brushes, bucket conveyors and magnetic brush systems
      to achieve the requisite uniformity in toner deposition. The magnetic
      brush system achieves a high degree of uniform toner deposition, and,
      therefore, numerous electrostatographic printing machines utilize this
      type of development system. Magnetic brush systems usually include a
      developer roll having a directional flux field adapted to bring the
      magnetizable developer mix into contact with the charged photoconductive
      surface. Multicolor electrostatographic printing involves the utilization
      of various processing components adapted to produce a series of
      electrostatic latent images corresponding to a particular color of the
      original. In such a system, there is a need to develop successive partial
      color images. Each partial color image is developed with toner particles
      corresponding in color to the partial color image utilized to form the
      respective electrostatic latent image on the photoconductive surface.
PAR  Generally, the developer roll of the magnetic brush development system is
      mounted fixedly relative to the photoconductive surface. This places a
      practical limitation on the quality of multi-color copies. A multi-color
      development system utilizes a plurality of developer rolls, each being
      adapted to furnish the appropriate colored toner particles to the
      photoconductive surface. Hereinbefore, fixedly mounted developer rolls
      were closely spaced to the photoconductive surface, thereby permitting the
      operative developer roll, i.e. the developer roll having the developer mix
      adhering thereto. However, when a developer mix having toner particles of
      one color contacts a toner powder image of another color, intermingling of
      colors and mechanical scraping occurs. This results in the toner powder
      image being mis-colored, and the multi-color copy produced thereby lacking
      the appropriate color balance, i.e. the color does not correspond to the
      original to be copied. Therefore, it is apparent that the aforementioned
      type of magnetic brush development system, wherein each developer roll is
      fixedly mounted, does not produce high quality multi-color copies.
PAR  Accordingly, it is a primary object of the present invention to improve the
      development system of a multi-color electrostatographic printing machine.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated and in accordance with the present invention, there is
      provided an apparatus for rendering visible a latent electrostatic image.
      The apparatus is positioned adjacent the latent image in operative
      communication therewith for depositing toner particles thereon. In
      addition, the apparatus moves from the operative position in communication
      with the latent image to an inoperative position spaced therefrom.
PAR  The present invention is also concerned with actuating the development
      apparatus in response to the electrostatic latent image advancing to a
      pre-determined location. The apparatus is energized when the latent image
      reaches the predetermined location to move to a position adjacent thereto
      in operative communication therewith, and deposits toner particles
      thereon. After the toner particles are deposited onto the latent image,
      the apparatus is de-energized and moved to its inoperative position spaced
      from the latent image.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings in which:
PAR  FIG. 1 is a schematic perspective view of an electrographic printing
      machine embodying the features of the present invention;
PAR  FIG. 2 is a sectional elevational view of the development system of the
      present invention used in the printing machine illustrated in FIG. 1; and
PAR  FIG. 3 is a fragmentary sectional elevational view depicting, in detail,
      one of the development units shown in FIG. 2.
PAR  While the present invention will hereinafter be described in connection
      with a preferred embodiment, it will be understood that it is not intended
      to limit the invention to that embodiment. On the contrary, it is intended
      to cover all alternatives, modifications and equivalents as may be
      included within the spirit and scope of the invention as defined by the
      appended claims.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of the illustrated electrophotographic printing
      machine, in which the present invention may be incorporated, reference is
      had to the drawings wherein like reference numerals have been used
      throughout to designate like elements. FIG. 1 schematically illustrates
      the various components of a printing machine producing multicolor copies
      from a color original. As in all electrophotographic machines of the type
      illustrated, a light image of a document to be reproduced is projected
      onto a sensitized photoconductive surface to form an electrostatic latent
      image thereon. The latent image is developed by toner particles to form a
      powder image of the latent image recorded on the photoconductive surface.
      Thereafter, the powder image is electrostatically transferred to a sheet
      of support material to which it may be coalesced by a suitable fusing
      device, whereby the powder image is caused permanently to adhere to the
      support surface.
PAR  The printing machine depicted in FIG. 1 employs a photoconductive member,
      such as rotatably mounted drum 10, having a photoconductive surface 12
      thereon. Photoconductive surface 12, preferably, is formed of a material
      having a relatively panchromatic response to white light. Drum 10 rotates
      in the direction indicated by arrow 14 to move photoconductive surface 12
      sequentially through a series of processing stations.
PAR  First, photoconductive surface 12 passes through charging station A which
      has positioned thereat a corona generating device, indicated generally at
      16, extending transversely across photoconductive surface 12. Corona
      generating device 16 charges drum surface 12 to a relatively high and
      substantially uniform potential.
PAR  The charged drum surface is next rotated to exposure station B which
      includes a moving lens system, generally designated by the reference
      numeral 18, and a color filter mechanism, shown generally at 20. An
      original document 22 is stationarily supported upon a transparent viewing
      platen 24 wherein successive incremental areas of original 22 are
      illuminated by means of a moving lamp assembly 26. Lens system 18 is
      adapted to scan successive areas of original 22 being illuminated on
      platen 24 and to focus the light onto photoconductive surface 12. Lamp
      assembly 26 and lens system 18 are moved in timed relation with
      photoconductive surface 12 to produce a non-distorted flowing light image
      of the original on photoconductive surface 12. During exposure, filter
      mechanism 20 interposes selected color filters into the optical light path
      of lens 18. Color filters 20 operate on the light passing through lens 18
      to record an electrostatic latent image on photoconductive surface 12
      corresponding to a specific color of the flowing light image of the
      original.
PAR  After the electrostatic latent image is recorded on photoconductive surface
      12, drum 10 is rotated to development station C which includes three
      individual development units generally indicated by the reference numerals
      28, 30 and 32, respectively. The development units are all of a type
      hereinbefore referred to as a magnetic brush development system. In a
      magnetic brush development system, a magnetizable developer mix having
      carrier granules and toner particles is continually brought through a
      directional flux field to form a brush of developer material. The
      developer mix is continually moving to provide fresh developer mix to the
      brush. Preferably, the brush in the magnetic brush system comprises a
      magnetic member with a mass of developer mix adhered thereto by magnetic
      attraction. The developer mix includes carrier granules having toner
      particles clinging thereto by triboelectric attraction. This chainlike
      arrangement of developer mix simulates the fibers of a brush. Development
      is achieved by bringing the brush of developer mix into contact with
      photoconductive surface 12. Each of the development units 28, 30 and 32,
      respectively, apply toner particles to photoconductive surface 12 which
      are adapted to absorb light within a pre-selected spectral region of the
      electromagnetic wave spectrum corresponding to the wavelength of light
      transmitted through the filter. For example, a latent image formed by
      passing the light image through a green filter will record the red and
      blue portions of the spectrum as areas of relatively high charge density
      on photoconductive surface 12, while the green light rays will pass
      through the filter and cause the charge density on photoconductive surface
      12 to be reduced to a voltage level ineffective for development. The
      charged areas are then made visible by applying green absorbing (magenta)
      toner particles to the latent image recorded on photoconductive surface
      12. Similarly a blue separation is developed with blue absorbing (yellow)
      toner particles, while a red separation is developed with red absorbing
      (cyan) toner particles.
PAR  After development, the now visible image is moved to transfer station D
      where the image is transferred to a sheet of final support material 36,
      such as plain paper amongst others, by means of a transfer member, i.e. a
      bias transfer roll shown generally at 34. The surface of transfer roll 34
      is electrically biased to a potential having a magnitude and polarity
      sufficient to electrostatically attract toner particles from
      photoconductive surface 12 to support sheet 36. Transfer roll 34 is
      adapted to secure releasably thereto a single sheet of final support
      material 36 for movement in a recirculating path, the roll being arranged
      to move in synchronism with photoconductive surface 12 enabling support
      material 36 to receive, in superimposed registration, successive toner
      powder images of the original document. The aforementioned steps of
      charging the photoconductive surface, exposing the photoconductive surface
      to a specific color of the flowing light image of the original, developing
      the electrostatic latent image recorded on the photoconductive surface
      with appropriate toner particles, and transferring the toner powder image
      to a sheet of final support material, e.g. a transparency or opaque copy
      sheet, are repeated a plurality of cycles to form a multi-color copy of a
      color original.
PAR  After the last transfer operation, support sheet 36 is stripped from roll
      34 and transported on endless belt 49 to a fixing station F where a fuser,
      indicated generally at 38, coalesces the toner powder image to support
      sheet 36. Thereafter, sheet 36 is advanced by endless belts 52 and 54 to
      catch tray 40 for subsequent removal by an operator.
PAR  The last processing station in the direction of rotation of drum 10, as
      indicated by arrow 14, is cleaning station E. A rotatably mounted fibrous
      brush 56 is positioned in cleaning station E and is maintained in contact
      with photoconductive surface 12 of rotating drum 10 to remove residual
      toner particles remaining thereon after each transfer operation.
PAR  Referring now to FIG. 2, there is shown a multicolor development system
      with frame 27 supporting three toner depositing means or development units
      28, 30 and 32, respectively. The aforementioned development system is of
      the type utilized at processing station C. These development units are
      depicted in an elevational sectional view to indicate more clearly the
      various components included therein. Only development unit 28 will be
      described in detail as development units 30 and 32 are nearly identical
      thereto, the distinction between each developer unit being the color of
      toner particles contained therein and minor geometrical differences due to
      the mounting cycle. Developer unit 28 may have yellow toner particles,
      unit 30 magenta toner particles, and unit 32 cyan toner particles although
      different color combinations may be used. For purposes of explanation,
      development unit 28 will be hereinafter described in detail.
PAR  The principle components of developer unit 28 are a developer housing 42,
      conveyor means or paddle wheel 44, transport means or roll 46, and
      developer means or roll 48. Paddle wheel 44 is a cylindrical member with
      buckets or scoops around the periphery thereof and is adapted to rotate so
      as to elevate developer mix 50 from the lower region of housing 42 to the
      upper region thereof. When developer mix 50 reaches the upper region of
      housing 42, it is lifted from the paddle wheel buckets to transport roll
      46. Alternate buckets of the paddle wheel have apertures in the root
      diameter so that developer mix carried in these areas is not carried to
      transport roll 46 but instead, falls back to the lower region of developer
      housing 42. As the developer mix falls back to the lower region of
      developer housing 42, it cascades over shroud 62 which is of a tubular
      configuration with an aperture 53 in the lower region thereof. Developer
      mix 50 is recirculated in this manner so that the carrier granules are
      continually agitated to mix with fresh toner particles. This generates a
      strong triboelectric charge between the carrier granules and toner
      particles. As developer mix 50, in the paddle wheel buckets, approaches
      transport roll 46, the magnetic fields produced by the fixed magnets
      therein attract developer mix 50. Transport roll 46 moves developer mix 50
      in an upwardly direction by the frictional force exerted between the roll
      surface and developer mix. A surplus of developer mix 50 is furnished, and
      metering blade 58 is provided to control the amount of developer mix 50
      carried over the top of transport roll 46. The surplus developer mix 50 is
      sheared from transport roll 46 and falls in a downwardly direction toward
      paddle wheel 44. As the surplus developer mix descends, it falls through
      the apertures of paddle wheel 44 in a downwardly direction into the lower
      region of developer housing 42.
PAR  The developer mix which passes metering blade 58 is carried over transport
      roll 46 to developer roll 48 and into development zone 49 located between
      photoconductive surface 12 and developer roll 48. The electrostatic image
      recorded on the photoconductive surface is developed by contact with the
      moving developer mix 50. The charged areas of photoconductive surface 12
      electrostatically attract the toner particles from the carrier granules of
      developer mix 50. At the exit of development zone 49, the strong magnetic
      fields in a direction generally tangential to developer roll 48 continues
      to secure thereto the unused developer mix and denuded carrier granules.
      Upon passing from the development zone, the unused developer mix and
      denuded carrier granules enter a region relatively free from magnetic
      forces and fall from developer roll 48 in a downwardly direction into the
      lower region of developer housing 42. As the unused developer mix and
      denuded carrier granules descend, they pass through mixing baffle 60 which
      diverts the flow from the ends towards the center of developer housing 42
      to provide mixing in this direction.
PAR  When the complete image recorded on photoconductive surface 12 has passed
      development zone 49, the development action must be discontinued and the
      developer mix removed from contact with the photoconductive drum 10 so
      that it will not effect subsequent images which are to be developed in
      different colors. To do this, a suitable drive motor (not shown) is
      disconnected from paddle wheel 44, transport roll 46 and developer roll 48
      stopping their rotation. This permits developer housing 28 to pivot due to
      the force of spring 68, to the non-operative position thereof in which
      developer roll 48 is spaced from the latent image recorded on
      photoconductive surface 12.
PAR  Cylindrical shroud 62 serves to control the fall of the unused developer
      mix and denuded carrier granules such that they mix with the toner
      particles rather than simply falling into the lower region of developer
      housing 42. Furthermore, shroud 62 isolates, from the developer mix, an
      interior cylindrical enclosure which is used to house cylindrical toner
      dispenser 64. Toner dispenser 64 contains a fresh supply of toner 51 which
      is dropped through aperture 53 in the shroud into the stream of developer
      mix 50. Adding toner particles at this location ensures that it cannot be
      carried into development zone 49 without some degree of mixing with the
      carrier granules. Additional toner particles are added to the developer
      mix in order to replace the toner particles used in forming powder images,
      thereby maintaining the concentration thereof substantially constant,
      providing uniform color image developability.
PAR  Turning now to FIG. 3, the operative procedure of developer unit 28 will be
      discussed in detail. Developer housing 42 is pivoted, as described
      hereinafter, about the center of paddle wheel 44 and is supported at the
      lower region of the exterior surface by rollers 88 and 90 mounted
      rotatably in frame 27. Rollers 88 and 90 rotate about their respective
      axes to permit developer housing 42 to pivot substantially about the
      center of paddle wheel 44. When development unit 28 is inoperative,
      biasing means or spring 68 pivots developer housing 42 against stop 66. In
      this position, developer roll 48 is in its non-operative position spaced
      from photoconductive surface 12. Operation begins when clutch gear 82
      meshes with gear 84 which is attached to paddle wheel 44, thereby causing
      paddle wheel 44 to revolve clockwise as indicated by arrow 86. As gear 84
      and paddle wheel 44 start to rotate, a reaction torque is exerted against
      developer housing 42 due to the resistance to motion of developer mix 50
      which fills developer housing 42. The reaction torque causes housing 42 to
      rotate clockwise against the force of spring 68 until a stop, shown as
      wheel 70, is positioned against drum 10. The developer mix and internal
      parts then move within developer housing 42. Rolls 46 and 48 are rotated
      in conjunction with paddle wheel 44 by a gear train (not shown). When the
      complete image of photoconductive drum 10 has passed development zone 49,
      development action is discontinued and the developer mix removed from
      contact with photoconductive surface 12 to prevent its effecting
      subsequent images which are to be developed by different colored toner
      particles. To achieve this, the drive motor is disconnected from gear 82
      by deenergizing the clutch leaving gear 82 free to turn in either
      direction. Paddle-wheel 44, developer roll 48, and transport roll 46 stop
      rotating, and developer housing 42 is pivoted clockwise by spring 68 until
      it engages stop 66 at its inoperative position. This completes the cycle.
PAR  The aforementioned procedure has been described for development unit 28,
      however, this procedure is repeated for development units 30 and 32,
      respectively. In the formation of a multi-color copy, development unit 28
      initially positions developer roll 48 adjacent photoconductive surface 12
      in operative communication therewith to develop the first partial color
      latent electrostatic image formed thereon with the appropriately colored
      toner particles. Thereafter, the toner particles are transferred to
      support material 36 (FIG. 1) forming a toner powder image of one color of
      the multi-color original. Subsequently, development unit 32 positions its
      respective developer roll adjacent photoconductive surface 12 in operative
      communication therewith to develop the next successive colored image
      which, in turn, is transferred to support material 36. Thereafter,
      development unit 30 is positioned adjacent photoconductive surface 12 in
      operative communication therewith to develop the next successive colored
      image. This toner powder image is also transferred to support material 36
      forming a composite multi-color toner powder image of the original on the
      support material which is thereafter coalesced in fuser 38 (FIG. 1).
PAR  In the preferred embodiment thereof, developer means or roll 48, best shown
      in FIG. 3, includes a nonmagnetic tubular member 70, preferably made from
      aluminum having an irregular or roughened exterior surface. Tubular member
      70 is journaled for rotation by suitable means such as ball bearing
      mounts. A shaft 72 made preferably of steel is concentrically mounted
      within tubular member 70 and serves as a fixed mounting for magnetic means
      74. Magnetic means 74, preferably, comprises magnets made of barrium
      ferrite in the form of annular rings and arranged with five poles on about
      a 284.degree. arc about shaft 72.
PAR  As best shown in FIG. 3, transport means or roll 46 includes a non-magnetic
      tubular member 76, preferably, made from aluminum having an irregular or
      roughened exterior surface. Tubular member 76 is journaled for rotation by
      suitable means such as ball bearing mounts. A shaft 78 made, preferably,
      of steel is concentrically mounted within tubular member 76 and functions
      as a fixed mounting for magnetic means 80. Magnetic means 80, preferably,
      includes barrium ferrite magnets in the form of annular rings arranged
      with four poles on a 180.degree. arc about shaft 78.
PAR  The means for actuating each of the toner depositing means or development
      units 28, 30 and 32, respectively, is a timing disc mounted to an
      extension of drum shaft 11 (FIG. 1). The timing disc is opaque with a
      plurality of spaced slots in the circumferential periphery thereof. The
      timing disc is interposed between an illuminating source and a photosensor
      to generate an electrical signal as each slot permits light rays to pass
      through the disc. The electrical signal, in association with a suitable
      machine logic control system, activates the appropriate development unit.
      Activation of the development unit energizes the drive motor which rotates
      the paddle wheel, transport roll and developer roll producing a reaction
      torque which overcomes the spring restraining force, wherein the developer
      roll is moved into operative communication with the photoconductive
      surface. After the photoconductive surface has rotated through an
      appropriate angle, a slot in the timing disc permits the light rays from
      the illumination source to once again cause the photosensor to generate a
      second electric signal, which, in association with the machine control
      logic, de-activates the development unit by de-energizing the driving
      motor. Inactivation of the development unit automatically causes the
      development unit to be moved to the inoperative position, wherein the
      developer roll is spaced from the photoconductive surface.
PAR  While the invention has been described in connection with a magnetic brush
      development system, one skilled in the art will appreciate that the
      invention is not necessarily so limited and that fur brush development may
      also be utilized. In fur brush development, brush fibers replace carrier
      granules, and when the brush is saturated with toner particles the toner
      particles become charged triboelectrically. A soft fur is used in the form
      of a cylindrical brush. Toner particles are fed continuously to the brush
      and when activated moves from its inoperative position spaced from the
      photoconductive surface to its operative position in communication
      therewith.
PAR  From the foregoing, it is apparent that developing system of the present
      invention improves multi-color copies produced on an electrostatic
      printing machine by maintaining inoperative development units spaced from
      the photoconductive surface. Furthermore, the development system is
      designed to move the appropriate development unit into operative
      communication with the photoconductive surface for transferring thereto
      appropriately colored toner particles to render visible the electrostatic
      latent image recorded thereon.
PAR  It is, therefore, evident that there has been provided in accordance with
      this invention, an apparatus and method for developing an electrostatic
      latent image that fully satisfies the objects, aims and advantages set
      forth above. While this invention has been described in conjunction with
      specific embodiments thereof, it is evident that many alternatives,
      modifications and variations will be apparent to those skilled in the art.
      Accordingly, it is intended to embrace all alternatives, modifications and
      variations that fall within the spirit and broad scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of rendering visible an electrostatic latent image, including
      the steps of:
PA1  activating a drive system for moving an assembly which transports developer
      mix to a developer roll being rotated by the drive system, whereby the
      reaction torque produced by the drive system pivots a developer housing
      having the transport assembly and developer roll located therein to
      dispose the developer roll adjacent the latent image in operative
      communication therewith;
PA1  attracting toner particles from the developer roll to the latent image;
PA1  de-activating the drive system to substantially remove the reaction torque
      being applied to the developer housing; and
PA1  resiliently urging the developer housing to pivot disposing the developer
      roll in an inoperative position spaced from the latent image.
NUM  2.
PAR  2. A method of printing including the steps of:
PA1  charging a photoconductive surface to a substantially uniform potential;
PA1  exposing the charged photoconductive surface to a flowing light image of an
      original to be copied recording a latent image thereon;
PA1  activating a drive system for moving an assembly which transports developer
      mix to a developer roll being rotated by the drive system, whereby the
      reaction torque produced by the drive system pivots a developer housing
      having the transport assembly and developer roll located therein to
      dispose the developer roll adjacent the photoconductive surface in
      operative communication therewith;
PA1  attracting toner particles from the developer roll to the latent image;
PA1  de-activating the drive system to substantially remove the reaction torque
      being applied to the developer housing; and
PA1  resiliently urging the developer housing to pivot disposing the developer
      roll in an inoperative position spaced from the photoconductive surface.
NUM  3.
PAR  3. A method of printing as recited in claim 1, further including the steps
      of:
PA1  transferring toner particles from the latent image to a sheet of support
      material; and
PA1  fixing the toner particles permanently to the sheet of support material.
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ABST
PAL  A method is disclosed for preparing masks for photo etch purposes.
      Preselected circuit combinations are scribed in an opaque film supported
      by a translucent film. Beginning with the most simple circuit combination,
      the scribed opaque film is peeled away and the resultant circuit is
      photographed. The next most simple circuit combination of scribed film is
      peeled away and the new circuit is photographed. This stripping and
      photographing process is continued until all circuit combinations are
      photographed from a single art work.
GOVT
PAC  DEDICATORY CLAUSE
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for Governmental purposes without payment to us of
      any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The standard procedure used to prepare a mask for fabrication of microwave
      circuitry consists of using a two layer polyethylene terephthalate (Mylar)
      film -- one layer is photographically opaque, the other layer is
      translucent. The desired circuit is hand cut to required dimensions. The
      circuit outline is cut through the opaque layer of film and the unwanted
      portions are then removed from the surface. A single mask for each circuit
      is required. The mask designs are in different configurations depending on
      the frequency used, and the type of circuit desired. Accuracy is of prime
      importance in the preparation of these masks. If an existing mask needed
      modification in one or more given measurements an entirely new mask had to
      be cut. In cutting a new mask only slight differences in previously
      acceptable mechanical measurements results in another variable that must
      be dealt with to obtain the desired pattern. The method described herein
      utilizes one mask and redundant use to provide accurate fabrication of
      apertures for microwave circuits.
PAC  SUMMARY OF THE INVENTION
PAR  The instant method is for the preparation of masks used for photo etching
      where a parametric variation of certain critical dimensions is required.
      This parametric variation occurs when certain critical dimensions of the
      circuit must be obtained by empirical means. Only one mask is required for
      generating selected circuit combinations. Considerable time is saved in
      this multiple circuit-single mask procedure and the maintenance of the
      critical dimensions for each circuit made from the mask eliminates error
      inherent in repetitive scribing. For each circuit photographed, only the
      sections peeled away are changed and all other circuit portions remain
      exactly identical with preceeding features. In preparing the circuits, an
      opaque film is scribed with all required combinations of a circuit. The
      scribed film is peeled away to reveal the most simple circuit combination
      on a translucent substrate, which is then photographed. Subsequent steps
      involves stripping away successive portions of scribed film and
      photographing the new circuits until all combinations are photographed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow diagram illustrating the various steps encountered in the
      improved techniques of the present invention.
PAR  FIGS. 2A-2E are representative of sequentially produced apertures in
      accordance with the inventive method.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the empirical design of a microwave circuit, often there are only a few
      dimensions of the total circuit which are critical to the performance
      required. To change any of these dimensions a new mask had to be prepared
      to obtain a workable circuit element. Several modifications on one basic
      design might occur before the final circuit would be acceptable. In
      accordance with a preferred embodiment of the inventive method a two layer
      polyethylene terephthalate (Mylar) film is used as a mask for producing
      several microwave circuits in the empirical design of a preferred circuit.
      In the polyethylene terephthalate film, one layer is photographically
      opaque and the other layer is translucent. As shown in the FIG. 1 flow
      diagram, the opaque film is cut to required dimensions and the translucent
      film thereunder is left intact. The desired circuit combinations may be
      hand cut using precision gauge blocks and reference straight edge or may
      be scribed with a coordinatograph. Unwanted portions of the opaque film
      are then sequentially peeled away from the translucent film surface, with
      the microwave circuit aperture being photographically recorded after
      removal of successive sections of the opaque film. Thus, the simplest
      scribed combination is stripped away from the translucent surface beneath.
      This aperture is photographed to provide the aperture shown typically as
      FIG. 2A. The next most simple circuit is obtained by again stripping away
      selected scribed portions and again photographing the substrate to obtain
      the aperture shown typically as FIG. 2B.
PAR  In a similar manner the photographs of subsequentially developed microwave
      circuit apertures are obtained until all preselected combinations are
      photographed. These may be as noted in FIGS. 2C, 2D, and 2E. These
      photographic images of respective circuit configurations are used in
      conventionally accepted ways well known in the art for printing the
      circuits on copper clad boards for use in microwave circuits.
PAR  Precision scribing of the art work insures that each circuit will be
      accurate in mechanical dimensions which dictate the electrical
      measurements that will be ultimately obtained from the finished product.
      Sequential stripping and photographing from a single art work allows all
      previously scribed dimensions to be identical. Only the edge stripped
      during successive steps will add changes to the electrical results. Thus,
      a microwave aperture or other circuit overlay can be empirically
      determined and accurately obtained with a minimum of art work preparation.
      In the event a previously obtained photographed circuit is desired or must
      be modified after several subsequent circuits have been made, an opaque
      film strip can be inserted and scribed to reverse the process and obtained
      the desired circuit.
PAR  Although a particular method of this invention has been illustrated, it is
      apparent that various modifications of the invention may be made by those
      skilled in the art without departing from the scope and spirit of the
      foregoing disclosure. Accordingly, the scope of the invention should be
      limited only by the claims appended hereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the preparation of masks having opaque and translucent layers of film
      for fabrication of microwave circuits, the method of sequentially peeling
      a single mask for redundant use and comprising the steps of:
PA1  a. scribing a plurality of preselected empirically determined circuit
      combinations into a photographically opaque overlay film sheet without
      damaging a translucent substrate film;
PA1  b. removing the most simple circuit of opaque film from the scribed sheet;
PA1  c. photographing the resultant simple circuit comprising the remaining
      opaque and translucent film sheets;
PA1  d. peeling away the next most simple scribed circuit portion;
PA1  e. photographing the resultant circuit; and
PA1  f. repeating steps (d) and (e) until all desired circuits are photographed
      for further reduction.
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ABST
PAL  There is provided a simple method and means for recording in any
      single-emulsion photographic film or plate an optical transparency which
      independently controls both the amplitude and the phase of the transmitted
      light at each transverse coordinate of the transparency according to
      predetermined spatial patterns. The phase and amplitude information are
      recorded at separate levels within the emulsion.
GOVT
PAC  ORIGIN OF INVENTION
PAR  The Government has rights in this invention pursuant to Grant No. GK32456
      awarded by the National Science Foundation, and pursuant to work performed
      in the course of or under Grant No. AFOSR-72-2234 with the Department of
      Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and means of processing any
      single-emulsion photographic film or plate in a manner so that it has
      certain characteristics of a double emulsion film or plate thereby
      rendering it capable of recording phase and amplitude information at
      separate depths of the emulsion.
PAR  The central problem in computer generated optics and holography is
      obtaining a high resolution transparency of superior optical quality which
      can control both the amplitude and the phase of transmitted light at each
      point in accordance with a computed complex function. In attempting to
      solve this problem, a number of different approaches have been taken
      including making a sandwith of two independent transmitting layers.
      However, the solutions including the making of the sandwich structure are
      not simple to either make or use and often produce deleterious and
      unwanted side effects. In a scientific journal, "Applied Optics", July,
      1973, Volume 12 No. 7, page 1386, there is described in an article
      entitled "Multi-Emulsion On-Axis Computer Generated Hologram" a solution
      which utilizes color film. However, color film is a multi-emulsion film,
      the characteristics of which are optimized by the manufacturer for
      purposes of color photography, not for computer generated optics.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a method and means for producing
      in any single-emulsion photographic film or plate an optical transparency
      wherein both the amplitude and the phase of transmitted light are
      independently controlled.
PAR  Yet, another object of this invention is the provision of a novel method
      and means of imparting to a single emulsion photographic film or plate,
      certain characteristics of a double emulsion film or plate whereby the
      amplitude and the phase light modulation provided by two separate
      transparencies may be incorporated on a single transparency recorded on
      said emulsion, so that light passing through said emulsion is
      independently spatially modulated by said amplitude and phase modulations
      recorded on said emulsion.
PAR  These and other objects of the invention may be achieved with single
      emulsion film by processing in a manner to impart certain characteristics
      of a double emulsion film.
PAR  First the emulsion is dyed red in order to prevent a blue image projected
      onto the emulsion from penetrating more than half way through the emulsion
      layer.
PAR  Then a portion, approximately the outer half layer of the emulsion is
      rendered sensitive to red light if the film emulsion is orthochromatic or
      insensitive to red light if the film emulsion is panchromatic.
PAR  Next, the spatial pattern of the desired amplitude modulation is
      photographed using red light onto the red sensitive half layer of the
      film. Thereafter, the spatial pattern of the phase modulation desired is
      registered with the amplitude pattern and then photographed using blue
      light onto the remaining half layer of the emulsion.
PAR  The doubly exposed emulsion is then developed and fixed in a conventional
      manner, appropriate for the emulsion selected.
PAR  Next, the developed and fixed plate is placed into a controlled penetration
      bleach for the period of time required to convert one of the two patterns
      which has been photographed and is now in the form of a developed silver
      image to be converted to a phase modulated image such as a silver halide
      image. The film is then immersed into a bleach stop bath, washed and
      dried.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional representation of a sensitized single emulsion
      layer on a base.
PAR  FIG. 2 is a schematic and cross-sectional representation of a film in which
      a portion of the emulsion layer has been color sensitized or desensitized
      in accordance with this invention.
PAR  FIG. 3 illustrates schematically how the panchromatic emulsion film is
      illuminated for recordation of an amplitude modulated mask.
PAR  FIG. 4 is a schematic illustration of how the orthochromatic emulsion film
      is illuminated for recordation of the amplitude modulated mask.
PAR  FIG. 5 is a schematic illustration showing how the panchromatic emulsion
      film is illuminated for recordation of the phase modulated mask.
PAR  FIG. 6 is a schematic illustration illustrating how the orthochromatic
      emulsion film is illuminated for recordation of the phase modulated mask.
PAR  FIG. 7 is a cross-sectional and schematic representation illustrating the
      appearance of the film after development, and
PAR  FIG. 8 is a cross-sectional representation of the appearance of the film
      after converting the silver image of the phase portion of the film into a
      silver halide image.
DETD
PAC  DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION
PAR  The processing that will be described, which the film undergoes, is in
      order to impart to the single emulsion layer film characteristics of the
      double emulsion layer.
PAR  At the outset, the film, whether orthochromatic or panchromatic has the
      emulsion dyed red by immersion in a solution of Erythrosin Indicator dye.
      The function of the red dye is to prevent a blue image, projected onto the
      emulsion, as will be described subsequently herein, from penetrating more
      than halfway through the emulsion layer. The dye solution is formed by
      adding 1 gram of dye stuff to 60 ml of deionized water. The unexposed
      plates are immersed in the dye solution for five minutes at room
      temperature, are then washed for two minutes in 100% methanol, and then
      dried in a closed container for two hours.
PAR  FIG. 1 provides a cross-sectional representation of film, whether it be
      orthochromatic or panchromatic. The film has a sensitized emulsion layer
      10 which is applied to a support or base 12. The support is transparent.
PAR  If the unprocessed emulsion is orthochromatic, then it is next immersed in
      a controlled penetration red sensitizer, such as cryptocyanine in a
      solution of 2 parts glycerol and 1 part water and then washed off with
      100% methanol and dried. The function of the red sensitizer is to cause
      that portion of the emulsion lying in a layer of thickness approximately
      one half of the emulsion thickness and extending from the outer emulsion
      surface toward the support base (region 12) to become sensitized to red
      light.
PAR  If the unprocessed emulsion is panchromatic, then it is next immersed in a
      controlled penetration red or red-green anti-sensitizer, compatible with
      the sensitizers incorporated in the emulsion at manufacture and then
      washed off with 100% methanol.
PAR  A typical anti-sensitizer formulation comprises
     Pontacyl Rubin R dye     2.5     grams                                    
     (sold by E. I. Dupont Nemours and Co.                                     
     Dyes and Chemicals Division, Wilmington,                                  
     Delaware)                                                                 
     Deionized water          300     ml                                       
     Acetic acid              5       ml                                       
     Glycerol                 600     ml                                       
PAR  The dye stuff should first be dissolved in the water, then the acetic acid
      added, and then the resulting solution combined with the glycerol.
PAR  the function of the anti-sensitizer is to cause that portion of the
      emulsion lying in a layer of thickness approximately one half the emulsion
      thickness and extending from the outer emulsion surface towards the
      support base to become insensitive to red, or red and green light.
PAR  This is represented in FIG. 2 where a dotted line divides the emulsion
      layer 10 into two halves approximately, 10A and 10B. Where the film
      emulsion is orthochromatic, then the portion 10A of the layer 10 is red
      sensitized by the treatment just described. Where the emulsion of the film
      is panchromatic, then the portion 10A of the layer 10 is insensitive to
      red or red and green light.
PAR  Now, if hypersensitization is desired, the film, whether having an
      orthochromatic or a panchromatic emulsion layer, may be preflashed with a
      strobe light and hypersensitized with ammonia or triethanolamene. The
      function of this step is to compensate for the effective loss of film
      speed caused by the non-uniform spectral sensitization imparted to the
      emulsion by the treatment previously described. This step is optional if
      increased speed is desired, otherwise it may be omitted.
PAR  Considering now the treated film with a panchromatic emulsion, FIG. 3 shows
      how an amplitude modulated mask is recorded on the film. A source of
      light, 14, shines through a red filter 16. The light that passes through
      the red filter, 16, is gathered by the lens 18 and is transmitted through
      the amplitude modulated mask, 20. The light from the mask 20 is focussed
      by a lens 21 onto the surface of the emulsion, 10A. Since the back half,
      10B, of the emulsion was left sensitive to red light, this is where the
      recordation takes place, as represented by the diagonal lines.
PAR  Referring to FIG. 4, there is illustrated how the amplitude modulated mask
      is photographed onto the orthochromatic emulsion film. A light source 14
      illuminates a blue filter 22. The light passing through the blue filter 22
      is gathered by the lens 18 for transmittal through the amplitude modulated
      mask 20, and through a focussing lens 21 onto the base support 12. The
      mask markings are recorded by the back half, 10B, of the emulsion which
      was left blue light sensitive. The remaining half 10A was made red light
      sensitive.
PAR  FIG. 5 illustrates illumination of the panchromatic emulsion film with a
      phase modulated mask. The light source 14 illuminates a blue filter 22.
      The lens 18 collects the light from the blue filter and transmits it
      through a phase modulated mask 24 and through a focussing lens 25 onto the
      emulsion surface of the panchromatic film. The front half 10A of the
      emulsion, which was left blue light sensitive records the phase modulated
      mask.
PAR  FIG. 6 illustrates the method of illumination for recordation of the
      orthochromatic emulsion film with a phase modulated mask. The light source
      14 illuminates a red filter 16. Light from the red filter is collected by
      the lens 18 and applied through the phase modulated mask 24, and the
      focussing lens through the base support 12, for the orthochromatic film
      onto the emulsion. The front half, 10A, of the emulsion, which was
      rendered red sensitive will record the red light image of the phase mask.
PAR  It should be noted that it is absolutely necessary that the mask with the
      amplitude modulation pattern should be in correct registration with the
      mask having the spatial modulation pattern. The film in either the
      orthochromatic or panchromatic case should not be moved between the two
      exposures.
PAR  The spatial masks, both the phase and the amplitude, used here can be
      produced in many ways. They may be simple line drawings made by hand, or
      they may be computer generated holograms or complex valued spatial filters
      displayed on a cathode ray tube, or other forms of computer generated
      patterns. Regardless of how they are derived and fabricated, both the
      amplitude and phase masks should have common fiducial marks to assist in
      accurate registration. In addition, a small area near one edge of each
      mask must be reserved to function as a monitor for obtaining accurate,
      controlled penetration bleaching in one of the steps that follows. In the
      monitor area, the amplitude mask should be opaque so that the
      corresponding developed silver image is clear. A corresponding area on the
      phase mask should be clear so that the developed silver image is dark. The
      masks may be of any size, but if they are large, and the focusing lens
      provides at least 5 to 1 demagnification, the registration problem is
      minimal. In fact, great accuracy in the final phase and amplitude
      transparency may be achieved by making the masks with an automatic
      photolithographic plotter and then using a precision microphotographic
      reduction camera, such as is used to fabricate integrated circuits, to
      perform the photographic steps just described.
PAR  The red and blue light requirement can be obtained by placing appropriate
      filters on the camera lens, or on the lights, or by using masks which are
      themselves colored.
PAR  The doubly exposed plate is developed and fixed in a conventional manner
      appropriate for the emulsion selected. FIG. 7 is a schematic view of the
      developed film. A developed silver image of the phase mask is found in the
      outer half, 10A, of the film emulsion, whether orthochromatic or
      panchromatic. The remaining half of the film emulsion, 10B, has a
      developed silver image of the amplitude mask.
PAR  In order to convert the silver image of the phase mask in the region 10A,
      which is now an amplitude variation, into a phase variation, one technique
      is to convert the silver image into a silver halide image. As represented
      in FIG. 8 of the drawings, the developed and fixed film is immersed into a
      controlled penetration bleach until the monitor area, which was
      established during the exposure of the film as described previously, just
      clears. A suitable controlled penetration bleach consists of 200 grams of
      cupric bromide, dissolved in 200 ml of water. This is then added to 500 ml
      glycerol. In order to totally convert the silver to silver halide in the
      layer 10A, it is not only necessary that the bleach penetrates slowly, but
      it is necessary that it convert each silver grain rapidly. Thus, the ideal
      control penetration bleach should have a high concentration of bleaching
      agents in a relatively undiluted glycerol carrier.
PAR  Immediately upon clearing of the monitor area, the plate is immersed in a
      bleach stop bath. The purpose of the stop bath is to quench the bleaching
      process quickly before it can act upon the amplitude pattern in layer 10B.
      For this purpose, the stop bath must penetrate the emulsion as rapidly as
      possible.
PAR  The exact formulation of the stop bath required depends upon the emulsion
      thickness. For a very thick emulsion such as Kodak 649F (17 microns thick)
      vigorous agitation in an inert bath such as deionized water is adequate.
      For a very thin emulsion such as Kodak High Resolution Plate Type 2 (6
      microns thick) a chemically active stop bath is essential. For the latter,
      8 grams of Sodium Hydroxide in 1000 ml water is adequate.
PAR  The film is then washed in 100% methanol for five minutes and dried.
PAR  As a result of the foregoing process, the film provides a single emulsion
      optical transparency which independently phase modulates and amplitude
      modulates light transmitted therethrough, in accordance with the spatial
      patterns that have been recorded.
PAR  As a suitable alternative for some emulsion types to the process which has
      been described, prior to dying the emulsion in the film red, the unexposed
      film, whether orthochromatic or panchromatic, may be immersed in a
      solution which dissolves the sensitizer dyes incorporated during
      manufacture. For example, for Kodak High Resolution Plate Type 2, 50 grams
      of sodium carbonate per liter of deionized water is appropriate. As a
      result, all emulsion sensitizer dyes are bled from the emulsion and only
      the intrinsic blue sensitivity of the emulsion remains. Then the
      processing may proceed in the same manner as has been described for
      orthochromatic film. This step has three advantages. First, "crosstalk"
      between the phase and amplitude patterns which are recorded, is reduced by
      removing the green sensitivity so that spectral overlap is minimized.
      Second, it is easier to sensitize an emulsion than to anti-sensitize.
      Third, removing the sensitizers often increases blue sensitivity.
PAR  Prior to washing and drying, the film may be immersed in a basic solution
      of 50 grams of sodium carbonate per liter of deionized water to remove the
      blue light penetration controlling dye.
PAR  If it is possible to reverse the film between amplitude mask recordation
      and phase mask recordation steps, so that for one exposure the light comes
      through the support and for the other exposure the light comes through the
      emulsion outer surface, then it is not necessary to use the red sensitizer
      for the orthochromatic emulsion or the red and green anti-sensitizer for
      the panchromatic emulsion. One can merely use blue light for both
      exposures, reversing the film front-to-back, between them. This also
      permits dyes other than red to be used to control image penetration, as
      long as the appropriate light is used during the recordation steps and as
      long as the emulsion is sensitive to light of that wave length.
PAR  If the total dynamic range required for the amplitude and phase silver
      images is within the capacity of the emulsion, then it is not necessary to
      use the red and green anti-sensitizer for the panchromatic emulsion. Then
      the amplitude mask exposure will form an image in both half-layers of the
      emulsion. The amplitude mask image recorded using red light in the phase
      layer can be compensated for by next making an exposure in light of the
      opposite color which is blue light using as target the negative of the
      amplitude mask, so that the total exposure in the phase half-layer is
      uniform after the second step. Then the phase mask exposure can be made in
      the normal way. The compensation could also be made by modifying the phase
      mask in which case only two exposures would be needed, one with the
      original amplitude mask, and the other with the modified phase mask.
      Development and bleaching would then proceed as previously described
      herein. The final result would be identical with the more elaborate
      procedure except that the phase shift caused by the transparency would
      have an additional and meaningless constant term added to it.
PAR  Processing in the manner described for the single emulsion independent
      recordation of phase and amplitude has the advantage that the restrictions
      normally present with multi-layer emulsions or multiple plate techniques
      are eliminated. The emulsion used can be picked solely on the basis of
      speed, grain size and contrast without regard to any other considerations.
      The preexposure processing is simple and requires only simple equipment
      ordinarily available. The post exposure processing is also simple and does
      not require any accurate temperature control.
PAR  The method described also eliminates phase to amplitude crosstalk, and
      surface relief of the amplitude image is considerably reduced. Effective
      emulsion thickness is controllable. Finally, the only registration
      required is the positioning of the target masks which is usually done at
      large scale and hence is a minimal difficulty. The preexposure processing
      can be combined with special low noise processing often used in high
      resolution optical work.
PAR  In the description given above, reference is made to a phase modulated mask
      or a phase mask and to an amplitude modulated mask or an amplitude mask.
      It should be understood that these masks are all amplitude modulated.
      However, the modulations in the phase mask or phase modulated masks are
      representative of phase modulation and this is what is denoted herein when
      reference is made to a phase or phase modulated mask.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. The method of producing a transparency, from a single silver halide
      photosensitive emulsion layer deposited on a transparent substrate, in
      which both the amplitude and phase of light transmitted therethrough is
      independently spatially modulated, comprising
PA1  rendering said emulsion insensitive to light of a particular color within a
      predetermined thickness thereof, measured from the outside surface of the
      emulsion toward the substrate,
PA1  exposing said emulsion to an image of an amplitude mask in light of one
      color to which said emulsion, beyond said predetermined thickness, is
      sensitive,
PA1  exposing said emulsion to an image of a phase mask in light of another
      color to which said remainder of said emulsion is sensitive,
PA1  developing and fixing said film, to develop a silver image of said phase
      mask and of said amplitude mask therein,
PA1  controllably bleaching the developed silver image of said phase mask to
      produce an image which has phase variation, and
PA1  washing and drying said film.
NUM  2.
PAR  2. The method as recited in claim 1 wherein and said step of exposing said
      emulsion to an image of an amplitude mask comprises,
PA1  projecting said image in light of said one color on one surface of said
      emulsion;
PA1  said step of exposing said emulsion to an image of a phase mask includes,
PA1  projecting said phase mask image in light of said another color on said one
      surface of said emulsion.
NUM  3.
PAR  3. The method as recited in claim 1 wherein said step of rendering said
      emulsion insensitive to light of a particular color within a predetermined
      thickness thereby includes
PA1  dying said emulsion with a dye of one color to prevent a subsequently
      projected image in another color from penetrating within said
      predetermined thickness of said emulsion,
PA1  sensitizing said emulsion to a predetermined color within the predetermined
      thickness.
NUM  4.
PAR  4. The method as recited in claim 1 wherein said step of rendering said
      emulsion insensitive to light of a particular color within a predetermined
      thickness thereof includes
PA1  removing sensitizer dyes from said emulsion to leave said emulsion only
      blue light sensitive,
PA1  sensitizing said predetermined thickness of said emulsion to light of a
      preselected color.
NUM  5.
PAR  5. The method as recited in claim 3 wherein said step of sensitizing said
      emulsion to a predetermined color and within the predetermined thickness
      includes
PA1  making a red sensitizing solution,
PA1  immersing the surface of said emulsion into a layer of said red sensitizing
      solution, and
PA1  removing said solution after a predetermined interval for sensitizing said
      emulsion to said predetermined depth.
NUM  6.
PAR  6. The method of producing a transparency, from a single silver halide
      photosenseitive emulsion film deposited on a transparent substrate, in
      which both the amplitude and phase of light transmitted therethrough is
      independently spatially modulated, comprising
PA1  dying said emulsion with one color to prevent a subsequently projected
      image in another color from penetrating more than a predetermined distance
      through said emulsion,
PA1  rendering said predetermined distance of said emulsion sensitive to light
      of a color which is different from the light color sensitivity of the
      remaining portion of said emulsion,
PA1  projecting an image of an amplitude mask in light of the color to which
      said predetermined distance of emulsion is sensitive at said emulsion,
PA1  projecting an image of a phase mask in light of the color to which the
      remaining portion of said emulsion is sensitive at said emulsion,
PA1  projecting an image of a phase mask in light of the color to which the
      remaining portion of said emulsion is sensitive at said emulsion,
PA1  developing and fixing said film,
PA1  controllably bleaching the developed image of said amplitude mask in said
      developed and fixed film to produce a silver halide image, and
PA1  washing and drying said film.
NUM  7.
PAR  7. The method of producing a transparency in which both the amplitude and
      phase of light transmitted therethrough is independently spatially
      modulated, using a single silver halide photosensitive emulsion
      photographic film, wherein said emulsion is deposited on a transparent
      base, comprising
PA1  dying said emulsion red to prevent a blue image subsequently projected onto
      the emulsion, from penetrating more than a predetermined distance through
      the emulsion layer,
PA1  altering the sensitivity of said emulsion to red light to said
      predetermined distance extending from the surface of said emulsion layer,
      to render orthochromatic film sensitive to red light and panchromatic film
      insensitive to red light,
PA1  exposing an amplitude mask to said film using light of one color for
      recording said amplitude modulated mask in the portion of said emulsion
      whose sensitivity to red light has not been altered,
PA1  exposing a phase mask to said film with light of second color, for
      recording phase modulations of said mask in the portion of said emulsion
      whose sensitivity to red light has been altered,
PA1  developing and fixing said film,
PA1  controllably bleaching the developed image of said phase mask to produce a
      silver halide image of said phase mask, and
PA1  washing and drying said film.
NUM  8.
PAR  8. A method as recited in claim 7 wherein said step of altering the
      sensitivity of said emulsion to red light to said predetermined distance
      for panchromatic film comprises adding a solution of Pontacyl Rubine R dye
      to a mixture of 2 ml concentrated acetic acid in 150 ml of the ionized
      water, immersing said film in said dye solution for five minutes,
PA1  washing said film for ten minutes in water, and
PA1  drying said film with isopropyl alcohol.
NUM  9.
PAR  9. A method of claim 7 wherein said step of altering the sensitivity of
      said emulsion to red light to said predetermined distance, for
      orthochromatic film, comprises
PA1  mixing a solution of cryptocyanine with a solution of glycerol and alcohol
      to make a red sensitizer solution,
PA1  painting a layer of said red sensitizer solution over the surface of said
      emulsion,
PA1  washing said layer off the surface of said film with isopropyl alcohol
      after an interval long enough to sensitize said emulsion to said
      predetermined depth, and
PA1  drying said film.
NUM  10.
PAR  10. The method as recited in claim 7 wherein the step of altering the
      sensitivity of said emulsion to red light to said predetermined distance
      extending from the surface of said emulsion layer where said film emulsion
      is panchromatic, comprises
PA1  applying a solution of a red anti-sensitizer to the emulsion surface
      compatible with the sensitizer incorporated in said emulsion for a
      predetermined interval,
PA1  washing said red anti-sensitizer off said surface with isopropyl alcohol,
      and
PA1  drying said film.
NUM  11.
PAR  11. A method as recited in claim 7 wherein, when said film emulsion is
      orthochromatic, said light in said step of exposing an amplitude modulated
      mask to said film, is blue light, and
PA1  wherein said light from said mask is directed at the support for said
      emulsion.
NUM  12.
PAR  12. The method as recited in claim 7 wherein, when said film emulsion is
      panchromatic, said light in said step of exposing an amplitude modulated
      to said film is red light, and said light from said mask is directed at
      the emulsion of said film.
NUM  13.
PAR  13. The method as recited in claim 7 wherein, when said film emulsion is
      orthochromatic, said light in said step of exposing said phase modulated
      mask to said film is red, and
PA1  said light from said mask is directed at the support for said film.
NUM  14.
PAR  14. The method as recited in claim 7 wherein, when said film emulsion is
      panchromatic, said light in said step of exposing said phase modulated
      mask to said film is blue and said light from said phase modulated mask is
      directed at the emulsion surface of said film.
NUM  15.
PAR  15. The method as recited in claim 7 including the steps of flashing said
      emulsion layer with a strobe light, and
PA1  hypersensitizing said emulsion layer.
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ABST
PAL  A colorless marking liquid comprising a vehicle in which is dissolved at
      least two colorless reactants each exhibiting its own distinctive color on
      reaction with an acidic record material sensitizing substance, the liquid
      yielding an apparent blue hue on record material sensitized with an acidic
      material. The resulting blue print provides excellent reproduction
      capabilities when copied by xerographic processes.
PARN
PAR  This is a continuation application of U.S. patent application Ser. No.
      220,413, filed Jan. 24, 1972, now abandoned, which is a
      continuation-in-part application of United States patent application
      Serial No. 111,667, filed Feb. 1, 1971 now abandoned.
BSUM
PAR  This invention relates to a multicomponent normally colorless marking
      liquid. This marking liquid is reactive and produces distinctive marks on
      appropriately sensitized record material by absorbing some or
      substantially all of the visible spectrum between a wavelength of 400 to
      500 millimicrons.
PAR  Various marking liquids are known in the art. For example U.S. Pat. No.
      2,850,395 issued on Sept. 2, 1958, on the application of Barrett K. Green
      discloses a printing fluid containing crystal violet lactone and a red
      dye. More recently, U.S. Pat. No. 3,525,630 issued on Aug. 25, 1970, on
      the application of Paul S. Phillips, Jr. discloses a colorless marking
      liquid to give a black print.
PAR  Multicomponent normally colorless marking liquids now have been found which
      absorb some or substantially all of the visible spectrum between a
      wavelength of 400 to 500 millimicrons. The marking liquids of this
      invention produce distinctive blue marks on appropriately sensitized
      record material. The blue-appearing marks range in hue from deep-blue to a
      purple-blue, including a neutral- or steel-blue hue. The reproduction
      capabilities of these blue appearing marks are excellent when copied by
      xerographic processes.
PAR  Accordingly, it is an object of this invention to provide multicomponent
      normally colorless marking liquids.
PAR  Other objects, aspects and advantages of this invention will be apparent to
      one skilled in the art from the following disclosure and appended claims.
PAR  The colorless reactants employed in the mark forming liquids of this
      invention are at least two in number, each alone exhibiting a color on
      reaction with record material sensitized with an appropriate acidic
      material. The mark forming liquids comprise a liquid oil solvent and the
      colorless reactants dissolved therein in the amount of several percent, as
      required, so that, when color is developed from them by contact with
      acid-sensitized record material, a collective result of the mixture
      appears blue to the eye or to electromagnetic sensitive devices such as
      photoconductors and yet provide excellent copies when exposed to
      xerographic processes.
PAR  The mark forming liquids of this invention are comprised of the colorless
      reactants (1) crystal violet lactone, which is named
      3,3-bis(4-dimethylaminophenyl)-6-dimethylaminophthalide, alone or in
      combination with benzoyl leuco methylene blue, which is named
      3,7-bis(dimethylamino)-10-benzoyl phenothiazine, and (2) at least one of
      (a) 2'-anilino-6'-diethylamino-3'-methylfluoran, (b)
      2'-methyl-6'-cyclohexylamino fluoran, (c)
      3,3-bis(1-ethyl-2-methyl-indol-3-yl) phthalide, (d) 9-diethylaminospiro
      [1,2-H-benzo-(a)-xanthene-1,2,1'-phthalide], (e)
      2'-chloro-6'-diethylamino-3'-methylfluoran, or (f)
      3,3-bis(1-benzyl)-2-methyl-indol-3-yl)phthalide.
PAR  The amount of crystal violet lactone, hereinafter referred to as CVL, in
      the mark forming liquids of this invention ranges up to 2 weight percent.
      The amount of benzoyl leuco methylene blue, hereinafter referred to as
      BLMB, if present, in the mark forming liquid ranges up to 1.5 weight
      percent. The amount of the remaining colorless reactant of the mark
      forming liquids is less than the combined amounts of CVL and BLMB present.
      Generally, this amount ranges up to 1.5 weight percent of the mark forming
      liquid.
PAR  In a preferred embodiment of this invention, the mark forming liquid is
      encapsulated in microscopic capsules which are coated on base sheet record
      material. In close contact with the base sheet record material is a
      sensitized undersheet. The base sheet yields the marking liquid under
      pressure of writing against the sensitized undersheet in a pattern of
      droplets corresponding to the written matter, in accordance with the
      disclosure of such a capsule-bearing sheet in U.S. Pat. No. 2,712,507
      which issued July 5, 1955, on the application of Barrett K. Green. U.S.
      Pat. No. 2,712,507 also discloses a preferred method of forming the
      capsules. Other preferred methods for preparing oil-containing microscopic
      capsules are disclosed in U.S. Pat. No. 2,800,457 which issued on July 23,
      1957, on the application of Barrett K. Green and Lowell Schleicher and in
      U.S. Pat. No. 3,041,289, which issued on June 26, 1962, on the application
      of Bernard Katchem and Robert E. Miller.
PAR  The encapsulated droplets are released by the rupture of capsules in
      writing operations. The mark forming liquid compos the liquid droplets is
      transferred in the pattern of the data configuration to the top of the
      underlying sheet. The top of the underlying sheet is coated or impregnated
      with at least one material which is an acid reactant with respect to the
      color reactants of the mark forming liquid and produces color with any
      such component that is reactive therewith. Representative acidic coating
      materials are, on one hand, oil-insoluble minerals or inorganic
      particulate solid material, represented by kaolin, attapulgite, silica
      gel, zeolites, and the like, and, on the other hand, organic polymeric
      acidic materials, such as acid-reacting phenolic resins of oil-soluble
      characteristics. Such polymeric materials will be disclosed later on in
      the specification.
PAR  One of the chief features of this invention is the provision of a mark
      forming liquid having multiple components which will collectively make an
      apparent blue color through their combined absorption of incident white
      light components, especially in the 400 to 500 millimicron range. The
      resulting print has a blue hue and strong absorbance in the above
      wavelength range. The formation of such a print upon application of
      colorless basic chromogenic material to an acidic substrate by use of a
      chemically basic colorless liquid has heretofore been unattainable to
      achieve a blue with excellent xerographic reproduction capabilities.
PAR  The record member consists of a base sheet or web member either of fibrous
      construction, such as paper, or of continuous structure, such as films of
      organic polymer material, carrying the color reactant in an exposed state
      with respect to applied liquid. The acid reactant, when of particulate
      nature, is arranged in intimate juxtaposition to form an apparently
      unbroken liquid receptive surface, yet substantially each particle
      individually is available for contact with applied liquid. If the phenolic
      polymer acidic material is used, it can be applied to the record material
      as a solution coating with insoluble acidic particles dispersed therein,
      if desired. While the record member is adapted to receive any kind of
      liquid, whether colored or colorable, its special utility is its use with
      the novel oily liquid, which is normally colorless and carries colorless
      chromogenic reactants in liquid solution. All of the eligible particles
      are substantially insoluble in water; however, at least one kind of
      particle can be soluble in the oily ink, and at least one other kind of
      particle can be insoluble in the oily ink. The kind of chromogenic
      reactant materials of the novel liquid of this invention generally undergo
      an acid-base reaction with their paired kind of acid reactant where
      applied to a record member to produce a distinctively colored mark;
      however, at least one of the kinds of chromogenic reactant material cited
      as useful herein--namely, benzoyl leuco methylene blue--undergoes
      hydrolysis followed by an oxidation-reduction reaction when and where
      applied to its paired kind of particle on said member to produce its
      distinctive color. As the several chromogenic reactant materials are
      applied in a common solvent to the same areas, the collective color will
      be a blend of the individual hues in the colored state. While, in its
      simplest form, the invention can be carried out by the use of the provided
      colorless liquids in combination with acidic reactants, typified by
      powdered acid-reacting oil-soluble phenolic polymeric material and acid
      minerals alone or in combination, for which examples will be given,
      disparate kinds of reactants can be used for diverse properties, reactant
      or not, which can be desired in the record member. These diverse
      properties may be physical or chemical.
PAR  Color-reactant recording systems are so called because the reactant
      chromogenic material content of the liquid used in such systems is
      substantially colorless and assumes a color when applied to a
      specially-sensitized recording surface, either coloring at once or finally
      yielding color on prolonged contact with the associated acidic material.
      The sheet, even though sensitized, can be printed on at one time or in one
      area with conventional colored printing inks and at another time in
      another area on the sheet with the novel colorless liquid.
PAR  As distinguished from pigment liquids, the chromogenic material in the
      novel colorless liquid of this invention is a combination of colorless
      reactants that assume, through chemical reaction, a visually collective
      distinctive color when undergoing reaction with the acidic reactants on
      the sheet.
PAR  For most recording purposes, it is essential from a commercial standpoint
      that a distinctive color make prompt appearance on the application of the
      colorless reactant to the recording surface, to produce a visible
      representation of whatever is meant to be recorded; that the color be of
      distinctive hue and also of high intensity; and that the mark remain
      colored for a long period of time consistent with the objective of
      permanent recording. Colored dyes have well-known infirmities as regards
      permanence, such infirmities relating to light-fading, thermal fading, and
      molecular rearrangements and disintegrations of various kinds, in which
      part or all of the visually perceptible color is lost.
PAR  Polymeric materials of sufficient activity in an acid sense and suitable
      for use in this invention because they are oil-soluble are disclosed in a
      continuation application for U.S. Letters Patent, Ser. No. 744,601, filed
      June 17, 1968, based on application for U.S. Pat. No. 392,404, filed Aug.
      27, 1964, by Robert E. Miller and Paul S. Phillips, Jr.
PAR  Among the oil-soluble organic polymeric materials suitable for use in this
      invention together with appropriate solvents to be used therewith,
      acid-reaction phenol-aldehyde and phenol-acetylene polymers, maleic
      acid-rosin resins partially or wholly hydrolyzed styrene-maleic anhydride
      copolymers and ethylene-maleic anhydride copolymers, carboxy polymethylene
      (Carbopol 934), and wholly or partially hydrolyzed vinyl methyl
      ether-maleic anhydride copolymer are specified as typical of the reactive
      acidic polymeric materials.
PAR  Among the phenol-aldehyde polymers found useful are members of the type
      commonly referred to a novolaks, which are characterized by solubility in
      common organic solvents and which are, in the absence of cross-linking
      agents, permanently fusible. Another group of useful phenol polymeric
      materials are alkylphenol-acetylene resins, likewise soluble in common
      organic solvents and possessing permanent fusibility in the absence of
      being treated by cross-linking materials. Generally, the phenolic polymer
      materials useful in practicing this invention are characterized by the
      presence of free hydroxyl groups and by the absence of groups, such as
      methylol, which tend to promote infusibility or cross-linking of the
      polymer, and by their solubility in organic solvents and relative
      insolubility in aqueous media.
PAR  A laboratory method useful in the selection of suitable phenolic resins is
      a determination of the infrared radiation absorption pattern of a
      candidate material. It has been found that phenolic resins showing an
      absorption in the 3200-3500 cm.sup..sup.-1 region (which is indicative of
      the free hydroxyl groups) and not having an absorption in the 1600-1700
      cm.sup..sup.-1 region are suitable. The latter absorption region is
      indicative of the desensitization of the hydroxyl groups and consequently
      makes such groups unavailable for reaction with the chromogenic material
      to be specified.
PAR  The preparation of the phenolic-formaldehyde polymeric materials suitable
      for practicing this invention is described in "Industrial and Engineering
      Chemistry," volume 43, pages 134 to 141, January, 1951; a particular
      polymer thereof is described in Example I of U.S. Pat. No. 2,052,093,
      which issued on Aug. 25, 1936, on the application of Herbert Honel; and
      the preparation of the phenol-acetylene polymers is described in
      "Industrial and Engineering Chemistry," volume 41, pages 73 to 77,
      January, 1949.
PAR  The preparation of the maleic anhydride copolymers is described in the
      literature, such as, for example, one of the maleic anhydride-vinyl
      copolymers, as disclosed in the publication "Vinyl and Related Polymers,"
      by Calvin E. Schildknecht second printing, published April, 1959, by John
      Wiley & Sons, Incorporated. See pages 65 to 68 (styrene-maleic anhydride
      copolymer), pages 628 to 630 (vinyl methyl ether-maleic anhydride
      copolymer), and pages 530 and 531 (ethylene-maleic anhydride copolymer).
PAR  The liquid solvent portion of the mark forming liquid is capable of
      dissolving the mark forming chromogenic components. The solvent can be
      volatile or nonvolatile, and a single or multiple component solvent which
      is wholly or partially volatile can be used. Examples of volatile solvents
      useful with the basic chromogen and acidic polymer mark forming components
      specified are toluene, petroleum distillate, perchloroethylene, and
      xylene. Examples of nonvolatile solvents are high-boiling-point petroleum
      fractions and chlorinated diphenyls.
PAR  Generally, the solvent forming the vehicle to a large extent should be
      chosen so as to be capable of dissolving at least 1%, on a weight basis,
      of the basic chromogenic material, preferably in excess of 2%, and a
      larger amount of polymeric material--up to, say, 15% or more--to form an
      efficient reaction. However, in the preferred system, the solvent should
      be capable of dissolving an excess of the polymeric material, so as to
      provide every opportunity for maximum reaction utilization of the
      chromogenic material and thus to assure the maximum coloration at a
      reaction site.
PAR  A further criterion of the selected solvent is that it must not interfere
      with the mark forming reaction. In some instances, the presence of the
      solvent may interfere with the mark forming reaction or diminish the
      intensity of the mark, in which case the solvent chosen should be
      sufficiently vaporizable to assure its leaving the reaction site after
      having, through solution, brought the mark forming components into
      intimate admixture, so that the mark forming reaction proceeds.
PAR  In the base-acid color system, as stated above, the polymeric mark forming
      component(s) chosen must be acidic relative to the basic chromogenic
      compound and reactive with the chromogenic material to effect the
      distinctive color formation of color change.
PAR  Kaolin is generally known and used in the papermaking industry as "china
      clay" and is outstandingly preferable as a particulate oil-insoluble and
      water-insoluble mineral material of acid characteristics necessary to
      color benzoyl leuco methylene blue, one of the chromogenic components,
      where that component is necessary. A white kaolin is used, and, because of
      its whiteness, its plate-like particle form, which gives it unparallelled
      coating properties in aqueous slurries, its universal abundance in supply,
      its historical general usage in the papermaking and paper converting
      industries, and its low cost, it is an ideal material. Other types of
      particulate and substantially colorless water- and oil-insoluble minerals
      of the necessary acid properties are deemed equivalents of kaolin, some
      being bentonites.
PAR  Attapulgite can be used in this invention as an efficient colorless mineral
      reactant material to color those colorless chromogenic compounds of the
      novel liquid of this invention that react on contact in an
      electron-donor-acceptor reaction, and, by reason of its high oil
      absorbency, is doubly useful as an absorbent reactant coating on paper to
      form color with such chromogenic compounds dissolved in oil as may be
      applied to it.
PAR  From the foregoing choice of materials, a number of different specific
      compositions on a dry basis may be made, and these may then be used as
      desired, as being made into an aqueous slurry to be coated on a finished
      paper sheet, to be applied to a wet sheet of paper in the formative state
      in any desired manner, or made a part of the paper furnish from which a
      paper sheet is made, or on the other hand applied as a dispersion coating
      to a continuous film-like web such a synthetic organic polymeric material
      made into record sheets, bands, or strips, or to any record support
      material surface, all coming within certain limits merely set as practical
      and not set for any chemical or physical reason. In general, so as to be
      economical, the materials should be used in just sufficient quantities to
      make useful records for the purpose in view, and this relates to criteria
      of the factors of intensity, definition, color and a great many other
      factors with regard to the characteristics of the base web material, the
      characteristics of the colorless reactants to be applied, and the
      environment of use, all of which come within the paper manufacturers' and
      printers' skill and general knowledge and are not deemed to be of
      inventive concept. Generally, but not as a limitation in any sense, an
      aqueous dispersion of the particulate materials could well be from 40% to
      75% water, by weight, and the remainder from 60% down to 25% of the
      particulate reactants divided generally on a basis of five parts, by
      weight, of the oil-insoluble component to one part, by weight, of the
      oil-soluble component, as a guide, but not as a limitation. Amounts of
      papercoating adhesive binders are added as is necessary to cause the
      particles to adhere to the base web to which they are applied, but, of
      course, adhesives that have a tendency to mask the particles physically or
      to chemically deactivate the particles should not be used, nor should any
      material be used as an adhesive in great excess of actual requirements,
      all of such factors tending to decrease the efficient use of the
      associated active particles because of a limitation of the exposed surface
      area. Binders of particular use herein may be chosen from among
      papercoating latexes such as styrene-butadiene and acrylic latexes. Here
      again, the paper makers' and printers' skill and judgment should govern.
PAR  Where the particles of Kaolin and acid polymeric material are slightly
      delayed in responsiveness because of their physical situation or condition
      in the support sheet, an amount of silica gel up to equal the amount of
      acid polymeric material may be used for its beneficient effect in the
      characteristics stated, but such use is not necessary to the practice of
      the invention in its simplest form. Silica gel is insoluble in oil but is
      absorbent thereof, may be finely ground, is colorless, disperses readily
      in water, and may be treated to increase its porosity and effectiveness as
      an acid.
PAR  The particle size of the reactants preferably should be from one to three
      microns in largest dimension, although considerable latitude at the
      expense of efficiency and economy is tolerable. For instance, if the
      grinding of materials to the most effective size is too expensive, their
      larger particle sizes are tolerable as long as sufficient color reaction
      per unit area of the record material is provided.
PAR  One of the chief considerations in selecting a preferred embodiment of the
      invention must be concerned with the manufacture of the record sheet, and,
      as of now, the best way to sensitize a sheet is to apply an aqueous slurry
      of the novel composition to a finished web of paper as it passes a coating
      station in a papermaking machine. Such a coating composition contains
      binder material and may contain defoamers and dispersing agents common to
      papercoating practices, but their specification in no way is to mean a
      limitation of the practice of the invention in regard to either choice or
      necessity.
DETD
PAR  The advantages of this invention are further illustrated by the following
      examples. The reactants and the proportions and other specific conditions
      are presented as being typical and should not be construed to limit the
      invention unduly.
PAC  EXAMPLE I
PAR  A homogeneous solution of 1.5 weight percent crystal violet lactone and 0.9
      weight percent of 2'-methyl-6'-cyclohexylaminofluoran dissolved in an oil
      comprising a two-to-one mixture of chlorinated biphenyl and saturated
      hydrocarbon, by weight was prepared. This solution resulted in a neutral
      or steel blue hue on sensitized record material.
PAC  EXAMPLE II
PAR  Two additional solutions were prepared according to Example I except that
      the 0.9 weight percent of 2'-methyl-6'-cyclohexyl-aminofluoran was
      replaced with 0.9 weight percent of 9-diethylaminospiro
      [1,2-H-benzo-(a)-xanthene-12,1'-phthalide] and
      3,3-bis(1-ethyl-2-methyl-indol-3-yl) phthalide, respectively. These
      solutions each resulted in a purple-blue hue on sensitized record
      material.
PAC  EXAMPLE III
PAR  Another solution was prepared according to Example I, which served as a
      control run. In this solution, the 0.9 weight percent
      2'-methyl-6'-cyclohexylaminofluoran was replaced with 0.9 weight percent
      benzoyl leuco methylene blue. This solution resulted in a steel blue hue
      on sensitized record material.
PAC  EXAMPLE IV
PAR  A homegeneous solution of 1.7 weight percent crystal violet lactone and 1.1
      weight percent 2'-anilino-6'-diethylamino-3'-methylfluoran dissolved in an
      oil comprising 64.8 weight percent monoisopropyl biphenyl and 32.4 weight
      percent of saturated hydrocarbon was prepared. Note, all weight percents
      are based on the total weight of the solution. This solution resulted in a
      neutral or steel blue hue on sensitized record material.
PAC  EXAMPLE V
PAR  Another solution was prepared according to Example IV except that the 1.1
      weight percent of 2'-anilino-6'-diethylamino-3'-methylfluoran was replaced
      with a mixture of 0.55 weight percent
      3,3-bis(1-ethyl-2-methyl-indol-3-yl)phthalide and 0.55 weight percent
      3,3-bis(1-benzyl-2-methyl-indol-3-yl)phthalide. The solution resulted in a
      purple-blue hue.
PAC  EXAMPLE VI
PAR  A homogeneous solution of 1.5 weight percent crystal violet lactone, 1.25
      weight percent benzoyl leuco methylene blue and 0.5 weight percent
      2'-chloro-6'-diethylamino-3'-methylfluoran dissolved in an oil comprising
      a two-to-one mixture of chlorinated biphenyl and saturated hydrocarbon, by
      weight was prepared. The solution resulted in a purple-blue hue on
      sensitized record material.
PAC  EXAMPLE VII
PAR  The colorless marking solutions prepared in Examples I to VI were
      encapsulated according to the following procedure.
PAR  Two hundred grams of any of these solutions was emulsified into 130 grams
      of an 11 percent, by weight, solution of pigskin gelatin in water and an
      additional quantity of water having a weight of 71 grams. The foregoing
      emulsion had a pH of 6.5 at 55.degree. C. The gelatin sol contained 4
      grams of Elcide 75 per 996 grams of 11 percent gelatin.
PAR  Coacervation was accomplished by admixing 500 grams of the above emulsion,
      10.5 grams of 5 percent solution of polyvinylmethylether maleic anhydride
      copolymer and 87 grams of 11 weight percent of gum arabic in water and an
      additional 590 grams of water at about 70.degree. C. The resulting mixture
      is maintained at 55.degree. C. with moderate, continuous agitation. The pH
      of the mixture was adjusted to 9 with 20 percent sodium hydroxide. Then,
      slowly at first, add 13 ml of 14 percent acetic acid in a dropwise manner.
      Droplets of the internal phase of ink so produced had deposited thereon a
      liquid capsular wall consisting of a complex of gelatin, gum arabic, and
      polyvinylmethylether maleic anhydride copolymer, in a dense state, said
      deposit of material around the oil droplets having been caused by
      coacervate forces.
PAR  The capsules then formed were solidified by cooling to a temperature of
      about 10.degree. C., while being continuously agitated. When the capsules
      were thus chilled, and when their walls were thus solidified, there was
      added 7.5 ml of a 25 percent, by weight, aqueous solution of
      glutaraldehyde. The effect of the glutaraldehyde upon the walls of polymer
      materials was to harden and insolubilize them. After one hour, an
      additional quantity of 15 ml of a 5 percent, by weight, aqueous solution
      of polyvinylmethylether maleic anhydride copolymer was added to prevent
      agglomeration of the capsules. The pH was then slowly adjusted to about 10
      by the dropwise addition of 20 percent sodium hydroxide. The capsules
      could then be treated as solids dispersed in a residual aqueous medium, or
      they could be dried and treated as minute solid units.
PAC  EXAMPLE VIII
PAR  Prints were made on various sensitized sheets with the capsules produced in
      Example VI according to the procedures previously described. Tables I and
      II consist of the reflective intensities obtained using the Siemens
      Densiometer on the character I of a xerographic copy obtained from Xerox
      Model 2400 on each of the prints.
PAR  On each of the four different types of sensitized record material, the mark
      forming liquids of this invention provided xerographic copies which showed
      improved results over the control blue hue, i.e., increased reflectance.
      The control blue was a mixture of crystal violet lactone and benzoyl leuco
      methylene blue. Xerographic copies of a blue print are provided while
      still maintaining a blue hue in the original print.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                   Silon 8-20 Resin*                                           
                               Paraphenylphenol                                
                                        Attapulgite                            
     __________________________________________________________________________
     Crystal Violet Lactrone                                                   
     and 2'-methyl-6'-cyclo-                                                   
     hexylaminofluoran                                                         
                   35.2                                                        
                       21.1    39.9     27.8                                   
     Crystal Violet Lactone                                                    
     and 9-diethylamino-                                                       
     spiro [1,2-H-benzo-                                                       
     (a)-xanthene-12,1'-                                                       
     phthalide]    34.6                                                        
                       18.1    39.7     24.6                                   
     Crystal Violet Lactone                                                    
     and 3,3-bis(1-ethyl-2-                                                    
     methyl-indolyl-3-yl)                                                      
     phthalide     34.1                                                        
                       19.3    31.6     29.1                                   
     Crystal Violet Lactone                                                    
     and benzoyl leuco                                                         
     methylene blue (control)                                                  
                   19.6                                                        
                        9.2    13.8     14.7                                   
     __________________________________________________________________________
      *80 parts by weight para-tertiary-butylphenol, and 20 parts by weight    
      para-chlorophenol                                                        
TBL                TABLE II                                                    
     ______________________________________                                    
                               Para-                                           
                     80-20 Resin*                                              
                               phenylphenol                                    
     ______________________________________                                    
     Crystal Violet Lactone and                                                
     benzoyl leuco methylene blue                                              
                       18.1        27.4                                        
     Crystal Violet Lactone and                                                
     2'-anilino-6'-diethylamino-                                               
     3'-methylfluoran  45.7        50.1                                        
     ______________________________________                                    
      *80 parts by weight para-tertiary-butylphenol, and 20 parts by weight    
      para-chlorophenol                                                        
PAC  EXAMPLE IX
PAR  A homogeneous solution of 1.7 weight percent crystal violet lactone, 0.55
      weight percent 2'-anilino-6'-diethylamino-3'-methylfluoran and 0.55 weight
      percent 3,3-bis(1-ethyl-2-methyl-indol-3-yl)phthalide dissolved in an oil
      comprising 64.8 weight percent monoisopropyl biphenyl and 32.4 weight
      percent of saturated hydrocarbon was prepared. All weight percents were
      based upon the total weight of the solution. The solution resulted in a
      neutral or steel blue print on sensitized record material. These blue
      prints provided excellent xerographic copies on a Xerox Model 2400.
PAC  EXAMPLE X
PAR  Another solution was prepared according to Example IX except that 0.50
      weight percent benzoyl leuco methylene blue was employed in addition to
      the three colorless reactants of Example IX. The solution resulted in a
      neutral or steel blue print on sensitized record material. These blue
      prints provided excellent xerographic copies on a Xerox Model 2400.
PAR  Although this invention has been described in considerable detail, it must
      be understood that such detail is for the purposes of illustration only
      and that many variations and modifications can be made by one skilled in
      the art without departing from the scope and spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a substantially colorless but colorable marking liquid composition
      consisting essentially of an organic oil solution of a colorless reactant;
      the improvement comprising, as said reactant, (1) 1.7 to 2 weight percent
      of 3,3-bis(4-dimethylaminophenyl)-6-dimethylaminophthalide; (2) 0.0 to 1.5
      weight percent of 3,7-bis(dimethylamino)-10-benzoyl phenothiazine; (3) 1.1
      to 1.5 weight percent of a mixture of
      2'-anilino-6'-diethylamino-3'-methylfluoran and
      3,3-bis(1-ethyl-2-methylindol-3-yl)phthalide or 1.1 weight percent 2'
      anilino-6'-dielhylamino-3'-methylfluoran wherein a ratio, by weight, of
      component (3) to components (1) and (2) is less than 1 to 1 and wherein
      the combination of components, when colored, yields an apparent
      blue-colored mark which absorbs substantially all of the visible spectrum
      between 400 and 500 millimicrons.
NUM  2.
PAR  2. The marking liquid composition of claim 1 wherein component (3) is
      substantially equal amounts of 2'-anilino-6'-diethylamino-3'-methylfluoran
      and 3,3-bis(1-ethyl-2-methylindol-3-yl)phthalide.
NUM  3.
PAR  3. The marking liquid composition of claim 2 wherein the fluoran and the
      phthalide of component (3) are each present in about 0.55 weight percent.
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ABST
PAL  Dense coherent composition of matter composed essentially of, on a weight
      basis, 10 to 30% aluminum-base metal phase finely interspersed throughout
      a mass of substantially submicron size crystals of at least 60% magnesium
      aluminate spinel, 0 to 10% alpha alumina, 0 to 2% mullite and 0 to 5%
      magnesium aluminum boride. Made by bringing molten aluminum-base metal at
      650.degree.-850.degree.C. into contact with a mass of melted and
      solidified material consisting essentially of, analytically by weight, at
      least 65% being a base composition and 0 to 35% B.sub.2 O.sub.3, the base
      composition consisting of 5 to less than 40% MgO, 5 to 43% Al.sub.2
      O.sub.3 and 35 to 85% SiO.sub.2. Upon contact, metal reacts with mass to
      transform a substantial portion of the mass into the cermet composition of
      matter. May be used in form of abrasive grain and/or abrasive articles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cermets are that class of materials being a heterogeneous mixture of
      ceramic and metal phases or particles finely interspersed or intimately
      intermixed with each other. Cf. U.S. Pat. No. 3,421,863, column 1, lines
      29-35, and Ceramic Glossary published 1963 by The American Ceramic
      Society, page 9. More commonly, cermets are formed by physically combining
      separately pre-existing ceramic and metal materials. However, as earlier
      disclosed in U.S. Pat. No. 2,702,750, some cermets may be produced with in
      situ formation of a metal phase in a solid mass of silica-containing
      ceramic material by contacting that solid mass with molten metal (e.g.
      aluminum or alloys thereof) at about 700.degree. to 900.degree.C. such
      that the contacted mass remains substantially solid and retains its shape
      and size. Upon such contact, the molten metal reacts with the solid mass
      by reducing the silica therein to silicon and replacing it with
      simultaneously formed crystalline oxide of the contacting metal (e.g.
      alumina) and with some of the contacting metal itself, both oxide and
      metal being thoroughly and intimately interspersed in the transformed
      crystalline solid mass. The resultant silicon is mainly found dissolved in
      the excess contacting metal which is external to the transformed solid
      mass. This latter type of cermet is sometimes designated as a "reaction
      cermet". The suggested uses of such cermets include electrical conductors
      and/or resistance elements, refractory articles and abrasive articles. For
      the latter articles, it is proposed to transform silica sand into cermet
      abrasive grains of alumina and aluminum-base metal, which may be
      ceramically bonded to form grinding wheels (similar to those of the common
      fused or sintered alumina abrasive grains). Alternatively, it is proposed
      to transform a fused silica disk into a cermet grinding wheel of alumina
      and aluminum-base metal.
PAR  While acknowledging reaction cermets to be "characterized by a highly
      refractory nature, a high degree of hardness, good electrical conductivity
      and variable abrasive characteristics," U.S. Pat. No. 3,034,908 discloses
      employing an alloy of aluminum with 20-35 wt.% silicon at 900.degree. to
      950.degree.C. in the process of making a reaction cermet body from a
      silicate glass body so that, unlike the products of earlier processes,
      such cermet body will have a more homogeneous composition and structure
      with no apparent defects (such as voids or cracks).
PAR  A variant reaction cermet is described in U.S. Pat. No. 3,295,934 as having
      a matrix which is rich in aluminum and in which there is a dispersed phase
      of granular glass particles with a surface layer of alumina resulting from
      limited reaction of the glass and aluminum during heating of a pressed
      preform at about 600.degree. to 800.degree.C. for 5 to 40 minutes. The
      preform is made from a mixture of 25-50 wt.% moderately reactive glass
      particles and 75-50 wt.% aluminum-rich metal particles. A moderately
      reactive glass may contain 45-57 wt.% SiO.sub.2, 15-28 wt.% MgO, and 20-30
      wt.% Al.sub.2 O.sub.3 wherein SiO.sub.2 + MgO + Al.sub.2 O.sub.3 is at
      least 80 wt.%. This type of cermet is said to have great hardness and high
      resistance to shearing and crushing. It is recommended for cylinder heads
      and pistons of internal combustion engines and other items subjected to
      temperatures up to 400.degree.C. However, tests made on this type of
      cermet showed that, in addition to the large amount of metal phase
      therein, it had average crystal sizes on the order of twenty to forty
      microns and abrasive grit size particles exhibited high attritious wear
      rate, e.g. about 30 .times. 10.sup.-.sup.6 inch/cut.
PAR  More recently, it was proposed in U.S. Pat. No. 3,437,468 to make abrasive
      grain of reaction cermet type of composite material by covering a molten
      pool of aluminum at a temperature of at least 1000.degree.C. with a layer
      of finely divided magnesium silicate. After reaction with the molten
      aluminum, the transformed silicate is a composite material composed of (by
      weight) 35 to 55% magnesium aluminate spinel, 15 to 35% alpha alumina and
      20 to 40% of an elemental phase comprising free silicon and/or a
      silicon-aluminum intermetallic with optional presence of free aluminum.
      The prominence of silicon in the elemental or metal phase in such reaction
      cermet is apparently due, at least in part, to the higher reaction
      temperature vis a vis the earlier reaction cermets described above.
PAR  Despite the foregoing developments, reaction cermets have not found, to my
      knowledge, any apparent commercial and industrial favor or usage as
      abrasive grain.
PAR  A continuing major focus in the abrasives industry today is the development
      of more efficient abrasive grain having longer lifespan for heavy duty
      snag grinding (also called "snagging") of ingots and castings of metal
      (e.g. steels).
PAR  As known to me, the presently best abrasive grains (i.e. particulate
      abrasive material) that are commercially available and employed for heavy
      duty snag grinding consist of a fused mixture of alumina and zirconia,
      both of high purity quality. The two most common compositions of these
      commercial abrasives appear to have approximate Al.sub.2 O.sub.3
      :ZrO.sub.2 weight ratios of 3:2 and 3:1. The development of these fused
      alumina-zirconia grains substantially overcame such deficiencies in prior
      abrasive grains as the relatively high rates of chipping due to
      brittleness of widely used fused grains and the relatively high rates of
      attritious wear due to abrasive softness of zirconia grains and sintered
      alumina grains. Both deficiencies contribute to low efficiency, which is
      usually the ratio of metal removal to grinding wheel wear. However, there
      still remains a strong desire of users of the abrasive grains for even
      further improvments that will afford them significant economic advantage.
PAC  SUMMARY OF THE INVENTION
PAR  I have now discovered a new reaction cermet that is composed overwhelmingly
      or wholly of magnesium aluminate spinel crystals and a method of making
      it. I have also found that this new cermet, especially with a fine-grained
      crystal structure, can be crushed or formed into abrasive grain that has
      substantially lesser tendency for chipping (viz. lesser probability of
      fracture) and substantially lesser rates of attritious wear than the
      commercial fused alumina-zirconia abrasives. The new cermet also has other
      beneficial characteristics that make it useful other than as abrasive
      grain.
PAR  Broadly stated, the cermet composition of matter of my invention is a
      dense, coherent, substantially homogeneous material composed essentially
      of, on a weight basis, at least 60% magnesium aluminate spinel crystals, 0
      to 10% alpha alumina crystals, 0 to 2% mullite crystals, 0 to 5% magnesium
      aluminum boride crystals and 10 to 30% aluminum-base metal phase. In
      especially advantageous form, this cermet is a fine-grained material
      wherein at least 90% by volume of the crystals of spinel, alumina and
      mullite are of a size less than 1 micron. The average size of such
      submicron size crystals is desirably not more than 0.5 micron. The metal
      phase is finely interspersed throughout the mass of crystals of spinel,
      alumina and mullite. The amounts of alpha alumina and mullite crystals are
      severely restricted in order to avoid undesirable abrasive chipping and
      wear characteristics. The substantial strength and toughness of the new
      cermet appear to be mainly provided by the substantially homogeneous
      composite of predominately fine-grained spinel crystals throroughly and
      finely interspersed with the aluminum-base metal phase.
PAR  The tendency to lesser abrasive chipping and wear is further enhanced by
      the presence of boron in the composition, which sometimes forms observable
      discrete crystals of boride scattered in an irregular random manner
      throughout the cermet (commonly in apparently pre-existing small void
      spaces within or on the surface of the cermet mass). Such boride appears
      to be MgAlB.sub.14 and in the form of platelets of submicron thickness,
      but with their longest dimension not infrequently exeeding 1 micron.
      However, the new cermet often does not appear to contain any or enough
      boride crystals (even under electron microscopy examination) to account
      for all of the boron detectable in the cermet by chemical analysis;
      nevertheless, all such detectable boron appears to provide the noted
      enhancement of abrasive characteristics in this reaction cermet.
PAR  On an analytical basis, the new cermet broadly comprises (by weight) 2.5 to
      33% MgO, 39 to 76% Al.sub.2 O.sub.3, 0 to 22% B.sub.2 O.sub.3 and the
      balance being essentially aluminum-base metal, the latter forming a metal
      phase that does not exceed 26% by weight of the cermet. Most preferably,
      the cermet is composed wholly of (by weight) at least 75% magnesium
      aluminate spinel crystals, 0 to 2% magnesium aluminum boride crystals and
      10 to 26% aluminum-base metal phase. For best abrasive characteristics,
      the analytical boron content (expressed as B.sub.2 O.sub.3) is 3 to 10% by
      weight of the cermet.
PAR  Although magnesium aluminate spinel is often denoted as the stoichiometric
      compound MgO.Al.sub.2 O.sub.3, it is well known that magnesium aluminate
      spinel crystals may contain a substantial Al.sub.2 O.sub.3 content in
      excess of the stoichiometric amount dissolved therein as a solid solution
      in the spinel crystal lattice. As used throughout herein, magnesium
      aluminate spinel means and includes such spinel with and without excess
      solid solutioned Al.sub.2 O.sub.3 up to the maximum amount possible.
PAR  The term aluminum-base metal, as used throughout herein, is synonymous with
      aluminum-rich metal and means metal or alloy containing more than 50% by
      weight of aluminum, which includes pure aluminum. Preferably, the molten
      contacting metal is a commercially pure grade of aluminum, which provides
      an aluminum-base metal phase in the cermet of substantially 98+% Al by
      weight. However, commercially available and other aluminum alloys with at
      least about 75% by weight aluminum may preferably be employed as desired.
      Examples of such alloys are:
PA1  5-15 wt.% Zn, balance Al and incidental impurities.
PA1  5-10 wt.% Mg. balance Al and incidental impurities.
PA1  5-20 wt.% Si, balance Al and incidental impurities.
PA1  5-10 wt.% Fe, balance Al and incidental impurities.
PA1  5-10 wt.% Mn, balance Al and incidental impurities.
PAR  My invention also encompasses a method of making the new cermet. The method
      broadly comprises providing a mass of melted and solidified material
      consisting essentially of, analytically by weight, at least 65% being a
      base composition and 0 to 35% B.sub.2 O.sub.3, the base composition
      consisting of 5 to less than 40% MgO, 5 to 43% Al.sub.2 O.sub.3 and 35 to
      85% SiO.sub.2, contacting the mass with molten aluminum-base metal
      maintained at temperature in the range of about 650.degree. to
      850.degree.C. when the MgO content of the base composition is at least 8%
      and in the range of about 650.degree. to 750.degree.C. when the MgO
      content of the base composition is less than 8%, maintaining the mass in
      contact with the molten metal for a time sufficient to effect reaction
      between the mass and the molten metal and to transform a substantial
      portion of the mass into the cermet composition. Provision of the reactant
      mass in a melted and solidified state insures the development of the
      dense, coherent and substantial homogeneous character of my new cermet of
      mainly spinel and aluminum-base metal. In most cases, such mass is a
      glass, but in some instances it may solidify as a partially or wholly
      crystallized (or devitrified) material. The reactant mass, upon
      solidification, may be formed into bodies of a particular desired shape
      and size, which shape and size is retained during processing of those
      bodies to transform them to the cermet composition. When such preformed
      bodies are to be abrasive grain or particles, it is advantageous to employ
      the forming method as described in the copending application of W. S.
      Blanding and J. A. Brothers, Ser. No. 253,186, filed May 15, 1972, which
      is U.S. Pat. No. 3,859,407.
PAR  When the MgO content of the base composition is less than 8%, I have found
      that reaction temperature (i.e. temperature of the contacting molten
      metal) of greater than 750.degree.C. will adversely produce an excessive
      amount of alpha alumina crystals at the expense of a lesser amount of
      spinel crystals. Accordingly, in that situation, the reaction temperature
      must not exceed 750.degree.C. to obtain the new cermet.
PAR  The minimum MgO content of the base composition, besides being necessary
      for adequate spinel crystal formation, is important for obtaining a mass
      that is meltable at reasonable temperature, e.g. usually 1650.degree.C.
      maximum. Similarly important for such melting characteristics are the
      maximum contents of Al.sub.2 O.sub.3, MgO and SiO.sub.2 of the base
      composition. Additionally, the maximum MgO content is important for
      avoiding masses that are not reactable with the molten aluminum-base
      metal.
PAR  Preferably, the mass of melted and solidified material consists essentially
      of, analytically by weight, at least 80% being the base composition and 0
      to 20% B.sub.2 O.sub.3, with the base composition consisting of 8 to 30%
      MgO, 15 to 40% Al.sub.2 O.sub.3 and 45 to 70% SiO.sub.2. For the
      production of abrasive grain with outstanding performance characteristics,
      the analytical B.sub.2 O.sub.3 content of the reactant mass advantageously
      should be about 4 to 14%.
PAR  My invention includes abrasive articles comprising a coacting combination
      of the above-described cermet abrasive grain and bonding material. The
      bonding material to be employed is that material selected from among the
      many materials which are known or will be recognized as suitable for
      making any given type of article. In other words, there is no particular
      critical bonding material for my abrasive grain of the present invention.
      Suitable bonding materials can range from organic to inorganic bonding
      agents as the circumstances dictate according to principles known in this
      art. While bonds like Sorel cement (magnesium oxychloride), sodium
      silicate cement or metallic bonds may be used in making certain articles
      of my abrasive grain, the more common organic polymer or vitrified
      silicate bonding agents (such as those used with alumina or
      alumina-zirconia abrasive grain) are preferred, especially for heavy-duty
      grinding wheels. The organic polymer bond is ordinarily preferable over
      even the best alkali metal-containing vitrified silicate bonds. Among the
      many suitable organic polymer bonds are phenolic resins (phenol aldehydes
      with or without modifying additions of epoxy or vinyl resins), creosol
      aldehyde resins, resorcinol aldehyde resins, urea aldehyde resins,
      melamine aldehyde resins, aniline aldehyde resins, epoxy resins, alkyd
      resins, polyurethane resins, polyester resins, polyether resins, furfuryl
      alcohol resins, vulcanized natural rubber, butadiene-acrylonitrile
      copolymers, butadiene-styrene copolymers, shellac, varnish and the like.
      The most common suitable type is the phenol formaldehyde resin.
PAR  The organic bonding material usually includes additives, as is well known
      in the art, of fillers, modifiers, crosslinking agents and the like.
      Common fillers are metal sulfides, cryolite, potassium fluoroborate,
      potassium sulfate, soda ash, table salt, carbon black and the like. Lime
      is also commonly added.
PAR  In making bonded abrasive articles or grinding wheels, about 40 to 64% by
      volume of them is abrasive grain, about 10 to 60% by volume is the total
      bonding material (including additives) and the balance is porosity.
      Fillers are usually about 8-30% by volume of the total bonding material
      and lime is usually 1-8% by volume of the same. Initially, the abrasive
      grain is ordinarily wet with a solvent, wetting agent and/or liquid resin.
      Then it is mixed with the bonding materials and the mixture is pressed
      (usually also heated) to shape. In the case of the more common
      thermosetting bonds, the article is cured by heating to harden or set the
      resin bond.
PAR  Coated abrasive articles can also be advantageously made with the new
      cermet abrasive grain. Conventional flexible backing of paper or cloth
      sized with common adhesives (e.g. hide glue mixed with calcium carbonate
      and water) is coated on one side with the abrasive grain applied to a wet
      adhesive making coat which is thereafter dried. A final sizing coat is
      usually applied on top of the adhesive making coat as is known in the art.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Example 1.
PAR  Samples were prepared by first melting at 1650.degree.C. an appropraite
      ball milled mixture of raw materials to yield glasses with calculated
      analyses (from raw materials) as set forth in Table I. Typical analyses of
      the raw materials employed were (by weight):
PAR  Silica sand (-200 mesh: 99.8% SiO.sub.2, 0.01% Na.sub.2 O, 0.02% K.sub.2 O,
      0.01% TiO.sub.2, 0.02% Fe.sub.2 O.sub.3, 0.01% Al.sub.2 O.sub.3 ;
PAR  Alumina (95% -60 mesh): 99.7% Al.sub.2 O.sub.3, 0.04% Fe.sub.2 O.sub.3,
      0.03% Na.sub.2 O;
PAR  Magnesia (90% -200 mesh): 97.2% MgO, 1.0% CaO, 0.4% SiO.sub.2, 0.25%
      Fe.sub.2 O.sub.3, 0.15% Al.sub.2 O.sub.3, 0.001% Cr.sub.2 O.sub.3 ;
PAR  Boric oxide (70% -60+200 mesh anhydrous): 99.8% B.sub.2 O.sub.3.
TBL                TABLE I                                                     
     ______________________________________                                    
     Chemical Analyses of Glasses (calc.) - % by weight                        
     ______________________________________                                    
     Sample Base Composition                                                   
     SiO.sub.2 * Al.sub.2 O.sub.3 *                                            
                          MgO*     Total   B.sub.2 O.sub.3                     
     ______________________________________                                    
     A      66.0     21.0     13.0   100.00  0                                 
     B      do.      do.      do.    95.24   4.76                              
     C      do.      do.      do.    90.91   9.09                              
     D      do.      do.      do.    86.96   13.04                             
     E      do.      do.      do.    83.33   16.67                             
     F      48.0     32.6     19.4   100.00  0                                 
     G      do.      do.      do.    95.24   4.76                              
     H      do.      do.      do.    90.91   9.09                              
     I      do.      do.      do.    86.96   13.04                             
     J      do.      do.      do.    83.33   16.67                             
     K      do.      do.      do.    86.92   23.08                             
     L      56.0     31.0     13.0   100.00  0                                 
     M      do.      do.      do.    95.24   4.76                              
     N      do.      do.      do.    90.91   9.09                              
     O      do.      do.      do.    86.96   13.04                             
     P      do.      do.      do.    83.33   16.67                             
     Q      do.      do.      do.    80.00   20.00                             
     R      do.      do.      do.    86.92   23.08                             
     ______________________________________                                    
      *As a percent of the base composition only.                              
PAL  The following typical actual analysis (by weight) of Sample H glass
      illustrates (by comparison with the calculated analysis thereof in Table
      I) the fact that the calculated analyses correspond substantially close to
      actual analyses: 43.45% SiO.sub.2, 30.17% Al.sub.2 O.sub.3, 17.2% B.sub.2
      O.sub.3, 9.14% B.sub.2 O.sub.3.
PAR  Each of the melted glasses was poured at a temperature of about
      1300.degree. to 1500.degree.C. (usually about 1350.degree. to
      1400.degree.C) between a pair of cooperating water cooled steel forming
      rolls in accordance with the method described in the aforementioned
      copending application. Each of the rolls was provided with an engraved or
      recessed patterened surface in the form of one half of an octahedral
      impression, and the rolls were synchronized so that the patterns on
      opposing rolls were matched when in contact with the molten glass at the
      bite thereof. The rolls were spaced about 0.015 inch apart and rotated at
      a speed to form about 20 to 40 feet of glass ribbon per minute. The formed
      glass ribbon issued from the rolls contained four rows of small,
      substantially octahedral shape portions joined together along adjacent
      edges by thin, narrow webs of glass generally within a central plane of
      the ribbon. Each half of each octahedral portion protruded out from a
      broad surface (or central plane) of the ribbon opposite to that from which
      the other half thereof protruded. Each protruding half terminated in a
      formed apex and the 0.120 inch axis extending between those opposed formed
      apexes was perpendicular to and bisected by the central plane of the
      ribbon.
PAR  Upon cooling, the formed glass ribbon was cut into segments of convenient
      length for immersing in a bath of molten aluminum. Prior to immersion,
      these segments were preheated up to the temperature of the molten aluminum
      over a period of about 10 minutes to insure against thermal shock fracture
      on immersion. The temperature of the molten aluminum upon and during
      immersion was 700.degree.C., and the time of immersion was as set forth in
      Table 4. The aluminum employed had a purity of 99.99% by weight. During
      immersion, the glass segments reacted with the aluminum and were
      thoroughly transformed to reaction cermets whose chemical and phase
      analyses were as set forth in Tables 2 3, respectively. The calculated
      chemical analyses of the cermets were determined as follows:
PAR  1. the weight percent of each oxide in the glass composition is converted
      to the corresponding molar quantity thereof;
PAR  2. the molar amount of Al.sub.2 O.sub.3 and Si formed during reaction is
      determined from molar amount of SiO.sub.2 in the glass composition
      according to the reaction formula:
EQU  3SiO.sub.2 + 4Al .fwdarw. 2Al.sub.2 O.sub.3 + 3Si;
PAR  3. the molar amount of Al.sub.2 O.sub.3 in the glass composition is added
      to the molar amount of Al.sub.2 O.sub.3 calculated in step (2) above to
      obtain total molar amount of Al.sub.2 O.sub.3 in cermet;
PAR  4. the calculated molar amounts of Al.sub.2 O.sub.3 (total) from step (3),
      Si from step (2), and MgO and B.sub.2 O.sub.3 from step (1)are converted
      to corresponding parts by weight;
PAR  5. since it has been generally found that almost all of the formed Si
      diffuses out into the molten Al bath and is replaced in the cermet by an
      approximately equivalent volume of Al from the bath, determination is made
      of the parts by weight of Al (in the cermet) which are the volumetric
      equivalent of the parts by weight of Si from step (4); and
PAR  (6) the calculated parts by weight of Al.sub.2 O.sub.3, MgO, B.sub.2
      O.sub.3 and Al from steps (4) and (5) are converted to corresponding
      weight percents of the cermet composition. It is to be noted that, in some
      cases where actual chemical analysis showed a small Si content in the
      cermet, that amount of Si is not considered as replaced by Al in the
      aforementioned step (5), but is considered (as weight percent of Si in the
      cermet) when making the calculations of step (6). The actual chemical
      analysis values for each cermet do not add up to 100% because of inherent
      experimental error occurring in the separate analysis procedure for each
      constituent.
PAR  Upon removal from the molten aluminum bath (then containing dissolved
      silicon derived from the glass), the cermet segments had an adhering
      coating of aluminum-base metal. That coating was removed by immersing
      those segments in an aqueous solution of 25% sodium hydroxide at
      70.degree.-90.degree.C. for about 60-90 minutes (which was just sufficient
      to merely leach off that coating, but not sufficient to leach any
      significant amount of aluminum-base metal phase out of the cermet
      segments) and immediately thereafter those segments were vigorously washed
      with water to remove all residue of the caustic solution.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Chemical Analyses of Cermets - % by weight                                
     Sample  Al.sub.2 O.sub.3                                                  
                      MgO      B.sub.2 O.sub.3                                 
                                      Al     Si                                
     ______________________________________                                    
     A       66.24    9.00     --     24.76  --                                
     B       64.00    8.71     3.35   23.7   0.24                              
             67.22*   8.71*    2.63*  20.0*  0.24*                             
     C       61.96    8.42     6.47   23.15  --                                
     D       60.01    8.15     9.41   22.18  0.25                              
             65.5*    7.87*    7.69*  20.2*  0.25*                             
     E       58.18    7.90     12.17  21.75  --                                
     F       65.68    14.66    --     19.66  --                                
     G       63.29    14.13    3.64   18.72  0.22                              
             73.0*    14.1*    3.30*  12.8*  0.22*                             
     H       61.07    13.63    7.03   18.05  0.22                              
             74.0*    13.2*    5.96*  12.1*  0.22*                             
     I       58.99    13.17    10.18  17.66  --                                
     J       57.06    12.74    13.13  17.07  --                                
     K       53.54    11.95    18.49  16.02  --                                
     L       68.52    9.44     --     22.04  --                                
     M       66.12    9.12     3.50   21.06  0.20                              
             76.14*   9.28*    2.70*  14.8*  0.20*                             
     N       63.89    8.80     6.77   20.54  --                                
     O       61.80    8.51     9.82   19.87  --                                
     P       59.84    8.24     12.68  19.24  --                                
     Q       57.93    7.98     15.35  18.64  --                                
     R       56.27    7.75     17.89  18.09  --                                
     ______________________________________                                    
      *Actual analysis; all others are calculated analyses.                    
TBL                TABLE 3                                                     
     ______________________________________                                    
            Phase Analyses of Cermets - % by weight                            
     Sample   Metal            Mg-Al Spinel                                    
     ______________________________________                                    
     A        24.76            Balance (1)                                     
     B        23.94            do.                                             
     C        23.15            do.                                             
     D        22.43            do.                                             
              13.2-15.2*       do.                                             
     E        21.75            do.                                             
     F        19.66            do.                                             
     G        18.94            do.                                             
              11.8-12.6*       do.                                             
     H        18.27            do.                                             
     I        17.66            do.                                             
     J        17.07            do.                                             
     K        16.02            do.                                             
     L        22.04            do.                                             
     M        21.26            do.                                             
              11.9-13.1*       do.                                             
     N        20.54            do.                                             
     O        19.87            do.                                             
     P        19.24            do.                                             
     Q        18.64            do.                                             
     R        18.09            do.                                             
     ______________________________________                                    
      *Actual by X-ray diffraction; all others are calculated analyses.        
      (1) All samples estimated to contain (by weight) not more than 10% alpha 
      alumina, 2% mullite and 5% MgAlB.sub.14 (based upon x-ray diffraction and
      microscopic examinations).                                               
PAR  By flexing the washed segments, they were broken along the connecting webs
      to liberate the generally octahedral portions thereof as loose octahedral
      abrasive grains. By evaluation with U.S. Standard Sieves, those grains
      were found to be at least 95% -8+10 mesh and to conform to the abrasive
      grit size No. 10 standards of the American National Standards Institute
      (formerly United States of America Standards Institute) as set forth in
      the USAS standards bulletin B74.12-1968, Table 2.
PAR  As an illustration of the density of these cermet grains, the measured
      pycnometric density of Sample H (immersed 24 hours) was 3.206 gm./cc. in
      comparison with its calculated theoretical density of 3.286 gm./cc.
PAR  Similarly illustrative of the average crystal size of these cermet grains,
      such size of Sample H (immersed 24 hours) was about 0.2 micron.
PAR  Ten specimens of the grains of each sample described above were subjected
      to a plain fly milling test of a type now employed in the abrasives
      industry to evaluate abrasive grains. In that test, a grain specimen is
      mounted in a holder, by means of epoxy resin cement, on the periphery of a
      16 inch diameter fly wheel driven by a motor and having a horizontal axis
      of rotation. The grain specimen is mounted so as to have one of its points
      or apexes protruding radially outward from the wheel periphery. In the
      case of the cermet grains, the protruding apex was one formed in the
      recessed pattern of one of the glass ribbon forming rolls. The radial
      distance between the wheel periphery and the cutting tip or point of the
      protruding apex of the grain specimen is measured so as to determine the
      diameter of the circular path travelled by such tip or point. A steel test
      plate (6 .times. 3 .times. 3/4inch) is fastened to a movable support which
      enables this plate to be fed or moved laterally underneath the fly-wheel.
      The plate is mounted in an inclined position of a rise of 0.00436 inch in
      6 inches of plate length. The plate is fed toward the wheel in the axial
      direction of the wheel and with the lower (or forward) end of the plate
      passing under the wheel first. The initial vertical position of the pllate
      vis a vis the wheel is established by turning the wheel so that the grain
      specimen is at the lowermost position, moving the forward end of the plate
      under the grain specimen to a position where, as the wheel is lowered, the
      cutting point of the grain specimen will scratch the plate surface at
      about 0.35 inch from its forward end. While slowly lowering the wheel, the
      wheel is oscillated by hand until it is felt that the grain tip has just
      slightly scratched the plate surface and the resultant fine scratch is
      just visible to the eye of the operator. With the grain positioned out of
      contact with the plate, the latter is moved laterally until its forward
      end is just beyond the point of being underneath the path travelled by the
      grain cutting tip. Next, the motor-driven wheel is rotated at a peripheral
      speed of 12,500 sfpm. Then the plate is fed or passed laterally toward the
      wheel at a speed such that the rotating grain tip (in the absence any
      chipping) will make a series or row of 110 successive and progressively
      deeper cuts in the top surface of the plate with these spaced 0.0545 inch
      apart along the 6 inch length of the plate. In the same manner, four
      additional series of cuts are made on the same plate with the same grain
      specimen as in the first series of cuts. In all five series of cuts,
      measurements are made of the length of a cut and its distance from the
      forward end of the plate with respect to each of the first and last cuts
      of each series and the cuts immediately before and after the cut or cuts
      during which chipping occurred (as is observable on the plate). In one
      selected series, additional measurements of the same type are made with
      respect to each of five cuts located nearest to a whole number of inch or
      inches from the forward end of the plate along the length of such series.
PAR  With the aid of a programmed computer, the depth of the cuts and the
      probability of fracture and attritious wear rate for each sample are
      calculated from the above-described measurements. Since measurement of the
      length of a cut is more convenient than measurement of the depth of a cut,
      the programmed computer is utilized to calculate depth of a cut in
      accordance with the known relationship:
EQU  1 = 2.sqroot.Dt
PAL  where 1 is the length of the cut, D is the diameter of the circular path
      travelled by the grain cutting tip and t is the depth of the cut.
PAR  Probability of fracture indicates the relative impact resistance or
      resistance to chipping of abrasive grain under nominal grinding
      conditions. In computing probability of fracture, the computer first
      determines for each fracture cut (i.e. cut during which fracture occurred)
      found in the five series of cuts the depth of that cut in the absence of
      the fracture. This is done by adding 0.00436/110 inch to the calculated
      depth of the cut immediately preceding the fracture cut. The total number
      of these fracture cuts with calculated depths in the range of 2.616 to
      3.924 .times. 10.sup.-.sup.3 inch is determined for all five series on all
      10 plates cut by the ten specimens and stored for a subsequent
      computation. Next, determination is made of the rate of cut depth increase
      per cut (which is less than the ideal rate based on the absence of any
      attritious wear) that occurred over the consecutive cuts from the first
      cut in a series or the cut immediately following a fracture cut (hereafter
      designated "first cut") to the first or next fracture cut or the last cut
      in the series (hereafter designated "last cut"), respectively. In each
      case, the calculated depth of the "first cut" is subtracted from the
      calculated depth of the "last cut" to obtain the change in depth with
      attritious wear assumed to be at a linear rate therebetween. Then the
      difference between the distances of the "first cut" and the "last cut"
      from the forward plate end is determined, which is the distance between
      the " first cut" and "last cut". The latter difference is multiplied by
      the factor of 110 cuts .div. 6 inches to obtain the number of cuts from
      the "first cut" to the "last cut". The latter product is divided into the
      preceding change in depth value to yield the desired rate of cut depth
      increase per cut. Next, the total number of possible successful cuts with
      calculated depths in the range of 2.616 to 3.924 .times. 10.sup.-.sup.3
      inch which precede and include every "last cut" is determined in four
      groups of computations. In the first group, for each "last cut" with a
      calculated depth of 0.003924 inch or greater, the related computed rate of
      cut depth increase per cut is divided into 0.000436 inch and the resultant
      dividend is multiplied by 3. In the second group, for each "last cut" with
      a calculated depth less than 0.003924 inch but at least equal to 0.003488
      inch, the related rate of cut depth increase per cut is divided into
      0.000436 inch and the resultant dividend is multiplied by 2. Then the
      difference (if any) between the "last cut" calculated depth and 0.003488
      inch is divided by the related rate of cut depth increase per cut. In the
      third group, for each "last cut" with a calculated depth less than
      0.003488 inch but at least equal to 0.003052 inch, the related rate of cut
      depth increase per cut is divided into 0.000436 inch. Then the difference
      (if any) between the "last cut" calculated depth and 0.003052 inch is
      divided by the related rate of cut depth increase per cut. In the fourth
      group, for each "last cut" with a calculated depth less than 0.003052 but
      at least equal to 0.002616 inch, the difference (if any) between the "last
      cut" calculated depth and 0.002616  inch is divided by the related rate of
      cut depth increase per cut. The total sum of all calculated values from
      the preceding four groups of computations covering all five series of cuts
      on all 10 test plates is the desired total number of possible successful
      cuts. Upon dividing this latter sum into the previously stored total
      number of fracture cuts, the resultant dividend is then multiplied by 100
      to yield the percentage value of probability of fracture of a sample.
PAR  The attritious wear rate takes into account only wear debris smaller than 1
      micron (i.e. excludes chipping, which is larger size pieces that break off
      the grain specimen). This rate is computed only for the one selected
      series of cuts as previously noted. Utilizing the measurements of the
      first cut of the series and the cut nearest 1 inch from the forward plate
      end, the computer determines a linear attritious wear rate (assumed to be
      linear) between those two cuts. Assuming the same linear rate prior to the
      first cut, the computer then determines the location of "zero cut depth"
      on the top surface of the plate (or on an imaginary extension thereof
      beyond the forward plate end if such is necessary due to inaccuracy in the
      initial positioning of the plate vis a vis the wheel). Such location of
      "zero cut depth" is a point just prior to the first point where the tip of
      the rotating grain specimen would almost imperceptively cut the plate
      surface (or its imaginary extension) as it very slowly moves laterally
      under the wheel. Next, the computer determines the calculated depth of the
      theoretical ninety second cut at a location on the top surface of plate 5
      inches from the "zero cut depth" point in the direction toward the rear
      plate end. To do this, the computer selects measurements of the actual
      cuts that immediately precede and follow such location of the theoretical
      90 second cut. From those measurements, a linear attritious wear rate
      (assumed to be linear) is computed between those two cuts. From such
      combined data, the proportionally calculated value of depth of the
      theoretical ninety second cut is obtained. In the event that chipping has
      occurred in the selected series, then the computer determines from the
      other measurements of cuts before and after each fracture cut the total
      amount of cut depth lost by such chipping and adds that amount to the
      above-described calculated value of depth of the theoretical 90 second cut
      to provide a value of such depth compensated for chipping so as to be the
      value which would have been obtained in the absence of chipping. The depth
      of the theoretical ninety second cut is likewise calculated for a selected
      series of cuts on each of the other nine test plates cut by specimens of
      the same sample. These 10 resultant cut depth values are added together
      and divided by 10 to obtain the arithmetic mean of the calculated values
      of depth of the theoretical 90 second cuts for specimens of a given
      sample. Such arithmetic mean is then subtracted from the theoretical depth
      of cut for the theoretical 9 second cut, which theoretical depth of cut is
      that depth which would have occurred if no wear occurred on the grain
      specimens. The resultant difference is the mean value of total calculated
      wear of the grain specimens after having made 92 cuts (real plus
      imaginary). The attritious wear rate in inch per cut is then computed by
      dividing that mean value of total calculated wear by 92.
PAR  Table 4 shows the values of probability of fracture (P.sub.c), attritious
      wear rate (.DELTA.t.sub.a) and average or typical Knoop hardness (with 100
      g. load) for the 10 samples of this invention tested on plates of A.I.S.I.
      1018 steel with a nominal Rockwell hardness of Rockwell R.sub.c 33.
PAR  Table 5 shows the comparative values of probability of fracture (P.sub.c)
      and attritious wear rate (.DELTA.t.sub.a) for five samples of commercial
      abrasive grains tested in the manner described above on plates of A.I.S.I.
      1018 steel with a nominal Rockwell hardness of Rockwell R.sub.c 33. Sample
      W is fused grain of about 40 wt.% ZrO.sub.2 and 60 wt.% Al.sub.2 O.sub.3.
      Samples V, X and Y are fused grain of about 25 wt.% ZrO.sub.2 and 75 wt.%
      Al.sub.2 O.sub.3. Sample Z is a sintered alumina grain. The specimens of
      all but sample V were standard No. 10 grit size. Sample V was of a
      nonstandard size between No. 8 and No. 10 grit.
PAR  Table 6 shows comparative values of probability of fracture and attritious
      wear rate for Sample H of this invention immersed for eight hours and for
      samples of three of the previously noted commercial abrasive grains, all
      of the grit sizes being as noted above and all tested on plates of
      A.I.S.I. 304 stainless steel in the manner described above. These plates
      had nominal Rockwell hardness of R.sub.B 73.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     Immersion Time - 16 hours                                                 
                           Immersion Time - 24 hours                           
     Sample                                                                    
         P.sub.c                                                               
              .DELTA.t.sub.a                                                   
                      KHN.sub.100                                              
                           P.sub.c                                             
                               .DELTA.t.sub.a                                  
                                       KHN.sub.100                             
         %    in/cut.times.10.sup.-.sup.6                                      
                           %   in/cut.times.10.sup.-.sup.6                     
     __________________________________________________________________________
     A   0.17 4.89     895 0.15                                                
                               3.04     883                                    
     B   0    2.83     898 0.11                                                
                               2.61     939                                    
     C   0.07 3.48    1058 0.07                                                
                               1.74    1042                                    
     D   0    3.70     962 0   4.02    1052                                    
     E   0.16 2.83    1092 0.09                                                
                               3.91    1145                                    
     F   1.00 5.44     956 0.23                                                
                               1.63     976                                    
     G   0.19 1.41    1030 0.16                                                
                               0.65    1102                                    
     H   0    2.39    1065 0.36                                                
                               2.50    1036                                    
     I   0    0.87    1197 0   1.30    1132                                    
     J   0    1.63    1169 0.17                                                
                               2.06    1143                                    
     K   --   --      --   0.38                                                
                               1.96    1100                                    
     L   0.24 3.26     972 0.32                                                
                               2.07    1005                                    
     M   0.23 2.06     895 0.24                                                
                               0.54     970                                    
     N   0.17 4.67     986 0.14                                                
                               0.87     966                                    
     O   0*   3.27    1058 0   1.74    1092                                    
     P   0.44 2.83    1046 0   0.87    1137                                    
     Q   0.08 3.15    --   0.15                                                
                               3.26    1215                                    
     R   --   --      --   0.08                                                
                               3.80    1163                                    
     __________________________________________________________________________
      *Based on nine specimens because the tenth specimen was flawed and could 
      not be properly tested.                                                  
TBL                TABLE 5                                                     
     ______________________________________                                    
     Sample     P.sub.c      .DELTA.t.sub.a                                    
                %            in/cut.times.10.sup.-.sup.6                       
     ______________________________________                                    
     V          0.49         7.29                                              
     W          1.00         9.46                                              
     X          0.76         6.96                                              
     Y          0.59         8.05                                              
     Z          2.74         12.5                                              
     ______________________________________                                    
TBL                TABLE 6                                                     
     ______________________________________                                    
     Sample     P.sub.c      .DELTA.t.sub.a                                    
                %            in/cut.times.10.sup.-.sup.6                       
     ______________________________________                                    
     H          0.60         4.16                                              
     V          1.59         5.83                                              
     W          1.36         4.75                                              
     Z          0.90         10.21                                             
     ______________________________________                                    
PAR  Preliminary comparative tests with two grinding wheels of resin-bonded
      grains -- one with grains corresponding to sample V -- in conditioning a
      cast plate of stainless steel showed that the sample H grains produce a
      smoother surface without discoloration and exhibit faster metal removal
      rate at lower wheel head load (i.e. lower horsepower consumption) via a
      vis the sample V grains.
PAC  Example 2
PAR  An illustrative grinding wheel for snagging can be made from the following
      mixture (in volume percent):
TBL  Abrasive grain of Sample G-                                               
     No. 8 grit size        18.7                                               
     No. 10 grit size       18.7                                               
     No. 12 grit size       18.7                                               
     Phenol-formaldehyde resin                                                 
                            25.0                                               
     Cryolite               6.7                                                
     Iron pyrite            8.5                                                
     Lime                   1.0                                                
     Furfural               2.7                                                
PAL  The grain is wet with the furfural and then thoroughly mixed with the other
      ingredients. This mixture is then hot pressed in a mold at 177.degree.C.
      for about 15 minutes to 1 hour under pressure of about 2000 psi. Next, the
      molded piece is removed from the mold while hot and immediately placed in
      an oven to cure at about 177.degree.C. for 24 hours.
PAC  Example 3
PAR  An illustrative coated abrasive product can be made by applying to a
      suitably prepared drills cloth backing a thin coating of sizing adhesive
      consisting of (by wt.) about 25 parts of 86 millipoise hide glue, about 25
      parts of finely divided CaCO.sub.3 and about 49 parts of water to give a
      coating thickness, in dried sizing adhesive weight, of about 2 pounds per
      coated ream. Then a making coat consisting of (by wt.) about 30 parts of
      the same hide glue, about 30 parts of the CaCO.sub.3 and about 39 parts of
      water (all mixed and brought to a temperature of about 21.degree.C.) is
      applied and No. 24 grit size abrasive grain of Sample M (immersed 24
      hours) is applied to the wet making coat in an amount equivalent to about
      45 pounds per coated ream. This combination is then dried. A final sizing
      coat (in parts by wt.) of 32 parts of phenol-formaldehyde resin, 54 parts
      of CaCO.sub.3 and 14 parts of water (all mixed and at about 38.degree.C.)
      is applied and then cured to set the phenolic resin.
PAC  Example 4
PAR  By way of illustrating other articles that can be made of the new cermet,
      hot glass of Sample A at about 1350.degree.C. can be drawn by conventional
      means into tubing 2 inches in outside diameter with a wall thickness of
      about 0.125 inch. The hot tubing at a temperature of not less than
      750.degree.C. is immersed for about 1 hour in molten aluminum at
      750.degree.C. Incidentally, other thicknesses may be accomodated by
      varying immersion time since a typical reaction rate is about 0.12
      mm./hour, but it may vary somewhat with glass composition -- particularly
      decreasing as the B.sub.2 O.sub.3 content increases. Upon removing the
      cermet tubing from the molten aluminum bath, the excess aluminum is
      leached off the surfaces of the tubing to provide the final product.
PAC  Example 5
PAR  As an alternative procedure to Example 1, the formed (unreacted) glass
      ribbon segments can be flexed to liberate the substantially octahedral
      portions thereof as loose glass grains. These glass grains can then be
      reacted, leached and washed in the same manner as set forth in Example 1.
PAC  Example 6
PAR  As a less desirable option to Example 1, grains may be formed without use
      of the forming rolls by conventionally crushing a mass of the cooled glass
      either before or after it has been converted to a reaction cermet by
      immersion in molten aluminum-base metal. Thus, glass of composition
      corresponding to sample H was initially formed as cooled patties or slabs
      of approximately 1/2 .times. 6 .times. 6 inch dimensions. In one case, a
      patty was crushed and sieved (U.S. Standard) to yield glass grains of -8 +
      10 mesh, which were immersed in molten aluminum at 750.degree.C. for 152/3
      hours and then followed by caustic solution cleaning of the resultant
      cermet grains (designated H-1). In another case, a patty was immersed in
      molten aluminum at 750.degree.C. for 651/3 hours and then followed by
      caustic solution cleaning of the resultant cermet patty, which was
      subsequently crushed and sieved (U.S. Standard) to yield cermet grains
      (designated H-2) of -8 + 10 mesh. Twenty-five specimens of each type of
      the crushed grains were subjected to the plain fly milling test on
      A.I.S.I. 1018 steel plates as described in Example 1 and the results are
      set forth in Table 7.
TBL                TABLE 7                                                     
     ______________________________________                                    
     Grains     P.sub.c      .DELTA.t.sub.a                                    
                %            in/cut.times.10.sup.-.sup.6                       
     ______________________________________                                    
     H-1        0.96         4.70                                              
     H-2        0.83         3.37                                              
     ______________________________________                                    
PAR  In addition to abrasives, the new cermet can be advantageously used in
      forming refractory articles (including heat exchange media), wear
      resistant articles or other desired end products.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dense, coherent, substantially homogeneous cermet composition of
      matter composed essentially of, on a weight basis, at least 60% magnesium
      aluminate spinel crystals, 0 to 10% alpha alumina crystals, 0 to 2%
      mullite crystals, 0 to 5% magnesium aluminum boride crystals and 10 to 30%
      aluminum-base metal phase.
NUM  2.
PAR  2. The cermet composition of matter of claim 1 in which at least 90% by
      volume of the crystals of spinel, alumina and mullite are of a size less
      than 1 micron with their average size being not more than 0.5 micron, and
      the metal phase is finely interspersed throughout the mass of said
      crystals.
NUM  3.
PAR  3. The cermet composition of matter of claim 1 which analytically
      comprises, on a weight basis, 2.5 to 33% MgO, 39 to 76% Al.sub.2 O.sub.3,
      0 to 22% B.sub.2 O.sub.3 and the balance being essentially aluminum-base
      metal.
NUM  4.
PAR  4. The cermet composition of matter of claim 1 wherein the metal phase does
      not exceed 26% by weight and which analytically comprises, on a weight
      basis, 4.5 to 23% MgO, 49 to 74% Al.sub.2 O.sub.3, 0 to 13% B.sub.2
      O.sub.3 and the balance being essentially aluminum-base metal.
NUM  5.
PAR  5. The cermet composition of matter of claim 4 composed wholly of, on a
      weight basis, at least 75% magnesium aluminate spinel crystals, 0 to 2%
      magnesium aluminum boride crystals and 10 to 26% aluminum-base metal
      phase.
NUM  6.
PAR  6. The cermet composition of matter of claim 5 wherein the analytical
      B.sub.2 O.sub.3 content is 3 to 10% by weight thereof.
NUM  7.
PAR  7. Abrasive grain composed of the cermet composition of matter of claim 2
      in the form of particles.
NUM  8.
PAR  8. Abrasive grain composed of the cermet composition of matter of claim 6
      in the form of particles.
NUM  9.
PAR  9. An abrasive article comprising a coacting combination of abrasive grain
      of claim 7 and abrasive grain bonding material.
NUM  10.
PAR  10. An abrasive article comprising abrasive grain of claim 8 bonded
      together with abrasive grain bonding material.
NUM  11.
PAR  11. A grinding wheel comprising a coacting combination of abrasive grain of
      claim 7 and abrasive grain bonding material.
NUM  12.
PAR  12. A grinding wheel comprising abrasive grain of claim 8 bonded together
      with abrasive grain bonding material comprising organic resin bonding
      agent and filler material.
NUM  13.
PAR  13. A coated abrasive article comprising a coacting combination of a
      flexible backing for coated abrasive grain and abrasive grain of claim 7
      attached thereto by an abrasive grain adhesive.
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ABST
PAL  The present invention relates to the production of glass-ceramic articles
      having compositions within the alkali silicate field which, because the
      crystal phase consists essentially of silica fibers, demonstrates
      exceptional impact resistance. When such articles are subjected to steam
      hydration at elevated temperatures, toughness with accompanying resilience
      and thermoplastic behavior will be observed.
BSUM
PAR  The manufacture of glass-ceramic articles is discussed in considerable
      detail in U.S. Pat. No. 2,920,971, the basic patent in the field and
      reference is made thereto for a more complete explanation. In general,
      however, a glass-ceramic article is produced through the heat treatment of
      a glass article and involves three basic steps: First, a glass-forming
      batch, which most commonly contains a nucleating agent, is melted; Second,
      the melt is simultaneously cooled and formed into a glass shape of
      predetermined geometry; and Third, the glass shape is exposed to a defined
      heat treatment schedule which will lead to the growth in situ of uniform
      fine-grained crystals homogeneously dispersed and randomly oriented
      throughout the glass body.
PAR  In general, a glass-ceramic article is predominantly crystalline so the
      physical properties exhibited thereby will normally more closely
      approximate those of the crystal glass than those of the glassy phase.
      Furthermore, inasmuch as the crystals have been precipitated in situ from
      the glass, the article will be nonporous and free of voids and the
      residual glassy matrix will usually have a far different composition from
      that of the original or parent glass. The crystal phase present in a
      glass-ceramic commonly results in the article being mechanically stronger
      than the parent glass but, like glass, glass-ceramics do not show the
      plastic flow of metals and fracture occurs before any permanent
      deformation can take place.
PAR  This latter characteristic has formed the foundation for continuing
      research to achieve the property of toughness in glass-ceramic products.
      Toughness implies local yielding under high stress to relieve catastrophic
      stresses and prevent cracking. Many tough materials, such as bamboo or
      reinforced plastics, are actually two-phase systems, i.e., very often
      consisting of a fibrous phase possessing relatively high strength and
      elastic modulus enclosed within a lower-modulus continuous matrix.
      Insuring a preferred orientation to the fibers can be important in
      achieving good toughness in the direction of maximum stress in the final
      product.
PAR  U.S. Pat. No. 3,498,803 describes the production of glass and glass-ceramic
      articles which will exhibit rubber-like properties or the resiliency
      demonstrated in plastics and rubbers. In broad outline, that patent
      discloses subjecting certain alkali metal silicate glasses and certain
      alkali metal silicate glass-ceramic compositions which can also contain
      BaO in substantial amounts to steam hydration at elevated temperatures,
      and normally, elevated pressures. Water enters into the structure of the
      glass (the residual glass of the glass-ceramic bodies) to impart a rubbery
      character thereto.
PAR  The hydrated glass-ceramic articles of that invention did, indeed, exhibit
      improved resistance to impact, when compared with the original article,
      because the rubbery character thereof absorbed the force of blows struck
      thereon. Nevertheless, since the crystals present therein were uniformly
      fine-grained and radomly oriented, full advantage could not be taken of
      the intrinsic high strength and elastic modulus of the crystals such as
      would be possible where the crystals were in the form of fibers and,
      particularly, where such fibers were oriented in a single direction.
PAR  Therefore, the primary objective of the instant invention is to develop
      glass-ceramic articles wherein the crystal phase thereof consists
      essentially of silica fibers which act to produce an article of improved
      impact resistance, and wherein the residual glassy matrix thereof can be
      hydrated at elevated temperatures to yield articles exhibiting toughness,
      resiliency, and thermoplasticity at relatively low temperatures.
PAR  This objective can be accomplished by converting glass articles consisting
      essentially, by weight on the oxide basis, of about 75-95% SiO.sub.2 and
      5-25% Na.sub.2 O and/or K.sub.2 O, to glass-ceramic articles through heat
      treatment thereof at temperatures ranging between about
      775.degree.-1200.degree.C. In general, glass compositions consisting
      solely of SiO.sub.2 + Na.sub.2 O and/or K.sub.2 O will exhibit poor
      chemical durability when the SiO.sub.2 content is less than about 90%.
      However, such high SiO.sub.2 -containing glasses require melting
      temperatures in excess of those normally desired for commercial practice.
      Therefore, minor amounts of compatible metal oxides can be useful in
      securing a more favorable melting temperature and improving the chemical
      durability of a glass of lower SiO.sub.2 content. For example, such useful
      additions can include Al.sub.2 O.sub.3, B.sub.2 O.sub.3, BaO, CaO,
      Li.sub.2 O, MgO, SrO, PbO, ZnO, TiO.sub.2, and ZrO.sub.2. The presence of
      B.sub.2 O.sub.3 and/or ZnO in amounts up to 10% by weight appears
      effective in broadening the composition field wherein SiO.sub.2 will
      constitute the principal crystal phase. Additions of BaO, CaO, TiO.sub.2,
      and Li.sub.2 O will normally be held below about 5% by weight since the
      precipitation of crystals other than SiO.sub.2 is hazarded. While exerting
      a salutary effect upon chemical durability, Al.sub.2 O.sub.3 seems to
      inhibit crystallization and, therefore, will commonly be included in
      amounts less than about 5% by weight. PbO is an especially useful addition
      inasmuch as, in like manner to B.sub.2 O.sub.3 and ZnO, it appears to
      broaden the operable composition area where SiO.sub.2 fibers can be
      obtained and also acts to enhance the chemical durability of the glass,
      while not seriously damaging the capability of the glassy matrix to be
      hydrated in steam. Therefore, PbO additions in amounts up to 20% by weight
      can be employed. However, the total of all additions to the R.sub.2
      O-SiO.sub.2 base compositions will be restricted to about 20% since,
      whereas fibrous silica may be crystallized therefrom, the residual glassy
      matrix can become too resistant to steam hydration. Furthermore, crystals
      other than SiO.sub.2 and having a morphology other than fibers can result.
PAR  With respect to the heat treatment employed to crystallize the glass bodies
      to glass-ceramic articles containing fibrous silica as the primary crystal
      phase, temperatures near the eutectic for the alkali silicate glasses,
      viz., about 775.degree.-800.degree.C., have been determined to constitute
      a practical minimum. At lower temperatures, other undesirable crystal
      phases can develop. At temperatures above about 1000.degree.C., there is a
      progressively lower concentration of crystallized silica with a
      concomitantly higher siliceous content in the residual glass. This latter
      factor results in a residual glass of greater chemical durability but also
      impairs its ability to be hydrated in steam. Hence, the maximum heat
      treating temperature has been deemed to be about 1200.degree.C.
PAR  It can be appreciated that the rate of crystallization is
      temperature-dependent. Thus, at the cooler extreme of the crystallization
      range, longer exposure periods will be required than at the hotter end.
      Commonly, crystal growth commences at the surface of the article and
      proceeds perpendicularly inward. By maintaining a temperature gradient
      during the crystallization process, the fibers can be made to grow
      parallel to a surface. The time demanded for complete crystallization is a
      function of the linear crystal growth rate and the largest thickness
      dimension of the glass article. In general, heat treating times between
      about 2-72 hours have proved useful.
PAR  It has been learned that transparent, crystallized articles can be produced
      through control of the base glass composition and the heat treatment
      applied thereto. Hence, a close match in refractive index can be achieved
      between the silica crystals (e.g., cristobalite, n.sub.D = 1.48) and the
      residual glassy matrix. Such can also be the case where the glassy matrix
      has been steam hydrated.
PAR  In general, crystal growth beginning at a surface and growing into the
      glass body is preferable to growth commencing with internal nucleation. In
      both modes, each crystal will grow indefinitely until it collides with the
      other crystals or the heat treatment stops. Internal nucleation results in
      producing spherulites with interleaved residual glass. Where many nuclei
      are present, lateral growth of fibers is quickly stopped by contact with
      adjacent crystals. Of course, limited internal nucleation can be useful
      where relatively short fiber lengths and random orientation of the fibers
      are desired. The presence of B.sub.2 O.sub.3 appears to reduce or prevent
      the development of internal nuclei.
PAR  The crystallization of the silica fibers in situ leaves a residual glass
      which is higher in alkali metal ion content and all constituents other
      than SiO.sub.2 than what were present in the parent glass body. This
      circumstance renders that residual glassy matrix quite amenable to steam
      hydration whereas the silica fibers, themselves, and, sometimes, the
      parent glass are not. The process of steam hydration contemplates the
      three parameters: temperature, pressure, and concentration of steam.
      Normally, hydration proceeds more rapidly at higher temperatures and
      pressures. Therefore, temperatures greater than 100.degree.C. and up to
      about the deformation point of the material can be used successfully.
PAR  The pressures involved in the simple steam-air atmosphere can be calculated
      from the temperature and concentration of steam in the environment. The
      expression relative humidity is normally employed in describing
      water-containing atmospheres. However, that expression is intrinsically
      limited in that the definition of relative humidty envisages a level of
      saturated vapor pressure. But, there is a maximum temperature at which any
      gas can be liquified, this temperature being denominated the critical
      temperature. As a necessary corollary, there is the critical pressure
      required to liquefy a gas at its critical temperature. For water, the
      critical temperature is about 374.degree.C. and the critical pressure
      about 3200 psi. At temperatures above the critical temperature, H.sub.2 O
      has been delineated a fluid which is not considered to be either a liquid
      or a gas.
PAR  However, the behavior of a H.sub.2 O-containing environment at temperatures
      above 374.degree.C. can be reasonably extrapolated from that of an
      atmosphere of a certain relative humidty below the critical temperature
      with the aid of standard steam tables and an understanding of filling
      factors such as is set out in "Hydrothermal Crystal Growth", R. A. Laudise
      and J. W. Nielsen, Solid State Physics, 12, pp. 181-182, Academic Press,
      New York, 1961.
PAR  Hydration also proceeds more rapidly where a saturated steam atmosphere is
      utilized. Therefore, in the preferred practice of the invention, a
      temperature of at least 120.degree.C. and saturated steam pressure of at
      least about 25 psig will be employed, with 400.degree.C. being deemed a
      practical maximum top temperature.
PAR  The use of a 100% relative humidity atmosphere, as in the preferred
      embodiment of the invention described above, will not only yield the most
      rapid rate of hydration but also will cause the glass to absorb the
      maximum amount of H.sub.2 O in the shortest possible time. In certain
      instances, e.g., to provide a more chemically durable residual glassy
      matrix, less than the maximum water absorption may be preferable. In such
      cases, a two-step hydration-dehydration process such as is described in
      U.S. application serial No. 445,453 now U.S. Pat. No. 3,912,481, filed
      Feb. 25, 1974, may be employed, or a one-step hydration step in low
      relative humidity environments, such as is disclosed in U.S. application
      Ser. No. 445,454, also filed Feb. 25, 1974, may be utilized.
PAR  The time demanded for the complete hydration is obviously a function of
      temperature, pressure, relative humidity, glass composition, and the
      thickness dimension of a particular body. Hence, the time can vary from as
      little as a few minutes to several days. From a commercial point of view
      with bodies of substantial thickness dimensions, hydration times of about
      2-24 hours have been deemed practical.
DETD
PAR  Table I records a group of glass compositions, expressed in weight percent
      on the oxide basis, which have been found operable in the present
      invention. The batches therefor can be compounded from any materials,
      either the oxides or other compounds, which, when melted together, will be
      converted to the desired oxide composition in the proper proportions. The
      batch ingredients were thoroughly blended together, normally in a ball
      mill to aid in securing a homogeneous melt, and then melted in open
      platinum or platinum-rhodium crucibles for about four hours at
      1550.degree.-1750.degree.C. Larger melts can, of course, be made in pots
      or continuous melting tanks in accordance with conventional commercial
      glassmaking practice. The crucible melts were poured onto a steel plate,
      hand-pressed into squares about 5 .times. 5 .times. 1/2 -1 inches thick,
      and the squares transferred to an annealer operating at 650.degree.C.
TBL                                    TABLE I                                 
     __________________________________________________________________________
             1  2 3    4   5    6   7    8    9   10  11 12   13               
     __________________________________________________________________________
     SiO.sub.2                                                                 
            94 86 90   91  88   89  79.6 90   85  81  85 88   75               
     Na.sub.2 O                                                                
             6 14 10   6   8    8   7.3  6    10  5   12 10   3                
     MgO    -- -- --   2   --   --  --   2    --  --  -- --   --               
     Fe.sub.2 O.sub.3                                                          
            -- -- --   1   --   --  --   --   --  --  -- --   --               
     B.sub.2 O.sub.3                                                           
            -- -- --   --  4    --  --   2    5   --  -- --   --               
     BaO    -- -- --   --  --   3   --   --   --  --  -- --   --               
     ZnO    -- -- --   --  --   --  2    --   --  --  -- --   --               
     PbO    -- -- --   --  --   --  --   --   --  9   -- --   12.5             
     K.sub.2 O                                                                 
            -- -- --   --  --   --  --   --   --  5   -- --   9                
     TiO.sub.2                                                                 
            -- -- --   --  --   --  --   --   --  --   3 --   --               
     Al.sub.2 O.sub.3                                                          
            -- -- --   --  --   --  --   --   --  --  -- 2    --               
            14 15 16   17  18   19  20   21   22  23  24 25   26               
     __________________________________________________________________________
     SiO.sub.2                                                                 
            75 70 75   92  93   94  88   88   88  90  90 90   90               
     Na.sub.2 O                                                                
             3 15 12.5 4   3.5  3   5    4.5  4   7    7 4.5  4                
     ZnO    -- -- --   --  --   --  2    3    4   1    3 1    2                
     PbO    15 15 12.5 --  --   --  --   --   --  1   -- --   --               
     K.sub.2 O                                                                 
             7 -- --   4   3.5  3   5    4.5  4   --  -- 4.0  4                
     Al.sub.2 O.sub.3                                                          
            -- -- --   --  --   --  --   --   --  1   -- --   --               
     __________________________________________________________________________
PAR  After annealing, the glass squares were transferred to an
      electrically-fired furnace and heated to the temperatures reported in
      Table II and held at those temperatures for the periods of time also
      recorded in that table. The squares were heated at furnace rate, viz.,
      30.degree.C./minute, and were cooled to room temperature by simply cutting
      off the power to the furnace and allowing it to cool at its own rate with
      the slabs retained therein. Their cooling rate was estimated to average
      about 3.degree.-5.degree.C./minute. A visual description of crystal
      morphology is also presented in Table II, involving an examination of the
      square surface and an interior cross section obtained by breaking the slab
      into two pieces.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Example No.                                                               
             Heat Treatment Schedule Visual Description                        
     __________________________________________________________________________
     1       900.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending about 3/8" from surface  
                           into square                                         
     4       900.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending about 1/16" from surface 
                           into square --                                      
                           internal nucleation to give fine-grained crystals   
     5       800.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending about 1/32" from surface 
                           into square --                                      
                           internal nucleation also to give fine-grained       
                           cyrstals                                            
     6       900.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending from surface through     
                           square                                              
     7       900.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending from surface through     
                           square                                              
     8       900.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending about 1/4" from surface  
                           into square                                         
     9       900.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers and internal nucleation to give    
                           fine-grained                                        
                           crystals -- crystallized through square             
     10      800.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending about 1/8" from surface  
                           into square                                         
     11      900.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers and internal nucleation to give    
                           fine-grained -  crystals -- crystallized through    
                           square                                              
     12      900.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending about 3/8" from surface  
                           into square                                         
     13      800.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers and internal nucleation to give    
                           fine-grained                                        
                           crystals -- crystallized through square             
     14      800.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending about 1/16" from surface 
                           into square                                         
     15      800.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending from surface almost      
                           through square                                      
     16      800.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending about 1/8" from surface  
                           -- internal                                         
                           nucleation also to give fine-grained crystals       
     17      800.degree.C. for 70 hours                                        
                           SiO.sub.2 fibers extending from surface through     
                           square                                              
     17      800.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending about 1/16" from surface 
                           -- internal                                         
                           nucleation also to give fine-grained crystals       
     18      800.degree.C. for 70 hours                                        
                           SiO.sub.2 fibers extending about 1/16" from surface 
                           -- internal -  nucleation also to give fine-grained 
                           crystals                                            
     19      800.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending about 1/16" from surface 
                           -- internal -  nucleation also to give fine-grained 
                           crystals                                            
     19      800.degree.C. for 70 hours                                        
                           SiO.sub.2 fibers extending from surface through     
                           square                                              
     20      900.degree.C. for 16 hours                                        
                           translucent; crystallized mass                      
             and then                                                          
             1200.degree.C. for 60 hours                                       
     21      1200.degree.C. for 60 hours                                       
                           translucent; crystallized mass                      
     21      900.degree.C. for 16 hours                                        
                           translucent; crystallized mass                      
             and then                                                          
             1200.degree.C. for 60 hours                                       
     22      1200.degree.C. for 60 hours                                       
                           translucent; crystallized mass                      
     22      900.degree.C. for 16 hours                                        
             and then                                                          
             1200.degree.C. for 60 hours                                       
     23      1200.degree.C. for 16 hours                                       
                           translucent; SiO.sub.2 fibers extending from        
                           surface through square                              
     24      900.degree.C. for 16 hours                                        
                           SiO.sub.2 fibers extending from surface through     
                           square                                              
             and then                                                          
             1200.degree.C. for 16 hours                                       
     25      800.degree.C. for 66 hours                                        
                           1/32" fibrous surface layer; translucent            
     26      800.degree.C. for 66 hours                                        
                           1/32" fibrous surface layer; translucent            
     __________________________________________________________________________
PAR  Examination of the fibers via X-ray diffraction analysis has identified
      them as being predominantly cristobalite. The growth habit of the crystals
      appears to encourage the development of needles. As was explained above,
      the needles seem to begin at a nucleus and grow at about equal rates in
      all directions which, when the nucleus is in the interior of the glass
      body, gives rise to spherulities with interleaved residual glass. However,
      with surface nucleation which is the preferred mechanism, lateral growth
      is quickly stopped by contact with crystals growing from the adjacent
      nuclei leading to the development of long needles growing perpendicularly
      to the surface. And, as has been observed earlier, methods of restricting
      crystal growth to a single direction are known, e.g., their growth in a
      temperature gradient. The needles, themselves, appear to average about
      three microns in diameter.
PAR  Study has shown that, by controlling the glass composition and temperature
      of growth, the maximum concentration of silica crystals that will
      precipitate out can be predetermined. Hence, the crystal content can
      comprise up to at least 80% of the body.
PAR  Example 1, when crystallization to completion at 900.degree.C., formed a
      residual glassy phase analyzed to contain about 77% SiO.sub.2 and 23%
      Na.sub.2 O. Applying the Lever Rule and the phase diagram, the calculated
      concentration of silica crystals is 74% by weight with the residual glass
      constituting 26% by weight.
PAR  The Lever Rule is a useful tool in calculating concentrations of
      crystalline silica and glass in a two-component member of the
      glass-ceramic bodies encompassed within the instant invention. Hence, when
      glass of a given composition separates into only two phases, the given
      composition and those of the two phases are colinear. Furthermore, the
      amounts of the two phases are inversely proportional to their distances
      from the given composition. Therefore, in the explanation below, A and B
      depict the compositions of two phases formed from composition C. It
      follows, then, that the amount of A .times. length AC = amount of B
      .times. length BC or A/B = BC/AC.
      ##EQU1##
PAR  From FIGS. 167 and 192 of Phase Diagrams for Ceramists, Levin, Robbins, and
      McMurdie, The American Ceramic Society, 1964, it is apparent that high
      silica, alkali silicate glasses, heated at 800.degree.C. until
      crystallization is complete, will separate into two phases; viz.,
      crystalline silica and a glass containing about 75% by weight SiO.sub.2
      and 25% by weight Na.sub.2 O or K.sub.2 O. Such glasses readily lend
      themselves to use of the Lever Rule to predict the maximum amounts of
      crystalline silica that will be present in the residual glassy matrix when
      the composition of the percent homogeneous glass is known.
PAR  Table III lists approximate calculated amounts of silica crystals in
      various completely devitrifed R.sub.2 O--SiO.sub.2 glasses devitrified at
      800.degree.C.
TBL                TABLE III                                                   
     ______________________________________                                    
     Weight % SiO.sub.2 in                                                     
                      Weight % SiO.sub.2 Crystals in                           
     Parent Glass     Devitrified Glass                                        
     ______________________________________                                    
     100              100                                                      
     95               80                                                       
     90               60                                                       
     85               40                                                       
     80               20                                                       
     75                0                                                       
     ______________________________________                                    
PAR  It must be appreciated that this calculation assumes a simple R.sub.2
      O-SiO.sub.2 glass and that the presence of a third component modifier
      oxide can substantially increase the amount of silica crystallization
      developed. This point is illustrated in Phase Diagrams for Ceramists,
      supra, with FIGS. 405-406 for SiO.sub.2 --Na.sub.2 O--ZnO, FIG. 515 for
      SiO.sub.2 --Na.sub.2 O--B.sub.2 O.sub.3, and FIG. 494 for SiO.sub.2
      --Na.sub.2 O--PbO.
PAR  Whereas the heat treatment schedules recited in Table II contemplated
      annealed glass samples, and the annealing to room temperature provides two
      advantages, viz., it permits visual inspection of glass quality and the
      resulting fibrous crystals appear to be of a more uniform size, that step
      is not actually necessary for the successful operation of the invention.
      Thus, it is possible to merely form the melt into a glass shape and
      immediately expose the glass shape to the crystallization heat treatment.
      Such practice has the advantages of speed and fuel economy. A melt of
      Example 1 was made in a silica crucible and the crucible containing the
      liquid melt was transferred directly to a furnace operating at
      800.degree.C. and retained therein overnight. After cooling to room
      temperature and removing the body from the crucible, silica fibers were
      observed which had grown from the top surface and also from the
      glass-crucible interface. Hence, no cooling cycle as such is demanded for
      crystal growth.
PAR  After the crystallization step, the articles were subjected to a steam
      atmosphere in an autoclave. Although not mandatory for the successful
      operation of the invention, an autoclave provides ready control of steam
      pressure, relative humidity, and temperature and, therefore, is especially
      useful in determining the operable parameters of those factors. The
      crystallized slabs were point supported above the base plate of the
      autoclave on refractory of TEFLON or other non-adhering and non-reactive
      material. In some instances, the crystallized slabs were crushed and the
      resulting granules hydrated. The autoclave was sealed and heated to
      generate steam at a desired temperature and pressure. Steady state
      operation of the autoclave was normally attained in about one-half hour,
      although a longer period can be required at very high operating
      temperatures. As has been discussed above, a saturated steam atmosphere
      was employed in the following examples, although such may not be required,
      and lower relative humidities can be achieved by control of the filling
      factor, i.e., the amount of water placed in the autoclave. In general, the
      use of relative humidities less than about 10% results in a hydration
      reaction which is so slow as to approach impracticality.
PAR  In the following description, a commercially-marketed autoclave was
      employed having a capacity of one cubic foot. Steam pressure was generated
      by heating distilled water placed in the bottom of the vessel. The
      pressure was regulated by varying the temperature. The desired humidity
      therein was obtained by predetermining the amount of water needed for that
      humidity at a particular temperature. To assure reproducible results, the
      autoclave was thoroughly dried before each run.
PAR  It is obvious that, for finely-divided particles and thin-walled articles,
      relatively short times will be required for complete hydration, whereas
      much longer times will be demanded for bodies of greater bulk. Also, in
      the case of granules, hydration can result in flow thereof to yield an
      agglomerate. In the following examples, the slabs were retained within the
      autoclave at temperature for about 16-24 hours. After hydration, the
      autoclave was permitted to cool below 100.degree.C. before removal of the
      samples. Withdrawal of the samples at elevated temperatures can be
      undertaken if the water is removed from the autoclave. The water content
      absorbed by the residual glassy matrix is determined by measuring the
      weight of the slab before and after hydration or by determining weight
      loss upon calcination. Although in the examples recorded in Table IV air
      constituted that part of the atmosphere other than steam, it will be
      recognized that various inert gases such as helium, argon, and nitrogen
      can be introduced.
PAR  Table IV reporst various hydration treatments carried out on the
      glass-ceramic slabs recited in Table II. Inasmuch as temperatures below
      the critical temperature (374.degree.C.) were used, an atmosphere of 100%
      relative humidity was maintained in each run.
TBL                                    TABLE IV                                
     __________________________________________________________________________
             Hydration Treatment                                               
     Example                                                                   
     No.  Temperature                                                          
                 Pressure                                                      
                        Time  % H.sub.2 O Absorbed                             
                                              Description                      
     __________________________________________________________________________
     1    200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              7        1/8" translucent surface layer          
     2    150.degree.C.                                                        
                  56 psi                                                       
                        16 hours                                               
                              22       3/16"                                   
                                            translucent surface layer          
     3    150.degree.C.                                                        
                  56 psi                                                       
                        16 hours                                               
                              10       3/16"                                   
                                            translucent surface layer          
     4    200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              15       5/8" translucent surface layer          
     6    150.degree.C.                                                        
                  56 psi                                                       
                        16 hours                                               
                              21       1/8" translucent surface layer          
     7    150.degree.C.                                                        
                  56 psi                                                       
                        16 hours       1/16"                                   
                                            translucent surface layer          
     8    120.degree.C.                                                        
                  18 psi                                                       
                        16 hours                                               
                              22            opaque throughout                  
     9    200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              27       1/16"                                   
                                            translucent surface layer          
     10   200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              14       1/8" translucent surface layer          
     11   250.degree.C.                                                        
                 576 psi                                                       
                        16 hours       1/8" translucent surface layer          
     12   180.degree.C.                                                        
                 145 psi                                                       
                        16 hours                                               
                              32       1/8" translucent surface layer          
     13   200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              26       1/4" translucent surface layer          
     14   200.degree. C.                                                       
                 220 psi                                                       
                        16 hours                                               
                              13       1/8" translucent surface layer          
     15   200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              28       1/8" translucent surface layer          
     16   200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              29       1/4" transparent surface layer          
     17   200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              13       1/8" translucent surface layer          
     18   200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              15       1/8" translucent surface layer          
     19   200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              8        1/8" translucent surface layer          
     20   250.degree.C.                                                        
                 576 psi                                                       
                        16 hours                                               
                              24.8     3/8" transparent surface layer          
     21   250.degree.C.                                                        
                 576 psi                                                       
                        16 hours       1/8" transparent surface layer          
     21   250.degree.C.                                                        
                 576 psi                                                       
                        16 hours                                               
                              20.8     3/16"                                   
                                            transparent surface layer          
     22   250.degree.C.                                                        
                 576 psi                                                       
                        16 hours       1/16"                                   
                                            translucent surface layer          
     22   250.degree.C.                                                        
                 576 psi                                                       
                        16 hours                                               
                              18.9          Some flow;                         
                                       1/8" transparent surface layer          
     23   200.degree.C.                                                        
                 220 psi                                                       
                        16 hours                                               
                              16            translucent throughout             
     24   150.degree.C.                                                        
                  56 psi                                                       
                        16 hours                                               
                              11            translucent throughout             
     25   300.degree.C.                                                        
                 1245 psi                                                      
                        16 hours                                               
                              11.7     1/8" translucent surface layer          
     26   300.degree.C.                                                        
                 1245 psi                                                      
                        16 hours                                               
                              8.7      1/16"                                   
                                            translucent surface                
     __________________________________________________________________________
                                            layer                              
PAR  Visual observations of broken cross sections have been useful in
      determining the degree and depth of hydration. Whereas the anhydrous
      glass-ceramic generally appeared definitely translucent or opaque, the
      hydrated layer took on a more nearly transparent appearance than the
      unreacted portion. Hence, the refractive index of the hydrated glass more
      nearly approached that of the silica fibers than that of the unhydrated
      glass. The hydrated body demonstrated some resilience, some rubbery
      character, and became thermoplastic at slightly elevated temperatures.
PAR  Table V records several compositions, expressed in parts by weight on the
      oxide basis, which can be made to exhibit excellent transparency after
      controlled crystallization and hydration treatments.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     27        28   29   30   31   32 33  34  35                               
     __________________________________________________________________________
     SiO.sub.2                                                                 
          86   90   80   85   77.5 85 90  91  88                               
     Na.sub.2 O                                                                
          9    7    10   7.5  10   -- 7   7   7                                
     ZnO  5    3    --   --   --   -- 1   --  --                               
     PbO  --   --   10   7.5  12.5 10 1   --  --                               
     K.sub.2 O                                                                 
          --   --   --   --   --    5 --  --  --                               
     Al.sub.2 O.sub.3                                                          
          --   --   --   --   --   -- 1   --  --                               
     B.sub.2 O.sub.3                                                           
          --   --   --   --   --   -- --  2   5                                
     Cr.sub.2 O.sub.3                                                          
          0.1  0.1  0.1  0.1  --   -- --  --  --                               
     __________________________________________________________________________
PAR  In general, the greater the concentration of alkali metal oxide in the
      residual glassy matrix, the greater the amount of water which will be
      absorbed by the glass. And, in particular with the sample R.sub.2
      O--SiO.sub.2 glasses, the greater the concentration of alkali metal oxide
      in the residual glassy matrix, the poorer will be the chemical durability
      thereof. Water contents up to 35% have been measured in certain residual
      glasses of high R.sub.2 O content, but such glasses exhibit very poor
      durability. The presence of third component modifier ions can not only
      improve the chemical durability of the parent anhydrous glass but can also
      reduce the amount of water which will be taken up by the glass during the
      hydration process. This latter factor will also provide an improvement in
      chemical durability.
PAR  The relative ease of thermoplastic forming decreases with increasing
      concentration of silica fibers and with decreasing water concentration in
      the hydrated glass phase. Nevertheless, the reinforcing effect imparted by
      the fibers is enhanced with greater amounts of fibers and the chemical
      durability of the products is much improved where the water content in the
      glassy phase is maintained below about 10%. In essence, sufficient amount
      of water must be absorbed by the glass to be effective in imparting
      thermoplastic behavior to the articles. Practical considerations dictate
      the optimum for the purpose intended.
PAR  Althuogh those glass-ceramic articles containing very high water contents
      can be pressed or otherwise formed into shapes at temperatures no more
      than about 100.degree.C., more homogeneous products can be produced where
      higher temperatures are employed, e.g., up to about 400.degree.C., to
      secure better flow in the hydrated material. This improved flow also leads
      to more complete orientation of the fibers in the direction of stress.
      Hence, the usual orientation of the fibers perpendicular to the body
      surface can be redirected through hot rolling, hot pressing, etc. For
      articles of the highest silica content and lowest water concentration, a
      temperature as high as 500.degree.C. may be demanded. However, such
      temperatures are below the softening points of the parent anhydrous glass.
PAR  Since some volatilization of the absorbed water can take place during the
      forming operation because of the elevated temperatures employed, shaping
      of the thermoplastic articles within an autoclave or other ppressurized
      system may advantageously be undertaken. Various atomspheres may also be
      utilized at suitable pressures to inhibit volatilization of water.
PAR  Whereas hydrated bodies of substantial bulk can be pressed at slightly
      elevated temperatures into shapes of different geometries, forming
      convenience customarily contemplates the use of relatively small-sized
      pieces or granules as starting materials. For example, the hydrated
      squares of the examples reported in Table IV were coarsely crushed into
      pieces somewhat larger than would pass a No. 10 United States Standard
      Sieve (2 mm.) and those pieces placed into a 1-1/4 inch diameter steel
      mold which had been preheated to 200.degree.-250.degree.C. While
      maintaining that temperature, a load ranging between about 5000-10,000 psi
      was applied thereto. After holding about three minutes, the heat source
      was removed and the mold permitted to cool to room temperature. The load
      was released and a circular disc 1/4 inch in thickness withdrawn from the
      mold. The discs approached transparency and were essentially free of any
      inhomogeneity except, of course, the fibrous crystal phase.
PAR  Table VI records the results of impact tests applied to Examples 2 and 3
      Table IV and a comparison made between those discs and other discs pressed
      in like manner from hydrated granules of a glass having the composition of
      76% SiO.sub.2 and 24% Na.sub.2 O, both being in weight percent. That glass
      approximates the composition of the residual glassy matrix of the
      glass-ceramic bodies of Examples 2 and 3. The test comprised dropping a 1
      inch steel ball, weighing 0.145 lbs., from various heights onto 1-1/4 inch
      discs having a thickness of about 1/4 inch. The energy of the fall was
      calculated from the height in terms of foot pounds. Each value reported
      represents the results of survival of 6 or 7 samples per test.
TBL                                    TABLE VI                                
     __________________________________________________________________________
          % Above                                                              
               % Above                                                         
                    % Above                                                    
                         % Above                                               
                              % Above                                          
                                   % Above                                     
     Example                                                                   
          0.075                                                                
               0.145                                                           
                    0.29 0.725                                                 
                              1.09 1.45 Number of Pieces                       
     No.  ft. lbs.                                                             
               ft. lbs.                                                        
                    ft. lbs.                                                   
                         ft. lbs.                                              
                              ft. lbs.                                         
                                   ft. lbs.                                    
                                        After Fracture                         
     __________________________________________________________________________
     2    100  100  100  83   17   0    2-3                                    
     3    100  100  100  72   14   0    2-3                                    
     Glass                                                                     
           67   17   0    0    0   0    2-3                                    
     __________________________________________________________________________
PAR  The improvement in toughness and impact resistance provided by the silica
      fibers is believed to be self-evident from the table.
CLMS
STM  We claim:
NUM  1.
PAR  1. A glass-ceramic body exhibiting exceptional impact resistance consisting
      essentially of crystalline silica fibers contained within a residual
      glassy matrix, said fibers having a needlelike structure and being
      oriented in essentially a single direction, and said glass-ceramic body
      consisting essentially, by weight, of about 75-95% SiO.sub.2 and 5-25%
      Na.sub.2 O and/or K.sub.2 O.
NUM  2.
PAR  2. A glass-ceramic body according to claim 1 wherein said glass-ceramic
      body also contains up to 20% by weight total of at least one oxide in the
      indicated proportions selected from the group consisting of up to 5%
      Al.sub.2 O.sub.3, CaO, Li.sub.2 O, and/or TiO.sub.2, up to 10% BaO, SrO,
      B.sub.2 O.sub.3, MgO, and/or ZnO, and up to 20% PbO.
NUM  3.
PAR  3. A method for making a glass-ceramic body consisting essentially of
      crystalline silica fibers contained within a residual glassy matrix and
      exhibiting exceptional impact resistance, said fibers having a needle-like
      structure and being oriented in essentially a single direction, which
      comprises:
PA1  melting a batch for a glass consisting essentially, by weight, of about
      5-25% Na.sub.2 O and/or K.sub.2 O and 75-95% SiO.sub.2 ;
PA1  b. simultaneously cooling and shaping a glass body therefrom; and
PA1  c. exposing said glass body to a temperature between about
      775.degree.-1200.degree.C. for a sufficient length of time to cause the
      crystallization of silica fibers therein, thereby making a glass-ceramic
      body consisting essentially of crystalline silica fibers contained in a
      residual glassy matrix.
NUM  4.
PAR  4. A method according to claim 3 wherein said glass also contains up to 20%
      by weight total of at least one oxide in the indicated proportions
      selected from the group consisting of up to 5% Al.sub.2 O.sub.3, CaO,
      Li.sub.2 O, and/or TiO.sub.2, up to 10% BaO, MgO, SrO, B.sub.2 O.sub.3,
      and/or ZnO, and up to 20% PbO.
NUM  5.
PAR  5. A method according to claim 3 wherein said glass body is exposed to a
      temperature between about 775.degree.-1200.degree.C. for about 2-74 hours.
NUM  6.
PAR  6. A glass-ceramic body exhibiting toughness and thermoplastic properties
      consisting essentially of crystalline silica fibers contained within a
      residual glassy matrix, said fibers having a needle-like structure and
      being oriented in essentially a single direction, wherein said
      glass-ceramic body has an amount of water absorbed therein effective to
      impart thermoplastic properties thereto, said glass-ceramic body
      consisting essentially, by weight on the oxide basis, exclusive of water
      contained within its volume, of about 75-95% SiO.sub.2 and 5-25% Na.sub.2
      O and/or K.sub.2 O.
NUM  7.
PAR  7. A glass-ceramic body according to claim 6 wherein the amount of water
      absorbed in said residual glassy matrix ranges up to about 35% by weight
      thereof.
NUM  8.
PAR  8. A glass-ceramic body according to claim 6 wherein the amount of water
      absorbed in said residual glassy matrix does not exceed about 10% by
      weight thereof.
NUM  9.
PAR  9. A glass-ceramic body according to claim 6 wherein said glass-ceramic
      body also contains up to 20% by weight total of at least one oxide in the
      indicated proportions selected from the group consisting of up to 5%
      Al.sub.2 O.sub.3, CaO, Li.sub.2 O, and/or TiO.sub.2, up to 10% BaO, MgO,
      SrO, B.sub.2 O.sub.3, and/or ZnO, and up to 20% PbO.
NUM  10.
PAR  10. A method for making a glass-ceramic body consisting essentially of
      crystalline silica fibers contained within a residual glassy matrix and
      exhibiting toughness and thermoplastic properties, said fibers having a
      needle-like structure and being oriented in essentially a single
      direction, which comprises:
PA1  a. melting a batch for a glass consisting essentially, by weight on the
      oxide basis, of about 5-25% Na.sub.2 O and/or K.sub.2 O and 75-95%
      SiO.sub.2 ;
PA1  b. simultaneously cooling and shaping a glass body therefrom;
PA1  c. exposing said glass body to a temperature between about
      775.degree.-1200.degree.C. for a sufficient length of time to cause the
      crystallization of silica fibers therein, thereby making a glass-ceramic
      body consisting essentially of crystalline silica fibers contained within
      a residual glassy matrix; and
PA1  d. subjecting said glass-ceramic body to a H.sub.2 O-containing environment
      of at least 10% relative humidity at a temperature greater than
      100.degree.C. for a sufficient length of time to cause an amount of water
      to be absorbed by said residual glassy matrix in at least a surface
      portion of said glass-ceramic article effective to impart thermoplastic
      properties thereto.
NUM  11.
PAR  11. A method according to claim 10 wherein said glass also contains up to
      20% by weight total of at least one oxide in the indicated proportions
      selected from the group consisting of up to 5% Al.sub.2 O.sub.3, CaO,
      Li.sub.2 O, and/or TiO.sub.2, up to 10% BaO, MgO, SrO, B.sub.2 O.sub.3,
      and/or ZnO, and up to 20% PbO.
NUM  12.
PAR  12. A method according to claim 10 wherein said glass body is exposed to a
      temperature between about 775.degree.-1200.degree.C. for about 2-72 hours.
NUM  13.
PAR  13. A method according to claim 10 wherein said glass-ceramic body is
      subjected to a 100% relative humidity environment.
NUM  14.
PAR  14. A method according to claim 10 wherein said glass-ceramic body is
      subjected to a H.sub.2 O-containing environment at temperatures ranging
      from about 100.degree.C. up to about the deformation point of the body.
NUM  15.
PAR  15. A method according to claim 10 wherein said glass-ceramic body is
      subjected to a H.sub.2 O-containing environment for about 2-24 hours.
NUM  16.
PAR  16. A method for forming shapes from the hydrated glass-ceramic body made
      in accordance with claim 10 exhibiting thermoplastic properties which
      comprises the steps of:
PA1  a. forming said body to a shape of a desired configuration under pressure
      and at a temperature ranging between about 100.degree.-500.degree.C.; and,
      thereafter,
PA1  b. bringing said shape to room temperature and pressure.
NUM  17.
PAR  17. A method according to claim 16 wherein said shape is formed at
      temperatures between about 100.degree.-400.degree.C.
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ABST
PAL  A boron-free glass composition for use in fiber optics is disclosed. In the
      field of fiber optics, light is transmitted from one point to another by
      small diameter fibers. These fibers are composed of a central core
      surrounded by an outer cladding or sheath. The glass compositions of this
      invention can be used as the core glass or the sheath glass.
BSUM
PAR  This invention relates to fiber optics. More specifically this invention
      relates to improved core glass compositions for fiber optics.
PAR  In the field of fiber optics, light is transmitted from one point to
      another by small diameter fibers. These light transmitting fibers are
      composed of a central core surrounded by an outer cladding or sheath. The
      fibers or filaments are bundled together to form light pipes. These light
      pipes are flexible and can be curved around obstacles and placed in remote
      or hard to install areas.
PAR  Light pipes are useful as monitoring and lighting devices in automobiles,
      aircraft, appliances, computers and medical instruments. They are
      particularly useful where noncurrent carrying and therefore nonshorting or
      nonsparking light transmitting devices are required for safety.
PAR  Light pipes are used in some late model automobiles. They are run from the
      automobile headlights and tailights to the dashboard. As long as the
      headlight or tailight is operating, the light pipe transmits light and
      shows the driver that the lights are on. If one of the lights fails, no
      light is transmitted by the light pipe connected to that light. And the
      driver knows that the bulb is burned out.
PAR  Light transmitting or optical fibers are usually made of either plastic or
      glass. Glass fibers are preferred over plastic fibers because of their
      high heat resistance. The ability of glass to withstand adverse
      temperature and humidity conditions for long periods of time is also a
      factor in selecting glass fibers over plastic fibers. While plastic fibers
      become brittle and discolor at temperatures above about 175.degree.F or
      show a reduction in light transmission when exposed to long periods of
      high heat and humidity, glass light pipes are unaffected by high humidity
      and temperatures in excess of 550.degree.F. Individual optical fibers or
      filaments used in light pipes are composed of two essential parts, namely
      a central core and an outer cladding or sheath. The cladding surrounds the
      core. The index of refraction of the core is higher than the index of
      refraction of the cladding. Due to this difference between the index of
      refraction of the core and cladding, the light entering one end of a fiber
      is internally reflected along the length of the fiber. The principle of
      "total internal reflection" explains this result. This principle says that
      a light ray traveling from a material with a higher refractive index
      (core) to a material with a lower refractive index (cladding) will be
      reflected at the interface of the two materials.
PAR  The amount of light transmitted through a light pipe depends on the
      intensity of the light source, the cross sectional area of the cores of
      all the fibers, the losses at each end due to reflection, the absorption
      properties of the glass and the length of the light pipe.
PAR  In making commercially acceptable glass light pipes the chemical
      composition of the core and cladding is a key factor. In addition to
      having the proper indices of refraction the core and cladding glasses
      should have similar viscosities, and liquidus temperatures. These three
      properties control the ease with which the cladding glass can be laid over
      the core glass. And when conventional glass fiber forming processes are
      used to make optical fibers, compatability of the core and cladding is
      crucial.
PAR  Conventional glass fiber forming processes draw fine glass fibers from
      small holes in the bottom of a reservoir of molten glass. The usual
      problems of forming fibers the conventional way are multiplied when making
      optical glass fibers. Two supplies of molten glass are needed; one of the
      core glass and one of the cladding glass. Then a composite fiber, 80-90%
      core and 10-20% cladding, is pulled from the glass supplies. To be able to
      do this at commercial speeds and form commercially acceptable products the
      composition of the core and cladding glasses must be carefully chosen.
PAR  A highly useful optical fiber known in the art is composed of core and
      cladding glass fibers having the following compositions:
     Cladding Glass                                                            
     Ingredient      Weight Percent                                            
     ______________________________________                                    
     SiO.sub.2       64.1                                                      
     Al.sub.2 O.sub.3                                                          
                     8.2                                                       
     B.sub.2 O.sub.3 11.2                                                      
     Na.sub.2 O      14.0                                                      
     LiO.sub.2       2.4                                                       
     Core Glass                                                                
     Ingredient      Weight Percent                                            
     ______________________________________                                    
     SiO.sub.2       31.9                                                      
     Al.sub.2 O.sub.3                                                          
                     8.0                                                       
     B.sub.2 O.sub.3 6.1                                                       
     K.sub.2 O       6.1                                                       
     BaO             47.9                                                      
     Sb.sub.2 O.sub.3                                                          
                     0.05                                                      
     ______________________________________                                    
PAR  One problem with both of these glass compositions is that they contain
      boron. This element is detrimental in many uses of fiber optics because it
      absorbs gamma radiation. This radiation permanently darkens the
      boron-containing glasses. As a result, light transmission in the fiber
      optic product is reduced after exposure to the radiation.
PAR  I have now developed boron-free glass compositions which can be used as the
      core glass in optical fibers. The glass compositions of this invention
      also can be used as cladding glasses in fiber optics as long as the index
      of refraction of the core is higher than index of refraction of the
      cladding.
PAR  The boron-free glasses of this invention have the following composition:
TBL  Ingredient           Weight Percent                                       
     ______________________________________                                    
     SiO.sub.2            40 to 60                                             
     Al.sub.2 O.sub.3      5 to 10                                             
     BaO                   0 to 50                                             
     Na.sub.2 O            5 to 40                                             
     Sb.sub.2 O.sub.3      0 to  0.05                                          
     Preferred core glass compositions are:                                    
      Ingredient          Weight Percent                                       
     ______________________________________                                    
     SiO.sub.2            40 to 50                                             
     Al.sub.2 O.sub.3      5 to  7                                             
     BaO                  30 to 50                                             
     Na.sub.2 O            5 to 20                                             
     Sb.sub.2 O.sub.3      0 to  0.05                                          
     ______________________________________                                    
PAR  These glass compositions have an index of refraction ranging from 1.50 to
      1.65. The preferred core glass compositions have an index of refraction
      ranging from 1.55 to 1.65.
PAR  Two different glass compositions of this invention can be used together to
      form a fiber optic product. Or the glass compositions can be used as a
      core glass with cladding glasses falling outside the scope of this
      invention. Or these glass compositions can be used as a cladding glass
      with core glasses falling outside the scope of this invention. All of
      these combinations are operable as long as the index of refraction of the
      core is higher than the index of refraction of the cladding. Naturally,
      the differences in the indexes and fiber forming properties of the glass
      compositions also have to be considered.
DETD
PAR  Specific glass compositions embodying the principles of this invention are
      set forth in Examples 1 through 6.
TBL  Ingredients         Weight Percent                                        
                    Example                                                    
                         1    2    3    4    5    6                            
     __________________________________________________________________________
     SiO.sub.2           42.1 44.5 47.1 50.1 53.5 57.4                         
     Al.sub.2 O.sub.3    6.0  6.3  6.7  7.1  7.6  8.1                          
     BaO                 44.6 37.8 30.0 21.3 11.4 --                           
     Na.sub.2 O          7.3  11.5 16.2 21.5 27.6 34.5                         
     Sb.sub.2 O.sub.3    0.05 0.05 0.05 0.05 0.05 0.05                         
     Liquidus Temperature, .degree.F                                           
                         2062 1909 1643 1427 1437 1535                         
     Viscosity, Temperature, .degree.F                                         
     Log Poise                                                                 
              2.00       2350 2405 2334 2332 2343 2380                         
              2.25       2235 2272 2218 2208 2212 2245                         
              2.50       2137 2153 2122 2089 2097 2130                         
              2.75       2053 2053 2040 1978 2000 2025                         
              3.00       1973 1953 1965      1915 1933                         
     Refractive Index    1.59 1.57 1.56 1.54 1.53 1.51                         
     __________________________________________________________________________
PAR  These boron-free glass compositions are not as sensitive to radiation
      damage as the boron-containing glass compositions of the prior art. Light
      transmitted by the boron-free glass compositions was a more true white:
      the amount of yellow here in the transmitted light was reduced.
PAR  The glass compositions of this invention can be used as core glass with the
      following cladding glass composition.
TBL  ______________________________________                                    
     EXAMPLE 7 (Cladding)                                                      
     Ingredients         Weight Percent                                        
     ______________________________________                                    
     SiO.sub.2           64.1                                                  
     Al.sub.2 O.sub.3    8.2                                                   
     B.sub.2 O.sub.3     11.2                                                  
     Na.sub.2 O          14.0                                                  
     Li.sub.2 O          2.4                                                   
     ______________________________________                                    
PAR  Liquidus: No devitrification at 1455.degree. to 1850.degree.F over a period
      of 64 hours.
TBL  ______________________________________                                    
     Log Viscosity             Temp., .degree.F                                
     ______________________________________                                    
     2.0                       2470                                            
     2.5                       2180                                            
     3.0                       1970                                            
     ______________________________________                                    
      Refractive Index 1.50?                                                   
PAR  Light transmitting optical fiber products were actually made from the
      following combinations of core and cladding glass compositions:
TBL  Core                     Cladding                                         
     ______________________________________                                    
     Example 1                Example 7                                        
     Example 1                Example 2                                        
     Example 2                Example 7                                        
     Example 2                Example 4                                        
     ______________________________________                                    
PAR  I have described this invention in considerable detail and do not wish to
      be limited to the particular embodiments shown. Modifications and
      variations within the scope of the appended claims are inteded to be
      included.
CLMS
STM  I claim:
NUM  1.
PAR  1. A boron-free glass composition capable of being the core glass or
      cladding glass in a light transmitting optical fiber product; said glass
      composition consisting essentially by weight of:
TBL  Ingredient         Weight Percent                                         
     ______________________________________                                    
     SiO.sub.2          40 to 50                                               
     Al.sub.2 O.sub.3   5 to 7                                                 
     BaO                30 to 50                                               
     Na.sub.2 O          5 to 20                                               
     Sb.sub.2 O.sub.3     0 to 0.05                                            
     ______________________________________                                    
PAL  and having an index of refraction ranging from 1.55 to 1.65.
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ABST
PAL  A refractory of fused or dead-burned dolomitic grain bonded with fine
      magnesite. The dolomitic grain is divided into one coarse and one
      intermediate particle size fraction in the batch, while the magnesite is
      alone in the fine fraction. The fine, intermediate and coarse fractions
      are separated by large discrete gaps in the size distribution of particles
      resulting in a burned refractory of high hot strength and corrosion
      resistance to slags in basic oxygen furnaces. The width of each large gap
      in the particle size distribution is at least equivalent to the gap
      created by removing from a ground raw material batch, with a continuous
      particle size distribution, the particles retained on at least three
      consecutive primary Tyler sieves after screening (sizing) the batch.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The basic refractories of the present invention are suitable for use in
      lining high wear areas of the steelmaking basic oxygen furnaces (BOF). The
      current practice for lining a BOF requires the use of premium products in
      the high wear areas to attain a balanced life of all refractories in the
      furnace. Presently, the premium grade refractories are made from
      dead-burned magnesite which has been crushed, sized, rebonded by pressing,
      and fired to high temperatures. Penetration by basic slags and metal
      leading to rapid corrosion of the refractories is prevented by
      impregnating the refractory shapes with tar or other coal products which
      will coke when heated. The coking process fills open pores and forms a
      layer which repels attack by the furnace slags.
PAR  Although the tar-impregnated magnesite (in the art and herein used
      synonymously with magnesia, both terms commonly describing bodies with
      periclase as the stable crystalline form) have become widely used, there
      is a continuing interest in decreasing the cost of refractory material
      consumed per furance heat or per ton of steel produced. Lower refractory
      cost per ton of steel can be obtained by replacing current refractories
      with a cheaper refractory of equivalent life or by replacing with a
      refractory having superior properties and life which will more than
      compensate for any greater initial cost.
PAR  Of course, a refractory with superior properties and lower cost is always
      an ultimate goal. With this in mind, experimenters have moved in the
      direction of dolomite as a replacement or a partial replacement for the
      MgO in magnesite brick. This replacement accomplishes a cost reduction,
      because not only is dolomite more readily available commercially, but the
      energy requirements for one common method of producing high purity
      magnesite (from magnesium hydrate produced by a treatment of sea water or
      other brine) are extremely high. In moving toward dolomite as a refractory
      raw material, we are moving toward the consumption of less energy in both
      producing the raw material and in burning the refractory.
PAR  The use of dolomite, dead-burned dolomite (a mixture of periclase and
      calcia) or fused dolomite (a solidified melt of dolomite or equivalent
      calcia and magnesia) with or without excess magnesia is not without its
      problems. Perhaps the chief problem involves hydration of the dolomite or
      dead-burned dolomite grains to form calcium hydroxide with an incident
      volume expansion and weakening of the body. Fused dolomitic grains have
      been afforded more attention because of their increased hydration
      resistance but they still suffer somewhat from hydration. Accounts of
      fused dolomitic refractory and grain can be found in U.S. Pat. Nos.
      3,540,899 and 3,262,795. Both suggest improvements relating to the art of
      fusion casting basic refractories.
PAR  Finally, the steel production measures of a good refractory (number of
      heats or tons of steel per brick life) are generally not reproducible in
      the laboratory for evaluation of samples. Therefore, the properties of
      corrosion/erosion resistance to synthetic basic slags and hot strength
      (modulus of rupture, usually at 1340.degree.C unless specified otherwise)
      provide the quantitative means of comparing laboratory samples. Experience
      in the art has determined that reliance on these two tests as initial
      indications of potential furnace life is well founded.
PAC  PRIOR ART
PAR  Use of fused dolomitic grain (and dead-burned dolomitic grain) bonded with
      fine magnesia has been suggested by prior experimenters. For example U.S.
      Pat. No. 3,262,795 suggests a fused refractory of 50-95% MgO and 5-50%
      CaO, optionally comminuted and bonded with magnesia fines (reference to
      the bonding material of U.S. Pat. No. 3,060,000). The patent discloses a
      size grading of -4+10 mesh (30%), -10+28 mesh (35%) and -28 mesh (35%),
      preferably 20% of total batch passing a 325 mesh screen. (For refractories
      using dead-burned grain see U.S. Pat. No. 3,060,042 and U.S. Pat. No.
      3,141,784.)
PAR  Prevailing standards for raw material particle sizing in the refractory
      industry prescribe either continuous particle size distribution or gap
      size distribution in which some particle size fractions are eliminated
      from the continuous size distribution batch. The present invention is
      concerned with a double gap sizing situation in which two discrete
      proportioned gaps are required between the three size fractions.
PAR  Several references deal with a double gap sizing in the preparation of
      various basic refractory batches. U.S. Pat. No. 2,255,020 concerns a
      refractory comprising 20-65% -4+12 mesh dolomite, 15-40% -18+30 mesh
      dead-burned magnesia and 20-40% -100 mesh dolomite. Two gaps are present
      but the smallest particle allowed in the coarse fraction (12 mesh) is less
      than two times the size of the maximum particle size allowed in the
      intermediate fraction (18 mesh). U.S. Pat. No. 2,572,688 deals with a
      chemically bonded, wholly magnesia refractory with a particle size
      distribution of -6+14 mesh (40%), -20+40 (20%), and -200 mesh (38%). Again
      there is a double gap in the distribution, but the ratio of the minimally
      sized coarse particle to the maximally sized intermediate particle is only
      2. U.S. Pat. No. 2,252,317 discloses a magnesium orthosilicate refractory
      with a batch size distribution of particles comprising 35-50% -31/2 +7
      mesh, 17-22% -16+32 mesh and 33% -65 mesh, yielding a ratio of minimally
      sized intermediate particle to maximally sized fine particle of less than
      2.5.
PAR  Literature references for three component systems suggest possible size
      distributions which will yield the densest mixture. For example, Westman
      and Hugill suggest a distribtuion of approximately 21% fine, 16.5% medium,
      and 62.5% coarse (J. Amer. Cer. Soc. 13:767, 777 and FIG. 8). McGreary
      (for 7, 60, and 400 mesh spherical particles) suggests 23% fine, 10%
      medium, and 67% coarse (J. Amer. Cer. Soc. 44:513, et. seq.). These
      suggestions for densest packing are dependent upon the size ratio of
      particles in the three fractions but are sufficient to show that at least
      60% coarse, and not more than 20% medium or 25% fines are necessary for
      the theoretically densest packing. These latter references are cited to
      highlight the divergence of the present invention from previous studies of
      particle packing. The particle distributions of the present invention are
      removed from the distributions suggested by the prior art for "perfect
      packing". With the new distribution, the inventors have been able to
      achieve better bonding between particle fractions and better strength and
      corrosion properties in the burned refractory.
PAC  SUMMARY
PAR  It is the object of the present invention to provide a burned basic
      refractory which excels in hot strength and corrosion resistance in BOF
      use.
PAR  It is another object of the invention to provide such a basic refractory
      using raw materials which are less expensive than those commonly used in
      present magnesite refractories used in the BOF.
PAR  It is a further object to provide a rebonded fused or dead-burned dolomitic
      grain refractory with the dolomitic grain making up coarse and
      intermediate raw material fractions and magnesia making up the fine,
      bonding fraction.
PAR  In particular, it is the object of the present invention to provide a
      refractory raw material batch with a novel size distribution of particles
      which results in a dense packing and superior bonding between coarse
      grains and consequently a burned refractory of high corrosion resistance
      and hot strength.
PAR  In accordance with the objectives, the invention is a proportioned,
      size-graded refractory raw material batch and resulting compacted and
      burned refractory produced therefrom. The batch comprises at least one
      fused or dead-burned dolomitic grain and a fine grained dead-burned
      magnesite. The dolomitic grain makes up two particle size fractions, the
      fractions collectively being substantially all -4+65 Tyler mesh
      (preferably +35 Tyler mesh) and the MgO makes up the fine fraction (-100
      Tyler mesh, but preferably 75% of the fines pass a 325 Tyler mesh screen).
PAR  The dolomitic grain consists essentially of 50-67% MgO, 33-50% CaO and
      preferably at least 98% MgO + CaO. A fused and crushed mixture of 70%
      dolomite and 30% MgO, resulting in an analytical oxide composition
      (excluding minor impurities) of 59% MgO and 41% CaO, is preferred. Oxides
      of magnesium and calcium may be substituted for the dolomite but this
      negates a cost saving resulting from the use of dolomite as a raw material
     .
DETD
PAR  The invention herein is the size distribution of the raw material particles
      in the refractory batch. Specifically, three size fractions are separated
      by two discrete gaps in the size distribution of particles. The minimum
      size of each gap, in terms of the Tyler sieve series, is equivalent to the
      size of the gap created by removing from the batch the raw material which
      would be retained on at least three consecutive primary Tyler sieves after
      screening the raw materials. By primary sieves we mean those sieves of the
      Tyler Standard .sqroot.2 sequence listed in Table I, each of whose
      openings are related to the next finer screen opening by a factor of
      .sqroot.2. The opening of the fourth consecutive primary screen would be
      related to the opening of the first screen by a factor of
      (.sqroot.2).sup.3 or 2.sqroot.2.
TBL                TABLE I                                                     
     ______________________________________                                    
     Tyler Screen Series (Primary Sieves)                                      
     Mesh Per Inch     Opening Size (Inches)                                   
     ______________________________________                                    
      4                0.1852                                                  
      6                0.1312                                                  
      8                0.0928                                                  
     10                0.0656                                                  
     14                0.0464                                                  
     20                0.0328                                                  
     28                0.0232                                                  
     35                0.0164                                                  
     48                0.0116                                                  
     65                0.0082                                                  
     100               0.0058                                                  
     150               0.0041                                                  
     200               0.0029                                                  
     ______________________________________                                    
PAR  If the three fractions in the refractory batch are defined as -A+B (coarse
      dolomitic fraction), -C+D (intermediate dolomitic fraction) and -F (fine
      MgO fraction), where A, B, C, D and F are the sequentially finer sieve
      openings in inches, then the two gaps (-B+C, -D+F) between the three
      fractions are established by defining the relation between the end
      members. Since we want to eliminate the particles retained on at least
      three consecutive primary Tyler screens, the end members must be related
      by at least a factor of 2.sqroot.2 and therefore: B.gtoreq.2.sqroot.2 C,
      D.gtoreq.2.sqroot.2 F. The inventors further require that the coarse and
      intermediate fractions be in the range of -4+65 Tyler mesh (preferably +35
      Tyler mesh) and the fine fraction be -100 Tyler mesh (preferably 75% of
      which is -325 Tyler mesh).
PAR  For effective bonding in the burned refractory, the batch is proportioned
      40-50% coarse, 20-30% intermediate and 25-35% fine. This proportion varies
      from the theoretical proportion for densest packing according to the
      previously mentioned references, in that excess fines and intermediates
      are present relative to the quantities required therein for perfect
      packing. "Perfect" packing in a triaxial system implies in simplest terms
      the type of packing associated with intermediate size particles filling
      the interstices between coarse particles, and fine particles then filling
      the interstices between intermediate and coarse particles. According to
      the present invention more than sufficient MgO fines to fill the
      interstices are present and few coarse or intermediate grains are in
      contact with each other. This excess of fines and relative absence of
      coarse-coarse grain contact is thought to contribute to a firm bond
      between dolomitic grains and to result in the desirable hot strength and
      corrosion resistance properties. Additionally, the excess MgO fines
      separating coarse fused dolomitic grains are thought to bond with the MgO
      phase in the dolomitic grains and form a bridging between grains, a
      bonding and bridging which would be lost with coarse grain contact.
PAR  According to the invention at least one fused or dead-burned dolomite grain
      (with or without excess MgO) is sized into two fractions, one coarse
      fraction and one intermediate fraction. The range of particle sizes within
      each fraction is not critical but (if we equate the particle size with the
      size of the sieve opening) the size of the smallest grain in the coarse
      fraction should be at least 2.sqroot.2 times the size of the largest
      particle in the intermediate fraction. The same holds true for the
      intermediate fraction of dolomitic grain and the fine fraction of MgO;
      that is, the smallest particle in the intermediate fraction should be at
      least 2.sqroot.2 times the largest particle in the fine fraction. Other
      boundary conditions require fines to be -100 Tyler mesh, the intermediate
      particles to be +65 Tyler mesh, and coarse particles to be -4 Tyler mesh.
PAR  A preferred particle size distribution is -4+10 (coarse dolomitic grain),
      -28+35 (intermediate dolomitic grain) and -100 (fine MgO). The opening on
      the 10 mesh screen (0.0656 inch) is 2.sqroot.2 times the opening on the 28
      mesh screen (0.0232 inch) and the opening on the 35 mesh screen (0.0164
      inch) is 2.sqroot.2 times the opening on the 100 mesh screen (.0058 inch).
PAR  For our purposes in defining the gap in the particle size distribution, we
      have assumed, in a manner conventional in the art, that the largest
      particle (or largest allowed particle) in a fraction is the same size as
      the opening on the finest screen which substantially all particles of the
      fraction pass and the smallest particle (or smallest allowed particle) in
      a fraction is the same size as the opening on the coarsest screen which
      substantially no particles of the fraction pass.
PAR  With the variance in shape of particles and the realities of screening
      (sizing) operations, especially on a production basis, some particles with
      diameters in the gaps will nevertheless find their way into the wrong
      fraction. For example, it would not be unrealistic to find 5% oversize, or
      more commonly, undersize particles in a fraction. Therefore, it would be
      ideal to have the smallest particle be at least 2.sqroot.2 times the size
      of the coarsest particle in the next finer raw material fraction, but it
      would not be commercially feasible. It is realistic and more definitive to
      say that each of the two proper gaps are produced between the three
      fractions in normal screening operations by removing from the whole batch
      the raw material which is the equivalent of that retained on at least 3
      consecutive primary Tyler screens after screening. In creating the
      preferred distribution of -4+10, -28+35, -100, the gap -10+28 is created
      by removing the raw material fraction which would be retained on the three
      consecutive primary Tyler screens having 14 mesh per inch, 20 mesh per
      inch and 28 mesh per inch. The gap -35+100 is created by removing the raw
      material fraction which would be retained on the three consecutive primary
      Tyler screens having 48 mesh per inch, 65 mesh per inch, and 100 mesh per
      inch.
PAR  In preparing a batch for fabrication of refractory bricks, the size graded
      and proportioned raw materials are blended with a non-aqueous (preferably
      carbonaceous or waxy) binder and pressed to a green density of 170-190
      pounds per cubic foot. Storage containers for both the raw materials and
      the pressed brick must be dry and sealed to the atmosphere to avoid
      hydration of the materials. Following brick fabrication and storage, the
      bricks are fired to 1600.degree.C to bring about the ceramic bond.
PAC  PREFERRED EMBODIMENTS
PAC  Example 1
PAR  A number of bricks for use in the crash pad area of a basic oxygen furnace
      were pressed from a batch of:
TBL                              Amount (Percent                               
     Constituent Size (Tyler Mesh)                                             
                                 of the batch)                                 
     ______________________________________                                    
     Fused dolomitic                                                           
                 -4+10           45                                            
      grain                                                                    
     Fused dolomitic                                                           
                 -28+35          25                                            
      grain                                                                    
     Dead-burned Mag-                                                          
                  -100           30                                            
      master magnesite                                                         
     ______________________________________                                    
PAL  The -100 mesh MgO fraction actually includes, based on the whole batch, 25%
      -325 mesh particles. The size of the tapered brick varied from (in inches)
      12 .times. (6- 5) .times.3 to 15 .times. (4 1/2 - 3 3/4) .times. 3.
PAR  The dolomitic fused grain was obtained by crushing an electrically melted,
      fusion-cast billet produced from a batch of 70% Ohio Lime Company dolomite
      and 30% Magmaster MgO (Michigan Chemical Corp.). The oxide analysis of the
      fused grain was MgO 59.3%, CaO 40.3%, Al.sub.2 O.sub.3 0.2%, others 0.2%
      (FeO, Cr.sub.2 O.sub.3, SiO.sub.2). Typical analysis of the magnesite was
      MgO 98.5%, CaO 0.55%, SiO.sub.2 0.38%, others 0.44% (Fe.sub.2 O.sub.3,
      Al.sub.2 O.sub.3, B.sub.2 O.sub.3), LOI 0.13%. Primary crushing of the
      fused billet was done with jaw crushers and secondary crushing with a
      hammer mill. Impact-type crushers which produce equiaxial (round) grains
      are preferred over roll-type crushers which produce sharp, flat particles.
PAR  The proportioned raw materials (fused grain and magnesite) were mixed with
      3% (by weight) fluid paraffin wax binder at 60.degree.C. for about 10
      minutes. Bricks of the previously mentioned sizes were pressed while the
      batch remained at 60.degree.C. Final densities ranged 180.degree.-184
      lbs/cu. ft.
PAR  Firing of the pressed ware was accomplished at 1600.degree.C. for 16 hours
      at peak temperature. A portion of the bricks were tar impregnated using
      common techniques. Average properties of interest are shown in Table II.
PAR  Results of a commercial tar impregnated dead-burned magnesite refractory
      which is currently in steel plant use are provided in Table II for
      comparison with the rebonded grain refractory of this invention. The
      magnesite refractory tested is sold by North American Refractories under
      the trade name of Nartar P.A.D.
TBL                TABLE II                                                    
     ______________________________________                                    
                  Sized and                                                    
                  Rebonded Grain                                               
                              Nartar                                           
                  Refractory  P.A.D.                                           
     ______________________________________                                    
     Density                                                                   
      Green         182 lb/cu.ft.                                              
      Burned        181 lb/cu.ft.                                              
      Impregnated   193 lb/cu.ft. 197 lb/cu.ft.                                
     Porosity       16.4%                                                      
     Strength (Crushing)                                                       
     of Impregnated                                                            
     Brick                                                                     
      Room Temperature                                                         
                    10,800 psi    8,000 psi                                    
      1360.degree.C.                                                           
                     6,600 psi    6,150 psi                                    
     Strength (Modulus                                                         
     of Rupture)                                                               
      Room Temperature                                                         
      Burned         2,455 psi                                                 
      Impregnated    3,120 psi    2,700 psi                                    
      1340.degree.C.                                                           
                     1,495 psi    1,280 psi                                    
     Shock Resistance                                                          
                     20 cycles    20 cycles                                    
     Electric Slag Test                                                        
      Maximum Cut   0.35 inch     0.67 inch                                    
     ______________________________________                                    
PAR  Herein, one cycle in the thermal shock test involved placing a 1 .times. 1
      .times. 3 inch sample into a 1400.degree.C preheated furnace, holding the
      piece in the furnace for 10 minutes, removing the test piece from the
      furnace, and placing it on a steel plate for 10 minutes at ambient
      temperature and pressure.
PAR  The slag test is a rather severe procedure devised to determine the
      relative corrosion resistance of various samples. In general, the
      particular slag under consideration contacts for a specified time a
      rotating laboratory furnace cavity which is constructed from the test
      retractories. An electric arc maintains the slag at a normal temperature
      of about 1750.degree.C. The resistance is determined by measuring the
      depth of the slag cut into the refractory. A normalized value for the slag
      resistance is obtained by comparing the test bricks against a standard
      refractory used in the same slag test run. Volume change and weight loss
      are other convenient properties which can be monitored. In our particular
      test the slag had a composition of 20% FeO, 53.5% CaO, 21.5% SiO.sub.2 and
      5.0% Al.sub.2 O.sub.3, giving a lime-silica ratio of 2.5.
PAC  Example 2.
PAR  Using the pressing procedure of Example 1, several bricks were prepared
      from a batch of:
TBL  Dead-Burned dolomitic grain -4+10 mesh                                    
                                   45%                                         
     Dead-Burned dolomitic grain -28+35 mesh                                   
                                   25%                                         
     Dead-Burned Magmaster magnesite -100 mesh                                 
                                   30%                                         
PAL  Again, the -100 mesh Mgo fraction included a substantial quantity of -325
      mesh fine particles; in this example, 22.5% based on the whole batch.
PA1  The gaps -10+28 mesh and -35+100 mesh in the particle size distribution are
      created by removing the material retained on three consecutive primary
      Tyler screens after a continuous sizing operation.
PAR  The dolomitic grain in this example is an intimately mixed and dead-burned
      mixture of 70% Basidox (Basic, Inc.) dolomite and 30% Michigan Chemical
      Magmaster magnesite. The Basidox dolomite is a dead-burned dolomite
      analyzing 57.7% CaO, 41.5% MgO, 0.5% SiO.sub.2, 0.2% Al.sub.2 O.sub.3,
      0.1% Fe.sub.2 O.sub.3 and trace B.sub.2 O.sub.3. The -100 mesh MgO was
      ball milled for 2 hours before batching, thereby increasing the percent
      finer than 325 mesh from 53% (as received) to 75% of the MgO fine
      fraction.
PAR  The fired properties were as follows: porosity 17.9%, 1340.degree.C MOR
      1550 psi, and slag cut 0.42 inches (52% of the Nartar PAD standard in the
      slag test run despite the higher density of the standard refractory).
PAR  In the foregoing specification, all mesh sizes and screen openings are
      according to the Tyler series and all percentages are on the weight basis.
      The choice of the Tyler series is merely exemplary and used for
      convenience and not for limitation. Any other system may be used which can
      separate the raw material batch into discrete particle size fractions so
      that the appropriate fractions may be removed, thereby setting up the two
      defined gaps in the batch particle size distribution.
CLMS
STM  We claim:
NUM  1.
PAR  1. A size-graded batch for the production of basic refractory bodies
      consisting essentially of, with percentages on the weight basis, a mixture
      of,
PA1  dead-burned magnesite and at least one refractory grain consisting
      essentially of on the oxide basis 50-67% MgO and 33-50% CaO and selected
      from the group of dead-burned grain and fused grain,
PA1  25-35% being a fine magnesite fraction whose particles are substantially
      all -100 Tyler mesh and composed of said dead-burned magnesite,
PA1  20-30% being an intermediate refractory grain fraction whose particles are
      substantially all in the range of -4+65 Tyler mesh, substantially all at
      least 2.sqroot.2 times the size of the largest allowed particle in said
      fine magnesite fraction, and composed of said refractory grain, and
PA1  40-50% being a coarse refractory grain fraction whose particles are
      substantially all in the range of -4+65 Tyler mesh, substantially all at
      least 2.sqroot.2 times the maximum allowed particle size in said
      intermediate refractory grain fraction and composed of said refractory
      grain.
NUM  2.
PAR  2. The batch of claim 1 wherein at least 75% of the particles in said fine
      magnesite fraction are -325 Tyler mesh.
NUM  3.
PAR  3. The batch of claim 2 wherein substantially all the particles in said
      intermediate refractory grain fraction are +35 Tyler mesh.
NUM  4.
PAR  4. The batch of claim 3 wherein said refractory grain consists of at least
      98% MgO plus CaO.
NUM  5.
PAR  5. The batch of claim 1 wherein
PA1  the particles of said intermediate refractory fraction are substantially
      all -28++35 Tyler mesh and,
PA1  the particles of said coarse refractory fraction are substantially all
      -4+10 Tyler mesh.
NUM  6.
PAR  6. The batch of claim 5 wherein at least 75% of the particles in said fine
      magnesite fraction are -325 Tyler mesh and said refractory grain are fused
      grain.
NUM  7.
PAR  7. The batch of claim 6 wherein said refractory grain consists of at least
      98% MgO plus CaO.
NUM  8.
PAR  8. A compacted and burned refractory body composed essentially of the batch
      of claim 1.
NUM  9.
PAR  9. A compacted and burned refractory body composed essentially of the batch
      of claim 7.
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ABST
PAL  A coating composition is prepared, typically, from a liquid composition
      precursor component to which there is added a concentrate adapted for
      blending with such precursor component. The concentrate contains
      pulverulent metal and a very minor amount of water-soluble cellulose
      ether, while preferably further containing water-dispersible organic
      liquid. The precursor component is exemplified by a solution of an
      inorganic acid such as chromic acid in water.
PARN
PAR  This is a continuation of application Ser. No. 246,154, filed Apr. 21,
      1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Pulverulent metal has heretofore been blended, for example in a chromic
      acid liquid medium, to obtain a coating for application to metal
      substrates. This can provide corrosion resistance for the substrate as has
      been disclosed in U.S. patent application Ser. No. 96,967. The coating
      compositions are typically dispersions of pulverulent metal powder or
      metal flake in water or t-butanol. Such compositions that are
      characterized by being substantially water based and containing metallic
      flake can be improved through blending with a high boiling organic liquid.
      This will enhance coating characteristics for example, as has been
      discussed in U.S. patent application Ser. No. 173,243.
PAR  Compositions of typically aluminum flake, a polymeric glycol plus wetting
      agent have been taught in U.S. Pat. No. 3,318,716. These concentrates,
      usually in paste or liquid form, may be used in small amounts as
      anti-foaming and pigmenting compositions. The paste or liquid is added to
      coating compositions such as dispersions of resin in water. These
      resin-containing coating compositions, and other similar compositions
      shown for protecting metal substrates, can also contain, for example,
      inorganic compounds such as phosphoric acid or molybdic acid, or metal
      salts of such acid. These inorganic compounds are also useful in
      combination in coating compositions with a particulate material, e.g.,
      aluminum powder, as has been shown in U.S. Pat. No. 3,248,251.
PAC  SUMMARY OF THE INVENTION
PAR  Pigment concentrates such as the above discussed compositions disclosed in
      U.S. Pat. No. 3,318,716, can be useful to impart minor amounts of pigment
      to a coating composition. They also will exhibit anti-foaming properties
      when so used. However, when the particulate metal is used in the coating
      composition in heavy doses, as disclosed in the above mentioned patent
      application, Ser. No. 96,967, such particulate metal offers a desirable
      combination of coating characteristics going beyond pigmentation. When
      coating characteristics are further enhanced by blending an augmented
      amount of particulate metal flake into an aqueous medium and often with
      other coating liquids, and even when such blending is accompanied by the
      addition of minor amounts of wetting agents, a foaming problem is again
      encountered.
PAR  An improved composition is now provided which may be used in concentrated
      form and in such form can readily be blended with other liquid coating
      composition ingredients while exhibiting excellent foam suppression during
      blending. Such a concentrate composition will also provide aqueous-based
      liquid coating compositions that can be applied to a substrate, including
      application by dip-coating, and on analysis of the fresh coating and
      analysis of the coating bath, will show a desirably close parallel
      relationship in regard to coating ingredient concentrations in the bath
      and the freshly applied coating. This is particularly difficult to
      achieve, e.g., in dip coating, from baths containing augmented
      concentrations of particulate metal.
PAR  Broadly, the present invention relates to a composition concentrate adapted
      for blending with a liquid coating precursor and forming a liquid coating
      composition for application to a metal substrate, the concentrate
      containing, exclusive of liquid medium, between about 0.1-3 weight percent
      of watersoluble cellulose ether and pulverulent metal flake.
PAR  The invention is also directed to such concentrates that contain
      water-dispersible organic liquid and have a weight ratio of the metalic
      flake to the organic liquid of from about 1:4 to about 4:1, wherein the
      water-dispersible organic liquid in a high boiling organic compound having
      a boiling point above 100.degree.C at atmospheric pressure.
PAR  The present invention is further directed to the preparation of coating
      compositions using such composition concentrate as well as to the aqueous
      coating compositions and applied coatings thereby obtained.
PAR  The substrates contemplated by the present invention for coating with a
      coating composition are the metal substrates to which typically an
      inorganic acid plus pulverulent metal in a liquid coating may or can be
      applied for enhancing corrosion resistance of such substrate metals,
      although other substrates may be coated. For convenience, the high boiling
      organic compound, as described more particularly hereinafter, if often
      termed herein simply as the "high boiling hydrocarbon".
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The water-soluble cellulose ethers, and most especially those of commercial
      importance, can be classified into the ionic type such as sodium
      carboxymethycellulose, and the anionic. This later includes the
      hydroxyalkyl ethers as exemplified by hydroxyethylcellulose, as well as
      the alkyl type as exemplified by methylcellulose. Although the ionic type
      are the most hydrophylic they may be subject to precipitation from
      solution in the presence of metal ions. Thus, especially in regard to
      aqueous coating compositions prepared from chromic acid, the non-ionic
      cellulose ethers are preferred. Further, the hydroxyalkyl ethers are
      particularly preferred owing to their more ready solubility in cold, as
      well as hot water.
PAR  The water-soluble cellulose ethers are recognized industrially primarily as
      thickeners, e.g., in latex paints and adhesive compositions. It has also
      been recognized that especially the alkyl ethers are somewhat
      surface-active and ostensibly in view of this activity at least some of
      these ethers in general are useful without inducing or augmenting a foam
      problem. It is however recognized that such ethers may exhibit surface
      activity, particularly in an aqueous medium, and can thus tend to cause
      foaming trouble in such systems. In these instances antifoaming agents may
      be recommended.
PAR  In work bearing upon the scope of this particular invention, it has been
      observed that surface active agents, including non-ionic surface active
      agents, were capable of only minimal activity, rather than severely
      suppressing foam formation during preparation of aqueous coating
      compositions. Thus, liquid modified polyethoxy adducts of polyethers, and
      even in amounts of up to 5 volume percent, although enhancing
      dispersibility of composition ingredients, were found to be incapable of
      desirable foam suppression.
PAR  Thus, taking all of this into account, the action of the water-soluble
      cellulose ethers as foam reducers, and especially the drastic reduction
      that was achieved, during preparation of the coating compositions, was
      quite unexpected.
PAR  For economy, the coating composition preferably contains below about 3
      weight percent, based on the total weight of the coating composition, of
      water-soluble cellulose ether. To enhance foam suppression such
      composition contains the cellulose ether in an amount greater than about
      0.01 weight percent, also based on the total weight of the coating
      composition. Where preparation of the coating composition involves
      blending a composition concentrate into a water-based coating precursor,
      such concentrate contains, exclusive of any water, between about 0.1-3
      weight percent of the water-soluble cellulose ether. This has been found
      to provide advantageous amounts of the cellulose ether in the finally
      prepared aqueous coating composition, while insuring against the presence
      of above about 3 weight percent of such ether. Preferably, for efficiency
      and economy, the water-soluble cellulose ether is one of
      hydroxyethylcellulose, methylcellulose, methylhydroxypropylcellulose,
      ethylhydroxyethylcellulose, methylethylcellulose or mixtures of these
      substances.
PAR  The formation of the concentrate provides material adapted for blending
      with an aqueous coating composition precursor. This blending forms the
      coating composition for application to a metal substrate. The composition
      precursor is typically a composition that is useful for application to a
      metal substrate, even in the absence of blending with the concentrate. For
      example, the composition can be simply a solution of chromic acid in
      water. As has, for example, been taught in U.S. Pat. No. 3,351,504, such
      an aqueous solution is useful for forming a film on the surface of a metal
      substrate for subsequently bonding thereto thermoplastic materials that
      would otherwise be difficult to bond to the metal.
PAR  It has however, been noted that when aqueous composition precursors are
      maintained at a pH below about 2.5, they will tend to establish, when the
      water-soluble cellulose ether is not present in the blending operation,
      slightly greater evolution of foam and/or a more stable foam. Thus, where
      such aqueous compositions are being utilized in the present invention, the
      presence of the water soluble cellulose ether is especially advantageous.
PAR  The liquid compositions to which the concentrate is to be added are
      intimate mixtures in liquid medium of a water soluble inorganic compound,
      an example of which has been mentioned hereinabove. The compound should
      provide, as a major amount of the compound in solution, a substance of
      chromium, although it is contemplated that minor amounts, e.g., 25 weight
      percent or less of such compound, can be contributed by solutions such as
      molybdic acid. Of especial interest are hexavalent-chromium-containing
      aqueous compositions most always containing chromic acid as the major
      hexavalent-chromium-providing substance. Although these aqueous
      compositions of particular interest might contain only a small amount,
      e.g., 5 grams per liter of hexavalent chromium, expressed as CrO.sub.3,
      and may contain as much as about 100 grams per liter of composition of
      hexavalent chromium, expressed as CrO.sub.3, such compositions such
      compositions typically contain from about 10 up to about 60 grams per
      liter of hexavalent chromium, expressed as CrO.sub.3.
PAR  For supplying the liquid medium, water supplies the preponderant amount of
      the liquid medium with preferably only a very minor amount of the medium
      being other liquid material. Thus, the aqueous mediums typically contain
      less than about 10 percent of other liquids, i.e., t-butanol and inert
      organic liquids, e.g., such liquids as are not readily oxidized in organic
      acid solution, including halogenated hydrocarbon liquid, some of which
      have been discussed in U.S. Pat. Nos. 2,762,732 and 3,437,531. A
      substantial amount of liquid in an aqeous liquid medium, i.e., up to 50
      volume percent based on the total volume of liquid in the aqueous medium,
      can however, be supplied by water dispersible organic liquid. Such organic
      liquid, when present, also supplies substantially above about 5 volume
      percent, on a similar basis, of such total liquid.
PAR  It is most important that this high boiling organic compound have a boiling
      point at atmospheric pressure above 100.degree.C. The organic compound
      should also be easily dispersible in water and preferably water soluble.
      Such organic compounds as are used are those that are retained during
      baking on the coated substrate in sufficient amount and duration to permit
      participation of the hydrocarbon in the formation of a coating. This
      participation can be exemplified in the coating by reduction of chromium
      in the coating from hexavalent to the trivalent state.
PAR  The organic compounds contain carbon, oxygen and hydrogen and have at least
      one oxygen-containing constituent that may be hydroxyl, or oxo, or a low
      molecular weight ether group, i.e., a C.sub.1 -C.sub.2 ether group. Since
      water dispersibility and preferably water solubility is sought, polymeric
      hydrocarbons are not particularly suitable and advantageously serviceable
      hydrocarbons contain less than about 15 carbon atoms. Particular
      hydrocarbons which may be present in the aqueous coating composition
      include di- and tripropylene glycol, the monomethyl, dimethyl, and ethyl
      ethers of these glycols, as well as diacetone alcohol, the low molecular
      weight ether of diethylene glycol, and mixtures of the foregoing.
PAR  The pulverulent metal flake, e.g., zinc flake or aluminum flake, or
      mixtures of such flakes, but preferably for galvanic protection and
      coatability, are most typically such pulverulent metals having a thickness
      on the order of 0.1-0.3 microns and most typically a size in the longest
      dimension of not substantially above about 15 microns. Aluminum flake,
      also sometimes termed leafing aluminum pigment, has been discussed, for
      example, in U.S. Pat. No. 2,312,088. Flake may be blended with pulverulent
      metal powder, but typically in only minor amounts of the powder, and such
      powder should have particle size so that all particles pass 100 mesh and a
      major amount pass 325 mesh ("mesh" is used herein as U.S. Standard Sieve
      Series). The powders are generally spherical as opposed to the leafing
      characteristic of the flake.
PAR  The coating compositions of particular interest contain an amount of
      pulverulent metal that does not exceed about 500 grams of metal per liter
      of coating composition liquid medium. More than this can add expense
      without a significant increase in protection for the coated substrate.
PAR  Such coating compositions may be applied to the metal substrate by any
      conventional method for coating a substrate with a liquid, for example,
      dip coating, roller coating or reverse roller coating, or combinations of
      techniques as, for example, spray and brush techniques. Typically the
      composition is applied by simply dipping the article into the composition.
      The metal surface can be a preheated metal surface to assist in the curing
      of the composition, or the coating composition may be applied from a
      heated bath, for example, one heated up to 200.degree.F.
PAR  The coating composition should contain some, and generally contains up to,
      for example, about 0.05 volume percent, basis total composition liquid, of
      a surface active agent. Such agent may be present in as little as 0.0005
      volume percent, also on a total liquid basis. The agents for effecting
      pulverulent metal dispersibility are polyethoxy adducts, exemplified by
      the alkylphenoxypolyethoxyalkanols, and derivatives thereof, some of which
      are described in U.S. Pat. No. 3,281,475. Such agents are nonionic and
      have between about 7 and 50 oxyethylene units in the molecule.
      Advantageously, for best dispersibility the agent is present in the
      coating composition in an amount between about 0.001-0.02 volume percent,
      on a total liquid basis.
PAR  As touched upon hereinbefore, overall coating ingredients may be combined
      into separate packages, e.g., a two package system with one containing the
      liquid coating composition precursor, and the other package containing the
      water-soluble cellulose ether and pulverulent metal; each package may
      additionally contain some surface active agent, or it may all be in the
      package with the metal. When the pulverulent metal is in aqueous medium,
      there is preferably also present in the package a high boiling organic
      compound. In blending of ingredients, it is always preferable that the
      surface active agent be present to assist dispersion of the pulverulent
      metal into the composition.
PAR  Other compounds may be present in the liquid coating composition precursor
      but, even in combination, for some liquid coating composition precursors
      they are present in very minor amounts. Because of this, they do not too
      deleteriously affect the coating integrity, e.g., with respect to
      electro-conductivity and galvanic protection. Thus, some compositions
      should be substantially resin-free and can be substantially pigment free,
      i.e., contain little if any, pigment or resin such as 10 grams per liter
      total of both or less, and should preferably be resin free. Also, since
      the adherence for the particulate metal to the metal substrate might be
      achieved by other action, e.g., by the ostensible interaction of a
      chromium-providing-substance with a high boiling hydrocarbon during
      baking, these coating compositions need not contain resin, and such
      coatings that will be subsequently topcoated are virtually always
      pigment-free.
PAR  These other compounds further include inorganic salts and acids as well as
      organic substances, often typically employed in the metal coating art for
      imparting some corrosion resistance or enhancement in corrosion resistance
      for metal surfaces. Such materials include zinc chloride, magnesium
      chloride, various chromates, e.g., strontium chromate, molybdates,
      glutamic acid, succinic acid, zinc nitrate, and succinimide and these are
      all preferably avoided, but if present, are most usually employed in the
      liquid composition in a total maximum amount of less than 5 grams per
      liter.
PAR  For the metal substrates containing applied coating, the preferred
      temperature for the subsequent heating, which is also often referred to as
      curing and which may be preceded by drying such as air drying, is within
      the range from about 400.degree.F. at a pressure of 760 mm. Hg up to not
      essentially above about 1,000.degree.F. Such an elevated substrate
      temperature may be attained by preheating the metal prior to application
      of the liquid composition. However, such curing temperatures do not often
      exceed a temperature within the range of about 450.degree.F-700.degree.F.
      At the elevated curing temperatures the heating can be carried out in as
      rapidly as about 0.2 second or less but is often conducted for several
      minutes at a reduced temperature.
PAR  Before starting the treatment of the present invention it is, in most cases
      advisable to remove foreign matter from the metal surface by thoroughly
      cleaning and de-greasing. De-greasing may be accomplished with known
      agents, for instance, with agents containing sodium metasilicate, caustic
      soda, carbon tetrachloride, trichlorethylene, and the like. Commercial
      alkaline cleaning compositions which combine washing and mild abrasive
      treatments can be employed for cleaning, e.g., an aqueous trisodium
      phosphate-sodium hydroxide cleaning solution. In addition to cleaning, the
      substrate may undergo cleaning plus etching.
PAR  After heating, the resulting coated substrate of the present invention can
      be further topcoated with any suitable paint, i.e., a paint, primer,
      including electrocoating primers, and weldable primers such as the
      zinc-rich primers that can be applied before, typically, electrical
      resistance welding, and paints such as enamel, varnish, or lacquer. Since
      the coated metal surfaces of the present invention can exhibit a desirable
      upgrading in topcoat adhesion when compared, for example, to the uncoated
      substrate metal, paints are often applied over such coated substrates.
      Such paints may contain pigment in a binder or can be unpigmented, e.g.,
      generally cellulose lacquers, rosin varnishes, and oleoresinous varnishes,
      as for example tung oil varnish. The paints can be solvent reduced or they
      may be water reduced, e.g., latex or water-soluble resins, including
      modified or soluble alkyds, or the paints can have reactive solvents such
      as in the polyesters or polyurethanes. Additional suitable paints which
      can be used include oil paints, including phenolic resin paints,
      solvent-reduced alkyds, ipoxys, acrylics, vinyl, including polyvinyl
      butyral and oil-wax-type coatings such as linseed oil-paraffin wax paints.
      The paints may be applied as mill finished.
DETD
PAR  The following examples show ways in which the invention has been practiced
      but should not be construed as limiting the invention. In the examples the
      following procedures have been employed:
PAC  Preparation of Test Parts
PAR  Test parts are typically prepared for subsequent treatment by immersing in
      water which has incorporated therein 2-5 ounces of cleaning solution per
      gallon of water. The cleaning solution is typically 75% by weight of
      potassium hydroxide and 25 weight percent tripotassium phosphate. The bath
      is maintained at a temperature of about 150.degree. - 180.degree.F and
      during cleaning the bath can be mechanically agitated. After the cleaning
      treatment the panels are rinsed with warm water and dried.
PAC  Application of Coating to Test Parts and Coating Weight
PAR  Clean parts are typically coated by placing in a wire basket and dipping
      the basket into coating composition, removing the basket and draining
      excess composition therefrom with a mild shaking action and then repeating
      the dipping and draining, when an augmented coating is desired. This
      draining is then immediately followed by baking or air drying at room
      temperature until the coating is dry to the touch and then baking, the
      parts being usually placed on a sheet for baking. Baking proceeds under
      infrared lamps at an air temperature of about 550.degree.F. unless
      otherwise specified, for a time up to ten minutes, also unless otherwise
      specified.
PAR  Coating weights for parts, generally expressed as a weight per unit of
      surface area, are determined by selecting a random sampling of parts of a
      known surface area and weighing the sample before coating. After the
      sample has been coated, it is reweighed and the coating weight per
      selected unit of surface area, most always presented as milligrams per
      square foot (mgms./sq.ft.), is arrived at by straightforward calculation.
PAC  EXAMPLE 1
PAR  Into 200 milliliters (mls.) diethylene glycol plus 4 mls. of wetter which
      is a nonionic, modified polyethoxy adduct having a viscosity in
      centipoises at 25.degree.C. of 180 and a density at 25.degree.C of 8.7
      pounds per gallon, there is blended 350 grams of zinc flake having
      particle thickness of about 0.1-0.2 micron and a longest dimension of
      discrete particles of about 15 microns. This blending is accomplished with
      vigorous high shear agitation for five minutes and no significant foaming
      accompanies this blending. Separately there is added to 400 mls. of
      deionized water, 50 grams of chromic acid with moderate mechanical
      stirring.
PAR  To the zinc flake slurry there is slowly added, during moderate mechanical
      agitation, 300 mls. of a predissolved solution in water containing 2 grams
      of hydroxyethyl cellulose (HC) thickener; the thickener is a cream to
      white colored powder having a specific gravity of 1.38-1.40 at
      20/20.degree.C., an apparent density of 22-38 pounds/cu.ft., and all
      particles pass through 80 U.S. mesh. Again no undesirable foam evolution
      is visually noted during this mixing.
PAR  Subsequently, the chromic acid solution is slowly added to the zinc
      flake/HC thickener blend accompanied by moderate mechanical agitation, and
      the foam that develops during this mixing is skimmed and measured;
      likewise, the entire procedure is repeated, but without using the HC
      thickener. When the foam from the last mixing is skimmed and measured, it
      is found to be about eight times as great, by volume, as for the mixture
      prepared with the HC thickener.
PAR  Each blend, i.e., the one containing, as well as the one free from, the HC
      thickener, is used to coat ten grade 8 bolts which are 1-1/16 inches long
      by about 1/4 inch in diameter at the threaded end and have 7/8 inch of
      threading on the shaft topped by a 5/8 inch smooth shaft section that
      terminates in the bolt head.
PAR  In the case of each blend, the bolts are coated by the augmented coating
      method as described above and the coating cured for 20 minutes at
      550.degree.F. On analysis, as described above, the bolts are calculated to
      average 1500 mgms./sq.ft. of coating from the HC thickener bath. By visual
      observation, the bolts coated in the HC bath are seen to have a uniform,
      very bright and ostensibly desirably adherent coating.
PAR  For both the HC bath and the comparative bath, the weight ratio of zinc to
      chromium, expressed as chromium metal, is 14:1. In the coatings, such
      ratio is determined by x-ray diffraction on a Porta-Spec manufactured by
      Pickford Corporation. The x-ray beam is set at the required angle to
      determine chromium and zinc and is initially standardized with coatings
      containing known amounts of these elements. The machine is adapted with a
      counter unit and the count for any particular coating is translated into
      milligrams per square foot by comparison with a preplotted curve. For the
      HC bath in the ratio of zinc to chromium on the bolts is found to be in
      the range of 14:1 to 15:1 for the HC bath, basis two determinations. The
      coating from the comparative bath however, has only an 8.8:1 ratio of zinc
      to chromium.
PAC  EXAMPLE 2
PAR  Into 210 mls. dipropylene glycol plus 4 mls. of the wetter described in
      Example 1, there is blended 350 grams of the zinc flake described in
      Example 1. This blending is accomplished with vigorous high shear
      agitation. Separately there is added to 350 mls. of deionized water, 50
      grams of chromic acid with moderate mechanical stirring.
PAR  To the zinc flake slurry there is slowly added, during moderate mechanical
      agitation, 350 mls. of a predissolved solution is water containing 3 grams
      of the hydroxyethyl cellulose (HC) thickener described in Example 1.
      Subsequently, the chromic acid solution is slowly added to the zinc
      flake/HC thickener blend accompanied by moderate mechanical agitation, and
      the foam that develops during this mixing is skimmed and measured.
PAR  Likewise, the entire procedure is repeated, but without using the HC
      thickener. The foam from the last mixing is again skimmed and measured.
      The entire procedure is repeated a third time, but without using either
      the dipropylene glycol or the HC thickener. In this procedure the wetter
      is blended with the 350 mls. of water minus the predissolved HC thickener
      and the zinc flake is then directly dispersed into this blend. After
      addition of the chromic acid solution to this blend, sufficient additional
      water is added to make up, in volume, for the deleted glycol. Again, foam
      from the last mixing is skimmed and measured.
PAR  The results of this testing is shown in the table below.
TBL                TABLE                                                       
     ______________________________________                                    
     Blend   Glycol    HC Thickener*                                           
                                    Foam,mls./liter                            
     ______________________________________                                    
     A       No        No           275                                        
     B       Yes       No           120                                        
     C       Yes        Yes         30-35                                      
     ______________________________________                                    
      *Hydroxyethyl cellulose.                                                 
PAR  The foam reduction in going from blend A to blend C is quite remarkable and
      unexpected. Further, the reduction in foam generation going from blend B
      to blend C is highly desirable and was not anticipated. Hence, the
      presence of the HC thickener even in the glycol-containing blend very
      advantageously suppresses an undesirable foam problem.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition concentrate, said concentrate being adapted for blending
      with a liquid coating composition precursor that contains water-soluble
      inorganic compound, with said concentrate providing excellent foam
      suppression during blending and thereafter forming a liquid coating
      composition for application to a metal substrate, said concentrate being
      chromate-free and containing:
PA1  a. pulverulent metal flake;
PA1  b. between about 0.1-3 weight percent, exclusive of liquid medium, of
      water-soluble cellulose ether; and having,
PA1  c. water based liquid medium, containing water-dispersible organic liquid
      providing a weight ratio of said pulverulent metal flake to said organic
      liquid of from about 1:4 to about 4:1, and with said organic liquid being
      present in an amount sufficient to supply at least about 5 volume percent
      of said liquid to the total volume of said coating composition.
NUM  2.
PAR  2. A composition concentrate of claim 1 wherein said cellulose ether is
      nonionic and is selected from the group consisting of
      hydroxyethylcellulose, methylcellulose, methylhydroxypropylcellulose,
      ethylhydroxyethylcellulose, methylethylcellulose and mixtures thereof.
NUM  3.
PAR  3. The composition concentrate of claim 1 wherein the pulverulent metal
      flake is supplied in major amount by a metal selected from the group
      consisting of zinc, aluminum, mixtures thereof and alloys of same, and
      said water dispersible organic liquid is a compound containing carbon,
      oxygen and hydrogen and having one or more oxygen-containing constituents
      selected from the group consisting of hydroxyl, oxo, low molecular weight
      either, and mixtures thereof.
NUM  4.
PAR  4. The composition concentrate of claim 3 wherein the concentrate contains
      a weight ratio of metal flake to water dispersible organic liquid of from
      about 1:1 to about 3:1.
NUM  5.
PAR  5. The composition concentrate of claim 1 further characterized by
      containing between about 0.1-3 percent, basis weight of concentrate
      exclusive of liquid, of surface active agent.
NUM  6.
PAR  6. The composition concentrate of claim 1 further characterized by
      containing up to about 60 weight percent water, basis total concentrate
      weight, and having water-dispersible organic liquid having a boiling point
      above 100.degree.C.
NUM  7.
PAR  7. The method of preparing a liquid coating composition for application to
      a metal substrate, which method provides excellent foam suppresion during
      preparation and includes the steps of establishing a liquid precursor
      composition of water soluble inorganic compound in liquid medium, said
      compound providing chromium as a portion thereof, and said method
      thereafter including blending said precursor with a chromate-free
      composition concentrate containing pulverulent metal flake and between
      about 0.1-3 weight percent, exclusive of the concentrate liquid medium of
      water-soluble cellulose ether, said concentrate liquid medium being water
      based and containing water-dispersible organic liquid, wherein the
      resulting concentrate composition contains a weight ratio of the metallic
      flake to said organic liquid of between about 1:4-4:1, and with said
      organic liquid being present in an amount sufficient to supply at least
      about 5 volume percent of said liquid to the total volume of said coating
      composition.
NUM  8.
PAR  8. The method of claim 7 wherein said composition precursor is established
      at a pH below about 2.5 by blending chromic acid into an aqueous medium.
NUM  9.
PAR  9. The method of claim 7 wherein said blending imparts above about 100
      grams of metallic flake per liter of prepared liquid coating composition.
NUM  10.
PAR  10. In a liquid coating composition for application to a metal substrate
      for preparing an adherent, corrosion resistant coating thereon, which
      composition includes an intimate mixture in aqueous medium of water
      soluble inorganic compound providing chromium as a portion thereof, said
      aqueous medium containing 5-50 volume percent based on the total volume of
      the coating composition, of water-dispersible organic liquid that is a
      high boiling organic compound having a boiling point above 100.degree.C.
      at atmospheric pressure, with said coating composition further containing
      pulverulent metal, the improvement for suppressing foam formation during
      preparation wherein said composition also contains, in intimate mixture,
      below about 3 weight percent, basis total weight of said coating
      composition, of water-soluble cellulose ether.
NUM  11.
PAR  11. The coating composition of claim 10 wherein said cellulose ether is
      nonionic and is present in said composition in an amount above about 0.01
      weight percent, basis total weight of the coating composition.
NUM  12.
PAR  12. The coating composition of claim 10 wherein said cellulose ether is
      selected from the group consisting of hydroxyethylcellulose,
      methylcellulose, methylhydroxypropylcellulose, ethylhydroxyethylcellulose,
      methylethylcellulose and mixtures thereof.
NUM  13.
PAR  13. The coating composition of claim 10 wherein said inorganic compound is
      chromic acid and said coating composition has a pH below about 2.5.
NUM  14.
PAR  14. The coating composition of claim 10 wherein the pulverulent metal is
      supplied in major amount by a metal selected from the group consisting of
      zinc, aluminum, mixtures thereof and alloys of same, and said high boiling
      organic compound is a compound containing carbon, oxygen and hydrogen and
      having one or more oxygen-containing constituents selected from the group
      consisting of hydroxyl, oxo, low molecular weight ether, and mixtures
      thereof.
NUM  15.
PAR  15. The coating composition of claim 10 wherein said pulverulent metal is
      in flake form and is present in said composition in an amount above about
      100 grams per liter.
NUM  16.
PAR  16. The method of preparing a liquid coating composition of suppressed foam
      formation in preparation, which composition provides an adherent,
      corrosion resistant coating on a substrate, and includes an intimate
      mixture in aqueous medium of water soluble inorganic compound providing
      chromium as a portion thereof, said aqueous medium containing between
      about 5-50 volume percent, basis total volume of said coating composition,
      of water-dispersible organic liquid that is a high boiling organic
      compound having a boiling point above 100.degree.C. at atmospheric
      pressure, with said coating composition further containing pulverulent
      metal, which method for suppressing foam formation comprises blending into
      said composition during the preparation thereof below about 3 weight
      percent, basis total weight of said coating composition, of water-soluble
      cellulose ether.
NUM  17.
PAR  17. The method of claim 16 wherein said blending provides above about 0.01
      weight percent, basis total weight of said coating composition, of said
      cellulose ether and said ether is nonionic.
NUM  18.
PAR  18. The method of claim 16 wherein said pulverulent metal is preblended
      with said water-dispersible organic liquid and at least a major amount of
      said cellulose ether is admixed with the preblended composition.
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ABST
PAL  An asphaltene concentrate obtained by liquid hydrocarbon fractionation of
      an asphaltic residuum is blended with a petroleum fraction containing
      alkylated naphthenes and/or alkylated aromatics such as a vacuum distilled
      gas oil, a naphthene-aromatic fraction of a gas oil, or a solvent extract
      of a lubricating oil fraction, thereby producing a high quality paving
      composition.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the preparation of an asphaltic composition that
      is useful in paving formulations. The composition is prepared by treating
      a petroleum residuum with a liquid hydrocarbon that will yield an
      asphaltene concentrate that contains an appreciable proportion of polar
      aromatic compounds in addition to the asphaltenes, and then blending that
      asphaltene concentrate with a relatively highboiling petroleum fraction
      that contains alkylated naphthenes and/or alkylated aromatics. In the
      practice of this invention, it is possible to obtain from a particular
      crude stock as asphalt having improved specification qualities and higher
      asphaltene content than a conventional asphalt obtained from that crude
      while at the same time producing a lower yield of asphalt based on that
      crude, thereby giving higher yields of fractions that are useful for other
      purposes.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is known, as taught for example in U.S. Pat. No. 3,087,887, to separate
      asphaltenes from a petroleum residuum and to blend those asphaltenes with
      other asphaltic fractions to prepare an improved asphalt composition. It
      is also known to blend asphaltenes with a residual fuel oil to prepare
      asphaltic compositions; see for example, Canadian Pat. No. 828,042. Other
      patents that teach the blending of asphaltenes with bituminous material
      include U.S. Pat. No. 2,909,441 and British Pat. No. 990,953.
PAC  SUMMARY OF THE INVENTION
PAR  In contrast with the prior art wherein asphaltenes as such have been
      blended with other petroleum fractions, the present invention employs an
      asphaltene concentrate which contains in addition to the asphaltenes an
      appreciable percentage of an additional component of the petroleum
      residuum, namely, a fraction known as polar aromatics. One advantage
      accruing from the present invention is that, because of the presence of
      appreciable percentage of polar aromatics, the asphaltenes as such are
      more easily blended and dispersed with other components in preparing the
      finished asphalt composition.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawings, FIG. 1 is a chart showing the composition of
      a conventionally vacuum distilled residuum as compared with the
      composition of a high vacuum distilled residuum, a propane precipitated
      asphalt, an asphaltene concentrate, and a heptane insoluble asphaltene
      fraction.
PAR  FIG. 2 is a chart depicting the composition of a residuum as compared with
      that of an asphaltene concentrate obtained from that residuum and the
      residuum extract remaining after separating the asphaltene concentrate.
PAR  FIG. 3 is a chart showing that by the practice of the present invention it
      is possible to obtain an asphalt with higher penetration ratios and higher
      viscosities than when producing a straight run asphalt of the same
      penetration value from the same crude.
DETD
PAR  As described in Analytical Chemistry, Volume 41, page 576 (April, 1969), a
      petroleum asphalt contains four generic components, namely, saturates,
      naphthene-aromatics, polar aromatics, and asphaltenes. Asphaltenes are
      brown to black solid materials of a very friable nature and are
      characterized as being insoluble in heptane. The present invention
      employs, not the asphaltenes alone, but an asphaltene concentrate
      containing from 40 to 90% of asphaltenes and from 10 to 60% of polar
      aromatics. There should be no more than 10% of naphthene aromatics present
      in the asphaltene concentrate and preferably no naphthene aromatics as
      defined in the aforementioned article in Analytical Chemistry.
PAR  A comparison of the compositions of various residual fractions from a
      representative crude oil, in this case Lagunillas crude, is shown in the
      bar graphs of FIG. 1. In the first bar graph the numbers are weight
      percentages, while in each of the remaining four the numbers are parts of
      the whole, by weight. In terms of the generic components a conventionally
      vacuum distilled residuum will have 13 wt. % saturates, 36 wt. % naphthene
      aromatics, 37 wt. % polar aromatics and 14 wt. % heptane-insoluble
      asphaltenes. A high vacuum distilled residuum from the same crude will
      have 3 parts of saturates, 18 parts of naphthene aromatics, 31 parts of
      polar aromatics, and 14 parts of heptane-insoluble asphaltenes. A propane
      precipitated asphalt will have no saturates, 11 parts of naphthene
      aromatics, 22 parts of polar aromatics and 14 parts of heptane-insoluble
      asphaltenes. A pentane-produced asphaltene concentrate consists of 7 parts
      of polar aromatics and 14 parts of heptane-insoluble asphaltenes.
PAR  One process for obtaining the desired asphaltene concentrate involves
      solvent fractionation of an asphaltic residuum with pentane or isopentane
      at a temperature within the range of about 175.degree. to 400.degree.F.
      and at elevated pressures, e.g., 75 to 500 psia, using the procedure
      taught in U.S. Pat. No. 2,940,920. The asphaltene concentrate will have a
      melting point higher than 300.degree.F. A preferred asphaltene concentrate
      contains from 20 to 45 wt. % of polar aromatics and from 55 to 80% of
      asphaltenes.
PAR  FIG. 2 comprises two bar graphs showing the composition of a heavy residuum
      from an Iranian crude oil as compared with the asphaltene concentrate and
      remaining residuum extract obtained from that residuum by pentane
      fractionation of that residuum at elevated temperatures and pressures as
      taught for example in U.S. Pat. No. 2,940,920, (e.g., at
      200.degree.-375.degree.F. and 75-425 psia with 4/1 pentane to residuum
      ratio). All percentages are based on the starting residuum. As shown in
      the chart, the saturates, the naphthene aromatics, and slightly more than
      3/4 of the polar aromatics remain in the residuum extract, and the balance
      of the polar aromatics are combined with the asphaltenes to make up the
      asphaltene concentrate.
PAR  The starting residuum had an API gravity of 5.9.degree. and a penetration
      of 77.degree.F. of 50, and the residuum extract had an API gravity of
      11.0.degree. and a viscosity of 2300 SUS at 210.degree.F. The asphaltene
      concentrate had a specific gravity of 1.13 and a softening point of
      351.degree.F.
PAR  As shown below, the separation gives an extract relatively low in metals
      and an asphaltene concentrate relatively high in metal content compared
      with the starting residuum, thereby improving the suitability of the
      residuum extract (deasphalted oil) as a feed to a catalytic process.
TBL  ______________________________________                                    
     METAL CONTENT, PARTS PER MILLION                                          
                              Asphaltene                                       
            Residuum Extract  Concentrate                                      
     ______________________________________                                    
     Nickel   120        40        344                                         
     Vanadium 372        89       1155                                         
     Iron      16         2       55                                           
     ______________________________________                                    
PAR  To prepare the compositions of the present invention, one volume of the
      asphaltene concentrate is blended with from one to four volumes of a
      vacuum gas oil, an aromatic extract fraction of a distillate or residual
      lubricating oil fraction, or a naphthene-aromatic fraction derived from a
      gas oil. The obtaining of aromatic extracts from lubricating oil fractions
      is well known in the art and involves the use of such solvents as phenol,
      cresol, aniline, sulfur dioxide, furfural and the like. The nature of the
      extract obtained will depend to some extent upon the crude from which the
      lube oil fraction has been obtained as well as upon the intensity of the
      extraction treatment. An extract having a viscosity index below about 30
      is suitable for the purposes of the present invention although, more
      advantageously, extracts having a lower viscosity index, for example below
      0, will be used. The extracts can be obtained from lubricating oil
      fractions of paraffinic, naphthenic, or mixed asphaltic based types of
      crude oils.
PAR  As used in the present invention, vacuum gas oil is defined as a petroleum
      distillate having an atmospheric equivalent boiling range of about
      600.degree. to 1200.degree.F., preferably about 750.degree. to
      950.degree.F. Two representative gas oil fractions are one having a
      boiling range of 750.degree. to 850.degree. atmospheric equivalent vapor
      temperature and another having a boiling range of about 850.degree. to
      950.degree.F. atmospheric equivalent vapor temperature. The defined
      boiling ranges are those determined by ASTM D 1160-61. It is convenient to
      designate a vacuum gas oil in terms of its atmospheric equivalent boiling
      range by use of the initials AEVT (atmospheric equivalent vapor
      temperature) e.g., 850-950.degree.F. AEVT.
PAR  The naphthene aromatic fraction of gas oil can be obtained by
      chromatographic adsorption-desorption procedures well known in the art.
PAR  The characteristic that is common to the use of a vacuum gas oil, a
      naphthene-aromatic fraction of a gas oil, or a solvent extract of a
      lubricating oil fraction is that all of them contain alkylated naphthenes
      and/or alkylated aromatic hydrocarbons and usually mixed molecules
      containing both naphthene and aromatic rings.
PAR  This invention can be more fully understood by reference to the following
      examples which include preferred embodiments. These are offered by way of
      illustration only and are in no way intended to limit the scope of the
      invention.
PAC  EXAMPLE 1
PAR  A Tia Juana medium asphaltene concentrate containing 66 wt. % of
      asphaltenes and 34 wt. % of polar aromatics was obtained by controlled
      high temperature normal pentane fractionation of a residuum from a Tia
      Juana crude oil. A blend was prepared consisting of 42% of the asphaltene
      concentrate and 58% of a vacuum gas oil (800.degree.-900.degree.F. AEVT)
      from Tia Juana crude. The properties of the resulting blend and of a
      straight reduced asphalt from Tia Juana crude are compared in Table I
      which follows:
TBL                TABLE I                                                     
     ______________________________________                                    
     BLENDING OF TIA JUANA MEDIUM ASPHALTENE                                   
     CONCENTRATE IN MAKING PAVING ASPHALT                                      
     Composition, wt. %                                                        
     ______________________________________                                    
     Tia Juana Asphaltene concentrate                                          
                            42                                                 
     Tia Juana vacuum gas oil 800-900.degree.F.                                
                            58                                                 
     (AEVT)                                                                    
     Tia Juana Straight Reduced Asphalt                                        
                                     100                                       
     Physical Properties                                                       
     Penetration at 77.degree.F.                                               
                            90       91                                        
     Pen Ratio (39.2/77.degree.)                                               
                            61       32                                        
     Absolute Viscosity at 140.degree.F.                                       
                            3300     1807                                      
     Viscosity SFS at 275.degree.F.                                            
                             205      190                                      
     Ductility at 39.2 (5 cm/min.)    6.5                                      
     Oliensis Spot          Negative Negative                                  
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  An asphaltene concentrate was obtained by the controlled normal pentane
      treatment of a residuum from Tia Juana crude oil. Blends were prepared
      using 40% of this concentrate and 60% of a vacuum gas oil from Hawkins
      crude, the naphthene aromatic fraction of the same vacuum gas oil and a
      phenol extract from a lubricating oil fraction. The properties of the
      resulting blends in comparison with the properties of the straight reduced
      asphalt from the same Hawkins crude and as compared with a blend of a
      propane precipitated asphalt and Hawkins vacuum gas oil blended to the
      same penetration are given in Table II which follows:
TBL                TABLE II                                                    
     ______________________________________                                    
     Composition Wt. % 1      2      3    4    5                               
     ______________________________________                                    
     Asphaltene Concentrate                                                    
                       40     40     40                                        
     Vacuum gas oil    60                 25                                   
     Lube Extract             60                                               
     Naphthene-Aromatics             60                                        
     Propane-precipitated                 75                                   
     Asphalt                                                                   
     Straight Reduced Asphalt                   100                            
     Properties                                                                
     Pen. at 77.degree.F. mm/10                                                
                       90     90     90   90   90                              
     Pen. Ratio (39.2/77.degree.F.)                                            
                       36     42     38   24   31                              
     Abs. Viscosity at 140.degree.F.                                           
                       3420   1700   2275 1300 1725                            
     poises                                                                    
     Viscosity at 275.degree.F., centi-                                        
                        365    382    390 --    410                            
     stokes                                                                    
     ______________________________________                                    
PAR  The gas oil was obtained as the second side stream from the vacuum tower
      used in distilling the Hawkins crude and had an approximate distillation
      range of 700.degree. to 925.degree.F. (AEVT).
PAR  The naphthene aromatic fraction of the gas oil was obtained by
      chromatographic adsorption and desorption, the yield being about 50 wt. %
      of the original gas oil. The recovered fraction had an average molecular
      weight of about 493 as determined by vapor pressure osmometry and an
      average carbon/hydrogen ratio of 8.1. The phenol extract had an API
      gravity of 26.5.degree. and contained about 56% of naphthene aromatics.
      About 25% of the carbon atoms in the hydrocarbons constituting the extract
      were determined to be aromatic carbons, i.e., present in aromatic rings.
PAR  The data in Table II clearly illustrate advantages gained in the practice
      of the present invention. Each of the compositions, 1, 2 and 3 shows an
      improved penetration ratio over the straight reduced asphalt (composition
      5) or over the blend of vacuum gas oil and propane-precipitated asphalt
      (composition 4).
PAR  FIG. 3 shows diagrammatically one advantage that is afforded by the present
      invention as contrasted with the conventional production of asphalt by
      straight reduction of an asphaltic crude or by propane precipitation of
      the asphalt. The break in each of the three bar graphs corresponds roughly
      with the discontinuity in the percentage scale at the lefthand margin.
      Intermediate cuts, including kerosene and light gas oil are not shown, and
      the yields of naphtha and heavy gas oil are not given as definite values
      as these will vary depending on the cut points. The line delineating the
      cutoff point of vacuum gas oil (VGO) in the first graph is positioned
      lower than the lines marking the cutoff point for vacuum gas oil in the
      other graphs to indicate that the first vacuum gas oil can have a higher
      cutoff temperature (e.g., 1150.degree.F. AEVT) than that of the other
      vacuum gas oils.
PAR  As shown in the first bar graph labelled SR, there is a yield of about 30
      volume percent, based on crude, of 90 penetration asphalt when the asphalt
      is obtained by straight reduction (vacuum distillation) of a Tia Juana
      medium crude. The second bar graph, labelled C.sub.3, shows that the
      residuum of that same crude is subjected to propane deasphalting there is
      a yield of about 15 volume percent of propane-precipitated asphalt
      (C.sub.3 asphalt) of 217.degree.F. softening point. Blending 15 volumes of
      this latter asphalt with 9 volumes of 850.degree.-950.degree.F. AEVT
      vacuum gas oil will give 24 volumes of a blend that will have the same 90
      penetration at 77.degree.F. as the straight reduced asphalt from the same
      crude.
PAR  Referring now to the third bar graph, labelled C.sub.5, as asphaltene
      concentrate (labelled AC) containing 66 wt. % of heptane-insoluble
      asphaltenes and 34 wt. % of polar aromatics, and having a softening point
      of 320.degree.F. is obtained in a yield of about 10 vol. % based on the
      crude, by high temperature pentane treatment (e.g., at 350.degree.F. and
      425 psia pressure) of the residuum from the same Tia Juana crude oil. In
      order to prepare an asphalt composition with the same 90 penetration at
      77.degree.F. as the straight reduced asphalt from the same crude, 10
      volumes of the asphaltene concentrate is blended with 11 volumes of the
      850.degree.-950.degree.F. AEVT vacuum gas oil to give 21 volumes of the
      desired composition.
PAR  The properties of the three asphalts discussed above are shown in Table III
      which follows:
TBL                TABLE III                                                   
     ______________________________________                                    
     COMPARISON OF ASPHALTS FROM                                               
     TIA JUANA CRUDE                                                           
                    Reduction Method                                           
                    SR      C.sub.3  C.sub.5                                   
     ______________________________________                                    
     Penetration at 77.degree.F.                                               
                      90        90       90                                    
     mm/10                                                                     
     Pen Ratio (39.2/77.degree.F.)                                             
                      35        45       52                                    
     Absolute Viscosity at                                                     
                      1720      2100     2310                                  
     140.degree.F., poises                                                     
     Yield Based on Crude                                                      
                      30        24       21                                    
     Vol. %                                                                    
     ______________________________________                                    
PAR  It will be seen from Table III that the blending of the asphaltene
      concentrate with a vacuum gas oil provides a 90 penetration asphalt with a
      higher penetration ratio and a higher viscosity at 140.degree.F. than a
      straight run asphalt from the same crude while yielding only 21 volume
      percent of asphalt based on crude versus 30 volume % when producing
      straight run asphalt of the same penetration. Higher penetration ratios
      and higher viscosities are desirable from the standpoint of specification
      quality, permitting upgrading of lower quality stocks by blending
      therewith. See ASTM STP 532, June 1973. The lower yield based on crude
      provides an economic advantage because bottom fractions are usually
      accounted for at lower dollar values than the gas oil fractions.
PAR  Although the obtaining of the desired asphaltene concentrate for use in the
      practice of this invention has been exemplified by the treatment of a
      residuum with pentane or isopentane, which are the preferred hydrocarbons
      for the fractionation, the invention is not limited thereto in this
      respect because it is also possible to obtain an asphaltene concentrate
      having the defined proportions of asphaltenes and polar aromatics by
      elevated temperature and pressure treatment of residua with other
      hydrocarbons of from 4 to 9 carbon atoms, using the procedure taught in
      U.S. Pat. No. 2,940,920. Such other hydrocarbons include paraffins,
      olefins, cycloparaffins, aromatics, and mixtures thereof, e.g., hexane,
      octylene, toluene, methyl-cyclopentane, etc.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An asphaltic composition comprising one volume of an asphaltene
      concentrate containing from 40 to 90 wt. % of heptane-insoluble
      asphaltenes and from 10 to 60 wt. % of polar aromatics derived from an
      asphaltic residuum, blended with from one to four volumes of a petroleum
      fraction selected from the group consisting of an aromatic solvent extract
      of a lubricating oil fraction, said extract having a viscosity index below
      30, a vacuum gas oil having a boiling range within the limits of about
      600.degree. to 1200.degree.F. atmospheric equivalent vapor temperatures,
      and a naphthene-aromatic fraction of a gas oil.
NUM  2.
PAR  2. Composition as defined by claim 1 wherein said asphaltene concentrate
      also contains up to 10 wt. % of naphthene-aromatics.
NUM  3.
PAR  3. Compositions as defined by claim 1 wherein said asphaltene concentrate
      contains from 55 to 80 wt. % of heptane insoluble asphaltenes and from 20
      to 45 wt. % of polar aromatics.
NUM  4.
PAR  4. Composition as defined by claim 1 wherein said asphaltene concentrate
      has been obtained by treatment of an asphaltic residuum with normal
      pentane or isopentane or a mixture thereof at an elevated temperature and
      pressure.
NUM  5.
PAR  5. A process for preparing an asphaltic composition which comprises the
      steps of subjecting an asphaltic residuum to a solvent fractionation with
      a C.sub.4 to C.sub.9 hydrocarbon under conditions of elevated temperature
      and pressure whereby there is obtained an asphaltene concentrate
      containing from 40 to 90 wt. % of heptane insoluble asphaltenes and from
      10 to 60 wt. % of polar aromatics; thereafter blending one volume of said
      concentrate with from one to four volumes of a petroleum fraction
      containing alkylated naphthenes and/or alkylated aromatics, said fraction
      being selected from the group consisting of an aromatic solvent extract of
      a lubricating oil, a vacuum gas oil, and a naphthene aromatic fraction of
      a gas oil; whereby there is obtained an asphalt of improved specification
      quality in lower yield based on crude oil volume as compared with an
      asphalt of the same penetration grade obtained from the crude oil by
      conventional distillation.
NUM  6.
PAR  6. Process as defined by claim 5 wherein the hydrocarbon used in the
      solvent fractionation is normal pentane or isopentane or a mixture
      thereof.
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ABST
PAL  Liquid developer is removed from support surfaces, such as reusable
      surfaces used for carrying latent electrostatic images, by blades with
      relative motion between the surface and the blades. Spreading of the
      liquid developer upon the cleaned portion of the surface during rest
      periods is prevented by reversing the relative motion between blade and
      surface and moving the blade away from the surface before each rest
      period.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cleaning material from a support surface, and
      more particularly, it relates to an apparatus and method for removing
      liquid developer from a photoconductive or other surface.
PAR  In the development of electrostatic latent images where liquid developers
      are used to develop the image on the reusable photoconductor surface or on
      a reusable interposition surface, liquid developer remains on the surface
      after the developer image is transferred to a substrate. In these
      processes and apparatuses where the surface is reused to develop
      subsequent images, the residual liquid developer must be removed therefrom
      to such an extent that the residual developer will not interfere with
      subsequent imaging causing streaks and other image or non-image patterns
      and smudges of developer which transfer to subsequent substrates. In order
      to accomplish sufficient removal of the residual developer so that
      streaking and smudging of subsequent prints is eliminated, several prior
      art methods have been attempted, but they have resulted in failure. Wiper
      blades are commonly used to remove the residual liquid developers from
      these and other support surfaces.
PAR  U.S. Pat. No. 3,660,863 issued to Gerbasi on May 9, 1972, discloses a
      scraper blade acting on a xerographic drum for removing particulate toner
      material from the drum. In Gerbasi, the cutting edge of the blade, that
      is, the edge of the blade formed by the upper face surface or top surface
      and the front side surface, is positioned slightly below the horizontal
      center line of the drum and the cutting edge is held in a manner to
      readily cut or chisel the particulate toner material from the drum
      surface. This configuration is suitable for particulate toner material,
      however, when used for cleaning liquid developers from a support surface,
      problems are encountered in disposing of the liquid cleaned from the
      surface when the relative motion between the blade and the surface ceases.
      The liquid passes between the blade and surface at zero relative speeds.
      This leaves developer on the cleaned support surface which prints out when
      operation of the machine is resumed.
PAR  Blade cleaning is also described by Royka et al, in U.S. Pat. No. 3,552,850
      wherein at least one self-adjusting flexible cleaning blade for pressure
      contact cleaning of the imaging surface is shown. In Royka et al, the
      leading edge of at least one cleaning blade is preferably positioned to
      form an acute angle of less than about 90.degree. and greater than about
      20.degree. with the confronting portion of the imaging surface or plane
      tangent to the imaging surface at the line of blade contact to clean
      particulate toner from photoconductive members when means to supply a dry
      solid lubricant to the imaging surface are provided. This cleaning
      technique which is primarily a wiping action, is operable for particulate
      toner, but when liquid developers are used, streaking of the support
      surface with developer due to the interference of the intimate contact
      between the wiper blades and the support surface from debris, remains a
      problem. Furthermore, the wiping action does not suitably remove the
      liquid developers from the surface. Difficulties are also encountered with
      cleaning systems of this type using a blade which engages the surface to
      be cleaned when the relative motion between the blade and the surface
      ceases. Although the blade acts to clean substantially all the material
      from the surface while there is relative motion between them above a given
      value, it has been found that liquids will pass between the blade and the
      surface, possibly by capillary action at small or zero relative speeds.
      Furthermore if the blade is removed from engagement with the surface, a
      bead of liquid which has piled up against the table will spread out beyond
      the blade position when the blade is removed.
PAR  Thus, the liquid material will spread on the surface over a small region
      immediately downstream of the blade, and if the surface passes to further
      processing stations when the relative motion is resumed, the remaining
      developer material will not be cleaned off by the blades and will
      contaminate those further stations.
PAR  In accordance with the present invention, cleaning blades may be designated
      as scraper blades or wiper blades. A scraper blade is defined as one
      wherein the stem extends towards the tip in the upstream direction of the
      drum's movement and when pressed against the drum exerts a chiselling
      action on the material (liquid developer and debris) on the drum surface.
PAR  A blade which in operation is pressed against a support surface so that it
      is bent along its length in the downstream direction of the drum motion
      has a wiping action as it tends to be lifted up by material moving with
      the drum surface. A wiper blade is defined in accordance with the present
      invention as one in which the stem extends in the downstream direction of
      the drum motion. As used herein, upstream and downstream refer to drum
      motion.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide an apparatus and method for
      improving the cleaning of reusable surfaces used in electrostatic copying
      machines employing liquid developers for development of the image.
PAR  Another object of this invention is to provide an apparatus and method to
      improve the removal of liquid developer from reusable surfaces when
      scraper blades and/or blades are used as the cleaning blade.
PAR  It is another object of this invention to provide a method and apparatus to
      prevent the spreading of liquid developer over a region downstream of
      cleaning blades where the relative motion between the reusable support
      surface and the blades ceases.
PAR  Still another object of this invention is to provide a method and apparatus
      to prevent the contamination of processing stations downstream of the
      cleaning blade with liquid developer when relative motion between the
      blade and the support surface is resumed after a rest period.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects are accomplished by providing a method of cleaning
      liquid materials (liquid developer) including debris such as lint, paper
      fibers, dust and the like, from a surface by intermittently moving a
      support surface in one direction relative to the support and in engagement
      therewith with rest periods between periods of relative motion in said one
      direction, and before each such rest period reversing the relative motion
      between the blade and the surface with the blade still in engagement with
      the surface. The cleaning blade may then be moved away from the support
      surface after reversing the relative motion.
PAR  According to another aspect of the invention there is provided an
      electrostatographic reproduction method comprising forming a latent
      electrostatic image on a moving support surface, for example, a
      photoconductive surface, developing the latent image with liquid
      developer, transferring the developed image on to support material and
      cleaning the liquid developer and debris remaining on the support surface
      by wiper and/or scraper blades. The surface is intermittently moved
      relative to the wiper and/or scraper blades in engagement therewith with
      rest periods between periods of relative motion in one direction, and
      before each such rest period reversing the relative motion between the
      blade and the surface with the blade still in engagement with the surface.
PAR  According to a further aspect of the invention, there is provided an
      electrostatographic reproduction apparatus comprising a movable support
      surface, means for forming a latent electrostatic image on said surface,
      means for applying liquid developer to said latent image to develop the
      image, means to transfer the developed image to a sheet of support
      material and cleaning means to clean material remaining on the support
      surface after transfer, a drive mechanism to move the support surface past
      said means in succession, and means to stop the drive mechanism for a rest
      period when required and to reverse the drive mechanism before each rest
      period.
PAR  The reversal of the motion ensures that the region immediately upstream of
      the blade contains no liquid material so that there will be substantially
      no creeping or spreading of liquid developer under the blade during the
      rest period. When the original relative motion is resumed, the blade
      continues its cleaning action, and no liquid material by-passes the blade
      to contaminate succeeding processing stations.
PAR  Additional objects of this invention will become apparent to those versed
      in the art of electrostatic copying machines in view of the following
      detailed description of the method and apparatus taken in conjunction with
      the accompanying drawings in which preferred embodiments of the apparatus
      are shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a typical example in the form of a schematic sectional view of
      an electrostatographic reproduction apparatus having dual scraper blades
      and a single wiper blade capable of being withdrawn from or moved away
      from the drum.
PAR  FIG. 2 shows a schematic sectional view of an electrostatographic
      reproduction apparatus having a single scraper blade, the scraper blade
      being capable of withdrawal from the drum which it engages.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the copying apparatus illustrated in FIGS. 1 and 2 a copying drum 11
      having a photoconductive surface is rotated in the direction of the large
      arrow about its axis past a number of processing stations. The copying
      cycle starts at the charging station A wherein a corona discharge device
      12 is energized to a high potential to apply charge to the drum surface.
      The drum then passes to the exposure station B at which a flowing image of
      a document is projected onto the charged drum surface by an optical system
      (not shown) to produce an electrostatic latent image. The image flows so
      that it moves in synchronism with the moving drum surface. The latent
      image passes to the development station C at which liquid developer is
      applied from a reservoir 15 by means of rolls 13 and 14. The roll 13 is a
      supply roll whose lower portion dips into the liquid in the reservoir 15
      and whose upper portion is spaced by (for example) 0.25 mm from the upper
      roll 14 which has its surface shaped with a helical groove. The roll 14 is
      provided with a flexible doctor blade 16 which removes liquid from the
      groove to below the groove upper edges due to the deformation of the blade
      into the groove. The developer is attracted by electrostatic attraction
      from the remote part of the groove to the latent image across the gap
      between them to develop the image. An example of this method of
      development is described in detail in U.S. Pat. No. 3,084,043 issued to
      Robert W. Gundlach, which is incorporated herein by reference, wherein
      there is claimed a method of development in xerography comprising
      positioning close but spaced from an electrostatic latent image on an
      image bearing surface a substantially continuous film of electrically
      conductive ink comprising a homogeneous liquid solution, providing flow
      aiding elements in physical contact between said ink and said image
      bearing surface, and applying a bias to said ink whereby ink moves along
      said flow aiding elements and develops said electrostatic latent image.
PAR  A sheet of paper is fed to a transfer station D by sheet feed apparatus
      (not shown) to move in synchronism with the drum and is pressed against
      the drum surface by a transfer roll 17 so that the developed image is
      transferred to the paper which is then conveyed away from the transfer
      station through a chute (not shown). Any material remaining on the drum
      after the transfer station must now be cleaned off at the cleaning station
      E. After cleaning, electroluminescent strip 18 floods the drum surface
      with light to discharge any remaining charges, so that the drum can pass
      onto the charging station for the beginning of the next cycle. A drive
      mechanism to move the support surface past the various stations in
      succession and to move various other rolls is not shown. Means to move
      these various surfaces can be readily provided by one skilled in the art.
PAR  At the cleaning station in FIG. 1, there are provided two scraper blades 21
      and 22. The scraper blades are mounted on supporting block 24 which can be
      moved so that the scraper blades engage or disengage drum 11. The arrows
      in block 24 in the drawing indicate that the block may be rotated to
      engage or disengage the scraper blades and the support surface as desired.
      If the blades are left pressing hard against the stationary drum, the
      photoconductive surface may be deformed, and the blades may acquire a
      permanent set.
PAR  In FIG. 1, there is illustrated wiper blade 23 mounted on one edge of sump
      25 located below the scraper blades and the wiper blade to catch liquid
      developer which drips from the blades. As illustrated in FIG. 1, the edge
      of sump 25 opposite the edge upon which wiper blade 23 is mounted, is
      supported by supporting block 24 at point 34 so that the engagement or
      disengagement of wiper blade 23 with the support surface is controlled by
      the movement of supporting block 24. Thus, means are provided for
      simultaneously moving the scraper blade or scraper blades and the wiper
      blade out of engagement with the support surface, or in the alternative
      for moving said blades into engagement with said support surface. When
      wiper blade 23 causes liquid developer to flow upstream on drum 11 in the
      direction of transfer station D, it is preferred that sump 25 extend to
      the bottom center of the support surface on drum 11 (not shown in FIG. 1).
PAR  Embodiments operable in accordance with the present invention relative to
      the embodiment of FIG. 1, but not shown include those having no wiper
      blade 23 and/or only one scraper blade 21. Further, in accordance with a
      preferred mode of the present invention (not shown) supporting block 24
      need not be movable to disengage the blades from the surface of drum 11.
      Further, in another preferred mode of the present invention the edge of
      sump 25 opposite the edge upon which wiper blade 23 is mounted need not be
      supported by supporting block 24 at point 34 and independent means for
      mounting said sump and said wiper blades may be provided by one skilled in
      the art. One skilled in the art can also provide other suitable means for
      mounting the scraper blade being capable of engagement with the surface of
      drum 11.
PAR  The scraper blades 21 and 22 are preferably moved away from the drum
      surface at the beginning of a rest period when the drum is stationary so
      as to prevent deformation of the photoconductive material. When this
      movement takes place, the bead present at the end surface will be left on
      the drum surface and will tend to spread out on that surface. When the
      scraper blades are moved back into operative position, some of the bead
      material will have spread to downstream (upwards in FIG. 1) of the final
      scraper blade and this material will then contaminate the succeeding
      processing stations. Even when the scraper blades remain engaged with the
      surface of drum 11 during the rest periods (periods when relative motion
      between drum and blade is zero), there is a tendency of the bead of liquid
      developer at the blade to spread out or creep on the surface under the
      blade.
PAR  This contamination is evidenced by a black line or strip on the first copy
      produced in a new copy run, formed by developer which has spread under the
      scraper blade during the preceding rest period.
PAR  This problem is overcome in accordance with the present invention by
      reversing drum 11 a short distance (shown by the small arrow in the
      drawings) with the blades still in contact with the surface of drum 11
      prior to the beginning of the rest period. This may be accomplished by any
      manual or automatic means to reverse the drive mechanism of the drum. For
      example, programmer means may be used to accomplish the reversal of drum
      movement.
PAR  The programmer which controls the operation of the processing stations and
      the drive to the drum is arranged to cause the drum to reverse a short
      distance with the blades still in contact before the rest period begins.
      The blades are thereby wiped of excess ink and trapped fibers and dust are
      released. The spread of the bead during the rest period is thus located
      totally upstream of the scraper blade so that when the blade is engaged
      with the drum surface again and rotation of the drum resumed, the whole
      original bead will be scraped off the drum surface. A reverse motion of 7
      to 9 mm has been found sufficient. The blades are not only wiped of excess
      ink but the release of trapped debris such as lint, dust, paper fibers and
      the like, is also promoted.
PAR  In the embodiment of FIG. 1, it is possible to omit the wiper blade if the
      sump extends from below the scraper blade towards the bottom center of the
      drum. The bead formed at the end of the scraper blade will then drop into
      the sump directly or flow down the drum surface until it eventually drops
      from the surface. The sump may extend all the way to the bottom center of
      the drum if the paper conveyor apparatus can be suitably arranged, or it
      may be acceptable for any drops from the lowest region of the drum to be
      lost in the apparatus, the sump extending only partially towards bottom
      center. There will be very few such drops, because when the drum is in
      motion, the upward movement of the drum surface will oppose the downward
      flow of the drops, and they will tend to drop from the surface before they
      reach bottom center. Only when the drum is stationary will the drops flow
      further down the drum, and such drops are only supplied with the small
      amount of material from the bead present at the scraper blade and that on
      the portion of the drum surface between the blade and the developer
      station when the drum stops.
PAR  In FIG. 1, the drum is arranged with the transfer station at the bottom of
      the drum and the cleaning station E acting on the upwardly moving surface
      of the drum. FIG. 2 shows an alternative arrangement with the transfer
      station at the top of the drum, and the cleaning station acting on the
      downwardly moving surface of the drum. In this arrangement (FIG. 2) there
      is no wiper blade in trailing relationship to the moving surface, but
      instead a blade (23) similar to the wiper blade of FIG. 1 is mounted below
      single scraper blade 21 in approximately the same orientation as the
      scraper blade relative to the drum. Blade 23 in FIG. 2 is only lightly
      pressed on to the drum surface and serves to deflect any droplets on the
      drum surface into sump 25. Some droplets from scraper blade 21 pass over
      the upper surface of that blade and drip into sump 25 directly.
PAR  The embodiment of FIG. 1 shows two scraper blades, whereas the embodiment
      of FIG. 2 shows a single scraper blade. It is of course possible for the
      embodiment of FIG. 1 to be modified to have a single blade, and for the
      embodiment of FIG. 2 to be modified to have a pair of scraper blades.
PAR  As used in this invention the distinction between scraper blade and wiper
      blade set out supra in the background of the invention is critical.
PAR  At the cleaning station in FIG. 2, there is provided scraper blade 21. The
      scraper blade is mounted on supporting block 24 which can be moved so that
      scraper blade 21 can be disengaged from drum 11 when the blade is not in
      use. The arrows in supporting block 24 in FIG. 2 indicate that it may be
      rotated to engage or disengage the scraper blade and the support surface
      as desired. If the blade 21 is left pressing hard against the stationary
      drum 11, the photoconductive surface may be deformed and the blade may
      acquire a permanent set as discussed relative to the blades of FIG. 1
      supra.
PAR  In FIG. 2, blade 23 mounted on sump 25 is positioned so that it lightly
      engages drum 11. As illustrated in FIG. 2, blade 23 permanently engages
      drum 11, however, blade 23 may be suitably mounted to disengage from drum
      11 as desired (not shown) in FIG. 2. In the embodiment shown in FIG. 2,
      blade 23 is mounted in sump 25. Sump 25 is located below the scraper blade
      and blade 23 to catch the liquid from the blades.
PAR  In addition to providing a method of preventing liquid developer and debris
      from passing upstream of the wiper blades, the dual scraper blade
      components illustrated in FIG. 1, wherein a second scraper blade is
      located downstream from the first scraper blade, provide a method of
      removing streaks of liquid developer from the support surface which remain
      on the support surface upstream of the first scraper blade due to the
      solid debris entrained between the first scraper blade and the support
      surface. This action is described in my copending applications.
PAR  The developer liquid remaining on the drum after the transfer station D,
      together with any foreign matter such as paper fibers reaches the wiper
      blade 23 first in FIG. 1. The characteristics of the wiper blade 23 are
      such that most of the material passes under the blade unaffected.
PAR  The scraper blades 21 and 22 in FIG. 1 and 21 in FIG. 2 scrape the material
      from the drum 11 forming a bead at the end surface of each blade. When
      this bead reaches a certain size, it will fall into the sump or flow down
      the surface of the drum to blade 23 which then deflects the flowing
      material into the sump 25.
PAR  Each scraper blade is preferably of polyurethane of 65 Shore A hardness,
      however, scraper blades having a hardness up to about 90 Shore A or higher
      are also within the scope of the invention. The scraper blades are
      preferably about 3/4 inch long and 80 thousandths of an inch thick. The
      blades are clamped in a supporting block 24 preferably over about the
      first third or their length. The ends of the blades are at 90.degree.. A
      much smaller angle (such as 60.degree.) at the cutting edge leads to
      failure by the edge becoming tucked under the blade by friction. The
      holder of the blades extends at 20.degree. .+-. 5.degree. to the tangent
      to the drum at the point of contact (a wider variation of angle being
      possible to suit different combinations of blades, liquids and drum
      surfaces), the blade preferably being slightly flexed against the drum in
      operation by the supporting block 24, with a force of the order of 10
      grams per centimeter. In accordance with the present invention, it is
      preferred that the scraper blades have a rectangular longitudinal cross
      section.
PAR  Wiper blade 23 is preferably a 125 um blade, for example, of polyethylene
      terephthalate, only very slightly flexed against the support surface of
      drum 11. Suitable wiper blade materials, sizes and position angles may be
      chosen by one skilled in the art. Suitable non-metallic flexible cleaning
      blade materials are described by Royka et al in U.S. Pat. No. 3,552,850 at
      Column 14. Stiffener plates and other improvements known and described in
      the art can be used in mounting the wiper blades.
PAR  In the drawings the arrows in drum 11 are significant in that the large
      arrow indicates the direction of rotation of the drum during normal
      operation, that is, during the electrostatographic printing or copying
      cycle. The small arrow is indicative of the reversal cycle, preferably of
      about 7 mm to about 9mm, prior to the beginning of the rest cycle to
      prevent creeping or spreading of liquid developer over a region downstream
      of the cleaning (scraper and/or wiper) blades when the relative motion
      between the reusable support surface, e.g., a selenium photoconductive
      surface, and the blade or blades ceases.
PAR  In accordance with the stated objects, the present invention provides a
      suitable apparatus and method for cleaning liquid developer from a surface
      capable of carrying electrostatic latent images, and the removal of liquid
      developer from reusable surfaces is improved when the reversal motion mode
      is used just prior to any rest period. While this invention has been
      described with reference to the structures and method steps disclosed
      herein, it is not confined to the details set forth; and this application
      is intended to cover such modifications or changes as may come within the
      purposes of the improvements or the scope of the following claims.
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STM  What is claimed is:
NUM  1.
PAR  1. A method of cleaning liquid developer from an imaging surface which is
      capable of carrying an electrostatic latent image comprising
      intermittently moving the imaging surface in one direction relative to a
      stationary cleaning blade in engagement therewith with rest periods
      between periods of relative motion in said one direction, and before each
      such rest period reversing the relative motion between the stationary
      cleaning blade and the surface with the blade still in engagement with the
      surface and moving the cleaning blade away from said surface after
      reversing said relative motion.
NUM  2.
PAR  2. A method as set forth in claim 1 further comprising engaging the
      cleaning blade and the surface prior to resuming the relative motion
      between the blade and the surface.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein said cleaning blade
      comprises at least one scraper blade and at least one wiper blade in
      succession, said scraper blade being one in which the stem of the blade
      extends towards the tip of the blade in contact with the imaging surface
      in the upstream direction of motion of the surface being cleaned and said
      wiper blade being one which in operation is pressed against the surface
      being cleaned so that the blade is bent along its length in the downstream
      direction of the motion of the surface being cleaned.
NUM  4.
PAR  4. A method in accordance with claim 3 further comprising moving said wiper
      and scraper blades away from said surface simultaneously after reversing
      said relative motion.
NUM  5.
PAR  5. Electrostatographic reproduction method comprising forming a latent
      electrostatic image on a moving support surface, developing the latent
      image with liquid developer, transferring the developed image to a support
      material and cleaning the liquid developer remaining on the support
      surface by intermittently moving said support surface in one direction
      relative to at least one stationary cleaning blade in engagement therewith
      with rest periods between periods of relative motion in said one
      direction, and before each such rest period reversing the relative motion
      between the stationary cleaning blade and the surface with the blade still
      in engagement with the surface and moving the cleaning blade away from the
      surface after reversing said relative motion.
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ABST
PAL  A process for useful storage of electrical energy employing halogen
      hydrates is described. The halogen hydrate can be generated during the
      charging of a secondary battery or may be chemically generated and placed
      in a primary battery.
PARN
PAC  CROSS-REFERENCE-TO-RELATED CASES
PAR  This case is a divisional of pending application, Ser. No. 320,806 filed
      Jan. 3, 1973 which is a continuation-in-part of application Ser. No.
      244,222 filed Apr. 14, 1972, now abandoned which in turn is a
      continuation-in-part of application Ser. No. 50,054 filed June 26, 1970,
      now U.S. Pat. No. 3,713,888.
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PAC  BACKGROUND OF THE INVENTION
PAR  Batteries of high energy density are desirable in a number of end uses.
      High energy density batteries are those which generally can produce at
      least 50 watt hours per pound (for a secondary battery). A number of
      secondary batteries have been designed to improve energy capacity. Such a
      system is described in U.S. Pat. No. 3,328,202 wherein liquid bromine is
      absorbed on an activated charcoal electrode. Another concept is that
      described in U.S. Pat. No. 3,236,694 wherein cesium bromide is used as
      electrolyte and used to absorb the electroactive material. Numerous
      patents describe the use of aqueous metallic halide solutions as
      electrolytes with halogens as electroactive materials. One of the
      earliest, U.S. Pat. No. 1,377,722 describes the use of liquid chlorine
      under pressure. An early reference which describes the preparation of
      chlorine hydrate by the separation of chlorine from gas mixtures is
      British Patent Specification No. 13,647 published 1887. This reference and
      French Pat. No. 393,332 describe the use of chlorine gas from chlorine
      hydrate in primary batteries. Another chlorine battery is described in
      U.S. Pat. No. 3,134,698. The difficulty with the prior art batteries is
      that there has been no real method described for producing a material
      which could be generated from and be reconstructed into the electrolyte in
      order to continuously charge and discharge a battery.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is concerned with a method of conveniently storing halogen by
      employing halogen hydrates for use in electrical energy storage devices,
      such as, primary and secondary batteries. The invention is also concerned
      with a method for producing halogen hydrates in secondary batteries.
      Halogen hydrates provide a convenient means of storing halogens to be used
      in the discharge of primary and secondary batteries since they allow the
      concentrations of halogen and electrolyte to be controlled easily. The
      halogen hydrate produced during the charging of a secondary battery is a
      convenient means of storing the halogen until it is used during the
      discharge of the secondary battery. Another aspect of the invention is the
      production of an electrolyte from the halogen hydrate for use during the
      discharging of a secondary battery.
PAR  It is, therefore, an object to produce a composition which can be stored
      and subsequently used to generate electricity.
PAR  It is also an object to reduce the dendrite formation in the operation of a
      secondary battery when generating the storable compositions.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A process is described for producing a halogen hydrate in a housing
      containing an electrode compartment with at least one positive and one
      negative electrode therein, comprising:
PA1  1. Passing a current through an aqueous metal halide solution, thereby
      generating halogen at the positive electrode,
PA1  2. Forming a halogen hydrate, and
PA1  3. Separating the halogen hydrate from the solution.
PAR  A preferred embodiment is the production of the halogen hydrate in a
      rechargeable electrical energy storage device, such as, a secondary
      battery.
PAR  The battery can be described as follows:
PAR  A battery comprising:
PA1  1. An electrode compartment with at least one positive and one negative
      electrode therein;
PA1  2. A storage compartment with a halogen hydrate therein;
PA1  3. An electrolyte, and
PA1  4. A communicative means between said electrode compartment and said
      storage compartment.
PAR  A preferred embodiment of the battery is the use of a means to pass the
      halogen hydrate from the storage compartment through the communicative
      means to the electrode compartment. Such a means could be a pumping means
      or the use of some positive action such as the use of gravity flow or
      other means obvious to one skilled in the art.
PAR  By communication means is meant any means to allow the electrode
      compartment to be in contact with the storage compartment. This can be
      performed by pipes and tubes.
PAR  A third aspect of the invention is the production of an aqueous metal
      halide electrolyte solution which is used in the discharge phase of the
      battery. The process can be described as a method for producing an aqueous
      metal halide solution for use as an electrolyte in an electrode
      compartment containing at least one positive electrode and one negative
      electrode with a metal surface, comprising:
PAR  1. Passing a halogen hydrate into an electrolyte, and,
PAR  2. Passing said electrolyte into the electrode compartment.
PAR  In a preferred embodiment, a plurality of cells (consisting of one positive
      and one negative electrode) may be joined together to increase the battery
      capacity. On the other hand, the electrode compartment can also be
      increased in size so that many positive and negative electrodes are
      contained therein.
PAR  One means of producing the aqueous metal halide is by decomposing the
      halogen hydrate to produce its thermal decomposition products, namely,
      halogen and water, and then, passing the decomposition products into
      electrolyte. This electrolyte therefore contains halogen for the halogen
      is entrained or dissolved in the electrolyte. The electrolyte therefore
      brings the halogen to the electrode compartment where it can react
      electrochemically with the zinc to discharge the battery.
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PAR  In the production of a halogen hydrate, reference can be made to the
      diagrams.
PAR  FIG. 1 is a flow diagram of the overall preparation and storage of halogen
      hydrate.
PAR  FIG. 2 is a phase diagram for the system chlorine/water/zinc chloride.
PAR  FIG. 3 is a sectional view of an electrode that may be used in the
      operation of the invention.
PAR  FIG. 4 is a side sectional view along lines 4--4 of the electrode of FIG.
      3.
PAR  FIG. 5 is a sectional view of another type of electrode as is described in
      Example 2.
PAR  FIG. 6 is a side section view along lines 6--6 of the electrode of FIG. 5.
PAR  FIG. 7 is a front view of an embodiment of the invention showing an
      electrode compartment.
PAR  FIG. 8 is a sectional view of another type of separation and storage
      compartment.
PAR  FIG. 9 is a top sectional view of the storage compartment, i.e., the right
      side of FIG. 8.
PAR  FIG. 10 is a schematic diagram of another alternative of using a halogen
      hydrate in an electrical energy storage device.
DETD
PAR  The invention can likewise be considered as an electrical energy storage
      device comprising:
PA1  1. An electrode compartment means with at least one positive electrode
      means and one negative electrode means therein;
PA1  2. An aqueous metal halide electrolyte solution in said electrode
      compartment means;
PA1  3. Electrolyte inlet means and electrolyte outlet means in said electrode
      compartment means positioned so as to provide for a flow of electrolyte
      past the surface of said electrode means;
PA1  4. Storage means with solid halogen hydrate therein, said storage means
      having
PA2  a. inlet means communicating with said electrolyte outlet means, and
PA2  b. outlet means communicating with said electrolyte inlet means,
PAL  thereby providing a first and second communicative means, respectively, for
      the flow of electrolyte between said storage means and said electrode
      compartment means and for passing halogen hydrate, or the thermal
      decomposition products of the stored halogen hydrate, namely, halogen and
      water, to said electrolyte solution as it flows through said storage
      means; and
PA1  5. Circulating means for circulating said electrolyte solution through said
      electrode compartment means and recirculating said electrolyte solution
      exiting from said electrolyte outlet means and back to said electrode
      compartment means. Preferably the electrolyte circulates through the
      storage means.
PAR  In FIG. 1, a reservoir of electrolyte is pumped to an electrode compartment
      containing at least one positive and one negative electrode. During the
      charging state, a halogen gas will form at the positive electrode. Since
      the solution is flowing through the electrode compartment the halogen
      formed will likewise be carried through said line.
PAR  The solution will then pass into a separation zone maintained at a
      sufficiently cool temperature to cause solidification of the halogen
      hydrate while the electrolyte remains a liquid. The halogen hydrate may be
      separated from the electrolyte by any suitable means, such as filtration.
      Glass wool is a suitable filtration mechanism. The halogen hydrate is then
      stored in a storage zone. A pumping means maintains the flow of coolant
      from a reservoir in the storage zone to and from the separation zone. The
      electrolyte solution will then continue back to the reservoir electrolyte
      solution.
PAR  In a primary cell, halogen hydrate can merely be passed from a storage
      compartment, internal or external to the battery, to the electrode
      compartment. By saying that the halogen hydrate passes to the electrode
      compartment from the storage compartment is meant that the halogen
      hydrate, because of its low decomposition temperature, may not be a
      halogen when the electrode compartment is reached. What is meant is that
      the halogen hydrate or its decomposition products of halogen, such as
      chlorine and water are passed into the electrode compartment via the
      electrolyte.
PAR  In a primary battery, the halogen electrode, i.e., the electrode at which
      halogen is generated or dissolved at, should be chemically indifferent or
      inert, such as, graphite or catalyzed graphite, platinum, ruthenium
      dioxide on titanium, platinum on titanium, or a noble metal alloy on a
      base or valve metal. Other electrodes could be used which are obvious to
      one skilled in the art. Some electrodes are described in U.S. Pat. No.
      2,572,296. By "chemically indifferent or inert" is meant that the halogen
      electrode does not react with halogen.
PAR  The metal electrode of a primary battery may be composed of any metal which
      will dissolve electrochemically. The electrode may be a solid metal
      electrode or the metal may be deposited on to an indifferent or inert
      substrate. Suitable electrode surfaces may be metals such as zinc or
      aluminum.
PAR  In addition the electrodes may both be carbonaceous for economic reasons.
      For suitable bipolar electrodes, see U.S. application Ser. No. 200,041 and
      200,043, filed Nov. 18, 1971, now abandoned. During the charging process
      in a secondary battery, the metal halide electrolyte solution will be
      pumped through the electrode area whereby a metal will plate out on to the
      negative electrode and halogen will form at the positive electrode. The
      halogen will be converted to a halogen hydrate generally in an area
      separate from the electrode compartment such as in separation zone and
      will be stored in a storage area.
PAR  There are two concepts at this phase of charging. The first deals with the
      formation of a halogen hydrate which is a solid material in a liquid
      electrolyte. The second concept deals with the separation of solid from
      liquid and the storage of said solid halogen hydrate for subsequent usage.
PAR  During the discharge of either a primary or a secondary battery,
      electrolyte is pumped to the electrode compartment after passing through
      the storage compartment thereby obtaining halogen hydrate which dissolves
      into the electrolyte. Halogen at the positive electrode combines
      electrochemically with the metal at the negative electrode to produce
      useful electrical energy. The electrolyte will return to the separation
      zone and since it is deficient in halogen, it will dissolve more halogen.
      This will result in decomposition of halogen hydrate in the storage
      compartment whereby halogen and water will return to the separation
      compartment to maintain equilibrium. This process will continue during
      discharge until all halogen hydrate has been used.
PAR  Regardless of whether the device is a primary or secondary battery, the
      negative electrode should be comprised of a metallic surface which will
      combine electrochemically with the halogen from the halogen hydrate.
PAR  A preferred embodiment of the invention is when the electrode compartment,
      separation compartment and storage compartment are separate from each
      other. The halogen hydrate may be stored external to the electrodes.
PAR  The electrolyte solution could be any solution which will permit the
      formation of a halogen hydrate. In later discussion, reference will be
      made to the most preferred embodiment, chlorine hydrate. However, it is
      understood that all halogen hydrates are to be considered. At the present
      time, only two stable hydrates are know, i.e., chlorine hydrate and
      bromine hydrate. Iodine hydrate forms in certain atmospheres but is very
      unstable. While applicant does not wish to limit the scope of his
      invention to a particular theory, it is believed that chlorine hydrate is
      of the formula:
EQU  Cl.sub.2.8H.sub.2 O
PAL  and bromine hydrate of the formula:
EQU  Br.sub.2.10H.sub.2 O
PAR  The source of halide preferably is from an aqueous metal halide solution.
      The halogen is formed during the electrochemical charging process. The
      choice of a metal is primarily dependent upon its ability to plate out on
      to an electrode surface during charging. Along these lines, zinc is the
      most preferred metal. The use of zinc as the metallic portion of a metal
      halide solution is desirable because of its ease of being deposited from
      an aqueous solution. The zinc deposition is smooth and large surfaces
      could be deposited. The most preferred embodiment is an aqueous solution
      of zinc chloride. Preferred metal halides are halides of Group II-B metals
      or halides of iron, cobalt, nickel, or other Group VIII metals of the
      Periodic Table listed in the Handbook of Chemistry and Physics, 43 edition
      (1961-1962). The most preferred halides are chlorides and bromides. Other
      metal halides that may be employed are the halides of the lanthanide and
      actinide series as well as the halides of Sc, Ti, V, Cr, Mn, Cu, Ga, Y,
      Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Hf, Ta, W, Re, Os, Ir, Pt, Au,
      Hg, Tl, Pb or Bi.
PAR  The electrolyte solutions employed in this invention may have a variety of
      other components therein to decrease corrosion, reduce dendrite formation,
      increase electrolytic conductivity, etc. Such dendrite reducing
      compositions are those in U.S. application Ser. No. 200,221 filed Nov. 18,
      1971, now abandoned, may be used especially a polydioxolane.
PAR  In secondary batteries, the most preferred electrolyte is an aqueous one.
      Other electrolyte systems may be used which are compatible, i.e.,
      chemically stable to the metal halide and the halogen hydrate. Generally
      these systems are polar systems.
PAR  For primary batteries some electrolyte systems in addition to an aqueous
      one that can be employed are lower aliphatic alcohols and ketones, such
      as, methanol, ethanol, acetone, etc., as well as mono methyl formamide,
      dimethyl sulfoxide and propylene carbonate.
PAR  The concentration of the aqueous metal halide electrolyte employed in this
      invention ranges from about 0.1% by weight to saturation. Preferably about
      5% to saturation and that the most preferred metal halide electrolyte is
      about 15% to 35% by weight. This concentration range is desirable because
      the conductivity of the solution varies very little and is about 90% of
      the maximum conductivity, at least, for the most preferred embodiment, an
      aqueous solution of zinc chloride.
PAR  The formation of chlorine hydrate is dependent upon the concentration of
      chloride ions in the electrolyte, the concentration of metal ions and the
      temperature and pressure of the electrolyte solution. FIG. 2, is a phase
      diagram for chlorine, water and zinc chloride solutions wherein the
      pressure (log .sub.10 in atmospheres) is plotted verses temperature in
      .degree. C. The critical point of chlorine hydrate in a 25% by weight
      ZnCl.sub.2 solution is about 16.degree. C.
PAR  The temperature and pressure for the electrode compartment may be varied
      within wide limits from the freezing point to the boiling point of the
      electrolyte. It is preferred that the temperature range from about
      0.degree. C to about 75.degree. C while the pressure ranges from about
      0.05 atmospheres to about 15 atmospheres. A more preferred range is from
      about 10.degree.C to about 60.degree. C while the pressure ranges from
      about 0.2 atmospheres to about 10 atmospheres. The temperature for the
      storage zone during the charging states is from the freezing point of the
      electrolyte solution to the critical temperature of the halogen hydrate.
      During standing, i.e., when there is not a charge or discharge, any
      temperature may be employed sufficient to keep a halogen hydrate formed.
      Suitable temperature and pressures may be obtained from FIG. 2 for a 25
      percent by weight zinc chloride solution.
PAR  A preferred temperature for the storage compartment is one not higher than
      the critical temperature of the halogen hydrate. An even more preferred
      temperature range is from about -5.degree.C to the critical temperature of
      halogen hydrate. The critical temperature of a halogen hydrate is that
      temperature above which halogen hydrate can not be formed by pressure
      alone. This latter definition is in accordance with the definition of
      critical temperature in the "Handbook of Chemistry & Physics," 50th
      edition (1969-1970), page F-72. When one is considering critical
      temperature, only one component and two phases are generally considered.
      However the invention described herein is concerned with four components,
      halogen hydrate and its decomposition products, chlorine and water and the
      metal halide while there are three phases, solid, liquid and gas.
      Therefore, the critical temperature of a halogen hydrate can also be
      defined as that temperature above which a halogen hydrate can not exist.
      The phase diagram of FIG. 2 outlines the critical temperature of the most
      preferred embodiment, chlorine hydrate.
PAR  In the area bounded by points ACD, chlorine hydrate is present as a solid
      in water. Below the line CD, gaseous chlorine is present in water.
      Further, liquid chlorine is present above the line AC. In the area bounded
      by ABE, chlorine hydrate is present as a solid in a 25% concentration of
      zinc chloride in water.
PAR  The electrodes for a secondary battery could be any electrode normally used
      in electrochemical reactions such as graphite, noble metal such as
      platinum or gold, metal plated electrodes, such as a platinum family metal
      or its alloys coated on titanium, or other valve metal; some examples are
      ruthenium dioxide or platinum-iridium coated titanium, or tantalum, etc.
      The electrodes may be bipolar or monopolar. In order to increase
      conductivity, the electrodes may also be fluidized electrodes such as that
      described in British Pat. No. 1,194,181 of the National Research
      Development Corporation. Significant improvements in current densities can
      be obtained when metal plated electrodes are used such as that mentioned
      above.
PAR  A diaphragm may be used to separate the anode and cathode compartments. The
      diaphragms that can be used are those normally employed in the
      electrochemical art such as polytetrafluoroethylene coated fabrics,
      polyethylene, membranes or selected ion permeability, etc. The criteria
      for the diaphragm is that it efficiently separates the two compartments,
      allows the ions to pass therethrough and is chemically and mechanically
      stable.
PAR  Any means to separate a solid from a liquid may be used to separate halogen
      hydrate from the aqueous electrolyte. Such means are filtration,
      crystallization under appropriate temperature and pressure conditions to
      obtain the solid, etc.
PAR  The distinct advantage of this new type of battery is that from a zinc
      chloride solution a substance, chlorine hydrate, can be formed and stored
      during the charging phase. Since zinc is plated onto the negative
      electrode and chlorine and water are removed as chlorine hydrate, the
      concentration of the electrolyte solution can remain reasonably constant
      during a cycle of charge and discharge. During the discharge phase, zinc,
      chlorine and water are added to the electrolyte by zinc being removed from
      the electrodeposit and chlorine hydrate decomposing into the electrolyte.
      The fact that during discharge the electrolyte remains at a reasonably
      constant concentration is important because as the concentration of an
      electrolyte increases above a certain point (which will vary with
      electrolyte), the internal resistance of a battery will increase, thereby
      decreasing discharge efficiency of the battery. By "reasonably constant"
      is meant that the concentration of the electrolyte over a cycle of charge
      and discharge has a definite range. This phenomenon is further exemplified
      in the concentration range of 20-25% ZnCl.sub.2 in Example II.
PAR  The use of chlorine hydrate is a simplified way of storing chlorine without
      having to compress it. When zinc chloride is employed as an electrolyte,
      maximum conductivity occurs at a concentration of about 25% by weight and
      chlorine hydrate will form at atmospheric pressure. See FIG. 2. However,
      conductivity - concentration curves are reasonably flat at concentration
      levels from about 15% to about 35% by weight.
PAR  A distinct advantage of using a halogen hydrate is that the decomposition
      reaction of halogen hydrate is endothermic (i.e., requires heat).
PAR  The operation of most batteries generates heat due to polarization effects
      at the electrodes. This heat must therefore be taken away from the
      electrodes. This heat is readily handled in the present case for a
      circulating electrolyte can remove the heat and bring it to the storage
      compartment where halogen hydrate is present. This permits a direct
      contact between the halogen hydrate and the electrolyte thereby cooling
      the heated electrolyte, decomposing the halogen hydrate and permitting the
      halogen from the halogen hydrate to dissolve into or be entrained in the
      electrolyte for its passage back to the electrode compartment.
PAR  It is clear that the heated electrolyte need not directly contact the
      halogen hydrate but rather can indirectly contact it thereby cooling the
      heated electrolyte and decomposing the halogen hydrate. Also, the halogen
      hydrate could be decomposed by heating the storage compartment. In either
      case, the electrolyte could be cooled by various heat exchange mechanisms
      such as an air cooled heat exchanger. In either situation, the
      decomposition products of the halogen hydrate, namely, halogen and water,
      can then be passed into the electrolyte.
PAR  It is preferred however, that the circulating electrolyte directly contact
      the halogen hydrate thereby reducing the need of substantial heat exchange
      systems. When there is a direct contact, the zinc chloride that is formed
      during discharge can be stored in the same storage compartment that the
      chlorine hydrate was stored, thereby conserving space. This direct contact
      provides a convenient means of dissolving the halogen in the electrolyte
      by having the halogen dissolved in the electrolyte. Therefore, one need be
      concerned primarily with two phases in the electrode compartment, i.e., a
      solid phase (electrodes) and a liquid phase (electrolyte). This is
      contrasted with metal air systems where the electrodes must be
      specifically designed with the gaseous phase in mind. Further, in metal
      air systems the air or oxygen oxidant is not as reactive when dissolved in
      the electrolyte as the halogen, preferably chlorine is.
PAR  Having described the invention in general, below are examples of
      embodiments of the invention. All temperatures are in degrees centigrade
      and all percentages are parts by weight, unless otherwise indicated.
PAC  EXAMPLE I
PAR  A single cell battery was constructed from 1 inch thick graphite plates 31
      drilled to allow an even distribution of electrolyte as is shown in FIGS.
      3 and 4. Two identical plates (See FIGS. 3 and 4 for one plate) 6 inches
      .times. 8 inches with 51/2 inches .times. 7 inches of active plate area 32
      were mounted 1/32 inch apart using a gasket of teflon (trademark for
      polytetrafluoroethylene) 33. No diaphragm was used to separate the cell
      into compartments in order to simplify operation. Solution containing 25%
      by weight zinc chloride in water and stored in a glass round bottomed
      flask, was pumped to the cell through distribution hole 34 at about 100
      mls./min. per electrode side using a peristaltic pump. The solution passed
      through holes 35 1/32 inch in diameter thereby coming in contact with the
      active area. The solution passed through holes 36 1/16 inch in diameter at
      the top of the cell through opening 37 and out the teflon pipe fitting 38.
      From the top of the cell, solution was passed to the top of a bulb
      condenser and therein formed a film of solution on the bulb walls. The
      solution fell by gravity down the walls and into a glass tube containing
      glass wool to act as a filter. The glass filter tube was immersed in a 5
      liter beaker of an ice/salt mixture maintained at -5.degree. C. The cold
      brine was pumped to the jacket of the bulb condenser and then returned to
      the 5 liter beaker. Electrolyte solution passed by means of a siphon from
      the filter to the solution store and was thence recirculated. The battery
      plates were coated with Teflon spray and Teflon emulsion and then baked at
      about 250.degree. C. to minimize leakage. The two battery plates were held
      together with G-clamps.
PAR  About 450 mls. of zinc chloride solution (25% by weight) was placed in the
      flask and the peristaltic pump was started to circulate solution through
      the system. A current of about 10 amps was passed through the battery from
      an Anotrol potentiostat in the potential control mode; this corresponding
      to about 40 mA/cm.sup.2. The current was passed for 100 mins. Gas was
      observed in the solution coming from the electrode area and passing to the
      glass tube. A light yellow solid was formed in the tube which was
      identified as chlorine hydrate. The solid was sucessfully separated on the
      glass wool.
PAR  At the completion of charging, a potential difference of 2.1 volts was
      observed between the battery plates.
PAR  An ammeter was connected directly between the electrodes. The solution was
      continuously pumped throughout the apparatus. Initially, currents up to 15
      amps at 1.2 volts could be drawn from the cell. After about 1 minute of
      discharge, a current of 5 amps at 0.8 volts was observed. Chlorine for
      discharge of the battery was provided by decomposition of the chlorine
      hydrate. The battery was discharged for a short time only to allow
      observation of the zinc electrodeposit. The zinc deposit was flat and
      looked microcrystalline under the microscope. There were areas upon which
      there was no electrodeposited zinc -- especially close to the solution
      inlet -- which is expected since no diaphragm was used in the cell.
PAC  EXAMPLE II
PAR  A single cell battery using graphite electrodes with Plexiglas frames 50
      and a picture-frame construction was made as shown in FIGS. 5 and 6. FIG.
      5, shows a half-cell; two of these being bolted together to form a
      one-cell battery. The distance between the active electrode surfaces is
      1/16 inch. The electrode frame 50 has a zinc chloride solution inlet 51
      and distribution holes 52. A rubber gasket 53 fits snugly around the
      graphite electrode 54. The electrode and gasket fit in air and water tight
      fashion into the indentation 56 of the electrode frame. Two separate flow
      systems were used to arrange flow in the two compartments of the cell
      which are separated by the Teflon paper diaphragm material 57 made by
      Pall-Flex Products. These flow systems, which are constant hydrostatic
      head devices used to maintain constant flow rates, are shown in FIG. 7,
      and were constructed from glass. Gum rubber connections were made for the
      cell. FIG. 7, also shows manometers used to monitor the rate of flow
      through the two compartments of the cell, and to insure that no pressure
      difference was exerted on the diaphragm. Solution flowing from the
      chlorine compartment 71 of the cell was first passed to a gas separator 99
      as shown in FIG. 7. The gas phase of this gas separator was directly
      connected to the gas absorber and chlorine hydrate former shown in FIG. 8,
      left side. This apparatus in turn was connected via a peristaltic pump --
      to the chlorine hydrate separator and solution reservoir shown in FIG. 8,
      right side.
PAR  During charge and discharge, a flow of about 300/mls/min. per electrode
      side of 20% by weight of zinc chloride solution was passed into the
      chlorine compartment 71 of FIG. 7, where chlorine gas was formed during
      the charging phase by the electrolysis of zinc chloride. The flow of
      solution through the apparatus of FIG. 7, is as follows. Zinc chloride
      solution from reservoirs 72 & 73 is pumped via pumps 74 through lines 75 &
      76 to reservoirs 77 & 78 which are maintained at a constant head by means
      of connecting tubes 79 & 80 which are open ended at 81 & 82 which permits
      the excess to flow back to the reservoirs 72 & 73, respectively. The
      solutions flow through lines 83 & 84 to the chlorine compartment 71 and
      the zinc compartment 85 through openings 87 and 86, respectively.
      Sufficient pumping pressure is maintained to keep solution in lines 88 and
      89. Electrolyte flows into the electrode inlet 51 (of FIGS. 5 & 6) and
      through distribution holes 52. The solution passes the active surface area
      54 and out distribution holes 58 through outlet tube 59. Solution exits
      from the chlorine compartment through exit 91 while solution exits through
      exit 90 of the zinc compartment. In order to maintain constant pressure on
      the diaphragm 57, solution is also in lines 92 and 93 which are attached
      to exit lines 91 and 90 of the chlorine and zinc compartments,
      respectively. In addition, a manometer 94, is connected between reservoirs
      77 & 78 with zinc chloride solution 95 therein as a means of visually
      determining the pressure differential between both electrode compartments.
      The solution was entrained chlorine gas was passed from the chlorine
      chamber 71 to the gas separator 99. Sufficient electrolyte solution is
      maintained in the gas separator to allow the chlorine gas to exit out line
      96. The electrolyte solution was returned to the flow system through line
      97. The chlorine gas was passed to the chlorine hydrate former 180. See
      FIG. 8, left side. The chlorine hydrate former is an apparatus that is
      maintained at a desired temperature by means of a circulating coolant
      which enters via 182 and exits via 183. Here, the gas enters through 181
      and is first precooled as it passes through line 184. The gas then meets a
      falling film of 20% zinc chloride solution formed on the inner surface of
      a bulb condenser. This solution is excess zinc chloride solution from the
      chlorine hydrate separator (right side FIG. 8) which enters via line 187.
      Also zinc chloride solution from the chlorine compartment 71 exits through
      line 98 of FIG. 7, and enters the chlorine hydrate former (FIG. 8 left
      side) through line 185. A constant level 186 of zinc chloride solution is
      maintained at the bottom of the bulb condenser. Chlorine hydrate is formed
      and collects with excess solution at the bottom of the bulb condenser.
      From here, the peristaltic pump (not shown) was used to pass chlorine
      hydrate with solution through line 188 to the chlorine hydrate separator
      190. The separator is formed of Plexiglas (Trademark for thermoplastic
      polymethylmethacrylate). Two Plexiglas sheets 191 are placed in the
      separator 190 to form a storage area for the halogen hydrate. A filter 192
      is positioned in the storage area formed by the two sheets. The zinc
      chloride solution with chlorine hydrate therein enters the separator
      through line 188, which separator is maintained at a desired temperature
      by means of coolant which enters through line 193 and exits through line
      194. The chlorine hydrate is separated on the Teflon filter cloth 192 and
      excess solution exits via 187 of the separator and enters the chlorine
      hydrate former at the top of the bulb condenser 189 to absorb more
      chlorine hydrate. In order to maintain adequate pressure on the filter
      192, a reservoir of 25% zinc chloride solution 196 of about 500 ml. was
      placed in the chlorine hydrate separator. The reservoir was separated from
      the chlorine hydrate by means of a Teflon sheet 197, which acts as a
      bellows. As the filter 192 became filled with chlorine hydrate, solution
      from the reservoir was forced out exit line 198 and returned to the zinc
      electrode reservoir 73 via line 100.
PAR  In order to maintain a constant volume and constant pressure, a glass line
      199 was connected between the chlorine hydrate former (FIG. 8, left side)
      and the chlorine electrode reservoir 72. The gas line for the latter
      reservoir is identified as line 101.
PAR  During charge, an amount of solution just necessary to absorb chlorine and
      cause a concentration change form 20 to 25% in zinc chloride was taken
      continuously from the chlorine electrode compartments 71 via line 98 and
      passed to the chlorine hydrate former (FIG. 8) via line 185. This caused
      the level 186 to rise in the hydrate former unit, so solution was
      periodically removed from the hydrate former system via line 102 to
      maintain the level in the absorber. This zinc chloride was directed via
      line 102 to the chlorine electrode reservoir via 101 rather than going to
      the chlorine hydrate separator via line 188. In essence, there is a
      continuous loop between the chlorine hydrate former and the chlorine
      hydrate separator. The solution is continuously circulated until the level
      186 in the hydrate former rises. On discharge, this level is such that
      solution flows back to the chlorine electrode reservoir. The chlorine
      hydrate part of the system was cooled by passing coolant from a
      refrigerator bath at -5.degree. C. around the hydrate former and separator
      units. The system was sealed by a manometer 200 and filled with water 201,
      so that the system operated at 5 inches of water head above ambient
      pressure.
PAR  In a typical experiment, the battery was charged at a rate of 8 amps for 1
      hour. The voltage under these conditions was about 2.9 volts. During the
      charging process, chlorine hydrate was observed to form in line 184 as a
      pale yellow solid. Observation of the separator unit showed that chlorine
      hydrate was collecting on the filter 192, during charge. After 1 hour, the
      charging current was switched off, so that a total charge of 8 amp hours
      had been put into the battery. Five minutes after switching off the
      charging current, a voltage of 2.134 volts was observed between the zinc
      and chlorine electrodes, and after 9 minutes, the voltage was 2.129 volts.
      Ten minutes after turning off the charging current, a discharge current of
      2 amps was started. One minute after the start of discharging, the voltage
      observed between the two plates was 1.385 volts; and after 21/2 hours
      1.146 volts. After this time, the cell voltage dropped rapidly so that
      after 3 hours it was 0.858  volts, the drain on the battery being 2 amps.
      Thereafter, current and voltage dropped concurrently, so that after 31/4
      hours the current was 0.23 amps at a cell voltage of 0.060 volts. The
      battery was then completely discharged. During discharge, the system's
      pumps were turned on, the chlorine hydrate portion of the system (FIG. 8)
      was warmed and therefore chlorine and water were formed as thermal
      decomposition products of chlorine hydrate. As this occurred, the level
      186 in the chlorine hydrate former rose thereby causing the zinc chloride
      solution to return via line 102 to the chlorine electrode reservoir 72 via
      line 101. This process occurred smoothly, and chlorine hydrate was
      observed to disappear from the filter unit. In order to simplify operation
      and to insure that the zinc electrode controlled the total charge of the
      battery, chlorine gas was supplied from a cylinder (not shown) to the
      chlorine hydrate part of the system via line 104 during discharge. This
      was not done continuously but periodically when some of the chlorine
      hydrate was observed to have disappeared from the filter element.
PAR  A total of 6.267 amp hours were removed from the battery during discharge,
      so that the total charge efficiency was 78.3%.
PAR  The interaction of the various functional aspects of the system must be
      considered as one operates the system. Charging rates is such as example.
      The charging rates can be varied within wide ranges. The following factors
      should be considered in determining a charging rate; if the charging rate
      is too low, the time for total charging in the battery will be
      impractically long; if the charging rate is too high, the rate of heat
      generation within the battery will be unacceptable either because of heat
      damage or since the heat generated will be in excess of the heat that can
      be removed from the cooling system; and if the charging rate is too high,
      the zinc electrodeposit will be unsatisfactory because of nonadherence or
      excessive dendrite formation. It is preferred that charging rates range
      from about 10.sup..sup.-5 amps per square centimeter to about 10 amps per
      square centimeter, preferably 10.sup..sup.-3 amps per square centimeter to
      about 0.5 amps per square centimeter and even more preferably
      10.sup..sup.-2 amps per square centimeter to about 0.2 amps per square
      centimeter.
PAR  Solution flow rate is another example of a system parameter. The flow rate
      utilized in Example II, is significantly different from that used in
      Example I. In Example I, the chlorine gas entrained in the solution was
      moved directly from the electrode area to separation and storage areas. In
      Example II, on the other hand, to reduce amount of material which needs to
      be cooled, the gas is separated from the electrolyte via separator 97 and
      is precooled in the chlorine hydrate former in line 184. Chlorine hydrate
      is formed and then meets the excess zinc chloride solution from the
      chlorine hydrate separator in the bulb condenser 189. The magnitude of the
      flow rate will depend upon the size of the electrodes and the distance
      between the electrodes. The criteria for determining an appropriate flow
      rate may be as follows: during charging the solution flow rate is such
      that gas pockets do not form in the chlorine compartment 71; during
      charging, the solution flow rate is such as to keep dendrite formation
      within manageable limits; a constant flow of electrolyte decreases
      dendrite formation; during discharge the solution flow rate on the
      chlorine side should be large enough to keep electrode polarization low
      within practical limits; during discharge, the solution flow rate should
      not be so high that excessive amounts of energy are used for pumping; and
      during charge and discharge, this solution flow rate should not be so high
      as to cause excessive transfer of chlorine from the chlorine side to the
      zinc side.
PAR  For an electrode that is approximately 10 centimeters wide by 12
      centimeters high (about 120 square centimeters), preferred flow rates per
      electrode side can range from about 50 milliliters per minute to about 500
      milliliters per minute during charge and discharge. However, flow rates of
      approximately one milliliter to about 5,000 milliliters per minute per
      square centimeter electrode surface are also rates that could be employed.
      Since the flow rate is mainly volume determinative, i.e., one considers
      the flow of the solution through the entire electrode chamber, one
      therefore must take into account the distance from one electrode surface
      to the other electrode surface or to the diaphragm therebetween, if one is
      employed.
PAR  Due to the parameters associated with charging and discharging, one may
      wish to vary the shape of the electrodes. The considerations associated
      with each phase (charge and discharge) should be correlated with overall
      effeciencies. During discharge a long type of electrode may be worthwhile
      because of desire of even electrolytic action on metal surface. However on
      charging, a long electrode may not be desirable due to need of removing
      gaseous chlorine from electrode surface in order to prevent passivation of
      said surface. In order to remove the gas, higher flow rates would be
      needed thereby increasing pumping requirements. Therefore, while flow
      rates are mainly determined by size of electrode surface, other factors
      are also taken into consideration.
PAR  Further, electrodes of larger or smaller surface areas may be employed
      depending on the particular use of the battery. In addition, the
      electrodes could be spaced either further or closer together. Once again,
      this is a determination of the end use in which the battery is to be
      employed. Also, a number of cells may be connected to give the desired
      additive effect in order to increase the amount of power of the entire
      battery system.
PAC  EXAMPLE III
PAR  In a three cell having bipolar electrodes comprised of carbonaceous
      materials and having 25 in.sup.2 surface area and spaced 50 mils apart,
      was flowed a 25% by weight zinc chloride electrolyte at a rate of 1.2
      liters/min. Suitable bipolar electrodes are described in U.S. Ser. Nos.
      200,041 and 200,043 filed Nov. 18, 1971, now abandoned. The zinc metal was
      deposited on to the negative electrode surface while chlorine was
      generated at the positive electrode surface. The chlorine was removed from
      the electrode compartment by the flowing electrolyte. The battery was
      charged at the following rates. The charging was concluded when 600 amp -
      minutes were charged. See Table I.
PAR  After 600 amp - charge, the open cell voltage was 6.30 - 6.27 which
      compares favorably with the theoretical EMF of 6.36. The cell was then
      discharged by flowing the electrolyte at the above rate and passing
      sufficient chlorine into the cells from a cylinder of chlorine to keep the
      electrolyte saturated with chlorine. If chlorine hydrate were used as the
      source of chlorine, the rate of decomposition would be adjusted so as to
      give a saturated zinc chloride electrolyte. See Table II.
PAR  The purpose of the experiment was to charge and discharge the cells to
      determine the ability of the zinc-chloride battery to carry various charge
      and discharge rates.
TBL                TABLE I                                                     
     ______________________________________                                    
     CHARGE                                                                    
     RATE   AMP-MINUTES         VOLTAGE ACROSS                                 
     (AMPS)                     THE THREE CELLS                                
     ______________________________________                                    
     10     108                     7.93                                       
     10     280                     8.14                                       
     12     250     (charged to 12 amps)                                       
                                    8.14                                       
     12     273                     8.30                                       
     12     295                     8.32                                       
     14     300     (charged to 14 amps)                                       
                                    8.45                                       
     14     400                     8.42                                       
     14     500                     8.33                                       
     14     580                     8.28                                       
     ______________________________________                                    
TBL                TABLE II                                                    
     ______________________________________                                    
     DISCHARGE AMPS                                                            
                   AMP-MINUTES   VOLTAGE                                       
     ______________________________________                                    
     1             2             5.84                                          
     2             6             5.63                                          
     4             7             5.31                                          
     4             14            5.32                                          
     6             15            5.06                                          
     6             26            5.09                                          
     8             44            4.85                                          
     10            66            4.53                                          
     12            90            4.27                                          
     14            118           3.93                                          
     1                           5.95                                          
     40            120 - 123     1.37                                          
     8             124           6.02                                          
     8             125           5.18                                          
     8             134           5.08                                          
     Open circuit voltage                                                      
                   137           6.18                                          
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  Single cell experiments were conducted with a variety of metallic anodes.
      The test cell was comprised of 75 cm.sup.2 electrode area per electrode,
      with an inter electrode spacing of 3.2 mm and an electrolyte of 5% NaCl
      aqueous solution. The electrolyte was flowing through the cell at a rate
      of about 200 cc/minute. The cathode was a porous graphite electrode
      constructed of Union Carbide graphite grade 60. Electrolyte was forced
      into a plurality of passageways formed by the attachment of the porous
      graphite, which was grooved to an impervious back plate. Such electrodes
      are used as bipolar electrodes in multi cell batteries, see U.S.
      application Ser. No. 200,041 and 200,043, filed Nov. 18, 1971, now
      abandoned. Chlorine was introduced into the flowing electrolyte by
      decomposing chlorine hydrate. The solution was saturated with chlorine at
      all times. The introduction of the chlorine from chlorine hydrate is
      schematically shown in FIG. 10. The chlorine and water from the
      decomposing chlorine hydrate (stored in the storage area) was fed to the
      electrolyte which was circulating through the electrode area. In the case
      of aluminum, magnesium and copper, metal plates were used for discharge.
      In the case of nickel and tin, the metal was electroplated on to a copper
      substrate for testing, while zinc was deposited on to a graphite
      substrate. Table III shows the metal consumption for the various metals as
      the electric energy storage device was discharged by the chlorine
      electrochemically reacting with the various metals. Table IV, gives the
      discharge voltage characteristics where V is voltage and CD is current
      density in milliamps/cm.sup.2.
PAR  The results are surprisingly poor for aluminum. Apparently the formation of
      aluminum hydroxides decreases the effectiveness of the aluminum electrode.
TBL                TABLE III                                                   
     ______________________________________                                    
                          WEIGHT                                               
             AMP HOURS (AH)                                                    
                          LOSS      WEIGHT LOSS/AH                             
     METAL   DISCHARGED   (gm)      gm/AH                                      
     ______________________________________                                    
     Aluminum                                                                  
             1.17         1.00      0.85                                       
     Magnesium                                                                 
             1.42         1.43      1.01                                       
     Tin     0.15         0.4       2.67                                       
     Nickel  0.5          1.45      2.90                                       
     Copper  1.03         3.86      3.75                                       
     ______________________________________                                    
TBL                TABLE IV                                                    
     ______________________________________                                    
     VOLTAGE (V) CURRENT DENSITY ON DISCHARGE                                  
     FOR VARIOUS METALS                                                        
     V    Zn       Mg       Al     SN     Ni    Cu                             
     ______________________________________                                    
      0   2.1      2.7      1.85   1.6    1.12  1.2                            
     10   1.85     2.28     1.45   1.15   0.8   9.87                           
     20   1.77     2.15     1.35   0.95   0.65  0.65                           
     30   1.6      1.98     1.17   0.81   --    --                             
     40   1.55     1.87     1.05   --     --    --                             
     50   1.45     1.75     0.95   --     --    --                             
     60   1.4      1.65     0.9    --     --    --                             
     70   1.32     1.55     --     --     --    --                             
     80   1.25     1.45     --     --     --    --                             
     ______________________________________                                    
PAC  EXAMPLE V
PAR  A battery was constructed of carbonaceous electrodes, such as those
      described in U.S. application Ser. Nos. 200,041 and 200,043 filed Nov. 18,
      1971, now abandoned. The electrodes were bipolar whereby a porous carbon
      cathode, which was grooved, was attached to an impervious graphite anode.
      The attachment formed channels so that the electrolyte flowed through the
      channels and through the porous cathode into the cell area. The battery
      was comprised of five modules, each module having 12 sub-modules connected
      in series. Each sub-module had 24 cells, thereby having a desired open
      circuit voltage of about 50 volts. The electrolyte (20% by weight zinc
      chloride) was flowed through each sub-module in parallel flow patterns at
      a flow rate of 600 ml/cell. The battery was charged for 3 hours. Chlorine
      hydrate was formed separately by passing chlorine into a cooled aqueous
      solution and placed into the storage compartment. The chlorine hydrate had
      27% by weight chlorine. During Discharge, the electrolyte was circulated
      through the electrode compartment, (at a rate of about 400 ml/cell and the
      storage compartment thereby decomposing the chlorine hydrate and
      dissolving the chlorine. The chlorine was then available for discharge
      with the zinc. Five of the modules were placed in an electrically driven
      automobile (which weighed about 4,200 pounds plus two passengers) was
      driven for about 150 miles at a constant speed of 50 miles an hour. Each
      module delivered 8.16 KWH of electric energy.
PAR  It is to be appreciated that the electric energy storage device can be used
      for applications in addition to electric vehicles, such as, standy-by
      power, a means for transporting electric power by merely transporting
      halogen hydrate, and the like. A halogen hydrate energy storage device
      (EESD) could be charged during off-peak hours (evening) and discharged
      during the peak hours (day time). This could be particularily advantageous
      for electric utilities to have their own large scale EESD or the EESD
      could be on a small scale such as that owned by a consumer, such as, in
      air conditioners for office buildings or private homes, and the like. The
      halogen hydrate could be formed electrically during the charging phase of
      an EESD or formed chemically. Either way, the material could then be
      transported to where electric energy is needed. Alternatively the halogen
      (such as liquid chlorine), could be transported, used to chemically form
      halogen hydrate and then react with an anode comprised of a metallic
      surface which thereby produces electric energy. It is to be appreciated,
      that the metal for the metal electrodes would also be transported to the
      desired location for the EESD. In all likelihood the type of device
      described above would be a primary device, i.e., would not be recharged
      electrically.
PAR  It is understood that the following claims are intended to cover all of
      these and other specific features of the invention herein described and
      all statements of the scope of the invention which, as a matter of
      language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical energy storage device comprising:
PA1  1. an electrode compartment means with at least one positive electrode
      means and one negative electrode means therein;
PA1  2. an aqueous metal halide electrolyte solution in said electrode
      compartment means;
PA1  3. electrolyte inlet means and electrolyte outlet means in said electrode
      compartment means positioned so as to provide for a flow of electrolyte
      past the surface of said electrode means;
PA1  4. external communicating means connecting said electrolyte inlet means and
      electrolyte outlet means externally of said electrode compartment means to
      provide means for the flow of electrolyte from said electrolyte outlet
      means to said electrolyte inlet means;
PA1  5. circulating means in said external communicating means for circulating
      said electrolyte solution through said electrode compartment means and
      recirculating said electrolyte solution exiting from said electrolyte
      outlet means in said electrode compartment means through said external
      communicating means and back to said electrode compartment means; and
PA1  6. storage means with solid halogen hydrate therein, said storage means
      having communicating means communicating with electrolyte inlet means for
      passing the halogen hydrate, or the thermal decomposition products of the
      stored halogen hydrate, namely, halogen and water, to said electrolyte
      solution as it is being recirculated through said external communicating
      means.
NUM  2.
PAR  2. The device of claim 1 wherein said negative electrode comprises a Group
      II B metallic surface.
NUM  3.
PAR  3. The device of claim 1 wherein the negative electrode comprises a zinc
      surface.
NUM  4.
PAR  4. The device of claim 1 comprising in addition, storage heating and
      cooling means adapted to heat and cool said storage means.
NUM  5.
PAR  5. The device of claim 1 wherein said halogen hydrate is chlorine hydrate.
NUM  6.
PAR  6. The device of claim 1 wherein said storage means has a reservoir of
      electrolyte therein.
NUM  7.
PAR  7. The device of claim 1 wherein the metal halide is a Group II B metal
      halide.
NUM  8.
PAR  8. The device of claim 7 wherein said electrolyte is zinc chloride.
NUM  9.
PAR  9. An electrical energy storage device comprising:
PA1  1. an electrode compartment means with at least one positive electrode
      means and one negative electrode means therein;
PA1  2. an aqueous metal halide electrolyte solution in said electrode
      compartment means;
PA1  3. electrolyte inlet means and electrolyte outlet means in said electrode
      compartment means positioned so as to provide for a flow of electrolyte
      past the surface of said electrode means;
PA1  4. storage means with solid halogen hydrate therein, said storage means
      having
PA2  a. inlet means communicating with said electrolyte outlet means, and
PA2  b. outlet means communicating with said electrolyte inlet means,
PAL  thereby providing a first and second communicative means, respectively for
      the flow of electrolyte between said storage means and said electrode
      compartment means and for passing halogen hydrate, or the thermal
      decomposition products of the stored halogen hydrate, namely, halogen and
      water, to said electrolyte solution as it flows through said storage
      means; and
PA1  5. circulating means for circulating said electrolyte solution through said
      electrode compartment means and recirculating said electrolyte solution
      exiting from said electrolyte outlet means through said storage means and
      back to said electrode compartment means.
NUM  10.
PAR  10. An electrical energy storage device comprising:
PA1  1. an electrode compartment means with at least one positive electrode
      means and one negative electrode means therein;
PA1  2. an ion-permeable diaphragm mounted between said positive electrode means
      and said negative electrode means in said electrode compartment means so
      as to divide same into a positive electrode compartment means and a
      negative electrode compartment means;
PA1  3. an aqueous metal halide electrolyte solution in each of said positive
      electrode compartment means and said negative electrode compartment means;
PA1  4. electrolyte inlet means and electrolyte outlet means in each of said
      positive electrode compartment means and said negative electrode
      compartment means positioned so as to provide for a flow of electrolyte
      past the surfaces of said electrode means;
PA1  5. first external communicating means connecting said electrolyte inlet
      means and electrolyte outlet means in said negative electrode compartment
      means externally of said negative electrode compartment means to provide
      means for the recirculation of electrolyte exiting from said electrolyte
      outlet means in said negative electrode compartment means back to said
      negative electrode compartment means;
PA1  6. first circulating means in said first external communicating means for
      circulating said electrolyte solution through said negative electrode
      compartment means and recirculating said electrolyte solution exiting from
      said electrolyte outlet in said negative electrode compartment means back
      to said negative electrode compartment means;
PA1  7. second external communicating means connecting said electrolyte inlet
      means and electrolyte outlet means in said positive electrode compartment
      means, externally of said positive electrode compartment means, to provide
      means for the recirculation of electrolyte exiting from said electrolyte
      outlet means in said positive electrode compartment means back to said
      positive electrode compartment means;
PA1  8. second circulating means in said second external communicating means for
      circulating said electrolyte solution through said positive electrode
      compartment means and recirculating said electrolyte solution exiting from
      said electrolyte outlet means in said positive electrode compartment means
      back to said positive electrode compartment means;
PA1  9. storage means with solid halogen hydrate therein, said storage means
      having communicating means communicating with said electrolyte inlet means
      in said positive electrode compartment means for passing the halogen
      hydrate, or the thermal decomposition products of the stored halogen
      hydrate, namely, halogen and water, to said electrolyte solution while it
      is being recirculated.
NUM  11.
PAR  11. An electrical energy storage device comprising:
PA1  1. an electrode compartment means with at least one positive electrode
      means and one negative electrode means therein;
PA1  2. an ion-permeable diaphragm mounted between said positive electrode means
      and said negative electrode means in said electrode compartment means so
      as to divide same into a positive electrode compartment means and a
      negative electrode compartment means;
PA1  3. an aqueous metal halide electrolyte solution in each of said positive
      electrode compartment means and said negative electrode compartment means;
PA1  4. electrolyte inlet means and electrolyte outlet means in each of said
      positive electrode compartment means and said negative electrode
      compartment means positioned so as to provide for a flow of electrolyte
      past the surfaces of said electrode means;
PA1  5. external communicating means connecting said electrolyte inlet means and
      electrolyte outlet means in said negative electrode compartment means,
      externally of said negative electrode compartment means, to provide means
      for the flow of electrolyte from said electrolyte outlet means to said
      electrolyte inlet means;
PA1  6. first circulating means in said external communicating means for
      circulating said electrolyte solution through said negative electrode
      compartment means and recirculating said electrolyte solution exiting from
      said electrolyte outlet means in said negative electrode compartment means
      back to said negative electrode compartment means;
PAR  7.  storage means with solid halogen hydrate therein, said storage means
      having
PA2  a. inlet means communicating with said electrolyte outlet means in said
      positive electrode compartment means, and
PA2  b. outlet means communicating with said electrolyte inlet means in said
      positive electrode compartment means
PAL  thereby providing a first and second communicative means, respectively, for
      the flow of electrolyte between said storage means and said positive
      electrode compartment means, and
PA1  8. second circulating means for circulating said electrolyte solution
      through said positive electrode compartment means and recirculating said
      electrolyte solution exiting from said electrolyte outlet means in said
      positive electrode compartment means through said storage means and back
      to said positive electrode compartment means.
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ABST
PAL  The invention is a cell useful as a primary or secondary cell having a
      cathode comprising a porous electrically conductive solid graphite/silica
      gel bonded to a nickel screen and cathodically impregnated by an aherent
      deposition of nickel oxide.
BSUM
PAR  This invention relates to electric current producing cells and more
      particularly to primary and secondary alkaline cells in which the cathode
      is an oxide of nickel and the anode is amalgamated zinc or cadmium. The
      most important feature of novelty is the cathode structure and
      composition. Another feature of novelty is the pre-formed combination
      electrolyte-spacer.
PAR  An object of the invention is the provision of an improved nickel oxide
      electric current producing cell.
PAR  Among the specific objects is the provision in such a cell
PA1  Of a lower cost electrode than presently used sintered metal structures;
PA1  Of a lighter weight electrode than those presently used;
PA1  Having minimum self discharge characteristics;
PA1  Having greater flexibility than presently used porous electrodes;
PA1  Having a pre-formed single electrolyte-spacer.
PAR  A further object is the provision of a miniature primary cell suitable as
      the power source for electric watches and having a substantially higher
      potential than watch cells presently in use.
PAR  Still another object is the provision of an efficient low cost
      nickel-cadmium rechargeable cell.
DRWD
PAR  Other and further objects and advantages of the invention will become
      apparent from the following description, taken in conjunction with the
      accompanying drawings, in which
PAR  FIG. 1 is a perspective view of an electric watch cell embodying the
      principles of the present invention; and
PAR  FIG. 2 is a section taken on line 2--2 of FIG. 1.
DETD
PAR  The invention is a cell, useful as a primary or secondary cell, having a
      cathode comprising a porous electrically conductive solid graphite/silica
      gel bonded to a nickel screen and cathodically impregnated with an
      adherent deposition of nickel oxide. This cathode is preferably used in
      combination with a zincated lithium hydroxide cellulose gel
      electrolyte-spacer, and for primary discharge use, an anode of amalgamated
      zinc is employed, although cadmium may be utilized with consequent
      reduction in voltage.
PAR  The cathode is made in long strip form from 0.010 inch 40.times.40 nickel
      screen placed on a non-adherent surface, such as Saran or polyethylene
      sheet and coated with and the spaces between strands filled with a paste
      consisting of a mixture of finely divided or micronized carbon, preferably
      graphite and waterglass (sodium silicate 42 Be 1.260 specific gravity) in
      the proportions of 5 grams graphite and 7 grams waterglass and allowed to
      dry. After drying, the screen is baked for 4 hours at 80.degree.C, then
      immersed in sulfuric acid of 1.400 specific gravity for 4 hours at
      80.degree.C, which converts the sodium silicate into solid silica gel or
      micro-porous silica. It is then washed in water containing 5% lithium
      hydroxide. A strongly bonded electrically conductive mixture of graphite
      and porous silica remains on the screen. After washing, the coated screen
      is made the cathode in a molten (85.degree.C) nickel nitrate electrolyte,
      nickel anodes are placed on either side, and nickel hydroxide cathodically
      deposited on both the nickel screen and bonded graphite-silica. For a
      strip 1.times.4 inches, a cathodic current of 0.5 amp is applied for 4
      hours, a bottom magnetic stirrer being utilized to agitate the solution.
      The deposition occurs within the pores of the porous graphite strip and on
      its surface. For some applications, the molten nitrate electrolyte may
      comprise 90% nickel nitrate and 10% cobalt nitrate, in which case the
      final oxide will comprise a small amount of cobalt oxide. After the
      desired amount of cathodically deposited nickel oxide is obtained, the
      coated strip is immersed in hot water to remove any retained nickel
      nitrate. In a final step, it is then made the anode in a 20% lithium
      hydroxide solution and converted into an active cathode-depolarizer of a
      higher oxide of nickel. After oxidation and activation, the strip is dried
      and assembled in a cell with the combined spacer and electrolyte as
      hereinafter described.
PAR  The cathode as described above is useful in both primary and secondary
      nickel oxide cells and when substituted for the sintered nickel oxide
      electrode presently used in rechargeable nickel-cadmium cells, very
      substantial savings are effected. It may also be used to advantage in
      sealed nickel-hydrogen secondary cells.
PAR  The electrolyte-spacer is made by impregnating a sheet of cotton cellulose
      paper, such as Dexter, Feltril, or Webril type papers, about 60 mils thick
      with a zincated lithium hydroxide electrolyte solution, draining and
      placing in a refrigerator in a sealed container for a sufficient length of
      time at a low temperature, such as for 8 hours at -10.degree.C until a
      clear strong compressible non-fibrous self-sustaining irreversible gel
      sheet is produced. The electrolyte solution consists of 20 grams of Li OH
      per 100 m.l. of water having a lithium zincate content produced by
      dissolving and reacting 4 grams of zincoxide per 100 m.l. of the lithium
      hydroxide solution. The resultant gel sheet is allowed to come to and
      remain at room temperature (approximately 70.degree.F) for 24 hours after
      which it is removed from the sealed shallow pan or container in which it
      has been processed, and punched into discs of required size. The discs are
      compressible and contain an adequate electrolyte content for the discharge
      reaction necessary for the coulombic capacity of the cathode.
PAR  While the application of the graphite/silica gel porous electrode has been
      described particularly for alkaline cells, it is also applicable to acid
      type cells, where oxides such as manganese oxide or lead peroxide can be
      electrolytically deposited into its porous structure and on its surface.
      It may be particularly usefully applied in my lead sulfamate cell.
PAR  While lithium hydroxide is the preferred electrolyte for a number of low
      current discharge applications and for producing the gel, other alkaline
      solutions, such as the hydroxides of sodium, potassium, caesium or
      rubidium may be used, dependent on the requirements as a rechargeable
      cell.
PAR  When used in a rechargeable cell with an amalgamated zinc anode made from
      either pressed amalgamated powder or plain or corrugated sheet, the gel
      electrolyte-spacer provides improved operation in that it hinders the
      formation of zinc dendrites which appear where other types of spacers are
      employed and which cause internal discharges.
PAR  Where cadmium is employed as the anode, it may be utilized in various forms
      such as in sheet, pressed powder or impregnated in a porous anode.
PAR  Nickel is the preferred screen material, although pure iron or titanium may
      be utilized. Where titanium is used with an acid electrolyte, a small
      amount of titanyl sulfate is added to the electrolyte.
PAR  The drawing shows a small flat cell useful as a powder supply for electric
      watches, calculators, and similar low current drain application. The
      container 1 is composed of No. 304 stainless steel, annealed after forming
      into a cup 1.00 inch in diameter and 0.127 inch high, the cup being
      chamfered at the bottom to a diameter of 0.75 inch. The
      cathode-depolarizer 2 is a disc of the nickel oxide impregnated nickel
      screen, produced as described above. The disc 2 is forced into stainless
      steel container 1, the oxide freed edges produced by the punching out of
      the disc, making positive contact with the inner walls of the container. A
      compressible disc 3 of the gelatinized zincated lithium hydroxide
      cellulose is placed over cathode-depolarizer 2, and 25 mil thick
      amalgamated zinc disc anode top 4, fitted into polyethylene grommet 5 is
      placed on compressible disc 3, which separates the anode and cathode. The
      zinc anode may be amalgamated by immersion in a 5% solution of mercuric
      nitrate, washed and allowed to stand until the mercury diffuses into the
      disc. Prior to insertion of anode disc 4 in the grommet, it is covered on
      its outer side with an adhesive layer of polyethylene tape 6 having a hole
      punched in its center to allow contact. After the cell is assembled, the
      top part of the wall of container 1 is crimped on to the grommet insulated
      zinc top so as to maintain the active elements of the cell in pressure
      contact and to provide a hermetically sealed cell. A thin layer of an
      epoxy resin may be applied to the crimped edges to further seal the cell.
PAR  The cell described above has a potential of approximately 1.8 volts and a
      current output of about 0.22 amp. hr. per gram of oxide.
PAR  Because of the nature of its components, the cell can be produced in
      various forms and structures. The structure described above is
      particularly useful where only micro or milliampere outputs are necessary.
      Where heavier drains are required, large rectangular structures or
      cylindrical structures may be employed, utilizing the electrode and
      spacer-electrolyte members in wound form. Other structures, such as
      described in a number of my sealed alkaline cell patents, may also be
      utilized. Other suitable container materials may be employed in place of
      the stainless steel, such as common steel, nickel plated steel, or
      carburized steel.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric current producing cell having a cathode comprising a porous
      electrically conductive finely divided coating of carbon/silica gel bonded
      to and filling the spaces of a metal screen and an adherent deposition of
      a metal oxide cathodically deposited on and impregnating said coated
      screen.
NUM  2.
PAR  2. An electric current producing cell having a cathode comprising a porous
      electrically conductive solid graphite/silica gel bonded to a nickel
      screen and cathodically impregnated with an adherent deposition of nickel
      oxide.
NUM  3.
PAR  3. An electric current producing cell having a cathode comprising a porous
      electrically conductive solid graphite/silica gel bonded to a nickel
      screen and cathodically impregnated with an adherent deposition of nickel
      oxide, an anode of cadmium and an alkaline electrolyte.
NUM  4.
PAR  4. An electric current producing cell having a cathode comprising a porous
      electrically conductive solid grahite/silica gel bonded to a nickel screen
      and cathodically impregnated with an adherent deposition of nickel oxide,
      an anode of one of the metals amalgamated zinc and cadmium, and a self
      sustaining unitary electrolyte-spacer of zincated lithium hydroxide
      gelatinized cellulose interposed between and in contact with said anode
      and cathode, and a container in which said elements are housed.
NUM  5.
PAR  5. The cell according the claim 4 characterized in that the container is
      formed from stainless steel and is the external cathode contact of said
      cell.
NUM  6.
PAR  6. The cell according to claim 4 characterized in that the oxide coated
      nickel screen rests on the bottom of the container and uncoated portions
      thereof are in intimate pressure contact with said container.
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PAL  The internal coolant system of a fuel cell power plant utilizes a gas in
      the coolant fluid to inhibit the corrosion of those fuel cell components
      that corrode due to shunt currents flowing through the coolant fluid. In a
      preferred embodiment hydrogen gas is used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to fuel cells, and more particularly, to corrosion
      prevention in the coolant systems thereof.
PAR  2. Description of the Prior Art
PAR  In a fuel cell stack the individual fuel cells are separated by plates made
      of conductive material such as carbon. The plates separate the reactant
      gases in adjacent fuel cells from each other and are also usually
      electrically connected in series to each other to carry electricity
      between the cells. A load is connected across the stack to complete the
      circuit. During operation electrons flow from the negative end of the
      stack to the positive end of the stack through the load. There is
      generally a large potential drop from one end of the stack to the other
      made up of smaller potential drops between adjacent cells. Heat generated
      by the fuel cell stack is often removed by flowing water or other fluids
      through channels in the separator plates between the cells. These fluids
      are often ionically conductive. Generally the water is manifolded to pass
      through separator plates in parallel where it is collected in a manifold
      at the other side of the cells; the heat of the cell may change the water
      to steam which may be used in various components of a fuel cell system, or
      the heat adsorbed by the water may simply be radiated out to the
      atmosphere and the water recirculated through the stack. Because of the
      potential difference between the ends of the fuel cell stack and due to
      the manifolding of the water from one end of the stack to the other, and
      because the water is in contact with the current conducting and
      electrically connected separator plates, shunt currents flow through the
      water. These shunt currents cause the carbon plates nearest the positive
      end of the stack to corrode with time which can be a serious problem in
      fuel cells which must operate continuously for many thousands of hours.
PAR  One solution, called edge cooling, involves flowing the coolant at the
      edges of the cells only (i.e., no flow between cells). The coolant is
      electrically insulated from the cells and thus no shunt currents are
      present. This technique often results in an unacceptable temperature
      distribution across the stack. Another common solution is to use a
      dielectric coolant which cannot carry current. However, a dielectric is
      not as good a coolant as water and it may also be more expensive than
      water.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is to inhibit the corrosion that
      takes place in the coolant system of a fuel cell stack due to shunt
      currents passing through the coolant fluid.
PAR  According to the present invention, an oxidizable gas is provided in an
      ionically conductive coolant fluid of the fuel cell stack to prevent
      corrosion of carbon and oxidizable metal components in contact with the
      coolant caused by shunt currents flowing therethrough. Hydrogen is a
      preferred gas because it is oxidized at a potential lower than the
      potential at which carbon and metals are oxidized at the level of shunt
      currents often encountered in a stack. When hydrogen is added to the
      coolant the hydrogen is oxidized rather than the oxidizable material of
      the coolant system component. The hydrogen is readily available for this
      purpose since it or a hydrogen containing gas is usually used as fuel for
      the stack.
PAR  In a preferred embodiment a hydrogen oxidation catalyst (such as platinum)
      is provided in electrical contact with the corrodible component to
      decrease the electrochemical polarization at a given level of shunt
      currents; another way to put it is that the catalyst increases the
      tolerable level of shunt currents by increasing the limiting shunt current
      level for hydrogen oxidation.
PAR  The subject matter of this application is related to the subject matter of
      commonly owned United States patent application titled "Corrosion
      Protection for a Fuel Cell Coolant System" by M. Katz, S. Smith, and D.
      Reitsma filed on even date herewith.
PAR  The foregoing and other objects, features, and advantages of the present
      invention will become more apparent in the light of the following detailed
      description of preferred embodiments thereof as illustrated in the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is illustrative of a fuel cell stack which utilizes the present
      invention.
PAR  FIGS. 2-5 are graphs illustrative of various electrochemical reactions
      which may occur in the coolant system of a fuel cell stack of the type
      illustrated in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is an illustrative representation of a typical fuel cell stack 10 in
      which the present invention may be used. The stack 10 is comprised of a
      plurality of fuel cells 12 each including an anode electrode 14 and
      cathode electrode 16. Trapped between these electrodes is an electrolyte
      containing matrix 18 which holds a liquid electrolyte in contact with the
      surfaces of the electrodes 14, 16. (This invention is also useful for
      other types of fuel cells wherein the electrolyte is a free liquid, rather
      than retained in a matrix.) The individual cells 12 are separated by
      separator plates 20, the first and last plates 20 of the stack generally
      being referred to as end plates rather than separator plates because they
      do not actually separate adjacent cells. Each of the plates 20 includes
      grooves 22 formed therein which define fuel and oxidant gas spaces 24, 25
      adjacent the nonelectrolyte sides of the electrodes 14, 16, respectively.
      Means are also provided, but are not shown, for introducing and removing
      the fuel and oxidant from the gas spaces 24, 25 in accordance with well
      known techniques. The plates 20 are made from an electrically conductive
      material such as carbon (The term "carbon" is intended to encompass
      "graphite" within its meaning.) or a metal and are connected electrically
      in series with each other and with a load 26. Electrically insulating end
      seals 28 help retain the electrolyte within the matrix 18 and also prevent
      the electrodes of the individual cells 12 from shorting out.
PAR  The plates 20 also include coolant channels 30 in heat exchange
      relationship with the cells 12. The channels 30 are fed from a coolant
      fluid manifold passage 32 and feed into a manifold passage 34 on the other
      side of the stack 10. The manifold passages 32, 34 may simply be a
      plurality of interconnected cylindrical passageways through the plates 20
      and end seals 28. An ionically conductive liquid coolant is fed into the
      manifold passage 32 through inlet means 36. The coolant thereupon passes
      through the channels 30 of the separator plates 20 picking up heat
      generated by the cells 12 and exits from the stack through outlet 38.
      Although in this embodiment there are coolant channels 30 between every
      pair of cells 12, it may be sufficient in certain instances to pass
      coolant fluid through only every other plate 20 or through any suitable
      number of plates, but generally at regular intervals, as long as the
      temperature in one cell does not exceed its maximum operating temperature
      and as long as the temperature distributions within and between cells is
      tolerable.
PAR  Water is a very desirable and common coolant which is often used alone or
      mixed with an additive such as glycol to alter the boiling and freezing
      point. Manifolding the water, as in the embodiment of FIG. 1, results in
      an unbroken path of liquid through the manifold passage 32 from the
      positive end 40 of the stack to the negative end 42. Since the separator
      plates between adjacent cells are electrically conductive and connected in
      series through the cells 12, a large electrical potential may exist across
      the coolant fluid in the manifolds 32, 34 from the positive to negative
      end of the stack. This potential exists whether or not the circuit
      connecting the cell stack to the load 26 is open or closed (although it is
      somewhat lower when the circuit is closed). In order for shunt currents to
      flow through the coolant there must be some kind of electrochemical
      reaction at both the positive and negative ends of the stack at the
      interface between the coolant and the fuel cell coolant system components
      (which in this embodiment are the plates 20). In the case of an aqueous
      coolant hydrogen ions are produced at the positive end 40 of the stack
      [see equation (1) below] and flow through the water in the manifold
      passage to the negative end 42 of the stack where it is converted back to
      hydrogen gas. This shunt current corresponds to a load or drain on the
      stack 10.
PAR  For a given stack voltage (which is dependent on the number of cells in the
      stack) the magnitude of the shunt current through the water depends on the
      electrical resistance of the coolant fluid and the electrochemical
      reactions in the fluid at the positive and negative ends of the stack.
      Most of the potential drop across the coolant fluid is due to its
      electrical resistance. For example, in a 300 volt stack the IR drop across
      the coolant may be about 299 volts; this would leave only about 1 volts
      for the electrochemical reactions. The graphs of FIGS. 2-5 depict the
      electrochemical potential-shunt current relationships of various reactions
      which may occur between an aqueous coolant fluid and elements in the
      fluid; or between the fluid and the coolant system component in contact
      therewith.
PAR  Referring to FIG. 2, assume for the moment that the separator plates 20
      contain carbon and the coolant is ordinary water with no additives and
      some ionic conductivity (which is the usual case). It can be seen that at
      an electrochemical potential of about 0.95 volt or above, the carbon in
      the components at the positive end 40 of the stack begin to react with the
      water when even the slightest positive shunt current exists according to
      the following formula:
EQU  C + 2H.sub.2 O .fwdarw. CO.sub.2 + 4H.sup.+ + 4e           (1)
PAL  This represents carbon corrosion of fuel cell components and is
      counter-balanced at the negative end 42 of the stack by the electrolysis
      of water to hydrogen according to the following reaction:
EQU  4H.sup.+ + 4e .fwdarw. 2H.sub.2                            (2)
PAL  Notice in FIG. 2 that when the shunt current reaches a level of I' there
      may also be oxygen evolution (the electrolysis of H.sub.2 O to O.sub.2) at
      the positive end of the stack (as well as carbon corrosion) according to
      the following reaction:
EQU  H.sub.2 O .fwdarw. 1/2 O.sub.2 + 2H.sup.+ + 2e             (3)
PAL  At this point the potential has exceeded about 1.2 volts, the theoretical
      voltage for oxygen evolution. As heretofore discussed it is an object of
      the present invention to prevent this corrosion at the positive end of the
      stack.
PAR  Consider, now, what happens when hydrogen is added to the water in
      accordance with the present invention. This is represented by the graph of
      FIG. 3 which is the same as the graph of FIG. 2 except for the presence of
      the hydrogen oxidation curve. It can be seen that for currents below about
      I" hydrogen is oxidized at a potential less than the potential required
      for the initiation of carbon corrosion. Thus, as long as the shunt
      currents are less than I" oxidation of hydrogen will take place at the
      positive end 40 of the stack according to the following reaction:
EQU  H.sub.2 .fwdarw. 2H.sup.+ + 2e                             (4)
PAL  and there will be no carbon corrosion or oxygen evolution. When hydrogen
      oxidation occurs the corresponding reaction at the negative end 42 of the
      stack is the electrolysis of water to hydrogen (hydrogen evolution)
      according to the following reaction:
EQU  2H.sup.+ + 2e .fwdarw. H.sub.2                             (5)
PAR  The coolant used in the embodiment of FIG. 1 may, for example, be ordinary
      water plus hydrogen. The water may be converted to steam as it flows
      through the stack 12 and the steam from the stack may be used in a steam
      reformer for processing fuel. The hydrogen in the coolant is consumed at
      the positive end 40 of the stack 12 and evolved at the negative end 42.
      Thus, the steam leaving the stack by way of outlet 38 includes
      substantially the same amount of hydrogen as introduced into the coolant.
      It has been found that the hydrogen has no detrimental effect in the steam
      reformer. Since the hydrogen is not recovered there must be a continuous
      feed of hydrogen into the water. If a supply of pure hydrogen is available
      it can be injected directly into the water. For example, in the embodiment
      of FIG. 1 there is shown a hydrogen supply 44, the hydrogen being fed
      directly into the coolant fluid and being controlled by a valve 46. If the
      hydrogen is to be supplied from a hydrogen containing gas, such as the
      fuel gas for the fuel cell, pure hydrogen can be introduced into the water
      perhaps by diffusing the hydrogen through a suitable hydrogen diffusion
      membrane which prevents other components of the gas from entering the
      water. If these other gas components are introduced into the water, some
      of them might be harmful to the stack or to the steam reformer. If these
      other components are not harmful a hydrogen diffusion membrane may not be
      needed.
PAR  Although in this embodiment the coolant fluid is water and the oxidizable
      gas is hydrogen, the coolant fluid may be any ionically conductive fluid;
      the gas may be any gas which is not harmful to the system and which is
      oxidized at a potential lower than the potential at which the material of
      the coolant system corrodes at the level of shunt currents encountered,
      such as carbon monoxide.
PAR  It is also contemplated that this invention may be used in fuel cell
      systems wherein the coolant is contained in a recirculating loop which
      passes through the fuel cell stack. In that type of a system the coolant
      may be any ionically conductive fluid such as ordinary water or may be
      water mixed with an additive such as glycol. The hydrogen (or other
      oxidizable gas) which is added to the coolant is consumed at the positive
      end of the stack and is evolved at the negative end of the stack and is
      thereupon recirculated with the coolant from the outlet 38 to the inlet 36
      and back to the positive end of the stack. Thus, the amount of hydrogen in
      the coolant remains substantially constant. A continuous supply of
      hydrogen to the coolant is therefore unnecessary in this embodiment except
      to make up for incidental losses due to leaks; this makeup hydrogen could
      be provided from the hydrogen supply 44.
PAR  In the oxidation of hydrogen according to reaction (5) the carbon of the
      coolant system components (i.e., plates 20) at the positive end of the
      stack acts as a catalyst, although not a very good one. However, it may be
      suitable for very small shunt currents. Reaction (5) can be enhanced by
      adding any good hydrogen oxidation catalyst to the carbon components at
      the positive end of the stack such as by platinizing the carbon surfaces
      thereof. The graph of FIG. 4 is indicative of the electrochemical
      reactions occurring at the positive end 40 of the stack on a platinized
      carbon surface with hydrogen present in the water coolant. The platinum
      catalyst increases the rate of the electrochemical reaction at a given
      potential so that a shunt current of I" may be present before carbon
      corrosion begins. The catalyst need only be present at the positive end of
      the stack, and may, for example, simply be a rod of platinum extending
      into the coolant fluid and in electrical contact with the carbon
      component. Other possible catalysts are any noble metal or nickel,
      although this invention is not intended to be limited thereto.
PAR  In general terms the reaction for metal corrosion at the positive end of
      the stack is represented generally as follows:
EQU  M .fwdarw. M.sup.+ + e                                     (6)
PAL  and may occur if no hydrogen were present in the coolant and also at shunt
      currents greater than I.sub.a even if there were hydrogen in the coolant.
      Metal deposition (i.e., plating out) would be the corresponding reaction
      at the negative end of the stack as follows:
EQU  M.sup.+ + e .fwdarw. M                                     (7)
PAL  As well as preventing carbon corrosion, the addition of hydrogen to the
      coolant may be useful in preventing the corrosion of metals in general.
      For example, the addition of hydrogen can prevent the corrosion of metals
      such as nickel or stainless steel which are oxidizable at a potential
      higher than the hydrogen oxidation potential for the level of shunt
      currents usually encountered. This is shown in the graph of FIG. 5. A
      typical metal oxidation-reduction curve (i.e., metal corrosion curve) is
      shown in place of the carbon corrosion curve. This curve is representative
      of equation (6) above. This graph is purely illustrative, and the metal
      corrosion curve is not intended to represent any particular metal but is
      to illustrate that the oxidation of hydrogen occurs at a lower potential
      than the potential at which corrosion of some metals is initiated such
      that shunt currents are tolerable up to a value of I.sub.a. Platinizing of
      the metal surface would also be advantageous in this situation. Thus, with
      hydrogen present in the coolant according to the present invention and
      shunt currents less than I.sub.a the reaction at the positive end of the
      stack is oxidation of the hydrogen (instead of metal corrosion) and at the
      negative end of the stack is electrolysis of water to hydrogen (instead of
      metal plating out), as hereinabove set forth in reactions (4) and (5),
      respectively.
PAR  Although the invention has been shown and described with respect to
      preferred embodiments thereof, it should be understood by those skilled in
      the art that various changes and omissions in the form and detail thereof
      may be made therein without departing from the spirit and the scope of the
      invention.
CLMS
STM  Having thus described typical embodiments of our invention, that which we
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. The combination of:
PA1  a fuel cell stack having a positive end and a negative end and comprising a
      plurality of cells connected electrically in series, said stack including
      components defining coolant channels for carrying a coolant fluid into
      heat exchange relationship with said cells and a coolant manifold passage
      extending from the positive to the negative end of said stack for
      distributing a coolant fluid to said channels, said components comprising
      an oxidizable material and being in electrical communication with said
      fuel cells and connecting them in series electrically; and
PA1  an ionically conductive coolant fluid within said manifold passage
      providing a path for shunt current from the positive to the negative end
      of said stack, said fluid including a gas mixed therein which oxidizes at
      the positive end of said stack at an electrochemical potential below which
      said material of said components at the positive end of said stack are
      oxidized for the level of shunt current through said fluid.
NUM  2.
PAR  2. The combination according to claim 1 wherein said components include a
      separator plate between adjacent fuel cells and a separator plate at each
      end of said stack adjacent the end cells of said stack.
NUM  3.
PAR  3. The combination according to claim 1 wherein said gas includes hydrogen.
NUM  4.
PAR  4. The combination according to claim 2 wherein said plates include carbon
      and said gas includes hydrogen.
NUM  5.
PAR  5. The combination according to claim 3 wherein said coolant fluid
      comprises water.
NUM  6.
PAR  6. The combination according to claim 4 wherein said coolant fluid
      comprises water.
NUM  7.
PAR  7. The combination according to claim 2 including means for introducing
      said gas into said coolant fluid.
NUM  8.
PAR  8. The combination according to claim 7 wherein said gas includes hydrogen.
NUM  9.
PAR  9. The combination according to claim 1 wherein said components at the
      positive end of said stack include an oxidation catalyst in electrical
      communication therewith and in contact with said coolant fluid to promote
      the oxidation of said gas.
NUM  10.
PAR  10. The combination according to claim 9 wherein said components include
      carbon, said gas includes hydrogen, said catalyst includes platinum and
      said coolant fluid includes water.
NUM  11.
PAR  11. The combination according to claim 1 wherein said components at the
      positive end of said stack comprise platinized carbon, said gas includes
      hydrogen, and said coolant fluid includes water.
NUM  12.
PAR  12. In combination:
PA1  a fuel cell stack having a positive end and a negative end and comprising a
      plurality of fuel cells connected electrically in series and including an
      ionically conductive coolant fluid for removing heat from said stack said
      fluid providing a path for shunt currents from the positive to the
      negative end of said stack; and
PA1  means for introducing an oxidizable gas into said coolant fluid, said stack
      including oxidizable material in contact with said coolant fluid at the
      positive end of said stack, said oxidizable gas adapted to oxidize at the
      positive end of said stack at an electrochemical potential below which
      said oxidizable material of said stack at the positive end thereof is
      oxidized for the level of shunt current through said fluid.
NUM  13.
PAR  13. The combination according to claim 12 wherein said coolant fluid
      includes water, said gas includes hydrogen and said material includes
      carbon.
NUM  14.
PAR  14. The combination according to claim 13 wherein said material at the
      positive end of said stack includes platinized carbon.
NUM  15.
PAR  15. In a process of operating a fuel cell stack having a positive end and a
      negative end and comprising a plurality of fuel cells connected
      electrically in series, said stack including an ionically conductive
      coolant fluid for removing heat from said stack said fluid providing a
      shunt from the positive to the negative end of said stack wherein
      corrosion of fuel cell components at the positive end of the stack and in
      contact with said coolant fluid may occur due to the shunt currents
      flowing through said coolant fluid, the process of preventing the
      occurrence of said corrosion including:
PA1  introducing an oxidizable gas into said coolant fluid wherein the gas is
      oxidized at the positive end of the stack in place of said corrosion.
NUM  16.
PAR  16. The process according to claim 15 wherein said gas includes hydrogen
      and said coolant fluid includes water.
NUM  17.
PAR  17. The process according to claim 16 wherein said fuel cell components at
      the positive end of the stack in contact with said coolant fluid includes
      carbon.
NUM  18.
PAR  18. The process for preventing corrosion according to claim 15 including
      the step of providing an oxidation catalyst in contact with said coolant
      fluid at the positive end of the stack and in electrical communication
      with said fuel cell components at the positive end of the stack.
NUM  19.
PAR  19. The process for preventing corrosion according to claim 18 wherein the
      step of providing a catalyst includes platinizing said carbon components
      at the positive end of said stack.
NUM  20.
PAR  20. Fuel cell apparatus for preventing corrosion due to shunt currents
      including, in combination:
PA1  a fuel cell stack having a positive end and a negative end and comprising a
      plurality of fuel cells each including an electrolyte between a pair of
      electrodes, a separator plate sandwiched between adjacent fuel cells, and
      a separator plate at each end of said stack adjacent the end cells of said
      stack, said separator plates being in electrical communication with said
      fuel cells and connecting them in series electrically, a plurality of said
      separator plates having coolant channels therein for carrying a coolant
      fluid into heat exchange relationship with said fuel cells, said stack
      including at least one coolant fluid manifold passage extending from the
      positive end of said stack to the negative end of said stack for
      distributing coolant fluid to said coolant channels;
PA1  means for introducing an ionically conductive coolant fluid into said
      manifold passage and in contact with said separator plates wherein shunt
      currents flow through said fluid from the positive to the negative end of
      said stack; and
PA1  means for introducing an oxidizable gas into said coolant fluid, said
      plates comprising material in contact with said coolant fluid and
      oxidizable at the positive end of the stack at a potential higher than the
      potential at which said gas is oxidized for the particular level of shunt
      current flowing through said coolant fluid.
NUM  21.
PAR  21. The combination according to claim 20 wherein said coolant fluid
      includes water and said plates comprise carbon.
NUM  22.
PAR  22. The combination according to claim 21 wherein said gas includes
      hydrogen.
NUM  23.
PAR  23. The combination according to claim 22 wherein said plates at the
      positive end of said stack include a hydrogen oxidation catalyst in
      contact with said coolant fluid.
NUM  24.
PAR  24. The combination according to claim 23 wherein said plates at the
      positive end of said stack are platinized.
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PAL  An improved power source for marine applications includes a salt water
       acated battery adapted for actuation after a specific predetermined
      immersion time. The improved battery construction is characterized by an
      enclosed volume of flexible, plastic material confining the seawater
      electrodes therein. The pair of panel-like closures seal apertures in the
      top and bottom surface of the battery case to confine an inert liquid
      filling therein. A retention mechanism holds the panel-like closures in
      the sealed position against the urging of an actuation system urging the
      panels in an open position.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to the fields of marine engineering and
      electronics. More particularly, this invention pertains to providing power
      sources for oceanographic instrumentation packages. In still greater
      particularity, this invention pertains to a seawater battery construction.
      In still greater particularity, this invention pertains to a seawater
      activated battery which may be submerged for a considerable length of time
      prior to activation. By way of further characterization and explanation,
      this invention pertains to a seawater activated battery which is activated
      by the opening of covered apertures therein such that the seawater
      environment may displace an inert fluid stored within the battery housing.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The traditional approach providing a pressure compensated energy source for
      deep sea applications is to use a lead-acid or a silver-zinc battery
      inside a box which is filled with oil, including the volume between the
      top of the box and the electrolyte level of the battery. The containing
      box is typically provided with a flexible panel which allows the enclosed
      volume to accommodate the differential compressibility of the seawater and
      the battery electrolyte and the compensating oil combination enclosed
      within the box. Although these batteries are excellent sources of energy
      for the environment for which they are intended to operate, they are too
      expensive to be considered expendable. The need for expendable batteries
      is particularly prevelent in air-drop oceanographic instrumentation buoys.
PAR  Further, these batteries require an auxiliary electrical control circuit to
      activate them which consumes additional power. Additionally, the lead-acid
      battery has a relatively low output capacity per unit of weight and the
      silver-zinc battery is quite expensive to manufacture because of the
      scarcity of the silver metal used in the electrodes.
PAR  Too, the storage or shelf life of the existing prior art batteries is
      limited and both types require periodic inspection and charging to remain
      useable.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an improved deep ocean power source by using a
      battery employing seawater as the electrolyte and flexible walls which
      contain an inert substance during periods of shelf life. Upon immersion in
      the water, the pressure imposed by ambient seawater compresses the battery
      walls directly and although a small amount of the inert fluid may escape,
      the entrance of the electrolyte is postponed until the battery is
      activated. Activation is accomplished by uncovering apertures and the
      bottom and top of the battery and permitting the difference in the
      specific gravities of the inert filler and the seawater to displace the
      inert filler with the active electrolyte. In this fashion, a plurality of
      batteries may be electrically connected in parallel and sequentially
      activated such that a uniform source of power may be provided for
      prolonged periods keeping the expendable buoy operative in the on-station
      position for extended periods.
PAC  STATEMENT OF THE OBJECTS OF INVENTION
PAR  It is accordingly an object of this invention to provide an improved power
      source for oceanographic instrumentation purposes.
PAR  Yet another object of this invention is to provide an improved seawater
      battery.
PAR  It is still a further object of this invention to provide a seawater
      battery having selective activation after prolonged periods of immersion.
PAR  It is still a further object of this invention to provide an improved
      seawater battery which is low in cost and lending itself to expendable
      applications.
PAR  These and other objects of the invention will become more readily apparent
      from the ensuing specification taken together with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the environmental applications
      employing the invention;
PAR  FIG. 2 is a diagrammatic representation of a circuit employing the improved
      power source of the invention;
PAR  FIG. 3 is a perspective view of the battery according to the invention in
      the inoperative or storage condition;
PAR  FIG. 4 is a perspective, exploded view of the seawater activated battery
      according to the invention showing the dovel components thereof; and
PAR  FIG. 5 is a sectional view of the seawater battery of the invention taken
      along lines 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows an aircraft 10 deploying a sonobuoy indicated generally at 11
      in the ocean environment. As illustrated, oceanographic buoy 11 has a
      hydrophone instrument package 12 suspended at the distal end of a
      telemetry cable 13 extending downwardly from buoyant body portion 14. An
      antenna 15 atop buoyant body portion 14 extends upwardly therefrom into
      the air to facilitate electromagnetic communication with personnel or
      instruments within aircraft 10. Referring to FIG. 2, a diagrammatic view
      of an exemplary circuit arrangement for inclusion within the oceanographic
      buoy 11 is illustrated. As shown, a VHF transmitter 22 and a sonic
      amplifier 24 are powered by a seawater activated battery 24 which is
      controlled by a life selector circuit 25 which electrically reduces the
      power drain from seawater battery 24. The hydrophone package 12 also has a
      seawater activated battery 24 such that the power loss due to the length
      of telemetering cable 13 may be more readily compensated for. Seawater
      activated battery 24' may, for example, power a preamplifier 27 which
      electrically amplifies the signals from hydrophone 26 for transmission to
      sonic amplifier 23. As is conventional in the art, the output from
      preamplifier 27 is compared by a calibrator circuit 16 before passing to
      sonic amplifier 23. Sonic amplifier 23 includes three stages of
      amplification indicated at 28, 28', and 28" before going through signal
      processing circuits such as emitter follower clipper 29. The output from
      the sonic amplifier 23 is then used to modulate a crystal oscillator
      frequency doubler 31 which again, goes through frequency doubling by
      frequency doubler 23 to arrive at a suitable broadcast frequency for
      transmission to aircraft 10. The output from frequency doubler 32 is
      amplified by amplifiers 33 and 34 before being fed to antenna 15.
PAR  Thus, it may be seen that in the simplified application illustrated in
      FIGS. 1 and 2, the two sources of electrical energy, seawater battery 24
      and 24' are required. In instances when oceanographic instrumentation
      cable 13 is of considerable length, for example on the order of 500
      meters, a tremendous pressure variation exists between the operational
      conditions of seawater activated battery 24 and seawater activated battery
      24'. In the past, such extreme pressure variations required separate
      design criteria for these two batteries. Therefore, it may be seen that
      the provision of a single seawater activated battery design to satisfy
      both of these requirements would result in a considerable cost savings and
      facilitate supply and procurement.
PAR  Referring to FIG. 3, the salient features of the invention may be more
      readily understood. The plurality of lateral walls 25 enclose the seawater
      electrodes which, for example, may be made of silver chloride-magnesium or
      cuprous chloride-magnesium.
PAR  It should be noted, that seawater electrolyte batteries are well known in
      the prior art and no specific electrode arrangement or composition is
      required for the understanding of this invention. For example, the
      electrode arrangement shown in U.S. Pat. No. 2,781,413 issued on Feb. 12,
      1957 to J. W. Luening for "Deferred-Action Battery", or alternatively,
      that shown in U.S. Pat. No. 2,826,727 issued on Mar. 11, 1958 to G. T.
      Aldrich for "Deferred Action Battery" may be employed, if desired.
PAR  Top and bottom panels are positioned to intersect the lateral wall panels
      25 and provide an enclosed volume for the electrodes structure and provide
      a fluid tight enclosure therewith. A plurality of apertures 30, two shown,
      may be placed in the top and bottom panels to permit the free circulation
      of fluid therethrough. A flat panel-like closure 26 cooperates with each
      of the apertures 30 to provide a fluid tight seal therefor. It will be
      observed that the same panel closure is used to cover apertures 30 in both
      the top and bottom panels of seawater battery 24. To provide timely
      opening of these apertures, panels 26 rotated on the top and bottom of the
      battery are adjoined by a suitable linkage means comprising arms 27 and a
      linking bridge 28.
PAR  Bridge 28 has an aperture 29 which extends in a substantially horizontal
      direction, as viewed in FIG. 3, to receive a retaining pin therein. As
      illustrated in FIG. 3, this retention pin 33 holds panels 26 in sealing
      engagement with apertures 30.
PAR  Referring to FIG. 4, an exploded view of battery 24 shows panels 26
      withdrawn from their operative or closing position and with battery 24
      rotated 90.degree. such that the linkage and retention means may be better
      seen. As shown, a plurality of upstanding bosses 32 have apertures
      extending therethrough to cooperate with aperture 29 when panels 26 are in
      their operative or closure position. Also shown, are a plurality of
      springs 31 which urge linking arm 28 to its withdrawn or illustrated
      position. When panels 26 are in their closed position springs 31 are
      compressed and retention pin 33 inserted through bosses 32 and aperture 39
      to retain panels 26 in their sealing or closed position. Of course,
      springs 31 are but illustrative of any compressional means to urge linkage
      28 to the withdrawing position and may, for example, comprise resilient
      rubber blocks or pneumatic actuators.
PAR  Pin 33 may be axially withdrawn in the same fashion that it is inserted, by
      timed actuation means, not shown, to release the linkage means and
      withdraw panels 26 to their inoperative position. Rather than employing a
      mechanical withdrawal of pin 33, pin 33 may be made of a water soluble
      material such that its rate of dissolving in the ambient water environment
      may be controlled in a well understood fashion to provide for movement of
      panels 26 after a predetermined time of immersion. Manufacture of such
      water soluble materials is a well understood branch of the marine
      engineering arts and it need not be described in greater detail herein for
      the complete understanding of the invention.
PAR  Referring to FIG. 4, the sectional view taken along lines 5--5 of FIG. 3
      show the engagement of pin 33 through bosses 32 in aperture 29 and the
      compressed spring 31 in greater detail. As illustrated, a single aperture
      30 is in each of the top and bottom panel means. Of course, if desired,
      other arrangements and numbers of apertures is possible and is known in
      the art as shown by U.S. Pat. No. 3,285,782 issued on Nov. 15, 1966 to W.
      N. Carson Jr. et al. for "Water Activated Primary Battery Having A
      Mercury-Magnesium Alloy Anode".
PAR  Closure panels 26 may be integrally formed with linkage 27 and 28 in such a
      fashion as to having natural resilient compression, one towards the other,
      to provide fluid tight engagement with the top and bottom panels of
      battery 24. However, it has been found that the fluid tight seal and
      actuation of closure panels 26 is improved if a plurality of guides 34 are
      placed on the top and bottom panels to engage the lateral portions of
      panels 26. Guides 34 may be formed integrally with the top and bottom
      panels or, alternatively, they may be affixed thereto by conventional
      fastening techniques. The size and dimensions of guides 34 likewise depend
      on common and well understood design parameters such as the thickness of
      panels 26 and the withdrawal force available by resilient means 31.
PAC  MODE OF OPERATION
PAR  The mode of operation of the invention is rather straightforward and
      substantially as discussed above. That is, battery 24 is manufactured with
      conventional seawater activated electrodes therein and immersed in an
      inactive fluid such as alcohol or other insulating liquids. Panels 26 are
      then placed in a operative or closing position such as to compress the
      resilient actuation means 31. Pin 33 is then inserted through bosses 22
      and aperture 29 to secure panels 26 in their operative or closing
      position. Battery 24 may be stored for considerable periods of time using
      only the fluid seal afforded by panels 26. Of course, if desired,
      batteries 24 may be stored immersed in a container of the inert fluid such
      that seepages and leakage therefrom become immaterial.
PAR  When it is desired to employ battery 24 in an oceanographic instrument, it
      is connected in circuit therewith and placed in the oceanographic
      environment. For example, in the environment illustrated in FIG. 1,
      battery 24' in hydrophone housing 12 may be subjected to the ambient water
      pressure of several hundred meters. As battery 24 descends to these
      depths, the hydrostatic pressure acting on the lateral walls 25 and the
      top and bottom panels thereof attempt to compress the walls of the
      battery. However, inasmuch as the battery is fluid filled this
      compressional force is resisted by the incompressibility of the liquid
      filling. If, however, a slight concavity of the walls is experienced their
      flexible nature prevent mechanical failure or disorientation of the
      electrodes contained therein and pressure forced seepage through apertures
      30 beneath panels 26 may permit a minute amount of inner fluid to escape
      to equalize the pressures.
PAR  At the time for actuation pin 35 is either withdrawn or dissolves and
      resilient members 31 acting against connecting linkage 28 withdraw panels
      26 in a path determined by guides 34. When the panels are thus withdrawn
      are moved to their inoperative position, the difference in specific
      gravity of the inert fluid and the ambient seawater cause displacement via
      apertures 30. In a very short time, seawater battery 24 is completely
      filled and electrical activation begins.
PAR  The foregoing description taken together with the appended claims
      constitute a disclosure such as to enable a person skilled in the marine
      engineering and electronic arts and having the benefit of the teachings
      contained therein to make and use the invention. Further, the structure
      herein described meets the objects of invention, and generally constitutes
      a meritorious advance in the art unobvious to such a person not having the
      benefit of these teachings.
PAR  Obviously, many modifications and variation of the present invention are
      possible in the light of the above teachings, and, it is therefore
      understood that within the scope of the disclosed inventive concept, the
      invention may be practiced otherwise than specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seawater activated battery for an oceanographic instrumentation
      package comprising:
PA1  A plurality of lateral walls enclosing a space for positioning seawater
      activated electrodes;
PA1  top and bottom panels spaced from one another and effectively sealing the
      top and bottom of said lateral walls such as to cooperate therewith to
      enclose a predetermined volume;
PA1  aperture means in said top and bottom panels to permit fluid passage
      therethrough;
PA1  closure means configured and positioned to sealably close said apertures to
      prevent fluid passage therethrough;
PA1  retention means effectively connected to said closure means for holding
      said closure means in the sealably closed position relative to said
      aperture to prevent movement thereof;
PA1  and actuation means to selectively overcome the action of said retention
      means for moving said closure means to a position permitting fluid flow
      through said apertures.
NUM  2.
PAR  2. A seawater activated battery according to claim 1 in which said lateral
      walls and top and bottom panels are made of a flexible material.
NUM  3.
PAR  3. A seawater activated battery according to claim 1 in which said closure
      means comprise top and bottom flat panel members which in one position
      cooperate with and close said apertures while maintaining planar contact
      with the top and bottom panels.
NUM  4.
PAR  4. A seawater activated battery according to claim 3 further comprising
      guide means mounted on said top and bottom panels to cooperate with the
      aforesaid closure means for providing retention and movement direction
      therefor.
NUM  5.
PAR  5. A seawater activated battery according to claim 4 further including
      linkage means effectively connecting the top and bottom ones of said
      closure means for unitary movement.
NUM  6.
PAR  6. A seawater activated battery according to claim 5 in which said
      retention means includes:
PA1  an aperture carried on said linkage means for receiving a retention pin
      therein;
PA1  a plurality of bosses having transverse apertures therein attached to one
      lateral wall to project outwardly therefrom in alignment with the linkage
      means aperature for cooperatively receiving the retention pin; and
PA1  a retention pin extending through the aperture in each of said bosses and
      the aperture carried on said linkage means for securing said linkage and
      thereby said top and bottom enclosure panels in the cooperative position
      closing the aforesaid apertures.
NUM  7.
PAR  7. A seawater activated battery according to claim 6 in which the retention
      pin is made of a water soluble material.
NUM  8.
PAR  8. A seawater activated battery according to claim 6 in which said
      retention pin is configured to be axially displaced from said bosses and
      aperture.
NUM  9.
PAR  9. A seawater activated battery according to claim 6 in which the aforesaid
      actuation means comprise resilient members attached to a lateral wall so
      as to engage the aforesaid linkage means and resiliently urge it into a
      retracted position.
NUM  10.
PAR  10. A seawater activated battery according to claim 9 in which the
      resilient members are coil springs.
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PAL  Primary dry cell comprising a metal anode cup having a cathode mix therein,
      separated from the side wall of the anode cup by a porous, ionically
      permeable separator, and having an open end which is gas-tightly sealed by
      a closure including a vent, wherein a gas-venting passageway is provided
      around the cathode mix comprising a longitudinal groove in the side wall
      of the anode cup communicating with the void space defined between the
      cathode mix and the seal closure.
BSUM
PAR  This invention relates to primary dry cells in general, and more
      particularly to certain improvements in magnesium dry cells.
PAR  Magnesium dry cells are used by the military as a power source for field
      radios and other similar electronic equipment. These cells have a high
      working voltage and they can be assembled into cell batteries having a
      high capacity per unit volume. However, magnesium cells are prone to
      generate large quantities of gas on discharge which, if not properly
      vented, can result in cell rupture and possible damage to the equipment.
      Generally, the rate of gas generation is dependent on the rate of
      discharge and more gas is generated at higher drains. Magnesium cells,
      therefore, must pass rather stringent test requirements. One of these
      requirements is that the cells should be capable of rapidly venting gas
      from inside the cells, and thus avoid cell rupture, when they are
      subjected to certain abusive conditions that may occur in the field, such
      as when the cells are inadvertently placed on a short circuit load.
PAR  The problem that is most frequently encountered in meeting this requirement
      is that some of the gas that is generated under abusive conditions becomes
      entrapped inside the cell and cannot be vented. The vent through which the
      gas escapes to the ambient environment is located in the seal closure at
      the top of the cell. Gas that is generated near the bottom of the cell
      owing to the anodic activity of the anode cup bottom, must pass completely
      through the cathode mix and into the void space located beneath the
      closure where the gas accumulates prior to its escape through the vent.
      However, some of this gas becomes trapped and the resultant gas pressure
      that develops pushes on the cathode mix and actually causes it to rise
      inside the cell like a piston, and eventually the cathode mix comes into
      contact with the underneath side of the closure and blocks the vent. As
      the gas pressure continues to rise, the cell will eventually split or the
      seal closure will be pushed out from the cell.
PAR  Attempts have been made to solve this problem in various ways, such as by
      placing mechanical restraint on the cathode mix to prevent its movement,
      but these attempts have not consistently given positive results, and it
      has become evident that some means must be devised to enable the gas to
      pass around the cathode mix inside the cell.
PAR  Accordingly, it is the principal object of this invention to provide such
      means in a primary dry cell.
PAR  With the foregoing and other objects in view, there is provided in
      accordance with the invention a primary dry cell, and especially a
      magnesium dry cell, comprising a metal anode cup having a cathode mix
      therein, separated from the side wall of the anode cup by a porous,
      ionically permeable separator, and having an open end which is gas-tightly
      sealed by a closure including a vent, wherein a gas-venting passageway is
      provided around the cathode mix comprising a longitudinal groove in the
      side wall of the anode cup communicating with the void space defined
      between the cathode mix and the seal closure. Gas that is generated near
      the bottom of the cell is vented through the cathode mix via the
      passageway into the void space from whence the gas escapes through the
      vent.
PAR  In the preferred embodiment of the invention, the longitudinal groove in
      the side wall of the anode cup, forming the gas-venting passageway, also
      communicates with a radial groove in the bottom wall of the anode cup.
PAR  Although the invention will be illustrated and described herein as applied
      to a magnesium dry cell, it is nevertheless not intended to be limited to
      such cell in particular, since the principles of the invention can be
      applied equally as well to other primary dry cell systems.
DRWD
PAR  The construction and method of operation of the invention, together with
      additional objects and advantages thereof, will be best understood from
      the following description of specific embodiments when read in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is an elevational view, in section, of a magnesium dry cell
      constructed in accordance with the invention;
PAR  FIG. 2 is a sectional view taken along the line 2--2 in FIG. 1; and
PAR  FIG. 3 is a view similar to FIG. 2, taken along the line 3--3 in FIG. 1.
DETD
PAR  Referring now to the drawing and particularly to FIGS. 1 and 2, there is
      shown a primary dry cell comprising a cylindrical anode cup 10 made of
      magnesium metal or a magnesium alloy, and having an upper open end and a
      close bottom end. Within the anode cup 10 there is a cathode mix 12
      comprising particles of an oxidic depolarizer, such as manganese dioxide,
      finely-divided conductive material, such as acetylene black, and an
      electrolyte. Suitably, the electrolyte may be an aqueous magnesium
      perchlorate solution, for example. The cathode mix 12 is separated from
      the side wall of the anode cup 10 by a porous, ionically permeable
      separator 14, suitably a porous kraft paper. The cathode mix 12 is also
      separated from the anode cup bottom by a porous paper or cardboard washer
      16. The washer 16 is also permeable to the electrolyte and renders the
      anode cup bottom anodically active along with the side wall of the anode
      cup 10. A central carbon electrode element 18 is embedded in the cathode
      mix 12 and protrudes slightly beyond the upper open end of the anode cup
      10.
PAR  As best illustrated in FIG. 2, four equidistantly spaced apart longitudinal
      grooves 20 are provided in the side wall of the anode cup 10. These
      longitudinal grooves 20 are located at the interface between the side wall
      of the anode cup 10 and the paper separator 14 and extend from just below
      the upper edges of the anode cup 10 to the juncture between the side and
      bottom walls of the anode cup 10. A pair of diametrically disposed,
      intersecting grooves 22 are also provided in the bottom wall of the anode
      cup 10 and communicate with each of the longitudinal grooves 20. Grooves
      22 constitute four radial grooves each of which communicates with one of
      the longitudinal grooves 20.
PAR  The seal closure for the cell comprises an annular insulating disc 24 which
      is gas-tightly sealed within the upper open end of the anode cup 10. Disc
      24 is suitably molded from a plastic material and is formed on its top
      surface with an annular, stepped or raised portion 26 surrounding its
      outer periphery. The disc 24 is fitted tightly around the protruding end
      portion of the carbon electrode element 18 and its outer edges abut
      against the interior side wall of the anode cup 10. The upper side wall of
      anode cup 10 is turned or bent inwardly by a seal ring 28, suitably made
      of steel. This ring 28 is compressed or forced inwardly under a high
      radial pressure against the side wall of the anode cup 10 to form a tight
      radial seal between the abutting outer edges of the disc 24 and the
      interior side wall of the anode cup 10. A metal terminal cap 30 is fitted
      over the top of the carbon electrode element 18 and serves as the positive
      terminal of the cell.
PAR  A resealable vent is incorporated in the seal closure and is preferably
      constituted by a small vent aperture 32 which is provided in the
      insulating disc 24. The vent aperture 32 communicates with the void space
      34 which is defined between the disc 24 and the exposed surface on the
      cathode mix 12. The cathode mix 12 substantially fills the anode cup 10 to
      just below its upper peripheral edges leaving enough space for the
      insulating disc 24 and the void space 34. Overlying the vent aperture 32
      is a flat annular seal gasket 36. This gasket 36 may be made from any
      suitable elastomeric material, such as Tenite (cellulose acetate or
      cellulose acetate butyrate), and preferably covers the whole top surface
      of the annular stepped or raised portion 26 on the disc 24. The seal ring
      28 has one leg element 28a which extends radially inwardly from the
      peripheral edge of the anode cup 10 and is mounted in resilient pressure
      contact against the top of the flat annular seal gasket 36. The leg
      element 28a constitutes a retaining member which biases the seal gasket 36
      into normally sealing relation around the vent aperture 32. Upon the
      build-up of a predetermined excessive gas pressure in the void space 34,
      the leg element 28a deflects slightly in a direction away from the gasket
      36 and allows gas to escape through the vent aperture 32. Once the gas
      pressure has been relieved, the resiliency of the leg element 28a causes
      it to again close or seal the aperture 32. A more detailed discussion of
      the resealable vent and its method of operation is given in U.S. Pat. No.
      3,494,801 to L. F. Urry.
PAR  In the embodiment of the invention illustrated in FIGS. 1-3, the four
      longitudinal grooves 20 communicate with the void space 34 and thus enable
      any gas that is normally trapped near the bottom of the anode cup 10 to
      pass via the diametrically disposed grooves 22 into the void space 34 from
      whence the gas can readily escape through the vent.
PAR  It should be understood that any number of longitudinal grooves 20 may be
      employed in the side wall of the anode cup 10. Generally, the gas-venting
      passageway provided by one longitudinal groove 20 alone (i.e., without a
      radial groove in the anode cup bottom) will suffice for the purpose of
      venting gas normally trapped at the bottom of the cell.
PAR  Thus it will be seen that the invention provides a means in a primary dry
      cell for venting gas around the cathode mix which might otherwise become
      trapped near the bottom of the anode cup causing the cathode mix to rise
      like a piston into contact with the seal closure and block the vent. It
      will of course be apparent that the advantages made possible by the
      invention cannot be fully realized unless the vent that is used in the
      seal closure is capable of venting the gas at a high rate from inside the
      cell. Various types of high rate vents can of course be used. So-called
      "plug vents" can be employed, for example, which are capable of venting
      gas at high rates, although these vents are not resealable. Such vents
      consist of a vent opening in the closure disc which is sealed by a plug of
      wax or other low melting point sealant. The plug is expelled from the vent
      upon the development of high internal gas pressure or temperature or both.
      A vent of this type which has proven particularly advantageous for use in
      magnesium cells and which is recommended for use in primary dry cells of
      the invention is disclosed and claimed in the co-pending application of L.
      F. Urry, Ser. No. 384,446, filed on Aug. 1, 1973.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A primary dry cell comprising a metal anode cup having an open end which
      is gas-tightly sealed by a closure including a vent and having a cathode
      mix therein comprising particles of an oxidic depolarizer, finely-divided
      conductive material and an electrolyte, separated from the side wall of
      said anode cup by a porous, ionically permeable separator, said closure
      and said cathode mix defining a void space therebetween, wherein a
      gas-venting longitudinal groove in the side wall of said anode cup
      communicating with said void space to thereby enable gas normally
      entrapped near the bottom of said anode cup to pass freely around said
      cathode mix and into said void space from whence the gas can escape
      through said vent.
NUM  2.
PAR  2. The primary dry cell as defined in claim 1, wherein said gas-venting
      passageway further includes a radial groove, communicating with said
      longitudinal groove, in the bottom wall of said anode cup.
NUM  3.
PAR  3. The primary dry cell as defined by claim 2, wherein a multiplicity of
      said longitudinal and radial grooves are substantially equidistantly
      spaced apart in the side and bottom walls of said anode cup.
NUM  4.
PAR  4. The primary dry cell as defined by claim 3, wherein four longitudinal
      and radial grooves are provided 90.degree. apart in the side and bottom
      walls of said anode cup.
NUM  5.
PAR  5. The primary dry cell as defined in claim 1, wherein a central carbon
      electrode element is embedded in said cathode mix and protrudes slightly
      beyond the open end of said anode cup and wherein said closure comprises
      an annular insulating disc gas-tightly fitting around said carbon
      electrode element and within said open end of said anode cup.
NUM  6.
PAR  6. The primary dry cell as defined by claim 5, wherein said vent comprises
      a vent aperture in said annular insulating disc, a seal gasket overlying
      said vent aperture and a seal ring surrounding the peripheral edges of
      said anode cup and having a leg element extending inwardly and biasing
      said seal gasket into sealing relation around said vent aperture, said leg
      element being deflectable in a direction away from said seal gasket upon
      the build-up of a predetermined high internal gas pressure inside said
      cell.
NUM  7.
PAR  7. The primary dry cell as defined in claim 5, wherein said vent comprises
      a vent opening in said annular insulating disc which is closed by a seal
      plug made of a low melting point sealant and which is expelled from said
      vent opening upon the build-up of a predetermined high internal gas
      pressure or temperature inside said cell.
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PAL  A method of making a semiconductor device capable of high-speed operation
      is disclosed in which when the current gain-bandwidth is increased by the
      formation of a shallow base region. A side etching process is used to
      decrease the base spreading resistance and to allow ease in the formation
      of an emitter region of fine pattern. When the emitter region is formed by
      using polycrystalline silicon as a source of impurity diffusion, that area
      of an insulating film on a semiconductor substrate which adjoins the
      polycrystalline silicon is removed before the impurity diffusion so as to
      prevent an abnormal diffusion phenomenon.
PAC  BACKGROUND OF THE INVENTION
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method of making a semiconductor device, and
      more particularly to an improved method for fabrication of a semiconductor
      device capable of high speed operation.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In order to increase the operational speed of semiconductor devices such as
      a transistor, an integrated circuit and so on, it is necessary to increase
      the current gain-bandwidth f.sub.T. It is considered that the current
      gain-band-width f.sub.T may be increased by forming a base region to a
      small depth. However, with such a shallow base region, the base spreading
      resistance .gamma..sub.bb ' increases, making it impossible to increase
      the figure of merit at high frequencies.
PAR  One of conventional types of methods for the manufacture of transistors is
      such, for example, as shown in FIGS. 1A to 1H. At first, an epitaxial
      layer 1b of about 5.mu. thick is formed on an n-type silicon semiconductor
      substrate 1a having a resistivity of about 0.01 .omega.-cm and, by thermal
      oxidation, an insulating film 2 of SiO.sub.2 of about 6000A is formed on
      the surface of the epitaxial layer 1b.
PAR  Then, the insulating film 2 is selectively removed to form windows, through
      which boron is diffused into the substrate 1a to provide a base contact
      region BC, as illustrated in FIG. 1B.
PAR  Next, as shown in FIG. 1C, the insulating film 2 overlying the base contact
      region BC and extending therebetween is etched away and then boron is
      diffused to form a base region B as depicted in FIG. 1D.
PAR  Following this, a Si.sub.3 N.sub.4 film 3 and a SiO.sub.2 film 4 are formed
      by the CVD method, as shown in FIG. 1E. Then, the films 3 and 4 are
      selectively removed to provide windows 5 and 6 for the formation of an
      emitter and a base, as depicted in FIG. 1F. The entire surface of the
      substrate assembly except the window 5 is covered with the photo resist
      and the SiO.sub.2 film 2 underlying the window 5 is etched away with
      hydrofluoric acid (HF) to expose the surface of the substrate.
PAR  Thereafter, polycrystalline silicon containing, for example, arsenic (As)
      is grown over the entire surface of the substrate assembly and then
      patterned in the pattern of an emitter electrode to obtain such a
      construction as shown in FIG. 1G. Then, the substrate assembly is heated
      up to 1000.degree.c to diffuse arsenic (As) from the polycrystalline 7
      into the base region B, providing an emitter region E.
PAR  Next, the area of the SiO.sub.2 film 2 exposed through the window 6 is
      removed by the wash-out method to extend the window 6 down to the surface
      of the substrate 1a. The entire surface of the assembly is then deposited
      with aluminum by evaporation and subjected to patterning to provide the
      construction depicted in FIG. 1H. Reference numeral 8 indicates an emitter
      electrode and 9 designates a base electrode.
PAR  The base spreading resistance .gamma..sub.bb ' of such a transistor as
      described above is expressed by the following equation as shown in FIG. 2:
EQU  .gamma..sub.bb ' = .gamma.1 + .gamma.2 + .gamma.3 + .gamma.4
PAL  where .gamma.1 is the resistance in the area extending from the emitter
      electrode 8 to the boundary between it and the emitter region E; .gamma.2
      is the resistance of the base region B from the boundary between it and
      the emitter region E to the boundary between it and the base contact
      region BC; .gamma.3 is the resistance in the base contact region BC; and
      .gamma.4 is the reistance in the area extending from the base contact
      region BC to the base electrode 9.
PAR  FIG. 3 shows one example of the relationship among the depth Xj(A) of the
      base region B, a maximum current gain-bandwidth f.sub.Tmax (GHz) and the
      base spreading resistance .gamma..sub.bb '(.omega.). A decrease in the
      depth Xj(A) of the base region B increases the maximum current
      gain-bandwidth F.sub.Tmax but also increases the base spreading resistance
      .gamma..sub.bb '.
PAR  If the collector capacitance is taken as Cc, the figure of merit FM at high
      frequencies is expressed as follows:
      ##EQU1##
      Accordingly, if the depth Xj of the base region B is selected such that
      the base spreading resistance .gamma..sub.bb ' increases more than the
      current gain-bandwidth f.sub.T, the figure of merit FM decreases.
PAR  The base contact region BC is formed by diffusing an impurity to high
      concentration so as to decrease the resistance .gamma.3 which is one part
      of the base spreading resistance .gamma..sub.bb '. Further, if the base
      region B is shallow, the resistance .gamma.2 is dependent upon the
      distance .alpha. between the emitter region E and the base contact region
      BC. Accordingly, the base spreading resistance .gamma..sub.bb ' can be
      reduced by decreasing the distance .alpha.. However, as described
      previously with regard to FIGS. 1A to 1H, after the base contact region BC
      and the base region B are formed, the window for the formation of the
      emitter is formed by photoetching and then the diffusion process is
      achieved to provide the emitter region E, so that the accuracy of the mask
      and the accuracy of its positioning in the photoetching process impose
      some limitation on the distance .alpha. and it is generally difficult to
      reduce the distance .alpha. shorter than 2.mu.. Further, by decreasing the
      width of the emitter region E, the high frequency characteristic can be
      improved but, for the same reason as described above, it is difficult to
      decrease the width shorter than 2.mu..
PAR  The impurity concentration of the base contact region BC is selected about
      1.about.5 .times. 10.sup.20 atoms/cm.sup.3. The formation of such a high
      impurity concentration region near the baseemitter junction leads to the
      lowering of its withstand voltage. In order to decrease the distance
      .alpha. between the emitter region E and the base contact region BC, it is
      necessary for the impurity concentration of the area adjoining the
      emitter-base junction to be reduced to about 1 .times. 10.sup.19
      atoms/cm.sup.3.
PAR  Moreover, in the process shown in FIG. 1G, abnormal diffusion called
      enhanced diffusion occurs at the boundary between the window for diffusion
      and the SiO.sub.2 film 2 in the formation of the emitter region E by
      impurity diffusion, as indicated by broken lines. This abnormal diffusion
      presents a problem, for example, in the case where the base region B is
      formed shallow for increasing the current gain-bandwidth f.sub.T. Namely,
      in some cases, even if the emitter region E is formed by diffusing an
      impurity to a predetermined depth, one part of the emitter region E
      extends through the base region B due to the abnormal diffusion to
      short-circuit the emitter and the collector. The phenomenon of such
      abnormal diffusion often occurs in the case where polycrystalline silicon
      is used as a source of diffusion but it also occurs in the cases of
      employing PO, Cl.sub.3, P.sub.2 O.sub.5, PSG, ASG, etc.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is intended to overcome the aforesaid defects experienced in
      the prior art and has for its object to provide a method of making a
      semiconductor device capable of high-speed operation.
PAR  Another object of this invention is to provide a method of making a
      semiconductor device which settles various problems raised by the
      formation of a shallow base region.
PAR  Still another object of this invention is to provide a method of making a
      semiconductor device with which it is possible to form more minute
      patterns than those obtainable with the photoetching process.
PAR  The semiconductor device manufacturing method of this invention includes a
      process in which a window, larger than an emitter region which will be
      ultimately formed, is formed in an insulating film formed on the surface
      of a semiconductor substrate, having a base region formed therein. A
      polycrystalline silicon layer containing a diffused impurity is formed on
      the base region in the window; and the impurity contained in the
      polycrystalline silicon layer is diffused by heat treatment into the base
      region to form the emitter region.
PAR  The objects and effects of this invention will become more apparent from
      the following description taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A to 1H, inclusive, are schematic cross-sectional views, explaining
      one prior art example of the steps heretofore employed in the manufacture
      of a semiconductor device;
PAR  FIG. 2 is a diagram, for explaining the base spreading resistance
      .gamma..sub.bb ' in a semiconductor device;
PAR  FIG. 3 is a graph showing the relationships of the base spreading
      resistance and the maximum current gain-bandwidth to the depth of a base
      region;
PAR  FIGS. 4A to 4E, inclusive, show the steps employed in producing a
      semiconductor device according to a first example of this invention;
PAR  FIGS. 5A to 5G, inclusive, show the steps employed in producing a
      semiconductor device according to a second example of this invention,
      wherein a side etching step is used to determine the width of the emitter
      region;
PAR  FIGS. 6A to 6E, inclusive, show a third example of the invention wherein a
      side etching step is employed to determine width of the emitter region;
PAR  FIGS. 7A to 7D, inclusive, show a series of steps involved in the
      manufacture of a semiconductor device in accordance with a fourth example
      of this invention;
PAR  FIGS. 8A to 8D, inclusive, show a series of steps involved in the
      manufacture of a semiconductor device in accordance with a fifth example
      of this invention;
PAR  FIG. 8E is a graph showing the distribution of impurity concentration in
      the example depicted in FIGS. 8A to 8D; and
PAR  FIG. 11 is a graph comparing the relationships of .gamma..sub.bb '+ W.sub.T
      Le to f.sub.T in the example of the prior art with the example of this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 4A to 4E, inclusive, illustrate one example of the steps employed in
      producing a semiconductor device according to this invention. A base
      region B and a base contact region (not shown) can be formed by known
      means in a silicon semiconductor substrate 10. In FIG. 4A, reference
      numeral 11 indicates a silicon dioxide (SiO.sub.2) film. The base region B
      is covered with the silicon dioxide film formed during impurity diffusion.
PAR  The silicon dioxide film 11, overlying the base region B, is selectively
      removed to form a window 12, shown in FIG. 4B to be larger in area than
      the emitter region subsequently formed. The formation of the window 12 can
      be effected by usual photoetching techniques. The silicon dioxide film 11
      is about 1000A thick on the base region B and about 6000A thick in other
      areas. Therefore, by etching the silicon dioxide film 11 with an etchent
      for silicon dioxide (for example, hydrofluoric acid by the wash-out
      method), it is possible to form the window 12 only on the base region B.
PAR  The following steps result in the construction shown in FIG. 4C. A
      polycrystalline silicon layer is formed on the entire area of the upper
      surface of the substrate assembly; followed by a silicon nitride (Si.sub.3
      N.sub.4) film and a silicon dioxide (SiO.sub.2) film formed by the CVD
      method on said polycrystalline silicon layer. In the case of forming an
      NPN transistor, a polycrystalline silicon layer, containing arsenic (As),
      can be formed at a speed of 300A/min.; by selecting, for example, the
      molar ratio of AsH.sub.3 to SiH.sub.4 to be 3.6.times.10.sup..sup.-2 ; and
      by thermal decomposition at 700.degree.c. The thickness of the
      polycrystalline silicon layer is selected in the range of 3000 to 5000A,
      where the impurity concentration of the emitter region is
      2.times.10.sup.20 atoms/cm.sup.3. It is sufficient that the impurity
      concentration of the polycrystalline silicon layer be 6.5.times.10.sup.20
      atoms/cm.sup.3. Further, by selecting the molar ratio of PH.sub.3 to
      SiH.sub.4 to be 2.8.times.10.sup.-.sup.2 and by thermal decomposition at
      700.degree.c, a polycrystalline silicon layer having an impurity
      concentration of 4.times.10.sup.20 atoms/cm.sup.3 and containing
      phosphorus (P) can be formed at a speed of 500A/min. Similarly, in the
      case of a PNP transistor, a polycrystalline silicon layer containing boron
      (B), is formed.
PAR  It is possible to form the polycrystalline silicon layer 2000A thick; the
      silicon nitride film 1500A thick; and the silicon dioxide film thereon
      2000A thick.
PAR  Next, the uppermost silicon dioxide film is selectively etched away, by
      hydrofluoric acid (Hf), for example, in the pattern of the emitter region;
      and the silicon nitride film is selectively etched away, for example, by
      phosphoric acid (H.sub.3 PO.sub.4), for example, through the remaining
      silicon dioxide film serving as an etching mask. Thereafter, the
      polycrystalline silicon layer is selectively etched away, through the
      silicon nitride film serving as an etching mask, by an etchent composed
      of, for example, HNO.sub.3, HF and CH.sub.3 COOH in the ratio of 3:1:10.
      With this etchent, the polycrystalline silicon, the silicon dioxide and
      the silicon nitride are etched away at speeds of 1500A/min., 150A/min. and
      100A/min., respectively. Therefore, the above steps result in the
      construction shown in FIG. 4C. Reference numeral 13 designates the
      polycrystalline silicon layer and 14 identifies the silicon nitride film.
      The silicon dioxide on the silicon nitride film 14 has been removed by the
      wash-out method.
PAR  Thereafter, a heat treatment referred to as "drive in" is achieved in an
      oxidizing atmosphere at a temperature of 1000.degree. to 1050.degree.c, by
      which the impurity is diffused from the polycrystalline silicon layer 13
      to form the emitter region E, as depicted in FIG. 4D. In this diffusion
      process the silicon nitride 14 serves to prevent outward diffusion from
      the polycrystalline silicon layer 13. Also, in this diffusion process, a
      silicon dioxide film is formed 2000 to 3500A thick on the remainder of the
      area of the window 12 and a silicon dioxide film having a thickness of
      less than 100A is formed on the silicon nitride film 14.
PAR  During the above diffusion process no abnormal diffusion occurs, since the
      periphery of the polycrystalline silicon layer 13 does not make contact
      with any insulating layer, such as in the prior art wherein a silicon
      dioxide film is used as a mask. This is considered to be due to the fact
      that, in the diffusion by the heat treatment, distortion due to the
      difference in the coefficient of thermal expansion among the semiconductor
      substrate 10, the polycrystalline silicon layer 13, the insulating film
      11, etc. is not applied to that portion of the semiconductor substrate 10
      in which the emitter region E is formed. Since no abnormal diffusion
      occurs, as mentioned above, it is possible to form the emitter region E in
      the shallow base region B, using the polycrystalline silicon layer 13 as a
      diffusion source.
PAR  Then, the thin silicon dioxide film on the silicon nitride film 14 is
      removed by the wash-out method and the silicon nitride film 14 is removed
      by phosphoric acid (H.sub.3 PO.sub.4), thus exposing the upper surface of
      the polycrystalline silicon layer 13.
PAR  This is followed by the formation of a window (for forming an electrode) in
      the silicon dioxide film 11 on the base region B. Where the base contact
      region is formed as described previously, a window is formed in the
      silicon dioxide film 11 overlying the base contact region.
PAR  Subsequent to the formation of the window, aluminum (Al) is vapor
      deposited, for example, 8000A thick on the entire surface of the substrate
      assembly and then etched away in a desired wiring pattern, thus providing
      an emitter electrode 15 and a base electrode 16, as depicted in FIG. 4E.
PAR  In the formation of the emitter electrode 15, the polycrystalline silicon
      layer 13 used for the formation of the emitter region E, serves as a
      connecting electrode. Therefore, the positioning process for forming the
      window for the subsequent formation of the emitter connecting electrode,
      becomes unnecessary. This process makes it possible to form the emitter
      region E as narrow as 2 to 4.mu., or less.
PAR  The temperature for the formation of the polycrystalline silicon layer is
      not limited specifically to 700.degree.c. However, since a temperature
      below 700.degree.c does not cause impurity diffusion in the semiconductor
      substrate, it is suitable for practical purposes. In the case of growing
      the polycrystalline silicon layer at a higher temperature, impurity
      diffusion into the substrate is very slight. Therefore, if the exposed
      surface of the semiconductor substrate is lightly etched at the time of
      patterning the polycrystalline silicon layer, no problem occurs.
PAR  Further, the heat treatment may be achieved either in an oxidizing
      atmosphere or in a non-oxidizing atmosphere. With heat treatment in the
      oxidizing atmosphere, a silicon dioxide film is formed as shown in FIG.
      4D.
PAR  In the above case of using the polycrystalline silicon layer as a source of
      impurity diffusion, with the temperature for the heat treatment in the
      range of about 1000.degree. to 1050.degree.c, impurity diffusion becomes
      completely solid phase-solid phase diffusion and the segregation
      coefficient is also about 1. Therefore, diffusion having high surface
      concentration is easily carried out. Furthermore, the fabrication of a
      minute emitter pattern becomes easier since after the diffusion treatment
      the polycrystalline silicon layer can be used as an electrode. Moreover,
      there is no possibility of abnormal diffusion, such as is caused where
      heat treatment for impurity diffusion is carried out using an insulating
      film as a diffusion mask, since the heat treatment here is effected after
      the polycrystalline silicon layer is formed as a source of impurity
      diffusion in the window area. The emitter region is easily formed in the
      shallow base region and no short-circuiting between the emitter and the
      collector occurs.
PAR  On the other hand, it has been proposed to use PSG or the like as a source
      of impurity diffusion. However, when the temperature for heat treatment
      for impurity diffusion is about 1000.degree.c, PSG is a liquid phase. It
      is said that the impurity diffusion in the PSG case is usually solid
      phase-solid phase diffusion. However, in practice, the diffusion becomes a
      liquid phase-solid phase one. Furthermore, the segregation coefficient is
      0.1 to 0.03 or less, when employing PSG. Therefore, in order for the
      emitter region to have an impurity concentration of 2.times.10.sup.20
      atoms/cm.sup.3, the impurity concentration of PSG is required to be
      5.times.10.sup.21 atoms/cm.sup.3. Such concentration is about 10 times
      higher than that where polycrystalline silicon is used. Moreover, after
      the diffusion treatment, no electrode can be provided to the emitter
      region unless the PSG used as the source of impurity diffusion is removed.
      The resultant manufacturing process becomes accordingly more complicated.
PAR  FIGS. 5A to 5G, inclusive, illustrate another example of this invention. An
      n-type epitaxial layer having a resistivity of 0.01 .omega.-cm is formed
      5.mu. thick on an n-type silicon (Si) semiconductor substrate. The
      substrate assembly is subjected to an oxidizing treatment in a wet oxygen
      atmosphere at 1200.degree.c for 30 minutes, thereby forming a silicon
      dioxide (SiO.sub.2) film 6000A in thickness. Then, the silicon dioxide
      film is selectively removed, to form a window therein which will be used
      for the formation of a base contact region and a base region. By the CVD
      method, a silicon nitride (Si.sub.3 N.sub.4) film 22, a silicon dioxide
      film 23, a silicon nitride film 24 and a silicon dioxide film 25 are
      formed, on said substrate, 1000A, 1000A, 1000A and 4000A in thickness,
      respectively said layers are illustrated in FIG. 5A. Reference numeral 20
      indicates the semiconductor substrate including the epitaxial layer and 21
      designates the silicon dioxide film formed by the initial heat treatment.
PAR  The silicon nitride films 22 and 24 are formed, for example, by supplying
      SiH.sub.4 and ammonium at a temperature above 700.degree.c. The silicon
      dioxide films 23 and 25 can be formed, for example, by supplying SiH.sub.4
      and NO at a temperature above 700.degree.c.
PAR  Next, as depicted in FIG. 5B, a window 26 is formed for the formation of
      the base contact region BC. A photo resist material is coated on the
      uppermost silicon dioxide film 25 and patterned; after which, the silicon
      dioxide film 25 is etched by hydrofluoric acid (HF), through the photo
      resist used as an etching mask. Then, the silicon nitride film 24 is
      etched by phosphoric acid (H.sub.3 PO.sub.4) heated up to a temperature of
      120.degree. to 200.degree.c, using the silicon dioxide film 25 as a mask.
      Thereafter, the silicon dioxide film 23 is etched by hydrofluoric acid
      (HF) using the silicon nitride film 24 as a mask, and then, the silicon
      nitride film 22 is etched by the aforementioned heated phosphoric acid
      (H.sub.3 PO.sub.4).
PAR  Boron is diffused into the semiconductor substrate 20 through the thus
      formed window 26. A base contact region BC is formed, having a surface
      impurity concentration higher than 1 .about. 5 .times. 10.sup.20
      atoms/cm.sup.3 and a depth of about 1.mu..
PAR  Subsequent to the formation of the base contact region BC, side etching of
      the silicon dioxide film 23 is achieved, as shown in FIG. 5C. The amount
      of the silicon dioxide film 23 etched away is selected such that the width
      of the remaining silicon dioxide film 23a is the desired width of an
      emitter region. During this side etching process, the uppermost silicon
      dioxide film 25 is removed. However, since the silicon dioxide film 21 is
      formed by thermal oxidation, the speed at which the silicon dioxide film
      21 is etched by hydrofluoric acid (HF) is about 1/2 to 1/3 of that for the
      silicon dioxide films 23 and 25 formed by the CVD method. Therefore,
      during this side etching process, the silicon dioxide film 21 is only
      slightly etched.
PAR  Following the side etching of the silicon dioxide film 21, the silicon
      nitride films 22 and 24 are etched by heated phosphoric acid (H.sub.3
      PO.sub.4). In this case, the silicon dioxide films 23 and 23a serve as a
      mask, so that even if the silicon nitride film 24 overlying them is etched
      away, the silicon nitride 22a remains on the area which will be ultimately
      occupied by the emitter region, providing such a construction as shown in
      FIG. 5D.
PAR  Thereafter, the silicon dioxide films 23 and 23a are washed out by using
      hydrofluoric acid (HF) and an impurity is diffused to form a resistance
      region, 27 as depicted in FIG. 5E. The surface impurity concentration of
      the resistance region 27 is selected to be 1.about.2 .times. 10.sup.19
      atoms/cm.sup.3 and its depth is about 5000A. Further, by the diffusion
      treatment, a silicon dioxide film 28 is formed about 4000A thick.
PAR  Next, the silicon nitride films 22 and 22a are washed out by using heated
      phosphoric acid (H.sub.3 PO.sub.4) and a window 29 is formed, as depicted
      in FIG. 5F. Through the window 29, impurity diffusion is effected for the
      formation of a base region B and an emitter region E. The base region B is
      formed to have a depth Xj of 1000A and an impurity concentration of 1
      .about. 2 .times. 10.sup.19 atoms/cm.sup.3. By the diffusion treatment for
      the base region B, a silicon dioxide film is formed 500A thick in the
      window 29. The silicon dioxide film is washed out and an emitter impurity
      is then diffused through the window 29. A silicon dioxide film is again
      formed in window 29 and, is subsequently selectively removed at those
      areas to form windows which overlie the emitter region E and the base
      contact region BC. Then, a base electrode 30 and an emitter region 31 are
      formed by known means as shown in FIG. 5G.
PAR  Diffusion treatment by a vacuum capsule method, an ion implantation method,
      a thermal decomposition method using hydrogen boride (B.sub.2 H.sub.6),
      etc., may be substituted so that no silicon dioxide film is formed at the
      area of the window 29, therefore making it unnecessary to repeat the
      formation of a window.
PAR  Further, it is also possible to employ the following method. Namely, after
      the base region B is formed, and the silicon dioxide film, formed in the
      window used for the formation of the base B, is washed out forming the
      window 29; SiH.sub.4 and AsH.sub.3 are caused to react with each other at
      700.degree.c to form a polycrystalline silicon layer over the entire area
      in the window. The polycrystalline silicon layer is patterned in the
      pattern of the emitter electrode; and the substrate assembly is subjected
      to heat treatment up to about 1000.degree.c to diffuse arsenic (As)
      thereby forming the emitter region E. If the silicon dioxide film 28
      around the polycrystalline silicon layer formed in the window 29 is
      removed prior to the abovesaid heat treatment, no abnormal diffusion
      occurs and a shallow base region can be obtained.
PAR  The distance .alpha., between the base contact region BC and the emitter
      region E, can be determined dependent upon the amount of side etching in
      the process depicted in FIG. 5C. Therefore, the distance .alpha. can be
      easily reduced, and consequently the base spreading resistance
      .gamma..sub.bb ' can be lowered. Further, the width of the emitter region
      E can also be determined by the amount of side etching. Therefore, it is
      easy to form an emitter region having a width of less than 1.mu. based on
      the relationship between the distance .alpha. and the base contact region
      BC. Namely, by effecting the side etching process, it is possible to form
      a minute pattern as compared with that obtainable only with the
      photoetching process. Therefore, even if the base region B is formed
      shallow, the base spreading resistance .gamma..sub.bb ' can be decreased
      and the width of the emitter region E can also be made very small.
PAR  FIGS. 6A to 6E, inclusive show another example of this invention. At first,
      a window is formed in a selected area of a silicon dioxide film 21
      overlying a semiconductor substrate 20. An impurity is diffused, through
      said window, into the semiconductor substrate 20 forming a base region B,
      as depicted in FIG. 6A. A thin silicon dioxide film formed in said window
      by the above diffusion process is removed by the wash-out method.
PAR  Then, as described previously in connection with FIG. 5A, a silicon nitride
      film 22, a silicon dioxide film 23, a silicon nitride film 24 and a
      silicon dioxide film 25 are formed by the CVD method over the entire
      surface of the substrate assembly. Then, these films are selectively
      removed forming a window 26, through which an impurity is diffused into
      the semiconductor substrate 20 to provide a base contact region BC. Such a
      construction is shown in FIG. 6B. A silicon dioxide film is formed in the
      window 26 in the above diffusion process, but for the sake of simplicity
      is not shown.
PAR  Thereafter, as described previously with regard to FIG. 5C, side etching of
      the silicon dioxide film 23 is carried out to provide such a construction
      as depicted in FIG. 6C. By this side etching process, the silicon dioxide
      film formed in the window 26 is almost etched away.
PAR  Next, by the wash-out method using heated phosphoric acid (H.sub.3
      PO.sub.4), the silicon nitride film 24 is completely removed and the
      silicon nitride film 22 is masked by the silicon dioxide films 23 and 23a
      and etched away only at its exposed area. Then, by the wash-out using
      hydrofluoric acid (HF), the silicon dioxide films 23 and 23a are removed.
      Heat oxidation is then achieved, thereby forming a silicon dioxide film on
      the area which is not covered with the silicon nitride film 22a, as
      illustrated in FIG. 6D.
PAR  Following the above process, the silicon nitride film 22a is removed by the
      wash-out method to form a window. Either ordinary gas diffusion is
      effected, or diffusion is effected by heat treatment using polycrystalline
      silicon as a source of diffusion, to form an emitter region E. Then, a
      base electrode 30 and an emitter electrode 31 are formed as depicted in
      FIG. 6E.
PAR  Silicon dioxide is easier to side etch than silicon nitride. Therefore,
      since the silicon dioxide film formed directly on the semiconductor
      substrate 20 is not subjected to side etching while the silicon dioxide
      formed on the semiconductor substrate 20 through the silicon nitride film
      is subjected to side etching, the surface of the semiconductor substrate
      20 is not roughened even if the amount of side etching of the silicon
      dioxide film is large.
PAR  In the foregoing examples, the silicon nitride film may be replaced with an
      aluminum oxide (Al.sub.2 O.sub.3) film and the silicon dioxide film may
      also be replaced with a polycrystalline silicon, phosphosilicate glass
      (PSG), borosilicate glass (BSG) or the like.
PAR  As described above, a first insulating layer of either silicon nitride,
      aluminum oxide or the like, a second layer of either silicon dioxide,
      polycrystalline silicon or the like and a third insulating layer of the
      same material as the first insulating layer are sequentially formed on a
      semiconductor substrate. The lower layers are each patterned, using the
      layer immediately thereon as a mask. The second layer interposed between
      the first and third insulating layers is subjected to side etching; and
      then the first insulating layer is patterned using the second layer as a
      mask. Consequently, the first insulating layer can be easily patterned to
      a minute dimension, as compared with that obtainable with an ordinary
      photoetching process, and therefore, an emitter of minute pattern size can
      also be formed easily. Furthermore, since the distance between the emitter
      region and the base contact region is dependent upon the amount of side
      etching, this distance can be made very short regardless of the
      photoetching process; and when the current gain-bandwidth f.sub.T is
      increased by the formation of a shallow base region, the base spreading
      resistance .gamma..sub.bb ' can be reduced. This provides for greatly
      enhanced high-frequency characteristics, coupled with the possibility of
      forming an emitter of minute pattern.
PAR  FIGS. 7A to 7D, inclusive, show a series of steps involved in the
      manufacture of a semiconductor device in accordance with a fourth example
      of this invention. As illustrated in FIG. 7A, a base region B and a base
      contact region BC are formed in a silicon (Si) semiconductor substrate 40.
      Reference numeral 41 identifies a silicon dioxide film, which is
      selectively removed to form therein a window for diffusing therethrough an
      emitter impurity. A polycrystalline silicon layer 42 is then formed over
      the entire area of the surface of the substrate assembly. The
      polycrystalline silicon layer 42 is formed 3000 to 5000A thick by the
      reaction of, for example, SiH.sub.4 with AsH.sub.3 as described
      previously. Then, the polycrystalline silicon layer 42 is selectively
      etched in such a pattern as to be larger in area than the underlying
      window for emitter impurity diffusion use.
PAR  Thereafter, as depicted in FIG. 7B, the silicon dioxide film surrounding
      the polycrystalline silicon layer 42 is removed, for example, by using
      hydrofluoric acid, thus leaving the polycrystalline silicon layer 42 of
      umbrella configuration on the base region B.
PAR  Following this, boron (B) is injected by ion implantation. The energy for
      this implantation is selected to be 20 to 120KeV and the amount of dose is
      selected to be 10.sup.14 to 10.sup.16 atoms/cm.sup.3. In this ion
      implantation, the impurity is prevented by the umbrella-shaped
      polycrystalline silicon layer 42 from being injected into the area
      surrounding the emitter region E. Therefore, the emitter region E is not
      joined with a high impurity concentration region.
PAR  Further, it is also possible to form the base contact region BC by the
      above-said ion implantation after the formation of the base region B. The
      ion implantation may also be achieved before the silicon dioxide film 41
      around the polycrystalline silicon layer 42 is removed.
PAR  Moreover, the following method may also be employed. Wherein, prior to the
      patterning of the polycrystalline silicon layer 42, a silicon nitride film
      and a silicon dioxide film are formed thereon. The silicon dioxide film is
      patterned; and the silicon nitride film is etched through the patterned
      silicon dioxide film serving as a mask. The polycrystalline silicon layer
      42 is etched through the remaining silicon nitride film serving as a mask.
      Preferably, the silicon nitride film and the silicon dioxide film are
      present on the polycrystalline silicon layer 42, so that no boron (B) is
      injected by the ion implantation into the polycrystalline silicon layer
PAR  Next, the substrate assembly is subjected to heat treatment in a wet
      O.sub.2 atmosphere at 1000.degree.c, by which arsenic (As) is diffused
      from the polycrystalline silicon layer 42 into the base region B to form
      therein the emitter region E as shown in FIG. 7C. Reference numeral 43
      represents a silicon dioxide film formed as a result of the above
      diffusion treatment.
PAR  As seen in FIG. 7B, where the polycrystalline silicon layer 42 is used as a
      source of impurity diffusion, a silicon dioxide film or like insulating
      film does not exist on the semiconductor substrate 40 to make contact with
      the periphery of the polycrystalline silicon layer 42. Therefore, no
      abnormal diffusion occurs. Consequently, it is possible to form the
      emitter region E in a shallow base region B.
PAR  By heat treatment for diffusion in the oxygen atmosphere, a silicon dioxide
      film is also formed on the outer peripheral surface of the polycrystalline
      silicon layer 42. This silicon dioxide film prevents outward diffusion of
      the impurity from the polycrystalline silicon layer 42 and all the
      impurity tends to diffuse toward the emitter region E. Accordingly, the
      surface impurity concentration of the emitter region E can be enhanced to
      about 2.times.10.sup.20 atoms/cm.sup.3. Such concentration contributes to
      improvement of the operating speed of transistors.
PAR  FIG. 7D shows the construction wherein a base electrode 44 and an emitter
      electrode 45 have been formed. The polycrystalline silicon layer 42 used
      as a source of impurity diffusion forms one part of the emitter electrode,
      and since its upper surface is larger than the width of the emitter region
      E, the emitter electrode 45 can be easily provided.
PAR  FIGS. 8A to 8D, inclusive, illustrate steps in a fifth example of this
      invention. After a base contact region BC and a base region B are formed,
      as depicted in FIG. 1D, a silicon dioxide film formed in the diffusion
      process is removed. Thereafter a polycrystalline silicon layer 52; a
      silicon nitride film 53; and a silicon dioxide film 54 are formed, as
      illustrated in FIG. 8A. Reference numeral 50 indicates a silicon
      semiconductor substrate; and 51 designates a silicon dioxide film formed
      by thermal oxidation.
PAR  The polycrystalline silicon layer 52 can be formed by the same means as
      that employed in the first example of this invention, shown in FIGS. 4A to
      4E. The silicon nitride film 53 and the silicon dioxide film 54 are formed
      by the CVD method.
PAR  Next, as shown in FIG. 8B, the silicon dioxide film 54, the silicon nitride
      film 53 and the polycrystalline silicon layer 52 are removed in such a
      pattern as to remain only on that area in which an emitter region E will
      ultimately be formed. Then, boron (B) is injected by ion implantation. In
      such a case, the impurity is driven in to a depth greater than that of the
      base region B as indicated by broken lines, thus forming a resistance
      region 55.
PAR  Subsequent to the formation of the resistance region 55, the substrate
      assembly is subjected to heat treatment in a wet O.sub.2 atmosphere at
      1000.degree.c to diffuse the impurity from the polycrystalline silicon
      layer 52 into the base region B, providing an emitter region E as
      illustrated in FIG. 8C. Reference numeral 51a identifies a silicon dioxide
      film formed during the above impurity diffusion process.
PAR  After the formation of the emitter region E, the silicon dioxide film 54
      and the silicon nitride film 53 are removed to form a window on the base
      contact area BC and, as shown in FIG. 8D. A base electrode 56 and an
      emitter electrode 57 are formed of aluminum (Al) or the like.
PAR  FIG. 8E shows the distribution of the impurity concentration relative to
      the depth from the surface of the semiconductor substrate 50. Curves a, b,
      c, d and e respectively indicate distributions of the impurity
      concentrations in the base contact region BC, the base region B, the
      resistance region 55, the emitter region E and a collector region, that
      is, the epitaxial layer. The curve c shows the impurity concentration
      distribution in the resistance region 55 formed by ion implantation. It is
      desired to select the impurity concentration distributions such that the
      maximum impurity concentration of the resistance region 55 may not exceed
      1.times.10.sup.19 atoms/cm.sup.3, which is also the surface impurity
      concentration of the base region B; and that the curve c may cross the
      impurity concentration distribution curve b of the base region B at
      substantially the same depth as that of which it crosses the impurity
      concentration distribution curve d of the emitter region E.
PAR  In the present example, no abnormal diffusion occurs during the emitter
      impurity diffusion. Further, the resistance region 55 is formed by ion
      implantation between the emitter region E and the base contact region BC
      thereby decreasing the base spreading resistance .gamma..sub.bb '.
PAR  FIGS. 9A to 9C, inclusive, shows steps in a sixth example of this
      invention. The construction shown in FIG. 9A is obtained by the following
      steps. Namely, a silicon dioxide film 61, which is formed by thermal
      oxidation on a semiconductor substrate 60, is selectively removed to form
      therein a window. A base impurity is diffused through said window, into
      the semiconductor substrate 60, to provide therein a base region B. Then,
      by the reaction of SiH.sub.4 with AsH.sub.3, a polycrystalline silicon
      layer 62 containing arsenic (As) 2000A thick is formed; on which a silicon
      nitride film 63 1500A thick is formed by the CVD method; and, further, a
      silicon dioxide film 64 2000A thick is formed on the silicon nitride film
      63. Thereafter, the silicon dioxide film 64, the silicon nitride film 63
      and the polycrystalline layer 62 are sequentially etched to leave an
      island which is larger in area than an emitter region, which will be
      ultimately formed.
PAR  Side etching of the polycrystalline silicon layer 62 is then effected, as
      depicted in FIG. 9B. For this side etching, an etchent composed of
      HNO.sub.3, HF and CH.sub.3 COOH in the ratio of 3:1:10 is employed. The
      speed at which the polycrystalline silicon layer is etched, is 1500A/min.
      The amount of side etching of the polycrystalline silicon layer is
      selected so that the width of the remaining polycrystalline silicon layer
      62 agrees with the desired width of the emitter region.
PAR  Following the side etching of the polycrystalline silicon layer 62, ion
      implantation is achieved as is the case with the fourth and fifth example
      of the present invention. In this case, the silicon nitride film 63 and
      the silicon dioxide film 64 serve as a mask to form a base contact region
      BC as indicated by broken lines.
PAR  Subsequent to the ion implantation, the substrate assembly is heated in a
      wet O.sub.2 atmosphere at 1000.degree.c. The impurity in the
      polycrystalline silicon layer 62 is thereby diffused into the base region
      B; forming therein, the emitter region E depicted in FIG. 9C. Reference
      numeral 61a denotes a silicon dioxide film formed during the above heat
      treatment.
PAR  Thereafter, a base electrode and an emitter electrode are formed in the
      same manner as in the fifth example.
PAR  In this sixth example, no abnormal diffusion occurs when the emitter
      impurity diffusion is achieved and the emitter region can be formed in a
      shallow base region. Further, the side etching enables the formation of a
      very narrow emitter region, as compared with patterning by the
      photoetching process. Moreover, the distance between the base contact
      region BC and the emitter region E can also be selected depending upon the
      amount of side etching, so that the base spreading resistance
      .gamma..sub.bb ' can be made small by reducing the distance.
PAR  FIGS. 10A to 10G, inclusive, show steps employed in a seventh example of
      this invention. A silicon dioxide film 71 is formed by thermal oxidation
      to about 6000A on a semiconductor substrate 70 having formed thereon an
      n-type epitaxial layer about 5.mu. in thickness. The silicon dioxide film
      71 is selectively removed by ordinary photoetching techniques to form
      therein a window which is large enough to form a base contact region and a
      base region. Then, a first silicon nitride film 72, a silicon dioxide film
      73, a second silicon nitride film 74 and a silicon dioxide film 75 are
      formed by known CVD method 1000A, 1000A, 1000A and 4000A in thickness,
      respectively, obtaining a construction shown in FIG. 10A, which is the
      same as that depicted in FIG. 5A.
PAR  After this, a window 76 for the formation of a base contact region is
      formed by etching in the same manner as described previously in connection
      with FIG. 5B. The width L.sub.1, of the silicon dioxide films 73 and 75
      and the silicon nitride films 72 and 74 surrounded by the window 76, is
      selected to be about 3.mu.. Then, boron (B) is diffused through the window
      76 into the semiconductor substrate 70 to form therein a base contact
      region BC.sub.3 having a surface impurity concentration of
      1.times.10.sup.20 atoms/cm.sup.3 and a depth of about 1.mu.. It has been
      ascertained that, but this diffusion process, the impurity is also
      diffused in a transverse direction. The diffusion length L.sub.2 is about
      1.mu. and the impurity concentration at the position about 4.mu. apart in
      horizontal direction was about 1.times.10.sup.19 atoms/cm.sup.3.
PAR  Next, the silicon dioxide film 73 is subjected to side etching, as is shown
      in FIG. 10C. The amount of side etching of the silicon dioxide film 73 can
      be selected in accordance with either the desired distance between an
      emitter region and the base contact region, or the desired width of the
      emitter region. In order to obtain a sufficient withstand voltage between
      the emitter and the base, it is necessary that the base contact region BC
      adjoins the emitter region at such a portion where the impurity
      concentration is 1.times.10.sup.19 atoms/cm.sup.3. Therefore, it is
      preferred that the amount of side etching be about 5000 to 7000A.
PAR  By the above side etching, the silicon dioxide film 75 is completely etched
      away. However, the silicon dioxide film 71 formed by thermal oxidation is
      only slightly etched, because its etching speed by hydrofluoric acid (HF)
      is 1/2 to 1/3 of that of the silicon dioxide films 73 and 75 formed by the
      CVD method.
PAR  Then, the silicon nitride films 72 and 74 are etched by heated phosphoric
      acid (H.sub.3 PO.sub.4). In this case, the silicon dioxide film 73 serves
      as a mask, so that the construction shown in FIG. 10D is obtained.
PAR  After this, the silicon dioxide film 73 is etched away by using
      hydrofluoric acid (HF) and a silicon dioxide film 71a is formed by thermal
      oxidation on the base contact region BC, as shown in FIG. 10E.
PAR  Thereafter, the silicon nitride film 72 is removed by etching to form a
      window 77, as depicted in FIG. 10F. An impurity is duffused therethrough,
      into the semiconductor substrate 70, to provide therein a base region B
      and an emitter region E. If the vacuum capsule method, the ion
      implantation method of the thermal decomposition method using hydrogen
      boride (B.sub.2 H.sub.6) is employed, no silicon dioxide film is formed in
      the window 77; thereby eliminating the step of forming the window 77
      again, after the above diffusion process. Further, the impurity diffusion
      for the emitter region may also be achieved by providing a polycrystalline
      layer containing the impurity.
PAR  Next, a base electrode 78 and an emitter electrode 79 are formed by known
      means as shown in FIG. 10G.
PAR  As described above, by forming the emitter region E in the shallow base
      region B and by reducing the distance between the emitter region E and the
      base contact region BC, it is possible to obtain a transistor which has a
      low base spreading resistance .gamma..sub.bb ' and a high withstand
      voltage between the emitter and the base.
PAR  There are some occasions when the formation of the first silicon nitride
      film 72 directly on the semiconductor substrate 70 exterts bad influence.
      To avoid this, it is possible to form the silicon nitride film 72 on a
      silicon dioxide film about 500A thick which is formed by thermal
      oxidation.
PAR  Further, since the distance .alpha. between the emitter region E and the
      base contact region BC is dependent upon the amount of side etching of the
      silicon dioxide film 73, this distance .alpha. can be easily reduced so as
      to decrease the base spreading resistance .gamma..sub.bb '. The window for
      the formation of the emitter region E is formed by etching the first
      silicon nitride film 72 using the silicon dioxide film 73 left by side
      etching as a mask and by etching the remaining silicon nitride film 72, so
      that the emitter region E can be easily formed extremely narrow and a
      width of less than 2.mu. can also be easily obtained by selecting the
      amount of side etching. Moreover, side etching of silicon dioxide is
      easier than that of silicon nitride and where the amount of side etching
      is large, sagging of the second silicon nitride film 74 overlying the
      silicon dioxide film 73 can be prevented by increasing a little the
      thickness of the film 73. It is also considered possible to effect side
      etching of the first silicon nitride film 72 but this is defective in that
      the surface of the semiconductor substrate 70 is roughened. However, the
      examples of this invention described in the foregoing are free from such a
      defect.
PAR  Further, in the foregoing examples, the silicon nitride film may also be
      replaced with an aluminum oxide (Al.sub.2 O.sub.3) film and the silicon
      dioxide films 73 and 75 may also be substituted with polycrystalline
      silicon, phospho silicate glass (PSG), borosilicate glass (BSG) or the
      like.
PAR  In the seventh example described above, a first insulating layer of silicon
      nitride, aluminum oxide or the like; a second layer of silicon dioxide,
      polycrystalline silicon or the like; and a third insulating layer of the
      same material as the first insulating layer are sequentially formed on the
      semiconductor substrate. The lower layers are each patterned using the
      layer immediately overlying them as a mask. The second layer interposed
      between the first and third insulating layers is subjected to side
      etching; and the first insulating layer is patterned using the second
      layer as a mask. Accordingly, the first insulating layer thus patterned
      can be readily formed minute, as compared with the case of using ordinary
      photoetching process, and an emitter region of fine pattern can also
      formed with ease. Since the distance between the emitter region and the
      base contact region is dependent upon the amount of side etching, this
      distance can be made extremely short without being restricted by the
      photoetching process; and when the current gain-bandwidth f.sub.I is
      increased by using the shallow base region, the base spreading resistance
      .gamma..sub.bb ' can be reduced. This greatly enhances the high-frequency
      characteristics, coupled with the fact that an emitter of fine pattern can
      be obtained.
PAR  The impurity concentration of the portion of the base contact region which
      adjoins the emitter region is lowered to 1.times.10.sup.19 atoms/cm.sup.3,
      so that a sufficient withstand voltage between the emitter and the base
      can be obtained. A withstand voltage between the emitter and the collector
      is also excellent and breakdown is more difficult.
PAR  In the foregoing examples of this invention, it is possible to adopt the
      following conditions for the diffusion of boron: by supplying an N.sub.2
      gas at the rate of 3l per minute; supplying, as carriers of BBr.sub.3, an
      N.sub.2 gas at the rate of 100cc per minute; and supplying O.sub.2 at the
      rate of 10cc per minute. Namely, in the case of forming the base contact
      region BC, preheating, deposition and purge are effected for 15, 25 and 5
      minutes, respectively at 1100.degree.C. In the case of forming the base
      region B, preheating, deposition and purge are achieved for 15, 15 and 5
      minutes, respectively at 850.degree.c. In the case of forming the
      resistance region 27 (see FIG. 5E), preheating, deposition and purge are
      carried out for 15, 20 and 5 minutes, respectively at 950.degree.c.
PAR  A transistor (A) produced by the conventional method shown in FIGS. 1A to
      1H and a transistor (B) produced by the method of the second example of
      this invention depicted in FIGS. 5A to 5G, whose emitter regions E have
      the same width, have the following characteristics:
TBL               A          B                                                 
     ______________________________________                                    
     .gamma.bb'     27 .OMEGA.   5 .OMEGA.                                     
     f.sub.Tmax (V.sub.CE =10V)                                                
                    4.8GHz       5.7GHz                                        
     C.sub.TE (V.sub.BE =0.5V)                                                 
                    3.4.sub.P F  3.5.sub.P F                                   
     V.sub.EBO (10.mu.A)                                                       
                    4.8V         5.5V                                          
     ______________________________________                                    
PA0  C.sub.te : the capacitance of depletion layer between emitter and base
PA0  V.sub.beo : reverse withstand voltage between emitter and base
PAR  The real part h.sub.11 of a small signal input impedance is expressed as
      follows:
EQU  h.sub.11 = .gamma..sub.bb ' + W.sub.T Le
PAL  where W.sub.T = 2.pi.f.sub.T and Le is the inductance of a lead of the
      emitter. By plotting the resistance values at those points where the real
      part h.sub.11 crosses j=O relative to f.sub.T, the results shown in FIG.
      11 were obtained. The curve a indicates the example of the prior art
      method and the curve b this invention. As will be seen from the above
      table and from FIG. 11, this invention remarkedly reduces the base
      spreading resistance .gamma..sub.bb ' and increases the figures of merit
      FM at high frequencies.
PAR  This invention is applicable not only to the control of the width of the
      channel not only in such bipolar transistors but also in field effect
      semiconductor devices (MIS-FET) and CCD (Charge Coupled Device). Further,
      this invention is not limited specifically to the foregoing examples but
      many modifications and variations may be effected without departing from
      the scope recited in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a semiconductor device comprising the steps of
      forming an insulating film on a semiconductor substrate; selectively
      removing said insulating film to form therein a window to expose the
      surface of said semiconductor substrate therethrough; forming in said
      window a semiconductor layer containing an impurity for diffusion, said
      semiconductor layer being small in area enough not to make contact with
      said insulating film; and diffusing the impurity by heat treatment from
      said semiconductor layer into said semiconductor substrate.
NUM  2.
PAR  2. A method of making a semiconductor device according to claim 1, wherein
      said semiconductor layer containing the impurity for diffusion is formed
      of polycrystalline silicon.
NUM  3.
PAR  3. A method of making a semiconductor device according to claim 1, further
      comprising the steps of selectively forming a polycrystalline silicon
      layer containing an impurity for an emitter on said semiconductor
      substrate at an area ultimately occupied by a base region; selectively
      removing that area of said insulating film on said semiconductor substrate
      which adjoins said polycrystalline silicon layer; diffusing the impurity
      by heat treatment from said polycrystalline silicon layer into said base
      region to form therein an emitter region.
NUM  4.
PAR  4. A method of making a semiconductor device according to claim 1, further
      comprising the steps of selectively removing said insulating film on the
      surface of said semiconductor substrate having formed therein a base
      region to form a window larger than an emitter region ultimately obtained;
      forming a polycrystalline silicon layer containing an impurity for an
      emitter on the entire area of the surface of the substrate assembly;
      etching said polycrystalline silicon layer in the pattern of said emitter
      region; and diffusing the impurity by heat treatment from said
      polycrystalline silicon layer into said base region to form therein said
      emitter region.
NUM  5.
PAR  5. A method of making a semiconductor device according to claim 1, further
      comprising the steps of selectively removing said insulating film on the
      surface of said semiconductor substrate having formed therein a base
      region to form a window for impurity diffusion for an emitter; forming a
      polycrystalline silicon layer containing an impurity for the emitter on
      the entire area of the surface of the substrate assembly; patterning said
      polycrystalline silicon layer to be wider than the width of the emitter
      region ultimately obtained; selectively etching away that area of said
      insulating film on said base region which adjoins said polycrystalline
      silicon layer to leave said polycrystalline silicon layer in the form of
      an umbrella on said base region; effecting ion implantation of an impurity
      of the same conductivity type as said base region; and diffusing the
      impurity in said polycrystalline silicon layer by heat treatment into said
      base region to form therein said emitter region.
NUM  6.
PAR  6. A method of making a semiconductor device according to claim 1, further
      comprising the steps of forming an insulating film on a semiconductor
      substrate; selectively removing said insulating film to form therein a
      window to expose the surface of said semiconductor substrate therethrough;
      forming in said window a semiconductor layer containing an impurity for
      diffusion and an insulating film covering said semiconductor layer, said
      semiconductor layer being small in area enough not to make contact with
      said insulating layer formed on said semiconductor substrate; effecting
      ion implantation into the exposed semiconductor substrate; diffusing the
      impurity by heat treatment from said semiconductor layer into said
      semiconductor substrate.
NUM  7.
PAR  7. A method of making a semiconductor device according to claim 6, wherein
      said semiconductor layer is formed of polycrystalline silicon.
NUM  8.
PAR  8. A method of making a semiconductor device according to claim 6, wherein
      said insulating film on said semiconductor layer is composed of a silicon
      dioxide layer and a silicon nitride layer or a silicon dioxide layer and
      an aluminum oxide layer.
NUM  9.
PAR  9. A method of making a semiconductor device according to claim 6, wherein
      said insulating film on said semiconductor layer is formed of silicon
      nitride or aluminum oxide.
NUM  10.
PAR  10. A method of making a semiconductor device according to claim 1, further
      comprising the steps of forming a base contact region and a base region in
      a semiconductor substrate; exposing the surfaces of said base contact
      region and said base region by etching; forming a polycrystalline silicon
      layer containing an impurity for an emitter over the entire area of the
      surface of said semiconductor substrate; forming a silicon nitride or
      aluminum oxide film on said polycrystalline silicon layer; forming a
      silicon dioxide film on said silicon nitride or aluminum oxide film;
      etching said silicon dioxide film, said silicon nitride or aluminum oxide
      film and said polycrystalline silicon layer in a pattern of an emitter
      region ultimately formed; effecting ion implantation of an impurity of the
      same conductivity type as said base region; and diffusing the impurity in
      said polycrystalline silicon layer by heat treatment into said base region
      to form therein said emitter region; the impurity concentration
      distributions in said resistance region formed by said ion implantation,
      said base region and said emitter region being selected to be identical
      with one another at substantially the same depth from the surface of said
      semiconductor substrate and a maximum impurity concentration of said
      resistance region being selected not to exceed the surface impurity
      concentration of said base region.
NUM  11.
PAR  11. A method of making a semiconductor device according to claim 1, further
      comprising the steps of selectively removing said insulating film on the
      surface of said semiconductor substrate having formed therein a base
      region to form a window to expose almost all of the surface of said base
      region therethrough; forming a polycrystalline silicon layer containing an
      impurity for an emitter; forming an silicon nitride or aluminum oxide film
      on said polycrystalline silicon layer; forming a silicon dioxide film on
      said silicon nitride or aluminum oxide film; patterning said silicon
      dioxide film, said silicon nitride or aluminum oxide film and said
      polycrystalline silicon layer to be wider than an emitter region
      ultimately obtained; subjecting said polycrystalline silicon layer to side
      etching to provide the width of said emitter region; effecting ion
      implantation of an impurity of the same conductivity type as said base
      region to a depth greater than said base region to form a base contact
      region; and effecting heat treatment to diffuse the impurity in said
      polycrystalline silicon layer into said base region to form therein said
      emitter region.
NUM  12.
PAR  12. A method of making a semiconductor device according to claim 1, wherein
      said heatment for the diffusion of the impurity contained in the
      polycrystalline layer into said base region is achieved in an oxidizing
      atmosphere.
NUM  13.
PAR  13. A method of making a semiconductor device comprising the steps of
      sequentially forming on a semiconductor substrate a first insulating
      layer, a second layer of a material different from that of said first
      insulating layer and a third insulating layer of the same material as that
      of said first insulating layer; patterning said first insulating layer,
      said second layer and said third insulating layer in a desired pattern;
      effecting side etching of said second layer; patterning said first
      insulating layer using said second layer as a mask; forming a layer of a
      material different from that of said first insulating layer to surround
      said first insulating layer; and selectively removing said first
      insulating layer to form a window to expose said semiconductor substrate
      therethrough.
NUM  14.
PAR  14. A method of making a semiconductor device according to claim 13,
      further comprising the steps of sequentially forming on said semiconductor
      substrate a first insulating layer, a second layer of a material different
      from that of said first insulating layer and a third insulating layer of
      the same material as that of said first insulating layer; patterning said
      first insulating layer, said second layer and said third insulating layer
      in a desired pattern to form a window; diffusing an impurity into said
      semiconductor substrate through said window; effecting side etching of
      said second layer; patterning said first insulating layer using said
      second layer as a mask; forming a layer of a material different from that
      of said first insulating layer to surround said insulating layer; and
      removing said first insulating layer to form a window to expose said
      semiconductor substrate therethrough.
NUM  15.
PAR  15. A method of making a semiconductor device according to claim 13,
      further comprising the steps of sequentially forming on said semiconductor
      substrate a first insulating layer, a second layer of a material different
      from that of said first insulating layer and a third insulating layer of
      the same material as that of said first insulating layer; selectively
      removing said first insulating layer, said second layer and said third
      insulating layer to form therein a window; diffusing an impurity through
      said window into said semiconductor substrate to form therein a base
      contact region; effecting side etching of said second layer to be of the
      same width as an emitter region ultimately formed; etching said first
      insulating layer using said second layer as a mask; forming an insulating
      film around said first insulating layer; selectively removing said first
      insulating layer to form therein a window; and diffusing base and emitter
      impurities through said window into said semiconductor substrate to
      provide a base region and an emitter region.
NUM  16.
PAR  16. A method of making a semiconductor device according to claim 13,
      further comprising the steps of sequentially forming on said semiconductor
      substrate a first insulating layer, a second layer of a material different
      from that of said first insulating layer and a third insulating layer of
      the same material as that of said first insulating layer; selectively
      removing said first insulating layer, said second layer and said third
      insulating layer to form therein a window, diffusing an impurity through
      said window into said semiconductor substrate to form therein a base
      contact region; effecting side etching of said second layer to be of the
      same width as an emitter region ultimately formed; etching said first
      insulating layer using said second layer as a mask; diffusing an impurity
      through said first insulating layer serving as a mask to form a resistance
      region; selectively removing said first insulating layer to form therein a
      window; and diffusing impurities through said window into said
      semiconductor substrate to form therein a base region and an emitter
      region.
NUM  17.
PAR  17. A method of making a semiconductor device according to claim 13,
      further comprising the steps of forming a base region in said
      semiconductor substrate; sequentially forming on said base region a first
      insulating layer, a second layer of a material different from that of said
      first insulating layer and a third insulating layer of the same material
      as that of said first insulating layers; selectively removing said first
      insulating layer, said second layer and said third insulating layer to
      form therein a window; diffusing an impurity through said window into
      semiconductor substrate to form therein a base contact region; effecting
      side etching of said second layer to be of the same width as that of an
      emitter region ultimately formed; etching said first insulating layer
      using said second layer as a mask; forming an insulating film around said
      first insulating layer; selectively removing said first insulating layer
      to form therein a window; and diffusing an impurity through said window
      into said semiconductor substrate to form a emitter region.
NUM  18.
PAR  18. A method of making a semiconductor device according to claim 13,
      wherein said third insulating layer is etched using, as a mask, a layer
      formed of the same material, as that of said second layer.
NUM  19.
PAR  19. A method of making a semiconductor device according to claim 13,
      wherein said first and third insulating layers are formed of silicon
      nitride and said second insulating layer is formed of silicon dioxide.
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ABST
PAL  An impurity concentration profile is established in a solid by attaching
        solid to a heat sink and irradiating it with one or more fast laser
      pulses. The impurity may initially be located in a surface layer or it may
      be dispersed throughout the solid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to producing impurity concentration
      profiles in solids and particularly to methods of producing semiconductor
      devices and optical waveguides.
PAR  Establishing an impurity concentration profile in a solid, and particularly
      a buried layer of impurity, has usefulness in many fields. For example, a
      semiconductor material with a buried layer of a substance with different
      electrical properties would be useful in semiconductor circuits. A buried
      layer with a different index of refraction than the host material could be
      utilized in producing optical waveguide devices.
PAR  In preparation of semiconductor devices, a wide variety of techniques have
      been used to produce impurity profiles. They fall into three major
      catagories:
PA1  A. Variation of crystal growing conditions
PA1  B. Diffusion methods
PA1  C. Ion implantation
PAL  Of these, only ion implantation is capable of producing thin layer profiles
      near the surface of samples. Ion implantation has also been successful in
      producing layer structures required for optical waveguides. Nevertheless
      it has the drawback that the bombardment also causes damage to the sample,
      in the form of various lattice defects. Another difficulty has been that
      the incident ions do not all incorporate into the material in the same
      manner, some being substitutional and other occupying interstitial
      positions and defect sites. Besides these operational problems there is
      also the practical consideration that ion implantation requires and
      expensive accelerator and technical expertise not available in most
      facilities.
PAR  Other methods of producing optical waveguides include sputtering,
      evaporation, liquid phase epitaxy, plasma polymerization and ion exchange.
      The last of these is capable of producing buried layers, as is ion
      implantation. However the layers produced by ion exchange are typically
      about an order of magnitude thicker than those produced by implantation.
      The ion exchange method has the drawbacks that it typically requires
      several hours of processing, involves the use of molten salt baths and is
      only feasible in certain chemical systems.
PAR  It is therefore an object of this invention to provide a method for
      establishing one or more layer profiles in a solid which is fast, simple,
      inexpensive, and versatile.
PAR  Also, an object of this invention is to provide a method of establishing a
      greater variety of profiles in solids which may be tailored to specifc
      applications.
PAR  Another object of this invention is to provide a method of establishing
      layer profiles in solids which utilizes a fast laser pulse.
PAR  Another object of this invention is to provide a method of producing small
      local regions of impurity penetration in a large extended solid sample.
PAR  YET ANOTHER OBJECT OF THIS INVENTION IS TO PROVIDE A METHOD OF ESTABLISHING
      IMPURITY LAYER PROFILES IN SOLIDS WHICH CAN BE CONTROLLED SO AS TO PRODUCE
      MINIMUM DAMAGE TO CRYSTALLINE MATERIALS.
PAR  And yet another object of this invention is to provide a method of
      establishing impurity layer profiles at an accurate depth in a solid.
PAR  Also, an object of this invention is to provide a method of establishing
      impurity layer profiles in solids which can be carried out at atmospheric
      pressure.
PAR  And another object of this invention is to provide a method of establishing
      impurity layer profiles which have variable concentrations.
PAR  And a further object of this invention is to provide a method of producing
      concentration profiles using a process having a duration of less than 1
      .mu.s.
PAR  These and other objects are achieved by attaching a solid with an impurity
      to a heat sink and flash melting the solid by short low energy laser
      pulses whereby a freezing interface passes from the heat sink into the
      interior of the solid which causes the impurity to move into the interior
      of the solid with a particular concentration profile.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-4 are a schematic representation of establishing an impurity
      concentration profile in a solid from an enriched layer of the impurity.
PAR  FIG. 5 is a diagrammatic view of an apparatus of the invention.
PAR  FIG. 6 is a diagrammatic cross section of a typical solid.
PAR  FIG. 7 is a diagrammatic cross section of a typical solid with two heat
      sink contacts.
PAR  FIG. 8 is a diagrammatic cross section of a typical solid with two enriched
      layers.
PAR  FIG. 9 is a composite of typical phosphorus concentration profiles in
      1N2175 NPN graded-junction phototransistors.
PAR  FIGS. 10 and 11 are the experimental results of examples 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Segregation coefficient K is defined as the ratio of the equilibrium
      solubility of a dopant in the solid phase C.sub.s to that in the liquid
      phase C.sub.L at the melting point of the host material. Mathematically
      the segregation coefficient is expressed as K = C.sub.s /C.sub.L. If the
      segregation coefficient is different from one, the dopant segregates into
      either the liquid phase or the solid phase at a freezing interface
      depending on whether the segregation coefficient is less than or greater
      than one. For a flash melted solid through which a freezing interface is
      passing, a dopant is moved principally by segregation at the moving
      interface and to a lesser degree by diffusion induced by the elevated
      temperature in the liquid phase.
PAR  It has been discovered that if the segregation coefficient of the impurity
      differs from one by at least a factor of about three, if the correct laser
      pulse is selected to flash melt the solid, and if good thermal contact is
      made with a heat sink, a freezing interface is produced and the
      segregation of the impurity at the freezing interface significantly
      exceeds the diffusion of the impurity into the solid. Thus a well defined
      concentration of the impurity is produced in the interior of the solid.
      The mechanism by which an impurity concentration is moved by the process
      of this invention is schematically represented in FIGS. 1-4 for a solid in
      which an impurity is concentrated in a layer at the surface in contact
      with a heat sink. FIG. 1 shows the impurity concentration in relation to
      the distance from the heat sink contact at the moment the solid is flash
      melted. FIGS. 2 and 3 show the change in the concentration profile as the
      liquid-solid interface progresses from the heat sink towards the interior
      of the solid. FIG. 4 shows the new impurity concentration profile in the
      solidified sample.
PAR  A one-dimensional mathematical model for the change in the impurity
      concentration profile effected by the present process is given by the
      following equation:
      ##EQU1##
      wherein x = distance from the start of the freezing interface;
PA1  x' = dummy variable;
PA1  C.sub.s (x) = the concentration of a solute at point x, i.e., impurity in a
      solid after freezing;
PA1  C.sub.O (x) = the initial concentration of the solute at point x in the
      solid;
PA1  K = the ratio of the solubility of a solute in the solid phase to that in
      the liquid phase;
PA1  .delta. = the thickness of an enriched layer of higher solute concentration
      in the liquid at the freezing interface;
PA1  .epsilon. = a small neighborhood around x which is excluded from the
      integral in order to ensure convergence.
PAL  Greater detail as to the above formula can be found in Marquardt, C.L., et
      al, Observation of Impurity Migration in Laser-Damaged Junction Devices,
      Radiation Effects, Vol. 23, p. 135-139, 1974.
PAR  An apparatus for establishing an impurity layer profile in a solid in
      accordance with the present invention is shown diagrammatically in FIG. 5.
      This apparatus or comparable equipment comprises, basically a laser 11 and
      a sample chamber 12. Since the heat pulse must only produce localized
      melting in the solid, a single mode laser should be used. Also, the laser
      must be capable of producing short pulses which for the case of silicon
      irradiated by a 1.06.mu. laser, would be on the order of 22 nanoseconds.
      The spectral characteristic of the laser must match the infrared
      absorption range of the solid-solute system.
PAR  The sample chamber 12 as is shown in FIG. 5 further comprises a window 13
      made from any material which is transparent to the emitted laser beam,
      such as quartz or an alkali halide. Inside the sample holder 12, an inert
      atmosphere 14 comprising argon, or helium, or nitrogen, or the like is
      maintained. If a heat sink such as a block of copper is not located inside
      the sample chamber, a heat sink conductor 16 is used to thermally connect
      the solid to a heat sink (not shown in FIG. 5). Any material which has a
      high thermal conductivity may be used for the heat sink conductor 16.
      Preferably the conductor has sufficient structural strength to suspend
      itself and the solid in the sample chamber without the need of supports.
      Examples of suitable heat sink conductor would be a thick copper wire or a
      bundle of thin copper wires. Of course, silver, gold, or the like may be
      used instead of copper. The actual dimensions of the conductor would
      depend on the size and type of solid being irradiated. What is being
      sought from the heat sink is the conduction of heat away from the
      contacted face of the solid thereby producing a temperature gradient
      between the interior and the edge.
PAR  FIG. 6 is a diagrammatic cross section of a typical solid 21 which may be
      treated according to the practice of the present invention. The solid may
      have an enriched layer 23 containing the impurity from which the impurity
      concentration profile is formed and a heat sink contact 25. The solid may
      be any elemental solid. Alloys and compounds could be used if phase
      separation could be prevented during the melting and refreezing.
      Preferably the solid would be composed of an elemental semiconductor
      material. As was previously mentioned the infrared absorption of the solid
      must be compatible with the spectral characteristics of the laser.
      Excellent examples of suitable solid material, especially for
      semiconductor and infrared waveguide applications, are silicon and
      germanium. The shape and size of the solid are not critical to the
      practice of this invention, their selection would depend on the intended
      use of the solid.
PAR  Preferably for waveguide semiconductor applications, the solid has an
      enriched layer of an impurity which is no more than about one-fourth, and
      most preferably less than one-tenth of the total thickness of the sample
      and which has an impurity density of about 10.sup.14 to about 10.sup.18
      with 10.sup.15 to 10.sup.17 atoms of impurity per cubic centimeter of
      solid most preferred.
PAR  The enriched layer may be established by any method. The method and
      apparatus of the present invention may be adapted to produce the enriched
      layer or any of the numerous techniques of doping a solid may also be
      used. For example, the methods described in Marsden, Charles P., Silicon
      Device Processing, National Bureau of Standards Special Publication 337,
      November 1970, could be used to establish the initial enriched layer 25.
PAR  Any impurity may be selected so long as the segregation coefficient thereof
      in the solid differs from 1 by a factor greater than or equal to 3. The
      speed and quality of concentrating the impurity into a particular profile
      is proportional to the variance of the segregation coefficient from 1. The
      segregation coefficient for a particular dopant and host may be determined
      by simple laboratory procedures or by an appropriate reference book. For
      example the segregation coefficients for numerous impurities in germanium
      or silicon are found in Trumbore, F.A., Solid Solubilities of Impurity
      Elements in Germanium and Silicon, in the Bell System Tech. Jour. 39:p.
      207, January 1960.
PAR  The heat sink contact 25 of FIG. 6 is in good thermal contact with the
      solid 2 and has a high thermal conductivity. Thus there cannot be a
      barrier layer between the heat sink contact and the solid. One technique
      for accomplishing the contact is to alloy a metal such as nickel, silver,
      and the like onto the solid. The silicon on sapphire technology could also
      be utilized. This technique would involve depositing a doped layer of Si
      onto a sapphire substrate and subsequently depositing a layer of pure Si.
      The sapphire would then be used for heat sinking. This arrangement would
      have the further advantage that the transparency of the sapphire would
      allow direction of the laser beam through the heat sink.
PAR  In the practice of this invention it is possible to utilize more than one
      heat sink contact or more than one enriched layer. FIG. 7 and FIG. 8 show
      two such possibilities.
PAR  In carrying out the method of this invention, a host material 21 is
      selected according to the previously stated principles. After one or more
      heat sink contacts 25 are affixed to the solid, it is placed inside the
      sample holder 12. The heat sink contact(s) is connected to a heat sink or
      heat sink conductor. It is preferred that the broad surface of the
      enriched layer if one is present, is not the surface which receives the
      laser beam. Gas is then admitted into the sample holder at a pressure of
      about one atmosphere and the temperature is set to around 20.degree.C.
      Since the sole purpose of the inert atmosphere and controlled temperature
      is to provide a protective environment to prevent oxidation of the surface
      of the solid, any pressure and temperature which would prevent the
      undesired oxidation would be suitable.
PAR  The laser 11 is adjusted to produce a laser pulse with an energy density
      per unit area from about E to about 1.5E
      ##EQU2##
      wherein: .DELTA.T.sub.th = the melting point of the solid;
PA1  .rho. = density of the solid;
PA1  c = specific heat of the solid;
PA1  R = reflectivity of a surface of the solid; and
PA1  .alpha. = absorption coefficient of the doped layer of the solid being
      irradiated.
PAL  Preferably the energy density per unit area is from 1.05E to 1.25E.
      Generally the energy density would equal 1.1E, although for some materials
      and dopants, it is possible to exceed 1.5E. For purposes of adjusting the
      laser 11 according to the practice of the present invention, the values of
      .DELTA.T.sub.th, .rho., c, and R are those of the solid without
      impurities. However, the value used for .alpha. must be that of the doped
      region regardless of whether the doped region is a layer or the entire
      solid with a dispersed impurity. These values may be found in appropriate
      references for widely used solids such as silicon and germanium with
      common impurities, e.g., phosphorus, arsenic, or nickel. Otherwise the
      value can be determined by standard laboratory techniques and equipment
      such as spectrophotometer.
PAR  The laser pulse time to be used is equal to .tau. = 1/10 to 1/1000
      (4/.pi..alpha..sup.2 k) wherein .alpha. = absorption coefficient of the
      surface of the solid being irradiated and k = thermal diffusivity of the
      solid. For purposes of adjusting the laser 11, the value of k for a pure
      solid may be used, but for .alpha., the actual value of the doped region
      must be used in the calculations for the pulse time. Preferably .tau.
      would equal 1/100 (4/.pi..alpha..sup.2 k) or 1/(25.pi..alpha..sup.2 k) for
      semiconductor and waveguide components.
PAR  The above two formulas are derived from the teachings disclosed in Bartoli,
      et al, Laser Damage in Triglycine Sulfate: Experimental Results and
      Thermal Analysis, J. Appl. Phys. 44(8), pp. 3713-3720, August 1973.
PAR  Further the laser is adjusted so that the wavelength of the laser pulse
      overlaps the intrinsic absorption of the host material.
PAR  The number of laser pulses depends on the materials used and the impurity
      concentration profile sought. The effects of a poor segregation
      coefficient, e.g. one that differs from 1 by a factor of 2.9 may be
      corrected by increasing the number of laser pulses.
PAR  In order to demonstrate the operability of the present process the
      following two examples are given. The experiments were performed on 1N2175
      NPN graded junction phototransistors which have an initial phosphorus
      concentration profile similar to FIG. 9 which is a composite of many
      tested phototransistors. These phototransistors were fabricated by
      diffusion of phosphorus into both ends of a boron-doped silicon wafer. The
      characteristics were studied before and after laser irradiation by optical
      spot profile measurements and electron microprobe analysis. The impurity
      concentration profile was established by the focused beam of a neodymium
      glass laser capable of generating a q-switched pulse of about 22 nsec
      duration, delivering a maximum of 12 mj per pulse over less than a 1
      mm-diam focal spot. Pulses of lesser energy were obtained by attenuating
      the beam. A scanning focused helium-neon laser beam about 0.025 mm in
      diameter was used to map the photoresponse of the surfaces (spot profile),
      and an ARL Model EMX-SM 121000-10 scanning electron beam microprobe with a
      0.2 mm beam diameter was employed to determine the phosphorus
      distributions. The fact that the melting point had been exceeded was
      verified by microscopic inspection of the phototransistor afterwards.
PAC  EXAMPLE I
PAR  For the first phototransistor, .tau. was approximately 3 .times.
      10.sup.-.sup.6 sec, .delta. = 0.2.mu.m, and K = 0.25. The experimental
      results are given in FIG. 10 along with the values calculated by the
      aforegiven formula.
PAC  EXAMPLE II
PAR  The previous experiment was repeated with a second phototransistor in which
      .tau. is about 2 .times. 10.sup.-.sup.4 sec, .delta. is 0.4 .mu. m, and K
      is 0.30. FIG. 11 compares the results of this experiment with the
      theoretical results as calculated by the aforegiven equation.
PAR  As can be seen from FIGS. 9-11 the method encompassed by this invention
      provides an effective technique for establishing an impurity concentration
      profile in a solid at a position more interior than the original impurity
      concentration profile. Further the one-dimensional model given previously
      gives remarkably accurate results.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method of establishing an impurity concentration profile in a solid
      which comprises:
PA1  placing a solid with an impurity which has a segregation coefficient
      different from 1 by a factor greater than about 3 in an inert atmosphere;
PA1  attaching said solid to a heat sink;
PA1  flash melting said solid by a laser pulse with a duration from 1/10 to
      1/1000 .tau. and an energy area density from E to 1 1/5E; and
PA1  allowing said solid to resolidify, thereby causing a freezing interface to
      pass through said solid.
NUM  2.
PAR  2. The method of claim 1 wherein said solid is attached to a plurality of
      heat sinks.
NUM  3.
PAR  3. The method of claim 1 wherein said laser pulse has a duration of 1/100
      .tau. and an energy area density from 1.05E to 1.25E.
NUM  4.
PAR  4. The method of claim 3 wherein said laser pulse has an energy area
      density of 1.1E.
NUM  5.
PAR  5. The method of claim 3 wherein said solid is selected from the group
      consisting of silicon and germanium.
NUM  6.
PAR  6. The method of claim 5 wherein said impurity is present in a
      concentration of 100.sup.14 to 10.sup.18 atoms of impurity per cubic
      centimeter of solid.
NUM  7.
PAR  7. The method of claim 5 wherein said impurity is present in a
      concentration of 10.sup.15 to 10.sup.17 atoms of impurity per cubic
      centimeter of solid.
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PAL  Improved properties are obtained in copper alloys containing from 7 to 14%
      nickel, from 1.5 to 3.3% tin, plus iron and/or cobalt in an amount from
      0.1 to 3% each, by hot rolling, cold rolling, annealing and cold rolling,
      all under defined conditions. The resultant alloys are characterized by
      good strength, good bend properties, good solderability and low contact
      resistance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is highly desirable to provide copper base alloys having good strength
      properties as well as good bend properties, good solderability and low
      contact resistance. It is particularly desirable to provide copper alloys
      having these properties and which are convenient to process plus may be
      made economically on a commercial scale.
PAR  Commercially, copper alloys tend to be deficient in one or more of the
      foregoing characteristics. For example, the commercial copper Alloy 510 (a
      phosphor-bronze containing from 3.5 to 5.8% tin and from 0.03 to 0.35%
      phosphorus) is superior in strength but poor in bend characteristics. The
      commercial copper Alloy 725 (a copper-nickel containing 8.5 to 10.5%
      nickel and 1.8 to 2.8% tin) is superior with respect to bend properties,
      solderability and contact resistance but deficient in strength.
PAR  Accordingly, it is a principal object of the present invention to provide a
      process for obtaining an improved copper alloy having a combination of
      good strength properties, good bend properties, good solderability and
      desirably low contact resistance.
PAR  It is a further object of the present invention to provide a process as
      aforesaid which may be readily utilized commercially and which is
      characterized by relatively low cost.
PAR  Further objects and advantages of the present invention will appear
      hereinbelow.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention it has been found that the
      foregoing objects and advantages may be readily obtained. The copper base
      alloys processed in accordance with the present invention contain nickel
      from 7 to 14%, tin from 1.5 to 3.3%, a material selected from the group
      consisting of iron from 0.1 to 3%, cobalt from 0.1 to 3%, and mixtures
      thereof, wherein the minimum iron plus cobalt content must be 1.0%, and
      the balance essentially copper. The foregoing alloys are processed by: hot
      rolling with a finishing temperature in excess of 550.degree.C; cold
      rolling with a reduction of at least 20%; annealing at a temperature of
      from 300.degree. to 850.degree.C for at least 1 minute; and cold rolling
      with a reduction of at least 20%.
PAR  The microstructure of the wrought alloy produced in accordance with the
      process of the present invention is characterized by the presence of a
      fine dispersed magnetic phase containing said material selected from the
      group consisting of iron, cobalt and mixtures thereof.
PAR  The process of the present invention may be conveniently utilized on a
      commercial scale and is characterized by a relatively moderate cost. In
      addition, and surprisingly, it has been found that the resultant alloy has
      an improved combination of strength and bend properties plus good shelf
      life solderability and low contact resistance.
PAC  DETAILED DESCRIPTION
PAR  As indicated hereinabove, the copper base alloy processed in accordance
      with the present invention contains from 7 to 14% nickel and from 1.5 to
      3.3% tin. It is preferred that the minimum nickel plus tin content be 9.5%
      and it is also preferred that the nickel content be in the range of 9 to
      11% and the tin content be in the range of 2 to 3%, with the minimum
      nickel plus tin content optimally being 11.5%. The minimum nickel plus tin
      content is employed in order to obtain good strength characteristics.
PAR  The copper base alloy contains either iron or cobalt or both iron and
      cobalt, each in an amount from 0.1 to 3% and preferably from 0.5 to 3%
      each, with a minimum iron plus cobalt content being 1% and preferably
      1.5%. The minimum iron plus cobalt content aids in grain refinement, the
      resultant alloys of the present invention having a fine grain size below
      0.025 mm. A fine grain size provides good strength characteristics at a
      given cold reduction. In addition, the minimum iron plus cobalt content is
      necessary for the precipitation of sufficient magnetic phase to obtain
      desirable properties. Below the aforesaid minimum iron plus cobalt limits,
      one obtains insufficient magnetic phase to obtain desirable properties in
      the resultant alloys of the present invention, as strengthening.
PAR  The balance of the alloy of the present invention is essentially copper.
      Naturally, conventional impurities are contemplated and additives may be
      incorporated in order to accentuate a particular property. Generally
      normal brass mill impurities may be tolerated in the alloys, but should
      preferably be kept at a minimum. For example, phosphorus should preferably
      be maintained below 0.1%, lead below 0.05% and sulfur below 0.05% to
      preclude the possibility of interference with hot processing. Typical
      additives which may be included are manganese up to 0.5%, magnesium up to
      0.1%, and small amounts of calcium, chromium, zirconium, titanium and
      misch metal.
PAR  The higher ranges of iron plus cobalt, particularly in excess of 3% of each
      of these materials, may impair ductility and hot workability. Accordingly,
      one should restrict the upper limit of iron and/or cobalt to 3% in order
      to minimize this problem.
PAR  A particularly significant feature of the alloy prepared in accordance with
      the process of the present invention is the presence of a fine dispersed
      phase which is magnetic and which contains iron and/or cobalt. It is
      believed that the presence of this magnetic phase significantly
      contributes to the excellent properties of the alloy of the present
      invention. The magnetic phase is submicroscopic and not optically
      observable at a magnification of 1000X. Clearly the magnetic phase is not
      an aggregate phase as it would then be optically resolvable; therefore,
      the magnetic phase must be a dispersed phase. The resultant alloys exhibit
      increased magnetic attraction with aging. Hence, one must obtain
      precipitation of magnetic particles upon aging. It is significant that no
      magnetic effect is obtained in the same composition without the iron
      and/or cobalt addition.
PAR  The alloys may be cast in any desired manner, for example, Durville or DC
      casting. A sufficient melting temperature is required in order to insure
      that all components are in solution and uniformly mixed. It is preferred
      that the minimum melting temperature be at least 1250.degree.C and
      preferably at least 1275.degree.C. The minimum casting temperature should
      be at least 1150.degree.C to avoid segregation and promote homogeneity.
      Inadequate casting temperature may promote the formation of undesirable
      coarse particles of iron and cobalt which may interfere with ductility,
      reduce the available amounts of iron and/or cobalt for the subsequent
      formation of the magnetic phase, and may represent sites for finishing
      defects and premature failure. Rapid cooling rate during casting is also
      desirable, particularly in the range of from about 1150.degree. to
      1090.degree.C.
PAR  After casting, the alloy is hot rolled in order to break up the cast
      structure. The amount of hot rolling reduction is not critical and the
      starting hot rolling temperature is not critical provided that incipient
      melting does not occur. Generally, starting hot rolling temperatures of
      from 850.degree.-975.degree.C are sufficient to insure the absence of
      incipient melting. One should hot roll the alloy so that one does not
      finish hot rolling below about 550.degree.C since finishing hot rolling
      below 500.degree.C promotes excessive production of a second phase of
      nickel and tin which tends to impair ductility.
PAR  Following hot rolling the alloy may be cold rolled and annealed. In
      addition, if desired, the alloy may be annealed immediately after hot
      rolling at a temperature of 400.degree. to 700.degree.C for at least 1
      minute. If the cold rolling and annealing sequence rolling such that one
      obtains complete recrystallization following the cold folling and
      annealing sequence, then one obtains the optimum combination of strength
      and bend properties upon subsequent cold rolling. If complete
      recrystallization is not obtained following the cold rolling and annealing
      sequence, the strength is greater, but is associated with relatively
      poorer bend properties in the final cold rolled product. The annealing
      temperature is from 300.degree. to 850.degree.C, preferably below
      650.degree.C if no recrystallization is desired, i.e., for maximum
      strength, and preferably from 600.degree. to 850.degree.C if
      recrystallization is desired, i.e., to obtain optimum combination of
      strength and bend properties in the final cold rolled product. The holding
      time at temperature is naturally dependent upon the temperature and
      desired properties. At least 1 minute at temperature is normally required.
      At least 20% cold reduction is required, and generally from 40-70% prior
      to annealing.
PAR  Following the annealing step, one provides an additional cold reduction of
      at least 20% and preferably from 20 to 50% preferably followed by an aging
      step of from 300.degree. to 550.degree.C and preferably from 300.degree.
      to 500.degree.C for from 15 minutes to 24 hours. An additional cold
      reduction may be employed, for example, from 20 to 55%. The cold reduction
      prior to aging creates nucleation sites for more effective distribution of
      the magnetic phase, the distribution of which is promoted by aging. In
      addition, the cold reduction creates nucleation sites for more effective
      distribution of other phases, as the aforementioned nickel-tin phase which
      should be distributed throughout the matrix.
PAR  If the maximum combination of strength and bend properties are desired,
      i.e., if the cold reduction -- annealing cycle described above results in
      recr stallization of the alloy, the total cold reduction following the
      recrystallization annealing step should be less than about 65%. If, on the
      other hand, maximum strength properties are desired irrespective of bend
      properties, it is not necessary to limit the total reduction following the
      recrystallization annealing step.
PAR  It has been found that a process as described hereinabove, involving
      recrystallization in the cold reduction and annealing cycle and a total
      cold reduction following the annealing step of less than about 65%,
      results in improved properties in low stacking fault energy copper alloys
      generally, and also in copper alloys containing dispersed second phases.
DETD
PAR  The present invention and improvements resulting therefrom will be more
      readily apparent from a consideration of the following illustrative
      examples.
PAC  EXAMPLE I
PAR  A series of alloys were prepared having the composition set forth in Table
      I below.
TBL                TABLE I                                                     
     ______________________________________                                    
     Alloy  % Ni       % Sn     % Fe   % Co  % Cu                              
     ______________________________________                                    
     A      9.5        2.3      1            Bal.                              
     B      9.5        2.3      2            Bal.                              
     C      9.5        2.3      2.3          Bal.                              
     D      9.5        2.3      1      1     Bal.                              
     E      9.5        2.3             2     Bal.                              
     F      9.5        2.3      3            Bal.                              
     G      8.5        1.8      2            Bal.                              
     H      10.5       2.8      2            Bal.                              
     I      9.5        2.3      1      0.4   Bal.                              
     ______________________________________                                    
PAL  All alloys were Durville cast, and in addition Alloys B, D and E were DC
      cast. The melting temperature for the Durville and DC castings was about
      1300.degree.C, the casting temperature for the Durville castings was
      between 1200.degree. and 1275.degree.C, and the casting temperature for
      the DC castings was about 1200.degree.C.
PAC  EXAMPLE II
PAR  Durville cast Alloys A, B, F, G and H were processed in the following
      manner. The alloys were hot rolled from a thickness of about 13/4  to
      about 0.4 inch thick at a starting temperature of 950.degree.C and a
      finishing temperature of about 600.degree.C. The alloys were surface
      milled to produce a clean surface followed by cold rolling to 0.080 inch
      gage and annealing at 675.degree.C for 1 hour. The materials were then
      cold rolled 50% to 0.040 inch gage, aged at 400.degree.C for 16 hours and
      cold rolled to 0.020 inch gage. The good strength properties are given in
      Table II, below.
TBL                TABLE II                                                    
     ______________________________________                                    
                   Ultimate  0.2%                                              
                   Tensile   Yield                                             
                   Strength, Strength,                                         
     Alloy         ksi       ksi                                               
     ______________________________________                                    
     A             117       113                                               
     B             122       118                                               
     F             122       117                                               
     G             112       109                                               
     H             128       122                                               
     ______________________________________                                    
PAC  EXAMPLE III
PAR  DC cast Alloys B and E were processed in a manner after Example II, except
      that they were hot rolled from 3  to about 0.4 inch and were chemically
      etched from 0.040 inch gage to 0.029 inch gage for convenience in
      providing equivalent final gage for bend comparisons, then aged at
      400.degree.C followed by cold rolling to 0.020 inch gage. As a comparison,
      samples of commercial Alloy 725 (containing about 9.5% nickel, about 2.3%
      tin, balance copper) and commercial Alloy 510 (containing about 4.5% tin,
      about 0.05% phosphorus, balance copper) were processed so that the
      resultant grain sizes were comparable, i.e., following hot rolling, cold
      roll to 0.080 inch, anneal at 600.degree.C for 2 hours, and cold roll to
      final gage of 0.020 inch. The properties are shown in Table III, below.
      These data clearly show that the strength of the alloys of the present
      invention is significantly greater than that of Alloy 725, while the
      minimum bend radii are essentially equivalent, i.e., within 1/64 inch.
      Alloy 510 has somewhat lower strength than the alloys of the present
      invention, and the bad way minimum bend radius is significantly worse. The
      bent test compares the bend characteristics of samples bent over
      increasingly sharper radii until fracture is noted. The smallest radius at
      which no fracture is observed is called the minimum bend radius. When the
      bend axis is perpendicular to the rolling direction, it is called "good
      way bend", and parallel to the rolling direction is called the "bad way
      bend".
TBL                TABLE III                                                   
     ______________________________________                                    
             Ultimate                                                          
                     0.2%                                                      
             Tensile Yield     Minimum Bend                                    
             Strength,                                                         
                     Strength, Radius, 64ths                                   
     Alloy     ksi       ksi       Good Way                                    
                                           Bad Way                             
     ______________________________________                                    
     B         121       114       3       4                                   
     E         125       119       3       4                                   
     Alloy 725 102        96       2       3                                   
     Alloy 510 117       107       2       12                                  
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  Alloys C and I were hot rolled from 13/4  to 0.4 inches with a starting
      temperature of about 950.degree.C and a finish temperature of about
      600.degree.C. The alloys were cold rolled to 0.080 inch gage, annealed at
      600.degree.C for 2 hours and at 450.degree.C for 1 hour, followed by cold
      rolling to 0.018 inch gage. The alloys were then tested for shelf life
      solderability. The shelf life solderability was determined as measured in
      a standardized dip test using four quality classifications. In this
      classification series, Class 1 indicates the best solderability and Class
      4 the poorest. Two flux conditions were used, the 100 flux being a milder
      less aggressive flux than the 611 flux. The data are described in Table
      IVA below wherein each alloy was tested after a shelf time of zero hours,
      2500 hours, and 5000 hours. It can be seen that in all cases the shelf
      life solderability after the process of the present invention remains
      good. For comparison purposes the comparable data for Alloy 725 are given.
PAR  In addition, the shelf life contact resistance of Alloys C and I and 725
      were tested by determining the contact resistance of contact area between
      the sample surface and a spherically shaped contacter by measuring at
      various contact pressures between the two. Low values of contact
      resistance are desirable. The data are shown in Table IVB below after a
      shelf time of 3500 hours for Alloy C and shelf time of 6000 and 10,000
      hours for Alloy I and a shelf time of 3500 and 10,000 hours for Alloy 725.
      It can be seen that desirably low values are obtained.
TBL                TABLE IVA                                                   
     ______________________________________                                    
     Shelf Time         Solderability Class                                    
     Alloy   (hrs.)         100 Flux  611 Flux                                 
     ______________________________________                                    
     C       0              2         2                                        
     C       2500           3         2                                        
     C       5000           3         3                                        
     I       0              2         2                                        
     I       2500           3         3                                        
     I       5000           3         3                                        
     725     0              2         1                                        
     725     2500           3         3                                        
     725     5000           3         3                                        
     ______________________________________                                    
     TABLE IVB                                                                 
     ______________________________________                                    
     Shelf         Contact                                                     
     Time          Resistance (OHMS) at Load (GMS)                             
     Alloy (hrs.)      20      50    100   200   1000                          
     ______________________________________                                    
     C     3500        .11     .089  .074  .059  .025                          
     I     6000        --      .067  .047  .031  .023                          
     I     10,000      .047    .043  .042  --    .029                          
     725   3500        .13     .056  .085  .068  .022                          
     725   10,000      .053    .049  .038  --    .029                          
     ______________________________________                                    
PAR  The foregoing data show that solderability and contact resistance for the
      alloys of the present invention are comparable to that of Alloy 725.
PAC  EXAMPLE V
PAR  This example illustrates the effect of recrystallization before cold
      rolling and aging on bend and strength properties. Durville cast Alloy B
      from Example I was hot rolled and cleaned as in Example II and processed
      in accordance with Process A as follows: cold rolled to 0.080 inch gage;
      annealed at 600.degree.C for 2 hours and 400.degree.C for 1 hour; and cold
      rolled to a final gage of 0.020 inch. The last anneal did not fully
      recrystallize the alloy.
PAR  DC cast Alloy B from Example I was hot rolled and cleaned as in Example II
      and processed in accordance with Process B as follows: cold rolled to
      0.080 inch gage; annealed at 675.degree.C for 1 hour; cold rolled to 0.040
      inch gage; aged at 400.degree.C for 16 hours; and cold rolled to a final
      gage of 0.020 inch. The last anneal fully recrystallized the alloy. The
      strength and bend properties for both samples are shown in Table V, below.
TBL                TABLE V                                                     
     ______________________________________                                    
             Ultimate                                                          
                     0.2%                                                      
             Tensile Yield     Minimum Bend                                    
             Strength,                                                         
                     Strength, Radius, 64ths                                   
     Process   ksi       ksi       Good Way                                    
                                           Bad Way                             
     ______________________________________                                    
     A         121       113       3       16                                  
     B         123       114       3        8                                  
     ______________________________________                                    
PAC  EXAMPLE VI
PAR  This example demonstrates the effect of aging after cold rolling. Several
      samples of DC cast Alloy B from Example I were processed as in Example II
      to 0.080 inch gage and annealed at 675.degree.C for 1 hour. The samples
      were processed to a final gage of 0.020 inch using the variations below.
PA1  Process A -- cold roll directly to 0.020 inch gage
PA1  Process B -- age at 400.degree.C for 16 hours and cold roll to 0.020 inch
      gage
PA1  Process C -- cold roll 25% to 0.060 inch gage, age at 400.degree.C for 16
      hours and cold roll to 0.020 inch gage
PA1  Process D -- cold roll 50% to 0.040 inch gage, age at 400.degree.C for 16
      hours and cold roll to 0.020 inch gage
PA1  Process E -- cold roll to 0.020 inch gage and age at 400.degree.C for 16
      hours
PAL  The data shown in Table VI, below demonstrate that aging prior to cold
      rolling (Process B) or after cold rolling (Process E) leads to strength
      that is simply equivalent to that obtained with no aging (Process A).
      However, aging after some cold rolling (Processes C and D) results in
      improved strength.
TBL                TABLE VI                                                    
     ______________________________________                                    
                   Ultimate  0.2%                                              
                   Tensile   Yield                                             
                   Strength, Strength,                                         
     Process       ksi       ksi                                               
     ______________________________________                                    
     A             108       103                                               
     B             109       102                                               
     C             124       116                                               
     D             124       114                                               
     E             108       102                                               
     ______________________________________                                    
PAC  EXAMPLE VII
PAR  The following example illustrates the magnetic phase in the alloys of the
      present invention and the increased magnetic pull upon aging. Samples of
      Alloy B and Alloy 725 were DC cast as in Example I and hot rolled as in
      Example II. The samples were surface milled to produce a clean surface
      followed by cold rolling to 0.060 inch gage and annealing at 675.degree.C
      for 1 hour. The samples were then aged at 450.degree.C and the change in
      magnetic strength was measured as a function of aging time. In the
      Magnetic Force Measurement a sample 3 inches long by 3/4 inch wide by
      0.060 inch thick is suspended on one side of a microbalance, and the
      balance is tared. A magnet is then placed close to, and under the
      suspended sample (within .about.1/16 inch). If the sample is magnetic, it
      will be attracted to the magnet and the balance beam will become
      unbalanced. The additional weight required to overcome the attractive
      force, i.e., break away from the magnet, is measured. By keeping constant
      the test magnet used, sample geometry, and the precise relative position
      between the sample and magnet, changes in the measured attrative force
      will be due only to changes in the concentration of magnetic phase
      present.
PAR  The measurement was made on a given sample prior to aging and at various
      intervals during aging. To measure the intervals, the aging treatment was
      interrupted, i.e., sample was cooled to room temperature, measurement was
      made, and sample was reheated to aging temperature and held at temperature
      until the next interruption. The results are shown in Table VII, below.
TBL                TABLE VII                                                   
     ______________________________________                                    
                           Magnetic                                            
                   Aging   Attractive                                          
                   Time,   Force,                                              
     Alloy         Hours   Grams                                               
     ______________________________________                                    
     B              0      1.36                                                
     B             19      1.95                                                
     B             35      2.24                                                
     B             100     2.88                                                
     725            0      nil                                                 
     725           19      nil                                                 
     725           35      nil                                                 
     725           100     nil                                                 
     ______________________________________                                    
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing wrought copper base alloys having good strength
      and bend characteristics, good solderability and low contact resistance
      which comprises:
PA1  A. providing a copper base alloy consisting essentially of from 7 to 14%
      nickel, from 1.5 to 3.3% tin with the minimum nickel plus tin content
      being 9.5%, a material selected from the group consisting of iron from 0.1
      to 3%, cobalt from 0.1 to 3% and mixtures thereof wherein the minimum iron
      plus cobalt content in the alloy is 1.0%, balance copper;
PA1  B. hot rolling said alloy with a finishing temperature in excess of
      550.degree.C;
PA1  C. cold rolling said alloy with a cold reduction of at least 20%;
PA1  D. annealing said alloy at a temperature of from 300.degree. to
      850.degree.C for at least 1 minute;
PA1  E. cold rolling the alloy with a reduction of at least 20%;
PA1  F. aging at a temperature of from 300.degree. to 550.degree.C for from 15
      minutes to 24 hours; and
PA1  G. cold rolling the alloy with a reduction of from 20 to 55%,
PAL  thereby providing a wrought copper base alloy having a fine grain size
      below 0.025 mm and characterized by the presence of a fine, dispersed
      magnetic phase containing said material selected from the group consisting
      of iron, cobalt and mixtures thereof.
NUM  2.
PAR  2. A process according to claim 1 wherein said copper base alloy contains
      both iron and cobalt.
NUM  3.
PAR  3. A process according to claim 1 wherein said copper alloy has a nickel
      content from 9 to 11%, a tin content from 2 to 3% and a minimum nickel
      plus tin content of 11.5%.
NUM  4.
PAR  4. A process according to claim 1 wherein said iron content is from 0.5 to
      3%, said cobalt content is from 0.5 to 3% and the minimum iron plus cobalt
      content is 1.5%.
NUM  5.
PAR  5. A process according to claim 1 wherein the alloys are cast at a
      temperature of at least 1150.degree.C.
NUM  6.
PAR  6. A process according to claim 5 wherein the alloys are melted at a
      temperature of at least 1250.degree.C.
NUM  7.
PAR  7. A process according to claim 1 wherein the alloy is hot rolled at a
      starting temperature from 850.degree. to 975.degree.C.
NUM  8.
PAR  8. A process according to claim 1 wherein the alloy is cold rolled from 40
      to 70% in step (C).
NUM  9.
PAR  9. A process according to claim 1 wherein the alloy is cold rolled from 20
      to 50% in step (E).
NUM  10.
PAR  10. A process according to claim 1 wherein the microstructure of the
      resultant wrought copper base alloy includes a nickel-tin phase
      distributed throughout the matrix.
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PAL  Insulative coatings for electrical steels having improved resistance to
      deterioration during stress relief anneals or other heat treatments
      carried on in reducing atmospheres. They may be produced by coating
      electrical steel with an aqueous solution of phosphoric acid, magnesium
      oxide and one or more additional mineral acids present in an amount
      sufficient to adjust the pH level of the solution to from about 0.5 to
      about 3.0. The mole ratio Mg/PO.sub.4 should be from about 0.6 to about
      1.5.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a division of copending application Ser. No. 237,344 filed Mar. 23,
      1972, now U.S. Pat. No. 3840378, in the name of the same inventor and
      entitled INSULATIVE COATINGS FOR ELECTRICAL STEELS which, in turn, is a
      continuation-in-part of the copending application of the same inventor,
      Ser. No. 39,649 filed May 22, 1970 and entitled INSULATIVE COATINGS FOR
      ELECTRICAL STEELS (now abandoned).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to improved insulative coatings for electrical
      steels, and more particularly to phosphate based insulative coatings
      resistant to deterioration during heat treatments in reducing atmospheres.
PAR  2. Description of the Prior Art
PAR  As used herein and in the claims the terms "electrical steel" or "silicon
      steel" relates to an alloy the typical composition of which by weight
      percent falls within the following:
TBL  Carbon            0.060% maximum                                          
     Silicon           2 - 4%                                                  
     Sulfur or Selenium                                                        
                       0.03% maximum                                           
     Manganese         0.02 - 0.4%                                             
     Aluminum          0.04% maximum                                           
     Iron              balance                                                 
PAR  At the present time, there is a great demand for silicon steels of sheet
      gauge for magnetic uses such as laminated cores for transformers and the
      like.
PAR  Magnetic cores, such as are used in power transformers and the like,
      require high interlamination resistivity. Much work has been done in this
      field to provide surface resistivity on electrical steels.
PAR  In the production of certain oriented grades of silicon steel a mill glass
      is formed during the high temperature anneal. Much work has been done
      toward the improvement of the insulative qualities of mill glass, as is
      exemplified in U.S. Pat. No. 2,385,332.
PAR  In some applications it is desirable to have an applied insulative coating
      rather than or in addition to the mill glass formed during the high
      temperature anneal. The need for an insulative coating which may be
      applied by the steel producer, so that the manufacturer may begin with
      sheets or coils having high surface resistivity, has led to the
      development of phosphate coatings. U.S. Pat. No. 2,501,846 and 2,492,095
      are exemplary of such coatings. These phosphate coatings have been used
      with great success.
PAR  However, the manufacturer of electrical instrumentalities from silicon
      steel often requires that the silicon steel be subjected to a stress
      relief anneal or other heat treatment. Such stress relief anneals are
      frequently carried out at temperatures of from about 1450.degree.F. to
      about 1600.degree.F. (788.degree.C. to 871.degree.C.) in reducing
      atmospheres such as dry atmospheres containing 95% nitrogen and 5%
      hydrogen. Prior art phosphate coatings will demonstrate severe
      deterioration with respect to surface resistivity at temperatures as low
      as 1200.degree.F. (649.degree.C.) when the annealing atmosphere contains
      more than 2% hydrogen.
PAR  The present invention is based upon the discovery that phosphate based
      insulative coatings for electrical steels, with or without a mill glass
      base coating, will resist deterioration in reducing atmospheres if a mole
      ratio Mg/PO.sub.4 is maintained at from about 0.6 to about 1.5 and
      preferably from about 0.7 to about 1.3. The coatings of the present
      invention include one or more additional mineral acids so as to maintain
      the pH level in the range of from 0.5 to 3.0 and preferably from about 1
      to about 2 for the final solution.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates the provision of improved insulative
      coatings for oriented electrical steels with or without a mill glass base
      coating through the application of aqueous solutions of phosphoric acid,
      magnesium oxide and one or more additional mineral acids such as sulfuric
      or nitric acids.
PAR  In accordance with the present invention, the mole ratio Mg/PO.sub.4 is
      maintained in the range of from about 0.6 to about 1.5 and preferably from
      about 0.7 to about 1.3. The mineral acid is added to the mixture until the
      pH level is adjusted to the range of from about 0.5 to about 3.0, and
      preferably from about 1 to about 2.
PAR  In the above mentioned procedure, the mineral acids may be replaced by the
      magnesium salts thereof, provided that an adjustment is made in the
      magnesia addition to preserve the critical ratio.
PAR  The coating solutions of the present invention may be applied to the
      silicon steel (with or without a mill glass base coating) in any suitable
      and conventional manner. The coated silicon steel will be subjected to a
      heat treatment so that the final coating of the present invention will be
      formed thereon. This heat treatment is not to be confused with the final
      high temperature anneal given to silicon steel to develop grain
      orientation. Such a high temperature anneal would occur prior to the
      application of the coatings of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 comprise graphs plotting the change in resistivity during
      stress relief annealing against the molar ratio Mg/PO.sub.4 in the coating
      solution.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The coatings of the present invention are particularly suitable for use
      with oriented silicon steels of the cube-on-edge variety, but may be used
      with silicon steels of other orientations. When used with cube-on-edge
      oriented silicon steels, the coatings may be applied either on the bare
      metal (the mill glass base coating having been removed), or over a mill
      glass which formed during the high temperature anneal. In the practice of
      the present invention the coating solution should have a mole ratio
      Mg/PO.sub.4 in the range of from about 0.6 to about 1.5 and preferably in
      the range of from about 0.7 to about 1.3. The pH level of the final
      solution should fall within the range of from about 0.5 to about 3.0 and
      preferably within the range of from about 1 to about 2.
PAR  When in the prior art, as exemplified by the above mentioned U.S. Pat. No.
      2,501,846, magnesia was added to an aqueous solution of phosphoric acid in
      quantities to be wholly dissolved by the acid, a solution resulted having
      a pH of approximately 3 or less and a Mg++ to PO.sub.4 .sup.-.sup.-.sup.-
      mole ratio of about .5 or less. This is true because about .455 (or, in
      round numbers, about .5) is the theoretical maximum mole ratio achievable
      in such a solution. If, to obtain a higher mole ratio, one were simply to
      add more magnesia, the mole ratio of the system would go up but the mole
      ratio of the solution would not. While the pH of the solution would go up,
      the mole ratio would not due to formation of Mg H PO.sub.4 which is
      insoluble in water when the pH is above about 4 or 5.
PAR  There are two primary ways in which the mole ratio and pH values required
      by the present invention may be achieved. First, to an aqueous solution of
      magnesia and phosphoric acid and additional quantity of magnesia may be
      added together with one or more mineral acids such as sulfuric acid or
      nitric acid. The mineral acids are preferably volatile at a relatively low
      temperature.
PAR  The mole ratio Mg/PO.sub.4 should be maintained in the range of from about
      0.6 to about 1.5 and preferably in the range of from about 0.7 to about
      1.3.
PAR  The mineral acid or acids are added until the pH level of the final
      solution falls within the range of about 0.5 to about 3.0 and preferably
      from about 1 to about 2. The purpose of adding the mineral acid is
      primarily to provide sufficient acidity to dissolve the metal phosphate.
      Variation of the acid content of the coating solutions of the present
      invention can be obtained by adding more or less mineral acid. Halogen
      acids, such as hydrochloric, may be used on bare steel but they are not
      recommended where a glass coating has previously been formed because they
      attack the glass and prevent the applied coating from having good
      adherence and good resistivity.
PAR  A second way of achieving the desired mole ratio and pH values of the
      present invention entails the addition to the aqueous solution of magnesia
      and phosphoric acid of a magnesium salt of a mineral acid such as sulfuric
      acid or nitric acid. This is substantially the equivalent of adding
      magnesia and the mineral acid as in the first instance. This is true
      because when, for example, magnesia and nitric acid are combined magnesium
      nitrate (the mangesium salt of nitric acid) is formed together with water.
      The formation of water is not important (there being water already in the
      system) except with respect to the desired concentration of the final
      solution as dictated by the desired coating weight and coating method.
      When this second method is used the pH of the solution will remain
      substantially unchanged and will fall within the desired range. It will be
      understood that the addition of a mineral acid salt other than a magnesium
      salt would be extraneous to the system and would not make the required
      Mg++ addition to achieve the desired mole ratio value.
PAR  The coating solutions of the present invention may be mixed and applied by
      the same procedures heretofore practiced with respect to prior art
      phosphate coatings. For example, excellent results were achieved when the
      solutions were mixed in the following manner. A magnesia slurry (magnesia
      in distilled water) was slowly added to the equivalent of 75% phosphoric
      acid until a precipitate appeared. Then a mineral acid, such as sulfuric
      or nitric acid, was added to dissolve the precipitate. Thereafter, more
      slurry was again added. This procedure was continued until all of the
      magnesia slurry had been added and enough mineral acid had been added to
      dissolve any precipitate which had formed.
PAR  The coating solutions of the present invention may be as dilute as desired
      for controlled application to the surfaces of the silicon steel sheet or
      strip. The solutions may be applied in any suitable manner including
      spraying, dipping or swabbing. Metering rollers and doctor means may also
      be used. It has been determined that concentrated solutions, containing
      less than 40 percent of the total solution weight as water, tend to
      produce powdery coatings and are not easily applied by grooved wringer
      rolls. The upper limit of the percentage of the total solution weight as
      water is dictated only by the desired coating weight and the coating
      method used and can readily be ascertained by one skilled in the art to
      meet his particular needs.
PAR  It will be understood by one skilled in the art that prior to the
      application of the solutions, the silicon steel sheets or strips should be
      mechanically or chemically cleaned, so as to be free of oils, greases and
      scale. After coating, the silicon steel sheets or strips are dried and
      then subjected to a heat treatment in order to produce the final
      insulative coating. This heat treatment can be conducted at a temperature
      of from about 800.degree.F. to about 1600.degree.F. (427.degree.C. to
      871.degree.C.) for from about 1/2 minute to about 5 minutes in a dry
      non-oxidizing atmosphere, or at a temperature of from about 1200.degree.F.
      to about 1600.degree.F. (649.degree.C. to 871.degree.C.) in air, if the
      coating is applied over a mill glass. The drying may be performed in a
      separate step or it may occur during the preliminary heating portion of
      the heat treatment just described.
PAR  Analyses of the final fired coatings of the present invention reveal the
      presence of magnesium orthophosphate, which is very stable, insoluble and
      resistant to hydrogen reduction. Other forms of magnesium phosphate and
      other compounds may be formed, depending upon the mineral acids added.
PAC  EXAMPLE I
PAR  Nineteens samples of 9 mil thick cube-on-edge oriented silicon steel having
      a mill glass base coating were cleaned to remove any oils, greases or
      scale. Thereafter, the samples had applied thereto coatings having a ratio
      Mg/PO.sub.4 ranging from 0.35 to 1.45. The coating solution compositions
      are given in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Coating Compositions as % of Total Solution Weight                        
                                               Mole                            
     Sample                                    Ratio                           
     Number                                                                    
           MgO     H.sub.3 PO.sub.4                                            
                            HNO.sub.3                                          
                                  H.sub.2 SO.sub.4                             
                                         H.sub.2 O                             
                                               Mg/PO.sub.4                     
     ______________________________________                                    
     1,2,3 6.5     43.0     --    --     50.5  .3                              
     4     7.6     37.9     --    --     54.5  .5                              
     5     7.2     35.8      4.0  --     53.0  .5                              
     6     8.0     32.0      4.0  --     56.0  .6                              
     7     8.1     32.3     --    4.1    55.5  .6                              
     8     8.3     27.2      7.4  --     57.1  .7                              
     9     7.9     26.2     11.8  --     54.1  .7                              
     10    6.7     22.0     --    5.5    65.8  .7                              
     11    8.1     26.5      9.0  --     56.4  .7                              
     12    8.5     24.0      9.7  --     57.8  .8                              
     13    8.7     21.8     12.0  --     57.5  1.0                             
     14    8.0     20.1     19.6  --     52.3  1.0                             
     15    6.9     15.2     --    8.4    69.5  1.1                             
     16    7.3     16.1     13.1  --     63.5  1.1                             
     17    9.0     17.8     13.8  --     59.4  1.2                             
     18    9.1     16.6     15.1  --     59.2  1.3                             
     19    8.5     14.1     21.0  --     56.4  1.4                             
     ______________________________________                                    
PAR  For all solutions the MgO slurry (MgO in water) was slowly added to the
      equivalent of 75% H.sub.3 PO.sub.4 until a precipitate appeared; then
      H.sub.2 SO.sub.4 or HNO.sub.3 was added to dissolve the precipitate and
      more slurry was again added. This type of addition was continued until all
      the MgO has been added and enough mineral acid has been added to dissolve
      any precipitate which had formed. The pH values determined for 11 of the
      solutions of Table I varied between 0.9 and 2.1. The pH values of the
      remaining solutions would be expected to fall within this range.
PAR  The strips were coated by immersing them in the solutions and passing them
      through wringer rolls having 43 grooves per inch 1-2 mil deep. The coated
      strips were predried 1 to 2 minutes in air at 600.degree.F.
      (316.degree.C.) and after coiling were fired in air at 1450.degree.F.
      (788.degree.C.) for 1 minute.
PAR  Franklin resistivity tests were made after shearing into Epstein samples
      and again after a stress relief anneal at 1450.degree.F. (788.degree.C.)
      in an atmosphere comprising 95% nitrogen and 5% hydrogen with a two hour
      soak. The test results are given in Table II below.
TBL                                    TABLE II                                
     __________________________________________________________________________
     RESISTIVITY TESTS OF SAMPLES OF TABLE I                                   
     Sample                                                                    
         Mole Ratio                                                            
                Ave. Franklin Resistivity (Amps at 300 psi)                    
     Number                                                                    
         Mg/PO.sub.4                                                           
                Before SRA                                                     
                       After SRA                                               
                              Change                                           
     __________________________________________________________________________
     1   .3     .019   .89    .87                                              
     2   .3     .025   .87    .85                                              
     3   .3     .012   .85    .84                                              
     4   .5     .075   .82    .75                                              
     5   .5     .035   .70    .67                                              
     6   .6     .055   .215   .160                                             
     7   .6     .066   .103   .037                                             
     8   .7     .064   .082   .018                                             
     9   .7     .096   .174   .078                                             
     10  .7     .036   .022   -.014                                            
     11  .7     .048   .064   .016                                             
     12  .8     .052   .063   .011                                             
     13  1.0    .062   .073   .011                                             
     14  1.0    .161   .200   .039                                             
     15  1.1    .025   .104   .079                                             
     16  1.1    .165   .102   -.063                                            
     17  1.2    .069   .091   .022                                             
     18  1.3    .058   .151   .093                                             
     19  1.4    .144   .264   .120                                             
     __________________________________________________________________________
PAR  In FIG. 1, the solid line shows the correlation between the change in
      resistivity during the stress relief anneal and the molar ratio of Mg to
      PO.sub.4 in the coating solution. From FIG. 1 it will be evident that if
      the molar ratio is kept within the ranges given above, the change in
      resistivity is small. Samples 1 through 5 are exemplary of prior art
      coatings as taught in the above mentioned U.S. Pat. No. 2,501,846.
PAC  EXAMPLE II
PAR  Four samples were taken from each of five different 11 mil thick coils of
      cube-on-edge oriented silicon steel. The samples, numbered 20 through 23,
      were hard pickled to remove the mill glass base coating on the silicon
      steel.
PAR  Four coating solutions were made up having the compositions given in Table
      III below.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Sample                                                                    
          Coating                                                              
               Mole Ratio                                                      
     Number                                                                    
          Solution                                                             
               MgO/PO.sub.4                                                    
                      Composition of Solution                                  
     __________________________________________________________________________
     20,24                                                                     
          A    .3     1120cc H.sub.2 O, 880 cc 85% H.sub.3 PO.sub.4,           
                      180 gm MgO                                               
     21,25                                                                     
          B    .7     1500cc H.sub.2 O, 415 cc 85% H.sub.3 PO.sub.4,           
                      80cc H.sub.2 SO.sub.4 conc., 180 gm MgO                  
     22,26                                                                     
          C    .7     1150cc H.sub.2 o, 415 cc 85% H.sub.3 PO.sub.4,           
                      200cc HNO.sub.3 conc., 180 gm MgO                        
     23,27                                                                     
          D    1.5    965cc H.sub.2 O, 210cc 85% H.sub.3 PO.sub.4, 365 cc      
                      HNO.sub.3 conc., 180 gm MgO                              
     __________________________________________________________________________
PAR  The samples were coated with the solutions at room temperature, dried at
      600.degree.F. (316.degree.C.) for 60 to 90 seconds in air and cooled to
      room temperature.
PAR  Firing of the coatings was carried out in the strip furnace using a dry
      nitrogen atmosphere and a Bunsen burner flame curtain to protect the
      entrance end of the furnace. The samples were fired at 1500.degree.F.
      (816.degree.C.) for 1 to 11/2 minutes. One-fourth inch was sheared from
      each edge of the samples to remove heavy coating.
PAR  Franklin resistivity measurements at 300 psi were taken at four positions
      on each sample both "as cut" and after a stress relief anneal at
      1450.degree.F. (788.degree.C.) for 2 hours in a dry 95% nitrogen - 5%
      hydrogen atmosphere. The test results are given in Table IV below. Again,
      coating solution A is exemplary of those taught in U.S. Pat. No.
      2,501,846.
TBL                TABLE IV                                                    
     ______________________________________                                    
     RESISTIVITY TESTS OF SAMPLES OF TABLE III                                 
                       Ave. Franklin Resistivity                               
     Sample Mole Ratio (Amps at 300 psi)                                       
     Number Mg/PO.sub.4                                                        
                       Before SRA After SRA                                    
                                           Change                              
     ______________________________________                                    
     20     .3         .14        .38      .24                                 
     21     .7         .14        .11      -.03                                
     22     .7         .28        .18      -.10                                
     23     1.5        .44        .46      .02                                 
     ______________________________________                                    
PAR  The results are graphically illustrated by the broken line in FIG. 1. It
      will be noted that the coatings having a mole ratio of Mg/PO.sub.4 within
      the ranges given above prevented a loss of resistivity during the stress
      relief anneal.
PAR  The results follow the general shape of the solid line of Example I, but
      are displaced downwardly. This displacement is thought to be due to the
      poorer "as cut" resistivity of the starting material (i.e. poorer as cut
      resistivity leaves more room for improvement during the stress relief
      anneal, thus giving a negative change in FIG. 1).
PAC  EXAMPLE III
PAR  Samples were taken from another 11 mil thick coil of cube-on-edge oriented
      silicon steel. Again the samples were hard pickled to remove the mill
      glass base coating therefrom.
PAR  The samples, numbered 24 through 29, were coated, dried and fired in the
      same manner as described in Example II. Samples 24 through 27 were
      provided with the same four coatings of Example II. Samples 28 and 29 were
      provided with two additional coatings having compositions given in Table V
      below.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Sample                                                                    
         Coating                                                               
              Mole Ratio                                                       
     Number                                                                    
         Solution                                                              
              Mg/PO.sub.4                                                      
                       Composition of Solution                                 
     __________________________________________________________________________
     28  E    .5     1130cc H.sub.2 O, 625cc 85% H.sub.3 PO.sub.4 conc.,       
                     180 gm MgO                                                
     29  F    .5     1130cc H.sub.2 O, 625 cc 85% H.sub.3 PO.sub.4, 50cc       
                     HNO.sub.3 conc., 180 gm MgO                               
     __________________________________________________________________________
PAR  As in Example II, firing of the coatings was carried out in the strip
      furnace using a dry nitrogen atmosphere and a Bunsen burner flame curtain
      to protect the entrance end of the furnace. The samples were fired at
      1500.degree.F. (816.degree.C.) for 1 to 11/2 minutes. Again one-fourth
      inch was sheared from each edge of the samples to remove heavy coating.
PAR  Franklin resistivity measurements at 300 psi were taken at four positions
      on each sample both as cut and after a stress relief anneal at
      1450.degree.F. (788.degree.C.) for 2 hours in a dry 95% nitrogen - 5%
      hydrogen atmosphere. The test results are given in Table VI below.
TBL                TABLE VI                                                    
     ______________________________________                                    
     RESISTIVITY TESTS OF SAMPLES OF EXAMPLE III                               
                      Ave. Franklin Resistivity                                
     Sample                                                                    
           Mole Ratio (amps at 300 psi)                                        
     Number                                                                    
           Mg/PO.sub.4                                                         
                      Before SRA After SRA                                     
                                          Change                               
     ______________________________________                                    
     24    .3         .02        .38      .36                                  
     25    .7         .025       .05      .025                                 
     26    .7         .03        .03      .00                                  
     27    1.5        .17        .125     -.045                                
     28    .5         .01        .41      .40                                  
     29    .5         .01        .66      .65                                  
     ______________________________________                                    
PAR  The results are graphically illustrated by the broken line in FIG. 2. Again
      the results of Example I appear as a solid line in FIG. 2 for purposes of
      comparison. It will again be noted that the coatings having a mole ratio
      of Mg/PO.sub.4 within the ranges given above significantly prevented a
      loss of resistivity during the stress relief anneal.
PAR  The as cut resistivities of the samples of Example III, when compared to
      those of the samples of Example II, indicated that heavier coatings were
      produced in Example III. It is believed that these heavier coatings caused
      the shift of the curve of Example III to a position more nearly equal to
      the curve of Example I.
PAR  The Examples above clearly illustrate that the stability of the coatings
      during the stress relief anneal depends on the mole ratio Mg/PO.sub.4 and
      that those coatings having a ratio within the above given ranges result in
      improved resistivity of the oriented silicon steel after a stress relief
      anneal both when they are applied to the bare steel and when they are
      applied over a mill glass base coating.
PAR  In general, the solution of the present invention should contain in weight
      percent no less than about 40% water; no less than about 2% H.sub.3
      PO.sub.4 in the solution; no more than about 45% H.sub.3 PO.sub.4 in the
      solution; and no more than about 75% H.sub.3 PO.sub.4 in the solution,
      calculated on a water-free basis.
PAR  A number of modifications may be made in the invention without departing
      from the spirit of it. For example, inert fillers, both soluble and
      insoluble, may be added to the solution to produce more body and thereby
      achieve thicker films and better resistivity. Exemplary inert fillers
      which may be used include collodial SiO.sub.2, mica, Cr.sub.2 O.sub.3,
      TiO.sub.2, ZrO.sub.2, and the like. Addition of colloidal silica requires
      close pH control to prevent gelation of the colloid.
PAR  It will be understood by one skilled in the art that the final coating of
      the present invention may be produced by substituting magnesium phosphates
      for the phosphoric acid and magnesia. For example, an initial solution
      could be prepared from mono-basic magnesium phosphate and magnesia. Since
      the ratio Mg/PO.sub.4 would be 0.5, magnesia should be added to increase
      the ratio. If di-basic magnesium phosphate is used, the ratio of 1.0 would
      be satisfactory without adding magnesia or phosphoric acid. However, if
      tri-basic magnesium phosphate is used, the ratio of 1.5 is undesirably
      high and additional phosphoric acid would be needed. In all cases mineral
      acid would be necessary to dissolve the solids and adjust the pH within
      the aforementioned ranges.
PAR  Furthermore, while the preferred form for introducing magnesium into the
      coating is magnesia powder, which becomes magnesium hydroxide when mixed
      with water, magnesium hydroxide may be added initially in place of all or
      part of the magnesia.
PAR  Modifications may be made in the invention without departing from the
      spirit of it.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A process of providing an insulative coating on oriented silicon steel
      sheet-gauge stock for electrical uses comprising the steps of applying to
      said stock a coating composition comprising an aqueous solution having a
      Mg/PO.sub.4 mole ratio of from about 0.6 to about 1.5, said solution
      consisting essentially of an aqueous solution of phosphoric acid,
      magnesia, and at least one substance chosen from the class consisting of
      sulfuric acid, nitric acid and magnesium salts thereof, said substance
      being present in an amount sufficient for said solution to have a pH
      within a range of from about 0.5 to about 3.0, drying said coated stock
      and subjecting said coated stock to a heat treatment to form said
      insulative coating.
NUM  2.
PAR  2. The process claimed in claim 1 wherein said mole ratio is from about 0.7
      to about 1.3 and said pH is from about 1 to about 2.
NUM  3.
PAR  3. The process claimed in claim 1 wherein said heat treatment is conducted
      at a temperature of from about 800.degree.F. (427.degree.C.) to about
      1600.degree.F. (871.degree.C.) for from about 1/2 minute to about 5
      minutes in a dry, non-oxidizing atmosphere.
NUM  4.
PAR  4. The process claimed in claim 1 wherein said silicon steel has a mill
      glass thereon, said solution being applied over said mill glass and said
      insulative coating being formed on said mill glass.
NUM  5.
PAR  5. The process claimed in claim 4 wherein said heat treatment is conducted
      at a temperature of from about 1200.degree.F. (649.degree.C.) to about
      1600.degree.F. (871.degree.C.) for from about 1/2 minute to about 5
      minutes in air.
NUM  6.
PAR  6. A process of providing an insulative coating on oriented silicon
      sheet-gauge stock for electrical uses comprising the steps of applying to
      said stock a coating composition comprising an aqueous solution having an
      Mg/PO.sub.4 mole ratio of from about 0.6 to about 1.5, said solution
      consisting essentially of an aqueous solution of compounds chosen from the
      class consisting of mono-basic magnesium phosphate, di-basic magnesium
      phosphate, tri-basic magnesium phosphate, magnesia, and phosphoric acid,
      plus at least one substance chosen from the class consisting of sulfuric
      acid, nitric acid and magnesium salts thereof, said substance being
      present in an amount sufficient for said solution to have a pH within a
      range of from about 0.5 to about 3.0, drying said coated stock and
      subjecting said coated stock to a heat treatment to form said insulative
      coating.
NUM  7.
PAR  7. The process claimed in claim 6 wherein said mole ratio is from about 0.7
      to about 1.3 and said pH is from about 1 to about 2.
NUM  8.
PAR  8. The process claimed in claim 6 wherein said heat treatment is conducted
      at a temperature of from about 800.degree.F. (427.degree.C.) to about
      1600.degree.F. (871.degree.C.) for from about 1/2 minute to about 5
      minutes in a dry, non-oxidizing atmosphere.
NUM  9.
PAR  9. Silicon steel having an insulative coating made by the process claimed
      in claim 6.
NUM  10.
PAR  10. Cube-on-edge oriented silicon steel having a mill glass and an
      additional insulative coating made by the process of claim 6.
NUM  11.
PAR  11. The process claimed in claim 6 wherein said silicon steel has a mill
      glass thereon, said solution being applied over said mill glass and said
      insulative coating being formed on said mill glass.
NUM  12.
PAR  12. The process claimed in claim 11 wherein said heat treatment is
      conducted at a temperature of from about 1200.degree.F. (649.degree.C.) to
      about 1600.degree.F. (871.degree.C.) for from about 1/2 minute to about 5
      minutes in air.
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ABST
PAL  A method and apparatus for flame-cutting cracked corner portions from
      continuously cast metal workpiece. The cutting torches are positioned
      adjacent the corners of the workpiece and are aimed downwardly at angles
      of about 35.degree. to 55.degree. with respect to the vertical and at
      angles of about 80.degree. to 100.degree. with respect to planes which
      bisect the corner angles of the workpiece. Preferably the torches are
      aimed downwardly at angles of about 45.degree. and approximately
      perpendicular to the bisecting planes. In this manner the depth of segment
      cut from the workpiece is closely controlled and the material removed from
      the workpiece is directed away from the surfaces thereof.
PARN
PAR  This application is a continuation-in-part of our earlier copending
      application Ser. No. 472,767, filed May 23, 1974, and now abandoned.
BSUM
PAR  This invention relates to an improved method and apparatus for
      flame-cutting cracked corner portions from continuously cast metal
      workpiece.
PAR  The occurrence of shallow cracks in the corners of continuously cast
      workpieces is a problem which never has been completely overcome. Improved
      mold design and more careful control of the casting operation have
      diminished corner-cracking, but even under optimum conditions visible
      cracks continue to occur in a small percentage of the product. Such cracks
      may be present at one or more corners along varying lengths of the
      workpiece, and then cease altogether along other portions of the same
      workpiece. After the workpiece is rolled to a finished section of small
      cross section, a corner crack may remain as a scarcely visible line on the
      surface of the section. For many purposes such a crack is harmless, but
      for certain premium products, it is necessary to grind off the corners of
      a continuously cast workpiece to assure that no cracks remain in the
      product.
PAR  Our invention involves selectively flame-cutting the corner portions from
      the workpiece while the latter is traveling through the casting machine
      and is at a high temperature. We recognize that it is known to flame-cut
      corner portions from a workpiece, for example as described in Meincke U.S.
      Pat. No. 2,290,290. We recognize further that it is known to employ
      scarfing for corner-conditioning continuously cast steel billets, as
      mentioned in Michelson U.S. Pat. Nos. 3,492,918 and 3,534,656. Michelson
      describes no details as to how the scarfing operation is conducted, but
      reports that it is not completely satisfactory. He says that the depth of
      corner removed from the workpiece cannot be closely controlled, and
      further that the residual melted metal adversely affects the resultant
      rolled product.
PAR  An object of our invention is to provide, in a continuous-casting
      operation, an improved method and apparatus for flame-cutting the corner
      portions from a workpiece in which we overcome the aforementioned
      difficulties; that is in which we closely control the depth of the segment
      cut from the workpiece, and dispose of the material removed from the
      workpiece without adversely affecting the product.
PAR  A further object is to provide a method and apparatus for accomplishing the
      foregoing object in which we aim the flame-cutting torches at critical
      angles enabling us to effect proper control and at the same time direct
      the removed material away from the surface of the workpiece.
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PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic side elevational view of a portion of a
      continuous-casting machine equipped with our flame-cutting apparatus;
PAR  FIG. 2 is a diagrammatic view similar to FIG. 1, but showing a
      modification;
PAR  FIG. 3 is a top plan view of our apparatus;
PAR  FIG. 4 is a side elevational view of our apparatus with parts broken away;
PAR  FIG. 5 is an end elevational view from the right of FIGS. 3 and 4; and
PAR  FIG. 6 is a diagrammatic end view of the upper right corner portion of a
      continuously cast workpiece illustrating the preferred relation between
      the workpiece and torch.
DETD
PAR  FIG. 1 shows diagrammatically a portion of a continuous-casting
      installation which includes in succession a straightener 10, a
      flame-cutting apparatus 12, a reheating furnace 13, and an in-line rolling
      mill 14. FIG. 2 shows a modified installation in which the reheating
      furnace 13 precedes the flame-cutting apparatus 12, but otherwise may be
      similar. A continuously cast workpiece 15, which is rectangular in cross
      section and still at a high temperature, travels from left to right
      through the foregoing mechanisms, coming from a curved roll rack (not
      shown) and going to a cutoff means (not shown). The straightener 10, which
      may be of conventional construction, removes the curved set from the
      workpiece. The flame-cutting apparatus 12 is constructed in accordance
      with our invention and is described in detail hereinafter. The reheating
      furnace 13 may be either gas-fired or an induction type, both of which are
      conventional. If the furnace is gas-fired, we prefer the sequence shown in
      FIG. 1, since the intense heat at the exit end of the furnace may damage
      the flame-cutting apparatus. If the furnace is of the induction type, we
      prefer the sequence shown in FIG. 2, since the heat is less intense than
      at the exit end of a gas-fired furnace, and the workpiece is hotter and
      easier to cut after it passes through a reheating furnace. The in-line
      rolling mill includes a plurality of horizontal roll stands 16 and a
      plurality of vertical roll stands 17, all of which may be conventional. In
      the event our flame-cutting apparatus is used on an installation which
      lacks an in-line rolling mill and reheating furnace, the apparatus simply
      follows the straightener.
PAR  As shown in FIGS. 3, 4 and 5, our flame-cutting apparatus 12 comprises a
      frame formed of two water-cooled supporting columns 20 at the entry end,
      two similar columns 21 at the exit end, and longitudinal and transverse
      brace members 22 and 23 attached to the columns. Cooling water is
      introduced to the lower ends of the columns through respective inlet pipes
      24 and discharges from the upper ends through respective downcomers 25
      into horizontally extending headers 26. The frame carries chutes 27 for
      receiving material removed from the workpiece 15, as hereinafter
      explained. The headers 26 discharge water over the chutes 27 and thus cool
      them. The frame straddles the workpiece 15, which is supported on conveyor
      rolls 28 as it travels through the apparatus.
PAR  A water-cooled platform 31 is supported for vertical movement above the
      workpiece 15 on columns 20 and 21. The platform has lifting eyes 32 to be
      engaged by cables or the like for raising it away from the workpiece when
      the flame-cutting apparatus is not used. A water inlet 33 and outlet 34
      are connected to the platform, which is hollow and contains a suitable
      arrangement of internal baffles for circulating the water.
PAR  Platform 31 carries a pair of top cutting torches 37, a pair of bottom
      cutting torches 38, a pair of top preheat torches 39 and a pair of bottom
      preheat torches 40. The torches per se are of conventional construction
      which are capable of burning a combustible gas, preferably in oxygen, to
      preheat and flame-cut the metal of the workpiece. The preheat torches
      serve also to remove scale from the workpiece. The embodiment of FIG. 1
      may require additional preheat torches (not shown), since the workpiece is
      not at as high a temperature when it reaches the apparatus as in the
      embodiment of FIG. 2. Each cutting torch 37 and 38 is mounted at the
      bottom of a respective water-cooled stem 41, the position of which can be
      adjusted both horizontally and vertically relative to the platform.
      Likewise each preheat torch 39 and 40 is mounted at the bottom of a
      respective water-cooled stem 42, the position of which can be adjusted at
      least vertically relative to the platform. The vertical adjusting means
      includes gear racks 43 on the respective stems, and hand operated pinions
      44 engaging the gear racks. The horizontal adjusting means includes gear
      racks 45 and pinions 46 engaging the latter gear racks.
PAR  In accordance with our invention and as shown in FIGS. 5 and 6, each of the
      four cutting torches 37 and 38 is aimed downwardly at an angle of about
      35.degree. to 55.degree. with respect to the vertical (or horizontal) and
      at an angle of about 80.degree. to 100.degree. with respect to a plane 50
      which bisects the corner angle of the workpiece 15. Preferably the torches
      are aimed downwardly at angles of about 45.degree. and approximately
      perpendicular to the bisecting planes (FIG. 6). Consequently each torch
      cuts along a line 51 which lies at a closely controlled distance from the
      exact corner of the workpiece. The location of this line determines the
      depth of material removed during the cutting operation. There is no
      tendency for the torches to cut farther into the workpiece toward the
      center. The material 52 removed is shaped as a right triangle in cross
      section, and cracks 53 lie approximately on the altitude of the triangle.
      The dimensions of the triangle can be varied by adjusting the position of
      the torches relative to the platform 31. The material removed from the
      workpiece should be directed in a straight line 54 away from the surface
      of the workpiece. Therefore we apply sufficient pressure at the torches to
      assure that the material travels in the direction in which each torch is
      aimed. This material impinges on the chutes 27 and drops from the bottom
      of the apparatus where it does not adversely affect the quality of the
      workpiece. When the workpiece is subjected to in-line rolling, as in both
      embodiments illustrated, the rolling operation produces the same corner
      configuration on the workpiece throughout its length, now free of cracks.
      This configuration may be either square or with a radius, but the portions
      where flame-cutting has taken place are indistinguishable from the other
      portion. Although FIG. 6 shows only the upper right corner portion of the
      workpiece, the relation between the workpiece and torch is the same at the
      other three corners.
PAR  From the foregoing description, it is seen that our invention affords a
      simple method and apparatus for flame-cutting the corner portions of a
      continuously cast workpiece to eliminate cracks. The invention aims the
      torches in a way which overcomes the difficulties encountered in the prior
      art in using cutting torches to eliminate corner cracks. The torches are
      readily moved away from the workpiece whenever they are not needed.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a continuous-casting operation in which a workpiece at an elevated
      temperature travels within a casting machine and is subject to having
      cracks form in its corners, a method of flame-cutting a cracked corner
      portion from the workpiece comprising moving the workpiece past a cutting
      torch which is aimed at an angle of about 80.degree. to 100.degree. with
      respect to a plane which bisects the adjacent corner angle of the
      workpiece, whereby the torch cuts the workpiece along a line spaced from
      the corner and removes a segment of material which is triangular in cross
      section.
NUM  2.
PAR  2. A method as defined in claim 1 in which said torch is aimed downwardly
      at an angle of about 45.degree. and in a direction approximately
      perpendicular to said plane.
NUM  3.
PAR  3. A method as defined in claim 1 in which the workpiece is rectangular in
      cross section and portions are cut from a plurality of its corners.
NUM  4.
PAR  4. A method as defined in claim 1 in which the cutting step is performed on
      the workpiece after it is straightened and traveling horizontally.
NUM  5.
PAR  5. A method as defined in claim 4 in which the operation includes the
      further steps of reheating the workpiece and subjecting it to in-line
      rolling, and the cutting step precedes the reheating step, said in-line
      rolling step producing the same corner configuration on the workpiece
      throughout its length.
NUM  6.
PAR  6. A method as defined in claim 4 in which the operation includes the
      further steps of reheating the workpiece and subjecting it to in-line
      rolling, and the cutting step follows the reheating step, said in-line
      rolling step producing the same corner configuration on the workpiece
      throughout its length.
NUM  7.
PAR  7. A method as defined in claim 1 including the further step of preheating
      the corner portion of the workpiece before cutting it.
NUM  8.
PAR  8. In a continuous-casting installation which includes means for carrying a
      workpiece at an elevated temperature along a path of travel, the
      combination therewith of a flame-cutting apparatus for removing cracked
      corner portions from the workpiece, said apparatus comprising a frame
      adjacent said path, and at least one cutting torch supported on said
      frame, said torch being located adjacent a corner of the workpiece and
      aimed at an angle of about 80.degree. to 100.degree. with respect to a
      plane which bisects the adjacent corner angle of the workpiece, whereby
      the torch cuts the workpiece along a line spaced from the corner and
      removes a segment of material which is triangular in cross section.
NUM  9.
PAR  9. An apparatus as defined in claim 8 in which said torch is aimed
      downwardly at an angle of about 45.degree. and in a direction
      approximately perpendicular to said plane.
NUM  10.
PAR  10. An apparatus as defined in claim 8 comprising a plurality of cutting
      torches for removing portions from a plurality of corners of a workpiece
      of rectangular cross section.
NUM  11.
PAR  11. An installation as defined in claim 8 which includes a straightener for
      removing a curved set from the workpiece, said path of travel being
      horizontal, said apparatus following said straightener.
NUM  12.
PAR  12. An installation as defined in claim 11 which includes a reheating
      furnace and an in-line rolling mill following said straightener, and in
      which said apparatus precedes said furnace.
NUM  13.
PAR  13. An installation as defined in claim 11 which includes a reheating
      furnace and an in-line rolling mill following said straightener, and in
      which said apparatus follows said furnace.
NUM  14.
PAR  14. An apparatus as defined in claim 8 further comprising a preheating
      torch supported on said frame ahead of said cutting torch.
NUM  15.
PAR  15. An apparatus as defined in claim 8 further comprising means on said
      frame connected with said cutting torch for adjusting the position of said
      cutting torch both vertically and horizontally relative to said frame.
NUM  16.
PAR  16. An apparatus as defined in claim 8 further comprising means for moving
      said torch away from said path whenever the corner portion is not to be
      cut from the workpiece.
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ABST
PAL  Metal alloys in an amorphous state are employed in the fabrication of
      cutting implements such as razor blades or knives. The implement may be
      formed from the amorphous metal or a coating of the amorphous metal may be
      applied. Such products may be formed from a ribbon of the amorphous metal
      alloy which has been prepared by quenching the molten metal or by coating
      the amorphous metal alloy on a suitable substrate such as by a sputtering
      procedure or vapor, chemical or electro-deposition of the alloy on the
      substrate.
PARN
PAR  This is a division of application Ser. No. 317,039, filed Dec. 20, 1972,
      now U.S. Pat. No. 3,871,836.
BSUM
PAC  DESCRIPTION OF PRIOR ART
PAR  The production of cutting implements by sharpening a piece of metal is an
      ancient art. Typically, the implement is fabricated from a crystalline
      metal which is formed to the desired shape and an edge is then ground to a
      reduced thickness.
PAR  It is recognized that the properties and hence usefulness of the blade are
      determined by the form of the edge and by the properties of the substance
      from which the blade is produced; these properties generally depend upon
      the processing of the metal as well as upon its chemical composition.
PAR  Scientific investigations have demonstrated that is is possible to obtain
      solid amorphous metals for certain alloy compositions, and as used herein,
      the term "amorphous" contemplates "solid amorphous." An amorphous
      substance generally characterizes a noncrystalline or glassy substance. In
      distinguishing an amorphous substance from a crystalline substance,
      diffraction measurements are generally suitably employed.
PAR  An amorphous metal produces a diffraction profile which varies slowly with
      the diffraction angle and is qualitatively similar to the diffraction
      profile of a liquid or ordinary window glass. For example, FIG. 1 is the
      first peak of the diffracted intensity I as a function of the diffraction
      angle 2.theta. for amorphous Fe.sub.40 Ni.sub.40 P.sub.14 B.sub.6 as
      obtained from an x-ray diffractometer with MoK.alpha.  radiation. Such a
      pattern is typical for amorphous metals. On the other hand, FIG. 2
      represents the diffracted intensity I as a function of the diffraction
      angle 2.theta. for polycrystalline Fe.sub.40 Ni.sub.40 P.sub.14 B.sub.6
      over the same range of 2.theta.. This more rapidly varying intensity is
      typical of crystalline materials.
PAR  These amorphous metals are in a metastable state. Upon heating to a
      sufficiently high temperature, they crystallize with the evolution of a
      heat of crystallization and the diffraction profile changes from one
      having the glassy or amorphous characteristics to one having crystalline
      characteristics.
PAR  Additionally, suitably employed transmission electron micrography and
      electron diffraction can be used to distinguish between the amorphous and
      the crystalline state.
PAR  It is possible to produce a metal which is a two-phase mixture of the
      amorphous and the crystalline state; the relative proportions can vary
      from totally crystalline to totally amorphous. An amorphous metal, as
      employed herein, refers to a metal which is primarily amorphous but may
      have a small fraction of the material present as included crystallites.
PAR  For a suitable composition, proper processing will produce a metal in the
      amorphous state. One typical procedure is to cause the molten alloy to be
      spread thinly in contact with a solid metal substrate such as copper or
      aluminum so that the molten metal looses its heat to the substrate.
PAR  When the alloy is spread to a thickness of .about.0.002 inch, cooling rates
      of the order of 106.degree.C/sec. are achieved. See, for example, R. C.
      Ruhl, Mat. Sci. & Eng. 1, 313 (1967), which discusses the dependence of
      cooling rates upon the conditions of processing the molten metal. For an
      alloy of proper composition and for a sufficiently high cooling rate, such
      a process produces an amorphous metal. Any process which provides a
      suitably high cooling rate can be used. Illustrative examples of
      procedures which can be used to make the amorphous metals are the rotating
      double rolls described by H. S. Chen and C. E. Miller, Rev. Sci. Instrum.
      41, 1237 (1970) and the rotating cylinder technique described by R. Pond,
      Jr. and R. Maddin, Trans. Met. Soc., AIME 245, 2475 (1969).
PAR  Alternatively, a deposition technique can be used to produce an amorphous
      metal. Two such techniques are vapor deposition and sputtering.) In vapor
      deposition, the metal to be deposited is placed in a high vacuum and is
      heated to a temperature such that its vapor pressure is at least
      10.sup.-.sub.2 mm Hg; this vapor is then condensed to the solid state on
      sufficiently cold surfaces exposed to the vapor. In sputtering, the metal
      to be deposited and the substrate upon which it is to be deposited are
      placed in a partial vacuum, usually of the order of 1 mm Hg. A high
      potential is applied between an electrode and the metal to be deposited,
      and the gaseous ions created by the high potential strike the surface of
      the metal with an energy sufficient to cause atoms from the metal to enter
      the vapor phase; these atoms then condense to the solid state on surfaces
      exposed to the vapor. Both the vapor deposition and the sputtering
      techniques are described in detail in Handbook of Thin Film Technology, L.
      I. Maissel and R. Glang, McGraw Hill, 1970. Similarly, chemical
      (electro-less) or electro-deposition of a suitable alloy composition from
      a solution can also lead to an amorphous alloy.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has as its primary object the provision of cutting implements
      which are composed of, or are coated with, an amorphous metal.
PAR  Additional objects and advantages will be apparent from the specification
      and claims.
PAR  One class of cutting implements which is of particular interest is that
      typified by safety razor blades. A strip or sheet of an amorphous metal
      with a thickness of about 0.001 to 0.005 inch can be sharpened so as to
      produce a razor blade. Further treatment such as the sputtering on of a
      crystalline or amorphous metal coating or the application of a
      fluorocarbon coating may be used to produce the finished blade.
PAR  We have discovered that amorphous metals are exceptionally well-suited to
      use for razor blades since compositions with high as-formed hardness,
      ductility, a high elastic limit and good corrosion resistance can be
      selected. Additionally, these amorphous metals are more homogeneous than
      common crystalline materials for the dimensions characteristic of the
      sharpened edge of a razor blade. Greater hardness and better corrosion
      resistance than the stainless steel blades now in use can be achieved.
PAR  Strips from which the blades are made can be obtained by any of various
      techniques. Most suitable is the quenching from the melt of a continuous
      strip by, for example, using a pair of rotating rolls or by squirting the
      molten metal onto the outside of a rapidly rotating cylinder.
PAR  Additionally, razor blades can be produced which consist of sharpened
      crystalline metal or amorphous metal blades with an amorphous metal film
      deposited on top of the edge, for example, by sputtering.
PAR  Further, a blade can be produced by sharpening after the amorphous metal
      coating has been applied to a crystalline substrate, by sputtering or
      vapor deposition, for example.
PAR  Cutting blades such as common knives can be produced with an amorphous
      metal coating applied, for example, by sputtering or electro-deposition so
      as to improve the properties of the surface.
PAR  Cutting blades other than razor blades can also be produced by sharpening
      an amorphous metal strip or sheet. Further, a sandwich construction where
      the amorphous metal is held between two layers of a softer material could
      be used to make blades.
PAR  It has been found that metal alloys which are partially amorphous can
      sometimes also have the desirable properties of high hardness, high
      strength, high elastic limit, and ductility which can be obtained with the
      fully amorphous state. These alloys may be a mixture of the amorphous and
      crystalline states because of several possible reasons. The composition
      may be one which for obtainable quench rates or deposition parameters does
      not give a totally amorphous substance, or a relatively low quench rate
      may have been employed, or part of the sample may have been recrystallized
      upon a heat treatment of the sample. A typical x-ray diffraction pattern
      for such an amorphous-crystalline mixture is shown in FIG. 3. It is a
      superposition or summation of an amorphous pattern and a crystalline
      pattern. Resolving the two patterns and measuring the relative integrated
      intensities indicates the approximate relative percentages of the two
      structures. Additionally, transmission electron micrography and
      diffraction can also be used to estimate the percent of each phase.
      Further, the measured heat of crystallization will be proportional to the
      fraction that is amorphous.
PAR  The articles described above can be made from such an amorphous-crystalline
      mixture where the crystalline fraction is less than 50 percent.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates the diffraction intensity of an amorphous Fe.sub.40
      Ni.sub.40 P.sub.14 B.sub.6 metal.
PAR  FIG. 2 illustrates the diffracted intensity of the crystalline metal of
      Fe.sub.40 Ni.sub.40 P.sub.14 B.sub.6.
PAR  FIG. 3 is an x-ray diffraction pattern for a partially crystalline metal
      alloy of Ni.sub.77 P.sub.14 B.sub.6 Al.sub.3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the invention, an amorphous metal strip can be sharpened
      to form razor blades of excellent edge characteristics: high resistance to
      mechanical damage and superior corrosion resistance. In production, for
      example, an amorphous metal strip which is 0.002 inch thick and about 1/4
      inch wide can be sharpened on one edge and then cut into lengths of about
      1.75 inches. Alternatively, strips of greater width can be sharpened on
      both edges.
PAR  Strips of many different alloy compositions can be used for razor blades.
      The preferred alloys will consist of primarily iron, nickel, cobalt,
      chromium, vanadium and mixtures thereof. Alloys of particular interest
      contemplated by the invention are those having the general formula M.sub.a
      X.sub.b wherein M may be any combination of Ni, Fe, Co, Cr and/or V, X
      will be elements such as P, B, C, Si, Al, Sb, Sn, In, Ge and/or Be and a
      and b represent atomic percent in which a will generally range from 90 to
      65 atomic percent and b will range from 10 to 35 atomic percent.
      Preferably, a will vary from about 84 to about 73 atomic percent while b
      will vary from about 16 to about 27 atomic percent.
PAR  Examples of some of the preferred compositions include Ni.sub.75 P.sub.16
      B.sub.6 Al.sub.3 ; Ni.sub.50 Fe.sub.28 P.sub.14 B.sub.6 Al.sub.2 ;
      Cr.sub.24 Fe.sub.24 Ni.sub.30 P.sub.14 B.sub.4 C.sub.2 Si.sub.2 ;
      Fe.sub.38 Cr.sub.38 P.sub.15 C.sub.4 B.sub.2 Al.sub.3 ; Fe.sub.40
      Ni.sub.40 P.sub.14 B.sub.6 ; and Fe.sub.30 Co.sub.20 Cr.sub.28 P.sub.14
      B.sub.6 Al.sub.2.
PAR  The alloying elements normally used in steels, such as Mo, Mn, Ti, W and
      Cu, can also be included in these compositions as a partial replacement
      for any of the metals Ni-Fe-Cr-Co-V. In replacing the latter with the
      former, preferably not more than about one-third of the latter metals in
      atomic percent is replaced with the former.
PAR  An alternate embodiment of the invention resides in coating a metal
      substrate with an amorphous metal layer such as by the sputtering of a
      thin film (about 50 to 300A thick) of metal which is at least 50 percent
      amorphous onto the edge of an already sharpened amorphous or crystalline
      razor blade. The general compositions of such coating alloys are
      essentially those listed above in connection with the amorphous strips.
      Preferred coating compositions are, for example, Cr.sub.80 P.sub.15
      B.sub.5 ; Fe.sub.20 Cr.sub.60 P.sub.20 ; Cr.sub.65 Ni.sub.10 P.sub.15
      Si.sub.10 and Cr.sub.77 P.sub.13 B.sub.5 Si.sub.5.
PAR  Still another embodiment resides in the deposition of an amorphous coating
      of the general compositions listed above on various articles of cutlery.
      For example, a composition such as Ni.sub.80 P.sub.20 can be
      electro-deposited onto a formed utensil such as a knife or instead a
      composition such as Cr.sub.60 Ni.sub.20 P.sub.15 B.sub.5 can be sputtered
      thereon.
PAR  The invention will be further described by reference to the following
      specific examples. It should be understood, however, that although these
      examples may describe in detail certain preferred operating conditions
      and/or materials and/or proportions, they are provided primarily for
      purposes of illustration and the invention, in its broader aspects, is not
      limited thereto. Parts expressed are parts by atomic percent unless
      otherwise stated.
PAC  EXAMPLE 1
PAR  A molten alloy of composition Ni.sub.48 Fe.sub.30 P.sub.14 B.sub.6 Al.sub.2
      at a temperature of 1050.degree.C. is quenched to the amorphous state by
      using the rotating double roll apparatus described by Chen and Miller in
      Rev. Sci, Instrum. 41, 1237 (1970). An argon pressure of 8 psi is used to
      squirt the molten metal through a 0.010 inch hole in the bottom of a fused
      silica tube into the nip of the two inch diameter, three inch long double
      rolls which are at room temperature and rotating at about 1400 rpm. A
      force of about 100 lbs. is applied so as to push the rolls towards each
      other. The molten metal is thus quenched to a 0.002 inch thick ribbon of
      amorphous metal of the same composition. The edge of the ribbon is sheared
      off so as to provide a straight edge and a cutting edge is ground and
      honed on the sheared edge of the strip in a manner conventionally used to
      sharpen razor blades. In sharpening, care is taken such that any part of
      the metal strip does not reach a temperature above 340.degree.C. The
      strips are cut to the desired length for individual blades. The blade may
      be suitably employed at this juncture. However, the blade may be further
      processed after sharpening such as by the deposition of an amorphous or
      crystalline metal film of about 150A on the cutting edge. This coating may
      be applied by sputtering or vapor deposition, as described in the
      aforementioned Maissel and Glang text. A fluorocarbon coating may also be
      applied such as disclosed in U.S. Pat. No. 3,071,856 -- care again being
      taken to avoid excess temperature which would cause crystallization of the
      amorphous metal.
PAC  EXAMPLE 2
PAR  A 0.004 inch thick strip of stainless steel is ground and honed to produce
      a razor blade with a conventionally shaped edge. An alloy of composition
      Cr.sub.78 P.sub.14 B.sub.5 Si.sub.3 is sputtered onto the edge of the
      blade which is kept at a temperature below 100.degree.C. in the manner
      described in Chapter 4 of the Maissel and Glang text, so as to produce a
      metal film of this alloy composition which is more than 50 percent
      amorphous and has an average thickness of 200 A on the edge of the blade.
      A fluorocarbon coating in the manner disclosed in Example 3 of U.S. Pat.
      No. 3,071,856 is applied to the blade.
PAR  A similar procedure was followed for a 0.002 inch thick blade of amorphous
      Ni.sub.50 Fe.sub.28 P.sub.14 B.sub.6 Al.sub.2.
PAR  Similarly, Cr.sub.58 Ni.sub.18 P.sub.14 B.sub.6 Si.sub.4 is sputtered onto
      other ground stainless steel and amorphous Ni.sub.50 Fe.sub.28 P.sub.14
      B.sub.6 Al.sub.2 blades which are then coated with a fluorocarbon.
PAC  EXAMPLES 3- 8
PAR  Following the procedure of Example 1, amorphous strips suitable for forming
      of razor blades are prepared from the alloys shown in Table I. Some
      examples, as indicated, are coated.
TBL                TABLE I                                                     
     ______________________________________                                    
                               Coating                                         
     Example                                                                   
             Alloys (atomic %)                                                 
                                (if any)                                       
     ______________________________________                                    
     3      Fe.sub.39 Ni.sub.39 P.sub.16 B.sub.4 Si.sub.2                      
     4      Fe.sub.39 Ni.sub.39 P.sub.16 B.sub.4 Si.sub.2                      
                            Cr.sub.80 P.sub.15 B.sub.5 (sputtered)             
     5      Fe.sub.30 Ni.sub.20 Cr.sub.28 P.sub.14 B.sub.6 Al.sub.2            
                            Cr.sub.65 Ni.sub.10 P.sub.15 Si.sub.10             
                            (sputtered)                                        
                            and thereafter coated                              
                            with polytetrafluoro-                              
                            alkylene)                                          
     6      Fe.sub.38 Cr.sub.38 P.sub.15 C.sub.4 B.sub.2 Al.sub.3              
                            Cr.sub.80 P.sub.15 B.sub.5 (sputtered)             
                            and thereafter coated                              
                            with polytetrafluoro-                              
                            ethylene                                           
     7      Ni.sub.75 P.sub.16 B.sub.6 Si.sub.1 Al.sub.2                       
                            Cr.sub.80 P.sub.15 B.sub.5 (sputtered)             
                            and thereafter coated                              
                            with polytetrafluoro-                              
                            ethylene                                           
     8      Cr.sub.40 Co.sub.36 P.sub.14 B.sub.6 Al.sub.4                      
                            Cr (sputtered)                                     
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  A stainless steel knife with a high polish is cleaned by washing with
      trichloroethylene and dried. An amorphous film of Cr.sub.80 P.sub.15
      B.sub.5 is sputtered on the entire blade. The film thickness is 1000 A. A
      relatively tough and durable mar-resistant coating is produced.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process of preparing a metal cutting implement by shaping a metal
      strip into the desired implement form and sharpening a cutting edge on
      said implement, the improvement which comprises quenching a molten metal
      alloy under conditions producing the metal strip in at least 50 percent
      amorphous state, said metal alloy having the composition represented by
      M.sub.a X.sub.b, where M is at least one element selected from the group
      consisting of Ni, Fe, Co, Cr and V, X is at least one element selected
      from the group consisting of P, B, C, Si, Al, Sb, Sn, In, Ge and Be, a
      ranges from 65 atomic percent to 90 atomic percent and b ranges from 10
      atomic percent to 35 atomic percent.
NUM  2.
PAR  2. In a method of fabricating a metal cutting implement from a metal
      substrate by depositing a metal film on said substrate, the improvement
      which comprises employing a metal film which is at least 50 percent
      amorphous and has the composition represented by M.sub.a X.sub.b, where M
      is at least one element selected from the group consisting of Ni, Fe, Co,
      Cr and V, X is at least one element selected from the group consisting of
      P, B, C, Si, Al, Sb, Sn, In, Ge and Be, a ranges from 65 atomic percent to
      90 atomic percent and b ranges from 10 atomic percent to 35 atomic
      percent.
NUM  3.
PAR  3. The process of claim 2 in which up to about one third of M is replaced
      with at least one element selected from the group consisting of
      molybdenum, manganese, titanium, tungsten and copper.
NUM  4.
PAR  4. The process of claim 2 in which up to about one third of M is replaced
      with at least one element selected from the group consisting of
      molybdenum, manganese, titanium, tungsten and copper.
NUM  5.
PAR  5. The method of claim 2 wherein the metal film is deposited on a sharpened
      metal substrate.
NUM  6.
PAR  6. The method of claim 2 wherein the metal substrate is sharpened after the
      metal film is deposited.
NUM  7.
PAR  7. The method of claim 2 for fabricating a metal cutting implement wherein
      the metal film is vacuum deposited onto the metal substrate to a thickness
      of about 50 to 300A.
NUM  8.
PAR  8. The method of claim 2 for fabricating a metal cutting implement wherein
      the metal film is electrodeposited onto the metal substrate.
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PAL  This invention relates to a method of cooling hot rolled coiled bar in
      which the bar is water-cooled immediately after rolling to a temperature
      (t.sub.1 ') at which it is still sufficiently ductile to be readily
      coiled, in which it is then forced air cooled to a temperature (t.sub.1)
      not less than that at which transformation of the body of the bar from
      austenite begins, in which it is then free air cooled to a temperature
      (t.sub.2) not less than that at which scale transformation from wustite
      begins and in which the coiled bar is finally water-cooled to quench-in
      and suppress the transformation of the scale to magnetite.
PAL  Typical temperature ranges for mild steel, low/high carbon steels (up to
      1%C), low alloy steels and semi/free-cutting steels would be
PA0  t.sub.1 ' 830.degree.C - 900.degree.C, t.sub.1 700.degree.C - 750.degree.C,
      t.sub.2 480.degree.C - 550.degree.C.
BSUM
PAR  This invention relates to a method of accelerating the cooling of hot
      rolled steel stock, e.g. bar, particularly coiled bar, and rod.
PAR  The object of this invention is to cool such stock in a manner which will
      ensure that the surface scale deposited can be easily removed.
PAR  In particular scale, a surface oxide layer, formed at hot rolling
      temperatures, say, 1100.degree.C is composed of three stable oxides
      wustite (FeO), magnetite (Fe.sub.3 O.sub.4) and hematite (Fe.sub.2
      O.sub.3). At about 700.degree.C, below which the rate of oxidation
      decreases markedly, wustite constitutes about 95 percent of the scale and
      the latter becomes unstable below about 570.degree.C becoming iron rich
      and finally decomposing into magnetite and iron (Fe) when slowly cooled.
PAR  Magnetite is very hard and is very difficult to remove from the parent
      steel, i.e. de-scaling is difficult and time-consuming irrespective of
      whether this is effected by chemical/electrochemical means or mechanical
      means. Consequently scale is frequently incompletely removed resulting in
      increased die wear during subsequent drawing operations and poor surface
      quality.
PAR  If very rapid cooling e.g. water-cooling is employed direct from the
      rolling temperature to a temperature below that of the scale
      transformation then clearly a minimal amount of scale will have developed
      and this will be predominantly untransformed wustite, but of course such a
      step is impracticable because quench-cracking could develop and the steel
      stock will be hardened to some degree, upsetting the structure and
      rendering further processing difficult.
PAR  In accordance with the present invention there is provided a method of
      cooling hot rolled steel stock in which the stock is rapidly cooled
      immediately after rolling to a temperature (t.sub.1) not less than that at
      which transformation of the body of the stock from austenite begins, in
      which it is then free air cooled to a temperature (t.sub.2) not less than
      that at which scale transformation from wustite begins and in which the
      stock is then water cooled to quench-in and suppress the transformation of
      the scale to magnetite.
PAR  The initial rapid cooling may comprise a water cooling step followed by
      forced air cooling; preferably the steel stock is bar, the bar being
      coiled after the initial water cooling, the water cooling being terminated
      at a temperature (t.sub.1 ') at which it is sufficiently ductile to be
      readily coiled, and the coiled bar then being forced air cooled to the
      said temperature (t.sub.1). These rapid cooling steps are conducted at
      such a rate that no undesirable mechanical properties are manifested, the
      rate employed for a particular steel being determined from known
      transformation characteristics for that steel.
PAR  Typical temperature ranges for mild steel low/high carbon steels (up to 1%
      C), low alloy steels and semi/free cutting steels are t.sub.1 '
      830.degree.C - 900.degree.C (e.g. for bar sizes 12.5mm and 40mm dia,
      respectively) t.sub.1 700.degree.C - 750.degree.C and t.sub.2 480.degree.C
      - 550.degree.C, the importance in the latter temperature residing in the
      desirability for transformation of the body of the steel to be complete
      before quenching otherwise an undesirable degree of hardening may result.
PAR  Water cooling after rolling may be effected by sprays directed on to the
      surfaces of the bar as it passes through a water box in the form of an
      elongated tube, the bar then being coiled on to a reel, and forced air
      cooled from the inside. The final water cooling step may be effected by
      submersion in a quench tank, the tank containing hot water so as to
      minimise subsequent rust formation.
PAR  Coiled bar treated in accordance with this invention has a considerably
      reduced scale thickness, it is predominantly wustite and it is more
      uniform by reason of the accelerated cooling, whereas hitherto, with free
      cooling the inner laps have taken much longer to cool than the outer laps
      resulting in a thick transformed scale. By the same token the
      micro-structure of the steel is more uniform and the surface finish is
      improved.
PAR  The improvement in de-scaling properties results in improved pickling
      times, in some instances by over 50%.
PAR  A further advantage to accrue is that since cooling is accelerated, the
      length of conveyor required for cooling is much shorter than before.
DRWD
PAR  In order that the invention may be fully understood, one embodiment thereof
      will now be described with reference to the accompanying drawings in
      which:
PAR  FIG. 1 shows the process route for coiled bar;
PAR  FIG. 2 shows the isothermal transformation of mild steel and wustite; and
PAR  FIG. 3 shows the effect of cooling rate on pickling and composition of
      scale.
DETD
PAR  Referring now to FIG. 1 there is shown the process route for mild steel bar
      of, say 38mm diameter although it is to be understood that this process
      route will be common to all other steel grades to which this invention is
      applicable, only the individual processing periods and temperatures being
      different.
PAR  More particularly, mild steel bar issues from the hot rolling mill at a
      temperature of about 1050.degree.C and is immediately passed through water
      boxes where it is cooled to 850.degree.C in about one second. The cooled
      bar is then coiled horizontally on a coiler in a bundle weighing about
      4000 lbs; succeeding bar lengths being coiled on separate coiler units in
      bundles of the same weight. The coiled bar is then taken off the coiler
      and is forced-air cooled from the inside to a surface temperature of about
      700.degree.C. This period of cooling may typically be about four minutes
      depending on the volume and temperature of the air blown.
PAR  The coiled bar is then transported along a slat conveyor in free air and is
      then taken up by a walking-beam conveyor and transported to an overhead
      endless hook conveyor where it is carried vertically. Hitherto
      transportation along the conveyor has been in the horizontal `eye-up` mode
      to avoid possible sagging of the coil if it had been laid vertically at
      700.degree.C.
PAR  This free air cooling stage continues for thirty minutes or so until the
      temperature of the hottest part of the coiled bar, i.e. the inner laps, is
      about 550.degree.C, the body of the bar now being fully transformed from
      austenite to ferrite/pearlite. The coil is then submerged in a water bath
      to quench-in the scale formed on the surface, the temperature of the water
      bath being maintained at about 70.degree.C.
PAR  As mentioned above the scale formed on the surface is mainly wustite with
      some magnetite at the interface, and transformation to magnetite is
      suppressed by this quenching step, the thickness of the scale additionally
      having been kept to a minimum by the process route.
PAR  FInally, the coiled bar is conveyed to a `banding` station where it is
      trimmed and tried, the coils now being at a suitable temperature for
      handling.
PAR  The phases of transformation throughout this process, both of the steel and
      the scale, are schematically illustrated in FIG. 2 where the accelerated
      continuous cooling trace as defined by this invention has been
      superimposed on the isothermal transformation diagram appropriate to those
      bodies. This gives a general indication of the conditions obtaining at any
      time.
PAR  FIG. 3 shows the effect of cooling rate on pickling and the composition of
      the scale. The faster the cooling rate (below 750.degree.C) the greater
      the percentage of wustite (FeO) in the scale and conversely the greater is
      this proportion the faster is the pickling time.
PAR  This of course is idealised and in fact a constant cooling rate from the
      temperature mentioned is not adopted since quench cooling is effected at
      550.degree.C in the example given. This quench cooling further diminishes
      the pickling period diagrammatically illustrated in this figure. The
      higher this quench temperature the greater the reduction in pickling time,
      but the greater also is the danger of hardening the stock by reason of
      carbon being retained in solid solution which might otherwise have
      precipitated as carbide.
PAR  At the higher temperature end, i.e. where water cooling and forced air
      cooling are effected in succession, a reduction in the amount of scale
      formed on the inner laps of the coil of over 95 percent is achieved in
      some instances as compared with free air cooling over this temperature
      range.
PAR  Overall, with the mild steel bar coiled in a 4000 lb. bundle and processed
      in accordance with the embodiment described, the maximum scale thickness
      on the coil is reduced by about 80 percent as compared with a free air
      cooled coil, giving a reduction in pickling time of about 50 percent.
      Thus, better utilisation of the pickling liquor is obtained and in
      addition the surface condition is generally improved because the scale is
      more completely removed.
PAR  Although this invention has been described with reference to the particular
      embodiment illustrated it is to be understood that various modifications
      may be made without departing from the scope of this invention. For
      example, the temperatures and times listed may of course be varied in
      dependence on the bar size and composition and the weight of the coil. The
      position of the quenching tank, or more particularly the speed of the
      overhead hook conveyor, may of course be varied to suit the conditions
      required.
PAR  Spray cooling could for example be substituted for the forced air cooling
      step, the latter simply being preferred because it is more flexible and
      more readily controllable.
PAR  Furthermore, the invention could equally well be applied to straight bar or
      rod in which case forced air cooling need not be employed because the
      restriction attendant on the initial water cooling step, i.e. the power
      required for coiling a hardened bar, would not be relevant.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of cooling hot rolled steel stock in which
PA1  the stock is rapidly cooled immediately after rolling to a temperature
      (t.sub.1) not less than that at which transformation of the body of the
      stock from austenite begins,
PA1  it is then free air cooled to a temperature (t.sub.2) not less than that at
      which scale transformation from wustite begins, and
PA1  it is then water cooled to quench-in and suppress the transformation of the
      scale to magnetite.
NUM  2.
PAR  2. A method according to claim 1, in which
PA1  the initial rapid cooling comprises water cooling followed by forced air
      cooling.
NUM  3.
PAR  3. A method according to claim 2, in which the stock is coiled upon the
      completion of water cooling at which the stock is at a temperature t.sub.1
      ' at which it is still sufficiently ductile to be readily coiled.
NUM  4.
PAR  4. A method according to claim 3, in which, for mild steel, low/high carbon
      steels (up to 1%C) low alloy steels and semi/free-cutting steels the said
      temperatures are as follows:
PA1  t.sub.1 ' between 830.degree.C and 900.degree.C,
PA1  t.sub.1 between 700.degree.C and 750.degree.C and
PA1  t.sub.2 between 480.degree.C and 550.degree.C.
NUM  5.
PAR  5. A method according to claim 4, in which
PA1  the stock is coiled horizontally and is forced air cooled from the inside,
      and in which
PA1  the stock is conveyed from the coiler for free air cooling initially in the
      eye-up mode.
NUM  6.
PAR  6. A method according to claim 5, in which
PA1  the rapid water cooling following rolling is effected by water sprays
      directed on to the stock as it passes through a water box in the form of
      an elongated tube.
NUM  7.
PAR  7. A method according to claim 6, in which
PA1  the final water cooling is effected by submerging the stock in a water tank
      maintained at a temperature of about 70.degree.C.
NUM  8.
PAR  8. A method of cooling hot rolled steel stock in which the stock is
PA1  a. water cooled immediately after rolling to a temperature t.sub.1 ',
PA1  b. wound horizontally into a coil,
PA1  c. forced air cooled until the temperature of the coiled stock attains a
      value t.sub.1,
PA1  d. free air cooled until the temperature of the coiled stock attains a
      value t.sub.2,
PA1  e. quench cooled in a water tank the temperature t.sub.1 ' being such that
      the steel is still just sufficiently ductile to be readily coiled, the
      temperature t.sub.1 being not less than that at which transformation of
      the body of the stock from austenite begins and the temperature .sub. 2
      being not less than that at which scale transformation from wustite
      begins, the quench cooling being effective to suppress the transformation
      of the scale to magnetite.
NUM  9.
PAR  9. A method according to claim 8, in which, for mild steel, low/high carbon
      steels (up to 1%C) low alloy steels and semi/ free-cutting steels the said
      temperatures are as follows:
PA1  t.sub.1 ' between 830.degree.C and 900.degree.C
PA1  t.sub.1 between 700.degree.C and 750.degree.C, and
PA1  .sub. 2 between 480.degree.C and 550.degree.C,
PAL  the temperature t.sub.1 and t.sub.2 being measured at, and representative
      of, the inner laps of the coiled stock.
NUM  10.
PAR  10. Steel bar or rod which has been subjected to a method of cooling
      according to claim 9.
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ABST
PAL  A carbidic low expansion alloy which is especially useful as a cast
      structure requiring close dimensional tolerances is comprised of about 21
      to about 55% nickel, up to about 18% cobalt, from about 0.3 to about 2.5%
      carbon, up to about 3% chromium, from about 0.2 to about 1.2% vanadium, up
      to about 3% molybdenum, up to about 2% zirconium, niobium and tungsten,
      and the balance essentially iron, with the provisos:
EQU  % Ni + 0.75 (% Co) = 30.5 to 55, Cr + Mo + V + Zr + Nb + W = 1 to 4 Ni : Fe
      .gtorsim. 0.4:1.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 466,286,
      filed May 3, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to austenitic low expansion alloys, and more
      particularly to austenitic nickel-iron or nickel-iron-cobalt alloys having
      in cast form a low thermal expansion coefficient together with good
      tensile strength at service temperatures.
PAR  It is well known that certain austenitic alloys of nickel and iron possess
      unusual thermal expansion characteristics. For example, an austenitic
      alloy of 36% nickel and 64% iron has a coefficient of thermal expansion
      approaching zero between the temperatures of 0.degree.C and around
      200.degree.C. Such known nickel-iron alloys, however, have low strength,
      and it is also known to strengthen these alloys, for use in wrought form,
      with additions of an element such as titanium which forms an intermetallic
      compound precipitate when the wrought alloy is given an ageing heat
      treatment. However, as is also well known, the increase in strength
      resulting from such additions is achieved at the expense of the low
      coefficient of thermal expansion which tends to be undesirably increased
      with increase in strength and this undesirable effect would be expected to
      be even more marked for the alloy in cast form than for the alloy in
      wrought form.
PAR  It is now proposed to strengthen low expansion austenitic nickel-iron
      (-cobalt) alloys, for use in cast form, by the addition of carbide forming
      elements. Normally additions to nickel-iron alloys of carbide forming
      elements such as, for example, carbon, chromium, molybdenum would be
      expected significantly to increase the low thermal expansion coefficient
      attainable in nickel-iron alloys. Surprisingly it has now been found that
      if the nickel content, or where cobalt is also present, the sum of the
      nickel and cobalt contents, is maintained within specific limits,
      additions of carbon and vanadium, which form carbides with carbon, and
      optionally chromium and/or molybdenum which also form carbides with
      carbon, can be made which substantially increase the strength of
      nickel-iron (-cobalt) alloy castings with or without ageing, while at the
      same time allowing a low thermal expansion coefficient to be largely
      maintained.
PAR  It is an object of the present invention to provide nickel-iron or
      nickel-iron-cobalt alloys having in the cast condition a low thermal
      expansion coefficient and good tensile strength.
PAR  It is another object of this invention to provide a low expansion alloy
      which can be cast as a structural component requiring close dimensional
      tolerances under varying temperature conditions.
PAR  It is a further object to provide a low-expansion alloy with good strength
      and suitable for investment casting into complex structures, which can be
      cast in air.
PAR  It is still another object to provide a cast structural machine part,
      including rotating and reciprocal parts such as turbine blades and shafts,
      which operate in close proximity to other machine parts and require
      dimensional stability and good tensile strength over varying temperatures
      up to about 300.degree.C or higher, e.g., up to about 500.degree.C or
      600.degree.C.
PAR  These and other objects and advantages will become apparent from the
      following description of the invention and the examples.
PAC  THE INVENTION
PAR  According to one aspect of the present invention there is provided a
      high-strength low expansion alloy consisting essentially of, by weight,
      from about 21 to about 55% nickel, from 0 to about 18% cobalt, from about
      0.3 to about 2.5% carbon, from 0 to about 3% chromium, from 0.2 to 1.2%
      vanadium, from 0 to 3% molybdenum, from 0 to about 0.5% aluminum, from 0
      to about 0.5% silicon, from 0 to about 2% manganese, from 0 to about 2%
      zirconium, from 0 to about 2% niobium, from 0 to about 2% tungsten, from 0
      to about 0.1% magnesium, from 0 to about 0.05% calcium, and from 0 to
      about 0.2% in total of one or more of yttrium, lanthanum and the
      lanthanides, with the provisos that the sum of the chromium, molybdenum,
      vanadium, zirconium, niobium and tungsten contents is in the range of from
      1 to 4%, the sum of
EQU  % Ni + 0.75 (% Co) = 30.5 to 55,
PAL  and the nickel to iron ratio is equal to or greater than 0.4:1, the
      balance, apart from impurities, being essentially iron. Preferably the
      nickel to iron ratio should be equal to or greater than 0.45:1.
PAR  According to another aspect of this invention there is provided a shaped
      casting having a predominantly austenitic structure made from the
      high-strength low expansion alloy of this invention.
PAR  In these alloys the nickel content preferably does not exceed 43%, the sum
      of %Ni + 0.75 (%Co) is from about 31.5 to about 43, the chromium content
      is from about 0.1 to about 1% or is at least 1%, the carbon content does
      not exceed 1%, and the molybdenum content does not exceed 2%. Castings
      from such alloys will have in the heat treated condition a 0.2% proof
      stress at 500.degree.C greater than 200 N/mm.sup.2 (Newtons per square
      millimeter) and a coefficient of thermal expansion (defined as change in
      linear dimension per unit length per degree Celsius) over the temperature
      range 20 to 350.degree.C not greater than 6.5 .times. 10.sup.-.sup.6
      /.degree.C. The expansion characteristics can be met between 20.degree. to
      250.degree.C for comparable alloys having a chromium content of at least
      1%.
PAR  Preferably castings according to the invention are made from alloys
      consisting essentially of, by weight, from about 26.5 to about 28.5%
      nickel, from about 13 to about 15% cobalt, from about 0.5 to about 1%
      chromium, from about 0.45 to about 0.55% carbon, from about 0.4 to about
      0.6% vanadium, from about 0.8 to about 1.2% molybdenum, not more than
      about 0.3% manganese, less than about 0.3% silicon, up to about 0.25%
      aluminum, balance essentially iron, and subject to the foregoing provisos.
PAR  An alloy particularly suited for use for castings according to the
      invention consists essentially, by weight, of about 0.5% carbon, about
      0.75% chromium, about 0.5% vanadium, about 1.0% molybdenum, about 0.3%
      manganese, less than about 0.3% silicon, about 0.2% aluminum, about 14.0%
      cobalt, about 28.0% nickel, balance essentially iron.
PAR  A further alloy particularly suited for use for castings according to the
      invention consists essentially of by weight, about 0.6% carbon, about 2%
      chromium, about 0.5% vanadium, about 0.3% silicon, about 0.3% manganese,
      about 10% cobalt, about 30% nickel, balance essentially iron.
PAR  Alloys suitable for use for castings according to the invention may also
      contain small amounts of phosphorus and boron as impurities such as not
      more than about 1% phosphorus and/or not more than about 0.25% boron.
PAR  The tensile properties of a casting according to the invention are a
      function of both the carbon content of the alloy from which the casting is
      made and the presence and amount in the alloy from which the casting is
      made of elements which form carbides with carbon. Although castings
      according to the invention are normally quite strong in the as cast
      condition, typically giving 0.2% Proof Stress values at 500.degree.C in
      excess of about 150 N/mm.sup.2 in comparison with 42% nickel-iron or
      nickel-iron-cobalt alloys which tested under similar conditions give 0.2%
      Proof Stress values of about 50 N/mm.sup.2, and do not require a high
      temperature ageing treatment, a heat treatment may be beneficial. A heat
      treatment in the temperature range of about 500.degree. to 900.degree.C,
      preferably in the range of about 600.degree. to 850.degree.C for a time in
      the range of from about 1 to 24 hours can beneficially increase the
      strength and reduce the coefficient of thermal expansion of the alloy from
      which the casting according to the invention is made. Adequate heat
      treatment conditions are about 2 to about 4 hours at about 750.degree.C or
      about 4 hours at about 700.degree.C, and preferred heat treatment
      conditions are about 8 to about 24 hours at about 700.degree.C or about 2
      to about 8 hours at about 750.degree.C. Generally, age hardening can be
      applied to as-cast alloys, but if desired it can be preceded by solution
      heating.
PAR  Nickel contents above about 55% and below about 21% have a negligible
      effect on the tensile properties of alloys otherwise suitable for castings
      according to the invention but nickel contents below about 21% have an
      adverse effect on the austenitic stability of the alloy. Increasing the
      nickel content increases the coefficient of thermal expansion as can be
      seen from the results of the following Example I.
DETD
PAC  EXAMPLE I
PAR  Alloys 1 to 7 having compositions as shown in the following Table 1 were
      vacuum melted and vacuum cast to castings according to the invention. The
      castings were heat treated for 8 hours at 700.degree.C and tested for
      thermal expansion over the range 20.degree. to 300.degree.C with the
      results shown in Table 1. In the tables values of the thermal expansion
      coefficients .times. 10.sup.6 are tabulated. Thus, for example, the
      thermal expansion coefficient of Alloy 7, over the range 20.degree. to
      300.degree.C is 5.5 .times. 10.sup.-.sup.6 /.degree.C.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
         Composition (weight %)                        Expansion Coefficient   
     Alloy                                             from 20 to              
                                                       300.degree.C            
     Fe       Co   C   Cr  Mo  V   Ni Ni+0.75                                  
                                            Cr+Mo+V                            
                                                  Ni/Fe                        
                                                       ( .times. 10.sup.6      
                                                       /.degree.C )            
                                      (Co)  +Zr+Nb+W                           
     __________________________________________________________________________
     1   48.81                                                                 
              12.89                                                            
                   0.58                                                        
                       2.11                                                    
                           1.02                                                
                               0.48                                            
                                   34.1                                        
                                      43.76 3.61  0.70 8.9                     
     2   50.13                                                                 
              13.68                                                            
                   0.52                                                        
                       2.09                                                    
                           0.99                                                
                               0.45                                            
                                   32.4                                        
                                      42.66 3.53  0.65 8.5                     
     3   50.79                                                                 
              13.76                                                            
                   0.48                                                        
                       2.07                                                    
                           1.06                                                
                               0.44                                            
                                   31.4                                        
                                      41.72 3.57  0.62 7.8                     
     4   51.36                                                                 
              13.99                                                            
                   0.50                                                        
                       2.06                                                    
                           1.02                                                
                               0.47                                            
                                   30.6                                        
                                      41.07 3.55  0.60 7.4                     
     5   52.42                                                                 
              13.98                                                            
                   0.50                                                        
                       2.11                                                    
                           1.03                                                
                               0.46                                            
                                   29.5                                        
                                      39.97 3.60  0.56 6.6                     
     6   53.19                                                                 
              14.07                                                            
                   0.50                                                        
                       2.06                                                    
                           1.03                                                
                               0.45                                            
                                   28.7                                        
                                      39.23 3.54  0.54 6.0                     
     7   55.18                                                                 
              13.12                                                            
                   0.52                                                        
                       2.04                                                    
                           1.05                                                
                               0.48                                            
                                   27.6                                        
                                      37.44 3.57  0.50 5.5                     
     __________________________________________________________________________
PAR  From the results of Table 1 it can be seen that reducing the nickel content
      for generally similar alloys reduced the expansion coefficient. In alloys
      used for castings according to the invention the nickel content is in the
      range of about 21 to about 55% by weight. Preferably the nickel content
      does not exceed about 43%, and for ensuring optimum low expansion for
      cobalt contents of from about 5 to about 18% preferably does not exceed
      about 35%, for example about 26.5 to about 28.5% or 30%.
PAR  Cobalt contents in excess of about 18% also have a negligible effect on the
      high temperature tensile properties of alloys otherwise suitable for
      castings according to the invention but increasing the cobalt content
      decreased the expansion coefficient as can be seen from Example 2.
PAC  EXAMPLE 2
PAR  Alloys 8 and 9 having compositions as shown in the following Table 2 were
      air melted and air cast to castings according to the invention. The
      castings were heat treated for 8 hours at 700.degree.C and tested in
      tension at 500.degree.C and for thermal expansion over the range
      20.degree. to 300.degree.C with the results shown in Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
         Composition (weight %)                      Expansion                 
                                                             0.2% Proof        
                                                     Coefficient               
                                                             Stress at         
     Alloy                                           from 20                   
                                                             500.degree.C      
                                                     300.degree.C              
                                                             (N/mm.sup.2)      
     Fe       C   Cr  Mo V   Co Ni  Ni+0.75                                    
                                          Cr+Mo+V                              
                                                Ni/Fe                          
                                                     ( .times. 10.sup.6        
                                                     /.degree.C)               
                                    Co    +Zr+Nb+W                             
     __________________________________________________________________________
     8   54   0.5 2   1  0.5 14 28  38.5  3.5   0.52 4.9     260               
     9   55.84                                                                 
              0.45                                                             
                  2.08                                                         
                      1  0.43                                                  
                              0 40.2                                           
                                    40.2  3.51  0.72 6.7     249               
     __________________________________________________________________________
PAR  The results of Table 2 show that the presence of cobalt up to at least 14%
      results in a lower expansion coefficient than would be the case in the
      absence of cobalt. In alloys used for castings according to the invention
      the cobalt content is in the range of 0 to about 18% by weight. Preferably
      the cobalt content does not exceed about 15%, for example 10% cobalt may
      be present, and advantageously is in the range of about 13 to about 15%,
      for example 14%.
PAR  To ensure optimum thermal expansion properties over specific temperature
      range it is necessary that the nickel and cobalt contents be optimized and
      correlated in alloys from which castings according to the invention are
      made. In such alloys the sum of
EQU  % Ni + 0.75 (% Co) = 30.5 to 55.
PAL  This is equivalent to a nickel + cobalt content of between 35 and 55%.
      Preferably the % Ni + 0.75 (% Co) sum is in the range of 31.5 to 43 which
      is equivalent to a total nickel plus cobalt content of from 36 to 43%. For
      optimum thermal expansion properties in the as-cast and non-heat-treated
      condition or in the age hardened condition the alloys used for castings
      according to the invention preferably should have nickel and cobalt
      contents correlated as shown in the following Table 3 for the specified
      service temperature ranges.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Temperature Range                                                         
                  Optimum    Expansion Coefficient                             
     (.degree.C)  %Ni + 0.75 ( .times. 10.sup.6 /.degree.C)                    
                  (%Co)                                                        
     ______________________________________                                    
     20 - 100     34.1 - 37.1                                                  
                             &lt; 5                                               
     20 - 200     35.4 - 38.4                                                  
                             &lt; 6.5                                             
     20 - 300     36.6 - 39.6                                                  
                             &lt; 7.5                                             
     20 - 350     37.0 - 40.0                                                  
                             &lt; 8.5                                             
     20 - 450     38.0 - 41.0                                                  
                             &lt; 10                                              
     ______________________________________                                    
PAR  The expansion coefficients given in Table 3 are for the castings in the
      as-cast and unaged condition. Even lower expansion coefficients can be
      obtained over the same temperature ranges for the castings in the age
      hardened condition.
PAR  Lowest expansion properties are achieved at the highest cobalt contents.
      However to maintain the alloys predominantly austenitic in structure, and
      hence ensure the best low expansion properties, at room temperature the
      nickel to iron ratio must be greater than or equal to 0.4, and preferably
      greater than or equal to 0.45. The expansion coefficients given in Table 3
      may be further reduced by keeping the cobalt content high subject to the
      foregoing % Ni + 0.75 (% Co) and Ni/Fe relationships.
PAR  The high temperature tensile strength of alloys from which castings
      according to the invention are made is dependent on both their carbon
      content and the content of the element or elements which form a carbide or
      carbides with carbon. The effects of increasing carbon content with a
      fixed chromium content and of increasing the chromium content with a fixed
      carbon content are shown by the following Example 3.
PAC  EXAMPLE 3
PAR  Alloys 10 to 15 having compositions are shown in the following Table 4 were
      melted and cast in air to castings according to the invention. The
      castings were heat treated for 24 hours at 700.degree.C, tensile tested at
      500.degree.C, and tested in thermal expansion over various temperature
      ranges with the results shown in Table 4.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     Composition (Weight %)                                                    
     Alloy                                                                     
         Fe   C  Cr Co  Mo V  Al*                                              
                                 Si Mn Mg  Ca Ni Ni+0.75                       
                                                        Cr+Mo+V                
                                                               Ni/Fe           
                                                 Co     +Zr+Nb+W               
     __________________________________________________________________________
     10  54.14                                                                 
             0.45                                                              
                 2.08                                                          
                    13.9                                                       
                        1.0                                                    
                           0.43                                                
                              -- -- -- --  -- 28 38.43  3.51   0.52            
     11  53.88                                                                 
             0.55                                                              
                 1.93                                                          
                    13.59                                                      
                        1.07                                                   
                           0.44                                                
                              0.15                                             
                                 0.16                                          
                                    0.32                                       
                                       --  0.01                                
                                              27.9                             
                                                 38.09  3.44   0.52            
     12  53.21                                                                 
             0.94                                                              
                 2.10                                                          
                    13.8                                                       
                        1.08                                                   
                           0.43                                                
                              -- 0.14                                          
                                    0.26                                       
                                       0.042                                   
                                           -- 28.0                             
                                                 38.4   3.61   0.53            
     13  52.42                                                                 
             1.30                                                              
                 2.11                                                          
                    13.9                                                       
                        1.03                                                   
                           0.46                                                
                              -- 0.19                                          
                                    0.29                                       
                                       --  -- 28.3                             
                                                 38.73  3.60   0.54            
     14  52.62                                                                 
             2.5**                                                             
                 2.1                                                           
                    13.65                                                      
                        1.10                                                   
                           0.53                                                
                              -- 0.29                                          
                                    0.31                                       
                                       --  -- 26.9                             
                                                 37.14  3.73   0.51            
     15  55.06                                                                 
             0.545                                                             
                 -- 13.79                                                      
                        1.09                                                   
                           0.42                                                
                              0.15                                             
                                 0.10                                          
                                    0.32                                       
                                       --  0.02                                
                                              28.5                             
                                                 38.84  1.51   0.52            
     __________________________________________________________________________
      *Nominal Al addition                                                     
      **Nominal C addition                                                     
      --NO ADDITION OF ELEMENT AND NO ANALYSIS MADE                            
TBL       0.2% Proof                                                           
                  Expansion Coefficient ( .times. 10.sup.6 /.degree.C)         
          Stress                                                               
     Alloy                                                                     
          (N/mm.sup.2)                                                         
                  20-100.degree.C                                              
                         20-200.degree.C                                       
                                20-300.degree.C                                
                                       20-350.degree.C                         
                                              20-400.degree.C                  
                                                     20-500.degree.C           
                                                            20-600.degree.C    
     __________________________________________________________________________
     10   249     N.D.   N.D.   N.D.   5.9    N.D.   N.D.   N.D.               
     11   290     4.45   4.4    4.6    5.4    6.5    8.6    9.5                
     12   283     N.D.   N.D.   N.D.   5.7    N.D.   N.D.   N.D.               
     13   259     N.D.   N.D.   N.D.   6.1    N.D.   N.D.   N.D.               
     14   247     N.D.   N.D.   N.D.   6.7    N.D.   N.D.   N.D.               
     15   271     4.1    3.9    3.9    4.1    5.1    7.2    8.8                
     __________________________________________________________________________
      N.D. = Not determined                                                    
PAR  It can be seen from the results in Table 4 that as the carbon content was
      increased up to 0.55% there was an initial increase in 0.2% Proof Stress.
      As the carbon content was increased up to 0.55% there was an initial
      decrease in the thermal expansion coefficient and as the carbon content
      was increased above 0.55% there was an increase in thermal expansion
      coefficient. The amount of carbon for optimum Proof Stress and expansion
      properties is generally associated with the amount of carbide forming
      elements present and will vary to some extent from the value of 0.55% with
      variation of the amount of carbide forming elements present. However
      alloys to be used for castings according to the invention do not contain
      more than about 2.5% carbon and preferably the carbon content should not
      exceed about 1% e.g. 0.6%. More preferably the carbon content should be in
      the range of about 0.45 to about 0.55%, e.g. 0.5%.
PAR  It can also be seen from a comparison of the results of Alloy 11 and Alloy
      15 in Table 4 that increasing the chromium content at a fixed carbon
      content, i.e., approximately 0.5% carbon, increased the 0.2% Proof Stress.
      However increasing the chromium content also increased the expansion
      coefficient and hence to achieve a balance the chromium content in alloys
      used for castings according to the invention does not exceed 3%, e.g., 2%.
      Preferably the chromium content is at least about 0.1%, and advantageously
      at least about 0.5%, but preferably not greater than about 1%, e.g.,
      0.75%. For lower proof stress and low expansion coefficient requirements
      chromium may be omitted.
PAR  As can be seen from comparison of the Alloy 11 and Alloy 12 results in
      Table 4 increasing both the carbon and chromium contents together can have
      the effect of lowering the 0.2% Proof Stress. For this reason when both
      carbon and chromium are present the carbon content preferably should not
      exceed about 0.55% and the chromium content preferably should not exceed
      about 1%.
PAR  The effect of the heat treatment conditions on an alloy similar to Alloy 15
      of Table 4 can be seen from the results of the following Example 4.
PAC  EXAMPLE 4
PAR  Alloy 16 suitable for use for a casting according to the invention,
      containing 28% nickel, 13.8% cobalt, 0.55% carbon, 0.79% chromium, 1.0%
      molybdenum, 0.5% vanadium, 0.22% silicon, 0.29% manganese, 0.15% aluminum,
      0.02% calcium, 54.68% iron, % Ni + 0.75 (% Co) = 38.35, Cr + Mo + V + Zr +
      Nb + W = 2.29, Ni/Fe = 0.51, was air melted from a charge of Swedish bar
      iron, electrolytic cobalt and pellet nickel. The melt was deoxidized by
      immersing a graphite rod therein until the boil had almost finished,
      followed by addition of silicon, carbon, and chromium. After clear
      melting, molybdenum, vanadium, ferro-manganese and aluminum were added and
      the final deoxidant calcium (0.05%) plunged into the melt immediately
      before casting. The melt was cast to 18 millimeter diameter bars and
      tensile specimens machined therefrom. The specimens were tested in tension
      at 500.degree.C and in thermal expansion both in the as-cast condition and
      after heat treatment at various times in the range of 2 to 24 hours at
      temperatures in the range of from 700.degree. to 750.degree.C. Thermal
      expansion properties over different temperature ranges, and tensile
      strength properties for Alloy 16 after different heat treatments are given
      in the following Table 5.
PAR  It can be seen from the Table 5 results that the expansion coefficient for
      Alloy 16 was reduced by heat treatment and that the 0.2% Proof Stress was
      increased by heat treatment. Nevertheless even in the as-cast condition
      Alloy 16 had good high strength (205 N/mm.sup.2) and low expansion
      properties in comparison with a conventional cast iron -- 42% nickel alloy
      which only had a 0.2% Proof Stress at 500.degree.C of about 50 N/mm.sup.2
      even after heat treatment. Table 5 also shows that castings according to
      the invention produced from Alloy 16 had when treated a proof stress
      greater than 200 N/mm.sup.2 and an expansion coefficient over the range
      20.degree. to 350.degree.C not greater than 5 .times. 10.sup.-.sup.6
      /.degree.C.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     Heat  0.2%   Expansion Coefficient ( .times.10.sup.6 /.degree.C)          
     Treatment                                                                 
           Proof                                                               
     Stress      20-100.degree.C                                               
                       20-200.degree.C                                         
                             20-300.degree.C                                   
                                   20-350.degree.C                             
                                         20-400.degree.C                       
                                               20-500.degree.C                 
                                                     20-600.degree.C           
     (N/mm.sup.2)                                                              
     __________________________________________________________________________
     As Cast                                                                   
           205   5.5   4.9   4.9   5.3   6.3   8.2   9.8                       
     4h/700.degree.C                                                           
                 4.1   4.0   4.1   4.7   5.9   7.9   9.4                       
     8h/700.degree.C                                                           
                 4.1   4.0   4.0   4.7   5.8   7.9   9.4                       
     24h/700.degree.C                                                          
           262   3.9   3.7   3.8   4.5   5.7   7.8   9.4                       
     2h/750.degree.C                                                           
                 4.6   4.1   4.1   4.7   5.9   7.8   9.4                       
     4h/750.degree.C                                                           
           250   4.6   4.3   4.3   4.9   6.0   8.0   9.5                       
     8h/750.degree.C                                                           
                 3.5   3.6   3.8   4.5   5.7   7.7   9.3                       
     __________________________________________________________________________
      N/mm.sup.2 = Newtons per square millimeter?                              
      h = hours                                                                
PAR  Molybdenum has a similar effect on expansion to that of chromium but in
      general terms increases the proof stress more effectively than chromium as
      can be seen from the following Example 5.
PAC  EXAMPLE 5
PAR  Alloys 17 and 18 having compositions as shown in the following Table 6 were
      vacuum melted and vacuum cast to castings according to the invention. The
      castings were heat treated for 8 hours at 700.degree.C, and tested for
      thermal expansion and in tension at 500.degree.C for 0.2% Proof Stress
      with the results shown in the following Table 6.
TBL                                    TABLE 6                                 
     __________________________________________________________________________
     Alloy                                                                     
         Composition (Weight %)                                                
     Fe      C  Cr V  Mo Si Mn Co W  B  Ni Ni +  Cr+Mo+V                       
                                                       Ni/Fe                   
                                           0.75(Co)                            
                                                 +Zr+Nb+W                      
     __________________________________________________________________________
     17  56.37                                                                 
             0.57                                                              
                1.15                                                           
                   0.34                                                        
                      -- 0.5                                                   
                            0.34                                               
                               8.81                                            
                                  1.07                                         
                                     0.15                                      
                                        30.7                                   
                                           37.3  2.56  0.55                    
     18  55.84                                                                 
             0.45                                                              
                2.08                                                           
                   0.43                                                        
                      1.00                                                     
                         -- -- -- -- -- 40.2                                   
                                           40.2  3.51  0.72                    
     __________________________________________________________________________
      --NO ADDITION OF ELEMENT AND NO ANALYSIS                                 
TBL      0.2%                                                                  
     Alloy                                                                     
         Proof   Expansion Coefficient ( .times. 10.sup.6 /.degree.C)          
         Stress  20-100.degree.C                                               
                       20-200.degree.C                                         
                             20-300.degree.C                                   
                                   20-350.degree.C                             
                                         20-400.degree.C                       
                                               20-500.degree.C                 
                                                     20-600.degree.C           
         (N/mm.sup.2)                                                          
     __________________________________________________________________________
     17  221     5.1   5.2   5.5   6.1   7.3    9.1  10.4                      
     18  249     6.6   6.5   6.7   7.4   8.4   10.0  11.1                      
     __________________________________________________________________________
PAR  It can be seen from the results of Table 6 that increasing molybdenum
      content increased the 0.2% Proof Stress but also increased the expansion
      coefficient. Thus the molybdenum content in alloys used for castings
      according to the invention does not exceed about 3%, and for optimum proof
      stress and expansion properties preferably should not exceed about 2%, and
      more preferably should be in the range of about 0.8 to about 1.2%, e.g.
      1%.
PAR  Vanadium has a strong effect on the proof stress and expansion coefficient
      of alloys suitable for castings according to the invention as can be seen
      from the results of the following Example 6.
PAC  EXAMPLE 6
PAR  Alloys 19 and 20 having compositions as shown in the following Table 7 were
      air-melted and air-cast to castings according to the invention using the
      procedure of Example 4, heat treated for 24 hours at 700.degree.C and
      tested for tensile properties at 500.degree.C and for expansion properties
      with the results shown in the following Table 7 which also repeats for
      comparison the results of Alloy 15.
TBL                                    TABLE 7                                 
     __________________________________________________________________________
     Alloy                                                                     
         Composition (Weight %)                                                
     Fe       C    Cr Co   Mo V  Al*                                           
                                    Si Mn Ca Ni Ni+0.75                        
                                                       Cr+Mo+V                 
                                                              Ni/Fe            
                                                Co     +Zr+Nb+W                
     __________________________________________________________________________
     15  55.06                                                                 
               0.545                                                           
                   -- 13.79                                                    
                           1.09                                                
                              0.42                                             
                                 0.15                                          
                                    0.10                                       
                                       0.32                                    
                                          0.02                                 
                                             28.5                              
                                                38.84  1.51   0.52             
     19  56.13                                                                 
              0.54 -- 13.63                                                    
                           1.12                                                
                              0.72                                             
                                 0.15                                          
                                    0.20                                       
                                       0.29                                    
                                          0.02                                 
                                             27.2                              
                                                37.43  1.84   0.49             
     20  56.59                                                                 
              0.54 -- 13.42                                                    
                           1.10                                                
                              0.98                                             
                                 0.15                                          
                                    0.23                                       
                                       0.28                                    
                                          0.01                                 
                                             26.7                              
                                                36.75  2.08   0.47             
     __________________________________________________________________________
      *Nominal Al addition                                                     
      --NO ADDITION OF ELEMENT AND NO ANALYSIS                                 
TBL  Alloy 0.2%     Expansion Coefficient ( .times. 10.sup.6 /.degree.C)       
           Proof                                                               
           Stress  20-100.degree.C                                             
                          20-200.degree.C                                      
                                 20-300.degree.C                               
                                        20-350.degree.C                        
                                               20-400.degree.C                 
                                                      20-500.degree.C          
                                                             20-600.degree.C   
           (N/mm.sup.2)                                                        
     __________________________________________________________________________
     15    271     4.1    3.9    3.9    4.1    5.1    7.2    8.8               
     19    247     3.4    3.2    3.3    4.2    5.5    7.65   N.D.              
     20    234     N.D.   N.D.   N.D.   N.D.   N.D.   N.D.   N.D.              
     __________________________________________________________________________
      N.D. = Not determined                                                    
PAR  From a comparison of the test results for Alloys 15, 19 and 20 in Table 7
      it can be seen that high vanadium content reduces the 0.2% Proof Stress
      and increases the expansion coefficient. Thus in alloys made for castings
      according to the invention the vanadium content must not exceed about
      1.2%, and is preferably less than about 1%. A small amount of vanadium
      does improve the 0.2% Proof Stress as can be seen by comparing the 0.2%
      Proof Stress of 271 N/mm.sup.2 of Alloy 15 with the 0.2% Proof Stress of
      207 N/mm.sup.2 obtained at 500.degree.C for a vanadium-free
      nickel-iron-cobalt alloy containing 35% nickel, 13.5% cobalt, 0.58%
      carbon, 2.31% chromium and 48.61% iron after casting and heat treatment
      for 8 hours at 700.degree.C. For optimum proof stress and expansion
      coefficient properties the vanadium content should be between about 0.2
      and about 0.4 or 0.6%, e.g. about 0.5%, particularly for alloys with about
      0.5% carbon.
PAR  As aforesaid the total quantity of chromium, molybdenum, vanadium,
      zirconium, niobium and tungsten in alloys from which castings according to
      the invention are made must not be less than about 1% and must not be
      greater than about 4%. Inclusion of zirconium, niobium and/or tungsten may
      lead to a deterioration in some properties and for some uses should be
      excluded. If the sum of Cr + Mo + V + Zr + Nb + W is less than about 1%
      the proof stress and expansion properties do not show any significant
      improvement over conventional nickel-iron alloys, and if the sum of these
      elements exceeds about 4% the expansion coefficient is undesirably
      increased.
PAR  A further example of a casting according to this invention is given in
      Example 7.
PAC  EXAMPLE 7
PAR  An Alloy 21 containing, apart from impurities, 26% nickel, 14.5% cobalt,
      0.47% carbon, 1.97% chromium, 1.01% molybdenum, 0.49% vanadium, 55.56%
      iron, % Ni + 0.75 (% Co) = 36.86, Cr + Mo + V + Zr + Nb + W = 3.47, Ni/Fe
      = 0.47 was vacuum melted and vacuum cast to a casting according to the
      invention. The casting was heat treated for 8 hours at 700.degree.C and
      tensile tested at 500.degree.C and tested in thermal expansion over
      various temperature ranges with the results shown in Table 8.
TBL                                    TABLE 8                                 
     __________________________________________________________________________
     0.2%  Expansion Coefficient ( .times. 10.sup.6 /.degree.C)                
     Proof                                                                     
     Stress                                                                    
           20-100.degree.C                                                     
                 20-200.degree.C                                               
                       20-300.degree.C                                         
                             20-350.degree.C                                   
                                   20-400.degree.C                             
                                         20-500.degree.C                       
                                               20-600.degree.C                 
     (N/mm.sup.2)                                                              
     __________________________________________________________________________
     256   4.3   4.1   4.7   5.8   7.0   8.9   10.3                            
     __________________________________________________________________________
PAR  It can be seen from the results of Table 8 that a casting according to the
      invention from Alloy 21, has when heat treated, a 0.2% Proof Stress at
      500.degree.C greater than 200 N/mm.sup.2 and a coefficient of thermal
      expansion over the temperature range 20.degree. to 350.degree.C not
      greater than 6.5 .times. 10.sup.-.sup.6 /.degree.C.
PAR  Castings according to the invention may be made from alloys melted and cast
      in air or from alloys melted and cast under reduced pressures. Under air
      melting and casting conditions the quantities of the deoxidants silicon,
      calcium, aluminum, manganese, zirconium and/or magnesium used are
      important.
PAR  Silicon in alloys used for castings according to the invention renders the
      alloy more readily castable in air. More than about 0.5% silicon increases
      the proof stress but greatly increases the expansion coefficient. Hence
      for optimum proof stress and expansion properties the silicon content must
      not exceed about 0.5% and preferably should be kept as low as possible,
      e.g., not more than about 0.3%.
PAR  Calcium prevents gas evolution on casting and in alloys used for castings
      according to the invention the presence of up to about 0.05% calcium,
      e.g., about 0.02 to about 0.05% calcium is beneficial.
PAR  Aluminum facilitates the production of sound castings by the air melting
      and casting route but must not be present in quantities greater than 0.5%
      otherwise it increases the expansion coefficient. Preferably the aluminum
      content should not exceed about 0.3%, e.g., about 0.25% or 0.2% and should
      not be less than about 0.1%.
PAR  Manganese also facilitates deoxidation, castability and proof stress but at
      the expense of increased expansion and for this reason the manganese
      content must not exceed about 2% and for optimum proof stress and
      expansion properties preferably should not exceed about 0.6% and more
      preferably should not exceed about 0.3%.
PAR  Zirconium increases the proof stress and prevents gas evolution on casting
      under pressure but also increases the expansion coefficient. For this
      reason in alloys used for castings according to the invention the
      zirconium content does not exceed 2% and for optimum strength and
      expansion properties preferably should not exceed 0.2%.
PAR  Magnesium is useful to prevent gas evolution on casting at pressures down
      to 2 millimeters and for this purpose should preferably be present in
      quantities not greater than 0.1%. This quantity has no effect on the proof
      stress and expansion properties. The magnesium also has the effect of
      promoting spheroidisation of graphite which may form in the casting during
      solidification or subsequent heat treatment. If such graphite were to form
      as flakes or films the casting may be embrittled but spheroidal graphite
      does not cause such embrittlement.
PAR  If the alloy is melted in vacuum magnesium and calcium spheroidising
      additions may be lost due to their volatile nature. Thus under vacuum
      melting conditions up to 0.2% of one or more of yttrium, lanthanum and the
      lathanides should preferably be present to promote graphite
      spheroidisation. Mischmetal (60% cerium, 35% lanthanum, 5% rare earths) is
      a convenient additive for this purpose.
PAR  Alloys of the invention are particularly useful for structural components
      which reach high temperatures in service, and must have a combination of
      low expansivity and high strength at working temperatures. Such structural
      components include parts of rotating and reciprocating machinery, e.g.,
      turbine shafts and blades, in which close dimensional tolerances have to
      be maintained under varying temperature conditions from ambient
      temperatures up to 300.degree.C or even higher, for example up to
      500.degree.C or 600.degree.C. These requirements arise in a particularly
      acute form in high-efficiency propulsion machinery for land, sea and air
      use.
PAR  Castings according to the present invention are particularly useful for
      such high-efficiency propulsion machinery operating at temperatures in the
      range of 200.degree. to 600.degree.C and service speeds of the order of
      9000 rpm or even higher.
PAR  Alloys of the present invention are especially useful as precision cast
      machine parts, e.g., a rotor or rotor blades for supercharging an internal
      combustion engine. It has been found that the present alloys maintain
      dimensional stability when used for adjoining thick and thin sections
      which must be resistant to hot tearing at the junctures when subjected in
      use to high centrifugal stresses, thermal cycling and temperature
      gradients. The temperatures may range from ambient to about 500.degree. to
      600.degree.C. It has also been found that the present alloys can withstand
      such treatment in the presence, simultaneously, of oxidizing and
      hydrocarbon combustion product atmospheres.
PAR  Thus, in addition to having suitable properties of expansivity and
      strength, which are vital for efficiency of rotor blades, the present
      alloys satisfy the requirements of good castability and resistance to the
      complex and dynamic environment.
PAR  Although the present invention has been described in conjuntion with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the invention and appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dimensionally stable casting being in the as-cast heat treated
      condition and made from a high-strength, low expansion carbidic alloy
      consisting essentially of, by weight, from about 21 to about 43% nickel,
      up to about 18% cobalt, from about 0.3 to about 1.0% carbon, from about
      0.1 to about 1% chromium, from about 0.2 to about 1.2% vanadium, up to
      about 2% molybdenum, up to about 0.5% aluminum, up to about 0.5% silicon,
      up to about 2% manganese, up to about 2% zirconium, up to about 2%
      niobium, up to about 2% tungsten, up to about 0.1% magnesium, up to about
      0.05% calcium and up to about 0.2% in total of at least one of the group
      consisting of yttrium, lanthanum and the lanthanides, with the provisos
      that the sum of the chromium, molybdenum, vanadium, zirconium, niobium and
      tungsten contents is in the range of from 1 to 4, the sum of %Ni + 0.75
      (%Co) = 31.5 to 43 and the nickel to iron ratio is equal to or greater
      than 0.4:1, the balance, apart from impurities, being essentially iron,
      said casting exhibiting at room temperature a predominantly austenitic
      structure and having a 0.2% proof stress at 500.degree.C greater than 200
      N/mm.sup.2 and a coefficient of thermal expansion over the temperature
      range 20.degree. to 250.degree.C not greater than 6.5 .times.
      10.sup.-.sup.6 /.degree. c.
NUM  2.
PAR  2. A dimensionally stable casting being in the as-cast, heat treated
      condition and made from a high-strength low expansion carbidic alloy
      consisting essentially of, by weight, from about 21 to about 35 nickel,
      from about 5 to about 18% cobalt, from about 0.3 to about 2.5% carbon, up
      to about 3% chromium, from about 0.2 to about 1.2% vanadium, up to about
      3% molybdenum, up to about 0.5% aluminum, up to about 0.5% silicon, up to
      about 2% manganese, up to about 2% zirconium, up to about 2% niobium, up
      to about 2% tungsten, up to about 0.1% magnesium, up to about 0.05%
      calcium, and up to about 0.2% in total of at least one of the group
      consisting of yttrium, lanthanum and the lanthanides, with the provisos
      that the sum of the chromium, molybdenum, vanadium, zirconium, niobium and
      tungsten contents is in the range of from 1 to 4, the sum of % Ni + 0.75
      (%Co) = 30.5 to 55, and the nickel to iron ratio is equal to or greater
      than 0.4:1, the balance, apart from impurities, being essentially iron and
      said casting exhibiting at room temperature a predominantly austenitic
      structure.
NUM  3.
PAR  3. A dimensionally stable casting according to claim 2, wherein said
      casting has been subjected directly to a heat treatment at a temperature
      in the range of from about 500.degree. to about 900.degree.C for a period
      of from about 1 to about 24 hours.
NUM  4.
PAR  4. A dimensionally stable casting according to claim 2, having in the
      as-cast age hardened condition a 0.2% proof stress at 500.degree.C greater
      than 200 N/mm.sup.2 and a coefficient of thermal expansion over the
      temperature range 20.degree. to 350.degree.C not greater than 6.5 .times.
      10.sup.-.sup.6 /.degree.C, said casting being made from an alloy in which
      the sum of % Ni + 0.75 (% Co) is from 31.5 to 43, the chromium content is
      from about 0.1% to about 1%, the maximum carbon content is about 1%, and
      the maximum molybdenum content is about 2%.
NUM  5.
PAR  5. A dimensionally stable casting according to claim 4 comprising at least
      about 0.8% molybdenum.
NUM  6.
PAR  6. A dimensionally stable casting according to claim 4, in which the alloy
      contains from about 26.5% to about 28.5% nickel, from about 13% to about
      15% cobalt, from about 0.5% to about 1% chromium, from about 0.45% to
      about 0.55% carbon, from about 0.4% to about 0.6% vanadium, from about
      0.8% to about 1.2% molybdenum, not more than about 0.3% manganese, less
      than about 0.3% silicon, and up to about 0,25% aluminum.
NUM  7.
PAR  7. A dimensionally stable casting according to claim 3 having in the
      as-cast heat-treated condition a 0.2% proof stress at 500.degree.C greater
      than 200 N/mm.sup.2 and a coefficient of thermal expansion over the
      temperature range 20.degree. to 250.degree.C not greater than 6.5 .times.
      10.sup.-.sup.6 /.degree.C, said casting being made from an alloy, the sum
      of % Ni + 0.75 (% Co) is from 31.5 to 43, the chromium content is at least
      1%, the maximum carbon content is about 1%, and the maximum molybdenum
      content is about 2%.
NUM  8.
PAR  8. A dimensionally stable casting according to claim 4 for use over the
      temperature range of about 20.degree. to about 200.degree.C, in which the
      sum of % Ni + 0.75 (% Co) is in the range of from 34.1 to 37.1.
NUM  9.
PAR  9. A dimensionally stable casting according to claim 4 for use over the
      temperature range of about 20.degree. to about 200.degree.C, in which the
      sum of % Ni + 0.75 (% Co) is in the range of from 35.4 to 38.4.
NUM  10.
PAR  10. A dimensionally stable casting according to claim 4 for use over the
      temperature range of about 20.degree. to about 300.degree.C, in which the
      sum of % Ni + 0.75 (% Co) is in the range of from 36.6 to 39.6.
NUM  11.
PAR  11. A dimensionally stable casting according to claim 4 for use over the
      temperature range of about 20.degree. to about 350.degree.C, in which the
      sum of % Ni + 0.75 (% Co) is in the range of from 37 to 40.
NUM  12.
PAR  12. A dimensionally stable casting according to claim 4 for use over the
      temperature range of about 20.degree. to about 450.degree.C, in which the
      sum of % Ni + 0.75 (% Co) is in the range of from 38 to 41.
NUM  13.
PAR  13. A dimensionally stable casting according to claim 7, containing about
      0.6% carbon, about 2% chromium, about 0.5% vanadium, about 0.3% silicon,
      about 10% cobalt, and about 30% nickel.
NUM  14.
PAR  14. A dimensionally stable casting according to claim 7, containing about
      26% nickel, about 14.5% cobalt, about 0.47% carbon, about 1.97% chromium,
      about 1.01% molybdenum, about 0.49% vanadium.
NUM  15.
PAR  15. A precision cast rotor having adjoining thick and thin sections which
      are resistant to hot tearing at the junctures, said rotor being subjected
      in use to high centrifugal stresses, thermal cycling, temperature
      gradients, and simultaneously to oxidizing and hydrocarbon combustion
      product atmospheres, said rotor being made of a low expansion alloy cast
      at elevated temperatures and cooled, the alloy having a composition
      consisting essentially of, by weight, from about 21% to about 43% nickel,
      up to about 18% cobalt, from about 0.3 to about 2.5% carbon, up to about
      3% chromium, from about 0.2 to about 1.2% vanadium, up to about 3%
      molybdenum, up to about 0.5% aluminum, up to about 0.5% silicon, up to
      about 2% manganese, up to about 2% zirconium, up to about 2% niobium, up
      to about 2% tungsten, up to about 0.1% magnesium, up to about 0.05%
      calcium, and up to about 0.2% in total of at least one of the group
      consisting of yttrium, lanthanum and the lanthanides, with the provisos
      that the sum of the chromium, molybdenum, vanadium, zirconium, niobium and
      tungsten contents is in the range of from 1 to 4, the sum of % Ni + 0.75
      (% Co) = 30.5 to 55, and the nickel to iron ratio is equal to or greater
      than 0.4:1, the balance, apart from impurities, being essentially iron.
NUM  16.
PAR  16. A dimensionally stable casting according to claim 3, wherein the sum of
      %Ni + 0.75(%Co) is from 31.5 to 43, the chromium content is from about
      0.1% to about 1%, the maximum carbon content is about 1% and the maximum
      molybdenum content is about 2%, said casting having in the as-cast
      heat-treated condition a 0.2% proof stress at 500.degree.C greater than
      200 N/mm.sup.2 and a coefficient of thermal expansion over the temperature
      range 20 to 350.degree.C not greater than 6.5 .times. 10.sup.-.sup.6
      /.degree.C.
NUM  17.
PAR  17. A dimensionally stable casting according to claim 16 comprising at
      least about 0.8% molybdenum.
NUM  18.
PAR  18. A dimensionally stable casting according to claim 16, wherein the alloy
      contains from about 26.5% to about 28.5% nickel, from about 13% to about
      15% cobalt, from about 0.5% to about 1% chromium, from about 0.45% to
      about 0.55% carbon, from about 0.4% to about 0.6% vanadium, from about
      0.8% to about 1.2% molybdenum, not more than about 0.3% manganese, less
      than about 0.3% silicon, and up to about 0.25% aluminum.
NUM  19.
PAR  19. A dimensionally stable casting according to claim 18, wherein the alloy
      contains about 0.5% carbon, about 0.75% chromium, about 0.5% vanadium,
      about 1% molybdenum, about 14% cobalt and about 28% nickel.
NUM  20.
PAR  20. A precision cast rotor according to claim 15, comprising at least about
      0.8% molybdenum.
NUM  21.
PAR  21. A precision cast rotor according to claim 15, in which the maximum
      nickel content is about 43%, the sum of % Ni - 0.75 (% Co) is from 31.5 to
      43, the chromium content is from about 0.1% to about 1%, the maximum
      carbon content is about 1%, and the maximum molybdenum content is about
      2%, said alloy having in the as-cast heat treated condition a 0.2% proof
      stress at 500.degree.C greater than 200 N/.sub.mm.sup.2 and a coefficient
      of thermal expansion over the temperature range 20.degree. to 350.degree.C
      not greater than 6.5 .times. 10.sup.-.sup.6 /.degree.C.
NUM  22.
PAR  22. A precision cast rotor according to claim 21, containing from about
      26.5% to about 28.5% nickel, from about 13% to about 15% cobalt, from
      about 0.5% to about 1% chromium, from about 0.45% to about 0.55% carbon,
      from about 0.4% to about 0.6% vanadium, from about 0.8% to about 1.2%
      molybdenum, up to about 0.3% manganese, up to about 0.3% silicon, and up
      to about 0.25% aluminum.
NUM  23.
PAR  23. A precision cast rotor according to claim 22, containing about 0.5%
      carbon, about 0.75% chromium, about 0.5% vanadium, about 1.0% molybdenum,
      about 0.3% manganese, about 0.2% aluminum, about 14% cobalt, and about 28%
      nickel.
NUM  24.
PAR  24. A precision cast rotor according to claim 15, in which the maximum
      nickel content is about 43%, the sum of % Ni + 0.75 (% Co) is from 31.5 to
      43, the chromium content is at least about 1%, the maximum carbon content
      is about 1%, and the maximum molybdenum content is about 2%, said alloy
      having in the as-cast heat treated condition a 0.2% proof stress at
      500.degree.C greater than 200 N/mm.sup.2 and a coefficient of thermal
      expansion over the temperature range 20.degree. to 250.degree.C not
      greater than 6.5 .times. 10.sup.-.sup.6 /.degree.C.
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ABST
PAL  In a method of providing a layer of semiconductor material on a flat side
      of a substrate from a solution which contains the semiconductor material,
      the substrate is provided in a recess of a substrate holder which closes
      the lower side of a reservoir containing the solution. By a relative
      displacement of the reservoir relative to the substrate holder, the said
      flat side of the substrate is moved below or away from the solution
      present in the reservoir. The flat side of the substrate is brought at a
      desired height relative to the lower side of the reservoir, solution from
      the reservoir is provided on the substrate and when the reservoir is
      removed relative to the substrate a quantity of solution of an adjustable
      height is left on the substrate.
BSUM
PAR  The invention relates to a method of providing a layer of a semiconductor
      material on a flat side of a substrate from a solution which contains the
      semiconductor material, in which the substrate is provided in a recess of
      a substrate holder which closes the lower side of a reservoir containing
      the solution and in which said flat side of the substrate can be moved
      below or away from the solution present in the reservoir by a relative
      displacement of the reservoir relative to the substrate holder. The
      substrate will usually be monocrystalline.
PAR  Both the epitaxial growing from the liquid phase of one layer and of
      several layers of the group III-V semiconductor materials is known.
      Examples of such a use are found inter alia in the manufacture of light
      emitting diodes, of injection lasers, of solar cells and of transmission
      photocathodes. The grown layers usually consist of GaAs, GaP and Al.sub.x
      Ga.sub.1-x As.
PAR  One of the known methods of epitaxial growth from the liquid phase is
      described in the U.S. Pat. No. 3,690,965. In this method, a reservoir
      which is open on its lower side is closed by an upper slide which is
      movable along the lower side of the reservoir. Said upper slide comprises
      a continuous aperture of approximately the same dimensions as the lower
      aperture of the reservoir. A lower slide is situated against the upper
      slide so as to be movable and comprises a number of locations for
      substrates and a number of recesses for receiving the solution used. The
      epitaxial growth preferably takes place from solution present in the
      aperture of the slide, the height of the solution present on the substrate
      being approximately equal to the thickness of the upper slide. After the
      growth of a layer, the solution used is provided in the recess of the
      lower slide destined for that purpose.
PAR  Such a known method exhibits drawbacks. When the grown layer has reached
      the desired thickness, the upper slide with the solution still present is
      moved away from the substrate, it being desired that all the excessive
      solution be removed from the substrate. If, however, too large an amount
      of play is present between the upper side of the grown layer and the lower
      side of the slide in which the solution is present, no complete removal of
      the excessive solution will take place. The thickness of the grown layer
      is not fully fixed in that case while, when several layers are grown one
      after the other, an undesired mixing will occur of the solution still
      present on the substrate and a solution of a different composition in a
      subsequent reservoir. However, it is also possible that in the case of too
      small an amount of play the substrate with the grown layer cannot be
      removed from below the slide in which the melt is present or cannot be
      removed without damage.
PAR  It is the object of the invention to provide a method in which an epitaxial
      growing of one or more layers can be carried out in a very favourable
      manner and in which drawbacks of the known methods are avoided. In order
      to achieve this end, according to the invention the flat side of the
      substrate is brought at a desired height with respect to the lower side of
      the reservoir, solution from the reservoir is provided on the substrate,
      and a quantity of solution of an adjustable height is left on the
      substrate when the reservoir is removed relative to the substrate.
PAR  Important advantages can be achieved due to the variable height adjustment
      which is controllable both prior to, during and after the growth process.
      In the first place, the distance from the upper side of the grown layer on
      the substrate to the lower side of the reservoir can be adjusted so as to
      be optimum so that excessive solution can be removed from the substrate
      entirely. Damage to the substrate is prevented and the friction between
      the upper side of the substrate and the edge of the reservoir is small.
      Furthermore, the variable height adjustment may also be used so as to
      provide a quantity of solution of a controllable height above the
      reservoir which is very favourable for the growth of the epitaxial layer.
      After the growth of the layer, the excessive solution can be returned to
      the original reservoir by means of the height adjustment so that no
      solution is lost.
PAR  The desired height between the substrate and the reservoir is preferably
      obtained during the treatment in an epitaxy furnace by means of an
      adjustment from outside the furnace.
PAR  The variable height adjustment permits the growth of the layer to be
      carried out in various manners. In a first embodiment, the layer is
      provided on the substrate by cooling the solution in the position in which
      the substrate is present below the reservoir, the height of the substrate
      to the lower side of the reservoir, at least upon removing the reservoir
      relative to the substrate, being substantially equal to the thickness of
      the grown layer. However, it is also possible to provide the layer on the
      substrate by cooling a quantity of solution which is adjusted in height
      and is present on the substrate in a position in which the reservoir is
      removed from the substrate, in which after providing the layer the
      substrate is again provided below the reservoir and adjusted at such a
      height that in a subsequent removal of the reservoir relative to the
      substrate all the excessive solution remains in the reservoir. A very
      favourable growth process can be achieved in particular with this latter
      method.
PAR  Due to the variable height adjustment the method according to the invention
      is particularly suitable for epitaxially providing several layers on the
      substrate in which the substrate, after providing the first layer, is
      moved below subsequent reservoirs each containing a solution of the
      desired composition, a height adjustment of the substrate relative to the
      lower side of the relevant reservoir being each time carried out.
PAR  The invention furthermore relates to a device for epitaxially providing a
      layer of semiconductor material on a flat side of a substrate, which
      device comprises a slide mechanism which has a reservoir holder and a
      substrate holder, the reservoir holder having at least one aperture for a
      solution which contains the semiconductor material and the substrate
      holder having at least one recess in which a substrate can be arranged. A
      favourable device for carrying out the method is characterized in that a
      support for the substrate is provided in the recess of the substrate
      holder so as to be adjustable in the height direction, the upper surface
      of the support serving as a location for the substrate and the lower side
      of the support being in contact with an adjusting member with which the
      substrate support is adjustable in the height direction relative to the
      lower side of the reservoir.
PAR  It is advantageous and at a high operating temperature extremely favourable
      for the adjusting member to consist of a slide which is movable relative
      to the substrate support and which has a wedge-like surface which contacts
      the lower side of the support. A further embodiment is characterized in
      that the adjusting member consists of a rod which cannot be moved relative
      to the substrate support and which is rotatable about its longitudinal
      axis, said rod comprising a cam or an eccentric circular disk which
      contacts the lower side of the support.
PAR  Due to the height adjustment, the device is not only favourable for growing
      epitaxial layers, but the device may also be used in a simple manner for
      the supply and removal of the substrates. The device may also comprise a
      compartment arranged in the reservoir holder and serving to supply
      substrates, which compartment is closed on the lower side by the substrate
      holder, in which a substrate in the recess of the substrate holder can be
      picked up by means of the support which is adjustable in the height
      direction. A transport member for the treated substrates may furthermore
      be present and be movable towards one end of the substrate holder, the
      placing of the treated substrate on the transport member being carried out
      by means of a height adjustment of the support and a relative displacement
      of the substrate holder and the reservoir holder.
DRWD
PAR  The invention will be described in greater detail with reference to
      embodiments shown in the drawing, in which FIGS. 1-9 show various stages
      in carrying out the method according to the invention.
DETD
PAR  In the figures, a reservoir holder is denoted by 1. In the embodiment
      shown, a reservoir holder comprises two reservoirs 2, 3 which each contain
      a solution 4, 5. A substrate holder 6 which together with the reservoir
      holder 1 constitutes a slide mechanism closes the lower side of the
      reservoirs 2, 3. The substrate holder 6 comprises a continuous aperture 7
      in which a support 8 for a substrate 9 is provided so as to be adjustable.
      The upper side of the support 8 serves as a location 10 for a substrate 9;
      and in the embodiment shown the lower side 11 is bevelled. An adjusting
      member 12 is movable relative to the substrate holder 6. The adjusting
      member is wedge-shaped at 13 and is in contact with the lower side 11 of
      the support 8.
PAR  The reservoir holder 1 may also comprise a compartment 14 in which
      substrates 9 to be treated are stored. A transport member 15 for the
      treated substrates is shown diagrammatically in FIG. 8. The transport
      member can be moved away from and towards one end of the substrate holder
      6 through means not shown.
PAR  Both the reservoir holder 1, the substrate holder 6, the support 8 and the
      adjusting member 12 are preferably made from pure graphite. They are
      placed in a tube furnace, for example of quartz, which is not shown to
      avoid complexity of the drawing. By way of example, in the embodiment
      shown the substrate holder 6 is maintained stationary while the reservoir
      holder 1 and the adjusting member 12 are adjustable from outside the tube
      furnace. The tube furnace may be heated by means of heating members not
      shown, for example, in the form of heating coils arranged outside the tube
      furnace.
PAR  The growing of one or more layers on a substrate may be carried out in the
      manner to be described hereinafter. The reservoir holder 1 and the
      adjusting member 12 are first provided in the position shown in FIG. 1,
      after which the adjusting member which has a wedge 13 is moved over such a
      distance that the substrate support 8 is lowered over a distance equal to
      the thickness of a substrate 9 so that one substrate is supplied to the
      holder 6 (FIG. 2). When the reservoir holder 1 is then moved, the
      substrate 9 is moved below the reservoir 2 in which the solution 4 is
      present. Movement of the adjusting member 12 lowers the support 8 over
      such a distance that a quantity of solution having a desired height is
      present in the substrate holder 6 as is shown in FIG. 3. With this height
      adjustment the substrate is moved to the position shown in FIG. 4, for
      which purpose the reservoir holder is moved in this embodiment. A quantity
      of solution of accurately adjusted height is now present above the
      substrate. In the positiown which the substrate assumes in FIG. 4 a
      temperature is adjusted which produced crystallisation of semiconductor
      materials present in the solution on the substrate so that a layer 16 is
      grown epitaxially on the substrate 9 from the solution. This growth
      process has proved excellently reproducible with a given height of the
      solution, for example, less than 3 mm.
PAR  When the layer 16 has the desired thickness, the reservoir holder 1 is
      moved until the substrate is again situated below the reservoir 2. By
      means of the adjusting member a height adjustment of the support 8 is then
      carried out, in which the upper side of the layer 16 is brought at a level
      which is substantialy equal to the lower side of the reservoir holder
      (FIG. 5). Excessive solution is again returned to the reservoir 2. Said
      height adjustment can be carried out in a useful manner by causing an edge
      of the substrate to project below the reservoir holder, the correct height
      adjustment being obtained when said edge contacts the lower side of the
      reservoir holder. From this position, the substrate is moved below the
      reservoir 3 by displacing the reservoir holder. All the excessive solution
      remains in the reservoir 2 due to the height adjustment of the substrate;
      and in this manner no solution is lost while no contamination of the
      solution 5 in the reservoir 3 can take place by mixing with solution from
      reservoir 2.
PAR  In the same manner as described with reference to the epitaxial growth of
      layer 16 from solution 4, a second layer from the solution 5 may now be
      grown on the layer 16. A stage of this process is shown in FIG. 6, namely
      the height adjustment of the substrate corresponding to FIG. 3. When the
      second layer has been provided and the excessive solution has been
      returned entirely to reservoir 3, the substrate may be transported away.
      This may be carried out, for example, as is shown in FIGS. 7 and 8 in
      which the substrate is first moved upwards outside the reservoir holder
      (FIG. 7) and then placed on the transporting member 15 by a relative
      movement of the substrate holder 6 and the reservoir holder 2 (FIG. 8).
      The support 8 is then present again below compartment 14 where a new
      substrate may be provided.
PAR  FIG. 9 shows that the growth of the layer or layers need not necessarily be
      carried out in the position shown in FIG. 4, but that it may also be
      carried out when the substrate is present below a reservoir. As shown in
      FIG. 9, for example, the substrate 9 may have such a height adjustment
      that its upper surface is present at a distance below the reservoir holder
      which is only very slightly larger than the thickness of the layer to be
      grown. When the temperature of the solution is decreased, epitaxial growth
      of a layer on the substrate occurs. When the desired thickness of the
      layer is reached, all the excessive solution is removed from the formed
      layer by moving the reservoir holder and is taken up in the reservoir.
PAR  In the embodiments described, a reservoir holder having two reservoirs is
      shown. Of course it is also possible to grow only one or more than two
      layers epitaxially in which one and more than two containers,
      respectively, having each a given solution will be used. The supply and
      transport of the substrates may be carried out in the above-described
      manner but may also be carried out in any other suitable manner. The
      height adjustment of the substrates is not restricted to the use of an
      adjusting member having a wedge-like part. For example, an adjusting
      member may also be used which has a cam or a circular eccentric disk which
      engages the lower side of the substrate support 8. The adjusting member
      then does not move in an axial direction relative to the substrtate
      holder. Rotation of the adjusting member produces that the cam or the
      eccentric disk moves the support for the substrate more or less upwards or
      downwards. Of course other adjusting possibilities may be used. It is
      furthermore possible that the reservoir holder and the substrate holder do
      not move axially relative to each other but that they are constructed to
      be circular and make a rotational movement relative to each other. The
      height adjustment of the support for a substrate may structurally become
      simplest when the substrate holder is chosen to be stationary and the
      reservoir holder makes a rotating movement so as to obtain the mutual
      displacement.
PAR  The possibility exists that, for example, due to ridge-shaped accretions
      along the edges of the substrate not all the solution is removed from a
      layer in spite of the height adjustment. This can be mitigated in a simple
      manner. The substrate may be provided below an empty reservoir or outside
      the reservoir holder. As a result of the surface tension, the very thin
      layer of solution still present will contract spherically after which it
      can be removed easily. Furthermore, due to the controllable height
      adjustment, the possibility is presented to mix a solution in a reservoir
      with a solution in another reservoir if this should be desired. The mixing
      ratio may then be checked accurately by the controllable height
      adjustment.
PAR  By using the device shown in FIGS. 1 to 9, which was constructed from very
      pure graphite a number of plates consisting of two or more layers were
      manufactured as will be described in the following examples.
PAC  EXAMPLE I.
PAR  A plate of monocrystalline gallium phosphide in the (1, 1, 1) orientation
      and having dimensions 20 mm .times.12 mm .times.0.3 mm was used as a
      substrate 9. the solution 4 consisted of 8 g of gallium as a solvent,
      aluminum in a quantity of 0.4% by weight of the solvent gallium, and 3.5%
      by weight of gallium arsenide so that the solution was saturated at
      approximately 860.degree. C. The solution 4 furthermore contained a
      quantity of germanium of 5% by weight as an impurity so as to produce a
      p-type doping. The solution 5 contained gallium as a solvent (8 g) and
      3.5% by weight of gallium arsenide so as to obtain a solution which was
      just saturated at 765.degree. C. This solution furthermore contained 3% by
      weight of germanium calculated on the solvent gallium so as to produce a
      p-type doping of approximately 7 .times. 10.sup.18 atoms cm.sup.3.
PAR  After placing this in a quartz tube furnace, the latter was evacuated and
      rapidly heated from approximately 20.degree. C to approximately
      890.degree. C while leading through a flow of purified hydrogen. After
      homogenizing the solutions at 890.degree. C the temperature of the tube
      furnace with its contents was reduced and stabilised at 860.degree. C.
      With the upper side of substrate 9 at 1 mm below the lower side of the
      reservoir holder, the reservoir holder 1 was moved in such manner that the
      substrate contacted the solution 4 (see FIG. 3). The solution with
      underneath it the substrate was first cooled in this position at a rate of
      0.3.degree. C/min for approximately 20 minutes; and the substrate, still
      in its lowered position, together with a small part of the solution 4 was
      then moved to a place between the reservoir 2 and 3 as shown in FIG. 4.
      Substrate and solution were further cooled in this location at a rate of
      2.degree. C per minute, as a result of which a first epitaxial layer of
      monocrystalline p-type Al.sub.x Ga.sub.1-x As with germanium as an
      acceptor was formed having a thickness of 20 /.mu.m. At a temperature of
      765.degree. C the cooling rate was reduced to approximately 1.degree.
      C/minute. When a temperature of 760.degree. C was reached, the reservoir
      holder was returned to the position shown in FIG. 5 relative to the
      substrate but with an edge of the substrate slightly below the reservoir
      holder. The substrate 9 was then moved upwards via a displacement of the
      adjusting member 12 and the substrate support 8 until a slight touch
      between the grown layer 16 and the reservoir holder was observed. The
      reservoir holder was then moved in such manner that the substrate was
      displaced relatively in the direction of the reservoir 3, during which
      treatment the solution 4 was entirely separated from the layer 16. The
      above-described procedure was then repeated for the greater part for the
      growth of a second epitaxial layer 17 on the first epitaxial layer of
      Al.sub.1 Ga.sub.1-x As, on the understanding that the growth took place
      only over a small temperature range of approximately 3.degree. C and
      directly from the whole solution volume, as in the position of FIG. 6. The
      second grown layer 17 which was 2 /.mu.m thick contained germanium doped
      p-type gallium arsenide having a charge carrier concentration of
      approximately 7 .times. 10.sup.18 atoms cm.sup.3.
PAR  Of the first epitaxial layer of Al.sub.x Ga.sub.1-x As thus formed, x is
      approximately 0.8, so that, as of the gallium phosphide substrate, the
      forbidden band is much wider than that of the thin second epitaxial layer
      of gallium arsenide. Relative to the gallium arsenide top layer, both
      layers form a kind of window which is permeable to light in the infra red
      and red part of the spectrum. After activating the gallium arsenide
      surface to the condition of negative electron affinity, the whole plate
      may be used as a very efficient infrared-sensitive gallium arsenide
      transmission photocathode.
PAC  EXAMPLE II.
PAR  In this case the reservoir holder 1 had three reservoirs, each containing a
      different solution. A plate of monocrystalline (100) oriented n-type
      gallium arsenide was used as a substrate 9. The solutions contained per
      gram of the solvent gallium:
PA0  0.14 g of gallium arsenide and 0.8 g of tin;
PA0  0.06 g of gallium arsenide and 0.02 g of germanium;
PA0  0.05 g of gallium arsenide, 0.06 g of germanium and 0.001 g of aluminium,
      respectively. These solutions are saturated approximately at temperatures
      of 828.degree. C, 824.degree. C and 822.degree. C, respectively. The
      abovedescribed arrangement was operated in a similar manner to example I,
      with the exceptions that the solutions and the substrate wer preheated at
      approximately 850.degree. C and were cooled from 828.degree. C at a rate
      of approximately 0.2.degree. C per minute. Epitaxial layers consisting of:
      Ga As:Sn (n.delta.2.times.10.sup.18 atoms cm.sup.3), Ga As:Ge
      (p.delta.4.times.10.sup.18 atoms/cm.sup.3) and Al.sub.x Ga.sub.1-x As:
      Ge(x.delta.0.3) were thus grown on the substrate 9 from the solutions.
PAR  The resulting plate radiated laser light when the plate was used in a
      semiconductor laser of the Fabry-Perot type.
PAR  It will be obvious from the above description and examples that the device
      according to the invention is capable of avoiding an undesired mixing
      between the adjacent solutions and removing the last solution entirely
      from the substrate. It is advantageous that the successful performance of
      the various treatments outside the furnace can simply be checked and that
      certain treatments can be repeated, if desired. The use of empty
      compartments in the wipe-off procedure may furthermore present advantages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of providing a semiconductor material layer on a substrate,
      comprising the steps of:
PA1  a. providing a substrate holder comprising a recess for retaining a
      substrate and a reservoir defining member, said substrate holder defining
      at certain times the lower side of said reservoir;
PA1  b. providing a semiconductor material in said reservoir;
PA1  c. providing in said recess said substrate that comprises a flat surface;
PA1  d. moving at least one of said reservoir defining member and said substrate
      holder with respect to the other so as to locate said substrate surface at
      said reservoir;
PA1  e. depositing said semiconductor material on said surface while said
      substrate surface is located at said reservoir;
PA1  f. moving said substrate vertically with respect to said reservoir at least
      after said semiconductor material depositing step and while said substrate
      is disposed at said reservoir; and
PA1  g. laterally moving said substrate to a point removed from said reservor,
      whereby said vertical and lateral movements of said substrate permit
      excess said semiconductor material to be removed from said layer by said
      reservoir defining member.
NUM  2.
PAR  2. A method as in claim 1, wherein said reservoir defining member comprises
      a further reservoir that contains a solution of a particular semiconductor
      material, said method comprising the further steps of providing a further
      layer over said layer by locating the structure having said substrate and
      said layer at said further reservoir, depositing said particular
      semiconductor material on said structure while the latter is disposed at
      said reservoir to form said further layer, moving said structure thus
      produced vertically with respect to said reservoir defining member at
      least after said particular semiconductor material is deposited and while
      said structure is disposed at said further reservoir; and laterally moving
      said substrate to a point removed from said reservoir, whereby said
      vertical and lateral movements of said substrate permit excess said
      particular semiconductor material to be removed from said structure of
      said reservoir defining member.
NUM  3.
PAR  3. A method as in claim 1, comprising the steps of cooling the deposited
      said semiconductor material while said substrate is located below said
      reservoir and so vertically moving said substrate away from said reservoir
      defining member so that said surface is spaced therefrom by a distance
      substantially equal to the thickness of said layer.
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ABST
PAL  A stable, gelled, water-bearing explosive composition and a process for
      making same. The composition comprises at least one water-soluble
      inorganic oxygen releasing salt; at least one fuel; water; and at least
      one gum selected from the group consisting of galactomannans and xanthans
      crosslinked in situ with a crosslinking agent comprising a redox system
      which system comprises at least one arsenious compound.
BSUM
PAR  This invention relates to a process for gelling aqueous solutions or
      dispersions of polymeric materials. More particularly this invention
      relates to a process for making water bearing gels comprising gums such as
      galactomannans or biopolymeric materials produced by a process comprising
      the microbial transformation of carbohydrate material and to certain
      products obtained thereby, including explosives.
PAR  Hydrophilic vegetable gums have been articles of commerce for hundreds of
      years. These natural gums constitute a class of organic substances
      structurally related to the sugars and carbohydrates. They have the
      characteristic property of forming viscous colloidal solutions (sols) or
      mucilages in water, either by dissolving, i.e., dispersing uniformly, in
      the water or by absorbing many times their own volume of water. A wide
      range of solution or sol properties can thus be obtained by use of
      different gums under a variety of conditions. The properties of the
      hydrophilic gums, especially in solutions, make them extremely valuable in
      manufacturing processes. Wide applications for the gums have been found in
      explosives technology, in the textile, cosmetic, pharmaceutical, and food
      industries, and to a lesser extent, in other industries.
PAR  Addition of the gums, even in very low concentrations, to solutions can
      cause remarkable increases in viscosity, and relatively speaking, a
      further slight increase in the gum concentration will often give a gel
      structure. The viscosity-building, or thickening, action of the gums in
      aqueous systems may be all that is desired at times, whereas in other
      circumstances, a substantial immobilization of the water-bearing
      composition by formation of a gel is desired. Gel formation is
      particularly desirable when undissolved solids are present in a system and
      must be maintained in a relatively uniform state of dispersion therein,
      even after removal from the mixer or other dispersing device.
PAR  As used herein, a gel is a mixture, one component of which is water,
      homogeneous down to substantially colloidal dimensions and capable of
      resisting a finite shearing force. This resistance to shearing is evidence
      of some sort of continuous mechanical network or structure which, however,
      can constitute a relatively small fraction of the total mass of the
      composition of which the gel is a component. Thus, the gel forms a matrix
      in which both dissolved and undissolved components can be distributed.
      Simply cooling a gum solution prepared at elevated temperatures, or
      increasing the concentration of the dissolved or dispersed gum, may lead
      to gel formation. Such gels, however, often have relatively low practical
      utility because they are physically weak and tend to rupture and crumble,
      or because gel formation is reversible with increases in temperature, or
      because the gel structure collapses in the presence of other components in
      the mixture, especially in the presence of dissolved electrolytes.
      Further, the increased concentration of relatively expensive gum which is
      required to obtain a greater degree of immobility of the aqueous system
      often imposes a substantial economic penalty on the resulting composition.
PAR  Galactomannans constitute one of the industrially important classes of
      gums, of which locust bean gum and guar gum are the most important
      members. Other suitable galactomannan gums which may be mentioned include
      those from the endosperms of seeds of other leguminous plants such as the
      sennas, brazilwood, tara, honey locust, paloverde, and rattlebox, alfalfa
      gum, clover gum, and fenugreek gum. In present commerce, however, the most
      important galactomannan gums are locust bean gum and guar gum. Locust beam
      gum is milled endosperm of the seeds of the leguminous plant, Ceratonia
      siliqua. It is marketed under a variety of other names, including Carob
      gum, gum Gatto, gum Hevo, Jandagum, Lakoegum, Rubigum, Iupogum, Luposol,
      gum Tragon, Trafarab, and Tragasol. Guar gum, on the other hand, generally
      is identified as such. It is milled endosperm from the seeds of the plant
      Cyamopsis tetragonolobus, also of the family Leguminosa. In addition to
      these natural gums referred to above certain other synthetic gums suitable
      for the preparation of water bearing gels have become available recently.
      From amongst such synthetic gums there may be mentioned the so-called
      biopolymeric materials or xanthan gums which are produced by a process
      comprising the microbial transformation of carbohydrate material. These
      xanthan gums may be prepared for example by reacting a carbohydrate with a
      microorganism to obtain a polymeric material which differs fundamentally
      from the parent polymeric material in respect of composition, properties
      and structure. Suitable carbohydrates include sugars such as pentoses or
      hexoses, for example glucose, sucrose, fructose, maltose, lactose,
      galactose, and starches, for example soluble starch, corn starch and the
      like. Since such carbohydrates need not be in a refined state, many crude
      products having a high carbohydrate concentration may be utilized. Amongst
      suitable materials there may be mentioned raw sugar, crude molasses and
      the like. Microorganisms suitable for effecting the microbial
      transformation of carbohydrates may be for example plant pathogenic
      bacteria such as plant pathogens which produce exudates at the site of
      lesions on infected plants. Typical of such microorganisms are the species
      of the genus Xanthomonas. Thus for example a heteropolysaccharide may be
      prepared from glucose by the plant pathogen Xanthomonas campestris to give
      a product comprising D-mannose, D-glucose and D-glucoronic acid as the
      potassium or sodium salt. Similarly extracellular polysaccharides of a
      similar structure to the above may be prepared from glucose or sucrose by
      the plant pathogenic microorganisms Xanthomonas oryzae or Xanthomonas
      phaseoli. It is of interest to note that the polysaccharide from X. oryzae
      resembles that from X. campestris since both contain combined pyruvic
      acid. Although the structural significance of the pyruvic acid in these
      polysaccharides is obscure, it appears to be present as a ketal group, as
      in the case of red seaweed polysaccharides. Amongst other species of
      organisms of the genus Xanthomonas from which suitable biopolymers may be
      prepared there may be mentioned X. malvacearum; X. translucens f. sp.
      hordeiavenae; X. translucens f. sp. undulosa; X. carotae; X. hederae; X.
      papavericola; X. incannae; X. vesicatoria; X. begoniae and X. vasculorium.
      Biopolymers may also be produced from organisms other than those of the
      genus Xanthomonas. Thus there may be mentioned amongst the bacterial
      polysaccharides the dextran produced by Leuconostoc mesenteroides and
      related species, and the glucosan produced by Agrobacterium tumefaciens. A
      biopolymer or xanthan gum typical of those suitable for use as a gellable
      gum is the material known as "Biopolymer" XB23 (Registered Trade Mark)
      available commercially from General Mills Inc. of Minneapolis, Minn.,
      U.S.A. This material comprises a biopolymeric material derived from a
      polymer which has been reacted with X. campestris. Another suitable
      material is the water soluble polymer known as XC polymer available
      commercially from Esso Production Research Co. of Houston, Tex., U.S.A.
      This polymer is produced by the action of bacteria of the genus
      Xanthomonas on carbohydrates to give a biopolymer of a very complex
      chemical structure. These naturally occurring gums and biopolymeric
      materials have a high tolerance for dissolved electrolytes and produce
      high-viscosity systems in water and in salt solutions, but gelation of
      solutions or sols of such gums occurs only at relatively high
      concentrations of galactomannan. As a consequence, crosslinking agents are
      used to hasten the formation of gels, to form gels at relatively low gum
      concentrations, and to form gels having properties not obtainable by the
      use of gums alone. Thus it has been proposed to crosslink gums by means of
      certain oxidizing agents for example sodium dichromate and it has been
      proposed also to crosslink gums by means of redox systems formed from
      oxidizer and reducer materials for example sodium dichromate and soluble
      bismuth or antimony salts. Whilst such systems have been reasonably
      satisfactory they have suffered from certain deficiencies. Thus in
      instances wherein a solid phase is present in the system it has been
      observed that segregation of the solid phase occurs particularly when
      bismuth salts have been used as part of the crosslinking system. It has
      also been observed when bismuth salts have been used in a redox system
      that the rate of gelation is often comparatively slow and thus
      applications for this type of redox system are comparatively specialized.
      By contrast when antimony salts are used in a redox crosslinking system
      the initial rate of gelation is fast and the degree of gelation increases
      with the passage of time. Whilst this property has been useful for many
      purposes it suffers from the disadvantage that the water bearing gel
      becomes intractable and it has been found difficult to pump such gels
      after they have aged for about a day and this condition has been found to
      persist on longer storage, for example after ageing for a week.
PAR  We have now found that the deficiencies outlined above may be reduced if
      there is used as a crosslinking agent for gums in water bearing systems
      compounds derived from arsenic. In view of the chemical similarity of the
      elements arsenic, antimony and bismuth it is surprising to find that
      compounds derived from arsenic can provide stable aqueous gels having
      enhanced and unexpected characteristics when compared with gels prepared
      in a similar manner from compounds derived from antimony or bismuth.
PAR  Accordingly we provide a process for the gelation of gums selected from the
      group consisting of galactomannans and xanthans which process comprises
      mixing water, gum and crosslinking agent comprising a redox system which
      system comprises at least one arsenious compound. By arsenious compound we
      mean an arsenic-containing compound wherein the valency of the arsenic is
      3. From amongst such compounds there may be mentioned as typical examples
      arsenious chloride, arsenious bromide, arsenious iodide, arsenious
      sulphide, and arsenious oxide. From amongst such compounds arsenious oxide
      is preferred since it is readily available at a comparatively low cost.
PAR  The amount of the arsenious compound which is used in our process may be
      varied widely. Useful gels are provided in our process wherein there is
      present amounts as low as 0.002 millimole of arsenious compound per gram
      of gum. However the process is usually performed by providing the
      admixture of arsenious compounds in amounts in the range from 0.01 to 5
      millimoles, preferably from 0.05 to 2.5 millimoles, per gram of gum.
PAR  The process of our invention as hereinbefore described may be performed in
      several ways. For example a premix of gum or gums and crosslinking agent
      or agents may be added to water to cause gelation. In another and
      preferred embodiment of our invention the gum or gums may be given a
      hydration treatment prior to admixing the gum component with the
      crosslinking component. By hydration is meant the association of water
      molecules with gum molecules that occurs when a gum is uniformly dispersed
      in an aqueous system. Such hydration, which is accompanied by swelling of
      the gum should not be confused with the crosslinking that takes place in
      the instant process.
PAR  In a still further embodiment of our invention our crosslinking agents may
      be predissolved in water and thus may be introduced into the aqueous
      gelation systems. In cases where the arsenious compounds have relatively
      low solubility in water, solubility may in some instances be increased
      advantageously if desired by suitable adjustment of the pH of the aqueous
      medium.
PAR  In redox systems used as crosslinking systems in our process the nature of
      the oxidizer component of such a system is not narrowly critical and may
      comprise one or more of known oxidizers. From such oxidizer material there
      may be mentioned for example chromates such as sodium chromate, potassium
      chromate, barium chromate, zinc chromate or ammonium chromate, and
      particularly the dichromates such as sodium dichromate or potassium
      dichromate. When such a system is used it is preferred that the oxidizer
      material be added to the reaction mixture subsequent to the incorporation
      of the arsenious compound in the reaction mixture.
PAR  Our processes may be performed in aqueous media which are substantially
      neutral, i.e., when the pH of the system is about 7 and the process is
      also effective in acidic or basic aqueous media. Thus for certain systems
      our process is operable when the pH of the system lies in the range from 3
      to 10. For other systems excellent gels may be obtained when the pH of the
      system is less than 9 say in the range from 4 to 8.
PAR  Our process is useful for the preparation of aqueous gelation systems
      comprising varying amounts of gellable gums. The proportion of such
      gellable gums in such systems will depend to a large extent on the
      application for which the system is to be used. Suitable gelation is
      obtained when the gum component comprises from 0.1 to 5% w/w of the system
      although systems containing 10% w/w or more of the gum component can be
      used. However, for most applications satisfactory systems are obtained
      when the gum component comprises from 0.3 to 3% w/w of such water-bearing
      gels.
PAR  Accordingly we provide as a new composition of matter a water-bearing gel
      comprising at least one gum selected from the group consisting of
      galactomannans and xanthans, water and a crosslinking agent comprising a
      redox system which system comprises at least one arsenious compound.
      Optionally there may also be present in our composition additional
      dispersed or dissolved materials.
PAR  The gels made by our process in its various embodiments have a low
      permeability to water and in products wherein there are dispersed or
      dissolved additional ingredients such gels exhibit enhanced resistance to
      leaching of such ingredients by aqueous media when compared to similar
      water bearing gels of the prior art. Furthermore the degree of syneresis
      exhibited by gels made by our process is negligible. Gels made by our
      process also show surprisingly differing characteristics on ageing in
      comparison with gels prepared using crosslinking systems of the prior art.
      As discussed earlier systems using bismuth salts provide only a slow rate
      of gelation and when antimony salts are used as crosslinking agents the
      initial rate of gelation is fast and the degree of gelation increases with
      the passage of time. By contrast gels made by our process, whilst having a
      fast initial rate of gelation somewhat similar to the rate obtained with
      antimony salts, do not exhibit a continuing increase in gelation with
      time. We have observed that certain gels made by our process reach a peak
      of gelation and then within a few days the degree of gelation declines
      until it reaches a comparatively steady value to provide a product the
      viscosity of which is somewhat similar to the viscosity of a hydrated
      uncrosslinked gum of similar concentration. Despite this unexpected change
      in gelation characteristics as measured by viscometry the characteristics
      of waterproofness and resistance to leaching of ingredients by water are
      not unduly impaired. This unpredictable characteristic is of considerable
      utility in instances where it is desired to pump or pour a product made by
      our process from a container a few days after it has been prepared. The
      gelation characteristics of the gels made by our process may be controlled
      as desired by a suitable choice of the ratio of the amount of arsenious
      compound to the amount of oxidizer component in the redox system used in
      the process. For example when a redox system comprising arsenious oxide
      and sodium dichromate is used in our process it has been found that the
      final gel so obtained becomes softer and more pourable or pumpable as the
      ratio of arsenious oxide to sodium dichromate becomes greater. Thus gels
      which are formed using a particular proportion of arsenious oxide in the
      composition and wherein the above ratio is say 10 : 1 when expressed on a
      weight basis are softer and more easily pumpable then those wherein the
      above ratio is say 5 : 1 and the degree of softness and the ease whereby
      the gels may be poured decreases as the above ratio decreases say to 1 : 5
      or 1 : 10. Particularly useful gels are obtained when the above ratio is
      greater than 1 : 1 for example in the range from 2 : 1 to 4 : 1.
PAR  The process of our invention and the products obtained thereby are useful
      in a diversity of applications. Thus when the reaction mixture contains
      only the aforementioned gums, water and crosslinking agent the process is
      useful in the sizing of papers and for the preparation of drilling muds.
      As mentioned earlier the reaction mixture may also contain other dispersed
      or dissolved ingredients. Thus the process of our invention is
      particularly suitable for making explosive compositions such as gelled
      aqueous blasting agents.
PAR  In general, aqueous blasting agents prepared in accordance with this
      invention may be described as stable, gelled water-bearing explosive
      compositions comprising at least one water soluble inorganic oxygen
      releasing salt; water; at least one fuel; at least one gum selected from
      the group consisting of galactomannans and xanthans; and crosslinking
      agent comprising a redox system which system comprises at least one
      arsenious compound.
PAR  In general, except for the gel matrix, such water-bearing explosives are of
      conventional types. The oxygen releasing salts suitable for use in
      explosive compositions made by our process are of the conventional types
      used in explosive compositions. Thus they may be, for example, inorganic
      nitrates, chlorates and perchlorates and mixtures thereof. We prefer that
      the oxygen releasing salt material be chosen from the nitrates of the
      alkali and alkaline earth metals or ammonium and of these we prefer sodium
      nitrate and ammonium nitrate. The amount of oxygen releasing salt in such
      compositions is not narrowly critical; we have found that compositions
      containing amounts of oxygen releasing salts from 50% w/w to 90% w/w of
      the total composition are satisfactory and amounts from 65% w/w to 85% w/w
      are preferred. The particle size and shape of the oxygen releasing salt is
      not critical and is well known from the art of ammonium nitrate
      manufacture; powders and prilled particles are satisfactory.
PAR  The proportion of water in such compositions should be sufficient to
      dissolve at least part of the oxygen releasing inorganic salt and at least
      part of any water soluble fuel which may be present, and also be
      sufficient to hydrate at least part, preferably all, of the gelling agent
      present. Suitably the amount of water present may constitute from 5% w/w
      to 35% w/w of the total composition, but the amount present should not be
      in excess of the explosive limit of the composition. We prefer that the
      water be in the range from 5% w/w to 25% w/w of the total composition and
      more preferably be in the range from 12% w/w to 17% w/w of the total
      composition.
PAR  When referring to fuels or fuel materials in this specification we mean
      substances which are stable in such explosive compositions, that is prior
      to detonation, during preparation and storage the substance is chemically
      inert to the system. The said substances must be combustible and their
      physical nature should be such that they may be incorporated in our
      compositions in a manner so as to be uniformly distributed throughout the
      compositions. Such fuels are well known in the art and they may be organic
      or inorganic and may also be derived from animals and plants.
PAR  The fuels employed in the compositions prepared by the process of this
      invention can be, for example, self-explosive fuels, non-explosive
      carbonaceous, non-metallic and metallic fuels or mixtures of the
      aforementioned types of fuels. They can be varied widely. Examples of
      self-explosive fuels include one or more organic nitrates, nitrocompounds
      and nitramines such as trinitrotoluene, cyclotri (or tetra) methylenetri
      (or tetra) nitramine, tetryl, pentaerythritol tetranitrate, explosive
      grade nitrocellulose and nitro-starch.
PAR  The self-explosive fuel can be for example in any of the well known flake,
      crystalline or pelleted forms. In general up to 35% and preferably from 10
      to 30% by weight based on the weight of composition of self-explosive fuel
      may be used.
PAR  Suitable water soluble fuels are organic water soluble substances for
      example urea, carbohydrates such as sugars or molasses, water soluble
      alcohols or glycols, glues or mixtures of these. Suitably the proportion
      of water soluble fuel in our compositions is in the range from 0.8% w/w to
      8% w/w of the total composition. Amounts from 4% w/w to 7% w/w of the
      total composition are preferred.
PAR  Suitable water insoluble or sparingly water soluble fuels may be chosen
      from inorganic materials for example sulphur, aluminium, silicon,
      ferrosilicon, ferrophosphorus, magnesium, titanium, boron, mixtures
      thereof for example mixtures of aluminium with ferrosilicon, or organic
      materials for example finely divided charcoal, anthracite, gilsonite,
      asphalt, fuel oil, cellulosic materials such as sawdust, or cereal
      products for example flours, dextrins or starches. When the inorganic fuel
      is a metal it is preferably in granulated or powdered form ranging in
      particle size from coarse, for example retained on a 30 mesh sieve, to
      very fine for example passing a 325 mesh sieve. Such granulated or
      powdered metal may be in the form of discrete regular shaped particles,
      but metal powders wherein the metal is in the form of irregular shaped
      particles, or in flakes or in the form of aggregates of particles or
      flakes are also satisfactory. Preferred fuels are the metallic powders.
      The most preferred metallic fuel is aluminium. The proportion of water
      insoluble or sparingly water soluble non-metallic fuels in such
      compositions may suitably be in the range from 1% w/w to 10% w/w of the
      total composition and amounts from  4% w/w to 7% w/w of the total
      composition are preferred. The proportion of metallic water insoluble
      fuels when present in such compositions may be as high as 25% w/w and
      amounts in the range from 0.5% w/w to 20% w/w of the total compositions
      are preferred.
PAR  Where desirable, it is convenient to add to the slurry explosive
      compositions made according to the process of our invention, in amounts
      expressed as parts by weight per 100 parts by weight of the final mixture,
      other conventional additives used in slurry explosives. Such additives may
      include for example anti-foaming agents, for example ethyl hexanol, in
      amounts ranging e.g. from 0 to 0.1 part, surfactants, for example
      non-ionic surfactants such as alkylene oxide condensates of phenols or
      amides, from 0 to 5 parts. When desired, sensitizers in the form of gas or
      a mixture of gases such as air may be added to our compositions. Thus it
      may be added in the form of injected or stirred in air or gas or it may be
      added as air or gas encapsulated in or attached to the surface of
      particulate material. Alternatively a gas, such as nitrogen or carbon
      dioxide, may if desired be generated in the composition by known means.
      Yet again further sensitizers in the form of modified metallic powders may
      be added to the explosive compositions prepared by our process. Such
      modified metallic powders include for example the reaction product of
      aluminium powder with resin acids, rosin and derivatives thereof. It has
      also been observed that explosives compositions prepared by the process of
      our invention may in some instances be provided with enhanced water
      resistance properties and that the rate of gelation is increased if there
      is added to the reaction mixture an amount of a pH controlling agent such
      that the pH of the composition is in the range from 4 to 8, preferably not
      in excess of 7. From amongst suitable pH controlling agents there may be
      mentioned alkali metal salts such as sodium hydroxide or acids such as
      hydrochloric acid.
PAR  In general, the explosive compositions of this invention may be prepared by
      the conventional formulating techniques used for preparing galactomannan
      or xanthan containing aqueous explosives excepting, or course, that the
      aforementioned arsenious compounds are used as components of the
      crosslinking agents. Thus, for example, in explosive compositions the
      concentration of the aforementioned arsenious compound may be as low as
      0.002 millimole per gram of gum. Preferably the concentration of the
      arsenious compound in such explosives compositions will provide from 0.01
      to 5 millimoles, more particularly from 0.05 to 2.5 millimoles, of
      arsenious compound per gram of gum. The proportion of gum component in the
      explosives composition is conveniently in the range from 0.1 to 5% w/w of
      the composition. Where a galactomannan, for example guar gum, is used
      amounts in the range from 0.2 to 3% w/w of the composition are
      particularly convenient.
PAR  Considered as freshly made products the blasting compositions made by this
      process do not differ appreciably in explosive properties from similar
      compositions of the prior art. However the unique characteristics of the
      compositions so obtained in respect of the reduction in their viscosity
      after ageing make them particularly suitable for use as pumpable or
      pourable explosive slurries. Thus they may be transported from a
      manufacturing site in the form of a packaged explosive slurry having a
      relatively high viscosity and after ageing may be pumped or poured into a
      borehole. Additionally the compositions obtained by the process of this
      invention are markedly superior to prior art compositions in resistance to
      degradation during storage, and in resistance to leaching of the
      components when the compositions are in contact with aqueous media, for
      example when in contact with water in a borehole when used in processes of
      blasting and have thus enabled improvements to be made in blasting
      processes. By means of the use of explosive compositions prepared by the
      process of our invention it is now possible to perform blasting operations
      in areas where hitherto, because of the presence of water in such areas,
      it has been difficult to detonate explosive compositions of a similar
      type.
DETD
PAR  Our invention is now illustrated by, but by no way limited to, the
      following examples wherein all parts and percentages are expressed on a
      weight basis unless otherwise specified. Examples 5 and 7 are included for
      the purposes of comparison and are not within our invention.
PAC  EXAMPLE 1
PAR  To 9440 parts of water at room temperature and maintained in a state of
      vigorous agitation there was added 60 parts of guar gum. The agitation was
      continued until the gum was uniformly dispersed and hydrated and no lumps
      and aggregates were present. To the resulting dispersion there was added
      with stirring 400 parts of a solution which has been prepared by adding
      and admixing 10 parts of arsenious oxide (As.sub.2 O.sub.3) with 100 parts
      of aqueous 0.1 M sodium hydroxide solution neutralizing the mixture with
      nitric acid and adjusting the volume to 400 parts by the addition of
      water. To the mixture there was then added with stirring 100 parts of a 5%
      aqueous solution of sodium dichromate whereupon the mixture was converted
      rapidly to a water bearing gel.
PAC  EXAMPLE 2
PAR  To 100 parts of 0.1 M sodium hydroxide aqueous solution there was added 10
      parts of arsenious oxide. The mixture was then neutralized with a small
      amount of nitric acid and adjusted to a volume of 400 parts by the
      addition of water. There was then added with stirring a further 9380 parts
      of water and to the resultant mixture there was added 120 parts of locust
      bean gum. Stirring was continued until the gum was hydrated and uniformly
      dispersed whereupon there was added with stirring 100 parts of a 5%
      aqueous solution of potassium dichromate. The mixture was converted
      rapidly to a water bearing gel.
PAC  EXAMPLE 3
PAR  The general procedure of Example 2 was repeated but the locust bean gum of
      that Example was replaced by 30 parts of "Biopolymer" XB 23. A water
      bearing gel was thus obtained.
PAC  EXAMPLE 4
PAR  A gelled blasting agent composition was prepared from the following
      components:
     Ammonium nitrate      673 parts                                           
     Sodium nitrate        30 parts                                            
     Aluminium powder      100 parts                                           
     Guar gum              6 parts                                             
     Sugar                 50 parts                                            
     Water                 140 parts                                           
     Arsenious oxide       0.5  part                                           
     Sodium dichromate     0.25 part                                           
PAL  A dry premix of the ammonium nitrate, sodium nitrate, aluminium powder and
      guar gum was prepared. To this premix there was added the sugar dissolved
      in 110 parts of water. The resultant mixture was agitated and admixed to a
      uniform mass during which time the guar gum became hydrated. The arsenious
      oxide was added to 25 parts of warm water and stirred uniformly into the
      mixture. The sodium dichromate was then dissolved in the residual water
      and added to the mixture with stirring to form a gelled slurry explosive
      composition which was stored over a period of 13 weeks. It was observed
      over this time that the composition, which was in the form of a stiff gel
      soon after manufacture had changed to a pumpable or pourable composition.
      Despite this change in apparent viscosity no segregation of the components
      was observed and the resistance to leaching by water of the soluble
      components was considerably better after 13 weeks storage than after 1 day
      of storage. The resistance to leaching by water of the soluble components
      from the composition was tested by the following procedure. An amount of
      the composition which had gelled for 24 hours and containing 10 gram of
      ammonium nitrate, in this instance approximately 14.9 gm, was placed in a
      mesh basket and suspended in 200 ml of water at room temperature. After 75
      minutes the basket and its residual content was removed from the aqueous
      medium. The aqueous medium was then stirred until it was homogeneous and a
      50 ml aliquot taken therefrom was analysed for its ammonium nitrate
      content. The above procedure was repeated with the gel after gelation had
      proceeded for each of 1 week, 2 weeks, 3 weeks and 13 weeks. The
      percentage of the ammonium nitrate retained in the treated composition,
      based on the original ammonium nitrate content, was as follows:
TBL  After 24 hours gelation  27%                                              
     After 1 week gelation    44%                                              
     After 2 weeks gelation   45%                                              
     After 3 weeks gelation   48%                                              
     After 13 weeks gelation  47%                                              
PAC  EXAMPLE 5
PAR  For the purposes of comparison the general procedure of Example 4 was
      repeated but the arsenious oxide of that Example was replaced by 1 part of
      bismuth nitrate [Bi(NO.sub.3).sub.2 5H.sub.2 O]. The explosive composition
      was in the form of a weak gel and segregation of water insoluble material
      in the composition was observed. When tested for resistance to leaching by
      water the percentage of ammonium nitrate retained in this comparative
      composition was 5% after 24 hours gelation, 13% after one week of gelation
      and 11% after 2 weeks of gelation.
PAC  EXAMPLE 6
PAR  This example demonstrates the apparent viscosity characteristics of a water
      bearing gel prepared according to the process of our invention. To a
      mixture of 6000 parts of ammonium nitrate, 4000 parts of water and 5 parts
      of arsenious oxide there was added 100 parts of guar gum and the mixture
      was stirred for 31/2 hours to provide a dispersion of hydrated gum. The
      viscosity of this dispersion was determined by means of a Brookfield
      viscometer at intervals during this period and the results obtained are
      set out in Table I. To this mixture there was then added with stirring 2.5
      parts of sodium dichromate dissolved in 50 ml of water. The mixture was
      converted to a gel and the viscosity of the gel was measured at the time
      intervals set out in Table I.
PAC  EXAMPLE 7
PAR  For the purposes of comparison the general procedure of Example 6 was
      repeated except that the arsenious oxide of that Example was replaced by 5
      parts of potassium antimony tartrate. The results obtained in the
      viscosity determination are set out in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     VISCOSITY EXPRESSED IN POISE                                              
     Elapsed time    Example 6    Example 7                                    
     (hours & minutes)            (comparative)                                
     ______________________________________                                    
     0 hr    3 mins           29         25                                    
     1 hr    30 mins          74         64                                    
     3 hr    30 mins          73         71                                    
     3 hr    31 mins          700        106                                   
     3 hr    32 mins          900        352                                   
     3 hr    33 mins         1200        396                                   
     3 hr    35 mins         1200        640                                   
     16 hr   10 mins          480        800                                   
     72 hr                    85        1000                                   
     96 hr                   --         1300                                   
     144 hr                   78        1600                                   
     192 hr                   78        1600                                   
     216 hr                   75        1500                                   
     336 hr                   77        1500                                   
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  A dispersion was prepared wherein 4 parts of guar gum were hydrated in a
      mixture of ammonium nitrate 600 parts, sodium nitrate 130 parts, water 136
      parts, sugar 50 parts, sulphur 30 parts, aluminium 70 parts, gilsonite 20
      parts and arsenious oxide 0.3 part. A solution was prepared by dissolving
      1 part of sodium dichromate in 9 parts of water. Using the apparatus
      described in Examples 1 and 3 of Belgian Pat. No. 778210 and the method of
      Example 4 of the same patent the dispersion was pumped at the rate of 70
      lb/minute through a loading hose to an attached interfacial surface
      generator mixer. The sodium dichromate solution was pumped at a rate of
      150 ml/minute and injected into the dispersion just before the latter
      passed out of the loading hose and through the interfacial surface
      generator mixer. The explosive composition so formed was thus located in a
      borehole in the form of a stiff cohesive gel which was detonated
      successfully 4 hours later.
PAC  EXAMPLE 9
PAR  The general procedure of Example 8 was repeated except that instead of
      loading the explosive composition to a borehole, the composition was fed
      into polyethylene containers capable of holding about 60 pounds of
      explosive. Afer filling the containers with the gelled explosive they were
      transported in a closed condition to a blasting site and stored for six
      days during which time they were transformed from a stiff gel to a
      composition which flowed from the containers when a slit was made in them.
      The composition was poured in this fluid state into a borehole and
      detonated successfully.
PAC  EXAMPLE 10
PAR  The general procedure of Example 1 was repeated except that the amount of
      arsenious oxide in the present example was increased to 25 parts. The
      water bearing gel so obtained was somewhat softer than the gel obtained in
      Example 1.
PAC  EXAMPLE 11
PAR  200 lb of an explosive composition containing 552 parts of ammonium
      nitrate, 130 parts of sodium nitrate, 140 parts of water, 40 parts of
      sugar, 120 parts of atomized aluminum powder available from Alcoa of
      Australia Ltd. under the designation "Aluminium Powder No. 125,"  10 parts
      of aluminum powder the bulk of which was capable of passing through a 325
      mesh sieve and available from Alcoa of Australia Ltd. under the
      designation "Aluminium Powder No. 408," 6 parts of guar gum, 2 parts of
      arsenious oxide and 1 part of potassium dichromate was prepared by the
      method generally described in Example 4 using a conventional mixing device
      for the preparation of gelled explosives and resembling a concrete mixer.
      The resultant highly viscous gelled mixture which had a pH of 6 was
      transferred to a container fitted with a pumping means and stored therein
      for two weeks. At the end of this period, the viscosity of the explosive
      had become lower and the product was sufficiently mobile to enable it to
      be pumped to a borehole in which it was detonated successfully.
PAC  EXAMPLE 12
PAR  The general procedure of Example 1 was repeated except that the arsenious
      oxide of that example was replaced by 10 parts of arsenious chloride. The
      product so obtained was similar to that obtained in Example 1.
PAC  EXAMPLE 13
PAR  The general procedure of Example 1 was repeated but in the present example
      the amount of arsenious oxide used was 0.5 part and the amount of sodium
      dichromate solution used was 25 parts. There was thus obtained a product
      which was more lightly gelled than was the product of Example 1 but the
      gel was sufficiently firm to prevent segregation of the guar gum.
PAC  EXAMPLE 14
PAR  The general procedure of Example 1 was repeated but in the present example
      the amount of arsenious oxide used was 55 parts and the amount of sodium
      dichromate solution used was 400 parts. There was thus obtained a water
      bearing gel which was pourable after being stored for one week.
PAC  EXAMPLE 15
PAR  The general procedure of Example 1 was repeated but the sodium dichromate
      solution of that Example was replaced by a 5% aqueous solution of sodium
      chromate. A water bearing gel was thus obtained.
PAC  EXAMPLE 16
PAR  Using the general procedure of Example 4 a gelled blasting agent
      composition was prepared from the following components:
TBL  Ammonium nitrate prills 300 parts                                         
     Ammonium nitrate powder 292 parts                                         
     Sodium nitrate          120 parts                                         
     Sugar                   40 parts                                          
     Water                   125 parts                                         
     Ethylene glycol         9 parts                                           
     Gilsonite               8 parts                                           
     Aluminium powder *      90 parts                                          
     Aluminium powder No. 408                                                  
                             10 parts                                          
     Guar gum                4.5 parts                                         
     Arsenious oxide         0.5 part                                          
     Sodium dichromate       0.2 part                                          
      * The bulk of this powder was capable of passing through a 200 mesh sieve
                                                                               
PAR  The resultant product was stored for one week at ambient temperature and a
      portion thereof was then pumped from the storage container by means of a
      pneumatic pump operating at a pressure of 51 pounds per square inch gauge
      through a hose having an internal diameter of 1 inch and a length of 21
      feet. The composition was pumped through the hose at a rate of 78 pounds
      per minute. This composition, in the form of a paper wrapped cartridge
      having a diameter of 1 inch was exploded successfully using a No. 6 copper
      detonator. The remainder of the composition was stored for a further 3
      weeks and after this time its resistance to leaching by water was
      determined by the method set out in Example 4. The percentage of the
      ammonium nitrate retained in the treated composition after 4 weeks of
      storage was 40%. The composition which had been stored for 4 weeks was
      pumped through a hose in a manner similar to that described above and the
      resistance to leaching by water of this pumped composition was determined.
      The percentage of the ammonium nitrate retained in this treated pumped
      composition was 50%. For the purposes of comparison an uncrosslinked
      composition similar to that described above but wherein the arsenious
      oxide and sodium dichromate were omitted was stored for one week and was
      capable of being pumped under the same conditions at a rate of 85 pounds
      per minute. In a further comparison a composition similar to that
      described above but wherein the arsenious oxide had been replaced by 0.5
      part of potassium antimony tartrate could not be pumped through the hose
      under the conditions described above after this comparative composition
      had been stored for one week.
PAC  EXAMPLE 17
PAR  The general procedure of Example 2 was repeated but the locust bean gum of
      that example was replaced by a mixture of gums consisting of 95 parts of
      guar gum and 25 parts of locust bean gum. A water bearing gel was thus
      obtained.
PAC  EXAMPLE 18
PAR  The general procedure of Example 1 was repeated but the amount of guar gum
      used was reduced to 20 parts. A water bearing gel was thus obtained.
PAC  EXAMPLE 19
PAR  To 8000 parts of water at room temperature and maintained in a state of
      vigorous agitation there was added 300 parts of guar gum. The agitation
      was continued until there was obtained a mixture wherein the gum was
      uniformly dispersed and hydrated. 50 parts of arsenious oxide was added to
      1000 parts of hot water and stirred uniformly into the mixture. 15 parts
      of sodium dichromate dissolved in 100 parts of water was then added with
      stirring and there was thus obtained a water bearing gel.
PAC  EXAMPLE 20
PAR  The general procedure of Example 3 was repeated but after hydration of the
      gum and prior to the addition of the sodium dichromate the pH of the
      mixture was adjusted to a value of 3.2 by addition thereto of an aqueous
      solution of hydrochloric acid. The water bearing gel so obtained was
      similar to that obtained in Example 3. Satisfactory gels were also
      obtained when the pH was adjusted to a value of 4.3 by addition of
      hydrochloric acid, and at pH values of 7.9 and 9.3 made by the similar
      addition of an aqueous solution of sodium hydroxide to the mixture.
PAC  EXAMPLE 21
PAR  The general procedure of Example 4 was repeated, but in the present example
      the amounts of arsenious oxide and sodium dichromate were varied as set
      out in Table 2. The resistance to leaching by water after periods of
      storage of the compositions so obtained is also set out in Table 2.
TBL                TABLE 2                                                     
     ______________________________________                                    
                         % Ammonium nitrate retained                           
     Arsenious                                                                 
              Sodium     after storage for                                     
     Oxide    Dichromate                                                       
     parts    parts      24 hours   1 week 2 weeks                             
     ______________________________________                                    
     0.1      0.5        20         28     27                                  
     0.2      0.5        20         30     22                                  
     0.3      0.5        19         28     31                                  
     0.8      0.25       28         43     44                                  
     1.2      0.25       26         40     41                                  
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. In the process for gelling water-bearing explosive compositions
      containing gum selected from the group consisting of galactomannans and
      xanthans with crosslinking agents in situ, the improvement which comprises
      incorporating in the reaction mixture a crosslinking agent comprising a
      redox system which system comprises at least one arsenious compound
      present in an amount from 0.01 to 5 millimoles per gram of said gum said
      gelation being conducted at a pH of from 4 to 8.
NUM  2.
PAR  2. A process according to claim 1 wherein said arsenious compound is
      present in an amount from 0.05 to 2.5 millimoles per gram of said gum.
NUM  3.
PAR  3. A process according to claim 1 wherein said arsenious compound is
      arsenious oxide.
NUM  4.
PAR  4. A process according to claim 1 wherein said crosslinking agent is
      characterized further in that the weight ratio of the said arsenious
      compound to the oxidizer component of the said redox system is in the
      range from 5 : 1 to 1 : 5.
NUM  5.
PAR  5. A process according to claim 4 wherein said ratio is in the range from 2
      : 1 to 4 : 1.
NUM  6.
PAR  6. A process according to claim 1 wherein said gum is selected from the
      group consisting of guar gum, locust bean gum and a biopolymeric material
      which has been derived from a polymer which has been reacted with
      Xanthomonas campestris.
NUM  7.
PAR  7. A stable, gelled, water-bearing explosive composition comprising at
      least one water-soluble inorganic oxygen releasing salt; at least one
      fuel; from 5 to 35% by weight of water; and from 0.1 to 5% by weight of at
      least one gum selected from the group consisting of galactomannans and
      xanthans crosslinked in situ at a pH from 4 to 8 with a crosslinking agent
      comprising a redox system which system comprises at least one arsenious
      compound present in an amount from 0.01 to 5 millimoles per gram of said
      gum.
NUM  8.
PAR  8. A stable, gelled, water bearing explosive composition comprising firstly
      at least one oxygen releasing salt selected from the group consisting of
      ammonium nitrate, chlorate and perchlorate, alkali metal nitrates,
      chlorates and perchlorates, and alkaline earth metal nitrates, chlorates
      and perchlorates present in an amount from 50 to 90 parts; secondly water
      present in an amount from 5 to 25 parts; thirdly at least one fuel
      material selected from the group consisting of water soluble fuel present
      in an amount from 0.8 to 8 parts, non-metallic sparingly water soluble
      fuel and non-metallic water insoluble fuel present in an amount from 1 to
      10 parts and metallic water insoluble fuel present in an amount from 0.5
      to 20 parts; fourthly from 0.1 to 5 parts of at least one gum selected
      from the group consisting of galactomannans and xanthans crosslinked in
      situ at a pH from 4 to 8 with a crosslinking agent comprising a redox
      system which system comprises at least one arsenious compound present in
      an amount from 0.01 to 5 millimoles per gram of said gum, all parts being
      in parts by weight per 100 parts by weight of the composition.
NUM  9.
PAR  9. A composition according to claim 8 wherein the oxygen releasing salt is
      selected from the group consisting of ammonium nitrate and sodium nitrate.
NUM  10.
PAR  10. A composition according to claim 8 wherein the oxygen releasing salt
      constitutes from 65% to 85% by weight of the composition.
NUM  11.
PAR  11. A composition according to claim 8 wherein water constitutes from 12 to
      17% by weight of the composition.
NUM  12.
PAR  12. A composition according to claim 8 wherein said gum is guar gum present
      in an amount from 0.2% to 3% w/w of the composition and wherein said
      arsenious compound is arsenious oxide present in an amount from 0.05 to
      2.5 millimoles per gram of said gum.
NUM  13.
PAR  13. A process as in claim 1 wherein said arsenious compound is selected
      from the group consisting of arsenious chloride, arsenious bromide,
      arsenious iodide, arsenious sulphide, and arsenious oxide.
NUM  14.
PAR  14. A process as in claim 7 wherein said arsenious compound is selected
      from the group consisting of arsenious chloride, arsenious bromide,
      arsenious iodide, arsenious sulphide, and arsenious oxide.
NUM  15.
PAR  15. A process as in claim 8 wherein said arsenious compound is selected
      from the group consisting of arsenious chloride, arsenious bromide,
      arsenious iodide, arsenious sulphide, and arsenious oxide.
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BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to lasers and more specifically to thermal lasers
      (gasdynamic lasers).
PAR  Laser is an acronym for light amplification by stimulated emission of
      radiation. A laser produces a beam in the spectral region broadly defined
      as optical. The laser beam is coherent electromagnetic radiation having a
      particular well defined frequency. Ordinary light is incoherent while
      lasers are coherent. Because of coherence, lasers have extremely small
      divergence and are highly directional. Also enormous power is generated in
      a very small wavelength range. This power is focusable on a spot having a
      diameter of the wavelength itself, and is capable of producing from a 50
      kilowatt outburst a radiant power density of 10.sup.12 watts per square
      centimeter which is about 10.sup.8 times the power density at the surface
      of the sun. Such power has many uses, such as testing materials, welding,
      drilling or military applications. Because of the power produced, much
      research has been directed to the laser field.
PAR  Electric discharge, gas dynamic, and chemical lasers are known types of gas
      lasers. The basic physical process common to them is the competition
      between stimulated emission and absorption of monochromatic radiation,
      where the radiation energy corresponds to the difference between two
      distinct energy levels of an atomic or molecular system. In chemical
      lasers, the products of highly energetic chemical reactions are formed
      directly in vibrationally excited states with the upper levels
      preferentially populated. In gas dynamic lasers, an initially hot gas in
      thermodynamic equilibrium is rapidly expanded through a supersonic nozzle,
      and an inversion is formed by differential relaxation processes in the
      nonequilibrium nozzle flow. In electric discharge lasers, the upper energy
      level is preferentially populated by collisions with electrons within a
      gas mixture energized by an electric field.
PAR  The laser effect in electric discharge lasers is produced by funneling the
      gas through an electric field to achieve the desired excited level and
      produce a laser beam. High energy levels are required to excite the gas to
      laser producing levels.
PAR  Chemical lasers depend on a carefully monitored flow of gases which
      intersect at precisely the right point at the precise angle with the
      desired velocity at the right temperature to react to produce the desired
      laser characteristics. These parameters are only a few of the parameters
      which must be controlled in order for a chemical laser to function.
      Controls on each of the parameters are highly complicated in themselves
      and must be integrated with other complicated controls to produce the
      laser beam.
PAR  Simplest of the three types of lasers to use is the gas dynamic laser. This
      laser produces the laser beam by means of a rapid gas expansion. This type
      of laser is simplest because the reactants are generally solid or liquid,
      and easier to handle and store. However, finding reactants to produce
      laser action is difficult.
PAR  Laser action occurs when two conditions are met: (1) population inversion
      is achieved and (2) avalanche process of photon amplification is
      established in a suitable cavity. Population inversion is established in
      an atomic or molecular system having at least one ground level, and at
      least two excited levels wherein one of the excited levels has a longer
      spontaneous emission lifetime than the other excited level. Inversion
      permits stimulated emission to exceed absorption which results in photon
      amplification. A more thorough discussion of laser action is found in U.S.
      Pat. No. 3,543,179 to Wilson incorporated herein by reference.
PAR  In spite of the difficulties involved in achieving a laser beam, the power
      of the laser beam renders the field highly fertile for research. Some of
      the areas most fertile are those which simplify the generation of a laser
      beam. The above mentioned electrical discharge lasers, chemical lasers,
      and gas dynamic lasers are highly complex means of generating the desired
      laser beam. Efforts in the gas dynamic laser field are made because of the
      simple operation. Chemical gas generation is a well-known method of
      simplifying a gas process. The problem now becomes selecting an
      appropriate fuel or chemical which produces the proper gas for rapid
      thermal expansion when reacted or burned.
PAR  It is possible to pump gas dynamic lasers by use of hydrocarbon/air
      mixtures. These mixtures are ignited in a combustion chamber and then
      allowed to expand through a supersonic nozzle so that population inversion
      occurs. Theoretically, the efficiency of the laser increases with
      increasing combustion pressure and temperature, and with increasing
      expansion ratio. The combustion products must contain a high percentage of
      nitrogen, a minimum percentage of carbon dioxide, and some percentage of
      water vapor. In addition, the combustion products should not contain any
      solid particles or highly corrosive gases; however, gases such as carbon
      monoxide, oxygen and small amounts of hydrogen chloride do not seem to be
      detrimental to the optical gain. These requirements rule out the use of
      conventional explosives such as trinitrotoluene, nitrocellulose, and the
      like, as well as double-base and composite propellants. For military
      applications, lasers must meet rigid requirements of safety, storage,
      handling, non-toxicity, etc.
PAR  Additionally, for military applications, solid propellants are considered
      to generate the laser gases mentioned above. The propellant would consist
      of only the elements carbon, hydrogen, oxygen and nitrogen. However,
      compounds that can produce high nitrogen, low carbon dioxide and water
      upon burning are usually unstable, toxic, and hard to store, especially in
      large quantities. They also have high combustion temperatures that are
      difficult to use with laser equipment.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of this invention to provide a composition to
      assist in generating a laser beam.
PAR  Also it is an object of this invention to provide a composition suitable
      for use in a thermally pumped laser.
PAR  It is a further object of this invention to provide a composition suitable
      for use in pumping lasers.
PAR  It is a still further object of this invention to provide a simplified
      method for generating a laser beam.
PAR  Another object of this invention is to provide a fuel composition suitable
      for generating a laser beam.
PAR  These and other objects of the invention are met by providing tetrazoles,
      tetrazines, triazines, guanidines or mixtures thereof in combination with
      an oxidizer for use in a gas dynamic chemical laser.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Fuels suitable for pumping a thermal laser are tetrazoles, ditetrazolyls,
      tetrazines, triazines, guanidines or mixtures thereof. Oxidizers suitable
      for use with the desired fuels must have a minimum carbon and hydrogen
      content and a maximum nitrogen and oxygen content. This combination of
      fuels and oxidizers provides the desired combustion gases rich in
      nitrogen, and moderate in both carbon dioxide and water vapor. Nitrogen is
      preferably present in the combustion products on a mole percent basis at
      44  to 70 percent. Carbon dioxide is preferably present in the combustion
      products on a mole percent basis at 17  to 30 percent. Water vapor is
      preferably present in the combustion products on a mole percent basis at 0
       to 30 percent.
PAR  Suitable percentages within the ranges set forth vary according to the
      composition used. The combustion products of the fuel and oxidizer
      combinations have the desired gas ratios.
PAR  Suitable tetrazoles for the purpose of providing fuels in this invention
      have the general formula:
      ##EQU1##
PAR  The substituents R and R' are selected from the group consisting of
      --H,--N.sub.3,--CH(NO.sub.2).sub.2, --CN,--NH.sub.2, and --NHNO.sub.2.
      Other substituents are also feasible. Table I lists the name and formula
      of especially suitable compounds together with their elemental weight
      ratios. However, disubstituted tetrazoles are also feasible. These fuels
      and other fuels contain nitrogen in the 45 to 90 percent range; carbon in
      the 5 to 25 percent range; hydrogen in the 0.5 to 5 percent range; and
      oxygen in the 0 to 40 percent range to produce the desired laser gas
      mixture. Tetrazoles and all other fuels listed herein are manufactured in
      any suitable fashion exemplified by U.S. Pat. No. 3,716,550 to Gilligan et
      al. incorporated herein by reference.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Compound name                                                             
                 N:C:H:O (Weight ratios)                                       
                             Structural formula                                
     __________________________________________________________________________
     tetrazole   80:17.1:2.9:0                                                 
                             H--N----C--H                                      
                             .vertline..parallel.                              
                             NN                                                
                             .angle.                                           
                             N                                                 
     5-azidotetrazole                                                          
                 88.3:10.8:0.9:0                                               
                             H--N----C--N.sub.3                                
                             .vertline..parallel.                              
                             NN                                                
                             .angle.                                           
                             N                                                 
     5-dinitromethyl tetrazole                                                 
                 48.3:13.8:1.1:36.8                                            
                             H--N----C--CH.sub.1 (NO.sub.2).sub.2              
                             .vertline..parallel.                              
                             NN                                                
                             .angle.                                           
                             N                                                 
     5-cyanotetrazole                                                          
                 73.7:25.3:1.0:0                                               
                             H--N----C--CN                                     
                             .vertline..parallel.                              
                             NN                                                
                             .angle.                                           
                             N                                                 
     5-amino tetrazole                                                         
                 82.4:14.1:3.5:0                                               
                             H--N----C--NH.sub.2                               
                             .vertline..parallel.                              
                             NN                                                
                             .angle.                                           
                             N                                                 
     5-nitroamino tetrazole                                                    
                 64.6:9.2:1.5:24.6                                             
                             H--N----C--NHNO.sub.2                             
                             .vertline..parallel.                              
                             NN                                                
                             .angle.                                           
                              N                                                
     __________________________________________________________________________
PAR  Suitable ditetrazolyl derivatives for use as fuels in this invention have
      the general structural formula:
      ##EQU2##
      Many substituents are feasible for R, R', and R". The substituent R can be
      exemplified by --N=N--NH--NH--N=N--, --NH--, --N=N--NH--, or --NH--NH--.
      The substituents R' and R" are exemplified by --H. Table II lists names
      and structural formulas for ditetrazolyl derivatives.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Compound names  N:C:H (weight ratios)                                     
                                Compound structural formula                    
     __________________________________________________________________________
     ditetrazolylamine                                                         
                     82.3:15.7:2.0                                             
                                H--N----C--NH--C----N--H                       
                                .vertline..parallel..parallel..vertline.       
                                NNNN                                           
                                .angle..angle.                                 
                                NN                                             
     1,3 ditetrazolyltriazene                                                  
                     85.1:13.3:1.6                                             
                                H--N----C--N=N--NH--C----N--H                  
                                .vertline..parallel..parallel..vertline.       
                                NNNN                                           
                                .angle..angle.                                 
                                NN                                             
     5,5'-hydrazotetrazole                                                     
                     83.3:14.3:2.4                                             
                                H--N----C--NH--NH--C----N--H                   
                                .vertline..parallel..vertline..vertline.       
                                NNNN                                           
                                .angle..angle.                                 
                                NN                                             
     1,6-ditetrazolylhexazadiene (1,5)                                         
                     87.5:10.7:1.7                                             
                                H--N----C--N=N--NH--NH--N=N--C----N--H         
                                .vertline..parallel..parallel..vertline.       
                                NNNN                                           
                                .angle..angle.                                 
                                NN                                             
     __________________________________________________________________________
PAR  Suitable tetrazine fuels for use in this invention have the general
      structural formula:
      ##EQU3##
      R and R' may be the same or different and be any suitable substituent. It
      is suitable for both R and R' to be NH.sub.2 and form diaminotetrazine
      (N:C:H = 75.0:21.4:3.6) or for both R and R' to be --NHNH.sub.2 and form
      dihydrazinotetrazine (N:C:H = 78.9:16.9:4.2).
PAR  Suitable triazine fuels for use in this invention have the general
      structural formula:
      ##EQU4##
      R, R', and R" may be the same or different, and be any suitable
      substituent. For example R, R', and R" as --N.sub.3 form cyanuric acid
      triazide (N:C = 82.4:17.6).
PAR  Suitable guanidine fuels for use in this invention have the general
      structural formula:
      ##EQU5##
      R, R', and R" may be any suitable substituent and may be the same or
      different. For example when R is --NHNO.sub.2, and R' and R" are --H, the
      compound is nitroaminoguanidine (N:C:H:O = 58.8:10.1:4.2:26.9).
PAR  To achieve the desired ratio of nitrogen, carbon dioxide, and water vapor
      in the combustion products of the fuels described above, an oxidizer
      having a minimum of carbon and hydrogen, and a maximum of oxygen and
      nitrogen is required. Suitable oxidizers include high-energy aliphatic
      polynitro compounds including by way of example only tetranitromethane
      having an atomic formula of CN.sub.4 O.sub.8, trinitromethane having an
      atomic formula of CHN.sub.3 O.sub.6, and hexanitroethane having an atomic
      formula of C.sub.2 N.sub.6 O.sub.12. Polynitroamines are also suitable
      oxidizers. An example is tetranitroethylenediamine having an atomic
      formula of C.sub.2 H.sub.4 O.sub.8 N.sub.6. The weight ratios of N:C:H:O
      are shown in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Oxidizer          N:C:H:O (weight ratios)                                 
     ______________________________________                                    
     tetranitromethane 28.6:6.1:0:65.3                                         
     trinitromethane   27.8:7.9:0.7:63.6                                       
     hexanitroethane   28:8:0:64                                               
     tetranitroethylenediamine                                                 
                       35:10:1.7:53.3                                          
     ______________________________________                                    
PAR  Thus it is seen that a suitable oxidizer has 25 to 40 mole percent
      nitrogen, 5 to 15 mole percent carbon, 0 to 2 mole percent hydrogen; and
      50 to 70 mole percent oxygen.
PAR  Relative amounts of fuel to oxidizer ratios used to achieve the desired
      combustion products and pump a thermal laser are stoichiometric. Gas
      ratios vary with the temperature of the reaction. At high temperatures
      above about 1000.degree.C, carbon dioxide is in equilibrium with carbon
      monoxide and oxygen.
PAR  The combination of oxidizers and fuels herein set forth permits formulation
      of a charge which, after combustion, can be used to pump a thermal laser
      via expansion of the combustion gases. No air and, therefore, no
      pressurizing equipment are necessary; the system is ready to fire
      immediately on demand. Charges can be fired in rapid succession when a
      revolver or machine gun type arrangement is used. Firing of the charges is
      initiated by any standard means, e.g., blasting cap. The charge is formed
      either with or without a binder. Mechanical stability may be inherent from
      the fuel and oxidizer, or a binder may provide the stability. Suitable
      binders are listed in U.S. Pat. No. 3,375,230 to Oja et al. incorporated
      herein by reference. Depending on compatibility and physical condition of
      the ingredients, the charge can be premixed or mixed (injected) inside the
      combustion chamber.
PAR  The combustion products are then expanded through a supersonic nozzle, such
      as that described in U.S. Pat. No. 3,560,876 to Airey incorporated herein
      by reference, in order to produce the laser beam. Use of a nozzle usually
      requires that the combustion products be substantially gaseous.
      Modification of the laser producing system is required if solid products
      are part of the combustion gases.
PAR  Compatibility tests between the fuels and oxidizers are standardly run.
      These tests are required because of the explosive nature and sensitivity
      of some compounds and mixtures thereof. In this manner, the safety of fuel
      and oxidizer combinations is determined.
PAR  Solid products could be removed from combustion gases by expanding the
      gases through a combination of structurally reinforced filters instead of
      a nozzle. This allows the use of other kinds and combinations of fuels and
      oxidizers. Examples are standard gas-generating pyrotechnic compositions
      containing alkali metal azides and/or high-nitrogen organic compounds,
      such as cyano- or aminotetrazoles, as additional nitrogen sources.
DETD
PAR  The following example is intended to illustrate the invention without
      unduly limiting the invention. All percentages are by mole percent unless
      otherwise specified.
PAC  EXAMPLE
PAR  1.7 grams of 5-azidotetrazole fuel are suspended in heptane and the
      resulting suspension is stirred. While stirring occurs, 1.5 grams of
      hexanitroethane oxidizer are added to the suspension. The suspension is
      allowed to settle. The excess heptane is decanted. The wet settled
      suspension is transferred to a polytetrafluoroethylene lined metal
      container. The remaining heptane is evaporated from the suspension under
      vacuum, thereby permitting recovery of the intimate mixture of the fuel
      and oxidizer. The mixture is placed in the combustion chamber of a laser.
      Reaction is initiated with an electric match. The mixture, on burning,
      forms combustion gases consisting of about 67 mole percent N.sub.2, 25
      mole percent CO.sub.2, and 8 mole percent H.sub.2 O. These gases are
      expanded through a standard nozzle. Stored energy is extracted as a laser
      pulse by excitation with a small laser beam.
PAR  Obviously numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that, within the scope of the appended claims, the invention
      may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In a method of pumping thermal lasers comprising:
PA1  a. combusting a fuel and an oxidizer and (b) expanding the combustion
      products through a supersonic nozzle to produce a laser effect, the
      improvement wherein (1) said fuel comprises at least one selected from the
      group consisting of a tetrazole derivative, a ditetrazolyl derivative, a
      tetrazine derivative, a triazine derivative and a guanidine derivative,
      (2) said oxidizer comprises at least one selected from the group
      consisting of a high-energy aliphatic polynitro compound and a
      polynitroamine compound.
NUM  2.
PAR  2. The method of claim 1 wherein the polynitroamine compound is
      tetranitroethylene diamine.
NUM  3.
PAR  3. The method of claim 1 wherein the aliphatic polynitro compound is
      selected from the group consisting of tetranitromethane, trinitromethane,
      and hexanitroethane.
NUM  4.
PAR  4. The method of claim 1 wherein the tetrazole derivative is selected from
      the group consisting of tetrazole, 5-azidotetrazole, 5-dinitromethyl
      tetrazole, 5-cyanotetrazole, 5-aminotetrazole, and 5-nitraminotetrazole.
NUM  5.
PAR  5. The method of claim 1 wherein the ditetrazolyl derivative has the
      following structural formula
      ##EQU6##
NUM  6.
PAR  6. The method of claim 1 wherein the ditetrazolyl derivative is selected
      from the group consisting of ditetrazolylamine, 5,5'-hydrazotetrazolyl,
      and 1,3-ditetrazolyltriazene.
NUM  7.
PAR  7. The method of claim 1 wherein the tetrazine derivative is selected from
      the group consisting of diaminotetrazine and dihydrazinotetrazine.
NUM  8.
PAR  8. The method of claim 1 wherein the guandine derivative is
      nitroaminoguanidine.
NUM  9.
PAR  9. A composition comprising a fuel and an oxidizer suitable for use in a
      thermal laser:
PA1  a. said fuel being at least one selected from the group consisting of a
      guanidine derivative, a triazine derivative, a tetrazine derivative, a
      ditetrazolyl derivative, and a tetrazole derivative; and
PA1  b. said oxidizer being at least one selected from the group consisting of a
      high energy aliphatic polynitro compound and a polynitroamine.
NUM  10.
PAR  10. The composition of claim 9 wherein the polynitroamine is
      tetranitroethylenediamine.
NUM  11.
PAR  11. The composition of claim 9 wherein the aliphatic polynitro compound is
      selected from the group consisting of tetranitromethane, trinitromethane,
      and hexanitroethane.
NUM  12.
PAR  12. The composition of claim 9 wherein the guanidine derivative is
      nitroaminoguanidine.
NUM  13.
PAR  13. The composition of claim 9 wherein the triazine derivative is cyanuric
      acid triazide.
NUM  14.
PAR  14. The composition of claim 9 wherein the tetrazine derivative is selected
      from the group consisting of diaminotetrazine and dihydrazinotetrazine.
NUM  15.
PAR  15. The composition of claim 9 wherein the ditetrazolyl derivative is
      selected from the group consisting of ditetrazolylamine;
      1,3-ditetrazolyltriazene; and 5,5'-hydrazotetrazolyl.
NUM  16.
PAR  16. The composition of claim 9 wherein the ditetrazolyl derivative has the
      following structural formula:
      ##EQU7##
NUM  17.
PAR  17. The composition of claim 9 additionally including a binder.
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ABST
PAL  Single-oriented electrical steel sheets having a high magnetic induction
      are produced by combining specifically limited conditions in the
      composition of raw material, the final cold rolling reduction rate and in
      the secondary recrystallizing annealing.
BSUM
PAR  The present invention relates to a method of producing the so-called
      single-oriented electrical steel sheets of strip having a high magnetic
      induction and an easily magnetization axis &lt;100&gt; in the rolling direction
      of the steel sheets or strips in metallurgy.
PAR  The single-oriented electrical steel sheets are mainly used as the iron
      core of a transformer and other electrical devices. As to the magnetic
      characteristics, the supply of the electrical steel sheet having a high
      magnetic induction and a low iron loss as well as a low magnetic striction
      is earnestly required by manufactured of electrical devices.
PAR  The magnetic characteristics are generally represented by B.sub.8 value,
      that is, the magnetic induction at 800 A/m of magnetic field, and recently
      B.sub.8 value of more than 1.85 Wb/m.sup.2 is required.
PAR  An object of the present invention is to provide a method for producing
      electrical steel sheets or strips of B.sub.8 value of more than 1.85
      Wb/m.sup.2.
PAR  In order to obtain the oriented silicon steel sheets having excellent
      magnetic properties, it is necessary that the secondary recrystallization
      is completely carried out in the final annealing step to fully develop
      (100) [001] aggregation structure. For the purpose, the growth of the
      primary recrystallized grains should be suppressed until a high
      temperature at which the secondary recrystallization occurs.
PAR  The suppress of the normal grain growth of the primary recrystallized
      grains has been generally effected by utilizing MnS, MnSe and the like.
      However, in such a conventional process wherein said dispersed
      precipitates are utilized, the aggregation of the secondary recrystallized
      grains of (110) [001] orientation is not sufficient and B.sub.8 value of
      only about 1.85 Wb/m.sup.2 is obtained.
PAR  Recently AlN has been proposed as the precipitate capable of very highly
      aggregating the secondary recrystallized grains of (110) [001]
      orientation, for example, as proposed in U.S. Pat. No. 3,287,183, that is,
      the complementary addition of AlN combined with the usual normal grain
      growth inhibitor, such as S, Se or Te, has made a remarkable improvement
      of B.sub.8 value to more than 1.85 Wb/m.sup.2, wherein such processes are
      characterized in that firstly a limited high temperature annealing prior
      to the final cold rolling is effected in order to disperse Aln finely and
      secondly a final cold rolling is effected with a narrow range of high
      reduction. However, such means is deficient in the stability in the
      commercial production.
PAR  Another object of the present invention is to provide a method for
      producing electrical steel sheets having a magnetic induction of more than
      1.85 Wb/m.sup.2 in a commerically stable step.
PAR  The first aspect of the present invention consists in a method for
      producing single-oriented electrical steel sheets having a very high
      magnetic induction of more than 1.85 Wb/m.sup.2 in which a silicon steel
      raw material containing less than 4% of Si and less than 0.06% of C is hot
      rolled and repeatedly subjected to annealing steps and cold rolling steps
      to prepare a cold rolled steel sheet having a final gauge and the cold
      rolled steel sheet is subjected to a decarburization and a final annealing
      to develop secondary recrystallized grains of (110) [001] orientation,
      characterized in that:
PA1  1. at least one of S and Se in a total amount of 0.005-0.1%, and one or
      both of at least one element selected from the group consisting of As, Bi,
      Pb, P and Sn (hereinafter referred to as Xi) in a total amount of
      0.015-0.4% and at least one element selected from the group consisting of
      Ni and Cu (hereinafter referred to as Xj) in a total amount of 0.2-1.0%
      are contained in the silicon steel raw material prior to the hot rolling,
PA1  2. the final cold rolling is carried out at a reduction rate of 40-80%, and
PA1  3. the secondary recrystallized grains are fully developed at a temperature
      of 800-920.degree.C in the final annealing step.
PAR  The second aspect of the present invention lies in that:
PA1  4. 0.005-0.1% of Sb is additionally contained in the silicon steel raw
      material prior to the hot rolling.
PAR  The present invention will be explained in detail hereinafter.
PAR  In the present invention, the above described elements are contained in the
      silicon steel raw material in the above described amounts. The reason why
      the amounts of the elements are limited to the above described ranges will
      be explained by the following experimental data.
DRWD
PAR  For a better understanding of the invention, reference is taken to the
      accompanying drawings, wherein:
PAR  FIGS. 1A and 1B are diagrams showing the influence of the amounts of Se+S
      and Xi or the amounts of Se+S and Xj contained in a silicon steel raw
      material upon the magnetic induction B.sub.8 of an electrical steel sheet
      prepared from the raw material, respectively;
PAR  FIG. 2 is a diagram showing the influence of the Sb content upon the
      magnetic induction B.sub.8 in a steel containing Sb;
PAR  FIG. 3 is a diagram showing the influence of the final cold rolling
      reduction rate upon the magnetic induction B.sub.8 ;
PAR  FIG. 4 is a diagram showing the influence of the second recrystallizing
      annealing temperature upon the magnetic induction B.sub.8 in steels
      containing different elements;
PAR  FIGS. 5A and 5B are diagrams showing the influence of the combination of
      reduction rates at the first and second cold rollings and the second
      recrystallizing annealing temperature upon the magnetic induction B.sub.8
      in two kinds of steels, respectively.
DETD
PAR  FIGS. 1A and 1B show the influence of the amounts of Se+S and Xi (As, Bi,
      Pb, P and Sn) and those of Se+S and Xj (Cu and Ni) contained in a silicon
      steel raw material upon the magnetic induction B.sub.8 of an electrical
      steel sheet prepared in the following manner, respectively. A steel ingot
      containing about 3% of Si was hot rolled to prepare a hot rolled sheet
      having a thickness of about 3 mm, and the hot rolled sheet was annealed at
      900.degree.C for 5 minutes, cold rolled at a reduction rate of 50-83%,
      again annealed at 920.degree.C for 5 minutes and finally cold rolled at a
      reduction rate of 40-80% to prepare a cold rolled steel sheet having a
      final gauge of 0.30-0.35 mm, and then the cold rolled steel sheet was
      subjected to a decarburizing annealing at 820.degree.C in a wet hydrogen,
      a secondary recrystallizing annealing at 860.degree.C for 50 hours and a
      purifying annealing at 1,200.degree.C for 5 hours in a dry hydrogen to
      obtain the electrical steel sheet. It can be seen from FIGS. 1A and 1B
      that when a steel raw material contains 0.005-0.1% os Se+S and further
      0.015-0.4% of Xi or 0.2-1.0% of Xj, an electrical steel sheet having an
      excellent B.sub.8 value can be obtained. However, when the amount of Xi is
      too large, breaks are apt to occur in the cold rolling, and therefore the
      amount of Xi is preferred to be less than 0.2% in the commercial
      production of the electrical steel sheet. It has been commonly known that
      the influence of alloy elements upon the B.sub.8 value appears even when
      the Si % in the steel raw material, the annealing condition of the hot
      rolled steel sheet, the cold rolling reduction rate, the temperature and
      time in the intermediate annealing the decarburizing annealing condition,
      the temperature and time in the secondary recrystallizing annealing, and
      the final purifying annealing condition are widely varied from the
      conditions in the above described embodiment. The range of preferable
      range of these conditions will be explained later. However, in the present
      invention, the steel raw material must contain Se and/or S and further Xi
      or Xj in the above described ranges, and when the steel raw material
      contains these elements in the above described ranges, the object of the
      present invention can be attained. Furthermore, Xi and Xj may be contained
      simultaneously in the steel raw material within the above described ranges
      in order to attain the object of the present invention. In the present
      invention, the amount of Si is limited to less than 4% and the amount of C
      is limited to less than 0.06%. The reason is that when the amounts of Si
      and C are outside of the above described ranges, respectively, breaks are
      apt to occur in the cold rolling and further the operation efficiency in
      the succeeding decarburizing annealing step lowers.
PAR  The steel raw material of the present invention may contain well known
      elements, which are generally added to silicon steel, in addition to the
      above described Si, C, Se and/or S and Xi and/or Xj. For example, it is
      preferable to add about 0.02-0.2% of Mn to the raw material in order to
      prevent breaks in the hot working or to suppress the growth of primary
      grains due to the formation of MnS (or Se). Further, it is preferable that
      Te which is well known as an inhibitor for the growth of primary grains,
      may be replaced with the same amount of Se or S, or may be added to the
      raw material in addition to Se or S. A very small amount of Al, which
      remains in the raw material after the Al was used as a deoxidizer, does
      not at all adversely affect in the present invention.
PAR  Then, the second aspect of the present invention will be explained. The
      second aspect of the present invention lies in that Sb is further added to
      the raw material in addition to the elements used in the first aspect of
      the present invention. It is necessary that the addition amount of Sb
      should be within the range of 0.005-0.2%. The reason of this limitation
      will be explained referring to FIG. 2.
PAR  FIG. 2 shows the influence of Sb upon the B.sub.8 value of an electrical
      steel sheet in the case when a hot rolled raw material containing 3% of
      Si, 0.03% of C, 0.06% of Mn, 0.003% of S, 0.020% of Se, 0.012% of P and
      0.020% of As (i.e., 0.032% of Xi) is treated under the same condition as
      described in the embodiment shown in FIG. 1. It can be seen from FIG. 2
      that when the Sb content is within the range of 0.005-0.20%, a high
      B.sub.8 value of 1.85-1.95 Wb/m.sup.2 is obtained, and when the Sb content
      is less than 0.005% or exceeds 0.20%, B.sub.8 value lowers.
PAR  The raw material of the present invention contains the above described
      elements in the above described amounts. According to the present
      invention, such raw material is subjected to the above described
      successive steps, whereby a final product having a high B.sub.8 value is
      produced.
PAR  Hereinafter, the condition for carrying out each step will be explained in
      detail.
PAR  a. The final cold rolling reduction rate:
PAR  FIG. 3 shows a relation between the magnetic induction B.sub.8 of an
      electrical steel sheet produced in the following manner and the final cold
      rolling reduction rate.
PAR  A hot rolled steel sheet having a thickness of 2-5 mm, which contained
      0.033% of C, 3.00% of Si, 0.05% of Mn, 0.003% of S, 0.02% of Se, 0.03% of
      As and 0.03% of Sb, was annealed at 920.degree.C for 3 minutes, cold
      rolled at a reduction rate of 40-85%, then the cold rolled sheet was
      annealed at 920.degree.C for 5 minutes and subjected to a final cold
      rolling by varying the reduction rate within the range of 35-88% to
      prepare a cold rolled steel sheet having a final gauge of 35-88% to
      prepare a cold rolled steel sheet having a final gauge of 0.30-0.35 mm,
      after which the cold rolled steel sheet was decarburized at 820.degree.C
      in a wet hydrogen and then subjected to a secondary recrystallizing
      annealing at 850.degree.C for 50 hours and to a purifying annealing at
      1,200.degree.C for 5 hours in a dry hydrogen to produce the electrical
      steel sheet. It can be seen from FIG. 3 that when the final cold rolling
      reduction rate is 40% or more, B.sub.8 value exceeds 1.85 Wb/m.sup.2.
      While, when the final reduction rate is less than 40% the secondary
      recrystallization occurs fully, but the unevenness of secondary
      recrystallized grains from the [001] orientation is large, and high
      B.sub.8 value cannot be obtained. Relatively higher final reduction rate
      gives better aggregation of the secondary recrystallized grains in the
      [001] orientation, but when the final reduction rate is too high and
      exceeds 80%, the secondary recrystallization does not occur, and the ratio
      of the secondary recrystallization becomes lower than 50%, and as the
      result, B.sub.8 value often lowers considerably. Accordingly, the final
      cold rolling reduction rate is limited to 40-80%. Furthermore, when it is
      intended to obtain always high B.sub.8 value of more than 1.90 Wb/m.sup.2,
      the final cold rolling reduction rate is preferred to be 60-80%. b. The
      secondary recrystallizing annealing:
PAR  FIG. 4 shows B.sub.8 values of electrical steel sheets obtained by treating
      3% silicon steels containing different elements (raw materials B-I) by
      varying only the secondary recrystallizing annealing temperature within
      the range of 800-960.degree.C. The composition of the raw materials A-I
      and the treating conditions other than the secondary recrystallizing
      annealing temperature are shown in the following Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Composition (%)                   Treating condition                      
                                       Thick-                                  
                                           First                               
                                               Inter-                          
                                                     Second   Decarbu-         
                                       ness                                    
                                           cold                                
                                               mediate                         
                                                     cold     rizing           
                                       of hot                                  
                                           rolling                             
                                               annealing                       
                                                     rolling  annealing        
     S     Se  As Bi Pb Sn P  Cu Ni Sb rolled                                  
                                           reduc-                              
                                               tempera-                        
                                                     reduc-                    
                                                          Final                
                                                              tempera-         
                                       sheet                                   
                                           tion                                
                                               ture  tion gauge                
                                                              ture             
                                       (mm)                                    
                                           rate                                
                                               (.degree.C)                     
                                                     rate (mm)                 
                                                              (.degree.C)      
                                           (%)       (%)                       
     __________________________________________________________________________
     A 0.003                                                                   
           0.017                                                               
               0.03                                                            
                  -- -- -- -- -- -- 0.03                                       
                                       3.0 64  920   72   0.30                 
                                                              830              
     B 0.004                                                                   
           0.016                                                               
               0.04                                                            
                  -- -- -- -- -- -- -- 3.0 71  920   65   0.30                 
                                                              830              
     C 0.003                                                                   
           0.017                                                               
               -- 0.05                                                         
                     -- -- -- -- -- -- 3.0 71  920   65   0.30                 
                                                              820              
     D 0.003                                                                   
           0.019                                                               
               -- -- 0.06                                                      
                        -- -- -- -- -- 3.0 71  920   65   0.30                 
                                                              820              
     E 0.003                                                                   
           0.019                                                               
               -- -- -- 0.10                                                   
                           -- -- -- -- 3.0 71  920   65   0.30                 
                                                              830              
     F 0.003                                                                   
           0.020                                                               
               -- -- -- -- 0.05                                                
                              -- -- -- 3.0 71  920   65   0.30                 
                                                              830              
     G 0.012                                                                   
           0.028                                                               
               -- -- -- -- -- 0.43                                             
                                 -- -- 2.5 73  900   55   0.30                 
                                                              820              
     H 0.014                                                                   
           0.013                                                               
               -- -- -- -- -- -- 0.33                                          
                                    -- 2.5 73  900   55   0.30                 
                                                              820              
     I 0.003                                                                   
           0.015                                                               
               -- -- -- -- -- -- -- -- 2.5 73  900   55   0.30                 
                                                              800              
     __________________________________________________________________________
      Note) The mark of sample is the same with that of sample in FIG. 4.      
PAR  It can be seen from FIG. 4 that very high B.sub.8 value can be obtained at
      a secondary recrystallizing annealing temperature of not higher than
      920.degree.C, which is considerably lower than the conventional secondary
      recrystallizing annealing temperature of at least 1,000.degree.C, and that
      the effect is remarkably improved by coexisting Xi and Xj with Se and/or
      S. Moreover, it is clear that when Sb is additionally contained in the raw
      material, B.sub.8 value is more improved. Such phenomena similarly appear
      even when the composition and treating condition of raw material are
      somewhat varied. Accordingly, in the present invention, the second
      recrystallizing annealing temperature is limited to
      800.degree.-920.degree.C.
PAR  The present invention aims to obtain high B.sub.8 value by combining the
      following requirements, that is, the coexistence of Se and/or S with Xi
      and/or Xj, the final cold rolling reduction rate of 40-80%, and the
      secondary recrystallizing annealing temperature of 800-920.degree.C.
      However, in order to obtain the best B.sub.8 value, it is necessary to
      take care of the following point. That is, the composition of silicon
      steel raw material, the first cold rolling reduction rate, intermediate
      annealing temperature, and the final cold rolling reduction rate should be
      selected and combined so as to make the secondary recrystallizing
      temperature as low as possible.
PAR  FIGS. 5A and 5B show the magnetic induction B.sub.8 of electrical steel
      sheets A and B prepared in the following manner, which were plotted by
      using the secondary recrystallizing annealing temperature as the ordinate
      and the combination of reduction rates in the first and second cold
      rollings as the abscissa. A steel ingot A containing 0.033% of C, 3.00% of
      Si, 0.05% of Mn, 0.017% of Se, 0.003% of S, 0.03% of As and 0.03% of Sb,
      or a steel ingot B containing 0.029% of C, 3.03% of Si, 0.06% of Mn,
      0.016% of Se, 0.004% of S and 0.04% of As was hot rolled to prepare a
      steel sheet having a thickness of about 3 mm, and the hot rolled steel
      sheet was made into a steel sheet having a final gauge of 0.30 mm under
      various combinations of reduction rates in the first and second cold
      rollings, and the finally cold rolled steel sheet was subjected to a
      decarburizing annealing at 820.degree.C for 10 minutes in a wet hydrogen,
      to a secondary recrystallizing annealing at various temperatures, and then
      to a purification annealing at 1,180.degree.C for 5 hours in a dry
      hydrogen to produce the electrical steel sheet A or B. In FIGS. 5A and 5B,
      the area above the curve having hatched lines shows an area wherein the
      ratio of the secondary recrystallizing becomes more than 50% in the case
      when the secondary recrystallizing annealing is effected for 20 hours. In
      this area, as the secondary recrystallizing annealing temperature is
      lower, the time required for the secondary recrystallizing annealing is
      longer. It can be seen from the comparison of FIG. 5A with FIG. 5B that
      there is a certain combination of reduction rates in the first and second
      cold rollings which makes the secondary recrystallizing temperature
      lowest, and when a secondary recrystallizing annealing is effected at a
      temperature as low as possible depending upon the commercially applicable
      secondary recrystallizing annealing time under this combination of
      reduction rates to develop fully secondary recrystallized grains, the
      highest B.sub.8 value can be obtained. Moreover, it can be seen from the
      comparison of FIG. 5A with FIG. 5B that the secondary recrystallizing
      annealing temperature giving the highest B.sub.8 value varies depending
      upon the composition of raw material. In addition to the composition of
      raw material, all the steps prior to the secondary recrystallizing
      annealing step influence the secondary recrystallizing annealing
      temperature. Among them, the combination of reduction rates in the cold
      rollings is a most important factor. However, in the secondary
      recrystallizing annealing, as the annealing temperature is lower, a very
      long annealing time is required in order to develop fully secondary
      recrystallized grains, and excessively low temperature has no commerical
      value. Accordingly, in the present invention, the lower limit of the
      secondary recrystallizing annealing temperature is limited to
      800.degree.C.
PAR  As described above, it is necessary that the secondary recrystallizing
      annealing should be effected at a lowest commercially applicable
      temperature within the range of 800-920.degree.C. In this case, the
      temperature may be kept constant or raised gradually within this
      temperature range.
PAR  As described above, the facts that there is a combination of treating
      conditions in the above described steps (particularly, a combination of
      reduction rates in the cold rollings), which makes the secondary
      recrystallizing temperature lowest, with respect to a raw material having
      a proper composition obtained by adding specifically limited elements to a
      silicon steel, and that when a secondary recrystallizing annealing is
      effected at a lowest commercially applicable temperature by combining the
      treating conditions to develop fully secondary recrystallized grains, a
      very high B.sub.8 value can be obtained, have been firstly found out by
      the inventors. These facts are most important points of the present
      invention.
PAR  according to the present invention, the above described specifically
      limited conditions in the composition of raw material, the final cold
      rolling reduction rate and the secondary recrystallizing annealing are
      combined, whereby electrical silicon steel sheets having an excellent
      B.sub.8 value are produced. The practical production of the electrical
      silicon steel sheet by the above described successive steps will be
      explained in detail.
PAR  The raw material of the present invention is melted in a well-known melting
      technic, and formed into a steel ingot. In this case, of course, the
      contents of O.sub.2, SiO.sub.2, Al.sub.2 O.sub.3, etc. are decreased by a
      vacuum treatment, and a continuous casting method may be adopted. What is
      important is that the resulting steel ingot has the above described
      composition. The following Table 2 shows the composition of raw material,
      the final cold rolling reduction rate, the secondary recrystallizing
      temperature and the B.sub.8 value in the Examples of the present
      invention. The above obtained steel ingot is hot rolled in a well-known
      process. Of course, the steel ingot is generally heated to about
      1,200-1,350.degree.C prior to the hot rolling, and the thickness of the
      hot rolled sheet is about 2-4 mm. Following to the hot rolling, the hot
      rolled sheet is cold rolled. If necessary, an annealing may be effected at
      about 850.degree.-1,000.degree.C prior to the cold rolling in order to
      randamize the aggregation structure of the recrystallized grains.
PAR  The cold rolling is generally effected two times, between which an
      intermediate annealing is effected. In this case, the final cold rolling
      reduction rate is important ad described above. In general, the reduction
      rates in the cold rollings before the final cold rolling are not so
      important, but, of course, these reduction rates must be proper values
      depending upon the final gauge and the thickness of the hot rolled sheet.
      When the cold rolling is effected two times, the first cold rolling is
      generally effected at a reduction rate of about 30-80%.
PAR  It is necessary to effect the intermediate annealing between the cold
      rollings. When the intermediate annealing is effected at a temperature, at
      which a primary recrystallization is completed, the object of the
      intermediate annealing can be attained. The intermediate annealing
      temperature is varied depending upon the Si content of raw material, and
      is usually about 750-1,000.degree.C.
PAR  After completion of the cold rolling, the resulting steel sheet having a
      final gauge is subjected to a conventional decarburizing annealing to
      decrease the C content in the steel sheet to lower than 0.005% and to form
      an oxide layer consisting mainly of SiO.sub.2 on the surface of the steel
      sheet. In order to attain the object, a continuous annealing is generally
      effected at 750.degree.-900.degree.C for about 2-10 minutes in a wet
      hydrogen.
PAR  After completion of the decarburization, a conventional annealing separator
      consisting mainly of MgO is applied to the steel sheet, and then the steel
      sheet is subjected to a so-called high temperature annealing. In general,
      the above described seondary recrystallizing annealing is carried out
      during the course of this high temperature annealing. That is, a
      conventional high temperature annealing is effected in such a manner that
      the temperature is kept at a certain temperature or raised gradually
      within the range of 800.degree.-920.degree.C, whereby secondary
      recrystallized grains are fully developed. In the secondary
      recrystallizing annealing, the annealing time is determined depending upon
      the annealing temperature and is usually 10-100hours.
PAR  When the secondary recrystallized grains have been fully developed, the
      annealing is stopped. However, in order to remove impurities contained in
      the steel, it is preferable that the temperature is further raised and the
      steel is maintained in a dry hydrogen kept at 1,100.degree.-1,200.degree.C
      for several hour. As seen from the following Table 2, the B.sub.8 value of
      electrical steel sheets obtained by the above described successive steps
      varies depending upon the Si content in the raw materials, but the B.sub.8
      value is usually more than 1.88 Wb/m.sup.2.
TBL                                    Table 2                                 
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     1   3.25                                                                  
             0.030                                                             
                 0.04                                                          
                     0.010                                                     
                          0.021     As=0.031   65    850      1.90             
     2   3.16                                                                  
             0.038                                                             
                 0.05                                                          
                     0.010                                                     
                          0.020     As=0.020 Cu=0.11                           
                                               55    870      1.88             
     3   3.24                                                                  
             0.025                                                             
                 0.05                                                          
                     0.015                                                     
                          0.020                                                
                               0.020                                           
                                    As=0.022 P =0.055                          
                                               70    840      1.92             
     4   3.20                                                                  
             0.032                                                             
                 0.05                                                          
                     0.004                                                     
                          0.020                                                
                               0.015                                           
                                    As=0.015 Ni=0.50                           
                                               60    840      1.90             
     5   3.28                                                                  
             0.025                                                             
                 0.06                                                          
                     0.020                                                     
                          0.020     Bi=0.015   60    850      1.89             
     6   3.24                                                                  
             0.032                                                             
                 0.04                                                          
                     0.003                                                     
                          0.020     Bi=0.04    65    860      1.89             
     7   3.28                                                                  
             0.034                                                             
                 0.06                                                          
                     0.015                                                     
                          0.016     Bi=0.013 Pb=0.015                          
                                               70    840      1.92             
                                      Cu=0.3                                   
     8   3.19                                                                  
             0.040                                                             
                 0.06                                                          
                     0.003                                                     
                          0.015     Pb=0.020   65    850      1.88             
     9   3.21                                                                  
             0.042                                                             
                 0.07                                                          
                     0.003                                                     
                          0.040                                                
                               0.012                                           
                                    Pb=0.015   70    840      1.92             
     10  3.25                                                                  
             0.035                                                             
                 0.05                                                          
                     0.015                                                     
                          0.025     P =0.08    65    860      1.90             
     11  3.22                                                                  
             0.026                                                             
                 0.06                                                          
                     0.030          P = 0.062 Sn=0.03                          
                                               70    840      1.91             
     12  3.20                                                                  
             0.033                                                             
                 0.06                                                          
                     0.011                                                     
                          0.022                                                
                               0.010                                           
                                    Sn=0.020   65    850      1.92             
     13  3.29                                                                  
             0.031                                                             
                 0.06                                                          
                     0.004                                                     
                          0.020                                                
                               0.028                                           
                                    Sn=0.032   75    830      1.93             
     14  3.28                                                                  
             0.025                                                             
                 0.07                                                          
                     0.003                                                     
                          0.030     Ni=0.35    55    870      1.89             
     15  3.22                                                                  
             0.028                                                             
                 0.05                                                          
                     0.010                                                     
                          0.025                                                
                               0.015                                           
                                    Ni=0.51    60    860      1.91             
     16  2.35                                                                  
             0.028                                                             
                 0.05                                                          
                     0.004                                                     
                          0.021                                                
                               0.032                                           
                                    Sn=0.035   75    820      1.98             
     17  2.30                                                                  
             0.030                                                             
                 0.05                                                          
                     0.015                                                     
                          0.020                                                
                               0.010                                           
                                    Ni=0.33  Cu=0.20                           
                                               60    820      1.97             
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing single-oriented electrical steel sheets having
      a magnetic induction of more than 1.85 wb/m.sup.2 including the steps of
      preparing raw material for the sheets, hot rolling the raw material to a
      hot strip having an intermediate gauge of 2-/4mm, subjecting said hot
      strip to repeated annealing and cold rolling steps including a final cold
      rolled steel sheet having its final gauge and subjecting the resulting
      sheets to a decarburization annealing and a final annealing to develop
      secondary recrystallized grains of (110) [001] orientation; the
      improvement comprising utilizing a raw material formulation consisting
      essentially of less than 4% of Si less than 0.06% of C, 0.02-0.2% of Mn,
      0.005-0.1% in total of at least one of S and Se, at least one member
      selected from the group consisting of 0.015-0.4% of elements (Xi) and
      0.2-1.0% of elements (Xj), said element (Xi) being at least one of As, Bi,
      Pb, P, Sn,; and said element (Xj) being at least one of Ni and Cu, with
      the remainder of the materials being iron; said improvement further
      comprising a two-step final annealing including a secondary
      recrystallization annealing at a temperature of 800.degree.-920.degree.C.
      to fully develop the secondary recrystallized grains and a purification
      annealing at a temperature of 1,100.degree.-1,200.degree.C.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein 0.005-0.2% of Sb is
      additionally contained in the silicon steel raw material prior to the hot
      rolling.
NUM  3.
PAR  3. The method of claim 1 in which the B.sub.8 value is maximized by
      correlating the secondary recrystallization temperature and the final cold
      rolling reduction rate.
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ABST
PAL  Method and apparatus for replacing a portion of the insulating sheath of a
      submarine electric cable when the ends are inaccessible in which a split
      extrusion mold is placed around the cable and secured to the head of an
      extruder which is mounted on a carriage movable axially of the cable. The
      cable is held in a fixed position and as new insulating material is
      injected into the mold and extruded over the portion of the cable from
      which the old insulation has been removed, the carriage is moved at a rate
      dependent upon the extrusion rate. The interior of the mold may be
      subjected to vacuum. Alternatively, the mold may be held stationary and
      the cable moved axially thereof.
BSUM
PAR  The present invention relates to a method and an apparatus for applying a
      tubular layer of extrudable material on a portion of the core of a body of
      indefinite length, the ends of which are not accessible. In particular,
      said body of indefinite length can be an electric cable, for example, a
      telephone or power cable, while the tubular layer of extrudable material
      can be constituted by an insulating sheath made of elastomeric or
      plastomeric base material, e.g., a polyethylene sheath.
PAR  It is known that, in use, an electric cable can suffer damage due to
      accidental causes which are quite independent of the desire of those who
      have designed, manufactured and laid it. In particular, a submarine cable,
      for example, a submarine power cable, can be damaged to the extent of
      shearing in consequence of the impact of an anchor or another blunt body
      therewith.
PAR  In such a case, the cable has to be recovered from the sea bottom to carry
      out the necessary repair. Because of its length, which can be as much as
      some tens of kilometers, the cable is recovered only at its damaged
      portion and, since the cable ends are not accessible, the insulating
      sheath which is to be restored cannot be applied according to the methods
      usually adopted during the cable manufacture.
PAR  Up until the present time, repairs of this kind have been carried out only
      with relatively crude methods which have not been able to solve the
      problems appropriately. For example, in such methods a portion of sheath
      of a length of a few tens of centimeters was applied after the cable core
      was bared. To do this, a mold, formed by two half-shells hinged together,
      was used and was disposed around the portion to be repaired. When the mold
      was closed, it defined a cylindrical cavity, the diameter of which was
      equal to the outer diameter of the cable and into which the extrudable
      material was injected with a portable syringe. Then, the mold was opened
      and removed.
PAR  The method and apparatus described in the present invention permit the
      application of a much longer portion of insulating sheath, for example,
      about two meters in length, when the sheath is to be restored at a great
      distance from the two cable ends. The need to apply such a length of
      sheath takes place with a certain frequency with submarine power cables,
      during their use, as mentioned hereinbefore.
PAR  One object of the present invention is to provide a method for applying a
      layer of extrudable material on a portion of a previously bared core of an
      elongated body of indefinite length, the ends of which are not accessible,
      which method is characterized by the following steps:
PA0  1. Arranging about the body of indefinite length a split mold having a
      length shorter than the length of the layer to be applied, the mold being
      located in a zone immediately upstream of the portion of the body to which
      the layer is to be applied;
PA0  2. Connecting the mold in fixed relation to the head of an extruder;
PA0  3. Injecting the extrudable material into the mold by means of said
      extruder;
PA0  4. Causing, simultaneously with said injection of the material, a relative
      movement between the mold and the body of indefinite length along the axis
      of the latter and in the direction of said portion; and
PA0  5. Interrupting the injection of the material when the mold reaches a zone
      immediately downstream of said portion.
PAR  A further object of the invention is apparatus for carrying out said method
      in a satisfactory manner.
DRWD
PAR  The objects and advantages of the invention will be apparent to those
      skilled in the art from the following description of the presently
      preferred embodiment thereof, which description should be considered in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic, perspective view of the apparatus of the
      invention in its position prior to the application of an insulating sheath
      to a portion of an electric cable;
PAR  FIG. 2 is an enlarged, perspective view of the extruder head and mold shown
      in FIG. 1; and
PAR  FIG. 3 is an enlarged, longitudinal, cross-sectional view of the mold shown
      in FIGS. 1 and 2.
DETD
PAR  If it is desired to apply an insulating layer, e.g., a layer of
      polyethylene, on a portion 1, which may, for example, be about 2 meters
      long, of an electric cable 2, such portion 1 being at a great distance
      from the cable ends, an apparatus is used which comprises a mold 3, which
      will be described hereinafter, and a conventional screw extruder 4 for the
      thermoplastic material.
PAR  The extruder 4 and its associated equipment are supported by a carriage 5,
      preferably provided with a motor (not shown), and the head of the extruder
      4 has the shape of a rigid metallic block 6 in which the mold 3 can be
      received, as described hereinafter, and so that the longitudinal axis X of
      the cable portion 1 coincides with the longitudinal axis of the mold 3 and
      is substantially parallel to the longitudinal axis of the extruder 4. The
      metallic block 6 also is supported by the carriage 5.
PAR  The apparatus also comprises clamps 7 and 8, which are mounted on
      stanchions 9 and 10 and are tightened around the sheath of the cable 2 in
      positions respectively downstream and upstream of the portion 1 to which
      the layer of insulating material is to be applied.
PAR  FIGS. 2 and 3 show, in detail, the mold 3 in its closed position. Said mold
      3 has a substantially cylindrical shape and comprises two radially inward,
      inner half-shells 11 and two radially outward, outer half-shells 12 which
      enclose the former and are maintained in longitudinally fixed relation
      thereto by means of an annular projection 13.
PAR  The inner diameter of the inner half-shells 11 is greater than the outer
      diameter of portions of the cable 2 other than the portion 1 to be
      repaired. At one end of the mold 3 there is an annular gap 14 between the
      two pairs of half-shells 11 and 12, through which gap 14 the extrudable
      material will pass immediately before forming the sheath 26, as described
      hereinafter.
PAR  The annular gap 14 extends to a groove 15 at its upstream end which is
      connected to a circumferential groove 16 between the inner shells 11 and
      the outer shells 12 by conventional, longitudinally extending passages
      (not shown) in the outer surface of the shells 11 which permit the
      insulating material to flow from the groove 16 to the groove 15, and
      hence, out of the gap 14. The insulating material is injected into the
      groove 16 through two diametrically opposite holes 17 disposed so as to
      register with two holes 17a and 17b at the ends of small channels 18 in
      the block 6 forming the head of the extruder 4, when the mold 3 and the
      block 6 are connected together, as shown in FIG. 1.
PAR  The mold 3 also comprises two handles 19 for each of the outer half-shells
      12, which aid in handling the mold 3, a semi-rigid ring 20, which is
      located at the end of the mold opposite to the end thereof at which the
      annular gap 14 is located and which assists in centering the cable 2 in
      the mold 3 and acts as an air seal, and a tube 21 which connects the
      interior of the mold 3 with a conventional vacuum pump (not shown).
PAR  The block 6 (FIG. 2) constituting the head of the extruder 4 comprises, in
      addition to the small channels 18, a cylindrical through cavity 22,
      provided with a lateral cut 22' having a width between its sides at least
      greater than the diameter of the portion 1 of the cable 2. The cavity 22
      receives the mold 3 as shown in FIG. 1. The block 6 comprises another
      small channel 23 which connects the mouth of the extruder 4 with the small
      channels 18 to supply them with the extrudable material, and a valve 24,
      operable by the handle 24a which permits such supply or which interrupts
      the flow of the material from the head of the extruder 4 and directs it to
      the outside of the block 6 through an opening 25.
PAR  The operation of the hereinbefore described apparatus is started by
      introducing, through the cut 22', the bare portion 1 to be covered with
      the sheath 26 into the cylindrical cavity 22. The clamps 7 and 8, situated
      at opposite sides of the portion 1 and spaced from the latter, are
      tightened on the sheath of the cable 2. Then, the mold 3 is positioned
      around the cable 2 by initially joining together the inner half-shells 11
      and subsequently enclosing them by the outer half-shells 12. The mold 3 is
      positioned in a zone between the portion 1 and the clamp 8, that is,
      upstream of the portion 1.
PAR  Thereafter, the mold 3, with the aid of the handles 19 and by moving it
      axially of the cable 2, is inserted into the through cavity 22 in the
      block 6 at the head of the extruder 4, the carriage 5 supporting the
      latter being positioned as illustrated in FIG. 1. The mold 3 is then
      firmly secured to the block 6 with any conventional means (not
      illustrated) and is, therefore, secured in a fixed position with respect
      to the carriage 5 and the extruder 4 (see FIG. 1).
PAR  Then, the vacuum pump is actuated to create, by means of the tube 21, a
      lowering of the air pressure interiorly of the mold 3, and the supply of
      the extrudable material to the mold 3 and the gap 14 is commenced.
PAR  As the insulating material flows out of the mouth of the extruder 4, the
      material passes through the small channel 23, the valve 24 being in the
      opened position, and then, in succession, through the small channels 18,
      the holes 17a, 17b and 17, the circumferential groove 16, the distribution
      groove 15 and the gap 14. As the material flows from the mold 3 through
      the annular gap 14, it is deposited in tubular form at the upstream end of
      the portion 1.
PAR  Simultaneously with the injection of the extrudable material into the mold
      3, the motor of the carriage 5 is actuated causing the carriage 5 to
      advance along the axis X of the cable 2 in the direction indicated by the
      arrow F (FIG. 1) at a pre-established speed which is dependent upon the
      desired extrusion speed. In this way a tubular layer 26 of extrudable
      material is applied, which rebuilds the insulating sheath on the portion 1
      of the cable 2 which it was necessary to repair. Said layer 26 terminates
      at the downstream end of the portion 1, namely, in a zone near the clamp
      7. In fact, when the carriage 5 with the mold 3 has reached said position,
      the small channel 23 is closed by means of the valve 24 and the vacuum
      pump is stopped. After a predetermined time, necessary to allow cooling of
      the layer 26, the mold 3 is removed from the block 6 and is opened,
      thereby detaching it from the cable 2.
PAR  By doing this, the sheath just rebuilt is not damaged, because the inner
      diameter of the inner half-shells 11 is greater than the outer diameter of
      the cable 2.
PAR  The advantages of the hereinbefore described method and apparatus are quite
      evident. By their adoption, it is possible to repair rather long cable
      portions, in comparison with those which could be repaired by prior art
      methods and apparatus, namely, portions of several meters in length rather
      than of a few tens of centimeters in length. This is particularly
      appropriate for the repair of submarine cables which can suffer serious
      damage in use, independent of the desire of the manufacturers and users.
      Moreover, the present apparatus, besides being usable on land, can be
      easily placed on board cable-laying ships. The method can be carried out
      very quickly and can be adapted for cables of any diameter, provided that
      a suitable series of molds and blocks are available.
PAR  It will be understood by those skilled in the art that various
      modifications of the invention may be made without departing from the
      principles of the invention illustrated by the preferred embodiment
      hereinbefore described. For example, the relative movement between the
      mold 3 and the cable 2, along the axis of the latter, can be carried out
      by keeping the extruder 4 and the mold 3 stationary and by causing the
      cable 2 to slide inside the mold 3. Further, it is not necessary that the
      axis of the extruder 4 be parallel to the axis X of the cable 2.
PAR  In addition, the method and apparatus described is not restricted to the
      repair use described. For example, in some cases, they could be used
      during the manufacture of submarine power cables, when it is desired to
      repair a portion of the insulating sheath or to add an extra layer on a
      portion thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for applying a layer of extrudable material on a portion of
      an elongated body of indefinite length whose ends are not accessible, said
      portion having a predetermined cross-sectional dimension, comprising:
PA1  encircling said body at said portion by a split extrusion mold having at
      least one inlet opening, having means for extruding said layer on said
      body, having a length less than said portion and having a longitudinally
      extending, interior bore of a size greater than the cross-section of said
      body to permit relative longitudinal movement of said mold and said body;
PA1  connecting said mold to a source of said material in fixed relation to said
      mold;
PA1  while injecting said material from said source into said mold, causing
      relative movement between said mold and said body in a direction such that
      said portion passes through said mold and said layer is applied to said
      portion;
PA1  and terminating the injection of said material into said mold when said
      portion is covered by a layer of said material;
PAL  the steps of connecting said mold to said source, prior to injecting said
      material, by:
PA1  providing an extrusion head intermediate said source and said mold, said
      head having a longitudinally extending cavity defined by a unitary
      C-shaped wall, said cavity extending from one end to the other of said
      head for receiving said mold and engaging the exterior thereof, said head
      having a passageway therethrough with an outlet opening at the wall of
      said cavity for the passage of said material from said source to said mold
      and said head, in the form assumed thereby when it engages said mold, said
      head having a single longitudinally extending, unobstructed slot extending
      from one end to the other thereof and from the exterior of said head to
      said cavity to provide a longitudinally extending entrance into said
      cavity from the exterior of said head, said slot having a constant width
      at least as great as said predetermined dimension but less than the
      cross-sectional exterior of said mold;
PA1  inserting a length of said body into said head cavity through said slot and
      in a direction transverse to the length of said body;
PA1  encircling said body by said mold by placing it around a length of said
      body outside said head;
PA1  moving said mold and said head relative to each other in a direction
      longitudinally of said body to insert said mold into said head cavity
      between said body and said head and to align said outlet opening of said
      head with said inlet opening of said mold; and
PA1  holding said mold in fixed relation to said head.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein said predetermined dimension
      of said portion is less than the cross-sectional dimension of the portions
      of said body adjacent thereto and wherein said portion is inserted into
      said head cavity through said slot.
NUM  3.
PAR  3. A method as set forth in claim 1, wherein said elongated body is a
      relatively long electric cable having a core surrounded by a sheath, said
      portion is a portion of said cable from which said sheath has been removed
      and said material is sheath material.
NUM  4.
PAR  4. In apparatus for applying a layer of extrudable material on a portion of
      a relatively long body with inaccessible ends, said portion having a
      predetermined cross-sectional dimension, said apparatus comprising:
PA1  a mold having a longitudinally extending bore with an inner periphery at
      least equal to the outer periphery of said body for slidably receiving
      said body within said bore, said mold being longitudinally split to permit
      placement thereof around and removal thereof from said body and said mold
      having an annular extrusion gap which, when said mold is placed around
      said body, extends around said body, said mold also having an injection
      inlet opening and passageways leading from said opening to said gap for
      the flow of said material from said opening to said gap;
PA1  an extruder for supplying said material to said mold;
PA1  and means for moving one of said mold and said body and thereby producing
      relative movement therebetween during the extrusion of said material;
PAL  the combination therewith of:
PA1  a head having a through cavity extending from one end to the other thereof
      for receiving said mold therein with the wall of said cavity slidably
      engaging the exterior of said mold, said wall being unitary and C-shaped
      in cross-section with a single longitudinal slot having a width greater
      than said predetermined dimension but less than the cross-sectional
      dimension of said mold extending from one end to the other of said head
      and from the exterior of said head to said cavity to provide an opening
      for the insertion of said portion into said cavity in the direction
      transverse to the length of said body, said head having a material
      passageway therein extending from said extruder to an outlet opening at
      said cavity wall, said outlet opening being in register with said inlet
      opening of said mold with said mold in said cavity.
NUM  5.
PAR  5. Apparatus as set forth in claim 4, wherein said mold comprises two pairs
      of half-shells, one pair of said shells fitting within the other pair
      thereof with said annular gap therebetween.
NUM  6.
PAR  6. Apparatus as set forth in claim 5, wherein one of said pairs of shells
      has a circumferentially extending projection and the other of said pairs
      of shells has a circumferentially extending recess for receiving said
      projection and thereby preventing longitudinal movement of said pairs of
      shells with respect to each other.
NUM  7.
PAR  7. Apparatus as set forth in claim 4, wherein said inner periphery of said
      bore of said mold is greater than the outer periphery of said body to
      provide space between the wall of said bore and said body, said mold
      further comprises semi-rigid sealing means at a portion of said mold
      spaced from said gap and extending inwardly from the wall of said bore,
      said sealing means being slidably engageable with said body for preventing
      the passage of air between said sealing means and said body, and
      connecting means communicating with the interior of said mold intermediate
      said sealing means and said gap for evacuating air therefrom.
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ABST
PAL  A method of manufacturing an open cellular article constructed of a
      plurality of spaced walls of relatively weak bondable material defining a
      plurality of elongated passages therethrough which are filled with a
      disintegratable filler material having sufficient form and strength
      initially to maintain the walls in their predetermined precisely spaced
      relation and after bonding of the walls into an integral unit such filler
      material being conveniently removable from the article to reestablish the
      passages between the walls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A great deal of effort is being devoted to the development of ceramic heat
      exchangers using the general assembly method of alternately stacking or
      winding relatively thin flat sheets with corrugated, ribbed or otherwise
      profiled plates and then subjecting this unfired or green structure to a
      high firing temperature for hardening. With such heat exchangers, it is
      desirable to minimize wall thickness to permit greater heat exchanger
      effectiveness and better use of materials. However, when this is done
      handling of the relatively weak, green pieces becomes a major problem.
      Specifically, the green structure tends to sag or deform prior to the
      firing and hardening procedure which results in undesirable non-uniform
      passages therethrough.
PAR  Ceramic heat exchangers are currently being made by utilizing reaction
      bonding or sintering techniques to harden a mixture of ceramic powders and
      binding ingredients. Unfortunately with these techniques the binding
      ingredients burn out during the initial heating stages leaving open pores
      which later must be sealed to produce a heat exchanger without internal
      leakage. This is an expensive processing step, and, therefore, various
      attempts are being made to increase the final density of the fired ceramic
      walls to avoid such a porous structure. For example, the density of the
      thin walls could be increased by subjecting the stacked sheets and
      profiled plates to pressure prior to the final firing stage. However, such
      pressure tends to further distort the alternate layers and block the
      passages therethrough as set forth above. To avoid this, and as an
      alternate to firing the green ceramic stack of alternate sheets and plates
      into a monolithic block, the sheets and plates may be individually fired
      and hardened and thereafter be stacked and bonded together. But here also
      an entirely new set of complex problems are created, involving the
      effective bonding of the parts together to avoid cracking and leakage of
      the heat exchanger with extended service.
PAR  Exemplifying the improvements being made in the ceramic heat exchanger
      field are the following U.S. Pat. Nos.:
PA1  2,552,937 to H. Cohen
PA1  3,081,822 to J. Wolansky et al.
PA1  3,112,184 to R. Z. Hollenbach
PA1  3,444,925 to J. R. Johnson
PAR  One of the ceramic materials being actively considered for such heat
      exchangers is silicon nitride. Some of the properties and advantages of
      this material are set forth in British Patent No. 970,639 to G. G. Deeley,
      published Sept. 23, 1964; British Patent No. 1,092,637 to R. F. Coe,
      published Nov. 29, 1967; and British Patent No. 1,266,506 to E. R. W. May,
      published Mar. 8, 1972.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      method of manufacturing an open cellular ceramic article having accurately
      delineated internal passages and relatively thin, impermeable walls.
PAR  Another object of the invention is to provide such an improved method of
      manufacturing an integrally formed open cellular ceramic article wherein
      the tendency of the article walls to sag prior to the firing and hardening
      stage is substantially avoided.
PAR  Another object of the invention is to provide an improved method of
      manufacturing an open cellular ceramic article having the characteristics
      set forth above which is particularly suitable for making a ceramic heat
      exchanger.
DRWD
PAR  Other objects and advantages of the present invention will become more
      readily apparent upon reference to the accompanying drawings and the
      following description.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of an integrally formed ceramic cross-flow
      heat exchanger manufactured by the method of the present invention.
PAR  FIG. 2 is a partially exploded view of a plurality of wall members and
      passage-forming support members prior to completion of their assembly
      during the manufacture of the heat exchanger of FIG. 1 in accordance with
      the method of the present invention.
PAR  FIG. 3 is a block flow diagram of the preferred method of manufacturing a
      ceramic open cellular article in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, a ceramic open cellular article, such as a
      monolithically formed ceramic heat exchanger 10, is effectively produced
      by the improved manufacturing method of the present invention. The ceramic
      heat exchanger 10, which is considerably enlarged and schematically
      simplified for illustrative convenience, includes first and third
      substantially similar layers respectively identified generally by the
      numerals 12 and 14. The layers individually provide a plurality of
      corresponding elongated openings or passages 16 and 18 through which a
      flow of air is adapted to be directed as shown by a plurality of open
      arrows 20. The heat exchanger further includes second and fourth layers 22
      and 24, respectively, which individually define a plurality of elongated
      openings or passages 26 and 28 through which a flow of gas is directed as
      represented by the closed or solid arrows 30. The substantially right
      angle relationship between these air flow and gas flow passages thus
      defines a cross flow type of heat exchanger wherein the relatively hot gas
      flow 30 transmits heat to the relatively cool air flow 20 prior to the
      delivery of the heated air to an associated engine or the like, not shown,
      in order to improve the efficiency thereof in the usual manner.
PAR  In accordance with the present invention, the ceramic heat exchanger 10 of
      FIG. 1 is preferably manufactured by alternately stacking five
      wall-forming separator sheets or wall members 32 with four sandwich
      sections 34 as shown in FIG. 2. Such sections individually include four
      wall-forming partitioning ribs or wall members 36 and three
      passage-forming or wall support members 38. The wall members 32 and 36 are
      made from relatively thin sheets of a relatively weak bondable material
      approximately 0.015 inch thick. Such bondable material is preferably
      composed of a ceramic based mixture of ceramic particles selected from the
      group consisting of refractory nitrides, refractory carbides and
      refractory oxides with a quantity of binding ingredients. Such refractory
      compositions have relatively high melting points, and suitable metals
      therefore include Beryllium, Boron, Magnesium, Aluminum, Silicon,
      Titanium, Chromium, Zirconium, Niobium, Hafnium, Tantalum and Tungsten.
      More specifically the ceramic based mixture is preferably composed of a
      blend of relatively high alpha phase silicon nitride powder, a relatively
      small proportion of a catalyst such as magnesium oxide powder, and a
      plurality of cohesive binding ingredients including primarily elastomeric
      materials such as ethylene propylene diene modified (EPDM) rubber. The
      EPDM rubber is preferably blended at a 45 percent volumetric ratio with
      the 55 percent silicon nitride and magnesium oxide powder mix. On the
      other hand, the support members 38 are made from thicker sheets of a
      disintegratable filler material, which is preferably composed of a mixture
      of graphite powder with a cohesive binder, such as the aforementioned EPDM
      rubber. The preferred volumetric ratio blend for the disintegratable
      filler material mixture is 45 percent EPDM rubber with 55 percent graphite
      powder.
PAR  The wall members 32 and 36 of relatively weak bondable material and the
      passage-forming support members 38 of disintegratable filler material are
      assembled into a closely associated, relatively solid structure partially
      represented by a preform 40 shown at the lower portion of FIG. 2 and
      forming approximately half of the full structure necessary to produce the
      heat exchanger 10 of FIG. 1. In this manner, a plurality of joints 42 are
      provided by the relatively limited edgeward and substantially line contact
      between the sheets 32 and ribs 36 forming the wall members. Thus, the
      relatively weak, limitedly contacting wall members are held in a
      predetermined fixed spacial relationship to each other by the bracing
      support members 38 to provide a substantially solid preform. These support
      members are subsequently removed and form no part of the monolithically
      formed and hardened ceramic heat exchanger 10.
PAR  Therefore, the present invention utilizes a removable or disintegratable
      filler material in the form of the passage-forming support members 38 to
      brace the relatively weak wall members 32 and 36, which have poor strength
      in such thin sheets when made of a so-called "green" or unfired ceramic
      mixture. This improvement enables the structure to be handled and
      subjected to a multiplicity of heating and hardening operations with
      minimal chance of uncontrolled distortion or internal drooping of the wall
      members thereof.
PAR  The fully assembled preform 40 is preferably inserted into a substantially
      enclosed vessel, not shown, such as a graphite die with a case having one
      or more surfaces movable to compress the preform therebetween in the usual
      manner. Reference is made to the induction heating of a graphite die as
      set forth in an article entitled "The Influence of Some Process Variables
      on the Mechanical Properties of Hot-Pressed Silicon Nitride" by Messrs. R.
      T. Lumby and R. F. Coe on pages 91 through 101 of the British Ceramic
      Society Proceedings (1970, V15). The preform is closely encased by the
      vessel and utilizes a relatively thin separating barrier of the previously
      described filler material of approximately 0.020 inch thick which is
      disposed therebetween in place of the spray-coated boron nitride layer
      applied to specimens in the aforementioned article. Such separating
      barrier beneficially promotes free sliding movement between the vessel and
      the preform in order to avoid any damage to the wall members 32 and 36.
      The preform is then subjected to both heat and pressure, and in marked
      contrast to prior art structures, pressurizing the preform of the present
      invention will not deform the wall members, but will allow substantial
      uniform densification thereof in a predetermined manner. During heating of
      the preform the support members 38, and particularly the EPDM rubber
      binder thereof, decompose and a portion thereof is allowed to escape the
      vessel between the case and its movable surface portion as the temperature
      is initially raised beyond the volatilization point of the binder.
      Nevertheless, the remainder of the decomposed support members continues to
      brace the wall members as the subsequent hot pressing continues to unify
      and densify the silicon nitride powder making up the wall members. The
      fired monolithic heat exchanger 10 with relatively strong, non-porous
      walls is thereafter removed from the depressurized and cooled vessel and
      subjected to final cleaning to remove the remainder of the decomposed
      support members to provide the accurately delineated internal air flow
      passages 16 and 18, and gas flow passages 26 and 28.
PAC  OPERATION
PAR  While the method of manufacturing a ceramic open cellular article 10, as
      taught by the present invention, is believed clearly apparent from the
      foregoing description, further amplification will subsequently be made in
      the following brief summary of such operation. The separator sheets 32 and
      the ribs 36 forming the wall members of the ceramic heat exchanger 10 are
      made into sheets by mixing the aforementioned ceramic powder blend of
      silicon nitride powder and magnesium oxide powder, with suitable binding
      ingredients including the EPDM rubber as set forth in the block identified
      as step 1 in FIG. 3. EPDM rubber has been found particularly desirable
      because of its ability to blend well with the ceramic powder in a rubber
      mill, and because of its organic nature which allows it to be burned out
      during the initial heating stages.
PAR  After mixing, the ceramic based mixture is rolled or otherwise formed, as
      indicated in step 2 of FIG. 3, to a predetermined thickness which allows
      for subsequent densification and shrinkage. This provides a relatively
      flexible weak bondable material sheet that is then cut to the desired wall
      shapes as indicated in step 3.
PAR  Similarly, the passage-forming support members 38 of the present invention
      are manufactured by initially mixing the aforementioned graphite powder
      filler with the EPDM rubber binder as shown in the block identified as
      step 1A in FIG. 3. This expendable mixture is, likewise, rolled or
      otherwise formed into somewhat thicker sheets with allowance for
      densification and shrinkage as indicated in step 2A. The physical
      properties of these disintegratable material sheets should be such that a
      minimal chemical reaction will result with the ceramic mixture of the wall
      members 32 and 36 during heating, and will subsequently be removable.
      Alternately, carbon and boron nitride powders are suitable as relatively
      inert powder filler materials. These sheets are also cut to the desired
      passage-forming shapes as indicated by step 3A.
PAR  As represented by step 4 of FIG. 3, the wall members 32 and 36, and
      passage-forming support members 38 are assembled in close relation to
      produce the full preform 40 as set forth above with respect to FIG. 2.
      Such preform is a relatively solid structure with substantially limited
      edgeward contact between the wall members to provide the plurality of
      joints 42. Optionally, these members may be assembled after coating the
      appropriate exterior surfaces thereof with rubber cement or the like to
      produce a preform which can be subjected to additional handling with less
      chance of relative movement between the members during processing.
PAR  The fully assembled preform 40 is then placed in the die, not shown, and
      subjected to an initial hot-pressing operation as indicated in step 5 of
      FIG. 3. Preferably this is accomplished in a reducing or inert atmosphere
      within the die. With a relatively low pressure of approximately 500 psi
      applied, the binding ingredients in the wall members 32 and 36 and the
      binder in the passage-forming support members 38 decompose from the
      ceramic powder and filler powder respectively, and a portion thereof
      allowed to escape the die as the temperature within the die is raised
      above the volatilization point thereof to approximately 1200.degree.F.
      Specifically, the EPDM rubber material present in each is substantially
      burned away, leaving a skeletal-like formation to support the wall
      members.
PAR  Without disturbing the initially hot-pressed preform 40 within the die, the
      pressure and temperature is increased to the required final firing
      hot-pressing conditions, as indicated in step 6 of FIG. 3, primarily to
      unify and densify the silicon nitride powder. Such pressure and
      temperature is in the range of 2000 to 2500 psi and 2500.degree. to
      2950.degree.F., respectively, and preferably approximately 2250 psi and
      2850.degree.F. respectively, which conditions are maintained for a
      predetermined period of approximately four hours.
PAR  After the hot-pressing operation, designated as step 6 of FIG. 3, the
      ceramically fired heat exchanger 10 is removed from the die and the
      remainder of the decomposed filler material is cleaned out of the heat
      exchanger, as identified in step 7, to thereby provide the air passages 16
      and 18, and gas passages 26 and 28 as best shown in FIG. 1. The decomposed
      filler material may be removed by additional air burnout of the graphite
      and/or by ultrasonic wash, for example, or could be chemically dissolved.
PAR  The process of the present invention thus permits densifying and joinably
      fabricating green ceramic wall members into a hot-pressed ceramic article
      with relatively thin walls and intricate internal passages. It produces an
      article with walls having a relatively high density of approximately 95
      percent or more and relatively high strength. The removable filler
      material, and particularly the passage-forming support members 38 of the
      present invention, substantially eliminates the tendency of the article
      walls to sag prior to the heating and hardening stages. This contributes
      greatly to the formation of intricate internal passages in the fired
      article which are particularly useful in a heat exchanger or the like.
      Further, the support members allow the preform to be extensively handled
      without damage.
PAR  While the invention has been described and shown with particular reference
      to a preferred embodiment, it will be apparent that variations might be
      possible that would fall within the scope of the present invention, which
      is not intended to be limited except as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing a ceramic open cellular article comprising,
PA1  forming a ceramic based mixture into a plurality of sheets of wall forming
      members,
PA1  independently forming a disintegratable filler mixture into a plurality of
      wall support members,
PA1  then assembling said wall forming members and said support members in
      contiguous relation to provide a relatively solid structure with said wall
      forming members being disposed in edgeward contact with each other to form
      a plurality of joints therebetween,
PA1  subsequently heating said structure and permitting said support members to
      partially decompose while still bracing said wall forming members and
      causing said wall forming members to harden and said joints to fuse in a
      predetermined pattern, and
PA1  removing the remainder of said decomposed support members to provide a
      plurality of accurately-shaped openings in the ceramic article.
NUM  2.
PAR  2. The method of manufacturing a ceramic article of claim 1 including
      subjecting the heated structure to pressure during said heating procedure
      for increasing the density and strength of said wall forming members and
      said joints.
NUM  3.
PAR  3. The method of manufacturing a ceramic article of claim 2 wherein said
      ceramic based mixture is prepared by blending a quantity of ceramic
      particles selected from the group consisting of refractory nitrides,
      refractory carbides and refractory oxides, with a plurality of binding
      ingredients including elastomeric materials for attaining optimum handling
      properties in the article prior to heating.
NUM  4.
PAR  4. The method of manufacturing a ceramic article of claim 3 wherein said
      quantity of ceramic particles includes relatively high alpha phase silicon
      nitride particles.
NUM  5.
PAR  5. The method of manufacturing a ceramic article of claim 4 wherein the
      preferred temperature and pressure range required for a final hot-pressing
      condition is from 2500.degree. to 2950.degree.F. and 2000 to 2500 psi,
      respectively.
NUM  6.
PAR  6. The method of manufacturing a ceramic article of claim 1 wherein said
      disintegratable filler mixture is prepared by blending a relatively inert
      filler material with a binder including elastomeric materials so as to
      minimize any chemical reaction with said ceramic based mixture.
NUM  7.
PAR  7. The method of manufacturing a ceramic article of claim 6 wherein said
      relatively inert filler material includes graphite and said elastomeric
      materials include EPDM rubber.
NUM  8.
PAR  8. A method of manufacturing a ceramic open cellular heat exchanger
      comprising,
PA1  forming a ceramic based mixture including a blend of a quantity of ceramic
      particles selected from the group consisting of refractory nitrides,
      refractory carbides, and refractory oxides with a quantity of binding
      ingredients into a plurality of substantially flat wall members,
PA1  separately forming an expendable mixture including a blend of a quantity of
      relatively inert particles and a quantity of binding elastomeric materials
      into a plurality of wall support members,
PA1  then assembling said wall members and said support members in closely
      adjacent proximity to provide a substantially solid structure with said
      wall members being disposed in edgeward contact with each other to form a
      plurality of joints therebetween,
PA1  subjecting said structure to an initial heating and pressurizing stage in a
      die at approximately 1200.degree.F. and 500 psi, respectively, so that
      said elastomeric materials of said support members are substantially
      removed by decomposition leaving a formation holding said wall members in
      the desired assembly,
PA1  subjecting said structure to a higher heating and pressurizing stage at
      approximately 2850.degree.F. and 2250 psi so that said wall members are
      densified and hardened and said joints are fused in a predetermined
      pattern, and
PA1  removing the remainder of said partially decomposed support members to
      provide a plurality of accurately shaped openings in the ceramic article.
NUM  9.
PAR  9. The method of manufacturing a ceramic open cellular heat exchanger of
      claim 8 wherein said ceramic based mixture includes a blend of a quantity
      of silicon nitride particles and a relatively small quantity of magnesium
      oxide particles as a catalyst with a quantity of EPDM rubber binding
      ingredients.
NUM  10.
PAR  10. The method of manufacturing a ceramic open cellular heat exchanger of
      claim 9 wherein said ceramic based mixture includes blending said silicon
      nitride particles and said magnesium oxide particles with said EPDM rubber
      binding ingredients at a 55 percent to 45 percent volumetric ratio.
NUM  11.
PAR  11. The method of manufacturing a ceramic open cellular heat exchanger of
      claim 8 wherein said expendable mixture includes a blend of a quantity of
      graphite particles and a quantity of EPDM rubber materials.
NUM  12.
PAR  12. The method of manufacturing a ceramic open cellular heat exchanger of
      claim 11 wherein said expendable mixture includes blending said graphite
      particles with said EPDM rubber materials at a 55 percent to 45 percent
      volumetric ratio.
NUM  13.
PAR  13. A method of manufacturing an open cellular article comprising;
PA1  forming a relatively weak bondable material into a plurality of wall
      forming members,
PA1  independently forming a disintegratable filler material into a plurality of
      wall support members,
PA1  assembling said wall forming members and said support members in
      contiguously associated relation to provide a relatively solid structure
      with said support members serving to maintain said wall forming members in
      predetermined precise positions,
PA1  heating said structure and permitting said support members to partially
      decompose while still bracing said wall forming members and causing said
      wall forming members to harden and bond to each other to provide a
      substantially rigid monolithic unit, and
PA1  removing the remainder of said support members to provide a plurality of
      accurately-shaped openings in the article.
NUM  14.
PAR  14. The method of manufacturing an open cellular article of claim 13
      including the step of subjecting said structure to pressure during the
      heating procedure for increasing the density and strength of said wall
      forming members.
NUM  15.
PAR  15. The method of manufacturing an open cellular article of claim 14
      wherein said weak bondable material includes a plurality of binding
      ingredients including elastomeric materials and said disintegratable
      filler material includes a binder including elastomeric materials for
      improved forming and initial handling thereof.
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ABST
PAL  A non-woven web contains bicomponent filaments having a core of
      polypropylene and a sheath of specified copolyamides, together with
      polypropylene homofilaments, in which is embedded parallel yarns extending
      in its lengthwise direction. The yarns are composed of bicomponent
      filaments having a copolyamide sheath. The combination of properties of
      the product makes it suitable for use as a primary backing for tufted
      carpets.
PARN
PAR  This is a division, of application Ser. No. 337,465 filed Mar. 2, 1973.
BSUM
PAR  The invention relates to non-woven materials which have a combination of
      properties rendering them suitable for use as a primary carpet backing
      material for tufted carpets. The invention also provides a method for
      making such materials.
PAR  A primary carpet backing is required to be as thin as possible, compatible
      with acceptable tear strength and dimensional stability (which properties
      should be maintained after tufting, dyeing and application of a secondary
      backing), since the properties of a tufted carpet depend at least in part
      on the quantity of service pile. Pile which is inaccessible for use by
      virtue of being buried in the carpet backing represents a loss of
      otherwise useful pile yarn to the carpet manufacture. The primary carpet
      backing should further be composed of a material which does not stain the
      pile of the carpet when wet. It should also preferably be capable of being
      dyed in the same dye bath as that in which the pile is dyed without the
      necessity of making special provisions in order to reduce "grin through."
      Again, it should largely retain its tear strength after tufting and also
      it should be compatible with an adhesive for a secondary backing such as
      latex.
PAR  These requirements are satisfied and the necessary physical properties are
      readily achieved by a product being a non-woven web comprising continuous
      filaments laid in a random serpentine manner and consisting of a blend of
      homofilaments and bicomponent filaments, 20%-65%, preferably 35%-55% of
      the filaments being bicomponent filaments, said homofilaments consisting
      of at least partly oriented polypropylene and the bicomponent filaments
      having two components arranged in a core/sheath relationship, the core
      component being not less than 30 percent by volume and not more than 80
      percent by volume and being composed of at least partly oriented
      polypropylene, and the sheath being a copolyamide which is capable of
      being rendered adhesive in pressurized saturated steam at a pressure which
      leaves the core component substantially unaffected; the said web
      containing a plurality of equispaced and parallel yarns laid in the
      lengthwise direction thereof, which yarns are composed of oriented
      bicomponent continuous filaments having a sheath/core relationship, the
      sheath component being a copolyamide which can be rendered adhesive in
      pressurised saturated steam at the pressure required to render the sheath
      component of the bicomponent filaments of the web adhesive, which steam
      pressure leaves the core component of the filaments comprising the said
      equispaced and parallel yarns unaffected, there being at least 80,
      preferably at least 120 such yarns per meter (measured in the crosswise
      direction); the structure being bonded together at a multiplicity of
      bicomponent filament cross-over points.
PAR  The homofilaments and bicomponent filaments may be intimately blended
      throughout the thickness and across the area of the web, but in a
      preferred embodiment bicomponent filaments are present in a higher
      concentration at at least one of the surfaces of the product than in the
      centre of the product. This structure is preferred in carpets since the
      copolyamide sheath component of the bicomponent filaments can be readily
      dyed in the same dye-bath as that in which the carpet pile is dyed,
      whereas polypropylene filaments are less prone to dye-uptake. Thus, the
      preferred structure is less prone to "grin through" since the number of
      polypropylene filaments at the surface is reduced.
PAR  The configuration of the filaments of the web is such that no overall or
      predominant directional orientation can be discerned. At the same time the
      web should have a uniform filament density. The filaments should be at
      least partially molecularly oriented and preferably the birefringence of
      the polypropylene core component and homofilaments should be at least 50
      percent of the maximum birefringence. A suitable copolyamide for the
      sheath component of the bicomponent filaments is that obtained from
      copolymerising 75 percent by weight hexamethylene adipamide with 25
      percent by weight .epsilon.-caprolactam. The denier of the filaments of
      the web should preferably be from 5 to 20 denier, more preferably 6 to 10
      denier.
PAR  The equispaced and parallel yarns should be buried within the web thickness
      but need not be at the mid plane of the web. These yarns provide the
      product with an exceptional dimensional stability during the severe
      processing conditions to which the product is subjected during manufacture
      of a tufted carpet, surprisingly in the widthwise as well as the
      lengthwise direction.
PAR  The thickness of the load-bearing component of the bicomponent filaments of
      which the yarns are formed, that is, the core component, together with the
      number of such yarns per unit width should be such that the total product
      contracts in width by no more than 8 percent, preferably by no more than 5
      percent when exposed to steam at atmospheric pressure under a load of 225
      g per centimeter width of web. We find that satisfactory results are
      obtained using for example, a yarn composed of continuous filaments having
      a core of polyethylene terephthalate and a sheath of a copolyamide
      composed of 70 percent hexamethylene adipamide and 30 percent
      .epsilon.-caprolactam (70/30 nylon 6.6/nylon 6), each filament having a
      decitex of 6.6 there being 40 such filaments in each yarn twisted to 10
      turns per meter, and there being 160 yarns per meter, measured in the
      crosswise direction of the product. Obviously, other combinations are
      possible, and we find that, as a general rule with filaments having a
      polyester core, that the number of threadlines per meter multiplied by the
      decitex of the core components of each yarn should be greater than 20,000.
      If the core component is a polyamide this product should be greater than
      50,000.
PAR  In a preferred embodiment, the filaments of the product are coated with a
      water-repellant waxy lubricant. This coating acts as a lubricant for the
      tufting needles and permits the filaments of the material to be pushed
      apart to allow the needle to pass through the web, and thereby minimises
      the chance of filament breakage during tufting with a consequent loss of
      grab strength and tear strength.  Furthermore, the water repellency of the
      coating limits the penetration of a secondary backing such as latex into
      the material, and thereby tear strength of the product is maintained to a
      greater extent than if complete penetration of latex occurred. We find
      that poly siloxanes act as eminently suitable agents, for example a
      mixture of 50 percent poly (dimethyl siloxane) with 50 percent poly
      (methyl hydrogen siloxane) such as that marketed by Imperial Chemical
      Industries Limited as "Silicone Finish M.478."
PAR  The coating operation may conveniently be carried out by spraying. The
      siloxane finish may be supplied for example as a 60 percent aqueous
      emulsion to a spray gun and in order to ensure rapid polymerisation onto
      the filament surface, a catalyst may be employed. Conveniently the
      catalyst may be supplied in aqueous solution or suspension and may be
      mixed with the siloxane mixture in the spray gun. The level of finish will
      generally be greater than 0.5 percent on the material.
PAR  The siloxanes polymerise to form a cross-linked waxy substance on the
      surface of each filament and the polymerisation can be accelerated, if
      desired, by a catalyst.
PAR  The products of the invention can be prepared by a process whereby a blend
      of homofilaments and bicomponent filaments are deposited as a web upon a
      collector surface in a random serpentine manner with a high concentration
      of bicomponent filaments at the bottom of the web if desired, a warp of
      threadlines of continuous bicomponent filaments is thereafter laid on top
      of the non-woven mixture of homofilaments and bicomponent filaments,
      whereafter a second non-woven layer of a blend of homofilaments and
      bicomponent filaments is laid on top of the warp, again, if desired, with
      a high concentration of bicomponent filaments on the top surface, and the
      structure thereafter is subjected to a treatment with pressurised
      saturated steam in a steam chamber fitted with inlet and outlet steam
      seals, the steam pressure and compacting pressure applied by the seals
      serving to bond the bicomponent filaments at points of contact.
PAR  The blend of filaments may be deposited on the collector surface in a
      random serpentine manner by means of a bank of aspirating jets (air guns)
      which is traversed in directions normal to the movement of the surface,
      said guns being provided with means to impose an advancing-retarding
      oscillatory motion upon the filaments in the direction of advance of the
      traversing air gun as they exit from the gun.
PAR  If it is desired to make the preferred structure in which there is a high
      concentration of bicomponent filaments at one or both surfaces, then the
      first and/or last of the bank of aspirating jets may be adapted to receive
      and deposit bicomponent filaments in a higher concentration than the
      remainder of the air guns. Conveniently the first and/or last air guns may
      receive and deposit 100 percent bicomponent filaments.
PAR  In a convenient continuous process the components of the bicomponent and
      homofilaments are melted, forwarded to a filter pack and extruded
      simultaneously through orifices contained in the same spinneret plate,
      cooled, converged and brought into a yarn structure which is drawn between
      pairs of rolls rotating at different peripheral speeds and forwarded to
      the air gun to be laid into a web which is then treated with saturated
      pressurized steam to effect the necessary bonding.
PAR  A single spinneret may supply yarn to one or more air guns, and clearly if
      desired more than one spinneret may be employed. If the first and/or last
      air guns are to spray only bicomponent filaments, then these may be either
      selected from a spinneret pack designed to produce both bicomponent
      filaments and homofilaments, or from a second spinneret through which only
      bicomponent filaments are extruded.
PAR  Since the yarn structure has no spin finish applied to it, as is necessary
      to ensure good separation of the filaments in the aspirating jet, care
      must be taken to ensure that the tendency for filaments to lick back on
      the draw-rolls is minimised. We find that this requirement is met if the
      surfaces of the rolls are knurled or photo-etched.
PAR  The warp of threadlines are supplied from a suitable storage creel, through
      guide tubes which lead them into the correct positions adjacent to the
      collector surface. The threadlines should be under sufficient tension to
      prevent them being deflected by, for example, the air exhaust from the
      aspirator jet providing the top non-woven layer. A tension of about 20 g
      is generally adequate.
PAR  The structure is bonded in an atmosphere of pressurised saturated steam,
      the exact pressure depending to some extent upon the exact copolyamide
      composition from which the sheath of the bicomponent filaments in the
      non-woven sheet are constituted.
PAR  Generally speaking, the steam pressure will be chosen to give a product
      having a maximum tear strength. However, another feature which needs to be
      considered is the selvedge strength, since it is the selvedges which may
      have to support, on stenter pins, the tufted carpet incorporating the
      backing of the invention during, for example, the drying process following
      the scouring and dyeing sequences. In order to provide a sufficiently
      strong selvedge, the bonding pressure may need to be raised somewhat from
      the pressure required to give optimum tear strength. If, of course, the
      selvedge is to strengthened in a separate processing step, such as by
      stitching application of an adhesive, or by bonding the selvedges by a
      different treatment, then the steam pressure chosen will be that which
      gives optimum tear strength. For example, when the sheath component of the
      bicomponent filaments in the non-woven portion of the product is 75/25
      hexamethylene adipamide/.epsilon.-caprolactam, the ratio of core to sheath
      being 40 to 60 by volume and the ratio of polypropylene filaments to
      bicomponent filaments being 67:33 by number, the filaments having been
      drawn to a draw ratio of 2.55:1 and bonded in a steam oven at a seal
      pressure of 3.27 Kg cm.sup.-.sup.2, then we have found that a pressure of
      1.54 Kg cm.sup.-.sup.2 is necessary to ensure adequate selvedge strength
      and of 1.26 Kg cm.sup.-.sup.2 to give optimum tear strength.
PAR  Frequently a plurality of aspirator jets will be used to lay down first and
      second webs, so that higher productivity can be maintained.
PAR  The non-woven web of the product of the invention is composed entirely of
      synthetic polymeric materials, there being from 10 percent to 30 percent
      copolyamide and 90 percent to 70 percent polypropylene based on the total
      weight of the web, but excluding the polyester/copolyamide reinforcing
      warp threadlines.
DRWD
PAR  A preferred embodiment of the process of the present invention will now be
      described with reference to the accompanying drawings.
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic representation of a filter pack and spinneret
      assembly used in the process of the invention.
PAR  FIG. 2 is a diagrammatic representation of an air gun/collector surface
      device incorporating means to introduce a warp of threadlines.
PAR  FIG. 3 is a diagrammatic side view of the apparatus used to make the
      product.
DETD
PAR  In FIG. 1 a spinneret and filter pack assembly 1 comprises a spinneret
      plate 2 containing extrusion orifices 3 and 4. A distributor plate 5
      contains orifices 6 which are axially aligned with extrusion orifices 3
      and 4 and which communicate with a first polymer supply chamber 7.
      Distributor plate 5 also contains polymer supply ports 8 which communicate
      with a second polymer supply chamber 9 and a recess 10 formed in the
      underside of the distributor plate and extending beyond pairs of orifices
      4 and 6.
PAR  The required polymers are metered, in a molten state, into polymer supply
      chambers 7 and 9 respectively. The polymer from chamber 7, passes through
      orifices 6 and is extruded through extrusion orifices 3 as homofilaments.
      Polymer from chamber 9 passes through orifices 8 into recess 10 where it
      flows around extrusion orifices 4 and is extruded therethrough together
      with the polymer from orifice 6 as sheath/core bicomponent filaments, the
      latter polymer forming the core component.
PAR  In FIGS. 2 and 3, there is shown a collector surface 20 in the form of an
      endless belt, which advances in the direction indicated. Air guns 21, 22
      and 23, 24 are mounted on a beam (not shown) which is traversed to and fro
      above collector 20. Beam 25 is mounted above collector 20 and is supplied
      with a plurality of threadlines 26 from a storage creel (not shown), and
      is provided with means (not shown) whereby threadlines 26 can be deposited
      on collector 20 as a regular warp.
PAR  Air guns 21, 22 are fed with a mixture of homofilaments and bicomponent
      filaments which are laid on the collector 20 as a non-woven web 28. In
      order to avoid any substantial directionality in the filaments it is found
      necessary to provide air guns 21, 22, 23, 24 with means (not shown) to
      throw the filaments alternatively in advance and behind the exit nozzle.
      Upon web 28 the warp 29 of threadlines is laid from a plurality of guide
      tubes (not shown) supplied by beam 25, and are pressed onto the web by
      presser roll 18, and this in turn is overlaid by a second non-woven web 30
      deposited by air guns 23 and 24.
PAR  It it is desired to make the preferred product with concentration of
      bicomponent filaments at one or both surfaes then air guns 21 and/or 24
      will be fed with either a blend of bicomponent filaments and homofilaments
      with a higher proportion of bicomponent filaments than that supplied to
      guns 22 and 23 or preferably with bicomponent filaments only. Of course,
      more than one spray gun may be used to spray 100 percent bicomponent
      filaments.
PAR  In either case it is desirable to treat the web with atmospheric steam in
      order to discharge the build-up of static electricity. Thus perforated
      steam-pipes 32, 34 are provided immediately upstream of beam 25, and
      immediately before the web is separated from collector 20. On leaving
      collector 20 the web is supported between continuous belts 35, 36 and is
      passed to bonding oven 40 (FIG. 3) which comprises a steam chest 41 with
      inlet and outlet seals 42, 43, wherein the copolyamide component of the
      bicomponent filaments is softened and becomes adhesive. On leavng bonding
      oven 40, the web is compacted by seal 43 and the adhesive sheath component
      of the bicomponent filament is brought into contact with adjacent
      filaments whereby bonds form as the adhesive component hardens.
PAR  If desired, the bonded structure may be treated with a polysiloxane
      lubricant in lubricant chamber 44. Conveniently the polysiloxane is pumped
      in aqueous solution from storage tanks 45, to spray guns 46 and, if
      necessary therein mixed with a catalyst pumped from storage tank 47.
      Finally the product may be wound up as roll 48 driven by rolls 49, 50.
PAR  The invention is further described in the following examples which does not
      limit the scope of the invention.
PAC  EXAMPLE 1
PAR  Polypropylene, having a Melt Flow Index of 6, when determined according to
      ASTM - D1238 at 190.degree.C under a load of 2.14 Kg and 6.6/6 (75:25 w/w)
      copolyamide, the relative viscosity of an 8.4 solution in 90 percent
      formic acid being 35 is melted in a 7.5 cm diam screw extruder and a
      standard nylon screw pressure melter respectively. The molten polymers are
      fed to each of eight packs in the proportions of 75 parts polypropylene:
      25 parts copolyamide by weight. The total polymer throughput of each pack
      is 57 g/min. Six of the eight packs each produce 54 polypropylene
      homofilaments and 26 polypropylene core -- 6.6/6 (75:25) copolyamide
      sheath, at a core:sheath volume ratio of 40:60, bicomponent filaments. The
      other two packs each produce 80 polypropylene core -- 6.6/6 copolyamide
      sheath, at a core:sheath volume ratio of 80:20 bicomponent filaments. All
      spinneret holes are of equal size. The extruded filaments from each pack
      are quenched in air, and drawn at a draw ratio of 2.55, the surface of the
      draw rolls being knurled. The 8 filament bundles are electrostatically
      charged and each bundle passes immediately to a spray gun which is
      traversed continuously above an advancing stainless wire mesh belt. The
      two packs producing 100 percent bicomponent filaments feed the last two of
      the eight spray guns. At the exit of the gun the filaments separate from
      each other, and are subjected to a secondary air stream which oscillate
      the filaments in front of, and behind, the exit of the gun in the
      direction of traverse. The speed of traverse of the guns is 55 m/sec and
      the filaments are thrown alternatively in front of, and behind, the gun
      exit at 500 cycles per minute.
PAR  The eight spray guns are grouped into two sets, each set having 4 guns. The
      sets are laterally separated by a beam transverse to the collector, which
      beam supports a plurality of guide tubes. One end of each tube is
      positioned a few centimeters above the collector surface and there are 160
      such tubes per metre across the entire width of the collector surface. The
      tubes lead to the vicinity of a creel in which are stored bobbins of drawn
      continuous filament yarns. The filaments have a core/sheath bicomponent
      structure, the core being poly(ethylene terephthalate) and the sheath
      being 66.6 (70/30 w/w) copolyamide, the volume ratio of core to sheath
      being 50:50. There are 40 such filaments per yarn, which has a count of
      300 decitex and a twist level of 10 turns per meter. Each tube receives
      one yarn and guides it to the vicinity of the collector surface. A bottom
      web is laid by the guns upstream of the crossbeam, and is treated with
      atmospheric steam to discharge static electricity from the web before
      passage under the cross beam. The yarns are pressed onto the surface of
      the web by the set of spray guns situated upstream from the cross-beam, by
      passage of the threads under a presser roll. In this way a warp of
      parallel threadlines is laid on the bottom web, there being 160 threads
      per meter. This structure is finally overlaid by the web sprayed by the
      downstream set of spray guns.
PAR  The width of the web is 4 m and its weight is 140 g m.sup.-.sup.2. The web
      is treated with atmospheric steam to aid removal from the wire mesh
      conveyor and is then bonded by passage through a steam chamber 0.3 m long
      whilst sandwiched between two fabric conveyor belts. The steam chamber has
      inlet and outlet steam seals consisting of inflatable air bags as
      described in British Patent specification No. 1,001,508 which have a
      compacting action on the web. An air pressure of 3.30 Kg cm.sup.-.sup.2 is
      maintained in the seals and saturated steam at a pressure of 1.54 Kg
      cm.sup.-.sup.2 is maintained in the steam chamber under which conditions
      the copolyamide sheaths of the bicomponent filaments in the structure
      soften and bonds are formed between contiguous bicompnent filaments.
PAR  After bonding, a poly-siloxane lubricant is sprayed onto the web. The
      lubricant is a mixture of approximately equal parts of poly(dimethyl
      siloxane) and poly(methyl hydrogen siloxane) in an aqueous emulsion, there
      being 60 percent by weight of siloxanes in the emulsion. The emulsion is
      pumped to spray guns and a commercial catalyst (manufactured by Imperial
      Chemical Industries Ltd., as EP 5865) in aqueous suspension is mixed with
      the emulsion immediately before spraying. The spray is adjusted to give 1
      percent of siloxane on the material. Finally the product is wound up.
PAR  The untufted web had grab strengths of 42 and 52 Kg in the machine and
      cross-machine direction respectively. The web was tufted using an Ellison
      tufting machine to give 2.6 tufts per cm both in the machine and
      cross-machine direction. The tufted material was winch dyed and dried in a
      Stenter at 140.degree.C. At this stage, the tufted fabric had a selvedge
      strength of 37 Kg. The width contraction occurring in atmospheric steam
      under a load of 225 g/cm was 4 percent. Latex was applied to the carpet at
      a rate of 650 g/m.sup.2 (dried weight). The finished carpet had grab
      strengths of 75 Kg and Wing tear strength of 24 Kg in both machine and
      cross-machine direction.
PAR  The parameters referred to in this and the following Examples were measured
      as follows.
PAC  GRAB STRENGTH
PAR  A sample of web 17.8 cm long and 20.3 cm wide was clamped between the upper
      (2.5 cm wide) and lower (5.0 cm wide) jaws of an Instron (Registered Trade
      Mark) tensile tester. The jaws were initially set at 8 cm apart and moved
      further apart at a speed of 20 cm/min until the sample broke, the Grab
      Strength being the load, in kg, applied at break.
PAC  SELVEDGE STRENGTH
PAR  Measured similarly on a sample taken from the Selvedge, but with stenter
      pins being used in place of the lower clamp.
PAC  WING TEAR STRENGTH
PAR  Determined according to the test described in British Specification No.
      2576: 1959 -- Tear strength by Wing (single nip) tear test.
PAC  EXAMPLES 2-23
PAR  In this series of Examples, the effect of heterofilament content and
      bonding pressure on the properties of the non-woven product were examined.
      In all cases the non-woven products were made by the method of Example 1
      with the exception that all aspirating jets sprayed the same blend of
      homofilaments and heterofilaments and the filaments constituting the
      non-woven web had a mean denier of 17 denier. The parallel threadlines
      were spaced and had the same composition as in Example 1. The product was
      tufted and dyed as in Example 1. The results are given in Table 1 below.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Bonding pressure: 1-68 kg.cm.sup.-.sup.2                                  
     Examples     2    3    4      5    6    7                                 
     __________________________________________________________________________
     Homofilament/hetero-                                                      
     filament ratio                                                            
                  80:20                                                        
                       75:25                                                   
                            67.5:32.5                                          
                                   60:40                                       
                                        50:50                                  
                                             0:100                             
     Grab Strength, kg                                                         
      As produced 18   29   33     34   42   71                                
      After tufting                                                            
                  58   64   67     62   54   28                                
      After tufting                                                            
      and dyeing  66   71   73     69   60   37                                
     Wing Tear Strength, kg                                                    
      After tufting                                                            
      and dyeing  21   22   23     23   14   4.5                               
     Selvedge Strength, kg                                                     
      After tufting                                                            
      and dyeing  7.9  19.9 35     45   64   30                                
     __________________________________________________________________________
PAR  At this bonding pressure the products, apart from the 100 percent
      heterofilament product (Example 7), had good properties before and after
      tufting and dyeing. Example 2, however, was inferior to the other examples
      because of its low Selvedge Strength and because the selvedge had bulked
      up during the dyeing step.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Bonding pressure: 1-82 kg.cm.sup.-.sup.2                                  
     Examples     8    9    10     11   12   13                                
     __________________________________________________________________________
     Homofilament/hetero-                                                      
     filament ratio                                                            
                  80:20                                                        
                       75:25                                                   
                            67.5:32.5                                          
                                   60:40                                       
                                        50:50                                  
                                              0:100                            
     Grab Strength, kg                                                         
      As produced 19   38   43     51   55   56                                
      After tufting                                                            
                  63   55   62     65   46   *                                 
      After tufting                                                            
      and dyeing  66   70   67     66   55   *                                 
     Wing Tear Strength, kg                                                    
      After tufting                                                            
      and dyeing  21   19   20     20   14   *                                 
     Selvedge Strength                                                         
      After tufting                                                            
      and dyeing  13   14   39     57   59   *                                 
     __________________________________________________________________________
PAR  At this bonding pressure, the 20 percent heterofilament product (Example 8)
      had a much improved Selvedge Strength, compared with the sample bonded at
      lower pressure (Example 2). The 100 percent heterofilament product
      (Example 13) disintegrated at tufting at this bonding pressure, and at all
      higher bonding pressures.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Bonding pressure: 1.96 kg.cm.sup.-.sup.2                                  
     Examples     14   15   16     17   18                                     
     __________________________________________________________________________
     Homofilament/hetero-                                                      
     filament ratio                                                            
                  80:20                                                        
                       75:25                                                   
                            67.5:32.5                                          
                                   60:40                                       
                                        50:50                                  
     Grab Strength, kg                                                         
      As produced 33   40   65     62   63                                     
      After tufting                                                            
                  62.5 59   75     61   49                                     
      After tufting                                                            
      and dyeing  66   64   77     66   56                                     
     Wing Tear Strength, kg                                                    
      After tufting                                                            
      and dyeing  21   21   21.6   19   14                                     
     Selvedge Strength, kg                                                     
      After tufting                                                            
      and dyeing  27.4 40   53     66   67                                     
     __________________________________________________________________________
TBL                                    Table 4                                 
     __________________________________________________________________________
     Bonding pressure: 2.11 kg.cm.sup.-.sup.2                                  
     Examples     19   20   21     22   23                                     
     __________________________________________________________________________
     Homofilament/hetero-                                                      
     filament ratio                                                            
                  80:20                                                        
                       75:25                                                   
                            67.5:32.5                                          
                                   60:40                                       
                                        50:50                                  
     Grab Strength, kg                                                         
      As produced 51   55   64     61   63                                     
      After tufting                                                            
                  56   58   69     60   46                                     
      After tufting                                                            
      and dyeing  75   63   72     67   51                                     
     Wing Tear Strength, kg                                                    
      After tufting                                                            
      and dyeing  21   19.5 19     16   14                                     
     Selvedge Strength, kg                                                     
      After tufting                                                            
      and dyeing  37   54   56     58   55                                     
     __________________________________________________________________________
PAR  Further experiments were carried out with a range of bonding pressures
      using a 50 percent heterofilament web composition.
PAR  At bonding pressures less than 1.25 kg.cm.sup.-.sup.2, the web
      disintegrated during tufting and had very low grab strength and tear
      strength values before tufting. At pressures in excess of 2.11
      kg.cm.sup.-.sup.2 the products could be tufted, but the tear strength was
      insufficient to withstand the winch dyeing treatment.
PAC  EXAMPLES 24-46
PAR  This series of Examples illustrate the effect on the properties of the
      product of using various copolyamides as the sheath component of the
      heterofilaments, of the non-woven proportions of the webs and indicates
      the range of bonding pressures at which useful properties are obtained.
PAR  In all Examples a 50 percent heterofilament web composition was used, the
      filaments being 18 denier, and all other conditions being as set out in
      Example 1.
TBL                TAble 5                                                     
     ______________________________________                                    
     70% Nylon 66/30% Nylon 6                                                  
     Example         24        25       26                                     
     ______________________________________                                    
     Bonding pressure kg.cm.sup.-.sup.2                                        
                     0.63      0.84     1.05                                   
     Grab Strength, kg                                                         
      As produced    32        47       67                                     
      After tufting  48        37       39                                     
      After tufting                                                            
      and dyeing     51        53       44                                     
     Wing Tear Strength, kg                                                    
      After tufting                                                            
      and dyeing     17        17       13                                     
     Selvedge Strength, kg                                                     
      After tufting                                                            
      and dyeing     36        42       49                                     
     ______________________________________                                    
PAR  At bonding pressures less than 0.6 kg.cm.sup.-.sup.2 the Grab and Selvedge
      strengths of the produce were unacceptably low after dyeing whilst at
      pressures greater than 1.10 kg.cm.sup.-.sup.2 the Tear Strength
      deteriorated rapidly.
TBL                Table 6                                                     
     ______________________________________                                    
     80% Nylon 66/20% Nylon 6.                                                 
     Example         27        28       29                                     
     ______________________________________                                    
     Bonding pressure kg.cm.sup.-.sup.2                                        
                     2.03      2.24     2.45                                   
     Grab Strength, kg                                                         
      As produced    19        39       39                                     
      After tufting  46        34       44                                     
      After tufting                                                            
      and dyeing     44        63       46                                     
     Wing Tear Strength, kg                                                    
                     --        21       11                                     
     Selvedge Strength, kg                                                     
                     --        25       46                                     
     ______________________________________                                    
TBL                                    Table 7                                 
     __________________________________________________________________________
     75% Nylon 66/25% Nylon 6.                                                 
     Examples   30   31   32   33   34                                         
     __________________________________________________________________________
     Bonding pressure                                                          
     kg.cm.sup.-.sup.2                                                         
                1.25 1.68 1.82 1.96 2.10                                       
     Grab Strength, kg                                                         
      As produced                                                              
                38   42   56   63   63                                         
      After tufting                                                            
                55   54   46   49   46                                         
      After tufting                                                            
      and dyeing                                                               
                63   60   55   56   51                                         
     Wing Tear Strength                                                        
      After tufting                                                            
      and dyeing                                                               
                13   14   14   14   14                                         
     Selvedge Strength                                                         
      After tufting                                                            
      and dyeing                                                               
                56   65   64   67   55                                         
     __________________________________________________________________________
TBL                Table 8                                                     
     ______________________________________                                    
     30% Nylon 66/70% Nylon 6.                                                 
     Examples     35       36       37     38                                  
     ______________________________________                                    
     Bonding pressure                                                          
     kg.cm.sup.-.sup.2                                                         
                  .42      .63      .84    1.05                                
     Grab Strength, kg                                                         
      As produced 55       52       73     63                                  
      After tufting                                                            
                  46       46       46     51                                  
      After tufting                                                            
      and dyeing  46       43       38     39                                  
     Wing Tear Strength,                                                       
     kg                                                                        
      After tufting                                                            
      and dyeing  20       --       --     --                                  
     Selvedge Strength,                                                        
     kg                                                                        
      After tufting                                                            
      and dyeing  48       --       --     --                                  
     ______________________________________                                    
TBL                Table 9                                                     
     ______________________________________                                    
     20% Nylon 66/80% Nylon 6.                                                 
     Examples     39       40       41     42                                  
     ______________________________________                                    
     Bonding pressure                                                          
                  14       17       20     23                                  
     Grab Strength, kg                                                         
      As produced 52       55       60     56                                  
      After tufting                                                            
                  48       48       47     44                                  
      After tufting                                                            
      and dyeing  54       56       54     54                                  
     Wing Tear Strength                                                        
      After tufting                                                            
      and dyeing  16       16       15     15                                  
     Selvedge Strength                                                         
      After tufting                                                            
      and dyeing  42       48       53     53                                  
     ______________________________________                                    
TBL                Table 10                                                    
     ______________________________________                                    
     10% Nylon 66/90% Nylon 6.                                                 
     Examples     43       44       45     46                                  
     ______________________________________                                    
     Bonding pressure                                                          
                  1.61     1.82     2.03   2.47                                
     Grab Strength, kg                                                         
      As produced 60       52       55     56                                  
      After tufting                                                            
                  41       44       41     45                                  
      After tufting                                                            
      and dyeing  46       51       46     50                                  
     Wing Tear Strength                                                        
      After tufting                                                            
      and dyeing  13       13.2     13     12                                  
     Selvedge Strength                                                         
      After tufting                                                            
      and dyeing  49       55       52     44                                  
     ______________________________________                                    
PAR  In Tables 4-9, bonding pressures below the lowest shown gave unacceptably
      low Selvedge and Grab Strengths after tufting and dyeing. Bonding
      pressures higher than the highest shown gave poor Tear Strengths.
PAR  It is seen that the 75/25 66/6 copolyamide (Table 7) gives the highest Grab
      Strengths and Selvedge Strengths whilst the Tear Strength value is
      completely acceptable.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for making a bonded non-woven web comprising depositing a
      blend of homofilaments and bicomponent filaments in a random and
      serpentine manner on an advancing collector surface, to form a non-woven
      layer, laying a warp of equispaced and parallel yarns of continuous
      bicomponent filaments on top of said non-woven layer and thereafter laying
      a second non-woven layer of a blend of bicomponent filaments and
      homofilaments, 20%- 65% of the filaments of the non-woven layer being
      bicomponent filaments, said homofilaments, consisting of at least partly
      oriented polypropylene and the bicomponent filaments having two components
      arranged in a core/sheath relationship, the core component being not less
      than 30 percent by volume and not more than 80 percent by volume and being
      composed of at least partly oriented polypropylene, and the sheath being a
      copolyamide which is capable of being rendered adhesive in pressurized
      saturated steam at a pressure which leaves the core component
      substantially unaffected, and the equispaced and parallel yarns being
      composed of oriented bicomponent continuous filaments haveing a
      sheath/core relationship, the sheath component being a copolyamide which
      can be rendered adhesive in pressurized saturated steam at the pressure
      required to render the sheath component of the bicomponent filaments of
      the web adhesive, which steam pressure leaves the core component of the
      filaments comprising said equispaced and parallel yarns unaffected, there
      being at least 80 such yarns per meter (measured in the crosswise
      direction), and thereafter treating the structure in a steam chamber
      fitted with inlet and outlet steam seals, the steam chamber being supplied
      with saturated steam at a pressure which, together with the pressure
      applied by the seals on the structure serves to bond the bicomponent
      filaments at points of contact.
NUM  2.
PAR  2. A process for making a bonded non-woven web as claimed in claim 1,
      wherein the blend of filaments are deposited on the advancing collector
      surface in a random serpentine manner by a plurality of aspirating jets
      which are traversed in a direction normal to the direction of advance of
      the collector surface.
NUM  3.
PAR  3. A process for making a bonded non-woven web as claimed in claim 1,
      wherein the aspirating jets are provided with means to impose an
      advancing-retarding oscillatory motion on the filaments in the direction
      of advance of the traversing aspirating jets as the filaments exit from
      the jet.
NUM  4.
PAR  4. A process as claimed in claim 2, in which at least one of the surfaces
      of the non-woven web is provided with a higher proportion of bicomponent
      filaments than at its central portions, comprising supplying to the
      aspirator jets which lay the first and/or last layers of web bicomponent
      filaments in a higher proportion than the remainder of the aspirator jets.
NUM  5.
PAR  5. A process as claimed in claim 4, wherein the aspirating jets which lay
      the first and/or last lays of the web are supplied with 100 percent
      bicomponent filaments.
NUM  6.
PAR  6. A process as claimed in claim 1, where the equispaced and parallel yarns
      are supplied via guide tubes which terminate adjacent the collector
      surface.
NUM  7.
PAR  7. A process as claimed in claim 1, wherein the equispaced and parallel
      yarns are supplied under tension.
NUM  8.
PAR  8. A process as claimed in claim 7, wherein the tension is at least 20 g.
NUM  9.
PAR  9. A process as claimed in claim 1 wherein the selvedges of the bonded web
      are further strengthed by stitching, application of adhesive or by a
      separate bonding treatment.
NUM  10.
PAR  10. A process as claimed in claim 1, wherein the pressure of the saturated
      steam is selected to give a maximum tear strength.
NUM  11.
PAR  11. A process as claimed in claim 1, wherein a water-repellent waxy
      lubricant is applied to the bonded non-woven web after the bonding
      treatment.
NUM  12.
PAR  12. A process as claimed in claim 11, wherein the lubricant is applied by
      spraying.
NUM  13.
PAR  13. A process for making a bonded non-woven web comprising depositing a
      blend of homofilaments and bicomponent filaments in a random and
      serpentine manner on an advancing collector surface, to form a non-woven
      layer, laying a warp of equispaced and parallel yarns of continuous
      bicomponent filaments on top of said non-woven layer and thereafter laying
      a second non-woven layer of a blend of bicomponent filaments and
      homofilaments, 20 percent - 65 percent of the filaments of the non-woven
      layer being bicomponent filaments, said homofilaments, consisting of at
      least partly oriented polypropylene and the bicomponent filaments having
      two components arranged in a core/sheath relationship, the core component
      being not less than 30 percent by volume and not more than 18 percent by
      volume and being composed of at least partly oriented polypropylene, and
      the sheath being a copolyamide of 75 percent hexamethylene adipamide and
      25 percent .epsilon.-caprolactam, which is capable of being rendered
      adhesive in pressurized saturated steam at a pressure which leaves the
      core component substantially unaffected, and the equispaced and parallel
      yarns being composed of oriented bicomponent continuous filaments having a
      sheath/core relationship, the sheath component being a copolyamide which
      can be rendered adhesive in pressurized saturated steam at the pressure
      required to render the sheath component of the bicomponent filaments of
      the web adhesive, which steam pressure leaves the core component of the
      filaments comprising said equispaced and parallel yarns unaffected, ther
      being at least 80 such yarns per meter (measured in the crosswise
      direction), and thereafter treating the structure in the steam chamber
      fitted with inlet and outlet steam seals, the steam chamber being supplied
      with saturated steam at a pressure which, together with the pressure
      applied by the seals on the structure, serves to bond the bicomponent
      filaments at points of contact.
NUM  14.
PAR  14. A process as claimed in claim 13, wherein the pressurized saturated
      steam is between 1.35 kg.cm.sup.-.sup.2 and 2.11 kg.cm.sup.-.sup.2.
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ABST
PAL  The instant invention comprises providing copper or a copper alloy which
      has on its surface a uniform glassy like and substantially pore free
      coating of copper phosphate, rinsing the coated material for at least two
      seconds in water at a pH of at least 8.0, at a temperature of 90.degree.C
      to the boiling point and drying.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of Ser. No. 177,292, filed 09/02/71, now
      U.S. Pat. No. 3,764,400, which is in turn a continuation-in-part of
      co-pending applications Ser. No. 59,684, now U.S. Pat. No. 3,677,828,
      filed July 30, 1970 and Ser. No. 67,943, now U.S. Pat. No. 3,716,427,
      filed Aug. 28, 1970, which is in turn a continuation-in-part of Ser. No.
      59,684.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates specifically to metal plastic laminates
      having high bond strength and improved resistance to acid undercutting
      during manufacture of laminates into flexible printed circuits.
PAR  The present invention further broadly relates to treating copper and copper
      alloys to form a tarnish and oxidation resistant film thereon.
PAR  In the manufacture of flexible printed circuits, copper foil or sheet is
      employed which normally has applied to its surface a film of an organic
      inhibitor, such as benzotriazole, in order to prolong the shelf life
      before maunufacture of the circuit.
PAR  Flexible printed circuits comprise copper sheets or copper foil bonded to
      the surface of a plastic sheet, such as a polyester or polyimide. Normally
      two types of copper foil, either wrought or electro deposited, are
      employed in the manufacture of flexible printed circuits. Further it is
      advantageous to utilized wrought and annealed copper foil.
PAR  Printed circuits find wide use in the electrical and electronic fields
      since they are advantageous in the elimination of individual lead wires
      which require a separate soldering or other joining operation to the
      various components of any particular circuit. The configuration of such a
      circuit facilitates the positioning of conventional circuit components
      such as capacitors, etc., and the soldering of these components to the
      wiring by a dipping operation.
PAR  The manufacture of flexible printed circuits comprises adhesively bonding
      or laminating copper sheet or foil to a plastic film, such as a polyester
      or polyimide, and generally employing a suitable glue. As one preferred
      way the copper side of the resultant laminate is then sprayed with a
      photoresist and the required circuit is projected onto the resist-coated
      side of the copper component which transforms the photoresist into an acid
      insoluble compound in a figure and likeness of the circuit. The laminate
      is then immersed or sprayed with an acid etchant, such as a ferric
      chloride solution, to dissolve away the unwanted portion of the copper,
      i.e., that portion of the copper component of the laminate which is not
      part of the required circuitry.
PAR  Various problems arise however in the present manufacture of flexible
      printed circuits to which the present invention is directed.
PAR  For example, in order to provide tarnish resistance of rolled copper and an
      acceptable laminated product, before laminating a film of an organic
      inhibitor is normally applied to the surface of the copper.
PAR  The organic inhibitor, e.g., benzotriazole, provides for long shelf life or
      stability during storage.
PAR  Before laminating of a wrought hard copper to the plastic film it is
      advantageous to anneal the copper in order to provide increased ductility
      which is highly desirable in flexible printed circuits. It has been found
      that the organic inhibitor upon the copper surface decomposes during the
      annealing. Due to this decomposition problems arise such as the effect of
      the benzotriazole is no longer apparent and therefore the product no
      longer has good shelf life and tarnishing occurs. The tarnishing causes
      both poor laminate bond strength, uneven acid etching, and rapid acid
      undercutting along the bonded interface during etching away of the
      unwanted copper portion of the laminate. The acid undercutting generally
      occurs at a rate equivalent to at least 30 mils per hour from each side of
      the copper circuitry, at the aforementioned interface, and materially
      degrades the quality of the printed circuit.
PAR  Therefore, unless treated the copper foil-plastic laminate exhibits poor
      bond strength when room temperature oxidation or tarnishing occurs on the
      foil. Furthermore, the resistance to acid undercutting along the interface
      of the wrought annealed foil is poor as aforementioned. A further
      complication with wrought annealed and other foil arises with the use of
      organic inhibitors such as benzotriazole, since residual benzotriazole on
      te unbonded side of the foil results in uneven etching of the circuit
      because the benzotriazole provides some inhibition in the etching
      solution. A still further disadvantage with organic inhibitors occurs with
      certain plastic systems wherein high temperatures, i.e., above
      240.degree.F, are employed for curing of the glue. These high temperatures
      cause the copper-organic inhibiting film to decompose with the formation
      of relatively large amounts of gases which causes blistering of the
      laminate and thereby producing an unacceptable product.
PAR  It is well known, as aforementioned, that copper and many of its alloys
      possess low resistance to tarnishing in many atmospheres and particularly
      atmospheres containing industrial wastes such as compounds of sulfur. It
      is therefore required, in order to provide a measure of tarnish resistance
      for a relatively prolonged period of time, that a film of an organic
      inhibitor, such as benzotriazole, be applied to the surface of the copper
      or copper alloy.
PAR  The application of such inhibitors provides for prolonging the aesthetic
      appeal of copper materials in finished form, such as lamp bases and other
      consumer goods for the home, and also provides for long shelf life before
      further manufacture of such materials into final consumer articles. This
      is particularly important since prolonged exposure of copper materials in
      an industrial environment naturally degrades the exposed surfaces
      resulting in build up of corrosion products, such as copper oxides and
      sulfides, which may necessitate a severe mechanical or chemical cleaning
      operation in order to restore the material surfaces to a condition
      compatible for normal further cleaning and manufacturing operations, e.g.,
      a simple alkaline clean or degreasing cycle before additional mechanical
      working or soldering of the material.
PAR  It is therefore a principal object of the present invention to provide a
      method for producing increased tarnish resistance of copper and its
      alloys, and the article produced thereby.
PAR  It is an additional object of the present invention to provide a method for
      producing a copper, or copper alloy sheet or foil adhesively laminated to
      a plastic film to form a laminate wherein the laminate is characterized by
      increased resistance to acid undercutting and uneven dissolution of the
      unwanted copper during manufacture of the laminate into a flexible
      circuit, and the article produced thereby.
PAR  It is a further object to provide a method for producing a flexible printed
      circuit which is characterized by no substantial undercutting of the
      circuitry and by high bond or peel strength and tarnish resistance without
      degradation of other properties so desirable in flexible printed
      circuitry, and the article produced thereby.
PAR  It is still a further object of the present invention to provide the
      objects as aforesaid conveniently, expeditiously and inexpensively.
PAR  Further objects and advantages of the present invention will become
      apparent hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises providing copper or an alloy thereof having
      on its surface a uniform glassy like and substantially pore free coating
      of copper phosphate and rinsing in heated water at a temperature of at
      least 90.degree.C and a pH of at at least about 8.0 for at least 2 seconds
      and drying.
PAR  The present invention also provides for further adhesively bonding or
      laminating the treated copper or copper alloy to a plastic film to form a
      laminate and for further forming of the laminate into a flexible printed
      circuit. A preferred method of forming of the flexible printed circuit is
      by applying a photoresist to the surface of the aforementioned foil or
      sheet opposing the surface bonded to the plastic film, projecting the
      desired circuitry upon the photoresist to form an acid insoluble compound
      in the area of the required circuitry, dissolving away the unwanted copper
      in an acidic solution and then rinsing and drying.
PAR  The present invention additionally provides for highly tarnish resistant
      copper or alloy thereof having on its surface a glassy like and
      substantially pore free film or copper complex phosphate from 20 to 1000
      Angstrom Units thick. When the aforementioned copper or copper alloy is
      adhesively laminated to a plastic film, as for example, in the form of a
      flexible printed circuit, the printed circuit is characterized by stable
      high bond strength and substantially no acid undercutting of the copper
      circuitry in the bonded interface.
PAR  It is a particular advantage of the present invention that the treated
      wrought copper foil or sheet can be annealed prior to the aforementioned
      adhesively bonding step, which provides the advantage of high ductility of
      a wrought-annealed copper foil or sheet product.
PAR  It is to be noted that the present invention also broadly relates to highly
      tarnish resistant copper or an alloy thereof which possesses long shelf
      life, better solderability shelf life, and therefore materially reduces
      requisite cleaning of a fully manufactured and treated copper article as
      well as copper or copper alloy which requires further manufacturing or
      processing into finished articles, such as laminates and flexible printed
      circuits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the increase in oxidation resistance of copper and its alloys
      when treated in accordance with the present invention.
PAR  FIG. II shows the increased stability with time of the bond strength of the
      laminate of the present invention when held at elevated temperature in
      air.
PAR  FIG. III shows the effect of pH of the rinse on bond strength of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The material provided is copper or a copper alloy having on its surface a
      glassy like and substantially pore free coating of copper phosphate
      ranging in thickness of from 20 to 1000 Angstrom units.
PAR  The aforementioned coating may be formed in accordance with Ser. Nos.
      59,684 and 67,943 which teach preferred methods of producing such a
      coating.
PAR  For example, Ser. No. 67,943 teaches applying a phosphoric acid solution
      containing from about 3.5 grams per liter up to the solubility limit of
      sodium dichromate (Na.sub.2 Cr.sub.2 O.sub.7. 2H.sub.2 O) or potassium
      dichromate (K.sub.2 Cr.sub.2 O.sub.7) or mixtures thereof to copper and
      its alloys. Normally, the application of the aforementioned solution is by
      immersion of, for example, sheet or foil in a bath.
PAR  The acid normally employed is from about 8 percent to 85 percent
      concentration of phosphoric acid of the formula H.sub.3 PO.sub.4 although
      a solution of phosphates such as acid solutions of, for example, sodium
      (Na.sub.2 HPO.sub.4), potassium (K.sub.2 HPO.sub.4), and lithium
      (LiH.sub.2 PO.sub.4) phosphate may also be readily employed in a
      concentration range normally corresponding to about 15 percent of
      phosphoric acid of the formula H.sub.3 PO.sub.4 up to their solubility
      limits in water.
PAR  Ser. No. 59,684 dexcribes a method wherein copper, or an alloy thereof, is
      first oxidized by heating in an environment containing oxygen or wherein
      air has not been excluded. The temperature is from about
      200.degree.-340.degree.C and the time employed from about 5 to 45 minutes
      in order to form the requisite oxide film.
PAR  Following this oxidation step the copper, normally in sheet or foil form,
      is phosphated by applying a phosphoric acid solution, such as by
      immersion, to the oxidized surface. The acid normally employed is about 15
      to 85 percent concentration of phosphoric acid of the formula H.sub.3
      PO.sub.4 although a solution of phosphates such as acid solutions of, for
      example, sodium (Na.sub.2 HPO.sub.4), potassium (K.sub.2 HPO.sub.4), and
      lithium (LiH.sub.2 PO.sub.4) phosphate may also be readily employed in a
      concentration range normally corresponding to about 15 percent of
      phosphoric acid of the formula H.sub.3 PO.sub.4 up to their solubility
      limits in water.
PAR  The temperature of the phosphoric acid solution is normally ambient for
      practical considerations but may range from below that of room up to the
      boiling point. The phosphoric solution may also be suitably agitated such
      as by conventional mechanical means if desired.
PAR  Rinsing is carried out in heated water having an alkaline pH of at least
      about 8.0, and preferably about 8.5 to about 11.0, and the temperature of
      the water ranges from about 90.degree.C up to the boiling point.
PAR  Any suitable addition agent may be employed to adjust the pH but is
      generally selected from the group consisting of the basic reaction salts
      of the alkali metals, the basic reaction salts of the alkaline earth
      metals, the hydroxides of the alkali metals, and the hydroxides of the
      alkaline earth metals. Ammonium salts with a basic reaction such as
      ammonium carbonate salts may also be readily employed.
PAR  Calcium hydroxide is particularly preferred to adjust the pH to the range
      of 8.0 to 11.0. Ammonium hydroxide may also be readily employed when
      adjusting the pH towards the lower critical limit of about 8.0 is desired.
PAR  The rinse of the present invention converts the copper phosphate coating to
      a copper complex phosphate. The particular copper complex phosphate
      produced by the rinse is dependent upon and will contain the cation of the
      addition agent employed. Thus, for example, should calcium hydroxide be
      employed the copper phosphate coating will be converted to a copper
      calcium phosphate which is also glassy like and substantially pore free.
      Likewise should sodium hydroxide be employed the coating obtained is a
      glassy like and substantially pore free coating of copper sodium
      phosphate.
PAR  The coating obtained after the rinse is of the same thickness as before the
      rinse and more particularly 20 to 1000 Angstrom units thick, as
      aforementioned.
PAR  The copper or copper alloy is rinsed for at least 2 seconds and, although
      not critical, rinsing is not normally longer than about 2 minutes for
      practical considerations. Normally rinsing is by immersion in a rinse bath
      although other methods such as spraying may also be readily employed.
      Suitable agitation in an immersion type rinse may also be provided, if
      desired.
PAR  If desired, the copper or copper alloy may first be given a preliminary
      rinse, such as a spray rinse, in cold or unheated water with the pH
      unadjusted in order to first remove the excess phosphating solution before
      rinsing at a pH of at least 8.0.
PAR  The upper pH limit is governed only by the saturation limit of the
      particular pH adjuster employed and is therefore not critical.
PAR  Following the rinsing, the copper or copper alloy is then dried such as by
      air blast, rinsing in an alcohol solution such as methanol and allowing to
      dry or merely by allowing to dry by exposure to the atmosphere.
PAR  Following rinsing and drying the treated surface of the copper sheet or
      foil may be adhesively laminated to a plastic film such as by employing a
      high temperature glue in order to form laminate.
PAR  The resultant laminate comprising copper sheet or foil and a plastic film
      is particularly useful in the manufacture of flexible printed circuitry.
      Although not critical the preferred plastic film comprises a polyester or
      a polyimide organic compound, and in particular Mylar and Kapton,
      respectively.
PAR  Preferably, but not necessarily, before the aforementioned laminating the
      copper foil or sheet, when in the hard condition, is recrystallied
      annealed in a reducing atmosphere at a temperature from about 250.degree.
      to 500.degree.F for at least about 8 minutes, and preferably not longer
      than about 16 hours when at a temperature of about 250.degree. to
      350.degree.F, and preferably not longer than about 1/2 hour when at a
      temperature in the aformentioned range in excess of about 350.degree.F.
PAR  A further embodiment of the present invention is the applying of a
      photoresist to the unbonded surface of the copper component of the
      aforementioned laminate and then conventionally impressing a pattern of
      the required circuitry which transforms the photoresist to an acid
      insoluble compound at the area of the impressed circuitry.
PAR  The unwanted copper is then dissolved away by a suitable etchant such as
      acidic ferric chloride, in those areas of the laminate wherein the
      photoresist has not been transformed into an acid insoluble compound
      during projection of the circuitry. The laminate is then rinsed and dried
      and thereby a completed flexible circuit is formed.
PAR  The copper provided in forming the flexible printed circuit of the present
      invention is normally from about 0.25 to 6 mils in thickness and may be
      any suitable copper or alloy thereof which is capable of carrying the
      required current for the intended application. Normally CDA Alloy 110
      (99.90 percent minimum copper, 0.04 nominal oxygen) or CDA Alloy 102
      (99.95 percent minimum copper) is employed. Naturally, it is also
      preferred that the sheet or foil be suitably cleaned before treatment.
PAR  If the coating is provided in accordance with Ser. No. 59,684 the surface
      is preferably roughened before the treating to provide an average
      roughness of about one to 20 micro inches, RMS, should the material be
      laminated to a polyester. Any suitable method of roughening may be
      employed such as, for example, pack rolling, rolling with suitably
      roughened rolls, or abrasive blasting.
PAR  It has been surprisingly found that when the sheet or foil is rinsed after
      phosphating as aforementioned the bond strength and resistance to acid
      undercutting are either increased or stabilized and thus the present
      invention increases the resistance of the bond strength to decay with
      time. By rinsing as aforementioned long term service life is to be
      expected. The rinse, as shown in FIG. 1 provides increased resistance to
      oxidation of copper and its alloys when in an elevated temperature
      environment, such as soldering, thus providing the retention of a pleasing
      appearance of the material when subjected to such an environment.
PAR  Furthermore, the aforementioned rinse also provides increased resistance of
      the bond at ambient temperature and strength to decay when the laminate is
      heated to elevated temperatures such as would be expected under some
      operating conditions as shown in FIG. 2 and 3. For example the laminate of
      the present invention may function in a system wherein elevated
      temperatures may be expected, such as for example, in the aerospace field.
PAR  The circuit laminate of the present invention is thus characterized by
      having high bond strength as a result of the aforementioned treatment, as
      well as substantially no acid undercutting of the circuitry at the bonded
      interface, i.e., at each side of the circuitry where the circuitry is
      adhesively laminated to the plastic film. The high bond strength and acid
      undercutting resistance are not degraded by long time exposure to the
      atmosphere.
PAR  The circuit as well as the laminate and copper or copper alloy, of the
      present invention is further characterized by having uniformly thereon a
      glassy like, and pore free copper complex phosphate coating of a thickness
      of from about 20 to 1000 Angstrom units and readily overcomes the
      aforementioned disadvantages of high acid undercutting and of low bond
      strength as well as other disadvantages of the prior art.
PAR  For example, in the manufacture of flexible printed circuits
      electrodeposited copper foil is frequently employed in place of wrought
      annealed copper wherein one side, or surface, of the foil is relatively
      rough. The rough surface is oxidized and then both sides of the
      electrodeposited copper foil are treated with the aforementioned
      benzotriazole inhibitor. The inhibitor forms a copper salt when it reacts
      with the copper oxide present on both sides of the foil, intentionally on
      the rough side and as a residual on the other or smooth side. This
      residual benzotriazole salt on the smooth side causes uneven etching
      response of the copper foil plastic laminate.
PAR  Electrodeposited copper is also disadvantageous when bonded to a polyester
      film since the foil is generally of low ductility whereas a relatively
      high ductile material, such as rolled and annealed copper, is desirable in
      flexible printed circuitry wherein a polyester film, such as Mylar, or a
      polyimide film, such as Kapton, is employed.
PAR  Furthermore, electrodeposited copper does not tend to uniformly etch away
      in the unwanted areas of the copper component during formation of the
      circuitry due to its relatively large grain size; whereas the more uniform
      and fine grain size of rolled and annealed copper tends to provide for
      more even etching which is preferred in the forming of high quality
      circuitry.
PAR  Electrodeposited copper inhibited by benzotriazole is also disadvantageous
      when bonding to a polyimide plastic film since the adhesives used with
      polyimide films, such as Kapton, require a curing temperature which is
      sufficiently high to promote degragation of the copper benzotriazole salt
      thereby degrading or destroying the laminate. Therefore rolled copper foil
      is used with the polyimides rather than electrodeposited copper.
PAR  It is also noted that the flexible circuit of the present invention may
      readily be soft soldered over the aforementioned film thus providing for
      increased economy in assembling of composite electrical circuitry.
PAR  It is further noted that as a result of the aforementioned treatments that
      copper and its alloys have very high tarnish resistance and therefore long
      shelf life prior to laminating as well as prolonged aesthetic value since
      the normal corrosion products produced in both clean and polluted
      atmospheres are reduced.
PAR  In addition the method of the present invention of forming a tarnish
      resistant film on copper and alloys has also been surprisingly found to
      prevent sticking together of the metal sheets during annealing, which thus
      overcomes a prevalent problem during mill processing.
PAR  The present invention will become more readily apparent from the following
      illustrative examples.
PAC  EXAMPLE I
PAR  FIG. 1 shows the oxidation resistance of copper alloy 110 when treated in
      accordance with the present invention at a temperature of 150.degree.C.
      Copper samples were cleaned, and immersed in a solution of 50 percent
      phosphoric acid containing about 35 grams per liter of sodium dichromate
      for about one minute at ambient temperature. Following the aforementioned
      treatment some of the samples were rinsed in ordinary tap water at ambient
      temperature and dried by an air blast. Other samples were rinsed for about
      30 seconds in water at 100.degree.C, and adjusted with calcium hydroxide
      to a pH of about 10.5 and dried by an air blast.
PAR  As shown in FIG. 1 the rinse clearly increased the oxidation resistance of
      the samples when heated in an oxidizing atmosphere at a temperature of
      150.degree.C for varying times.
PAC  EXAMPLE 11
PAR  FIG. 2 shows the increase in laminate in laminate bond strength stability
      with time at high temperature when samples of copper alloy 110 were
      processed in accordance with this invention.
PAR  Samples processed in accordance with Example I were adhesively laminated to
      a polyester "Mylar" film with a polyester glue containing a di-isocyanate
      cross linking agent cured for 72 hours at ambient temperature and then
      heated at 150.degree.C in air for varying times, cooled and the bond
      strength tested by fastening strips 1 centimeter wide to the rim of a free
      running 6 inches diameter German wheel with the copper side out. The force
      required to pull the copper free from the glue in the radial direction was
      measured with a spring balance and the force per inch of width calculated
      from the data obtained. The rate of peel was held at 1 inch per minute
      with care being taken that the bond was broken at the gluemetal interface.
PAR  It is clearly seen that the present invention provides high bond strength
      after heating and further provides for stable bond strength from less than
      1 hour up to at least 24 hours, the maximum time tested.
PAC  EXAMPLE III
PAR  FIG. 3 shows the effect of rinse water pH on stability of bond strength.
PAR  Copper alloy 110 samples were cleaned and immersed in a solution of 50
      percent phosphoric acid containing about 35 grams per liter of sodium
      dichromate for about 1 minute at ambient temperature. The samples were
      then rinsed for 30 seconds at various pH's at 100.degree.C and tested for
      bond strength as in Example II after heating at 150.degree.C for 24 hours.
      The rinse water was adjusted to the alkaline pH range with calcium
      hydroxide. It is clearly seen that maximum stability of bond strength is
      obtained at a pH of at least 8.0 up to the maximum pH obtainable in a
      saturated solution of Ca(OH).sub.2.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a flexible laminate, comprising:
PA1  A. providing a material selected from the group consisting of copper foil
      and copper sheet,
PA1  B. applying to a surface of said material a phosphoric acid solution of at
      least 8 percent concentration and containing from 3.5 grams per liter up
      to the solubility limit of a material selected from the group consisting
      of sodium dichromate and potassium dichromate and mixtures thereof, for at
      least 2 seconds, to form a uniform, glassy-like, substantially pore-free
      coating of copper phosphate from 20 to 1000 Angstroms thick, provided that
      when the concentration of phosphoric acid is increased, the minimum
      dichromate concentration is proportionately increased,
PA1  C. rinsing said material for at least 2 seconds in water at a pH of at
      least 8.0 and at a temperature from about 90.degree.C up to the boiling
      point,
PA1  D. drying said material, and
PA1  E. adhesively laminating a plastic film to said surface.
NUM  2.
PAR  2. A method according to claim 1 wherein said water is adjusted to said pH
      with a compound selected from the group consisting of the basic reaction
      salts of the alkali metals, the basic reaction salts of the alkaline earth
      metals, the hydroxides of the alkali metals, the hydroxides of the
      alkaline earth metals, ammonium salts with a basic reaction, ammonium
      hydroxide, and mixtures thereof.
NUM  3.
PAR  3. A method according to claim 2 wherein said compound is calcium hydroxide
      and said pH is from 8.0 to 11.0.
NUM  4.
PAR  4. A method according to claim 1 wherein following step B and prior to step
      C said material is rinsed in water with the pH unadjusted.
NUM  5.
PAR  5. A method according to claim 1 wherein following step D and before step E
      said material is recrystallized annealed.
NUM  6.
PAR  6. A method of producing a flexible laminate comprising:
PA1  A. providing a material selected from the group consisting of copper foil
      and copper sheet,
PA1  B. oxidizing a surface of said material to form a surface oxide film from
      150 to 1000 Angstrom units in thickness
PA1  C. applying a phosphoric acid solution of at least 8 percent concentration
      to said oxide film to form thereon a uniform, glassy-like, substantially
      porefree coating of copper phosphate,
PA1  D. rinsing said material for at least two seconds in water at a pH of at
      least 8.0, and at a temperature from 90.degree.C up to the boiling point,
PA1  E. drying said material, and
PA1  F. adhesively laminating a plastic film to said surface.
NUM  7.
PAR  7. A method according to claim 6 wherein said water is adjusted to said pH
      with a compound selected from the group consisting of the basic reaction
      salts of the alkali metals, the basic reaction salts of the alkaline earth
      metals, the hydroxides of the alkali metals, the hydroxides of the
      alkaline earth metals, ammonium salts with a basic reaction, ammonium
      hydroxide, and mixtures thereof.
NUM  8.
PAR  8. A method according to claim 7 wherein said compound is calcium hydroxide
      and said pH is from 8.0 to 11.0.
NUM  9.
PAR  9. A method according to claim 6 wherein following step C and prior to step
      D said material is rinsed in water with the pH unadjusted.
NUM  10.
PAR  10. A method according to claim 6 wherein said plastic film is a polyester
      and said surface of said material is roughened to provide an average
      roughness peak of about one to 20 micro inches, RMS, prior to step B.
NUM  11.
PAR  11. A method according to claim 6 wherein following step E and before step
      F said material is recrystallized annealed.
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ABST
PAL  A composite light-polarizing lens comprising a light-polarizing element
      having coated on each surface thereof a layer which enhances adhesion
      between in situ formed lens components and inhibits migration of lens
      constituents between said light-polarizing elements and said in situ
      polymerized components during formation of said lens.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 249,651,
      filed May 2, 1972, U.S. Pat. No. 3,833,289 which, in turn, is a
      continuation-in-part of application Ser. No. 41,504, filed May 28, 1970,
      now abandoned, the latter a division of application Ser. No. 726,141,
      filed May 2, 1968, also abandoned, all in the name of Norman W. Schuler.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is particularly directed toward composite
      light-polarizing synthetic plastic ethical lenses of the type disclosed in
      application Ser. No. 41,504, now abandoned, also assigned to Polaroid
      Corporation. Such lenses are generally adapted to be utilized in providing
      substantially any given ophthalmic lens prescription to accommodate the
      eyes of a prospective user and facilitate a correction to such user's
      vision, while at the same time providing to such user the benefits which
      may only be achieved by employing a light-polarizing material.
PAR  It will be apparent that many advantages may be achieved by utilizing a
      tough, optical quality plastic material for ophthalmic lenses in lieu of
      glass. Plastics are more highly resistant to fracture glass, do not
      require extremely high temperatures to produce a desired lens, and do not
      generally require the expensive grinding and polishing operations which
      must be carried out, in most cases, before a glass lens is completed.
      Until the advent of modern transparent optical quality synthetic plastic
      materials, it was highly undesirable to form lenses from synthetic
      plastics since most of the available plastics were soft and therefore
      susceptible to severe abrasion. In addition, in those instances where
      tough, thermosetting resins were utilized for lens manufacture, such
      resins were difficult to handle in the thicknesses required for ophthalmic
      lenses. Until the development of the lenses described in the aforenoted
      application, people requiring corrective lenses to restore and/or aid
      their vision were denied the benefits of light-polarizing lenses which
      were made entirely of synthetic plastic materials. The few
      light-polarizing ethical lenses available comprised glass elements between
      a light-polarizing member was interposed. However, this obviously did not
      eliminate any of the problems inherent in glass lenses and, due to the
      difficulties encountered in the manufacture of such lenses and the
      extremely high incidence of rejects, such lenses were inordinately
      expensive.
PAR  As has been claimed in the above-denoted application, the method of
      manufacturing synthetic plastic ophthalmic lenses generally comprises the
      injection of a synthetic plastic monomeric material immediately adjacent
      each side of a light-polarizing element secured into a mold. The
      respective curvatures of the surfaces of the ultimately produced lens are,
      of course, governed by the shapes of the surfaces of the mold elements
      adjacent each respective surface of the light-polarizing element and
      offset therefrom a predetermined distance. Since, as will be appreciated
      from the discussion hereinbelow, plastic ophthalmic lenses are generally
      ground to a given prescription by grinding only the rear of concave
      surface of the lens, the light-polarizing element should be offset toward
      the convex side of the lens as much as possible thereby providing a
      substantially thicker concave in situ polymerized component than the
      convex in situ polymerized component. According to the disclosure in
      application Ser. No. 249,550, filed May 2, 1972, also assigned to Polaroid
      Corporation, this may be facilitated by securing into a resilient mold
      component a light-polarizing element which has been provided with
      projections about its periphery to provide such predetermined distance
      between at least one face of the light-polarizing element and its
      complementary mold component, although the same result may be accomplished
      by providing a shim of a predetermined thickness between the front mold
      and the polarizer.
PAR  It has been found that, in accordance with the method for manufacturing
      synthetic plastic composite light-polarizing lenses disclosed and claimed
      in above-denoted application Ser. No. 41,504, under certain circumstances
      catalyst utilized with monomeric materials required to form outer lens
      components of the lenses disclosed therein often migrates from the
      monomeric materials in which they are contained into the light-polarizing
      element which forms an integral component of the ultimate lens thereby
      deleteriously affecting the light-polarizing element by bleaching dyes
      comprising the element. In addition, plasticizer components of the
      light-polarizing element were sometimes found to migrate therefrom into
      polymerizing monomer which causes the formation of a "soft" polymeric
      material generally containing striations and haze; and monomer sometimes
      migrated into the light-polarizing element and caused it to deform and
      buckle. By the instant invention, a combination tiecoat-barrier layer is
      provided with obviates the migration effect of catalysts, monomeric
      materials, and plasticizers which are employed in forming the composite
      lenses of the present invention and insures adequate adhesion between the
      components of the composite structure.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide
      light-polarizing composite ophthalmic lenses which comprise synthetic
      plastic materials.
PAR  It is another object of the present invention to provide a composite
      synthetic plastic light-polarizing lens which includes tiecoat-barrier
      layers which prevent migration of plasticizer, catalyst, and monomer
      materials from given lens components to other lens components.
PAR  It is a further object of the present invention to provide a process for
      the production of light-polarizing ophthalmic lenses which is economical,
      has a low incidence of rejects and obviates the migration problems
      heretofore encountered which caused a substantial incidence of rejects.
PAR  The invention accordingly comprises the process involving the several steps
      and the relation of one or more of such steps with respect to each of the
      others and the product possessing the features, properties and relation of
      elements which are exemplified in the following detailed disclosure and
      the scope of the application which will be indicated in the claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompany drawing wherein:
PAR  FIG. 1 is a side, cross-sectional view of the composite light-polarizing
      lens element of the present invention; and
PAR  FIG. 2 is a side cross-sectional view of the lens of the present invention
      being formed in a suitable mold.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Stated generally, the present invention contemplates the casting of plastic
      lenses in mold cavities formed, preferably, between rigid and flexible
      mold components, said flexible mold components being preferably
      cylindrical. More specifically, the invention contemplates the
      interposition of a shaped light-polarizing synthetic plastic member
      between layers of an optical quality synthetic monomeric material in a
      mold comprising resilient and rigid components; and heating the material
      and mold thereby causing in situ polymerization of said monomeric material
      with the concomitant formation of a composite synthetic plastic
      light-polarizing lens structure -- it being a principal feature of the
      invention that the light-polarizing element have a coating on each of its
      surfaces which performs the functions of insuring a suitable bond between
      the light-polarizing element and adjacent in situ formed lens components
      and inhibiting plasticizer migration from the light-polarizing element
      into the monomeric materials injected adjacent thereto, while, at the same
      time, preventing monomer, and catalyst contained in the monomer, from
      migrating into layers comprising the light-polarizing element.
PAR  The principal lens produced by the present invention is prepared according
      to the procedure generally described above, which will be more fully
      discussed below, and is supplied to optical laboratories, usually in a
      semi-finished form, for distribution. Due to limitations in modern
      grinding and polishing equipment for plastics, the front, or convex
      surface of the lens is preferably cast into its finished configuration at
      the time of manufacture, its surface requiring no grinding or polishing.
      The concave surface, however, is preferably formed in a variety of
      diopters which encompass a range of plus and minus corrections. Any given
      particular prescription may be prepared by selecting a lens with cast-in
      optics close to the prescribed dimensions, followed by grinding and
      polishing the concave surface according to the exact prescription
      required. It will be evident that in certain instances the configuration
      of the lens will conform to the desired prescription without further
      grinding or polishing.
PAR  As is well known in the lens casting art, as polymerization occurs, the
      lens material shrinks a certain degree, thereby, in many instances,
      causing the lens surfaces to conform to a shape different from that of the
      mold surfaces. There are numerous well-known techniques available to the
      operator to provide a hedge against this phenomenon. One technique is to
      dilute the monomer mix with a soluble polymer such as, for example,
      polymethyl methacrylate. The preferred technique is to construct the body
      of the mold of a resilient material, and preferably a vinyl material which
      will shrink in conjunction with the shrinkage inherent in the
      polymerization process, thus assuring substantial conformity of the
      ultimate configuration produced on each of the lens surfaces with the
      surface of the rigid mold element with which it is intimate.
PAR  Any suitable polymeric light-polarizing sheet material which will produce
      the desired light-polarization effect may be utilized in the context of
      the present invention. Excellent results have been obtained using a
      transparent sheet of oriented polyvinyl alcohol containing a dichroic dye.
      The manufacture and utilization of such sheet material may be appreciated
      with reference to U.S. Pat. Nos. 2,237,567 and 2,554,850, incorporated
      herein by reference. Among other materials which may be utilized as
      light-polarizing elements in the present invention are, for example,
      polyvinyl butyral and polyvinyl alcohol containing substantially oriented
      molecules of dehydrated polyvinyl alcohol and deriving its
      light-polarizing properties essentially from the dehydrated molecules. The
      manufacture and utilization of the last-named sheet material may be
      appreciated with reference to U.S. Pat. Nos. 2,173,304; 2,255,940;
      2,306,108; 2,445,555; 2,453,186; and 2,674,159, all incorporated herein by
      reference.
PAR  In a preferred embodiment of the present invention, the light-polarizing
      material is sandwiched between relatively thin layers of an optical
      quality transparent polymeric material which serves to support said
      light-polarizing material. Among the materials which may be utilized for
      this purpose are cellulose acetate butyrate, cellulose acetate, cellulose
      triacetate, etc. Cellulose acetate butyrate is preferred. The bond between
      the light-polarizing element and the polymeric support material may be
      accomplished, for example, according to the methods of Buzzell and Bloom,
      U.S. Pat. Nos. 3,620,888 and 3,588,216, respectively, both incorporated
      herein by reference. It will be appreciated from a reading of the above
      patents that lamination of a cellulose acetate butyrate support material
      to a typical polarizing sheet as, for example, one comprising polyvinyl
      alcohol, may be accomplished either by subcoating the cellulose acetate
      butyrate material with a suitable compound such as, for example, cellulose
      nitrate, and then laminating the subcoated material to the polyvinyl
      alcohol light-polarizing sheet using a well-known pressure roll technique
      with a typical adhesive for such materials such as, for example, a two
      percent polyvinyl alcohol solution, or alternatively, the lamination may
      be accomplished by the partial conversion of the surface of the cellulose
      acetate butyrate to cellulose, subcoating the surface with polyvinyl
      alcohol, and pressure laminating the subcoated cellulose acetate butyrate
      to the light-polarizing material, as more fully disclosed in the Buzzell
      patent mentioned above.
PAR  In the most preferred embodiment of the present invention, the
      tiecoat-barrier layers employed to prevent the migration of various
      materials from the light-polarizing element to adjacent injected monomeric
      components, and concomitantly from such monomeric components to the
      light-polarizing element, are preferably coated onto, for example, the
      cellulose acetate butyrate polymeric support material for the
      light-polarizing element on the surface thereof opposed to its surface
      which is laminated directly to the light-polarizing element. This may be
      accomplished prior to lamination of such material to the light-polarizing
      element by employing, for example, a conventional slot coater which
      provides a film of a thickness between 1 and 20 microns. While numerous
      materials may be obvious to those of ordinary skill in the art which will
      provide the denoted functionality in the context of the present invention,
      the materials utilized will preferably contain nitrocellulose having a
      viscosity measured by ASTMD301-56 of higher than 600 sec. and preferably
      higher than 2500 sec. and having a nitrogen content of about twelve
      percent. The coating material should preferably contain more than twenty
      percent nitrocellulose based upon the weight of the total resins in the
      coating material. While the tiecoat-barrier of the present invention may
      comprise 100 percent nitrocellulose which is essentially completely
      crosslinked by a crosslinking agent, as, for example, an organic titanate,
      it will preferably comprise at least one other resinous material which
      contributes a high degree of impenetrability by the components present
      during the formation of the lenses of the present invention. Among such
      material are, for example, phenolics, e.g., melamine formaldehyde, urea
      formaldehyde, phenol formaldehyde; polyhalogenated vinyls, e.g., polyvinyl
      chloride, polyvinylidene chloride; polyvinyl esters and acetals, e.g.,
      polyvinyl acetate, polyvinyl butyrate; polyamides, e.g., soluble nylons;
      polyacrylates, e.g., polyacrylonitrile, polyethylene glycol
      dimethacrylate; soluble poly ester resins; epoxy resins; etc. The
      preferred material for use in the context of the present invention is a
      melamine formaldehyde-urea formaldehyde resinous material.
PAR  The light-polarizing element employed in fabricating the composite lenses
      of the present invention is preferably preformed to adequately conform to
      the respective configurations of the plastic elements which are to be
      polymerized on either side thereof. Accordingly, it will be apparent that
      the more extreme configurations in the convex and concave elements will
      require concomitant deviations in the shape of the light-polarizing
      element from the planar configuration. In addition, in order to avoid
      light refraction problems the curvature of the light-polarizing element
      should be approximately the same as the curvature of the convex surface of
      the lens. In order to prevent injuring the light-polarizing element during
      grinding and polishing of the concave surface, the light-polarizing
      element should be situated reasonably close to the convex surface of the
      lens. Preforming of the light-polarizing element is preferably
      accomplished by a coventional pressing operation.
PAR  During the preforming of the light-polarizing insert, it will be
      appreciated that various diopters of curvature may be employed and, as
      denoted, such curvatures will generally conform to the desired curvature
      that the outer or generally convex surface of the ultimate lens will
      follow.
PAR  In actual operation, a suitable catalyst is dissolved in the monomeric
      material from which the outer layers of the desired lens are to be
      manufactured. The mold, as depicted in FIG. 1 is preferably constructed
      with outer rigid mold elements, preferably comprising glass, the front
      element being seated against raised means depending from a
      light-polarizing member which has coated on each face thereof a
      tiecoat-barrier as discussed hereinabove, and is secured in place by a
      resilient body element constructed, for example, of rubber. The resilient
      mold element is preferably cylindrical; however, within the context of the
      present invention it may assume any desired transverse cross-sectional
      configuration, as, for example, rectangular, square, elliptical, etc.
      Using a suitable syringe, monomer with catalyst incorporated therein is
      injected through the resilient area into the mold on one or both sides of
      the light-polarizing element, and the entire structure is then heated for
      a sufficient time to cause the material to polymerize. Any optical quality
      synthetic plastic material may be utilized for the outer members of the
      lenses of the instant invention provided, however, that its ultimate
      second order transition temperature is above the highest temperature at
      which the lenses may be utilized; as, for example, in the average usage of
      ophthalmic lenses, 130.degree. F. Exemplary monomeric materials are
      1,3-butylene glycol dimethacrylate, allyl methacrylate, trimethylol
      propane triacrylate, cyanoethyl methacrylate, bis phenyl A dimethacrylate,
      methoxybutyl methacrylate, methyl methacrylate, diethylene glycol bisallyl
      carbonate, ethoxymethyl methacrylate, ethylene glycol dimethacrylate,
      ethylene glycol diacrylate, polyethylene glycol dimethacrylate, etc. The
      preferred material is diethylene glycol bisallyl carbonate. (CR-39 of
      Pittsburgh Plate Glass Corporation.)
PAR  Monomeric materials, such as those enumerated in the paragraph next above,
      may be formed into homopolymers, mixed with polymers to reduce shrinkage
      or, copolymerized with materials which increase their hardness, heat
      resistance, etc. Among such materials which may be copolymerized with the
      above-mentioned exemplary monomers are vinyl acetate, maleic anhydride,
      ethylene glycol maleate, triallyl cyanurate, diallyl phthalate, methyl
      methacrylate, etc.
PAR  In the event the monomer is injected on only one side of the secured
      light-polarizing element, the light-polarizing element will be preferably
      provided with, close to its periphery, one or more holes in order to
      facilitate transfer of monomeric material from the cavity into which it
      has been injected into the opposed cavity. Since, as has been aforenoted,
      the concave area of the lens will comprise a substantially thicker
      polymerized section, the polymer will preferably be injected into that
      cavity and will flow therefrom into the convex area. Accurate amounts of
      material for injection may be determined by simple volumetric
      computations. In addition, suitable air escape ports may be provided in a
      conventional manner.
PAR  Since thermosetting materials are, as a rule, far more abrasion resistant
      than thermoplastic materials, they are preferred for use in the present
      invention. It has been found that when diethylene glycol bisallyl
      carbonate, the preferred material, is utilized, a cure time of about eight
      to sixteen hours is required before the lens is completely formed.
PAR  Any catalyst compatible with the chosen monomeric material utilized in the
      present invention may be employed. Examples of suitable catalysts are
      diisopropyl percarbonate, benzoyl peroxide, azobisisobutyronitrile,
      methylethyl ketone peroxide, di-s-butyl percarbonate, etc. In the
      preferred systems of the present invention, di-s-butyl percarbonate has
      been found to give extremely fine results when utilized in proportions of
      approximately 2.5 to 4.5 percent based upon the weight of the monomer.
PAR  In order to provide a desired color to the lenses of the present invention,
      various dyes may be incorporated therein either by being absorbed on the
      surface of the outer polymeric material by being integral with the initial
      monomeric charge, or by being imbibed or cast into the plastic support
      members for the light-polarizing material. In addition, other agents such
      as ultraviolet radiation absorbers, infrared radiation absorbers, visible
      light attenuation dyes, etc., may be added to the system to provide
      additional benefits.
PAR  Referring to FIG. 1 of the drawing, there is illustrated a cut-away view of
      a typical lens structure of the present invention. Elements 2 and 3 with
      concave and convex external surfaces, respectively, comprise polymeric
      material which has been polymerized in situ in contact with preformed
      light-polarizing element composite structure 1 which comprises
      light-polarizing element 4, transparent plastic elements 5 which act as
      supports for element 4 and thin coatings of tiecoat-barrier material 6.
PAR  Referring now to FIG. 2, elements 1, 2 and 3 are depicted in mold 11 which
      is composed of a resilient body component 8 and rigid elements 6 and 7.
      Rigid element 6 which will provide the convex surface to the ultimately
      produced lens is in direct contact with projections 9 provided according
      to application Ser. No. 249,550. The assembled mold is securely held
      together by clamp element 10; however, it should be understood that any
      suitable means of holding the mold together such as, for example, integral
      resilient element lip members, etc., may be utilized. The resinous
      material injected between the light-polarizing composite element 1 and
      elements 6 and 7, respectively, may be inserted into the mold in any known
      manner, but preferably by injection into the concave cavity through the
      resilient mold member with consequent transfer of monomeric material to
      the convex cavity by means of suitable monomer transfer ports 12 which
      provide communication between the respective convex and concave cavities
      of the assembled mold-light-polarizing structure. While the resilient
      portion of the mold may generally comprise any elastomeric material, it is
      preferred to employ a resilient mold member comprising polyvinyl chloride
      plasticized with dioctyl phthalate in conventional manner. See, for
      example, the disclosure of application Ser. No. 249,549, also assigned to
      Polaroid Corporation.
PAR  The plastic lenses of the present invention may be produced as a finished
      blank, or so-called "uncut lens" or as an unfinished form, a so-called
      semi-finished lens, which may subsequently be ground and polished, if
      necessary, using the same technology and major equipment utilized on crown
      glass. However, as has been alluded to above, in the event that grinding
      and polishing is performed, the operations will preferably be carried out
      on the concave surface of the lens, since, in the preferred embodiments,
      nearly the full range of possible prescriptions will have been cast into
      the convex surfaces of lenses from which the operator may choose. It is
      estimated that in order to fully accomplish this goal, between four and
      five hundred different convex configurations will be utilized in producing
      a full range of lenses for ophthalmic use. While the primary purpose of
      the present invention is to provide ethical ophthalmic lenses, it will, of
      course, be appreciated that lenses cast in a plano configuration for use
      without alteration is anticipated herein.
PAR  The following example illustrates the preparation of a typical lens of the
      instant invention and is to be considered illustrative only and not taken
      in a limiting sense.
PAC  EXAMPLE
PAR  A sheet of a light-polarizing material comprising oriented polyvinyl
      alcohol stained with a dichroic dye (H-sheet), each face of which has
      bonded thereto a layer of cellulose acetate butyrate of from approximately
      5 mils to approximately 14 mils in thickness -- said cellulose acetate
      butyrate layers having integral therewith a light-attenuating dye material
      -- is provided. Each exposed surface of cellulose acetate butyrate has
      slot-coated thereover a layer approximately 2 microns in thickness
      comprising the polymerization product resultant from coating onto such
      surface a composition comprising:
TBL  Acetone            8400.0     cc.                                         
     Methanol           11000.0    cc.                                         
     Methylcellosolve   600.0      cc.                                         
     Nitrocellulose [Hercules                                                  
     RS-4000-5000 sec. nitro-                                                  
     cellulose (high molecular)]                                               
                        220.0      gms.                                        
     duPont Tyzor AA [titanium                                                 
     di (acetyl acetonate)]                                                    
                        8.5        gms.                                        
     Rohm & Haas U-Formite Mu-56                                               
     (melamine formaldehyde/urea                                               
     formaldehyde resin)                                                       
                        80.0       gms., and                                   
     Maleic Acid        4.0        gms.                                        
PAL  The maleic acid is a polymerization catalyst for the melamine formaldehyde
      resin and the titanium di (acetyl acetonate) is a crosslinking agent for
      the nitrocellulose. The acetone, methanol and methylcellosolve are
      solvents which evaporate after coating. The polarizer, having a
      tiecoat-barrier on each side thereof, is then pressed to a spherical
      configuration of approximately 6 diopters between heated platens, and cut
      into a circular configuration while simultaneously having projections
      raised about the periphery thereof and two small holes placed opposed to
      one another generally along the periphery thereof. The hole-providing
      functionality and projection raising is generally facilitated by means of
      a conventional die member which provides such facility commensurate with
      the cutting operation. The formed light-polarizing element is then placed
      onto a flange of a cylindrical resilient mold component and an upper glass
      mold element is placed in contact with the raised projections on the
      convex surface of the light-polarizing element, the surface configuration
      of the glass mold element substantially opposed to the surface of the
      light-polarizing element conforming to the surface configuration of said
      light-polarizing element. A second glass mold element is placed in
      abutting relationship to said resilient mold element on the side of said
      light-polarizing element opposed to the first rigid mold element and the
      entire unit is clamped together in conventional fashion. About 3 1/2
      percent, by weight, of di-s-butyl percarbonate catalyst is added to a
      predetermined quantity of diethylene glycol bisallyl carbonate monomer,
      purchased from Pittsburgh Plate Glass Company under the trade designation
      CR-39, and injected through the resilient mold component into the concave
      cavity (adjoins concave surface of light-polarizing element) utilizing a
      suitable syringe. The unit is then placed in an oven for 15 hours where
      the temperature is raised from 90.degree.F. to approximately 160.degree.F.
      in conventional manner. After approximately a 15-hour cure time, the mold
      is disassembled, and the composite lens is removed and preferably placed
      in an annealing oven at 200.degree. F. for about 2 hours to relieve any
      stresses which may have been built up during the forming cycle.
PAR  The instant invention contemplates, at the option of the operator, the
      utilization of conventional additives which may accelerate, inhibit or
      otherwise alter the polymerization characteristics of the chosen polymer
      in order to achieve the desired cure cycle for the lens disclosed herein.
PAR  Throughout the specification, the term "ethical" has been used to described
      certain ophthalmic lenses. In the context of the present invention,
      "ethical" denotes lenses of the nonplanar variety, which are produced
      according to a given prescription.
PAR  Since certain changes may be made in the above product and process without
      departing from the scope of the invention herein involved, it is intended
      that all matter contained in the above description or shown in the
      accompanying drawings shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of manufacturing synthetic plastic light-polarizing
      ophthalmic lens which comprises:
PA1  applying as a continuous coating on each surface of a light-polarizing
      element a layer which enhances adhesion between said light-polarizing
      element and subsequently in situ polymerized lens components and
      significantly inhibits migration of lens constituents to said
      light-polarizing element during polymerization;
PA1  securing said coated light-polarizing element into a mold;
PA1  providing a continuous layer of a synthetic plastic monomeric material over
      the entire surface of each side of said light-polarizing element which
      will comprise the light transmission area of the ultimately formed lens;
      and
PA1  causing said monomeric material to polymerize thereby forming a composite
      light-polarizing ophthalmic lens.
NUM  2.
PAR  2. The invention of claim 1 wherein said continuous coating comprises
      crosslinked nitrocellulose.
NUM  3.
PAR  3. The invention of claim 2 wherein said coating additionally comprises a
      melamine formaldehyde condensation polymer.
NUM  4.
PAR  4. The invention of claim 3 wherein said melamine formaldehyde condensation
      polymer is a melamine/urea-formaldehyde condensation polymer.
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ABST
PAL  A tool essentially comprising two opposite jaws supporting means to clamp,
      cut and weld together foil webs. The cutting means is supported on one of
      the jaws whereas the heating means, and thus the welding surfaces, are
      provided on the opposite jaw, said welding surfaces being divided by an
      element having considerably less heat conductivity than the surrounding
      material forming the welding head proper and having a groove formed
      therein in which groove the cutting means is received when the jaws are
      brought into contact with one another during the welding and cutting
      operations. The arrangement provides for quick and reliable welding and
      cutting of foil webs without the risk of the foil adhering to the warm
      welding surfaces and without the need of having to protect these welding
      surfaces to avoid such adherence. The arrangement likewise enables
      accurate temperature control at the welding points.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns an improved tool for interconnecting sheet
      webs by welding, the tool being of the kind comprising two opposite jaws
      on which are supported means for clamping and cutting the sheet webs and
      welding them together.
PAR  Several kinds of tools are already known for welding together a sheet web
      enclosing one or several articles. Usually, one jaw of the tool is
      stationary while the opposite jaw is formed by two collet jaws and by
      welding heads positioned internally thereof, with some cutting means, e.g.
      a knife, positioned therebetween.
PAR  In accordance with a common, previously known method the welding heads are
      heated by means of heat wires positioned on the side of the welding heads
      facing the opposite jaw. To prevent the sheet web parts from adhering or
      sticking to the welding heads during the welding moment proper the welding
      wires are covered by a cloth, preferably made from Teflon plastics.
PAR  However, a tool constructed in this manner suffers from several
      disadvantages. The heat wires rapidly wear out and thus must be replaced
      frequently. This is true also of the Telfon cloth covering the wires. The
      Teflon plastics, suitable per se for the purpose in view in this
      connection, still has the disadvantage of being a poor heat conductor.
      Conssequeantly, the cloth must be thin in order not or prevent heat
      transfer to the sheet webs to too large an extent and as a result also the
      cloth wears out rapidly. To eliminate too frequent shut-downs, means have
      been provided to advance the Teflon cloth successively as it is worn out
      past the heat wires. Naturally, this arrangement means that the tool
      becomes more expensive.
PAR  Also other disadvantages exist. Although heat wires are used instead of
      homogeneously heated welding heads it is difficult to insulate the cutting
      means, for instance a knife, positioned between the welding heads and
      prevent it from being heated. If the knife becomes too warm it will,
      however, stick to the sheet web portions during the severing moment,
      resulting in poor cutting efficiency. In addition, it is not possible to
      obtain an indication of the temperature of the heat wires directly at the
      place of welding, which arises problems of regulating the temperature to
      achieve the best possible welding result.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is conceived with the aim of simplifying and
      improving a tool of the above kind in several respects. The inventive
      object is characterised in that the cutting or severing means is provided
      in one of the jaws and that a heating body is provided in the opposite
      jaw, this latter jaw in addition being provided with an inset piece having
      a groove formed therein to receive the severing or cutting means during
      the servering operation, said inset piece being positioned level with that
      side of the second jaw which faces the first jaw, this side forming
      longitudinal welding surfaces on either side of the inset piece, and in
      that the inset piece consists of a material possessing considerably less
      heat conductivity than the material of its associate jaw. A tool
      manufactured in this manner is considerably more simple and sturdy in
      structure than tools hitherto known. Consequently, it is more reliable in
      use than prior-art welding tools.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described more in detail in the following with
      reference to the accompanying drawings, wherein
PAR  FIG. 1 is a side view of a welding tool in accordance with the invention,
PAR  FIGS. 2 and 3 are vertical sections through the two opposite jaws
      illustrated on an enlarged scale in slightly open and closed postions,
      respectively, and
PAR  FIG. 4 illustrates the central portion of the jaws illustrated in FIG. 3 on
      a still larger scale.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The tool in accordance with the invention comprises an upper jaw 1 and a
      lower jaw 2. The upper jaw 1 which is cold contains a servering or cutting
      means, consisting in accordance with the embodiment illustrated of a knife
      3. The knife is connected to the piston 4 of a preferably pneumatically
      operated piston-and-cylinder unit 5. At its bottom portion on either side
      of a gap 6 for through-passage of the knife 3 the upper jaw is provided
      with an insert 7, preferably made from silicone rubber and preventing the
      jaw from sticking to the sheet web portions.
PAR  The lower jaw 2, preferably consisting of two halves 8 and 9, comprises a
      heating body 10 heating the jaw homogeneously. This heating body consists
      of an ordinary resistor element. In addition, this jaw comprises an inset
      piece 11. The inset piece 11 is positioned flush with the jaw side facing
      the upper jaw 1 and is formed with a channel 12 arranged to receive the
      knife 3 during the severing moment proper. The inset piece 11 consists of
      a material possessing considerably less heat conducting ability than the
      material forming the lower jaw 2. Preferably, the inset piece 11 is made
      from asbestos, or better still, from Telfon plastics. The lower jaw 2 may
      be made from e.g. aluminium. The two longitudinal surfaces 13 of the inset
      piece 11 extending on either side of the channel 12 (see FIG. 2) will have
      a temperature which, on account of the poor heat conductivity of the inset
      piece will be lower than the temperature of those surfaces 14 of the lower
      jaw 2 as are positioned flush with the inset piece surfaces 13. By
      regulating the heating effect to a suitable level sheet web portions 15
      and 16, inserted between the jaws 1 and 2, may be kept clamped between the
      surfaces 13 of the inset piece 11 and corresponding portion of the lower
      face of the upper jaw 1 while the welding-together of the sheet web
      portions takes place along the surfaces 14 of the lower jaw 2.
PAR  To regulate the heating effect indicator means 17 are preferably provided,
      such as thermistor sensors, in the border zone between the lower jaw 2 and
      the inset piece 11.
PAR  In accordance with the embodiment illustrated the cross-sectional
      configuration of the inset piece 11 is U-shaped. However, other shapes are
      possible, for instance V-shaped cross-section.
PAR  On either side of the jaw pair 1, 2 are provided tubes 18 extending along
      the upper face of the lower jaw and taking part in the movement of the
      upper jaw over a short distance within the area adjacent the top portion
      of the lower jaw. The tubes 18 are provided with outlet openings 19 for
      cooling air.
PAR  The lower jaw 2 is stationary. The upper jaw 1 is vertically movable in a
      frame 20, by means of a preferably pneumatically operated
      piston-and-cylinder unit 21.
PAR  To enclose articles in a foil or sheet, one proceeds in the following
      manner. The articles are forwarded horizontally in beteeen the jaws 1 and
      2, displacing in front of themselves a vertically extending sheet web
      which thus forms web portions 15 and 16 behind the articles. When the
      upper jaw 1 is lowered towards the lower jaw 2, the knife 3 is in its
      position entirely within the upper jaw. No signal to start the severing
      activity is issued to the knife 3 until the upper jaw has reached its
      position adjacent the web portions 15, 16 illustrated in FIG. 3. This is a
      security feature ensuring that in case someone inadvertently puts his
      hands between the jaws the distance separating them will remain too wide
      to initiate the severing moment.
PAR  The tubes 18 take part in the displacement of the upper jaw 1 over the last
      portion of this downward movement, thus permitting the sheet web portions
      15, 16 to be clamped between the jaws. This clamping occurs, as mentioned
      above, between the comparatively cool surfaces 13 of the inset piece 11
      and the corresponding portions of the inserts 7 while at the same time the
      welding procedure starts along the comparatively hot surfaces 14 of the
      lower jaw 2. The knife 3 is made to move downwards into the channel 12
      while severing the sheet web portions 15, 16 and thereafter to again move
      into the upper jaw 1. When, after completion of the welding procedure this
      jaw again moves upwards, the tubes 18 move along with it over the first
      portion of the jaw movement, thus ensuring that the two web portions,
      having been welded together, are released from the lower jaw 2. At the
      same time, cooling air is momentarily sprayed out of the apertures 19 in
      the direction towards the welding points. The upper jaw 1 finally
      continues to move upwards into its upper position to make it possible to
      advance new articles between the jaws.
PAR  The new tool in accordance with the invention possesses obvious advantages
      over earlier techniques. The structure is so solid and reliable that there
      is practically no risk of shut-downs. The inset piece 11 is not subjected
      to appreciable wear and the heat body 10, because of its position wholly
      inside the lower jaw 2, requires extremely little servicing compared with
      constructions of the kind mentioned in the introduction and the servicing
      costs for this part thus are low. No problem exists of keeping the knife 3
      cool. As illustrated by the temperature indicator means 17 the structure
      also provides excellent possibilities of regulating the amount of heat
      supplied to this means. The invention also eliminates the need for
      separate clamping or collet jaws. It thus becomes possible to make very
      narrow welding seams resulting in considerable material savings. In
      addition, the welding seam becomes less striking than has hitherto been
      the case. Whenever the articles are enclosed in a shrinking foil a broad
      welding seam is inadvantageous in the subsequent shrinking treatment.
PAR  The invention is not limited to the embodiment as shown and illustrated
      above but may be varied in a variety of ways within the scope of the
      appended claims. The shape and configuration of the inset piece 11
      naturally may be different from the one described. Likewise, other
      materials possessing low coefficients of thermal conductivity are
      conceivable.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An improved tool for interconnecting sheet webs together by heat welding
      and for severing the interconnected sheets, said tool comprising two
      opposite jaws, the first of said jaws being devoid of any heating means
      and carrying cutting means, the second of said jaws being provided with
      heating means and being positioned opposite to said first jaw, said second
      jaw having an opening formed therein adapted to receive said cutting means
      when said jaws are brought together, an insert piece received in said
      opening in said second jaw and having a groove therein to receive said
      cutting means during the cutting operation, said insert piece being
      positioned level with the side of said second jaw facing said first jaw,
      said second jaw having side surfaces adjacent said insert piece forming
      longitudinal welding surfaces on either side of said insert piece, the
      material of said insert piece being considerably less heat conductive than
      the material of said second jaw for precluding the transmission of heat
      from said second jaw to said cutting means.
NUM  2.
PAR  2. An improved tool as claimed in claim 1, wherein the cross-sectional
      configuration of said inset piece is U-shaped.
NUM  3.
PAR  3. An improved tool as claimed in claim 1, wherein the cross-sectional
      configuration of said inset piece is V-shaped.
NUM  4.
PAR  4. An improved tool as claimed in claim 1, wherein said second jaw is
      heated by a heating body, said heating body being enclosed in said second
      jaw.
NUM  5.
PAR  5. An improved tool as claimed in claim 1 wherein the insert piece has
      surfaces on either side of its groove adapted to coact with the first jaw
      for clamping the sheet webs during the cutting operation.
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PAL  A label magazine having a bend is provided with ratchet teeth formed on the
      outside wall of the bend to cause fanning of the labels as they negotiate
      the bend and thus facilitate movement of the labels around the bend
      without jamming therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Label magazines having intermediate bends are shown in German Pat. No.
      1,238,384 of Oct. 19, 1967. See also German Pat. No. 264,330 of Sept. 20,
      1913. Label magazines with intermediate bends are subject to labels
      jamming in the bend because of the necessity for the labels to traverse
      the bend and to change their plane of orientation during such traverse.
      The tendency of the labels to stick together inhibits their ability to
      reorient themselves as they move around the bend.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the bend in such a label magazine
      is provided with ratchet teeth formed on the outside wall of the bend,
      thus to cause fanning of the labels as they negotiate the bend and thus
      relieve the tendency of such labels to jam. The fanning action causes one
      label to slip slightly with respect to the next label, thus relieving
      friction and other internal stresses developed in the label pack. This
      loosens up the pack, facilitates reorientation of the labels and makes it
      easier for the labels to negotiate the bend.
PAR  Other objects, features and advantages of the invention will appear from
      the disclosure hereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view illustrating a label magazine embodying the present
      invention.
PAR  FIG. 2 is a vertical cross section taken along the line II--II of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  The illustrated label magazine comprises a vertically oriented infeed
      portion 11 and a horizontally oriented outfeed portion 13. These portions
      are connected on the bend 12. A pack 14 of stacked labels is inserted into
      the label magazine in the direction of the arrow and is fed by gravity or
      by a pressure platen or the like through the label magazine and to the
      label extraction drum 16.
PAR  In the illustrated embodiment, the label magazine is made up of a series of
      bars or rods formed into a skeleton like frame. As best shown in FIG. 2,
      there are two top bars 111, 112, two right side bars 113, 114, two bottom
      bars 115, 116, and two left side bars 117, 118. The top bars 111, 112 form
      the inside corner wall 122 of the bend 12 and the two bottom bars 115, 116
      form the outside corner wall 121 of the bend 12.
PAR  In accordance with the present invention, the outside corner wall formed by
      bars 115, 116 is provided with ratchet teeth 123, 123'. These teeth are so
      formed as to gradually constrict or decrease the cross section of the
      magazine on the upstream side of a tooth 123 and then to abruptly enlarge
      or increase the cross section of the magazine on the downstream side of a
      tooth 123.
PAR  Accordingly, as labels 141 are fed through the magazine they will encounter
      the ratcheted outside wall 121 of the bend. The ratchets will cause mutual
      sliding of one label with respect to another and gradual fanning of the
      labels in the stack as each tooth 123 is approached from its upstream
      side. As the labels pass over each tooth the labels will be subject to an
      abrupt snapping or reverse fanning action as they pass over the downstream
      side 124 of the ratchet teeth.
PAR  This fanning action relieves stresses caused by friction, sticking and
      other forces tending to bind the stacked labels together and reduces the
      tendency of the labels to jam in the bend 12. The fanning action loosens
      up the stack and frees the labels to change their plane of orientation
      from horizontal to vertical as they move around the bend. The fanning
      action has the incidental advantage that it will loosen up the labels in
      the stack for easier release from the stack to the extraction drum 16.
PAR  As illustrated in FIG. 1, the ratchet teeth are primarily located in that
      portion of the bend 12 which is adjacent the vertical infeed portion 11 of
      the magazine. Three teeth 123 are located in this part of the bend.
      However, it is also useful to have at least one ratchet tooth 123'
      adjacent the horizontal outfeed portion 13 of the magazine.
PAR  The successive ratchet teeth 123, 123' insure the proper change in attitude
      of the individual labels 141 so that they remain substantially
      perpendicular to the side walls of the magazine throughout the curve of
      the bend and without jamming therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a label magazine having a bend formed by inside and outside magazine
      walls between which a pack of stacked labels is confined, the improvement
      for assisting packed labels located in the bend to negotiate the bend and
      comprising ratchet teeth formed on said outside wall of the bend to
      successively narrow and widen the space between said walls and cause
      fanning of the labels in the pack as they negotiate the bend.
NUM  2.
PAR  2. The improvement of claim 1 in which the label magazine has a vertical
      infeed portion and a horizontal outfeed portion, said portions being
      connected on said bend.
NUM  3.
PAR  3. The improvement of claim 2 in which said ratchet teeth are primarily in
      that portion of the bend adjacent said infeed portion.
NUM  4.
PAR  4. The improvement of claim 3 in which a ratchet tooth is adjacent said
      outfeed portion.
NUM  5.
PAR  5. The improvement of claim 1 in which said label magazine comprises rods
      curved to form said bend, said ratchet teeth being formed in rods which
      form the outside wall of said bend.
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ABST
PAL  This invention is a method and apparatus for securing snap fasteners to
      supporting material. An aperture is formed in the supporting material and
      the socket or stud of the fastener, as the case may be, is allowed to
      project through the aperture. The supporting material is then heat sealed
      to the fastener around the aperture. Preferably, both the supporting
      material and the snap fasteners are made of heatsealable, thermoplastic
      material.
PARN
PAR  This is a division, of application Ser. No. 306,109, filed Nov. 13, 1972.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method and apparatus for securing articles to
      film-like material; and, in particular, to a method and apparatus for
      securing snap fasteners to a supporting material. The present invention
      may be used quite suitably for attaching thermoplastic snap fasteners to
      plastic material being made into bags.
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, the major portion of all plastic snap fasteners were secured or
      sealed to a substrate or supporting material on their bottom surfaces with
      their stud or socket members projecting upwardly. Thus, the snap fastener
      was entirely on one side of the material. An example of this type of
      fastener is shown in FIG. 35 of U.S. Pat. No. 3,049,462 issued to N. M.
      Barlow et al on Aug. 14, 1962. The Barlow et al patent also discloses an
      apparatus for attaching such snap fasteners to the supporting material.
PAR  Snap fasteners which penetrate the supporting material are usually made of
      metals such as those shown in U.S. Pat. No. 3,192,200 issued to D. J.
      Dadddona, Jr. on July 20, 1965; but, recently plastic snap fasteners which
      are adapted to penetrate the supporting material and be secured therein
      have been developed. Representative of the latter type of snap fastener is
      the type shown in U.S. Pat. No. 3,553,796 issued to A. E. Carlile on Jan.
      12, 1971.
PAR  The first mentioned snap fasteners which are secured entirely on one side
      of the material by adhesive or by a heat seal too often are easily pulled
      off or removed from the supporting material. Accordingly, it is an object
      of the present invention to provide a method and apparatus for securely
      sealing snap fasteners to their supporting material.
PAR  The second mentioned snap fasteners which must penetrate the material
      suffer from the disadvantage that the snap fastener is usually composed of
      at least four separate elements and, in some events, as many as five
      penetrations of the supporting film is necessary. Applying these fasteners
      to the supporting film is not only slow but the many penetrations of the
      supporting film tend to readily initiate tears. Accordingly, it is another
      object of the present invention to secure a snap fastener to film-like
      material with only one penetration of the film.
PAR  It is a still further object of the present invention to provide a method
      and apparatus to speedily and automatically apply thermoplastic snap
      fasteners to thermoplastic film material. The aforementioned and other
      objects and advantages of the present invention will become obvious to
      those skilled in the art from the following Summary of the Invention,
      Drawings, and Description of the Preferred Embodiment.
PAC  SUMMARY OF THE INVENTION
PAR  In its broadest aspect, the present invention is a method and apparatus for
      forming an aperture in film-like material and securing said material to an
      article by a seal made at least partially around said aperture. The method
      includes the steps of positioning the fim over the article; stretching the
      film across a portion of the article which, preferably, is a projection
      such as a stud or socket of a snap fastener; forming an aperture in the
      stretched portion of the film; and sealing the film to the article at
      least partially around the aperture.
PAR  The apparatus of the present invention includes means for stretching the
      film across a portion of the article; means for forming an aperture in the
      film while it is so stretched; and means for heat sealing the film to the
      article at least partially around the aperture.
PAR  In a narrower aspect, the present invention is an apparatus for heat
      sealing a snap fastener to supporting film-like material which includes a
      housing; a tubular knife resiliently mounted in the housing so that its
      cutting tip extends below the housing; means for rotating the knife; and,
      heat sealing means affixed to the bottom of said housing which at least
      partially encircle the cutting tip. In a more limited aspect, the present
      invention includes, in addition to the foregoing recited elements, a cam
      driven rocker arm for raising and lowering the housing, a cam driven
      plunger and feed track for delivering the fasteners to a nest positioned
      below the houing; and vacuum means acting through the hollow tubular knife
      to remove the slugs of film resulting from the forming of the aperture in
      the film material. The foregoing features of the present invention may be
      better appreciated from the drawings which are described below.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which are attached hereto and made a part of this
      disclosure:
PAR  FIG. 1 is a side elevation view in partial section of the preferred
      embodiment of the apparatus of the present invention;
PAR  FIG. 2 is a layout or plan view looking along section line 2--2 of FIG. 1
      and shows the righthand portion of said section, the lefthand section
      being a mirror image of what is shown in FIG. 2;
PAR  FIG. 3 is a section view of a side elevation of the sealing and severing
      head of the present invention;
PAR  FIG. 4 is a rear elevation view of the sealing and severing head;
PAR  FIG. 5 is a top plan view of the sealing and severing head;
PAR  FIG. 6 is a sectional view of the severing means of the present invention;
PAR  FIG. 7 is a schematic representation showing the sealing head, film, and
      snap fastener in the nest, all of these elements being in their relative
      positions;
PAR  FIG. 8 is the same view as FIG. 7 except that the extension of the severing
      means is shown in section as it stretches the film over the snap fastener
      in the nest;
PAR  FIG. 9 is the same view as FIG. 8 except that the aperture has now been
      formed in the film by the severing means;
PAR  FIG. 10 shows a side view in partial section of a snap fastener sealed to
      film in accordance with the method of the present invention;
PAR  FIG. 11 is a top view of the snap fastener in FIG. 10 showing the circular
      seal of the film to the snap fastener around the aperture in the film;
      and,
PAR  FIG. 12 shows the stud-and-socket arrangement in partial section from a
      side view of snap fasteners affixed to film according to the method of the
      present invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The method and the general operation of the preferred embodiment of the
      present invention will be described first with reference to FIGS. 1, 2,
      and 3. Looking at FIG. 1, the apparatus 1 is shown resting on support
      platform or base 2 from which rises upright supporting member 3 having arm
      4 cantileverly mounted to provide a working surface. To the top of
      supporting member 3 upright supporting plate 5 is attached and from which
      horizontal support plate 7 extends. To the rear of the apparatus 1, motor
      6 is mounted and to the left of motor 6, driving arm 8 is mounted by pivot
      9 at one end thereof and is connected to connecting rod 10 through rod
      pivot 11a. Rod 10 is, in turn, connected to connecting plate 12 through
      pivot 11. Connecting plate 12 is affixed to plunger 13 for advancing snap
      fasteners 14 as will be described hereinafter. Plunger 13 moves in linear
      motion in plunger track 30 (see FIG. 2) and the motion is provided by
      driven cam shaft 16 which rotates cam 18 whose partial shadow line is
      shown. As the cam shaft 16 rotates, the first cam or driving arm cam 18
      acts upon the first cam follower or driving arm cam follower 17 which is
      located intermediate the length of driving arm 8 to move the arm backward
      to its extreme rearward position which is shown in FIG. 1. Further
      rotation of cam shaft 16 and, hence, first cam 18, relaxes the cam driving
      force on arm 18; but the arm is urged forward by the influence of driving
      arm spring 15. Thus, spring 15 acting through arm 8 urges the plunger 13
      forward to move or to deliver a snap fastener to its working position 14a
      as shown in FIG. 2.
PAR  Still referring to FIG. 1, sealing and severing head assembly 25 is shown
      carried by the head drive connecting rod assembly means 24 which is
      journaled in horizontal support plate 7. The connecting assembly means 24
      is connected to rocker arm 22 by pivot 23. Rocker arm 22 is supported by
      pivot 21 and at its extremity opposite pivot 23 there is located the
      rocker arm cam follower or second cam follower 19 which follows cam
      surface 20 shown partially in dotted line in FIG. 1. Rocker arm spring 26
      applies force to keep cam follower 19 in contact with cam surface 20. In
      the position shown in FIG. 1, the head assembly 25 is in its lower-most
      position. Further rotation of cam shaft 16 will cause the rocker arm to
      raise head assembly 25; and, conversely, spring 26 urges head assembly 25
      downward to its lowermost position. Thus, the vertical reciprocal movement
      for the head assembly 25 is provided through the rocker arm 22 and cam
      shaft 16.
PAR  The cam surfaces 18 and 20 are so disposed on cam shaft 16 as to ensure
      that head assembly 25 is in an up position when plunger 13 is withdrawn to
      pick up another fastener 14. As stated above, in the position shown in
      FIG. 1 plunger 13 is withdrawn its full stroke and head assembly 25 has
      descended to its full stroke. The timing and arrangement of the cams to
      accomplish this repeating sequential operation is well within the ordinary
      skill of the art.
PAR  Turning now to FIG. 2 which is a view along line 2--2 of FIG. 1, certain
      components of the present invention will be seen which are not shown in
      the partial section elevation shown in FIG. 1. In FIG. 2, plunger 13 is
      shown engaging a snap fastener 14 in the plunger track or delivery track
      30. In its stroke, plunger 13 will move a snap fastener to position 14a
      where it is located in a nest and is ready to be sealed to film 29. Film
      29 is positioned over the snap fastener in position 14a; or, stated
      another way, snap fastener 14a is positioned in an upright position
      beneath film 29. To arrive in the position of snap fastener 14, the snap
      fasteners move along fastener feed track 31 which is flat and level being
      the same elevation as plunger track 30. However, the feed track 32 is
      inclined upwardly and is vibratorally driven as it receives the properly
      oriented snap fasteners from vibratory hopper 33. The hopper and track
      used in the preferred embodiment are the vibratory feeders sold under the
      trademark "Vibro Block" by Arthur G. Russell Co., Inc. of Bristol,
      Connecticut. These feeders take the snap fasteners which are randomly put
      into the hopper, orient them and deliver them down track 32 in an upright
      position with the projection of the snap fastener being upright. The
      projection is normally either the stud or the socket of the snap fastener.
PAR  Also shown in FIG. 2 is the working surface 13 and the adjustment mechanism
      34 which can adjust the position of the plunger track 30. It is
      understood, of course, that the plan view shown in FIG. 2 is one-half of
      the preferred embodiment, and is used to put one of the pair of snap
      fasteners onto the film. The other half of the preferred embodiment is a
      mirror image of FIG. 2 being displace only so that the cooperating snap
      fastener can be placed properly in position on the film.
PAR  In FIGS. 3, 4, 5, and 6, the sealing and severing head assembly 25 and its
      component parts are shown. Looking first at FIG. 3, a sectional
      elevational side view of the sealing and severing head assembly 25,
      housing members 37 and 38 comprise the main support or body for the
      assembly 25. Centrally located within housing 38 is the circular knife or
      severing means 40. This knife 40 is tubular and hollow and is shown in
      greater detail in FIG. 6. A central duct or passageway 50 communicates
      with the vacuum port 51 so that a vacuum can be drawn through the knife
      and remove the slugs of film which are cut.
PAR  Still referring to FIG. 3, circular projection 44 which encircles the knife
      40 is shown resting in the bottom of the cavity in housing 38. Immediately
      above and resting on the projection 44 is bearing assembly 45 to which is
      connected spring 46 which is connected at its upper end to the top of the
      cavity. Thus, upon descent the knife 40 can move upwardly inside the
      housing so that the heating elements 41 can contact the film. This will be
      explained in greater detail hereinafter.
PAR  Referring now to FIGS. 4 and 5, pneumatic cylinder 54 is shown being
      mounted perpendicularly to the circular knife 40 and the pneumatic
      cylinder 54 is connected through member 53 to rack 52. Also shown in FIG.
      4 are electrode holder 43 for the electrodes of heating element 41 and
      insulating piece 42. The tip 39 or lower section of the housing is also
      shown here.
PAR  In FIG. 3, the knife drive gear or pinion 48 is shown in section. The
      pinion 48 is annularly shaped and surrounds the upper portion of the knife
      40. The gear teeth are on the outer surface of the pinion and interengage
      the teeth on rack 52. Two opposed dowel pins 48a extend inwardly from the
      inner surface of the pinion and fit into slot 47 of the knife 40. Slot 47
      is better seen in FIG. 6. The dowel pin and slot arrangement allow the
      knife blade to move upwardly without losing its driving engagement with
      the pinion. The length of the rack is sufficient to completely rotate the
      knife and its sharp cutting edge 55 will easily cut or form an aperture in
      film stretched over the stud or socket of a snap fastener by the initial
      contact with the knife. Referring next to FIG. 7, 8, and 9, the sequence
      of events as the aperture is formed in the supporting film and sealed to
      the snap fastener will be described. In FIG. 7 a snap fastener 14a is
      shown sitting in nest 56. For further stability within the nest, vacuum
      lines 57, 58, and 59 are provided to draw a vacuum against the base of
      snap fastener 14a and hold it in a stable position. As is understood from
      the description in the paragraphs above, snap fastener 14a was delivered
      to the nest 56 by the action of plunger 13.
PAR  In FIG. 7 the strip of film 29 is shown positioned above snap fastener 14a
      and above the snap fastener is the cutting or severing mechanism 40 whose
      tip extends below the housing of the sealing and severing head assembly
      25. The extension of electrodes 41 is also shown.
PAR  In FIG. 8 the tip of severing means 40 is shown in sections so that cutting
      edge 55 can be clearly seen. Cutting edge 55 first stretches the film
      across the projection on fastener 14a as shown as head assembly 25
      descends toward the bottom of its stroke. At this position, the pneumatic
      cylinder 54 is actuated thus rotating the severing means 40 to cut or form
      the aperture in the film as shown in FIG. 9. The cutting operation leaves
      slug 60 momentarily on top of the projection but the vacuum means acting
      through the hollow severing means 40 will withdraw the slug 60 out of the
      working area. The actuation of the pneumatic cylinder 54 can be
      accomplished by a timing cam on cam shaft 16 or an off-on switch can be
      operated by the motion of rocker arm 22 this being well within the skill
      of the art.
PAR  In FIG. 9 the forming of the aperture has been completed and further
      descent of head assembly 25 causes the knife edge 55 to be retracted into
      the housing as the knife edge 55 now contacts the snap fastener 14a. As
      the knife edge 55 retracts, the electrode or heating element 41 contacts
      the film 29 around the aperture compressing the film against the snap
      fastener 14a. The head assembly 25 may dwell as long as 0.3 seconds while
      the film is pressed against the snap fastener 14a and during this dwell
      time an electrical impulse is sent to heating element 41. Heating element
      41 is preferably nichrome but may be stainless steel. The current and
      voltage of the electrical impulse will, of course, have to be adjusted to
      the electrical resistance of the particluar heating element. For the
      stainless steel element used in the present embodiment, a current of 60
      amps at 3 volts will provide a temperature in the range of 450.degree.F to
      500.degree.F which is sufficient in the 0.3 seconds dwell time to seal 1
      mil polyethylene film to the polyethylene snap fastener.
PAR  Continuing now with FIGS. 10 and 11, the appearance of the seal and the
      manner in which the snap fastener is attached will be described in greater
      detail. In FIG. 10, snap fastener 14 is shown having base 64 from which
      cylindrical body or projection 63 rises. The projection or barrel 63 will
      either be a fastener socket or a fastener stud. In the embodiment shown in
      FIG. 10, projection 63 is a stud having a locking lip 62 and an interior
      wall 65. Seal 61 is also shown in FIG. 10. In FIG. 11 a top view is shown
      of the stud shown in FIG. 10. Here, the circular nature of the seal 61 as
      it partially surrounds the aperture 66 can be appreciated. This relatively
      complete sealing around the aperture adheres the snap fasteners securely
      to the film and leaves few rough edges or nicks from which a tear in the
      film might propagate.
PAR  FIG. 12 shows the two snap fastener elements 14 and 69 in a snapped
      together relationship. The stud or fastener element 14 is locked into the
      socket element 69 which is shown in section so that the interlocking
      engagement can be illustrated. The socket element has a locking lip 71
      encircling the interior portion of its projection or barrel 70 to securely
      lock the two elements together. The seal 61 for the socket element 69
      would have the same appearance as shown in FIG. 11.
PAR  Returning briefly to FIG. 1, the edge view of a folded piece of film 27 is
      shown. The lower part of the fold 29 is receiving a snap fastener in the
      position as shown in FIG. 1. This portion will be the fold over flap for a
      plastic display bag. The bag body portion is represented by the upper fold
      28. As shown in FIG. 1, the film is moving into the plane of the sheet of
      the drawing. In FIG. 2 the folded relationship can be better appreciated.
      Here the film 27 is moving from right to left and the fold 29 which is
      receiving snap fastener 14a is shown, and lying over it is shown the fold
      28 which forms the front wall of the bag portion. In the mirror image half
      of the embodiment which is to the left of FIG. 2. The nest and feed track
      go under fold 28 to place a snap fastener there. The fasteners are, of
      course, in exact vertical alignment. After having received the snap
      fasteners, the folded film is sealed and severed in vertical lines or
      along lines transverse to the direction of the travel of the film as shown
      in FIG. 2. When the film is sealed and severed the flap portion 29 can
      then be folded over and snapped into the fastener arm bag portion 28 so
      that a snapping lock a shown in FIG. 12 is accomplished.
PAR  In actual operating sequence, the film will be folded and fed as shown in
      FIGS. 1 and 2 by conventional folding and feeding mechanisms which are not
      shown. While the film is moved the plunger moves a snap into position. The
      film is then stopped after traveling a distance which is equivalent to the
      desired width of a bag. Usually, the film will be printed with advertising
      indicia and there will be a space between the repeating pattern of the
      indicia. This space will be transparent and can be sensed by a
      photo-electric cell which can stop the feeding and folding mechanism. Once
      the film is stopped, the head assembly descends; and, as the knife blade
      contacts the film and stretches it over the snap fastener projection, the
      knife rotates and the head descends further whereupon the heating elements
      contact the film and press it against the snap fastener. The head dwells
      for a period of time at the bottom of the stroke to allow the heat sealing
      to take place during which time the vacuum means acting through the knife
      blade removes the slug of cut film. Afterwards, the head is retracted and
      the film moves again. This movement is synchronized with the transverse
      sealing and severing of the film to make the completed bag.
PAR  The snap fasteners and the film are preferably made of compatible, heat
      sealable, thermoplastic materials such as polyethylene, polypropylene,
      polyvinyl chloride, or the like. The fasteners may be applied to many
      different types of supporting films and can even be used to apply snap
      fasteners to raincoats, shower curtains, canopy material, or generally be
      used where it is desired to temporarily join together sheet-like portions
      of material of any size.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for securing a heat-sealable fastener having an upright
      projection to heat sealable film or the like comprising:
PA1  a. means for positioning a snap fastener beneath said film;
PA1  b. means for stretching said film across said projection;
PA1  c. annular, rotatable knife means for forming an aperture in said film
      while stretched so that said projection extends therethrough;
PA1  d. means for rotating said knife; and
PA1  e. means for heat sealing said film to said fastener at least partially
      around said aperture.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for heat sealing includes a
      circularly shaped electrically resistance heated electrode.
NUM  3.
PAR  3. An apparatus for forming an aperture in heat-sealable, film-like
      material and securing said material to a heat-sealable article by a seal
      made at least partially around said aperture comprising:
PA1  a. a housing;
PA1  b. a tubular, rotatable, elongated, severing means resiliently mounted
      vertically in said housing, said severing means having a cutting tip
      extending below said housing;
PA1  c. means for rotating said severing means; and,
PA1  d. heat sealing means at least partially encircling said extended cutting
      tip whereby upon contact with said material placed over said article
      rotation of said severing means will form an aperture in said material and
      upon further movement against said material and article said severing
      means retracts allowing said sealing means to seal said material to said
      article.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said severing means is an open tube
      communicating at its upper end with vacuum means to remove the slugs of
      film material produced when an aperture is formed.
NUM  5.
PAR  5. The apparatus of claim 3 wherein the means for rotating said severing
      means comprises:
PA1  i. a pneumatic cylinder;
PA1  ii. a rack mounted perpendicularly to said tubular severing means, said
      rack being reciprocally driven by said pneumatic cylinder;
PA1  iii. a longitudinal slot in said severing means;
PA1  iv. an annular pinion positioned around said severing means, said pinion
      having a dowel pin disposed to slide within said slot, the gear teeth of
      said pinion engaging the teeth of said rack whereby movement of said rack
      by the pneumatic cylinder will rotate said severing means by means of said
      pinion and said pin.
NUM  6.
PAR  6. The apparatus of claim 5 wherein:
PA1  A. said housing is provided with an internal cavity;
PA1  B. said severing means have a ring-like projection intermediate its length,
      said projection being adapted to rest on the bottom of said cavity in its
      original position thereby limiting downward motion of said severing means;
PA1  C. bearing means encircling said severing means, said bearing means resting
      on said projection; and,
PA1  D. spring means for returning said severing means to its original position
      after displacement, the lower portion of said spring means contacting said
      bearing means and the upper portion contacting the top of said cavity.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said means for heat sealing includes a
      circularly shaped electrically resistance heated electrode located on the
      bottom exterior surface of said housing.
NUM  8.
PAR  8. An apparatus for securing a thermoplastic snap fastener having an
      upright projection to a thermoplastic film comprising:
PA1  a. means for positioning a snap fastener in upright position beneath said
      film;
PA1  b. a sealing and severing head assembly mounted for vertical reciprocal
      motion comprising:
PA2  i. a housing;
PA2  ii. a tubular, rotatable, severing means resiliently mounted in said
      housing, said severing means having a cutting tip extending below said
      housing;
PA2  iii. means for rotating said severing means;
PA2  iv. sealing means at least partially encircling said extended cutting tip;
      and
PA1  c. means for raising and lowering said head assembly into and out of
      contact with said film with said fastener positioned therebeneath whereby
      upon lowering said head assembly said cutting tip will stretch said film
      across said projection, rotation of the severing means will cut an
      aperture in said film, and upon further descent of said head assembly said
      sealing means will seal said film to said fastener at least partially
      around said aperture.
NUM  9.
PAR  9. The apparatus of claim 8 including vacuum means acting through said
      tubular severing means to remove a slug of film produced when said
      aperture is formed.
NUM  10.
PAR  10. An apparatus for securing a thermoplastic snap fastener having an
      upright projection to a thermoplastic film comprising:
PA1  a. a feed track for receiving said fastener in an upright position;
PA1  b. a delivery track for receiving said fastener from said feed track;
PA1  c. a plunger for advancing said fastener along said delivery track;
PA1  d. a nest for positioning said fastener at the exit of said delivery track;
PA1  e. a sealing and severing head assembly mounted for vertical reciprocal
      motion above said nest;
PA1  f. a circular knife resiliently mounted for rotary motion in said head
      assembly, said knife being hollow with a duct extending through its
      vertical height and said knife being positioned with its circular cutting
      edge extending below said head assembly,
PA1  g. means for rotating said knife;
PA1  h. a circularly-shaped heater element located on the bottom of said head
      assembly, said heater at least partially encircling the extension of said
      knife;
PA1  i. rocker arm means for moving said head assembly in vertical reciprocal
      motion into and out of contact with a snap fastener in said nest;
PA1  j. a camshaft;
PA1  k. means for driving said camshaft;
PA1  l. a plurality of cams on said camshaft including first and second cams
      with first and second cam followers associated therewith;
PA1  m. a plunger driving arm, return spring, and connecting rod, said arm being
      pivotally mounted at one end with the other end being connected to said
      plunger through said connecting rod, said plunger having the first cam
      follower disposed intermediate its length, said first cam follower being
      contacted by the first of said cams, said driving arm and said first cam
      follower being held against said first cam by said driving arm return
      spring whereby when said camshaft is rotated said cam will cause said
      driving arm and connecting rod to move said plunger away from said nest,
      and said return spring will cause said plunger to move toward said nest
      upon further rotation of said camshaft;
PA1  n. a rocker arm and spring, said rocker arm being connected at one end to
      vertically reciprocate said head assembly and having the second cam
      follower at its other end, said second cam follower contacting the second
      of said cams and said second cam follower being held against said second
      cam by said rocker arm spring whereby rotation of said camshaft will cause
      the second cam to move said rocker arm and thereby lift said head
      assembly, and said rocker arm spring will act to lower said head assembly
      upon further rotation of said camshaft, the first and second cams being so
      oriented on said camshaft that said plunger will advance after said head
      assembly has been raised; the lowering of said assembly causing said
      circular knife to stretch said film across the upright projection of a
      fastener in said nest;
PA1  o. means for actuating said knife rotating means when said head assembly is
      lowered into contact with said film and fastener in said nest thereby
      cutting an aperture in said film; and
PA1  p. electric current supply means for said heater element and means for
      actuating same when said head assembly is lowered into contact with said
      film whereby said film is heat sealed to said fastener.
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ABST
PAL  A suction pipe for a paper machine having a tapered seat and a cover and an
      insert mounted in the seat to provide an air tight seal therewith. The
      insert and the cover being laterally removable from the seat after
      sufficient longitudinal travel of the cover to free the insert in the
      seat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to suction pipes for paper machines.
PAR  2. Description of the Prior Art
PAR  The conventional suction pipe has a cover with a tapered seat, which
      extends substantially the length of the pipe. A pair of elements having a
      complementary configuration, secure the cover to the pipe by a plurality
      of capscrews to form an airtight connection therewith. The pipe may be
      mounted in a press section after the press rolls. Water forced into the
      felt is drawn therefrom into the pipe by the vacuum existing in the pipe.
      To be effective, the cover and the felt passing thereover, must also
      provide an effective seal. Any wear grooves in the cover would allow air
      into the suction box and thus prevent the vacuum from accomplishing its
      main purpose of extracting water from the felt. As a consequence it is
      frequently necessary to remove the cover from the suction pipe and
      refinish or replace same. Inasmuch as a conventional suction pipe cover is
      secured to the pipe by a pair of elements attached by capscrews to the
      pipe, the entire pipe is usually removed from the machine. Also,
      frequently the pipe itself is mounted within the frames of the machine,
      thus when a tapered seat is relied on exclusively to maintain the cover in
      the seat, as in a suction box or suction pipe, the entire pipe rather than
      the cover alone must be removed from the machine. Where the paper machine
      frame is not a problem, as in the top felt, removing the cover alone
      longitudinally out of the suction pipe seat is difficult as some sort of
      crane means is needed due to the height of about 20 ft. from the floor,
      and the length of the cover, which is slightly wider than the paper width.
PAC  SUMMARY OF THE INVENTION
PAR  Applicant's apparatus is designed to provide for quick disassembly and
      assembly of the cover from the suction pipe without removal of the pipe
      from the paper machine, thereby reducing down-time of the machine. The
      machine, however, is not operating when the cover is being changed. Due to
      the use of new type synthetic felts (nylon), high machine speeds of 2000
      ft. per minute, and the use of polyethylene or the like covers, cover
      changing is also more frequent than in the past which further accentuates
      the need for a quick disconnect cover.
PAR  Specifically, Applicant has provided a pipe with a tapered seat which
      preferably may have a dove tail configuration. A cover having a similar
      tapered configuration is designed to be mounted in the seat along with an
      insert. The number of inserts used depends on the length of the pipe. The
      insert is preferably not tapered and is a relatively flexible strip of a
      material unlike that of the cover. The seat, cover, and insert are so
      dimensioned that when the entire pipe assembly is in position in the paper
      machine, tapping the cover and moving same approximately 4 inches in the
      opposite direction of the taper, will free the insert or inserts depending
      upon the number used. The insert or inserts may then be removed laterally
      from the seat. A chain supports same from the pipe when not in the seat.
      The cover can now be rotated and moved laterally from the seat rather than
      longitudinally. Hence, where the pipe is mounted between the frames, the
      cover is nevertheless removable therefrom. Due to its weight of
      approximately 40 lbs. for a 200 in. cover, the movement of the cover to
      clear the seat is not a difficult procedure, The cover can now be
      resurfaced or replaced and then quickly reassembled to the pipe in a
      procedure opposite to that for removal.
PAR  It is, therefore, an object of this invention to provide a new and improved
      suction pipe for a paper machine with a quick disconnect cover.
PAR  Another object of this invention is to provide a quick disconnect cover
      that can be assembled or disassembled to a suction pipe by lateral
      movement into or out of the tapered seat of the suction pipe.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end view of the tending side of the suction pipe of this
      invention;
PAR  FIG. 2 is a side view (partially cut away) of the pipe;
PAR  FIG. 3 is a plan view of the cover for the pipe; and
PAR  FIG. 4 is a view, similar to FIG. 1, with the cover in the process of being
      removed from the pipe.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, 10 indicates generally the suction pipe of this
      invention. Pipe 10 includes pipe section 11 which may be made of stainless
      steel. Section 11 has an open top which is closed by welding a
      longitudinally extending stainless steel bar 12 thereto. Bar 12 has a
      plurality of spaced and aligned slots 14 extending therethrough and
      providing communication with the interior of the pipe section 11. The
      drive end of the pipe section 11 is closed by rear closure 15 which may be
      welded thereto. The tending side end of the pipe section 11 has a flange
      16 formed by welding a hollow disc to the interior of the pipe section 11.
      Front closure 18 is attached to flange 16 by capscrews 19 with gasket 20
      therebetween. Closure 18 provides clean out access to the section 11. Also
      extending from the bottom of section 11 is exit conduit 21 which is
      adapted to be connected to a source of vacuum. Plates 22, at both ends of
      section 11, are welded thereto and to bar 12 to close off the section 11.
      Suitable brackets 24 are welded at both ends of section 11 and have
      grooves 25 for mounting the section to the frames of a paper machine.
PAR  Bar 12 has machined therein a female dovetail seat 26. Seat 26 is tapered
      to a smaller dimension at the driving end than at the tending end. The
      taper is uniform and on both sides of the dovetail.
PAR  Mounted in seat 26 is cover 28. Cover 28 which may be made of polyethylene
      has a male dovetail 28a which is tapered to complement seat 26. Cover 28
      as shown in FIG. 1 and FIG. 3 has slotted passages 29 and 30 which extend
      through the cover and are in communication with slots 14 of bar 12 for
      conducting liquid into the pipe 10. Suitable spaced reinforcements 30a may
      be provided along the length of passages 29 and 30 to strengthen cover 28.
      Standard deckle blocks 31, are located at each end of the cover adjacent
      to the passages 29 and 30 and adjust inward for felt trimming. Cover 28
      also has a longitudinally extending surface 32 for a purpose to be
      described later.
PAR  Mounted in the female dovetail seat 26 of bar 12 are a plurality of inserts
      34 (FIGS. 1 and 2) which may be made of stainless steel. The number of
      inserts used depends on the length of cover 28. Each insert is preferably
      a strip of rectangular and uniform crossection. The strip or insert is
      intended to fit tightly between one side of the female dovetail seat 26
      and the surface 32 of the cover 28. Each insert has a plurality of spaced
      holes 35 therethrough. The holes are accessible from the top when the
      insert 34 is in seat 26. A plurality of chain lengths 36 at each end of an
      insert are welded thereto and to section 11. The chains 36 support the
      inserts when they are out of the seat 26.
PAR  As shown in FIG. 1, with cover 28 and inserts 34 mounted in seat 26,
      tapping cover 28 at the tending side will force the cover and insert
      toward the driving side to tightly wedge same in seat 26 providing an
      airtight connection therewith. Any vacuum applied to section 11 therefore
      will draw water through the felt passing over cover 28 through slotted
      passages 29 and 30 therein and through slots 14 in bar 12 into the
      interior of pipe 10. Of course, cover 28 and the felt 37 in moving contact
      therewith must fit smoothly. As mentioned previously, if there are wear
      grooves in the top of cover 28, air can move therethrough and into the
      pipe section 11 defeating the goal of drawing the water from the felt.
PAR  Because the covers must be resurfaced or replaced frequently to remove the
      wear grooves noted and thus to maintain pipe suction, Applicant's
      structure detailed above is designed to provide a quick disconnect of the
      cover 28 from the pipe section 11 and reassembly of same without removal
      of the pipe 10 from the machine. Also, if the pipe 10 is not mounted on a
      paper machine, the time of assembly and disassembly of the cover to
      section 11 is still reduced.
PAR  To achieve the quick disconnect feature, Applicant designed the noted
      structure so that the cover 28 can be removed essentially laterally from
      seat 26 rather than by the conventional complete longitudinal withdrawal.
      Applicant calculated that 4 inches of longitudinal movement of the cover
      28 from the driving side toward the tending side was permissible before
      same would contact a paper machine frame. Therefore, the cover 28 must be
      withdrawable from seat 26 at this point. Since a female and male dovetail
      arrangement are preferred for stability, one or more inserts are required
      to provide the joint and still be removable so that the cover in turn can
      then be removed from the seat. Because of the tapered seat and cover
      construction, and the above noted limitations, the dimensions utilized had
      to be calculated with care.
PAR  Applicant commenced the calculations by selecting a cover and therefore
      female seat longitudinal dimension of 200 inches. Applicant also selected
      a taper for the seat of 0.625 inch or 0.003125 inch per inch of taper. The
      taper is the same for both sides of the seat. Thus in 4 inches from the
      end of the driving side, the seat is 4 .times. 0.00312 inch or 0.0125 inch
      larger.
PAR  In calculating the female dovetail seat dimensions, Applicant selected a
      dovetail angle of 75.degree. and a width of 51/4 inches across the bottom
      of the edges. Applicant also selected the height of the seat as 0.50
      inches and the diameter of the measuring pins at 0.250 inch. Thus the
      dimension y across the measuring pins (which are located in the edges of
      the grooves) is obtained from formula y = b - D (1 + Cot .alpha./2 ) or y
      = 51/4 inches - 0.25 (1 + 1.3032 ) = 4.675 inches. This dimension is for
      the tending side and allowing for the noted taper, the dimension at the
      driving side is 4.050 inches with a 0 to 0.002 inch tolerance. The noted
      formula can be found in Machinery's Handbook by Oberg and Jones.
      Calculating the horizontal "C" dimension or 0.1339 inch from the bottom
      corner to the top of the dovetail edge resulted in a dimension of 4.982
      inches at the tending side across the edges noted, and 0.625 inch less or
      4.357 inches at the driving side. These dimensions are important as the
      cover must be removable therethrough.
PAR  Applicant selected as an insert a rectangular cross section of 1/4 .times.
      3/4 .times. 493/4  inches long with the cross sectional dimensions closely
      held. The insert is intended to be placed in the seat on the right side
      thereof while facing the tending side. The dimensions of the reduced
      female dovetail seat had to be then determined because of the presence
      therein of the insert. By trigonometry, the new dimension over the corners
      as calculated is 5 inches instead of 51/4 inches and over the pins is
      4.4242 inches using the aforementioned formula. These dimensions, of
      course, are for the tending side and are reduced 0.625 inch for the
      driving side.
PAR  With the above information, Applicant calculated the dimensions of the male
      dovetail configuration of the cover. Utilizing the 5.00 inch dimension
      above and the "C" (0.1339) dimension, Applicant calculated the "A"
      dimension across the corners, which corresponds to the top of the female
      dovetail in configuration only, and found same to be 4.7322 inches. Then
      from a formula in Mathematics For Industry 1958 Edition by S. E. Rusinoff,
      the dimension across the pins for the male dovetail was calculated. It is
      to be noted that the male dovetail is measured on a flat surface. The
      formula used is A 1 = (D/2) Cot .alpha./2 in which D is the diameter of
      the pin (0.25 inch) and .alpha. = 105.degree.. A 1 is the same on both
      sides of the dovetail. The dimension, therefore across the pins, is X = A
      1  +  A1 + D + 5.00 inches where 5.00 inches is across the corners of
      modified female dovetail and utilized for the dimension across the cover
      corners. X calculated to be 5.440 inches at the tending side and 4.815
      inches at the driving side.
PAR  To demonstrate that the dismantling of insert and cover from the seat of
      the pipe can be achieved under the conditions desired can be disclosed as
      noted below. With the cover 28, insert 34 wedged into position in seat 26
      and thus operative as shown in FIG. 1. Applicant, to remove the cover,
      taps the cover at the drive side and moves the cover four inches toward
      the tending side. The insert remains in position due to its length of
      approximately 50 inches. At four inches from the end of the drive side
      seat, the seat therefore is 0.012 inch larger than the reduced size cover.
      This clearance extends all along the balance of the seat. Applicant, then
      inserts a screwdriver into holes 35 in the insert and in effect moves the
      cover against the seat side opposite to the insert to get the noted 0.012
      inch clearance therebetween and pries the insert or inserts out of the
      seat. The insert or inserts are held in a stored position by chains 36.
      The 0.012 inch clearance has proved to be adequate for the purpose of
      removing inserts.
PAR  Applicant is now ready to remove cover 28 which also moved four inches from
      the drive side.
PAR  Inasmuch as seat 26 has a dimension at the tending side of 4.982 inches and
      4.357 inches (drive side) across the corners at the top of the seat and
      the cover has a 5.000 inches and 4.375 at the lower corners, even with the
      taper at four inches, the cover cannot be lifted straight out of seat 26.
      Thus, Applicant, as shown in FIG. 4, pivots the cover out of the seat 26
      by using the top corner as a fulcrum (on the side opposite the insert) and
      rotates the cover laterally out of the seat. This can be done with the
      cover full in the seat or preferrably withdrawn the four inches noted
      dimension. This is true because at four inches from the driving side the
      dimension at the top corners is 4.357 inches + 0.0125 = 4.369 inches and
      the radius at the cover calculates to be 4.27 inches. At the end of the
      seat (tending side) where the dimension is 4.982 inches, the cover radius
      after considering the taper is 4.875 inches.
PAR  Thus, Applicant, by careful calculations and control of tolerances, has
      achieved his purpose of lateral and faster removal of the cover from the
      seat which can be accomplished by assigning an operator to each end of the
      40 lb cover to remove same as shown in FIG. 4. Reinstalling the cover to
      the seat requires the prior lateral insertion of the cover into the seat,
      the replacing of the insert and the driving of the cover four inches
      toward the drive side to tighten same in the seat. Suitable means (not
      shown) can be provided to lock the cover in the seat.
PAR  Having thus described the preferred embodiment of the invention, it is to
      be understood that same is not limited to the specific form disclosed, but
      covers all modifications, changes and alternative constructions falling
      within the scope of the principles taught by the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A suction pipe for a paper machine comprising:
PA1  a. a pipe adapted to be connected to a vacuum means, said pipe having a
      longitudinally extending dovetail seat that is tapered in the longitudinal
      direction from one end of the seat to the other and slots therethrough
      extending into the interior of said pipe;
PA1  b. a cover having a tapered configuration complementary to the tapered
      configuration of said seat and mounted in said seat, said cover having
      passages therethrough aligned with said slots for conducting a liquid into
      said pipe; and
PA1  c. an insert located between said cover and said pipe in said seat and
      providing an air tight seal with said pipe and cover, said insert having a
      portion extending above said seat, said insert being laterally removable
      from said seat upon longitudinal movement of said cover in said seat away
      from said air tight position to free said insert, said cover thereby being
      laterally removable from said seat.
NUM  2.
PAR  2. The pipe of claim 1 in which said insert portion has means engageable by
      motive means for removing said insert from said seat.
NUM  3.
PAR  3. The pipe of claim 2 in which said means engageable by motive means is a
      plurality of spaced holes.
NUM  4.
PAR  4. The pipe of claim 3 in which said cover has a surface adjacent to said
      insert which extends above said insert to provide clearance for the
      removal of said insert from said seat and said insert is a metallic
      flexible strip.
NUM  5.
PAR  5. The pipe of claim 4 in which said insert comprises a plurality of
      segments aligned end to end and having a rectangular and longitudinally
      extending configuration and further comprising means connected to said
      pipe for supporting said segments when not in said seat.
NUM  6.
PAR  6. The pipe of claim 5 in which said segments are made of stainless steel
      and said cover is made of polyethylene and said seat is made of stainless
      steel.
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PAL  A coupling is provided for holding and releasing a safety and a
      safety-and-control rod in a nuclear reactor which coupling comprises three
      pairs of electromagnets, said electromagnets being arranged in a circular
      row and act upon a single armature attached to the rod; the electromagnets
      of each pair being disposed at diametrically opposed position with respect
      the the rod axis. The signal from each sensor of a set of multiple sensors
      of each relevant parameter of the reactor operation is supplied to a meter
      of the parameter. The signals from one of each set of meters are
      conjointly supplied to a logic circuit which is connected to an amplifier.
      Finally the power from each amplifier is separately supplied to each pair
      of electromagnets for controlling the hold and release of the rod. The
      electromagnets of the coupling are arranged in a circular row and act upon
      a single armature attached to the rod.
BSUM
PAR  The present invention relates to a safety device for the control and safety
      rods of a nuclear reactor with vertical rods to the control drive
      mechanism that is to the mechanism for inserting into or withdrawing from
      the reactor the power control rods.
PAR  This type of rods in addition to control functions, perform also a safety
      function in as much as the release thereof from the drive mechanism can be
      commanded which, in the case of vertical rods, results in the dropping of
      the rods into the reactor and as a consequence the shutdown of it.
PAR  In fact those rods which are intended for performing the twofold task of
      control and safety rods are affixed to the drive mechanism through an
      electromagnetic coupling. This coupling comprises a portion which is
      attached to the drive mechanism and contains a core with the related
      energizing winding -- that is an electromagnet -- and a portion attached
      to the rod -- electromagnetic armature.
PAR  While operating normally or even abnormally but within certain safe limits,
      the magnet is permanently energized and the rod is maintained suspended at
      a level which is determined by the drive mechanism.
PAR  On the other hand, when particular conditions occur of the reactor
      operation, whereby the reactor must be shutdown, the power supply to the
      electromagnet is cut off and the rod drops into the reactor and causes
      that kind of shutdown which is called scram.
PAR  Each of the two functions -- control and safety -- of the rod are dependent
      on a set of data different and independent from one of the others. In fact
      the data on which the operation of the drive mechanism is dependent are
      different by their own nature and by their magnitude from the data on
      which the release device is operated.
PAR  Because this invention is intended for improving the means for achieving a
      safety control of the reactor with an increased safety factor, the drive
      mechanism and the related control means will be dealt with briefly. It
      should be noted that a failed shutdown of a reactor may bring about a
      disastrous situation, the untimely shutdown may also bring about
      undesirable consequences. From this the requirement ensues of providing
      the electromagnet coupling and the related controls with the highest
      possible reliability.
PAR  The means which control the electromagnetic coupling include a number of
      sensing units or transducers sensitive to changes in various quantities
      such as the coolant temperature, the ratio of the reactor power and the
      coolant flow rate, the fuel temperature etc.
PAR  The sensed data are fed to a series of combinational circuits which take
      into account the magnitude of the signals from the sensing units and
      evaluate all together to find out whether the conditions exist which
      impose the reactor shutdown.
PAR  The input from the combinational circuit or logic lines are supplied to a
      feeder of the suspension electromagnet of the rod.
PAR  In general in the existing plants, in order to improve the reliability of
      the safety control system, the number of sensing units of the logic lines
      of the feeders have been multiplied; however no such system is presently
      available wherein the magnet for suspending the rods is multiple.
PAR  In other words, in the current plants, upstream of the electromagnet a high
      safety level is attained which is proportional to the number of logic
      lines connected in parallel. For example, of these logic lines, one can be
      assumed to be excluded due to a failure or for checking purposes without
      discontinuing the electromagnet supply. When determining the safety level
      of the lines by which the coupling is controlled, two aspects are to be
      considered, that is the requirement of ensuring the coupling effectiveness
      in the case also of a failure of a portion of said lines whereby it no
      longer supplies the coupling and the requirement of ensuring the release
      of the rod in the case of a failure of said portion of lines in a sense
      opposite to the former one, that is in the case that, although the
      conditions occur for the reactor shutdown, the safety rods still remain
      suspended because a portion of the coupling remains energized sufficiently
      to support the rod. In general the current safety systems are provided
      with three safety lines of which two at least must operate for obtaining
      the desired action. With this criterion, which hereinafter will be
      referred to as "two out of three logics" one of the three lines can suffer
      a failure or can be excluded for overhaul purposes without impairing the
      system effectiveness. However, with such systems, the servicing of a whole
      protective line to begin from the sensor of the reactor condition up to
      the electromagnet inclusive can be effected. This is a major limitation of
      the reliability level of the system.
PAR  The main object of this invention is therefore to provide a suspension
      coupling for a control and safety rod which coupling comprises a plurality
      of electromagnets that have a plurality of electromagnet cores and related
      windings which are independent from one of the others. The magnetic fluxes
      of said plurality of electromagnets sum on a single armature which is
      attached to the rod. The total attractive force of the electromagnets is
      redundant with respect to the force required for ensuring a safe
      connection between the rod and the drive mechanism.
PAR  Concurrently the redundant fraction of electromagnets should not be greater
      than that strictly required in as much as a failed de-energization of the
      redundant fraction when a release of the rod is required must not prevent
      such release. A coupling according to this invention permits the redundant
      fraction of electromagnets to be cut off for check and overhaul purposes
      without impairing the safety of the reactor.
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PAR  The coupling structure and operation will be better understood from the
      following description and annexed drawings which illustrate, as a non
      limitative example, a preferred embodiment thereof.
PAR  FIG. 1 is a diagram of a nuclear reactor provided with control means of the
      control and safety rods according to the prior art;
PAR  FIG. 2 is a diagram of a nuclear reactor provided with control means of the
      control and safety rods according to the invention;
PAR  FIG. 3 is a diagram of the electrical connections of the electromagnets in
      a coupling for control and safety rods according to this invention;
PAR  FIG. 4 is a longitudinal cross-sectional view of a coupling for control and
      safety rods according to this invention;
PAR  FIG. 5 is a plan view from below of the eletromagnet assembly of FIG. 6
      seen from plane PP of said Fig.;
PAR  FIG. 6 is a longitudinal cross-sectional view of the electromagnets
      included in the coupling of FIG. 4;
PAR  FIG. 7 illustrates a longitudinal cross-sectional view and a plan view from
      below of the armature of the electromagnet assembly of FIGS. 5 and 6.
DETD
PAR  With reference first to FIGS. 1 and 2, a reactor is schematically
      illustrated in each of them but, while the reactor of FIG. 1 is provided
      with control means of the control and safety rods according to the prior
      art, the control means of the control and safety rods of the reactor in
      FIG. 2 are based on the present invention.
PAR  Reference number 6 indicates the reactor vessel, 7 indicates the reactor
      core and 10, 10', 10" indicate the tripled sensor of one of the reactor
      operating parameters of interest which are continuously monitored for
      conditions requiring a safety action; 10a, 10a', 10a"  being the tripled
      sensor of another parameter. For clarity the sensor of two only of said
      parameters are indicated which may be, for instance, the coolant
      temperature and the neutron flux.
PAR  In order to attain an higher reliability of the safety system, each
      parameter or quantity is measured by three sensors which may as well be of
      different make. The signals from the three sensors are supplied
      respectively to three trip amplifiers (11, 11', 11") and (11a, 11a', 11a")
      of the variable quantities being monitored. The function of trip
      amplifiers 11, 11', 11" and 11a, 11a', 11a" is that of producing an alarm
      output signal when the input signal exceeds the predetermined threshold of
      the trip amplifiers. The output signals from said trip amplifiers are
      supplied to a triad of logic circuits 12, 12', 12" by which the data of
      the alarm signals are processed. The function of logic circuits 12, 12',
      12" is to determine the electromagnets cut off in couplings 9 and 15 of
      the rods -- of which two only are shown for better clarity -- by supplying
      the amplifiers 13, 13', 13" of the couplings with appropriate signals. In
      case of abnormal operation of the reactor, amplifiers 12, 12' and 12" are
      cut off by these signals and as a consequence couplings 9 and 15 of rods 8
      and 16 are de-energized and the rods are dropped into the reactor core,
      whereby the reactor is scrammed.
PAR  In FIGS. 1 and 2 the elements are shown which take part in the drive system
      of the rods for controlling the reactor operation, which elements are
      shown for illustrative purposes only in as much as they are not included
      in the objects of this invention.
PAR  Such elements include: a sensor 1, 1a representative of the various sensors
      of the significant parameters -- such as the neutron flux -- of the
      reactor conditions; an automatic control 2 of the neutron flux level, an
      amplifier 3 of the drive mechanism 4 of rods 8 and 16. In addition, a
      drive manual control 5 of the rods is provided which acts on mechanism 4
      through an amplifier 14. By comparing the diagrams of FIGS. 1 and 2 the
      novel features and advantages become apparent of the safety system of this
      invention as illustrated by FIG. 2. In fact, while in the systems of the
      prior art a coupling such as couplings 9 and 15 is fed by all three
      amplifiers 13, 13', 13" mounted in parallel, three separate supplies for
      feeding three separate fractions of the coupling are provided in the
      system according to this invention. In the particular embodiment to be
      discussed hereinafter, each amplifier supplies one of the three pairs of
      electromagnets which make up the electromagnetic assembly of each
      coupling.
PAR  The advantage readily appears of maintaining the control lines -- three
      lines in the present case -- of the coupling separate from one another as
      far as the inside of the coupling. In fact in the plants of the prior art,
      the reliability of the safety system is maintained at a high level as far
      as the coupling treshold while it dangerously drops to a low level within
      the coupling; on the other hand, with the system of this invention, the
      reliability level of the system upstream of the coupling is maintained
      unchanged within the coupling also.
PAR  According to a non limitative embodiment of the invention, the coupling for
      suspending the control and safety rods -- see FIGS. 4 to 7 and FIG. 3
      which illustrates the electric diagram thereof -- comprises six cores 51
      to 56 of which each is provided with an energizing winding 51' to 56'. The
      sectioned portion 69 of FIG. 6 indicates the outer core of an
      electromagnet assembly.
PAR  in FIG. 6, which is a longitudinal cross-sectional view of the
      electromagnet assembly along plane AA of FIG. 5, two cores 56 and 55 are
      schematically shown not sectioned along with the related windings 56' and
      55'. In the same figure, the cables 63-66 are shown for connecting the
      energizing windings of the related amplifiers.
PAR  By reference number 73 the armature is indicated of the whole electromagnet
      assembly. To armature 73 rod 74 is attached by means of a bell-and-spigot
      joint.
PAR  The electric diagram of electric connections of the coupling electromagnet
      assembly according to the invention is shown by FIG. 3. Three logic
      circuuits 12, 12', 12" are shown therein for processing the data in the
      alarm signals from the meters of the parameters to be monitored. Obviously
      the data related to all the monitored parameters are supplied to each of
      the three logic circuits. In other words, if three parameters are sensed
      with tripled sensing units, three signals are fed to each of the logic
      circuits, each signal originating from one of the three sensors of the
      monitored parameters.
PAR  The logic circuits 12, 12', 12" are connected to amplifiers 13, 13', 13" of
      which each feeds a pair of electromagnets connected in parallel: for
      instance amplifier 13 feeds electromagnets 51 and 52. The magnetic flux of
      the latter is indicated with 51" and 52" respectively which loops into the
      armature 73 which is shown in cross-sectional and plan view in FIG. 7 and
      in schematically developed form by the dashed line 73 of FIG. 3.
PAR  Because electromagnets 51 and 52 are located at diametrically opposed
      positions with respect to the longitudinal axis of rod 74 their holding
      forces will give a resultant coinciding with said axis.
PAR  The coupling electromagnets according to the embodiment herein described
      are dimensiones to satisfy the following equation:
      ##EQU1##
      where the symbols from F.sub.51 to F.sub.56 indicate the forces exerted by
      the electromagnets from 51 to 56 and F.sub.B indicates the forces required
      for the coupling to hold the rod.
PAR  The holding force exerted by each pair of electromagnets is equal to one
      half the force F.sub.B and therefore is not sufficient by itself for
      holding the rod, while the force exerted to the total of the
      electromagnets is redundant, the redundancy margin being 1/2F.sub.B. In
      this way two pairs of electromagnets only are to be energized in order to
      achieve a safe connection at the coupling, while a single pair cannot
      succeed in keeping the connection. Concurrently when the reactor condition
      requires the shutdown thereof, this will be obtained even if, due to
      failure, one of the logic lines including the pair of magnets depending
      thereon remains alive. The "two out of three" logic system provides
      therefore the safe safety level both with regards to the coupling hold and
      to the release.
PAR  The energizing windings of the electromagnets are so designed that the
      related cores are brought to saturation by them whereby any change of the
      feeding current in excess of the operating current does not produce any
      significant increase of the flux. By this artifice any failure of the
      amplifiers liable to produce a current in excess of the operating current
      will not put a single pair of electromagnets in a condition for supporting
      the total rod load.
PAR  Obviously, a shim, e.g. of copper or chromium, is inserted between the
      electromagnets and the armature which shim is obtained by electrically
      plating the reciprocally facing surfaces of the core and armature so that
      the residual magnetism effects are eliminated which effects would add to
      the holding flux and would impair the proper operation of the
      electromagnet.
PAR  The coupling according to this invention will offer the following
      advantages:
PA1  1. The total of a line by which a pair of electromagnets is controlled
      starting from the sensor down to the electromagnet inclusive can be shut
      off without causing the rod release. This check can therefore be effected
      periodically during the reactor operation.
PA1  2. In case a reactor shutdown is required, a failure of one of the
      amplifiers -- which therefore will not shut off the supply to the
      electromagnets associated thereto -- does not result in a disastrous
      condition in as much as a pair of electromagnets is not adequate by itself
      to hold the rod not even if an internal failure of the amplifier puts it
      in a condition for overfeeding the electromagnets associated thereto. The
      reason has been already explained and consists in the fact that the
      electromagnets are working in a saturated state. The increase of the
      reliability level consequent to this feature of the invention is
      remarkable.
PA1  3. The amplifiers can be subjected to maintenance and overhaul or
      replacement one at a time without impairing the steady operation of the
      reactor.
PA1  4. In conventional plants each of the parallel connected amplifiers 13,
      13', 13" by which the electromagnets are fed is effective for holding the
      related coupling. Thus in the conventional plants, when a shut down of the
      reactor is requested by the safety system and one only of said amplifiers
      fails to respond to the safety system instructions, that is it fails to
      stop operating, then a missed shut down of the reactor occurs.
PAR  On the other hand in the plants according to this invention at least two
      operating amplifers are required for holding the associated coupling. Thus
      in this case, when an amplifier fails to respond to the safety system
      instructions, that is it fails to stop operating while the other two
      respond to it, the rod drops and shuts down the reactor even if one of the
      three amplifiers is still operating. Two amplifiers should fail to stop
      operating for causing a missed shut down of the reactor, which is obvious
      a less probable event than a single amplifier failure.
PA1  5. In addition to the logic system of the the type "two out of three",
      other types of logic systems can be employed in the device of this
      invention. By the above discussed "two out of three" logic system, that
      is, by a system wherein two out of three pairs of electromagnets are
      effective for ensuring the coupling hold, the same safety level is
      attained with respect to both the hold and the release of the coupling.
      The two functions of the coupling will be ensured at safety levels which
      are different from one another when other logic systems are adopted. For
      instance safety levels will be attained by the logic systems "two out of
      four", "two out of five", "two out of six" etc. which are higher than the
      safety level attained by the "two out of three"  logic system with respect
      to the hold but which are lower with respect to the release. Thus lower
      safety levels will be provided by the logic systems "four out of five",
      "five out of six" etc. with respect to the hold and higher levels with
      respect to the release.
PAR  If for instance a logic system of the type "four out of five" is to be
      employed, the following equation should be satisfied:
      ##EQU2##
      where the symbols from F.sub.1 to F.sub.5 indicate the forces of five
      hypothetical electromagnets and F.sub.B indicates the force required for
      the coupling to hold the rod.
PAR  Based on the latter equation, the attractive forces of four electromagnets
      provide a sufficient force for holding the rod while three electromagnets
      are not strong enough for holding it. Thus from the point of view of the
      holding action, one electromagnet or a pair only can fail without
      impairing the holding function, while from the point of view of the
      releasing action, up to three electromagnets can remain energized without
      impairing the release function.
PA1  6. Because the maintenance operations can be effected on a whole safety
      line from the sensor up to the electromagnet or pair of electromagnets
      without reducing the safety level of the plant, the probabilities of
      spurious operations by the safety lines are remarkably reduced such as
      those caused by failures of the amplifiers or of the logic circuits. This
      is an important feature in as much as, due to the complications of the
      logic circuits as required for operating the coupling electromagnets, the
      probability of failures can have a considerable incidence on the device
      reliability.
PA1  7. The hold and release logic circuit directly extends into the very
      electromagnet assembly of the coupling; the fluxes of the various
      electromagnets separately concur -- the same as the logic circuits -- in
      forming the collective holding force of the coupling. In other words, the
      holding action is given by a number of fluxes separately responsive to the
      related logic circuit, which fluxes add together at the armature. The
      safety lines remain therefore separated from the beginning to the end
      thereof.
PAR  Such independent condition would not be attained for instance in a coupling
      wherein as many windings as the amplifiers were wound on a single core. In
      fact in such a coupling, a failed cut off of an amplifier combined for
      instance with an excess voltage of the same could allow the winding
      connected to said feeder to exert a strong enough holding force. In fact,
      in such a case, the core of each electromagnet cannot be made to work at
      saturation when one only of the windings is energized as is the case with
      the device of this invention wherein each core has a single winding only.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electromagnet coupling for supporting a safety rod and a
      control-and-safety rod in a nuclear reactor which coupling comprises a
      plurality of electromagnet means acting in parallel on a single armature
      common to all of them each of said electromagnet means being provided with
      an energizing winding adapted for being fed separately from the other; in
      which coupling a fraction only of the total number of electromagnet means
      is necessary for holding the suspended rod.
NUM  2.
PAR  2. In a safety system for a nuclear reactor with vertical safety rods said
      system comprising three n sensing means of n variable quantities such as
      for example coolant temperature, fuel temperature and ratio of reactor
      power to coolant flow rate of the reactor operation, three n measuring
      means of said variable quantities each provided with limiting threshold 3,
      logic circuits to each of which one of the output signals from said three
      n measuring means is supplied, three amplifying means which are separately
      supplied with the three output signals from said logic circuits, a
      coupling means for releasably supporting each safety rod in the reactor
      which coupling means comprises six identical electromagnets with vertical
      axes arranged in pairs in a circular row at regular distances from one
      another around the rod axis, the electromagnets of each pair being
      disposed at diametrically opposed positions with respect to said axis and
      a single annular armature attached to said rod and located beneath said
      six electromagnets to contact the lower ends thereof; the windings of each
      pair of electromagnets being supplied in parallel by one of said
      amplifying means; said electromagnets being so dimensioned that two pairs
      of them are capable of holding the supported load comprising the rod while
      a single pair of electromagnets is not capable of holding the rod.
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ABST
PAL  Coolant fluid within the nuclear reactor is fed under pressure to the lower
      end of the guide tubes. Control rods are disposed within the guide tubes
      and are movable hydraulically by means of the pressure transmitted from
      the lower end of the guide tubes. This pressure supports the control rods
      and tends to move them up, out of the guide tubes and out of the adjacent
      core. As a result of this arrangement, in event of malfunction or accident
      causing a loss of pressure, the control rods are not withdrawn from the
      guide tubes but, instead, are further inserted into the guide tubes and
      into the core.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of this invention is nuclear reactors which use a coolant fluid
      under pressure, such as light water (H.sub.2 O).
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,462,345 to Felix S. Jabsen discloses a nuclear reactor in
      which several fuel elements and individual control rods are provided in
      the reactor vessel. The individual control rods are longitudinally
      adjustable in the region of the fuel elements and are movable
      hydraulically in the guide tubes of the fuel elements, using the reactor
      coolant and a pump arranges outside the reactor vessel. For the purpose of
      moving the control rods hydraulically in the guide tubes, the pump
      generates suction or low pressure in a space provided at the cover of the
      reactor vessel by means of a suction line which leads from the lid of the
      reactor vessel to the pump. The pressure line is also connected to the
      lower part of the reactor vessel. The problem with this arrangement
      disclosed in the U.S. Pat. No. 3,462,345 is that if a break occurs in a
      suction line, this would cause a withdrawal of the control rods from the
      guide tubes, thereby jeopardizing the safety of the nuclear reactor.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide an arrangement for the hydraulic
      operation of control rods within the reactor vessel such that withdrawal
      of the control rods is prevented in event of trouble, such as a break in
      the pressure line carrying the reactor coolant, thereby avoiding damage to
      the nuclear reactor.
PAR  The nuclear reactor of this invention uses a coolant fluid under pressure
      and comprises: a reactor pressure vessel; a core disposed within the
      reactor pressure vessel; one or more fuel elements disposed within the
      reactor vessel; one or more control rods disposed adjacent to the fuel
      elements within the reactor vessel; one or more guide tubes, each guide
      tube having a control rod disposed longitudinally therein, the control
      rods being movable hydraulically within the guide tubes; a pump disposed
      outside of the reactor vessel for maintaining the coolant fluid under
      pressure; and a pressure line carrying coolant fluid under pressure from
      the pump to the reactor vessel. The high pressure end of the pressure line
      is connected to the lower end of each guide tube, thereby generating high
      pressure at the lower end within the guide tube for operating the control
      rod within the guide tube to support the control rod and move the control
      rod out of the guide tubes and away from the core, with the result that in
      the event of a break in the pressure line and a loss of pressure, the
      control rods are inserted further into the guide tube.
PAR  Thus, the arrangement of this invention utilizes high pressure, rather than
      low or a suction pressure, to support the control rods.
PAR  A high pressure control valve is located outside the reactor vessel at a
      point accessible for maintenance and is used to control the control rods
      of the fuel elements. Several high pressure control valves may also be
      used to control the control rods within the reactor vessel so that not all
      control rods of the fuel elements are moved at the same time.
PAR  A flow control connector is brought through the lid of the reactor vessel
      in a pressure tight manner and a flexible connection is provided between
      the high pressure control valve and the flow control connector. If more
      than one high pressure control valve is used, the plurality of valves may
      be distributed on the outside periphery of the flow control connector so
      that a compact, space-saving design is achieved.
PAR  Inside the reactor vessel, the pressure line branches into a plurality of
      feed lines. These feed lines from several fuel elements lead into one flow
      control connector.
PAR  A guide adapter is used between the flow control connector and the guide
      tubes of the fuel element or elements, with a flexible connection between
      the guide adapter and the guide tubes. The purpose of this design is to
      compensate for manufacturing and installation tolerances and to avoid
      harmful forces in assembly. The feed lines are flexibly coupled to each
      other.
PAR  In order to obtain an indication of the position of the control rods within
      the guide tubes, the pressure exerted by the coolant being fed to the
      lower end of the guide tube is measured and then the pressure loss over
      the length of the upper guide tube is measured.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall illustration of the nuclear reactor of this invention,
      showing the reactor pressure vessel in partial longitudinal cross section
      and showing the coolant supply system schematically.
PAR  FIG. 2 is an enlarged longitudinal cross section of a flow control
      connector which is a component used with the reactor vessel shown in FIG.
      1 at the point in FIG. 1 where the pressure line carrying the coolant is
      connected to the lid of the reactor pressure vessel.
PAR  FIG. 3 is a top view showing a partial horizontal cross section of the flow
      control connector shown in FIG. 2.
PAR  FIG. 4 is an illustration of a guide adapter and other components disposed
      within the reactor vessel shown in FIG. 1 adjacent to the flow control
      connector shown in FIG. 2.
PAR  FIG. 5 is an illustration of the coupling of the guide adapter shown in
      FIG. 4 to the guide tube in the core.
PAR  FIG. 6 is an illustration of an alternate embodiment of the coupling shown
      in FIG. 5.
PAR  FIG. 7 is an illustration of another alternate embodiment of the coupling
      shown in FIG. 5.
PAR  FIG. 8 is an illustration of components within the reactor pressure vessel
      shown in FIG. 1 showing the connection of a feed line to a guide tube.
PAR  FIG. 9 is an illustration of components within a guide tube shown in FIG. 1
     .
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the reactor pressure vessel is designated generally by
      the numeral 1 and is moderated by ordinary water, so-called "light water"
      (H.sub.2 O), as a coolant under pressure. The primary coolant circuit 2
      for the reactor vessel 1 includes a heat exchanger 3, a main coolant pump
      4 and a pressure stabilizer 5.
PAR  The core 7 in the reactor vessel 1 contains guide tubes 8, 9 and 10 which
      are located in the region of the fuel elements which are not shown in FIG.
      1. Guide tubes 9 and 10 contain control rods 12 and 13, one control rod
      being disposed longitudinally within each guide tube. The lower end of
      guide tubes 9 and 10 are connected to guide tube 8 by means of ducts 14.
      Guide tube 8 is connected to a pressure line 15 carrying coolant fluid
      under pressure from outside the reactor vessel 1.
PAR  The pressure line 15 branches into two separate lines outside reactor
      vessel 1. One branch line is connected to high pressure control valve 16
      and then to the high pressure side of a pump 17. The low pressure side of
      pump 17 is connected to a suction line 18 which, in turn, is connected to
      the reactor vessel 1. The second branch of pressure line 15 leads to low
      pressure control valve 20 and then to low pressure volume tank 21.
PAR  The upper end of guide tubes 9 and 10 are connected with the interior of
      the reactor vessel 1 by means of nozzleshaped constrictions 23 and 24.
      When high pressure control valve is open, the flow of coolant, as the
      result of the action of pump 17, is down through guide tube 8 as indicated
      by the arrow in guide tube 8, then through ducts 14 and up through guide
      tubes 9 and 10 as indicated by the arrows in guide tubes 9 and 10. This
      flow of coolant under pressure in guide tubes 9 and 10 supports control
      rods 12 and 13 in the upper region of guide tubes 9 and 10, that is, in
      the position of control rods 12 and 13 shown in FIG. 1.
PAR  The canals 27 and 28 shown in FIG. 1 are part of an apparatus which is
      designed to indicate the position of the control rods 12 and 13 within
      guide tubes 9 and 10. The canals 27 and 28 run parallel to the upper end
      position of the control rods 12 and 13. The canals 27 and 28 are connected
      with metal bellows 29 shown in FIG. 2. The metal bellows 29 are variable
      in length depending upon the pressure prevailing in the upper part of the
      guide tubes 9 and 10 shown in FIG. 1 and thereby indicate the position of
      the control rods 12 and 13 with guide tubes 9 and 10.
PAR  Returning to FIG. 1, the guide tubes 8, 9 and 10 comprise part of the
      pressure line carrying coolant fluid within reactor vessel 1. The pressure
      line carrying coolant fluid has a substantially U-shaped configuration in
      the area where it carries coolant to the lower end of guide tubes 8, 9 and
      10. The pressure which is generated by means of pump 17 located outside
      the reactor vessel 1 is transmitted in the coolant to the lower end of
      guide tubes 9 and 10 and then to control rods 12 and 13. A high pressure
      control valve 16 located outside of the reactor vessel 1 and arranged in
      the pressure line 15 carrying coolant fluid controls the movement of the
      control rods 12 and 13. The control rods 12 and 13 are movable
      hydraulically within guide tubes 9 and 10 by means of the pressure
      generated by pump 17 which moves the control rods 12 and 13 out of guide
      tubes 9 and 10 and away from core 7.
PAR  In the event of an accident resulting in a break in the pressure line and a
      loss of pressure, the control rods 12 and 13 are inserted further into
      guide tubes 9 and 10 and thus into core 7. In the event of danger, such
      insertion of the control rods 12 and 13 can be accelerated by opening low
      pressure control valve 20, thereby switching into the pressure line a low
      pressure volume tank 21 for producing low pressure. A break in the suction
      line 18, which runs between the reactor vessel 1 and the pump 17,
      likewise, can only result in a release of pressure and, therefore, in the
      further insertion of the control rods 12 and 13 within guide tubes 9 and
      10.
PAR  It has been found advantageous to arrange the control rods 12 and 13
      symmetrically with respect to the fuel elements, and preferably with
      rotational symmetry with respect to the fuel elements, thereby
      facilitating the reaction of the fuel elements. The high pressure control
      valve 16 is responsive to increased pressure in pressure line 15 and the
      high pressure control valve 16 will close when the pressure line 15
      becomes too high. After the pressure line 15 enters reactor vessel 1 it
      branches into a plurality of feed lines, not shown in FIG. 1, which will
      be explained in greater detail subsequently. Additional means may be
      disposed in the feed lines to open as a function of pressure. Such means
      include rupture discs and valves.
PAR  Referring to FIG. 2, a flow control connector referred to generally by the
      numeral 33 is disposed outside of the reactor vessel 1 (shown in FIG. 1).
      The flow control connector 33 is connected to the pressure line 15 (shown
      in FIG. 1) carrying coolant fluid from pump 17 to the guide tubes 8, 9 and
      10 (shown in FIG. 1) within reactor vessel 1 (shown in FIG. 1). The flow
      control connector 33 protrudes through the lid of the reactor vessel 1
      (shown in FIG. 1). The flow control connector 33 is positioned in
      reference to the reactor vessel 1 at the point where pressure line 15
      shown in FIG. 1 enters the reactor vessel 1. In the embodiment shown in
      FIG. 2, the flow control connector 33 has been designed for use with three
      control rods of three fuel elements. Other embodiments of the flow control
      connector may be designed for use with the control rods of a greater or
      lesser number of control rods and fuel elements. Since the flow control
      connector 33 has been designed for the control rods of three fuel
      elements, three magnetically operated valves 35, 36 and 37 have been
      arranged as a valve unit on the flow control connector 33 outside the lid
      of the reactor vessel 1.
PAR  The valves 35, 36 and 37 may be distributed uniformly around the
      circumference of the flow control connector 33 in one plane outside of the
      lid of reactor vessel 1. In the alternative the valves 35, 36 and 37 may
      be arranged in several planes. Also, the valves 35, 36 and 37 may be
      resiliently mounted on flow control connector 33. The magnetically
      operated valves, such as valve 36 shown in FIG. 2, control the flow of
      coolant from connections 38 which leads to pump 17 (shown in FIG. 1) to
      ducts 39 in the interior of flow control connector 33. The valve unit
      consisting of valves 35, 36 and 37 corresponds to high pressure control
      valve 16 shown in FIG. 1.
PAR  The valve unit, consisting of valves 35, 36 and 37, operates in conjunction
      with metal bellows 29 which are disposed in the flow control connector and
      are provided in triplicate. The metal bellows 29 in conjunction with cores
      31 control the inductance of indicator coil 30. As previously explained in
      reference to FIG. 1, the metal bellows 29 shown in FIG. 2 are variable in
      length depending upon the pressure prevailing in the upper part of guide
      tubes 9 and 10 as shown in FIG. 1. Thus, the position of the metal bellows
      depends upon the pressure in canals 27 and 28 (shown in FIG. 1) and the
      change in length of metal bellows 29 is sensed electrically by means of an
      electrical sensing device, indicator coils 30, for sensing the change in
      length of the metal bellows 29 and for delivering an electrical signal
      responsive to the changes in length of metal bellows 29. As a result,
      indicator coils 30 indicate the position of control rods 12 and 13 within
      guide tubes 9 and 10 within the reactor vessel 1 (shown in FIG. 1).
PAR  Since the embodiments shown in FIGS. 2 and 3 are designed for three control
      rods of three fuel elements, a third canal has been provided for the third
      control rod, but this third canal and the third control rod are not shown
      in the drawings.
PAR  Referring to FIG. 4, a guide adapter 34 is disposed within the reactor
      vessel (shown in FIG. 1) and above the fuel elements. Feed line 25 shown
      in FIG. 4 represents one of the feed lines which have branched off from
      pressure line 15 (shown in FIG. 1) after the pressure line 15 has entered
      reactor vessel 1. Referring to FIG. 4, feed line 25 is connected to guide
      tube 9, provided for control rod 12 (shown in FIG. 1) by cross pieces 40
      and mounting flange 41. Mounting flange 41 closes off openings 43 which
      are provided for the guide adapter 34 in cover plate 42 positioned above
      core 7 (shown in FIG. 1). The canal 28, which is used for providing an
      indication as to the position of the control rod 12 within guide tube 9,
      runs next to guide tube 9 with opening 23 at the upper end of guide tube
      9. Feed line 25 in guide adapter 34 is connected to a feed line in the
      fuel element (not shown). There are the same number of feed lines in the
      guide adapter 34 and in the fuel element 53 (FIG. 8). The feed lines from
      several fuel elements, after passing through guide adapters 34, lead into
      one flow control connector 33 (FIG. 2) and from there into pressure line
      15 (FIG. 1).
PAR  FIG. 5 shows the coupling of the guide adapter 34 to the guide tubes 8 and
      9 of the fuel elements in the core 7. The space above the grid plate 45
      denotes the upper limit of the fuel elements. Metal bellows 47 provide a
      flexible coupling in all directions. Instead of the metal bellows 47 shown
      in FIG. 5, the fitting 49 loaded by a spring 48, shown in FIG. 6, may be
      used. Returning to FIG. 5, guide pin 50 and hole 51 in cross piece 40
      insure an aligned lateral positioning of the feed lines 25 that are to be
      connected to each other.
PAR  FIG. 7 illustrates an alternate embodiment relating to the coupling between
      the guide adapter 34 and guide tube 9 which has control rod 12. The
      predetermined spacing, indicated by the letter A, is provided at the joint
      between guide adapter 34 and guide tube 9 containing control rod 12. This
      spacing A provides tolerance for thermal expansion. However, the flow in
      guide tube 9 is influenced by this arrangement and, as a result, a
      different kind of position indication is necessary.
PAR  Referring to FIG. 8, base plate 54 of fuel element 53, which is indicated
      by dash-dot lines, is used to form duct 55 and connection openings which
      connect the feed line 25 with guide tube 9 in a U-shaped configuration.
      The guide tubes 8 and 9 are fastened to base plate 54 by screws 56 and
      nuts 57. Spring 59 prevents shock to control rod 12 when it reaches the
      lower end position of guide tube 9.
PAR  Although not clearly visible in the drawings, the cross sections of the
      feed lines 25, particularly in the region of valves 35, 36 and 37, are
      smaller than the clearance between the control rods 12 and 13 and the
      guide tubes 9 and 10 which surround the control rods. The cross section
      ratio is preferably 1:2 to 1:5. If, in spite of this, excessive pressure
      should develop, such as through evaporation of the coolant, the elastic
      couplings shown in FIGS. 5 and 6 will open. In addition, as already
      mentioned, special rupture discs or other means can also be provided.
      Thus, in event of malfunction or accident, the upwardly directed pressure
      force acting upon the control rods is smaller than the weight of the
      control rods.
PAR  Referring to FIG. 9, a sealing ring 62, which is at least radially
      resilient, is disposed at the lower end of the control rod within guide
      tube 9. A spring 61 is disposed beneath the sealing ring 62 within guide
      tube 9. The reference to the lower end of the control rod 12 refers to the
      end of the control rod 12 nearer the core 7. When the control rod 12
      reaches its upper position, the sealing ring 62 is at a constriction
      within guide tube 9. The result is that the flow of coolant under pressure
      is largely shut off.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressurized-water reactor comprising a reactor pressure vessel having
      an inside with an upper portion and a lower portion, said portions
      containing pressurized-water core coolant, a nuclear core in said lower
      portion, said core comprising fuel element and at least three
      substantially vertical control rod guide tubes therein, said guide tubes
      having top and bottom ends, a duct interconnecting said bottom ends, a
      guide tube adaptor positioned in said upper portion of said vessel and
      above said core, said adaptor comprising a substantially vertically
      high-pressure feed line tube having a bottom end releasably connecting
      with said top end of a first one of said guide tubes, said adapter also
      including a substantially vertical guide tube extension for each of said
      other guide tubes, each said guide tube extension having a bottom end
      registered with a top end of a respective one of said other guide tubes,
      said extensions each having a top end having a passage for said coolant,
      and which is open to said vessel's said upper portion, a control rod
      reciprocative in each of said other guide tubes and their respective guide
      tube extensions, said first one of said guide tubes being void of any
      control rod said feed line tube having a top end, and means for
      controllably removing a portion of said coolant from said vessel and
      increasing the removed coolant's pressure and returning the coolant to
      said top end of said high-pressure feed line.
NUM  2.
PAR  2. The reactor of claim 1 in which said duct interconnecting said bottom
      ends of said guide tubes, is formed in a base plate to which the
      just-named bottom ends are connected.
NUM  3.
PAR  3. The reactor of claim 1 in which said guide tube forms a space around
      said control rod and at least a portion of said high-pressure feed line
      tube has a cross sectional area less than the cross sectional area of said
      space.
NUM  4.
PAR  4. The reactor of claim 1 in which said means comprises a pump, a suction
      line connecting said pump with said vessel, and a high pressure line
      having a pressure-responsive valve means and connecting said pump through
      conduit means with said top end of said adaptor's said high pressure feed
      line, said valve means closing in response to a pressure increase.
NUM  5.
PAR  5. The reactor of claim 1 having a flexible coupling connecting said bottom
      end of each of said guide tube extensions with a respective top end of
      other second one of said guide tubes.
NUM  6.
PAR  6. The reactor of claim 1 in which said guide tube extensions and their
      respective guide tubes have their respective registered said bottom and
      said top ends, separated by a space providing tolerance for thermal
      movements of said guide tube extension and said guide tube.
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ABST
PAL  A system is provided for determining during operation of a nuclear reactor
      having fluid pressure operated control rod mechanisms the exact location
      of a fuel assembly with a defective fuel rod. The construction of the
      reactor internals is simplified in a manner to facilitate the testing for
      defective fuel rods and to reduce the cost of producing the upper
      internals of the reactor.
PARN
PAR  This is a division of application Ser. No. 219,781, filed Jan. 21, 1972,
      now U.S. Pat. No. 3,817,829.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to nuclear reactors and, particularly, to
      reactors having fluid pressure operated control rod mechanisms.
PAR  The core of a modern pressurized water cooled reactor of 1000 MWE output
      contains approximately 40,000 individual fuel rods, each having two welded
      end plugs. The total length of the rods is nearly 100 miles. With the high
      number of welds and large clad surface area, there is a probability that
      one or more fuel rods will develop defects during operation even though
      the highest grade of quality control is maintained during the manufacture
      of the rods. The defects probably will be in the form of pin holes or
      cracks in welds or cladding material. In any case, it permits escape of
      some of the fission products into the coolant stream and causes a rise in
      radioactivity in the entire coolant system. (The most abundant of the
      fission products are Kr88, Rb88, I131, I133, Xe133, Xe135 and Cs137). A
      certain amount of fission product leakage can be tolerated without causing
      too much of a problem, since the level of radioactivity can be limited by
      continuous removal of the fission products with available systems. For
      example, the Xenon gases are removed by gas stripping techniques in the
      volume control tank and the gas decay tank, while the others are removed
      in the demineralizers. However, if the leakage of fission products into
      the coolant exceeds the capacity of these systems, the general level of
      radioactivity gradually increases until it exceeds permissible limits and
      it becomes necessary to shut down the reactor or, at least, to continue
      operation at reduced power.
PAR  After the reactor is shut down, the task of locating and removing the
      defective fuel assembly still remains. In prior nuclear power plants,
      means are available for determining during operation only that a leaky
      fuel assembly is present in the core and, at best, in which quadrant it is
      located. Pin-pointing of the fuel assembly requires removal of all fuel
      assemblies in turn to a special inspection chamber for testing. Since the
      production of fission products ceases at shutdown and the possibility
      exists that a crack may seal itself when the temperature is reduced, the
      detection of a defective fuel assembly becomes a very difficult and
      intricate task which may require a month or more of reactor shutdown time.
PAR  Therefore, it is desirable to provide a system for determining the exact
      location of a defective fuel assembly during normal reactor operation to
      permit speedy removal of the assembly before conditions become
      intolerable, or preferably during a scheduled shutdown. The latter becomes
      a real possibility if a "Rapid Refueling" system is adapted since
      scheduled refuelings take place at much shorter intervals than with
      conventional reactors. Also, it is desirable to simplify the structure of
      the upper internals of a reactor to facilitate testing for a defective
      fuel assembly.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a nuclear reactor having fluid
      pressure operated control rod drive mechanisms is provided with completely
      enclosed guide tubes for the control rods and their drive shafts. The
      guide tubes are mounted inside support tubes extending between the upper
      core plate and the upper support plate of the reactor internals. The
      control rod drive shafts enter the reactor vessel head through adapters
      having the drive mechanisms mounted exteriorly of the vessel. The control
      rod mechanism fluid pressure system is utilized for failed fuel rod
      detection by obtaining coolant samples from all fuel assemblies provided
      with control rods. A defect in any of these fuel assemblies, which
      constitute 35 to 40 percent of the total number, can be located directly
      and without difficulty. A sample of the coolant from a selected fuel
      assembly is caused to flow directly to the fluid pressure mechanism
      through an isolated guide tube and associated adapter tube. The coolant
      passes through the mechanism and then to a radiation monitor. A sealing
      arrangement is provided between the lower end of the adapter tube and the
      top of the guide tube assembly to insure that sampling water is not
      permitted to mix with water above the upper support plate before arriving
      at the adapter tube.
PAR  Defects in other fuel assemblies can be located by indirect methods. By
      suppressing the power output of a tested, non-defective fuel assembly of
      the above group by temporarily inserting all control rods, coolant from
      adjoining assemblies is caused to mix with coolant from the tested
      assembly in sufficient quantities to determine if any of these has
      developed a defect. Pinpointing of a defective assembly is them
      accomplished by testing in the immediate neighborhood.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the nature of the invention, reference may be
      had to the following detailed description, taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a view, partly in section and partly in elevation, of a nuclear
      reactor embodying principal features of the invention;
PAR  FIGS. 2 and 3, taken end-to-end, constitute an enlarged view, in section,
      of a portion of the internals of the reactor shown in FIG. 1;
PAR  FIG. 4 is a view, in section, taken along the line IV--IV in FIG. 3;
PAR  FIG. 5 is a detail view, in section, taken along the live V--V in FIG. 4;
PAR  FIG. 6 is a view, in section, taken along the line VI--VI in FIG. 7, of a
      guide tube column seal cup utilized in the reactor;
PAR  FIG. 7 is a view, partly in plan and partly in section, of a portion of the
      structure shown in FIG. 6;
PAR  FIG. 8 is a view, in section, taken along the line VIII--VIII in FIG. 6;
PAR  FIG. 9 is a view, in section, taken along the line IX--IX in FIG. 7, and
PAR  FIG. 10 is a detail view, in section, of a modified seal structure for the
      seal cup shown in FIG. 6.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawings, particularly to FIG. 1, the reactor shown
      therein comprises a pressure vessel 10, having a removable closure head 11
      attached to the vessel by a plurality of bolts (not shown). The vessel 10
      may be of a type well known in the art suitable for containing a fluid
      coolant at a relatively high pressure. In the present case the coolant
      utilized is light water. However, other suitable fluids may be utilized as
      a coolant if desired. The vessel 10 has an inlet nozzle 12 and an outlet
      nozzle 13. The coolant is circulated through the reactor vessel in a
      manner well known in the art by means of a pump (not shown). Fuel
      assemblies 14 are mounted within the vessel between a lower core plate 15
      and an upper core plate 16. The fuel assemblies constitute the reactor
      core. The lower core plate 15 is attached by welding to a core barrel 17
      having an upper flange 18 which rests on a ledge 19 of the pressure vessel
      10. The core periphery is bordered by a form fitting baffle structure 21
      which limits the core by-pass flow of the coolant. The upper core plate 16
      is supported from a deep-beamed upper support plate 22 by means of a
      plurality of support tubes 23 which are attached to the two plates by
      bolting, as described hereinafter. A flange 24 on the upper support plate
      is held between the flange 25 of the closure head and the core barrel
      flange 18. A top plate 26 covers the upper side of the upper support
      plate, to which it is attached by bolting (not shown). The heavy beam
      construction 27, shown for the upper support plate, is required to resist
      the load exerted on it by the upper core plate if a major break in one of
      the outlet coolant pipes 28 should occur.
PAR  The reactor is provided with fluid pressure operated control rod drive
      mechanisms 31 which may be of a type described in U.S. Pat. No. 3,607,629,
      issued Sept. 21, 1971 to Erling Frisch and Harry Andrews and assigned to
      the Westinghouse Electric Corporation. As described in the aforesaid
      patent, the pressure of the fluid coolant within the vessel 10 is utilized
      to operate the control rods. In the present case eight individual control
      rod units are associated with one mechanism. The valves for individually
      controlling the operation of the control rod units are located in a lower
      flange 32 of each mechanism 31 and are controlled by magnet coils 33. The
      control rods are raised by the fluid pressure and are retained in their
      raised position by means of electromagnets 34 mounted on the mechanism.
      The mechanisms are attached by bolting (not shown) to upper flanges 35 on
      adapter tubes 36 which penetrate the pressure vessel closure head 11 to
      which they are attached by welding.
PAR  As shown more clearly in FIGS. 2, 3, 4 and 6, control rod drive shafts 37
      enter the reactor interior through the adapter tubes 36 and, in the
      present case, each drive shaft 37 is attached to a pair of control rods 38
      by a spider 39. Between the adapter tubes 36 and the fuel assemblies 14
      the control rods and the drive shafts operate with a rectilinear movement
      in completely enclosed guide tubes 41.
PAR  The support tubes 23 serve a second, but important, function; namely that
      of aligning and supporting the control rod guide tubes 41. Heretofore, the
      guide tube assemblies have been located between the support tubes and have
      been provided with their own support structures. This clutters up the
      space above the core and acts as an obstruction to cross flow of coolant
      to the outlet nozzles besides increasing to a considerable extent the cost
      of producing the upper internals of the reactor.
PAR  As shown more clearly in FIGS. 2 and 3, the guide tubes 41 extend
      uninterrupted from the top plate 26 of the upper support plate 22 to a few
      inches above the fuel assemblies 14. As shown in FIG. 4, part of the guide
      tubes are generally triangular in cross section and part are generally
      oblong in cross section. The support tubes 23 are generally cylindrical
      and the drive shafts 37 which are attached to the control rods 38 for a
      preselected fuel assembly are arranged in a circle about the center line
      of the support tube containing the drive shafts and control rods for that
      fuel assembly. The guide tubes 41 are also arranged in a circle with the
      oblong guide tubes disposed between the triangular guide tubes. Each guide
      tube has generally circular portions formed integrally therewith for
      receiving and guiding the drive shaft and the two control rods attached to
      each drive shaft. The guide tubes may be produced from round tubing by
      roll forming over internal mandrils.
PAR  The relative lateral position of the eight guide tubes 41, associated with
      one control rod mechanism is maintained by a number of generally
      ring-shaped support plates 42 which are spaced at distances of
      approximately two feet along the length of the tubes. As shown in FIG. 4,
      the support plates 42 are cut in the form of an odd-shaped ring to offer
      minimum resistance to the vertical flow of coolant from the fuel
      assemblies. The guide tubes are attached to the plates by spot welds 43 on
      both sides of the plate. The plate 42 may be produced at a relatively
      reasonable cost by electro-chemical machining techniques followed by more
      accurate spot machining in the vicinity of the welds and also of four
      locating slots 44 angularly spaced in the outer periphery of each plate.
      At their upper end the guide tubes for each support tube are attached to a
      generally square end plate 45 (see also FIG. 7) which is solid except for
      contoured holes provided for tube penetration. The attachment to the end
      plate 45 is obtained by welding at 46 along the entire periphery of the
      tubes to provide a leak-proof joint as shown in FIG. 6.
PAR  The guide tube assembly is aligned in the support tube 23 by a series of
      keys 47 which are attached by bolts 48 to the outside of the support tube.
      Accurate location of the keys with relation to the support tube flanges is
      obtained by fitting the keys into oblong holes 49 machined in the tube
      walls. Local flat spots 51 on the outside tube surface provide proper
      seating of the keys. Actual alignment between the keys and the guide tube
      plates 42 is obtained by inserts 52 attached to the keys by bolts 53. Firm
      contact between the insert and plate slot 44 is insured by a cantilever
      spring 54 provided with the insert. The spring must be sufficiently stiff
      to maintain contact and prevent fretting for any condition of vibratory
      forces developed by the coolant flow. If special, hard machining material
      is not required for the spring, the key and the spring may be made in one
      integral piece.
PAR  In the fuel assemblies, the control rods operate in cylindrical guide tubes
      55 which also serve as the main, structure members for the assembly.
      Because of the relatively close clearances available for the control rods
      in these tubes and also in the guide tubes 41, it is of great importance
      that the fuel assemblies and the associated support tubes are accurately
      aligned. Alignment of a fuel assembly in relation to the upper core plate
      16 is achieved by means of two dowel pins 56, with tapered ends, secured
      to the core plate. The tapered ends of the dowel pins 56 enter holes in
      the fuel assembly top nozzle 57 when the upper internals are lowered into
      the reactor vessel. The individual fuel rods 50-1 are supported laterally
      in the fuel assembly by several axially spaced egg-crate support grids 50
      of a type as described in U.S. Pat. No. 3,379,617 by Andrews and Keller
      and assigned to Westinghouse Electric Corporation. The grids are, in turn,
      supported by the guide tubes 55 in which they are attached by welding.
PAR  Alignment of the support tube 23 with the core plate 16 is achieved by two
      close fitting shoulder bolts 58 which in addition to two regular bolts 59
      serve to secure the lower end of the support tube to the core plate 16. At
      its upper end, the support tube 23 is attached to the upper support plate
      22 by four regular bolts 60, while center line positioning only is
      provided by a spigot fit between a projecting rim 61 on the upper end and
      a large circular hole in the support plate. Coolant water exits from the
      support tube through a number of large windows 62 cut in the tube wall.
      The windows 62 also serve as passage for some of the cross flow from other
      fuel assemblies.
PAR  After all the support tubes are secured to the upper core plate and to the
      upper support plate, the guide tube assemblies are inserted from above. In
      order to simplify this task, the assembly is rotated approximately
      20.degree. from its real position so that the relative position of the
      alignment keys 47 and the support plates 42 will be as indicated by the
      dot-dash lines and the arrow 63 in FIG. 4. This permits almost complete
      insertion without any interference. A short distance before reaching the
      fully inserted position, the assembly is rotated back and lowered further
      to permit the two alignment pins 64 in top plate 26 to enter associated
      holes 65 in the assembly end plate 45 as shown in FIG. 9. The free
      downward movement is finally checked when the slots 44 in the ring-shaped
      plates 42 come in contact with the alignment keys 47. To bring the
      assembly into its final position now requires a considerable downward
      force since the key springs for all support plates must be compressed
      simultaneously. This force may be produced conveniently by temporary
      utilization of special long fixture bolts 67 in the end plate mounting
      holes as shown in FIG. 9. By sequential tightening of these bolts, the end
      plate 45 is finally brought into contact with plate 26 after which regular
      bolts 66 are inserted, tightened and locked.
PAR  The unique construction of the guide tube assembly and its method of
      mounting make it possible to replace an assembly if this becomes necessary
      due to excessive wear during operation of a guide tube or for other
      reasons. Without this feature, damage to a guide tube assembly might
      require replacement of the entire upper internal structure.
PAR  As shown in FIG. 6, a support column 68 extends upwardly into the adapter
      tube 36. Several guide plates 69 attached to the column 68 by welding
      serve to guide the control rod drive shaft 37 in the space between the
      upper support plate and the externally mounted control rod drive
      mechanisms. The lower end of the support column 68 is secured to a base
      plate 70 by welding. As shown in FIG. 7, the base plate 70 has holes 71
      therein for control rod penetration. The base plate 70 is mounted on top
      of the guide tube end plate 45 and secured by four bolts 72. This is
      normally done at the reactor site to simplify the shipment of the upper
      internals.
PAR  In order to utilize the control rod mechanism fluid pressure operating
      system for failed fuel rod detection, it is imperative that coolant
      samples, received from a fuel assembly through guide tubes 41, are not
      permitted to mix with the coolant above the upper support plates. To
      achieve this, it is necessary to provide a seal assembly 73 between the
      lower end of each control rod mechanism adapter 36 and the top surface of
      the support column base plate 70. As shown in FIG. 6, the seal assembly 73
      comprises a generally conical cup 74 supported by a bushing 75 which is
      threaded on the lower end of the adapter tube 36 and secured by a pin 76.
      The seal cup has a flat lower rim 77 which contacts the upper surface of
      the base plate 70. The necessary contact pressure for sealing is provided
      by several coil springs 78 compressed by a ring 79 attached to the bushing
      75 by screws 81. A tubular thermal shield 80 inside the adapter 36 has a
      flange clamped between the lower end of the adapter and the bushing 75.
      Considerable relative motion between the seal cup and its support bushing
      is possible to compensate for variations in the distance between adapters
      36 and base plates 70 and to insure even contact pressure along the entire
      seal periphery in the event of slight angular variations. Sealing between
      the seal cup and the support bushing is achieved by means of a piston ring
      82 disposed in a groove 90 in the bushing. The piston ring is held in
      contact with the seal cup and with the lower surface of the piston ring
      groove by two wave springs 83 disposed in the groove 90.
PAR  In the modified structure shown in FIG. 10, the piston ring 82 is held in
      contact with the cup 74 by means of a Belleville spring 84 and with the
      bushing 75 by means of a garter spring 85. The structures shown do not
      provide complete leakproofness, but this is not necessary because the
      amount of leakage is limited by the low differential pressure (less than 5
      psi) to insignificant amounts. Sealing may be accomplished also with a
      structure utilizing bellows to obtain the necessary flexibility and spring
      action.
PAR  The method utilized for obtaining coolant samples directly from the outlet
      of a fuel assembly to an external radiation monitor is best understood by
      referring to FIG. 1. The 300-400 psi pressure drop, required for operation
      of the fluid pressure operated control rod mechanisms, is produced by a
      canned motor pump 86. The suction side of the pump is connected to a
      header line 87, to which the individual mechanisms are connected through
      feeder lines 88. The pump outlet is connected directly to the primary
      system through which the coolant is circulated. An orificed by-pass line
      89 is provided around the pump to insure sufficient flow through the pump
      to present overheating when the mechanisms are not being operated. A
      radiation monitor 91 is mounted on the common header line.
PAR  Assuming now that it is desired to check fuel assembly "A" for a possible
      fuel rod failure. This is accomplished by energizing one of the valve
      operating coils "B" of the control rod mechanism located directly above
      the fuel assembly. It should be noted that the control rods are in their
      raised position during normal operation of the reactor and that they are
      retained in this position by the electromagnets 34, thereby permitting the
      valve operating coils to be deenergized during normal operation of the
      reactor. Opening of the valve causes coolant to flow directly to the
      mechanism through the previously described totally isolated system
      consisting of guide tubes 41, seal assembly 73 and mechanism adapter tube
      36. As shown by the arrows, the coolant passes through the mechanism and
      eventually reaches the radiation monitor 91 through the low pressure
      header line 87. Since only one valve in the entire system is permitted to
      open during the test period, the coolant reaching the monitor is a true
      sample of the coolant passing through the fuel assembly being tested.
      Since the flow through the mechanism structure is limited to a relatively
      small quantity, a few seconds elapse from the time of a valve opening
      until the coolant samples arrives at the monitor. However, this does not
      affect the radiation measurement since the half-like of any of the fission
      products is not less than several hours. To obtain the desired
      information, the monitor reading is compared to a simultaneous reading of
      the general radiation level of the reactor coolant system.
PAR  Defects in other fuel assemblies can be located by indirect methods. By
      suppressing the power output of a tested, nondefective fuel assembly by
      temporarily inserting all control rods of that assembly, coolant from the
      adjoining assemblies is caused to mix with coolant from the tested
      assembly in sufficient quantities to determine if any of these has
      developed a defect. The fuel assemblies are not enclosed and mixing takes
      place along the entire length of adjacent assemblies. This is accomplished
      by opening one of the mechanism valves, thereby causing a sample of the
      coolant mixture to flow to the mechanism as hereinbefore described.
      Pinpointing of a defective assembly is now possible by testing in the
      immediate neighborhood.
PAR  From the foregoing description it is apparent that the invention provides a
      failed fuel rod detection system which greatly reduces the time heretofore
      required to locate a fuel assembly with defective fuel rods. The system is
      suitable for utilization with reactors having fluid pressure operated
      control rod drive mechanisms. The structure of the upper internals of a
      reactor is simplified to facilitate testing for a defective fuel assembly.
      The cost of producing the upper internals is reduced and the replacement
      of an individual guide tube assembly is made possible without requiring
      replacement of the entire upper internal structure.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In a nuclear reactor having a pressure vessel with a removable closure
      head and fuel assemblies mounted within the vessel between a lower core
      plate and an upper core plate, in combination, means supporting the lower
      core plate and the fuel assemblies, an upper support plate mounted in the
      vessel, support tubes extending between the upper support plate and the
      upper core plate to support the upper core plate, rectilinearly movable
      control rods for preselected fuel assemblies, drive shafts attached to the
      control rods, adapter tubes extending through the closure head, said drive
      shafts entering the vessel through the adapter tubes, a plurality of
      control rod guide tubes located in each of said support tubes and
      extending the length thereof, and at least one of said control rod drive
      shafts and its attached control rod in each of said guide tubes.
NUM  2.
PAR  2. The combination defined in claim 1, wherein the support tubes are
      generally cylindrical, each drive shaft is attached to at least two
      control rods, and the drive shafts for the control rods for each
      preselected fuel assembly are arranged in a circle about the center line
      of the support tube containing the drive shafts and control rods for that
      fuel assembly.
NUM  3.
PAR  3. The combination defined in claim 2, wherein one half of the guide tubes
      in each support tube are generally triangular in cross section and the
      other half are generally oblong in cross section and disposed between the
      triangular guide tubes.
NUM  4.
PAR  4. The combination defined in claim 2, wherein each guide tube has
      generally circular portions formed integrally therewith for receiving and
      guiding the drive shaft and the control rods.
NUM  5.
PAR  5. The combination defined in claim 2, including generally ring-shaped
      support plates spaced along the length of each support tube and attached
      to the guide tubes therein to provide a guide tube assembly and maintain
      the relative lateral position of the guide tubes within the support tube.
NUM  6.
PAR  6. The combination defined in claim 5, wherein each ring-shaped support
      plate has angularly spaced slots in its outer periphery, and including key
      means attached to the support tube and cooperating with said slots to
      align the guide tube assembly in the support tube.
NUM  7.
PAR  7. The combination defined in claim 6, wherein the support tube has holes
      in its wall having the same angular spacing as the slots in the
      ring-shaped support plate, and said key means being disposed in said
      holes.
NUM  8.
PAR  8. The combination defined in claim 7, wherein key means includes an insert
      attached thereto and extending through the hole in the support tube into
      the slot in the ring-shaped support plate.
NUM  9.
PAR  9. The combination defined in claim 8, including spring means on the key
      insert engaging a wall of the slot in the ring-shaped support plate.
NUM  10.
PAR  10. The combination defined in claim 9, wherein the spring means is a
      cantilever spring formed integrally with the insert.
NUM  11.
PAR  11. The combination defined in claim 1, including upwardly extending beams
      on the upper support plate, a top plate mounted on said beams, an end
      plate attached to the top plate, and said guide tubes being secured to
      said end plate and extending to the upper core plate of the reactor.
NUM  12.
PAR  12. The combination defined in claim 11, including means for aligning the
      end plate on the top plate, and additional means for aligning the support
      tubes on the upper core plate.
NUM  13.
PAR  13. The combination defined in claim 12, including a base plate attached to
      the end plate, a support column secured to the base plate and extending
      into an adapter tube, and guide plates spaced on the support column for
      aligning and guiding the drive shafts in the adaptor tube.
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ABST
PAL  Vanadium carbide is present in the particles as supersaturated solid
      solution and the particles are coated with a thin porous layer of vanadium
      carbide.
BSUM
PAR  The invention relates to nuclear fuel comprised of particles of fuel
      carbide in which vanadium carbide is dissolved.
PAR  By fuel carbide is meant within the scope of the invention, any carbide
      which may be used as fuel in a nuclear reactor. Said fuel carbide will
      thus mostly be uranium carbide or uranium-plutonium carbide.
PAR  The use of carbide as fuel for nuclear reactors comes up against two main
      difficulties.
PAR  There should first be taken into account the problem of joinability of the
      fuel carbide and of the stainless steel used as case material. When carbon
      migrates from the carbide to the case material, the mechanical properties
      of the steel deteriorate, which may cause a breaking of the case.
PAR  The fuel carbide has moreover the property to swell strongly during the
      irradiating. Such swelling is caused by gaseous fission products which are
      insoluble in the carbide and which collect mostly on the boundaries of the
      grain-like particles, in the shape of gas bubbles. Due to the growing of
      such gas bubbles there occurs an undesirable volume increase.
PAR  It is already known to obviate the chemical incompatibility between the
      fuel carbide and the case material, to add small amounts of metals or
      metal carbides, for example vanadium carbide. Due to such an addition, the
      chemical carbon potential is stabilized to a level where carbon migration
      to the case becomes thermodynamically impossible.
PAR  To the contrary the problem of swelling of the fuel due to the formation of
      gaseous fission products during irradiating has not yet been solved. To
      oppose the fuel swelling, empty space has already been provided both
      between the case and the carbide and inside the carbide itself, as a
      porosity. This arrangement is but partly successful and causes further
      disadvantages.
PAR  It has also already been proposed to precipitate finely-divided tungsten
      during the irradiating, because the elementary gas bubbles would be
      retained on the precipitate, in such a way that they will not coalesce and
      thus swelling of the aggregate will not take place. This measure also is
      not completely successful.
PAR  The invention now provides a successful and economical solution, both to
      the fuel carbide swelling and to the incompatibility between said fuel and
      the stainless steel of the case material, without bringing substantial new
      disadvantages.
PAR  For this purpose vanadium carbide is present in the particules as
      supersaturated solid solution and the particles are coated with a thin
      porous layer of vanadium carbide.
PAR  It is also very important that the particles be monocrystalline.
PAR  In an advantageous embodiment, the thin layer of vanadium carbide is
      comprised of vanadium monocarbide and vanadium hemicarbide.
PAR  Preferably the density of the thin layer is low.
PAR  In a particular embodiment of the invention, the thin layer has a density
      of about 65 percent of the theoretical density.
PAR  The invention does not only relate to the above-described fuel, but also to
      a method for preparing a nuclear fuel.
PAR  According to the invention, the method comprises preparing a supersaturated
      solid solution of vanadium carbide in fuel carbide, comminuting the
      material thus obtained down to a maximum size of the resulting grains of
      about 400 .mu., sieving out the particles with a maximum size lying
      between 20 and 400 .mu., coating the resulting particles with a thin layer
      of vanadium carbide having a maximum thickness of 10 .mu., and pressing
      together the coated particles.
PAR  The particles pressed in a mold are preferably sintered.
PAR  In an advantageous embodiment, the particles are coated with a thin layer
      of vanadium monocarbide and vanadium hemicarbide.
PAR  In an useful embodiment, the supersaturated solid solution is prepared with
      approximately 1.5 atoms % vanadium carbide.
PAR  In a preferred embodiment, to prepare the supersaturated solid solution,
      the fuel carbide is molten with the vanadium carbide, the resulting
      product is left to solidify, the product is annealed and it is very
      rapidly cooled.
PAR  In a very particular embodiment, the particles are coated with a thin layer
      of vanadium monocarbide-vanadium hemicarbide with a maximum thickness of
      10 .mu. by slightly moistening the particles and then bringing same in a
      mixer together with powder-like vanadium monocarbide-vanadium hemicarbide.
DRWD
PAR  Other details and features of the invention will stand out from the
      description given below by way of non limitative example and with
      reference to the accompanying drawing which shows a cross-section through
      nuclear fuel according to the invention.
DETD
PAR  Uranium carbide with 1.5 atoms % vanadium monocarbide is melted in the
      flame arc until an homogeneous molten carbide mixture is obtained. The
      molten mass is then left to solidify, which occurs at a temperature of
      about 2500.degree.C. The product is then annealed by maintaining the
      solidified mass at a temperature of about 2000.degree.C during
      approximately one hour.
PAR  1.5 atoms % vanadium carbide have thus been introduced as solution in the
      uranium carbide.
PAR  As the vanadium carbide should remain in solution, the annealed mass is
      cooled very rapidly to room temperature. The cooling is performed for
      example in a matter of a few minutes.
PAR  The resulting mass is comminuted in a ball mill until the maximum size of
      the broken parts is about 400 .mu..
PAR  The useful fractions are sieved out from the resulting powder. By useful
      fractions is meant here particles with a maximum size between 20 and 400
      .mu..
PAR  Said particles are slightly moistened with liquid paraffin and brought in a
      mixer together with a very fine powder-like mixture of vanadium
      monocarbide and vanadium hemicarbide. The mean cross-section of the
      powdered mixture grains is not critical but lies for example around 0.06
      .mu..
PAR  The weight ratio between the vanadium monocarbide amount and the vanadium
      hemicarbide amount is not critical but lies for example about 1:1.
PAR  The density of the thin layer should be kept low. A density of for example
      about 65 percent of the theoretical density may be considered as
      desirable. As the density of VC is 5.65 g/cc and the density of V.sub.2 C
      is 5.66 g/cc, it is desirable to obtain a density of about 3.67 g/cc for
      the thin layer.
PAR  The coated particles are pressed in the shape of a rod or a pellet. The
      resulting rod or pellet is brought to the sintering temperature. Said
      sintering temperature does not lie above 1400.degree.C.
PAR  The fuel has thus taken the shape of monocrystalline particles of uranium
      carbide in which vanadium monocarbide is present as supersaturated solid
      solution. The monocrystalline particles 1 are surrounded by a layer 2
      which is comprised of a mixture of vanadium hemicarbide and vanadium
      monocarbide. Said layer is porous and becomes slightly plastic by the high
      temperatures which are reached in the nuclear reactor.
PAR  During the irradiation, the vanadium carbide precipitates out of the
      uranium carbide wherein it is present as supersaturated solid solution.
      The precipitated vanadium carbide forms a collector for the gaseous
      fission fragments. Due to the particles of uranium carbide which contain
      vanadium carbide being monocrystalline, said particles comprise no grain
      boundaries. This already avoids swelling. When the precipitates from the
      vanadium carbide in the particles 1 may not completely prevent swelling,
      said particles will show a slight swelling. The layer 2 comprised of
      vanadium monocarbide and vanadium hemicarbide will however neutralize said
      swelling by plastic distortion.
PAR  The thin layers 2 around the particles form a network of channels along
      which the formed gaseous fission fragments may escape. The gaseous fission
      fragments thus leave the fuel.
PAR  There results from the above that the chemical stabilizing is obtained
      through the addition of vanadium carbide to the fuel carbide.
PAR  The stabilizing against swelling results from the fuel being present as
      monocrystalline particles, from the fuel being prepared as supersaturated
      solid solution from which precipitates are formed during the irradiation
      and from the monocrystalline particle being surrounded by a thin porous
      layer of vanadium carbide which acts as mechanical buffering layer by
      plastic distortion and as network for releasing the fission gases. Both
      the dispersoid structure (the vanadium carbide as supersaturated solution
      in the uranium carbide) and the cell structure (the thin layers of
      vanadium carbide around the uranium carbide particles) are very important.
PAR  The invention is in no way limited to the above embodiments and many
      changes may be brought therein without departing from the scope of the
      invention as defined by the appended claims.
PAR  While uranium carbide has been mentioned in the above example, the fuel
      carbide may also be comprised of uranium-plutonium carbide. The carbide
      which is introduced as supersaturated solid solution in the fuel carbide
      particles may be comprised of a mixture of vanadium monocarbide and
      vanadium hemicarbide.
PAR  The layer thickness, the layer density and the various dimensions may
      substantially differ from the above-mentioned values.
CLMS
STM  I claim:
NUM  1.
PAR  1. A nuclear fuel comprising monocrystalline particles with a maximum size
      lying between 20 .mu. and 400 .mu., of carbide of uranium or
      uranium-plutonium with vanadium carbide in supersaturated solution, and
      coated with a layer of vanadium carbide with a maximum thickness of 10
      .mu..
NUM  2.
PAR  2. A nuclear fuel as claimed in claim 1, in which the coating is comprised
      of VC and V.sub.2 C.
NUM  3.
PAR  3. A nuclear fuel as claimed in claim 1, in which the coating has a density
      of about 3.67 g/cc.
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PAL  A moisture sensor is provided for a nuclear fuel rod for water-cooled
      nuclear reactors wherein moisture can be present. The fuel rod has an end
      cap and a charge of nuclear fuel. The moisture sensor is disposed between
      the end cap and the charge and serves to detect a leak in the fuel rod.
      The moisture sensor includes a capsule-like housing having an inner space
      and having openings through which moisture can pass into the inner space
      in the event of a leak in the fuel rod. Ferromagnetic material is disposed
      in the inner space of the housing together with a moisture detector
      responsive to moisture for altering the disposition of the ferromagnetic
      material in the inner space.
PARN
PAR  This is a continuation of application Ser. No. 240,511, filed Apr. 3, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a nuclear fuel rod for a water-cooled nuclear
      reactor and to means for detecting leaks in the fuel rod. More
      particularly, the invention relates to such a fuel rod equipped with a
      detection device disposed inside the rod for detecting a leak.
PAR  2. Description of the Prior Art
PAR  Previously, it has been only possible to examine fuel cells for leaks as a
      whole. Since the fuel cells are constructed with plurality of individual
      fuel rods, it is relatively difficult to find the individual defective
      fuel rod or rods in the fuel cell that have been ascertained as faulty. It
      is known to provide a ferromagnetic body inside the nuclear reactor fuel
      rod. The ferromagnetic body includes a mounting mechanism which is
      destroyed by cooling water entering in the event of damage, so that the
      ferromagnetic body can drop from its original position to the end of the
      nuclear fuel column situated in the fuel rod. This change of location can
      then be detected by magnetic measuring techniques without removing the
      fuel rod from the fuel cell assembly. In this connection, reference may be
      had to U.S. Pat. application, Ser. No. 885,407 filed on Dec. 16, 1969.
PAR  This solution, however, is relatively complicated and the reliability of
      operation cannot be considered as 100 percent. The need therefore existed
      for other means to detect defective fuel cells.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a detection device for
      detecting leaks in nuclear fuel rods. It is another more specific object
      of the invention to provide a moisture sensor that can be positioned in
      the fuel rod for detecting moisture that penetrates into the rod in event
      of a leak therein.
PAR  According to the invention, a moisture sensor is provided for a nuclear
      fuel rod of a water-cooled nuclear reactor. The fuel rod has an end cap
      and a charge of nuclear fuel. The moisture sensor is disposed between the
      end cap and charge and has a capsule-like housing having an inner space.
      Inlet means in the form of openings are provided in the housing through
      which moisture can pass in the event of a leak in the fuel rod. A
      ferromagnetic material is disposed in the inner space of the housing
      together with moisture detection means responsive to moisture for altering
      the disposition of the ferromagnetic material in this inner space.
PAR  In a preferred embodiment of the invention, the moisture detection means is
      a pressed body made of the ferromagnetic material and an other material
      that decomposes and expands in volume when subjected to moisture. In
      addition, the housing is made of water-resistant material.
PAR  According to an alternate embodiment of the invention, the ferromagnetic
      material is in the form of particles and the moisture detection means is a
      cup-like container made of non-magnetic, water resistant material. The
      container is filled with the particles and is freely movable in the inner
      space of the housing. The detection means includes a lid covering the
      container, the lid being made of a pressed material different from the
      ferromagnetic material. The material of the lid is such that the lid
      decomposes and expands in volume in response to moisture so as to lock the
      container with the particles contained therein in position in the housing.
PAR  The decomposable material consists of powdered aluminum and water-soluble
      organic or inorganic mercury compounds such as mercury nitrate, mercury
      iodide or aluminum amalgam. The mercury compounds act here essentially as
      catalysts for the decomposition of the aluminum powder, which is
      accompanied by a corresponding increase in volume, especially since the
      original pressed bodies disintegrate because of these phenomena.
PAR  Although the invention is illustrated and described herein as a device for
      detecting defective nuclear reactor fuel rods, it is nevertheless not
      intended to be limited to the details shown, since various modifications
      may be made therein within the scope and the range of the claims. The
      invention, however, together with additional objects and advantages will
      be best understood from the following description and in connection with
      the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1a and 1b illustrate an elevation view, in section, of the end
      portion of a fuel rod equipped with a moisture sensor according to the
      invention. In this embodiment, the moisture sensor is provided with
      moisture detection means in the form of a compact body. FIG. 1a shows the
      condition of the sensor when the fuel rod is intact, and FIG. 1b, the
      condition of the sensor obtaining in the event of a leak in the fuel rod.
PAR  FIGS. 2a and 2b illustrate, in section, only the moisture sensor equipped
      with moisture detection means according to an other embodiment of the
      invention. FIGS. 2a and 2b show the intact and defective conditions of the
      fuel rod respectively.
PAR  FIGS. 3a and 3b illustrate, in section, the moisture sensor equipped with
      moisture detection means according to still an other embodiment of the
      invention. FIGS. 3a and 3b likewise illustrate the intact and defective
      conditions of the fuel rod respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, FIG. 1 shows the upper end of a fuel rod
      which comprises tubular jacket 1, the nuclear fuel charge 11 and the end
      cap 2 for sealing off the end of the jacket 1. In this embodiment, a
      non-magnetic capsule-like housing or capsule 3 is inserted between the
      fuel charge 11 and the end cap 2. The capsule 3 has inlet means in the
      form of bores 31 and, within the capsule, there is provided a compact body
      4. The compact body 4 comprises a pressed mixture of aluminum powder and a
      water-soluble organic or inorganic mercury compound such as mercury
      nitrate. The compact body 4 also contains ferromagnetic material. In the
      event of a leak in the jacket 1, moisture enters into the interior of the
      fuel rod and, therefore, also through the holes 31 of the capsule 3. This
      causes the pressed compact body 4 to disintegrate and undergo an increase
      in volume and fill practically the entire interior of the capsule 3 as
      shown in FIG. 1b. This means that the ferromagnetic component of the body
      4, which component consists, for example, of iron powder, has a
      substantially lower spatial concentration or density than it had before
      the moisture entered the capsule; this new condition can be determined by
      magnetic means, for instance, by measuring the magnetic reluctance from
      the outer side of the fuel rod.
PAR  A further embodiment of the invention is shown in FIGS. 2a and 2b wherein,
      for clarity, the parts of the fuel rod surrounding the capsule 3 have been
      omitted. However, the same situation applies as in FIG. 1. In this
      embodiment a cup-like container or cup 32 is located in the capsule 3. The
      cup 32 is filled with chips or powder of a non-rusting magnetic material.
      The cup 32 is closed by a covering lid 42 which consists of a pressed
      mixture of aluminum powder and a mercury compound. If the fuel rod is
      intact, the situation according to FIG. 2a obtains wherein the condition
      of the cup 32, or more precisely, its charge 41 can be measured
      magnetically, as discussed in the embodiment of FIG. 1. However, it is
      here also possible to lift this cup within the capsule 3 with the
      application of a strong magnetic field and then to drop it. This action
      can be detected, for instance, by a suitable pick-up microphone responsive
      to the noise developed thereby inside the fuel rod. If, however, damage
      occurs to the jacket 1, cover 42, in response to moisture, decomposes as
      shown in FIG. 2b and the entire interior of the capsule 3 becomes filled.
      Therefore, there is no longer any tolerance space in which the cup 32 can
      move, so that the magnetic test no longer produces noise. If, therefore,
      no noise is detected in the testing operation, a positive and reliable
      indication for a defect within the fuel rod in question is provided.
PAR  Whereas, in the embodiment according to FIGS. 1a and 1b,  a decomposition
      of the ferromagnetic body and a change in the concentration of the
      ferromagnetic particles take place, FIG. 3 shows a third embodiment
      wherein, as in the embodiment of FIG. 2, a decomposition or change of the
      magnetic reluctance is unnecessary. The compact body 4 consists of two
      individual pellets 44 and 43 which are disposed within the capsule 3 as
      shown in FIG. 3a; this configuration provides a free space above the
      pellets. The lower pellet 43 again consists here of aluminum powder and a
      mercury compound, whereas the upper pellet 44 consists of a solid of
      ferromagnetic material which does not decompose. If a defect in the jacket
      occurs, the condition illustrated in FIG. 3b develops, wherein, the pellet
      43 has decomposed and increased in volume to urge the ferromagnetic pellet
      44 upward. The pellet 44 has been therefore moved to a new physical
      location that can be ascertained from outside the fuel rod by magnetic or
      noise measurements.
PAR  The composition of the material, as discussed above, can be caused not only
      by water in liquid form, but also, by steam. The material of which the
      capsule 3 is made and also that of the cup 32 should not be attacked by
      this moisture; this material must, of course, be non-magnetic. The
      material of the jacket 1 can be, for example, a zircon compound or
      stainless steel; however, a ceramic material can also be used. The capsule
      3 can at the same time be used here for the mechanical support of the
      jacket 1. It is also possible to provide thermal insulation between the
      capsule 3 and the fuel charge 11 in the form of a ceramic pellet. The
      physical size of the capsule 3 is advantageously chosen so that a
      collecting space is provided for the fission gas to limit the internal
      pressure of the fuel rod.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nuclear reactor fuel rod comprising a nonmagnetic tubular jacket
      having an end portion, an end cap closing said end portion, nuclear fuel
      in said jacket, said fuel and end cap defining therebetween a space inside
      of said jacket, a capsule-like housing positioned in said space, said
      housing being made of non-magnetic material and having at least one hole
      formed therethrough, a mixture of aluminum powder and a water-soluble
      mercury compound inside of said capsule-like housing, and ferromagnetic
      material inside of said capsule-like housing, said housing internally
      forming a space into which said mixture and said material can move.
NUM  2.
PAR  2. The fuel rod of claim 1 in which said mixture is in the form of a
      compact body.
NUM  3.
PAR  3. The fuel rod of claim 2 in which said ferromagnetic material is in the
      form of a powdered component of said body.
NUM  4.
PAR  4. The fuel rod of claim 2 in which said ferromagnetic material is in the
      form of a pellet abutting said body.
NUM  5.
PAR  5. The fuel rod of claim 2 in which said capsulelike housing contains a
      cup-like container, said body forms a covering lid for said container and
      said ferro-magnetic material is contained in said container.
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ABST
PAL  A nuclear reactor fuel element comprised of a plurality of fuel rods
      disposed in a plurality of spacers in which the tubular casing for each
      fuel rod is designed without regard to the mechanical stress produced by
      the spacers and has a reinforced wall thickness adjacent to the spacers
      which is thicker than the wall thickness of the tubular casing in other
      areas not adjacent to the spacers. The spacers are arranged in a circular
      mesh with a center support rod.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a nuclear reactor fuel element which consists of
      a multiplicity of fuel rods, disposed or held in spaced relation by
      spacers arranged in several planes, and fastened to at least one support
      plate. Each fuel rod has a tubular casing which contains the nuclear fuel,
      for instance, in the form of pellets. Next to the fuel rods, these spacers
      constitute the most essential structural units within the fuel elements
      because by means of these spacers the fuel rods are maintained in a
      predetermined spacial relation. This is necessary so that over the entire
      life of the nuclear reactor, a completely uniform cooling of the fuel rods
      and the fuel elements is achieved by the reactor coolant. The reactor
      coolant may be either a gas or a liquid.
PAR  2. Description of the Prior Art
PAR  It is known that spacers automatically interact with the fuel rods and the
      latter, in turn, interact with the tubular casings. For this reason, the
      type of material and the wall thicknesses of the parts in contact with
      each other must be matched to each other, taking into consideration the
      mechanical forces which may occur. Thus, the wall thicknesses of the
      tubular casing should be so large that mechanical damage to the tubular
      casings cannot occur. On the other hand, the total amount of structural
      material within the active zones of the reactor core should be kept as low
      as possible for reasons of neutron efficiency. In addition, the problems
      of heat removal and creep at the operating temperature of the reactor are
      important considerations.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to find the optimum fuel element design
      which meets the foregoing requirements. According to the invention, this
      is achieved by designing the wall thickness of the tubular casings for the
      fuel rods without regard to the mechanical stress produced by the spacers
      and enlarging it according to the height of the spacers. Using this design
      criteria, it is possible to achieve the optimum design of the wall
      thickness of the tubular casing only on the basis of the operating
      conditions of the nuclear reactor, such as pressure, temperature,
      operational cycles and fuel expansion, as a function of fission gas
      pressure, swelling of the fuel, creep behavior of the material, etc. The
      mechanical stresses produced by the spacers are only taken into
      consideration at the contact points between the spacers and the tubular
      casings at the height of the spacers. At these points, the wall thickness
      of the tubular casings is larger. By using fuel elements of this design,
      instead of conventional fuel elements, substantially less tubular-casing
      material, such as Zircaloy, needs to be built into the nuclear reactor. As
      a result, losses caused by this material through neutron absorption can be
      reduced.
PAR  This design criteria applies to practically all types of nuclear reactors.
      To illustrate this further, a fuel element for a heavy-water cooled
      nuclear reactor will be described in more detail. Such a fuel element has
      a circular cross section and is used in the reactor core within so-called
      separation tubes. The idea of the invention shown here can, of course,
      also be applied to fuel elements of other cross sections and geometry.
      So-called guide ducts are sometimes attached to the tubular casings of the
      fuel rods at the height of the spacers. Attachment of such guide ducts by
      means of soldering or welding always involves a heat treatment, which may
      in some cases bring with it the danger of premature defects in the
      material of the tubular casing due to metallurgical changes. The present
      invention provides a way of avoiding such defects and other influences on
      the structure of the tubular casings when such guide ducts are attached.
      The spacers can be brought into contact directly at the fuel rods, i.e.,
      at their reinforced points, which facilitates a relatively simple design.
      Likewise, mechanical stress on the tubular casings when the fuel rods are
      inserted into or moved in the spacers is practically eliminated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a fuel element, having a plurality of fuel
      rods.
PAR  FIG. 2 is a longitudinal cross-sectional view of a portion of FIG. 1.
PAR  FIG. 3 shows one embodiment of spacer design for use in conjunction with
      fuel rods.
PAR  FIG. 4 shows another embodiment of spacer design for use in conjunction
      with fuel rods.
PAR  FIG. 5 is a cross-sectional view of FIG. 4 along the line V--V.
PAR  FIG. 6 shows another embodiment of spacer design for use in conjunction
      with fuel rods.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows schematically the construction of a fuel element with a
      plurality of fuel rods 3, which are held by at least one end in a rod
      support plate 1 and are maintained in a predetermined spacial relationship
      by a plurality of spacers 2 arranged in several planes to form grids. FIG.
      2 shows a longitudinal cross-sectional view through a fuel rod 3 of FIG. 1
      at the height of a spacer 2. The fuel rod 3 consists essentially of a
      tubular casing 30 enclosing the nuclear fuel 33 in its interior. The
      latter is mainly in the form of pellets. The wall thickness 32 of the
      segment of the tubular casing 30 adjacent to each spacer 2 is thicker than
      the wall thickness 31 in the areas not adjacent to the spacer 2. The
      projection 22 of the spacer 2 makes contact with the tubular casing 30,
      without the danger of damage to the latter. The reinforcement of the wall
      thickness 32 is of a magnitude which does not influence heat removal
      appreciably. Such wall thickness 32 compensates for the higher stress at
      the point of contact of the tubular casing with the spacer 2 due to the
      force subdivision by the spacer 2, and also, to a certain degree, for the
      material wear caused by it. The latter occurs frequently only until full
      contact with the projection 22 has been made.
PAR  There are several possibilities for the manufacture of the reinforcement
      provided by the wall thickness 32. Such manufacture may be accomplished by
      plastic deformation over a calibrated mandrel. In the alternative, the
      tubular casing 30 may be manufactured with a wall thickness that
      corresponds to that at the spacer 2. The wall sections 31 outside the
      region of the spacer 2 may be reduced by machining or non-cutting
      deformation, wherein it is possible to take into initial consideration the
      change in length which may be caused thereby. Furthermore, the difference
      between these wall thickness 31 and 32 can also be achieved and adjusted
      by appropriate design of the rolls of the tube rolling mills. Such
      processes are within the state of the art and therefore need not be
      described in detail.
PAR  FIGS. 3, 4, 5 and 6 show spacer designs which are particularly advantageous
      for use in conjunction with these fuel rods 3. In these embodiments, the
      entire mesh of spacers 2 are designated by the numeral 21; the plurality
      of projections in each spacer 2 for making contact with the reinforced
      wall thickness 32 of the tubular casing 30 of the fuel rods 3 are
      designated by the numeral 22; and the connecting webs between the spacers
      2 are designated by the numeral 23. The mesh shape chosen in these spacer
      designs is circular, so that a guide duct of practically the same
      thickness for the coolant may be arranged around each fuel rod 3 and an
      equalization of the cooling effect over the entire circumference of the
      fuel rod 3 is thereby achieved. FIGS. 3 and 4 illustrate similar spacer
      meshes 21. But, the spacers 2 are connected with each other differently to
      form the overall spacer structure.
PAR  In FIG. 3 the projections 22, which form part of the spacers 2, can be
      replaced by insertable, suitably formed rings 22a, which can be connected
      with the spacers 2 mechanically or metallurgically and which make contact
      with the reinforced wall thickness of the tubular casing 30 of the fuel
      rod 3. This construction provides greater latitude in the selection of
      materials, a resilient design and, possibly, easier manufacture. FIG. 5 is
      a cross sectional view through spacer mesh 21 along the line V--V of FIG.
      4.
PAR  Referring to FIG. 3, this spacer mesh 21 is surrounded by a strap 24 which
      is provided on its outside circumference with a plurality of pads 25 for
      making contact with the separating tubes of the nuclear reactor. These
      spacers 2 are mounted on a support rod 27, which is arranged in the center
      of mesh 21 in lieu of a fuel rod 3 (shown in FIG. 2). Referring to FIG. 5,
      this can be accomplished by welds 28. This support rod 27 can, of course,
      also contain nuclear fuel.
PAR  FIG. 4 shows an embodiment of a spacer 2 in which the surrounding strap 24
      is omitted. The necessary strength and stability is provided by a
      different arrangement of the connecting webs 23. The mesh 21 is provided
      on its outer circumference with outward-pointing pads 26, the function of
      which corresponds to the function of the pads 25 in FIG. 3.
PAR  The spacers 2 shown in FIG. 1 can be fastened at the proper elevation by a
      manner different from that shown in FIG. 5 by use of additional sheet
      metal straps 29 above and below the spacers 2 at the central support rod,
      as is shown in FIGS. 3 and 4; except for the connection of the individual
      spacers 2 which is made in FIG. 6 by concentric ring straps 23a.
PAR  In conclusion, it should be mentioned that the spacers 2 shown in the
      foregoing embodiments can advantageously be machined from an integral
      piece. In this manner, the greatest possible dimensional accuracy can be
      obtained. The manufacturing costs should also be lower than by
      manufacturing such spacers 2 from individual components, which would have
      to be appropriately welded or soldered together. Since the method of
      manufacturing from individual components also raises other problems
      regarding strength and corrosion resistance, not to mention the complexity
      of implementation, the method of machining from an integral piece is
      considered preferable. This latter method includes the spark erosion
      method and chemical machining.
PAR  For mounting the reinforced fuel rods, spacers having resilient contact
      points could, of course, also be used. In many cases, however, such
      resilient contact points may be omitted because of the increased stability
      of the tubular casing 30 in the region of the spacers 2 at these points,
      which is also advantageous for manufacturing reasons.
PAR  In the foregoing, the invention has been described in reference to specific
      exemplary embodiments. It will be evident, however, that variations and
      modifications, as well as the substitution of equivalent constructions and
      arrangements for those shown for illustration, may be made without
      departing from the broader scope and spirit of the invention as set forth
      in the appended claims. The specification and drawings are accordingly to
      be regarded in an illustrative rather than in a restrictive sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nuclear reactor fuel element comprising fuel rods having outsides and
      spacers contacting said outsides and maintaining said rods in spatial
      relationship; wherein the improvement comprises said rods each comprising
      a casing having one continuous hollow tubular wall having a length and
      having at least one tubular section along said length where said wall is
      of increased thickness, said sections forming said outsides contacted by
      said spacers and said casings containing nuclear fuel.
NUM  2.
PAR  2. A nuclear reactor fuel element according to claim 1, wherein said
      spacers are arranged in a circular mesh and are connected together by
      webs.
NUM  3.
PAR  3. A nuclear reactor fuel element according to claim 1, wherein said
      spacers are arranged in a circular mesh and are connected together by
      concentric ring straps.
NUM  4.
PAR  4. A nuclear reactor fuel element according to claim 1, wherein said
      spacers each have a plurality of projections therein for making contact
      with the reinforced wall thickness of the tubular casing of the fuel rod.
NUM  5.
PAR  5. A nuclear reactor fuel element according to claim 1, wherein said
      spacers each have an insertable ring connected to the spacer for making
      contact with the reinforced wall thickness of the tubular casing of the
      fuel rod.
NUM  6.
PAR  6. A nuclear reactor fuel element according to claim 2, wherein said spacer
      mesh is provided on its outer circumference with outwardly pointing pads.
NUM  7.
PAR  7. A nuclear reactor fuel element according to claim 2, wherein the spacer
      mesh is surrounded by a strap and the strap is provided on its outer
      circumference with a plurality of pads.
NUM  8.
PAR  8. A nuclear reactor fuel element according to claim 2, wherein the spacers
      are mounted on a support rod which is arranged in the center of the mesh.
NUM  9.
PAR  9. A nuclear fuel element according to claim 8, wherein the spacers are
      mounted on support rods by means of welds.
NUM  10.
PAR  10. A nuclear fuel element according to claim 8, wherein the spacers are
      mounted on a support rod in the center of the mesh by use of additional
      sheet metal straps above and below the spacers at the support rod.
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ABST
PAL  The invention concerns the production of citric acid-producing mycelial
      pellets of a citric acid-producing microorganism by a selective treatment
      with ferrocyanide or ferricyanide ions. Known Asperigillus or Penicillium
      are well suited for the fermentation. The invention also concerns the
      production of citric acid with the pellets of the invention by submerged
      fermentation. The fermentation is remarkably more efficient than
      conventional methods, greater yields being obtained in a shorter time.
BSUM
PAR  The invention relates to the production of citric acid by aerobic submerged
      fermentation of a sugar-containing medium, particularly black-strap
      molasses or sugar beet molassess. In particular, the invention concerns a
      process for the production of citric acid by submerged fermentation which
      is carried out in the presence of ferrocyanide or ferricyanide ions which
      has been added to the fermentation at a specific time, by reference to the
      evolution and growth of the citric-acid microorganism.
PAR  A first important embodiment of the invention provides a method for
      preparing special citric acid-producing mycelial pellets by a selective
      treatment of spores of a citric acid-producing microorganism with
      ferrocyanide or ferricyanide ions, like potassium ferrocyanide. The method
      changes the morphology and biological metalbolism of the microorganism to
      a microorganism pellet capable of producing citric acid in a most
      efficient manner. A second embodiment of the invention provides a
      remarkably efficient process for producing citric acid with such
      microorganism pellets.
DRWD
PAR  FIG. 1 illustrates by two curves the rate of production of citric acid and
      by two other curves the accompanying drop of pH. comparing the method of
      the invention and the conventional method.
DETD
PAR  In general, as disclosed in the prior art, the methods for preparing citric
      acid by submerged fermentation proceed in two stages. In the first stage
      the inoculum of the microorganism is grown; in the second stage, the main
      fermentation stage, the actual fermentation of the medium to citric acid
      is carried out.
PAR  It is known from processes of the prior art that "mush" mycelium or pellet
      type mycelium such as is disclosed, for instance, in U.S. Pat. No.
      2,910,409, may be produced in the fermentation to citric acid. The term
      mush-mycelium describes long, loosely branched and relatively thin hyphae
      in mat-like form. In contrast thereto, the term "pellet" is used to
      describe spherical-shaped mycelium aggregate which is composed of very
      short branched and comparatively thick hyphae. Often these have bulb-like
      extremities or they carry short-branched buds. Such pellets have been
      described adequately in the literature as for instance in U.S. Pat. No.
      2,739,928 to Martin. Furthermore, Beligian patent No. 596,964 and Can. J.
      Microbiol., 1, 150-157 (1954) suggest various ways for growing such
      pellets. Other representative art method include U.S. Pat. Nos. 3,118,821
      and 3,189,527 to Clark and Lockwood, respectively. In accordance with one
      known procedure, pellet formation was accomplished by using a highly
      diluted special nutrient solution, with special aeration effects. On the
      other hand, pellet formation was induced by means of specific additives
      such as the addition of potassium ferrocyanide from the time of
      inoculation with the spores. The disadvantages of such methods are that
      the resulting pellets undergo a longer period of adapation in the main
      fermentation after inoculation of the medium. Moreover, the pellet
      information ensues from mycelium aggregation, so that, for instance, many
      spores are necessary for the development of a single pellet.
PAR  It is therefore a general shortcoming of the known methods that the
      beginning of the fermentation to citric acid itself is preceded by a
      longer growth adaptation or acclimatization period during which
      essentially no citric acid is formed. As a result, there is a lag of 16 to
      48 hours depending on the particular method until the start of the real
      fermentation to citric acid. During that time, the development of the
      fungi is exceptionally labile; it is only under certain conditions that
      the further development of an active mycelium can be insured, such as, for
      instance, through shock by means of an acid or by means of intensive
      aeration with pure oxygen or mixtures of oxygen and air.
PAR  It is evident from a study of the prior art that notwithstanding very
      numerous attempts and extensive research in this field, there is a serious
      need for an improved method for making citric acid. This acid has numerous
      uses in the pharmaceutical, food and sanitary fields such as in detergent
      compositions for household and other uses. The supply of the chemical
      falls short of world requirements.
PAR  A process has now been found which in accordance with the invention
      overcomes the difficult problems of the prior art. In accordance with the
      process of the invention, there are used in the main fermentation for the
      production of citric acid special pellets of Aspergillus niger or other
      suitable citric acid-producing microorganism, which have already been
      pre-activated or pre-treated in a separate pre-culturing method. In
      accordance with the invention, the pre-culturing method comprises
      activating by a treatment with cyanide ions a young inoculum of the
      microorganism during its highly intensive physiological development and
      labile phase, which takes place during the transition period from the
      spore-swelling stage to the beginning of the germination stage of the
      microorganism by means of an "aimed" or selective shock of the enzyme
      system of the microorganism. The method comprises treating, at the
      particular time defined, the inoculum of the microorganism with potassium
      ferrocyanide or other equivalent ferri- or ferrocyanide salt with a
      selected amount such as of about 0.5 to 3 grams, particularly 1.5 to 2
      grams of potassium ferrocyanide per liter of fermentation medium. This
      treatment apparently causes a selective shock of the microorganism's
      enzyme system. In accordance with this invention, it has been found that
      by timing the addition of the cyanide ion, like potassium ferrocyanide
      selectively so as to take place during this intensive and labile growth
      stage, it has been possible to cause a remarkably high development of
      acid-stable pellets which have a remarkable propensity for producing
      citric acid.
PAR  As disclosed above, the selective shock of the microorganism enzyme system
      is carried out very advantageously with a ferro-or ferricyanide ion. It is
      contemplated, in accordance with the invention, that the enzyme system of
      the citric acid-producing microorganism be selectively affected, and for
      this purpose other inorganic or organic specific compounds can be used.
      What is determinative in accordance with the finding of the invention is
      the timing of the addition of the specific compound to take place, as
      described above.
PAR  In the invention provided herewith the particular addition of ferrocyanide
      or ferricyanide ions takes place during and relative to particular stage
      of development of the citric-acid producing microorganism, namely that
      period starting with the spore-swelling stage up to the spore-germinating
      stage of the microorganism in a suitable growth medium. The condition of
      the medium that is, the presence or absence of ferro- or ferricyanide ions
      prior to or at the spore-swelling stage of the microorganism (i.e. at the
      time of addition of the cyanide ions) is thus of secondary importance. It
      is the presence of these ions at the time specified which is, in
      accordance with the invention, the determinative aspect thereof. Hence,
      the medium in which the microorganism spores are present can contain prior
      to or up to the moment of addition of cyanide ion -- hence prior to or up
      to the spore-swelling stage -- ferro- or ferricyanide ions in varying
      amount. These cyanide ions will bind an equivalent amount of complexable
      substances which are present in the medium. However, the amount of ferro-
      or ferricyanide ion which is present prior to or up to the time of
      treatment should not exceed that amount which is capable of complexing
      most or all of the complexable substances present in the medium, which may
      include complexable salts. Hence, there should be no free or uncomplexed
      ferro- or ferricyanide ion present at the time of treatment with the
      ferro- or ferricyanide in accordance with the invention. If such an amount
      of free or excess ferro- or ferricyanide were present, it would deter from
      obtaining maximum benefits of the invention, namely of the selected shock
      effect attained by the addition of the ferro- or ferricyanide at the time
      specified during the stage of development of the microorganism, as
      described above.
PAR  In accordance with the invention, there is used, at the time specified, a
      ferro- or ferricyanide ion as a suitable salt, preferably a water-soluble
      salt such as an alkali metal salt. The salt should be capable of
      liberating ferro- or ferricyanide ions under the process condition. At the
      present potassium ferrocyanide is preferred. The amount of salt to be used
      in the practice of the invention are based on potassium ferrocyanide. For
      ready conversion to ferricyanide ion, the amounts given for the potassium
      salt are divided by two. The amount of ferricyanide ions to be used is
      therefore 0.25 to 1.5, preferably 0.75 to 1.0 gram per liter. Whenever the
      term ferrocyanide is used it is intended to include ferricyanide too.
PAR  It has been observed that if the timing of the addition of ferrocyanide
      ions is not observed, the process of the invention does not proceed as
      intended herewith. If the potassium ferrocyanide is added from the
      beginning, i.e., at the time of or prior to inoculation, as is known,
      there already occurs during the vegetative stage a certain amount of
      adaptation, so that no shock effect with the ferrocyanide takes place. As
      a result, a relatively longer adaptation period takes place during the
      main fermentation. It is an advantage of the invention that such
      adaptation is substantially eliminated. Furthermore, if the enzyme shock
      is carried out at a later time than provided herein, the development of
      the mycelium has already proceeded so far that a specially activated
      pellet cannot be produced. It is, therefore, an important aspect of the
      invention that the timing of the addition of the potassium ferrocyanide
      during the growth of the inoculum be carried out at the time specified in
      order that the special pellet be produced which is capable of the
      remarkably efficient formation of citric acid in the main fermentation.
PAR  In practice, the spores of the inoculum of the citric acid-producing
      microorganism reach the stage of intensive physiological development
      approximately 7 to 10 hours after inoculation. The desired morphological
      development stage of the spores is determined by periodic macro- and
      microscopic observations of the culture on samples removed from the
      medium. Depending on the particular conditions selected, the stage of
      intensive physiological development of the spores may be controlled to be
      reached earlier or later. When the spores show evidence of swelling and
      prior to germination, they are subjected to a ferrocyanide treatment, like
      with potassium ferrocyanide. The addition of the potassium ferrocyanide
      insures the formation of citric acid-forming activated pellet of mycelium
      and essentially eliminates the adaptation period in the subsequent
      fermentation of the sugar. Moreover, the inoculum so treated develops a
      pellet from at least 90% of the spores present, generally from each labile
      inoculated spore. Accordingly, the pre-fermentation medium only needs to
      be inoculated with the number of labile spores that correspond to the
      number of pellets necessary for the main fermentation. In contrast, in
      accordance with known methods, the growth of pellet mycelium requires 500
      to 600 spores to develop each pellet, so that the requirement for spores
      by far exceeded that of the present invention.
PAR  In accordance with the method of the invention, it is advantageous to carry
      out the preparation of the activated pellet in about a period of 20 to 28
      hours. At that time, the individual activated pellets reach a diameter of
      about 0.15 to about 0.2 mm. and the pH of the prefermentation medium drops
      by about 0.5 to 1 pH unit from an initial pH range of about 4.3 to about
      6.2, which is substantially similar to that of the fermentation medium.
      Thus the pellet is adequately activated when a distinct pH drop is noted,
      thereby evidencing the initiation of the acid-producing stage and the
      termination of the spore-activating stage. Conveniently, this later stage
      can be considered terminated when the pH drops within the range of 4.0 to
      4.5.
PAR  In accordance with this first embodiment of the invention, there are
      obtained specially activated pellets which are remarkable in their ability
      to produce citric acid efficiently.
PAR  In the second important embodiment of the invention, the resulting
      activated pellets are used as inoculum for the main fermentation to citric
      acid, for instance, of a fermentation of a black-strap molasses having a
      suitable sugar concentration as, for instance, a 15% concentration. The
      size of inoculum can be varied as desired, for instance from 2 to 20%, or
      more, commonly 8 to 12% of inoculum per volume of fermentation medium may
      be used. The inoculum of pellets remains uninterruptedly in the
      acid-forming stage so that already after 24 hours a pH drop of about 1.5
      to 2 pH units takes place.
PAR  It is, therefore, a characteristic of the fermentation of the invention
      that citric acid is actively produced esentially from the start -- i.e.
      from time of inoculation of the main fermentation medium to the end of the
      fermentation at substantially the same rate. Thus in the present process,
      the initial rate of formation of citric acid exceeds by far that of
      convential methods, as is evidenced, for instance, by its rapid initial pH
      drop. In accordance with known methods using a conventional inoculum, such
      a pH drop does not take place because of the necessary adaptation period
      of the microorganism. Accordingly, in prior art method it had been
      necessary to adjust the pH in the main fermentation by the addition of
      acid. In accordance with the invention, the necessity of adding acid is
      completely eliminated and the main fermentation is terminated in 3 to 4
      days with a yield of 70 to 100% based on the initial amount of sugar
      present. In a further aspect of the process of fermentation of the
      invention it is desirable to add potassium ferrocyanide to a minimum
      concentration of at least 0.2 gram per liter. In the main fermentation the
      amount of potassium ferrocyanide may range from about 0.5 to 3 gram, more
      commonly from 0.8 to 1.5 gram per liter of medium.
PAR  The invention provides another further advantage in that the pre-culturing
      of the inoculum, as well as the fermentation phase itself are aerated only
      with air. No supplementary aeration with oxygen is needed. The aeration
      requirement of the invention can be decreased to about 0.2 volume per
      volume of medium per minute without adversely influencing the
      fermentation. Generally an upper range of 0.5 to 0.4 is quite
      satisfactory. The reason for the low air requirement of the process of
      this invention appears to be the absence of by-products in the
      fermentation phases of the activated mycelium, which would increase the
      viscosity of the medium, such as occurs by the use of other forms of
      conventional inoculum which have to undergo the necessary adaptation
      period. Furthermore, foam formation remains substantially constant during
      the entire course of the fermentation; the need for defoamers is not
      increased. Another advantage is that the danger of contamination by other
      microorganisms is practically excluded because the activated pellets
      essentially immediately form citric acid intensively in the main
      fermentation, as is evidenced by a strong pH drop such as of about 1.5 to
      2.0 units in about 28 hours, thus creating a medium unfavorable for
      contamination by other microorganisms.
PAR  The citric acid-producing pellets used in the method of the invention are
      identifiable morphologically by known microbiological and mycological
      techniques. The term "specially activated pellet" used herein and the
      pellet produced by treating the spores at the selective time specified
      defines a pellet whose metabolism has been so altered that it produces
      citric acid essentially uninterruptedly from the time of the formation of
      the pellet without undergoing the typical adaptation lag which precedes
      the active citric acid forming stage of the conventional pellets. This
      unique property of the pellet of the invention is also observable from
      curves plotting the formation of citric acid from the time of the pellet
      formation to the end of the utilization of the sugar. For instance, a
      typical curve plotting acid formation against days of fermentation shows
      during its first fifth, or first quarter after the first day, a slope
      which is substantially the same as that for the remainder of the
      fermentation. These special pellets are thus unique in their absence of an
      adaptation lag which is the characteristic of the conventional pellet and
      in their ability to produce citric acid by fermentation immediately
      subsequently to the activation period. Thus, in contrast to the
      conventional pellets, the specially activated pellet of the invention
      produces citric acid after inoculation of the fermentation medium at a
      rate substantially equivalent to that which the conventional pellet
      produces after such pellet has passed its adaptation lag.
PAR  In FIG. 1 which illustrates the rates of conversion to citric acid in
      accordance with the invention and that of a conventional method, curve 1
      represents the production of citric acid as described in Example 2 and
      curve 2 that of Example 4, the latter being the conventional method.
PAR  It is apparent from FIG. 1 with respect to curves 1 and 2, the citric acid
      production curves, that the rate of citric acid production is remarkably
      faster in accordance with the method of the invention. It is noteworthy
      that in the method of the invention, the fermentation is essentially
      terminated, that is, there is no more convertible sugar present, generally
      in about 3 days; in contrast, in conventional methods, not more than about
      50%, generally from about 30% to about 50% of the convertible sugar is
      consumed during that time. In 3 days, the method of the invention produces
      about twice as much citric acid as the conventional method. See FIG. 1.
      5.5 v. 10.5 production of citric acid, respectively measured as percent
      citric acid. In FIG. 1 Curves 3 and 4 represent the pH curves
      corresponding to the fermentation represented by curves 1 and 2,
      respectively. Curve 3 shows the lowering of the pH in accordance with the
      invention, immediately following inoculation of the medium, without any
      adaptation period. In contrast, curve 4 shows no drop of pH of the medium
      during the initial period following inoculation, hence there is an
      adaptation lag before citric acid production can start. From FIG. 1 it is
      evident that in accordance with the invention, citric acid is produced
      more efficiently during any given time period in accordance with the
      method of the invention.
PAR  In the process of the invention, there may be used any of the citric acid
      producing microorganisms such as the genera Aspergillus, Penicillium or
      Mucor. Examples of useful species of these genera are A. niger, A. wentii,
      A. clavatus, P. citrinum, Mucor piriformis and Trichoderma viride (ATCC
      No. 1323). The species which has been found most useful is A. niger. Among
      these such strains at ATCC 10577, ATCC 1015 or Wisconsin 72-4, also named
      N.R.C.A.-1-233 (National Research Council Publication No. 2359), and
      mutants thereof are quite suitable. Other suitable microorganisms are
      disclosed in the scientific literature. Suitable microorganisms which
      produce citric acid are on deposit in recognized depositories like the
      American Type Culture Collection, Washington, D.C. (ATCC), Headquarters
      Quartermaster Research and Development Command, Quartermaster Research and
      Development Center, U.S. Army (QM), Northern Regional Research Laboratory
      of the Department of Agriculture, Peoria (NRRI), Nagoa Institute, Tokyo
      (NI), Institute of Fermentation, Osaka (IFO), National Hygienic
      Laboratory, Tokyo (NHL) and Kyowa Hakko Kogyo Co., Ltd. (Kyowa).
PAR  The fermentation medium may contain any carbohydrate source which can be
      converted to citric acid by the microorganism, like a sugar from
      conventional crude sugar sources, as sugar beet, sugar cane molasses or
      citrus molasses or other carbohydrates and suitable nutrient salts such
      as, for instances, phosphates, nitrates, and so in suitable amounts and
      conditions of growth, as is known from the prior art such as from U.S.
      Pat. Nos. 2,739,923; 2,970,084; 2,674,561; 2,883,329; 2,910,409;
      2,492,673; 2,492,667; 2,400,143; 2,394,031; Belgian patent No. 596,964 and
      others
PAR  Determination of ferrocyanide ions is performed in accordance with the
      method of J. R. Marier and D.S. Clark, the Analyst, J. Soc. Anal. Chem. 85
      No. 1013, pp. 574- 579 (1960). The accuracy of the method is +3 V/ml. The
      yield of citric acid is determined as percent citric acit (wt.vol. of
      medium) or percent conversion of available sugar. (wt./wt.)
PAR  The following working examples are provided as an illustration of the
      preferred embodiments of the invention but are not to be construed as a
      limitation thereof.
PAC  EXAMPLE 1
PAR  In a suitable fermentation vessel there are fed 320 liters of fermentation
      medium of black-strap molasses. The molasses are diluted with tap water to
      an approximate concentration of 15% of sugar. There is then added to the
      medium 80 g. of ammonium dihydrogen monophosphate. The pH is adjusted to
      5.0 and the medium then sterlized. Aeration provided by an air sparger
      feeds from the beginning a total of about 6 to 8 cubic meter per hour of
      air into the medium. The air is distributed by stirring with a stirrer
      rotating at the speed of 300 r.p.m.
PAR  The medium is inoculated at 32.degree.C. with 4 .times.  10.sup.10 spores
      of Aspergillus niger. Eight hours after the inoculation there are added
      480 g. of potassium ferrocyanide. Within a total of 18 to 19 hours, there
      is formed from each spore a mycelium of a length of about 0.4 to 0.7 mm.
      Each one of the extremeties of the mycelium is club-like thickened and has
      a branched cauliflower-like appearance. This structure develops into
      pellets which have an approximate diameter of about 0.2 mm in the next
      four hours and is accompanied by a sharp pH drop. When the pH value drops
      to about 4.3, enough pellets in medium are collected to serve as inoculum.
PAC  EXAMPLE 2
PAR  A fermenter tank of a capacity of 3 cubic meter is charged with a
      fermentation medium of the same composition and sugar content as was
      described as example 1. Its pH is likewise adjusted to about 5.0 and then
      the medium 2.4 cubic meters, is sterilized in a similar manner. After
      cooling the fermentation medium to a temperature range of about
      28.degree.-32.degree. C. there are added 3000 g. of potassium
      ferrocyanide. Prior to inoculation, the medium is aerated by a sparger so
      as to feed 0.2 volume of air per volume of medium per minute in an amount
      equivalent to about 35-40 cubic meter per hour. Stirring by means of an
      appropriate stirrer rotating at a rate of 100 r.p.m. distributes the air
      throughout the medium. An inoculant of pellets prepared as in example 1 is
      used to inoculate the medium. After the inoculation, samples are removed
      to determine the pH which has been lowered as a result of the inoculation.
      After three further hours of uninterrupted fermentation by the activated
      pellet mycelium, the pH has already dropped by 0.1 to 0.2 units. After
      about 18 hours of fermentation there are added 750 g. of ammonium nitrate
      and the potassium ferrocyanide concentration is determined. When it is
      found to fall to a concentration below 0.3 g. per liter, it is raised
      again to a concentration of at least 0.4 g. per liter by addition of
      potassium ferrocyanide. In this matter the concentration of potassium
      ferrocyanide does not fall below 0.2 g. per liter throughout the entire
      fermentation. After 48 hours of fermentation there are again added 750 g.
      of ammonium nitrate.
PAR  After three days of fermentation the pH value of the fermentation medium
      has dropped to a pH of 2.45 and the citric acid concentration is 10.5%.
      This corresponds to a yield of 70% based on the initial amount of sugar
      present. After a further 15 hours, the fermentation is terminated. The
      citric acid concentration is 12.3% corresponding to a yield of 82% based
      on the initial amount of sugar present.
PAC  EXAMPLE 3
PAR  Example 2 is repeated increasing the sugar concentration to 20%. An equally
      satisfactory efficient fermentation to citric acid was obtained.
PAC  EXAMPLE 4
PAR  In a comparative experiment to that of Example 1, when the potassium
      ferrocyanide was added after sterilization and before inoculation, only a
      72% yield of citric acid was obtained after a fermentation at least 2 days
      longer.
PAC  EXAMPLE 5
PAR  When the procedure of Example 1 is repeated with A. venti, pellet formation
      results in a similar manner.
PAC  EXAMPLE 6
PAR  When the pellets of A. venti, of Example 5 are used in a fermentation as in
      Example 2, citric acid is likewise formed.
PAC  EXAMPLE 7
PAR  Likewise the use of P. citrium under the conditions of Example 1 yields
      pellets useful in citric acid formation.
PAC  EXAMPLE 8
PAR  When the pellets of P. citrium are used in a fermentation, under condition
      similar to those of Example 2, good yields of citric acid are obtainable.
PAC  EXAMPLE 9
PAR  In a fermentation vessel there is fed 320 liters of fermentation medium of
      beet molasses which have been diluted with tap water to a concentration of
      approximately 15% sugar. To this solution there is added 80 g. of ammonium
      dihydrogen phosphate; the starting pH is 5.5. The medium is sterilized
      thereafter by heating 35 minutes at 100.degree.C. After cooling, the
      medium is aerated with about 6 to 8 m.sup.3 air with stirring at rate of
      300 r.p.m. Thereafter, the medium is inoculated with about 4 .times.
      10.sup.10 of spores of Aspergillus niger and the medium is maintained at a
      temperature of 32.degree.C. After about 6 hours after the inoculation,
      there are added about 480 g. potassium ferrocyanide. Under these
      conditions there are formed from each individual spore a mycellium of a
      length of about 0.04 to 0.07 mm, which at its both ends is swollen and
      branched in a cauliflower-like fashion. In about 3 or 4 hours each short
      hyphae develops and transforms into a pellet of a diameter of
      approximately 0.2 mm. Concurrently, there takes place an intensive and
      active acid formation and the pH drops to about 4.6. The preparation of
      the inoculum is thus terminated.
PAR  The fermentation itself is carried out in a fermentation tank of 3000
      liters in which there is contained sugar beet molasses which has been
      diluted with tap water to a sugar concentration of about 15%. The pH
      buffer capacity of such beet molasses being very high, it is desirable to
      lower it by lowering the pH to about 5.5 with a suitable and, like
      sulfuric acid. The pH of the molasses solution is therefore brought down
      to about 5.5 with sulfuric acid. The sterilization of the medium 2.4 cubic
      meters, is then carried out following the procedure shown above by
      repeatedly heating to 100.degree.C. After cooling to about 28.degree. to
      32.degree. C. there are added 2400 g. of potassium ferrocyanide. The
      medium so prepared is then aerated with about 40 m.sup.3 of air per hour.
      The air is well distributed within the medium by stirring the medium at a
      rate of 100 r.p.m.
PAR  The aerated medium is inoculated with the pellets which have been prepared
      as described above. With the initiation of the acid formation the pH drops
      to about 5.0 in 6 to 10 hours. The intensive citric acid fermentation is
      accompanied with an intensive mycellium growth. The temperature of
      fermentation is adjusted and maintained at 29.degree. C. In order to
      interrupt the intensive growth stage of the mycellium there is added to
      the medium within one hour, sulfuric acid in such an amount that the pH
      value drops to about 3.0 to 2.9. After about 20 hours of fermentation
      there are added 600 g. of ammonium dihydrogen phosphate. Whenever the
      concentration of ferrocynanide ions is or drops below 0.5 g. per liter,
      there are added additional amounts of potassium ferrocyanide in order to
      raise the concentration to about 0.6 g. per liter. The concentration of
      potassium ferrocyanide is maintained till the end of the concentration to
      a minimum of 0.4 g. per liter.
PAR  After about five days the fermentation is terminated. The fermentation
      medium contains or has a concentration of citric acid of about 11.5% which
      corresponds to a yield of about 77% calculated on the amount of sugar
      initially present.
PAC  EXAMPLE 10
PAR  In the fermentation tank of the capacity of 3 cubic meters there is fed a
      mixture of black-strap molasses and concentrated solution of sugar (from
      crystallized sugar) the fermentation liquor, 2.4 cubic meters, being
      diluted with tap water to a total sugar concentration of about 15%. The
      amount and the proportion of molasses and sugar have been so selected that
      half of the total sugar due to the black-strap molasses while the other
      half amount of sugar is from crystallized sugar from the sugar solution.
      After the pH has been adjusted to initial value of 5.0, the fermentation
      medium is sterilized in the manner shown above and then cooled to about
      28.degree. to 32.degree. C.
PAR  There are added therein 1,400 g. of potassium ferrocyanide. The
      pre-culturing of the inoculum, the inoculation and the subsequent
      fermentation are carried out as shown in Examples 1 and 2. It is advisable
      in this fermentation in which sugar has been added, that the fermentation
      medium be aerated with a somewhat larger amount of nitrogen. After about 3
      to 4 hours after the inoculation with pellets of the Aspergillus niger
      which is obtained as shown in Example 1, there is added 600 g. of ammonium
      nitrate and 800 g. mono ammonium phosphate.
PAR  The fermentation itself is terminated in about 4 days. The concentration of
      citric acid in the fermentation medium is about 13% which corresponds to
      about 86% of conversion on the basis of the original sugar.
PAC  EXAMPLE 11
PAR  The method of Example 10 is repeated with sodium ferrocyanide. Active
      pellets similar to those above described are formed and then used in the
      fermentation of black-strap molasses to citric acid, in the manner
      described above.
PAC  EXAMPLE 12
PAR  The method of examples 1 and 2 are repeated using potassium ferricyanide
      with equally satisfactory results.
PAC  EXAMPLE 13
PAR  When the procedure of Examples 1 and 2 is repeated with the following:
PAR  a. A. wentii
PAR  b. P. citrinum
PAR  c. A. clavatus
PAL  like results are obtained. Other species of A. niger yield pellets
      effective to give the desired citric acid.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of preparing mycelial pellets of a citric acid-producing
      miroorganism for the manufacture of citric acid in a
      carbohydrate-containing growth medium which comprises treating spores of a
      citric acid-producing microorganism in the carbohydrate-containing growth
      medium free of unbound cyanide ions by adding ferro- or ferri-cyanide ions
      during the physiologically intensive development period which takes place
      during the transition period ranging from the spore-swelling stage to the
      spore-germination stage, and forming mycelial pellets thereform.
NUM  2.
PAR  2. The method of claim 1 wherein the microorganism is an Aspergillus.
NUM  3.
PAR  3. The method of claim 1 wherein the medium is a molasses-containing
      medium.
NUM  4.
PAR  4. The method of claim 2 wherein the Aspergillus is A. niger.
NUM  5.
PAR  5. The process of claim 1 wherein the cyanide ions are provided by
      potassium ferrocyanide.
NUM  6.
PAR  6. The method of claim 5 wherein the potassium ferrocyanide is added to the
      spores in the medium after about 7 hours after inoculation and not later
      than 10 hours thereafter.
NUM  7.
PAR  7. The process of claim 5 wherein a mycellial pellet is formed from
      essentially each one of the spores.
NUM  8.
PAR  8. The method of claim 1 wherein the mycelial pellets which are formed are
      characterized by a pH development curve essentially free of a lag period.
NUM  9.
PAR  9. The method of claim 1 in which the pH drops by about 0.5 to about 1.0
      unit after the cyanide treatment.
NUM  10.
PAR  10. The method of claim 5 in which the potassium ferrocyanide is used in an
      amount of about 0.5 to 3.0 gram per liter.
NUM  11.
PAR  11. The process of claim 1 wherein the microorganism is a Penicillium.
NUM  12.
PAR  12. The process of claim 11 wherein the Penicillium is P. citrinum.
NUM  13.
PAR  13. The process of claim 2 wherein the microorganism is A. wentii.
NUM  14.
PAR  14. The process of producing citric acid by submerged aerobic fermentation
      which comprises
PA1  inoculating a carbohydrate-containing medium with a mycelial pellet of a
      citric acid-producing microorganism, said pellet having been produced by
      having treated the spores of a citric acid-producing microorganism in a
      carbohydrate-containing medium free of unbound cyanide ions with ferro- or
      ferri-cyanide ions during the physiologically intensive development period
      which takes place during the transition period ranging from spore-swelling
      stage to the spore-germination stage, and characterized by its substantial
      absence of an adaptation lag in the fermentation as evidenced by its pH
      curve and
PA1  producing citric acid at a substantially constant rate from the time of the
      inoculation of the fermentation medium with the pellet throughout, and to
      the end of the fermentation.
NUM  15.
PAR  15. The process of claim 14 wherein the medium is a molasses-containing
      medium.
NUM  16.
PAR  16. The process of claim 14 of producing citric acid by submerged aerobic
      fermentation which comprises
PA1  inoculating a molasses-containing medium with a mycelial pellet of
      Aspergillus, said pellet being produced by having treated the spores of a
      citric acid-producing microorganism in a carbohydrate-containing medium
      free of unbound cyanide ions with ferro- or ferri-cyanide ions during the
      physiologically intensive development period which takes place during the
      transition period ranging from the spore-swelling stage to the
      spore-germination stage, and characterized by the substantial absence of
      an adaptation lag in the fermentation as evidenced by its pH curve, and
PA1  producing citric acid at a substantially constant rate from the time of the
      inoculation of the fermentation medium with the pellet throughout, and to
      the end of the fermentation.
NUM  17.
PAR  17. The process of claim 16 wherein a pH drop of at least about 2.0 units
      in 24 hours after inoculation takes place.
NUM  18.
PAR  18. The process of claim 16 in which there occurs a drop of at least about
      1.5 units.
NUM  19.
PAR  19. The process of claim 14 in which the concentration of ferro- or
      ferricyanide ions is maintained at a minimum of about 0.2 gram per liter
      during the fermentation.
NUM  20.
PAR  20. The process of claim 14 in which the aeration provided does not exceed
      about 0.4 volume of medium per minute.
NUM  21.
PAR  21. The process of claim 13 wherein the Aspergillus is A. niger.
NUM  22.
PAR  22. The method of preparing mycelial pellets of a citric acid-producing
      microorganism for the manufacture of citric acid in a
      carbohydrate-containing growth medium which comprises treating spores of a
      citric acid-producing microorganism in the carbohydrate-containing growth
      medium free of unbound cyanide ions by adding ferro- or ferri-cyanide ions
      in an amount of 0.25 to 1.5 g per liter of medium during the
      physiologically intensive development period which takes place during the
      transition period ranging from the spore-swelling stage to the
      spore-germination stage, and forming mycelial pellets therefrom.
NUM  23.
PAR  23. The method of claim 22 in which the amount of cyanide ions range from
      about 0.75 to 1.0 g per liter.
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ABST
PAL  The present invention relates to a process for the production of organic
      acids by biologically hydrolysing the corresponding nitriles.
PAL  This process is distinguished by the fact that the nitrile in aqueous
      solution is subjected to the action of bacteria showing nitrilasic
      activity, preferably selected from the species: Bacillus, Bacteridium as
      defined by Prevot, Micrococcus and Brevibacterium as defined by Bergey.
PAL  The process according to the invention can be used in particular for the
      production of racemic lactic acid.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  It is known that economically important organic acids such as, for example,
      lactic acid and amino acids in general, can be obtained by subjecting the
      corresponding nitriles to chemical hydrolysis. However, this process
      cannot always be applied, especially since certain nitriles are resistant
      to chemical hydrolysis. In such cases, alternative methods have to be
      adopted. In the case of .alpha.-amino acids for example, it is possible to
      use hydantoin. Although effective, this method is technologically
      involved. In other cases, the product of chemical hydrolysis is difficult
      to separate from the other constituents of the reaction medium.
PAC  SUMMARY OF INVENTION
PAR  The present invention provides a technically simple process by which it is
      possible to hydrolyze almost all the nitriles under mild conditions. The
      process is of particular advantage in cases where delicate compounds are
      being treated. No difficulties are involved in separating the acid
      obtained from the reaction medium.
PAR  In the process according to the invention, an organic acid is produced from
      the corresponding nitrile by subjecting that nitrile, in aqueous solution,
      to the action of bacteria which show nitrilasic activity, and by
      subsequently separating the bacterial mass from the acid solution. The
      bacteria showing nitrilasic activity used for the process according to the
      invention are preferably selected from the species Bacillus, Bacteridium
      as defined by Prevot, Micrococcus and Brevibacterium as defined by Bergey.
PAR  More particularly, these bacteria are selected from the strains lodged in
      the Collection de la Chaire de Genetique de l'Ecole Nationale Superieure
      Agronomique de Montpellier (France), under the numbers R 332, R 340, R
      341, A 111, B 222, A 112, A 13, A 141, A 142, B 211, B 212, B 221, C 211,
      R 21, R 22, R 311, R 312, R 331, which show the morphological and
      physiological characteristics described in Tables I and II.
PAR  The nitrile solution is preferably adjusted to a slightly basic pH-value,
      for example with potash or ammonia, before being exposed to the action of
      the bacteria.
PAR  In the process according to the invention, the strains with nitrilasic
      activity, after culture in a nutrient medium, are suspended in an aqueous
      solution of the nitrile to be hydrolyzed for a period of a few hours. The
      pH-value of the solution is kept slightly basic (for example pH 8) or
      neutral. In some cases, it is necessary in order to complete hydrolysis
      slightly to acidify the pH-value of the solution after about 1 hour.
PAR  On completion of hydrolysis, i.e. generally after a few hours, the bacteria
      are eliminated by any method known in the science of biology, for example
      by centrifuging. The acid is extracted from the solution by known methods,
      for example by extraction or precipitation.
PAR  In one preferred embodiment of the invention, hydrolyzed of bacteria with
      nitrilasic activity are selected by inoculating a medium containing 1.17 %
      of yeast carbon base Difco, 0.1 % of acetonitrile, 2.5 % of gelose,
      accommodated in a sterile Petri dish, with various sources of bacteria
      such as sols, industrial effluents or waste. The colonies formed are
      isolated, after which the cultures are purified by dilution and spreading
      over the same medium. The clones thus obtained are then studied.
PAR  The strains thus selected may be maintained in a medium containing
      minerals, ammonia, vitamins and glucose, such as for example
      glucose-containing yeast nitrogen base Difco.
PAR  The nitrilasic activity of the strains selected by the process described
      above is of a very general nature. Thus, the strains described in this
      Specification are capable of hydrolysing virtually every one of the
      following types of compounds:
PA1  simple nitriles such as acetonitrile,
PA1  .alpha.-aminonitriles such as .alpha.-aminopropionitrile,
      .alpha.-amino-.gamma.-methyl thiobutyronitrile,
      .alpha.-aminobutyronitrile, aminoacetonitrile,
PA1  .alpha.-hydroxy nitriles such as lactonitrile, hydroxy acetonitrile,
PA1  .beta.-aminonitriles such as amino-3-propionitrile, dinitriles such as
      malonitrile,
PA1  .alpha.-unsaturated nitriles such as acrylonitrile,
PA1  .alpha.-benzonitriles, such as homoveratric nitrile.
PAR  By applying the selection process described above, 18 strains were isolated
      with a level of nitrilasic activity of particular value for carrying out
      the process. These strains show the following common characteristics:
PA1  Gram positive; negative alcohol/acid resistance.
PA1  Strict aerobiosis; positive catalase.
PA1  Utilisation of glucose, saccharose, maltose and lactose by the oxidative
      root without gas formation or acidification.
PA1  No strain forms alcohol. Starch is not hydrolysed, but there is growth on
      potato.
PA1  Tyrosinase research test on potato: negative. Vitamin demand.
PA1  Absence of hydrolysis of gelatin.
PA1  Growth in ammonia and on nitrates as sole nitrogen source.
PA1  No liberation of hydrogen sulphide.
PA1  Absence of growth in the presence of hypersaline broth.
PA1  All the strains produce ammonia after culture on nitrates.
PAR  In addition, they produce nitrites, except for the strains B 221, B 211, B
      212 and C 211. The strain B 222 gives off gases from nitrates.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     MORPHOLOGICAL CHARACTERISTICS                                             
                   Cellular                                                    
     Strain                                                                    
          Spore                                                                
              Mobility                                                         
                   morphology   Color morphology                               
     __________________________________________________________________________
     R 332                                                                     
          +   low  small rods Circular, smooth, convex, pink                   
                   (1.8-3.6).mu. .times. 0.9.mu.                               
                              coloured, defined edge                           
     R 340                                                                     
          +   -    small rods Circular, small, white,                          
                   2.7.mu. .times. 0.9.mu.                                     
                              diffuse edge                                     
     R 341                                                                     
          +   -    small rods Coarse, highly granular,                         
                   2.7.mu. .times. 0.9.mu.                                     
                              white, flat                                      
     A 111                                                                     
          -   -    shells     Circular, small, wrinkled,                       
                   0.9 to 1.8.mu.                                              
                              convex, pink, lobed edge                         
     B 222                                                                     
          -   +    small rods Circular, small, orangey                         
                   (3.6-4.5).mu. .times. 0.9.mu.                               
                              yellow in colour                                 
     A 112                                                                     
          -   low  small rods Small, opaque, three-                            
                   (1.8-3.6).mu. .times. 0.9.mu.                               
                              dimensional, lobed edge,                         
                              orangey pink                                     
     A 13 -   low  small rods Circular, smooth, opaque,                        
                   2.2.mu. .times. 0.9.mu.                                     
                              pinkey orange, defined edge                      
     A 141                                                                     
          -   -    small rods Small, almost flat, opaque,                      
                   (1.8-3.6).mu. .times. 0.9.mu.                               
                              granular, pinkey orange,                         
                              lobed edge                                       
     A 142                                                                     
          -   -    small rods Circular, smooth, opaque,                        
                   (3.6-4.5).mu. .times. 0.9.mu.                               
                              orange, defined edge                             
     B 211                                                                     
          -   -    small rods Circular, dished, small,                         
                   1.8.mu. .times. 0.9.mu.                                     
                              smooth, pink, defined edge                       
     B 212                                                                     
          -   -    small rods Circular, dished, smooth,                        
                   3.6.mu. .times. 0.9.mu.                                     
                              pink, defined edge                               
     B 221                                                                     
          -   low  small rods Circular, heavily lobed,                         
                   (3.6-4).mu. .times. 0.9.mu.                                 
                              three-dimensional, orangey                       
                              yellow in colour                                 
     C 211                                                                     
          -   low  small rods Circular, smooth, brilliant,                     
                   (3.6-8.1).mu. .times. 0.9.mu.                               
                              pink, defined edge                               
     R 21 -   -    small rods Circular, flat, pink, granular                   
                   5.4.mu. .times. 0.9.mu.                                     
                              slightly lobed edge                              
     R 22 -   low  small rods Circular, smooth, orange,                        
                   2.7.mu. .times. 0.9.mu.                                     
                              three-dimensional, defined edge                  
     R 311                                                                     
          -   low  small rods Circular, yellow, three-                         
                   (1.8-3.6).mu. .times. 0.9.mu.                               
                              dimensional, defined edge                        
     R 312                                                                     
          -   -    small rods Circular, convex, yellow,                        
                   (4.5-9).mu. .times. 0.9.mu.                                 
                              defined edge                                     
     R 331                                                                     
          -   -    small rods Circular, pink, flat.                            
                   4.5.mu. .times. 0.9.mu.                                     
                              diffuse and opaque                               
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     PRINCIPAL PHYSIOLOGICAL CHARACTERISTICS                                   
                    Citric Hydrolysis Production of                            
          Oxidase   acid   of    optimum                                       
                                      acetylmethyl                             
     Strain                                                                    
          test Indole                                                          
                    utilisation                                                
                           egg white                                           
                                 pH   carbinol                                 
     __________________________________________________________________________
     R 332                                                                     
          -    -    -      -     6.5    high                                   
     R 340                                                                     
          -    +    +      -     6.5    --                                     
     R 341                                                                     
          -    +    -      -     6.0    --                                     
     A 111                                                                     
          -    +    +      slight                                              
                                 6.5    low                                    
     B 222                                                                     
          +    -    +      -     6.0    --                                     
     A 112                                                                     
          -    +    +      -     6.5    --                                     
     A 13 -    +    -      -     6.0    low                                    
     A 141                                                                     
          -    -    +      -     6.5    low                                    
     A 142                                                                     
          -    +    +      -     6.0    low                                    
     B 211                                                                     
          -    +    +      -     6.5    high                                   
     B 212                                                                     
          -    -    +      +     6.0    --                                     
     B 221                                                                     
          -    +    +      -     6.5    --                                     
     C 211                                                                     
          -    +    -      -     6.0    --                                     
     R 21 -    +    +      -     7.5    --                                     
     R 22 -    +    +      -     6.0    --                                     
     R 311                                                                     
          -    +    +      -     6.0    low                                    
     R 312                                                                     
          -    -    +      slight                                              
                                 6.0    --                                     
     R 331                                                                     
          -    +    -      +     6.0    --                                     
     __________________________________________________________________________
PAR  The strains C 211, R 312, B 222, A 111, R 341, R 340 and R 332 are lodged
      at the Centraal Bureau voor Schimmel-cultures (Holland) under the numbers:
PA1  C 211 : cbs
PA1  r 312 : cbs 717-73
PA1  b 222 : cbs
PA1  a 111 : cbs
PA1  r 341 : cbs
PA1  r 340 : cbs
PA1  r 332 : cbs
PAR  the strain R 332 belongs to the Bacillus species, but shows low proteolytic
      activity. The strains R 340 and R 341 are similar to the Bacteridium
      strain as defined by Prevot. The other strains are asporulated. The strain
      A 111 is a Micrococcus. All the other strains are similar to the
      Brevibacterium species as defined by Bergey. It should be noted that the
      strain B 222 is very similar to Brevibacterium imperiale.
PAR  Although, in certain cases (homoveratric nitrile for example), the low
      solubility of the nitrile in water presents a problem, this does not have
      any real adverse effect upon the nitrilasic activity of the bacteria
      suitable for use in the process according to the invention.
PAR  One advantage of the process according to the invention is that the
      bacteria which are still active at the end of the process can be recycled,
      so that it is possible to a certain extent to carry out the process
      semicontinuously and to reduce the amount of potash and ammonia required
      at the beginning of the following reaction.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The process according to the invention and certain aspects of its
      industrial application are described in the following Examples. However,
      the process according to the invention is by no means restricted to these
      Examples.
PAR  Thus, the strains according to the invention can be cultured on low-cost
      media, in particular using as carbon-containing culture substrate
      hexadecanes or gas oils (which enables paraffin to be extracted from gas
      oils) or even using lactoserum as the complete medium.
PAR  These Examples illustrating the application of the process according to the
      invention were all carried out with the strain R 312 lodged in the
      Collection de la Chaire de Genetique de l'Ecole Nationale Superieure
      Agronomique de Montpellier, and also at the Centraal Bureau Voor
      Schimmelcultures (Holland) under the number CBS 717-73. These Examples are
      particularly intended to illustrate the non-specificity of the strains
      selected, and it is for this reason that they were all carried out with
      the strain R 312, although almost all the strains selected are capable of
      the hydrolyses described hereinafter.
DETD
PAC  EXAMPLE 1
PAR  Preparation of racemic lactic acid:
PAR  The strain R 312 is cultured on a medium containing glucose as carbon
      source. After culture, the cells are centrifuged, washed with a
      physiological salt solution and then suspended in the reaction medium
      consisting of a 10 % by weight solution of lactonitrile obtained by
      chemical synthesis. The pH-value is adjusted to 8 with potash or ammonia.
      The bacterial cells, representing approximately 20 to 40 g of dry material
      per liter, completely hydrolyzed the nitrile over a period of 2 to 3 hours
      with stirring at a temperature of 25.degree.C. They are then eliminated by
      centrifuging. The supernatant liquid contains ammonium lactate which can
      be recovered in a quantitative yield by drying. This product may be used
      as such, because its applications are numerous, for example as an
      antiscaling agent in washing solutions. The lactic acid can also be
      recovered in a quantitative yield by methods known per se. For example,
      acidification may be followed by continuous extraction with ethyl ether or
      with any other suitable organic solvent. The lactic acid thus recovered is
      suitable for use, for example in the food industry and in the chemical or
      pharmaceutical industry.
PAC  EXAMPLE 2
PAR  Modification of the process described in Example 1:
PAR  In this process, lactonitrile is synthesised in situ by the action of an
      aqueous acetaldehyde solution on an aqueous solution of hydrocyanic acid
      in exactly the same molar concentrations as above. The pH-value of the
      solution is adjusted to approximately 5 by the addition of concentrated
      ammonia in order to start the reaction. In a second stage, the pH-value of
      the solution is adjusted to 8 by the addition of ammonia, the bacterial
      cells are suspended in the medium in a quantity of 20 to 40 g of dry
      material per liter, and hydrolysis carried out over a period of 2 to 3
      hours in the manner described in the preceding Example.
PAC  EXAMPLE 3
PAR  Preparation of glycine:
PAR  As in the preceding Examples, the strain R 312 is cultured on a medium
      containing glucose as carbon source. After culture, the cells are
      centrifuged, washed with a physiological salt solution and then suspended
      in the reaction medium which is a 6 % aqueous solution of glycinonitrile
      (in hydrochloride form). The pH-value of the solution is adjusted to
      approximately 8 by adding potash or ammonia.
PAR  The bacterial cells, representing from 60 to 80 g of dry material per
      liter, completely convert the nitrile into acid over a period of about 5
      hours at a temperature of 25.degree.C. The pH-value is kept at about 8 for
      the first hour and at pH 7 for the next 4 hours.
PAR  The cells are then eliminated by centrifuging. Glycine is then precipitated
      from the solution obtained by reducing the solution to 1/5th of its volume
      and by adding methanol in the absence of heat.
PAC  EXAMPLE 4
PAR  Preparation of racemic .alpha.-alanine:
PAR  The strain R 312 is cultured on a medium containing glucose as carbon
      source. After culture, the cells are centrifuged, washed with a
      physiological salt solution and then suspended in a reaction medium
      consisting of a 5 % by weight aqueous solution of
      .alpha.-aminopropionitrile hydrochloride. The pH-value is adjusted to 8
      and kept at that level for 2 hours. The bacterial cells, representing 20
      to 40 g of dry material per liter, completely hydrolyze the solution over
      a period of 2 to 3 hours with stirring at a temperature of 25.degree.C.
      After the cells have been eliminated by centrifuging, the solution
      contains approximately 40 g of .alpha.-alanine per liter which is
      recovered by known techniques.
PAC  EXAMPLE 5
PAR  Preparation of .beta.-alanine:
PAR  The strain R 312 is cultured and recovered in the same way as described
      above. It is suspended in a reaction medium consisting of a 5% by weight
      aqueous solution of amino-3-propionitrile. The pH-value is adjusted to 8
      and is kept at that level for 30 minutes. The pH-value is then reduced to
      7 and kept at that value for 5 hours with stirring at a temperature of
      25.degree.C. The bacterial cells, representing 60 to 80 g of dry material
      per liter, completely hydrolyze the solution under these conditions. After
      the cells have been eliminated by centrifuging, the solution contains
      approximately 60 g per liter of .beta.-alanine which is recovered by known
      techniques.
PAC  EXAMPLE 6
PAR  Preparation of racemic methionine:
PAR  The strain R 312 is cultured and recovered in the same was as described
      above. It is suspended in a reaction medium consisting of a 6 % by weight
      solution in water of .alpha.-amino-.gamma.-methyl thiobutyronitrile
      sulphate. The pH-value is adjusted to 8. The bacterial cells, representing
      20 to 40 g of dry material per liter, completely hydrolyze the solution
      after 3 hours with stirring at a temperature of 25.degree.C. After the
      cells had been eliminated by centrifuging, the solution is reduced to
      1/3rd of its volume and adjusted to pH 7. The methionine precipitates. The
      yield is of the order of 80%.
PAC  EXAMPLE 7
PAR  As in Example 2, .alpha.-amino-.gamma.-methyl thiobutyronitrile can be
      prepared in situ from methylmercapto propion aldehyde, ammonia and alkali
      cyanide used in stoichiometric proportions. On completion of the reaction,
      the bacteria are suspended. The further procedure is then as in Example 6.
PAR  Some remarks should be made on the reaction equilibria prevailing in view
      of the toxicity of the cyanides.
PAR  In cases where hydrolyzed nitrile participates in an equilibrium with
      hydrocyanic acid:
PAR  On the one hand, the constants measured are very favorable to the nitrile
      in every case.
PAR  On the other hand, the hydrolysis reaction displaces the equilibrium
      towards the disappearance and complete utilisation of the cyanide present
      in the medium.
PAR  Nevertheless, the concentration of cyanide in the starting products has to
      be finally checked in order to avoid any accidents (unfavorable
      stoichiometric proportions at the outset always being possible).
PAR  Accordingly, it is possible by this process to hydrolyzed a large number of
      nitriles under mild conditions from a simple reaction medium, and to
      obtain extremely pure compounds in substantially quantitative yields.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing an organic acid by hydrolyzing the corresponding
      nitrile comprised of (a) suspending bacteria showing nitrilasic activity
      in a solution containing nitrile, (b) hydrolyzing said nitrile with said
      bacteria to form the organic acid, and (c) recovering said organic acid
      from said solution.
NUM  2.
PAR  2. The process as defined in claim 1 wherein said bacteria is selected from
      the group consisting of Bacillus, Micrococcus and Brevibacterium as
      defined by Bergey.
NUM  3.
PAR  3. The process as defined in claim 2 wherein said bacteria is selected from
      the group consisting of the strains numbers R 332, R 340, R 341, A 111, B
      222, A 112, A 13, A 141, A 142, B 211, B 212, B 221, C 211, R 21, R 22, R
      311, R 312 and R 331, deposited at the Chaire de Genetique de l'Ecole
      Nationale Superieure Agronomique de Montpellier.
NUM  4.
PAR  4. The process as defined in claim 3 wherein said bacteria is bacteria R
      312 deposited in Centraal Bureau voor Schimmelcultures under the number
      717.73.
NUM  5.
PAR  5. The process as defined in claim 1 wherein said bacteria is a bacteria
      which grows on a medium containing 1.17% of yeast carbon base Difco, 0.1%
      of acetonitrile and 2.5% of gelose.
NUM  6.
PAR  6. The process as defined in claim 1 wherein said hydrolysis is carried out
      at a substantially constant p.sub.H value.
NUM  7.
PAR  7. The process as defined in claim 6 wherein said p.sub.H value is between
      6 and 8.
NUM  8.
PAR  8. The process as defined in claim 1 wherein said hydrolysis is further
      characterized by acidifying said solution to complete said hydrolysis
      before recovery of said organic acid.
NUM  9.
PAR  9. The process as defined in claim 8 wherein said bacteria is suspended in
      said solution at a p.sub.H of about 8 and said completion of hydrolysis is
      carried out at a p.sub.H of about 7.
NUM  10.
PAR  10. The process as defined in the claim 1 wherein said recovery is affected
      by centrifuging said solution.
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ABST
PAL  Lysozyme from human, avian, non-human mammalian, and vegatable sources is
      isolated from said sources and provided in a high degree of purity by
      adsorbing the lysozyme upon chitin obtained from Loligo vulgaris by
      contacting said chitin with an acidic aqueous suspension of the crude
      lysozyme containing material, and eluting the pure lysozyme from said
      chitin with aqueous acid.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Isolation of pure lysozyme.
PAC  BACKGROUND OF THE INVENTION
PAR  Lysozyme is a highly active enzyme which was originally isolated by Fleming
      during his early work on penicillin. Lysozyme is found in mammalian,
      including human, tissues and body fluids such as blood, tears, and milk as
      well as in avian sources, such as avian egg-white and vegetable sources.
      It is also found in bacteria and bacteriophages. The major sources of
      lysozyme to date has been avian eggs and various methods are known for the
      isolation thereof in reasonable degrees of purity. These procedures
      however are lengthy, tedious, and expensive and do not lend themselves
      readily to production scale isolation of lysozyme. Lysozyme from avian
      sources may be used as a food preservative. It has long been considered a
      highly desirable preservative since it may be passed into the human
      digestive system with no adverse effects thereto and does not suffer from
      the problem of chemical residue which effects many artificial
      preservatives. Unfortunately however the cost factor heretofore involved
      in producing large amounts of pure lysozyme have, in effect, prevented its
      large scale utilization for this highly desirable purpose.
PAR  Since lysozyme operates as a bacteriolytic agent it is of potential use as
      a potentiator for drugs such as antibiotics and the like. Unfortunately,
      heretofore there have been certain immunological barriers to its use for
      this purpose. While avian and non-human lysozyme may be ingested by humans
      without adverse immunological effects non-human lysozyme will set up
      antibody reactions when ininjected into the human circulatory system. When
      lysozyme from human sources is injected into the human circulatory system
      antibody response is sometimes obtained and sometimes not obtained. The
      only way of ensuring absolutely that no antibody response would be
      obtained would be to inject lysozyme obtained from the injected subject
      itself together with the desired drug. Thus, it would be desirable to
      develop a method for efficiently separating lysozyme from a human subject
      in such a way that the supplying constituents of that subject are not
      otherwise degraded. Similarly, since there are known tests for antibody
      response, if human lysozyme can be readily obtained from other human
      sources, it is a comparatively simple job of testing to determine whether
      or not a subject would exhibit antibody response if foreign human lysozyme
      were injected into that human system.
PAR  Heretofore the available methods of isolating lysozyme from human sources
      have not been sufficiently efficient either to supply an adequate amount
      of lysozyme in sufficient purity to ensure that no antibody response due
      to other protein sources would be invoked, or, the methods available for
      the supply of pure lysozyme have been so expensive as to be worthless from
      a practical, that is to say, nonacademic point of view.
PAR  Chitin is a known material which may be obtained from various marine
      sources such as crabs and the like. Chitin from crabs has been utilized in
      procedures for the isolation, but not purification, of lysozyme.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that chitin isolated from the squid (Loligo vulgaris)
      after being subjected to deamination provides an absorptive medium which
      specifically removes lysozyme from aqueous, slightly acid, suspensions
      containing same. The lysozyme may then be readily removed from the chitin
      by washing with aqueous dilute acid from which the lysozyme itself may be
      isolated by methods well known to the art. It is a specific advantage of
      this reaction that in one isolation step the concentration of lysozyme may
      be raised from about 1500 to 10,000 times.
PAR  It is a further advantage of this method that it is operative regardless of
      the source of lysozyme, that is to say, mammalian (human or non-human,
      avian or vegetable).
PAR  The lysozyme which is isolated by means of the preferred embodiments of the
      present invention is of high purity.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The process of the present invention can be conveniently divided into two
      parts. The first being the preparation of the absorption material and the
      second being the absorption procedure itself.
PAR  The chemical substance, chitin, which is utilized as the adsorbant material
      is found in many forms of marine life, such as the skeleton of arthropods,
      annelids, molusks medusoid coellenterates, in nematodes and
      achantocephalans. Only chitin isolated from the pens of the squid (Loligo
      vulgaris) was found suitable for use as a selective absorbant for
      lysozyme. While we do not wish to be bound by any theory, it is believed
      that this desirable property is due to the anti-parallel orientation of
      the chains of chitin in the physical form in which they are found. By
      anti-parallel is meant that the structural units are oriented parallel to
      each other but the directional sequence of the atoms in each structural
      unit alternates from one chain to the adjacent chain thereto.
PAR  The squid pens are removed from the animal and washed free of flesh,
      suitably with running tap water. The material is then dried overnight at
      moderately elevated temperature. Temperatures above 70.degree.C but below
      100.degree.C, being suitable, 95.degree.C being particularly desirable.
      The material is then cut into small pieces, suitably having dimensions in
      any direction of 1 centimeter or less and saline is added thereto. The
      purpose of the saline is to provide a suitable homogenization medium. The
      amount and concentration of saline is not critical, however, it has been
      found suitable to utilize from about 5 to about 20 suitably about 10
      volumes of 0.1 to 5 normal, suitably about 1 normal aqueous sodium
      chloride. The mixture is then homogenized in a suitable rotating blade
      grinder at the highest speed available thereto. Homogenization is
      continued for from about 30 minutes to about 2 hours, suitably for about
      one hour, the mixture is removed from the homogenization unit, the
      supernatant liquid removed and discarded and made up once more to the
      original volume with more saline. It has been found desirable to sharpen
      the blades of the mixture between each homogenization step. This procedure
      is repeated from one to about five times, suitably 3 times. After
      discarding the last supernate, it is desirable to remove any residual
      fatty material. While any dilute water soluble acid may be utilized in
      this step, it has been found especially suitable to utilize water soluble
      organic acids and particular acetic acid in a strength of from about 0.5
      to 2 suitably about 1 molar. The residual chitin is re-suspended in about
      10 volumes of acid and homogenized once more for about one hour in the
      same or similar equipment. After homogenization the supernate is again
      discarded and the residual chitin is first dried, suitably at above
      70.degree.C but below 100.degree.C preferably at about 95.degree.C for a
      few hours, suitably overnight and pulverized, suitably in a ball mill to a
      powder of between 100 and 400 mesh. While any mesh in this range is
      suitable it has been found that chitin of approximately 100 mesh possesses
      the most desirable combination of available surface area, coupled with
      particulate size great enough to permit a good flow therethrough when used
      in a chromatographic column.
PAR  The chitin is then deaminated by any deamination method known to the art,
      it has been found particularly suitable to carry out the deamination by
      the Van Slyke procedure. The chitin is treated with nitrous acid to
      convert the amino groups thereon into hydroxy groups to yield
      desaminopolyhydroxy squid chitin. Any convenient source of nitrous acid
      may be employed, in the preferred procedure  one part of chitin, 3 parts
      of glacial acetic acid and 9 parts of 30% aqueous sodium nitrite are
      agitated for about 24 hours. The thus treated material is then washed. In
      the preferred washing procedure the deaminated chitin is placed on a
      sintered glass filter, and washed with distilled water and suction until
      the effluent pH is above pH 5.5.
PAR  While any means of contacting the source of lysozyme with the squid chitin
      may be employed, it has been found must efficient to pack the chitin into
      a chromatographic column. It is preferred to prepare such chromatographic
      columns by gravity flow followed, preferably by washing with acetic acid,
      suitably with about 100 column volumes of acetic acid followed by
      distilled water until the pH of the effluent is again above pH 5.5.
PAC  PREPARATION OF LYSOZYME SOURCES FOR LYSOZYME EXTRACTION
PAR  While the preferred method of extracting lysozyme from its source is by
      chromatography through a chitin column it will be recognized that due to
      the diversity of the lysozyme sources somewhat different methods of
      pre-preparation have to be employed. It will be recognized that lysozyme
      constitutes a very small proportion of its source material which comprises
      to a greater or lesser extent, fibrous, particulate, or fatty materials.
      It will be understood that these and similar materials which constitute
      the major portion of the materials which contain lysozyme would seriously
      interfere with chromatographic extraction of lysozyme and must therefore
      be removed.
PAR  The basic principle in the following purification steps is the finding that
      the maximum aqueous solubility of lysozyme occurs between pH 3.8 and 4.6
      and a pH of 4.5 is the most preferred. The methods of separation will of
      course depend on the nature of the source of material.
PAR  Where the source material is tissue material among which may be listed lung
      tissues, skin tissues, and, most suitable to all, placenta, tissues are
      cut into small pieces and homogenized in acidic solution preferably in a
      water soluble organic acid, most preferably .001M acetic acid in a
      conventional blender at high speed until complete disruption of the cells,
      followed by stirring in the cold (between about 0.degree.C and about
      5.degree.C) for from about 5 to about 20, suitably from about 10 to about
      21 days.
PAR  In the case of body fluids such as serum, plasma, saliva, or tears
      homogenization is not necessary. These fluids are diluted one-to-one with
      aqueous acid as above, suitably with 0.001M acetic acid, and is similarly
      stirred in the cold for from about 5 to about 20 days, suitably for about
      10 days. Certain body fluids such as milk and colostrum have a high lipid
      content which must be removed. In these cases, the fluid is acidified to
      pH 4.5, suitably with 0.01M acetic acid and centrifuged. Three layers are
      noted, a top lipid layer, a central aqueous layer and a residue comprising
      denatured proteins and casein. Only the middle aqueous layer is utilized.
      Where the source of lysozyme is vegetables such as onions, radishes,
      papaya, and the like, these are processed in the same manner as tissues.
      Sources such as bacteriophage and certain bacteria, such as Staphylococcus
      aureus, Streptococcus viridans and Streptococcus faecalis which contain
      cellular material, are treated in the same manner as tissues.
PAR  Avian sources such as the egg-whites of hens, ducks, turkey, and fowls, are
      diluted 1:3 or 1:4 with 0.01M acetic acid with moderate stirring, the pH
      adjusted if necessary to pH 4.5, stood overnight at cold and centrifuged
      at high speed for the removal of particulate matter.
PAR  The aqueous acidic layers from each of the above sources contain the
      lysozyme dissolved therein but also contain fine particulate or
      pseudo-colloidal material which may very rapidly inactivate the chitin
      adsorbant. These aqueous layers are then centrifuged. Centrifugation may
      be for from about 1 hour at 8,000 g. to about 3 hours at 50,000 g. It has
      been found however that entirely satisfactory results are obtained by
      centrifugation for 2 hours at 30,000 g.
PAR  The aqueous supernate from this centrifugation is then contacted with the
      squid chitin.
PAC  ISOLATION OF LYSOZYME
PAR  While any mode of contacting the chitin with the lysozyme solution followed
      by removal of the lysozyme from the chitin may be used, the simplest and
      most effective mode is column chromatography wherein the aqueous acetic
      solution of the lysozyme is passed through a column of squid chitin and
      the lysozyme eluted therefrom with a suitable eluent.
PAR  In the preferred mode of carrying out the chromatography the lysozyme
      containing solution is charged to the squid chitin column through a
      delivery vessel at a controlled rate of flow. The optimum flow rate will
      of course depend on a number of factors, principally the mesh size of the
      chitin. However, it has been found that utilizing a chitin size of 100
      mesh a flow rate of between 10 and 50 suitably 15 to 25 ml./cm squared of
      column cross-sectional area/per hour gives rise to suitable results. After
      passage of the lysozyme containing solution through the column the column
      is thoroughly washed with distilled water. The amount of wash is not
      critical however between about 8 and about 15 suitably about 12 column
      volumes of distilled water have been found satisfactory.
PAR  The lysozyme is then eluted with aqueous acid. There may be utilized
      mineral acids or water soluble organic acids. For example, there may be
      utilized dilute aqueous hydrochloric acid suitably of 2N strength or
      dilute aqueous sulfuric acid of .001 normal strength. There may also be
      used water soluble organic acids which may either be alkyl, aryl, aralkyl
      or alkaryl carboxylic acid. Especially preferred however are substantially
      volatile water soluble organic acids such as lower alkanoic acids having
      between 1 and 5 carbon atoms. It has been found especially suitable to
      utilize 0.01M acetic acid since not only is lysozyme readily soluble in
      this acid at this strength but the acid itself is sufficiently volatile to
      be readily removed by evaporation or lyophilization.
PAR  While other acids are operative it has been found that the highest yields
      at the highest purity have been obtained utilizing acetic acid. It has
      been found that the lysozyme is eluted in about 7 column volumes, the
      major portion being eluted in the second to fourth column volumes.
PAR  The course of the elution being followed by UV absorption at 280nm.
PAR  The lysozyme activity of each fraction is assayed by a modification of the
      method of Shugar (1951, Bull.Soc. Chim.Biol.33, 710 ) by recording the
      rate of lysis of a suspension of heat killed Micrococcus lysodeikticus
      (Sigma) (0.030 mg./100 ml. in 0.1M sodium phosphate buffer pH 7.00). A
      decrease in absorbancy of 0.001 per minute is taken as a unit of lysozyme
      activity.
PAR  The amount of protein is estimated according to the method of Lowry,
      Rosebrough, Farr and Randall (1951, J.Biol.Chem., 193, 265).
PAR  In a properly conducted isolation, a test of lysozyme activity in the
      effluent or in the washing shows 0(zero) biological activity against the
      micrococcal suspension. With the application of the eluent, the lysozyme
      is eluted with a recovery greater than 99%.
PAR  The eluted lyzosyme is concentrated first by flash evaporation, or under
      reduced pressure. If the eluate is not yet homogeneous, it is heated for
      1-2 minutes at 100.degree.C on a water bath, centrifuged for 1-2 hours at
      high speed for the removal of the denatured material, and the supernate
      brought to dryness by flash evaporation under reduced pressure of
      lyophylization.
PAR  The purity of this product was tested by disc gel electrophoresis as well
      as isoelectric focusing. These tests all showed a single band of protein
      moving with the same velocity as purified hen egg-white lysozyme which has
      been used as a control.
PAR  Immunological analysis was carried out upon the purified lysozyme obtained
      from different human tissues from different subjects by injecting the
      lysozyme into different rabbits and assaying the antibodies thus
      generated. The results obtained indicate prima facie that immunologically,
      though not necessarily chemically, all the human lysozymes tested appear
      to be identical.
PAR  The results obtained in the isolation of lysozymes from different sources
      by the method of the present invention are summarized in the tables below.
DETD
PAC  EXAMPLE I
PAC  CHITIN STRUCTURAL UNIT
      ##SPC1##
PAC  HUMAN LUNG LYSOZYME
PAL  Isolation by affinity chromatography on deaminated chitin.
PAR  column: diameter 12 mm; height 295 mm; bed volume 33.3 ml; grain 200-400
      mesh.
PAR  Adsorption washings and elution at constant flow rate 20 cc/hour.
PAR  Washed with distilled water pH 6.5; Eluted with 0.01M acetic acid.
TBL  __________________________________________________________________________
                              Specific                                         
                                    Purification                               
                  Lysozyme                                                     
                       Proteins                                                
                              Activity                                         
                                    Sp.Act/Sp.Act                              
     Fraction                                                                  
             ml   Units                                                        
                       ng.    Units/ng                                         
                                    in homogenate                              
     __________________________________________________________________________
     Lung                                                                      
     homogenate                                                                
             100  3,700                                                        
                       3,250,000                                               
                              0.001138                                         
                                    1                                          
     Filtrate                                                                  
             100  0    3,180,000                                               
     Wash    1,050                                                             
                  0    66,050                                                  
     Recovery in Lysozyme                                                      
     Inactive                                                                  
     Fractions                                                                 
             1,150                                                             
                  0    3,246,050                                               
      %           0    99.89                                                   
     Eluate No. 1                                                              
             10   200  160    1.250000                                         
                                    1,098                                      
     2       10   370  300    1.233333                                         
                                    1,084                                      
     3       10   540  430    1.255814                                         
                                    1,106                                      
     4       10   690  550    1.254545                                         
                                    1,102                                      
     5       10   840  680    1.235529                                         
                                    1,086                                      
     6       10   610  480    1.270833                                         
                                    1,117                                      
     7       10   320  250    1.280000                                         
                                    1,125                                      
     8       10   120  120    1.200000                                         
                                    1,054                                      
     Recovery in Lysozyme                                                      
     Active                                                                    
     Fractions                                                                 
             80   3,690                                                        
                       2,960                                                   
      %           99.73                                                        
                       0.0009                                                  
     AVERAGE ENRICHMENT IN LYSOZYME .times. 1,097                              
     __________________________________________________________________________
PAC  EXAMPLE II
PAR  HUMAN SKIN LYSOZYME
PAL  Isolation by affinity chromatography on deaminated chitin.
PAR  column: diameter 12 mm; bed height 425 mm.; bed volume 48.0 ml. DeCh grain
      size: 200-400 mesh
PAR  Adsorption, washing and elution at constant flow of 16 cc/hour.
PAR  Washing with distilled water (pH 6.4). Eluant 0.001 M AcOH
TBL  __________________________________________________________________________
                                 Specific                                      
                                       Purification                            
                     Lysozyme                                                  
                          Proteins                                             
                                 Activity                                      
                                       Sp.Act/Sp.Act                           
     Fraction                                                                  
             ml      Units                                                     
                          ng     Unit/ng                                       
                                       in homogenate                           
     __________________________________________________________________________
     Skin                                                                      
     homogenate                                                                
             400     2,000                                                     
                          12,800,000                                           
                                 0.000156                                      
                                       1                                       
     Filtrate                                                                  
             400     0    12,400,000                                           
     Wash    1,020   0    350,020                                              
     Eluate No. 1                                                              
             12.5    375  275    1.363636                                      
                                       8,741                                   
     2       12.5    750  538    1.395349                                      
                                       8,94                                    
     3       12.5    500  375    1.333333                                      
                                       8,947                                   
     4       12.5    250  188    1.333333                                      
                                       8,547                                   
     5       12.5    125  125    1.428571                                      
                                       9,158                                   
     Recovery:                                                                 
     In Lysozyme                                                               
             inactive                                                          
             fractions                                                         
                   0    12,750,020                                             
                        (99.61%)                                               
     In Lysozyme                                                               
             active                                                            
             fractions                                                         
                   2,000                                                       
                        1,501                                                  
                   (100%)                                                      
                        (0.0001%)                                              
     AVERAGE ENRICHMENT IN LYSOZYME .times. 8788                               
     __________________________________________________________________________
PAC  EXAMPLE III
PAC  HUMAN PLASMA LYSOZYME
PAL  Isolation by affinity chromatography on deaminated chitin.
PAR  column: diameter 12 mm; DeCh height 275 mm; bed volume 31.1 ml.; DeCh grain
      size: 200-400 mesh.
PAR  Adsorption, washings and elution at constant flow rate of 18 cc/hour.
PAL  Washings with distilled water, pH 6.6; elution with 0.01M AcOH
TBL  __________________________________________________________________________
                              Specific                                         
                                    Purification                               
                  Lysozyme                                                     
                       Proteins                                                
                              Activity                                         
                                    Sp.Act/Sp.Act                              
     Fraction                                                                  
             ml.  Units                                                        
                       ng     Units/ng                                         
                                    in homogenate                              
     __________________________________________________________________________
     Plasma                                                                    
     homogenate                                                                
             250  9,000                                                        
                       13,725,000                                              
                              0.000650                                         
                                    1                                          
     Filtrate                                                                  
             250  0    13,700,000                                              
     Washings                                                                  
             1,260                                                             
                  0    12,600                                                  
     Eluate No. 1                                                              
             15   1,650                                                        
                       1,500  1.500000                                         
                                    2,308                                      
     2       15   4,350                                                        
                       3,750  1.380950                                         
                                    2,125                                      
     3       15   2,100                                                        
                       1,400  1.400000                                         
                                    2,154                                      
     4       15   750  600    1.250000                                         
                                    1,923                                      
     5       15   150  110    1.363636                                         
                                    2,098                                      
     Recovery:                                                                 
     In Lysozyme                                                               
             inactive                                                          
             fractions                                                         
                   O U   13,721,000 ng                                         
                   (0%)  (99.91 %)                                             
     In Lysozyme                                                               
             active                                                            
             fractions                                                         
                   9,000 U                                                     
                         6,860 ng                                              
                   (100%)                                                      
                         (0.005%)                                              
     AVERAGE ENRICHMENT IN LYSOZYME .times. 2,122                              
     __________________________________________________________________________
PAC  EXAMPLE IV
PAC  HUMAN SERUM LYSOZYME
PAL  Isolation by affinity chromatography on deaminated chitin
PAR  column: diameter 10 mm; height 135 mm; bed volume 10.9 ml. grain size: 200-
      400 mesh.
PAR  Adsorption, wash and elution at constant flow rate: 18 cc/hour.
PAR  Washed with distilled water (pH 6.5), eluted with 0.01M acetic acid.
TBL  __________________________________________________________________________
                              Specific                                         
                                    Purification                               
                  Lysozyme                                                     
                       Proteins                                                
                              Activity                                         
                                    Sp.Act/Sp.Act                              
     Fraction                                                                  
             ml.  Units                                                        
                       ng     Units/ng                                         
                                    in homogenate                              
     __________________________________________________________________________
     Homogenate                                                                
             100  1,200                                                        
                       5,732,000                                               
                              0.000209                                         
                                    1                                          
     Filtrate                                                                  
             100  0    5,620,000                                               
     Wash    1,100                                                             
                  0    98,100                                                  
     Recovery in Lysozyme                                                      
     Inactive                                                                  
     fractions                                                                 
             1,200                                                             
                  0    5,718,100                                               
      %           0    99.76                                                   
     Eluate No. 1                                                              
             10   90   80     1.125000                                         
                                    5,372                                      
     2       10   300  240    1.250000                                         
                                    5,969                                      
     3       10   500  380    1.315779                                         
                                    6,296                                      
     4       10   260  220    1.181818                                         
                                    5,644                                      
     5       10   50   40     1.250000                                         
                                    5,969                                      
     Recovery in Lysozyme                                                      
     Active                                                                    
     fractions                                                                 
             50   1,200                                                        
                       960                                                     
      %           100  0.02                                                    
     AVERAGE ENRICHMENT IN LYSOZYME .times. 5,850                              
     __________________________________________________________________________
PAC  EXAMPLE V
PAC  HUMAN PLACENTA LYSOZYME
PAL  Isolation by affinity chromatography on deaminated chitin.
PAR  column: diameter 12 mm; height 435 mm; bed volume 49.2 ml. grain size: 200-
      400 mesh.
PAR  Adsorption, washings and elution at constant flow: 20 cc/hour.
PAR  Washed with distilled water, eluted with 0.01M acetic acid.
TBL  __________________________________________________________________________
                              Specific                                         
                                    Purification                               
                  Lysozyme                                                     
                       Proteins                                                
                              Activity                                         
                                    Sp.Act/Sp.Act                              
     Fraction                                                                  
             ml.  Units                                                        
                       ng     Units/ng                                         
                                    in homogenate                              
     __________________________________________________________________________
     Homogenate                                                                
             200  3,000                                                        
                       11,840,000                                              
                              0.000253                                         
                                    1                                          
     Filtrate                                                                  
             200  0    11,760,000                                              
     Wash    1,000                                                             
                  0    975,000                                                 
     Recovery in Lysozyme                                                      
     Inactive                                                                  
     fractions                                                                 
             1,200                                                             
                  0    11,835,000                                              
      %           0    99.96                                                   
     Eluate No.1                                                               
             10   250  210    1.190476                                         
                                    4,705                                      
     2       10   700  550    1.272727                                         
                                    5,031                                      
     3       10   900  700    1.285714                                         
                                    5,082                                      
     4       10   700  550    1.272727                                         
                                    5,031                                      
     5       10   300  240    1.250000                                         
                                    4,941                                      
     6       10   100  80     1.250000                                         
                                    4,941                                      
     7       10   40   30     1.333333                                         
                                    5,270                                      
     Recovery in Lysozyme                                                      
     Active                                                                    
     fractions                                                                 
             70   2,990                                                        
                       2,360                                                   
      %           99.67                                                        
                       0.02                                                    
     AVERAGE ENRICHMENT IN LYSOZYME .times. 5,000                              
     __________________________________________________________________________
PAC  EXAMPLE VI
PAC  HUMAN MONOCYTIC LYSOZYME
PAL  Isolation by affinity chromatography on deaminated chitin.
PAR  column: diameter 12 mm; height 425 mm; bed volume 48.0 ml; grain size: 200-
      400 mesh.
PAR  Adsorption, washing and elution at constant flow: 16 cc/hour.
PAR  Washed with distilled water (pH 6.5), eluted with 0.01M acetic acid.
PAR  5 ml. Human Monocytes obtained by the Method of Archer and Kooptzoff (1958)
      were homogenized by sonication in 45 ml. Acetic acid 0.001M, then stirred
      at 4.degree.C for 12 days prior to the application to the column.
TBL  __________________________________________________________________________
                              Specific                                         
                                    Purification                               
                  Lysozyme                                                     
                       Proteins                                                
                              Activity                                         
                                    Sp.Act/Sp.Act                              
     Fraction                                                                  
             ml.  Units                                                        
                       ng     Units/ng                                         
                                    in homogenate                              
     __________________________________________________________________________
     Homogenate                                                                
             50   600  1,196,000                                               
                              0.000501                                         
                                    1                                          
     Filtrate                                                                  
             50   0    1,192,000                                               
     Wash    204  0    3,604                                                   
     Recovery in Lysozyme                                                      
     Inactive                                                                  
     fractions                                                                 
             254  0    1,195,604                                               
      %           0    99.98                                                   
     Eluate No.1                                                               
             4    44   32     1.375000                                         
                                    2,739                                      
     2       4    88   68     1.294110                                         
                                    2,578                                      
     3       4    128  92     1.391304                                         
                                    2,772                                      
     4       4    180  130    1.384615                                         
                                    2,764                                      
     5       4    108  76     1.421053                                         
                                    2,831                                      
     6       4    44   32     1.375000                                         
                                    2,739                                      
     7       4    8    15     1.333333                                         
                                    2,656                                      
     Recovery in Lysozyme                                                      
     Active                                                                    
     fractions                                                                 
             28   600  432                                                     
      %           100  0.0004                                                  
     AVERAGE ENRICHMENT IN LYSOZYME .times. 2,726                              
     __________________________________________________________________________
PAC  EXAMPLE VII
PAC  HUMAN MILK LYSOZYME
PAL  Isolation by affinity chromatography on deaminated chitin.
PAR  column: diameter 14 mm; height 444 mm; bed volume 68.3ml; grain 200- 400
      mesh.
PAR  Adsorption, washings and elution at constant flow rate: 20 cc/hour.
PAR  Washed with distilled water (pH 6.6), elution with 0.01M acetic acid.
TBL  __________________________________________________________________________
                              Specific                                         
                                    Purification                               
                  Lysozyme                                                     
                       Proteins                                                
                              Activity                                         
                                    Ap.Act/Sp.Act                              
     Fraction                                                                  
             ml.  Units                                                        
                       ng.    Units/ng                                         
                                    in whey                                    
     __________________________________________________________________________
     Milk whey                                                                 
             100  7,600                                                        
                       3,320,000                                               
                              0.002289                                         
                                    1                                          
     Filtrate                                                                  
             100  0    3,300,000                                               
     Wash    1,000                                                             
                  0    13,600                                                  
     Recovery in Lysozyme                                                      
     Inactive                                                                  
     fractions                                                                 
             1,100                                                             
                  0    3,313,600                                               
      %           0    99.81                                                   
     Eluate No.1                                                               
             10   480  400    1.200000                                         
                                    524                                        
     2       10   1,590                                                        
                       1,200  1.325000                                         
                                    579                                        
     3       10   2,400                                                        
                       1,800  1.333333                                         
                                    582                                        
     4       10   2,040                                                        
                       1,500  1.360000                                         
                                    594                                        
     5       10   720  520    1.384615                                         
                                    605                                        
     6       10   370  280    1.321429                                         
                                    577                                        
     Recovery in Lysozyme                                                      
     Active                                                                    
     fractions                                                                 
             60   7,600                                                        
                       5,700                                                   
      %           100  0.002                                                   
     AVERAGE ENRICHMENT IN LYSOZYME .times. 577                                
     __________________________________________________________________________
PAC  EXAMPLE VIII
PAC  HUMAN SALIVA LYSOZYME
PAL  Isolation by affinity chromatography on deaminated chitin.
PAR  column: diameter 10 mm; height 252 mm; bed volume 19.8 ml; grain 200-400
      mesh.
PAR  Adsorption, washings and elution at constant flow rate: 16 cc/hour.
PAR  Washed with distilled water (pH 6.6), eluted with 0.01M acetic acid.
TBL  __________________________________________________________________________
                              Specific                                         
                                    Purification                               
                  Lysozyme                                                     
                       Proteins                                                
                              Activity                                         
                                    Sp.Act/Sp.Act                              
     Fraction                                                                  
             ml.  Units                                                        
                       ng     Units/ng                                         
                                    in homogenate                              
     __________________________________________________________________________
     Saliva                                                                    
     homogenate                                                                
             50   2,600                                                        
                       184,000                                                 
                              0.001413                                         
                                    1                                          
     Filtrate                                                                  
             50   0    180,000                                                 
     Wash    520  0    2,520                                                   
     Recovery in Lysozyme                                                      
     Inactive                                                                  
     fractions                                                                 
             570  0    182,520                                                 
      %           0    99.2                                                    
     Eluate No.1                                                               
             10   700  520    1.296296                                         
                                    917                                        
     2       10   1,100                                                        
                       810    1.358024                                         
                                    961                                        
     3       10   510  400    1.275000                                         
                                    902                                        
     4       10   200  160    1.250000                                         
                                    885                                        
     5       10   80   60     1.333333                                         
                                    944                                        
     Recovery in Lysozyme                                                      
     Active                                                                    
     fractions                                                                 
             50   2,590                                                        
                       1,950                                                   
      %           99.62                                                        
                       0.01                                                    
     AVERAGE ENRICHMENT IN LYSOZYME .times. 922                                
     __________________________________________________________________________
PAC  EXAMPLE IX
PAC  HUMAN EOSINOPHYLIC LYSOZYME
PAL  Isolation by affinity chromatography on deaminated chitin.
PAR  column: diameter 12 mm; height 425 mm; bed volume 48.0ml; grain size: 200-
      400 mesh.
PAR  Adsorption, washing and elution at constant flow: 16 cc/hour.
PAR  Washed with distilled water (pH 6.5), eluted with 0.01M acetic acid.
PAR  5 ml. Eosynophiles, obtained from human blood by the method of Lindgreen
      (1958), were homogenized by sonication in 25 ml. Acetic acid 0.001M,
      stirred for 10 days at 4.degree.C, centrifuged and applied to the column.
TBL  __________________________________________________________________________
                              Specific                                         
                                    Purification                               
                 Lysozyme                                                      
                       Proteins                                                
                              Activity                                         
                                    Sp.Act/Sp.Act                              
     Fraction                                                                  
             ml. Units ng     Units/ng                                         
                                    in homogenate                              
     __________________________________________________________________________
     Homogenate                                                                
             30  180   1,050,000                                               
                              0.000171                                         
                                    1                                          
     Filtrate                                                                  
             30  0     1,047,000                                               
     Wash    100 0     2,700                                                   
     Lysozyme                                                                  
     Inactive                                                                  
     fractions                                                                 
             130 0     1,049,700                                               
                              (99.97%)                                         
     Eluate No.1                                                               
             5   45    35     1.285714                                         
                                    7,519                                      
     2       5   100   75     1.333333                                         
                                    7,797                                      
     3       5   25    20     1.250000                                         
                                    7,310                                      
     4       5   10    75     1.333333                                         
                                    7,797                                      
     In Lysozyme                                                               
     Active                                                                    
     fractions                                                                 
             20  180(100%)                                                     
                       1,375  (0.008%)                                         
     AVERAGE ENRICHMENT IN LYSOZYME .times. 7,606                              
     __________________________________________________________________________
PAC  EXAMPLE X
PAC  HUMAN KIDNEY LYSOZYME
PAL  Isolation by affinity chromatography on deaminated chitin.
PAR  column: diameter 12 mm; height 295 mm; bed volume 33.3 ml; grain: 200-400
      mesh.
PAR  Adsorption, washings and elution at constant flow rate: 18 cc/hour.
PAR  Washed with distilled water (pH 6.6), eluted with 0.01M acetic acid.
TBL  __________________________________________________________________________
                              Specific                                         
                                    Purification                               
                  Lysozyme                                                     
                       Proteins                                                
                              Activity                                         
                                    Sp.Act/Sp.Act                              
     Fraction                                                                  
             ml.  Units                                                        
                       ng     Units/ng                                         
                                    in homogenate                              
     __________________________________________________________________________
     Kidney                                                                    
     Homogenate                                                                
             100  4,200                                                        
                       4,355,000                                               
                              0.000964                                         
                                    1                                          
     Filtrate                                                                  
             100  0    4,310,000                                               
     Wash    1,020                                                             
                  0    40,020                                                  
     Recovery In Lysozyme                                                      
     Inactive                                                                  
     fractions                                                                 
             1,120                                                             
                  0    4,350,020                                               
      %      100  0    99.89                                                   
     Eluate No.1                                                               
             10   450  320    1.437500                                         
                                    1,491                                      
     2       10   810  570    1.421053                                         
                                    1,474                                      
     3       10   900  640    1.406250                                         
                                    1,459                                      
     4       10   830  590    1.406780                                         
                                    1,459                                      
     5       10   670  460    1.456622                                         
                                    1,511                                      
     6       10   360  250    1.440000                                         
                                    1,494                                      
     7       10   160  120    1.333333                                         
                                    1,383                                      
     Recovery In Lysozyme                                                      
     Active                                                                    
     fractions                                                                 
             70   4,190                                                        
                       2,950                                                   
      %      100  99.76                                                        
                       0.068                                                   
     AVERAGE ENRICHMENT IN LYSOZYME .times. 1467                               
     __________________________________________________________________________
PAC  EXAMPLE XI
PAL  Isolation of rabbit lung lysozyme by affinity chromatography on deaminated
      chitin.
PAR  column: diameter 12 mm; bed height 160/180 mm; bed volume 22 ml; grain: 100
      mesh
PAR  Adsorption, washings and elution at constant flow rate: 16 cc/hour.
PAR  Washed with distilled water (pH 6.5), eluted with 0.1M acetic acid.
TBL  __________________________________________________________________________
                  Lysozyme                                                     
                       Protein                                                 
                              Specific                                         
     Fraction                                                                  
             ml.  Units                                                        
                       ng     Activity                                         
                                     Purification                              
     __________________________________________________________________________
     Rabbit Lung                                                               
     homogenate                                                                
             298  6,450                                                        
                       5,849,740                                               
                              0.000110                                         
                                     1                                         
     Filtrate                                                                  
             298  0    5,807,420                                               
                              0                                                
     Wash    3,400                                                             
                  0    41,600 0                                                
     Eluted with                                                               
     0.1 Acetic                                                                
     acid    450  6,430                                                        
                       580    11,086207                                        
                                     10,078 times                              
     Recovery %                                                                
             99.7                                                              
     __________________________________________________________________________
PAC  EXAMPLE XII
PAL  Isolation of cow lung lysozyme by affinity chromatography on deaminated
      chitin.
PAR  column: diameter 12 mm; bed height 160/180 mm; bed volume 22 ml; grain: 100
      mesh.
PAR  Adsorption, washing and elution at constant flow rate: 16 cc/hour.
PAR  Washed with distilled water (pH 6.5), eluted with 0.1M acetic acid
TBL  __________________________________________________________________________
                  Lysozyme                                                     
                       Proteins                                                
                              Specific                                         
     Fraction                                                                  
             ml.  Units                                                        
                       ng     Activity                                         
                                     Purification                              
     __________________________________________________________________________
     Cow Lung                                                                  
     homogenate                                                                
             195  4,350                                                        
                       8,405,720                                               
                              0.000518                                         
                                     1                                         
     Filtrate                                                                  
             195  0    8,225,000                                               
                              0                                                
     Wash    2,250                                                             
                  0    180,500                                                 
                              0                                                
     Elution 350  4,340                                                        
                       220    19,72773                                         
                                     3,808                                     
     Recovery %   99.77                                                        
     __________________________________________________________________________
PAC  EXAMPLE XIII
PAL  Isolation of lettuce lysozyme by affinity chromatography on deaminated
      chitin.
PAR  column: diameter 12 mm; bed height 160/180 mm; bed volume 22 ml; grain: 100
      mesh.
PAR  Adsorption, washings and elution at constant flow rate: 16 cc/hour.
PAR  Washed with distilled water (pH 6.5), eluted with 0.1M acetic acid.
TBL  __________________________________________________________________________
                Lysozyme                                                       
                     Proteins                                                  
                           Specific                                            
     Fraction                                                                  
           ml.  Units                                                          
                     ng    Activity                                            
                                  Purification                                 
     __________________________________________________________________________
     Homogenate                                                                
           250  750  352,000                                                   
                           0,002131                                            
                                  1                                            
     Filtrate                                                                  
           250  0    341,000                                                   
                           0                                                   
     Wash  1,500                                                               
                0    10,750                                                    
                           0                                                   
     Eluate                                                                    
           250  745  250   1,000,000                                           
                                  470                                          
     Recovery %                                                                
           99.33%                                                              
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of isolating lysozyme from a source thereof comprising:
PA1  a. treating an aqueous suspension of said lysozyme containing source
      material with deaminated squid chitin,
PA1  b. separating the chitin from said suspension, washing said chitin with
      aqueous acid and separating said aqueous acid from said chitin.
NUM  2.
PAR  2. A process according to claim 1 additionally comprising removing the
      lysozyme from said acid wash.
NUM  3.
PAR  3. A method according to claim 1 wherein the chitin is obtained by the
      successive steps of:
PA1  a. homogenizing dried, flesh-free pens of the squid, Loligo vulgaris in
      aqueous saline,
PA1  b. discarding the aqueous supernate,
PA1  c. resuspending the residual material in dilute aqueous organic acid and
      rehomogenizing,
PA1  d. discarding the aqueous supernate,
PA1  e. drying the residue designated as chitin,
PA1  f. powdering the chitin to pass through a mesh of 100 to 400 mesh size,
PA1  g. reacting the chitin with nitrous acid.
NUM  4.
PAR  4. A process according to claim 3 wherein the source of nitrous acid is
      sodium nitrite in the presence of an acid.
NUM  5.
PAR  5. A process according to claim 4 wherein the acid is glacial acetic acid.
NUM  6.
PAR  6. A process according to claim 1 which comprises additionally suspending
      lysozyme containing material in an aqueous medium of pH between 3.8 and
      4.6 and separating therefrom the water insoluble material, before treating
      said lysozyme suspension with chitin.
NUM  7.
PAR  7. A process according to claim 6 wherein the suspending step comprises
      homogenizing the lysozyme containing material in dilute aqueous acid,
      separating the aqueous solution from other fractions present and
      preserving said aqueous fractions.
NUM  8.
PAR  8. A process according to claim 6 wherein the separation step comprises
      centrifuging and preserving the aqueous portion.
NUM  9.
PAR  9. A process according to claim 6 which comprises:
PA1  a. charging the deaminated chitin to a chromatograhic column,
PA1  b. charging the aqueous solution containing lysozyme to said column,
PA1  c. eluting said column with aqeuous acid.
NUM  10.
PAR  10. A process according to claim 9 additionally comprising the step of
      washing said column with water prior to elution with aqueous acid.
NUM  11.
PAR  11. A process according to claim 9 additionally comprising separating the
      lysozyme from the acidic eluate.
NUM  12.
PAR  12. A process according to claim 11 wherein the acid is a substantially
      volatile water soluble organic acid.
NUM  13.
PAR  13. A process according to claim 9 wherein the lysozyme source material is
      human tissues.
NUM  14.
PAR  14. A process according to claim 9 wherein the lysozyme source material is
      human placenta.
NUM  15.
PAR  15. A process according to claim 9 wherein the lysozyme source material is
      human plasma.
NUM  16.
PAR  16. A process according to claim 9 wherein the lysozyme source material is
      avian egg-white.
NUM  17.
PAR  17. A process according to claim 9 wherein the lysozyme source material is
      mammalian milk.
NUM  18.
PAR  18. A process according to claim 9 wherein the lysozyme source material is
      mammalian blood.
NUM  19.
PAR  19. A process according to claim 9 wherein the lysozyme source material is
      vegetables.
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ABST
PAL  A primary target for the production of fission products in a nuclear
      reactor, such as uranium or plutonium fission products, is comprised of an
      enclosed, cylindrical vessel, preferably comprised of stainless steel,
      having a thin, continuous, uniform layer of fissionable material,
      integrally bonded to its inner walls and a port permitting access to the
      interior of the vessel. A process is also provided for depositing uranium
      material on to the inner walls of the vessel. Upon irradiation of the
      target with neutrons from a nuclear reactor, radioactive fission products,
      such as molybdenum-99, are formed, and thereafter separated from the
      target by the introduction of an acidic solution through the port to
      dissolve the irradiated inner layer. The irradiation and dissolution are
      thus effected in the same vessel without the necessity of transferring the
      fissionable material and fission products to a separate chemical reactor.
      Subsequently, the desired isotopes are extracted and purified.
      Molybdenum-99 decays to technetium-99m which is a valuable medical
      diagnostic radioisotope.
PARN
PAR  This is a division of application Ser. No. 100,918, filed Dec. 23, 1970.
BSUM
PAR  This invention relates to a primary target useful for the production of
      fission products in a nuclear reactor. In one aspect, this invention
      relates to a primary target useful for the production of radioactive
      fission products such as .sup.99 Mo in high concentrations and with a high
      degree of purity. In an additional aspect, this invention is directed to a
      primary target having a thin continuous, uniform layer of a fissionable
      material, integrally bonded to its inner walls and a port permitting
      access to the interior of the vessel. In another aspect, the invention is
      directed to a primary target which serves as the same vessel for
      irradiation and chemical dissolution. In a further aspect, the invention
      is directed to a process for depositing uranium material on the inner
      walls of the vessel.
PAR  Recent medical investigation has shown that .sup.99 Tc.sup.m is an
      extremely useful tool for diagnosis. High purity .sup.99 Tc.sup.m is used
      primarily as a radioisotope in a variety of medical research and
      diagnosis. It is well suited for liver, lung, blood pool and tumor
      scanning, and is preferred over other radioactive isotopes because of its
      short half-life which results in reduced exposure of the organs to
      radiation. In addition to medical uses, .sup.99 Tc.sup.m can also be
      employed in industrial applications, such as in the measurement of flow
      rates, process control, radiometric chemistry, and the like. Since the
      radioisotope sought to be used has such a short half-life, it is common
      practice to ship the users of the isotope the parent element; in this case
      radioactive molybdenum-99. The user then extracts the technetium from the
      molybdenum-99 as his needs require.
PAR  For medical diagnosis, radioactive .sup.99 Tc.sup.m is usually obtained
      from a generator containing the parent element. The generator is prepared
      by adsorbing .sup.99 Mo on a column such as alumina. The column is then
      sent to a hospital where the physician washes the column and obtains the
      technetium-99m solution which is then administered to a patient orally or
      by intravenous injection. The technetium-99m localizes in brain, lung,
      liver, spleen, bone, and the like depending on the preparation of the
      .sup.99 Tc.sup.m solution. The exact location can then be detected by
      typical scanning. This technique which does not require an operation for
      diagnosis has become very popular in recent years and hence, the need for
      the .sup.99 Tc.sup.m generator is rapidly expanding.
PAR  The first .sup.99 Tc.sup.m generator was developed at Brookhaven National
      Laboratory. Uranium was irradiated in a reactor and the .sup.99 Mo that
      was produced by nuclear fission process was separated by alumina
      chromatography. The purified .sup.99 Mo was again adsorbed on an alumina
      column from an acidic medium and the .sup.99 Tc.sup.m in the column was
      recovered by dilute hydrochloric acid. This method, however, is currently
      not used for medicine because radionuclide purity of .sup.99 Tc.sup.m
      solution from the Brookhaven column is not considered high enough for
      medical use. It contained significant amounts of radioisotope impurities
      such as .sup.103 Ru, iodine isotopes, and the like.
PAR  More recently, as disclosed in U.S. Pat. No. 3,382,152, a medical .sup.99
      Tc.sup.m generator was developed by using reactor irradiated molybdenum in
      place of the uranium target. When molybdenum is irradiated in a reactor,
      .sup.99 Mo with a high degree of radionuclide purity is obtained by the
      (n, .gamma.) reaction. Furthermore, the chemical processing of the
      irradiated target is simple. This method is currently widely used by
      radiopharmaceutical manufacturers.
PAR  However, when the Mo target is irradiated in the reactor, only an extremely
      small portion of the Mo is converted to radioactive .sup.99 Mo by the (n,
      .gamma.) reaction. Therefore, the specific activity of .sup.99 Mo, the
      ratio of .sup.99 Mo activity to the total weight of elemental Mo, is
      small. Moreover, the active absorption sites on alumina are virtually
      consumed by inactive Mo, thus requiring a larger adsorption capacity to
      load a high .sup.99 Mo activity. The specific activity of (n, .gamma.)
      .sup.99 Mo is proportional to the neutron flux available in the reactor.
      Although several investigations have also been reported on adsorbents with
      a high adsorption capacity for Mo, the vast amounts of inactive molybdenum
      in this case adversely limits the activity of a .sup.99 Tc.sup.m
      generator.
PAR  Hence, for optimum use .sup.99 Mo must be of an exceptionally high order of
      purity, and it should have a relatively high specific activity. As
      indicated above, one of the ways that has been studied for producing
      .sup.99 Mo has been by irradiating uranium in a nuclear reactor. However,
      one of the problems that is encountered when producing .sup.99 Mo in this
      manner is that more than 50 elements and more than 110 radioactive
      isotopes are formed by nuclear fission. Therefore, the recovery of any
      single radioactive species from such a mixture can be a formidable task.
      Methods that have been employed heretofore for recovering .sup.99 Mo from
      irradiated uranium provide a yield product which often is not sufficiently
      pure for medical use because it contains significant amounts of
      radioactive iodine and ruthenium.
PAR  More recent attempts to prepare high specific activity readioactive
      materials by irradiation of uranium is to prepare a target comprised of
      uranium as an alloy in a sandwich plate of aluminum. Through irradiation
      of this sandwich, fission products containing the desired radioactive
      materials are generated. Through subsequent chemical dissolution and
      separations, the desired radioactive products are obtained in a relatively
      pure form.
PAR  However, the use of an aluminum sandwich plate as a matrix for the uranium
      presents serious disadvantages in the production technique. The need to
      dissolve the aluminum matrix in order to obtain the uranium requires a
      considerable period of time, for example, several hours of the production
      process. During this time the radioactive materials are decaying and
      therefore final product is being lost. Moreover, the presence of dissolved
      aluminum in the solution further complicates the separation steps and
      renders it difficult to obtain pure products. The relatively high volume
      of solution needed for the dissolution of the large mass of aluminum
      results in corresponding large volumes of radioactive waste solution which
      is difficult and expensive to dispose of. Hence this method requires a
      strict control of various parameters such as temperature and concentration
      and hence is slow and largely unsatisfactory. Moreover, the purity of the
      radioisotope molybdenum-99 obtained from this method is not always
      satisfactory for the current medical market.
PAR  Accordingly, it is an object of this invention to provide a novel primary
      target useful for the production of fission products in a nuclear reactor.
      Another object of this invention is to provide a primary target useful for
      the production of molybdenum-99 in high yields and having a high specific
      activity. A further object of this invention is to provide a target which
      is convenient to handle and from which the radioisotopes can readily be
      recovered. A still further object is to provide a process for the
      preparation of a primary target. These and other objects will readily
      become apparent to those skilled in the light of the teachings herein set
      forth.
PAR  In one aspect, the present invention is directed to a primary target for
      the production of fission products, such as uranium or plutonium, in a
      nuclear reactor and the process for its preparation. The primary target is
      comprised of an enclosed, cylindrical, stainless steel vessel, preferably
      having a thin, continuous, uniform layer of a fissionable material,
      integrally bonded to its inner walls and a port permitting access to the
      interior of the vessel. The primary target of this invention retains the
      advantage of the aluminum sandwich method, namely, good heat transfer, but
      avoids its disadvantages. The fissionable material is disposed as a thin
      layer, adherent to the inner surface of the cylindrical vessel. The small
      thickness of the layer which may be of the order of one-thousandth of an
      inch thick, and its intimate contact with the vessel results in good heat
      transfer from the deposit to the coolant that is in contact with the
      exterior surface of the vessel.
PAR  Through the use of the cylindrical vessel the irradiated material has its
      surface exposed for prompt and effective dissolution in the
      post-irradiation phase of the process. The dissolution solution can be
      introduced through the port in the volume needed to dissolve the
      irradiated material. Through suitable choice of solvent the deposit can be
      dissolved with little affect to the vessel itself. The large surface area
      exposed results in rapid dissolution, which may be only a few minutes, and
      therefore conserves processing time and avoids loss of product through
      radioactive decay. The resulting solution contains an insignificant
      quantity of dissolved vessel, which considerably simplifies the subsequent
      chemical processing and enables sophisticated separative methods to be
      used that result in highly-pure products.
DRWD
PAR  With reference to the drawing, the single FIGURE shows a perspective view
      of the primary target 10 which is a cylindrical vessel closed at the
      bottom and top. The top is equipped with a port 12 permitting access to
      the interior of the vessel. The cutaway sections shown in the drawing
      permit observation of the layer of fissionable material 14 which is
      deposited on, and integrally bonded to the interior wall of the target.
      The layer extends from a predetermined length from points 16 to 18 along
      the inner wall of the vessel.
DETD
PAR  In practice, the target material can be comprised of most any metal or
      alloy to which the fissionable material can be bonded and subsequently
      chemically removed by acid treatment with little or no attack on the
      target vessel itself. For example, the primary target can be fabricated of
      stainless steel, nickel, nickel alloys, zirconium, zinc coated aluminum,
      and the like. Stainless steel, has been successfully employed as the
      target material and is the preferred choice. The walls of the target
      vessel must be smooth, free from any flaws. This ensures an intimate
      contact of the fissionable material with the inner walls of the vessel and
      optimum heat transfer to the coolant during exposure of the primary target
      to radiation.
PAR  Both the bottom and top of the primary target are sealed with stainless
      steel closures which are welded in place. The top closure is fitted with a
      port which can be sealed to provide an entirely closed system during
      exposure to the neutron source as well as at various stages during
      separation and recovery of the desired isotopes. The bottom and top
      closures, including the port and welded seals, must be at least the same
      integrity as the walls of the container in order to ensure a safe
      operation during radiation and subsequent processing.
PAR  In a preferred embodiment the primary target is fabricated from annealed,
      seamless, stainless steel tubing approximately 18 inches in length and
      having an outer diameter from 1 to 2 inches and a wall thickness of from
      about 0.03 to about 0.10 inches. The top is equipped with a port
      permitting access to the interior of the vessel. The port is composed
      entirely of metal, preferably stainless steel, and must be capable of
      withstanding the pressures and temperatures created during exposure of the
      primary target to neutrons. It has been observed that temperatures of up
      to about 300.degree.C. are generated during irradiation. The primary
      target should be capable of withstanding temperatures of at least about
      500.degree.C. for at least one hour.
PAR  As hereinafter indicated, the primary target will contain a predetermined
      amount of fissionable material deposited on its inner wall. In practice,
      for an 18 inch primary target, of 1 inch diameter, it has been observed
      that a maximum of about 10,000 curies of radioactivity can be produced
      from a cylindrical uranium coating which is 15 inches in length and has a
      thickness of approximately 20 milligrams of uranium per square centimeter.
      Such deposits, weigh from about 7 to about 10 grams. Uranium thicknesses
      of up to about 50 milligrams per square centimeter for the same size
      primary targets have also been employed and are calculated to yield
      approximately 25,000 curies of radioactivity based upon a 15 inch coating
      of the length of the inner wall of a 1 inch outer diameter stainless steel
      tube. Such deposits weigh from about 18 to about 25 grams. In another
      aspect, the primary target serves as the same vessel for irradiation and
      chemical dissolution of the uranium.
PAR  In a further embodiment, the present invention is directed to a process for
      the deposition of the uranium material onto the inner walls of the primary
      target. In practice, the uranium can be deposited as uranium metal,
      uranium oxide, or in any other form as long as an adherent bond is formed
      with the inner walls of the target. It has been observed that uranium can
      be electrolytically deposited from an aqueous electrolytic bath containing
      uranium salts enriched in the fissionable isotope and chemical additives.
      The thickness of the deposit can be up to at least 50 milligrams per
      square centimeter. When subject to 500.degree.C. for one hour or more in a
      nitrogen atmosphere, it was observed that the deposit maintained its
      adhesion and integrity even when subjected to severe vibrations.
PAR  As previously indicated, the preferred vessel material is seamless,
      stainless steel tubing in lengths of up to 18 inches and diameters of from
      one to two inches. The tube should be smooth, free from any flaws and have
      a thickness of from about 0.03 to about 0.10 inches. Prior to
      electrodeposition, the tube must be thoroughly cleaned with acid in order
      to ensure good bonding of the uranium to the stainless steel. This can be
      conveniently effected by stoppering one end of the tube with a rubber
      stopper, filling the tube with 25 per cent sulfuric acid at about
      95.degree.C., and allowing it to stand for at least 20 minutes. A second
      acid treatment may be employed if desired.
PAR  It has been observed that the preferential method to ensure optimum bonding
      of the uranium to the tube is to first deposit a thin layer on to the
      inner walls of the tube. This permits observation to assure that the
      electroplated uranium is adhering to the tube and also serves to obtain a
      tare weight of uranium-235. In practice, the layer deposited in this
      preplating stage, can be either uranium-235 or uranium 238. However, the
      remaining layer subsequently deposited is comprised of uranium-235.
PAR  The electrolytic bath employed both in the preplating and plating steps in
      an aqueous solution containing at least one uranyl compound in which the
      uranium has been enriched in uranium-235. A wide variety of uranyl
      compounds can be employed as long as they are soluble in water.
      Illustrative uranyl compounds include, among others, uranyl chloride,
      uranyl formate, uranyl nitrate, uranyl oxalate, uranyl sulfate, and the
      like. The pH of the bath is adjusted to a pH of from about 4 to about 9,
      and more preferable to a pH of 7.2.
PAR  The concentration of the uranyl compound in solution is not necessarily
      critical and can vary depending upon the time employed in electroplating.
      In practice, however, optimum results are obtained from an electrolytic
      bath comprised of 0.042 Molar UO.sub.2 (NO.sub.3).sub.2. 6 H.sub.2 O and
      0.125 Molar (NH.sub.4).sub.2 C.sub.2 O.sub.4 . H.sub.2 O which has been
      adjusted to a pH of 7.2.
PAR  After the tube has been treated with acid, it is rinsed with distilled
      water and placed in a vertical position in a water bath. A carbon anode is
      then inserted into the tube, centered, and fixed in place. A cathode
      electrical connector is placed over the outside diameter of the target and
      both anode and cathode connected to a power source. Electrolyte is
      introduced into the tube from the bottom and flows through the tube and
      out the top at a rate of from about 150 to about 180 milliliters per hour.
      The electrodeposition is conducted at a constant voltage of 1.5 volts and
      at a current within the range of from about 0.3 to about 1.0 amperes.
      Although electrodeposition can be effected at temperatures within the
      range of from about 50.degree. to about 100.degree.C., it is preferred to
      electrodeposit at the higher temperature. In practice when the water
      jacket surrounding the tube is maintained at 93.degree.C. .+-.
      1.degree.C., excellent preplating is obtained in one hour at a current of
      0.9 amperes. Upon completion of the preplating, the target is removed from
      the water bath, rinsed, dried and weighed. The preplated target can be
      stored indefinitely. The final plating of the uranium is done in a similar
      manner using the same apparatus employed in the preplating step. Care must
      be taken in inserting and removing the carbon anode so as not to damage
      the plated surface. When the bath temperature reaches 93.degree.C. .+-.
      1.degree.C., electroplating is commenced at a current of 0.3 amperes. In
      order to minimize bubble formation and to achieve good bonding the current
      is cycled at 15 minute intervals starting with 0.3 amperes for 15 minutes,
      the current is increased to 0.6 amperes for the next 15 minutes, and then
      to 0.9 amperes for 15 minutes. The cycle is then repeated starting at 0.3
      amperes. Electroplating is continued for a period of approximately 9
      hours. Thereafter, the target is removed from the bath, washed and dried
      with forced hot air.
PAR  Each end of the tube is dipped in concentrated nitric acid at 35.degree.C.
      to a depth of about 11/2 inches for a few minutes. This removes the
      uranium deposit at the ends of the tube, leaving approximately 15 inches
      of plated area. After washing and drying, the target is heated in an oven
      at 500.degree.C. for one hour under an inert atmosphere, such as nitrogen.
      The target is then sealed at both ends by welding a bottom and top closure
      to the tube.
PAR  After the primary target containing the uranium deposit has been sealed and
      carefully tested for leaks, it is then ready to be placed in the nuclear
      reactor. The primary target is then exposed to radiation in accordance
      with known techniques and employing the usual safeguards and controls.
      After exposure for approximately 100 to 200 hours the target is removed
      from the reactor and transferred to a facility for separation and
      processing of the fission products.
PAR  Although the electrodeposition process of this invention is particularly
      applicable to the preparation of primary targets having cylindrical
      configurations, it can also be employed to electrodeposit uranium onto
      metals of other shapes. For example, flat plates of stainless steel or
      other metals can be plated with uranium by this process.
PAR  Other methods can also be employed, if desired, to deposit the fissionable
      material, i.e., uranium or plutonium, onto the inner walls of the vessel.
      For example, the metal can be sputtered, ion plated, or evaporated, onto
      metal surfaces by known techniques.
PAR  The following examples are illustrative:
PAC  EXAMPLE I
PAC  Preparation of Primary Target
PAR  An 18-inch long tube of 1 inch outer diameter and constructed of annealed,
      seamless No. 304 stainless steel tubing (MIL-T-8504A specification) was
      cleaned in sulfuric acid solution and washed. Uranium enriched to 93% in
      .sup.235 U was electroplated over a 15-inch length inside the capsule in
      the form of a uniform thin film of uranium oxide. The electroplating was
      effected by first preplating a thin-film or uranium onto the inner surface
      of the tube from an aqueous bath containing 0.042 molar uranyl nitrate and
      0.125 molar ammonium oxalate, the pH having adjusted to 7.2 with NH.sub.4
      OH. Electrodeposition was effected for 60 minutes at a current of 0.9
      amperes, 1.5 volts; and a temperature of 93.degree.  .+-. 1.degree.C.
      Thereafter, the cylinder was removed from the plating assembly, washed
      with water, dried, and weighed. The final uranium deposit was made from a
      similar electrolytic bath as that used in the preplating step. The
      temperature employed was 93.degree. .+-. 1.degree.C. and a fixed voltage
      of 1.5 volts. The current was cycled by means of a clock mechanism
      starting with 0.3 amperes, 0.6 amperes, then 0.9 amperes, then 0.3
      amperes, etc. every 15 minutes. The electrolyte was circulated through the
      cylinder at a flow rate of 200 milliliters per hour. The electrodeposition
      rate was approximately 1.2 grams uranium oxide per hour. After about 8
      hours, the cylinder was removed from the plating assembly, washed and
      dried. The ends of the cylinder were dipped in nitric acid to remove about
      11/2 inches of the uranium deposit to give an arbitrarily selected length
      of 15 inches of uranium deposit in the tube. The resulting film thickness
      was 20 mg .sup.235 U per cm.sup.2 of tube surface, for a total deposit of
      7 gm .sup.235 U. The total uranium mass was determined gravimetrically.
      The plated tube was then baked at 500.degree.C. in nitrogen. The adherence
      of the film was checked with a vibration test. The film remained adherent
      despite temperature cycling between room temperature and 500.degree.C.;
      the latter being well above the expected radiation temperature of
      330.degree.C. Tubes plated with uranium have been temperature-cycled and
      vibrated with less than 1 percent of the film appearing as loose powder
      granules.
PAR  The two end caps of the tube were heliarced in place. The swage-type
      fittings that comprise the capsule seal and entry port are No. 316 S/S.
      The maximum allowable internal working pressure is 900 psi (ASME Code for
      Class B nuclear vessel at 340.degree.C.).
PAR  The plated vessel was then filled to about one atmosphere of helium,
      sealed, and then leak-tested with a mass-spectrometer-type leak detector.
      The maximum permissible leak is 10.sup.-.sup.8 scc/sec. The integrity of
      the stainless steel seal plug (and the welds) has been verified up to 250
      hours at 300.degree.C., and in short-duration tests at 500.degree.C., and
      also in the 214 hour Instrumented Target Experiment during which the
      radiation monitoring system indicated no primary capsule leakage.
PAC  EXAMPLE II
PAC  Irradiation and Recovery of Molybdenum-99
PAR  The reactor irradiation assembly employed was comprised of a sealed primary
      capsule containing uranium-235 and enclosed within a close-fitting
      secondary container. Heat generated in the primary was conducted through
      the narrow gas-gap between it and the secondary. Gas lines entering the
      top and bottom of the secondary allowed a helium atmosphere to be
      established within the container and a slow sweep of gas to be taken to
      monitoring equipment located on the reactor bridge. Pressure, flowrate,
      and radioactivity of the gas were monitored. Exit gas was filtered before
      venting into the reactor-building exhaust duct via a solenoid-controlled
      shutoff valve. The secondary container was centered in a stringer tube
      within the reactor core and was cooled by primary water flowing in the
      annulus so formed. The assembly was designed to contain about 400 curies
      of .sup.99 Mo at removal from the reactor.
PAR  The primary target capsule, as prepared in Example I above, was then placed
      in a secondary capsule which was fabricated from No. 304 stainless steel
      sanitary tubing. A lead weight was provided for ease in placement and for
      ensuring that the assembly would not float in water. Two gas lines (1/4
      and 1/8 inc. OD No. 304 S/S) were provided, one in the top cap and one
      near the lower end of the capsule. These lines supplied the helium gas
      which served as the heat-transfer medium between primary and secondary
      necessary for limiting the primary temperature to the design value of
      330.degree.C.
PAR  The upper end-cap consisted of a stainless steel "CAJON" type VCO coupling
      TIG-welded to the capsule body. This coupling employed a silver-plated
      stainless steel O-ring for its seal. The O-ring was discarded after use.
      All welds and penetrations in the secondary capsule body were helium
      leak-checked.
PAR  The secondary capsule containing the primary target capsule was placed in a
      core stringer tube. This aluminum (No. 6061) tube provided the 0.25 inch
      gap needed for the desired cooling water speed of 3.5 ft/sec past the
      secondary capsule. Primary reactor cooling water with normal gravity flow
      was used. Measurements in a test stand showed that at least 3.9 ft/sec is
      obtained.
PAR  The stringer tube, containing the secondary and primary target, was then
      lowered into a nuclear reactor and irradiated at a neutron flux of 3
      .times. 10.sup.13 n/cm.sup.2 sec. for 100 hours. Thereafter, the primary
      target was removed to a hot cell facility, the swage-type fitting opened
      and the primary target connected to a self-sealing entrance port. The
      uranium oxide was dissolved by introducing though the port a mixture of 15
      cc of concentrated H.sub.2 SO.sub.4 and 60 cc of 10 per cent H.sub.2
      O.sub.2. Any off gases in the primary target were trapped in a liquid
      nitrogen cooled trap. The mixed fission product solution was passed
      through an .sup.99 Mo adsorption column (1 cm .times. 5 cm) containing 2
      cc of silver-coatedcharcoal (20-50 mesh) and 2 cc of charcoal. The column
      was washed with 60 cc of dilute sulfuric acid and 60 cc of water
      successively. The .sup.99 Mo retained in the column was eluted with 40 cc
      of 0.2 M NaOH. The eluant was passed through another purification column
      that contains 2 cc of silver-coated-charcoal at the upper part of the
      column and 2 cc of zirconium phosphate at the bottom. To the .sup.99 Mo
      product solution thus obtained, 5 cc of HCl was added to make the .sup.99
      Mo solution isotonic saline solution. The solution contained about 100
      curies of .sup.99 Mo. A 0.1 cc portion of the .sup.99 Mo-isotonic saline
      solution was added to a Woelm alumina column (0.6 .times. 3 cm) and the
      column was washed with isotonic saline solution. The adsorption of .sup.99
      Mo was &gt;99.999 per cent. The .sup.99 Tc.sup.m, after it accumulated in the
      column, was eluted with 10 cc of isotonic saline solution and recovered
      &gt;90 per cent. The .sup.99 Mo content in the .sup.99 Tc.sup.m eluant was in
      the order of 10.sup.-.sup.4 percent. No other radioactive contaminants
      were detected either by a GeLi or NaI (Tl) crystal coupled with a
      gamma-ray analyzer. The alumina breakthrough in the .sup. 99 Tc.sup.m
      eluant was very small, &lt;1 ppm. The total heavy metal content was &lt;1 ppm.
PAR  Although the invention has been illustrated by the preceeding examples, it
      is not to be construed as being limited to the materials employed therein,
      but rather the invention is directed to the generic area as hereinbefore
      disclosed. Various modifications and embodiments can be made without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a primary target for the production of
      fission products in a nuclear reactor, said target being comprised of (a)
      an enclosed metallic cylindrical vessel sealed at its top and bottom, (b)
      means for permitting access to the interior of said vessel, and (c) a
      thin, continuous, uniform layer of a fissionable uranium material,
      integrally bonded to the inner cylindrical walls of said vessel, said
      process comprising the steps of:
PA1  a. electrodepositing a uranium material onto the inner cylindrical walls of
      said vessel by electrolyzing a system comprised of:
PA2  i. an anode,
PA2  ii. said vessel as the cathode,
PA2  iii. an aqueous electrolytic bath containing at least one uranyl salt
      enriched in uranium 235 and having a pH of from about 4 to about 8 said
      electrolyzing being effected at a temperature of from about 50.degree. to
      about 100.degree.C; and at a current which is periodically and
      sequentially cycled from about 0.3 to about 0.6 to about 0.9 amperes, and
PA1  b. sealing said top and bottom of said vessel.
NUM  2.
PAR  2. The process of claim 1 wherein said uranyl salt is uranyl nitrate.
NUM  3.
PAR  3. The process of claim 1 wherein said uranyl salt is uranyl sulfate.
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ABST
PAL  An alloy of 0.001-0.30 weight percent nickel, the balance being essentially
      tin. The alloy provides a brightness, smoothness, solderability and
      electrical conductivity comparable to gold and is electrodeposited from an
      aqueous bath containing nickel sulfate, nickel fluoborate, nickel
      sulfamate, stannous sulfate or stannous fluoborate, benzene sulfonic acid,
      sulfuric acid, fluoboric acid or sulfamic acid providing a pH not higher
      than 1, and a brightener. The concentration of the tin salt in the bath is
      at least about 1 oz./gal. and the weight ratio of the nickel salt to the
      tin salt is at least 0.20 to 1. Substrates which may be coated with the
      alloy include iron, nickel, silver and copper, alloys of copper, and
      aluminum or zinc coated with nickel, silver or copper, or any combinations
      thereof.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a division of application Ser. No. 482,279 filed June
      24, 1974 which in turn is a continuation-in-part of application Ser. No.
      389,579, filed Aug. 20, 1973 and now abandoned.
BSUM
PAR  This application relates to tin-nickel alloys, to aqueous electroplating
      baths capable of depositing such alloys on various metallic substrates, to
      a method of electrodepositing the tin-nickel alloy on such metallic
      substrates, and to the resulting tin-nickel alloy coated metallic
      substrates.
PAR  Gold and alloys of gold have long been favored as coatings on various
      metallic substrates, both electrically conducting and non-conducting, for
      the purpose of providing a durable, smooth and bright finish which
      together with the substrate material is easily soldered. Drastic recent
      increases in the price of gold have generated considerable interest in
      substitutes for gold or gold alloys and attention has been directed to
      tin-nickel alloys as candidates in view of the known durability of such
      alloys.
PAR  However, when it was attempted to electrodeposit on a metallic substrate a
      known tin-nickel alloy containing 65% tin and 35% nickel, it was found
      that the resulting article was deficient in many properties, expecially
      brightness, ductility, solderability, electrical conductivity and contact
      resistance. The electrical properties of the coating are highly critical
      when the tin-nickel plated article is to be utilized as a component of an
      electronic system, especially in aerospace electronics where high
      temperature stability is a serious consideration.
PAR  Commerical acceptance of an alloy also requires versatility of application.
      For example, duplex coatings are now widely used on metallic substrates to
      improve corrosion resistance and to act as barriers to diffusion of an
      underlying metal to the surface. Such duplex coatings include
      copper-nickel-chrome, copper-gold, tin plate over nickel or copper, gold
      over tin-nickel, and many other combinations. Examples of duplex coatings
      having barrier properties are copper under tin on brass components to
      prevent diffusion of zinc through the tin, and copper, or nickel under
      gold, on zinc die castings for the same reason. In addition, if the same
      alloy exhibits superior brightness, smoothness, and durability, it can
      also be used where electrical properties are not as important, such as in
      the electroplating of watch parts, surgical instruments, drawing
      instruments and balance weights. An alloy which also exhibits nonmagnetic
      properties is especially useful in the electroplating of watch parts.
PAR  From the standpoint of solderability, the tin-nickel alloy of U.S. Pat. No.
      3,573,008 would seem to be an outstanding alloy for the applications
      discussed. However, it was found that even when the tin-nickel alloy of
      that patent, containing only 3% nickel, was electroplated on a metallic
      substrate, the electrical properties of the plated article were deficient
      in many respects. Nor did the plated article have the required brightness,
      even when the plating bath contained the ammonium bifluoride brightening
      agent recommended in the patent.
PAC  OBJECTS AND SUMMARY
PAR  Accordingly, an object of the invention is to provide a new and improved
      tin-nickel alloy having great versatility of application in the coating of
      metallic substrates for the electronic and other industries.
PAR  Another object is to provide a new and improved tin-nickel alloy, an
      electroplating bath and method of electroplating such alloy, for the
      efficient electroplating of metallic substrates, which electroplate
      exhibits brightness, durability, smoothness and has a beneficial effect on
      the electrical and soldering properties of the substrate material.
PAR  A further object is to provide an equal or superior substitute for gold as
      an electroplate on various metallic substrates in the manufacture of
      conducting and non-conducting articles.
PAR  These and other objects, features and advantages of the invention will be
      apparent from the specification which follows.
PAR  In summary outline, the foregoing objects are achieved by electrodepositing
      on a metallic substrate a tin-nickel alloy consisting essentially of
      0.001- 0.30 weight percent nickel and the balance tin. Alloys of this
      content when electrodeposited from highly acidic, aqueous electroplating
      baths also containing certain brightening agents, not only provide
      improved appearance to the substrate in terms of smoothness and
      brightness, but also introduce chemical and salt spray resistance,
      wearability and solderability.
PAR  It has been found that certain combinations of metal salts and
      electroplating conditions will give the foregoing results. The
      electrolytic salts which are effective are the sulfates, sulfamates and
      fluoborates of tin and nickel. With these salts must be used the
      corresponding acid, that is, benzene sulfonic acid, sulfuric acid,
      sulfamic acid or fluoboric acid, in amounts to provide a pH no higher than
      1 in the aqueous bath from which the metals are to be deposited. The
      highly acidic pH enhances conductivity and permits the utilization of
      certain brightening agents which contribute to good throwing power and
      which would not otherwise be compatible in the bath. The highly acid
      condition also prevents hydrolysis of the tin salts.
PAR  Other conditions important for attaining the objects of the invention are
      the concentrations and relative amounts of the reactive ingredients in the
      electrolytic bath, and the selection of anodes for the electrodeposition.
      The bath must contain the tin salts at a concentration of at least about 1
      oz./gal. and the weight ratio of the nickel salt to the tin salt must be
      at least 0.20 to 1. The upper limits on the concentrations of the salts
      relate to economy and solubility since over about 7 oz./gal., a tin salt
      tends to be insoluble.
PAR  The highly acidic condition of the bath requires careful selection of
      anodes to avoid acid corrosion or interference with electrodeposition due
      to other forms of attack on the anode, such as formation of a passivating
      film. It has been found that one or more nickel anodes or their
      equivalents provide the best results. Equivalent anodes include platinum
      or platinum-plated titanium.
PAR  The versatility of the alloys of the invention is perhaps most evident in
      that the alloys may be electrodeposited on a great variety of metallic
      substrates in order to enhance the properties of the substrates as
      finished articles of manufacture. For the purposes of this specification,
      "metallic substrate" means and includes a base material of a single metal,
      a base material of a single alloy, a base material which is formed of a
      non-metallic layer such as plastic, mineral fiber fabric or non-mineral
      fiber fabric coated with a metallic layer (a single metal or an alloy), or
      so-called "duplex" materials.
PAR  The latter usually comprise a single base metal such as zinc, which is
      first coated with a "barrier" metal (pure metal or alloy) and then top
      coated with another metal (pure or alloy). The barrier layer prevents
      diffusion of the base metal to the surface and often contributes to other
      desirable properties, such as solderability, smoothness, hardness, and the
      like. While normally the metallic substrate will be in a finished or
      semi-finished state of manufacture, such as electrical contacts, medical
      instruments or watch parts, the term is also intended to cover materials
      requiring additional processing steps to place them in finished form as
      articles of manufacture.
PAR  In its major aspects, the invention includes a novel aqueous electrolytic
      bath, a method of coating a metallic substrate with the alloy utilizing
      the electrolytic bath, and an article of manufacture comprising a metallic
      substrate coated with the novel alloy.
DETD
PAC  DETAILED DESCRIPTION
PAR  The electroplating bath of the invention is a highly acidic, aqueous
      solution containing stannous sulfate and nickel sulfate, or stannous
      fluoborate and nickel fluoborate, or stannous sulfate and nickel
      sulfamate, as the alloy generating constituents. The high acidity, of the
      order of pH 1 or lower, preferably pH 0.4 or less, is provided by a
      corresponding acid, that is, benzene sulfonic acid, sulfuric acid,
      fluoboric acid or sulfamic acid. While certain other mineral or organic
      acids will be useful, alone or in combination with the foregoing acids, to
      provide the requisite acidity, such other acids when utilized alone as the
      acidifying agent do not contribute as effectively as the foregoing acids
      to the solubility and compatibility of the metal generating salts and
      other ingredients and therefore no advantage is had by their utilization.
      Benzene sulfonic acid may also be used in admixture with sulfuric acid.
      Hydrochloric acid is to be avoided due to its highly corrosive action on
      the electrodes and electrodeposition apparatus, and the noxious character
      of its fumes.
PAR  The plating bath preferably is formulated to contain a brightening agent or
      agents. These agents not only enhance the brightness and color of the
      resulting alloy but also, when carefully selected, enhance the throwing
      power of the bath. The preferred brighteners for the sulfamate, sulfate or
      fluoborate baths are ketones, colloids, imidazolines and quaternary
      ammonium compounds.
PAR  The ketones include saturated and unsaturated aliphatic, cycloaliphatic,
      heterocyclic and aromatic ketones such as 1-benzoyl acetone,
      trans-4-phenyl-3-buten-2-one, catechol, and those described in U.S. Pat.
      No. 3,429,790, diones and complex ketones such as the imidazoline
      derivatives of Belgian Pat. No. 652,405. Colloidal brighteners include
      gelatin, alone or in combination with tannins, particularly when used with
      benzene sulfonic acid, and wood tars. Imidazolines include those of U.S.
      Pat. No. 3,575,826.
PAR  The quaternary ammonium compounds include N-benzyltrimethyl ammonium
      bromide or hydroxide, 1-hexadecyl pyridinium bromide, and benzyl hexadecyl
      dimethyl ammonium bromide.
PAR  The brightener may be present in the bath in an amount of about 0.0001
      percent to about 1.0 percent by weight of the solution, depending upon the
      level of effectiveness of the brightener and its solubility. Solubility of
      the brightener and other ingredients as well as rate of solution can be
      controlled in routine fashion by the addition of dispersants known in the
      electroplating art, such as the lignin derivative sold under the brand
      name "Lignasol" by Lignasol Chemical Corporation, nonionics such as
      alkylphenol-alkylene oxide condensates, and ionics to the extent of
      compatibility with other ingredients of the plating bath.
PAR  Methods of forming the electrolytic baths of the invention are not
      critical. The usual precautions known in the electroplating art in
      connection with the handling of highly acid and reactive materials should
      be observed. One convenient mode of formulating the solutions is to
      dissolve each of the salts in a moderately acidic solution to form a
      concentrate, dilute the solution of the requisite strength, and then add
      the brightening agents, alone or in combination with suitable dispersants.
      The acidity of the solution may then be adjusted, usually by the addition
      of a concentrated acid. In some instances it may be preferable to
      separately dissolve only the tin salt in the acid solution and then add
      the acid solution of the tin salt to a solution of the other ingredients,
      in order to minimize any hydrolysis of the tin. The solutions or pre-mixed
      components thereof, may be agitated and/or heated somewhat to promote
      dissolving. Generally, temperatures above about 90.degree.F. are
      unnecessary and should be avoided, particularly if it is inconvenient or
      uneconomical to cool the solution to the preferred temperature for
      electrodeposition. Acid may be metered to the bath during the
      electrodeposition process in order to maintain the requisite pH. A 50%
      acid solution is a suitable acid solution for this purpose.
PAR  The tin salt should be present in the aqueous solution at a concentration
      of at least about 1 oz./gal. The tin salt concentration may be higher but
      generally concentrations over about 7 oz./gal. are uneconomical. In the
      case of tin sulfate, considerable difficulty in solubilization is
      experienced over 7 oz./gal. The ratio of the nickel salt to the tin salt
      should be at least 0.20 to 1. The upper limit on the ratio is not
      important except from the standpoint of economy and solubility. A
      preferred weight ratio range is 0.25:1 to 1.75:1, nickel salt to tin salt.
      Representative concentrations providing this range are 4 oz./gal.
      NiSO.sub.4 . 6H.sub.2 O and 1-7 oz./gal. SnSO.sub.4.
PAR  The effective concentrations and proportions of metal salts are also
      related to the pH and the concentration of acid in the plating bath. For
      example, the more sulfuric acid present in the bath the more difficult it
      is to solubilize the higher concentrations of tin sulfate. Consequently,
      the results are best when the concentrations of salts are kept within the
      stated ranges.
PAR  Any apparatus conventional in the metal electroplating art may be employed
      in producing the metal alloys and metal coatings of the invention.
      Normally the metallic substrate upon which the alloy is to be
      electrodeposited will be the cathode. A plurality of substrates may be
      electroplated simultaneously, if desired. The anode should be nickel or an
      equivalent metal, that is, a metal which is not excessively attacked by
      the acid in the bath and which will not be oxidized or coated by
      ingredients of the bath so as to passivate the anode. For example, copper
      cannot be used as an anode metal because it is attacked by the highly
      acidic bath. Anodic materials equivalent to nickel are platinum or
      platinum-plated titanium. A plurality of anodes may be utilized, some of
      which may be tin anodes. Tin as an anodic material permits plating for
      only a short period of time without developing a resistive film and is
      normally to be avoided, at least as the sole anode metal.
PAR  Current densities and electrodeposition times are not critical and can vary
      widely depending upon other conditions of the process, such as temperature
      of the bath, the particular ingredients in the bath and their
      concentrations, and the thickness desired in the electrodeposited alloy.
      Generally, good results are achieved at room temperature and at current
      densities of about 10- 30 amperes per square foot over about 5- 30 minutes
      treating time. The temperature during the electrodeposition may range up
      to about 100.degree.F. but there is no particular advantage in going above
      room temperature and some disadvantage for particular ingredients. For
      example, 100.degree.F. should not be exceeded when tin sulfate is an
      ingredient of the bath since at about this temperature the stannous
      sulfate hydrolyses and stannous ion is oxidized to a higher valence state,
      leading to an insoluble sludge of stannic hydroxide. Agitation of the bath
      during preparation and plating, when the temperature rises above room
      temperature, helps to minimize formation of the sludge. The resulting
      deposits generally may range in thickness of from about 30 to 300
      microinches and are clear, smooth, firmly adherent and silvery white in
      color.
PAR  Metallic substrates upon which alloys of the invention may be
      electrodeposited include single base metals such as iron, nickel, silver,
      surgical steel, aluminum, copper, alloys of copper and the like, and
      intermediate or top coatings in the formation of duplex coatings on
      certain substrates. For example, the alloy may replace the gold in the top
      coating in the case of nickel over zinc die castings. Other top coating
      replacements include replacement of the chrome in copper-nickel-chrome
      coatings, of the gold in nickel-gold coatings, and of the tin plating in
      tin plate-nickel or copper.
PAR  The invention also holds promise for restoring silver plating to its prior
      prominence. Silver plating in the electronic industry has substantially
      fallen out of use because of tarnishing and silver-migration. Although
      tarnishing was mitigated somewhat by electrolytic alkaline chromate
      treatment and by the application of organic materials for improving the
      resistance of silver to tarnishing, it was found that when silver
      connectors treated in this manner were mated or soft-soldered the
      protection was destroyed. It has now been discovered that by over-coating
      silver-plated electronic components, before tarnishing and silver
      migration set in, such effects are eliminated completely. A coating of
      about 50 millionths of an inch of the tin-nickel alloy of the invention
      will provide this result.
PAR  The tin-nickel alloy of the invention also provides a highly advantageous
      substitute for conventional nickel plating utilized in the electronic
      industry as a protective finish. Coventional nickel plating has two
      shortcomings. First, the contact resistance of nickel is high. Secondly,
      when nickel-plated electronic components require the application of soft
      solder for connecting wires or for joining to other components,
      non-corrosive rosin flux.
PAR  The following Examples are intended as further illustrations of the
      invention but are not necessarily limitative except as set forth in the
      claims. All parts and percentages are by weight unless otherwise
      indicated.
PAC  EXAMPLE 1
PAR  In a suitable plating vessel equipped with mechanical stirrer, an aqueous
      plating bath was prepared having the following formulation:
     stannous sulfate   50 grams per liter                                     
     nickel sulfate                                                            
      (NiSO.sub.4 . 6H.sub.2 O)                                                
                        10 grams per liter                                     
     benzene sulfonic acid                                                     
                        100 grams per liter                                    
     gelatin            2 grams per liter                                      
     tannin             2 grams per liter                                      
PAR  After mechanical mixing for one hour at about 20.degree.-40.degree.C., the
      solution was allowed to cool to room temperature and one nickel anode and
      one tin anode were immersed therein. Brass plates which had previously
      been alkaline-cleaned, bright-dipped in a sulfuric-nitric acid solution
      and well rinsed, were then also immersed in the solution as cathodes. The
      electrodes were then suitably connected to a power supply. The current
      density ranged between 20 and 30 amperes per square foot. After 5, 10, 20
      and 30 minute intervals, the brass plates were removed from the bath and
      inspected. It was determined that the brass plates had become plated with
      a tin-nickel alloy containing about 0.1 and 0.3% nickel and the balance
      tin to depths of about 30- 300 microinches depending on the duration of
      plating. The electrodeposited coatings were clear, smooth, firmly adherent
      and silvery white in color. The pH of the plating bath was under 0.4.
PAR  Certain of the electroplated coatings had a Knoop hardness of 18.0 and 19.0
      (as compared with about 22 for tin) and a melting point of 424.degree.F.
      (as compared with 449.degree.F. for bright tin electroplate). The contact
      resistance of the alloy relative to gold was measured by comparing
      contacts electroplated with 20 millionths of an inch gold with the same
      contacts plated with 100 millionths of an inch of the new tin-nickel
      alloy. At a current of 1 ampere, the gold-plated contacts showed a
      millivolt drop of 2.4 to 2.8 whereas the tin-nickel alloy plate showed a
      millivolt drop of 2.2 to 2.6. The contact resistance after a 500 cycle
      wear test indicated an average increase of 0.29 millivolts for the
      tin-nickel alloy as compared with an average increase of 0.41 millivolts
      for the gold plated contacts. The contact resistance after 48 hours of
      salt spray testing increased on an average of 0.30 millivolts for the
      tin-nickel alloy as compared with 0.40 millivolts for the gold plated
      contacts.
PAR  It was concluded that the new tin-nickel alloy provided the same or better
      electrical properties as compared with gold and therefore was a highly
      practical substitute for gold as a coating for electronic components.
PAC  EXAMPLE 2
PAR  Substantially as described in Example 1 an aqueous elecroplating bath was
      prepared having the following formulation:
TBL  stannous sulfate   50 grams per liter                                     
     nickel sulfate                                                            
      (NiSO.sub.4 . 6H.sub.2 O)                                                
                        10 grams per liter                                     
     sulfuric acid (98%)                                                       
                        100 grams per liter                                    
     N-benzyltrimethyl                                                         
      ammonium bromide  5 grams per liter                                      
PAR  As the result of electroplating substantially as described in Example 1,
      brass plates were shown to be coated with firmly adherent tin-nickel alloy
      deposits having a bright white and smooth appearance, and a nickel content
      of about 0.2 and 0.3 percent, with the balance tin. Optimum deposits were
      obtained at a current density between 15 and 30 amperes per square foot
      and at a temperature of 20.degree.-40.degree.C.
PAC  EXAMPLE 3
PAR  Substantially as described in Example 1 an aqueous electroplating bath was
      prepared having the following formulation:
TBL  tin fluoborate     100 grams per liter                                    
     nickel fluoborate  20 grams per liter                                     
     fluoboric acid     100 grams per liter                                    
     gelatin            2 grams per liter                                      
     N-benzyltrimethyl                                                         
      ammonium hydroxide                                                       
                        1 gram  per liter                                      
PAR  Under substantially the same electroplating conditions as described in
      Example 1, smooth, bright, white and firmly adherent deposits of a
      tin-nickel alloy containing about 0.1% nickel, the balance tin, were
      obtained. Above about 25 amperes per square foot current density, however,
      the deposit evidenced high porosity and low coverage on a bent cathode.
PAC  EXAMPLE 4
PAR  In the manner indicated below, an aqueous elecroplating bath was prepared
      having the following formulation:
TBL  stannous sulfate   50 grams per liter                                     
     nickel sulfamate   50 grams per liter                                     
     sulfamic acid      100 grams per liter                                    
     N-benzyltrimethyl                                                         
      ammonium bromide  5 grams per liter                                      
     1-benzoyl acetone  1 gram  per liter                                      
PAL  Specifically, the plating solution was prepared by dissolving the metal
      salts in 900 ml. of 100 g./1. sulfamic acid. The organic components were
      dissolved in 100 ml. of the 100 g./1. sulfamic acid solution and the
      resulting solution was added to the first solution.
PAR  Plating was carried out under substantially the same conditions as
      indicated in Example 1 except that the effects of varying the current
      density from 5 to 100 amperes per square foot were studied. It was
      determined that at a current density of 5-50 amperes per square foot the
      current efficiency was 90 .+-. 5 percent and that movement of the cathode
      permitted higher current densities without burning as well as uniform
      corrosion of tin and nickel anodes without passivation, even up to a
      current density of 100 amperes per square foot. The alloy contained about
      0.007% nickel, the balance tin.
PAC  OTHER EXPERIMENTS
PAR  Generally, with respect to most of the experiments and formulations, the
      N-benzyltrimethyl ammonium bromide appeared to have a retarding action on
      the oxidation of the stannous salts. For optimum results it was determined
      that the anode area should be about twice the cathode area and the anode
      current density should be kept below about 25 amperes per square foot in
      order to prevent passivation of the tin anodes. Also, current densities
      above 25 amperes per square foot tend to increase the brittleness of the
      electrodeposited coating whereas deposits produced below 25 amperes per
      square foot were generally quite ductile. Levels of porosity of the
      deposits were minimum under these conditions, and leveling and throwing
      power of the baths were excellent.
PAR  Above pH 1 the current efficiency falls radically. The optimum temperature
      is about room temperature to about 30.degree.C. At a temperature higher
      than 50.degree.C. the current efficiency falls, probably due to oxidation
      of stannous salts to stannate.
PAR  It is believed that the acids in the plating baths may be used singly or in
      admixture.
PAR  In view of the foregoing description it will be apparent that the invention
      is not limited to the specific details set forth therein for the purposes
      of illustration, and that various other modifications are equivalent for
      the stated and illustrated functions without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous electroplating bath capable of depositing an alloy consisting
      essentially of 0.001- 0.30 wt. % nickel and the balance tin, said bath
      consisting essentially of (a) a nickel salt selected from nickel sulfate,
      nickel fluoborate and nickel sulfamate, (b) a corresponding tin salt, (c)
      sulfuric acid, sulfamic acid, benzene sulfonic acid or fluoboric acid in
      an amount providing a pH of not higher than 1, and (d) an effective amount
      of a brightening agent, wherein the concentration of said tin salt is at
      least about 1 oz./gal. and the weight ratio of said nickel salt to said
      tin salt is at least 0.20 to 1.
NUM  2.
PAR  2. A bath as in claim 1 wherein the nickel salt is nickel sulfate, the tin
      salt is stannous sulfate, the acid is sulfuric acid, the brightener is
      N-benzyltrimethyl ammonium bromide or hydroxide, and the concentration of
      the stannous sulfate is about 1-7 oz./gal.
NUM  3.
PAR  3. A bath as in claim 1 wherein the nickel salt is nickel fluoborate, the
      tin salt is stannous fluoborate, the acid is fluoboric acid, the
      brightener is N-benzyltrimethyl ammonium bromide or hydroxide, and the
      concentration of the stannous fluoborate is about 1-7 oz./gal.
NUM  4.
PAR  4. A method of coating a metallic substrate so as to provide the properties
      of a gold coating thereon but without utilizing gold, which comprises
      electrolytically contacting the said substrate with the electroplating
      bath of claim 1.
NUM  5.
PAR  5. A method as in claim 4 wherein an anode is utilized consisting
      essentially of nickel, platinum or platinum-plated titanium.
NUM  6.
PAR  6. A method of coating a metallic substrate so as to provide the properties
      of a gold coating thereon but without utilizing gold, which comprises
      electrolytically contacting the said substrate with the electroplating
      bath of claim 2.
NUM  7.
PAR  7. A method of coating a metallic substrate so as to provide the properties
      of a gold coating thereon but without utilizing gold, which comprises
      electrolytically contacting the said substrate with the electroplating
      bath of claim 3.
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ABST
PAL  This invention relates to novel compositions and to a process for
      electrodepositing copper from an aqueous acidic copper plating bath
      containing at least one member independently selected from each of the
      following two groups:
PA0  A. an aryl quaternary N-heteroaromatic or N-heteroaliphatic ring compound
      or salt exhibiting the structure:
      ##EQU1##
       WHEREIN R is selected from the group consisting of phenyl, benzyl and
      p-xylyl and the N-Ring is selected from the group consisting of
      substituted and unsubstituted N-heteroaliphatic rings and substituted and
      unsubstituted N-heteroaromatic rings; Y is present or absent; Y, when
      present, represents an anionic moiety, n is 1 save when R is p-xylyl n is
      2;
PA0  B. sulfoalkyl sulfide compounds containing the grouping --S--Alk--SO.sub.3
      M where M is one gram-equivalent of a cation and --Alk-- is a divalent
      aliphatic hydrocarbon group of 1 to 8 carbon atoms.
PARN
PAR  This application is a continuation in part of U.S. Patent application Ser.
      No. 315,112 filed Dec. 14, 1972, now abandoned.
BSUM
PAR  This invention relates to novel compositions and to a process for
      electrodepositing copper from an aqueous acidic copper plating bath
      containing at least one member from each of the following two groups:
PA0  A. an aryl quaternary N-heteroaromatic or N-heteroaliphatic ring compound
      or salt exhibiting the structure:
      ##EQU2##
       WHEREIN R is selected from the group consisting of phenyl, benzyl and
      p-xylyl and the N-Ring is selected from the group consisting of
      substituted and unsubstituted N-heteroaliphatic rings and substituted and
      unsubstituted N-heteroaromatic rings; Y is present or absent; Y, when
      present, represents an anionic moiety, n is 1 save when R is p-xylyl n is
      2;
PA0  B. sulfoalkyl sulfide compounds containing the grouping --S--Alk--SO.sub.3
      M where M is one gram-equivalent of a cation and --Alk-- is a divalent
      aliphatic hydrocarbon group of 1 to 8 carbon atoms.
PAR  It is an object of this invention to obtain smooth, high-speed copper
      electrodeposits for rotogravure applications, especially deposits
      possessing a relatively high permanent hardness. It is another object to
      obtain smooth, ductile copper deposits of high throwing power for the
      plating of printed circuit boards. Another object is to obtain relatively
      thick, smooth, ductile, low-stressed copper deposits. A further object is
      to obtain strongly leveled, almost bright to bright copper deposits, which
      require the presence of a leveling agent in addition to the presence of at
      least one member of each of the two groups (A) and (B).
DETD
PAC  DETAILED DESCRIPTION
PAR  Practice of this invention results in copper deposits which, depending on
      bath composition and operating conditions, are very suitable for
      rotogravure applications, or for the plating of printed circuit boards, or
      for electroforming, or are fully bright and strongly leveling for
      decorative purposes. These advantages are realized by addition of at least
      one member of each of the following two groups:
PA0  A. an aryl quaternary N-heteroaromatic or N-heteroaliphatic ring compound
      or salt exhibiting the structure:
      ##EQU3##
       wherein R is selected from the group consisting of phenyl, benzyl and
      p-xylyl and the N-Ring is selected from the group consisting of
      substituted and unsubstituted N-heteroaliphatic rings and substituted and
      unsubstituted N-heteroaromatic rings; Y is present or absent; Y, when
      present, represents an anionic moiety, n is 1 save when R is p-xylyl n is
      2;
PA0  B. sulfoalkyl sulfide compounds containing the grouping --S--Alk--SO.sub.3
      M where M is one gram-equivalent of a cation and --Alk-- is a divalent
      aliphatic hydrocarbon group of 1 to 8 carbon atoms which may be saturated
      or unsaturated, which may or may not carry substituents such as hydroxyl,
      alkyl, hydroxylakyl groups, and in which the carbon chain may be
      interrupted by heteroatoms.
PAR  To obtain strongly leveling copper deposits, and often also to obtain fully
      bright copper deposits over a wide current density range, further addition
      of at least one member of the group of leveling agents that is diffusion
      controlled inhibitors, (Group (C)) is required.
PAR  Simultaneous presence of at least one member of each group (A) and (B) in
      the acid copper bath produces superior copper electrodeposits to those
      obtained when only members of one group are present in respect to one or
      more of the following properties: greater smoothness, greater brightness,
      greater hardness, or greater softness and ductility, and/or better
      response to the addition of a leveling agent.
PAR  Thus, this invention consists in the cooperative or synergistic action of
      at least two groups of addition agents:
PA0  A. an aryl quaternary N-heteroaromatic or N-heteroaliphatic ring compound
      or salt exhibiting the structure:
      ##EQU4##
       wherein R is selected from the group consisting of phenyl, benzyl and
      p-xylyl and the N-Ring is selected from the group consisting of
      substituted and unsubstituted N-heteroaliphatic rings and substituted and
      unsubstituted N-heteroaromatic rings; Y is present or absent; Y, when
      present, represents an anionic moiety, n is save when R is p-xylyl n is 2;
PA0  B. sulfoalkyl sulfide compounds containing the grouping --S--Alk--SO.sub.3
      M where M is one gram-equivalent of a cation and --Alk-- is a divalent
      aliphatic hydrocarbon group of 1 to 8 carbon atoms,
PAL  and in the case of strongly leveling copper deposits in the cooperative
      action of at least three groups of addition agents, namely (A), (B) and
      leveling agents (C).
PAR  The aryl amines of this invention are those of the formulae:
      ##EQU5##
      where the ring stands for an unsubstituted or substituted
      N-heteroaliphatic ring, selected from the group consisting of morpholine
      and piperidine rings;
      ##EQU6##
      where the ring represents an unsubstituted or substituted N-heteroaromatic
      ring selected from the group consisting of pyridine, quinoline,
      isoquinoline rings;
PAL  wherein R' and R" are each independently selected from the group consisting
      of phenyl, benzyl, and xylyl and the anionic moiety is selected from the
      group consisting of Cl.sup.-, SO.sub.4 .sup.-.sup.- /.sub.2, HSO.sub.4,
      OH.sup.-, and RSO.sub.3 .sup.- wherein R is an alkyl of 1 to 6 carbon
      atoms.
PAR  Besides members of the two groups (A) and (B) or of the three groups (A),
      (B) and (C) other addition agents may be present and impart a cooperative
      (synergistic) effect, especially aldehyde-naphthalene sulfonic acid
      condensation products and polyethers.
PAR  In many cases, especially when strongly leveling fully bright copper
      deposits are to be obtained, the presence of small amounts of halide ions,
      especially chloride ions, in the copper bath is necessary.
PAR  The amines of this invention may be present in the copper bath of this
      invention in effective amounts of 0.005 grams per liter to 40 grams per
      liter of total aqueous bath composition.
PAR  Typical amines which may be employed according to this invention include
      the following compounds which are summarized in Table I.
      ##SPC1##
PAR  The cooperating sulfoalkylsulfides exhibit the formula:
EQU  RS--Alk--SO.sub.3 M
PAL  where M denotes one gram-equivalent of a cation and --Alk-- is a divalent
      aliphatic group of 1-8 carbon atoms; --Alk-- may be a saturated or
      unsaturated divalent aliphatic hydrocarbon group, which may or may not
      carry inert substituents such as hydroxyl, alkyl, hydroxyalkyl, and alkoxy
      in which the carbon chain may be interrupted by heteroatoms. Typical
      examples of --Alk-- are:
EQU  --(CH.sub.2).sub.m.sup.-.
PAL  where m is 1 to 8,
EQU  --CH.sub.2 CHOH CH.sub.2 --,
      ##EQU7##
EQU  --CH.sub.2 CH=CH CH.sub.2 --,
EQU  --CH.sub.2 C .tbd. C CH.sub.2 --,
EQU  --CH.sub.2 CH.sub.2 O CH.sub.2 CH.sub.2 --. In the compound
EQU  R--S--Alk--SO.sub.3 M
PAL  R may be a hydrocarbon radical preferably selected from the group
      consisting of alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, alkaryl,
      including such radicals when inertly substituted such as preferably
      sulfoalkyl. R may be a sulfide or polysulfide containing up to four
      bivalent sulfur atoms of these hydrocarbon radicals, such as Alk
      S.sub.n.sup.- and MO.sub.3 S--Alk--S.sub.n.sup.-, where n = 1 to 4; or it
      may be a sulfoalkylthioalkyl group such as MO.sub.3 S--Alk--S--Alk--.
PAR  R may be hydrogen or a metal cation or their sulfides and polysulfides
      MS.sub.n .sup.-. It may be a sulfonic group MO.sub.3 S-- (e.g. in the
      reaction product of sodium thiosulfate and 1,3-propanesultone),
      ##EQU8##
      an aminoiminomethyl (formamidine) group
      ##EQU9##
      a 1,1-dioxytetrahydrothienyl (sulfolanyl) group
      ##SPC2##
PAL  or a heterocyclic ring which may be substituted by other sulfoalkylsulfide
      groups, etc.
PAR  The sulfoalkylsulfides may be employed in effective amounts of 0.01 mg/l to
      1000 mg/l of total aqueous bath composition. Typical sulfoalkylsulfides
      which may be employed according to this invention include the following
      compounds which are summarized in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     COOPERATING SULFOALKYL SULFIDES (SAS)                                     
     OF THE FORMULA RS--ALK--SO.sub.3 M                                        
     SAS No.                                                                   
              R                    Alk      M                                  
     __________________________________________________________________________
     1     NaO.sub.3 S(CH.sub.2).sub.3 S                                       
                                  --(CH.sub.2).sub.3 --                        
                                            Na                                 
     2     NAO.sub.3 S(CH.sub.2).sub.3 SS                                      
                                  --(CH.sub.2).sub.3 --                        
                                            Na                                 
     3     NaO.sub.3 S(CH.sub.2).sub.4 S                                       
                                  --(CH.sub.2).sub.4 --                        
                                            Na                                 
     4     C.sub.6 H.sub.5 S      --(CH.sub.2).sub.3 --                        
                                            Na                                 
     5                            --(CH.sub.2).sub.3                           
                                            Na                                 
     6     H                      --(CH.sub.2).sub.2 --                        
                                            Na                                 
     7     H                      --(CH.sub.2).sub.3 --                        
                                            Na                                 
     8     NaO.sub.3 S            --(CH.sub.2).sub.3 --                        
                                            Na                                 
     9     NaO.sub.3 S(CH.sub.2).sub.3 SC                                      
                                  --(CH.sub.2).sub.3 --                        
                                            Na                                 
           .parallel.                                                          
           S                                                                   
     10    (C.sub.2 H.sub.5).sub.2 NC                                          
                                  --(CH.sub.2).sub.3 --                        
                                            Na                                 
           .parallel.                                                          
           S                                                                   
     11    C.sub.2 H.sub.5 OC     --(CH.sub.2).sub.3 --                        
                                            K                                  
           .parallel.                                                          
           S                                                                   
     12    NaO.sub.3 S(CH.sub.2).sub.3                                         
                                  --(CH.sub.2).sub.3 --                        
                                            Na                                 
     13    NaO.sub.3 S(CH.sub.2).sub.3 S(CH.sub.2).sub.3                       
                                  --(CH.sub.2).sub.3 --                        
                                            Na                                 
     14    NaO.sub.3 S(CH.sub.2).sub.3 S(CH.sub.2).sub.6                       
                                  --(CH.sub.2).sub.3 --                        
                                            Na                                 
     15    C.sub.6 H.sub.5        --(CH.sub.2).sub.3 --                        
                                            Na                                 
     16    C.sub.6 H.sub.5 CH.sub.2                                            
                                  --(CH.sub.2).sub.3 --                        
                                            Na                                 
     17    HN                                                                  
           .angle.C               --(CH.sub.2).sub.3 --                        
                                            Na                                 
           H.sub.2 N                                                           
     18    NaO.sub.3 SCH.sub.2 CHOHCH.sub.2 S                                  
                                  --CH.sub.2 CHOHCH.sub.2 --                   
                                            Na                                 
     19                           --(CH.sub.2).sub.3 --                        
                                            Na                                 
     20                           --(CH.sub.2).sub.3                           
                                            K                                  
     21                           --(CH.sub.2).sub.3 --                        
                                            K                                  
     __________________________________________________________________________
PAR  Another aspect of this invention is the one of obtaining strongly leveled
      copper deposits, that is copper deposits which are substantially smoother
      than the substrate on which they are deposited. In order to possess
      leveling properties the acid copper plating bath must contain besides at
      least one member of each of the groups (A) and (B) also at least one
      member of group (C) comprising the leveling agents, i.e. diffusion
      controlled inhibitors.
PAR  Besides producing leveling the leveling agent frequently also increases
      brightness, and widens the bright current density range. It may also
      prevent roughness formation at high current density and increase hardness.
PAR  An acid copper bath containing at least one additive from each of the two
      groups (A) and (B) responds much better to the addition of a leveling
      agent than a copper bath containing only members of one of the two groups
      or no members of these two groups.
PAR  Leveling agents which cooperate very well with addition agents of groups
      (A) and (B) are those containing a
      ##EQU10##
      group or its tautomeric form
      ##EQU11##
PAR  These tautomeric groups may be a part of a noncyclic molecule, such as an
      open thiourea in which they become a part of the wider groups
      ##EQU12##
      or they may be a part of heterocyclic rings where they may become a part
      of the wider groups
      ##EQU13##
      and/or their corresponding tautomeric forms.
PAR  Typical leveling agents of the open thiourea type operable in the practice
      of this invention are set forth in Table III of U.S. Pat. No. 3,682,788
      which issued Aug. 8, 1972, upon the application of O. Kardos et al., e.g.,
      thiourea, N-ethylthiourea(1-ethylthiourea), N,N'-diethylthiourea
      (1,3-diethylthiourea), N-phenylthiourea(1-phenylthiourea), etc.
PAR  Typical leveling agents of the heterocyclic type are set forth in Table III
      of U.S. Pat. No. 3,542,655 which issued Nov. 24, 1970, upon the
      application of O. Kardos et al., e.g., 2-thiazolidinethione
      (2-mercaptothiazoline), 2-imidazolidinethione(ethylenethiourea) and its
      N-hydroxyethyl derivative, 2-pyrimidinethiol(2-mercaptopyrimidine) and in
      Table III of U.S. Pat. application Ser. No. 264,193 of O. Kardos et al.,
      filed June 19, 1972, e.g. 2-mercaptopyridine, 2-mercaptoquinoline, their
      N-oxides, and other derivatives in which the --SH group is replaced by
      ##EQU14##
      and similar groups. Also levelers which instead of the group
      ##EQU15##
      contain the corresponding mercury compound
      ##EQU16##
      cooperate very well with the Amine plus Sulfoalkylsulfide combination.
PAR  A different type of cooperating leveling and brightening agent comprises
      relatively high-molecular cations such as basic phenazine azo dyestuffs
      like Janus Green B (diethylphenosafranine azo dimethylaniline, color Index
      No. 11050) or Janus Black (diethylphenosafranine azo phenol, C. I. Basic
      Black 2, Color Index No. 11825), and certain cationic polymers such as the
      polyalkyleneimines and the polymers and copolymers of 2-vinylpyridine
      and/or 2-methyl-5-vinylpyridine and their quaternization products with
      alkyl halides, benzyl halides, or 1,3-propanesultone. Simultaneous use of
      at least one member of each of these two types of leveling agents,
      together with at least one member of each group (A) and (B), results in
      beneficial effects as compared with those obtained with levelers of only
      one type, in respect to the degree and the current density range of
      brightness and leveling.
PAR  Another type of compounds which often exerts beneficial effects on the
      copper electrodeposit when used in conjunction with at least one compound
      of each of the two groups (A) and (B), or of each of the three groups (A),
      (B) and (C) are the condensation products of an aldehyde, especially
      formaldehyde, with naphthalene sulfonic acids, such as methylene
      bis-(2-naphthalene sulfonic acid) or higher molecular condensation
      products of this type in which, for instance, three, or, more generally,
      n, naphthalene sulfonic acid groups are linked by two, or, more generally,
      n-1, methylene groups. Addition of such compounds, e.g. of 0.6 or 2.0 g/l
      of the sodium salt of methylene bis-(2-naphthalene sulfonic acid) often
      increases the brightness and high current density smoothness of copper
      deposits as compared with deposits obtained from copper baths containing
      only members of groups (A) and (B), or only members of groups (A), (B) and
      (C), as shown in Examples 5, 6, 7, 8, and 10.
PAR  Still another type of compounds which often exerts beneficial effects when
      used in conjunction with compounds of the two groups (A) and (B), or with
      compounds of the three groups (A), (B) and (C) are the polyethers,
      especially those of rather high molecular weight. As dilute concentrations
      as 0.001 g/l to 0.005 g/l of a polyethyleneglycol of a molecular weight of
      1000 or 6000 or 20,000, or of a nonylphenol condensate with 100 moles
      ethylene oxide, or of a block polymer of 80% ethylene oxide and 20%
      propylene oxide and approximate molecular weight 9000, considerably
      increase leveling, especially in the low current density area, and often
      also increases brightness and bright current density range (See examples
      1, 2, 8 and 20).
PAR  The polyether additives may be employed in amounts of 0.005 to 1 gram per
      liter.
PAR  The novel compositions of the invention may be employed in combination with
      aqueous acidic copper plating baths. Typical aqueous acidic copper plating
      baths which may be employed in combination with the novel additive
      compositions of this invention include the following:
TBL          SULFATE BATH                                                      
     (1)     CuSO.sub.4.5H.sub.2 O                                             
                              30-300   g/l                                     
             H.sub.2 SO.sub.4 10-250   g/l                                     
             Cl.sup.-         0-150    mg/l                                    
             FLUOBORATE BATH                                                   
     (2)     Cu(BF.sub.4).sub.2                                                
                              50-600   g/l                                     
             HBF.sub.4        1-300    g/l                                     
             H.sub.3 BO.sub.3 0-30     g/l                                     
             Cl.sup.-         0-150    mg/l                                    
     ______________________________________                                    
PAR  For the deposition of bright, leveling copper about 220 g/l of
      CuSO.sub.4.5H.sub.2 O or Cu(BF.sub.4).sub.2, about 60 g/l of H.sub.2
      SO.sub.4 or 3.5 g/l of HBF.sub.4, and about 20 to 80 mg/l of chloride ion
      are preferred. For high-speed plating, e.g., the plating of printing
      rolls, higher concentrations of the free acids and/or of the copper
      fluoborate are often preferred. For the plating of printed circuit boards,
      which requires high throwing power, low metal and high acid concentrations
      are most suitable.
PAR  The plating conditions for electrodeposition from the aforementioned baths
      may, for example, include temperatures of 10.degree.C.-60.degree.C.
      (preferably 20.degree.C.-40.degree.C.); pH (electrometric) of less than
      about 2.5; and a cathode current density of 0.1-50.0 amperes per square
      decimeter (asd).
PAR  The substrates which may be electroplated in accordance with the process of
      this invention may include ferrous metals, such as steel, iron, etc.,
      bearing a surface layer of nickel or cyanide copper; zinc and its alloys
      including zinc-base die-cast articles bearing a surface layer of cyanide
      copper or pyrophosphate copper; nickel, nickel alloys with other metals
      such as cobalt; aluminum, including its alloys, after suitable
      pretreatment; and non-conducting materials, e.g., plastics, after suitable
      pretreatment, etc.
PAR  The following examples are set forth for the purpose of providing those
      skilled-in-the-art with a better understanding of this invention, and the
      invention is not to be construed as limited to such examples.
PAR  The plating experiments reported in the following examples were performed
      -- unless otherwise stated -- in a Hull Cell containing 250 ml of acid
      copper sulfate bath. The Hull Cell allows one to observe the appearance of
      the deposit over a wide current density range. In order to judge the
      degree of leveling the polished brass panels used for these plating tests
      were scratched with 4/0 emery polishing paper over a horizontal band of
      about 10 mm. width. The plating temperature used in these experiments was
      the ambient room temperature (24.degree. - 30.degree.C.) unless otherwise
      stated. The total current was 2 amperes and the plating time 10 minutes.
      Air agitation was used in all cases. The amines used are listed in Table
      I, the sulfoalkylsulfides in Table II.
PAR  Two types of acid sulfate copper baths were used in these experiments:
TBL  Type 1.)   Regular Sulfate Copper containing                              
              CuSO.sub.4.5H.sub.2 O                                            
                          220 g/l                                              
              H.sub.2 SO.sub.4                                                 
                          60 g/l                                               
              Chloride ion                                                     
                          0.06 g/1                                             
     and Type 2.)                                                              
                High-Throw Sulfate Copper containing                           
              CuSO.sub.4.5H.sub.2 O                                            
                          100 g/l                                              
              H.sub.2 SO.sub.4                                                 
                          200 g/l                                              
              Chloride ion                                                     
                          0.06 g/l                                             
PAR  The chloride concentrations indicated above are those after addition of the
      various additives as some amines of Table I contain chloride.
PAR  The hardness values given in the various examples refer to microhardness
      obtained with a diamond pyramid indenter under a load of 50 grams
      (DPH.sub.50) on copper deposits about 0.025 mm. thick.
PAC  EXAMPLE I
PAR  From a copper bath of Type 1, a dark matte partly striated copper deposit
      was obtained in the Hull Cell in presence of 0.16 g/l of Amine No. 1.
      Further addition of 0.015 g/l of Sulfoalkylsulfide No. 1 produced a smooth
      copper deposit of non-uniform brightness, which changed to brightness in
      the medium and high current density area on addition of 0.6 g/l of the
      sodium salt of methylene bis-(2-naphthalene sulfonic acid). This
      combination of additives responded very well to the final addition of
      0.001 g/l N,N'-diethylthiourea which gave a fully bright, strongly
      leveling copper deposit.
PAR  In absence of methylene bis-(2-naphthalene sulfonic acid) either increase
      of the concentration of Amine No. 1 to 1 to 2 g/l or addition of 0.001 to
      0.005 g/l of a polyether was necessary to give a bright, leveling copper
      deposit.
PAR  While the invention has been described and illustrated in detail, it is
      clearly to be understood that this is intended to be of example only and
      is not to be taken to be of limitation, the spirit and scope of the
      invention being limited only by the terms of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for electrodepositing copper from an aqueous acidic copper
      plating bath containing at least one member independently selected from
      each of the following two groups;
PA0  A. 0.005 to 40 grams per liter of an aryl N-heteroaromatic or
      N-heteroaliphatic ring compound or salt exhibiting the structure
      ##EQU17##
       wherein R is selected from the group consisting of phenyl, benzyl and
      p-xylyl and the N-Ring is selected from the group consisting of
      substituted and unsubstituted N-heteroaliphatic rings and substituted and
      unsubstituted N-heteroaromatic rings; Y is present or absent; Y, when
      present, represents an anionic moiety, n is save when R is p-xylyl n is 2;
      and
PA0  B. sulfoalkyl sulfide compounds containing the grouping --S--Alk--SO.sub.3
      M where M is one gram-equivalent of a cation and --Alk-- is a divalent
      aliphatic hydrocarbon group of 1 to 8 carbon atoms in an amount of 0.01
      milligrams per liter to 1000 milligrams per liter.
NUM  2.
PAR  2. The process as claimed in claim 1 wherein the cooperating amine is of
      the formula:
      ##SPC3##
NUM  3.
PAR  3. The process as claimed in claim 1 wherein the cooperating amine is of
      the formula:
      ##SPC4##
NUM  4.
PAR  4. The process as claimed in claim 1 wherein the cooperating amine is of
      the formula:
      ##SPC5##
NUM  5.
PAR  5. The process as claimed in claim 1 wherein the cooperating amine is of
      the formula:
      ##SPC6##
NUM  6.
PAR  6. The process as claimed in claim 1 wherein the cooperating amine is of
      the formula:
      ##SPC7##
NUM  7.
PAR  7. The process as claimed in claim 1 wherein the cooperating amine is of
      the formula:
      ##SPC8##
NUM  8.
PAR  8. The process as claimed in claim 1 wherein the cooperating amine is of
      the formula:
      ##SPC9##
NUM  9.
PAR  9. The process as claimed in claim 1 wherein the cooperating amine is of
      the formula:
      ##SPC10##
NUM  10.
PAR  10. The process as claimed in claim 1 wherein the cooperating amine is of
      the formula:
      ##SPC11##
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ABST
PAL  A method of treating aluminium, particularly as a means of anodising an
      aluminium lithographic plate, which method forms an anodised layer which
      has improved porosity, thickness, abrasion resistance, and chemical
      inertness but physical adhesion to overcoatings; the method comprises the
      steps of firstly anodising the aluminium by electrolysis in sulphuric acid
      solution, and secondly, anodising the aluminium by electrolysis in
      phosphoric acid solution. The same anodising potential, preferably of 10
      to 15 volts d.c. can be used for both steps, which are substantially
      continuous with one another. The surface is preferably grained first, by
      electrolysis in dilute hydrochloric acid. Preferred values of specific
      gravity for the sulphuric and phosphoric acids are given.
BSUM
PAR  This invention relates to methods of treating aluminium, and more
      particularly to methods of producing lithographic printing plates of the
      anodised alumium type, in which a substrate thereof has an anodised
      aluminium surface. An image on the surface is usually of a colloid, resin
      or metal, but could be any material which has the property of accepting
      ink in preference to water. The non-printing areas have an anodised
      aluminium oxide layer prepared in such manner as to have the property of
      accepting water in preference to ink.
PAR  The use of an anodised aluminium surface for lithographic printing has been
      known for many years, and many methods of manufacture are known to those
      skilled in the art. In British Patent No. 716402 (1954), the use of
      phosphoric acid as an electrolyte for anodising aluminium is mentioned as
      providing an anodised layer having a high degree of porosity, the porosity
      providing a means of keying-on an electrodeposit of copper which forms the
      image area of a lithographic plate. The same patent indicates that the
      anodised layer provides a water accepting surface for the nonprinting
      areas which is non-corrodable, because of its porous nature retains water
      better than a plain metal surface, and has such superior lithographic
      behaviour that conventional graining as used at that time was unnecessary.
      The use of sulphuric acid as an electrolyte for anodising aluminium for
      lithographic plate manufacture has an even longer history.
PAR  Although phosphoric acid anodised layers have many desirable features for
      lithographic use, it is well known that the anodised film is of a rather
      soft nature and of relatively poor abrasion resistance. This is a
      disadvantage when long-run printing performance is required. Sulphuric
      acid anodised layers are much harder, have much greater abrasion
      resistance and therefore provide more robust lithographic printing plates
      capable of very long printing runs. They have consequently enjoyed and
      continue to enjoy considerable commercial success. The sulphuric acid
      process is also more easily adapted to producing thicker anodised layers
      than the phosphoric acid process, the latter tending to be self limiting
      owing to the greater solubility of the anodised film in the electrolyte.
      However the sulphuric acid process produces layers which are not entirely
      satisfactory as lithographic substrates in that their receptivity towards
      ink and water tends to be non-discriminatory and methods of overcoming ink
      receptivity in the non-printing areas for example have to be used for all
      but the thinnest of layers. This necessity for "desensitising" the
      anodised layer can produce a serious problem, for examle when it is
      required to manufacture pre-sensitised lithographic plates in which the
      adhesion of the light sensitive coating to the substrate during and after
      development is all important. When such desensitising treatments are given
      to the anodised layer (for example by "sealing" or by "subbing") the
      attainment of satisfactory ink-repellency in the non-printing areas, and
      at the same time satisfactory performance in the ink-receptive image
      areas, is a matter of well judged compromise; such treatments can give
      lithographically desirable results and are in fact well known and in
      commercial use for both phosphoric acid and sulphuric acid anodised
      aluminium lithographic printing plates. As a generalisation phosphoric
      acid anodised layers are somewhat more resistant to the action of
      lithographic plate etches than sulphuric acid anodised layers and are much
      less sensitive to undesirable staining by dyes such as may be used or
      generated in the light sensitive coatings or other solutions which may be
      applied to the substrate.
PAR  The lithographic features of anodised aluminium substrates produced by
      using sulphuric acid and phosphoric acid electrolytes respectively are
      thus well known to those skilled in the art, and we have discovered a
      means whereby the lithographically desirable properties of the two types
      of anodised layers can be combined, and we have also discovered a means
      whereby this combination of properties can be achieved in a controllable
      and efficient manner.
PAR  One object of this invention is to provide a novel process for the
      preparation of an improved anodised aluminium substrate for lithographic
      printing plates and printing materials.
PAR  Another object of this invention is to provide an improved anodised
      aluminium substrate for lithographic printing plates and printing
      materials, having an outstanding combination of the desirable properties
      of chemical inertness to overcoatings, excellent adhesion to sensitised
      overcoatings, excellent adhesion to printing images, excellent water
      receptivity and excellent abrasion resistance.
PAR  According to this invention, a method of treating aluminium comprises the
      steps of firstly anodising the aluminium by electrolysis in sulphuric acid
      solution, and secondly, anodising the said aluminium by electrolysis in
      phosphoric acid solution.
PAR  The aluminium surface can initially be smooth, but is more usually grained
      by chemical, electrochemical or mechanical or other means, and may be
      given a rinsing, cleaning or etching treatment immediately before
      anodising.
PAR  For the sulphuric acid process, the electrolyte strength may vary from 5 to
      50 percent by volume (s.g. 1.05 - 1.45) of the concentrated acid, and with
      a typical solution of SG 1.20 an anodising potential of between 10 volts
      and 15 volts would be used to provide a current density of between 1 and 5
      amps/dM.sup.2, but wide variations from that have been reported.
PAR  The usual anodised layer thickness produced varies from 0.5 to 8.0 microns.
      It is customary to use direct current and to use lead or stainless steel
      cathodes (but alternating current can be used although the anodised layers
      tend to be softer).
PAR  The initial anodising treatment can produce a hard and if so desired
      relatively thick anodised layer which may then be modified by the
      phosphoric acid anodising treatment to a greater or lesser extent
      according to the precise lithographic properties required of the
      substrate. Phosphoric acid anodising for lithographic purposes may be
      carried out by using an electrolyte strength varying from full strength
      syrupy phosphoric acid (SG 1.75, 88 percent) down to dilute acid (SG 1.03,
      5 percent) although for practical purposes it is usual to use
      concentrations of between 20 and 60 percent by volume (s.g. 1.11 - 1.43)
      of the concentrated acid. In order to produce anodic layers of thickness
      suitable for lithographic plate making in reasonable process times
      (between 1 minute and 10 minutes), an anodising potential of around 30
      volts is customary with current densities of approximately 2.0
      amps/dM.sup.2, although quite wide variations from these have been
      reported. The anodised layer thickness produced by the typical phosphoric
      acid process as outlined above is of the order of 0.25 to 2.0 microns. By
      prolonging the action of the second anodising treatment it is possible to
      convert the whole sulphuric acid anodised layer into one typical of
      phosphoric acid anodising; thus it is possible to obtain an anodised layer
      having properties ranging from those typical of sulphuric acid anodising
      to those typical of phosphoric acid anodising.
PAR  Providing the two anodising processes are carried out as a substantially
      continuous operation e.g. with no more than a rinse and a brief interval
      between the two, we have found that the second anodising treatment can be
      effected rapidly and with low acid concentrations and low operating
      potentials. Indeed it is possible to use the same potential for both
      processes thus simplifying the electrical equipment required. If the
      sulphuric acid anodised layer is allowed to age prior to its being given
      the second treatment, the latter is best carried out with a higher
      electrical potential than is customarily required for sulphuric acid
      anodising.
PAR  Neither the reverse process of anodising initially in a phosphoric acid
      electrolyte and then with sulphuric acid, nor the use of mixed
      electrolytes, appear to produce anodised layers and comparable to those
      produced by the process of this invention, and treatment of sulphuric acid
      anodised layers by immersion in phosphoric acid solutions in the absence
      of an applied electrical potential merely leads to partial or complete
      removal of the anodised layers.
PAR  Although the effectiveness of the process has been repeatedly confirmed by
      practial lithographic plate making and testing on the substrates so
      produced, we have discovered a very useful and simple test which will
      demonstrate the attainment of the results claimed for the process of this
      invention. Such criteria as hardness, thickness and weight per square
      meter can readily be determined by known methods. Our new test is
      concerned with the fundamental difference in behaviour between the anodic
      layer produced with sulphuric acid and that produced with phosphoric acid
      towards a strongly alkaline solution of potassium hydroxide and zinc oxide
      in water. Anodised layers produced by the sulphuric acid process dissolve
      very readily in the zincate etch whereas anodised layers produced by the
      phosphoric acid process dissolve reluctantly. The reason for this
      difference is not precisely understood, but is believed to be associated
      with the barrier layer or residual phosphate within the anodic layer. The
      zincate solution provides a self indicating end point to the dissolution
      of the anodic layer because on completion metallic zinc is precipitated
      onto the bare aluminium surface as a very dark stain. The test is carried
      out by applying a drop of the solution to the substrate and noting the
      time taken in seconds for the zinc to precipitate. The end point is
      usually definite and the reproducibility of the time usually within .+-.
      20 percent. The thickness of the anodic layer has a bearing on the time
      although not in a linear manner and the results are interpreted in
      association with the anodised layer thickness. For equal film thicknesses
      the time for a phosphoric acid anodised layer is of the order of ten times
      that for a sulphuric acid anodised layer thus the differentiation of the
      two types of layer is very marked. Typical zincate etch times are:
PA0  for a phosphoric acid anodised substrate of 0.5 microns thickness, 200
      seconds.
PA0  for a sulphuric acid anodised substrate of 0.5 microns thickness, 22
      seconds
PA0  for a sulphuric acid anodised substrate of 4 microns thickness, 45 seconds
PAL  using a zincate etch of the formula:
TBL  Water                500 mls.                                             
     Potassium Hydroxide  480 gms.                                             
     Zinc oxide            80 gms.                                             
DETD
PAR  The following examples are intended to illustrate our inventon but not to
      limit it in any way.
PAC  EXAMPLE I
PAR  A sheet of aluminium was degreased in hot dilute sodium hydroxide solution,
      grained by electrolysis in dilute hydrochloric acid and finally washed
      thoroughly in de-ionised water. The resultant grained plate was anodised
      for five minutes in a solution of sulphuric acid of SG 1.25 at room
      temperature using a lead cathode. The applied electrical potential was 12
      volts DC. The plate was rinse thoroughly in de-ionised water and dried at
      room temperature. Anodised layer thickness and zincate etch solution time
      was determined.
TBL  ______________________________________                                    
     Anodised layer thickness                                                  
                          4.4 microns                                          
     Zincate etch time    45 seconds                                           
     ______________________________________                                    
PAR  The layer was hard and scratch resistant.
PAC  EXAMPLE II
PAR  A sheet of aluminium was degreased, grained and washed as in example I and
      anodised for five minutes in a solution of phosphoric acid of SG 1.33 at
      room temperature using a stainless steel cathode. The applied electric
      potential was 12 volts DC. The plate was rinsed thoroughly in de-ionised
      water and dried.
TBL  ______________________________________                                    
     Anodised layer thickness                                                  
                          0.15 microns                                         
     Zincate etch time    145 seconds                                          
     ______________________________________                                    
PAR  The layer was soft and easily scratched.
PAC  EXAMPLE III
PAR  The example II was pursued by extending the anodising time progressively.
      The anodised layer reached a limiting thickness from 15 minutes onwards.
TBL  ______________________________________                                    
     The limiting anodised layer thickness                                     
                             0.4 microns                                       
     Zincate etch time       160 seconds                                       
     ______________________________________                                    
PAR  The layer was soft and easily scratched.
PAC  EXAMPLE IV
PAR  A sheet of aluminium was degreased, grained, washed, anodised and rinsed as
      in example I and then immediately further anodised in a solution of
      phosphoric acid of SG 1.33 for two minutes at room temperature using a
      stainless steel cathode, and an electrical potential of 12 volts d.c. The
      plate was then rinsed thoroughly in de-ionised water and dried.
TBL  ______________________________________                                    
     Anodised layer thickness                                                  
                          4.0 microns                                          
     Zincate etch time    140 seconds                                          
     ______________________________________                                    
PAR  Thus we have produced an anodised layer which is substantially as thick as
      the original sulphuric acid anodised layer but which has the zincate
      etching characteristics of a thin phosphoric acid anodised layer. The
      hardness of the layer had been little affected and was still scratch
      resistant.
PAC  EXAMPLE V
PAR  The example IV was pursued by extending the time of anodising in phosphoric
      acid progressively. The final anodised layer reached a limiting thickness
      after 20 minutes. The resultant anodised layer was identical to that
      produced in example III.
TBL  ______________________________________                                    
     Time of phosphoric                                                        
                  Anodised Layer                                               
                                Zincate Etch                                   
     acid anodising                                                            
                  Thickness     Time                                           
     ______________________________________                                    
      0            4.4 microns    45 seconds                                   
      1 min.       4.0 microns    63 seconds                                   
      2 mins.      4.0 microns   140 seconds                                   
      5 mins.      2.7 microns   160 seconds                                   
     10 mins.      1.0 microns   150 seconds                                   
     20 mins.      0.4 microns   150 seconds                                   
     30 mins.      0.4 microns   160 seconds                                   
     60 mins       0.4 microns   150 seconds                                   
     ______________________________________                                    
PAR  Thus we have converted a hard and thick sulphuric acid anodised layer into
      a relatively soft and thin layer as produced by phosphoric acid.
PAC  EXAMPLE VI
PAR  Several sheets of aluminium were cleaned, grained, washed, anodised and
      rinsed as in example I and then immersed in a solution of phosphoric acid
      SC 1.33 at room temperature for various times, after which they were
      removed, rinsed thoroughly in de-ionised water and dried.
TBL  ______________________________________                                    
     Time of immersion                                                         
                   Anodised Layer                                              
                                Zincate Etch                                   
                   Thickness    Time                                           
     ______________________________________                                    
      0             4.4 microns  44 seconds                                    
      1 min.        4.2 microns  40 seconds                                    
      2 mins.       4.0 microns  37 seconds                                    
      5 mins.       3.4 microns  20 seconds                                    
     15 mins.       1.8 microns   8 seconds                                    
     25 mins.       Zero          1 second.                                    
     ______________________________________                                    
PAR  Progressive removal of the anodised layer was recorded and no evidence of
      the formation of a zincate etch resistant layer typical of phosphoric acid
      anodising was noted. In fact, as the removal of the layer progressed, the
      residual layer appeared to be much more quickly soluble in the zincate
      etch than a layer of equivalent thickness produced by directly anodising
      in sulphuric acid. This was probably due to the progressive disruption of
      the anodised layer caused by the action of the phosphoric acid.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of treating aluminium, the method comprising the steps of first
      anodising the aluminium by electrolysis in sulphuric acid solution, then
      secondly anodising the said aluminium by electrolysis in phosphoric acid
      solution.
NUM  2.
PAR  2. A method according to claim 1 in which an electrical potential of
      between 10 and 15 volts d.c. is used for at least one of said anodising
      steps.
NUM  3.
PAR  3. A method according to claim 1 in which the same electrical potential is
      used for the two anodising processes.
NUM  4.
PAR  4. A method according to claim 1 in which the two anodising processes are
      substantially continuous, being separated by only a rinse, and a brief
      interval.
NUM  5.
PAR  5. A method according to claim 1 in which the sulphuric acid solution has a
      specific gravity of between 1.05 and 1.45.
NUM  6.
PAR  6. A method according to claim 1 in which the specific gravity of the
      sulphuric acid solution is in the range 1.2 to 1.25.
NUM  7.
PAR  7. A method according to claim 1 in which a surface of the aluminium is
      grained before the said anodising.
NUM  8.
PAR  8. A method according to claim 7 in which the graining is by electrolysis
      in dilute hydrochloric acid solution.
NUM  9.
PAR  9. A method according to claim 1 in which the phosphoric acid solution has
      a specific gravity of between 1.11 and 1.43.
NUM  10.
PAR  10. A method according to claim 1 in which the current density during the
      first anodising is between 1 and 5 amps/sq.dm.
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ABST
PAL  Monomers having both an amine group and an anhydride or two carboxylic acid
      or salt groups are electropolymerized in solution. In an alcohol solvent
      the polymer forms as a coating on the anode, and in an aprotic solvent the
      polymer remains in solution. The polymer is cured to form a polyimide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Difunctional monomers, such as 4-amino phthalic anhydride, have been
      polymerized with heat to form polyimides. See U.S. Pat. No. 3,450,678.
      Also see page 1140 of an article by Bogart and Renshaw titled
      "4-Amino-0-Phthalic Acid And Some of Its Derivatives" which appeared in
      the Journal of the American Chemical Society, Vol. 30, pages 1135 to 1144
      (1908), and German Offen. Pat. Nos. 1,812,357 and 1,913,280.
PAR  Electropolymerization by condensation (e.g., loss of halogen or carbon
      dioxide) has been carried out with several different monomers. See pages
      390 to 392 of the article by N. Yamazaki titled "Electrolytically
      Initiated Polymerization" which appeared on pages 377 to 400 of Advanced
      Polymer Science, Vol. 6 (1969). However, only a very few condensation
      polymers have been successfully electropolymerized since a condensation
      polymerization is difficult to effect electrochemically. As the Yamazaki
      article states on page 390 in reference to electrochemical condensation
      polymerization, "electrochemical reaction is not favorable for such a
      step-by-step reaction, since a growing polymer chain end must be affected
      at the electrode at each step of the reaction. Hence, only a few peculiar
      attempts have been found successful."
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that monomers having both an amine group and an
      anhydride or two carboxylic acid or salt groups can be electropolymerized.
PAR  Our electrochemical polymerization process uses less reactive, less
      expensive monomers than do prior thermal polymerization processes which
      form polyimides. The absence of heat in our process means that side
      reactions which can occur at high temperatures are eliminated. Another
      advantage is that the process permits conducting articles to be directly
      coated with the polymer. Such a coating does not decrease in viscosity
      (degrade) as polymers formed thermally in solution tend to do.
PAC  DESCRIPTION OF THE INVENTION
PAR  The monomers useful in our process have the general formula:
      ##EQU1##
      where R is a trifunctional organic group and each R.sub.1 is independently
      selected from hydrogen and an organic salt group.
PAR  The R group is preferably aromatic or heteroaromatic as these monomers are
      easiest to work with, but it could also be aliphatic or alkylaryl.
      Aromatic R groups are particularly desirable since the resulting polymers
      have higher heat stabilities.
PAR  The two carboxyl or salt groups or anhydride group must be on the same
      carbon atom or on adjacent (vicinal) carbon atoms in order to polymerize
      to form a polyimide structure. Vicinal carboxyl groups are preferred as
      the polymerization reaction occurs more readily with vicinal carboxyl
      groups. The R.sub.1 groups must be hydrogen or a salt group since other
      groups such as esters do not electropolymerize. Preferably, the two
      R.sub.1 groups are identical since that makes the process more uniform.
      While inorganic salt groups such as Na.sup.+, K.sup.+, NH.sub.4 .sup.+,
      Ca.sup.+.sup.+, etc., could be used, organic salt groups are preferred
      because inorganic salt groups may degrade the polymer. Organic salt groups
      are also preferred to hydrogen because they make the solution more
      conductive which means that lower voltages are required and the
      polymerization is faster. Also, the monomers with salt groups tend to be
      more soluble than monomers with acid groups.
PAR  Of the organic salt groups, those most preferred are formed from tertiary
      amines or imidazoles. Examples include triethyl amine, trimethylamine, N,
      N-dimethylbenzylamine, tri-n-propylamine, tri-n-butylamine,
      N-ethylpiperidine, N-alkylpiperidine, N-ethylmorpholine,
      N,N-diethyl-m-toluidine, N,N-diethyl-p-toluidine, N-allylmoropholine,
      N,N-diethylaniline, pyridine, imidazole, 1-methylimidazole,
      4-methylimidazole, 5-methylimidazole, 1-propylimidazole,
      1,2-dimethylimidazole, 1-ethyl-2-methylimidazole, and 1-phenylimidazole.
      Since the salt group is not present in the final polyimide anyway, the
      alkyl to C4 salt groups are usually most convenient to use and less
      expensive. Monomer salts of tertiary amines are prepared by simply adding
      excess tertiary amine to the monomer acid.
PAR  Examples of suitable monomers include 4-amino phthalic acid (4-APA), its
      triethyl amine salt, and the triethyl amine salts of para H.sub.2
      N.phi.CONH .phi. (COOH).sub.2 and of meta and para H.sub.2 N.phi.CO.phi.
      (COOH).sub.2. Mixtures of monomers may also be used but are not preferred
      as the polymerization may not be uniform.
PAR  A solution is formed of the monomer in a suitable solvent. The solution
      should contain at least about 10 percent (all percentages herein are by
      weight) monomer since a solution of less monomer is simply a waste of
      solvent, although it can still be used. The upper limit on the monomer
      concentration is its solubility in the solvent. Generally, the solution
      should be as concentrated as it is feasible to work with because higher
      solids mean better yields.
PAR  If the solvent is aprotic the resulting polymer will primarily be formed in
      the solution. Almost any aprotic solvent may be used. Examples include
      dimethyl sulfoxide, dimethyl acetamide (DMAC), pyrrolidone,
      N-methyl-2-pyrrolidone (NMP), N-methyl formamide, dimethyl formamide,
      pyridine, etc. Mixtures of solvents can also be used.
PAR  If the solvent is an alcohol the polymer will primarily be deposited as a
      coating on the anode electrode. Thus, the process can be used to coat
      almost any conductor, including sheets, wire, metal objects, etc. Examples
      of suitable alcohols include the alkanols such as methanol, ethanol,
      propanol, isopropanol, etc. Glycols such as ethylene glycol can also be
      used, but the alkanols to C.sub.5 are preferred. Mixtures of alcohols can
      also be used.
PAR  The solution is placed in a suitable cell having conductive electrodes,
      preferably of platinum. The distance between the electrodes is determined
      by the current density desired, but about 1/2  to 6 inches is typical and
      about 1 inch is usually suitable.
PAR  A D.C. current is passed through the solution at a current density of
      generally about 0.2 to about 25 mA/cm.sup.2, where the calculation of the
      current density is based on the total surface area of the electrode. At
      less than about 0.2 mA/cm.sup.2 the current has very little effect and at
      more than about 25 mA/cm.sup.2 the additional current causes very little
      additional polymer to be formed. The voltage, of course, will vary
      depending on the resistance of the solution, but generally about 1 to
      about 200 volts are required. The time required to coat the electrode to
      the desired thickness or to polymerize substantially all of the monomer in
      a solution will generally be between about 1/2 to about 4 hours, about 2
      hours being most usual. Of course, it is possible to add more monomer as
      the supply is depleted.
PAR  The temperature during polymerization should be kept low, usually between
      about 20.degree. to about 50.degree.C, in order to avoid competing side
      reactions which may occur at higher temperatures. Usually no pH adjustment
      or catalyst is required.
PAR  While the details of the polymerization reaction are not known, the general
      reaction can be represented as:
      ##EQU2##
PAR  If the polyamic acid (or salt if R.sub.1 is not hydrogen) is formed in
      solution it is collected, for example, by pouring into a non-solvent such
      as ethyl acetate, followed by decantation, evaporation, or both.
PAR  The polyamic acid is cured in the same way that any other polyimide is
      cured, about 1/2 to about 1 hour at about 100 to about 300.degree.C being
      satisfactory. The cure reaction is believed to be:
      ##EQU3##
PAR  Although films which have been made from the polymer have been brittle due
      to the polymer's low molecular weight, it is believed that high molecular
      weight polymers (and therefore better films) can be made as the process is
      refined. The polymers are nevertheless useful as coatings in applications
      where flexibility is not important such as for coatings on rigid
      materials. Also, the addition of flexibilizers may make the polymers more
      flexible.
PAR  The following examples further illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  4-amino phthalic acid was prepared by adding 3g. of 5 percent
      palladium-charcoal catalyst, 600 cc ethanol, and 400 cc distilled water to
      170 g of 4-nitro phthalic acid. The mixture was placed in a Paar bomb at
      60.degree.C and the 4-nitro phthalic acid was reduced with hydrogen. The
      dark amber solution was filtered to remove catalyst and refiltered through
      Celite (a diatomaceous earth filter aid) to produce a light amber
      solution. The solvent was evaporated to give an 86 percent yield of a
      yellow precipitate which was recrystallized from an acetic acid-water
      mixture to give a light yellow powder. The powder exhibited a broad
      endotherm at 200.degree.C.
PAR  440g. of a 10 percent solution of the above-produced 4-amino phthalic acid
      in dimethylacetamide was prepared and placed in a glass cell maintained at
      20.degree.C by means of an outer water-cooled jacket. The cell was
      equipped with Teflon stirrer, nitrogen inlet and outlet and contained two
      identical 2.0 .times. 5.0 cm platinum foil electrodes 4.0 cm apart.
PAR  A constant D.C. current of 50mA was passed through the solution. Samples of
      50ml were withdrawn every 10 minutes and analyzed by viscosity, infrared,
      and gravimetric analysis for polymer characterization. After 2 hours the
      polymer was precipitated by pouring the solution into ethyl acetate. The
      ethyl acetate was decanted and the polymer was dried under vacuum at
      60.degree.C for 15 hours.
PAR  The polymer was a viscous liquid (inherent viscosity = 0.28 dl/g). The
      liquid was spread in an aluminum dish, then cured for 1 hour at about
      100.degree. to 300.degree.C. A brittle, dark amber film resulted.
PAR  Thermal gravitametric analysis was performed on the imide polymer. The peak
      weight loss as the temperature of the polymer was raised at a rate of
      10.degree.C/min. occurred at about 600.degree.C in air and about
      671.degree.C in nitrogen.
PAC  EXAMPLE 2
PAR  Example 1 was repeated using other monomers and conditions. The following
      table gives the results. All monomer solutions were at 9 percent solids in
      DMAC.
TBL  __________________________________________________________________________
            Initial                                                            
            Viscosity                                                          
                  Time Current                                                 
                            PH                                                 
     Monomer                                                                   
            (dl/g.)                                                            
                  (Hours)                                                      
                       (mA) Initial                                            
                                 Final                                         
                                     Comments                                  
     __________________________________________________________________________
     4-APA-HCl                                                                 
            0.14  12   100  3.9  2.2 Dark amber                                
                                     brittle film                              
     triethyl                                                                  
     amine salt                                                                
     of 4-APA                                                                  
            0.20  10   100  8.3  5.5   "                                       
     ammonium                                                                  
     salt of                                                                   
     4-APA  --     4   100  acidic   Opaque powdery                            
                                     film                                      
     __________________________________________________________________________
      All salts in the above table were di-substituted.                        
PAC  EXAMPLE 3
PAR  Example 1 was repeated using other monomers and reaction conditions. The
      following table gives the results. All solutions were at 9 percent solids
      in DMAC.
TBL  ______________________________________                                    
              Time   Current  pH                                               
     Monomer    (Hours)  (mA)     Before  After                                
     ______________________________________                                    
     triethyl amine                                                            
     salt of 4-APA                                                             
                10       100      8.3     5.5                                  
     hydrochloride                                                             
     salt of 4-APA                                                             
                12       100      3.9     2.2                                  
     triethyl amine                                                            
     salt of 4-APA                                                             
                4        100      basic                                        
     4-APA      2         50      unchanged                                    
     hydrochloride                                                             
     salt of 4-APA                                                             
                4        100      acid    more acid                            
     triethyl amine                                                            
     salt of 4-APA                                                             
                2        500      9.4     8.4                                  
     triethyl amine                                                            
     salt of 4-APA                                                             
                2        1000     9.4     9.2                                  
     triethyl amine                                                            
     salt of 4-APA                                                             
                2         50      9.2     9.2                                  
     ______________________________________                                    
      All salts in the above table were di-substituted.                        
      As in Example 1, films were made by pouring the polymer into an aluminum 
      dish and curing. Brittle films were produced as in Example 1.            
PAC  EXAMPLE 4
PAR  The compound p-NO.sub.2 .phi.CONH.phi. (COOH).sub.2 was prepared by adding
      9.25g. (0.05m) of p-NO.sub.2 .phi.COCl in 50cc of benzene to a stirred
      solution of 9.05g. (0.05m) 4-aminophthalic acid in 50cc dimethylacetamide.
      The temperature rose from 30.degree. to 50.degree.C and the solution was
      heated to 60.degree.C for about 5 minutes. The solution was cooled to room
      temperature and 100cc of ethanol and 500cc of water were added. A tan
      precipitate separated which was filtered, washed with ethanol and water,
      and dried under vacuum at 80.degree.C for 15 hours. The DTA (differential
      thermal analysis) melting point was 243.degree.C.
PAR  The monomer p-H.sub.2 N.phi.CONH.phi. (COOH).sub.2 was prepared by the
      catalytic hydrogenation of p-NO.sub.2 .phi.CONH.phi. (COOH).sub.2. A paar
      bomb was charged with 9.86g (0.03m) of p-NO.sub.2 .phi.CONH.phi.
      (COOH).sub.2, 70 cc ethanol, 100cc water, 20cc DMAC, and 0.4 gm 5 percent
      palladium on charcoal as a catalyst. Reduction was carried out at
      70.degree.C and 50 psig. The solution was filtered through Celite. The
      pale yellow filtrate was cooled and a beige precipitate separated which
      was filtered and dried. DTA m.p. = 229.degree.C.
PAR  The polymerization of the monomer and cure of the polymer generally
      followed the techniques described in Example 1.
PAR  A number of conditions were used, first to duplicate previous results and
      second to try to improve the polymerization process. While we feel we have
      improved the process, we have not optimized the system. In Table I are
      listed the preliminary reactions that were run.
PAR  In Table I the solutions were at 6.5 percent solids. In all of the
      electrochemical reactions listed in Table I, only a very small amount of
      deposit appeared at the anode. The DMAC is a solvent for the polymer so
      that as soon as the polymer was formed, it became soluble in the medium.
      In addition, viscous materials were obtained after work up of the reaction
      mixture. These viscous materials were low molecular substances that
      yielded brittle films when baked out in aluminum dishes and cured to
      150.degree.C.
PAR  In an effort to overcome these deficiencies, we changed to a different
      solvent system and used different monomers. Table II summarizes these
      reactions.
PAR  Unlike those reactions run in DMAC as listed in Table I, all of the
      reactions listed in Table II produced a heavy deposit at the anode. At
      first a thin amber colored film would be deposited on the anode. Gradually
      the film would become thicker and coarser in character and the coated
      anode would then exhibit discontinuities. Infrared spectral analysis
      showed that this deposit was the amide conversion product from the
      starting amino-acid. This deposit, when cured to 300.degree.C, was
      converted to the imide structure. However, the film was brittle. The
      solvent used in Table II was ethanol.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                       Reaction                                                
                             Reaction                                          
                                    Voltage                                    
                                          Current                              
     Monomer      Solvent                                                      
                       Time  Temperature                                       
                                    (V)   (mA) Comments                        
                       (Minutes)                                               
                             (.degree.C)                                       
     __________________________________________________________________________
     4-APA        DMAC 90    20-29  160.fwdarw.120                             
                                          30   Dark solution.                  
                                               Gassing at cathode.             
                                               Some deposit at anode.          
     triethyl amine                                                            
     salt of 4-APA*                                                            
                  DMAC 90    20-26  5     30     "                             
     benzyl dimethyl                                                           
     amine sale of                                                             
     4-APA*       DMAC 90    20-25  10    50     "                             
     triethyl amine                                                            
     salt of 4-APA*                                                            
                  DMAC 90    21-28  10.fwdarw.8                                
                                          50     "                             
     triethyl amine                                                            
     salt of                                                                   
     p-H.sub.2 NOCONHO(COOH).sub.2 *                                           
                  DMAC 90    24-27  10    50     "                             
     4-APA with 0.2                                                            
     mole% ZnCl2                                                               
     catalyst     DMAC 120   25-33  120.fwdarw.70                              
                                          50   Gray deposit on cathode         
     triethyl amine                                                            
     salt of 4-APA                                                             
                  NMP  120   25-26  17-15 100  Dark solution. Gassing          
                                               at cathode. Some deposit        
                                               at anode.                       
     __________________________________________________________________________
      All salts in Table 1 were di-substituted except those marked with an     
      asterisk which were mono-substituted. Arrows in the voltage column       
      indicate initial and final voltage.                                      
TBL                                    TABLE II                                
     __________________________________________________________________________
     Monomer      % Solids                                                     
                       Reaction Time                                           
                                Reaction                                       
                                       Voltage                                 
                                            Current                            
                       (Minutes)                                               
                                Temp. (.degree.C)                              
                                       (V)  (mA)                               
     __________________________________________________________________________
     4-APA        5.8  60       22-30   15  100                                
     triethyl amine                                                            
     salt of 4-APA*                                                            
                  5.8  30       25-30  30-25                                   
                                            200                                
     triethyl amine                                                            
     salt of                                                                   
     p-H.sub.2 N.phi.COHN.phi.(COOH).sub.2 *                                   
                  5    30       20-33  60.fwdarw.50                            
                                            200                                
     triethyl amine                                                            
     salt of                                                                   
     m-H.sub.2 N.phi.CO.phi.(COOH).sub.2                                       
                  5    30       22-40  40.fwdarw.35                            
                                            200                                
     triethyl amine                                                            
     salt of                                                                   
     p-H.sub.2 N.phi.CO.phi.(COOH).sub.2                                       
                  5    30       24-44  60.fwdarw.50                            
                                            200                                
     __________________________________________________________________________
       *mono-substituted                                                       
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of polymerizing a monomer having a general formula selected
      from the group consisting of:
      ##EQU4##
      and mixtures thereof, where R is a trifunctional organic group and each
      R.sub.1 is independently selected from hydrogen and salt groups, said
      COOR.sub.1 and --CO-- groups being viscinal or on the same carbon atom of
      R, comprising:
PAR  1. forming a solution of said monomer in a suitable non-interfering solvent
      organic; and
PA1  2. passing a direct electrical current through said solution at a current
      density of at least about 0.2 mA/cm.sup.2.
NUM  2.
PAR  2. A method according to claim 1 wherein R is alphatic, alklyaryl,
      aromatic, or hetero-aromatic.
NUM  3.
PAR  3. A method according to claim 2 wherein said monomer is a salt of 4-amino
      phthalic acid.
NUM  4.
PAR  4. A method according to claim 1 wherein said monomer has the general
      formula
      ##EQU5##
      where R is a trifunctional organic group and R.sub.1 is an organic salt
      group.
NUM  5.
PAR  5. A method according to claim 4 wherein R.sub.1 is an alkyl salt group or
      an aryl salt group.
NUM  6.
PAR  6. A method according to claim 5 wherein R.sub.1 is a tertiary amine group
      or an imidazole group.
NUM  7.
PAR  7. A method according to claim 1 wherein said solvent is an alcohol.
NUM  8.
PAR  8. A method according to claim 1 wherein said solvent is aprotic.
NUM  9.
PAR  9. A method according to claim 1 wherein said current has a density of
      about 0.2 to about 25 mA/cm.sup.2.
NUM  10.
PAR  10. A method according to claim 1 wherein monomer is continuously added to
      the solution to replace monomer which has polymerized, and polymerized
      monomer is continuously removed from the solution.
NUM  11.
PAR  11. A method according to claim 1 wherein the temperature of said solution
      is maintained at about 20.degree. to about 50.degree.C.
NUM  12.
PAR  12. A method according to claim 1 wherein said electrical current is passed
      between electrodes about 1/2 to about 6 inches apart for 1/2 to about 4
      hours at about 1 to about 200 volts.
NUM  13.
PAR  13. A method according to claim 1 including the additional step of curing
      the polymerized monomer at about 100.degree. to about 300.degree.C for
      about 1/2 to about 1 hour.
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ABST
PAL  An electrode, for use in electrolytic processes, comprises a valve metal
      substrate, such as titanium, a coating thereon of electroconductive tin
      oxide containing a doping amount of molybdenum, preferably about 0.1 to
      about 15 mole percent of molybdenum based on the moles of tin, and an
      outer coating of a noble metal or noble metal oxide.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of U.S. application
      Ser. No. 494,110, filed Aug. 2, 1974, now U.S. Pat. No. 3,882,002.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improved electrodes particularly adapted
      for use as anodes in electrochemical processes involving the electrolysis
      of brines.
PAR  A variety of materials have been tested and used as anodes in electrolytic
      cells. In the past, the material most commonly used for this purpose has
      been graphite. However, the problems associated with the use of graphite
      anodes are several. The chlorine overvoltage of graphite is relatively
      high, in comparison for example with the noble metals. Furthermore, in the
      corrosive media of an electrochemical cell graphite wears readily,
      resulting in substantial loss of graphite and the ultimate expense of
      replacement as well as continued maintenance problems resulting from the
      need for frequent adjustment of spacing between the anode and cathode as
      the graphite wears away. The use of noble metals and noble metal oxides as
      anode materials provides substantial advantages over the use of graphite.
      The electrical conductivity of the noble metals is substantially higher
      and the chlorine overvoltage substantially lower than that of graphite. In
      addition, the dimensional stability of the noble metals and noble metal
      oxides represents a substantial improvement over graphite. However, the
      use of noble metals as a major material of construction in anodes results
      in an economic disadvantage due to the excessively high cost of such
      materials.
PAR  In attempts to avoid the use of the expensive noble metals various other
      anode materials have been proposed for use as coatings over valve metal
      substrates. In U.S. Pat. No. 3,627,669, it is disclosed that mixtures of
      tin dioxide and oxides of antimony can be formed as adherent coatings on a
      valve metal substrate to form an anode useful in electrochemical
      processes. In the electrolytic production of chlorine, anodes of this type
      provide the advantage of economy in the elimination of the use of
      expensive noble metals or noble metal oxides. In addition the tin oxide
      coating provides an effective protection for the substrate. However, the
      tin oxide compositions, although useful as an anode material, exhibit a
      chlorine overvoltage that is substantially higher than that of the noble
      metals or noble metal oxides. Thus, despite the elimination of expensive
      noble metals, the cost of chlorine production, in processes using such
      anodes, is relatively high.
PAR  Considerable effort has been expended in recent years in attempts to
      develop improved anode materials and structures utilizing the advantages
      of noble metals or noble metal oxides. A great amount of effort has been
      directed to the development of anodes having a high operative surface area
      of noble metal or noble metal oxide in comparison with the total quantity
      of the material employed. This may be done, for example, by employing the
      noble metal as a thin film or coating over an electrically conductive
      substrate. However, when it is attempted to minimize the aforementioned
      economic disadvantage of the noble metals by applying them in the form of
      very thin films over a metal substrate, it has been found that such very
      thin films are often porous. The result is an exposure of the substrate to
      the anode environment, through the pores in the outer layer. In addition,
      in normal use in an electrolytic cell, a small amount of wear, spalling or
      flaking off of portions of the noble metal or noble metal oxide is likely
      to occur, resulting in further exposure of the substrate. Many materials,
      otherwise suitable for use as a substrate are susceptible to chemical
      attack and rapid deterioration upon exposure to the anode environment. In
      an attempt to assure minimum deterioration of the substrate under such
      circumstances, anode manufacturers commonly utilize a valve metal such as
      titanium as the substrate material. Upon exposure to the anodic
      environment, titanium, as well as other valve metals, will form a surface
      layer of oxide which serves to protect the substrate from further chemical
      attack. The Oxide thus formed, however, is not catalytically active and as
      a result the operative surface area of the anode is decreased.
PAR  Accordingly, it is an object of the present invention to provide improved
      electrodes for use as anodes in electrolytic processes. It is a further
      object to provide such anodes having an operative surface of noble metal
      or noble metal oxide and having improved efficiency and maintenance
      characteristics.
PAC  STATEMENT OF INVENTION
PAR  This invention provides a novel electrode, especially suited for use as an
      anode in either chlor-alkali or alkali metal chlorate cells; the novel
      electrode comprising a valve metal substrate having a protective coating
      thereon of conductive tin oxide containing a doping amount of molybdenum,
      and an outer coating of a noble metal or noble metal oxide. Preferably,
      the coating of conductive tin oxide contains about 0.1 to about 15 mole
      percent of molybdenum, based on moles of tin. Electrodes of this type
      exbibit a high degree of durability in addition to the relatively low
      overvoltage characteristics of a noble metal or noble metal oxide, making
      them well-suited for use as anodes in the electrolytic production of
      chorine.
PAR  Among the advantages of such construction is the protection afforded the
      metal substrate by the coating of conductive tin oxide. The preferred
      substrate materials of the anodes of the invention are the valve metals,
      such as titanium, tantalum, niobium or zirconium, especially titanium.
      However, where suitably thick intermediate layers of tin oxide are
      employed, other more conductive metals may be considered for use as
      substrates. The conductive tin oxide coating, which may typically range in
      coating weight from 0.1 grams per square meter to 100 grams per square
      meter or more, depending on the degree of protection desired, prevents
      contact of the substrate and the electrolyte, thus preventing or delaying
      corrosion or surface oxidation and the attendant deterioration or
      passivation of the substrate. At the same time, the outer layer provides
      the advantageous catalytic properties of the noble metals or noble metal
      oxides. In addition, the protective layer of conductive tin oxide permits
      the use of a relatively thin layer of the noble metal or noble metal oxide
      and a consequent savings resulting from a minimal use of the precious
      metal. Typically, the layer of noble metal or noble metal oxide will have
      a coating weight in the range of about 0.1 grams per square meter to about
      20 grams per square meter or higher and preferably about 3 to 10 grams per
      square meter in thickness. The disadvantages of pores or pinholes in the
      noble metal layer common in extremely thin layers is obviated by the
      presence of the intermediate layer of conductive tin oxide. Pores or
      pinholes in the noble metal layer, or wearing away of that outer layer
      over long periods of use result in the gradual exposure of the tin oxide
      layer. The intermediate layer of tin oxide will continue to provide a
      catalytically active surface in those exposed areas. The catalytic
      characteristics of tin oxide, although not as high as the noble metals or
      noble metal oxides, is higher than the valve metal oxide. Thus, the
      overall deterioration of the catalytic properties of the anode is more
      gradual and maintenance problems are accordingly lessened.
PAR  In addition, the intermediate layer of tin oxide provides an increase in
      surface area of the anode with a consequent improvement in overvoltage.
      Furthermore the adhesion of the noble metal or noble metal oxide to the
      substrate may be increased by the presence of the intermediate layer of
      tin oxide and the problem of spalling of the surface layer thereby
      reduced.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The novel electrodes of this invention may be employed in various
      electrochemical processes and are especially suited for use as an anode in
      electrolytic cells, such as chlor-alkali cells and alkali metal chlorate
      cells for the electrolysis of brines. The cathode of such a cell may be
      formed of an electrically conductive material which is resistant to attack
      under conditions of electrolysis. Thus, for example, a cathode of
      graphite, iron, steel, or other electrically conductive, resistant
      material may be employed. In a chlor-alkali cell, for the production of
      chlorine and caustic, the anode and the cathode may be separated by a
      diaphragm, thereby minimizing the flow of liquids from the anode
      compartment to the cathode compartment of the cell. The diaphragm may be
      of the asbestos type or, preferably, of the membrance type, which is
      impervious to both liquids and gases and which provides a control of ionic
      and molecular migration duuring electrolysis. Suitable cation-active
      permselective membrances which may be employed are disclosed in co-pending
      application Ser. No. 564,529, filed Apr. 2, 1975.
PAR  In the alkali metal chlorate cells, the brine solution to be electrolyzed
      is preferably substantially saturated and slightly acidified. Generally, a
      small amount, such as two grams per liter, of sodium dichromate is added
      to the brine solution to reduce the corrosive action of hypochlorous acid
      which may be liberated by hydrochloric acid that may be present in the
      electrolysis. In such a cell the electrolysis products are allowed to mix,
      forming alkali metal hypochlorites which in turn are oxidized to alkali
      metal chlorates.
PAR  The valve metal substrate which forms the inner or base component of the
      anode is an electroconductive metal having sufficient mechanical strength
      to serve as a support for the coating and having a high degree of chemical
      resistivity, especially to the anodic environment of electrolytic cells.
      Typical valve metals include, for example, Ti, Ta, Nb, Zr, and alloys
      thereof. The valve metals are well known for their tendency to form an
      inert oxide film upon exposure to an anodic environment. The preferred
      valve metal, based on cost and availability as well as electrical and
      chemical properties is titanium. The conductivity of the substrate may be
      improved, if desired, by providing a central core of a highly conductive
      metal such as copper. In such an arrangement, the core must be
      electrically connected to and completely protected by the valve metal
      substrate.
PAR  Tin oxide can be readily formed as an adherent coating on a valve metal
      substrate, in a manner described hereinafter, to provide a protective,
      electrically conductive layer which is resistant to chemical attack in
      anodic environments. Pure tin oxide however has a relatively high
      electrical resistivity in comparison to metals and exhibits undesirable
      change in electrical resistivity as a function of temperature. It is well
      known that the electrical stability of tin oxide coatings may be
      substantially improved and the electrical resistivity lowered through the
      introduction of a minor proportion of a suitable inorganic material
      (commonly referred to as a "dopant"). A variety of materials, especially
      various metal oxides and other metal compounds and mixtures thereof, have
      been disclosed in the prior art as suitable dopants for stabilizing and
      lowering the electrical resistivity of tin oxide compositions. Among the
      materials shown in the prior art to be useful as dopants in conductive tin
      oxide compositions and which may be employed in the tin oxide coating
      compositions of the anodes of this invention are included, for example,
      fluorine compounds, especially ammonium fluoride and the metal salts of
      fluorine, such as sodium fluoride, potassium fluoride, lithium fluoride,
      berylium fluoride, aluminum fluoride, lead fluoride, chromium fluoride,
      calcium fluoride, and other metal fluorides; hydrazine, phenylhydrazine;
      phosphorus compounds such as phosphorus chloride, phosphorus oxychloride,
      ammonium phosphate, organic phosphorus esters such as tricresyl phosphate;
      as well as compounds of tellurium, tungsten, antimony, molybdenum,
      arsenic, and others and mixtures thereof. The conductive tin oxide coating
      of this invention comprise tin oxide, containing a doping amount of
      molybdenum. The preferred tin oxide coatings of this invention comprise
      tin oxide containing about 0.1 to about 15 mole percent of molybdenum
      based on the moles of tin.
PAR  Conductive tin oxide coatings may be adherently formed on the surface of
      the valve metal substrate by various methods known in the art. Typically
      such coatings may be formed by first chemically cleaning the substrate,
      for example, by degreasing and etching the surface in a suitable acid,
      e.g., oxalic acid, then applying a solution of appropriate thermally
      decomposable salts, drying and heating in an oxidizing atmosphere. The
      salts that may be employed include, in general, a wide variety of
      thermally decomposable inorganic or organic salts or esters of tin and
      molybdenum including for example their chlorides, oxychlorides, alkoxides,
      alkoxy halides, resinates, amines and the like. Typical salts include for
      example, stannic chloride, stannous chloride, dibutyltin dichloride, tin
      tetraethoxide, molybdenum dichloride, molybenum trichloride, molybdenum
      tetrachloride, molybdenum pentachloride, molybdenum oxychloride, ammonium
      molybdate, and the like. Suitable solvents include for example, methyl
      alcohol, ethyl alcohol, propyl alcohol, butyl alcohol, pentyl alcohol,
      amyl alcohol, toluene, benzene and other organic solvents as well as
      water.
PAR  The solution of thermally decomposable salts, containing a salt of tin and
      a salt of molybdenum in a proportion suitable to provide about 0.1 to
      about 15 mole percent of molybdenum, based on moles of tin in the final
      oxide coating may be applied to the cleaned surface of the valve metal
      substrate by painting, brushing, dipping, rolling, spraying or other
      method. Optionally, an additional dopant, preferably a fluoride compound
      such as ammonium fluoride, may be incorporated in the coating solution in
      substitution for up to about 50 percent by weight of the molybdenum salt.
      The coating is then dried by heating for example at about 100.degree. to
      200.degree.C for several minutes to evaporate the solvent, and then
      heating at a higher temperature, e.g., 250.degree. to 800.degree.C in
      oxidizing atmosphere to convert the tin and molybdenum compounds to the
      oxide. The procedure may be repeated as many times as necessary to achieve
      a desired coating weight or thickness. The final coating weight of this
      conductive tin oxide coating may vary considerably, but is preferably in
      the range of about 3 to about 30 grams per square meter. Although the
      exact form in which the molybdenum is present in the final oxide coating
      is not certain, it is assumed to be present as a replacement for tin in a
      tin dioxide lattice structure.
PAR  The outer coating of the anode comprises a noble metal or noble metal oxide
      such as platinum, iridium, rhodium, palladium, ruthenium, or osmium or
      mixtures or alloys of these metals or the oxides or mixtures of the oxides
      of these metals. An outer coating of a noble metal may be applied by known
      methods such as electroplating, chemical deposition from a platinum
      coating solution, spraying, or other methods.
PAR  Preferably, the outer coating of the anode comprises a noble metal oxide.
      Noble metal oxide coating may be applied by first depositing the noble
      metal in the metallic state and then oxidizing the noble metal coating,
      for example, by galvanic oxidation or chemical oxidation by means of an
      oxidant such as an oxidizing salt melt, or by heating to an elevated
      temperature, e.g., 30.degree.C to 600.degree.C or higher in an oxidizing
      atmosphere such as air or oxygen, at atmospheric or superatmospheric
      pressures to convert the noble metal coating to a coating of the
      corresponding noble metal oxide. Other suitable methods include, for
      example, electrophoretic deposition of the noble metal oxide; or
      application of a dispersion of the noble metal oxide in a carrier, such as
      alcohol, by spraying, brushing, rolling, dipping, painting, or other
      method on to the tin oxide surface followed by heating at an elevated
      temperature to evaporate the carrier and sinter the oxide coating. A
      preferred method for the formation of the noble metal oxide coating
      involves coating the conductive tin oxide surface with a solution of a
      noble metal compound, evaporating the solvent and converting the coating
      of noble metal compound to the oxide by chemical or electrochemical
      reaction. For example, the conductive tin oxide surface may be coated with
      a solution of a thermally decomposable salt of a noble metal, such as a
      solution of a noble metal halide in an alcohol, evaporation of the
      solvent, followed by heating at an elevated temperature such as between
      about 300.degree. C and 800.degree.C in an oxidizing atmosphere such as
      air or oxygen for a period of time sufficient to convert the noble metal
      halide to a noble metal oxide. The procedure for formation of a noble
      metal or noble metal oxide coating may be repeated as often as necessary
      to achieve the desired thickness. The foregoing and other methods for the
      preparation of coatings of noble metals and noble metal oxides on the
      surface of anodes for use in electrolytic cells are well known in the art
      and may be found for example in U.S. Pat. No. 3,711,385.
PAR  The following specific examples will serve to further illustrate this
      invention. In the example and elsewhere in this specification and claims,
      all temperatures are in degrees Celsius and all parts are by weight unless
      otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  A strip of titanium plate is prepared by immersion in hot oxalic acid for
      several hours to etch the surface, then washed and dried. A solution of
      2.2 parts of SnCl.sub.4.sup.. 5H.sub.2 O and 0.2 parts of (NH.sub.4).sub.2
      MoO.sub.4 in 5 parts of water is brushed on to the cleaned titanium
      surface. The coating is dried by heating at 100.degree.C for about 2
      minutes than heated in an oven with a forced flow of air at 400.degree.C
      for about 5 minutes to convert the coating substantially to the oxide
      form. The process is repeated three times with a final heating in air at
      400.degree.C for 30 minutes.
PAR  The conductive tin oxide coated titanium is further coated in the following
      manner:
PAR  A solution of 1 gram of ruthenium trichloride in 0.4 cubic centimeters of
      36 percent hydrochloric acid and 6.2 cubic centimeters of butyl alcohol is
      brushed several times on to the tin oxide surface and then allowed to dry
      in air at a room temperature. After drying, the samples are heated in air
      at 560.degree.C for 25 minutes to decompose the RuCl.sub.3 and form
      RuO.sub.2. An additional coating of RuCl.sub.3 is similarily applied,
      dried and thermally treated, to yield a final coating of RuO.sub.2 having
      a coating weight of about 5.0 to 7.0 grams of ruthenium per square meter.
PAR  In the anode prepared in accordance with the foregoing example, the
      protective intermediate coating of conductive tin oxide consists of tin
      oxide with a minor amount of molybdenum. An anode may also be prepared in
      accordance with this invention, following the procedure of Example 1,
      except that a minor amount of a fluoride, such as manganese difluoride or
      ammonium fluoride may be incorporated in the coating composition prior to
      coating in an amount of about 0.1 to about 5 moles based on the moles of
      tin compound to further enhance the conductivity and catalytic activity of
      the coating.
PAC  EXAMPLE 2
PAR  An anode prepared in accordance with Example 1 is employed as an anode in a
      chlorine cell having a steel cathode separated from the anode by a
      cation-active permselective membrane. Preheated brine having a composition
      of about 310 grams of sodium chloride per liter is supplied to the anolyte
      compartment wherein electrolysis is conducted at an applied anode current
      density of about 310 ma/cm.sup.2 (2.0 ASI), and a cell temperature of
      about 70.degree. to 95.degree.C. Chlorine is produce at the anode and
      sodium hydroxide is produced at the cathode.
PAC  EXAMPLE 3
PAR  Anode plates prepared in accordance with Example 1 are installed in a
      chlorate cell which employs two anode plates surrounded by a mild steel
      cathode shell. The gap between the anode and cathode is about 0.125
      inches. The cell is operated at a current density of 4.0 ASI and
      maintained at a temperature of about 70.degree.C. The electrolyzed product
      ranges from about 400 to 550 grams of NaClO.sub.3 and about 120 to 150
      grams of NaCl and about 1.0 to 1.5 grams of sodium dichromate per liter,
      with a pH of about 6.7.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anode for use in electrolytic processes comprising a valve metal
      substrate, a coating thereon of electroconductive tin oxide containing a
      doping amount of molybdenum, and an outer coating of at least one of a
      noble metal or noble metal oxide.
NUM  2.
PAR  2. An anode according to claim 1 wherein the molybdenum is present in the
      tin oxide in an amount of about 0.1 to about 15 mole percent, based on the
      moles of tin.
NUM  3.
PAR  3. An anode according to claim 2 wherein the substrate is titanium.
NUM  4.
PAR  4. An anode according to claim 3 wherein the outer coating is a noble metal
      oxide.
NUM  5.
PAR  5. An anode according to claim 4 wherein the outer coating is ruthenium
      oxide.
NUM  6.
PAR  6. In a method of electrolyzing aqueous alkali metal chloride solutions in
      an electrolytic cell comprising an anode and a cathode wherein chlorine
      and an alkali metal hydroxide are formed, the improvement which comprises
      using as the anode, a composite structure comprising a valve metal
      substrate, a coating thereon of electroconductive tin oxide containing a
      doping amount of molybdenum, and an outer coating on the surface of the
      electroconductive tin oxide, of at least one of a noble metal or noble
      metal oxide.
NUM  7.
PAR  7. A method according to claim 6 wherein the anode comprises a titanium
      substrate, a coating thereon of electroconductive tin oxide containing
      about 0.1 to about 15 mole percent of molybdenum, based on moles of tin
      and an outer coating on the surface of the electroconductive tin oxide, of
      ruthenium oxide.
NUM  8.
PAR  8. A method according to claim 7 wherein the electrolysis products are
      mixed to form alkali metal chlorates.
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ABST
PAL  The method consists of decomposing calcium carbonate into carbon dioxide
      gas and calcium oxide under the effects of an ionizing radiation dose at a
      minimum power of absorbed radiation equal to 0.5 Mrad/s.
PAL  The advantageous feature of the method resides in that it takes much less
      time to occur, viz., a few minutes and even seconds rather than several
      scores of hours, and requires no vacuum to occur.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to chemical engineering and has particular reference
      to methods of decomposing calcium carbonate into calcium oxide and carbon
      dioxide gas. As is commonly known, both of said products find extensive
      applications in some various branches of industry. Calcium oxide, for
      instance, is widely used in the building practice as a binder.
PAR  At present it is widely known to use a thermal method for decomposing
      calcium carbonate into calcium oxide and carbon dioxide gas. The known
      method practically resides in that natural limestone is calcined at from
      1000.degree. to 1200.degree.C in special kilns.
PAR  The cardinal disadvantages inherent in said method resides in that it
      involves much heat added from external sources which, in turn, requires
      much fuel expenditure and, moreover, the process is rather lengthy; thus,
      under industrial conditions the process for the thermal decomposition of
      calcium carbonate is known to take several hours to complete.
PAR  Recently, another method of decomposing calcium carbonate into calcium
      oxide and carbon dioxide gas has become known which exposes the starting
      material to an ionizing radiation, and in particular, to gamma radiation.
PAR  So far the said method is carried into effect under high vacuum, and in
      particular, at a vacuum in the working chamber on the order of
      10.sup.-.sup.4 mm Hg, and with a power of absorbed radiation dose as low
      as some hundredths of a kilorad per second (cf., e.g., Proceedings of the
      Tashkent conference on peaceful use of atomic energy, "Radiolysis of some
      inorganic compounds in an intense gamma-field" by I. M. Blaunstein and S.
      V. Stardubtsev, vol, I, pp. 163-168, published by the Academy of Sciences
      of the Uzbek SSR, Tashkent, 1961/in Russian/).
PAR  The said method is advantageous over the thermal one in that it involves no
      external heat addition, which is indispensable in the known method, and
      requiring great amounts. However, said method involving the use of an
      ionizing radiation suffers from some disadvantages, such as its long
      duration, its taking up to several hundredths of hours for calcium
      carbonate to completely decompose, as well as, as stated above, the method
      involves high vacuum which much hampers its industrial application due to
      difficulties in providing a hermetically sealed working chamber under
      industrial conditions.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide improvements for
      a method of decomposing calcium carbonate by virtue of an ionizing
      radiation.
PAR  It is a specific object of the present invention to provide optimum
      radiation conditions, i.e., optimum power values of absorbed radiation
      dose.
PAR  It is a further object of the invention to substantially reduce the
      duration of the process, and dispense with any addition of external heat;
      to rule out the use of vacuum; and to make the method extensively
      applicable under industrial conditions.
PAR  Other objects and advantages of the invention will become more obvious from
      the disclosure that follows.
PAR  Said objects are attained due to the fact that upon decomposing calcium
      carbonate into calcium oxide and carbon dioxide gas by exposure to an
      ionizing radiation, according to the invention, decomposition occurs at an
      absorbed dose power of not less than 0.5 Mrad/s. This enables the process
      time to be cut down to minutes and even seconds. Whenever the resulting
      calcium oxide is intended to be used as a binder and when it is necessary
      that it possess a reasonably high reactivity, the calcium carbonate
      decomposition process is expediently run at an absorbed dose powers of
      from 0.5 to 10 Mrad/s.
PAR  In order to obtain calcium oxide suitable for making high refractory
      calcium carbonate decomposition, it is expedient to operate at a power of
      absorbed dose in excess of 10 Mrad/s.
PAR  Given below is a detailed disclosure of the invention with the specific
      illustrative embodiments thereof referred to with specific examples of
      practical realization of the proposed method.
PAR  The method consists in that calcium carbonate, ordinarily, naturally
      occurring limestone, is exposed to the effect of an ionizing radiation at
      a power of absorbed radiation of from 0.5  Mrad/s and over. The upper
      limit of the power of absorbed dose can be considered as practically
      unrestricted, insofar as an increase in the power of the absorbed dose
      results practically in a reduced decomposition time of calcium carbonate.
      However, it should not be overlooked that an increase in the power of
      absorbed dose might in some way or another influence upon the variation in
      the properties of calcium oxide. Thus, for instance, when the intended use
      for calcium oxide is a binder, it is quite reasonable that the power of
      the absorbed dose be within 10 Mrad/s.
PAR  Whenever calcium oxide is intended for subsequent production of
      high-refractory materials, the decomposition process is expediently
      conducted at higher power values of absorbed dose, viz., from 10 Mrad/s
      and over. Besides, as experiments have shown, carrying out the process at
      power values of absorbed radiation higher than 50 Mrad/s is not justified
      from standpoint of economy.
PAR  The ionizing radiation may be both gamma-rays and fluxes of accelerated
      electrons. In both cases the decomposition process will proceed
      successfully.
PAR  The process of calcium carbonate decomposition occurs in the heretofore
      known installations suitable for carrying out the same processes at the
      lower values of the power of absorbed dose, with the very point of
      difference residing in that the method proposed herein involves no vacuum
      in the working chamber, whereby the provision of the hermetically sealed
      working chamber is no longer necessary and, besides, the source of an
      ionizing radiation must be replaced by a more powerful one.
PAR  The known installations for decomposing calcium carbonate are essentially
      rather simple ones and find reasonably extensive applications, of which
      are left beyond the scope of the present disclosure, and they are not
      considered to make part of the present invention. Equally, no detailed
      description of the ionizing radiation sources is contained in the present
      disclosure, since such sources are of common knowledge and any information
      thereon is readily available. Some difficulties may be encountered because
      ionizing radiation sources suitable for industrial applications must be
      provided. So far as our knowledge goes, no such sources are hitherto
      developed. The inventors are aware of developing industrial designs of
      such sources which are now under way in the Soviet Union, and that
      applications will before long be filed for appropriate inventions. Our
      method, involves no addition of external heat, occurs at atmospheric
      pressure, and is featured by a substantially increased, practically
      complete yield of the end products which exceeds 95 percent.
DETD
PAC  EXAMPLES OF THE PREFERRED EMBODIMENTS
PAR  Some examples of practical embodiment of the proposed method are given
      hereinbelow.
PAC  EXAMPLE 1
PAR  Chemically pure powdery calcium carbonate in an amount of 100 g with a mass
      layer thickness of 2 g/cm.sup.2 was irradiated by a flux of electrons
      accelerated to an energy of 4.5 MeV, with the process taking place in air
      at atmospheric pressure and normal (room) ambient temperature, and with
      the power of the absorbed dose being 0.5 Mrad/s.
PAR  Ignition losses in samples that have undergone a 40-minute exposure are
      equal to 4.1 percent, while the free calcium oxide content amounts to 86.2
      percent. When the product is slaked, a vigorous effervescence is observed.
PAC  EXAMPLE 2
PAR  Ground and compressed natural limestone in an amount of 500 g with a mass
      layer thickness of 0.6 g/cm.sup.2, and containing 94 percent CaCO.sub.3
      was exposed to a flux of electrons accelerated to an energy of 1.5 MeV in
      air at atmospheric pressure and normal ambient temperature, with the power
      of absorbed dose being 0.67 Mrad/s.
PAR  Samples exposed to a 20-minute irradiation feature ignition losses equal to
      4.0 percent, and the content of free calcium oxide, to 90.2 percent. When
      slaked, the product manifests a vigorous effervescence.
PAC  EXAMPLE 3
PAR  Chemically pure compressed calcium carbonate in an amount of 200 g with a
      mass layer thickness of 1.6 g/cm.sup.2 was exposed to a flux of electrons
      accelerated to an energy of 4.0 MeV in air at atmospheric pressure and
      normal ambient temperature, with the power of the absorbed dose being 1.0
      Mrad/s.
PAR  Samples exposed to a 15-minute irradiation feature ignition losses equal to
      2.6 percent, with the content of free calcium oxide amounting to 91.5
      percent. When slaked, the product shows a vigorous effervescence.
PAC  EXAMPLE 4
PAR  Natural limestone with a 97-percent content of CaCO.sub.3, ground to a
      powderlike state, was in an amount of 400 g with a mass layer thickness of
      0.6 g/cm.sup.2 and exposed to a flux of electrons accelerated to an energy
      of 1.5 MeV in air at atmospheric pressure and normal ambient temperature,
      with the power of the absorbed dose being 2.0 Mrad/s.
PAR  Samples exposed to a 7-minute irradiation feature ignition losses equal to
      0.6 percent, with the content of free calcium oxide amounting to 95
      percent. When slaked, the product shows a vigorous effervescence.
PAC  EXAMPLE 5
PAR  Chemically pure powdery calcium carbonate in an amount of 20 g with a mass
      layer thickness of 2.0 g/cm.sup.2 was exposed to a flux of electrons
      accelerated to an energy of 4.5 MeV, in air at atmospheric pressure and an
      ambient temperature of 20.degree.C, with the power of the absorbed dose
      being 8.16 Mrad/s.
PAR  Samples exposed to a 3-minute irradiation feature no ignition losses, with
      the content of free calcium oxide amounting to 99.3 percent. When slaked,
      the product shows effervescence.
PAC  EXAMPLE 6
PAR  Chemically pure powdery calcium carbonate in an amount of 50 g with a mass
      layer thickness of 3.0 g/cm.sup.2 was exposed to a flux of electrons
      accelerated to an energy of 7.2 MeV, in air at atmospheric pressure and an
      ambient temperature of 25.degree.C, with the power of the absorbed dose
      being 9.75 Mrad/s.
PAR  Samples exposed to an 80-second irradiation feature no ignition losses,
      with the content of free calcium oxide amounting to 99.5 percent. Marked
      reaction of the product with water is observed.
PAC  EXAMPLE 7
PAR  Ground powdery natural limestone with a CaCO.sub.3 content of 94 percent,
      in an amount of 250 g with a mass layer thickness of 3.0 g/cm.sup.2 was
      exposed to a flux of electrons accelerated to an energy of 8 MeV in air at
      atmospheric pressure and normal ambient temperature, with the power of the
      absorbed dose being 11.32 Mrad/s.
PAR  Samples exposed to a 60-second irradiation feature no ignition losses, with
      the content of free calcium oxide amounting to 98 percent. The product but
      slightly reacts with water, with the Ca(OH).sub.2 content being determined
      only by resorting to titration.
PAC  EXAMPLE 8
PAR  Chemically pure compressed calcium carbonate in an amount of 50 g with a
      mass layer thickness of 3.0 g/cm.sup.2 was exposed to a flux of electrons
      accelerated to an energy of 8 MeV in air at atmospheric pressure and
      normal ambient temperature, with the power of the absorbed dose being 20.6
      Mrad/s.
PAR  Samples exposed to a 30-second irradiation feature no ignition losses, with
      the content of free calcium oxide amounting to 99.8 percent. The product
      reacts but slightly with water, with a negligible concentration of
      Ca(OH).sub.2 being determined tetrimetrically.
PAC  EXAMPLE 9
PAR  Chemically pure compressed calcium carbonate in an amount of 120 g with a
      mass layer thickness of 3.0 g/cm.sup.2 was exposed to a flux of electrons
      accelerated to an energy of 7.8 MeV in air at atmospheric pressure and
      normal ambient temperature, with the power of the absorbed dose being 46.1
      Mrad/s.
PAR  Samples exposed to a 20-second irradiation feature no ignition losses, with
      the content of free calcium oxide amounting to 99.7 percent. The product
      does not practically react with water, with the traces of Ca(OH).sub.2
      being determined tetrimetrically.
PAR  In all the aforestated examples use is made of both pulsed and
      continuous-wave electron accelerators.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of decomposing calcium carbonate into calcium oxide and carbon
      dioxide gas, comprising exposing calcium carbonate to an ionizing
      radiation at a power of the absorbed radiation dose of at least 0.5
      Mrad/s.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein calcium carbonate is exposed
      to an ionizing radiation at a power of the absorbed radiation dose of from
      0.5 to 10 Mrad/s.
NUM  3.
PAR  3. The method as claimed in claim 1, wherein calcium carbonate is exposed
      to an ionizing radiation at a power of the absorbed radiation dose of over
      10 Mrad/s.
NUM  4.
PAR  4. The method as claimed in claim 1, wherein the calcium carbonate source
      is selected from the group consisting essentially of limestone, and
      chemically pure calcium carbonate.
NUM  5.
PAR  5. The method as claimed in claim 1, wherein said method conducted at
      atmospheric pressure and without the addition of heat.
NUM  6.
PAR  6. The method as claimed in claim 5, wherein said method is conducted at
      ambient temperature.
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ABST
PAL  Radiation-sterilized shaped articles of olefin polymers containing 0.01 -
      0.5% by weight based on the weight of the olefin polymers, of octadecyl
      3,5-di-t-butyl-4-hydroxyhydrocinnamate or/and tetrakis [(m  methane.
PAL  The radiation-sterilized shaped articles are colorless and still have
      practically acceptable physical properties (melt flow rate and percentage
      occurrence of cracking), in spite of the fact that they have been
      irradiated with high energy radiation.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to shaped articles of olefin polymers irradiated
      with radiant rays. More particularly, it relates to shaped articles of
      olefin polymers which have been sterilized by means of
      .gamma.-ray-irradiation without accompaniment of discoloration and
      degradation in physical properties due to said irradiation.
PAR  Olefin polymers usually contain various kinds of stabilizers and additives
      depending upon the application fields and objects in order to maintain and
      develop their useful properties. For polyolefins (particularly
      polypropylene and polyethylene), there are a great variety of application
      fields now but they have recently found utility also in medical
      instruments and food-packagings. It goes without saying that shaped
      articles to be used for medical treatments and food-packagings must
      undergo the treatment of sterilization or disinfection, and this is a
      point of this application different from usual application. For
      sterization purpose, it is now recognized that irradiation of a dose of
      2.5-6 megarads of .gamma.-ray is very effective. However, it has
      heretofore been a well known fact that usual polyolefins, when treated
      with a high dose of radiation energy, always exhibit remarkable
      coloration. It is presumed that such coloration is caused mainly by
      additives, since no coloration is observed when .gamma.-ray is irradiated
      on polymers which do not contain any additive such as stabilizer. The
      polymers which do not contain additive, nevertheless, exhibit remarkable
      degradation in physical properties after irradiation of .gamma.-ray, and
      hence cannot be used for producing shaped articles. Thus, adevent of
      polymers which do not show coloration nor degradation in physical
      properties even when irradiated with .gamma.-ray has been desired.
PAR  Canadian patent No. 811,766 discloses an improvement of method for
      preventing polymers from being colored during the time of irradiation with
      high energy radiant ray, which comprises adding thiodipropionic acid
      diesters including distearyl thiodipropionate to crystalline propylene
      polymers. However, the addition of such compounds may prevent coloration
      due to irradiation of .gamma.-ray, but cannot prevent degradation in
      physical properties. Polymers containing distearyl thiodipropionate alone
      are almost similar in physical properties to those having no stabilizer.
PAR  The object of the present invention is accordingly to provide shaped
      articles of olefin polymers irradiated with .gamma.-ray without
      accompaniment of coloration or degradation in physical properties during
      the irradiation. The object and other advantages can be attained by the
      present invention mentioned below.
PAR  The present invention resides in shaped articles of olefin polymers
      obtained by shaping an olefin polymer or polymers containing 0.01-0.5% by
      weight based on the weight of the olefin polymers, of octadecyl
      3,5-di-t-butyl-4-hydroxyhydrocinnamate or/and tetrakis [methylene
      (3,5-di-t-butyl-4-hydroxyhydrocinnamate)] methane, and then subjecting the
      resulting shaped article to a sterilizing dose of high energy radiation.
PAR  As for the above-mentioned olefin polymers, there can be illustrated
      homopolymers of propylene; homopolymers of propylene containing therein
      0.1-4% by weight based on the weight of homopolymers of propylene, of
      ethylene-propylene rubber (EPR); propylene-ethylene copolymers containing
      0.5-20% by weight based on the weight of propylene, of ethylene; high
      density polyethylenes having a density of 0.950 to 0.965 g/c.c.; low
      density polyethylenes having a density of 0.905 to 0.925 g/c.c.;
      homopolymers of propylene containing therein 0.5-4% by weight based on the
      weight of homopolymers of propylene, of high density or low density
      polyethylene; or the like.
PAR  As for the above-mentioned shaped articles of the present invention, there
      can be illustrated instruments for medical treatment such as syringes,
      forceps, surgical clamps, etc., bags for food packaging, vessels for food
      packaging, etc. They are produced by various kinds of conventional molding
      processes such as injection molding, compression molding, extrusion
      molding, vacuum molding, etc.
PAR  Addition of 0.01-0.3% by weight based on the weight of olefin polymers,
      metal salts of fatty acids (mainly calcium stearate) to the
      above-mentioned olefin polymers in addition to the above-mentioned
      compounds, octadecyl 3,5-di-t-butyl-4-hydroxyhydrocinnamate or/and
      tetrakis [methylene(3,5-di-t-butyl-4-hydroxyhydrocinnamate)] methane, does
      not cause any coloration nor has bad influence upon the effectiveness of
      the above-mentioned cinnamates.
PAR  Further, for utilities which require slipping property such as syringes or
      the like, 0.01-0.5% by weight based on the weight of olefin polymers, of
      fatty acid amides may be further added.
PAR  Furthermore, in order to increase the effectiveness for preventing
      degradation in physical properties, 0.01-0.5% by weight based on the
      weight of olefin polymers, of at least one of dilauryl thiodipropionate,
      distearyl thiodipropionate and distearyl thiodibutyrate, can be added, and
      in this case, better results can be obtained due to synergism.
PAR  The high energy radiation useful for sterilization purposes is conveniently
      provided by a cobalt 60 source. Other sterilizing radiation treatment,
      however, can be used, such as high energy X-rays, so long as the
      sterilization is accomplished by this treatment. The dosage applied to the
      polymers should be sufficient only to sterilize the composition. For the
      olefin polymers of this invention, a shaped article such as a syringe can
      be effectively sterilized by applying 2.5 megarads.
PAR  In general, radiation dosages that can be applied range from about 2.5 to
      about 6 megarads.
PAR  The mixing ratio of additives referred to herein is based upon the weight
      of olefin polymers unless otherwise indicated.
DETD
PAR  The present invention is further illustrated by the following examples, but
      they should not be construed to be limitative to the scope of the present
      invention.
PAC  EXAMPLES
PAR  Olefin polymers were shaped into 20 ml syringe by means of an injection
      molding machine, and the resulting syringe was subjected to irradiation of
      .gamma.-ray of 5 megarads (ray source: cobalt 60).
PAR  In the following Table are shown kinds of olefin polymers, kinds and
      amounts of additives, MFR (1) (according to ASTM D-1238) prior to
      .gamma.-ray irradiation, and MFR (2), color and percentage occurrence of
      cracking after .gamma.-ray irradiation. The percentage occurrence of
      cracking referred to herein means the ratio of the number of cracked
      syringes to five of same syringes.
TBL                                    Table                                   
     __________________________________________________________________________
                                      After irradiation                        
                                                    Occurrence of              
     Sample No.                                                                
            Polymer Additive %  MFR (1)                                        
                                      Color  MFR (2)                           
                                                    cracking,                  
     __________________________________________________________________________
                                                    %                          
      1     PP      None        11.0  colorless                                
                                             300 or 100                        
                                                 more                          
      2     PP      Ca-St   0.1 10.5  colorless                                
                                             300 or 100                        
                                                 more                          
      3     PP      BHT     0.1 5.1   light yellow                             
                                             50     40                         
                    Ca-St   0.1                                                
      4     PP      S.W.P   0.1 5.7   light yelow                              
                                             43     40                         
                    Ca-St   0.1                                                
      5     PP      Irganox 565                                                
                            0.1 5.8   light yellow                             
                                             48     40                         
                    Ca-St   0.1                                                
      6*    PP      Irganox 1076                                               
                            0.1 6.7   colorless                                
                                             51     40                         
                    Ca-St   0.1                                                
      7*    PP      Irganox 1010                                               
                            0.1 6.9   colorless                                
                                             48     40                         
                    Ca-St   0.1                                                
      8     PP      Topanol CA                                                 
                            0.1 7.4   yellow 59     40                         
                    Ca-St   0.1                                                
      9     PP      Ionox 330                                                  
                            0.1 5.7   light yellow                             
                                             50     40                         
                    Ca-St   0.1                                                
     10     PP      GRA     0.1 5.8   light yellow                             
                                             52     40                         
                    Ca-St   0.1                                                
     11     PP      GRB     0.1 6.2   light yellow                             
                                             53     40                         
                    Ca-St   0.1                                                
     12     PP      Santonox R                                                 
                            0.1 5.1   brown  86     60                         
                    Ca-St   0.1                                                
     13     PP      DLTDP   0.1 7.0   colorless                                
                                             94     80                         
                    Ca-St   0.1                                                
     14     PP      DSTDP   0.1 6.8   colorless                                
                                             90     80                         
                    Ca-St   0.1                                                
     15     PP      DSTDB   0.1 6.8   colorless                                
                                             96     80                         
                    Ca-St   0.1                                                
                    BHT     0.1                                                
     16     PP      DLTDP   0.2 5.0   yellowish                                
                                             44     60                         
                    Ca-St   0.1       brown                                    
                    S.W.P.  0.1                                                
     17     PP      DSTDP   0.2 5.2   yellow 43     40                         
                    Ca-St   0.1                                                
                    Irganox 1076                                               
                            0.1                                                
     18*    PP      DLTDP   0.2 6.0   colorless                                
                                             47     20                         
                    Ca-St   0.1                                                
                    Irganox 1010                                               
                            0.1                                                
     19*    PP      DSTDP   0.2 6.1   colorless                                
                                             45     20                         
                    Ca-St   0.1                                                
                    Ionox 330                                                  
                            0.1                                                
     20     PP      DLTDP   0.2 5.6   yellow 51     40                         
                    Ca-St   0.1                                                
     21     PP      Amide-A 0.3 9.6   colorless                                
                                             300 or 100                        
                    Ca-St   0.1                  more                          
     22     PP      Amide B 0.3 9.9   colorless                                
                                             300 or 100                        
                    Ca-St   0.1                  more                          
                    Irganox 1076                                               
                            0.1                                                
     23*    PP      DLTDP   0.2 6.0   colorless                                
                                             48     20                         
                    Amide-A 0.3                                                
                    Ca-St   0.1                                                
                    Irganox 1010                                               
                            0.1                                                
     24*    PP      DLTDP   0.2 5.8   colorless                                
                                             44     20                         
                    Amide-B 0.3                                                
                    Ca-St   0.1                                                
                    Irganox 1010                                               
                            0.1                                                
     25*    P-E Copoly.                                                        
                    DLTDP   0.2 6.4   colorless                                
                                             40      0                         
            (C.sub.2 .sup.= = 1.0%)                                            
                    Ca-St   0.1                                                
                    Irganox 1076                                               
                            0.1                                                
     26*    PP + EPR3%                                                         
                    DLTDP   0.2 6.2   colorless                                
                                             45      0                         
                    Ca-St   0.1                                                
                    Irganox 1010                                               
                            0.1                                                
     27*    LDPE    DLTDP   0.2 5.0** colorless                                
                                             4.7 **  0                         
                    Ca-St   0.1                                                
                    Irganox 1010                                               
                            0.1                                                
     28*    HDPE    Ca-St   0.1 5.0** colorless                                
                                             4.8 **  0                         
                    DLTDP   0.2                                                
     29*    PP + LDPE3%                                                        
                    Irganox 1010                                               
                            0.1 7.0   colorless                                
                                             38      0                         
                    Ca-St   0.1                                                
     30*    PP + HDPE3%                                                        
                    Irganox 1076                                               
                            0.1 6.5   colorless                                
                                             32      0                         
                    Ca-St   0.1                                                
     __________________________________________________________________________
      Notes:                                                                   
      PP : Polypropylene                                                       
      P-E Copoly. : Propylene ethylene copolymer                               
      C.sub.2 .sup.= : Ethylene content                                        
      LDPE : Low density polyethylene                                          
      HDPE : High density polyethylene                                         
      Ca-St : Calcium stearate                                                 
      BHT : 2,6-di-t-butyl-p-cresol                                            
      S.W.P : 4,4-butylidene bis (6-t-butyl-m-cresol)                          
      Irganox 565 : 2,4                                                        
      bis-(n-octylthio)-6-(4-hydroxy-3,5-di-t-butylanilino)-1,3,5 triazine     
      Irganox 1076 : Octadecyl 3,5-di-t-butyl-4-hydroxyhydrocinnamate          
      Irganox 1010 : Tetrakis [methylene                                       
      (3,5-di-t-butyl-4-hydroxyhydrocinnamate)] methane                        
      Topanol CA : 1,1,3 tris (2-methyl-5-t-butyl-4-hydroxyphenol) butane      
      Ionox 330 : 1,3,5 trimethyl 2,4,6 tris (3,5-di-t-butyl-4-hydroxybenzyl)  
      benzene                                                                  
      GRA : Tris (3,5-di-t-butyl-4-hydroxybenzyl) isocyanurate                 
      GRB : Tris [.beta.(4-hydroxy-3,5-di-t-butylphenyl) propionyloxyethyl]    
      isocyanurate                                                             
      Santonox R : 4,4' thio bis (2-t-butyl-5-methylphenol)                    
      DLTDP : Dilauryl .beta.,.beta.'-thiodipropionate                         
      DSTDP : Distearyl .beta.,.beta.'-thiodipropionate                        
      DSTDB : Distcaryl .beta.,.beta.'-thiobutyrate                            
      Amide A : Oleic amide                                                    
      Amide B : Erucic amide                                                   
      *  : Examples according to the present invention                         
      ** : M.I. (according to ASTMD-1238)                                      
PAR  Notes:
PAR  PP : Polypropylene
PAR  P-E Copoly. : Porpylene ethylene copolymer
PAR  C.sub.2.sup.= : Ethylene content
PAR  LDPE : Low density polyethylene
PAR  HDPE : High density polyethylene
PAR  Ca-St : Calcium stearate
PAR  BHT : 2,6-di-t-butyl-p-cresol
PAR  S.W.P : 4,4-butylidene bis (6-t-butyl-m-cresol)
PAR  Irganox 565 : 2,4 bis-(n-octylthio)-6-(4-hydroxy-3,5-di-t-butylanilino)-3,5
      triazine
PAR  Irganox 1076 : Octadecyl 3,5di-t-butyl-4-hydroxyhydrocinnamate
PAR  Irganox 1010 : Tetrakis [methylene
      (3,5-di-t-butyl-4-hydroxyhydrocinnamate)] methane
PAR  Topanol CA : 1,1,3 tris (2-methyl-5-t-butyl-4-hydroxyphenol) butane
PAR  Ionox 330 : 1,3,5 trimethyl 2,4,6 tris (3,5-di-t-butyl-4-hydroxybenxyl)
      benzene
PAR  GRA : Tris (3,5-di-t-butyl-4-hydroxybenzyl) isocyanurate
PAR  GRB : Tris [.beta.(4-hydroxy-3,5-di-t-butylphenyl) propionyloxyethyl]
      isocyanurate
PAR  Santonox R : 4,4' thio bis (2-t-butyl-5-methylphenol)
PAR  DLTDP : Dilauryl .beta.,.beta.'-thiodipropionate
PAR  DSTDP : Distearyl .beta.,.beta.'-thiodipropionate
PAR  DSTDB : Distenryl .beta.,.beta.'-thiodibutyrate
PAR  Amide A : Oleic amide
PAR  Amide B : Erucic amide
PAR  * : Examples according to the present invention ** : M.I. (according to
      ASTMD-1238)
PAR  As apparent from the above Table, the shaped articles of the compositions
      having therein distearyl thiodipropionate incorporated (sample Nos. 13, 14
      and 15) have no commercial value as products in view of their poor
      physical properties (MFR (2) and percentage occurrence of cracking). On
      the other hand, the shaped articles of the present invention (sample Nos.
      6,7,18,19,23,24,25,26,27, 28,29 and 30) are exceedingly superior to those
      of the above-mentioned prior art (Canadian patent) using thiodipropionic
      acid diesters.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Shaped articles comprising at least one polymer selected from the group
      consisting of homopolymers of propylene; homopolymers of propylene
      containing therein 0.1-4% by weight based on the weight of homopolymers of
      propylene, of ethylene-propylene rubber; propylene-ethylene copolymers
      containing therein 0.5-20% by weight based on the weight of propylene, of
      ethylene; high density polyethylenes having a density of 0.950 to  0.965
      g/c.c.; g/cc.; low density polyethylenes having a density of 0.905 to
      0.925 g/c.c.; and homopolymers of propylene containing therein 0.5-4% by
      weight based on the weight of homopolymers of propylene, of high density
      or low density polyethylene and 0.01-0.5% by weight based on the weight of
      the olefin polymer or polymers, of at least one material selected from the
      group consisting of octadecyl 3,5-di-t-butyl-4-hydroxyhydrocinnamate and
      tetrakis (methylene(3,5-di-t-butyl -4-hydroxyhydrocinnamate)) methane, and
      irradiated with a sterilizing dose of high energy radiation.
NUM  2.
PAR  2. Shaped articles according to claim 1, wherein said olefin polymer or
      polymers further contain 0.01 to 0.3% by weight based on the weight of the
      olefin polymer or polymers, of calcium stearate.
NUM  3.
PAR  3. Shaped articles according to claim 1 wherein said olefin polymer or
      polymers further contain 0.01 to 0.3% by weight of calcium stearate and
      0.01 to 0.5% by weight of at least one material selected from the group
      consisting of oleic amide and erucic amide, both based on the weight of
      the olefin polymer or polymers.
NUM  4.
PAR  4. Shaped articles according to claim 1, wherein said olefin polymer or
      polymers further contain 0.01 to 0.3% by weight of calcium stearate and
      0.01 to 0.5% by weight of at least one compound selected from the group
      consisting of dilauryl thiodipropionate, distearyl thiodipropionate and
      distearyl thiodibutyrate, both based on the weight of the olefin polymer
      or polymers.
NUM  5.
PAR  5. Shaped articles according to claim 1, wherein said olefin polymer or
      polymers further contain 0.01 to 0.3% by weight of calcium stearate, 0.01
      to 0.5% by weight of at least one material selected from the group
      consisting of oleic amide and erucic amide and 0.01 to 0.5% by weight of
      at least one material selected from the group consisting of dilauryl
      thiodipropionate, distearyl thiodipropionate and distearyl thiodibutyrate,
      each based on the weight of the olefin polymer or polymers.
NUM  6.
PAR  6. A process for producing radiation-sterilized shaped articles of an
      olefin polymer without coloration and degradation in physical properties,
      which comprises shaping an olefin polymer or polymers containing 0.01 to
      0.5% by weight based on the weight of the olefin polymer of at least one
      material selected from the group consisting of octadecyl
      3,5-di-t-butyl-4-hydroxyhydrocinnamate and tetrakis (methylene
      (3,5-di-t-butyl-4hydroxyhydrocinnamate)) methane, and then irradiating
      with a sterilizing dose of high energy radiation, said olefin polymer
      being selected from the group consisting of homopolymers of propylene;
      homopolymers of porpylene containing therein 0.1-4% by weight based on the
      weight of homopolymers of propylene, of ethylene-propylene rubber;
      propylene-ethylene copolymers containing therein 0.5-20% by weight based
      on the weight of propylene, of ethylene; high density polyethylenes having
      a density of 0.950 to 0.965 g/c.c.; low density polyethylenes having a
      density of 0.905 to 0.925 g/c.c.; and homopolymers of propylene containing
      therein 0.5-4% by weight based on the weight of homopolymers of propylene,
      of high density or low density polyethylene.
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ABST
PAL  A solution containing dissolved tungsten and dissolved aluminum is spray
      dried to recover a tungsten-and-aluminum containing powder. The powder is
      then fired to eliminate hydrated water and volatiles and to convert the
      aluminum compound into alumina. The powder is next fired at a higher
      temperature in a reducing atmosphere to reduce the tungsten compound to
      elemental tungsten. A coating suspension containing the tungsten-alumina
      powder is then prepared and electrophoretically deposited on cathode
      heaters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of insulated coated heaters for
      indirectly heated cathodes of electron discharge tubes and especially to
      thermally darkened coated heaters.
PAR  2. Description of the Prior Art
PAR  Examples of dark coated insulated heaters are shown in U.S. Pat. Nos.
      3,195,004, 3,246,197, 3,328,201 and 3,450,565. As disclosed in said
      patents, a dark coating is obtained by mixing particulate alumina
      (aluminum oxide) with tungsten, the tungsten being either in particulate
      elemental form or in solution. When the tungsten is used in solution form,
      it is reduced to the dark elemental state, either after it has been
      deposited on the aluminum oxide particles or after it has been deposited
      on a coated heater.
PAR  As pointed out in said patents, the purpose of the dark coating is to
      electrically insulate the heater from the cathode into which it is
      inserted and to improve the efficiency of heat transfer from the heater to
      the cathode, a dark coating being more efficient in heat transfer than the
      usual white alumina coating.
PAR  In the heater coatings of the prior art, it is difficult to obtain
      uniformity of dark color from batch to batch of dark coating.
PAC  SUMMARY OF THE INVENTION
PAR  In the process of coating a heater in accordance with this invention, an
      aqueous solution containing predetermined quantities of dissolved tungsten
      and dissolved aluminum is first prepared. The tungsten may be supplied in
      water soluble form, such as ammonium tungstate or tungstosilicic acid, or
      it may be supplied by dissolving tungsten metal, preferably in powder
      form, in a dissolving liquid, such as hydrogen peroxide or a suitable
      acid. The aluminum is preferably supplied in water soluble form, such as
      aluminum nitrate or aluminum chloride, rather than by dissolving aluminum
      metal in an acid, although the metal could be used provided it has
      adequate purity to serve as a raw material for a heater insulating
      coating.
PAR  The aqueous solution is then atomized in a stream heated above the boiling
      point of water to yield a dry fine homogeneous powder containing an
      aluminum compound and a tungsten compound. The powder is then fired in
      order to eliminate hydrated water and other volatiles and to form alumina.
      Next the powder is fired at a higher temperature in a reducing atmosphere
      to reduce the tungsten to elemental form, the alumina remaining unreduced.
      Also, the firing temperature is not sufficiently high to sinter the
      particles together. Finally the powder is fired at a still higher
      temperature to crystallize the product, this firing being in an inert or
      reducing atmosphere to prevent oxidation of the tungsten. This final
      product is a dark crystalline homogeneous powder in which the ratio of
      elemental tungsten to alumina in each particle is uniform.
PAR  The crystalline powder is then blended into a suitable electrophoretic
      coating suspension and is electrophoretically deposited on cathode heaters
      by usual methods such as shown in U.S. Pat. Nos. 2,966,449 and 3,049,482.
      The dark coating may be deposited directly on a cathode heater as a single
      coating or it may be deposited as a second coating over a first coating of
      aluminum oxide. However, improved uniformity of dark color results from
      the process of this invention.
PAR  Although it is preferable, for purposes of insulation resistance, that the
      tungsten and aluminum containing solution be free of other materials that
      might remain in the atomized-and-fired powder, some tolerance thereof is
      permitted. For example, a heteropoly tungstic acid such as disclosed in
      U.S. Pat. No. 3,450,565 may be used, especially tungstosilicic acid. In
      such a case, the crystallized dark particles would contain a small
      percentage of silica, which would not generally be detrimental to the
      heater insulation throughout its normal life.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following is a specific example of a heater coating process in
      accordance with this invention. 30 grams of high purity elemental tungsten
      was dissolved in hydrogen peroxide to make 1.1 liters of solution. 7800
      grams of reagent grade aluminum nitrate, Al(NO.sub.3).sub.3.9H.sub.2 O,
      was dissolved in 10 liters of water. Both solutions were combined to form
      a clear solution containing all the aluminum nitrate and dissolved
      tungsten. 6000 cc of this solution was then diluted with 44000 cc of
      deionized water and fed to a nine foot diameter, cocurrent spray drier at
      the rate of 1500 cc/min. Atomization was achieved with the use of an
      ultrasonic spray nozzle operating with a 180.degree. spray angle at 70
      psig air pressure. The spray drier was heated so as to maintain an outlet
      temperature of 195.degree.C which resulted in rapid evaporation of the
      atomized droplets and formation of dry homogeneous particles containing
      aluminum nitrate and tungstic oxide. This particulate material was fired
      for two hours in an electric furnace at 450.degree.C in an air atmosphere
      to volatilize hydrated water and nitrogen dioxide and to convert the
      aluminum nitrate to alumina. Next the material was fired at 800.degree.C
      for one hour in a 75% hydrogen - 25% nitrogen atmosphere to reduce the
      tungsten oxide to elemental tungsten. Finally the material was fired at
      1200.degree.C for one hour in a similar reducing atmosphere to crystallize
      the material. The final product was a dark crystalline, homogeneous powder
      of alumina-tungsten of fine particle size, the tungsten composition of
      each particle being 3% by weight.
PAR  The dark powder was blended into electrophoretic coating suspensions
      containing methanol, .5 to 1.0% water, .5 to 2.0% aluminum nitrate and 30
      to 60% dark powder, all percentages by weight. Coiled cathode ray heaters
      made from 67 mm of 4.6 mil tungsten wire were electrophoretically coated
      with one of said suspensions, the average coating weight on each heater
      being 4.5 mg. The coated heaters were fired at 1650.degree.C in a reducing
      atmosphere to sinter the coating, which had a dark color of 7 on the Kodak
      gray scale of 1 to 12. The coated heaters were mounted in indirectly
      heated cathodes and operated satisfactorily in cathode ray tubes.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process of coating heaters for use with indirectly heated
      cathodes of electron tubes the steps which comprise: preparing a solution
      containing dissolved tungsten and dissolved aluminum; atomizing said
      solution in a stream heated above the boiling point of water to yield dry
      particles containing an aluminum compound and a tungsten compound; first
      firing said particles to eliminate volatiles and convert said aluminum
      compound to alumina; second firing said particles at a higher temperature
      in a reducing atmosphere to reduce said tungsten compound to elemental
      tungsten; third firing said particles at a still higher temperature in a
      reducing atmosphere to crystallize said particles; dispersing said
      particles in a coating suspension and electrophoretically coating said
      heaters therewith.
NUM  2.
PAR  2. The process of claim 1 wherein said dissolved tungsten is ammonium
      tungstate or tungstosilicic acid.
NUM  3.
PAR  3. The process of claim 1 wherein said dissolved aluminum is aluminum
      nitrate.
NUM  4.
PAR  4. The process of claim 1 wherein said first firing step is at about
      450.degree.C.
NUM  5.
PAR  5. The process of claim 1 wherein said second firing step is at about
      800.degree.C.
NUM  6.
PAR  6. The process of claim 1 wherein said third firing step is at about
      1200.degree.C.
NUM  7.
PAR  7. The process of claim 1 wherein said coating suspension comprises
      methanol, water and aluminum nitrate.
NUM  8.
PAR  8. The process of claim 1 wherein said tungsten compound is tungstic oxide.
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ABST
PAL  Measuring cell for determining oxygen concentration in a combustion engine
      exhaust stream utilizes a wafer or disc of stabilized ZrO.sub.2 as a solid
      electrolyte. A pair of concentric metal tubes having oppositely directed
      flanges contact electrode surfaces on the wafer and provide rugged
      electrical connections thereto. A pair of tubular ceramic sleeves
      positioned between the metal tubes electrically insulate the metal tubes
      from each other, seal (with the help of high temperature ceramic fiber
      gaskets) the wafer from leakage of exhaust gases to the reference side of
      the cell and space the wafer from the outer metal housing. The ceramic
      sleeves also maintain high temperature sealing and contact pressure
      between the tube flanges and the electrodes by virtue of the fact that
      they have a greater longitudinal length subject to temperature expansion
      than does the metal housing, thus making up for the fact that their
      temperature expansion coefficient per unit of length is lower.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to solid electrolyte measuring cell devices of the
      type commonly referred to as oxygen sensors which are suitable for use in
      the exhaust path of an internal combustion engine. More particularly, the
      invention relates to a mounting and sealing arrangement for oxygen sensors
      of the so-called wafer or disc type wherein the solid electrolyte, which
      is preferably stabilized zirconium oxide, is in the form of a thin disc or
      wafer having a porous electrode coating on each side. A voltage is
      generated between the electrodes when there is a difference in oxygen
      partial pressures between the exhaust gas side of the electrolyte and the
      reference, or air side. Since the electrical signal is a maximum when the
      engine is operating stoichiometrically and combining all its CO with all
      of the excess oxygen, the sensor can be used as part of an air/fuel ratio
      control system to minimize pollutants. Examples of such wafer type sensors
      can be found in Carnahan et al U.S. Pat. No. 3,768,259 and in copending
      application Ser. No. 394,431, filed Sept. 4, 1973, each of which is
      assigned to a common assignee. Other wafer type sensors are disclosed in
      Van Esdonk et al Patent 3,819,500 and in East German Pat. No. 21,673
      issued Apr. 7, 1961.
PAR  Despite the prior art attempts to achieve a durable oxygen sensor which
      will have a long life in the rugged environment of an automotive exhaust
      stream, problems such as seal leakage caused by the extreme temperature
      range experienced in the exhaust stream, electrical short circuits, lead
      breakage, and expensive construction techniques have combined to prevent
      the development of a durable and leak-tight sensor which can be produced
      in mass production at a relatively low cost. Auto manufacturers and others
      have developed electronic systems to process the information produced by
      an oxygen sensor as well as other systems to use the sensor information to
      control the operation of an engine to achieve maximum performance, fuel
      economy and freedom from exhaust pollutants. It would therefore seem to be
      most desirable to have an exhaust gas sensor which overcomes the
      durability and sealing problems of prior art structures and which can be
      made in mass production to high standards of uniformity.
PAC  SUMMARY
PAR  It is among the objects of the present invention to provide an exhaust gas
      or oxygen sensor which overcomes the aforesaid problems of the prior art.
      The improved sensor does not use springs to maintain electrical contacts
      and thus eliminates the inherent problem that a spring would rapidly fail
      in the high temperature environment of an exhaust system. It eliminates
      direct attachment of a lead member to the wafer and thus avoids the common
      problem of lead wire breakage and a very critical and complicated joining
      operation. Finally, the invention eliminates the problem of not being able
      to provide a mechanical hermetic seal between members having different
      coefficients of expansion and which are subjected to a very large
      temperature gradient.
PAR  The exhaust gas sensor of the present invention comprises a threaded outer
      metal bushing which has threads like a spark plug and which is adapted to
      be threaded into an opening in the side of the exhaust pipe of a
      combustion engine. The inner end of the sensor housing is generally
      tubular but has an inwardly flanged end which contacts an annular portion
      of an electrode coating on a circular solid electrolyte wafer. The wafer
      is preferably made of stabilized zirconium oxide or other suitable
      material while the electrodes can be of platinum or other suitable
      materials deposited so as to form a surface which will be porous to oxygen
      ions. For ease of manufacture and assembly, the electrode coatings are
      preferably identical on each side of the wafer. The wafer is spaced from
      the inner wall of the tubular metal housing and forced against the flanged
      end of the housing by an outer cylindrical ceramic insulating sleeve which
      is telescoped inside the metal housing and a portion of the outer metal
      bushing. The outer insulating sleeve is forced against the outer end
      flange by an intermediate bushing which is externally threaded to engage
      internal threads in the outer bushing and internally threaded to engage an
      inner bushing. The outer insulating sleeve has a shouldered recess at its
      outer end which receives the outer annular edge portion of the flat inner
      surface of the wafer and surrounds the peripheral edge of the wafer.
      Positioned radially inwardly from the outer insulating sleeve is an inner
      insulating sleeve and an inner tubular metal member. The inner tubular
      metal member has a radially outwardly extending flange which contacts an
      annular portion of the inner electrode surface on the wafer. The flange on
      the inner tubular metal member is axially forced against the wafer by the
      inner insulating sleeve by means of the inner bushing member. The inner
      tubular metal member may have an insulated lead wire attached to it, or,
      where the intermediate bushing is made of non-conducting material such as
      machinable ceramic, the inner metal tubular member can extend out of the
      housing sufficiently far to permit direct attachment of external
      electrical circuit members.
PAR  The various parts of the sensor are easily assembled by placing the wafer
      in the recess in the outer ceramic insulating sleeve, inserting the wafer
      and outer ceramic sleeve into the housing and forcing it against the outer
      housing flange by means of the threaded intermediate bushing. The inner
      insulating sleeve and inner metal tube are then assembled together and
      forced against the wafer by the inner bushing. Preferably, high
      temperature ceramic fiber gaskets are placed at each end of the outer
      insulating sleeve in contact with the wafer and with the intermediate
      bushing to eliminate any opportunity for leakage of exhaust gases around
      the insulating sleeve. A pressure should be applied to the intermediate
      bushing member (about 5 inch pounds has been found satisfactory) to
      compress the gaskets slightly and provide an adequate seal. A similar
      gasket is also preferably used between the inner insulating sleeve and the
      inner bushing.
PAR  Since the oxygen sensor can experience temperature gradients of about
      1200.degree.F, the small differences in the coefficient of expansion of
      the outer stainless steel housing (.alpha. = 6.6 .times. 10.sup.- .sup.6
      per .degree.F) and the insulating sleeves (.alpha. = 6.2 .times.
      10.sup.-.sup.6 per .degree.F for Forstertite insulating ceramic) can be
      quite significant. For example, where the length of the outer tubular
      housing between the outer bushing and the point of contact with the wafer
      is 0.923 inches, an increase in length of about 0.0075 inches can be
      expected when the housing is heated to 1200.degree.F. If the 1.220 inch
      long outer insulating sleeve and the 1.300 inch inner insulating sleeve
      were heated to 1200.degree.F throughout their length, they would increase
      in length by 0.0097 inches and 0.010 inches, respectively, or more than
      the outer metal housing, thus increasing the sealing force as the exhaust
      becomes hottest and has its highest pressure. In actuality, the outer
      metal housing would have an average temperature increase somewhat less
      than 1200.degree.F if its tip was 1200.degree.F since the outer metal
      bushing portion which is attached to the exhaust pipe would be somewhat
      cooler. Likewise, the insulating sleeves would have a somewhat lower
      average temperature since a portion of their length lies adjacent the
      cooler outer bushing and the interior of the sensor is exposed to ambient
      air. Regardless of the exact amount of expansion that takes place in each
      element, tests have indicated that sensors assembled as described above
      have maintained a hermetic seal after repeated temperature cycling between
      ambient and 1200.degree.F.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side sectional view of the principal embodiment of the improved
      oxygen sensor taken on line 1--1 of FIG. 4;
PAR  FIG. 2 is a side sectional view similar to FIG. 1 of a slightly modified
      embodiment;
PAR  FIG. 3 is a side sectional view of a one piece housing which may be
      substituted for the two piece housings in the embodiments of FIGS. 1 and
      2; and
PAR  FIG. 4 is a fragmentary end view of the oxygen sensor of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the improved oxygen concentration measuring cell or
      oxygen sensor indicated generally at 10 comprises a metal housing 12 which
      includes an outer bushing member 14 having external threads 16, internal
      threads 18, and a hex head portion 20 which may be engaged by a suitable
      tool such as a spark plug socket wrench for mounting the unit in the side
      of an exhaust pipe (not shown). The bushing 14 is preferably formed of a
      metal such as series 430 stainless steel which is resistant to high
      temperature corrosion. A tubular portion 22, which is also preferably
      formed of stainless steel, is welded to the bushing 14 and 24. The inner
      end of the tubular portion 22 has a radially inwardly extending flange
      portion 28 which is slightly inset and spaced from the end of the housing.
      The inset flange eliminates the need for a sharp corner at the end of the
      housing that would tend to weaken it and also results in the solid
      electrolyte wafer 30 being slightly recessed in the housing and thus
      better protected from the possibility of being damaged by particles in the
      exhaust stream which may pass the end of the sensor.
PAR  The stabilized zirconium oxide wafer 30 is mounted in a recess defined by a
      sidewall portion 32 and a transverse shoulder portion 34 in the end of a
      ceramic tubular insulator member 36 which is axially forced against the
      wafer 30 and the end of the tubular housing 22 by an intermediate bushing
      member 40 which has external threads 42 in engagement with internal
      threads 18 in the outer bushing 14. The intermediate bushing 40 also has
      internal threads 44 for a purpose to be described later. The outer end
      surface of the intermediate bushing 40 includes aligned slot portions 46
      which may be engaged by a wide bladed screwdriver or other tool to move
      the bushing 40 into or out of the interior of the sensor.
PAR  The wafer 30 has electrode coatings 50,52 such as platinum on each of its
      flat surfaces. Electrical contact is made to the electrode 50 on the
      exhaust gas side of the wafer 30 by housing flange portion 28. Electrical
      contact is made to the electrode 52 on the reference side of the wafer 30
      by the radially outwardly extending flange 54 of a metal tube 56. Contact
      pressure is provided by the inner insulating sleeve 60 which is axially
      pressed against the flange 54 by inner threaded bushing 62. The inner
      bushing has external threads 64 which engage the internal threads 44 of
      the intermediate bushing. A knurled surface 66 on the end of bushing 62
      permits pressure to be applied to insulating sleeve and contact flange 54.
PAR  It is extremely important that a hermetic seal be provided to prevent
      leakage of exhaust gases around the wafer since such leakage would result
      in an erratic voltage signal or no signal being produced between the
      electrodes 50,52. Although it should be theoretically possible to make the
      contact surfaces between the wafer 30, the flanges 28,54 and the
      insulating sleeve 36 so smooth that a gas tight seal would be effected, as
      a practical matter this is impossible. To insure a hermetic seal, we have
      provided high temperature ceramic fiber gaskets 70,72,74. The principal
      seal is provided by gasket 70. When the sensor 10 is assembled, a torque
      of about 5 inch pounds is applied to the intermediate bushing 40 to
      slightly compress the gasket 70. The gaskets preferably are able to
      withstand temperatures above 2000.degree.F. Commonly available ceramic
      fiber gaskets contain a slight amount of organic binder which burns away
      during operation of the sensor but is sufficient to permit the gasket to
      be handled during assembly.
PAR  Since the three bushings 14,40 and 62 are each metal, it is obvious that
      inner metal tube 56 cannot be permitted to touch bushings 62 since an
      electrical short circuit to the outer housing and electrode 50 would be
      provided. Accordingly, tube 56 is recessed from bushing 62 and an
      insulated lead wire 78 is connected to the tube 56 and permitted to extend
      outside the sensor where electrical connections can be made to it. The
      outer electrode 50 is connected to the housing and exhaust pipe and thus
      to the electrical ground of the vehicle.
PAR  FIG. 2 is identical to FIG. 1 except that it substitutes a machinable
      ceramic intermediate bushing 40' for the metal bushing 40 of FIG. 1. Since
      the ceramic bushing 40' electrically insulates the inner bushing 62 from
      the outer bushing 14, it is possible to extend the inner metal tube 56'
      beyond the outer end of inner bushing 62 so that its outer end 82 can
      become an electrical connection point, thus eliminating the lead wire 78
      and the operation required to attach it to tube 56.
PAR  FIG. 3 shows a modified one piece housing 12' which may be used in place of
      the welded two piece structure 12 of FIGS. 1 and 2. The housing 12' can be
      produced on an automatic screw machine from a stainless steel blank and
      for large scale production should be cheaper than the two piece welded
      construction of housing 12.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A measuring cell for determining the concentration of oxygen in a
      mixture of exhaust gases comprising: a hollow metal housing member having
      mounting means adapted to be received in a complementary opening in a
      combustion engine exhaust system for positioning the inner end of said
      housing member within said exhaust system while leaving the outer end
      outside the exhaust system, said housing member having a radially inwardly
      extending annular flange portion at its inner end; a solid electrolyte
      wafer positioned inside said housing at the inner end thereof, said solid
      electrolyte wafer having a first electrode coating on a first side thereof
      in tight mechanical and electrical contact with said inwardly extending
      flange portion, said solid electrolyte wafer having a second electrode
      coating on its second side; a hollow tubular metal member positioned
      concentrically within said housing and having a radially outwardly
      extending annular flange portion of less maximum diameter than the wafer
      positioned in tight mechanical and electrical contact with said second
      electrode coating; a first tubular insulating sleeve positioned in
      surrounding relation to said hollow tubular metal member so as to exert
      axial pressure on said outwardly extending flange portion; a second
      tubular insulating sleeve positioned between said first tubular insulating
      sleeve and the inner wall of said housing, said second tubular insulating
      sleeve having a radial portion which spaces and insulates the edge of said
      electrolyte wafer from said metal housing, said second tubular insulating
      sleeve further having a transverse surface portion in axial engagement
      with the second side of said electrolyte wafer at a location radially
      outwardly of said radially outwardly extending flange portion of said
      tubular metal member, sealing means positioned at at least the axial
      juncture of said second tubular insulating sleeve and said electrolyte
      wafer; and threaded locking means for applying axial pressure to each of
      said insulating sleeves.
NUM  2.
PAR  2. A measuring cell in accordance with claim 1 wherein said sealing means
      comprises high temperature gasket material formed of ceramic fibers.
NUM  3.
PAR  3. A measuring cell in accordance with claim 2 wherein sealing means is
      further provided at the axial juncture of said threaded locking means and
      said first and second tubular insulating sleeves.
NUM  4.
PAR  4. A measuring cell in accordance with claim 1 wherein said second
      insulating sleeve has a temperature coefficient of expansion less than
      that of the metal housing member and a length sufficiently greater than
      the length of the tubular portion of the housing between the mounting
      means and the first side of the electrolyte wafer to cause the second
      insulating sleeve to increase in length when said measuring cell is heated
      at least as much as said tubular portion of the housing.
NUM  5.
PAR  5. A measuring cell in accordance with claim 4 wherein said tubular portion
      of the housing member is formed of stainless steel having a coefficient of
      expansion, in the temperature range from 32.degree. - 1200.degree.F, of
      about 6.6 .times. 10.sup.-.sup.6 /.degree.F and said insulating sleeves
      are formed of ceramic having a coefficient of expansion in the same
      temperature range of about 6.2 .times. 10.sup.-.sup.6 /.degree.F.
NUM  6.
PAR  6. A measuring cell in accordance with claim 1 wherein said threaded
      locking means comprise a first annular locking member having external
      threads in engagement with internal threads in said metal housing member,
      and a second annular locking member having external threads in engagement
      with internal threads in said first annular locking member.
NUM  7.
PAR  7. A measuring cell in accordance with claim 6 wherein one of said annular
      locking members is formed of an electrically insulating material.
NUM  8.
PAR  8. A measuring cell in accordance with claim 6 wherein at least said first
      annular locking member includes tool engageable means at the external end
      thereof for facilitating rotation of said locking member in one direction
      by a complementary tool to apply axial pressure to said second tubular
      insulating sleeve or in the opposite direction to permit the removal of
      said locking member and all of the other elements within said metal
      housing.
NUM  9.
PAR  9. A measuring cell in accordance with claim 1 wherein said hollow metal
      housing member comprises a hollow bushing portion having threads on
      portions of its internal and external surfaces and an elongated tubular
      portion welded to said bushing portion and forming the inner end portion
      of said housing member.
NUM  10.
PAR  10. A measuring cell in accordance with claim 1 wherein said hollow metal
      housing is formed from a single piece of metal.
PATN
WKU  039403289
SRC  5
APN  4599233
APT  1
ART  114
APD  19740411
TTL  Reconstructed or repaired electrode structure
ISD  19760224
NCL  15
ECL  1
EXP  Tufariello; T. M.
NDR  2
NFG  10
INVT
NAM  Thomas; Vaselios H.
CTY  Florence
STA  AL
INVT
NAM  Pohto; Gerald R.
CTY  Mentor
STA  OH
ASSG
NAM  Electronor Corporation
CTY  Panama City
CNT  PM
COD  03
CLAS
OCL  204283
XCL  204252
EDF  2
ICL  C10G 1900
ICL  C10G 1700
FSC  204
FSS  252;263;266;283
UREF
PNO  3591483
ISD  19710700
NAM  Loftfield et al.
OCL  204252
LREP
FRM  Hammond & Littell
ABST
PAL  Repaired electrodes for use in diaphragm cells, electrowinning cells and
      the like comprising an elongated supporting riser having at least a
      surface coating of valve metal, at least a portion of a generally planar
      dimensionally stable previously used coated active electrode member bonded
      to said riser coating, a generally planar electrode member having a new
      electrocatalytic coating thereon secured to at least one of said riser
      coating or a portion of said previously used electrode.
BSUM
PAC  THE PRIOR ART
PAR  U.S. Pat. No. 3,591,483 discloses the construction of a diaphragm-type
      electrolysis cell utilizing dimensionally stable anodes having a
      conductive, electrocatalytic coating thereon, which are connected to the
      cell base and a power supply source by means of a valve metal or a copper
      cored valve metal riser or conductor bar. In use, these anodes may be
      damaged by short circuits, physical distortion, coating wear and many
      other causes and are returned to the anode shop for repair and recoating.
PAR  The anode working face is usually constructed from expanded titanium mesh,
      titanium rods or titanium sheet material having a conductive,
      electrocatalytic coating thereon and is welded directly to the anode riser
      or conductor bar. If the anode or the coating became damaged or worn, it
      was considered necessary to entirely remove the anode from the anode riser
      and then repair and recoat the anode, before replacement of the repaired
      or recoated anodes in an electrolysis cell. The recoating requires heating
      the working face from 300.degree. C to 500.degree. C to cause the thermal
      decomposition of the coating material and to fix the coating on the anode
      face and if the anode face is welded to the riser or conductor bar before
      this heating, there is considerable distortion of the anode working face
      or destruction of the riser due to unequal heating of the working face and
      the riser and unequal expansion and contraction between these parts.
      Multiple coats are usually applied with heating between each coat, which
      multiplies the problem.
PAR  The risers or conductor bars are usually copper cored titanium tubes which
      are expensive and it is advantageous to be able to repair and/or recoat a
      previously used anode without destruction of the anode risers or conductor
      bars. However, the heat required for the thermochemical decomposition of
      the coating leads to considerable distortion of the anode faces which in
      the electrolysis cells must be substantially flat, since the copper cored
      riser acts as a "heat sink" and causes distortion of the recoated anodes
      faces.
PAC  OBJECTS OF THE INVENTION
PAR  One object of this invention is to provide a method for recoating,
      repairing or reconstructing electrodes of the type herein described which
      overcomes the above disadvantages and which considerably reduces the
      amount of time needed to effect repairs to damaged or worn anodes.
PAR  Another object of the invention is to provide as a product of manufacture,
      a reconstructed or repaired electrode for use in a diaphragm-type
      electrolytic cell and for other purposes comprising the previously used
      riser or conductor bar removed from an electrolysis cell, joined to a
      portion of the previously used electrode face and a second electrode face
      bonded to said electrode riser or conductor bar or said previously used
      electrode face.
PAR  A further object of the invention is to provide a method for recoating a
      dimensionally stable electrode by welding a new coated dimensionally
      stable electrode face to an existing damaged but inactive electrode.
PAR  Other objects and advantages of the invention will become apparent as this
      description proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention provides reconstructed or repaired electrodes, preferably
      anodes, for use in a diaphragm-type electrolysis cell or in other
      electrolysis cells in which the previously used riser for the electrodes
      are used without destruction of said risers and in which a new coated
      electrode face is secured to a previously used electrode face or to the
      previously used riser.
PAR  This invention is also directed to a method for reconstruction or repair of
      an electrode assembly which comprises an electrode riser bonded to a first
      electrode means or face and bonding a second electrode means or face to at
      least one of said electrode riser or said first electrode face.
DRWD
PAR  The accompanying drawing illustrates several embodiments of the new
      electrode and of methods of making it.
PAR  FIG. 1 shows the electrode assembly used in an electrolysis cell according
      to U.S. Pat. No. 3,591,483;
PAR  FIG. 2 shows a side view and partial cut-away view of the prior art
      electrode assembly of FIG. 1;
PAR  FIG. 2a is a plan view of the electrode assembly of FIGS. 1 and 2;
PAR  FIG. 3 shows one embodiment of the invention in which a second anode face
      or envelope is welded to a portion of a first anode face or envelope;
PAR  FIG. 4 shows a second embodiment of the invention in which a second anode
      face is welded to a first anode face with stiffener means welded
      therebetween;
PAR  FIG. 5 shows a third embodiment of the invention in which a portion of a
      second anode envelope or face is welded to a first anode envelope or face
      with stiffener means welded therebetween;
PAR  FIG. 6 shows a fourth embodiment of the invention in which a second anode
      envelope or face is welded to a previously used anode riser which has been
      rotated 90.degree. from its position in the previously used anode working
      faces;
PAR  FIG. 7 shows another embodiment of the invention in which a portion of a
      second anode envelope or face is welded to a portion of a first anode
      envelope;
PAR  FIG. 8 shows a further embodiment of the invention in which a portion of a
      second anode envelope or face is joined to a portion of a first anode
      envelope by means of splice bars;
PAR  FIG. 9 shows another embodiment of the invention in which a second anode
      envelope or face is bonded to a portion of the first anode face with a
      stiffener means bonded to a portion of said second anode face and to the
      anode riser; and
PAR  FIG. 10 shows an embodiment of the invention in which a second anode
      envelope or face is bonded to a portion of a first anode envelope or face
      and to the previously used anode riser or conductor bar.
DETD
PAR  The electrode riser is preferably a previously used anode conductor bar
      similar to the construction described in U.S. Pat. No. 3,591,483. These
      risers are usually constructed of a valve metal tube, such as titanium or
      tantalum and have a copper, sodium or aluminum core inside.
PAR  The dimensionally stable electrodes are preferably dimensionally stable
      anodes which comprise an anode face having an electrocatalytic
      electrically conductive surface or coating thereon, as described in U.S.
      Pat. No. 3,684,543.
PAR  When a dimensionally stable anode is in need of reconstruction or repair or
      a portion of the coating on the working face has become inactive after a
      period of use in an electrolysis cell, the damaged or inactive anode is
      usually returned from the cell house to the anode plant for repair or
      recoating or both. For this repair according to this invention, a portion
      of the first electrode working face is trimmed away, leaving the remainder
      still welded to the electrode riser. In some cases, it may be desirable to
      leave the original anode working face intact on the anode riser. A second
      electrode means having a coated surface which is active, is then secured
      to the anode riser or the previously used anode working face or both,
      preferably by welding.
PAR  While only one repair of an originally used anode will be described herein,
      it will be understood that the said anodes may undergo repair several
      times as long as the original anode riser can still be used, or as long as
      a portion of the original anode face remains useful, to which a new
      electrocatalytically coated anode working face may be connected.
PAR  It is sometimes preferable to add a stiffener means to the repaired or
      reconstructed electrode assembly in order to provide additional strength,
      flatness, shape control and greater electrical conductivity. The stiffener
      means can be a U-shaped titanium insert or it may be in the shape of a
      flat splice bar. The stiffener means is connected with at least one
      support means selected from the group comprising the electrode riser and
      the first electrode working face. During the bonding step, the stiffening
      means is bonded into electrically conductive contact with either the anode
      riser or a portion of the previously used anode working face, or both.
PAR  FIG. 1 discloses a prior art electrode assembly in which a pair of
      dimensionally stable anode working faces 2 are attached by means of anode
      riser or conductor bar 4 to the base 6 of a diaphragm chlorine
      electrolysis cell (now shown). The power supply lead 10 is attached to the
      cell base, for example, by means of a nut 12 and bolt 14. A non-conductive
      neoprene or rubber sheet 16 covers the cell base. The anode faces 2 are
      bonded to the anode risers 4 by welding and the risers or conductor bars 4
      extend through the sheet 16 and the cell base 6 and are fastened to the
      cell base by means of a flange 18 and a nut 20.
PAR  FIG. 2 is a side view showing the dimensionally stable anode working faces
      2 attached to anode risers 4.
PAR  FIG. 2a is a plan view of the copper cored titanium riser 4 and anode
      working faces 2 in the form of a rectangular envelope. The envelope is
      formed by first coating a flat reticulated sheet of titanium with the
      desired electrocatalytic coating which is subjected to heating to effect
      thermal decomposition of the coating ingredients and fixing on the
      titanium base and is then bent at the corners 2a, 2b, 2c and 2d into a
      rectangular shape and the meeting portions welded along the line 2e. This
      coated envelope is then slid onto the copper cored riser 4 and welded to
      the riser along the lines 4a and 4b, after which it is ready for insertion
      into an electrolysis cell as described in connection with FIGS. 1 and 2.
      If the weld lines 4a and 4b are broken by removing the previously used
      anode envelope from the riser 4, the titanium coating on the copper core
      is usually damaged, exposing the copper core so that the riser cannot be
      reused in the corrosive conditions in an electrolysis cell. The
      electrocatalytic coating may be applied to and fixed on the anode faces 2,
      2a, 2b, 2c and 2d according to the processes described in U.S. Pat. Nos.
      3,632,498 or 3,711,385.
PAR  FIG. 3 shows an embodiment of this invention in which a second anode
      envelope or working face 19 is bonded to a portion of the first anode
      envelope or working faces 3 and 5. The anode riser 1 is comprised of an
      annular core 1a of copper, aluminum or other highly conductive metal
      inside a valve metal covering 1b. However, it is to be understood that the
      core may be of solid metal resistant to electrolysis cell conditions
      throughout its length. Portions 3 and 5 of a first dimensionally stable
      anode working face remain welded to the anode riser 1 at points 7 and 9.
      These first anode portions or working faces may be constructed from an
      expanded metal mesh or from metal rods. These first anode portions or
      working faces 3 and 5 are trimmed off at points 11, 13, 15 and 17.
PAR  Two new previously coated and baked anode envelopes or working faces 19 and
      21 are secured to the previously used anode working faces by welding to
      the original portions 3 and 5. Envelope 19 is spot welded to portion 3 at
      23 and to portion 5 at 25, while envelope 21 is welded to portion 3 at 27
      and to portion 5 at 29. Gaps 31 and 33 between the ends of the envelopes
      19 and 21 may be closed by welding the end of the envelopes or working
      faces 19 and 21 together and to the portions 3 and 5 of the first anode
      portions or working faces.
PAR  FIG. 4 shows a further embodiment of the invention in which a new coated
      anode envelope or working faces 43 - 45 are placed over the previously
      used anode working faces 37 and welded to a first anode envelope or
      working faces 37 and a stiffener 59 is welded between the previously used
      anode working faces. The original anode envelope or working faces 37 are
      welded to the anode riser 35 at points 39 and 41, and the original anode
      envelope is left unchanged in the recoating or repair illustrated in FIG.
      4. The second anode portions or working faces 43 and 45 are welded over
      said first anode faces at 47, 49, 51, 53, 55 and 57. Welds 49 and 55 are
      added for extra strength and for greater electrical conductivity. Titanium
      U-shaped stiffeners 59 may be inserted inside the original envelope faces
      and welded to both the first envelope or face and the second envelope or
      face at 61 and 63. The stiffener means 59 provide greater strength,
      flatness, shape control and greater electrical conductivity. Stiffeners 59
      may be used at both the right and left side of the riser 35.
PAR  FIG. 5 shows an embodiment of the invention in which a portion of a coated
      second anode working face 75 -77 is welded to the inside of the first
      anode envelope or working faces 67 with stiffeners 83 welded between the
      inserts 75 and 77. Anode riser 65 which may be copper cored titanium is
      welded to the original anode working faces 67 at 69 and 71. The meeting
      ends of anode 67 are welded together at 73. The original anode is
      otherwise left unchanged. Inserts 75 and 77 are positioned inside the
      original anode envelope 67 at one or both sides of the riser or conductor
      bar 65, and are welded therein as described previously. Prior to welding
      the inserts 75 and 77 inside the original envelope or working face 67,
      these inserts are coated with an electrocatalytic coating which is baked
      on the inserts. To provide the required flatness of the finished envelope,
      U-shaped stiffener means 83 are placed inside the mesh inserts 75 and 77
      and welded to both the old anode portions 67 and the new anode portions 75
      - 77 at 85 and 87.
PAR  FIG. 6 shows another embodiment of the invention in which portions 91 and
      93 of the old anode working face are left on the anode riser or conductor
      bar 89 and the bar rotated 90.degree. and a new electrocatalytically
      coated anode envelope 99 is welded on to the previously used anode riser.
      Portions 91 and 93 of the original envelope or face remain welded to the
      riser 89, at points 95 and 87, so that the original welds are not broken
      and no damage is done to the titanium coating on the riser. The new
      envelope or faces 99 are welded to the riser 89 at 101 and 103.
PAR  FIG. 7 shows another embodiment of the invention in which portions of a
      second anode envelope 115 are welded to portions of the previously used
      anode envelope working faces 111 - 113, welded to riser or conductor bar
      105 at points 107 and 109 of the original dimensionally stable anode.
      Portions 111 and 113 are trimmed down to the approximate size shown.
      Portions 115 of a second anode envelope working face are butt-welded at
      117 and 119 to original anode portions 111 and 113. New portions 115 may
      be added at either or both sides of the riser 105 and may replace greater
      or smaller area of the portions 111 and 113.
PAR  FIG. 8 shows a further embodiment of the invention in which previously
      coated portions 131 of a new anode envelope working faces are welded to
      portions 127 - 129 of the previously used anode envelope working faces by
      precoated titanium splice strips 132. Anode riser 121 is welded to
      portions 127 - 129 of the original anode envelope or face at 123 and 125.
      The portions 127 and 129 having been cut down to the size necessary to
      remove any damaged portions of the previously used anode. After portions
      131 have been juxtaposed to portions 127 and 129, flat splice stiffener
      strips 132 are welded both to portion 131 and to portions 127 and 129 at
      133, 135, 137 and 139. The portions 131 may be added at either the right
      or left of riser 121 or both.
PAR  FIG. 9 shows an embodiment of the invention in which new precoated anode
      envelope working faces 159 and 161 are welded to portions 147 and 149 of
      the previously used anode envelopes or working faces and stiffeners 151
      and 153 are inserted inside the original envelope walls 147 and 149.
      Portions 147 and 149 of the original anode face are welded to the anode
      riser 141 at 143 and 145. The original anode envelopes or working faces
      are trimmed off to the extent necessary to remove damaged portions of the
      previously used anode. The stiffener channels 151 and 153 are welded to
      anode riser 141 at points 155 and 157. These stiffener channels provide
      greater rigidity and better electrical conductivity. In this embodiment,
      the added portion 159 is welded to stiffener means 151 at 163 and 165 and
      to the original anode portions 147 and 149 at points 167 and 169. The
      other added anode portion 161 is welded to stiffener means 153 at 171 and
      173 and is also welded to both the stiffener means and to the original
      anode portions 147 and 149 at 175 and 177.
PAR  FIG. 10 shows a further embodiment of the invention in which the previously
      coated and baked added anode envelope or working face is bonded to a
      portion of the previously used anode envelope and to the anode riser. In
      this embodiment, the original portions 181 and 183 of the previously used
      anode envelope or face are trimmed off sufficiently to allow the metal in
      the original envelope to be folded back into U-shaped members 181 and 183
      and the riser 179 with portions 181 and 183 thereon welded to original
      anode at 185 and 187 is rotated 90.degree. as shown. A second anode
      envelope or face 189 is positioned as shown and welded at 191 and 193 to
      the anode riser 179 and to original anode portions 181 and 183 at 195,
      197, 199 and 201.
PAR  An optional method of construction for this embodiment would be to fold the
      original anode portions 181 and 183 as shown by dash lines 203 and 205 on
      each side of the riser 179 and if desired weld the new envelope or faces
      189 to the extensions 203 and 205 at as many points as desired.
PAR  In each of the embodiments the added valve metal portions in reticulated
      mesh, rod or other forms are provided with an electrically conducting
      electrocatalytic coating which is applied and baked on as described, for
      example, in U.S. Pats. Nos. 3,632,498 and 3,711,385, so that the
      reconstructed and recoated anodes do not have to be heated after the added
      portions are attached to the anode risers or the portions of the
      previously used anode envelopes or working faces which are attached to the
      risers.
PAR  The invention has the advantages that the anode can be repaired without
      entirely removing the previously used anode envelopes or working faces
      from the anode riser, or breaking the welds between the anode riser and
      the previously used anode working faces so that there is no damage to the
      more expensive anode risers and/or to the portions of the anode envelopes
      or working faces which are reused and no distortion of the new anode faces
      due to heating after attachment to the previously used anode working
      faces. There is no damage to the anode risers and there is a considerable
      reduction in the time needed to repair or to reconstruct a previously used
      anode.
PAR  Although the present invention has been described in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by persons skilled in the art without departing from the
      principles of the invention or the scope of the accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A repaired electrode comprising an elongated supporting riser having at
      least a surface coating of valve metal, at least a portion of a generally
      planar dimensionally stable previously used coated active electrode member
      bonded to said riser coating, a generally planar electrode second member
      having a new electrocatalytic coating thereon secured to at least one of
      said riser coating or a portion of said previously used electrode member.
NUM  2.
PAR  2. The electrode of claim 1 wherein previously used electrode member is an
      entire electrode envelope or a portion thereof.
NUM  3.
PAR  3. The electrode of claim 1 wherein the second electrode member is an
      entire electrode envelope or a portion thereof.
NUM  4.
PAR  4. The electrode of claim 1 wherein the two electrode members are made of a
      valve metal.
NUM  5.
PAR  5. The electrode of claim 1 wherein the second electrode member is bonded
      solely to said riser coating.
NUM  6.
PAR  6. The electrode of claim 1 wherein the second electrode member is bonded
      solely to the previously used electrode member.
NUM  7.
PAR  7. The electrode of claim 1 wherein the second electrode member is bonded
      both to the riser coating and the previously used electrode member.
NUM  8.
PAR  8. The electrode of claim 1 further comprising stiffener means bonded to at
      least one of said riser, said previously used electrode member or said
      second electrode member.
NUM  9.
PAR  9. The electrode of claim 1 wherein said stiffener means is bonded to said
      riser and said previously used electrode member.
NUM  10.
PAR  10. The electrode of claim 1 wherein said stiffener means is bonded to said
      riser and said second electrode member.
NUM  11.
PAR  11. The electrode of claim 1 wherein said stiffener means is bonded to said
      previously used electrode member and the second electrode member.
NUM  12.
PAR  12. The electrode of claim 1 wherein said stiffener means is bonded to said
      riser, said second electrode member and said previously used electrode
      member.
NUM  13.
PAR  13. The product of claim 1, in which said stiffener means comprises a
      U-shaped member.
NUM  14.
PAR  14. The product of claim 1, in which said stiffener means comprises a flat
      splice strip.
NUM  15.
PAR  15. The electrode of claim 1, in which the riser is a copper cored titanium
      tube and the new electrode member has multiple coats of an electrically
      conductive electrocatalytic material fixed thereon by heating.
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ABST
PAL  Hydrocarbons are converted by contacting them at hydrocarbon conversion
      conditions with a trimetallic acidic catalytic composite comprising a
      combination of catalytically effective amounts of a platinum or palladium
      component, a rhodium component, a bismuth component, and a halogen
      component with a porous carrier material. The platinum or palladium
      component, rhodium component, and halogen component are present in the
      trimetallic catalyst in amounts respectively, calculated on an elemental
      basis, corresponding to about 0.01 to about 2 wt. % platinum or palladium,
      about 0.01 to about 2 wt. % rhodium, and about 0.1 to about 3.5 wt. %
      halogen. The bismuth component is present in amounts corresponding to an
      atomic ratio of bismuth to platinum or palladium of about 0.1:1 to about
      1:1. Moreover, these metallic components are uniformly dispersed
      throughout the porous carrier material in carefully controlled oxidation
      states such that substantially all of the platinum or palladium, rhodium,
      and bismuth components are present therein in the corresponding elemental
      metallic states. A specific example of the type of hydrocarbon conversion
      process disclosed is a process for the catalytic reforming of a low-octane
      gasoline fraction wherein the gasoline fraction and hydrogen stream are
      contacted with the acidic trimetallic catalyst disclosed herein at
      reforming conditions.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior, copending
      application Ser. No. 436,305 filed Jan. 24, 1974, which in turn is
      continuation-in-part of my prior application Ser. No. 233,819 filed Mar.
      10, 1972, and now U.S. Pat. No. 3,798,155. All of the teachings of these
      prior applications are specifically incorporated here by reference.
BSUM
PAR  The subject of the present invention is a novel acidic trimetallic
      catalytic composite which has exceptional activity, selectivity, and
      resistance to deactivation when employed in a hydrocarbon conversion
      process that required a catalyst having both a
      hydrogenation-dehydrogenation function and a selective acid or cracking
      function. More precisely, the present invention involves a novel
      dual-function acidic trimetallic catalytic composite which beneficially
      utilizes a catalytic component, bismuth, which traditionally has been
      thought of and taught to be a poison for a platinum group metal because of
      its close proximity in the Periodic Table to the notorious platinum
      poison, arsenic. Bismuth is utilized in the present invention to interact
      with a platinum or palladium- and rhodium-containing acidic catalyst to
      enable substantial improvements in hydrocarbon conversion processes of the
      type that have traditionally utilized platinum group metal-containing
      catalysts to accelerate the various hydrocarbon conversion reactions
      associated therewith. In another aspect, this invention concerns the
      improved processes that are produced by the use of an acidic trimetallic
      catalytic composite comprising a combination of a platinum or palladium
      component, a rhodium component, a bismuth component, and a halogen
      component with a porous, high surface area carrier material in a manner
      such that (1) the platinum or palladium, bismuth, and rhodium components
      are uniformly dispersed throughout the porous carrier material, (2) the
      amount of the bismuth component is not greater than the amount of the
      platinum or palladium component on an atomic basis and (3) substantially
      all of the platinum or palladium, rhodium, and bismuth components are
      present therein as the corresponding elemental metals. In a specific
      aspect, the present invention concerns an improved reforming process which
      utilizes the subject acidic trimetallic catalyst to markedly improve
      activity, selectivity, and stability characteristics associated therewith,
      to increase yields of C.sub.5 + reformate and of hydrogen recovered
      therefrom and to allow operation thereof at high severity conditions not
      heretofore generally employed in the art of continuous catalytic reforming
      of hydrocarbons with a platinum-containing monometallic, dual-function
      catalyst.
PAR  Composites having a hydrogenation-dehydrogenation function and a selective
      acid or cracking function are widely used today as catalysts in many
      industries, such as the petroleum or petrochemical industry, to accelerate
      a wide spectrum of hydrocarbon conversion reactions. Generally, the
      cracking function is thought to be associated with an acid-acting material
      of the porous, adsorptive, refractory oxide type which is typically
      utilized as the support or carrier for a heavy metallic component such as
      the metals or compounds of metals of the transition elements of Groups V
      through VIII of the Periodic Table to which are generally attributed the
      hydrogenation-dehydrogenation function.
PAR  These catalytic composites are used to accelerate a wide variety of
      hydrocarbon conversion reactions such as hydrocracking, isomerization,
      dehydrogenation, hydrogenation, desulfurization, cyclization, alkylation,
      polymerization, halogenation, hydrogenolysis, cracking,
      hydroisomerization, etc. In many cases, the commercial applications of
      these catalysts are in processes where more than one of these reactions
      are proceeding simultaneously. An example of this type of process is
      reforming wherein a hydrocarbon feed stream containing paraffins and
      naphthenes is subjected to conditions which promote dehydrogenation of
      naphthenes to aromatics, dehydrocyclization of paraffins to aromatics,
      isomerization of paraffins and naphthenes, hydrocracking of naphthenes and
      paraffins, and the like reactions to produce an octane-rich or
      aromatic-rich product stream. Another example is a hydrocracking process
      wherein catalysts of this type are utilized to effect selective
      hydrogenation and cracking of high molecular weight unsaturated materials,
      selective hydrocracking of high molecular weight materials, and other like
      reactions, to produce a generally lower boiling, more valuable output
      stream. Yet another example is a hydroisomerization process wherein a
      hydrocarbon fraction which is relatively rich in straight-chain paraffin
      and/or olefinic compounds are contacted with a dual-function catalyst to
      produce an output stream rich in isoparaffin compounds.
PAR  Regardless of the reaction involved or the particular process involved, it
      is of critical importance that the dual-function catalyst exhibit not only
      the capability to initially perform its specified functions but also that
      it has the capability to perform them satisfactorily for prolonged periods
      of time. The analytical terms used in the art to measure how well a
      particular catalyst performs its intended functions in a particular
      hydrocarbon conversion environment are activity, selectivity, and
      stability. And for purposes of discussion here these terms are
      conveniently defined for a given charge stock as follows: (1) activity is
      a measure of the catalyst's ability to convert hydrocarbon reactants into
      products at a specified severity level where severity level means the
      reaction conditions used--that is, the temperature, pressure, contact
      time, and presence of diluents such as H.sub.2 ; (2) selectivity refers to
      the amount of desired product or products obtained relative to the amount
      of reactants converted or charged; (3) stability refers to the rate of
      change with time of the activity and selectivity parameters--obviously,
      the smaller rate implying the more stable catalyst. In a reforming
      process, for example, activity commonly refers to the amount of conversion
      that takes place for a given charge stock at a specified severity level
      and is typically measured by octane number of the C.sub.5 + product
      stream; selectivity usually refers to the amount of C.sub.5 + yield that
      is obtained at the particular severity or activity level relative to the
      amount of the charge stock; and stability is typically equated to the rate
      of change with time of activity, as measured by octane number of C.sub.5 +
      product and of selectivity, as measured by C.sub.5 + yield. Actually, this
      last statement is not strictly correct because generally a continuous
      reforming process is run to produce a constant octane C.sub.5 + product
      with a severity level being continuously adjusted to attain this result;
      and, furthermore, the severity level is for this process usually varied by
      adjusting the conversion temperature in the reaction zone so that, in
      point of fact, the rate of change of activity finds response to the rate
      of change of conversion temperatures and changes in this last parameter
      are customarily taken as indicative of activity stability.
PAR  As is well known to those skilled in the art, the principal cause of
      observed deactivation or instability of a dual-function catalyst when it
      is used in a hydrocarbon conversion reaction is associated with the fact
      that coke forms on the surface of the catalyst during the carse of the
      reaction. More specifically, in these hydrocarbon conversion processes,
      the conditions utilized typically result in the formation of heavy, high
      molecular weight, black, solid or semi-solid, carbonaceous material which
      is a hydrogen-deficient polymeric substance having properties akin to both
      polynuclear aromatics and graphite. This material coats the surface of the
      catalyst and reduces its activity by shielding its active sites from the
      reactants. In other words, the performance of this dual-function catalyst
      is sensitive to the presence of carbonaceous deposits on the surface of
      the catalyst. Accordingly, the major problem facing workers in this area
      of the art is the development of more active and selective catalytic
      composites that are not as sensitive to the presence of these carbonaceous
      materials and/or have the capability to suppress the rate of formation of
      these carbonaceous material on the catalyst. Viewed in terms of
      performance parameters, the problem is to develop a dual-function catalyst
      having superior activity, selectivity, and stability. In particular, for a
      reforming process the problem is typically expressed in terms of shifting
      and stabilizing the C.sub.5 + yield-octane relationship--C.sub.5 + yield
      being representative of selectivity and octane being proportional to
      activity.
PAR  I have now found a dual-function catalytic composite which possesses
      improved activity, selectivity, and stability when it is employed in a
      process for the conversion of hydrocarbons of the type which have
      heretofore utilized dual-function catalytic composites such as processes
      for isomerization, hydroisomerization, dehydrogenation, desulfurization,
      denitrogenization, hydrogenation, alkylation, dealkylation,
      disproportionation, polymerization, oligomerization, hydrodealkylation,
      transalkylation, cyclization, dehydrocyclization, hydrogenolysis,
      cracking, hydrocracking, reforming, hydrogenation, halogenation, and the
      like processes. In particular, I have ascertained that an acidic
      trimetallic catalytic composite, comprising a combination of a platinum or
      palladium component, a bismuth component, a rhodium component, and a
      halogen component with a porous refractory carrier material can enable the
      performance of a hydrocarbon conversion process utilizing a dual-function
      catalyst to be substantially improved, provided the amounts and oxidation
      states of the metallic components and the distribution thereof in the
      catalytic composite are carefully controlled in the manner indicated
      herein. Since the earliest introduction of catalysts containing a platinum
      group component, it has been axiomatic that the effect of arsenic on a
      platinum-containing catalyst is detrimental. This concept has become so
      fixed and certain in the art that tremendous efforts have been devoted to
      removing arsenic contaminants from charge stocks that are to be processed
      in a unit containing a platinum catalyst. In addition, the art is replete
      with a significant number of methods for reactivating a
      platinum-containing catalyst once it has been deactivated by contact with
      arsenic or compounds of arsenic. Because bismuth is a member of the same
      group of the Periodic Table (Group VA) and is known to have similar
      chemical properties to arsenic, it has fallen into the same category and
      has been traditionally thought of as a poison for a platinum-containing
      catalyst. The art has on occassion hinted at or proposed to use the
      poisoning effect of Group VA metallic elements to modify or attenuate the
      platinum component of a dual-function catalyst. For examples of these
      suggestions, reference may be had to the teachings of U.S. Pat. Nos.
      3,156,737; 3,206,391; 3,291,755, and 3,511,888. However, the art has not
      recognized that bismuth can be utilized to promote a platinum-containing
      catalyst; that is, to simultaneously increase its activity, selectivity,
      and stability in hydrocarbon conversion service. In particular, the art
      has apparently never contemplated the use of a platinum-bismuth catalyst
      in a catalytic reforming process. As a matter of fact, the art on this
      last process is replete with teachings that contact of the
      platinum-containing reforming catalyst, with metallic elements of Group VA
      of the Periodic Table, and particularly arsenic, is to be avoided if at
      all possible, and if contact occurs to any substantial degree, the
      catalyst must be immediately regenerated or reactivated by procedures for
      removal of these detrimental Group VA constituents. In sharp contrast to
      this historic teaching of the art that bismuth is detrimental to a
      platinum-containing reforming catalyst, I have now discerned that the
      presence of bismuth in a catalyst containing a platinum or palladium
      component and a rhodium component can be very beneficial under certain
      conditions. One essential condition associated with the acquisition of the
      beneficial aspects of bismuth with this type of platinum- or
      palladium-containing catalyst is the atomic ratio of bismuth to platinum
      or palladium contained in the composite; my findings here indicate that it
      is only when this ratio is not greater than 1:1 that the beneficial
      interaction of bismuth with the platinum- or palladium metal and the
      rhodium metal is obtained. A second condition is the presence of a halogen
      component; my finding on this matter is that the presence of a relatively
      small amount of halogen is required to see the beneficial effect. Another
      condition for achieving this beneficial interaction of bismuth with this
      type of catalyst is the distribution of the bismuth, rhodium, and platinum
      or palladium components in the carrier material with which they are
      combined; my finding here is that it is essential that these components be
      uniformly dispersed throughout the porous carrier material--that is, the
      concentration of these components is approximately the same in any
      reasonably divisible portion thereof. Still another condition for this
      beneficial effect is the oxidation states of the metallic components; my
      finding here is that it is essential that the bismuth, rhodium, and
      platinum or palladium components are present in the composite in the
      corresponding elemental metallic states. A trimetallic acidic catalyst
      meeting these essential limitations differs sharply, both in substance and
      in capabilities from the bismuth- and platinum-containing catalyst that
      are suggested by the prior art.
PAR  In the case of a reforming process, one of the principal advantages
      associated with the use of the instant acidic trimetallic catalyst
      involves the acquisition of the capability to operate in a stable manner
      in a high severity operation; for example, a continuous reforming process
      producing a C.sub.5 + reformate having an octane of about 100 F-1 clear
      and utilizing a relatively low pressure of 50 to about 350 psig. In this
      latter embodiment the principal effect of the bismuth component is to
      stabilize the platinum or palladium component and the rhodium component by
      providing a mechanism for allowing them to better resist the rather severe
      deactivation normally associated with these conditions. In short, the
      present inveniton essentially involves the finding that the addition of a
      controlled amount of a bismuth component to a dual-function hydrocarbon
      conversion catalyst, containing a platinum or palladium component, a
      rhodium component, and a halogen component, coupled with the uniform
      distribution of the bismuth component throughout the catalytic composite
      to achieve an atomic ratio of bismuth to platinum or palladium metal of
      not greater than 1:1 and with careful control of the oxidation states of
      the metallic components enables the performance characteristics of the
      catalyst to be sharply and materially improved.
PAR  It is, accordingly, one object of the present invention to provide an
      acidic trimetallic hydrocarbon conversion catalyst having superior
      performance characteristics when utilized in a hydrocarbon conversion
      process. A second object is to provide an acidic trimetallic catalyst
      having dual-function hydrocarbon conversion performance characteristics
      that are relatively insensitive to the deposition of hydrocarbonaceous
      material thereon. A third object is to provide preferred methods of
      preparation of this trimetallic catalytic composite which insures the
      achievement and maintenance of its beneficial properties. Another object
      is to provide an improved reforming catalyst having superior activity,
      selectivity, and stability when employed in a low pressure reforming
      process. Yet another object is to provide a dual-function hydrocarbon
      conversion catalyst which utilizes a relatively inexpensive component,
      bismuth, to promote and stabilize a platinum or palladium component and a
      rhodium component. Still another object is to provide a method of
      preparation of a bismuth-containing trimetallic catalyst which insures the
      bismuth component is in a highly dispersed metallic state during use in
      the conversion of hydrocarbons.
PAR  In brief summary, the present invention is, in one embodiment, a catalytic
      composite comprising a porous carrier material containing, on an elemental
      basis, about 0.01 to about 2 wt. % platinum or palladium, about 0.1 to
      about 3.5 wt. % halogen, about 0.01 to about 2 wt. % rhodium, and bismuth
      in an amount sufficient to result in an atomic ratio of bismuth to
      platinum or palladium of about 0.1:1 to about 1:1, wherein the platinum or
      palladium, bismuth, and rhodium are uniformly dispersed throughout the
      porous carrier material, and wherein substantially all of the platinum or
      palladium, rhodium, and bismuth are present in the corresponding elemental
      metallic states.
PAR  A second embodiment relates to a catalytic composite comprising a porous
      carrier material containing, on an elemental basis, about 0.05 to about 1
      wt. % platinum, about 0.5 to about 1.5 wt. % halogen, about 0.05 to about
      1 wt. % rhodium, and bismuth in an amount sufficient to result in an
      atomic ratio of bismuth to platinum of about 0.1:1 to about 0.75:1,
      wherein substantially all of the platinum, rhodium, and bismuth are
      present in the corresponding elemental metallic states, and wherein the
      metallic ingredients are uniformly dispersed in the porous carrier
      material.
PAR  Another embodiment relates to a catalytic composite comprising a
      combination of the catalytic composite described in the first or second
      embodiment with a sulfur component in an amount sufficient to incorporate
      about 0.01 to about 0.5 wt. % sulfur, calculated on an elemental basis.
PAR  Yet another embodiment relates to a process for the conversion of
      hydrocarbons comprising contacting the hydrocarbon and hydrogen with the
      catalytic composite described above in the first or second embodiments at
      hydrocarbon conversion conditions.
PAR  A preferred embodiment relates to a process for reforming a gasoline
      fraction which comprises contacting the gasoline fraction and hydrogen
      with the catalytic composite described above in the first or second
      embodiments at reforming conditions selected to produce a high-octane
      reformate.
PAR  Other objects and embodiments of the present invention relate to additional
      details regarding preferred catalytic ingredients, preferred amounts of
      ingredients, suitable methods of composite preparation, operating
      conditions for use in the hydrocarbon conversion processes, and the like
      particulars which are hereinafter given in the following detailed
      discussion of each of these facets of the present invention.
PAR  The acidic trimetallic catalyst of the present invention comprises a porous
      carrier material or support having combined therewith catalytically
      effective amounts of a platinum or palladium component, a bismuth
      component, a rhodium component, and a halogen component.
PAR  Considering first the porous carrier material utilized in the present
      invention, it is preferred that the material be a porous, adsorptive,
      high-surface area support having a surface area of about 25 to about 500
      m.sup.2 /g. The porous carrier material should be relatively refractory to
      the conditions utilized in the hydrocarbon conversion process, and it is
      intended to include within the scope of the present invention carrier
      materials which have traditionally been utilized in dual-function
      hydrocarbon conversion catalysts such as: (1) activated carbon, coke, or
      charcoal; (2) silica or silica gel, silicon carbide, clays, and silicates
      including those synthetically-prepared and naturally-occurring, which may
      or may not be acid treated, for example, attapulgus clay, china clay,
      diatomaceous earth, fuller's earth, kaoline, kieselguhr, etc.; (3)
      ceramics, porcelain, crushed firebrick, bauxite; (4) refractory inorganic
      oxides such as alumina, titanium dioxide, zirconium dioxide, chromium
      oxide, beryllium oxide, vanadium oxide, cerium oxide, hafnium oxide, zinc
      oxide, magnesia, thoria, boria, silica-alumina, silica-magnesia,
      chromia-alumina, alumina-boria, silica-zirconia, etc; (5) zeolitic
      crystalline aluminosilicates such as naturally-occurring or
      synthetically-prepared mordenite and/or faujasite, either in the hydrogen
      form or in a form which has been treated with multivalent cations; (6)
      spinels such as MgAl.sub.2 O.sub.4, FeAl.sub.2 O.sub.4, ZnAl.sub.2
      O.sub.4, CaAl.sub.2 O.sub.4, and other like compounds having the formula
      MO.Al.sub.2 O.sub.3 where M is a metal having a valence of 2; and (7)
      combinations of elements from one or more of these groups. The preferred
      porous carrier materials for use in the present invention are refractory
      inorganic oxides, with best results obtained with a carrier material
      consisting essentially of alumina. Suitalbe alumina materials are the
      crystalline aluminas known as the gamma-, eta-, and theta-alumina, with
      gamma- or eta-alumina giving best results. In addition, in some
      embodiments, the alumina carrier material may contain minor proportions of
      other well known refractory inorganic oxides such as silica-zirconia,
      magnesia, etc.; however, the preferred support is substantially pure
      gamma- or eta-alumina. Preferred carrier materials have an apparent bulk
      density of about 0.3 to about 0.9 g/cc and surface area characteristics
      such that the average pore diameter is about 20 to 300 Angstroms, the pore
      volume is about 0.1 to about 1 cc/g and the surface area is about 100 to
      about 500 m.sup.2 /g. In general, best results are typically obtained with
      a gamma-alumina carrier material which is used in the form of spherical
      particles having: a relatively small diameter (i.e. typically about 1/16
      inch), an apparent bulk denstiy of about 0.3 to about 0.8 g/cc, a pore
      volume of about 0.4 cc/g, and a surface area of about 175 m.sup.2 /g.
PAR  The preferred alumina carrier material may be prepared in any suitable
      manner and may be synthetically-prepared or natural occurring. Whatever
      type of alumina is employed, it may be activated prior to use by one or
      more treatments including drying, calcination, steaming, etc., and it may
      be in a form known as activated alumina, activated alumina of commerce,
      porous alumina, alumina gel, etc. For example, the alumina carrier may be
      prepared by adding a suitable alkaline reagent, such as ammonium hydroxide
      to a salt of aluminum such as aluminum chloride, aluminum nitrate, etc.;
      in an amount to form an aluminum hydroxide gel which upon drying and
      calcining is converted to alumina. The alumina carrier may be formed in
      any desired shape such as spheres, pills, cakes, extrudates, powders,
      granules, tablets, etc., and utilized in any desired size. For the purpose
      of the present invention a particularly preferred form of alumina is the
      sphere; and alumina spheres may be continuously manufactured by the well
      known oil drop method which comprises: forming an alumina hydrosol by any
      of the techniques taught in the art and preferably by reacting aluminum
      metal with hydrochloric acid, combining the resulting hydrosol with a
      suitable gelling agent and dropping the resultant mixture into an oil bath
      maintained at elevated temperatures. The droplets of the mixture remain in
      the oil bath until they set and form hydrogel spheres. The spheres are
      then continuously withdrawn from the oil bath and typically subjected to
      specific aging treatments in oil and an ammoniacal solution to further
      improve their physical characteristics. The resulting aged and gelled
      particles are then washed and dried at a relatively low temperature of
      about 300.degree. F. to about 400.degree. F. and subjected to a
      calcination procedure at a temperature of about 850.degree. F. to about
      1300.degree. F. for a period of about 1 to about 20 hours. This treatment
      effects conversion of the alumina hydrogel to the corresponding
      crystalline gamma-alumina. See the teachings of U.S. Pat. No. 2,620,314
      for additional details.
PAR  One essential ingredient of the present catalytic composite is a rhodium
      component. It is of fundamental importance that substantially all of the
      rhodium component exists within the catalytic composite of the present
      invention in the elemental metallic state and the subsequently described
      reduction procedure is designed to accomplish this objective. The rhodium
      component may be utilized in the composite in any amount which is
      catalytically effective, with the preferred amount being about 0.01 to
      about 2 wt. % thereof, calculated on an elemental basis. Typically, best
      results are obtained with about 0.05 to about 1 wt. % rhodium. It is
      additionally preferred to select the specified amount of rhodium from
      within this broad weight range as a function of the amount of the platinum
      or palladium component, on an atomic basis, as is explained hereinafter.
PAR  This rhodium component may be incorporated into the catalytic composite in
      any suitable manner known to those skilled in the catalyst formulation art
      which results in a relatively uniform distribution of rhodium in the
      carrier material. In addition, it may be added at any stage of the
      preparation of the composite--either during preparation of the carrier
      material or thereafter--and the precise method of incorporation used is
      not deemed to be critical. However, best results are obtained when the
      rhodium component is relatively uniformly distributed throughout the
      carrier material, and the preferred procedures are the ones known to
      result in a composite having this relatively uniform distribution. One
      acceptable procedure for incorporating this component into the composite
      involves cogelling or coprecipitating the rhodium component during the
      preparation of the preferred carrier material, alumina. This procedure
      usually comprehends the addition of a soluble, decomposable compound of
      rhodium such as rhodium trichloride hydrate to the alumina hydrosol before
      it is gelled. The resulting mixture is then finished by conventional
      gelling, aging, drying, and calcination steps as explained hereinbefore. A
      preferred way of incorporating this component is an impregnation step
      wherein the porous carrier material is impregnated with a suitable
      rhodium-containing solution either before, during, or after the carrier
      material is calcined. Preferred impregnation solutions are aqueous
      solutions of water soluble, decomposable rhodium compounds such as
      hexammine rhodium chloride, rhodium carbonylchloride, rhodium trichloride
      hydrate, rhodium nitrate, sodium hexachloromodate (III), sodium
      hexanitrorhodate (III), rhodium sulfate, and the like compounds. Best
      results are ordinarily obtained when the impregnation solution is an
      aqueous solution of rhodium trichloride hydrate or rhodium nitrate. This
      component can be added to the carrier material either prior to,
      simultaneously with, or after the other metallic components are combined
      therewith. Best results are usually achieved when this component is added
      simultaneously with the other metallic components. In fact, excellent
      results are obtained, as reported in the examples, with a one step
      impregnation procedure using an aqueous solution comprising chloroplatinic
      or chloropalladic acid, rhodium trichloride hydrate, hydrochloric acid,
      and bismuth trichloride.
PAR  A second essential ingredient of the subject catalyst is the platinum or
      palladium component. That is, it is intended to cover the use of platinum
      or palladium or mixtures thereof as a second component of the present
      composite. It is an essential feature of the present invention that
      substantially all of the platinum or palladium component exists within the
      final catalytic composite in the elemental metallic state (i.e., as
      elemental platinum or palladium). Generally, the amount of the second
      component used in the final composite is relatively small compared to the
      amount of the other components combined therewith. In fact, the platinum
      or palladium component generally will comprise about 0.01 to about 2 wt. %
      of the final catalytic composite, calculated on an elemental basis.
      Excellent results are obtained when the catalyst contains about 0.05 to
      about 1 wt. % or platinum or palladium metal.
PAR  This platinum or palladium component may be incorporated in the catalytic
      composite in any suitable manner known to result in a relatively uniform
      distribution of this component in the carrier material such as
      coprecipitation or cogellation, ion-exchange, or impregnation. The
      preferred method of preparing the catalyst involves the utilization of a
      soluble, decomposable compound of platinum or palladium to impregnate the
      carrier material in a relatively uniform manner. For example, this
      component may be added to the support by commingling the latter with an
      aqueous solution of chloroplatinic or chloropalladic acid. Other
      water-soluble compounds of platinum or palladium may be employed in
      impregnation solutions and include ammonium chloroplatinate, bromoplatinic
      acid, platinum trichloride, platinum tetrachloride hydrate, platinum
      dichlorocarbonyl dichloride, dinitrodiaminoplatinum, sodium
      tetranitroplatinate (II), tetrammine-platinum (II) chloride, palladium
      chloride, palladium nitrate, palladium sulfate, diammine-palladium (II),
      hydroxide, tetrammine-palladium (II) chloride, etc. The utilization of a
      platinum or palladium chloride compound, such as chloroplatinic or
      chloropalladic acid, is preferred since it facilitates the incorporation
      of both the platinum or palladium component and at least a minor quantity
      of the halogen component in a single step. Hydrogen chloride or the like
      acid is also generally added to the impregnation solution in order to
      further facilitate the incorporation of the halogen component and the
      uniform distribution of the metallic component throughout the carrier
      material. In addition, it is generally preferred to impregnate the carrier
      material after it has been calcined in order to minimize the risk of
      washing away the valuable platinum or palladium compounds; however, in
      some cases it may be advantageous to impregnate the carrier material when
      it is in a gelled state.
PAR  Yet another essential constituent of the trimetallic composite of the
      present invention is a bismuth component. It is an essential feature of
      the present invention that substantially all of this component is present
      in the composite as the elemental metal. That is, it is believed to be a
      prerequisite for the acquisition of the beneficial effect of bismuth on a
      platinum-containing catalyst that the bismuth component exists in the
      catalytic composite in the zero oxidation state. All of the methods of
      preparation of the catalytic composite of the present invention include a
      substantially water-free prereduction step which is designed to result in
      the composite containing substantially all of the bismuth component in the
      elemental metallic state.
PAR  The bismuth component may be incorporated into the catalytic composite in
      any suitable manner known to effectively disperse this component
      throughout the carrier material or to result in this conditions. Thus,
      this incorporation may be accomplished by coprecipitation or cogellation
      with the porous carrier material, ion-exchange with the carrier material
      while it is in a gel state, or impregnation of the carrier material at any
      stage in its preparation. It is to be noted that it is intended to include
      within the scope of the present invention all conventional methods for
      incorporating a metallic component in a catalytic composite which results
      in a uniform distribution of the metllic component throughout the
      associated carrier material. One preferred method of incorporating the
      bismuth component into the catalytic composite involves coprecipitating
      the bismuth component during the preparation of the preferred refractory
      oxide carrier material. Typically, this involves the addition of a
      suitable, soluble, decomposable bismuth compound or complex to the alumina
      hydrosol, and then combining the hydrosol with a suitable gelling agent
      and dropping the resulting mixture into an oil bath as explained in detail
      hereinbefore. After drying and calcining the resulting gelled carrier
      material, there is obtained an intimate combination of alumina and bismuth
      oxide, which combination has the bismuth component uniformly dispersed
      throughout the alumina. Another preferred method of incorporating the
      bismuth component into the catalytic composite involves the utilization of
      a soluble decomposable compound or complex of bismuth to impregnate the
      porous carrier material. In general, the solvent used in this preferred
      impregnation step is selected on the basis of its capability to dissolve
      the desired bismuth compound and is typically an aqueous acidic solution.
      Hence, the bismuth component may be added to the carrier material by
      commingling the latter with an aqueous solution of a suitable bismuth salt
      or water-soluble compound or complex of bismuth such as bismuth ammonium
      citrate, bismuth tribromide, bismuth trichloride, bismuth trihydroxide,
      bismuth oxybromide, bismuth oxychloride, bismuth trioxide, bismuth
      potassium tartrate, bismuth acetate, bismuth oxycarbonate, bismuth
      nitrate, and the like compounds. Best results are ordinarily obtained with
      a solution of bismuth trichloride in hydrochloric acid. In general, the
      bismuth component can be impregnated either prior to, simultaneously with,
      or after the other metallic components are added to the carrier material.
      However, I have obtained excellent results by impregnating the bismuth
      component simultaneously with the platinum or palladium and rhodium
      components. In fact, I have determined that a preferred impregnation
      solution contains chloroplatinic acid, rhodium trichloride hydrate,
      hydrochloric acid, and bismuth trichloride.
PAR  Regardless of which bismuth compound is used in the preferred impregnation
      step, it is important that the bismuth component be uniformly distributed
      throughout the carrier material. In order to achieve this objective it is
      necessary to maintain the pH of the impregnation solution at a value less
      than 3, and preferably less than 1, and to dilute the solution to a volume
      which is approximately the same or greater than the volume of the carrier
      material which is impregnated. It is preferred to use a volume ratio of
      impregnation solution to void volume of carrier material of at least
      0.75:1 and preferably about 1:1 to about 3:1 or more. Similarly, a
      relatively long contact time should be used during this impregnation step
      ranging from about 0.25 hours up to about 0.5 hours or more. The carrier
      material is likewise preferably constantly agitated during this
      impregnation step.
PAR  It is essential to incorporate a halogen component into the trimetallic
      catalytic composite of the present invention. Although the precise form of
      the chemistry of the association of the halogen component with the carrier
      material is not entirely known, it is customary in the art to refer to the
      halogen component as being combined with the carrier material, or with the
      other indredients of the catalyst in the form of the halide (e.g., as the
      combined chloride). This combined halogen may be either fluorine,
      chlorine, bromine, or mixtures thereof. Of these fluorine and,
      particularly, chlorine are preferred for the purpose of the present
      invention. The halogen may be added to the carrier material in any
      suitable manner, either during preparation of the support or before or
      after the addition of the other components. For example, the halogen may
      be added, at any stage of the preparation of the carrier material or to
      the calcined carrier material, as an aqueous solution of a suitable,
      decomposable halogen-containing compound such as hydrogen fluoride,
      hydrogen chloride, hydrogen bromide, ammonium chloride, etc. The halogen
      component or a portion thereof, may be combined with the carrier material
      during the impregnation of the latter with the metallic components; for
      example, through the utilization of a mixture of chloroplatinic acid,
      bismuth trichloride, and hydrogen chloride. In another situation, the
      alumina hydrosol which is typically utilized to form the preferred alumina
      carrier material may contain halogen and thus contribute at least a
      portion of the halogen component to the final composite. For reforming,
      the halogen will be typically combined with the carrier material in an
      amount sufficient to result in a final composite that contains about 0.1
      to about 3.5% and preferably about 0.5 to about 1.5 % by weight of
      halogen, calculated on an elemental basis. In isomerization or
      hydrocracking embodiments, it is generally preferred to utilize relatively
      larger amounts of halogen in the catalyst--typically, ranging up to about
      10 wt. % halogen, calculated on an elemental basis, and more preferably,
      about 1 to about 5 wt. %. It is to be understood that the specified level
      of halogen component in the instant catalyst can be achieved or maintained
      during use in the conversion of hydrocarbons by continuously or
      periodically adding to the reaction zone a decomposable halogen-containing
      compound such as an organic chloride (e.g., ethylene dichloride, carbon
      tetrachloride, t-butyl chloride) in an amount of about 1 to 100 wt. ppm.
      of the hydrocarbon feed, and preferably about 1 to 10 wt. ppm.
PAR  Regarding the preferred amounts of the various metallic components of the
      subject catalyst, I have found it to be a preferred practice to select the
      amount of the rhodium component to produce a composite containing an
      atomic ratio of rhodium to platinum or palladium within the broad range of
      about 0.1:1 to about 2:1, with the preferred range being about 0.25:1 to
      about 1.5:1. Similarly, I have found that it is essential to fix the
      amount of the bismuth component as a function of the amount of the
      platinum or palladium component contained in the composite. More
      specifically, I have observed that the beneficial interaction of the
      bismuth component with the platinum or palladium component is only
      obtained when the bismuth component is present, on an atomic basis, in an
      amount not greater than the platinum or palladium component.
      Quantitatively, the amount of the bismuth component is preferably
      sufficient to provide an atomic ratio of bismuth to platinum or palladium
      of about 0.1:1 to about 1:1, with best results obtained at an atomic ratio
      of about 0.1:1 to about 0.75:1. The criticalness associated with this
      atomic ratio limitation is apparent when an attempt is made to convert
      hydrocarbons with a catalyst having an atomic ratio of bismuth to platinum
      or palladium metal of greater than 1:1. In this latter case substantial
      deactivation of the platinum or palladium component is observed.
      Accordingly, it is an essential feature of the present invention that the
      amount of the bismuth component is chosen as a function of the amount of
      the platinum or palladium component in order to insure that the atomic
      ratio of these components in the resulting catalyst is within the stated
      range. Specific examples of especially preferred catalytic composites are
      as follows: (1) a catalytic composite comprising 0.375 wt. % platinum,
      0.375 wt. % rhodium, 0.25 wt. % bismuth, and 0.5 to 1.5 wt. % halogen
      combined with an alumina carrier material (atomic ratio Bi to Pt =
      0.622:1); (2) a catalytic composite comprising 0.375 wt. % platinum, 0.375
      wt. % rhodium, 0.15 wt. % bismuth, and 0.5 to 1.5 wt. % halogen combined
      with an alumina carrier material (atomic ratio Bi to Pt = 0.38:1); (3) a
      catalytic composite comprising 0.375 wt. % platinum, 0.2 wt. % rhodium,
      0.1 wt. % bismuth, and 0.5 to 1.5 wt. % halogen combined with an alumina
      carrier material (atomic ratio Bi to Pt = 0.25:1); (4) a catalytic
      composite comprising 0.375 wt. % platinum, 0.375 wt. % rhodium, 0.5 wt. %
      bismuth, and 0.5 to 1.5 wt. % halogen combined with an alumina carrier
      material (atomic ratio Bi to Pt = 0.126:1); and, (5) a catalytic composite
      comprising 0.75 wt. % platinum, 0.1 wt. % rhodium, 0.4 wt. % bismuth, and
      0.5 to 1.5 wt. % halogen combined with an alumina carrier material (atomic
      ratio Bi to Pt = 0.5:1).
PAR  Another significant parameter for the present catalyst is the "total metals
      content" which is defined to be the sum of the platinum or palladium
      component, the bismuth component, and the rhodium component, calculated on
      an elemental basis. Good results are ordinarily obtained with the subject
      catalyst when this parameter is fixed at a value of about 0.15 to about
      2.5 wt. %, with best results ordinarily achieved at a metals loading of
      about 0.3 to about 2 wt. %.
PAR  An optional ingredient for the trimetallic catalyst of the present
      invention is a Friedel-Crafts metal halide component. This ingredient is
      particularly useful in hydrocarbon conversion embodiments of the present
      invention, wherein it is preferred that the catalyst utilized has a strong
      acid or cracking function associated therewith--for example, an embodiment
      wherein hydrocarbons are to be hydrocracked or isomerized with the
      catalyst of the present invention. Suitable metal halides of the
      Friedel-Crafts type include aluminum chloride, aluminum bromide, ferric
      chloride, ferric bromide, zinc chloride, and the like compounds, with the
      aluminum halides and particularly aluminum chloride ordinarily yielding
      best results. Generally, this optional ingredient can be incorporated into
      the composite of the present invention by any of the conventional methods
      for adding metallic halides of this type; however, best results are
      ordinarily obtained when the metallic halide is sublimed onto the surface
      of the carrier material according to the preferred method disclosed in
      U.S. Pat. No. 2,999,074. The component can generally be utilized in any
      amount which is catalytically effective, with a value selected from the
      range of about 1 to about 100 wt. % of the carrier material generally
      being preferred.
PAR  Regardless of the details of how the components of the catalyst are
      combined with the porous carrier material, the final catalyst generally
      will be dried at a temperature of about 200.degree. to about 600.degree.
      F. for a period of at least about 2 to 24 hours or more, and finally
      calcined or oxidized at a temperature of about 700.degree. F. to about
      1100.degree. F. in an air or oxygen atmosphere for a period of about 0.5
      to about 10 hours in order to convert substantially all of the metallic
      components to the corresponding oxide forms. Because a halogen component
      is utilized in the catalyst, best results are generally obtained when the
      halogen content of the catalyst is adjusted during the calcination step by
      including a halogen, hydrogen halide, or a halogen-containing compound in
      the air atmosphere utilized. In particular, when the halogen component of
      the catalyst is combined chloride, it is preferred to use a mole ratio of
      H.sub.2 O to HCl of about 5:1 to about 100:1 during at least a portion of
      the calcination step in order to adjust the final chlorine content of the
      catalyst to a range of about 0.1 to about 3.5 wt. %.
PAR  It is an essential feature of the present invention that the resultant
      oxidized trimetallic catalytic composite is subjected to a substantially
      water-free reduction step prior to its use in the conversion of
      hydrocarbons. This step is designed to insure a uniform and finely divided
      dispersion of the metallic components throughout the carrier material and
      to selectively reduce substantially all of the platinum or palladium
      component, the rhodium component, and the bismuth component to the
      corresponding metals. Preferably, substantially pure and dry hydrogen
      (i.e., less than 20 vol. ppm. H.sub.2 O) is used as the reducing agent in
      this step. The reducing agent is contacted with the oxidized catalyst at
      conditions including a temperature of about 800.degree. F. to about
      1200.degree. F., a gas hourly space velocity of about 100 to about 5000
      hr..sup..sup.-1, and a period of time of about 0.5 to 10 hours effective
      to reduce substantially all of the platinum or palladium, rhodium, and
      bismuth components to the corresponding elemental metallic states. This
      reduction treatment may be performed in situ as part of a startup sequence
      if precautions are taken to predry the plant to a substantially water-free
      state and if substantially water-free hydrogen is used.
PAR  The resulting reduced catalytic composite may, in some cases, be
      beneficially subjected to a presulfiding operation designed to incorporate
      in the catalytic composite from about 0.01 to about 0.5 wt. % sulfur,
      calculated on an elemental basis, in the form of the adsorbed sulfide.
      Preferably, this presulfiding treatment takes place in the presence of
      hydrogen and a sulfiding reagent which is a suitable sulfur-containing and
      metallic sulfide-producing compound such as hydrogen sulfide, lower
      molecular weight mercaptans, organic sulfide, disulfides, etc. Typically,
      this procedure comprises treating the selectively reduced catalyst with a
      sulfiding gas such as a mixture of hydrogen and hydrogen sulfide having
      about 10 moles of hydrogen per mole of hydrogen sulfide at conditions
      sufficient to effect the desired incorporation of sulfur, generally
      including a temperature ranging from about 50.degree. F. up to about
      1100.degree. F. or more. It is generally a good practice to perform this
      presulfiding step under substantially water-free conditions.
PAR  According to the present invention, a hydrocarbon charge stock and hydrogen
      are contacted with the previously characterized trimetallic catalyst in a
      hydrocarbon conversion zone. This contacting may be accomplished by using
      the catalyst in a fixed bed system, a moving bed system, a fluidized bed
      system, or in a batch type operation; however, in view of the danger of
      attrition losses of the valuable catalyst, and of well known operational
      advantages, it is preferred to use a fixed bed system. In this system, a
      hydrogen-rich gas and the charge stock are preheated by any suitable
      heating means to the desired reaction temperature and then are passed into
      a conversion zone containing a fixed bed of the catalyst type previously
      characterized. It is, of course, understood that the conversion zone may
      be one or more separate reactors with suitable means therebetween to
      insure that the desired conversion temperature is maintained at the
      entrance to each reactor. It is also important to note that the reactants
      may be contacted with the catalyst bed in either upward, downward, or
      radial flow fashion with the latter being preferred. In addition, the
      reactants may be in the liquid phase, a mixed liquid-vapor phase, or a
      vapor phase when they contact the catalyst, with best results obtained in
      the vapor phase.
PAR  In the case where the trimetallic catalyst of the present invention is used
      in a reforming operation, the reforming system will comprise a reforming
      zone containing a fixed bed or moving bed of the instant trimetallic
      catalyst. This reforming zone may be one or more separate reactors with
      suitable heating means therebetween to compensate for the endothermic
      nature of the reactions that take place in each catalyst bed. The
      hydrocarbon feed stream that is charged to this reforming system will
      comprise hydrocarbon fractions containing naphthenes and paraffins that
      boil within the gasoline range. The preferred charge stocks are those
      consisting essentially of naphthenes and paraffins, although in some cases
      aromatics and/or olefins may also be present. This preferred class
      includes straight run gasolines, natural gasolines, synthetic gasolines,
      and the like. On the other hand, it is frequently advantageous to charge
      thermally or catalytically cracked gasolines or higher boiling fractions
      thereof. Mixtures of straight run and cracked gasolines can also be used
      to advantage. The gasoline charge stock may be a full boiling gasoline
      having an initial boiling point of from about 50.degree. F. to about
      150.degree. F. and an end boiling point within the range of from about
      325.degree. F. to about 425.degree. F., or may be a selected fraction
      thereof which generally will be a higher boiling fraction commonly
      referred to as a heavy naphtha--for example, a naphtha boiling in the
      range of C.sub.7 to 400.degree. F. In some cases, it is also advantageous
      to charge pure hydrocarbons or mixtures of hydrocarbons that have been
      extracted from hydrocarbon distillates--for example, straight-chain
      paraffins--which are to be converted to aromatics. It is preferred that
      these charge stocks be treated by conventional catalytic pretreatment
      methods such as hydrorefining, hydrotreating, hydrodesulfurization, etc.,
      to remove substantially all sulfurous, nitrogenous, and water-yielding
      contaminants therefrom and to saturate any olefins that may be contained
      therein.
PAR  In other hydrocarbon conversion embodiments, the charge stock will be of
      the conventional type customarily used for the particular kind of
      hydrocarbon conversion being effected. For example, in a typical
      isomerization embodiment the charge stock can be a paraffinic stock rich
      in C.sub.4 to C.sub.8 normal paraffins, or a normal butane-rich stock, or
      an n-hexane-rich stock, or a mixture of xylene isomers, etc. In a
      dehydrogenation embodiment, the charge stock can be any of the known
      dehydrogenatable hydrocarbons such as an aliphatic compound containing 2
      to 30 carbon atoms per molecule, a C.sub.4 to C.sub.30 normal paraffin, a
      C.sub.8 to C.sub.12 alkylaromatic, a naphthene, and the like. In
      hydrocracking embodiments, the charge stock will be typically a gas oil,
      heavy cracked cycle oil, etc. In addition, alkylaromatic and naphthenes
      can be conveniently isomerized by using the catalyst of the present
      invention. Likewise, pure hydrocarbons or substantially pure hydrocarbons
      can be converted to more valuable products by using the trimetallic
      catalyst of the present invention in any of the hydrocarbon conversion
      processes, known to the art, that use a dual-function catalyst.
PAR  In a reforming embodiment, it is generally preferred to utilize the novel
      trimetallic catalyst composite in a substantially water-free environment.
      Essential to the achievement of this condition in the reforming zone is
      the control of the water level present in the charge stock and the
      hydrogen stream which is being charged. to the zone. Best results are
      ordinarily obtained when the total amount of water entering the conversion
      zone from any source is held to a level less than 50 ppm. and preferably
      less than 20 ppm.; expressed as weight of equivalent water in the charge
      stock. In general, this can be accomplished by careful control of the
      water present in the charge stock and in the hydrogen stream. The charge
      stock can be dried by using any suitable drying means known to the art
      such as a conventional solid adsorbent having a high selecitivity for
      water; for instance, sodium or calcium crystalline aluminosilicates,
      silica gel, activated alumina, molecular sieves, anhydrous calcium
      sulfate, high surface area sodium, and the like adsorbents. Similarly, the
      water content of the charge stock may be adjusted by suitable stripping
      operations in a fractionation column or like device. And in some cases, a
      combination of adsorbent drying and distillation drying may be used
      advantageously to effect almost complete removal of water from the charge
      stock. Preferably, the charge stock is dried to a level corresponding to
      less than 20 ppm. of H.sub.2 O equivalent. In general, it is preferred to
      maintain the hydrogen stream entering the hydrocarbon conversion zone at a
      level of about 10 to about 20 vol. ppm. of water or less. In the case
      where the water content of the hydrogen stream is above this range, this
      can be conveniently accomplished by contacting the hydrogen stream with a
      suitable desiccant such as those mentioned above at conventional drying
      conditions.
PAR  In the reforming embodiment, an effluent stream is withdrawn from the
      reforming zone and passed through a cooling means to a separation zone,
      typically maintained at about 25.degree. to 150.degree. F., wherein a
      hydrogen-rich gas is separated from a high octane liquid product, commonly
      called an "unstabilized reformate". When a superdry operation is desired,
      at least a portion of this hydrogen-rich gas is withdrawn from the
      separating zone and passed through an adsorption zone containing an
      adsorbent selective for water. The resultant substantially water-free
      hydrogen stream can then be recycled through suitable compressing means
      back to the reforming zone. The liquid phase from the separating zone is
      typically withdrawn and commonly treated in a fractionating system in
      order to adjust the butane concentration, thereby controlling front end
      volatility of the resulting reformate.
PAR  The conditions utilized in the numerous hydrocarbon conversion embodiments
      of the present invention are those customarily used in the art for the
      particular reaction, or combination of reactions, that is to be effected.
      For instance, alkylaromatic and paraffin isomerization conditions include:
      a temperature of about 32.degree. F. to about 1000.degree. F. and
      preferably about 75.degree. F. to about 600.degree. F.; a pressure of
      atmospheric to about 100 atmospheres; a hydrogen to hydrocarbon mole ratio
      of about 0.5:1 to about 20:1 and a LHSV (calculated on the basis of
      equivalent liquid volume of the charge stock contacted with the catalyst
      per hour divided by the volume of conversion zone containing catalyst) of
      about 0.2 hr..sup..sup.-1 to 10 hr..sup..sup.-1. Dehydrogenation
      conditions include: a temperature of about 700 to about 1250.degree. F., a
      pressure of about 0.1 to about 10 atmospheres, a liquid hourly space
      velocity of about 1 to 40 hr..sup..sup.-1 and a hydrogen to hydrocarbon
      mole ratio of about 1:1 to 20:1. Likewise, typically hydrocracking
      conditions include: a pressure of about 500 psig. to about 3000 psig.; a
      temperature of about 400.degree. F. to about 900.degree. F.; a LHSV of
      about 0.1 hr..sup..sup.-1 to about 10 hr..sup..sup.-1 ; and hydrogen
      circulation rates of about 1000 to 10,000 SCF per barrel of charge.
PAR  In the reforming embodiment of the present invention the pressure utilized
      is selected from the range of about 0 psig. to about 1000 psig., with the
      preferred pressure being about 50 psig. to about 600 psig. Particularly
      good results are abtained at low pressure; namely, a pressure of about 50
      to 350 psig. In fact, it is a singular advantage of the present invention
      that it allows stable operation at lower pressure than have heretofore
      been successfully utilized in so-called "continuous" reforming systems
      (i.e., reforming for periods of about 15 to about 200 or more barrels of
      charge per pound of catalyst without regeneration) with all platinum
      monometallic catalysts. In other words, the trimetallic catalyst of the
      present invention allows the operation of a continuous reforming system to
      be conducted at low pressure (i.e., 100 to about 350 psig.) for about the
      same or better catalyst life before regeneration as has been heretofore
      realized with conventional monometallic catalysts at higher pressure
      (i.e., 400 to 600 psig.). On the other hand, the stability feature of the
      present invention enables reforming operation conducted at pressures of
      400 to 600 psig. to achieve substantially increased catalyst life before
      regeneration.
PAR  Similarly, the temperature required for reforming is generally lower than
      that required for a similar reforming operation using a high quality
      catalyst of the prior art. This significant and desirable feature of the
      present invention is a consequence of the selectivity of the trimetallic
      catalyst of the present invention for the octane-upgrading reactions that
      are preferably induced in a typical reforming operation. Hence the present
      invention requires a temperature in the range of from about 800.degree. F.
      to about 1100.degree. F. and preferably about 900.degree. F. to about
      1050.degree. F. As is well known to those skilled in the continuous
      reforming art, the initial selection of the temperature within this broad
      range is made primarily as a function of the desired octane of the product
      reformate considering the characteristics of the charge stock and of the
      catalyst. Ordinarily, the temperature then is thereafter slowly increased
      during the run to compensate for the inevitable deactivation that occurs
      to provide a constant octane product. Therefore, it is a feature of the
      present invention that the rate at which the temperature is increased in
      order to maintain a constant octane product, is substantially lower for
      the catalyst of the present invention than for a high quality reforming
      catalyst which is manufactured in exactly the same manner as the catalyst
      of the present invention except for the inclusion of the bismuth and
      rhodium components. Moreover, for the catalyst of the present invention,
      the C.sub.5 + yield loss for a given temperature increase is substantially
      lower than for a high quality reforming catalyst of the prior art. In
      addition, hydrogen production is substantially higher.
PAR  The reforming embodiment of the present invention also typically utilizes
      sufficient hydrogen to provide an amount of about 1 to 20 moles of
      hydrogen per mole of hydrocarbon entering the reforming zone, with
      excellent results being obtained when about 5 to about 10 moles of
      hydrogen are used per mole of hydrocarbon. Likewise, the liquid hourly
      space velocity, (LHSV), used in reforming is selected from the range of
      about 0.1 to about 10 hr..sup..sup.-1, with a value in the range of about
      1 to about 5 hr..sup..sup.-1 being preferred. In fact, it is a feature of
      the present invention that it allows operations to be conducted at higher
      LHSV than normally can be stably achieved in a continuous reforming
      process with a high quality reforming catalyst of the prior art. This last
      feature is of immense economic significance because it allows a continuous
      reforming process to operate at the same throughput level with less
      catalyst inventory than that heretofore used with conventional reforming
      catalysts at no sacrifice in catalyst life before regeneration.
PAR  The following working examples are given to illustrate further the
      preparation of the trimetallic catalytic composite of the present
      invention and the use thereof in the conversion of hydrocarbons. It is
      understood that the examples are intended to be illustrative rather than
      restrictive.
DETD
PAC  EXAMPLE I
PAR  This example demonstrates a particularly good method of preparing the
      trimetallic catalytic composite of the present invention.
PAR  An alumina carrier material comprising 1/16 inch spheres is prepared by:
      forming an aluminum hydroxyl chloride sol by dissolving substantially pure
      aluminum pellets in hydrochloric acid, adding hexamethylenetetramine to
      the resulting alumina sol, gelling the resulting solution by dropping it
      into an oil bath to form spherical particles of an aluminum-containing
      hydrogel, aging and washing the resulting particles, and finally drying
      and calcining the aged and washed particles to form spherical particles of
      gamma-alumina containing about 0.3 wt. % combined chloride. Additional
      details as to this method of preparing the preferred gamma-alumina carrier
      material are given in the teachings of U.S. Pat. No. 2,620,314.
PAR  An aqueous impregnation solution containing chloroplatinic acid, rhodium
      trichloride hydrate, bismuth trichloride, and hydrogen chloride is then
      prepared. The alumina carrier material is thereafter admixed with the
      impregnation solution. The amount of regents contained in this
      impregnation solution is calculated to result in a final composite
      containing, on an elemental basis, 0.375 wt. % platinum, 0.25 wt. %
      bismuth, and 0.25 wt. % rhodium. In order to insure uniform dispersion of
      the metallic components throughout the carrier material, the amount of
      hydrochloric acid used is about 3 wt. % of the alumina particles. This
      impregnation step is performed by adding the carrier material particles to
      the impregnation mixture with constant agitation. In addition, the volume
      of the solution is approximately the same as the void volume of the
      carrier material particles. The impregnation mixture is maintained in
      contact with the carrier material particles for a period of about 1/2 hour
      at a temperature of about 70.degree. F. Thereafter, the temperature of the
      impregnation mixture is raised to about 225.degree. F. and the excess
      solution evaporated in a period of about 1 hour. The resulting dried
      particles are then subjected to a calcination or oxidation treatment in an
      air atmosphere at a temperature of about 975.degree. F. for about 1 hour.
      This oxidation step is designed to convert substantially all of the
      metallic ingredients to the corresponding oxide forms. The calcined
      spheres are then contacted with an air stream containing H.sub.2 O and HCl
      in a mole ratio of about 30:1 for about 4 hours at 975.degree. F. in order
      to adjust the halogen content of the catalyst particles to a value of
      about 1 wt. %.
PAR  The resulting catalyst particles were analyzed and found to contain, on an
      elemental basis, about 0.375 wt. % platinum, about 0.25 wt. % rhodium,
      about 0.25 wt. % bismuth, and about 1 wt. % combined chloride. For this
      catalyst, the atomic ratio of rhodium to platinum is 1.26:1 and the atomic
      ratio of bismuth to platinum is 0.622:1.
PAR  Thereafter, the catalyst particles are subjected to a dry reduction step,
      designed to reduce the platinum, rhodium, and bismuth components to the
      corresponding elemental metallic states by contacting them for 1 hour with
      a substantially pure hydrogen stream containing less than 5 vol. ppm.
      H.sub.2 O at a temperature of about 1050.degree. F., a pressure slightly
      above atmospheric, and a flow rate of the hydrogen stream through the
      catalyst particles corresponding to a gas hourly space velocity of about
      720 hr..sup..sup.-1.
PAC  EXAMPLE II
PAR  A portion of the Example trimetallic catalyst particles produced by the
      method described in Examplle I are loaded into a scale model of a
      continuous, fixed bed reforming plant of conventional design. In this
      plant, a heavy Kuwait naphtha and hydrogen are continuously contacted at
      reforming conditions: a liquid hourly space velocity of 1.5
      hr..sup..sup.-1 ; a pressure of 100 psig.; a hydrogen to hydrocarbon mole
      ratio of 5:1, and a temperature sufficient to continuously produce a
      C.sub.5 + reformate of 102 F-1 clear. It is to be noted that these are
      exceptionally severe conditions.
PAR  The heavy Kuwait naphtha has a API gravity at 60.degree. F. of 60.4, an
      initial boiling point of 184.degree. F., a 50% boiling point of
      256.degree. F., and an end boiling point of 360.degree. F. In addition, it
      contains about 8 vol. % aromatics, 71 vol. % paraffins 21 vol. %
      naphthenes, 0.5 wt. % parts per million sulfur, and 5 to 8 wt. parts per
      million water. The F-1 clear octane number of the raw stock is 40.0.
PAR  The fixed bed reforming plant is made up of a reactor containing the
      trimetallic catalyst, a hydrogen separation zone, a debutanizer column,
      and suitable heating, pumping, cooling, and controlling means. In this
      plant, a hydrogen recycle stream and the charge stock are commingled and
      heated to the desired temperature. The resultant mixture is then passed
      downflow into a reactor containing the trimetallic catalyst as a fixed
      bed. An effluent stream is then withdrawn from the bottom of the reactor,
      cooled to about 55.degree. F. and passed to a separating zone wherein a
      hydrogen-rich gaseous phase separates from a liquid hydrocarbon phase. A
      portion of the gaseous phase is continuously passed through a high surface
      area sodium scrubber and the resulting water-free hydrogen stream recycled
      to the reactor in order to supply hydrogen thereto and the excess hydrogen
      over that needed for plant pressure is recovered as excess separator gas.
      The liquid hydrocarbon phase from the hydrogen separating zone is
      withdrawn therefrom and passed to a debutanizer column of conventional
      design wherein light ends are taken overhead as debutanizer gas and
      C.sub.5 + reformate stream recovered as bottoms.
PAR  The test run is continued for a catalyst life of about 20 barrels of charge
      per pound of catalyst utilized, and it is determined that the activity,
      selectivity, and stability of the present trimetallic catalyst are vastly
      superior to those observed in a similar type test with a conventional
      commercial reforming catalyst. More specifically, the results obtained
      from the subject catalyst are superior to the platinum metal-containing
      catalyst of the prior art in the areas of hydrogen production, C.sub.5 +
      yield at octane, average rate of temperature increase necessary to
      maintain octane, and C.sub.5 + yield decline rate.
PAR  It is intended to cover by the following claims all changes and
      modifications of the above disclosure of the present invention which would
      be self-evident to a man of ordinary skill in the catalyst formulation art
      of the hydrocarbon conversion art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for converting hydrocarbon which comprises contacting the
      hydrocarbon, at hydrocarbon conversion conditions, with a catalytic
      composite consisting essentially of porous carrier material containing, on
      an elemental basis, about 0.01 to about 2 wt. % platinum or palladium,
      about 0.01 to about 2 wt. % rhodium, about 0.1 to about 3.5 wt. % halogen,
      and bismuth in an amount sufficient to result into an atomic ratio to
      bismuth of platinum or palladium of about 0.1:1 to about 1:1, wherein the
      platinum or palladium, rhodium, and bismuth are uniformly dispersed
      throughout the porous carrier material and wherein substantially all of
      the platinum or palladium, rhodium, and bismuth are present in the
      corresponding elemental metallic states.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the porous carrier material is a
      refractory inorganic oxide.
NUM  3.
PAR  3. A process as defined in claim 2 wherein the refractory inorganic oxide
      is alumina.
NUM  4.
PAR  4. A process as defined in claim 1 wherein the halogen is combined
      chloride.
NUM  5.
PAR  5. A process as defined in claim 1 wherein the atomic ratio of bismuth to
      platinum or palladium contained in the composite is about 0.1:1 to about
      0.75:1.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the atomic ratio of rhodium to
      platinum or palladium in the composite is about 0.1:1 to about 2:1.
NUM  7.
PAR  7. A process defined in claim 1 wherein the catalytic composite contains
      about 0.01 to about 0.5 wt. % sulfur, calculated on an elemental basis.
NUM  8.
PAR  8. A process as defined in claim 1 wherein the catalytic composite contains
      about 0.05 to about 1 wt. % platinum, about 0.5 to about 1 wt. % rhodium,
      about 0.5 to about 1.5 wt. % halogen, and an atomic ratio of bismuth to
      platinum of about 0.1:1 to about 0.75:1.
NUM  9.
PAR  9. A process as defined in claim 1 wherein the contacting of the
      hydrocarbon with the catalytic composite is performed in the presence of
      hydrogen.
NUM  10.
PAR  10. A process as defined in claim 1 wherein the type of hydrocarbon
      conversion is catalytic reforming of a gasoline fraction to produce a high
      octane reformate, wherein the hydrocarbon is contained in the gasoline
      fraction, wherein the contacting is performed in the presence of hydrogen,
      and wherein the hydrocarbon conversion conditions are reforming
      conditions.
NUM  11.
PAR  11. A process as defined in claim 10 wherein the reforming conditions
      include a temperature of about 800 to about 1100.degree. F., a pressure of
      about 1 to about 1000 psig., a liquid hourly space velocity of about 0.1
      to about 10 hr..sup..sup.-1, and a mole ratio of hydrogen to hydrocarbon
      of about 1:1 to 20:1.
NUM  12.
PAR  12. A process as defined in claim 10 wherein the contacting step is
      performed in a substantially water-free environment.
NUM  13.
PAR  13. A process as defined in claim 10 wherein the reforming conditions
      include a pressure of about 50 to 350 psig.
NUM  14.
PAR  14. A catalytic composite consisting essentially of a porous carrier
      material containing, on an elemental basis, about 0.01 to about 2 wt. %
      platinum or palladium, about 0.01 to about 2 wt. % rhodium, about 0.1 to
      about 3.5 wt. % halogen, and bismuth in an amount sufficient to result in
      an atomic ratio of bismuth to platinum or palladium of about 0.1:1 to
      about 1:1, wherein the platinum or palladium, rhodium, and bismuth are
      uniformly dispersed throughout the carrier material and wherein
      substantially all of the platinum or palladium, rhodium, and bismuth are
      present in the corresponding elemental metallic states.
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ABST
PAL  A two-stage process for hydrodesulfurization of a metal-containing
      hydrocarbon oil employing a hydrodesulfurization catalyst in each stage
      having an activated support prepared by drying and calcining a crystalline
      alumina containing 1.2 to 2.6 mols of water of hydration per mol of
      alumina.
BSUM
PAR  This invention relates to the use of activated alumina supported
      hydrodesulfurization catalysts in at least two reactor stages in series
      for the processing of asphalteneand metal-containing crude or residual
      petroleum oils. The invention applies to treatment of metal-containing
      hydrocarbon oils generally, so that synthetic oils such as coal liquids,
      shale extracts and tar sand bitumens can also be treated. The activated
      alumina employed is referred to herein as pseudoboehmite alumina.
PAR  The pseudoboehmite support for the catalysts of this invention has a pore
      volume and average pore diameter which is lower than that of alumina
      supports of prevailing commercial crude or residual oil
      hydrodesulfurization catalysts. It would be expected that these
      characteristics would tend to reduce the useful life in
      hydrodesulfurization service when treating metal-containing oils, since
      metals deposition results in filling and plugging of pores, thereby
      tending to deactivate small pore volume and small average pore diameter
      catalysts more readily than large pore volume and large average pore
      diameter catalysts.
PAR  In accordance with the present invention it has been discovered that
      pseudoboehmite supported catalysts unexpectedly exhibit higher
      desulfurization activity than prevailing commercial hydrodesulfurization
      catalysts having a larger pore volume and average pore diameter when the
      pseudoboehmite catalysts are utilized according to the process of this
      invention. The present invention relates to a process wherein
      pseudoboehmite supported catalysts can be effectively employed at a high
      hydrodesulfurization activity for long throughput durations when treating
      oils having a high metals content, that is, nickel and vanadium metals
      levels of at least 20, or 100, 200 or 250 parts per million by weight, or
      more, by operating the process in a manner which causes the pseudoboehmite
      to resist demetallization of the feed oil.
PAR  The catalyst of the present invention is characterized as a Group VI-B and
      Group VIII metall hydrodesulfurization catalyst supported on alumina
      wherein all or a major proportion of the alumina support is derived from a
      crystalline precursor alumina hydrate containing between about 1.2 and 2.6
      mols of water of hydration per mol of alumina prior to calcining. The
      alumina support is essentially free of constituents which tend to impart
      cracking activity. Therefore, it contains less than 1 weight percent of
      silica, preferably less than 0.5 weight percent of silica, and can be
      essentially free of silica. The precursor hydrate can comprise
      pseudoboehmite entirely or in major part, with the remainder comprising
      other alumina hydrates, such as bayerite and/or gibbsite, which are
      trihydrates. Pseudoboehmite and its method of preparation is disclosed in
      U.S. Pat. Nos. 3,188,174 and 3,222,273, which are hereby incorporated by
      reference.
PAR  The pseudoboehmite alumina supported catalysts of this invention have been
      subjected to comparative tests against various commercial catalysts, all
      of which were supported on alumina which is free of pseudoboehmite. The
      pseudoboehmite-free aluminas were either derived entirely from a boehmite
      precursor, which is crystalline alumina monohydrate, or were derived from
      a precursor comprising boehmite in minor proportion together with bayerite
      in major proportion.
PAR  The operating conditions employed in each stage of the process of this
      invention comprise a temperature in the range from about 600.degree. to
      about 1,000.degree.F. (316.degree. to about 538.degree.C.) and preferably
      from about 650.degree. to about 800.degree.F. (343.degree. to about
      427.degree.C.). The liquid space velocity can be in the range from about
      0.1 to about 10.0, preferably less than about 5.0 and more preferably from
      about 0.2 to about 3.0 volumes of feed oil per volume of catalyst per
      hour. The hydrogen feed rate employed ranges from about 500 to about
      10,000 standard cubic feet per barrel of feed stock (9 to about 180
      SCM/100L), preferably ranges from about 1,000 to 8,000 standard cubic feet
      per barrel (18 to 144 SCM/100L) and more preferably ranges from about
      2,000 to about 6,000 standard cubic feet per barrel (36 to about 108
      SCM/100L). The hydrogen partial pressure is in the range from about 50 to
      about 2,500 psi (3.5 to 175 Kg/cm.sup.2), preferably is less than about
      2,000 psi (140 Kg/cm.sup.2) and more preferably is less than about 1,500
      psi (105 Kg/cm.sup.2). The total pressure does not greatly exceed the
      hydrogen partial pressure and can extend up to about 2,800 psi (196
      Kg/cm.sup.2), but preferably the total pressure is less than about 2,200
      psi (154 Kg/cm.sup.2).
PAR  The catalyst of the present invention comprises a minor proportion of
      metalliferous hydrogenating components, including Group VI-B and Group
      VIII metals, their oxides and sulfides, composited with pseudoboehmite
      alumina. Titanium promotion can suitably be employed. The preferable
      hydrogenating components are nickel, cobalt, platinum, palladium,
      molybdenum and tungsten. Preferred catalysts contain cobalt and molybdenum
      or nickel, cobalt and molybdenum or nickel, titanium and molybdenum.
PAR  The alumina carrier or support for the catalyst of this invention can be
      also a mixture of two different aluminas obtained by mechanically blending
      two different crystalline alumina hydrate precursors, one of which is an
      alumina trihydrate while most of the alumina is pseudoboehmite, i.e., a
      crystalline alumina hydrate containing from about 1.2 to about 2.6 mols of
      water of hydration per mol of Al.sub.2 O.sub.3. For example, the alumina
      trihydrate can be employed in an amount from about 1 percent to about 35
      percent weight, while the remainder can be pseudoboehmite. In order to
      improve desulfurization activity, the alumina trihydrate can comprise 2 or
      5 up to 18 or 30 percent by weight, based upon total alumina hydrate
      precursor. In this regard, see U.S. Pat. No. 3,846,285 particularly Table
      V, which application is hereby incorporated by reference. This patent
      application shows these hydrates can be synthesized as a mixture.
PAR  The pseudoboehmite catalyst support of this invention is capable of
      hydrodesulfurizing a metals-containing residual oil with relatively low
      metals pick-up and therefore has superior aging characteristics providing
      extended catalyst life and, unexpectedly, is regenerable, i.e., relatively
      fresh catalyst activity can be achieved upon regeneration. The superior
      regenerability of the pseudoboehmite catalyst is illustrated in the
      aforesaid incorporated U.S. Pat. No. 3,846,285.
PAR  Regeneration of the pseudoboehmite catalysts of this invention can be
      accomplished either by solvent extraction with an aromatic solvent,
      preferably one containing a good hydrogen transfer agent, such as
      hydrofuran and anthracene, or by oxidative burn-off. The solvent
      extraction can be accomplished in the presence of at least about 500
      standard cubic feet of hydrogen per barrel (9 SCM/100L) of solvent, at
      pressures of about 250 psi (17.5 Kg/cm.sup.2) or greater and at
      temperatures of about 500.degree.F. (260.degree.C.) or greater. The liquid
      hourly space velocity employed is usually greater than about 0.1 volume of
      solvent per volume of catalyst per hour. Somewhat more severe conditions
      are employed for the subsequent catalytic treatment of the solvent itself,
      such as pressures of at least about 500 psi (35 Kg/cm.sup.2) and
      advantageously greater than about 1,000 psi (70 Kg/cm.sup.2), temperatures
      of at least about 700.degree.F. (371.degree.C.), hydrogen feed rates of at
      least about 1,000 standard cubic feet per barrel (18 SCM/100L) of solvent
      and liquid hourly space velocities of at least about 0.2 volumes of
      solvent per volume of catalyst per hour. Generally, however, there is no
      advantage in employing pressures greather than about 3,000 or 4,000 psi
      (210 to 280 Kg/cm.sup.2), temperatures greater than about 900.degree.F.
      (482.degree.C.), space velocities greater than about 2.0 or hydrogen feed
      rates greater than about 10,000 standard cubic feet per barrel (180
      SCM/100L). Normally, the regeneration by solvent treatment is accomplished
      within about 20 to 30 hours. The oxidative burn-off can be accomplished by
      techniques well known in the art. Preferably, the temperature is
      maintained at a level of 800.degree.F. (427.degree.C.) or lower.
PAR  Tests are presented below demonstrating the activity of the pseudoboehmite
      catalyst of this invention for hydrodesulfurization of a Ceuta atmospheric
      tower bottoms. The Ceuta reduced crude feed contained the unusually high
      level of 292 parts per million by weight of nickel and vanadium. Table 1
      shows the characteristics of a typical Ceuta reduced crude feed oil
      charged to the first pseudoboehmite catalyst stage of the process of this
      invention.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Ceuta Atmospheric Tower Bottoms                                           
     Feed to First Stage                                                       
     ______________________________________                                    
     Gravity, .degree.API 18.2                                                 
     Nitrogen, weight %   0.32                                                 
     Nickel, ppm weight   34                                                   
     Vanadium, ppm weight 258                                                  
     Pour Point, .degree.F.                                                    
                          +45 (7.degree.C.)                                    
     Sulfur, weight %     2.12                                                 
     Carbon Residue Rams, weight %                                             
                          8.39                                                 
     Viscosity, SUS 100.degree.F. (38.degree.C.)                               
                          2867                                                 
     Viscosity, SUS 210.degree.F. (99.degree.C.)                               
                          140.3                                                
     Carbon, weight %     85.76                                                
     Hydrogen, weight %   11.58                                                
     Heat of Comb., BTU/LB                                                     
                          18,770                                               
                          (10,323 cal/gm)                                      
     Oxygen, weight %     0.32                                                 
     Distillation, Vacuum, 1 mm                                                
      Percent Cond. at 760 mm, .degree.F.                                      
     5                    635 (335.degree.C.)                                  
     10                   677 (353.degree.C.)                                  
     20                   748 (388.degree.C.)                                  
     30                   812 (433.degree.C.)                                  
     40                   870 (466.degree.C.)                                  
     50                   942 (506.degree.C.)                                  
     60                   1058 (570.degree.C.)                                 
     70                   1087 (587.degree.C.)                                 
     ______________________________________                                    
PAR  the Ceuta atmospheric tower bottoms were desulfurized over the
      pseudoboehmite supported catalyst in a first stage to remove 75 weight
      percent sulfur and 40 weight percent nickel plus vanadium. This product
      was then flashed to remove by-product gases, such as hydrogen sulfide,
      ammonia and light hydrocarbons and was passed over a second stage
      pseudoboehmite catalyst bed with fresh hydrogen under various severities
      where second stage products having a sulfur level as low as 0.34 weight
      percent were produced with the remarkable feature that essentially no
      futher metal removal occurred. Table 2 shows the analyses of the products
      obtained from the first and second stages.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                         Product From First                                    
                   Ceuta Pseudoboehmite                                        
                                    Products From Second                       
                   ATB   Stage      Pseudoboehmite Stage                       
     __________________________________________________________________________
     Conditions:                                                               
      Hydrogen Pressure, psi                                                   
                         1,000      1,000   1,000   1,000   1,000              
                         (70 Kg/cm.sup.2)                                      
                                    (70 Kg/cm.sup.2)                           
                                            (70 Kg/cm.sup.2)                   
                                                    (70 Kg/cm.sup.2)           
                                                            (70 Kg/cm.sup.2)   
      Temperature: .degree.F.                                                  
                          720        700     710     750     750               
                         (382.degree.C.)                                       
                                    (371.degree.C.)                            
                                            (377.degree.C.)                    
                                                    (399.degree.C.)            
                                                            (399.degree.C.)    
      LHSV: Hr.sup.-.sup.1                                                     
                         0.5        1       0.5     1       0.5                
     Product Analyses:                                                         
     Gravity: .degree.API                                                      
                   18.2  21.5       21.9    22.2    21.7    22.3               
     Hydrogen: % by wt.                                                        
                   11.58 12.15      12.3    12.29   12.21   12.29              
     C.sub.5 Insol.: % by wt.                                                  
                         8.51       2.92    5.50    6.36    7.41               
     Sulfur: % by wt.                                                          
                   2.12  0.57       0.51    0.37    0.38    0.34               
     Ni + V: ppm   292   159        150     146     161     151                
     Desulfurization: % by wt.                                                 
                         75         10.5    35.1    33.3    40.4               
     Demetallization:                                                          
      % Ni+V wt.         40         6       8       0       5                  
     %Demetallization/                                                         
      %Desulfurization   0.56       0.57    0.23    0       0.12               
     __________________________________________________________________________
PAR  Table 2 indicates that surprisingly at temperatures above
      710.degree.F.(377.degree.C.) little desulfurization benefit can be derived
      by operating the second stage at a low LHSV, Table 2 therefore shows that
      the pseudoboehmite supported catalyst releases the process from the
      requirement of low space velocity as required by conventional
      non-pseudoboehmite catalysts.
PAR  Table 2 also shows that demetallization in the second stage when employing
      the pseudoboehmite catalyst is greatly reduced at process temperatures
      above 710.degree.F. (377.degree.C.), especially when the LHSV is above 0.5
     .
DRWD
PAR  FIGS. 1 through 4 and 6 present graphs of data illustrating use of a
      pseudoboehmite catalyst and
PA1  Fig. 5 presents a particular process flow diagram of the invention,
DETD
PAR  FIG. 1 shows the effect of temperature and space velocity in a
      pseudoboehmite second stage which treats the product from a pseudoboehmite
      first stage. FIG. 1 illustrates the surprising effect that in the second
      pseudoboehmite state high desulfurization levels are achieved at
      temperatures above 710.degree.F. (377.degree.C.) when employing a high
      LHSV within the range 0.5 to 1. However, at a temperature of 710.degree.F.
      (377.degree.C.), a high desulfurization level requires a relatively low
      LHSV, which is to be expected. Since the data of Table 2 show that high
      temperatures and high space velocities are also conducive to low metal
      removal rates, it is advantageous to at least start-up a second stage
      cycle with a higher temperature than is employed in the first stage. The
      second stage temperature can remain higher than the first stage
      temperature throughout the cycle. The fact that the pseudoboehmite
      catalyst in the second stage at a temperature above 710.degree.F.
      (377.degree.C.) can release the second stage from a space velocity
      constraint is a highly unusual feature of this invention.
PAR  Table 2 and FIG. 1 together show the importance of elevated second stage
      start-of-run temperatures, above the start-of-run temperature of the first
      stage, and of elevated space velocity, in accomplishing high sulfur
      removal levels in the second stage, particularly when both stages employ a
      pseudoboehmite catalyst support. In the graph of FIG. 1, best sulfur
      removal levels (and, as shown in Table 2, lowest metal removal rates) are
      achieved at 750.degree.F. (399.degree.C.) and at 1 space velocity. At this
      temperature and space velocity, the suflur removal rate is the highest
      (and, as shown in Table 2, the metal removal rate is the lowest) of any
      point in the graph of FIG. 1. By contrast, use of the process temperature
      of 710.degree.F. (377.degree.C.) and the space velocity of 0.5 shown in
      FIG. 1, resulted in an inferior sulfur removal rate (and, as shown in
      Table 2, a higher metal removal rate). It is again emphasized that it is
      unusual that use of elevated liquid hourly space velocities does not
      reduce sulfur removal levels significantly from the levels achievable at
      lower space velocities at temperatures near 750.degree.F. (399.degree.C.).
      Therefore, second stage temperatures of 710.degree. or 715.degree. to
      750.degree.F. (377.degree. or 379.degree. to 399.degree.C.), or higher,
      are advantageous, with space velocities above 0.5, i.e., above 0.7 or 0.8.
PAR  The probable reason that relatively high reaction temperatures and space
      velocities cause the demetallization rate to diminish is that at higher
      reaction temperatures and space velocities the asphaltene molecules reside
      at catalyst sites for a shorter time. Desulfurization is a function of
      reaction temperature and of the activity of the supported active metals on
      the catalyst. On the other hand, demetallization activity is primarily a
      function of the adsorption coefficient of metal-containing molecules on
      the catalyst support. The employment of high reaction temperatures rapidly
      completes the desulfurization reaction, permitting the desulfurized
      asphaltene molecules to leave catalyst sites before being adsorbed onto
      the support where they can undergo demetallization. High space velocities
      cooperate with high reactor temperatures to accomplish this effect. This
      is apparently the mechanism whereby high second stage temperatures and
      space velocities, by permitting rapid desulfurization, prevent excessive
      removal of nickel and vanadium which is contained in refractory porphyrin
      structures.
PAR  Tables 3 and 4 show the characteristics of first stage pseudoboehmite
      hydrodesulfurization products obtained by the hydrodesulfurization under
      various conditions of a Ceuta reduced crude of the type described in Table
      1. This first stage product constitutes the type of feed charged to the
      second pseudoboehmite stage of this invention, following flashing off of
      gases from the first stage effluent and introduction of a scrubbed recycle
      or make-up hydrogen stream.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Product of First Pseudoboehmite Stage                                     
     Operated at 700.degree.F. (371.degree.C.), 0.5 LHSV                       
     5,000 SCF H.sub.2 /Bbl (90 SCM/100L)                                      
     Charge-      1000 psi   500 psi   250 psi                                 
     Stock        (70Kg/cm.sup.2)                                              
                             (35Kg/cm.sup.2)                                   
                                       (17.5Kg/cm.sup.2)                       
     ______________________________________                                    
     Sulfur, %                                                                 
     by wt.  2.07     0.61       0.86    1.47                                  
     Nickel,                                                                   
     ppm wt. 32       20         28      32                                    
     Vanadium,                                                                 
     ppm wt. 254      151        159     216                                   
     ______________________________________                                    
TBL                TABLE 4                                                     
     ______________________________________                                    
     Product of First Pseudoboehmite Stage                                     
     Operated at 1000 psig (70 Kg/cm.sup.2), 0.5                               
     LHSV, 5000 SCF H.sub.2 /Bbl (90 SCM/100L)                                 
               Charge-  700.degree.F.                                          
                                   720.degree.F.                               
               Stock    (371.degree.C.)                                        
                                   (382.degree.C.)                             
     ______________________________________                                    
     Sulfur, %                                                                 
     by wt.      2.07       0.61       0.41                                    
     Nickel, ppm                                                               
     weight      32         20         21                                      
     Vanadium,                                                                 
     ppm weight  254        151        139                                     
     ______________________________________                                    
PAR  Table 5 shows the results obtained when hydrodesulfurizing whole Ceuta
      petroleum crude oil in a first stage only with a pseudoboehmite catalyst
      and also with a non-pseudoboehmite commercial residual oil
      hydrodesulfurization catalyst.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     SINGLE STAGE HYDRODESULFURIZATION OF CEUTA CRUDE AT                       
     500 psi (35 Kg/cm.sup.2), 700.degree.F. (371.degree.C.), 5000 SCF H.sub.2 
     /Bbl (90 SCM/100L)                                                        
                                  Non-Pseudoboehmite                           
                Pseudoboehmite Catalyst                                        
                                  Catalyst                                     
     __________________________________________________________________________
     Supported Metals,                                                         
     weight %   0.5Ni,1Co,8Mo                                                  
                         0.5Ni,1Co,8Mo                                         
                                  4.5Ni,12Mo,5Ti                               
     LHSV, Hr.sup.-.sup.1                                                      
                0.5      1        1                                            
     On-Stream Time, Hours                                                     
                205-301  8-72     359-407                                      
     Desulfurization,                                                          
     weight %   62 (0.78).sup.1                                                
                         61 (1.04).sup.1                                       
                                  39 (1.69).sup.1                              
     Demetallization,                                                          
     weight %   32 (167).sup.2                                                 
                         34 (230).sup.2                                        
                                  20 (134).sup.2                               
     Deasphalting,                                                             
     weight %   20       3        12                                           
     %Demetallization/                                                         
     %Desulfurization                                                          
                0.52     0.56     0.51                                         
     __________________________________________________________________________
      .sup.1 Sulfur remaining in the oil                                       
      .sup.2 Metals remaining in the oil                                       
PAR  Table 5 shows that although the ratio of demetallization to desulfurization
      in the first stage is the same with the pseudoboehmite and
      non-pseudoboehmite catalysts, the extent of desulfurization in the first
      stage is considerably greater with the pseudoboehmite catalyst.
PAR  FIG. 2 shows the percent removal of sulfur and of nickel plus vanadium from
      50 percent reduced Ceuta crude at various processing conditions in a first
      stage employing a pseudoboehmite catalyst. Although FIG. 2 shows that
      desulfurization is highest at the higher pressures tested, it also shows
      that demetallization is disadvantageously also highest at the higher
      pressures tested, and the highest demetallization to desulfurization
      ratios occur at the high desulfurization pressure levels. On the other
      hand, it is seen that at low operating pressures, although the degree of
      desulfurization falls, the degree of demetallization falls to a greater
      extent, so that the lowest ratios of demetallization to desulfurization
      occur at low operating pressures. The advantageous effect of obtaining low
      demetallization to desulfurization ratios is induced to the greatest
      extent by lowering operating pressures below 500 psi (35 Kg/cm.sup.2),
      especially as low as 250 psi (17.5 Kg/cm.sup.2), or lower. FIG. 2 shows
      that while lowering the operating pressure from 1000 to 250 psi (70 to
      17.5 Kg/cm.sup.2) reduced sulfur removal by one-half, it reduced metals
      removal by three-fourth.
PAR  Because it is advantageous to operate the first stage under process
      conditions which reduce demetallization activity, and coincidently also
      reduce desulfurization activity, the oil retains a high metals level and a
      high sulfur level as it enters the second stage of the process of the
      present invention. It is therefore advantageous to operate the second
      stage under conditions to enhance desulfurization, while continuing to
      inhibit demetallization, permitting the second stage to compensate for the
      intentional inhibition of desulfurization in the first stage.
PAR  It has now been discovered that the pseudoboehmite catalyst in second stage
      operation exhibits an unusually high desulfurization activity, which is
      twice that of a non-psuedoboehmite commercial residual oil
      hydrodesulfurization catalyst in the second stage. Unlike first stage
      operation, the pseudoboehmite catalyst can operate in the second stage at
      a high desulfurization level while the level of demetallization is
      concomitantly so low that the pseudoboehmite catalyst almost completely
      rejects metals in the second stage. This is unlike the characterisitcs of
      the pseudoboehmite catalyst in the first stage where, as shown in FIG. 2,
      reduction of demetallization activity occurs at the expense of
      desulfurization activity.
PAR  The discovery of the high activity of the pseudoboehmite catalyst in the
      second stage is illustrated in Table 6 which compares the results of
      second stage tests performed at two space velocities with both a
      pseudoboehmite catalyst and a commercial non-pseudoboehmite catalyst when
      treating the residual oil effluent of a non-psuedoboehmite first stage.
TBL                TABLE 6                                                     
     ______________________________________                                    
     Second Stage Operation                                                    
     (Non-pseudoboehmite Catalyst Employed in First Stage)                     
                        Similar Metals Supported                               
            0.5% Ni, 1% Co,                                                    
                        on Non-                                                
            8% Mo       Pseudoboehmite                                         
            Supported on                                                       
                        Commercial                                             
            Pseudoboehmite                                                     
                        Catalyst                                               
     ______________________________________                                    
     Product                                                                   
      Sulfur,                                                                  
      Weight %                                                                 
              0.5      0.3      0.5      0.3                                   
     LHSV, Hr.sup.-.sup.1                                                      
      in second                                                                
      stage    2        1       1.0      0.5                                   
     ______________________________________                                    
PAR  Table 6 shows that at the two space velocities tested, use of the
      pseudoboehmite catalyst in the second stage advantageously produced a
      second stage product of a given sulfur level at twice the space velocity
      that was required to achieve the same sulfur level with a commercial
      non-pseudoboehmite catalyst. Therefore, when employing the pseudoboehemite
      catalyst in the second stage the volume of pseudoboehmite catalyst that
      would be required is only one-half of the required volume of commercial
      non-pseudoboehmite catalyst so that by employing pseudoboehmite catalyst
      in the second stage there is a considerable savings in catalyst loading,
      i.e., the space velocity can be higher in the second stage than in the
      first stage. Furthermore, since the second stage pseudoboehmite catalyst
      rejects metals almost completely, unlike a non-pseudoboehmite commercial
      catalyst in the second stage, the pseudoboehmite second stage catalyst
      will be deactivated only by coke formation and can therefore be
      regenerated by simple in situ combustion or by solvent extraction, and
      then reused. In contrast, regeneration of a metals-deactivated catalyst is
      considerably more difficult and generally not commercially feasible.
      Therefore, use of pseudoboehmite as a second stage catalyst involves both
      a lower initial cost and a lower maintenance cost, as compared to a
      non-pseudoboehmite catalyst.
PAR  FIGS. 3 and 4 illustrate the second stage activity of the pseudoboehmite
      catalyst in response to changes in certain process parameters. FIG. 3
      illustrates the effect of reactor residence time on desulfurization and
      shows very little advantage in desulfurization level is obtained by
      extending reactor residence time beyond one hour, advantageously
      indicating a high space velocity (low catalyst inventory) process. FIG. 4
      illustrates the effect of reaction pressure on desulfurization and shows
      that there is very little advantage in desulfurization level obtained by
      employing pressures above 1,200 or 1,500 psi (84 or 105 Kg/cm.sup.2),
      advantageously indicating a low pressure process.
PAR  In the first stage of the process of this invention, the least refractory
      sulfur and metal constituents are removed from the resin and asphaltene
      molecules in the crude or reduced crude feed oil. The least refractory
      sulfur and metal constituents tend to be disposed on the periphery of the
      residual molecules as contrasted to more refractory sulfur and metal
      constituents which are imbedded within polycondensed aromatic ring
      structures in the core of these molecules. Removal of the least refractory
      sulfur and metal constituents tends to be accompanied by dealkylation of
      the polycondensed aromatic ring structures by removal of peripheral alkyl
      groups.
PAR  With the dealkylation of the residual molecules in the first stage, the
      resulting residual molecules possess a reduced steric hindrance against
      contact of the refractory polycondensed aromatic ring nucleus with the
      catalyst in the second stage. Therefore, in the second stage, which must
      accomplish removal of the refractory sulfur, i.e., the sulfur which is
      more deeply imbedded in the aromatic core, the residual molecules are
      sterically capable of abutting more closely against the pseudoboehmite
      support due to the absence of interfering peripheral alkyl groups. It was
      indicated above that in the second stage, desulfurization tends to occur
      more readily than demetallization. Data presented above indicate that
      employment of an elevated temperature and an elevated space velocity in
      the second stage permits the residual molecules to be reacted relatively
      quickly and leave the second stage pseudoboehmite catalyst in a
      desulfurized condition wihout allowing sufficient contact time for removal
      of a significant quantity of metals in the second stage. The quantity of
      metals removed in the second stage was found to be so low that the second
      stage catalyst life is limited by coke formation rather than metals
      deposition and therefore the second stage catalyst can be regenerated by
      simple combustion methods.
PAR  As indicated above, desulfurization is a function of the reaction
      temperature and the activity of the catalytic metals on the surface of the
      catalyst, while demetallization is a function of the adsorption
      coefficient of residual molecules on the catalyst support and is
      determined by the opportunity afforded to the residual molecules to be
      adsorbed on the catalyst support. Therefore, by accomplishing relatively
      rapid second stage desulfurization, rapid departure of molecules from the
      alumina support of the catalyst prevents sufficient time for adsorption of
      residual molecules on the alumina support, in turn preventing
      hydrocracking of nickel- and vanadium-containing porphyrins and thereby
      greatly inhibiting demetallization. Because the molecules reacting in the
      second stage are relatively devoid of steric hindrance, the primary
      deactivation factor in the second stage is coke formation while the
      primary deactivation factor in the first stage, which treats sterically
      hindered residual molecules, is metals deposition. Because the life of the
      first stage catalyst is metals limited, the first stage catalyst cannot be
      regenerated by simple combustion.
PAR  It was shown above that the ratio of demetallization to desulfurization in
      the first stage is lowest at low hydrogen pressures. Data presented below
      show that second stage desulfurization is improved by increasing hydrogen
      pressure. Therefore, the preferred mode of operating the process of this
      invention is by employing countercurrent hydrogen flow to enhance hydrogen
      pressure in the second stage relative to hydrogen pressure in the first
      stage.
PAR  FIG. 5 shows a flow diagram of a two stage residual oil
      hydrodesulfurization process employing a nickel-cobalt-molybdenum on
      pseudoboehmite catalyst in both stages and wherein countercurrent hydrogen
      flow is employed in order to enhance the hydrogen pressure in the second
      stage relative to the hydrogen pressure in the first stage. Reduced first
      stage hydrogen pressure results from pressure drop and dilution of the
      hydrogen with by-product gases formed during earlier passage of the
      hydrogen through the second stage. It is also due to interstage partial
      depressurization.
PAR  As shown in FIG. 5, crude or reduced crude oil is charged through line 10
      downwardly through first pseudoboehmite fixed catalyst bed stage 12.
      Effluent from the first stage is removed through line 14, passed to a
      flash chamber 15 from which liquid product is pumped by pump 16 through
      line 18 to second pseudoboehmite catalyst stage 20. Effluent from the
      second stage is removed through line 22, passed to flash chamber 23 from
      which desulfurized liquid product is removed through line 25.
PAR  Hydrogen is charged to the process through line 24 and is mixed in line 26
      with recycle hydrogen from line 28. The hydrogen is passed through second
      stage 20 preferably downflow with respect to a fixed catalyst bed and
      cocurrently with respect to the oil feed. Hydrogen, having a reduced
      pressure due to pressure drop and diluted with by-product gases, is
      flashed from desulfurized product in flash chamber 23, removed through
      line 30 and then passed downflow through first stage 12, cocurrently with
      respect to oil flow. Hydrogen effluent is removed from the first stage
      effluent in flash chamber 15 and passed through line 32 to gas scrubber 34
      to remove contaminating by-product gases such as hydrogen sulfide, ammonia
      and gaseous hydrocarbons through line 36 prior to recycle of hydrogen
      through line 28.
PAR  FIG. 5 illustrates an advantageous mode of hydrogen flow wherein hydrogen
      flow is countercurrent with respect to oil flow in the overall process but
      wherein hydrogen flow is cocurrent with respect to oil flow in each stage.
      If desired, the hydrogen can also flow countercurrently with respect to
      oil flow within each stage. Countercurrent flow in one or both stages may
      be preferred.
PAR  The data of Table 7 further illustrate the particular importance of low
      hydrogen pressure in first stage operation with a pseudoboehmite catalyst
      as compared to a non-pseudoboehmite catalyst.
PAR  Table 7 compares the ratio of demetallization to desulfurization at various
      pressures in a first stage when employing a non-pseudoboehmite catalyst
      and a pseudoboehmite catalyst.
TBL                TABLE 7                                                     
     ______________________________________                                    
     First Stage Demetallization                                               
     to Desulfurization Ratio                                                  
            250 psi 500 psi   1000 psi  2000 psi                               
            (17.5   (35       (70       (140                                   
            Kg/cm.sup.2)                                                       
                    Kg/cm.sup.2)                                               
                              Kg/cm.sup.2)                                     
                                        Kg/cm.sup.2)                           
     ______________________________________                                    
     Non-                                                                      
     Pseudo-                                                                   
      boehmite                                                                 
      Catalyst                                                                 
              0.51      0.71      1       1.05                                 
     Pseudo-                                                                   
      boehmite                                                                 
      Catalyst                                                                 
              0.25      0.56      0.6     about 1                              
     ______________________________________                                    
PAR  As shown in Table 7, the ratio of demetallization to desulfurization in a
      first stage is considerably lower at pressures below 1000 or 2000 psi (70
      or 140 Kg/cm.sup.2) when employing a pseudoboehmite catalyst as compared
      to a non-pseudoboehmite catalyst. While the demetallization to
      desulfurization ratios for the two catalysts are about the same at a
      pressure of 2000 psi (140 Kg/cm.sup.2), Table 7 shows that the
      demetallization to desulfurization ratios for the pseudoboehmite catalyst
      decrease markedly with decreasing pressure and become particularly low at
      pressures below 500 psi (35 Kg/cm.sup.2). The decline in demetallization
      to desulfurization ratio at low pressures is not as great when employing a
      non-pseudoboehmite catalyst. Table 7 demonstrates that in first stage
      operation at relatively low pressures, the pseudoboehmite catalyst
      accomplished desulfurization with particularly low accompanying
      demetallization rates. This illustrates the advantage to be achieved by
      passing feed hydrogen through the first stage after it passes through the
      second stage.
PAR  Referring to FIG. 6, curve A shows first stage aging data employing a
      non-pseudoboehmite first stage catalyst at 730.degree.F. (388.degree.C.)
      and 500 psi (35 Kg/cm.sup.2). Curve B shows first stage aging data
      employing a pseudoboehmite catalyst at 710.degree.F. (377.degree.C.) and
      500 psi (35 Kg/cm.sup.2). All curves disposed below curve B represent
      second stage operation at conditions indicated in FIG. 6, with all curves
      to the left of vertical line C representing product from a pseudoboehmite
      first stage operation treated in a non-pseudoboehmite second stage, while
      all data to the right of vertical line C represent product from a
      pseudoboehmite first stage operation treated in a pseudoboehmite second
      stage.
PAR  It is shown in FIG. 6, at line A, that rapid aging occurs with a
      non-pseudoboehmite catalyst at low pressure in first stage operation. The
      rapid aging is probably due primarily to coke formation on the catalyst
      causing rapid loss of the initially high first stage non-pseudoboehmite
      desulfurization rate. On the other hand, curve B, which demonstrates
      activity of a pseudoboehmite catalyst in the first stage, exhibits an
      equally high start-of-run activity but shows a relatively low aging rate
      probably due to the smaller metals removal accompanying desulfurization
      and to a very high tolerance to coke formation.
PAR  FIG. 6 shows that when a pseudoboehmite catalyst is employed in the first
      stage, a higher desulfurization activity is imparted to a pseudoboehmite
      catalyst in the second stage than is imparted to a non-pseudoboehmite
      catalyst in the second stage due to a greater pressure response on the
      part of the pseudoboehmite second stage catalyst. FIG. 6 shows, in second
      stage data obtained at temperatures in the 690.degree. to 705.degree.F.
      (366.degree. to 374.degree.C.) region, that the non-pseudoboehmite
      catalyst and the pseudoboehmite second stage catalyst are both sensitive
      to pressure changes at nearly constant temperature, with increases in
      pressure increasing desulfurization activity in the second stage with each
      catalyst. However, FIG. 6 shows that at a given pressure, the
      pseudoboehmite catalyst has a higher activity in the second stage than the
      non-pseudoboehmite catalyst. For example, at 1000 psi (70 Kg/cm.sup.2),
      the pseudoboehmite catalyst produces a second stage product having a lower
      sulfur level than the non-pseudoboehmite catalyst in the second stage at
      1000 psi (70 Kg/cm.sup.2). Also, at 500 psi (35 Kg/cm.sup.2 ), the
      pseudoboehmite catalyst after 12 days of aging produced about the same
      second stage product sulfur level as that produced using a
      non-pseudoboehmite catalyst in the second stage at the higher pressure of
      750 psi (52.5 Kg/cm.sup.2) and at the same age of 12 days. Therefore, FIG.
      6 shows that the improved desulfurizing activity obtained by employing the
      pseudoboehmite catalyst in the first stage can be compounded by employing
      the pseudoboehmite catalyst in a second stage in series by employing a
      relatively higher hydrogen pressure in the second stage than in the first
      stage. A higher hydrogen pressure is achieved in accordance with this
      invention by passing hydrogen countercurrently from the second stage to
      the first stage. FIG. 6 shows that the advantage in second stage operation
      that can be achieved by countercurrent hydrogen flow is greater with a
      pseudoboehmite second stage catalyst than with a non-pseudoboehmite second
      stage catalyst.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for hydrodesulfurizing a metal-containing hydrocarbon feed oil
      at a temperature between 600.degree. and 1,000.degree.F., and a hydrogen
      pressure between 50 and 5,000 psi comprising passing said feed oil and
      hydrogen through first and second hydrodesulfurization zones in series
      with interzone removal of gaseous by-products, the catalyst in said first
      and second zones comprising Group VI-B and Group VIII metals supported on
      alumina said alumina being prepared by drying and calcining a crystalline
      alumina hydrate having 1.2 to 2.6 mols of water of hydration per mol of
      alumina, and maintaining the temperature in said second zone higher than
      the temperature in said first zone.
NUM  2.
PAR  2. The process of claim 1 wherein said crystalline alumina hydrate includes
      a minor amount of alumina hydrate selected from the group consisting of
      bayerite, gibbsite and mixtures thereof.
NUM  3.
PAR  3. The process of claim 1 wherein the feed oil contains at least 20 parts
      per million by weight of nickel plus vanadium.
NUM  4.
PAR  4. The process of claim 2 wherein the feed oil contains at least 100 parts
      per million by weight of nickel plus vanadium.
NUM  5.
PAR  5. The process of claim 2 wherein the hydrogen pressure is below 1,500 psi.
NUM  6.
PAR  6. The process of claim 2 wherein the hydrogen pressure is 250 to 500 psi.
NUM  7.
PAR  7. The process of claim 2 wherein the second zone is operated at a
      temperature of above 710.degree. to 750.degree.F. and at a liquid hourly
      space velocity of above 0.5.
NUM  8.
PAR  8. The process of claim 1 wherein the second zone is operated at a
      temperature above 750.degree.F. and at a liquid hourly space velocity of
      above 0.7.
NUM  9.
PAR  9. The process of claim 1 wherein the space velocity is higher in the
      second zone than in the first zone.
NUM  10.
PAR  10. The process of claim 1 wherein the quantity of catalyst in the second
      zone is less than the quantity of catalyst in the first zone.
NUM  11.
PAR  11. The process of claim 1 including regeneration of the second zone
      catalyst.
NUM  12.
PAR  12. The process of claim 1 wherein oil flows from the first zone to the
      second zone and hydrogen flows from the second zone to the first zone.
NUM  13.
PAR  13. The process of claim 1 wherein the hydrogen pressure is higher in the
      second zone than in the first zone.
NUM  14.
PAR  14. The process of claim 1 wherein oil flows from the first zone to the
      second zone, hydrogen flows from the second zone to the first zone, and
      hydrogen and oil flow cocurrently in each of said zones.
NUM  15.
PAR  15. The process of claim 1 wherein the feed oil is a residual petroleum
      oil.
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ABST
PAL  A cluster of closely spaced cyclones are arranged with their axes in
      parallel spaced relation, and cylindrical portions of the cyclones form
      rigid connections between parallel walls which define a chamber for
      directing fluid into corresponding tangential inlets within the cyclones.
      In one embodiment, the walls are formed by flanges molded as integral
      parts of the plastic cyclone bodies, and the flanges are interconnected by
      key members. In another embodiment, the walls are formed by flat plates
      which are rigidly connected by independently removable molded plastic
      bodies having integral threads. Each of the cyclones includes a
      replaceable apex cone section which may be ceramic and has an externally
      threaded portion projecting into an apex discharge chamber defined between
      an inner wall and a parallel spaced transparent outer wall. Each apex cone
      section is secured to the inner wall by a nut member, and the transparent
      outer wall is provided with an axially aligned opening and valve for each
      cyclone for introducing a back flushing fluid or to produce a vacuum at
      the apex end. The apex cone sections may be secured to the apex discharge
      housing by threaded sleeves which also form spacers between the walls of
      the housing and which support corresponding transparent rings. A ceramic
      probe is adjustable axially within each ring and has a conical inner end
      which cooperates with the apex end of the corresponding cyclone to define
      an adjustable annular discharge orifice. The opposite ends of the cyclones
      have molded plastic closures with vortex finders which project into a
      vortex chamber defined by a removable cover member. The vortex finders may
      also project into a tank connected to a vacuum source for deaerating
      liquid which is received within the tank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of hydrocyclones, commonly referred to as cyclones, a free
      vortex principle is used for separating and classifying suspended solids,
      for example, to separate solids from water so that the water may be reused
      or for separating mud and slime from pulverized coal or for classifying
      oil drilling muds. Cyclones are also commonly used to separate sand, grit,
      bark particles and shives from cellulose fibers in the production of a
      paper making slurry.
PAR  In an effort to utilize more of the cellulose in trees, there is a trend in
      the paper making industry to chip whole trees including the trunks,
      branches and twigs. Since it is not practical to debark the branches and
      twigs, the bark is cooked with the chips and must be removed after
      cooking, even for grades of paper not generally requiring such cleaning.
      Since a cyclone becomes more efficient with respect to the removal of fine
      particles as the major diameter of the cyclone decreases, it has become
      desirable to employ a larger number of smaller cyclones such as cyclones
      having an inner diameter of six inches or less. The improved efficiency of
      the smaller cyclones may be partially sacrificed to permit a much lower
      pressure drop across the cyclones, and the lower pressure drop provides
      for a significant decrease in the energy required for operating the
      cyclones so that there is a significant savings in the cost of operating
      the cyclones, especially when millions of gallons of liquid or fluid are
      treated per day.
PAR  There have been a number of methods either used or proposed for assembling
      a group of relatively small cyclones into a cluster so as to minimize the
      space required by the assembly and to provide for a more compact and
      economic construction. For example, U.S. Pat. No. 3,335,860 disclose a
      cluster arrangement of cyclones which are arranged in a spoke type manner
      within a circular cast metal housing. Preferably, the cyclones disclosed
      in this patent are each formed of a ceramic material for obtaining a
      maximum service life. U.S. Pat. No. 3,415,374 discloses other cluster
      arrangements of hydrocyclones which are arranged either radially within an
      annular pattern or in a rectangular pattern with the axes of the cyclones
      in parallel relation. U.S. Pat. No. 3,543,931, which issued to the
      applicant of the present invention, shows another form of arranging
      cyclones in parallel spaced relation. In addition, a cluster arrangement
      of hydrocyclones is manufactured by A. B. Fractionator of Stockholm,
      Sweden and marketed under the trademark "Albia 100". This cleaning device
      incorporates a cluster arrangement of tubular cyclones arranged in
      parallel relation. Each cyclone extends through a set of resilient ring
      seals mounted within aligned holes formed in parallel spaced plates or
      walls which define chambers therebetween in a manner similar to that shown
      in above U.S. Pat. No. 3,415,374.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved cyclone assembly which
      incorporates a cluster of relatively small cyclones assembled in a compact
      and economic manner and which also provides for conveniently observing the
      operation of each cyclone. The cluster cyclone assembly of the invention
      also provides for individual replacement of any cyclone which has had
      excessive wear and also incorporates the use of plastics and ceramic
      materials in a manner which minimizes both the cost of construction and
      the cost of maintenance. The invention further provides for a compact
      cluster arrangement which may be stacked as units and which is adapted for
      use in combination with a deaeration tank connected to a vacuum source to
      provide for discharging clean deaerated liquid from the cluster cyclone
      assembly.
PAR  In accordance with one embodiment of the invention, a plurality of cyclone
      bodies each includes a cylinder-cone portion which is molded of a rigid
      plastics material and is releasably coupled to an apex cone portion formed
      also of a rigid plastics or ceramic material. The cylinder-cone portion of
      each cyclone body is molded with outwardly projected integral flanges, and
      the corresponding flanges of adjacent bodies are rigidly connected by
      interfitting key members which are sealed by virtue of a modest plastic
      flow or with a suitable cement. The assembled cyclone bodies are enclosed
      within a canister to form a chamber through which the fluid is supplied to
      tangential inlets within the cyclone bodies. Thus the flanges of the
      cyclone bodies form generally parallel spaced walls which are rigidly
      connected by the cyclone bodies so that the fluid supply chamber may
      withstand substantial pressure. In another embodiment, the molded plastic
      cylinder-cone portions of the cyclone bodies are provided with integrally
      molded and axially spaced threads. The cyclone bodies extend through
      corresponding aligned holes formed within parallel spaced plates and are
      threadably secured to the plates so that the cone bodies form rigid
      connections between the plates defining the fluid supply chamber and may
      also be independently replaced.
PAR  The apex cone portions of the cyclones project into an apex discharge
      chamber which is defined between parallel spaced inner and outer plates or
      walls. The apex cone portions are secured to the inner wall by threaded
      nuts, and the outer wall is either transparent or includes transparent
      portions which provide for conveniently viewing the discharge of fluid
      from the apex end of each cyclone. The outer wall of the apex discharge
      chamber is also provided with openings or holes which are aligned axially
      with the cyclones and provide for ejecting a fluid into the apex end of
      each cyclone in the event the cyclone becomes blocked or clogged. The
      holes also provide for applying a suction to remove air from each cyclone.
      The invention further provides the feature of a ceramic probe for the apex
      end of each cyclone and which is adjustable axially to provide for
      precisely controlling an annular discharge orifice at the apex end of the
      cyclone. The adjustable probe also provides for adjusting this annular
      orifice to compensate for various pressure differentials for various sizes
      of suspended particles, and for wear of the apex orifice itself.
PAR  Other features and advantages of the invention will be apparent from the
      following description the accompanying drawing and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of one cluster cyclone assembly constructed in
      accordance with the invention and a fragment of an adjacent second
      assembly, with the common fluid supply manifold removed;
PAR  FIG. 2 is an enlarged vertical section taken generally on the line 2--2 of
      FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary section showing the assembly of an apex
      cone portion to the apex discharge housing;
PAR  FIG. 4 is an exploded view of a portion taken generally on the line 4 -- 4
      of FIG. 2 and illustrating the use of interfitting key members for
      interconnecting the cyclone bodies in a compact assembly;
PAR  FIG. 5 is an enlarged section similar to FIG. 3 and showing a modification
      of the invention;
PAR  FIG. 6 is an elevational view of a cyclone assembly constructed in
      accordance with the invention and illustrating its use with a deaeration
      tank; and
PAR  FIG. 7 is a partially fragmentary section illustrating another form of
      cyclone cluster assembly in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, each of the cyclone cluster assemblies or units 15
      includes a cluster of hydrocyclones or cyclones 16. Since the units are
      identified in construction, only one will be explained in detail. Each of
      the cyclones 16 includes a hollow cyclone body formed by cylindrical
      portion 18 and a frusto-conical portion 24 and which is molded of a
      thermoplastics material such as nylon. A pair of axially spaced flanges 26
      are molded as an integral part of each cyclone body at the opposite ends
      of the cylindrical portion 18, and each of the flanges 26 has a polygonal
      or hexagonal outer surface formed with a peripherally extending slot or
      groove 28.
PAR  A set of elongated generally flat and interfitting key members 31 (FIG. 4)
      form a rigid connection between the cluster of closely spaced cyclone
      bodies. Each key member 31 projects into a set of opposing slots 28 formed
      within abutting straight outer surfaces of the corresponding hexagonal
      flanges 26 of the adjacent cone bodies 18, as shown in FIG. 2. As the cone
      bodies are progressively assembled, a fluid sealant material or plastics
      cement may be coated within the grooves 28 and on the key members 31 so
      that after all of the cone bodies are assembled, the mating corresponding
      hexagonal flanges 26 form two parallel spaced walls which are integrally
      and rigidly connected by the cylindrical portions 18 of the cone bodies.
      The fluid sealant and cement also cooperate with the key members to form a
      fluid-tight chamber between the axially spaced flanges 26 of the cone
      bodies.
PAR  In the embodiment illustrated in FIGS. 1-4, the cyclone bodies are
      assembled to form a cluster having a generally square or rectangular
      configuration. The flanges 26 of the outermost cyclone bodies within the
      cluster are connected by key members 31 and filler pieces (not shown) to
      provide the parallel spaced walls formed by the flanges 26 with either a
      square or rectangular outer peripheral surface. It is also within the
      scope of the invention to arrange the cluster of parallel cyclone bodies
      in a generally circular configuration, although the square or rectangular
      configuration is preferred for obtaining a more efficient use of the floor
      space.
PAR  The cylindrical portions 18 of the cluster assembly of cyclone bodies are
      surrounded by a correspondingly shaped four sided canister or housing 34
      formed by four flat plates rigidly connected together. The plates may be
      of a heavy sheet plastics material or stainless steel clad metal plates.
      The upper plate 36 of each housing 34 is provided with a circular inlet 38
      (FIG. 1), and the inlets 38 are connected to a manifold supply line or
      conduit (not shown) through which the fluid to be separated or classified
      is supplied to the cyclone cluster units 15. The walls of the canister
      housing 34 are connected to the flanges 26 of the outermost cyclone bodies
      and the filler pieces by a set of peripherally extending frame-like plates
      41 and 42 and correspondingly adjacent angle strips 44.
PAR  A set of peripherally spaced bolts 47 rigidly connect each of the frames 41
      and 42 to the corresponding adjacent angle strips 44. The bolts 47 which
      extend through the retaining frame 41 also secure the peripheral flange 48
      of a cover member 50. The cover member 50 has a part cylindrical
      configuration and defines an "overflow" chamber 52 for receiving the fluid
      having the separated lighter fractions commonly referred to as "accepts".
      Each of the cover members 50 has a flanged outlet portion 54, and the
      outlet portions 54 are connected by a common discharge line or manifold
      55.
PAR  The left end of each cyclone body 18 (FIG. 2) is provided with internal
      threads for receiving closure member or plug 56 preferably also molded of
      a thermoplastics material such as nylon. Each of the closure plugs 56 has
      a centrally located vortex finder or overflow nozzle tube 58 which
      projects outwardly into the chamber 52 and inwardly into the center of the
      cylindrical portion 18 of the corresponding cyclone body. A set of
      diametrically opposed and tangentially extending slot-like inlets 62 are
      formed within the cylindrical portion 18 of each cyclone body adjacent the
      end flange 26 and provide for initiating the tangential flow of the supply
      fluid into each of the cyclones 16 from a supply chamber 64 defined
      between the cylindrical portions 18 of the cyclones, the axially spaced
      flanges 26 and the surrounding canister or housing 34.
PAR  Each of the cyclones 16 also includes an apex cone portion 68 which is
      preferably formed of an abrasive resistant material such as cast ceramic.
      Each of the cone portions 68 forms an extension of the frusto-conical
      portion 24, and an outwardly projecting flange is cast as an integral part
      of each apex cone portion 68 for receiving an annular internally threaded
      coupling nut 72. The coupling nut 72 engages external threads molded as an
      integral part of the corresponding cyclone body or cemented onto the end
      of the body.
PAR  The apex cone portions 68 of the cyclones 16 project into corresponding
      circular openings or holes 74 formed within the flat inner wall 76 of a
      generally square or rectangular housing 80 defining an apex discharge
      chamber 82. The housing 80 includes an outer wall 84 which is preferably
      formed of a transparent plastics material and is positioned in parallel
      spaced relation to the inner wall 76. As shown in FIG. 3, an annular
      shoulder 86 is formed on each of the apex cone portions 68 and abuts the
      inner wall 76 of the discharge housing 80. A nut 88 engages threads formed
      as an integral part of the apex cone portion 68 and provides for rigidly
      securing the apex cone portion to the inner wall 76 of the discharge
      housing 80. If the apex cone portion 68 is formed of ceramic, the threads
      may be formed on a sleeve which is made of a material such as nylon and is
      cemented to the ceramic.
PAR  A plurality of spacer rods 92 (FIG. 3) extend between the inner wall 76 and
      the outer wall 84 of the apex discharge housing 80. Each of the spacer
      rods 92 includes a pair of rigidly connected collars 93 and is secured to
      the walls by a pair of nuts 94 to provide for rigid connection between the
      walls of the housing and to maintain the parallel spaced relation in
      response to a differential pressure within the apex discharge chamber 82.
PAR  As is apparent from FIGS. 2 and 3, the apex ends of the cyclone 16
      terminate within the chamber 82, and an axially aligned threaded opening
      97 is formed within the outer wall 84 for each of the cyclones 16. A valve
      unit 98 is mounted within each of the openings 97 and preferably is in the
      form of either a check valve or a plug valve. In the event that the apex
      ends of a cyclone becomes clogged or blocked, the corresponding valve 98
      may be opened, and compressed air or water is directed inwardly into the
      end portion of the cyclone for releasing the blockage. The valves 98 may
      also be connected to a partial vacuum or suction source when it is
      desirable to apply a suction at the apex ends of the cyclones in a
      particular installation.
PAR  Referring to a modification shown in FIG. 5, the apex cone portions 68 of
      the cyclones 16 are each secured to the inner wall 76 of the discharge
      housing 80' by means of a tubular connecting cup or sleeve 105 which
      replaces the nut 88 referred to in connection with the embodiment shown in
      FIG. 3. Each of the cylindrical sleeves 105 has an outer threaded end
      portion 107 which projects from an annular shoulder 108 through a
      corresponding cylindrical opening within an outer wall 112 preferably
      formed of a thermoplastics material such as nylon in the same manner as
      the inner wall 76. A nut 113 secures the outer end portion 107 to the wall
      112 so that the sleeve 105 not only serves to secure the apex cone portion
      68 of each cyclone to the inner wall 76, but also serves to form a rigid
      connection and spacer between the inner wall 76 and the outer wall 112 of
      the apex discharge housing.
PAR  An opening or outlet 116 is formed within the bottom of each of the sleeves
      105 to permit the fluid discharge from the apex end of the corresponding
      cyclone 16 to be directed into the apex discharge chamber 82 defined
      between the walls 76 and 112. A cylindrical cone ring 118 is formed of a
      transparent plastics material and is cemented within the outer end portion
      of the sleeve 105. The cone ring 118 has an internally threaded bore which
      receives an externally threaded tubular sleeve 121 preferably formed of a
      plastics material such as nylon. An elongated cylindrical probe 122 is
      preferably formed of a ceramic material and is secured to the sleeve 121
      by a suitable cement. The probe 122 has an inner conical end surface 124
      which cooperates with the circular opening within the end of the apex cone
      portion 68 to define an annular discharge orifice which may be varied by
      adjusting the probe 122 and sleeve 121 axially.
PAR  An axially extending passage 126 extends through the center of the probe
      122 and has an outer end which is normally closed by a valve (not shown)
      similar to the valve 98 referred to above in connection with FIG. 3. The
      passage 126 provides for injecting a fluid such as water into the apex
      cone portion 68 in the event of a blockage or to provide for creating a
      partial vacuum within the apex end of the cyclone by connecting the
      passage 126 to a suction source.
PAR  Referring to FIG. 6, a cluster of cyclones 16 are arranged with their axes
      vertically instead of horizontally as illustrated in FIGS. 1-5, and the
      vortex finder tubes 58' project upwardly into a vacuum chamber 128 defined
      by a part cylindrical vacuum tank 130. A vertical dam member 132 provides
      for collecting liquid within the tank 130 to a level where the liquid
      overflows the dam member 132. The tank 130 is connected by line 136 to a
      vacuum source and is maintained at a negative pressure which is
      substantially near the boiling point of the liquid, for example 69 cm. Hg.
      so that the vacuum chamber 128 functions to deaerate the liquid which is
      sprayed against the upper wall of the tank for the vortex finder tubes
      58'. The deaerated liquid is directed through a discharge line 138 to a
      receiving apparatus, as for example, the head box of a paper making
      machine. The liquid which overflows the dam member 132 is collected within
      the bottom end portion of the tank 130 and is directed by a line 142 back
      to the suction of a pump which supplies the fluid to the canister inlet 38
      of the cyclone cluster assembly 15.
PAR  A modified form of the cyclone cluster assembly 15 is illustrated in FIG.
      7. In this embodiment, the feed or supply chamber 64 is defined between
      parallel spaced plates 148 and 152 which may be formed of a noncorrosive
      material such as nylon. The walls or plates 148 and 152 are rigidly
      connected together by the cylindrical body portions 18' of the cyclone
      16'. The plate 148 is provided with a threaded opening 154 for each of the
      cyclones 16' and corresponding mating threads are molded as an integral
      part of a cyclone body portion 18'. An outwardly projecting peripheral
      flange 156 is also molded as an integral part of each cyclone body and is
      provided with internal threads for receiving a closure plug 158 also
      preferably molded of thermoplastics material such as nylon, and having an
      integral vortex finder tube 159. The opposite end of the cylindrical body
      portion 18' projects through a corresponding cylindrical opening 161
      within the wall or plate 152 and has an annular shoulder 162 which abuts
      the wall 152. Threads 163 are molded as an integral part of the cyclone
      body portion 18' and receive a nut 164 which cooperates with the shoulder
      162 to secure the cyclone 16' rigidly to the wall or plate 152. Thus the
      cylindrical portions 18' of the cyclone bodies form a combined spacing and
      coupling member for rigidly connecting and positioning the walls or plates
      148 and 152 so that the supply chamber 64 defined between the plates 148
      and 152 can withstand substantial pressure.
PAR  From the drawing and the above description, it is apparent that a cyclone
      cluster assembly construction in accordance with the present invention,
      provides desirable features and advantages. For example, by constructing
      the cyclones 16 as shown in FIGS. 2 and 4 or as shown in FIG. 7, the
      cyclones may be arranged in a closely spaced compact relation so that a
      large number of cyclones may be assembled within a minimum of space. The
      parallel spaced walls formed by the inter connected flanges 26 of the
      embodiment shown in FIGS. 2 and 4 or the walls formed by the plates 148
      and 152 of the embodiment shown in FIG. 7 are rigidly connected together
      by the cyclones 18 or 18'. As a result, there is no need to provide for
      separate tie bolts and spacer members, and the cyclones may be arranged
      closer together.
PAR  In a similar manner, the connecting cups or sleeves 105 illustrated in FIG.
      5 serve not only to form a rigid connection between the cyclone bodies and
      the inner wall 76 of the discharge housing 80, but also form spacers and
      rigid connection between the inner wall 76 and the outer wall 112.
PAR  It is also apparent that each compact cluster unit of cyclones may be
      preassembled and pressure tested at the manufacturing plant and then
      shipped to the user's plant where the units may be quickly connected to
      the proper manifolds. As mentioned above, the cluster cone unit may also
      be stacked to conserve floor space.
PAR  Another feature is provided by the use of the axially adjustable ceramic
      probe 122 with each cyclone, as described in connection with FIG. 5. This
      probe provides for precisely controlling the size of the discharge orifice
      125, especially as the apex end wears, and thereby provides for precisely
      controlling the discharge from the apex of each cyclone. In addition, the
      transparent cone ring 118 provides for visually inspecting the discharge
      flow from each cyclone in the same manner as provided by the transparent
      outer wall 84 of the apex discharge housing 80. As illustrated in FIG. 6,
      the compact cyclone cluster assembly 15 of the invention is also adapted
      for use in combination with a deaerating device or tank 130, and the size
      of the tank is minimized as a result of the compact arrangement of the
      cyclones 16.
PAR  While the forms of apparatus herein described constitute preferred
      embodiments of the invention, it is to be understood that the invention is
      not limited to these precise forms of the apparatus, and that changes may
      be made therein without departing from the scope and spirit of the
      invention as defined in the appended claims.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. A cyclone assembly comprising a first wall member and a second wall
      member disposed in substantially parallel relation, means defining a
      plurality of corresponding sets of aligned openings within said first and
      second wall members, a cluster arrangement of elongated hydrocyclones
      having longitudinally extending parallel axes, each of said hydrocyclones
      including a rigid tubular inlet portion and a frusto conical portion
      having an apex end defining an outlet, said inlet portion of each of said
      hydrocyclone extending between a corresponding set of openings within said
      first and second wall members, a casing surrounding said first and second
      wall members and cooperating therewith to define a liquid supply chamber,
      means for directing a liquid at a substantial hydraulic pressure into said
      supply chamber, means forming an axially extending vortex passage for each
      of said hydrocyclones and projecting through the corresponding said
      opening within said first wall member, means defining a generally
      tangential inlet within said inlet portion of each hydrocyclone for
      directing the liquid from said supply chamber into said inlet portion of
      each hydrocyclone, means for rigidly securing said inlet portion of each
      said hydrocyclone to said first and second wall members, and said inlet
      portions of said hydrocyclones forming rigid connections between said
      first and second wall members to provide for withstanding the substantial
      hydraulic pressure of the liquid within said supply chamber.
NUM  2.
PAR  2. A cyclone assembly as defined in claim 1 including a housing defining an
      outlet chamber for receiving the fluid from said apex ends of said
      cyclones, said housing generally parallel spaced inner and outer walls,
      said inner wall having openings for receiving said conical portions of
      said cyclones, each of said conical portions includes means forming
      peripherally extending threads, and a plurality of nut members disposed
      within said chambers for rigidly securing said conical portions of said
      cyclones to said inner wall of said housing.
NUM  3.
PAR  3. A cyclone assembly as defined in claim 2 wherein said outer wall
      comprises a generally transparent plate to provide for conveniently
      observing the discharge of fluid from said apex ends of said cyclones and
      into said outlet chamber.
NUM  4.
PAR  4. A cyclone assembly as defined in claim 2 wherein said outer wall
      includes a plurality of openings aligned axially with said cyclones, and
      means for injecting a fluid through each of said openings and into said
      apex end of each cyclone to release a blockage therein.
NUM  5.
PAR  5. A cyclone assembly as defined in claim 4 including a probe member
      supported within each of said openings for axial adjustment, each said
      probe member has a generally conical inner end surface cooperating with
      the apex end of the corresponding said cyclone to define an annular
      discharge orifice for the cyclone, and means defining an axially extending
      passage within each said probe member to provide for injecting the fluid
      into the apex end of the cyclone.
NUM  6.
PAR  6. A cyclone assembly as defined in claim 5 wherein each of said probe
      members comprises a ceramic material.
NUM  7.
PAR  7. A cyclone assembly as defined in claim 2 wherein said nut members each
      comprises a tubular sleeve having axially spaced integral threaded
      portions for securing said inner and outer walls of said housing in said
      parallel spaced relation.
NUM  8.
PAR  8. A cyclone assembly as defined in claim 7 including a substantially
      transparent ring supported within each of said sleeves, a probe member
      supported for axial adjustment within each said ring, and each said probe
      member has an inner surface which cooperates with the apex end of the
      corresponding cyclone to define an annular discharge orifice for the
      cyclone.
NUM  9.
PAR  9. A cyclone assembly comprising a cluster arrangement of elongated
      cyclones having longitudinally extending parallel axes and formed of a
      substantially rigid material, each of said cyclones defining a separating
      chamber of circular cross-section and including a generally conical
      portion having an apex end defining an outlet, means forming an axially
      extending vortex passage for each of said cyclones, means defining a
      generally tangential inlet within each of said cyclones, first wall means
      rigidly connecting said cyclones, second wall means spaced axially from
      said first wall means and rigidly connecting said cyclones, said first and
      second wall means defining therebetween a fluid supply chamber connected
      to each of said inlets, said cyclones forming a rigid connection between
      said first and second wall means to provide for withstanding substantial
      fluid pressure within said supply chamber, a housing defining an outlet
      chamber for receiving the fluid from said apex ends of said cyclones, said
      housing including generally parallel spaced inner and outer walls, said
      inner wall having openings for receiving said conical portions of said
      cyclones, each of said conical portions includes means forming threads, a
      plurality of nut members within said chamber for rigidly securing said
      conical portions of said cyclones to said inner wall of said housing, said
      outer wall of said housing includes a plurality of openings aligned
      axially with said cyclones, and means for injecting a fluid through each
      of said openings and into said apex end of each cyclone to release a
      blockage therein.
NUM  10.
PAR  10. A cyclone assembly comprising a cluster arrangement of elongated
      cyclones having longitudinally extending parallel axes, each of said
      cyclones defining a separating chamber of circular cross-section and
      including a generally conical portion having an apex end defining an
      outlet, means forming an axially extending vortex passage for each of said
      cyclones, means defining a generally tangential inlet within each of said
      cyclones, generally parallel spaced wall means connected to said cyclones
      and defining therebetween a fluid supply chamber connected to each of said
      inlets, a housing defining an outlet chamber for receiving the fluid from
      said apex ends of said cyclones, said housing including generally parallel
      spaced inner and outer walls, said inner wall having openings for
      receiving said conical portions of said cyclones, each of said conical
      portions includes means forming circumferential threads within said outlet
      chamber, and a plurality of nut members within said chamber for rigidly
      securing said conical portions of said cyclones to said inner wall of said
      housing.
NUM  11.
PAR  11. A cyclone assembly as defined in claim 10 wherein said outer wall
      includes a plurality of openings aligned axially with said cyclones, a
      probe member supported within each of said openings for axial adjustment,
      and each said probe member has an inner surface cooperating with the apex
      end of the corresponding said cyclone to define an annular discharge
      orifice for said cyclone within said housing.
NUM  12.
PAR  12. A cyclone assembly as defined in claim 11 wherein said nut members each
      comprise a tubular sleeve having means for securing said inner and outer
      walls of said housing in said parallel spaced relation.
NUM  13.
PAR  13. A cyclone as defined in claim 10 wherein said outer wall of said
      housing is generally transparent to provide for conveniently observing the
      discharge of fluid from said apex ends of said cyclones and into said
      outlet chamber.
NUM  14.
PAR  14. A cyclone as defined in claim 10 wherein said conical portion of each
      said cyclone comprises a ceramic material, and means secured to said
      ceramic material for forming said threads.
NUM  15.
PAR  15. A cyclone assembly comprising a cluster arrangement of elongated
      cyclones, each of said cyclones defining a separate chamber of circular
      cross-section and including a generally conical portion having an apex end
      defining an outlet, means forming an axially extending vortex passage for
      each of said cyclones, means defining a generally tangential inlet within
      each of said cyclones, spaced wall means connected to said cyclones and
      defining therebetween a fluid supply chamber connected to each of said
      inlets, a housing defining an outlet chamber for receiving the fluid from
      said apex ends of said cyclones, said housing including spaced inner and
      outer walls, said inner wall having openings for receiving said conical
      portions of said cyclones, means for connecting said conical portions of
      said cyclones to said inner wall of said housing, said outer wall includes
      a plurality of openings aligned axially with corresponding said cyclones,
      a probe member supported within each of said openings for axial
      adjustment, each said probe member has an inner surface cooperating with
      the apex end of the corresponding said cyclone to define an annular
      discharge orifice for said cyclone within said housing, and means defining
      an axially extending passage within said probe member to provide for
      clearing a blockage within said apex end of said cyclone.
NUM  16.
PAR  16. A cyclone as defined in claim 15 wherein said probe member comprises a
      ceramic material.
NUM  17.
PAR  17. A cyclone assembly comprising a first wall member and a second wall
      member disposed in substantially parallel relation, means defining a
      plurality of corresponding sets of aligned openings within said first and
      second wall members, a cluster arrangement of elongated hydrocyclones
      having longitudinally extending parallel axes, each of said hydrocyclones
      including a rigid tubular inlet portion and a frusto conical portion
      having an outlet, said inlet portion of each said hydrocyclone extending
      between a corresponding set of openings within said first and second wall
      members, a casing surrounding said first and second wall members and
      cooperating therewith to define a liquid supply chamber, means for
      directing a liquid at a substantial pressure into said supply chamber,
      means forming an axially extending vortex passage for each of said
      hydrocyclones and projecting through the corresponding said opening within
      said first wall member, means defining a generally tangential inlet within
      said inlet portion of each hydrocyclone for directing the liquid from said
      supply chamber into said inlet portion of each hydrocyclone, said inlet
      portion of each said hydrocyclone including means forming axially spaced
      and circumferentially extending threads adjacent the corresponding said
      openings within said first and second wall members, means engaging said
      threads and rigidly securing each of said inlet portions to said first and
      second wall members, and said inlet portions of said hydrocyclones forming
      rigid connections between said first and second wall members to provide
      for withstanding the substantial hydraulic pressure of the liquid within
      said supply chamber.
NUM  18.
PAR  18. A cyclone assembly as defined in claim 17 wherein said inlet portion of
      each said hydrocyclone includes means forming a peripherally extending
      shoulder adjacent the inner surface of one of said wall members, and said
      means engaging said threads comprise a threaded nut member surrounding
      said inlet portion adjacent the outer surface of said one wall member.
NUM  19.
PAR  19. A cyclone assembly as defined in claim 17 wherein said inlet portion of
      each said hydrocyclone comprises a tube of rigid plastics material and
      having integral said threads.
NUM  20.
PAR  20. A cyclone assembly as defined in claim 17 wherein each of said openings
      within one of said wall members comprises a threaded opening for receiving
      the corresponding said threads on the corresponding said inlet portion.
NUM  21.
PAR  21. A cyclone assembly as defined in claim 17 including a vacuum tank
      having a wall forming said first wall member, means for creating a vacuum
      within said tank to effect deaeration of the fluid discharged through said
      vortex passages, a dam member within said tank to provide for collecting
      deaerated liquid within said tank, and means for removing the deaerated
      liquid from said tank.
NUM  22.
PAR  22. A cyclone assembly comprising a cluster arrangement of elongated
      hydrocyclones having longitudinally extending parallel axes and formed of
      a substantially rigid material, each of said cyclones including a rigid
      tubular inlet portion and a generally conical portion having an apex end
      defining an outlet, said tubular inlet portion of each of said
      hydrocyclone including a set of axially spaced and outwardly projecting
      flanges, means for rigidly connecting corresponding said flanges of said
      inlet portions of said hydrocyclones to form substantially parallel first
      and second walls, a casing rigidly connecting said first and second walls
      and cooperating therewith to define a liquid supply chamber, means for
      directing a liquid at a substantial hydraulic pressure into said supply
      chamber, means forming an axially extending vortex passage for each of
      said hydrocyclones and projecting through said first wall, means defining
      a generally tangential inlet within said inlet portion of each
      hydrocyclone for directing the liquid from said supply chamber into said
      inlet portion of each said hydrocyclone, and said inlet portions of said
      hydrocyclones forming rigid connections of said first and second walls
      formed by the connected said flanges to provide for withstanding the
      substantial hydraulic pressure of the liquid within said supply chamber.
NUM  23.
PAR  23. A cyclone assembly as defined in claim 22 wherein corresponding said
      flanges of said cyclones each has a plurality of straight outer surfaces,
      means defining a generally peripherally extending groove within said outer
      surfaces of each said flange, and said means for rigidly connecting said
      flanges comprise key members projecting into opposing said grooves of
      adjacent said cyclones.
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ABST
PAL  A waste water effluent containing nitriles and cyanides is treated by
      passing through an acclimated, activated sludge containing a microorganism
      capable of degrading nitriles and cyanides and being selected from the
      genus Nocardia, for example, Nocardia rubropertincta ATCC 21930 thereby to
      purify the waste water effluent. The waste water effluent containing 50
      ppm to 250 ppm of nitriles and 10 to 50 ppm of cyanide and 500 to 2,000
      ppm of COD (Potassium Dichromate Method) can be purified with a high
      efficiency.
BSUM
PAR  This invention relates to a process for treating waste water containing
      nitriles and cyanides, and more particularly to a process for treating
      industrial waste water containing nitriles such as acetonitrile,
      acrylonitrile, propionitrile and succinonitrile and cyanides such as
      sodium cyanide and potassium cyanide by an activated sludge containing
      microorganisms capable of degrading nitriles and cyanides.
PAR  Water pollution, that is, pollution of river, lake, sea, etc. by waste
      water effluents from various industries due to the development of
      industries has been recently a serious problem. To solve such a serious
      problem, various processes for treating the waste water have been proposed
      and practiced. Among these processes, a process based on activated sludge
      has been recently applied to the treatment of industrial waste water and
      has been found to attain a remarkable effect. However, waste water
      containing nitriles and cyanides, the sparingly degradable and toxic
      compounds, which are slow in degradation by microorganisms, for example, a
      waste water from the production of acrylonitrile, cannot be treated by the
      so-called ordinary activated sludge. For example, according to the
      experiences of the present inventors it is impossible in the case of
      strongly toxic waste water containing sparingly degradable compounds such
      as waste water effluents from the production of acrylonitrile to obtain an
      activated sludge capable of degrading nitriles and cyanides by acclimating
      the microorganisms to the activated sludge for 2 to 3 months even in a
      small laboratory-scale test, that is, by subjecting an activated sludge of
      sewage treatment plant as a seed to waste water containing nitriles and
      cyanides little by little under aerobic conditions and gradually
      acclimating the microorganisms to the sludge to obtain a new type of
      activated sludge.
PAR  An object of the present invention is to provide a process for effectively
      treating a waste water containing sparingly degradable and toxic nitriles
      and cyanides. That is to say, the object of the present invention is to
      provide a process for treating a waste water containing nitriles and
      cyanides characterized by adding to an activated sludge a microorganism
      capable of degrading nitriles and cyanides and being selected from the
      genus Nocardia, acclimating the microorganisms to the sludge and passing a
      waste water containing nitriles and cyanides through the activated sludge
      containing acclimated microorganisms thereby to purify the waste water.
PAR  According to the present invention, a microorganism capable of degrading
      nitriles and cyanides, and being selected from the genus Nocardia is,
      first of all, added to an activated sludge to acclimate the microorganism
      to the sludge. Examples of the microorganisms capable of degrading
      nitriles and cyanides and being selected from the genus Nocardia include
      Nocardia rubropertincta ATCC 21930 (FERM-P No. 2030), the strain having
      been isolated by the present inventors.
PAR  Diagnostic characteristics of the strain Nocardia rubropertincta ATCC 21930
      (FERM-P No. 2030) are given in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Diagnostic characteristics                                                
                         Nocardia rubropertincta                               
     Strain              ATCC 21930                                            
     ______________________________________                                    
     (a) Morphological characters                                              
       (1) Shape and size of cells                                             
                         small rod 1.5 .times. 1.mu.                           
       (2) Presence of pleomorphic                                             
       cells             Micelle.fwdarw.Rod                                    
       (3) Motility      None                                                  
       (4) Flagella      None                                                  
       (5) Spore formation                                                     
                         None                                                  
       (6) Gram staining (+)                                                   
       (7) Acid fastness None                                                  
     (b) Growth on media                                                       
       (1) Bouillon agar plate culture:                                        
     2nd day from culturing:                                                   
                        punctiform, 1.7 - 1.5 mm                               
                        in diameter, cephodium,                                
                        entire, pink, glistening,                              
                        turbidity, good growth                                 
     4th day from culturing:                                                   
                        circular, 2.4 mm in                                    
                        diameter, cephodium,                                   
                        entire, pink, glistening,                              
                        turbidity                                              
     (2) Bouillon agar slant culture:                                          
          warty, pink glistening, good growth                                  
     (3) Bouillon broth culture:                                               
          good growth, slight turbidity, thin                                  
          pellicle, sediment (pink), slight floc                               
          formation                                                            
     (4) Bouillon gelatin stab culture:                                        
          6th day from culturing:                                              
                         no liquefaction                                       
           14th day from culturing:                                            
                         no liquefaction                                       
     (5) Litmus milk:                                                          
          2nd day from culturing:                                              
                         alkaline, no                                          
                         liquefaction                                          
          4th day from culturing:                                              
                         alkaline, no                                          
                         liquefaction                                          
          12th day from culturing:                                             
                         alkaline, no                                          
                         liquefaction                                          
     (c) Physiological characters                                              
       (1) Nitrate reduction                                                   
                         (+++)                                                 
       (2) Denitration   (-)                                                   
       (3) MR test       (-)                                                   
       (4) VP test       (+)                                                   
       (5) Indole formation                                                    
                         (-)                                                   
       (6) Hydrogen sulfide formation                                          
                         (+++)                                                 
       (7) Starch hydrolyzation                                                
                         (-)                                                   
       (8) Citrate utilization                                                 
         Koser's medium  (-)                                                   
         Christensen's medium                                                  
                         (+++)                                                 
       (9) Inorganic nitrogen                                                  
         source utilization                                                    
         (NH.sub.4).sub.2 SO.sub.4                                             
                         (+++)                                                 
         NaNO.sub.3      (+++)                                                 
       (10) Pigment formation                                                  
                         insoluble (pink)                                      
       (11) Urease       (-)                                                   
       (12) Oxidase      (-)                                                   
       (13) Catalase     (++)                                                  
       (14) NH.sub.4 formation                                                 
                         (++ )                                                 
       (15) Optimum pH for growth                                              
                         6.0 - 11.0                                            
          Optimum temperature for                                              
                         20.degree. - 45.degree.C                              
          growth                                                               
       (16) Growth condition                                                   
                         aerobic                                               
       (17) O-F test     no acid formation                                     
          Hugh and Leifson test                                                
                         (-)                                                   
       (18) Utilization of                                                     
          saccharides                                                          
          and gas formation                                                    
                    Utilization of                                             
                    saccharides  Gas formation                                 
     L-arabinose    (-)          (-)                                           
     D-xylose       (-)          (-)                                           
     D-glucose      (+)          (-)                                           
     D-mannose      (+)          (-)                                           
     D-fructose     (+)          (-)                                           
     D-glactose     (-)          (-)                                           
     Maltose        (+)          (-)                                           
     Sucrose        (+)          (-)                                           
     Lactose        (-)          (-)                                           
     Trehalose      (+)          (-)                                           
     D-sorbitol     (+)          (-)                                           
     D-mannitol     (+)          (-)                                           
     Inositol       (-)          (-)                                           
     Glycerin       (-)          (-)                                           
     Starch         (-)          (-)                                           
     (d) Other characters:                                                     
       (1) Cyanide degradation:                                                
                         (+)                                                   
       (2) Nitrile degradation:                                                
         Acrylonitrile   (+)                                                   
         Acetonitrile    (+)                                                   
         Propionitrile   (+)                                                   
         Butyronitrile   (+)                                                   
         Crotononitrile  (+)                                                   
         Fumaronitrile   (+)                                                   
         Valeronitrile   (+)                                                   
         Glutaronitrile  (+)                                                   
         Benzonitrile    (+)                                                   
       (3) Isolation source:                                                   
                         activated sludge                                      
     ______________________________________                                    
      Note.                                                                    
      In the above Table the terms shown having the following meanings assigned
      thereto:                                                                 
      (1) (-) negative                                                         
      (2) (+) positive                                                         
      (3) (++) very positive                                                   
      (4) (+++) most positive                                                  
PAR  The strain Nocardia rubropertincta ATCC 21930 (FERM-P No. 2030) was
      identified to belong to the genus Nocardia in view of the foregoing
      diagnostic characteristic according to "Bergey's Manual of Determinative
      Bacteriology", 7th edition. The strain Nocardia rubropertincta was almost
      identical in the properties with the species Nocardia rubropertincta. The
      strain had an ability to degrade nitriles and cyanides which is not
      described in said Bergey's Manual. However, the strain was thus named as
      Nocardia rubropertincta and deposited in Biseibutsu Kogyo Gizyutsu
      Kenkyuzyo (Fermentation Research Institute) of Kogyo Gizyutsuin
      (Industrial Science and Technology Agency), Japan, under a register number
      of FERM-P No. 2030 and in American Type Culture Collection, 12301 Parklawn
      Drive, Rockville, Maryland, USA, under a register number of ATCC 21930.
PAR  The strain is a mere example of the microorganisms used in the present
      invention, and any microorganism belonging to the genus Nocardia can be
      used, so long as it is capable of degrading nitriles and cyanides and
      propagating on an activated sludge.
PAR  When a microorganism selected from the genus Nocardia is used, two or more
      microorganisms belonging to the genus Nocardia can be used.
PAR  In adding the microorganism capable of degrading nitriles and cyanides and
      being selected from the genus Nocardia to an activated sludge, a pure
      culture of the microorganism is usually added thereto. The pure culture
      can be carried out according to the ordinary procedure for pure culture of
      microorganism. For example, a liquid culture medium containing a carbon
      source including organic acids and nitrile compounds, nitrogen source
      including inorganic nitrogen compounds such as urea, ammonium sulfate,
      etc. and organic nitrogen compounds such as corn-steep liquor (CSL),
      inorganic salts such as calcium phosphate and a compound fertilizer such
      as potassium ammonium phosphate, and other nutrients such as peptone,
      blackstrap molasses, etc. if necessary, which is suitable for the growth
      of said microorganism, is placed in a culture tank and sterilized. Then,
      the culture medium is adjusted to a temperature suitable for the growth of
      the microorganism, and inoculated with cells of said microorganism
      separately grown and prepared on an agar slant. Then, sterilized air is
      blown into the tank and the medium is stirred with a stirrer to bring the
      medium under aerobic growth conditions. Cells of said microorganism are
      propagated. At that time, the pH and temperature of the culture medium are
      kept suitable for the growth of said microorganism. In this manner, a
      large amount of pure culture of the desired microorganism can be obtained.
      In carrying out the pure culture of said microorganism, a good result can
      be obtained when pure culture of said microorganisms is carried out in a
      medium containing 0.001 to 0.005 W/V % of cyanides and 0.005 to 0.025 W/V
      % of nitriles.
PAR  Cultures of said microorganism obtained in a large amount by the pure
      culture as mentioned above, or cells obtained from the cultures, are added
      to an activated sludge. The ordinary activated sludge, for example,
      activated sludge of sewage treatment plant, can be used as the activated
      sludge of the present invention.
PAR  The pure cultures or cells of said microorganism are added to the activated
      sludge in the ordinary aeration tank. It is preferable to add the pure
      cultures thereto in a volume of approximately or more than one-tenth,
      based on the volume of aeration tank, or add cells corresponding to the
      volume of pure cultures.
PAR  In adding the pure culture of said microorganism to the activated sludge,
      the pure culture can be directly added and acclimated to the activated
      sludge, if the microorganism has a good coagulability. If the
      microorganism has no coagulability when added to the activated sludge, a
      suitable coagulant, for example, ferric chloride, ferrous sulfate, calcium
      salt, organic polyelectrolyte, etc. is used to coagulate cells, and the
      coagulated cells are added, acclimated and propagated to the activated
      sludge. In this manner, an activated sludge applicable to a waste water
      effluent containing sparingly degradable substances such as a waste water
      effluent containing nitriles and cyanides can be prepared in a very short
      period of time. The waste water is then passed through the activated
      sludge containing the thus acclimated microorganism and purified according
      to the ordinary means and operational procedures as in the conventional
      activated sludge process. For example, a waste water containing nitriles
      and cyanides can be treated by passing the waste water containing nitriles
      and cyanides at a proper concentration, for example, a waste water having
      10 to 50 ppm of CN and 500 to 2,000 ppm of COD (Potassium Dichromate
      Method) continuously through the activated sludge while keeping optimum
      conditions for decreasing BOD [optimum BOD loading such as 0.8 to 1.5 kg
      BOD/m.sup.3.d, optimum oxygen supply such as 0.2 to 2.0 ppm in DO
      (Dissolved Oxygen), optimum pH such as 7.0 to 8.5, and optimum temperature
      such as 20.degree. to 30.degree.C, with a supply of nutrients, etc., if
      necessary] and biologically degrading organic matters contained therein,
      as in the ordinary activated sludge process for obtaining the desired
      purified water.
PAR  Therefore, in carrying out the present invention, no other complicated
      apparatus than a simple facility for carrying out pure culture of said
      microorganism in a large amount is necessary for the conventional waste
      water treatment facility based on the activated sludge.
PAR  Now, the present invention will be explained in detail, referring to
      example.
DETD
PAC  EXAMPLE
PAR  Nocardia rubropertincta ATCC 21930 (FERM-P No. 2030), strain capable of
      degrading nitriles and cyanides and being accliminated to activated
      sludge, which belonged to the genus Nocardia, was seed-cultured in 0.1 l
      of sterilized medium of glucose nutrient broth containing 500 ppm of
      acrylonitrile and 25 ppm of sodium cyanide at 30.degree.C for 2 to 3 days,
      and the seed culture was further cultured in 1 l of sterilized medium
      having the same composition as above, whereby pure culture was obtained in
      large amount.
PAR  A coagulant was added to 1 l of the thus obtained pure culture when
      required, and the pure culture of said microorganism was added rapidly to
      an activated sludge of sewage treatment, and acclimated and propagated on
      the sludge for about 1 week to obtain a new type of activated sludge.
      Waste water effluent containing nitriles and cyanides was passed through
      the thus obtained activated sludge under loads as shown in Table 2, and
      good results were obtained as shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Test Run No.     1       2       3     4                                  
     ______________________________________                                    
     Loading                                                                   
     Retention time (hour)                                                     
                      14      7       24    17                                 
     COD.sup.1 loading (kg/m.sup.3 /day)                                       
                      1.22    2.48    1.56  2.20                               
     BOD loading (kg/m.sup.3 /day)                                             
                      0.77    1.61    0.94  1.28                               
     BOD-MLSS (Mixed Liquor                                                    
     Suspended Solid) loading                                                  
                      0.15    0.32    0.19  0.26                               
     (kg/kg MLSS/day)                                                          
     Influent                                                                  
     pH               7.1     6.9     7.3   7.1                                
     COD.sup.1 (ppm)  718     709     1560  1570                               
     BOD (ppm)        452     461     935   912                                
     CN.sup.-.sup.2 (ppm)                                                      
                      23.1    22.8    45.0  47.1                               
     Acrylonitrile.sup.3 (ppm)                                                 
                      106     113     224   212                                
     Effluent                                                                  
     pH               8.1     8.4     7.9   8.2                                
     COD.sup.1 (ppm)  172     155     404   451                                
     BOD (ppm)        19.4    10.7    61.2  77.4                               
     CN.sup.-.sup.2 (ppm)                                                      
                      0.14    0.07    0.31  0.24                               
     Acrylonitrile.sup.3 (ppm)                                                 
                      &lt;20     &lt;20     &lt;20   &lt;20                                
     Efficiency                                                                
     COD (%)          76      78      74    71                                 
     BOD (%)          96      98      93    95                                 
     CN.sup.- (%)     99.4    99.7    99.3  99.5                               
     Acrylonitrile    &gt;80     &gt;80     &gt;90   &gt;90                                
     ______________________________________                                    
      Note:                                                                    
      1. COD is determined by Potassium Dichromate method JIS K 0102 (1971),   
      pages 29 - 30                                                            
      2. CN.sup.- is determined by Pyridine Pyrozolone method [JIS K0102 (1971)
      pages 93 - 95, No. 29.2, pyridine pyrazolone; American Standard Methods, 
      13th edition (1971), 207C, pages 404 - 406].                             
      3. Acrylonitrile is determined by gas chromatography.                    
PAR  When the same waste water effluent was treated with the ordinary activated
      sludge of sewage treatment under the same conditions, the waste water
      could not be treated at all even if the influent was considerably diluted.
      To obtain similar results as shown in Table 2 with the ordinary activated
      sludge method, even in a small laboratory scale test, it was necessary to
      acclimate the ordinary activated sludge for 3 to 6 months.
PAR  According to the present invention, waste water effluent containing
      nitriles and cyanides, which has been deemed heretofore difficult to
      treat, can be purified very efficiently, and even in a newly-built
      factory, it is possible to treat the waste water rapidly with an
      acclimated activated sludge prepared by carrying out pure culture of
      microorganism capable of degrading nitriles and cyanides selected from the
      genus Nocardia, adding the pure culture or cells thereof to an activated
      sludge and acclimating and propagating the same on the activated sludge
      according to the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the microbiological degradation of nitriles and cyanides
      contained in a waste water effluent which comprises
PA1  i. adding at least one microorganism capable of degrading nitriles and
      cyanides to an aqueous sludge, said microorganism being the strain
      Nocardia rubropertincta, ATCC 21930;
PA1  ii. acclimating said microorganism to said activated sludge; and
PA1  iii. passing a waste water effluent containing nitriles and cyanides
      through the thus acclimated sludge whereby the microbiological
      disintegration of the nitriles and cyanides is accomplished, thus
      purifying the waste water effluent.
NUM  2.
PAR  2. A process according to claim 1, wherein the microorganism is a pure
      culture or cells obtained by culturing the microorganism in a culture
      medium aerobically.
NUM  3.
PAR  3. A process according to claim 1, wherein the culture medium contains
      0.005 to 0.025 W/V % of nitriles and 0.001 to 0.005 W/V % of cyanides.
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ABST
PAL  A process for physically and biologically purifying sewage. A combination
      filter-biofilter containing a bed of artificially aerated filler material
      is used. The sewage is preliminarily clarified and distributed evenly over
      the filler material and is caused to flow through the latter for a limited
      time until the sewage has coated the surfaces of the filler material with
      sludge and microorganisms to an extent that the passage of air through the
      filler bed is substantially decreased because of encrustation of the
      interstices of the filler material. At this point the flow of sewage
      through the filler material is halted and the bulk of the sludge is
      removed from the filler material by turning the same over with air. Then,
      the flow of sewage through the filler material is reinstituted. An
      abrasion resistent filler material is used and for purposes of
      turning-over the filler material, the bed of the latter is filled with
      water and the water and the filler material are turned over within the
      filter-biofilter by means of blown-in compressed air. At the same time the
      released sludge is drawn off. The turning-over of the filler material and
      water are accomplished gradually in a horizontal direction through the
      contents of the filter-biofilter.
PARN
PAR  This is a division of application Ser. No. 392,078 filed Aug. 27, 1973, now
      U.S. Pat. No. 3,876,543.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for the physical and/or
      biological purification of sewage by means of a filter-biofilter, wherein
      mechanically prepurified sewage is distributed evenly over an artificially
      aerated filler material and is trickled through the latter. The trickling
      is continued for a limited time until the sewage has coated the surfaces
      of the filler material more and more with sludge and microorganisms
      whereby the passage of air through the filler has been decreased more and
      more because of the incrustation of the interstices of the filler
      material. Then the largest part of the excess sludge is withdrawn from the
      filler material by turning it over and subsequently the time-limited and
      repeated trickling of the sewage through the filler material is
      reinstituted again. An abrasion resistant filler material is used and for
      the purpose of turning over of the filler material the filter-biofilter is
      filled up with water, then the dammed up water and filler material is
      turned over within the filter-biofilter by blowing in of compressed air.
      At the same time the mineral or biological sludge, filler material and
      dammed up rinsing water are drawn off from the mixture of these items that
      is developing and afterwards the rinsing water is discharged.
PAR  2. Description of the Prior Art
PAR  Such a process has become known through the German published application
      Nos. 2,116,000 and 2,150,345. This known process is carried out in such a
      way, that both the turning-over and rinsing as well as the drawing off of
      sludge is accomplished only at certain places in the filter-biofilter, as
      a result of which a sufficient sludge removal from the filler material is
      achieved with relatively small biofilters, that is to say, biofilters
      having a diameter up to about 10 M, while in the case of larger biofilters
      with a diameter of for example about 20 M, only an incomplete sludge
      removal takes place, since in the available areas, which are not
      encompassed by the turn-over of the removal of sludge, pockets remain
      between the places at which both the turning over and rinsing, as well as
      the removal of sludge takes place. In the case of purification with clear
      water, such areas are not encompassed by the turning-over and rinsing
      would be without any harmful effect on the purified clear water because of
      the purely mechanically accomplished purification and because of the
      bacteria-free minerals used thereby. In the case of biological
      purification of sewage constituting the starting point of the invention
      however, a digestion occurs in the areas not encompassed by the
      turning-over and the rinsing in the sludge pockets, which on the one hand
      deteriorates the flow off from the filter-biofilter to an unadjustable
      extent and which on the other hand causes a quick resludging of the filler
      material, as a result of which the purifying effect of the
      filter-biofilter is substantially decreased.
PAR  This is where the present invention starts, which is based on the task of
      creating a process for the physical and/or biological purification of
      sewage by means of a filter-biofilter, in which the filler material is
      desludged effectively in all its areas. For the solution of this task the
      proposal is made according to the invention, that the turning-over and
      removal of sludge is accomplished continuously in a horizontal direction
      right through the contents of the filter-biofilter. Effectively the
      progressive turning-over and removal of sludge is carried out
      continuously.
PAR  It has now been achieved that because of the continuously carried out
      turning-over and rinsing, all areas in the filler material are encompassed
      successively and as a result of which are desludged effectively. This
      process makes it possible that now the above mentioned large biofilters,
      as can be used in the case of large quantities of sewage obtained from
      several tens of thousands of inhabitants, can be highly loaded without the
      purification effect being impeded and without there being any necessity
      for a much too frequent desludging of the filler material. Basically the
      invention can also be used in the form of a filter-biofilters developed as
      a longitudinal basin.
PAR  Insofar, however, as the filter-biofilter is developed in a known manner in
      the form of an upright cylinder, the proposal is made according to the
      invention, that the progressive turning-over and desludging is
      accomplished in the sense of a rotational movement taking place around the
      center of the biofilter. The locally fixed desludging grates provided for
      the desluding of the biofilter in the filter-biofilters known by way of
      the above mentioned German published application Nos. 2,116,000 and
      2,150,345, the annular sludge removal pipes and the slanted sludge removal
      metal sheets, as well as the likewise locally fixed perforated rooflike
      superstructures and aerating pipes serving for the turning-over by means
      of compressed air and cooperating therewith, are to be sure sufficient in
      their effect for relatively small quantities of sewage. In the case of
      large quantities of sewage, as obtained from several tens of thousands of
      inhabitants, and which are to be purified with the aid of the above
      mentioned relatively large filter-biofilters, the desludging in the case
      of known filter-biofilters must however be carried out relatively often
      and each time over relatively large periods of time, since the
      turning-over and desludging effect is too insignificant and since pockets
      of sludge develop in the areas between the above mentioned desludging and
      turning-over arrangements, so that in this case the known
      filter-biofilters are unsuitable. Therefore a filter-biofilter for the
      carrying out of the proposed process is to be created by the invention,
      which can be produced in a sufficient size and while avoiding high
      expenditure and which desludges effectively and in a simple manner.
PAC  SUMMARY OF THE INVENTION
PAR  For this purpose the invention starts out from a filter-biofilter for the
      physical and/or biological sewage purification with some granulated filler
      material, which has essentially a specific grain weight of somewhat below
      1 or around 1. The apparatus includes a rotary distributor having
      distributing arms for the even distribution of the mechanically
      pre-purified sewage above the filler material, a diverting arrangement for
      the purified sewage which has trickled through the filler material and a
      pipe for the aeration of the filler material disposed below a perforated
      floor grate. Thus, the biofilter container is compact and open on top and
      is provided, with arrangements for being filled to the top with water for
      the turning-over, by means of compressed air of a mixture consisting of
      dammed up water, filler material and sludge inside of the container for
      the biofilter. The apparatus also includes a discharge arrangement
      disposed in the area of the upper layers of the filler material for
      discharging of the excess sludge and the rinsing water. The arrangements
      for the turning-over of the above mentioned mixture comprise compressed
      air pipes leading into the filler material above the perforated bottom
      grate and the turning-over air is supplied at a higher pressure than the
      air for artificial aeration.
PAR  In the case of such a filter-biofilter, the proposal is made that the
      sludge removal arrangement consists of at least one sludge removal arm
      rotatable in a horizontal plane and mounted above the filler material in
      the middle of the container for the biofilter. This arm on the one hand is
      connected with a discharge pipe for excess sludge and on the other hand
      with sludge removal containers projecting into the upper layers of the
      filler material. The arrangements for the turning-over consist of at least
      one rinsing arm rotatable in a horizontal plane and mounted likewise in
      the center in the biofilter container above the filler material and this
      arm is on the one hand connected with a source for the compressed air for
      the turning-over air and on the other hand with rinsing pipes reaching
      into the filler material and provided at their larger ends with air outlet
      openings.
PAR  The granules of the filler material located in the preferably round
      container for the biofilter can at the same time have a grain size of
      below 6 mm. Thus a grain size of about 6 mm can also be used, especially
      in the upper layers of the filler material.
PAR  The proposal according to the invention makes it possible that the sludge
      removing containers and the rinsing pipes are moved through the filler
      material dammed up with water into the neighborhood of the surface of the
      filler material. Thus, the compressed air emerging from the rinsing pipes
      moves in a whirling motion through the filler material lying above the air
      exit openings with the equally heavy water and the dammed up water, and it
      turns over the filler material and loosens the sludge from the grains of
      the filler material as well. At the same time however, such a low
      resistance develops for the rinsing pipes reaching possibly up to close
      above the perforated bottom grate, that the latter can revolve within the
      biofilter container at a low speed and thus separate continuously, section
      by section, the sludge from the entirety of the filler material located in
      the container.
PAR  The sludge removal containers are effectively connected with the sludge
      removal arm by way of suction pipes extending downwardly from the sludge
      removal arm. These pipes have their lower ends developed as sludge entry
      openings and they reach into the sludge removal container. The latter are
      attached to the sludge removing arm with their suction pipes and are
      perforated at least on top in order to allow the sludge water to enter. In
      the lower area they constitute a closed space into which the suction pipes
      reach. As mentioned, the sludge separated from the grains of filler
      material is washed upwards through the rising compressed air of the
      rinsing pipes and enters into the perforated sludge removal containers
      developed in a manner of pockets and via the suction pipes and the sludge
      removal arm into the mechanical prepurification stage. In this manner, a
      desludging, which is economically intensive, can be carried out.
PAR  In the case especially of filter-biofilters under heavy load, it is
      recommended that the sludge removal arm and/or the rinsing arm extend from
      the central revolving bearing across the entire diameter of the biofilter
      container. This embodiment makes it possible that the filler material
      viewed across the width, that is to say the diameter of the biofilter
      container, will be moved through in a whirling motion in all areas by the
      compressed air escaping from the rinsing pipes and will be desludged by
      the sludge removal containers. In other cases it will be sufficient
      whenever the sludge removing arm and/or the rinsing arm extend from the
      central rotating bearing over the entire diameter of the biofilter
      container.
PAR  According to another embodiment and in certain cases, for example whenever
      turn-over air is fed in additionally through perforated rooflike
      superstructures, known per se, and disposed on the bottom of the
      container, the rinsing pipes starting out from the rinsing arm extend down
      to about half the level of the filler material instead of up to closely
      above the perforated bottom grate. In order that the upper layers of the
      filler materials too, in case of which a greater or quicker sludge
      accummulation takes place, be turned-over and desludged very intensively
      during the rotating movement of the rinsing arm, the proposal is made that
      the rinsing pipes, starting out from the rinsing arm, extend on the one
      half of the rinsing arm, starting out from the rotating bearing, extend
      down to closely above the perforated bottom grate and the rinsing pipes on
      the other half of the rinsing arm extend down to about half the level of
      the filler material. It can be sufficient whenever the mutual distance of
      the rinsing pipes is half as large or approximately half as large as the
      mutual distance of the sludge removal containers. With regard to making an
      unimpeded rotational movement of the sludge removing arm and the rinsing
      arm possible, it will be effective whenever the above mentioned arms are
      disposed below the distributor arms of the rotary distributor which has a
      feed pipe for mechanically purified sewage.
PAR  A further embodiment is characterized by the fact that in the supply pipe a
      metering arrangement is provided for the addition of lime slurry, aluminum
      sulfate, activated charcoal in a fine grain etc. In this manner, one will
      achieve in a simple way that the contents of phosphates, nitrogen or other
      substances harmful for the receiving water is decreased or separated and
      eliminated along with the rest during the desludging.
PAR  The drive of the sludge removal and of the rinsing arms could per se take
      place from the drive of the rotary distributor, possibly by way of a
      suitable transmission. But in order to be independent of the rotary
      movement of the rotary distributor, the proposal is made that the sludge
      removal arm and the rinsing arm have a drive of their own, preferably in
      the form of an electric motor. At the same time, it will be sufficient,
      especially if the two above mentioned arms are connected firmly with one
      another, that there be a common drive for both arms.
PAR  An effective solution of the mounting and connecting problems for the two
      above mentioned arms which favors effective desludging and turning-over,
      consists in that the sludge removing arm is arranged above the rinsing arm
      and that both arms are connected firmly and are mounted rotatably as well
      by means of a rotational ball connection around two pipes arranged
      perpendicularly and concentrically with regard to one another on a central
      shaft disposed in the biofilter container. Both pipes are sealed against
      each other by means of slip ring seals, the inside pipe is connected with
      the sludge removing arm as a discharge pipe for the sludge-water mixture,
      and the outside pipe is connected with the rinsing arm as a supply pipe
      for the high pressure air, coming from the compressed air source.
PAR  The current supply cables, for example, for the electric motor driving the
      two above mentioned arms, can also still be arranged in the above
      mentioned central shaft.
PAR  Since the surface of the filler material and above all of the water level
      occurring during rinsing or turning-over in the biofilter container lies
      below the upper edge of the central shaft a vacuum pump is built according
      to a further embodiment, into the discharge pipe for the excess sludge
      formed by the sludge-water mixture, through which vacuum pump the
      sludge-water mixture is siphoned over the upper edge of the central shaft
      to the discharge pipe located below the water level.
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PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing, an embodiment of the filter-biofilter according to the
      invention is shown by way of example, which is explained subsequently in
      more detail.
PAR  FIG. 1 is an elevational cross-sectional view of a filter-biofilter taken
      substantially along the line A-B-C-D of FIG. 2;
PAR  FIG. 2 is a top plan view of the filter-biofilter with the operating
      gallery partially broken away, whereby the rotary distributor is shown
      with only one arm;
PAR  FIG. 3 is an elevational, cross-sectional view taken substantially along
      the line E--E of FIG. 2; and
PAR  FIG. 4 is an elevational, cross-sectional view taken substantially along
      the line F--F of FIG. 2.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The filter-biofilter consists essentially of a container 1, a concrete
      floor 2 with perforated bottom grate 3 disposed above it, a central shaft
      4, through which passes a supply pipe 5 for high pressure air and a
      discharge pipe 6 for excess sludge and electric current supply cables. In
      the container 1 there is filler material 7 above which is a rotary
      distributor 8. The container 1 furthermore has an operating gallery 9,
      supply pipes 10 and 10.2 for mechanically cleaned sewage leading to the
      rotary distributor, an air compressor 11 for low pressure artificial
      aeration of the filler material 7, an air compressor 12 for the production
      of high pressure compressed air for the turning-over air connected to the
      supply pipe 5, a sludge removal arrangement 13 with rinsing arm 14 and
      sludge removal arm 15, a vacuum pump 16 built into the discharge pipe 6, a
      feed pump 17 built into the supply pipe 10 or 10.2, shifting and locking
      valves 18, a water purifier 19 for a discharge pipe 6.1, receiving the
      standard biofilter discharge, a visible channel 20 and a purifier 19.1 for
      a sludge-water mixture.
PAR  The mechanically pre-cleaned sewage is fed through the supply pipe 10 to
      the pump 17.1 of a pump 17, and from there it is pumped with the help of
      the feed pump 17 through the pressure pipe 10.2 into the rotary
      distributor 8 and is distributed by way of the rotary distributor arms 8.1
      over the entire surface of the filler material 7 located in the
      filter-biofilter. Simultaneously, low pressure air is blown in by air
      compressor 11 via pipe 11.1 between the perforated grate 3 and the bottom
      2. The air is distributed below the entire perforated grate 3 and aerates
      the filler material 7 evenly. During passage of the sewage through the
      filter-biofilter, in which biological sludge developes as a result of the
      blown-in air, which absorbs the polluted matter of the sewage and converts
      it into sludge, the sludge is deposited on the surface of the grains of
      the filler material. Mechanical, non-organic substances are likewise
      developed on the surface of the filler material, so that the discharge is
      collected after passage through the perforated grate 3 on the bottom 2 and
      collects through portion 2.1 of the bottom 2, disposed centrally in the
      biofilter container. The discharge then reaches the discharge pipe 6.1 and
      the water purifier 19 and then the visible channel 20 during the standard
      operation free of sludge and flows off fully purified biologically. The
      discharge reaches the discharge-distributor shaft 20.1 through a
      micro-strainer and into the receiving water by way of the discharge pipe
      18.2 leading to said receiving water, which is not shown, while the sluice
      valves are opened.
PAR  After a further deposit of sludge, inside the filler material 7, the slide
      valve of the discharge pipe 18.2, leading to the receiving water, is
      closed and the slide valve of the pipe 18.1, which leads to the
      preliminary clarification stage, is opened.
PAR  The slide valve 18 of the discharge pipe 6.1 is closed and the feed pipe 10
      coming from the preliminary clarification stage is opened, the feed pump
      17 is started and additional rinsing water is fed in through pipe 10.1 for
      a quicker filling of the filler material 7.
PAR  Whenever the water level in the filler material 7 has risen up to its
      surface 7.2, additional water for rinsing is supplied via the rotary
      distributor 8, and the water level inside the filler material is kept at
      the same level by automatic control of the feed pump 17.
PAR  Now the compressor 12 is started and the compressed air produced is guided
      via the supply pipe 5 into the rinsing arms 14 and by way of rinsing pipes
      14.1 having below air exit openings 14.2 and extending close to the
      container grate 3, up to the bottom 2 of the biofilter. As a result, the
      entire filler material 7 is stirred up in the area of the rinsing arm 14
      with the superposed sludge removal arm 15 and the sludge is for the
      greatest part separated from the surface of the grains of the filler
      material. The compressed air, produced by the compressor 12 is forced at
      the same time through the rinsing pipes 14.1 into the filler material 7 at
      a greater pressure, than would correspond to the resistance of the filled
      up water column. The vacuum pump 16 is switched on which sucks off the air
      via the discharge pipe 6. As a result of this suction effect, the
      sludge-water mixture enters through the lower ends of suction pipes 15.1,
      each time developed as sludge intake openings 15.2 by way of pocketlike,
      preferably perforated sludge removal containers 15.3, and then reaches the
      sludge removal arm 15 and from there the discharge pipe 6. In the case of
      opened slide valves 18 of the discharge pipe 6, the sludge-water mixture
      reaches furthermore by way of the water purifier 19.1, the visible channel
      20 and the distributor shaft 20.1 and from there via the opened slide
      valve 18 of the pipe 18.1, which leads to the preliminary clarification.
PAR  Then an electric motor 13.1 for the drive of the sludge drain-off
      arrangement 13 is switched on, as a result of which the sludge removal arm
      15 and the rinsing arm 14 are put into slow revolving motion. The
      discharge of the sludge-sewage mixture from the sludge removal containers
      15.3 into the preliminary clarification is brought about by siphoning the
      entire mixture from the containers 15.3 and by gradient existing up to the
      preliminary clarification. After a one time or repeated revolution of the
      sludge drain-off arrangement 13, the sludge is rinsed out of the filler
      material 7 and this in such a way that mesosaprobic sludge is washed out
      from the lower layers of the filler material upward and polysaprobic
      sludge of the upper layers 7.1 of filler material can enter directly into
      the sludge removal container 15.3. Thus a mixing of the polysaprobic
      microorganisms of the upper layers of filler material 7.1 with the
      mesosaprobic microorganisms of the lower layers of filler material will
      not occur for practical purposes, so that in case of restarting operations
      the biological conditions of the filter-biofilter are not seriously
      disturbed.
PAR  The distance of the sludge suction pipes 15.1 is, according to FIG. 1,
      twice as great as that of the rinsing pipes 14.1. On the right hand side
      of the rinsing arm 14 in FIG. 1, the rinsing pipes, which there carry the
      reference number 14.3, extend only into the upper layers of filler
      material 7 (FIG. 4), so that the latter are more intensively desludged at
      the revolving movement of the sludge drain-off arrangement 13, than the
      lower layers of filler material.
PAR  After sufficient desludging, the electric motor 13.1 including the
      compressor 12 and vacuum pump 16 is turned off, and the discharge
      (run-off) passing through the perforated bottom grate 3 and consisting of
      previously fed-in impounded water and separated sludge, is drained off to
      the last residue into the preliminary clarification by opening of the
      slide valve 18 of the discharge pipe 6.1, leading from the sewage
      collection through 2.1 of the container bottom 2 via the water purifier 19
      into the visible channel 20, and thus the entire filler material 7 is
      drained.
PAR  Then again as much sewage is fed to the rotary distributor 8 and thus to
      the filler material of the filter-biofilter by the feed pump 17 with
      simultaneous supply of air of low pressure through the pipe 11.1 that the
      biological purification starts again within the filter-biofilter, until
      the discharge draining off through the discharge pipe 6.1 has become free
      of sludge, which can be determined by measurements or visual inspection in
      the visible channel 20. The fed-in air of low pressure cannot in this case
      escape via the discharge pipe 6.1, since the latter is locked by a water
      purifier 19 against the passage of air to the receiving water.
PAR  Since a certain portion of the biological sludge still adheres to the
      grains of filler material, the biological purification and holding of the
      sludge within the filler material immediately occurs again, so that even
      after about 10 to 20 minutes a sludge-free and clear discharge will be
      achieved. Up to this time however, the partly still sludge-containing
      sewage is conducted to the preliminary clarification and, mixed with the
      remaining preliminary clarification, is fed once more to the
      filter-biofilter. Then the pipe 18.1 to the preliminary clarification is
      closed and the discharge pipe 18.2, leading to the receiving water, is
      opened for the normal run-off. Now, according to practical experience,
      sewage can be conducted for several days across the filter-biofilter and
      can be purified fully biologically. Only whenever the passage of water and
      air is considerably impeded as a result of accummulation of sludge in the
      interstices of the filter-biofilter will it be necessary again to start
      desludging in order to again desludge the filter-biofilter.
PAR  Let us still mention, that openings for passage of the perforated bottom
      grate 3 and the sludge removal container 15.3 are dimensioned such, that
      the sludge-water mixture can pass through but not the grains of filler
      material.
PAR  For the purpose of a continuous operation and of an equalization it will be
      of advantage to provide two filter-biofilters parallel beside each other
      for the duration of desludging, whereby the filter-biofilter which at the
      time is not desludged, equalizes the inflow and discharge to the entire
      filter-biofilter installations.
PAR  It will be effective to add chemicals, for example, calcium hydroxide,
      aluminum sulfate, etc., to the inlets to the filter-biofilters, in order
      to decrease the contents of phosphates and other substances which are
      harmful to the receiving water. Since the developed sludge of the
      filter-biofilter reaches the sludge digestion tank of the preliminary
      clarification, not shown, the entire sludge of the installation will at
      the same time become more valuable for its use as agricultural fertilizer.
PAR  In this manner, sewage obtained in large quantities, will be purified with
      simple means and without secondary settling tank fully biologically and
      with considerably greater load capacity of the filler material, than in
      the case of conventional biofilter installations.
PAR  Beyond that, it is also possible to provide the filter-biofilter for the
      purification of harmful exhaust air, so that the blower or the condensor
      11 blows the exhaust air or exhaust gases below the container grate 3 and
      that the biofilter is wetted down from time to time with the help of the
      pump 17 and of the rotary distributor 8, so that the air above the forming
      biological sludge or the absorbed suspended substances is purified.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the purification of sewage by means of a
      filter-percolating filter filled with a non-abrasive granular filter
      material, comprising the steps of:
PA1  first distributing preliminarily clarified sewage equally over the surface
      of the filter material, so that the sewage trickles through the filter
      material;
PA1  then simultaneously ventilating the filter material by means of passing air
      therethrough;
PA1  then allowing the sewage to trickle through the filter material until
      sludge and microorganisms of the sewage have covered the surface of the
      filter material in increasing bulk and the passage of air through the
      filter material has increasingly been reduced as a result of the
      incrustations formed by the covering in the gaps of the filter material;
PA1  after such gaps have been covered following the above steps, the process
      further comprises filling the filter-percolating filter with rinsing water
      for the purpose of agitating and washing of the filter material;
PA1  blowing air under pressure into the filter so as to mix the filter material
      and rinsing water therein;
PA1  drawing in the largest portion of the sludge resulting during the
      preceeding steps from the mixture of retained rinsing water, filter
      material and sludge through suction pipes extending into the filter
      material,
PA1  draining off the rinsing water,
PA1  the mixing of the rinsing water and filter material and the drawing in of
      the sludge being carried out progressively in a horizontal direction by
      the passing of a rotation device and a sludge removal device including
      said suction pipes through the contents of the filter-percolator filter.
NUM  2.
PAR  2. A process as set forth in claim 1, characterized in that the drawing in
      of the sludge, for a cylindrical construction of the filter, is effected
      by a rotary motion of said devices about the center of the
      filter-biofilter.
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ABST
PAL  A method for separating oil from water, wherein, in order to simplify the
      treatment processes, to improve separation efficiency, and to make
      possible the recycling of added solvents, in the course of separation
      treatment of oil from waste water containing fats and oils, paraffinic
      hydrocarbons of low specific gravities, as extractive solvents for fats
      and oils, and inorganic or organic coagulants are added to the waste
      water; the mixture is then stirred and allowed to stand; the
      oil-containing scum separating as an upper layer is then removed so as to
      separate the oil from water, and furthermore, the solvent previously added
      is recovered from the oil-containing scum so removed by means of
      distillation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is a method for separating fats and oils contained in waste
      water to yield clean water which can be discharged either be re-used or
      discharged without harming the environment.
PAR  Since waste water from plants generally contains various fats and oils that
      tend to contaminate surroundings and disrupt the environment if discharged
      into rivers, lakes, etc., these fats and oils should be removed before
      discharge. In general, however, such fats and oils are present in waste
      water at levels from 100 parts per million to several tens of thousand PPM
      in the form of an emulsion, and thus the separation and extraction of such
      fats and oils from waste water are difficult to carry out.
PAR  Extensive studies have therefore been conducted in various fields, and
      various methods have been proposed. However, in all of these processes,
      numerous drawbacks may be cited as follows:
PA1  1. Large-scale equipment is required.
PA1  2. Additives required for separation are difficult to recover, resulting in
      high operating costs.
PA1  3. Knowledge of chemistry is required, and thus the processes can be
      employed only with difficulty by smaller companies.
PA1  4. Separation of fats and oils is not complete, and tend to be discharged
      in small amounts together with the treated water.
PAL  In view of the above, no satisfactory processes are as yet available, and
      effective means for the separation of fats and oils from waste water are
      much desired.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the present invention is to provide a highly efficient
      process for the separation of oil from water, eliminating these drawbacks.
PAR  In the present invention, paraffinic hydrocarbons with a specific gravity
      of less than 0.8 are added as extractive solvents to waste water
      containing fats and oils, together with inorganic or organic coagulants.
      This mixture is then stirred and allowed to stand; the floating
      oil-containing scum is then removed so as to eliminate the fats and oils
      from the waste water, and the resulting treated water may be re-used as
      process water in the plant or discharged into rivers or sewage lines. The
      oil-containing scum removed from the waste water is distilled so as to
      separate the paraffinic hydrocarbons, namely the fats and oils extraction
      solvents, from the mixture. The distillation vapor is then condensed to
      recover the paraffinic hydrocarbons and the remaining residue is, after
      filtration, incinerated or discarded.
PAR  The characteristic features of the present invention are to use -- as
      additives -- paraffinic hydrocarbons of low specific gravities together
      with coagulants so as to break the emulsion and to separate the fats and
      oils from the waste water quickly and effectively in the form of large
      floating flocs through their synergistic action with the aid of stirring,
      and to recover reusable paraffinic hydrocarbons with ease by distillation
      from the oil-containing floating scum.
PAR  The purpose, characteristics, and advantages of the present invention are
      well illustrated in the following example, referring to the numbered
      drawing attached.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  This FIGURE represents one example of the process flow sheet of the present
      invention for the separation of oil from water.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  1. Fat- and oil-containing waste water discharged from a plant is sent to
      the original waste water storage pool 2 through the drain pipe 1 and
      stored.
PAR  2. Certain volume of the waste water stored in the above original waste
      water storage pool 2 is pumped by pump 3 into the treatment vessel 4, and
      an appropriate amount of paraffinic hydrocarbons of low specific gravity,
      namely the fats and oils extracting solvent, is added from the solvent
      tank 6 by manipulating valve 5. (Although such paraffinic hydrocarbons as
      n-hexane with a specific gravity of less than 0.8 are most desirable,
      other hydrocarbons with a specific gravity of less than 0.8, such as
      cyclohexane, pentanes, or octanes, can also be used effectively.)
PAR  3. As soon as the above paraffinic hydrocarbons are introduced, the stirrer
      7 fitted to the treatment vessel 4 is started, and after an appropriate
      time, a certain amount of coagulant is added with stirring from the
      coagulant tank 9 through pump 8. (An organic coagulant such as E. C. Flock
      [Trade Name: Refer to Japanese Patent Early Disclosure No. 102782/1973] of
      suitable composition is highly recommendable. It is obtained by dissolving
      the condensation products of benzaldehyde or its derivatives with
      poly-alcohols containing four or more hydroxyl groups, such as
      dibenzylidene sorbitol, into a polar organic solvent together with a
      surface active agent, and further dispersing the solution so prepared
      homogeneously into water. However, other organic coagulants consisting of
      water-soluble longchain high polymers containing functional groups such as
      carboxyl groups, amide groups, or amino groups, and other inorganic
      coagulants such as aluminum sulfate and iron salts, and poly-aluminum
      chloride can also be used.)
PAR  4. After a short while, agitation is stopped and the mixture is allowed to
      stand for a certain period of time. Through such treatment, the fine
      paraffinic hydrocarbon particles formed by agitation are adsorbed over the
      de-emulsified fats and oils in the waste water, and they move upward in
      the form of bulky flocs under the action of the coagulants to form
      well-defined layers, namely the oil-containing scum 10 and the treated
      water 11. In this case, the floating behavior of the oil-containing scum
      is greatly affected by the specific gravity of the solvent paraffinic
      hydrocarbons. When the specific gravity exceeds 0.8, the floating of the
      oil-containing scum becomes extremely slow and layer formation requires a
      long time. Therefore, the use of paraffinic hydrocarbons with a specific
      gravity of less than 0.8 is desirable from the standpoint of operational
      efficiency.
PAR  5. When the pH in the original waste water storage pool 2 falls in the
      acidic range, the pH value must be adjusted after transfer into the
      treatment vessel 4 by the addition of an appropriate amount of aqueous
      hydroxide from the neutralizer tank 13 through the pump 12.
PAR  6. When layer separation is completed in the first run as described, valve
      14 is opened in order to withdraw the treated water 11 in the treatment
      vessel 4 into the treated water pool 16 until the floating oil-containing
      scum 10 reaches the level of detector 15, and again a certain volume of
      the waste water in the original waste water pool 2 is charged into
      treatment vessel 4 through pump 3 to repeat the same treatment described
      above. This treatment is repeated five to seven times.
PAR  7. When the oil-containing scum 10 in the treatment vessel 4 reaches a
      certain thickness, the treated water, which is continuously circulating
      between the treated water pool 16 and the condenser 19 through pump 18, as
      will be described later, is introduced into the bottom of the treatment
      vessel 4 by opening valve 17 so as to raise the floating oil-containing
      scum 10 until the scum overflows into chamber 20 attached to the top
      portion of the treatment vessel 4.
PAR  8. The oil-containing scum is then withdrawn into the distillation vessel
      21 and the treated water already pumped into treatment vessel 4 is again
      withdrawn back into the treated water pool 16 by opening valve 14. This
      treated clean water may then be discharged through the valve 22 as
      desired.
PAR  In the layer separation treatments described above, the agitation speeds
      and the agitation times after the addition of the solvent, paraffinic
      hydrocarbon, and coagulant affect the separation and operation
      efficiencies to a considerable extent. In experiments conducted by the
      present inventor, a waste water sample containing a detergent consisting
      of surface active agents, grinding sand, and cutting oil as contaminants,
      as shown below, was used.
TBL  ______________________________________                                    
     1.  Fats and Oils       479 PPM                                           
     2.  Chemical Oxygen Demand                                                
                             126 PPM                                           
     3.  Biochemical Oxygen Demand                                             
                             143 PPM                                           
     4.  Suspended Substances                                                  
                             180 PPM                                           
                             (grinding sand, dust)                             
     ______________________________________                                    
PAR  A 150 litre portion of the waste water was transferred into the treatment
      vessel 4 over a period of one minute, and during this period, 2 litre of
      n-hexane was introduced over a period of three seconds. The rotation speed
      of the agitator 7 and the agitation time were adjusted and the mixing
      behavior of the waste water and n-hexane was observed as summarised in
      Table 1, as follows:
TBL                                    Table 1                                 
     __________________________________________________________________________
     Rotation                                                                  
     Speed                                                                     
     R.P.M. 200 300 400 500 600 700 800 900 1000                               
                                                1200                           
     Rotation                                                                  
     Time, Sec.                                                                
     __________________________________________________________________________
     10     P   P   P   P   P   P   P   P   P   P                              
     30     P   P   P   P   G   G   G   G   G   G                              
     45     P   P   P    FP G   G   G   G   G   G                              
     60     P   P   P    FP G   G   G   G   G   G                              
     90     P   P   P    FP G   G   G   G   G   G                              
     120    P   P   P    FP G   G   G   G   G   G                              
     150    P   P   P   G   G   G   G   G   G   G                              
     180    P   P   P   G   G   G   G   G   G   G                              
     __________________________________________________________________________
            P = Poor                                                           
                    FP = Fairly Poor                                           
                                    G = Good                                   
      Note 1:                                                                  
      As judged by observation of the appearance.                              
      Note 2:?                                                                 
      In the Table, "P" indicates the case where n-hexane and the waste water  
      remained as two independent phases and through mixing was not effected, o
      the case where the formation of gelatin-like colloids in the n-hexane    
      extract was essentially nil or extremely small (of the order of 1/300 of 
      the total waste water).                                                  
      Note 3:?                                                                 
      "FP" indicates the case where n-hexane remained as an independent phase a
      a level of 1/100 to 1/200 of the total waste water and thorough mixing wa
      not effected.                                                            
      Note 4:?                                                                 
      "G" indicates the case where n-hexane was thoroughly mixed and a large   
      amount of colloids (colloid formation of the order of 1/50 of the total  
      waste water) was formed.                                                 
      Note 5:                                                                  
      The colloids contained 4-5 times their weight of water.                  
PAR  The results indicate that thorough mixing of the paraffinic hydrocarbon can
      be fully effected by running the agitator 7 over a period of 30-60 seconds
      at a speed of 600-1,200 R.P.M.
PAR  Next, after the addition of n-hexane as described, the agitator 7 was
      operated at 750 R.P.M. for one minute, and into the 150 litre portion of
      the mixture thus obtained, 200 cc of E.C. Flock was added over a period of
      30 seconds with stirring by the agitator 7 at 600-1,000 R.P.M. The
      agitation time after the addition was changed, and the mixture was allowed
      to stand for five minutes before observing the floating behaviour of the
      oil-containing scum, as shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Rotation                                                                  
     Speed,                                                                    
     R.P.M.  600     700     800     1,000                                     
     Time, Sec.                                                                
     __________________________________________________________________________
     10      Large amount                                                      
                     Large amount                                              
                             Large amount                                      
                                     Small amount                              
             of suspended                                                      
                     of suspended                                              
                             of suspended                                      
                                     of suspended                              
             matter  matter  matter  matter                                    
             112 PPM 97 PPM  105 PPM 79 PPM                                    
     20      Almost com-                                                       
                     Almost comp-                                              
                             Almost com-                                       
                                     Almost com-                               
             plete flota-                                                      
                     plete flota-                                              
                             plete flota-                                      
                                     plete flota-                              
             tion    tion    tion    tion                                      
             51 PPM  60 PPM  63 PPM  47 PPM                                    
     30      "       "       "       "                                         
             18 PPM  20 PPM  11 PPM  52 PPM                                    
     40      "       "       "       "                                         
             15 PPM  24 PPM  12 PPM  46 PPM                                    
     60      "       "       "       "                                         
             18 PPM  21 PPM  10 PPM  67 PPM                                    
     90      "       "       "       "                                         
             21 PPM  17 PPM  16 PPM  62 PPM                                    
     120     "       "       "       Some suspen-                              
             17 PPM  23 PPM  18 PPM  ded matter                                
                                     70 PPM                                    
     180     "       "       "       Large amount                              
             19 PPM  26 PPM  71 PPM  of suspended                              
                                     matter                                    
                                     130 PPM                                   
     240     "       "       "       Large amount                              
             43 PPM  37 PPM  51 PPM  of suspended                              
                                     matter                                    
                                     180 PPM                                   
     __________________________________________________________________________
      Note 1:                                                                  
      Rotation speed indicates revolutions per minute of agitator 7.           
      Note 2:                                                                  
      Time indicates the time after the addition of the coagulant until the    
      cessation of agitation.                                                  
      Note 3:?                                                                 
      Judgement was based on observation of the appearance after allowing the  
      sample to stand for 5 minutes after stopping agitation and was also based
      on the weight of suspended matter (mainly grinding sand) in the water    
      collected after separating the floating oil-containing scum by means of a
      separating funnel from the treated water and filtering the water.        
PAR  The results indicate that, after the addition of the coagulant, agitation
      for 30-60 seconds at 600-800 R.P.M. was sufficient, and that high speed
      agitation above 1,000 R.P.M. or agitation for longer than 180 seconds even
      in the optimum agitation speed range of 600-800 R.P.M. tended to break up
      the floc, so that no satisfactory flocculation of oil-containing scum was
      effected.
PAR  Based on the results described above, the optimum agitation speed and time
      after the addition of the solvent and coagulant are as follows:
TBL  1.   Rotation speed of agitator.                                          
                                600-800 R.P.M.                                 
     2.   Agitation time from the end of                                       
          solvent addition up to the                                           
          beginning of coagulant addition.                                     
                                about 60 sec.                                  
     3.   Time from the end of coagulant                                       
          addition up to the cessation                                         
          of agitation          30-60 sec.                                     
PAR  Thus the fats and oils in the waste water are fully separated and rapidly
      floated to effect layer separation of the treated water and the
      oil-containing scum.
PAR  The oil-containing scum transferred into the distillation vessel 21 was
      heated externally by steam and distilled at about 65.degree.C, and the
      paraffinic hydrocarbons contained therein were vaporized into the
      condenser 19 to be cooled by treated water supplied from treated water
      pool 16 and condensed before returning to solvent tank 6 for recycling.
      When the oil-containing scum from which the paraffinic hydrocarbons had
      been removed reached a certain volume as detected by detector 23, it was
      transferred into filtration basket 25 through valve 24 and converted into
      a cake containing about 80% water for subsequent incineration or
      discarding. The water obtained by filtration was returned to the original
      waste water storage pool 2 for repeated treatment.
PAC  EXAMPLE
PAR  A 150 litre portion of the original waste water containing such
      contaminants was transferred into the treatment vessel in 60 seconds and
      during this period of time, 20 litre of n-hexane was added in 3 seconds,
      and the mixture was agitated for 60 seconds at a speed of 700 R.P.M. by
      means of an agitator. While the mixture was being agitated, 200 cc of E.C
      Flock was introduced over a period of 30 seconds after its addition
      agitation at the same speed was continued for 30 seconds and then stopped.
      After allowing the mixture to stand for 5 minutes, the treated water was
      withdrawn to the treated water pool, the same set of treatments was
      repeated 5 times in a similar manner and the treated water collected in
      the treated water pool was analyzed, with the results shown in the
      following table:
TBL         Analytical      Suspended                                          
            Item    Oily Matter                                                
                            Solids                                             
                                  pH  Turbidity                                
                                             Color    COD                      
     __________________________________________________________________________
     EXAMPLE 1                                                                 
            Original                         Milky white,                      
            Waste Water                                                        
                    30,738 PPM                                                 
                            334 PPM                                            
                                  6.5 7,500 PPM                                
                                             non-transparent                   
                                                      345.7 PPM                
            Treated                          Colorless,                        
            Water   1.1 PPM 9.3 PPM                                            
                                  8.5 1 PPM  transparent                       
                                                      14.9 PPM                 
     EXAMPLE 2                                                                 
            Original                         light yellow,                     
            Waste Water                                                        
                    2,923.8 PPM                                                
                            190 PPM                                            
                                  6.8 7,500 PPM                                
                                             non-transparent                   
                                                      13,186.8 PPM             
            Treated                          Colorless,                        
            Water   1.8 PPM 7 PPM 7.2 2 PPM  transparent                       
                                                      36.0 PPM                 
     EXAMPLE 3                                                                 
            Original                         Bluish grey,                      
            Waste Water                                                        
                    12,115.8 PPM                                               
                            175 PPM                                            
                                  8.5 7,500 PPM                                
                                             non-transparent                   
                                                      11,388.6 PPM             
            Treated                          Colorless,                        
            Water   1.6 PPM 18 PPM                                             
                                  7.3 2 PPM  transparent                       
                                                      47.0 PPM                 
     EXAMPLE 4                                                                 
            Original                         Reddish brown,                    
            Waste Water                                                        
                    31,269.0 PPM                                               
                            248 PPM                                            
                                  6.6 470 PPM                                  
                                             non-transparent                   
                                                      162.7 PPM                
            Treated                          Colorless                         
            Water   2.1 PPM 6 PPM 7.8 1 PPM  transparent                       
                                                      4.3 PPM                  
     __________________________________________________________________________
PAR  As is evident from the results reported above, using the method of the
      present invention, waste water containing oily matter at a level, for
      example, of some tens of thousand PPM or more can be treated compact
      equipment within an extremely short period of time to reduce the oil
      content of the treated water to 1 - 2 PPM. Furthermore, the volume of
      oil-containing scum is small and is obtained in a form easy to handle and
      suitable for subsequent treatment. In addition, the paraffinic
      hydrocarbons used as extracting solvents for fats and oils can readily be
      recovered by distilling the oil-containing scum so as to make recycling
      possible, thus reducing operating costs. Moreover, the whole operation is
      so simple that no specific knowledge of chemistry is required.
PAR  Although representative examples of the achievement of the present
      invention have been described above, it is evident that modifications can
      be made without departing from its principles. It should thus be
      emphasized that the following patent claims are to include any such
      modifications of the present invention involving processes essentially
      identical with or similar to the ones disclosed in the present invention
      so as to produce results essentially identical with those attained by the
      present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of separating oil from industrial waste water, comprising the
      steps of introducing into a treatment vessel industrial waste water which
      contains fat and oil at a level of about 100 parts per million to tens of
      thousands parts per million; agitating the waste water in said treatment
      vessel introducing paraffinic hydrocarbons with a specific gravity of less
      than 0.8 as a fat-and oil-extracting solvent agent into the waste water,
      and also a coagulant, in the course of said agitating step so that a layer
      of oil-containing scum forms on top of a body of treated clean water, said
      solvent agent being introduced in an amount of between 0.001 - 10% of the
      oil and fat and said coagulant being introduced in an amount of between
      0.1 - 50% of the waste water; withdrawing the treated clean water into a
      treated-water pool; floating the layer of oil-containing scum upwardly in
      the treatment vessel by charging treated clean water from the
      treated-water pool into the treatment vessel at the lower part thereof
      until the layer of scum overflows the treatment vessel; introducing the
      overflowing layer of oil-containing scum into a distillation vessel and
      distilling the solvent therein to vaporized the solvent and form a
      residual oil-containing scum; recovering the solvent for re-use by
      introducing the solvent vapor to a condenser for condensation; filtering
      the residual oil-containing scum, from which the solvent has been
      recovered, in a filter so as to separate a liquid component; and recycling
      said filtered liquid component into the waste water to be treated.
NUM  2.
PAR  2. A method as defined in claim 1, wherein aqueous sodium hydroxide
      solution is added to the waste water introduced into said treatment vessel
      of pH adjustment prior to the subsequent treatment.
NUM  3.
PAR  3. A method as defined in claim 1, wherein said treatment vessel is
      equipped with a means for detecting the position of the layer of
      oil-containing scum which descends during withdrawal of the treated clean
      water into the treated-water pool.
NUM  4.
PAR  4. A method as defined in claim 3, wherein the treatment vessel is equipped
      around its external upper parts with a means of reception so as to collect
      and introduce into the distillation vessel the overflowing layer of
      oil-containing scum.
NUM  5.
PAR  5. A method as defined in claim 4, wherein the condenser for condensing the
      solvent vapor evaporated in the distillation vessel makes use of the
      recycled treated clean water in the treated-water pool.
NUM  6.
PAR  6. A method as defined in claim 5, wherein the distillation vessel is
      equipped with a means for detecting the volume of oil-containing scum
      collected therein, and for controlling the automatic delivery of the
      oil-containing scum to the filter.
NUM  7.
PAR  7. A method of separating oil from industrial waste water, comprising the
      steps of introducing into a treatment vessel industrial waste water which
      contains fat and oil at a level between about 100 parts per million to
      tens of thousands parts per million; agitating the waste water in said
      treatment vessel; introducing into the waste water in the course of said
      agitating step paraffinic hydrocarbons with a specific gravity less than
      0.8 as a fat and oil extracting solvent agent in an amount of between
      0.001-10% of the oil and fat, and a coagulant in the amount of between
      0.1-50% of the waste water, so that a layer of oil-containing scum forms
      on top of a body of treated clean water said coagulant being prepared by
      homogeneously dispersing into water under agitation a solution of a polar
      organic solvent containing a surface-active agent together with a
      condensation product of benzaldehyde and sorbitol; withdrawing the treated
      clean water into a treated-water pool; floating the layer of
      oil-containing scum upwardly in the treatment vessel by charging treated
      clean water from the treated-water pool into the treatment vessel at the
      lower part thereof until the layer of scum overflows the treatment vessel;
      introducing the overflowing layer of oil-containing scum into a
      distillation vessel and distilling the solvent therein to vaporized the
      solvent and form a residual oil-containing scum; recovering the solvent
      for re-use by introducing the solvent vapor to a condenser for
      condensation; filtering the residual oil-containing scum, from which the
      solvent has been recovered, in a filter so as to separate a liquid
      component; and recycling the filtered liquid component into the waste
      water to be treated.
NUM  8.
PAR  8. A method as defined in claim 7, wherein n-hexane with a specific gravity
      of less than 0.8 is used as the paraffinic hydrocarbon.
NUM  9.
PAR  9. A method as defined in claim 8, wherein the residual oil-containing scum
      from which the paraffinic hydrocarbons have been recovered is filtered for
      subsequent handling in the form of a cake.
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ABST
PAL  A process and apparatus for filtering substances by introducing a filter
      band across a passageway through which the substance flows, the filter
      being passed through inlet and outlet ports sealed to prevent leakage
      therefrom for example by thermal solidification therein of the substance
      being filtered or any other suitable sealing substance to form sealing
      plugs in the ports, and the filter being advanced to locate a fresh part
      thereof across the passage by supporting the filter upon a reciprocable
      backing support, moving the backing support in a direction to advance the
      filter under conditions such that the filter moves with the backing
      support, and subsequently retracting the backing support under conditions
      such as to prevent movement of the filter with the backing support.
BSUM
PAR  This invention concerns improvements in or relating to filtering and in
      particular relates to a filtering device of the type including a body
      defining a passage through which a substance to be filtered can be caused
      to flow and slotted inlet and outlet ports flanking said passage through
      which a filter, in the form of a band or ribbon for example, can be passed
      and moved to introduce different parts of said filter across said passage,
      sealing means being provided to prevent or at least limit leakage from
      said ports. Such a device will hereinafter be referred to as a filtering
      device "of the kind described".
PAR  Whilst, in accordance with the present invention, any convenient means of
      sealing the inlet and outlet ports can be utilized, a particularly
      convenient and advantageous sealing means is disclosed in my U.S. Pat. No.
      3,471,017, in accordance with which the inlet and outlet ports are adapted
      for the provision thereat, in use, of such temperature conditions as to
      result in the formation within said ports of sealing plugs of the
      substance being filtered of adequate rigidity to prevent substantial
      leakage of said substance. A similar sealing arrangement as disclosed in
      my U.S. Pat. No. 3,645,399  could also be utilized for the present
      invention and comprises forming the abovementioned sealing plugs from a
      substance other than that being filtered. Whereas the present invention
      will hereinafter be described with reference to sealing means of the
      abovementioned thermal type, it is to be appreciated that the invention is
      not limited thereto and other sealing means could be used.
PAR  As has been disclosed in my said U.S. Pat. No. 3,645,399 one of the
      problems encountered with filtering devices of the type described is that,
      as the filter becomes progressively clogged with impurities filtered out
      of the stream of substance, the force which is exerted upon the active
      part of the filter extending across the passage and which results from the
      hydrostatic pressure differential across the filter of the substance being
      filtered can rise to such an extent that in some cases of heavy
      contamination it is only with some difficulty that the filter can be
      forwarded. In such cases the filter is often not sufficiently robust to
      permit the filter merely to be pulled through the device against the
      retarding forces.
PAR  To alleviate the above mentioned problem, it has been proposed in my U.S.
      Pat. No. 3,645,399 to provide an endless movable backing support mounted
      within the filtering passage for supporting the filter across the
      filtering passage and facilitating the filter movement by providing a
      movable bearing for the filter. It is furthermore proposed to arrange the
      backing support to move out of the filtering passage through a suitably
      formed outlet port and then re-enter the filtering passage, after
      separation from the filter, via a suitably formed re-entry port. By virtue
      of such an arrangement a two-fold improvement can be obtained: firstly by
      bringing the backing support out of the filtering passageway it is made
      accessible to be driven mechanically, and secondly, as fully described in
      U.S. Pat. No. 3,645,399, it can be arranged that a positive drive obtained
      from the hydrostatic pressure of the substance being filtered is applied
      directly to the backing support. Thus this proposal enables the backing
      support to be driven directly, either mechanically or hydrostatically, and
      requires no pull to be exerted on the filter itself.
PAR  Whereas it is proposed in my U.S. Pat. No. 3,645,399 to make the backing
      support accessible to be driven by a force sufficiently large to overcome
      its resistance to movement, it is proposed in my copending U.S.
      application Ser. No. 344,414 (now U.S. Pat. No. 3,856,674) to reduce to an
      acceptable level the resistance to movement of the backing support by
      utilizing a forcewise symmetrical arrangement in which forces applied to
      the backing support as the result of a hydrostatic pressure differential
      urging the filter against the backing support are substantially cancelled
      or at least substantially reduced by oppositely directed forces likewise
      applied to the backing support for example as the result of a hydrostatic
      pressure differential across the (or a different) filter.
PAR  The present invention provides yet another approach to alleviating the
      problem of forwarding the filter band or ribbon against the action of
      substantial retarding forces without subjecting the filter itself to
      tensions which it is not sufficieiently robust to bear. This invention can
      be utilized alone or, for example, could be utilized in combination with a
      forcewise symmetrical arrangement as mentioned above.
PAR  According to the present invention there is provided a filtering device of
      the kind described wherein, for moving the filter through the device,
      there is provided in the filtering passage a backing support for the
      filter which backing support is arranged for reciprocating movement in the
      desired direction of movement of the filter and is sufficiently robust to
      accept and move under the action of forces applied directly thereto to
      overcome retarding forces encountered in use of the device, and means are
      provided to prevent movement of the filter with the backing support in one
      direction of movement thereof but to permit movement of the filter with
      the backing support in the other direction of movement thereof.
PAR  The invention also provides a process for filtering a substance flowing
      through a passage comprising introducing a filter by passing it through
      inlet and outlet ports flanking said passage so that a part of the filter
      extends across said passage, sealing said ports against substantial
      leakage therethrough of said substance, supporting at least said filter
      part extending across said passage by means of a filter backing support
      permeable to flow therethrough of substance filtered by said filter, said
      filter backing support being reciprocable in the direction of extension of
      said filter between said ports and across said passage, forcing said
      substance through said filter to filter the substance, and, when desired,
      effecting movement of said filter to introduce a fresh part thereof across
      said passage by moving said backing support in a direction to advance said
      filter under conditions such that the filter moves with the backing
      support, and subsequently retracting said backing support under conditions
      such as to prevent movement of the filter with the backing support.
PAR  For forwarding movement of the filter which is accomplished during the
      forward stroke of the reciprocating backing support, it may be sufficient
      to rely upon the friction between the filter and the backing support due
      to the hydrostatic pressure in the filtering passageway forcing the filter
      against the backing support to ensure that the filter moves with the
      backing support. Alternatively, clamping means may be provided arranged to
      be alternately operative and inoperative in synchronisation with the
      forward and retract strokes of the reciprocating backing support, the
      clamping means in its operative condition being adapted to ensure movement
      of the filter with the backing support.
PAR  For preventing movement of the filter with the reciprocating backing
      support in its retract stroke, various arrangements may be employed,
      either singly or in combination depending upon the circumstances and the
      magnitudes of the forces involved.
PAR  In the abovementioned arrangements as disclosed and claimed inter alia in
      my U.S. Pat. No. 3,471,017 wherein the sealing of the inlet and outlet
      ports is achieved by means of solidified sealing plugs formed therein, it
      is possible by dimensioning the outlet port cross-section larger than that
      of the inlet port to obtain a resultant hydrostatic force tending to
      extrude the sealing plug in the outlet port and, by virtue of the keying
      of the filter to the sealing plugs, this resultant hydrostatic force
      contributes a forwarding drive to the filter itself. Whilst this
      hydrostatic forwarding drive may in itself be insufficient to move the
      filter against its retarding froces, it can be arranged to be sufficient
      to enable the reciprocating backing support to be retracted without
      drawing the filter with it.
PAR  Another possibility is to employ clamping means operative during the
      retract stroke of the backing support and otherwise inoperative. The
      clamping means may take any convenient form, but a particularly convenient
      arrangement is to employ the aforementioned thermally-derived sealing
      plugs for sealing the inlet and outlet ports and to arrange the clamping
      means to clamp upon the sealing plug in or extending from the outlet port.
PAR  In accordance with yet a further possibility, means may be provided
      operable during the retract stroke of the backing support to relieve the
      backing support from the application thereto of forces exerted upon the
      filter as the result of the hydrostatic pressure differential thereacross.
      For example, an auxiliary backing support may be movable through slotted
      openings in the reciprocating backing support in a direction transverse to
      the reciprocation thereof so as to lift the filter off the backing
      support, or at least relieve the pressure it exerts thereupon, during the
      backing support retract stroke. During the forward stroke of the
      reciprocating backing support, the auxiliary backing support would be
      retracted.
DRWD
PAR  Preferred embodiments of the invention disclosed herein merely by way of
      example will now be described with reference to the accompanying drawings
      in which:
PAR  FIG. 1 is a sectional view of a first embodiement in which backward
      movement of the filter is prevented by provision of means for clamping a
      thermally formed solid sealing plug strongly keyed with the filter at the
      filter exit port;
PAR  FIG. 2A is a sectional view of a second embodiment employing a toggle
      mechanism for preventing backward movement of the filter;
PAR  FIG. 2B is a view along the line B--B of FIG. 2A;
PAR  FIG. 2C is a partly broken away view along the line C--C of FIG. 2A of a
      filter and backing support;
PAR  FIG. 3 is a sectional view of a third embodiment employing a cover plate
      for the filter;
PAR  FIG. 4A is a sectional view of a fourth embodiment employing a hydraulic
      clamp;
PAR  FIGS. 4B and 4C show, diagramatically, modified filter clamping means of
      the fourth embodiment;
PAR  FIG. 5 is a sectional view of a fifth embodiement employing a push rod for
      reciprocating a wholly contained backing plate;
PAR  FIG. 6 is a schematic view of a sixth embodiment employing the forcewise
      symmetrical arrangement of my U.S. Pat. No. 3,856,674
PAR  FIG. 7 is a sectional view of a seventh embodiment employing a
      reciprocating breaker plate actuated by push rods;
PAR  FIG. 8A is a sectional view of an eighth embodiment employing a
      reciprocating breaker plate actuated hydraulically;
PAR  FIG. 8B is a partly broken away view in the direction of arrow B of FIG. 8A
      of a filter and backing support;
PAR  FIG. 8C is a view along arrow B of FIG. 8A showing part of the backing
      support;
PAR  FIG. 9 is a sectional view of a ninth embodiment having a hydraulically
      actuated backing support; and
PAR  FIG. 10 is a sectional partly broken away view of a modified hydraulic
      system for use in either the eighth or ninth embodiments.
DETD
PAR  Referring to FIG. 1, a filtering device according to the invention includes
      a body 1 defining a passage 2 for a substance to be filtered, and slotted
      inlet and outlet ports 3 and 4 flanking the passage through which a filter
      band 5 can be moved. The filter band may for example comprise one or more
      woven steel screens or sintered metal filtering media; or screens
      embracing a matrix of random fibres such as glass or metal fibres. The
      filter is supported by a breaker plate 6 having shallow surface channels 9
      communicating with through perforations 10 and by a reciprocable backing
      support 7 having through perforations where it overlies the breaker plate
      6. The channels 9 of the breaker plate 7 allow the filtrate to flow
      through even when the perforations of plate 6 and support 7 are out of
      register. These channels 9 could equally well be provided in the
      undersurface of support 7. The support 7 protrudes from both ports 3 and 4
      and is reciprocated by drive means not shown (such as a hydraulic or
      pneumatic cylinder) which may be coupled to the backing support at the
      inlet or at the outlet side of the apparatus.
PAR  Reciprocable backing support 7 is made sufficiently strong and rigid to
      accept the forwarding force required to advance the filter 5 across the
      filtering passage 2, the forwarding force being transferred to the filter
      5 by virtue of the pressure of the substance being filtered forcing filter
      5 against support 7.
PAR  Inlet and outlet ports 3 and 4 are sealed in operation in the manner
      disclosed in U.S. Pat. No. 3,471,017 by controlling the temperature of the
      ports, for example by passing a suitable coolant through channels 11, so
      that the substance being filtered solidifies in the ports to form sealing
      plugs such as 8 of sufficient rigidity to prevent substantial leakage
      therethrough. By making the passage within outlet port 4 of greater
      cross-section than the corresponding passage of inlet port 3, the
      hydrostatic pressure of the substance being filtered acting upon the
      sealing plugs in the inlet and outlet ports produces a net force tending
      to extrude the outlet port sealing plug and, by virtue of the filter 5
      being strongly keyed to the sealing plugs, providing a forwarding drive to
      the filter. This force itself can be sufficient to prevent the filter
      moving back with support 7. Alternatively or additionally, for preventing
      the filter 5 from moving with the retract stroke of reciprocating support
      7, means (schematically illustrated at 12) can be provided to clamp the
      filter and the solidified sealing plug 8 for example at the exit port 4
      during retraction of support 7.
PAR  In FIGS. 2A, 2B and 2C, and all subsequent figures, parts of the filtering
      devices shown therein which are similar or perform similar functions to
      parts shown in FIG. 1 are denoted by the same reference numerals.
PAR  The embodiment of FIG. 2 is similar in many respects to that of FIG. 1 but
      has backing support 7 accessible only from the exit port side of the
      apparatus. A toggle mechanism 22 is provided for reciprocating the backing
      support 7 to advance the filter 5 across the passage 2, this mechanism
      being in itself similar to that disclosed in my U.S. Pat. No. 3,471,017.
      Toggle mechanism 22 comprises a frame 23 pivotally connected (a) via
      linkages 24 to body 1; (b) to backing support 7; and (c) via linkages 25
      to hydraulic cylinders 26. A toggle jaw 27 is provided to engage the
      solidified plug 28 at the exit of the outlet port 4 and is biased towards
      the plug by leaf spring 29. Movement prevention means in the form of
      similarly biassed toggle jaws 210 are carried on a frame 211 affixed to
      body 1 so as to prevent filter 5 and plug 28 from sliding back into body 1
      when backing plate 7 is retracted. In operation, actuation of cylinders 26
      causes the toggle mechanism 22 to reciprocate with consequent
      reciprocation of backing support 7. During forward movement, toggle jaw 27
      clamps the filter 5 and outlet port sealing plug 28 to backing support 7,
      so that they move together to forward the filter 5 across the filtering
      passage 2. During backward movement of the toggle mechanism, toggle jaw 27
      rides over outlet port sealing plug 28, but toggle jaws 210 hold the plug
      and filter stationary.
PAR  The inlet port 3 is provided with an adjustable wedge member 212 as
      disclosed in my U.S. Pat. No. 3,471,017 wedge 211 being independently
      cooled by means of coolant channel 213.
PAR  In the embodiment of FIG. 3, backing support 7 has surface channels 9
      similar to those of the breaker plate 6 of FIG. 1. A cover plate having
      perforations as shown is furthermore provided for protecting the filter
      (which may comprise up to 1,500 fine wires per linear inch and hence is
      open to damage during its passage through the device) without necessarily
      incurring the requirement of an expensive protective upper layer. An
      hydraulically operated toggle mechanism 32, generally similar to that
      shown in FIG. 2, is employed for forwarding the filter, backing support 7
      and cover plate 31 being pivotally connected to the toggle mechanism.
      Support 7 and cover plate 31 are serrated in the vicinity of toggle
      mechanism 32 for gripping filter 5 disposed between them. In operation, as
      the hydraulic cylinders 26 expand and force the toggle frame outwards, the
      frictional drag acting on the cover plate rotates the toggle link
      counterclockwise, slightly bends cover plate 31 and causes the jaws formed
      by the serrations to grip the filter tightly and pull it forward. During
      the return phase, the frictional resistance turns the link slightly
      clockwise, the thin cover plate 31 bending elastically so that the jaws
      open as the two plates return. A non-return toggle arrangement, similar to
      that shown at the lefthand side of FIG. 2A and supported on body 1, may be
      provided so as to prevent backward movement of the filter during the
      return stroke.
PAR  The toggle mechanism may be disposed as shown at the exit port or
      alternatively could be disposed at the inlet port. Also, the support 7 and
      cover plate 31 need not extend across the breaker plate 6, although it is
      advantageous that they do.
PAR  Under conditions where the substance being filtered is heavily
      contaminated, an alternative cover plate 31 preferably is used which is
      slotted longitudinally with cross-sectionally V-shaped slots closely
      adjacent one another so that the plate 31 presents to the flow of
      substance being filtered a surface made up of a plurality of spaced
      parallel lines as opposed to the area surface presented by the cover plate
      31 shown in FIG. 3.
PAR  In FIG. 4A, backing support 7 does not extend through the outlet port and a
      reciprocating force is applied to it at the inlet. The filter may be
      clamped at the exit port during retraction of the backing support by means
      of a hydraulic or pneumatic cylinder, as shown in FIG. 4A; or as shown in
      FIG. 4B by a slit exit flange which can be made to grip the sealing plug
      at the exit together with the filter by pulling or pushing the slit halves
      together; or as shown in FIG. 4C by means of spring loaded eccentric
      grippers disposed on the exit port or some other stationary support.
PAR  In FIG. 5, the backing support 4 does not extend either through the inlet
      or outlet ports but is wholly enclosed within the body 1. A push rod 51
      making a sliding fit within the body extends into passage 2 and is coupled
      to backing support 7. Breaker plate 6 is slotted at 52 to allow the push
      rod to be receiprocated.
PAR  FIG. 6 shows schematically an arrangement of the forcewise symmetrical type
      generally forming the subject of my U.S. Pat. No. 3,856,674 adapted for
      reciprocatory movement in accordance with this invention. The drawing
      shows the interior of a filtering device wherein two filter bands 111 and
      112 are simultaneously subject to substance to be filtered flowing in a
      filtering passageway which supplies substance to the two filters at
      substantially equal pressures and communicates with the space 113 for the
      extraction of filtered substance therefrom. Access of filtered substance
      to the space 113 is gained by way of openings 114 incorporating spaced
      parallel slats 115 which serve as breaker plates in the manner of the
      breaker plates 6 of the preceding embodiments herein described, and
      associated with each such "breaker plate" there is a filter support
      structure 116 formed with grooves defining therebetween raised parallel
      lands which interdigitate loosely with the slots in the "breaker plates".
      The two filter support structures 116 are supported and interconnected by
      means of a plurality of pivotal links 117 the extent of movement of which
      is limited by means of stops 118. A coupling rod 119 is pivotally
      connected to the links 117 and extends through a wall of the device to be
      reciprocated by any suitable means.
PAR  In operation of the device of FIG. 6, the filter support structures 116
      normally lie with their support surfaces flush with the level of the slots
      115; a movement of the coupling rod 119 from right to left as shown in the
      Figure does not initially move the support structures 116 in the direction
      of movement of the coupling rod 119 since the support structures 116 are
      frictionally engaged with the filters 111 and 112 but instead causes the
      links 117 to pivot about their connections with the coupling rod 119 in a
      sense to cause the support structures 116 to move outwardly and take the
      load of the filters 111 and 112 hitherto borne by the slats 115. The
      extent of the outward movement of support structures 116 is determined by
      one of the stops 118. Further movement of the coupling rod 119 in this
      direction will tend to move the support structures 116 from right to left
      and can be arranged to cause movement of the filters 111 and 112 for
      advancing them across the filtering passage. Return movement of the
      coupling rod 119 from its extreme left hand position in a left to right
      direction causes the links 117 initially to pivot in a sense to cause the
      support structures 116 to move inwards thereby releasing the loading
      imposed by the filters 111 and 112 which are taken up by the "breaker
      plates", and thereafter results in the support structures 116 being moved
      bodily to their right hand limiting positions. Thus by reciprocation of
      the coupling rod 119, the support structures repeatedly lift the filters
      from their respective support structure, advance them across the filtering
      passage, lower them again on to their respective "breaker plate", and then
      return for the next stroke.
PAR  In FIG. 7, an alternative method is shown of preventing backward movement
      of the filter 5 together with the backing support 7. Backing support 7 and
      breaker plate 6 are slotted and interleaved, and plate 6 is arranged to be
      reciprocated by means of push rods 61 through a small distance
      transversely to the backing support 7. The movement of plate 6 is
      coordinated with the movement of support 7 so that whilst support 7 moves
      forward, plate 6 is retracted from filter 5 so that the filter is pressed
      against the support by the hydrostatic pressure differential existing
      across it whereby filter 5 is forwarded together with support 7. Preceding
      retraction of support 7, plate 6 is moved towards and engages the filter
      so that it bears at least a substantial part of the hydrostatic pressure
      differential thus largely disengaging support 7 from the filter so that
      the filter does not move backward with the support. Hence when support 7
      is retracted, it is substantially free of the load due to the contaminants
      collected on the filter. Movements of breaker plate 6 transversely to the
      filter 5 are small so that there is no tendency for the filter 5 which, as
      shown in FIG. 2C, is broader than the diameter of the filtering passage at
      the breaker plate 6, to be deformed to such an extent as to uncover part
      of the filtering passage and thereby provide an unfiltered flow path
      through the device.
PAR  In the embodiment shown in FIGS. 8A to 8C which is similar in principle to
      that of FIG. 7 the breaker plate 6 is reciprocated transversely to the
      filter by means of an annular hydraulic piston and cylinder arrangement
      81, 82 disposed within the body 1, the annular piston 82 being integral
      with breaker plate 6 which as shown in FIG. 8C is a cross-slotted
      structure of the type disclosed in my U.S. Pat. No. 3,471,017. Breaker
      plate 6 is interleaved with a slotted backing support 7 as shown in FIG.
      8B. The mode of operation of this embodiment is similar to that of FIG. 7,
      i.e. the breaker plate 6 is lowered for forwarding movement of the filter
      with the advance stroke of backing support 7, and is raised to relieve
      backing support 7 of the pressure of the filters 5 during the retract
      stroke of the backing support.
PAR  FIG. 9 shows a filtering device in which the backing support 7 is
      reciprocated by suitable operation of an hydraulic cylinder 91 disposed at
      least partly within body 1; the piston 92 of the cylinder is integral with
      backing support 7. In this embodiment breaker plate 6 is stationary, and
      the hydrostatic force acting on sealing plug 8 prevents backward movement
      of filter 5. Alternatively grippers, such as for example those shown in
      FIG. 2, may be provided in the region of the outlet and/or the inlet port.
PAR  In the arrangements of, for example, FIGS. 5, 6 and 9 wherein the backing
      support is wholly contained within the body of the device, or FIGS. 2, 4,
      7 and 8 wherein the backing support passes with the filter through one
      only of the two ports, particularly the outlet port, it could be arranged
      that, in order to facilitate passage of the filter through any port not
      traversed by the filter backing support, particularly the inlet port, an
      auxiliary filter carrier supports and preferably sandwiches the filter
      band in the respective port, the auxiliary filter carrier being
      constructed for example similarly to the gripper mechanism of FIG. 3 so as
      to be reciprocable by application of forces thereto for advancing the
      filter on its forward stroke and retracting without retracting the filter.
      Such an arrangement could, if desired, also be employed in conjunction
      with any of the arrangements of my U.S. Pat. Nos. 3,471,017, 3,645,399 or
      3,856,674 facilitating introduction of the filter into the inlet port or
      for facilitating extraction of the filter from the outlet port. It will
      furthermore be recognised that the arrangement for example of FIG. 1 could
      be operated with the backing support moved unidirectionally; such a
      process is embraced by my U.S. Pat. No. 3,471,017.
PAR  FIG. 10 shows a modification of the hydraulic system employed in the
      embodiment of FIGS. 8A to 8C in which the annular cylinder is sealed, not
      by an accurate fit of the mating components, but by a coiled tube 101 of
      fluorosilicone rubber (e.g. Siliastic rubber made by the Dow Corning Co.)
      contained within the annular chamber and inflated when desired from
      outside body 1. Clearly the embodiment shown in FIG. 9 could be similarly
      modified without difficulty.
PAR  While all the embodiments described employ breaker plates for providing
      additional support for the filter, it will be realised that in the
      embodiment of FIGS. 1 to 5 and 9 the breaker plate may be omitted if the
      backing support is made sufficiently strong. Other modifications are
      possible within the scope of the invention; for example the backing
      support may be coated with PTFE to facilitate the parting off of the
      filter and of the solidified plug from the backing support at the exit
      port. While the reciprocating backing support has been shown herein as a
      plate or band, it could be formed as an articulated structure or as a drum
      as shown in my U.S. Pat. No. 3,645,399.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process for filtering a substance flowing through a passage comprising
      introducing a filter by passing it through inlet and outlet ports flanking
      said passage so that a part of the filter extends across said passage,
      sealing said ports against substantial leakage therethrough of said
      substance, supporting at least said filter part extending across said
      passage by means of a filter backing support permeable to flow
      therethrough of substance filtered by said filter, said filter backing
      support being reciprocable in the direction of extension of said filter
      between said ports and across said passage, forcing said substance through
      said filter to filter the substance, and, when desired, effecting movement
      of said filter to introduce a fresh part thereof across said passage by
      moving said backing support in a direction to advance said filter under
      conditions such that the filter moves with the backing support, and
      subsequently retracting said backing support under conditions such as to
      prevent movement of the filter with the backing support.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein said ports are sealed by the
      provision thereat of such temperature conditions as to result in the
      formation therein of sealing plugs, of the substance being filtered or of
      another flowable sealing substance, of adequate rigidity to prevent
      substantial leakage from said ports.
NUM  3.
PAR  3. A process as claimed in claim 2 wherein the movement of said filter is
      effected under conditions providing for self-maintenance of said sealing
      plugs.
NUM  4.
PAR  4. A process as claimed in claim 2 wherein the filter is keyed to the
      sealing plug within the outlet port and wherein the hydrostatic pressure
      of said substance within said passage acting on said sealing plug within
      the outlet port is utilized to prevent said filter from moving with the
      backing support during retraction thereof.
NUM  5.
PAR  5. A process as claimed in claim 2 wherein the filter is keyed to the
      sealing plug within the outlet port, and the outlet port sealing plug is
      secured against movement with the backing support during retraction
      thereof to prevent movement of the filter with the backing support during
      retraction thereof.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein, for preventing movement of the
      filter with the backing support during retraction thereof, the loading of
      the backing support by the filter is reduced for retraction thereof by
      temporarily supporting the filter other than exclusively by means of the
      backing support.
NUM  7.
PAR  7. A filtering device, including; a body defining a passage through which a
      substance to be filtered can be caused to flow and inlet and outlet ports
      through which a filter can be passed and moved to advance said filter and
      introduce different parts thereof across said passage, sealing means being
      provided to limit leakage from said ports; a backing support, permeable to
      flow therethrough of substance filtered by said filter, extending across
      said passage for supporting said filter thereacross, said backing support
      being arranged for reciprocating movement in the desired direction of
      movement of the filter and being sufficiently robust to accept, and move
      under the action of, forces applied directly thereto to overcome retarding
      forces encountered in use of the device; and means to prevent movement of
      the filter with the backing support in one direction of movement thereof,
      but to permit movement of the filter with the backing support in the other
      direction of movement thereof for advancing the filter.
NUM  8.
PAR  8. A filtering device as claimed in claim 7 wherein said sealing means is
      constituted by said ports being adapted for the provision thereat, in use,
      of such temperature conditions as to result in the formation within said
      ports of sealing plugs, of the substance being filtered or of another
      flowable sealing substance, of adequate rigidity to prevent substantial
      leakage from said ports.
NUM  9.
PAR  9. A filtering device as claimed in claim 8 wherein the cross-section of
      said outlet port is greater than that of said inlet port whereby, in use,
      the hydrostatic pressure of said substance being filtered exerts a greater
      force upon the outlet port sealing plug than upon the inlet port sealing
      plug thereby, by virtue of the sealing plugs being keyed with the filter
      in use of the device, providing a net force tending to advance the filter,
      and said net force serves, at least in part, to prevent said movement of
      said filter with said backing support in said one direction.
NUM  10.
PAR  10. A filtering device as claimed in claim 7, including clamping means
      operative during movement of the backing support in said one direction and
      otherwise inoperative, said clamping means being operative to prevent
      movement of the filter with the backing support during movement thereof in
      said one direction.
NUM  11.
PAR  11. A filtering device as claimed in claim 8 wherein said clamping means is
      arranged to clamp upon the outlet port sealing plug.
NUM  12.
PAR  12. A filtering device as claimed in claim 7 including means operative
      during movement of the backing support in said one direction to relieve
      the backing support from the application thereto of forces exerted on the
      filter as the result of the hydrostatic pressure differential thereacross
      in use, thereby to enable movement of the backing support in said one
      direction without consequential movement of the filter therewith.
NUM  13.
PAR  13. A filtering device as claimed in claim 12 including means movable
      through openings in the backing support in a direction transverse to the
      direction of reciprocation thereof so as to bear upon the filter and at
      least relieve the pressure exerted upon the backing support by the filter,
      during movement of the backing support in said one direction.
NUM  14.
PAR  14. A filtering device as claimed in claim 7 wherein said backing support
      is arranged to be movable also in a direction transverse to the direction
      of reciprocation thereof between a position where the backing support
      carries the filter for advancement thereof during movement of the backing
      support in said other direction and a position where the backing support
      is substantially disengaged from the filter so as to be movable in said
      one direction without movement of the filter, means being provided to
      support the filter when the backing support is disengaged therefrom.
NUM  15.
PAR  15. A filtering device as claimed in claim 7 including means to ensure
      movement of said filter with said backing support during movement thereof
      in said other direction.
NUM  16.
PAR  16. A filtering device as claimed in claim 7 constructed as a forcewise
      symmetrical arrangement in which forces applied to the backing support as
      the result of a hydrostatic pressure differential urging the filter
      against the backing support are at least substantially reduced by
      oppositely directed forces likewise applied to the backing support as the
      result of a hydrostatic pressure differential across the (or a different)
      filter.
NUM  17.
PAR  17. A filtering device including a body defining a passage through which a
      substance to be filtered can be caused to flow and inlet and outlet ports
      through which a filter in the form of a band is passed and can be moved to
      advance the filter and introduce a different part thereof across said
      passage, said ports being adapted for the provision thereat of such
      temperature conditions as to enable the formation therein of sealing plugs
      of a flowable sealing substance of adequate rigidity to prevent
      substantial leakage from said ports, means to provide temperature
      conditions at said ports to form said sealing plugs, a filter carrier
      extending into at least one of said ports from outside the body of the
      device, means for reciprocating said filter carrier in the direction of
      said filter passing through said at least one port, and means to ensure
      movement of the filter with the filter carrier in one direction of said
      reciprocating movement of the filter carrier for advancing the filter, but
      to prevent movement of the filter with the filter carrier in the other
      direction of movement thereof.
NUM  18.
PAR  18. A process as claimed in claim 2 wherein, for preventing movement of the
      filter with the backing support during retraction thereof, the loading of
      the backing support by the filter is reduced for retraction thereof by
      temporarily supporting the filter other than exclusively by means of the
      backing support.
NUM  19.
PAR  19. A process as claimed in claim 3 wherein, for preventing movement of the
      filter with the backing support during retraction thereof, the loading of
      the backing support by the filter is reduced for retraction thereof by
      temporarily supporting the filter other than exclusively by means of the
      backing support.
NUM  20.
PAR  20. A process as claimed in claim 4 wherein, for preventing movement of the
      filter with the backing support during retraction thereof, the loading of
      the backing support by the filter is reduced for retraction thereof by
      temporarily supporting the filter other than exclusively by means of the
      backing support.
NUM  21.
PAR  21. A filtering device as claimed in claim 8 including clamping means
      operative during movement of the backing support in said one direction and
      otherwise inoperative, said clamping means being operative to prevent
      movement of the filter with the backing support during movement thereof in
      said one direction.
NUM  22.
PAR  22. A filtering device as claimed in claim 9 including clamping means
      operative during movement of the backing support in said one direction and
      otherwise inoperative, said clamping means being operative to prevent
      movement of the filter with the backing support during movement thereof in
      said one direction.
NUM  23.
PAR  23. A filtering device as claimed in claim 9 wherein said clamping means is
      arranged to clamp upon the outlet port sealing plug.
NUM  24.
PAR  24. A filtering device as claimed in claim 10 wherein said clamping means
      is arranged to clamp upon the outlet port sealing plug.
PATN
WKU  039403360
SRC  5
APN  481522&
APT  1
ART  176
APD  19740621
TTL  Method for cleaning semipermeable membranes
ISD  19760224
NCL  7
ECL  1
EXA  Lander; Ferris H.
EXP  Spear, Jr.; Frank A.
INVT
NAM  Macevicz; Clement C.
CTY  San Diego
STA  CA
INVT
NAM  Million; Charles W.
CTY  San Diego
STA  CA
ASSG
NAM  Desalination Systems, Inc.
CTY  Escondido
STA  CA
COD  02
CLAS
OCL  210 81
XCL  210433M
XCL  134 34
EDF  2
ICL  B01D 2324
ICL  B03B  300
ICL  B08B  300
FSC  210
FSS  81;433
FSC  134
FSS  34
FSC  423
FSS  580
UREF
PNO  3654148
ISD  19720400
NAM  Bradley
OCL  210433
OREF
PAL  Reverse Osmosis Applications, B. Leightell, Chemical & Process Engineering,
      June, 1971, pp. 79-80.
LREP
FR2  Allen; Clement H.
ABST
PAL  Mud, slime, precipitated particles and other foreign matter are removed
      from the surface of a semipermeable membrane used in a membrane process
      system by flushing, preferably with the membrane in place in its cartridge
      or container, with water of purity greater than 1 megohm resistivity.
BSUM
PAC  THE BACKGROUND OF THE INVENTION
PAR  1. The Field of the Invention
PAR  This invention relates to cleaning a semipermeable membrane used in a
      reverse osmosis or ultrafiltration system.
PAR  2. The Prior Art
PAR  A layer of slime, mud, salts, rust, insoluble particles or precipitates, or
      other foreign material often tends to deposit, after a period of use, on
      the surface of semipermeable membranes employed in membrane separation
      process systems such as reverse osmosis and ultrafiltration. Such deposits
      seriously reduce membrane efficiency; they block or blind the membrane
      surface, and reduce flux and often the salt rejection. If the membrane
      surfaces can not be cleaned at intervals, premature membrane replacement
      may be required to maintain plant output and product quality.
PAR  Many methods have been suggested or used for cleaning semipermeable
      membranes used in membrane process systems. These methods have included
      washing or flushing the membrane surfaces with a variety of solvents or
      solutions, often detergent solutions. Water sprays or pressurized water
      have been proposed to hydraulically loosen foreign material. Scrubbing as
      by use of sponges, soft plastic balls or other semi-rigid bodies has been
      suggested, often in conjunction with water or solution application.
PAR  A problem with such methods is that detergent and solvent solutions must be
      mild in order not to damage by chemical attack the membrane itself or the
      glue used in cartridge assemblies. Many detergent solutions are alkaline,
      which promotes hydrolysis of membrane materials such as cellulose acetate,
      with resulting early failure. Hydraulic or mechanical action must be
      carefully employed since the membrane is structurally relatively weak, and
      the active surface layer is characteristically extremely thin. On the
      other hand, many slime and mud formations may be considered to be
      refractory. They are often bound tightly into adhesive films, which are
      difficult to remove employing relatively mild solutions or dislodging
      methods which could otherwise be employed. Another disadvantage of the use
      of solvents or detergent solutions is that these may have to be carefully
      removed from the membrane surface by rinsing after use, to avoid possible
      contamination of product water, or the concentrate, which might be the
      wanted product as in an ultrafiltration process.
PAR  This invention employs a pure liquid for membrane cleaning, which contains
      no detergents or alkalis, which does not promote hydrolysis of membrane
      materials, which very effectively cleans mud, slime and other foreign
      materials from the surface of a semipermeable membrane, and which requires
      no rinsing after use and before restarting operation of the system.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Summarized briefly, this invention comprises a method for cleaning a
      semipermeable membrane in a membrane process solution treatment system, in
      which a surface of such a membrane is cleaned by flushing with ultrapure
      water, that is water of purity greater than one megohm resistivity, and
      preferably between about one megohm and about 18 megohms resistivity.
      Preferably, the surface of a semipermeable membrane is flushed with water
      of purity greater than one megohm resistivity at a rate between about
      one-tenth gallon and about ten gallons per hour of water per square foot
      of membrane area; and the flushing time should extend over a period of
      between about one and about fifteen hours. And, preferably also, the
      membrane is maintained in place in its working assembly, for example a
      cartridge or module, during cleaning.
PAR  The water of purity greater than one megohm resistivity is conveniently
      produced by deionization of water containing a substantial content of
      total dissolved solids; deionization is a well known process and apparatus
      using ion exchange resin beds or mixed resin beds is commercially
      available. Water containing more than 200 parts per million total
      dissolved solids may be first treated by a semipermeable membrane process,
      as reverse osmosis, to reduce its solids content below about 200 parts per
      million, and this can then be treated by deionization as by contact with
      ion exchange resins, to produce water of purity greater than one megohm
      resistivity.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The purity of water, in the range of relatively high purity, is defined by
      its content of total dissolved solids in terms of parts per million. Thus,
      municipal supply water is often in the range of 1000 to 500 ppm (parts per
      million), or below, of total dissolved solids. Purified municipal water
      for drinking and cooking of so-called bottled water grade, may contain 200
      to 50 ppm total dissolved solids, more or less. Such purities may readily
      be obtained by membrane processes such as reverse osmosis; however, the
      limit of purity with such treatment is in the low ppm range. Water of
      purity greater than this must ordinarily be produced by deionization,
      using ion exchange resins. Such purification can produce water purity
      which can not be readily determined by methods used for the parts per
      million range. The purity in this ultrapure range is determined by
      electrical resistivity in megohms, the methods for making such
      determination being well known and the required apparatus being
      commercially available. The cross-over between ppm and megohms in the
      overall scale is at about one megohm resistivity, at which purity level
      commercial units indicating parts per million of dissolved salts have
      reached the low end (highest purity) of their useful range. Highest purity
      water may be obtained by treatment with mixed beds of ion exchange resins.
PAR  The process of this invention comprises cleaning a surface of a
      semipermeable membrane by flushing with ultrapure water, that is water of
      purity greater than one megohm resistivity, and preferably between about
      one megohm and about 18 megohms resistivity. Water less pure than this and
      whose purity will ordinarily be defined in terms of parts per million of
      total dissolved solids, does not possess the required solvent action. The
      upper limit of purity, namely about 18 megohms resistivity, is of purity
      such that essentially all the conductivity results from H+ + OH.sup.-
      equilibrium reaction, and essentially no dissolved ionized salts remain.
PAR  The surface of the semipermeable membrane should be flushed with water of
      purity greater than about one megohm resistivity, preferably at a rate
      between about one-tenth gallon and about ten gallons per hour of such
      water per square foot of membrane area. While this does not provide very
      precise control of the volume of ultrapure water passed over the membrane
      surface, it does provide a general rule for use of the process of this
      invention, particularly when flushing with ultrapure water is accomplished
      with the membrane to be cleaned maintained in place in its working
      assembly, which may be cartridge, pack, or module unit, together with
      spacers, flow control materials, and other elements. There should be an
      appreciable flushing action or flow rate over the membrane surface to
      remove foreign material as it is loosened, and to thus continually expose
      a fresh surface for action by the ultrapure water. Less than about
      one-tenth gallon per hour per square foot of membrane area may at times be
      insufficient to ensure that this is accomplished, while more than about 10
      gallons per hour per square foot of membrane area will generally be more
      than required, will be wasteful of the ultrapure water, and result in
      unnecessary cost increase for the cleaning process.
PAR  Using the flushing rates described above, a time of treatment of from about
      one to about fifteen hours will remove ordinarily encountered membrane
      surface deposits. The minimum time of about one hour will loosen and
      remove easily separated foreign materials, while a time in the upper
      portion of the range may be found advantageous for removing deposits or
      accumulations of a more refractory nature. The minimum time of flushing
      will be found to be advantageous to obtain a clean efficient membrane
      surface even with little deposit to be removed. More than about fifteen
      hours treatment will generally not produce any additional benefit, may be
      wasteful of the ultrapure water and can cause an unduly long shut-down
      period for membrane cleaning.
PAR  An advantageous method for determining the amount of flushing water or time
      of treatment required is to test the ultrapure flush water after treatment
      of the membrane surface. At the beginning of cleaning treatment, the flush
      water, which will be an effluent from a cartridge or module if cleaning is
      accomplished with the membrane in place, will show the presence of
      dissolved salts and possibly suspended solids caused by dissolution and
      removal of material deposited on the membrane surface. Periodic testing of
      the effluent flush water should be continued until this shows a purity
      approaching that of the original ultrapure flush water, or has approached
      a steady state purity in the megohm range. This will indicate that
      dissolution of dissolved material has substantially ceased, cleaning has
      been accomplished and flushing may be terminated. Obviously, the purity of
      the effluent flush water will never, as a practical matter, equal the
      purity of the original flush water, but reaching an almost steady purity
      in the megohm range will indicate a satisfactory end of the cleaning
      process.
PAR  The method of this invention is preferably employed to clean a surface of a
      semipermeable membrane in place in its working assembly, which may be a
      cartridge or module often used in reverse osmosis and ultrafiltration
      systems. A common type of such a working assembly is the so-called spiral
      wound cartridge, which comprises a semipermeable membrane interleaved with
      product water transfer material and brine-side spacer mesh wound into a
      compact assembly around a central tube to form a cartridge. This cartridge
      is enclosed in a pressure resistant container to form a module, of which a
      sufficient number are employed to produce desired capacity in a complete
      system.
PAR  The following examples illustrate operation of the method of this
      invention:
PAC  EXAMPLE 1
PAR  A small module of a commercially available type containing a semipermeable
      membrane cartridge of the so-called spiral wound design in which the
      semipermeable membrane area was about 5 square feet had been in household
      service purifying Colorado River water from a municipal supply at a
      pressure of about 100 psi for a period of twelve months. The purified
      product water produced initially contained 35 ppm total dissolved solids
      and was produced by the 5 square foot cartridge at a rate of 1 gallon per
      square foot of membrane area per day. After the 12 months period of use,
      the purity of the purified product water was 70 ppm total dissolved
      solids, and the flux rate had dropped to 0.6 gallon per square foot of
      membrane area per day. The membrane surface over which the feed water
      flowed had accumulated a layer of slime, sludge, or foreign material which
      was seriously reducing its osmotic efficiency.
PAR  The membrane surface in this condition, and in place without dismantling
      the module, was flushed by passing water of purity about 18 megohms
      resistivity through the module and over the semipermeable membrane active
      surface at a rate of 1 gallon per hour for a period of about 10 hours.
      This amounted to one-fifth gallon per hour per square foot of membrane
      surface area. The cleaned module was then replaced in service without
      further treatment, purifying water from the same source and at the same
      pressure as before, and produced purified product water of about 40 ppm
      total dissolved solids at a flux rate of 0.9 gallon per square foot of
      membrane area per day, or almost the same as when initially placed in
      service. This indicated that the semipermeable membrane surface had been
      effectively cleaned by flushing with ultrapure water.
PAC  EXAMPLE 2
PAR  A spiral wound cartridge of larger size containing about 40 square feet of
      semipermeable membrane surface area was installed in a module in a
      commercial reverse osmosis system purifying municipal water at pressure of
      450 psi. After a number of months, the membrane active surface became
      coated and fouled with sludge or slime indicated by a drop in its output
      per square foot of membrane area and the purity of its purified product
      water.
PAR  The cartridge was cleaned by flushing with ultrapure water of about 18
      megohms resistivity, this water being passed through the module containing
      the cartridge for about 3 hours at a rate of 200 gallons per hour
      corresponding to 5 gallons per square foot of membrane area per hour.
      After this time, the flushing water effluent, or water after passing
      through the module, was found to have reached a steady state purity
      approaching the 18 megohm purity water introduced into the module.
PAR  After cleaning, the membrane cartridge was completely disassembled and
      carefully inspected. The membrane surface exposed to incoming feed liquid,
      as well as other parts of the cartridge assembly were absolutely clean
      with no sign of sludge, slime or foreign material, and appeared as new.
      The membrane itself appeared to have suffered no damage, and the glue line
      where the membrane edge was glued to the water transfer sheet was
      absolutely tight and in perfect condition. The ultrapure water had not
      attacked either the membrane or the glue.
PAR  After inspection, the cartridge was re-rolled back into spiral form and
      tested using as a feed Colorado River municipal water of 750 ppm total
      dissolved solids content at 100 psi, and at 400 psi feed water pressure.
      At 100 psi operating pressure, the flux and product purity were up
      slightly over that to be expected from a new similar cartridge. At 400
      psi, operating pressure, the flux and product water purity approached
      original output.
PAR  Ultrapure water of purity greater than one megohm resistivity may
      conveniently be prepared by treating water having a substantial total
      dissolved solids content by a commercially well known and commonly used
      deionization processes often using ion exchange resin beds. Water of
      municipal purity containing a substantial content of total dissolved
      solids, as for example, over two hundred to about one thousand ppm total
      dissolved solids may be so treated to produce required ultrapure water. A
      somewhat more efficient and believed lower cost process, comprises first
      treating the original municipal supply water containing a substantial
      content and over 200 ppm of total dissolved solids by reverse osmosis to
      reduce its total dissolved solids content to below about 200 ppm. This
      less than about 200 ppm water will form a feed of advantageously low
      dissolved salt or solids content feed for treatment by deionization using
      ion exchange resin beds to produce ultrapure water of greater than one
      megohm resistivity for use in the membrane cleaning method of this
      invention.
PAR  The reason for the surprisingly efficient cleaning action of the ultrapure
      water employed in the practice of this invention is not fully understood.
      It is postulated that the almost complete absence of any dissolved salts
      in water of purity in the megohm range causes a very strong tendency to
      dissolve any soluble materials with which it may be in contact. Thus any,
      even slightly soluble materials which bind the slime or sludge together to
      form an adhesive film, are dissolved, and disintegration of the film and
      flushing away of the foreign matter results.
PAR  Aside from requirements for an appreciable flushing action, that is a flow
      of ultrapure water over the semipermeable membrane surface, consideration
      of other conditions, such as the pressure at which the flushing water is
      contacted with the membrane surface, is not critical. As described, the
      cleaning process involves a surface flush or wash, and the ultrapure water
      is clearly not intended to penetrate or permeate through the membrane.
      Therefore, only incidental pressure which might be required to circulate
      the ultrapure water over the active membrane surface would be required,
      and this would be at most only slightly above atmospheric. The actual
      pressure would, of course, be such as to accomplish the flushing process,
      that is within the operable range for practice of the invention; this
      pressure would be substantially atmospheric as will be evident to those
      skilled in the art.
PAR  I have found that sludge, adhering slime, and films containing normally
      very difficult to remove substances such as calcium sulphate, magnesium
      sulphate, calcium carbonate and ferric hydroxide may be readily cleaned
      from the surface of a membrane on the method of this invention. Such
      substances can precipitate from water when their concentration is
      increased during a reverse osmosis or ultrafiltration process, and the
      precipitated solids often form an adherent tough and almost scalelike
      deposit.
PAR  It is exceptionally advantageous that such an effect can be obtained using
      an ultrapure water instead of detergent solutions and scrubbing methods
      previously proposed. The ultrapure water has no deterious effect on the
      semipermeable membrane so that it may be used with reasonable frequency to
      maintain membrane surface cleanliness. Since it does not contain
      detergents, soluble salts or compounds, no rinsing after use is necessary
      and the flushed membrane cartridges or modules may be directly returned to
      production. Thus, rinse water costs, labor and additional down time is
      saved.
PAR  No scrubbing or mechanical or hydraulic action on the membrane surface is
      employed in the process of this invention. The membrane may be cleaned in
      place in its cartridge or module, without dismantling these to expose the
      membrane surface for scrubbing or forceful washing with water streams or
      sprays. Therefore, the membrane assembly is not disturbed and the costs
      for dismantling and reassembly are saved. I have found that a circulation
      of ultrapure water under conditions described heretofore will produce
      excellent surface cleaning at low cost.
PAR  The method of this invention is useful for cleaning surfaces of
      semipermeable membranes employed in a wide variety of membrane process
      systems. These will include reverse osmosis systems used for purifying
      water and other solutions, and ultrafiltration systems used for separating
      larger diameter ions and particles from solutions; and which in many
      cases, the concentrate or particles separated constitute the desired
      product.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for cleaning a surface of a semipermeable membrane in a
      membrane process solution treatment system which comprises:
PA1  a. flushing the said surface of said semipermeable membrane with water at
      substantially atmospheric pressure and of purity greater than about one
      megohm resistivity.
NUM  2.
PAR  2. A method according to claim 1, in which said water is of purity between
      about one megohm and about 18 megohms resistivity.
NUM  3.
PAR  3. A method according to claim 1, in which said semipermeable membrane is
      maintained in place in its working assembly during said cleaning.
NUM  4.
PAR  4. A method according to claim 1, in which said semipermeable membrane
      surface is flushed with said water of purity greater than about one megohm
      resistivity at a rate of between about one-tenth gallon and about ten
      gallons per hour of said water per square foot of membrane area.
NUM  5.
PAR  5. A method according to claim 4, in which said semipermeable membrane
      surface is flushed with said water of purity greater than about one megohm
      resistivity for a period between about one hour and about fifteen hours.
NUM  6.
PAR  6. A method according to claim 1, in which said flushing is continued until
      flushing water effluent shows purity approaching that of the original
      flush water.
NUM  7.
PAR  7. A method according to claim 1, in which the water of purity greater than
      about 1 megohm resistivity is produced by treating water of municipal
      purity containing more than about 200 parts per million total dissolved
      solids by reverse osmosis to reduce its total dissolved solids content to
      less than about 200 parts per million, and treating said water of less
      than about 200 parts per million of total dissolved solids by deionization
      to produce water of purity greater than about one megohm resistivity.
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ABST
PAL  A clarifier for purifying liquids containing solids or contaminants. The
      liquid to be treated enters the clarifier and is directed into a primary
      sludge contact zone where it is mixed with recirculating sludge. Liquid
      from the primary sludge contact zone is pumped via flumes to the entrance
      of a settling corridor for horizontal flow therethrough. The liquid flows
      through the corridor forming an upper free-fall zone and a lower sludge
      zone as the precipitates settle out. As the liquid reaches the settling
      corridor exit, it approaches a point of positive separation of the
      clarified liquid above from the sludge stream below, which is formed by
      the kinetic capture of precipitates settling from the free-fall zone into
      the sludge zone of increasing velocity. The clarified liquid and the
      sludge stream enter a separation zone where they are caused to contact a
      vertical flow directing partition wall causing the sludge stream, of
      higher velocity, to pass thereunder back into the primary contact zone and
      the clarified liquid, of lower velocity, to pass thereover to be boosted
      through flumes into a secondary settling basin for polishing. Polished
      liquid then flows over weirs to outlet while the sludge collected in the
      basin is directed to the entrance of the settling corridor.
PARN
PAR  This is a continuation of application Ser. No. 347,031, filed Apr. 2, 1973,
      and now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to improvements in the art of separating
      suspending solids from liquids, and more particularly to an apparatus for
      purifying or clarifying liquids containing solids, contaminants, and the
      like.
PAR  It has been the heretofore practice in conventional horizontal clarifiers
      to pass liquid to be clarified through a settling zone, in which the
      terminal depth of clarified water at the point of collection is a function
      of the particle settling velocity and the upward overflow rate, to settle
      out the precipitates present in the liquid. The apparatus of the present
      invention offers a unique design which permits the liquid being clarified
      to travel through a settling zone having a controlled depth, along the
      entire length of the zone, which is a function of the particle settling
      velocity and the vector sum of the upward overflow rate opposed by a
      greater downward desludging flow rate traveling in the same direction
      while the precipitates are settled out. This feature permits the clarifier
      to attain greater flexibility in obtaining increased throughput for a
      given size. A more positive control and retention of the suspended or
      precipitated solids separated from clear effluent may also be attained
      with the proposed type of clarifier.
PAR  It is an object of the present invention to provide a method for removing
      suspended solids and the like from liquids while the liquid is flowing in
      a substantially horizontal direction.
PAR  It is a further object of the present invention to provide clarifier
      apparatus for removing suspended solids and the like from liquids which
      pass through the clarifier in a substantially horizontal direction.
PAR  It is another object, in accordance with the previous object, to cause the
      horizontal flow of liquid to define an upper free-fall layer of lower
      velocity and a lower sludge layer of higher velocity which approaches a
      point of positive separation of the clarified water above from the sludge
      stream below.
PAR  It is another object of the present invention to provide a horizontal flow
      type clarifier which provides kinetic capture of precipitates settling
      from an upper free-fall layer into a lower sludge layer of increasing
      velocity.
PAR  It is a further object of this invention to provide a horizontal flow type
      clarifier having a secondary clarification basin for polishing of the
      effluent after primary clarification.
PAR  It is yet a further object of the present invention to provide a clarifier
      for removing solids and the like from liquids which offers greater
      flexibility in obtaining increased throughout for a given size.
PAR  The above and other objects are realized in accordance with the present
      invention by providing a new and improved clarifier design for purifying
      liquids containing solids or contaminants. Briefly stated, the liquid to
      be purified, i.e. a liquid containing solids and the like, is fed into the
      clarifier apparatus of the present invention and both purified liquids and
      thickened solids and/or particles are produced by and discharged from the
      apparatus. The liquid to be treated enters the clarifier and is directed
      into a primary sludge contact zone where it is mixed with recirculating
      sludge. Chemicals may be added to the liquid in this zone to aid in the
      formation of precipitates. Liquid from the primary sludge contact zone is
      pumped via flumes to the entrance of a settling corridor for horizontal
      flow therethrough. The liquid flows horizontally through the corridor
      forming an upper free-fall zone and a lower sludge zone as the
      precipitates settle out. As the liquid reaches the settling corridor exit,
      it approaches a point of positive separation of the clarified liquid above
      from the sludge stream below which is formed by the kinetic capture of
      precipitates settling from the free-fall zone into the sludge zone of
      increasing velocity. The clarified liquid and the sludge stream enter a
      separation zone where they are caused to contact a vertical flow directing
      partition wall causing the sludge stream of higher velocity to pass
      thereunder back into the primary sludge contact zone and the clarified
      liquid of lower velocity to pass thereover to be boosted through flumes
      into a secondary settling basin for polishing. Polished liquid then flows
      over weirs to outlet while the sludge collected in the basin is directed
      to the entrance of the settling corridor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention, as to its organization, taken with further objects and
      advantages thereof, will best be understood by reference to the following
      description taken in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view of a liquid treating apparatus embodying the
      features of the present invention;
PAR  FIG. 2 is an end elevation of the liquid treating apparatus of FIG. 1;
PAR  FIG. 3 is a sectional view of the liquid treating apparatus of FIG. 1 taken
      along line 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional view of the liquid treating apparatus of FIG. 1 taken
      along line 4-4 of FIG. 1;
PAR  FIG. 5 is an elevational view of a typical adjustable weir of the type used
      to control liquid flow through various parts of the liquid treating
      apparatus of FIG. 1;
PAR  FIG. 6 is a partial sectional view taken along line 6--6 of FIG. 4 showing
      the construction details of the secondary settling basin floor; and
PAR  FIG. 7 is a partial sectional view taken along line 7--7 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1-4 there is illustrated a liquid treating
      apparatus, indicated generally by reference numeral 10, embodying the
      features of the present invention. The water treating apparatus 10
      comprises a rectangular open tank 12 having side walls 14, 16, 18, and 20
      and a bottom 22. A flow directing partition wall 24 divides tank 12 into a
      distribution compartment 26 and a settling compartment 28. A portion of
      bottom 22 which defines compartment 28 is inclined slightly upward in a
      direction away from compartment 26. Compartment 28 further includes a
      floor 30 defined by inclined floor sections 32 and 34 so as to define a
      substantially V-shaped channel 36 therebetween. Sections 32 and 34 are
      angled inward from the edges of wall 20 towards a central portion of
      partition wall 24 and downward in a direction away from partition wall 24
      towards the lower edge of wall 20. The area between floor sections 32 and
      34 and walls 16 and 18 is preferably filled with compacted earth fill.
      Channel 36 is thus a funnel shaped passageway of an increasing included
      angle in a direction away from partition wall 24 and of a decreasing depth
      in a direction away from partition wall 24.
PAR  Flow directing partition wall 24 is formed to define a sludge port 38 at a
      lower portion thereof, in communication with a lower portion of channel
      36, and a flume 40 along the upper edge thereof, as best seen in FIG. 4.
      Referring to FIGS. 1 and 3, a flume or trough 42 is formed along the upper
      edge of wall 18 having an inlet end 44 in communication with an upper
      portion of compartment 26 and an outlet end 46 in communication with a
      downcomer 48 formed at the intersection between walls 18 and 20 in
      communication with channel 36.
PAR  Distribution compartment 26 is divided into a sludge contact and
      recirculation zone 50 and a clear liquid receiving zone 52. Recirculation
      zone 50 includes an inlet pipe 54 in communication with a draft tube 56
      positioned therein having conventional recirculation apparatus 58
      associated therewith, as best seen in FIGS. 1, 2, and 4. Zone 52 likewise
      includes a draft tube 60 positioned therein having conventional
      circulation apparatus 62 associated therewith, as best seen in FIGS. 1, 2,
      and 4.
PAR  A false floor 70 spanning across an upper portion of compartment 28 between
      walls 16 and 18, defines an elevated secondary settling basic 72
      thereabove, as best seen in FIG. 4. As seen in FIGS. 6 and 7, floor 70 is
      constructed from a plurality of transversely extending I beams 74 covered
      by corrugated fiberglass sheets 76. Spacer elements 78 are sandwiched
      between upper sheet 76 and I beams 74. I beams 74 and elements 78 are
      dimensioned to cause a gradual downward slope of floor 70 in a direction
      towards wall 20. The outer end of floor 70 is spaced from wall 20 so as to
      define a sludge return port 80 therebetween. The inner end of floor 70 is
      secured to the lower portion of a transverse flume or trough 82 extending
      between the upper portions of wall 16 and flume 42, as best seen in FIG.
      7. Angle brackets 84 and sealing strips 86 secure floor 70 to flume 82.
PAR  A connecting pipe of flume 90 is provided to permit the passage of liquid
      which enters zone 52, through a passage 92 formed in wall 24, to be
      recirculated through draft tube 56 into flume 82. A polished liquid
      collecting flume 94 extends along the upper edge of wall 20 in basin 72 to
      collect polished liquid from basin 72 and direct it to service through
      outlet pipe 96. Adjustable weirs 100, 102, and 104 are respectively
      provided to control the passage of liquid over flumes 82, 40, and 94, as
      best seen in FIG. 4. Referring to FIG. 5, weirs 100, 102, and 104 are of
      similar construction and include a vertical plate 106 secured to the flume
      wall by a bolt 108 passing through a vertically elongated slot 109 in
      plate 106. Relative movement of bolts 108 within slots 109 permits
      vertical adjustment of the weirs. Drain pipes 101 and 103 are respectively
      provided to drain compartments 26 and 28.
PAR  The liquid to be treated enters the clarifying apparatus 10 through inlet
      pipe 54 into recirculation zone 50. This liquid is mixed with the return
      sludge within zone 50 and is lifted through draft tube 56 via
      recirculation apparatus 58 into flume 42. Chemicals may be added into zone
      50 to aid in the formation of precipitates. The liquid from flume 42 is
      directed through downcomer 48 into the entrance of a horizontal flow
      corridor 37 defined by the area below floor 70 plus the area of channel
      36. The liquid flows through corridor 37 in a substantially horizontal
      direction defining a sludge zone 110 below the boundary streamline 111 and
      a free-fall zone 114 above the boundary streamline 111. A transition zone
      112 is defined between the clear liquid line 115 and the sludge line 116.
      As the solid particles settle from the free-fall zone 114 through the
      transition zone 112, they are captured into the sludge zone as they fall
      below the boundary streamline 111. By the time the liquid exits corridor
      37 and enters separating zone 39, a distinct separation of a clear liquid
      stream above the boundary streamline 111 and a sludge stream below the
      boundary streamline is present. The sludge stream is directed through
      sludge port 38, formed through wall 24, into sludge contact zone 50 to be
      mixed with inlet liquid and recirculated back through corridor 37 via
      flume 42. The clear liquid stream passes over weir 102 into flume 40 and
      through passage 92 into zone 52.
PAR  The clear liquid from zone 52 is lifted into draft tube 60 by circulation
      apparatus 62 and directed through pipe 90 into flume 82. The clear liquid
      then passes over weir 100 into elevated basic 72 for final polishing. As
      the liquid flows through basic 72 solids still suspended therein are
      settled out and re-enter corridor 37 via sludge return port 80. The
      polished liquid passes over weir 104 into flume 94 and leaves clarifying
      apparatus 10 to service through pipe 96. The arrows in FIG. 4 indicate the
      general directions of liquid flow.
PAR  An important part of the present invention is establishing a flow rate
      relationship between the flow over weir 102 and the flow through sludge
      port 38. By establishing a greater flow rate of the sludge stream through
      port 38 than the flow rate of the clear liquid stream over weir 102, a
      point of positive separation of the clear liquid stream above the sludge
      stream therebelow is approached. Also, this flow rate relationship results
      in a kinetic capture of solid particles from the free-fall layer into the
      sludge layer of increased velocity. The relative flow rates of the sludge
      stream and clear water stream are controlled by the adjustment of weirs
      102, 100, and 104 and the flow rate through inlet pipe 54. Adjustment of
      weir 102 controls the flow rate of clear liquid leaving separating zone 39
      into flume 40. Adjustment of weir 100 controls the flow rate of clear
      liquid leaving flume 82 into basic 72. The adjustment of weir 104 controls
      the flow rate of polished liquid leaving basic 72 into flume 94 to be
      directed to service via outlet pipe 96.
PAR  For purposes of an example, a clarifier assembly constructed in accordance
      with the present invention, designed to delivery 3 million gallons per
      day, has an inlet flow rate through pipe 54 of 280 cfm and an outlet flow
      rate through pipe 96 of 280 cfm. The flow rate through flume 42 and
      downcomer 48 into corridor 37 is 1,120 cfm and the flow rate from sludge
      return port 80 into corridor 37 is 140 cfm; making the total flow rate
      through corridor 37 at 1,260 cfm. The flow rate of the sludge stream
      leaving separation zone 39 via sludge port 38 into sludge contact zone 50
      is 840 cfm and the flow rate of the clear liquid stream leaving separation
      zone 39 over weir 102 into zone 52 via flume 40 and passage 92 is 420 cfm.
      The flow rate of clear liquid from zone 52 which passes through pipe 90
      into flume 82 and over weir 100 into basin 72 is also 420 cfm. Polished
      liquid is removed to service over weir 104 into flume 94 and out pipe 96
      at a flow rate of 280 cfm and the sludge from basin 72 is returned to
      corridor 37 via port 80 at a flow rate of 140 cfm. The flow of the sludge
      layer at approximately twice the rates of the flow of the free-fall layer
      within corridor 37 results in the kinetic capture of solid particles from
      the free-fall layer into the sludge layer and also causes a point of
      positive separation of the clear liquid stream over the sludge stream
      within separation zone 39.
PAR  While the embodiment described herein is at present considered to be
      preferred, it is understood that various modifications and improvements
      may be made therein, and it is intended to cover in the appended claims
      all such modifications and improvements as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for separating suspended solids from liquids, comprising: a
      tank, a horizontally elongated settling corridor defined within said tank
      for directing liquid therethrough in a substantially horizontal flow
      direction so as to define an upper free-fall settling zone and a lower
      sludge zone; a liquid entrance at one end of the settling corridor; a
      sludge contact zone defined within said tank for receiving liquid entering
      said tank; a secondary settling basin; a substantially vertical partition
      wall positioned in facing relationship to the liquid exiting from said
      settling corridor, said partition wall being positioned so as to define a
      passageway therebelow to receive the liquid from the sludge zone leaving
      said corridor and a passageway thereabove to receive liquid from the
      free-fall zone leaving said corridor; means associated with said partition
      wall for causing the horizontal flow rate of liquid in said sludge zone to
      be greater than the horizontal flow rate of liquid in said free-fall zone
      so as to cause a kinetic capture of solids settling from the free-fall
      zone into the sludge zone; said secondary settling basic having outlet
      means to direct liquid to service; and said sludge contact zone having
      sludge return means for directing liquid therefrom through said entrance
      and into said settling corridor.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said secondary settling
      basin is defined within an upper portion of said tank so as to define said
      settling corridor immediately therebelow.
NUM  3.
PAR  3. The invention as defined in claim 1 wherein the upper portion of said
      partition wall includes adjustable weir means associated therewith so as
      to permit adjustment of the relative flow rates of said free-fall zone and
      said sludge zone to cause kinetic capture of solids settling from said
      free-fall zone into said sludge zone.
NUM  4.
PAR  4. The invention as defined in claim 1 wherein said partition wall
      partially defines said sludge contact zone therebehind for receiving the
      liquid from said sludge zone which passes below said partition wall.
NUM  5.
PAR  5. The invention as defined in claim 4 further including inlet pipe means
      associated with said sludge contact zone for directing liquid thereinto.
NUM  6.
PAR  6. The invention as defined in claim 5 wherein recirculator means is
      provided within said sludge contact zone for directing liquid contained
      therein through a connecting flume into the entrance of said settling
      corridor.
NUM  7.
PAR  7. The invention as defined in claim 4 wherein said partition wall
      partially defines a chamber therebehind for receiving the liquid from said
      free-fall zone which passes over said partition wall.
NUM  8.
PAR  8. The invention as defined in claim 7 wherein said partition wall has
      adjustable weir means associated with an upper portion thereof so as to
      permit adjustment of the relative flow rate of said free-fall zone and
      said sludge zone to cause kinetic capture of solids settling from said
      free-fall layer into said sludge layer.
NUM  9.
PAR  9. The invention as defined in claim 7 wherein said chamber includes
      circulator means for directing liquid from said chamber into said
      secondary settling basin.
NUM  10.
PAR  10. The invention as defined in claim 9 wherein the liquid from said
      chamber passes through turn around flumes before entering said settling
      basin.
NUM  11.
PAR  11. The invention as defined in claim 1 wherein said outlet means
      communicates with an upper portion of said secondary settling basin and a
      sludge port is defined in a lower portion of said secondary settling basin
      for directing sludge back into said settling corridor adjacent the
      entrance thereof.
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ABST
PAL  A pallet truck is provided with a tiller and a lift device including a lift
      jack. This is pumped by means of the tiller. In the upper part of this
      tiller is pivotally mounted a control lever for controlling the lift
      device for its functioning in different ways. For this purpose the lever
      is adjustable into three different positions, two outer ones and a middle
      one, and is by means of a link rod connected to the lift device. The link
      rod is spring loaded in such a way that it tends to move the lever from
      one outer position to the other outer position. One outer position is a
      pumping position for raising the jack. The other outer position is a
      release position for lowering the jack; while the middle position is a
      neutral position.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 400,629, filed Sept. 25, 1973, now abandoned.
BSUM
PAR  The present invention relates to vehicles provided with a lift device and a
      tiller, said tiller also being used as a pump rod for a lift jack included
      in the lift device, said vehicle further being provided with a control
      member adjustable into three different positions, namely, first and second
      outer positions and a middle position, in order to control the lift device
      for its function in different ways.
PAR  For instance, certain hydraulically operated elevating pallet trucks use
      such a combined tiller, steering rod and pump rod. For the sake of
      simplicity this rod in the following will be called only a tiller. Such
      trucks are generally so arranged that the load is lifted by pressing the
      tiller forwardly and downwardly, the pump piston of a hydraulic lift jack
      thereby being pressed down causing oil to be forced into a lift cylinder,
      the piston of which through different mechanisms lifts the load.
PAR  Pallet trucks of this type are shown for example in U.S. Pat. Nos.
      3,188,107 and 3,286,985, so that it is not necessary to describe in
      greater detail the structure common to those patents and this invention.
PAR  In FIG. 1 is shown such a pallet truck having a tiller designated 1. If the
      truck is to be moved backward the tiller is brought into its vertical,
      full line position according to FIG. 1 and the operator pushes the truck
      before him by pressing on the handle bar of the tiller. If thereafter the
      truck is to be moved forward the operator again has to turn the tiller
      forwardly and downwardly into the dash-dot line position according to FIG.
      1. If the truck is heavily loaded, great power must be applied when making
      this swinging movement of the tiller as this movement also means that the
      lift jack produces a pump stroke lifting the load further.
PAR  The object of the present invention is to solve this problem.
PAR  According to the invention the control member consists of a lever pivotally
      mounted in the upper part of the tiller, which lever through a link rod,
      extending lengthwise of the tiller, is connected to the lift device, the
      link rod being spring loaded in such a way, that the lift device and thus
      the lever tends to move into the second one of said outer positions.
DRWD
PAR  To exemplify the invention an embodiment of it will now be described with
      reference to the accompanying drawings, wherein:
PAR  FIG. 1 as mentioned above discloses an elevating pallet truck which is
      shown in a side view,
PAR  FIG. 2 shows a front view, partly in section, of the upper part of a tiller
      included in said truck,
PAR  FIG. 3 shows a sectional view of the same tiller,
PAR  FIG. 4 shows a schematic view of what the tiller controls,
PAR  FIGS. 5 and 6 are hydraulic circuit diagrams of the lift control in the
      pumping position, and
PAR  FIGS. 7 and 8 are similar to FIGS. 5 and 6 but showing the parts in the
      neutral and release positions, respectively.
DETD
PAR  FIG. 2 discloses how a control lever 2 is pivotally mounted about a shaft 6
      transversely passing through the upper part of the tiller 1. The lever 2
      is adjustable into three different positions, of which in FIG. 2 the upper
      and lower ones are shown in dash-dot lines and the middle one is shown in
      full lines. The lever is provided with a pin 5 about which is pivoted a
      downwardly spring-loaded rod 4 controlling the lift device in dependence
      on the position of the lever 2.
PAR  In the upper position of the lever 2 the lift device of the truck is so
      adjusted that the load is lowered. In the lower position, the pump
      position, the tiller 1 operates a pump 8 to raise a lift jack included in
      the lift device 9; and in the middle or neutral position the tiller will
      be disconnected from the lift jack.
PAR  In the middle position the lever 2 is locked with a relatively small force
      to the tiller 1. This locking device is shown in FIG. 3 which is a
      sectional view through the tiller 1 and through the lever 2 (middle
      position) at the level of the shaft 6. Inserted in the lever 2 is a
      transverse spring 7. Each end of spring 7 engages a ball 3 and forces it
      into engagement with recesses in the tiller 1. Thus this locking takes
      place when the lever is in its middle position. Through adjusting the
      force of the spring 7 to a suitable value, it can be achieved that the
      lever, when in its upper position, can be released from that upper
      position and then automatically is pulled down into its lower position
      without stopping in its middle position. This function simplifies the
      operation of the truck further. In order to bring the lever to stop in its
      middle position the operator must keep hold of the lever, while it is
      moved by the spring to this position.
PAR  Referring now to FIG. 4, it will be seen that the lift device 9 is provided
      with an angular lever arm 10 having one leg 11 which, via a chain 12, is
      connected to the lower end of the rod 4. The other leg 13 of arm 10
      reciprocates a pin 14, which is urged outwardly by a spring 15. Pin 14 is
      a valve actuator whose function can be seen in FIGS. 5-8.
PAR  Consider next FIGS. 5 and 6, in which the parts are in the pumping
      position. The pump 8 is seen to the left of the figures; and it will be
      understood that FIG. 5 shows the upstroke of the pump, while FIG. 6 shows
      the downstroke of the pump.
PAR  The pump 8 includes cylinder 17 in which a piston 18 is reciprocable under
      the influence of a piston rod 19 which at its upper end has a connection
      20 for pivotal connection to tiller 1 at a point spaced from the
      horizontal axis of vertical swinging movement of tiller 1. Thus, vertical
      swinging movement of tiller 1 reciprocates piston 18 to operate pump 8.
PAR  Pump 8 communicates through conduit 21 with a valve chamber 22 containing a
      ball 23 that moves vertically into and out of contact with its annular
      seat 24 to open and close a passageway 25 to a cylinder 26 which
      communicates through conduit 27 with an oil reservoir 28. Cylinder 26
      receives an end of pin 14 that is secured to a piston 29 that slides
      sealingly in cylinder 26 and that carries a further pin 30 that in turn is
      surrounded by a coil compression spring 31 that acts in the same direction
      as spring 15. In fact, either one of springs 15 or 31 can be eliminated,
      but not both.
PAR  Above chamber 22 in FIGS. 5 and 6 is a chamber 32 that communicates with
      chamber 22 through a passageway 33. A valve cone 34 is urged against its
      seat 35 by spring 36 to close passageway 33. A pin 37 depends from cone 34
      and extends through passageway 33. Cone 34 thus establishes or interrupts
      communication between chambers 22 and 32.
PAR  Chamber 32 communicates through conduit 38 with a cylinder 39 in which
      sealingly slides the lift piston 40 that also passes sealingly through oil
      reservoir 28. The upper end 41 of piston 40 emerges from lift device 9 and
      bears against the underside of the forward ends of the forks of the truck
      in the manner disclosed in the above-identified patents, thereby to
      constitute a lift jack.
PAR  It will be understood that cylinder 17 below piston 18, and conduit 21,
      cylinder 26 above piston 29, chambers 22 and 32, conduits 27 and 38,
      cylinder 39, and at least the lower part of oil reservoir 28, are always
      completely full of a hydraulic fluid such as oil. Therefore, in the
      upstroke position of FIG. 5, when the tiller 1 is swung upwardly drawing
      piston 18 up as seen in FIG. 5, oil flows from reservoir 28 through
      conduit 27, cylinder 26, passageway 25, chamber 22, conduit 21 and into
      the lower end of cylinder 17. Ball 23 is raised against pin 37. Cone 34 is
      firmly held against its seat 35 not only by the spring 36 but also by the
      suction created by the rising piston 18, so that conduit 38 is closed and
      oil neither enters nor leaves cylinder 39. Lever 2 is in its lower
      position of FIGS. 2 and 4, and so spring 15 and/or spring 31 maintain pin
      14 in its outer postion in FIG. 4, which is its lower position in FIGS. 5
      and 6, so that pin 30 is spaced below any position that can be reached by
      ball 23 both in the FIG. 5 and in the FIG. 6 positions of ball 23.
PAR  FIG. 6 shows the pumping position, when tiller 1 is swung downwardly, which
      is counterclockwise in FIG. 1, thereby to move piston 18 downwardly in
      cylinder 17. Oil then flows out of cylinder 17 through conduit 21 and into
      chamber 22, where it depresses ball 23 against seat 24 thereby sealing
      conduit 27 so that oil cannot return to reservoir 28. Instead, the oil
      passes from chamber 22 through passageway 33 and raises cone 34 against
      the action of spring 36 and flows through conduit 38 into cylinder 39,
      raising piston 40. This elevates the forward ends of the forks of the
      truck; and this operation can be repeated unitl the desired elevation is
      reached.
PAR  To reach a neutral position in which the jack will be neither raised nor
      lowered but in which the tiller 1 can be swung at will for transporting
      the load, the lever 2 is raised to its full line position or middle
      position shown in FIGS. 2 and 4, against the action of springs 15 and/or
      31, whereupon the parts assume their FiG. 7 or neutral position. The
      raising of lever 2 has swung lever arm 10 counterclockwise to move pin 14
      farther into cylinder 26, thereby moving pin 30 up into passageway 25 to
      the point that the upper end of pin 30 engages ball 23 and lifts ball 23
      off its seat 24 and holds passageway 25 open. Cone 34 is held by spring 36
      against its seat 35; and also the weight of the forks acting through
      piston 40 on the oil in cylinder 39 holds cone 34 against its seat 35.
      Vertical swinging movement of tiller 1 in this position of the parts, that
      is to say, vertical reciprocatory movement of piston 18 in cylinder 17,
      thus merely moves oil back and forth between cylinder 17 and reservoir 28
      against only the resistance of the oil flowing through the circuit that
      includes conduits 21 and 27.
PAR  Moving lever 2 to the upper position, that is, urging pin 14 to its
      innermost position, which is the uppermost position of pin 14 shown in
      FIG. 8, raises ball 23 farther, to the extent that ball 23 contacts the
      lower end of pin 37 and thus lifts cone 34 off its seat 35. Ball 23 holds
      cone 34 elevated, so that oil is now free to flow from cylinder 39 through
      conduit 38, through chamber 32 past cone 34, through chamber 22 and into
      cylinder 26 and through conduit 27 into reservoir 28. The weight of the
      forks and piston 40 thus causes them to sink and to perform the work
      necessary to move the oil by this path from cylinder 39 to reservoir 28,
      thereby lowering the forward ends of the forks.
PAR  It will be appreciated from the above that the positioning of lever 2
      adjacent the handle of tiller 1 makes it quite convenient to operate the
      device. When lever 2 is in its lowermost or pumping position, it need not
      be touched because it is spring urged to that position and the tiller
      handle can be grasped with both hands to oscillate it to effect the
      pumping.
PAR  After the load has arrived at the intended level, with the handle bar still
      in the operator's grip, lever 2 can be moved by the fingers upward to the
      middle position and released there because it will be weakly locked in
      that position by the engagement of the balls 3 in the associated recesses
      under the urging of the spring 7. It is thereafter not necessary to touch
      the lever 2 to maintain it in a neutral position, and the tiller can thus
      be swung vertically as desired to move the load in any direction and to
      push or pull the truck, with no pumping effect and with the jack
      maintaining its predetermined elevation.
PAR  To lower the load, the lever 2 is pulled upward to its upper position and
      manually held there until the truck descends to the degree desired. The
      lever can then be slowly released, whereupon it will be returned to its
      neutral position by the spring action described above; or it can be
      quickly released whereupon the springs 15 and/or 31 will pull it through
      the neutral position to the lowermost position for further pumping.
PAR  The lever can thus be easily controlled by the fingers of one hand without
      releasing the two-hand hold of the handle bar of the tiller, which results
      in a saving of time and trouble as compared to the operation of known
      devices.
PAR  The pumping and release and neutral positions of the device can of course
      be rearranged with respect to the three positions of the lever, without
      departing from the invention. Thus, for example, the pumping position
      could be uppermost and the release lowermost and the neutral intermediate,
      or there could be some other arrangement of these positions.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that the initially recited object of the present invention has
      been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with a preferred embodiment, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle having a lift-jack-operated lift device and a tiller, said
      tiller also comprising a pump rod for said lift jack, a control lever
      pivotally mounted in the upper part of said tiller and extending
      transversely therefrom and connected to one end of a link rod displaceably
      mounted lengthwise of said tiller, said link rod at its other end being
      connected to and controlling said lift device, said control lever taking
      three different positions, a first and a second outer position and a
      middle position, corresponding to three different displacement positions
      of the link rod, said link rod in these different positions setting the
      lift device for three different functions, said link rod further being
      spring loaded for moving said control lever into its second outer
      position, a locking device for said control lever for locking said lever
      only in its middle position and having such a weak force in relation to
      said spring, that when the control lever is manually kept in its first
      outer position against said spring and is released therefrom said lever
      will be automatically moved by said spring into said second outer position
      thereby passing the middle position without being locked there.
NUM  2.
PAR  2. A vehicle as claimed in claim 1, said locking device comprising a pair
      of balls carried by said control lever, and spring means urging said balls
      oppositely outwardly into recesses in said tiller in said middle position
      of said lever.
NUM  3.
PAR  3. A vehicle as claimed in claim 1, said control lever in one of said outer
      positions controlling said lift device so that vertical swinging movement
      of said tiller pumps said lift jack to raise said lift jack, said control
      lever in the other of said outer position releasing said lift jack to
      lower the same, and said lever in said middle position disconnecting said
      jack from said tiller so that said tiller can be swung vertically without
      operating said jack.
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ABST
PAL  A lubricating grease having an exceptional ability to protect metal bearing
      surfaces against rusting or corrosion in the presence of salt water
      contains a synergistic combination of a lithium complex grease thickener,
      a quaternary ammonium nitrate and an amino imidazoline. The grease
      thickener is a complex of a lithium soap of a C.sub.12 to C.sub.24 hydroxy
      fatty acid and a monolithium salt of boric acid, and can include as a
      third component a lithium salt of a second hydroxycarboxylic acid such as
      salicyclic acid
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns a lubricating grease composition that possesses an
      exceptional ability to protect metal bearing surfaces against rusting or
      corrosion in the presence of salt water. The grease composition contains a
      synergistic combination of a lithium complex grease thickener, a
      quaternary ammonium nitrite and an amino imidazoline.
PAR  There is an increasing need for a grease composition that will provide good
      protection against bearing damage caused by salt water corrosion. The
      grease of the present invention is one that furnishes both excellent
      corrosion resistance and outstanding high temperature characteristics.
PAC  REFERENCE TO PRIOR ART
PAR  In U.S. Pat. No. 3,730,896 of William P. Scott and Warren W. Woods, granted
      May 1, 1973, there is disclosed a grease composition having good low
      temperature properties as well as effective rust inhibiting properties.
      That composition comprises a major proportion of a synthetic hydrocarbon
      lubricant such as a monoalkylated benzene, a grease-forming amount of a
      lithium soap of a fatty acid and a rust inhibiting amount of a combination
      of lead naphthenate, a dicaprylate derivative of a fatty acid imidazoline
      alkyl diamine, and a dialkyl dimethyl quaternary ammonium nitrate or
      nitrite. It is disclosed in that patent that the rust inhibitor
      combination did not provide protection in salt water environments when
      used in a conventional petroleum oil grease thickened with a lithium soap.
      Lithium 12 hydroxy stearate is disclosed therein as a conventional lithium
      soap grease thickener.
PAC  DESCRIPTION OF THE PRESENT INVENTION
PAR  In accordance with the present invention, it has surprisingly been found
      that a grease that is prepared with a grease thickener comprising a
      complex of a lithium soap of a C.sub.12 to C.sub.24 hydroxy fatty acid and
      boric acid can be improved with respect to salt water corrosion protection
      by incorporating into the grease a corrosion inhibiting combination of a
      dialkyl dimethyl ammonium nitrite and an amino imidazoline.
PAR  The quaternary ammonium nitrite component of the corrosion inhibitor is a
      dialkyl dimethyl ammonium nitrite wherein the alkyl groups have from eight
      to 18 carbon atoms. Particularly preferred is a dialkyl dimethyl ammonium
      nitrite derived from coconut oil and containing about 55 to 70% of
      C.sub.12 -C.sub.14 alkyl groups. One specific example of such a dialkyl
      dimethyl ammonium nitrite, which can be referred to as dicoco dimethyl
      ammonium nitrite, contains the following mixture of aliphatic groups.
TBL  ______________________________________                                    
     Distribution of Aliphatic Groups                                          
     ______________________________________                                    
                    Percent                                                    
            C.sub.8 5                                                          
            C.sub.10                                                           
                    6                                                          
            C.sub.12                                                           
                    45                                                         
            C.sub.14                                                           
                    20                                                         
            C.sub.16                                                           
                    9                                                          
            Oleyl   6                                                          
            Linoleyl                                                           
                    8                                                          
            Linolenyl                                                          
                    1                                                          
     ______________________________________                                    
PAR  The other component of the corrosion inhibiting combination is an amino
      imidazoline of the following general structure:
      ##EQU1##
      In the above formula, n is about 2 to 6, preferably 2 to 3; R is a C.sub.6
      to C.sub.22, preferably a C.sub.12 to C.sub.18, aliphatic hydrocarbon
      group, either saturated or unsaturated; and R' is either hydrogen or a
      C.sub.1 to C.sub.12 alkyl group. Examples of R include hexyl, octyl,
      decyl, decenyl, 2-ethyl hexenyl, octadecyl, tetradecenyl, behenyl, and
      octadecenyl. Examples of R' include methyl, butyl, octyl and dodecyl.
      Preferably R' is hydrogen and n is 2 in the above formula.
PAR  A specific example of an imidazoline of the above formula, which was used
      in the working examples of the invention, was a commercial
      1-(2-aminoethyl)-2-n-alkenyl-2-imidazoline having the formula:
      ##EQU2##
      wherein R represents heptadecenyl and heptadecadienyl chains in a mol
      ratio of about 1:1, respectively. This imidazoline can also be referred to
      as mixed heptadecenyl-heptadecadienyl imidazoline ethylene diamine.
PAR  From about 1 to 4 weight % of the quaternary ammonium nitrite and from
      about 0.5 to 2 weight % of the amino imidazoline, based on the total
      grease composition, will be incorporated into the grease to impart the
      desired protection against salt water corrosion. Preferably from about 1.2
      to about 2% by weight of the quaternary ammonium nitrite and from about
      0.7 to about 1.3 weight % of the amino imidazoline will be incorporated
      into the grease.
PAR  The lithium complex greases that are improved by the present invention are
      those described in U.S. Pat. No. 3,758,407 of Gary L. Harting, granted
      Sept. 11, 1973.
PAR  The hydroxy fatty acid employed in preparing the greases of this invention
      will have from about 12 to 24, or more usually about 16 to 20 carbon
      atoms, and will preferably be a hydroxystearic acid, e.g., 9-hydroxy,
      10-hydroxy, or 12-hydroxystearic acid, more preferably the latter.
      Ricinoleic acid, which is an unsaturated form of 12-hydroxystearic acid,
      having a double bond in the 9-10 position, can also be used. Other hydroxy
      fatty acids include 12-hydroxybehenic acid and 10-hydroxypalmitic acid.
PAR  When a second hydroxycarboxylic acid is used along with the boric acid and
      hydroxy fatty acid, it will be one having an OH group attached to a carbon
      atom that is not more than 6 carbon atoms removed from the carboxyl group.
      This acid has from 3 to 14 carbon atoms and can be either an aliphatic
      acid such as lactic acid, 6-hydroxydecanoic acid, 3-hydroxybutanoic acid,
      1-hydroxycaproic acid, 4-hydroxybutanoic acid,
      6-hydroxy-alpha-hydroxystearic acid, etc. or an aromatic acid such as
      parahydroxy-benzoic acid, salicyclic acid, 2-hydroxy-4-hexylbenzoic acid,
      metahydroxybenzoic acid, 2,5-dihydroxybenzoic acid (gentisic acid);
      2,6-dihydroxybenzoic acid (gamma resorcyclic acid);
      4-hydroxy-4-methoxybenzoic acid, etc. or a hydroxyaromatic aliphatic acid
      such as orthohydroxyphenyl, meta-hydroxyphenyl, or parahydroxyphenyl
      acetic acid. A cycloaliphatic hydroxy acid such as hydroxycyclopentyl
      carboxylic acid or hydroxynaphthenic acid could also be used. Particularly
      useful hydroxy acids are lactic acid, salicyclic acid, and
      parahydroxybenzoic acid.
PAR  Instead of using the free hydroxy acid of the latter type when preparing
      the grease, one can use a lower alcohol ester, e.g., the methyl, ethyl, or
      propyl, isopropyl, or sec-butyl ester of the acid, e.g., methyl
      salicylate, to give a better dispersion when the salt is insoluble. The
      amount of lithium salt of the hydroxy acid will range from about 0.1 to
      about 10 wt. % of the finished grease, or preferably from about 0.2 to
      about 5 wt. %. The monolithium salt or the dilithium salt of the second
      hydroxy acid can be used, but the dilithium salt is preferred.
PAR  The total soap and salt content of the grease will be in the range of from
      about 2 to 30 wt. % and preferably about 5 to 20 wt. %. The proportion of
      the C.sub.12 to C.sub.24 hydroxy fatty acid to boric acid will be in the
      range of a weight ratio of about 3 to 100 parts, or more usually about 5
      to 80 parts, of hydroxy fatty acid per part by weight of boric acid. There
      will be a weight ratio of about 0.1 to 10, or more usually about 0.5 to
      about 5 parts of said second hydroxycarboxylic acid per part by weight of
      boric acid in the case of the greases made from three acid components.
PAR  The lubricating oil base that is used in preparing the grease compositions
      of this invention can be any of the conventionally used mineral oils, and
      will generally have a viscosity within the range of about 35 to 200 SUS at
      210.degree.F.
PAR  The greases can be prepared by coneutralizing all three types of acid, or
      alternatively by first neutralizing the boric acid and hydroxy fatty acid
      together and then forming the lithium salt of the second hydroxycarboxylic
      acid.
DETD
PAC  EXAMPLE
PAR  Employing the procedure described in Example 2 of U.S. Pat. No. 3,758,407,
      a grease was prepared using as the thickener system a combination of
      dilithium salicylate, lithium 12-hydroxy stearate and monolithium borate.
      Phenyl alpha naphthylamine was added to the grease as an antioxidant. To
      one portion of the grease, there was added as a rust inhibitor a
      combination of dicoco dimethyl ammonium nitrite and the mixed
      heptadecenyl-heptadecadienyl imidazoline ethylene diamine described above.
      A second portion of the grease contained only the dialkyl dimethyl
      ammonium nitrite and a third portion of the grease contained only the
      above-named imidazoline as the rust inhibitor component. An additional
      grease composition was prepared containing both the nitrite and the
      imidazoline but the grease thickener was simply the lithium soap of
      12-hydroxy stearic acid.
PAR  All four of the grease compositions described above were subjected to a
      salt water corrosion test which was a modification of the procedure given
      in ASTM-D-1743. The test modifications included the substitution of either
      a 5% solution or a 10% solution in distilled water of the synthetic sea
      water described in ASTM Method D-665-IP 135 instead of the distilled water
      required by the original method. Another modification involved storing the
      wetted greased bearings for 24 hours at 125.degree.F instead of the
      storage for 14 days at 77.degree.F. as called for in the original method.
      However, the rating system used was the same as given in the ASTM
      procedure. The results obtained are shown in the following Table I which
      also sets out the composition of each grease that was tested. The repeated
      numbers are the results of replicate tests.
TBL                TABLE I                                                     
     ______________________________________                                    
                     Grease                                                    
     Composition, g.   1       2      3    4                                   
     ______________________________________                                    
     12 hydroxy stearic                                                        
      acid             91      91     91   100                                 
     lithium hydroxide,                                                        
      monohydrate      41      41     41   15                                  
     boric acid         8       8      8   --                                  
     methyl salicylate 41      41     41   --                                  
     Solvent 600 Neutral                                                       
      oil              811     811    811  852                                 
     phenyl naphthylamine                                                      
                        8       8      8    8                                  
     Dicoco dimethyl                                                           
      ammonium nitrite 15      15     --   15                                  
     Amino imidazoline*                                                        
                       10      --     10   10                                  
     Rust Ratings (ASTM D 1743)                                                
      5% Synthetic Sea Water                                                   
                       1,1,1,1,                                                
                               3,3    3,3  1,1,1,                              
                       1,1,1,1             2,2                                 
      10% Synthetic Sea Water                                                  
                       1,1,1,  --     3,3  2,2,3,                              
                       2,2,2,              3,3                                 
                       2                                                       
     ______________________________________                                    
      *Mixed heptadecenyl-heptadecadienyl imidazoline diamine It will be seen  
      from the above results that grease 1, which is a grease prepared in      
      accordance with the present invention, gave clearly superior performance 
      as compared to the other three greases. Grease 1 give eight excellent    
      ratings in the 5% synthetic sea water test, a rating of 1 representing no
      corrosion, whereas significant rusting occurred in that test when either 
      one or the other of the two components of the corrosion inhibitor        
      combination of the invention was omitted (Greases 2 and 3). Grease 4     
      contained the corrosion inhibitor combination but was a simple lithium   
      soap grease outside the scope of the present invention.                  
PAR  In addition to the rust or corrosion inhibitor combination of the
      invention, the grease compositions can also contain various other
      conventional grease additives, as is understood by those of skill in this
      art. Such additives include dyes, antioxidants, odor modifiers, tackiness
      agents, extreme pressure additives, and the like.
PAR  The scope of this invention is defined by the appended claims and is not to
      be limited to the specific embodiments presented in the examples.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lubricating grease composition of high dropping point and capable of
      protecting metal surfaces against salt water corrosion which comprises a
      major proportion of a mineral lubricating oil, from about 2 to 30 wt. % of
      a thickener system whose essential components include a lithium soap of a
      C.sub.12 to C.sub.24 hydroxy fatty acid and a monolithium salt of boric
      acid, wherein there are from 3 to 100 parts by weight of hydroxy fatty
      acid per part by weight of boric acid, and a salt-water-corrosion
      resisting amount of a combination of a dialkyl dimethyl ammonium nitrite,
      wherein the alkyl groups have 8 to 18 carbon atoms, and an amino
      imidazoline of the general structure:
      ##EQU3##
      wherein n is about 2 to 6, R is a C.sub.6 to C.sub.22 aliphatic
      hydrocarbon group and R' is hydrogen or a C.sub.1 to C.sub.12 alkyl group.
NUM  2.
PAR  2. Composition as defined by claim 1 wherein in the general formula R' is
      hydrogen and n is 2.
NUM  3.
PAR  3. Composition as defined by claim 1 wherein the thickener system also
      includes as a third component a lithium salt of a second hydroxycarboxylic
      acid of from 3 to 14 carbon atoms, wherein the hydroxy group is attached
      to a carbon atom not more than 6 carbon atoms removed from the carboxyl
      group, and wherein there is a weight ratio of from about 0.1 to about 10
      parts of said second hydroxycarboxylic acid per part of boric acid.
NUM  4.
PAR  4. Grease composition as defined by claim 1 wherein said hydroxy fatty acid
      is 12-hydroxystearic acid.
NUM  5.
PAR  5. Grease composition as defined by claim 3 wherein said second
      hydroxycarboxylic acid is salicyclic acid.
NUM  6.
PAR  6. Grease composition as defined by claim 1 wherein said dialkyl dimethyl
      ammonium nitrite is a dialkyl dimethyl ammonium nitrite wherein the alkyl
      groups are principally C.sub.12 and C.sub.14 alkyl groups.
NUM  7.
PAR  7. Grease composition as defined by claim 1 wherein the amino imidazoline
      is mixed heptadecenylheptadecadienyl imidazoline ethylene diamine.
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ABST
PAL  Peracylated aliphatic polyamines are useful as activators for inorganic
      peroxo compounds, i.e., they set free the available oxygen of the peroxo
      compounds in aqueous solutions at temperatures below 80.degree.C and are
      thus useful as additives to detergents especially inasmuch as they are
      compatible with usual detergent brighteners.
BSUM
PAR  The present invention relates to peracylated polyamines compatible with
      optical brighteners which are useful as activators for inorganic peroxo
      compounds.
PAR  It is known that washing and bleaching liquors which contain hydrogen
      peroxide, either as free substance or bound in the form of perborate,
      percarbonate, persilicate, perphosphate, or perpyro- or perpolyphosphate,
      percarbamide or melaminperhydrate, have bleaching effects already when
      washing at moderate temperatures, for example, synthetic fibers unstable
      to boiling at 30.degree. to 60.degree.C, if activators are added to these
      liquors, however, if no activators are added, the active oxygen of the
      peroxo compounds is fully utilized only at a temperature ranging from
      80.degree. to 100.degree.C and so it remains in the washing liquors
      without being activated, when washing synthetic fibers sensitive to heat.
      As suitable activators for inorganic peroxo compounds have already been
      described acyl amides, such as, for example, tetraacetylglycol uril,
      triacetyl cyanuric acid, benzoylimidazole and tri- and tetraacetylethylene
      diamine. For being used in practice, it is very important that these
      activators, besides their activating effect and stability upon storage,
      are also compatible with optical brighteners in detergents.
PAR  From German Offenlegungsschriften Nos. 1,953,519 and 1,961,775 washing and
      cleaning agents are known which contain as optical brighteners derivatives
      of the 4,4-bis-(triazinylamino)-stilbene-2,2'-disulfonic acid,
      diarylpyrazolines and aminocumarines and as activators for peroxo
      compounds tetraacetylethylene diamine, tetraacetylglycol uril or
      benzoylimidazole. However, it appeared that the repeated use of the
      detergent compositions on the basis of these optical brighteners, peroxo
      compounds and bleaching activators reduced the degree of whiteness of the
      textile fabric washed which is due to the incompatibility of the optical
      brighteners with the activators.
PAR  It was found, that peracylated polyamines of the general formula (I)
      ##EQU1##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5  and R.sub.6 are
      identical or different acyl radicals having 2 to 8 carbon atoms, x is 0,
      1, 2 or 3 and n, m and p are 2 or 3, show an excellent compatibility with
      brighteners for detergents in addition to a very good bleach-activating
      effect and stability upon storage when combining them with inorganic
      peroxo compounds.
PAR  In the general formula I of the compounds to be used as activators in
      accordance with the invention, the acyl radicals R.sub.1 to R.sub.6 are,
      for example, aliphatic acyl radicals, such as acetyl, propionyl and
      butyryl radicals, moreover, the benzoyl or toluoyl radicals which may also
      be substituted by nitro groups, nitrile groups, methoxy groups or halogen
      atoms. The purely aliphatic acyl radicals containing two or three carbon
      atoms, and especially the acetyl radical, are preferred.
PAR  The compounds of the formula I may be prepared by reacting suitable
      polyamines, for example, diethylene triamine, triethylene tetramine,
      tetraethylene pentamine, dipropylene triamine or N,
      N'-bis-(.beta.-aminoethyl)-1,3-propylene diamine or pentaethylene hexamine
      according to known methods with acetanhydride or propionic acid anhydride.
      The preparation of these compounds is described, for example, in U.S. Pat.
      No. 3,234,282. In an analogous manner, there may also be prepared the
      other acylated polyamines by reacting the polyamines with, for example,
      anhydrides, halides or esters of the corresponding carboxylic acids.
PAR  Optical brighteners suitable for detergents have been known for a long time
      (cf. Ullmanns Enzyklopadie der technischen Chemie, 3rd edition, vol. 11
      (1960, page 695). There may be mentioned derivatives of the
      diaminostilbene-disulfonic acid, preferably the
      bis-(triazinyl-amino)-stilbene-disulfonic acid, especially such
      derivatives the triazinyl radicals of which are substituted by lower
      alkoxy groups, or radicals of primary or secondary amines, above all of
      the aniline series and low-molecular weight aliphatic amines. There may
      also be mentioned benzoxazoles, such as
      1,2-bis-(benzoxazolyl-2')-ethylene, 2,5-bis-(benzoxazolyl-2')-thiophene,
      (Belgian Pat. No. 607,116), or
      5,6-dimethyl-2-(p-carbalkoxystyryl)-benzoxazoles having lower alkoxy
      radicals, especially, methoxy and ethoxy groups (German Pat. No.
      1,444,014); imidazole compounds, such as 1,2-bis-(imidazolyl-2')-ethylene;
      triazoles, such as 4-(naphtho-1,2; 4',
      5'-triazolyl-2')-stilbene-2-sulfonic acid; pyrazolines, such as
      1,3,5-triaryl pyrazolines, for example,
      1-(4'-sulfophenyl)-3,5-diphenyl-.DELTA.2-pyrazoline; butadienes-(1,3)
      substituted in 1,4-positions by aromatic radicals, such as
      1-(.alpha.-naphthyl)-4-(.beta.-naphthyl)-1,3-butadiene,
      1-phenyl-4-(p-biphenyl)-1,3-butadiene,
      1-phenyl-4-(.alpha.-naphthyl)-1,3-butadiene or
      1-(benzoxazolyl-2')-4-(p-cyanophenyl)-1,3-butadiene, especially
      1-(benzofuranyl-2')-4-aryl-butadienes, such as, for example, those
      obtainable by HORNER reaction from 2-(dialkylphosphono-methyl)-benzofuran
      and derivatives of the cinnamaldehyde.
PAR  As optical brighteners for detergents, there may especially be mentioned
      the compounds known from German Offenlegungsschrift No. 2,105,305,
      especially those which correspond to the general formula (II)
      ##SPC1##
PAL  wherein P and Q stand for hydrogen or halogen atoms, lower alkyl or phenyl
      groups or together stand for a fused benzene nucleus or a lower alkylene
      group, S.sup.1, S.sup.2 and S.sup.3 stand for hydrogen or halogen atoms,
      lower alkyl or phenyl groups, carboxy or sulfo groups of optionally
      modified functions, acyl, acylamino, sulfone, lower alkoxy, lower
      dialkylamino or lower trialkylammonium groups, in which case the groups
      mentioned for P, Q, S.sup.1, S.sup.2 and S.sup.3 may be substituted by non
      chromophorous radicals. Compounds of the formula (II) are especially
      preferred in which two of the radicals S.sup.1, S.sup.2 and S.sup.3 stand
      for hydrogen atoms and the third one stands for an electron attracting
      radical which is in ortho or, preferably, para position of the phenyl
      moiety of the styryl group. The electron attracting radical is, in this
      case, especially the phenyl or a carboxy group of optionally modified
      function, especially a cyano group or a lower carbalkoxy group.
PAR  The following benzofurane derivatives proved to be especially stable
      against perborate activators in detergent compositions:
      ##SPC2##
PAR  The present invention furthermore provides detergents for textiles which
      contain the activators and brighteners in accordance with the invention.
PAR  For this purpose, suitable textiles are, in addition to the materials
      generally to be treated at elevated temperatures ranging from about
      70.degree. to 100.degree.C made of cotton or linen above all those which
      are made of or contain synthetic fibers, such as, for example, polyamide,
      polyester or polyacrylonitrile fibers and which are washed or bleached
      generally at low temperatures up to about 70.degree.C, preferably at
      30.degree. to 60.degree.C. Those textiles to be treated at low
      temperatures are also "easy care" materials of cellulose fibers or blends
      of synthetic fibers and cellulose fibers. The activators for inorganic
      peroxo compounds to be used according to the invention have the special
      advantage that already at the low temperatures at which these textiles are
      bleached and washed a sufficient activation of the peroxo compounds and a
      good bleaching effect are obtained.
PAR  For the use in bleaching and washing agents for textiles together with
      activators of the invention there are especially considered the inorganic
      peroxo compounds, especially the perborates having a neutral to alkaline
      reaction in aqueous solution. Among the various perborates the sodium
      perboratetetrahydrate is especially important. However, other perborates
      or peroxihydrates, for example, the peroxihydrates of the sodium ortho-,
      -pyro or -polyphosphates and the perhydrates of alkali metal carbonates
      may also be used.
PAR  The activators of the invention may easily be mixed, as powders or
      granules, with the other constituents of the detergents. When preparing,
      as it is usual, a detergent powder which does not yet contain peroxo
      compounds, by spray drying, that powder is then mixed with the inorganic
      peroxo compounds and the activator, in which case the powder preferably
      has a temperature of less than 30.degree.C when adding the activation
      agent.
PAR  The activators to be incorporated into the detergents may also be coated
      with a suitable envelopping substance which is soluble in the washing
      liquor or can at least be swollen therein. Such suitable substances for
      envelopping the activators are, for example, water-soluble polyglycol
      ethers, polyvinyl alcohol, carboxymethyl cellulose, methyl, ethyl or
      oxethyl cellulose or also stearic acid.
PAR  The detergents which have been prepared using activators of the invention
      and inorganic peroxo compounds may, for the rest, have the constituents
      usual for these compositions. The mixture consisting of the activator and
      the inorganic peroxo compound may amount to about 10 to 100 % of the total
      composition. The portion of the optical brighteners is, in general, within
      the range of from about 0.1 to 1 % by weight. In the case of textile
      detergents, the portion of inorganic peroxo compound and activator is,
      generally, within the range of from about 10 to 50 % by weight. The other
      components of such detergents are, above all, surfactants in an amount of
      from 5 to 40, preferably 10 to 30 % by weight, builders in an amount of
      from about 10 to 80, preferably 30 to 75 % by weight and other detergent
      components and adjuvants, for example, anti-redeposition agents, enzymes,
      dyestuffs, perfumes and water in a total amount of from about 0 to 15,
      preferably 1 to 10 % by weight.
PAR  The surfactants may either be uniform products or mixtures on the basis of
      anionic or nonionic compounds. They may, for example, consist entirely or
      to a proportion of about 10 to 50 % by weight of soaps that may be derived
      from natural or synthetic fatty acids. They may further consist entirely
      of surface-active compounds of the sulfate or sulfonate type or may
      contain these compounds in an amount of about 30 to 70 %. Products of this
      type are, for example, long-chain alkyl-aryl sulfonates and aliphatic
      sulfonates, for example, long-chain alkane sulfonates, alkene sulfonates,
      oxyalkane sulfonates, furthermore, fatty alcohol sulfates and sulfation
      products of alkoxylated alkyl phenols, fatty acid amides or fatty acid
      alkylol amides containing about 1 to 20 ethoxy and/or propoxy radicals in
      the molecule, and sulfated monoglycerides. The anionic surfactants
      suitable for the use in detergents have been disclosed in detail, for
      example, in "Surface Active Agents and Detergents" by Schwartz, Perry and
      Berch, vol. II (1958), pages 25 to 102.
PAR  The surfactants of these detergents may either consist entirely of nonionic
      detergent basic materials or they may contain these materials in an amount
      of about 5 to 50 % by weight. In these products, the water-solubility of
      the hydrophobic molecule moiety generally containing about 8 to 25 carbon
      atoms, is brought about in the simplest case, by introducing polyether
      chains. Those nonionic detergent basic materials have been disclosed, for
      example, in "Surface Active Agents and Detergents," vol. II (1958), pages
      120 to 143.
PAR  In addition to the nonionic and anionic detergent basic materials, the
      surfactant moiety of the detergents may also contain slighter amounts of
      up to about 8 % by weight of foam stabilizers or foam inhibitors.
PAR  The foaming power of the synthetic anionic or nonionic surfactants may also
      be reduced by adding soaps. So, certain combinations of synthetic anionic
      surfactants, nonionic surfactants and soap have their foaming power
      reduced substantially. The same applies, among others, also to the
      addition products of propylene oxide on surface-active polyethylene glycol
      ethers.
PAR  Another substantial component of the detergents are the so-called builders.
      At least part of them should give an alkaline reaction. For the rest, the
      builders may be inorganic or organic salts which give a weakly acid,
      neutral or alkaline reaction, especially salts having complexing
      properties. Useful builders are, for example, alkali metal carbonates or
      silicates, mono-, di- or trialkali metal orthophosphates, di- or
      tetraalkali metal pyrophosphates as well as the metaphosphates known as
      complexing agents; furthermore the water-soluble salts of high-molecular
      weight polycarboxylic acids, especially polymers of maleic acid, itaconic
      acid, mesaconic acid, fumaric acid, aconitic acid and methylene-malonic
      acid. Copolymers of these acids with one another or with other
      polymerizable substances, such as ethylene, propylene, acrylic acid,
      crotonic acid, vinyl acetate, acrylic amide and styrene, are also
      suitable. As complex-forming builders, the polyphosphates which give an
      alkaline reaction, especially tripolyphosphate, are particularly useful.
      Organic complexing agents to be used as builders are, for example,
      nitrilo-acetic acid, ethylene diamine tetraacetic acid and similar
      compounds. Suitable inorganic and organic builders have been disclosed,
      for example, in "Surface Active Agents and Detergents," vol. II (1958),
      pages 289 to 317.
PAR  To the mixture of inorganic peroxo compounds and activators in accordance
      with the invention there may optionally be added, furthermore, products
      having a stabilizing effect on the peroxo compounds which are known as
      "stabilizers for peroxo compounds." They may be insoluble or soluble in
      water and may be added to the peroxo compounds up to an amount of about 10
      %, calculated on the weight of the peroxo compounds.
PAR  As stabilizers for peroxo compounds may be mentioned, above all,
      alkaline-earth metal silicates, especially magnesium silicates.
PAR  Water-soluble stabilizers which may take entirely or partially the place of
      the water-insoluble ones, are, above all, organic complexing agents.
PAR  Considering the disclosures made above the detergents have the following
      compositions (in % by weight):
PA1  69-96.9 % of detergent which consists itself of
PA1  5-40 % preferably 10 to 30 % of surfactant
PA1  10-80 % preferably 30 to 75 % of builders,
PA1  2-47 % of peroxo compound
PA1  0-10 % of stabilizer for peroxo compounds
PA1  0-15 % of anti-redeposition agents, enzymes, dyestuffs, perfumes and water;
PA1  0.1-1 % of brightener and
PA1  3-30 % of the compound of the formula I.
PAR  Depending on the intended purpose and on the application conditions, the
      pH-value of the aqueous liquors of the detergents may range from weakly
      acid over neutral to alkaline, as desired, and it may be adjusted by
      adding the corresponding inorganic or organic acids, buffer substances or
      bases. In the case of detergent liquors, the pH-value will be generally in
      the range of about 7 to 12, if the detergent is used in a 1 % solution.
      The pH-value of heavy-duty laundring agents is, in most cases, adjusted to
      a more alkaline value of about 9.5 to 12. The pH-value of detergents is
      generally adjusted by means of the builders which give a neutral to
      alkaline reaction.
DETD
PAR  The following Examples illustrate the invention, the parts and percentages
      being by weight, unless otherwise stated.
PAC  EXAMPLE 1
PAR  a. Unbrightened cotton fabric was washed 10 times for 20 minutes each at a
      temperature of 50.degree.C, with a weight ratio of textile material to
      washing liquor of 1 : 40 and a detergent concentration of 5 g/l. The
      detergent had the following composition:
PA1  8.0 % of sodium dodecylbenzene sulfonate
PA1  3.0 % of tallow fat soap
PA1  3.0 % of tallow fat alcohol polyglycol ether (containing 11 ethylene oxide
      units on an average)
PA1  40.0 % of sodium tripolyphosphate
PA1  15.0 % of sodium perborate
PA1  5.0 % of sodium metasilicate
PA1  3.0 % of magnesium silicate
PA1  1.5 % of carboxymethyl cellulose (viscosity of the 2 % aqueous solution at
      20.degree.C according to Hoppler = 1500 cP)
PA1  0.3 % of optical brightener (108)
PA1  15.0 % of hexaacetyltriethylene tetramine rest to
PA1  100.0 % sodium sulfate
      ##SPC3##
PAR  b. In a parallel test an analogous detergent was used which contained
      instead of hexaacetyltriethylene tetramine tetraacetylglycol uril.
PAR  c. In a further control test an analogous detergent was used as in test
      (a), however, without containing a perborate activator.
PAL  The cotton stripes washed according to tests (a), (b) and (c) were rinsed
      and centrifuged.
PAR  The washing effect was established by measuring the degree of whiteness of
      the textile samples in the ELREPHO-whiteness degree measuring instrument
      using the X, Y, Z-filter and calculated according to the formula of A.
      Berger (cf. Die Farbe 8, pages 187 to 202, 1959)
EQU  W = Y + 3 (Z - X)
PAR  The test values X, Y, Z measured were obtained by the remission values Rx,
      Ry and Rz measured by means of the conversion factors
EQU  X = 0.785 Rx - 0.167 Rz
EQU  Y = Ry
EQU  Z = 1.008 Rz.
PAR  The compatibility of the activators with the optical brighteners was
      established by measuring the brightening effect after 10 washing
      operations or the decrease of the whiteness degree of the textile stripes
      washed with detergent containing activator (test a and b) in comparison
      with the textile samples (test c) washed with detergents without an
      activator.
PAR  The results are summarized in the following Table:
TBL                TABLE 1                                                     
     ______________________________________                                    
     Test Degree of white-                                                     
                        Activator.sup.+                                        
                                   Decrease of white-                          
          ness                     ness degree in %                            
                                   after 10 washing                            
                                   operations                                  
     ______________________________________                                    
     a    151,3         H          1,8                                         
     b    135,1         T          12,3                                        
     c    154,0                                                                
     ______________________________________                                    
      +H = hexaacetyltriethylene tetramine,                                    
      T = tetraacetylglycol uril.                                              
      These abbreviations are also used in the following examples.             
PAC  EXAMPLE 2
PAR  a. A polyester fabric was washed ten times for 20 minutes each at a
      temperature of 50.degree.C with a weight ratio of textile material to
      washing liquor of 1 : 40 and a detergent concentration of 5 g/l. The
      detergent had the following composition:
PA1  15 % of sodium perborate
PA1  5 % of polyglycol ether of technical-grade C.sub.12 - C.sub.15 - alcohol
      and 9 mols of ethylene oxide
PA1  5 % of polyglycol ether of technical-grade C.sub.12 - C.sub.15 - alcohol
      and 5 mols of ethylene oxide
PA1  45 % of sodium tripolyphosphate
PA1  9 % of sodium metasilicate
PA1  15 % of hexaacetyltriethylene tetramine
PA1  0.3 % of optical brightener (102)
PA1  3 % of caroboxymethyl cellulose (as in example 1) rest to 100.0 % sodium
      sulfate.
PAR  b. In a parallel test an analogous detergent was used which contained
      instead of hexaacetyltriethylene tetramine tetraacetylglycol uril.
PAR  c. In a control test an analogous detergent was used which did not contain
      a perborate activator.
PAR  The results of these washing tests were evaluated according to example 1
      and summarized in the following table 2:
TBL                TABLE 2                                                     
     ______________________________________                                    
     Test Degree of    Activator Decrease of white-                            
          whiteness after        ness degree in %                              
          10 washings            after 10 washings                             
     ______________________________________                                    
     a    108.0        H         0                                             
     b    103.4        T         4.3                                           
     c    108.0        --                                                      
     ______________________________________                                    
PAR  The same results with regard to the decrease of the whiteness degree were
      obtained when using instead of 0.3 % of compound 102 0.1 or 0.05 % of this
      compound.
PAR  When using the brighteners indicated in the following table 3 the results
      shown therein were obtained under the same conditions as those described
      in example 2.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Bright-                                                                   
            Activ-  Degree of white-                                           
                                  Change of the degree                         
     ener   ator    ness after 10 of whiteness in %                            
                    washings                                                   
     ______________________________________                                    
     --     --      68.2             -                                         
     101    --      95.5             -                                         
     101    T       93.5             -   2.1                                   
     101    H       99.6             +   4.3                                   
     106    --      82.7             -                                         
     106    T       80.3             -   2.9                                   
     106    H       84.3             +   1.9                                   
     ______________________________________                                    
PAR  The observations made in the case of the polyester washing also apply to
      other fibrous materials that can be brightened by the substances belonging
      to the class mentioned above, for example, polyamide, cellulose acetate,
      polyacrylonitrile and others.
PAC  EXAMPLE 3
PAR  Cotton/polyester fabric (35/65 %) which had not been brightened was washed
      10 times for 20 minutes each at a temperature of 50.degree.C and with a
      weight ratio of textile material to washing liquor of 1 : 40 and a
      concentration of detergent of 5 g/l. The detergent had the following
      composition:
PA1  8.0 % of sodium dodecylbenzene sulfonate
PA1  3.0 % of tallow fat soap
PA1  3.0 % of tallow fat alcohol-polyglycol ether (having 11 ethyleneoxide units
      on an average)
PA1  40.0 % of sodium tripolyphosphate
PA1  15.0 % of sodium perborate
PA1  5.0 % of sodium silicate
PA1  3.0 % of magnesium silicate
PA1  15.0 % of activator
PA1  0.1 % of optical brightener
PA1  1.5 % of carboxymethyl cellulose (as mentioned in example 1) rest to
PA1  100 % sodium sulfate
PAR  The detergents used in the control examples contained instead of the
      activator and/or the brightener a correspondingly larger amount of sodium
      sulfate. The results are shown in the following table 4.
TBL                TABLE 4                                                     
     ______________________________________                                    
     Bright-                                                                   
            Activ-  Degree of white-                                           
                                  change of whiteness                          
     ener   ator    ness after 10 degree in %                                  
                    washings                                                   
     ______________________________________                                    
     --     --      154.6            -                                         
     101    --      157.7            -                                         
     101    T       141.8            -10.1                                     
     101    H       155.8            - 1.2                                     
     103    --      155.4            -                                         
     103    T       147.9            - 4.8                                     
     103    H       155.8            + 0.3                                     
     104    --      153.8            -                                         
     104    T       141.7            - 7.9                                     
     104    H       157.2            + 2.2                                     
     107    --      156.5            -                                         
     107    T       138.5            -11.5                                     
     107    H       154.5            - 1.3                                     
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter consisting essentially of
PA1  a. 69 to 96.9% by weight of a detergent,
PA1  b. 0.1 to 1% by weight of an optical brightener and
PA1  c. 3 to 30% by weight of a compound of the formula
      ##EQU2##
      in which R.sub.1 to R.sub.6 are alkanoyl of 2 to 8 carbon atoms or
      benzoyl, x is an integer of zero to 3 and n, m and p are 2 or 3.
NUM  2.
PAR  2. A composition as defined in claim 1, wherein the brightener is of the
      bis-(triazinylamino)-stilbene disulfonic acid, benzoxazole,
      1,4-diaryl-butadiene-(1,3) or 2-styryl benzofurane series.
NUM  3.
PAR  3. A composition as defined in claim 1, wherein the brightener is a
      bis-(triazinlyamino)-stilbene disulfonic acid compound the triazine nuclei
      of which are substituted by lower alkoxy, lower mono- or dialkylamino,
      anilino or sulfoanilino.
NUM  4.
PAR  4. A composition as defined in claim 1, wherein the brightener is
      2,5-bis-(benzoxazolyl-2')-thiophene.
NUM  5.
PAR  5. A composition as defined in claim 1, wherein the brightener is
      1-(1'naphthyl)-4-(2'naphthyl)-butadiene-(1,3).
NUM  6.
PAR  6. A composition as defined in claim 1, wherein the brightener has the
      formula
      ##SPC4##
PAL  in which P and Q are hydrogen, halogen, lower alkyl or phenyl or P and Q
      together are lower alkylene or an annellated benzene ring, S.sup.1,
      S.sup.2 and S.sup.3 are hydrogen, halogen, lower alkyl, phenyl, carboxy,
      sulfo, cyano, lower carboalkoxy, lower alkanoyl, lower alkanoylamino,
      lower alkylsulfonyl, lower alkoxy, lower dialkylamino or lower
      trialkylammonium.
NUM  7.
PAR  7. A composition as defined in claim 1, wherein the brightener has the
      formula
      ##SPC5##
PAL  in which P and Q are hydrogen or methyl and R is cyano, lower carboalkoxy,
      carboxy or phenyl.
NUM  8.
PAR  8. A composition as defined in claim 1, wherein the brightener is
      2-(p-lower carboalkoxystyryl)-5,6-dimethyl-benzoxazole.
NUM  9.
PAR  9. A composition as defined in claim 1, wherein in formula I R.sub.1 to
      R.sub.6 are acetyl or propionyl.
NUM  10.
PAR  10. A composition as defined in claim 1, wherein in formula I x is zero.
NUM  11.
PAR  11. A composition as defined in claim 1, wherein in formula I x is zero and
      n and p are 2.
NUM  12.
PAR  12. A composition as defined in claim 1, wherein the compound of formula I
      is hexaacetyl triethylene tetramine.
NUM  13.
PAR  13. A composition of matter consisting essentially of an optical brightener
      and a compound of formula I as defined in claim 1.
NUM  14.
PAR  14. A composition of matter consisting essentially of a detergent and a
      compound of formula I as defined in claim 1.
NUM  15.
PAR  15. A composition of matter consisting essentially of an inorganic peroxo
      compound and a compound of formula I as defined in claim 1.
NUM  16.
PAR  16. A process for activating an inorganic peroxo compound in a detergent
      solution to set free the oxygen of the peroxo compound at a temperature
      below 80.degree.C which comprises contacting said peroxo compound with a
      compound of formula I as defined in claim 1.
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PAL  Spray dried granular compositions containing sodium sulfite.
BSUM
PAR  This invention relates to spray drying of detergent compositions.
PAR  It has been found that the inclusion of sodium sulfite in built detergent
      compositions is highly beneficial in improving stain removal. Sodium
      sulfite is, however, a relatively unstable material in that it becomes
      oxidized in air to form sodium sulfate, particularly when the sulfite is
      in hydrated condition.
PAR  It has now been discovered, surprisingly, that compositions containing
      significant proportions of sodium sulfite may be spray dried from a hot
      aqueous suspension thereof to form granular compositions under hot wet
      oxidizing conditions, and that the resulting product (which is in the form
      of hollow air-containing beads of relatively low density) contains, in
      unoxidized condition, at least about 80%, such as over 90%, e.g. about
      90-100%, of the sodium sulfite originally added to the aqueous suspension,
      and also substantially retains its sodium sulfite content on storage under
      heated conditions.
PAR  In a preferred embodiment of the invention the sodium sulfite content of
      the spray-dried beads is above about 3% and below about 70%, more
      preferably within the range of about 5 to 50%, preferably about 10 to 40%
      such as 15, 20 or 25%. A particularly preferred type of composition
      contains (a) organic detergent (b) an alkali metal builder salt and (c)
      sodium sulfite in which the ratio of a + b to c is in the range of about
      1:5 to 5:1, preferably at least about 1:1, e.g., about 1.5:1 to 5:1 such
      as about 2:1, about 3:1 or about 4.5:1. In preferred compositions, the
      ratio of b:a is in the range of about 0.5:1 to 4:1 (more preferably about
      0.7:1 to 2.5:1), the ratio of b:c is in the range of about 0.8:1 to 3.5:1
      (more preferably about 1:1 to 2.5:;1), and the ratio of a:c is in the
      range of about 0.3:1 to 2:1 (more preferably about 0.5:1 to 1.6:1).
PAR  The proportion of organic detergent is preferably in the range of about 5
      or 10 to 30 or even 40% and the proportion of alkali metal builder salt is
      preferably in the range of about 10 or 15 or 20 to 40 or 50%. Other
      conventional ingredients may also be present, such as diluents like sodium
      sulfate, brighteners and (particularly in washing, rather than soaking
      products) antiredeposition agents such as those of the water-soluble
      polymeric type, e.g. sodium carboxymethylcellulose or polyvinyl alcohol.
      The organic detergent is preferably an anionic surface active agent which
      is a sulfate or sulfonate salt (e.g. an alkylbenzenesulfonate, olefin
      sulfonate, paraffin sulfonate, alkyl ether sulfate, or alkyl sulfate) or
      nonionic detergent or mixture thereof.
PAR  In the process of this invention conventional steps of crutching and spray
      drying may be employed. Thus, the spray drying may be effected by forcing
      an aqueous slurry of the ingredients through a spray nozzle at the top of
      a spray tower into which heated evaporative gas such as air or flue gas is
      introduced. The gas may be introduced at the top of the tower to flow
      co-current with the sprayed material or into the lower part of the tower
      to flow counter-current. The composition is preferably dried to a total
      moisture content of about 1 or 2 to 15%. The moisture content can be
      determined readily by a conventional Cenco Moisture Tester (in which a
      predetermined weight of the dried composition on a balance pan is exposed
      to the heat of a hot electric lamp, situated at a predetermined distance
      from the sample, until the weight of the sample becomes constant, at which
      time the weight loss, due to evaporation of moisture, including water of
      hydration, is measured) or by conventional xylol distillation methods. The
      product is in the form of small hollow spheroids which may be completely
      separate or may form aggregates of such spheroids clumped together as
      unitary vesiculated structures having generally rounded (e.g. bulbous)
      smooth surfaces. The spray dried detergent granules are typically of such
      size resulting in virtually all of the material being retained on a 200
      mesh sieve, half being retained on a 60 mesh screen and all passing
      through a 10 mesh sieve (all sieve sizes given here are U.S. Standard
      Series 200, mesh having an opening of 0.074 mm; 60 mesh 0.250 mm and 10
      mesh 2.0 mm openings). The bulk density of the spray dried detergent
      granules is usually below about 0.7 g/cc generally less than 0.6, such as
      about 0.3 to 0.4 or 0.5 g/cc. The particles may be treated with a suitable
      agent (e.g. dusted with a small amount of very finely divided silica or
      silicate such as colloidal silica or calcined aluminum silicate, of
      particle size less than 5 microns) to improve their flowability, and may
      be packed, if desired, in containers having walls of low moisture
      transmissivity.
PAR  The slurry to be sprayed may be formed in a crutcher (a mixing vessel
      equipped with a high speed stirrer) by adding the individual ingredients
      to water. Generally the sodium sulfite will be added in finely powdered
      form, preferably as the anhydrous variety to the detergent mixed with
      water, and the other ingredients added before, during or after the
      addition of sulfite. The water content of the slurry is preferably less
      than about 50%, such as in the range of about 20-45% or less, and the
      slurry may be at a temperature in the range of about
      90.degree.-170.degree.F, e.g. about 130.degree. to 160.degree.F. The
      slurry is generally agitated vigorously and then passed through an
      attrition device such as a Fitzmill grinder to insure that it is a smooth
      lump-free suspension of fine particles of those ingredients that are
      present in excess of their solubility, in a solution of the others. It is
      then stored, while hot, in a reservoir, for spraying; in commercial
      operations a large reservoir suitable for receiving several batches of
      crutched slurry is employed and the average residence time of the hot
      slurry after the addition of the solid ingredients and before leaving the
      spray nozzle may be well over 15 minutes, such as a half hour or even
      several hours. The slurry generally contains air dispersed therein through
      the action of the agitating and/or grinding devices; for instance it is
      usually stirred vigorously with a propeller-type stirrer which forms
      vortices at the upper surface (slurry-air interface) of the slurry. In
      conventional procedures no deaeration steps are employed to remove the
      air; in addition the air-containing slurry is conventionally placed under
      high pressure (such as pressures over 100 psig, usually over 300 psig,
      e.g. about 400 to 1000 psig or more) by means of conventional pumps such
      as positive displacement pumps which drive the slurry through the feed
      lines under pressure to the spray nozzle, thus increasing the effective
      partial pressure of the air in the slurry. The temperature of the heated
      evaporative gas introduced into the tower is usually within the range of
      300.degree. to 900.degree.F; it may be relatively low (e.g. in the range
      of 350.degree.-450.degree.F.) but higher temperatures (e.g. about
      550.degree.F and up to about 600.degree.-700.degree.F., for example) may
      be employed if desired. Even with counter-current spraying the temperature
      of the gas brought into contact with the sprayed droplets is relatively
      high; thus in counter-current spraying the moist gas leaving from the top
      of the tower is usually at least about 150.degree.F such as about
      170.degree., 180.degree. to 205.degree.F. The temperature of the
      evaporative gas is preferably not so high as to cause charring of the
      product under the spray drying conditions. The temperature of the powder
      leaving the bottom of the spray tower may be relatively low, e.g. about
      100.degree.F, or it may be higher (e.g. 140.degree., 160.degree. or
      200.degree.F.) particularly when the incoming evaporative gas is at a high
      temperature.
PAR  Compositions used in the practice of this invention are preferably
      distinctly alkaline (owing to the presence of the alkaline builder salt),
      such that the pH shown by the spray-dried granules (at 0.1% concentration)
      in water is within the range of about 8 to 10, more usually between 9 and
      10. (These ranges also apply to a mixture of the same ingredients in the
      same proportions, which has not been slurried and spray dried). Sodium
      silicate is preferably present in amount of at least about 3% (e.g. about
      5-35%) of the total composition; the sodium silicate may have a relative
      high SiO.sub.2 content, e.g. an Na.sub.2 O:SiO.sub.2 ratio in the range of
      about 1:2 to 1:3 (such as about 1:2.4). In certain formulations a
      carbonate, such as sodium carbonate is also present. In others the builder
      salt is a phosphate such as pentasodium tripolyphosphate, tetrasodium
      pyrophosphate, etc. Other builder salts which may be present alone or in
      combination are organic builder salts such as citrates such as sodium
      citrate, sodium polycarboxylates, e.g., polymaleates of lower molecular
      weight (generally below 1000), salts of phosphonic acids such as
      N(CH.sub.2 PO.sub.3 H.sub.2).sub.3, "Dequest 2000": (H.sub.2 O.sub.3
      PCH.sub.2).sub.2 N-CH.sub.2 CH.sub.2 N(CH.sub.2 PO.sub.3 H.sub.2).sub.2 ;
      CH.sub.3 (CH.sub.2).sub.11 N(CH.sub.2 PO.sub.3 H.sub.2).sub.2, "Dequest
      2011": CH.sub.3 CH(PO.sub.3 H.sub.2): CH.sub.2 (OH) PO.sub.3 H.sub.2, e.g.
      "Dequest 2006", imino acetates such as E.D.T.A. or trisodium
      nitrilotriacetate ("NTA"), disodium hydroxyethyl iminodiacetate ("HEIDA"),
      and sodium boroglucoheptanoate. Any other builder salts used in detergent
      formulations, and mixtures of the foregoing materials can also be used.
PAR  Compositions containing hydratable phosphates such as sodium
      tripolyphosphate usually produce spray dried granules of very good flow
      characteristics even at high moisture contents. Such phosphates are,
      however, thought to be undesirable ecologically for certain areas. It has
      been found that free-flowing granules of excellent detergent performance
      characteristics, particularly suitable for use (in admixture with
      proteolytic enzymes in small amounts) in the soaking of clothes to remove
      stains prior to machine washing with conventional detergent compositions,
      are obtained at greatly reduced phosphate contents by replacing part of
      the phosphate with sodium sulfite. Thus the composition may comprise,
      instead of 35% sodium tripolyphosphate, about 25%, 20%, 15%, 10% or even
      5% thereof, together with amounts of sodium sulfite of say about 5 or 10
      to about 50% or more, together with an organic detergent. For instance the
      ratio of sodium tripolyphosphate to sodium sulfite in the granules may be
      in the range of about 3:1 to 1:8, such as about 2:1, 1:1, 1:2, 1:3 or 1:4.
DETD
PAR  The following Examples are given to illustrate this invention further. In
      this application all proportions are by weight unless otherwise indicated.
      In the Examples all pressures are substantially atmospheric unless
      otherwise indicated.
PAC  EXAMPLE 1
PAR  The following ingredients are mixed with water in a crutcher to form a hot
      aqueous suspension and then sprayed into hot air in a spray tower to form
      hollow granules: 9.9 parts sodium linear tridecylbenzenesulfonate, 23.5
      parts pentasodium tripolyphosphate, 7.0 parts sodium silicate (Na.sub.2
      O:SiO.sub.2 ratio about 1:2.35) 2.0 parts of nonionic detergent (Neodol
      45-11 which is a primary alkanol of an average of 14 to 15 carbon atoms
      ethoxylated with an average of 11 mols of ethylene oxide per mol of
      alkanol), 0.3 part of brightener, 0.01 part of Iphol 033, a phenolic
      antioxidant conventionally employed in the same amount in spray-drying to
      protect the organic detergent from decomposition on storage, 33.4 parts of
      sodium sulfate, 10.0 parts of sodium sulfite (a total of 86.11 parts). The
      resulting sprayed beads containing about 10 parts of residual moisture
      (making a total of 96.11 parts) are then mixed with 0.175 part of perfume,
      0.70 part of proteolytic enzyme concentrate (Novo Alcalase having an
      activity of about 1.5 Anson units per gram) and 3.015 parts of the
      nonionic detergent Neodol 25-7. Chemical analysis shows that the final
      product still contains about 10% sodium sulfite. It retains substantially
      the same sodium sulfite content on aging at 120.degree.F for over 14 days
      in closed moisture barrier cartons as well as in such cartons open to the
      atmosphere. The product has good flow characteristics.
PAR  In formulating the crutcher mix the ingredients are added in the following
      order to the water at about 150.degree.F: anionic detergent, sodium
      silicate, (as a liquid aqueous solution), brightener, sodium sulfate,
      sodium sulfite, phosphate, and nonionic detergent. The sodium sulfate,
      sodium sulfite and phosphate are all added as anhydrous powders. The
      resulting air-containing slurry, having an apparent density of 1.34, is
      ground, reheated to about 150.degree.F, pumped at a pressure of 650 psig
      to a nozzle, and sprayed therefrom into the top of a spray tower, while
      hot air at 350.degree.F is supplied to the bottom of the tower (the air
      moving upward through the tower countercurrent to the downward movement of
      the sprayed droplets and leaving from the top at an air temperature of
      170.degree.F).
PAR  In the foregoing example 1 the brightener is
      4,4'-bis(4-anilino-6-morpholino-s-triazine-2-ylamino)-2,2'-stilbene
      disulfonic acid disodium salt and the phenolic antioxidant (Iphol 033) is
      2,6-di-tert-butylphenol.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that the proportion of sodium sulfate is 28.4
      instead of 33.4 and the proportion of sodium sulfite is 15.0 instead of
      10.0. The slurry temperature is 160.degree.F, the spraying pressure is 750
      psig, the apparent density of the slurry is 1.44 g/cc and the air inlet
      and outlet temperatures are 520.degree. and 190.degree.F, respectively.
PAC  EXAMPLE 3
PAR  Example 1 is repeated except that the proportion of sodium tripolyphosphate
      is 13.5 parts and the proportion of sodium sulfite is 20 parts.
PAC  EXAMPLE 4
PAR  Example 1 is repeated, twice, each time using no phosphate and (in one
      case) using added soda ash in the crutcher mix, the proportions in the
      sprayed beads being as follows: (a) 10 parts of sodium linear
      tridecylbenzenesulfonate, 8.0 parts of the sodium silicate, 0.3 part of
      the brightener, 0.01 part of the phenolic stabilizer, 2.0 parts of the
      Neodol 45-11, 52.76 parts sodium sulfate, 15.0 parts sodium sulfite, 2.5
      parts moisture (total 90.57 parts); (b) the same as a, above, except that
      8 parts of soda ash are also present and the amount of sodium sulfate is
      44.26 parts (total 90.07 parts). In both cases the resulting sprayed beads
      are mixed with 3.015 parts of the nonionic detergent Neodol 25-7, 4.5
      parts (or 5 parts for the b beads) of citric acid, 0.74 parts of the
      enzyme concentrate of Example 5, 0.175 part of perfume and 1 part of
      powdered flow control agent (calcined aluminum silicate). In each case the
      slurry temperature is 130.degree.F. For a the spraying pressure is 450
      psig, the apparent density is 1.29 g/cc the air inlet temperature is
      450.degree.F and the air outlet temperature is 155.degree.F; for b the
      corresponding figures are 400 psig, 1.40 g/cc., 520.degree.F and
      190.degree.F.
PAR  Neodol 25-7 is an ethoxylation product of 7 mols of ethylene oxide and one
      mol of an alkanol of 12 to 15 carbon atoms.
PAC  EXAMPLE 5
PAR  The following ingredients are mixed with water in a crutcher to form a hot
      aqueous suspension and then sprayed into hot air in a spray tower to form
      hollow granules containing about 1.2% moisture: 3 parts of sodium olefin
      sulfonate (produced by sulfonating an alpha olefin of 15 to 20 carbon
      atoms in conventional manner with about 1 mol of highly diluted SO.sub.3,
      neutralizing with excess aqueous sodium hydroxide, and heating the
      alkaline mixture at a temperature above 300.degree.F [e.g. 330.degree.F]
      to ring-open sultones in said mixture), 12.3 parts of pentasodium
      tripolyphosphate, 39.5 parts of sodium sulfate, 3.3 parts of sodium
      sulfite, 3 parts of potassium carbonate, 0.29 part of ultramarine blue and
      0.11 part of brightener. In formulating the crutcher mix all the
      ingredients are supplied as anhydrous powders except the detergent (which
      is an aqueous dispersion), and the mixture containing about 42% water is
      maintained at 138.degree.-146.degree.F while it is ground, stored and
      pumped (at a pressure of about 780-880 psig) to the spray nozzle. The air
      is fed countercurrent, entering at the bottom of the spray tower at a
      temperature of about 540.degree.-560.degree.F and leaving at a temperature
      of about 190.degree.-200.degree.F. Chemical analysis shows that the final
      product still contains over 4% sodium sulfite.
PAR  In Examples 1 and 2 the solids (i.e. non-water) content of the suspension
      (slurry) is 65% in Example 4 it is 60%.
PAR  Analysis for sulphite is typically carried out by conventional procedure in
      which a predetermined quantity of 0.1 N iodine solution is added to a
      predetermined weight of the sample to be tested in a flask, the mixture is
      allowed to stand for 5 minutes (swirling occasionally), A predetermined
      amount of concentrated hydrochloric acid is added, and the mixture is then
      titrated with 0.1 N sodium thiosulfate solution until the yellow color has
      almost disappeared, after which a few drops of starch indicator solution
      is added and the titration continued until the blue color entirely
      disappears.
PAR  As indicated above, the sulfite-containing spray-dried granules are
      preferably blended with small amounts of enzymes. These are preferably
      compatible proteolytic enzymes but it is within the broader scope of this
      invention to use amylases or lipases instead of or in admixture with the
      proteases or in admixture with each other. Examples of enzymes and
      descriptions of the form in which the enzyme is added and the amounts
      thereof are set forth in German DOS 2,060,095 and corresponding French
      Pat. No. 2,072,988 (and the corresponding U.S. application Ser. No. 98,111
      filed Dec. 14, 1970) whose disclosures are incorporated herein by
      reference. The amount of enzyme concentration generally small in relation
      to the amount of sodium sulfite, e.g. such as to provide less than 0.3
      Anson unit of protease and usually less than 0.2 Anson unit, such as about
      0.1 or 0.05 Anson unit per gram of sodium sulfite. For conventional enzyme
      concentrates, the amount of such concentrate is usually well below 20%,
      such as less than 10% (e.g. 7% or 4% or less) of the weight of sodium
      sulfite.
PAR  While the invention has its greatest utility when Na.sub.2 SO.sub.3 is used
      it is within the broader scope of the invention to replace all or part of
      the sodium sulfite by other readily water-soluble sulfites such as those
      in which both valences of the sulfite anion are joined to a metal cation
      whose hydroxide is a strong base, such as potassium sulfite.
PAR  The compositions of this invention generally exhibit no odor of sulfur
      dioxide or other noxious odor, even on storage.
PAR  The compositions of this invention may be employed for washing in cool
      water, e.g., at 70.degree. to 90.degree.F, or in warm or hot water, e.g.,
      at 100.degree.F., 120.degree.F, 140.degree.F or even hotter.
PAC  EXAMPLE 6
PAR  The product of Example 1 is compared, in a soaking test for stain removal,
      with a similar product containing 35% sodium tripolyphosphate and no
      sodium sulfite but otherwise having substantially the same composition,
      using 0.1% concentrations of the product in the soak water. It is found to
      give very good stain removal for most stains.
PAR  The soaking test is carried out by placing the stained fabrics overnight in
      water having a hardness of about 150 ppm and having a temperature of
      105.degree.F, into which the product has been dissolved, allowing the
      fabrics to soak overnight, then removing the soak water by centrifuging
      and washing the fabrics in a standard top loading washing machine with a
      commercial  non-phosphate detergent. (The water used is a mixture of
      Piscataway, New Jersey tap water, and an appropriate amount of calcium and
      magnesium chlorides to raise the hardness to 150 ppm).
PAR  In each test there are employed, in quadruplicate, some 10 or 11 types of
      stained fabric test swatches. The tests use such stains as grass on
      cotton; spinach on cotton terry cloth towel; chocolate custard on cotton;
      grape juice on polyester-cotton permanent press fabric; blueberry pie on
      polyester-cotton permanent press fabric; wet clay on cotton; wet potting
      soil on polyester-cotton permanent press fabric; Spangler soil; EMPA No.
      101 oily soil; blood-milk-ink; tea on polyester-cotton permanent press
      fabric.
PAR  As indicated above, the builder salt may be a salt of a carboxylic acid
      having a plurality of carboxylic acid groups. Other examples of such
      materials are the salts (e.g. of Na) of carboxymethylsuccinic acid,
      cyclopentanetetracarboxylic acid, mono-O-carboxymethyltartaric acid and
      pyridinedicarboxylic acid.
PAR  Typical anionic detergents which may be used are the alkylbenzenesulfonates
      having 10-15, e.g., 12, carbon atoms in the alkyl group particularly of
      the type described in U.S. Pat. No. 3,320,174, May 16, 1967 of J.
      Rubinfeld; the olefin sulfonates having 12 to 20, e.g., 16, carbon atoms
      particularly mixtures of alkenesulfonates and hydroxyalkane-sulfonates
      obtained by reacting an alpha olefin with gaseous highly diluted SO.sub.3
      and hydrolyzing the resulting sultone-containing product, as by
      neutralizing with excess NaOH and heat treating to open the sultone ring;
      and the higher alkyl sulfates, such as tallow alcohol sulfate. Most
      commonly, these materials are employed as their sodium or other alkali
      metal salts, but ammonium or alkaline earth metal, e.g., magnesium salts,
      may be used. Mixtures of various anionic detergents, e.g., a mixture of a
      sodium alkylbenzene-sulfonate and a sodium olefin sulfonate may be
      employed.
PAR  Other anionic detergents are water-soluble soaps which may be used, alone
      or in combination with other detergents. Examples of soaps are the sodium,
      potassium, etc. salts of fatty acids such as lauric, myristic, stearic,
      oleic, elaidic, isostearic, palmitic, undecylenic, tridecylenic,
      pentadecylenic, 2-lower-alkyl higher-alkanoic (such as 2-methyl
      tridecanoic, 2-methyl pentadecanoic or 2-methyl heptadecanoic) or other
      saturated or unsaturated fatty acid of 11 to 20 carbon atoms. Soaps of
      dicarboxylic acids may also be used such as the soaps of dimerized
      linoleic acid. Soaps of such other higher molecular weight acids such as
      resin or tall oil acids, e.g., abietic acid, may also be employed. One
      specific suitable soap is the sodium soap of a mixture of tallow fatty
      acids and coconut oil fatty acids, e.g., in 3:1 ratio.
PAR  Suitable olefin sulfonate detergents and their preparation, are described
      in Rubinfeld et al U.S. Pat. Nos. 3,428,654 and 3,506,580 as well as in
      the references (dealing with olefin sulfonates) cited in those patents and
      in DiSalvo et al U.S. Pat. No. 3,420,875. Generally, the olefin sulfonates
      also contain small amounts, e.g., 1 to 15%, of disulfonates formed during
      the sulfonation reaction. The olefin sulfonates may be produced from
      alpha-olefins, internal olefins, or 2,2-di-alkylethylenes, having a
      vinylidene group, or from mixtures thereof as described in the
      aforementioned DiSalvo patent.
PAR  Another suitable anionic detergent is an alkyl phenol disulfonate such as
      one having an alkyl group having some 12 to 25 carbon atoms, preferably
      about 16 to 22 and more preferably about 18 to 20 carbon atoms. The alkyl
      group is preferably of the linear biodegradable type; one preferred typs
      is produced by alkylation of a phenol with an alpha olefin, such as a
      linear unbranched alpha olefin, and may have a primary or a secondary
      alkyl group, e.g., an alkyl group attached to the benzene ring at a point
      one, two, three or four carbon atoms from a terminal methyl group. In one
      typical material, about 10-15% of the alkyl groups are attached at the
      2-position of the alkyl groups and the balance randomly at the 3, 4, 5,
      etc. positions and the alkyl group is for instance, in the ortho position
      with respect to the phenolic hydroxyl group; or the material may be a
      mixture of o-alkyl species with p-alkyl species. The alkyl phenol may be
      sulfonated in conventional manner in oleum, e.g., containing 15%,  20%,
      25% or 50% SO.sub.3, using sufficient oleum to, e.g., 1.2 to 1.5, such as
      1.3 parts of 20% oleum per part of alkyl phenol, to produce a product
      containing in excess of 1.6, preferably above 1.8, e.g., 1.8 to 1.9 or
      1.95, SO.sub.3 H groups per alkyl phenol molecule. The disulfonate may be
      one whose phenolic hydroxyl group is blocked, as by etherification or
      esterification; thus the H of the phenolic OH may be replaced by an alkyl,
      e.g., ethyl, or hydroxyalkoxyalkyl, e.g., --(CH.sub.2 CH.sub.2 O).sub.x H
      group in which x is one or more, such as 3, 6 or 10; and the resulting
      alcoholic OH may be esterified to form, say, a sulfate, e.g., -SO.sub.3
      Na.
PAR  Other suitable anionic detergents are the paraffin sulfonates, such as the
      reaction products of alpha olefins and bisulfites, e.g., sodium bisulfite,
      for instance, the primary paraffin sulfonates of about 10-20, preferably
      about 15 to 20 carbon atoms.
PAR  Other suitable anionic detergents are sulfates of higher alcohols, such as
      sodium lauryl sulfate, sodium tallow alcohol sulfate, Turkey Red oil or
      other sulfated oils, or sulfates of mono- or diglycerides of fatty acids,
      e.g., stearic monoglyceride monosulfate, alkyl poly (ethenoxy) ether
      sulfates, such as the sulfates of the condensation products of ethylene
      oxide and lauryl alcohol, usually having 1 to 5 ethenoxy groups per
      molecule; lauryl or other higher alkyl glyceryl ether sulfonates; aromatic
      poly (ethenoxy) ether sulfates, such as the sulfates of the condensation
      products of ethylene oxide and nonyl phenol, usually having 1 to 20
      oxyethylene groups per molecule, preferably 2-12.
PAR  The suitable anionic detergents include also the acyl sarcosinates, e.g.,
      sodium lauroylsarcosinate, the acyl esters, e.g., oleic acid ester, of
      isothionates, and acyl N-methyl taurides, e.g., potassium N-methyl
      lauroyl- or oleyl tauride.
PAR  Suitable nonionic surface active agents include those surface active or
      detergent compounds which contain an organic hydrophobic group and a
      hydrophilic group which is a reaction product of a solubilizing group such
      as carboxylate, hydroxyl, amide or amine with ethylene oxide or with the
      polyhydration product thereof, polyethylene glycol.
PAR  As examples of nonionic surface active agents which may be used there may
      be noted the condensation products of alkyl phenols with ethylene oxide,
      e.g., the reaction product of isooctyl phenol with about 6 to 30 ethylene
      oxide units; condensation products of alkyl thiophenols with 10 to 15
      ethylene oxide units; condensation products of higher fatty alcohols (such
      as those having alkyl chains of 8 to 20, typically 10 to 18 carbon atoms)
      with ethylene oxide or mixtures of ethylene oxide and propylene oxide, and
      containing, say, 60 or 65% combined ethylene oxide, ethylene oxide addends
      of monoesters of hexahydric alcohols and inner ethers thereof such as
      sorbitan monolaurate, sorbitol mono-oleate and mannitan monopalmitate, and
      the condensation products of polypropylene glycol with ethylene oxide.
PAR  Amphoteric detergents may also be included. Examples of these are
      n-alkyl-beta-aminopropionic acid; N-alkyl-beta-amino-dipropionic acid, and
      N-alkyl, N,N-dimethyl glycine; the alkyl group may be, for example, that
      derived from coco fatty alcohol, lauryl alcohol, myristyl alcohol (or a
      lauryl-myristyl mixture), hydrogenated tallow alcohol, cetyl, stearyl, or
      blends of such alcohols. The substituted aminopropionic and
      iminodipropionic acids are often supplied in the sodium or other salt
      forms, which may likewise be used in the practice of this invention.
      Examples of other amphoteric detergents are the fatty imidazolines such as
      those made by reacting a long chain fatty acid (e.g. of 10 to 20 carbon
      atoms) with diethylene triamine and monohalocarboxylic acids having 2 to 6
      carbon atoms, e.g., 1-coco-5-hydroxyethyl-5-carboxymethylimidazoline;
      betaines containing a sulfonic group instead of the carboxylic group;
      betaines in which the long chain substituent is joined to the carboxylic
      group without an intervening nitrogen atom, e.g. inner salts of
      2-trimethylamino fatty acids such as 2-trimethylaminolauric acid, and
      compounds of any of the previously mentioned types but in which the
      nitrogen atom is replaced by phosphorous.
PAR  It is also within the broader scope of the invention to have cationic
      surface active agents (e.g. surface active detergent compounds which
      contain an organic hydrophobic group and a cationic solubilizing group) in
      the composition. Typical cationic solubilizing groups are amine and
      quaternary groups.
PAR  As examples of suitable synthetic cationic detergents there may be noted
      the diamines such as those of the type RNHC.sub.2 H.sub.4 NH.sub.2 wherein
      R is an alkyl group of about 12 to 22 carbon atoms such as N-2-aminoethyl
      stearyl amine and N-2-aminoethyl myristyl amine; amido-linked amines such
      as those of the type R.sup.1 CONHC.sub.2 H.sub.4 NH.sub.2 wherein R.sup.1
      is an alkyl group of about 9 to 20 carbon atoms, such as N-2-amino
      ethyl-stearyl amide and N-amino ethyl myristyl amide; quaternary ammonium
      compounds wherein typically one of the groups linked to the nitrogen atom
      are alkyl groups which contain 1 to 3 carbon atoms, including such 1 to 3
      carbon alkyl groups bearing inert substituents, such as phenyl groups, and
      there is present an anion such as halogen, acetate, methosulfate, etc.
      Typical quaternary ammonium detergents are ethyl-dimethyl-stearyl ammonium
      chloride, benzyl-dimethyl-stearyl ammonium chloride, benzyl-di
      ethyl-stearyl ammonium chloride, trimethyl stearyl ammonium chloride,
      trimethyl-cetyl ammonium bromide, dimethyl-ethyl dilauryl ammonium
      chloride, dimethyl-propyl-myristyl ammonium chloride, and the
      corresponding methosulfates and acetates.
PAR  Compositions containing nonionic detergents, alone, or in admixture with
      anionic detergents constitute one particularly preferred class.
PAR  The most highly preferred water-soluble anionic detergent compounds are the
      ammonium, such as mono-, di- and triethanolamine, alkali metal, such as
      sodium and potassium, and alkaline earth metal such as calcium and
      magnesium, salts of the higher alkyl benzene sulfonates, olefin
      sulfonates, paraffin sulfonates, alkyl phenol disulfonates, the higher
      alkyl sulfates, and the higher fatty acid monoglyceride sulfates. The
      particular salt will be suitably selected depending upon the particular
      formulation and the proportions therein.
PAR  The composition preferably also contains a fluorescent brightener in small
      amount, as illustrated in the Examples. Such brighteners are well known;
      they may be cumarin types as illustrated in U.S. Pat. Nos. 2,590,485,
      2,600,375, 2,610,152, 2,647,132, 2,647,133, 1,791,564, and 2,882,186;
      triazolyl stilbene types as illustrated in U.S. Pat. Nos. 2,668,777,
      2,684,966, 2,714,057, 2,784,183, 2,784,197, 2,817,665, 2,907,760,
      2,927,866 and 2,993,892; stilbene cyanuric types as illustrated in U.S.
      Pat. Nos. 2,473,475, 2,526,668, 2,595,030, 2,618,636, 2,658,064,
      2,658,065, 2,660,578, 2,666,052, 2,694,064, and 2,840,557; acylamino
      stilbene types as illustrated in U.S. Pat. Nos. 2,084,413, 2,468,431,
      2,521,665, 2,528,323, 2,581,057, 2,623,064, 2,674,604, and 2,676,982; or
      miscellaneous types such as shown in U.S. Pat. Nos. 2,911,415 and
      3,031,460. The proportion of brightener may be for instance in the range
      of about 1/20% to 1%, e.g. 1/10% to 1/2%.
PAR  The tap water used in the foregoing Examples is Piscataway, New Jersey tap
      water having a hardness of about 100 ppm (expressed in conventional
      manner, as ppm of calcium carbonate) and a very small copper content (less
      than 1 ppm). A typical chemical analysis of the water supply is as
      follows, all figures (except pH) being in parts per million, unless
      otherwise indicated: total hardness 90, alkalinity 38, CO.sub.2 8, pH 7.6,
      chlorine 1.0, iron 0.05, manganese 0.00, consumed oxygen 0.6, dissolved
      oxygen 15.0, chlorides 25, total solids 165, organic and volatile 40,
      mineral matter 125, free ammonia 0.048, albumoid ammonia 0.015, nitrites
      as nitrogen 0.00, nitrates as nitrogen 0.20. A typical mineral analysis of
      this water supply (with figures again in ppm) is: sulfates 45, silica 15,
      calcium 23.2, magnesium 7.776.
PAR  Reference is here made to the patent application of Gray, Gangwisch, Wixon
      and Chirash, filed on the same date as the instant application and
      entitled Detergent Compositions, whose entire disclosure is incorporated
      herein by reference.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that variations may be made therein without
      departing from the spirit of the invention. The "Abstract" given above is
      merely for the convenience of technical searchers and is not to be given
      any weight with respect to the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the production of hollow granules of detergent compositions
      containing sulfite which retains its content on storage under heated
      conditions which comprises forming an aqueous slurry containing an organic
      detergent and alkali metal sulfite, wherein, by weight based on the total
      non-volatile constituents of said slurry, the amount of detergent is from
      about 5% to about 40% and the amount of sulfite is from about 3% to about
      70%, said slurry being at an elevated temperature of at least 90.degree.F,
      agitating said slurry, spraying said slurry into a hot evaporative
      atmosphere of about 300.degree.F to about 900.degree.F to form
      air-containing hollow granules of the detergent composition containing at
      least 3% of sulfite.
NUM  2.
PAR  2. Process as in claim 1 in which the sulfite is sodium sulfite.
NUM  3.
PAR  3. Process as in claim 2 in which the spraying is through a nozzle which is
      positioned in a spray-drying zone and said evaporative atmosphere is air
      supplied to said zone.
NUM  4.
PAR  4. Process as in claim 3 in which said slurry is agitated while at a
      temperature of at least about 120.degree.F in air forming an
      air-containing slurry which is forced under a pressure in excess of 100
      psig to nozzle.
NUM  5.
PAR  5. Process as in claim 4 in which said evaporative atmosphere leaving said
      zone has a temperature above 180.degree.F.
NUM  6.
PAR  6. Process as in claim 1 in which said proportion of sulfite is within the
      range of about 5 to 40% and said organic detergent is largely an anionic
      sulfonate or sulfate detergent.
NUM  7.
PAR  7. Process as in claim 6 in which said slurry contains about 5 to 35%
      sodium silicate, based on non-volatile content of the slurry.
NUM  8.
PAR  8. Spray dried hollow granules of detergent composition produced by the
      process of claim 1.
NUM  9.
PAR  9. Granules as in claim 8, said granules being vesiculated structures
      having generally rounded smooth surfaces, the bulk density of the mass of
      granules being in the range of about 0.3 to 0.6 g/cc.
NUM  10.
PAR  10. Granules as in claim 9 containing about 3 to 70% sodium sulfite, about
      10 to 50% alkaline builder salt including about 5 to 35% sodium silicate
      and about 5 to 40% organic detergent which is a sulfate or sulfonate salt
      or mixture thereof.
NUM  11.
PAR  11. Granules as in claim 10 containing nonionic detergent.
NUM  12.
PAR  12. Granules as in claim 9 containing a detergent builder salt, which is a
      sodium salt of a water-soluble phosphate, phosphonate, carboxylic acid
      salt, silicate, or carbonate or mixture thereof.
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ABST
PAL  Constant boiling binary admixtures are formed by
      1,2-dichloro-1,1,2-trifluoroethane with trichlorofluoromethane, with
      diethyl ether, and with dichloromethane. A constant boiling ternary
      admixture is formed by 1,2-dichloro-1,1,2-trifluoroethane, diethyl ether,
      and 1,2-dibromo-1,1,2,2-tetrafluoroethane.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to novel compositions of matter incorporating
      1,2-dichloro-1,1,2-trifluoroethane.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  I have discovered that 1,2-dichloro-1,1,2-trifluoroethane forms a binary
      constant boiling admixture with trichlorofluoromethane; a binary constant
      boiling admixture with diethyl ether; a binary constant boiling admixture
      with dichloromethane; and a ternary constant boiling admixture with
      1,2-dibromo-1,1,2,2-tetrafluoroethane and diethyl ether. These constant
      boiling admixtures can be termed azeotropes.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The binary composition 1,2-dichloro-1,1,2-trifluoroethane with
      trichlorofluoromethane is characterized by a boiling point of about
      23.degree.-24.degree. C at a pressure of about 742-744 mm/Hg. The weight
      relationship is about 28-29 weight percent
      1,2-dichloro-1,1,2-trifluoroethane and correspondingly about 72-71 weight
      percent trichlorofluoromethane. This constant boiling admixture exhibits
      the characteristics typical of an azeotrope.
PAR  The binary constant boiling admixture of 1,2-dichloro-1,1,2-trifluoroethane
      with diethyl ether is characterized by a boiling point of about
      38.degree.-39.degree. C at a pressure of about 735-743 mm/Hg. This binary
      constant boiling admixture surprisingly is characterized by a relatively
      broad range of relative composition, yet with unusual constancy of boiling
      point. The weight relationship is in the range of about 58 to 60 weight
      percent 1,2-dichloro-1,1,2-trifluoroethane and correspondingly about 42 to
      40 weight percent diethyl ether. The azeotropic compositions contain about
      59.8 weight percent 1,2-dichloro-1,1,2-trifluoroethane and 40 weight
      percent diethyl ether at about 735-736 mm mercury, or about 58.9:41.1 at
      about 742-743 mm mercury, and exhibit the characteristics typical of
      azeotropes.
PAR  The binary constant boiling admixture 1,2-dichloro-1,1,2-trifluoroethane
      with dichloromethane is characterized by a boiling point of about
      29.4.degree. C at 743 mm mercury pressure. The weight relationship is
      about 88.6 weight percent 1,2-dichloro-1,1,2-trifluoroethane and
      corresponding 11.4 weight percent dichloromethane. This constant boiling
      admixture exhibits the characteristics typical of an azeotrope.
PAR  The ternary constant boiling admixture of
      1,2-dichloro-1,1,2-trifluoroethane with
      1,2-dibromo-1,1,2,2-tetrafluoroethane and diethyl ether is characterized
      by a boiling point of about 38.degree.-39.degree. C at a pressure of about
      740-741 mm/Hg. The weight relationship is about 53.3:11.2:35.5
      characterized at a boiling point of about 38.8.degree. C at about 740.8
      mm/Hg. The composition exhibits the characteristics typical of an
      azeotrope.
PAR  Constant boiling admixtures are liquid mixtures of two or more substances
      which mixtures behave like a single substance in that the vapor produced
      by partial evaporation or distillation has the same composition as does
      the liquid, i.e., the admixtures distill without change in composition.
      Constant boiling compositions characterized as azeotropes exhibit either a
      maximum or minimum boiling point as compared with that of nonazeotropic
      mixtures of the same substances. It is not possible to predict what two or
      more substances will combine to form azeotropes.
PAR  At differing pressures, the composition of a given azeotrope will vary, at
      least slightly, and changes in distillation pressures also change, at
      least slightly, the distillation temperatures. Thus an azeotrope of A and
      B represents a unique type of relationship but with a variable
      composition.
PAR  It is possible to fingerprint, in effect, a constant boiling admixture
      which may appear under varying guises depending on the conditions chosen
      by any of several criteria: the composition can be defined as an azeotrope
      of A and B, since the very term "azeotrope" is at once both definitive and
      limitative, requiring that A and B indeed form this unique composition of
      matter which is a constant boiling admixture. Or, the composition can be
      defined as a particular weight percent relationship or mole percent
      relationship of A:B, while recognizing that such specific values point out
      only one particular such relationship and that in actuality a series of
      such relationships represented by A:B actually exist for a given
      azeotrope, varied by influence of distillative conditions chosen, the
      temperature and pressure relationship. Or, recognizing that the azeotrope
      A:B does represent just such a series of relationships, the azeotropic
      series represented by A:B can be characterized by defining the composition
      as an azeotrope characterized by a boiling point at a given pressure, thus
      giving identifying characteristics without unduly limiting the scope of
      the invention by a specific numerical composition which is limited by and
      is only as accurate as the analytical equipment available. The same
      considerations are applicable to both binary azeotropes A:B and to ternary
      azeotropes A:B:C.
DETD
PAC  EXAMPLES
PAR  The following experimentally measured data are presented in order to assist
      in disclosing and describing my invention, and, therefore, are not
      intended to be limitative of the reasonable scope thereof.
PAR  The constant boiling admixtures of my invention were prepared by distilling
      binary or ternary admixtures until the overhead temperature reached a
      constant value, and the composition of distillate remained unchanged as
      verified by GLC (Gas-Liquid Chromatography) analysis, thereby establishing
      the existence of the minimum or maximum boiling azeotrope in each case.
PAR  The still employed was an Ace Glass Company Catalog No. 9219, concentric
      tube column about 13 inches long, about 10 mm internal diameter, silvered
      vacuum jacket, rated 40 plates at 80 cc/hr boil-up rate, equipped with a
      vacuum jacketed head with magnetic take-off fitted with a
      copper-constantan thermocouple and Thermoelectric Minimite potentiometer
      giving temperature readings within 0.2.degree. C accuracy, a graduated
      receiver, and a 25 cc conical kettle heated by a mantle and wrapped in
      glass wool. The condenser was a cold-finger type cooled by
      trichlorofluoromethane and dry ice. The receiver was cooled to prevent
      reboiling and consequent loss. Distillations were at atmospheric pressure,
      and the atmospheric pressure was measured frequently with a calibrated
      aneroid barometer graduated in mm/Hg. Product of the distillation was
      analyzed with an Aerograph 1520 gas chromatograph having a disc integrator
      on its recorder.
PAC  EXAMPLE I
PAR  A mixture of about 48 weight percent 1,2-dichloro-1,1,2-trifluoroethane and
      52 weight percent trichlorofluoromethane was charged to the kettle, heated
      to its atmospheric boiling point, and distilled, employing a reflux ratio
      of 40:1. A minimum boiling overhead binary azeotropic mixture was obtained
      with a composition of about 28.4 weight percent
      1,2-dichloro-1,1,2-trifluoroethane and correspondingly about 71.6 weight
      percent trichlorofluoromethane. This constant boiling admixture,
      exhibiting the characteristics of an azeotrope, was obtained at a boiling
      point of about 23.5.degree. C at about 742.9 mm/Hg pressure. The azeotrope
      was nonflammable. Distillation data are shown in Table I below:
TBL                Table I                                                     
     ______________________________________                                    
     Overhead          Cumulative                                              
     Distillation                                                              
              Overhead Overhead  Overhead Composition,                         
     Temperature                                                               
              Fraction Fractions Percent Weight                                
     .degree.C                                                                 
              No.      %(a)      F-123A(b)                                     
                                          F-11(c)                              
     ______________________________________                                    
     23.6/23.5                                                                 
              1         3        28       72                                   
     23.5/23.6                                                                 
              2        15        28.4     71.6                                 
     23.6/23.9                                                                 
              3        38        28       72                                   
     ______________________________________                                    
      (a) Volume % of charge to distillation kettle.                           
      (b) 1,2-Dichloro-1,1,2-trifluoroethane.                                  
      (c) Trichlorofluoromethane.                                              
PAR  Compositions in the range of about 28-29 weight percent
      1,2-dichloro-1,1,2-trifluoroethane and correspondingly about 72-71 weight
      percent trifluoroethane are considered to be within the scope of my
      invention, boiling at about 23.degree.-24.degree. C, at about 742-744
      mm/Hg pressure. The azeotropic composition itself, considering the
      analytical equipment, appears to be more nearly 28.4 weight percent
      1,2-dichloro-1,1,2-trifluoroethane and correspondingly about 71.6 weight
      percent trichlorofluoromethane, azeotropic boiling point 23.5.degree. C
      measured at 742.9 mm/Hg. The azeotropic was nonflammable, and was found to
      be particularly useful as a rosin (solder flux) solvent.
PAC  EXAMPLE II
PAR  A mixture of 38.4 weight percent 1,2-dichloro-1,1,2-trifluoroethane and
      61.6 weight percent diethyl ether was charged to the kettle, heated to its
      boiling point at atmospheric pressure, and distilled while employing a
      reflux ratio of 40:1. A constant boiling admixture was observed, and the
      data indicate a maximum boiling binary azeotrope was obtained at about
      38.6.degree. C at a measured pressure of about 742.4 mm/Hg pressure.
      Analysis indicated a composition of about 58.9 weight percent
      1,2-dichloro-1,1,2-trifluoroethane and correspondingly about 41.1 weight
      percent diethyl ether. Distillation data are shown in the following Table
      II:
TBL                                    Table II                                
     __________________________________________________________________________
                         Cumulative                                            
                                Overhead Composition,                          
     Head Temperature                                                          
                    Pressure                                                   
                         Overhead                                              
                                Weight Percent                                 
     Fraction                                                                  
          .degree.C mm/Hg                                                      
                         Fractions(a)                                          
                                diethyl ether                                  
                                        F-123a                                 
     __________________________________________________________________________
     1    33.8/33.8 741.7                                                      
                          2     100     0.0                                    
     2    33.8/34.0 741.7                                                      
                         15     100     0.0                                    
     3    34.0/34.2 741.6                                                      
                         21     99.5    0.5                                    
     4    34.2/34.3 741.2                                                      
                         27     99      1                                      
     5    34.3/34.6 741.8                                                      
                         30     87      13                                     
     6    34.6/35.0 741.7                                                      
                         32     80      20                                     
     7    35.0/37.2 741.7                                                      
                         40     65      35                                     
     8    37.2/37.6 741.7                                                      
                         42     55      45                                     
     9    37.6/38.1 742.0                                                      
                         45     50      50                                     
     10   38.1/38.3 741.9                                                      
                         50     44      56                                     
     11   38.3/38.4 741.8                                                      
                         53     42      58                                     
     12   38.4/38.4 741.4                                                      
                         56     41      59                                     
     13   38.4/38.5 741.6                                                      
                         62     41      59                                     
     14   38.5/38.5 741.9                                                      
                         65     41      59                                     
     15   38.5/38.5 741.9                                                      
                         70     41      59                                     
     16   38.5/38.6 742.1                                                      
                         75     41.1    58.9                                   
     17   38.6/38.6 742.5                                                      
                         80     41.4    58.6                                   
     18   38.6/38.6 742.3                                                      
                         87     40.8    59.2                                   
     __________________________________________________________________________
      (a) Volume percent of charge to kettle.                                  
PAR  In another run, a mixture of 60 weight percent
      1,2-dichloro-1,1,2-trifluoroethane and 40 weight percent diethyl ether was
      charged to the kettle, heated to its boiling point at atmospheric
      pressure, and distilled while employing a reflux ratio of 40:1. A constant
      boiling admixture was observed, and the data indicate a maximum boiling
      binary azeotrope was obtained at about 38.3.degree.  C at a measured
      pressure of about 735.5 mm/Hg pressure. Analysis indicated a composition
      of about 59.8 weight percent 1,2-dichloro-1,1,2-trifluoroethane and
      correspondingly about 40.2 weight percent diethyl ether. Distillation data
      are shown in the following Table III:
TBL                                    Table III                               
     __________________________________________________________________________
                         Cumulative                                            
                                Overhead Composition,                          
     Head Temperature                                                          
                    Pressure                                                   
                         Overhead                                              
                                Weight Percent                                 
     Fraction                                                                  
          .degree.C mm/Hg                                                      
                         Fractions(a)                                          
                                diethyl ether                                  
                                        F-123a                                 
     __________________________________________________________________________
     1    38.0/38.0 735.1                                                      
                          2     41.5    58.5                                   
     2    38.0/38.2 735.1                                                      
                          8     41.6    58.4                                   
     3    38.2/38.3 735.2                                                      
                         13     40.7    59.3                                   
     4    38.3/38.3 735.4                                                      
                         17     40.4    59.6                                   
     5    38.3/38.3 735.6                                                      
                         21     39.9    60.1                                   
     __________________________________________________________________________
      (a) Volume percent of charge to kettle.                                  
PAR  This azeotrope was flammable. This azeotrope was found to be particularly
      useful solvent for fats. Fats float on this azeotrope. It is suggested
      that hides could be floated on this solvent while being defatted before
      tanning.
PAC  EXAMPLE III
PAR  A mixture of 34.7 weight percent dichloromethane (CH.sub.2 Cl.sub.2) and
      65.3 weight percent 1,2-dichloro-1,1,2-trifluoroethane was charged to the
      kettle and heated under atmospheric pressure to the boiling point and
      distilled at a reflux ratio of 20:1. Distillation data are shown below:
TBL                                    Table IV                                
     __________________________________________________________________________
                         Cumulative                                            
                                Overhead Composition                           
                         Overhead                                              
                                Weight Percent                                 
     Fraction                                                                  
          Head Temperature                                                     
                    Pressure                                                   
                         Fraction(a)                                           
                                F-123a  CH.sub.2 Cl.sub.2                      
     __________________________________________________________________________
     1    30.4/30.1 744.0                                                      
                          7     --      --                                     
     2    30.1/29.4 743.8                                                      
                         14     --      --                                     
     3    29.4/29.4 743.6                                                      
                         20     --      --                                     
     4    29.4/29.4 743.6                                                      
                         35     88.4    11.6                                   
     5    29.4/29.4 743.0                                                      
                         50     88.6    11.4                                   
     __________________________________________________________________________
      (a) Volume percent charge to kettle.                                     
PAR  An azeotrope was obtained as the constant-boiling constant-composition
      mixture of about 88.6 weight percent 1,2-dichloro-1,1,2-trifluoroethane
      and 11.4 weight percent dichloromethane at about 743 mm Hg pressure. The
      azeotrope boiling point was about 29.4.degree. C.
PAC  EXAMPLE IV
PAR  A mixture of 50 weight percent 1,2-dichloro-1,1,2-trifluoroethane and 17
      weight percent 1,2-dibromo-1,1,2,2-tetrafluoroethane and 33 weight percent
      diethyl ether was charged to the kettle, heated to the boiling point at
      atmospheric pressure, and distilled employing a reflux ratio of 40:1. One
      ternary azeotropic admixture was determined. Distillation data are as
      follows:
TBL                                    Table V                                 
     __________________________________________________________________________
          Head        Cumulative                                               
                              Overhead Composition                             
     Fraction                                                                  
          Temperature                                                          
                 Pressure                                                      
                      Overhead                                                 
                              Weight Percent                                   
     No.  .degree.C                                                            
                 mm/Hg                                                         
                      Fraction(a)                                              
                              F-123a                                           
                                   F-114B2(c)                                  
                                          DEE                                  
     __________________________________________________________________________
     1    38.2/38.1                                                            
                 735.6                                                         
                       2      62.4 5.7    31.9                                 
     2    38.1/38.3                                                            
                 735.1                                                         
                       8      63.3 7.0    29.7                                 
     3    38.3/38.4                                                            
                 735.6                                                         
                      12      60.2 7.3    32.5                                 
     4    38.4/38.6                                                            
                 736.1                                                         
                      21      57.1 8.1    34.8                                 
     5    38.6/38.7                                                            
                 736.4                                                         
                      26      56   9      35                                   
     6    38.8/38.8                                                            
                 740.8                                                         
                      27      53.0 11.8   35.2                                 
     7    38.8/38.8                                                            
                 740.8                                                         
                      31      53.5 10.6   35.9                                 
     __________________________________________________________________________
      (a)Volume percent of charge to kettle.                                   
      (c)1,2-dibromo-1,1,2,2-tetrafluoroethane.                                
PAR  According to the data shown, a maximum boiling ternary azeotrope was
      obtained exhibiting a boiling point of about 38.8.degree. C measured at
      about 740.8 mm/Hg pressure. This constant boiling admixture on analysis
      was found to contain about 53.3 weight percent
      1,2-dichloro-1,1,2-trifluoroethane, 11.2 weight percent
      1,2-dibromo-1,1,2,2-tetrachloroethane, and 35.5 weight percent diethyl
      ether. This azeotrope was nonflammable.
PAR  The compositions of my invention have applications as solvents for greases,
      oils, and waxes; as aerosol propellants; in cleaning or dissolving rosin
      solder flux; in cleaning electric motors, compressors, photographic films,
      oxygen storage tanks, lithographic plates, typewriters, precision
      instruments, gauges, and sound tape; for cleaning of cloth, clothing wool,
      hides, and the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. The substantially constant boiling admixture of (A) 1, 2 -dichloro- 1,
      1, 2-trifluoroethane and (B) trichlorofluoromethane which at substantially
      atmospheric pressure is characterized as about 28-29 weight percent (A)
      and about 72-71 weight percent (B).
NUM  2.
PAR  2. A substantially constant boiling admixture according to claim 1 further
      characterized as an azeotrope.
NUM  3.
PAR  3. The azeotropic admixture according to claim 2 characterized by a boiling
      point of about 23.5.degree. C at about 742.9 mm/Hg.
NUM  4.
PAR  4. The azeotropic composition according to claim 2 wherein said (A)
      represents about 28.4 weight percent, and said (B) about 71.6 weight
      percent.
NUM  5.
PAR  5. A substantially constant boiling admixture according to claim 1
      characterized by a boiling temperature of about 23.degree.-24.degree. C at
      a pressure of about 742-744 mm/Hg.
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ABST
PAL  A method of preparing a halophosphate phosphor of controlled particle size
      with includes the step of compacting the calcium hydrogen orthophosphate
      di-hydrate crystals. The steps in the method include precipitating the
      calcium hydrogen orthophosphate di-hydrate crystals from a fluid formed by
      mixing a calcium chloride solution or a calcium nitrate solution and a
      diammonium phosphate solution, separating the precipitated di-hydrate
      crystals from the remainder of the fluid, compacting the di-hydrate
      crystals, converting the di-hydrate into de-hydrate crystals, preparing a
      raw mix containing the de-hydrate crystals, and firing the raw mix to form
      the halophosphate phosphor. The di-hydrate crystals may be separated from
      the remainder of the fluid by filtering, in which case, the compacting is
      preferably achieved by pressing the crystals against the filter. The
      di-hydrate crystals may also be separated from the remainder of the fluid
      by centrifuging, in which case, the compacting is provided by the
      centripetal-centrifugal forces present during centrifuging. After
      centrifuging, the crystals must be deagglomerated.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  In copending application Ser. No. 345,173, filed concurrently herewith and
      owned by the present assignee, is described a process for the preparation
      of halophosphate phosphorus utilizing batch precipitation of CaHPO.sub.4,
      in which precipitation the reactants are combined extremely rapidly.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of halophosphate phosphors such
      as are used in fluorescent lamps.
PAR  Typically, halophosphate phosphors have been prepared by firing a raw mix
      containing calcium hydrogen orthophosphate (which has been precipitated as
      a di-hydrate and then converted to a de-hydrate), calcium carbonate,
      calcium fluoride, ammonium chloride, and suitable compounds of activator
      metals. The activators are generally antimony and manganese. It is well
      known to substitute other alkaline earth metals for some or all of the
      calcium. It is also well known that, in the preparation of such phosphors,
      the crystal properties of the phosphor are highly dependent upon the
      crystal properties of the calcium hydrogen orthophosphate and that good
      crystals of the proper range of sizes are essential to good performance of
      the phosphor in a lamp.
PAR  Generally, calcium hydrogen orthophosphate is precipitated in a di-hydrate
      form (CaHPO.sub.4. 2H.sub.2 O) from a mixture of calcium chloride and
      diammonium phosphate solutions (calcium nitrate has occasionally been used
      in place of the calcium chloride). The precipitated crystals are generally
      collected and separated from the mother liquor (the mother liquor consists
      primarily of ammonium chloride solution together with any unreacted
      calcium chloride or diammonium phosphate) by filtration. The crystals may
      be washed at this time to provide further removal of the mother liquor.
      The di-hydrate crystals are then converted to de-hydrate (anhydrous
      calcium hydrogen orthophosphate) crystals by gently agitating the crystals
      in a warm (80.degree.-100.degree.C), slightly acidic solution (pH
      initially about 4.5). The crystals are then collected (typically by
      filtration), washed and dried and used as part of the raw mix which is
      fired to form the halophosphate phosphor.
PAR  The effects of precipitation conditions on the particle size of the final
      phosphor have been recognized in, for example, U.S. Pat. No. 3,242,369
      issued to king, et al., on Mar. 22, 1960. Heretofore, however, it had
      apparently been assumed that filtering conditions did not have a
      significant effect on particle size and the main emphasis had been on
      gentle handling to avoid mechanical breaking of the crystals.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that the particle size of halophosphate phosphors is
      a function of the compaction to which the precipitated crystals are
      subjected. A halophosphate phosphor of controlled particle size is
      prepared by precipitating calcium hydrogen orthophosphate di-hydrate
      crystals from a fluid formed by mixing calcium chloride solution (or
      calcium nitrate solution) with diammonium phosphate solution, and
      separating the precipitated di-hydrate crystals from the remainder of the
      fluid. The separated di-hydrate crystals are then compacted (if separation
      is by centrifuging, the separation and compaction occur concurrently), the
      compacted di-hydrate crystals converted into de-hydrate crystals, and a
      phosphor raw mix which contains the de-hydrate crystals is fired to form
      the halophosphate phosphor. The di-hydrate crystals may be separated from
      the remainder of the fluid either by collecting the crystals on a filter
      or by centrifuging. When the di-hydrate crystals are separated by
      filtering, the compacting is preferably achieved by pressing the crystals
      against the filter. When the di-hydrate crystals are separated by
      centrifuging, the compacting is provided by the centrifugal forces present
      during centrifuging and an unusual additional step in which the crystals
      are deagglomerated is required.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A better understanding of the invention will be obtained from the exemplary
      method described in the accompanying drawing, wherein:
PAR  The sole FIGURE of the drawing is a flow chart showing the steps in the
      production of a halophosphate phosphor, including the step of compacting
      the precipitated di-hydrate crystals prior to conversion into de-hydrate
      crystals.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  It has been discovered that the manner in which precipitated di-hydrate
      crystals are separated from the precipitation fluid has an effect on the
      particle size of the final halophosphate phosphor. This means not only
      that these conditions must be carefully controlled to prevent the
      introduction of changes which could result in production of phosphor of
      other than the desired particle size range, but also that the conditions
      during separation can be varied to control particle size. Thus, for
      example, conditions during separation can be varied to allow conditions
      elsewhere in the process to be run more nearly at optimum conditions. It
      should be noted that the final particle size of the phosphor is not only a
      function of the size of the particles of the de-hydrate crystals which are
      placed in the raw mix, but is also a function of the precipitated
      di-hydrate crystals. Thus, one can monitor the size of the precipitated
      di-hydrate crystals, for example, and make appropriate changes of the
      separating and compaction conditions to adjust the particle size in the
      desired direction.
PAR  As will be noted from the sole FIGURE, the first step in the preparation of
      a halophosphate in accordance with the present invention is the
      precipitation of calcium hydrogen orthophosphate di-hydrate crystals. This
      may be done either by continuous or batch precipitation. Typically,
      half-molar solutions of calcium chloride and diammonium phosphate are
      mixed at approximately room temperature. The present invention can be
      practiced, however, using, for example, the approximately 2 molar
      solutions at 30.degree.-50.degree.C. as taught in application Ser. No.
      360,994, filed May 16, 1973 and owned by the present assignee.
PAR  Next, the precipitated di-hydrate crystals are separated from the mother
      liquor and compacted. The crystals can be simultaneously separated and
      compacted by centrifuging the crystals. Although both higher and lower
      centrifugal forces also provide the separation and compacting, it was
      found convenient to subject the crystals to a force of about 120-800 times
      the force of gravity. Centrifuging provides excellent control of particle
      size in that the degree of compacting can be conveniently controlled by
      controlling the speed of the centrifuge. A 24 inch diameter centrifuge can
      be used, for example, and is effective at speeds of 600-1,500 rpm. The
      crystals may also be washed in the centrifuge by introducing additional
      water during the centrifuging. Although centrifuging provides a convenient
      method of separating and compacting, deagglomeration of the compacted
      crystals is required in order to produce good phosphor crystals from
      di-hydrate which has been centrifuged. Although chemical methods of
      deagglomerating are known in the art, mechanical deagglomeration by
      stirring is preferred. When mechanical deagglomeration was attempted using
      slurries with a weight ratio of water to crystals of about 4-5 to 1, a
      wide range of crystal sizes was obtained. After conversion, the de-hydrate
      crystals deagglomerated in such dilute slurries ranged from approximately
      2 microns by 6 microns up to 15 microns by 20 microns, (the crystals were
      measured by photographs taken through microscopes and, as the crystals
      tend to be relatively thin and lay flat in the photograph, the thickness
      or third dimension could not be conveniently measured, but was, in all
      cases herein described, approximately 1-5 microns). Desirably, the length
      and width (the two larger dimensions of the crystal) should be
      approximately equal, and the crystals should be relatively thin and
      uniform in size. It can be seen that the results of deagglomerating with
      dilute solutions were unsatisfactory. The results from centrifuging
      crystals which were not deagglomerated at all varied even more widely than
      the centrifuged crystals which were deagglomerated in a dilute solution.
      Conversely, crystals formed from cake which was deagglomerated in slurries
      having a weight ratio of di-hydrate crystals to water of about 0.6-1.5 to
      1 provided crystals with length and width dimensions which were
      approximately equal (generally within 20 percent) and good uniformity from
      crystal to crystal (the largest dimension of about 90 percent of the
      crystals was within .+-.20 percent of the average). The use of
      approximately equal weight amounts of water and cake in the slurry also
      provides for convenience of monitoring the deagglomeration process. High
      shear mechanical stirring (such as is provided by a blender, a Morehouse
      Mill or a Cowles Dissolver) is required for deagglomeration. Initially the
      slurry is quite thick and when a blender, for example, is used for high
      shear mechanical stirring, the blender is quite heavily loaded for the
      first few seconds. However, as the high shear mechanical stirring is
      continued, there is a distinct lessening of the viscosity and the slurry
      turns into a thin, almost watery consistency (the viscosity drops from a
      value of over 1,000 centipoises to less than 10 centipoises). Generally,
      the high shear mechanical stirring is continued only for a few seconds
      after the thinning has occurred, but it has been found that continuing the
      high shear mechanical stirring for several minutes after the change in
      viscosity has occurred has no significant effect on either crystallinity
      or particle size. In addition to a blender, other means of mechanical
      stirring which produce the high shear mechanical stirring were also found
      to be satisfactory. The use of a Morehouse Mill or a Cowles Dissolver to
      provide vigorous agitation is known in the art, and both were found to
      provide satisfactory deagglomeration when approximately equal weights of
      water and crystals were used. As a larger number of variables exist in any
      of these methods of mechanical stirring, such as the size of the vessel,
      the speed and size of any mixing blades, the degree to which the vessel is
      filled, and the clearance of the discs in the Morehouse Mill, a large
      number of variations in the process is possible. One skilled in the art
      can, however, make appropriate adjustments to provide a process which does
      produce the distinct change in viscosity indicative of deagglomeration.
      Once optimized, conditions of deagglomeration should be carefully
      maintained, as these conditions do have a pronounced effect on the
      particle size of the final phosphor.
PAR  Centrifuging provides an especially well controlled method of removal of
      the mother liquor from the di-hydrate crystals. Experiments have shown
      that a more thorough removal of the mother liquor from the di-hydrate will
      result in a slightly smaller crystal size of the end product.
PAR  While the mother liquor cannot be as thoroughly removed by filtering, nor
      the crystals subjected to as closely a controlled degree of compacting (as
      compared to centrifuging), tests have shown that an adequate degree of
      control of crystal size can also be obtained by filtering and compacting.
      Filtering is quite convenient for a production process and does not
      require deagglomeration. The compacting should probably be provided in a
      definite time relation to the separation of the crystals from the liquor
      (typically, within 30 seconds of separation). While in centrifuging the
      compacting takes place essentially concurrently with the separation, in
      filtering the compacting generally takes place after the separation. The
      crystals should preferably be compacted against the filter. This can be
      provided for example by a roller which compacts the crystals against a
      drum or belt filter.
PAR  After the crystals have been precipitated, separated and compacted, the
      di-hydrate crystals are converted into de-hydrate crystals. This is
      typically done by stirring the di-hydrate crystals in a dilute acid
      solution at about 80.phi..degree.C. The acid solution can consist of, for
      example, a ratio of phosphoric or hydrochloric acid to deionized water of
      1 to 1000. The crystals are stirred in the solution and the solution
      heated to about 95.degree.C in approximately 40 minutes. After conversion,
      the crystals are separated from the conversion liquid, and may be washed
      and dried. The drying may be provided by heating (typically,
      120-140.degree.C).
PAR  The converted crystals are then mixed in a raw mix and fired to form a
      halophosphate phosphor. Typically, the raw mix contains, in addition to
      the calcium hydrogen orthophosphate de-hydrate crystals, ingredients such
      as calcium fluoride, ammonium chlorides, calcium carbonates, and oxides or
      phosphates of activators such as manganese and antimony. Other alkaline
      earth metals may be substituted in whole or in part for the calcium. The
      foregoing is merely for purposes of illustration as preparation of raw mix
      is well known in the art.
PAR  Typically, little attention has been paid to the steps between
      precipitation of the crystals and conversion of the crystals. As it has
      been found that these steps have significant effect on crystal size and,
      in particular, that compacting the crystals during or after separation
      provides a practical method for maintaining control over crystal sizes and
      results in both uniform crystals being produced at one point in time and a
      reproducible size of crystals.
PAR  All conditions of separation and compacting and, if required,
      deagglomerations, should be carefully controlled to prevent the
      introduction of random variations in particle size. One or more of the
      conditions can also be intentionally varied to adjust particle size. One
      such condition which can be conveniently varied is the weight ratio of
      di-hydrate crystals to water during deagglomeration. This ratio is raised
      to reduce particle size. Another condition which can be controlled to
      control particle size is the rate at which the precipitated di-hydrate
      slurry (which contains the mother liquor) is introduced into the
      centrifuge. It has been found the higher the rate of introduction, the
      larger the particle size. For example, when 91 gallons of 0.5 molar
      di-hydrate slurry were pumped into a 24 inch centrifuge rotating at 1,000
      rpm, a feed rate of approximately 6.5 gallons per minute produced crystals
      of about 15-18 microns (when measured on the longer of the two larger
      dimensions) and a feed rate of approximately 4.8 gallons per minute
      produced crystals of about 11-14 microns.
PAR  It should be noted that the deagglomeration conditions for most uniform
      particle size are a function of the compaction applied during
      centrifuging. For example, when the dehydrate is centrifuged in a 24 inch
      diameter centrifuged at 1,500 rpm, maximum effectiveness was obtained with
      a relatively low slurry level in the deagglomeration vessel. However,
      di-hydrate centrifuged at 1,000-1,200 rpm was found to be more effectively
      deagglomerated using a higher level of slurry during deagglomeration.
PAR  Phosphors were generally made using the following procedure. The di-hydrate
      precipitate was prepared by adding a half-molar diammonium phosphate
      solution to a half-molar calcium chloride solution in approximately 4
      minutes. The calcium chloride solution had been adjusted to a pH of 5 and
      was maintained in strongly turbulent agitation during the addition of the
      diammonium phosphate and for 10 minutes thereafter. The temperature of the
      solutions was kept at about 23.degree.C. The precipitations were carried
      out in a 180 liter precipitator wherein 86.4 liters of calcium chloride
      and 80 liters of diammonium phosphate solution were mixed. After
      completion of the precipitation, the crystals were separated in the manner
      to be evaluated (centrifuging or filtering). Calcium nitrate can be used
      in place of the calcium chloride, but calcium chloride is preferred.
PAR  The compacting force was varied. Centrifuging force was varied from about
      120-800times the force of gravity. After centrifuging, the packed crystals
      were deagglomerated, generally in slurries containing approximately equal
      parts by weight di-hydrate crystals and water. When the crystals were
      separated by filtering rather than centrifuging, compacting was done by
      pressing the crystals. Generally, the crystals were pressed against the
      filter. No  deagglomeration was needed when the crystals were filtered and
      compacted rather than centrifuged.
PAR  For conversion, the di-hydrate crystals were reslurried in a solution
      containing 3,700 milliliters of water and 3.3 milliliters of phosphoric
      acid. This slurry was then heated to 95.degree.C in about 40 minutes.
PAR  The raw mix is prepared in the conventional manner and may contain, for
      example, the following: 225 grams of CaHPO.sub.4 produced according to the
      instant invention, 21.5 grams of CaF.sub.2, 8.8 grams of Sb.sub.2 O.sub.3,
      11 grams of MnCO.sub.3, 76.4 grams of CaCO.sub.3, 7.65 grams of NH.sub.4
      Cl, and 5.4 grams of CaCl. The raw mix is fired in the conventional
      manner, for example, at about 1,200.degree.C for approximately 6 hours.
PAR  It will be noted that the compaction and the high shear mechanical stirring
      to provide deagglomeration of the centrifuged cake are quite novel as the
      prior art had taught that treatments such as compaction and especially
      high shear mechanical stirring would lead to mechanical breaking of the
      crystals.
PAR  It will be understood that, although such phosphors of controlled particle
      size may most generally be used either as the sole phosphor or in mixtures
      with other phosphors in low pressure mercury vapor fluorescent electric
      discharge devices, these phosphors may also be used in other devices for
      which halophosphate phosphors are suitable, such as cathode ray tubes.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An improved method of preparing halophosphate phosphor of controlled
      particle size by controlling the preparation of calcium hydrogen
      orthosphate raw mix ingredient, said method comprising:
PA1  a. precipitating calcium hydrogen orthophosphate di-hydrate crystals from a
      fluid formed by mixing a calcium chloride solution with a diammonium
      phosphate solution;
PA1  b. separating said precipitated di-hydrate crystals from the remainder of
      said fluid;
PA1  c. compacting said di-hydrate crystals by centrifuging, wherein said
      centrifuging subjects said crystals to a force of about 120-800 times the
      force of gravity for 5-200 seconds, said separating and compacting
      occurring concurrently;
PA1  d. deagglomerating said compacted crystals, wherein said deagglomeration is
      performed by high shear mechanical stirring of a slurry comprising said
      di-hydrate crystals and water, and the weight ratio of di-hydrate crystals
      to water is about 0.6-1.5, and said mechanical agitation is performed for
      a sufficient time to provide a distinct lessening of viscosity during said
      agitation;
PA1  e. converting said di-hydrate crystals into anhydrous calcium hydrogen
      orthophosphate crystals;
PA1  f. preparing a raw mix comprising said anhydrous calcium hydrogen
      orthophosphate crystals; and
PA1  g. firing said raw mix to form said halophosphate phosphor.
NUM  2.
PAR  2. The method of claim 1, wherein the weight ratio of di-hydrate crystal to
      water in (d) is adjusted to adjust particle size, with said ratio being
      raised to reduce said particle size or lowered to increase the particle
      size.
NUM  3.
PAR  3. The method of claim 1, wherein said precipitated di-hydrate and
      remainder of said fluid are introduced into the centrifuge at a controlled
      rate to control said particle size, with the rate of introduction being
      raised to increase said particle size or lowered to reduce the particle
      size.
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ABST
PAL  A method of producing granular or lumpy hard raw materials for activated
      carbon with a high yield by reacting a petroleum heavy material, such as a
      petroleum heavy oil or heavy residue, with a sulfonating agent in a
      reaction solvent thereby converting the petroleum heavy material into a
      carbonized material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of producing raw materials for
      activated carbon from petroleum heavy materials and, more particularly, it
      relates to a method of producing raw materials for activated carbon by the
      reaction of petroleum heavy materials such as petroleum heavy oils or
      petroleum heavy residues with a sulfonating agent.
PAR  2. Description of the Prior Art
PAR  Hitherto, raw materials for activated carbon have been produced by dry
      distilling in a fixed bed a woody carbonaceous material such as coconut
      shells and sawdust or a coal carbonaceous material at temperatures lower
      than about 600.degree.C. Then, the raw materials for activated carbon thus
      obtained are activated with an activating gas, such as a steam-containing
      gas and a carbon dioxide-containing gas, at temperatures of about
      700.degree.C to about 1100.degree.C to provide activated carbon. On the
      other hand, when asphalt or a petroleum heavy material containing a large
      asphalt content is subjected to the aforesaid solid-bed dry
      distillation-activation step which is a conventional method of producing
      activated carbon, only activated carbon with a greatly inferior quality is
      obtained. Also, the so-called raw petroleum cokes, that is the heavy
      material obtained by subjecting a petroleum heavy material to
      low-temperature coking or cracking, only gives an activated carbon with a
      greatly inferior quality using an ordinary activation method. Furthermore,
      in the case of using those petroleum heavy materials as raw materials, the
      yield for the raw materials for activated carbon obtained by the dry
      distillation of them is as low as about 30% and further the activated
      carbon obtained from such raw materials for activated carbon is low in
      bulk density and is brittle.
PAR  As a method of overcoming the disadvantages of the above-mentioned method,
      an improved method of producing activated carbon from a petroleum heavy
      material is disclosed in the specification of U.S. Pat. No. 2,809,938, in
      which asphalt is treated with concentrated sulfuric acid, the product is
      carbonized by dry distilling the product at about 500.degree.C in the
      absence of oxygen to remove substantially all unreacted sulfuric acid and
      volatile matter, and then the carbonized product is activated at a high
      temperature using an activating gas. The method of the aforesaid patent
      may be excellent in that a practically useful activated carbon can be
      produced using petroleum heavy materials as raw materials but since the
      method requires a dry distillation and carbonization steps, from the
      standpoint of the amount of heat required, it is economically
      disadvantageous and further the activated carbon produced only has
      properties inferior to the properties of commercially available
      conventional activated carbon. The reason that the properties of the
      activated carbon produced by the method of the above-cited U.S. Pat. No.
      2,809,938 is believed to be as follows: That is, in the method the
      structure of the material to be converted into a porous material in the
      subsequent activation step is damaged in the dry distillation step for
      removing the volatile matter.
PAR  Also, in the specification of Japanese patent publication No. 6818/56, a
      method is described for producing activated carbon by dry distilling the
      sulfuric acid sludge or sulfuric acid pitch produced as by-products in the
      refining of oils with sulfuric acid at temperatures of
      500.degree.-700.degree.C while introducing steam to the system to remove
      substantially all of the volatile matter and then activating the product
      with an activating gas. The Japanese Patent specification also teaches
      that since sulfuric acid pitch contains a large amount of impurities
      containing actively deleterious materials, an activated carbon of good
      quality cannot be obtained without dry distilling the sulfuric acid pitch
      at 500.degree.-700.degree.C while introducing steam into the system for
      removing those actively deleterious materials and that if the temperature
      for the dry distillation is lower than 500.degree.C or higher than
      700.degree.C, a high quality activated carbon is not obtained. Thus, this
      method requires a dry distillation step as a necessary factor and hence is
      economically disadvantageous from the standpoint of the heat required, and
      further the activated carbon produced only has the same properties as
      those of commercially available activated carbon.
PAR  Also, in "Hydrocarbon Processing", January, 105-108 (1971), a method is
      described of producing activated carbon by impregnating raw petroleum coke
      with a mixture of sulfuric acid and phosphoric acid but from the
      experimental results described in the report, the properties of the
      activated carbon produced by the method are inferior to those of
      commercially available activated carbon.
PAC  SUMMARY OF THE INVENTION
PAR  The inventors have discovered, as the result of investigations on
      overcoming those problems discussed above, that carbonaceous materials
      which can be converted by activation into activated carbon having an
      excellent quality are obtained by treating petroleum heavy materials with
      a sulfonating agent. However, by simply treating petroleum heavy materials
      with a sulfonating agent, the carbonized materials thus obtained are
      insufficient in hardness, unsuitable for producing granular activated
      carbon or pulverized activated carbon, and hence the use of the carbonized
      materials is restricted. Also, this method has the disadvantages that the
      amount of sulfuric acid used is comparatively large and hence the
      production cost is higher and in the treatment with sulfuric acid the
      surface of the reaction mixture raises locally caused by foaming during
      the step of reaching the reaction temperature, which makes it difficult to
      continue the reaction further.
PAR  As the results of further conducting these investigations, the inventors
      have discovered that by conducting the treatment of petroleum heavy
      materials with a sulfonating agent in an reaction medium, the carbonized
      materials are obtained as a granules or lumps suitable for producing
      granular activated carbon or pulverized activated carbon, the yield is
      high, the amount of sulfonating agent used is small, and further the
      reaction can be simplified.
PAR  An object of this invention is, therefore, to provide a method of producing
      carbonized materials in high yield from petroleum heavy materials, that is
      raw materials for producing activated carbon having excellent quality by
      activation.
PAR  Another object of this invention is to provide a method of producing the
      above-described raw materials in a granular or lump form.
PAR  Still another object of this invention is to provide a method of producing
      the above-described raw materials in a high yield using a small amount of
      sulfonating agent.
PAR  Further an object of this invention is to provide a simplified reaction
      method for producing the above-described raw materials.
PAR  The objects of this invention can be attained by treating petroleum heavy
      materials with a sulfonating agent in a reaction medium, that is, by
      reacting the petroleum heavy materials with a sulfonating agent in a
      reaction medium to convert them into carbonized materials.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The petroleum heavy materials used in this invention are petroleum heavy
      oils or heavy residues. These materials can be obtained by distilling,
      extracting, or decomposing (in the presence or absence of a catalyst)
      petroleum hydrocarbons. More specifically, the petroleum heavy materials
      used in the present invention are solids at normal (room) temperature or
      liquids having a kinematic viscosity higher than 100 centistokes at
      50.degree.C. These materials preferably contain more than 70% by weight of
      carbon and not more than 0.1% by weight of total metal content. Examples
      of these petroleum heavy materials include the heavy materials obtained by
      distilling crude oil; the heavy materials obtained by extracting crude oil
      with solvents, the residue obtained in normal-pressure distillation of
      crude oil, or the distilled oils obtained from reduced-pressure
      distillation of crude oil; the heavy materials obtained by decomposing
      crude oil at an increased temperature, the distilled oils obtained from
      normal-pressure or reduced-pressure distillation of crude oil, or the
      distillation residues thereof; and the heavy materials obtained by further
      decomposing at increased temperatures the heavy materials obtained in the
      case of extracting crude oil with solvents, the residues in
      normal-temperature distillation of crude oil, or the distilled oils from
      reduced-pressure distillation of crude oil. Specific examples of these
      materials are straight asphalt, heavy oil, blown asphalt, cut back
      asphalt, asphalt recovered on deasphalting with a solvent, the catalytic
      decomposition residues of kerosene or light oil, the thermal decomposition
      residues of kerosene or light oil, the decomposition residues of naphtha,
      the residues obtained in the case of coking, thermally decomposing,
      gasifying, or hydrocracking heavy fractions or residual oils, petroleum
      pitch, and petroleum cokes. Of the above-described materials, the
      asphaltic materials are particularly excellent as the raw materials in
      this invention because they have excellent properties such as
      infusibility, hardness, shapes, i.e., granules or lumps, etc., necessary
      as the raw materials for producing active carbon and further they can
      provide, easily and with high yield under comparatively mild conditions,
      high molecular weight hydrocarbons which can provide activated carbon
      having a high specific surface area and a high adsorptive power to
      methylene blue. These above-described materials can be used individually
      or as a mixture thereof or as a mixture with coal or other woody
      materials. When a mixture of the above-described materials and other
      materials such as coal or woody materials are used, any mixing ratios can
      be employed but generally it is desirable that the proportion of the other
      materials be less than about 50%, preferably from 0 to 20% by weight to
      the heavy materials described above. If the proportion thereof is higher
      than about 50% by weight, the activated carbon obtained on activation is
      inferior in specific surface area and adsorptive power in the case of
      using coal as the other material in the mixture although the physical
      strength of activated carbon is increased and also the strength of
      activated carbon obtained tends to be reduced in the case of using a woody
      material as the other material in the mixture.
PAR  Woody materials are insoluble in solvents and hence they are used as
      powders. The addition of coal increases further the physical strength of
      activated carbon produced and further the coal thus added becomes the
      nuclei for the granulation of the product. On the other hand, by the
      addition of a woody material, the reaction can be conducted under mild
      conditions. That is, the reaction temperature can generally be reduced by
      about 20.degree. - 30.degree.C by the addition of a woody material.
PAR  Any sulfonating agents capable of sulfonating the petroleum heavy materials
      can be used in this invention for reacting with the above-described raw
      materials. Specific examples of such sulfonating agents include sulfuric
      acid; fuming sulfuric acid; sulfur trioxide; a complex salt of sulfur
      trioxide; and a basic compound such as pyridine, dioxane, trimethylamine,
      dimethylaniline, thoxane, bis(2-chloroethyl) ether, 2-methylpyridine,
      quinoline, dimethylformamide, triethyl phosphate, etc.; a complex salt of
      chlorosulfonic acid and a weakly basic material such as diethyl ether,
      dioxane, dimethylformamide, etc.; a fluorosulfonic acid; a sulfaryl
      chloride; sulfamic acid; an acyl sulfate such as monoacetyl sulfate,
      diacetyl sulfate, etc.; an alkyl sulfate such as dimethyl sulfate, etc.,
      and sulfonic acid.
PAR  These sulfonating agent is desirably free from water since if the
      sulfonating agent contains water, the reactivity is reduced. For example,
      where sulfuric acid is used as the sulfonating agent, it is desired that
      the concentration of the sulfuric acid be higher than 77% by weight. If
      the concentration of the sulfuric acid is less than 77% by weight, the
      yield for the product becomes less than 100% by weight to the amount of
      the raw materials. Additionally the product becomes viscous and is fused
      in the activatin step, which makes it difficult to produce activated
      carbon therefrom. On the other hand, where the concentration of the
      sulfuric acid is higher than 77% by weight, the yield of the product
      increases as the concentration increases and thus an infusible product is
      obtained.
PAR  Of the aforesaid sulfonating agents, the most effective sulfonating agents
      for providing high yield and an infusible product are fuming sulfuric acid
      and sulfur trioxide. Concentrated sulfuric acid and chlorosulfonic acid
      are also excellent for the purpose although the amount thereof must be
      increased. Furthermore, if sulfur trioxide is used in the form of the
      complex salt as described above, it contributes to prevent the dispelling
      of the sulfur trioxide.
PAR  The proportion of the sulfo group in the raw material for activated carbon,
      that is, the carbonized material to be activated obtained by the treatment
      with the sulfonating agent, influences the formation of fine holes in the
      activation step, the hardness of the carbonized product, and the shape
      (degree of granulation) of the carbonized product. In other words, if the
      sulfo group is absent or the proportion of the sulfo group is too high,
      activated carbon of good quality cannot be obtained. However, in order to
      make the carbonized product infusible, it is necessary to conduct the
      reaction for forming high molecular weight compound by oxidation or
      dehydropolycondensation rather than conducting sulfonation. Therefore, the
      sulfonating agent must have, as a first characteristic, a sulfonation
      capability and further, as the second characteristic, the ability to cause
      oxidation or polycondensation. In general, a material having high
      sulfonation capability is at the same time effective for oxidation or
      polycondensation but even in the case of using a sulfonating agent having
      weak sulfonation ability, the objects can be attained by employing severe
      reaction conditions. Also, in the case of using, for example,
      chlorosulfonic acid as the sulfonating agent, a halogenation reaction
      occurs, whereby the above-described advantage can be obtained.
      Furthermore, in order to achieve the sulfonation reaction and the
      oxidation reaction simultaneously, a mixture of the sulfonating agent and
      an oxidizing agent such as potassium permanganate and nitric acid can be
      used.
PAR  Examples of reaction mediums used in the reaction of the petroleum heavy
      materials and the sulfonating agents as stated above, in which the raw
      materials can be dissolved or dispersed therein are halogenated lower
      aliphatic compounds (such as chloroform, dichloromethane, carbon
      tetrachloride, 1,1-dichloroethane, 1,2-dichloroethane,
      1,1,1-trichloroethane, 1,1,2-trichloroethane, 1,1,1,2-tetrachloroethane,
      1,1,2,2-tetrachloroethane, pentachloroethane, tetrachloroethylene,
      fluorochloroethanes, chloropropanes, dichloropropanes, trichloropropanes,
      etc.,), lower fatty acids (such as acetic acid, propionic acid,
      chloroacetic acid, trichloroacetic acid, etc.,), phenols (such as
      o-nitrophenol, p-cresol, etc.,), oxidized nitrogen compounds (such as
      nitromethane, nitrobenzene, etc.,), oxygen-containing compounds (such as
      ethers, e.g., dioxane, tetrahydrofuran, ethyl ether, thioxane, etc.,
      ketones, e.g., acetone, acetophenone, etc., amides, e.g.,
      dimethylformamide, etc.,), carbon disulfide, alphatic hydrocarbons (such
      as n-hexane, etc.,), aromatic hydrocarbons (such as benzene, etc.,) and
      the like. Of these materials, the lower aliphatic halogen compounds are
      preferable from the standpoint of the solubility of the petroleum heavy
      materials, stability toward the sulfonating agents, stability to heat, and
      their vapor pressure permits easy recovery by distillation.
PAR  As described above, according to the method of this invention, carbonized
      materials are obtained by conducting the reaction of the petroleum heavy
      materials and the sulfonating agents in the presence of the reaction
      mediums (hereinafter, this reaction will be called "pretreatment" for
      brevity). There are no particular restrictions on the reaction temperature
      because the sulfonation and curing or carbonization can proceed even at
      room temperature (e.g., about 20.degree. - 30.degree.C) but the reaction
      of this invention is generally conducted at temperatures of 0.degree. to
      300.degree.C. If the temperature is lower than 0.degree.C, the yield for
      the product decreases, while if the temperature is higher than
      300.degree.C, the product tends to become brittle.
PAR  In the case of using sulfur trioxide or fuming sulfuric acid, it is
      preferable to conduct the reaction at temperatures lower than
      200.degree.C, since if the reaction is conducted, in this case, at
      temperatures higher than 200.degree.C, the formation of SO.sub.2 becomes
      marked disturbing the progress of the sulfonation reaction required and
      reducing the reaction efficiency and further corrosion of the reaction
      system increases greatly.
PAR  In the method of this invention, the most preferable reaction temperatures
      are from 50.degree. to 150.degree.C. That is, in this temperature range, a
      hard product can be obtained with a high reaction efficiency. Furthermore,
      in this temperature range, carbonized products suitable for providing
      excellent activated carbon having a large specific surface area and a high
      adsorption power to methylene blue as described hereinafter can be easily
      obtained. In this case, although the detailed reasons are somewhat
      unclear, it is believed that by the treatment with the sulfonating agent,
      the petroleum heavy material undergoes a dehydropolycondensation reaction
      forming the hardened or carbonized material.
PAR  In the method of this invention it is necessary to conduct the reaction
      with the sulfonating agent until the product has a softening point of such
      an extent that the product is not softened by the activation treatment.
      Furthermore, since the treating temperature is about 600.degree.C in the
      case of activating the product with zinc chloride, the reaction is
      continued until the softening point of the reaction product becomes higher
      than 700.degree.C, preferably higher than 800.degree.C. Also, since the
      treating temperature is higher than 800.degree.C in the case of activating
      the product with steam, the reaction is continued until the softening
      point of the reaction product becomes higher than 900.degree.C, preferably
      higher than 1000.degree.C. There is no strict limitation on the upper
      limit of the above-described softening point but the upper limit is
      generally 1500.degree.C, preferably 1200.degree.C.
PAR  As described above, the reaction period of time in the method of this
      invention is determined by the softening point required for the product,
      but it can be selected by the following manner:
PAR  That is, the rate of reaction of the petroleum heavy materials and the
      solfonating agent is high and hence the sulfonation reaction proceeds
      sufficiently within 30 minutes and also materials suitable for
      ion-exchange use can be easily obtained but the softening point of the
      product is low. Because a main object of this invention is to provide a
      method of producing infusible raw materials for activated carbon as stated
      above, it is necessary to cause the oxidation or the polycondensation for
      not only the sulfonation but also to provide an infusible product. The
      rate of the oxidation or the polycondensation is lower than the
      sulfonation reaction and thus for producing the desired raw materials for
      activated carbon, it is preferable that the reaction period of time be
      much longer. The reaction period of time for increasing the softening
      point of the product as described above depends upon the nature of the
      materials to be used in this reaction and other reaction conditions but is
      generally from 30 minutes to 10 hours. If the reaction period of time is
      shorter than 30 minutes, it is difficult as described above to obtain a
      product having the hardness and infusibility necessary for the raw
      materials for activated carbon. On the other hand, if the reaction period
      of time is longer than 10 hours, the oxidation reaction proceeds to too
      great an extent forming a brittle product and also the yield for the
      product tends to decrease in this case. The preferable range of the
      reaction period of time in the method of this invention is from about 1
      hour to about 5 hours although it differs somewhat according to the nature
      of the sulfonating agent. In the range of reaction period of time, a hard
      product can be obtained with a high yield and also the activated carbon
      prepared from the raw material thus prepared has an excellent quality. In
      the case of recovering the reaction medium or solvent by distillation
      after the reaction is over, the sulfonating agent is partially present and
      thus the reaction proceeds yet in this case. Therefore, the distillation
      period of time is also considered a part of the reaction period of time.
PAR  Although the influences of the kind of the sulfonating agent on the
      properties of the product having the highest bulk density and then sulfur
      troxide and sulfuric acid follows fuming sulfuric acid in this order. As
      the amount of the sulfonating agent increases, the yield of the product
      increases in proportion to the increased amount of the sulfonating agent.
      The amount of the sulfonating agent is generally 0.2 to 20 times by weight
      of that of the petroleum heavy material. The specific surface area, the
      adsorptive power to methylene blue, and the bulk density of the product
      tend to increase as the amount of the sulfonating agent increases with
      each of them becoming maximum when the amount of the sulfonating agent is
      less than 10 times by weight of that of the petroleum heavy material. If
      the amount of the sulfonating agent is too small, a carbonized product
      which can be activated cannot be obtained, while if the amount of the
      sulfonating agent is too large, the product becomes brittle and further
      the yield thereof is reduced.
PAR  The optimum range of the amount of the sulfonating agent can easily be
      determined experimentally. For example, the amount of sulfur trioxide is
      generally 0.2 to 10 times by weight, preferably 0.5 to 7 times by weight,
      more preferably 1.0 to 3.0 times by weight that of the petroleum heavy
      material. The amount of fuming sulfuric acid is generally 0.5 to 10 times
      by weight, preferably 1.0 to 7 times by weight, more preferably 1.5 to 5.0
      times by weight. The amount of sulfuric acid or chlorosulfonic acid is
      generally 1.0 to 2.0 times by weight, more preferably 5.0 to 7.0 times by
      weight. Furthermore, in the case of using potassium permanganate as an
      oxidizing agent together with the sulfonating agent in the pre-treatment,
      it is preferable to use 5 to 20% by weight potassium permanganate to the
      amount of the petroleum heavy material since if the amount of the
      oxidizing agent is too large, a large amount of manganese is included as
      ash in the activated carbon. Also, in the case of using nitric acid as the
      oxidizing agent together with the sulfonating agent, it is preferable that
      the amount of nitric acid be less than the equivalent of 96% H.sub.2
      SO.sub.4 since if the amount is too large, the melting point of the
      product is lowered reducing the infusibility thereof.
PAR  The sulfonating agent once used can be recovered for reuse. Also, the
      amount of the reaction medium which acts as a dispersing agent for the
      reactants can be readily determined experimentally. It is desired to use
      the reaction medium in an amount sufficient as a dispersing agent for
      dispersing and dissolving the petroleum heavy material and the sulfonating
      agent but the reaction medium can be present together with the reactants.
      The amount of the reaction medium is generally 0.2 to 30 times by weight,
      preferably 5 to 20 times by weight, more preferably 7 to 10 times by
      weight that of the petroleum heavy material. If the amount of the reaction
      medium is less than 0.2 times by weight that of the petroleum heavy
      material, the effect of using the reaction medium, that is the increase in
      reaction yield and the increase of the hardness of product are not
      remarkable. On the other hand, even if the amount of the reaction medium
      is higher than 30 times by weight, no adverse influences on the properties
      of the product are obtained and the use of such a large amount of the
      reaction medium is unnecessary.
PAR  Because the reaction medium is only slightly consumed in the pre-treatment,
      the reaction medium can be recovered and reused. If an appropriate
      reaction medium having a boiling point near the reaction temperature is
      used, the reaction medium can be recovered by distillation during
      reaction. A reaction medium having a boiling point lower than the reaction
      temperature can be used but in this case it is preferable to conduct the
      reaction while refluxing the reaction medium into the reaction system.
PAR  The carbonized product obtained by the treatment with the sulfonating agent
      in the pre-treatment step is, after the reaction is over, cooled after
      distilling off the reaction medium or solvent or without removing the
      solvent. When the product is cooled to room temperature, it is immersed in
      water and the solid materials are recovered by filtration. By washing well
      with water and drying the recovered product, the carbonized material for
      activated carbon is obtained. Or, alternatively, after distilling off the
      reaction medium, the reaction product is further heated to 150.degree. to
      300.degree.C, more preferably 180.degree. to 250.degree.C, for 1 to 3
      hours with stirring to decompose and remove the remaining sulfonating
      agent and then the reaction product is dried as it is to provide the
      carbonized material for activated carbon.
PAR  From the carbonized product thus obtained, activated carbon can be obtained
      by a conventional activation method, that is, using a steam activation
      method or a zinc activation method. It is to be noted that the raw
      material obtained in accordance with the method of this invention can be
      subjected to any known activation method to produce the desired activated
      carbon. A typical procedure of the steam activation method comprises
      feeding the raw material into a fluidized bed or fixed bed activation
      apparatus and activating the raw material at a temperature ranging from
      about 800.degree. to about 900.degree.C for a period of from about 1/2 to
      about 3 hours with steam in an amount of 1 to 20 times by weight the
      amount of the raw material fed. A typical procedure of the zinc activation
      method comprises activating the raw material with an activating agent, in
      an amount of 1 to 10 times by weight the amount of the raw material,
      comprising water, a zinc compound such as zinc chloride and concentrated
      hydrochloric acid at a temperature ranging from about 600.degree.  to
      about 700.degree.C for a period of from about 1/2 to about 3 hours.
PAR  In a conventional method of producing raw materials for activated carbon by
      dry distilling and carbonizing petroleum heavy materials, the yield of the
      raw materials for activated carbon is only about 30% by weight but in the
      method of this invention, the yield of the raw material for activated
      carbon is quite high and is frequently over 100% by weight. For example,
      the yield of the raw material for activated carbon obtained in Example 1
      hereinafter described has been found to be 131% by weight (the yield of
      activated carbon from the raw material is 32.1% by weight). Moreover, the
      specific surface area of commercially available activated carbon is
      ordinarily about 500 to 1000 m.sup.2 /g but the specific surface area of
      the activated carbon obtained by activating the raw material for activated
      carbon prepared by the method of this invention sometimes is over 2000
      m.sup.2 /g, which shows the activated carbon from the raw material
      produced by the method of this invention is quite excellent. Furthermore,
      on considering that in the case of using the petroleum heavy materials as
      raw materials, the specific surface area of activated carbon produced by
      the conventional method comprising dry distillation step and activation
      step is less than 100 m.sup.2 /g, it can be further seen that the method
      of this invention is a quite excellent method.
PAR  Still further, the bulk density of the activated carbon prepared from the
      petroleum heavy materials by the conventional method comprising a dry
      distillation step and an activation step is about 0.2 g/cc and the
      activated carbon is brittle, while the raw materials for activated carbon
      produced by the method of this invention can give by activation an
      activated carbon having a bulk density of higher than 0.35 g/cc and
      further an activated carbon having a bulk density of higher than 0.45 g/cc
      under the most preferred conditions. Also, in the conventional method, the
      dry distillation step and the activation step emit large amounts of black
      smoke, which is not desirable because of air pollution but in the method
      of this invention substantially no black smoke is emitted. Furthermore,
      because the raw material for activated carbon obtained by the method of
      this invention does not require dry distillation before activation, the
      employment of the method of this invention is economically advantageous in
      the production of activated carbon from the standpoint of the amount of
      heat required.
PAR  The raw material for activated carbon produced by the conventional method
      wherein the petroleum heavy materials are treated with a sulfonating agent
      in the absence of reaction medium is brittle and, although such a raw
      material may be suitable for producing powdery activated carbon, it is
      unsuitable for producing granular activated carbon or crushed activated
      carbon. On the other hand, the raw material for activated carbon obtained
      by the method of this invention wherein the petroleum heavy material is
      treated with a sulfonating agent in the presence of the reaction medium is
      obtained as a granular product or lumpy product, which can provide
      granular or crushed activated carbon, and thus the use of the raw material
      can be greatly widened. Also, in the method of conducting the pretreatment
      of the petroleum heavy material without using the reaction medium, the
      reactants expand due to foaming in the course of reaching the reaction
      temperature, which makes it difficult to continue the reaction further,
      while in the method of this invention such a phenomenon scarecely occurs
      and the reaction can be conducted in a stable manner. Moreover, as
      compared to the method of conducting the pretreatment without using the
      reaction medium, the method of this invention has such merits or
      advantages that the yields for the raw materials for activated carbon
      produced by the method and the activated carbon prepared by activating the
      raw materials are higher and further the amount of the sulfonating agent
      used in the reaction is less.
PAR  For the sake of comparison, the amount of the sulfonating agent necessary
      in the case of using the reaction medium and the amount of the sulfonating
      agent necessary in the case of obtaining a reaction product in the same
      yield as described above without using the reaction medium are shown in
      the following table.
TBL  ______________________________________                                    
     Sulfonating Agent                                                         
                  No Solvent   Solvent Used (10                                
                               times by weight to                              
                               the amount of                                   
                               heavy oil)                                      
     ______________________________________                                    
     96% Sulfuric Acid                                                         
                  5 wt. times to                                               
                               2 wt. times                                     
                  heavy oil                                                    
     60% or 25% Fuming                                                         
                  3 wt. times  1 wt. times                                     
     Sulfuric Acid                                                             
     Sulfur Trioxide                                                           
                  1.5 wt. times                                                
                               0.5 wt. times                                   
     ______________________________________                                    
PAR  As shown above, the amount of the sulfonating agent in this invention can
      be only about 1/3 of the amount necessary in the case of using no reaction
      medium.
DETD
PAR  Now, the invention will be explained in greater detail by reference to the
      following examples. Unless otherwise indicated, all parts and percents are
      by weight.
PAC  EXAMPLE 1
PAR  50 g of asphalt recovered in the case of deasphalting the reduced pressure
      distillation residues of Kuwait crude oil with propane was dissolved in 50
      g of 1,1,2-trichloroethane. The asphalt used in this Example has the
      following properties:
TBL  Penetration (at 25.degree.C),                                             
                          15                                                   
     Softening Point,     65.5.degree.C                                        
     Viscosity (at 135.degree.C),                                              
                          1160 c.p.                                            
      (at 160.degree.C),  320 c.p.                                             
     Specific Gravity (25/25.degree.C),                                        
                          1.0576                                               
     Asphaltene Content,  21.8% by weight                                      
     Resins Content,      72.3% by weight                                      
     Oils Content,        5.7% by weight                                       
     Carbon Content,      82.6% by weight                                      
     Metal Content                                                             
      (V, Ni, Na, Fe),    about 196 ppm                                        
PAL  500 g of 96% sulfuric acid was then added to the resulting solution and
      then the mixture was maintained at a reaction temperature of 100.degree.C
      for 3 hours with stirring in a three-necked flask equipped with a
      condenser. In addition, the phenomenon of raising the surface of reactants
      caused by foaming did not occur in this case and the reaction system
      reached the desired temperature, 100.degree.C, after about 30 minutes.
      After the reaction was over, the reaction product was poured in 500 g of
      water, the solid matter was separated from the liquid by filtration and,
      after washing with water, dried overnight at 120.degree.C. The yield for
      the product was 131% by weight of the raw materials, the bulk density
      thereof was 0.609 g/cc, and also the product was obtained as a grossly
      granular material. When the product was subjected to a steam activation
      for 60 minutes at 850.degree.C, an activated carbon having a specific
      surface area of 1700 m.sup.2 /g, a methylene blue-adsorptive power of 430
      mg/g, and a bulk density of 0.398 g/cc was obtained with a yield of 32.1%
      by weight to the asphalt. Also, the greater part of the activated carbon
      thus obtained was flat and hard granules having a major axis of 4 mm, a
      minor axis of 3 mm, and a thickness of about 1 mm.
PAR  The specific surface area of the activated carbon was measured by the B E T
      method. (The B E T method is a well-known method for measuring a surface
      area based on the adsorption theory established by Brunaner, Emmett and
      Teller. The measurement is generally based on the nitrogen adsorption.)
      Also, the methylene blue-adsorptive power of the activated carbon was
      calculated as follows: A suitable amount of 300 mg/liter of methylene blue
      solution in a buffer solution having a controlled pH of 7 and 0.2 g of the
      activated carbon sample were shaken for 30 minutes, the mixture was
      subjected to centrifugal separation, and then the amount of the adsorbed
      methylene blue was calculated from the amount of methylene blue remaining
      in the supernatant liquid.
PAC  COMPARISION EXAMPLE 1
PAR  The asphalt as described in Example 1 was subjected to a solid bed dry
      distillation for 8 hours at 450.degree.C and then the product was
      activated for 90 minutes at 900.degree. C using steam, whereby an
      activated carbon having a specific surface area of 61 m.sup.2 /g and a
      methylene blue-adsorptive power of 23 mg/g was obtained.
PAC  COMPARISON EXAMPLE 2
PAR  The same pre-treatment as described in Example 1 was employed except that
      the reaction medium was not used. That is, 50 g of the powdery asphalt was
      placed in a three-necked flask and after adding thereto 500 g of 96%
      concentrated sulfuric acid, the temperature of the reaction mixture was
      raised gradually up to the reaction temperature, 100.degree.C while
      stirring the reaction system. Since there was a concern that the surface
      of the reaction mixture would be raised due to foaming and spill over the
      reaction vessel in this step, the temperature was raised quite gradually.
      Accordingly, it took 2 hours before the temperature of the reaction system
      reached 100.degree.C. After conducting the reaction for 3 hours, the
      reaction product was poured into 500 g of water, the solid matter was
      separated from the liquid by means of a glass filter and then washed with
      water. The solid matter was dried overnight at 120.degree.C. By the
      reaction, a powder product having a bulk density of 0.411 g/cc was
      obtained with a yield of 121% by weight to the asphalt. When the product
      was subjected to steam activation for 60 minutes at 850.degree.C, a
      powdery activated carbon having a specific surface area of 1800 m.sup.2
      /g, a methylene blue-adsorptive power of 500 mg/g, and a bulk density of
      0.308 g/cc was obtained with a yield of 16.8% by weight to the asphalt.
      EXAMPLES 2-6
PAR  In Examples 2 and 3, the same procedure for producing activated carbon as
      described in Example 1 was conducted under the same conditions as
      described in Example 1 except that the dichloromethane and the
      1,1,2,2-tetrachloroethane were used respectively as the reaction medium.
      Also, in Examples 4 and 5, the same procedure for producing activated
      carbon as described in Example 1 was followed except that the weight ratio
      of the reaction medium to the asphalt was 0.25/1 and 10/1, respectively.
PAR  In the pre-treatment step of Example 5, the reaction mixture was heated to
      the boiling point of 1,1,2-trichloroethane with stirring, the reaction was
      conducted while distilling off gradually the reaction medium, and the
      reaction was finished when the 1,1,2-trichloroethane was completely
      distilled off. The reaction period of time could be controlled by the rate
      of distilling off of the reaction medium but in this example the reaction
      period of time was 3 hours. The solid matter obtained by the pre-treatment
      as described in Example 1 was granules slightly larger in size than the
      solid matter obtained in Example 1 although the product of this invention
      was inferior in gloss as compared with the product in Example 1. The
      recovery yield for the 1,1,2-trichloroethane was 98% and although the
      recovered reaction medium contained certain amounts of sulfur dioxide gas
      and water, it could be used again after dehydration.
PAR  In Example 6, the activated carbon was produced in the same way as
      described in Example 1 except that the weight ratio of the reaction medium
      to the raw material was 10/1 and the weight ratio of the sulfonating agent
      to the raw material was 1.5/1.
PAR  In each the examples illustrated above, the reaction could be conducted
      easily, the yield of the activated carbon produced was high, and the
      activated carbon obtained was hard granules or lump ones. The results
      obtained in Examples 2-6 are shown in Table 1 below together with the
      results obtained in Example 1 described above and Comparison Examples 1
      and 2 also described above.
PAC  COMPARISON EXAMPLE 3
PAR  A mixture of 50 g of asphalt as described in Example 1 and 100 g of 96%
      concentrated sulfuric acid was maintained at a reaction temperature of
      115.degree. C for 3 hours with stirring. After the reaction was over, the
      reaction product was poured in 200 g of water, the solid matter was
      separated from the liquid by filtration and dried overnight at
      120.degree.C. The yield for the product was 102% by weight to the asphalt.
      The solid matter thus recovered was treated in a fluidized bed-type
      activation apparauts but due to the insufficient treatment with the
      sulfonating agent, the product fused together and hence the activation was
      impossible. Thus, the amount of the sulfonating agent where no reaction
      medium was used was large than the case of Example 6 but desired results
      were not obtained. The results obtained are also shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Example         1              2    3     4    5    6                     
     Comparison Example   1    2                              3                
     __________________________________________________________________________
     Sulfonating Agent                                                         
                     96% Sulfuric acid                                         
         Sulfonating Agent/                                                    
                     10/1 Dry  10/1 10/1  10/1 10/1 10/1 1.5/1                 
                                                              2/1              
         Raw Material (w/w)                                                    
         Reaction Medium                                                       
                     TCE(1)                                                    
                          distilled                                            
                               --   Dichloro-                                  
                                          1,1,2,2-                             
                                               TCE  TCE  TCE  --               
                                    methane                                    
                                          Tetra-                               
     Pre-                 in              chloro-                              
     treat-                                                                    
         Reaction Medium/                 methane                              
     ment                                                                      
         Raw Material(w/w)                                                     
                     1/1  fixed                                                
                               --   1/1   1/1  0.25/1                          
                                                    10/1 10/1 --               
     Step                                                                      
         Reaction Tempera-                                                     
         ture (.degree.C)                                                      
                     100  bed for                                              
                               100  100   135  100  113- 113- 115              
                                                    116  116                   
         Reaction Time (hr)                                                    
                     3.0       3.0  5.0   3.0  3.0  3.0  3.0  3.0              
         Reaction Product:                                                     
                          8 hrs.                                               
         Yield (wt%) 131       121  127   133  129  138  140  102              
         Bulk Density(g/cc)                                                    
                     0.609                                                     
                          at   0.411                                           
                                    0.557 0.616                                
                                               0.590                           
                                                    0.519                      
                                                         0.552                 
                                                              0.412            
     __________________________________________________________________________
         Activation Tempera-                                                   
                     850  900  850  850   850  850  850  850  850              
         ture(.degree.C)                                                       
         Activation Time (hr)                                                  
                     60    90  60   60    60   60   60   50                    
         Activated Carbon:                                                     
     Acti-                                                                     
         Yield (wt%) (2)                                                       
                     32.1 --   16.8 41.5  27.7 32.9 23.5 26.6                  
     vation                                                                    
         Specific Surface                                                      
                     1700  61  1800 1300  1800 1500 1900 1500                  
     Step                                                                      
         Area (m.sup.2 /g)                                                     
         Methylene Blue                                                        
         Adsorptive Power                                                      
                     430   23  500  220   470  350  480  390                   
         (mg/g)                                                                
         Bulk Density(g/cc)                                                    
                     0.398                                                     
                          --   0.308                                           
                                    0.391 0.409                                
                                               0.459                           
                                                    0.338                      
                                                         0.360                 
     __________________________________________________________________________
       (1) TCE means 1,1,2-trichloroethane(same abbreviation used in Tables    
      2-3).                                                                    
      (2) Yield to the petroleum heavy material(same in Tables 2-5).           
PAR  As is clear from the results contained in Table 1, in Examples 1 to 6
      activated carbons having a higher bulk density and hardness were obtained
      with higher yields as compared with the case of Comparison Example 2.
      Furthermore, the activated carbons produced in the above-described
      examples had almost the same specific surface area and properties as those
      of the activated carbon obtained in Comparison Example 2. For comparison,
      the specific surface area of commercially available activated carbon is
      about 500-1000 m.sup.2 /g.
PAC  EXAMPLE 7
PAR  In 500 g of 1,1,2-trichloroethane was dissolved 50 g of asphalt as
      described in Example 1 and then 150 g of 2.5% fuming sulfuric acid was
      added to the solution over a period of 30 minutes from a dropping funnel.
      Thereafter, the reaction was conducted while maintaining the reaction
      system at the boiling point of the reaction solvent,
      1,1,2-trichloroethane, while the reaction solvent was distilled off over a
      period of three hours. After the reaction was over, the reaction product
      was poured in 200 g of water and then the solid matter was separated from
      the liquid by filtration. Then, the solid product was dried overnight at
      120.degree.C. The yield for the product was 134% by weight to the asphalt,
      and the bulk density thereof was 0.551 g/cc. By subjecting the product to
      a steam activation for 60 minutes at 900.degree.C, flat granular activated
      carbon having a specific surface area of 1700 m.sup.2 /g and a bulk
      density of 0.387 g/cc was obtained with a yield of 30.2% by weight to the
      asphalt.
PAC  EXAMPLE 8
PAR  Activated carbon was produced in the same way as described in Example 7
      while using 60% fuming sulfuric acid as the sulfonating agent. In this
      example granular activated carbon was obtained with good yield.
PAC  EXAMPLE 9
PAR  In 500 g of 1,1,2-trichloroethane was dissolved 50 g of asphalt as
      described in Example 1 and, while maintaining the solution at 90.degree.C,
      air saturated with sulfur trioxide by passing the air through a layer of
      25% fuming sulfuric acid was blown into the solution at a rate of about
      400 ml/min to conduct the reaction for 3 hours. In this case, the amount
      of sulfur trioxide thus introduced was 105 g. After the reaction was over,
      the reaction product was poured in 200 g of water. Then, the solid matter
      was separated from the liquid by filtration and dried overnight at
      120.degree.C. The yield for the product was 145% by weight to the asphalt
      and the bulk density thereof was 0.574 g/cc. The product was found to be
      granules or lumps. By subjecting the product to steam activation, lump or
      granular activated carbon was obtained with a good yield.
PAC  EXAMPLES 10-14
PAR  In Examples 10 and 11, activated carbons were produced in the same manner
      as described in Example 9. In the pre-treatment step of Example 11,
      however, the reaction medium, 1,1,2-trichloroethane was recovered by
      distillation after the reaction was over.
PAR  In Examples 12, 13 and 14 activated carbons were produced in the same
      manner as described in Example 7 while using as the sulfonating agent
      chlorosulfonic acid (concentration 97%), mixture of 25 parts by weight of
      96% concentrated sulfuric acid and 1 part by weight of potassium
      permanganate, and a mixture of 96% concentrated sulfuric acid and 60%
      nitric acid in the same weight ratio, respectively. In the case of using a
      sulfonating agent only, an oxidation reaction occurred in addition to a
      sulfonation but in the case of using a mixture of the sulfonating agent
      and an oxidizing agent such as potassium permanganate or nitric acid as in
      Examples 13 and 14, the pre-treatment reaction could be conducted
      effectively, a hard product could be obtained, and also the activated
      carbon could be obtained with a good yield. The results obtained in the
      examples are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Example          7     8     9    10   11    12    13    14               
     Sulfonating Agent                                                         
                      25%   60%                   Chloro-                      
                                                        Sulfuric               
                                                              Sulfuric         
                      Fuming                                                   
                            Fuming                                             
                                  Sulfur trioxide sulfonic                     
                                                        acid  acid             
                      Sulfuric                                                 
                            Sulfuric              acid  + KM.sub.n O.sub.4     
                                                              + nitric         
                      acid  acid                              acid             
     __________________________________________________________________________
         Sulfonating Agent/                                                    
         Raw Material (w/w)                                                    
                      3/1   3/1   2.1/1                                        
                                       2.2/1                                   
                                            2.4/1 5/1   5/1   4/1              
     Pre-                                                                      
         Reaction Medium                                                       
                      TCE   TCE   TCE  TCE  TCE   TCE   TCE   TCE              
     treat-                                                                    
         Reaction Medium/                                                      
     ment                                                                      
         Raw Material (w/w)                                                    
                      10/1  5/1   10/1 5/1  10/1  10/1  10/1  10/1             
     Step                                                                      
         Reaction Tempe-                                                       
                      113-116                                                  
                            113-116                                            
                                  90   90   113-116                            
                                                  113-116                      
                                                        113-116                
                                                              113-116          
         rature (.degree.C)                                                    
         Reaction Time (hr)                                                    
                      3.0   3.0   3.0  3.0  3.0   3.0   3.0   3.0              
         Reaction Product:                                                     
         Yield (wt%)  134   168   145  132  145   168   146   136              
         Bulk Density (g/cc)                                                   
                      0.551 0.453 0.574                                        
                                       0.523                                   
                                            0.592 0.632 0.510 0.554            
     __________________________________________________________________________
         Activation Tempe-                                                     
                      900   850   850  850  850   850   850   850              
         rature (.degree.C)                                                    
         Activation Time(min)                                                  
                      60    50    40   30   35    50    40    35               
     Acti-                                                                     
         Activated Carbon:                                                     
     vation                                                                    
         Yield (wt%)  30.2  26.9  25.2 29.7 24.1  25.5  26.7  27.2             
     Step                                                                      
         Specific Surface                                                      
                      1700  1700  1500 1500 1600  1600  1800  1700             
         Area (m.sup.2 /g)                                                     
         Methylene Blue-                                                       
                      410   400   350  360  380   390   450   440              
         Adsorptive Power                                                      
         (mg/g)                                                                
         Bulk Density (g/cc)                                                   
                      0.387 0.381 0.402                                        
                                       0.384                                   
                                            0.474 0.439 0.394 0.411            
     __________________________________________________________________________
PAC  EXAMPLES 15-18
PAR  Examples 15-18, activated carbons were produced in the same manner as
      described in Example 7 while using dimethylformamide, dioxane, acetic
      acid, and benzene, respectively as the reaction medium.
PAR  In each case of the examples, granular activated carbon having a large
      specific surface area and a good methylene blue-adsorptive power was
      obtained with a good yield. The results obtained in the examples are shown
      in Table 3.
PAC  EXAMPLE 19
PAR  To 2000 g of 1,1,2-trichloroethane was added 500 g of asphalt as described
      in Example 1 and the mixture was heated while refluxing
      1,1,2-trichloroethane. After ending to the mixture 3000 g of industrial
      concentrated sulfuric acid followed by reflux for 2 hours,
      1,1,2-trichloroethane began to be distilled off. After 4 hours, 1685 g of
      1,1,2-trichloroethane was recovered. The reaction product was added to
      2000 ml of water, the solid matter was separated from the liquid by
      filtration, washed with water and dried. The yield of the product thus
      obtained was 125% by weight to the asphalt and the bulk density thereof
      was about 0.450 g/cc.
PAR  A mixture of 20 g of the product thus obtained and 60 ml of an activator
      consisting of 50 ml of water, 50 g of zinc chloride, and 5 ml of
      concentrated hydrochloric acid was placed in a crucible and after closing
      the crucible, the temperature of the system was raised from room
      temperature to 630.degree.C. at a rate of 3.degree.C/min. After
      maintaining the system at 630.degree.C for one hour, the product was
      allowed to cool in a desiccator. Then, the product was cleaned using 100
      ml of boiling hydrochloric acid having a concentration of about 10% and
      the cleaning operation was repeated 7 times. The product was then washed
      with warm water and dried. The amount of the product was 9.5 g. The
      methylene blue-adsorptive power of the product was 560 mg/g and the
      specific surface area thereof was 2200 m.sup.2 /g.
PAR  The results of this invention are also shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Example          15    16    17    18   19                                
     Sulfonating Agent                                                         
                      25% Fuming sulfuric Acid                                 
                                             Industrial                        
                                             concentrated                      
                                             sulfuric acid                     
     __________________________________________________________________________
         Sulfonating Agent/                                                    
         Raw Material (w/w)                                                    
                      3/1   3/1   3/1   3/1  6/1                               
         Reaction Medium                                                       
                      dimethyl-                                                
                            Dioxane                                            
                                  Acetic Acid                                  
                                        Benzene                                
                                             TCE                               
     Pre-                                                                      
         Reaction Medium/                                                      
                      formamide                                                
     treat-                                                                    
         Raw Material (w/w)                                                    
                      10/1  10/1  10/1  10/1 4/1                               
     ment                                                                      
     Step                                                                      
         Reaction Tempe-                                                       
                      150-155                                                  
                            100-101                                            
                                  115-118                                      
                                        80   110                               
         rature (.degree.C)                                                    
         Reaction Time (hr)                                                    
                      3.0   3.0   3.0   5.0  6.0                               
         Reaction Product: -                                                   
                      Yield (wt%)                                              
                            138   133   135  132     125                       
         Bulk Density (g/cc)                                                   
                      0.482 0.440 0.505 0.550                                  
                                             0.450                             
         Activation Tempe-                                                     
                      900   900   900   900  630                               
         rature (.degree.C)                                                    
         Activation Time(min)                                                  
                      60    60    60    60   60                                
         Activated Carbon:                                                     
     Acti-                                                                     
         Yield (wt%)  22.2  24.1  28.3  30.4 47.5                              
     Step                                                                      
         Specific Surface                                                      
                      1400  1600  1700  1700 2200                              
         Area (m.sup.2 /g)                                                     
         Methylene Blue                                                        
                      250   320   440   410  560                               
         Adsorptive Power                                                      
         (mg/g)                                                                
         Bulk Density(g/cc)                                                    
                      0.401 0.355 0.411 0.463                                  
                                             0.398                             
     __________________________________________________________________________
PAC  EXAMPLES 20-25
PAR  In Examples 20-25, the following procedure was conducted using chloroform,
      carbon tetrachloride, 1,1,1-trichloroethane, perchloroethylene
      (tetrachloroethylene), 1,1,1,2-tetrachloroethane, and pentachloroethane
      were used as the reaction mediums respectively. That is, 50 g of asphalt
      as in Example 1 was dissolved in 500 g of each of the reaction mediums and
      then 50-75 g of 60% fuming sulfuric acid was added dropwise to the
      solution over a period of 20 minutes. Thereafter, the reaction medium was
      distilled off over a period of 2 or 3 hours while the reaction temperature
      was maintained at temperatures near the boiling point of each of the
      reaction mediums to cause the reaction. After the reaction medium was
      distilled off, the reaction product was heated to 180.degree.C for 2 hours
      with stirring and then the remaining sulfonating agent was decomposed and
      removed and the reaction product was dried in the reaction vessel. By
      subjecting the product to a steam activation for 30 minutes at
      850.degree.C, granular or crushed active carbon having a good specific
      surface area and methylene blue-adsorptive power could be obtained with a
      good yield. The results obtained in the aforesaid Examples 20-25 are shown
      in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Example          20    21   22     23    24     25                        
     Sulfonating Agent                                                         
                      60% Fuming sulfuric acid                                 
     __________________________________________________________________________
         Sulfonating Agent/                                                    
                      1/1   1/1  1/1    1/1   1/1    1.5/1                     
         Raw Material (w/w)                                                    
         Reaction Medium                                                       
                      Chloroform                                               
                            Carbon                                             
                                 1,1,1-Tri-                                    
                                        Perchlor-                              
                                              1,1,1,2-                         
                                                     Pentachlor-               
                            tetra                                              
                                 chlorethane                                   
                                        ethylene                               
                                              Tetrachlor-                      
                                                     ethane                    
     Pre Reaction Medium/   chloride          ethane                           
     treat-                                                                    
         Raw Material (w/w)                                                    
                      10/1  10/1 10/1   10/1  10/1   10/1                      
     ment                                                                      
         Reaction Temperature                                                  
                       60    70   70    100   100    100                       
     Step                                                                      
         (.degree.C)                                                           
         Reaction Time(hr)                                                     
                      3.0   3.0  2.0    2.0   2.0    2.0                       
         Reaction Product:                                                     
         Yield (wt%)  128   130  133    135   138    140                       
         Bulk Density (g/cc)                                                   
                      0.437 0.440                                              
                                 0.489  0.503 0.622  0.685                     
         Activation Tempe-                                                     
                      850   850  850    850   850    850                       
         rature (.degree.C)                                                    
         Activation Time (min)                                                 
                       30    30   30     30    30     30                       
         Activated Carbon:                                                     
     Acti-                                                                     
         yield (wt%)  30.2  25.7 25.2   28.0  35.0   31.5                      
     vation                                                                    
     Step                                                                      
         Specific Surface                                                      
                      1400  1500 1500   1700  1700   1600                      
         Area (m.sup.2 /g)                                                     
         Methylene Blue                                                        
                      310   370  350    400   430    390                       
         Adsorptive Power                                                      
         (mg/g)                                                                
         Bulk Density (g/cc)                                                   
                      0.354 0.386                                              
                                 0.414  0.458 0.512  0.538                     
     __________________________________________________________________________
PAC  EXAMPLES 26-29
PAR  In Examples 26-29, activated carbons were produced in the same manner as
      described in Examples 20-25 using as the reaction medium a mixture of 50
      parts by weight of 1,1,1-trichloroethane and 50 parts by weight of
      perchloroethylene, a mixture of 50 parts by weight of
      1,1,1-trichloroethane and 50 parts by weight of 1,1,2-trichloroethane, a
      mixture of 50 parts by weight of 1,1,2-trichloroethane and 50 parts by
      weight of perchloroethane, and a mixture of 75 parts by weight of
      1,1,2-trichloroethane and 25 parts by weight of 1,1,1,2-tetrachloroethane,
      respectively.
PAR  In each of the examples granules of crushed activated carbon having a large
      specific surface area and a high methylene blue-adsorptive power was
      obtained. The results obtained in Examples 26-29 are shown in Table 5.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Example     26           27           28          29                      
     __________________________________________________________________________
     Sulfonating                                                               
     Agent                    60% Fuming sulfuric acid                         
     Sulfonating                                                               
     Agent/Raw   1/1          1/1          1/1         1/1                     
     Material                                                                  
     (w/w)                                                                     
                 1,1,1-Tri-   1,1,1-Tri-   1,1,2-Tri-  1,1,2-Tri-              
         Reaction                                                              
                 chloro-                                                       
                         Per- chloro-                                          
                                      1,1,2-                                   
                                           chloro-                             
                                                   Per-                        
                                                       chloro-                 
                                                               1,1,1,2-        
     Pre-                                                                      
         medium  ethane  chloro-                                               
                              ethane  Tri- ethane  chloro-                     
                                                       ethane  Tetra-          
     treat-             ethylene     chloro-      ethylene    chloro-          
     ment                            ethane                   ethane           
     step                                                                      
         Mixture                                                               
         Ratio (w/w)                                                           
                 50/50        50/50        50/50       75/25                   
         Reaction                                                              
         Medium Raw                                                            
                 10/1         10/1         10/1        10/1                    
         Material                                                              
         (w/w)                                                                 
         Reaction                                                              
         Tempera-                                                              
                  70          70           100         100                     
         ture(.degree.C)                                                       
         Reaction                                                              
                 2.5          2.5          2.5         3.5                     
         Time (hr)                                                             
         Reaction                                                              
         Product:                                                              
         Yield   128          135          130         135                     
         (St%)                                                                 
         Bulk                                                                  
         Density  0.490        0.533        0.523       0.558                  
         (g/cc)                                                                
         Activation                                                            
         Tempera-                                                              
                 850          850          850         850                     
         ture(.degree.C)                                                       
         Activation                                                            
                  30           30           30          30                     
         Time (min)                                                            
         Activated                                                             
     Acti-                                                                     
         Carbon:                                                               
     vation                                                                    
         Yield                                                                 
     step                                                                      
         (wt%)   25.3         24.7         26.1        28.0                    
         Specific                                                              
         Surface 1500         1500         1800        1900                    
         Area                                                                  
         (m.sup.2 /g)                                                          
         Methylene                                                             
         Blue    320          360          470         500                     
         Adsorptive                                                            
         Power(mg/g)                                                           
         Bulk Den-                                                             
         sity (g/cc)                                                           
                  0.399        0.455        0.412       0.481                  
     __________________________________________________________________________
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a granular activated carbon from a petroleum heavy
      oil or heavy residue which is solid at room temperature or liquid having a
      kinematic viscosity higher than 100 centistokes at 50.degree.C and
      contains more than 70% by weight of carbon and not more than 0.1% by
      weight of total metal content, which process comprises adding a liquid,
      organic reaction medium material which can dissolve or disperse said
      petroleum heavy oil or heavy residue and is selected from the group
      consisting of halogenated lower aliphatic compounds, lower fatty acids,
      lower amides, dioxane, carbon disulfide and benzene into said petroleum
      heavy oil or heavy residue in an amount of 5 to 20 times by weight the
      amount of said petroleum heavy solid or heavy residue therein; adding a
      sulfonating agent capable of sulfonating said petroleum heavy oil or heavy
      residue into the resulting mixture in an amount of 0.2 to 20 times by
      weight the amount of said petroleum heavy oil or heavy residue; reacting
      the resulting mixture at a temperature of about 50.degree. to about
      155.degree.C for from 30 minutes to 10 hours to conduct simultaneously
      sulfonation, oxidation and dehydro-poly-condensation reactions with said
      heavy oil or heavy residue, whereby said petroleum heavy oil or heavy
      residue is converted into a granular carbonized material which is not
      softened by an activation treatment; separating said liquid, organic
      reaction medium material and residual sulfonating agent from the
      carbonized material produced and activating the thus obtained carbonized
      material.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein said petroleum heavy material
      is asphalt.
NUM  3.
PAR  3. The method as claimed in claim 1, wherein said petroleum heavy material
      is at least one member selected from the group consisting of a catalytic
      decomposition residue of heavy oil, a catalytic decomposition residue of
      kerosene, a catalytic decomposition residue of light oil, a thermal
      decomposition residue of kerosene, a thermal decomposition residue of
      light oil, a naphtha decomposition residue, a residue obtained in thermal
      decomposition of a heavy fraction, a residue obtained in gasifying of a
      heavy fraction, a residue obtained in hydrocracking of a heavy fraction, a
      residue obtained in thermal decomposition of a residual oil, a residual
      obtained in gasifying of a residual oil, a residue obtained in
      hydrocracking of a residual oil and a petroleum pitch.
NUM  4.
PAR  4. The method as claimed in claim 1, wherein charcoal or coal is present
      with the petroleum heavy material, the proportion of said charcoal or coal
      being less than about 50% by weight based on the weight of the petroleum
      heavy material.
NUM  5.
PAR  5. The method as claimed in claim 1, wherein said sulfonating agent is
      fuming sulfuric acid.
NUM  6.
PAR  6. The method as claimed in claim 1, wherein said sulfonating agent is
      sulfur trioxide.
NUM  7.
PAR  7. The method as claimed in claim 1, wherein said sulfonating agent is
      chlorosulfonic acid.
NUM  8.
PAR  8. The method as claimed in claim 1, wherein said sulfonating agent is
      concentrated sulfuric acid.
NUM  9.
PAR  9. The method as claimed in claim 1, wherein said sulfonating agent is a
      complex salt obtained by reacting sulfuric trioxide with a compound
      selected from the group consisting of pyridine, dioxane, trimethylamine,
      dimethylaniline, thioxane, bis-(2-chloroethyl)ether, 2-methylpyridine,
      quinoline, dimethylformamide and triester phosphate, or a complex salt
      obtained by reacting chlorosulfonic acid with a compound selected from the
      group consisting of diethylether, dioxane and dimethylformamide.
NUM  10.
PAR  10. The method as claimed in claim 1, wherein said reaction medium is a
      halogenated lower aliphatic compound.
NUM  11.
PAR  11. The method as claimed in claim 10, wherein said reaction medium is
      dichloromethane.
NUM  12.
PAR  12. The method as claimed in claim 10, wherein said reaction medium is
      1,1,2-trichloroethane.
NUM  13.
PAR  13. The method as claimed in claim 10, wherein said reaction medium is
      1,1,2,2-tetrachloroethane.
NUM  14.
PAR  14. The method as claimed in claim 1, wherein said reaction medium is
      dimethylformamide.
NUM  15.
PAR  15. The method as claimed in claim 1, wherein said reaction medium is
      dioxane.
NUM  16.
PAR  16. The method as claimed in claim 1, wherein said reaction medium is
      acetic acid.
NUM  17.
PAR  17. The method as claimed in claim 1, wherein said reaction medium is
      benzene.
NUM  18.
PAR  18. The method as claimed in claim 10, wherein said reaction medium is
      chloroform.
NUM  19.
PAR  19. The method as claimed in claim 10, wherein said reaction medium is
      carbon tetrachloride.
NUM  20.
PAR  20. The method as claimed in claim 10, wherein said reaction medium is
      1,1,1-trichloroethane.
NUM  21.
PAR  21. The method as claimed in claim 10, wherein said reaction medium is
      perchloroethylene.
NUM  22.
PAR  22. The method as claimed in claim 10, wherein said reaction medium is
      1,1,1,2-tetrachloroethane.
NUM  23.
PAR  23. The method as claimed in claim 10, wherein said reaction medium is
      pentachloroethylene.
NUM  24.
PAR  24. The method as claimed in claim 10, wherein said reaction medium is a
      mixture of two halogenated lower aliphatic compounds.
NUM  25.
PAR  25. The method as claimed in claim 24, wherein said reaction medium is a
      mixture of 1,1,1-trichloroethane and perchloroethylene.
NUM  26.
PAR  26. The method as claimed in claim 24, wherein said reaction medium is a
      mixture of 1,1,1-trichloroethane and 1,1,2-trichloroethane.
NUM  27.
PAR  27. The method as claimed in claim 24, wherein said reaction medium is a
      mixture of 1,1,2-trichloroethane and perchloroethane.
NUM  28.
PAR  28. The method as claimed in claim 24, wherein said reaction medium is a
      mixture of 1,1,2-trichloroethane and 1,1,1,2-tetrachloroethane.
NUM  29.
PAR  29. The method as claimed in claim 1, wherein said reaction is conducted at
      temperatures of 50.degree. to 150.degree.C.
NUM  30.
PAR  30. The method as claimed in claim 1, wherein said reaction is conducted
      for 1 to 5 hours.
NUM  31.
PAR  31. The method as claimed in claim 1, wherein said petroleum heavy material
      and said sulfonating agent are reacted until the softening point of said
      carbonized material produced becomes higher than 900.degree.C.
NUM  32.
PAR  32. The method as claimed in claim 1, wherein said sulfonating agent is
      selected from the group consisting of fluorosulfonic acid, sulfoallyl
      chloride, sulfamic acid, an acyl sulfate and an alkyl sulfate.
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PAL  An olefine polymerisation catalyst includes a solid compound of a
      transition metal, e.g. titanium trichloride, an organo-compound of a
      non-transition metal, e.g. aluminium triethyl or diethyl aluminium
      chloride and a pentavalent phosphorus compound of the type
PA1  R.sub.3.sub.-n P(Q)(E--Z--G),
PAL  e.g.
PA1  [(CH.sub.3).sub.2 N].sub.2 P(O)N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2
PAL  and
PA1  (CH.sub.3).sub.2 NP(O)[OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 ].sub.2
PAL  The transition metal compound can be ball-milled in the presence of a
      further compound which can be the specified phosphorus compound or an
      electron donor compound, e.g., triphenylphosphine oxide. Using catalysts
      of this type, a combination of high activity and high stereospecificity
      can be obtained when polymerising an olefine monomer.
PARN
PAR  This application is a continuation-in-part of Application Serial No.
      268,505 filed 3 July 1972 and now abandoned.
BSUM
PAR  The present invention relates to catalysts for the polymerisation of
      olefines and in particular to materials suitable for use as the third
      component in such catalysts and catalysts including such third components.
PAR  The low pressure polymerisation of olefines, particularly ethylene and
      propylene, to give high molecular weight polymers has been practised
      commercially for several years. The catalyst used for such polymerisations
      is commonly referred to as a "Ziegler" catalyst and this type of catalyst
      comprises a compound of a transition metal and an organo-metallic compound
      of aluminium or an element of Group I or II.
PAR  In order to obtain polymers having a high proportion of crystallinity the
      catalysts used normally comprise a solid compound of a transition metal,
      wherein the transition metal has a valency below its maximum, together
      with the organo-metallic compound. The transition metal compound is
      usually a halide and for the production of crystalline polymers the most
      widely used compound is titanium trichloride, which term is used to
      include pure titanium trichloride and also impure titanium trichloride
      associated or combined with other compounds, typically aluminium chloride,
      and produced by the reduction of titanium tetrachloride with, for example,
      aluminium metal or organo-aluminium compounds. The most extensively used
      organo-metallic compound is an organo-aluminium compound such as an
      aluminium trialkyl or an aluminium dialkyl halide.
PAR  Propylene can be polymerised with titanium trichloride and an
      organo-aluminium compound to give a high yield of polymer based on the
      catalyst used. However, the polymer produced still contains appreciable
      quantities of catalyst residues and for most applications it is necessary
      to remove most of these catalyst residues, this being done by washing with
      a suitable reagent to remove the catalyst. Typically, the polymer is first
      treated with an alcohol to terminate catalytic activity and then washed
      several times with water to remove the catalyst. Such catalyst removal
      operations increase the cost of producing the polymer.
PAR  Attempts have been made to eliminate the need to remove catalyst residues
      by polymerising the monomer to give a yield of polymer based on catalyst
      used which is considerably in excess of the yield normally obtained. When
      polymerising to such high yields the amount of catalyst remaining in the
      polymer is relatively small, for example, less than 50 parts per million
      by weight based on the polymer obtained. A disadvantage of polymerising to
      very high yields is that the polymer obtained has a tendency to contain a
      higher proportion of soluble polymer than is contained in polymer produced
      in the more normal yields.
PAR  Attempts have been made to reduce the proportion of soluble polymer
      produced by including a third component in the catalyst system. Whilst
      some of these third components do reduce the amount of soluble polymer
      produced, in many cases the polymerisation rate is adversely affected by
      the third component.
PAR  According to the present invention there is provided an olefine
      polymerisation catalyst comprising (1) a solid component of a transition
      metal wherein the said metal has a valency below its maximum, (2) an
      organo-metallic compound of aluminium or of a nontransition metal of Group
      II of the Periodic System, or a complex of an organo-metallic compound of
      a nontransition metal of Group I or II of the Periodic System and an
      organo-aluminium compound; and (3) a phosphorus compound of the formula
PA1  R.sub.3.sub.-n P(Q).sub.a (E-Z-G).sub.n
PAL  wherein
PA1  R is halogen, a hydrocarbyl group, a heterocyclic group or the group
      -NR'.sub.2 or -OR' where R' is a hydrocarbyl group;
PA1  E is --O--, --S--, or --NR'-- ;
PA1  Z is a bivalent hydrocarbyl group such that E and G are separated by not
      more than 3 carbon atoms;
PA1  G is --OR', --SR', NR'.sub.2, PR'.sub.2 or a heterocyclic ring system
      whereof the heteroatom is O, S, N or P;
PA1  Q is an oxygen or sulphur atom;
PA1  a is zero or one; and
PA1  n is 1, 2 or 3.
PAR  The transition metal is a metal of Groups IVA to VIII of the Periodic Table
      preferably Groups IVA to VIA and can be for example, titanium, zirconium
      or vanadium. It is preferred that the transition metal compound is a
      transition metal halide or oxyhalide (for example VOCl.sub.2) and it is
      particularly preferred to use titanium trichloride, especially a solid
      solution of titanium trichloride with aluminium chloride, for example the
      material obtained by reduction of TiCl.sub.4 with aluminium metal as
      described in British Patent Specification 855 070, as component (1) of the
      catalyst. Component (2) can include Grignard reagents which are
      substantially ether free, Mg(AlEt.sub.4).sub.2 or Mg(C.sub.6
      H.sub.5).sub.2. The aluminium compound can be lithium aluminium tetra
      alkyl and is preferably an aluminium hydrocarbyl halide, an aluminium
      hydrocarbyl sulphate, an aluminium hydrocarbyl oxyhydrocarbyl or
      particularly an aluminium trihydrocarbyl or dihydrocarbyl aluminium halide
      or hydride such as an aluminium trialkyl, a dialkyl aluminium halide or a
      dialkyl aluminium hydride, especially aluminium triethyl or diethyl
      aluminium chloride since catalysts including aluminium triethyl give a
      high polymerisation rate whilst catalysts including diethylaluminium
      chloride give a relatively low percentage yield of undesirable soluble
      ("atactic") polymer. As component (2), a mixture of compounds may be used,
      for example a mixture of an aluminium trialkyl and an aluminium dialkyl
      halide. Optionally the catalyst can include zinc hydrocarbyl compounds
      such as zinc diethyl or, in the presence of organo-aluminium compounds,
      zinc salts such as zinc chloride.
PAR  Thus, preferred catalysts in accordance with the present invention comprise
      (1) titanium trichloride, (2) an aluminium trihydrocarbyl or dihydrocarbyl
      aluminium halide or hydride, preferably aluminium triethyl or
      diethylaluminium chloride and, (3) a phosphorus compound of the formula
PA1  R.sub.3.sub.-n P(Q).sub.a (E-Z-G).sub.n
PAL  all as hereinbefore defined.
PAR  The proportions of the catalyst components can vary quite widely depending
      on the particular materials used and the absolute concentrations of the
      components. However, in general, for each molecular proportion of
      component (1), there may be present from 0.05 to 20 molecular proportions
      of component (2), and from 0.01 to 10 molecular proportions of component
      (3) with the amount of component (3) not being greater than the amount of
      component (2). For polymerisation to high yields we prefer to use 1 to 20
      molecular proportions of component (2) and 0.1 to 4.0 molecular
      proportions of component (3).
PAR  In the phosphorus compound each hydrocarbyl group R' is preferably an alkyl
      group such as methyl or ethyl. The group R is conveniently an alkoxy group
      or a dialkyl amino group. If R is a heterocyclic group it can be pyridyl,
      pyrrolyl, pyrrolidyl or piperidyl and may be attached to the phosphorus
      atom through a carbon or nitrogen atom. It is preferred that Q is oxygen.
      It is also preferred that a is one.
PAR  The group (E-Z-G) can be, for example, an alkyl glycol, an alkanolamino, a
      diamino or an aminothiol group. G can be derived from a heterocyclic
      compound such as pyridine, quinoline, isoquinoline, furan,
      tetrahydrofuran, etc. We have obtained satisfactory polymerisation systems
      using, as the phosphorus compound, materials in which n has the value 1, 2
      or 3.
PAR  Phosphorus compounds which can be used as third component of the catalyst
      include compounds of formulae I to XII
EQU  P[OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 ].sub.3             I
EQU  P[N(CH.sub.3).sub.2 ][OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 ].sub.2 II
EQU  p[N(CH.sub.3).sub.2 ].sub.2 [OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 ]III
      ##EQU1##
EQU  P[OCH.sub.2 CH.sub.2 OCH.sub.3 ].sub.3                     VI
EQU  P[OC.sub.2 H.sub.5 ][OCH.sub.2 CH.sub.2 OCH.sub.3 ].sub.2  VII
EQU  P[N(CH.sub.3).sub.2 ].sub.2 [N(CH.sub.3)CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2
      ]                                                         VIII
EQU  [(CH.sub.3).sub.2 N].sub.2 P(O)N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2                                         IX
EQU  (CH.sub.3).sub.2 NP(O)[N(CH.sub.3)CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2
      ].sub.2                                                   X
EQU  [(CH.sub.3).sub.2 N].sub.2 P(O)OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 XI
EQU  (CH.sub.3).sub.2 NP(O)[OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 ].sub.2 XII
PAR  As a further aspect the present invention also includes an olefine
      polymerisation process which comprises polymerising an olefine monomer
      using an olefine catalyst in accordance with the present invention.
PAR  More particularly an olefine monomer is polymerised using a catalyst
      comprising (1) a solid compound of a transition metal wherein the said
      metal has a valency below its maximum, preferably titanium trichloride,
      (2) an organometallic compound of aluminium or of a non-transition metal
      of Group II of the Periodic System, or a complex of a nontransition metal
      of Group I or II of the Periodic System and an organo-aluminium compound
      and is particularly an aluminium hydrocarbyl halide; an aluminium
      hydrocarbyl sulphate; an aluminium hydrocarbyl oxyhydrocarbyl or
      preferably an aluminium trihydrocarbyl or aluminium dihydrocarbyl halide
      or hydride compound especially aluminium triethyl or diethyl aluminium
      chloride, and (3) a phosphorus compound of the formula
EQU  R.sub.3.sub.-n P(Q).sub.a (E-Z-G).sub.n
PAL  where E, G, R, Q, Z, a and n are all as hereinbefore defined.
PAR  The phosphorus compound may be a compound of formulae I to XII as
      hereinbefore defined.
PAR  Any olefine monomer which is capable of being polymerised using a Ziegler
      catalyst may be polymerised using the process of the present invention.
      Thus olefine monomers which may be polymerised by the present process
      include butene-1 and 4-methyl pentene-1 and particularly propylene. The
      olefines may be copolymerised, either together or with ethylene,
      conveniently using a sequential polymerisation process as described in
      British Pat. Nos. 970 478 and 1 014 944.
PAR  We have found that the present process can be used for the polymerisation
      of propylene to give a high rate of polymerisation and a relatively low
      proportion of soluble polymer.
PAR  Thus, if propylene at a partial pressure of one atmosphere is polymerised
      using a catalyst comprising titanium trichloride, aluminium triethyl and a
      phosphorus compound of formulae I, II, V, IX or XII, after 21/2 hours the
      yield of solid polymer obtained can be in excess of 20 gms, or even more
      than 30 gms, of polymer/millimole of TiCl.sub.3 in the catalyst with the
      amount of soluble polymer produced being less than 15%, or even less than
      10% by weight of the total polymer. Without the phosphorus compound and
      under otherwise the same conditions the yield of solid polymer is slightly
      greater than 30 gms/millimole of TiCl.sub.3, but the amount of soluble
      polymer is about 29% by weight. Thus, the addition of the phosphorus
      compound has produced a substantial reduction in the proportion of soluble
      polymer produced to give a more acceptable proportion of soluble polymer.
      Generally the rate of polymerisation is also reduced by the addition of
      the phosphorus compound, but this reduction in rate is not such as to
      render the catalyst too inactive for satisfactory use. In some cases the
      presence of the phosphorus compound can actually increase the yield of the
      desired solid polymer, for example using a compound of formula II a yield
      of about 39 gms/millimole of TiCl.sub.3 of solid polymer can be obtained
      under certain circumstances together with about 13.5% of soluble polymer.
PAR  The titanium trichloride used in the foregoing tests was the product of
      reducing titanium tetrachloride with aluminium. It has been found that the
      polymerisation rate and proportion of soluble polymer formed is dependent
      on the nature of titanium trichloride used and although the use of the
      reaction product of titanium tetrachloride and aluminium alkyl
      sesquihalide can give a high yield of solid polymer, a higher proportion
      of soluble polymer is also obtained with such catalysts.
PAR  The proportion of the phosphorus compound also affects the rate of
      polymerisation and proportion of soluble polymer produced. However, the
      nature of the phosphorus compound affects the proportion of phosphorus
      compound which is required to give the optimum effect.
PAR  If the phosphorus compound is a compound of trivalent phosphorus, that is a
      compound of formula
EQU  R.sub.3.sub.-n P(E-Z-G).sub.n,
PAL  the effect of the phosphorus compound is believed to be dependent on the
      number of heteroatoms (that is O, S, N or P, other than the central P
      atom) present in the compound and in particular we have found that
      compounds containing O and/or N usually complex more strongly with the
      organo-metallic compounds such as the organo-aluminium compounds than with
      the transition metal of the transition metal compound such as titanium.
      Thus, using an organo-aluminium compound, the number of functional groups
      containing O and/or N should not exceed the amount of the aluminium
      compound and usually should be kept considerably less, for example 0.25 to
      0.5 the amount of the aluminium compound. However, using the phosphorus
      compound in an amount such that the ratio of functional groups to
      transition metal, particularly Ti, is &lt;0.25 does not produce the best
      catalyst. Thus, the minimum proportion of the phosphorus compound is
      dependent on the transition metal concentration and the upper limit is
      related to the concentration of the organo-metallic compound. More
      specifically, with a catalyst in which the trivalent phosphorus compound
      contains f functional groups (that is O or N) per molecule, if the
      concentration of titanium trichloride is C.sub.T millimoles/liter and the
      concentration of aluminium triethyl is C.sub.A millimoles/liter, the
      concentration of the phosphorus compound is preferably in the range
      ##EQU2##
PAR  Thus, if the basic catalyst system comprises 2 millimoles/liter of
      TiCl.sub.3 and 4 millimoles/liter of aluminium triethyl, the concentration
      of a trivalent phosphorus compound containing 2 functional groups (that
      is, O or N atoms) per molecule is preferably in the range 0.25 to 1
      millimole/liter and for a third component containing 4 functional groups,
      the concentration is preferably in the range 0.125 to 0.5 millimole/liter.
PAR  However, if the phosphorus compound is a compound of pentavalent
      phosphorus, that is a compound of formula
EQU  R.sub.3.sub.-n P(Q)(E-Z-Q).sub.n,
PAL  the effect of the phosphorus compound is believed to be dependent primarily
      on the group P(Q) present in the compound. Thus using an organo-aluminium
      compound, the number of P(Q) groups should not exceed the amount of the
      aluminium compound and usually should be a little less than the amount of
      the aluminium compound used, for example 0.75 of the amount (in moles) of
      aluminium compound. However, using the pentavalent phosphorus compound in
      an amount such that the ratio of the P(Q) groups to Ti is &lt;0.10 does not
      produce the best catalyst. Thus, the minimum proportion of the pentavalent
      phosphorus compound is also dependent on the titanium concentration and
      the upper limit is related to the concentration of the aluminium compound.
      More specifically, if the concentration of titanium trichloride is C.sub.T
      millimoles/liter and the concentration of aluminium triethyl is C.sub.A
      millimoles/liter, the concentration of the pentavalent compound is
      preferably in the range
      ##EQU3##
PAR  Thus, if the basic catalyst system comprises 2 millimoles/liter of
      TiCl.sub.3 and 4 millimoles/liter of aluminium triethyl, the concentration
      of the pentavalent phosphorus compound is preferably in the range 0.2 to
      3.0 millimoles/liter.
PAR  In carrying out polymerisations using catalysts in accordance with the
      invention the proportion of catalyst used is small in comparison to the
      amount of monomer being polymerised and thus is very susceptible to any
      impurities present in the system. Accordingly, in order to obtain the best
      possible results, all the materials used should be of high purity and all
      apparatus should be clean and free from any contamination which could
      affect the catalyst. Although the monomers and diluents used in the
      commercial production of polyolefines are sufficiently pure for use in the
      commercial processes, we find it is preferable to subject these materials,
      particularly the monomer, to a further purification treatment in order to
      obtain the best results. Many techniques are known for the purification of
      gases and liquids and any appropriate technique can be used. The technique
      used will depend in part on the purity of the starting materials and may
      involve the use of one or more stages. One purification technique which
      can be used is to contact the monomer, or diluent, with a material which
      is capable of absorbing impurities from the monomer or diluent, for
      example as described in British Pat. Specifications Nos. 1 111 493 and 1
      226 659.
PAR  The catalysts of the present invention can be used to effect polymerisation
      in the presence of an inert diluent, for example, a paraffinic
      hydrocarbon, or in the absence of a diluent when polymerisation is
      effected either in the presence of excess liquid monomer or by contacting
      a gaseous monomer with the solid catalyst using any appropriate technique
      for effecting a gas/solid reaction such as a fluidised bed reactor.
      Furthermore, as is well known in the art, the polymerisation can be
      effected in the presence of a chain transfer agent to modify the molecular
      weight of the polymer, a suitable chain transfer agent being hydrogen.
PAR  The activity of the catalyst system may be increased by the use of the
      solid transition metal compound in a finely divided form. Suitable finely
      divided transition metal compounds can be obtained by grinding and very
      conveniently the grinding is effected by ball-milling the transition metal
      compound dry, for example as described in British Pat. Specifications Nos.
      852 691 and 927 785.
PAR  We have found that useful improvements in the catalyst system are obtained
      if the transition metal component is ground, preferably ball-milled,
      together with an additional catalyst component. This additional component
      can be a phosphorus compound as hereinbefore defined. Alternatively, the
      additional component can be an electron donor compound of the type known
      to affect the catalyst activity and/or stereospecificity, such materials
      including amines, heterocyclic amines such as pyridine and quinoline,
      diamines, alkanolamines, amides, urea and derivatives thereof,
      organo-phosphorus compounds such as phosphines, phosphine oxides,
      phosphites and phosphates, organo-silicon compounds such as silanes and
      siloxanes, ethers, esters, ketones, alcohols and the sulphur containing
      analogues of such compounds such as thioethers, etc.
PAR  In addition to grinding the transition metal compound with an additional
      compound, a further quantity of the same, or a different, additional
      compound can be included in the catalyst system after the completion of
      the grinding step. This further addition of the additional component can
      produce a further improvement in the catalyst system and is a particularly
      preferred type of catalyst. It will be appreciated that in the foregoing
      catalyst systems, the phosphorus compounds as hereinbefore defined will be
      included either as the additional component ground with the transition
      metal compound or as the additional component added after the completion
      of the grinding. The same, or a different, phosphorus compound as
      hereinbefore defined can be used as both of such additional components.
PAR  If a further quantity of an additional compound is incorporated in a
      catalyst system which includes a transition metal compound which has been
      ground with an additional compound, it is desirable that this further
      quantity of additional compound is not allowed to contact the transition
      metal compound in the absence of at least some of the organo-metallic
      compound which is component (2) of the catalyst. Indeed, with the
      exception of the grinding process, it is generally preferred that the
      transition metal compound is not allowed to contact the phosphorus
      compound or the electron donor compound in the absence of the
      organo-metallic compound which is component 2) of the catalyst. The
      grinding of the transition metal compound and the phosphorus compound
      and/or electron donor compound is desirably effected using a molar excess
      of the transition metal compound, for example a molar ratio of transition
      metal compound to phosphorus compound or electron donor compound of 6:1;
      9:1 or even greater.
PAR  A preferred catalyst system in accordance with the present invention
      comprises 1) a solid compound of a transition metal wherein the said metal
      has a valency below its maximum; (2) an aluminium trihydrocarbyl, an
      aluminium dihydrocarbyl hydride, an aluminium hydrocarbyl halide, an
      aluminium hydrocarbyl sulphate or an aluminium hydrocarbyl oxyhydrocarbyl;
      and (3) a phosphorus compound of the formula
EQU  R.sub.3.sub.-n P(Q).sub.a (E-Z-G).sub.n
PAL  where E, G, Q, R, Z, a and n are as hereinbefore defined, wherein the solid
      transition metal compound (1) has been modified by effecting grinding,
      preferably dry ball-milling, of the solid transition metal compound (1)
      with at least one additional compound which is either a phosphorus
      compound (3) or an electron donor compound of the type which affects the
      catalyst activity and/or stereospecificity.
PAR  A further preferred catalyst system in accordance with the present
      invention comprises (1) a solid compound of a transition metal wherein
      said metal has a valency below its maximum, (2) an aluminium
      trihydrocarbyl, an aluminium dihydrocarbyl hydride, an aluminium
      hydrocarbyl halide, an aluminium hydrocarbyl sulphate or an aluminium
      hydrocarbyl oxyhydrocarbyl; (3) a phosphorus compound of the formula
EQU  R.sub.3.sub.-n P(Q).sub.a (E-Z-G).sub.n
PAL  where E, G, Q, R, Z, a and n are as hereinbefore defined. optionally (4) an
      electron donor compound of the type which affects the catalyst activity
      and/or stereospecificity, wherein the solid transition metal compound (1)
      has been modified by effecting grinding, preferably dry ball-milling, of
      the solid transition metal compound (1) with at least one compound which
      is a phosphorus compound (3), or an electron donor (4), and the catalyst
      contains a quantity of either the component (3) or component (4) or both
      components (3) and (4) in addition to the component (3) and/or (4) which
      is ground with the solid transition metal compound (1); said additional
      quantity of component (3) and/or (4) not being allowed to contact the
      modified transition metal compound in the absence of at least some of the
      organo-metallic compound (2).
PAR  Electron donors which may be used to modify the catalyst have been
      extensively described in the literature and the choice of a suitable
      electron donor can be made from those which have been described, although
      it will be realised that the effect of, and the optimum conditions for
      using, an electron donor will depend on the particular electron donor
      selected. Catalyst systems including electron donor compounds or complexes
      including electron donors are disclosed inter alia in British Pat.
      Specifications Nos. 803 198; 809 717; 880 998; 896 509; 920 118; 921 954;
      933 236; 940 125; 966 025; 969 074; 971 248; 1 013 363; 1 049 723; 1 122
      010; 1 150 845 and 1 208 815, Dutch Pat. application No. 70 15555 and
      German Pat. application No. 2 130 314. Alternatively the electron donor
      compound may be an essentially non-polar compound such as a cyclic polyene
      e.g., cycloheptatriene, cyclooctatriene or cyclooctatetrene.
PAR  It will be appreciated that the characteristics of the catalyst systems are
      dependent on a number of factors and that various phosphorus compounds of
      the type hereinbefore defined can produce catalysts having different
      activity and stereospecificity.
PAR  As a further aspect of the present invention there are provided new
      phosphorus compounds having the formula
EQU  R.sub.3.sub.-n P(Q).sub.a (E-Z-G).sub.n
PAL  wherein
PAR  R is halogen, a hydrocarbyl group, a heterocyclic group or the group
      --NR'.sub.2 or --OR' where R' is a hydrocarbyl group;
PAR  E is --O--, --S-- or --NR'--;
PAR  Z is a bivalent hydrocarbyl group such that E and G are separated by not
      more than 3 carbon atoms;
PAR  G is --OR', --SR', --NR'.sub.2, PR'.sub.2 or a heterocyclic ring system
      whereof the heteroatom is O, S, N or P;
PAR  Q is an oxygen or sulphur atom;
PAR  a is zero or one; and
PAR  n is 1, 2 or 3, with the exception that when a is 1, Q is oxygen and n is 1
      or 2,  not all the groups R are --OR' groups.
PAR  Specifically there are provided as new materials compounds having the
      formula I to XII as hereinbefore defined.
PAR  A particular preferred feature of this aspect of the present invention is
      the provision of compounds of the general formula
EQU  P(E-Z-G).sub.3.
PAR  Such compounds include the compounds represented by formulae I, IV and VI
      as hereinbefore defined.
PAR  As a further feature of the present invention, phosphorus compounds of the
      type defined can be prepared by the reaction of a compound H(E-Z-G), or a
      salt thereof, particularly the alkali metal salt, and a phosphorus
      compound
EQU  R.sub.3 P(Q).sub.a
PAL  where each R group is independently halogen, hydrocarbyl, heterocyclic,
      --NR'.sub.2 or --OR' and at least one of the groups R is --NR'.sub.2,
      --OR' or halogen. Preferably the phosphorus compound is of the type
EQU  R.sub.3.sub.-n P(Q).sub.a (Ha)n
PAL  where Ha is halogen, preferably chlorine, and n is 1, 2 or 3. To prepare
      the preferred trivalent phosphorus compounds, that is those of the general
      formula
EQU  P(E--Z--G).sub.3,
PAL  a phosphorus compound wherein all the groups R are the same is conveniently
      used.
PAR  The reaction between the compound R.sub.3 P(Q).sub.a and the compound
      H(E--Z--G), or the salt thereof can be carried out in an inert diluent
      such as benzene, petroleum ether or diethyl ether or in the absence of a
      diluent, in an inert atmosphere such as argon or nitrogen, at a reaction
      temperature ranging from 0.degree.C up to the boiling point of the
      diluent, or the boiling point of the mixture of reactants, which can be up
      to at least 240.degree.C depending on the reactants. A convenient reaction
      temperature is in the range 0.degree. to 100.degree.C. The reaction occurs
      with the displacement of at least some of the groups R from the phosphorus
      compound as HR or the corresponding metal derivative. The extent of the
      reaction can be measured by titration of the displaced compound HR if HR
      is basic, e.g., an amine, or by fractional distillation and collection,
      e.g., where HR is ethanol. If the displaced compound HR is acidic the
      reaction is conveniently carried out in the presence of a compound which
      reacts with the HR to neutralise it, for example, if HR is a hydrogen
      halide the reaction can be carried out in the presence of a basic compound
      such as an amine, particularly a tertiary monoamine, and the amine
      hydrohalide thus formed is removed by filtration before separating the
      phosphorus compound. Alternatively the compound HR can be removed from the
      system as it is formed by the use of a continuous stream of an inert gas
      such as nitrogen. The reaction may proceed with the formation of a mixture
      of phosphorus compounds which may be separated by distillation under
      reduced pressure.
PAR  Phosphorus compounds of formula I, II, IV and VI have been characterised by
      elemental analysis, boiling point and density, and compounds of formula V,
      VII and VIII by boiling point and density. Compounds of formulae IX to XII
      have been characterised by boiling point, density and refractive index and
      the nuclear magnetic resonance data and the mass spectrum of these
      compounds was consistent with the formulae attributed to these materials.
      Nuclear magnetic resonance data on the compounds of formulae IV, V, VI and
      VII was consistent with the formulae attributed to these materials.
PAR  The following examples are illustrative of the various aspects of the
      present invention.
DETD
PAC  EXAMPLE 1
PAC  Preparation of P[OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 ].sub.3 and
      P[N(CH.sub.3).sub.2 ][OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 ].sub.2
PAR  27 millimoles of phosphorous hexamethyltriamide (P[N(CH.sub.3).sub.2
      ].sub.3) were added to 54 millimoles of N,N dimethyl ethanolamine in a
      flask in which an argon atmosphere was being maintained. A water-cooled
      reflux condenser was fitted to the flask which was heated on an oil bath
      at about 100.degree.C whilst passing a stream of argon through the system.
      Dimethylamine was evolved and removed in the argon gas stream and the
      progress of the reaction was followed by titration of the dimethylamine
      with aqueous normal sulphuric acid. A total of 55.5 millimoles of base
      were evolved.
PAR  The mixture was then subjected to fractionation at a pressure of 0.2 mm of
      mercury when 6.2 millimoles of a compound identified as being of formula
      II were first recovered at a temperature between 68.degree. and
      70.degree.C followed by 8.7 millimoles of a compound identified as being
      of formula I at a temperature between 89.degree. and 92.degree.C. The
      yield of the two compounds was 55% based on the original phosphorus
      compound. The residual contents of the reaction flask were a further
      quantity of the compound of formula I. Analysis of the contents of a cold
      trap included in the apparatus revealed 6 millimoles of a base which was
      believed to be unreacted dimethyl ethanolamine. Infra-red  analysis of the
      two products revealed the presence of a minor proportion of impurities
      containing P=O and P-H bonding. The compounds were subjected to elemental
      analysis, the results of which were consistent with the formulae
      attributed to them.
PAC  EXAMPLE 2
PAC  Preparation of P[N(CH.sub.3).sub.2 ].sub.2 [OCH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2 ]
PAR  Into a reaction flask were placed, under an atmosphere of argon, 2
      millimoles of phosphorous hexamethyltriamide in 20 ml of benzene and 2
      millimoles of N,N dimethylethanolamine in 10 ml of benzene. The mixture
      was heated under reflux in a stream of argon and the progress of the
      reaction was followed by titration of the dimethylamine reaction byproduct
      with N/5 aqueous sulphuric acid. A further 20 ml of benzene was added when
      the reaction mixture boiled dry and the reaction was continued. After
      boiling dry again, a further 20 mls of benzene was added and the reaction
      was complete when a total of 2 millimoles of dimethylamine had been
      displaced. The reaction product which was believed to be of formula III,
      was a yellow oil which was soluble in benzene.
PAC  EXAMPLE 3
      ##EQU4##
PAR  330 millimoles of tetrahydrofurfuryl alcohol were added, over a period of
      half an hour, to 300 milligramme atoms of sodium metal in 100 ml ether
      under nitrogen. A white solid was formed and the mixture was stirred. When
      the evolution of hydrogen was complete, 100 millimoles of phosphorus
      trichloride in 50 ml of ether were added over a period of half an hour.
      The ether boiled vigorously. The sodium chloride reaction product was
      allowed to settle overnight and the ether solution was decanted off. The
      sodium chloride was washed 4 times with ether to give a total of 750 ml of
      ether solution. The ether was distilled off at atmospheric pressure and
      the residue separated by fractionation in vacuo. The starting materials
      were first recovered followed by the reaction product. Elemental analysis
      and the nuclear magnetic resonance spectrum of the reaction product was
      consistent with a material of formula IV.
PAC  EXAMPLE 4
      ##EQU5##
PAR  50 millimoles of phosphorous hexamethyltriamide (P[N(CH.sub.3).sub.2
      ].sub.3) were added to 50 millimoles of tetrahydrofurfuryl alcohol under
      an atmosphere of nitrogen. The mixture was heated under a water-cooled
      reflux condenser, and a stream of nitrogen. By-product dimethylamine was
      removed by the nitrogen stream and titrated with N sulphuric acid. Over a
      period of 10 hours, the temperature of the oil bath on which the mixture
      was being heated was raised to 240.degree.C and a total of 26 milimoles of
      dimethylamine was displaced and measured by titration. The reaction
      mixture was separated by fractionation in vacuo to give 4.7 grammes of
      product the nuclear magnetic reasonance spectrum of which was consistent
      with a product of formula V.
PAC  EXAMPLE 5
PAC  Preparation of P[OCH.sub.2 CH.sub.2 OCH.sub.3 ].sub.3 and P(OC.sub.2
      H.sub.5)(OCH.sub.2 CH.sub.2 OCH.sub.3).sub.2
PAR  300 millimoles of monomethylglycol were added to 100 millimoles of
      triethylphosphite under nitrogen. The mixture was heated to about
      90.degree.C with a fractionating column and condenser attached. 13.8 ml of
      ethanol was distilled over and the mixture remaining was then subjected to
      fractional distillation in vacuo. 7.8 grammes of a product having a
      nuclear magnetic resonance spectrum consistent with a product of formula
      VII was first obtained, followed by 1.4 grammes of a mixture of compounds
      and then 13.6 grammes of a product, the analysis and nuclear magnetic
      resonance spectrum of which was consistent with a product of formula VI.
PAC  EXAMPLE 6
PAC  Preparation of P[N(CH.sub.3).sub.2 ].sub.2 [N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2 ]
PAR  50 millimoles of phosphorous hexamethyltriamide (P[N(CH.sub.3).sub.2
      ].sub.3) and 50 millimoles of N,N,N'-trimethylethylenediamine were mixed
      under nitrogen and heated under a water-cooled reflux condenser with a
      stream of nitrogen being passed over the reactants. The dimethylamine
      removed as a reaction by-product by the nitrogen was titrated with N
      sulphuric acid, a total of 18 millimoles of base being titrated. The
      reaction was terminated and the mixture subjected to fractional
      distillation in vacuo to recover first any unreacted materials and then
      2.9 grammes of the reaction product. The product was believed to be of
      Formula VIII.
PAC  EXAMPLE 7
PAR  Preparation of [(CH.sub.3).sub.2 N].sub.2 P(O)N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2 25 g (0.245 mole) N,N,N'-trimethylethylenediamine
      (CH.sub.3 NHCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2) and 24.8 g(0.245 mole)
      triethylamine were charged into a 500 mls three-necked flask fitted with a
      stirrer, condenser, dropping funnel and nitrogen inlet. 150 mls of benzene
      was charged into the flask and the reaction mixture blanketed in nitrogen.
      A solution of 41.7 g (0.245 mole) bis(dimethylamino)chlorophosphine oxide
      ([CH.sub.3).sub.2 N].sub.2 P(O)Cl.) in 50 mls benzene was then added to
      the contents of the flask. The reaction mixture was heated to reflux
      temperature (about 80.degree.C) and maintained at this temperature for
      five hours after which heating was ceased and the mixture allowed to cool.
      Triethylamine hydrochloride was filtered off, washed with dry benzene and
      the washings added to the main bulk of the filtrate. The benzene was
      removed by evaporation in a rotary evaporator under reduced pressure (60
      mm) and the liquid residue fractionally distilled under reduced pressure.
      The fraction distilling between 119.degree.-120.degree. at 1.0 mm was
      collected and subjected to analysis and characterisation. The yield of
      this fraction, which was identified as [(CH.sub.3).sub.2 N].sub.2
      P(O)N(CH.sub.3)CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, was 52% based on the
      original phosphorus compound.
PAC  EXAMPLE 8
PAR  Preparation of (CH.sub.3).sub.2 NP(O)[N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2 ].sub.2. 25 g (0.244 mole)
      N,N,N'-trimethylethylenediamine and 25 g (0.247 mole) triethylamine were
      dissolved in 170 mls benzene and charged, under nitrogen, into a 500 ml
      three-necked flask fitted with a stirrer, condenser and dropping funnel.
      The reaction mixture was blanketed with dry nitrogen. 19.85 g (0.122 mole)
      dimethylaminodichlorophosphine oxide ((CH.sub.3).sub.2 NP(O)Cl.sub.2) in
      30 mls benzene was added, dropwise and with stirring, to the contents of
      the flask at a rate such that the reaction was maintained under control.
      The addition was completed in 30 minutes and the reaction mixture was then
      heated to reflux (about 80.degree.C) for 30 minutes. Triethylamine
      hydrochloride was filtered off, washed with dry benzene and the washings
      combined with the main filtrate. The benzene was removed by evaporation in
      a rotary evaporator under reduced pressure (60 mm) and the residual liquid
      fractionally distilled under reduced pressure. The fraction distilling at
      140.degree.C (0.5 mm) was collected and subjected to analysis and
      characterisation which was consistent with the material being of the
      formula (CH.sub.3).sub.2 NP(O)[N(CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2
      ].sub.2.
PAC  EXAMPLE 9
PAR  Preparation of [(CH.sub.3).sub.2 N].sub.2 P(O)OCH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2.
PAR  6.7 g (0.29 mole) sodium was cut into small pieces under petroleum ether
      (40-60) and added under a stream of dry nitrogen to 200 ml
      N,N-dimethylethanolamine contained in a 500 ml three-necked flask fitted
      with a stirrer, condenser and dropping funnel. When all the sodium had
      reacted the excess dimethylethanolamine was removed by vacauum
      distillation at 30.degree.C and 0.1 to 0.5 mm. 100 mls of dry benzene were
      added to the solid residue which was thus dissolved. The reaction mixture
      was cooled in an ice bath and a solution of 50.0 g (0.29 mole) of
      bis-(dimethylamino)chlorophosphine oxide ([(CH.sub.3).sub.2 N].sub.2
      P(O)Cl) in 50 ml benzene was added dropwise under nitrogen. On completion
      of the addition the reaction mixture was warmed to room temperature and
      stirred for 1 hour. Sodium chloride was formed as a precipitate which was
      filtered off. The filtrate was evaporated in a rotary evaporator under
      reduced pressure (60 mm) and the residual liquid fractionally distilled
      under reduced pressure (1 mm). The fraction distilling between
      86.degree.-88.degree.C was collected and identified as [(CH.sub.3).sub.2
      N].sub.2 P(O)OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2. The product was
      isolated in 64.4% yield.
PAC  EXAMPLE 10
PAR  Preparation of (CH.sub.3).sub.2 NP(O)[OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2
      ].sub.2.
PAR  9.3 g (0.404 mole) sodium was cut into small pieces under petroleum ether
      (40-60) and added under a stream of dry nitrogen to 200 ml
      N,N-dimethylethanolamine contained in a 500 ml three-necked flask fitted
      with a stirrer, condenser and dropping funnel. When all the sodium had
      reacted the excess dimethylethanolamine was removed by vacuum distillation
      at 30.degree.C and 0.1 - 0.5 mm. 100 mls of dry benzene was added to the
      solid residue which dissolved and the solution obtained was cooled in an
      ice bath. A solution of 32.7 g (0.202 mole) dimethylaminodichlorophosphine
      oxide ((CH.sub.3).sub.2 NP(O)Cl.sub.2) in 50 ml dry benzene was added
      dropwise under nitrogen to the cooled reaction mixture. On completion of
      the additive the reaction mixture was warmed to room temperature and the
      sodium chloride which precipitated was filtered off. The filtrate was
      evaporated in a rotary evaporator under reduced pressure (60 mm) and the
      residual liquid fractionally distilled under reduced pressure. The
      fraction distilling at 134.degree.C (1.0 mm) was collected and identified
      as (CH.sub.3).sub.2 NP(O)[OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 ].sub.2.
      The product was isolated in 21% yield.
PAR  Various characteristics of the products obtained in Examples 1 to 10 were
      determined and these are set out in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
      Compound                                                                 
           Elemental Analysis (c)     Boiling Density                          
                                                    NMR Mass Refractive        
     Reference                                                                 
           (wt %)                     Point   at 20.degree.C                   
                                                    (c) Spectrum               
                                                             Index             
       (a)                            (.degree.C/mmHG)                         
                                              (g/cm.sup.3)                     
                                                        (c)  at                
     __________________________________________________________________________
                                                             20.degree.C       
                C   H    N   O   P                                             
     I     calc.(b)                                                            
                48.7                                                           
                    10.2 14.2                                                  
                             16.2                                              
                                 10.4 89-92/0.2                                
                                              0.984 ND  ND   ND                
           found                                                               
                48.4                                                           
                    10.6 15.0                                                  
                             15.7                                              
                                 10.3                                          
     II    calc.(b)                                                            
                47.7                                                           
                    10.4 16.7                                                  
                             12.7                                              
                                 12.3 68-70/0.2                                
                                              0.976 ND  ND   ND                
           found                                                               
                47.3                                                           
                    10.4 16.3                                                  
                             14.1                                              
                                 11.9                                          
     IV    calc.(b)                                                            
                53.9                                                           
                    8.2  --  28.7                                              
                                 9.3  161-164/0.2                              
                                              1.07  YES ND   ND                
           found                                                               
                54.0                                                           
                    8.1  --  28.2                                              
                                 9.7                                           
     V     ND                          72-75/0.15                              
                                              1.02  YES ND   ND                
     VI    calc.(b)                                                            
                42.2                                                           
                    8.3  --  37.5                                              
                                 12.1  98-99/0.28                              
                                              1.08  YES ND   ND                
           found                                                               
                42.0                                                           
                    8.3  --  37.1                                              
                                 12.6                                          
     VII   ND                         72-75/0.2                                
                                              1.076 YES ND   ND                
     VIII  ND                          87-90/0.23                              
                                              0.919 ND  ND   ND                
     IX    ND                         120/1.0 mm                               
                                              1.013 YES  YES 1.468             
     X     ND                         140/0.5 mm                               
                                              1.014 YES  YES 1.472             
     XI    ND                          86/1.0 mm                               
                                              1.03  YES  YES 1.450             
     XII   ND                         134/1.0 mm                               
                                              0.95  YES  YES 1.448             
     __________________________________________________________________________
PAR  Notes to Table 1
PAR  a. The compound references are as follows:
PAR  I product of Example 1, second material to be distilled off, formula
      corresponds to Formula I
PAR  II product of Example 1, first material to be distilled off, formula
      corresponds to Formula II
PAR  IV product of Example 3, formula corresponds to Formula IV
PAR  V product of Example 4, formula corresponds to Formula V
PAR  VI product of Example 5, second material to be distilled off, formula
      corresponds to Formula VI
PAR  VII product of Example 5, first material to be distilled off, formula
      corresponds to Formula VII
PAR  VIII product of Example 6, formula corresponds to Formula VIII
PAR  IX product of Example 7, formula corresponds to Formula IX
PAR  X product of Example 8, formula corresponds to Formula X
PAR  XI product of Example 9, Formula corresponds to Formula XI
PAR  XII product of Example 10, formula corresponds to Formula XII
PAR  b. calculated on the basis of formula attributed to compound
PAR  c. ND means not determined.
PAR  YES means NMR or Mass spectrum consistent with formula given.
PAC  EXAMPLES 11 to 35
PAR  The products of Examples 1 to 10 were then used as olefine polymerisation
      catalyst third components. The effect of the phosphorus compounds was
      tested in propylene polymerisations using triethyl aluminium and a
      commercially available form of titanium trichloride manufactured by Toho
      Titanium Company of Japan and identified as TAC 131. (This material is
      believed to be obtained by the reduction of TiCl.sub.4 with aluminium
      metal and thereafter ball-milling of the dry powder.)
PAR  A polymerisation flask equipped with efficient stirrer and a water jacket
      was dried carefully and 1 litre of an inert hydrocarbon diluent having a
      boiling range of about 170.degree.-175.degree.C was introduced. The
      diluent was evacuated at 60.degree.C purged with nitrogen and evacuated,
      which treatment effectively reduced the water and oxygen contents of the
      diluent to below 10 ppm by weight. The diluent was then saturated with
      propylene to one atmosphere pressure. The propylene used was obtained by
      the purification of an initial sample of propylene, containing
      methylacetylene and allene as impurities at levels well below 10 ppm by
      weight, by passing this propylene through a column of activated alumina.
      Triethyl-aluminium was introduced in the proportions indicated in Table 2
      followed by the phosphorus compound to be tested. After half hour 2
      millimoles of TiCl.sub.3 were introduced. The pressure in the reaction
      vessel was maintained at one atmosphere by supply of propylene from a
      burette. After a further 2.5 hours the run was terminated with 10 ml of
      isopropanol and a sample of supernatant liquid extracted for determining
      the concentration of soluble polymer. The solid was filtered and washed
      three times with petrol ether and dried in a vacuum oven at 120.degree.C
      for an hour. The yield of solid plus calculated soluble polymer equalled
      within experimental error the propylene lost from the burette.
PAR  The results obtained are set out in Table 2.
PAR  Comparative examples, indicated by letters, were carried out in a similar
      manner either omitting the phosphorus compound (A & B) or using a
      different compound.
PAC  NOTES TO TABLE 2
PAR  d. PHM is phosphorous hexamethyltriamide (P[N(CH.sub.3).sub.2 ].sub.3)
PAR  e. Polymerisation would not proceed with 4 millimoles AlEt.sub.3
PAR  f. Based on solid polymer only
PAR  g. % based on total polymer (solid + soluble) formed. * In these
      experiments the titanium trichloride was TAC 141 supplied by Toho Titanium
      Company of Japan.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
            Phosphorus                                                         
     Example or                                                                
            Compound    AlEt.sub.3                                             
                             Conversion                                        
                                      Soluble                                  
     Comparative                                                               
            Reference                                                          
                  Amount                                                       
                        (mmol/l)                                               
                             to solid Yield                                    
     Example      (mmol/l)   (g/mmol Ti) (f)                                   
                                      (%) (g)                                  
     __________________________________________________________________________
     11       I   0.25  4    30.5     13                                       
     12       I   0.8     8(e)                                                 
                             26.5     11                                       
     13       II  0.5   4    39       13.5                                     
     14       II  1       8(e)                                                 
                             30       11.5                                     
     15       III 1     4    28       17.5                                     
     16       IV  0.25   3.5 20       18                                       
     17       IV  0.75  7    15.5     14.5                                     
     18       V   0.5   4    33.5     14.5                                     
     19       V   1     4    14       13                                       
     20       VI  0.125  3.5 22       19.5                                     
     21       VII 0.2    3.5 15       20                                       
     22       VIII                                                             
                  0.5   4    14       16                                       
     23       IX  0.5   4    27.5     9.4                                      
     24       IX  1.0   4    24       7.3                                      
     25       IX  1.5   4    14.5     4.5                                      
     26       IX  1.5   5    22.7     6.7                                      
     27*      IX  0.5   4    32.2     10.3                                     
     28*      IX  1.0   4    22.2     8.0                                      
     29*      X   0.25  4    32.2     17                                       
     30*      X   0.5   4    30       14.2                                     
     31*      X   1.0   4    15.0     9.2                                      
     32*      XI  0.5   4    32.4     9.3                                      
     33*      XI  1.0   4    28.1     8.5                                      
     34*      XII 0.25  4    30.8     17.0                                     
     35*      XII 0.5   4    31.4     11.7                                     
     A        None                                                             
                  --     3.5 22.5     30.5                                     
     B        None                                                             
                  --    4    33       29                                       
     C*       None                                                             
                  --    4    29.3     27.0                                     
     D        PHM(d)                                                           
                  0.1   4    5        30                                       
     __________________________________________________________________________
PAC  EXAMPLES 36 to 41
PAR  Propylene polymerisations were also carried out with TiCl.sub.3 obtained by
      reduction of TiCl.sub.4 with ethylaluminium sesquichloride by the addition
      of 0.9 moles of the aluminium compound to 1.0 mole of TiCl.sub.4, both
      compounds being dissolved in inert hydrocarbon diluent and maintained at
      0.degree.C during the presparation. The results obtained are set out in
      Table 3, in which the reference letters have the same significance as in
      Table 2.
TBL                                    Table 3                                 
     __________________________________________________________________________
            Phosphorus                                                         
     Example or                                                                
            Compound    AlEt.sub.3                                             
                             Conversion                                        
                                      Soluble                                  
     Comparative                                                               
            Reference                                                          
                  Amount                                                       
                        (mmol/l)                                               
                             to solid Yield                                    
     Example      (mmol/l)   (g/mmol Ti) (f)                                   
                                      (%) (g)                                  
     __________________________________________________________________________
     36      I    0.25  4    26       21.5                                     
     37      II   0.25  4    27       25                                       
     38      IV   0.25  4    13.5     24                                       
     39      VI   0.25  4    19       25                                       
     40      VII  0.25  4    16       20.5                                     
     41      VIII 0.25  4    17       21.5                                     
     E       PHM(d)                                                            
                  0.25  4    2.5      16.5                                     
     F       None --    4    34       38.5                                     
     __________________________________________________________________________
PAC  EXAMPLES 42 to 46
PAR  20 g (100 millimoles) of titanium trichloride manufactured by Toho Titanium
      Company of Japan and identified as TAC 141 were stirred in 100 cm.sup.3
      pentane under nitrogen and 3.7 millimoles of the phosphorus compound,
      reference I, were added over 1/2 hour. The mixture was transferred into a
      stainless steel ballmill with washing, and was then dried, in the mill, by
      removing the pentane under vacuo. The mill was 6 inches long and 3 inches
      in diameter and contained 200 stainless steel balls of half-inch diameter
      and 200 stainless steel balls of quarter-inch diameter. The mill was
      rotated at 120 rpm for 24 hours.
PAR  The catalyst was tested in propylene polymerisations using conditions
      similar to those described in Examples 11 to 35 except that 8 millimoles
      of aluminium triethyl was used. In one polymerisation, no further
      phosphorus compound was used apart from that introduced by the milling
      step. In other polymerisations a further quantity of a phosphorus compound
      or an electron donor compound was added in the manner set out in Examples
      11 to 35. The nature and amount of the further addition of phosphorus
      compound or electron donor compound are set out in Table 4 together with
      the results obtained.
TBL                TABLE 4                                                     
     ______________________________________                                    
     Further Compounds Added                                                   
     Example                      Conversion                                   
                                           Soluble                             
            Compound (h) Amount   to Solid Yield                               
                         (mmol/l) (g/mmol) (f)                                 
                                           (%) (g)                             
     ______________________________________                                    
     42     None         Nil      47       12.3                                
     43     I            0.33     36.5     8.8                                 
     44     II           0.33     46.5     7.9                                 
     45     Isoquinoline 4        39.5     10.4                                
     46     TMED         1        26.2     6.9                                 
     ______________________________________                                    
      h)                                                                       
      I is the phosphorus compound of Formula I                                
      II is the phosphorus compound of Formula II                              
      TMED is tetramethylethylenediamine                                       
PAC  EXAMPLES 47 TO 49
PAR  The transition metal compound was ball-milled with an electron donor
      compound.
PAR  The transition metal compound was TAC 121 titanium trichloride supplied by
      the Toho Titanium Company of Japan and the electron donor was triphenyl
      phosphine oxide. The compounds were added directly to the mill in the
      solid form, the titanium trichloride being added first. The mill used was
      9 inches long and 5.1 inches diameter and contained 685 steel balls of 1/2
      inch diameter. The molar ratio of titanium trichloride to triphenyl
      phosphine oxide was 6:1 and milling was effected at 64 rpm foor 65 hours.
      A nitrogen atmosphere was maintained in the mill at all times during
      loading, milling and unloading.
PAR  Polymerisations were carried out as described in respect of Example 43 with
      the addition of the indicated quantity of the phosphorus compound,
      reference I or IX. A comparative example (Example G) was carried out in
      the absence of a further phosphorus compound. The results obtained are set
      out in Table 5.
TBL                TABLE 5                                                     
     ______________________________________                                    
     Example or                                                                
               Phosphorus    Conversion Soluble                                
     Comparative                                                               
               Compound      to Solid   Yield                                  
     Example   Ref     Amount    g/mmol   (%) (g)                              
                       (mmol/l)  (f)                                           
     ______________________________________                                    
     G         Nil     Nil       75       11.4                                 
     47        I       0.33      59.5     5.2                                  
     48        I       0.66      62.5     4.2                                  
     49        IX      1.5       50       4.1                                  
     ______________________________________                                    
PAC  EXAMPLE 50 and 51
PAR  The effect of ball-milling the transition metal compound with a pentavalent
      phosphorus compound of the type defined was also studied.
PAR  The milling was carried out in the same mill as was used in Examples 42 to
      46. The transition metal compound was TAC 141 titanium trichloride
      supplied by Toho Titanium Company of Japan and the phosphorus compound was
      the product of Example 7. The two materials were introduced into the mill
      as a slurry in pentane, which was evaporated off before commencing the
      milling. The molar ratio TAC 141 to phosphorus compound was 9:1 and
      milling was effected at 120 rpm for 24 hours. A nitrogen atmosphere was
      maintained in the mill throughout.
PAR  Polymerisation was carried out as described in Examples 42 to 46, in one
      experiment with no additional phosphorus compound and in a further
      polymerisation with a further quantity (1.5 millimoles) of the phosphorus
      compound, this further quantity being added shortly after the aluminium
      triethyl and half and hour before adding the milled titanium trichloride.
PAR  The results obtained are set out in Table 6.
TBL                TABLE 6                                                     
     ______________________________________                                    
     Example  Fourth      Conversion to                                        
                                       Soluble                                 
     No.      Component   solid polymer                                        
                                       Yield                                   
              (mmol) (i)  (g/mmol Ti) (f)                                      
                                       (%) (g)                                 
     ______________________________________                                    
     50       Nil         56           6.8                                     
     51       1.5         51           4.2                                     
     ______________________________________                                    
      (f) (g) see Table 2.                                                     
      (i) The fourth component was the product of Example 7.                   
PAC  EXAMPLE 52
PAR  30 gms of a sample of pure TiCl.sub.3 produced by hydrogen-reduction of
      TiCl.sub.4 were activated by milling under nitrogen in a stainless-steel
      mill 3 inches dimater, 6 inches long containing 200 half-inch and 200
      quarter inch stainless steel balls. The mill was rotated at 120 rpm for 24
      hours.
PAR  Propylene was polymerised with this catalyst under conditions similar to
      those described in Examples 50 and 51. Polymerisation in presence of 1.5
      mmol/1 of the product of Example 7 yielded 21 grams of solid polymer and
      the diluent contained soluble polymer corresponding to 8.7% of the total.
PAR  A comparison run in which the product of Example 7 was omitted yielded 23
      grams of solid polymer and 28.3% of soluble polymer.
PAR  If the unmilled titanium trichloride is used, in the absence of a
      phosphorus compound, in a polymerisation process as described in Examples
      11 to 35 the yield of solid polymer is about 2.5 gms/millimole Ti and
      about 25 to 28% of soluble polymer.
PAC  EXAMPLE 53
PAR  A catalyst system was used wherein a cyclic polyene was incorporated as a
      fourth catalyst component.
PAR  The procedure used was generally as described in respect of Examples 11 to
      35 except that the titanium trichloride was Stauffer AA (manufactured by
      Stauffer Chemical Company and believed to be the product of reacting
      titanium tetrachloride with aluminium metal and ball-milling the dry
      powder) and the cyclic polyene (which was cycloheptatriene - CHT) was
      included in the catalyst system. The CHT was added to the aluminium
      triethyl before the phosphorus compound (compound of formula IX) was
      added. Comparative examples were carried out in which the phosphorus
      compound was omitted and also in which both the phosphorus compound and
      the CHT were omitted. The results are set out in Table 7.
TBL                TABLE 7                                                     
     ______________________________________                                    
     Example or                                                                
              Amount    Amount   Conversion to                                 
                                            Soluble                            
     Comparative                                                               
              Phosphorus                                                       
                        CHT      Solid Polymer                                 
                                            Yield                              
     Example  Compound  (mmol/l) (g/mmol Ti)                                   
                                            (%) (g)                            
              (mmol/l)           (f)                                           
     ______________________________________                                    
      53      1         2        16         5.1                                
     H        Nil       2        14         9.3                                
     J        Nil       Nil      32.5       29.3                               
     ______________________________________                                    
      (f) (g) see Table 2?                                                     
PAC  EXAMPLES 54 and 55
PAR  The effect of phosphorus compounds was tested in propylene polymerisation
      using diethylaluminium chloride and Stauffer AA grade titanium
      trichloride.
PAR  The polymerisation conditions were as described for Examples 11 to 35 but
      using 10 mmol Et.sub.2 AlCl and 5 mmol TiCl.sub.3 per liter of inert
      diluent, and a polymerisation time of 3 hours.
PAR  The results are set out in Table 8. Comparative example K was carried out
      in a similar manner but omitting the phosphorus compound.
PAC  EXAMPLE 56
PAR  A propylene polymerisation was carried out with a catalyst obtained by
      reduction of TiCl.sub.4 with ethyl aluminium sesquichloride by the slow
      addition of 0.9 moles of aluminium compound to 1.0 mole of TiCl.sub.4,
      both compounds being dissolved in an inert hydrocarbon diluent, the
      mixture being stirred initially at 0.degree.C. After 6 hours the
      temperature of the catalyst preparation was raised to 110.degree.C, after
      4 hours the slurry was cooled and washed with the inert hydrocarbon. The
      TiCl.sub.3 product obtained was used to polymerise propylene as in
      Examples 54 and 55 using 2 millimoles of compound XI. A polymer yield of
      7.3 gm/mmol of TiCl.sub.3 with 0.36% of soluble polymer was obtained. In
      the absence of the phosphorus compound the yield was 8.3 gm/mmol and the
      amount of solubles 1%.
TBL                TABLE 8                                                     
     ______________________________________                                    
     Example or                                                                
              Phosphorus Compound                                              
                             Conversion to                                     
                                          Soluble                              
     Comparative                                                               
              Reference Amount   Solid Polymer                                 
                                            Yield                              
     Example            (mmol/l) (g/mmol Ti)                                   
                                            (%) (g)                            
                                 (f)                                           
     ______________________________________                                    
     54       IX        1        8.5        3.9                                
     55       XI        2        8.9        1.7                                
     K        None      --       6.0        3.1                                
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. An olefine polymerisation catalyst consisting essentially of
PA1  1. one molecular proportion of a solid halide of titanium, vanadium or
      zirconium wherein the metal has a valency below its maximum,
PA1  2. from 0.05 up to 20 molecular proportions of at least one compound
      selected from the group consisting of Grignard reagents which are
      substantially ether free, Mg[Al(C.sub.2 H.sub.5).sub.4 ].sub.2, Mg(C.sub.6
      H.sub.5).sub.2, lithium aluminium tetraalkyls, aluminium hydrocarbyl
      halides, aluminium hydrocarbyl sulphates, aluminium hydrocarbyl
      oxyhydrocarbyls, aluminium trihydrocarbyls and dihydrocarbyl aluminium
      hydrides, and
PA1  3. from 0.01 up to 10 molecular proportions of at least one phosphorus
      compound of the formula
PA1  R.sub.3.sub.-n P(Q)(E-Z-G).sub.n
PAL  wherein
PA1  R is halogen, hydrocarbyl group, pyridyl, pyrrolyl, pyrrolidyl, piperidyl
      group, the group --NR'.sub.2 or --OR',
PA1  E is --O--, --S--, or --NR'--;
PA1  Z is a bivalent hydrocarbyl group such that E and G are separated by not
      more than 3 carbon atoms;
PA1  G is --OR', --SR', --NR'.sub.2, --PR'.sub.2, a pyridyl radical, a quinolyl
      radical, an isoquinolyl radical, a furyl radical or a tetrahydrofuryl
      radical;
PA1  R' is a hydrocarbyl group;
PA1  Q is an oxygen or sulphur atom; and
PA1  n is 1, 2, or 3, and wherein the amount of component (3) is not greater
      than the amount of component (2).
NUM  2.
PAR  2. The catalyst of claim 1 wherein component (1) is titanium trichloride.
NUM  3.
PAR  3. The catalyst of claim 1 wherein component (2) is an aluminium
      trihydrocarbyl, an aluminium dihydrocarbyl halide or an aluminium
      dihydrocarbyl hydride.
NUM  4.
PAR  4. The catalyst of claim 1 wherein component (1) is titanium trichloride,
      and component (2) is aluminium triethyl or aluminium diethyl chloride.
NUM  5.
PAR  5. The catalyst of claim 1 wherein in component (3) each group R' is a
      methyl or ethyl group.
NUM  6.
PAR  6. The catalyst of claim 1 wherein in component (3) the group R is an
      alkoxy group or a dialkyl amino group.
NUM  7.
PAR  7. The catalyst of claim 1 wherein component (1) has been ground in the dry
      state.
NUM  8.
PAR  8. The catalyst of claim 7 wherein the solid halide which is component (1)
      has been ground with at least part of component (3) or with triphenyl
      phosphine oxide in a molar ratio of solid halide to component (3) or
      triphenyl phosphine oxide of at least 6:1.
NUM  9.
PAR  9. The catalyst of claim 8 wherein, in addition to the materials ground
      with component (1), the catalyst further contains a quantity of at least
      one compound selected from the group consisting of component (3),
      pyridine, quinoline, isoquinoline, tetramethylethylenediamine and
      triphenyl phosphine oxide said quantity being a minor amount sufficient to
      improve the catalyst activity, stereospecificity or both and the quantity
      of component (3) being the remainder of component (3).
NUM  10.
PAR  10. The catalyst of claim 9 wherein component (1) is not allowed to contact
      component (3), pyridine, quinoline, isoquinoline,
      tetramethylethylenediamine or triphenylphosphine oxide in the absence of
      component (2) of the catalyst other than when the solid halide is ground
      with component (3), pyridine, quinoline, isoquinoline,
      tetramethylethylenediamine or triphenylphosphine oxide.
NUM  11.
PAR  11. The catalyst of claim 8 wherein the solid halide is titanium
      trichloride and component (2) is an aluminium trihydrocarbyl, an aluminium
      dihydrocarbyl halide or an aluminium dihydrocarbyl hydride.
NUM  12.
PAR  12. The catalyst of claim 11 further containing a component (4) selected
      from the group consisting of pyridine, quinoline, isoquinoline,
      tetramethylethylenediamine and triphenylphosphine oxide, and wherein (a)
      component (1) is titanium trichloride which has been dry ball-milled with
      at least one compound selected from the group consisting of component (3),
      component (4), and mixtures thereof in a molar ratio of component (1) to
      component (4) of at least 6:1; and
PA1  b. in addition to said compound dry ball-milled with titanium trichloride,
      the catalyst contains an additional quantity of component (3), component
      (4), or mixtures thereof which quantity has not been allowed to contact
      component (1) in the absence of at least some of component (2), the
      quantity of component (4) being a minor amount sufficient to improve the
      catalyst activity, stereospecificity, or both, and the quantity of
      component (3) being the remainder of component (3).
NUM  13.
PAR  13. The catalyst of claim 4 wherein the component (3) is
PA1  [(CH.sub.3).sub.2 N].sub.2 P(O)N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2 ;
PA1  (ch.sub.3).sub.2 np(o)[n(ch.sub.3)ch.sub.2 ch.sub.2 n(ch.sub.3).sub.2
      ].sub.2 ;
PA1  [(ch.sub.3).sub.2 n].sub.2 p(o)och.sub.2 ch.sub.2 n(ch.sub.3).sub.2 ; or
PA1  (CH.sub.3).sub.2 NP(O)[OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 ].sub.2.
NUM  14.
PAR  14. The catalyst of claim 11 wherein component (1) is titanium trichloride
      which has been ball-milled with
PA1  [(CH.sub.3).sub.2 N].sub.2 P(O)N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2
PAL  wherein the molar ratio of titanium trichloride to
PA1  [(CH.sub.3).sub.2 N].sub.2 P(O)N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2
PAL  is at least 6:1.
NUM  15.
PAR  15. In an olefine polymerisation catalyst consisting essentially of
PA1  1. a solid halide of titanium, vanadium or zirconium wherein the metal has
      a valency below its maximum, and
PA1  2. at least one compound selected from the group consisting of Grignard
      reagents which are substantially ether free, Mg[Al(C.sub.2 H.sub.5).sub.4
      ].sub.2, Mg(C.sub.6 H.sub.5).sub.2, lithium aluminium tetraalkyls,
      aluminium hydrocarbyl halides, aluminium hydrocarbyl sulphates, aluminium
      hydrocarbyl oxyhydrocarbyls, aluminium trihydrocarbyls and dihydrocarbyl
      aluminium hydrides, the improvement of adding
PA1  3. from 0.01 up to 10 molecular proportions for each molecular proportion
      of the solid halide of at least one phosphorus compound of the formula
PA1  R.sub.3.sub.-n P(Q)(E-Z-G).sub.n
PAL  wherein
PA1  R is halogen, hydrocarbyl group, pyridyl, pyrrolyl, pyrrolidyl, piperidyl
      group, the group --NR'.sub.2 or --OR';
PA1  E is --O--, --S--, or --NR'--;
PA1  Z is a bivalent hydrocarbyl group such that E and G are separated by not
      more than 3 carbon atoms;
PA1  G is --OR', --SR', --NR'.sub.2, --PR'.sub.2, a pyridyl radical, a quinolyl
      radical, an isoquinolyl radical, a furyl radical or a tetrahydrofuryl
      radical,
PA1  R' is a hydrocarbyl group;
PA1  Q is an oxygen or sulphur atom; and
PA1  n is 1, 2, or 3, and wherein the amount of component (3) is not greater
      than the amount of component (2).
NUM  16.
PAR  16. The catalyst of claim 15 wherein component (1) is titanium trichloride.
NUM  17.
PAR  17. The catalyst of claim 15 wherein component (2) is an aluminium
      trihydrocarbyl, an aluminium dihydrocarbyl halide or an aluminium
      dihydrocarbyl hydride.
NUM  18.
PAR  18. The catalyst of claim 15 wherein component (1) is titanium trichloride,
      and component (2) is aluminium triethyl or aluminium diethyl chloride.
NUM  19.
PAR  19. The catalyst of claim 15 wherein in component (3) each group R' is a
      methyl or ethyl group.
NUM  20.
PAR  20. The catalyst of claim 15 wherein in component (3) the group R is an
      alkoxy group or a dialkyl amino group.
NUM  21.
PAR  21. The catalyst of claim 15 wherein component (3) is
PA1  [(CH.sub.3).sub.2 N].sub.2 P(O)N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2 ;
PA1  (ch.sub.3).sub.2 np(o)[n(ch.sub.3)ch.sub.2 ch.sub.2 n(ch.sub.3).sub.2
      ].sub.2 ;
PA1  [(ch.sub.3).sub.2 n].sub.2 p(o)och.sub.2 ch.sub.2 n(ch.sub.3).sub.2 ; or
PA1  (CH.sub.3).sub.2 NP(O)[OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 ].sub.2 .
NUM  22.
PAR  22. The catalyst of claim 15 wherein component (1) has been ground in the
      dry state.
NUM  23.
PAR  23. The catalyst of claim 22 wherein the solid halide which is component
      (1) has been ground with at least part of component (3) or with triphenyl
      phosphine oxide in a molar ratio of solid halide to component (3) or
      triphenyl phosphine oxide of at least 6:1.
NUM  24.
PAR  24. The catalyst of claim 23 wherein, in addition to the materials ground
      with component (1), the catalyst further contains a quantity of at least
      one compound selected from the group consisting of component (3),
      pyridine, quinoline, isoquinoline, tetramethylethylenediamine and
      triphenyl phosphine oxide said quantity being a minor amount sufficient to
      improve the catalyst activity, stereospecificity or both, and the quantity
      of component (3) being the remainder of component (3).
NUM  25.
PAR  25. The catalyst of claim 24 wherein component (1) is not allowed to
      contact component (3), pyridine, quinoline, isoquinoline,
      tetramethylethylenediamine or triphenylphosphine oxide in the absence of
      component (2) of the catalyst other than when the solid halide is ground
      with component (3), pyridine, quinoline, isoquinoline,
      tetramethylethylenediamine or triphenylphosphine oxide.
NUM  26.
PAR  26. The catalyst of claim 23 wherein the solid halide is titanium
      trichloride and component (2) is an aluminium trihydrocarbyl, an aluminium
      dihydrocarbyl halide or an aluminium dihydrocarbyl hydride.
NUM  27.
PAR  27. The catalyst of claim 26 further containing
PA1  a component (4) selected from the group consisting of pyridine, quinoline,
      isoquinoline, tetramethylethylenediamine and triphenylphosphine oxide, and
      wherein (a) component (1) is titanium trichloride which has been dry
      ball-milled with at least one compound selected from the group consisting
      of component (3), component (4), and mixtures thereof in a molar ratio of
      component (1) to component (4) of at least 6:1; and
PA1  b. in addition to said compound dry ball-milled with titanium trichloride,
      the catalyst contains an additional quantity of component (3), component
      (4), or mixtures thereof which quantity has not been allowed to contact
      component (1) in the absence of at least some of component (2), the
      quantity of component (4) being a minor amount sufficient to improve the
      catalyst activity, stereospecificity, or both, and the quantity of
      component (3) being the remainder of component (3).
NUM  28.
PAR  28. The catalyst of claim 26 wherein component (1) is titanium trichloride
      which has been ball-milled with
PA1  [(CH.sub.3).sub.2 N].sub.2 P(O)N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2
PAL  wherein the molar ratio of titanium trichloride to
PA1  [(CH.sub.3).sub.2 N].sub.2 P(O)N(CH.sub.3)CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2
PAL  is at least 6:1.
PATN
WKU  039403467
SRC  4
APN  816052&
APT  1
ART  115
APD  19690414
TTL  Supported molybdenum or tungsten oxides treated with organoaluminum
      compounds as catalysts
ISD  19760224
NCL  16
ECL  1,11
EXP  Garvin; Patrick P.
INVT
NAM  Zuech; Ernest A.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
CLAS
OCL  252430
XCL  260683D
EDF  2
ICL  B01J 3114
FSC  252
FSS  430;428
UREF
PNO  2887471
ISD  19590500
NAM  Shearer et al.
XCL  252430
UREF
PNO  2963447
ISD  19601200
NAM  Peters et al.
OCL  252430
UREF
PNO  3113115
ISD  19631200
NAM  Ziegler et al.
OCL  252430
UREF
PNO  3490745
ISD  19700100
NAM  Chappell et al.
OCL  252430
UREF
PNO  3526601
ISD  19700900
NAM  Fotis et al.
OCL  252430
UREF
PNO  3536632
ISD  19701000
NAM  Kroll
OCL  252430
FREF
PNO  714,538
ISD  19650700
CNT  CA
ABST
PAL  Catalysts active for the olefin reaction, including olefin
      disproportionation are provided comprising molybdenum or tungsten oxides
      associated with a suitable support material which has been subjected to
      treatment at high temperature in combination with organoaluminum
      compounds. The supported molybdenum or tungsten oxide can optionally be
      contacted with nitric oxide, nitrosyl halide, and alkali or alkaline earth
      metal compounds prior to treatment with the organoaluminum compound.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the conversion of olefinic hydrocarbons and to a
      catalyst for such conversion. In one aspect, the invention relates to the
      olefin reaction. In another aspect, it relates to the conversion of
      olefins to other olefins having different molecular weights. In another
      aspect, it relates to a novel solid multi-component catalyst for effecting
      the conversion of olefins in accordance with the olefin reaction.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A number of catalysts are known for the disproportionation of olefins to
      produce other olefins of both higher and lower molecular weight. Some of
      these utilize oxides of tungsten or molybdenum in association with
      selected support materials. Processes using these catalysts require
      relatively high operating temperatures. For example, an alumina-supported
      molybdenum oxide catalyst is operable at temperatures in the range of
      66.degree.C (150.degree.F) to about 260.degree.C (500.degree.F),
      preferrably 121.degree.C (250.degree.F) to 204.degree.C (400.degree.F).
      The silica-supported tungsten oxide catalyst is generally utilized at
      temperatures above 204.degree.C (400.degree.F) and excellent results are
      obtained at temperatures in the range of 315.degree.C (600.degree.F) to
      482.degree.C (900.degree.F).
PAR  More recently, a number of catalyst systems have been found which can be
      used to carry out such conversions at relatively low temperatures. For
      example, a number of homogeneous systems have been found active within the
      broad temperature range of from about -30.degree. to about 150.degree.C.
      These catalysts generally comprise transition metal complexes in admixture
      with organoaluminum compounds and are soluble in the reaction media. It is
      desirable to have a catalyst system which has the advantages of the low
      temperature operation which is characteristic of the homogeneous catalyst
      system but which maintains the advantages of the solid catalyst system.
      The solid catalysts are generally more economic in that they can be
      employed in fixed bed processes and can be easily separated from the
      reactants and products.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide for the art a
      catalyst system for use in accordance with the olefin reaction which has
      the advantages of the solid type catalyst but which is operative at lower
      temperatures than those generally required for a solid type catalyst. It
      is a further object to provide a method of converting olefins in
      accordance with the olefin reaction utilizing a solid catalyst which is
      operative at relatively low temperatures. Other objects and advantages of
      the invention are apparent in the specification and the claims.
PAC  SUMMARY OF THE INVENTION
PAR  The solid catalyst of the invention comprises (a) molybdenum oxide or
      tungsten oxide associated with a suitable support material, and (b) at
      least one organoaluminum compound. Further according to the invention
      there is provided a catalyst comprising a suitably supported molybdenum
      oxide or tungsten oxide material which has been treated with nitric oxide
      or nitrosyl halides prior to cntact with, or treatment with, the
      organoaluminum compounds. Further according to the invention there is
      provided a method of converting olefins in accordance with the olefin
      reaction by contacting olefins with the above catalysts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  The Olefin Reaction
PAR  The term "olefin reaction", as used herein, is defined as a process for the
      catalytic conversion over a catalyst of a feed comprising one or more
      ethylenically unsaturated compounds to produce a resulting product which
      contains at least ten per cent by weight of product compounds, which
      product compounds can be visualized as resulting from at least one primary
      reaction, as defined below, or the combination of at least one primary
      reaction and at least one unsaturated bond isomerization reaction, and
      wherein the sum of the cmpounds contained in the resulting product
      consisting of hydrogen, saturated hydrocarbons, and compounds which can be
      visualized as formed by skeletal isomerization but which cannot be
      visualized as formed by one or more of the above-noted reactions,
      comprises less than 25 per cent by weight of the total of said resulting
      product. Feed components and the unsaturated bond isomers thereof are not
      included in the resulting product for the purpose of determining the
      above-noted percentages.
PAR  In the olefin reaction, as defined above, the primary reaction is a
      reaction which can be visualized as comprising the breaking of two
      existing unsaturated bonds between first and second carbon atoms and
      between third and fourth carbon atoms, respectively, and the formation of
      two new unsaturated bonds between said first and third and between said
      second and fourth carbon atoms. Said first and second carbon atoms and
      said third and fourth carbon atoms can be in the same or different
      molecules.
PAR  The olefin reaction is illustrated by the following reactions:
PA1  1. The disproportionation of an acyclic mono-or polyene having at least
      three carbon atoms into other acyclic mono- or polyenes of both higher and
      lower number of carbon atoms; for example, the disproportionation of
      propylene yields ethylene and butenes; the disproportionation of
      1,5-hexadiene yields ethylene and 1,5,9-decatriene;
PA1  2. The conversion of an acyclic mono- or polyene having three or more
      carbon atoms and a different acyclic mono- or polyene having three or more
      carbon atoms to produce different acyclic olefins; for example, the
      conversion of propylene and isobutylene yields ethylene and isopentene;
PA1  3. The conversion of ethylene and an internal acyclic mono- or polyene
      having four or more carbon atoms to produce other olefins having a lower
      number of carbon atoms than that of the acyclic mono- or polyene; for
      example, the conversion of ethylene and 4-methylpentene-2 yields
      3-methylbutene-1 and propylene;
PA1  4. The conversion of ethylene or an acyclic mono- or polyene having three
      or more carbon atoms and a cyclic mono- or cyclic polyene to produce an
      acyclic polyene having a higher number of carbon atoms than that of any of
      the starting materials; for example, the conversion of cyclooctene and
      2-pentene yields 2,10-tridecadiene; the conversion of 1,5-cyclooctadiene
      and ethylene yields 1,5,9-decatriene;
PA1  5. The conversion of one or more cyclic mono- or cyclic polyenes to produce
      a cyclic polyene having a higher number of carbon atoms than any of the
      starting materials; for example, the conversion of cyclopentene yields
      1,6-cyclodecadiene and continued reaction can give higher molecular weight
      materials;
PA1  6. The conversion of an acyclic polyene having at least seven carbon atoms
      and having at least five carbon atoms between any two double bonds to
      produce acyclic and cyclic mono- and polyenes having a lower number of
      carbon atoms than that of the feed; for example, the conversion of
      1,7-octadiene yields cyclohexene and ethylene; or
PA1  7. The conversion of one or more acyclic polyenes having at least three
      carbon atoms between any two double bonds to produce acyclic and cyclic
      mono- and polyenes generally having both a higher and lower number of
      carbon atoms than that of the feed material; for example, the conversion
      of 1,4-pentadiene yields 1,4-cyclohexadiene and ethylene.
PAC  THE OLEFIN FEEDS
PAR  Olefins applicable for use in the process of the invention are nontertiary,
      nonconjugated acyclic mono- and polyenes having at least 3 carbon atoms
      per molecule including cycloalkyl, cycloalkenyl, and aryl derivatives
      thereof; cyclic mono- and polyenes having at least 4 carbon atoms per
      molecule including alkyl and aryl derivatives thereof; mixtures of the
      above olefins; and mixtures of ethylene and the above olefins. Many useful
      reactions are accomplished with such acyclic olefins having 2-30 carbon
      atoms per molecule and with such cyclic olefins having 4-30 carbon atoms
      per molecule. Non-tertiary olefins are those olefins wherein each carbon
      atom, which is attached to another carbon atom by means of a double bond,
      is also attached to at least one hydrogen atom.
PAR  It has been found that within the scope of this invention certain olefins
      react at a faster rate than other olefins. Also, in employing certain
      olefins higher conversions are obtained than with other olefins under
      comparable reaction conditions. For example, the contact of a symmetrical
      monoolefin with a catalyst of the invention to give different olefin
      products (i.e., the reactions exemplified under number 1 above) apparently
      requires some double bond migration to take place before the
      disproportionation reaction proceeds at a significant rate. For similar
      reasons, the conversion of a mixture of ethylene and a 1-olefin proceeds
      at a slower rate and lower conversion than the conversion of a mixture of
      ethylene and an internal olefin. It has also been found that branching or
      the presence of inert polar substituents sometimes decrease the reactivity
      of a double bond in the feed olefin as the branching or polar substituent
      approaches the double bond. Accordingly, the present invention is directed
      primarily to the conversion of those olefins or combination of olefins
      which are capable of undergoing the olefin reaction to a significant
      degree when contacted with the catalyst of the present invention under
      reaction conditions suitable for effecting the olefin reaction.
PAR  Presently preferred olefinic feed compounds are those contained in the
      following classes:
PA1  1. Acyclic monoolefins, including those with aryl, cycloalkyl, and
      cycloalkenyl substituents, having 3-20 carbon atoms per molecule with no
      branching closer than about the 3- position to the double bond, no
      quaternary carbon atoms and no aromatic substitution closer than the 4-
      position to the double bond, and mixtures of such unsubstituted acyclic
      monoolefins. Some examples of these are propylene, pentene-1, pentene-2,
      butene-1, butene-2, 3-methylbutene-1, hexene-2, octene-4, nonene-2,
      4-methylpentene-1, decene-3, 8-ethyldecene-2, dodecene-4,
      vinylcyclohexane, 4-vinylcyclohexene, eicosene-1, and the like.
PA1  2. A mixture of ethylene and one or more acyclic unsubstituted internal
      monoolefins of (1). Some examples of such mixtures are ethylene and
      butene-2, ethylene and pentene-2, ethylene and hexene-3, ethylene and
      heptene-3, ethylene and 4-methylpentene-2, ethylene and octene-4, ethylene
      and dodecene-4, and the like.
PA1  3. Acyclic, nonconjugated polyenes having from 5 to about 20 carbon atoms
      per molecule, containing from 2 to about 4 double bonds per molecule and
      having no double bond with branching nearer than the 3- position to that
      double bond, and having at least one double bond with no quaternary carbon
      atoms and no aromatic substitution nearer than the 4- position to that
      double bond, or mixtures of such polyenes. Some examples are
      1,4-pentadiene, 1,5-hexadiene, 1,7-octadiene, 2,6-decadiene,
      1,5,9-dodecathriene, 4-methylheptadiene-1,6, 1,7-octadiene, 1,6-octadiene,
      and the like.
PA1  4. A mixture of ethylene and one or more acyclic polyenes of (3) which
      contain at least one internal double bond. Some examples are ethylene and
      1,6-octadiene, ethylene and 1,5-decadiene, and the like.
PA1  5. Cyclopentene.
PA1  6. Cyclic and bicyclic monoolefins having 7 to 12 ring carbon atoms,
      including those substituted with up to 3 alkyl groups having up to about 5
      carbon atoms, with no branching closer than the 3- position and with no
      quaternary carbon atoms closer than the 4- position to that double bond,
      and mixtures of such olefins including mixtures with cyclopentene. Some
      examples are cycloheptene, cyclooctene, 4-methylcyclooctene,
      3-methyl-5-ethylcyclodecene, cyclononene, cyclododecene, norbornene, and
      the like.
PA1  7. A mixture of one or more of the monocyclic olefins of (6) with either
      ethylene or with one or more unsubstituted acyclic monoolefins of (1).
      Some examples of these are ethylene and cycloheptene, ethylene and
      cyclooctene, propylene and cyclodecene, pentene-2 and cyclooctene,
      ethylene and cyclododecene, and the like.
PA1  8. Cyclic and bicyclic nonconjugated polyenes having from 5 to about 12
      ring carbon atoms, including those substituted with up to 3 alkyl groups
      having up to about 5 carbon atoms each, having at least one double bond
      with no branching closer than the 3-position and with no quaternary carbon
      atoms closer than the 4- position to that double bond, and mixtures
      thereof. Some examples of these are 1,5-cyclooctadiene,
      1,5,9-cyclododecatriene, 1,4-cycloheptadiene, norbornadiene, and the like.
PA1  9. A mixture of one or more monocyclic polyenes of (8) with one or more
      acyclic 1-olefins having from 2 to about 10 carbon atoms, having no
      branching nearer than the 3-position and no quaternary carbon atoms nearer
      than the 4- position to the double bond. Some examples of these are
      1,5-cyclooctadiene and ethylene, 1,5,9-cyclodecatriene and ethylene,
      1,5,9-cyclododecatriene and pentene-1, and the like.
PA1  10. Polar group-substituted olefinic compounds of classes (1) through (9)
      containing from about 5 to about 20 carbon atoms per molecule in which the
      polar group, such as a halogen atom, is sufficiently removed from the
      active double bond (generally no nearer to the double bond than the 5-
      position) so as not to interfere with the reaction, and mixtures with
      unsubstituted members of class (1). Some examples are 5-chloropentene-1, a
      mixture of pentene-2 and 5-chloropentene-1, and the like.
PAC  THE CATALYSTS
PAR  The (a) components of the catalyst system of the invention, by themselves,
      are active for the disproportionation of olefins in accordance with the
      olefin reaction. However, as mentioned previously, the activity of this
      system is exhibited at relatively high temperatures which are generally
      above 150.degree.C for optimum operation.
PAR  Suitable support materials which are combined with the oxides of molybdenum
      and tungsten to form the (a) component of the catalyst include alumina,
      silica, silica-alumina, magnesia-titania, thoria, aluminum phosphate,
      zirconium phosphate, titanium phosphate, calcium phosphate, magnesium
      phosphate, and mixtures thereof.
PAR  Preferred combinations of the above support materials with the oxides of
      molybdenum and tungsten promoter materials include (1) silica or thoria
      promoted by the oxide, or a compound convertible to an oxide by
      calcination, of tungsten or molybdenum; (2) alumina promoted by an oxide,
      or compound convertible to an oxide by calcination, of molybdenum or
      tungsten; and (3) one or more of the group aluminum phosphate, zirconium
      phosphate, calcium phosphate, magnesium phosphate, or titanium phosphate
      promoted by one or more of an oxide of molybdenum or tungsten, or by a
      compound of molybdenum or tungsten convertible to an oxide by calcination.
PAR  The combinations 9f (1), (2), or (3) can be prepared and activated by
      suitable methods such as, for example, impregnation, dry mixing, or
      coprecipitation.
PAR  When the promoter is tungsten oxide, the preferred support material is
      silica or silica-containing materials. The preferred support material for
      molybdenum oxide is alumina or alumina-containing materials. In general
      the (a) component of the catalyst will contain about 0.1 to about 30,
      preferably from about 1 to about 15, weight per cent of the molybdenum or
      tungsten oxide. In addition, it is sometimes desirable that this component
      of the catalyst system of the invention contain relatively small amounts,
      from about 0.005 to about 5, preferably 0.1 to 2, weight per cent, of an
      inorganic base material. Suitable inorganic base materials include alkali
      metal and alkaline earth metal hydroxides and carbonates, sodium
      hydroxide, potassium hydroxide, sodium carbonate and potassium carbonate
      being preferred.
PAR  The solid (a) component of the catalysts can be in any conventional
      catalytic shape or size, depending upon the type of conversion in which it
      is to be utilized. For example, in fixed bed catalyst systems, the solid
      composite can be in the form of spheres, pellets, extrudates,
      agglomerates, and the like. In slurry catalyst systems, the solid can be
      in the form of relatively small particles or in the form of a powder.
PAR  To be effective in the present catalyst system, the above-described (a)
      component of the catalysts is activated at elevated temperatures,
      generally in flowing air. The activation of the catalysts is accomplished
      at a temperature of from about 500.degree. to about 1600.degree.F for a
      period of several seconds to several hours. When the (a) component of the
      catalyst system is tungsten oxide on silica, a convenient and economical
      activation treatment is in the temperature range of 900.degree. to
      1200.degree.F for a period of 15 minutes to 5 hours. When the (a)
      component of the catalyst system is molybdenum oxide on alumina a
      convenient and economical treatment is in the temperature range of
      900.degree.-1400.degree.F for 0.5 to 20 hours or longer. In some cases the
      activation using an oxygen-containing gas can be followed by treatment,
      also at elevated temperatures, with other treating gases such as carbon
      monoxide, hydrogen, and the like.
PAR  The organoaluminum compounds which are applicable for use as the (b)
      component in the catalysts of the present invention have the formula
      R.sub.a AlX.sub.b wherein R is a saturated aliphatic or aromatic
      hydrocarbon having up to about 20 carbon atoms, X is chlorine, bromine,
      iodine, or fluorine, a is an integer of at least 1, b can be 0, 1 or 2,
      and the total of a and b is 3. Such aluminum compounds are well known in
      the art and are generally commercially available.
PAR  Some examples of the organoaluminum compounds are methylaluminum
      dichloride, dimethylaluminum fluoride, methylaluminum sesquichloride,
      trimethylaluminum, ethylaluminum dichloride, ethylaluminum sesquichloride,
      di(2-ethylhexyl)aluminum bromide, triisobutylaluminum, phenylaluminum
      dichloride, di(3-methylpentyl)aluminum bromide, cyclohexylaluminum
      dichloride, benzylaluminum diiodide, dieicosylaluminum bromide, and the
      like, and mixtures thereof. The preferred (b) components are the
      organoaluminum halides especially those wherein the hydrocarbon portion is
      an alkyl radical of 1 to 5 carbon atoms. Particularly good results are
      obtained with ethylaluminum dichloride, diethylaluminum chloride, and
      mixtures such as ethylaluminum sesquichloride and methylaluminum
      sesquichloride.
PAR  The molar proportion of the organoaluminum (b) component to the solid (a)
      component to form the catalyst system of the present invention will
      generally be in the range of from about 0.005:1 to about 20:1, preferably
      from about 0.01:1 to about 10:1 mols of the (b) component per mol of the
      molybdenum or tungsten oxide contained in the (a) component.
PAR  It is sometimes preferred that the supported tungsten or molybdenum
      component, before contacting the organoaluminum compound, be treated
      either with nitric oxide or with nitrosyl halide. Such treatment can take
      place at a temperature preferably in the range of from about 0.degree. to
      about 130.degree.C, more preferably 20 to about 60.degree.C, for a time in
      the range of from a few seconds up to about 24 hours, and preferably in
      the presence of a diluent in which the nitric oxide or nitrosyl halide is
      at least partially soluble. After such treatment, the diluent and excess
      nitric oxide or nitrosyl halide can be removed from the solid catalyst by
      decantation, evaporation and similar techniques. This treatment, however,
      should be carried out in the substantial absence of moisture, preferably
      in an inert atmosphere, to preserve the effects of the previous activation
      by calcination.
PAR  The catalyst system of the present invention is prepared simply by
      combining the solid (a) component with the organoaluminum (b) component
      under conditions of time and temperature which permit the catalytically
      active catalyst composition to be formed. The combination occurs very
      readily, and, in general, the components can be mixed at any convenient
      temperature, room temperature frequently being satisfactory, in the
      presence of a diluent in which the organoaluminum compound is at least
      partially soluble. Any convenient diluent such as benzene, cyclohexane,
      toluene, chlorobenzene, methylene chloride, ethylene chloride, and the
      like can be used for this purpose. Halogenated diluents are generally
      preferred. The mixing of these two catalyst components is carried out in
      the substantial absence of air or moisture, generally in an inert
      atmosphere. After the catalytic reaction mixture is formed, it need not be
      isolated but can be added directly to the olefin reaction zone as a
      suspension in its preparation medium. If desired, the catalyst components
      can be separately added, in any order, to the reaction zone either in the
      presence or absence of the feed olefin.
PAR  Alternatively, the catalysts of the invention can be separated from the
      preparation medium and the dissolved organoaluminum compound therein by
      decantation, and, after additional washing and/or drying if desired, can
      be added to the reaction zone as a solid rather than as a suspension.
PAR  According to the process of the invention, the olefin or mixture of olefins
      to be converted in accordance with the olefin reaction is contacted with
      the catalyst of the invention under conditions suitable to obtain the
      desired reaction with the selected feed, for example, at a temperature in
      the range of about 0.degree. to about 150.degree.C and at any convenient
      pressure. Preferably, the temperature is in the range of from about
      15.degree.C to about 50.degree.C wherein good results are obtained
      economically. Excellent results are obtained by contacting the olefin feed
      material with the catalyst at room temperature. The conversion can be
      carried out in the presence of any inert diluent such as that used for the
      catalyst preparation, if desired. Diluents are not essential but are
      somtimes preferred and such diluents can include saturated aliphatics and
      aromatics such as cyclohexane, xylene, isooctane, and the like, and
      halogenated derivatives thereof. The time of contact will depend upon the
      desired degree of conversion and the catalysts and olefins utilized, but
      will, generally, be in the range of from about 0.1 minute to 24 hours,
      preferably 5-120 minutes. The proportion of catalyst composition to olefin
      feed in the reaction zone will generally be in the range of from about
      0.001-100 millimoles of the molybdenum or tungsten oxide contained in the
      solid catalyst for each mole of olefin in the reaction zone.
PAR  Any conventional contacting technique can be used for the olefin
      conversion, and batchwise or continuous operation can be utilized. After
      the reaction period, the products can be separated and/or isolated by any
      suitable means such as by fractionation, crystallization, adsorption, and
      the like. Unconverted feed materials or products not in the desired
      molecular weight range can be recycled to the conversion zone. After
      separation of the products, the solid catalyst can be recycled to the
      reaction zone either with or without the addition of a fortifying amount
      of organoaluminum halide.
PAR  The catalysts and the method of the invention are illustrated by the
      following examples.
PAC  EXAMPLE I
PAC  Conversion of pentene-1 over MoO.sub.3 /Al.sub.2 O.sub.3 in presence of
      methylaluminum sesquichloride (MASC)
PAR  A suspension of 9.5 g of a particulate MoO.sub.3 /Al.sub.2 O.sub.3 catalyst
      (containing about 13 weight per cent MoO.sub.3 and activated in flowing
      air for 5 hours at 1000.degree.F) and 20 ml of chlorobenzene was combined
      with 10 o ml of pentene-1. The reaction mixture was stirred at room
      temperature for 2 hours. A sample was withdrawn at this time and analyzed
      by gas-liquid chromatography which showed that the pentene-1 was
      unchanged. A 0.5 ml quantity of methylaluminum sesquichloride (MASC) was
      then added to the reaction mixture. After another 1.5 hour the reaction
      mixture was hydrolyzed by the addition of water and the liquid organic
      phase was separated and recovered.
PAR  Analysis of the liquid phase of the reaction mixture showed the following:
TBL         Olefins       Weight %                                             
     ______________________________________                                    
            pentenes      76.1                                                 
            hexenes       8.0                                                  
            heptenes      7.2                                                  
            octenes       8.7                                                  
     ______________________________________                                    
PAL  No attempt was made to analyze for the volatile ethylene, propylene, and
      butenes which were also present in the autoclave.
PAR  The above example illustrates that methylaluminum sesquichloride and
      alumina-supported molybdenum oxide provide a catalyst system for the
      disproportionation of olefins at room temperature.
PAC  EXAMPLE II
PAC  Conversion of pentene-1 over NOCl-treated MoO.sub.3 -Al.sub.2 O.sub.3
      /MASC:
PAR  Run 1
PAR  A 6 g quantity of a particulate MoO.sub.3 --Al.sub.2 O.sub.3 catalyst
      (containing about 13 weight per cent MoO.sub.3, containing a small amount
      of KOH, and activated by heating in flowing air at 1000.degree.F for about
      5 hours) was suspended in 20 ml of chlorobenzene and treated with NOCl at
      10 psig for 2 hours in a closed vessel. The chlorobenzene and other
      volatiles were then removed by evaporation under reduced pressure and the
      residual solid was washed with three 10 ml portions of chlorobenzene. The
      treated particulate solid catalyst was slurried with another 20 ml
      quantity of chlorobenzene and mixed with 1 ml of methylaluminum
      sesquichloride (MASC) and 10 ml of pentene-1. This mixture was stirred for
      30 minutes at room temperature and then hydrolyzed by the addition of
      water. The organic phase was separated, recovered, and analyzed by
      gas-liquid chromatography. The results were as follows:
TBL         Olefins       Weight %                                             
     ______________________________________                                    
            pentenes      54.8                                                 
            hexenes       1.5                                                  
            heptenes      2.7                                                  
            octenes       41.3                                                 
     ______________________________________                                    
PAR  The data in the table above show that the alumina-supported molybdena/MASC
      catalyst system is active for conversion of pentene-1 at room temperature
      and that the treatment with NOCl increases the activity and selectivity of
      the conversion.
PAR  Run 2
PAR  The solid catalyst, after the reaction mixture was withdrawn from the
      vessel, was washed with 10 ml of chlorobenzene and again used to catalyze
      the conversion of another 10 ml of pentene-1 which was diluted with 10 ml
      chlorobenzene. After one hour and 10 minutes at room temperature, this
      second reaction mixture was withdrawn, hydrolyzed, and analyzed, showing:
TBL  ______________________________________                                    
            Olefins       Weight %                                             
            pentenes      84.1                                                 
            hexenes       0.4                                                  
            heptenes      0.7                                                  
            octenes       14.9                                                 
     ______________________________________                                    
PAR  Run 3
PAR  The solid catalyst was recovered and once again used for still a third run.
      The second solid catalyst was used to contact another reaction mixture
      which contained 10 ml chlorobenzene, 0.2 ml methylaluminum sesquichloride,
      and 5 ml pentene-1. After 1 hour and 20 minutes at room temperature, the
      reaction mixture was hydrolyzed and analyzed showing:
TBL         Olefins       Weight %                                             
     ______________________________________                                    
            pentenes      69.6                                                 
            hexenes       1.1                                                  
            heptenes      1.6                                                  
            octenes       27.7                                                 
     ______________________________________                                    
PAR  This example shows that the NOCl treated solid MoO.sub.3 Al.sub.2 O.sub.3
      /MASC catalyst system can be recovered and utilized in subsequent
      conversions with or without additional contact with MASC.
PAC  EXAMPLE III
PAC  Conversion of pentene-1 over MoO.sub.3 --Al.sub.2 O.sub.3 /EADC
PAR  A suspension of 5.5 g of a MoO.sub.3 --Al.sub.2 O.sub.3 catalyst
      (extrudates previously heated at 1000.degree.F for 5 hours) in 20 ml of
      chlorobenzene and 10 ml of pentene-1 was mixed with 0.5 ml of
      ethylaluminum dichloride (EADC). The mixture was stirred in a closed
      vessel at room temperature for 2 hours and then hydrolyzed. Analysis of
      the liquid phase of the reaction mixture (ethylene, propylene, and butenes
      were also present in the gas phase) showed the following results:
TBL         Olefins       Weight %                                             
     ______________________________________                                    
            pentenes      84.3                                                 
            hexenes       4.8                                                  
            heptenes      5.4                                                  
            octenes       5.5                                                  
     ______________________________________                                    
PAR  This examples shows that an alumina-supported molybdenum oxideethylaluminum
      dichloride catalyst system is active for olefin conversion at room
      temperature.
PAC  EXAMPLE IV
PAC  Conversion of pentene-1 over NO-treated MoO.sub.3 --Al.sub.2 O.sub.3 /MASC
PAR  A suspension of 12 g of a MoO.sub.3 --Al.sub.2 O.sub.3 catalyst (which
      contained about 13 weight per cent MoO.sub.3 and which had been activated
      by calcination at elevated temperatures) in 20 ml of chlorobenzene was
      treated with NO at 25 psig for about 16 hours at room temperature. A 10 ml
      quantity of pentene-1 was then added together with 0.5 ml of
      methylaluminum sesquichloride. This reaction was then allowed to proceed
      with stirring and the ethylene product was allowed to vent. A sample was
      taken after 30 minutes and the system was closed at that time. Several
      additional samples were taken at intervals. The analysis of the liquid
      phase of these samples showed the following results in weight per cent.
TBL  ______________________________________                                    
     Olefin     0.5 hr    2.5 hr    8 hr   26 hr                               
     ______________________________________                                    
     Ethylene   trace     trace     trace  trace                               
     Propylene  trace     trace     1.2    trace                               
     Butenes    trace     trace     6.7    5.5                                 
     Pentenes   52.3      34.5      21.9   9.7                                 
     Hexenes    2.4       7.0       21.7   27.7                                
     Heptenes   3.0       6.9       17.2   21.9                                
     Octenes    42.2      51.7      31.2   31.7                                
     ______________________________________                                    
PAL  There appeared to be little, if any, polymer formation.
PAR  This example shows a nitric oxide-treated solid MoO.sub.3 --Al.sub.2
      O.sub.3 is also effective for the conversion of olefins at room
      temperature when in the presence of a suitable organoaluminum halide such
      as MASC. The effect of the reaction time on the product distribution is
      also shown.
PAC  EXAMPLE V
PAC  Conversion of octene-1 over NO-treated MoO.sub.3 --Al.sub.2 O.sub.3 /MASC
PAR  Using the same activated molybdena-alumina catalyst described in Example
      III and the same general procedure described in Example III, 12 g of the
      solid catalyst was treated with NO at 20 psig for 2 hours. The NO was
      vented, 20 ml of octene-1 was added followed by 0.5 ml of methylaluminum
      sesquichloride. This reaction mixture was stirred at room temperature
      while allowing the ethylene product to vent. After stirring for 30
      minutes, a sample of the liquid phase of the reaction mixture was
      withdrawn and the system was closed. Another sample was taken after a
      3-hour reaction period. Analysis of these samples showed the following
      results in weight per cent:
TBL  Olefin           0.5 hr       3 hr                                        
     ______________________________________                                    
     C.sub.7              1.0          2.2                                     
     C.sub.8              70.4         54.3                                    
     C.sub.9              0.4          2.0                                     
     C.sub.10             0.2          0.9                                     
     C.sub.11             trace        trace                                   
     C.sub.12             trace        0.2                                     
     C.sub.13             0.5          2.4                                     
     C.sub.14             25.4         34.0                                    
     C.sub.8  dimers      1.6          3.8                                     
     ______________________________________                                    
PAL  The presence of ethylene, propylene, butenes, and hexenes could also be
      detected in the reaction mixture but are not shown in the above table.
PAR  This example shows that octane-1 0 can also be converted utilizing the NO
      treated MoO.sub.3 --Al.sub.2 O.sub.3 /MASC catalyst system of the present
      invention.
PAC  EXAMPLE VI
PAC  Conversion of pentene-1 over WO.sub.3 --SiO.sub.2 /MASC
PAR  A reaction mixture was prepared which contained 4.5 g of a WO.sub.3
      --SiO.sub.2 solid olefin conversion catalyst (which contained 6.8 weight
      percent WO.sub.3 and which had been activated by calcination at elevated
      temperatures), 10 ml chlorobenzene, 10 ml pentene-1, and 0.5 ml
      methylaluminum sesquichloride.
PAR  After a 4.5 hour reaction period at room temperature, analysis of the
      liquid phase of the reaction mixture showed the presence of 80.2 weight
      percent pentenes, 13.1 weight percent hexenes, and 6.8 weight percent
      heptenes. Ethylene and other lower olefins were also present in the gas
      phase of the reaction mixture.
PAR  This example demonstrates that the silica-supported tungsten oxide when
      combined with a suitable organoaluminum halide such as MASC can be used to
      convert olefins at low temperatures.
PAC  EXAMPLE VII
PAC  Conversion of pentene-1 over NO-treated WO.sub.3 --SiO.sub.2 /MASC
PAR  The run of Example VI was repeated except a 3.5 g quantity of the WO.sub.3
      --SiO.sub.2 catalyst was treated with NO for 2 hours at 25 psig and
      utilized in place of the untreated WO.sub.3 --SiO.sub.2. The analysis of
      the liquid phase of the reaction mixture showed the presence of, after a
      0.5 hour reaction period, 84.9 weight percent pentenes, 1.3 weight percent
      hexenes, 4.2 weight percent heptenes, and 9.6 weight percent octenes.
PAR  This example shows that the nitric oxide treatment of the solid WO.sub.3
      --SiO.sub.2 increases the activity of the catalyst system which employs
      the silica-supported tungsten oxide solid catalyst.
PAC  EXAMPLE VIII
PAC  Conversion of propylene over NO-treated MoO.sub.3 --Al.sub.2 O.sub.3 /MASC
PAR  A reaction mixture was prepared containing 7.0 g of an activated MoO.sub.3
      --Al.sub.2 O.sub.3 (similar to the NO-treated solid catalysts of earlier
      examples), 20 0 ml chlorobenzene, 1 ml. methylaluminum sesquichloride, and
      65 g propylene in an autoclave. The reaction was allowed to proceed for
      about 3 hours at room temperature.
PAR  A sample of the vapor phase of the reaction mixture, taken after about a
      3-hour reaction period, showed the presence of 2.1 weight percent
      ethylene, 87.4 0 weight percent propylene, and 10.4 weight percent
      butenes.
PAR  This example shows that propylene an also be converted by the catalyst
      system of the present invention.
PAC  EXAMPLE IX
PAC  Conversion of pentene-1 over NO-treated MoO.sub.3 --Al.sub.2 O.sub.3 /DEAC
      or EASC
PAR  Run 1
PAR  A reaction mixture was prepared which contained 10 g of a MoO.sub.3
      --Al.sub.2 O.sub.3 solid catalyst (similar to the NO-treated catalysts
      described earlier), 10 ml of chlorobenzene, 10 ml of pentene-1, and 0.5 ml
      of diethylaluminum chloride (DEAC). The reaction mixture was stirred for
      1/2 hour at room temperature at which time the liquid phase was sampled
      and analyzed with the following results. The analysis showed the presence
      of 80.8 weight percent pentenes, 0.3 weight percent hexenes, 2.2 weight
      percent heptenes, and 16.8 weight percent octenes. Other lower olefins
      were also present within the reaction zone.
PAR  This run shows that diethylaluminum chloride is effective in combination
      with NO treated MoO.sub.3 --Al.sub.2 O.sub.3 to provide an active catalyst
      system of the present invention.
PAR  Run 2
PAR  In another run essentially identical with that described above,
      ethylaluminum sesquichloride (EASC) was used as the organoaluminum halide
      and the analysis of the liquid phase, after 1 hour, showed the presence of
      72.2 weight percent pentenes, 4.5 weight percent hexenes, 7.4 weight
      percent heptenes, and 16.0 weight percent octenes. This illustrated that
      ethylaluminum sesquichloride is also effective when combined with NO
      treated MoO.sub.3 --Al.sub.2 O.sub.3 in providing the catalyst system of
      this invention.
PAC  EXAMPLE X
PAC  Conversion of pentene-1 over NO-treated WO.sub.3 --SiO.sub.2 /EADC
PAR  A reaction mixture was prepared which consisted of 3.5 g of a WO.sub.3
      --SiO.sub.2 solid catalyst (containing 6.8 weight per cent WO.sub.3, which
      had been activated in flowing air at 1000.degree.F, and which had been
      treated with NO at 25 psig for 2 hours), 10 ml chlorobenzene, 10 ml
      pentene-1, 0 and 0.5 ml. of ethylaluminum dichloride (EADC). After 30
      minutes reaction at room temperature, analysis of the liquid phase of the
      reaction mixture showed the presence of 33.1 weight percent pentenes, 28.2
      weight percent hexenes, 19.8 weight percent heptenes, and 18.8 weight
      percent octenes.
PAR  This run shows that NO-treated Wo.sub.3 --SiO.sub.2 /EADC is very effective
      in converting olefins such as pentene-1.
PAC  EXAMPLE XI
PAC  Conversion of octene-1 over NO-treated MoO.sub.3 --Al.sub.2 O.sub.3 /MASC
      in a refluxing system
PAR  A 12 g quantity of the MoO.sub.3 --Al.sub.2 O.sub.3 catalyst which had been
      activated by calcination and treated with NO, was suspended in 25 ml
      cyclohexane and treated with MASC. After 20 minutes, the organic layer was
      decanted and the solid catalyst was washed with two 20-ml portions of
      cyclohexane. The resultant solid material was then dried under reduced
      pressure.
PAR  While under a nitrogen atmosphere, the above-treated solid catalyst was
      transferred to a distillation column making a bed 14 mm by about 14 cm. A
      distillation pot, containing 30 ml of octene-1, was placed under the
      packed column and heated for 30 minutes. During this period, the pot
      temperature rose up to 174.degree.C and the head temperature rose up to
      79.degree.C. The system was operated so that the contents of the pot were
      allowed to vaporize and contact the catalyst bed and then reflux back into
      the pot. The light olefin products which were formed were allowed to
      escape through the top of the column. During the run, the temperature in
      the reaction zone was in the range of from about 75 to about 150.degree.C.
PAR  Analysis of the liquid phase of the reaction mixture showed the following:
TBL         Olefin        Weight %                                             
     ______________________________________                                    
            C.sub.7       1.5                                                  
            C.sub.8       14.3                                                 
            C.sub.9       9.9                                                  
            C.sub.10      4.0                                                  
            C.sub.11      4.5                                                  
            C.sub.12      9.4                                                  
            C.sub.13      18.7                                                 
            C.sub.14      25.7                                                 
            C.sub.15-16   12.0                                                 
     ______________________________________                                    
PAR  This run shows that the catalyst system of the present invention is
      effective for the conversion of olefins at temperatures encountered in a
      refluxing system, i.e., between 75.degree. to about 150.degree.C.
PAC  EXAMPLE XII
PAC  Conversion of pentene-2 over MoO.sub.3 --CoO--Al.sub.2 O.sub.3 /MASC
PAR  A reaction mixture containing 20 ml pentene-2, 8 g of a 28-48 mesh
      alumina-supported cobalt molybdate catalyst, and a quantity of MASC
      equivalent to 0.75 weight percent of the solid catalyst component was
      prepared. The solid catalyst contained about 11.0 weight percent MoO.sub.3
      and about 3.4 weight percent CoO and was base-treated with about 1 weight
      percent KOH by aqueous impregnation. The solid catalyst was activated,
      following the impregnation with KOH but prior to contact with MASC, by
      heating in air for 24 hours at 1050.degree.F and then flushed with
      nitrogen.
PAR  The reaction was stirred for 4 hours at room temperature. At 0.5 hour, the
      conversion was 35.2 percent and the selectivity to C.sub.4 and C.sub.6
      olefins was 99.1 percent. After 4 hours, the conversion was 52.4 percent
      and the selectivity was 97.6 percent.
PAR  This example demonstrates that the alumina-supported cobalt molybdate/MASC
      catalyst system is effective in converting olefins such as pentene-2.
PAC  EXAMPLE XIII
PAC  Conversion of pentene-2 over MoO.sub.3 --Al.sub.2 O.sub.3 /MASC
PAR  In a manner similar to that of the preceding examples, a reaction mixture
      containing 20 ml pentene-2, 8 g of a MoO.sub.3 --Al.sub.2 O.sub.3 (13%
      MoO.sub.3) catalyst, and a quantity of MASC equivalent to 0.75 weight
      percent based on the weight of the solid catalyst component was prepared.
      The solid catalyst component was treated with 1.0 weight percent KOH and
      was activated for 20 minutes at 1050.degree.F in air.
PAR  The reaction mixture was stirred for 2 hours at room temperature. Periodic
      sampling and analysis of the reaction mixture showed the following
      results.
TBL  ______________________________________                                    
     Time, hr          0.5      1        2                                     
     Conversion, per cent                                                      
                       47.3     50.6     50.7                                  
     Analysis, weight per cent                                                 
       C.sub.3 olefin  0.01     0.02     0.02                                  
       C.sub.4 olefin  18.16    21.10    19.67                                 
       C.sub.5 olefin  52.74    49.38    49.24                                 
       C.sub.6 olefin  28.97    29.43    30.86                                 
       C.sub.7 olefin  0.06     0.07     0.11                                  
       C.sub.8.sub.+ olefin                                                    
                       0.05     nil      0.10                                  
     Selectivity to C.sub.4 and                                                
       C.sub.6, per cent                                                       
                       99.7     99.8     99.5                                  
     ______________________________________                                    
PAR  This run demonstrates the high conversions and the high selectivity capable
      of the process of the present invention.
PAC  EXAMPLE XIV
PAC  Effect of base treatment on MoO.sub.3 --Al.sub.2 O.sub.3 /MASC system
PAR  Several runs were made in which pentene-2-was converted with the MoO.sub.3
      --Al.sub.2 O.sub.3 /MASC catalyst system and wherein the solid portion of
      the catalyst was base-treated with varying amounts of KOH. The catalysts
      were activated 24 hours in air and the conversion was carried out at room
      temperature using 8 g of the catalyst and 20 ml pentene-2. Sufficient MASC
      was present to total 0.75 weight percent of the solid catalyst.
PAR  Sampling and analysis after 1 hour reaction time showed the following
      results.
TBL  ______________________________________                                    
     % KOH     0          0.5       1.0    1.5                                 
     % Conversion                                                              
               50.8      33.9      15.9    2.1                                 
     % Selectivity                                                             
               93.7      98.8      98.6    98.6                                
     ______________________________________                                    
PAR  These results show that the base treatment improves the selectivity of the
      reaction.
PAC  EXAMPLE XV
PAC  Effect of MASC quantity on MoO.sub.3 --Al.sub.2 O.sub.3 /MASC System
PAR  A series of runs were carried out to show the effect of MASC concentration
      of the MoO.sub.3 --Al.sub.2 O.sub.3 /MASC catalyst system. In each run,
      the solid catalyst was treated with 1.5 weight percent KOH and activated
      about 16 hours in air. A 20 ml quantity of pentene-2 and 8 g of solid
      catalyst were used in each run carried out at room temperature. The
      quantity of MASC (applied to the solid catalyst in chloroform solution
      followed by evaporation of the solvent) was varied.
PAR  Sampling and analysis of the reaction mixture after 1 hour reaction time
      showed the following.
TBL  __________________________________________________________________________
     % MASC   0    0.5   0.75 1.5  6.1                                         
     (Al:Mo ratio) (0.03)                                                      
                         (0.04)                                                
                              (0.08)                                           
                                   (0.3)                                       
     % Conversion                                                              
              3.0  1.5   42.7 38.4 43.2                                        
     % Selectivity                                                             
              100  91    99   99   94                                          
     __________________________________________________________________________
PAR  These data show that the MoO.sub.3 --Al.sub.2 O.sub.3 /MASC catalyst is
      effective in converting olefins in accordance with the olefin reaction by
      the process of this invention when the amount of MASC of the catalyst
      system is varied.
PAC  EXAMPLE XVI
PAC  Conversion of pentene-2 over WO.sub.3 --SiO.sub.2 /MASC
PAR  A 25 ml quantity of pentene-2 was converted in a 2 hour run in the presence
      of 8 g of a 28-48 mesh WO.sub.3 --SiO.sub.2 (6.8% WO) catalyst which was
      activated at 1050.degree.F for 20 minutes in air. The catalyst was treated
      with 0.75 weight percent MASC. The conversion was carried out at room
      temperature in a stirred reactor.
PAR  Periodic sampling and analysis showed the following results.
TBL  ______________________________________                                    
     Time, hr          0.5      1.0      2.0                                   
     Conversion, per cent                                                      
                       32.8     45.5     52.5                                  
     Analysis, weight per cent                                                 
       C.sub.3 olefin  0.03     0.05     0.11                                  
       C.sub.4 olefin  12.71    17.43    21.03                                 
       C.sub.5 olefin  67.17    54.18    47.75                                 
       C.sub.6 olefin  18.01    24.56    26.17                                 
       C.sub.7 olefin  0.17     0.37     0.89                                  
       C.sub.8.sub.+ olefin                                                    
                       1.91     3.10     4.34                                  
     Selectivity to C and                                                      
       C.sub.6, per cent                                                       
                       93.6     92.3     89.8                                  
     ______________________________________                                    
PAR  These data show that the WO.sub.3 --SiO.sub.2 /MASC catalyst system is
      capable of good conversion and selectivity.
PAC  EXAMPLE XVII
PAC  Ethylene Cleavage of Cyclooctene
PAR  A mixture of cyclooctene and ethylene was converted at room temperature and
      at 15 psig pressure in a 2.5 hour batch reaction. A 20 ml quantity of the
      cyclooctene was contacted with 8 g of the MoO.sub.3 /Al.sub.2 O.sub.3
      catalyst which had been treated with 1 percent KOH and 1 percent
      methylaluminum sesquichloride as in previous examples. The batch reactor
      was maintained at 15 psig by ethylene pressure.
PAR  At the conclusion of the reaction the reaction mixture was analyzed and the
      analysis showed that 8 percent of the cyclooctene had been converted and
      the selectivity to the cleaved product, 1,9-decadiene was about 63
      percent.
PAC  EXAMPLE XVIII
PAC  Conversion of Cyclopentene over Triisobutylaluminum-Treated MoO.sub.3
      /Al.sub.2 O.sub.3
PAR  Cyclopentene was converted to a rubbery polymer by contacting about 15 g of
      cyclopentene with about 8 g of the MoO.sub.3 /Al.sub.2 O.sub.3 catalyst
      which had been treated with about 1 percent KOH and about 1 percent by
      weight of triisobutylaluminum based on the weight of the catalyst. The
      treatment was carried out as in previous examples. The reaction mixture
      began to thicken almost instantly and about 32 ml of cyclohexane was added
      to facilitate stirring. The reaction was continued for about 5 hr. at room
      temperature and at atmospheric pressure. About 5 g of a rubbery polymeric
      product was recovered.
PAR  Reasonable variations and modifications are possible without departing from
      the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. As a composition of matter, a catalyst consisting essentially of an
      admixture of a composite of (a) molybdenum oxide or tungsten oxide
      associated with a suitable support material, said composite having been
      activated in flowing air at a temperature of from about 500.degree.F to
      about 1600.degree.F, and (b) at least one organoaluminum compound of the
      formula R.sub.a AlX.sub.b wherein R is a saturated aliphatic or aromatic
      hydrocarbon having up to 20 carbon atoms; X is chlorine, bromine, iodine
      or fluorine, a is an integer of at least 1; b is 0, 1 or 2; and the total
      of a and b is 3, wherein the (a) component of the catalyst is contacted
      with excess nitric oxide or nitrosyl halide, or with a sufficient amount
      of an alkali or alkaline earth metal hydroxide or carbonate to provide
      from about 0.005 to about 5 weight percent of said alkali or alkaline
      earth metal hydroxide or carbonate prior to contact with (b) and
      subsequent to being subjected to high temperature; and wherein the molar
      ratio of (b) to (a) is in the range of from about 0.005:1 to 20:1 mols of
      (b) per mol of molybdenum or tungsten oxide present in (a).
NUM  2.
PAR  2. A composition of matter in accordance with claim 1 wherein the support
      material for the (a) component of the catalyst is alumina, silica,
      silica-alumina, magnesia-titania, thoria, aluminum phosphate, zirconium
      phosphate, titanium phosphate, calcium phosphate, magnesium phosphate, or
      mixtures thereof.
NUM  3.
PAR  3. A composition of matter according to claim 1 wherein the (a) component
      of the catalyst system is molybdenum oxide supported on alumina, or
      tungsten oxide supported on silica.
NUM  4.
PAR  4. A composition of matter according to claim 1 wherein the organoaluminum
      compound is ethylaluminum dichloride, diethylaluminum chloride,
      ethylaluminum sesquichloride, methylaluminum sesquichloride, or
      triisobutylaluminum.
NUM  5.
PAR  5. The composition of claim 1 wherein the (a) component of the catalyst is
      contacted with said nitric oxide or said nitrosyl halide.
NUM  6.
PAR  6. The composition of claim 1 wherein the molar ratio of (b) to (a) is in
      the range of from about 0.01:1 to about 10:1 mols of (b) per mol of the
      molybdenum or tungsten oxide contained in (a).
NUM  7.
PAR  7. A composition of matter according to claim 1 wherein the (a) component
      comprises molybdenum oxide supported on alumina or tungsten oxide
      supported on silica which has been contacted with nitrosyl chloride and
      then admixed with the (b) component comprising ethylaluminum
      sesquichloride.
NUM  8.
PAR  8. A composition of matter according to claim 1 wherein the (a) component
      comprises molybdenum oxide supported on alumina or tungsten oxide
      supported on silica which has been contacted with nitric oxide and
      subsequently admixed with the (b) component comprising methylaluminum
      sesquichloride, diethylaluminum chloride, or ethylaluminum sesquichloride.
NUM  9.
PAR  9. A composition of matter according to claim 1 wherein the (a) component
      of the catalyst is molybdenum oxide supported on alumina which has been
      contacted with potassium hydroxide and then admixed with methylaluminum
      sesquichloride or triisobutylaluminum.
NUM  10.
PAR  10. The composition of matter according to claim 1 wherein the (a)
      component of the catalyst is contacted with an alkali metal hydroxide
      which is potassium hydroxide.
NUM  11.
PAR  11. As a composition of matter, a catalyst consisting essentially of an
      admixture of (a) a composite of molybdenum oxide or tungsten oxide
      associated with a suitable support material, said composite having been
      activated in flowing air at a temperature of from about 500.degree.F to
      about 1600.degree.F, and (b) at least one organoaluminum halide compound
      having the formula R.sub.a AlX.sub.b wherein R is a saturated aliphatic or
      aromatic hydrocarbon having up to 20 carbon atoms; X is chlorine, bromine,
      iodine, or fluorine; a is 1 or 2; b is 1 or 2; and the total of a and b is
      3; and wherein the molar ratio of (b) to (a) is in the range of from about
      0.005:1 to about 20:1 mols of (b) per mol of molybdenum or tungsten oxide
      contained in (a).
NUM  12.
PAR  12. A composition of matter according to claim 11 wherein the suitable
      support material for the (a) component of the catalyst is alumina, silica,
      silica-alumina, magnesia-titania, thoria, aluminum phosphate, zirconium
      phosphate, titanium phosphate, calcium phosphate, magnesium phosphate, or
      mixtures thereof.
NUM  13.
PAR  13. The composition of claim 11 wherein the molar ratio of (b) to (a) is in
      the range of from about 0.01:1 to about 10:1 mols of (b) per mol of the
      molybdenum or tungsten oxide contained in (a).
NUM  14.
PAR  14. A composition of matter according to claim 11 wherein the (a) component
      of the catalyst system is molybdenum oxide supported on alumina, or
      tungsten oxide supported on silica.
NUM  15.
PAR  15. A composition of matter according to claim 11 wherein the
      organoaluminum halide compound is ethylaluminum dichloride,
      diethylaluminum chloride, ethylaluminum sesquichloride, or methylaluminum
      sesquichloride.
NUM  16.
PAR  16. A composition of matter according to claim 11 wherein the (a) component
      of the catalyst is molybdenum oxide supported on alumina or tungsten oxide
      supported on silica which is admixed with methylaluminum sesquichloride or
      ethylaluminum dichloride.
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ABST
PAL  A calcium tungstate X-ray phosphor is disclosed which consists essentially
      of a calcium tungstate host and from about 50 to about 200 parts per
      million, based upon the weight of the host, of vanadium as a dopant. The
      disclosed phosphor exhibits no detectable lag or persistence and is
      appreciably brighter than prior X-ray phosphors. A process for producing
      the phosphor is also disclosed which process comprises forming an aqueous
      reaction media of a water-soluble calcium source and a water-soluble
      tungstate source having an excess of calcium, maintaining a temperature of
      above about 80.degree.C for a time sufficient to form solid calcium
      tungstate having a stoichiometric excess of calcium, separating the solid
      calcium tungstate, adding from about 50 to 200 ppm of a vanadium source
      and a fluxing material, heating said calcium tungstate to a temperature of
      between about 700.degree.C and 1150.degree.C for a sufficient time to form
      a phosphor composition and washing the phosphor with sufficient water to
      remove any residual water soluble contaminants. An optional process is to
      add, in addition to the vanadium source, from about 0.05% to about 1.0%,
      based upon the weight of the host, of tungsten trioxide.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of Ser. No. 264,760, filed June
      21, 1972, now abandoned and assigned to the assignee of the present
      invention. Assignment recorded on June 21, 1972, Reel 2868, Frame 379.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to calcium tungstate phosphors suitable for X-ray
      usage and to processes for preparing same.
PAR  2. Prior Art
PAR  Calcium tungstate CaWO.sub.4, is a phosphor material that luminesces
      efficiently under X-ray excitation. Such phosphor materials are embedded
      in a binder and manufactured into a screen. The screen is used to
      intensify the image produced on a photographic film in X-ray machines.
      Brightness is an important factor in minimizing the patient's exposure to
      X-rays.
PAR  Several methods for preparing CaWO.sub.4 are known. The fusion or solid
      state methods involve heating together at elevated temperature a calcium
      source and a tungstate source. Typical methods include heating a calcium
      compound such as calcium carbonate and tungsten trioxide. In such
      reactions, carbon dioxide is evolved. Another solid state process is to
      heat a calcium halide such as calcium chloride with a tungstate salt such
      as sodium tungstate.
PAR  In U.S. Pat. No. 1,602,593, issued Oct. 12, 1926, lag is stated to be
      reduced by adding vanadium salts at the 0.2 to 0.5 percent vanadate by
      weight of the calcium tungstate produced by solid state techniques.
      Complete elimination of lag is stated to be not achieved. In more recent
      years, purity of phosphor raw materials and of the phosphors have been
      improved and generally addition of other materials above about 500 ppm are
      avoided.
PAR  Chemical precipitation method is a known method for preparing calcium
      tungstate. In this method, an aqueous solution of a water-soluble calcium
      compound such as calcium chloride and a water-soluble tungstate salt such
      as sodium tungstate is formed. Calcium tungstate precipitates from the
      aqueous solution and can be separated. The CaWO.sub.4 phosphors so
      produced, while brighter than the solid state reaction products, have had
      an objectionable persistence or lag.
PAR  It is believed, therefore, that a calcium tungstate X-ray phosphor
      composition which exhibits no detectable persistence and exhibits
      increased brightness is an advancement in the art. An additional
      advancement in the art is the capability of certain embodiments to achieve
      brightness considerably in excess of the prior art phosphors.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide calcium tungstate X-ray
      phosphor composition which exhibits no detectable persistence.
PAR  It is a further object of this invention to provide a calcium tungstate
      X-ray phosphor composition having an excess of calcium which exhibits no
      detectable persistence and has an increased brightness.
PAR  It is an additional object of this invention to provide a process for the
      production of calcium tungstate X-ray phosphors having improved
      properties.
PAR  It is another object of this invention to enable a calcium tungstate
      phosphor having a deficiency of tungstate to be improved over prior art
      similar phosphors which had an atomic ratio of Ca/W of essentially 1.
PAR  These and additional objects and advancements in the art are achieved by
      one aspect of the invention by a calcium tungstate X-ray phosphor
      consisting essentially of a host of calcium tungstate and from about 50 to
      about 200 parts per million by weight based upon the host of vanadium as a
      dopant which phosphor exhibits no detectable persistence.
PAR  In an additional aspect of this invention, the remaining objects as well as
      other objects and advancements in the art are achieved by the process for
      producing the phosphors. The process comprises reacting under controlled
      conditions, an excess of a specified calcium source and a specific
      tungstate source to form a calcium tungstate precipitate having a Ca/W
      ratio greater than 1, separating the calcium tungstate, incorporating from
      50 to 200 ppm of a vanadium source and a fluxing agent into the
      precipitate and heating the mixture at about 1300.degree.F to about
      2100.degree.F for a sufficient time to form a X-ray phosphor and washing
      the phosphor to remove any residual flux.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims in connection with
      the above description of some of the aspects of the invention.
PAR  Persistence or lag is an important characteristic of the phosphors used in
      X-ray intensifying screens. The ideal X-ray phosphor is one which
      luminesces with bright intensity during exposure and immediately ceases
      emission after the exposure to X-ray ceases. The phosphors of this
      invention, thus, provide a brighter emitting phosphor and expose the
      photographic film as desired without over-exposure since immediately upon
      the cessation of the X-ray excitation there is no further emission of
      light.
PAR  Brightness of emission is an important characteristic. The solid state
      reaction products as disclosed in U.S. Pat. No. 1,602,593 only have about
      60% of the brightness of the phosphors of this invention. If the vanadium
      is added in the amounts as disclosed on that patent, the brightness is
      lowered even further as further illustrated in Example 6. Such low
      brightness levels would result in excessive exposure time in order to
      obtain a usable X-ray.
PAR  In the present invention, the calcium tungstate is formed via a chemical
      reaction by adding an excess of a water soluble calcium source to a water
      soluble tungstate source and heating for a time sufficient for a
      CaWO.sub.4 to form which has a Ca/W ratio greater than 1. Normally a
      precipitate is formed by maintaining the temperature above about
      80.degree.C for at least 60 minutes. It is believed as a result, some
      vacancies occur in the lattice  of the precipitate due to a stoichiometric
      imbalance at the time the precipitate, CaWO.sub.4 is formed. These
      vacancies are filled by undesirable atoms, e.g., the alkali metals which
      result in the undesirable lag and lower the brightness of the phosphor. As
      previously mentioned, these vacancies can be filled by the addition of
      WO.sub.3 to the precipitate and by adding a source of vanadium such as
      potassium vanadate. The WO.sub.3 and vanadium can be added together or
      separately in any order. If added separately, it is preferred to
      incorporate each into the matrix by a separate heating step. The WO.sub.3
      reacts with any calcium or alkali metal present to form either more
      calcium tungstate or a water-soluble alkali metal tungstate which is
      removed in the subsequent water washing step. Vanadium is added and
      completely eliminates the persistence without any loss in brightness.
      Generally from about 0.05% to about 1% of tungsten trioxide based upon the
      weight of the host is added. Any excess WO.sub.3 is also removed by
      washing with a solution of an alkali metal hydroxide to form a
      water-soluble tungstate which is removed. Preferably, the CaWO.sub.4
      phosphors are prepared by the addition of WO.sub.3 and vanadium to achieve
      both a brightness increase and the elimination of persistence.
PAR  The phosphors of this invention consist essentially of a host of calcium
      tungstate and as a dopant from about 50 to about 200 ppm of vanadium and
      exhibit no lag as measured by Federal Specification for X-ray Intensifying
      Screens GG-S-00176b, Section 4.4.5 as revised on Feb. 28, 1967. If less
      than 50  ppm of vanadium based on the weight of the host is added, the
      persistence is not eliminated. More than 200 ppm adds no benefits and
      reduces the brightness of the phosphor. With large amounts of vanadium in
      the order of 0.2% or greater, the phosphor becomes unsuitable for X-ray
      purposes because in order to obtain satisfactory X-rays, the exposure time
      becomes higher than allowed by good medical techniques. From about 50 ppm
      to abut 100 ppm of vanadium is preferred.
DETD
PAR  To more fully illustrate the subject invention, the following detailed
      examples are presented. All parts, proportions and percentages are by
      weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  Reagent or purified CaCl.sub.2 and Na.sub.2 WO.sub.4 are each dissolved in
      water at a ratio of 1.3 moles CaCl.sub.2 to 1.0 mole Na.sub.2 WO.sub.4.
      Both solutions are heated to 80.degree.C and then the CaCl.sub.2 solution
      is added to the Na.sub.2 WO.sub.4 at a rate of about 100 ml/minute with
      agitation. The precipitated CaWO.sub.4 is digested for about 60 minutes
      and then allowed to settle. The filtrate is decanted and the precipitate
      is washed with hot water several times until free of excess chloride ions.
PAC  EXAMPLE 2
PAR  200 parts of the CaWO.sub.4 precipitate, prepared in Example 1, is blended
      with 5% WO.sub.3 and prefired at 700.degree.C for 1 hour. This material is
      slightly ground and about 10% KCl and 0.02% V as KVO.sub.3 is added to it
      and again refired at 800.degree.C for 64 hours in covered quartz or
      alumina crucibles. After washing, silica coating, drying, and screening
      the following X-ray brightness was obtained at 80 KV excitation:
TBL  Known Commercial Standard (Control)                                       
                                 100%                                          
     Test                        104%                                          
PAL  The standard is produced by the solid state technique with no persistence.
PAC  EXAMPLE 3
PAR  About 200 parts of CaWO.sub.4 plus KCl and V is first fired at
      1050.degree.C for three hours. To this material 0.5% WO.sub.3 and
      additional amounts of KCl and V as in Example 2 is added and the blend is
      fired at 950.degree.C for about two hours. Analytical test results are:
TBL  Sample No.              X-ray Brightness                                  
     ______________________________________                                    
     1       Control             100%                                          
     2       WO.sub.3 Added (No persistence)                                   
                                 120%                                          
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A series of phosphors prepared as in Example 3 is tested for persistence.
TBL                Table 1                                                     
     ______________________________________                                    
     Effect of V on the Persistence of CaWO.sub.4                              
                 PPM V      Persistence                                        
     ______________________________________                                    
     Control        0           strong                                         
     Test A        10           medium                                         
     Test B        20           medium                                         
     Test C        40           faint                                          
     Test D        80           none                                           
     Test E        160          none                                           
     ______________________________________                                    
PAR  Measurement of Persistence -- This evaluation of persistence is carried out
      as outlined under Federal Specifications for X-ray Intensifying
      Screens-GG-S-00176b -- revised Feb. 28, 1967. Section 4.4.5 reads as
      follows:
PAR  "A suitable cassette shall be loaded with the screens under test but
      without a film. Prior to test, screens shall be rested for 24 hours. The
      temperature of the screens during the test shall be
      77.degree..+-.2.degree.F. Several metal coins or other roentgenopaque test
      objects shall be placed on the front of the cassette and exposed for one
      minute at radiation of 100KVP, 5ma, and 20-inch target-to-screen distance.
      The cassette shall then be taken to the darkroom and exactly 30 seconds
      after the termination of the roentgen exposure, the cassette shall be
      opened and an unexposed piece of Type III, Class B film (L-F-310) shall be
      quickly inserted between the screens and the cassette shall be closed.
      After remaining in the closed cassette for 10 minutes, the film shall be
      removed and processed according to L-F-310, washed and dried. Examine the
      film for evidence of shadows of the test objects."
PAC  EXAMPLE 5
PAC  Precipitated as in Example 1
PAR  1000 parts of CaWO.sub.4, 0.2 parts of V as KVO.sub.3, 50 parts of WO.sub.3
      and 100 parts KCl are fired at 1130.degree.C for 16 hours. The phosphor
      showed no persistence and a brightness (or speed) of 110% of a known
      CaWO.sub.4 phosphor standard.
PAC  EXAMPLE 6
PAR  Three samples of calcium tungstate are prepared by firing calcium chloride
      and sodium tungstate in molar equivalent amounts. The materials were fired
      at 1900.degree.F for about two hours. In Sample A, no ammonium vanadate
      was added. In Sample B, about 0.2% by weight of ammonium vanadate based
      upon the weight of the calcium tungstate produced was added. In Sample C,
      0.5% by weight of ammonium vanadate was added based upon the calcium
      tungstate produced. After firing, the brightness of the three samples was
      tested using a control as based on the previous examples. Sample A
      contained a strong lag as measured by the persistence specification
      previously given and a brightness of 60% of the control. Sample B had no
      lag, but a brightness of only 30%. Sample C had a brightness of 20% and no
      lag. The results of the foregoing indicates that the brightness is
      effectively reduced by using a solid state method and that by adding the
      amount of ammonium vanadate necessary to reduce the lag, the brightness is
      reduced to such a degree as to make the phosphor unusable as an X-ray
      phosphor.
PAC  EXAMPLE 7
PAR  About 1000 parts of calcium tungstate, precipitated as in Example 1, is
      blended with 10% by weight of potassium chloride and 0.02% vanadium as
      potassium vanadate. After blending thoroughly the materials are fired at
      1100.degree.C for about 16 hours in a covered crucible. After firing, the
      material is washed free of chloride, is coated with silica, filtered,
      dried and screened through a 400 mesh screen. The material thereafter is
      dried and refired at 800.degree.C for about 4 hours with the addition of
      2% by weight of potassium chloride. Thereafter, the phosphor is washed and
      coated with silica and dried. The material has a particle size of about 10
      to 12 microns and is free flowing and has a bulk density of between about
      40 and 50 grams per cubic inch. The brightness of the phosphor as tested
      against a control as in the previous example, is over 100% of the control
      which is a commercially available calcium tungstate. Smaller particle size
      material can be produced and if desired, the initial firing time is
      reduced to about 3 hours. In such an instance, an average particle size of
      between about 8 and 10 microns is obtained.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A calcium tungstate X-ray phosphor composition consisting essentially of
      a calcium tungstate host and from about 50 to about 200 parts per million,
      based upon the weight of calcium tungstate host, of vanadium as a dopant,
      said composition exhibiting no detectable persistence.
NUM  2.
PAR  2. A phosphor composition according to claim 1 wherein said vanadium is
      from about 50 ppm to about 100 ppm based on the weight of said host.
NUM  3.
PAR  3. A process for producing a calcium tungstate phosphor suitable for x-ray
      intensifying screens, said process comprises
PA1  a. forming an aqueous reaction media consisting essentially of
      water-soluble calcium source and a water-soluble tungstate source, said
      calcium to tungsten ratio being greater than 1 in said solution
PA1  b. maintaining a temperature in said solution above about 80.degree.C for
      at least 60 minutes to form a solid calcium tungstate precipitate having a
      Ca/W ratio of greater than 1,
PA1  c. separating the solid calcium tungstate,
PA1  d. adding from about 50 to about 200 ppm of a vanadium source and a fluxing
      material of potassium chloride,
PA1  e. heating said calcium tungstate to a temperature between about
      700.degree.C and 1150.degree.C for a time sufficient to form a phosphor
      composition, and
PA1  f. washing said composition with water to remove any residual water-soluble
      contaminants.
NUM  4.
PAR  4. A process according to claim 3 wherein after said separation of said
      calcium tungstate and before said heating step, an amount of WO.sub.3 is
      added to said calcium tungstate to achieve a Ca/W ratio less than 1.
NUM  5.
PAR  5. A process according to claim 4 wherein said amount of WO.sub.3 is from
      about 0.05% to about 1%, based upon the weight of said calcium tungstate.
NUM  6.
PAR  6. A process according to claim 4, wherein said vanadium and said tungsten
      trioxide are added in any order and each is incorporated by heating from
      about 700.degree.C to about 1150.degree.C.
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ABST
PAL  A reaction catalyst for the recombination of the oxyhydrogen gas produced
      by lead-acid storage batteries into water in a controlled, exothermic
      reaction, where the catalyst element is a solid rod element with a central
      heat conducting core, the catalyst rod being positioned inside a gas-tight
      housing in communication with the battery gas space. This rod element is
      produced by a fabricating method in which granular catalyst carrier
      material is worked into a paste which is then shaped and dried, the
      metallic catalyst being deposited on the surface of the carrier grains.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to gas reaction catalysts, and in particular
      to catalysts for the recombination of the oxyhydrogen gas created by
      lead-acid storage batteries into water, the catalyst consisting
      essentially of a catalyst carrier material and an active metallic catalyst
      material of the platinum group arranged in or on the carrier material. The
      invention concerns itself with a method of producing such a catalyst and a
      device for the application of such catalysts in combination with storage
      batteries in the place of the normally used battery plug, in accordance
      with German patent application P 20 08 218.2.
PAR  2. Description of the Prior Art
PAR  Catalysts which are used for the control or acceleration of the speed of a
      chemical reaction, without being part of the end product obtained by the
      reaction, consist normally of a catalyst carrier material which is
      catalytically indifferent and of the catalyst material itself which is
      applied to the carrier or otherwise arranged on the carrier surface.
      Because the catalytic reaction takes place within a very thin surface
      layer of the catalyst material, and because the catalytic reaction is of a
      surface-chemical nature, a primary desire in the production of this type
      of catalyst is to obtain a maximum degree of dispersity of the catalyst
      material so as to obtain the greatest possible reaction surface. With a
      given chemical composition of the catalyst material itself, any
      improvement in the catalytic activity therefore can only be obtained
      through improved production and assembly methods which reflect themselves
      in the physical characteristics of the catalyst surface. For this reason,
      it has already been suggested to utilize pulverulent or granular carrier
      materials and similar granular catalyst materials and to thoroughly
      intermingle these materials. It has also been suggested to use porous
      carrier grains and to soak the latter with the active catalyst material.
      It is further known from the prior art to obtain the catalyst layer on the
      surface of pre-formed grains of the carrier material by precipitation.
PAR  Based on this general technological background, various attempts have
      already been made to achieve an effective recombination of the oxygen and
      hydrogen which is created in lead-acid storage batteries to obtain water
      which can be returned to the electrolyte of the battery, in order to
      reduce servicing requirements, and especially, to eliminate the frequent
      addition of distilled water to the electrolyte. For instance, there are
      commercially available so-called catalytic battery plugs which contain a
      catalyst arranged inside a housing which consists of a mixture of granular
      catalyst carrier material and granular activated catalyst material of the
      platinum group (German Pat. No. 953,354). This container is inserted in
      the place of a conventional battery plug into the particular battery
      opening, thereby exposing the catalyst to the atmosphere in the reaction
      space of the battery so as to recover water from the oxyhydrogen gas which
      is created during the operation of the storage battery.
PAR  However, the basic problem of the recombination of oxygen and hydrogen has
      not been satisfactorily solved by these catalytic battery plugs.
      Considerable difficulties have been encountered in connection with the
      fact that the catalytic reaction is highly exothermic and very difficult
      to control. It was found, for example, that conditions of very high
      specific loads on the catalyst surface may occur through the supply of
      comparatively large amounts of oxygen and hydrogen which cause a
      concentrated development of reaction heat within a small space consisting
      of only a few carrier grains which are in immediate contact with the
      oxyhydrogen gas. The entire grain accumulation of the catalyst-carrier
      mixture has a very poor heat conductivity, because of the small areas of
      contact between the grains. This shortcoming is very detrimental to the
      effective operation of the catalyst, due to the local overloading of the
      activated metal and carrier material which reduces the longevity of the
      catalyst. Applicants have in the past attempted to improve the
      catalyst-carrier mixture by depositing the catalytically active metal such
      as palladium, for example, through precipitation on carrier materials such
      as alumina in granular form. It was found, however, that even such an
      improved deposition of the catalyst material is subject to the
      shortcomings of poor heat conductivity and lack of uniformity of
      temperature distribution in the catalyst body as a whole and that the
      earlier-mentioned shortcomings could not be completely eliminated.
PAR  A further difficulty in connection with the catalytic recombination of
      oxyhydrogen gas in lead-acid batteries stems from the need to eliminate,
      or at least reduce the poisoning of the active catalyst material through
      antimony hydride, acid vapors, and other substances which escape from the
      cells of lead-acid batteries. This makes it necessary to place additional
      catalyst material into the flow path of the gases. It has already been
      suggested to use a deposit of aluminum oxide powder with a layer of lead
      oxide and arrange it on a battery plug in the flow path of the gases ahead
      of the oxyhydrogen recombination catalyst material itself (U.S. Pat. No.
      3,038,954). In this type of catalyst system, which consists of at least
      two differently active granular deposits of catalyst material, new
      problems are encountered in connection with the assembly and location of
      the various deposits, in order to keep them separated, short of providing
      separate containers for each catalyst. These difficulties are especially
      serious, when a compact arrangement of the deposits is necessary, as is
      the case when the inner catalyst consists of granular material with a
      layer of palladium, and the outer catalyst is likewise of granular
      material with a layer of lead oxide.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary objective of the present invention to provide an
      oxyhydrogen recombination catalyst for use in lead-acid storage batteries
      which does not have the above-mentioned shortcomings and which has
      improved heat conductivity and is easy to mount in conjunction with such
      storage batteries.
PAR  The invention proposes to attain the above objective by suggesting a
      catalyst which is in the form of a permeable coherent solid body,
      preferably in the shape of a rod. This catalyst body may be constituted by
      providing the catalyst carrier material as a porous, one-piece element, or
      by providing it as a homogeneous mixture of grains which are bonded
      together to form a rigid body carrying the active catalyst material. A
      preferred embodiment the invention further suggests that the catalyst body
      includes in its center portion an element of high heat conductivity,
      preferably of copper. A preferred shape of the catalyst body is a hollow
      cylinder whose length is a multiple of its diameter, the highly conductive
      copper element being arranged in the center bore of the cylinder.
PAR  The present invention further suggests a novel method of producing the
      catalyst body of the invention, whereby granular catalyst carrier material
      is worked into a paste by adding water, the past being formed into a
      cylindrical shape and hardened, whereupon the active catalyst material is
      deposited on this carrier body. The preparation of the paste may be
      improved by using plasticizers. The forming operation is preferably
      performed by an extrusion press, the extruded rods being then dried and
      calcinated. The depositing of the active catalyst material may be obtained
      by soaking the carrier body in a solution of the latter. The drying and
      calcination operations are preferably performed at temperatures between
      120.degree.C and 300.degree.C. Finally, the carrier body thus obtained
      receives a central bore into which a copper rod can be inserted.
PAR  The present invention further suggests a device designed for use in
      combination with the above-mentioned oxyhydrogen recombination catalyst
      which includes a cylindrical gas-tight housing with a hollow stub
      connection and a porous plug arranged coaxially with the catalyst body on
      one end face thereof so as to close the housing opening. The catalyst body
      itself is preferably positioned inside flange-shaped extensions in the
      housing into which the end portions of the catalyst body are fitted, one
      side of the catalyst body being positioned by the housing wall itself and
      the other being positioned by the porous plug.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further special features and advantages of the invention will become
      apparent from the description following below, when taken together with
      the accompanying drawing which illustrates, by way of example, an
      embodiment of the catalyst and catalyst mounting device of the invention,
      represented in the various figures as follows:
PAR  FIG. 1 is a perspective view of a catalyst body;
PAR  FIG. 2 is a longitudinal cross section through the catalyst body of FIG. 1;
PAR  FIG. 3 is a longitudinal cross section through a catalyst mounting device
      which includes a catalyst body according to FIG. 1; and
PAR  FIG. 4 is a transverse cross section through the device of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The catalyst body, as illustrated in FIG. 1 of the drawing is intended for
      use in connection with lead-acid storage batteries which develop oxygen
      and hydrogen during their operation, the oxyhydrogen gas being
      catalytically recombined into water and the latter being returned to the
      electrolyte of the storage battery. The catalyst body 1 of the invention
      consists of a catalyst carrier material, preferably alumina, and of an
      active catalyst material, preferably palladium, and has a rod-shaped,
      regular cylindrical outline. The length of the catalyst body 1 is
      preferably a multiple of its diameter. Inside the longitudinal center bore
      2 of rod 1 is tightly fitted a copper rod 3.
PAR  The method of producing the catalyst body of the invention involves the
      production of a paste consisting of alumina, potash water-glass, quartz
      powder and water, shaping of the paste into a cylindrical carrier body,
      and drying and calcining of that body. Following is an exemplary listing
      of ingredients which may be used for the production of such a catalyst
      body:
TBL  Alumina                     20 gr                                         
     Potash water-glass solution (1.25 gr/cc)                                  
                                 10 gr                                         
     Quartz powder               20 gr                                         
     Water                       6 gr                                          
     Drying temperature          120.degree.C                                  
     Calcining temperature       300.degree.C                                  
PAR  On this cylindrical catalyst carrier can now be deposited the palladium
      catalyst material, by soaking the catalyst carrier in a mixture containing
      a 1-percent solution of palladium chloride and a water-hydrochloric acid
      mixture. This is followed by the drying operation at 120.degree.C and by
      the step of calcining which involves the exposure of the catalyst element
      to a stream of hydrogen gas at a temperature of approximately
      300.degree.C. This results in the reduction of the palladium chloride in a
      hydrogen stream of 300.degree.C. In the foregoing embodiment, the potash
      water-glass acts as a plasticizing agent. The catalyst body obtained in
      this manner has physico-chemical characteristics which are regular and
      homogeneous over its entire cross section and length. These favorable
      characteristics were born out in comparative tests between the catalyst
      body of the invention and a catalyst of the conventional type in the form
      of a package of catalyst carrier grains. The catalyst body of the
      invention was 4 mm in diameter and approximately 20 mm long and was
      compared as to its reactive capacity to similarly composed packages of
      granular catalyst carrier material. The granular material was obtained by
      crushing a cylindrical catalyst carrier of the invention and by
      fractioning the debris by means of suitable screens to obtain a grain size
      between 0.75 and 1.00 mm. The relative reactivity of the catalysts in
      question was measured by subjecting the package-type catalyst and the rod
      catalyst to a stoichiometric mixture of hydrogen and oxygen gas and by
      observing the speed of reaction startup following different periods of
      storage in an atmosphere of nearly 100 percent humidity at room
      temperature. The testing apparatus was an electrolysis cell with platinum
      electrodes, the electrolyte being a weak sulphuric acid solution. Through
      the cell opening on the upper side of the cell were inserted two glass
      tubes, with a tightly fitting stopper sealing the opening and positioning
      the glass tubes. These tubes were so arranged that one of them
      communicated with the electrolyte, the other end of the tube leading to a
      reaction chamber in the form of a third glass tube. The second glass tube
      communicated with the gas space inside the cell above the electrolyte, its
      other end leading from above into the same third glass tube. All
      connections were made gas-tight. The test procedure itself was as follows:
PAR  Into the cylindrical reaction chamber constituted by the third glass tube
      was introduced the test catalyst of granular consistency, the grains being
      held in a package by means of a wire screen of 5 mm diameter, 20 mm
      length, and 0.5 mm wire thickness. This screen container thus held a
      catalyst package of 4 mm in diameter and 20 mm length and corresponding to
      the one-piece catalyst body of the present invention for comparison
      purposes. The catalyst body of the invention, 4 mm in diameter and 20 mm
      long, was similarly arranged inside the reaction chamber, but without the
      wire screen.
PAR  The test was performed by applying an electric current of 3 amps to the
      electrolysis cell. This current produces a gas mixture of 1.26 liters of
      hydrogen and 0.63 liters of oxygen per hour under normal conditions (760
      mm Hg, 20.degree.C). This oxyhydrogen gas mixture was recombined to water
      by the test catalysts, the reaction being exothermic, i.e. developing
      heat. Provisions were made to measure the temperature at the center of the
      granular package as well as at the inside of the rod-shaped one-piece
      catalyst of the invention. A thermo-element was used for this purpose. The
      reaction quality of the catalyst was determined as a ratio between the
      temperature and the speed of reaction in terms of starting point and rate
      of increase.
PAR  The test procedure as described above lasted for 1 hour, whereupon the
      electric current was stopped. The water condensate deposited on the walls
      of the test apparatus as a result of the recombination of the oxyhydrogen
      gas would very quickly raise the relative humidity inside the test
      apparatus to near 100 percent. The test catalysts were maintained in this
      atmosphere for up to 3000 hours in a regular spacing. Following this
      waiting period, the test procedure was again repeated.
PAR  The test results obtained showed that the cylindrical catalyst bodies of
      the invention are superior to the granular catalysts in terms of reaction
      startup, and that they are comparable to the latter in terms of the rate
      of reaction increase.
PAR  Similar comparative tests performed with catalyst bodies of 70 mm length
      indicated that with cylindrical coherent catalyst bodies, as suggested by
      this invention, a substantially even temperature distribution over the
      entire length is obtained. It was also discovered that, even in cases
      where the contact between the oxyhydrogen gas mixture was uneven in regard
      to the catalyst surface, a very good temperature distribution was
      obtained. The latter test condition was achieved by connecting the second
      glass tube to the reaction chamber in a lateral arrangement and by
      approaching the tube discharge opening closely to the test body. It was
      found that the temperature distribution can be further improved under the
      above-mentioned conditions, by providing a center bore inside the catalyst
      body 1 and by positioning in that bore a core element of highly
      heat-conductive material such as copper.
PAR  Comparative longevity tests conducted with catalysts of the granular
      package-type and with catalysts according to the invention showed improved
      results for the one-piece catalysts. These tests were performed by
      introducing into the above testing apparatus test catalysts of 70 mm
      length, the granular cylindrical package-type catalysts being compared to
      one-piece catalysts containing a copper rod core. Both catalyst versions
      were subjected to the oxyhydrogen gas produced by the application of a
      three-amp current to the test cell. The test operation lasted in each case
      8 hours, followed by 16 hours of rest. The reaction startup and the rate
      of reaction increase were recorded by means of a thermo-element. It was
      found that the granular package type catalyst changed its characteristics
      with an increasing number of cycles much more quickly than the one-piece
      catalyst of the invention with its copper core.
PAR  For instance, it was found that after 50 or more cycles of the above test
      procedure, the granular prior art catalyst showed its first gas-responsive
      temperature increase indicative of the reaction startup after 20 seconds,
      compared to 8 seconds at the beginning of the longevity test. This
      progressive deterioration of the reaction startup in the case of
      package-type catalysts represents a considerable disadvantage and is
      indicative of an unsatisfactory longevity. Comparable tests with the
      catalyst body of the invention produced far better results, namely a delay
      of 7 seconds with a newly introduced catalyst body, which lengthened to 10
      seconds after 50 or more operative cycles.
PAR  From the above tests it can be concluded that a cylindrical, coherent
      catalyst body with a core of highly heat-conductive material, as suggested
      by the present invention, represents an improvement over the prior-art
      granular catalyst, especially as regards the heat distribution under
      irregular contact between the oxyhydrogen gas and the catalyst surface. It
      also implies that the sensitivity to an atmosphere of high humidity is
      reduced, and that the longevity of the catalyst is enhanced. An additional
      advantage offered by the invention relates to the production of the
      catalyst, inasmuch as it is more economical to produce one-piece catalysts
      according to the proposed method, as compared to the prior art fractioned,
      granular catalyst carrier package. The invention offers a still further
      advantage by suggesting a device for use in combination with the one-piece
      catalyst in conjunction with lead-acid storage batteries. Such a device is
      illustrated in FIGS. 3 and 4 of the drawing and its structural details are
      as follows:
PAR  FIGS. 3 and 4 of the drawing illustrate an oxyhydrogen recombination device
      comprising the catalyst body of the invention. The device consists
      essentially of an elongated housing 4 of plastic material, the housing
      having a substantially rectangular cross section with a rounded upper
      portion and with inclined bottom surfaces which form a funnel toward a
      centrally arranged hollow stub connection 5. On one of the two small sides
      of housing 4 is arranged an opening 6 through which the catalyst body 1
      can be inserted into the housing, the opening 6 being closable by a porous
      plug 7 which is received inside a tubular wall extension 8. A similar
      tubular wall extension 9, but without the central opening therethrough, is
      arranged at the opposite small end of housing 4, the two end portions of
      the catalyst body 1 being lodged inside the tubular extensions 8 and 9.
PAR  The porous plug 9 consists of a ceramic mass which has been rendered
      hydrophobic by a known method. The inside of housing 4 thus constitutes a
      gas-tight reaction chamber for the catalyst body 1 which is optimally
      suited for the recombination of the oxygen and hydrogen gases generated by
      the operation of a lead-acid storage battery. The water obtained as a
      result of this exothermic reaction collects on the funnel-shaped bottom of
      housing 4 and flows through the stub connection 5 back into the battery.
PAR  It should be understood, of course, that the foregoing disclosure describes
      only preferred embodiments of the invention and that it is intended to
      cover all changes and modifications of the examples of the invention which
      fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A unitary catalyst element for catalytically recombining into water a
      gas mixture of oxygen and hydrogen formed during operation of a lead-acid
      storage battery, comprising a single elongated catalyst carrier body in
      the form of a permeable coherent solid; an active metallic catalyst
      material of the platinum group carried on the surface of the permeable
      catalyst carrier body; and an axially disposed core member of highly heat
      conductive material enclosed within said catalyst carrier body.
NUM  2.
PAR  2. A unitary catalyst element as defined by claim 1, wherein said active
      metallic catalyst material comprises palladium.
NUM  3.
PAR  3. A unitary catalyst element as defined by claim 1, wherein said catalyst
      carrier body comprises alumina.
NUM  4.
PAR  4. A unitary catalyst element as defined by claim 1, wherein said catalyst
      carrier body comprises a granular base material bonded together to form a
      coherent solid.
NUM  5.
PAR  5. A unitary catalyst element as defined by claim 1, wherein said catalyst
      carrier body comprises a cylindrical rod having a hollow longitudinal
      center bore and said core member of highly heat conductive material
      comprises a metallic rod tightly fitted within said bore.
NUM  6.
PAR  6. A unitary catalyst element as defined by claim 5, wherein said metallic
      rod is a copper rod.
NUM  7.
PAR  7. A method for fabricating a unitary catalyst element for catalytically
      reconverting into water a gas mixture of hydrogen and oxygen resulting
      from operation of a lead-acid storage batter, comprising the steps of:
PA1  admixing water with a granular catalyst carrier material to form a paste;
PA1  shaping said paste into a three-dimensional form of elongated
      configuration;
PA1  drying the shaped carrier material;
PA1  providing said elongated form with a longitudinally disposed central core
      of a highly heat conductive metallic material; and
PA1  applying an active metallic catalyst material of the platinum group to the
      surface of said catalyst carrier material.
NUM  8.
PAR  8. A method for fabricating a unitary catalyst element as defined by claim
      7, wherein said step of providing said elongated form with a core of
      highly heat conductive material comprises providing said elongated form
      with a centrally disposed hollow bore and inserting into said bore a rod
      of metallic material.
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ABST
PAL  By the introduction of pendant phthalate, isophthalate or terephthalate
      half ester groups thermosettable vinyl ester resins can be successfully
      frothed using certain silicone frothing agents.
PARN
PAR  This is a continuation of application Ser. No. 427,758 filed Dec. 26, 1973.
BSUM
PAC  BACKGROUND
PAR  Various kinds of frothing agents have been proposed in the past for making
      foams from thermosettable resins such as unsaturated polyesters. However,
      these frothing agents have not proven to be commercially useful. For this
      reason other methods such as polymerizing a water-in-resin emulsion
      followed by dewatering have been investigated.
PAR  Typical materials proposed in the art to stabilize unsaturated polyester
      foams are polyvinyl alcohol, ethyl cellulose, Pluronic surfactants, fatty
      acids, fatty alcohols, etc. A silicone oil is proposed in Belgium 638,308.
      An organosiloxane-oxyalkylene copolymer is suggested in FR 1,535,796.
      German 1,247,648 discloses preparation of polyester foams by mere
      mechanical frothing.
PAR  U.S. Pat. No. 3,511,788 teaches the use of certain silicone materials as
      foaming agents for organic liquids and plastisols. Modifications of the
      above silicone materials are taught in Dutch 72.09579 to be useful in
      making foams from unsaturated polyester resins. However, the modified
      silicones appear to be much more limited in their effectiveness than the
      scope of the Dutch patent would indicate.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that certain vinyl ester resins produce a stable
      foam in combination with the modified silicones. It is now possible to
      produce thermoset foams from the above combination.
PAR  Essential to the invention is the use of vinyl ester resins which have been
      modified to convert at least half of the hydroxyl groups to have pendant
      half ester phthalate, isophthalate or terephthalate groups. As little as 1
      part per hundred parts of resin (pph) of the modified silicone is
      effective. It is also essential that oxygen be excluded during preparation
      of the foam to avoid inhibition of cure. The vinyl ester resin is employed
      in combination with a copolymerizable monomer such as styrene.
PAC  DESCRIPTION
PAR  The invention relates to liquid thermosettable compositions and a process
      for making plastic foams. In its simplest form the composition comprises
      (a) a resin phase comprising a vinyl ester resin having pendant phthalate,
      isophthalate or terephthalate half ester groups and a copolyermizable
      monomer and (b) at least about 1 pph of a silicone frothing agent. The
      composition may be mechanically foamed or foaming agents may be added to
      produce a foam.
PAR  To cure the composition a free radical catalyst is added. In order to
      increase the rate of cure various cure accelerating agents may be added.
      Optionally, other materials may be added such as fillers, colorants and
      the like.
PAR  Prior to this invention the only practical way to make a foam from a vinyl
      ester resin was by the water-in-resin emulsion method disclosed in U.S.
      Pat. No. 3,669,911. While different surfactants were tested at one time or
      another, none were found effective in producing a stable foam directly by
      mechanical foaming or with foaming agents.
PAR  Dutch 72.09579 broadly teaches the utility of a silicone frothing agent to
      produce foams with all manner of unsaturated polyester resins. However,
      upon testing it was found that all polyesters do not respond and
      surprisingly it was found that only a certain type of vinyl ester resin
      did respond and produce a stable foam. It was further found that oxygen
      must be excluded during preparation of the foam to avoid inhibition of
      cure by oxygen.
PAR  Vinyl ester resins are made by reacting about equivalent amounts of an
      unsaturated monocarboxylic acid with a polyepoxide, e.g., two moles of
      methacrylic acid per mole of a diglycidyl ether of bisphenol A. However,
      such resins do not produce much, if any, foam with the silicone and what
      foam is produced has little or no stability.
PAR  U.S. Pat. No. 3,564,074, incorporated herein by reference, discloses
      certain vinyl ester resins which have been modified to have pendant half
      ester groups of dicarboxylic acids. These pendant groups are conveniently
      introduced by reacting the hydroxyl group formed from the epoxide/acid
      reaction above with a dicarboxylic acid anhydride. Essential to this
      invention is the use of vinyl ester resins having at least half and up to
      all of the hydroxyl groups converted to phthalate, isophthalate or
      terephthalate half ester groups.
PAR  Unsaturated monocarboxylic acids include, for example, acrylic acid,
      methacrylic acid, cinnamic acid, halogenated acrylic and methacrylic acids
      as well as a half ester of a hydroxyalkyl acrylate or methacrylate and a
      dicarboxylic acid. Preferably the alkyl group of the hydroxyalkyl acrylate
      or methacrylate has from 2 to about 6 carbon atoms. The dicarboxylic acid
      may be saturated or unsaturated and the anhydrides thereof, when
      available, are usually employed in producing the half esters.
PAR  Polyepoxides useful in preparing the vinyl ester resins are readily
      available commercially or can be easily prepared by well known methods.
      More usually the polyepoxides are polyglycidyl ethers of polyhydric
      phenols or alcohols prepared by reaction of epichlorohydrin with said
      phenols or alcohols followed by treatment with an alkali to form the
      epoxide (glycidyl) group. The polyepoxides may be monomeric or polymeric
      but have more than one epoxide group per molecule. Epoxy novalacs are
      considered to be a polyglycidyl ether of a polyhydric phenol. Preferred
      polyepoxides have epoxide equivalent weights of about 150 to 1000.
PAR  Conveniently the resins of this invention may be made according to U.S.
      Pat. No. 3,564,074 by reacting a vinyl ester resin with phthalic,
      isophthalic or terephthalic anhydride in proportions sufficient to convert
      at least half and up to all of the hydroxyl groups to half ester groups.
PAR  The vinyl ester resins used herein are combined with a copolymerizable
      vinyl monomer or mixtures thereof. The resin comprises about 30 to 70
      weight percent and the monomers about 70 to 30 percent. Preferably the
      proportions of resin and monomer are each about 40 to 60 weight percent.
      Above about 70 weight percent monomer incomplete cure is found; above
      about 70 percent resin the mixture has a high viscosity and produces a
      very high density foam.
PAR  A variety of copolymerizable vinyl monomers may be used as disclosed in
      U.S. Pat. No. 3,564,074. The resin is frequently combined with styrene but
      other alkenyl aromatic monomers such as vinyl toluene, alkyl substituted
      styrenes such as t-butyl styrene, halogen substituted styrenes, divinyl
      benzene and the like may be used. Other useful monomers include the alkyl
      esters of acrylic and methacrylic acids (for example, the methyl, ethyl,
      propyl, butyl and like esters), hydroxyalkyl acrylates and methacrylates
      where the alkyl group generally has 2 to about 6 carbon atoms, vinyl
      acetate, amide monomers, and the like. The above listed monomers are
      illustrative only.
PAR  The resins may be cured by chemically catalyzed means, by exposing them to
      radiation, both actinic radiation and high energy ionizing radiation, and
      by thermal means. Preferably the resin (containing monomers) is cured,
      i.e., polymerized, by the addition of a free radical yielding catalyst
      such as a peroxide, a persulfate, a diazo compound and the like. Such
      catalysts and effective amounts thereof in the range of about 0.1 to 5
      weight percent are well known to the art. To accelerate the cure it is
      frequently desirable to add accelerators or promoters such as
      N,N-dimethyl-p-toluidine, N,N-dimethyl aniline, metal salts of organic
      acids such as cobalt, lead or vanadium naphthenates, neodecanoates and the
      like. Proportions similar to the catalyst levels are commonly employed.
      Advantageously with a promoter-catalyst system no heating is required and
      the froth rapidly cures to a rigid foam.
PAR  Essential to the preparation of a froth and a foam of the above described
      liquid resin composition is the presence therein of at least about 1 pph
      (parts per hundred parts of resin/monomer) of the silicone frothing agent.
PAR  The frothing agent is a siloxane copolymer consisting essentially of (a)
      SiO.sub.2 units, (b) (CH.sub.3).sub.3 SiO.sub.1/2 units and
      ##EQU1##
      units. In the formula n has a value from 0 to 2. R.sub.2 is an alkyl group
      having 1 to about 6 carbon atoms such as methyl, ethyl, isopropyl, butyl,
      hexyl, etc. Preferably R.sub.2 is methyl. When n=o there are no R.sub.2
      substituents. R.sub.1 is an alkylene radical of 1 to about 6 carbon atoms
      such as ethylene, propylene, butylene, etc. R may be hydrogen, an alkyl
      radical having 1 to about 6 carbons or an aminoalkyl radical having 2 to
      about 6 carbon atoms. Preferably one of the R groups is hydrogen. In the
      siloxane copolymer the ratio of (b) units to the sum of the (a) and (c)
      units should be about 0.4:1 to 1.2:1. The preparation of the copolymers is
      fully disclosed in Dutch application 72.09579, which is incorporated
      herein by reference. The silicone frothing agent is used in amounts of at
      least about 1 pph. Larger amounts up to 4 pph and higher may be used but
      generally only an amount sufficient to produce a stable foam is desirably
      employed.
PAR  Unexpectedly, the previously described compositions produce a stable froth
      which may be readily cured to a rigid foam when analagous materials do
      not. A froth may be formed in more than one way. The composition may be
      mechanically frothed to incorporate gas bubbles therein. Equipment capable
      of mechanically producing a froth, such as an Oakes continuous frothing
      machine, is commercially available. Release of dissolved blowing agents
      under pressure also produces a satisfactory froth. A number of blowing
      agents such as the fluorohydrocarbons, aliphatic hydrocarbons and the like
      are well known. Decomposable gas-releasing blowing agents may also be used
      as illustrated by in situ release of hydrogen from sodium borohydride.
PAR  Preparation of the froth and foam should be done using means to exclude
      oxygen to avoid inhibition of cure (polymerization). This can be
      conveniently done in a nitrogen atmosphere or other inert gas atmosphere
      or by the addition of materials such as paraffin wax which form a surface
      film. By exclusion of oxygen it is meant to use an inert atmosphere in
      which no oxygen is present or one in which the oxygen level is below a
      level which would inhibit polymerization under the process conditions or
      the use of materials which exclude oxygen from the surface.
PAR  The rigid plastic foams of this invention may be made in a predetermined
      density range of 5 to 50 lbs/ft.sup.3. They may be nailed, sawed, screwed,
      stained and the like for applications as simulated wood. The pour-in-place
      nature allows for use in cavity walls (refrigerator and freezer
      insulation, for example). Other uses for the foam include road insulation
      and the like.
DETD
PAR  The invention is further illustrated by the following non-limiting
      examples. All parts and percentages are by weight unless otherwise
      indicated.
PAR  A convenient method of making the frothing agent consists of combining in
      an appropriate reactor 200 grams of a xylene solution (50% solids) of
      siloxane copolymer consisting essentially of SiO.sub.2 units and
      (CH.sub.3).sub.3 SiO.sub.1/2 units and varying amounts of an amine. The
      mixture will react at room temperature merely on standing for 16 to 24
      hours. More usually the mixture is heated for 30 to 60 minutes at
      temperatures from about 130.degree. to 190.degree.C.
PAR  The three frothing agents used in the following examples are believed to
      have been prepared by reacting H.sub.2 NCH.sub.2 CH.sub.2
      NH(CH.sub.2).sub.3 Si(CH.sub.3) (OCH.sub.3).sub.2 with the siloxane
      copolymer according to the above procedure in the following amounts:
      Frothing Agent I -- 32.5 gms/100 gms of polymer, Frothing Agent II -- 20
      gms/100 gms of polymer and Frothing Agent III -- 12.5 gms/100 gms of
      polymer.
PAC  EXAMPLE 1
PAR  A vinyl ester resin prepared by reacting one equivalent of methacrylic acid
      with one equivalent of D.E.R. 331 (diglycidyl ether of bisphenol A having
      an epoxide equivalent weight, EEW, of 186-192) was diluted with styrene
      (40% resin). To the resin was added 2.5 pph of Frothing Agent III and the
      mixture placed in a stainless steel bowl of a Hobart N-50 mixer. At a high
      speed setting of (No. 3) the resin would not froth after whipping for ten
      minutes with a wire whip beater.
PAC  EXAMPLE 2
PAR  Further tests were made with resins prepared as in Example 1 except that
      the resins were post reacted with 0.5, 0.75 and 1.0 equivalents of
      phthalic anhydride, respectively, per equivalent of hydroxyl to introduce
      pendant phthalate half ester groups.
PAR  Employing the same test as in Example 1 the following results were
      obtained.
TBL  ______________________________________                                    
     Equiv. of     Foam       Foam                                             
     Phthalate     Half-Life  Density                                          
     ______________________________________                                    
     none          --             --                                           
     0.5           6      mins.   17.7 lbs/ft.sup.3                            
      0.75         33             13.8                                         
     1.0           60             13.8                                         
     ______________________________________                                    
PAR  The effect of the phthalate half ester on foam stability and on decreasing
      the density is apparent. Foam half-life is defined as the time required
      for the volume of foam to decrease to one-half its original volume.
PAC  EXAMPLE 3
PAR  Another vinyl ester resin prepared by first reacting a 2-hydroxypropyl
      acrylate half ester of maleic acid with D.E.R. 331 (1:1 equiv. ratio)
      followed by reaction of 0.6 equivalents of phthalic anhydride per
      equivalent of hydroxyl was diluted to a 50% concentration in styrene.
PAR  A foam was prepared by adding 7.2 gms of Frothing Agent III (50% solution)
      and 1.8 gms of benzoyl peroxide to 120 gms of the above resin and placed
      in a mixing bowl as before while maintaining an inert (nitrogen)
      atmosphere. N,N-dimethyl-p-toluidine (0.175 gm) was added as a catalyst
      accelerator and the mixture whipped for 10 minutes at speed setting No. 6.
      The froth was poured into an open-faced mold and allowed to cure. The
      resulting foam had a density of 19.9 lbs/ft.sup.3 and a screw holding
      strength of 254 lbs/in. of thread for a No. 6 wood screw.
PAC  EXAMPLE 4
PAR  In contrast to Example 3 a vinyl ester resin prepared by reacting the
      2-hydroxyethyl acrylate maleate half ester with D.E.R. 331 (1:1 equiv.
      ratio) and containing 40% styrene produced negligible frothing with
      Frothing Agent I and only a slight froth with Frothing Agents II and III
      at 3 pph.
PAR  Tests made only with styrene showed that it frothed readily but the froth
      produced had no stability.
PAC  EXAMPLE 5
PAR  A vinyl ester resin prepared by reacting one equivalent of methacrylic acid
      with 0.5 eq. of D.E.R. 331 and 0.5 eq. of D.E.R. 661 (a solid bisphenol A
      based polyepoxide having an EEW of 475-575) was diluted to a 50%
      concentration in styrene. This resin would not froth with any of the three
      frothing agents at 3 pph.
PAR  In contrast to the above, if the resin is post reacted with 0.5, 0.75 and
      1.0 equivalents of phthalic anhydride as in Example 2 stable froths are
      obtained with Frothing Agent III at 2.5 pph (40% styrene level). Froth
      densities were 30.3, 30.8 and 26.9 lbs/ft.sup.3 for the resins post
      reacted with 0.5, 0.75 and 1 equivalent of phthalic anhydride,
      respectively. Foam half life was greater than 200 minutes for all these
      resins. At 50% styrene the froth densities were 21.2, 21.2 and 19.0
      lbs/ft.sup.3, respectively. At the higher phthalate levels foam half life
      was greater than 100 minutes and decreased to about 20 minutes at the 0.5
      equivalent level. At 60% styrene the corresponding densities and foam half
      life were 17.7, 13.8 and 13.0 lbs/ft.sup.3 and 6, 33 and greater than 50
      minutes. The best results are seen to be obtained at the higher phthalate
      levels and lower monomer levels. The latter is partly a function of higher
      viscosity.
PAC  EXAMPLE 6
PAR  A resin similar to Example 5 was prepared using 0.5 equivalents of maleic
      anhydride and compared to a similar resin with phthalate half ester groups
      at the same styrene level of 50 percent. Whereas the phthalate resin foam
      still retained about 80 percent of its initial foam volume after 90
      minutes, the maleate resin retained only about 40 percent of its initial
      volume after about 25 minutes. In each case Frothing Agent III at 2.5 pph
      was used. In general resins with pendant maleate half ester groups are
      inferior to those with phthalate groups.
PAC  EXAMPLE 7
PAR  The resin of Example 3 produces good froth stability with Frothing Agents
      II and III at 3 pph with corresponding densities of 22.8 and 19.3
      lbs/ft.sup.3. For some unknown reason Frothing Agent I was ineffective
      with this resin. This is the only anomalous result obtained.
PAR  The effect on apparent surface tension of Frothing Agent III at various
      levels with the above resin was measured. A sharp drop in surface tension
      with as little as 0.25 pph was found, after which there is little effect
      up to 10 pph. Similar tests also showed there is no additional lowering of
      the froth density by increasing the frothing agent concentration. Tests up
      to 12 pph were made. There is some indication that froth stability is
      improved with increased levels of frothing agent.
PAC  EXAMPLE 8
PAR  A resin prepared from one equivalent of methacrylic acid, 0.25 equivalent
      of D.E.R. 331 and 0.75 equivalent of D.E.N. 438 (an epoxy novalac having
      an EEW of 175-182) and diluted to a 55% resin concentration in styrene
      would not froth with any of the three frothing agents at 3 pph. Even
      though a low styrene level was used no froth was obtained.
PAC  EXAMPLE 9
PAR  A resin prepared by reacting one equivalent of a 2-hydroxypropyl acrylate
      maleate half ester with 0.75 eq. of D.E.R. 331 and 0.25 eq. of D.E.R. 741
      (a polyglycol diepoxide having an EEW of 364-380) followed by reaction
      with 0.45 equivalents of phthalic anhydride was diluted to 50 percent in
      styrene. A foam half life of 100, 165 and 45 minutes was found with
      Frothing Agents I, II and III, respectively, at 3 pph.
PAR  Other amines which may be used to prepare frothing agents which may be
      substituted for those used in the previous examples include
      (CH.sub.3)NH(CH.sub.2).sub.3 Si(OCH.sub.3).sub.3, (C.sub.4
      H.sub.9)NH(CH.sub.2).sub.3 Si(OCH.sub.3).sub.3, H.sub.2 NCH.sub.2 CH.sub.2
      NH(CH.sub.2).sub.3 Si(OCH.sub.3).sub.3, (CH.sub.3).sub.2 N(CH.sub.2).sub.3
      SiO.sub.3/2, H.sub.2 N(CH.sub.2).sub.3 SiO.sub.3/2, and the like.
PAR  The rate of polymerization and exotherm temperature may be increased by
      increasing the amount of the accelerator used in combination with the
      catalyst. Other means of curing may be employed, for example, the resin of
      Example 3 was frothed with 2.5 pph of Frothing Agent II and cured by
      exposure to a high energy electron beam from a Van de Graaff accelerator
      without any chemical catalysts, etc.
PAR  A larger scale run with the resin of Example 3 on an Oakes mixer using 2
      pph of Frothing Agent II successfully produced a foam with a density of
      15.7 lbs/ft.sup.3. The foams are not brittle since nails can be driven
      into them within 1/4 inch from the edge without splitting or breaking. The
      screw holding ability of the foams increases with density as shown in a
      series of tests where the strength increased from about 50 lbs. per inch
      of thread (No. 6 wood screw) at about 10.5 lbs/ft.sup.3  up to about 350
      lbs. at about 29.5 lbs/ft.sup.3. The foams produced herein are
      predominantly open celled.
PAR  The corresponding effect of the need for phthalate groups in the resins was
      also indicated to be necessary with unsaturated polyester resins. A
      commercial resin prepared from dipropylene glycol, diethylene glycol,
      fumaric and maleic acids was diluted to a 60 percent styrene
      concentration. At a speed setting of No. 8 the resin would not froth upon
      being whipped for 10 minutes in the mixer with any of the three frothing
      agents at 3 pph.
PAR  A second commercial polyester of diethylene glycol, ethylene glycol,
      propylene glycol, fumaric acid, maleic acid and isophthalic acid was
      evaluated in the same manner as above with the following results.
TBL  ______________________________________                                    
     Frothing Agent                                                            
                  Froth Density                                                
                               Froth Half-Life                                 
     ______________________________________                                    
     I            5.2    lbs/ft.sup.3                                          
                                   .about.30                                   
                                         minutes                               
     II           8.4              .about.75                                   
     III          8.5              .about.70                                   
     ______________________________________                                    
PAL  The isphthalate represented about 42 percent of the dicarboxylic acid
      content of this latter resin.
PAR  Another commercial resin which basically was a propylene glycol-maleic acid
      condensate but had a small amount of phthalic acid would not froth with 3
      pph of Frothing Agent.
PAR  The above indicates that only certain kinds of unsaturated polyesters
      respond to the frothing agents and that a high proportion of isophthalate
      content is essential to successful frothing.
PAC  EXAMPLE 10
PAR  Using the resin of Example 3 a foam was prepared in an inert atmosphere by
      mixing 125 gms of resin (60% styrene), 1.5 gms of benzoyl peroxide, 6 gms
      of Frothing Agent III (50% solution) and 10 gms of low molecular weight
      polystyrene powder in the Kitchen-Aid mixing bowl for several minutes.
      Then, 0.5 gm of DMT accelerator was added and mixed for about 3 minutes
      before pouring the froth into a mold and allowing it to cure. The
      resulting foam did not crack during polymerization and had a density of
      20.9 lbs/ft.sup.3.
PAC  EXAMPLE 11
PAR  The above example was repeated producing a foam having a density of 19.9
      lbs/ft.sup.3. The foam cells were of small diameter and generally of
      uniform size.
PAC  EXAMPLE 12
PAR  Example 10 was repeated substituting a saran resin powder (vinylidene
      chloride/vinyl chloride, 85/15) for the polystyrene. The benzoyl peroxide
      level was raised to 2 gms. The resulting foam had a density of 17.0
      lbs/ft.sup.3.
PAR  The polystyrene and saran resin additives did not prevent frothing or
      inhibit polymerization. They do increase the viscosity of the system which
      results in slightly higher densities. They do prevent cracking during
      polymerization.
PAC  EXAMPLE 13
PAR  Following the procedure of Example 10, 100 gms of resin, 1.9 gms of
      peroxide and 7.5 gms of frothing agent were mixed before 0.5 gm of DMT was
      added. After stirring for an additional 2 1/2 minutes the froth was poured
      into a silastic mold having a hinged cover to restrict foaming volume and
      to give a wood-like detail to the surface. After curing overnight in the
      mold, the foam had a density of 14.4 lbs/ft.sup.3 and a woodscrew holding
      power of 133 lbs per inch of thread (No. 6 wood screw).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A non-aqueous thermosettable composition for making rigid plastic foams
      comprising a liquid resin consisting of 30 to 70 weight percent of a vinyl
      ester resin having pendant phthalate, isophthalate or terephthalate half
      ester groups and about 70 to 30 weight percent of a copolymerizable vinyl
      monomer, wherein said vinyl ester resin is prepared by reacting about
      equivalent amounts of an unsaturated monocarboxylic acid and a polyepoxide
      and esterifying at least about half of the hydroxyl groups formed from the
      acid-epoxide reaction to said half ester groups, and as a frothing agent
      at least about 1 pph of a copolymer containing (a) SiO.sub.2 units, (b)
      (CH.sub.3).sub.3 SiO.sub.1/2 units and
      ##EQU2##
      units wherein the ratio of (b) units to the sum of the (a) and (c) units
      is about 0.4:1 to 1.2:1 and wherein n has a value of 0 to 2, R.sub.2 is an
      alkyl group having 1 to 6 carbon atoms, R.sub.1 is an alkylene radical of
      1 to 6 carbon atoms and R is hydrogen, an alkyl radical of 1 to 6 carbon
      atoms or an aminoalkyl radical having 2 to 6 carbon atoms.
NUM  2.
PAR  2. The composition of claim 1 wherein R.sub.2 is methyl, n is 1, one R is
      hydrogen and the other R is H.sub.2 NCH.sub.2 CH.sub.2 --.
NUM  3.
PAR  3. The composition of claim 1 wherein the unsaturated monocarboxylic acid
      is methacrylic or acrylic acid.
NUM  4.
PAR  4. The composition of claim 3 wherein the resin has pendant phthalate half
      ester groups.
NUM  5.
PAR  5. The composition of claim 1 wherein the unsaturated monocarboxylic acid
      is a hydroxyalkyl acrylate or methacrylate half ester of a dicarboxylic
      acid having 2 to 6 carbons in the alkyl group.
NUM  6.
PAR  6. The composition of claim 5 wherein the alkyl group has 2 or 3 carbon
      atoms.
NUM  7.
PAR  7. The composition of claim 5 wherein the resin has pendant phthalate half
      ester groups.
NUM  8.
PAR  8. A process for preparing a foam comprising the steps of frothing the
      composition of claim 1 and polymerizing the frothed resin employing means
      to exclude oxygen.
NUM  9.
PAR  9. A process for preparing a foam comprising the steps of frothing the
      composition of claim 2 and polymerizing the frothed resin employing means
      to exclude oxygen.
NUM  10.
PAR  10. A process for preparing a foam comprising the steps of frothing the
      composition of claim 3 and polymerizing the frothed resin employing means
      to exclude oxygen.
NUM  11.
PAR  11. A process for preparing a foam comprising the steps of frothing the
      composition of claim 4 and polymerizing the frothed resin employing means
      to exclude oxygen.
NUM  12.
PAR  12. A process for preparing a foam comprising the steps of frothing the
      composition of claim 5 and polymerizing the frothed resin employing means
      to exclude oxygen.
NUM  13.
PAR  13. A process for preparing a foam comprising the steps of frothing the
      composition of claim 6 and polymerizing the frothed resin employing means
      to exclude oxygen.
NUM  14.
PAR  14. A process for preparing a foam comprising the steps of frothing the
      composition of claim 7 and polymerizing the frothed resin employing means
      to exclude oxygen.
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ABST
PAL  Polyester masses which are curable with low shrinkage containing
      non-crystallising unsaturated polyesters having a definite styrene
      compatibility, copolymerisable vinyl monomers and cellulose acetobutyrate
      and/or cellulose acetopropionate.
BSUM
PAR  The invention relates to mixtures containing
PA1  A. 20 - 70 per cent by weight of non-crystallising polyesters containing
      .alpha.,.beta.-unsaturated dicarboxylic acid radicals,
PA1  B. 20 - 70 per cent by weight of copolymerisable vinyl monomers and
PA1  C. 3 - 30 per cent by weight of cellulose acetobutyrate (CAB) and/or
      cellulose acetopropionate (CAP),
PAL  characterised in that the non-crystallising polyesters containing
      .alpha.,.beta.-unsaturated dicarboxylic acid radicals have a styrene
      compatibility of between 30 per cent by weight and 90 per cent by weight,
      preferably between 35 per cent by weight and 90 per cent by weight, of
      unsaturated polyester, and a content of between 0.53 and 0.20, preferably
      between 0.50 and 0.20, equivalent of .alpha.,.beta.-ethylenically
      unsaturated dicarboxylic acid radicals, capable of polymerisation by
      radical mechanisms, per 100 g of unsaturated polyester.
PAR  The mixtures according to the invention can be converted by the processes
      customary in industry to give moulding and pressing compositions which
      cure, with little shrinkage, to give shaped articles; polymerisation
      inhibitors, polymerisation initiators, optionally chemical thickeners
      based on oxides or hydroxides of a metal of main group 2 of the periodic
      system, and optionally thixotropic agents and/or fillers and/or fibrous
      materials and/or pigments and/or other additives for resins based on
      unsaturated polyesters are added or used conjointly. 2
PAR  The invention thus further relates to moulding compositions or pressing
      compositions based on the three-component mixtures according to the
      invention and to the use of these moulding compositions or pressing
      compositions, which are curable with little shrinkage, for the production
      of moulded articles.
PAR  Previously known three-component systems of comparable composition provide
      no detailed information on the nature and structure of the unsaturated
      polyesters to be employed (compare German Patent 970,110, French Pat. No.
      1,239,500 and German Pat. No. 1,192,820, Example 3) or demand the use of
      unsaturated polyesters of which the molecular weight factor per C=C double
      bond is between 150 and 186, that is to say of which the C=C double bond
      content lies between 0.667 and 0.537 equivalent per 100 g of unsaturated
      polyester (DT-OS (German Published Specification) 1,694,857 and DT-OS
      (German Published Specification) 1,794,323 or U.S. Pat. No. 3,642,672).
      According to these last-mentioned patent applications it is necessary to
      impose such a restriction on the unsaturated polyesters if moulding
      compositions based on unsaturated polyesters, copolymerisable monomers and
      cellulose esters are to be of industrial interest and are to find use in
      moulding compositions which can be cured with little shrinkage.
PAR  According to U.S. Pat. No. 3,642,672, column 7, lines 69 et seq,
      unsaturated polyesters with a lower double bond content are unsuitable for
      the purpose in question.
PAR  This observation agrees with the previously prevailing teaching (DT-AS
      (German Published Specification) 1,135,169) according to which
      compositions based on unsaturated polyester resins when cured display a
      shrinkage which is the lower the more heavily the unsaturated polyester
      resins employed can be crosslinked, that is to say the greater is the
      proportion of unsaturated bonds in the unsaturated polyester resin.
PAR  In face of this it was surprising and unforeseeable that it is possible to
      obtain, based on the three-component mixtures according to the invention,
      moulding compositions or pressing compositions which can be cured with
      little shrinkage and which are superior to comparable compositions, based
      on highly unsaturated polyesters, according to DT-OS (German Published
      Specification) 1,694,857, DT-OS (German Published Specification) 1,794,323
      or U.S. Pat. No. 3,642,672.
PAR  In addition, the highly reactive unsaturated polyesters claimed in the
      cited applications barely permit a variation in the esterification
      components, and this greatly restricts the number of usable polyesters and
      hence also their pattern of properties. On the other hand, the unsaturated
      polyesters claimed according to the present invention permit a broad
      variation in the esterification components, as a result of which
      particularly desired properties are readily obtainable. Thus, for example,
      the tendency of thick-walled ribs or projecting pieces in the pressing to
      crack, which is found when unsaturated polyesters of high double bond
      content are used, can be avoided by using unsaturated polyesters which
      have a very low double bond content but which are compatible with styrene
      in accordance with the invention.
PAR  The mixtures according to the invention are most appropriately produced by
      dissolving the cellulose ester in styrene at approx. 80.degree.C, mixing
      the solution, at this temperature, with the solution of the unsaturated
      polyester in styrene and then cooling the resulting mixture to room
      temperature.
PAR  To prepare a pressing composition according to the invention, the mixtures
      according to the invention are compounded with, for example, glass fibres,
      fillers and peroxide and optionally chemical thickeners such as, for
      example, magnesium oxide or calcium oxide or magnesium hydroxide or
      calcium hydroxide. Such a pressing composition can be heat-cured to give
      shaped articles.
PAR  The most streamlined method for the production of larger shaped articles is
      to use thickened resin mats. These are prepared by impregnating glass
      fibre mats with the pressing compositions described above which contain
      magnesium oxide but are free of glass fibres, and protecting their
      surfaces on either side by means of covering films. The films prevent the
      evaporation of the vinyl monomer, permit rolling up the mats, and hence
      permit a space-saving form of storage. After the resin mats have thickened
      after a ripening time of approx. 1 to 10 days, the covering films can be
      pulled off without damaging the resin mats and the mats can be cut into
      shape appropriately and be pressed hot to give mouldings of low shrinkage.
PAR  Unsaturated polyesters in the sense of the invention are the customary
      polycondensation products of .alpha.,.beta.-unsaturated dicarboxylic acids
      with polyhydroxy compounds, especially dihydroxy compounds (compare
      Bjorksten et al "Polyesters and their Application," Reinhold Publishing
      Corp., New York, 1956); the crystallising unsaturated polyesters
      obtainable according to the process claims of German Patent Application A
      4,446, 39c, 16, U.S. priority 22.11.1944 are excepted.
PAR  Examples of suitable .alpha.,.beta.-unsaturated dicarboxylic acids for the
      preparation of the unsaturated polyesters are maleic acid, fumaric acid,
      itaconic acid and, where relevant, their anhydrides. These can optionally
      be employed as mixtures, for example with adipic acid, phthalic acid,
      isophthalic acid, tetrahydrophthalic acid, terephthalic acid,
      tetrachlorophthalic acid, hexachloroendomethylenetetrahydrophthalic acid
      and their anhydrides. Monocarboxylic acids, for example acrylic acid or
      benzoic acid, can also be used conjointly in synthesising the unsaturated
      polyesters.
PAR  Examples of suitable polyhydroxy compounds are ethylene glycol, diethylene
      glycol, hexamethylene-1,6-diol, 1,2-propylene glycol, dipropylene glycol,
      1,3-butanediol, neopentyl glycol, trimethylolpropane allyl ether,
      2,2-bis-(4-hydroxycyclohexyl)-propane,
      2,2-bis-(4-hydroxyalkoxyphenyl)-propane, trimethylolpropane, glycerine or
      pentaerythritol; if desired, monohydroxy compounds such as, for example,
      allyl alcohol, methanol or ethanol can also be used conjointly in
      synthesising the unsaturated polyesters.
PAR  The unsaturated polyesters according to the present invention have
      molecular weights which can vary within a wide range and are usually
      between 500 and 5,000, preferably between 1,000 and 3,000.
PAR  The acid numbers of the polyesters according to the invention should be
      between 10 and 100, preferably between 20 and 70; the hydroxyl numbers of
      the polyesters according to the invention should be between 10 and 150,
      preferably between 20 and 100.
PAR  The content of equivalents of .alpha.,.beta.-ethylenically unsaturated
      dicarboxylic acid esters, capable of polymerisation by radical mechanisms,
      in the unsaturated polyester should be between 0.53 and 0.20, preferably
      between 0.50 and 0.20, per 100 g of unsaturated polyester and can be
      derived as follows from the composition of the starting components used
      for the preparation of the unsaturated polyester:
PAR  Equivalents of ethylenedicarboxylic acid per 100 g = (A .times. 100/B)
PAR  A = mols of ethylenedicarboxylic acid per polyester batch
PAR  B = parts by weight of the polyester batch after deducting the water of
      esterification.
DETD
PAR  Example: Calculation of the ethylenedicarboxylic acid content of UP 1 b:
     Maleic anhydride 803 g     =      8.2   mols                              
     Phthalic anhydride                                                        
                      266 g     =      1.8   "                                 
     1,2-Propylene glycol                                                      
                      836 g     =      11.0  "                                 
                      1,905 g                                                  
     - Water          180 g     =      10.0  "                                 
                      1,725 g                                                  
PAR  Equivalents of ethylenedicarboxylic acid per 100 g:
      ##EQU1##
PAR  According to the invention, amongst the large number of unsaturated
      polyesters obtainable from the components mentioned (carboxylic acids and
      hydroxy compounds), only those are suitable which have a styrene
      compatibility of between 30 per cent by weight and 90 per cent by weight,
      preferably between 35 per cent by weight and 90 per cent by weight, of
      unsaturated polyester, provided that their content of
      .alpha.,.beta.-ethylenically unsaturated dicarboxylic acid radicals
      polymerisable by radical mechanisms lies between 0.53 and 0.20 equivalent
      per 100 g of unsaturated polyester.
PAR  The styrene compatibility or styrene solubility of unsaturated polyesters
      is a known concept in the chemistry and technology of the unsaturated
      polyester resins: compare Johannes Scheiber, "Chemie und Technologie der
      kunstlichen Harze" ("Chemistry and Technology of synthetic Resins"),
      volume I, "Die Polymerisatharze" ("The Polymerisation Resins"),
      Wissenschaftliche Verlagsgesellschaft MBH, Stuttgart, 1961, 2nd edition,
      pages 563 et seq, especially pages 566 and 571/572.
PAR  The styrene compatibility of the unsaturated polyesters required according
      to the invention, specified in per cent by weight of unsaturated polyester
      relative to the total amount of unsaturated polyester and styrene, is
      defined and determined as follows:
PAR  At approx. 80.degree. to 100.degree.C, just sufficient unsaturated
      polyester is dissolved in styrene to give a clear solution of known
      concentration after immediate cooling to room temperature. Further styrene
      is added whilst stirring at room temperature until the solution turns
      cloudy. The concentration in per cent by weight of the unsaturated
      polyester, relative to the total amount of styrene and unsaturated
      polyester, at the cloud point is defined as the styrene compatibility.
PAR  The cloud point detection can be facilitated by using a black background
      whilst carrying out the dilution with styrene. The styrene used
      appropriately contains major amounts of an inhibitor, for example 0.2% of
      tert.-butylpyrocatechol, to avoid cloudiness due to foreign substances,
      such as, for example, polystyrene, rendering the determination more
      difficult.
PAR  The following example may be given by way of illustration:
PAR  E (g) = sample, in grams, of the clear polyester solution in styrene,
      containing P% of unsaturated polyester, for example 20 g
PAR  P (%) = per cent by weight of unsaturated polyester, dissolved in styrene
      to give a clear solution, for example 60%
PAR  S (g) = amount of styrene added to reach the cloud point, in grams, for
      example 10 g
      ##EQU2##
PAR  As is known from experience, the styrene compatibility of an unsaturated
      polyester is influenced by the polyester components involved in its
      synthesis, that is to say by the acids and hydroxy compounds used to
      synthesise the polyester.
PAR  Examples of esterification components which confer incompatibility with
      styrene are maleic acid, its anhydride, fumaric acid, ethylene glycol,
      diethylene glycol and hexamethylene glycol.
PAR  Examples of esterification components which confer compatibility with
      styrene are phthalic acid, isophthalic acid, tetrachlorophthalic acid,
      hexachloroendomethylenetetrahydrophthalic acid or its anhydrides,
      1,2-propylene glycol, dipropylene glycol, 1,3-butylene glycol, neopentyl
      glycol, trimethylolpropane allyl ether, perhydro-bisphenol,
      bisoxalkylbisphenol and the like. It can at times also be of advantage
      conjointly to use monohydric, or more than dihydric, alcohols and/or
      monobasic or more than dibasic carboxylic acids, bearing in mind the
      functionality, and the use of such compounds also influences the styrene
      compatibility.
PAR  The unsaturated polyesters are employed in amounts of 20 to 70 per cent by
      weight, preferably in amounts of 30 to 50 per cent by weight, in each case
      relative to the threecomponent mixture without other additives. The
      unsaturated polyesters are optionally prepared in the form of solutions in
      copolymerisable monomers, having the usual solids contents of between 80
      per cent by weight and 50 per cent by weight, and are used in the form of
      such solutions for the preparation of the three-component mixtures
      according to the invention.
PAR  The customary vinyl monomers, without limitation, are suitable for use as
      copolymerisable vinyl monomers in the sense of the invention; styrene,
      styrenes substituted in the aryl radical such as, for example, vinyl
      toluenes, tert.- butylstyrenes and chlorostyrenes, and divinylbenzene, are
      preferred; these can also be employed as a mixture with minor amounts of
      acrylic acid or methacrylic acid or their C.sub.1 -C.sub.4 -alkyl esters,
      vinyl esters, allyl esters or methallyl esters.
PAR  The vinyl monomers are employed in amounts of 20 to 70 per cent by weight,
      preferably in amounts of 40 to 60 per cent by weight, relative to the
      three-component mixture without other additives.
PAR  Cellulose esters according to the invention should be cellulose
      acetobutyrate (CAB) or cellulose acetopropionate (CAP), in which at least
      half the hydroxyl groups of the cellulose which are capable of
      esterification are esterified with butyric acid or propionic acid,
      respectively. The molecular weights of the cellulose esters to be used can
      vary within wide limits. They are usually specified in the form of
      solution viscosities. Cellulose esters with a viscosity of 0.1 - 20
      seconds according to ASTM-D-871-56, equation B, are preferred. The
      cellulose esters are obtained according to customary methods from
      cellulose and the corresponding acid anhydrides. The cellulose esters to
      be used according to the invention do not contain any acid groups.
PAR  CAB containing about 17 to 21 per cent by weight of acetic acid, relative
      to cellulose ester, and about 45 to 50 per cent by weight of butyric acid,
      relative to cellulose ester, and having a viscosity, according to
      ASTM-D-871-56, equation B, of 0.1 - 5 seconds, and OH numbers of 0 to 70
      mg of KOH/g of CAB is particularly suitable. CAB and/or CAP are employed
      in amounts of 3 to 30 per cent by weight, preferably 5 to 20 per cent by
      weight, relative to the threecomponent system without other additives.
PAR  The mixtures according to the invention contain the customary amounts of
      customary polymerisation inhibitors which prevent premature uncontrolled
      gelling, for example hydroquinone, toluhydroquinone, p-benzoquinone,
      p-tert.-butylpyrocatechol, chloranil, naphthoquinone, copper compounds or
      p-nitrosodimethylaniline.
PAR  Examples of suitable radical-forming initiators are benzoyl peroxide,
      tert.-butyl perbenzoate, tert.-butyl peroxide, cyclohexanone peroxide,
      tert.-butyl peroctoate, azoisobutyrodinitrile, cumene hydroperoxide and
      the like.
PAR  Known chemical thickeners are the oxides and hydroxides of the metals of
      main group 2 of the periodic system, preferably the oxides and hydroxides
      of magnesium and calcium, to which small amounts of water are added
      optionally.
PAR  Suitable thixotropic agents are the customary agents, for example inorganic
      agents, such as Aerosil, or organic agents which contain acid amide groups
      or urethane groups, or cyclohexylamides of higher fatty acids (DAS (German
      Published Specification) 1,182,816 and 1,217,611 and Belgian Patent
      693,580).
PAR  Customary additives are inert organic fillers, such as calcium carbonate,
      silicates, aluminas, lime, carbon, reinforcing fibres, such as glass
      fibres, which can also be in the form of fabrics or mats, synthetic
      organic fibres, cotton, asbestos or metal fabrics, organic and inorganic
      pigments, dyestuffs, lubricants and release agents, such as zinc stearate,
      UV absorbers and the like.
PAR  The mixing of the three-component mixtures according to the invention with
      polymerisation inhibitors, radical-forming agents, chemical thickeners,
      thixotropic agents and the customary additives is carried out in kneaders
      or on a roll mill or, in the case of smaller experiments carried out
      manually, in a mortar; this mixing produces the heat-curable pressing
      composition or moulding composition according to the invention.
PAR  Instead of, or in addition to, glass fibres, it is also possible to employ
      glass fibre mats or glass fibre fabrics for the preparation of the
      heat-curable pressing compositions or moulding compositions according to
      the invention, as has already been mentioned. In that case, the glass
      fibre mats are impregnated by means of the moulding composition which is
      to be cured and are then stored for 1 to 10 days in closed containers, for
      example using covering films.
PAR  The heat-curable moulding compositions or pressing compositions according
      to the invention which contain chemical thickeners have dry, non-tacky
      surfaces which are free of faults and glossy, after curing.
PAR  In addition, and in contrast to the prevailing teaching regarding moulding
      compositions which can be cured with little shrinkage and are based on
      three-component mixtures consisting of unsaturated polyesters,
      copolymerisable vinyl monomers and cellulose esters (according to DT-OS
      (German Published Specification 1,694,857, DT-OS (German Published
      Specification) 1,794,323 and U.S. Pat. No. 3,642,672) it has been found
      that unsaturated polyesters are in principle suitable for use as
      components of the three-component mixtures according to the invention
      regardless of their content of .alpha.,.beta.-ethylenically unsaturated
      dicarboxylic acid radicals which can be polymerised by radical mechanisms,
      provided their styrene compatibility is sufficiently low and is between 45
       per cent by weight and 90 per cent by weight, preferably between 50 per
      cent by weight and 90 per cent by weight, of unsaturated polyester.
PAR  This finding is surprising and permits the use of unsaturated polyesters of
      which the C=C double bond content can vary within broad limits and which
      thus include all customary unsaturated polyesters.
PAR  Hence, the present invention also relates to threecomponent mixtures
      containing
PA1  a. 20 to 70 per cent by weight of non-crystallising polyesters containing
      .alpha.,.beta.-unsaturated dicarboxylic acid radicals,
PA1  b. 20 to 70 per cent by weight of copolymerisable vinyl monomers and
PA1  c. 3 to 30 per cent by weight of cellulose acetobutyrate (CAB) and/or
      cellulose acetopropionate (CAP), characterised in that the styrene
      compatibility of the noncrystallising polyesters containing
      .alpha.,.beta.-unsaturated dicarboxylic acid radicals is between 45 per
      cent by weight and 90 per cent by weight of unsaturated polyester.
PAR  These mixtures can be converted according to the processes customary in the
      art to give moulding compositions and pressing compositions which can be
      cured with little shrinkage, and, as explained at the beginning of this
      patent application, polymerisation inhibitors, polymerisation initiators,
      chemical thickeners and optionally thixotropic agents and/or fillers
      and/or fibrous substances and/or pigments and/or other additives for
      resins based on unsaturated polyesters are added or used conjointly, as is
      described and explained in the present patent application.
PAR  Accordingly, the present invention also relates to moulding compositions or
      pressing compositions based on these last-mentioned three-component
      mixtures and the use of these moulding compositions or pressing
      compositions, which can be cured with little shrinkage, for the production
      of shaped articles.
PAR  The more detailed explanations given in the present patent application with
      regard to suitable ratios, definitions of terms, properties, technical
      advantages, production processes, end uses and fields of use also apply to
      the lastmentioned three-component mixtures and to the moulding
      compositions and pressing compositions which can produced therefrom and
      can be cured with little shrinkage.
PAC  Examples and comparison examples
PAR  Percentages quoted denote percentages by weight.
PAR  Viscosities quoted are measurements made in a Hoppler falling ball
      viscometer at 20.degree.C.
PAC  Preparation of the unsaturated polyesters (UP)
PAR  The unsaturated polyesters are prepared in a known manner by melt
      condensation and are dissolved in styrene to give a 65% strength solution.
      Before dissolving them, hydroquinone is added to the polyester. The
      composition of the polyesters and the characteristic data of the solutions
      are shown in the form of a table.
TBL  __________________________________________________________________________
                             UP 1a   UP 1b   UP 1c                             
                             comparison                                        
                                     comparison                                
     __________________________________________________________________________
     Maleic anhydride, g     938     803     794                               
     Phthalic anhydride, g   64      266     281                               
     1,2-Propylene glycol, g 836     836     608                               
     Ethylene glycol, g      --      --      186                               
     Hydroquinone, g         0.33    0.34    0.34                              
     Characteristic data of the polyester:                                     
     Ethylene dicarboxylic acid, equiv/100 g                                   
                             0.58    0.48    0.48                              
     Styrene compatibility, %                                                  
                             38      25      38                                
     Characteristic data of the styrene solution:                              
     Solids content, g       65      65      65                                
     Viscosity (20.degree.C), cP                                               
                             2,200   2,300   2,200                             
     Acid number, mg of KOH/g                                                  
                             22      17      18                                
     __________________________________________________________________________
TBL  __________________________________________________________________________
                             UP 2a   UP 2b   UP 2c   UP 2d                     
     __________________________________________________________________________
     Maleic anhydride, g      882    774     706     666                       
     Phthalic anhydride, g   148     311     414     474                       
     1,2-Propylene glycol, g 494     418     380     342                       
     Ethylene glycol, g      279     341     372     403                       
     Hydroquinone, g         0.32    0.33    0.34    0.34                      
     Characteristic data of the polyester:                                     
     Ethylene dicarboxylic acid, equiv/100 g                                   
                             0.56    0.48    0.43    0.39                      
     Styrene compatibility, %                                                  
                             56      57      57      56                        
     Characteristic data of the styrene solution:                              
     Solids content, %       65      65      65      65                        
     Viscosity (20.degree.C), cP                                               
                             1,900   1,850   2,400   2,400                     
     Acid number, mg of KOH/g                                                  
                             23      23      21      22                        
     __________________________________________________________________________
TBL                          UP 3a   UP 3b   UP 3c                             
     __________________________________________________________________________
     Maleic anhydride, g     784     774     774                               
     Phthalic anhydride, g   296     311     311                               
     1,2-Propylene glycol, g 508     456     380                               
     Ethylene glycol, g      267     310     372                               
     Hydroquinone, g         0.34    0.33    0.33                              
     Characteristic data of the polyester:                                     
     Ethylene dicarboxylic acid, equiv/100 g                                   
                             0.48    0.48    0.48                              
     Styrene compatibility, %                                                  
                             45      50      60                                
     Characteristic data of the styrene solution:                              
     Solids content, %       65      65      65                                
     Viscosity (20.degree.C), cP                                               
                             2,200   2,700   2,500                             
     Acid number, mg of KOH/g                                                  
                             18      19      20                                
     __________________________________________________________________________
PAC  Preparation of the mixtures according to the invention
PAR  To prepare the mixtures according to the invention, 60 parts by weight of
      the unsaturated polyester solutions UP 1 to 3 are mixed with 40 parts by
      weight of a solution consisting of 12 parts by weight of a cellulose
      acetobutyrate (CAB I) and 28 parts of styrene, the solution having been
      prepared at 80.degree.C.
PAR  CAB I is a cellulose acetobutyrate containing 18% of acetic acid and 45% of
      butyric acid and having a viscosity of 0.2 second according to
      ASTM-D-871-56, equation B.
PAC  Composition of the mixtures according to the invention
TBL  60  parts by weight of UP 1 to 3                                          
         solution, consisting of                                               
                            39  parts by weight of unsatu-                     
                                rated polyester                                
                            21  parts by weight of styrene                     
     40  parts by weight of CAB I solu-                                        
         tion, consisting of                                                   
                            12  parts by weight of CAB I                       
                            28  parts by weight of styrene                     
     100 parts by weight of mixture                                            
                            100 parts by weight                                
PAR  The solutions of polyester in styrene, containing CAB I, are hereafter
      referred to as UP 1 CAB to UP 3 CAB and represent the examples and
      comparison tests.
PAR  The mixtures according to the invention are in each case assessed from a
      cured pressing which is produced from thickened resin mats.
PAC  Preparation of the resin mats
PAR  100 parts by weight of solutions UP 1 CAB to UP 3 CAB are intimately mixed
      with the additives listed below in a kneader or on a roll mill, the
      mixture is used to impregnate a glass fibre mat in the ratios indicated,
      and the mat is protected on both sides with covering films, rolled up and
      stored for 7 days at room temperature.
PAC  Composition of the resin mats
TBL  100.00 parts by weight of                                                 
                         UP 1 CAB to UP 3 CAB solution                         
     100.00 "            calcium carbonate                                     
     1.50   "            magnesium oxide                                       
     4.00   "            zinc stearate                                         
     1.65   "            black iron oxide                                      
     3.35   "            red iron oxide                                        
     0.75   "            tert.-butylperbenzoate                                
     52.80  "            glass fibre mat                                       
     ______________________________________                                    
PAC  Production of the pressing
PAR  After storing the resin mats for 7 days at room temperature, the covering
      films are pulled off and 125 g of a thickened resin mat are pressed for 5
      minutes at 145.degree.C, under 120 kg/cm.sup.2, to give sheets (12 .times.
      12 cm) having a diagonal rib and a projecting piece.
PAR  The linear percentage shrinkage, measured over the diagonal rib of the
      cured sheet produced from the resin mixtures according to the invention,
      is listed in the table which follows. The values are average values from
      three different sheets.
      ##SPC1##
PAR  The results in the table confirm the teaching, according to the invention,
      of the present patent application.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mixture containing
PA1  A. 20-70% by weight of a non-crystallizing polyester which is the
      condensation product of an .alpha.,.beta.-unsaturated dicarboxylic acid
      and a polyhydroxy compound and has an acid number between 10 and 100 and a
      hydroxyl number between 10 and 150,
PA1  B. 20-70% by weight of a copolymerizable vinyl monomer and
PA1  C. 3-30% by weight of cellulose acetobutyrate, cellulose acetopropionate or
      a mixture thereof,
PAL  said non-crystallizing polyester having
PA2  1. a styrene compatibility of between 50% by weight and 90% by weight of
      unsaturated polyester or
PA2  2.
NUM  2.
PAR  2. a styrene compatibility of between 35% by weight and 90% by weight of
      unsaturated polyester and a content of between 0.50 and 0.20 equivalent of
      .alpha.,.beta.-ethylenically unsaturated dicarboxylic acid radicals per
      100 g. of unsaturated polyester,
PAL  said percentages by weight of said (A), (B) and (C) being based on the
PAR   total weight of (A), (B) and (C). 2. The mixture of claim 1 wherein said
      acid number is between 20 and 70.
NUM  3.
PAR  3. The mixture of claim 1 wherein said hydroxyl number is between 20 and
      100.
NUM  4.
PAR  4. A moulding or pressing composition containing the mixture of claims.
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ABST
PAL  Improved copolymers of unsaturated copolymerizable carboxylic acid monomers
      and one or more alkyl acrylate esters containing 10 to 30 carbon atoms
      which serve as efficient thickeners of aqueous solutions, even in the
      presence of substantial amounts of inorganic salts such as sodium chloride
      are prepared by conducting the polymerization of the comonomers in a
      chlorofluoroethane.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my copending application Ser. No. 485,125
      filed July 2, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known (U.S. Pat. No. 2,798,053) that copolymers of carboxylic monomer
      such as acrylic acid and about 0.1 to 1.0 by weight of a polyalkenyl
      polyether crosslinker such as polyallyl sucrose are gel-like polymers
      which are insoluble in water and organic solvents and which, especially in
      the form of their salts, absorb large quantities of water or solvent with
      consequent many times increase in volume. Additional monomers taught by
      the patent as compatible with 40 to 95% by weight acrylic acid and 0.2 to
      2.5% by weight polyalkenyl polyether are 4to 59% by weight methyl acrylate
      and 2-ethylhexyl acrylate. These polyelectrolyte polymers are useful as
      bodying and suspending agents in various mucilaginous and colloidal
      gel-like applications such as dentifrices, surgical jellies, creams and
      ointments, printing paste thickeners, and the like. A still unsolved
      problem is that most polyelectrolyte solutions decrease drastically in
      viscosity upon the addition of electrolytes such as sodium chloride. The
      prior art thickener materials are ion-sensitive and do not serve to
      efficiently maintain or increase the viscosities of water or organic
      solvent solutions containing inorganic salts such as sodium chloride even
      when a third monomer such as 2-ethylhexyl acrylate is included in the
      polymer as is suggested by the prior art patent. This property would be of
      great value, for instance, in thickening certain latexes, oil well
      drilling muds, food preparations, ionic detergents, dye pastes, cosmetic
      preparations, and pharmaceuticals. In some cases the problem is to thicken
      a solution containing a given amount of salt, as in a particular
      pharmaceutical recipe. In other cases it may be desired to maintain a
      constant viscosity level in a solution in which the amount of salt present
      is increasing, for example, in an automobile storage battery. My present
      application discloses useful copolymers of carboxylic acid polymers with
      acrylic esters containing 10 to 30 carbon atoms. Further improvement in
      these polymers and the process for making them is desired.
PAC  SUMMARY OF THE INVENTION
PAR  Improved copolymers of unsaturated copolymerizable carboxylic acid monomers
      with at least one acrylic ester containing about 10 to 30 carbon atoms are
      found to be more efficient water thickeners, which when neutralized by
      basic materials form water mucilages that have especially improved
      resistance to decrease in viscosity when salts are added thereto when such
      polymerization is conducted in the presence of a chlorofluoroethane, as
      compared to such materials polymerized in the prior art diluents or
      solvents. The polymers prepared in accordance with this invention not only
      are more efficient thickening agents than those prepared with other prior
      art solvents, but in many cases have more desirable consistency. Other
      advantages are that filterable slurries are obtained whereby the polymers
      are readily separated from the diluent, and certain copolymers which are
      not practically prepared in solvents such as benzene are readily prepared
      in accordance with this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Polymers of a carboxylic acid monomer and one or more acrylic esters having
      aliphatic chain length of 10 to 30 carbon atoms are found to be efficient
      water thickeners which, when neutralized by a basic material, form water
      mucilages that have much greater resistance to dropping sharply in
      viscosity when a salt such as sodium chloride is either added thereto, or
      is already present in said water system, than do the mucilages prepared
      with thickening agents known in the prior art.
PAR  Depending on the proportion of the critical long chain aliphatic acrylates
      utilized, the polymers vary considerably in properties. Varying the
      proportion of the acrylate monomer serves to provide control of aqueous
      solution viscosity of the copolymer solutions, control of the rheology or
      flow properties of combinations of polymer and a solvent such as water,
      and to provide the ability to thicken ion containing water solutions with
      an efficiency heretofore not possible with prior art thickening agents.
PAR  The new copolymers provided by this invention may optionally be crosslinked
      by the inclusion in the polymer system of a crosslinking monomer selected
      from polymerizable compounds containing a polymerizable CH.sub.2 =C&lt;
      grouping and at least one other polymerizable grouping, the unsaturated
      bonds of said polymerizable grouping being nonconjugated with respect to
      each other.
PAR  When an optional crosslinking monomer is present, it serves to provide
      particular control of the rheology of the mucilage. With no crosslinker
      present, thickening agents containing less than 20-30 weight percent of
      acrylate ester often form solutions which are stringy in nature before a
      salt is added, but which become desirably smooth and buttery in appearance
      after the addition of salt. A solution or mucilage of a crosslinked
      thickener of this invention containing a suitable level of long chain
      alkyl acrylate or methacrylate is usually buttery in its initial
      appearance and maintains more constant solution viscosity in cases where
      salt is added to the solution in increasing amounts than do the prior art
      materials.
PAR  Highly useful carboxylic polymers are obtained when a carboxylic monomer
      such as acrylic acid, maleic acid or maleic anhydride, and the like is
      copolymerized with certain proportions of acrylic esters having long chain
      (from 10 to 30 carbon atoms) aliphatic groups and, optionally, with a
      crosslinking agent comprising a polymerizable compound containing a
      polymerizable CH.sub.2 =C&lt; grouping and at least one other polymerizable
      grouping, said groups being nonconjugated with respect to each other.
      These crosslinkers are typified by allyl acrylate, methallyl methacrylate,
      diallyl malonate, divinyl ether, glycol diacrylate (ethylene diacrylate),
      glyceryl triacrylate, and divinyl benzene.
PAR  A useful crosslinking material is a polyalkenyl polyether of a polyhydric
      alcohol containing more than one alkenyl ether grouping per molecule, the
      parent polyhydric alcohol containing at least 4 carbon atoms and at least
      three hydroxyl groups, typified by polyallyl sucrose.
PAR  In aqueous systems where a relatively constant viscosity is to be
      maintained as the amount of an inorganic salt added to the system is
      increased from about 0.05 to about 3.0 percent by weight, the presence of
      a crosslinking monomer is generally beneficial. The presence of the
      crosslinking material in these solutions maintains the texture of the
      solution. This is particularly important in pharmaceutical and cosmetic
      applications. Some thickened aqueous solutions are stringy in nature,
      appearance and feel. This texture may change to a more desirable buttery
      or smooth consistency as salt is added. The smooth texture can be usually
      achieved initially and can be easily maintained upon the addition of salt
      if a crosslinking monomer is present.
PAR  Crosslinking monomers in the thickening compositions of this invention are
      not needed nor preferred if the neutralized copolymer is to be used to
      thicken an aqueous system which initially contains salt ions (the salt
      being present at a level of 0.5 to 5 percent by weight in the solution).
      The brines encountered in oil well drilling are instances of this
      situation.
PAR  Many of the compositions of this invention are superior to gum tragacanth,
      gum Karaya and other naturally occurring more or less insoluble gum-like
      substances conventionally used as bodying and suspending agents. The high
      swelling polymers of this invention are useful in preparing various
      mucilaginous or colloidal gel-like materials such as dentrifices, surgical
      jellies, creams and ointments, and printing paste thickeners. They show
      promise as foam builders and foam stabilizers and as emulsifying agents
      for water-solvent combination compositions. They also find use in low
      concentrations by weight as treatment agents for waste water, cooling
      water and boiler water. In liquid detergent solutions the copolymers serve
      as clarifying or solubilizing agents as well as thickeners.
PAR  Production of the polymers of this invention employs a monomeric mixture
      which contains two essential monomeric ingredients, each in certain
      proportions, one being a monomeric olefinically-unsaturated carboxylic
      acid and the other being an acrylic ester having a long chain aliphatic
      group. Optionally, there is included in the monomeric mixture a
      crosslinking monomer, for example, allyl sucrose.
PAR  The carboxylic monomers useful in the production of the polymers of this
      invention are the olefinically-unsaturated carboxylic acids containing at
      least one activated carbon-to-carbon olefinic double bond, and at least
      one carboxyl group, that is, an acid containing an olefinic double bond
      which readily functions in polymerization because of its presence in the
      monomer molecule either in the alpha-beta position with respect to a
      carboxyl group thusly,
      ##EQU1##
      or as a part of a terminal methylene grouping thusly, CH.sub.2 =C&lt;. In the
      alpha-beta acids the close proximity of the strongly polar carboxyl group
      to the double-bonded carbon atoms has a strong activating influence
      rendering the substances containing this structure very readily
      polymerizable. The presence of a terminal methylene grouping in a
      carboxylic monomer makes this type of compound much more easily
      polymerizable than if the double bond were intermediate in the carbon
      structure. Olefinically-unsaturated acids of this class include such
      widely divergent materials as the acrylic acids typified by acrylic acid
      itself, methacrylic acid, ethacrylic acid, alpha-chloroacrylic acid,
      alpha-cyano acrylic acid, beta methyl-acrylic acid (crotonic acid),
      alpha-phenyl acrylic acid, beta-acryloxy propionic acid, sorbic acid,
      alpha-chloro sorbic acid, angelic acid, cinnamic acid, p-chloro cinnamic
      acid, beta-styryl acrylic acid (1-carboxy-4-phenyl butadiene-1,3),
      itaconic acid, citraconic acid, mesaconic acid, glutaconic acid, aconitic
      acid, maleic acid, fumaric acid, and tricarboxy ethylene. As used herein,
      the term "carboxylic acid" includes the polycarboxylic acids and those
      acid anhydrides, such as maleic anhydride, wherein the anhydride group is
      formed by the elimination of one molecule of water from two carboxyl
      groups located on the same polycarboxylic acid molecule. Anhydrides of the
      types formed by elimination of water from two or more molecules of the
      same or different unsaturated acids, such as acrylic anhydride, are not
      included because of the strong tendency of their polymers to hydrolyze in
      water and alkali. Maleic anhydride and the other acid anhydrides useful
      herein have the general structure
      ##EQU2##
      wherein R and R' are selected from the group consisting of hydrogen,
      halogen, cyanogen (--C.tbd.N), hydroxyl, lactam and lactone groups and
      alkyl, aryl, alkaryl, aralkyl, and cycloalkyl groups such as methyl,
      ethyl, propyl, octyl, decyl, phenyl, tolyl, xylyl, benzyl, cyclohexyl and
      the like.
PAR  The preferred carboxylic monomers for use in this invention are the
      monoolefinic acrylic acids having the general structure
      ##EQU3##
      wherein R is a substituent selected from the class consisting of hydrogen,
      halogen, hydroxyl, lactone, lactam and the cyanogen (--C.tbd.N) groups,
      monovalent alkyl radicals, monovalent aryl radicals, monovalent aralkyl
      radicals, monovalent alkaryl radicals and monovalent cycloaliphatic
      radicals. Of this class, acrylic acid itself is most preferred because of
      its generally lower cost, ready availability, and ability to form superior
      polymers. Another particularly preferred carboxylic monomer is maleic
      anhydride.
PAR  The preferred acrylic ester monomers having long chain aliphatic groups are
      derivatives of acrylic acid represented by the formula:
      ##EQU4##
      wherein R is a member of the class consisting of alkyl groups having from
      8 to 30 carbon atoms, preferably 10 to 22 carbon atoms and R' is hydrogen
      or a methyl group. Representative higher alkyl acrylic esters are decyl
      acrylate, lauryl acrylate, stearyl acrylate, behenyl acrylate and melissyl
      acrylate and the corresponding methacrylates. Mixtures of two or three or
      more long chain acrylic esters may be successfully polymerized with one of
      the carboxylic monomers to provide useful thickening resins of this
      invention.
PAR  The preferred crosslinking monomer, if one is employed, is a polyalkenyl
      polyether having more than one alkenyl ether grouping per molecule. The
      most useful possess alkenyl groups in which an olefinic double bond is
      present attached to a terminal methylene grouping, CH.sub.2 =C&lt;. They are
      made by the etherification of a polyhydric alcohol containing at least 4
      carbon atoms and at least 3 hydroxyl groups. Compounds of this class may
      be produced by reacting an alkenyl halide, such as allyl chloride or allyl
      bromide with a strongly alkaline aqueous solution of one or more
      polyhydric alcohols. The product is a complex mixture of polyethers with
      varying numbers of ether groups. Analysis reveals only the average number
      of ether groupings on each molecule. Efficiency of the polyether
      cross-linking agent increases with the number of potentially polymerizable
      groups on the molecule. It is preferred to utilize polyethers containing
      an average of two or more alkenyl ether groupings per molecule. Other
      crosslinking monomers include for example, diallyl esters, dimethallyl
      ethers, allyl or methally acrylates and acrylamides, tetraallyl tin,
      tetravinyl silane, polyalkenyl methanes, diacrylates and dimethacrylates,
      divinyl compounds, polyallyl phosphate, diallyloxy compounds and phosphite
      esters and the like.
PAR  Monomeric mixtures of the carboxylic monomer and the long chain acrylic
      ester monomer preferably contain 95 to 50 weight percent carboxylic
      monomer and 5 to 50 weight percent acrylic ester monomer.
PAR  When the optional crosslinking agent is present, polymeric mixtures
      containing about 0.1% to about 4% by weight of crosslinking monomer based
      on the total of carboxylic acid monomer plus the long chain alkyl acrylate
      ester monomer, preferably 0.2 to 1.0% by weight based on the total mixture
      are employed. Polymers containing less than 5 to 10% by weight of water
      extractable material are produced with as little as 0.2 to 0.5% by weight
      of the crosslinker. When 0.1 to 4.0% more preferably 0.20 to 1.0% by
      weight of the crosslinking monomer is utilized, water-insoluble polymers
      are obtained, especially with acrylic acids, which are extremely
      water-sensitive, especially in the form of their monovalent salts, and
      swell greatly with the absorption of hundreds of times their own weight of
      water when neutralized with base. When 0.1 to 6.0%, more preferably 0.20
      to 2.5% of the crosslinking monomer is copolymerized with maleic
      anhydride, high-swelling polymers also are obtained. In these
      interpolymers, the carboxylic monomer or monomers should not be less than
      50% of the total monomeric mixture. Three component interpolymers may be
      made from monomeric mixtures comprising from 60 to 95% of a carboxylic
      monomer such as acrylic acid, from 39.9 to 4% by weight of a long chain
      acrylic ester such as lauryl acrylate and from 0.1 to 6% of crosslinking
      monomer such as polyallyl sucrose, the total parts by weight being equal
      to 100.
PAR  Preferred for use as crosslinked water-swellable artificial gums are
      tripolymers resulting from the polymerization of monomeric mixtures
      containing, respectively, from 70 to 95% by weight of acrylic acid, 4 to
      29.5% of a second monomer such as lauryl acrylate or stearyl acrylate and
      0.5% to 1.0% by weight of a crosslinker such as a polyallyl polyether. It
      is to be understood that in the above proportions, if a maximum amount of
      two of the monomers are utilized that somewhat less than maximum amount of
      the third monomer must be utilized.
PAR  The polymers of this invention are preferably made by polymerization in an
      inert diluent having some solubilizing action on one or more of the
      monomeric ingredients but substantially none on the resultant polymer.
      Polymerization in mass may be employed but is not preferred because of the
      difficulty in working up the solid polymeric masses obtained.
      Polymerization in an aqueous medium containing a water-soluble free
      radical catalyst peroxygen is useful, the product being obtained either as
      a granular precipitate or as a highly swollen gel, either of which may be
      used directly or are easily further sub-divided and dried. Polymerization
      in an organic liquid which is a solvent for the monomers but a non-solvent
      for the polymer, or in a mixture of such solvents, in the presence of a
      solvent-soluble catalyst is most preferred because the product is usually
      obtained as a very fine friable and often fluffy precipitate which, after
      solvent removal, seldom requires grinding or other treatment before use.
      Suitable solvents for the latter method include benzene, xylene, tetralin,
      hexane, heptane, carbon tetrachloride, methyl chloride, ethyl chloride,
      bromo trichloro methane, dimethyl carbonate, diethyl carbonate, ethylene
      dichloride, and mixtures of these and other solvents.
PAR  In accordance with this invention the polymerization is conducted in the
      presence of a haloethane or methane, preferably containing at least four
      halogen atoms. Representative materials include for example, a
      fluoroethane, fluoromethane, chlorofluoromethane, bromofluoroethane, or
      preferably a chlorofluoroethane or chlorofluoromethane containing at least
      four halogen atoms including, for example,
      1,1,2-trichloro-1,2,2-trifluoroethane, trichlorofluoromethane,
      tetrafluoromethane, chlorotrifluoromethane, bromotrifluoromethane,
      1-chloro-1,1,2,2,2-pentafluoroethane, dichlorodifluoromethane,
      1,2-difluoro-1,1,2,2-tetrachloroethane and the like. The amounts of these
      materials used may be varied from the amount just sufficient to make a
      slurry of the reactants up to where there is a substantial excess of the
      chlorofluoroethane, as will be apparent to those skilled in the art.
      Preferred diluents are those which are solvents for the monomers but
      non-solvents for the polymers.
PAR  Polymerization in the diluent medium is carried out in the presence of a
      free radical catalyst in a closed vessel in an inert atmosphere and under
      autogenous pressure or artificially-induced pressure or in an open vessel
      under reflux at atmospheric pressure. Temperature of the polymerization
      may be varied from 0.degree. to 100.degree.C., depending to a large degree
      on the molecular weight desired in the polymer. Polymerization under
      reflux at 50.degree. to 90.degree.C. under atmospheric pressure using a
      free radical catalyst is generally effective in bringing a polymer yield
      of 75% to 100% in less than 10 hours. Suitable catalysts include peroxygen
      compounds such as sodium, potassium and ammonium persulfates, caprylyl
      peroxide, benzoyl peroxide, hydrogen peroxide, pelargonyl peroxide, cumene
      hydroperoxides, tertiary butyl diperphthalate, tertiary butyl perbenzoate,
      sodium peracetate, sodium percarbonate, and the like as well as azo
      diisobutyryl nitrile, hereinafter referred to as azoisobutyronitrile.
      Other catalysts utilizable are the so-called "redox" type of catalyst and
      the heavy-metal activated catalyst systems. These polymers generally do
      not attain their maximum properties in water until converted to a partial
      alkali, ammonium or amine salt. The neutralizing agent is preferably a
      monovalent alkali such as sodium, potassium lithium or ammonium hydroxide
      or the carbonates and bicarbonates thereof, or mixtures of the same, and
      also amine bases having not more than one primary or secondary amino
      group. Polyvalent bases such as calcium hydroxide usually have a
      deswelling action on the water-swollen polymers and their salts, although
      their absolute swell notwithstanding the presence of these polyvalent
      metal ions is higher than that of the naturally-occurring gum-like
      materials such as gum tragacanth and the like in the presence of the same
      deswelling agents.
PAR  Copolymers are evaluated as thickeners or viscosity improvers by mixing the
      copolymer with a base (typically-triethylamine). The neutralized copolymer
      is dissolved in water. Solution viscosities are then measured with an RVT
      model Brookfield viscometer. The influence of salts, such as sodium
      chloride, upon the viscosities of these solutions is observed by measuring
      viscosity upon the addition of incremental amounts of salt to the
      solutions.
PAR  The invention will now be more fully described in the following specific
      examples, which are intended as being illustrative only, of the
      preparation of several types of polymers using various proportions of
      monomers, polymerization media, temperature, etc. and the effects of these
      polymers upon the viscosities of aqueous solutions.
PAC  EXAMPLE I
PAR  A series of batch polymerizations of acrylic acid and stearyl acrylate was
      carried out in benzene at 65.degree.C. using caprylyl peroxide as the
      initiator. The reactions were conducted in 12 oz. crown capped glass
      bottles under dry nitrogen. The polymers, insoluble in benzene, were
      separated by centrifuging and dried in a vacuum oven at 55.degree.C.
PAR  Weight percent stearyl acrylate content of the copolymers and appearance of
      solutions of 0.5 gram copolymer, 1 ml. of triethylamine and 100 ml.
      distilled water were as follows:
TBL                                    TABLE I                                 
     __________________________________________________________________________
          Weight %           Brookfield Viscosity - cps                        
          Stearyl                                                              
               Appearance of Solution                                          
                             Salt added - grams                                
     Polymer                                                                   
          Acrylate                                                             
               no salt added None 0.05 0.1  0.2  0.3                           
     __________________________________________________________________________
     A    8.3  smooth, clear 100  --   --   --   --                            
     B    11.6 slightly hazy, very stringy                                     
                             1550 850  800  1750 2650                          
     C    15.1 slightly hazy,                                                  
                             5750 3800 5750 9350 8800                          
               very stringy                                                    
     D    21.9 hazy, very stringy,                                             
                             7800 10450                                        
                                       12150                                   
                                            13500                              
                                                 12050                         
               slightly grainy                                                 
     E    24.1 hazy, cloudy, very                                              
                             7700 12800                                        
                                       13000                                   
                                            14500                              
                                                 10250                         
               stringy, somewhat grainy                                        
     F    25.8 cloudy, stringy, grainy                                         
                             7650 10900                                        
                                       11950                                   
                                            8950 5450                          
     Control*                42250                                             
                                  18500                                        
                                       9250 2950 1400                          
     __________________________________________________________________________
      *Copolymer of acrylic acid (98.5 weight percent) and allyl sucrose (1.5  
      weight percent) swelling index 600.                                      
PAR  The data show that copolymer solution viscosity increases through a maximum
      as the stearyl acrylate content of copolymer increases. Response of the
      solutions with respect to viscosity loss or increase as salt is added
      depends on the stearyl acrylate content of the copolymer used. The control
      water thickener of the prior art exhibits an initial greater viscosity in
      solution, but this viscosity falls drastically as increments of salt are
      added.
PAR  A control solution with only 0.2 part salt present exhibits totally
      unsatisfactory viscosity of 2,950 cps while copolymers of the invention
      maintain viscosities up to 14,500 cps with the same level of salt present.
      Some of the solutions which are stringy in nature before the addition of
      salt become more jelly-like or buttery in nature as increasing amounts of
      salt are added. This change indicates that the salt can be used in
      conjunction with the polymers of the invention to not only control the
      solution viscosity as such, but also to control the consistency of the
      aqueous system.
PAC  EXAMPLE II
PAR  Employing the procedure of Example I, a series of acrylic acid-stearyl
      methacrylate copolymers was made and evaluated with results shown in Table
      2.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Weight %                Brookfield viscosity - cps                        
     Stearyl     Appearance of solution                                        
                             Salt added - grams                                
     Polymer                                                                   
          Methacrylate                                                         
                 no salt added                                                 
                             None 0.05 0.1 0.2  0.3                            
     __________________________________________________________________________
     A    4.4    clear, stringy                                                
                             200  --   --  --   --                             
     B    12.0   clear, very stringy                                           
                             5600 3700 3350                                    
                                           7500 12300                          
     C    18.5   clear, very stringy,                                          
                             8500 7100 9400                                    
                                           17900                               
                                                16050                          
                 slightly grainy                                               
     D    26.7   clear, stringy,                                               
                             3150 6250 7450                                    
                                           11250                               
                                                8850                           
                 somewhat grainy                                               
     E    33.4   clear, grainy, not                                            
                             1400 2150 3700                                    
                                           4250 3500                           
                 so stringy, more                                              
                 buttery                                                       
     Control*                42280                                             
                                  18500                                        
                                       9250                                    
                                           2450 1400                           
     __________________________________________________________________________
      *Copolymer of acrylic acid (98.5 weight percent) and allyl sucrose (1.5  
      weight percent) swelling index 600                                       
PAR  The data show that solution viscosity rises to a maximum, then falls off as
      the weight percent stearyl methacrylate increases. Resistance to viscosity
      drop as the amount of salt is increased also rises to a maximum and then
      declines as weight percent stearyl methacrylate increases. Optimum weight
      percent stearyl methacrylate is determined by the concentration of the
      salt solutions that are to be thickened.
PAR  Again, the control solutions have fallen to unsatisfactory levels of
      viscosity (below about 3,000 cps.) when 0.2 part of salt is added. Similar
      solutions of the invention show viscosities up to 17,900 cps.
PAR  The neutralized acrylic acid-stearyl methacrylate copolymers form very
      viscous solutions even when present at low concentration by weight.
PAR  It is unexpected to find solutions of this type that increase in viscosity
      as sodium chloride is added.
PAR  Similar results were obtained when a series of copolymers and test
      solutions were made as in Example I, except that lauryl acrylate was used
      as a replacement for stearyl acrylate.
PAC  EXAMPLE III
PAR  Employing the procedure of Example I, two series of acrylic acid-stearyl
      methacrylate - polyallyl sucrose terpolymers was made and evaluated with
      results shown in Table 3. The test solutions comprised 1 gram of polymer,
      2 ml. triethylamine and 100 ml. water. The first series of terpolymer
      contained 0.5 weight percent crosslinker. The second series contained 1.0
      weight percent crosslinker.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Weight    Weight Weight                                                   
     Percent   Percent                                                         
                      Percent                                                  
                            Brookfield Viscosity - cps                         
     Acrylic   Stearyl                                                         
                      Polyallyl                                                
                            Salt added - grams                                 
     Polymer                                                                   
          Acid Methacrylate                                                    
                      Sucrose                                                  
                            None 0.2  0.4  0.6  0.8  2.0                       
     __________________________________________________________________________
     A    94.56                                                                
               4.94   0.5   22.400                                             
                                 14550                                         
                                      13150                                    
                                           15100                               
                                                16400                          
                                                     12350                     
     B    89.62                                                                
               9.88   0.5   32900                                              
                                 30350                                         
                                      32900                                    
                                           36250                               
                                                31500                          
                                                     6700                      
     C    84.67                                                                
               14.83  0.5   43650                                              
                                 41200                                         
                                      43000                                    
                                           38400                               
                                                30600                          
                                                     1750                      
     D    79.75                                                                
               19.75  0.5   52500                                              
                                 47450                                         
                                      40750                                    
                                           23800                               
                                                15050                          
                                                     &lt;600                      
     E    99.5 0      0.5   20500                                              
                                 9800 7300 5350 4250 1800                      
     E is a prior art control thickener                                        
     TABLE IV                                                                  
     F    93.95                                                                
               5.05   1.0   61800                                              
                                 33850                                         
                                      27400                                    
                                           22650                               
                                                14700                          
                                                     6650                      
     G    91.25                                                                
               9.75   1.0   61000                                              
                                 45450                                         
                                      39400                                    
                                           30250                               
                                                21500                          
                                                     2850                      
     H    84.38                                                                
               14.62  1.0   56600                                              
                                 57400                                         
                                      42900                                    
                                           25750                               
                                                18350                          
                                                     1050                      
     I    79.5 19.50  1.0   71200                                              
                                 50400                                         
                                      30700                                    
                                           15950                               
                                                8000 &lt;600                      
     J    99   0      1.0   32850                                              
                                 18000                                         
                                      13100                                    
                                           10150                               
                                                8300 3250                      
     J is a prior art control thickener                                        
     __________________________________________________________________________
PAR  Cross-linked terpolymers show higher salt containing solution viscosities
      than do such solutions containing control thickeners of crosslinked
      carboxylic acid. Terpolymers containing 1% crosslinker provide solutions
      with higher viscosities than equivalent solutions containing only 0.5%
      cross-linker in the thickener.
PAR  Solutions exhibit higher viscosities as the weight percent alkyl acrylate
      ester present is increased.
PAR  Response of the solution or mucilage produced with respect to viscosity
      increase or loss as salt is added in increasing amounts depends upon the
      long chain acrylate ester content of the terpolymer and also upon the
      crosslinker content of the terpolymer.
PAC  EXAMPLE IV
PAR  Following the procedure of Example I a series of polymerizations was run
      wherein 95 mol percent of acrylic acid was copolymerized with 5 mol
      percent of a number of long chain alkyl acrylate esters wherein the chain
      length of the alkyl ester ranged from 8 carbon atoms (exemplary of the
      prior art) to 18 carbon atoms. Solutions of one gram copolymer, 2
      milliliters triethylamine and 100 ml distilled water exhibited viscosities
      as shown in Table 4.
TBL                TABLE 4                                                     
     ______________________________________                                    
            C Atoms in                                                         
            Alkyl Ester                                                        
                     Viscosity                                                 
     ______________________________________                                    
     A        18 - octadecyl                                                   
                         45000                                                 
     B        16 - hexadecyl                                                   
                         26000                                                 
     C        12 - dodecyl                                                     
                         4500                                                  
     D        10 - decyl 1000                                                  
     E         8 - octyl 350                                                   
     F         6 - hexyl 250                                                   
     ______________________________________                                    
PAR  Increasing length of the alkyl ester chain leads to increasing viscosities.
      An unexpected sharp break point in viscosity increase occurs between
      chains of 8 and 10 carbon atoms.
PAC  EXAMPLE V
PAR  Two polymerizations were conducted to compare the results obtained using
      benzene and 1,1,2-trichloro-1,2,2-trifluoroethane. In one procedure,
      following the general process of Example I, 10.8 grams of lauryl
      methacrylate, 16.2 grams acrylic acid and 1.3 ml caprylyl peroxide
      solution of 1.375 grams peroxide in 125 ml. benzene solvent were dissolved
      in 200 milliliters (185.99 grams) of benzene. In another procedure, 32.4
      grams of lauryl methacrylate, 48.6 grams acrylic acid and 13 ml. caprylyl
      peroxide solution (4.14 grams peroxide in 125 ml.
      1,1,2-trichloro-1,2,2-trifluoroethane) were dissolved in 600 ml. (938
      grams) of 1,1,2-trichloro-1,2,2-trifluoroethane. The polymerization
      reactions were conducted at 65.degree.C. for 16 hours. In both cases the
      polymers were separated from the carrier by centrifuge. It was observed
      that discrete particles of the polymer prepared in the chlorofluoroethane
      were readily separated while there was more difficulty in separating the
      swollen particles from the benzene polymerization. The improvement in
      water thickening efficiency of the copolymers prepared in
      chlorofluoroethane is shown in the following data.
TBL  ______________________________________                                    
                   40/60 LM-AA                                                 
                              40/60 LM-AA                                      
                   copolymer  copolymer                                        
                   made in ben-                                                
                              made in                                          
                   zene at 65.degree.C.                                        
                              Freon 113                                        
                              at 65.degree.C.                                  
     ______________________________________                                    
     Brookfield viscosity                                                      
     (RVT, 20 rpm, No. 6) in                                                   
     cps. of a 1% solution                                                     
     of triethylamine neu-                                                     
     tralized copolymer                                                        
                       3,400        15,100                                     
     Brookfield viscosity                                                      
     (RVT, 20 rpm, No. 6) in                                                   
     cps. of a 0.5% solu-                                                      
     tion of triethylamine                                                     
     neutralized copolymer                                                     
                        200          6,950                                     
     Brookfield viscosity                                                      
     (RVT, 20 rpm, No. 4) in                                                   
     cps. of a 0.2% solu-                                                      
     tion of triethylamine                                                     
     neutralized copolymer                                                     
                       very low      5,150                                     
     ______________________________________                                    
PAR  The procedure using the 1,1,2-trichloro-1,2,2-trifluoroethane was repeated
      with comonomers in proportions of dodecyl methacrylate/acrylic acid of
      10/90, 15/85, 20/80 and 30/70 in both benzene and the chlorofluoroethane.
      In all cases the chlorofluoroethane solution prepared copolymers had
      superior water thickening efficiencies as compared to those prepared in
      benzene, and the thickening efficiencies of copolymers at low
      concentrations, 0.2 to 0.5% are substantially higher for the polymers
      prepared in the chlorofluoroethane.
PAR  The effect of sodium chloride on the Brookfield viscosity of 1% aqueous
      mucilage in the lauryl methacrylate series is demonstrated below.
TBL  ______________________________________                                    
     Gms. NaCl                                                                 
              10/90   15/85   20/80  30/70  30/70                              
     ______________________________________                                    
     0.00     10,900  11,100  17,488 13,000 15,800                             
     0.10     --      --      30,250 15,200 16,380                             
     0.25      8,700  26,250  44,600 11,300 10,500                             
     0.50     13,300  48,900  53,000  8,850  1,360                             
     0.75     --      82,800  73,200  7,300   75                               
     1.00     26,650  80,150  54,200  4,000   70                               
     1.50     58,600  73,000  28,600 --     phase                              
                                            separation                         
     2.00     65,100  --      14,800 --     phase                              
                                            separation                         
     3.00     --      --       2,150 --     phase                              
                                            separation                         
     4.00     --      --       1,000 --     phase                              
                                            separation                         
     ______________________________________                                    
PAR  The copolymers in the dodecyl methacrylate series show higher efficiencies
      as water thickeners. Excellent optimum efficiency occurs at lauryl
      methacrylate contents between about 20 to 30 weight percent. Within this
      range the copolymers made with the chlorofluoroethane even in 0.1% aqueous
      mucilage have viscosities of 2,000 cps.
PAR  The Example was repeated to prepare copolymers containing 5 and 45 weight
      percent octadecyl methacrylate to polymerization conversions of 90 and 97%
      obtained after 2 to 4 hours at 65.degree.C.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing copolymers of unsaturated copolymerizable
      carboxylic acid monomers and acrylic acid esters of the formula
      ##EQU5##
      wherein R contains 10 to 30 carbon atoms and R' is hydrogen or methyl,
      comprising conducting copolymerization of from 95 to 50 weight percent of
      said acid monomer and 5 to 50 percent of said ester monomer in the
      presence of a haloalkane containing 1 to 2 carbon atoms and at least 4
      halogen atoms.
NUM  2.
PAR  2. The process of claim 1 wherein the haloalkane is a chlorofluoroalkane.
NUM  3.
PAR  3. The process of claim 2 wherein the chlorofluoro alkane contains 2 carbon
      atoms and 6 halogen atoms.
NUM  4.
PAR  4. The process of claim 3 wherein said acid monomer is selected from the
      group consisting of acrylic acid, methacrylic acid, maleic acid, and
      anhydrides thereof.
NUM  5.
PAR  5. The process of claim 4 wherein there is copolymerized with said acid
      monomer and acrylic ester monomer a polymerizable crosslinking monomer
      containing CH.sub.2 =C&lt; groups and at least one other polymerizable
      grouping, the unsaturated bonds of said polymerizable grouping being
      non-conjugated with respect to the other.
NUM  6.
PAR  6. A process of claim 5 wherein said chlorofluoroethane is
      1,1,2-trichloro-1,2,2-trifluoroethane.
NUM  7.
PAR  7. A process of claim 6 wherein in the acrylic ester monomer R is lauryl or
      stearyl and R' is hydrogen or methyl.
NUM  8.
PAR  8. A process of claim 7 wherein said polymer contains a crosslinking
      monomer comprising a polyalkenyl polyether of a polyhydric alcohol
      containing more than one alkenyl group per molecule wherein the polyhydric
      alcohol contains at least 4 carbon atoms and at least three hydroxyl
      groups.
NUM  9.
PAR  9. A process of claim 8 wherein said crosslinking monomer is a monomeric
      polyether of an oligosaccharide and hydroxyls are etherified with allyl
      groups.
NUM  10.
PAR  10. A process of claim 9 wherein said carboxylic acid monomer and acrylic
      ester monomer are dissolved in said chlorofluoroethane.
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ABST
PAL  The present invention relates to a new process for preparation of lignin
      resin, i.e., thermosetting resin based on lignin, particularly from
      sulfite waste liquor, which resin for example can be used as a binder in
      particle board.
BSUM
PAC  BACKGROUND
PAR  During sulfite cooking about half of the solid wood substance (on the
      average) is chemically transformed by sulfonation, hydrolysis and
      oxidation to water soluble products, which are contained in the waste
      liquor. More than half of this dissolved organic wood substance is made up
      of lignin in the form of lignosulfonates. The lignin present in the waste
      liquors is therefore not the original lignin of the wood but a lignin
      derivative having properties which require a further chemical
      transformation in order to be useful.
PAR  Lignin, like phenol, easily form condensation products with carbonyl
      compounds such as formaldehyde. Unlike the phenols, the lignin, on account
      of its high degree of polymerization, contains fewer phenolic
      hydroxyl-groups and thereby fewer active sites on the aromatic ring for
      linking with e.g. formaldehyde. If unmodified lignosulfonate is condensed
      with formaldehyde a three-dimensional network (a resin) will certainly be
      obtained but it will have a limited number of linking points and therefore
      will be more brittle and weaker than a phenol formaldehyde resin.
      Furthermore, sulfonic acid groups will enhance the water swellability of
      the network, which means an impairment of the water resistance of the
      bonded product.
PAR  There have been a number of efforts by prior art workers to improve the
      properties of condensation products of formaldehyde and lignosulfonates.
      The object of our invention is to provide an improved process over what
      has gone before.
PAC  THE PRESENT INVENTION
PAR  We have discovered that a product of excellent properties can be produced
      by utilizing a two-step process for the preparation of a condensation
      product of lignosulfonate, phenol and formaldehyde.
PAR  The first step is an acid condensation step wherein a smaller amount of
      formaldehyde is caused to react with phenol and sulfite waste liquor at a
      temperature of at least 80.degree.C and at addition of acid to a pH within
      the range of 0.2 to 4.0. This first step acid condensation is preferably
      carried out to the extent that at least 40 percent of the phenol is
      present in bound form. The reaction products are cooled.
PAR  The first step acid condensation can be carried out under pressure in an
      autoclave, or at atmospheric pressure. The water content of the reaction
      mixture in the first step is suitably 20 - 100 percent by weight of the
      combined weight of sulfite waste liquor and phenol.
PAR  The sulfite waste liquor can for example be unmodified sulfite waste
      liquor, such as spent liquor or spray-dried powder and suitably contains
      at least 70 percent by weight of lignosulfonate and at most 12 percent by
      weight of sugar, based on the dry substance. With regard to the acid
      pre-condensation step our hypothesis is that a good bond between lignin
      and phenol is obtained in the best way in the presence of formaldehyde.
      The acid pre-condensation is assumed to proceed according to two different
      courses; on the one hand a condensation between lignin and phenol to a
      ligno-phenol condensation product, (which is previously known in the
      literature), and on the other hand a condensation between built-up
      ligno-phenol units and formaldehyde wherein the formaldehyde is assumed to
      have a quite conventional function and act as a methylene donor for the
      building-up of high-molecular condensation products of the novolac type.
PAR  In condensation without formaldehyde a high amount of acid is required in
      order to obtain the condensation between lignin and phenol. When using
      sulfuric acid the amount of acid must for example be about 10 percent,
      based on the weight of sulfite waste liquor and phenol, in order to obtain
      a satisfactory bond between lignin and phenol. The acid present can
      thereby be considered to split off formaldehyde from the lignosulfonate
      where the formaldehyde in turn makes the above stated polycondensation
      between the ligno-phenol units possible.
PAR  The second step is an alkaline condensation step wherein the cooled
      reaction products of the first acid condensation step are further
      condensed under alkaline conditions at a temperature of at least
      60.degree. by adding more formaldehyde and enough alkali so that the pH
      exceeds 7. The water content during the second step is 40 - 60 percent by
      weight based on sulfite waste liquor and phenol.
PAR  In condensing sulfite waste liquor and phenol as starting materials it has
      now surprisingly been found that considerable advantages are gained if a
      smaller amount of formaldehyde is added already in the first acid
      pre-condensation step and the remaining required amount of formaldehyde is
      added in the second alkaline final-condensation step. The total required
      amount of formaldehyde for the best possible end-result is for example
      reduced from 74 percent to 50 percent by weight based on the weight of
      sulfite waste liquor and phenol and the alkaline step can be carried
      through considerably faster. The amount of acid added in the acid step can
      be reduced and a product quite comparable to conventional phenolic resins
      as binder for e.g. particleboard is obtained.
PAR  The pH in the alkaline condensation step is preferably between about 10 -
      13. When preparing condensation products according to our invention for
      laminating uses the pH in the alkaine condensation step may be lower,
      i.e., within the range of about 7 - 10.
PAR  In a preferred embodiment of the process according to the present invention
      10 - 60 parts by weight of sulfite waste liquor (dry content) is
      pre-condensed in acid medium, with 90 - 40 parts by weight of phenol, 2.5
      - 30 parts by weight of formaldehyde and 20 - 100 parts by weight of water
      at a pH within the range of about 0.2 - 4.0, the condensation is then
      continued in an alkaline medium at a pH of 10 - 13 after addition of more
      formaldehyde and water to a total amount of formaldehyde of 30 - 75 parts
      by weight.
PAR  The following example illustrates the present invention more in detail.
DETD
PAC  EXAMPLES 1 - 7
PAR  Seven resins were prepared with varying compositions and under varying
      condensation conditions. The variables involved in the seven examples are
      indicated with X.sub.1, X.sub.2 . . . , X.sub.n, which are listed in table
      1 and explained below.
PAR  To a reactor were first charged X.sub.5 parts of water, X.sub.3 parts of
      formaldehyde in the form of a 37 percent aqueous solution (formalin) and
      X.sub.1 parts of phenol. The mixture was vigorously agitated and X.sub.2
      parts of spray-dried fermented sulfite waste liquor were charged in
      portions. The powder of sulfite liquor with the trade name "Pellbond F"
      contained 70 percent of calcium lignosulfonate and 10 percent of sugar,
      the rest being low molecular calcium salts.
PAR  The mixture was agitated until all of the "Pellbond F" was dissolved.
      X.sub.4 parts of concentrated sulfuric acid were then added.
PAR  Composition and pH of the reaction mixture are shown below:
TBL  Phenol            X.sub.1                                                 
                             parts                                             
     Pellbond F        X.sub.2                                                 
                             "                                                 
     Formaldehyde      X.sub.3                                                 
                             "                                                 
     Sulfuric acid     X.sub.4                                                 
                             "                                                 
     Water             X.sub.6                                                 
                             "                                                 
     pH                X.sub.7                                                 
      [X.sub.6 is the total amount of water i.e., X.sub.5 + water from other   
      reaction products, predominantly formalin.                               
PAR  A first step acid condensation was carried out in such a way that the
      mixture was heated to reflux. The temperature at that point was
      97.degree.C and the time for heating from room temperature to 97.degree.C
      was 30 - 45 minutes. The time at 97.degree.C was X.sub.8 min. The amount
      of bound phenol was determined to be X.sub.9 percent.
PAR  The reaction mixture was cooled to 20.degree.C and then X.sub.10 parts of
      water and X.sub.11 parts of formaldehyde in the form of formalin were
      added. Furthermore sodium hydroxide in the form of a 40 percent aqueous
      solution was added making the pH rise to X.sub.13. The total water content
      of the mixture was X.sub.14 parts.
PAR  The alkaline condensation step was carried out in such a way that the
      mixture was heated to 80.degree.C. The heating time was about 30 min.
      During the course of the condensation the pH and the viscosity were
      checked at regular intervals, the pH being adjusted by succesive additions
      of sodium hydroxide in order to keep the pH within the range of 10.5 - 11
      at the beginning of the condensation and 11 - 12 at the end of the
      condensation. The total amount of the added sodium hydroxide was X.sub.12
      parts.
PAR  The condensation was interrupted by cooling of the resin to
      room-temperature. The pH of the resin was X.sub.15 and its viscosity
      X.sub.16 cP (measured with a Brookfield-viscosimeter at 50 r.p.m. and at
      25.degree.C after adjustment of the water content to 60 percent.)
      Furthermore the so-called gelling-time was X.sub.17 min. at 100.degree.C
      with a Tecam gelling-time meter.
PAR  Example 6 was not conducted according to our invention as there was no
      formaldehyde present in the acid condensation step. As can be seen from
      the table the amount of acid is high (X.sub.4) and a time of condensation
      of 480 min. (X.sub.8) is required to get an amount of bonded phenol of
      17.5 percent. This should be compared with examples 1 - 5 which followed
      our invention where the amount of bonded phenol exceeds 40 percent after a
      condensation time which is only 1/3 or lower than the condensation time
      when no formaldehyde is present in the acid step.
PAR  In order to evaluate the resins, particleboards were made with the resins
      as binders in a half-scale apparatus. As particle raw material so-called
      core particles were used, which had been dried to a suitable moisture
      content of approximately 4 percent. The particles were coated with a resin
      solution of a suitable dry content (40 - 50 percent) and of a suitable
      viscosity (90 - 180 cP) in a rotating drum. The amount of resin was 10
      percent on dry basis, based on dry particles. The resins were used as
      such, i.e., without any addition of a supplementary curing agent or
      hydrophobing agent.
PAR  After the resin coating, the particles were formed into sheets and were
      pressed between press plates at a pressure of about 18 kp/cm.sup.2 and at
      a press temperature 165.degree.- 170.degree.C. The pressing time was 10
      min. The pressed particleboards were post-conditioned.
PAR  The particleboards were tested according to standard methods. All the
      boards had in the dry state values for flexural strength and internal bond
      which exceeded valid DIN-standard specifications for particleboard bonded
      with phenolic resins. These standard values are 180 kp/cm.sup.2 for the
      flexural strength and 3.5 kp/cm.sup.2 for the internal bond.
PAR  The internal bond of the particleboards in a wet state according to the
      so-called V-100 method, which involves two hours of boiling of the
      specimen before testing, i.e., according to the DIN-specifications 68761,
      sheet 3, Sept. 1967, is shown in the table below.
TBL  ______________________________________                                    
     Resin acc.   Internal bond V-100                                          
     to ex. No.   (kp/cm.sup.2)                                                
     ______________________________________                                    
     1            2.7                                                          
     2            2.6                                                          
     3            2.3                                                          
     4            1.6                                                          
     5            1.5                                                          
     6            0.9                                                          
     ______________________________________                                    
PAR  As can be seen from the Table I the internal bond is higher for
      particleboard manufactured with resins prepared according to the invention
      in comparison with a resin prepared according to example 6.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Ex.                                                                       
       Designation                                                             
     No.                                                                       
       X.sub.1                                                                 
         X.sub.2                                                               
           X.sub.3                                                             
               X.sub.4                                                         
                   X.sub.5                                                     
                      X.sub.6                                                  
                         X.sub.7                                               
                           X.sub.8                                             
                              X.sub.9                                          
                                 X.sub.10                                      
                                    X.sub.11                                   
                                       X.sub.12                                
                                          X.sub.13                             
                                             X.sub.14                          
                                                 X.sub.15                      
                                                    X.sub.16                   
                                                       X.sub.17                
     __________________________________________________________________________
     1 50                                                                      
         50                                                                    
           20.0                                                                
               2.6 14.7                                                        
                      48.7                                                     
                         2.5                                                   
                            60                                                 
                              80.0                                             
                                 73.8                                          
                                    30.0                                       
                                       22.7                                    
                                          10.8                                 
                                             158.9                             
                                                 11.5                          
                                                    100                        
                                                        86                     
     2 50                                                                      
         50                                                                    
           20.0                                                                
               2.6 14.7                                                        
                      48.7                                                     
                         2.5                                                   
                            30                                                 
                              71.4                                             
                                 73.8                                          
                                    30.0                                       
                                       26.2                                    
                                          10.8                                 
                                             164.0                             
                                                 11.1                          
                                                    90 122                     
     3 50                                                                      
         50                                                                    
           6.4 5.1 49.2                                                        
                      60.2                                                     
                         1.0                                                   
                           130                                                 
                              65.0                                             
                                 35.3                                          
                                    43.6                                       
                                       31.2                                    
                                          10.7                                 
                                             156.3                             
                                                 12.2                          
                                                    95 126                     
     4 50                                                                      
         50                                                                    
           5.0 2.6 33.9                                                        
                      42.4                                                     
                         2.5                                                   
                           120                                                 
                              40.2                                             
                                 45.9                                          
                                    45.0                                       
                                       30.5                                    
                                          10.7                                 
                                             168.4                             
                                                 11.7                          
                                                    95 126                     
     5 40                                                                      
         60                                                                    
           20.0                                                                
               3.1 14.2                                                        
                      48.2                                                     
                         1.6                                                   
                            55                                                 
                              74.1                                             
                                 73.7                                          
                                    30.0                                       
                                       26.0                                    
                                          10.7                                 
                                             163.8                             
                                                 11.2                          
                                                    100                        
                                                        86                     
     6 50                                                                      
         50                                                                    
           0   10.2                                                            
                   24.4                                                        
                      24.6                                                     
                         0.5                                                   
                           480                                                 
                              17.5                                             
                                 45.0                                          
                                    74.0                                       
                                       39.3                                    
                                          10.7                                 
                                             229.8                             
                                                 11.6                          
                                                    98  40                     
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  To a reactor were charged in the following order 965 kg of water, 340 kg
      (4.5 kmol) formalin (40 percent aqueous solution) and 1125 kg (12 kmol)
      liquid phenol. Following this 1125 kg (45 bags) Pellbond F (spray-dried
      powder of sulfite liquor) were added in portions with very vigorous
      agitation.
PAR  When all of the Pellbond-powder had been dissolved the calculated amount of
      sulfuric acid, 110 kg concentrated, 98 percent aqueous solution, was
      added.
PAR  Thereafter the actual ligno-phenol condensation started. The reaction
      mixture was heated to boiling. The time for heating from room temperature
      up to reflux temperature was bout 45 min. The condensation was then
      continued to a viscosity of about 900 cP (Haake viscosimeter, testing
      device cone-plate), shear rate 5650 S.sup..sup.-1 25.degree.C). The total
      condensation time at reflux was about 2 hours, the ligno-phenol then being
      cooled to about 40.degree.C. The amount of bound phenol was at that time
      approximately 60 percent.
PAR  550 kg water and 2330 kg (31 kmol) formalin (40 percent aqueous solution)
      were added for the alkaline final condensation. Following this the
      reaction mixture was neutralized and adjusted to a pH-level of 10.6 - 10.7
      by addition of sodium hydroxid as a 43.5 percent aqueous solution. The
      condensation product was heated to about 80.degree.C during a heating-time
      of approximately 30 min. from the starting temperature 40.degree.C to the
      condensation temperature 80.degree.C. After a total condensation-time of
      about 2 hours the condensation was interrupted at a Haake-viscosity of
      about 140 cP and pH 11.5. The prepared resin was left in the reactor for
      the night.
PAR  To evaluate the lignin resin a glue solution was prepared from resin (dry
      content 43 percent), a wax emulsion (dry content 50 percent) as
      hydrophobing agent and a curing-agent (potassium carbonate as a 50 percent
      aqueous solution).
PAR  A glue solution of 40 - 42 percent was prepared according to the following
      recipe:
     Composition of the                                                        
                     Surface layer                                             
                                 Middle layer                                  
     glue            (parts)     (parts)                                       
     ______________________________________                                    
     Lignin resin according                                                    
     to this example 200         200                                           
     Spg-wax-emulsion                                                          
                     7.5         7.5                                           
     Potassium carbonate                                                       
                     0           12                                            
     Water           5           0                                             
     ______________________________________                                    
PAR  Particles were coated with the glue solution, prepared as above, in
      continuous glue machines by means of a series of spray nozzles, where the
      particles were kept in rotation by an agitator in order to spready the
      adhesive as evenly as possible over the surface of the particles. The
      amount of added adhesive, counted as dry, in percent of the amount of dry
      considered particles, was 12.3% for the surface layer and 8.8 percent for
      the middle layer. After the glue coating, the particles were sheeted by
      means of four separate particle spreading units in such a way that the
      surface particles were spread by the first and the last unit and the core
      particles spread by the intermediate units. The pressing was accomplished
      in a hydraulic press with eight platens and with steam-heated press
      plates. The pressing was carried out intermittently and without
      pre-pressing. The press temperature was 160.degree.C and the pressing time
      was varied between 9 - 15 min. Particleboards were produced with a trimmed
      size of 360 .times. 120 cm and with a thickness of 20.5 mm before
      grinding. The volume weight varied between 740 - 760 kg/m.sup.3. The
      boards were tested unground both immediately after pressing and after a
      storage of 15 - 20 days.
PAR  The results are shown in the following table:
TBL  Press                                                                     
         Flexural                                                              
              Inter-                                                           
                  Inter-                                                       
                      Swell-                                                   
                           Swell-                                              
                                Water                                          
                                     Moisture                                  
                                          Re-                                  
     time                                                                      
         strength                                                              
              nal nal ing  ing  absorp-                                        
                                     content                                   
                                          marks                                
     min.                                                                      
         kp/cm.sup.2                                                           
              bond                                                             
                  bond                                                         
                      Q 2 h                                                    
                           Q 24 h                                              
                                tion %                                         
              kp/cm.sup.2                                                      
                  V-100                                                        
                      %    %    %                                              
                  kp/cm.sup.2                                                  
     __________________________________________________________________________
     11  187  6.5 0.4 9.7  14.5 48   9.8  (1)                                  
      9  214  8.1 2.4 7.0  10.0 44   8.3  (2)                                  
     10  224  5.4 1.8 7.1  10.7 48   8.3  (2)                                  
     11  249  6.1 1.5 8.5  12.0 49   6.7  (2)                                  
     15  225  6.7 2.2 7.6  11.6 47   7.5  (2)                                  
     __________________________________________________________________________
      (1) Boards tested immediately after pressing.                            
      (2) Boards tested after 15 - 20 days storage.                            
PAR  The results immediately after pressing have been included only to make
      evident the improvement of the values which is obtained after storing.
      Valid standard specifications according to DIN-specifications 68 761,
      Sheet 3, are 180 kp/cm.sup.2 for the flexural strength; 3.5 kp/cm.sup.2
      for the internal bond; 1.5 kp/cm.sup.2 for internal bond, V-100; 6 percent
      for swelling, Q 2 h; 12 percent for swelling Q 24 h; and 9 .+-. 3 percent
      for the moisture content. A comparison of the results show that
      particleboards bonded with lignin resin perfectly well fulfills the
      demands for particleboards bonded with phenolic resins according to the
      DIN-specifications. As sulphite waste liquor is a considerably cheaper raw
      material than phenol, the cost for the lignin resin according to the
      invention will be considerably smaller than for a conventional phenolic
      resin.
PAC  EXAMPLE 9
PAR  A resin was prepared according to the following and evaluated for
      laminating use.
PAR  To a reactor were first charged 1800 g of phenol, 1050 g of a 40 percent
      aqueous solution of formaldehyde and 750 g water. Sulfite waste liquor in
      an amount of 2,630 g dry substance was added under vigorous agitation.
      After adjustment of the pH to 2.5 with p-toluene sulfonic acid the mixture
      was heated and allowed to reflux for 30 min. The reaction mixture was then
      cooled to 30.degree.C whereafter 1050 g of phenol and 500 g of a 40
      percent aqueous solution of formaldehyde were added. The pH was then
      adjusted to 8.4 - 8.5 with an aqueous solution of sodium hydroxide and the
      temperature was raised to 80.degree.C. The reaction was interrupted when a
      viscosity of 80 cP (according to Hoeppler) measured at 20.degree.C, was
      reached. 700 ml water was distilled off under vacuum and at a temperature
      of about 50.degree.C. In order to evaluate the thus obtained resin it was
      used to impregnate a kraft paper to a resin content of 32 - 33 percent by
      weight with a volatile of 7 - 8 percent of the total weight. Six sheets of
      phenolic film and one decorative sheet of melamine film were pressed
      together and the laminate was then tested for water absorption and
      dimensional change according to NEMA standards LD 1-2.7 and LD 1-2.8. The
      following results were obtained: Water absorption 10.0 percent,
      dimensional change 0.22 percent and 0.90 percent respectively.
CLMS
STM  We claim:
NUM  1.
PAR  1. A two-step process for the preparation of a condensation product
      composed of lignosulfonate, phenol and formaldehyde,
PA1  the first step being an acid step wherein sulfite waste liquor is condensed
      at a temperature of at least 80.degree.C with phenol and formaldehyde, at
      a pH of 0.2 - 4.0,
PA1  the second step being alkaline and a continuation of said condensation at a
      temperature of at least 60.degree.C after addition of more formaldehyde
      and alkali to a pH exceeding 7.
NUM  2.
PAR  2. Process according to claim 1, characterized in that the sulphite waste
      liquor contains at least 70 percent by weight of lignosulfonate and at
      most 12 percent by weight of sugar.
NUM  3.
PAR  3. Process according to claim 1, characterized in that the condensation in
      the acid step is carried out so far that at least 40 percent of the phenol
      is present in bonded form.
NUM  4.
PAR  4. Process according to claim 1, characterized in that the water content of
      the mixture in the acid step is 20 - 100 percent by weight, based on
      sulphite waste liquor and phenol.
NUM  5.
PAR  5. Process according to claim 1, characterized in that the water content of
      the mixture in the alkaline step is 40 - 60 percent by weight, based on
      sulphite waste liquor and phenol.
NUM  6.
PAR  6. Process according to claim 1, characterized in that the condensation in
      the alkaline step is carried out so far that the viscosity of the reaction
      mixture is 50 - 500 cP.
NUM  7.
PAR  7. Process according to claim 1, characterized in that 10 - 60 parts by
      weight of sulfite waste liquor solids in the acid step is condensed with
      90 - 40 parts by weight of phenol and 2.5 - 30 parts by weight of
      formaldehyde in 20 - 100 parts by weight of water at a pH of 0.2 - 4.0,
      the condensation then being continued in the alkaline step at a pH
      exceeding 7 after addition of more formaldehyde and water to a total
      amount of formaldehyde of 30 - 75 parts by weight.
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ABST
PAL  Low molecular weight copolymers (1) acrylic acid esters or methacrylic acid
      esters of alcohols such as methanol with (2) esters of bicyclic alcohols
      such as isobornyl alcohol and unsaturated acids such as methacrylic acid,
      as contrasted with high molecular weight copolymers of such monomers (1)
      and (2) (see U.S. Pat. No. 3,485,775) and as contrasted to other acrylic
      polymers, are found to be exceptional in compatibility with practically
      all types of polyesters and alkyds and with many other types of lacquer
      film-forming materials. The modifiers, particulary for alkyds, need not be
      selected on the basis of the oil length or solvent (aromatic or
      aliphatic), the modifiers being compatible with long oil alkyds, medium
      oil alkyds, and short oil alkyds. When small amounts of unsaturated
      amine-containing monomers or unsaturated carboxylic acids, or other polar
      monomers and combinations thereof, are incorporated in the polymer
      solutions, they become improved pigment dispersants. Such pigment
      dispersions, unexpectedly, can be let down with many types of synthetic
      resins and used by air-drying or baking the coated articles. Lacquers for
      metals, paints, and printing inks are examples of uses for such blends.
PARN
PAR  This application is related to application Ser. No. 60,654, filed Aug. 3,
      1970, now U.S. Pat. No. 3,681,298, and Ser. No. 108,996, filed Jan. 22,
      1971, and is a continuation of Ser. No. 241,467, filed Apr. 15, 1972, now
      abandoned, in turn a continuation of Ser. No. 60,604, filed Aug. 3, 1970
      now abandoned.
BSUM
PAR  This invention relates to copolymers of unsaturated esters of bicyclic
      alcohols and unsaturated acids. In a specific embodiment, polymers are
      provided which have large proportions of copolymerized isobornyl
      methacrylate and methyl methacrylate, optionally with minor amounts of
      polar monomers which are known to improve adhesion of coatings containing
      the same to various substrates and which improve the ability of the
      polymer solutions to wet pigments and pigment-like dyes.
PAR  Acrylic polymers have long been used as modifiers for various other
      polymers, including alkyds and oil-modified alkyds, cellulose esters, such
      as nitrocellulose and cellulose acetate butyrate, and other vinyl polymers
      such as polyvinyl chloride polymers. However, in the past, acrylic
      polymers were limited as to compatibility in that only certain classes of
      resins or polymers could be modified with a given acrylic polymer. An
      example of this is U.S. Pat. No. 2,964,483 (U.S. Class 260-22), which
      states that ". . . alkyds having oil lengths longer than 45% tend to blend
      less well with vinyl copolymers . . . " than do short-oil alkyds. While
      there are acrylics compatible with one or more, but not all, of short oil
      (&lt; 46% oil), medium oil (46-55% oil), long oil (56-70% oil), and very long
      oil (&gt; 71% oil) alkyds and other modified film-forming polymers such as
      the cellulose esters, a universally compatible acrylic modifier which also
      has other necessary and desirable properties has long been sought.
PAR  It has now been found that 40 to 60% by weight of a compound of the formula
      ##SPC1##
PAL  where X is selected from the group consisting of --CH.sub.2 --,
      --CH(CH.sub.3)--, and --C(CH.sub.3).sub.2 --, and M is selected from the
      group consisting of a hydrogen atom and at least one methyl group, and 40
      to 60% of styrene, vinyl toluene, or, preferably, at least one ester of
      acrylic acid or methacrylic acid, and having an average molecular weight
      of 1,000 to 8,500, preferably 2,000 to 3,000, are compatible with
      essentially all types of alkyds (styrenated, chain-stopped, methacrylated,
      etc.) and with all oil length alkyds. Also, contrasted with prior acrylic
      modifiers, the present invention permits the use of either aliphatic or
      aromatic hydrocarbon solvents. The polymers of the present invention are
      also compatible with many other resins including the cellulosics, vinyls,
      chlorinated rubber, acrylics, etc. With the alkyds, for example, the
      subject polymers, in addition to the unique compatibility with all
      film-forming alkyd resin types and oil lengths, provide improved drying
      time, color and gloss, hardness development, and water spotting
      resistance, and permit higher spray solids. Suitable ratios of (A) the
      film-forming resin and (B) the copolymer of the bicyclic alcohol ester of
      methacrylic acid with styrene, vinyl toluene, or an ester of acrylic or
      methacrylic acid with an alcohol, are such that the weight ratio of (A) to
      (B) is between 9:1 and 1:9, preferably from 1:4 to 4:1. Optionally up to
      5% by weight of one or more of an .alpha.,.beta.-ethylenically unsaturated
      carboxylic acid or compounds of the formulas II, III, IV, or V, given
      below, or combinations thereof, are included as comonomers. Such materials
      provide the known function of improving adhesion of the acrylic polymers
      and other polymers modified therewith (U.S. Pat. Nos. 3,037,955 and
      3,061,564) and for improving pigment or pigment-like dye dispersibility in
      the subject acrylic polymers.
PAR  The acrylic acid and methacrylic acid ester monomers include methyl
      acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate, butyl
      acrylate, isobutyl acrylate, sec-butyl acrylate, amyl acrylate, isoamyl
      acrylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl acrylate,
      3,5,5-trimethylhexyl acrylate, decyl acrylate, dodecyl acrylate, cetyl
      acrylate, octa-decyl acrylate, octadecenyl acrylate, n-amyl methacrylate,
      sec-amyl methacrylate, hexyl methacrylate, 2-ethylbutyl methacrylate,
      cotyl methacrylate, 3,5,5-trimethylhexyl methacrylate, decyl methacrylate,
      dodecyl methacrylate, octadecyl methacrylate, butoxyethyl acrylate or
      methacrylate or other alkoxyethyl acrylate or methacrylate, methyl
      methacrylate, ethyl methacrylate, propyl methacrylate, isopropyl
      methacrylate, butyl methacrylate, sec-butyl methacrylate, and tert-butyl
      methacrylate, tert-amyl methacrylate, tert-butyl or tert-amyl acrylate,
      cyclohexyl acrylate or methacrylate, lauryl acrylate or methacrylate, and
      phenoxyethyl methacrylate. The alcohol moiety has 1-18 carbons.
PAR  Preferred are acrylic and methacrylic acid esters, the homopolymers of
      which have a Tg of at least 10.degree. C. and preferably at least about
      65.degree. C. Among the acrylic acid and methacrylic acid esters, methyl
      methacrylate is especially preferred.
PAR  Besides the essentially non-functional monomers just recited, there may be
      included within the copolymer up to 5% by weight of various reactive
      monomers including the .alpha.,.beta.-unsaturated carboxylic acids, half
      esters, and half amides of .alpha.,.beta.-unsaturated dicarboxylic acids,
      and salts thereof with ammonia, an alkali-metal, such as sodium, potassium
      or lithium, or a volatile water-soluble amine such as dimethylamine or
      triethylamine.
PAR  Examples of copolymerizable ethylenically unsaturated monocarboxylic or
      polycarboxylic acids are sorbic, cinnamic, vinyl furoic,
      .alpha.-chlorosorbic, p-vinylbenzoic, acrylic, methacrylic, maleic,
      fumaric, aconitic, atropic, crotonic, and itaconic acid, or mixtures
      thereof, with itaconic acid and the .alpha.,.beta.-unsaturated
      monocarboxylic acids, particularly methacrylic acid and acrylic acid,
      being preferred. Other copolymerizable acid monomers include the alkyl
      half esters or partial esters of unsaturated polycarboxylic acids such as
      of itaconic acid, maleic acid, and fumaric acid, or the partial amides
      thereof. Preferred half esters are the lower alkyl (C.sub.1 to C.sub.6)
      esters such as methyl acid itaconate, butyl acid itaconate, methyl acid
      fumarate, butyl acid fumarate, methyl acid maleate, and butyl acid
      maleate. Such partial esters and partial amides are considered to be
      ".alpha.,.beta.-unsaturated monocarboxylic acids," and the term as used
      herein includes such esters and amides.
PAR  Acrylamide, methacrylamide, and various other reactive monomers falling
      within the definitions of formulas II, III, IV, and V, are also useful, as
      follows:
      ##SPC2##
PAL  where R.degree. is selected from the group consisting of H and alkyl groups
      having 1 to 4 carbon atoms, and
PAR  n is an integer having a value of 1 to 4,
EQU  CH.sub.2 =C(R)AYNR.sup.1 R.sup.2                           III
PAL  where
PAR  R is selected from the group consisting of H and CH.sub.3,
PAR  A is selected from the group consisting of O, S,
      ##EQU1##
PAR  Y is an alkylene group having 2 to 4 carbon atoms,
PAR  R.sup.1 is selected from the group consisting of H and an alkyl group
      having 1 to 4 carbon atoms, and
PAR  R.sup.2 is selected from the group consisting of H and an alkyl group
      having 1 to 4 carbon atoms,
      ##EQU2##
      where
PAR  R is the same as above, and
PAR  Z is an alkylene group having 2 to 3 carbon atoms.
PAR  Examples of compounds of formula II include: 2-vinylpyridine;
      2-vinylpyridine; 4-vinylpyridine; 2-methyl-5-vinylpyridine;
      5-methyl-2-vinylpyridine; 4-methyl-2-vinylpyridine;
      2-ethyl-5-vinylpyridine; 2,3,4-trimethyl-5-vinylpyridine;
      3,4,5,6-tetramethyl-2-vinylpyridine; 3-ethyl-5-vinylpyridine;
      2,6-diethyl-4-vinylpyridine.
PAR  Examples of compounds of formula III include: dimethylaminoethyl acrylate
      and methacrylate; diethylaminoethyl acrylate and methacrylate;
      dimethylaminopropyl acrylate and methacrylate; diethylaminopropyl acrylate
      and methacrylate; dipropyl-aminoethyl acrylate and methacrylate;
      di-n-butylaminoethyl acrylate and methacrylate; di-sec-butylaminoethyl
      acrylate and methacrylate; di-t-butylaminoethyl acrylate and methacrylate;
      t-butylaminoethyl methacrylate dimethylaminoethyl vinyl ether and sulfide;
      diethylaminoethyl vinyl ether and sulfide; aminoethyl vinyl ether and
      sulfide; monomethylaminoethyl vinyl ether and sulfide;
      N,N-dimethylaminoethyl acrylamide and methacrylamide;
      N,N-diethylaminoethyl acrylamide and methacrylamide.
PAR  Examples of compounds of formula IV include:
PAR  N-[.beta.-(.alpha.-methacryloxyacetamido)ethyl]-N,N'-ethyleneurea;
PAR  N-[.beta.-(.alpha.-acryloxyacetamido)ethyl]-N,N'-ethyleneurea;
PAR  N-[.beta.-(.alpha.-acryloxyacetamido)ethyl]-N,N'-trimethyleneurea;
PAR  N-[.beta.-(.alpha.-methacryloxyacetamido)ethyl]-N,N'-trimethyleneurea.
      ##EQU3##
      where R and Z are as defined above, of which an example is
      N-[.beta.-(methacrylamido)ethyl]-N,N'-ethyleneurea.
PAR  The copolymer additives of the invention may be made by a variety of
      methods. One suitable method is by bulk polymerization of the monomeric
      ingredients. In accordance with that process a suitable amount of monomers
      is mixed with an addition polymerization catalyst, such as
      azobisisobutyronitrile, lauroyl peroxide, acetyl peroxide, t-butyl
      peracetate, t-butyl hydroperoxide, etc., at a temperature sufficient to
      cause polymerization such as in the range of 25.degree. to 100.degree.C.
      or higher. Commonly used molecular weight regulators such as the aliphatic
      mercaptans, for example, n-dodecyl mercaptan, are also included in the
      polymerization mixture. High temperature solution polymerization also
      gives low molecular weight.
PAR  The copolymers also may be prepared by granular, emulsion, or solution
      polymerization of the several comonomers and, if desired, a portion having
      a preferred narrow range of molecular weight may be extracted from the
      products of such polymerization procedures by preferential solvent
      techniques in accordance with well-known practice. A preferred method of
      preparing the copolymers involves introducing suitable proportions of the
      comonomers with a solvent which may be a solvent for both the monomers and
      the copolymer and with a catalyst, such as one of the well-known organic
      peroxide catalysts, such as benzoyl peroxide, or one of the well-known azo
      catalysts, such as .alpha.,.alpha.'-azodiisobutyronitrile, into a reaction
      vessel in which the mixture is heated with continuous agitation for a
      period of 2 to 9 hours followed by cooling.
PAR  The lacquer may contain one or more external plasticizers in an amount up
      to 50% by weight of the weight of the copolymer. Examples of plasticizers
      that are suitable include benzyl butyl phthalate, dibutyl phthalate,
      triphenyl phosphate, 2-ethyl hexyl benzyl phthalate and dicyclohexyl
      phthalate. Other well-known plasticizers which may be employed include
      diallyl phthalate, dibenzyl phthalate, butyl cyclohexyl phthalate, mixed
      benzoic acid and fatty oil acid esters of pentaerythritol, poly(propylene
      adipate) dibenzoate, diethylene glycol dibenzoate,
      tetrabutylthiodisuccinate, butyl phthalyl butyl glycolate, acetyl tributyl
      citrate, dibenzyl sebacate, tricresyl phosphate, toluene ethyl
      sulfonamide, the di 2-ethylhexyl ester of hexamethylene diphthalate, and
      di(methylcyclohexyl) phthalate. The particular plasticizer and the amount
      thereof used are chosen in accordance with the demand for compatibility.
PAR  Various solvents may be employed, such as toluene, xylenes, acetone, methyl
      ethyl ketone, methyl isobutyl ketone, methyl isopropyl ketone, amyl
      alcohol, 2-ethoxyethyl acetate, ethyl acetate, butyl lactate, amyl
      acetate, methyl acetate, denatured ethyl alcohol, isopropanol, diacetone
      alcohol, cyclohexanol, ethylene dichloride, diisobutyl ketone,
      cyclohexanone, 2-butoxyethanol, furfuryl, petroleum naphtha, boiling in
      the range of about 87.degree. to about 145.degree. C., cyclohexane,
      hexane, aromatic hydrocarbon mixtures, such as "Solvesso 150," and also
      various aliphatic, naphthenic and aromatic naphthas. While certain of
      these solvents cannot be used alone because of lack of solvent power for
      the copolymers but they can in a mixture with others. Obviously, mixtures
      of such solvents are generally quite useful.
PAR  Among the resins which may be modified by the polymers of the invention are
      the alkyds including the drying oil-modified alkyds, rosin-modified
      alkyds, mixed or co-reacted alkyds and aminoplasts, mixed or co-reacted
      alkyds and epoxy resins, mixed or co-reacted alkyd/aminoplast/epoxy
      resins, mixed or co-reacted epoxidized esters of higher fatty acids with
      aminoplast resins and so on.
PAR  Other examples of alkyds and a relatively complete discussion of alkyd
      resins is found in the Encyclopedia of Chemical Technology, by Kirk and
      Othmer, Second Edition, Volume 1, pages 851-882, incorporated herein by
      reference. As this reference points out, as the amount of modifying drying
      or non-drying natural oil is increased, the amount of dibasic acid in the
      polyester thereof with the polyol is decreased.
PAR  While, for certain purposes, a clear lacquer may be employed, it is quite
      general to include pigments in an amount up to 100% by weight of the
      polymer in the lacquer finishing compositions. Examples of suitable
      pigments include titanium dioxide, carbon black, iron blues,
      phthalocyanine blues and greens; metal oxides, hydroxides, sulfides,
      sulfates, silicates and chromates; organic maroons, aluminum flake, bronze
      powders, pearl essence, and various fillers or extenders such as talc,
      barytes, china clay and diatomaceous earth.
PAR  It will be obvious to those skilled in the organic coating art that the
      amount of pigment may be varied widely, depending on the effect desired.
      The amount of pigment, by weight based on the weight of the organic
      film-forming material, may vary between about 2% for light, high-hiding
      pigments, such as carbon black, and about 100% for heavy, low-hiding
      pigments such as lead chromate.
PAR  It is common practice in the coating art to prepare liquid coating
      compositions on a commercial basis in a highly concentrated form. In
      comparison with the same composition in a thinned or diluted form ready
      for application, the concentrated form is more resistant to pigment
      settling during storage, is cheaper to store and ship because less weight
      and space are involved, and is in a more adaptable condition for the
      addition of thinning and/or other modifying materials by the ultimate user
      to adjust the composition to his own liking. Therefore, the concentrated
      coating compositions from which the lacquers of this invention may be
      prepared by merely admixing appropriate organic liquids form a part of
      this invention. The maximum degree of concentration, i.e., the maximum
      non-volatile solids content, is limited only by the maximum consistency
      which can be conveniently handled by the manufacturer and the ultimate
      user. While concentrated lacquers having a non-volatile solids content of
      75% by weight, or even higher, may be prepared; the normal concentration
      is usually between 30 and 60%. The minimum concentration is obviously the
      solids content of the ready-to-apply lacquers; but, as previously
      mentioned, such compositions are not usually prepared by the manufacturer
      because they are not adaptable to adjustment by the user.
PAR  The method of dispersing or grinding pigment in the film-forming materials
      is not critical provided a smooth, uniform dispersion of finely divided
      pigment is produced. Examples of suitable equipment well known in the art
      are ball, pebble, buhrstone, roller, and colloid mills and kneader-mixers,
      such as Banbury or Warner-Pfleiderer.
PAR  The concentrated lacquers may be reduced to whatever concentration is
      suitable for the particular manner of application. The application
      concentration may vary from about 5 to 30% non-volatile solids (that is,
      including plasticizer), depending upon the manner of application and the
      thickness of coating desired. For spraying, the concentration may be
      between 10 and 20% solids.
PAR  The copolymers are compatible with various aminoplasts or thermosetting
      resin-forming precondensates including the condensates of formaldehyde
      with phenol, urea, thiourea, N,N'-ethyleneurea, aminotriazines such as
      melamine, benzoguanamine, and acetoguanamine, as well as the alkylated
      formaldehyde condensates with the various compounds just named in which
      the alkylation is effected with methanol or in some cases ethanol. A small
      amount of an amine salt, such as triethylamine maleate, may be added for
      the purpose of developing an acid on heating which serves to catalyze the
      insolubilization of the condensate during baking. The compositions
      containing the thermosetting resin-forming condensates may be applied to
      any of the various substrates mentioned herein, but they are particularly
      useful for forming hard finishes of thermosetting character on metal
      surfaces, particularly on such household appliances as refrigerators,
      stoves, and the like. The application of such mixed
      copolymer/thermosetting condensate compositions is followed by drying and
      a curing or baking at a temperature of 212.degree. to 450.degree. F. The
      time of curing may vary from a period ranging from 1/2 to 3 minutes at the
      upper temperature or higher, whereas the baking may be effected for about
      one-half hour at the lower temperature of the range just mentioned.
PAR  In addition to the alkyds discussed by Kirk and Othmer and those of the
      examples, reference may be had to "Synthetic Resins for Coatings,"
      Bulletin No. C-160, February 1966, Rohm and Haas, Resins Department,
      Philadelphia 19105, which is incorporated herein by reference and which
      gives further details of lacquer and enamel formulations with alkyds.
DETD
PAC  EXAMPLE 1
PAR  The following materials are mixed to form solution:
TBL  Methyl methacrylate   500      g.                                         
     iso-Bornyl methacrylate                                                   
                           420                                                 
     n-Dodecyl mercaptan   75.00                                               
     Acetyl peroxide (25% solution in                                          
      dimethyl phthalate)  1.50                                                
     Lupersol No. 7 peroxy catalyst                                            
                           2.50                                                
     t-Butyl hydroperoxide 70%                                                 
                           0.75                                                
     Aerosol OT wetting agent                                                  
                           0.16                                                
     Oxalic acid (2.8% in water)                                               
                           0.25                                                
PAR  The mix is degassed at 25 inches of vacuum and poured into a suitable
      container. The mass is heated in a forced air oven at 65.degree. C. for 18
      hours and then heated at 80.degree. for 2 hours and finally, heated for 6
      hours at 120.degree. C. to provide a colorless, transparent mass which is
      readily granulated or powdered.
PAC  EXAMPLES 2 AND 3
     Methyl methacrylate   450.0     450.0                                     
     iso-Bornyl methacrylate                                                   
                           450.0     450.0                                     
     t-Butylaminoethyl methacrylate                                            
                           12.0      12.0                                      
     Methacrylic acid      8.0       8.0                                       
     n-Dodecyl mercaptan   75.0      75.0                                      
     t-Butyl peroctoate    1.0       1.0                                       
     Azo-isobutyronitrile  0.5       0.25                                      
     Lupersol 7 (t-butyl peroxy acetate)                                       
                           2.5       2.5                                       
     Dicumyl peroxide      1.5       1.5                                       
     Oxalic acid (2.8% in water)                                               
                           0.25      0.25                                      
     Terpinolene           0.05      0.0                                       
PAC  EXAMPLE 4
PAR  The powdered resins of Examples 1, 2 and 3 are dissolved in xylol or
      mineral thinner along with various alkyds to give a total solids content
      of 50%. The acrylic/alkyd ratio on a weight basis is 50/50 and 75/25. The
      alkyds used include a short (37%) cottonseed oil, short (42%) soya oil,
      medium (55%) castor oil, short-medium soya oil, long (65%) soya oil,
      medium styrenated linseed oil, and short methacrylated styrenated castor
      oil alkyds having 22-47% phthalic anhydride and made with polyols
      including glycerol, ethylene glycol, trimethylolpropane, pentaerythritol,
      and trimethylolethane. The acrylics and alkyds are found to be compatible
      in solution, and when cast on glass in a film 25 mils thick which films
      are then air dried in one set of tests and baked at 250.degree. F. for 30
      minutes in another set of tests. The solutions were clear and the films
      were clear, and not cloudy as is the case with incompatible systems.
PAC  EXAMPLE 5
PAR  Fifty pounds of Toluidine red, 100 pounds of the product of Example 2, and
      120 pounds of mineral thinner are ground on a roller mill until the
      pigment is well dispersed.
PAR  This pigment dispersion is then mixed with 400 pounds of a short oil
      (linseed oil) phthalic anhydride-ethylene glycol alkyd in an equal weight
      of xylol with 3 pounds of 6% cobalt naphthenate and 4 pounds of 6% calcium
      naphthenate. This enamel can be applied by brush or by spraying when
      appropriately diluted with solvent. The same example repeated with octane
      as solvent or with a very long oil alkyd gives comparable results.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lacquer of a blend of (A) a film-forming resin selected from natural
      oil modified alkyd resin, methacrylated alkyd resin, styrenated alkyd
      resin, cellulose ester resin, vinyl resin, or chlorinated rubber, with (B)
      an organic solvent solution of a copolymer of about 40 to 60% by weight of
      a compound of the formula
      ##SPC3##
PAL  where X is selected from the group consisting of --CH.sub.2 --,
      --CH(CH.sub.3)--, and --C(CH.sub.3).sub.2 --, and M is selected from the
      group consisting of a hydrogen atom and at least one methyl group, and 40
      to 60% by weight of styrene, vinyl toluene, or at least one ester of
      acrylic acid or methacrylic acid and at least one aromatic, monocyclic
      aliphatic, or open chain aliphatic alcohol or alkoxy alcohol having from 1
      to about 18 carbon atoms, said copolymer having an average molecular
      weight of from 1,000 to 8,500, the weight ratio of (A) to (B) being
      between 9:1 and 1:9.
NUM  2.
PAR  2. The composition of claim 1 in which said compound is isobornyl
      methacrylate.
NUM  3.
PAR  3. A pigment dispersion comprising a pigment, an organic solvent, and (B) a
      copolymer of about 40 to 60% by weight of a compound of the formula
      ##SPC4##
PAL  where X is selected from the group consisting of --CH.sub.2 --,
      --CH(CH.sub.3)--, and --C(CH.sub.3).sub.2 --, and M is selected from the
      group consisting of a hydrogen atom and at least one methyl group, and 40
      to 60% by weight of styrene, vinyl toluene, or at least one ester of
      acrylic acid or methacrylic acid and at least one aromatic, monocyclic
      aliphatic, or open chain aliphatic alcohol or alkoxy alcohol having from 1
      to about 18 carbon atoms, said copolymer having an average molecular
      weight of from 1,000 to 8,500.
NUM  4.
PAR  4. The composition of claim 3 in admixture with a compatible film-forming
      resin.
NUM  5.
PAR  5. The composition of claim 4 in which the film-forming resin is a natural
      oil modified alkyd resin, and in which a finite amount of a monomer of at
      least one of acrylamide, methacrylamide, or a monomer falling within one
      or more of the formulas
      ##SPC5##
PAL  where R.degree. is selected from the group consisting of H and alkyl groups
      having 1 to 4 carbon atoms, and
PA1  n is an integer having a value of 1 to 4;
EQU  CH.sub.2 =C(R)AYNR.sup.1 R.sup.2
PAL  where
PA1  R is selected from the group consisting of H and CH.sub.3,
PA1  A is selected from the group consisting of O,S,
      ##EQU4##
      Y is an alkylene group having 2 to 4 carbon atoms, R.sup.1 is selected
      from the group consisting of H and an alkyl group having 1 to 4 carbon
      atoms, and
PA1  R.sup.2 is selected from the group consisting of H and an alkyl group
      having 1 to 4 carbon atoms;
      ##EQU5##
      where R is the same as above, and
PA1  Z is an alkylene group having 2 to 3 carbon atoms, and
      ##EQU6##
      where R and Z are as defined above, and an .alpha.,.beta.-ethylenically
      unsaturated acid, up to a total of about 5% by weight, is included in said
      copolymer.
NUM  6.
PAR  6. An article coated with the composition of claim 5.
NUM  7.
PAR  7. The composition of claim 5 in which said compound is isobornyl
      methacrylate.
NUM  8.
PAR  8. The composition of claim 5 in which (B) is a copolymer of isobornyl
      methacrylate, and minor amounts of an alkylaminoalkyl acrylate or
      methacrylate, and an .alpha.,.beta.-unsaturated carboxylic acid, the ratio
      of A:B being from 1:4 to 4:1.
NUM  9.
PAR  9. An article coated with the composition of claim 8.
NUM  10.
PAR  10. In a method of pigmenting a lacquer, the step of grinding a pigment in
      an organic solvent solution of a copolymer of about 40 to 60% by weight of
      a compound of the formula
      ##SPC6##
PAL  where X is selected from the group consisting of --CH.sub.2 --,
      --CH(CH.sub.3)--, and --C(CH.sub.3).sub.2 --, and M is selected from the
      group consisting of a hydrogen atom and at least one methyl group, and 40
      to 60% by weight of styrene, vinyl toluene, or at least one ester of
      acrylic acid or methacrylic acid and at least one aromatic, monocyclic
      aliphatic, or open chain aliphatic alcohol or alkoxy alcohol having from 1
      to about 18 carbon atoms, said copolymer having an average molecular
      weight of from 1,000 to 8,500, and blending the composition with a
      compatible film-forming resin.
NUM  11.
PAR  11. The method of claim 10 in which said copolymer is of isobornyl
      methacrylate, and minor amounts of an alkylaminoalkyl acrylate or
      methacrylate, and an .alpha.,.beta.-unsaturated carboxylic acid.
NUM  12.
PAR  12. The method of claim 10 in which the film-forming resin is a natural oil
      modified alkyd resin, and in which a finite amount of a monomer of at
      least one of acrylamide, methacrylamide, or a monomer falling within one
      or more of the formulas
      ##SPC7##
PAL  where R.degree. is selected from the group consisting of H and alkyl groups
      having 1 to 4 carbon atoms, and
PA1  n is an integer having a value of 1 to 4;
EQU  CH.sub.2 =C(R)AYNR.sup.1 R.sup.2
PAL  where
PA1  R is selected from the group consisting of H and CH.sub.3,
PA1  A is selected from the group consisting of O, S,
      ##EQU7##
      Y is an alkylene group having 2 to 4 carbon atoms, R.sup.1 is selected
      from the group consisting of H and an alkyl group having 1 to 4 carbon
      atoms, and
PA1  R.sup.2 is selected from the group consisting of H and an alkyl group
      having 1 to 4 carbon atoms;
      ##EQU8##
      where R is the same as above, and
PA1  Z is an alkylene group having 2 to 3 carbon atoms, and
      ##EQU9##
      where R and Z are as defined above, and an .alpha.,.beta.-ethylenically
      unsaturated acid, up to a total of about 5% by weight, is included in said
      copolymer.
NUM  13.
PAR  13. The method of claim 12 in which (B) is a copolymer of isobornyl
      methacrylate, and minor amounts of an alkylaminoalkyl acrylate or
      methacrylate, and an .alpha.,.beta.-unsaturated carboxylic acid, the ratio
      of A:B being from 1:4 to 4:1.
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PAL  Cephalosporon compounds of the formula
      ##SPC1##
PAL  In the form of racemic mixtures or optically active isomers or in the form
      of their cis or trans isomers or mixtures thereof wherein R is selected
      from the group consisting of phenyl substituted with at least one hydroxyl
      and sydnone optionally substituted with phenyl, R' is selected from the
      group consisting of hydrogen and R", R" is an ester group easily removable
      by acid hydrolysis or hydrogenolysis, R.sub.1 and R.sub.2 are alkyl of 1
      to 3 carbon atoms, R.sub.3 is selected from the group consisting of
      hydrogen and alkyl of 1 to 3 carbon atoms, Y is selected from the group
      consisting of amino and Y', Y' is hydrogen and NHCOOZ, Z is straight or
      branched alkyl of 1 to 5 carbon atoms and their non-toxic,
      pharmaceutically acceptable addition salts with organic and inorganic
      acids and bases where appropriate with the proviso that when Y is amino,
      R' is hydrogen and when Y is amino or NHCOOZ, R is phenyl which have
      antibacterial activity and their preparation.
BSUM
PAC  STATE OF THE ART
PAR  Copending, commonly assigned U.S. patent application Ser. No. 320,493 filed
      Jan. 2, 1973 describes desacetoxycephalosporan compounds in which the
      amino group is substituted with a phenylacetyl group in which the phenyl
      is optionally substituted with amino, halogen or nitro.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide the novel cephalosporan
      compounds of formula I and their non-toxic, pharmaceutically acceptable
      salts thereof.
PAR  It is a further object of the invention to provide a novel process for the
      preparation of compounds of formula I.
PAR  It is another object of the invention to provide novel antibacterial
      compositions and to a novel method of combatting bacterial infections in
      warm-blooded animals.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel products of the invention are selected from the group consisting
      of cephalosporan compound of the formula
      ##SPC2##
PAL  In the form of racemic mixtures or optically active isomers or in the form
      of their cis or trans isomers or mixtures thereof wherein R is selected
      from the group consisting of phenyl substituted with at least one hydroxyl
      and sydnone optionally substituted with phenyl, R' is selected from the
      group consisting of hydrogen and R", R" is an ester group easily removable
      by acid hydrolysis or hydrogenolysis, R.sub.1 and R.sub.2 are alkyl of 1
      to 3 carbon atoms, R.sub.3 is selected from the group consisting of
      hydrogen and alkyl of 1 to 3 carbon atom, Y is selected from the group
      consisting of amino and Y', Y' is hydrogen and NHCOOZ, Z is straight or
      branched alkyl of 1 to 5 carbon atoms and their non-toxic,
      pharmaceutically acceptable addition salts with organic and inorganic
      acids and bases where appropriate with the proviso that when Y is amino,
      R' is hydrogen and when Y is amino or NHCOOZ, R is phenyl. The ester
      groups easily removable by acid hydrolysis or by hydrogenolysis may be
      straight or branched alkyl of 1 to 6 carbon atoms optionally substituted
      with at least one chlorine such as methyl, trichloroethyl or tert.-butyl
      or aralkyl of 7 to 15 carbon atoms such as benzyl, .alpha.-methylbenzyl,
      p-methylbenzyl or p-methoxybenzyl. R.sub.1, R.sub.2 and R.sub.3 may be
      alkyl such as methyl, ethyl or propyl and Z may be alkyl such as methyl or
      tert.-butyl.
PAR  Among the preferred compounds of the invention are the compounds of formula
      I in which R' is hydrogen and Y is amino or hydrogen and their salts.
      R.sub.1 and R.sub.2 are preferably methyl and R.sub.3 is hydrogen in the
      most preferred group as well as their salts. Examples of specific
      compounds are [2'R, 6R, 7R]
      7-(.alpha.-amino-p-hydroxyphenylacetamido)-3-isopropyl-3-cepheme-4-carboxy
     lic acid and its non-toxic, pharmaceutically acceptable salts and [6R, 7R]
      7-(4-phenyl-3-sydnoneacetamido)-3-isopropyl-3-cepheme-4-carboxylic acid
      and its non-toxic, pharmaceutically acceptable salts.
PAR  The novel process of the invention for the preparation of the compounds of
      formula I comprises reacting a compound of the formula
      ##SPC3##
PAL  or its acid addition salt with an acid of the formula
      ##EQU1##
      or an functional derivative thereof wherein R, R.sub.1, R.sub.2, R.sub.3
      and R' have the above definitions and Y' is hydrogen or NHCOOZ to obtain
      the corresponding compound of formula I wherein Y is other than amino.
      When R' is hydrogen, the compound may then be esterified or salified to
      obtain the corresponding esters and salts of formula I. When R' is other
      than hydrogen or when Y' is NHCOOZ, the product may be subjected to acid
      hydrolysis or hydrogenolysis to obtain the compound of formula I in which
      R' is hydrogen and Y is an amino if Y' was NHCOOZ or Y is hydrogen if Y'
      was hydrogen. The product may be esterified or salified, if desired.
PAR  In a preferred mode of the invention, the functional derivative of the acid
      of formula III is the acid chloride or the acid anhydride which can be
      formed in situ by action of dicyclohexylcarbodiimide on the acid. Other
      acid halides or other acid anhydrides formed in situ by reaction with
      other dicycloalkylcarbodiimides or dialkylcarbodiimides on the acid may
      also be used. Also useful are acid azides, acid amides or acid esters.
PAR  When the reaction of a compound of formula II is reacted with acid halide
      of formula III, the reaction is preferably effected in the presence of a
      basic agent such as an alkali metal carbonate or a tertiary organic base
      such as pyridine or dialkylamine. When the amine of the compound of
      formula II is salified with a mineral or organic acid, the compound of
      formula II is reacted with the product of formula III or its functional
      derivatives in the presence of a basic agent such as an alkali metal
      carbonate or an organic tertiary base like trialkylamine or pyridine.
PAR  As agent for acid hydrolysis of the group COOR', hydrochloric acid is
      preferably used in admixture with acetic acid. The hydrogenolysis agent is
      a reducing agent such as a zinc-acetic acid system. The preferred acid
      hydrolysis agent is trifluoroacetic acid.
PAR  The products of formula I in which R' is hydrogen may be esterified by
      known methods such as reaction with an alcohol in the presence of an acid
      or may be salified with an organic or mineral base such as sodium
      hydroxide, potassium hydroxide, diethylamine, triethylamine or
      dicyclohexylamine.
PAR  The products of formula I wherein Y is amino may be salified by known
      methods with a mineral or organic acid. Examples of suitable mineral acids
      are hydrohalic acids, sulfuric acid, nitric acid, boric acid or phosphoric
      acid and examples of organic acids are formic acid, acetic acid, succinic
      acid, salicylic acid or p-toluene sulfonic acid. The salifications are
      preferably effected in the presence of at least one solvent such as water,
      ether, ethanol or acetone.
PAR  The compounds of formula II can be prepared by a process analogous to that
      described in Belgium Pat. No. 793,448 which comprises reacting an epoxide
      of the formula
      ##EQU2##
      wherein R.sub.1, R.sub.2, R.sub.3 and R" have the above definitions, and
      Hal is chlorine or bromine with a reagent capable of dehydrohalogenating
      the molecule such as lithium bromide or silver nitrate to form an ester of
      the formula
      ##EQU3##
      reacting the latter in the presence of a weakly basic tertiary amine such
      as triethylamine with a thioaminal of the formula
      ##EQU4##
      wherein Z' is an imidocyclic group which may be substituted, benzoylamino
      or thiobenzoylamino, R'.sub.1 is straight or branched alkyl of 1 to 10
      carbon atoms or aralkyl of 7 to 15 carbon atoms and X is a halogen,
      sulfuric or sulfonic anion to obtain a 2,3-dihydro-1,3-thiazine of the
      formula
      ##SPC4##
PAL  in the form of its threo or erythro isomer or a mixture thereof, reacting
      the latter with hydrazine or subjecting it to hydrogenolysis to obtain a
      thiazine of the formula
      ##SPC5##
PAL  in the form of its threo or erythro isomer or a mixture thereof,
      selectively saponifying the latter with a basic agent such as sodium
      hydroxide to obtain a compound of the formula
      ##SPC6##
PAL  in the form of its threo or erythro isomer or a mixture thereof, reacting
      the latter with trityl chloride to obtain a compound of the formula
      ##SPC7##
PAL  in the form of its erythro or threo isomer or a mixture thereof, subjecting
      the latter to cyclization by action with a lactamization agent such as
      dicyclohexylcarbodiimide to obtain a compound of the formula
      ##SPC8##
PAL  in the form of its trans or cis isomer or a mixture thereof, and reacting
      the latter either with an acid agent under mild conditions such as cold
      dilute hydrochloric acid to obtain a compound of the formula
      ##SPC9##
PAL  corresponding to a compound of formula II where R' is R" in the form of its
      cis or trans isomer or a mixture thereof or with an acid under severe
      conditions such as gaseous hydrochloric acid to obtain a compound of the
      formula
      ##SPC10##
PAL  corresponding to a compound of formula II in which R' is hydrogen in the
      form of its cis or trans isomer or a mixture thereof.
PAR  The .alpha.-haloepoxides of formula V may be prepared by a process
      analogous to that described by Darzens [C.R. Acad. Sci., Vol. 151 (1910),
      p. 203 & 883] and the thioaminals of formula VII may be prepared by an
      analogous procedure described in French Pat. No. 2,130,800.
PAR  The novel antibiotic compositions of the invention are comprised of at
      least one compound of formula I and their non-toxic, pharmaceutically
      acceptable salts thereof where appropriate and a pharmaceutical carrier.
      The compositions may be in the form of injectable solutions or
      suspensions, sterile powders for extemperaneous injectable preparation,
      tablets, coated tablets, gelules, capsules, syrups, suppositories, creams,
      pomades and aerosol preparation prepared by known methods.
PAR  The compositions may also contain other compatible medicants for the
      treatment of staphylococcia such as septicemia of staphylococcus,
      malignant staphylococcus on the face or skin, pyodermitis, septic and
      suppurantis plaies, anthrax, phlegmons, eresipelis, primitive or post-grip
      acute staphylococcia, bronchopneumonia, pulmonary suppurations and
      colibacillosis.
PAR  Among the preferred products are [2'R, 6R, 7R]
      7-(.alpha.-amino-p-hydroxyphenylacetamido)-3-isopropyl-3-cepheme-4-carboxy
     lic acid and [6R, 7R]
      7-(4-phenyl-3-sydnoneacetamido)-3-isopropyl-3-cepheme-4-carboxylic acid
      and their salts which possess good antibiotic activity against gram
      positive bacteria such as staphylococcus, streptococcus and especially
      penicillin-resistant staphylococcus and certain gram negative bacteria
      such as coliform bacteria.
PAR  The novel method of the invention for combatting bacterial infections in
      warm-blooded animals comprises administering to warm-blooded animals a
      safe but antibacterially effective amount of at least one compound of
      formula I or their non-toxic, pharmaceutically acceptable salts. The
      compounds may be administered orally, parenterally, rectally or locally by
      topical application to the skin or mucous membranes. The usual effective
      daily dose is 20 to 80 mg/kg depending on the compound.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it is to be understood that the
      invention is not intended to be limited to the specific embodiments.
PAC  EXAMPLE 1 .alpha.R-tertbutoxycarboxamido-p-hydroxyphenylacetic acid
PAC  STEP A: Racemic .alpha.-tertbutoxycarboxamido-p-hydroxyphenylacetic acid
PAR  10.65 g of magnesia and 37.8 g of tert.butyl azidoformate were added to a
      suspension of 22.05 g of racemic .alpha.-amino-p-hydroxyphenylacetic acid
      in a mixture of 275 ml of dioxane and 275 ml of water and after stirring
      for 20 hours at 40.degree.C, the mixture was filtered to remove solids.
      The filtrate was diluted with water and was washed with ethyl acetate. The
      resulting organic phase was washed with an aqueous sodium bicarbonate
      solution and the combined aqueous phases were acidified with an aqueous
      citric acid solution. The mixture was extracted with ethyl acetate and the
      organic extracts were dried over magnesium sulfate and evaporated to
      dryness to obtain an oil. The oil was taken up in a mixture of ether and
      petroleum ether (B.p. = 40.degree.-75.degree.C) and the resulting crystals
      were recovered by vacuum filtration. The crystals were dissolved in ether
      and the ether solution was added to 8.2 ml of diethylamine to form the
      diethylamine salt of racemic
      .alpha.-tert.butoxycarboxamido-p-hydroxyphenylacetic acid in the form of
      crystals which after crystallization from a methanol-isopropyl ether
      mixture melted at 150.degree. C with decomposition. The said salt was
      reacted with hydrochloric acid to obtain 15.7 g of the free acid in the
      form of colorless crystals melting at 100.degree.C, then 135.degree.C
      (with decomposition).
PAR  Analysis: C.sub.13 H.sub.17 NO.sub.5,  Calculated: %C; 58.42, %H; 6.41 %N;
      5.24, Found: %C; 58.7, %H; 6.5, %N; 5.1.
PAC  STEP B: .alpha.R-tert.butoxycarboxamido-p-hydroxyphenylacetic acid
PAR  13 g of racemic .alpha.-tert.butoxycarboxamido-p-hydroxyphenylacetic acid
      were added to a solution of 19 g of natural yohimbine in 63 ml of ethanol
      and after stirring the mixture for 5 hours at room temperature, it was
      vacuum filtered. The filtrate was evaporated to dryness and the residue
      was added to 40 ml of an aqueous 10% potassium carbonate solution and 40
      ml of water. The mixture was stirred for 14 hours and another 60 ml of the
      potassium carbonate solution and 10 ml of water were added. The mixture
      was stirred for one hour and was then filtered. The filtrate was washed
      with ethyl acetate and the aqueous phase was acidified with acid potassium
      sulfate and was extracted with ethyl acetate. The organic extracts were
      washed with an aqueous saturated sodium chloride solution, dried over
      sodium sulfate and evaporated to dryness to obtain 6.8 g of a resin. The
      resin was dissolved in 42 ml of ethyl acetate and 9.1 g of natural quinine
      were added to the solution at 45.degree. C. The mixtures stood for 20
      hours at room temperature and was vacuum filtered and the precipitate was
      crystallized from ethyl acetate-aqueous ethanol obtain the quinine salt of
      the acid melting at 233.degree.C and having a specific rotation
      [.alpha.].sub.D.sup.20 = -170.5.degree. (c= 1% in methanol).
PAR  The said quinine salt was dissolved in 30 ml of absolute or-and 40 ml of an
      aqueous 10% potassium carbonate solution and 200 ml of water were added
      thereto. The mixture was vacuum filtered and the filtrate was washed with
      ethyl acetate. The aqueous phase was acidified with acid potassium sulfate
      and was extracted with ethyl acetate. The organic extracts were washed
      with an aqueous solution saturated with sodium chloride, dried over sodium
      sulfate and evaporated to dryness to obtain 3.24 g of
      .alpha.R-tert.butoxycarboxamido-p-hydroxyphenylacetic acid in the form of
      a solvated amorphous solid. Theoretical acid No. of 210 (found 189). The
      product melted at 125.degree.-130.degree.C and had a specific rotation
      [.alpha.].sub.D.sup.20 = 135.degree. (c=1% in ethanol) or 150.degree. for
      the desolvated product.
PAC  EXAMPLE 2
PAC  [2'R, 6R, 7R]
      7-(.alpha.-amino-p-hydroxyphenylacetamido)-3-isopropyl-3-cepheme-4-carboxy
     lic acid
PAC  STEP A: tert.butyl 2-chloro-2,3-epoxy-3-isopropyl-butanoate
PAR  A solution of 122 g of potassium tert.-butylate in 720 ml of
      tetrahydrofuran was added at -20.degree.C with stirring under an inert
      atmosphere to a mixture of 95 g of methyl isopropyl ketone and 185 g of
      tert.butyl dichloroacetate and after returning the temperature to room
      temperature, the mixture was stirred for 2 hours. The mixture was poured
      into ice water and the mixture was stirred and the organic phase was
      separated. The organic phase was washed with aqueous sodium chloride
      solution, dried over magnesium sulfate, passed through vegetable charcoal
      and concentrated to dryness to obtain 230.4 g of tert.butyl
      2-chloro-2,3-epoxy-3-isopropyl-butanoate.
PAC  STEP B: tert,butyl 3-isopropyl-2-oxo-3-butenoate
PAR  118 g of anhydrous lithium bromide were added under an inert atmosphere to
      a mixture of 117.5 g of tert.butyl
      2-chloro-2,3-epoxy-3-isopropyl-butanoate and 18.5 g of lithium carbonate
      in 1.15 liters of hexamethylphosphonotriamide cooled to 5.degree.C and
      after the temperature was returned to room temperature, the mixture was
      stirred under a nitrogen atmosphere for 48 hours. 500 ml of distilled
      water were added thereto and the mixture was poured into an ampoule
      containing a mixture of water-petroleum ether (9-1). The mixture was
      decanted and the aqueous phase was extracted with petroleum ether. The
      combined ether phases were washed with water, dried over magnesium sulfate
      and the petroleum ether was evaporated under reduced pressure to obtain
      84.6 g of tert.-butyl 3-isopropyl-2-oxo-3-butenoate.
PAC  STEP C: threo and erythro isomers of
      2-(.alpha.-methoxycarbonyl-.alpha.-phthalimidomethyl)-4-tertbutoxycarbonyl
     -5-isopropyl-2,3-di-hydro-1,3-thiazine
PAR  95 g of the threo and erythro isomers of thioaminal of methyl
      phthalimidomalonaldehyde hydrochloride were added to a solution of 84.4 g
      of the product of Step B in 420 ml of ethanol cooled to -20.degree.C and
      while holding the temperature at -20.degree.C, 66 ml of a solution of 40
      parts by volume of pyridine in 100 parts by volume of ethanol were added
      thereto. The mixture stood for 2 hours at room temperature and after 80 ml
      of water were added, the mixture was cooled on an ice bath for 45 minutes.
      The mixture was vacuum filtered and the recovered precipitate was washed
      with a 1-1 ethanol-water mixture and then was empasted with petroleum
      ether and dried to obtain 108.1 g of the threo and erythro isomers of
      2-(.alpha.-methoxycarbonyl-.alpha.-phthalimidomethyl)-4-tertibutoxycarbony
     l-5-isopropyl-2,3-dihydro-1,3-thiazine which was used as is for the next
      step.
PAC  STEP D: threo and erythro isomers of
      2-(.alpha.-methoxycarbonyl-.alpha.-aminomethyl)-4-tertibutoxycarbonyl-5-is
     opropyl-2,3-dihydro-1,3-thiazine
PAR  55 ml of a solution of 2 M hydrazine hydrate in dimethylformamide were
      added to a solution of 46.1 g of threo and erythro isomers of the product
      of Step C in 46 ml of chloroform cooled to 0.degree.C and the mixture was
      stirred for 1 hour at room temperature. Then, 600 ml of ether and 30 ml of
      acetic acid were added to the mixture which was then allowed to stand for
      1 hour. The mixture was filtered and the filter was rinsed with ether. The
      filtrate was added to 400 ml of a saturated aqueous sodium bicarbonate
      solution and the mixture was stirred for 10 minutes and decanted. The
      organic phase was washed with water. The aqueous phase was washed with
      ether and the combined organic phases were dried over magnesium sulfate,
      vacuum filtered and the solvent was evaporated under reduced pressure to
      obtain threo and erythro isomer mixture of
      2-(.alpha.-methoxycarbonyl-.alpha.-aminomethyl)-4-tert.-butoxycarbonyl-5-i
     sopropyl-2,3-dihydro-1,3-thiazine.
PAC  STEP E: threo isomer of 2-(.alpha.-carboxy-.alpha.-aminomethyl)-
      4-tert.-butoxycarbonyl-5-isopropyl-2,3-dihydro-1,3-thiazine
PAR  The threo and erythro isomers of Step D were dissolved in 100 ml of acetone
      with stirring under a nitrogen atmosphere and after cooling the solution
      to 0.degree.C, 100 ml of N sodium hydroxide solution were added thereto.
      After standing for 20 minutes, 6.3 ml of acetic acid were added to the
      mixture which was then stirred for 1 hour and vacuum filtered. The
      precipitate was empasted with ether and filtered under a maximum vacuum.
      The product was dried under reduced pressure and the dried residue was
      ground and then empasted with acetone and then ether. The product was
      dried under reduced pressure to obtain 13.2 g of the threo isomer of
      2-(.alpha.-carboxy-.alpha.
      -aminomethyl)-4-tert.butoxycarbonyl-5-isopropyl-2,3-dihydro-1,3-thiazine
      in the form of white crystals melting towards 150.degree.C with
      decomposition.
PAC  STEP F: threo isomer of
      2-(.alpha.-carboxy-.alpha.-tritylaminomethyl)-4-tert.butoxycarbonyl-5-isop
     ropyl-2,3-dihydro-1,3-thiazine
PAR  A solution of 10.7 g of trityl chloride in 70 ml of chloroform was added
      with stirring under a nitrogen atmosphere to a solution of 11.1 g of the
      threo isomer of Step E in 140 ml of chloroform and 10.8 ml of
      triethylamine cooled to -50.degree.C and the mixture was stirred for 30
      minutes at -50.degree.C. The mixture was returned to room temperature and
      was evaporated to dryness. The residue was dissolved in 170 ml of methanol
      and 21.5 ml of 2 N hydrochloric acid were added thereto. The mixture was
      stirred for 15 minutes and was vacuum filtered. The precipitate was washed
      with methanol, then with isopropyl ether and dried to obtain 9.1 g of the
      threo isomer of
      2-(.alpha.-carboxy-.alpha.-tritylaminomethyl)-4-tert.butoxycarbonyl-5-isop
     ropyl-2,3-dihydro-1,3-thiazine in the form of colorless crystals melting
      towards 180.degree.C with decomposition.
PAC  STEP G: tert.butyl dl cis 7-tritylamino-3-isopropyl-3-cepheme-4-carboxylate
PAR  A mixture of 14.9 g of the threo isomer of Step F in 15 ml of chloroform
      and 1500 ml of nitromethane was cooled to 0.degree.C and a solution of 6.4
      g of dicyclohexyldicarbodiimide in 52 ml of chloroform was added thereto.
      After returning to room temperature, 27 ml of pyridine were added to the
      mixture which was stirred for 15 hours under nitrogen. The reaction
      mixture was vacuum filtered to remove insolubles and the filter was washed
      with ether. The combined filtrates were evaporated to dryness and the
      residue was taken up in 60 ml of methylene chloride. The mixture was
      vacuum filtered and the filtrate was evaporated to dryness. The product
      was then suspended in 95 ml of ethanol and after stirring, the resulting
      precipitate was recovered by vacuum filtration to obtain 8.3 g of tert.
      butyl dl cis 7-tritylamino-3-isopropyl-3-cepheme-4-carboxylate.
PAC  STEP H: tert.butyl dl cis 7-amino-3-isopropyl-3-cepheme-4-carboxylate
PAR  A solution of 7.57 g of the ester of Step G in 14 ml of chloroform, 8.4 ml
      of methanol and 2.8 ml of 10 N hydrochloric acid in ethanol stood for 20
      minutes and 84 ml of ether were added thereto. The mixture was vacuum
      filtered and the crystals were washed with ether and dried to obtain 4.6 g
      of tert.butyl dl cis 7-amino-3-isopropyl-3-cepheme-4-carboxylate
      hydrochloride. 3 g of the said hydrochloride were added to 20 ml of
      methylene chloride and 25 ml of a 10% aqueous sodium bicarbonate solution
      with stirring and the organic phase was decanted. The aqueous phase was
      extracted with methylene chloride and the combined organic phases were
      dried over magnesium sulfate and vacuum filtered. The filter was washed
      with methylene chloride and the filtrate was evaporated to dryness to
      obtain 2.54 g of tert.butyl dl cis
      7-amino-3-isopropyl-3-cepheme-4-carboxylate in the form of colorless
      crystals melting at 114.degree.C.
PAC  STEP I. Resolution
PAR  A mixture of 2.38 g of the ester of Step H and 1.3 g of D(-) tartaric acid
      in 8 ml of methanol was heated to reflux and after returning the
      temperature to 25.degree.C, the mixture was vacuum filtered. The
      precipitate was washed with a 1-1 mixture of methanol and ether and then
      with ether and dried to obtain 1.394 g of the tartrate of tert.butyl dl
      cis 7-amino-3-isopropyl-3-cepheme-4-carboxylate. The said 1.394 g were
      stirred with 15 ml of a 10% aqueous sodium bicarbonate solution and 15 ml
      of methylene chloride and the organic phase was decanted. The aqueous
      phase was extracted with methylene chloride and the combined organic
      phases were dried over magnesium sulfate and evaporated to dryness to
      obtain 919 mg of tert.butyl [6R, 7R]
      7-amino-3-isopropyl-3-cepheme-4-carboxylate in the form of colorless
      crystals melting at 132.degree.C and having a specific rotation
      [.alpha.].sub.D.sup.20 =  + 47.5.degree. (c = 0.6% in chloroform).
PAC  STEP J: Tert.butyl
      7-(.alpha.R-tertbutoxycarboxamido-p-hydroxyphenylacetamido)-3-isopropyl-3-
     cepheme-4-carboxylate
PAR  1.3 g of dicyclohexylcarbodiimide were added to a solution of 3.3 g of
      .alpha. R-tertbutoxycarboxamido-p-hydroxyphenylacetic acid in 20 ml of
      chloroform cooled to 0.degree.C and after stirring the mixture for 10
      minutes, 1 ml of pyridine and 1.5 g of tert.butyl [6R, 7R]
      7-amino-3-isopropyl-3-cepheme-4-carboxylate were added thereto. The
      mixture was stirred for 11/2 hours at room temperature and was then vacuum
      filtered. The filtrate was evaporated to dryness and the residue was
      dissolved in ether. The ether solution was washed with dilute hydrochloric
      acid, with water, with a 10% aqueous sodium bicarbonate solution and dried
      over magnesium sulfate. The solution was filtered through a silica column
      and the other was evaporated to obtain tert.butyl
      7-(.alpha.R-tertbutoxycarboxamido-p-hydroxyphenylacetamido)-3-isopropyl-3-
     cepheme-4-carboxylate in the form of a thick oil.
PAC  STEP K: [2'R, 6R, 7R]
      7-(.alpha.-amino-p-hydroxyphenylacetamido)-3-isopropyl-3-cepheme-4-carboxy
     lic acid
PAR  The oil of Step J was added to 30 ml of trifluoroacetic acid and after
      stirring the mixture for 15 minutes at room temperature, the major part of
      trifluoroacetic acid was evaporated under reduced pressure. Isopropyl
      ether was added thereto and the precipitate recovered by vacuum filtration
      was dissolved in water. The resulting solution was added to 8 ml of an
      about molar solution of an anionic resin of the secondary amine type in
      the acetate form in methyl isobutyl ketone and the mixture was stirred for
      15 minutes. The resin was decanted and the aqueous phase was concentrated
      under reduced pressure. The residue was triturated with acetone and the
      crystals were vacuum filtered to obtain 1.3 g of [2'R, 6R, 7R]
      7-(.alpha.-amino-p-hydroxyphenylacetamido)-3-isopropyl-3-cepheme-4-carboxy
     lic acid in the form of colorless crystals melting at 220.degree.C (with
      decomposition) and a specific rotation [.alpha.].sub.D.sup.20 = +
      114.degree. (c=0.5% in 0.1 N hydrochloric acid).
PAR  Analysis: C.sub.18 H.sub.21 N.sub.3 O.sub.5 S, Calculated: %C; 55.24, %H;
      5.41, %N; 10.74 %S; 8.18, Found: %C; 55.6, %H; 5.5, %N; 11.0, %S; 8.1.
PAC  EXAMPLE 3
PAC  [6R, 7R] 7-(4-phenyl-3-sydnoneacetamido)-3-isopropyl-3-cepheme-4-carboxylic
      acid
PAR  1 g of dicyclohexylcarbodiimide was added to a solution of 1.3 g of
      4-phenyl-3-sydnoneacetic acid [J. Chem. Soc., (1963), p. 701] in 10 ml of
      nitromethane and after stirring for 15 minutes, the mixture was vacuum
      filtered. 0.75 g of tertbutyl [6R, 7R]
      7-amino-3-isopropyl-3-cepheme-4-carboxylate was added to the filtrate and
      after stirring the mixture for 1 hour at room temperature, it was
      evaporated to dryness under reduced pressure. The residue was taken up in
      ethyl acetate and the solution was cooled with a sodium bicarbonate
      solution, with dilute hydrochloric acid and with water. The solution was
      then dried over magnesium sulfate and was evaporated to dryness under
      reduced pressure. The residue was chromatographed over silica with a 1-1
      methylene chloride-ether mixture as eluant to obtain an oil which was
      dissolved in 10 ml of trifluoroacetic acid. The solution was stirred for
      15 minutes and then evaporated to dryness under reduced pressure. The
      residue was added to ether and the precipitate obtained was dissolved in
      methanol containing 30% of water. A large excess of triethylamine was
      added thereto and the precipitate was removed by vacuum filtration. The
      filtrate was acidified with dilute hydrochloric acid and the precipitate
      was recovered by vacuum filtration and was washed with water and ether to
      obtain 0.5 g of [6R, 7R]
      7-(4-phenyl-3-sydnoneacetamido)-3-isopropyl-3-cepheme-4-carboxylic acid in
      the form of colorless crystals melting at 220.degree.C (with
      decomposition).
PAR  Analysis: C.sub.20 H.sub.20 N.sub.4 O.sub.6 S. Calculated: %C; 54.05, %H;
      4.54, %N; 12.61, %S; 7.21, Found: %C; 54.3, %H; 4.7, %N; 12.5, %S; 7.1.
PAC  EXAMPLE 4
PAC  Diethylamine salt of [6R, 7R]
      7-(3-sydnoneacetamido)-3-isopropyl-3-cepheme-4-carboxylic acid
PAR  Using the procedure of Example 3, 1.7 g of 3-sydnoneacetic acid was reacted
      with diethylamine without the acidification step to obtain the
      diethylamine salt of [6R, 7R]
      7-(3-sydnoneacetamido)-3-isopropyl-3-cephene-4-carboxylic acid melting at
      180.degree.C.
PAC  EXAMPLE 5
PAC  dl cis 7-amino-3-isopropyl-3-cepheme-4-carboxylic aicd
PAR  A mixture of 541 mg of tert.butyl
      7-tritylamino-3-isopropyl-3-cepheme-4-carboxylate in 11 ml of nitromethane
      was cooled on an ice bath and a current of gaseous hydrochloric acid was
      passed therethrough for 15 minutes. The mixture was evaporated to dryness
      and the residue was taken up in ether. The ether solution was vacuum
      filtered and the residue was washed with ether and dried. The residue was
      taken up in 1 ml of water and the pH was adjusted to 4 by addition of
      pyridine. The mixture was vacuum filtered and the crystals were washed
      with water, with acetone and then with ether and dried to obtain 204 mg of
      dl cis 7-amino-3-isopropyl-3-cepheme-4-carboxylic acid in the form of
      colorless crystals melting towards 230.degree.C with decomposition.
PAC  EXAMPLE 6
PAR  Preparations suitable for injections were prepared from 500 mg of [2'R, 6R,
      7R]
      7-(.alpha.-amino-p-hydroxyphenylacetamino)-3-isopropyl-3-cepheme-4-carboxy
     lic acid or [6R, 7R]
      7-(4-phenyl-3-sydnoneacetamido)-3-isopropyl-3-cepheme-4-carboxylic acid
      and sufficient sterile aqueous excipitate to make a total of 5 ml. Gelules
      were prepared from 250 mg of [2'R, 6R, 7R]
      7-(.alpha.-amino-p-hydroxyphenylacetamido)-3-isopropyl-3-cepheme-4-carboxy
     lic acid and sufficient excipitate to obtain a final gelule weighing 400
      mg.
PAC  PHARMACOLOGICAL STUDY
PAC  A. Antibacterial Activity in vitro
PAR  The antibacterial activity of [2'R, 6R, 7R]
      7-(.alpha.-amino-p-hydroxyphenylacetamido)-3-isopropyl-3-cepheme-4-carboxy
     lic acid (Product A) and [6R, 7R]
      7-(4-phenyl-3-sydnoneacetamido)-3-isopropyl-3-cepheme-4-carboxylic acid
      (Product B) was determined by dilution method in liquid media. A series of
      tubes in which equal quantities of a nutritive media was placed were
      prepared and increasing amounts of the test product were distributed to
      the tubes. Then, each tube was seeded with a bacterial stock and after
      incubation for 24, 48 or 72 hours in an oven at 37.degree.C, the growth
      inhibition was determined by transillumination to ascertain the minimum
      inhibitory concentrated (MIC) expressed as mcg/ml. The nutritive media was
      a liquid media with a pH of 7 and the results are reported in Table I.
TBL                TABLE                                                       
     ______________________________________                                    
                 Product A     Product B                                       
     Bacteria      24 H    48 H    72 H  24 H  48 H                            
     ______________________________________                                    
     Bacillus subtilis                                                         
                   0.1     0.1     0.1   &lt;0.05 0.1                             
     Staphylococcus aureus                                                     
     Oxford U.C. 1061                                                          
                   0.2     0.6     2     0.4   2                               
     Penicillin-sensible                                                       
     U.C. 1128     1       1       1     1     2                               
     Penicillin-resistant                                                      
     54 146        1       2       2     --    --                              
     Streptococcus                                                             
     hemolyticus   1       1       1     50    &gt;50                             
     Streptococcus faecalis                                                    
                   10      40      &gt;40   5     40                              
     Escherichia coli                                                          
     U.C. 1020     40      100     100   &gt;100  --                              
     U.C. 1261     20      40      40    &gt;100  --                              
     Salmonella typhi                                                          
     Scr 8         5       10      20    --    --                              
     ______________________________________                                    
PAR  Another test was conducted to compare product A and cephalexin in the same
      test with different staphylococcus and streptococcus strains and the
      results are reported in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                   Product A  Cephalexin                                       
     Bacteria        24 H    48 H     24 H  48 H                               
     ______________________________________                                    
     Staphylococcus aureus                                                     
     G III L 14      0.2     0.4      2     2                                  
     G II L 8        0.2     0.4      2     3                                  
     1583            0.4     1        3     10                                 
     8371            0.4     1        2     3                                  
        9482 (2)     0.4     1        2     3                                  
     4546            0.5     2        1     3                                  
        9729 (2)     1       1        5     5                                  
     9973            1       2        2     3                                  
      889            2       3        5     20                                 
     Streptococcus pyogenes                                                    
     (group A)       0.02    0.02     0.4   0.4                                
     Streptococcus faecalis                                                    
     5432            20      20       60    &gt;100                               
     Escherichia Coli                                                          
     9927            40      60       100   100                                
     ______________________________________                                    
PAC  B. Bactericidal Activity
PAR  The bactericidal activity of product A was determined from the number of
      living germs subsisting after treatment in liquid media with increasing
      amounts of the product. The cultures were placed in the tubes from the
      preceding test for about 48 hours. The samples were then transplanted to
      Petrie dishes 10cm in diameter with a solid gelose media with a pH of 7.4.
      A steady sample was withdrawn from the last tube having growth and the
      tubes watched to observe the growth by transillumination. After 48 hours
      of culture, the microbial growth was noted and the results are reported in
      Table III. ++++ indicates total growth and - indicates the absence of
      colonies.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Concentrations                                                            
     mcg/cm.sup.3 1   2   3   5   10  20  30  40  50  60  80                   
                                                            100 200            
     __________________________________________________________________________
      Souches                                                                  
     Staphylococcus aureus                                                     
     54 146       ++++                                                         
                      5 cd.   3 col.                                           
                                  -                                            
     ATCC 6 538       ++++                                                     
                          +   9 col.                                           
                                  30 col.                                      
     4 546        ++++                                                         
                      -                                                        
     8 514        ++++                                                         
                      +   -   -                                                
     9 561            ++++                                                     
                          32 col.                                              
                              -    4 col.                                      
                                      6 col.   5 col.                          
     Streptococcus faecalis                                                    
     5 432                        +++ -       -                                
     Streptococcus hemolyticus                                                 
     905          +++ -   -   -                                                
     Escherichia Coli                                                          
     T                                    +++ +                                
                                              ++++                             
                                                  -   -   - -   -              
     152                                  ++++                                 
                                              -   -   -   -                    
     3 019                                ++++                                 
                                              16 col.                          
                                                  ++  -   -                    
     Shigella sonnei                              ++++    -     -              
     Klebsiella pneumoniae                                                     
     52 145                                           ++++                     
                                                          -     -              
     Proteus mirabilis                        ++++                             
                                                  6 col.                       
                                                      -                        
     __________________________________________________________________________
PAR  The results of Tables I to III show that the products of the invention have
      a good activity against pathogenic microorganisms.
PAC  C. Antibacterial Activity in Vivo
PAR  The activity of product A against a staphylococcus was studied
      experimentally in mice. Groups of 10 mice with an average weight of about
      26 g were infected intraperitoneally with a culture of Staphylococcus
      aureus 54, 146 in Pasteur nutritive broth diluted 1/3.25 with distilled
      water. The mice were treated by oral administration of product A in 2
      doses, 1 hour and 5 hours after infection. After 7 days, the mortality
      rate was determined and the results are reported in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
               Mortality in  No. of                                            
     Individual                      mice alive                                
     dose in mg  24 H      48 H      after 7 days                              
     ______________________________________                                    
     0           10                   0                                        
     0.5                             10                                        
     1                     1          9                                        
     1.5                             10                                        
     ______________________________________                                    
PAR  This test shows that product A has a good antibacterial activity against
      staphylococci.
PAR  Various modifications of the products and processes of the invention may be
      made without departing from the spirit or scope thereof and it should be
      understood that the invention is to be limited only as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group consisting of cephalosporan compounds
      of the formula
      ##SPC11##
PAL  in the form of racemic mixtures or optically active isomers or in form of
      their cis or trans isomers or mixtures thereof wherein R is phenyl
      substituted with one hydroxyl, R' is selected from the group consisting of
      hydrogen and R", R" is an ester group easily removable by acid hydrolysis
      or hydrogenolysis selected from the group consisting of alkyl of of 1 to 6
      carbon atoms optionally substituted by at least one chlorine and aralkyl
      of 7 to 15 carbon atoms, R.sub.1 and R.sub.2 are alkyl of 1 to 3 carbon
      atoms, R.sub.3 is selected from the group consisting of hydrogen and alkyl
      of 1 to 3 carbon atoms, Y is selected from the group consisting of amino
      and Y' , Y' is hydrogen and NHCOOZ, Z is straight or branched alkyl of 1
      to 5 carbon atoms and their non-toxic, pharmaceutically acceptable
      addition salts with organic and inorganic acids and bases where
      appropriate with the proviso that when Y is amino, R' is hydrogen and when
      Y is amino or NHCOOZ, R is phenyl.
NUM  2.
PAR  2. A compound of claim 1 wherein R' is hydrogen and Y is selected from the
      group consisting of hydrogen and amino.
NUM  3.
PAR  3. A compound of claim 1 wherein R' and R.sub.3 are hydrogen, R.sub.1 and
      R.sub.2 are methyl and Y is selected from the group consisting of hydrogen
      and amino.
NUM  4.
PAR  4. A compound of claim 1 selected from the group consisting of [2R', 6R,
      7R]
      7-(.alpha.-amino-p-hydroxyphenylacetamido)-3-isopropyl-3-cepheme-4-carboxy
     lic acid and its salts.
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ABST
PAL  A coating composition useful for imparting fire resistance and
      water-repellency to fabric comprises between about 5% and about 23% by
      weight of a liquid chlorinated paraffin, between about 20% and about 40%
      by weight of a resinous chlorinated paraffin, between about 4% and about
      12% by weight of a copolymer of ethylene and vinyl acetate, between about
      3% and about 18% by weight of a fire retardant, and up to about 15% by
      weight of an organic solvent. A novel water-repellent and fire resistant
      fabric material, and a method of preparing such material by coating
      tentage fabric with the composition of the invention are also disclosed.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 416,950,
      filed Nov. 19, 1973 as a continuation of application Ser. No. 268,041,
      which was filed June 30, 1972 both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of fire resistant fabrics, and more
      particularly to a coating composition and method for imparting both fire
      resistance and water-repellency to light weight low cost tentage fabric.
PAR  Fabrics such as tentage fabric are conventionally treated with various
      coatings or finishes to impart water-repellency. Such finishes are
      typically applied by continuously feeding a strip of the fabric under a
      knife blade in contact with the upper surface of the fabric and delivering
      either a solution of the coating material or a molten coating formulation
      to the surface of the fabric just ahead of the knife blade. The knife
      blade causes the coating material to become uniformly distributed in a
      thin film over substantially the entire upper surface of the fabric. A dry
      film is obtained by allowing the material to cool, where a molten
      formulation is used, or by drying where a solvent formulation is employed.
      In the case of solvent formulations, drying is normally accelerated by
      passing the freshly coated fabric through an oven.
PAR  Fire retardant finishes are applied to tentage fabric in substantially the
      same fashion as water-repellent finishes. Water-repellent finishes have
      heretofore been available which are low in cost and can be applied by
      knife-coating strips of fabric moving at high speed. However, the
      imparting of fire resistance to tentage fabric has been a more expensive
      proposition. Materials which provide both water-repellency and fire
      retardancy are known but have generally been characterized by both high
      formulation cost and high application cost. Essentially all of the
      previously known fire retardant formulations have been solvent based,
      water based, or plastisols and the heat load associated with the drying
      and/or curing of these formulations severely limits the speed at which the
      coating process can be conducted. Drying is accelerated by use of ovens,
      but oven drying adds to production cost, and even the maximum economically
      feasible oven drying capacity does not permit the realization of
      processing rates equivalent to those obtainable with a melt formulation
      system.
PAR  While the available technology for imparting fire retardance and water
      resistance is economically viable if not attractive for heavy and
      relatively expensive fabrics, its utilization is practically prohibitive
      in the case of lighter weight fabrics where the cost of a given type of
      finishing operation represents a significantly higher proportion of the
      total finished fabric cost than in the case of heavy fabrics. Because of
      their more open structure, moreover, it is more difficult to impart fire
      and water resistance to light weight fabrics than to heavier fabrics, and
      the need for economical fire retardant and water resistant treatment of
      the lighter tentage has remained substantially unfulfilled.
PAR  The provision of improved fire retardant and water-repellent finishes for
      tentage is complicated by the need for the fabric to satisfy a number of
      additional criteria. Thus, the finished material must be flexible,
      nonblocking, possess a good hand, and exhibit low crock. Moreover, the
      coating must not contain or release any agents which might tender or
      deteriorate the fabric over a period of time.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the invention, therefore, may be mentioned the
      provision of methods and compositions for imparting both fire retardance
      and water-repellency to fabric such as tentage fabric; the provision of
      such compositions which are low in cost; the provision of such methods and
      compositions which permit a coating to be applied in a continuous
      operation at high speed; the provision of such compositions for which are
      such methods in which oven drying operations are unnecessary; the
      provision of such compositions and methods which are applicable to low
      weight and low cost fabrics; and the provision of novel coated fabrics
      which are fire resistant, water-repellent, flexible, nonblocking, have
      good weathering properties, are not subject to accelerated deterioration
      and possess good hand and low crock. Other objects and features of the
      invention will be in part apparent and in part pointed out hereinafter.
PAR  The present invention is therefore directed to a coating composition useful
      for imparting fire resistance and water-repellency to fabric. The
      composition comprises between about 5% and about 23% by weight of a liquid
      chlorinated paraffin, between about 20% and about 40% of a resinous
      chlorinated paraffin, between about 4% and about 12% by weight of a
      copolymer of ethylene and vinyl acetate, and between about 3% and about
      18% by weight of a fire retardant and up to about 15% by weight of an
      organic solvent.
PAR  The invention is further directed to a method of imparting fire resistance
      and water-repellency to a fabric. In this process, the aforementioned
      composition is heated to flow temperature and delivered to a surface of a
      portion of fabric. The composition is uniformly applied over a
      predetermined area of said surface and cooled to form a thin adherent fire
      retardant and water-repellent film substantially covering said area of
      said fabric surface.
PAR  Also included in the invention is a fire resistant, water-repellent
      material useful for the production of tents. This material comprises
      tentage fabric having a substantially uniform coating of the
      aforementioned coating composition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a schematic diagram illustrating the process of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The coating compositions provided in accordance with the present invention
      are melt formulations which can be applied to the surface of tentage
      fabric and rapidly dried to produce an adherent coating which imparts both
      water-repellency and fire resistance to the fabric. The film-forming
      properties of the composition make it especially suitable for coating low
      weight, low thread count fabrics. Compared with many previously available
      fire retardant coating compositions for fabrics, the cost of the
      compositions of the invention is relatively low. Taken together with the
      high processing speed made possible by rapid drying, the low cost of the
      compostion allows even low weight fabrics to be rendered water-repellent
      and fire resistant without inordinate increase in the cost of the finished
      fabric.
PAR  The finished fabric is possessed of superior weathering properties and
      meets essentially all the flammability standards required by state and
      federal regulations. In particular, the coated fabric of the invention has
      been found to meet the relatively stringent fire resistance standards
      established by the California Fire Marshal as set forth in Title 19,
      Article 3, Sections 1210 to 1237.3 of the California Administrative Code.
      The coating does not add excessively to the weight of the fabric and the
      coated material retains a highly satisfactory degree of flexibility and
      good hand. The coated material is further characterized by low crock and
      nonblocking properties and is not tendered or otherwise deteriorated by
      any component of the coating composition, or any agent released therefrom.
PAR  The essential components of the compositions of the invention are a liquid
      chlorinated paraffin, a resinous chlorinated paraffin, a copolymer of
      ethylene and vinyl acetate and a fire retardant. Resinous chlorinated
      paraffins are known to have advantageous water-repellent and fire
      retardant properties but are also known to be either highly tacky or quite
      brittle and slightly tacky and thus unsatisfactory per se for use as
      tentage fabric coatings. Applicants have discovered that incorporation of
      a copolymer of ethylene and vinyl acetate in a composition containing
      certain proportions of both liquid and resinous chlorinated paraffins
      yields a composition which forms a film that is substantially more
      flexible than the resinous chlorinated paraffin, yet is also free from
      tackiness. The plastic properties of the film are also improved. It has
      further been discovered that such a system is compatible with a wide
      variety of fire retardants whose inclusion provides an overall composition
      which may be applied to fabric as a melt formulation affording both a high
      degree of water-repellency and highly satisfactory fire resistance to the
      fabric.
PAR  It is essential that both a liquid chlorinated paraffin and a resinous
      chlorinated paraffin be incorporated in the compositions of the invention.
      The liquid chlorinated paraffin may typically have a viscosity of between
      about 5 and about 80 poises at 25.degree.C. but the only essential
      requirement is that it be liquid at room temperature. The chlorine content
      of the liquid chlorinated paraffin may vary widely and fully satisfactory
      liquid chlorinated paraffins containing on the order of 40% to 70% by
      weight chlorine, are commercially available. The preferred liquid
      chlorinated paraffin for use in the practice of the invention is a product
      having a chlorine content of approximately 42% by weight, a molecular
      weight of approximately 560, a Brookfield viscosity at 25.degree.C. of 31
      poises, a specific gravity at 25.degree.C./25.degree.C. of 1.16 and heat
      stability of 0.050 sold under the trade designation "Chlorowax 40" by
      Diamond Alkali Company. Other satisfactory liquid chlorinated paraffins
      include those sold under the trade designations "Chlorowax 500C",
      "Chlorowax LV" , "Exchlor 1", "Exchlor 2", "Exchlor 3", "Chlorowax 57-60",
      "Chlorowax 43-150", "Chlorowax 42-170", "Chlorowax 45-175", and "Diablo
      700X" all by Diamond Alkali Company, chlorinated paraffin "400-HV" by
      Diamond Shamrock Corporation, "Neochlor 70L" by Nease Chemical Co., Inc.,
      "Unichlor I-40" by Neville Chemical Company, "Chlorafin 40" by Hercules
      Powder Company and "CP-468" chlorinated aliphatic by Hooker Chemical
      Corporation. At least 5% by weight liquid chlorinated paraffin is included
      in the formulation to prevent crumbling or breakout of the dry coating on
      a fabric. More than about 23% by weight liquid chlorinated paraffin should
      be avoided to prevent the coating from being excessively tacky and subject
      to blocking. A liquid chlorinated paraffin content on the order of 13% by
      weight is preferred.
PAR  The resinous chlorinated paraffin may typically have a melt point of
      between about 90.degree.C. and about 110.degree.C., a specific gravity of
      between about 1.5 and 1.7, a chlorine content on the order of about 70% by
      weight and an overall molecular weight of between about 950 and about
      1200. Such parameters are not critical, however, and the only truly
      essential characteristic of the resinous chlorinated paraffin is that it
      be solid under ambient conditions. The preferred resinous chlorinated
      paraffins are those sold under the trade designations "Chlorowax 70" and
      "Chlorowax 70S" by Diamond Alkali Company. Other useful resinous paraffins
      include those sold under the trade designations "Unichlor I-70AX" and
      "Unichlor I-70B" by Neville Chemical Company. The resinous chlorinated
      paraffin component may constitute between about 20% and about 40% by
      weight of the formulation with a content on the order of 34% by weight
      being preferred.
PAR  The ethylene/vinyl acetate copolymer constituent of the melt formulation
      serves both to increase the flexibility of the dry finish and to
      substantially eliminate any perceptible tackiness. The copolymer
      incorporated in the formulation preferably has a vinyl acetate content of
      between about 15% and about 40% by weight. Terpolymers of ethylene, vinyl
      acetate and organic acids may also be utilized. A preferred ethylene/vinyl
      acetate copolymer having a vinyl acetate content of approximately 18% is
      that sold under the trade designation "Elvax 410" by E. I. Du Pont de
      Nemours and Company. Other satisfactory ethylene/vinyl acetate copolymers
      include those sold under the trade designations "Elvax 210", "Elvax 310"
      and "Elvax 410" by E. I. Du Pont de Nemours and Company, "EV 1425" by
      Moore & Munger and "EVA 301", "EVA 401" and "EVA 501" by Union Carbide
      Corporation. The ethylene/vinyl acetate copolymer may constitute between
      about 4% and 12% by weight of the melt formulation. A content on the order
      of 8% by weight is preferred.
PAR  A wide variety of fire retardants may be utilized in the formulations of
      the invention. Antimony trioxide is generally preferred, but various other
      organic and inorganic fire retardants may be used. Among such useful fire
      retardants may be mentioned the antimony compound sold under the trade
      designation "Oncor 75RA" by National Lead Company, the composition sold
      under the trade designation "Arsonax 2468" by the Humphrey Chemical Co.,
      zinc oxide and the hydrated zinc borates sold by G. S. Robins & Co. The
      fire retardant preferably constitutes between about 3% and about 18% by
      weight of the formulation. The optimum fire retardant content may vary
      somewhat with the identity thereof, but is readily determinable by simple
      experimentation. Where antimony trioxide is used, it preferably represents
      on the order of 6% by weight of the formulation.
PAR  In addition to the essential components described above, the composition of
      the invention may preferably but optionally include conventional filler
      materials, paraffin wax, fungicides, vinyl stabilizers and a limited
      amount of solvent.
PAR  A wide variety of conventional filler materials may be preferably included
      in the composition, such as for example, calcium carbonate, zinc oxide,
      kaolin, diatomaceous earth, litharge, mica, talc, alumina, silica,
      hydrated alumina, montmorillonite, and attapulgite. Particularly useful
      fillers include a co-fumed leaded zinc containing 10-12% lead sulfate sold
      under the trade designation "Leaded Zinc Oxide Chemet Grade 101 DG" by
      Thompson Hayward Chemical Co., kaolin sold under the trade designation
      "ASP 400" by Merck & Co., Inc. (Mozel Chemical Products Division),
      diatomaceous silica sold under the trade designation "Celite 281" by
      Johns-Manville Corporation, litharge supplied by National Lead Company, a
      mixture of 80% calcium carbonate, 20% diatomaceous silica and traces of
      alumina and ferric oxide sold under the trade designation "Lorite" by
      National Lead Company, the English mica supplied by Ashland Chemical
      Company, the hydrated potassium silicate (muscovite) sold under the trade
      designation "Mica 3X Mineralite" by Thompson Hayward Chemical Co., the
      synthetic silicate sold under the trade designation "Micro-cel E" by
      Johns-Manville Corporation, the ground limestone (Quincy) supplied by
      Walsh Associates, the zonc oxide sold under the trade designation "Zinc
      Oxide No. 20" by Neihaus Company, the ground marble containing 92% by
      weight calcium carbonate, and 3% by weight magnesium carbonate sold under
      the trade designation "Wingdale White" by G. S. Robins & CO., the ruby
      talc sold under the trade designation "Talcron 10-68" by Chas. Pfizer &
      Co., Inc., the pigment containing approximately 43% alumina, 52% silica,
      2% titanium dioxide and at trace of iron sold under the trade designation
      "Burgess Iceburg Pigment" by Ashland Chemical Company and the hydrated
      aluminas sold under the trade designations "Hydral 705", "Hydral 710" and
      "Hydral 710S" by Aluminum Company of America. Alkaline filler materials
      are preferred since in addition to extending the formulations and reducing
      their initial cost, alkaline fillers function to absorb such hydrogen
      chloride as may be released from the Chlorowax and prevent the underlying
      fabric from being tendered or otherwise deteriorated by the hydrogen
      chloride so released. A particularly effective alkaline filler is that
      sold under the trade designation Wingdale White. Filler materials also
      function as u. v. light screeners to further protect the fabric against
      deterioration. The filler material may constitute up to about 50% by
      weight of the overall formulation with a content on the order of about 24%
      by weight being generally preferred.
PAR  The presence in the composition of up to 30% by weight paraffin wax is
      preferred to improve both the water repellency and the nonblocking
      properties of the formulation. Essentially any paraffin wax having a melt
      point of between about 124.degree.F. and about 160.degree.F. may be
      utilized. The optimum paraffin content of the formulation is on the order
      of 9% by weight.
PAR  The composition advantageously includes up to about 3% by weight,
      preferably on the order of 0.8% by weight, of a fungicide. Among the
      fungicides which may be utilized in the compositions of the invention are
      the phenyl mercuric oleate solutions sold under the trade designation
      "Metasol - 0" by Merck & Co., Inc. (Mozel Chemical Products Division), the
      mixture of the zinc salt of o-nitroso dehydropiper-idinyl sulfide and the
      zinc salt of 8-hydroxyquinoline sold under the trade designation Vinyzene
      30 by Scientific Chemicals, Inc., copper 8-quinolinolate formulations sold
      under the trade designations SOCCI 2425 by Scientific Chemicals, Inc. and
      Copper 8-8000-34 (8029) by Interchem Company, the dehydroabietyl ammonium
      pentachlorophenoxide sold under the trade designation Rosin Amine D by
      Wood Treating Chemicals Company, the 50% solution of
      dihydroxydichlorodiphenylmethane sold under the trade designation Cuniphen
      No. 2722-40 by Scientific Chemicals, Inc., the zinc magnesium
      dehydroabietylamine hydroxyquinolinium 2-ethyl hexoate sold under the
      trade designation Cunimene 2246 by Scientific Chemicals, Inc., the
      cuprimagnesium dehydroabietyl 8-hydroxyquinolinium 2-ethyl hexoate sold
      under the trade designation Cunimene 2243 by Scientific Chemicals, Inc.,
      the 10% solubilized copper 8-quinolinolate sold under the trade
      designation Cunilate 2174 by Scientific Chemicals, Inc., and the copper
      naphthenates (8% copper) sold under the trade designations Nuodex Copper
      8% by Neihaus Company and Copper Naphthenate 8% by Ivan T. Bauman Company.
PAR  Minor amounts of organic solvents may be incorporated in the formulation to
      reduce its melt point and viscosity and increase its ability to penetrate
      the fabric during coating, so as to maximize both the water-repellency and
      fire resistance of the finished product. The solvent must be volatile so
      that it can be driven off in the drying process, but is preferably not
      excessively volatile. Moisture imperviousness of the dry coated fabric is
      unsatisfactory if the coating formulation contains more than about 15% by
      weight solvent. To maximize processing speed, a substantially lower
      solvent content on the order of 5% by weight is preferred. Solvents which
      may be used include esters such as ethyl acetate, propyl acetate, isobutyl
      acetate, n-butyl acetate, methyl amyl acetate, primary amyl acetate, and
      monoethylether acetate, ethyl-ene glycol, ketones such as methyl isobutyl
      ketone, methyl isoamyl ketone, ethyl amyl ketone, and diisobutyl ketone,
      chlorinated solvents such as methylene chloride, 1,1,1-trichloroethane,
      carbon tetrachloride, ethylene dichloride, trichloroethylene and
      perchloroethylene, aliphatic naphthas having initial boiling points from
      about 105.degree.F. to about 470.degree.F. and dry points from about
      204.degree.F. to about 505.degree. F., such as for example, those sold
      under the trade designations Rub-sol, Petrolene, Apcolene, Troluoil, Apco
      47-L, Dryolene, Apco 47, Apcothinner, Apco 47-H, Apco 360, Super Stod-Sol,
      No. 10 Mineral Spirits, Stod-Sol, Apco 42, Wet-Ege Spirits, Apco 140,
      42/44 Kerosene, Apco 467 and Apco Inkol No. 0 by APCO Oil Corporation,
      depolarized aliphatic naphthas, such as for example, those sold under the
      trade designations Depolarized Apco 125, Depolarized Apco 140 and
      Depolarized Apco 467 by APCO Oil Corporation, and aromatic naphthas having
      initial boiling points of between about 176.degree. and about
      355.degree.F. and dry points of between about 176 and about 395.degree.F.,
      such as for example, those sold under the trade designations APV Benzol,
      Dilusol Lite, APV Toluol, Dilusol Heavy, APV Xylol, Apco-Sol 70, APV 100,
      APV 110, APV 150 and Apco-Sol 350 by APCO Oil Corporation.
PAR  The compositions of the invention may also contain up to about 20% by
      weight, preferably on the order of 0.9% by weight, of a pigment. Pigments
      also function as fillers for the coating compositions and the sum of the
      proportions of pigment and other fillers should generally not exceed the
      50% by weight proportion recited above. Essentially any pigment may be
      used such as for example, phthalocyanine blue, chrome yellow,
      phthalocyanine green and iron oxide.
PAR  Optionally, a conventional vinyl stabilizer may be incorporated in the
      compositions of the invention to inhibit degradation of the chlorinated
      paraffins and thus to impart heat stability, resistance to aging, and
      color fastness to the coated material. Typically useful vinyl stabilizers
      include the barium cadmium zinc complex sold under the trade designation
      Nuostabe 924 and the organic chelator sold under the trade designation
      Nuostabe 142 by the Nuodex Division of Tenneco, the epoxidized soybean
      sold under the trade designation Drapex 6.8 and the barium zinc stabilizer
      sold under the trade designation Mark RFD by Argus Chemical Corporation.
      The presence of a vinyl stabilizer is not necessary in the preferred
      compositions of the invention, but where present may constitute up to
      about 4% by weight, typically 1.1% by weight, of the coating material.
PAR  The compositions of the invention are conveniently prepared by adding the
      components thereof to an agitated tank and heating to melt or dissolve the
      resinous chlorinated paraffin and to reduce the overall viscosity of the
      mixture sufficiently to allow uniform distribution of solid suspended
      components. Prior to use in coating, the formulation is heated to a
      temperature at which it may be evenly spread in a thin film on a fabric
      surface. Preferably, the formulation is brought to flow temperature, i.e.,
      a temperature at which it may be pumped or flow by gravity through
      pipelines for supply to the surface of a fabric to be coated. Satisfactory
      processing may be realized using a molten formulation at a temperature in
      the range of about 170.degree.F. to about 350.degree.F. with an
      application temperature of about 200.degree.F. being preferred. Where
      higher proportions of solvent are present, i.e., up to about 15% by
      weight, the application temperature of the formulation may be as low as
      approximately 140.degree.F.
PAR  Application of the coating compositions to the surface of a fabric may be
      accomplished by any conventional method. A particularly preferred method
      is continuous application of the composition with a knife blade coater. In
      applying the compositions of the invention on a knife blade coating line
      by the method of the invention, finishing speeds of 5 to 200 yards per
      minute, typically 90 yards per minute, may be utilized. The higher speeds
      attainable with this composition and process substantially exceed the 12
      to 30 yards per minute rates attainable with oven drying compositions and
      allow low cost fabrics to be rendered both water-repellent and fir
      resistant without excessive finishing cost.
PAR  The method of the invention is generally illustrated in the accompanying
      drawing. Shown at 1 is a stack of lapped fabric web supported by pallet 3.
      The material is drawn through J box 5 in which a sufficient quantity of
      the material accumulates for the accommodation of surges in the processing
      rate. From J box 5, the material passes through tension and guiding roll
      station 7, over drive roll 9, under idler roll 11 and over support plate
      12 to a first coating station 13. Coating station 13 is constituted by
      melt formulation supply 15, knife 17 and return trough 19. Knife 17 is
      oriented transversely to the direction of movement of the web with the
      edge of the knife maintaining contact along its length with the upper
      surface of the web.
PAR  From supply 15, the formulation is delivered to the surface of the web
      immediately upstream of knife 17 with respect to the direction of movement
      of the web. As the web moves under the knife blade, the knife spreads the
      formulation uniformly over the surface of the web in a thin substantially
      uniform film. Excess quantities of the formulation are directed by knife
      17 off the sides of the web and are collected in trough 19. Sump pump 21
      returns this excess material to a storage tank (not shown) for reuse.
PAR  The coated material leaving station 13 passes over idler roll 23, under
      idler rolls 25 and 27 and over idler roll 29 to a second coating station
      31. In passing over rolls 23, 25, 27 and 29, the web is effectively turned
      over and the side of the web not coated at station 13 is coated at station
      31. The arrangement and operation of station 31, constituted by supply 33,
      knife blade 35 and trough 37 is essentially identical to the operation of
      station 13. The excess material collected in trough 37 is returned to
      storage by sump pump 39.
PAR  The web leaving station 31, now coated on both sides, passes over idler
      roll 40 and thence over steam drums 41 and 43 with one side of the web
      contacting drum 41 and the other side contacting drum 43. Heat transferred
      from steam supplied to the interior of these drums assists in the drying
      of the coating by driving off any solvent contained in the coating
      composition.
PAR  The web leaving drum 43 passes through tension and guiding station 45 and
      thence over idler rolls 47, 49 and 51 and drive roll 53. The distance
      between station 45 and roll 53 is sufficient to allow cooling and
      substantially complete the drying of the finish on each side of the web by
      exposure thereof to ambient conditions. Leaving drive roll 53, the
      substantially dry web, having a thin adherent fire and water retardant
      film substantially coating both of its surfaces, passes through tension
      and guiding station 55, between drive roll 57 and idler roll 59, and is
      restacked on pallet 61.
PAR  The method of the invention may be utilized for the finish treatment of
      fabrics having a relatively wide range of weight and thread count to
      produce the novel fire resistant and water-repellent tentage fabric of the
      invention. Thus, fabrics ranging in weight from 21/2 oz. per square yard
      to 15 oz. per square yard and in fabric count from between 60 by 40
      threads per inch to 75 by 65 threads to an inch may be accommodated with
      the weight of finish typically ranging from about 40% to about 200% of the
      weight of the fabric. The method is especially advantageous, however, for
      the application of a water-repellent and fire retardant finish to low
      weight and low count fabrics, for example a fabric having a weight of 6
      oz. per square yard and a fabric count of 68 by 40 threads per inch. The
      optimum weight of finish for such fabrics is on the order of 67% of the
      weight of the fabric. The low initial cost of the coating compositions of
      the invention taken together with the high processing speeds made feasible
      by the method of the invention, as noted above, allow low weight, low cost
      fabrics to be rendered fire resistant and water-repellent without
      excessively adding to their cost.
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  A melt formulation was prepared having the following weight composition:
TBL                   Amount                                                   
     Product          in lbs.     % of Total                                   
     ______________________________________                                    
     Chlorowax 40     67.0        13.3                                         
     Nuostabe V-142   6.0         1.2                                          
     Chlorowax 70     177.0       35.3                                         
     Paraffin (130.degree.F. M.P.)                                             
                      48.0        9.5                                          
     Elvax 410        40.0        7.9                                          
     Antimony Trioxide                                                         
                      30.0        6.0                                          
     Hydral 710       106.0       21.0                                         
     Blue Pigment     5.0         .9                                           
     Wingdale White   20.0        4.0                                          
     Cunimene         5.0         .9                                           
                      504.0       100.0%                                       
     ______________________________________                                    
PAR  In preparing this formulation, the Chlorowax 40 was added to an oil bath
      heated mixing tank and the Nuostabe V-142 was added to the Chlorowax 40.
      The resulting mixture was heated to 250.degree.F. and maintained at this
      temperature. After the mix reached 250.degree.F., the Chlorowax 70 was
      sifted into the mixture and allowed to dissolve. Following the Chlorowax
      70, the paraffin and Cunimene 2243 were added and then the Elvax 410.
      After the Elvax 410 had been dissolved, the mixing speed was increased and
      the antimony trioxide, Hydral 710, and Wingdale White were added. Finally,
      the blue pigment was added and mixing continued until all the components
      were uniformly dispersed throughout the melt.
PAR  After a uniform melt formulation had been obtained, coating operations were
      undertaken. A 250 yard web of 6 oz. fabric having a width of 45 inches and
      a 250 yard web of 61/2 oz. fabric having a width of 45 inches were each
      coated in a two station knife coating line with the molten formulation
      being pumped out of the mixing tank and delivered to the upper surface of
      the fabric directly ahead of the knife. The fabric was passed through the
      coating stations at a speed of 60 yards per minute and the coating
      formulation was applied at a temperature of 240.degree.F. A finish having
      an add-on weight of 4.5 oz. per square yard was obtained.
PAC  EXAMPLE 2
PAR  A melt formulation having the following composition was prepared in a
      manner similar to that described in Example 1.
TBL  ______________________________________                                    
                      Amount                                                   
     Product          in lbs.     % of Total                                   
     ______________________________________                                    
     Chlorowax 40     67.0        14.1                                         
     Nuostabe V-142   6.0         1.3                                          
     Chlorowax 70     177.0       37.3                                         
     Paraffin (130.degree.F. M.P.)                                             
                      24.0        5.1                                          
     Elvax 410        40.0        8.4                                          
     Antimony Trioxide                                                         
                      30.0        6.3                                          
     Hydral 710       106.0       22.3                                         
     Blue Pigment     5.0         1.1                                          
     Wingdale White   20.0        4.1                                          
                      475.0       100.0%                                       
     ______________________________________                                    
PAR  Using a two station knife blade coating line, a web of fabric was coated
      with the above composition at a speed of about 80 yards per minute and a
      temperature of 180.degree.F. Due to the relative thickness of the
      composition, it was poured onto the surface of the fabric rather than
      pumped. No oven drying was required and the finished fabric had a good
      appearance and a dry flexible hand. A tent was constructed from the coated
      fabric and had a good appearance. No problems were encountered in cutting
      or sewing this tent.
PAR  The tent produced in this example was subjected to a number of standard
      tests both before weathering and after exposure to weather in Florida for
      periods of 6 weeks, 12 weeks, and 24 weeks, respectively. The tests
      employed are described below and the results of these tests set forth in
      Table I, along with comparative results for a nontreated fabric.
PAC  Tensile Test
PAR  Rectangular specimens were prepared, each having dimensions of
      approximately 4 in. .times. 6 in. The longer dimension of each specimen
      used for warp tests was parallel to the warp and the longer dimension of
      each specimen used for filling tests was parallel to the filling.
PAR  Tests were conducted in a machine provided with two clamps for gripping
      opposite ends of a specimen and pulling these ends away from each other so
      as to place the specimen in tension parallel to its other two edges. Each
      clamp included one gripping surface or jaw as an integral part of the
      rigid frame of the clamp and a second jaw on a part hinged to a movable
      member which was in turn attached to the rigid frame. The face of one of
      the jaws was 1 in. square and the face of the other jaw measured 1 in.
      .times. 11/2 in. with the long dimension transverse to the direction of
      application of the load. Each of the jaws of each clamp had a smooth
      gripping surface and these surfaces were sufficiently parallel to prevent
      slipping of the specimen during the test. To prevent any cutting action
      the edges of the jaws were rounded to a radius of not greater than 1/64
      inch. The machine was provided with a dial for indication of tension
      applied.
PAR  In the conduct of the test, the ends of each specimen were placed between
      the jaws of the clamps with the clamps initially set at a distance of 3
      inches apart. The machine was then operated to pull the clamps away from
      each other at a relative speed of 12.0 .+-. 0.5 inch per minute until the
      specimen ruptured. The highest force exerted by the machine on the
      specimen during the test, as indicated by the dial, was recorded as the
      breaking test of the specimen.
PAR  In the table set forth below, the first number entered for tensile strength
      is the maximum force in pounds per linear inch recorded in the rupture of
      a sample specimen placed under tension in the warp direction while the
      second number is the maximum tensile force in pounds per linear inch
      measured during tests taken in the filling direction.
PAC  Flame Resistance Test
PAR  Rectangular specimens of coated cloth were prepared having dimensions of
      approximately three inches by eight inches. The apparatus used in the test
      included a sheet metal cabinet approximately 13 inches wide, 13 inches
      deep and 30 inches high provided with a door containing a glass inset for
      observation of the specimen during exposure to flame. The top closure of
      the cabinet contained a baffled vent and baffled holes were provided for
      ventilation purposes near the bottom of the cabinet. A specimen holder was
      provided inside of the cabinet which was adapted to support the specimen
      vertically above the flame. The specimen holder included clamps for
      holding the long edges of the specimen but leaving a center strip 2 inches
      wide and the lower end of the specimen exposed. A Bunsen burner with a
      tube 3/8 inch inside diameter, sufficient to furnish a flame 11/2 inches
      high, was located inside the cabinet and equipped with a pilot attachment
      for lighting.
PAR  In the conduct of the test the samples which had not been exposed to
      weathering were preconditioned for a minimum of four hours at a
      temperature of 70.degree.C. .+-. 2.degree.F. and 65 .+-. 2% relative
      humidity before exposure to flame. Immediately after removal from exposure
      to these conditions, each specimen was suspended vertically in the cabinet
      with the lower end thereof 3/4 inches above the top of the gas burner. The
      burner was then lit and the flame emanating therefrom adjusted to a height
      of 11/2 inches with the air supply completely shut off. The door of the
      cabinet was closed and the lighted burner moved under the middle of the
      lower end of the specimen. The flame was applied vertically to the lower
      end of the specimen for a period of twelve seconds and the burner then
      withdrawn. As set forth in the table below, the first number listed for
      the entry after flame is the time in seconds during which the specimen
      continued to flame after the burner flame was removed, and the second
      number is the time in seconds during which the specimen continued to glow
      after the flame was removed.
PAR  The first number set forth in the table for char length is the char length
      in the warp direction after the flame exposure and the second the char
      length in the filling direction each determined as follows: A hook was
      inserted in the specimen at one side of the charred area 1/4 inch from the
      nearest outside edge and 1/4 inch from the lower end. A weight was then
      attached to the hook with the size of the weight being sufficient that the
      total load arising from the combined weight of the hook and the weight was
      0.25 lbs. Tearing force was then applied by grasping the lower corner of
      the cloth on the opposite side of the char from the side on which the load
      was applied, and gently raising the specimen and weight clear of the
      specimen support. The distance from the lower end of the specimen, i.e.,
      the end exposed to the flame, to the end of the tear produced by lifting
      the specimen away from its support was defined as the char length.
PAC  Trapezoid Tearing Test
PAR  A rectangular specimen was prepared having dimensions of approximately 3
      inches by 6 inches with the longer dimension parallel to the warp for warp
      test, and parallel to the filling for filling test. The specimen of fabric
      was taken at a distance from the selvage greater than 1/10 the width of
      the cloth. An isoceles trapezoid having an altitude of 3 inches and bases
      of 1 and 4 inches, respectively, was marked on each specimen with the aid
      of a template. A cut approximately 1/4 inch in length was made in the
      center of and perpendicular to the 1 inch edge of the trapezoid.
PAR  The test machine described above for tensile tests was also utilized for
      trapezoid tear tests. Each specimen was secured by attachment of the
      clamps to the nonparallel edges of the trapezoid with the clamps initially
      1 inch apart and the cut halfway between the clamps. In securing the
      specimen to the clamps, the nonparallel sides of the trapezoid were
      brought into substantially parallel relationship by allowing the long base
      of the trapezoid to lie in a fold while the short base was held taught.
      After the clamps are secured to the nonparallel edges of the trapezoid,
      the clamps are pulled away from each other at a speed of 12 .+-. 0.5
      inches per minute. The tearing strength of the specimen was the average of
      the 5 highest peak loads of resistance registered while the clamps were
      being drawn apart. The first number listed in the table for trapezoid tear
      is the average peak force in pounds where the specimen was tensioned in
      the direction of the warp, while the second number listed is the average
      peak force in pounds where the specimen was tensioned in the direction of
      the filling.
PAC  Crocking of Cloth
PAR  This test determines the resistance of a colored cloth to crocking which is
      defined as the transfer of coloring matter from one piece of cloth to
      another when the two pieces come in contact.
PAR  The test specimens were rectangles of cloth having dimensions of
      approximately 8 inches by 5 inches. The crocking test was conducted using
      a crock meter constituted by a wooden base and a sliding crank-operated
      arm oriented so as to slide back and forth in a straight line across the
      base with a stroke of 4 inches. The arm terminates in a flat-ended
      cylindrical finger 0.5 inches in diameter which is arranged to exert a
      total force of 32 oz. on a piece of cloth clamped to the base of the crock
      meter.
PAR  In the conduct of the test, the specimen to be tested was placed on the
      base of the crock meter with the shorter dimension of the specimen aligned
      with the direction of movement of the sliding arm, and located so that the
      finger on the arm contacted the specimen approximately 1 inch from the
      longer edge of the specimen. The specimen was placed under sufficient
      tension to maintain its surface smooth. A 2 inch square of white bleached
      80 by 80 white cotton cloth was secured over the flat end of the finger
      and the finger having the cloth attached thereto was placed on the surface
      of the specimen and moved back and forth for 10 cycles (20 strokes) at an
      approximate rate of 1 cycle per second.
PAR  Separate crocking tests were conducted using both the wet and dry white
      cloth secured to the end of the cylindrical finger on the sliding arm of
      the crock meter. For the wet tests the cloth was saturated with water,
      squeezed, placed between two sheets of absorbent filter paper and passed
      through a wringer. The degree of staining of both the dry and wet crock
      cloths was determined by comparison to the Munsell gray scale. In the
      table below the first number entered for crock is the Munsell gray scale
      reading for wet crock cloth, and the second number is the Munsell gray
      scale reading for dry cloth.
PAC  Rain Impact Test
PAR  The rectangular test specimen used in this test was approximately 21 inches
      long and approximately 8 inches wide.
PAR  The machine utilized in the rain impact test includes a 88 inch high
      chamber constructed of solid aluminum sheeting having a level controlled
      reservoir near the upper end thereof adapted to supply a shower head with
      a controlled amount of water. The water level in the reservoir is
      maintained at about 1/2 inch above the shower head discharge. The shower
      head is approximately 6 inches by 12 inches in area, and the bottom of the
      head has 288 1/64th inch diameter holes arranged rectilinearly and spaced
      1/2 inch apart in each direction. A 1/2 inch rubber hose interconnects the
      reservoir with the shower head which is fixed directly on the vertical
      center line of the machine at its top. Near the base of the machine,
      approximately 5 feet below the shower head, a ridge pole is provided for
      support of the sample of tentage fabric to be tested. In the conduct of
      the test, simulated tent roof is formed from the specimen of fabric by
      placing the specimen over the ridge pole and securing the ends of the
      specimen with two lead-weighted aluminum jaws.
PAR  Before the tests were begun, a seam was sewn 1 inch inward of each of the
      shorter edges of each test specimen, perpendicular to its longer edges.
      After the specimen had been placed over the ridge pole and secured by the
      two aluminum jaws, the test was initiated by opening a valve at the bottom
      of the reservoir allowing water to pass through the rubber hose and shower
      head which directs the water downwardly toward the specimen. The specimen
      was exposed to water emanating from the shower head for 30 minutes. Water
      penetrating the specimen collected at the bottom of the chamber and passed
      through the drainage valve into a graduated cylinder provided beneath the
      test machine.
PAR  In the table set forth below, the first number entered for rain impact test
      is the number of milliliters of water collected over a 30 minute period in
      the bottom of the test chamber as set forth above. The second entry is the
      amount of water so collected in a similar test designed to indicate the
      mist through properties of the tentage fabric. In the latter test, a 6
      inches .times. 14 inches area of the fabric, oriented horizontally, was
      tensioned over an open-topped square box which in turn was positioned over
      the drainage valve of the chamber. The conduct of the mist through test
      was in all other respects identical to the conduct of the impact test
      using the ridge pole.
PAC  Hydrostatic Water Resistance Test
PAR  A square specimen of fabric having dimensions of approximately 8 inches by
      8 inches was clamped to the bottom of a vertical cylindrical wall well
      having a diameter of 4.5 inches. The well was then filled with water up to
      a level 6 inches above the fabric surface and maintained at that level for
      10 minutes. The entries for 6 inch hydro in the table below represent the
      volume of water passing through the fabric specimen in the 10 minute
      period.
PAC  Tongue Tearing Test
PAR  A rectangular specimen having dimensions of approximately 3 inches by 8
      inches was prepared with the short dimension of the specimen being
      parallel to the warp for warp tests, and parallel to the filling for
      filling tests. A 3 inch cut was made at the center of and perpendicular to
      one of the short sides of the specimen. Using the apparatus described in
      the tensile strength test, the specimen was clamped along the opposite
      outside edges of the two tongues formed by the cut. The tearing test was
      then conducted and the results determined in the same manner as for the
      trapezoidal tearing test described above. In the table below, the first
      number entered for tongue tear is the peak average force in pounds
      measured during warp tests, and the second number is the peak average load
      in pounds measured during filling tests.
PAC  Blocking Tests
PAR  To determine the blocking characteristics, i.e., the surface tack of the
      coated tentage fabric, two specimens each 2 inches .times. 2 inches in
      dimension were placed face-to-face between two glass plates with the
      resulting assemblage being supported by a horizontal surface. A one pound
      weight was placed on top of the upper glass plate and the assemblage thus
      compressed was heated in a thermostatically controlled oven for 30 minutes
      at a temperature of 100.degree.- 150.degree.C. After completion of the
      heating period, the specimens were removed from the oven and exposed to
      ambient conditions for 15 minutes. The degree of adhesion between the two
      specimens was then manually and visually inspected.
PAR  Four different ratings have been defined for characterization of the
      blocking characteristics of a particular pair of specimens. A number 1
      rating indicates that no blocking was observed and the coating was
      completely free. Rating N. 2 indicates that no blocking was observed
      although the coating adhered slightly. Rating No. 3 indicates that slight
      blocking was observed as indicated by the necessity of peeling the coating
      to cause separation. Rating No. 4 indicates that blocking problems exist
      on the basis that the coating could not be spearated intact.
PAC  Air Permeability Test
PAR  The specimen utilized in the air permeability test is a square sample of
      cloth having dimensions of approximately 7 inches .times. 7 inches. This
      sample of cloth was attached by means of a beveled ring and clamp to the
      inlet (top) end of a vertical cylindrical chamber approximately 161/2
      inches long and 6 inches in diameter. The lower end of the chamber was
      provided with a suction fan for drawing air downwardly through the
      chamber, and a flow meter orifice was located in the center of the chamber
      for measuring the amount of air flowing through the chamber during a test.
      A manometer in communication with the chamber between the fabric specimen
      and the orifice was provided for determination and adjustment of pressure
      drop across the fabric during a test. A second manometer was provided to
      measure the pressure drop across the orifice for determination of air flow
      during the test. A variable speed motor was provided for the suction fan
      so that the fan speed and volume of air drawn through the fan could be
      adjusted continuously over an appropriate range during testing.
PAR  In the conduct of the test, the fan was started and the speed thereof
      adjusted so that the pressure drop across the tentage fabric, as indicated
      by the manometer in communication with the chamber between the fabric and
      the orifice, was approximately 0.5 inch H.sub.2 O. The volume of air
      permeating the tentage fabric specimen at this pressure drop was then
      determined by the pressure drop across the flow meter orifice as
      determined from the second manometer. The air permeability of each
      specimen in cubic feet per minute is set forth in the table below.
PAC  Scrubs Test
PAR  In the scrubs test, two specimens of the coated fabric were utilized with
      one specimen being secured to one jaw and the other specimen to the other
      jaw of a scrubs testing device. One of these jaws is maintained in a
      stationary position while the other jaw is on an arm attached to an
      eccentric, and the two jaws are oriented in such fashion that on turning
      of the eccentric the surfaces of the fabric specimens are rubbed against
      each other in a scrubbing fashion. The results as set forth in the table
      below represent a visual inspection of the fabric to establish whether any
      apparent deterioration of the fabric surface was observed after a
      particular number of scrubbing cycles.
TBL                                    Table I                                 
     __________________________________________________________________________
                         Treated Material                                      
                 Untreated                                                     
                         Before  6 Week  12 Week 24 Week                       
                 Material                                                      
                         Weathering                                            
                                 Florida Exp.                                  
                                         Florida Exp.                          
                                                 Florida Exp.                  
     __________________________________________________________________________
     Width       443/4"  431/8"                                                
     Oz./Sq. Yd. 6.09 oz.                                                      
                         12.29 oz.                                             
     Tensile lbs.                                                              
                 80/48   143/70  128/68  74/59   58/45                         
     Trapezoid Tear                                                            
                 9.3/7.3 10.2/4.9                                              
                                 13.8/6.0                                      
                                         14.4/8.2                              
                                                 8.0/4.0                       
     Tongue Tear 10.1/8.2                                                      
                         5.5/3.2 6.9/3.0 5.9/3.1 5.3/3.2                       
     Thread Count                                                              
                 69/42   68/40                                                 
     6" Hydro    Unable to                                                     
                         1 ml    3 ml    0 ml    45 ml                         
                 measure -                                                     
                 excessive                                                     
     Rain Impact 30 min.                                                       
                 500/225 M                                                     
                         3/24    10/15   41/3    75/3                          
                 in 7 min.                                                     
     Air Permeability cfm                                                      
                 93.6 cfm                                                      
                         1.29 cfm                                              
     Char. inches                                                              
                 Entire sample                                                 
                         2.4/2.0 4.8/3.2 3.1/4.2 3.9/2.9                       
                 consumed                                                      
     After Flame         .3/.7   1/.8    1/0     0/0                           
     Blocking at 110.degree.F.                                                 
                         Rating No. 1                                          
     125.degree.F., 175.degree.F.                                              
                         No Blocking                                           
     Scrubs 50, 75, 100  Good at 50,                                           
                         75, 100                                               
     Crock               W 8.5/D 7.5                                           
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  A melt formulation having the following composition was prepared in a
      manner similar to that described in Example 1.
TBL  ______________________________________                                    
                     Amount                                                    
     Product         in lbs.      % of Total                                   
     ______________________________________                                    
     Chlorowax 40    134.0        12.7                                         
     Nuostabe V-142  12.0         1.1                                          
     Chlorowax 70    354.0        33.5                                         
     Paraffin (130.degree.F. M.P.)                                             
                     96.0         9.1                                          
     Elvax 410       80.0         7.6                                          
     Antimony Trioxide                                                         
                     60.0         5.7                                          
     Wingdale White  252.0        23.9                                         
     Blue Pigment    10.0         .9                                           
     Cuniphen No. 2722-40                                                      
                     8.0          .8                                           
     Mineral Spirits 50.0         4.7                                          
                     1056.0       100.0%                                       
     ______________________________________                                    
PAL  Both sides of a web of fabric were continuously coated with this
      composition at 90 yards/minute and a temperature of 200.degree.F. using a
      2 station knife coating line. Performance tests made on this fabric
      yielded the following results:
TBL  Width                  441/8"                                             
     Oz./Sq. Yd.            9.91 oz.                                           
     Tensile lbs.           103/68                                             
     Trapezoid Tear         9.0/6.8                                            
     Tongue Tear            5.2/4.2                                            
     Thread Count           70 .times. 39                                      
     6" Hydro               0 ml                                               
     Rain Impact 30 min.    10/8                                               
     Air Permeability cfm   1.57 cfm                                           
     Char. inches           4.3/4.1                                            
     After Flame            .5 .times. .5                                      
     Blocking at 110.degree.F.,                                                
                            None                                               
     125.degree.F., 175.degree.F.                                              
     Scrubs 50, 75, 100     Poor                                               
     Crock                  W 8.0/D 7.5                                        
PAL  Trapezoid tongue tear, 6 inch hydro, rain impact, air permeability, char.
      inches, after flame, blocking and scrubs results were determined in
      accordance with the test procedures described in Example 3.
PAC  EXAMPLE 4
PAR  A melt formulation having the following composition was prepared in a
      manner similar to that described in Example 1.
TBL  ______________________________________                                    
                      Amount                                                   
     Product          in lbs.     % of Total                                   
     ______________________________________                                    
     Chlorowax 500    67.0        14.1                                         
     Nuostabe V-142   6.0         1.3                                          
     Chlorowax 70-S   177.0       37.3                                         
     Paraffin (130.degree.F. M.P.                                              
                      24.0        5.1                                          
     2% extract-                                                               
     able oil)                                                                 
     Elvax 410        40.0        8.4                                          
     Antimony Trioxide                                                         
                      30.0        6.3                                          
     Hydral 710       106.0       22.3                                         
     Phthalocyanine Blue                                                       
                      5.0         1.1                                          
     Wingdale White   20.0        4.1                                          
                      475.0       100.0%                                       
     ______________________________________                                    
PAL  Both sides of a web of fabric were knife coated with this composition in
      the laboratory. A dry, low-cost, water-repellent, mildew resistant, and
      fire resistant finished product was obtained.
PAC  EXAMPLE 5
PAR  A melt formulation having the following composition was prepared in a
      manner similar to that described in Example 1.
TBL  ______________________________________                                    
                     Amount                                                    
     Product         in lbs.      % of Total                                   
     ______________________________________                                    
     Chlorowax 40    134.0        9.3                                          
     Paraffin (130.degree.F. M.P.                                              
                     150.0        10.4                                         
     2% extract-                                                               
     able oil)                                                                 
     Copper-8-quinolinolate                                                    
                     2.0          0.1                                          
     Chlorowax 70    350.0        24.3                                         
     Elvax 210       80.0         5.6                                          
     Antimony Trioxide                                                         
                     100.0        7.0                                          
     Quincy Limestone                                                          
                     600.0        41.7                                         
     Chrome Yellow   17.0         1.2                                          
     Phthalocyanine Green                                                      
                     6.0          0.4                                          
                     1439.0       100.0%                                       
     ______________________________________                                    
PAL  Both sides of a web of fabric were knife coated with this composition in
      the laboratory. A dry, low-cost, water-repellent, mildew resistant, and
      fire resistant finished product was obtained.
PAC  EXAMPLE 6
PAR  A melt formulation having the following composition was prepared in a
      manner similar to that described in Example 1.
TBL  ______________________________________                                    
                      Amount                                                   
     Product          in lbs.     % of Total                                   
     ______________________________________                                    
     Chlorowax 40     67.0        13.9                                         
     Nuostabe V-142   6.0         1.2                                          
     Chlorowax 70     177.0       37.0                                         
     Paraffin (130.degree.F. M.P.                                              
                      24.0        5.0                                          
     2% extract-                                                               
     able oil)                                                                 
     Elvax 410        40.0        8.4                                          
     Antimony Trioxide                                                         
                      30.0        6.3                                          
     Hydral 710       106.0       22.0                                         
     Phthalocyanine Blue                                                       
                      5.0         1.0                                          
     Wingdale White   20.0        4.2                                          
     Cunimene 2243    5.0         1.0                                          
                      480.0       100.0%                                       
     ______________________________________                                    
PAL  Both sides of a web of fabric were knife coated with this composition in
      the laboratory. A dry, low-cost, water-repellent, mildew resistant, and
      fire resistant finished product was obtained.
PAC  EXAMPLE 7
PAR  A melt formulation having the following composition was prepared in a
      manner similar to that described in Example 1.
TBL  ______________________________________                                    
                      Amount                                                   
     Product          in lbs.     % of Total                                   
     ______________________________________                                    
     Chlorowax CP-468 67.0        14.1                                         
     Nuostabe V-142   6.0         1.3                                          
     Chlorowax 70-S   177.0       37.3                                         
     Paraffin (130.degree.F. M.P.                                              
                      24.0        5.1                                          
     2% extract-                                                               
     able oil)                                                                 
     Elvax 410        40.0        8.4                                          
     Antimony Trioxide                                                         
                      30.0        6.3                                          
     Hydral 710       106.0       22.3                                         
     Phthalocyanine Blue                                                       
                      5.0         1.1                                          
     Wingdale White   20.0        4.1                                          
                      475.0       100.0%                                       
     ______________________________________                                    
PAL  Both sides of a web of fabric were knife coated with this composition in
      the laboratory. A dry, low-cost, water-repellent, mildew resistant, and
      fire resistant finished fabric was obtained.
PAC  EXAMPLE 8
PAR  Melt formulations having the following compositions were prepared in a
      manner similar to that described in Example 1:
TBL  Formulation                                                               
     (Liquid Chlorowax Content)                                                
     __________________________________________________________________________
                 A    B    C    D    E    F    G    H    I    J                
                 (None)                                                        
                      (2%) (15%)                                               
                                (40%)                                          
                                     (30%)                                     
                                          (35%)                                
                                               (20%)                           
                                                    (22.5%)                    
                                                         (25%)                 
                                                              (27%)            
     __________________________________________________________________________
     Chlorowax 40     18.9 162.8                                               
                                614.7                                          
                                     395.1                                     
                                          498. 230.5                           
                                                    267.7                      
                                                         307.3                 
                                                              349.7            
     Nuostabe V-142                                                            
                 12.  12.  12.  12.  12.  12.  12.  12.  12.  12.              
     Chlorowax 70                                                              
                 354. 354. 354. 354. 354. 354. 354. 354. 354. 354.             
     Paraffin    96.  96.  96.  96.  96.  96.  96.  96.  96.  96.              
     (130.degree. M.P.)                                                        
     Elvax 410   80.  80.  80.  80.  80.  80.  80.  80.  80.  80.              
     Antimony                                                                  
     Trioxide    60.  60.  60.  60.  60.  60.  60.  60.  60.  60.              
     Wingdale White                                                            
                 252. 252. 252. 252. 252. 252. 252. 252. 252. 252.             
     Blue Pigment                                                              
                 10.  10.  10.  10.  10.  10.  10.  10.  10.  10.              
     Cuniphen No. 2722-40                                                      
                 8.   8.   8.   8.   8.   8.   8.   8.   8.   8.               
     Mineral Spirits                                                           
                 50.  50.  50.  50.  50.  50.  50.  50.  50.  50.              
     __________________________________________________________________________
PAR  Six oz. and 4 oz. tentage fabrics were coated on both sides with each of
      formulations A through J. Each coating was dried and the coated fabric was
      checked for stickiness and subjected to scrubs tests as described in
      Example 2. The results of these observations and tests are set forth in
      Table II.
TBL                Table II                                                    
     ______________________________________                                    
                         Scrubs      Scrubs                                    
     Formu-  Character   6 oz.       4 oz.                                     
     lation  of Coating  Fabric      Fabric                                    
     ______________________________________                                    
     A       Dried im-   Poor        Poor                                      
             mediately                                                         
     B       Dried im-   Poor        Poor                                      
             mediately                                                         
     C       Remained    Good        Good                                      
             somewhat                                                          
             tacky                                                             
     D       Very        Too sticky  Too sticky                                
             sticky      to test     to test                                   
     E       Very        Too sticky  Too sticky                                
             sticky      to test     to test                                   
     F       Very        Too sticky  Too sticky                                
             sticky      to test     to test                                   
     G       Stayed      Good        Some distor-                              
             somewhat                tion of fibers                            
             tacky                                                             
     H       Stayed      Good        Excessive                                 
             somewhat                distortion                                
             tacky                   of fibers                                 
     I       Very        Too sticky  Too sticky                                
             sticky      to test     to test                                   
     J       Very        Too sticky  Too sticky                                
             sticky      to test     to test                                   
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  Coating formulations having the following compositions were prepared in a
      manner similar to that described in Example 1.
TBL  __________________________________________________________________________
                 Formulation                                                   
                 (Solvent Content)                                             
     __________________________________________________________________________
                 A     B     C     D     E     F     G                         
                 (15%) (20%) (25%) (30%) (16%) (18%) (20%)                     
     __________________________________________________________________________
     Chlorowax 40                                                              
                 134.  134.  134.  134.  134.  134.  134.                      
     Nuostabe V 142                                                            
                 12.   12.   12.   12.   12.   12.   12.                       
     Chlorowax 70                                                              
                 354.  354.  354.  354.  354.  354.  354.                      
     Paraffin                                                                  
     (130.degree. M.P.)                                                        
                 96.   96.   96.   96.   96.   96.   96.                       
     Elvax 410   80.   80.   80.   80.   80.   80.   147.7                     
     Antimony                                                                  
     Trioxide    60.   60.   60.   60.   60.   60.   60.                       
     Wingdale White                                                            
                 252.  252.  252.  252.  252.  252.  252.                      
     Blue Pigment                                                              
                 10.   10.   10.   10.   10.   10.   10.                       
     Cuniphen No. 2722-40                                                      
                 8.    8.    8.    8.    8.    8.    8.                        
     Mineral Spirits                                                           
                 177.5 251.5 335.3 431.1 191.6 220.8 268.4                     
     __________________________________________________________________________
PAR  Each of these formulations were coated on both sides of both 6 oz. and 4
      oz. tentage fabrics. Each coating was dried and the coated fabric
      subjected to a hydrostatic water-resistance test of the type described in
      Example 2. The results of these tests are set forth in Table III.
TBL                Table III                                                   
     ______________________________________                                    
                              6 in. Hydro-                                     
                                        6 in. Hydro-                           
           oz./sq.yd.                                                          
                    oz./sq.yd.                                                 
                              stat Test stat Test                              
     Formu-                                                                    
           4 oz.    6 oz.     4 oz.     6 oz.                                  
     lation                                                                    
           Material Material  Material  Material                               
     ______________________________________                                    
     A     7.56     10.04      9 ml.     6 ml.                                 
     B     7.92     10.25     248 ml.    68 ml.                                
     C     7.84     9.90      Excessive 564 ml.                                
     D     8.46     10.69     Excessive Excessive                              
     E                        Excessive 910 ml.                                
     F                        Excessive 1184 ml.                               
     G                        Excessive 295 ml.                                
     ______________________________________                                    
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above products without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description or shown in the accompanying drawing shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coating composition useful for imparting fire resistance and
      water-repellency to fabric comprising between about 5% and about 23% by
      weight of a liquid chlorinated paraffin, between about 20% and about 40%
      by weight of a resinous chlorinated paraffin, between about 4% and about
      12% by weight of a copolymer of ethylene and vinyl acetate, between about
      3% and about 18% by weight of a fire retardant, and up to about 15% by
      weight of an organic solvent.
NUM  2.
PAR  2. A coating composition as set forth in claim 1 further comprising up to
      about 30% by weight of a paraffin wax having a melt point of between about
      124.degree.F. and about 160.degree.F.
NUM  3.
PAR  3. A coating composition as set forth in claim 1 further comprising up to
      about 50% by weight of a filler.
NUM  4.
PAR  4. A composition as set forth in claim 3 wherein said filler is selected
      from the group consisting of calcium carbonate, zinc oxide, kaolin,
      diatomaceous earth, litharge, mica, talc, alumina, silica, hydrated
      alumina, montmorillonite and attapulgite.
NUM  5.
PAR  5. A composition as set forth in claim 4 wherein the filler is calcium
      carbonate.
NUM  6.
PAR  6. A composition as set forth in claim 3 further comprising up to about 20%
      by weight of a pigment.
NUM  7.
PAR  7. A composition as set forth in claim 1 further comprising up to about 3%
      by weight of a fungicide.
NUM  8.
PAR  8. A composition as set forth in claim 1 wherein said liquid chlorinated
      paraffin has a chlorine content of approximately 40% by weight.
NUM  9.
PAR  9. A composition as set forth in claim 1 wherein said resinous chlorinated
      paraffin has a chlorine content of approximately 70% by weight.
NUM  10.
PAR  10. A composition as set forth in claim 1 wherein said copolymer of
      ethylene and vinyl acetate has a vinyl acetate content of between about
      15% and about 40% by weight.
NUM  11.
PAR  11. A composition as set forth in claim 10 wherein said copolymer contains
      approximately 18% by weight vinyl acetate.
NUM  12.
PAR  12. A composition as set forth in claim 2 containing approximately 13% by
      weight of said liquid chlorinated paraffin, approximately 34% by weight of
      said resinous chlorinated paraffin, approximately 8% by weight of said
      ethylene/vinyl acetate copolymer, approximately 6% by weight of said fire
      retardant, approximately 9% by weight of said paraffin wax, approximately
      24% by weight of a filler and approximately 5% by weight of an organic
      solvent.
PATN
WKU  039403564
SRC  5
APN  5283256
APT  1
ART  143
APD  19741129
TTL  Ice release agents consisting of pseudo-plastic compositions of
      crosslinked polyacrylic acid in water-polyglycol mixture
ISD  19760224
NCL  8
ECL  1
EXA  Kulkosky; Peter F.
EXP  Schofer; Joseph L.
INVT
NAM  Byrnes; Peter G.
CTY  Bloomfield Hills
STA  MI
ASSG
NAM  Union Carbide Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  260 296E
XCL  106 13
XCL  252 70
XCL  260 334R
XCL  260 296N
EDF  2
ICL  C09K  318
FSC  260
FSS  29.6 E;29.6 N;33.4 R
FSC  106
FSS  13
FSC  252
FSS  70
UREF
PNO  3096290
ISD  19630700
NAM  Duane et al.
OCL  106 13
UREF
PNO  3763071
ISD  19731000
NAM  Katze et al.
OCL  260 33.2R
UREF
PNO  3849361
ISD  19741100
NAM  Zweigh
OCL  260 29.6E
UREF
PNO  3865619
ISD  19750200
NAM  Pennewin et al.
OCL  106 13
OREF
PAL  Chemical Abstracts Entry-142992b-Vol. 74, 1971 Kordev, et al.
LREP
FR2  Crowe; Bernard Francis
ABST
PAL  Ice release agents are formulated from alkylene glycols having two to three
      carbon atoms, water, an alkanol and a salt of crosslinked polyacrylic
      acid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to ice release agents and more particularly to
      those which allow the facile removal of ice from non-horizontal surfaces.
PAR  The adhesion of bonding of ice to various substrates is a problem
      encountered by main in a large part of the world. Ice formation on
      automobile windshields, frozen food storage areas, ship superstructures,
      rolling rock, outdoor functional equipment, and the like has caused the
      expenditure of considerable time and funds.
PAR  A number of solutions to this problem have been suggested in the past
      including:
PA1  1. Methods that reduce or eliminate ice accumulations.
PA1  2. Methods that melt or otherwise remove existing accumulations of ice.
PA1  3. Methods that attempt to place an effective, permanent ice release
      coating on the surface of the substrate.
PA1  4. Methods that attempt to place an effective, temporary ice release
      coating on the surface of the substrate.
PAR  None of these methods have proved to be a satisfactory solution to this
      problem. The last method, viz., use of temporary release agents appears to
      be the most practical and economical but has not been successful for a
      variety of reasons. For example, Georgal et al. (U.S. Pat. No. 3,362,909)
      teaches the use of a composition consisting cheifly of n-propanol, water
      and ethylene glycol. However this composition performs poorly as an ice
      release agent for the following reasons:
PA1  1. The film thickness on a nonhorizontal surface, such as a windshield is
      too thin to provide for effective reduction of ice adhesion.
PA1  2. The evaporation rate of the formultion is too rapid to effect ice
      release other than for a short length of time after application.
PA1  3. The composition is rapidly diluted with water as ice contacts the
      composition, further reducing its effectiveness.
PAR  Goms (U.S. Pat. No. 2,812,264) discloses the use of a composition
      consisting of organic oils (such as peanut and/or cocoanut oil), aluminum
      stearates and a minor amount of propylene glycol for use of as an ice
      release agent for frozen food lockers. This composition has the drawback
      of high viscosity which requires that it be carefully wiped onto the
      surface of the substrate in sufficient thickness to assure ease of ice
      removal. Thus the difficulty in application of this composition has
      discouraged its use and affords erratic results depending upon the care
      taken in application. It is also undesirable because of the oily nature of
      the composition which complicates removal from the ice lockers during
      clean-up operations.
PAR  Ethylene glycol based ice release agents have been used to prevent bonding
      of ice to airport runways, parking lots, sidewalks and the like and are
      satisfactory  for these horizontal surfaces. However these compositions do
      not perform effectively on non-horizontal surfaces because their low
      viscosity allows them to drain off the non-horizontal surfaces by gravity
      leaving an insufficient quantity of the agent behind to provide effective
      ice release.
PAR  The ideal ice release agent combines inconsistent and seemingly mutually
      exclusive properties, viz., a low viscosity and an ability to maintain a
      thick film on non-horizontal surfaces.
PAR  It is an object of this invention to provide effective ice release agents
      which can be easily applied to non-horizontal substrates.
PAR  It is another object to provide ice release agents which remain on the
      non-horizontal substrate surface after application for periods of up to
      several days before ice accumulation begins.
PAR  It is still another object of this invention to provide an ice release
      agent which is not reduced in effectiveness for long periods of time once
      ice accumulation has occurred on the non-horizontal substrate.
PAR  It is still another object to provide an ice release agent which can be
      readily removed from the non-horizontal substrate surface if desired.
PAC  SUMMARY OF THE INVENTION
PAR  An ice release composition which is effective on non-horizontal substrate
      surfaces has been developed which comprises:
PA1  a. a mixture of an alkylene glycol having two or three carbon atoms and
      water in a glycol: water ratio of about 20:80 to about 90:10.
PA1  b. about 0.05 to about 1.0 parts of crosslinked polyacrylic acid per 100
      parts of (a);
PA1  c. sufficient base to neutralize the crosslinked polyacrylic acid selected
      from the class consisting of alkali metal hydroxides, ammonium hydroxide,
      alkyl amines having 4 to 12 carbon atoms, alkanolamines having 2 to 12
      carbon atoms and morpholine; and
PA1  d. about 50 to about 200 parts of an alkanol, having one to three carbon
      atoms, per 100 parts of the combination of (a), (b) and (c).
PAR  Representative alkylene glycols include ethylene glycol, 1,2-propylene
      glycol, and 1,3-propylene glycol.
PAR  While a ratio of glycol to water in the range between 20:80 and 90:10 can
      be used, it is preferred to use a range between 40:60 and 60:40.
PAR  Crosslinked polyacrylic acid may be prepared by following the procedure
      delineated in U.S. Pat. No. 2,923,692, which is incorporated herein by
      reference, whereby anhydrous acrylic acid is polymerized in an organic
      medium in the presence of a crosslinking agent which contains a plurality
      of non-conjugated CH.sub.2 =C&lt; groupings per molecule.
PAR  Crosslinked polyacrylic acids are commercially available from B. F.
      Goodrich Chemical Co. as Carbopol resins.
PAR  Although about 0.05 to about 1.0 parts of crosslinked polyacrylic acid are
      used per 100 parts of the mixture of alkylene glycol and water, it is
      preferred to use a range of about 0.2 to about 0.4 parts.
PAR  Exemplary alkali metal hydroxides include sodium hydroxide, potassium
      hydroxide, and lithium hydroxide.
PAR  Representative alkyl amines include the following: dimethylethylamine,
      diethylmethylamine, triethylamine, diethylpropylamines,
      dipropylethylamines, tripropylamines, dipropylbutylamines,
      dibutylpropylamine, tributylamines.
PAR  Exemplary alkanolamines include but are not limited to: monoethanolamine,
      diethanolamine, triethanolamine, N-methylethanolamine,
      N,N-dimethylethanolamine, N,N-diethylethanolamine,
      N,N-dipropylethanolamine, N-methyldiethanolamine, N-ethyldiethanolamine,
      monoisopropanolamine, diisopropanolamine, triisopropanolamine,
      tributanolamines and the like.
PAR  The preferred alkanol is ethanol but one may also employ methanol,
      isopropanol or n-propanol.
PAR  The amount of alkanol used to achieve the desired viscosity of the final
      composition will normally range from about 35 to about 65 percent of the
      total composition.
PAR  The ice release composition can be applied conveniently to the
      non-horizontal substrate surface by spraying.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The ice release composition of this invention must adhere to the
      non-horizontal substrates in order to be effective. This is not possible
      in a liquid phase and it is therefore essential that a gelled composition
      be obtained in order to adhere to the particular substrate surface.
      However in order to apply the gelled composition it must be modified to a
      form which can be sprayed onto the desired non-horizontal surface. This
      has been achieved by using the crosslinked polyacrylic acid salt in a
      particular balanced range with the alkanol and glycol-water mixture.
PAR  It was unexpectedly found that the ratio of the components in this
      invention is narrowly critical and deviations from the quantitative limits
      set out above affords a combination which either cannot be sprayed,
      particularly from an aerosol formulation, due to the precipitation of
      neutralized crosslinked polyacrylic acid or is not effective as an ice
      release agent. The latter effect arises due to reduced gel strength which
      results in a decrease of the film thickness of the sprayed combination on
      a non-horizontal surface.
PAR  The complexity of the problem solved by this invention can be attributed in
      part to the fact that in order to arrive at a gelled combination of
      alkylene glycol, water and neutralized crosslinked polyacrylic acid which
      can be sprayed said combination must be thinned with the alkanol. Thinning
      causes two phenomena to occur simultaneously. Firstly there is the
      dilution effect with an increase in the volume of the system. Secondly,
      the polar nature of the system is decreased. In highly polar solvents,
      such as, pure water, neutralized crosslinked polyacrylic acid is in a
      highly expanded state. As the polarity of the solvent decreases by the
      addition of alkanol, there is a contraction of the polyacrylic acid. This
      polymer contraction reduces gel strength and viscosity ultimately
      resulting in precipitation of the polymer. The solution of these problems
      was not one readily apparent to those skilled in the art.
PAR  The invention is further described in the examples which follow. All parts
      and percentages are by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  A composition was prepared by mixing 23.23 parts of water, 25.00 parts of
      ethylene glycol, 0.15 parts of crosslinked poly(acrylic acid), 1.62 parts
      of N/1 aqueous sodium hydroxide solution and 50 parts of methanol. No
      settling of solids was obtained with this composition even on
      centrifuging. This composition when sprayed on an automobile windshield
      which was then exposed to icing conditions permitted the ice to be removed
      from the windshield with a minimum of mechanical effort, i.e., no vigorous
      scraping was required.
PAR  This was corroborated by members of a test panel who sprayed this
      formulation on the windshields of their cars prior to icing conditions.
      The panel members found this formulation effective against frost, snow,
      melted and refrozen snow and freezing rain. Plastic windshield scrapers
      were used with a small amount of mechanical effort.
PAC  EXAMPLE 2
PAR  The following formulation was compounded:
TBL  Propylene Glycol  24.539 parts                                            
     Deionized H.sub.2 O                                                       
                       23.681 parts                                            
     Crosslinked Polyacrylic Acid                                              
                        0.150 parts                                            
     N/1 Triisopropanolamine                                                   
                        1.630 parts                                            
     Ethanol           50.000 parts                                            
PAR  This composition can be sprayed from a garden type sprayer for application
      to commercial food freezers, or formulated as an aerosol using 15 percent
      by weight dichlorodifluoromethane as the propellant. In this latter case,
      the dichlorodifluoromethane serves as a further diluent with the ethanol
      to decrease the viscosity of the composition to the point where it can be
      applied as an aerosol spray.
PAC  EXAMPLE 3
PAR  One can also employ a combination of bases and achieve a sprayable
      composition which does not precipitate crosslinked polyacrylic acid. One
      such composition comprises 50 parts of a solution containing 50 parts of
      water,, 50 parts of 1,3-propylene glycol and 0.3 parts of crosslinked
      polyacrylic acid; 1.575 parts of a solution of 40 grams of sodium
      hydroxide and 960 grams of water; 0.525 parts of a solution of 87 parts of
      morpholine and 913 parts of water; and 20 parts of ethanol.
PAC  EXAMPLE 4
PAR  The possiblity of using a combination of alkanols is demonstrated by the
      following composition containing 50 parts of a mixture of 50 parts of
      water, 50 parts of ethylene glycol and 0.3 parts of crosslinked
      polyacrylic acid; 2.1 parts of a mixture of 40 grams of sodium hydroxide
      and 960 grams of water; 28 parts of an 80-20 mixture of methanol and
      isopropanol. This composition was also sprayable and on standing showed no
      precipitation of crosslinked polyacrylic acid salt.
PAR  Although the invention has been described in its preferred forms with a
      certain degree of particularity, it is understood that the present
      disclosure of the preferred forms has been made only by way of example and
      that numerous changes may be resorted to without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Ice release composition which is effective on non-horizontal substrate
      surfaces comprising:
PA1  a. a mixture of an alkylene glycol having two to three carbon atoms and
      water in a glycol:water weight ratio of about 20:80 to about 90:10.
PA1  b. about 0.05 to about 1.0 parts of crosslinked polyacrylic acid per 100
      parts of (a);
PA1  c. sufficient base to neutralize the crosslinked polyacrylic acid, said
      base selected from the class consisting of alkali metal hydroxides,
      ammonium hydroxide, alkyl amines having 4 to 12 carbon atoms,
      alkanolamines having 2 to 12 carbon atoms and morpholine; and
PA1  d. about 50 to about 100 parts of an alkanol, having one to three carbon
      atoms, per 100 parts of the combination of (a), (b) and (c).
NUM  2.
PAR  2. Composition claimed in claim 1 wherein the alkylene glycol is ethylene
      glycol.
NUM  3.
PAR  3. Composition claimed in claim 1 wherein the alkylene glycol is
      1,2-propylene glycol.
NUM  4.
PAR  4. Composition claimed in claim 1 wherein the base is sodium hydroxide.
NUM  5.
PAR  5. Composition claimed in claim 1 wherein the base is triisopropanolamine.
NUM  6.
PAR  6. Composition claimed in claim 4 wherein the alkanol is methanol.
NUM  7.
PAR  7. Composition claimed in claim 5 wherein the alkanol is ethanol.
NUM  8.
PAR  8. Composition claimed in claim 1 wherein the alkanol is isopropanol.
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ABST
PAL  Individual glass fibers are coated with a combined sizing and coating
      composition that includes a zinc salt having a solubility constant
      (K.sub.s) of not less than 1 .times. 10.sup.-.sup.3 complexed with ammonia
      as a substitute for all or part of the resorcinol-formaldehyde resin. The
      preferred combined sizing and coating composition includes as the latex
      constituent, a styrene-butadiene vinylpyridine terpolymer, as the resin
      constituent, resorcinol-formaldehyde and zinc sulphate complexed with
      ammonia and as the coupling agent, a silane selected from amino, amido,
      chloropropyl, epoxy, ureido-functional silanes. An aqueous solution of the
      combined sizing and coating composition is prepared and the individual
      glass fibers are coated shortly after attenuation with this combined
      sizing and coating composition. The coated individual glass fibers are
      thereafter gathered into strands and the strands are dried while spaced
      from each other. The dried strands are thereafter, collected on a forming
      tube. The coated strands are used as a glass fiber reinforcement for
      elastomeric products. The zinc salts complexed with ammonia, may also be
      used in a coating composition for use with glass fibers that have been
      previously coated with a separate sizing composition that includes a
      coupling agent.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a Division of application Ser. No. 314,284, filed Dec. 12, 1972,
      which is a continuation-in-part of application Ser. No. 93,937, filed Dec.
      1, 1970, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a coating composition and to a combined sizing
      and coating composition for glass fibers and more particularly to an
      aqueous coating and combined sizing and coating composition that includes
      a zinc salt complexed with ammonia for coating glass fibers for use in
      reinforcing elastomeric products.
PAR  2. Description of the Prior Art
PAR  It has long been recognized that glass fiber material should make an ideal
      reinforcement for automobile tires (U.S. Pat. No. 2,184,326), rubber
      timing belts (U.S. Pat. No. 2,135,057) and other elastomeric products. In
      preparing glass fiber materials for such application, individual glass
      fibers and groups of glass fibers in the form of strands, roving, fabric,
      and the like are coated with a rubber adhesive to aid in bonding of the
      glass to the elastomeric material to be reinforced. By far, the most
      widely used adhesive for preparing glass fibers for reinforcing rubber or
      rubber-like material is resorcinol-formaldehyde resin. The
      resorcinol-formaldehyde resin is generally applied to glass fiber material
      prior to molding of the reinforced elastomeric article by contacting a
      glass fabric or the like with an aqueous mixture having the resin
      dispersed therein. The aqueous mixture usually includes, in addition to
      resorcinol-formaldehyde resin, an elastomeric latex selected from natural
      and synthetic latices, since it is known that the incorporation of such
      latices into a rubber adhesive mixture aids in the bonding of the glass
      fiber material coated with such mixtures to the elastomeric material to be
      reinforced.
PAR  Largely because of its high cost, a satisfactory substitute for all or part
      of the resorcinol-formaldehyde resin has long been sought. Additionally,
      the resorcinol-formaldehyde resin is difficult to apply to the glass fiber
      material in a manner whereby the resin may thoroughly impregnate the
      fabric to coat the glass fibers forming the fabric. Therefore, often
      uncoated glass fibers remain in the fabric after being contacted with the
      resinous mixture. The strands, of course, are subject to glass-on-glass
      abrasion which can soon destroy the long strands of glass in a fabric and
      render its reinforcing properties unsatisfactory. In applying conventional
      resorcinol-formaldehyde containing aqueous coating compositions to glass
      fibers by conventional techniques such as a roller applicator described in
      U.S. Pat. No. 2,873,718, it has been found difficult to obtain in a single
      application, a coating of sufficient weight. That is, it is known that
      glass fiber material should realize a weight gain of at least about 15-20%
      and preferably about 25-30% by weight based upon dry glass for best
      results in reinforcing elastomeric compositions. Conventional
      resorcinol-formaldehyde mixtures, as applied to glass fiber materials,
      build to the desired coating weight only with difficulty, for example, as
      by increasing considerably contact time with the roller. Additionally,
      much of the coating may actually be squeezed off by the roller applicator,
      presumably due to the mixture's low viscosity and the tension exerted on
      the fibers.
PAR  U.S. Pat. No. 3,718,448 "Glass Fiber Forming and Coating Process" by Warren
      W. Drummond and Donald W. Denniston and assigned to the assignee of this
      invention, discloses apparatus for applying a combined sizing and coating
      composition to individual glass fibers and then drying the fibers in
      strands and collecting the dried strands on a forming tube. By this
      process the glass fibers are simultaneously coated with both the sizing
      and the coating in a single coating step that reduces substantially the
      time and equipment required to process the glass fibers for use as a
      reinforcement in elastomeric products. The combined sizing and coating
      compositions previously employed with this process included only
      resorcinol-formaldehyde as the resin constituent.
PAR  There is a need, therefore, for a combined sizing and coating composition
      that may be more economically prepared and applied to the glass fibers as
      a single coating.
PAC  SUMMARY OF THE INVENTION
PAR  Generally, the invention provides improved combined sizing and coating
      composition for glass fibers for use in reinforcing elastomeric materials
      wherein all or part of the conventional resorcinol-formaldehyde adhesive
      is replaced with zinc salt complexed with ammonia whereby the zinc salt is
      rendered soluble, or "solublized" in the aqueous media. A combined sizing
      and coating composition for treating glass fibers during their formation
      process may include zinc sulphate, ammonia, an elastomeric latex selected
      from natural and synthetic latices, and an amino, chloropropyl, epoxy,
      amido, or ureido-functional silane coupling agent. The composition may
      likewise include a portion of resorcinol-formaldehyde resin.
      Alternatively, a composition of the foregoing, without the coupling agent
      may be applied to a glass fiber strand or roving previously sized with an
      aqueous solution containing that coupling agent.
PAR  This invention provides novel combined sizing and coating compositions for
      preparing glass fibers for use in reinforcing rubber or rubber-like
      elastomers in a manner more economical than heretofore known. The
      invention provides novel combined sizing and coating compositions for
      glass fibers with improved impregnation of a glass fiber strand that is
      composed of a multiplicity of individual glass fibers or filaments with an
      aqueous rubber adhesive composition. There is provided combined sizing and
      coating compositions enabling the application or rubber adhesive to glass
      fiber material in a manner whereby high coating weights may be achieved.
      Moreover, there are provided combined sizing and coating compositions for
      glass fibers enabling the application of coupling agent and rubber
      adhesive chemicals to a glass fiber strand in a single step application.
      The buildup of adhesive on coating equipment such as guide eyes and bailer
      rolls is considerably reduced using the zinc salts of the instant
      invention and provides during coating, dips which have acceptable
      viscosities.
PAR  Other advantages and details of the invention will become apparent by
      reference to the following examples and more detailed description thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view in elevation of a glass fiber strand forming,
      coating and drying operation.
PAR  FIG. 2 is an enlarged view of the fiber forming and coating portion of the
      operation illustrated in FIG. 1.
PAR  FIG. 3 is a side view of FIG. 2 illustrating the arrangement of the glass
      fibers as they pass through the forming and coating portion of the
      operation illustrated in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings and particularly to FIG. 1, there is illustrated
      diagrammatically fiber forming and coating apparatus with the fiber
      forming apparatus generally designated by the numeral 10. A premelter 12
      in the fiber forming apparatus 10 is supplied with glass marbles from the
      supply hopper 14. Suitable controls are provided to automatically feed the
      glass marbles to the premelter 12 where they are melted and the molten
      glass flows through openings in a bushing 16 secured to the underside of
      the premelter 12. Glass fibers 18 are drawn or attenuated from cones of
      the molten glass suspended from tips in the openings in the bottom of the
      bushing 16. The bushing may, for example, have 40 pairs of rows with 25
      tips in each pair of rows so that about 1,000 fibers can be simultaneously
      drawn from the tips in the bushing 16. From each of the pairs of rows
      about 25 fibers are gathered and form about 40 groups or strands of fibers
      designated by the numeral 20. The spaced strands or groups 20 pass through
      drying ovens as later described. Because the fibers 18 are drawn from the
      fiber forming apparatus, the hopper 14 and premelter are preferably
      located at the top level in the building designated in FIG. 1 by the
      numeral 24.
PAR  The separate fibers 18 pass over a conventional roller type coating
      applicator generally designated by numeral 22 that is positioned adjacent
      to the bushing 16 and is arranged to coat the individual fibers 18 with
      the later described combined sizing and coating composition. The
      individual fibers 18 after being coated with the combined sizing and
      coating composition are gathered into groups or strands 20 containing
      about 25 glass fibers 18. The strands 20 of the coated fibers are
      thereafter drawn downwardly through a first heating zone or oven 26 which
      may be a dielectric oven. The groups or strands 20, while separated from
      each other as illustrated in the drawings, are dried in the first heating
      zone 26 to remove the water and volatilize the ammonia in the combined
      sizing and coating composition on the fibers 18. The groups or strands 20
      of fibers 18 are spaced from each other approximately one-half inch as
      they are drawn into the oven 26. The strands 20 remain spaced from each
      other in the oven 26 while the strands are being dried. The strands 20,
      while being drawn through the oven 26 located at a second level 28
      immediately below the top level 24, converge toward each other and are
      joined into a single or composite strand 30 as they pass over a pair of
      graphite gathering shoes 32.
PAR  The single composite strand 30 is then drawn through a second heating zone
      or oven 34 where additional heat is applied to the coated fibers to
      further cure the coating so that the combined strand 30 forms a roving.
      The combined strand or roving 30 passes over suitable guides 36 and 38 to
      a glass fiber strand forming winder 40 such as that illustrated in U.S.
      Pat. Nos. 3,041,662; 3,151,963 and 3,256,079. The forming winder 40 has a
      traverse 42 that forms a generally cylindrical package 44 on the winder 40
      with an open wind.
PAR  Alternately, the separate strands 20 of fibers 18 can be joined into a
      combined strand or roving 30 after passing through the oven 26 without
      further curing of the coating or the cured combined strand may be chopped
      into short discontinuous strands before the strand is wound on the forming
      winder 40.
PAR  As illustrated in FIG. 1, the lower portion of the oven 26, the graphite
      gathering shoes 32 and a portion of the second oven 34 are located at a
      still lower level 46. The demarcation between the various levels is
      indicated by the concrete floors. The lower portion of the oven 34 and the
      strand forming winder 40 are located at the lower level 48. The strand
      travel direction may be changed from the vertical direction illustrated to
      a horizontal direction prior to entry into the second heating zone 34 to
      again reduce the height of the building required to house the strand
      forming and coating apparatus.
PAR  It is preferred that the combined strand 30 be pulled continuously during
      changing of the packages 44 on the winder 40 in order to avoid rethreading
      the separate strands 20 and combined strand 30 through the oven 26. Thus,
      pulling wheels 48 are provided on one side of the winder 40 and are
      employed to direct the combined strand or roving 30 into a waste container
      50.
PAR  Referring to FIGS. 2 and 3, the upper portion of the fiber forming and
      coating apparatus is illustrated in enlarged form. In FIGS. 2 and 3, the
      individual fibers 18 are formed into small inverted pyramide-shaped
      groups, generally designated by the numeral 52 that contain between 10 and
      50 fibers. In the groups, the fibers 18 are arranged in spaced
      side-by-side relation. The individual fibers 18 pass over a roller 54 of
      the roller type applicator 22. The roller 54 is suitably supported on a
      support member 56 that has a reservoir containing a supply of the combined
      sizing and coating composition. As the individual fibers are drawn over
      the surface of the roller 54, the fibers 18 tend to first move together in
      a ribbon and then fold over each other as they separate from the surface
      of the coated roller 54. A layer of the combined sizing and coating
      composition designated by the numeral 58 is picked up by the individual
      fibers 18 from the roller 54 and the combined sizing and coating
      composition tends to adhere to the fibers and the fibers 18 tend to hold
      together into unitary group or strand 20 that has an oval shape in cross
      section. The groups or strands 20 present a much greater surface area for
      drying the coated glass fibers 18 within the strands 20 in oven 26 than if
      the fibers 18 and strands 20 were consolidated into the composite strand
      30 before drying. With this arrangement, the drying rate for the separate
      strands 20 proceeds at a faster rate than the drying of a composite strand
      similar to the strand 30.
PAR  As stated hereinabove, the invention provides combined coating and sizing
      compositions for glass fibers for use in reinforcing rubber or rubber-like
      compositions. By "coating" composition, is intended a composition for
      coating glass fibers useful for reinforcing rubber and rubber-like
      materials which includes a rubber adhesive according to the invention,
      such as zinc sulphate or a combination of zinc sulphate and
      resorcinol-formaldehyde resin and an elastomeric latex, but which does not
      include a coupling agent. Such compositions are generally applied to glass
      fiber materials which have previously been "sized" by contact with an
      aqueous composition containing the coupling agent. By combined sizing and
      coating composition is intended a composition for coating glass fibers
      useful for reinforcing rubber and rubber-like compositions which includes,
      in addition to the rubber adhesive and elastomeric latex, a coupling agent
      according to the invention. The "coating" composition may be applied by a
      conventional roller applicator after a sizing composition has been applied
      to the glass fibers by a separate applicator. The combined sizing and
      coating composition may be applied in accordance with the previously
      described process.
PAR  Coupling agents are generally chemicals which render the surface of glass
      fiber materials substantive and compatible with the resin with which they
      are to be employed in preparing a glass fiber-reinforced rubber or
      rubber-like product, and which aid in bonding the fibers thereto. Coupling
      agents useful in the invention comprise generally amino, chloropropyl,
      epoxy, amido and ureido-functional silane coupling agents which contain in
      addition to the aforementioned functional groups, one or more hydrolizable
      moieties connected to the silicon atom. Illustrative of such coupling
      agents are aminosilane coupling agents of the general formula
      ##EQU1##
      wherein R.sub.1, R.sub.2 and R.sub.3 are the same or different and are
      selected from lower alkyl or aliphatic hydrocarbons having less than eight
      and preferably less than five carbon atoms. R.sub.4 is a biradical also
      selected from lower alkyl or aliphatic hydrocarbons having less than eight
      and preferably less than five carbon atoms. Illustrative of the
      amidosilane coupling agents is gamma-acetamidopropyltriethoxysilane.
      Illustrative of the ureido-functional coupling agents is
      gamma-uriedopropyltriethoxysilane.
PAR  Suitable elastomeric latices useful in the invention may be selected from
      natural and synthetic rubber latices such as neoprene, isoprene,
      butylrubber, butadiene-styrene copolymers, acrylonitrilebutadiene-styrene
      terpolymers, styrene-butadiene-vinylpyridine terpolymers, and the like.
      Preferably a styrene-butadiene-vinylpyridine terpolymer latex is employed
      such as that sold or marketed by General Tire and Rubber Company under the
      trade name "GenTac" latex.
PAR  Compositions according to the invention may generally be prepared by
      incorporating a zinc salt into a more or less conventional aqueous
      adhesive coating composition for preparing glass fibers for reinforcing
      elastomeric products. Representative of the zinc salts useful according to
      the invention are zinc sulphate, zinc phosphate, zinc nitrate, zinc
      chloride, zinc acetate and other zinc salts having a solubility constant
      of not less than 1 .times. 10.sup..sup.-3. It has been found, however,
      that these salts may not be added directly to a conventional aqueous
      coating composition but, rather, each must be completed with ammonia
      whereby the salts are rendered soluble and stable in the aqueous medium
      comprising the coating composition. Direct addition of the zinc salts to
      an ordinary coating composition without first complexing the zinc salts
      with ammonia or without having sufficient ammonia present in the coating
      composition to complex the zinc salt upon addition thereto, results in an
      immediate reaction of the zinc salt which can destroy the dispersion, or
      emulsion, or resinous and elastomeric materials in the combined sizing and
      coating or the coating composition.
PAR  Zinc oxide or zinc hydroxide is not useful in preparing the combined
      coating and sizing compositions of the instant invention because they
      cause, due to their low solubilities, undesirable thickening of the
      coatings which results in coatings having unacceptably high viscosities.
      Coatings utilized in accordance with this invention have viscosities of
      less than 15 centipoises. It has been found that zinc oxide for example at
      very low concentration in the coating formulations contemplated herein
      causes undesirable thickening of the coating composition and "runnability"
      of coated strand which is not acceptable. By "runnability" is meant the
      lack of irregularity in running strand through the coaters, dryers and
      auxiliary equipment and the minimized buildup of dip on surfaces
      contacting the coated strand during processing. On the other hand addition
      of the zinc salts complexed, or "solubilized" according to the invention,
      does not destroy or adversely affect the coating bath or the runnability
      of the coated cord. Rather, it is believed, though the invention is not to
      be limited expressly thereto, that the complexed zinc salts, when present
      in a coating composition, have the ability to undergo rapid, in-situ
      disproportionation on drying to provide zinc hydroxide and a mineral acid,
      such as sulphuric acid. The zinc hydroxide may then act as a mild
      coagulating or thixotropic agent aiding thereby in the application of a
      uniform and high weight coating to a glass fiber in contact with the
      composition. The mineral acid formed may perform as an acid curing agent
      for the resinous materials present. Thus, it has been found to be critical
      that the acid zinc salts either be complexed with ammonia prior to
      admixture with a coating composition or that there be sufficient ammonia
      (ammonium hydroxide) present in a coating composition to complex the
      amount of zinc sulphate added thereto.
PAR  Where it is desired to prepare a combined sizing and coating composition
      having a high solids content especially in large commercial batches, or a
      combined sizing and coating composition containing excess formaldehyde, a
      stabilizer should preferably be added to the coupling agent as described
      in my copending application entitled "Coating Composition and Process for
      Preparing and Applying the Coating Composition to Glass Fibers", Ser. No.
      93,939, filed Dec. 1, 1970, now abandoned, and assigned to the assignee of
      the instant invention. The stabilizer will prevent precipitation of the
      latex in the composition.
PAR  A suitable formulation for practice of the invention has the following
      ranges of constituents:
TBL  Constituent         % By Weight                                           
     __________________________________________________________________________
     Butadiene-styrene-  20  -70                                               
     vinylpyridine latex                                                       
     15:70:15 ratio                                                            
     (41% wt. solids, aqueous dispersion)                                      
     Resorcinol-formaldehyde                                                   
                         0   -10                                               
     Coupling Agent      0   -3  (for coating                                  
                                  solution)                                    
                         0.01                                                  
                             -3  (for combined                                 
                                  sizing and                                   
                                  coating)                                     
     Zinc Salt           0.01                                                  
                             -5                                                
     Ammonia (28% by weight solution)                                          
                         0   -10                                               
     Water               60  -85                                               
     Other materials                                                           
               (lubricants,                                                    
                         0   -5                                                
               surfactants,                                                    
               stabilizers, etc.)                                              
     __________________________________________________________________________
PAR  The following examples are illustrative of compositions according to the
      invention which are useful in small laboratory size batches (2 gallons)
      not requiring stabilization as discussed above. All parts given are parts
      by weight unless indicated otherwise.
PAC  EXAMPLE I
PAC  Combined Sizing and Coating Composition
PAR  This example is illustrative of a combined sizing and coating composition
      for glass fibers useful for preparing reinforced elastomeric products
      wherein no resorcinol-formaldehyde resin is employed. To a vessel under
      mild agitation was charged 250 parts of GenTac elastomeric latex (a
      styrene-butadiene-vinylpyridine terpolymer in the approximate ratio of
      15:70:15 comprising 41% by weight solids, marketed by General Tire and
      Rubber Company), 230 parts water, 20 parts ammonia, 0.5 parts zinc
      sulphate (ZnSO.sub.4), and 1 part coupling agent,
      gamma-aminopropyltriethoxysilane.
PAR  It is noted that glass fiber material contacted with the foregoing
      composition by a conventional applicator, such as the roller applicator
      illustrated in the drawings, and previously described, realized a weight
      gain of between 15 - 20% by weight based on dry glass, exhibited excellent
      adhesion to rubber stock and in addition, yielded reinforced rubber stock
      having excellent tensile strengths. It was also noted that the combined
      sizing and coating composition prepared in the example showed good
      compatibility with little or not settling out of chemicals from the
      aqueous mixture.
PAC  EXAMPLE II
PAC  Combined Sizing and Coating Composition
PAR  This example illustrates a combined sizing and coating composition
      according to the invention wherein there is included a portion of furfuryl
      alcohol, the use of which in combined sizing and coating compositions is
      more fully disclosed and claimed in U.S. Pat. No. 3,718,449, entitled
      "Sizing, Coating and Combined Sizing and Coating Composition for Glass
      Fibers."
PAR  A combined sizing and coating composition having the following formulation
      was prepared:
     GenTac synthetic rubber latex                                             
                             185     parts                                     
     (15:70:15) Styrene-butadiene-vinyl-                                       
     pyridine                                                                  
     Furfuryl alcohol        25      parts                                     
     Polyvinyl alcohol       2.5     parts                                     
     Polyethoxyalkylphenol (Surfactant)                                        
                             1       part                                      
     Zinc sulphate (ZnSO.sub.4)                                                
                             0.5     part                                      
     Ammonia                 10      parts                                     
     Gamma-aminopropyltriethoxysilane                                          
                             1       part                                      
     Water                   280     parts                                     
PAR  In the above formulation, zinc sulphate may be added directly to the
      remaining constituents comprising the composition, or may be complexed
      prior to addition thereto by mixing with the ammonia and a portion of the
      water in the formulation. Glass fiber material coated with the foregoing
      combined sizing and coating composition exhibited excellent adhesion to
      elastomeric material and in addition, the elastomeric material reinforced
      with such coated glass fiber materials exhibited excellent tensile
      strengths.
PAC  EXAMPLE III
PAR  The method of Example II was repeated with the exception that 0.5 part zinc
      phosphate, Zn.sub.3 (PO.sub.4).sub.2 was used in place of zinc sulphate.
      Glass fibers coated with the combined sizing and coating exhibited
      excellent adhesion properties and likewise, elastomeric materials
      reinforced with the treated glass fiber materials had excellent tensile
      strengths.
PAC  EXAMPLE IV
PAC  Combined Sizing and Coating Composition
PAR  A combined sizing and coating composition having the following formula was
      prepared:
TBL  GenTac synthetic rubber latex                                             
                             200     parts                                     
     (15:70:15) styrene-butadiene-vinyl                                        
     pyridine                                                                  
     Water                   225     parts                                     
     Furfuryl alcohol        25      parts                                     
     Zinc sulphate           1       part                                      
     Ammonia                 25      parts                                     
     Gamma-aminopropyltriethoxysilane                                          
                             1       part                                      
PAC  EXAMPLE V
PAC  Coating Composition
PAR  A coating composition was prepared having the following formula:
TBL  GenTac synthetic rubber latex                                             
                             200     parts                                     
     (15:70:15) styrene-butadiene-vinyl                                        
     pyridine                                                                  
     Furfuryl alcohol        25      parts                                     
     Zinc sulphate           1       part                                      
     Ammonia                 25      parts                                     
     Water                   250     parts                                     
PAR  Glass fiber materials previously sized with an aqueous composition
      containing the coupling agent gamma-aminopropyltriethoxysilane were coated
      with the foregoing coating composition and a weight gain of about 15 - 20%
      by weight was realized based on the weight of the dry glass and the coated
      fibers exhibited excellent adhesion to elastomeric materials and in
      addition, elastomeric materials reinforced with such coated glass fibers
      have excellent tensile strengths.
PAC  EXAMPLE VI
PAC  Combined Sizing and Coating Composition
PAR  A combined sizing and coating composition was prepared in the manner of
      Example I with the exception that one part of ureido-propyltriethoxysilane
      coupling agent was used in place of the gamma-aminopropyltriethoxysilane.
PAC  EXAMPLE VII
PAC  Combined Sizing and Coating Composition
PAR  A combined sizing and composition having the following formula was
      prepared:
TBL  Acrylonitrile latex     100     parts                                     
     GenTac synthetic rubber latex                                             
                             120     parts                                     
     (15:70:15) styrene-butadiene-vinyl                                        
     pyridine                                                                  
     Furfuryl alcohol        15      parts                                     
     Ammonia                 15      parts                                     
     Zinc sulphate           1       part                                      
     Gamma-aminopropyltriethoxysilane                                          
                             1       part                                      
     Water                   240     parts                                     
PAR  Glass fiber materials coated according to the method described with the
      foregoing composition exhibited excellent adhesion to elastomeric
      materials and in addition, elastomeric materials reinforced with such
      treated fibers showed excellent tensile strengths.
PAR  Examples VIII - XI illustrate other formulations of a combined sizing and
      coating composition in accordance with the invention and Example XII is a
      combined sizing and coating composition that was used as a control and did
      not include the zinc sulphate.
PAC  EXAMPLE VIII
TBL  Water                   920      parts                                    
     Ammonium hydroxide      260      parts                                    
     Zinc sulphate           8        parts                                    
     GenTac latex            2,600    parts                                    
     (15:70:15) styrene-butadiene-vinyl                                        
     pyridine                                                                  
     Gamma-aminopropyltriethoxysilane                                          
                             12       parts                                    
PAC  EXAMPLE IX
TBL  Water                  10,000   parts                                     
     Ammonium hydroxide     400      parts                                     
     Zinc sulphate          16       parts                                     
     Nadex 330 starch       100      parts                                     
     Emerylub 1200-36-fatty acid                                               
                            50       parts                                     
     (Lubricant)                                                               
     Gamma-aminopropyltriethoxysilane                                          
                            35       parts                                     
     Nopco NXZ anti-foam agent                                                 
                            1        part                                      
     GenTac latex           7,000    parts                                     
     (15:70:15) styrene-butadiene-vinyl                                        
     pyridine                                                                  
     Furfuryl alcohol       500      parts                                     
PAC  EXAMPLE X
TBL  Water                   4,000    parts                                    
     Potassium hydroxide     4        parts                                    
     Resorcinol              360      parts                                    
     Formaldehyde - 37% solids                                                 
                             500      parts                                    
     GenTac latex            8,800    parts                                    
     (15:70:15) styrene-butadiene-vinyl                                        
     pyridine                                                                  
     Ammonium hydroxide      350      parts                                    
     Water                   2,500    parts                                    
     Ammonium hydroxide      120      parts                                    
     Zinc sulphate           8        parts                                    
     Furfuryl alcohol        200      parts                                    
     Casein                  .5       part                                     
     Gamma-aminopropyltriethoxysilane                                          
                             30       parts                                    
PAC  EXAMPLE XI
TBL  Water                   4,000    parts                                    
     Ammonia                 2,000    parts                                    
     Zinc sulphate           8        parts                                    
     Polyvinyl alcohol       40       parts                                    
     Furfuryl alcohol        400      parts                                    
     Nopco 1186A Octylsuccinate wetting                                        
                             1        part                                     
     agent                                                                     
     Tetronic 704 Surfactant 500      parts                                    
     Gamma-aminopropyltriethoxysilane                                          
                             30       parts                                    
     GenTac latex            2,800    parts                                    
     (15:70:15) styrene-butadiene-vinyl                                        
     pyridine                                                                  
     Nopco NXZ anti-foaming agent                                              
                             .5       part                                     
PAC  EXAMPLE XII
PAC  Control
TBL  Water                   3,950    parts                                    
     Resorcinol              180      parts                                    
     Sodium hydroxide        2.5      parts                                    
     Formaldehyde (37% solids)                                                 
                             266      parts                                    
     GenTac latex            4,000    parts                                    
     (15:70:15) styrene-butadiene-                                             
     vinylpyridine                                                             
     Ammonium hydroxide      190      parts                                    
     Gamma-aminopropyltriethoxysilane                                          
                             35       parts                                    
PAR  The following table clearly illustrates that the combined sizing and
      coating compositions of Example VII through XI inclusive containing
      ZnSO.sub.4 have equal and/or superior tensile or adhesion properties when
      compared with a control combined sizing and coating composition without
      the ZnSO.sub.4. The strands which were coated contained 1000 filaments per
      strand.
PAR  Tensile strength of glass fiber cord is determined by use of anInstron test
      device. A cord to be stated is mounted on the clamps or jaws of an Instron
      test device so that the gage length or distance between the points of
      tangency of the cord and the clamping blocks is ten inches. The Instron
      device is operated at two inches/minute crosshead speed until the specimen
      cord breaks. The load and elongation at cord failure are recorded for a
      sample of n cords, with n usually equal to 10. The percent elongation of
      each cord is determined as: % elongation = inches elongated/10 .times.
      100.
PAL  Percent elongation is determined for each cord at 20 and 50 percent of the
      load at cord failure. Breaks within 1/4 inch of the clamps are considered
      "jaw-breaks" due to damage in clamping and the results discarded. Average
      breaking strength and elongation are determined for (n -- "jaw-breaks")
      samples.
PAR  Tensile strength of rubber coated glass fiber cord embedded in rubber is
      determined using samples prepared each with three parallel cords embedded
      between two 50-55 mil thick layers of common rubber stock (as Firestone
      No. 8634). Samles are prepared by placing the fibers between rubber
      sheets, placing them in a preheated press at about 300.degree.F, pressing
      at about 7.1 tons for about 25 minutes cure time, quick chilling and
      cutting off trim.
PAR  As Instron test device is used as for cord tensile strength determinations.
      A gage length of 7 to 71/2 inches is used and a crosshead speed of two
      inches per minute is established until the test specimen ruptures.
      Strength or load at rupture is determined but normally elongation is not.
      Again a number of specimens are tested and the results averaged.
PAR  Strip adhesion for rubber coated glass fiber cord is determined by the
      following method. Three sheets of 50-55 mil rubber stock approximately
      81/4 .times.  11 inches are placed in a mold. A 21/2" wide strip of
      Holland cloth is placed at each end of the rubber slab over the top rubber
      sheet. Glass fiber cord to be tested is placed over the rubber and
      additional strips of Holland cloth are placed over the cord at each end.
      Three similar rubber sheets are placed over the cord and the entire
      combination is pressed in the mold at about 100 pounds per square inch for
      about 25 minutes at about 300.degree.F to cure the rubber. The rubber-cord
      laminate is removed from the mold and allowed to slowly (overnight) cool
      to room temperature.
PAR  The Holland cloth is removed separating the ends of the laminate test
      specimen. After setting an Instron test device for a gage length of 1/2"
      to 3/4 inch and calibrating the unit for a crosshead speed of 2 inches per
      minute, the bottom layer of rubber and the cord are placed in the top jaw
      and the top layer of rubber in the bottom jaw of the test device. The
      Instron test device is operated until a separation of two inches is
      obtained and the loading noted. The top layer of rubber is then inserted
      in the top jaw and the cord in the bottom jaw with a gage length of 1/2"
      to 3/4 inch. The Instron device is again operated until a separation of 2
      inches is obtained and the loading noted. The test is repeated for the
      opposite end of the specimen and for additional specimens included in the
      sample. The results of the tests are averaged for the adhesion of the cord
      to rubber.
PAR  Typical commercial rubber compounds containing principally styrene
      butadiene rubber and selected to have the following properties are used to
      test glass fiber properties: Optimum cure at 300.degree.F, about 30
      minutes; 300 percent modulus, about 1900 pounds/square inch; tensile
      strength about 2900 pounds/square inch; elongation at failure, about 430
      percent; hardness, about 64; and specific gravity about 1.13.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                      Resorcinol                               
                        Temp. of                                               
                              Direct Coat                                      
                                      Formaldehyde          Strip              
              Running   12 Ft.                                                 
                              Dip Pick-Up                                      
                                      Latex-Overcoat        Adhesion           
              Speed                                                            
                   Fiber                                                       
                        Elect.                                                 
                              Wt. % bare                                       
                                      Wt. % bare                               
                                               Tensile, Lb. Pull               
                                                            Lb. Pull           
     Example  fpm  Diameter                                                    
                        Oven, .degree.F                                        
                              glass   glass    In Air                          
                                                    In Rubber                  
                                                            Room               
     __________________________________________________________________________
                                                            Temp.              
     XII Control                                                               
              1200 G    1000  9       12       41   70      55                 
     XII Control                                                               
              1200 G    1000  9       --       34   66      47                 
     VIII      700 K     950  6.5      9       49   --      79                 
     IX       1200 G    1000  8       --       37   79      33                 
     X        1200 G    1100  15      --       --   67      58                 
     XI       1200 G    1000  7.5      10.6    52   80      74                 
     XI       1200 G    1000  9       15       --   71      --                 
     __________________________________________________________________________
PAR  As illustrated in Table I, the coated strands have a satisfactory adhesion
      and tensile strength in glass fiber reinforced elastomeric products. Cord
      or fabric prepared from the coated strands was readily impregnated by
      additional rubber adhesive and improved properties were obtained. The
      elastomeric materials to which the coated strands can be added as a
      reinforcement include natural rubbers or rubbers formed synthetically of
      butadiene, chloroprene, isoprene and the like or copolymers of butadiene,
      chloroprene, isoprene with other materials well known in the manufacture
      of synthetic rubbers and especially the vulcanizable and curable
      modifications of the above. The term "elastomer" or "elastomeric" or
      "rubber" or "rubber-like material" is intended therefore to include
      natural and synthetic rubber in the uncured or unvulcanized state and in
      the cured or vulcanized state.
PAC  EXAMPLE XIII
PAR  A 3 gallon batch of elastomeric dip was prepared using the ingredients in
      the amounts shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                           Parts by Wt.                                        
     ______________________________________                                    
     Water                     1,995                                           
     Potassium hydroxide       4                                               
     R-2170 (Resorcinol-formaldehyde                                           
     novolak resin)            555                                             
     Ammonium hydroxide        300                                             
     GenTac latex                                                              
     (15:70:15)styrene-butadiene-                                              
     vinylpyridine             7,250                                           
     Formaldehyde (37% solids) 200                                             
     Gamma-aminopropyltriethoxysilane                                          
                               68                                              
     Water                     1,000                                           
     Ammonium hydroxide        68                                              
     ______________________________________                                    
PAR  To a dip of the above composition zinc sulphate and zinc oxide were added
      to compare the runnability of dip prepared using each of these additives
      when it was applied to fiber glass strand. In addition, strip adhesion
      tests were conducted on rubber test specimens using glass fibers coated
      with the dip of Table II with zinc oxide and zinc sulphate being added to
      the dip using the procedure hereinabove described. The specimens were
      baked at 250.degree.F for 30 minutes immediately prior to testing. The
      results of these tests are shown in Tables III and IV.
TBL                TABLE III                                                   
     ______________________________________                                    
             ZnO                                                               
             Parts by Wt.                                                      
             Basis 100 Parts                                                   
                            Adhesion   Runnability                             
     Run     of Latex       Lb. Pull   (Visual)                                
     ______________________________________                                    
     1       0.5            29.5       good-fair                               
     2       0.25           39         good-fair                               
     3       0.25           25         fair                                    
     4       0.25           26         fair                                    
     ______________________________________                                    
TBL                TABLE IV                                                    
     ______________________________________                                    
                          Adhesion                                             
     Run      ZnSO.sub.4  Lb. Pull     Runnability                             
     ______________________________________                                    
     1        0.75        34           good                                    
     2        0.75        34           good                                    
     3        0.5         27           good                                    
     4        0.75        40           good                                    
     5        0.75        33           good                                    
     ______________________________________                                    
PAR  The invention has been described with respect to details of the preferred
      coating and combined sizing and coating composition and the best mode of
      operation contemplated by the inventor. Other formulations of the coating
      composition and a combined sizing and coating composition are contemplated
      which should be obvious in light of the previous description. It is to be
      understood that the invention is, therefore, not necessarily limited to
      the precise formulations and method described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a glass fiber coating composition useful in preparing glass fibers
      for reinforcing elastomers comprising an aqueous dispersion of an
      elastomeric latex selected from the group consisting of natural and
      synthetic rubber latices and a rubber adhesive, the improvement
      comprising, as said adhesive, a zinc salt in an amount from 0.01 to 5
      percent by weight based on the total weight of the coating composition,
      said zinc salt being capable of being complexed with ammonia and having a
      solubility constant of not less than 1 .times. 10.sup..sup.-3 ; and having
      present in the dispersion sufficient ammonia for complexing the zinc salt
      present.
NUM  2.
PAR  2. The composition of claim 1 wherein said dispersion also contains a
      resorcinol-formaldehyde resin.
NUM  3.
PAR  3. The composition of claim 1 wherein said zinc salt is selected from the
      group consisting of zinc sulphate, zinc phosphate, zinc nitrate and zinc
      chloride.
NUM  4.
PAR  4. The composition of claim 4 wherein said aminofunctional silane coupling
      agent is gamma-aminopropyltriethoxysilane.
NUM  5.
PAR  5. The composition of claim 4 wherein said elastomeric latex is a
      styrene-butadiene-vinylpyridine terpolymer.
NUM  6.
PAR  6. In a coating composition for coating glass fibers, said glass fibers
      useful in reinforcing elastomeric materials, comprising an aqueous
      dispersion containing an elastomeric latex selected from the group
      consisting of natural and synthetic rubber latices and a rubber adhesive
      having furfuryl alcohol therein, the improvement comprising, as said
      adhesive, in an amount of 0.01 to 5 percent by weight based on the total
      weight of the coating composition, said zinc salt being capable of being
      complexed with ammonia and having a solubility constant of not less than 1
      .times. 10.sup..sup.-3 ; and having present in the dispersion sufficient
      ammonia for complexing the zinc salt present.
NUM  7.
PAR  7. In a coating composition for coating glass fibers comprising an aqueous
      dispersion containing an elastomeric latex selected from the group
      consisting of natural and synthetic rubber latices, a silane coupling
      agent selected from the group consisting of amino, amido, epoxy,
      chloropropyl and ureido-functional silanes and a rubber adhesive
      containing furfuryl alcohol, the improvement comprising, as the rubber
      adhesive, a zinc salt in an amount of 0.01 to 5 percent by weight based on
      the total weight of the coating composition, said zinc salt being capable
      of being complexed with ammonia and having a solubility constant of not
      less than 1 .times. 10.sup..sup.-3 ; and having present in the dispersion
      sufficient ammonia to complex the zinc salt present.
NUM  8.
PAR  8. In a glass fiber composition suitable for use in reinforcing elastomeric
      materials comprising glass fibers having a coating thereon comprising a
      natural or synthetic rubber the improvement comprising said coating
      containing a zinc salt, said salt being present in an amount of 0.014 to
      20 percent by weight based on the weight of the coating and having a
      solubility constant of not less than 1 .times. 10.sup..sup.-3.
NUM  9.
PAR  9. The composition of claim 8 wherein the glass fiber composition is
      present in a strand containing a plurality of said coated glass fibers.
NUM  10.
PAR  10. In a glass fiber composition suitable for use in reinforcing
      elastomeric materials, comprising: glass fibers having a coating thereon
      comprising a natural or synthetic rubber and a silane coupling agent, the
      improvement comprising said composition containing a zinc salt, said zinc
      salt being present in an amount of 0.01 to 5 percent by weight of the
      coating and having a solubility constant of not less than 1 .times.
      10.sup..sup.-3.
NUM  11.
PAR  11. The composition of claim 10 wherein the glass fiber composition is
      present in a strand containing a plurality of said coated glass fibers.
NUM  12.
PAR  12. In a coating composition for coating glass fibers comprising an aqueous
      dispersion containing an elastomeric latex selected from the group
      consisting of natural and synthetic rubber latices, a silane coupling
      agent selected from the group consisting of amino, amido, epoxy,
      chloropropyl, and ureido-functional silanes and a rubber adhesive, the
      improvement comprising, as said adhesive, a zinc salt in an amount of 0.01
      to 5 percent by weight based on the total weight of the coating
      composition, and being capable of being complexed with ammonia, said zinc
      salt having a solubility constant of not less than 1 .times.
      10.sup..sup.-3 ; and having present in the dispersion sufficient ammonia
      for complexing the zinc salt present.
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ABST
PAL  A new and improved grouting composition for impervious tile is provided
      which comprises not less than 50 per cent by weight of an inert filler
      aggregate which shall be graded with not more than 10 per cent passing a
      number 140 sieve and none retained on a number 6 sieve and an AFS Grain
      Fineness Number less than 100, but greater than 30; a water-resistant
      polymer emulsion having a solids content of at least 40 per cent and
      providing 7 to 15 per cent by weight of polymeric solids; volatile
      components from 5 to 15 per cent by weight and 10 to 35 per cent by weight
      of fine fillers which shall have an average particle size less than 140
      mesh. In addition, a method for grouting impervious tiles employing such
      composition is also provided.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of U.S. application
      Ser. No. 270,239 filed Sept. 15, 1972, now abandoned, which is a
      divisional of U.S. Ser. No. 10,018 filed Feb. 9, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Generally stated, the subject matter of the present invention relates to a
      preconstituted grouting composition especially suited for impervious
      tiles. More particularly, the invention relates to a preconstituted
      grouting composition for impervious tiles which comprises not less than 50
      per cent by weight of an inert aggregate having particular physical and
      chemical properties and a water-resistant polymer emulsion.
PAR  The grouting compositions generally employed by the ceramic tile industry
      for impervious tiles usually comprise a Portland cement base and enjoy a
      wide acceptance as a grout because of their low cost and ease of
      application. The compositions are also relatively permanent, non-toxic and
      inert.
PAR  While such compositions are characterized as enjoying a wide acceptance in
      the industry, their inherent shortcomings have resulted in a substantial
      decline in the use of ceramic tile as a covering for flexible floors.
      Consider that the composition is usually prepared at the job site just
      prior to use. Therefore, the grout is subject to a variety of individual
      mixing techniques which results in a lack of uniformity of the cured
      grout. The composition also has a short pot life, that is, the period of
      time in which the reconstituted composition begins to harden, as well as
      being subject to staining because of permeability. In addition, the
      finished grout is subject to deterioration, that is, cracking or popping
      up, as a consequence to such factors as shrinkage, dimensional instability
      of building parts and heavy traffic when employed as a grout for floor
      tiles. Lastly, such compositions require special conditions of
      temperature, time and especially moisture to cure properly.
PAR  Most attempts to overcome such deficiencies of the grouting composition
      have thus far been unsuccessful. Many different varieties of a Portland
      cement base grouting composition have been formulated in which such
      materials as latex, epoxy and furan type resins have been employed as
      additives. However, such modified compositions are subject to the same
      inherent disadvantages as the conventional composition. Lastly, attempts
      to use the recently developed preconstituted, latex, absorptive-tile
      grouting composition disclosed and claimed in U.S. Pat. No. 3,706,696 to
      be granted Dec. 19, 1972 and having a common assignee, has resulted in a
      grout which is esthetically unacceptable on curing as a consequence to the
      formation of pit holes and a roughness of the cured surface.
PAR  The present invention represents the culmination of a long series of
      investigations directed to overcome the inherent deficiencies of the
      conventional grouting composition without materially sacrificing its
      advantages.
PAR  The objective which was sought to be achieved was a preconstituted grouting
      composition for impervious tile which on curing would result in an
      esthetically acceptable grout having sufficient structural integrity to
      withstand heavy traffic when employed with an impervious floor tile, as
      well as assuring uniform results by eliminating the variable of individual
      mixing techniques.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved grouting composition which possesses the advantages of the
      conventional Portland cement base grouting composition without any of the
      inherent disadvantages of such compositions.
PAR  Another object of the present invention is to provide a preconstituted
      grouting composition for impervious tile which can be easily applied and
      which has sufficient impermeability to resist staining.
PAR  It is another object of this invention to provide an improved grouting
      composition for impervious tile which has sufficient structural integrity
      so as to provide a high load bearing surface when employed as a grout for
      floor tiles.
PAR  Yet a further object of this invention is to provide a preconstituted
      grouting composition for impervious tiles which will cure without special
      conditions other than the ability to lose water by evaporation.
PAR  It may be generally stated that the object of the present invention is to
      provide a preconstituted grouting composition for impervious tile which is
      esthetically and structurally acceptable on curing, has sufficient
      impermeability to resist staining, can be easily applied, resulting in a
      uniform grout, is sufficiently low enough in cost to be competitive with
      the conventional composition, as well as being relatively permanent and
      inert.
PAR  Additional objects and advantages of the invention will be set forth in
      part in the description which follows, and in part will be obvious from
      the description, or may be realized by the practice of the invention, the
      objects and advantages being realized and attained by means of the
      methods, processes, instrumentalities and combinations particularly
      pointed out in the appended claims.
PAC  THE INVENTION
PAR  To achieve the foregoing objects and in accordance with its purpose, as
      embodied and broadly described, the present invention relates to an
      improved, preconstituted grouting composition for impervious tiles which
      comprises not less than 50 per cent by weight of an inert filler aggregate
      which shall be graded with not more than 10 per cent passing a number 140
      sieve and none retained on a number 6 sieve and an AFS Grain Fineness
      Number less than 100, but greater than 30; a water-resistant polymer
      emulsion having a solids content of at least 40 per cent and providing 7
      to 15 percent by weight of polymeric solids; volatile components
      (including the water in the emulsion) from 5 to 15 per cent by weight and
      10 to 35 per cent by weight of fine fillers which shall have an average
      particle size less than 140 mesh.
PAR  The Grain Fineness Number is approximately the number of meshes per inch of
      that sieve which would just pass the sample if its grains were of uniform
      size, that is, the average of the sizes of grains in the sample.
      Calculation of it is according to a standard AFS method.
PAR  The present invention also provides a novel combination comprising a
      surface coated with impervious tile and the grouting composition of the
      present invention, as well as an improved method of grouting impervious
      tile employing the novel grouting composition of the present invention.
PAR  The invention consists of the novel methods, processes, steps and
      improvements herein shown and described. It is to be understood that both
      the foregoing general description and the following detailed description
      are exemplary and explanatory and are not restrictive of the invention.
PAR  Therefore, the present invention provides a unitary, preconstituted
      grouting composition for impervious tiles which comprises the combination
      of water-resistant polymer emulsion, inert filler aggregate, fine filler
      and a minimal amount of volatile fluids.
PAR  The inert filler aggregate may be silica sand, crushed limestone, or other
      clean inert material. The inert filler aggregate component of the
      composition may comprise one, or a combination of clean inert materials.
      The ultimate criteria of the component being that such component be graded
      with not more than about 10 per cent passing a number 140 sieve and none
      retained on a number 6 sieve, as well as having an AFS Grain Fineness
      Number (American Foundry Society) of less than 100 but greater than 30.
PAR  The fine filler material on the other hand should have an average particle
      size which is less than 140 mesh, and may include pigments, inert
      materials such as limestone, alumina, alumina trihydrate, ground silica,
      certain fine sands, zinc oxide, titanium dioxide, talc, clays and the
      like.
PAR  While specialized filler/water resistant polymer systems are available for
      caulking, filleting and the like, such compositions have physical
      properties which render them totally useless as grouting compositions.
      Consider caulking compositions which are employed as tub caulk, and
      expansion and control joint fillers, to mention but a few of their
      applications. Such compositions have extremely slow hardening and
      water-loss properties, and usually retain a putty-like consistency over
      periods as long as several years. Additionally, such compositions have
      great extendibility as well as a residual flexibility and pliability.
      Lastly, when the compositions have dried, they are brittle and will
      readily crack on shrinkage or movement.
PAR  The water resistant polymer emulsions employed in the present invention
      usually consist of a disperse phase containing minute droplets of the
      polymer and an external continuous phase of water. The polymers are
      typically prepared by emulsion polymerization which proceeds by a free
      radical mechanism. The monomers are ethylenically unsaturated compounds
      represented by the following general formula:
      ##EQU1##
      wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4 may be hydrogen, halogen,
      alkyl, aryl, alkylene, esterified carboxyls, and the like. In most
      instances at least two hydrogen atoms are linked directly to the ethylenic
      carbon atoms and in true vinyl monomers R.sub.1, R.sub.2, and R.sub.3 are
      all hydrogen.
PAR  Vinyl acetate, vinyl chloride, acrylonitrile, vinylidene chloride, styrene,
      butadiene, alkyl acrylate, alkyl methacrylate, alkyl maleate, and alkyl
      fumarate among others are illustrative of monomers from which
      water-resistant polymer emulsions found useful by the applicants in the
      present invention have been prepared.
PAR  The resulting polymers may be homopolymeric or copolymeric. They may be
      straight chained or branched. The present invention contemplates polymers
      obtained from the aforesaid monomers, mixtures and derivatives thereof.
      Together with these polymers, can be added a catalyst to accelerate
      formation of the desired compositions.
PAR  The following list of polymers suitable for use herein is only
      representative of the many kinds which find application:
PA0  polyvinyl acetate
PA0  polyvinyl chloride
PA0  polystyrene
PA0  polybutadiene
PA0  polymethyl acrylate
PA0  styrene-dimethyl maleate copolymer
PA0  styrene-dimethyl fumarate copolymer
PA0  styrene-butadiene copolymer
PA0  butadiene-maleic anhydride copolymer
PA0  methylmethacrylate -acrylic acid copolymer
PA0  ethyl acrylate - methacrylic acid copolymer
PA0  vinyl chloride -- ethyl acrylate copolymer
PA0  vinyl chloride -- acrylic acid copolymer
PA0  ethylacrylate -- acrylic acid copolymer
PA0  methylmethacrylate -- acrylic acid copolymer
PA0  styrene -- diethylmaleate copolymer
PA0  vinyl chloride -- butylacrylate copolymer
PA0  methylmethacrylate -- ethylacrylate copolymer
PA0  styrene -- ethyl acrylate copolymer
PA0  vinyl chloride-2-ethylhexyl acrylate copolymer
PA0  vinyl acetate -- dioctyl fumarate copolymer
PA0  acrylonitrile -- butadiene copolymer
PA0  vinyl acetate -- diethyl maleate copolymer
PAR  When reference is made to the term alkyl, lower alkyl is preferred, i.e.,
      alkyl containing from 1 to 4 carbon atoms.
PAR  Generally, the water-resistant polymer emulsions useful in the present
      invention may be characterized as those emulsions which when admixed with
      a filler having the physical characteristics herein set forth results in a
      composition having a viscosity of 100,000 to 2,000,000 cps.
PAR  A variety of polymer structures are available through the technology of
      emulsion polymerization, as for example, straight chain polymers, branched
      polymers, cross-linked polymers and by the process of additional
      copolymers which offer wide control of such properties as adhesion,
      abrasion resistance, elasticity hardness, solvent resistance and
      durability.
PAR  As an additional embodiment of the invention, applicants have found that
      the addition of materials such as polyhydric alcohols including ethylene
      glycol, hexylene glycol, glycerine, propylene, glycol, hexitols, sorbitol
      and mannitol among others, as well as sodium ethyl phosphate, invert sugar
      and substituted ureas among others, aid in retarding film formation.
      Therefore, the ease of cleaning excess grouting material from the tile
      surface is materially enhanced. Such materials may be employed in
      concentrations ranging from 5 to 30 per cent by weight of the
      water-resistant polymer emulsion. It is preferred to employ a
      concentration of from about 10 to 25 per cent
PAR  Additional additives which aid in the coalescence of the composition and
      thereby yield cured products exhibiting improved stain resistance and
      toughness, as well as water resistance may be incorporated. Illustrative
      of such additives are butoxy-ethyl acetate, ethoxyethyl acetate, butoxy
      ethoxyethyl acetate, tolulene, xylene and the like.
PAR  Lastly, additives which control thixotrophy and viscosity characteristics
      may also be incorporated in the composition. Illustrative of such
      additives are methyl cellulose, hydroxyethyl cellulose, carboxymethyl
      hydroxy ethyl cellulose, animal glues, various starches, alginates,
      polyvinyl alcohol and proteins among others. Crosslinking agents for these
      additives may be incorporated.
PAR  Illustrative of coloring materials which may be incorporated in the
      composition are titanium dioxide, cadmium red, carbon black, alumina
      powder and the like.
DETD
PAR  The following examples are provided for illustrative purposes and may
      include particular features of the invention. However, the examples should
      not be construed as limiting the invention, many variations of which are
      possible without departing from the spirit or scope thereof.
PAC  EXAMPLE I
PAC  Preparation of the Novel Grouting Composition
PAR  This example demonstrates the preparation and testing of a floor grouting
      composition.
PAR  A grout was prepared comprising the following ingredients:
TBL  Ground Limestone                                                          
      (mean particle diameter of                                               
                            75 grams                                           
      5 microns)                                                               
     Ground White Silica Sand                                                  
      (average particle size -                                                 
                            85 grams                                           
      325 mesh)                                                                
     Aluminum Trihydrate                                                       
      (mean particle diameter of                                               
                            100 grams                                          
      30 microns)                                                              
     Silica Sand                                                               
      (average particle size -                                                 
                            550 grams                                          
      70 mesh)                                                                 
     AC-33 Acrylic Emulsion by                                                 
      Rohm & Haas 46% solids*                                                  
                            150 grams                                          
     Ethylene Glycol        5 grams                                            
     Water                  25 grams                                           
     Potassium Tripolyphosphate                                                
                            1 gram                                             
     Colloid 513DD Antifoaming Agent**                                         
                            2 grams                                            
      *The AC-33 Acrylic Emulsion supplied by Rohm & Haas is defined as an     
      acrylic emulsion copolymer based on a major amount of ethyl acrylate and 
      minor amount of methyl methacrylate in proportions to provide a glass    
      transition temperature of 12.degree.C.                                   
      **The Colloid 513 DD Antifoaming Agent supplied by Colloids Inc. is      
      defined as a blend of hydrocarbons and polyglycol-glycol ester           
      combinations supported on an inert carrier.                              
PAR  The composition was prepared by admixing the acrylic emulsion, ethylene
      glycol, potassium tripolyphosphate and water, adding half the quantity of
      the antifoaming agent. To this mixture the fillers are slowly added and a
      grouting composition having good workability was achieved. The composition
      was used to grout a floor test slab of 1 .times. 1 inch ceramic mosaic
      tile set on double plywood underlayment on simulated wood joists. The
      tiles were set on the plywood using a commercial floor mastic for ceramic
      tile setting.
PAR  The grouting operation was done with a rubber trowel and required no
      clean-up with water and sponge or dry rags as is necessary for Portland
      cement base grouts. The floor test slab made and tested according to ASTM
      test method C.627-69.
PAR  The floor endured more test service at higher loads than any mastic set
      floor-tile test slab similar to it had ever done before with Portland
      cement or latex-Portland cement grout. After 200 lbs, load on the hard
      rubber wheels, test cycle Number 6 the grout was in perfect condition even
      though at this test level tiles were beginning to break. Usually, with
      Portland cement grouts, the grout is crushed, cracked, and popped up
      during the 100 lbs. per hard rubber wheel cycle, Number 5.
PAC  EXAMPLE II
PAC  Preparation of the Novel Grouting Composition
PAR  This example demonstrates the preparation and testing of a floor grouting
      composition.
PAR  A grout was prepared comprising the following ingredients:
TBL  Ground Limestone                                                          
      (mean particle diameter                                                  
                            75 grams                                           
      of 5 microns)                                                            
     Ground White Silica                                                       
      (average particle size -                                                 
                            90 grams                                           
      325 mesh)                                                                
     Aluminum Trihydrate                                                       
      (mean particle diameter of                                               
                            100 grams                                          
      30 microns)                                                              
     Silica Sand                                                               
      (average particle size -                                                 
                            540 grams                                          
      70 mesh)                                                                 
     AC-33 Acrylic Emulsion by                                                 
      Rohm & Haas 46% solids*                                                  
                            160 grams                                          
     Ethylene Glycol        5 grams                                            
     Water                  20 grams                                           
     Potassium Tripolyphosphate                                                
                            1 gram                                             
     Colloid 513DD Antifoaming                                                 
      Agent**               2 grams                                            
     Natrosol Thickener by                                                     
      Hercules Powder Co.***                                                   
                            0.2 grams                                          
      *The AC-33 Acrylic Emulsion supplied by Rohm & Haas is defined as an     
      acrylic emulsion copolymer based on a major amount of ethyl acrylate and 
      minor amount of methyl methacrylate in proportions to provide a glass    
      transition temperature of 12.degree.C.                                   
      **The Colloid 513DD Antifoaming Agent supplied by Colloids Inc. is define
      as a blend of hydrocarbons and polyglycol-glycol ester combinations      
      supported on an inert carrier.                                           
      ***The Natrosol Thickener supplied by Hercules Powder Co. is defined as  
      water soluble, hydroxyethyl cellulose polymers employed as thickeners    
      binders, stabilizers and the film formers.                               
PAR  The composition was prepared in substantially the same manner as the
      grouting composition of Example I, with the addition of the Natrosol after
      the fillers.
PAR  The grouting composition so prepared was used to grout 1 .times. 1 inch
      ceramic mosaic tile set with dry-set Portland cement mortar on a concrete
      slab. The grouting went quickly and a damp sponge was used, after
      troweling the grout into the joints and wiping the tile clean with the
      trowel, to polish the tile surface. After 28 days' cure, the slab was
      tested according to ASTM test method C.627-69. The test slab survived 200
      lbs. per steel wheels, test cycle Number 12, as any dry-set installation
      of the same tile would be expected to do with Portland cement base grout.
      The grout of this invention was in perfect condition even after the 250
      lbs. per steel wheel test cycle, Number 13, had damaged 25% of the tile
      contacted by the wheels.
PAC  EXAMPLE III
PAR  This example demonstrates the preparation and testing of a floor grouting
      composition.
PAR  A grout was prepared comprising the following ingredients:
TBL  Polyvinyl chloride-acrylic                                                
                            1432 grams                                         
      copolymer aq-emulsion*                                                   
     Ethylene glycol        32 grams                                           
     Potassium tripoly phosphate                                               
                            4 grams                                            
     Anti-foam              8 grams                                            
     Ground limestone       592 grams                                          
      (mean particle size of                                                   
      5 microns)                                                               
     Ground white silica sand                                                  
                            664 grams                                          
      (Minus 325 mesh)                                                         
     Hydroxy ethyl cellulose                                                   
                            2 grams                                            
     Aluminum trihydrate    816 grams                                          
      (mean particle size of                                                   
      30 microns)                                                              
     Silica sand            4440 grams                                         
      (average particle size of                                                
      70 mesh)                                                                 
     Defoamer               8 grams                                            
                            7998 grams                                         
     Viscosity equaled 380,000 cps.                                            
     Total aqueous volatile component (water in emulsion                       
     plus ethylene glycol) equals 8.5%. The grout worked                       
     very well in the joints between ceramic mosaic tile.                      
      *Commercially available from B.F. Goodrich under the tradename "Geon     
      450x-20.                                                                 
PAC  EXAMPLE IV
PAR  This example demonstrates the preparation and testing of a floor grouting
      composition.
PAR  A grout was prepared comprising the folliwing ingredients:
TBL  Acrylic polymer emulsion*                                                 
                            652 grams                                          
     Fine ground silica     435 grams                                          
      (mean particle size of                                                   
      5 microns)                                                               
     Methylcellulose        2 grams                                            
      (Methocel 100 cps.,                                                      
      Dow Chemical Co.)                                                        
     Water                  35 grams                                           
     Fine sand              560 grams                                          
      (average particle size of                                                
      140 mesh)                                                                
     Coarse sand            859 grams                                          
      (average particle size of                                                
      70 mesh) (AFS = 40)                                                      
     Colloidal silica       28 grams                                           
      (Santocel by Dow Chemical Co.)                                           
     Defoamer               2 grams                                            
     Total                  3573 grams                                         
     Viscosity equaled 1,800,000 cps. Total aqueous volatile                   
     component equals 9.2%. The grout was a little stiff, -but it still        
     troweled satisfactorally. It was cata-                                    
     lyzed by adding 35 grams of ammonium chloride to the -batch. it formed    
     good looking grout joints between -ceramic mosaic tile and had excellent  
      *Thermosetting acrylic polymer emulsion with functional methylol         
      acrylamide - acid crosslinkable - groups, 45% solids, viscosity 30 to 200
      cps, pH of 8.5-9.5, surface tension of 46 dynes per cm., and capable of  
      forming flexible films, with a modulus of E=6.5 .times. 10.sup.3 psi.    
      after drying and then baking at 350.degree.F for 30 minutes. An example o
      this general type of polymer that worked is Rhoplex E172, supplied by Roh
      and Haas Co., Independence Mall West, Philadelphia, Pennsylvania 19105.  
PAC  EXAMPLE V
PAR  The following grout comprises:
TBL  The following grout comprises:                                            
     Butadiene-styrene copolymer emulsion*                                     
                             150 grams                                         
     Water                   22 grams                                          
     Surfactant              2 grams                                           
     Powdered Limestone      325 grams                                         
      (mean particle size of                                                   
      5 microns)                                                               
     Sand                                                                      
      (average particle size of                                                
                             500 grams                                         
      70 mesh)                                                                 
     Defoamer                1 gram                                            
                             1000 grams                                        
     It is used to grout joints between impervious                             
     tile or vitreous tile and provides acceptable                             
     wear, stain and esthetic properties, and mild water-                      
     resistance.                                                               
      *Dow Chemical Company emulsion, Dow-460.                                 
PAC  EXAMPLE VI                                                                
PAR  In the composition of example V, a polyvinyl acetate aq. emulsion is      
      substituted for the Butadiene-styrene copolymer emulsion, and 15 grams of
      water are replaced by ethylene glycol. A suitable grout for ceramic mosai
      tile is obtained.                                                        
PAC  EXAMPLE VII                                                               
PAR  In the composition of example V, an acrylate copolymer aqueous emulsion   
      AC-490 (tradename for a commercially available material sold by Rohm and 
      Haas) is substituted for the Butadiene-styrene copolymer emulsion, and 15
      grams of water are replaced by ethylene glycol. A suitable grout for     
      ceramic mosaic tile is obtained.                                         
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A non-hydraulic grouting composition which consists essentially of
PA1  a water-resistant polymer emulsion having a solids content of at least 40%
      by weight of the emulsion wherein the polymer is a polymer of an
      ethylenically unsaturated monomer;
PA1  10% to 35% by weight of the total composition of a fine filler having an
      average particle size less than 140 mesh;
PA1  at least 50% by weight of the total composition of a coarse filler
      characterized by an average particle size wherein not more than 10% passes
      a 140 sieve and none is retained on a number 6 sieve and an American
      Foundry Society grain Fineness Number less than 100 but greater than 10;
PAL  wherein the total composition has a viscosity of 50,000 to 2,000,000 cps, a
      total fine and coarse filler content of from about 70% to 90% by weight,
      and a total aqueous volatile component content of from 5% to 15% by
      weight.
NUM  2.
PAR  2. The composition according to claim 1 wherein the coarse filler is silica
      sand.
NUM  3.
PAR  3. The composition according to claim 1 wherein the fine filler is silica
      sand.
NUM  4.
PAR  4. The composition according to claim 1 wherein the fine filler is
      limestone.
NUM  5.
PAR  5. The composition according to claim 1 wherein the fine filler is aluminum
      trihydrate.
NUM  6.
PAR  6. The composition according to claim 1 wherein the fine filler is a
      mixture of silica sand, limestone and aluminum trihydrate.
NUM  7.
PAR  7. The composition according to claim 1 wherein the water-resistant polymer
      is a copolymer consisting of a major amount of ethyl acrylate and a minor
      amount of methyl methacrylate in proportions sufficient to provide a glass
      transition temperature of 12.degree.C.
NUM  8.
PAR  8. A composition according to claim 1 consisting essentially of from about
      5 to 30 per cent of a polyhydric alcohol based on the weight of the
      water-resistant polymer emulsion.
NUM  9.
PAR  9. The composition according to claim 8 in which the concentration of the
      polyhydric alcohol is from about 10 to 25 per cent by weight.
NUM  10.
PAR  10. The composition according to claim 8 in which the polyhydric alcohol is
      ethylene glycol.
NUM  11.
PAR  11. The composition according to claim 1 having a viscosity of from about
      300,000 to 1,200,000 cps., a filler content above 80% and a volatile
      component content greater than 5%.
NUM  12.
PAR  12. The composition according to claim 1 in which the water-resistant
      polymer emulsion is an acrylic polymer emulsion.
NUM  13.
PAR  13. The composition according to claim 1 wherein the water-resistant
      polymer emulsion is selected from the group consisting of polymethyl
      acrylate, methylmethacrylate-acrylic acid copolymer, and styrene-ethyl
      acrylate copolymer.
NUM  14.
PAR  14. The composition according to claim 1 wherein the water-resistant
      polymer emulsion is a vinyl chloride-acrylic polymer emulsion.
NUM  15.
PAR  15. The composition according to claim 14 wherein said vinyl
      chloride-acrylic polymer is selected from the group consisting of vinyl
      chloride-ethylacrylate copolymer and vinyl chloride-acrylic acid
      copolymer.
NUM  16.
PAR  16. The composition according to claim 1 wherein the water-resistant
      polymer emulsion is a thermosetting acrylic polymer emulsion.
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ABST
PAL  Aqueous dispersions are disclosed containing up to 50% of particulate
      solids having a particle size less than 1.mu. and consisting essentially
      of
PA0  A. 4 parts by weight of particles of hydrous metal oxides such as silica,
      alumina or aluminum-modified silica, and
PA0  B. from 1 to 16 parts by weight of particles of a polymer containing from
      0.5% to 92% by weight of --CF.sub.3 groups, and preferably having a Knoop
      hardness of at least 5.
PAL  The dispersions can be used to coat fabrics, painted surfaces and the like
      to enhance soil repellancy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to coating compositions containing hydrous metal
      oxides and --CF.sub.3 containing polymers in aqueous dispersions which can
      be applied to surfaces to minimize soil and facilitate release of any
      adherent soil.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Aqueous dispersions of inorganic colloids such as silica gel have been
      suggested in U.S. Pat. No. 2,622,307 as a coating that reduces the
      tendency of pile fabrics to become permanently soiled. Mixtures of hydrous
      oxides have also been used in U.S. Pat. No. 2,734,835. A combination of a
      hydrous oxide sol and polytetrafluoroethylene has been described in U.S.
      Pat. No. 2,592,147 as useful for abrasion resistant coatings. The latter
      polymer has (CF.sub.2) groups but not the CF.sub.3 group. Coatings on
      painted surfaces of this combination have been found to have poor
      cleanability and dirt release properties.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises aqueous dispersions, containing up to 50%
      by weight of solid particles having a size less than 1.mu. and consisting
      essentially of
PA0  A. 4 parts by weight of hydrous metal oxide particles preferably selected
      from silica fibrous alumina or aluminum-modified silica;
PA0  B. 1 to 16 parts by weight of particles of a polymer containing --CF.sub.3
      groups 0.5% to 92% by weight, and preferably about 3% to about 60% by
      weight of said polymer.
PAR  The composition may contain a surfactant to stabilize the dispersion, which
      may be anionic, cationic or nonionic.
PAR  Preferably, the dispersions are acidic, i.e., having a pH less than 7.
PAR  For application as coatings, the preferred solids content is between about
      1/2 and about 10% by weight.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The essential features of the composition of the present invention is the
      combination of polymer containing --CF.sub.3 groups with hydrous metal
      oxides to provide soil repellent coatings.
PAR  The presence of --CF.sub.3 groups appears to be a specific requirement.
      Fluorinated polymers which do not contain substantial --CF.sub.3 content
      are not effective as noted heretofore, even where fluorine comprises the
      greater part of the polymer. On the other hand, relatively small amounts
      (0.5% by weight of --CF.sub.3) are effective; moreover, the type of
      polymer containing the --CF.sub.3 groups can vary widely.
PAR  The polymer can be homopolymer or a copolymer of one or more --CF.sub.3
      bearing monomers obtainably with one or more other monomers.
PAR  The preferred monomers containing --CF.sub.3 groups are esters of acrylic
      acid or methacrylic acid with fluorinated alcohols, containing from 2 to
      12 carbon atoms and having from 1 to 3 --CF.sub.3 groups.
      1,1,1,3,3,3-Hexafluoroisopropyl methyl methacrylate is particularly
      preferred.
PAR  Other suitable monomers include vinyl ether monomers containing --CH.sub.2
      groups such as trifluoromethyl vinyl ether and perfluoropropyl
      perfluorovinyl ether, styrene and its derivative substituted with
      trifluoromethyl groups such as p and m-trifluoromethyl styrene, perfluoro
      (2-methylene-4-methyl-1,3-dioxolane), hexafluoropropylene and the like,
      and generally contain up to 18 carbon atoms.
PAR  Suitable comonomers include the alpha-olefins especially ethylene, and
      propylene, the acrylates including acrylic acid, methacrylic acid, methyl
      acrylate, methyl methacrylate, cyclohexyl methacrylate, 2-hydroxy ethyl
      methacrylate, 2-ethoxyethyl methacrylate, methyl ethacrylate and the like,
      acrylonitrile, styrene, alpha-methyl styrene, methyl vinyl ether,
      tetrafluoroethylene, chlorotrifluoroethylene, vinyl chloride, vinyl
      fluoride, vinylene fluoride, vinyl acetate, vinyl butyrate, N,N-dimethyl
      methacrylamide, N-vinyl carbazole, diethyl itaconate, maleic anhydride,
      and the like.
PAR  The copolymers may be modified, e.g., by hydrolysis of acetate groups after
      polymerization to yield polymers of vinyl alcohol, etc.
PAR  The particular formulation selected depends on many factors, including
      cost. Generally, formulations which can be readily polymerized in aqueous
      system and which employ normally liquid or solid, water-dispersible
      monomers are preferred. Particularly, preferred formulations yield solid
      copolymers which have a Knoop hardness above about 5. Oxygen-containing
      monomers such as the acrylates or methacrylates generally satisfy this
      requirement.
PAR  The following table shows the Knoop hardness (25.degree.C) of
      representative trifluoromethyl-containing polymers
TBL                               Hard-                                        
                Polymer           ness                                         
     ______________________________________                                    
     CH.sub.2 =C(CH.sub.3)COOCH(CF.sub.3).sub.2                                
                                  11.50                                        
     CH.sub.2 =C(CH.sub.3)COOCH(CF.sub.3).sub.2 /CH.sub.2 =C(CH.sub.3)COOCH.sub
     .2 CH.sub.2 OH               8.17                                         
      (95/5)                                                                   
     CH.sub.2 =C(CH.sub.3)COOCH(CF.sub.3).sub.2 /CH.sub.2 =C(CH.sub.3)COOCH.sub
     .3 /CH.sub.2 =               27.24                                        
      C(CH.sub.3)COOH (10/85/5)                                                
     CH.sub.2 =C(CH.sub.3)COO(CH.sub.2).sub.2 (CF.sub.2).sub.5,7 CF.sub.3      
     /CH.sub.2 =C(CH.sub.3)-      6.25                                         
      COOCH.sub.3 (80/20 molar %)                                              
     O--CF.sub.2                                                               
     CF.sub.2 =C.angle..vertline./CF.sub.2 =CH.sub.2 (75/25 molar              
                                  18.29                                        
     O--CF--CF.sub.3                                                           
     ______________________________________                                    
PAR  In contrast to the above tetrafluoroethylene polymer has a value of 2.20.
PAR  The polymerization, including copolymerization, can be effected by standard
      procedures used with vinyl-type monomers to give solid polymers of
      relatively high molecular weight. Preferred are free-radical catalysts
      used in an aqueous system with added dispersants to produce stable
      dispersions of the polymer. For purpose of identification the polymers can
      be isolated to generally provide tough, clear and colorless films. It is
      preferred that stable dispersions of the polymer (suitably of 10-25%
      polymer) be prepared and used directly with the metal oxide sol
      dispersion. The inherent viscosity of the polymers is generally 0.1 to
      1.0.
PAR  The second component of the composition is a dispersion of fibrous alumina,
      silica or aluminum-modified silica. Such dispersions are articles of
      commerce, e.g., "Ludox" 130 M, an alumina modified silica containing 30%
      solids positively charged; "Ludox" AM, aluminum modified silica containing
      30% solids, negatively charged; fibrous alumina (AL) (7.2% solids) and the
      like such as described in U.S. Pat. Nos. 2,590,833, 3,007,878, 3,620,978,
      and 3,657,003. The liquid metal oxide dispersion is mixed with the polymer
      dispersion to provide a solids ratio of from four parts polymer to one
      part hydrous metal oxide to one part polymer to four parts hydrous metal
      oxide.
PAR  Although any dispersible hydrous metal oxide can be employed, it is
      generally preferred to use those which are substantially colorless except
      where colored sols can contribute to protection from adverse effects of
      light. Particularly useful are positively charged hydrous metal oxide sols
      and negatively charged hydrous metal oxide sols.
PAR  For shipping and storage, concentrates may be employed containing up to 50%
      by weight of solids. However, for use as coating, the dispersions
      preferably contain from about 0.5% to 10% by weight of solids.
PAR  The coatings may be employed to protect a wide variety of substrates,
      including textiles, films, cloth, carpeting, painted surfaces on wood or
      metal, glass, plastic surfaces including clear plastic articles such as
      methylmethacrylate or polycarbonate sheeting, paper, cardboard, leather,
      or the like. The coating can be applied by wiping, doctoring, spraying or
      otherwise covering the surface to be protected with the dispersion
      followed by air drying. With suitable substrates, improved results can
      often be achieved by baking the coated article after drying. Preferably
      sufficient material should be applied to deposit a coating having a
      thickness of 0.1 to 5.mu..
DETD
PAC  SPECIFIC EMBODIMENTS
PAR  This invention is further illustrated by the following specific embodiments
      in which parts are by weight unless otherwise specified.
PAC  A. Preparation of Polymer Dispersions
PAR  The polymer dispersions were prepared by the following method using the
      monomers and dispersants given in Table I.
PAR  Dry nitrogen gas was bubbled through 100 ml of distilled water in a 250 ml
      three-neck flask equipped with stirrer and thermometer for ten min. at
      24.degree.-26.degree.C. The nitrogen bubbler was replaced with a condenser
      equipped to maintain a nitrogen atmosphere over the reaction. To the water
      was added 0.60 g of dispersant and the mixture was stirred 2 min. Then 20
      g of monomer was added and the mixture was stirred 5 min. To this emulsion
      was added 0.0040 g ammonium persulfate. The reaction mixture was heated at
      reflux for 30 min. The reflux temperature gradually rose from initial
      temperatures of 80.degree.-90.degree.C to near 100.degree.C as monomer was
      consumed and the reflux temperature approached the boiling point of water.
      Any residual monomer was removed by a short azeotropic distillation.
      Agglomerated polymer in the polymer dispersion was removed by passing the
      polymer dispersion through a medium fritted glass filter. The resulting
      polymer dispersions ranged from transparent to white opaque dispersions
      that exhibited little or no settling of polymer particles in  30 days.
PAR  The dispersion solids content was determined by drying a 1.000 g dispersion
      sample 24 hours under 15 in. of vacuum at 50.degree.C under a low dry
      nitrogen flow. The resulting solid was weighed after cooling. The pH was
      measured with a pH meter.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Preparation of Polymer Dispersions                                        
     Dispersant Grams of Monomers                                              
                            Solids Content                                     
                                         --CF.sub.3                            
     No.   g    HIM, g                                                         
                     Others, g                                                 
                            %        pH  Wt%                                   
     __________________________________________________________________________
     A   0.4 DuMe                                                              
                21.5  --    17.5     6.4 58.5                                  
     B   0.6 DuMe                                                              
                18.0 2.0 HEMA                                                  
                            16.6     4.1 52.6                                  
     C   0.6 DuMe                                                              
                18.0 2.0 EEMA                                                  
                            19.1     4.1 52.6                                  
     D   0.6 DuMe                                                              
                19.0 1.0 HEMA                                                  
                            16.6     4.4 55.6                                  
     E   0.6 FC170                                                             
                18.0 2.0 MMA                                                   
                            15.6     3.1 52.6                                  
     F   0.8 FC170                                                             
                19.6 0.4 MAA                                                   
                            13.6     3.0 57.3                                  
     G   0.6 HDPC                                                              
                19.0 1.0 HEMA                                                  
                            15.1     2.8 55.6                                  
     H   0.6 HDTB                                                              
                18.0 2.0 MAA                                                   
                            14.0     2.1 52.6                                  
     I   0.6 HDTB                                                              
                19.0 1.0 MAA                                                   
                            13.2     2.1 55.6                                  
     J-1 0.6 HDPC                                                              
                18.0 2.0 HEMA                                                  
                            15.8     2.8 52.6                                  
     J-2 0.6 HDPC                                                              
                19.0 1.0 HEMA                                                  
                            15.1     2.7 55.6                                  
     K   0.6 HDPC                                                              
                19.6 0.4 HEMA                                                  
                            14.7     2.6 57.3                                  
     L   0.6 DuMe                                                              
                18.0 2.0 EEMA                                                  
                            14.9     4.6 52.6                                  
     M   0.6 DuMe                                                              
                19.0 1.0 EEMA                                                  
                            15.4     4.3 55.6                                  
     N   0.6 HDTB                                                              
                16.0 3.0 MMA,                                                  
                            15.6     2.3 46.8                                  
                     1.0 MAA                                                   
     O   0.6 HDTB                                                              
                3.0  16.0 MMA,                                                 
                            17.7     3.0 8.8                                   
                     1.0 MAA                                                   
     P   0.6 HDPC                                                              
                16.0 3.0 MMA,                                                  
                            16.5     2.9 46.8                                  
                     1.0 HEMA                                                  
     Q   0.6 HDPC                                                              
                3.0  16.0 MMA,                                                 
                            18.2     3.6 8.8                                   
                     1.0 HEMA                                                  
     R   0.6 DuMe                                                              
                19.0 1.0 DAA                                                   
                            15.6     6.1 55.6                                  
     S   0.6 DuMe                                                              
                19.0 1.0 VC 14.9     4.6 55.6                                  
     T   0.6 DuMe                                                              
                19.0 1.0 CMA                                                   
                            15.4     4.2 55.6                                  
     U   0.6 HDTB                                                              
                3.0  16.0 MMA,                                                 
                            17.3     2.8 8.8                                   
                     1.0 MAA                                                   
     V   0.6 HDTB                                                              
                --   20.0 TFMS                                                 
                            15.5     3.9 40.4                                  
     W   0.6 HDPC                                                              
                1.0  18.0 MMA                                                  
                            17.0     3.7 2.9                                   
                     1.0 HEMA                                                  
     X   0.6 HDPC                                                              
                1.0  18.0 MMA,                                                 
                            17.0     2.8 2.9                                   
                     1.0 MAA                                                   
     Y   0.6 HDPC                                                              
                --   3.0 TEM,                                                  
                            17.3     2.6 6.0                                   
                     16.0 MMA,                                                 
                     1.0 MAA                                                   
     Z   0.6 HDPC                                                              
                3.0  16.0 MMA                                                  
                            16.9     2.7 8.8                                   
                     1.0 MAA                                                   
     __________________________________________________________________________
TBL                ABBREVIATIONS                                               
     ______________________________________                                    
     Monomers and Polymers                                                     
     ______________________________________                                    
     HIM     Hexafluoroisopropyl methacrylate                                  
     HEMA    2-Hydroxyethyl methacrylate                                       
     EEMA    2-Ethoxyethyl methacrylate                                        
     MAA     Methacrylic Acid                                                  
     MMA     Methyl methacrylate                                               
     DAA     N,N-Dimethyl methacrylamide                                       
     VC      N-Vinyl carbazole                                                 
     CMA     Cyclohexyl methacrylate                                           
     TFMS    m-Trifluoromethyl styrene                                         
     TEM     2,2,2-Trifluoroethyl methacrylate                                 
     Surfactants                                                               
     ______________________________________                                    
     DuMe    Sodium lauryl sulfate                                             
     FC-170  3M "nonionic fluorochemical surfactant"                           
     HDPC    Hexadecyl pyridinium chloride                                     
     HDTB    Hexadecyl trimethylammonium bromide                               
     ______________________________________                                    
PAC  General Method for Preparing Coating Formulations
PAR  Formulations were prepared by mixing a weighed amount of distilled water
      and dilute surfactant solution, when used. This solution was mixed with a
      weighed amount of polymer dispersion. Then a weighed amount of inorganic
      sol was mixed to give the coating formulation.
PAC  General Method for Applying Coatings
PAR  The coatings were applied to substrates by wiping with a cloth wiper, a
      sponge or drawn down with a round rod. After application, the coating was
      allowed to air dry at 24.degree.-26.degree.C. Some coatings were baked
      (after air drying) at 120.degree.-150.degree.C for about 5 min.
PAC  Coating Evaluations
PAR  One evaluation (RD) involved shaking the panels with dry road dust. Road
      dust was obtained along a busy highway. It was dried and screened to -40
      mesh and -80 mesh. The panels were compared visually for dust retention.
PAR  A second evaluation consisted of spraying the panels with a water slurry of
      road dirt, allowing the slurry to dry. The panels with dried road dirt
      slurry were then rinsed under a cold water tap for 60 sec. No rubbing or
      abrading was employed. After drying, the panels were rated for dirt
      retention. This evaluation is identified by the letters CW.
PAR  A third evaluation consisted of testing panels with dried road dirt on them
      by soaking in detergent solution 1- 5 min. followed by rinsing under cold
      water tap. No rubbing or abrading was used. After drying, the panel was
      rated for dirt retention. This evaluation is identified by the letters SW.
      In some cases yard dirt containing clay (YD) or air cleaner test dirt (AC)
      were also used in dry dust tests.
PAC  Ratings
PAR  The dirt retention was judged subjectively, with samples in a given
      experiment being ranked relative to each other. After relative ranking of
      samples, ratings from 10 (equal to no dirt adhered) and 5 (equal to half
      covered with dirt) to 0 (equal to completely covered with dirt). Thus, 10
      would be equivalent to excellent dirt repellency in RD test and equivalent
      to excellent cleanability in CW and SW evaluations. On the other hand a
      rating of 0 would be equivalent to little or no dirt repellency in RD
      evaluations and little or no cleanability in the CW and SW evaluations.
PAC  EXAMPLE 1
PAR  A coating formulation was prepared by mixing 6 ml of polymer dispersion
      "B", 4 ml of "Ludox" 130M (30% solids, aluminum modified silica,
      positively charged), 10 ml of distilled water and 25 drops of n-butanol.
      The formulation was coated on Lucite organosol automotive finish. The
      automotive finish was a steel substrate. The coating formulation was baked
      5 min. at 160.degree.C. After cooling the panel was shaken with dry road
      dirt and rated as described above.
TBL  ______________________________________                                    
                         Rating                                                
     ______________________________________                                    
     Coated panel          9                                                   
     Uncoated panel        1                                                   
     ______________________________________                                    
PAL  As shown by the rating, the coating gave excellent dirt repellency.
PAC  EXAMPLE 2
PAR  Another coating formulation was prepared by mixing 8.377 g of water, 0.311
      g of polymer dispersion "B", 0.333 g of Ludox AM (30% solids, silica,
      negatively charged), 1 ml of dimethylformamide and 0.02 g of ammonium salt
      of .omega.-hydrooctafluorononanoic acid. The formula was used to coat
      one-half of a Lucite automotive finish panel as in the previous example.
      The coated sample was shaken with road dust and evaluated.
TBL  ______________________________________                                    
                          Rating                                               
     ______________________________________                                    
     Coated portion         9-10                                               
     Uncoated portion       0-1                                                
     ______________________________________                                    
PAL  Thus, this coating functions as an excellent dirt repellent coating.
PAR  The following Examples specifically illustrate some of the coating
      formulations prepared. Most of the polymer dispersions were employed in
      the preparation of coating compositions containing 0.1% surfactant and
      solid contents of polymer to sol in percentages of 4/1, 2/1, 1/2, 1/4 and
      4/4 using polymer emulsions that contained generally about 16% solids and
      either silica sol of 30% solids or alumina sol of about 7% solids.
PAR  To reduce variability in tests a large group of various dust repellent
      coatings were coated on panels at the same time. After drying each set of
      panels in the same way, the set was evaluated for dust repellency or dried
      wet dirt slurry cleanability on the same day. Coatings are rated relative
      to each other with the best first.
PAC  EXAMPLE 3
PAR  Poly(methyl methacrylate) panels 4 .times. 4 .times. 1/4 inch, were cleaned
      with isopropyl alcohol and then a band 1" wide was coated on each side of
      the panel. Coating formulations prepared as described above were used. The
      panels were air dried. Panels were evaluated for dust repellency by
      pouring dust on the panel tilted at 45.degree. from vertical. Both road
      dirt (RD) and vacuum cleaner (VC) dirt were used in separate tests. Some
      coatings giving good to excellent dust repellency are listed below (Table
      II).
TBL                                    TABLE II                                
     __________________________________________________________________________
     COATING FORMULATION                                                       
                                       Dirt Repellency Rating*                 
     Polymer                                                                   
          g    Water g                                                         
                    Surfactant (1%)                                            
                              Sol (g)  Vacuum Cleaner                          
                                                Road Dirt                      
     __________________________________________________________________________
     "J-2"                                                                     
          3.315                                                                
               4.025                                                           
                    1 HDPC    1.695                                            
                                   130M                                        
                                       10 (0)   8 (4)                          
     "P"  0.612                                                                
               7.725                                                           
                    1 HDPC    0.666                                            
                                   "   9 (0)    9 (4)                          
     "O"  0.570                                                                
               7.102                                                           
                    1 HDTB    1.365                                            
                                   "   7 (0)    10 (4)                         
     "O"  2.263                                                                
               5.407                                                           
                    1 HDTB    1.333                                            
                                   "   7 (0)    10 (4)                         
     "J-1"                                                                     
          2.532                                                                
               5.137                                                           
                    1 HDPC    1.349                                            
                                   "   8 (0)    9 (5)                          
     "P"  1.240                                                                
               7.456                                                           
                    1 HDPC    0.344                                            
                                   "   8 (0)    9 (4)                          
     "O"  0.584                                                                
               7.772                                                           
                    1 HDTB    0.673                                            
                                   "   8 (0)    9 (4)                          
     "Q"  2.212                                                                
               5.540                                                           
                    1 HDTB    1.376                                            
                                   "   7 (0)    9 (4)                          
     __________________________________________________________________________
      *Ratings in parentheses are for uncoated polymethymethacrylate.          
PAC  EXAMPLE 4
PAC  Comparison of Polymer, Inorganic Sol and Polymer-Inorganic Sol Coatings
PAR  The following coating compositions were prepared and evaluated.
PAC  a.
PA0  1.008 g 1% HDTB solution
PA0  6.732 g distilled water
PA0  2.263 g polymer dispersion (Example "0")
PAC  b.
PA0  1.000 g 1% HDTB solution
PA0  7.667 g distilled water
PA0  1.341 g Ludox 130M
PAC  c.
PA0  1.000 g 1% HDTB solution
PA0  5.431 g distilled water
PA0  2.259 g polymer dispersion (Example "0")
PA0  1.343 g Ludox 130M
PAR  the compositions were coated on glass and on Lucite auto finish substrates.
      After air drying the coatings were baked 5 min. at 120.degree.C. The
      coatings were evaluated for dust repellency. The coatings on Lucite were
      also evaluated for cleanability.
TBL  ______________________________________                                    
     Coatings on          Coatings on                                          
     Lucite Substrate     Glass Substrate                                      
     Evaluation           Evaluation                                           
     Rating*              Rating*                                              
     RD         CW       SW       RD                                           
     ______________________________________                                    
     (a)  2 (3)     2 (1)    7 (5)  7 (3)                                      
     (b)  6 (3)     4 (3)    5 (4)  6 (3)                                      
     (c)  10 (3)    8 (2)    9 (5)  9 (3)                                      
     ______________________________________                                    
PAR  Although coatings of polymer dispersion alone and of Positive Sol 130M
      alone give some dust repellency, the combination of polymer dispersion
      with Ludox 130M gave superior dust repellency and cleanability.
PAC  EXAMPLE 5
PAR  A coating formulation was prepared from the following components (mixed in
      the order listed):
PA0  81.02 g distilled water
PA0  5.65 g polymer dispersion (Example "0")
PA0  3.33 g Ludox 130M (See Example 1)
PA0  1.00 g wetting solution containing 5% albumin
PA0  9.00 g distilled water
PAL  After mixing the solids remained in suspension.
PAR  Half of a previously cleaned station wagon rear window was coated by wiping
      the glass with a roll of paper towel wetted by the formulation. The
      coating was allowed to dry at ambient temperature. The coated portion of
      the window showed lower reflectivity (than the uncoated portion) thus
      improving the visibility through the window. After 30 days, the car was
      driven through a dry dusty field. The dust was a reddish clay-like soil.
      The coated portion of the rear window showed very little dust pickup (a
      rating of about 8) while the uncoated glass picked up enough dust to
      obscure vision (a rating of about 2). The polymer-sol coating is an
      effective dust repellent.
PAC  EXAMPLE 6
PAR  To further illustrate coating formulations, the following dispersions each
      containing 1 g of 1% aqueous HDTB dispersant and varying amounts in g of
      water, polymer "U" from Table I, and Ludox 130M (30% solids) or fibrous
      alumina (AL) (7.2% solids).
TBL  ______________________________________                                    
     No.   Water    Polymer Emulsion                                           
                                  Sol                                          
     ______________________________________                                    
     1     6.355    2.312         0.364  (130 M)                               
     2     7.511    1.162         0.335  "                                     
     3     7.756    0.580         0.666  "                                     
     4     7.089    0.578         1.335  "                                     
     5     5.356    2.312         1.345  "                                     
     6     5.350    2.267         1.390  AL                                    
     7     6.485    1.143         1.415  "                                     
     8     5.655    0.565         2.780  "                                     
     9     2.877    0.591         5.583  "                                     
     10    1.080    2.265         5.5    "                                     
     ______________________________________                                    
PAL  These were tested by coatings on a Lucite automotive finish panel, air
      dried and then baked (5 min. at 160.degree.C). The panel was shaken with
      dirt using hydrophobic road dust, "RD"; hydrophilic clay soil yard dirt
      "YD"; and hydrophilic air cleaner test dust "AC".
TBL                TABLE III                                                   
     ______________________________________                                    
     RD        CW       SW        AC      YD                                   
     ______________________________________                                    
     1    9 (1)    7 (2)    9 (6)   not tested                                 
                                            not tested                         
     2    9 (1)    7 (2)    9 (5)   "       "                                  
     3    7 (1)    5 (2)    7 (5)   "       "                                  
     4    8 (1)    5 (2)    7 (5)   "       "                                  
     5    9 (1)    8 (3)    9 (6)   "       "                                  
     6    8        8 (2)    10 (9)  10 (0)  8 (3)                              
     7    9        9 (2)    10 (10) 9 (0)   9 (3)                              
     8    9        3 (5)    3 (7)   9 (0)   9 (4)                              
     9    9        1 (4)    1 (9)   9 (0)   9 (3)                              
     10   9        4 (2)    5 (8)   9 (0)   9 (3)                              
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Coating formulations were prepared from 1% hexadecyl pyridinium chloride,
      30% solids Ludox 130M and an aqueous dispersion of the copolymer F.sub.3
      CCF.sub.2 (CF.sub.2 CF.sub.2).sub.1-5 --CH.sub.2 CH.sub.2
      OCOC(CH.sub.3)=CH.sub.2 /CH.sub.3 OCOCH=CH.sub.2 of ratio 95/5 containing
      23.5% solids. The coating formulations contained polymer-solids and
      inorganic sol solids of 4/1, 2/1, 4/4, 1/2 and 1/4 of the total
      dispersion.
PAR  When tested on panels against road dirt, yard dirt and air cleaner test
      dirt, there was little accumulation compared to control panels. Water
      washing of coatings prepared from formulations containing low ratios of
      polymer to sol were shown to be less effective in providing clean surfaces
      after the panels were treated with road dirt.
PAC  EXAMPLE 8
PAR  In a similar manner to Example 7, coatings were prepared from 1% hexadecyl
      trimethylammonium bromide, 30% solids of aluminum modified silica positive
      sol and aqueous dispersion containing 20.9% of the copolymer of F.sub.3
      CCF.sub.2 --(CF.sub.2 CF.sub.2).sub.1-5 CH.sub.2 CH.sub.2 OCOCH=CH.sub.2
      /CF.sub.3 CH.sub.2 OCH=CH.sub.2 as 90/10 ratio in formulations of ratios
      of copolymer to inorganic sol of 4/1, 2/1, 4/4, 1/2 and 1/4 of the total
      dispersion.
PAR  These were tested against road dirt on painted steel panels with the result
      that they were very effective compared to a control (6-8 rating compared
      to 0 for control).
PAC  EXAMPLE 9
PAR  A dispersion containing 4% polymer solids and 4% sol solids by weight was
      prepared by mixing 54.07 g of distilled water, 10 g of 1% hexadecyl
      trimethylammonium bromide, 22.7 g of polymer dispersion "U" and 13.34 g of
      Ludox 130M.
PAR  This was coated on 2 .times. 3 inches Lucite finished autobody panel to
      give clear and glossy panels which, with others, was attached to a frame
      in front of a car bumper and driven for several weeks. Road dusts pickup
      was considerably less than for a control with no coating.
PAC  Large Scale Tests
PAC  Statistical Evaluation
PAR  An overall rating including both dry dust repellency and dried dirt slurry
      removal was obtained by listing in order the top ten coatings in each of
      seven evaluations with their respective ratings. Overall ratings were
      determined adding all rating points of a coating in the various tests
      (coating applied by wiping or by sponge followed by air drying and
      optionally baking prior to exposure to road dirt or a synthetic dirt and
      washing). In this way an overall rating was obtained not only for each
      individual coating but also for each group of coatings based on a
      particular polymer-sol combination.
PAR  Using the above method the formulation of 1% polymer "U"/2% alumina sol
      ranked highest with an overall total of 36, while this polymer-sol at 4/1,
      2/1, 1/2, 1/4 and 4/4 combinations in the five ratios examined totaled 116
      out of a possible total of 350. The second and third ranking combinations
      were polymer "Q" with alumina sol giving a total of 103 and the polymer of
      Example 7 giving a total of 82. In contrast, coatings from formulations of
      methyl methacrylate/methacrylic acid (94/6) with silica sol gave only two
      coatings in the top ten and totaled only 16 while a formulation of
      polytetrafluoroethylene/silica sol under the same conditions gave only one
      coating in the top 10 and a total for all of 9.
PAC  EXAMPLE 10
PAC  Antisoil Coatings for Carpets
PAR  A dispersion prepared by diluting 60 ml of polymer dispersion (Example "E")
      to 500 ml with distilled water was used to saturate a 8 .times. 10 inch
      section of Du Pont 501 nylon carpet. The excess dispersion was drained and
      the treated carpet ("I") dried at 24-26.degree.C followed by curing at
      160.degree.C for 15 min. in an air circulating oven.
PAR  To a dispersion prepared by diluting 60 ml of polymer dispersion (as above)
      to 500 ml with distilled water was added with mixing 16 g of Ludox 130M,
      30% solids. Another 8 .times. 10 inch section from the same carpet was
      treated with this dispersion ("II") using the same method as above, while
      an untreated carpet section ("III") was used as a control.
PAR  The carpet samples were placed side by side in entrance hallway in a home.
      After 28 days' exposure, very little dirt had been picked up by any of the
      samples and the carpet samples were moved to the kitchen and placed in
      front of a counter between the sink and stove. Samples were vacuumed
      whenever the rest of carpeted kitchen was cleaned. After 60 days the
      carpet sections were taken up and evaluated.
PAR  There was little grease spotting on "I". It was slightly dirtier than "II"
      which was much less dirty and had less grease spotting than "III". The
      latter had considerable grease spotting and dirt in fabric.
PAR  Therefore, the antisoil coating composed of HIM/MAA copolymer was a good
      coating for lowering dirt adherence to carpet. The combination of HIM/MAA
      and Positive Sol 130M was even more effective in preventing soiling of
      nylon carpet.
PAC  EXAMPLE 11
PAR  In a manner similar to Example 7 coatings were prepared from 1% sodium
      lauryl sulfate, 30% solids silica sol (Ludox AS), and aqueous dispersion
      containing 16.3% of the terpolymer of (CF.sub.3).sub.2 CHO.sub.2
      CC(CH.sub.3)=CH.sub.2, CH.sub.3 O.sub.2 CC(CH.sub.3)=CH.sub.2, and
      HO.sub.2 CC(CH.sub.3)=CH.sub.2 as 15/80/5 ratio in formulations of
      terpolymer to inorganic sol of 4/1, 2/1, 1/2, 1/4 and 4/4 of the total
      dispersion. These were tested against road dirt on painted steel panels
      with the result that they were very effective compared to a control (9
      rating compared to 0 for control).
PAC  EXAMPLE 12
PAR  In a manner similar to Example 7, coatings were prepared from 1% hexadecyl
      pyridinium chloride, 30% solids Ludox 130M, and aqueous dispersion
      containing 18.2% of the copolymer CF.sub.3 OCF=CF.sub.2 /CF.sub.2
      =CF.sub.2 as a 22/78 mole ratio in formulations of copolymer to inorganic
      sol of 4/1, 2/1, 1/2, 1/4 and 4/4 of the total dispersion. These were
      tested against road dirt on painted steel panels with the result that they
      were very effective compared to a control (5-9 rating compared to 0-3 for
      control).
PAC  EXAMPLE 13
PAR  In a manner similar to Example 7, coatings were prepared from 1% hexadecyl
      pyridinium chloride, 30% solids Ludox 130M, and aqueous dispersion
      containing 12.4% of the polymer of CF.sub.3 (CF.sub.2).sub.7 CH.sub.2
      CH.sub.2 O.sub.2 C(CH.sub.3)=CH.sub.2 in formulations of polymer to
      inorganic sol of 4/1, 2/1, 1/2, 1/4 and 4/4 of the total dispersion. These
      were tested against road dirt on painted steel panels with the result that
      they were very effective compared to a control (7-9 rating compared to 0
      for control).
CLMS
STM  The embodiments of this invention in which a special property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. An aqueous dispersion containing a dispersant and 0.5% to 50% by weight
      of solid particles having a size less than 1.mu., said particles
      consisting essentially of
PA1  a. 4 parts by weight of hydrous metal oxide particles,
PA1  b. from 1 to 16 parts by weight of polymer particles containing --CF.sub.3
      groups in an amount of from 0.5% to 92% by weight of said polymer, said
      polymer being a polymer of acrylic or methacrylic acid esterified with a
      fluorinated alcohol containing 2 to 12 carbon atoms and 1 to 3 --CF.sub.3
      groups, and having a Knoop hardness in bulk of at least 5.
NUM  2.
PAR  2. Composition of claim 1 wherein said hydrous metal oxide is selected from
      the group consisting of silica, alumina and aluminum-modified silica.
NUM  3.
PAR  3. Composition of claim 2 wherein said polymer contains from about 3% to
      about 60% by weight of --CF.sub.3 groups.
NUM  4.
PAR  4. Composition of claim 3 wherein said polymer is a polymer of
      1,1,1,3,3,3-hexafluoroisopropyl methyl methacrylate.
NUM  5.
PAR  5. Composition of claim 4 wherein said polymer is a homopolymer.
NUM  6.
PAR  6. Composition of claim 3 wherein said polymer is a polymer of
      2,2,2-trifluorethyl methacrylate.
NUM  7.
PAR  7. Composition of claim 3 wherein said polymer is a polymer of a monomer
      CF.sub.3 CF.sub.2 (CF.sub.2 CF.sub.2).sub.n CH.sub.2 CH.sub.2
      OCOC(CH.sub.3)=CH.sub.2 wherein n is from 1 to 5.
NUM  8.
PAR  8. Composition of claim 7 wherein n is 3.
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ABST
PAL  The use of certain silane compounds reduces the viscosity and thixotropy of
      acrylyl coatings compositions thus permitting their more efficient use in
      conventional coating techniques.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the advent of solvent-free coating compositions difficulties have been
      encountered in applying the viscous, thixotropic coatings by conventional
      industrial techniques. These problems have been further aggravated when
      any significant amount of flatting agent or pigment is present as these
      often serve to render the compositions more viscous and thixotropic. The
      ability to produce coating compositions that can be readily and uniformly
      applied to a surface so that they can be rapidly cured to a dry film is of
      important commercial significance. This is particularly true in the field
      of radiation curable compositions.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention relates to the use of certain silane compounds to
      improve the fluidity or flowability of polymerizable acrylyl coating
      compositions. In this invention a small amount of the silane compound is
      added to the coating composition and this has an unexplainable effect that
      causes an increase in flowability and, as a result, a more uniform and
      attractive cured film is produced.
PAC  DESCRIPTION OF THE INVENTION
PAR  The silane compounds that have been found suitable in reducing the
      viscosity and thixotropy of the polymerizable acrylyl coating compositions
      can be represented by the general formula:
EQU  R -- Si -- O R').sub.3
PAL  wherein R can be vinyl; alkyl of from 1 to about 8 carbon atoms, such as
      methyl, ethyl, propyl, butyl, isobutyl, hexyl, 2-ethylhexyl, etc; phenyl;
      ##EQU1##
      or HOOCCH=CHCONHR"--; Z is hydrogen or methyl; R" is divalent alkylene of
      from 1 to about 6 carbon atoms, such as methylene, ethylene, propylene,
      isopropylene, hexylene, etc.; and R' can be alkoxy of from 1 to about 6
      carbon atoms; alkoxyalkyloxy having a total of up to about 8 carbon atoms;
      or lower acyl having up to five carbon atoms.
PAR  Illustrative of suitable silanes one can mention ethyltriethoxysilane,
      ethyltripropoxysilane, vinyltributoxysilane, phenyltriethoxysilane,
      methyltriethoxysilanae methyl trimethoxysilane, vinyltrimethoxysilane,
      vinyltriacetoxysilane, vinyl(trimethoxyethoxy)silane,
      gamma-methacryloxypropyltrimethoxysilane, and the like. It is not
      essential that the R' groups be identical; however, it has been found that
      these are more readily manufactured.
PAR  The silane compounds are used in the coating compositions at concentrations
      of from about 0.1 to about 10 weight percent; perferably from about 0.4 to
      about 2 weight percent. They are added by any conventional blending or
      mixing technique. They are preferably added during the pigment or flatting
      agent dispersion step.
PAR  The polymerizable acrylyl coating compositions to which the silane
      compounds are added are any of the coating compositions containing a
      polymerizable acrylyl compound. The term polymerizable acrylyl compound
      means any monomer, oligomer, or polymer containing a methacrylyl, acrylyl,
      methacrylamide, acrylamide, methacrylonitrile, or acrylonitrile moiety in
      the molecule. These compounds are well known to those skilled in the art
      and a large number of them are commercially available. The polymerizable
      acrylyl coating compositions contain a major amount of the polymerizable
      acrylyl compound as the film forming component and can be used
      individually or in combination with one another.
PAR  Illustrative of suitable polymerizable acrylyl compounds one can mention
      acrylic acid, acrylamide, methyl acrylate, ethyl acrylate, hexyl acrylate,
      2-ethylhexyl acrylate, butoxyethoxyethyl acrylate, neopentyl glycol
      diacrylate, bicyclo[2.2.1]-hept-2yl acrylate, dicyclopentenyl acrylate,
      pentaerythritol mono- or di- or tri- or tetra-acrylate or mixtures
      thereof, isodecyl acrylate, trimethylolpropane mono- or di- or triacrylate
      or mixtures thereof, 2-phenoxyethyl acrylate, glycidyl acrylate,
      2-ethoxyethyl acrylate, 2-methoxyethyl acrylate, 2-(N,N-diethylamino)ethyl
      acrylate, omega-methoxyethyl(hendecaoxyethylene) acrylate,
      omega-tridecoxyethyl(hendecaoxyethylene) acrylate,
      trimethoxyallyloxymethyl acrylate, bicyclo[2.2.1]-hept-2-en-5-ylmethyl
      acrylate, ethylene glycol diacrylate, bicyclo[2.2.1]hept-2-en-5,6-diyl
      diacrylate, vinyl acrylate, 2-hydroxypropyl acrylate, 2-hydroxyethyl
      acrylate, acrylated, epoxidized soybean oil, acrylated epoxidized linseed
      oil, (methyl carbamyl)ethyl acrylate, the reaction product of an aromatic
      or aliphatic polyisocyanate (such as tolylene diisocyanate) with a
      hydroxyalkyl acrylate (such as 2-hydroxyethyl acrylate or 2-hydroxypropyl
      acrylate), acrylonitrile, methacrylonitrile, as well as the corresponding
      methacrylates, acrylamides, and methacrylamides of the above specifically
      named acrylate compounds. The acrylyl compounds are well-known and the
      above discussion is only illustrative; any photocurable compound
      containing the acrylyl group is suitable for use.
PAR  When the acrylyl coating composition is to be cured by light radiation any
      of the known photosensitizers can be present. The amount of
      photosensitizer can be varied from 0.01 to about 20 weight percent,
      preferably from about 0.1 to about 10 weight percent, and more preferably
      from about 0.5 to about 5 weight percent. Illustrative of suitable
      photosensitizers one can mention acetophenone, propiophenone,
      benzophenone, xanthone, thioxanthone, fluorenone, benzaldehyde, fluorene,
      anthraquinone, triphenylamine, carbazole, 3- or 4-methylacetophenone, 3-
      or 4-pentylacetophenone, 3- or 4-methoxyacetophenone, 3- or
      4-bromoacetophenone, 3- or 4-allylacetophenone, 1,3-diphenylacetone,
      p-diacetylbenzene, 3- or 4-methoxybenzophenone, 3-or 4-methylbenzophenone,
      3- or 4-chlorobenzophenone, 4,4'-dimethoxybenzophenone,
      4-chloro-4'-benzylbenzophenone, 3-chloroxanthone, 3,9-dichloroxanthone,
      3-chloro-8-nonylxanthone, 3-methoxyanthone, 3-iodo-7-methoxyxanthone,
      2-chlorothioxanthone, benzoin, benzoin methyl ether, benzoin butyl ether,
      benzoin isobutyl ether, and mixtures thereof.
PAR  The coating compositions can also include pigments, fillers, other wetting
      agents, flatting agents, crosslinkers and other additives typically
      present in coating compositions. These are all well known to those skilled
      in the art and do not require further elaboration herein. Also known, are
      the concentrations at which they are used.
PAR  The presence of the silane compound in the polymerizable acrylyl coating
      composition results in an increase in flowability and fluidity.
      Consequently, the polymerizable acrylyl coating composition can be applied
      to the substrate to be coated in a more economical and efficient manner.
      It was also observed that a smoother and more uniform film could be
      applied as evidenced by the lack of rod marks when using a wire wound rod
      when the silane compounds have been added to some of the more highly
      viscous coating compositions. In addition, it was observed that one could
      incorporate larger quantities of fillers, pigments, or flatting agents in
      the formulation with the use of these silane compounds. One can also
      include a conventional solvent if desired. The solvents used in coating
      compositions are well known and do not require further discussion to
      enable one skilled in the art to known what they are.
PAR  The improved coating compositions of this invention can be applied and
      cured by any of the conventional known methods. Application can be by roll
      coating, curtain coating, airless spray, dipping, or by any other
      procedure. The cure can be by ionizing a non-ionizing radiation means or
      by heating in a suitable oven. All of these procedures are accepted
      procedures and it is known that curing by heat is generally expedited by
      the presence of a free radical initiator in the composition. Any source of
      ultraviolet radiation can be used.
PAR  The film coating produced generally has a smooth, uniform appearance. Its
      thickness is generally less variable across the planar surface as a result
      of the improved flowability imparted to the fluid coating composition by
      the silane compound.
DETD
PAR  The following examples serve to further illustrate the invention:
PAC  EXAMPLE 1
PAR  A formulation was prepared containing:
TBL  HEA/TMDI/HPA adduct*                                                      
                      133.32    grams                                          
     Neopentyl glycol diacrylate                                               
                      80                                                       
     2-Ethylhexyl acrylate                                                     
                      40                                                       
     Hydroxyethyl acrylate                                                     
                      146.68                                                   
     Trigonal-14      8.0                                                      
     Syloid 74        88.0                                                     
      *The adduct of equimolar parts of 2-hydroxyethyl acrylate,               
      tetramethylhexamethylene diisocyanate and 2-hydroxypropyl acrylate dilute
      to 90% concentration with an excess of 2-hydroxypropyl acrylate.         
PAR  Trigonal-14 is the butyl ether of benzoin.
PAR  Syloid 74 is finely divided silica.
PAR  The Brookfield viscosities at different spindle speeds, at 23.degree. C
      with a No. 3 spindle, was determined:
TBL  Speed            cps                                                      
     ______________________________________                                    
     0.5              33,400                                                   
     1.0              21,600                                                   
     2.5              9,200                                                    
     5                5,000                                                    
     10               2,650                                                    
     20               1,435                                                    
     50               700                                                      
     100              435                                                      
     ______________________________________                                    
PAL  The formulation was too viscous and thixotropic to obtain a Gardner-Holdt
      viscosity measurement.
PAR  To separate portions of the formulation, the silane compounds were added to
      reduce the viscosity and thixotropy so as to facilitate application of the
      coating to the surface. The silanes were added at 0.5 and 1 weight percent
      levels. In all instances an increase in fluidity of the coating
      composition was obtained though in two instances, II and III, the increase
      was slight. The results are tabulated below:
TBL  Gardner-Holdt Viscosity                                                   
     ______________________________________                                    
     0.5%                1%                                                    
                 Two Days              Two Days                                
     Same Day    Later       Same Day  Later                                   
     ______________________________________                                    
     I     C-D       C-D         A-B     A-B                                   
     II    *         *           *       *                                     
     III   *         *           *       *                                     
     IV    E-F       E-F         D       D                                     
     V     D-E       B           B       A-A1                                  
     None  *         *           *       *                                     
     ______________________________________                                    
     * =   too thixotropic to measure                                          
     I     vinyltri(methoxyethoxy)silane                                       
     II    methyltriethoxysilane                                               
     III   reaction product of one mole of gamma-aminopropyl                   
           triethoxysilane with two moles of acrylic acid                      
     IV    gamma-methacryloxypropyltrimethoxysilane                            
     V     HOOCCH=CHCONH(CH.sub.2).sub.3 Si(OCH.sub.2 CH.sub.3).sub.3          
PAR  The results show that silanes I, IV and V cause a marked decrease in
      viscosity and thixotropy when compared to the control containing no
      silane. Silanes II and III showed a slight decrease in viscosity and
      thixotropy and the formulations exhibited better fluidity than did the
      control composition.
PAR  The silane-containing compositions were applied to Bonderite No. 37 steel
      panels using a No. 20 wire wound rod and cured under a 15 kilowatt argon
      swirl-flow plasma arc radiation source under an inert gas atmosphere. The
      panel was 6 inches from the arc and it was exposed to the continuous light
      radiation for about 0.6 second (traveling at a rate of 100 feet per minute
      under the arc). In all instances an attractive dry film was obtained. The
      properties of the films are tabulated below:
TBL           Sward                                                            
                   Pencil                                                      
                        60.degree.                                             
                            Acetone                                            
                                  Film                                         
     Silane   Hardness                                                         
                   Hardness                                                    
                        Gloss                                                  
                            Resistance                                         
                                  Thickness                                    
     __________________________________________________________________________
     At 0.5% Level                                                             
      I       18   3B   36  &gt;300  .7                                           
      II      18   B    44   207  1.0                                          
     III      16   3B   42   274  1.2                                          
      IV      18   3B   42  &gt;300  0.8                                          
      V       18   2B   41  &gt;300  1.1                                          
     None (Control)                                                            
              16   5B   39  &gt;300  0.9                                          
     At 1.0% Level                                                             
      I       18   3B   37  &gt;300  0.9                                          
      II      18   6B   43  &gt;300  1.0                                          
     III      16   5B   41  &gt;300  0.8                                          
      IV      14   5B   55  &gt;300  0.8                                          
      V       16   6B   42  &gt;300  0.9                                          
     None (Control)                                                            
              16   6B   36  &gt;300  0.8                                          
     __________________________________________________________________________
     Sward Hardness determined according to the instructions in the            
     Paint Testing Manual, Gardner Laboratory, p. 138.                         
     Pencil Hardness determined using sharpened pencil of standard             
     hardness ratings.                                                         
     60.degree. Gloss determined according to ASTM-D-523-67                    
PAL  Acetone Resistance is determined by placing a wad of acetone-saturated
      cotton on the film surface, maintaining saturation and measuring the time
      in seconds required for the film to lift.
PAR  The coating compositions containing silanes I to V were easier to apply
      than was the control; they did not show rod marks and were more uniform.
      The cured films of these silane-containing compositions were smoother and
      thus had a more attractive appearance.
PAC  EXAMPLE 2
PAR  Formulations were prepared as described in Example 1 using 0.5 weight
      percent of Silanes I and IV. These were applied to birch plywood; the
      first coat was cured and sanded, the second was cured only. Curing was as
      in Example 1 but at different cure rates under the swirl-flow plasma arc.
      The same advantages were observed during application and in the cured film
      as seen in Example 1. The results are tabulated below at different
      exposures:
TBL              Sward                                                         
                      60.degree.                                               
                          Taber Wear                                           
                                 Resistance                                    
            Silane                                                             
                 Hardness                                                      
                      Gloss                                                    
                          Factor.sup.1                                         
                                 To Stains.sup.2                               
     __________________________________________________________________________
            A-172                                                              
                 22   34  1.6    39/40                                         
     60 fpm A-174                                                              
                 22   38  1.6    39/40                                         
            None 20   34  1.7    39/40                                         
            A-172                                                              
                 14   33  1.6    39/40                                         
     120 fpm                                                                   
            A-174                                                              
                 12   35  1.6    39/40                                         
            None 10   32  1.5    39/40                                         
            A-172                                                              
                  8   15  2.0    39/40                                         
     180 fpm                                                                   
            A-174                                                              
                  8   11  4.5    38/40                                         
            None 10   17  --     38/40                                         
     __________________________________________________________________________
      .sup.1 Taber Abraser, CS-17 wheels, 1000 gram weights, 200 cycles, mg los
      per 100 cycles.                                                          
      .sup.2 Four-hour tests with mercurochrome, aqueous ammonia, bleach and   
      black ink. 40/40 represents no staining whatsoever, 0/40 represents      
      complete failure by staining or softening.                               
PAC  EXAMPLE 3
PAR  A coating composition was produced by pebble mill grinding the following:
TBL                       Grams                                                
     Urethane acrylate* (80% in 2-EHA)                                         
                          26.75                                                
     Neopentyl glycol diacrylate                                               
                          17.50                                                
     2-Hydroxyethyl acrylate                                                   
                          21.00                                                
     2-Ethylhexyl acrylate (2-EHA)                                             
                           5.25                                                
     2-Chlorothioxanthone  1.19                                                
     Titanium Dioxide (R-900)                                                  
                          49.00                                                
      *Reaction product of one mole of polycaprolactone diol having an average 
      molecular weight of about 530, two moles of isophorone diisocyanate and  
      two moles of 2-hydroxyethyl acrylate as an 80 percent solution in        
      2-ethylhexyl acrylate.                                                   
PAR  To the composition there were added 2.1 grams of methyl diethanolamine and
      the Brookfield viscosities measured using a No. 4 spindle at 23.degree.
      C., these were:
TBL  Speed           cps.                                                      
     ______________________________________                                    
      1              19,000                                                    
      5              4,800                                                     
      20             1,650                                                     
     100             570                                                       
     ______________________________________                                    
PAR  To separate portions of the above composition there was added one weight
      percent of the silane compounds and these formulations were applied to the
      steel panels using a No. 10 wire wound rod. They were then cured by moving
      at a line-speed of 50 feet per minute through a nitrogen blanketed chamber
      containing four 36 inches long, 25 watts, low pressure mercury tubes,
      emanating ultraviolet light radiation substantially all of which had a
      wavelength of 2,537 Angstrom untis. The tubes were arranged in parallel
      with the carrier belt. The panels were subsequently exposed to radiation
      from three 2.2 kilowatt medium pressure mercury lamps in air for about 1.5
      seconds. The cured film properties are tabulated below:
TBL                  Acetone                                                   
              Sward  Resistance                                                
                               Impact Resistance                               
     Silane     Hardness (Sec.)    Face  Reverse                               
     ______________________________________                                    
      I         4        16         90   50                                    
      II        4        22        150   50                                    
     III        4        24        150   50                                    
      IV        4        45        145   50                                    
     None (Control)                                                            
                4        19        145   45                                    
     ______________________________________                                    
PAR  It was observed that the cured films that contained the silanes,
      particularly those containing silanes III and IV, were smoother and more
      unform than was the film obtained with no silane present in the coating
      composition. Further, the compositions containing the silanes could be
      applied with greater ease and more uniformity than the control.
PAC  EXAMPLE 4
PAR  This example shows that not all silicon-containing compounds can be used.
      Thus, a composition containing 5 parts of 2-hydroxyethyl acrylate, 5 parts
      of isodecyl acrylate, 5 parts of neopentyl glycol diacrylate and 15 parts
      of (carbamylethyl) acrylate was produced and two separate portions were
      treated with different silanes.
PAR  The first portion contained 0.6 part of silane IV, 100 parts of the above
      photocurable composition and 15 parts of finely divided silica. This
      formulation showed very good dispersion and flowability after standing for
      24 hours.
PAR  The second portion was the same, but it contained 0.6 part of a
      dimethylsiloxane silicone oil having a viscosity at 25.degree. C of 5-15
      centistokes rather than Silane II. This formulation showed very poor
      dispersion and flowability on preparation and after standing for 24 hours
      and was about eqivalent to the same formulation without any silicon
      compound present.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polymerizable acrylyl coating composition containing a polymerizable
      monomer, oligomer, or polymer having a methacrylyl, acrylyl,
      methacrylamide, acrylamide, methacrylonitrile, or acrylonitrile moiety in
      the molecule, and containing from 0.1 to 10 weight percent of said
      composition of a silane compound of the formula:
EQU  R--Si--(OR')3
PAL  wherein
PA1  R is vinyl,
PA2  alkyl of from 1 to 8 carbon atoms,
PA2  phenyl,
PA2  Ch.sub.2 =czcoor"--,
PA2  [ch.sub.2 =czcooh].sub.2  . h.sub.2 nr"=--or
PA2  Hoocch=chconhr";
PA1  z is hydrogen or methyl;
PA1  R" is divalent alkylene of from 1 to 6 carbon atoms;
PA1  R' is alkoxy of from 1 to 8 carbon atoms, alkoxyalkyloxy having a total of
      8 carbon atoms or lower acyl having up to 5 carbon atoms.
NUM  2.
PAR  2. A polymerizable acrylyl coating composition as claimed in claim 1
      wherein the silane compound is present at a concentration of from 0.4 to 2
      weight percent of said composition.
NUM  3.
PAR  3. A polymerizable acrylyl coating composition as claimed in claim 1
      wherein the silane compound is vinyltri(methoxyethoxy)silane.
NUM  4.
PAR  4. A polymerizable acrylyl coating composition as claimed in claim 1
      wherein the silane compound is methyltriethoxysilane.
NUM  5.
PAR  5. A polymerizable acrylyl coating composition as claimed in claim 1
      wherein the silane compound is the reaction product of one mole of
      gamma-aminopropyltriethoxysilane with two moles of acrylic acid.
NUM  6.
PAR  6. A polymerizable acrylyl coating composition as claimed in claim 1
      wherein the silane compound is gamma-methacryloxypropyltrimethoxysilane.
NUM  7.
PAR  7. A polymerizable acrylyl coating composition as claimed in claim 1
      wherein the silane compound is HOOCCH=CHCONH(CH.sub.2).sub.3 Si (OCH.sub.2
      CH.sub.3).sub.3.
NUM  8.
PAR  8. A polymerizable acrylyl coating composition as claimed in claim 1
      wherein a flatting agent is present.
NUM  9.
PAR  9. A polymerizable acrylyl coating composition as claimed in claim 1
      wherein a pigment is present.
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ABST
PAL  Coating compositions containing copolymers of ethylenically unsaturated
      aromatic monomers and ethylenically unsaturated nitrile monomers are
      useful for coating paper, plastics, metals and other packaging materials.
      These compositions, when blended with vinyl polymers, show improved
      flexibility and adhesion.
BSUM
PAC  STATEMENT OF THE INVENTION
PAR  This invention relates to dispersions. It is more particularly directed to
      dispersions containing copolymers of ethylenically unsaturated aromatic
      monomers and ethylenically unsaturated nitrile monomers, dispersed in
      organic liquid carriers.
PAR  These dispersions are extraordinarily stable, a surprising phenomenon since
      they contain no mechanisms, internal or external, for stabilizing them
      against settling or flocculation.
PAR  The copolymers in these dispersions are thermoplastic materials with
      excellent barrier properties, that is to say, they resist migration of
      gases through their films. This makes the dispersions especially suited
      for coating porous materials such as paper, metal or plastics for use as
      packaging materials, particularly those which are to come in contact with
      food.
PAC  THE COPOLYMERS
PAR  The copolymers used in the dispersions are composed of
PAR  A. 25-75 PERCENT, BY WEIGHT, OF A MONOMER REPRESENTED BY THE STRUCTURE
      ##SPC1##
PAL  Where R, R.sub.1, R.sub.2, and R.sub.3 are hydrogen or an alkyl radical of
      1-5 carbon atoms,
PAL  And
PAR  B. 24-75 PERCENT, BY WEIGHT, OF AN ETHYLENICALLY UNSATURATED NITRILE
      MONOMER, THE TOTAL OF (A) AND (B) BEING 100 PERCENT.
PAR  Illustrative of (a) monomers are styrene, .alpha.-methyl styrene, vinyl
      toluene and the like. The best copolymers, in terms of final film
      properties, are those in which the (a) monomer is styrene.
PAR  The (a) monomer is preferably present in the copolymer at a concentration
      of 40-65 percent, by weight, even more preferably 50-60 percent. For some
      purposes 40-50 percent may be best, for others 55-60 percent. Even 20-40
      percent or 60-75 percent may be preferred in some cases.
PAR  The (b) monomer can be any ethylenically unsaturated nitrile
      copolymerizable with the other monomer used to prepare the copolymer. This
      nitrile monomer is preferably one represented by the structure
      ##EQU1##
      where R and R.sub.1 are hydrogen, an alkyl radical of 1-18 carbon atoms,
      tolyl, benzyl or phenyl,
PAL  And
PA1  R.sub.2 is hydrogen or methyl.
PAR  The best copolymers, in terms of final film properties, are those which
      contain acrylonitrile or methacrylonitrile as the nitrile monomer.
PAR  The copolymers preferably contain 35-60 percent of nitrile monomer, even
      more preferably 40-50 percent, by weight, of the polymer. It may be
      desirable for certain purposes to use 40-45 percent or 50-60 percent. One
      may elect to use 20-40 percent or even 60-75 percent if circumstances
      dictate.
PAR  While in the usual case one would use only a single type of (a) monomer and
      of (b) monomer, it may be that for certain applications mixtures of (a)
      monomers or mixtures of (b) monomers can be used to advantage.
PAC  THE DISPERSIONS
PAR  Although dispersions containing the copolymers are generally quite
      satisfactory in coating applications, their films may lack the high degree
      of flexibility required for certain uses. If this is so, a halovinyl
      polymer (or polymers) or a halovinylidene polymer (or polymers) may be
      added. Illustrative of these are polyvinyl chloride, polyvinylidene
      chloride and copolymers of vinyl chloride or vinylidene chloride with one
      or more of
PA1  acrylonitrile
PA1  fumaric acid or its esters and half esters of 1-8 carbon atoms
PA1  maleic acid or its esters and half esters of 1-8 carbon atoms
PA1  itaconic acid
PA1  vinyl acetate
PA1  vinyl alcohol
PA1  5-norbornene-2,3-dicarboxylic acid mono n-butyl ester
PA1  glycidyl methacrylate
PAR  Specific within this illustrative grouping are
PA1  vinyl chloride/vinylidene chloride copolymers
PA1  vinyl chloride/acrylonitrile/itaconic acid terpolymers
PA1  vinyl chloride/acrylonitrile copolymers
PA1  vinyl chloride/acrylonitrile/fumaric acid terpolymers
PA1  vinyl chloride/acrylonitrile/maleic acid terpolymers
PA1  vinyl chloride/vinyl acetate copolymers
PA1  vinyl chloride/maleic acid copolymers
PA1  vinyl chloride/vinyl acetate/maleic acid terpolymers
PA1  vinyl chloride/fumaric acid copolymers
PA1  vinyl chloride/vinyl acetate/fumaric acid terpolymers
PA1  vinyl chloride/vinyl acetate/vinyl alcohol terpolymers
PAL  Polyvinyl fluoride, polyvinylidene fluoride and polyvinyl acetate can also
      be used, as well as mixtures of any of the above.
PAR  These polymers are freely available on the market and are usually provided
      in the form of powders or pellets.
PAR  The dispersions of the invention therefore contain
PA1  a. 75-100 percent, preferably 85-95 percent, by weight of the solidis in
      the dispersion, of the copolymer;
PAL  and
PA1  b. an organic liquid carrier.
PAR  These dispersions may also contain 0.25-25 percent, preferably 8-12 percent
      by weight of the solids in the composition, of a vinyl or a vinylidene
      polymer.
PAR  The organic liquid carrier can be any which will serve as the
      polymerization medium in the preparation of the copolymer, which will
      dissolve or suspend the vinyl polymer (should it be used) and which will
      not interfere with the composition's intended use.
PAR  Preferably, this liquid carrier is composed of
PA1  a. 20-80 percent, by weight of the total medium, of ethylene carbonate or
      propylene carbonate,
PAL  and
PA1  b. 20-80 percent, by weight of the total medium, of an organic liquid
      miscible with ethylene carbonate or propylene carbonate.
PAR  Illustrative of such miscible organic liquids are alkanols of 1-4 carbon
      atoms (preferably isopropanol), acetone, methylethyl ketone, ether
      alcohols, esters of ether alcohols, diacetone alcohol and tetrahydrofuran.
PAR  The (a) to (b) weight ratio in the liquid carrier is preferably about
      40-60/40-60, even more preferably 50/50.
PAC  HOW THE DISPERSIONS ARE MADE
PAR  The dispersions are made by directly preparing the copolymer to be used in
      an organic liquid which will also serve as the liquid carrier for the
      dispersion. These copolymers are prepared by polymerizing suitable
      monomers, in appropriate amounts, in one of the organic liquids or
      mixtures of liquids already described.
PAR  A catalyst or polymerization initiator, in the usual amount, is ordinarily
      used in the process. This can be any free radical initiator that
      decomposes with a half-life of 1/4 to 21/2 hours at the reflux temperature
      of the organic liquid medium being used. The best result appears to be
      achieved with tertiary butyl peroxypivalate or tertiary butyl
      peroxyisobutyrate.
PAR  The preparation process is begun by charging a mixture of 40-60 percent, by
      weight of the total charge, of appropriate monomers and about 40-60
      percent, by weight of the total charge, of the organic liquid medium to a
      reaction vessel. Six-tenths percent, by weight of the monomer charge, of
      catalyst is then added.
PAR  The reaction mass is then raised to about 70.degree. C., with agitation.
      After the reaction mass has reached 70.degree. C., heating is stopped and
      exotherm ordinarily begins. The temperature of the reaction mass then
      rises slowly until refluxing begins. Refluxing is generally continued for
      about one hour without addition of heat. Heat is then supplied as needed
      to hold the reaction mass at reflux temperature for 15 minutes. At the end
      of this period another 0.3 percent of catalyst is added.
PAR  After one more hour of reaction at reflux temperature, still another 0.3
      percent of catalyst is added, followed by another 2 hour period of
      reaction at reflux temperature. At the end of this period polymerization
      is ordinarily complete.
PAR  During polymerization, the viscosity of the reaction mass can be kept
      within handling limits by addition of one or both of the liquids used as
      the polymerization medium.
PAR  The resulting dispersion can be used directly as a coating composition,
      with viscosity reduction with butyrolactone, methylethyl ketone, propylene
      carbonate, ethylene carbonate or mixtures of these if needed. If
      additional flexibility is desired, a suitable amount of a halovinyl or
      halovinylidene polymer can be added directly, with agitation.
PAR  If other adjuncts such as pigments, plasticizers, lubricants, aminoplast
      resins, epoxy resins or the like are desired, they can be added at this
      point.
PAR  The coating compositions can be used by applying them to a substrate by
      such conventional means as spraying, brushing, dipping, roller-coating or
      the like. In the ordinary case, the compositions are sprayed to a
      thickness of 0.1 mil (dry). The coatings are then cured by baking for from
      2-5 minutes at temperatures of from 100.degree.-110.degree. C. with
      plastic substrates or 2-5 minutes at 150.degree.-200.degree. C. for metal
      substrates.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Those skilled in this art will be able to practice this invention more
      easily after referring to the following illustrative examples.
PAR  It will be apparent to those artisans tht numerous variations can be
      composed on their central theme, such as the use of polymers containing
      additional monomer units, or use of monomer units which vary in chemical
      nature slightly but insignificantly from those disclosed, or the addition
      of innocuous components and adjuncts to the compositions. All of these
      variations are naturally considered to be part of the inventive concept.
PAR  In the examples all parts are by weight.
DETD
PAC  EXAMPLE 1
PAR  To a reaction kettle were charged
TBL                     Parts                                                  
     ______________________________________                                    
     Acrylonitrile        135                                                  
     Styrene              165                                                  
     Isopropanol          99.1                                                 
     Propylene carbonate  99.1                                                 
     Lupersol 11.sup.1.   1.8                                                  
     ______________________________________                                    
      .sup.1. Tertiary butyl peroxypivalate, sold by Pennwalt Corp.            
PAR  This mixture was brought to reflux temperature and held there for one hour
      and 15 minutes, heat being supplied as needed to maintain temperature.
PAR  At the end of this period, 0.3 percent of Lupersol was added, followed by
      another one hour reaction period at reflux temperature. Five minutes after
      the addition of the Lupersol, the addition of 100 parts of a mixture of
      isopropanol and propylene carbonate 50/50 was begun, which continued over
      a 30-minute period.
PAR  Another 0.3 percent of Lupersol was then added, followed by still another 2
      hour period at reflux temperature.
PAR  At this point polymerization was complete. Fifty parts of butyrolactone
      were added to the mass to give a dispersion containing 46 percent solids.
PAR  Two hundred parts of methylethyl ketone were added to this dispersion, with
      mixing.
PAR  This composition was drawn on packaging paper, to a thickness of 0.1 mil
      (dry), with a wire wound rod. The paper was then baked for 3 minutes at
      105.degree. C.
PAC  EXAMPLE 2
PAR  To 50 parts of the organosol of Example 1 (after complete reduction with
      solvents) were added
TBL                     Parts                                                  
     ______________________________________                                    
     Resimine 751.sup.1.  4.26                                                 
     Methylethyl ketone   5                                                    
     Epon 828.sup.2.      1.14                                                 
     ______________________________________                                    
      .sup.1. A methylated melamine-formaldehyde resin sold by Monsanto Chemica
      Co.                                                                      
      .sup.2. Condensation product of a bisphenol with epichlorohydrin, with an
      epoxide equivalent weight of 180-195, sold by Shell Chemical Co.         
PAR  This mass was stirred and to it were then added 3.2 parts of a vinyl
      chloride/vinyl acetate/vinyl alcohol 90/4/6 terpolymer.sup.3..
FNT  .sup.3. VAGD, sold by Union Carbide Co.
PAR  This composition was drawn on an aluminum panel, to a thickness of 0.3 mils
      (dry), with a wire wound rod. The panel was then baked for 5 minutes at
      185.degree. C. to give a hard, glossy, water-white finish, more flexible
      than the finish in Example 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition comprising
PA1  A. 75-100 percent, by weight of solids, of a particulate copolymer of
PA2  1. 25-75 percent, by weight, of at least one monomer represented by the
      structure
      ##SPC2##
PAL  where R, R.sub.1, R.sub.2 and R.sub.3 are hydrogen or an alkyl radical of
      1-5 carbon atoms;
PAL  and
PA2  2. 25-75 percent, by weight, of at least one ethylenically unsaturated
      nitrile monomer,
PA2  the total of (1) and (2) being 100 percent;
PAL  and
PA1  B. an organic liquid carrier comprising
PA2  1. 20-80 percent, by weight, of ethylene carbonate or propylene carbonate,
PAL  and
PA2  2. 20-80 percent, by weight, of an alkanol of 1-4 carbon atoms, acetone,
      methylethyl ketone, an ether alcohol, an ester of an ether alcohol or
      tetrahydrofuran.
NUM  2.
PAR  2. A composition comprising
PA1  A. 75-100 percent, by weight of solids, of a particulate copolymer of
PA2  1. 25-75 percent, by weight, of at least one monomer represented by the
      structure
      ##SPC3##
PAL  where R, R.sub.1, R.sub.2 and R.sub.3 are hydrogen or an alkyl radical of
      1-5 carbon atoms;
PAL  and
PAR  2. 25-75 percent, by weight, of at least one ethylenically unsaturated
      nitrile monomer, the total of (1) and (2) being 100 percent;
PAL  and
PA1  B. 0.25-25 percent, by weight of solids, of a halovinyl polymer or
      halovinylidene polymer;
PAL  and
PA1  C. an organic liquid carrier comprising
PA2  1. 20-80 percent, by weight, of ethylene carbonate or propylene carbonate,
PAL  and
PA2  2. 20-80 percent, by weight, of an alkanol of 1-4 carbon atoms, acetone,
      methylethyl ketone, an ether alcohol, an ester of an ether alcohol or
      tetrahydrofuran, the organic liquid being a solvent or suspendant for (B).
NUM  3.
PAR  3. The composition of claim 1 where (A)(1) is styrene.
NUM  4.
PAR  4. The composition of claim 2 where (A)(1) is styrene.
NUM  5.
PAR  5. The composition of claim 1 where (A)(2) is represented by the structure
      ##EQU2##
      where R and R.sub.1 are hydrogen, an alkyl radical of 1-18 carbon atoms,
      tolyl, benzyl or phenyl,
PAL  and
PA1  R.sub.2 is hydrogen or methyl.
NUM  6.
PAR  6. The composition of claim 2 where (A)(2) is represented by the structure
      ##EQU3##
      where R and R.sub.1 are hydrogen, an alkyl radical of 1-18 carbon atoms,
      tolyl, benzyl or phenyl,
PAL  and
PA1  R.sub.2 is hydrogen or methyl.
NUM  7.
PAR  7. The composition of claim 5 where the nitrile is acylonitrile or
      methacrylonitrile.
NUM  8.
PAR  8. The composition of claim 6 where the nitrile is acrylonitrile or
      methacrylonitrile.
NUM  9.
PAR  9. The composition of claim 1 where (B)(2) is isopropanol.
NUM  10.
PAR  10. The composition of claim 2 where (C)(2) is isopropanol.
NUM  11.
PAR  11. The composition of claim 1 where (A)(1) is styrene, (A)(2) is
      acrylonitrile and (B)(2) is isopropanol.
NUM  12.
PAR  12. The composition of claim 2 where (A)(1) is styrene, (A)(2) is
      acrylonitrile and (C)(2) is isopropanol.
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ABST
PAL  New polymerizable adhesive compositions comprising a monomeric ester of
      .alpha.-cyanoacrylic acid and a difunctional monomeric cross-linking agent
      which is a diester of acrylic or methacrylic acid and an alcohol having at
      least two esterifiable hydroxyl group, are found to develop increased
      cohesive bond strength upon polymerization. The compositions, if desired,
      can contain a finely divided aggregate, preferred aggregates being alumina
      and quartz. In addition, the compositions can advantageously contain
      sodium fluoride.
PAL  The monomeric compounds of these adhesive compositions are polymerized in a
      cross-linked mode by means of an amine activated free radical initiator.
PAL  The compositions can be applied to either wet or dry surfaces of a variety
      of materials. They are suitable for application to animal tissue, e.g.,
      bone and flesh, and are particularly suitable for the treatment of teeth,
      such as for use as temporary fillings, the preparation of dental
      restorations and especially for filling and sealing pits and fissures in
      prophylactic dentistry.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to new and novel polymerizable adhesive
      compositions. In particular, this invention relates to compositions
      comprising a monomeric ester of .alpha.-cyanoacrylic acid and a
      difunctional monomeric cross-linking agent which is a diester of acrylic
      or methacrylic acid and a polyfunctional alcohol having at least two
      esterifiable hydroxyl groups. These compositions have been found to be
      particularly useful in the treatment of teeth.
PAR  The compositions of this invention also include those which in addition
      comprise, either alone or in combination, a finely divided aggregate or
      filler, such as alumina or quartz; and sodium fluoride as an adhesive bond
      enhancing material.
PAR  While the compositions of this invention are in particular described in
      connection with those embodiments that are primarily designed for use in
      the treatment of teeth, it should be understood that the compositions of
      this invention are not limited to such application. These compositions can
      be utilized for filling or bonding various other materials including, for
      example, animal tissue such as bone, flesh, skin and the like and also
      such porous and nonporous materials as ceramics, glass, metal, wood and
      plastics together with joining or filling other materials where the unique
      properties of the present composition can be advantageously employed as
      will be apparent to those skilled in the art upon reading this disclosure.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Monomeric ester of .alpha.-cyanoacrylic acid are well known for use as
      adhesives. Upon polymerization, such compositions have been utilized to
      join a variety of materials, and such compositions and uses therefor are
      described in U.S. Pat. No. 2,794,788. In addition, U.S. Pat. No.
      3,663,501, describes the use of compositions comprising esters of
      .alpha.-cyanoacrylic acid for use in the treatment of teeth.
PAR  Many individuals have imperfections in the enamel layer of their teeth,
      which imperfections are a potential site for the development of caries,
      especially if dental hygiene is less than complete. Such imperfections are
      most often found on the occlusive surfaces of the teeth. These
      imperfections are known as pits and fissures, and heretofore known
      compositions incorporating esters of .alpha.-cyanoacrylic acid have been
      utilized in dentistry to seal such pits and fissures. The pit and fissure
      sealant composition is applied in the fluid state to the occlusive
      surfaces of cleaned teeth. Upon curing in situ there is provided a
      protective layer which seals the imperfections and discontinuities in the
      enamel layer, which otherwise could permit bacteria to attack enamel and
      initiate decay. Unless dental care is made available, such decay will
      ultimiately destroy the tooth structure.
PAR  Unfortunately, these linearly polymerized alkyl 2-cyanoacrylates, while
      having excellent adhesion to tooth surfaces do not develop an
      exceptionally high cohesive strength. Such cohesive strength is desirable
      to enable the cured sealant to withstand, over an extended period, the
      grinding action and pressures experienced during mastication.
PAR  Furthermore, compositions heretofore utilized as dental restoratives, i.e.,
      materials used to fill prepared cavities, have a tendency to shrink from
      the walls of the tooth surface. This shrinkage is not only encountered
      with plastic filling compositions, e.g., silver amalgams, but also with
      adhesives used to cement gold inlays in place. Whereever this shrinkage
      occurs, it creates a void between the filling material and the inner
      surface of the tooth. usually this void occurs at the base of the filling,
      so no channel communicates to the outer surface of the tooth. If a channel
      does communicate to the outer surface of the tooth, it presents an
      opportunity for fresh decay to occur. Dentistry has long sought materials
      that have improved adherence to tooth surfaces without shrinking
      therefrom, since such materials would simplify procedures now employed
      when preparing a tooth for receiving a restorative to minimize the
      likelihood of new decay forming under the filling.
PAR  Therefore, the general object of this invention is to provide adhesive
      compositions comprising .alpha.-cyanoacrylate esters having improved
      cohesive bond strength.
PAR  Another object of this invention is to provide compositions for both dental
      prophylaxis and dental restorations which adhere to teeth with a strong
      adhesive bond and have at the same time, an improved cohesive bond
      strength.
PAR  It is a still further object of this invention to provide a composition for
      use as pit and fissure sealant that has improved cohesive strength to
      enable it to better withstand the grinding forces which teeth undergo.
PAR  A still further object of this invention is to provide a composition which,
      when used as a dental restorative, will resist shrinking from tooth
      surfaces to a remarkable degree.
PAC  SUMMARY OF THE INVENTION
PAR  The adhesive composition of this invention which achieves the foregoing
      objects and advantages comprises a cement portion comprising a blend of a
      monomeric ester of .alpha.-cyanoacrylic acid and a difunctional monomeric
      crosslinking agent which is a polyfunctional alcohol having at least two
      esterifiable hydroxyl groups. To initiate polymerization there is added to
      the monomer blend, a catalytic amount of an amine activated free radical
      initiator. After a short period of time, referred to as the transition
      time, the material begins to become more viscous and usually within one or
      two minutes thereafter, it hardens. It has additionally been found that
      the wear properties of the adhesive composition can be improved by the
      addition to the cement portion of a finely divided filler or aggreagte.
      The preferred aggregates are quartz and alumina, and additionally, finely
      divided sodium fluoride can be added to achieve enhanced aehesive bond
      strength.
PAR  After initiation, the material can be worked onto whatever surfaces are to
      be filled, e.g., teeth, or onto pieces or parts that are to be joined. The
      increased viscosity after transition enables one to more easily contain
      the material within a desired space.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The cement portion of the adhesive composition of this invention comprises
      a blend of two monomers.
PAR  The first monomer is a monofunctional ester of .alpha.-cyanoacrylic acid
      having the formula:
      ##EQU1##
      where R is a branched or straight chain alkyl group of from 1 to 16 carbon
      atoms; cyclohexyl; or phenyl. As stated previously, such esters are
      described in U.S. Pat. No. 2,794,788.
PAR  The ester of .alpha.-cyanoacrylic acid can comprise from 5 to 95% of the
      cement portion, yet the desired amount to include is from about 20 to 80%
      by weight. If used in an amount of less than 20%, the adhesive bond
      strength of the cured cement is diminished, and when used in amounts
      greater than 80%, the sought after cohesive bond strength is not entirely
      achieved. Generally, the adhesive properties of the cement appear to be
      maximized when about 60% by weight of the alkyl-.alpha.-cyanoacrylate
      ester is included.
PAR  The preferred monomer, as more fully described in the specific illustrative
      examples which follow, is isobutyl-.alpha.-cyanoacrylate.
PAR  The second monomer in the cement portion is a difunctional monomer which is
      an ester of acrylic or methacrylic acid and a polyfunctional alcohol
      having at least two esterifiable hydroxyl groups. Such compounds are
      exemplified by the formula
      ##EQU2##
      wherein R.sub.1 is methyl or hydrogen; A is -- R.sub.2 -- O ].sub.n where
      R.sub.2 is methylene, ethylene, propylene, isopropylene, butylene and
      isobutylene and n is an integer of from 1 to 3; or
EQU   --R.sub.3 -- CH.sub.2 -- O -- .phi. -- C(CH.sub.3).sub.2 -- .phi. -- O --
      CH.sub.2 -- R.sub.3 -- O --
PAL  wherein R.sub.3 are
      ##EQU3##
      In the above formula  only ester and ether bonds through oxygen are
      contemplated, and no peroxy bonds are implied.
PAR  Specific examples of such monomers include: bisphenol A diglycidyl
      dimethacrylate (Bis-GMA) ethylene glycol dimethacrylate and diacrylate,
      diethyleneglycol dimethacrylate and diacrylate, triethyleneglycol
      dimethacrylate and diacrylate, 1,3 propanediol dimethacrylate and
      diacrylate, 2,2 dimethyl propane diol diacrylate, tripropylene glycol
      dimethacrylate and diacrylate and 1,3 butylene glycol dimethacrylate and
      diacrylate.
PAR  The amount of difunctional monomer in the cement portion can vary between
      95 and 5% by weight. Generally, as dictated by the more suitable
      quantities of the monofunctional monomer present, the difunctional monomer
      will be present in a quantity of from 80 to 20% by weight. The preferred
      quantity is 40% by weight especially when the preferred difunctional
      monomer, 1,3-butylene glycol dimethacrylate, is employed.
PAR  The catalyst system for initiating polymerization of the cement portion
      consists of a free radical catalyst in combination with an amine activator
      for that catalyst.
PAR  These amine activators comprise any of the basic amine compounds having a
      pK.sub.b in water of 1 to 12 and in which no nitrogen has more than one
      attached group exceeding five carbons. The pK.sub.b value is determined in
      accordance with the procedure set forth by N. F. Hall and M. R. Sprinkle,
      American Chemical Society, 54 3469(1932). The amine must not have more
      than one substituent group as bulky as a hexyl or phenyl group.
PAR  Illustrative of suitable amines are N,N-dimethyl-p-toluidine and
      N,N-dimethylaniline, N,N-diethylaniline, N-methylbenzylamine,
      triethanolamine, diethanolamine, 2-picoline, 4-picoline, tributylamine,
      4-ethylpyridine, pyridine, N,N-diethyl-1-napthylamine,
      hexamethylenediamine, N,N-diethylethylenediamine, preferably
      N,N-dimethyl-p-toluidine, N,N-dimethylaniline, and
      N,N-di-.beta.-hydroxyethyl-p-toluidine, the latter being preferred.
PAR  The free radical catalyst is preferably a peroxy compound such as those
      commonly used to effect initiation of polymerization reactions that
      proceed by means of a free radical mechanism. Examples of such catalysts
      include aromatic peroxides, including benzoyl peroxide and cumyl peroxide,
      benzoyl peroxide being preferred.
PAR  It is suitable that the free radical catalyst be employed in a quantity of
      from about 2-15 parts by weight for each hundred parts by weight of the
      total cement portion.
PAR  The quantity of amine activator utilized can vary over a wide range, and in
      general, it has been found that the quantity of the amine activator
      employed can vary between 5 and 150 mole percent of the free radical
      catalyst without deleterious results. Furthermore, when using the
      preferred activator, N,N-di-.beta.-hydroxyethyl-p-toluidine, it is
      likewise preferred that an equal molar amount of that amine activator be
      used compared to the molar amount of the free radical catalyst employed.
      However, when using faster acting activators such for example,
      N,N-dimethyl-p-toluidine, it is advisable to either use less of the amine
      activator or to include in the .alpha.-cyanoacrylic acid ester a small
      portion of an amine activator inhibitor such for example as a Lewis acid,
      e.g., boron trifluoride or the like.
PAR  otherwise, the reaction may proceed so rapidly by an anionic mechanism,
      that only a small portion of the material will be cross-linked. The proper
      amount of amine activator can be selected with only slight
      experimentation. Generally, this can be estimated in two ways. If the
      transition time is less than 10 seconds and hardening occurs prior to 50
      seconds at room temperature, the activity of the amine activator
      predominates too much and should be diminished either by reducing the
      amount thereof or including an amine activator inhibitor. Also the
      activity of the amine activator is deemed too pronounced if a large
      portion of the polymerized material is soluble in acetone, which
      solubility indicates at least qualitatively, the degree of cross-linking.
      Therefore, if the polymerized material is too acetone soluble, the
      quantity or activity of the amine activator should be diminished.
PAR  The pre-polymerized composition of this invention, at the time immediately
      proceeding reaction, thus comprises a cement portion comprising the
      monofunctional monomer and the difunctional monomer and a catalyst portion
      comprising the free radical catalysts and an amine activator therefor.
PAR  Because contact of the amine activator with the monofunctional monomer will
      initiate polymerization, it is essential that such contact not occur until
      polymerization is desired. On the other hand, the free radical catalyst,
      in the absence of ultra-violet light or extreme heat remains quiescent
      until the reaction mixture becomes warmed by the heat of reaction upon
      initiation with the amine activator.
PAR  Therefore, in order to stabilize the elements of the composition of this
      invention during storage and yet allow the polymerization step to proceed
      in a direct, straight-forward manner without cumbersome mixing it is an
      aspect of this invention that a prepolymer blend comprising a separated
      two component system be provided.
PAR  Such two component systems can comprise:
TBL  COMPONENT                                                                 
     I                       II                                                
     ______________________________________                                    
     A    amine activator + free radical catalyst +                            
          difunctional monomer                                                 
                            monofunctional monomer                             
     B    amine activator + monofunctional monomer                             
          free radical catalyst +                                              
          difunctional monomer                                                 
     C    amine activator + monofunctional monomer +                           
          free radical catalyst                                                
                            difunctional monomer                               
     ______________________________________                                    
PAR  Although the above components when admixed and polymerized result in
      excellent adhesives for pit and fissure or other applications, it is
      sometimes desirable to include a finely divided solid filler or aggregate
      in the composition.
PAR  Any finely divided solid, e.g., from about 1-100 microns, which is inert to
      the monomers can be utilized. Suitable fillers include polyethylene fused
      silica, quartz, and aluminum oxide (alumina). Alumina is presently
      preferred for most purposes. The filler is present in amounts of about 1
      to 4 parts by weight of filler for each part by weight of the combined
      cement and activated catalyst portions.
PAR  Where the cement is to be used as a dental cement, resistance to abrasion
      and wear is an important factor as is adherence to tooth structure. it has
      been found that resistance to wear or abrasion and adherence to tooth
      structure are substantially improved by employing the blend of particles
      set forth in my co-pending application Ser. No. 241,377, filed Apr. 5,
      1972.
PAR  Thus, when employing preferred fillers, e.g., alumina and quartz, the mix
      preferably contains about equal parts by weight of the 40-50 micron and
      90-100 micron size particles.
PAR  If the inclusion of a finely divided filler in the polymerized composition
      is deemed desirable, this filler can be added separately, or combined with
      one of the prepolymer components. In either case, it can also be utilized
      to carry the free radical catalyst or the amine activator, or both.
PAR  In order to add one or both of the catalysts to the filler any inert
      readily evaporable solvent may be used to dilute the catalyst to insure
      complete admixture of the filler.
PAR  Preferred solvents are, for example, organic compounds such as lower
      boiling ketones and aliphatic and aromatic hydrocarbons. The catalyst
      containing solution is added in small amounts while stirring to assure a
      uniform coating. The amount of catalyst added depends on the particular
      polymerization time required. Preferably, the amount of catalyst present
      in the cement composition is in the range of about 3-8% by weight of free
      radical catalyst based on the weight of the cement portion, and 5.0 to 150
      mole percent of the amine activator based on the quantity expressed in
      moles of the free radical catalyst employed.
PAR  With certain fillers such as quartz and alumina, particularly alumina, the
      effectiveness of an amine anionic catalyst, after addition thereof to the
      filler, is dissipated relatively rapidly. This dissipation can be overcome
      by applying to the filler, an under-coating of a trialkoxysilyl compound
      as taught in my co-pending application U.S. Ser. No. 719,662 filed Apr. 8,
      1968. The preferred non-catalytic trialkoxysilyl compounds are:
PA0  gamma-glycidoxypropyltrimethoxysilane and
PA0  gamma-methacryloxypropyltrimethoxysilane.
PAR  If pretreatment with the non-catalytic trialkoxysilyl compound is
      indicated, the filler is first treated with a solution of the
      trialkoxysilyl compounds in a solvent. Any solvent nonreactive with
      respect to the trialkoxysilyl compound and which can readily be removed by
      evaporation may be employed, the preferred solvents being organic
      compounds such as those mentioned above for adding the amine activator.
      The treating solution should contain at least about 5% by weight of the
      trialkoxysilyl compound, preferably at least about 10%, the upper limit
      for satisfactory results being in the range of about 60%. After treatment
      with the solution of silyl compound the filler is dried by conventional
      means and then treated with a solution of the amine activator, as above
      described.
PAR  As previously indicated, the adhesive compositions of present invention can
      include sodium fluoride in amounts of about 5% to 25% by weight of the
      total finely divided filler, cement, and catalyst portions of the
      composition, preferably about 10 to 20%. The sodium fluoride may
      supplement the filler or replace a portion thereof. When added, the sodium
      fluoride should generally have a particle size in the range of about 10 to
      100 microns.
PAR  When the adhesive cement is intended for use in dental applications, it may
      be desirable in some instances to add the usual tinting substances that
      are utilized in dentistry. If no more than 0.15% by weight of the total
      composition including cement and catalyst portions and fillers including
      sodium fluoride, no interference with activation is encountered. The use
      of a larger amount is usually not necessary, especially when the
      translucent quartz filler is included, because the quartz filler imparts
      the natural tooth color to the pit and fissure sealant or dental
      restoration.
PAR  If carbon is utilized as a tinting agent it is best employed in a
      concentration of less than 0.15% and if an activated carbon, less than
      0.10% should be included so as not to interfere with the action of the
      amine activator.
PAR  In a preferred embodiment, the amine activator is dissolved or suspended in
      the difunctional monomer to form one component of the two component system
      referred to as A above. The other component comprising the free radical
      catalyst and the monofunctional monomer is likewise prepared. The two
      components are kept separate until polymerization is desired. At that
      time, the two components are admixed and the polymerization reaction
      proceeds at room temperature without any additional heating.
PAR  When a filler is utilized it can either be preblended into component I or
      II, or be added as a separate component. if the filler has been treated to
      carry the amine activator it can only be preblended with component I and
      can not of course be preblended with component II, since the amine
      activator contained thereon would prematurely polymerize the
      monofunctional monomer.
PAR  The preferred embodiment comprises in component I and admixture of 4.20%
      N,N-di-.beta.-hydroxyethyl-p-toluidine dissolved in 36.32%
      1-3-butyleneglycol dimethacrylate, while component II comprises 5.00%
      benzoyl peroxide dissolved in 54.48% isobutyl-2-cyanoacrylate, all
      percentages here expressed in weight percent of the total composition.
      When the two components are admixed, setting into a hard impervious mass
      occurs approximately 55 seconds after admixing at room temperature.
PAR  For a short time after setting, the surface of the mass is slightly tacky.
      This is not believed objectionable or pronounced in the preferred
      embodiment. Yet, if objectionable, this tackiness can be overcome by the
      addition of a filler.
PAR  When used as a pit fissure sealant the fluid admixture of components I and
      II are applied in the usual manner of known pit and fissure sealants to
      prepared teeth. When employed as a dental restorative, it can be used
      analogously to as other plastic filling materials, except after packing
      the prepared tooth cavity, any excess must be removed before setting
      occurs, since adherence to teeth is so strong that the usual chipping
      techniques cannot easily be used.
DETD
PAR  Now, having described the invention, the following examples are set forth
      by way of illustration.
PAC  EXAMPLE I
PAR  A composition comprising 5.00% benzoyl peroxide; 4.20%
      N,N-dimethyl-p-toluidine; 72.64% isobutyl-2-cyanoacrylate; and 18.16%
      1,3-butyleneglycol dimethacrylate all percentages by weight is prepared as
      follows. The benzoyl peroxide is dissolved in the isobutyl-2-cyanoacrylate
      and separately the N,N-dimethyl-p-toluidine is dissolved in the
      1,3-butyleneglycol dimethacrylate. The two admixtures are combined and
      harden into a cohesive mass.
PAC  EXAMPLE II
PAR  A composition similar to Example I, except containing 54.48%
      isobutyl-2-cyanoacrylate and 36.32% 1,3-butylene-glycol dimethacrylate is
      prepared as set forth in that Example and upon admixture of the separate
      components it hardened into a cohesive mass.
PAC  EXAMPLE III
PAR  A composition similar to Example I, except containing 36.32%
      isobutyl-2-cyanoacrylate and 54.48% 1,3-butylene-glycol dimethacrylate is
      prepared as set forth in that Example and upon admixture of the separate
      components it hardened into a cohesive mass.
PAC  EXAMPLE IV
PAR  A composition similar to Example I, except containing 18.16%
      isobutyl-2-cyanoacrylate and 72.64% 1,3-butylene-glycol dimethacrylate is
      prepared as set forth in that Example and upon admixture of the separate
      components it hardened into a cohesive mass.
PAR  In the above Examples the transition time (the elapsed time between when
      the material becomes too thick to apply to a surface and the time the
      material becomes completely hard) is less than 30 seconds.
PAC  EXAMPLES V -- XVII
PAR  Examples I through IV are repeated using the following difunctional
      monomers in place of the 1,3-butylene-glycol dimethacrylate.
PA0  bisphenol A diglycidyl dimethacrylate;
PA0  1,3-butyleneglycol diacrylate;
PA0  ethyleneglycol dimethacrylate;
PA0  ethyleneglycol diacrylate;
PA0  diethyleneglycol dimethacrylate;
PA0  diethyleneglycol diacrylate;
PA0  1,3-propanediol dimethacrylate;
PA0  1,3-propanediol diacrylate;
PA0  2,2-dimethyl propanediol diacrylate;
PA0  tripropyleneglycol dimethacrylate;
PA0  tripropyleneglycol diacrylate;
PA0  triethyleneglycol diacrylate; and
PA0  triethyleneglycol dimethacrylate.
PAC  EXAMPLES XVIII -- XXVI
PAR  Examples I--XVII are repeated using the following monomers in place of the
      isobutyl-2-cyanoacrylate.
PA0  methyl-2-cyanoacrylate;
PA0  ethyl-2-cyanoacrylate;
PA0  propyl-2-cyanoacrylate;
PA0  n-butyl-2-cyanoacrylate;
PA0  n-amyl-2-cyanoacrylate;
PA0  isoamyl-2-cyanoacrylate;
PA0  n-hexyl-2-cyanoacrylate;
PA0  n-heptyl-2-cyanoacrylate; and
PA0  n-octyl-2-cyanoacrylate.
PAR  The substitution of N,N-di-.beta.-hydroxyethyl-p-toluidine for
      N,N-dimethyl-p-toluidine generally gives a more cross-linked product as
      shown by obtaining only a trace amount of soluble polymer on extraction
      with refluxing acetone.
PAC  EXAMPLE XXVII
PAR  A composition comprising 75% alumina (50%--150 grit and 50%--320 grit
      coated with 5% .alpha.-methacryloxypropyl trimethoxysilane and carrying
      2.3% by weight benzoyl peroxide) and 25% monomers and anionic catalyst
      (60% isobutyl-2-cyanoacrylate and 40% 1,3 butyleneglycol dimethacrylate
      containing 10% N,N-dimethyl-p-toluidine) is prepared as follows. The
      alumina was admixed with the isobutyl-2-cyanoacrylate and this then
      combined with the 1,3-butyleneglycol dimethacrylate containing the anionic
      catalyst. The admixture then hardened completely in 70 seconds with a
      transition time of less than 10 seconds. This was repeated using 90:10,
      80:20, 50:50, 40:60 and 20:80 mixtures of the isobutyl-2-cyanoacrylate and
      1,3-butyleneglycol dimethacrylate. The material upon hardening has good
      adhesion as shown by the effort required to snap apart steel sheets bonded
      together with the above compositions.
PAR  The representative compression strength developed is as follows.
TBL  ______________________________________                                    
     isobutyl-2-cyanoacrylate/                                                 
                           Compression                                         
     1,3-butyleneglycol dimethacrylate                                         
                           Strength                                            
     ______________________________________                                    
     90/10                  9,940                                              
     80/20                 12,940                                              
     60/40                 14,870                                              
     50/50                 17,900                                              
     40/60                 20,750                                              
     20/80                 23,000                                              
     ______________________________________                                    
PAC  EXAMPLE XXVIII
PAR  In the composition of Example XXVII the quantity of alumina is reduced to
      50%, the monomer content increased to 331/3% and 162/3% sodium fluoride
      added. The sodium fluoride is admixed with the isobutyl-2-cyanoacrylate
      after the addition of the alumina and then the first monomer component
      comprising the alumina, the sodium fluoride and the
      isobutyl-2-cyanoacrylate is admixed with the second component containing
      the 1,3-buytyleneglycol dimethacrylate and the N,N-dimethyl-p-toluidine.
PAR  In using the compositions of the foregoing examples as pit and fissure
      sealants, the patient's mouth is first rinsed with an oral antiseptic and
      then with water. The teeth are isolated with cotton rolls then thoroughly
      dried with an air syringe and etched for approximately one minute with
      phosphoric acid. The patient then rinses his mouth thoroughly with water
      to remove the acid from the tooth surfaces. The teeth are again isolated
      with cotton rolls and again thoroughly dried. The pit and fissure sealant
      prepared according to the foregoing description is then applied by
      conventional techniques.
PAR  From the foregoing description, it is apparent that the objects of this
      invention have been achieved in a new and novel manner. While only
      specific embodiments have been illustrated, it should be apparent from the
      foregoing description to those skilled in the art that other alternatives
      can be practiced within the spirit and the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adhesive composition comprising a cement portion and a catalyst
      portion, the cement portion comprising from 5 to 95% by weight of a
      monomeric ester of an .alpha.-cyanoacrylic acid and from 95 to 5% by
      weight of a difunctional monomer diester of an acid from the group
      consisting of acrylic and methacrylic acid and a polyfunctional alcohol
      having at least two esterifiable hydroxy groups, and the catalyst portion
      comprising from about 2 to 15 parts by weight of a free radical catalyst
      for each hundred parts by weight of the total cement portion, and an amine
      activator therefor in the amount of from 5 to 150 mole percent of the free
      radical catalyst.
NUM  2.
PAR  2. An adhesvie composition according to claim 1 wherein the monomeric ester
      of .alpha.-cyanoacrylic acid is of the formula
      ##EQU4##
      where R is a straight or branched chain alkyl group of from 1 to 16 carbon
      atoms, cyclohexyl and phenyl.
NUM  3.
PAR  3. A composition according to claim 1 wherein the difunctional monomer is
      of the formula
      ##EQU5##
      wherein R.sub.1 is methyl or hydrogen and A is --R.sub.2 -O].sub.n where
      R.sub.2  is methylene, propylene, isopropylene, butylene, and isobutylene,
      and n is an integer of from 1 to 3, or
EQU  --R.sub.3 --CH.sub.2 --O--.phi.--C(CH.sub.3).sub.2 --.phi.--O--CH.sub.2
      --R.sub.3 --O--
PAL  wherein R.sub.3 are --CH.sub.2 --CH-- and
      ##EQU6##
NUM  4.
PAR  4. A composition according to claim 1 wherein the cement portion comprises
      from about 10 to 80% of the ester of .alpha.-cyanoacrylic acid and from
      about 80 to 10% of the difunctional monomer.
NUM  5.
PAR  5. A composition according to claim 1 wherein said free radical catalyst is
      an organo-peroxide.
NUM  6.
PAR  6. A composition according to claim 5 wherein said free radical catalyst is
      benzoyl peroxide.
NUM  7.
PAR  7. A composition according to claim 1 wherein the amine activator is an
      amine having a pK.sub.b in water of from 1 to 12.
NUM  8.
PAR  8. A composition according to claim 7 wherein the amine is selected from
      the group consisting of N,N-dimethyl-p-toluidine; N,N-dimethylaniline,
      N,N-diethylaniline, N-methylbenzylamine, triethanolamine, diethanolamine,
      2-picoline, 4-picoline, tributylamine, 4-ethylpyridine, pyridine,
      N,N-diethyl-1-naphthylamine, hexamethylenediamine,
      N,N-diethylethylenediamine, N,N-dimethyl-p-toluidine, N,N-dimethylaniline,
      and N,N-di-.beta.-hydroxyethyl-p-toluidine.
NUM  9.
PAR  9. A composition according to claim 1 wherein said ester of
      .alpha.-cyanoacrylic acid is selected from the group consisting of
      isobutyl-2-cyanoacrylate; methyl-2-cyanoacrylate; ethyl-2-cyanoacrylate;
      propyl-2-cyanoacrylate; n-butyl-2-cyanoacrylate; n-amyl-2-cyanoacrylate;
      isoamyl-2-cyanoacrylate; n-hexyl-2-cyanoacrylate;
      n-heptyl-2-cyanoacrylate; and n-octyl-2-cyanoacrylate.
NUM  10.
PAR  10. A composition according to claim 1 wherein the difunctional monomer is
      selected from the group consisting of 1,3-ethyleneglycol dimethacrylate;
      bisphenol A diglycidyl dimethacrylate; 1,3-butyleneglycol diacrylate;
      ethyleneglycol dimethacrylate; ethyleneglycol diacrylate; diethyleneglycol
      dimethacrylate; diethyleneglycol diacrylate; 1,3-propanediol
      dimethacrylate; 1,3-propanedial diacrylate; 2,2-dimethyl propanediol
      diacrylate; tripropyleneglycol dimethacrylate; tripropyleneglycol
      diacrylate; triethyleneglycol diacrylate; and triethyleneglycol
      dimethacrylate.
NUM  11.
PAR  11. A composition according to claim 1 wherein said free radical catalyst
      is present in an amount of from 3 to 8% by weight of the cement portion.
NUM  12.
PAR  12. A composition according to claim 1 wherein said amine activator is N,N
      dimethyl-p-toluidine and is present in substantially an amount of 100 mole
      percent as based on the moles of free radical catalyst.
NUM  13.
PAR  13. A composition according to claim 1 wherein there is included a filler.
NUM  14.
PAR  14. A composition according to claim 13 wherein the filler is from 1 to 4
      parts by weight per each part by weight of the combined cement and
      catalyst portions.
NUM  15.
PAR  15. A composition according to claim 13 in which said filler is selected
      from the group consisting of alumina, quartz and fused silica.
NUM  16.
PAR  16. A composition according to claim 13 wherein the filler carries an
      undercoat of a trialkoxysilyl compound.
NUM  17.
PAR  17. A composition according to claim 16 wherein the coated filler carries a
      coating of an amine activator.
NUM  18.
PAR  18. A composition according to claim 1 wherein there is included from 5 to
      25% by weight of sodium fluoride.
NUM  19.
PAR  19. A composition according to claim 4 in which the ester of
      .alpha.-cyanoacrylic acid is isobutyl-2-cyanoacrylate, the difunctional
      monomer is 1,3-butyleneglycol dimethacrylate, the free radical catalyst is
      benzoyl peroxide, and the amine activator for the free radical catalyst is
      N,N-di-.beta.-hydroxyethyl-p-toluidine.
NUM  20.
PAR  20. A system for obtaining a hard cohesive crosslinked mass having
      distributed between a first component and a second component thereof a
      cement portion comprising from 5 to 95% by weight of a monomeric ester of
      an .alpha.-cyanoacrylic acid and from 95 to 5% by weight of a difunctional
      monomer diester of an acid from the group consisting of acrylic and
      methacrylic acid and a polyfunctional alcohol having at least two
      esterifiable hydroxy groups, and a catalyst portion comprising a free
      radical catalyst in the amount of from 2 to 15 parts by weight for each
      hundred parts by weight of the total cement portion, and an amine
      activator in the amount of from 5 to 150 mole percent of the free radical
      catalyst wherein all the amine activator is in the first component, and
      all the monomeric ester of the .alpha.-cyanoacrylic acid is in the second
      component.
NUM  21.
PAR  21. A system according to claim 20 wherein the monomeric ester of
      .alpha.-cyanoacrylic acid is of the formula
      ##EQU7##
      where R is a straight or branched chain alkyl group of from 1 to 16 carbon
      atoms, cyclohexyl and phenyl.
NUM  22.
PAR  22. A system according to claim 20 wherein the difunctional monomer is of
      the formula
      ##EQU8##
      wherein R.sub.1 is methyl or hydrogen and A is --R.sub.2 -O].sub.n where
      R.sub.2 is methylene, propylene, isopropylene, butylene, and isobutylene,
      and n is an integer of from 1 to 3, or
EQU  --R.sub.3 --CH.sub.2 --O--.phi.--C(CH.sub.3).sub.2 --.phi.--O--CH.sub.2
      --R.sub.3 --O--
PAL  wherein R.sub.3 are CH.sub.2 --CH and
      ##EQU9##
NUM  23.
PAR  23. A system according to claim 20 wherein there is included a filler in an
      amount of from 1 to 4 parts by weight per each part by weight of the
      combined cement and catalyst portions.
NUM  24.
PAR  24. A system according to claim 20 wherein the first component comprises
      the amine activator and the difunctional monomer; and the second component
      comprises the free radical catalyst and the monofunctional monomer.
NUM  25.
PAR  25. A system according to claim 20 wherein the first component comprises
      the amine activator, the free radical catalyst, and the difunctional
      monomer; and the second component comprises the monofunctional monomer.
NUM  26.
PAR  26. A system according to claim 20 wherein the first component comprises
      the amine activator and the free radical catalyst; and the second
      component comprises the monofunctional monomer and the difunctional
      monomer.
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ABST
PAL  Piperidine derivatives having the formula
      ##SPC1##
PAL  Wherein
PAL  R' represents an alkylene group which may be interrupted with an oxygen or
      sulfur atom, an alkenylene group, an alkynylene group, an aralkylene
      group, an aliphatic diacyl group, a group of the formula
      ##EQU1##
      IN WHICH N IS AN INTEGER OF 1 OR 2 AND X is an alkylene group, or o-, m-
      or p-phenylene group or the carbon atoms of CO groups may be directly
      joined in the absence of X or a group of the formula
      ##EQU2##
      in which Y is an alkylene group or O-, m- or p-phenylene group; R
      represents hydrogen atom, an alkyl group, a cycloalkyl group, an aralkyl
      group, an aryl group, an alkoxycarbonylalkenyl group, an aliphatic,
      aromatic or heterocyclic monoacyl group, a N-substituted carbamoyl group,
      a N-substituted thiocarbamoyl group or a monovalent radical derived from
      an oxoacid;
PAL  R.sub.1 and R.sub.2 individually represent a lower alkyl group or they
      jointly represent, together with the oxygen atoms, a group of the formula
      ##SPC2##
PAL  In which R.sub.3 is hydrogen atom, a lower alkyl group or hydroxymethyl or
      a group of the formula
      ##SPC3##
PAL  In which R.sub.4 and R.sub.5 may be the same or different and each
      represents hydrogen atom, a lower alkyl group or hydroxymethyl group and
      R.sub.6 is hydrogen atom or a lower alkyl group; and
PAL  R.sub.7 represents an alkyl group or an aralkyl group.
PAL  They are prepared from the corresponding piperidine derivatives by the
      reaction with a halide R'--(Q).sub.2 wherein R' is as defined above and Q
      is a halogen atom and useful as stabilizers against photo- and
      thermal-deterioration of various synthetic polymers.
BSUM
PAR  This invention relates to new piperidine derivatives and their use as
      stabilizers for synthetic polymers.
PAR  More particularly, it is concerned with a piperidine derivative selected
      from the group consisting of the compounds having the formula
      ##SPC4##
PAL  Wherein
PAR  R' represents an alkylene group which may be interrupted with an oxygen or
      sulfur atom, an alkenylene group, an alkynylene group, an aralkylene
      group, an aliphatic diacyl group, a group of the formula
      ##EQU3##
      IN WHICH N IS AN INTEGER OF 1 OR 2 AND X is an alkylene group, or o-, m-
      or p-phenylene group or the carbon atoms of CO groups may be directly
      joined in the absence of X or a group of the formula
      ##EQU4##
      in which Y is an alkylene group or o-, m- or p-phenylene group; and
PAR  R represents hydrogen atom, an alkyl group, a cycloalkyl group, an aralkyl
      group, an aryl group, an alkoxycarbonylalkenyl group, an aliphatic,
      aromatic or heterocyclic monoacyl group, a N-substituted carbamoyl group,
      a N-substituted thiocarbamoyl group or a monovalent radical derived from
      an oxoacid;
PAL  the compounds having the formula
      ##SPC5##
PAL  wherein
PAR  R' represents an alkylene group which may be interrupted with an oxygen or
      sulfur atom, an alkenylene group, an alkynylene group, an aralkylene
      group, an aliphatic diacyl group, a group of the formula
      ##EQU5##
      in which n is an integer of 1 or 2 and X is an alkylene group, or o-, m-
      or p-phenylene group or the carbon atoms of CO groups may be directly
      joined in the absence of X or a group of the formula
      ##EQU6##
      in which Y is an alkylene group or o-, m- or p-phenylene group;
PAR  R.sub.1 and R.sub.2 individually represent a lower alkyl group or they
      jointly represent, together with the oxygen atoms, a group of the formula
      ##SPC6##
PAL  in which R.sub.3 is hydrogen atom, a lower alkyl group or hydroxymethyl or
      a group of the formula
      ##SPC7##
PAL  in which R.sub.4 and R.sub.5 may be the same or different and each
      represents hydrogen atom, a lower alkyl group or hydroxymethyl group and
      R.sub.6 is hydrogen atom or a lower alkyl group; the compounds having the
      formula
      ##SPC8##
PAL  wherein
PAR  R' represents an alkylene group which may be interrupted with an oxygen or
      sulfur atom, an alkenylene group, an alkynylene group, an aralkylene
      group, an aliphatic diacyl group, a group of the formula
      ##EQU7##
      in which n is an integer of 1 or 2 and X is an alkylene group or o-, m- or
      p-phenylene group or the carbon atoms of CO groups may be directly joined
      in the absence of X or a group of the formula
      ##EQU8##
      in which Y is an alkylene group or o-, m- or p-phenylene group; and
PAR  R.sub.7 represents an alkyl group or an aralkyl group; and the compounds
      having the formula
      ##SPC9##
PAL  wherein
PAR  R' represents an alkylene group which may be interrupted with an oxygen or
      sulfur atom, an alkenylene group, an alkynylene group, an aralkylene
      group, an aliphatic diacyl group, a group of the formula
      ##EQU9##
      in which n is an integer of 1 or 2 and X is an alkylene group or o-, m- or
      p-phenylene group or the carbon atoms of CO groups may be directly joined
      in the absence of X or a group of the formula
      ##EQU10##
      in which Y is an alkylene group or o-, m- or p-phenylene group.
PAR  Also, it is concerned with a synthetic polymer composition stabilized
      against photo- and thermal-deterioration wherein there is incorporated at
      least one of the piperidine derivatives of the above formulae (I), (II),
      (III) and (IV) in a sufficient amount to prevent such deterioration.
PAR  The term "synthetic polymer" as used herein is contemplated to include:
PAC  olefin, diene and styrene polymers
PAR  including homopolymers of olefins, dienes and styrene (e.g., low and high
      density polyethylenes, polypropylene, polystyrene, polybutadiene and
      polyisoprene), and copolymers of olefins, dienes and styrene with each
      other or with other ethylenically-unsaturated monomers (e.g.,
      ethylene-propylene copolymers, ethylene-butene copolymers, ethylene-vinyl
      acetate copolymers, styrene-butadiene copolymers and
      acrylonitrile-butadiene-styrene copolymers);
PAC  vinyl chloride and vinylidene chloride polymers
PAR  including homopolymers of vinyl chloride and vinylidene chloride, vinyl
      chloride-vinylidene chloride copolymers, and copolymers of vinyl chloride
      or vinylidene chloride with vinyl acetate or other
      ethylenically-unsaturated monomers;
PAC  polyacetals
PAR  e.g., polyoxymethylene and polyoxyethylene;
PAC  polyesters
PAR  e.g., polyethylene terephthalate;
PAC  polyamides
PAR  e.g., nylon-6, nylon-6,6 and nylon-6,10; and polyurethanes.
PAR  With respect to the R' in the above formulae (I) to (IV), the alkylene
      group, preferably of 1 to 6 carbon atoms, may be exemplified by methylene,
      ethylene, propylene, tetramethylene or hexamethylene or oxydiethyl
      [--(CH.sub.2).sub.2 --O--(CH.sub.2).sub.2 --] or thiodiethyl
      [--(CH.sub.2).sub.2 --S--(CH.sub.2).sub.2 --]; the alkenylene, preferably
      of 2 to 4 carbon atoms, by trans-2-butenylene; the alkynylene, preferably
      of 2 to 4 carbon atoms, by 2-butynylene; the aralkylene, preferably of 1
      to 6 carbon atoms in the alkylene moiety, by p-xylene; the aliphatic
      diacyl group, preferably of 2 to 10 carbon atoms, by oxalyl, malonyl,
      succinoyl, adipoyl, sebacoyl or fumaroyl; etc.
PAR  With respect to the R in the above formula (I), the alkyl group, preferably
      of 1 to 18 carbon atoms, may be exemplified by methyl, ethyl, n-butyl,
      tert.-butyl, n-hexyl, octyl or stearyl; the cycloalkyl group, preferably
      of 5 or 6 carbon atoms, by cyclopentyl or cyclohexyl; the aralkyl group
      preferably of 1 or 2 carbon atoms in the alkyl moiety, by benzyl or
      phenethyl; the aryl group, preferably of 6 - 10 carbon atoms in the aryl
      moiety and with optional substituent(s), by phenyl, o-, m- or p-tolyl,
      naphthyl; the alkoxycarbonyl-alkenyl group preferably of 1 to 3 carbon
      atoms in the alkoxy moiety and of 2 to 4 carbon atoms in the alkenyl
      moiety, by 2-methoxycarbonylisipropenyl, 3-butoxycarbonylpropenyl or
      4-methoxycarbonyl-1-butenyl; the aliphatic monoacyl group, preferably of 2
      to 18 carbon atoms, by acetyl, butyryl, octanoyl, dodecanoyl,
      .beta.-butylthiopropionyl, acryloyl, methacryloyl, crotonoyl or
      cyclohexanoyl; the aromatic monoacyl group, preferably with optional
      substituent(s), by benzoyl, o-, m- or p-chlorobenzoyl, o-, m- or
      p-hydroxybenzoyl, o-, m- or p-toluoyl, p-tert.butylbenzoyl or .alpha.- or
      .beta.-naphthoyl; the heterocyclic monoacyl group by nicotinoyl, furoyl;
      the N-substituted carbamoyl group, preferably with substituent(s) of
      C.sub.1 -C.sub.4 alkyl, cyclohexyl, phenyl or naphthyl by N-methyl-,
      N-butyl-, N-cyclohexyl-, N-phenyl-, N-.alpha.-naphthyl-carbamoyl; the
      N-substituted thiocarbamoyl group, preferably with substituent(s) of
      C.sub.1 -C.sub.4 alkyl or phenyl, by N-methyl-, N-butyl- or
      N-phenyl-thiocarbamoyl; and the oxoacid yielding the corresponding
      monovalent radical by an unsubstituted or substituted sulfinic acid, e.g.,
      benzenesulfinic acid, an unsubstituted or substituted sulfonic acid, e.g.,
      benzenesulfonic acid, p-toluenesulfonic acid or methanesulfonic acid, an
      unsubstituted or substituted phosphoric acid, e.g., diphenylphosphoric
      acid, an unsubstituted or substituted phosphorous acid, e.g.,
      diphenylphosphorous acid, an unsubstituted or substituted phosphonic acid,
      e.g., phosphonic acid and an unsubstituted or substituted boric acid,
      e.g., boric acid.
PAR  With respect to the R.sub.1 and R.sub.2 in the above formula (II), the
      lower alkyl group, preferably of 1 to 4 carbon atoms, may be exemplified
      by methyl, ethyl, propyl or butyl and the R.sub.1 and R.sub.2 may form
      ##SPC10##
PAR  With respect to the R.sub.7 in the above formula (III), the alkyl group,
      preferably of 1 to 18 carbon atoms, may be exemplified by methyl, propyl,
      pentyl, octyl, decyl or stearyl and the aralkyl group, preferably of 6
      carbon atoms in the aryl moiety and of 1 or 2 carbon atoms in the alkyl
      moiety, may be benzyl or phenethyl.
PAR  Synthetic polymers have been widely utilized in the art, in view of their
      excellent properties, in various forms or shapes, for example, filament,
      fibre, yarn, film, sheet, other molded article, latex and foam. However,
      these polymers have some drawbacks such as poor light- and
      heat-stabilities and the like. Stated illustratively, polyolefins and
      polyurethane elastomers frequently tend to undergo severe deterioration
      when exposed to light such as sunlight or ultraviolet ray, and polyvinyl
      chloride and polyvinylidene chloride frequently tend to deteriorate and
      become colored by the action of light and heat together with elimination
      of hydrogen chloride therefrom. Polyamides are also frequently subjected
      to photo-deterioration. For the purpose of stabilizing these synthetic
      polymers against such deterioration, there have heretofore been proposed
      in the art a number of stabilizers; for example, for polyolefins,
      benzotriazole compounds and benzophenone compounds; for polyurethanes,
      phenol compounds and benzophenone compounds; and for polyvinyl chloride
      and polyvinylidene chloride, lead salts such as basic lead silicate and
      tribasic lead maleate, and organotin compounds such as dibutyltin laurate
      and dibutyltin maleate.
PAR  Although such prior stabilizers are believed to be considerably
      satisfactory, some problems to be improved still remain.
PAR  Thus, numerous attempts have been made in the art to find and develop new
      and more effective stabilizers.
PAR  As a result of our extensive studies to find a new type of stabilizers, it
      has been found that the new piperidine derivatives of the formulae (I),
      (II), (III) and (IV), exhibit a high stabilizing effect against photo- and
      thermal-deterioration of the synthetic polymers.
PAR  It is accordingly an object of this invention to provide the new piperidine
      derivatives (I), (II), (III) and (IV) having practical utility as
      stabilizers for the synthetic polymers.
PAR  Another object of this invention is to provide a synthetic polymer
      composition stabilized against the deterioration thereof by having
      incorporated therein, in a sufficient amount to prevent such
      deterioration, at least one of the piperidne derivatives (I), (II), (III)
      and (IV).
PAR  Other object of this invention will become apparent from the following
      description.
PAR  In one aspect of this invention, there is provided new groups of the
      piperidine derivatives (I), (II), (III) and (IV).
PAR  Of the piperidine derivatives (I), a preferable class can be represented by
      the following formula:
      ##SPC11##
PAL  wherein
PAR  R" is an alkylene group of 1 to 6 carbon atoms which may be interrupted
      with an oxygen or sulfur atom, an alkenylene group of 2 to 4 carbon atoms,
      an aralkylene group of 1 to 6 carbon atoms in the alkylene moiety, a group
      of the formula
      ##EQU11##
      in which n is an integer of 1 or 2 and X.sub.1 is an alkylene group of 1
      to 6 carbon atoms or o-, m- or p-phenylene group or the carbon atoms of CO
      groups may be directly joined in the absence of X or a group of the
      formula
      ##EQU12##
      in which Y.sub.1 is an alkylene group of 1 to 6 carbon atoms or o-, m- or
      p-phenylene group; and R.sub.8 is hydrogen atom, an alkyl group of 1 to 18
      carbon atoms, an alkoxycarbonylalkenyl group of 1 to 3  carbon atoms in
      the alkoxy moiety and of 2 to 4 carbon atoms in the alkenyl moiety, an
      aliphatic acyl group of 2 to 18 carbon atoms or a benzoyl group which may
      be substituted with halogen, hydroxy or alkyl of 1 to 3 carbon atoms.
PAR  Of the piperidine derivatives (II), a preferable class can be represented
      by the following formula
      ##SPC12##
PAL  wherein
PAR  R" is as defined above; R.sub.9 and R.sub.10 individually represent an
      alkyl group of 1 to 4 carbon atoms or they jointly represent, together
      with the oxygen atoms, a group of the formula
      ##SPC13##
PAL  in which R.sub.11 is hydrogen atom, an alkyl group of 1 to 4 carbon atoms
      or hydroxymethyl group or a group of the formula
      ##SPC14##
PAL  in which R.sub.12 and R.sub.13 individually represent hydrogen atom, an
      alkyl group of 1 to 4 carbon atoms or hydroxymethyl group provided that
      when one of R.sub.12 and R.sub.13 is hydroxymethyl group, the other is
      hydrogen atom or an alkyl group of 1 to 4 carbon atoms.
PAR  Of the piperidine derivatives (III), a preferable class can be represented
      by the following formula:
      ##SPC15##
PAL  wherein
PAR  R" is as defined above and R.sub.14 is an alkyl group of 1 to 18 carbon
      atoms or a phenylalkyl group of 1 or 2 carbon atoms in the alkyl moiety.
PAR  Of the piperidine derivatives (IV), a preferable class can be represented
      by the following formula:
      ##SPC16##
PAL  wherein R" is as defined above.
PAR  Representatives of the piperidine derivatives (I), (II), (III) or (IV) of
      this invention are illustratively given below.
TBL  ______________________________________                                    
     Com-                                                                      
     pound                                                                     
     No.    Chemical Name                                                      
     ______________________________________                                    
     1)     1,2-Bis(4-benzoyloxy-2,2,6,6-tetramethyl-                          
            piperidino)ethane                                                  
     2)     1,2-Bis[4-(.beta.-methoxycarbonylisopropenyloxy)-                  
            2,2,6,6-tetramethylpiperidino]ethane                               
     3)     1,6-Bis[4-benzoyloxy-2,2,6,6-tetramethyl-                          
            piperidino) hexane                                                 
     4)     .alpha.,.alpha.'-Bis(4-benzoyloxy-2,2,6,6-tetramethyl-             
            piperidino)-p-xylene                                               
     5)     2,2'-Bis(2,2,6,6-tetramethyl-4-stearoyloxy-                        
            piperidino)diethylether                                            
     6)     2,2'-Bis[4-(2-furoyloxy)-2,2,6,6-tetramethyl-                      
            piperidino]diethylether                                            
     7)     2,2'-Bis(2,2,6,6-tetramethyl-4-p-tosyloxy-                         
            piperidino)diethylether                                            
     8)     .alpha.,.alpha.'-Bis(2,2,6,6-tetramethyl-4-nicotinoyloxy-          
            piperidino)-p-xylene                                               
     9)     1,4-Bis(4-benzoyloxy-2,2,6,6-tetramethyl-                          
            piperidino)-trans-2-butene                                         
     10)    1,4-Bis[2,2,6,6-tetramethyl-4-(N-phenyl-                           
            carbamoyloxy)piperidino]-2-butyne                                  
     11)    Bis(4-acetoxy-2,2,6,6-tetramethyl)-1,1'-                           
            succinoylpiperidine                                                
     12)    Bis(4-acetoxy-2,2,6,6-tetramethyl)-1,1'-                           
            adipoylpiperidine                                                  
     13)    Bis(4-methoxy-2,2,6,6-tetramethyl)-1,1'-                           
            fumaroylpiperidine                                                 
     14)    .alpha.,.alpha.'-Bis(4-hydroxy-2,2,6,6-tetramethyl-                
            piperidino)-p-xylene                                               
     15)    Bis[-(4-benzoyloxy-2,2,6,6-tetramethyl-                            
            piperidino)ethyl]succinate                                         
     16)    Ethylene bis(4-benzoyloxy-2,2,6,6-tetramethyl-                     
            piperidinoacetate)                                                 
     17)    Bis[.beta.-(4-benzoyloxy-2,2,6,6-tetramethyl-                      
            piperidino)ethyl]oxalate                                           
     18)    Bis[.beta.-(4-benzoyloxy-2,2,6,6-tetramethyl-                      
            piperidino)ethyl]terephthalate                                     
     19)    N,N'-Hexamethylene-bis(8-aza-7,7,9,9-                              
            tetramethyl-1,4-dioxa-spiro[4.5]decane)                            
     20)    N,N'-Octamethylene-bis(8-aza-7,7,9,9-                              
            tetramethyl-1,4-dioxa-spiro[4.5]decane)                            
     21)    N,N'-Decamethylene-bis(8-aza-7,7,9,9-                              
            tetramethyl-1,4-dioxa-spiro[4.5]decane)                            
     22)    Ethylene bis(8-aza-7,7,9,9-tetramethyl-                            
            1,4-dioxa-spiro[4.5]-8-decylacetate)                               
     23)    N,N'-[adipoyl-bis(.beta.-oxyethyl)]-bis(8-aza-                     
            7,7,9,9-tetramethyl-1,4-dioxa-spiro[  4.5]decane)                  
     24)    N,N'-[terephthaloyl-bis(.beta.-oxyethyl)]-bis(8-                   
            aza-7,7,9,9-tetramethyl-1,4-dioxa-spiro-                           
            [4.5]decane)                                                       
     25)    N,N'-(.alpha.,.alpha.'-p-xylylene)-bis(8-aza-7,7,9,9-              
            tetramethyl-1,4-dioxa-spiro[4.5]decane)                            
     26)    N,N'(.alpha.,.alpha.'-p-xylylene)-bis(8-aza-2,7,7,9,9-             
            tetramethyl-1,4-dioxa-spiro[4.5]decane)                            
     27)    N,N'-Hexamethylene-bis(8-aza-2-hydroxy-                            
            methyl-7,7,9,9-tetramethyl-1,4-dioxa-                              
            spiro[4.5]decane)                                                  
     28)    N,N'(.alpha.,.alpha.'-p-xylylene)-bis(8-aza-2-                     
            hydroxymethyl-7,7,9,9-tetramethyl-1,4-                             
            dioxa-spiro[4.5]decane)                                            
     29)    N,N'-(.alpha.,.alpha.'-xylylene)-bis(9-aza-8,8,10,10-              
            tetramethyl-1,5-dioxa-spiro[5.5]undecane)                          
     30)    N,N'(.alpha.,.alpha.'-p-xylylene)-bis(9-aza-3,3,8,8,               
            10,10-hexamethyl-1,5-dioxa-spiro[5.5]-                             
            undecane)                                                          
     31)    N,N'-Ethylene-bis(9-aza-3-hydroxymethyl-                           
            3,8,8,10,10-pentamethyl-1,5-dioxa-spiro-                           
            [5.5]undecane)                                                     
     32)    N,N'-Hexamethylene-bis(9-aza-3-hydroxy-                            
            methyl-3,8,8,10,10-pentamethyl-1,5-dioxa-                          
            spiro[5.5]undecane)                                                
     33)    N,N'-(.alpha.,.alpha.'-p-xylylene)-bis(9-aza-3-ethyl-              
            3-hydroxymethyl-8,8,10,10-tetramethyl-                             
            1,5-dioxa-spiro[5.5]undecane)                                      
     34)    N,N'-(.alpha.,.alpha.'-p-xylylene)-bis(9-aza-3-ethyl-              
            8,8,10,10-tetramethyl-1,5-dioxa-2-propyl-                          
            spiro[5.5]undecane)                                                
     35)    .alpha.,.alpha.'-Bis(4,4-dimethoxy-2,2,6,6-tetramethyl-            
            piperidino)-p-xylene                                               
     36)    .alpha.,.alpha.'-Bis(2,2,6,6-tetramethyl-4-methoxy-.DELTA..sup.3   
            -                                                                  
            dehydropiperidino)-p-xylene                                        
     37)    .alpha.,.alpha.'-Bis(2,2,6,6-tetramethyl-4-octyloxy-               
            dehydropiperidino)-p-xylene                                        
     38)    .alpha.,.alpha.'-Bis(2,2,6,6-tetramethyl-4-octadecyloxy-           
            .DELTA..sup.3 -dehydropiperidino)-p-xylene                         
     39)    .alpha.,.alpha.'-Bis(4-benzyloxy-2,2,6,6-tetramethyl-.DELTA..sup.3 
            -                                                                  
            dehydropiperidino)-p-xylene                                        
     40)    1,6-Bis(2,2,6,6-tetramethyl-4-oxopiperidino)-                      
            hexane                                                             
     41)    1,8-Bis(2,2,6,6-tetramethyl-4-oxopiperidino)-                      
            octane                                                             
     42)    1,10-Bis(2,2,6,6-tetramethyl-4-oxopiperidino)-                     
            decane                                                             
     43)    .alpha.,.alpha.'-Bis(2,2,6,6-tetramethyl-4-oxopiperidino)-         
            p-xylene                                                           
     44)    Ethylene bis(2,2,6,6-tetramethyl-4-oxo-                            
            piperidino-acetate)                                                
     45)    Bis(2,2,6,6-tetramethyl-4-oxo-.beta.-piperidino-                   
            ethyl)terephthalate                                                
     46)    Bis(2,2,6,6-tetramethyl-4-oxo-.beta.-piperidino-                   
            ethyl)adipate                                                      
     ______________________________________                                    
PAR  Of the above illustrated piperidine derivatives, more preferable are those
      compounds as indicated by the above Compound Nos. 1, 4, 5, 9, 14, 19, 22,
      24, 27, 30 and 40.
PAR  The piperidine derivatives (I), (II), (III) and (IV) of this invention are
      all new substances and they may be readily prepared, for instance,
      according to the procedures as shown below, respectively.
PAR  A. The piperidine derivatives (I) are prepared by reacting the starting
      compounds (IX) with the halide (X) as illustrated by the following
      reaction schema:
      ##SPC17##
PAR  In the above formulae, R and R' are as defined above and Q is a halogen
      atom. The reaction may be advantageously effected in the absence or
      presence of an inert organic solvent, such as an aromatic hydrocarbon,
      e.g., benzene, toluene or xylenes or a dialkylformamide, e.g.,
      dimethylformamide. The starting compound (IX) may be preferably used in
      this reaction in an amount of 2 moles to the reagent. The reaction
      temperature is not critical, but it is usually a reflux temperature of the
      solvent, if employed. The reaction period of time is also not critical,
      but the reaction is usually completed in about 1 to about 14 hours. The
      reaction may be advantageously effected in the presence of an acid binding
      agent. The acid binding agent may be any of those commonly employed in the
      art and examples of such agents may include inorganic bases, e.g., sodium
      carbonate, potassium carbonate, sodium hydroxide or potassium hydroxide
      and organic bases, e.g., trimethylamine or triethanolamine. The desired
      product may be easily recovered and purified by a conventional method.
PAR  B. The piperidine derivatives (II) are prepared by reacting the starting
      compounds (XI) with the halide (X) as illustrated by the following
      reaction schema:
      ##SPC18##
PAR  In the above formulae, R.sub.1, R.sub.2, R' and Q are as defined above. The
      reaction conditions in this reaction may be the same as set forth above
      with respect to the method (A).
PAR  C. The piperidine derivatives (III) are prepared by reacting the starting
      compounds (XII) with the halide (X) as illustrated by the following
      reaction schema:
      ##SPC19##
PAR  In the above formulae, R.sub.7, R' and Q are as defined above. The reaction
      conditions in this reaction may be the same as set forth above with
      respect to the method (A).
PAR  D. The piperidine derivatives (IV) are prepared by reacting the starting
      compounds (XIII) with the halide (X) as illustrated by the following
      reaction schema:
      ##SPC20##
PAR  In the above formulae, R' and Q are as defined above. The reaction
      conditions in this reaction may be the same as set forth above with
      respect to the method (A).
PAR  Alternatively, the piperidine derivatives (IV) may be obtained starting
      from the piperidine derivatives (II). Thus, the piperidine derivatives
      (IV) can be, as illustrated below, prepared from the piperidine
      derivatives (II) through hydrolysis with an acid.
      ##SPC21##
PAR  In the above formulae, R.sub.1, R.sub.2 and R' are as defined above. This
      alternative reaction may be effected according to the procedure commonly
      utilized in the art for hydrolysis with an acid. The reaction may be
      conducted by intimately contacting the starting compounds (II) with the
      acid, preferably in its aqueous solution form. The reaction temperature is
      not critical, but it is usually room temperature or a temperature kept
      under ice-cooling. The reaction period of time is not also critical, but
      the hydrolysis is usually completed in about 1 - 60 minutes. Examples of
      the acid which may be employed include mineral acids, e.g., hydrochloric,
      sulfuric or phosphoric acid, organic acids being optionally employed. The
      desired product may be readily recovered and purified by a conventional
      method, for instance, by neutralization with a suitable alkali, extraction
      with a suitable organic solvent, e.g., benzene or n-hexane followed by
      removal of the solvent through distillation.
PAR  In another aspect of this invention, there is provided a synthetic polymer
      composition stabilized against photo- and thermal-deterioration thereof
      wherein there is incorporated, in a sufficient amount to prevent such
      deterioration, at least one of the piperidine derivatives (I), (II), (III)
      and (IV).
PAR  The amount of the stabilizing compound or compounds of formula (I), (II),
      (III) or (IV) needed for effective stabilization of the synthetic polymer
      will depend on a variety of factors, such as the type and properties of
      the polymer concerned, its intended use, and the presence of other
      stabilizers. It is generally satisfactory to use from 0.01 % to 5.0 % by
      weight of the stabilizing compounds, based on the weight of the synthetic
      polymer, but the most effective range will vary with the type of polymer
      -- viz. 0.01 % to 2.0 %, preferably 0.02 % to 1.0 %, by weight for olefin,
      diene and styrene polymers; 0.01 % to 1.0 %, preferably 0.02 % to 0.5 %,
      by weight for vinyl chloride and vinylidene chloride polymers; and 0.01 %
      to 5.0 %, preferably 0.02 % to 2.0 %, by weight for polyurethanes and
      polyamines. If desired, two or more of the compounds of the invention may
      be used together.
PAR  The stabilizers of the invention may readily be incorporated into the
      synthetic polymers by conventional techniques, at any convenient atage
      prior to the manufacture of shaped articles therefrom. For example, the
      stabilizer may be mixed with the synthetic polymer in dry powder form, or
      a suspension or emulsion of the stabilizer may be mixed with a solution,
      suspension or emulsion of the synthetic polymer.
PAR  The stabilized synthetic polymer compositions of the invention may also
      contain various conventional additives.
PAR  Examples of such additives are illustratively shown below.
PAC  Antioxidants
PAR  Simple 2,6-dialkylphenols, such as, for example,
      2,6-di-tert.butyl-4-methylphenol, 2-tert.butyl-4,6-dimethylphenol,
      2,6-di-tert.butyl-4-methoxy-methylphenol and
      2,6-dioctadecyl-4-methylphenol.
PAR  Derivatives of alkylated hydroquinones, such as, for example,
      2,5-di-tert.butyl-hydroquinone, 2,5-di-tert.amyl-hydroquinone,
      2,6-di-tert.butyl-hydroquinone, 2,5-di-tert.butyl-4-hydroxyanisole,
      3,5-di-tert.butyl-4-hydroxyanisole and
      tris(3,5-di-tert.butyl-4-hydroxyphenyl)phosphite,
      3,5-di-tert.butyl-4-hydroxyphenyl-stearate,
      di-(3,5-di-tert.butyl-4-hydroxyphenyl)adipate.
PAR  Hydroxylated thiodiphenyl ethers, such as, for example,
      2,2'-thiobis(6-tert.butyl-4-methylphenol), 2,2'-thiobis(4-octylphenol),
      4,4'-thiobis(6-tert.butyl-3-methylphenol),
      4,4'-thiobis(3,6-di-sec.amylphenol) and
      4,4'-thiobis(6-tert.butyl-2-methylphenol),
      4,4'-Bis(2,6-dimethyl-4-hydroxyphenyl)disulfide.
PAR  Alkylidene-bisphenols, such as, for example,
      2,2'-methylene-bis(6-tert.butyl-4-methylphenol),
      2,2'-methylene-bis(6-tert.butyl-4-ethylphenol),
      4,4'-methylene-bis(6-tert.butyl-2-methylphenol),
      4,4'-methylene-bis(2,6-di-tert.butylphenol),
      2,6-di-(3-tert.butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol,
      2,2'-methylene-bis[4-methyl-6-(.alpha.-methylcyclohexyl)-phenol],
      1,1-bis(3,5-dimethyl-2-hydroxyphenyl)-butane,
      1,1-bis(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis(5-tert.butyl-4-hydroxy-2-methylphenyl)butane,
      2,2-bis(3,5-di-tert.butyl-4-hydroxyphenyl)propane,
      1,1,3-tris-(5-tert.butyl-4-hydroxy-2-methylphenyl)butane,
      2,2-bis(5-tert.butyl-4-hydroxy-2-methylphenyl)-4-n-dodecylmercaptobutane,
      1,1,5,5-tetra(5-tert.butyl-4-hydroxy-2-methylphenyl)pentane and ethylene
      glycol bis[3,3-bis(3'-tert.butyl-4'-hydroxyphenyl)butyrate].
PAR  O-, N- and S-benzyl compounds, such as, for example,
      3,5,3',5'-tetra-tert.butyl-4,4'-dihydroxydibenzyl-ether,
      4-hydroxy-3,5-dimethylbenzyl-mercaptoacetic acid octadecyl ester,
      tri(3,5-di-tert.butyl-4-hydroxybenzyl)amine, and
      bis(4-tert.butyl-3-hydroxy-2,6-dimethylbnezyl)dithiolterephthalate.
PAR  Hydroxybenzylated malonic esters, such as, for example,
      2,2-bis(3,5-di-tert.butyl-2-hydroxybenzyl)malonic acid dioctadecyl ester,
      2-(3-tert.butyl-4-hydroxy-5-methylbenzyl)malonic acid dioctadecyl ester,
      2,2-bis(3,5-di-tert.butyl-4-hydroxybenzyl)malonic acid
      di-dodecylmercaptoethyl ester and
      2,2-bis(3,5-di-tert.butyl-4-hydroxybenzyl)malonic acid
      di(4-tert.octylphenyl)ester.
PAR  Hydroxybenzyl-aromatics, such as, for example,
      1,3,5-tri(3,5-di-tert.butyl-4-hydroxybenzyl)-2,4,6-tri-methylbenzene,
      1,4-di(3,5-di-tert.butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene and
      2,4,6-tri-(3,5-di-tert.butyl-4-hydroxybenzyl)phenol.
PAR  s-Triazine compounds, such as, for example,
      2,4-bis-octylmercapto-6-(3,5-di-tert.butyl-4-hydroxyanilino)-s-triazine,
      2-octylmercapto-4,6-bis(3,5-di-tert.butyl-4-hydroxyanilino)-s-triazine,
      2-octylmercapto-4,6-bis(3,5-di-tert.butyl-4-hydroxyphenoxy)-s-triazine,
      2,4,6-tris(3,5-di-tert.butyl-4-hydroxyphenoxy)-s-triazine,
      2,4,6-tris(3,5-di-tert.butyl-4-hydroxyphenylethyl)-s-triazine and
      1,3,5-tris-(3,5-di-tert.butyl-4-hydroxybenzyl)isocyanurate.
PAR  Amides of 3,5-di-tert.butyl-4-hydroxyphenylpropionic acid, such as, for
      example,
      1,3,5-tris(3,5-di-tert.butyl-4-hydroxyphenyl-propionyl)-hexahydro-s-triazi
     ne and
      N,N'-bis(3,5-di-tert.butyl-4-hydroxyphenyl-propionyl)hexamethylenediamine.
PAR  Esters of 3,5-di-tert.butyl-4-hydroxyphenylpropionic acid with monohydric
      or polyhydric alcohols, such as, for example, methanol, ethanol,
      octadecanol, 1,6-hexanediol; 1,9-nonanediol, ethylene glycol,
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, pentaerythritol, 3-thia-undecanol, 3-thia-pentadecanol,
      trimethylhexanediol, trimethylolethane, trimethylolpropane,
      tris-hydroxyethyl-isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]octane.
PAR  Esters of 5-tert.butyl-4-hydroxy-3-methylphenyl-propionic acid with
      monohydric or polyhydric alcohols, such as, for example, methanol,
      ethanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene glycol,
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, pentaerythritol, 3-thia-undecanol, 3-thia-pentadecanol,
      trimethylhexanediol, trimethylolethane, trimethylolpropane,
      tris-hydroxyethyl-isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]octane.
PAR  Esters of 3,5-di-tert.butyl-4-hydroxyphenylacetic acid with monohydric or
      polyhydric alcohols, such as, for example, methanol, ethanol, octadecanol,
      1,6-hexanediol, 1,9-nonanediol, ethylene glycol, 1,2-propanediol,
      diethylene glycol, thiodiethylene glycol, neopentyl glycol,
      pentaerythritol, 3-thia-undecanol, 3-thia-pentadecanol,
      trimethylhexanediol, trimethylolethane, trimethylolpropane,
      tris-hydroxyethyl-isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-tri-oxabicyclo[2,2,2]octane.
PAR  Acylaminophenols, such as, for example,
      N-(3,5-di-tert.butyl-4-hydroxyphenyl)stearic acid amide and
      N,N'-bis(3,5-di-tert.butyl-4-hydroxyphenyl)-thio-bis-acetamide.
PAR  Benzylphosphonates, such as, for example,
      3,5-di-tert.butyl-4-hydroxybenzylphosphonic acid dimethyl ester,
      3,5-di-tert.butyl-4-hydroxybenzylphosphonic acid diethyl ester,
      3,5-di-tert.butyl-4-hydroxybenzylphosphonic acid dioctadecyl ester and
      5-tert.butyl-4-hydroxy-3-methylbenzylphosphonic acid dioctadecyl ester.
PAR  Aminoaryl derivatives, such as, for example, phenyl-1-naphthylamine,
      phenyl-2-naphthylamine, N,N'-diphenyl-p-phenylenediamine,
      N,N'-di-2-naphthyl-p-phenylenediamine,
      N,N'-di-sec.butyl-p-phenylenediamine,
      6-ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline,
      6-dodecyl-2,2,4-trimethyl-1,2-dihydroquinoline, mono- and
      di-octyliminodibenzyl and polymerized
      2,2,4-trimethyl-1,2-dihydroquinoline.
PAC  UV-absorbers and light protection agents
PAR  2-(2'-Hydroxyphenyl)-benztriazoles, such as, for example, the 5'-methyl-,
      3',5'-di-tert.butyl-, 5'-tert.butyl-, 5'-(1,1,3,3-tetramethyl-butyl)-,
      5-chloro-3',5'-di-tert.butyl-, 5-chloro-3'-tert.butyl-5'-methyl-,
      3'-sec.butyl-5'-tert.butyl-, 3'-[.alpha.-methylbenzyl]-5'-methyl-,
      3'-[.alpha.-methylbenzyl]-5'-methyl-5-chloro-, 4'-hydroxy-, 4'-methoxy-,
      4'-oxtoxy-, 3',5'-di-tert.amyl-, 3'-methyl-5'-carbomethoxyethyl- or
      5-chloro-3',5'-di-tert.amyl-derivatives.
PAR  2,4-Bis(2'-hydroxyphenyl)-6-alkyl-s-triazines, such as, for example, the
      6-ethyl-, 6-undecyl- or 6-heptadecyl-derivatives.
PAR  2-Hydroxy-benzophenones, such as, for example, the 4-hydroxy-, 4-methoxy-,
      4-octoxy-, 4-decyloxy-, 4-dodecyloxy-, 4-benzyloxy-, 4,2',4'-trihydroxy-
      or 2'-hydroxy-4,4'-dimethoxy-derivatives.
PAR  1,3-Bis(2'-hydroxy-benzoyl)benzenes, such as, for example,
      1,3-bis(2'-hydroxy-4'-hexyloxy-benzoyl)-benzene,
      1,3-bis(2'-hydroxy-4'-octoxy-benzoyl)-benzene and
      1,3-bis(2'-hydroxy-4'-dodecyloxy-benzoyl)-benzene.
PAR  Esters of optionally substituted benzoic acids, such as, for example,
      phenyl salicylate, octylphenyl salicylate, di-benzoylresorcinol,
      bis(4-tert.butyl-benzoyl)resorcinol, benzoyl-resorcinol,
      3,5-di-tert.butyl-4-hydroxybenzoic acid 2,4-di-tert.butyl-phenyl ester,
      octadecyl ester or 2-methyl-4,6-di-tert.butylphenyl ester.
PAR  Acrylates, such as, for example, .alpha.-cyano-.beta.,.beta.
      -diphenyl-acrylic acid ethyl ester or isooctyl ester,
      .alpha.-carbo-methoxycinnamic acid methyl ester,
      .alpha.-cyano-.beta.-methyl-p-methoxycinnamic acid methyl ester or butyl
      ester and N-(.beta.-carbomethoxy-vinyl)-2-methylindoline.
PAR  Nickel compounds, such as, for example, nickel complexes of
      2,2'-thiobis(4-tert.ocylphenol), such as the 1:1 and 1:2 complex,
      optionally with other ligands such as n-butylamine, triethanolamine or
      N-cyclohexyl-diethanolamine, nickel complexes of
      bis(4-tert.octylphenyl)sulphone, such as the 2:1 complex, optionally with
      other ligands such as 2-ethyl-carproic acid, nickel
      dibutyldithiocarbamate, nickel salts of
      4-hydroxy-3,5-di-tert.butylbenzyl-phosphonic acid monoalkyl esters, such
      as the methyl, ethyl or butyl ester, the nickel complex of
      2-hydroxy-4-methyl-phenyl-undecyl-ketonoxime and nickel
      3,5-di-tert.butyl-4-hydroxybenzoate.
PAR  Oxalic acid diamides, such as, for example, 4,4'-di-octyloxyoxanilide,
      2,2'-dioctyloxy-5,5'-di-tert.-butyloxanilide,
      2,2'-di-didecyloxy-5,5'-di-tert.-butyloxanilide,
      2-ethoxy-5-tert.butyl-2'-ethyl-oxanilide, 2-ethoxy-2'-ethyl-oxanilide,
      N,N'-bis-(3-dimethylaminopropyl)oxalamide, mixtures of o- and p-methoxy
      and o- and p-ethoxy-di-substituted oxanilides and mixtures of
      2-ethoxy-5-tert.butyl-2'-ethyloxanilide with
      2-ethoxy-2'-ethyl-5,4'-di-tert.butyloxanilide.
PAR  Metal deactivators, such as, for example, oxanilide, isophthalic acid
      dihydrazide, sebacic acid bisphenylhydrazide, bis-benzylidene oxalic acid
      dihydrazide, N,N'-diacetyl-adipic acid dihydrazide, N,N'
      -bis-salicyloyl-oxalic acid dihydrazide, N,N'-bis-salicyloyl-hydrazine and
      N,N'-bis-(3,5-di-tert.butyl-4-hydroxyphenyl-propionyl)hydrazine.
PAR  Phosphites, such as, for example triphenylphosphite, di-phenyl
      alkyl-phosphites, phenyl dialkylphosphites, trinonylphenylphosphite,
      trialurylphosphite, tri-octadecylphosphite,
      3,9-di-isodecyloxy-2,4,8,10-tetraoxa-3,9-diphospha-spiro[5.5]undecane and
      tris(4-hydroxy-3,5-di-tert.butylphenyl)phosphite.
PAR  Compounds which destroy peroxide, such as, for example, esters of
      .beta.-thiodipropionic acid, e.g., the lauryl, stearyl, myristyl or
      tridecyl ester, salts of 2-mercaptobenzimidazole, e.g., the zinc salt, and
      diphenylthiourea.
PAR  Polyamide stabilizers, such as, for example, copper salts in combination
      with iodides and/or phosphorus compounds and salts of divalent manganes.
PAR  Basic co-stabilizers, such as, for example, polyvinyl-pyrrolidone,
      melamine, benzoguanamine, triallyl cyanurate, dicyandiamide, urea
      derivatives, hydrazine derivatives, amines, polyamides, polyurethanes and
      alkali metal salts and alkaline earth metal salts of higher staurated or
      unsaturated fatty acids, e.g., Ca stearate, Mg laurate, Na ricinoleate, K
      palmitate and Zn stearate.
PAR  PVC stabilizers, such as, for example, organic tin compounds, organic lead
      compounds and Ba/Cd salts of fatty acids.
PAR  Nucleating agents, such as, for example, 4-tert.-butylbenzoic acid, adipic
      acid and diphenylacetic acid.
PAR  Other additives, such as, for example, plasticizers, lubricants, e.g.,
      glycerine monostearate, emulsifiers, antistatic agents, flameproofing
      agents, pigments, carbon black, asbestos, glass fibres, kaolin and talc.
PAR  If the conventional additives are to be employed, it is preferable to use
      them in a weight ratio of 0.5 - 3 : 1 with respect to the stabilizing
      compound of this invention.
PAR  The following examples are given solely for the purpose of illustrating the
      present invention.
PAR  Examples 1 through 3 describe the preparation of the stabilizing compounds
      (I), (II), (III) or (IV) of this invention. Examples 4 through 11 describe
      the stabilizing effects of the stabilizing compounds of this invention
      against photo- and thermal-deterioration of various synthetic polymers.
DETD
PAC  EXAMPLE 1.
PAC  1,2-Bis(4-benzoyloxy-2,2,6,6-tetramethylpuperidino)ethane
PAR  A mixture of 3 g. of 4-benzoyloxy-2,2,6,6-tetramethyl-piperidine and 5 g.
      of 1,2-dibromoethane was heated under reflux for 4 hours. After cooling,
      an 10% aqueous solution of potassium carbonate was added to the reaction
      mixture and the resulting mixture was extracted with benzene. The benzene
      extract was washed with a saturated aqueous solution of sodium chloride,
      dried and the benzene was distilled off. Crystalline residue was washed
      with petroleum benzine and recrystallized from dimethylformamide to give
      the desired product as white crystals with a decomposition point of
      251.degree.- 253.degree.C.
PAR  Analysis for C.sub.34 H.sub.48 N.sub.2 O.sub.4 : Calculated: C, 74.41%;
      H,8.82%; N,5.11% Found: C,74.18%; H,8.77%; N,5.32% IR spectrum (nujol
      mull): .nu..sub.C.sub.=O 1720 cm.sup..sup.-1
PAR  Substantially following the same procedure as set forth above, the
      following compounds were prepared.
PAR  1,6-Bis(4-benzoyloxy-2,2,6,6-tetramethylpiperidino)-hexane m.p. 160.degree.
      - 161.degree.C.
PAR  1,4-Bis(4-benzoyloxy-2,2,6,6-tetramethylpiperidino)-trans-2-butene m.p.
      176.degree. - 177.degree.C.
PAR  2,2'-(4-benzoyloxy-2,2,6,6-tetramethylpiperidino)-p-xylene m.p. 143.degree.
      - 144.degree.C.
PAR  .alpha., .alpha.'-bis(4-hydroxy-2,2,6,6-tetramethylpiperidino)-p-xylene
      m.p. 224.degree. - 226.degree.C.
PAC  EXAMPLE 2.
PAC  N,N'-Hexamethylene-bis(8-aza-7,7,9,9-tetramethyl-1,4-dioxa-spiro[4.5]decane
PAR  To 6.2 g. of 8-aza-7,7,9,9-tetramethyl-1,4-dioxa-spiro[4.5]decane were
      added 3 g. of 1,6-dibromohexane, 6.8 g. of potassium carbonate and 10 ml.
      of kerosene and the resulting mixture was heated at 180.degree.C for 12
      hours. After cooling, ether was added to the reaction mixture and
      insolubles were filtered off from the mixture. The filtrate was
      concentrated, to the residue was added petroleum ether and crystalline
      substnaces were separated in situ by cooling. The substances so separated
      were recovered by filtration and recrystallized from n-hexane to give the
      desired product as white crystals melting at 164.degree. - 165.degree.C.
PAR  Analysis for C.sub.28 H.sub.52 N.sub.2 O.sub.4 : Calculated: C,69.95%;
      H,10.90%; N,5.83% Found: C,69.85%; H,10.91%; N,6.04%
PAR  Substantially following the same procedure as set forth above, the
      following compounds were prepared.
PAR  N,N'-octamethylene-bis(8-aza-7,7,9,9-tetramethyl-1,4-dioxa-spiro[4.5]decane
     ) m.p. 112.degree. - 113.degree.C.
PAR  N,N'-decamethylene-bis(8-aza-7,7,9,9-tetramethyl-1,4-dioxa-spiro[4.5]decane
     ) m.p. 98.degree. - 99.degree.C.
PAR  ethylene bis(8-aza-7,7,9,9-tetramethyl-1,4-dioxa-spiro[4.5]-8-decylacetate)
      m.p. 66.degree. - 67.degree.C.
PAR  N,N'-[terephthaloyl-bis(.beta.-oxyethyl)]-bis(8-aza-7,7,9,9-tetramethyl-1,4
     -dioxa-spiro[4.5]decane) m.p. 226.degree. - 227.degree.C.
PAR  N,N'-hexamethylene-bis(8-aza-2-hydroxymethyl-7,7,9,9-tetramethyl-1,4-dioxa-
     spiro[4.5]decane) m.p. 165.degree. - 166.degree.C.
PAR  N,N'-(.alpha.,.alpha.
      '-p-xylene)-bis(9-aza-3,3,8,8,10,10-hexamethyl-1,5-dioxa-spiro[5.5]undecan
     e) m.p. 205.degree. - 206.degree.C.
PAR  N,N'-ethylene-bis(9-aza-3-hydroxymethyl-3,8,8,10,10-pentamethyl-1,5-dioxa-s
     piro[5.5]undecane) m.p. 299.degree. - 303.degree.C.
PAR  N,N'-hexamethylene-bis(9-aza-3-hydroxymethyl-3,8,8,10,10-pentamethyl-1,5-di
     oxa-spiro[5.5]undecane) m.p. 225.degree. - 226.5.degree.C.
PAC  EXAMPLE 3.
PAC  1,6-Bis(2,2,6,6-tetramethyl-4-oxopiperidino)-hexane
PAR  In 5 ml. of ice-cooled 35 % aqueous hydrochloric acid was dissolved 100 mg.
      of
      N,N'-hexamethylene-bis(8-aza-7,7,9,9-tetramethyl-1,4-dioxa-spiro[4.5]decan
     e) over about 10 minutes. The resulting solution was neutralized by the
      addition of an 10 % aqueous solution of sodium hydroxide and then
      extracted with n-hexane. From the hexane extract was distilled the solvent
      and the residue was recrystallized from petroleum ether to give the
      desired product as white crystals melting at 151.degree. - 152.degree.C.
PAR  Analysis for C.sub.24 H.sub.44 N.sub.2 O.sub.2 : Calculated: C,73.42%;
      H,11.30%; N,7.14% Found: C,73.42%; H,11.26%; N,7.21%
PAR  Substantially following the same procedure as set forth above, the
      following compounds were prepared.
PAR  1,8-Bis(2,2,6,6-tetramethyl-4-oxopiperidino)octane m.p. 96.degree. -
      97.5.degree.C.
PAR  1,10-bis(2,2,6,6-tetramethyl-4-oxopiperidino)decane m.p. 69.degree. -
      71.degree.C.
PAC  EXAMPLE 4.
PAR  Mixtures were made from 100 parts of polypropylene ("Noblen JHH-G",
      available from Nitsui Toatsu Chemicals Inc., Japan, employed after two
      recrystallizations from monochlorobenzene) and 0.25 part of each in turn
      of the stabilizing compounds of the invention indicated in Table I. The
      resulting mixtures were blended and melted, and the molten mixtures were
      moulded under heating and pressure into sheets 0.5 mm. thick. A control
      sheet, containing no stabilizer, was also made.
PAR  The sheets were exposed to ultraviolet irradiation at 45.degree.C. in the
      "Standard Fade-Meter Type FA-1" manufactured and sold by Toyo Rika
      Instruments, Inc., Japan (a modification of the Atlas "Fade-O-meter" Type
      FDA-R which meets the requirements prescribed in paragraph 3.8 of Japanese
      Industrial Standard L-1044). The time taken for each sheet to become
      brittle is shown in Table I.
PAC  EXAMPLE 5.
PAR  Mixtures were made from 100 parts of high-density polyethylene ("Hi-Zex",
      available from Mitsui Toatsu Chemicals, Inc., Japan, employed after two
      recrystallizations from toluene) and 0.25 part of each in turn of the
      stabilizing compounds of the invneiton indicated in Table I. The resulting
      mixtures were made into sheets, in the same way as in Example 4; and a
      control sheet was also made, containing no stabilizer.
PAR  The brittleness time of each sheet was measured by the same test method as
      in Example 4.
PAR  The results are given in Table I.
TBL                Table I.                                                    
     ______________________________________                                    
     Stabilizer                                                                
     Compound No.                                                              
               Brittleness time (hours)                                        
             Polypropylene                                                     
                       High density polyethylene                               
     ______________________________________                                    
     1         560         1100                                                
     2         480         980                                                 
     3         680         1360                                                
     4         440         900                                                 
     5         580         1220                                                
     7         360         700                                                 
     8         320         680                                                 
     9         460         840                                                 
     11        420         780                                                 
     12        400         720                                                 
     14        680         1420                                                
     19        920         1780                                                
     20        1040        1940                                                
     24        980         1900                                                
     31        1020        1960                                                
     37        620         1320                                                
     40        880         1700                                                
     ______________________________________                                    
     None      60          400                                                 
     ______________________________________                                    
PAC  EXAMPLE 6.
PAR  Mixtures were made from 100 parts of polystyrene ["Styron", trade name,
      employed after recytstallization from a mixture of benzene with methanol,
      available from Asahi-Dow Limited, Japan] and 0.25 part of each in turn of
      the stabilizing compounds of this invention as indicated in Table II. The
      resulting mixtures were molded at 180.degree.C. under pressure into a
      plate with thickness of 1 mm. A control sheet, containing no stabilizer,
      was also made.
PAR  the plate thus formed was subjected to the exposure of ultraviolet ray
      irradiation in the Fade Meter as specified in the above Example 4 at
      45.degree.C. for 500 hours. A test piece of the treated plate was tested
      for color difference by means of a color-difference colorimeter according
      to the method prescribed in Japanese Industrial Standard "K-7103", and a
      change of the yellowness index of the plate was calculated according to
      the following equation:
EQU  .DELTA.YI = YI - YI.sub.O
PAL  wherein .DELTA.YI means a change of yellowness index, YI means a yellowness
      index after exposure and YI.sub.O means an initial yellowness index of a
      test piece.
PAR  The results are summarized in the following Table II.
TBL                Table II.                                                   
     ______________________________________                                    
     Stabilizer Compound No.                                                   
                       YI.sub.0   .DELTA.YI                                    
     ______________________________________                                    
     1                 4.8        + 6.9                                        
     3                 4.6        + 6.2                                        
     5                 5.1        + 6.3                                        
     19                4.5        + 5.7                                        
     24                4.6        + 5.3                                        
     30                4.9        + 5.8                                        
     40                5.7        + 6.3                                        
     ______________________________________                                    
     None              4.3        +17.0                                        
     ______________________________________                                    
PAC  EXAMPLE 7.
PAR  Mixtures were made from 100 parts of ABS resin ["Kane Ace B-12", trade
      name, available from Kanegafuchi Spinning Co., Ltd.] and 0.5 part of each
      in turn of the stabilizing compounds of this invention as indicated in
      Table III, the resulting mixture was kneaded on a kneading roll at
      160.degree.C. for 6 minutes and then molded into a sheet with a thickness
      of about 0.5 mm. a control sheet, containing no stabilizer, was also made.
PAR  The sheet thus formed was aged under the following aging condition and
      retentions of elongation and of tensile strength as well as coloration
      degree were determined by a conventional method.
PAC  Aging test
PAR  1. Exposure for 50 hours to the Sunshine Weather Meter prescribed in
      Japanese Industrial Standard JIS Z-0230 entitled "Accelerated Weathering
      Test of Rust Proofing Oils", Paragraph 2.
PAR  2. Aging at 190.degree.C. for 30 minutes in a Geer's aging tester
      prescribed in Japanese Industrial Standard JIS K-6301 entitled "Physical
      Testing Methods for Vulcanized Rubber", Paragraph 6.5.
PAR  The results are given in the following Table III.
TBL                Table III.                                                  
     ______________________________________                                    
     Stabilizer                                                                
             Weather Meter        Geer's aging                                 
     Compound                     tester                                       
     No.     Retention of                                                      
                         Retention of Discoloration                            
             elongation (%)                                                    
                         tensile strength                                      
                         (%)                                                   
     ______________________________________                                    
     1       68          79           Pale brown                               
     3       74          78           "                                        
     5       75          82           "                                        
     19      77          81           "                                        
     24      78          83           "                                        
     30      75          80           "                                        
     ______________________________________                                    
     None    54          71           Brown                                    
     ______________________________________                                    
PAC  EXAMPLE 8.
PAR  Mixtures were made from 100 parts of nylon-6 ("CM 1011", available from
      Toray Industries Inc., Japan) and 0.25 part of each in turn of the
      stabilizing compounds of the invention indicated in Table IV. The
      resulting mixtures were melted and moulded under pressure into films 0.1
      mm. thick, by means of a conventional compressionmoulding machine. A
      control film, containing no stabilizer, was also made.
PAR  The films thus formed were aged under the aging condition as shown below
      and subjected to a tensile test to determine their retentions of
      elongation and of tensile strength by a conventional method.
PAC  Aging conditions
PAR  1. Exposure for 200 hours to ultraviolet irradiation at 45.degree.C. in the
      Fade-Meter.
PAR  2. Aging at 160.degree.C. for 2 hours in the Geer's aging tester.
PAR  The results are shown in Table IV.
TBL                                    Table IV.                               
     __________________________________________________________________________
     Stabilizer                                                                
     Compound No.                                                              
             Fade-Meter     Geer's aging tester                                
             Retention of                                                      
                     Retention of                                              
                            Retention                                          
                                  Retention                                    
             elongation (%)                                                    
                     tensile                                                   
                            of    of tensile                                   
                     strength (%)                                              
                            elongation                                         
                                  strength (%)                                 
                            (%)                                                
     __________________________________________________________________________
      1      72      78     63    65                                           
      3      77      76     64    66                                           
     19      74      75     60    62                                           
     30      71      73     59    63                                           
     __________________________________________________________________________
     None    23      51     27    55                                           
     __________________________________________________________________________
PAC  EXAMPLE 9.
PAR  Mixtures were made from 100 parts of polyurethane prepared from
      polycarprolactone ("E-5080", available from The Nippon Elastollan
      Industries Ltd., Japan) and 0.5 part of each in turn of the stabilizing
      compounds of the invention indicated in Table V. The resulting mixture
      were melted and moulded into sheets about 0.5 mm. thick. A control sheet,
      containing no stabilizer, was also made.
PAR  The sheets thus formed were exposed to ultraviolet irradiation for 15 hours
      at 45.degree.C. in the Fade Meter described in Example 4 and their
      retention of elongation and tensile strength were then measured. The
      results are given in Table V.
TBL                Table V.                                                    
     ______________________________________                                    
     Stabilizer Compound No.                                                   
                     Retention of                                              
                                 Retention of                                  
                     elongation (%)                                            
                                 tensile strength                              
                                 (%)                                           
     ______________________________________                                    
      1              85          79                                            
      3              88          81                                            
     19              89          85                                            
     40              83          76                                            
     ______________________________________                                    
     None            78          52                                            
     ______________________________________                                    
PAC  EXAMPLE 10.
PAR  Mixtures were made from 100 parts of polyvinyl chloride ("Geon 103 EP",
      Available from The Japanese Geon Co., Ltd., Japan), 40 parts of dicotyl
      phthalate and 0.2 part of each in turn of the stabilizing compounds of the
      invention indicated in Table VI. The resulting mixture were kneaded for 5
      minutes on kneading rolls at 140.degree.C., and formed into sheets about 1
      mm. thick. A control sheet, containing none of the stabilizers of the
      invention, was also made.
PAR  The sheets thus formed were aged under the conditions described below, and
      the degree of discoloration was noted.
PAC  Aging conditions
PAR  1. Exposure for 200 hours in the Sunshine Weather Meter.
PAR  2. Aging at 160.degree.C. for 30 minutes in the Geer's aging tester.
PAR  The results are shown in Table VI.
TBL                Table VI.                                                   
     ______________________________________                                    
     Stabilizer                                                                
     Compound No.                                                              
                Weather Meter                                                  
                             Geer's aging tester                               
     ______________________________________                                    
     1          Pale brown   Pale reddish brown                                
     3          "            "                                                 
     5          "            "                                                 
     19         "            "                                                 
     31         "            "                                                 
     ______________________________________                                    
     None       Brown        Reddish brown                                     
     ______________________________________                                    
PAC  EXAMPLE 11.
PAR  Mixtures were made from 100 parts of polyester resin ["Ester-G 13", trade
      name, available from Mitsui Toatsu Chemicals, Inc., Japan], 1 part of
      benzoyl peroxide and 0.2 part of each in turn of the stabilizing compounds
      as indicated in Table VII. The resulting mixture was cured by pre-heating
      at 60.degree.C. for 30 minutes and then heating at 100.degree.C. for
      additional 1 hour to formed into a plate with a thickness of 3 mm. A
      control plate, containing no stabilizer, was also made.
PAR  The plate thus formed was exposed to irradiation in the Sunshine Weather
      Meter as described in the above Example 10 for 60 hours and the change of
      yellowness index thereof was determined according to the method described
      in the above Example 6.
PAR  The results are given in the following Table VII.
TBL                Table VII.                                                  
     ______________________________________                                    
     Stabilizer Compound No.                                                   
                       YI.sub.0   .DELTA.YI                                    
     ______________________________________                                    
     1                 2.3        + 7.5                                        
     3                 2.4        + 7.8                                        
     5                 2.4        + 8.4                                        
     24                2.6        + 8.5                                        
     ______________________________________                                    
     None              1.9        +13.8                                        
     ______________________________________                                    
PAR  It will be apparent from the above results that the piperidine derivatives
      (I), (II), (III) and (IV) of this invention are highly effective against
      photo- and thermal-deterioration of various synthetic polymers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A synthetic polymer composition stabilized against photo- and
      thermal-deterioration wherein there is incorporated, in a sufficient
      amount to prevent said deterioration, at least one compound selected from
      the group consisting of the compounds having the formula
      ##SPC22##
PAL  wherein
PA1  R' represents an alkylene group which may be interrupted with an oxygen or
      sulfur atom, an alkenylene group, an alkynylene group, an aralkylene
      group, an aliphatic diacyl group, a group of the formula
      ##EQU13##
      in which n is an integer of 1 or 2 and X is an alkylene group, or o-, m-
      or p-phenylene group or the carbon atoms of CO groups may be directly
      joined in the absence of X or a group of the formula
      ##EQU14##
      in which Y is an alkylene group or o-, m- or p-phenylene group; and R
      represents hydrogen atom, an alkyl group, a cycloalkyl group, an aralkyl
      group, an aryl group, an alkoxycarbonylalkenyl group, an aliphatic,
      aromatic or heterocyclic monoacyl group, a N-substituted carbamoyl group,
      a N-substituted thiocarbamoyl group or a monovalent radical derived from
      an oxoacid, the compounds having the formula
      ##SPC23##
PAL  wherein
PA1  R' represents an alkylene group which may be interrupted with an oxygen or
      sulfur atom, an alkenylene group, an alkynylene group, an aralkylene
      group, an aliphatic diacyl group, a group of the formula
      ##EQU15##
      in which n is an integer of 1 or 2 and X is an alkylene group, or o-, m-
      or p-phenylene group or the carbon atoms of CO groups may be directly
      joined in the absence of X or a group of the formula
      ##EQU16##
      in which Y is an alkylene group or o-, m- or p-phenylene group; R.sub.1
      and R.sub.2 individually represent a lower alkyl group or they jointly
      represent, together with the oxygen atoms, a group of the formula
      ##SPC24##
PAL  in which R.sub.3 is hydrogen atom, a lower alkyl group or hydroxymethyl or
      a group of the formula
      ##SPC25##
PAL  in which R.sub.4 and R.sub.5 may be the same or different and each
      represents hydrogen atom, a lower alkyl group or hydroxymethyl group and
      R.sub.6 is hydrogen or a lower alkyl group, the compounds having the
      formula
      ##SPC26##
PAL  wherein
PA1  R' represents an alkylene group which may be interrupted with an oxygen or
      sulfur atom, an alkenylene group, an alkynylene group, an aralkylene
      group, an aliphatic diacyl group, a group of the formula
      ##EQU17##
      in which n is an integer of 1 or 2 and X is an alkylene group, or o-, m-
      or p-phenylene group or the carbon atoms of CO groups may be directly
      joined in the absence of X or a group of the formula
      ##EQU18##
      in which Y is an alkylene group or o-, m- or p-phenylene group; and
      R.sub.7 represents an alkyl group or an aralkyl group, and the compounds
      having the formula
      ##SPC27##
PAL  wherein
PA1  R' represents an alkylene group which may be interrupted with an oxygen or
      sulfur atom, an alkenylene group, an alkynylene group, an aralkylene
      group, an aliphatic diacyl group, a group of the formula
      ##EQU19##
      in which n is an integer of 1 or 2 and X is an alkylene group, or o-, m-
      or p-phenylene group or the carbon atoms of CO groups may be directly
      joined in the absence of X or a group of the formula
      ##EQU20##
      in which Y is an alkylene group or o-, m- or p- phenylene group.
NUM  2.
PAR  2. The synthetic polymer composition according to claim 1 wherein said
      compound is selected from the compounds of the formula (I) wherein R' is
      an alkylene group of 1 to 6 carbon atoms which may be interrupted with an
      oxygen or sulfur atom, an alkenylene group of 2 or 4 carbon atoms, an
      aralkylene group of 1 to 6 carbon atoms in the alkylene moiety, a group of
      the formula
      ##EQU21##
      in which n is an integer of 1 or 2 and X is an alkylene group of 1 to 6
      carbon atoms or o-, m- or p-phenylene group or the carbon atoms of CO
      groups may be directly joined in the absence of X or a group of the
      formula
      ##EQU22##
      in which Y is an alkylene group of 1 to 6 carbon atoms or o-, m- or
      p-phenylene group; and R is hydrogen atom, an alkyl group of 1 to 18
      carbon atoms, an alkoxycarbonylalkenyl group of 1 to 3 carbon atoms in the
      alkoxy moiety and of 2 to 4 carbon atoms in the alkenyl moiety, an
      aliphatic acyl group of 2 to 18 carbon atoms or a benzoyl group which may
      be substituted with halogen, hydroxy or alkyl of 1 to 3 carbon atoms.
NUM  3.
PAR  3. The synthetic polymer composition according to claim 1 wherein said
      compound is selected from the compounds of the formula (II) wherein R' is
      an alkylene group of 1 to 6 carbon atoms which may be interrupted with an
      oxygen or sulfur atom, an alkenylene group of 2 to 4 carbon atoms, an
      aralkylene group of 1 to 6 carbon atoms in the alkylene moiety, a group of
      the formula
      ##EQU23##
      in which n is an integer of 1 or 2 and X is an alkylene group of 1 to 6
      carbon atoms or o-, m- or p-phenylene group or the carbon atoms of CO
      groups may be directly joined in the absence of X or a group of the
      formula
      ##EQU24##
      in which Y is an alkylene group of 1 to 6 carbon atoms or o-, m- or
      p-phenylene group; and R.sub.1 and R.sub.2 indivudually represent an alkyl
      group of 1 to 4 carbon atoms or they jointly represent, together with the
      oxygen atoms, a group of the formula
      ##SPC28##
PAL  in which R.sub.3 is hydrogen atom, an alkyl group of 1 to 4 carbon atoms or
      hydroxymethyl group or a group of the formula
      ##SPC29##
PAL  in which R.sub.4 and R.sub.5 individually represent hydrogen atom, an alkyl
      group of 1 to 4 carbon atoms or hydroxymethyl group provided that when one
      of R.sub.4 and R.sub.5 is hydroxymethyl group, the other is hydrogen atom
      or an alkyl group of 1 to 4 carbon atoms and R.sub.6 is hydrogen atom.
NUM  4.
PAR  4. The synthetic polymer composition according to claim 1 wherein said
      compound is selected from the compounds of the formula (III) wherein R' is
      an alkylene group of 1 to 6 carbon atoms which may be interrupted with an
      oxygen or sulfur atom, an alkenylene group of 2 to 4 carbon atoms, an
      aralkylene group of 1 to 6 carbon atoms in the alkylene moiety, a group of
      the formula
      ##EQU25##
      in which n is an integer of 1 or 2 and X is an alkylene group of 1 to 6
      carbon atoms or o-, m- or p-phenylene group or the carbon atoms of CO
      groups may be directly joined in the absence of X or a group of the
      formula
      ##EQU26##
      in which Y is an alkylene group of 1 to 6 carbon atoms or o-, m- or
      p-phenylene group; and R.sub.7 is an alkyl group of 1 to 18 carbon atoms
      or a phenylalkyl group of 1 or 2 carbon atoms in the alkyl moiety.
NUM  5.
PAR  5. The synthetic polymer composition according to claim 1 wherein said
      compound is selected from the compounds of the formula (IV) wherein R' is
      an alkylene group of 1 to 6 carbon atoms which may be interrupted with an
      oxygen or sulfur atom, an alkylene group of 2 to 4 carbon atoms, an
      aralkylene group of 1 to 6 carbon atoms in the alkylene moiety, a group of
      the formula
      ##EQU27##
      in which n is an integer of 1 or 2 and X is an alkylene group of 1 to 6
      carbon atoms or o, m- or p-phenylene group or the carbon atoms of CO
      groups may be directly joined in the absence of X or a group of the
      formula
      ##EQU28##
      in which Y is an alkylene group of 1 to 6 carbon atoms or o-, m- or
      p-phenylene group.
NUM  6.
PAR  6. The synthetic polymer composition according to claim 1 wherein said
      compound (I), (II), (III) or (IV) is incorporated in an amount of 0.01 -
      5.0% by weight, based upon the amount of the synthetic polymer.
NUM  7.
PAR  7. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyolefin.
NUM  8.
PAR  8. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyvinyl chloride.
NUM  9.
PAR  9. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyurethane.
NUM  10.
PAR  10. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyester.
NUM  11.
PAR  11. The synthetic polymer composition according to claim 1 wherein said
      polymer is an acrylonitrile-styrene-butadiene copolymer.
NUM  12.
PAR  12. The synthetic polymer composition according to claim 1 wherein said
      compound is selected from the group consisting of
PA1  1,2-bis(4-benzoyloxy-2,2,6,6-tetramethylpipe-ridino)ethane,
PA1  .alpha.,.alpha.'-bis(4-benzoyloxy-2,2,6,6-tetramethyl-piperidino)-p-xylene,
PA1  2,2'-bis(2,2,6,6-tetramethyl-4-stearoyloxy-piperidino)diethylether,
PA1  1,4-bis(4-benzoyloxy-2,2,6,6-tetramethyl-piperidino)-trans-2-butene,
PA1  .alpha.,.alpha.'-bis(4-hydroxy-2,2,6,6-tetramethylpiperi-dino)-p-xylene,
PA1  N,n'-hexamethylene-bis(8-aza-7,7,9,9-tetra-methyl-1,4-dioxa-spiro[4.5]decan
     e),
PA1  ethylene
      bis(8-aza-7,7,9,9-tetramethyl-1,4-dioxa-spiro[4.5]-8-decylacetate),
PA1  N,n'-[terephthaloyl-bis(.beta.-oxyethyl)]-bis(8-aza-7,7,9,9-tetramethyl-1,4
     -dioxa-spiro[4.5]-decane),
PA1  N,n'-hexamethylene-bis(8-aza-2-hydroxymethyl-7,7,9,9-tetramethyl-1,4-dioxa-
     spiro[4.5]-decane),
PA1  N,n'-(.alpha.,.alpha.'-p-xylylene)-bis(9-aza-3,3,8,8,10,10-hexamethyl-1,5-d
     ioxa-spiro[5.5]undecane) and
PA1  1,6-bis(2,2,6,6-tetramethyl-4-oxopiperidino)-hexane.
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ABST
PAL  Naphthofuranylnaphthols are produced by (1) reacting glyoxal with a
      naphthol in the presence of an acidic catalyst to form an acetal, and (2)
      thereafter partially hydrolyzing the acetal with an acidic or basic
      catalyst. Naphthofuranylnaphthols are effective stabilizers of organic
      materials against the deleterious effects of oxygen, heat, and light. The
      stability of dienic polymers and styreneacrylonitrile copolymers is
      particularly enhanced by incorporating stabilizing amounts of
      naphthofuranylnaphthols.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Dischendorfer, 73 Monatsch. 45 (1940), teaches preparation of
      1-[1-naphtho(2,1-b)furanyl]-2-naphthol without discussion of utility. New
      stabilizers and new stabilized organic compositions are desired.
PAC  SUMMARY OF THE INVENTION
PAR  Naphthofuranylnaphthols are effective stabilizers of a wide variety of
      organic materials against the deleterious effects of oxygen, heat and
      visible or ultraviolet light. The naphthofuranylnaphthols are especially
      useful as nonstaining stabilizers for dienic polymers and
      styreneacrylonitrile copolymers. Naphthofuranylnaphthols suitable for use
      in this invention have the formula
      ##SPC1##
PAL  Wherein each M may be hydrogen, halogen or an alkyl group containing from
      one to eight carbon atoms.
PAC  DETAILED DESCRIPTION
PAR  Naphthofuranylnaphthols suitable for use as stabilizers have the formula
      below and are numbered as shown:
      ##SPC2##
PAL  Wherein each M may be hydrogen, halogen or an alkyl group containing from
      one to eight carbon atoms. More preferably, at least six M's are hydrogen
      and each of the remaining M's is bromo, chloro or an alkyl group
      containing from one to eight carbon atoms. Even more preferably at least
      six M's are hydrogen and each of the remaining M's is an alkyl group
      containing from one to four carbon atoms. Most preferred are
      naphthofuranylnaphthols wherein at least eight M's are hydrogen but at
      least two of the remaining M's are alkyl groups containing from one to
      four carbon atoms. Examples of suitable naphthofuranylnaphthols include
      1-[1-naphtho(2,1-b)furanyl]-2-naphthol,
      1-[7-t-butyl-1-naphtho(2,1-b)furanyl]-6-t-butyl-2-naphthol,
      1-[4,7-di-t-butyl-1-naphtho( 2,1-b)furanyl]-3,6-di-t-butyl-2-naphthol, and
      1-[6,7,8,9-tetrahydro-1-naphtho(2,1-b)furanyl]-5,6,7,8-tetrahydro-2-naphth
     ol, and the like. Excellent results were obtained using
      1-[1-naphtho(2,1-b)-furanyl]-2-naphthol, 1-[7-t-butyl-1-naphtho(2,1
      -b)furanyl]-6-t-butyl-2-naphthol,
      1-[4,7-di-t-butyl-1-naphtho(2,1-b)furanyl]-3,6-di-t-butyl-2-naphthol, and
      1-[6,7,8,9-tetrahydro-1-naphtho(2,1-b)furanyl]-5,6,7,8-tetrahydro-2-naphth
     ol. Suitable naphthofuranylnaphthols may be used in an amount from about
      0.1 part to about 10 parts by weight, more preferably from about 0.5 to
      about 5 parts by weight, per 100 parts by weight of organic material to be
      stabilized.
PAR  Naphthofuranylnaphthols are produced by first reacting glyoxal with a
      naphthol in the presence of an acidic catalyst at a temperature from about
      0.degree.C. to about 100.degree.C., more preferably from about 0.degree.C.
      to about 50.degree.C. An acetal is formed during the first step of the
      reaction, with acetal yield decreasing substantially if reaction
      temperature is above 50.degree.C. during the first step. After acetal
      formation is completed, the second reaction step is performed. Water may
      be added to the reaction mixture, and the mixture is refluxed in order to
      hydrolyze the acetal and form a naphthofuranylnaphthol. Alternatively, a
      solid acetal may be separated from the reaction mixture by filtration in
      some cases and the acetal thereafter hydrolyzed by refluxing in the
      presence of an acid or base catalyst.
PAR  Naphthols used in the above process preferably have one unsubstituted
      position adjacent to a hydroxyl group, but certain groups such as t-butyl
      and the like may occupy an adjacent position and are displaced during
      acetal formation if the other adjacent position is occupied by another
      substituent. Suitable naphthols for use in the above process include
      2-naphthol, 6-t-butyl-2-naphthol, 3,6-di-t-butyl-2-naphthol,
      5,6,7,8-tetrahydro-2-naphthol, 6-bromo-2-naphthol, and the like. Excellent
      results were obtained using 2-naphthol, 6-t-butyl-2-naphthol,
      3,6-di-t-butyl-2-naphthol, and 5,6,7,8-tetrahydro-2-naphthol.
PAR  The glyoxal may be used in the anhydrous form but the commercial aqueous
      solutions of glyoxal are more preferably used. Derivatives of glyoxal
      which can generate glyoxal in situ may also be used, such as
      glyoxal.NaHSO.sub.4. The glyoxal may be used in a molar ratio to the
      naphthol from about 1/10 to about 10/1. More preferably, the ratio is
      about 1/2.
PAR  Acids which may be used to catalyze the reaction of glyoxal with naphthols
      to form acetals include organic acids containing one to 12 carbon atoms
      such as acetic acid, propionic acid, benzoic acid, monoesters and diesters
      of orthophosphoric acid, alkaryl sulfonic acids such as p-toluenesulfonic
      acid, and the like; inorganic acids capable of releasing protons such as
      boric acid, hydrochloric acid, phosphoric acid, sulfuric acid, and the
      like; acid activated clays capable of releasing protons such as Retrol
      (produced by Filtrol Corp.), bentonite, and the like; acidic resins
      capable of releasing protons such as Dowex 50-X10 (a cationic exchange
      resin which is a sulfonated copolymer of styrene and divinylbenzene and is
      produced by Dow Chemical Company), and the like; and Lewis acids capable
      of accepting electrons such as aluminum chloride, zinc chloride, boron
      trifluoride, and the like. The amount of acid catalyst used may be as
      little as about 0.01% based on total reactant weight, or the catalyst may
      be used as the solvent in which the reaction is run. Mixtures of acids may
      also be used. Excellent results were obtained using mixtures of acetic
      acid and sulfuric acid, zinc chloride and hydrochloric acid, and
      p-toluenesulfonic acid and acetic acid.
PAR  The acids described above may also be used at higher temperatures to
      catalyze hydrolysis of the acetals in the second reaction step, thereby
      forming naphthofuranylnaphthols. Bases may be used in place of acids in
      the second reaction step. Suitable bases include inorganic bases such as
      sodium hydroxide, potassium hydroxide, and the like. Excellent results
      were obtained using potassium hydroxide.
PAR  Acetic acid is a preferred solvent for these reactions because of its
      availability, boiling point, water miscibility, ability to dissolve a wide
      variety of naphthols, and catalytic effect on the reaction. The reaction
      may also be run in other solvents which include carboxylic acids such as
      o-toluic acid, esters such as n-butyl acetate, ethers such as
      bis[2-(2-methoxyethoxy)ethyl]ether, alcohols such as 1-pentanol, ketones
      such as benzophenone, and the like. The reaction may also be run in a
      two-phase system where one reactant is soluble in one phase and the other
      reactant is soluble in a second phase, such as a hydrocarbon and water
      system. An emulsifying agent may be used to facilitate the reaction in the
      two-phase system.
PAR  A preferred method for producing naphthofuranylnaphthols comprises mixing
      glyoxal and a naphthol with a major amount of acetic acid and a minor
      amount of sulfuric acid. The reaction mixture is stirred and cooled below
      30.degree.C. for about 1 to 3 hours. After that time, the temperature is
      raised to about 50.degree.C., and the reaction is continued for about 0.5
      to three more hours in order to complete acetal formation. The second
      reaction step is performed by adding water to the acetal reaction mixture
      and heating to reflux temperature. After about 1 to 5 hours, the acetal is
      acid-hydrolyzed substantially to a naphthofuranylnaphthol.
PAR  Another preferred method for performing the second reaction step
      (hydrolysis) comprises separating a solid acetal from the reaction mixture
      by filtration, mixing the acetal with water and an acid or base, and
      acid-hydrolyzing or base-hydrolyzing the acetal to a
      naphthofuranylnaphthol. Refluxing is generally required for acidic
      hydrolysis, but basic hydrolysis can be performed by simply warming the
      mixture to be hydrolyzed at about 50.degree. - 100.degree.C. in a dimethyl
      sulfoxide solution.
PAR  The naphthofuranylnaphthol product may be separated from the hydrolysis
      mixture by any of several methods. If the product is a solid it can be
      filtered and optionally washed with a solvent such as hexane or water. If
      the product is an oil it can be extracted with an aromatic solvent such as
      benzene. If acidic hydrolysis is used, the extract can be washed with a
      weak base or a basic salt solution such as Na.sub.2 CO.sub.3 in water. If
      basic hydrolysis is used, the extract can be washed with a weak acid or an
      acidic salt solution in water such as (NH.sub.4).sub.2 SO.sub.4 in water.
      The extract can then be distilled to obtain a substantially pure
      naphthofuranylnaphthol.
PAR  Naphthofuranylnaphthols within the scope of the formula recited heretofore
      are effective stabilizers of a wide variety of organic materials against
      the deleterious effects of oxygen, heat and visible or ultraviolet light.
      The naphthofuranylnaphthols are nonstaining stabilizers of both natural
      and synthetic polymers, such as uncured and vulcanized dienic polymers.
      The dienic polymers are sulfurvulcanizable and may contain about 0.5% to
      about 50% by weight of olefinic (&gt;C=C&lt;) unsaturation based upon total
      polymer weight. The olefinic groups may be in the polymeric main chain
      (backbone) or in pendant (side-chain) groups, or both. Examples of
      suitable dienic polymers include polymers such as natural rubber,
      cis-polyisoprene, cispolybutadiene (CB), acrylonitrile-butadiene-styrene
      copolymers (ABS), butadiene-acrylonitrile rubbers (NBR),
      isoprene-acrylonitrile rubbers, polyisobutylene, polychloroprene,
      butadiene-styrene rubbers (SBR), isoprene-styrene rubbers, and the like.
      Also suitable are polymers such as isoprene-isobutylene (butyl) rubbers,
      copolymers of conjugated dienes with lower alkyl and alkoxy acrylates such
      as ethyl acrylate, butyl acrylate, methoxyethyl acrylate, and the like,
      and ethylene-propylene-diene polymers (EPDM) containing from about 0.5
      percent to about 20 percent by weight of at least one dienic termonomer.
      Suitable EPDM dienic termonomers include conjugated dienes such as
      butadiene, 1,3-pentadiene, and the like; non-conjugated dienes such as
      1,4-pentadiene, 1,4-hexadiene, and the like; cyclic dienes such as
      cyclopentadiene, dicyclopentadiene, and the like; and alkenyl norbornenes
      such as 5-ethylidene-2-norbornene, and the like.
PAR  The dienic polymers may be vulcanized by methods known to the art. Suitable
      vulcanizing agents include elemental sulfur and compounds capable of
      yielding elemental sulfur such as tetramethylthiuram disulfide,
      tetraethylthiuram disulfide, dipentamethylenethiuram hexasulfide, and the
      like.
PAR  A broad range of compounding ingredients can be used in the dienic polymer
      vulcanizates, including sulfur-containing and nitrogen-containing
      accelerators. Examples of suitable accelerators include metal salts of
      dialkyl, diaryl and alkaryl dithiocarbamates such as bismuth, copper, lead
      and zinc dimethyl dithiocarbamates, cadmium, selenium, tellurium and zinc
      diethyl dithiocarbamates, sodium and zinc dibutyl dithiocarbamates, zinc
      ethyl phenyl dithiocarbamate, zinc dibenzyl dithiocarbamate, and the like;
      other dithiocarbamates such as piperidinium pentamethylene
      dithiocarbamate, N-cyclohexylethyl ammonium cyclohexylethyl
      dithiocarbamate, N-pentamethylene-ammonium-N-pentamethylene
      dithiocarbamate, and the like; benzothiazoles such as
      2-mercaptobenzothiazole and the zinc salt thereof, 2,2'-benzothiazyl
      disulfide, 2-morpholinothiobenzothiazole,
      2-(2,6-dimethyl-4-morpholinothio)benzothiazole, and the like;
      benzothiazole-sulfenamides such as N-diethyl-2-benzothiazyl sulfenamide,
      N-t-butyl-2-benzothiazole sulfenamide, N-cyclohexyl-2-benzothiazole
      sulfenamide, N-oxydiethylene-2-benzothiazole sulfenamide, and the like;
      thiuram sulfides such as tetramethyl thiuram disulfide, tetraethyl thiuram
      disulfide, dimethyl diphenyl thiuram disulfide, dipentamethylene thiuram
      hexasulfide, and the like; thioureas such as ethylene thiourea, trimethyl
      thiourea, N,N'-diethyl thiourea, N,N'-dibutyl thiourea, N,N'-diphenyl
      thiourea, and the like; morpholines such as 4,4'-dithiomorpholine, and the
      like; polyamines such as triethylene diamine, hexamethylene tetraamine,
      tricretonylidene tetraamine, and the like; aldehyde-amine condensation
      products such as acetaldehyde-ammonia, heptaldehyde-ammonia,
      butyraldehyde-aniline, and the like; imidazolines such as
      2-mercaptoimidazoline, and the like; and guanidines such as diphenyl
      guanidine, di-o-tolyl guanidine, and the like. Excellent results were
      obtained using 2-morpholinothiobenzothiazole.
PAR  Naphthofuranylnaphthols within the scope of the formula recited heretofore
      are also effective nonstaining antioxidants in styrene-acrylonitrile
      copolymers. Suitable copolymers for use in the compositions of this
      invention contain polymerized therein (1) from about 50% to about 90% by
      weight based upon total copolymer weight of styrene, or at least one alkyl
      styrene, alkoxy styrene or halostyrene, or a mixture thereof, wherein the
      alkyl or alkoxy group contains from one to eight carbon atoms, (2) from
      about 10% to about 50% by weight based upon total copolymer weight of at
      least one vinyl nitrile having the formula
      ##EQU1##
      wherein R is hydrogen or an alkyl radical containing from one to three
      carbon atoms, and (3) from 0% to about 20% by weight based upon total
      copolymer weight of at least one other monoolefin. Preferred alkyl
      styrenes are those wherein an alkyl group contains from one to six carbon
      atoms, more preferably from one to four carbon atoms. Preferred alkoxy
      styrenes are those wherein an alkoxy group contains from one to six carbon
      atoms, more preferably from one to four carbon atoms. Preferred
      halostyrenes are those wherein a halogen group is chloro or bromo.
      Examples of suitable alkyl styrenes, alkoxy styrenes and halostyrenes
      include methyl styrene, ethyl styrene, methoxyethylstyrene, chlorostyrene,
      dichlorostyrene, and the like. Examples of suitable vinyl nitriles include
      acrylonitrile, methacrylonitrile, ethacrylonitrile, and the like.
      Excellent results were obtained using copolymers of styrene and
      acrylonitrile.
PAR  Other compounding ingredients usable in the dienic polymer compositions and
      styrene-acrylonitrile copolymers include fillers such as carbon blacks,
      calcium and magnesium carbonates, calcium and barium sulfates, aluminum
      silicates, silicon dioxide, phenol-formaldehyde and polystyrene resins,
      asbestos and the like; plasticizers and extenders including dialkyl and
      diaryl acid esters such as diisobutyl, diisooctyl, diisodecyl and dibenzyl
      oleates, stearates, sebacates, azelates, phthalates, and the like, and
      naphthenic and paraffinic oils, castor oil, tall oil, and the like; and
      antioxidants, antiozonants and stabilizers such as
      di-.beta.-naphthyl-p-phenylenediamine, phenyl-.beta.-naphthylamine,
      N,N'-di-(2-octyl)-p-phenylenediamine,
      2,2'-methylene-bis(4-methyl-6-t-butylphenol), 2,6-di-t-butyl-p-cresol,
      2,2'-thiobis(4-methyl-6-t-butylphenol), distearyl thiodipropionate,
      dilauryl thiodipropionate,
      2,4-bis(4-hydroxy-3,5-t-butylphenoxy)-6-(n-octylthio)-1,3,5-triazine,
      tetrakis methylene 3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate
      methane, 4-isopropylamino diphenylamine, tri(nonylated phenyl)phosphite,
      and the like. Other compounding ingredients may also be used, such as
      pigments, tackifiers, flame retardants, fungicides, and the like.
PAR  In addition to polymer materials, the present naphthofuranylnaphthols act
      to stabilize a wide variety of other organic materials. Such materials
      include: waxes; synthetic and petroleum-derived lubricating oils and
      greases; animal oils such as fat, tallow, lard, cod-liver oil, sperm oil
      and the like; vegetable oils such as castor, linseed, peanut, palm, cotton
      seed, and the like; fuel oil; diesel oil; gasoline; and the like.
DETD
PAR  The following examples illustrate the present invention more fully.
PAC  EXAMPLE 1
PAC  Preparation of 1-[1-naphtho(2,1-b)-furanyl]-2-naphthol
PAR  2-Naphthol (43 g. or 0.3 mole), 40% aqueous glyoxal (22.5 g. or 0.15 mole),
      and p-toluenesulfonic acid (30 g. or 0.16 mole) were dissolved in glacial
      acetic acid (200 ml.). The mixture was stirred for about 3 hours with
      cooling as necessary to keep reaction temperature at 30.degree.C. The
      mixture was heated thereafter to 50.degree.C., stirred for about 0.5 hour,
      cooled, and filtered to separate 40 g. acetal having a melting point of
      234.degree.-239.degree.C. The filtrate was recycled twice to the reaction
      mixture to produce 66 g. more of acetal. One liter of water then was mixed
      with the remaining filtrate and 28 g. more of acetal was separated by
      filtration. Total acetal yield was 98%.
PAR  A portion of the acetal (30 g. or 0.12 mole) was dissolved in 250 ml. of
      acetic acid, and 20 ml. concentrated HCl was added to the solution. The
      solution was heated to about 80.degree.C. for about 1.5 hours and
      thereafter poured into about 1 liter of water. A solid was filtered from
      the solution and found to have a melting point of
      176.degree.-180.degree.C. Its NMR and IR spectra were consistent with the
      structural assignment of 1-[1-naphtho(2,1-b)furanyl]-2-naphthol.
      Calculated: C,85.14; H, 4.55. Found: C,85.99; H, 4.45.
PAC  EXAMPLE 2
PAC  Preparation of 1-[7-t-butyl-1-naphtho(2,1-b)-furanyl]-6-t-butyl-2-naphthol.
PAR  6-t-butyl-2-naphthol (40 g. or 0.2 mole), 40% aqueous glyoxal (15 g. or 0.1
      mole) and 150 ml. of acetic acid was treated with 15 ml. of concentrated
      sulfuric acid while maintaining the temperature at 30.degree.C. for 2
      hours. The mixture was then held at 50.degree.C. for 0.5 hour, cooled,
      poured into water, filtered, and washed with water to give the crude
      acetal intermediate. This acetal (10 g.) was refluxed with 75 ml. of
      acetic acid and 5 ml. of concentrated hydrochloric acid for 2 hours,
      cooled, poured into 500 ml. of water, filtered and washed with water to
      give 5 grams of a yellow solid product. Its IR spectrum was consistent
      with its structural assignment of
      1-[7-t-butyl-1-naphtho(2,1-b)furanyl]-6-t-butyl-2-naphthol.
PAC  EXAMPLE 3
PAC  Preparation of
      1-[4,7-di-t-butyl-1-naphtho(2,1-b)furanyl]-3,6-di-t-butyl-2-naphthol
PAR  3,6-Di-t-butyl-2-naphthol (22 g. or 0.09 mole), 30% aqueous glyoxal (12 g.
      or 0.08 mole) and 100 ml. of acetic acid were treated with 10 ml. of
      concentrated sulfuric acid at 30.degree.C. for 2 hours, then heated for
      0.5 hour at 50.degree.C., cooled, poured into 500 ml. of water, filtered
      and washed with water to give 20 g. of the desired acetal. This acetal (19
      g.) was heated at 100.degree.C. for 1 hour with 200 ml. of
      dimethylsulfoxide, 100 ml. of methanol, and 15 g. (0.27 mole) of potassium
      hydroxide, allowed to cool to room temperature, poured into 1.5 liters of
      water, acidified with 23 ml. of concentrated hydrochloric acid, filtered,
      washed with water, and dried to give 19 g. of product (m.p. 140.degree. -
      160.degree.C.). Its IR and NMR spectra were consistent with the assigned
      structure of 1-[
      4,7-di-t-butyl-1-naptho(2,1-b)furanyl]-3,6-di-t-butyl-2-naphthol.
PAC  EXAMPLE 4
PAC  Preparation of
      1-[6,7,8,9-tetrahydro-1-naptho(2,1-b)furanyl]-5,6,7,8-tetrahydro-2-naphtho
     l
PAR  5,6,7,8-Tetrahydro-2-naphthol (45 g. or 0.3 mole), 40% aqueous glyoxal
      (22.5 g. or 0.15 mole) and 200 ml. of acetic acid were treated with 80 ml.
      of concentrated sulfuric acid while maintaining the temperature at
      30.degree.C. for 2 hours, then at 50.degree.C. for 0.5 hour to give a
      slurry. A solid was filtered, washed with water, and dried to give 48 g.
      of crude acetal. This acetal was recrystallized from an
      ethanolbenzene-acetone mixture to give white needles (m.p.
      229.degree.-235.degree.C.). The NMR spectrum was consistent with an acetal
      structure. This acetal (43 g.) was refluxed for 2 hours with 180 ml. of
      acetic acid, 4 ml. of water, and 1 ml. of concentrated sulfuric acid. The
      mixture was cooled, poured into 1 liter of water, and the crude product
      separated to give 37 g. of viscous black oil. The IR spectrum of the oil
      was consistent with the assigned structure of
      1-[6,7,8,9-tetrahydro-1-naphtho(2,1-b)furanyl]-5,6,7,8-tetrahydro-2-naphth
     ol.
PAC  EXAMPLES 5 - 19
PAR  Examples 5-19 demonstrate stabilizing properties of naphthofuranylnaphthols
      in cured rubber vulcanizates. A masterbatch was prepared by mixing the
      following materials in a Banbury mixer:
TBL                TABLE I                                                     
     ______________________________________                                    
     Materials        Parts by Weight                                          
     ______________________________________                                    
     Ribbed Smoked Sheet                                                       
                      100.0                                                    
     Natural Rubber                                                            
     HAF Carbon Black 50.0                                                     
     Zinc Oxide       5.0                                                      
     Stearic Acid     3.0                                                      
     Sulfur           2.5                                                      
                      160.5                                                    
     ______________________________________                                    
PAL  In each example, 176 g. of the masterbatch described in Table I was
      compounded and cured with 1.1 gram of 2-morpholinothiobenzothiazole
      accelerator and 1.1 gram of a given stabilizer. The compounding and curing
      procedure was as follows. A 4-inch, 2-roll mill was heated to
      160.degree.F. and each ingredient was charged to the mill in the order
      listed with thorough milling between each addition. Each milled rubber
      composition was sheeted off the mill and cut into approximate 6 in.
      .times. 6 in. .times. 0.090 in. sections. The sections were wrapped
      separately in aluminum foil and cured for 35 minutes at 302.degree.F.
PAR  Physical testing of the vulcanizates was performed and the results are set
      forth in Tables II, III and IV. 300% Modulus, tensile strength, and
      ultimate elongation were determined according to ASTM D412-68 using Die C
      dumbbells. Test tube aging was performed according to ASTM D865-62 for 24
      hours at 100.degree.C. Crack Growth Test results in Table II were measured
      using the B. F. Goodrich Rotating Ring Crack Growth Test described in 38
      Rubber Chemistry & Technology 719 (1965). Standard conditions used for the
      latter test were 70.degree.C., 3 lbs. load and 300 cycles/minute.
PAR  The data in Tables II, III and IV indicates that the
      naphthofuranylnaphthols tested have stabilizing properties as good as or
      better than control stabilizers when tested in cured rubber vulcanizates.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Aging Characteristics of Naphthofuranylnaphthols                          
     in Natural Rubber Vulcanizates                                            
     __________________________________________________________________________
                          Test Tube Aging (24 hrs. at 100.degree.C.)           
                                                        Crack Growth Test      
                                        Tensile              Crack             
                          Starting                                             
                                 200% Modu-                                    
                                        Strength                               
                                                Elongation                     
                                                        Hrs.                   
                                                             Length            
     Example                                                                   
          Compound        Naphthol                                             
                                 lus    (psi)   (Percent)                      
                                                        Failure                
                                                             (in               
     __________________________________________________________________________
                                                             units**)          
                                 Day(s) Day(s)  Day(s)                         
                          --     O  1   0   1   0   1   12   12.6              
     5*   None            --     -- 1380                                       
                                        3250                                   
                                            1600                               
                                                360 220                        
     6*   2,2'-Methylenebis(4-methyl-                                          
                          --     -- 1450                                       
                                        3600                                   
                                            2400                               
                                                400 270 24   13.9              
          6-t-butylphenol)                                                     
     7*   Mixture of about 40% 2-t-                                            
                          --     -- 1500                                       
                                        3500                                   
                                            2000                               
                                                380 250 24   14.0              
          butyl-4,4'-isopropyl-                                                
          idenediphenol & about                                                
          60% 2,2'-di-t-butyl-                                                 
          4,4'-isopropylidene-                                                 
          diphenol                                                             
     8*   Mixture of Styrenated                                                
                          --     -- 1600                                       
                                        3700                                   
                                            2650                               
                                                390 290 24   13.8              
          phenols                                                              
     9*   p,p'-di-(1,1,3,3-tetra-                                              
                          --     -- 1700                                       
                                        3550                                   
                                            3150                               
                                                390 320 28   13.9              
          methylbutyl)diphenylamine                                            
     10   1-[1-Naphtho(2,1-b)furanyl]-                                         
                          2-Naphthol                                           
                                 -- 1500                                       
                                        3200                                   
                                            2400                               
                                                360 280 16   13.1              
          2-naphthol                                                           
     11   1-[1-Naphtho(2,1-b)furan-                                            
                          2-Naphthol                                           
                                 -- 1510                                       
                                        3600                                   
                                            2500                               
                                                400 280 20   15.7              
          yl]-2-naphthol                                                       
     __________________________________________________________________________
       *Control                                                                
      **1 Unit = 0.025 in.                                                     
TBL                                    TABLE III                               
     __________________________________________________________________________
     Aging Characteristics of Naphthofuranylnaphthol                           
     In Natural Rubber Vulcanizates                                            
                                                        Ultimate               
                         Starting                                              
                                300% Modulus                                   
                                            Tensile Strength                   
                                                        Elongation (%)         
     Ex. Compound        Naphthol                                              
                                Day         Day         Day                    
     __________________________________________________________________________
                                0  1  2  3  0  1  2  3  0  1  2  3             
     12* None            --     1900                                           
                                   -- -- -- 2900                               
                                               1600                            
                                                   900                         
                                                      900                      
                                                        390                    
                                                           270                 
                                                              200              
                                                                 190           
     13* 2,2'-Methylenebis(4-                                                  
                         --     2600                                           
                                    300                                        
                                      -- -- 3900                               
                                               3150                            
                                                  2200                         
                                                     2200                      
                                                        420                    
                                                           310                 
                                                              220              
                                                                 220           
          methyl-6-t-butyl-                                                    
          phenol)                                                              
     14* Stabilizer**    --     2000                                           
                                   2300                                        
                                      2450                                     
                                         2300                                  
                                            3200                               
                                               2950                            
                                                  2450                         
                                                     2300                      
                                                        430                    
                                                           360                 
                                                              290              
                                                                 280           
     15  1-[6,7,8,9-Tetrahydro-1-                                              
                         5,6,7,8-                                              
                                2500                                           
                                   2800                                        
                                      -- -- 3800                               
                                               2850                            
                                                  2150                         
                                                     1700                      
                                                        420                    
                                                           310                 
                                                              240              
                                                                 190           
          naphtho(2,1-b)furanyl]-                                              
                         Tetrahydro-                                           
          5,6,7,8-tetrahydro-2-                                                
                         2-naphthol                                            
          naphthol                                                             
     __________________________________________________________________________
       *Control                                                                
      **Stabilizer having the formula:                                         
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Aging Characteristics of Naphthofuranylnaphthol                           
     In Natural Rubber Vulcanizates                                            
     __________________________________________________________________________
                                300%                                           
                                    Tensile Strength                           
                         Starting                                              
                                Modulus                                        
                                    (psi)           Ultimate Elongation (%)    
     Ex. Compound        Naphthol                                              
                                Day(s)                                         
                                    Day(s)          Day(s)                     
     __________________________________________________________________________
                                0   0   1   2   3   0   1   2   3              
     l6* None            --     2700                                           
                                    2800                                       
                                        1300                                   
                                             600                               
                                                 550                           
                                                    310 180 150 120            
     17* 2,2'-Methylenebis(4-methyl-                                           
                         --     2650                                           
                                    3400                                       
                                        2200                                   
                                            1350                               
                                                1000                           
                                                    370 250 170 140            
         6-t-butylphenol)                                                      
     18* t-Butylated Bisphenol A                                               
                         --     2600                                           
                                    3400                                       
                                        2450                                   
                                            1800                               
                                                1500                           
                                                    375 270 200 190            
     19  1-[1-Naphtho(2,1-b)                                                   
                         2-Naphthol                                            
                                2700                                           
                                    3200                                       
                                        1500                                   
                                            1200                               
                                                1000                           
                                                    340 200 170 170            
         furanyl]-2-naphthol                                                   
     __________________________________________________________________________
      *Control                                                                 
PAC  EXAMPLES 20 - 21
PAR  Examples 20 - 21 demonstrate stabilizing properties of a
      naphthofuranylnaphthol in uncured SN rubber. In each example, 0.68 g. of a
      given stabilizer was mixed with 68 g. of reprecipitated SN rubber in a
      Brabender Plasticorder for 2 minutes at 80.degree.C. Each sample was
      prepared and tested for Mooney viscosity before and after aging according
      to ASTM D-1646-72 minutes using a large rotor and a 1-minute warm-up time.
      Mooney buttons were aged at 70.degree.C for 10 days in an oven according
      to ASTM D-573-67. Test results are summarized in Table V. The Mooney
      viscosity data indicates that the naphthofuranylnaphthol maintains Mooney
      viscosity as well as or better than the control stabilizer.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Stabilization of SN Rubber                                                
     with a Naphthofuranylnaphthol                                             
     __________________________________________________________________________
                              Mooney Viscosity Mooney Viscosity                
                              After No Aging   After Aging 10 Days at          
                                               70.degree.C                     
                                    4 Min.                                     
                                         10 Min.     4 Min.                    
                                                          10                   
                                                               Average         
                       Starting     Shearing                                   
                                         Shearing    Shearing                  
                                                          Shearing             
                                                               Viscosity       
     Ex. Stabilizer    Naphthol                                                
                              Immediate                                        
                                    Time Time  Immediate                       
                                                     Time Time Loss(%)         
     __________________________________________________________________________
     20* 2,6-Di-t-butyl-p-cresol                                               
                       --     75    65   62    65    58   55   12              
     21  1-[1-Naphtho(2,1-b)                                                   
         furanyl]-2-naphthol                                                   
                       2-Naphthol                                              
                              77    68   66    68    62   58   12              
     __________________________________________________________________________
      *Control                                                                 
PAC  EXAMPLES 22 - 25
PAR  Examples 22 - 25 demonstrate stabilizing properties of a
      naphthofuranylnaphthol in a styrene-acrylonitrile (SAN) copolymer
      composition. The SAN copolymer contained about 30% by weight acrylonitrile
      based upon total copolymer weight and had a weight-average molecular
      weight of about 118,000 and a number-average molecular weight of about
      51,000. In each example, about 75 g. of SAN copolymer was mixed in a
      Brabender Plasticorder fitted with a cam head. Mixing was performed at
      175.degree.C and 30 rpm until fluxing occurred (typically about 1.5
      minutes after mixing began). At that time, 75 g. more of SAN copolymer,
      and 0.75 gram of a given stabilizer were charged to the Brabender, and
      mixing was continued for about another 2.5 minutes. The mix was dumped,
      cold-pressed into sheets about 0.25 inch thick, cut into 0.25 inch cubes,
      pressed into 6 in. .times. 6 in. .times. 0.02 in. sheets at 175.degree.C
      for about 4.5 minutes, cooled, and cut into 1 in. .times.  1 in. .times.
      0.02 in. squares which were aged at 100.degree.C in a circulating oven for
      varying times shown in Table VI. A Brinkman Fiber Optics Probe Colorimeter
      Model PC-100 was used to measure percent light transmission at 450 nm of
      heat-aged samples in comparison to unaged samples. Reduced light
      transmission indicates increased color development and is a measure of
      increased copolymer oxidation. Test results are summarized in Table VI.
      The data indicates the naphthofuranylnaphthol has stabilizing properties
      as good as or better than the control stabilizers.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     Stabilization of a Styrene-Acrylonitrile Copolymer                        
     with a Naphthofuranylnaphthol                                             
                                 % Transmission After Aging at 100.degree.C    
                          Starting                                             
                          Naphthol                                             
                                 0 Days                                        
                                      10 Days                                  
                                            50 Days                            
                                                  100 Days                     
     __________________________________________________________________________
     22* 4,4'-Butylidene-bis(6-t-butyl-                                        
         m-cresol         --     100  88    60    42                           
     23* 1,1,3-Tris(2-methyl-4-hydroxy                                         
     5-t-butyl)butane                                                          
         --               100    93   74    50                                 
     24* Mixture of tri(monononylphenyl)                                       
         phosphite and tri(dinonylphenyl)                                      
         phosphite        --     100  94    66    43                           
     25  1-[1-Naphtho(2,1-b)furanyl]-2-                                        
         naphthol         2-Naphthol                                           
                                 100  85    75    69                           
     __________________________________________________________________________
      *Control?                                                                
PAC  EXAMPLES 26 - 29
PAR  Examples 26 - 29 demonstrate stabilizing properties of
      naphthofuranylnaphthols in cured rubber vulcanizates. A masterbatch was
      prepared by mixing the following materials in a Banbury mixer:
TBL                TABLE VII                                                   
     ______________________________________                                    
     Materials             Parts by Wt.                                        
     ______________________________________                                    
     Natural Rubber        40.0                                                
     SN Rubber             20.0                                                
     Cis-polybutadiene     20.0                                                
     Styrene-butadiene Copolymer                                               
                           19.2                                                
     Carbon Black          50.0                                                
     Zinc Oxide            5.0                                                 
     Stearic Acid          1.5                                                 
     Filler                2.0                                                 
     Paraffinic Oil        5.0                                                 
     Sulfur                3.3                                                 
     Antioxidant           0.5                                                 
     Bactericide           0.1                                                 
                           166.6                                               
     ______________________________________                                    
PAL  Compounding, curing and testing were performed according to the procedures
      used for Examples 5 - 19, with 1.05 parts of accelerator and 1.1 parts of
      a given stabilizer being added during milling. Test results are set forth
      in Table VIII. The data in Table VIII indicates that the
      naphthofuranylnaphthols have stabilizing properties as good as or better
      than the control stabilizers.
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     Aging Characteristics of Naphthofuranylnaphthols                          
     in Mixed Rubber Vulcanizates                                              
                                         Test Tube Aging at 100.degree.C       
                                 Starting                                      
                                         Tensile Strength (Psi)                
     Ex. Stabilizer              Naphthol                                      
                                         0 Days   1 Day                        
     __________________________________________________________________________
     26* 2,2'-Methylenebis(4-methyl-6-t-butylphenol)                           
                                   --    2510     1800                         
     27* Mixture of Styrenated Phenols                                         
                                   --    2720     1760                         
     28  1-[1-Naphtho(2,1-b)furanyl]-2-naphthol                                
                                 2-Naphthol                                    
                                         2680     1950                         
     29  1-[7-t-Butyl-1-naphtho(2,1-b)furanyl]-                                
                                 6-t-Butyl-2-                                  
         6-t-butyl-2-naphthol    naphthol                                      
                                         2690     1930                         
     __________________________________________________________________________
      *Control                                                                 
PAC  EXAMPLES 30 - 33
PAR  Examples 30 - 33 demonstrate stabilizing properties of
      naphthofuranylphenols in white cured rubber vulcanizates. A masterbatch
      was prepared by mixing the following materials in a Banbury mixer:
TBL                TABLE IX                                                    
     ______________________________________                                    
     Materials       Parts by Wt.                                              
     ______________________________________                                    
     Natural Rubber  100.0                                                     
     TiO.sub.2       50.0                                                      
     Zinc Oxide      5.0                                                       
     Stearic Acid    2.0                                                       
     Sulfur          2.75                                                      
                     159.75                                                    
     ______________________________________                                    
PAL  Compounding, curing and testing were performed according to the procedures
      used for Examples 5 - 19, with 1.0 part of mercaptobenzothiazole disulfide
      and 0.1 part of tetramethylthiuram disulfide being added during milling.
      Test results are set forth in Table X. The data in Table X indicates that
      the naphthofuranylnaphthols have stabilizing properties about the same as
      the control stabilizers.
TBL                                    TABLE X                                 
     __________________________________________________________________________
     Aging Characteristics of Naphthofuranylnaphthols                          
     in White Rubber Vulcanizates                                              
                                Test Tube Aging at 100.degree.C                
                                               % Loss of                       
                         Starting                                              
                                Tensile Strength (psi)                         
                                               Tensile Strength                
     Ex. Stabilizer      Naphthol                                              
                                0 Days                                         
                                     1 Day                                     
                                          3 Days                               
                                               after 3 Days                    
     __________________________________________________________________________
     30* P,P'-dioctyldiphenylamine                                             
                           --   1800 1350 750  58%                             
     31* 1-Dimethylaminomethyl-2-                                              
         naphthol          --   1100  700 200  81%                             
     32  1-[1-Naphtho(2,1-b)furanyl]                                           
     2-naphthol                                                                
         2-Naphthol      1900    750 500  73%                                  
     33  1-[4,7-Di-t-butyl-1-naph-                                             
                         3,6-Di-t-                                             
         tho(2,1-b)furanyl]-3,6-di-                                            
                         Butyl-2-                                              
         t-butyl-2-naphthol                                                    
                         naphthol                                              
                                1250 1000 450  66%                             
     __________________________________________________________________________
      *Control                                                                 
CLMS
STM  I claim:
NUM  1.
PAR  1. A stabilized composition comprising 100 parts by weight of an organic
      material subject to the deleterious effects of oxygen, heat and light and
      from about 0.1 part to about 10 parts by weight of at least one
      naphthofuranylnaphthol having the formula
      ##SPC3##
PAL  wherein each M is hydrogen, halogen, or an alkyl group containing from one
      to eight carbon atoms.
NUM  2.
PAR  2. A composition of claim 1 wherein the organic material is a polymer.
NUM  3.
PAR  3. A composition of claim 2 wherein the polymer is a dienic polymer.
NUM  4.
PAR  4. A composition of claim 3 wherein at least six M's are hydrogen and each
      of the remaining M's is bromo, chloro or an alkyl group containing from
      one to eight carbon atoms.
NUM  5.
PAR  5. A composition of claim 4 wherein each of the remaining M's is an alkyl
      group containing from one to four carbon atoms.
NUM  6.
PAR  6. A composition of claim 5 wherein said dienic polymer is an isoprene
      homopolymer or copolymer.
NUM  7.
PAR  7. A composition of claim 6 wherein said dienic polymer is polyisoprene.
NUM  8.
PAR  8. A composition of claim 2 wherein at least six M's are hydrogen and each
      of the remaining M's is bromo, chloro or an alkyl group containing from
      one to eight carbon atoms.
NUM  9.
PAR  9. A composition of claim 8 wherein each of the remaining M's is an alkyl
      group containing from one to four carbon atoms.
NUM  10.
PAR  10. A vulcanized composition of claim 3.
NUM  11.
PAR  11. A composition of claim 3 wherein said naphtholfuranylnaphthol is
      1-[1-naphtho(2,1-b)furanyl]-2-naphthol.
NUM  12.
PAR  12. A composition of claim 3 wherein said naphtholfuranylnaphthol is
      1-[7-t-butyl-1-naphtho(2,1-b)furanyl]-6-t-butyl-2-naphthol.
NUM  13.
PAR  13. A composition of claim 3 wherein said naphthofuranylnaphthol is
      1-[4,7-di-t-butyl-1-naphtho(2,1-b)furanyl]-3,6-di-t-butyl-2-naphthol.
NUM  14.
PAR  14. A composition of claim 3 wherein said naphthofuranylnaphthol is
      1-[6,7,8,9-tetrahydro-1-naphtho(2,1-b)furanyl]-5,6,7,8-tetrahydro-2-naphth
     ol.
NUM  15.
PAR  15. A composition of claim 2 wherein the polymer contains polymerized
      therein (1) from about 50% to about 90% by weight based upon total
      copolymer weight of styrene, or at least one alkyl styrene, alkoxy styrene
      or halostyrene, or a mixture thereof, wherein the alkyl or alkoxy group
      contains from one to eight carbon atoms, (2) from about 10% to about 50%
      by weight based upon total copolymer weight of at least one vinyl nitrile
      having the formula
      ##EQU2##
      wherein R is hydrogen or an alkyl radical containing from one to three
      carbon atoms, and (3) from 0% to about 20% by weight of at least one other
      monoolefin.
NUM  16.
PAR  16. A composition of claim 15 wherein at least 6 M's are hydrogen and each
      of the remaining M's is bromo, chloro or an alkyl group containing from
      one to eight carbon atoms.
NUM  17.
PAR  17. A composition of claim 16 wherein each of the remaining M's is an alkyl
      group containing from one to four carbon atoms.
NUM  18.
PAR  18. A composition of claim 15 wherein said naphthofuranylnaphthol is
      1-[1-naphtho(2,1-b)furanyl]-2-naphthol.
NUM  19.
PAR  19. A naphthofuranylnaphthol having the formula
      ##SPC4##
PAL  wherein at least eight M's are hydrogen but at least two of the remaining
      M's are alkyl groups containing from one to four carbon atoms.
NUM  20.
PAR  20. A naphtholfuranylnaphthol of claim 19,
      1-[7-t-butyl-1-naphtho(2,1-b)furanyl]-6-t-butyl-2-naphthol.
NUM  21.
PAR  21. A naphthofuranylnaphthol of claim 19,
      1-[4,7-di-t-butyl-1-naphtho(2,1-b)furanyl]-3,6-di-t-butyl-2-naphthol.
NUM  22.
PAR  22. 1-[6,7,8,9-tetrahydro-1-naphtho(2,1-b)furanyl]-5,6,7,8-tetrahydro-
     2-naphthol.
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ABST
PAL  Polyacetals can be stabilized by means of a stabilizing composition, one of
      its components acting concurrently as a nucleating agent. Linear
      oxymethylene-polymers are used as polyacetals. The stabilizing composition
      consists of an urea-like compound and a phenolic anti-oxidation agent.
      Moulding compositions based on these stabilized polyacetals are
      appropriate for being worked-up in the thermoplastic state to shaped
      articles of all kinds.
BSUM
PAR  It is a known fact that oxymethylene-polymers (polyoxymethylenes POM) have
      a strong tendency to crystallize. Upon freezing the melt slightly a rapid
      growth of spherulites is observed which are mostly larger than the wave
      length of light and confer a considerable opacity upon the material.
      Moreover, owing to the crystallization process a great number of
      microscopically small fissures and internal tensions are formed in the
      interior and on the surface of the material. These fissurs and internal
      tensions detrimentally affect the mechanical properties of shaped
      articles, such as injection moulded articles, made of poly(oxymethylenes).
      The aforesaid flaws are the more pronounced, the larger the individual
      spherulites.
PAR  It is also known that by adding talc to poly(oxymethylenes) of high
      molecular weight and by uniformly distributing the inorganic additive in
      the organic material, the crystal structure of injection moulded articles
      can be rendered more uniform and thus a structure of coarse spherulites
      (average diameters of 100 microns) can be transferred into homogeneous
      structures with spherulite diameters of from 4 to 8 microns (cf. German
      "Auslegeschrift no. 1,247,645). Since there is the question of injection
      moulded test specimen, the aforesaid sizes refer to substances which have
      been submitted to crystallization under pressure and at temperatures of
      from 50.degree. to 100.degree.C.
PAR  It is further known that the spherulite size of poly(oxymethylenes) can be
      reduced, when the poly(oxymethylenes) are mixed prior to melting with
      certain organic low-molecular nucleating agents slightly soluble or
      insoluble in the poly(oxymethylene)melt, e.g. derivatives of imidazoles or
      pyrazines containing hydroxyl groups (cf. German Offenlegungsschrift No.
      1,694,078).
PAR  However, the known nucleating agents have no stabilizing effect on
      poly(oxymethylenes) against thermal-acidolytical degradation.
PAR  On the other hand, a great number of organic compounds are known which have
      a stabilizing effect on poly(oxymethylenes), but no nucleating effect. The
      most important feature of the stabilizing effect of these compouonds is
      their prevention of thermal-acidolytical degradation.
PAR  As stabilizers for poly(oxymethylenes) are known, for example, amides (cf.
      German Auslegeschrift No. 1,104,695), urea-compounds (cf. German
      Auslegeschrift No. 1,185,371), amidines (cf. German Auslegeschrift No.
      1,285,736), triazines (cf. German Offenlegungsschrift No. 1,494,997),
      hydrazines, aromatic amines and urea (cf. German Auslegeschrift No.
      1,127,080), cyclic ureides (cf. German Auslegeschrift No. 1,188,803),
      semicarbazones (cf. German Auslegeschriften Nos. 1,152,542 and 1,241,110)
      as well as oxalic acid diamides (cf. German Offenlegungsschrfit No.
      1,693,010). The aforesaid nitrogen-containing stabilizers are usually
      applied combined with phenolic anti-oxidizing agents.
PAR  The subject of the present invention is a moulding composition based on
      poly(oxymethylene) consisting essentially of a mixture of
PA1  a. 99.90 to 95 weight % of a linear poly(oxymethylene),
PA1  b. 0.05 to 2.5 weight % of at least one compound having a nucleating effect
      and containing from one to four of the groups --NH--CO-- and including in
      all from two to eight nitrogen atoms, and
PA1  c. 0.05 to 2.5 weight % of at least one phenolic oxidation stabilizer.
PAR  The moulding composition is preferably composed of
PA1  a. from 99.8 to 98.0 weight % of a linear poly(oxymethylene),
PA1  b. of from 0.1 to 1.0 weight % of at least one organic compound having
      nucleating action and
PA1  c. of from 0.1 to 1.0 weight % of at least one phenolic oxydation
      stabilizer. Preference is given to the use of ureas, oxalic acid diamides
      and azodicarboxylic amides as organic compounds having nucleating action.
PAR  By ureas are especially understood compounds having formulae (I), (II) and
      (III),
EQU  R--NHCONH--(NH).sub.x --(CO).sub.y --(CR.sup.2 =CR.sup.3).sub.z
      --CONH--R.sup.1,                                          (I)
      ##SPC1##
      ##EQU1##
      x, y and z being each zero or 1 and the sum of x, y and z being 1 or 2, R
      and R.sup.1 being each a hydrogen atom, an alkyl radical having from one
      to six, preferably one, two or three carbon atoms or a phenyl radical,
      R.sup.2 and R.sup.3 being each a hydrogen atom or an alkyl radical having
      one, two or three carbon atoms, R.sup.4 and R.sup.5 each being an alkyl
      radical having from one to six, preferably one, two or three carbon atoms
      or an amino group or ureido-group -- both of which may be substituted with
      one or two alkyl radicals, each having from one to six, preferably one,
      two or three carbon atoms -- and R.sup.6, R.sup.7, R.sup.8 and R.sup.9
      being each a hydrogen atom or an alkyl radical having from one to six,
      preferably one, two or three carbon atoms.
PAR  By oxalic acid diamides are especially to be understood compounds having
      formulae (IV), (V) and (VI),
      ##EQU2##
      ##SPC2##
      or
      ##EQU3##
      n being zero or 1, the sum of a and b being 1, c being 1, 2 or 3 and d
      being zero, or c being zero and d being 1, X being an oxygen atom or an
      imino group, R and R.sup.1 being each a hydrogen atom, an alkyl radical
      having from one to six, preferably one, two or three carbon atoms or a
      phenyl radical, and R.sup.6 being a hydrogen atom or an alkyl radical
      having from one to six, preferably one, two or three carbon atoms.
PAR  Azodicarboxylic amides are compounds having formula (VII)
EQU  R.sup.6 --NH--CO--N=N--CO--NH--R.sup.7                     (VII)
PAL  R.sup.6 and R.sup.7 being each a hydrogen atom or an alkyl radical having
      from one to six, preferably one, two or three carbon atoms.
PAR  By phenolic oxidizing stabilizers are especially to be understood
      polyphenols, i.e., compounds including at least two, preferably from two
      to six hydroxyphenyl radicals. Particularly well suitable are compounds
      having formulae (VIII) and (IX),
      ##SPC3##
PAL  R.sup.10 and R.sup.11 being each a hydrogen atom or a methyl radical,
      R.sup.12 being a branched alkyl radical having three, four or five carbon
      atoms and R.sup.13 being an alkyl radical having from one to six,
      preferably one, two or three carbon atoms, R.sup.6 being a hydrogen atom
      or alkyl radical having from one to six, preferably one, two or three
      carbon atoms, A being an aliphatic hydrocarbon radical being from bivalent
      to hectavalent, p being zero or an integer from 1 to 6, preferably 1, 2 or
      3 and q corresponding to the valency of A.
PAR  As compounds of formula (I) can be cited -- for example -- ureido-urea
      (hydrazodicarboxylic diamide), methylureido-urea,
      methylureido-methyl-urea, phenylureido-urea, ureido-methyl-urea,
      ureido-ethyl-urea, ureido-phenyl-urea, phenyl-ureido-phenyl-urea,
      ureido-oxamide, N-methyl-N'-ureido-oxamide, oxaluramide,
      oxalurmethylamide, oxaluranilide, methyloxaluramide,
      methyloxaluro-methyl-amide, maleuramide and maleuranilide.
PAR  As compounds of formula (II) are used, for example,
      2,4-dimethyl-6-ureido-triazine, 2-methyl-4-amino-6-ureido-triazine,
      2-methyl-4,6-bis-ureido-triazine, 2,4,6-trisureidotriazine,
      2,4-diamino-6-ureido-triazine and
      2,4-bis(dimethylamino)-6-ureido-triazine.
PAR  Compounds of formula (III) are particularly semicarbazones of
      1,2-dioxo-compounds, e.g. glyoxaldisemicarbazone, diacetyldisemicarbazone,
      glyoxal-bis(methylsemicarbazone) and diacetyl-bis(methylsemicarbazone).
PAR  As examples for compounds of formula (IV) are to be specified:
      bisguanidino-oxamide, bisaminoguanidino-oxamide, bisguanyl-oxamide,
      biscarbamoiloxamide, bis(aminoureido)oxamide,
      bis(dimethylamino-ureido)oxamide and bis(phenylaminoureido)-oxamide.
PAR  By compounds of formula (V) are to be understood derivatives of
      oxalyldihydrazide, i.e., bishydrazones or bishydrazides oxalyl-dihydrazide
      with phenolaldehydes or phenolcarboxylic acids, for example bis-hydrazone
      from salicylic aldehyde and oxalyl-dihydrazide, bis-hydrazone from
      p-hydroxybenzaldehyde and oxalyl-dihydrazide, bis-hydrazide from
      salicyclic acid and oxalyl-dihydrazide and bis-hydrazide from
      p-hydroxy-benzoic acid and oxalyl-dihydrazide.
PAR  As compounds of formula (VI) are used 1,4-diaza-2,3-dioxo-cyclopentane,
      -cyclohexane and -cycloheptane as well as parabanic acid.
PAR  Suitable compounds of formula (VII) are, for example, azodicarboxylic
      amide, N-methyl-azodicarboxylic amide, N,N-dimethyl-azodicarboxylic amide,
      N,N'-dimethyl-azodicarboxylic amide, N,N,N',N'-tetramethyl-azodicarboxylic
      aamide and the corresponding ethyl, propyl, butyl, pentyl and hexyl
      compounds.
PAR  As examples for compounds of formula (VIII) can be cited:
      bis(2-hydroxy-3-tert.butyl-5-methyl-phenyl)-methane,
      1,1-bis(2-hydroxy-3-tert.butyl-5-methyl-phenyl)-ethane,
      2,2-bis(2-hydroxy-3-tert.butyl-5-methyl-phenyl)-propane,
      bis(2-hydroxy-3,5-di-tert. butyl-phenyl)-methane,
      1,1-bis(2-hydroxy-3,5-di-tert.butyl-phenyl)-ethane,
      2,2-bis(2-hydroxy-3,5-di-tert.butyl-phenyl)-propane,
      bis(2-hydroxy-3,5-diisopropyl-phenyl)-methane, 1,1-bis
      (2-hydroxy-3,5-di-isopropyl-phenyl)-ethane and
      2,2-bis(2-hydroxy-3,5-diisopropyl-phenyl)-propane.
PAR  As compounds of formula (IX) are well appropriate e.g. esters of
      .omega.-(3-tert.butyl-4-hydroxy-phenyl)pentanoic acid,
      .beta.-(3-methyl-5-tert.butyl-4-hydroxy-phenyl)-propionic acid,
      3,5-ditert.butyl-4-hydroxy-benzoic acid,
      (3,5-ditert.butyl-4-hydroxy-phenyl)-acetic acid,
      .beta.-(3,5-di-tert.butyl-4-hydroxy-phenyl)-propionic acid or
      (3,5-diisopropyl-4-hydroxy-phenyl)-acetic acid with ethylene glycol,
      propanediol-(1,2), propanediol-(1,3), butanediol-(1,4), hexanediol-(1,6),
      decanediol-(1,10), 1,1,1-tri-methylolethane or pentaerythritol.
PAR  Use is made of linear homopolymers of formaldehyde or trioxane or of linear
      trioxane-copolymers as poly(oxymethylenes). By homopolymers of
      formaldehyde or trioxane are to be understood formaldehyde-homopolymers or
      trioxane-homopolymers the hydroxyl terminal groups of which have been
      chemically stabilized against degradation, for example by esterification
      or etherification. By trioxane-copolymers are to be understood copolymers
      of trioxane and cyclic ethers, cyclic acetals and/or linear polyacetals
      having primary alcohol terminal groups.
PAR  As comonomers for trioxane are to be considered (a) cyclic ethers having
      from three to five, preferably three ring members, (b) cyclic acetals
      other than trioxane having from six to 11, preferably five, six, seven or
      eight ring members and (c) linear polyacetals -- in quantities of from 0,1
      to 20, preferably from 0,5 to 10 weight % each.  Most suitable are
      copolymers consisting of from 99 to 95 weight percent of trioxane and from
      1 to 5 weight percent of one of the aforesaid co-components.
PAR  Particularly suitable comonomers for trioxane are compounds having the
      formula (X)
      ##EQU4##
      in which R represents a hydrogen atom, an alkyl radical having from one to
      six, preferably one, two or three carbon atoms and which can be
      substituted by one, two or three halogen atoms, preferably by chlorine
      atoms, an alkoxymethyl radical having from two to six, preferably two,
      three or four carbon atoms, a phenyl radical or a phenoxymethyl radical, x
      represents an integer from 1 to 3, y being zero; y being an integer from 1
      to 3, x being zero and z being 2; and z being an integer from 3 to 6,
      preferably 3 or 4, x being zero and y being 1.
PAR  Suitable cyclic ethers are especially epoxides, e.g. ethylene oxide,
      styrene oxide, propylene oxide and epichlorhydrin as well as
      phenylglycidyl ether.
PAR  Suitable cyclic acetals are especially cyclic formals of aliphatic or
      cycloaliphatic .alpha.,.omega.-diols having from two to eight, preferably
      two, three or four carbon atoms, the carbon chain of which may be
      interrupted at intervals of two carbon atoms by an oxygen atom, e.g.glycol
      formal (1,3-dioxolane), propanediol formal (1,3-dioxane), butanediol
      formal (1,3-dioxepane) and diglycol formal (1,3,6-trioxocane) as well as
      4-chloromethyl-1,3-dioxolane, hexanediol formal (1,3-dioxonane) and
      butenediol formal (1,3-dioxa-cycloheptene-(5)).
PAR  Suitable linear polyacetals are as well homopolymers or copolymers of the
      afore-specified cyclic acetals as also linear condensation products of
      aliphatic or cycloaliphatic .alpha.,.omega.-diols with aliphatic aldehydes
      or thioaldehydes, preferably formaldehyde. Special preference is given to
      the use of homopolymers of cyclic formals of aliphatic
      .alpha.,.omega.-diols having from two to eight, preferably two, three, or
      four carbon atoms, e.g. poly(1,3-dioxolane), poly(1,3-dioxane) and
      poly(1,3-dioxepane).
PAR  The values for the reduced specific viscosity (RSV -values) of the linear
      poly(oxymethylenes) used according to the invention (measured on a
      solution of the polymer in butyrolactone, containing 2 weight percent of
      diphenylamine, at 140.degree.C at a concentration rate of 0.5 g/100 ml)
      are from 0.07 to 2.50 dl.sup.. g.sup.-.sup.1, preferably from 0.14 to 1.20
      dl.sup.. g.sup.-.sup.1. The crystallite melting points of the
      poly(oxymethylenes) keep within the range of from 140.degree. to
      180.degree.C, preferably from 150.degree. to 170.degree.C, the density
      ranging from 1.38 to 1.45 g.sup.. ml.sup.-.sup.2, preferably from 1.40 to
      1.43  g.sup.. ml.sup.-.sup.1 (measured according to DIN = German
      Industrial Norms No. 53,479).
PAR  The linear trioxane-copolymers -- preferably binary or ternary -- used
      according to the invention are prepared in knwon manner by polymerizing
      the monomers in the presence of cationically active catalysts at
      temperatures from 0.degree. to 100.degree.C, preferably from 50.degree. to
      90.degree.C (cf. e.g. German Auslegeschrift No. 1,420,283). Catalysts used
      for this purpose are e.g. Lewis acids, for example boron trifluoride and
      antimony penta fluroide, and complex compounds of Lewis acids, preferably
      etherates, for example boron trifluoride-diethyletherate and boron
      trifluoride-di-tert.-butyletherate. Further suitable compounds are
      protonic acids, for example perchloric acid, as well as saline compounds,
      for example triphenyl-methylhexafluorophosphate,
      trithyloxoniumtetrafluoroborate or acetylperchlorate. Polymerization may
      be carried out in bulk, in suspension or in solution. So as to eliminate
      instable portions, the copolymers are usefully submitted to a thermal or
      hydrolytic, controlled partial degradation down to primary alcohol
      terminal groups (cf. e.g. German Auslegeschriften Nos. 1,445,273 and
      1,445,294).
PAR  The homopolymers of formaldehyde or of trioxane -- used according to the
      invention -- are also prepared in known manner by catalytical
      polymerization of the monomer (cf. e.g. German Auslegeschrift No.
      1,037,705 and German Pat. No. 1,137,215).
PAR  Most usefully, the moulding composition as per the invention is prepared by
      mixing the components being present either as powder or granule and by
      subsequent homogenizing. The nucleating agents used according to the
      invention are preferably applied as powders fine as dust having a particle
      size below 5, preferably below 3 microns. Mixing is usually carried out at
      room temperature, preferably at a temperature of from 15.degree. to
      30.degree.C, and homogenizing takes place in any kind of heatable mixing
      device, such as drums, calenders, kneaders or extruders, at a temperature
      above the crystallite melting point of the poly (oxymethylene), i.e., at a
      temperature of from 150.degree. to 250.degree.C, preferably from
      170.degree. to 220.degree.C.
PAR  Evidently, the presence of the compounds used as per the invention with the
      group --NH--CO-- upon preparation of shaped articles bring about
      nucleating which shows in decreasing spherulite sizes and which improves
      the mechanical properties of the shaped articles.
PAR  For example, the ball indentation hardness, the stretching strain, the
      tensile strength and torsional stiffness -- as compared to those of a
      non-modified linear poly(oxymethylene)-- are improved. Another consequence
      of nucleating is an increased cyrstallization speed thus providing for an
      increased work-up speed, this latter quality shows especially in shorter
      cycle periods upon injection moulding and in reduced tolerance ranges for
      injection-moulded articles.
PAR  The use of the compounds identified as component (b) offers the special
      advantage that these compounds have not only a nucleating action, but also
      a good stabilizing effect against a thermal-acidolytical degradation of
      poly(oxymethylenes). Contrary to the nucleating or stabilizing agents
      hitherto used which acted either for stabilization without nucleating or
      yielded nucleating action without any stabilizing effect, the agents of
      the present invention offer concurrently efficient nucleating and
      stabilizing action against thermal-acidolytical degradation.
PAR  The moulding composition according to the invention can be crushed
      mechanically, for example by chopping or grinding, to yield granules,
      chips, flakes or powder. It is very well suited to be worked-up in the
      thermoplastic state, e.g. by injection moulding or extrusion, especially
      for preparing shaped articles to be used e.g. as bars, sticks, plates,
      films, ribbons, jars and tubes; it is a most suitable technical material
      for the preparation of machinery parts having stable dimensions and an
      exact size, such as gear wheels, bearing parts and control elements.
DETD
PAR  The following examples ilustrate the invention:
PAC  EXAMPLES 1 TO 15
PAR  A linear copolymer made of 98 weight percent of trioxane and 2 weight
      percent of ethylene oxide having a density of 1.41 g.sup.. ml.sup.-.sup.1,
      an RSV-value of 0.73 dl.sup.. g.sup.-.sup.1 and a crystallite melting
      point of 166.degree.C is mixed -- as a powder -- with 0.5 weight percent
      of bis(2-hydroxy-3-tert.butyl-5-methyl-phenyl)-methane and the quantities
      of nucleating agent specified in tables 1 to 3, calculated on the quantity
      of the linear poly(oxymethylene), and homogenized at 200.degree.C in a
      single screw extruder. The residence time in the cylinder of the extruder
      is about 4 minutes. The poly(oxymethylene) mass obtained in each case is
      granulated after emerging from the extruder.
PAR  A film is prepared from the moulding composition obtained and the size of
      the spherulites determined; preparation of the film is carried out as
      follows: the moulding composition is made molten at 180.degree.C between
      two glass plates under a pressure of 200 kg.sup.. cm.sup.-.sup.2 and
      subsequently crystallized at 150.degree.C under atmospherical pressure to
      yield a film 10 microns thick for microscopical examination. Moreover,
      from the moulding composition obtained plates are prepared by
      injection-moulding having the dimensions 60 .times. 60 .times. 2 mm at a
      mass temperature of 200.degree.C and a mould temperature of 80.degree.C,
      these plates being used for determining the ball indentation hardness
      according to VDE regulations 0302 (loading time 10 seconds). Furthermore,
      the weight loss of the granulated moulding composition is determined by
      exposing the granule for 2 hours under air to a temperature of
      230.degree.C. Spherulite size, ball indentation hardness and weight loss
      of shaped articles of the moulding composition according to the invention
      are shown in table 2. For comparison, the corresponding data of
      poly(oxymethylenes) blended with known heat stabilizers or only with the
      antioxidizing agent are also compiled (see examples A to I in table 1)
PAC  EXAMPLES 16 TO 20
PAR  Poly(oxymethylenes) of various compositions as powder are blended with 0.5
      weight percent each of bis(2-hydroxy-3-tert.butyl-5-methylphenyl)-methane
      as oxidizing stabilizer and with the nucleating agents specified in table
      3 and at the quantities indicated there, calculated on the quantity of the
      poly(oxymethylene) and -- as per the description given for examples 1 to
      15 -- homogenized and granulated.
PAR  Table 3 indicates spherulite size and weight loss; for comparison, the
      corresponding data of poly(oxymethylenes) have been compiled which contain
      the oxidation stabilizer only (cf. examples K to O).
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     (Comparative examples)                                                    
     __________________________________________________________________________
     Example                                                                   
          stabilizer     spherulite-                                           
                                ball indentation                               
                                         weight less                           
           (weight%)     size   hardness (%/2 h)                               
                         (micron)                                              
                                (kg/cm.sup.2)                                  
     __________________________________________________________________________
     A      --           500    1555     &gt;50                                   
     B    Oxalic acid diamine                                                  
                     0.3 450    1550     4.5                                   
     C    Isophthalic acid                                                     
                     0.3 400    1550     7.8                                   
          diamide                                                              
     D    Sebacic acid                                                         
                     0.3 500    1545     6.3                                   
          diamide                                                              
     E    Malonic acid                                                         
                     0.3 350    1550     3.9                                   
          diamide                                                              
     F    Succinic acid                                                        
                     0.3 450    1550     4.3                                   
          diaminde                                                             
     G    N-butyl-N'-                                                          
                     0.3 450    1545     5.1                                   
          methoxy-phenyl-                                                      
          oxalic acid                                                          
          diamide                                                              
     H    4-hydroxybenzal-                                                     
                     0.3 450    1550     5.8                                   
          dehyde-semicarbazone                                                 
     I    4-dimethylamino-                                                     
                     0.3 350    1555     4.7                                   
          benzaldehyde-                                                        
          semicarbazone                                                        
     __________________________________________________________________________
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Ex. Nucleating agent                                                      
                         spherulite                                            
                               ball inden-                                     
                                      weight                                   
          (weight %)     size  tation loss                                     
                         (micron)                                              
                               hardness                                        
                                      (%/2h)                                   
                               (kg/cm.sup.2)                                   
     __________________________________________________________________________
     1   Ureido urea 0.3 30    1600   4.3                                      
     2   Ureidooxamide                                                         
                     0.3 50    1580   4.1                                      
     3   Oxaluramide 0.3 40    1595   3.3                                      
     4   Maleinuramide                                                         
                     0.3 25    1600   5.9                                      
     5a  2-methyl-4-amino-                                                     
         6-ureido-triazine                                                     
                     0.3 45    1580   7.2                                      
     5b  "           0.6 20    1610   4.3                                      
     5c  "           1.5 15    1600   4.1                                      
     6a  2-methyl-4,6-bis-                                                     
         ureido-triazine                                                       
                     0.3 50    1585   9.5                                      
     6b  "           1.0 30    1600   6.0                                      
     6c  "           1.5 25    1590   5.3                                      
     7a  2,4,6-trisureido-                                                     
         triazine    0.3 20    1605   4.9                                      
     8a  Glyoxal-                                                              
         disemicarbazone                                                       
                     0.3 15    1625   2.5                                      
     8b  "           0.6 10    1615   2.4                                      
     9a  Diacetyl-                                                             
         disemicarbazone                                                       
                     0.3 25    1600   5.9                                      
     9b  "               15    1610   4.1                                      
     10  Bisguanidino-                                                         
         oxamid      0.3 10    1620   3.3                                      
     11  Bis(aminoguanidino)-                                                  
         oxamide     0.3  8    1635   4.8                                      
     12  Oxalyldihydrazide-                                                    
         salicylaldehyde-                                                      
         bishydrazone                                                          
                     0.3 20    1605   4.1                                      
     13  Oxalyldihydrazide-                                                    
         salicylic acid                                                        
         bishydrazide                                                          
                     0.3 20    1590   3.7                                      
     14  1,4-Diaza-2,3-dioxo-                                                  
         cyclopentane                                                          
                     0.3 18    1610   6.3                                      
     15  Parabanic acid                                                        
                     0.3  7    1630   7.2                                      
     __________________________________________________________________________
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Ex.                                                                       
        Poly(oxymethylene)                                                     
                  nucleating                                                   
                           spherulite                                          
                                     weight loss                               
                  agent    size      (%/2h)                                    
                  (weight %)                                                   
                           (micron)                                            
     __________________________________________________________________________
     K  Polyformaldehyd,                                                       
                  --             140 &gt;50                                       
        acetyliert                                                             
        (RSV: 0.84 dl/g)                                                       
     L  Copo..sup.+.sup.) 98 TO                                                
                  --             280 &gt;50                                       
        2 DO                                                                   
        (RSV: 1.17 dl/g)                                                       
     M  Copo. 95 TO                                                            
                  --             350 &gt;50                                       
        5 DO                                                                   
        (RSV: 0.98 dl/g)                                                       
     N  Copo. 95 TO                                                            
                  --             350 &gt;50                                       
        5 EO                                                                   
        (RSV: 0.52 dl/g)                                                       
     O  Copo. 96.6 TO                                                          
                  --             330 &gt;50                                       
        3.4 DO                                                                 
        (RSV: 1.25 dl/g)                                                       
     16 Polyformaldehyde,                                                      
                  Glyoxal-                                                     
        acetylated                                                             
                  disemicarbazone                                              
                           0.3   15  23                                        
        (RSV: 0.84 dl/g)                                                       
     17 Copo. 98 TO                                                            
        2 DO      "        0.3   20  2.3                                       
        (RSV: 1.17 dl/g)                                                       
     18 Copo. 95 TO                                                            
                  "                                                            
        5 DO      "        0.3   35  1.9                                       
        (RSV: 0.98 dl/g)                                                       
     19 Copo. 95 TO                                                            
        5 EO      "        0.3   15  2.1                                       
        (RSV: 0.52 dl/g)                                                       
     20 Copo. 96.6 TO                                                          
                  Azodicarboxylic                                              
        3.4 DO    amide    0.3   15  4.3                                       
        (RSV: 1.25 dl/g)                                                       
     __________________________________________________________________________
      .sup..sup.+) Copolymer made of 98 weight % of trioxane and 2 weight % of 
      dioxolane                                                                
      TO = Trioxane                                                            
      DO = Dioxolane                                                           
      EO = Ethyleneoxide                                                       
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A moulding composition based on poly(oxymethylene) and consisting
      essentially of a mixture of
PA1  A. 99.9 to 95 weight percent of a linear poly(oxymethylene),
PA1  B. 0.05 to 2.5 weight percent of at least one phenolic oxidation
      stabilizer, and
PA1  C. 0.05 to 2.5 weight percent of at least one compound having a nucleating
      effect and selected from
PA2  a. a urea having the formula
EQU  R--NHCONH--(NH).sub.x --(CO).sub.y --(CR.sup.2 =CR.sup.3).sub.z
      --CONH--R.sup.1,                                          (I)
      ##SPC4##
PAL  or
      ##EQU5##
      wherein x, y and z are each zero or 1 and the sum of x, y and z is 1 or 2,
      R and R.sup.1 are each a hydrogen atom, an alkyl radical having from one
      to six carbon atoms or a phenyl radical,
PA2  R.sup.2 and R.sup.3 are each a hydrogen atom or an alkyl radical having
      one, two or three carbon atoms,
PA2  R.sup.4 and R.sup.5 are each an alkyl radical having from one to six carbon
      atoms or an amino or ureido group, both of which may be substituted with
      one or two alkyl radicals each having from one to six carbon atoms, and
PA2  R.sup.6, r.sup.7, r.sup.8 and R.sup.9 are each a hydrogen atom or an alkyl
      radical having from one to six carbon atoms,
PA2  b. an oxalic acid diamide of the formula
      ##EQU6##
      ##SPC5##
PAL  or
      ##EQU7##
      wherein n is zero or 1, the sum of a and b is 1,
PA2  c is 1, 2 or 3, and
PA2  d is zero, or c is zero and d is 1,
PA2  X is an oxygen atom of an imino group, R and R.sup.1 are each a hydrogen
      atom, an alkyl radical having from one to six carbon atoms or a phenyl
      radical, and
PA2  R.sup.6 is a hydrogen atom or an alkyl radical having from one to six
      carbon atoms, and
PA2  c. an azodicarboxylic amide of the formula
EQU  R.sup.6 --NH--CO--N=N--CO--NH--R.sup.7
PAL  wherein R.sup.6 and R.sup.7 are each a hydrogen atom or an alkyl radical
      having from one to six carbon atoms.
NUM  2.
PAR  2. A moulding composition according to claim 1 wherein the phenolic
      oxidation stabilizer is a compound having the formula
      ##SPC6##
PA1  wherein R.sup.10 and R.sup.11 each are a hydrogen atom or a methyl radical,
PA1  R.sup.12 is a branched alkyl radical having three, four or five carbon
      atoms,
PA1  R.sup.13 is an alkyl radical having from one to six carbon atoms,
PA1  R.sup.6 is a hydrogen atom or an alkyl radical having from one to six
      carbon atoms,
PA1  A is an aliphatic hydrocarbon radical that is bivalent to hectavalent,
PA1  p is zero or an integer from 1 to 6 and
PA1  q corresponds to the valency of A.
NUM  3.
PAR  3. A moulding composition based on poly(oxymethylene) consisting
      essentially of a mixture of
PA1  A. 99.9 to 95 weight percent of a linear poly(oxymethylene),
PA1  B. 0.05 to 2.5 weight percent of at least one phenolic oxidation
      stabilizer, and
PA1  C. 0.05 to 2.5 weight percent of at least one compound having a nucleating
      effect and which is a urea of the formula
EQU  R--NHCONH--(NH).sub.x --(CO).sub.y --(CR.sup.2 =CR.sup.3).sub.z
      --CONH--R.sup.1,                                          (I)
      ##SPC7##
PAL  or
      ##EQU8##
      wherein x, y and z are each zero or 1 and the sum of x, y and z is 1 or 2,
      R and R.sup.1 are each a hydrogen atom, an alkyl radical having from one
      to six carbon atoms or a phenyl radical,
PA1  R.sup.2 and R.sup.3 are each a hydrogen atom or an alkyl radical having
      one, two or three carbon atoms,
PA1  R.sup.4 and R.sup.5 are each an alkyl radical having from one to six carbon
      atoms or an amino or ureido group, both of which may be substituted with
      one or two alkyl radicals each having from one to six carbon atoms, and
PA1  R.sup.6, r.sup.7, r.sup.8 and R.sup.9 are each a hydrogen atom or an alkyl
      radical having from one to six carbon atoms.
NUM  4.
PAR  4. A moulding composition based on poly(oxymethylene) consisting
      essentially of a mixture of
PA1  A. 99.9 to 95.0 weight percent of a linear poly(oxymethylene),
PA1  B. 0.05 to 2.5 weight percent of at least one phenolic oxidation
      stabilizer, and
PA1  C. 0.05 to 2.5 weight percent of at least one compound having a nucleating
      effect and which is an oxalic acid diamine of the formula
      ##EQU9##
      ##SPC8##
      ##EQU10##
      wherein n is zero or 1, the sum of a and b is 1,
PA1  c is 1, 2 or 3, and
PA1  d is zero, or c is zero and d is 1,
PA1  X is an oxygen atom of an imino group, R and R.sup.1 are each a hydrogen
      atom, an alkyl radical having from one to six carbon atoms or a phenyl
      radical, and
PA1  R.sup.6 is a hydrogen atom or an alkyl radical having from one to six
      carbon atoms.
NUM  5.
PAR  5. A mouldng composition based on poly(oxymethylene) and consisting
      essentially of a mixture of
PA1  A. 99.9 to 95.0 weight percent of a linear poly(oxymethylene),
PA1  B. 0.05 to 2.5 weight percent of at least one phenolic oxidation
      stabilizer, and
PA1  C. 0.05 to 2.5 weight percent of at least one compound having a nucleating
      effect and which is an azodicarboxylic amide of the formula
EQU  R.sup.6 --NH--CO--N=N--CO--NH--R.sup.7.                    (VII)
PA1  wherein R.sup.6 and R.sup.7 are each a hydrogen atom or an alkyl radical
      having from one to six carbon atoms.
PATN
WKU  039403661
SRC  5
APN  4291204
APT  1
ART  141
APD  19731228
TTL  Flame retardant polycarbonate composition
ISD  19760224
NCL  13
ECL  1
EXA  White; R. A.
EXP  Welsh; M. J.
INVT
NAM  Mark; Victor
CTY  Evansville
STA  IN
ASSG
NAM  General Electric Company
CTY  Pittsfield
STA  MA
COD  02
CLAS
OCL  260 459R
XCL  260 457S
XCL  260 47XA
EDF  2
ICL  C08K  542
FSC  260
FSS  45.7 S;47 XA;75 S;79.3 M;505 R;860;873;79.3 R
UREF
PNO  2141893
ISD  19381200
NAM  Zitscher et al.
OCL  260505
UREF
PNO  2283236
ISD  19420500
NAM  Soday
OCL  260505
UREF
PNO  2815301
ISD  19571200
NAM  Murdock
OCL  117139.5
UREF
PNO  2956956
ISD  19601000
NAM  Strauss et al.
OCL  252149
UREF
PNO  3374210
ISD  19680300
NAM  Muller et al.
OCL  260 79.3
UREF
PNO  3398212
ISD  19680800
NAM  Jackson, Jr. et al.
OCL  260860
UREF
PNO  3403036
ISD  19680900
NAM  Hindersinn et al.
OCL  260 45.75
UREF
PNO  3475372
ISD  19691000
NAM  Gable
OCL  260 45.75
UREF
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ABST
PAL  A flame retardant polycarbonate composition comprising in admixture an
      aromatic carbonate polymer and a flame retardant additive which may be the
      metal salts of either monomeric or polymeric substituted aromatic sulfonic
      acids, or mixtures thereof.
BSUM
PAR  This invention is directed to a flame retardant polycarbonate composition
      and in particular an aromatic polycarbonate containing in admixture
      therewith a particulate flame retardant additive which may be the metal
      salts of either monomeric or polymeric aromatic sulfonic acids, or
      mixtures thereof.
PAC  BACKGROUND OF THE INVENTION
PAR  With the increasing concern for safety, there is a positive move towards
      providing safe materials for public and household use. One particular area
      of need is that of providing flame resistant or flame retardant products
      for use by the ultimate consumer. As a result of this demand, many
      products are being required to meet certain flame retardant criteria both
      by local and federal government and the manufacturers of such products.
      One particular set of conditions employed as a measuring standard for
      flame retardancy is set forth in Underwriters' Laboratories, Inc. Bulletin
      94. This Bulletin sets forth certain conditions by which materials are
      rated for self-extinguishing characteristics.
PAR  In the art, there are many known flame retardant additives which are
      employed by mixing with products to render such materials
      self-extinguishing or flame retardant. Such flame retardant additives have
      been known to be employed in amounts of 5 to 20 weight percent in order to
      be effective in extinguishing burning of those products which are
      combustible. It has also been found that such amounts can have a degrading
      effect upon the base product to be rendered flame retardant, resulting in
      the losses of valuable physical properties of the base product. This is
      particularly so when employing known flame retardant additives with the
      base product polycarbonate resins. Many of these known additives have a
      degrading effect upon the polymer.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been surprisingly discovered that an aromatic polycarbonate can
      be made flame retardant by incorporating with the aromatic polycarbonate
      minor amounts of certain additives, which additives are inert and do not
      degrade the aromatic polycarbonate. The particular additive employed
      herein is unique in that even very minor amounts render the aromatic
      polycarbonate flame retardant. The amount of the additive employed herein
      can vary, preferably, from 0.01 to about 10 weight percent based on the
      weight of the aromatic polycarbonate.
PAR  More specifically, the particular additive of this invention is the metal
      salt of either the monomeric or polymeric substituted aromatic sulfonic
      acid or mixtures thereof. The metal salt employed in the practice of this
      invention is either the alkali metal or alkali earth metal salt and
      mixtures thereof. The metals of these groups are sodium, lithium,
      potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium and
      barium.
PAR  The aromatic sulfonic acid employed in the practice of this invention is a
      substituted aromatic sulfonic acid wherein the substituent consists of an
      electron withdrawing radical. As employed herein and within the scope of
      this invention, any of the electron withdrawing radicals can be employed
      in the practice of this invention. However, preferably, the electron
      withdrawing radical or substituent employed in the practice of this
      invention is the halo-, nitro-, trihalomethyl and cyano electron
      withdrawing radicals or mixtures of these electron withdrawing radicals.
PAR  The electron withdrawing phenomenon, or as it is also referred to as
      electronegativity, is defined in Basic Principles of Organic Chemistry by
      Roberts and Caserio, 1964 (pages 185-186), and Physical Organic Chemistry
      by Jack Hine, McGraw-Hill Book Company, Inc. 1962 (pages 5, 32 and 85-93).
      Briefly, the electron withdrawing phenomenon is where the radical has a
      strong affinity for a negative charge, namely electrons, but still remains
      covalent and does not form an ion. This is an extremely brief description
      of this phenomenon and is merely set forth here to describe the electron
      withdrawing effect. Reference should be made to the texts set forth above.
PAR  In the practice of this invention, the types of sulfonic acids employed
      herein may be either the monomeric form or the polymeric form or mixtures
      of these. When first considering the monomeric form, the metal salt of the
      substituted monomeric aromatic sulfonic acid can best be represented by
      the following formula:
EQU  [A].sub.0-1 [R].sub.0-1 [B]                                I
PAL  wherein [A] and [B] can, in turn, be independently selected from the
      following formula:
EQU  R'.sub.x (SO.sub.3 M).sub.y R"                             II
PAL  wherein R' is an electron withdrawing radical, M is a metal which may be
      selected from the periodic table of either an alkali metal or an alkali
      earth metal, R" is an aryl radical of 1-4 aromatic rings, x is an integer
      of 0-17 and y an integer of 0-10. It is to be understood, however, that x
      in Formula II must equal at least 1 and y in Formula II must equal at
      least 1.
PAR  In Formula I above, [R] is an organic radical of 1-20 carbon atoms and is
      either alkyl, aralkyl, alkenyl, aralkenyl, aryl, arylene, alkylene,
      aralkylene, alkenylene, aralkenylene, alkylidene, aralkylidene,
      alkenylidene or aralkenylidene. It should also be understood that the
      radical [R] can also contain halogen substituents which would be an
      electron withdrawing radical. However, this would be in addition to the
      above requirement that in Formula I the sum of x must be at least 1.
PAR  In the above Formula I, the combination of the electron withdrawing radical
      and the (SO.sub.3 M) radical is the novel feature of the instant invention
      that offers the excellent flame retardant properties when admixed with an
      aromatic polycarbonate. Preferably, for optimum results, the electron
      withdrawing radical and the (SO.sub.3 M) radical should be on the same
      aromatic ring, namely either in [A] or [B] of Formula I above. As further
      indicated above in Formula I in its simplest form, the flame retardant
      additive can consist merely of [B] which in turn would be simply Formula
      II. This is shown where [A] and [R] may be zero.
PAR  Obviously, the simplest formula may be as follows:
      ##SPC1##
PAL  and more specifically
      ##SPC2##
PAR  Actually, while there are many compounds that meet the requirements of
      Formula I and which offer excellent flame retardant characteristics to an
      aromatic polycarbonate, the preferred additive employed in the monomeric
      form is the sodium salt of 2,4,5-trichlorobenzenesulfonic acid. This has
      the following formula:
      ##SPC3##
PAL  Mixtures of the various metal salts of the monomeric substituted sulfonic
      acids can be employed herein.
PAR  When the polymeric form of the substituted aromatic sulfonic acid is
      employed in the practice of this invention, it can best be represented by
      the following formula:
EQU  [A].sub.m [R.sub.1 ].sub.m.sub.+n [B].sub.n                III
PAL  wherein [A] and [B] are independently selected from the following formula:
EQU  R'.sub.x (SO.sub.3 M).sub.y R"                             IV
PAL  wherein R', M, R", x and y have the same meaning as recited previously. In
      addition, the same requirements for x and y also apply. However, it is
      also understood that [A] and [B] units can be randomly selected. In
      addition [R.sub.1 ] is an organic radical of 1-20 carbon atoms and is
      either arylene, alkylene, aralkylene, alkenylene, aralkenylene,
      alkylidene, aralkylidene, alkenylidene and aralkenylidene. In the
      polymeric form, [R.sub.1 ] cannot be monovalent as in the case of
      monomeric form of the additive employed herein and described by Formula I.
      In Formula III, the sum of m and n must be at least 4 and can be as high
      as 2000. As shown, the selection of m and n can be random or equal or one
      can be zero. In Formula III, R.sub.1 can also contain halogen substituents
      which would be an electron withdrawing radical. However, this would be in
      addition to the requirement that in Formula III, the sum of x must be at
      least 1.
PAR  In the practice of this invention, it is to be understood that the
      polymeric structure can be either a homopolymer, a copolymer, a random
      copolymer, a block copolymer or a randomblock copolymer including mixtures
      thereof. In addition, the ratio of sulfonated aromatic rings to
      unsulfonated aromatic rings can vary from greater than 1 to 1 to as high
      as that which is barely necessary to render the polycarbonate flame
      retardant and this may be 1 to 100.
PAR  In copending application (A) of Victor Mark and Thomas J. Hoogeboom, Ser.
      No. 429,643 (Docket 8CH-1946) filed concurrently herewith and assigned to
      the same assignee as the present invention, I have disclosed a flame
      retardant polycarbonate composition comprising in admixture an aromatic
      carbonate polymer and a flame retardant additive which may be the metal
      salts of either monomeric or polymeric aromatic sulfonic acids, or
      mixtures thereof.
PAR  In my copending application B, Ser. No. 429,121 (Docket 8CH-1947) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of either monomeric or
      polymeric aromatic sulfonesulfonic acids, or mixtures thereof.
PAR  In my copending application C, Ser. No. 429,642 (Docket 8CH-1948) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of sulfonic acids of
      aromatic ketones, or mixtures thereof.
PAR  In my copending application D, Ser. No. 429,166 (Docket 8CH-1949) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of heterocyclic sulfonic
      acids, or mixtures thereof.
PAR  In my copending application E, Ser. No. 429,125 (Docket 8CH-1950) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the alkali metal salts of halogenated
      methanesulfonic acids or mixtures thereof, or mixtures of the alkali metal
      salts and the alkali earth metal salts.
PAR  In my copending application F, Ser. No. 429,644 (Docket 8CH-1951) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of a halogenated
      non-aromatic carboxylic acid or mixtures thereof.
PAR  In my copending application G, Ser. No. 429,163 (Docket 8CH-1952) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of sulfonic acids of
      aromatic sulfides, or mixtures thereof.
PAR  In my copending application H, Ser. No. 429,128 (Docket 8CH-1953) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of either monomeric or
      polymeric aromatic ether sulfonic acids, or mixtures thereof.
PAR  In my copending application I, Ser. No. 429,645 (Docket 8CH-1958) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of aliphatic and olefinic
      sulfonic acids, and mixtures thereof.
PAR  In my copending application J, Ser. No. 429,126 (Docket 8CH-1959) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of either monomeric or
      polymeric phenol ester sulfonic acids, or mixtures thereof.
PAR  In my copending application K, Ser. No. 429,164 (Docket 8CH-1960) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of unsubstituted or
      halogenated oxocarbon acids, or mixtures of these.
PAR  In my copending application L, Ser. No. 429,127 (Docket 8CH-1961) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of sulfonic acids of
      monomeric and polymeric aromatic carboxylic acids and esters, and mixtures
      thereof.
PAR  In my copending application M, Ser. No. 429,165 (Docket 8CH-1975) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of halocycloaliphatic
      aromatic sulfonic acids.
PAR  In my copending application N, Ser. No. 429,646 (Docket 8CH-2015) filed
      concurrently herewith and assigned to the same assignee as the present
      invention, I have disclosed a flame retardant polycarbonate composition
      comprising in admixture an aromatic carbonate polymer and a flame
      retardant additive which may be the metal salts of either monomeric or
      polymeric aromatic amide sulfonic acids, or mixtures thereof.
PAR  The particular additive of this invention may be used in combination with
      an additive of the copending applications discussed above. Also, the
      additives of any one of the copending applications may be used in
      combination with the additive of any other copending application.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  In order to more fully and clearly illustrate the present invention, the
      following specific examples are presented. It is intended that the
      examples be considered as illustrative rather than limiting the invention
      disclosed and claimed herein. In the examples, all parts and percentages
      are on a weight basis unless otherwise specified.
PAC  EXAMPLE I
PAR  Ninety-nine parts of an aromatic polycarbonate, prepared by reacting
      2,2-bis(4-hydroxyphenyl)propane and phosgene in the presence of an acid
      acceptor and a molecular weight regulator and having an intrinsic
      viscosity of 0.57 is mixed with 1 part of a finely ground dehydrated
      additive listed in Table I by tumbling the ingredients together in a
      laboratory tumbler. The resulting mixture is then fed to an extruder,
      which extruder is operated at about 265.degree.C., and the extrudate is
      comminuted into pellets.
PAR  The pellets are then injection molded at about 315.degree.C. into test bars
      of about 5 in. by 1/2 in. by about 1/16-1/8 in. thick. The test bars (5
      for each additive listed in the Table) are subject to the test procedure
      set forth in Underwriters' Laboratories, Inc. Bulletin UL-94, Burning Test
      for Classifying Materials. In accordance with this test procedure,
      materials so investigated are rated either SE-O, SE-I or SE-II based on
      the results of 5 specimens. The criteria for each SE rating per UL-94 is
      briefly as follows:
PA1  "SE-O:" Average flaming and/or glowing after removal of the igniting flame
      shall not exceed 5 seconds and none of the specimens shall drip flaming
      particles which ignite absorbent cotton.
PA1  "SE-I:" Average flaming and/or glowing after removal of the igniting flame
      shall not exceed 25 seconds and the glowing does not travel vertically for
      more than 1/8 inch of the specimen after flaming ceases and glowing is
      incapable of igniting absorbent cotton.
PA1  "SE-II:" Average flaming and/or glowing after removal of the igniting flame
      shall not exceed 25 seconds and the specimens drip flaming particles which
      ignite absorbent cotton.
PAL  In addition, a test bar which continues to burn for more than 25 seconds
      after removal of the igniting flame is classified, not by UL-94, but by
      the standards of the instant invention, as "burns." Further, UL-94
      requires that all test bars must meet the SE type rating to achieve the
      particular rating. Otherwise, the 5 bars receive the rating of the worst
      single bar. For example, if one bar is classified as SE-II and the other
      four are classified as SE-O, then the rating for all five bars is SE-II.
PAR  The results of the different additives within the scope of the instant
      invention are as follows with a control being the aromatic polycarbonate
      as prepared above without the additive of the type set forth herein.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                                   Flame Out Time                              
                                           No. of Drips                        
     Additive  (1.0 weight percent)                                            
                                   Seconds (Avg.)                              
                                           Per Test Bar                        
                                                  Rating                       
                                                      Remarks                  
     __________________________________________________________________________
     CONTROL                       31.6    4+     Burns                        
                                                      Some bars had flame-     
                                                      out time of 22.5 sec.    
     Sodium 2,5-difluorobenzenesulfonate                                       
                                   4.6     0.8    SE-II                        
     Sodium 3,4-dichlorobenzenesulfonate                                       
                                   3.0     0      SE-0                         
     Sodium 2,4,5-tribromobenzenesulfonate                                     
                                   3.2     0      SE-0                         
     Sodium 2,4,5-trichlorobenzenesulfonate                                    
                                   2.2     0      SE-0                         
     Sodium p-iodobenzenesulfonate 4.7     1.4    SE-II                        
     Sodium 2,4-dibromo-5-fluorobenzenesul-                                    
                                   2.2     0      SE-0                         
     fonate                                                                    
     Calcium 2,5-dichlorobenzenesulfonate                                      
                                   2.3     0      SE-0                         
     Disodium 2,5-dichlorobenzene-1,3-                                         
                                   2.4     0      SE-0                         
     disulfonate                                                               
     Sodium 4,4'-dibromobiphenyl-3-sulfonate                                   
                                   3.6     0.4    SE-II                        
                                                      3 test bars were SE-0    
     Disodium 1,4-dichloronaphthalene-x,y-di-                                  
                                   3.0     1      SE-II                        
                                                      1 test bar was SE-0      
     sulfonate                                                                 
     Disodium 2,2-dichloro-1,1-bis(4'-chloro-                                  
                                   7.4     0.4    SE-II                        
                                                      3 test bars were SE-I    
     phenyl)ethylene-3',3"-disulfonate                                         
     Sodium 2,4-dinitrobenzenesulfonate                                        
                                   2.1     1.8    SE-II                        
     Calcium 2-chloro-5-nitrobenzenesulfonate                                  
                                   5.0     0.2    SE-0                         
     Calcium 3-(trifluoromethyl)benzenesul-                                    
                                   4.5     1.2    SE-II                        
     fonate                                                                    
     Sodium 3-bromo-5-(trifluoromethyl)ben-                                    
                                   3.9     0.6    SE-II                        
                                                      1 test bar was SE-0      
     zenesulfonate                                    1 test bar was SE-I      
     Lithium 2,4,5-trichlorobenzenesulfonate                                   
                                   6.1     2.0    SE-II                        
     Lithium p-bromobenzenesulfonate                                           
                                   6.1     2.6    SE-II                        
     Barium 2,4,5-trichlorobenzenesulfonate                                    
                                   9.2     2.3    SE-II                        
     Potassium 4-chloro-3-nitrobenzene-                                        
                                   4.6     0.6    SE-II                        
                                                      2 test bars were SE-0    
     sulfonate                                                                 
     Magnesium 2,4,5-trichlorobenzenesulfonate                                 
                                   5.6     8.0    SE-II                        
     Strontium 2,4,5-trichlorobenzenesulfonate                                 
                                   4.6     1.8    SE-II                        
     Sodium 2-chloro-4-cyanobenzenesulfonate                                   
                                   4.2     0.5    SE-II                        
                                                      3 test bars were SE-0    
     *Calcium salt of                                                          
                                   2.8     0.4    SE-0                         
     having one sulfonate group in 10.6                                        
     repeating units and a weight average                                      
     molecular weight of about 5000.                                           
     *Sodium salt of                                                           
                                   1.6     0.2    SE-0                         
     having one sulfonate group in 10.6                                        
     repeating units and a weight average                                      
     molecular weight of about 5000                                            
     Calcium 3-chloro-4-methylbenzenesulfonate                                 
                                   4.5     0.6    SE-II                        
                                                      2 test bars were SE-0    
     Sodium 4-chloro-3-methylbenzenesulfonate                                  
                                   3.1     0.8    SE-II                        
                                                      1 test bar was SE-0      
     Sodium 3,5-dichloro-2-methylbenzene-                                      
                                   3.1     1.4    SE-II                        
                                                      2 test bars were SE-0    
     sulfonate                                                                 
     Sodium 3-(trifluoromethyl)-5-(ar-penta-                                   
                                   2.2     0      SE-0                         
     chlorobenzyl)benzenesulfonate                                             
     Sodium 2-chloro-4-(trifluorovinyl)ben-                                    
                                   2.9     0      SE-0                         
     zenesulfonate                                                             
     Sodium 4'-bromo-.alpha.,.alpha.'-dichlorostilbene-                        
                                   2.9     0.4    SE-II                        
                                                      3 test bars were SE-0    
     4-sulfonate                                                               
     Potassium tetrakis(4-chlorophenyl)ethy-                                   
                                   1.9     0      SE-0                         
     lene-3-sulfonate                                                          
     Sodium 4,2',3',4',5',6',4"-hepta-                                         
                                   2.0     0      SE-0                         
     chlorotriphenylmethane-3-sulfonate                                        
     Disodium 1,1,1-trichloro-2-(4'-                                           
                                   2.9     0.2    SE-II                        
                                                      2 test bars were SE-0    
     cyanophenyl)-2-(4-chlorophenyl)ethane-           2 test bars were SE-I    
     3-sulfonate                                                               
     Sodium 2,2-bis(4'-chlorophenyl)-hexa-                                     
                                   3.8     0.6    SE-II                        
                                                      1 test bar was SE-0      
     fluoropropane-3'-sulfonate                                                
     Lithium 9,10-dichloroanthracene-1-                                        
                                   6.2     2.0    SE-II                        
     sulfonate                                                                 
     Sodium 1,3,6,8-tetrachloropyrene-4-                                       
                                   2.2     0      SE-0                         
     sulfonate                                                                 
     Sodium 2,3-dichlorobenzenesulfonate                                       
                                   2.8     0      SE-0                         
     Sodium 2,3,4-trichlorobenzenesulfonate                                    
                                   2.9     0      SE-0                         
     Sodium pentachlorobenzenesulfonate                                        
                                   2.6     0      SE-0                         
     Sodium 2,3,5,6-tetrachlorobenzene-                                        
                                   3.8     0.8    SE-0                         
     sulfonate                                                                 
     Sodium 2,3,4,5-tetrabromobenzene-                                         
                                   4.1     1.2    SE-II                        
     sulfonate                                                                 
     Trisodium 2,4,6-trichlorobenzene-1,3,5-                                   
                                   3.2     0.8    SE-0                         
     trisulfonate                                                              
     Sodium salt of poly(monochlorostyrene)-                                   
                                   3.1     0.4    SE-0                         
     sulfonic acid containing one sulfonate                                    
     group per 5.4 phenyl rings                                                
     *Sodium salt of                                                           
                                   1.6     0      SE-0                         
     having one sulfonate group in 16.6                                        
     repeating units and weight average                                        
     molecular weight of about 1200                                            
     *Sodium salt of                                                           
                                   3.6     0.4    SE-II                        
                                                      2 test bars were SE-0    
     having one sulfonate group in 22                                          
     repeating units and weight average                                        
     molecular weight of about 2060                                            
     *Sodium salt of                                                           
                                   5.2     0.8    SE-II                        
     having one sulfonate group in 8.2                                         
     repeating units and weight average                                        
     molecular weight of 860                                                   
     __________________________________________________________________________
      *As determined by elemental analysis                                     
PAC  EXAMPLE II
PAR  This Example is set forth to demonstrate the effect of the flame retardant
      additives of this invention at the lower limits of 0.01 weight percent
      based on the weight of the polymer composition.
PAR  In preparing the test bars for this Example, 99.99 parts of the
      polycarbonate of Example I is mixed with 0.01 weight percent of the
      additives listed in Table 2 employing the same procedure. Test bars are
      then molded using the same procedure employed in Example I. The test bars
      are subjected to the same test procedure of Example I with the following
      results:
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                                   Flame Out Time                              
                                           No. of Drips                        
     Additive  (0.01 weight percent)                                           
                                   Seconds (Avg.)                              
                                           Per Test Bar                        
                                                  Rating                       
                                                      Remarks                  
     __________________________________________________________________________
     CONTROL                       31.6    4+     Burns                        
                                                      Some test samples had    
                                                      flame out time of        
                                                      22.5 seconds             
     Sodium 2,4,5-trichlorobenzenesulfonate                                    
                                   4.9     0.6    SE-II                        
     Sodium 2,4-dibromo-5-fluorobenzene-                                       
                                   6.2     1.1    SE-II                        
     sulfonate                                                                 
     Disodium 1,4-dichloronaphthalene-x,y-                                     
                                   5.3     1.3    SE-II                        
     disulfonate                                                               
     Calcium 2-chloro-5-nitrobenzenesulfonate                                  
                                   4.6     0.8    SE-II                        
     Calcium 3(trifluoromethyl)-5-bromo-                                       
                                   4.8     1.6    SE-II                        
     benzenesulfonate                                                          
     Potassium 4-chloro-3-nitrobenzene-                                        
                                   5.6     2.1    SE-II                        
     sulfonate                                                                 
     Lithium 2,4,5-trichlorobenzenesulfonate                                   
                                   6.1     2.0    SE-II                        
     Sodium salt of poly(p-chlorostyrene)-                                     
     sulfonic acid containing one sulfonate                                    
                                   7.8     2.6    SE-II                        
     group per 5.4 phenyl rings                                                
     Sodium salt of                                                            
                                   5.2     2.4    SE-II                        
     having one sulfonate group in 10.6                                        
     repeating units and a weight average                                      
     molecular weight percent of about 5000                                    
     __________________________________________________________________________
PAC  EXAMPLE III
PAR  This Example is set forth to show the effect of a known, commercially
      available flame retardant additive.
PAR  A. Example I is repeated except that in place of the additives employed
      therein, only 1 part 1,2,5,6,9,10-hexabromocyclododecane is used herein.
      The results obtained upon evaulating five test bars are the same as
      obtained for the Control shown in Table I above.
PAR  B. Part A above is repeated but using 5 weight percent of the above
      additive, namely 1,2,5,6,9,10-hexabromocyclododecane. The results obtained
      are the same as obtained in Part A above.
PAR  C. Part A above is repeated but using 10 weight percent of the above
      additive, namely 1,2,5,6,9,10-hexabromocyclododecane. At this level of
      additive, test bars are rated SE-II. However, the polycarbonate is badly
      degraded as evidenced by severe dark streaking of the molded test bars,
      which degradation does not occur with the additives of the instant
      invention.
PAC  EXAMPLE IV
PAR  Example III is repeated except that hexabromobiphenyl is employed herein.
      The results obtained are essentially the same as those of Example III.
PAC  EXAMPLE V
PAR  Example III is repeated except that the additive employed herein is a
      combination of antimony oxide and a material which is a mixture of
      polychlorinated biphenyl (Aroclor by Monsanto Company). The proportion of
      the ingredients of the additive employed in this example is based on 3
      parts of chlorine per 1 part of antimony. The results obtained at 1 weight
      percent and 5 weight percent amounts are the same as in Example III.
PAR  However, at the higher amount, namely 10 weight percent, flame retardancy
      effect is noted but with, again, severe degradation of the polycarbonate,
      as evidenced by the substantial reduction in the intrinsic viscosity of
      the molded test bars. As molded, the intrinsic viscosity of the test bars
      with 1 weight percent of the above additive is about 0.50. The intrinsic
      viscosity of the molded test bars containing 10 weight percent of the
      flame retardant additive of this Example is 0.253. This shows the severe
      degradation of the polycarbonate when employing this type of well known
      flame retardant.
PAR  In the practice of this invention, aromatic carbonate polymers are rendered
      flame retardant by the addition of certain particular additives which are
      the metal salts of monomeric or polymeric sulfonic acids or mixtures
      thereof. The amounts of the additives employed in the practice of this
      invention may vary from 0.01 to up to that amount which, after further
      increasing, does not materially increase the flame retardant properties of
      the polycarbonate. This is generally up to about 10 weight percent based
      on the weight of the aromatic carbonate polymer but may be higher. The
      amount of the additive to be employed can also be a function of the degree
      of flame retardancy desired.
PAR  The novelty of the instant invention is achieved by the sulfonic radical
      (SO.sub.3 M) on the aromatic rings. It is not exactly understood how the
      additive of this invention functions or how such minor amounts can act as
      an effective flame retardant for the aromatic carbonate polymer. Analysis
      of the composition of this invention after being subjected to a fire
      temperature of about 600.degree.C. shows an unusually high percentage of
      remaining char. This leads one to hypothesize that the additive may act as
      a cross-linking agent when the aromatic carbonate polymer is subjected to
      fire temperatures. However, it is emphasized that this is only theory and
      should not be construed as actually occurring.
PAR  As indicated previously, the additive of the instant invention comprises
      the alkali or alkali earth metal salts of the monomeric or polymeric
      aromatic sulfonic acids or mixtures thereof. While a great number of such
      salts are set forth in the tables of the Examples of the instant
      invention, there are only a representative sample of the additives of this
      invention. The sodium, calcium, magnesisum, potassium, strontium, lithium,
      barium, rubidium and cesium salts of other aromatic sulfonic acids can be
      employed in place of those of the Examples with the same effective flame
      retardancy being achieved. These other aromatic sulfonic acids are
PA1  p-fluorobenzene sulfonic acid
PA1  2,3,4,5-tetrafluorobenzenesulfonic acid
PA1  pentafluorobenzenesulfonic acid
PA1  p-chlorobenzenesulfonic acid
PA1  2,4-dichlorobenzenesulfonic acid
PA1  p-bromobenzenesulfonic acid
PA1  2,5-dibromobenzenesulfonic acid
PA1  2-bromo-4-chlorobenzenesulfonic acid
PA1  2-chloro-4-bromobenzenesulfonic acid
PA1  2-bromo-5-chlorobenzenesulfonic acid
PA1  2-chloro-5-bromobenzenesulfonic acid
PA1  2,3,4-trichlorobenzenesulfonic acid
PA1  2,4,6-trichlorobenzenesulfonic acid
PA1  2,3,4,5-tetrachlorobenzenesulfonic acid
PA1  2,3,5,6-tetrachlorobenzenesulfonic acid
PA1  2,3,4,6-tetrachlorobenzenesulfonic acid
PA1  pentachlorobenzenesulfonic acid
PA1  1-chloronaphthalene-x-sulfonic acid
PA1  1,x-dichloronaphthalene-y-sulfonic acid
PA1  1-bromonaphthalene-x-sulfonic acid
PA1  4,5-dichlorobenzene-1,3-disulfonic acid
PAR  In the practice of this invention, the additive is generally prepared by
      well known methods in the art. For example, one such well known method
      involves taking an aromatic hydrocarbon such as benzene and contacting it
      with either of the electron withdrawing components such as through
      chlorination, bromination or nitration. This is then subjected to
      sulfonation using either sulfuric acid, chlorosulfonic acid, fuming
      sulfuric acid or sulfur trioxide. These reactions can be carried out at
      room temperature or at elevated temperatures such as about 50.degree.C.
      Alternatively, the order of the above reaction can be reversed. The salt
      is then prepared by adding the proper alkaline reagent in sufficient
      amount to make the neutral salt. The salt is then recovered by
      precipitation or by distillation of the solvent.
PAR  In the case of the trihalomethyl electron withdrawing substituent, such as
      trifluoromethyl electron withdrawing substituent, it is best to start with
      the prepared trifluoromethyl aromatic hydrocarbon and then sulfonate as
      above, as well as preparing the salt thereof.
PAR  In the case of the cyano-substituent, it is best to prepare the sulfonic
      acid by oxidation of the corresponding thiophenol by hydrogen peroxide or
      organic peracids. The salt is then made as above and recovered
      accordingly. This technique is also best for the preparation of sulfonic
      acids with the trichloromethyl substituent.
PAR  In the practice of this invention, any of the aromatic polycarbonates can
      be employed herein. However, particularly useful are the aromatic
      polycarbonates prepared by reacting a dihydric phenol, such as
      bisphenol-A, (2,2'bis(4 hydroxypehnyl) propane) with a carbonate
      precursor. Typical of some of the dihydric phenols that may be employed in
      the practice of this invention are bis(4-hydroxyphenyl)methane,
      2,2-bis(4-hydroxyphenyl) propane,
      2,2-bis(4-hydroxy-3-methylphenyl)propane, 4,4-bis(4-hydroxyphenyl)heptane,
      2,2-(3,5,3',5'-tetrachloro-4,4'-dihydroxydiphenyl)propane,
      2,2-(3,5,3',5'-tetrabromo-4,4'-dihydroxydiphenyl)propane,
      (3,3'-dichloro-4,4'-dihydroxydiphenyl)methane. Other dihydric phenols of
      the bisphenol type are also available and are disclosed in U.S. Pat. Nos.
      2,999,835, 3,028,365 and 3,334,154.
PAR  In addition, the reaction is carried out with the carbonate precursor in
      the presence of a molecular weight regulator, an acid acceptor and a
      catalyst. The preferred carbonate precursor generally employed in
      preparing carbonate polymers is carbonyl chloride. However, other
      carbonate precursors may be employed and this includes other carbonyl
      halides, carbonate esters or haloformates.
PAR  The acid acceptors, molecular weight regulators and catalysts employed in
      the process of preparing polycarbonates are well known in the art and may
      be any of those commonly used to prepare polycarbonates.
PAR  As indicated previously, the additive employed herein can consist of
      mixtures of the metal salts. These mixtures can be mixtures of the various
      metal salts of the monomeric substituted aromatic sulfonic acids or
      mixtures of the various metal salts of the polymeric substituted aromatic
      sulfonic acids, or mixtures of the metal salts of the monomeric and
      polymeric substituted aromatic sulfonic acids. The mixtures have proven
      certain advantages such as SE-O rating of five test bars and essentially
      zero number of drips per test bar.
PAR  It will thus be seen that the objects set forth above among those made
      apparent from the preceding description are efficiently attained and since
      certain changes may be made in carrying out the above process and in the
      composition set forth without departing from the scope of this invention,
      it is intended that all matters contained in the above description shall
      be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flame retardant aromatic carbonate polymer composition comprising in
      admixture an aromatic carbonate polymer and a minor amount of a metal salt
      of a monomeric substituted aromatic sulfonic acid or mixtures thereof, and
      wherein said metal salts thereof are selected from the group consisting of
      the alkali metal salts and the alkali earth metal salts, and mixtures
      thereof, and said substituent on the metal salts of the substituted
      aromatic sulfonic acid is selected from the group consisting of an
      electron withdrawing radical and mixtures thereof.
NUM  2.
PAR  2. The composition of claim 1 wherein the composition comprises 0.01 to
      about 10 weight percent of the metal salt of a monomeric substituted
      aromatic sulfonic acid or mixture thereof based on the weight of the
      aromatic carbonate polymer composition.
NUM  3.
PAR  3. The composition of claim 1 wherein the metal salt of the substituted
      monomeric aromatic sulfonic acid has the following formula:
EQU  [A].sub.0-1 [R].sub.0-1 [B]
PAL  wherein R is selected from the group of organic radicals consisting of
      halogen substituted and unsubstituted alkyl, aralkyl, alkaryl, aralkenyl,
      aryl, arylene, alkylene, alkylidene, aralkylidene, alkenylidene and
      aralkenylidene radicals of 1-20 carbon atoms, and wherein A and B are
      independently selected from the following formula:
EQU  R'.sub.x (SO.sub.3 M).sub.y R"
PAL  wherein M is a metal selected from the group consisting of alkali metal and
      alkali earth metal, R' is an electron withdrawing radical, R" is an aryl
      radical of one to four aromatic rings, x is an integer of 0-17, y is an
      integer of 0-10, provided that the sum of x must equal at least 1 and the
      sum of y must equal at least 1, and wherein when R is 0 and A is 1, the R"
      radicals of [A] and [B] are directly linked.
NUM  4.
PAR  4. The composition of claim 3 wherein the metal salt is:
      ##SPC4##
NUM  5.
PAR  5. The composition of claim 4 wherein M is sodium.
NUM  6.
PAR  6. The composition of claim 3 wherein the metal salt is:
      ##SPC5##
NUM  7.
PAR  7. The composition of claim 3 wherein the metal salt is:
EQU  [R'.sub.x (MO.sub.3 S).sub.y R"] [R] [R"(SO.sub.3 M)yR'.sub.x ]
PAL  and the sum of x's equals 6 and the sum of y's equals 4.
NUM  8.
PAR  8. The composition of claim 1 wherein the electron withdrawing radical is
      selected from the group consisting of halogen, nitro, trihalomethyl and
      cyano and mixtures thereof.
NUM  9.
PAR  9. The composition of claim 1 wherein the electron withdrawing radical is
      chlorine.
NUM  10.
PAR  10. The composition of claim 1 wherein the electron withdrawing radical is
      trifluoromethyl.
NUM  11.
PAR  11. The composition of claim 1 wherein the metal salt of the substituted
      monomeric aromatic sulfonic acid is the sodium salt of the sulfonic acid
      derived from ortho dichlorobenzene.
NUM  12.
PAR  12. The composition of claim 1 wherein the metal salt of the substituted
      monomeric aromatic sulfonic acid is the sodium salt of
      pentachlorobenzenesulfonic acid.
NUM  13.
PAR  13. The composition of claim 1 wherein the metal salt of the substituted
      monomeric aromatic sulfonic acid is the disodium salt of
      2,5-dichlorobenzene-1,3-disulfonic acid.
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ABST
PAL  Low-molecular polyesters prepared by the condensation of diols and
      dicarboxylic acid dialkyl esters show a substantially improved capactiy to
      undergo polycondensation in a susequent polycondensation below the melting
      point if said low-molecular polyesters are prepared from pressure
      trans-esterification products by polycondensation in the melt.
BSUM
PAR  The invention relates to the preparation of high molecular polyesters or
      copolyesters from dialkyl esters of terephthalic acid or isophthalic acid
      and 1,4-butanediol.
PAR  Polybutylene terephthalate and polybutylene isophthalate are in themselves
      known. These polyesters are mostly prepared by trans-esterifying dialkyl
      esters of terephthalic acid or isophthalic acid with 1,4-butanediol at low
      temperatures to give the corresponding bis-.omega.-hydroxybutyl esters and
      subsequently condensing these products in the melt at higher temperatures,
      with elimination of 1,4-butanediol, to give the polyester. It is often
      necessary to post-condense the resulting polyesters below their melting
      point in order to increase the molecular weight. Only the post-condensed
      polyesters are suitable for preparing high-quality shaped articles by
      injection moulding or extrusion.
PAR  In the trans-esterification of terephthalic acid or isophthalic acid
      dialkyl esters with 1,4-butanediol, tetrahydrofurane is produced as a
      by-product by cyclising dehydration of 1,4-butanediol. In this
      side-reaction, up to about 20% of the butanediol employed can be lost. It
      has therefore been proposed [compare DT-OS (German Published
      Specification) No. 2,045,914 and DT-OS (German Published Specification)
      No. 2,059,539,] to reduce the formation of tetrahydrofurane by using less
      than 2 mols of 1,4-butanediol per mol of dicarboxylic acid dialkyl ester
      and by lowering the pressure used in the trans-esterification reaction.
PAR  In the subsequent polycondensation of the transesterification products,
      which is generally carried out at about 240.degree. - 290.degree.C under
      reduced pressure, an oligo-ester results as a by-product and this distils
      off together with the 1,4-butanediol split off. This oligo-ester, after
      some time, blocks the zone between the vacuum generator and the
      polycondenser, which leads to considerable technical difficulties.
PAR  Little is known from the literature about the influence of the pressure
      used in the trans-esterification of lower dialkyl esters of terephthalic
      acid or isophthalic acid with 1,4-butanediol on the molecular weight
      achievable in the polycondensation. Whilst DT-OS (German Published
      Specification) No. 2,059,539, which relates to a process for the
      preparation of polybutylene terephthalate, mentions transesterification
      under pressure as a possible procedure, it at the same time describes the
      variant under normal pressure as being preferred.
PAR  It was to be expected that increasing the pressure used in the
      trans-esterification of lower dialkyl esters of terephthalic acid or
      isophthalic acid with 1,4-butanediol -- particularly in cases in which
      less than 2 mols of 1,4-butanediol are employed per mol of dicarboxylic
      acid ester -- would, because of a less favourable equilibrium being
      established, lead to products which display a reduced capacity to undergo
      polycondensation than do products trans-esterified under normal pressure.
      In fact it proves true that in a polycondensation carried out in the
      customary manner, trans-esterification products obtained under elevated
      pressure give polyesters with molecular weights substantially reduced by
      comparison.
PAR  However, surprisingly and unforeseeably for an expert, low molecular
      polyesters which have been prepared from pressure trans-esterification
      products by polycondensation in the melt show a substantially improved
      capacity to undergo polycondensation, in a subsequent polycondensation
      below the melting point, in comparison with higher-molecular polyesters
      which have been prepared from normal pressure trans-esterification
      products. It is therefore possible to obtain, in this way, polybutylene
      terephthalates and polybutylene isophthalates which under otherwise
      comparable conditions of preparation exhibit a substantially higher
      molecular weight. Because of the distinctly higher molecular weight the
      polyesters prepared in this way show an improved pattern of long-term
      properties.
PAR  The present invention is based on the realisation that the
      trans-esterification of terephthalic acid or isophthalic acid dialkyl
      esters with 1,4-butanediol under elevated pressure leads to a substantial
      reduction in tetrahydrofurane formation, that the trans-esterification
      product thus obtained gives polycondensates with higher molecular weights
      in the subsequent polycondensation and that the amount of the oligoesters
      is lowered.
PAR  Accordingly, the subject of the invention is a process for the condensation
      of diols and dicarboxylic acid dialkyl esters, which is characterized in
      that 1,4-butanediol or its mixture with at most 10 mol percent of another
      diol is condensed with dialkyl esters of terephthalic acid and/or
      isophthalic acid or mixtures of these esters with at most 10 mol percent
      of other dicarboxylic acid dialkyl esters, and that in this method
PA1  a. 1 mol of the dicarboxylic acid dialkyl ester is transesterified with
      1.05 to 1.9 mols of the diol in the presence of 0.01 to 0.4 percent by
      weight of a catalyst, relative to the dicarboxylic acid dialkyl ester, at
      a pressure of 2 - 10 bars and a temperature of 180.degree. to
      230.degree.C,
PA1  b. the trans-esterification product is polycondensed in the melt at
      230.degree. - 300.degree.C under reduced pressure of 0.1 to 5 mm Hg and
PA1  c. the polyester thus obtained is further condensed at a temperature of
      5.degree. to 50.degree.C below its melting point, under reduced pressure
      or under an inert gas atmosphere, until its intrinsic viscosity lies in
      the range from 0.6 to 1.9 dl/g.
PAR  1,4-Butanediol is used as a starting material for the process. However, up
      to 10 mol percent thereof can be replaced by other diols. Other diols are
      preferably aliphatic diols of the formula OH--(CH.sub.2).sub.n --OH,
      wherein n = 2, 3 or 5 to 10, such as, for example, hexanediol or ethylene
      glycol. Cyclohexanedimethanol and neopentyl glycol are also suitable.
PAR  Dialkyl esters of terephthalic acid, dialkyl esters of isophthalic acid or
      optional mixtures of these two esters are used as the second starting
      product. The alkyl groups in general contain 1 - 6 carbon atoms. Up to 10
      mol percent of these esters can be replaced by corresponding other
      dicarboxylic acid esters. In particular it is possible to use the C.sub.1
      - C.sub.6 dialkyl esters of aliphatic dicarboxylic acids of the formula
      HOOC--(CH.sub.2).sub.n --COOH, wherein n = 0 - 8, such as oxalic acid
      diethyl ester, succinic acid dimethyl ester, adipic acid diethyl ester and
      diesters of aromatic dicarboxylic acids, for example of
      napthalenedicarboxylic acids, of 4,4'-benzophenonedicarboxylic acid and of
      diphenylsulphonedicarboxylic acid. In general, 1.05 to 1.9 mols,
      preferably 1.1 to 1.5 mols, of diol are used per mol of dicarboxylic acid
      ester.
PAR  Catalysts for the first stage of the process, which are used in amounts of
      0.01 to 0.4 per cent by weight, based on the diesters, are, in particular,
      titanic acid tetraalkyl esters, preferably with 1 - 6 carbon atoms in the
      alkyl group, such as, for example, titanium tetraisopropylate. The first
      stage is carried out at a super-atmospheric pressure of 2 - 10 bars,
      preferably 3 - 6 bars. The reaction temperature is 180.degree. -
      230.degree.C, preferably 200.degree. - 220.degree.C.
PAR  The intrinsic viscosity is determined by viscosity measurements, using
      tetrachloroethane/phenol in the weight ratio of 1:1 as the solvent, and
      extrapolation to the limiting value for concentration 0 in accordance with
      the following equation:
      ##EQU1##
PAR  The process can be carried out either discontinuously in suitable
      autoclaves, or continuously.
PAR  Furthermore, stabilisers can be added before, during and after the
      polycondensation. These stabilisers are preferably organic phosphites and
      phosphates or sterically hindered phenols, for example
      decyl-diphenyl-phosphite, tris-nonylphenyl-phosphite,
      phenyl-neopentyl-phosphite, distearyl-dipentaerythritol-diphosphite and
      triphenyl-phosphate.
PAR  5 to 80 percent of reinforcing fillers, preferably glass fibres, relative
      to the total weight of polyester and filler, can be added to the
      polyesters or copolyesters prepared according to the invention.
PAR  Furthermore, the polyesters or copolyesters prepared according to the
      invention can contain flame-retarding additives.
PAR  As flame-retarding additives it is possible to use all known flameproofing
      agents, preferably combinations of halogencontaining organic compounds,
      for example halogenated benzenes, halogenated diphenyl ethers, halogenated
      diphenyls and polyphenyls and halogenated polycarbonates (preferably
      prepared from tetrabromo-bis-phenol A) with organic or inorganic antimony
      compounds, for example antimony trioxide, elementary phosphorus or
      phosphorus compounds.
PAR  The amount of the flame-retarding additive is generally about 2 to 30
      percent by weight, preferably 5 to 15 percent by weight, relative to
      polyester and filler.
PAR  The polyesters and copolyesters obtained in accordance with the invention
      can, because of their high molecular weight, be converted, for example by
      injection moulding or extrusion, into shaped articles having excellent
      long-term use properties.
DETD
PAC  EXAMPLE 1 (COMPARISON EXAMPLE)
PAR  80 kg of dimethyl terephthalate and 40.8 kg of 1,4-butanediol (1.1 mols of
      1,4-butanediol per 1 mol of dimethyl terephthalate) are trans-esterified
      in the presence of 0.05% of titanium tetraisopropylate, relative to
      dimethyl terephthalate, in an autoclave for 3 hours at 180.degree. to
      200.degree.C (approx. 2 hours at 180.degree. and approx. 1 hour at
      200.degree.C). After transfer by pumping into a polycondensation reactor,
      the transesterified product is polycondensed in the reactor at
      260.degree.C and 1 mm Hg for 2 hours. The polyester is spun out as a
      ribbon and after crystallization is granulated to give approx. 3 mm
      cylinders. The polyester granules are then post-condensed for 24 hours at
      200.degree.C in a stream of nitrogen (1 m.sup.3 of nitrogen/hour in a
      tumbler reactor, at a speed of revolution of 10 revolutions/minute.
PAC  EXAMPLES 2 TO 4
PAR  Example 1 is repeated but the trans-esterification is carried out under a
      pressure of 2 bars (Example 2), 3 bars (Example 3) and 4 bars (Example 4).
PAR  The results, including the dependence of the viscosity on the
      trans-esterification pressure, are shown in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
     Example                                                                   
          Molar ratio.sup.1)                                                   
                    Trans-   Loss of 1,4-                                      
                                        Viscosity of the polybutylene          
                                        terephthalate                          
                    esterification                                             
                             butanediol (as                                    
                                        after the polycondensation             
                    pressure tetrahydrofurane)                                 
                                        in the melt (260.degree.C)             
                                                      in the solid phase       
                                                      below                    
                    (bars)   %                        the melting point of     
                                                      the polyester            
                                                      (200.degree.C)           
                                        Intrinsic                              
                                               Melt   Intrinsic                
                                                             Melt              
                                        viscosity.sup.2)                       
                                               viscosity.sup.3)                
                                                      viscosity.sup.2)         
                                                             viscosity.sup.3)  
                                        (dl/g) (poise)                         
                                                      (dl/g) (poise)           
     __________________________________________________________________________
     1    1 : 1.1   1        1.8        1.085  2,300  1.368  5,200             
     2    1 : 1.1   2        1.1        1.055  1,990  1.455  6,100             
     3    1 : 1.1   3        0.9        1.029  1,690  1.690  7,500             
     4    1 : 1.1   4        0.7        1.002  1,460  1.751  9,100             
     __________________________________________________________________________
     .sup.1) Mols of 1,4-butanediol/mols of terephthalic acid dimethyl ester   
     .sup.2) in 1 : 1 tetrachloroethane/phenol                                 
     .sup.3) measured in a disk cone viscometer at 280.degree.C:               
                                speed of revolution:                           
                                            2.7 - 16.2 revolutions/            
                                            minute                             
                                load:       2 kp                               
                                nitrogen flow:                                 
                                            6 l/minute                         
                                cone No.:   PK II                              
                                rate of shear:                                 
                                            46.38-2,738 sec.sup.-.sup.1        
     __________________________________________________________________________
PAC  EXAMPLES 5 - 7
PAR  In these experiments, the molar ratio of the reactants is varied. The
      modified reaction conditions as compared to Example 1, and the results of
      the polycondensation, can be seen from the table which follows:
TBL  Ex.                                                                       
        Molar Trans-esterification                                             
                           Loss of 1,4-                                        
                                 Polycon-                                      
                                       Viscosity of the polybutylene           
                                       terephthal-                             
     ratio of dur-                                                             
                  tempera-                                                     
                       pres-                                                   
                           butanediol                                          
                                 densation                                     
                                       ate after the polycondensation          
     butanediol/                                                               
              ation                                                            
                  ture sure                                                    
                           (as tetra-                                          
                                 time                                          
     dimethyl              hydrofurane)                                        
                                 at 265.degree.C                               
                                       in the melt (265.degree.C)              
                                                     in the solid phase        
     tere-                                           below the melting point   
                                                     of                        
     phthalate                                       the polyester             
                                                     (200.degree.C)            
                                       Intrinsic.sup.1)                        
                                               Melt.sup.2)                     
                                                     Intrinsic.sup.1)          
                                                             Melt.sup.2)       
                                       viscosity                               
                                               viscosity                       
                                                     viscosity                 
                                                             viscosity         
              (hours)                                                          
                  (.degree.C)                                                  
                       (bars)                                                  
                           (%)   (hours)                                       
                                       (dl/g)  (poise)                         
                                                     (dl/g)  (poise)           
     __________________________________________________________________________
     4  1 : 1.1                                                                
              2   180  4   0.7   2.0 (260.degree.C)                            
                                       1.002   1,460 1.751   9,100             
              1   200  4                                                       
     5  1 : 1.2                                                                
              2   180  5   0.7   2.1   0.980   1,200 1.682   8,500             
              2   200  5                                                       
     6  1 : 1.4                                                                
              2   180  5   0.8   2.0   0.985   1,350 1.663   8,300             
              2   200  5                                                       
     7  1 : 1.4                                                                
              2   180  5   0.9   2.4   0.965   1,050 1.672                     
                                                     8,400                     
              2   220  1                                                       
     __________________________________________________________________________
      .sup.1) in 1:1 phenol/tetrachloroethane                                  
      .sup.2) at 280.degree.C, see page 7                                      
PAC  EXAMPLE 8
PAR  794 kg of dimethyl terephthalate, 505 kg of 1,4-butanediol (corresponding
      to a molar ratio of 1.4 mols of 1,4-butanediol to 1 mol of dimethyl
      terephthalate) and 740 g of titanium tetraisopropylate (corresponding to
      0.093%, relative to dimethyl terephthalate) as a 15 percent strength
      solution in 1,4-butanediol, are metered hourly into a continuously
      operating apparatus at a preheating temperature of 160.degree.C. The
      trans-esterification zone is heated to 210.degree.C. The
      transesterification is carried out at a pressure of 3 bars set by means of
      a vapour valve until the trans-esterification has produced 70% of the
      methanol which can be split off, that is to say until the amount of
      methanol split off hourly is 183 kg.
PAR  The amount of tetrahydrofurane formed hourly is 1.76 kg, corresponding to a
      loss of 0.4% of 1,4-butanediol.
PAR  The trans-esterification product is then pumped into an intermediate
      container, where the pressure is lowered to 15 mm Hg. The polycondensation
      is continued, until the viscosity maximum is reached, in a subsequent
      polycondensation reactor at a temperature of 260.degree.C and a pressure
      of 2 mm Hg. The spun-out and granulated polybutylene terephthalate has an
      intrinsic viscosity of 1.018 dl/g and a melt viscosity (at 280.degree.C)
      of 1,480 poise.
PAR  During a post-condensation at 200.degree.C under the conditions mentioned
      in Example 1, the intrinsic viscosity rises to 1.528 dl/g and the melt
      viscosity (at 280.degree.C) rises to 6,800 poise.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the condensation of diols and dicarboxylic acid dialkyl
      esters wherein 1,4-butanediol or its mixture with at most 10 mol percent
      of another diol is condensed with a member selected from the group
      consisting of dialkyl esters of terephthalic acid, dialkyl esters of
      isophthalic acid and mixtures thereof or said selected member with at most
      10 mol percent of at least one other dicarboxylic acid dialkyl ester, and
      wherein
PA1  a. 1 mol of the dicarboxylic acid dialkyl ester is transesterified with
      1.05 to 1.9 mols of the diol in the presence of 0.01 to 0.4 percent by
      weight of titanic acid tetraalkyl ester based on the dicarboxylic acid
      dialkyl ester, at a pressure of 2-10 bars and a temperature of 180.degree.
      to 230.degree.C.,
PA1  b. the trans-esterification product is polycondensed in the melt at
      230.degree.-300.degree.C. under reduced pressure of 0.1 to 5 mm Hg and
PA1  c. the polyester thus obtained is further condensed at a temperature of
      5.degree. to 50.degree.C. below its melting point, under reduced pressure
      or under an inert gas atmosphere, until its intrinsic viscosity is from
      0.6 to 1.9 dl/g.
NUM  2.
PAR  2. The process of claim 1 wherein the transesterification is carried out
      discontinuously.
NUM  3.
PAR  3. The process of claim 1 wherein the transesterification is carried out
      continuously.
NUM  4.
PAR  4. The process of claim 1 wherein a stabilizer is added before, during or
      after the polycondensation.
NUM  5.
PAR  5. The process of claim 4 wherein said stabilizer is at least one member
      selected from the group consisting of organic phosphites and organic
      phosphates.
NUM  6.
PAR  6. The process of claim 5 wherein said at least one stabilizer is selected
      from the group consisting of decyl-diphenyl-phosphite,
      tris-nonylphenyl-phosphite, phenylneopentyl-phosphite,
      distearyl-dipentaerythritol-diphosphite and triphenyl-phosphate.
NUM  7.
PAR  7. The process of claim 4 wherein said stabilizer is a sterically hindered
      phenol.
PATN
WKU  039403688
SRC  5
APN  5251419
APT  1
ART  144
APD  19741119
TTL  Acrylonitrile copolymers suitable for making flame-resisting fibers
ISD  19760224
NCL  10
ECL  1,3
EXA  Tungol; Maria S.
EXP  Wong, Jr.; Harry
INVT
NAM  Console; Luciano
CTY  Mirano-Venice
CNT  IT
INVT
NAM  Bencini; Ferdinando
CTY  San Donato Milanese
CNT  IT
INVT
NAM  Chiellini; Enzo
CTY  Rosignano Solvay
CNT  IT
ASSG
NAM  Societa' Italiana Resine S.p.A.
CTY  Milan
CNT  IT
COD  03
PRIR
CNT  IT
APD  19731128
APN  31753/73
CLAS
OCL  260 63HA
XCL  260 8076
XCL  260 8081
XCL  260 793M
XCL  260 806
XCL  260 296AN
XCL  260 296T
XCL  260 296TA
XCL  260 326N
XCL  260 318AN
XCL  260 318Z
XCL  260 334R
XCL    8168A
XCL    8168AC
EDF  2
ICL  C08F21410
ICL  C08F22044
ICL  C08F21614
ICL  C08F22046
FSC  260
FSS  80.76;80.77;88.7 R;63 HA;80.6;80.81;79.3 M
FSC  450
FSS  737
UREF
PNO  3379699
ISD  19680400
NAM  Stroh
OCL  260 78.5R
UREF
PNO  3426104
ISD  19690200
NAM  Masson
OCL  260 80.76
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  A copolymer suitable for making self-extinguishing fibers, containing at
      least 50 wt.% acrylonitrile, from 2 to 30 wt.% vinyl or vinylidene
      chloride, from 0 to 10 wt.% of a neutral, ethylenically unsaturated,
      non-halogenated monomer and from 2 to 40 wt.% of alpha-bromoacrylonitrile.
BSUM
PAR  The invention relates to novel copolymers containing acrylonitrile
      moieties, alphabromoacrylonitrile moieties and halogenated vinyl moieties.
PAR  In preparing copolymers suitable for conversion to fibers, acrylonitrile is
      usually copolymerized with minor quantities of a further ethylenically
      unsaturated monomer, such as vinyl acetate, methyl acrylate and styrene
      and, generally, also with small quantities of a copolymerizable, dyestuff
      acceptor monomer.
PAR  The resulting fibers can be dyed and exhibit a number of satisfactory
      properties but are not as flame-proof as would be required for various end
      uses, such as for articles of wear, blankets, carpets or the like.
PAR  In the prior art, the copolymers of acrylonitrile with the above-mentioned
      ethylenically unsaturated monomers are blended with polymers or copolymers
      of halogenated vinyl or vinylidene monomers such as those of vinyl or
      vinylidene chloride.
PAR  From these polymer blends improved fibers in respect of flame-proofness can
      be obtained but the fibers are of lower standard. It is believed that
      partial incompatibility between the blended polymers arises.
PAR  According to a further method known in the art, copolymers containing a
      halogen (chlorine or bromine) are converted to fibers, the said copolymers
      being obtained by copolymerizing a vinyl or vinylidene halogenated monomer
      with acrylonitrile and a further ethylenically unsaturated monomer
      mentioned hereinbefore.
PAR  This procedure suffers from various drawbacks because introduction of the
      vinyl or vinylidene halogenated monomers into the acrylonitrile copolymers
      detrimentally affects the properties of the fibers manufactured from the
      said copolymers. This drawback arises increasingly on increase in the
      halogenated vinyl or vinylidene moieties in the acrylonitrile copolymer
      or, in other words, the higher are the desired self-extinguishing
      properties. Thus, for instance, in the copolymerization of acrylonitrile
      with vinyl or vinylidene chloride and with the further ethylenically
      unsaturated monomers, copolymers unsuitable or hardly suitable for textile
      uses are generally obtained. The fibers produced from the said copolymers
      exhibit namely various undesirable properties, especially under the aspect
      of physical-mechanical characteristics and shrinkage in water at high
      temperature.
PAR  It has now been found that these drawbacks can be substantially reduced by
      the copolymers of the present invention which contain
      alpha-bromoacrylonitrile moieties together with acrylonitrile and
      halogenated vinyl or vinylidene moieties.
PAR  Thus, the invention provides a copolymer suitable for making
      self-extinguishing fibers comprising at least 50 wt.% acrylonitrile, from
      2 to 30 wt.% vinyl or vinylidene chloride, from 0 to 10 wt.% of a neutral,
      ethylenically unsaturated, non-halogenated monomer and from 2 to 40 wt.%
      of alpha-bromo-acrylonitrile.
PAR  The receptivity of said copolymer towards basic dyestuffs can be improved
      by including therein in copolymerized form moieties of a monomer carrying
      sulphonic or, better, salified sulphonic groups.
PAR  The content of the copolymerized monomer carrying sulphonic groups in the
      final copolymer can range from 0.1 to 3.0% by weight.
PAR  According to the invention, alpha-bromoacrylonitrile is understood to
      define the compound of the formula
      ##EQU1##
PAR  As neutral, ethylenically unsaturated, non halogenated monomers the
      compounds belonging to the following classes can be used: hydrocarbons,
      such as styrene and alpha-methylstyrene; ethers, such as vinyl methyl
      ether; ketones, such as vinyl methyl ketone; acrylates and methacrylates,
      such as methyl acrylate and methyl methacrylate, and vinyl esters, such as
      vinyl acetate. Among these compounds vinyl acetate, styrene and methyl
      acrylate are preferred.
PAR  the copolymerizable unsaturated monomer carrying sulphonic groups may be
      selected among the following compounds: methallyl sulphonic, styrene
      sulphonic, vinyl sulphonic, allyl oxyethyl sulphonic, methallyl oxyethyl
      sulphonic, allyl oxypropanol sulphonic, isopropenyl benzenesulphonic,
      vinyl methylbenzenesulphonic, vinyl ethylbenzenesulphonic, isopropenyl
      isopropylbenzene-sulphonic, vinyl hydroxybenzenesulphonic, vinyl
      dihydroxybenzenesulphonic, vinyl trihydroxybenzenesulphonic, vinyl
      hydroxynaphthalenesulphonic, isopropenyl naphthalene-sulphonic, allyl
      benzenesulphonic, methallyl benzenesulphonic, isopropenyl phenyl
      n-butanesulphonic, vinyl hydroxy-phenil methanesulphonic, vinyl
      trihydroxyphenyl ethane-sulphonic, isopropylethylenesulphonic,
      acetylethylene-sulphonic, naphthyl-ethylenesulphonic, propenesulphonic,
      butenesulphonic, hexenesulphonic, methylpentenesulphonic,
      methylbutenesulphonic, triisobutylenesulphonic and diisobutylenesulphonic
      acids. These monomers are conveniently used in the form of alkali metal or
      ammonium salts.
PAR  The preferred monomers carrying sulphonic groups are: methallyl sulphonic,
      styrene sulphonic, methallyl oxyethyl sulphonic acids and sodium or
      potassium salts thereof.
PAR  The copolymers of the invention can be prepared by a wide range of
      conventional methods such as suspension, emulsion or solution
      polymerization.
PAR  The polymerization medium is preferably water; however, aqueous salt
      solutions or acid solutions are also useful. It is further possible to
      polymerize in specific solvents such as dimethylformamide, ethylene
      carbonate and dimethyl sulphoxide or in usual organic solvents such as
      benzene, heptane or alcohols.
PAR  In polymerization the monomers are mixed and contacted with one another by
      a discontinuous, semicontinuous or continuous method, in the presence of
      catalysts generating free radicals.
PAR  When operating in an aqueous medium the pH is usually maintained at a value
      from 2 to 5, the polymerization temperature varying depending upon the
      type and method of polymerization, a value of from 30.degree. to
      70.degree.C being generally preferred.
PAR  Suitable catalysts are persulphuric acid, perboric acid and their alkali
      metal or ammonium salts; hydrogen peroxide, organic peroxides such as
      benzoyl peroxide, lauroyl peroxide, tert-butyl hydroperoxide;
      azo-compounds such as alpha-alpha'-azobisisobutyronitrile; catalysts of
      the reduction-oxidation type such as persulphates-bisulphites,
      chlorate-bisulphites, hydrogen peroxide-ferrous salts, permanganate-oxalic
      acid, benzoyl peroxide-dimethylaniline and further known catalysts for
      radicalic polymerization. If necessary, the polymerization medium can be
      admixed with molecular weight modifying agents, emulsifiers or dispersing
      agents.
PAR  The copolymers of the invention have a specific viscosity of from 0.1 to
      0.4, the viscosity being determined by a visconsimeter of the Ubbelhode
      type by measuring the periods of flow through a capillary tube of known
      volumes of the solution containing 0.1 g copolymer to 100 ml
      dimethylformamide in comparison with dimethylformamide as such.
PAR  The said copolymers can be spun by a wet process, that is by extruding the
      copolymer dissolved in a suitable solvent into a coagulating bath
      consisting of a liquid which is inert and non-solvent for the copolymer.
PAR  To this end a solution can be employed containing 8 to 35% by weight
      copolymer in a solvent such as N,N-dimethyl-formamide, ethylene carbonate,
      N,N-dimethyl acetamide, dimethyl sulphoxide, or in a concentrated aqueous
      solution of sodium thiocyanate, zinc chloride or nitric acid.
PAR  The coagulating bath can consists of a mixture of water and solvent for the
      copolymer, such as a mixture of water and dimethylformamide or dimethyl
      acetamide. Relatively dilute aqueous solutions of salts, or hydrocarbons,
      or substances of alcoholic type can be employed as coagulating bath; the
      last mentioned substances can be employed in the form of an aqueous
      solution.
PAR  The formed filaments are drawn and washed, possibly submitted to heat
      treatment in a saturated steam atmosphere.
PAR  The use of alpha-bromoacrylonitrile in polymerization is advantageous
      thanks to its low volatility.
PAR  A fundamental advantage of the invention is the possibility of introducing
      into the copolymer large quantities of halogen in the form of halogenated
      moieties without detrimentally affecting the properties of the copolymer
      and fibers obtained therefrom. This is believed to be attributable to the
      properties of "affinity" of alphabromoacrylonitrile to the further
      monomers forming the copolymer.
PAR  Best results are obtained when the component moieties of the copolymer are
      within the following ranges by weight:
PA1  -- acrylonitrile: at least 70%
PA1  -- alpha-bromoacrylonitrile: 5 to 20%
PA1  -- vinyl or vinylidene chloride: 10 to 25%
PA1  -- the neutral, ethylenically unsaturated, non-halogenated monomer: 0 to
      5%.
PAR  The fibers manufactured from the copolymers of the invention exhibit
      generally high properties which make them useful in the textile field.
      More particularly, the fibers are of excellent color, high
      physical-mechanical properties, heat and light proofness and dyeability;
      moreover their shrinkage in water at high temperature is within acceptable
      values.
PAR  In the following experimental examples the parts are to be understood by
      weight, unless otherwise specified.
PAR  Moreover, in said examples AN denotes acrylonitrile, ANB
      alpha-bromoacrylonitrile, VCl vinyl chloride and VCl.sub.2 vinylidene
      chloride. These initials denote both the monomers as such and the
      corresponding monomer moieties in the copolymer.
DETD
PAC  EXAMPLE 1
PAR  A glass reactor provided with a stirrer, means for feeding the reactants
      and a thermostatic system is charged with 300 parts water; the latter is
      heated to 40.degree.C while flushing by means of a nitrogen stream.
PAR  The reactor is gradually fed in 120 minutes with 60 parts AN monomer, 20
      parts VCl.sub.2 and 20 parts ANB.
PAR  At the same time the reactor is fed with a catalytic system consisting of a
      first solution obtained by dissolving 1.2 parts potassium persulphate in
      100 parts water and a further solution obtained by dissolving in 135 parts
      water the following ingredients; 2 parts sodium bisulphite, 6 parts 1 N
      sulphuric acid and 2.5 parts of a solution containing 0.01 g/liter ferrous
      sulphate.
PAR  The two solutions forming the catalytic system are separately delivered to
      the reactor in which the temperature is constantly maintained at
      40.degree.C.
PAR  When delivery is terminated, the said temperature is maintained during
      further 30 minutes, whereupon 0.01 parts of the disodium salt of
      ethylenediaminetetraacetic acid are added while cooling.
PAR  A white AN/VCl.sub.2 /ANB copolymer is obtained, with a composition by
      weight of 77/15/8 and a specific viscosity of 0.18.
PAR  The recovered and dried copolymer is dissolved in dimethyl acetamide to a
      20% concentration by weight.
PAR  Antimony sesquioxide is added to and dispersed in the resulting clear
      solution in a proportion amounting to 1.5 parts by weight to 100 parts by
      weight copolymer. The resulting mixture is extruded into a coagulating
      bath formed by dimethyl acetamide and water (50/50 by weight) kept at
      50.degree.C. The filaments are washed and drawn to five times their length
      in water at 98.degree.C, then dried.
PAR  The filaments obtained are self-extinguishing when exposed to a flame and
      moreover exhibit satisfactory physical-mechanical and heat-resistance
      properties.
PAC  EXAMPLE 2
PAR  The procedure described in Example 1 is followed to prepare a number of
      copolymers which are converted to fibers.
PAR  The fibers are treated in saturated steam at various pressures, whereby
      shrinking is ascertained in comparison with fibers obtained from
      AN/VCl.sub.2 and AN/VCl copolymers.
PAR  Table 1 summarizes the results of tests (a) to (d); the tests (a) and (b)
      being comparative tests.
PAR  In the Table column (1) shows the moieties forming the copolymer, column
      (2) shows the weight ratio of the moieties, column (3) shows the
      percentage of shrinking after treatment of the fibers in saturated steam
      at 1.5 kg/sq.cm., and column (4) shows the percentage of shrinking after
      treatment of the fibers in saturated steam at 2.5 kg/sq.cm.
TBL                Table 1                                                     
     ______________________________________                                    
     (1)              (2)           (3)    (4)                                 
     ______________________________________                                    
     Test a) AN/VCl.sub.2 60/40         30   45                                
     Test b) AN/VCl       50/50         50   50                                
     Test c) AN/VCl.sub.2 /ANB                                                 
                          75/10/15      20   28                                
     Test d) AN/VCl.sub.2 /ANB                                                 
                          70/15/15      23   29                                
     ______________________________________                                    
PAR  All examined samples are of a similar behaviour towards the flame.
PAR  The shrinkage values in saturated steam are further improved when moieties
      of at least one neutral, ethylenically unsaturated, non-halogenated
      monomer and possibly also of a copolymerizable monomer carrying sulphonic
      groups adapted to improve the dyeing aptitude of the filaments are
      introduced into the copolymer.
CLMS
STM  We claim:
NUM  1.
PAR  1. A copolymer suitable for making self-extinguishing fibers, consisting
      essentially of at least 50 wt.% of acrylonitrile, from 2 to 30 wt.% of
      vinyl or vinylidene chloride, from 0 to 10 wt.% of a neutral,
      ethylenically unsaturated, non-halogenated monomer and from 2 to 40 wt.%
      of alpha-bromoacrylonitrile.
NUM  2.
PAR  2. A copolymer suitable for making self-extinguishing fibers, consisting
      essentially of at least 70 wt.% of acrylonitrile, from 10 to 25 wt.% of
      vinyl or vinylidene chloride, from 0 to 5 wt.% of a neutral, ethylenically
      unsaturated, non-halogenated monomer and from 5 to 20 wt.% of
      alpha-bromoacrylonitrile.
NUM  3.
PAR  3. A copolymer suitable for making self-extinguishing fibers, consisting
      essentially of at least 50 wt.% acrylonitrile, from 2 to 30 wt.% vinyl or
      vinylidene chloride, from 0 to 10 wt.% of a neutral, ethylenically
      unsaturated, non-halogenated monomer, from 2 to 40 wt.% of
      alpha-bromoacrylonitrile and from 0.1 to 3 wt.% of a copolymerized monomer
      carrying sulphonic groups.
NUM  4.
PAR  4. A copolymer suitable for making self-extinguishing fibers, consisting
      essentially of at least 70 wt.% acrylonitrile, from 10 to 25 wt.% vinyl or
      vinylidene chloride, from 0 to 5 wt.% of a neutral, ethylenically
      unsaturated, non-halogenated monomer, from 5 to 20 wt.%
      alpha-bromoacrylonitrile and from 0.1 to 3 wt.% of a copolymerized monomer
      carrying sulphonic groups.
NUM  5.
PAR  5. The copolymer of claim 1, wherein the said neutral monomer is selected
      in the group consisting of styrene, alpha-methylstyrene, vinyl methyl
      ether, vinyl methyl ketone, methyl acrylate, methyl methacrylate and vinyl
      acetate.
NUM  6.
PAR  6. The copolymer of claim 2, wherein the said neutral monomer is selected
      in the group consisting of styrene, alpha-methylstyrene, vinyl methyl
      ether, vinyl methyl ketone, methyl acrylate, methyl methacrylate and vinyl
      acetate.
NUM  7.
PAR  7. The copolymer of claim 3, wherein the said neutral monomer is selected
      in the group consisting of styrene, alpha-methylstyrene, vinyl methyl
      ether, vinyl methyl ketone, methyl acrylate, methyl methacrylate and vinyl
      acetate.
NUM  8.
PAR  8. The copolymer of claim 3, wherein the monomer carrying sulphonic groups
      is selected from the group consisting of methallyl sulphonic acid, styrene
      sulphonic acid, methallyl oxyethyl sulphonic acid and sodium and potassium
      salts of these acids.
NUM  9.
PAR  9. The copolymer of claim 3, wherein the monomer carrying sulphonic groups
      is selected from the group consisting of methallyl sulphonic acid, styrene
      sulphonic acid, methallyl oxyethyl sulphonic acid and sodium and potassium
      salts of these acids.
NUM  10.
PAR  10. The copolymer of claim 4, wherein the said neutral monomer is selected
      in the group consisting of styrene, alpha-methyl styrene, vinyl methyl
      ether, vinyl methyl ketone, methyl acrylate, methyl methacrylate and vinyl
      acetate.
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ABST
PAL  Polyurethane is prepared by reacting a prepolymer having terminal
      isocyanate groups with
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for preparing polyurethane, and
      more particularly to a method for preparing polyurethane having excellent
      resistance to thermal aging, weather proofing and non-discoloring
      properties comprising using
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane as a chain
      extender.
PAR  2. Description of the Prior Art
PAR  Polyurethane is usually prepared by reacting a prepolymer having terminal
      isocyanate groups with a chain extender such as diamines. However, the use
      of diamines such as methylene-bis-ortho chloroaniline has recently been
      strictly restricted owing to their poisonous property. Therefore, the
      demand for a novel chain extender having non-poisonous property is
      increasing. On the other hand, the reactivity of diamine with an
      isocyanate compound is generally so high that the pot life can not be
      advantageously controlled and the gelatinization often occurs and the
      discolored polymer is formed under some reaction condition.
PAR  To overcome the defect described above, aliphatic or alicyclic diisocyanate
      have been often used instead of aromatic diisocyanate. However, the
      reactivity of the aliphatic or alicyclic diisocyanate is inferior to that
      of aromatic diisocyanate so that a high reaction temperature or a large
      amount of the chain extender are required. Moreover, the physical
      properties, particularly hardness of the resulting polymers are also
      unsatisfactory.
PAR  The present inventors have found
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane to be a
      novel chain extender, giving a polyurethane of excellent properties.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a method for
      preparing polyurethane which comprises reacting
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane as a chain
      extender with a prepolymer having terminal isocyanate groups produced by
      reacting an organic polyisocyanate with a hydroxyl-containing compound
      having a number average molecular weight ranging from 400 to 5000.
PAR  An object of the present invention is to provide a method for preparing
      polyurethane having excellent resistance to thermal aging, weather
      proofing and non-discoloring properties and toughness.
PAR  Another object of the present invention is to provide a method for
      preparing polyurethane which is superior in transparency and physical
      properties.
PAR  A further object of the present invention is to provide a method for
      preparing polyurethane of which pot life is satisfactorily long.
PAR  Still another object of the present invention is to provide a chain
      extender which can be easily handled.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A prepolymer to be used in the present invention may be prepared by
      reacting an excess of an organic polyisocyanate with a hydroxyl-containing
      compound of 400 - 5000 of a number average molecular weight such as, for
      example, from the class of polyether polyols, polyester polyols and
      hydrocarbon polyols.
PAR  Representative polyether polyol is a polyether having terminal hydroxyl
      groups, for example, polyalkylene oxides such as polyethylene oxide,
      polypropylene oxide, polybutylene oxide, polyamylene oxide, and analogues
      thereof, polyepihalohydrins such as polyepichlorohydrin, polyaralkylene
      oxides such as polystyrene oxide, and analogues thereof, polyhydroxylic
      polyalkylene ethers such as polytetramethylene glycol, copolymers of said
      oxides and tetrahydrofuran and polyacetals prepared by condensation of
      butenedioxyethyl glycol or diethylene glycol with formaldehyde. The
      preferred polyether polyols are polytetramethylene glycol and
      polypropylene glycol.
PAR  The polyester polyol is a polyester having terminal hydroxyl groups, for
      example, hydroxyesters prepared by reacting polybasic carboxylic acids
      such as oxalic acid, malonic acid, succinic acid, glutaric acid, adipic
      acid, pimelic acid, cork acid, azelaic acid, sebacic acid, brassylic acid,
      fumaric acid, glutaconic acid, .alpha.-hydromuconic acid,
      .beta.-hydromuconic acid, .alpha.-butyl.alpha.-ethyl-glutaric acid,
      .alpha.,.beta.-diethyl succinic acid, phthalic acid, isophthalic acid,
      terephthalic acid, trimellitic acid, trimesic acid, mellophonic acid,
      prehnitylic acid, pyromellitic acid, benzene-pentacarboxylic acid,
      1,4-cyclohexanedicarboxylic acid, 1,3,5-benzene tricarboxylic acid,
      3,4,9,10-perylene tetracarboxylic acid or analogues thereof with polyols
      such as ethylene glycol, propylene glycol, propane-1,2-diol,
      propane-1,3-diol, allyloxpropane diol, butane-1,4-diol, butane-1,3-diol,
      butane-2,3-diol, butane-2,4-diol, butane-dioxyethyl glycol,
      butene-1,4-diol, pentane-1,4-diol, pentane-1,5-diol, hexane-1,6-diol,
      decane-1,10-diol, dodecane-1,12-diol, octadecane-7,18-diol,
      4,4'-dihydroxydicyclohexylmethane,
      4,4'-dihydroxydicyclohexyldimethylmethane,
      bis-2-hydroxyethylterephthalate, xylylene glycol, glycerine, castor oil,
      trimethylol propane, trimethylol ethane, hexane-1,2,6-triol,
      hexane-1,3,6-triol, saccharoid such as pentaerythritol, sorbitol or
      mannitol, hydroquinone, 4,4'-dihydroxydiphenylmethane,
      4,4'-dihydroxydiphenyldimethylmethane, resorcinol thiodiglycol, glycol and
      analogues thereof and mixtures thereof, and is preferably
      dihydroxypolyethylene adipate or dihydroxybutylene adipate. The
      polyesterether glycol such as hydroxypolyester or polydiethylene adipate
      of lactone series or lactone copolymer series may be used.
PAR  The hydrocarbon polyol is a polydiene having terminal hydroxyl groups
      selected from the class consisting of homopolymers and copolymers of
      conjugated dienes having 4 to 6 carbon atoms such as polybutadiene
      polyols, polyisoprene polyols, polychloroprene polyols, polypiperylene
      polyols, butadiene-isoprene copolymer polyols, and the like, copolymers of
      a conjugated diene and an aromatic vinyl monomer such as copolymer polyols
      of butadiene-styrene, isoprene-styrene, butadiene-vinyl naphthalene,
      butadiene-.alpha.-methylstyrene, and the like, and copolymers of said
      conjugated diene and a vinyl nitrile monomer such as copolymer polyols of
      butadiene-acrylonitrile, isoprene-acrylonitrile, butadiene-.alpha. or
      .beta.-methyl acrylonitrile, and the like, and is preferably polybutadiene
      glycol, butadiene-styrene copolymer glycol, or butadiene-acrylonitrile
      copolymer glycol.
PAR  Among them, polyether polyol such as polyoxyethylene glycol,
      polyoxypropylene glycol and polyoxytetramethylene glycol and polyester
      polyol such as polyethylene adipate are preferable. The number average
      molecular weight of said hydroxyl-containing compound is 400 to 5000 and
      preferably 600 - 2000.
PAR  Polyisocyanate to be used in the present invention is generally a compound
      having at least two isocyanate groups.
PAR  Typical examples of organic polyisocyanate are aromatic polyisocyanates
      such as tolylene-2,4- and 2,6-diisocyanate 4,4'-diphenyl methane
      diisocyanate, and ortho-tolidine diisocyanate, alicyclic polyisocyanates
      such as hydrogenated tolylene-2,4 and 2,6-diisocyanate, xylylene
      diisocyanate, hydrogenated xylylene diisocyanate and hydrogenated
      4,4'-diphenyl methane diisocyanate, aliphatic polyisocyanates such as
      hexamethylene-1,6-diisocyanate, and mixtures thereof.
PAR  Among them, tolylene-2,4 and 2,6-diisocyanate, 4,4'-diphenyl methane
      diisocyanate, xylylene diisocyanate, hydrogenated 4,4'-diphenyl methane
      diisocyanate, hexamethylene-1,6-diisocyanate and mixtures thereof are
      preferable.
PAR  The equivalent weight ratio of the isocyanate group of the polyisocyanate
      to the hydroxyl group of the hydroxyl containing compound is preferable
      more 1.0.
PAR  3,9-Bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane to be used
      as a chain extender in the present invention may be prepared as follows.
PAR  The mixture of 1.0 mole of
      3,9-bis(2-carbomethoxyethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane and 2.0
      moles of hydrazine hydrate are warmed in methanol for about 5 hours under
      reflux.
PAR  Thereafter, unreacted hydrazine hydrate and methanol are removed under
      reduced pressure by means of a rotary evaporator and the product is dried
      under vacuum to obtain white crystalline solid in high yield.
PAR  The product may further be purified by recrystallization using purified
      methanol.
PAR  In the present invention, it is desirable to use the recrystallized product
      as a chain extender, but the crude product may, of course, be applicable.
PAR  The product is analysed by elemental analysis to be
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane. (Found C;
      46.75%, H; 7.36%, N; 16.77%, Calculated C; 46.99%, H; 7.23%, N; 16.87%)
PAR  The amount to be used of said chain extender to said prepolymer is within
      the range of 0.8 - 1.3, more preferably 1.0 - 1.1, as equivalent ratio of
      the active hydrogen of said chain extender to the isocyanate group of said
      prepolymer.
PAR  The reaction temperature at which the chain extender is reacted with the
      prepolymer to prepare polyurethane is usually selected in the range of
      10.degree. - 50.degree.C, preferably 20.degree. - 30.degree.C.
PAR  The prepolymer having terminal isocyanate groups according to the present
      invention may be produced by reacting a hydroxyl-containing compound
      having a number average molecular weight ranging from 400 to 5000 such as
      a polyhydroxyl compound, preferably dehydrated sufficiently by heating
      under reduced pressure, with an excess of an organic polyisocyanate such
      as, for example, organic diisocyanate, usually at 80.degree. -
      120.degree.C.
PAR  The resulting prepolymer may be dissolved in a solvent to obtain a
      prepolymer solution. The solvent is preferably aprotic polar solvent alone
      such as dimethylformamide, dimethylacetamide, dimethylsulfoxide,
      N-methyl-2-pyrrolidone, hexamethylphosphortriamide and the like, or a
      mixture of the aprotic solvent with an aromatic solvent such as benzene,
      toluene, xylene, ethylbenzene and the like, an ester solvent such as
      methyl acetate, ethyl acetate, butyl acetate and the like, a ketone
      solvent such as acetone, methyl ethyl ketone, methyl isobutyl ketone and
      the like, a chlorinated hydrocarbon solvent such as trichlene,
      dichloromethane, dichloroethane and the like, or an ether solvent such as
      tetrahydrofuran, dibutyl ether and the like.
PAR  To the prepolymer solution may be gradually added a homogeneous solution of
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane in one of
      the above mentioned aprotic polar solvents at room temperature or below to
      produce a homogeneous solution of polyurethane.
PAR  According to the present invention, the
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane can be
      easily dissolved in a solvent for polyurethane elastomer or a solvent
      containing the organic polyisocyanate such as diisocyanate, at room
      temperature or a temperature lower than 50.degree.C. Therefore, it is not
      necessary to heat a solvent or organic polyisocyanate such as
      diisocyanate, to as high as 140.degree.C or higher.
PAR  As the result of easy preparation of polyurethane elastomers by using said
      chain extender according to the present invention, the application field
      of the polyurethane elastomer is diversified.
PAR  The chain extender used in the present invention is very effective in
      preparing polyurethane of excellent properties and has many advantages as
      described below compared with diamines or diols.
PAR  The chain extender to be used in the present invention is capable of being
      more easily handled than diamines because of its less poisonous property.
PAR  The reaction rate of the chain extender with prepolymer is moderate and the
      pot life of the polyurethane is satisfactorily long, so that the gel
      formation due to side reaction and discoloration of the resulting product
      does not occur.
PAR  The chain extention reaction proceeds selectively and a high molecular
      weight product can be easily obtained.
PAR  The chain extender has a lower melting point and does not decompose in
      molten state in comparison with aliphatic or aromatic dicarboxylic acid
      dihydrazide. Accordingly, it can be used in molten state. Moreover, said
      compound is easily soluble in many kinds of solvents and it is possible to
      select a mild reaction condition.
PAR  These properties described above are not recognized from the other
      hydrazide compound.
PAR  The polyurethane elastomer obtained by using the chain extender has
      superior resistance to thermal aging, weather proofing and properties of
      non-discoloration and toughness for bending and flex cracking because the
      chain extender has a spiroacetal ring in its molecular structure.
PAR  The following examples are given for illustration of the present invention,
      but the scope of the invention is not to be limited thereby.
DETD
PAC  EXAMPLE 1
PAR  In a 300 ml. separable flask equipped with a stirring rod, nitrogen inlet,
      thermometer and dropping funnel, were placed 10.1 g. (0.0l equivalent) of
      Adiprene L-100 (trade mark, prepolymer having terminal isocyanate groups
      obtained by reacting polyoxy tetramethylene glycol with tolylene
      diisocyanate, made by Du Pont de Nemours Company; isocyanate content is
      4.2%) and 170 ml. of dimethylacetanide, and stirred at room temperature
      under nitrogen atmosphere to obtain a homogeneous solution. Then, a
      solution of 1.66 g. (0.01 equivalent) of
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane in 30 ml.
      of dimethylacetamide was added dropwise to the prepolymer solution by
      means of dropping funnel.
PAR  Dropping was completed after about 5 minutes to obtain a transparent and
      homogeneous solution having high viscosity.
PAR  The reaction was continued for two hours under successive stirring.
PAR  Then, the above solution was poured into a large amount of water-methanol
      mixture to stop the reaction and recover the resulting polymer.
PAR  The resulting polymer was dried for 48 hours at 30.degree.C under vacuum to
      obtain an elastic material. (The conversion was 91.8%.)
PAR  The intrinsic viscosity measured in tetrahydrofuran at 25.degree.C was
      0.55.
PAR  A tough and transparent elastic film was prepared by pouring the 25%
      tetrahydrofuran solution of the resulting polymer on a metal plate,
      evaporating tetrahydrofuran from the film over 1 night at room temperature
      and drying at 60.degree.C under vacuum.
PAR  Following the procedure as above except that
      methylene-bis-orthochloroaniline was used as a chain extender instead of
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane, an
      elastomer was obtained.
PAR  However, the elastomer obtained was colored yellowish-brown.
PAC  EXAMPLE 2
PAR  In a manner similar to that in Example 1 except that 10.37 g. (0.01
      equivalent) of Colonate 4090 (trade mark, a prepolymer having terminal
      isocyanate groups obtained by reacting polyoxytetramethylene glycol with
      tolylenediisocyanate, made by Nippon Polyurethane Company; isocyanate
      content is 4.05%) was used instead of Adiprene L-100, a tough and
      transparent polyurethane elastomer was obtained in conversion of 90.6%.
PAR  The intrinsic viscosity in tetrahydrofuran at 25.degree.C was 0.64. A film
      obtained according to the same film forming procedure as Example 1 was
      also colorless, transparent and tough.
PAC  EXAMPLE 3
PAR  Following the procedure of Example 1 except that 11.97 g. (0.01 equivalent)
      of Cyanoprene A-85 (trade mark, a prepolymer having terminal isocyanate
      groups obtained by reacting polyethylene adipate glycol with
      tolylenediisocyanate, made by American Cyanamide Company; isocyanate
      content: 3.51%) was used instead of Adiprene L-100, 6.22 g. of an elastic
      and somewhat rigid solid was obtained (the conversion was 45.6%).
PAR  The intrinsic viscosity in tetrahydrofuran at 25.degree.C was 0.43. The
      elastic film prepared by the same method as described in Example 1 was
      transparent and tough.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing polyurethane which comprises reacting
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane as a chain
      extender with a prepolymer having terminal isocyanate groups produced by
      reacting an organic polyisocyanate with hydroxyl-containing compound
      having a number average molecular weight ranging from 400 to 5000, the
      equivalent ratio of the active hydrogen of the chain extender to the
      isocyanate group of the prepolymer ranging from 0.8 to 1.3.
NUM  2.
PAR  2. A method according to claim 1 in which the hydroxyl-containing compound
      is selected from a class of polyether polyols, polyester polyls and
      hydrocarbon polyols.
NUM  3.
PAR  3. A method according to claim 2 in which the equivalent ratio of the
      active hydrogen of the chain extender to the isocyanate group of the
      prepolymer ranges from 1.0 to 1.1.
NUM  4.
PAR  4. A method according to claim 1 in which the number average molecular
      weight of the hydroxyl-containing compound ranges from 600 to 2000.
NUM  5.
PAR  5. A method according to claim 1 in which the organic polyisocyanate has at
      least two isocyanate groups.
NUM  6.
PAR  6. A method according to claim 5 in which the organic polyisocyanate is a
      compound selected from a class of tolylene -2,4 and 2,6-diisocyanates,
      4,4'-diphenyl methane diisocyanate, xylylene diisocyanate, hydrogenated
      4,4'-diphenylmethane diisocyanate, hexamethylene-1,6-diisocyanate and the
      mixture thereof.
NUM  7.
PAR  7. A method according to claim 6 in which the organic polyisocyanate is
      tolylene -2,4 and 2,6-diisocyanates.
NUM  8.
PAR  8. A method according to claim 3 in which the equivalent ratio ranges from
      1.0 to 1.1.
NUM  9.
PAR  9. A method for preparing polyurethane which comprises reacting
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane as a chain
      extender with a prepolymer having terminal isocyanate groups produced by
      reacting an organic polyisocyanate selected from a class of tolylene -2,4
      and 2,6-diisocyanates, 4,4'-diphenyl methane diisocyanate, xylylene
      diisocyanate, hydrogenated 4,4'-diphenyl methane diisocyanate,
      hexamethylene-1,6-diisocyanate and the mixture thereof with a
      hydroxyl-containing compound having a number average molecular weight
      ranging from 400 to 5000 selected from a class of polyoxyethylene glycol,
      polyoxypropylene glycol, polyoxytetramethylene glycol and polyethylene
      adipate glycol, and the equivalent ratio of the active hydrogen of the
      chain extender to the isocyanate group of the prepolymer ranging from 0.80
      to 1.30.
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ABST
PAL  A method of making a polyurea by reacting an aliphatic diamine with
       trimelisocyanatosilane under pressure in a closed vessel at a temperature
      sufficiently high and for a time sufficiently long to produce a
      substantial quantity of the polyurea.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without the payment to me
      of any royalties thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of making polyureas.
PAR  Polyureas have been produced by reacting diamines with diisocyanates, by
      reacting diamines with urea, by reacting diamines with bisurethanes, by
      reacting diamines with carbon oxysulfide, and by reacting diamines or the
      dihydrochlorides thereof with phosgene. Various other special procedures
      have been employed for obtaining polyureas. However, these methods have
      all proven to be expensive either because of the low yields obtained or
      the high costs of the reactants and solvents required.
PAR  An object of the present invention is to provide a method of making
      polyureas in good yields and at relatively low cost.
PAR  Another object is to provide an improved method of making
      polyhexamethyleneurea.
PAR  Other objects and advantages will become apparent from the following
      description, and the novel features will be particularly pointed out in
      connection with the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  The invention involves the reacting of an aliphatic diamine with
      trimethylisocyanatosilane under pressure in a closed vessel at an elevated
      temperature and for a time sufficiently long to produce a high yield of a
      polyurea. the polyurea may be separated from by-products produced in the
      reaction by filtration of the cooled reaction mixture and may be purified
      by dissolving the crude reaction product in a solvent such as
      hexafluoroisopropanol and precipitating the polyurea from the solution by
      adding water thereto, filtering the precipitate, and drying it.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Polyhexamethyleneurea, is prepared in accordance with the following
      example:
PAC  EXAMPLE 1
PAR  A dry Pyrex tube (25.times.2 cm), cooled with a mixture of dry ice and
      acetone, was charged under nitrogen with 0.880 g. of 1,6-hexanediamine
      (0.00757 mole) and 1.75 g. of trimethylisocyanatosilane (0.01519 mole).
      The Pyrex tube was hermetically sealed and then the tube and contents were
      heated at 175.degree.C. for 17 hours. The Pyrex tube was cooled in a
      mixture of dry ice and acetone, then opened; and the solid was filtered
      off and dried in vacuo, yielding 1.060 g. of crude polyhexamethyleneurea,
      which represented a yield of approximately 98 percent. The crude
      polyhexamethyleneurea was purified by dissolving it in
      hexafluoroisopropanol and thereafter precipitating the
      polyhexamethyleneurea with water. The polyhexamethyleneurea was dried and
      the dried product found to correspond with a known sample prepared in
      accordance with U.S. Pat. No. 2,816,879.
PAR  The filtrate obtained in the first filtration described above, i.e. when
      the crude polyhexamethyleneurea was separated from the remaining contents
      of the Pyrex tube, was shown by gas-liquid chromatography to be a mixture
      of trimethylisocyanatosilane (0.647 g.), hexamethyldisilazane (0.315 g.),
      hexamethyldisiloxane (0.112 g.), bis (trimethylsilyl) carbodiimide (trace
      amount), and ammonia. Each of the above by-products was identified by
      comparison with the infrared spectra and gas-liquid chromatographic
      retention times for known samples of the compounds.
PAR  The reaction producing polyhexamethyleneurea may be represented as follows:
      ##EQU1##
PAR  While the method of making polyureas has been illustrated by the reaction
      of 1,6-hexanediamine with trimethylisocyanatosilane, it is to be
      understood that other polyureas may be made by reacting other aliphatic
      diamines with trimethylisocyanatosilane. For example,
      tetramethylenediamine (1,4-butanediamine) may be used similarly to produce
      polytetramethyleneurea; pentamethylenediamine (1,5-pentanediamine) may be
      used similarly to produce polypentamethyleneurea; and decamethylenediamine
      (1,10-decanediamine) may be used similarly to produce
      polydecamethyleneurea.
PAR  Although the preferred embodiment of the invention has been described in
      terms of the use of a hermetically sealed Pyrex tube as the pressurized
      vessel in which the reaction is carried out, it is to be understood that
      other types of closed, pressurized vessels may be employed in carrying out
      the reaction. If desired, the vessel may be partially evacuated and, if
      desirable, swept out with an inert gas, such as nitrogen, to remove
      substantially all of the oxygen from the reaction vessel. However, this
      was not found necessary in the case of the production of
      polyhexamethyleneurea.
PAR  The polyureas product in accordance with the method of the invention are
      useful for impregnating and for coating fabrics of various types, and in
      dyeing and finishing various textile materials. They are also useful as
      binders in the manufacture of paper products. They may also be converted
      into films which may be used as protective barrier materials to protect
      moisture-sensitive materials against moist atmospheres and to prevent
      corrosion of metals which are subject to the corrosive action of moisture
      or atmospheric chemicals.
PAR  The method of the invention has the advantage that it permits recovery of
      substantial amounts of one of the more expensive reagents employed in the
      method and, therefore, provides a relatively inexpensive method of
      producing polyureas, which constitute a special class of polyamides,
      namely the polyamides of the lowest dicarboxylic acid, carbonic acid. In
      general, the polyureas have quite high melting points compared with
      polyamides comprised of the same length aliphatic chains in the diamine
      portions of the molecules and longer aliphatic chains in the dicarboxylic
      acid portions of the molecules.
PAR  It will be understood, of course, that various changes in the details and
      materials which have been described in order to explain the nature of the
      invention, may be made by those skilled in the art within the principle
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of making a polyurea which comprises reacting an aliphatic
      diamine with trimethylisocyanatosilane in a closed, pressurized vessel at
      a temperature sufficiently high and for a time sufficiently long to
      produce a substantial quantity of said polyurea and separating said
      polyurea from by-products of the reaction.
NUM  2.
PAR  2. Method according to claim 1, wherein said aliphatic diamine is selected
      from the group consisting of 1,4-butanediamine, 1,5-pentanediamine,
      1,6-hexanediamine, and 1,10-decanediamine.
NUM  3.
PAR  3. Method according to claim 1, wherein said aliphatic diamine is
      1,6-hexanediamine and said polyurea is polyhexamethyleneurea.
NUM  4.
PAR  4. Method according to claim 3, wherein said temperature of said reaction
      is about 175.degree.C.
NUM  5.
PAR  5. Method according to claim 4, wherein said time of reaction is about 17
      hours.
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ABST
PAL  Polyurethane prepolymers are cured with amino-substituted aromatic
      disulfides to yield cured products with excellent physical properties.
      These diamine curatives have the added advantage of providing relatively
      long pot lives and result in cured products with superior hydrolytic and
      chemical stability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is concerned with curing agents for isocyanato-substituted
      prepolymers and with the use of these curatives in preparing cured
      polyurethanes. More specifically, this invention is concerned with
      aromatic diamino disulfides as curatives in the preparation of crosslinked
      polyurethane compositions.
PAR  2. Description of the Prior Art
PAR  Polyurethane elastomers possess excellent physical properties, such as good
      elasticity, high tensile and tear strengths and excellent resistance to
      chemical solvents and to abrasion, and their commercial use has been
      increasing at a rapid rate. These materials are formed by reacting a
      hydroxy-terminated polymer, such as a polyether or a polyester for
      example, with a polyfunctional isocyanate and a curing agent. This
      reaction can be carried out in one step in which all components are mixed
      together directly, or, more frequently, by a two-step method, generally
      referred to as the prepolymer technique. In the latter technique the
      polymeric diol is first reacted with an amount of diisocyanate in excess
      of the stoichiometric requirement to yield an intermediate polymer bearing
      reactive isocyanato groups. This polymer is variously referred to in the
      trade as an isocyanato-terminated prepolymer, or a polyurethane prepolymer
      or a polyisocyanate prepolymer. Such prepolymers can be readily purchased
      and are used by a large variety of small and medium-sized formulators
      together with a curative to form shaped polyurethane articles. Because of
      its ease and convenience in use, the reproducibility of results, and the
      savings in time, the prepolymer technique enjoys wide use.
PAR  Prepolymers can theoretically react with any compound containing
      sufficiently labile hydrogens to yield chain-extended or cross-linked
      polymers. In practice, however, compounds suitable for cross-linking,
      generally referred to as curatives, curing agents, or hardeners, have been
      limited to polyols and to primary aromatic diamines, and the precise
      nature of the specific curing agent has been found to have a significant,
      yet largely unpredictable effect on the elastomer properties. It has been
      generally recognized, though, that prepolymers cured with aromatic
      diamines exhibit superior physical properties and require shorter cure
      cycles than polyolcured compositions, and that among aromatic diamines
      those with the amino groups in the para positions are far better curatives
      than the corresponding isomers in which the amino groups occupy ortho
      positions.
PAR  A great variety of aromatic diamines have been examined as curatives but
      surprisingly very few have been found suitable for practical use. Most
      appear to be unsatisfactory for a variety of technical and/or economic
      reasons, such as lack of ready availability, too high a cost, too high a
      melting point, too great a reactivity, too short a pot life, too high a
      toxicity, limited compatibility with prepolymers, poor physical properties
      of the cured product, and so forth. Summaries of results obtained in
      studies with diamine curatives can be found, for example, in J. H.
      Saunders and K. C. Frisch "Polyurethanes, Chemistry and Technology, Part
      I, Chemistry", Interscience Publishers, New York, N. Y. 1962, pages 279
      and 295, and in L. N. Phillips and D. B. V. Parker "Polyurethanes,
      Chemistry, Technology and Properties" Illife Books Ltd. London, 1964, page
      46. Another reference which reports on aromatic diamine curatives is S.
      Hashimoto, T. Koide, and J. Sunamoto, Chemistry of High Polymers, Tokyo,
      22(7), 422-428 (1965). The latter reference includes results obtained with
      standard aromatic diamines and also with specific aromatic diamines
      derived from anilines by coupling them in the para position through the
      bridging groups, --CH.sub.2 --, --CH=CH--, --S--S--, --SO.sub.2 --, and
      --CO--. Again, some of these bridged diamines react too rapidly and
      possess pot lives too short for practical use. Others, such as sulfonyl
      bisaniline proved to be too high melting, and
      4,4'-diaminodiphenyldisulfide was found to be too reactive, resulting in a
      pot life shorter than that commercially acceptable and to cure poorly
      resulting in cured products which were distinctly soft and inferior in
      physical properties.
PAR  4,4'-Methylene bis(2-chloroaniline) generally known and referred to as MOCA
      yields cured products with excellent properties and among aromatic
      diamines has gained nearly universal preference for commerical use,
      despite the fact that its compatibility with prepolymers is often poor,
      that its melting point necessitates a relatively high working temperature,
      that it frequently exhibits an unsatisfactorily short pot life, and most
      importantly is held to be toxic. Another aromatic diamine which has also
      found some commercial use in some instances is 3,3'-dichlorobenzidine. In
      1973, (Federal Federal Register, Vol. 38, Page 10929 May 3, 1973), the
      widespread use of MOCA was dealt a very severe blow by an emergency
      temporary standard established by the Department of Labor under the
      Williams-Steiger Occupational Safety and Health Act (OSHA) of 1970. This
      standard places MOCA on a list of alleged carcinogens and sets forth very
      restrictive and costly work practices and stringent, expensive controls
      and safeguards designed to protect personnel from exposure to these
      compounds. 3,3'-Dichlorobenzidine is also included in the same standard.
PAR  Because of the lack of an available substitute curative these OSHA
      standards and regulations threaten to have a grave impact on the cast
      polyurethane elastomer industry, especially on the many small and
      medium-sized molders who are unable to meet the expense necessaray to
      comply with the measures required by law to handle MOCA. As a consequence
      a feverish research effort has ensued to develop other, safer, yet
      effective, curatives for isocyanato-terminated prepolymers.
PAC  SUMMARY OF THE INVENTION
PAR  It is an objective of the present invention to provide novel curing agents
      which can be used in place of MOCA.
PAR  Another objective is to provide curing agents which possess superior
      compatibility with prepolymers and which exhibit improved pot lives.
PAR  Still another objective of this invention is to provide a process for
      curing polyurethane prepolymers to yield compositions with good physical
      properties.
PAR  I have accomplished these objectives by my discovery that organic diamino
      disulfides possessing a certain degree of reactivity, i. e. those which
      react with isocyanato groups at a rate equal to or slower than MOCA,
      constitute very satisfactory curatives for prepolymers containing
      isocyanato groups and yield cured elastomeric and elastoplastic
      polyurethanes with excellent physical properties. Diamino disulfides which
      I have found quite useful contain two primary amino groups which are
      present as substituents on an aromatic nucleus and they comprise
      diaminoaryl alkyl disulfides and diaminodiaryl disulfides. Thus useful
      curatives will have the general formulas (NH.sub.2).sub.2 Ar--S--S--R,
      (NH.sub.2).sub.2 Ar--S--S--Ar', and NH.sub.2 --Ar--S--S--Ar'--NH.sub.2,
      wherein Ar and Ar' are monocyclic or polycyclic aromatic or heteroaromatic
      hydrocarbon radicals, and R is a straight-chain or branched aliphatic,
      cycloaliphatic, or aralkyl aliphatic hydrocarbon radical. The radicals Ar
      and Ar'  may be identical, i. e. Ar = Ar', or they may be different, i. e.
      Ar .noteq. Ar'. In monocyclic radicals, the aromatic primary amino groups
      may be located in the ortho or 2-position, in the meta or 3-position, or
      in the para or 4-position in relation to the disulfide bridging group. In
      polycyclic aryl radicals the amino groups may be located, in addition to
      these positions, in any position in the aryl ring or rings not directly
      attached to the disulfide bridging group. In addition, the radicals Ar and
      Ar' may carry other substituents nonreactive with isocyanato groups, such
      as for example halo radicals like chloro or bromo radicals, cyano, lower
      alkyl, lower alkoxy, lower acyloxy, lower carbalkoxy, and nitro radicals.
      Diamino disulfides of the general formula NH.sub.2
      --Ar--S--S--R'--NH.sub.2 and NH.sub.2 --R'--S--S--R'--NH.sub.2 in which Ar
      is a radical as defined hereinabove and R' is a tertiary aliphatic or
      cycloaliphatic hydrocarbon radical in which the amino group is attached to
      the tertiary carbon atom are also of value in as much as the reactivity of
      such diamino disulfides can be appropriate for their use as curatives.
      Mixtures of diamino disulfides may be employed. The instant curatives may
      also advantageously be used in admixture with amine curing agents and with
      polyol curing agents known to the art.
PAR  Useful diamino disulfides within the scope of the present invention are
      characterized by reacting with isocyanato groups at a rate equal to or
      slower than MOCA. This reactivity can be readily determined via a simple
      experimental test. In order to conduct this test I melt the prospective
      curative and I take 10 grams of a polycaprolactone-based prepolymer having
      an equivalent weight of 1000, heat the prepolymer to 65.degree. C. and
      then rapidly stir into and homogeneously admix with the prepolymer the
      molten curative in an amount corresponding to 90% of the stoichiometric
      amount theoretically required on the basis of one NH.sub.2 group per one
      isocyanato group. This reaction mixture is maintained at 65.degree. C.
      until it gels and the time required to effect gelation, i.e. the time at
      which the reaction mixture does not flow anymore, is measured. In order
      for the curative to be useful for the purposes of my invention this
      gelation time should be equal to or longer than the gelation time observed
      for MOCA if it is employed as curative in the same manner in the same
      test. The polycaprolactone prepolymer which I use for this test is
      described in "NIAX Caprolactone Polyols for Urethane Elastomers", Union
      Carbide Corporation, Rubber Chemicals, 1968, p. 10", and it may be
      purchased or it may be prepared by a standard procedure well known to
      those skilled in the art. For example, a convenient procedure consists of
      reacting 100 parts of a polycaprolactone diol of molecular weight of 2000
      with 19.1 parts of prepolymergrade mixed (80% 2,4-isomer and 20%
      2,6-isomer)tolylene diisocyanate, by heating these materials at 65.degree.
      C. for about 8 hours with stirring.
PAR  The diamino disulfides of the present invention frequently have melting
      points of 100.degree. C. or less and they exhibit gelation times ranging
      from about 5 or 10 minutes to as much as an hour or more depending on the
      nature of the prepolymer and the reaction temperature employed. The cured
      products prepared from these curatives possess physical properties, such
      as for example, tear strength, tensile strength, and abrasion resistance
      comparable to those obtained by curing the respective prepolymers with
      MOCA. Most polyurethane elastomers prepared according to the present
      invention exhibit, in addition, very superior elongation to break. In many
      instances, the curatives of the instant invention also result in cured
      compositions with hydrolytic stability and with chemical resistance
      superior to that obtained by the use of MOCA curative. Elastomers prepared
      according to the present invention also have good resistance to exposure
      to light.
PAR  Many of the diaminodiaryl disulfides of the present invention are well
      known in the art. Some of them are sold commercially as chemical
      intermediates for the preparation of dyes and as pharmaceuticals. There
      are also several standard methods of preparation well known to those
      skilled in the art by which these compositions can be made. For example,
      according to Paul et al, U.S. Pat. No. 2,435,508, diaminodiaryl disulfides
      may be prepared directly from an aromatic amine and sulfur by simply
      heating them together. This process uses extremely cheap and readily
      available raw materials but results in low yields and produces a mixture
      of isomeric products. For purposes of the present invention, however, such
      an isomeric mixture can frequently be used directly without separation.
      Another route to the curatives of the present invention involves a
      two-step process. The first step is the preparation of aminoarylthiols by
      the reduction of nitroaromatic sulfonyl chlorides or nitroaromatic thiols
      using conventional, standard procedures well known to those skilled in the
      art. The second step consists of the oxidation of the aminoarylthiols.
      This oxidation can be effected by air in a neutral to slightly alkaline
      medium (Lantz, U.S. Pat. No. 1,933,217 ), or through the use of hydrogen
      peroxide (Organic Syntheses, Col. Vol III, Edited by E. C. Horning, John
      Wiley and Sons, Inc., New York, 1955, pages 86-87). Yet a third synthetic
      method for the preparation of the curatives of this invention involves the
      reaction of aromatic nitrohalo compounds with sodium sulfide, or sodium
      sulfhydrate (Lantz, U.S. Pat. No. 1,933,217; Crowley, U.S. Pat. No.
      3,150,186). In this procedure reduction and coupling can be accomplished
      in one step or a two-step procedure may be required depending on the
      specific compound being synthesized.
PAR  The instant curing agents are reacted with the polyurethane prepolymers by
      conventional experimental procedures. Any convenient method of mixing
      curative and prepolymer may be used and standard precautions to exclude
      moisture are employed.
PAR  In contrast to curatives presently employed in the art, many of the
      curatives of the present invention exhibit excellent compatibility with
      prepolymers and the molten curatives can be mixed into the prepolymers at
      temperatures substantially below 100.degree. C. and do not reprecipitate
      during or subsequent to admixing even at temperatures which may be as low
      as room temperature.
PAR  While the instant curatives can be used in the same proportions and the
      reaction mixture cured at the same temperatures conventionally employed in
      the art, it is not advisable to do so when best performance and optimum
      properties are desired. In order to obtain the best results, the
      stoichiometric ratio of amino groups to isocyanato groups employed and the
      temperature at which the reaction mixture containing the curative and the
      prepolymer is held to provide an elastomer differs from the normal
      practice of the art. Specifically, in order to obtain all of the
      beneficial results of the present invention it is necessary to (1) employ
      the curative and the prepolymer in amounts such that the equivalent ratio
      of amino groups to isocyanato groups is at least about 0.5 and generally
      not more than 0.9, and (2) cure the reaction mixture at temperatures not
      exceeding about 95.degree. C. The term cure temperature as used herein
      refers to the temperature at which the reaction mixture is maintained
      until it is substantially cured, i.e. it reaches a degree of hardness
      which is within no more than about ten points of its final value as
      measured with a Shore durometer. In order to attain and insure complete
      crosslinking, post-cure cycles are optionally employed and temperatures
      suitable for such cycles are referred to as post-cure temperatures. Thus
      the temperature of the cured elastomer may be raised above 95.degree. C.
      and the compositions may be post-cured at temperatures as high as
      150.degree. C. It is to be understood, however, that it is entirely
      feasible to carry out the entire cure cycle about 95.degree. C. if less
      than optimum physical properties are acceptable.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Among the diamino disulfide curatives which I have examined there are
      several groups which I prefer.
PAR  One of these groups consists of symmetrical and unsymmetrical diaminodiaryl
      disulfides having at least one of the amino groups located in the ortho or
      2- position relative to the disulfide bridging group. The aryl radicals in
      these diaminodiaryl disulfides are aromatic hydrocarbon radicals having
      from 6 to 12 carbon atoms, such as for example phenylene, biphenylene,
      naphthylene, etc. The two aryl radicals in the molecule need not be the
      same, and the substituents need not be symmetrically located. Both amino
      groups may be located on the same aryl radical or on two different aryl
      radicals, and the second amino group may be located in the ortho or 2-
      position, in the meta or 3- position or in the para or 4- position
      relative to the disulfide bridging group. In addition to the amino groups
      the aryl radicals may carry other substituents which do not react with
      isocyanato groups, such as for example halo radicals, like chloro or bromo
      radicals, lower alkyl radicals, lower alkoxy radicals and others. Mixtures
      of two or more diaminodiaryl disulfides may be employed.
PAR  Especially preferred members of this group are symmetrical ortho, ortho' or
      2,2'- diaminodiaryl disulfides of the general formula
      (--S--Ar--NH.sub.2).sub.2, wherein Ar is phenylene or biphenylene, and the
      NH.sub.2 groups are both ortho to the disulfide linkage. Other
      particularly preferred disulfides within this group are unsymmetrical
      2,4'-diaminodiaryl disulfides of the general formula ortho--NH.sub.2
      --Ar--S--S--Ar--NH.sub.2 --para wherein the amino groups are located
      respectively in the ortho and para positions in the different radicals.
PAR  It is especially noteworthy, novel and unexpected that eminently
      satisfactory curatives have amino groups located in the ortho position of
      aryl radicals and it is particularly contrary to accepted views that one
      of the most preferred series of curatives has the basic structure
      ##SPC1##
PAL  in which both amino groups are ortho substituents. Regarding amine
      curatives known in the art, it has always been the para amino substituted
      isomer which has been found most useful as a polyurethane curing agent.
PAR  Examples of preferred and especially preferred diaminodiaryl disulfide
      members of this group are 2,4-diaminophenyl phenyl disulfide,
      2,5-diaminophenyl phenyl disulfide, 2,6-diaminophenyl phenyl disulfide,
      2,4'-diaminodiphenyl disulfide, 2,2'-diaminodiphenyl disulfide,
      2,2'-diaminodibiphenylene disulfide, 2,2'-diamino-4,4'-dichlorodiphenyl
      disulfide, 2,2'-diamino-4,4'-dimethyldiphenyl disulfide,
      2,2'-diamino-3,3'-dimethyldiphenyl disulfide,
      2,2'-diamino-4,4'-diethyldiphenyl disulfide, and
      2,2'-diamino-4,4'-dimethoxydiphenyl disulfide.
PAR  From among this group of curatives I especially prefer 2,2'-diaminodiphenyl
      disulfide, because it has a combination of good compatibility with
      prepolymers, very satisfactorily long pot life and yields compositions
      with exceptionally good physical properties. The longer pot life and
      processing time made available by this compound make it especially useful
      in processing faster reacting prepolymers, especially those having
      equivalent weights of less than about 750, and in molding large objects.
      Very importantly, this compound has a sufficiently long pot life to allow
      it to be used as a convenient curative for prepolymers made from methylene
      bis(4-phenyl isocyanate). 2,2'-Diaminodiphenyl disulfide has long been
      known and used as a pharmaceutical. Such use clearly indicates a
      particular degree of safety and lack of serious toxicity hazard. In
      addition at least two toxicological studies have been performed on this
      compound and to date no evidence indicating neoplasm formation or
      carcinogenicity appears to have been found. This material is thus
      potentially a very favorable alternative to alledgedly carcinogenic
      curatives now in use.
PAR  Some of the compositions in this preferred group may be purchased in
      commerce. Others are readily synthesized via conventional procedures. The
      synthetic procedure which I prefer to prepare curatives within this group
      involves the oxidative coupling of the corresponding aminoarylthiols using
      either air or hydrogen peroxide. This procedure is described in "Organic
      Syntheses" Collective Volume III, pp. 86-87, J. Wiley and Sons, Inc., New
      York, 1955; R. B. Wagner and H. D. Zook, "Synthetic Organic Chemistry"
      Chapter 33, J. Wiley and Sons, Inc., New York, 1953; Bogert and Snell, J.
      AM. Chem. Soc. 46, 1309 (1924); and Lantz, U.S. Patent No. 1,933,217.
PAR  Another especially preferred curative is 2,2'-diamino-4,4'-dichlorodiphenyl
      disulfide which is readily prepared from nitro-p-dichlorobenzene, and thus
      is also potentially readily available and moderate in price. This curative
      has a melting point of 119.degree.-120.degree. C., only moderately higher
      than MOCA, is easily mixed with prepolymers and gives a very long pot
      life. It also tends to give a harder cured product than do the
      unsubstituted diaminodisulfides. Because of the very long pot life, this
      compound is primarily useful either with extremely reactive prepolymers,
      or in the production of massive molded or cast products in which the long
      processing time available is advantageous.
PAR  A second preferred group of diaminodisulfides which I have found to be of
      considerable merit consists of substituted para,para' or
      4,4'-diaminodiaryl disulfides. Especially preferred are
      4,4'-diaminodiphenyl disulfides carrying substituents in the ortho or meta
      position relative to the disulfide bridging group. In contrast to the
      unsubstituted 4,4'-diaminodiphenyl disulfide which I have found to be
      essentially unsuitable as a curative inasmuch as it is too reactive to be
      usable with methylene bis(4-phenyl isocyanate)-derived prepolymers and has
      far too short a pot life with tolylene diisocyanate-derived prepolymers,
      the substituted 4,4'-diaminodiphenyl disulfides exhibit good
      compatibility, satisfactorily long pot lives and yield cured compositions
      with good tear and tensile properties. The substituents should be
      unreactive with isocyanato groups and comprise such radicals as halo,
      alkyl, alkoxy and others. Examples of preferred curatives within this
      group are 2,2'-dichloro-4,4'-diaminodiphenyl disulfide,
      3,3'-dimethoxy-4,4'-diaminodiphenyl disulfide,
      3,3'-dimethyl-4,4'-diaminodiphenyl disulfide,
      3,3'-diethyl-4,4'-diaminodiphenyl disulfide, and
      3,3',5,5'-tetra-lower-alkyl-4,4'-diaminodiphenyl disulfide. Mixtures of
      two or more of these compounds may be used as curatives. A few members of
      this group are available commercially, and the others can be synthesized
      by methods described in the art. The synthetic route which I prefer to
      prepare these curatives is the reaction of the appropriately substituted
      para-chloronitrobenzene with sodium sulfhydrate in an aqueous medium as
      described by Crowley in U.S. Patent No. 3,150,186. Especially preferred is
      4,4'-diamino-2,2'-dichlorodiphenyl disulfide which is readily prepared
      from 4-nitro-o-dichlorobenzene and NaSH, both being inexpensive, readily
      prepared, and commercially available, the disulfide is thus potentially
      readily available at a moderate cost. The melting point of this compound
      is somewhat higher than that of MOCA, (m.p. 125.degree. C.), but is low
      enough to be conveniently melted and handled in conventional equipment.
      This compound gives a significantly longer pot life than the unsubstituted
      4,4'-diaminodiphenyl disulfide, and a harder cured product.
PAR  A third group of diaminodiaryldisulfides which I include among my preferred
      curatives consists of diaminodinaphthyl disulfides having melting points
      below 150.degree. C. Representative members of this group are for example
      bis[8-aminonaphthyl(1)] disulfide and bis [1-aminonaphthyl(2)] disulfide.
      Both have melting bis [low enough to be processed with conventional
      equipment and techniques, and both have adequately long pot lives for
      satisfactory processing. Their cured products have high hardness, good
      strength and remarkable stability. The bis [8-aminonaphthyl(1)] disulfide
      is prepared by oxidation of the corresponding aminonaphthothiol obtained
      by reduction of 8-nitronaphthalene-1-sulfonyl chloride. The bis
      [1-aminonaphthyl(2)] disulfide is obtained from the corresponding
      aminonaphthothiol which in turn is prepared from the
      1-nitronaphthothiol-2, made by the nitration of the commercially available
      .beta.-naphthothiol under very mild conditions.
PAR  Curatives consisting of mixtures of members selected from among the
      preferred groups may be employed. Particularly preferred are mixtures
      containing 2,2'-diaminodiphenyl disulfide. Mixtures of
      2,2'-diaminodiphenyl disulfide are of particular utility insofar as these
      mixtures tend to give cured products which crystallize less readily on
      aging and thus stay softer and maintain a more uniform hardness than those
      prepared using a single curing agent. In fact, I have found that while the
      use of pure 4,4'-diaminodiphenyl disulfide is undesirable, admixtures of
      2,2'-diaminodiphenyl disulfide and 4,4'-diaminodiphenyl disulfide may
      serve as a satisfactory curative. Such admixtures are significantly slower
      in reactivity, resulting in a longer pot life, and they yield compositions
      with better properties than the 4,4'-diaminodiphenyl disulfide alone. In
      general admixtures containing amounts of from about 5% to about 75% of the
      4,4'-isomer and from 25% to 95% of the 2,2'-diaminodiphenyl disulfide are
      very useful. Thus the commercial and technical grades of
      4,4'-diaminodiphenyl disulfide which contain significant proportions of
      2,2'-diaminodiphenyl disulfide can serve satisfactorily as curatives.
      Mixtures of the 2,2'- and 4,4'-isomers (also those including the
      2,4'-isomer) unsubstituted diaminodisulfides are readily prepared either
      from unpurified raw materials or by the reaction of aniline and sulfur, in
      either case making such a mixture available at a potentially very low
      cost.
PAR  The curatives of the present invention are exceedingly useful in that they
      react with isocyanato-terminated prepolymers to form cross-linked, cured
      polyurethane compositions with good physical properties. The term
      isocyanato-terminated prepolymer or polyurethane prepolymer is used herein
      in the same manner as in the prior art. The instant invention does not
      reside in the nature of the polyurethane prepolymer to be cured or in a
      specific interaction with any given prepolymer. Rather, the instant
      invention resides in the discovery that in comparison to curatives now in
      use, diamino disulfides provide pot lives of more satisfactory length, are
      more convenient and safer to handle and, when used according to the
      teachings presented hereinbelow give excellent physical properties in the
      cured products. Thus curatives provided by this invention may be employed
      with any polyurethane prepolymer known to the art. Because of their
      relatively long pot lives they are particularly suitable for use with
      prepolymers of high reactivity and for applications such as molding and
      casting large objects. It is also especially noteworthy that amine
      curatives of the present invention possess reactivities which are slow
      enough to enable them to be used with prepolymers derived from methylene
      bis (4-phenylisocyanate) in contrast to amine curatives heretofore known
      which yield insufficient processing times for use with such prepolymers.
      While any of the prepolymers known in the art may be cured with the
      instant curatives, preferred prepolymers will generally be difunctional in
      nature and will normally have isocyanato equivalent weights ranging from
      about 300 to about 2000, and more frequently from about 500 to about 1500.
      Suitable polyurethane prepolymers are conventionally prepared by reacting
      an excess of an organic diisocyanate with a polymeric diol having a
      molecular weight ranging from about 400 to about 4000. Small amounts of
      lower molecular-weight diols, such as 1,4-butanediol, diethylene glycol
      and the like may be admixed with the polymeric diol in preparing the
      prepolymer. Small amounts of triols may also be used in the preparation of
      the prepolymers. The equivalent ratio of diisocyanate to diol may range
      from 1.5 to 2.5, and more preferably is about 2 to 1.
PAR  Typical polymeric diols useful for the preparation of suitable prepolymers
      comprise polyether glycols, polyester glycols and .alpha.,.omega.-hydroxy
      poly(alkylenes). Useful polyether glycols are characterized by the general
      formula HO(RO).sub.n OH wherein R is a straight-chain or branched alkylene
      radical of from 1 to about 10 carbon atoms and n is an integer ranging
      from about 3 to about 100. Examples of useful polyether glycols are those
      derived from the ring-opening polymerization of cyclic aliphatic ethers.
      Such polyether glycols include polybutylene glycol, polypropylene glycol,
      polyethylene glycol, polytetramethylene glycol and polyether glycols
      derived from the copolymerization of propylene oxide and ethylene oxide.
PAR  Useful polyester glycols should contain a plurality of hydroxyl groups and
      have an acid number of less than two. Suitable polyester glycols comprise
      those derived from the ring-opening polymerization of lactones, such a
      poly-(.epsilon.-caprolactone) for example, and those prepared by
      condensation polymerization of dibasic acids or anhydrides and polyols,
      according to conventional procedures recorded in the art. Representative
      of useful common condensation-type polyesters are hydroxy-terminated
      polyesters of aliphatic dicarboxylic acids, such as adipic acid, azelaic
      acid or sebacic acid with aliphatic glycols having from two to six carbon
      atoms, such as ethylene glycol, 1,2-propylene glycol, 1,4-butylene glycol,
      1,3-butylene glycol, 1,6-hexanediol, and other aliphatic .alpha.,.omega.
      -diols.
PAR  Hydroxy-terminated polyhydrocarbons, such as dihydroxy poly(butadiene) for
      example are also useful. Other dihydroxy polymers can be used.
PAR  The diisocyanates reacted with the polymeric diols to form the prepolymers
      may either be aliphatic or aromatic diisocyanates. Small amounts of
      polyisocyanates having a functionality greater than two such as
      polymethylene polyphenylisocyanate or 1,2,4-benzenetriisocyanate may be
      admixed on occasion. Representative aliphatic diisocyanates which are of
      use include 1,4-tetramethylene diisocyanate, 1,6-hexamethylene
      diisocyanate, isophorone diisocyanate, 2,2,4-trimethyl hexamethylene
      diisocyanate, and 4,4'-methylenebis(cyclohexylisocyanate). Examples of
      suitable aromatic diisocyanates include 1,3-phenylene diisocyanate,
      1,4-phenylene diisocyanate, 2,4-tolylene diisocyanate, 2,6-tolylene
      diisocyanate, mixed tolylene diisocyanates, 1,5-naphthylene diisocyanate,
      diphenyl diisocyanate, 2,4-diisocyanatodiphenyl methane, methylenebis
      (4-phenylisocyanate), 3,3'-dimethyl-4,4'-biphenylene diisocyanate, dialkyl
      substituted methylenebis(4-phenyl isocyanates), dialkoxy substituted
      methylenebis(4-phenyl isocyanates), tolidine diisocyanate, and so forth.
      Mixtures of isocyanates may be employed, of course.
PAR  The curatives of the present invention are especially useful for curing
      prepolymers derived from aromatic diisocyanates, and the preferred
      prepolymers are those prepared from an aromatic diisocyanate and a
      polymeric diol. The aromatic diisocyanates are generally used with the
      polymeric diols in a ratio from about 1.5 to 2.25 NCO to OH groups.
      Aromatic diisocyanates which result in particularly preferred prepolymers
      are 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate and mixtures of
      these two isomers, 2,4'-methylenebis(phenyl isocyanate),
      methylenebis(4-phenyl isocyanate) and mixtures thereof.
PAR  The instant curatives are reacted with polyurethane prepolymers according
      to standard experimental techniques known to the art. All reactants and
      equipment used should be dry and free from water and precautions should be
      taken to exclude moisture. Generally both the prepolymer and the curing
      agent are dried and devolatilized prior to use. The curing agent may be
      added as a solid to the prepolymer, intimately admixed, and the mixture
      stirred with heating until solution is obtained. Or, more conventionally,
      the molten curing agent may be intimately admixed and stirred together
      with the prepolymer, usually at an elevated temperature. The method of
      mixing molten devolatilized prepolymer and curative is preferred. Also,
      the two components may be heated, with agitation, until mixing is
      obtained. Other methods may be employed. For example, the curative may be
      finely divided, and mixed in solid form into the prepolymer, and the
      mixture subsequently heated below the melting point of the curative until
      solution is obtained. This may be called the "powder" technique. The
      curative may be dissolved or suspended in finely divided form in a small
      amount of an appropriate solvent, or plasticizer or in an appropriate
      amount of reactive material, especially a monomeric or polymeric diol or
      triol. The curative may be employed as a supercooled liquid or eutectic
      mixture of two or more curatives. The curative may also be employed
      according to the embodiment described hereinbelow in admixture with one or
      more of the various polyalcohols, aminoalcohols, or diamines now known to
      be useful as urethane curatives. And the prepolymers may be used as such,
      or may be in the form of adducts such as are now known to be heat labile,
      regenerating the free isocyanato groups on heating to an elevated
      temperature. Other modifications and combinations are contemplated and may
      be employed if desired.
PAR  The types and modes of agitation and the equipment employed are not limited
      provided they accomplish the desired mixing. Any conventional means of
      agitation or any desired modification of a previously unknown method may
      be suitable. Similarly, the means of handling the components of the
      curable mixture, of handling the curable mixture itself, or of forming the
      desired cured part, or of transferring the curable mixture into the form
      or mold used to provide the desired shape, or of heating or curing the
      components of the curable mixture, the curable mixture itself, or the
      formed part are all not limited, insofar as the desired results of mixing,
      heating, forming, and curing are obtained. In general, after mixing is
      obtained, the liquid mixture is poured or cast in molds, and heated at a
      temperature within the range specified hereinbelow until cured to a
      sufficiently solid state so that the mold may be removed. The casting may
      then be post cured at a substantially elevated temperature until the
      desired properties are obtained.
PAR  The following steps are illustrative of one preferred method of using the
      instant curatives:
PAR  1. The curing agent is raised to a temperature a few degrees above its
      melting point, or about 90.degree. to 100.degree. C., and a vacuum is
      applied, with stirring, to remove volatiles.
PAR  2. The prepolymer is raised to a temperature of about 90.degree. to
      110.degree. C., and a vacuum is applied with stirring to remove volatiles.
      This devolatilization is continued for the length of time necessary to
      cause evolution of volatiles to cease, or become very slow. This period of
      time may be about 1 hour up to several hours. The prepolymer is then
      reduced in temperature to about 70.degree. to 90.degree. C.
PAR  3. The curing agent and prepolymer are fed into a mixing chamber or device
      in the correct stoichiometric ratio, and thence forced by pressure into
      the mold or other forming chamber to be used, and the flow is continued
      until the mold or chamber is filled. The mold or chamber may be at any
      temperature between about room temperature up to about 100.degree. C., but
      frequently has been preheated to a temperature of about 50.degree. to
      95.degree. C.
PAR  4. The liquid-filled mold or chamber is maintained at a temperature of from
      about 50.degree. C. to about 95.degree. C. until the prepolymer-curing
      agent mixture has become a firmly gelled casting, capable of mechanical
      handling without tearing, fracturing, or being subject to thermal shock.
      The time for this may range from about 30 minutes to several hours.
PAR  5. The formed product is then, or thereafter, removed from the mold or
      chamber and placed into a curing oven, and maintained at a temperature of
      from about 50.degree. C. to about 95.degree. C. until a thorough cure of
      the product has been obtained. This requires from about 2 hours to about
      48 hours, depending on the materials used and the temperature employed. A
      very satisfactory empirical check on the process of the cure is the
      hardness of the cured product at oven temperature. This hardness is
      usually rather low when the part is originally brought to oven
      temperature, and rises rather rapidly as cure proceeds. When the hardness
      finally levels out, not changing appreciably over a period of 30 minutes
      to 1 hour between determinations, the cure can be considered to be near
      completion.
PAR  It is also within the scope of this invention to employ the instant
      curatives as components of one-shot systems. Such one-shot systems could
      for example be comprised of a polymeric diol, a polyisocyanate, and one or
      more of the instant curing agents. The curing agents of this invention are
      especially suited for this particular use, which more so than MOCA or
      dichlorobenzidine, insofar as the instant curing agents can be chosen to
      be much less reactive and thus prevent premature gelation, and also insure
      more nearly complete reaction of the slower reacting diol. A catalyst for
      the hydroxyl-isocyanate reaction, such as one of the commonly used tin
      catalysts may advantageously be included in the contemplated one-shot
      formulations.
PAR  Although standard equipment and experimental techniques are employed to
      cure polyurethane prepolymers with the curatives of this invention, there
      are two important and essential aspects in which the preferred use of the
      present curatives differs from the practice normally employed in the art
      for such curatives as MOCA and dichlorobenzidine. These critical features
      pertain to (1) the stoichiometric ratio in which the two components -- the
      prepolymer and the curative -- are employed, and (2) the temperature at
      which cure is effected. If the instant curatives are employed in amounts
      such that the ratio of amino groups to isocyanato groups approaches 1.0,
      incompletely cured products are obtained in most instances. Thus the
      present curing agents are frequently used at stoichiometric ratios of
      about 0.9 or less amino groups per isocyanato groups, although with
      certain slow reacting prepolymers stoichiometric ratios as high as about
      0.95 amino groups per isocyanato group may be employed. The preferred
      ratio of amino groups in the curative to free isocyanato groups in the
      prepolymer will generally range from about 0.5, and more preferably from
      0.6 to 0.90, and more preferably to 0.85, for purposes of the present
      invention.
PAR  For highest elongation and best tear resistance in the cured composition, a
      ratio of NH.sub.2 to NCO groups of about 0.85 to 0.90 is desirably
      employed. A stoichiometric ratio in this range also gives cured
      compositions with high tendency to harden (i. e. crystallize) considerably
      after cure when waxy and easily crystallized prepolymers are employed.
      This is sometimes highly desirable as it leads to a very tough, resistant
      product. For cured compositions in which elongation, tear resistance, and
      crystallinity are desired, a stoichiometric ratio of NH.sub.2 to NCO near
      0.90 thus seems to be optimum.
PAR  For cured compositions in which optimum high temperature hardness and a
      very flat hardness versus temperature profile is desired, a lower
      stoichiometric ratio in the range of 0.50 to 0.80 should be employed.
      Stoichiometric ratios in this range also give products which crystallize
      only slightly or not at all, even with some highly crystalline
      prepolymers. Thus when these properties are desired, a stoichiometric
      ratio of about 0.65 to 0.80 of NH.sub.2 to NCO groups seems to be optimum.
PAR  Concerning cure temperature, I have found that the instant curing agents
      should preferably be employed at cure temperatures of no higher than about
      95.degree. C. Cure temperatures in excess of 95.degree. C. provide cured
      products with lowered hardness and rapid loss of hardness with increasing
      cure temperature is observed. There seems to be a slight advantage in
      decreasing cure temperature to about 80.degree. C., but improvements
      resulting from even lower temperatures are relatively minor. The large
      degradation in properties occurs at temperatures above 95.degree. C., and
      the loss of hardness becomes progressively more pronounced as cure
      temperature is increased still further to 125.degree. C. Thus, optimum
      cure temperatures for use with the instant compositions range from about
      70.degree. C. to 90.degree. C, with the best properties being obtainable
      at about 80.degree. C.
PAR  While the cure temperature is thus critical, once the compositions reach a
      hardness near their ultimate value (within a few points on the Shore
      durometer scale), further post-cure at higher temperatures can be
      employed, and post-cures at temperatures in the range of 120.degree. C. to
      130.degree. C. have little detrimental effect. In general post-cure
      treatments will be carried out within a temperature range of about
      90.degree. to 130.degree. C., although higher temperatures may sometimes
      be employed.
PAR  The cure period will vary with the cure temperatures employed. For cure
      temperatures of 70.degree.-90.degree. C., the required cure times depend
      on the speed of the prepolymer. In general at least 6 hours and more
      preferably at least 12 hours are required for a reasonable cure.
      Frequently, a 24 to 72 hour cure period may be required to provide optimum
      hardness and other properties. Even longer cure periods, up to one week,
      may sometimes be employed. These longer cure cycles are particularly
      necessary when the diaminodisulfide employed is slow to complete the
      cross-linking reaction.
PAR  The instant curatives, and especially the preferred 2,2'-diaminodiphenyl
      disulfide, readily provide reasonable cured compositions at cure
      temperatures as low as 50.degree. F. For cures at such low temperatures,
      cure times of 1 to 3 weeks may be required, however.
PAR  If the preferred stoichiometric ratios and cure temperatures described
      hereinabove are employed with the unsubstituted 4,4'-diaminodiphenyl
      disulfide, compositions with significantly improved physical properties
      are obtained compared to those described in the art. For example, this
      compound gives improved results if a cure temperature not exceeding
      95.degree. C. and a cure period of 1 to 3 days is used.
PAR  In addition to the curative and the prepolymer the reaction mixture may
      also contain other components generally employed in the production of
      polyurethane products. Specifically small amounts of catalysts may be
      included in the reaction mixture to affect the rate of the various
      reactions which take place during the cure. Representative conventional
      catalysts which can be especially useful are tin compounds, such as
      stannous octoate, and dibutyltin dilaurate, tertiary amines, such as
      triethylamine, tetramethylbutanediamine, triethylene diamine, and N-methyl
      morpholine, and cobalt salts such as cobalt naphthenate. Other materials,
      such as fillers, reinforcing agents, plasticizers, dyes, pigments, flame
      retardants, levelling agents, nucleating agents, cell-size control agents,
      blowing agents, mold release agents, light and heat stabilizers,
      antioxidants, stabilizers against chemical degradation and all other
      additives known to be of use and employed by those skilled in the art in
      the production of molded plastics, elastomers, foams, films, coatings and
      the like may be employed in preparing polyurethane compositions according
      to the teachings of the present invention.
PAR  The aromatic diamino disulfides described hereinabove are excellent
      curatives in and of themselves. I have additionally found that diamino
      disulfides are very useful as constituents of curative blends comprising
      one or more other types of curatives. Thus another preferred embodiment of
      the present invention is the use of mixed curatives comprising diamino
      disulfides, and especially aromatic diamino disulfides in admixture with
      other isocyanato-reactive compounds selected from the group consisting of
      monomeric and polymeric diols and aromatic diamines. Especially preferred
      are admixtures of diaminodiaryl disulfides with polymeric diols and with
      aromatic diamines. Such curative blends possess advantages in that they
      offer a wider latitude and permit very effective tailoring of such
      properties as degree of hardness, pot life and cure cycle.
PAR  Curatives composed of aromatic diamino disulfides in admixture with
      polymeric glycols are especially useful in preparing castings of lower
      hardness that may be prepared by using the aromatic diamino disulfides
      alone as curatives. These blends also serve to modify the reactivity of
      the curative. Thus the use of such blended curatives permits some degree
      of control over the softness and the hardness of the cured compositions,
      as well as the pot life. For example, I have discovered that
      4,4'-diaminodiphenyl disulfide, which is too reactive to provide a
      satisfactory pot life, can be slowed down sufficiently to be useful when
      blended with a polymeric diol. Suitable blended curatives containing
      polymeric diols will generally contain from about 5 percent to 99 percent
      and more preferably from about 10 to 50 percent by weight of the aromatic
      diamino disulfide, and from about 1 percent to 95 percent and more
      preferably from about 50 to 90 percent by weight of polymeric diol, said
      weight percentages being based on the combined weight of the mixture.
      Polymeric diols preferred for use in preparing the curative blends
      comprise linear and slightly branched aliphatic glycols having terminal
      hydroxyl groups and having molecular weights ranging from about 400 to
      generally not more than 4000. Examples of preferred diols for blending
      include polyester glycols such as for example those derived from such
      acids as adipic acid, azelaic acid or sebacic acid and such glycols as
      ethylene glycol, propylene glycol or 1,4-butylene glycol, poly(lactones)
      such as for example polycaprolactones, and polyether diols, such as for
      example polypropylene glycols or polytetramethylene glycols.
PAR  Although admixture of the disulfide curatives and amines is generally
      useful another particularly preferred embodiment consists of the use of
      admixtures of aromatic diamino disulfides and unhindered or slightly
      hindered aromatic diamines as curatives.  The term hindered and slightly
      hindered is well known in the art and refers respectively to unsubstituted
      diamines and to diamines which carry substituents which by virtue of their
      size and position in relation to the amino group do not interfere with the
      reactivity of the amino group to a substantial degree. Aromatic diamines
      of this type are well known as curing agents for polyurethane prepolymers
      and they yield cured products with satisfactory to good properties. These
      slightly hindered or unhindered aromatic diamines react, however, far too
      fast to be useful by themselves to cure many of the prepolymers prepared
      from aromatic diisocyanates, and they are not now used for this purpose.
      Properly employed, the blend of aromatic diamine and aromatic diamino
      disulfide combines the best features of both curatives. For example, the
      pot life and cure rate can be materially affected by the proportions of
      aromatic diamine and aromatic diamino disulfide in the combination
      curative. Thus such blends offer a pot life approaching that of the
      aromatic diamino disulfide and significantly shorter cure cycles than the
      diamino disulfides alone. In fact, such combination curatives make
      possible even a room temperature cure. Further, these advantages are
      obtained without any sacrifice in or impairment of the physical or
      chemical properties of the cured product.
PAR  Various ratios of the components may be utilized, depending on the
      application employed. At higher ratios of aromatic diamine, the
      combination curing agent tends to behave like an aromatic amine curative
      except that it has a lengthened pot life, and the lengthening of pot life
      thus obtained may be a factor of up to several fold. At the other end of
      the scale, when only about a few percent of aromatic amine is employed,
      the combination curing agent has properties very similar to the
      diaminoaromatic disulfide except that the curing rate is considerably
      speeded up, by a factor of several fold in some cases.
PAR  The hindered and slightly hindered aromatic diamines contemplated for use
      in combination with the diamino disulfides may have from 6 to about 15
      carbon atoms, and may have alkyl or alkoxy substituents, but should not
      have halogen substituents adjacent to the amino radicals, i.e. in the
      ortho positions. Representative useful diamines are 1,2-phenylene diamine,
      1,3-phenylene diamine, 1,4-phenylene diamine, 2,4-tolylene diamine,
      various xylene diamines, N,N'-di lower alkyl-1,3-phenylene diamine,
      N,N'-di lower alkyl-1,4-phenylene diamine, methylene bis(aniline),
      3,3'-dimethoxybenzidine, tolidine, 1,5-diaminonaphthalene and
      1,8-diaminohaphthalene. 1,3-Phenylene diamine, methylene bis(aniline), and
      1,5-diaminohaphthalene are especially preferred. The especially preferred
      aromatic diamino disulfide for use in combination with these aromatic
      diamines is 2,2'-diaminodiphenyl disulfide.
PAR  Useful curative blends of aromatic amino disulfide and aromatic diamines
      will have from 1 to about 75 percent, and more preferably from about 5 to
      about 50 percent by weight of aromatic diamine and from about 25 to 99
      percent, and more preferably from about 50 to about 99 percent by weight
      of the aromatic diamino disulfide, said weight percentages being based on
      the combined weight of the mixture. Sometimes it is especially preferred
      to use from about 5 to about 40 percent by weight of aromatic diamine and
      from about 60 to about 95 percent by weight of aromatic diamino disulfide.
PAR  A still further advantage of such curative blends is that such mixtures
      possess melting points distinctly lower than those of the higher melting
      component, and frequently exhibit melting points lower than either
      component. This feature assures greater ease and convenience in handling.
      For example, the instant invention is very useful when applied to
      1,5-diaminonaphthalene. This aromatic diamine is an excellent curing agent
      itself with good pot life. This amine, however, melts at such a high
      temperature that it cannot be employed as a melt. In combination with the
      appropriate aromatic diamino disulfide the melting point is lowered to a
      usable value.
PAR  The curative blends are readily prepared by mixing the components in the
      proper ratio and heating them together with stirring until a homogeneous
      solution is obtained. This generally occurs at or moderately below the
      melting point of the aromatic diamino disulfide.
PAR  The instant curative blends are employed to cure prepolymers in the same
      manner as conventional curing agents. They seem to constitute very close
      replacements for MOCA and dichlorobenzidene. In curing prepolymers the
      curative blends of diaminodisulfides and amines are generally used in
      amounts such that the equivalent ratio of total amino groups to isocyanato
      groups varies from about 0.75 to 1,00, and more preferably from about 0.85
      to about 0.95. Curative blends of diaminodisulfides and polyols are
      employed in amounts such that the ratio of the sum of hydroxyl plus amino
      groups to isocyanato groups varies from about 0.5 to 1.0. Cure schedules
      employed with curative blends are similar to those generally used in the
      art with MOCA. Depending on the nature of the blend and the proportion of
      the constituents, cure temperatures may vary from room temperature to
      about 125.degree. C.
PAR  It is sometimes advantageous to employ more than two components in a
      curative blend. For example, two or more aromatic diamines, or two or more
      diamino aromatic disulfides may be used. This particular embodiment is
      especially useful in obtaining very low melting or liquid curing agents.
      Use of two or more low-melting aromatic diamines such as m-phenylene
      diamine and methylene bis(aniline) is frequently desirable in this
      embodiment.
PAR  Another preferred embodiment of the instant invention is a combination
      curing agent mixture comprising a) an aromatic diamino disulfide, b) an
      aromatic diamine, and c) a polymeric diol. Such a triple combination makes
      possible a simultaneous enjoyment of the advantages already described as
      being gained by use of a mixture of a polymeric diol together with a
      diamino aromatic disulfide, as well as those advantages just described
      above for use of an aromatic diamine in combination with the diamino
      aromatic disulfide. In general, it may be said that a combination of these
      three components makes possible liquid or low-melting curing agent
      mixtures suitable for providing soft to moderately hard cured products
      having good physical properties, and allows a wide range of possible pot
      lives and curing conditions, including room-temperature cure.
PAR  Useful ternary curative blends consisting of aromatic diamino disulfides,
      aromatic diamines and polymeric diols will desirably be composed of from 5
      to 99 percent, and more preferably from 10 to 50 percent by weight, based
      on the total weight of the curative blend, of amino-group-containing
      components, with the remainder being composed of the diol component. The
      amount of diamino disulfide in the amino-group-containing component will
      vary from 1 to 99 percent, and more preferably from about 5 to 95 percent
      of the weight of the amino-group-containing component.
PAR  The instant invention contemplates specifically the preparation of
      thermoset polyurethane compositions. Thus the compositions of the
      invention are characteristically cross-linked and insoluble. The products
      prepared according to the teachings hereinabove may range from very soft,
      flexible and extensible compositions to quite hard, rigid and inflexible
      products. For example, when in the form of a cured elastomer, the products
      may be as soft as about 10 to 20 Shore A, especially when added
      plasticizer is employed, or the products may be as hard as about 80 to 90
      on the Shore D scale, especially when fillers or reinforcing agents are
      used. Polyurethane compositions prepared with the curatives of this
      invention not only have excellent heat stability and chemical resistance,
      but also possess excellent stability against degradation and discoloration
      due to exposure to light.
PAR  The cured products prepared according to the present invention may be used
      in any form or shape and for any application in which cross-linked, cured
      polyurethanes are usually employed. For example, these polyurethanes may
      be employed in the form of cast elastomers, cast films, shaped foams or
      surface coatings. Cast or shaped elastomers are contemplated as among the
      preferred embodiments.
DETD
PAR  The following examples are presented to illustrate the present invention,
      but should not in any way be interpreted as limiting the scope of the
      invention.
PAC  EXAMPLE I
PAR  A prepolymer was prepared by reacting 82.0 pounds of tolylene diisocyanate
      (composed of 80% 2,4-isomer and 20% of 2,6-isomer) with 430.0 pounds of a
      hydroxyl-terminated polycaprolactone diol of 2000 molecular weight. The
      tolylene diisocyanate was added to the molten polycaprolactone in a 300
      gallon reactor, and on stirring the mixture rose rather rapidly in
      temperature to 80.degree. C. The hot mixture was allowed to stand in the
      vessel overnight, with no external heating or cooling. The resulting
      product was a low-melting wax having an isocyanato equivalent weight of
      1000, (NCO content 4.2% by weight) and having a small content of free
      tolylene diisocyanate.
PAR  In an aluminum weighing dish, 9.7 grams of the above prepolymer and 1.4
      grams of 2,2'-diamino-4,4'-dichlorodiphenyl disulfide were heated on a hot
      plate and stirred together. The liquid mixture was placed in a 65.degree.
      C. oven, and after 30 minutes was still very fluid. After standing
      overnight the mixture had formed a firm gel. The casting was then cured at
      110.degree.-115.degree. C. for 6 hours. The cured casting had a hardness
      of 70 on the Shore A scale when first cooled, and after 3 weeks at room
      temperature, the hardness was 87 on the Shore A scale. The cured casting
      was tough and cut resistant.
PAR  The above example is repeated using 4,4'-diamino-2,2'-dichlorodiphenyl
      disulfide in place of its isomer. The properties of the cured product are
      very similar.
PAR  The above example is again repeated using
      4,4'-diamino-3,3'-dimethoxydiphenyl disulfide as the curative. The
      properties of the cured product are again very similar.
PAR  For purposes of comparison, the above prepolymer when cured with MOCA gives
      a hardness of about 68-70 on the Shore A scale at cure temperature, and a
      hardness of about 73-75 when first cooled. After long standing, the
      MOCA-cured material has a hardness of 82-84 on the Shore A scale.
PAC  EXAMPLE II
PAR  Bis [8-aminonaphthyl(1)] disulfide, melting point 118.degree. C., is
      prepared according to the published procedure (A. Reissert, Ber. 55,
      868-73 (1922)).
PAR  1.5 grams of this disulfide are used to cure 9.6 grams of the prepolymer of
      Example I. Again, a long pot life is noted. The properties of the cured
      product are similar to those of the product of Example I.
PAC  EXAMPLE III
PAR  139.1 grams of 4-bromo-4'-nitrobiphenyl is reacted with 71.5 grams of
      sodium sulfhydrate (NaSH) in 500 ml. of 90% ethanol at reflux temperature
      to prepare the 4-amino-4'-sulfhydryl biphenyl. The reaction product is
      filtered hot, and then 28.5 grams of 30% hydrogen peroxide is slowly added
      with stirring and the mixture then allowed to cool. The product bis
      [4-aminobiphenyl(4')] disulfide precipitates rapidly from solution in a
      fairly pure form. The product is then filtered and allowed to dry.
PAR  1.8 grams of the very finely powdered bis(aminobiphenyl) disulfide is added
      to 10.5 grams of the prepolymer of Example I, and the mixture is heated to
      100.degree. C. and stirred vigorously until the mixture begins to increase
      substantially in viscosity. The stirring is then discontinued and the
      mixture allowed to gel at 100.degree. C. and the gel is then cured for 6
      hours at 115.degree. C. The resulting product is similar in properties to
      that of Example I.
PAC  EXAMPLE IV
PAR  4,4'-Diaminodiphenyl disulfide (technical grade) was recrystallized from
      anhydrous isopropanol to yield greenish-yellow flat needles having a
      melting point of 72.degree.-73.degree. C. In an aluminum weighing dish was
      placed 0.65 grams of the recrystallized 4,4'-diaminodiphenyl disulfide and
      7.55 grams of the prepolymer of Example I. The dish was heated on a hot
      plate and stirred until solution was obtained, and was then placed into a
      65.degree. C. oven. The mixture gelled in 3 minutes from the time that
      solution of the curative had been obtained. The gel was then cured at
      81.degree. C. for 4 hours and cured at 65.degree. C. for a further 42
      hours. The cured product had a hardness of 62 on the Shore A scale at
      65.degree. C. and 67 on the Shore A scale when first cooled to room
      temperature.
PAR  For comparison, when 1.05grams of recrystallized 2,2'-diaminodiphenyl
      disulfide was used to cure 10.85 grams of the prepolymer of Example I,
      using the same procedure as above, the pot life was about 30 minutes at
      65.degree. C. before gelation took place.
PAR  For further comparison, when 1.2 grams of MOCA were used to cure 10.1 grams
      of the prepolymer of Example I, using the same procedure as above, the pot
      life was 10 minutes at 65.degree. C.
PAC  EXAMPLE V
PAR  A mixture of 0.35 grams of the recrystallized 4,4'-diaminodiphenyl
      disulfide of Example IV and 0.3 grams of recrystallized
      2,2'-diaminodiphenyl disulfide was used to cure 7.5 grams of the
      prepolymer of Example I, using the procedure of Example I. The pot life
      was about 11 minutes at 65.degree. C. The cured product had a hardness of
      66 on the Shore A scale at 100.degree. C., and was 69 Shore A when first
      cooled. After standing for 1 to 2 days at room temperature, the casting
      had a hardness on the Shore D scale of 50.
PAC  EXAMPLE VI
PAR  50.5 grams of polytetramethylene glycol of 1000 molecular weight and 24.8
      grams of freshly distilled methylene bis (4-phenyl isocyanate) are slowly
      heated under nitrogen, with stirring, until solution is obtained. The
      mixture is then maintained at 65.degree. C. for 6 hours to yield a
      crystallizable prepolymer of 740 equivalent weight.
PAR  10.0 grams of this prepolymer and 1.4 grams of recrystallized
      2,2'-diaminodiphenyl disulfide are placed into an aluminum weighing dish,
      and heated on a hot plate with stirring. The mixture has a pot life of
      about 3 minutes in a 65.degree. C. oven after solution has been obtained.
      The gelled mixture is cured at 120.degree. C. for about 6 hours. The cured
      product has a hardness of 65-70 on the Shore A scale at 110.degree. C. and
      of 80 on the Shore A scale when first cooled to room temperature. After
      standing 3 days at room temperature, the hardness is 83 on the Shore A
      scale.
PAR  When 0.45 grams of the recrystallized 4,4'-diaminodiphenyl disulfide of
      Example IV are heated and stirred with 3.95 grams of the above prepolymer,
      the mixture gels in about 15-30 seconds, and before good mixing of the
      components is obtained. This mixture does not cure to a satisfactory
      elastomer when cured for 2 days at 65.degree. C., but still exhibits
      opacity and inhomogeneity.
PAC  EXAMPLE VII
PAR  In an aluminum weighing dish a mixture was made of 2.0 grams of 2000
      molecular weight polycaprolactone diol and 0.7 grams of recrystallized
      2,2'-diaminodiphenyl disulfide. The mixture was heated with stirring until
      solution was obtained. Then 9.6 grams of the prepolymer of Example I were
      added, and the mixture reheated and stirred until solution was obtained.
      The pot life of the mixture was about one hour at 65.degree. C. After
      curing at 115.degree. C. for about 8 hours, the product had a hardness of
      56 on the Shore A scale at 115.degree. C., and 60 on the Shore A scale
      when first cooled. The casting crystallized on standing for 3 or 4 days,
      reaching a hardness of 55 on the Shore D scale. The hardened product was
      extremely tough and cut resistant, although still quite resilient.
PAR  This example is repeated, using 2000 molecular weight polytetramethylene
      glycol in place of the polycaprolactone diol. Very similar results are
      obtained.
PAC  EXAMPLE VIII
PAR  A prepolymer was prepared by reacting 140.0 grams of polytetramethylene
      glycol of 310 equivalent weight, and 72.9 grams of tolylene diisocyanate
      (80% 2,4-isomer and 20% 2,6-isomer), at 65.degree. C. 13.5 grams of this
      prepolymer was cured using 3.4 grams of 2,2'-diamino-4,4'-dichlorodiphenyl
      disulfide, using the procedure of Example I. The pot life was 13 minutes
      at 65.degree. C., and the resulting casting had a hardness of 65 on the
      Shore D scale when first cooled, and hardened to about 70 on the Shore D
      scale on standing for 24 hours. The product had a hardness of 42 on the
      Shore D scale at 100.degree. C.
PAR  For comparison, the same prepolymer cured with MOCA gave a hardness of 60
      on the Shore D scale.
PAC  EXAMPLE IX
PAR  A prepolymer was prepared by reacting 219.5 grams of polytetramethylene
      glycol of 310 equivalent weight and 123.4 grams of tolylene diisocyanate
      (80% of the 2,4-isomer and 20% of the 2,6-isomer), at 65.degree. C. 2.0
      grams of the recrystallized 2,2'-diamino diphenyl disulfide was used to
      cure 10.2 grams of the prepolymer, first heating the mixture on a hot
      plate to effect solution, and then curing for 4 days at 79.degree. C. The
      pot life was about 9 minutes at 79.degree. C. The cured product had a
      hardness of 55 on the Shore D scale at 79.degree. C. and 70 on the Shore D
      scale when first cooled to 60.degree. F. After 2 days at 60.degree. F. the
      casting had a hardness of 65 on the Shore D scale.
PAC  EXAMPLE X
PAR  A prepolymer is prepared from 212.4 grams of a hydroxyl-terminated
      aliphatic polyester of about 2500 molecular weight and 29.1 grams of
      2,4-tolylene diisocyanate by heating at 65.degree. C. The polyester is
      prepared from adipic acid and an excess of a mixture of ethylene glycol
      and propylene glycol, in a weight ratio of about 70% ethylene glycol and
      30% propylene glycol. 13.6 grams of this prepolymer is cured with 0.9
      grams of the recrystallized 2,2'-diaminodiphenyl disulfide, using the
      procedure of Example I. The pot life at 65.degree. C. is about one hour or
      more. The cured product has a hardness of 45 on the Shore A scale at
      110.degree. C. and 53 on the Shore A scale when cold. A slight further
      hardening appears to take place on standing.
PAR  A mixture is made from 0.25 grams of m-phenylene diamine and 0.3 grams of
      recrystallized 2,2'-diamino diphenyl disulfide. The mixture is heated on a
      hot plate and stirred to effect solution. The liquid mixture is then
      thoroughly mixed with 12.4 grams of the prepolymer of this example, and
      the mixture allowed to stand at room temperature. After 2 days a very soft
      rubber has formed. After 17 days a tough elastomer has been formed which
      has a hardness of 62 on the Shore A scale.
PAC  EXAMPLE XI
PAR  A prepolymer was prepared by mixing 134.7 grams of polytetramethylene
      glycol of 1000 molecular weight and 47.2 grams of 2,4-tolylene
      diisocyanate and then heating for 4 hours at 65.degree. C.
PAR  32.5 grams of the above prepolymer was heated and mixed with 4.7 grams of
      recrystallized 2,2'-diaminodiphenyl disulfide. The fluid mixture was
      poured into an open horizontal mold 4 inch by 4 inch in size, reacted at
      65.degree. C. for 2 hours and then cured for 40 hours at 91.degree. C. The
      cured casting in the form of a sheet was clear, was 0.100-0.130 inches
      thick, and had a hardness of 89 on the Shore A scale when first cooled.
      The cast sheet had a number of trapped gas bubbles.
PAR  Two tensile tests performed on dumb-bell shaped specimens stamped out of
      this sheet yielded strengths of 4000 and 4210 psi.
PAR  Two Graves tear tests performed on specimens stamped out of this sheet
      yeilded strengths of 280 and 236 pli.
PAC  EXAMPLE XII
PAR  A mixture was made of 0.1 grams of m-phenylene diamine and 0.8 grams of
      recrystallized 2,2'-diaminodiphenyl disulfide. This mixture was heated on
      a hot plate and stirred to effect solution. To this mixture was added 10.0
      grams of the prepolymer of Example I, followed by reheating on the hot
      plate and stirring to effect solution. This mixture was then cured for 4
      days at 80.degree. C. The cured product had a hardness of 73-76 on the
      Shore A scale, and was tough.
PAR  This example is repeated, using methylenebis(aniline) in place of the
      m-phenylene diamine. Similar results are obtained.
PAR  This example is again repeated, using 1,5-diaminonaphthalene in place of
      the m-phenylene diamine. Again similar results are obtained.
PAC  XIII
PAR  32.7 grams of the prepolymer of Example I was melted and held at about
      80.degree. C. until clear of bubbles. Then 3.7 grams of recrystallized
      2,2'-diaminodiphenyl disulfide was stirred into the heated prepolymer to
      form a solution. The mixture was poured into an open 4 inch by 4 inch
      horizontal mold and cured at 79.degree. C. for 2 days. The cured sheet had
      a hardness of 71 on the Shore A scale at 79.degree. C. and 78 on the Shore
      A scale when first cooled to room temperature. After standing for one
      week, the sheet had reached a hardness of 50 on the Shore D scale.
PAR  Using the Graves tear test, the strengths determined were 363 and 319 pli.,
      with the tears being propagated through the specimens in a smooth manner
      at a nearly constant stress. In a tensile test, the specimen shows a very
      high elongation at a low and nearly constant stress.
PAC  EXAMPLE XIV
PAR  This example illustrates the large differences in properties of the cured
      product which may be obtained by varying the stoichiometric ratio and the
      cure temperature. In all cases, recrystallized 2,2'-diaminodiphenyl
      disulfide was used to cure the prepolymer of Example I.
PAR  Table I illustrates the effect of cure temperature on hardness values in
      Column 7 and 8. The data clearly show the sharp drop off in hardness as
      the cure temperature exceeds about 90.degree. C. Further heating of Runs E
      and F produces very little further hardening.
PAR  Table I also demonstrates the effect of stoichiometric ratio on the ability
      of the cured product to crystallize, as indicated by the high hardness
      values (D 47-50), at a stoichiometric ratio of NH.sub.2 /NCO of about
      0.90-0.95. It also illustrates the slight crystallization at
      stoichiometric ratios of about 0.70-0.75.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     EFFECT OF CURE TEMPERATURE                                                
     Run                                                                       
        Prepolymer,                                                            
                Curative,                                                      
                      NH.sub.2                                                 
                          Cure Time,                                           
                                 Cure Temperature,                             
                                            Hardness,                          
                                                   Hardness,                   
                                                          Hardness,            
     No.                                                                       
        grams   grams NCO hours  .degree.C. Cure Temp.                         
                                                   Cooled Aged Room            
     __________________________________________________________________________
                                                          Temp.                
     A  10.35   1.05  0.82                                                     
                          48     66         A 79   A 79                        
     B  9.75    1.1   0.90                                                     
                          48     75                A 80-82                     
     C  30.8    2.9   0.75                                                     
                          48     91         A 78   A 80                        
     D  10.2    1.0   0.78                                                     
                          48     95         A 70   A 73-74                     
     E  10.4    1.05  0.81                                                     
                          6      115-125    A 61   A 68-69                     
     F  10.5    1.05  0.80                                                     
                          4      125        A 52   A 66                        
     EFFECT OF STOICHIOMETRIC RATIO                                            
     G  10.3    0.9   0.70                                                     
                          48     80         A 78   A 80   A 76                 
     C  30.8    2.9   0.75                                                     
                          48     91         A 78   A 80   A 84                 
     B  9.75    1.1   0.90                                                     
                          48     75                A 80-82                     
                                                          D 50                 
     H  10.3    1.2   0.93                                                     
                          48     65         A 75   A 78   D 47                 
     __________________________________________________________________________
PAC  EXAMPLE XV
PAR  A cured product similar to that of Example XIII was made, using
      2,2'-diaminodiphenyl disulfide as a curative for the prepolymer of Example
      I. This cured sample was exposed to UV light from a high-pressure mercury
      source, at a distance of about 6 inches, for a period of 12 hours.
PAR  The product showed no observable darkening as a result of the exposure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cured polyurethane composition comprising the reaction product of (A)
      an organic polyisocyanate, (B) a polymeric diol, and (C) an organic
      diamino disulfide selected from the group consisting of
PA1  a. diamino diphenyl disulfides with amino groups located in different
      phenyl radicals and having the amino groups located in positions ortho to
      the disulfide group,
PA1  b. diamino dinaphthyl disulfides having melting points below 150.degree.
      C., and with amino groups located in different naphthyl radicals,
PA1  c. organic diamino disulfides having the structure NH.sub.2
      --Ar--S--S--R'--NH.sub.2 or NH.sub.2 --R'--S-- S--R'--NH.sub.2 in which Ar
      is an aryl radical and R' is a tertiary aliphatic or cycloaliphatic
      radical in which the amino group is attached to the tertiary carbon atom,
      and
PA1  d. organic diamino aryl disulfides in which one of the radicals attached to
      the disulfide group is a diaminoaryl radical and the other radical
      attached to the disulfide group is either an aryl or a lower alkyl
      radical, in which said (C) may have been reacted simultaneously with said
      (A) and (B), or in which said (A) and (B) may have been reacted together
      to form a polyurethane prepolymer before reaction with said (C).
NUM  2.
PAR  2. A composition according to claim 1 in which said (C) is an ortho,
      ortho'-diaminodiaryl disulfide.
NUM  3.
PAR  3. A composition according to claim 2 in which said (C) is
      2,2'-diaminodiphenyl disulfide.
NUM  4.
PAR  4. A composition according to claim 2 in which said (C) is
      2,2'-diamino-4,4'-dichlorodiphenyl disulfide.
NUM  5.
PAR  5. A composition according to claim 2 in which said (C) is
      2,2'-diamino-4,4'-di-lower-alkyldiphenyl disulfide.
NUM  6.
PAR  6. A composition according to claim 1 in which said (C) is bis
      [8-aminonaphthyl(1)] disulfide.
NUM  7.
PAR  7. A composition according to claim 1 in which said (C) is bis
      [1-aminonaphthyl(2)] disulfide.
NUM  8.
PAR  8. A composition according to claim 1 in which said (C) has the structure
      ##SPC2##
PAL  wherein Y is an aryl or lower alkyl radical.
NUM  9.
PAR  9. A composition according to claim 1 in which the ratio of NCO groups in
      said (A) to the OH groups in said (B) ranges from 1.75 to 2.50, and the
      ratio of the sum of the OH groups in said (B) plus NH.sub.2 groups in said
      (C) to the NCO groups in said (A) ranges from 0.50 to 0.95.
NUM  10.
PAR  10. A curative comprising a blend consisting of (a) an organic diamino
      disulfide selected from the group consisting of:
PA1  1. diamino diphenyl disulfides with amino groups located in different
      phenyl radicals and having the amino groups located in positions ortho to
      the disulfide group,
PA1  2. diamino dinaphthyl disulfides having melting points below 150.degree.
      C., and with amino groups located in different naphthyl radicals,
PA1  3. organic diamino disulfides having the structure NH.sub.2
      --Ar--S--S--R'--NH.sub.2 or NH.sub.2 --R'--S--S--R'--NH.sub.2 in which Ar
      is an aryl radical and R' is a tertiary aliphatic or cycloaliphatic
      radical in which the amino group is attached to the tertiary carbon atom,
      and
PA1  4. organic diamino aryl disulfides in which one of the radicals attached to
      the disulfide group is a diaminoaryl radical and the other radical
      attached to the disulfide group is either an aryl or a lower alkyl
      radical, and (b) an aromatic diamine.
NUM  11.
PAR  11. The composition of claim 10 in which said (a) is a diaminodiaryl
      disulfide.
NUM  12.
PAR  12. The composition of claim 11 in which the amount of (a) varies from 25
      to 99 percent by weight and the amount of (b) varies from 1 to 75 percent
      by weight of the sum of the weights of (a) plus (b).
NUM  13.
PAR  13. The composition of claim 11 in which said (a) is 2,2'-diaminodiphenyl
      disulfide.
NUM  14.
PAR  14. The composition of claim 11 in which said (a) is
      2,2'-diamino-4,4'-dichlorodiphenyl disulfide.
NUM  15.
PAR  15. The composition of claim 11 in which said (b) is selected from the
      group consisting of m-phenylene diamine, 2,4-tolylene diamine, and
      methylene bis(aniline).
NUM  16.
PAR  16. A curative comprising a blend consisting of (a) an organic diamino
      disulfide selected from the group consisting of:
PA1  1. diamino diphenyl disulfides with amino groups located in different
      phenyl radicals and having the amino groups located in positions ortho to
      the disulfide group,
PA1  2. diamino dinaphthyl disulfides having melting points below 150.degree.
      C., and with amino groups located in different naphthyl radicals,
PA1  3. organic diamino disulfides having the structure NH.sub.2
      --Ar--S--S--R'--NH.sub.2 or NH.sub.2 --R'--S--S--R'--NH.sub.2 in which Ar
      is an aryl radical and R' is a tertiary aliphatic or cycloaliphatic
      radical in which the amino group is attached to the tertiary carbon atom,
PA1  4. organic diamino aryl disulfides in which one of the radicals attached to
      the disulfide group is a diaminoaryl radical and the other radical
      attached to the disulfide group is either an aryl or a lower alkyl
      radical, and
PA1  5. substituted para, para' diamino diphenyl disulfides having substituents
      selected from the group consisting of lower alkyl and lower alkoxy
      radicals, and (b) a diol.
NUM  17.
PAR  17. The composition of claim 16 in which said (a) is a diaminodiaryl
      disulfide and said (b) is a polymeric diol.
NUM  18.
PAR  18. The composition of claim 17 in which said (a) is 2,2'-diaminodiphenyl
      disulfide.
NUM  19.
PAR  19. The composition of claim 17 in which said (a) is 4,4'-diaminodiphenyl
      disulfide.
NUM  20.
PAR  20. The composition of claim 17 in which said (a) is
      2,2'-diamino-4,4'-dichlorodiphenyl disulfide.
NUM  21.
PAR  21. The composition of claim 17 in which said (a) is a substituted
      4,4'-diaminodiphenyl disulfide, with substituents selected from the group
      consisting of chloro, bromo, lower alkyl and lower alkoxy radicals.
NUM  22.
PAR  22. The composition of claim 17 in which said (a) constitutes from 5 to 99
      percent by weight and said (b) constitutes from 1 to 95 percent by weight
      of the sum of the weights of (a) plus (b).
NUM  23.
PAR  23. A curative comprising a blend consisting of (a) an organic diamino
      disulfide selected from the group consisting of:
PA1  1. diamino diphenyl disulfides with amino groups located in different
      phenyl radicals and having the amino groups located in positions ortho to
      the disulfide group,
PA1  2. diamino dinaphthyl disulfides having melting points below 150.degree.
      C., and with amino groups located in different naphthyl radicals,
PA1  3. organic diamino disulfides having the structure NH.sub.2
      --Ar--S--S--R'--NH.sub.2 or NH.sub.2 --R'--S--S--R'--NH.sub.2 in which Ar
      is an aryl radical and R' is a tertiary aliphatic or cycloaliphatic
      radical in which the amino group is attached to the tertiary carbon atom,
PA1  4. organic diamino aryl disulfides in which one of the radicals attached to
      the disulfide group is a diaminoaryl radical and the other radical
      attached to the disulfide group is either an aryl or a lower alkyl
      radical, and
PA1  5. substituted para, para'-diamino diphenyl disulfides having substituents
      selected from the group consisting of lower alkyl and lower alkoxy
      radicals, (b) an aromatic diamine, and (c) a diol.
NUM  24.
PAR  24. The composition of claim 23 in which said (a) is a diaminodiaryl
      disulfide.
NUM  25.
PAR  25. The composition of claim 23 in which said (c) is a polymeric diol.
NUM  26.
PAR  26. The composition of claim 24 in which said (a) is 2,2'-diaminodiphenyl
      disulfide.
NUM  27.
PAR  27. The composition of claim 24 in which said (a) is
      2,2'-diamino-4,4'-dichlorodiphenyl disulfide.
NUM  28.
PAR  28. The composition of claim 24 in which said (a) is a substituted
      4,4'-diaminodiphenyl disulfide, with substituents selected from the group
      consisting of chloro, bromo, lower alkyl, and lower alkoxy radicals.
NUM  29.
PAR  29. The composition of claim 23 in which the amount of (c) constitutes from
      1 to 95 percent of the combined weights of (a) plus (b) plus (c), the
      amount of (a) plus (b) constitutes from 5 to 99 percent of the combined
      weights of (a) plus (b) plus (c), the amount of (a) constitutes from 25 to
      99 percent of the combined weights of (a) plus (b), and the amount of (b)
      constitutes from 1 to 75% of the combined weights of (a) plus (b).
NUM  30.
PAR  30. The process of producing a polyurethane composition which comprises
      intimately admixing a polyurethane prepolymer having isocyanato terminal
      groups with an organic diamino disulfide curative selected from the group
      consisting of:
PA1  a. diamino diphenyl disulfides with amino groups located in different
      phenyl radicals and having the amino groups located in positions ortho to
      the disulfide group,
PA1  b. diamino dinaphthyl disulfides having melting points below 150.degree.
      C., and with amino groups located in different naphthyl radicals,
PA1  c. organic diamino disulfides having the structure NH.sub.2
      --Ar--S--S--R'--NH.sub.2 or NH.sub.2 --R'--S--S--R'--NH.sub.2 in which Ar
      is an aryl radical and R' is a tertiary aliphatic or cycloaliphatic
      radical in which the amino group is attached to the tertiary carbon atom,
PA1  d. organic diamino aryl disulfides in which one of the radicals attached to
      the disulfide group is a diaminoaryl radical and the other radical
      attached to the disulfide group is either an aryl or a lower alkyl
      radical, and
PA1  e. 3,5,3',5'-tetra-lower-alkyl-4,4'-diaminodiphenyl disulfides, in an
      amount such that the stoichiometric ratio of amino groups to isocyanato
      groups ranges from 0.50 to 0.90 and allowing the reaction mixture to cure
      by maintaining a temperature ranging from room temperature to 95.degree.
      C.
NUM  31.
PAR  31. The process of claim 30 in which said organic diamino disulfide is
      2,2'-diaminodiphenyl disulfide.
NUM  32.
PAR  32. The process of claim 30 in which said organic diamino disulfide is
      2,2'-diamino-4,4'-dichlorodiphenyl disulfide.
NUM  33.
PAR  33. The process of claim 30 in which said organic diamino disulfide is a
      mixture containing 2,2'-diaminodiphenyl disulfide.
NUM  34.
PAR  34. The cured composition prepared according to the process of claim 30.
NUM  35.
PAR  35. A cured polyurethane composition comprising the reaction product of (A)
      an organic polyisocyanate, (B) a polymeric diol, and (C) a mixture of
      2,2'-diaminodiphenyl disulfide and 4,4'-diaminodiphenyl disulfide, in
      which said (C) may have been reacted simultaneously with said (A) and (B),
      or in which said (A) and (B) may have been reacted together to form a
      polyurethane prepolymer before reaction with said (C).
NUM  36.
PAR  36. A cured polyurethane composition comprising the reaction product of (A)
      an organic polyisocyanate, (B) a polymeric diol, and (C) a mixture of
      2,2'-diaminodiphenyl disulfide and substituted 4,4'-diaminodiphenyl
      disulfides with substituents being selected from the group consisting of
      chloro, bromo, lower alkyl and lower alkoxy radicals, in which said (C)
      may have been reacted simultaneously with said (A) and (B), or in which
      said (A) and (B) may have been reacted together to form a polyurethane
      prepolymer before reaction with said (C).
NUM  37.
PAR  37. The process of producing a polyurethane composition which comprises
      reacting (A) a polymeric polyol, (B) an organic polyisocyanate and (C) an
      organic diamino disulfide selected from the group consisting of
PA1  a. diamino diphenyl disulfides with amino groups located in different
      phenyl radicals and having the amino groups located in positions ortho to
      the disulfide group,
PA1  b. diamino dinaphthyl disulfides having melting points below 150.degree.
      C., and with amino groups located in different naphthyl radicals,
PA1  c. organic diamino disulfides having the structure NH.sub.2
      --Ar--S--S--R'--NH.sub.2 or NH.sub.2 --R'--S--S--R'--NH.sub.2 in which Ar
      is an aryl radical and R' is a tertiary aliphatic or cycloaliphatic
      radical in which the amino group is attached to the tertiary carbon atom,
PA1  d. organic diamino aryl disulfides in which one of the radicals attached to
      the disulfide group is a diaminoaryl radical and the other radical
      attached to the disulfide group is either an aryl or a lower alkyl
      radical, and
PA1  e. 3,5,3',5'-tetra-lower-alkyl-4,4'-diaminodiphenyl disulfides, with the
      amounts of (A), (B), and (C) being such that the stoichiometric ratio of
      amino groups to isocyanato groups ranges from 0.50 to 0.90 and allowing
      the reaction mixture to cure in the presence of a catalyst for the
      reaction of isocyanato groups with hydroxyl groups.
NUM  38.
PAR  38. The process of claim 37 in which said catalyst is selected from the
      group consisting of dialkyltin diacylates and stannous diacylates.
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ABST
PAL  Nylons containing modified molecular weights are anionically polymerized
      from lactams having from 3 to 16 carbon atoms in the presence of
      hydrocarbon molecular weight control compounds having a pK.sub.a of from
      about 15 to about 29.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to compounds which modify the molecular
      weight of polymerized lactams. More specifically, the present invention
      relates to the use of compounds which allows anionic polymerization of
      lactams to proceed at a normal rate and yet inhibits coupling and/or chain
      transfer which generally produce high molecular weight and/or gelled
      polylactams.
PAR  Heretofore, the anionic polymerization of lactams produced polylactams
      often having much higher molecular weights than that expected from
      calculations based upon the elements of lactam monomer and anionic
      initiators. Generally, the much higher molecular weight has been
      attributed to branching reactions such as between an amide ion and an
      imide chain end which produce a coupled site. This reaction often resulted
      in very high molecular weight products and/or gels, especially with longer
      polymerization time periods and hence altered the rheology of the
      polylactam. Since the range of molecular weights of polylactams would vary
      from batch to batch depending upon the amount of branching or coupling,
      processing problems were often encountered in situations wherever rheology
      considerations tend to be important such as in fiber making, spinning
      operations and often in molding.
PAR  In an article entitled "Initiated Polymerization of Caprolactam: Molecular
      Weight Control" by E. H. Mottus, R. N. Hedrick and J. M. Butler, American
      Chemical Society POlymer Preprints, 9(1) Page 390 (1968), aliphatic,
      cycloaliphatic and aromatic amines and amides were added to anionically
      polymerizing lactam systems to react with the potential coupling sites
      thereby reducing the concentration of such sites sufficiently to prevent
      the undesirable branching reaction. However, the reaction of amides with
      the potential coupling sites generally resulted in chain termination and
      generation of new chains while amines resulted in chain termination. Thus,
      the overall effect was the production of a polylactam which generally had
      molecular weights much below the calculated value due to the chainn
      termination and/or chain transfer reactions. Polymers produced utilizing
      amine and amide modifiers thus go to a lower conversion and are less
      viscous.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to produce
      polylactams which have modified molecular weights.
PAR  It is another object of the present invention to produce polylactams, as
      above, wherein coupling or branching through active sites on the
      polylactam during polymerization are prevented.
PAR  It is a further object of the present invention to produce polylactams, as
      above, wherein imide-amide type reactions which result in coupling or
      branching reactions are prevented.
PAR  It is still another object of the present invention to produce polylactams
      which have molecular weights comparable to expected calculated values, are
      gel free and have improved processability.
PAR  It is yet another object of the present invention to produce rubber-nylon
      block copolymers free of coupling or branching reactions.
PAR  It is yet another object of the present invention to produce polylactams
      having modified molecular weights comparable to expected values by
      utilizing hydrocarbons having a pK.sub.a of about 15 to about 29 which
      will not interfere with polymerization or cause chain transfer reactions.
PAR  These and other objects of the present invention, together with the
      advantages thereof over existing prior art compounds and methods which
      will become apparent from the following specification are accomplished by
      the method and compounds hereinafter described and claimed.
PAR  In general, nylons having modified molecular weights comprise anionically
      polymerized lactams having from 3 to 16 carbon atoms and from 0.001 mole
      percent to 30 mole percent of a hydrocarbon compound lacking any active
      hydrogen attached to an atom selected from the group consisting of
      nitrogen, oxygen and sulfur, and having a pK.sub.a of about 15 to about
      29.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the concepts of the present invention, polylactams having
      modified molecular weights are produced. By the term modified molecular
      weights it is meant that lactams are anionically polymerized to produce a
      range of molecular weights including an average molecular weight which is
      comparable or very similar if not the same to the expected values based on
      calculations of the amount of lactam monomer and initiator or catalyst.
      This is true regardless of the amount of polymerization time whereas
      heretofore long polymerizing times such as a few hours or more would
      generally produce polylactams having a large number of polymers possessing
      molecular weights as well as an average molcular weight well above the
      expected calculated value. Generally, the modified molecular weight
      polylactams of the present invention are produced by utilizing a compound
      which prevents or inhibits coupling or branching onto the polylactam chain
      during growth.
PAR  The lactams which will undergo anionic polymerization may generally be
      classified as the lactams which contain at least three carbon atoms in the
      lactam ring and may be illustrated by the formula:
      ##EQU1##
      wherein n is an integer of at least 2 and up to 15 and preferably from 5
      to 12 with a value of 5 (nylon 6) being highly preferred. Examples of
      specific lactams include caprolactam and caprylactam. The polymerization
      of the lactams is generally carried out at a temperature range of from
      0.degree.C to 260.degree.C and preferably from about 120.degree.C to about
      180.degree.C. The time of the polymerization will, of course, generally
      vary dependent upon the temperature, the amount of initiator or catalyst
      as well as upon the amount of monomer. Generally, polymerization times may
      vary from an hour or less to several hours and even longer.
PAR  The molecular weight of the polylactams according to the present invention
      may generally have any desirable average molecular weight. Thus,
      polylactams having conventionally utilized average molecular weights may
      be produced such as an average molecular weight from about 10,000 to about
      30,000 which when measured on the basis of relative viscosity will range
      from about 1.9 to about 3.6. Of course, any range of average molecular
      weight may be produced such as from about 1,000 to well over 100,000.
PAR  Suitable initiators or catalysts for the anionic polymerization of lactams
      may be any of the metals, which can be in metallic, complex ion or
      compound form, that are capable of forming lactam salts (for example
      sodium hydride and caprolactam to form sodium caprolactam). Common
      examples of such catalysts are the alkali and alkaline earth metals, for
      example sodium, potassium, lithium, calcium, strontium, barium, magnesium
      and the like either in metallic form or in other forms such as hydrides,
      borohydrides and oxides. Desirably, initiators which do not give off water
      when reacted with lactams are utilized. Another common class of effective
      initiators are the organo-metallic derivatives of the foregoing metals.
      Examples of such organo-metallic compounds include lithium, potassium and
      sodium alkyls such as butyl lithium, ethyl potassium or propyl sodium or
      the aryl compound of such metals. Moreover, the Grignard reagents are also
      effective initiators for lactam polymerization.
PAR  In general, these initiators are well known to one skilled in the art and
      include many conventional compounds. A particularly preferred class of
      compounds is represented by the formula RLi wherein R is a hydrocarbon
      radical selected from the group of aliphatic, cycloaliphatic and aromatic
      radicals containing from 1 to 30 carbon atoms per molecule.
PAR  As also well known to one skilled in the art, the initiator concentration
      employed may vary from a very small mole percent, for example well less
      than 0.01 mole percent to about 10 or 20 mole percent, based upon the
      lactam monomer. In general, however, the highly preferred initiator
      concentrations will vary from about 0.1 to about 1 mole percent.
PAR  The modified molecular weight polylactams of the present invention are
      produced by utilizing various hydrocarbon compounds which have been found
      to allow normal polymerization, will not interfere with conversion and
      will not cause chain transfer reactions or coupling or branching
      reactions. These compounds according to the concepts of the present
      invention may be any hydrocarbon compound which does not contain an active
      hydrogen attached to a nitrogen, oxygen or sulfur atom such as amines,
      alcohols, carboxylic acids and mercaptans and have a pK.sub.a value of
      about 15 to about 29 based upon the McEwen-Streitwieser-Applequist-Dessy
      Scale, see Cram, "Fundamentals of Carbanion and Chemistry", Academic
      Press, Pages 15-20, 1965. Since pK.sub.a values will vary from reference
      to reference, generally the present invention pertains to hydrocarbons
      such as and having a pK.sub.a value as indicated: fluorene (22.9),
      9-phenylfluorene (18.5), acetylene (25), phenylacetylene (18.5), indene
      (18.5), cyclopentadiene (15) and 1,3,3-triphenylpropene (26.5). Preferred
      hydrocarbons include fluorene and phenylacetylene.
PAR  It is generally thought that the above specific hydrocarbons prevent chain
      transfers and coupling reactions since their pK.sub.a value lies generally
      between or about that of the monomer lactam compound and the polymerizing
      lactam chain. In such a situation, it is postulated that the hydrocarbon
      compounds of the present invention will occupy the potential coupling,
      branching or chain transferring site thereby preventing an amide-imide
      reaction and thus permitting the lactam polymerization to proceed
      according to the normal expected mechanism. Accordingly, molecular weights
      are produced comparable to the expected calculated value with resulting
      expected theologies of the polymers. Thus, polylactams having desirable
      molecular weight ranges regardless of polymerization time can be produced
      and the problem of gelling high or very high molecular weights is
      eliminated. Since good rheology is obtained, the polylactams can be
      utilized in situations wherever consistent rheology is important and
      desirable. Hence, polylactams according to the present invention are
      desirable for uses in tire cord, monofilament nylon, and generally
      wherever adding fibers or spinning operations are encountered and good
      processability properties desired.
PAR  The amount of hydrocarbon compound desired may generally range from less
      than 0.001 mole percent to about 30 mole percent based upon the lactam
      monomer. A more desirable range is from about 0.005 to about 20 mole
      percent with a preferred range being about 0.05 mole percent to about 1.0
      mole percent. Since the hydrocarbon compounds tend to occupy the potential
      undesirable reaction sites on the growing polylactam chain such as
      coupling sites, the amount of desirable hydrocarbon compound can generally
      be correlated to the amount of initiator. That is, since the amount of
      initiators generally determines the number of chains, the range of
      hydrocarbon compound can generally vary from about 0.1 to about 10 or 20
      equivalents based upon the mole amount of the initiator. In order to
      prevent undesirable reactions, a preferred range of hydrocarbon compounds
      based upon the amount of initiators is from about 0.5 to about 10 or 20
      equivalents per mole of initiator. Higher amounts, of course, can be used
      but are somewhat impractical due to economical considerations. Excess
      amounts of hydrocarbons are desirable based upon the simple fact that due
      to the growing chains and volume occupied, an exact number of moles of
      hydrocarbon compound to the number of moles of initiator will generally
      not be sufficient to occupy all of the potential reaction sites.
PAR  Generally, the hydrocarbon compounds of the present invention which permit
      the polymerization process to produce molecular weights comparable to the
      calculated values can be used in any polylactam polymerization including
      the production of block copolymers such as rubber-nylon block copolymers
      set forth in a commonly owned United States Patent Application bearing
      Ser. No. 219,161, now U.S. Pat. No. 3,838,108, which is hereby
      incorporated by reference with respect to the formation and production of
      this particular class of block copolymers. That is, once the base portion
      of a block copolymer containing rubber or other polymers set forth in the
      above-noted specification is endcapped with a polyisocyanate or a
      polyisothiocyanate and the lactam polymerization about to be commenced,
      hydrocarbon compounds according to the present invention may be added to
      insure that block copolymers having a nylon constituent of an expected
      calculated value will be produced.
PAR  The present invention will be more readily understood by the following
      examples.
DETD
PAC  EXAMPLES I AND II
PAR  Two identical runs were made with a 1,2-polybutadienepolycaprolactam block
      copolymer. The lactam polymerization was allowed to proceed five times
      longer than normal in order to favor the amide-imide coupling or branching
      reaction which the hydrocarbon compound was to prevent or inhibit. The
      degree of coupling and/or gellation was measured by means of plasticity.
      More specifically, the plasticity is the area in cm.sup.2 of a 0.500 gram
      sample pressed at 100.degree.C under a pressure of 2,000psi for 30
      seconds. The higher the area the better material flow and thus the lower
      the molecular weight and/or degree of coupling.
PAR  The hydrocarbon utilized was fluorene and was equivalent to the amount of
      initiator used. The procedure of these two runs is as follows.
PAR  To a dry 28 ounce beverage bottle containing a magnetic stirrer was added
      500cc of dry tetrahydrofuran (THF) and 40.0 grams of butadiene. After
      cooling to minus 25.degree.C, 5.1 cc of 1.615 molar butyl lithium (0.25
      .times. 10.sup.-.sup.3) moles for impurities and 8 .times. 10.sup.-.sup.3
      moles for polymerization (average molecular weight 5,000) was added. After
      3 hours at this temperature, a sample gave a 5,000 molecular weight by
      viscosity (5,300 molecular weight by GPC) and 86% vinyl content. To this
      was added 6.73 cc of a 1.19 molar toluene diisocyanate solution which gave
      25% coupling as measured by GPC. To this was added 80 grams of dry molten
      caprolactam and 4.0 cc of a 10% solution of phenyl-betanaphthylamine
      (PBNA). At this point 16.3 cc of a 0.507 molar solution of fluorene was
      then introduced. The bottle was heated with a nitrogen purge to
      160.degree.C for 10 hours. This resulted in a copolymer that had a
      plasticity of 14.8cm.sup.2 when prepared without any hydrocarbon compound
      and a plasticity of 52.9cm when prepared with fluorene.
PAR  Several additional runs were made with polycaprolactam wherein the anionic
      catalyst was sodium hydride. The specific hydrocarbons utilized were
      phenylacetylene, indene, and fluorene. The exact method of preparation of
      these compounds is as follows.
PAR  To a dry 10 ounce beverage bottle was added 0.204 grams of a 59% dispersion
      of sodium hydride in mineral oil (5 .times. 10.sup.-.sup.3 moles) and 50
      grams of dry molten caprolactam. The amount of modifier set forth in Table
      I was added and the bottle was then heated in a forced air oven to
      160.degree.C. Then 0.70 cc of acetyl caprolactam (5 .times. 10.sup.-.sup.3
      moles) was added and the bottle was heated at 160.degree.C for 18 hours.
      The molecular weight obtained for the various samples are set forth in
      Table I. The various molecular weights were determined as follows. The
      charged molecular weight was equal to the grams of caprolactam divided by
      the moles of acetyl caprolactams times a factor of 1.83. This factor is
      obtained by dividing the viscosity average molecular weight of the
      polycaprolactam by the number average molecular weight utilizing gel
      permeation chromatography. The molecular weight found was determined from
      the formula V = 4.5 .times. 10.sup.-.sup.4 M.sup.0.792 where V is the
      intrinsic viscosity determined in concentration sulfuric acid solution.
      The expected molecular weight was calculated by dividing the grams of
      charged caprolactam minus the grams of water soluble caprolactam by the
      moles of acetyl caprolactam and multiplying the obtained quotient by 1.83.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     SAMPLE NO.                                                                
             MOLES OF MODIFIER                                                 
                         %H.sub.2 O                                            
                               Mol. Wt. .times. 10.sup.-.sup.3                 
             PER MOLE OF NaH                                                   
                         SOLUTION                                              
                               CHARGED                                         
                                     FOUND EXPECTED                            
     __________________________________________________________________________
             With Phenylacetylene                                              
     3       0.1         0.3   18.2  21.1  18.2                                
     4       0.5         0.3   18.4  19.7  18.3                                
     5       1.0         0.7   18.3  17.7  18.2                                
     6       1.3         3.8   18.4  18.0  17.7                                
             With Indene                                                       
     7       0.1         1.9   18.3  21.7  18.1                                
     8       0.5         5.0   18.4  17.8  17.6                                
     9       1.0         89.0  18.3  2.1   2.0                                 
     10      5.0         98.7  18.4  Not enough                                
                                           0.2                                 
                                     sample                                    
             With Fluorene                                                     
     11      0.1         0.2   18.3  19.4  18.3                                
     12      0.5         1.9   18.4        18.1                                
     13      1.0         67.9  18.3  6.0   5.9                                 
     14      5.0         95.1  18.4  Not enough                                
                                           0.9                                 
                                     sample                                    
     15      None (Control)                                                    
                         0.9   18.6  22.7  18.5                                
     __________________________________________________________________________
PAR  As readily apparent from Table I, the molecular weight of the polymerized
      caprolactam was very close to the calculated value, especially when the
      moles of modifier per mole of sodium hydride was 0.5 or above. Thus, it is
      obvious to one skilled in the art that according to the concepts of the
      present invention, polymerized lactams can be produced having a molecular
      weight very close to the calculated value.
PAR  While in accordance with the patent statutes, the preferrred embodiments
      have been illustrated and described in detail, it is to be understood that
      the invention is not limited thereto, the scope of the invention being
      measured solely by the scope of the attached claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A molecular weight modified nylon, comprising:
PA1  anionically polymerized lactam monomers having the formula
      ##EQU2##
      wherein n is from 2 to 15, and containing from 0.001 to about 30 mole
      percent based upon the lactam of a hydrocarbon compound lacking any active
      hydrogen attached to an atom selected from the group consisting of
      nitrogen, oxygen and sulfur, and having a
      McEwen-Streitwieser-Applequist-Dessy scale pK.sub.a of from about 15 to
      about 29.
NUM  2.
PAR  2. A molecular weight modified nylon according to claim 1, wherein said
      amount of hydrocarbon is from about 0.005 to about 20 mole percent.
NUM  3.
PAR  3. A molecular weight modified nylon according to claim 1, wherein said
      amount of hydrocarbon is from about 0.05 to about 1.0 mole percent.
NUM  4.
PAR  4. A molecular weight modified nylon, comprising:  anionically polymerized
      lactam monomers having the formula
      ##EQU3##
      wherein n is 5 to 12, and containing from about 0.001 to about 30 mole
      percent based upon the lactam of a hydrocarbon compound selected from the
      class consisting of fluorene, 9-phenylpropene, acetylene, phenylacetylene,
      indene, cyclopentadiene and 1,3,3-triphenylpropene.
NUM  5.
PAR  5. A molecular weight modified nylon according to claim 4, wherein said
      hydrocarbon is selected from the group consisting of fluorene and
      phenylacetylene.
NUM  6.
PAR  6. A molecular weight modified nylon according to claim 4, wherein said
      lactam has an n value of 5.
NUM  7.
PAR  7. A molecular weight modified nylon, comprising; anionically polymerized
      lactam monomers having the formula
      ##EQU4##
      wherein n is from 2 to 15, from about 0.01 to about 20 mole percent of an
      anionic initiator based on said lactam monomers, from 0.1 to about 20
      equivalents based upon said initiator of a hydrocarbon compound lacking
      any active hydrogen attached to an atom selected from the group consisting
      of nitrogen, oxygen and sulfur, and having a
      Mc-Ewen-Streitwieser-Applequist-Dessy scale pk.sub.a of from about 15 to
      about 29, so that the modified molecular weight is similar to the expected
      calculated molecular weight.
NUM  8.
PAR  8. A molecular weight modified nylon according to claim 7, wherein the
      amount of hydrocarbon compound is from about 0.5 to about 20 equivalents
      based upon said initiator.
NUM  9.
PAR  9. A method for the preparation of nylons having modified molecular weights
      which comprises anionically polymerized lactams having the formula
      ##EQU5##
      wherein n is from 2 to 15, and carrying said polymerization out in the
      presence of from 0.001 to about 30 mole percent based upon the lactam of a
      hydrocarbon compound having a McEwen-Streitwieser-Applequist-Dessy scale
      pK.sub.a of from about 15 to about 29.
NUM  10.
PAR  10. A method for the preparation of nylons having modified molecular
      weights according to claim 9 wherein said hydrocarbon compound range is
      from about 0.005 to about 20 mole percent.
NUM  11.
PAR  11. A method for the preparation of nylons having modified molecular
      weights according to claim 9 wherein said hydrocarbon compound range is
      from about 00.5 to about 1.0 mole percent.
NUM  12.
PAR  12. A method for the preparation of nylons having modified molecular
      weights which comprises an anionically polymerizing lactams having the
      formula
      ##EQU6##
      where n is from 5 to 12, and containing from 0.001 to about 30 mole
      percent of the hydrocarbon compound selected from the class consisting of
      fluorene, 9-phenylfluorene, acetylene, phenylacetylene, indene,
      cyclopentadiene and 1,3,3-triphenylpropene.
NUM  13.
PAR  13. A method for the preparation of nylons having modified molecular
      weights according to claim 12 wherein said hydrocarbons are selected from
      the group consisting of fluorene and phenylacetylene.
NUM  14.
PAR  14. A method for the preparation of nylons having modified molecular
      weights according to claim 12, wherein said lactam monomer has an n value
      of 5.
NUM  15.
PAR  15. A method for the preparation of nylons having modified molecular
      weights according to claim 12, including the additional step of carrying
      said lactam polymerization out at a temperature of from 0.degree.C to
      about 260.degree.C.
NUM  16.
PAR  16. A method for the preparation of nylons having modified molecular
      weights which comprises anionically polymerized lactams having the formula
      ##EQU7##
      wherein n is from 2 to 15, adding from about 0.01 to about 20 mole percent
      of anionic initiators based on said lactam monomers, adding from about 0.1
      to about 20 equivalents based upon said initiator of a hydrocarbon
      compound lacking any active hydrogen attached to an atom selected from the
      group of nitrogen, oxygen and sulfur and having a
      McEwen-Streitwieser-Applequist-Dessy scale pK.sub.a of from about 15 to
      about 29, so that the modified molecular weight is similar to the expected
      calculated molecular weight.
NUM  17.
PAR  17. A method for the preparation of nylons having modified molecular
      weights according to claim 16, wherein the amount of hydrocarbon compound
      is from about 0.5 to about 20 equivalents based upon said initiator.
NUM  18.
PAR  18. A method for the preparation of nylons having modified molecular
      weights according to claim 16, including the additional step of carrying
      said lactam polymerization out at a temperature of from 0.degree.C to
      260.degree.C.
NUM  19.
PAR  19. A molecular weight modified nylon according to claim 12, wherein said
      amount of hydrocarbon is from about 0.005 to about 20 mole percent.
NUM  20.
PAR  20. A molecular weight modified nylon according to claim 12, wherein said
      amount of hydrocarbon is from about 0.05 to about 1.0 mole percent.
NUM  21.
PAR  21. A molecular weight modified nylon according to claim 19, wherein said
      hydrocarbon is selected from the group consisting of fluorene and
      phenylacetylene.
NUM  22.
PAR  22. A molecular weight modified nylon according to claim 19, wherein said
      lactam has an n value of 5 to 12.
NUM  23.
PAR  23. A molecular weight modified nylon according to claim 22, wherein said n
      value is 5.
NUM  24.
PAR  24. A method for the preparation of nylons having modified molecular
      weights according to claim 12, wherein said hydrocarbon compound range is
      from 0.005 to about 20 mole per cent.
NUM  25.
PAR  25. A method for the preparation of nylons having modified molecular
      weights according to claim 12, wherein said hydrocarbon compound range is
      from about 0.05 to about 1.0 mole per cent.
NUM  26.
PAR  26. A method for the preparation of nylons having modified molecular
      weights according to claim 24, wherein said hydrocarbon is selected from
      the group consisting of fluorene and phenylacetylene.
NUM  27.
PAR  27. A method for the preparation of nylons having modified molecular
      weights according to claim 24, wherein said lactam has an n value of 5 to
      12.
NUM  28.
PAR  28. A method for the preparation of nylons having modified molecular
      weights according to claim 27, wherein said n value is 5.
NUM  29.
PAR  29. A method for the preparation of nylons having modified molecular
      weights, according to claim 9, including the additional step of carrying
      said lactam polymerization out at a temperature of from 0.degree.C to
      about 260.degree.C.
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ABST
PAL  A novel copolyamide is obtained by copolymerizing a three-component system
      comprising .epsilon.-caprolactam; a salt of hexamethylenediamine and
      adipic acid; and a salt of 1,3-cyclohexanebis (methylamine) and adipic
      acid, in the specified proportions shown in the drawing.
PAL  The copolyamide is easily soluble in lower aliphatic alcohols and has good
      transparency. Solutions of the copolyamide in alcohol have superior
      stability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel and useful copolyamide, in particular, an
      alcohol-soluble copolyamide having improved properties.
PAR  Generally, polyamides are difficult to dissolve in organic solvents. Only a
      few solvents such as phenol, formic acid and sulfuric acid can dissolve
      the usual polyamides.
PAR  In recent years, applications of polyamide solutions as adhesives, coating
      agents, casting films and so on have been developed on an industrial
      scale.
PAR  A polyamide which is soluble in lower alcohols, or mixtures of such
      alcohols with hydrocarbons, is usually used as the polyamide for these
      applications.
PAR  As a typical polyamide used for these applications, a copolyamide obtained
      by polymerizing a monomer mixture comprising .epsilon.-caprolactam,
      hexamethylene diammonium adipate, and hexamethylenediammonium sebacate
      (so-called nylon 6/66/610) has been already proposed.
PAR  It has been found that this conventional copolyamide has serious
      disadvantages when it is used as an alcohol solution. Specifically, this
      conventional copolyamide is lacking in solution stability.
PAR  Generally, the polyamide is subjected to practical use as a 10-30 percent
      methanol solution. When such a methanol solution is stored at ambient
      temperature, the copolyamide precipitates from the solution, or the whole
      solution coagulates into a gel, and these difficulties are not avoidable.
PAR  The conventional copolyamide solution usually coagulates into a gel after
      one to three days storage. Therefore, it is necessary to prepare the
      solution in the quantity required for each usage at the time, or it is
      necessary to perform the troublesome step of re-dissolving the gelated
      solution by heating.
PAR  On the other hand, when the copolyamide solution is to be used as a coating
      agent for printed paper, for example, the resulting coating film is
      required to have good transparency. The conventional copolyamide does not
      provide a coating film having satisfactory transparency.
PAR  Accordingly, an object of this invention is to provide a novel and useful
      alcohol-soluble copolyamide having superior solution stability and good
      transparency.
PAC  SUMMARY OF THE INVENTION
PAR  A copolyamide is obtained by copolymerizing a three-component system in the
      proportions defined by the triangular coordinates in the area defined by
      points a, b, c, d, e and f of the accompanying drawing, the system
      comprising .epsilon.-caprolactam; a salt of hexamethylenediamine and
      adipic acid; and a salt of 1,3-cyclohexanebis (methylamine) and adipic
      acid.
PAR  The points a, b, c, d, e and f of the drawing represent the following three
      component systems:
TBL              Points                                                        
                     a     b     c     d     e     f                           
     Components                                                                
     __________________________________________________________________________
     .epsilon.-caprolactam                                                     
                     55 wt%                                                    
                           40 wt%                                              
                                 20 wt%                                        
                                       20 wt%                                  
                                             35 wt%                            
                                                   55 wt%                      
     salt of hexamethylenediamine                                              
     and adipic acid 25 "  40 "  40 "  20 "  5 "   5 "                         
     salt of 1,3-cyclohexanebis                                                
     (methylamine) and adipic acid                                             
                     20 "  20 "  40 "  60 "  60 "  40 "                        
     __________________________________________________________________________
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A novel copolyamide of this invention is obtained by copolymerizing a three
      component system comprising .epsilon.-caprolactam, a salt of
      hexamethylenediamine and adipic acid, and a salt of 1,3-cyclohexanebis
      (methylamine) and adipic acid in the specified proportions.
PAR  The specified proportions are defined by the triangular coordinates in the
      area defined by points a, b, c, d, e and f of the drawing.
PAR  In this invention, .epsilon.-aminocaproic acid or mixture of it with
      .epsilon.-caprolactam can be used instead of .epsilon.-caprolactam as the
      first component.
PAR  When .epsilon.-aminocaproic acid is used as the first component, it must be
      used in a quantity corresponding to the weight percentage of
      .epsilon.-caprolactam defined above.
PAR  If the proportions of the three components do not fall essentially within
      the range defined by points a, b, c, d, e and f, the resulting copolyamide
      will be found to have low solution stability and poor transparency.
PAR  Particularly preferred copolyamides with further improved solution
      stability are obtained by copolymerizing a three-component system in which
      the relative proportions are defined by the triangular coordinates in the
      area defined by the points w, x, y and z of the drawing. These points
      represent the systems:
TBL  __________________________________________________________________________
     Points wt%              w    x    y    z                                  
     Components                                                                
     __________________________________________________________________________
     .epsilon.-caprolactam   47.5 37.5 37.5 47.5                               
     salt of hexamethylenediamine and                                          
     adipic acid             27.5 27.5 10.0 10.0                               
     salt of 1,3-cyclohexanebis (methylamine)                                  
     and adipic acid         25   35   52.5 42.5                               
     __________________________________________________________________________
PAR  The copolymerization or condensation reaction can be carried out by the
      procedure which is usually employed commercially in polymerizing nylon,
      the condensation reaction being carried out by heating at elevated
      temperatures.
PAR  The apparatus used may be either of the continuous or of the batch type.
PAR  In general, a homogeneously mixed aqueous solution of the starting
      materials, that is, the three components, which have been purified and
      prepared in advance, is charged into a reaction vessel and the
      condensation reaction is started. It is preferable to carry out the
      condensation reaction by heating at about 150.degree..about.250.degree.C
      under elevated pressure for several hours and then heating at about
      250.degree..about.280.degree.C while removing the water from the reaction
      system by reducing the pressure gradually.
PAR  Such additives as modifiers of the degree of polymerization e.g. acetic
      acid and benzoic acid, heat resisting agents, pigments, and other
      conventional additives can be added in carrying out the condensation
      reaction.
PAR  The copolyamide of the invention does not need to have a specified degree
      of polymerization. Though a suitable relative viscosity of the copolyamide
      can be determined in view of its intended applications in every usage, the
      preferred relative viscosity is usually within the range from about 1.5 to
      3.5 (as measured with respect to a solution of lg of the polymer in 100ml
      of 98 percent concentrated sulfuric acid at 25.degree.C.)
PAR  The copolyamide obtained by this invention is easily soluble in aliphatic
      lower alcohols and has good transparency. Also, alcoholic solutions of the
      copolyamide have good stability. Furthermore, copolyamides of this
      invention have relatively low melting points.
PAR  Therefore, the copolyamides according to this invention are admirably
      suitable, for example, for the production of films, foils, threads,
      coatings and shaped articles of a great variety.
PAR  Typically, the copolyamide of this invention is used in the form of an
      alcoholic solution, for coatings. Because of the low melting point of the
      copolyamide, it may be used as a hot-melt type adhesive in the form of
      powder or tape.
PAR  In this invention, the solution stability of the copolyamide was measured
      by the change of the phase with respect to the solution prepared by
      dissolving 20g copolyamide in 100ml methanol when it was stored at ambient
      temperature.
PAR  In accordance with this invention, epoxide compounds or isocyanate
      compounds may be added according to the conventional practice.
PAR  The following examples will further illustrate this invention. However, the
      scope of the invention is not, of course, intended to be restricted to
      these Examples. All parts indicated in the Examples are by weight.
DETD
PAC  EXAMPLE 1.
PAR  A mixture of 40 parts of .epsilon.-caprolactam, 30 parts of a salt of
      hexamethylenediamine and adipic acid, 30 parts of a salt of
      1,3-cyclohexanebis (methylamine) and adipic acid and 20 parts of water is
      placed in an autoclave, and nitrogen is introduced and pressurized to a
      pressure of 5 atmospheres gauge and then the pressure is released. The
      nitrogen pressurizing operation is carried out three times. The system is
      sealed and heated for about 4 hours to 240.degree.C, the pressure being
      kept at 10 atmospheres gauge by allowing an appropriate amount of steam to
      escape.
PAR  The pressure on the autoclave is then slowly released to atmospheric
      pressure over a period of 4 hours, while the system is heated to about
      265.degree..
PAR  While keeping the whole at the same temperature, nitrogen is passed over
      the condensation mixtures at atmospheric pressure for another 2 hours.
PAR  After transferring the resulting melt from the autoclave into water,
      cutting into chips and drying in vacuo at 70.degree.C for 15 hours, a
      transparent polyamide is obtained.
PAR  The polyamide has a relative viscosity of 2.63 (measured in a solution
      containing 1 g of polymer in 100 milliliters of 98 percent concentrated
      sulfuric acid at 25.degree.C).
PAR  The softening temperature of the polyamide is 142.degree.C (measured
      according to the method JIS K 6810). The redissolution temperature of the
      polyamide is 47.degree.C (measured in a mixture consisting of 1 g of
      polymer and 100 milliliters of ethylene glycol, see F. R. Johnston, J.
      Textile Inst., Vol. 55, P.T 162).
PAR  This value is very low compared with well-known copolyamides, and indicates
      that the copolyamide has a high velocity of dissolution.
PAR  Heating the mixture of 20g of copolyamide and 100 milliliters of methanol
      gives a clear solution and the solution is stable for more than one month
      when allowed to stand at 23.degree.C.
PAR  A cast film (30.mu.in thickness) obtained by drying the above mentioned
      methanol solution in a 40.degree.C oven under a nitrogen atmosphere is
      glossy and quite transparent.
PAR  The haze value of the film is 4 percent (measured by using the sphere
      method, H.T.R. meter Type SEP-H of Nihon Seimitus Kogaku Co., Ltd.)
PAC  COMPARATIVE EXAMPLE 1
PAR  A mixture of 40 parts of .epsilon.-caprolactam, 45 parts of a salt of
      hexamethylenediamine and adipic acid, 15 parts of a salt of
      1,3-cyclohexanebis (methylamine) and adipic acid and 20 parts of water is
      placed in an autoclave and polycondensed by the method described in
      Example 1.
PAR  The copolyamide is semi-transparent and has a relative viscosity of 2.76, a
      softening temperature of 152.degree.C and a redissolution temperature of
      52.degree.C.
PAR  A solution consisting of 20g copolyamide and 100 milliliters methanol, when
      allowed to stand at 23.degree.C, results in turbidity and then solidifies
      within a few days.
PAR  The haze value of the cast film (28.mu.in thickness) is 10%.
PAC  EXAMPLES 2 TO 9 AND COMPARATIVE EXAMPLES 2 TO 6
PAR  Copolyamides incorporating various ratios of caprolactam (i.e., 6M), salt
      of hexamethylenediamine and adipic acid (i.e., HA salt) and salt of
      1,3-cyclohexanebis (methylamine) and adipic acid i.e., HXA salt) as given
      below were prepared and characterized by the method described in Example
      1. Results are summarized in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
               starting material (wt%)                                         
                               relative                                        
                                     softening                                 
                                            solution                           
                                                  haze value                   
                               viscosity                                       
                                     temperature                               
                                            stability                          
                                                  of film                      
               6M  HA salt                                                     
                         HXA salt    (.degree.C)                               
                                            (days)                             
                                                  (%)                          
     __________________________________________________________________________
     Example                                                                   
            2  50  25    25    2.56  143    15    14                           
            3  50   5    45    2.78   94    20    5                            
            4  45  25    30    2.67  143    100   5                            
            5  40  40    20    2.82  155    4     15                           
            6  40  25    35    2.73  148    100   4                            
            7  40  15    45    2.76   95    100   6                            
            8  30  35    35    2.87  137    7     9                            
            9  30  20    50    2.66  104    23    5                            
     Comparative                                                               
      Example                                                                  
            2  60  15    25    2.88  149    2     25                           
            3  50   0    50    2.70  105    1     --                           
            4  25  45    30    2.86  166    1     --                           
            5  25  10    65    2.87  120    1     --                           
            6  15  30    55    2.53  110    2     13                           
     __________________________________________________________________________
PAC  COMPARATIVE EXAMPLE 7
PAR  A copolyamide based on 35 parts of .epsilon.-caprolactam, 35 parts of a
      salt of hexamethylenediamine and adipic and 30 parts of a salt of
      hexamethylenediamine and sebacic acid is characterized by the method
      described in Example 1. Results are as follows: softening temperature:
      160.degree.C, redissolution temperature: 62.degree.C, solution stability:
      1 to 2 days, haze value of cast film: more than 25 percent.
PAC  COMPARATIVE EXAMPLE 8
PAR  A copolyamide based on 35 parts of .epsilon.-caprolactam, 35 parts of a
      salt of hexamethylenediamine and adipic acid and 30 parts of a salt of bis
      (4-amino cyclohexyl) methane and adipic acid is examined as above and had
      the following properties: softening temperature: 210.degree.C,
      redissolution temperature: 91.degree.C, solution stability: 1 to 2 days,
      haze value of cast film: 6 percent.
CLMS
STM  The following is claimed:
NUM  1.
PAR  1. A copolyamide which is soluble in methanol at room temperature to give a
      stable solution, said copolyamide being obtained by copolymerizing a
      three-component system consisting essentially, in the proportions defined
      by the triangular coordinates in the area defined by points a, b, c, d, e
      and f of the accompanying drawing, of the system consisting essentially of
      20 - 55 percent of .epsilon.-caprolactam; 5 - 40 percent of a salt of
      hexamethylenediamine and adipic acid; and 20 - 60 percent of a salt of
      1,3-cyclohexanebis (methylamine) and adipic acid, such proportions being
      expressed as percentages by weight.
NUM  2.
PAR  2. A copolyamide according to claim 1 wherein the proportions of the three
      components are defined by the triangular coordinates in the area defined
      by the points, w, x, y and z of the accompanying drawing.
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ABST
PAL  Polythiols having more than two terminal and/or pendant thiol groups per
      polymer molecule are formed by the free radical catalyzed addition of a
      monomer system made up of either hydrogen sulfide or a dithiol alone or in
      combination with an acetylenic compound to a polyolefin having at least
      three olefin sites. The polyolefin is preferably a tri-terminal olefin.
      The polythiol products are liquid, essentially gel-free materials having
      number average molecular weights varying from 200 to 30000. The
      polyfunctional prepolymers of the invention can be cured to stable
      three-dimensional networks with inexpensive bi-functional oxidants such as
      lead dioxide. Additionally, prepolymer compositions having 3 or more
      pendant or terminal thiol groups per molecule when combined with
      polyfunctional organic reagents, such as diepoxides, form stable,
      high-tenacity adhesive systems.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of U.S. patent application Ser. No. 665,728
      filed Sept. 6, 1967; now U.S. Pat. No. 3,625,925.
BSUM
PAC  DETAILED DESCRIPTION
PAR  The present invention relates to novel, low molecular weight polythiol
      prepolymers, a novel free radical addition process for their formation and
      to cured compositions formed from said polymers. More particularly, the
      present invention is directed to low molecular weight polythiols formed by
      the addition of a monomer system made up of either hydrogen sulfide or a
      dithiol, alone or in combination with an acetylenic compound to a
      polyolefin having at least three olefinic sites of unsaturation.
PAR  The addition of dithiols (dimercaptans) to unsaturated hydrocarbons has
      been known for some time. For example, Marvel and Chambers, J. Am. Chem.
      Soc. 70, 993 (1948) and Marvel and Cripps, J. Pol. Sci. 8, 313 (1952)
      reported the reaction of dithiols with conjugated and non-conjugated
      diolefins. The polymeric compositions so produced were essentially
      straight chain materials of relatively low molecular weight having an
      average of from one to two terminal thiol functions per polymer molecule.
      Similarly, in copending application Ser. No. 541,696, filed Apr. 11, 1966,
      the formation of essentially straight chain polythioethers by the addition
      reaction of dithiols with acetylenic compounds is reported. Such
      polythioether addition products have a maximum of two terminal thiol
      substituents per polymer molecule. Because the polythioether polymers of
      the prior art had a maximum of two terminal and/or pendant thiol functions
      per polymer molecule, these materials could be crosslinked to stable
      three-dimensional networks only with the use of relatively expensive
      polyfunctional reagents. Inexpensive bi-functional curing agents, such as
      lead dioxide could not be used as such reagents; they merely served to
      extend the polymer chains and failed to form a stable, rubbery
      three-dimensional network.
PAC  SUMMARY OF THE INVENTION
PAR  Now, in accordance with the present invention, it has been found that
      polythiol polymer intermediates having on the average at least two
      terminally or pendantly located thiol groups per molecule (hereafter
      referred to as available thiol sites) can be formed by the free radical
      addition of a monomer system composed of either hydrogen sulfide or a
      dithiol, alone or in combination with an acetylenic compound, to a
      polyolefin having at least three olefin sites, preferably three terminally
      located sites of unsaturation. With the present system, it is possible to
      prepare polymers having wide variations in the number of thiol functions
      per polymer molecule in a given molecular weight range by controlling the
      amount of polyolefin used. By controlling the amount of polyolefin
      comonomer in the feed, it is theoretically possible to form polymers in
      any given molecular weight range with a functionality varying between more
      than two terminally or pendantly located thiol groups and the theoretical
      gel point of the polymer. The polythiol polymers of the invention exhibit
      number average molecular weights varying from about 200 to 30,000. Liquid
      polymers which find the greatest utility in mastic and adhesive
      applications have number average molecular weights varying from about 1000
      to about 8000.
PAR  One class of polythiols is formed by the reaction of a polyolefin with
      H.sub.2 S, a dithiol, or mixtures thereof in accordance with the following
      equation:
     Q--(CX=CYZ).sub.a + H(SR.sub.1).sub.b SH .fwdarw.                         
     (CYZ=CX).sub.d Q--CHX--CYZ--(SR.sub.1).sub.b --SH] .sub.a.sub.-d          
PAL  wherein Q is a polyvalent organic radical, R.sub.1 is a divalent organic
      radical, preferably an alkylene radical, having from 1 to 30 carbon atoms;
      X,Y and Z are either a hydrogen radical or a monovalent organic radical,
      in particular an alkyl radical, having from 1 to 30 carbon atoms; a varies
      from 3 to 30; b ranges from 0 to 30; and d varies from 0 to 27.
PAR  Polyolefins having terminal vinyl groups are particularly attractive
      feedstocks in polythiol formation. Their use is demonstrated in the
      following equation:
TBL  R.sub.2 ----R.sub.3).sub.f CH=CH.sub.2).sub.m + m H(SR.sub.1).sub.b SH    
     .fwdarw.                                                                  
     R.sub.2 ----R.sub.3).sub.f CH.sub.2 CH.sub.2 (SR.sub.1).sub.b SH] .sub.m  
PAL  wherein R.sub.2 is a polyvalent organic radical having from 1 to 30 carbon
      atoms; R.sub.3 is a divalent hydrocarbon radical preferably an alkylene
      radical, having from 1 to 10 carbon atoms; R.sub.1 and b are as defined
      above; f is 0 or 1; and m varies from 3 to 10.
PAR  Representative, non-limiting reactions and products contemplated by this
      invention may be represented by the following equations:
      ##EQU1##
PAR  While all of the above equations illustrate reactions involving
      tri-terminal olefins, it should be recognized that other types of
      polyolefins having at least three olefin sites can also be used. Equation
      (a) demonstrates the reaction of a tri-terminal olefin with hydrogen
      sulfide. The relative proportions of the amounts of products I, II, III,
      IV, etc. obtained with the reaction of hydrogen sulfide with triolefin is
      strongly dependent upon the molar ratio of the reactants present in the
      reaction zone. A very high excess of the hydrogen sulfide results in the
      formation of low molecular weight trithiol (I) and tetrathiol (II). A
      small excess of H.sub.2 S usually leads to higher molecular weight
      polythiols and eventually crosslinked products.
PAR  Equation (b) illustrates the reaction of a tri-terminal olefin with a
      dithiol. If a large excess of dithiol is used in the reaction, such as
      greater than two moles of dithiol per mole of olefin unsaturation, the
      predominant product obtained is a trithiol (V). If smaller amounts of
      dithiol are used in combination with the tri-terminal olefin again high
      molecular weight polythiols are formed in the case of high reactant
      conversion. If R" is a divalent hydrocarbon radical having an excess of 12
      carbon atoms or if the thiol group of the dithiol is attached to a
      secondary carbon atom, the reaction proceeds at a much slower rate.
PAR  Equation (c) illustrates a co-addition reaction of a tri-terminal olefin
      with an acetylenic compound and a dithiol. Again, whether or not products
      VII and VIII are obtained in substantial yield is dependent upon whether
      the molar ratio of dithiol to tri-terminal olefin in the reaction zone is
      maintained at levels above or below about two moles of dithiol per mole of
      olefin unsaturation present in the reaction zone. The relative molar
      amounts of acetylenic compound to dithiol compound present in the reaction
      zone determines the number of repeat units in the polythioether (the value
      of n) and whether or not the polymer will contain terminal olefin or thiol
      functionality. If the acetylenic compound is present in the reaction zone
      in excess of the dithiol, the product recovered will contain high levels
      of terminal olefin functionality. In contrast, if the dithiol is in excess
      of the acetylenic compound present in the reaction zone, the final product
      secured will contain predominantly thiol terminal functionality.
PAR  Products VII and VIII can also be obtained utilizing sequential reaction
      techniques as opposed to the co-addition reaction illustrated in Equation
      (c). For example, the triterminal olefin can be reacted with a large
      excess of dithiol to form a thiol terminated product. This product can be
      isolated from the reaction mixture and contacted with a molar excess of
      the acetylenic compound to form a polythioether product having terminal
      olefin functionality. This product in turn can also be isolated from the
      reaction mixture and contacted with an excess molar amount of dithiol to
      form products whose terminal functionality is primarily composed of thiol
      groups. Such sequential reactions can be continued until products having
      the desired molecular weight and terminal or pendant functionality are
      secured.
PAR  Product II of Equation (a) and product VI of Equation (b), because of their
      high levels of available thiol sites, find particular utility in adhesive
      applications. Products II and VI, when mixed with crosslinking agents such
      as di-epoxides and poly-epoxides form excellent adhesive systems that
      rapidly cure at room temperature conditions. The products of Equation (c),
      especially product VII, find their greatest utility as the base
      substituent of mastic compositions. Such materials can be readily
      crosslinked with diisocyanates, diacrylates, dimaleates, divinyl sulfone,
      etc. to stable, three-dimensional networks. They can also be cured
      utilizing inexpensive oxidative curing systems. The value of n as used in
      products VII and VIII of Equation (c) can vary over a wide range.
      Generally, n ranges between 1 and 100, preferably between 2 and 30.
      Products finding the greatest utility as the liquid base constituent for
      mastic compositions exhibit n values varying from about 3 to 15.
PAR  The products of this invention, depending upon their molecular weight, are
      essentially colorless liquids of varying viscosity or low melting solids.
      Polythioetherpolythiol products which have more than three terminally or
      pendantly located thiol functions per molecule and which find the greatest
      utility in adhesive applications exhibit number average molecular weights,
      as determined by vapor pressure osmometry, varying from 400 to 20000,
      preferably 500 to 15000. Products having the greatest utility as the base
      constituent of mastic compositions and which usually have on the average
      of more than two or three terminally or pendantly located thiol functions
      per polymer molecule exhibit number average molecular weights, as
      determined by vapor pressure osmometry, varying from about 800 to 10000,
      preferably between 1000 and 8000.
PAR  The polyolefin utilized as a starting material in the formation of the
      polymer products of this invention is a polyolefin compound having at
      least three olefinic sites of unsaturation. Useful polyolefins may have
      from 7 to 100 carbon atoms, preferaby 8 to 36 carbons atoms, and the
      olefinic sites of unsaturation may be either conjugated or non-conjugated
      and can be located either terminally or internally in the polyolefin
      molecule. As terminal sites of unsaturation are more reactive than
      internally located olefin sites, it is desirable that the polyolefin
      utilized as a starting material have at least two terminally located sites
      of unsaturation. Most preferably, the polyolefin used in a triterminal
      olefin having the general formula:
EQU  R ((R').sub.x CH=CH.sub.2).sub.3
PAL  wherein R is a trivalent organic radical, particularly a trivalent
      hydrocarbon radical, having from 1 to 30, preferably 1 to 12, carbon
      atoms; R' is a divalent radical, preferably an alkylene radical having 1
      to 10 carbon atoms; and x is 0 or 1.
PAR  Representative examples of useful polyolefins having at least three
      olefinic sites of unsaturation include: Trivinyl cyclohexane, octatriene,
      cyclododecatriene, cycloheptatriene, triallyl carbinol, triallylphosphate,
      trimethylol propane triacrylate, triacryloyl triazin, trivinyl
      chlorosilane, cyclooctatetraene, tetravinyl silane, dimethyl heptatriene,
      polybutadiene, etc.
PAR  As stated previously, the present polythioetherpolythiol compositions are
      formed by reacting relatively minor amounts of polyolefins with a monomer
      system made up of either hydrogen sulfide or dithiol compound alone or in
      combination with an acetylenic compound. Useful dithiol compounds have the
      general formula:
EQU  HSR"SH
PAL  wherein R" is a divalent organic radical, preferably a divalent hydrocarbon
      radical or a divalent radical containing either sulfur, oxygen or silicon
      on addition to hydrogen and carbon atoms. Desirably, R" is (1) a C.sub.1
      -C.sub.30 divalent alkylene radical, e.g. dimethylene, hexamethylene,
      etc.; (2) a C.sub.2 -C.sub.30 divalent unsaturated alkylene radical such
      as 2-buten-1,4-ylene, 2-butyne-1,4-ylene, etc.; (3) a C.sub.8 -C.sub.30
      bix-alkylene substituted aromatic radical, e.g. p-xylylene,
      p-bis-dimethylene-benzene, etc.; (4) a C.sub.6 -C.sub.30 divalent aromatic
      radical such as m-phenylene, 1,5-naphthylene, etc.; and (5) a C.sub.2
      -C.sub.30 divalent organic radical containing either sulfur, oxygen or
      silicon in addition to carbon and hydrogen atoms such as
      thio-bis-ethylene, oxy-bis-ethylene, thio-bis-trimethylene,
      thio-bis-ethylthioethylene, dimethyl silane-bis-ethylene, etc.
PAR  Particularly preferred thiols are those compositions wherein R" is a lower
      alkylene radical such as an alkylene radical having from 2 to 4 carbon
      atoms as such materials are especially reactive and are readily available
      at relatively low cost.
PAR  Acetylenic compounds are used as the third component in some of the polymer
      systems of this invention. Applicable acetylenic compounds have the
      general formula:
EQU  CH=CR'"
PAL  wherein R'" is a hydrogen radical or a C.sub.1 -C.sub.30 hydrocarbon
      radical. Preferably, R'" is (1) a hydrogen radical; (2) a C.sub.1
      -C.sub.30 alkyl group e.g. methyl, ethyl, pentyl, etc.; (3) a C.sub.2
      -C.sub.20 alkenyl radical such as vinyl, allyl, 3-butenyl, etc.; (4) a
      C.sub.2 -C.sub.30 alkynyl radical, e.g. ethynyl, 4-pentynyl; (5) a C.sub.7
      -C.sub.20 aralkyl radical such as benzyl, phenylethyl, naphthyl methyl;
      and (6) a C.sub.1 -C.sub.3 hydroxyalkyl radical such as hydroxymethyl.
PAR  Although any of the above-named materials will incorporate into a polymer
      system made up of a polyolefin and either hydrogen sulfide or a dithiol,
      it is especially preferred that R'" be a C.sub.10 radical or lower,
      especially a C.sub.1 -C.sub.4 alkyl radical. Although mono-substituted
      acetylenes are preferred for use in the instant invention, acetylene
      itself and disubstituted acetylenic compounds having the general formula:
EQU  R'"C=CR'"
PAL  can also be used either alone on in combination with monosubstituted
      acetylenic compounds.
PAR  A preferred reactant combination is a bis-primary dithiol compound together
      with trivinyl cyclohexane and methylacetylene. Such a combination leads to
      a mixture of polythioether dithiols and trithiols as illustrated by the
      following equations:
      ##SPC1##
PAL  The reaction of trivinyl cyclohexane, and of terminally unsaturated
      trivinyl compounds in general, with dithiols is faster than that of
      methylacetylene, and acetylenes in general with dithiols. Consequently,
      the above trithiol adduct is formed before significant amounts of the
      acetylene react with the dithiols. Of course this adduct may also be
      prepared separately in the absence of the acetylene compound.
PAR  The trithiol adduct is then reacted with the acetylene and the excess
      dithiol in an alternating fashion so as to provide a trifunctional
      polythioether:
      ##SPC2##
PAR  Concurrent with the above reactions some of the dithiol reacts with methyl
      acetylene without any trithiol being involved. This leads to difunctional
      polythioethers:
      ##EQU2##
      and
      ##EQU3##
PAR  Of course, tetrathiols, pentathiols, etc. that are formed via the reaction
      of trivinyl cyclohexane with dithiols will also react in the same manner
      and lead to the corresponding polythioether polythiols.
PAR  According to the process of this invention, a polyolefin having at least
      three olefinic sites of unsaturation is reacted with a monomer system made
      up of either (1) hydrogen sulfide, (2) a dithiol, (3) hydrogen sulfide and
      an acetylenic compound, or (4) a dithiol and an acetylenic compound. The
      ratio of the reactants present in the reaction zone has a strong effect
      upon the molecular weight of the polymer products and the extent to which
      the products contain either terminally or pendantly located thiol
      functionality. In two component systems involving the reaction of either
      hydrogen sulfide or a dithiol with a polyolefin, at least one mole of
      either hydrogen sulfide or dithiol should be present in the reaction zone
      for every mole of olefinic unsaturation present in the reaction zone. It
      is preferred, however, that at least from three to thirty times the
      minimum amount of either hydrogen sulfide or dithiol be present during the
      addition reactions.
PAR  If products having more than two terminal or pendantly situated thiol
      functions are to be obtained from two component reactions at least one
      mole of H.sub.2 S or dithiol should be present in the reaction zone for
      every mole of unsaturation present in the acetylenic compound and
      polyolefin. Preferably, from two to ten times the minimum amount of
      H.sub.2 S or dithiol is present in the reaction zone. In the three
      component reactions, the maximum amount of polyolefin desirably present in
      the reaction zone varies from 0.1 to 10 mole % of the total reactants. If
      the polyolefin is present in excess of these levels, the polymer
      composition obtained at high reactant conversions may be severely gelled.
PAR  The process for the production of the polythioetherpolythiol addition
      products can be carried out in bulk, in the presence of inert solvents, or
      with the use of water emulsion techniques. Both two and three component
      reactions can be carried out most efficiently using bulk polymerization
      techniques, that is, carrying out the addition reaction in the absence of
      solvents, When higher molecular weight polythioetherpolythiols are
      desired, the reaction is preferably carried out in the presence of an
      inert solvent or in a typical water-surfactant emulsion system. When the
      addition reaction is conducted in the presence of a solvent, the reaction
      monomers make up from 10 to 95, preferably 50 to 90 weight % of the total
      monomer-solvent system.
PAR  Useful inert solvents include saturated aliphatic hydrocarbons, halogenated
      saturated aliphatic hydrocarbons, aliphatic ethers, aliphatic thioethers
      and mixtures thereof. Representative non-limiting examples of such
      solvents include pentane, cyclohexane, dimethyl sulfide, diethyl sulfide,
      etc. The use of aromatic hydrocarbons as solvents usually results in
      sharply reduced reaction rates and undesirable side reactions.
PAR  The conditions at which the addition reactions are conducted can vary over
      a wide range. High yields of polythiols can be obtained for addition
      reactions carried out in bulk or in solvents at temperatures varying from
      about -100.degree. to 150.degree. C., preferably -80.degree. to 80.degree.
      C., in from five minutes to twelve hours, preferably 10 minutes to 6
      hours. When emulsion techniques are utilized, the addition reaction should
      be conducted at temperatures varying from -15.degree. to +50.degree. C for
      from 5 minutes to 4 hours.
PAR  The addition reactions are not critically sensitive to pressure. However,
      the pressure within the reaction zone should be sufficient to maintain the
      major portion of reactants in the liquid state at the temperatures used
      for the reaction. In general, pressures varying from one to ten
      atmospheres, preferably atmospheric pressure, can be used. The gaseous
      acetylenic compound may be gradually introduced during the reaction. In
      reaction systems wherein potentially explosive acetylenic compounds are
      used, it is often desirable to pressurize the reactor with an inert gas
      such as nitrogen in order to maintain the reaction monomers in the liquid
      state.
PAR  While the instant addition reactions will proceed merely by heating the
      reagents, it is desirable to employ a free radical initiator to promote
      the formation of the desired products. Radiation such as ultraviolet light
      or gamma-radiation alone or in conjunction with the application of heat
      may be used to promote the addition reactions. For example, a Co.sup.60
      gamma irradiation source emitting 4000 curies may be placed at a 6
      centimeter distance from a 2 liter reactor to initiate a polyaddition to
      effective completion in 4 hours.
PAR  Additionally, chemical free radical initiators such as organic peroxides,
      preferably alkyl peroxides, azo compounds, etc. may be used instead of
      radiation or in combination with it. Representative examples of useful
      chemical initiators include p-butyl hydroperoxide, bis-t-butyl peroxide,
      azo-bis-isobutyronitrile, etc. Generally, only minor quantities of the
      chemical initiators are necessary to promote the addition reactions.
      Normally, between 0.05 to 10 mole %, preferably 0.1 to 5 mole %, of
      chemical initiator is used based upon the number of moles of reactant
      monomers present in the reaction zone.
PAR  The reaction vessel used for the addition reactions contemplated by the
      invention may be constructed of any material that is inert to the
      reactants and catalysts used and is further capable of withstanding the
      operating pressures. Reaction vessels formed of quartz, stainless steel,
      or glass-lined steel are satisfactory.
PAR  Although the polythiol and polythioetherpolythiol products formed with the
      process of this invention have many uses as intermediates because of the
      terminally or pendantly located thiol and olefinic functionality present
      within the polymer molecule, materials having on the average of three or
      more available thiol sites per polymer molecule find particular utility in
      adhesive applications. Polythioetherpolythiols and polythiols having on
      the averge of two or more than two terminally or pendantly located thiol
      functions per polymer molecule can be used as the base substituent for
      mastic compositions.
PAR  In adhesive applications the polythioetherpolythiols can be advantageously
      used in combination with polyepoxides and diepoxides. For example,
      polyether A,
      ##SPC3##
PAL  or polyglycidyl ethers,
      ##SPC4##
PAL  may be used. Trialkylamine compounds serve well as curing catalysts for
      such combinations. In the presence of catalysts curing usually takes place
      at room temperature. Curing may be accelerated by heating at temperatures
      up to 160.degree. C. The polythiol components of such adhesive
      compositions act as internal flexibilizers. The compositions display
      excellent adhesion on aluminum, steel, copper, wood, glass, ceramics,
      plastics, etc.
PAR  As stated previously, the polythiol products of this invention having more
      than two pendantly or terminally located thiol functions per polymer
      molecule can be readily crosslinked to stable, rubbery three-dimensional
      networks using inexpensive oxidative curing systems. For example, lead
      dioxide, zinc peroxide, calcium peroxide may be used as oxidizing agents.
      Such curing compositions may also contain a curing retarder usually
      stearic acid. Curing takes place at room temperature in a period ranging
      from a few hours to several days. Heating of the mixture accelerates
      curing. Reaction with difunctional reagents such diisocyanates,
      diepoxides, diacrylates, dimaleates and divinyl sulfone will also result
      in desirable cured networks.
PAR  Prior to curing operations in both adhesives and mastics applications, the
      polythiol and polythioetherpolythiol products may be compounded with
      stabilizers, plasticizers, or extender oils and various types of fillers.
      Up to 200 parts of carbon black, finely divided petroleum coke, or other
      non-carbon fillers such as titanium oxide, magnesium oxide, silica, etc.,
      may be compounded with 100 parts of the product. The cured mastic
      compositions are highly resistant to ozone and oxygen degradation and to
      attack by organic solvents, and organic and inorganic acids and bases.
      Hence, the cured materials find particular utility in automotive
      applications.
DETD
PAR  The invention will be further understood by reference to the following
      examples.
PAC  EXAMPLE 1
PAC  Addition of Excess Hydrogen Sulfide to Trivinyl-Cyclohexane
      ##SPC5##
PAR  A mixture of 32.4 grams (0.2 moles) of isomeric 1,2,3-, 1,2,4-, and
      1,3,5-trivinyl cyclohexanes, containing mainly the 1,2,4-isomer, was
      placed in a quartz pressure tube equipped with a magnetic stirrer and a
      Teflon screw valve. The tube was evacuated and 109 grams (3.2 moles) of
      hydrogen sulfide was condensed in the tube with the triolefin. The tube
      was then closed, stirring commenced and the reactants radiated with a 75
      watt Hanau ultraviolet immersion lamp having a high pressure, wide
      spectrum mercury arc. Radiation was continued for 24 hours during which
      time the reactants were maintained at a temperature of about 16.degree. C.
      Following completion of the reaction period, excess hydrogen sulfide was
      vented from the tube and the product distilled at 100.degree. C. at
      pressure of about 0.25 millimeters of mercury. The distillation residue
      consisted of 48 grams of a colorless liquid product. This product was then
      heated to 170.degree. C. at a pressure of about 1.5 .times. 10.sup..sup.-3
      millimeters of mercury pressure to yield 3 grams of an overhead distillate
      fraction boiling between 105.degree.-120.degree. C. The nuclear magnetic
      resonance (NMR) spectrum of this overhead fraction exhibited the ratio of
      olefinic versus total hydrogen characteristic of the monoadduct shown in
      the reaction scheme. The nuclear magnetic resonance spectrum of the
      residue indicated that no vinylic protons were present. The number averge
      molecular weight of the second distillation residue as determined by vapor
      pressure osmometry at 37.degree. C. in a benzene solution containing 2.4
      wt. % residue was 471.
PAR  From the nuclear magnetic resonance spectrum and molecular weight evidence,
      the residual product of the second distillation was believed to have the
      structural formula of the tetrathiol given in the reaction scheme. The
      calculated composition of the tetrathiol is 58.24 wt. % carbon, 9.36 wt. %
      hydrogen, and 32.4 wt. % sulfur. An elemental analysis of the residue of
      the second distillation indicated that the composition consisted of 58.79
      wt. % carbon, 9.40 wt. % hydrogen and 31.81 wt. % sulfur. The calculated
      number of thiol groups per molecule for the tetrathiol is of course four.
      The found number of thiol groups per molecule, i.e. thiol functionality by
      the Zerewitinoff method for the residue was 3.9. Therefore the major
      component of the residual polythiol is assumed to be the tetrathiol
      although minor quantities of the other thiolic products indicated in the
      reaction scheme may be also present.
PAC  EXAMPLE 2
PAC  Addition of Excess Tetramethylenedithiol to
PAC  Trivinylcyclohexane
      ##SPC6##
PAR  A stirred mixture of 16.2 grams (0.1 mole) of trivinylcyclohexane and 73.2
      grams (0.6 mole) tetramethylenedithiol was irradiated with an ultraviolet
      lamp at 16.degree. C for 24 hours. The unreacted tetramethylenedithiol was
      removed via distillation by heating the crude product at 135.degree. C at
      0.1 millimeter of mercury pressure for 2 hours. The colorless, liquid
      residual product weighed 50.5 grams, which corresponds to a 95.5% yield
      calculated for the trithiol of the reaction scheme. The number average
      molecular weight of the product, as determined by osmometry, was 728. The
      calculated value for the trithiol is 528. Thiol functionality
      determination gave a value of 3.1. This data indicates that the major
      reaction product is the trithiol while a minor amount of tetrathiol is
      also present.
PAR  The calculated composition of the trithiol, C.sub.24 H.sub.48 S.sub.6, is:
      C,54.49; H,9.14; S,36.37. The composition of the residual product is
      C,54.25; H,9.02; S,36.73.
PAC  EXAMPLE 3
PAC  Addition of Excess Ethanedithiol to Trivinylcyclohexane
      ##SPC7##
PAR  To 235 grams (2.4 moles) of 1,2-ethanedithiol was added 64.8 grams (0.4)
      moles of trivinylcyclohexane. The mixture was irradiated at 15.degree. C
      for six hours with ultraviolet light as described in the previous
      examples. The excess ethanedithiol and other volatiles were then removed
      from the resulting mixture by heating it at 140.degree. and 0.2
      millimeters of mercury pressure. The residual product weighed 153 grams
      (86% yield of the calculated amount for the tetrathiol). A thiol
      functionality determination gave a value of 4.1 (Zerewitinoff method). The
      found molecular weight of the product was 897. The calculated molecular
      weight for the tetrathiol is 795. The higher than theoretical molecular
      weight is apparently due to the presence of minor amounts of pentathiol.
PAR  The calculated composition for the tetrathiol, C.sub.34 H.sub.66 S.sub.10,
      is: C,52.69; H,8.56; S,39.08. The found composition of the product is:
      C,51.34; H,8.36; S,40.30.
PAC  EXAMPLE 4
PAC  Addition of Excess Trimethylenedithiol to
PAC  Trivinylcyclohexane
      ##SPC8##
PAR  Following the procedure of Example 2 a stirred mixture of 81 grams (0.5
      moles) of isomeric trivinylcyclohexanes and 162 grams (1.5 moles) of
      trimethylenedithiol was irradiated with the Hanau immersion lamp at
      16.degree. C. for six hours. Following the completion of the reaction
      period, the unreacted starting materials were removed from the reaction
      zone by heating the crude product at 140.degree. C. at a pressure of about
      0.1 millimeter of mercury. About 190 grams of a colorless liquid was
      obtained as a residual product. the NMR spectrum of this product indicated
      that it was substantially free of unsaturation. The number average
      molecular weight of the products as determined by vapor pressure osmometry
      at 37.degree. C. in benzene diluent at a polymer concentration of 1.2
      grams per 100 cc was 1208. On the basis of the NMR and molecular weight
      data, the product was believed to have the pentathiol structure given in
      the reaction scheme. The calculated molecular weight for the pentathiol is
      1244. The thiol functionality of the residual product was found to be 4.4.
PAR  The calculated composition for the pentathiol, C.sub.54 H.sub.102 S.sub.12,
      is: C,57.09; H,9.04; S,33.87. The found composition of the product is:
      C,57.54; H,9.13; S,33.78.
PAC  EXAMPLE 5
PAC  Addition of Excess Trimethylenedithiol to
PAC  Cyclododecatriene
      ##SPC9##
PAR  A mixture of 24.3 grams (0.15 mole) of cyclododecatriene and 97.2 grams
      (0.9 mole) of trimethylenedithiol was reacted for 24 hours under the
      conditions of Example 3. After the removal of the excess
      trimethylenedithiol by distillation in vacuo 68 grams of liquid residual
      product was obtained. This corresponds to a 93% yield of the trithiol
      based on the above reaction. The thiol functionality of the product was
      2.8. The molecular weight of the product was found to be 486 while the
      calculated molecular weight for the trithiol is 557.
PAC  EXAMPLE 6
PAC  Co-reaction of Trivinyl-Cyclohexane and Methylacetylene with
      Trimethylenedithiol in a Pressure Reactor
      ##SPC10##
PAR  A mixture of 4 grams (0.03 mole) of trivinyl-cyclohexane, 40.2 grams (1.005
      moles) of methylacetylene and 108 grams (1 mole) trimethylenedithiol was
      irradiated with ultraviolet light in a quartz pressure tube at 16.degree.
      C for 4 hours. The mixture was thoroughly mixed every half hour by
      shaking. By the end of the four hours reaction period a very viscous but
      homogeneous, clear colorless liquid reaction mixture was obtained. One
      hundred and seventeen grams of the crude product were heated at
      150.degree. C under 0.7 millimeters of mercury pressure to remove all the
      volatile compounds. The residual product weighed 110 grams and was
      unchanged in appearance. An NMR analysis of the distillate showed that it
      was free from significant quantities of trivinylcyclohexane. The NMR
      spectrum of the product did not show any vinylic proton signals indicating
      the absence of any significant unsaturation. An osmometric molecular
      weight determination gave a value of 2670. Thiol functionality by the
      Zerewitinoff method was 2.3 indicating that the product was a mixture of
      polythioether trithiol and dithiol as shown by the above reaction scheme.
PAC  EXAMPLE 7
PAC  Co-reaction of Trimethylenedithiol Trivinyl-Cyclohexane and Methylacetylene
      at Atmospheric Pressure with Gamma Ray Initiation
PAR  An airtight reactor equipped with an effective, high speed stirrer, a
      dropping funnel and a filtered glass gas inductor was charged with 324
      grams (3 moles) of trimethylenedithiol under nitrogen. Then 12.2 grams
      (0.075 mole) of trivinylcyclohexane was added with stirring dropwise over
      a one-hour period to the stirred dithiol. During the addition, the mixture
      was subjected to gamma irradiation from a 4500 Curie intensity Co.sup.60
      source positioned 7 centimeters from the reactor. Thereafter the reactor
      was evacuated and filled with methylacetylene by introducing the same
      under the surface of the liquid mixture. Irradiation was continued during
      the period of methylacetylene addition. The feeding of methylacetylene
      into the stirred and irradiated mixture was continued at a sufficient rate
      to maintain atmospheric pressure within the reactor at
      35.degree.-40.degree. C. In this manner 107 grams (2.7 moles) of
      methylacetylene was added to the reaction mixture in 200 minutes. To
      complete the reaction, the mixture was irradiated for an additional 120
      minutes period after the completion of the addition of the
      methylacetylene. The resulting colorless, viscous polymer was stripped at
      0.2 millimeter of mercury pressure with nitrogen at 125.degree. C for 3
      hours. Stripping removed 1.5 weight % of the crude product as a
      distillate. N.m.r. analysis showed that the residue was a mixture of the
      expected polythioether dithiol and trithiol. The osmometric molecular
      weight of the product was found to be 2570. Its thiol functionality was
      2.4.
PAC  EXAMPLE 8
PAC  Co-reaction of Trimethylenedithiol, Trivinyl-Cyclohexane and
      Methylacetylene at Atmospheric Pressue with Ultraviolet Light Initiation
PAR  The reaction was carried out as described in the previous example but with
      ultraviolet light from three 70 watt high pressure mercury arc lamps
      serving as the reaction initiator. The resulting residual product has a
      molecular weight of 2600 and a thiol functionality of 2.3.
PAC  EXAMPLE 9
PAC  Addition of Excess Ethanedithiol to Triallyl Carbinol
      ##EQU4##
PAR  To 56.4 grams (0.6 mole) of ethanedithiol was added dropwise with stirring
      15.2 grams (0.1 mole) of triallyl carbinol. The addition was completed in
      30 minutes. During addition, the mixture was maintained at 15.degree. C
      and was irradiated with a U.V. lamp. An additional hour of irradiation
      after completion of the addition resulted in the essential complete
      reaction of the triallyl compound. After a total of 10 hours of
      irradiation the excess dithiol was removed by heating the mixture to
      90.degree. C at 0.1 millimeter of mercury pressure. The residual product
      consisted of 40 grams of a colorless liquid. This corresponds to a 92%
      yield of the trithiol adduct as shown by the reaction scheme.
PAC  EXAMPLE 10
PAC  Co-reaction of Triallyl Carbinol and Methylacetylene with Ethanedithiol
      ##EQU5##
PAR  A mixture of 38 grams (0.025 mole) of triallyl carbinol, 20 grams (0.5
      mole) of methylacetylene and 51.7 grams (0.55 mole) of ethanedithiol was
      subjected to U.V. radiation at 15.degree. C for 19 hours. The resulting
      viscous, liquid product was then heated to 125.degree. C at 0.1 millimeter
      of mercury pressure for two hours to remove all the volatile components
      and to obtain 68 grams (90%) of residue consisting of the expected
      polythioether dithiol and trithiol.
PAC  EXAMPLE 11
PAC  Co-reaction of Trimethylolpropane Triacrylate and
PAC  Methylacetylene with Ethanedithiol
      ##EQU6##
PAR  A mixture of 15.5 grams (0.05 mole) of trimethylolpropane triacrylate, 20
      grams (0.5 mole) of methylacetylene and 51.7 grams (0.55 mole) of
      ethanedithiol was reacted as described in Example 2 for 6 hours to yield
      74 grams (85%) of a residual product consisting of the expected mixture of
      polythioether dithiol and trithiol.
PAC  EXAMPLE 12
PAC  Oxidative Curing of Polythioethers Having a Thiol
PAC  Functionality Greater Than Two
      ##EQU7##
      The tetrathiol product of Example 4 and the di- and trithiol mixture of
      Example 5 were compounded with an oxidative curing composition containing
      50 percent of lead dioxide as an oxidizer. The composition also contained
      5% stearic acid as a retarder and 45% dibutylphthalate as a plasticizer.
      Carbon black (Thermax brand) was also added as a filler. Each of the
      mixtures contained 5 grams of prepolymer, 2 grams of curing composition,
      and 2.5 grams carbon black, The mixtures were cured at room temperature in
      a desiccator containing a saturated aqueous solution of potassium
      thiocyanate. It was observed that tetrathiol was cured to a rubbery
      composition within 12 hours. The complete curing of the dithiol-trithiol
      mixture took 36 hours. The latter network showed a higher elongation than
      the one derived from the tetrathiol. The curing of both residual products
      could be accelerated by heating.
PAC  EXAMPLE 13
PAC  Epoxide Curing of Trivinylcyclohexane Derived Polythiols with Diepoxide
      ##SPC11##
PAR  One part by weight of each of the polythiols derived from the experiments
      described in Examples 1, 3 and 4 was mixed with 2 parts by weight of the
      diepoxide crosslinking agent, Bis-phenol A di-glycidyl ether, and 0.1 part
      by weight of the tertiary amine curing catalyst
      tris-2,4,6-dimethylaminomethylphenol. An exothermic reaction started on
      mixing. The mixtures were applied to stainless steel strips. Two strips
      were used for each adhesive composition. The strips were overlapped with
      the area of overlap being 0.5 square inch.
PAR  After three days the strips were pulled apart at a rate of 0.05 inch per
      second. The maximum shear force was determined by the shear lap test (ASTM
      D-1002). The results are tabulated below:
TBL                TABLE I                                                     
     ______________________________________                                    
     Polythiol                                                                 
            Polythiol                                                          
                     Polythiol   Lap Shear                                     
                                         Apparent                              
     from   Mol.     SH          Lbs.    Curing Time                           
     Example                                                                   
            Weight   Functionality                                             
                                 per in..sup.2                                 
                                         Min. at 25.degree.C                   
     ______________________________________                                    
     1      471      3.9         466      5                                    
     3      897      4.1         784     10                                    
     4      1208     4.4         960     60                                    
     ______________________________________                                    
PAL  The data show that the polythiols of this invention are cured by the
      diepoxide at room temperature to give good steel to steel adhesion.
      Polythioether polythiols of increasing molecular weight display better
      adhesion but slower cure.
PAR  The polythiol-diepoxide compositions were also found to show good adhesion
      to wood, aluminum, Plexiglass and glass. As such they are useful as
      general adhesives.
PAR  Having thus described the general nature and specific embodiments of the
      present invention, the true scope of the invention is now pointed out by
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A polythiol composition having the general formula: (CYZ = CX).sub.d
      --Q--CHX--CYZ--(SR.sub.1).sub.b --SH.sub.a-d SH).sub.Q is a polyvalent
      radical selected from the group consisting of trimethylcarbinol,
      trimethylphosphate, trimethylol propane triformiate, triformoyl triazine,
      chlorosilane, silane, and cyclohexane radicals, R.sub.1 is a radical
      selected from the group consisting of (1) a C.sub.1 -C.sub.30 divalent
      alkylene radical, (2) a C.sub.2 -C.sub.30 divalent unsaturated alkylene
      radical, (3) a C.sub.8 -C.sub.30 bis-alkylene substituted aromatic
      radical, (4) a C.sub.6 -C.sub.30 divalent aromatic radical, and (5) a
      C.sub.2 -C.sub.30 divalent organic radical containing either sulfur,
      oxygen or silicon in addition to carbon and hydrogen atoms, X, Y and Z are
      selected from the group consisting of C.sub.1 to C.sub.30 alkyl radicals
      and hydrogen radicals, a varies from 3 to 4, b ranges from 0 to 30, and d
      varies from 0 to 1.
NUM  2.
PAR  2. The composition of claim 1 wherein X, Y and Z are hydrogen radicals.
NUM  3.
PAR  3. The composition of claim 1 wherein X, Y and Z are alkyl radicals having
      from 1 to 30 carbon atoms.
NUM  4.
PAR  4. A polythiol composition having the general formula: R.sub.2 --(R.sub.3)
      .sub.f Ch.sub.2 CH.sub.2 (SR.sub.1).sub.b SH).sub.m wherein R.sub.1 is a
      radical selected from the group consisting of (1) a C.sub.1 -C.sub.30
      divalent alkylene radical, (2) a C.sub.2 -C.sub.30 divalent unsaturated
      alkylene radical, (3) a C.sub.8 -C.sub.30 bis-alkylene substituted
      aromatic radical, (4) a C.sub.6 -C.sub.30 divalent aromatic radical, and
      (5) a C.sub.2 -C.sub.30 divalent organic radical containing either sulfur,
      oxygen or silicon in addition to carbon and hydrogen atoms, R.sub.2 is a
      polyvalent radical selected from the group consisting of
      trimethylcarbinol, trimethylphosphate, trimethylol propane triformiate,
      triformoyl triazine, chlorosilane, silane, and cyclohexane radicals,
      R.sub.3 is a divalent hydrocarbon radical having from 1 to 10 carbon
      atoms, b ranges from 0 to 30, f is 0 or 1, and m is 3.
NUM  5.
PAR  5. The composition of claim 4 wherein R.sub.1 is a divalent alkylene
      radical having from 1 to 30 carbon atoms.
NUM  6.
PAR  6. A polythiol composition having the general formula: R--(R').sub.x
      CH.sub.2 CH.sub.2 SH).sub.3 wherein R is a polyvalent radical selected
      from the group consisting of trimethylcarbinol, trimethylphosphate,
      trimethylol propane triformiate, triformoyl triazine, chlorosilane,
      silane, and cyclohexane radicals, R' is a divalent alkylene radical having
      from 1 to 10 carbon atoms, and x varies from 0 to 1.
NUM  7.
PAR  7. A tetrathiol composition having the general formula (HSCH.sub.2 CH.sub.2
      (R').sub.x).sub.2 R--(R').sub.x CH.sub.2 CH.sub.2 SCH.sub.2 CH.sub.2
      (R').sub.x --R-- ((R').sub.x CH.sub.2 CH.sub.2 SH).sub.2 wherein R is
      selected from the group consisting of trimethylcarbinol,
      trimethylphosphate, trimethylol propane triformiate, triformoyl triazine,
      chlorosilane, silane, and cyclohexane radicals, R' is a divalent alkylene
      radical having from 1 to 10 carbon atoms and x varies from 0 to 1.
NUM  8.
PAR  8. A polythioetherpolythiol composition having the general formula:
EQU  R-- (R').sub.x CH.sub.2 CH.sub.2 S(R"SCH.sub.2 CHR"'S).sub.n R"SH}.sub.3
      wherein R is a radical selected from the group consisting of
      trimethylcarbinol, trimethylphosphate, trimethylol propane triformiate,
      triformoyl triazine, chlorosilane, silane, and cyclohexane radicals, R' is
      a divalent alkylene radical having from 1 to 10 carbon atoms, R" is
      selected from the group consisting of (a) a C.sub.1 to C.sub.30 divalent
      saturated alkylene radical; (b) a C.sub.2 to C.sub.30 divalent unsaturated
      alkylene radical; (c) a C.sub.8 to C.sub.30 bis-alkylene substituted
      aromatic radical; (d) a C.sub.6 to C.sub.30 divalent aromatic radical; and
      (e) a C.sub.2 to C.sub.30 divalent organic radical containing at least one
      element selected from the group consisting of sulfur, oxygen and silicon
      in addition to carbon and hydrogen atoms, R"' is selected from the group
      consisting of (a) a hydrogen radical; (b) a C.sub.1 to C.sub.30 alkyl
      radical; (c) a C.sub.2 to C.sub.20 alkenyl radical; (d) a C.sub.2 to
      C.sub.30 alkynyl radical; (e) a C.sub.7 to C.sub.20 aralkyl radical; and
      (f) a C.sub.1 to C.sub.3 hydroxyalkyl radical and n varies from 2 to 30,
      and x ranges from 0 to 1.
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ABST
PAL  A method is provided for producing arylene sulfide polymers employing (1)
      alkali metal salts of halothiophenols, (2) organic amides, and (3) dihalo
      aromatic compounds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the production of arylene sulfide polymers.
PAR  In one of its more specific aspects, this invention pertains to a novel
      method of producing polymers such as those produced by the method of U.S.
      Pat. No. 3,354,129 and other processes for producing arylene sulfide
      polymers. In U.S. Pat. No. 3,354,129, is disclosed a method of producing
      polymers from polyhalo-substituted aromatics, alkali metal sulfides and
      polar organic compounds. There have been numerous other methods set forth
      using similar reactants to produce arylene sulfide polymers including
      using an alkali metal salt of a halothiophenol as sulfur source in the
      polymerization. It has now been discovered that in a method for preparing
      arylene sulfide polymers using an alkali metal salt of a halothiophenol as
      a sulfur source the molecular weight of the polymer produced can be
      increased and the yield of polymer increased by the selection of reactants
      brought together with the alkali metal salt of a halothiophenol under
      conditions for producing a polymer.
PAR  In accordance with this invention, in the production of an arylene sulfide
      polymer from an alkali metal salt of a halothiophenol in an organic amide,
      the presence of a dihalo aromatic compound in the reaction mixture results
      in polymer in higher yield and with higher molecular weight than in
      production conducted without the presence of a dihalo aromatic compound.
PAR  Alkali metal salts of halothiophenols which can be used in the process of
      this invention can be represented by the formula XRSM, where R is a
      divalent hydrocarbon radical selected from arylene, alkyl-substituted
      arylene, cycloalkyl-substituted arylene, and aryl-substituted arylene, the
      number of carbon atoms in said R group being within the range of six to
      about twenty; X is a halogen selected from fluorine, chlorine, bromine,
      and iodine; and M is an alkali metal selected from lithium, sodium,
      potassium, rubidium, and cesium. If desired, the alkali metal salts of the
      halothiophenols can be produced, without isolation, in the polymerization
      reactor, e.g., by reaction of the corresponding halothiophenol with an
      alkali metal hydroxide.
PAR  Examples of some applicable alkali metal salts of halothiophenols which can
      be employed in the process of this invention include sodium salt of
      1-chloro-4-mercaptobenzene (sodium salt of p-chlorothiophenol), lithium
      salt of 1-methyl-2-bromo-4-mercaptobenzene, potassium salt of
      1-ethyl-2-isopropyl-4-fluoro-5-mercaptobenzene, rubidium salt of
      1-butyl-2-hexyl-3-chloro-4-mercaptobenzene, sodium salt of
      1-decyl-2-bromo-4-mercaptobenzene, cesium salt of
      1-tetradecyl-3-iodo-5-mercaptobenzene, sodium salt of
      1-bromo-2-cyclohexyl-4-mercaptobenzene, potassium salt of
      1-phenyl-2-chloro-3-mercaptobenzene, sodium salt of
      1-fluoro-4-mercaptonaphthalene, potassium salt of
      4-chloro-4'-mercaptobiphenyl, and the like, and mixtures thereof.
PAR  Dihalo aromatic compounds which can be used in the process of this
      invention can be represented by the formula XRX, where R and each X are as
      defined above and wherein each X can be the same or different halogens.
PAR  Examples of some applicable dihalo aromatic compounds which can be employed
      in the process include p-dichlorobenzene, m-dichlorobenzene,
      c-dibromobenzene, 1-chloro-4-bromobenzene, 2,4-dichlorotoluene,
      1-ethyl-2-isopropyl-4,5-diiodobenzene,
      1-butyl-2-hexyl-3,4-difluorobenzene, 1-decyl-2,4-dichlorobenzene,
      1-tetradecyl-3,5-diiodobenzene, 2-cyclopentyl-1,4-difluorobenzene,
      1-phenyl-2,3-dibromobenzene, 1,4-dibromonaphthalene,
      4,4'-dichlorobiphenyl, and the like, and mixtures thereof.
PAR  The organic amides for use in the process of this invention should be
      substantially liquid at the reaction temperatures and pressures employed.
      The amides can be cyclic or acyclic and can have 1 to about 10 carbon
      atoms per molecule. Examples of some suitable amides include formamide,
      acetamide, N-methylformamide, N,N-dimethylformamide,
      N,N-dimethylacetamide, N-ethylpropionamide, N,N-dipropylbutyramide,
      2-pyrrolidone, N-methyl-2-pyrrolidone, .epsilon.-caprolactam,
      N-methyl-.epsilon.-caprolactam, N,N'-ethylenedi-2-pyrrolidone,
      hexamethylphosphoramide, tetramethylurea, and the like, and mixtures
      thereof.
PAR  When the alkali metal salt of the halothiophenol is produced in the
      polymerization reactor, e.g., by reaction of the corresponding
      halothiophenol with an alkali metal hydroxide, it is preferable, although
      not necessary, that water be added to facilitate salt formation. When
      water is present in substantial amount, e.g., from addition of water as
      such or by production during formation of the alkali metal salt of the
      halothiophenol, it is preferable, although not necessary, that at least
      most of the water be removed, e.g., by distillation, prior to addition of
      the dihalo aromatic compound.
PAR  Although the molar ratio of dihalo aromatic compound to alkali metal salt
      of halothiophenol can vary over a wide range, this ratio generally will be
      within the range of about 0.005:1 to about 0.1:1, preferably about 0.01:1
      to about 0.05:1. The amount of organic amide can vary over a wide range
      but generally will be within the range of about 100 grams to about 2500
      grams per gram-mole of alkali metal salt of halothiophenol.
PAR  The temperature at which the polymerization is conducted can vary over a
      wide range but generally will be within the range of about 125.degree.C to
      about 450.degree.C, preferably about 175.degree.C to about 350.degree.C.
      The reaction time also can vary considerably, depending in part on the
      reaction temperature, but generally will be within the range of about 10
      minutes to about 3 days, preferably about 1 hour to about 8 hours. The
      reaction can be conducted at a variety of pressures, but the reaction
      pressure should be sufficient to maintain the organic amide and the dihalo
      aromatic compound substantially in the liquid phase.
PAR  The arylene sulfide polymers produced by the process of this invention can
      be separated from the reaction mixture by conventional procedures, e.g.,
      by filtration of the polymer, followed by washing with water, or by
      dilution of the reaction mixture with water, followed by filtration and
      water washing of the polymer, optionally with additional washing with
      methanol or the like.
PAR  The arylene sulfide polymers produced by the process of this invention can
      be blended with fillers, pigments, extenders, other polymers, and the
      like. They can be cured through crosslinking and/or chain extension, e.g.,
      by heating at temperatures up to about 480.degree.C in the presence of a
      free oxygen-containing gas, to provide cured products having high thermal
      stability and good chemical resistance. They are useful in the production
      of coatings, films, molded objects, and fibers.
DETD
PAC  EXAMPLES
PAR  In the following Examples, values for inherent viscosity were determined at
      206.degree.C in 1-chloronaphthalene at a polymer concentration of 0.4
      g/100 ml solution. Values for glass transition temperature (Tg) and
      crystalline melting point (T.sub.m) were determined on premelted and
      quenched polymer samples by differential thermal analysis. Values for
      polymer-melt temperature (PMT) were determined by placing the polymer
      samples on a heated bar with a temperature gradient.
PAC  EXAMPLE I
PAR  In a control run outside the scope of this invention, to a stirred 1-liter
      autoclave were charged 144.6 g (1 mole) p-chlorothiophenol, 41.2 g (1
      mole) sodium hydroxide, 36 g water, and 326.7 g N-methyl-2-pyrrolidone.
      The mixture was heated to 204.degree.C with stirring under a slow nitrogen
      flush in 1 hour and 45 minutes, during which time there was collected 56
      ml of distillate, including 6 ml of p-chlorothiophenol and 48.1 g of
      water. The mixture in the autoclave was allowed to cool to 175.degree.C
      over a period of 1 hour and 15 minutes, after which the temperature was
      raised to 245.degree.C over a period of 20 minutes. The mixture was then
      maintained at 245.degree.C for 3 hours at a pressure of 40-75 psig, after
      which the mixture was cooled to about 25.degree.C. The product was washed
      three times with hot water and five times with methanol, then allowed to
      stand overnight in methanol, filtered, and washed six more times with
      methanol. The product was dried in a vacuum oven at 80.degree.C to provide
      42.1 g (38.7 percent yield) of poly(p-phenylene sulfide) having an
      inherent viscosity of 0.02, a Tg of about 25.degree.C, a T.sub.m of about
      177.degree.C, and a PMT of 155.degree.C.
PAC  EXAMPLE II
PAR  In a run conducted in accordance with this invention, to a stirred 1-liter
      autoclave were charged 144.6 g (1 mole) p-chlorothiophenol, 41.2 g (1
      mole) sodium hydroxide, 36 g water, and 300 g N-methyl-2-pyrrolidone. The
      mixture was heated to 205.degree.C with stirring under a slow nitrogen
      flush in 2 hours and 10 minutes, during which time there was collected 54
      ml of distillate, including about 1 ml of p-chlorothiophenol and 51.6 g of
      water. The mixture in the autoclave was allowed to cool to 175.degree.C
      over a period of 1 hour and 25 minutes, at the end of which time 2.9 g
      (0.02 mole) p-dichlorobenzene and 26.7 g N-methyl-2-pyrrolidone were
      added. The temperature was then raised to 245.degree.C over a period of 15
      minutes. The mixture was maintained at 245.degree.C for 3 hours at a
      pressure of 40-50 psig, after which the mixture was cooled to about
      25.degree.C. The product was washed seven times with hot water and six
      times with methanol and then dried in a vacuum oven at 80.degree.C to
      provide 90.0 g (84.0 percent yield) of poly(p-phenylene sulfide) having an
      inherent viscosity of 0.04, a Tg of 36.degree.C, a T.sub.m of
      252.degree.C, and a PMT of 241.degree.C.
PAR  Thus, in this Example, in which a small amount of p-dichlorobenzene was
      employed, the yield of poly(p-phenylene sulfide) was much higher and the
      molecular weight, based on inherent viscosity, was considerably greater
      than those observed for the polymer produced in Example I.
PAR  It will be evident from the foregoing that various modifications can be
      made to the method of this invention, the essence of which is that the
      presence of a dihalo aromatic compound in a polymerization reaction
      mixture comprising an alkali metal salt of a halothiophenol in an organic
      amide results in polymer in higher yield and with higher molecular weight
      than production of polymer from an alkali metal salt of a halothiophenol
      in an organic amide conducted without the presence of a dihalo aromatic
      compound.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for producing polymers comprising:
PA1  a. contacting an alkali metal salt of a halothiophenol represented by the
      formula XRSM, where R is a divalent hydrocarbon radical selected from
      arylene, alkyl-substituted arylene, cycloalkyl-substituted arylene, and
      aryl-substituted arylene, the number of carbon atoms in said R group being
      within the range of 6 to about 20; X is halogen selected from fluorine,
      chlorine, bromine, and iodine; and M is an alkali metal selected from
      lithium, sodium, potassium, rubidium, and cesium, said contacting in an
      organic amide in the presence of a dihalo aromatic compound to form a
      composition, and
PA1  b. maintaining at least a portion of said composition at polymerization
      conditions to produce a polymer.
NUM  2.
PAR  2. The method of claim 1 wherein the dihalo aromatic compounds are
      represented by the formula XRX, where R is a divalent hydrocarbon radical
      selected from arylene, alkyl-substituted arylene, cycloalkyl-substituted
      arylene, and aryl-substituted arylene, the number of carbon atoms in said
      R group being within the range of 6 to about 20; and X is a halogen
      selected from fluorine, chlorine, bromine, and iodine.
NUM  3.
PAR  3. The method of claim 1 wherein the molar ratio of dihalo aromatic
      compound to alkali metal salt of halothiophenol is within the range of
      about 0.005:1 to about 0.1:1.
NUM  4.
PAR  4. The method of claim 1 wherein the amount of organic amide is within the
      range of about 100 grams to about 2500 grams per gram-mole of alkali metal
      salt of halothiophenol.
NUM  5.
PAR  5. The method of claim 1 wherein an alkali metal salt of a halothiophenol
      is produced in situ in the polymerization reactor by reaction of a
      corresponding halothiophenol with an alkali metal hydroxide.
NUM  6.
PAR  6. The method of claim 5 wherein water is present in the polymerization
      reactor during the reaction of said halothiophenol and said alkali metal
      hydroxide.
NUM  7.
PAR  7. The method of claim 6 wherein subsequent to the in situ production of an
      alkali metal salt of a halothiophenol in the polymerization reactor water
      is removed from the reactor prior to the addition of the dihalo aromatic
      compound.
NUM  8.
PAR  8. The method of claim 7 wherein said halothiophenol is p-chlorothiophenol,
      said alkali metal hydroxide is sodium hydroxide, said organic amide is
      N-methyl-2-pyrrolidone, and said dihalo aromatic compound is
      p-dichlorobenzene.
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ABST
PAL  The invention relates to shaped articles of acrylonitrile polymers which
      comprise as an antistatically active additive from 0.5 to 15 % by weight
      of at least one compound of the general formula
      ##EQU1##
BSUM
PAR  This invention relates to permanently antistatic shaped structures, more
      especially filaments, fibres and films, of acrylonitrile polymers, and to
      a process for their production.
PAR  If the surface resistance of fibres based on acrylonitrile polymers exceeds
      10.sup.12 ohms, it is often difficult or even impossible to use textiles
      produced from these products.
PAR  Processes by which the electrostatic charging of shaped structures of the
      kind in question can be reduced, are described in the literature. Thus,
      the electrical conductivity of fibres or of the textile products produced
      from them can be increased, for example, by surface treatment with
      antistatic preparations. Unfortunately, the antistatic effect imparted by
      this process is not permanent and disappears after only a few washes.
PAR  According to other literature, an antistatic finish can be obtained by
      applying aqueous solutions of suitable agents to the fibres in their
      aquagel form. Another method of reducing the electrostatic charging of
      shaped structures of synthetic polymers is to add polyethers or other
      suitable compounds to a solution or melt of these polymers before shaping.
      Unfortunately, most additives have the disadvantage of not being
      laundry-stable. It has already been proposed to add compounds obtained by
      reacting ethoxylated alcohols and diisocyanates to fibres of
      polyacrylonitrile so as to impart a permanent antistatic finish.
PAR  It has also been proposed to add to acrylonitrile polymers compounds which,
      in addition to a polyether group and two urethane groups, also contain a
      urea group, with a view to providing fibres of these polymers with an even
      better antistatic finish. Compounds of the kind in question correspond to
      the following general formula
      ##EQU2##
      in which R contains a polyether and a urethane group.
PAR  Accordingly, the compounds in question are symmetrical N,N'-disubstituted
      ureas.
PAR  It has now been found that compounds which, in addition to a polyether
      group and a urethane group, also contain a urea group, provide fibres of
      polyacrylonitrile with outstanding antistatic behaviour. The compounds in
      question are asymmetrical N,N'-disubstituted ureas.
PAR  It has also been found that compounds which, in addition to a polyether
      group and two urethane groups, additionally contain two urea groups
      provide fibres of polyacrylonitrile with extremely good antistatic
      behaviour.
PAR  Accordingly, the invention relates to a shaped article of an acrylonitrile
      polymer with at least one antistatic additive, comprising (A) 85 to 99.5 %
      by weight of an acrylonitrile copolymer consisting of at least 60 % by
      weight of copolymerised acrylonitrile and (B) of 0.5 to 15 % by weight of
      at least one compound corresponding to the general formula (I)
      ##EQU3##
      in which R represents a C.sub.8 -C.sub.18 -alkyl, cycloalkyl, aryl,
      aralkyl or alkaryl radical optionally substituted by halogen or alkyl,
PA1  x is an integer from 5 to 50,
PA1  R' represents an alkylene, arylene, aralkylene, alkarylene, cycloalkylene
      radical,
PA1  R" represents hydrogen or a methyl group,
PA1  B represents hydrogen or the group
      ##EQU4##
      R'", where B is hydrogen, represents a C.sub.6 -C.sub.12 -arylene radical
      optionally substituted by halogen or alkyl, a C.sub.3 -C.sub.17 -alkylene
      radical or a cycloaliphatic radical, and, where B has the meaning
      different from hydrogen, R'" represents a C.sub.2 -C.sub.6 -alkylene
      radical, a C.sub.6 -C.sub.12 -arylene radical optionally substituted by
      halogen or alkyl or a cycloaliphatic radical.
PAR  The invention also relates to a process for the production of shaped
      structures of acrylonitrile copolymers with antistatic additives, in which
      at least one compound of the above general formula is added to a solution
      of an acrylonitrile polymer in an organic solvent, and the solvent is
      removed during shaping. The polyether-urethane-urea compound corresponding
      to the above general formula is added in a quantity of from 0.5 to 15 % by
      weight (based on the polymer mixture).
PAR  The antistatically active compounds being used according to the invention
      are not only highly compatible with the polymers, they are also highly
      resistant to washing by virtue of the urea group. They impart outstanding
      antistatic behaviour to fibres of acrylonitrile polymers.
PAR  In the context of the invention, shaped structures are primarily filaments,
      fibres and films. The compounds according to the invention are preferably
      added in a quantity of from 2 to 10 % by weight, based on the polymer
      mixture.
PAR  The group of acrylonitrile polymers includes, in particular,
      polyacrylonitrile or copolymers of acrylonitrile with (meth)acrylic acid
      esters, for example, (meth)acrylic acid methyl and ethyl ester;
      (meth)acrylamides, for example, (meth)acrylamide and
      N,N-dimethyl(meth)acrylamide; N-vinyl lactams, for example,
      N-vinylpyrrolidone, vinyl-, (meth)allyl esters or ethers; vinyl(idene)
      halides, for example, vinyl(idene)chloride and vinyl(idene)bromide;
      alkylvinylpyridine, for example, N-vinyl-4-methylpyridine;
      vinylimidazoles; (mono)dialkylaminoalkyl(meth)acrylates, for example,
      dimethylaminoethyl(meth)acrylate and their quaternised derivatives;
      vinyl-, (meth)allyl sulphonic acids, vinyl-, (meth)allyl phosphonic acids
      or their esters, etc., containing at least 60 % by weight of acrylonitrile
      in copolymerised form.
PAR  To produce the aforementioned additives, polyether monourethanes containing
      a free isocyanate group are initially prepared by methods known per se: to
      this end, aliphatic alcohols or phenols such as, 1-nonanol, 1-dodecanol,
      myristyl alcohol, cetylalcohol, stearyl alcohol and o-nonylphenol, are
      reacted in the melt with alkylene oxides, preferably ethylene oxide, in
      the presence of a basic catalyst, for example an alkali hydroxide such as
      sodium hydroxide or potassium hydroxide. 1 mol of the corresponding
      alcohol or phenol is reacted with 5 to 50 mols, preferably with 10 to 35
      mols, of alkylene oxide. The polyalkoxylated alcohols thus obtained can
      readily be reacted with diisocyanates by a one-pot process, preferably
      after their OH-number has been determined. The reaction is carried out
      either in the melt at a temperature in the range of from 70.degree. to
      150.degree.C, preferably at a temperature of from 90.degree. to
      130.degree.C, or in an inert solvent, for example dimethylformamide, at
      the same temperatures. The alkylated alcohol is preferably reacted with
      the diisocyanate in a molar ratio of from 1 : 1 to 1 : 1.2. The reaction
      time ranges from 30 minutes to 12 hours, preferably from 1 to 7 hours.
      Initially the reaction gives a compound with a free isocyanate group
      corresponding to the formula:-
      ##EQU5##
      in which R, R', R" and x are as previously defined.
PAR  Preferred diisocyanates are hexamethylene diisocyanate,
      cyclohexane-1,4-diisocyanate,
      3-isocyanatomethyl-3,5,5-trimethylcyclohexane isocyanate, 1,3-phenylene
      diisocyanate, 1,4-phenylene diisocyanate,
      diphenylmethane-4,4'-diisocyanate, 2,2-bis-(4-isocyanatophenyl)-propane
      and 1,4-naphthylene diisocyanate.
PAR  The corresponding urea derivative is obtained from the compound containing
      a free isocyanate group in a one-pot process by adding the stoichiometric
      quantity of a monoamine or diamine. Following this addition, the reaction
      mixture is stirred for several hours at an elevated temperature in order
      to complete the reaction.
PAR  The following amines can be used for the preparation of compounds
      corresponding to the above general formula in which B is halogen: aniline,
      2-chloraniline, 3-chloraniline, 4-chloraniline, cyclohexylamine,
      n-propylamine, N-butylamine, isobutylamine, stearyl amine, 3-aminotoluene,
      6-chlor-3-aminotoluene and 4-chlor-3-aminotoluene.
PAR  The molar ratio of the compound containing a free isocyanate group to the
      amine is preferably between 1 : 1 and 1 : 1.2  or 1.2 : 1. The reaction
      timee ranges from 30 minutes to 12 hours, preferably from 1 to 7 hours.
PAR  The following diamines, for example, are used in the preparation of
      compounds corresponding to the above general formula (I) in which B has
      the meaning different from hydrogen: ethylene diamine, 1,6-hexamethylene
      diamine, 1,4-tetramethylene diamine, p-phenylene diamine, m-phenylene
      diamine and 4,4'-diaminodiphenylmethane.
PAR  The molar ratio of the compound containing a free isocyanate group to the
      diamine is preferably 2 : 1. It is of course also possible to use a slight
      excess (up to 10 %) of one of the two components.
PAR  The compounds corresponding to the above general formula can readily be
      obtained by a one-pot process: following preparation of the compounds
      containing a free isocyanate group by reacting a polyether having a free
      OH-group with a diisocyanate, the compounds corresponding to the above
      general formula are obtained, as described above, by adding a monoamine or
      diamine in a molar ratio of from 1 : 1 or 2 : 1. In both cases, the
      reaction is carried out in an organic, polar solvent, for example,
      dimethylacetamide. The solutions of the compounds thus obtained are
      directly added to the spinning solutions of the acrylonitrile polymer in
      the required quantity.
PAR  The surface resistance of the shaped structures, especially the fibres, as
      quoted in the Examples, was determined using a standard high-ohmmeter
      between the plates of two electrodes with a clearance of 1 cm at a
      measuring voltage of 100 V, in accordance with DIN 54 345 (Draft). To this
      end, the fibre material was conditioned for 72 hours under standard
      climatic conditions (50 % relative humidity, temperature 23.degree.C)
      before each determination. Fibres produced in accordance with the
      invention have an electrical surface resistance at 23.degree.C/50 %
      relative humidity of from about 10.sup.10 to 10.sup.11 ohms.
PAR  The fibres aaccording to the invention can be dyed with the usual dyes
      without any reduction in their outstanding antielectrostatic character.
DETD
PAR  In the following Examples which are to further illustrate the invention
      without limiting it, parts by weight are to parts by volume as kilogrammes
      to liters.
PAC  EXAMPLE 1
PAC  a. Preparation of
      ##SPC1##
PAR  270 parts by weight of stearyl alcohol and 4 parts by weight of NaoH were
      introduced into a three-necked flask equipped with a stirrer and a reflux
      condenser. After the air in the flask had been displaced by nitrogen,
      ethylene oxide was introduced at 130.degree. C up to an increase in weight
      of 1410 parts by weight. The molecular weight was determined by
      determining the OH-number. OH % = 1.01.
PAR  For neutralization, 60 parts by weight of pure acetic acid were added to
      1682 parts by weight of this polyether, followed by heating for 1 hour at
      100.degree. C. The excess acetic acid was removed in a water jet vacuum at
      an oil-bath temperature of 100.degree.C. 222 parts by weight of
      3-isocyanatomethyl-3,5,5-trimethylcyclohexane isocyanate were introduced
      in portions at this temperature under a nitrogen atmosphere. The reaction
      mixture was then stirred for 8 hours at 130.degree. C. 2000 parts by
      volume of dimethylformamide were then added, followed by the dropwise
      addition at 120.degree. to 130.degree. C of a solution of 93 parts by
      weight of aniline in 200 parts by volume of dimethylformamide. The mixture
      was then stirred for 5 hours at 130.degree. C.
PAC  b. Production and testing of polyacrylic fibres
PAR  The solution prepared in Example 1a was used to prepare a 29 %
      dimethylformamide solution consisting of a mixture of 90 % by weight of an
      acrylonitrile copolymer (94 % by weight of acrylonitrile, 5 % by weight of
      methylmethacrylate and 1 % by weight of 3-methacroyl amino benzene benzene
      disulphonmide) with a K-value (according to Fikentscher) of 80, and 10 %
      by weight of the polyethylene oxide monourethane urea. This solution was
      dry-spun with a ball-drop viscosity of about 75 to 80 seconds at
      80.degree.C (the ball-drop viscosity is the time which it takes a ball of
      V2 steel according to DIN 5401 to drop a marked distance of 7 cm through a
      tube with an internal diameter of 3 cm filled with the solution to be
      measured). Denier of the fibres: 3.3 dtex.
PAR  The antielectrostatic activity of the additive was determined by measuring
      the surface resistance of the fibres at 23.degree.C/50 % relative
      humidity.
PAR  Surface resistance after 10 washes: 2.10.sup.10 ohms
PAR  Surface resistance after dyeing and 3 washes: 5.10.sup.9 ohms
PAC  EXAMPLE 2
PAC  a. Preparation of
      ##SPC2##
PAR  As in Example 1a, 270 parts by weight of stearyl alcohol were reacted with
      ethylene oxide at 100.degree.C in the presence of 4 parts by weight of
      NaOH up to an increase in weight of 310 parts by weight (OH % = 2.88).
      After treatment with 60 parts by weight of pure acetic acid and removal of
      the excess acetic acid in vacuo, 222 parts by weight of
      3-isocyanatomethyl-3,5,5-trimethylcyclohexane isocyanate were added at
      100.degree.C under nitrogen to 590 parts by weight of the polyether in the
      melt. This was followed by stirring for 6 hours at 130.degree.C, after
      which 2000 parts by volume of dimethylformamide were added. 93 parts by
      weight of aniline were then added dropwise at 120.degree.C. The reaction
      mixture was then stirred for 5 hours at 130.degree.C in order to complete
      the reaction.
PAC  b. Production and testing of the polyacrylic fibres
PAR  This solution was used to prepare a 29 % dimethylformamide solution
      consisting of 95 % by weight of an acrylonitrile copolymer with the same
      composition as in Example 1 b and a K-value of 82, and 10 % by weight of
      the polyethylene oxide monourethane urea of Example 2a. The solution,
      which had a ball-drop viscosity of 75 to 80 seconds at 80.degree.C, was
      dry spun. Denier of the fibres: 3.3 dtex.
PAR  Electrical surface resistance after 10 washes: 4.10.sup.10 ohms
PAR  Electrical surface resistance after dyeing and 3 washes: 5 . 10.sup.10 ohms
PAC  EXAMPLE 3
PAC  a. Preparation of
      ##SPC3##
PAR  As in Example 1a, 880 parts by weight of ethylene oxide were added at
      100.degree.C to 270 parts by weight of stearyl alcohol in the presence of
      4 parts by weight of NaOH (OH % = 1.48).
PAR  After treatment of the ethoxylated product with 60 parts by weight of
      acetic acid, and removal of the acetic acid in vacuo, 222 parts by weight
      of 3 -isocyanatomethyl-3,5,5-trimethylcyclohexane isocyanate were added to
      the melt at 100.degree.C. After stirring for 8 hours at 130.degree.C, 2000
      parts by volume of dimethylformamide were added, followed by the dropwise
      addition of 93 parts by weight of aniline at 120.degree.C. The reaction
      mixture was then stirred for 3 hours at 120.degree. to 130.degree.C.
PAC  b. Production and testing of the polyacrylic fibres
PAR  The solution of Example 3a was used to prepare a 29 % dimethylformamide
      solution consisting of a mixture of 95 parts by weight of an acrylonitrile
      copolymer with the same composition as in Example 1b and a K-value of 82,
      and of 10 parts by weight of the polyethylene oxide monourethane urea. The
      solution has a ball-drop viscosity of about 80 seconds at 80.degree.C.
      Denier of the fibres: 3.3 dtex. The surface resistance of the fibres was
      measured at 23.degree.C/50 % relative humidity.
PAR  Surface resistance after 10 washes: 2.10.sup.10 ohms
PAR  Surface resistance after dyeing and 3 washes: 3.10.sup.9 ohms.
PAC  EXAMPLE 4
PAC  a. Preparation of
      ##SPC4##
PAR  270 parts by weight of stearyl alcohol and solid NaOH were initially
      introduced into the reaction vessel. 400 parts by weight of ethylene oxide
      (OH % = 2.55) were introduced in the melt at around 100.degree.C.
PAR  After treatment with acetic acid and concentration in vacuo, 125 parts by
      weight of 4,4'-diphenylmethane diisocyanate were introduced in portions at
      130.degree.C into 330 parts by weight of this product. After stirring for
      5 hours at 130.degree.C, the melt was diluted with 700 parts by volume of
      dimethylformamide. 135 parts by weight of stearylamine were introduced at
      130.degree.C and the solution subsequently heated under reflux for 5
      hours.
PAC  b. Production and testing of polyacrylic fibres
PAR  The solution of 4a 4a was used to prepare a 29 % dimethylformamide solution
      consisting of a mixture of 90 % by weight of an acrylonitrile copolymer
      with the same composition as in Example 1b and a K-value of 83, and of 10
      % by weight of the polyethylene oxide monourethane urea. The solution had
      a ball-drop viscosity of 75 to 80 seconds at 80.degree.C. It is dry spun.
      Denier of the fibres: 3.3 dtex. The antielectrostatic activity of the
      additive is determined by measuring the surface resistance of the fibres
      at 23.degree.C/50 % relative humidity.
PAR  Surface resistance after 10 washes: 5.10.sup.9 ohms
PAR  Surface resistance after dyeing and 3 washes: 1.10.sup.9 ohms
PAC  EXAMPLE 5
PAC  a. Preparation of
      ##SPC5##
PAR  As in the preceding Examples, 270 parts by weight of stearyl alcohol were
      reacted with ethylene oxide at 100.degree.C in the presence of 4 parts by
      weight of NaOH up to an increase in weight of 970 parts by weight (OH % =
      1.37).
PAR  After treatment with acetic acid and removal of the excess acetic acid in
      vacuo, 315 parts by weight of the ethoxylated stearyl alcohol were reacted
      at 130.degree.C with 360 parts by weight of 4,4'-diphenylmethane
      diisocyanate. This was followed by stirring for 5 hours at 130.degree.C.
      Following the addition of 450 parts by volume of dimethylformamide to the
      melt, 67 parts by weight of stearylamine were introduced in portions. This
      was followed by heating under reflux for 5 hours.
PAC  b. Production and testing of polyacrylic fibres
PAR  The solution of Example 5a was used to prepare a 29 % dimethylformamide
      solution consisting of a mixture of 90 % by weight of an acrylonitrile
      copolymer with the same composition as in Example 1b and a K-value of 80,
      and 10 parts by weight of the polyethylene oxide monourethane urea
      prepared in accordance with Example 5a. The solution had a ball-drop
      viscosity of about 80 seconds at 80.degree.C. Denier of the fibres: 3.3
      dtex. After 10 washes, the surface resistance of the fibres at
      23.degree.C/50 % relative humidity amounts to 7.10.sup.9 ohms and, after
      dyeing and 3 washes to 3.10.sup.10 ohms.
PAC  EXAMPLE 6
PAC  a. Preparation of
      ##SPC6##
PAR  420 parts by weight of the ethoxylated stearyl alcohol of Example 1were
      reacted in the melt at 130.degree.C with 63 parts by weight of
      4,4'-diphenylmethane diisocyanate. The melt was then stirred for 5 hours
      at 130.degree.C. After dilution with 550 parts by volume of
      dimethylformamide, 67 parts by weight of stearylamine were added to the
      solution and the resulting solution was heated under reflux for 5 hours.
PAC  b. Production and testing of the polyacrylic fibres
PAR  The solution of Example 6a was used to prepare a 29 % dimethylformamide
      solution consisting of a mixture of 90 % by weight of an acrylonitrile
      copolymer with the same composition as in Example 1b and a K-value of 81,
      and of 10 % by weight of the polyethylene oxide monourethane urea. The
      viscosity determined by the ball-drop method was 75 and 80 seconds at
      80.degree.C. The solution was dry spun. Denier of the fibres: 3.3 dtex.
      After 10 washes, the surface resistance of the fibres at 23.degree.C/50 %
      relative humidity amounts to 6.10.sup.10 ohms and, after dyeing and 3
      washes, to 1.10.sup.10 ohms.
PAC  EXAMPLE 7
PAC  a. Preparation of
      ##SPC7##
PAR  420 parts by weight of the ethoxylated stearyl alcohol described in Example
      1a were dissolved in 500 parts by volume of dimethylformamide. 63 parts by
      weight of 4,4'  diphenylmethane diisocyanate were introduced in portions
      at 100.degree.C. The solution was stirred for 3 hours at 130.degree.C. 15
      parts by weight of ethylene diamine were then added dropwise at
      100.degree.C. The solution was heated under reflux for 3 to 5 hours.
PAC  b. Production and testing of the polyacrylic fibres
PAR  The solution of Example 7a was used to prepare a 29 % dimethylformamide
      solution consisting of a mixture of 92.5 % by weight of an acrylonitrile
      copolymer with the same composition as in Example 1b and a K-value of 80,
      and of 7.5 % by weight of the polyethylene oxide diurethane diurea. The
      solution had a ball-drop viscosity of 75 to 80 seconds at 80.degree.C. It
      was dry spun. Denier of the fibres: 3.3 dtex. The antielectrostatic
      activity of the addition was determined by measuring the surface
      resistance of the fibres at 23.degree.C/50 % relative humidity.
PAR  Surface resistance after 10 washes: 5.10.sup.10 ohms
PAR  Surface resistance after dyeing and 3 washes: 2.10.sup.10 ohms
PAC  EXAMPLE 8
PAC  a. Preparation of
      ##SPC8##
PAR  315 parts by weight of the ethoxylated stearyl alcohol described in Example
      5a were dissolved in 396 parts by volume of dimethylformamide. 360 parts
      by weight of 4,4 '-diphenylmethane diisocyanate were added to this
      solution at 100.degree.C. This was followed by stirring for 3 hours at
      130.degree.C, after which 15 parts by weight of ethylene diamine were
      added dropwise. The solution was then boiled under reflux for 3 to 5
      hours.
PAC  b. Production and testing of the polyacrylic fibres
PAR  The solution of Example 8a was used to prepare a 29 % dimethylformamide
      solution consisting of a mixture of 95 % by weight of an acrylonitrile
      copolymer with the same composition as in Example 1b and a K-value of 81,
      and of 5 % by weight of the polyethylene oxide diurethane diurea. Balldrop
      viscosity of the solution: 75 to 80 seconds at 80.degree.C. The solution
      was dry spun. Denier of the fibres: 3.3 dtex. After 10 washes, the surface
      resistance of the fibres at 23.degree.C/50 % relative humidity was
      1.10.sup.10 ohms and, after dyeing and 3 washes, 5.10.sup.9 ohms.
PAC  EXAMPLE 9
PAC  a. Preparation of
      ##SPC9##
PAR  The stearyl alcohol described in Example 4a was used as the ethoxylated
      product. 330 parts by weight of this compound were dissolved in 485 parts
      by volume of dimethylformamide, followed by the dropwise addition in
      portions at 100.degree.C of 125 parts by weight of 4,4'-diphenylmethane
      diisocyanate. The mixture was stirred for 3 hours at 130.degree.C, after
      which 30 parts by weight of ethylene diamine are added dropwise to it at
      100.degree.C. The solution was then heated under reflux for 3 to 5 hours.
PAC  b. Production and testing of the polyacrylic fibres
PAR  The solution of Example 9a was used to prepare a 29 % dimethylformamide
      solution consisting of a mixture of 95 parts by weight of an acrylonitrile
      copolymer with the same composition as in Example 1b and a K-value of 85,
      and 5 parts by weight of the additive. The spinning solution has a
      ball-drop viscosity of 75 to 80 seconds at 80.degree.C. The solution is
      dry spun. Denier of the fibres: 3.3 dtex. After 10 washes, the surface
      resistance of the fibres at 23.degree.C/50 % relative humidity amounts to
      2.10.sup.10 ohms and, after dyeing and 3 washes, to 6.10.sup.9 ohms.
PAC  EXAMPLE 10
PAC  a. Preparation of
      ##EQU6##
PAR  Stearyl alcohol was ethoxylated in the same way as in Example 1a). 56 parts
      by weight of 3-isocyanatomethyl-3,5,5-trimethylcyclohexane isocyanate were
      added dropwise at 100.degree.C to 420 parts by weight of the ethoxylated
      stearyl alcohol. This was followed by stirring for 3 hours at
      130.degree.C. Following the addition of 500 parts by volume of
      dimethylformamide, 15 parts by weight of ethylene diamine were added
      dropwise and the solution was heated under reflux for 5 hours.
PAC  b. Production and testing of the polyacrylic fibres
PAR  The solution of Example 10a was used to prepare a 29 % dimethylformamide
      solution consisting of a mixture of 95 % by weight of acrylonitrile
      copolymer with the same composition as in Example 1b and a K-value of 83,
      and 5 % by weight of the polyethylene oxide diurethane diurea. The
      solution had a ball-drop viscosity of 75 to 80 seconds at 80.degree.C. It
      was dry spun. Denier of the fibres: 3.3 dtex. After 10 washes, the surface
      resistance of the fibres at 23.degree.C/50 % relative humidity was
      9.10.sup.9 ohms and, after dyeing and 3 washes, 6.10.sup.9 ohms.
PAC  EXAMPLE 11
PAC  a. Preparation of
      ##EQU7##
PAR  56 parts by weight of 3-isocyanatomethyl-3,5,5-trimethylcyclohexane
      isocyanate were added dropwise at 100.degree.C to 319 parts by weight of
      the ethoxylated stearyl alcohol described in Example 5a. After heating for
      3 hours at 130.degree.C, the reaction mixture was diluted with 400 parts
      by volume of dimethylformamide, followed by the dropwise addition of 15
      parts by weight of ethylene diamine. The solution was then heated under
      reflux for 3 hours.
PAC  b. Production and testing of the polyacrylic fibres
PAR  The solution of the product described in Example 11a was used to prepare a
      29 % dimethylformamide solution consisting of a mixture of 95 % by weight
      of an acrylonitrile copolymer with the same composition as in Example 1b
      and a K-value of 81, and of 5 % by weight of the polyethylene oxide
      diurethane diurea. The spinning solution had a ball-drop viscosity of 75
      to 80 seconds at 80.degree.C. It was dry spun. Denier of the fibres; 3.3
      dtex. After 10 washes, the surface resistance of the fibres at
      23.degree.C/50 % relative humidity was 1.10.sup.10 ohms and, after dyeing
      and 3 washes, 7.10.sup.9 ohms.
PAC  EXAMPLE 12
PAC  a. Preparation of
      ##EQU8##
PAR  Following the dropwise addition of 111 parts by weight of
      3-isocyanatomethyl-3,5,5-trimethylcyclohexane isocyanate to 330 parts by
      weight of the ethoxylated stearyl alcohol described in Example 4a, the
      melt was heated for 3 hours at 130.degree.C. The melt was then diluted by
      the addition of 471 parts by volume of dimethylformamide, after which 30
      parts by weight of ethylene diamine were added dropwise at 100.degree.C.
      The reaction was completed by heating under reflux for 5 hours.
PAC  b. Production and testing of polyacrylic fibres
PAR  The solution of Example 12a was used to prepare a 29 % dimethylformamide
      solution consisting of a mixture of 92.5 % by weight of acrylonitrile
      copolymer with the same composition as in Example 1b and a K-value of 80,
      and 7.5 % by weight of the polyethylene oxide diurethane diurea. The
      spinning solution had a ball-drop viscosity of 75 to 80 seconds at
      80.degree.C. The solution was dry-spun. Denier of the fibres: 3.3 dtex.
      After 10 washes, the surface resistance of the fibres at 23.degree.C/50 %
      relative humidity amounted to 7.10.sup.9 ohms and, after dyeing and 3
      washes, to 3.10.sup.9 ohms.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A shaped article of an acrylonitrile polymer with at least one
      antistatic additive, comprising (A) 85 to 99.5 % by weight of an
      acrylonitrile copolymer consisting of at least 60 % by weight of
      copolymerised acrylonitrile and (B) of 0.5 to 15 % by weight of at least
      one compound corresponding to the general formula (I)
      ##EQU9##
      in which R represents a C.sub.8 -C.sub.18 -alkyl, cycloalkyl, aryl,
      aralkyl or alkaryl radical optionally substituted by halogen or alkyl,
PA1  a is an integer from 5 to 50,
PA1  R' represents ann alkylene, arylene, aralkylene, alkarylene, cycloalkylene
      radical,
PA1  R" represents hydrogen or a methyl group,
PA1  B represents hydrogen or the group
      ##EQU10##
      R'" , where B is hydrogen, represents a C.sub.6 -C.sub.12 -arylene radical
      optionally substituted by halogen or alkyl, a C.sub.3 -C.sub.17 -alkylene
      radical or a cycloaliphatic radical, and, where B has the meaning
      different from hydrogen, R'" represents a C.sub.2 -C.sub.6 -alkylene
      radical, a C.sub.6 -C.sub.12 -arylene radical optionally substituted by
      halogen or alkyl or a cycloaliphatic radical.
NUM  2.
PAR  2. The shaped article of claim 1, wherein, in said general formula the
      radical, R' represents the radical
      ##SPC10##
NUM  3.
PAR  3. The shaped article of claim 1, wherein, in said general formula the
      radical R' represents the radical
      ##SPC11##
NUM  4.
PAR  4. A process for the production of an shaped article as claimed in claim 1
      which comprises adding as an antistatic agent at least one compound
      corresponding to the general formula
      ##EQU11##
      in which x, R, R", R '" and B are as defined in claim 1 in an amount of
      from 0.5 to 15 % by weight (based on the polymer mixture) to a solution of
      an acrylonitrile polymer in an organic solvent and removing said solvent
      during shaping said acrylonitrile polymer consisting of at least 60 % by
      weight of acrylonitrile.
NUM  5.
PAR  5. A shaped article when containing a compound of to the general formula
      ##EQU12##
      in which R, R', R", R'", x and B are as defined in claim 1.
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PAL  The invention relates to the activation of polymers and more particularly
      to certain classes of high polymeric material which are not susceptible to
      dyeing or the like whereby the polymeric material is given a functional
      group which can react with dyes, monomeric materials, etc. Polymeric
      materials such as polyolefins, e.g. polypropylene, polyesters and
      polyvinylchloride are sulfonated by reaction with a sulfonating agent in
      the presence of a hydrocarbon and/or a chlorinated hydrocarbon. The
      resulting sulfonated polymer can then be easily dyed or can be reacted
      with monomers to obtain dyeable polymers.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a divisional of our copending application Ser. No. 105,670, filed
      Jan. 11, 1971 for "Activation of Polymers", now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that different classes of high polymeric material are not
      susceptible to dyeing by one or more types of dyes, are weakly adherent,
      that is they do not possess the property of affecting a bond between solid
      surfaces and they have a weak sealability. This is due to the fact that
      the polymer lacks functional groups which are also known as dye or
      adhesive receptors with which the dye molecules or adhesive molecules may
      combine. The best type of combination or dye molecules or adhesive
      molecules would be by grafting, but till now there was no industrially
      satisfactory manner of accomplishing this.
PAR  Among this group of high polymeric materials are the polyolefins,
      particularly polypropylene, the polyesters and polyvinylchloride.
PAR  In the case of polypropylene it is well known that such polymer,
      particularly the polypropylene which is partially or completely
      crystalline, can be melt spun into synthetic fibers having unusual
      physical properties. However, this polymer is subject to the
      above-mentioned inherent disabilities which greatly restrict its utility,
      particularly in the fabrication of general purpose fibers and films.
PAR  While polyesters such as the polyethylene terephthalates and also
      polyvinylchloride can be more easily dyed than polypropylene,
      nevertheless, only limited types of dyes can be used and the color
      fastness is not always satisfactory.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention a polypropylene,
      polyester of polyvinylchloride is sulfonated thus changing the non polar
      structure thereof to a polar structure and the sulfonated polymer can then
      be further reacted for dyeing, adhesion purposes, attachment of monomeric
      groups by grafting, etc. The sulfonating of the polymer is accomplished in
      accordance with the invention in contact with a solvent such as a
      hydrocarbon, preferably a chlorinated hydrocarbon.
PAR  It is accordingly a primary object of the present invention to provide a
      method by which polyolefins, polyesters and polyvinylchloride can have
      functional groups grafted thereto so as to permit dyeing and improve the
      adhesion and sealability without changing the basic properties of the
      polymer.
PAR  It is a further object of the present invention to improve certain of the
      properties of polymers such as polypropylene, polyesters and
      polyvinylchloride by the grafting of reactive groups, functional polar
      monomers with a positive or negative charge, or monomers to the polymeric
      molecule.
PAR  It is yet another object of the present invention to provide a method of
      attaching SO.sub.3 groups to polymers such as polypropylene, polyesters
      and polyvinylchloride (i.e., to sulfonate polymer) which SO.sub.3 group is
      able to react with monomers or other chemical compounds to form grafts
      which become attached to the polymeric molecule. Thus, the invention
      provides for the formation of the sulfonated form of the polymers which
      can be grafted or which can react with different monomers or other groups
      in order to obtain dyeable polymers or polymers with an improved adhesion,
      sealability and many other properties.
PAR  With the above and other objects in view, the present invention mainly
      comprises the reaction of a polymer with a sulfonating agent in the
      presence of a chlorinated hydrocarbon. Thus, it is an important feature of
      the present invention that the reaction between the sulfonating agent and
      the polymer take place in the presence of a hydrocarbon and/or a
      chlorinated hydrocarbon, particularly by dissolving the sulfonating agent
      in the solvent, e.g., the hydrocarbon and chlorinated hydrocarbon, since
      it has been found that without the suitable solvent, most preferably the
      chlorinated hydrocarbon the reaction proceeds in a nonuniform very
      sluggish manner, particularly when the grafted substance is a solid.
      Apparently the chlorinated hydrocarbon penetrates into the polymer and
      greatly increases the reaction surface and therefore the speed of
      reaction.
PAR  In some cases, instead of dissolving the sulfonating agent in the
      chlorinated hydrocarbon it may be advantageous to dip the polymer in the
      chlorinated hydrocarbon and then to contact it with the sulfonating agent
      either as such or dissolved in a chlorinated hydrocarbon.
PAR  According to a further embodiment of the present invention it is possible
      to pretreat any of the above polymeric materials in order to activate the
      polymer for the sulfonation treatment. As a matter of fact, the
      pretreatment, which will be described below, not only activates the
      polymeric material for sulfonation, but actually activates the polymeric
      material to such extent that any strong anion or cation can be easily
      grafted onto the polymeric material.
PAR  This pretreatment method comprises the treatment of polymeric material with
      a solution of a soluble silver salt followed by treatment with a strong
      base such as sodium hydroxide which causes colloidal silver and/or silver
      oxide to precipitate onto the polymeric material. The thus-treated
      polymeric material can then be subsequently treated with any strong acid
      or strong base to cause the grafting of the corresponding ion onto the
      polymeric material which then can be easily dyed or otherwise treated. The
      strong acid or strong base actually acts as an ionic graft initiator for
      the grafting of monomeric material and/or dyes onto the polymer.
PAR  All commonly usable sulfonating agents may be used for the method of the
      present invention, for example sulfuric acid, chlorosulfonic acid,
      sulfurous acid, sulfur dioxide, sulfur trioxide, fuming sulfuric acid,
      sulfuryl chloride and pyrosulfuryl chloride. Among the suitable
      chlorinated hydrocarbons which may be utilized as the medium for carrying
      out the sulfonating reaction are: ethylene dichloride, methylene
      dichloride, triethylene chloride, carbon tetrachloride, methyl chloride,
      chlorobenzene, dichlorobenzene, etc.
PAR  The sulfonation reaction proceed extremely rapidly even at room
      temperature, so that it is unnecessary to set forth special condition for
      the sulfonation.
PAR  The sulfonated polymer can be very easily dyed with the dye after being
      grafted with the monomer by cationic grafting. Thus a strong acid group is
      attached to the molecule of the polymer rendering the entire molecule
      strongly acidic. When a monomer is brought into contact with such strongly
      acid polymer instantaneous polymerization takes place and the formed new
      polymer becomes strongly attached to the substrate and cannot be removed
      by leaching with solvent, thus proving that a chemical bonding or grafting
      takes place.
PAR  Among the monomers that may be reacted with the thus treated polymer are
      the following:
PAR  Ethyleneimine, hydroxyethyl methacrylate, dimethylaminoethyl methacrylate,
      product of quaternization of 1-chloro 2-hydroxy propyl methacrylate and
      trimethyl amine, 2-vinyl pyridine, 2-ethyl vinyl pyridine, 2-methyl 5-
      vinyl pyridine, ethyl acrylate, butyl acrylate, acrylonitrile, ethyl
      fumarate, 2-isopropenyl pyridine, vinyl chloride, vinyl pyrrolidene, N-
      methylol methacrylamide, acrylic acid, N- isopropyl acrylamide, vinylidene
      chloride, vinylidene bromide, vinyl bromide, hydroxypropyl methacrylate
      and ethyl hexylacrylate.
PAR  Methyl Methacrylate and its derivatives (also oleyl, n - decyl, octadecyl,
      cyclohexyl, n - butyl, amyl, cetyl acrylates and others), acrylic acid and
      its derivatives (also butyl, amyl, octyl hexadecryl, etc.), methylacrylate
      and its derivatives, methacrylic acid and its derivatives, vinyl acetate,
      vinyl chloride, vinylidene chloride, isobutylene vinyl ethers,
      acrylonitrile, maleic acid and esters, crotonic acid and esters, itoconic
      acid and its esters, allylic esters, allyl vinyl esters vinylpyridine and
      its derivatives (also 2-methyl-5-vinyl pyridine), chloroprene, isoprene,
      dimethylaminoethylmethacrylate, styrene, 1,3-butylene dimethacrylate,
      isooctyl vinyl ether, acrylamide, glycidyl methacrylate, N-vinyl
      caprolactam, N-vinyl pyrrolidone, N-vinyl carbazole, sodium styrene
      sulfonate, sodium vinyl sulfonate, bis (betachloroethyl) vinyl
      phosphonate, cetyl vinyl ether, divinyl ether of ethylene glycol, divinyl
      ether of butanediol, vinyl toluene, vinyl acetate, octadecyl vinylether.
      Also mixtures of 2 or more monomers can be used. The monomeric tertiary
      amines can be quaternized with benzyl chloride, ethyl iodide, methyl or
      ethylsulfate. Conversely, monomeric chlorides can be quaterized with
      tertiary amines to give quaternary ammonium compounds. Some suitable
      tertiary amines are: N-ethyl morpholine, pyridine, cetyldimethyl pyridine,
      dimethyl aniline, etc., mono,-di, tri-, tetra-and poly-ethylene
      glycol-dimethacrylate, methylvinylpyridine, allylcralate and methacrylate,
      allylchloride, allylacohol, perfluoro alkylacrylates and methacrylates,
      p-amino-styrene, vinyl bromide and vinylidene bromide
      trimethylvinylbenzylammonium chloride, vinyltrifluoroacetate (followed by
      hydrolysis to poly-vinyl alcohol), diallyl chloromethyl phosphonate,
      diallyl benzene phosphonate, diallyl dimethyl ammonium chloride, diallyl
      ethylene glycol,-diethyleneglycol - and polyethylene glycol acrylates and
      methacrylates, vinyl perfluoro octaneate, can also be treated in
      accordance with the method of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following examples are given to further illustrate the invention. The
      scope of the invention is not, however, meant to be limited to the
      specific details of the examples.
PAC  EXAMPLE 1
PAR  A polypropylene film (Hercules B- 500 not treated) is immersed for 1 second
      at room temperature in a cylinder which contains the following solution:
PA1  200 g Sulfan (sulfur trioxide product of Allied Chemical Company)
PA1  800 g Ethylene chloride
PAR  After 1 second the film is taken out and washed with water and dried in an
      oven at a temperature of 200.degree.F. After that it is dyed with a basic
      dye Astrazon Blue B (product of Verona Dyestuffs). There is obtained a
      deep shade of blue which is washfast.
PAR  Another sample of this film treated with the above-mentioned solution was
      checked by the drop angle test and a 50.degree. incline as compared with
      the 23.degree. for the control (not treated film B-500 is obtained.
PAC  EXAMPLE 2
PAR  A polypropylene film (Herclues B- 500 not treated) is immersed for 1 second
      at room temperature in a cylinder which contains the following solution:
PA1  450 Chlorosulfonic acid
PA1  550 Ethylene dichloride
PAR  After 1 second the film is taken out, washed with water and dried in an
      oven at a temperature of 200.degree.F and dyed with basic dye Astrazon
      Blue B (Verona Dyestuffs). A deep washfast shade of blue is obtained.
      Another sample was checked by the drop angle test and a 50.degree. incline
      as compared with the 23.degree. for the control (not treated film B- 500)
      is obtained.
PAC  EXAMPLE 3
PAR  A polypropylene film (Hercules B- 500 not treated) is immersed for 1 second
      at room temperature in a cylinder which contains fuming sulfuric acid (30%
      SO.sub.3). After 1 second the film is taken out, washed with water and
      dried in an oven at 200.degree.F and dyed with basic dye Astrazon Blue-B
      (Verona Dyestuffs). A deep washfast shade of blue is obtained. Another
      sample was checked by the drop angle test and a 90.degree. incline as
      compared with the 23.degree. for the control (not treated film B- 500 is
      obtained.
PAC  EXAMPLE 4
PAR  50g polypropylene powder (Profax 6601 Hercules, Inc.) are placed in a
      cylinder with a net bottom and immersed for 1 second at room temperature
      in a second cylinder which contains:
PA1  200 g Sulfan
PA1  800 g Ethylene dichloride
PAR  After 1 second it is taken out and immersed in water, dried in an oven at
      200.degree.F and dyed with basic dye (Astrazon Blue). A deep shade of blue
      which does not come out in washing is obtained.
PAC  EXAMPLE 5
PAR  50 g of polypropylene powder (Profax 6601, Hercules, Inc.) like in Example
      4 is immersed for 1 second at room temperature in ethylene dichloride,
      then taken out and immersed in fuming sulfuric acid (30% SO.sub.3) and
      after that it is washed with water and dried in an oven at 200.degree.F.
      The dried powder is dyed withh basic dye (Astrazon Blue B) and a deep
      shade of blue is obtained which is washfast.
PAC  EXAMPLE 6
PAR  A polypropylene film (Hercules B- 00) is immersed for 1 second in the
      following solution No. 1:
PA1  200 g Sulfan
PA1  800 g Ethylene dichloride
PAL  After that it is taken out and immersed in the following solutions (for 1
      second) each
PA1  Solution No. 2: water
PA1  Solution No. 3: 0.1% solution of silver nitrate
PA1  Solution No. 4 0.5% Potassium hydroxide
PA1  Solution No. 5 30 cc ethylene imine and 200 cc isopropyl alcohol + 10 cc
      HCl + 40 cc water. (A solution of HCl and water is added at the time the
      film is immersed.)
PA1  Solution No. 6 water
PAR  This film is dried in an oven at 200.degree.F and dyed with acid dye
      "Pentacyl" Fast Blue 5R (DuPont). A deep shade of blue is obtained.
PAR  Another sample was checked by the drop angle test and a 55.degree. incline
      as compared with the 23.degree. for the control (not treated film) was
      obtained.
PAC  EXAMPLE 7
PAR  A polypropylene film B- 500 is treated as in Example 6 with the difference
      that instead of the solution No. 5 the following solution is used:
PA1  10 g product of quaternization of dimethylaminoethyl methacrylate and
      dimethyl sulfate
PA1  3 g Ammonium Persulfate
PA1  2 g Sodium m- bisulfate
PA1  10 cc water
PA1  100 g Methanol
PAR  A film dyeable with acid dye "Pontacyl" Blue -5R (DuPont) and which is
      resistant to washing is obtained.
PAC  EXAMPLE 8
PAR  A polypropylene film (Hercules B-500 not treated) is immersed for 1 second
      at room temperature in a cylinder containing fuming sulfuric acid (30%
      SO.sub.3). After that it is taken out and immersed in the following
      solutions:
PA1  Solution No. 1 toluene
PA1  Solution No. 2 30% Styrene + 70% toluene
PA1  Solution No. 3 water
PA1  Solution No. 4 toluene
PA1  Solution No. 5 water
PAR  A styrene graft on polypropylene (cationic grafting) is obtained. It was
      checked by the drop angle test and a 90.degree. incline as compared with
      the 23.degree. for the control was obtained.
PAC  EXAMPLE 9
PAR  Polypropylene fiber (Thiokol Comp) is immersed for 1 second at room
      temperature in a cylinder which contains the following solution:
PA1  200 g Sulfan
PA1  800 g Ethylene dichloride
PAR  After 1 second it is taken out and washed with water and dried in an oven
      at a temperature of 200.degree.F. After that it is dyed with a basic dye
      Astrazon Blue B (Verona Dyestuffs). A deep shade of blue which is washfast
      is obtained.
PAC  EXAMPLE 10
PAR  Polypropylene fiber (Thiokol Corp.) is treated as in Example 6. After that
      it is dyed with acid dye "Pentracyl" fast Blue 5R (DuPont). A deep shade
      of blue which is washfast is obtained.
PAR  Although the invention is particularly advantageous in connection with the
      treatment of polypropylene, polyesters and polyvinylchloride in order to
      make these relatively non-reactable polymeric materials easily dyeable and
      alike, it is to be understood that the method can be carried out on all
      synthetic polymers, natural polymers, inorganic polymers and metals.
PAR  Examples of synthetic polymers are:
PAR  Banlon, nylon, Dynel polyvinyl copolymer, polypropylene, polyethylene,
      polyolefins, polyvinyls, polycarbonates, polyacrylics, cellulose acetate,
      triacetate and proprionate, Teflon and Kelef polyfluoroethylenes and
      chloroethylenes, polyvinylalcohol, Fortrel, Encron, Dacron and Kodel
      polyesters, Spandex polyurethane, Acrilan, Creslan and Orlon acrylics,
      Caprolan polyamide, polystyrene, Styrofoam, Lucite and Plexiglass
      methylmethacrylates, Nomex polyamide, Vinyon polyvinyl, polyisobutylene,
      Bakelite phenol formaldehyde, urea formaldehyde resin.
PAR  Examples of natural polymers are:
PAR  cotton, linen, ramie, wool, silk, paper pulp cellulose, wood, proteins
      polypeptides, leather, hair, human skin, tissue hair and bone, waxes,
      petroleum fractions, coal coke, carbon.
PAR  Examples of inorganic polymers are:
PAR  Fiberglass, glass, ceramic, clay, kaolin, silicates, silica, alumina,
      marble, granite rock, soil, cement, human teeth.
PAR  Examples of metals are:
PAR  Iron, steel, stainless steel, copper, brass, bronze, nickel, chrome, gold,
      silver.
PAR  All the above can be in the form of filamens, fibers, yarns, films, woven
      fabrics, felts, powders, solid objects, resins, liquids, solutions,
      emulsions, suspension.
PAC  EXAMPLE 11
PAR  A piece of fiberglass glass fabric is heated, cleaned and placed in a
      solution A, containing:
PA1  2 g silver nitrate in 1000 cc water
PA1  for less than 1 second.
PAR  It is taken out, squeezed and placed in solution B, containing:
PA1  5 g sodium hydroxide in 1000 cc water at 160.degree.F
PA1  also for less than 1 second.
PAR  A slight tan colored fabric results which can be dried and stored for
      future use.
PAC  EXAMPLE 12
PAR  The fabric from Example 1 is placed in solution C containing:
PA1  20 g ethylene imine monomer and
PA1  80 g isopropyl alcohol
PA1  for less than 1 second and then
PA1  2 g conc hydrochloric acid are added.
PAR  An exothermic reaction takes place with the grafting of ethylene imine on
      the glass fabric in less than 1 second.
PAR  The fabric is taken out, washed in hot water thoroughly and dried.
PAR  It is then dyed conventionally using Pontacyl Blue 5 R acid dye
      manufactured by DuPont. The fiberglass fabric accepts the dye readily to a
      deep shade, which is washfast and resistant to abrasion.
PAR  The electrostatic attraction of the negative acid dye to the positive
      ethylene imine is a proof of grafting.
PAC  EXAMPLE 13
PAR  A sample of polyvinyl chloride acetate film is treated first with the
      solutions of Example 11 then with the following solution:
PAR  5 g Sulfur trioxide (Sulfan, manufactured by Allied Chemical Corp.)
PAR  95 g Ethylene Dichloride, at room temperature for less than 1 second, then
      in a solution of:
PAR  Dimethylaminoethyl methacrylate at full concentration for less than 1
      second.
PAR  A permanently dyeable film results when dyed withh the same Pentacyl Blue
      5R dye.
PAR  In addition the grafted vinyl film exhibits excellent water adsorption as
      observed by a water drop test.
PAR  When a drop of water is deposited on the film and the film brought
      gradually to 90.degree. the drop does not flow. The control, untreated
      film, sheds the water drop.
PAC  EXAMPLE 14
PAR  Similarly a sample of Polyvinylchloride film is grafted with sodium vinyl
      sulfonate. A negative charged graft is obtained in less than 1 second. It
      is dyed with Astrazon Blue B basic dye manufactured by Verona Dyestuffs.
PAC  EXAMPLE 15
PAR  A 30 g sample of polyisobutylene clear liquid resin is dissolved in 270 g
      heptane and treated with the following solution:
PA1  3 g chlorosulfonic acid
PA1  1 g tert butylhydroperoxide
PAR  5 g of acrylonitrile, mixed together and treated at 50.degree.C for 2 hrs.
      The reaction is complete. The product is precipitated with acetone and
      dissolved in benzene. This procedure is repeated 3 times. The thus
      purified product is subjected to Kjeldahl analysis and shows a constant
      amount of nitrogen at 4%, or 15% of grafted acrylonitrile.
PAC  EXAMPLE 16
PAR  A sample of polyvinylchloride film is treated in a solution of:
PA1  5 g Sulfur trioxide
PA1  95 g Ethylene dichloride
PA1  for less than 1 second and washed in water.
PAR  Then as per Example 11 in silver nitrate solution and sodium hydroxide
      solution, for less than 1 second each.
PAR  It is then washed with water and placed in the following solution:
PA1  27 g dimethylaminoethyl methacrylate
PA1  60 g dimethylformamide
PA1  15 g glacial acetic acid
PA1  15 g benzyl chloride
PA1  45 cc water
PAR  The solution with the film in it is brought to 160.degree. - 180.degree.F
      and the following catalysts added:
PA1  0.6 g t-butylhydroperoxide in 1 cc dimethylformamide and 0.2 g ammonium
      persulfate in 1 cc water
PAR  After 2 minutes the reaction is completed, the film taken out and washed.
      It is now grafted with quaternary ammonium groups and possesses a strong
      positive charge as evidenced by the dyeability with acid dyes.
PAC  EXAMPLE 17
PAR  The same procedure is followed as Example 16 except that the monomer
      solution is prepared as follows:
PA1  40 g sodium vinylsulfonate
PA1  120 cc water
PA1  200 g dimethyl formamide
PA1  3 g glacial acetic acid
PA1  20 g glycidyl methacrylate
PA1  1.5 g ammonium persulfate in 3 cc water.
PAR  The film is placed in the solution and the solution maintained at
      160.degree.F for 2 minutes, washed in water and dried in air. A grafted
      film results which is permanently dyeable with basic dyes.
PAR  The following additional ionic graft materials can be used together with
      the silver graft initiator: Anhydrous aluminum chloride, stannic chloride,
      ferric chloride, titanium tetra chloride, phosphorus pentoxide, antimony
      pentachloride, fuming sulfuric acid, conc sulfuric acid, sodium methylate,
      sodium ethylate, sodium and potassium alcoholates, sodium metal dissolved
      in naphthalene.
PAR  Any soluble silver salt can be used, including silver nitrate, silver
      acetate, silver sulfate, silver carbonate and silver perchlorate.
PAR  The precipitation of the colloidal silver is preferably accomplished by
      means of alkali metal hydroxide such as sodium hydroxide, potassium
      hydroxide, lithium hydroxide or the like. The most preferred is of course
      sodium hydroxide because of its ready availability and economy.
PAR  The concentration of the silver salt in the aqueous solution can vary
      within wide ranges, though it is preferably between about 0.01% to 1%, and
      most preferably between about 0.05% to 0.1%.
PAR  The concentration of the alkali metal hydroxide in the aqueous solution can
      also vary within wide ranges though as a practical convenience it ranges
      generally between about 0.5% and 5% by weight.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of activating a polymeric material, which comprises subjecting a
      polymeric material the surface of which contains thereon a substance
      selected from the goup consisting of colloidal silver and silver oxide so
      that strongly ionic materials can be grafted onto said surface to the
      action of a sulfonating agent in a solvent medium hydrocarbon, whereby
      said polymeric material becomes rapidly sulfonated and easily subject to
      reaction with ionic materials including dyes.
NUM  2.
PAR  2. Method according to claim 1 wherein said solvent medium is selected from
      the group consisting of hydrocarbons and chlorinated hydrocarbons.
NUM  3.
PAR  3. Method according to claim 1 wherein said solvent medium is a chlorinated
      hydrocarbon.
NUM  4.
PAR  4. Method according to claim 2 wherein said polymeric material is selected
      from the group consisting of polyolefins, polyesters and
      polyvinylchlorides.
NUM  5.
PAR  5. Method according to claim 2 wherein said sulfonating agent is selected
      from the group consisting of sulfuric acid, chlorosulfonic acid, sulfurous
      acid, sulfur dioxide, sulfur trioxide, fuming sulfuric acid, sulfuryl
      chloride and pyrosulfuryl chloride.
NUM  6.
PAR  6. Method according to claim 5 wherein said solvent medium is a chlorinated
      hydrocarbon selected from the group consisting of ethylene dichloride,
      methylene dichloride, triethylene chloride, carbon tetrachloride, methyl
      chloride, chlorobenzene and dichlorobenzene.
NUM  7.
PAR  7. Method according to claim 6 wherein said polymeric material is selected
      from the group consisting of polyolefins, polyesters and
      polyvinylchloride.
NUM  8.
PAR  8. Method according to claim 6 wherein said polymeric material is
      polypropylene.
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ABST
PAL  A method for manufacturing a high molecular weight, elastic and random type
      butadiene-propylene copolymer whose propylene content is in the range of 3
      to 45 mol%, which comprises copolymerizing butadiene and propylene in the
      molar ratio ranging from 1/10 to 10/1 at a temperature in the range of
      0.degree. to 80.degree.C in the presence of a catalyst system consisting
      of (1) at least one compound selected from the group consisting of
      titanium tetrachloride, titanium tetrabromide and vanadyl trichloride, (2)
      an organoaluminum compound having the general formula, ALR.sup.1 R.sup.2
      R.sup.3 wherein R.sup.1, R.sup.2 and R.sup.3 represent a hydrocarbon
      radical and (3) phosgene, in which said components (2) and (3) are mixed
      at room temperature prior to the addition of other catalyst components and
      of monomers. The resulting random butadiene-propylene copolymer is highly
      elastic and superior to cis-1,4-polybutadiene in resistance to thermal
      aging.
PARN
PAC  CROSS - REFERENCE TO RELATED APPLICATION
PAR  This application is a Continuation-In-Part Application of Ser. No. 143 242
      filed on May 13, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for manufacturing a
      butadiene-propylene copolymer. More precisely, it relates to a method for
      manufacturing a novel, elastic butadienepropylene random copolymer having
      a high molecular weight for use in the rubber industry.
PAR  The propylene unit in the polymer chain of the random copolymer obtained by
      the present invention is statistically distributed in proportion to its
      content (3 to 45 mol%) and butadiene units are bonded more than 60% in the
      form of cis-1,4 configuration.
PAR  2. Description of the Prior Art
PAR  In the rubber industry, the demand for rubber having high elasticity and
      excellent resistance to abrasion and thermal aging is increasing.
PAR  A butadiene propylene copolymer having random and statistical distribution
      of both monomer units is expected to be an excellent rubber to fulfill the
      demand as described above, whose properties could not be attained by
      conventional ethylene-propylene rubber or cis-1,4-polybutadiene.
PAR  The copolymerization of diolefin and .alpha.-olefin by Ziegler type
      catalysts has been attempted by several investigators.
PAR  Conventional Ziegler catalysts were found by Suminoe et al. to give a block
      copolymer of butadiene and propylene (T. Suminoe, N. Yamazaki and S.
      Kanbara; Kobunshi Kagaku, 20, 461, 1963).
PAR  Ishizuka et al. disclosed the method of preparing a butadiene propylene
      random copolymer by use of a catalyst prepared from titanium chloride or
      bromide and trialkylaluminum modified with a high molecular weight
      polyether having a polymerization degree of greater than 9 (U.S. Pat. No.
      3 590 624).
PAR  However, the Examples of the disclosure have shown that a block copolymer
      or homopolymers of both monomers were partly produced in addition to a
      random copolymer by this method.
PAR  A highly alternating copolymer of butadiene with an .alpha.-olefin was
      prepared by Kawasaki et al. by use of a vanadium compound or titanium
      compound mixed with aluminum alkyl at an extremely low temperature to
      avoid the aggregation of the catalyst (U.S. Pat. Nos. 3 652 518, 3 652 519
      and 3 714 133). In this alternating copolymer, the butadiene unit and the
      propylene unit are bonded alternately and the contents of both monomer
      units are about 50 mol% respectively.
PAR  That is quite different from the random copolymer of the present invention,
      whose propylene content is within the range of 3 to 45 mol%.
PAC  SUMMARY OF THE INVENTION
PAR  The object of a present invention is to provide the method for
      manufacturing a butadiene-propylene random copolymer whose propylene
      content is within the range of 3 to 45 mol% by use of a special catalyst.
PAR  The copolymer obtained by the present invention has high elasticity and
      excellent resistance to thermal aging.
PAR  In accordance with the present invention, we have found that
      butadiene-propylene random copolymers whose propylene content is within
      the range of 3 to 45 mol% are prepared by copolymerizing butadiene and
      propylene in the mol ratio ranging from one-tenth to ten at a temperature
      of 0.degree. to 80.degree.C by use of the catalyst consisting of (1) at
      least one compound selected from the group consisting of titanium and
      vanadium compounds, (2) an organoaluminum compound having the general
      formula, AlR.sup.1 R.sup.2 R.sup.3 wherein R.sup.1, R.sup.2 and R.sup.3
      represent a hydrocarbon radical and (3) phosgene, in which said components
      (2) and (3) are mixed at room temperature prior to the addition of other
      components and of the monomers, the mol ratio of said component (1) to
      said component (2) being one to ten, the mol ratio of said component (2)
      to component (3) being ten to one, the amount of said component (1) being
      0.05 to 15 mmol based on 100 gr of the total amount of the monomers
      charged.
PAR  The copolymerization of the present invention must be carried out under
      restricted conditions.
PAR  One of the essential factors of the method of the present invention is the
      catalyst preparation method whereby the catalyst component (2) and
      component (3) are mixed prior to the addition of the other catalyst
      components and of the monomers and are kept for several minutes at room
      temperature for catalyst aging.
PAR  Only by this method, can a butadiene-propylene random copolymer having a
      high molecular weight and high activity be obtained.
PAR  Phosgene as catalyst component (3) of the present invention plays an
      important role.
PAR  The oxygenated organic halides other than phosgene such as benzoyl
      chloride, chloromethyl methyl ether, .alpha.-chloroacetophenone,
      chloroacetate etc., whose chemical properties are similar to phosgene did
      not show good results in combination with catalyst components (1) and (2),
      which are shown later in the Comparative Example.
PAR  Conventional Ziegler catalysts without phosgene only give a block copolymer
      or the mixture of homopolymers.
PAR  Kawasaki et al. have disclosed in their Patent (U.S. Pat. No. 3 714 133)
      the catalyst for butadiene-propylene alternating copolymerization prepared
      in such a manner that titanium tetrachloride and a vanadyl compound are
      mixed for several minutes at room temperature, the mixture is cooled down
      to -78.degree.C, then trialkylaluminum is added to said cooled mixture at
      -78.degree.C. The resulting copolymer is different from the random
      copolymer of the present invention because of the catalyst preparation
      method and the polymerization temperature.
PAR  The another essential factor of the present invention is the polymerization
      temperature. The copolymerization of the present invention is carried out
      within the range of 0.degree. to 80.degree.C. Polymerization at a low
      temperature lower than 0.degree.C has shown extremely low activity.
      Polymerization at higher than 80.degree.C has been apt to cause gelation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the linear relation between polypropylene content in the
      polymer mixture of polybutadiene and polypropylene, and D.sub.1660
      /D.sub.1380.
PAR  FIG. 2 shows the copolymerization composition curve in the copolymerization
      of butadiene and propylene according to the results obtained in Examples 3
      to 6.
PAR  FIG. 3 shows the results of fractional precipitation of butadiene-propylene
      copolymer with methanol and methyl ethyl ketone in Example 7.
DETD
PAC  DETAILED DESCRIPTION OF THE PREPARED EMBODIMENTS
PAR  The component (1) to be used for the catalyst system of the present
      invention is a titanium or vanadium compound such as titanium
      tetrachloride, titanium tetrabromide, titanium tetraiodide, vanadyl
      trichloride, vanadium tetrachloride, vanadium acetylacetonate, vanadyl
      acetylacetonate, vanadyl isobutylate, vanadyl monochloro-isobutylate and
      vanadyl dichloroisobutylate.
PAR  Among them, titanium tetrachloride, titanium tetrabromide, titanium
      tetraiodide and vanadyl trichloride are preferred.
PAR  The component (2) to be used for the catalyst system of the present
      invention is an organoaluminum compound having the general formula,
      AlR.sup.1 R.sup.2 R.sup.3 wherein R.sup.1, R.sup.2 and R.sup.3 represent a
      hydrocarbon radical having 1 to 18 carbon atoms each of which may be the
      same or different.
PAR  Among them, organoaluminum compounds having the general formula, AlR.sup.1
      R.sup.2 R.sup.3 wherein R.sup.1, R.sup.2 and R.sup.3 represent an alkyl
      radical having 1 to 4 carbon atoms are preferred.
PAR  As said catalytic component (2), mention may be made of trimethyl aluminum,
      triethyl aluminum, tri-n-propyl aluminum, triisopropyl aluminum,
      tri-n-butyl aluminum, triisobutyl aluminum, tri-t-butyl aluminum,
      triphenyl aluminum and diethyl isobutyl aluminum.
PAR  Among them, triethyl aluminum, triisopropyl aluminum and triisobutyl
      aluminum are preferred.
PAR  The component (3) is phosgene as referred to above. Phosgene may be used in
      hydrocarbon solution or in the gaseous state.
PAR  The amount of the catalyst used in the present invention is not limited but
      it is preferable to use said component (1) in the amount of 0.05 to 15
      mmol and more preferably 0.5 to 5 mmol to 100 gr monomers of both
      monomers. The molar ratio of the catalyst component (1) to the catalyst
      (2) is within the range of one to one-tenth, preferably 1/1.2 to 1/6.
PAR  Polymerization activity decreases markedly when the molar ratio of the
      component (1) to the component (2) is more than one, which is shown later
      in a comparative Example.
PAR  The molar ratio of the catalyst component (2) to the catalyst (3) is within
      the range of ten to one, preferably six to two.
PAR  When preparing the catalyst of the present invention, it is necessary to
      mix the components (2) and (3) prior to the addition of other catalyst
      components and of the monomers.
PAR  The copolymerization is usually carried out in the presence of an inert
      solvent which does not inhibit the copolymerization reaction.
PAR  As such solvent, mention may be made of aliphatic hydrocarbons, alicyclic
      hydrocarbons, aromatic hydrocarbons and halogenated hydrocarbons, for
      example propane, butane, pentane, hexane, heptane, octane, ligroin,
      petroleum ether, cyclopentane, cyclohexane, cyclooctane, benzene, toluene,
      xylene, dichloromethane, dichloroethane, trichloroethane,
      tetrachloroethane, tetrachloroethylene, butyl chlorite, chloroform,
      chlorobenzene, dichlorobenzene, carbon tetrachloride and mixture thereof.
PAR  Polymerization is carried out at a temperature ranging from from 0.degree.
      to 80.degree.C, preferably 20.degree. to 50.degree. and under a pressure
      from that determined by the vapor pressure in the reaction system to 100
      atms. At the completion of the copolymerization reaction, the product is
      precipitated and deashed by use of a methanolhydrochloric acid mixture.
      The precipitated product is washed with methanol several times and dried
      under vacuum. The characterization of the resulting copolymer was
      conducted as follows.
PAR  The copolymer composition was estimated by the infrared method with the
      copolymer films from the value of the ratio D.sub.1660
      (.nu..sub.C.sub.=C)/D.sub.1380 (.delta..sub.S CH.sub.3). The films were
      prepared on a potassium bromide plate by evaporating the polymer solution.
      The calibration curve for the copolymer composition was obtained from that
      of homopolymer mixtures. As shown in FIG. 1, the calibration curve seems
      to be valid for the analysis of copolymers containing less than 40%
      propylene units.
PAR  The gel content in the copolymers was estimated from the toluene-insoluble
      part. The intrinsic viscosity number was determined in toluene solution at
      30.degree. .+-. 0.05.degree.C with an Ubbelohde type viscometer. The
      fractionation of the copolymers was done by adding methanol and methyl
      ethyl ketone to the benzene solution of the copolymers. The degradation of
      the copolymers by oxidation suggested that the copolymers did not contain
      long sequences of propylene units. The degradation was carried out as
      follows. A copolymer solution composed of 1 gr of copolymer and 100 gr of
      o-dichlorobenzene, 2 ml of OsO.sub.4 solution (0.2 gr/l in toluene) and 20
      ml of t-Bu hydroperoxide were mixed and allowed to react at 100.degree.C
      for 0.5 hr. After the reaction, the mixture was poured into a large amount
      of methanol, but no precipitate was detected.
PAR  The invention shall be explained in more detail in reference to the
      following Examples which shall be given not for limiting the invention
      thereto but merely for the purpose of explanation.
PAC  EXAMPLE 1
PAR  A 100 ml pressure bottle was dried and purged with nitrogen gas. Then, 15
      ml of tetrachloroethylene, 1.2 mmol of triethyl aluminum and 0.25 mmol of
      phosgene as 0.25 mol/l toluene solution thereof were added to the bottle
      under nitrogen atmosphere at room temperature. The resulting mixture was
      allowed to stand for 10 minutes.
PAR  Thereafter, the bottle was cooled down to -78.degree.C by means of
      methanol-dry ice bath and 7.2 gr of butadiene, 6.3 gr of propylene and
      0.35 mmol of titanium tetrachloride were added thereto. The bottle was
      sealed and subjected to copolymerization under shaking at 40.degree.C for
      2.5 hrs.
PAR  The reaction system was poured into a large amount of methanol containing a
      small amount of 2,6-di-tert-butyl p-cresol as antioxidant, whereby the
      copolymerization reaction was stopped and the resulting copolymer was
      precipitated. The precipitate was purified and dried to obtain 5.4 gr of
      rubbery solid.
PAR  The product was subjected to analysis by means of Infrared Spectrometric
      technique. The propylene content of the copolymer was 16.7 mol% and the
      microstructure of butadiene units was 65% of the cis-1,4 structure, 31% of
      trans-1,4 structure and 4% of 1,2 structure.
PAR  The copolymer obtained was further subjected to analysis to determine the
      sequence of propylene units by means of the oxidative decomposition
      method. However, no methanol insoluble portion was obtained. This fact
      showed that the distribution of propylene units in the copolymer obtained
      by this example was a random one.
PAR  The fractionation results of the copolymer obtained by the method of
      Suminoe et al. also showed that the product obtained by this example was a
      random one. The transparency of the film prepared with the copolymer was
      very good.
PAC  EXAMPLE 2 and Reference Examples 1 to 6
PAR  Into a 100 ml pressure bottle, 15 ml of tetrachloroethylene and 1.2 mmol of
      triethylaluminum together with or without one of the oxygenated organic
      halides as indicated in Table 1 (as 0.25 mol/l solution of toluene
      thereof) were added and allowed to stand at room temperature for 10
      minutes. The bottle was cooled down to -78.degree.C, then 7.2 gr of
      butadiene, 6.3 gr of propylene and 0.3 mmol of titanium tetrachloride were
      successively added thereto.
PAR  After sealing the bottle, the polymerization was carried out at 40.degree.C
      for 2.5 hrs in each case.
PAR  After the completion of the polymerization, the resulting product was
      poured into methanol having a small amount of hydrochloric acid and
      2,6-di-tert-butyl p-cresol as the antioxidant. The results obtained are
      shown in the following Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Run No.  Oxygenated organic                                               
                              Yield   Appearance                               
            halide    (mmol)  (%)                                              
     ______________________________________                                    
     Reference                                                                 
              --          --      trace wax-like                               
     Example                                                                   
            1                                                                  
     "      2     Benzoyl     0.3   trace wax-like                             
                  chloride                                                     
     "      3     "           0.6   5.0   rubber-like                          
     "      4     Chloromethyl                                                 
                              0.6   trace wax-like                             
                  ethylether                                                   
     "      5     .alpha.-chloro-                                              
                  acetophenone                                                 
                              0.6   trace wax-like                             
     Example                                                                   
            2     Phosgene    0.6   35.3  rubber-like                          
     ______________________________________                                    
PAR  According to the results of Table 1, it was proved that the highly active
      rubber-like copolymer was prepared only by use of phosgene which was one
      of the oxygenated organic halides in this experiment. The resulting
      copolymer of Example 2 had no gel at all and the IR absorption spectrum
      analysis shows as follows: propylene content 19.0 mol%; cis-1,4 content
      65%; trans-1,4 content 33%; 1,2- content 2%. Furthermore, after the
      oxidation of the resulting copolymer (Example 2) by OsO.sub.4 and
      t-butylhydroperoxide, no residue was observed and no serially lined
      propylene unit was determined in said oxidized copolymer.
PAR  Accordingly, the copolymer obtained by Example 2 was recognized as the
      random copolymer of butadiene and propylene.
PAR  On the contrary, in the Reference Examples lower polymerization activity
      was obtained in each case. The rubber-like appearance was observed for the
      copolymer obtained by Reference Example 3 but the gel content thereof was
      still about 35%. After the oxidation of the resulting copolymer of
      Reference Example 3 by OsO.sub.4 and t-butyl hydroperoxide, about 14% of
      the homopolymer of propylene was determined.
PAC  EXAMPLES 3 to 6
PAR  The copolymerizations were carried out in a manner similar to Example 1
      except that the molar ratios of butadiene to propylene were varied as
      shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Run No.                                                                   
            Butadiene/propylene                                                
                       Copolymerization                                        
                                Yield                                          
                                     Propylene                                 
            (mol ratio)                                                        
                       time(min)     content(mol%)                             
     __________________________________________________________________________
     Example                                                                   
          3 8/2        12       6.2  4.6                                       
     "    4 6/4        15       7.8  6.2                                       
     "    5 4/6        18       8.2  14.6                                      
     "    6 2/8        20(hrs)  30.0 43.2                                      
     __________________________________________________________________________
PAR  Copolymerization composition curve is shown in FIG. 2.
PAR  The monomer reactivity ratio of each monomer (r.sub.BD a and r.sub.Pr)
      calculated from the above results of Table 2 are 6.36 and 0.42
      respectively.
PAR  From these results, it was obvious that the copolymers prepared by the
      method of the present invention were random ones.
PAC  EXAMPLE 7
PAR  The copolymerization was carried out in a manner similar to Example 1
      except that the catalyst prepared from 1.2 mmol of triethylaluminum, 1.2
      mmol of phosgene (as 0.25 mmol/l toluene solution thereof) and 0.35 mmol
      of titanium tetrachloride was used. 4.6 gr of rubbery product was
      obtained. The intrinsic viscosity of the product was 1.94 and the
      propylene content of the polymer was 22 mol% and there was no gel in the
      product.
PAR  The sequence distribution of each monomer unit of the resulting copolymer
      was determined by the fractional precipitation technique. The
      fractionation of the copolymer was carried out according to the method of
      Suminoe et al. (T. Suminoe, N. Yamasaki and S. Kanbara; Kobunshi Kagaku,
      20, 461, 1963).
PAR  The copolymer was dissolved in benzene so as to attain the concentration of
      0.164 gr/12 ml therein.
PAR  The result of the fractionation is shown in FIG. 3. In FIG. 3, it is clear
      that the composition of each fraction was slightly changed but the
      precipitate of each fraction was remarkably changed as the amount of the
      addition of precipitant was increased. According to the above fact, the
      sequence distributuon of the copolymer was estimated as random.
PAR  The transparency of the copolymer film was also very good.
PAR  The amount of insoluble material after the oxidation of the copolymer is
      negligible. According to these results it was clear that the arrangement
      of the monomer units in the copolymer chain obtained by this Example was
      random.
PAC  EXAMPLES 8 to 10 and Reference Example 7
PAR  The copolymerization was carried out in a manner similar to Example 1
      except that the molar ratios of catalyst component (2) (AlEt.sub.3) to
      catalyst component (1) (TiCl.sub.4) were varied as shown in Table 3. The
      results obtained are shown in Table 3.
PAR  The products obtained by Examples 8 to 10 were elastic random copolymers
      having no gel. However, it is clear from Table 3 that the random copolymer
      having a high molecular weight was not obtained by use of the catalyst
      consisting of organoaluminum and titanium tetrachloride having the molar
      ratio therebetween
TBL                                    Table 3                                 
     __________________________________________________________________________
     Run No.                                                                   
            AlEt.sub.3                                                         
                    Al/Ti         Al/COCl.sub.2                                
            (mmol)  (mol ratio)   (mol ratio)                                  
     __________________________________________________________________________
     Example 8                                                                 
            0.8     2.29          3.8                                          
     Example 9                                                                 
            1.2     3.43          3.8                                          
     Example 10                                                                
            2.0     5.70          3.8                                          
     Reference                                                                 
            1.1     0.92          3.8                                          
     Example 7                                                                 
     __________________________________________________________________________
     Run No.                                                                   
            Polymerization                                                     
                    Yield  [7] Gel                                             
                                  Propylene                                    
            time (hr)                                                          
                    (%)        (%)                                             
                                  content(mol%)                                
     __________________________________________________________________________
     Example 8                                                                 
            6.3     1.7    1.49                                                
                               0   35                                          
     Example 9                                                                 
            3       3.4    1.85                                                
                               0   16                                          
     Example 10                                                                
            3       4.6    1.32                                                
                               0   17                                          
     Reference                                                                 
            2.5     trace  wax-                                                
                               0  --                                           
     Example 7             like                                                
     __________________________________________________________________________
PAL  of less than 1/1 (Reference Example 7).
PAC  Reference Example 8
PAR  The copolymerization was carried out in a manner similar to Example 9
      except that phosgene was not used as reactant. The resulting polymer was
      deemed to be a mixture of butadiene and propylene and the gel content
      thereof was 70%. The residue after oxidative degradation was about 45%.
PAC  EXAMPLES 11 to 14
PAR  The copolymerization was carried out in a manner similar to Example 2
      except that the solvents shown in Table 4 were used instead of
      tetrachloroethylene.
PAR  The results obtained were shown in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Run No.  Solvent                                                          
                     Polymerization                                            
                             Yield                                             
                                 [7] Propylene                                 
                     time (hr)                                                 
                             (%)     content(mol%)                             
     __________________________________________________________________________
     Example                                                                   
          11  Toluene                                                          
                     2.0     4.8 1.04                                          
                                      8                                        
     "    12  Hexane 23.5    6.0 1.04                                          
                                     37                                        
     "    13  Monochloro-                                                      
                     2.75    5.8 0.96                                          
                                     32                                        
              benzene                                                          
     "    14  Methylene                                                        
                     2.75    4.0 1.13                                          
                                     31                                        
              dichloride                                                       
     __________________________________________________________________________
PAC  EXAMPLE 15
PAR  The copolymerization was carried out in a manner similar to Example 2
      except that triisobutyl aluminum was used as the catalyst component (2)
      instead of triethyl aluminum.
PAR  The resulting product was an elastic rubber-like solid having no gel. The
      yield of the product was 21.0% and the intrinsic viscosity thereof was
      1.51. The propylene content determined by IR analysis was 33%.
PAC  EXAMPLES 16 to 17
PAR  The copolymerization was carried out in a manner similar to Example 2
      except that vanadyl trichloride or titanium tetrabromide as catalyst
      component (1) was used instead of titanium tetrachloride.
PAR  The results obtained are shown in Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
     Run No.  Component Polymerization                                         
                                    Yield                                      
                                         Appearance                            
              (1)       time (hr)   (%)                                        
     ______________________________________                                    
     Example 16                                                                
              VOCl.sub.3                                                       
                        6           2.4  rubbery solid                         
     "        TiBr.sub.4                                                       
                        7           2.2  rubbery solid                         
     ______________________________________                                    
PAC  EXAMPLE 18 and Reference Examples 9 to 11
PAR  The copolymerizations were carried out by use of the catalysts prepared by
      various methods using TiCl.sub.4, AlEt.sub.3 and phosgene as shown in
      Table 6. Extremely low polymerization activity was obtained at a low
      polymerization temperature (Reference Example 18) by use of the catalyst
      prepared in a manner similar to Example 1.
TBL                                    Table 6                                 
     __________________________________________________________________________
     Run No.                                                                   
            Catalyst                                                           
                   Yield    Propylene                                          
                                  Butadiene                                    
            preparation                                                        
                   (%) [7]  content                                            
                                  unit (%)                                     
            method          (mol%)                                             
                                  cis                                          
                                     trans                                     
                                         1,2                                   
     __________________________________________________________________________
     Example                                                                   
            (A)    5.2 1.70 18.0  64 30  6                                     
     Reference                                                                 
            (B)    0.1 0.5  25.0  60 35  5                                     
     Example 9                                                                 
     Example 10                                                                
            (C)    0.1 0.3  48    85 10  5                                     
     Example 11                                                                
            (D)    2.5 not  --    -- --  --                                    
                       determ-                                                 
                       ined *2                                                 
     __________________________________________________________________________
                rt *1  Monomer                                                 
                            40.degree.C                                        
     (A) AlEt.sub.3 -COCl.sub.2                                                
                .fwdarw.                                                       
                       TiCl.sub.4                                              
                            .fwdarw.                                           
                                 Polymerization                                
                rt          -30.degree.C                                       
     (B) AlEt.sub.3 -COCl.sub.2                                                
                .fwdarw.                                                       
                       Monomer                                                 
                            .fwdarw.                                           
                                 Polymerization                                
                       TiCl.sub.4                                              
                rt -78.degree.C                                                
                            -30.degree.C                                       
     (C) TiCl.sub.4 -COCl.sub.2                                                
                       AlEt.sub.3                                              
                            .fwdarw.                                           
                                 Polymerization                                
                       Monomer                                                 
                rt          rt                                                 
     (D) AlEt.sub.3 -TiCl.sub.4 -COCl.sub.2                                    
                .fwdarw.                                                       
                       Monomer                                                 
                            .fwdarw.                                           
                                 Polymerization                                
     __________________________________________________________________________
      *1: room temperature (20.degree.C)                                       
      *2: gel content was 50 wt%                                               
       *3 polymerization time was 2.5 hrs                                      
PAR  The copolymerization activity obtained at a very low temperature by use of
      the catalyst prepared at -78.degree.C by mixing triethylaluminum and the
      reactant of titanium tetrachloride with phosgene was also extremely low.
      The resulting copolymer seemed to be an alternating copolymer.
PAR  A block copolymer having a high gel content was obtained in the
      copolymerization carried out by use of the catalyst prepared by mixing
      phosgene and the reactant triethylaluminum with titanium tetrachloride at
      room temperature (Reference Example 11).
PAR  It was shown from these results that only the restricted copolymerization
      method of the present invention gave the desired random copolymer with
      high polymerization activity.
PAC  EXAMPLE 19
PAR  Into a 1000 cc capacity autoclave made of pressure glass having been
      sufficiently dried in vacuo, and filled with dried nitrogen gas, were
      added 150 ml tetrachloroethylene, 12 ml of a hexane solution of triethyl
      aluminum in the concentration of 1 mol/l and 5 ml of a toluene solution of
      phosgene, in the concentration of 0.5 mol/l to be cooled down to
      -78.degree.C. Then 73 gr butadiene and 68 gr propylene were added thereto.
      7 ml of a hexane solution of titanium tetrachloride in the concentration
      of 0.5 mol/l was added to raise the temperature gradually up to
      40.degree.C, so as to proceed with the copolymerization for 2 hours while
      maintaining said temperature. After the completion of the
      copolymerization, the contents were poured into a large amount of methanol
      containing a small amount of hydrochloric acid and antioxidant. The educed
      copolymer was dried in vacuo to constant weight. The white rubberlike
      copolymer was obtained in a yield of 51.3 gr and 36.4%. The intrinsic
      viscosity as determined at 30.degree.C in toluene solution was 1.82 and
      the gel content insoluble in the solvent was 5%. The propylene content was
      13 mol% according to nuclear magnetic spectrum. The microstructure of the
      1,3-butadiene units was 68.7 % cis-1,4; 27.5% trans-1,4; and 3.8% -1,2. As
      a result of having subjected 1 gr of copolymer to the oxidation at
      90.degree.C in t-butyl hydroperoxide using osmium tetraoxide in
      p-dichlorobenzene as catalyst, and pouring into a large amount of
      methanol, there was observed almost no precipitate. This means that there
      was no long sequence of propylene units in the copolymer.
PAR  The copolymer was vulcanized to test the physical properties as an
      elastomer in comparison with cis-1,4-polybutadiene. The formulation
      therefor is shown in the following Table 7 and the physical properties of
      said rubbers vulcanized at 155.degree. C for 15 minutes and aged in the
      following Table 8.
TBL                Table 7                                                     
     ______________________________________                                    
     Copolymer of invention                                                    
     (Intrinsic visc. 1.82)                                                    
        or               100       weight part                                 
     Cis-1,4-polybutadiene                                                     
     (Intrinsic visc. 2.70)                                                    
                         1         "                                           
     Stearic acid                                                              
     Zinc white          5         "                                           
     Phenyl-B-naphthyl amine                                                   
                         1         "                                           
     Carbon black (ISAF) 50        "                                           
     Sulfur              2         "                                           
     Vulcanization accelerator (MSA)                                           
                         1.5       "                                           
     ______________________________________                                    
TBL                Table 8                                                     
     ______________________________________                                    
     Properties      Vulcanized copolymer                                      
                                    Control                                    
                     of invention                                              
     ______________________________________                                    
     Strength (kgr/cm.sup.2)                                                   
                     117            182                                        
     Elongation (%)  370            370                                        
     100% modulus (kgr/cm.sup.2)                                               
                     26              40                                        
     300% modulus (kgr/cm.sup.2)                                               
                     98             182                                        
     Hardness        63              65                                        
     Tear strength (kgr/cm.sup.2)                                              
                     47              26                                        
     ______________________________________                                    
     Properties after aging at 100.degree.C for 24 hours                       
     ______________________________________                                    
     Strength (kgr/cm.sup.2)                                                   
                     120            109                                        
     (Change %)      (+2.5)         (-40.1)                                    
     Elongation (%)  200            150                                        
     (Change %)      (-50)          (-59.4)                                    
     100% modulus (kgr/cm.sup.2)                                               
                     55              66                                        
     (Change %)      (+111.5)       (+65.0)                                    
     Hardness        63              65                                        
     (Change %)      (.+-.0)        (.+-.0)                                    
     ______________________________________                                    
     Properties after aging at 150.degree.C for 24 hours                       
     ______________________________________                                    
     Strength (kgr/cm.sup.2)                                                   
                     42              17                                        
     (Change %)      (-64.1)        (-90.6)                                    
     Elongation (%)  40              20                                        
     (Change %)      (-89.1)        (-94.5)                                    
     Hardness        78              73                                        
     (Change %)      (+15)          (+6)                                       
     ______________________________________                                    
PAR  It will be appreciated from the above that the copolymer of the invention
      was found to be superior to cis-1,4-polybutadiene in resistance to thermal
      aging.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a high molecular weight elastomeric
      butadiene-propylene random copolymer whose propylene unit content is in
      the range of 3 to 45 mol% and wherein no propylene unit chain exists in
      the resulting copolymer chain, which comprises copolymerizing, in an inert
      solvent, butadiene and propylene in the mol ratio ranging from one to ten
      at a temperature ranging from 0.degree.C to 80.degree.C, in the presence
      of a catalyst system consisting of (1) at least one compound selected from
      the group consisting of titanium tetrachloride, titanium tetrabromide,
      titanium tetraiodide and vanadyl trichloride, (2) an organoaluminum
      compound having the formula, AlR.sup.1 R.sup.2 R.sup.3 wherein R.sup.1,
      R.sup.2 and R.sup.3 represent a hydrocarbon radical having 1 to 18 carbon
      atoms each of which may be the same or different, and (3) phosgene, in
      which said components (2) and (3) are mixed at room temperature prior to
      the addition of other catalysts and of monomers, the mol ratio of said
      component (1) to said component (2) being one to ten, the mol ratio of
      said component (2) to said component (3) being ten to one, said component
      (1) being used in the amount of 0.05 to 15 mmol based on 100 gr of the
      total amount of the monomers as charged.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein said component (2) is a compound
      of said formula in which R.sup.1, R.sup.2 and R.sup.3 represent an alkyl
      radical having 1 to 4 carbon atoms.
NUM  3.
PAR  3. A method as claimed in claim 2, wherein said component (2) is selected
      from the group consisting of triethyl aluminum, tripropyl aluminum and
      triisobutyl aluminum.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein the mol ratio of said component
      (2) to said component (3) is six to two.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein said component (1) is used in
      the amount of 0.5 to 5 mmol based on 100 gr of the total amount of the
      monomers as charged.
NUM  6.
PAR  6. A method as claimed in claim 1, wherein the inert solvent is a solvent
      selected from the group consisting of aliphatic hydrocarbons, alicyclic
      hydrocarbons, aromatic hydrocarbons and halogenated hydrocarbons.
NUM  7.
PAR  7. A method as claimed in claim 6, wherein said solvent is
      tetrachloroethylene.
NUM  8.
PAR  8. A method as claimed in claim 1 wherein the copolymerization temperature
      is 20.degree. to 50.degree.C.
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PAL  A process is provided for the degradation of propylene polymers comprising
      contacting a propylene polymer exhibiting a first melt flow rate with
      oxygen or an oxygen-containing gas and an organic or inorganic peroxide;
      melting and working and resulting mixture in a high shear zone thereby
      degrading said propylene polymer; and recovering an essentially odor free
      propylene polymer exhibiting a second melt flow rate higher than said
      first melt flow rate.
BSUM
PAR  This invention relates to an improved process for the production of
      propylene polymers. More particularly, this invention relates to an
      improved process for the controlled oxidative degradation of propylene
      polymers.
PAR  Propylene polymers, especially polypropylene, have become increasingly
      popular as their suitability for a wide variety of end use applications is
      realized. These end uses, however, require propylene polymers of different
      molecular weights and/or molecular weight distributions to achieve the
      variety of processing requirements which are encountered. Molecular weight
      and molecular weight distribution are difficult parameters to control in
      conventional propylene polymerizations, especially when employing
      Ziegler-type catalysis. Control of such parameters during polymerization
      requires use of chain terminators or transfer agents and the results
      obtained are strongly dependent upon the polymerization conditions.
      Attempts have heretofore been made to overcome these problems by blending
      resins of different molecular weights and/or molecular weight
      distributions. The difficulties associated with blending, however, have
      been reproducibility of blend composition and non-uniform molecular weight
      distributions.
PAR  It has been found more expedient to degrade propylene polymers to the
      desired molecular weight range rather than impose undue restrictions on
      the polymerization reaction. Typically, the polymer is subjected to an
      extrusion operation wherein thermal degradation is effected. It has been
      difficult, however, to achieve control over the ultimate molecular weight
      or molecular weight distribution in this manner. Further attempts have
      been made to controllably degrade propylene polymers by admixing air or
      another oxygen-containing gas with the propylene resin during the
      extrusion operation. Rather complex techniques have been developed to
      monitor and regulate extruder back pressure, screw speed, temperature and
      oxygen addition rate to attain control over the resultant molecular weight
      and molecular weight distribution. In addition, these techniques require
      the use of high melt temperatures in order to obtain the higher melt flow
      rates required for many applications. The high melt temperatures often
      impart undesirable discoloration to the resultant product. Still further,
      if an oxygen source such as a peroxide is employed, the peroxide
      concentration required to effect sufficient degradation gives rise to odor
      problems in the final product and creates an undesirable environment
      surrounding the processing line which is offensive to line workers.
PAR  Accordingly, it is an object of the present invention to provide an
      improved process for the controlled degradation of propylene polymers
      which overcomes the deficiencies of the prior art.
PAR  It is another object of the present invention to provide an improved
      process for the degradation of propylene polymers which enables the
      obtainment of higher melt flow rates than could otherwise be achieved with
      air or other oxygen-containing gases.
PAR  It is still another object of the present invention to impart higher melt
      flow rates to propylene polymers at lower melt temperatures thereby
      improving the color of the final product.
PAR  It is a further object of the present invention to provide an easily
      controllable process for the oxidative degradation of propylene polymers
      to provide resin of a desired molecular weight with a very narrow
      molecular weight distribution.
PAR  It is a still further object of the present invention to provide a degraded
      propylene resin exhibiting no objectionable odor.
PAR  These as well as other objects are accomplished by the present invention
      which provides a process for the oxidative degradation of propylene
      polymers which comprises:
PAR  contacting propylene polymers exhibting a first melt flow rate with less
      than about 1 percent by weight of oxygen and from about 0.01 to 0.1
      percent by weight of an inorganic or organic peroxide; melting and working
      the resulting mixture in a high shear zone thereby degrading said
      propylene polymers; and
PAR  recovering an essentially odor free propylene polymer exhibiting a second
      melt flow rate higher than said first melt flow rate.
PAR  It has been found in accordance with the present invention that propylene
      polymers can be controllably degraded by extruding the propylene polymers
      in the combined presence of oxygen and an organic or inorganic peroxide.
PAR  As used herein, the term "propylene polymer" is intended to include
      homopolymeric polypropylene and copolymers of propylene with other
      copolymerizable monomers wherein the major portion, i.e., greater than
      about 50% by weight of the copolymer is comprised of propylene moieties.
      Suitable copolymerizable monomers include, for example, ethylene,
      butylene, 4-methylpentene-1 and the like.
PAR  In accordance with the process of the present invention a polypropylene
      resin and an inorganic or organic peroxide are charged to a blending zone.
      A blanket of an inert gas such as nitrogen, argon and the like is
      maintained within the blending zone be feeding the inert gas to said zone.
      The peroxide is uniformly blended with the polypropylene resin by means of
      an agitator, paddle, blade or the like within the blending zone. Although
      it is not considered strictly necessary to maintain the blending zone
      under an inert blanket, use of an inert gas is considered preferably for
      safety reasons. If desired, the blending of the polypropylene and peroxide
      can be effected upon admixture of the components during the extrusion
      operation.
PAR  Any inorganic or organic peroxide can be employed in the process of the
      present invention. Illustrative of the peroxides which can be suitably
      employed are hydrogen peroxide, dicumyl peroxide, t-butyl peroxy isopropyl
      carbonate, di-tertbutyl peroxide, p-chlorobenzoyl peroxide, dibenzoyl
      diperoxide, t-butyl cumyl peroxide, t-butyl hydroxyethyl peroxide,
      di-t-amyl peroxide, 2,5-dimethylhexene-2,5-diperisononanoate and the like.
      The peroxide can be blended with the propylene resin in amounts varying
      from about 0.01 to 0.1 percent by weight of propylene resin. At these
      levels, residual peroxide odor is not considered objectionable.
      Preferably, the peroxide concentration ranges from 0.015 to 0.05 percent
      by weight of resin. Most preferable, high boiling, low odor peroxides such
      as t-butyl peroxy isopropyl carbonate are used. At peroxide concentrations
      below about 0.01%, no significant difference in melt flow rate, as
      compared to the use of air alone, is effected. At peroxide concentrations
      above 0.1%, excessive oxidative degradation can occur resulting in a
      polypropylene resin of extremely low viscosity which severely hampers the
      extrusion process.
PAR  The resulting peroxide/polypropylene blend can then be charged to the
      hopper of a high shear zone such as provided by an extruder. A condition
      of high shear is maintained within the extruder by heating the resin blend
      to a molten state with heating means associated with the extruder and
      working the melt in the annular zone between the extruder screw and the
      inner wall of the barrel of the extruder, as the melt passes through the
      extruder to the forming means or die which terminates the extruder.
PAR  Conventionally, propylene polymer extrusion is conducted in an inert
      atmosphere because of the susceptibility of the tertiary carbon to either
      thermal or oxidative cleavage. In the present invention, however, oxygen
      or an oxygen-containing gas, which most conveniently and economically can
      be air, is charged to the extruder together with the
      peroxide/polypropylene blend. To avoid excessive oxidative degradation and
      to reduce safety hazards, it is considered preferable to maintain the
      oxygen level within the extruder at less than about 1 percent by weight of
      resin. Most preferably, the oxygen level is maintained between about 0.5
      to 0.95 percent by weight of resin. Typically, for an 8 inch diameter NRM
      commercial extruder, for example, air flow rates ranging from about 2 to
      15 ft..sup.3 /min. have been found suitable.
PAR  The extruder is operated so that the melt temperature of the resin within
      the barrel averages between about 300.degree. to about 650.degree.F., and
      preferably between about 300.degree. and 530.degree.F. Generally,
      propylene polymers exhibit a softening temperature in the range of about
      300.degree.-350.degree.F. Under the operating conditions of the present
      invention, a melt temperature above about 530.degree.F can result in
      polymers of such low viscosity that it becomes extremely difficult to
      maintain sufficient back pressure to keep the extruder in operation. The
      upper temperature limits can vary, however, depending upon the duration
      and extent of exposure to high shear rates. Thus, in commercial extruders,
      e.g., an 8 inch diameter NRM extruder, 530.degree.F. is an effective upper
      limit; however, as the size of the extruder decreases, higher melt
      temperatures up to and including 650.degree.F. can be suitably employed.
PAR  Although not wishing to be bound by any theory or mechanism, it is
      currently believed to be desirable to maximize oxidative degradation while
      minimizing thermal degradation since it is believed that thermal
      degradation induces discoloration in the resin product through formation
      of double bonds, especially conjugated double bonds, in the polymer. The
      combined effect of oxygen and peroxide in accordance with the present
      invention enables significant differences in melt flow rates to be
      achieved at lower temperatures than were heretofore necessary to achieve
      such results since the combination of oxygen and peroxide apparently
      reduces the thermal requirements necessary to obtain degradation. Use of
      these lower temperatures reduces thermal degradation thereby substantially
      eliminating excessive discoloration of the resin product. It is also
      currently believed that the use of oxygen, alone, maximizes thermal
      degradation imparting discoloration to the product; whereas, the use of
      oxygen and peroxide in accordance with the present invention imparts
      significantly less color to the polymer than the use of oxygen alone due
      to the reduced thermal requirements to effect degradation and due to the
      different mechanisms involved in peroxide oxidation verses oxidation with
      oxygen alone. The use of a peroxide alone creates odor problems both
      during extrusion and upon storage of the ultimate product. Products
      obtained in accordance with the present invention exhibit a highly
      deisrable bright water-white color. Upon egress of the degraded
      polypropylene from the extruder, it can be cooled and further processed in
      conventional manner. For example, the extrudate can be passed through a
      water bath and then pellitized. Alternatively, through use of a suitable
      extrusion coating die head, the resin can be extrusion coated directly
      onto a suitable substrate. The resulting coated product does not exhibit a
      noticeable peroxide odor.
PAR  The degraded polypropylene products of the present invention exhibit
      excellent extrudability and end use properties, expecially fiber
      properties. Moreover, the products exhibit an extremely narrow molecular
      weight distribution, nil peroxide odor and superior brightness and water
      whiteness. Melt flow rates can be raised in accordance with the present
      invention to at least about twice the initial melt flow rate of the
      feedstock.
PAR  The following example further illustrates the present invention. Unless
      otherwise stated, all percentages and parts are by weight.
PAR  A polypropylene homopolymer resin having an initial melt flow rate
      (determined in accordance with ASTM D 12381) of 20 is stabilized with
      0.10% Irganox 1010 (a tetrakis
      [methylene-3(3',5'-di-tert.-butyl-4'-hydroxy phenyl) propionate] methane
      available from Ciba-Geigy Corporation), 0.10% distearylthiodipropionate
      and 0.15% calcium stearate and blended with 0.04% tert.-butyl peroxy
      isopropyl carbonate in a nitrogen atmosphere. The resulting blend is
      charged to the sealed hopper of an 8" NRM extruder. Air is charged to the
      hopper at the rate of 3.5 ft.sup.3 /min. The extruder is operated to
      maintain a melt temperature of 500.degree.F. The
      polypropylene/peroxide/air mixture is extruded through 400 mesh
      screenpacks to a die head adapted to form strands of polypropylene. The
      strands of polypropylene are cooled upon passage through a water bath and
      fed to a pelletizer. The pellets obtained in this manner are bright,
      odor-free, water-white pellets exhibiting a melt flow rate of 40.
PAR  Although specific materials and conditons were set forth in the above
      example for controllably degrading polypropylene in accordance with the
      present invention, these are merely intended as illustrations of the
      present invention. Various other propylene polymers, peroxides,
      oxygen-containing gases, polymer stabilizers, additives and the like can
      similarly be employed with similar results.
PAR  Other modifications of the present invention will occur to those skilled in
      the art upon a reading of the present disclosure. These are intended to be
      included within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the controlled oxidative degradation and minimized thermal
      degradation of propylene polymers, comprising: contacting a propylene
      polymer exhibiting a first melt flow rate, with gaseous oxygen and with an
      organic or inorganic peroxide; melting and working said mixture of
      polymer, oxygen and peroxide in a high shear zone at a temperature and for
      a time sufficiently low to minimize thermal degradation while subjecting
      said propylene polymer to substantial oxidative degradation, said polymer
      being selected from the group consisting of polypropylene and copolymers
      of propylene and .alpha.-olefins of 2 to 6 carbon atoms; and recovering an
      essentially odor free propylene polymer exhibiting a second melt flow rate
      higher than said first melt flow rate.
NUM  2.
PAR  2. Process as defined in claim 1 wherein less than about 1% by weight of
      oxygen from either oxygen or an oxygen-containing gas is employed.
NUM  3.
PAR  3. Process as defined in claim 1 wherein from about 0.01 to about 0.1
      percent by weight of an organic or inorganic peroxide is employed.
NUM  4.
PAR  4. Process as defined in claim 3 wherein from about 0.015 to 0.05 percent
      by weight of an organic or inorganic peroxide is employed.
NUM  5.
PAR  5. Process as defined in claim 3, wherein from about 0.5 to 0.95 percent by
      weight of oxygen is employed.
NUM  6.
PAR  6. Process as defined in claim 1 wherein the resulting mixture is melted
      and worked at a melt temperature varying from about 300.degree.F. to about
      650.degree.F.
NUM  7.
PAR  7. Process as defined in claim 6 wherein the melt temperature ranges from
      about 300.degree.F. to about 530.degree.F.
NUM  8.
PAR  8. Process as defined in claim 1 wherein the propylene polymer and the
      peroxide are pre-blended before introduction into said high shear zone.
NUM  9.
PAR  9. Process as defined in claim 8 wherein the propylene polymer and peroxide
      are pre-blended in the presence of an inert gas.
NUM  10.
PAR  10. Process as defined in claim 9 wherein the propylene polymer/peroxide
      blend is charged to the high shear zone and contacted therein with oxygen.
NUM  11.
PAR  11. Process as defined in claim 10 wherein the oxygen is derived from air
      introduced to said high shear zone.
NUM  12.
PAR  12. Process as defined in claim 1 wherein the second melt flow rate of the
      propylene polymer upon egress from the high shear zone is at least about
      twice the first melt flow rate of the propylene polymer charged to the
      high shear zone.
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PAL  D-Phe.sup.2 -2-Me.Ala.sup. 6 -LRF, is described as well as its synthesis by
      solid phase techniques and novel intermediates formed by such synthesis.
      The novel decapeptide possess anti-ovulatory activity in mammals.
BSUM
PAR  This invention relates to the novel decapeptide
      p-Glu-D-Phe-Trp-Ser-Tyr-2-Me.sup.. Ala-Leu-Arg-Pro-Gly-NH.sub.2, its
      process of manufacture and novel intermediates formed in such synthesis.
PAR  The luteinizing hormone releasing factor (hereafter called LRF) is the
      decapeptide,
      L-(5-oxoprolyl)-L-histidyl-L-tryptophyl-L-seryl-L-tyrosyl-glycyl-L-leucyl-
     L-arginyl-L-prolylglycineamide. This decapeptide is secreted by the
      hypothalamus and carried to the adenohypophysis where it stimulates the
      release of the luteinizing hormone and the follicle stimulating hormone.
      In (i) copending application Ser. No. 402,958 filed Oct. 3, 1973, now U.S.
      Pat. No. 3,855,199, D-Phe.sup.2 -D-Ala.sup.6 -LRF is described and claimed
      as having antiovulatory activity; (ii) copending application Ser. No.
      417,983 filed Nov. 21, 1973, now U.S. Pat. No. 3,886,137, D-Phe.sup.2
      -D-Leu.sup.6 is described and claimed as having anti-ovulatory activity
      and (iii) copending application Ser. No. 459,513 filed Apr. 10, 1974, now
      U.S. Pat. No. 3,886,135, D-Phe.sup.2 -D-Pgl.sup.6 -LRF is described and
      claimed as having anti-ovulatory activity. U.S. Pat. No. 3,824,227
      describes D-Phe.sup.2 -LRF as an antagonist of LRF in vitro. Other
      modifications of LRF are described by Fujino et al., Biochemical and
      Biophysical Research Communications, 49, No. 3 pp 698-705 (Nov. 1972).
PAR  The present invention concerns itself with further structural modifications
      of LRF which exhibit anti-ovulatory activity.
PAR  The novel peptides of the present invention are represented by the
      compounds of the formula:
EQU  p-Glu-D-Phe-Trp-Ser-Tyr-2-Me.sup.. Ala-Leu-Arg-Pro-Gly-NH.sub.2 I
PAL  and its non-toxic salts. All chiral amino acid residues identified in
      formula I supra, and the other formulas hereinafter are of the natural or
      L-configuration unless specified otherwise. In formula I and the other
      formulas herein "2-Me.sup.. Ala" means "2-methylalanyl". Another
      identification for 2-Me.sup.. Ala is "C-Me-Ala".
PAR  Also contemplated within the scope of the present invention are
      intermediates of the formula
EQU  R.sup.4 -p-Glu-D-Phe-Trp-Ser(R.sup.3)-Tyr(R.sup.2)-2-Me.sup..
      Ala-Leu-Arg(N.sup.G -R.sup.1)-Pro-Gly-R                   II
PAL  wherein:
PA1  R is selected from the class consisting of NH.sub.2, OH, O-(lower)alkyl, in
      which (lower)alkyl is C.sub.1 through C.sub.6 (e.g. methyl, ethyl, pentyl,
      hexyl, etc.) and O-benzyl;
PA1  N.sup.g means the side chain nitrogen atoms of arginine;
PA1  R.sup.1 is a protecting group for the N.sup..delta., N.sup..omega. and
      N.sup..omega..sup.' nitrogen atoms of arginine selected from the class
      consisting of nitro, tosyl, benzyloxycarbonyl, adamantyloxycarbonyl and
      tert-butyloxycarbonyl; or R.sup.1 is hydrogen which means there are no
      protecting groups on the side chain nitrogen atoms of arginine. Where the
      protecting group is nitro or tosyl, the protection is on either one of the
      N.sup..omega., N.sup..omega..sup.' nitrogens and in the case of
      benzyloxycarbonyl, or adamantyloxycarbonyl, the protection is on the
      N.sup..delta. nitrogen and either one of the N.sup..omega.,
      N.sup..omega..sup.' nitrogen atoms. The preferred protecting group defined
      by R.sup.1 is tosyl;
PA1  R.sup.2 is a protecting group for the phenolic hydroxyl group of tyrosine
      selected from the class consisting of tetrahydropyranyl, tert-butyl,
      trityl, benzyl, 2,6-dichlorobenzyl, benzyloxycarbonyl and
      4-bromobenzyloxycarbonyl. The preferred protecting group is benzyl; or
      R.sup.2 is hydrogen which means there is no protecting group on the
      phenolic hydroxy function;
PA1  R.sup.3 is a protecting group for the alcoholic hydroxyl group of serine
      and is selected from the class consisting of acetyl, benzoyl,
      tetrahydropyranyl, tert-butyl, trityl, benzyl, 2,6-dichlorobenzyl,
      benzyloxycarbonyl or R.sup.3 is hydrogen which means there is no
      protecting group on the alcoholic oxygen atom. Preferably R.sup.3 is
      benzyl;
PA1  R.sup.4 is preferably hydrogen or an .alpha.-amino protecting group. The
      .alpha.-amino protecting group contemplated by R.sup.4 are those known to
      be useful in the art in the step-wise synthesis of polypeptides. Among the
      classes of .alpha.-amino protecting groups covered by R.sup.4 are (1) acyl
      type protecting groups illustrated by the following: formyl,
      trifluoroacetyl, phthalyl, toluenesulfonyl (tosyl), benzenesulfonyl,
      nitrophenylsulfenyl, tritylsulfenyl, o-nitrophenoxyacetyl, chloroacetyl,
      acetyl, .gamma.-chlorobutyryl, etc.; (2) aromatic urethan type protecting
      groups illustrated by benzyloxycarbonyl and substituted benzyloxycarbonyl
      such as p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
      p-bromobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl; (3) aliphatic
      urethan protecting groups illustrated by tert-butyloxycarbonyl,
      diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl,
      allyloxycarbonyl; (4) cycloalkyl urethan type protecting groups
      illustrated by cyclopentyloxycarbonyl, adamantyloxycarbonyl,
      cyclohexyloxycarbonyl; (5) thio urethan type protecting groups such as
      phenylthiocarbonyl; (6) alkyl type protecting groups as illustrated by
      triphenylmethyl (trityl), benzyl; (7) trialkylsilane groups such as
      trimethylsilane. The preferred .alpha.-amino protecting group defined by
      R.sup.4 are selected from the class consisting of tert-butyloxycarbonyl,
      cyclopentyloxycarbonyl, tert-amyloxycarbonyl and d-isobornyloxycarbonyl.
PAR  In formula II at least one of R.sup.1, R.sup.2 or R.sup.3 is a protecting
      group.
PAR  A further aspect of the present invention relates to intermediates linked
      to a solid resin support. These intermediates are represented by the
      formula:
EQU  R.sup.4 -p-Glu-D-Phe-Trp-Ser(R.sup.3)-Tyr(R.sup.2)-2-Me.sup..
      Ala-Leu-Arg(N.sup.G -R.sup.1)-Pro-Gly-A                   III
PAL  wherein:
PA1  R.sup.1, r.sup.2, r.sup.3 and R.sup.4 have the same meaning as in Formula
      II;
PA1  "a" is an anchoring bond used in solid phase synthesis linked to a solid
      resin support. "A" is selected from the class consisting of:
      ##EQU1##
      and
      ##EQU2##
      The symbol .phi. means "phenyl". The polystyrene resin support is
      preferably a copolymer of styrene with about 1 to 2% divinyl benzene as a
      cross linking agent which causes the polystyrene polymer to be completely
      insoluble in most organic solvents. The polystyrene polymer is composed of
      long alkyl chains bearing a phenyl ring on every second carbon and the
      terminal amino acid residue (Gly) is joined through a covalent carbon to
      nitrogen or oxygen bond to these phenyl rings. The alkyl chains are cross
      linked at approximately every fiftieth carbon by p-substituted phenyl
      residues derived from divinyl benzene.
PAR  In selecting a particular side chain protecting group to be used in the
      synthesis of the peptides of formula (I), the following rules should be
      followed: (a) the protecting group must be stable to the reagent and under
      the reaction conditions selected for removing the .alpha.-amino protecting
      group at each step of the synthesis, (b) the protecting group must retain
      its protecting properties (i.e. not be split off under coupling
      conditions), and (c) the side chain protecting group must be removable
      upon the completion of the synthesis containing the desired amino acid
      sequence under reaction conditions that will not alter the peptide chain.
PAR  Illustrative of pharmaceutically acceptable non-toxic salts of formula I
      are hydrochloride, hydrobromide, sulfate, phosphate, maleate, acetate,
      citrate, benzoate, succinate, malate, ascorbate, and the like.
PAR  The peptides of formula (I) through (III) are prepared using solid phase
      synthesis. The synthesis is commenced from the C-terminal end of the
      peptide using an .alpha.-amino protected resin. Such a starting material
      can be prepared by attaching an .alpha.-amino protecting glycine to a
      benzhydrilamine resin, a chloromethylated resin or a hydroxymethyl resin,
      the former being preferred. The preparation of a benzhydrilamine resin is
      described by P. Rivaille et al., Helv. 54, 2772 (1971) and the preparation
      of the hydroxymethyl resin is described by Bodanszky et al., Chem. Ind
      (London) 38, 1597-98 (1966). A chloromethylated resin is commercially
      available from Bio Rad Laboratories Richmond, California and the
      preparation of such a resin is described by Stewart et al., "Solid Phase
      Peptide Synthesis" (Freeman & Co. San Francisco 1969), Chapter 1, pp 1-6.
      In using the benzhydrilamine resin an amide anchoring bond is formed with
      the .alpha.-amino protected glycine as follows:
      ##EQU3##
      This permits the C-terminal amide function to be obtained directly after
      the amino acid sequence in the synthesis is complete by cleaving off the
      resin support to form the glycine amide at the C-terminal portion of the
      desired peptide of formula (I). When the other resins are used, the
      anchoring bond is the benzylester group as defined supra in Formula
      (IIIb), which after cleavage of the peptide from the resin support must be
      converted to the C-terminal amide. The preferred procedure is to
      ammonolyse the protected peptide off the resin and then remove the
      protecting group by hydrogenolysis or by hydrogen fluoride cleavage. An
      alternate procedure would be to cleave by transesterification with
      methanol/(Et).sub.3 N and then convert the resulting ester into an amide
      and subsequently deprotect as described above. See J. M. Stewart "Solid
      Phase Peptide Synthesis", pp 42-46 (W. H. Freeman & Co. 1968).
PAR  The .alpha.-amino protected glycine is coupled to the benzhydrilamine resin
      with the aid of a carboxyl group activating compound such as
      dicyclohexylcarbodiimide. Following the coupling of the .alpha.-amino
      protected glycine to the resin support, the .alpha.-amino protecting group
      is removed such as by using trifluoroacetic acid in methylene chloride,
      trifluoroacetic acid alone or HCl in dioxane. The deprotection is carried
      out at a temperature between about 0.degree. C and room temperature. Other
      standard cleaving reagents and conditions for removal of specific
      .alpha.-amino protecting groups may be used as described in Schroder &
      Lubke, "The Peptides", 1 72-75 (Academic Press 1965). After removal of the
      .alpha.-amino protecting group the remaining .alpha.-amino protected amino
      acids are coupled step-wise in the desired order to obtain a compound of
      formula (I). However, as an alternate to adding each amino acid separately
      to the reaction, some of them may be coupled prior to addition to the
      solid phase reactor. If the C-terminal end of the peptide unit is
      represented by glycine or proline and the coupling is carried out with
      DCC, a minimum of racemization is encountered with proline and no problems
      are encountered with glycine which has no asymmetric centre. Each
      protected amino acid or amino acid sequence, is introduced into the solid
      phase reactor in about a four-fold excess and the coupling is carried out
      in a medium of dimethylformamide: methylene chloride (1:1) or in
      dimethylformamide or methylene chloride alone. In cases where incomplete
      coupling occurred the coupling procedure is repeated before removal of the
      .alpha.-amino protecting group, prior to the coupling of the next amino
      acid to the solid phase reactor. The success of the coupling reaction at
      each stage of the synthesis is monitored by the ninhydrin reaction as
      described by E. Kaiser et al., Analyt. Biochem, 34, 595 (1970).
PAR  After the desired amino acid sequence has been synthesized, the peptide is
      removed from the resin support by treatment with a reagent such as
      hydrogen fluoride which not only cleaves the peptide from the resin but
      also cleaves all remaining side chain protecting groups and the
      .alpha.-amino protecting group (if present) on pyroglutamic acid to obtain
      directly a compound of formula I in the case where the benzhydrilamine
      resin was used. Where a chloromethylated resin is used the peptide may be
      separated from the resin by methanolysis after which the recovered product
      is chromatographed on silica gel and the collected fraction subject to
      ammonolysis to convert the methyl ester to the C-terminal amide. Any side
      chain protecting group may then be cleaved as previously described or by
      other procedures such as catalytic reduction (e.g. Pd on C) using
      conditions which will keep the Trp moiety intact. When using hydrogen
      fluoride for cleaving, anisole is included in the reaction vessel to
      prevent the oxidation of labile amino acid (e.g. tryptophan).
PAR  The solid phase synthesis procedure discussed supra is well known in the
      art and has been essentially described by M. Monahan et al., C. R. Acad.
      Sci. Paris, 273 508 (1971).
PAR  The nomenclature used for peptides is described by Schroder & Lubke, supra,
      pp viii-xxix and in Biochemistry 11, 1726-1732 (1972).
DETD
PAR  The following examples are illustrative of the preparation of the compounds
      of formulas I through III.
PAC  EXAMPLE 1
PAC  L-(5-oxoprolyl)-D-phenylalanyl-L-tryptophyl-O-benzyl-L-seryl-O-2,6-dichloro
     benzyl-L-tyrosyl-2-methylalanyl-L-leucyl-N.sup.g
      -tosyl-L-arginyl-L-prolyl-glycyl benzhydrylamine resin
PAR  Benzhydrylamine hydrochloride resin (10.0 g, 5.3 m moles) is placed in a
      Beckman 990 peptide synthesizer reaction vessel and treated in the
      following manner:
PA1  1. methylene chloride (three times);
PA1  2. 5 minutes prewash with 1:1 trifluoroacetic acid-methylene chloride (v/v)
      containing 0.5% dithioerythritol;
PA1  3. 30 minute deprotection with the above described trifluoroacetic acid;
PA1  4. methylene chloride (six times);
PA1  5. 15% triethylamine in dimethylformamide (three times);
PA1  6. methylene chloride (six times).
PAL  A contact time of 1.5 minutes is allowed for each wash unless otherwise
      indicated.
PAR  The resin is gently stirred with t-butyloxycarbonyl glycine (5.6 g, 31.8 m
      moles in methylene chloride) and 35.0 ml of 1 M diisopropylcarbodiimide
      (DIC) in methylene chloride (DIC added in two portions over 30 minutes).
      After stirring for 18 hours the peptide-resin is washed successively with
      methylene chloride (three times), dimethylformamide (three times) and
      methylene chloride (three times). Any unreacted sites are acylated with
      acetylimidazole (60 ml, 2.5% in methylene chloride) for 30 minutes and the
      resin washed with methylene chloride (six times).
PAR  The deprotection of the attached amino acid is carried out as described in
      steps (1) through (6) above.
PAR  The following amino acid residues are then introduced consecutively:
      t-Boc-L-proline (6.8 g, 31.8 m moles in methylene chloride, 35 m moles
      DIC), t-Boc-L-N.sup.g -tosyl-L-arginine (11.2 g, 31.8 m moles in methylene
      chloride, 35 m moles DIC), t-Boc-.alpha.-aminoisobutyric acid (6.3 g, 31.8
      m moles in methylene chloride, 35 m moles DIC),
      t-Boc-O-2,6-dichlorobenzyl-L-tyrosine (15.0 g, 31.8 m moles in
      dimethylformamide, 35 m moles DIC), t-Boc-O-benzyl-L-serine (9.4 g, 31.8 m
      moles in methylene chloride, 35 m moles DIC), t-Boc-L-tryptophan (9.7 g.
      31.8 m moles in dimethylformamide, 35 m moles DIC). Reaction time for each
      coupling is three hours. Following each coupling the peptide-resin is
      washed and acylated as described above. Removal of the .alpha.-amino
      protecting group at each step is performed as described for the
      deprotection of the t-Boc-glycine-resin (steps 1-6). The washed
      octapeptide-resin is dried, weighed (16.6 g) and the synthesis continued
      with 62% (10.3 g, 3.3 m moles) of the peptide-resin. The next amino acid
      added is t-Boc-D-phenylalanine (5.3 g, 20 m moles in methylene chloride,
      22 m moles DIC) followed by L-2-pyrrolidone-5-carboxylic acid (2.6 g, 20 m
      moles in dimethylformamide, 22 m moles DIC). The washed decapeptide resin
      is dried in vacuo to yield 12.1 g of the above-titled product.
PAC  EXAMPLE 2
PAC  L-(5-oxoprolyl)-D-phenylalanyl-L-tryptophyl-L-seryl-L-tyrosyl-2-methylalany
     l-L-leucyl-L-arginyl-L-prolylglycinamide acetate salt
PAR  Removal of the protecting groups and cleavage of the decapeptide from the
      resin is accomplished by treating 12 g, of the dried peptide-resin of
      Example 1 in vacuo with anhydrous liquid hydrogen fluoride (100 ml) and
      anisole (25 ml) at 0.degree. for 45 minutes. The hydrogen fluoride and
      anisole are removed under reduced pressure and the residue suspended in
      50% acetic acid. After filtration the filtrate is extracted with hexane
      and the aqueous phase lyophilyzed to leave the above-titled product (2.0
      g).
PAC  EXAMPLE 3
PAC  Purification and characterization of
      L-(5-oxoprolyl)-D-phenylalanyl-L-tryptophyl-L-seryl-L-tyrosyl-2-methylalan
     yl-L-leucyl-L-arginyl-L-prolylglycinamide acetate salt
PAR  The above-titled crude product is purified as follows: 2.0 g of this
      product is dissolved in a minimum amount of 50% acetic acid and applied to
      a column (2.9 .times. 100 cm) of Sephadex G-15 medium in 50% acetic acid.
      The fractions are monitored by the Folin-Lowry method. The column is
      eluted with 50% acetic acid and 3.9 ml fractions collected. Tubes 115-132
      are shown to be homogenous by thin layer chromatography systems 4 : 1 : 5
      (n-butanol : acetic acid : water) R.sub.f 0.45, and 7 : 7 : 6 (isoamyl
      alcohol : pyridine : water) R.sub.f 0.81, on silica gel G. Thin layer
      chromatograms are visualized with iodine and chlorine peptide reagent.
PAR  After hydrolysis of the peptide (6 N HCl, 4% thioglycolic acid) for 20
      hours at 110.degree. C in a closed system under nitrogen, the following
      values for the product are obtained: Glu 0.94, Phe 1.05, Trp 0.83, Ser
      0.64, Tyr 0.99, 2-Me-Ala 0.88, Leu 0.93, Arg 0.98, Pro 1.01, Gly 1.00.
PAR  The compounds of formula I possess anti-ovulatory activity and hence are
      potentially useful in inhibiting fertility in female mammals. In tests
      conducted with female rats (225 to 250 grams body weight) complete
      ovulation inhibition was achieved in all of the rats tested at a dose of
      about 24 mg/kg. The test was conducted with mature Sprague-Dawley rats,
      normally cycling unanesthetized, proestrous rats. On the afternoon of
      proestrous, each rat in the test group received six subcutaneous
      injections of the acetate salt of formula I in corn oil, each injection
      being given a half hour following the previous injection. The rats are
      sacrificed the next morning and the number of animals ovulating and the
      number of ova shed are recorded following the procedure described by E. S.
      France, Neuroendocrinology 6, pp 77-89 (1970). The absence of or a
      significant decrease in the number of ova is the criterion for an
      anti-ovulation effect. At a dose of 1 mg per injection inhibition of
      ovulation was achieved in all of the rats tested.
PAR  The compounds of formula I can be administered to mammals intravenously,
      subcutaneously, intramuscularly or orally for fertility inhibition and
      control. The effective dosage will vary with the form of administration
      and the particular species of mammal to be treated. A typical dosage is a
      physiological saline solution containing a compound of formula I
      administered in a dose range of between about 20 to 30 mg/kg of body
      weight. Oral administration may be in either solid or liquid form.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of
EQU  L-p-Glu-D-Phe-L-Trp-L-Ser-L-Tyr-2-Me.sup..
      Ala-L-Leu-L-Arg-L-Pro-Gly-NH.sub.2
PAL  and
EQU  R.sup.4 -L-p-Glu-D-Phe-L-Trp-L-Ser(R.sup.3)-L-Tyr(R.sup.2)-2-Me.sup..
      Ala-L-Leu-L-Arg(N.sup.G -R.sup.1)-L-Pro-Gly-R
PAL  and its non-toxic salts; wherein
PA1  R is selected from the class consisting of NH.sub.2, OH, O-(lower)alkyl and
      O-benzyl; R.sup.1 is selected from the class consisting of hydrogen and a
      protecting group for the N.sup..delta., N.sup..omega. and
      N.sup..omega..sup.' nitrogen atoms of arginine selected from nitro, tosyl,
      benzyloxycarbonyl and adamantyloxycarbonyl;
PA1  R.sup.2 is selected from the class consisting of hydrogen and a protecting
      group for the phenolic hydroxyl group of tyrosine selected from
      tert-butyl, tetrahydropyranyl, trityl, benzyl, 2,6-dichlorobenzyl,
      benzyloxycarbonyl and 4-bromobenzyloxycarbonyl;
PA1  R.sup.3 is selected from the class consisting of hydrogen and a protecting
      group for the alcoholic hydroxyl group of serine and is selected from
      acetyl, benzoyl, tetrahydropyranyl, tert-butyl, trityl,
      2,6-dichlorobenzyl, benzyl and benzyloxycarbonyl;
PA1  R.sup.4 is selected from the class consisting of hydrogen and an
      .alpha.-amino protecting group, with the proviso that at least one of
      R.sup.1, R.sup.2 and R.sup.3 is a protecting group.
NUM  2.
PAR  2. A compound according to claim 1 wherein R is NH.sub.2.
NUM  3.
PAR  3. A compound according to claim 1 wherein R is NH.sub.2, R.sup.1 is tosyl,
      R.sup.2 is 2,6-dichlorobenzyl, R.sup.3 is benzyl and R.sup.4 is hydrogen.
NUM  4.
PAR  4. A compound according to claim 1 which is selected from:
      L-Pyroglutamyl-D-phenylalanyl-L-tryptophyl-L-seryl-L-tyrosyl-2-methylalany
     l-L-leucyl-L-arginyl-L-prolylglycinamide and its nontoxic acid addition
      salts.
NUM  5.
PAR  5. A compound of the formula:
EQU  R.sup.4 -L-p-Glu-D-Phe-L-Trp-L-Ser(R.sup.3)-L-Tyr(R.sup.2)-2-Me.sup..
      Ala-L-Leu-L-Arg-(N.sup.G -R.sup.1)-L-Pro-Gly-A
PAL  wherein:
PA1  R.sup.1 is selected from the class consisting of hydrogen and a protecting
      group for the N.sup..delta., N.sup..omega. and N.sup..omega..sup.'
      nitrogen atoms of arginine selected from nitro, tosyl, benzyloxycarbonyl
      and adamantyloxycarbonyl;
PA1  R.sup.2 is selected from the class consisting of hydrogen and a protecting
      group for the phenolic hydroxyl group of tyrosine selected from
      tert-butyl, tetrahydropyranyl, trityl, benzyl, 2,6-dichlorobenzyl,
      benzyloxycarbonyl and 4-bromobenzyloxycarbonyl;
PA1  R.sup.3 is selected from the class consisting of hydrogen and a protecting
      group for the alcoholic hydroxyl group of serine and is selected from
      acetyl, benzoyl, tetrahydropyranyl, tert-butyl, trityl,
      2,6-dichlorobenzyl, benzyl and benzyloxycarbonyl;
PA1  R.sup.4 is selected from the class consisting of hydrogen and an
      .alpha.-amino protecting group; and A is selected from the class
      consisting of
      ##EQU4##
      and
      ##EQU5##
      wherein said polystyrene resin is cross linked through the phenyl group on
      each second carbon atom of the alkyl chain of said polystyrene.
NUM  6.
PAR  6. A compound according to claim 5 wherein R.sup.4 is an .alpha.-amino
      protecting group which is selected from the class consisting of
      tert-butyloxycarbonyl, cyclopentyloxycarbonyl, tert-amyloxycarbonyl and
      isobornyloxycarbonyl.
NUM  7.
PAR  7. A compound according to claim 5 wherein A is a benzhydrilamine resin and
      R.sup.4 is hydrogen.
NUM  8.
PAR  8. A compound according to claim 7 wherein R.sup.1 is tosyl, R.sup.2 is
      2,6-dichlorobenzyl and R.sup.3 is benzyl.
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ABST
PAL  A product is described that is of value for treatment of, for example,
      gastric ulcer. It contains iron or glycyrrhizinate with most of the
      glycyrrhizinic moieties being insoluble in water. A method of making it,
      involving prolonged heating, and pharmaceutical compositions and methods,
      are also described.
BSUM
PAR  It is well known that liquorice root is a source of material that has
      useful effect in the treatment of gastritis, gastric ulcer and duodenal
      ulcer. Unfortunately therapeutic agents derived by extraction of
      components of liquorice root tend to suffer from the disadvantage that
      they exhibit undesirable side effects. Liquorice contains glycyrrhizinic
      acid (referred to below as gza) which is the .beta.,.beta.'-glucoronic
      acid ester of glycyrrhetinic acid (referred to below as gta). Certain
      derivatives of glycyrrhetinic acid are widely used as therapeutic agents
      in the treatment of gastritis, gastric and duodenal ulcer but they do
      still suffer from a number of undesirable side effects inherent in
      liquorice root and liquorice, especially when administered during the
      relatively long periods necessary for the complete healing of ulcers. For
      example it is generally considered unwise to use derivatives of
      glycyrrhetinic acid, or other extracts of liquorice, for the treatment of
      elderly patients or patients with cardiovascular, renal or hepatic
      diseases. Further, I consider there is no convincing clinical proof as to
      the therapeutic value of gta derivatives in the treatment of duodenal
      ulcer.
PAR  Also, although the administration of known liquorice-derived preparations
      may sometimes result in the temporary betterment or disappearance of the
      ulcer the treatment appears primarily to bring relief owing to the antacid
      and spasmolytic qualities of such preparations rather than to their
      terapeutic effect. Thus although there may be temporary improvement, the
      ulcer is not completely healed and is liable to reoccur after a fairly
      short interval. Hospitalization and surgery are usually necessary in the
      long run. In fact the same sort of results can be expected from a placebo
      administered to ulcer patients, so that no therapeutic value can be
      ascribed to such preparations.
PAR  Various reasons have been given as to the cause of the undesirable side
      effects. In some instances at least it is proposed that these are due to
      the presence of glycyrrhizinic acid in liquorice, which forms
      glycyrrhetinic acid after administration, or to glycyrrhetinic acid.
PAR  Proposals have therefore been made to produce pharmaceutical compositions
      derived from liquorice root or reduced glycyrrhizinic acid content. For
      example in Canadian Pat. No. 576,605 a process is described that is
      intended to eliminate the gza (and also the gta) content of liquorice. In
      this liquorice root is heated in water, aniseed and ferrum reductum are
      added to the extract after cooling, the mixture is stirred for two hours
      and filtered and the filtrate dessicated in vacuum. The short treatment
      with ferrum reductum apparently causes most of the glycyrrhizinic acid to
      be precipitated out, and therefore removed by the filtration.
PAR  I have found that a material having valuable properties in the treatment of
      gastritis, gastric ulcer and duodenal ulcer and having hardly any or no
      undesirable side effects in one which is sparingly soluble in water and
      which contains at least 5% by weight glycyrrhizinic moieties. In this
      specification I use the words "sparingly soluble" to indicate that the
      product has a substantial content of insolubles and a small content of
      solubles, and preferably to indicate that not less than 0.05 (and
      preferably not less than 0.1) grams but not more than 5 grams (preferably
      not more than 2 grams) of the compound can be dissolved in 100 ml of water
      at 20.degree.C. The sparingly soluble form is an iron or aluminium
      derivative of glycyrrhizinic acid.
PAR  The exact chemical nature of the product is uncertain but there is probably
      some intermolecular or intramolecular bonding. What is now clear is that
      the preferred product of the invention contains iron or aluminium
      glycyrrhizinate and has an amount of glycyrrhizinic moieties which is at
      least 5%, and preferably at least 10%, by weight and has at least
      two-thirds, preferably at least four-fifths, of the glycyrrhizinic
      moieties being insoluble in water. It is found that satisfactory products
      containing iron glycyrrhizinate generally have a weight ratio of iron to
      glycyrrhizinic moieties of between 1:10 and 1:25. The most satisfactory
      products have a weight ratio of approximately 1:18 (as is found for pure
      iron glycyrrhizinate). The glycyrrhizinic moiety weights are calculated as
      acid, i.e., as gza.
PAR  It is preferred that the product should contain soluble glycyrrhizinic
      moieties as well as insoluble moieties and normally from 1 to 33%,
      preferably 1 to 20%, by weight of the glycyrrhizinic moieties are soluble
      and 67 to 99%, preferably 80 to 99%, are insoluble. Preferably from 5 to
      15% by weight are soluble and 85 to 95% are insoluble.
PAR  Preferred products contain from 1.5 to 2.5% by weight soluble
      glycyrrhizinic moieties (measured as acid) and 25 to 35% by weight
      insoluble materials, with the most satisfactory products generally
      containing from 1.5 to 2% of soluble glycyrrhizinic moieties and from 30
      to 33% of insoluble materials.
PAR  These figures on solubility are the figures obtained by shaking 1 gram of
      the product with 50 ml of water, centrifuging and washing the undissolved
      residue three times with 50 ml of water, centrifuging and decanting each
      time, followed by freeing the aqueous solution from iron by passing
      hydrogen sulphide through it at a pH of 8.9, filtering the product,
      evaporating the filtrate, dissolving the product in 5% sulphuric acid and
      hydrolysing it by boiling for two hours to liberate gta which is then
      extracted with 20 ml chloroform and dried on anhydrous sodium sulphate for
      four hours and evaporated. Finally the residue is dissolved in 1 ml 1:1
      chloroform:methanol and analysed semiquantitatively by thin layer
      chromatography against known amounts of pure gta. The analytical error in
      this method in the amount of glycyrrhizinic moiety solubles never exceeds
      20% based on the amount determined.
PAR  The sparingly soluble product of the invention may be made by a process
      comprising heating the product containing water-soluble iron or aluminium
      glycyrrhizinate at a temperature of at least 70.degree.C for a sufficient
      time for the solubility to be reduced to the desired amount.
PAR  The product that is heated in this process may be a solid, for example, a
      product that has been made by spray drying or otherwise evaporating a
      solution of the glycyrrhizinate, but most usually is itself a solution.
PAR  Thus the heating may be conducted during the evaporation of a soluble of
      the iron or aluminium glycyrrhizinate or during baking of solid iron or
      aluminium glycyrrhizinate, or both.
PAR  In one method a dilute solution, preferably containing from 0.05 to 5% most
      preferably 0.1 to 1%, for example 0.3%, by weight dissolved solids is
      evaporated by heating at a temperature above 70.degree.C for a sufficient
      time for the concentration of the dissolved solids to increase to a value
      of at least 30% by weight, preferably at least 50% by weight, for example
      70% by weight and the resultant syrup is finally dried at any convenient
      temperature. In another method the syrup is formed by any convenient
      evaporation method and is then dried for example, under vacuum, at the
      temperature above 70.degree.C for a prolonged period. In a further method
      solid soluble iron or aluminium glycyrrhizinate is formed and is then
      baked at a temperature above 70.degree.C for a prolonged period.
PAR  Any evaporation step may be conducted under vacuum but if temperatures
      above 70.degree.C are maintained during evaporation it is generally
      desirable to keep the vacuum rather low as otherwise frothing can be a
      problem. In a preferred method of the invention dilute solution is added
      gradually to a vessel which is heated under atmospheric pressure or under
      low vacuum until the vessel is full of syrup having a concentration
      greater than 50% and the syrup is then heated for at least twelve hours at
      a temperature greater than 60.degree. or 80.degree.C after the last
      addition of solution has been made, and the product is finally dried in
      any convenient manner.
PAR  The duration of the heating above 70.degree.C affects the solubility of the
      final product. If the duration is too short then inadequate solubility is
      imparted to it. Generally increasing the temperature permits one to
      conduct the heating for a shorter time. The temperature is preferably at
      least 80.degree.C, usually 90.degree.C or more. Normally it is below
      140.degree.C. The duration is generally 6 to 72 hours, preferably 18 to 48
      hours. The best results are often obtained at 24 to 36 hours, especially
      when the temperature is from 100.degree. to 120.degree.C.
PAR  The content of the solution that is subjected to evaporation is important.
      The solution that is evaporated in the process described in Canadian Pat.
      No. 576,605 has dissolved in it substantially no iron glycyrrhizinate. I
      have had reproduced on my behalf the process described therein and
      analysis of the product shows that the total amount of glycyrrhizinic
      moieties is about 1% by weight. In the invention the proportion of total
      solids in the starting solution, and thus in the final product, that is
      glycyrrhizinic moieties is always at least 5%, and usually more. Thus
      generally it is at least 10% and may be at least 12% or preferably 14% or
      higher for example it is often about 20%. If the product of the invention
      is made from pure glycyrrhizinic acid then the amount will indeed be very
      much higher but it is generally found that best results are obtained when
      the product of the invention is made from liquorice, especially "succus
      liquiritiae," the product necessarily therefore containing various other
      components derived from liquorice.
PAR  The starting solution may best be prepared by extracting insoluble metal
      glycyrrhizinate over a prolonged period, for example at least 12 hours and
      usually more than 24 hours, with water. Thus active iron or aluminium may
      be included in an aqueous mixture obtained by extraction of liquorice, and
      which therefore contains some gza, and the mixture allowed to stand, with
      repeated stirring, for a prolonged period. It is believed that metal
      glycyrrhizinate first precipitates but redissolves in the mixture again
      during the prolonged digestion.
PAR  A convenient way of forming the aqueous digestion mixture containing
      glycyrrhizinic moieties and metal and precipitate is to form a suspension
      of liquorice solids in water and then to add to the suspension the active
      iron or aluminium.
PAR  Active iron or aluminium used in the invention may be any compound or form
      of iron or aluminium that will react with the system to give the desired
      salt formation such that the desired degree of insolubility is obtained on
      heating to a sufficient extent. Normally 0.2 to 5%, preferably 0.5 to 2%,
      of the weight of the non-aqueous components of the solution, and therefore
      of the final product, is iron or aluminium. Normally finely divided iron
      obtained by reduction with hydrogen is used, for example ferrum reductum,
      or powdered aluminium.
PAR  Digestion is continued for as long as is necessary to achieve adequate or
      complete digestion. It may be, for example, 2 to 3 or even 6 days and is
      usually at least 1 day. Preferably the mixture is stirred repeatedly or
      continuously throughout much of this period. The digestion is preferably
      conducted at at least room temperature. Preferably it is slightly above,
      for example 20.degree. to 40.degree.C, most preferably 30.degree. to
      40.degree.C, e.g., 35.degree.C. The slightly elevated temperature may be
      obtained by external heating or sufficient heat may be generated by the
      exothermic nature of the reaction or reactions that occur within the
      solution.
PAR  It is sometimes convenient to include an enzyme in the extraction liquor,
      for example ground coriander or other oil containing seed, for example
      linseed, cotton seed and corn seed. The inclusion of such an enzyme may
      serve as a convenient way of raising the temperature.
PAR  Before subjecting the aqueous solution resulting from the digestion step to
      the evaporation process it is preferred to remove all the solids from it.
      For example for at least the last day, and preferably 2 days, of the
      digestion the mixture may be unstirred and the supernatant liquid may then
      be filtered off or, more usually, decanted. The resultant liquid may again
      be left to stand, for example for 12 hours or more, preferably 1 day, and
      the supernatant liquid may again be decanted or filtered. The solids
      collected in each decanting operation may be washed, the resultant
      slurries being left to stand for several days before they too are
      decanted, the clear liquid being added to the clear liquid already
      collected. The temperature during the standing and decanting period may be
      about room temperature.
PAR  Pharmaceutical compositions according to the invention comprise the
      sparingly soluble product containing at least 5% glycyrrhizinic moieties
      and a pharmaceutically acceptable carrier.
PAR  The composition preferably includes also magnesium oxide, so that a better
      defaecation pattern, an improved blood circulation in the liver and an
      increase in the Mg content in the blood may be attained. These are all
      factors of importance in the treatment of gastric and duodenal ulcer. The
      composition may also include antacids, e.g., magnesium trisilicate which
      has a slow but prolonged antacid action, and known protective coatings
      such as bismuth subnitrate or sulphated polysaccharides.
PAR  The composition may be in any suitable form. For example it may be a
      suppository, the carrier then being a suppository support, for example
      gelatine rectal capsules. This is of particular value for treating
      internal hemorrhoids. The composition may be an injectable composition,
      the carrier then usually being or comprising a sterile liquid, e.g.,
      water. The composition may be administered orally, for example the carrier
      being a liquid or particulate solid. Thus the composition may be in the
      form of ampoules or of a powder, tablets, pills or capsules and so forth.
      Also the composition may be administered topically, the carrier then
      comprising any suitable cream or other base for topical administration.
PAR  Although the compositions may include antacids and other active ingredients
      that may improve initial relief to the patient, it must be emphasized that
      antacids alone cannot bring about a therapeutic cure. Contrary to the
      general assumption that gastroduodenal ulcer is caused by hyperacidity,
      and should therefore be combatted by use of an antacid, I ascribe the
      onset of gastroduodenal ulcer to an inflammation of the intestinal tract,
      thus producing a disruption of the mucous membrane, and this suggests that
      proper medical treatment would require a non-toxic anti-inflammatory agent
      rather than an antacid. This non-microbial inflammation seems to be caused
      by malfunction of the autonomic nervous system and I believe that in
      addition to treating gastritis, which is a non-microbial infection, a wide
      variety of non-microbial inflammations having a psychosomatic origin may
      be cured by the use of the products of the invention. Thus in addition to
      curing gastritis, and gastric and duodenal ulcer I believe the product of
      the invention will also be useful in treating asthma bronchalis, essential
      hypertension, angina pectoris, primary chronic rheumatoid arthritis,
      certain skin diseases and ulcerative colitis.
PAR  In addition to having these required anti-inflammatory properties the
      product of the invention has a histiogenic effect, i.e., the ability to
      build tissue and thus cause regeneration of damaged tissue. This is
      extremely important.
DETD
PAR  The following are some examples of the invention.
PAC  EXAMPLE 1
PAR  In a vessel I of 10 L. a quantity of 11/4 kilogram liquorice powder is
      mixed with about 6 L. warm water and stirred to a visually homogeneous
      suspension. To this 74 g of ground coriander seed may be added and finally
      100 g of active ferrum reductum is well mixed into the mixture which is
      then stirred at intervals over a period of 3 days while maintaining the
      mixture at least at room temperature. For example the temperature in the
      mixture may be 35.degree.C. The mixture is then diluted with enough water
      to render it liquid enough to pour the whole contents into a vessel II of
      20 L. in which a further quantity of water of some 10 L. is added.
PAR  The contents of vessel II is thereupon stirred 10 times at intervals of 20
      minutes and thereafter allowed to stand during 2 days, so that it remains
      about 21/2 days in vessel II. If froth has formed, this is eliminated; the
      clarified liquid is then transferred to a vessel III of 20 L. leaving the
      slurry in vessel II.
PAR  In vessel III the liquid is kept during one day and thereafter the clear
      liquid is transferred to vessel V, leaving one again a slurry in vessel
      III, but in a lesser amount that before.
PAR  The slurries which were left behind in vessels II and III can be collected
      as a matter of economy in a vessel IV and this remains standing up to some
      7 days after they have been washed until a clear liquid results, which is
      added to the liquid in vessel V.
PAR  The clear liquid in vessel V undergoes a process of evaporation at a
      temperature increasing to 90.degree.C until a syrupy brown concentrate
      with a moisture content of about 30% remains, the temperature being above
      70.degree.C for at least 24 hours. This concentrate is then dried under
      vacuum. The yield is around 300 g, when the liquorice powder used in the
      preparation has a glycyrrhizinic acid content of about 12%.
PAC  EXAMPLE 2
PAR  100 g of pure (more than 98%) glycyrrhizinic acid and 36 g of ferrum
      reductum are stirred with 200 ml of lukewarm water.
PAR  The mixture is kept for 3 days with occasional stirring. After 3 days the
      pH value is measured and eventually corrected to 5.5 .+-. 0.2, 2800 ml of
      water is added and the mixture is kept for another 3 days with occasional
      stirring. After settling of insolubles, the liquid is siphoned off and
      filtered.
PAR  The insoluble material is stirred with 500 ml water and after settling of
      insolubles the liquid is siphoned, filtered and added to the first
      filtrate.
PAR  The filtrate is evaporated at a temperature of 75.degree.C at diminished
      air pressure to produce a syrupy liquid which is further dried in a vacuum
      box at 75.degree.C. The product is a solid cake which is crushed and
      powdered and kept in a well closed bottle.
PAR  Infrared analysis of the products of Examples 1 and 2 and of a solution of
      iron glycyrrhizinate show that the characteristics peaks of iron
      glycyrrhizinate are present in all the products.
PAC  EXAMPLE 3
PAR  The process of Example 1 was repeated except that evaporation in vessel V
      was conducted under vacuum at a temperature of around 50.degree.C until a
      syrup having a moisture content of around 30% remained. This was then
      baked to a dry solid by heating at 110.degree.C for 24 hours. The yield
      and product was similar to that of Example 1. Analysis of its solubility
      by the method described above showed that it contained 31.4% by weight
      insoluble materials and 1.63% by weight soluble glycyrrhizinic moieties
      measured as the acid.
PAC  EXAMPLE 4
PAR  The process of Example 3 was repeated except that the baking was conducted
      at different temperatures for various durations. When baking was at
      70.degree.C for 120 hours the product contained 18.7% insoluble materials
      and 1.51% glycyrrhizinic moieties, measured as acid. When baking was at
      140.degree.C for 24 hours the product contained 32.3% insoluble materials.
PAC  EXAMPLE 5
PAR  The process of Example 1 may be repeated using reduced aluminium in place
      of ferrum reductum.
PAC  EXAMPLE 6
PAR  Tablets were prepared by mixing together in a standard tabletting operation
      150 mg of the product of Example 1, 25 mg magnesium oxide, 125 mg
      magnesium trisilicate and 150 mg lactose and conventional excipients.
PAC  EXAMPLE 7
PAR  Suppositories may be prepared in the form of gelatin rectal capsules each
      containing 200 mg of the product of Example 1.
PAC  EXAMPLE 8
PAR  An ointment for topical application for the treatment of rheumatic and skin
      diseases may contain 2% of the product of Example 1 in a lanoline base.
PAR  The solubility and analysis of the products of Examples 1 and 2 and of the
      composition of Example 6 has been determined and the results are set out
      in Table 1.
TBL                TABLE I                                                     
     ______________________________________                                    
                  Example Example   Example                                    
                   1       2         6                                         
     ______________________________________                                    
     Solubility in  1.9       0.39      1.1                                    
     water                                                                     
     ethanol        0.13      0.16      0.22                                   
     chloroform     0.13      0.17      0.16                                   
     benzene        0.23      0.35      0.35                                   
     ether          0.13      0.40      0.21                                   
     Iron content   0.98%     5.83%     0.29%                                  
     glycyrrhizinic acid                                                       
                    20%       90%       5%                                     
     sulphated ash  15.9%     10.1%     45%                                    
     moisture       10.7%     28%       9.1%                                   
     arsenic        less than less than less than                              
                    2 ppm     2 ppm     2 ppm                                  
     lead           less than less than less than                              
                    5 ppm     5 ppm     5 ppm                                  
     ______________________________________                                    
PAR  A suitable daily dosage of the sparingly soluble iron or aluminium
      glycyrrhizinate derived from liquorice for the healing of gastroduodenal
      ulcer is from 100 to 2000, preferably 600 to 1200, mg per day or
      approximately 10 to 400, preferably 60 to 240, mg per day of glycyrrizinic
      moieties. Administration is conducted usually for about 4 weeks for
      gastric ulcer and for about 6 weeks for duodenal ulcer to heal
      radiologically. It is desirable to continue the treatment for a
      considerable period, for example 6 weeks, after radiological healing of
      the ulcer has occurred since this minimizes the risk of reoccurrence of
      the ulcer by allowing every trace of hyperaemia (a symptom which
      accompanies all inflammation) to be eliminated. Hyperaemia could, of
      course, be a harbinger of inflammation and its presence on the healed site
      of the old wound surface might well be a cause for reoccurrence. The very
      fact that the tablets described in Example 6 can be administered for
      uninterrupted long periods without causing any undesirable side effects is
      an important feature in the longer term prevention of ulcer reoccurrence.
PAR  The dosage prior to radiological healing is usually higher than the dosage
      after. For example prior to radiological healing the daily dosage may be
      1200 mg of the product of Example 1 while subsequent to radiological
      healing it would be 600 mg of the product of Example 1. For example a
      useful treatment comprises the administration of eight tablets as
      described in Example 6 per day until radiological healing has occurred and
      four tablets per day for 6 weeks thereafter.
PAR  In order to verify its pharmaceutical activity a double blind trial of the
      product of Example 6 was conducted against a placebo on 26 patients with
      radiologically confirmed gastric or duodenal ulcers. The patients were
      divided into two equal groups A and B, each receiving eight tablets daily
      of the product of Example 6 or a placebo until radiological healing and
      then three tablets daily during the following 6 weeks. Patients still
      reporting subjective symptoms after ten days double blind treatment were
      transferred for a completely new trial to a third group C and treated with
      the product of Example 6 only.
PAR  After completion of the trial the code was broken and revealed the group A
      received placebo only and group B had received the product of the
      invention. Seven patients in group A were transferred to group C after
      treatment for 10 days with the placebo had not cured the subjective
      symptoms. The results are summarized in Table 2 from which it will be seen
      that all 20 patients who received the product of Example 6 experienced
      radiological healing, whereas of the 13 receiving the placebo only 6
      recovered radiologically.
PAR  In addition to the marked therapeutic effect of the product undesirable
      side effects, such as those that have been observed previously when using
      liquorice or gta derivatives thereof, were entirely absent. Thus oedema,
      headache, hypertension, dyspnoea, salt and water retention and potassium
      excretion did not occur.
TBL                TABLE II                                                    
     ______________________________________                                    
                           Total      Successful                               
     Group Ulcer type      Number of  Radiological                             
                           Patients   Healing                                  
     ______________________________________                                    
     A     Gastric         3          2                                        
           Duodenal        10         4                                        
     B     Gastric         3          3                                        
           Duodenal related to                                                 
                           2          2                                        
           pyloric ulcer                                                       
           Other Duodenal  8          8                                        
     C     Gastric         1          1                                        
           Duodenal        6          6                                        
     ______________________________________                                    
PAR  Toxicity tests, e.g., on mice, give satisfactory results.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sparingly soluble product containing a metal glycyrrhizinate selected
      from the group consisting of iron glycyrrhizinate and aluminium
      glycyrrhizinate in which the amount of glycyrrhizinic moieties is at least
      5% by weight and at least two thirds of the glycyrrhizinic moieties are
      insoluble in water, the glycyrrhizinic moiety weight being calculated as
      acid, said product being obtained by heating an aqueous solution of the
      corresponding water-soluble metal glycyrrhizinate at a temperature of at
      least 70.degree.C. for at least 6 hours.
NUM  2.
PAR  2. A product according to claim 1 in which 1 to 33% by weight of total
      glycyrrhizinic moieties are soluble and 67 to 99% by weight are insoluble
      the weights being calculated as acid.
NUM  3.
PAR  3. A product according to claim 1 containing at least 10% by weight total
      glycyrrhizinic moieties, the weight being calculated as acid, at least
      four fifths by weight of the moieties being insoluble, the remainder being
      soluble.
NUM  4.
PAR  4. A product according to claim 1 containing at least 10% by weight total
      glycyrrhizinic moieties and in which from 5 to 15% by weight of the total
      glycyrrhizinic moieties are soluble adn 85 to 95% by weight are insoluble
      the weights being calculated as acid.
NUM  5.
PAR  5. A product according to claim 1 containing from 1.5 to 2.5% by weight
      soluble glycyrrhizinic moieties and 25 to 35% insoluble materials and
      which contains at least 10% by weight total glycyrrhizinic moieties, at
      least four fifths by weight of these being insoluble.
NUM  6.
PAR  6. A product according to claim 1 containing from 1.5 to 2% soluble
      glycyrrhizinic moieties and 30 to 33% insoluble materials and which
      contains at least 10% by weight total glycyrrhizinic moieties, at least
      four fifths by weight of these being insoluble.
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ABST
PAL  New antibacterial agents, 1,2'-di-N-(.alpha.-hydroxyaminoacyl)-kanamycin B
      and 1,2'-di-N-(.alpha.-hydroxyaminoacyl)-3',4'-dideoxy kanamycin B are
      described together with methods for their preparation and use.
BSUM
PAR  This invention relates to new kanamycin B derivatives, that is, a
      1,2'-di-N-(.alpha.-hydroxy-aminoacyl)-kanamycin B or
      -3',4'-dideoxykanamycin B which is useful for the treatment of various
      bacterial infections. More particularly, this invention relates to a new
      kanamycin B derivative which is selected from
      1,2'-di-N-(4-amino-2-hydroxybutyryl)-kanamycin B;
      1,2'-di-N-(4-amino-2-hydroxybutyryl)-3',4'-dideoxykanamycin B;
      1,2'-di-N-isoserylkanamycin B and
      1,2'-di-N-isoseryl-3',4'-dideoxykanamycin B. Moreover, this invention
      relates to a process for the production of these
      1,2'-di-N-(.alpha.-hydroxy-aminoacyl) derivatives of kanamycin B and
      3',4'-dideoxykanamycin B.
PAR  Kanamycins are well known aminoglycosidic antibiotics. Kanamycin A (usually
      merely called kanamycin) and kanamycin B have widely been used as
      valuable, chemotherapeutic agents, but many drug-resistant strains which
      are resistant to these kanamycins have occurred in recent years. In these
      circumstances, the mechanism of resistance of the drug-resistant bacteria
      to the known aminoglycosidic antibiotics has been studied. For instance,
      one of the present inventors, H. Umezawa et al have found that some
      R-factor carrying strains of gram-negative bacteria, Staphylococcus aureus
      and Pseudomonas aeruginosa isolated from patients, are resistant to the
      action of kanamycins and that these kanamycin-resistant strains have as a
      mechanism of resistance the production of enzymes capable of
      phosphorylating the 3'-hydroxyl group of kanamycins and inactivating the
      kanamycins with aid of these phosphorylating enzymes, (see Science Vol.
      157, page 1559 (1967).
PAR  On the basis of this finding, H. Umezawa et al prepared semi-synthetically
      3'-deoxykanamycin and 3',4'-dideoxykanamycin B in which the 3'-hydroxyl
      group of the kanamycin molecule is removed therefrom, as described in the
      Journal of Antibiotics Ser. A, Vol. 21, pages 274-275 (1968) and Vol. 24,
      pages 485-487 (1971). 3'-deoxykanamycin and 3',4'-dideoxykanamycin B are
      actually effective against the above-mentioned kanamycin-resistant
      strains. While, it has been found that 3'-deoxykanamycin and
      3',4'-dideoxykanamycin B are practically inactive against other
      kanamycin-resistant strains such as Escherichia coli JR66/W677 which has
      been isolated from patients. H. Umezawa et al. have found that the latter
      kind of kanamycin-resistant strains have as a mechanism of resistance the
      production of an enzyme capable of adenylylating the 2"-hydroxyl group of
      the kanamycin or 3',4'-dideoxykanamycin B molecule with ATP (adenosine
      triphosphate) and thus inactivate kanamycin and 3',4'-dideoxykanamycin B
      through the action of this adenylylating enzyme; see the Journal of
      Antibiotics Vol. 24, pages 911-913 (1971).
PAR  On the other hand, it is known that butirosin B, which is an
      aminoglycosidic antibiotic produced by a microorganism Bacillus species,
      is active against some kanamycin-resistant bacteria as well as against
      some ribostamycin-resistant bacteria. Butirosin B has been identified as
      1-N-[(S)-.alpha.-hydroxy-.gamma.-amino-n-butyryl]-ribostamycin; see
      Tetrahedron Letters Vol. 28, page 2125 and pages 2617-2630 (1971) and
      German Offenlegungsschrift No. 1914527. From comparison of the
      antibacterial activity of ribostamycin with that of butirosin B, it has
      been appreciated that the (S)-.alpha.-hydroxy-.gamma.-amino-butyryl
      substituent at the 1-amino group of the butirosin B molecule has an
      important role in enabling the substituted ribostamycin to be active
      against both ribostamycin-resistant and -sensitive strains, and that the
      presence of the (S)-.alpha.-hydroxy-.gamma.-amino-butyryl substituent at
      the 1-amino group of the butirosin B molecule results in a steric
      hindrance of the butirosin B molecule owing to which the butirosin B can
      be prevented from being inactivated by attack of the various inactivating
      enzymes which are produced by the kanamycin-resistant strains or
      ribostamycin-resistant strains.
PAR  On the basis of these findings, H. Umezawa et al. have synthetized new
      compounds, that is, 3'-deoxykanamycin B; 3'-deoxy-6'-N-methylkanamycin B;
      3',4'-dideoxykanamycin B; 3'-deoxyneamine; 3',4'-dideoxyneamine;
      3'-deoxyribostamycin; 3',4'-dideoxyribostamycin; and
      1-N-[(S)-4-amino-2-hydroxybutyryl] derivatives of kanamycin B and
      3',4'-dideoxykanamycin B and have found that these new compounds exhibit
      improved antibacterial activity against the drug-resistant bacteria; see
      copending U.S. patent application Ser. No. 402,085 filed Oct. 1, 1973;
      British patent application No. 46,397/73; German patent application No. P
      23 50169.1 and French patent application No. 73 36291, as well as the
      Journal of Antibiotics  Vol. 26, pages 304-309 (May 1973). Furthermore, H.
      Umezawa et al have synthetized 1-N-isoserylkanamycin, 1N-isoserylkanamycin
      B and 1-N-isoseryl-3',4'-dideoxykanamycin B which are effective against
      the gram-negative and gram-positive bacteria sensitive to the kanamycins
      and also against drug-resistant bacteria (see co-pending U.S. patent
      application Ser. No. No. 466,053 filed May 1, 1974; British patent
      application No. 18938/74; Germany patent application No. P 24 23 591.4 and
      French patent application No. 74 17,382).
PAR  Accordingly, we have made our further research to seek new and useful
      derivatives of kanamycin B and 3',4'-dideoxykanamycin B which are
      effective not only against the gram-negative and gram-positive bacteria
      but also against the drug-resistant bacteria. As a result, we have now
      found that acylation of the 1- and 2'-amino group of kanamycin B and
      3',4'-dideoxykanamycin B with an .alpha.-hydroxy-amino acid which is
      4-amino-2-hydroxybutyric acid or isoserine, either in the racemic form or
      in the form of the L-isomer or the D-isomer, gives new and useful
      kanamycin B derivatives which exhibit a useful antibacterial activity
      against gram-negative and gram-positive bacteria as well as against,
      kanamycin-resistant bacteria.
PAR  An object of this invention is, therefore, to provide as new and useful
      kanamycin B derivatives 1,2'-N-(4-amino-2-hydroxybutyryl)-kanamycin B;
      1,2'-di-N-(4-amino-2-hydroxybutyryl)-3',4'-dideoxykanamycin B;
      1,2'-di-N-isoserylkanamycin B and 1,2-di-N-isoseryl-3',4'-dideoxykanamycin
      B which show useful antibacterial activity against kanamycin-sensitive and
      resistant bacteria. The other object of this invention is to provide a
      process for the production of these new kanamycin B derivatives which is
      carried out in a facile way and in a favorable yield of the desired
      product. Another objects of this invention will be clear from the
      following descriptions.
PAR  We have now succeeded in synthesizing the
      1,2'-di-N-(4-amino-2-hydroxybutyryl) or 1,2'-di-N-isoseryl derivatives of
      kanamycin B and 3',4'-dideoxykanamycin B by protecting partially and
      wholly the amino groups other than the 1- and 2'-amino groups of kanamycin
      B or 3',4'-dideoxykanamycin B with a known amino-protecting group in a
      known manner, then reacting the resulting amino-protected derivative of
      kanamycin B or 3',4'-dideoxykanamycin B with an .alpha.-hydroxy-amino acid
      which is selected from 4-amino-2-hydroxybutyric acid and isoserine to
      acylate both the 1- and 2'-amino groups of the kanamycin B compound,
      removing the amino-protecting groups from the resultant acylation products
      and then isolating the desired product in a chromatographic manner. It has
      further been found that the new kanamycin B derivatives so prepared
      exhibit a usefully high anti-bacterial activity against the gram-negative
      and gram-positive bacteria sensitive to kanomycins and
      3',4'-dideoxykanamycin B, as well as against some drug-resistant bacteria.
PAR  According to a first aspect of this invention, there is provided a new
      compound selected from 1,2'-di-N-(4-amino-2-hydroxybutyryl)-kanamycin B,
      1,2'-di-N-(4-amino-2-hydroxybutyryl)-3',4'-dideoxykanamycin B
      1,2'-di-N-isoserylkanamycin B and
      1,2'-di-N-isoseryl-3',4'-dideoxykanamycin B, which are generically
      represented by a 1,2'-di-N-(.alpha.-hydroxy-aminoacyl)-kanamycin B or
      -3',4'-dideoxykanamycin B of the following general formula:
      ##SPC1##
PAL  wherein each R is a hydroxyl group or a hydrogen atom and n is an integer
      of 1 or 2, and the pharmaceutically acceptable acid-addition salt thereof.
      The .alpha.-hydroxy-aminoacyl moiety, that is the 4-amino-2-hydroxybutyryl
      or isoseryl moiety, in the molecule of the new compound of the above
      formula (I) may be either in the DL-form or in the L-form (namely, the
      S-form) or in the D-form (namely, the R-form).
PAR  Examples of pharmaceutically acceptable acid-addition salts of the compound
      of the above-mentioned general formula (I) according to this invention
      include the hydrochloride, sulfate, phosphate, carbonate, acetate,
      maleate, fumarate, succinate, tartrate, oxalate, citrate,
      methanesulfonate, ethanesulfonate and the like.
PAR  The compounds according to this invention have the following physical,
      chemical and biological properties: Thus,
      1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-kanamycin B is a substrate in the
      form of a colorless crystalline powder with a decomposition point of
      117.degree.-180.degree.C., [.alpha.].sub.D.sup.26 = +65.degree. (c 1.25,
      water). Its elemental analysis is coincident with the theoretical values
      of C.sub.26 H.sub.51 N.sub.7 O.sub.14.2H.sub.2 CO.sub.3 (C 41.53%, H
      6.85%, N 12.11%). This substance gives a single spot positive to the
      ninhydrin reaction at Rf 0.08 in a thin layer chromatography of silica gel
      (available under a trade name "ART 5721", a product of Merck Co., Germany)
      using a solvent system of butanol-ethanol-chloroform-17% aqueous ammonia
      (4:5:2:8 by volume) and at Rf 0.04 on a thin layer chromatography of the
      same silica gel using a solvent system of methanol-chloroform-28% aqueous
      ammonia-water (4:1:2:1 by volume) as the development solvent,
      respectively.
PAR  1,2-di-N-[(S)-4-amino-2-hydroxybutyryl]-3',4'-dideoxykanamycin B is a
      substance in the form of a colorless crystalline powder with a
      decomposition point of 168.degree.-170.degree.C., [.alpha.].sub.D.sup.24 =
      +78.degree. (c 1.14, H.sub.2 O). Its elemental analysis is coincident with
      the theoretical values of C.sub.26 H.sub.51 N.sub.7 O.sub.12.2H.sub.2
      CO.sub.3 (C 43.24%, H 7.13%, N 12.61%). This substance gives a single spot
      positive to the ninhydrin reaction at Rf 0.09 in the above-mentioned thin
      layer chromatography of silica gel using a solvent system of
      butanol-ethanol-chloroform-17% aqueous ammonia (4:5:2:5 by volume) and at
      Rf 0.15 on the same thin layer chromatography of silica gel using a
      solvent system of methanol-chloroform-28% aqueous ammonia-water (4:1:2:1
      by volume), respectively.
PAR  1,2'-di-N-DL-isoseryl-3',4'-dideoxykanamycin B is a substance in the form
      of a colorless crystalline powder with a decomposition point of
      175.degree.-178.degree.C, [.alpha.].sub.D.sup.27 = +96.degree. (c 1.40,
      H.sub.2 O). Its elemental analysis is coincident with the theoretical
      values of C.sub.24 H.sub.47 N.sub.7 O.sub.12.2 H.sub.2 CO.sub.3 (C 41.65%,
      H 6.86%, N 13.08%). This substance gives a single spot positive to the
      ninhydrin reaction at Rf 0.08 in the above-mentioned thin layer
      chromatography of silica gel using a solvent system of
      butanol-ethanol-chloroform-17% aqueous ammonia (4:5:2:5 by volume) and at
      Rf 0.26 on the same thin layer chromatography using
      methanol-chloroform-28% aqueous ammonia-water (4:1:2:1 by volume),
      respectively.
PAR  1,2'-di-N-DL-isoseryl-kanamycin B is a substance in the form of a colorless
      crystalline powder with a decomposition of 180.degree.-185.degree.C,
      [.alpha.].sub.D.sup.27 = +85.degree. (c 1.0, H.sub.2 O). Its elemental
      analysis is coincident with the theoretical values of C.sub.24 H.sub.47
      N.sub.7 O.sub.14.2H.sub.2 CO.sub.3 (C 39.95%, H 6.58%, N 12.54%). This
      substance gives a single spot positive to the ninhydrin reaction at Rf
      0.06 in the above-mentioned thin layer chromatography of silica gel using
      a solvent system of butanol-ethanol-chloroform-17% aqueous ammonia
      (4:5:2:5 by volume) as the development solvent.
PAR  The ultra-violet absorption spectrum of the above substances in aqueous
      solution show only the end absorption and the infra-red absorption spectra
      in a potassium bromide pellet reveal the presence of the amido-linkage in
      the molecule thereof. From the nuclear magnetic resonance spectra, it is
      shown that each substance is a compound in the molecule of which kanamycin
      B or 3',4'-dideoxykanamycin B has been condensed with the
      .alpha.-hydroxy-amino acid in a molar ratio of 1:2.
PAR  Moreover, the above specified four substances exhibit a high antibacterial
      activity not only against various gram-negative and grame-positive
      bacteria which are sensitive to kanamycins, but also against the
      drug-resistant strains of Escherichia coli and Pseudomonas aeruginosa, as
      shown in Table 1 below. These substances are of low toxicity to animals
      and men as shown by the fact that they exhibit an LD.sub.50 of more than
      100 mg/kg upon intravenous injection in mice.
PAR  The minimum inhibitory concentrations (mcg/ml) of
      1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-kanamycin B (abbreviated as
      1,2'-AHB-KMB),
      1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-3',4'-dideoxykanamycin B
      (abbreviated as 1,2'-AHB-DKB),
      1,2'-di-N-DL-isoseryl-3',4'-dideoxykanamycin B (abbreviated as
      1,2'-IS-DKB) and 1,2'-di-N-DL-isoseryl-kanamycin B (abbreviated as
      1,2'-IS-KMB) against various microorganisms were determined according to
      serial dilution method using nutrient agar medium at 37.degree.C, the
      estimation being effected after 18 hours incubation. For comparison, the
      minimum inhibitory concentrations of kanamycin B (abbreviated as KMB) and
      3',4'-dideoxykanamycin B (abbreviated as DKB) were also determined in the
      same manner as mentioned above.
PAR  The antibacterial spectra of these substances are shown in Table 1 below.
TBL                                    Table 1                                 
     __________________________________________________________________________
                          Minimum Inhibitory Concentrations (mcg/ml)           
                          1,2'-  1,2'-  1,2'-  1,2'-                           
            Test Organisms                                                     
                          AHB-KMB                                              
                                 AHB-DKB                                       
                                        IS-DKB IS-KMB KMB    DKB               
     __________________________________________________________________________
     Staphylococcus aureus Smith                                               
                          0.39   0.20   --     --     0.39   &lt;0.20             
     Staphylococcus aureus FDA 209P                                            
                          6.25   0.78   1.56   3.13   &lt;0.20  &lt;0.20             
     Staphylococcus aureus Terejima                                            
                          &lt;0.20  &lt;0.20  --     --     &lt;0.20  &lt;0.20             
     Sarcina lutea PCI 1001                                                    
                          6.25   1.56   --     --     1.56   6.25              
     Bacillus anthracis   0.39   &lt;0.20  --     --     &lt;0.20  &lt;0.20             
     Bacillus subtilis PCI 219                                                 
                          &lt;0.20  &lt;0.20  --     --     &lt;0.20  &lt;0.20             
     Bacillus subtilis NRRL B-558                                              
                          0.78   0.20   --     --     &lt;0.20  &lt;0.20             
     Bacillus cereus ATCC 10702                                                
                          12.5   1.56   --     --     0.78   0.78              
     Corynebacterium bovis 1810                                                
                          3.13   0.78   --     --     1.56   3.13              
     Mycobacterium smegmatis ATCC 607                                          
                          0.78   0.20   1.56   1.56   0.78   0.39              
     Shigella dysenteriae JS 11910                                             
                          12.5   6.25   --     --     3.13   1.56              
     Shigella flexneri 4b JS 11811                                             
                          12.5   6.25   --     --     3.13   1.56              
     Shigella sonnei JS 11746                                                  
                          6.25   6.25   --     --     1.56   0.78              
     Salmonella typhosa T-63                                                   
                          3.13   0.78   --     --     0.20   &lt;0.20             
     Salmonella enteritidis 1891                                               
                          3.13   1.56   --     --     1.56   1.56              
     Proteus vulgaris OX 19                                                    
                          3.13   0.78   --     --     0.78   &lt;0.20             
     Klebsiella pneumoniae PCI 602                                             
                          3.13   0.78   3.13   3.13   0.78   0.39              
     Klebsiella pneumoniae 22 -3038                                            
                          3.13   1.56   12.5   12.5   &gt;100   100               
     Escherichia coli NIHJ                                                     
                          6.25   3.13   6.25   6.25   0.78   0.39              
     Escherichia coli K-12                                                     
                          3.13   1.56   6.25   6.25   0.78   0.78              
     Escherichia coli K-12 ML 1629                                             
                          3.13   3.13   6.25   6.25   &gt;100   0.78              
     Escherichia coli K-12 ML 1630                                             
                          3.13   3.13   6.25   6.25   &gt;100   0.78              
     Escherichia coli K-12 ML 1410                                             
                          3.13   3.13   6.25   6.25   0.78   1.56              
     Escherichia coli K-12 ML 1410 R81                                         
                          6.25   1.56   6.25   6.25   &gt;100   1.56              
     Escherichia coli LA290 R55                                                
                          3.13   0.78   6.25   6.25   12.5   50                
     Escherichia coli LA290 R56                                                
                          1.56   0.78   6.25   6.25   3.13   12.5              
     Escherichia coli LA290 R64                                                
                          1.56   0.78   6.25   6.25   3.13   6.25              
     Escherichia coli W677                                                     
                          1.56   1.56   3.13   3.13   0.39   0.20              
     Escherichia coli JR66/W677                                                
                          6.25   6.25   12.5   25     &gt;100   50                
     Pseudomonas aeruginosa A3                                                 
                          12.5   25     6.25   12.5   50     1.56              
     Pseudomonas aeruginosa No.12                                              
                          25     6.25   25     25     12.5   0.78              
     Pseudomonas aeruginosa TI-13                                              
                          25     12.5   12.5   12.5   100    1.56              
     Pseudomonas aeruginosa GN315                                              
                          &gt;100   100    &gt;100   &gt;100   &gt;100   &gt;100              
     Pseudomonas aeruginosa 99                                                 
                          50     50     50     50     &gt;100   3.13              
     __________________________________________________________________________
PAR  The new compounds of this invention, namely
      1,2'-di-N-(.alpha.-hydroxy-aminoacyl)-kanamycin B or
      -3',4'-dideoxykanamycin B of the general formula (I) are of low toxicity
      to animals and men, as show an LD.sub.50 value of more than 100 mg/kg upon
      intravenous injection of the compound in mice. In addition, the new
      compounds of this invention exhibit a high antibacterial activity against
      various gram-positive and gram-negative bacteria, including the
      kanamycin-resistant strains, so that the new compounds of this invention
      may be useful in treatment of infections of gram-positive and
      gram-negative bacteria. The compounds of this invention may be
      administered orally, intraperitoneally, intravenously, subcutaneously or
      intamuscularly using any pharmaceutical form known to the art for such
      administration and in a similar manner to kanamycins. For instance, the
      compounds of the formula (I) of this invention may be administered orally
      using any pharmaceutical form known to the art for such oral
      administration. Examples of pharmaceutical forms for oral administration
      are powders, capsules, tablets, syrup, and the like. A suitable dose of
      the compound for the effective treatment of bacterial infections is in a
      range of 0.25-2 g per person a day when it is given orally. It is
      preferred that said dose should be orally administered in three to four
      aliquots per day. The compounds of this invention may also be administered
      by intramuscular injection at a dosage of 100-500 mg per person two to
      four times per day. Moreover, the new compounds of the invention may be
      formulated into an ointment for external application which contains a
      compound of this invention at a concentration of 0.5-5% by weight in
      mixture with a known ointment base such as polyethylene glycol.
PAR  The compounds of the formula (I) according to this invention may
      principally be produced from kanamycin B and 3',4'-dideoxykanamycin B,
      respectively, which are represented by the following general formula:
      ##SPC2##
PAL  wherein each R is a hydroxyl group or a hydrogen atom, by acylating the
      starting compound kanamycin B or 3',4'-dideoxykanamycin B of the general
      formula (II) selectively at the 1- and 2'-amino groups thereof with an
      .alpha.-hydroxy-amino acid of the general formula:
EQU  H.sub.2 N--(CH.sub.2).sub.n --CH(OH)--COOH                 (III)
PAL  wherein n is a whole number of 1 or 2, in a manner known for the prior art
      of acylating the amino group. The starting materials kanamycin B and
      3',4'-dideoxykanamycin B contain five amino groups all per molecule
      thereof. In order to achieve the production of
      1,2'-di-N-(.alpha.-hydroxy-aminoacyl)-kanamycin B or
      -3',4'-dideoxykanamycin B of the general formula (I) according to this
      invention, it is required that only the 1-amino and 2'-amino groups of the
      starting kanamycin B or 3',4'-dideoxykanamycin B of the general formula
      (II) should selectively be acylated by the .alpha.-hydroxy-amino acid of
      the general formula (III) without involving the acylation of the other
      amino groups. It will be obvious that the desired new compound of the
      formula (I) would be obtained in a best yield if the .alpha.-hydroxy-amino
      acid reactant of the formula (III) is reacted with such an amino-protected
      derivative of the starting compound of the formula (II) in which all the
      amino groups other than the 1- and 2'-amino groups (namely, all the 6'-,
      3- and 3"-amino groups of kanamycin B and 3',4'-dideoxykanamycin B) have
      been blocked by a known amino-protecting group while the 1- and 2'-amino
      groups remain free. The preparation of such amino-protected derivative of
      the starting compound of the formula (II) is possible, but needs a very
      complicated method comprising a number of reaction steps for preparation.
      In this situation, it is rather preferred to prepare an amino-protected
      derivative of the starting compound of the formula (II) in which only the
      primary 6'-amino group of the starting compound (II) has been blocked by
      the amino-protecting group with the 1- and 2'-amino groups remaining in
      the free state, because the preparation of such amino-protected
      derivatives is relatively easier and simpler owing to the fact that the
      6'-amino group is the most reactive of the amino groups of the starting
      compound (II) and is hence capable of being protected preferentially with
      the amino-protecting group with keeping the other amino groups unblocked.
      The reactivity of the 2'-amino group is lower than that of the 6'-amino
      group but higher than that of the other amino groups.
PAR  When the so prepared amino-protected derivative of the compounds (II) in
      which the 6'-amino group has been blocked is reacted with the
      .alpha.-hydroxy-amino acid of the formula (III) of which the amino group
      may preferably be blocked with an amino-protecting group, there may be
      formed a mixture of different acylation products comprising the desired
      1,2'-di-N-acylated product in which only the 1- and 2'-amino groups have
      been acylated with the .alpha.-hydroxy-amino acid (III), as well as such
      undesired mono- or poly-N-acylated products of which one or more of the
      amino groups other than the 1- and 2'-amino groups has been acylated with
      the .alpha.-hydroxy-amino acid (III), respectively. When these mixed
      N-acylated products so formed are treated so as to remove the
      amino-protecting groups therefrom, there are produced such mixed
      N-acylated derivatives of the starting compound (II) comprising the
      desired 1,2'-di-N-acylated product of the formula (I) as well as the
      undesired mono- or poly-N-acylated products from which the
      amino-protecting groups have already been liberated. The desired
      1,2'-di-N-acylated product (I) may be isolated from said mixed N-acylated
      derivatives in a chromatographic manner separately from the other
      undesired N-acylated products.
PAR  According to a second aspect of this invention, therefore, there is
      provided a process for the production of the compounds of the aforesaid
      general formula (I), which comprises acylating a compound of the general
      formula:
      ##SPC3##
PAL  wherein each R is a hydroxyl group or a hydrogen atom and R.sub.1 is a
      known mono-valent amino-protecting group and R.sub.2 is a hydrogen atom,
      or R.sub.1 and R.sub.2 taken together form a known divalent
      amino-protecting group, with an .alpha.-hydroxy-amino acid of the formula:
      ##EQU1##
      wherein R.sub.3 is a known mono-valent amino-protecting group and R.sub.4
      is a hydrogen atom, or R.sub.3 and R.sub.4 taken together form a known
      divalent amino-protecting group, and n is an integer of 1 or 2, to produce
      the mixed N-acylated products containing the desired intermediate
      acylation product of the formula:
      ##SPC4##
PAL  wherein R, R.sub.1, R.sub.2, R.sub.3, R.sub.4 and n are each as defined
      above, removing the amino-protecting groups from said mixed N-acylated
      products, and then isolating the desired compound of the formula (I) out
      of the mixed N-acylated products which have been freed from the
      amino-protecting groups.
PAR  To prepare the compound having the amino group protected according to the
      above formula (IV) which is employed as the starting material in the
      process of this invention, kanamycin B or 3',4'-dideoxykanamycin B, that
      is, a compound of the above formula (II), is reacted with a reagent which
      is known and is commonly used in the conventional synthesis of peptides to
      introduce a known amino-protecting group. Accordingly, the above-mentioned
      known amino-protecting group available in this invention may be any of the
      amino-protecting groups which are commonly known and used in the
      conventional synthesis of peptides, as long as it is capable of being
      removed readily from the acylation products of the acylation step of the
      present process by treating the acylation products in a known manner for
      the removal of the amino-protecting group without substantially affecting
      the amide linkages of the acylation products which have already been
      formed between the .alpha.-hydroxy-aminoacyl radical and the kanamycin B
      moiety of the acylation products.
PAR  As suitable examples of the known amino-protecting groups for the R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4 which are available in this invention, there
      may be mentioned an alkyloxycarbonyl group of 2-6 carbon atoms such as
      ethoxycarbonyl, t-butoxycarbonyl and t-amyloxycarbonyl; a
      cycloalkyloxycarbonyl group of 4-7 carbon atoms such as
      cyclopentyloxycarbonyl and cyclohexyloxycarbonyl; an aralkyloxycarbonyl
      group such as benzyloxycarbonyl and p-nitrobenzyloxycarbonyl; an
      aryloxycarbonyl group such as phenoxycarbonyl and furfuryloxycarbonyl; and
      an acyl group such as o-nitrophenoxyacetyl and the like. When a pair of
      the groups R.sub.1 and R.sub.2 or a pair of the groups R.sub.3 and R.sub.4
      taken together forms a known divalent amino-protecting group, this
      divalent amino-protecting group may be a phthaloyl group or a
      salicyclidene group and generally an alkylidene or arylidene group of the
      formula =CHR.sub.5 in which R.sub.5 is an alkyl group of 1-6 carbon atoms
      such as methyl, ethyl, propyl, isopropyl, butyl or pentyl, or an aryl
      group such as phenyl, tolyl, p-methoxyphenyl or o-hydroxylphenyl.
PAR  Such known mono-valent amino-protecting groups as alkyloxycarbonyl,
      aralkyloxycarbonyl or aryloxycarbonyl groups may be shown by a formula
      --CO--OR.sub.6 in which R.sub.6 is an alkyl group of 1-5 carbon atoms such
      as methyl, ethyl, t-butyl and t-amyl or a cycloalkyl group of 3-6 carbon
      atoms such as cyclopentyl and cyclohexyl; an aralkyl group such as
      phenyl-alkyl containing an alkyl group of 1-4 carbon atoms, for example,
      benzyl and p-nitrobenzyl; an aryl group such as phenyl, or a heterocyclic
      group such as furfuryl. Most preferred as amino-protecting groups are
      t-butoxy and benzyloxy, as these are capable of reacting selectively with
      the 6'-amino group of the compound (II) and being removed from the
      acylation products most readily.
PAR  For the preparation of such an amino-protected compound of the formula (IV)
      in which the 6'-amino group alone has been blocked by a known
      amino-protecting group of the type --CO--OR.sub.6, the antibiotic compound
      of the formula (II) may be reacted with a substantially equimolar
      proportion of a chloroformate of the formula:
EQU  Cl--CO--OR.sub.6                                           (VII)
PAL  or a p-nitrophenyl carbonate of the formula:
EQU  p--NO.sub.2 --C.sub.6 H.sub.5 --O--CO--OR.sub.6            (VII')
PAL  or an N-hydroxysuccinimide ester of the formula:
      ##SPC5##
PAL  or an azidoformate of the formula:
EQU  N.sub.3 --CO--OR.sub.6                                     (VII'")
PAL  or a 4,6-dimethylpyrimidyl-2-thiol-carbonate of the formula:
      ##SPC6##
PAL  wherein R.sub.6 is as defined above, in a suitable solvent such as water,
      ethanol, acetone or a mixture thereof under neutral or basic conditions in
      a manner known in the prior art of synthesis of peptides. The reaction
      products so obtained usually consist of a mixture of various
      amino-protected derivatives of the compound (II) comprising the main
      proportion of derivatives where only the 6'-amino group has been blocked
      by the group --CO--OR.sub.6, as well as minor proportions of derivatives
      where the 6'-amino group and one or more of the other amino groups have
      been blocked by the group --CO--OR.sub.6, and so on. By subjecting this
      mixture (said reaction products) to a chromatographic separation using a
      cation-exchange resin having carboxylic functions, for example, a
      copolymer of methacrylic acid with divinylbenzene (available under a trade
      name "Amberlite" IRC 50 or Amberite CG 50, a product of Rohm and Haas,
      U.S.A., (in the form of the ammonium salt), there may be isolated the
      starting compound (IV) in which the 6'-amino group alone has been blocked
      by an amino-protecting group of the type --CO--OR.sub.6.
PAR  For the preparation of amino-protected compounds of the formula (IV) in
      which the 6'-amino group alone has been blocked by a known, divalent
      amino-protecting group of the alkylidene or arylidene type =CHR.sub.5, an
      antibiotic compound of the formula (II) may be alkylidenated or
      arylidenated by it reacting with a substantially equimolar proportion of
      an aldehyde of the formula:
EQU  OHC--R.sub.5                                               (VIII)
PAL  wherein R.sub.5 is as defined above, in a manner known in the production of
      Schiff's bases. Suitable aldehydes (VIII) for this purpose include
      acetaldehyde, anisaldehyde, tolualdehyde, p-nitrobenzaldehyde and
      salicylaldehyde. In this way, there may be obtained the mixed
      alkylidenation or arylidenation products, which may be subjected to a
      chromatographic separation using a cation-exchange resin as stated above
      to isolate the starting compound (IV) in which the 6'-amino group alone
      has been blocked by amino-protecting group of the type =CHR.sub.5.
PAR  For instance, 6'-N-t-butoxycarbonyl-kanamycin B or -3',4'-dideoxykanamycin
      B may be prepared in a high yield by reacting kanamycin B or
      3',4'-dideoxykanamycin B in solution in a mixture of pyridine, water and
      triethylamine with a 1 to 3 molar proportion of t-butoxycarbonyl azide
      added dropwise thereto under agitation, stirring the admixture at ambient
      temperature overnight, concentrating the reaction mixture to dryness in
      vacuo and then purifying the solid residue in a column chromatography with
      a cation-exchange resin such as Amberlite CG 50 (NH.sub.4 form), while
      recovering the unreacted kanamycin B or 3',4'-dideoxykanamycin B. The
      compound of the formula (IV) prepared in the above procedures may be
      employed as the starting compound in the process of this invention without
      purification.
PAR  In acylating the starting compound (IV) with the .alpha.-hydroxy-amino acid
      compound (V) in accordance with the process of this invention, the
      compound (IV) is reacted with the .alpha.-hydroxy-amino acid compound (V)
      in a manner known for the acylation which is commonly known in the
      conventional synthesis of amides. Thus, the compound (IV) may be acylated
      by condensing with the .alpha.-hydroxy-amino acid compound (V) in a
      solution in dimethylformamide, acetone or tetrahydrofuran under
      ice-cooling and in the presence of a dehydrating agent such as
      dicyclohexylcarbodiimide. The .alpha.-hydroxyamino acid compound (V)
      employed may either be in the racemic form or in the optically active
      forms. For example, when an optically active isoserine, such as
      (L)-isoserine or (D)-isoserine is used as the .alpha.-hydroxy-amino acid
      (V), the final product of the process of this invention is then
      biologically active similarly to the racemic form. Of course, the
      .alpha.-hydroxy-amino acid compound (V) may also be used in the form of
      its reactive derivative such as the acid chloride, the mixed acid
      anhydride, the active esters or the azide derivative thereof. Thus, it is
      feasible that the .alpha.-hydroxy-amino acid compound (V) is at first
      reacted with N-hydroxysucciimide in the presence of
      dicyclohexyl-carbodiimide to prepare its active ester of the formula:
      ##SPC7##
PAL  which is, in turn, reacted with the compound (IV) for the N-acylation of
      the latter compound. It is preferred that the compound (IV) should be
      reacted with at least 0.5 molar proportion and preferably 2 to 3 molar
      proportions of the active ester form of the .alpha.-hydroxy-amino acid
      compound (V') in a reaction medium consisting of water and an organic
      solvent such as dimethoxyethane. Of the .alpha.-hydroxy-amino acid
      compound (V) or its active ester form (V') which is used as the acylating
      agent in the process of this invention, it is preferred to use such a form
      of the .alpha.-hydroxy-amino acid compound (V) in which the
      amino-protecting groups R.sub.3 and R.sub.4 are of the same nature as that
      of the amino-protecting groups for the R.sub.1 and R.sub.2 present in the
      starting compound (IV) employed.
PAR  In the process of this invention, the acylation of the compound (IV) with
      the .alpha.-hydroxy-amino acid compound (V) or (V') gives mixed N-acylated
      products which are usually composed of a mixture of the desired
      1,2'-di-N-acylated product and the undesired mono-N-acylated products as
      well as the undesired poly-N-acylated products.
PAR  The mixed N-acylated products so produced may then be treated so as to
      remove the remaining amino-protecting groups therefrom, that is to say, to
      convert the remaining amino-protective groups into hydrogen atoms,
      respectively.
PAR  The removal of the remaining amino-protecting groups from the
      above-mentioned mixed N-acylated products which are produced by the
      acylation step of the present process is to convert the amino-protecting
      groups into hydrogen atoms and may be effected in the following different
      ways known per se. Thus, when the amino-protecting group is an
      alkyloxycarbonyl group, such as t-butoxycarbonyl, an cycloalkyloxycarbonyl
      group, aryloxycarbonyl group, alkylidene or arylidene group, the removal
      of this kind of amino-protecting group may be effected by subjecting the
      mixed N-acylated products to a moderate hydrolysis treatment with an acid
      such as aqueous trifluoroacetic acid, aqueous acetic acid or diluted
      hydrochloric acid. When the amino-protecting group is an
      aralkyloxycarbonyl group such as benzyloxycarbonyl, the removal of this
      sort of the amino-protecting group may be effected by subjecting the mixed
      N-acylated products to a hydrogenolysis treatment in the presence of a
      palladium-carbon catalyst or to a treatment with hydrogen bromide in
      acetic acid. The o-nitrophenoxyacetyl group as the amino-protecting group
      may be removed by a reductive treatment. When the amino-protecting group
      is a phthaloyl group, the removal of the phthaloyl group may be achieved
      by treating the mixed N-acylated products with hydrazine hydrate in
      ethanol under heating. When the acylation products contain different kinds
      of the amino-protecting groups, the acylation products may be subjected to
      simultaneous or successive treatments to remove the different
      amino-protecting groups therefrom.
PAR  After the removal of the amino-protecting group is carried out, the mixed
      N-acylated products from which the amino-protecting group has been removed
      are then subjected to a chromatographic separation to remove the unreacted
      materials and to isolate the desired compound of the formula (I). The
      removal of the unreacted materials may be effected by column
      chromatography with silica gel. The isolation of the desired compound of
      the formula (I) from the mixed N-acylated products may efficiently be
      achieved by subjecting the mixed N-acylated products to an ion-exchange
      chromatography using, for example, a cation-exchange resin having
      carboxylic functions, such as Amberlite IRC 50 or Amberlite CG 50 (a
      product of Rohm & Haas Co., U.S.A.), a weak cation-exchanger such as
      CM-Sephadex C-25 (a product of Pharmacia Co., Sweden) or CM-cellulose. The
      eluate from the chromatographic process is collected in fractions, and the
      antibacterial activity of these fractions is detected using sensitive and
      resistant bacteria as the test microorganisms. Through this detection of
      the antibacterial activity of each fraction, it is easy to locate the
      active fractions containing the desired compound of the formula (I). A
      portion is taken out of these active fractions and subjected to a thin
      layer chromatography with silica gel using, for example, a solvent system
      of butanol-ethanol-chloroform-17% aqueous ammonia. In this way, it is
      possible to locate fractions which give a single spot at the specific Rf
      value of the desired 1,2'-di-N-(.alpha.-hydroxy-aminoacyl)-kanamycin B or
      -3',4'-dideoxykanamycin B of the formula (I) and which contain solely the
      desired product (I). Such fractions may be combined together and
      concentrated to dryness under atmospheric or reduced pressure to recover
      the desired compound (I).
PAR  This invention is not illustrated with reference to the following Examples,
      to which this invention is not limited in any way.
DETD
PAC  EXAMPLE 1
PAR  Synthesis of 1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-kanamycin B.
PA1  a. Preparation of 6'-N-tert-butoxycarbonylkanamycin B
PAR  Kanamycin B base (4.83 g, 10 millimoles) was dissolved in 100 ml of water,
      to which was added a solution of 2.40 g (10 millimoles) of
      tert-butyl-4,6-dimethylpyrimidyl-2-thiol-carbonate in 100 ml of dioxane.
      The mixture was agitated for 18 hours at ambient temperature to effect the
      tert-butoxycarbonylation. The reaction mixture was then concentrated to
      dryness under reduced pressure to give a solid. This solid was dissolved
      in water and the aqueous solution was passed into a column of 350 ml of a
      cation-exchange resin consisting essentially of a copolymer of methacrylic
      acid and divinylbenzene (commercially available as a product of the trade
      name Amberlite CG 50, ammonium form) to adsorb the butoxycarbonylated
      products onto the resin. The resin column was washed with 1,400 ml of
      water and then eluted with 0.2% aqueous ammonia. Those fractions of the
      eluate which were positive to the ninhydrin reaction and to the
      Rydon-Smith reaction and also gave a single spot in a high-voltage paper
      electrophoresis were combined together and concentrated to dryness,
      affording 2.35 g of a white powder of 6'-N-tert-butoxycarbonylkanamycin B
      (decomposition point 168.degree.-172.degree.C. Yield 40 %. When the resin
      column was further eluted with 0.6% aqueous ammonia, the unreacted
      kanamycin B was recovered in a yield of 1.0 g (21%).
PA1  b. Production of 1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-kanamycin B.
PAR  6'-N-tert-butoxycarbonylkanamycin B (583 mg, 1.0 millimoles) was dissolved
      in a liquid mixture of 5 ml of water and 5 ml of dimethoxyethane, to which
      was then added a solution of 800 mg (2.5 millimoles) of
      N-hydroxysuccinimide ester of
      (S)-4-tert-butoxycarbonylamino-2-hydroxybutyric acid in 15 ml of
      dimethoxyethane. The mixture was stirred for 24 hours at ambient
      temperature to effect the acylation. The reaction mixture was concentrated
      to dryness under reduced pressure to give a solid comprising the mixed
      N-acylated products. This solid was taken up into 14 ml of aqueous 90%
      trifluoroacetic acid, and the resulting solution was allowed to stand at
      ambient temperature for 40 minutes during which the removal of the
      tert-butoxycarbonyl groups took place. The reaction solution was then
      concentrated to dryness under reduced pressure to give 2.19 g of a faintly
      yellow colored powder. This powder was dissolved in water and the aqueous
      solution so obtained was then passed into a column of 125 ml of a
      cation-exchange resin (Amberlite CG 50, ammonium form) to adsorb acylation
      products onto the resin. The resin column was washed with water (625 ml)
      and then the resin column was subsequently eluted with 0.5N aqueous
      ammonia (1,250 ml) and IN aqueous ammonia (1,250  ml). The eluate was
      collected in 17 ml fractions, and every fraction was tested according to a
      usual plate method for its antibacterial activity, using the
      kanamycin-sensitive strain Bacillus subtilis PCI 219 and the
      kanamycin-resistant strain Escherichia coli JR66/W677 as the test
      microorganisms. Those fractions which showed high antibacterial activity
      to both of the above strains and which gave a single spot of Rf 0.04 on
      the thin layer chromatography of silica gel (ART 5721) using
      methanol-chloroform-28% aqueous ammonia-water (4:1:2:1 by volume) were
      combined together. The eluate with 1N aqueous ammonia (fractions No.
      166-179) was found to contain solely
      1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-kanamycin B, whereas the eluate
      with 0.5N aqueous ammonia (fractions No. 88-97) was found to contain
      solely 1-N-[(S)-4-amino-2-hydroxybutyryl]-kanamycin B which gave a single
      spot of Rf 0.15 in the above-mentioned thin layer chromatography of silica
      gel (ART 5721). The fractions No. 166 to 179 combined together were
      concentrated to dryness under reduced to pressure to give 125 mg of a
      colorless crystalline powder which was identified as
      1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-kanamycin B. Yield 15%.
      Decomposition point 177.degree.-180.degree.C. [.alpha.].sub.D.sup.26
      +65.degree. (c 1.25, water).
PAC  EXAMPLE 2
PAR  Synthesis of
      1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-3',4'-dideoxykanamycin B
PA1  a. Preparation of 6'-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B
PAR  3',4'-dideoxykanamycin B base (5 g, 11 millimoles) was dissolved in 555 ml
      of a mixture of pyridine-water-triethylamine (10:10:1 by volume), to which
      was then added 1.58 g (11 millimoles) of tert-butoxycarbonyl azide. The
      admixture was agitated for 18 hours at ambient temperature to effect the
      tert-butoxycarbonylation. The reaction mixture was then concentrated to
      dryness under reduced pressure to give a solid. This solid was dissolved
      in water and the aqueous solution was passed into a column of 300 ml of a
      cation-exchange resin consisting essentially of a copolymer of methacrylic
      acid and divinylbenzene (commercially available as a product of the trade
      name Amberlite CG 50, ammonium form) to adsorb the butoxycarbonylation
      products onto the resin. The resin column was washed with 1,500 ml of
      water and then eluted with 0.2% aqueous ammonia. Such fractions of the
      eluate which were positive to the ninhydrin reaction and to the
      Rydon-Smith reaction and also gave a single spot in a high-voltage paper
      electrophoresis were combined together and concentrated to dryness,
      affording 2.8 g of a white powder of
      6'-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B (decomposition point
      136.degree.-140.degree.C). Yield 49%. When the resin column was further
      eluted with 1% aqueous ammonia, the unreacted 3',4'-dideoxykanamycin B was
      recovered in a yield of 1.8 g (36%).
PA1  b. Production of
      1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-3',4'-dideoxykanamycin B
PAR  6'-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B (1,107 mg, 2.0
      millimoles) was dissolved in a liquid mixture of 20 ml of water and 10 ml
      of dimethoxyethane, to which was then added 1,544 mg (4.4 millimoles) of
      N-hydroxysuccinimide ester of
      (S)-4-benxyloxycarbonylamino-2-hydroxybutyric acid in 20 ml of
      dimethoxyethane. The admixture was stirred for 19 hours at ambient
      temperature to effect the acylation. The reaction mixture was concentrated
      to dryness under reduced pressure to give a solid comprising the mixed
      N-acylated products.
PAR  This solid was taken up into a liquid mixture of 18 ml of trifluoroacetic
      acid and 2 ml of water, and the resulting solution was allowed to stand at
      ambient temperature for 30 minutes, during which the removal of the
      tert-butoxycarbonyl group took place. The reaction solution was then
      admixed with 16 ml of water and 1 g of 5% palladium-on-carbon and then
      subjected to the catalytic hydrogenation for 5 hours under atmospheric
      pressure to effect the removal of the benzyloxycarbonyl amino-protecting
      group.
PAR  The reaction mixture was filtered to remove the catalyst, and the filtrate
      was concentrated to dryness under reduced pressure to give 3.08 g of a
      faintly yellow colored powder. This powder was dissolved in water and the
      aqueous solution so obtained was then passed into a column of 50 ml of a
      cation-exchange resin (Amberlite CG 50,  ammonium form) to adsorb the
      acylation products onto the resin. The resin column was washed with water
      (250 ml) and then with 500 ml of 0.5N aqueous ammonia, and the resin
      column was subsequently eluted with 0.75N aqueous ammonia. The eluate was
      collected in 10 ml-fractions. Every fraction was tested in the same manner
      as in Example 1b, and those fractions which showed high antibacterial
      activity to both the strains Bacillus subtilis PCI 219 and Escherichia
      coli JR66/W677 and which gave a single spot of Rf 0.09 in the thin layer
      chromatography of silica gel (ART 5721) using butanol-ethanol-chloroform-
      17% aqueous ammonia (4:5:2:5 by volume) were combined together. Fraction
      Nos. 105 to 137 were found to contain solely the desired
      1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-3',4'-dideoxykanamycin B, whereas
      fractions Nos. 75 to 89 were found to contain
      1-N-((S)-4-amino-2-hydroxybutyryl)-3',4'-dideoxykanamycin B which gave
      single spot of Rf 0.17 in the aforesaid thin layer chromatography of
      silica gel (ART 5721). The fractions Nos. 105 to 137 combined together
      were concentrated to dryness to give 286 mg of a colorless crystalline
      powder which was identified as
      1,2'-di-N-[(S)-4-amino-2-hydroxybutyryl]-3',4'-dideoxykanamycin B. Yield
      18%. Decomposition point 168.degree.-170.degree.C. [.alpha.].sub.D.sup.24
      = +78.degree. (c 1.14, H.sub.2 O).
PAC  EXAMPLE 3
PAC  Synthesis of 1,2'-di-N-DL-isoseryl-3',4'-dideoxykanamycin B
PAR  6'-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B (553 mg, 1.0 millimole)
      was dissolved in a liquid mixture of 5 ml of water and 5 ml of
      dimethoxyethane, to which was then added a solution of the 755 mg of
      N-hydroxysuccinimide ester of N-tert-butoxycarbonyl-DL-isoserine in 10 ml
      of dimethoxyethane. The mixture was stirred at ambient temperature for 16
      hours to effect the acylation. The reaction mixture was concentrated to
      dryness to give a solid comprising the mixed N-acylated products.
PAR  This solid was taken up into 14 ml of 90% aqueous trifluoroacetic acid and
      the solution was allowed to stand at ambient temperature for 40 minutes,
      during which the removal of the tert-butoxycarbonyl groups took place. The
      reaction mixture was concentrated to dryness under reduced pressure and
      the solid residue was taken up into water. The resulting aqueous solution
      was passed into a column of 20 ml of a cation-exchange resin (Amberlite CG
      50, ammonium form) to adsorb the acylation products onto the resin. The
      resin column was washed with 100 ml of water and then eluted with 0.5N
      aqueous ammonia. The eluate was collected in 2 ml-fraction. Every fraction
      was tested in the same manner as in Example 1b, and such fractions which
      showed high antibacterial activity to both the strains Bacillus subtilis
      PCI 219 and Escherichia coli JR66/W677 and which gave a single spot of Rf
      0.26 in the thin layer chromatography of silica gel (ART 5721) using
      methanol-chloroform-28% aqueous ammonia-water (4:1:2:1 by volume) were
      combined together. The fractions Nos. 62 to 64 combined together were
      concentrated to dryness to give 120 mg of a colorless crystalline powder
      which was identified as 1,2'-di-N-DL-isoseryl-3',4'-dideoxykanamycin B.
      Yield 16 %. Decomposition point 175.degree.-178.degree.C.
      [.alpha.].sub.D.sup.27 = +96.degree. (c 1.40, water).
PAC  EXAMPLE 4
PAC    Synthesis of 1,2'-di-N-DL-isoseryl-kanamycin B
PAR  6'-N-tert-butoxycarbonyl-kanamycin B (583 mg, 1.0 millimole) was dissolved
      in a liquid mixture of 5 ml of water and 5 ml of dimethoxyethane, to which
      was then added a solution of 755 mg of the N-hydroxysuccinimide ester of
      N-tert-butoxycarbonyl-DL-isoserine in 10 ml of dimethoxyethane. The
      mixture was stirred at ambient temperature for 16 hours to effect the
      acylation. The reaction mixture was concentrated to dryness to give a
      solid comprising the mixed N-acylated products.
PAR  This solid was taken up into 14 ml of 90% aqueous trifluoroacetic acid and
      the solution was allowed to stand at ambient temperature for 40 minutes,
      during which the removal of the tert-butoxycarbonyl groups took place. The
      reaction mixture was concentrated to dryness under reduced pressure and
      the solid residue was taken up into water. The resulting aqueous solution
      was passed into a column of 30 ml of a cation-exchange resin (Amberlite CG
      50 ammonium form) to adsorb the acylation products onto the resin. The
      resin column was washed with 150 ml of water and then eluted with 0.2 N
      aqueous ammonia (300 ml) and 0.4N aqueous ammonia (300  ml). The eluate
      was collected in 6  ml-fraction. Every fraction was tested in the same
      manner as in Example 1b, and such fractions which showed high
      antibacterial activity to both the strains Bacillus subtilis PCI 219 and
      Escherichia coli JR66/W 677 and which gave a single spot of Rf 0.06 in the
      thin layer chromatography of silica gel (ART 5721) using
      butanol-ethanol-chloroform-17% aqueous ammonia (4:5:2:5 by volume) were
      combined together. The fractions Nos. 82 to 90 combined together were
      concentrated to dryness to give 120 mg of a colorless crystalline powder
      which was identified as 1,2'-di-N-DL-isoseryl-kanamycin B. Yield 16%.
      Decomposition point 180.degree.-185.degree.C. [.alpha.].sub.D.sup.27
      +85.degree. (c 1.0, water).
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
      From the foregoing description, one skilled in the art can easily
      ascertain the essential characteristics of this invention, and without
      departing from the spirit and scope of this invention, can make various
      changes and modifications of this invention to adapt it to various usage
      conditions.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound selected from the group consisting of
      1,2'-di-N-(4-amino-2-hydroxybutyryl)-kanamycin B;
      1,2'-di-N-(4-amino-2-hydroxybutyryl)-3',4'-dideoxykanamycin B;
      1,2'-di-N-isoserylkanamycin B; 1,2'-di-N-isoseryl-3',4'-dideoxykanamycin
      B; and the pharmaceutically acceptable acid-addition salts thereof.
NUM  2.
PAR  2. A compound as claimed in claim 1 which is
      1,2'-di-N-(4-amino-2-hydroxybutyryl)-kanamycin B.
NUM  3.
PAR  3. A compound as claimed in claim 1 which is
      1,2'-di-N-(4-amino-2-hydroxybutyryl)-3',4'-dideoxykanamycin B.
NUM  4.
PAR  4. A compound as claimed in claim 1 which is 1,2'-di-N-isoserylkanamycin B.
NUM  5.
PAR  5. A compound as claimed in claim 1 which is
      1,2'-di-N-isoseryl-3',4'-dideoxykanamycin B.
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ABST
PAL  New 3-methyl-3-nitrosoureido derivatives of the following amino sugars were
      prepared as analogs of streptozotocin with the anomeric carbon protected,
      by nitrosating the methylureas in water with N.sub.2 O.sub.3 :
      3-amino-3-deoxy-1,2-O-isopropylidene-.alpha.-D-ribofuranose; methyl
      3-amino-3-deoxy-.beta.-D-xylopyranoside; methyl
      3-amino-3-deoxy-.alpha.-D-altropyranoside; methyl
      3-amino-3-deoxy-.alpha.-D-glucopyranoside; and methyl
      3-amino-2,3,6-trideoxy-.alpha.-L-lyxohexopyranoside. Tests against murine
      leukemia L1210 show that the anticancer activity of streptozotocin not
      only was retained but was enhanced in most of these derivatives.
BSUM
PAC  ORIGIN OF INVENTION
PAR  The invention described herein was made in the course of or under contract
      with the Department of Health, Education and Welfare.
PAC  BACKGROUND OF INVENTION
PAR  The subject matter of this application is described in detail in a
      publication by applicants which appears in Journal of Medicinal Chemistry,
      17, 392 (1974). The matter disclosed in this publication is expressly
      incorporated by reference in the present application.
PAC  SUMMARY OF INVENTION
PAR  The present invention relates to the provision of five novel streptozotocin
      analogs which are useful in the treatment of leukemia L1210. These
      compounds may be termed the "3-methyl-3-nitrosoureido derivatives of the
      following amino sugars":
PA1  Methyl 3-amino-3-deoxy-.beta.-D-xylopyranoside (see compound I below)
PA1  Methyl 3-amino-3-deoxy-.alpha.-D-altropyranoside (see compound II below)
PA1  3-Amino-3-deoxy-1,2-O-isopropylidene-.alpha.-D-ribofuranose (see compound
      III below)
PA1  Methyl 3-amino-2,3,6-trideoxy-.alpha.-L-lyxohexopyranoside (see compound IV
      below)
PA1  Methyl 3-amino-3-deoxy-.alpha.-D-glucopyranoside (see compound V below)
PAR  The five compounds of the present invention are identified below by name,
      chemical structure, Roman numeral and accession number (NSC) of the
      National Cancer Institute. A particular method of preparation for each of
      the compounds is set forth below in Examples 1-5, said example numbers
      coinciding with the Roman numerals (I-V) given herein to the particular
      compounds.
PAR  In the publication referenced above, the compounds I, II, III, IV and V are
      identified as compound Nos. (4), (11), (7), (21) and (15), respectively.
PAC  Methyl 3-Deoxy-3-(3-methyl-3-nitrosoureido)-.beta.-D-xylopyranoside
      ##SPC1##
PAC  Methyl 3-Deoxy-3-(3-methyl-3-nitrosoureido)-.alpha.-D-altropyranoside
      ##SPC2##
PAC  3-Deoxy-1,2,-O-isopropylidene-3-(3-methyl-3-nitrosoureido)-.alpha.-D-ribofu
     ranose
      ##SPC3##
PAC  Methyl
      2,3,6-Trideoxy-3-(3-methyl-3-nitrosoureido)-.alpha.-L-lyxohexopyranoside
      ##SPC4##
PAC  Methyl 3-Deoxy-3-(3-methyl-3-nitrosoureido)-.alpha.-D-glucopyranoside
      ##SPC5##
PAR  In all the above structural formulae the open valencies are attached to
      hydrogen.
PAR  In Examples 1 through 5 given below, detailed information is provided as to
      the method for preparing each of the compounds of the present invention,
      together with data as to the characteristics of each of said compounds.
DETD
PAC  EXAMPLE 1
PAC  Methyl 3-Deoxy-3-(3-methyl-3-nitrosoureido)-.beta.-D-xylopyranoside (I)
PAR  Methyl 3-deoxy-3-(3-methylureido)-.beta.-D-xylopyranoside.
PAR  Methyl 3-amino-3-deoxy-.beta.-D-xylopyranoside (6.4 g, 40 mmoles), R. E.
      Schaub and M. J. Weiss, J. Amer. Chem. Soc., 80, 4683 (1958); C. D.
      Anderson, L. Goodman and B. R. Baker, ibid., 80, 5247 (1958), was
      dissolved in 36 ml of water and chilled to 0.degree.. To the cold stirred
      solution was added 2.6 ml (44 moles) of methyl isocyanate, in three
      portions, E. J. Hessler and H. K. Jahnke, J. Org. Chem., 35, 245 (1970).
      The reaction mixture was stirred at 0.degree. for 1 hour, at room
      temperature for 1 hour, filtered, and concentrated to a white solid.
      Recrystallization from ethanol/ethyl acetate (2:3) gave 7.5 g (85%) of
      crystalline solid, mp 179-181.5.degree.; ir (.mu.): 3.0 (NH,OH), 6.1
      (C=O), 6.55 (amide II); nmr (.delta.) (DMSO-d.sub.6): 2.58 d (N--CH.sub.3,
      3H), 3.38 s (OCH.sub.3 , 3H), 4.15 d (H--1, 1H); tlc: methanol/benzene
      (1:1), R.sub.f 0.8.
PAR  Calcd for C.sub.8 H.sub.16 N.sub.2 O.sub.5 : C, 43.63; H, 7.32; N, 12.7.
      Found: C, 43.69; H, 7.18; N, 12.7.
PAR  Methyl 3-Deoxy-3-(3-methyl-3-nitrosoureido)-.beta.-D-xylopyranoside.
PAR  Methyl 3-deoxy-3-(3-methylureido)-.beta.-D-xylopyranoside (4.4 g, 20
      mmoles) was dissolved in 35 ml of water and chilled to 0.degree.. To the
      cold stirred solution was added 2.0 ml (2.9 g, 38.2 mmoles) of liquid
      dinitrogen trioxide, E. J. Hessler and H. K. Jahnke; J. Org. Chem., 35,
      245, (1970), whereupon a permanent positive test with starch iodide paper
      (purple color) was obtained. After stirring the reaction solution at
      0.degree. for 4 hours, lyophilization gave a gummy solid. The solid was
      dissolved in 40 ml of dichloromethane, dried over magnesium sulfate, and
      filtered. To the filtrate was added 9 ml of ether. After standing
      overnight at 0.degree., the crystalline product was collected and air
      dried to give 3.1 g (62%), mp 123.degree.-124.degree. dec. (evolution of
      gas); ir (.mu.): 2.9 (NH, OH), 5.9 (C=O), 6.4 (amide II), 6.7 (NO); nmr
      (.delta.) (CDCl.sub.3):  3.18 s (N--CH.sub.3, 3H), 3.52 s (OCH.sub.3, 3H),
      4.68 d(H-1, 1H, J.sub.1,2 =3.5 Hz); tlc: R.sub.f 0.4.
PAR  A water solution was stable, even to sonification, for at least 2 hours.
PAR  Calcd for C.sub.8 H.sub.15 N.sub.3 O.sub.6 : C, 38.55; H, 6.07; N, 16.9.
      Found: C, 38.22; H, 6.15; N, 16.7.
PAR  On a larger scale, 30 g (0.136 moles) of the urea was treated with 7 ml
      (0.136 moles) of N.sub.2 O.sub.3 to yield after two lyophilizations 34.5 g
      (95%), mp 112-112.5, as the monohydrate. The solid could be stored at room
      temperature for a least 20 months, with no detectable change.
PAC  EXAMPLE 2
PAC  Methyl 3-Deoxy-3-(3-methyl-3-nitrosoureido)-.alpha.-D-altropyranoside (II)
PAR  Methyl
      4,6-O-benzylidene-3-deoxy-3-(methylureido)-.alpha.-D-altropyranoside.
PAR  Methyl 3-amino-3-deoxy-4,6-O-benzylidene-.alpha.-D-altropyranoside, W. H.
      Myers and G. J. Robertson; J. Amer. Chem. Soc., 65, 8 (1943), (8.4 g, 30
      mmoles) was dissolved in 40 ml of tetrahydrofuran/water (5:3) and chilled
      to 0.degree., and then 2.0 ml (35 mmoles) of methylisocyanate added in one
      portion. The reaction mixture was stirred at 0.degree. for 1.5 hour and at
      room temperature for 1 hour. It was filtered, and concentrated to a white
      foam weighing 9.5 g (93%); ir (.mu.): 2.95 (NH, OH), 6.05 (C=O), 6.4
      (amide II), 13.25 and 14.3 (aryl); nmr (.delta.), (CDCl.sub.3) 2.65 d
      (NCH.sub.3, 3H), 3.38 s (OCH.sub.3, 3H), 4.65 s (H-1, 1H), 5.52 s (C.sub.6
      H.sub.5 CH, 1H); tlc: R.sub.f 0.7.
PAR  Calcd for C.sub.16 H.sub.22 N.sub.2 C.sub.6 : C, 56.79; H, 6.55; N, 8.28.
      Found: C, 56.53; H, 6.75; N, 8.48.
PAR  Methyl 3-deoxy-3-(3-methylureido)-.alpha.-D-altropyranoside. A solution of
      methyl
      4,6-O-benzylidene-3-deoxy-3-(3-methylureido)-.alpha.-D-altropyranoside
      (7.1 g, 21 mmoles) in 150 ml tetrahydrofuran/water (3:7) and 20 g of Dowex
      resin (H) 50X-8 (50-100 mesh) (prewashed with THF and water) was stirred
      at room temperature for 5.5  hours and then filtered. The resin was washed
      with a little water and THF, combined with the reaction filtrate and
      concentrated to a glass to give 4.6 g (88%) of crude product; ir (.mu.):
      2.95 (OH, NH), 6.05 (C=O), 6.4 (amide II); nmr (.delta.) (DMSO-d.sub.6):
      2.58 s (NCH.sub.3, 3H), 3.32 s (--OCH.sub.3, 3H), 3.4-4.1 m (H-2, H-3,
      H-4, H-5, H-6, 6H), 4.48 d (H-1, 1H); tlc: R.sub.f 0.25.
PAR  Calcd for C.sub.9 H.sub.18 N.sub.2 O.sub.6 : C, 43.19; H, 7.25; N, 11.2.
      Found: C, 42.98; H, 7.32; N, 11.3.
PAR  Methyl 3-Deoxy-3-(3-methyl-3-nitrosoureido)-.alpha.-D-altropyranoside.
PAR  Methyl 3-deoxy-3-(3-methylureido)-.alpha.-D-altropyranoside (4.4 g, 17.6
      mmoles) was nitrosated as previously described in Example 1. After
      lyophilization, the solid residue was pulverised and dried in vacuo at
      40.degree. for 6 hours to give an analytically pure product; 4.5 g (91%),
      mp 116.degree.-117.degree.. The product was also recrystallized from
      ethanol (mp 117.5.degree.-118.degree.) without change in spectral
      properties; ir (.mu.): 2.95, 3.1 (OH, NH), 5.8 (C=O), 6.6 (NO); nmr
      (.delta.) (D.sub.2 O): 3.15 s (NCH.sub.3, 3H), 3.42 s (OCH.sub.3, 3H);
      tlc: R.sub.f 0.45.
PAR  Calcd for C.sub.9 H.sub.17 N.sub.3 O.sub.7 : C, 38.71; H, 6.14; N, 15.1.
      Found: C, 38.48; H, 6.07; N, 15.2.
PAR  The product was stable and remained unchanged in water at room temperature
      for at least 2 weeks. The solid could be stored at room temperature for at
      least 18 months, with no detectable change.
PAC  EXAMPLE 3
PAC  3-Deoxy-1,2-O-isopropylidene-3-(3-methyl-3-nitrosoureido)-.alpha.-D-ribofur
     anose (III)
PAR  3-Deoxy-1,2-O-isopropylidene-3-(3-methylureido)-.alpha.-D-ribofuranose.
PAR  3-Amino-3-deoxy-1,2-O-isopropylidene-.alpha.-D-ribofuranose, A. N.
      Fujiwara, E. M. Acton, and L. Goodman, J. Heterocyclic Chem., 7, 891
      (1970), (3.8 g, 20 mmoles) in water was treated with methyl isocyanate to
      give upon recrystallization from ethanol/ethyl acetate (1:3) 3.1 g (64%)
      of product, mp 162.degree.-164.degree.; ir (.mu.): 3.0-3.1 d (OH, NH),
      6.05 (C=O), 6.4 (NH); nmr (.delta.) (CDCl.sub.3): 1.45 s and 1.55 s
      [--C(CH.sub.3).sub.2 6H], 2.8 d (--NCH.sub.3, 3H), 4.65 t (H-2 1H,
      J.sub.1,2 4 Hz), 5.87 d (H-1, 1H, J.sub.1,2 4 Hz); tlc R.sub.f 0.4.
PAR  Calcd for C.sub.10 H.sub.18 N.sub.2 O.sub.5 : C, 48.77; H, 7.37; N, 11.4.
      Found: C, 49.03; H, 7.28; N, 11.4.
PAR  3-Deoxy-1,2-O-isopropylidene-3-(3-methyl-3-nitrosoureido)-.alpha.-D-ribofur
     anose.
PAR  3-Deoxy-1,2-O-isopropylidene-3-(3-methylureido)-.alpha.-D-ribofuranose was
      nitrosated as previously described for two hours at 0.degree. and then at
      room temperature for 1.5 hours. The reaction mixture was neutralized with
      Dowex 2X-8 (CO.sub.3 form) to pH 6 and lyophilized to leave a pale yellow
      hygroscopic gum, 4.4 g (95%), that was analytically pure. In further
      processing, a solution of the product in methylene chloride was dried over
      magnesium sulfate; concentrated to a pale yellow syrup at
      35.degree.-40.degree.; and crystallized by triturating with
      ether/petroleum ether (30.degree.-60.degree.) mixture, 3.0 g (64%), mp
      88.5.degree.-89.5.degree.; ir (.mu.): 2.9 (OH), 3.1 (NH), 5.85 (C=O), 6.5
      (amide II), 6.75 (NO); nmr (.delta.) (CDCl.sub.3): 1.35 s and 1.55 s
      [C(CH.sub.3).sub.2, 6H], 3.18 s (N--CH.sub.3, 3H), 3.9 s (H-5, 2H), 5.95 d
      (H-1, 1H), tlc: R.sub.f 0.6.
PAR  Calcd for C.sub.10 H.sub.17 N.sub.3 O.sub.6.1/4  H.sub.2 O: C, 42.93; H,
      6.31; N, 15.0. Found: C, 43.15; H, 6.36; N, 15.0.
PAR  A solution in chloroform was stable at room temperature up to three weeks,
      but the product decomposed slowly in water, and rapidly in
      dimethylsulfoxide. The solid, however, could be stored at room temperature
      for 19 months with no detectable change.
PAC  EXAMPLE 4
PAC  Methyl
      2,3,6-trideoxy-3-(3-methyl-3-nitrosoureido)-.alpha.-L-lyxo-hexopyranoside
      (IV)
PAR  Methyl 2,3,6-trideoxy-3-methylureido-.alpha.-L-lyxo-hexopyranoside.
PAR  Methyl 2,3,6-trideoxy-3-amino-.alpha.-L-lyxo-hexopyranoside, J. P. Marsh,
      C. W. Mosher, E. M. Acton and L. Goodman; Chem. Commun., 973 (1967), (7.6
      g, 47 mmoles) in water was treated with methyl isocyanate for 23/4hours,
      and the product was recrystallized from hot water to give 6.2 g (61%), mp
      191.degree.-192.degree.; ir (.mu.): 2.75 2.9, 3.0 (NH, OH), 6.05 (C=O),
      6.35 (amide II); tlc: R.sub.f 0.4; nmr (.delta.) (D.sub.2 O): 1.23 d
      (CCH.sub.3, 3H, J.sub.5,6 6.5 Hz), 1.65-2.0 m (H-2, 2H), 2.75 s
      (NCH.sub.3, 3H); 3.4 s (OCH.sub.3, 3H), 4.85 t (H-1 1H).
PAR  Calcd for C.sub.9 H.sub.18 N.sub.2 O.sub.4 : C, 49.53; H, 8.31; N, 12.84.
      Found: C, 49.26; H, 8.11; N, 12.63.
PAR  Methyl
      2,3,6-trideoxy-3-(3-methyl-3-nitrosoureido-.alpha.-L-lyxo-hexopyranoside.
PAR  Methyl 2,3,6-trideoxy-3-methylureido-.alpha.-L-lyxo-hexopyranoside (5.4 g,
      25 mmoles) was nitrosated with about 45 mmoles of N.sub.2 O.sub.3 added in
      3 portions at 0.degree.. After 8 hours, the mixture was lyophilized, the
      residue dissolved in chloroform, and the solution dried over magnesium
      sulfate. Evaporation of the solvent left a residual syrup which
      crystallized upon trituration with ether to give 2.9 g, mp
      97.degree.-99.degree.; a second crop was obtained by recrystallization of
      the mother liquid from ether/chloroform/methanol to give a total of 3.0 g
      (48%); ir (.mu.): 2.85, 2.95 (OH, NH), 5.8 (C=O), 6.55 (amide II); nmr
      (.delta.) (CDCl.sub.3): 1.28 d (CCH.sub.3, 3H), 1.8-2.2 m (H-2, 2H), 3.18
      s (NCH.sub.3, 3H), 3.4 s (OCH.sub.3, 3H), 4.8 t (H-1, 1H); tlc: R.sub.f
      0.7.
PAR  Calcd for C.sub.9 H.sub.17 N.sub.3 O.sub.5 : C, 43.72; H, 6.93; N, 17.0.
      Found: C, 43.81; H, 7.04; N, 16.85.
PAR  The solid was stable when stored for several weeks at room temperature, but
      had decomposed after 8 months.
PAC  EXAMPLE 5
PAC  Methyl 3-Deoxy-3-(3-methyl-3-nitrosoureido)-.alpha.-D-glucopyranoside (V)
PAR  Methyl
      4,6-O-benzylidene-3-deoxy-3-(3-methylureido)-.alpha.-D-glucopyranoside.
PAR  A solution of 5.6 g (20 mmol) of methyl
      3-amino-4,6-O-benzylidene-3-deoxy-.alpha.-D-glucopyranoside, Guthrie and
      Johnson, J. Chem. Soc., 4166 (1961), in 15 ml of water and 50 ml of
      tetrahydrofuran was chilled to 0.degree.. To the cold, stirred solution
      1.4 ml (24 mmol) of methyl isocyanate was added in two portions over 10
      min. A solid precipitated almost immediately from the reaction solution.
      The mixture was diluted with 50 ml of tetrahydrofuran and the slurry was
      stirred for 45 min. at room temperature. The white solid (product) was
      filtered and then triturated thoroughly with approximately 35 ml of
      CHCl.sub.3 to wash out impurities. The amorphous white solid was air dried
      to give 5.1 g (76%) of an analytically pure product, m.p.
      277.degree.-287.degree.; ir 3.0 (OH, NH), 6.05 (C=O), 6.3 .mu., tlc on
      silica gel, R.sub.f 0.45 in methanol-benzene (1:4).
PAR  Methyl 3-deoxy-3-(3-methylureido)-.alpha.-D-glucopyranoside. Methyl
      4,6-O-benzylidene-3-deoxy-3-(3-methylureido)-.alpha.-D-glucopyranoside
      (11.0 g, 32.5 mmol) was suspended in 20 ml of tetrahydrofuran and 100 ml
      of water along with 30 g of Dowex 50X-8 (H) (prewashed with THF-water).
      The reaction mixture was stirred at room temperature for 15 hours to give
      a clear solution. The resin was filtered and washed with THF-water. The
      filtrate was concentrated until all the THF was removed. The residual
      aqueous solution was extracted with two 100-ml portions of dichloromethane
      to remove benzaldehyde. The aqueous layer was filtered through Celite and
      then evaporated to yield 6.2 g (76%) of a glassy solid; ir 6.13 (C=O),
      6.30 .mu.; nmr (DMSO-d.sub.6) .delta.4.63 d (H.1, J.sub.1,2 = 3.5 Hz),
      3.35 s (OCH.sub.3), 2.60 s (NCH.sub.3); tlc on silica gel, R.sub.f 0.2 in
      methanol-benzene (1:4). This material was used in the next step. A sample
      (0.80 g) was recrystallized from 10 ml of isopropanol to give an
      analytical sample (0.62 g), which was dried in vacuo at 100.degree., m.p.
      171.degree.-172.degree..
PAR  Methyl 3-deoxy-3-(3-methyl-3-nitrosoureido-.alpha.-D-glucopyranoside.
PAR  Methyl 3-deoxy-3-(3-methylureido-.alpha.-D-glucopyranoside (6.0 g, 24 mmol)
      was dissolved in 75 ml of water. The solution was chilled at 0.degree.,
      and then liquid dinitrogen trioxide was added dropwise (approximately
      2.5-3.0 ml) until a permanent reaction to starch iodide test paper was
      obtained. It was stirred at 0.degree. for 4 hours, and at room temperature
      1 hour. The reaction mixture was still positive to starch iodide paper.
      The aqueous solution was filtered and then lyophilized overnight to yield
      7.6 g of a yellow foamed glass (still wet, theor. yield 6.7 g); ir 5.82
      (C=O), 6.48 .mu.; nmr (DMSO-d.sub.6, internal TMS) .delta. 4.68 d (H.1,
      J.sub.1,2 = 3.3 Hz), 3.37 s (OCH.sub.3), 3.13 s (NCH.sub.3); tlc on silica
      gel, R.sub.f 0.45 in methanol-benzene (1:4) with a trace spot at R.sub.f
      0.20 indicative of starting material. Small amounts of starting material
      would have been missed in the nmr run in DMSO-d.sub.6, owing to
      interference from the solvent peak near .delta. 2.60.
PAR  An acetone solution of the product was dried over MgSO.sub.4 and evaporated
      to give 6.9 g (nmr disclosed the presence of 10% acetone). Several
      attempts at recrystallization were unsuccessful. Finally, the various
      fractions were combined (4.7 g) and retreated as before with liquid
      N.sub.2 O.sub.3. After 5 hrs at 0.degree., the reaction solution was still
      positive to starch iodide test paper and was lyophilized. When a small
      portion of the residue (5.9 g) was dissolved in water, it was still
      positive to starch iodide and gave a pH of 2. The residue was dissolved in
      acetone and evaporated; this was repeated (three times) until the residue
      was negative to starch iodide. It was then dissolved in water and
      lyophilized to give 3.8 g of a dry and grainy, pale yellow solid that
      analyzed as the hemihydrate (C.sub.9 H.sub.17 N.sub.3 O.sub.7.1/2H.sub.2
      O). The nmr in D.sub.2 O (external TMS) showed no starting material at
      .delta. 2.70 (less than 2%); .delta. 4.87 d (J.sub. 1,2 = 3.5 Hz), 3.48 s
      (OCH.sub.3), 3.13 s (NCH.sub.3). The tlc on silica gel was homogeneous
      (very faint spot suggested the possibility of a trace of starting
      material). The solution for nmr was stored for 10 days at 0.degree.
      without decomposition.
PAR  In connection with the data presented above, it may be noted that melting
      points were observed on a Fisher-Johns hot stage and are uncorrected.
      Infrared spectra were determined routinely in Nujol mull (solids) or as a
      liquid film. Pmr spectra were determined on a Varian A-60A spectrometer in
      CDCl.sub.3 solution with Me.sub.4 Si as internal reference (.delta. =
      0.0), unless otherwise designated in DMSO (dimethyl sulfoxide-d.sub.6,
      internal Me.sub.4 Si) or D.sub.2 O (external Me.sub.4 Si). Signals are
      designated as s (singlet), doublet (d), triplet (t). Integrated peak
      ratios were as expected from the structure assignments. Thin-layer
      chromatography was done with silica gel HF (E. Merck) on 5  .times. 20 cm
      glass plates in MeOH--C.sub.6 H.sub.6 (solvent ratios are given in
      parentheses following the R.sub.f 's), unless the solvent is otherwise
      designated. Organic solutions were commonly dried over MgSO.sub.4, and
      evaporations were carried out in vacuo.
PAC  BIOLOGICAL DATA
PAR  Preliminary evaluation of antitumor properties was done by Drug Research
      and Development, National Cancer Institute, according to its protocols, R.
      I. Geran, N. H. Greenberg, M. M. MacDonald, A. M. Schumacher, and B. J.
      Abbott, Cancer Chemother. Rep. (Part 3), 3 (no. 2, September 1972). Test
      results (T/C) for the five nitrosoureas against L1210 murine leukemia are
      listed below in Table I. Streptozotocin is active only on a daily
      treatment schedule, and just meets the minimum activity requirement in
      these tests for further development, J. M. Venditti, Cancer Chemother.
      Rep., 2, 35 (no. 1, October 1971). In the three-injection regimen
      compounds I, II and V displayed substantial activity, in contrast to
      streptozotocin which is without effect. In the nine-injection schedule all
      of the new drugs except IV (not evaluated in this system) were active,
      including III which was not effective on the three-dose schedule. Compound
      V is clearly at least equal to the parent antibiotic, and xylose
      derivative I appears definitely superior, effecting cures in two out of
      six mice at 100 mg/kg. Altrose derivative II yielded T/C values too
      erratic to allow a clear comparison with streptozotocin.
PAR  Acute toxicity among the new drugs appear to be somewhat lower than that
      found for streptozotocin. None of the drugs assayed on the nine-injection
      regimen caused toxic deaths among test mice at 200 mg/kg, a level where
      streptozotocin begins to show this effect. At 400 mg/kg, I and III did
      cause one toxic death out of six animals, and three out of ten for V.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     ANTITUMOR TEST RESULTS                                                    
     L1210 lymphoid leukemia assay in mice.sup.(b)                             
     Structure NSC.sup.(a)                                                     
               3 injections (IP)                                               
                              9 injections (IP)                                
     No.  No.  dose (mg/kg)                                                    
                      T/C(%).sup.(c)                                           
                              dose(mg/kg)                                      
                                     T/C(%).sup.(c)                            
     __________________________________________________________________________
     I    153365                                                               
               400    162     400                                              
               200    291     200    134                                       
               150    167     100    224(2 cures)                              
               100    160,145,136                                              
                              75     186                                       
               66     135,138,126                                              
                              50     160                                       
               44     126     33     135                                       
               33     118     22     141                                       
               27     112                                                      
               16     108                                                      
     II   156273                                                               
               400    100                                                      
               200    133     200    100                                       
               150    105,122 150    118,136                                   
               100    142,158,118                                              
                              100    218,103,131                               
               66     100,111 66     126,137                                   
                              50     181                                       
     III  155692                                                               
               400    107     400    119                                       
               200    100     300    105                                       
               100     94     200    129,198                                   
                              132    151                                       
                              100    124                                       
     IV   166643                                                               
               500    101                                                      
               400    133,106                                                  
               200    110                                                      
               100    111                                                      
     V    160466                                                               
               400    214                                                      
               200    166,140 150    157                                       
               100    130,135 100    165,145                                   
               50     105,127 66     137                                       
               25     106     50     140                                       
                              44     124                                       
                              25     125                                       
                              12.5   112                                       
     Streptozotocin.sup.(d)                                                    
     85998     256    &lt;125    50.sup.(e)                                       
                                     150                                       
               32     &lt;125                                                     
     __________________________________________________________________________
      .sup.(a) Accession number of the National Cancer Institute               
      .sup.(b) Tested by the Drug Research and Development Branch of the       
      National Cancer Institute according to its protocols; Cancer Chemotherapy
      Reports, part 3, 3 (No. 2, September 1972)                               
      .sup.(c) A T/C ration .gtoreq.125% is a positive result denoting activity
      .sup.(d) Data from John M. Venditti, Cancer Chemotherapy Reports, part 3,
      2, 35 (No. 1, October 1971).                                             
      .sup.(e) Optimum dose.                                                   
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The 3-methyl-3-nitrosoureido derivatives of the following amino sugars:
      methyl 3-amino-3-deoxy-.beta.-D-xylopyranoside; methyl
      3-amino-3-deoxy-.alpha.-D-altropyranoside;
      3-amino-3-deoxy-1,2-O-isopropylidene-.alpha.-D-ribofuranose; methyl
      3-amino-2,3,6-trideoxy-.alpha.-L-lyxohexopyranoside; and methyl
      3-amino-3-deoxy-.alpha.-D-glucopyranoside.
NUM  2.
PAR  2. The compound of claim 1 which is methyl
      3-deoxy-3-(3-methyl-3-nitrosoureido)-.beta.-D-xylopyranoside.
NUM  3.
PAR  3. The compound of claim 1 which is methyl
      3-deoxy-3-(3-methyl-3-nitrosoureido)-.alpha.-D-altorpyranoside.
NUM  4.
PAR  4. The compound of claim 1 which is
      3-deoxy-1,2-O-isopropylidene-3-(3-methyl-3-nitrosoureido)-.alpha.-D-ribofu
     ranose.
NUM  5.
PAR  5. The compound of claim 1 which is methyl
      2,3,6-trideoxy-3-(3-methyl-3-nitrosoureido)-.alpha.-L-lyxohexopyranoside.
NUM  6.
PAR  6. The compound of claim 1 which is methyl
      3-deoxy-3-(3-methyl-3-nitrosoureido)-.alpha.-D-glucopyranoside.
PATN
WKU  039403840
SRC  5
APN  3878945
APT  1
ART  141
APD  19730813
TTL  Methyl hydroxypropyl cellulose acetate and process
ISD  19760224
NCL  10
ECL  1
EXP  Griffin; Ronald W.
INVT
NAM  Teng; James
CTY  St. Louis
STA  MO
INVT
NAM  Dai; Frank
CTY  St. Louis
STA  MO
INVT
NAM  Stubits; Marcella C.
CTY  St. Louis
STA  MO
ASSG
NAM  Anheuser-Busch, Incorporated
CTY  St. Louis
STA  MO
COD  02
CLAS
OCL  260226
XCL  106170
XCL  106183
XCL  106186
XCL  106187
XCL  106189
XCL  106190
XCL  106191
XCL  252316
EDF  2
ICL  C08B 1300
FSC  260
FSS  226
UREF
PNO  2055892
ISD  19360900
NAM  Dreyfus
OCL  260226
UREF
PNO  3322130
ISD  19670500
NAM  Panzer et al.
OCL  131 17
UREF
PNO  3435027
ISD  19690300
NAM  Desmarais et al.
OCL  260226
UREF
PNO  3870701
ISD  19750300
NAM  Teng et al.
OCL  260226
LREP
FRM  Gravely, Lieder & Woodruff
ABST
PAL  This disclosure involves the acetate ester of methyl hydroxypropyl
      cellulose. This particular cellulose ester is useful as a gelling agent
      for organic solvents. The methyl hydroxypropyl cellulose acetate is
      prepared by the simultaneous hydroxypropylation and methylation of
      cellulose and by the continuation of the cellulose derivatization into
      acetylation. The overlapping relationship of the hydroxypropylation and
      acetylation processes is found to be efficient and economical in that it
      eliminates the difficulty of isolation and recovery of the water insoluble
      methyl hydroxypropyl cellulose.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a wide variety of applications there exists the need for a product which
      will thicken or gel organic based formulations. To meet this need, several
      gelling agents for organic solvents are available on the market.  These
      generally include colloidal particles (such as silica), metallic soaps
      (aluminum soap), and cellulose derivatives that require polar cosolvents.
PAR  In co-pending application Ser. No. 222,660, entitled ESTERS OF POLYMERIC
      HYDROXYPROPYL CARBOHYDRATES AND METHOD OF USING SAME AS GELLING AGENT FOR
      ORGANIC SOLVENTS, filed on Feb. 1, 1972 and assigned to the assignee of
      the present invention, now U.S. Pat. No. 3,824,085, issued July 16, 1974,
      there is described and claimed a gelling agent and process for making
      same. The process of said co-pending application involves the use of
      hydroxypropyl cellulose and starch esters, specifically the acetate and
      laurate esters. The process is quite satisfactory and the hydroxypropyl
      carbohydrate esters are capable of gelling a large number of organic
      solvents.
PAR  In accordance with the present invention a new composition and process has
      been discovered which comprises the hydroxypropylation, methylation and
      acetylation of cellulose in one continuous process to produce methyl
      hydroxypropyl cellulose acetate, a water insoluble gelling agent for
      organic solvents. More specifically, the process of this invention
      involves the simultaneous hydroxypropylation and methylation of cellulose
      with the continued derivatization of cellulose into acetate. The
      commencement of the acetylation process prior to the cessation of the
      hydroxypropylation process eliminates the isolation and recovery of the
      methyl hydroxypropyl cellulose. As a result, the product is formed in one
      continuous process.
PAR  The preparation of this new polymeric carbohydrate derivative is
      economical, based on both material and processing costs. The reactions are
      run under mild conditions, with only a closed reaction vessel required.
PAR  Thus, one of the principal objects of the present invention is to provide a
      new polymeric carbohydrate derivative capable of gelling organic solvents.
      Another principal object of this invention is to provide a gelling agent
      for organic solvents that is water insoluble. Still another object is to
      provide a method of making a gelled organic solvent from methyl
      hydroxypropyl cellulose acetate. Another object is to provide a method of
      making an improved gelling agent for organic solvents by the simultaneous
      hydroxypropylation and methylation of cellulose and continuing the
      cellulose derivatization by acetylation. Other objects and advantages will
      become apparent hereinafter.
PAR  Gelling of volatile chemicals retards the rate of vaporization allowing
      only a slow release of vapor. The gelling agent of the present invention
      is useful in many applications, some of which include gelling jet fuel,
      soil fumigants, herbicides, paint stripping formulations and cleaning
      solvents. Some of the organic solvents which the methyl hydroxypropyl
      cellulose acetate of this invention is capable of gelling include: carbon
      tetrachloride, toluene, acetonitrile ethylacetate, methyl ethyl ketone,
      dioxane, dimethyl sulfoxide, dimethyl formamide, pyridine, and benzyl
      alcohol.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a water insoluble polymeric carbohydrate
      derivative, methyl hydroxypropyl cellulose acetate, which is capable of
      gelling a broad range of organic solvents, and the process of making the
      same.
DETD
PAC  DETAILED DESCRIPTION
PAR  The product of this invention is a mixed ether ester capable of thickening
      or gelling a wide variety of solvents. This polymeric gelling agent
      provides many desirable properties which are lacking in the presently
      available gelling agents. It is insoluble in water, soluble in organic
      solvents and is inert, non-ionic and non-hygroscopic. It is easy to
      handle, creating no dust or bulk problem and no special equipment, such as
      homogenizers, are needed for dissolution. Solutions and gels may be easily
      prepared by adding the gelling agent to an organic solvent under high
      speed agitation. After mixing, the mixture is allowed to stand for about
      one to ten minutes to complete gelation or thickening. The gel which is
      formed has a long shelf life, developing no syneresis, and is stable to
      temperature changes and vibrational influences. The gel has a smooth
      elastic body but not to the point of excessive stringiness. The thickened
      solutions exhibit thixotropic or pseudo-plastic properties at low
      concentrations. This facilitates handling of the thickened solutions in
      pumping and mixing. Gels can usually be formed at concentrations below
      1.5% of gelling agent. The present gelling agent is soluble in a wide
      range of organic solvents and is an effective thickener or gellant at low
      concentrations.
PAR  Examples of solvents which are capable of being gelled with methyl
      hydroxypropyl cellulose acetate are seen in Table I. These organic
      solvents may be esters, ketones, aromatic ring ethers, nitrites, amides,
      alcohols or halogenated solvents with a solubility parameter of about 8 to
      about 12.
PAR  The solubility parameter is a method of measuring gelling ability of the
      methyl hydroxypropyl cellulose acetate and is set forth in Polymer
      Handbook edited by E. H. Immergut, Interscience Publishers (1966).
      Solubility parameter or .delta. is a thermodynamic property of solvents
      and may be used to measure their mutural compatibility. For example, two
      solvents with the same .delta. value will be miscible and a solute with
      the same .delta. value will be soluble in both, regardless of the nature
      of the solvents. Once the .delta. value for a given polymer is determined
      by dissolution in a few solvents, all other solvents with comparable
      .delta. values will also dissolve it.
PAR  The term solubility as used in this context has a somewhat different
      meaning than it conventionally has. Solubility is used generally to
      indicate the extent of interaction between a solid and a solvent. A piece
      of solid, when placed in a solvent, will dissolve into the solvent until
      the saturation point is reached. At that point, the two phases, solid and
      liquid coexist at equilibrium. The amount of solute in liquid is measured
      as the solubility of the material in solution. However, there is no such
      saturation point in the case of the gelling agents of this invention. When
      immersed in a "compatible" solvent, the gelling agents swell and dissolve.
      As more and more gelling agent is added, the material will continue to
      swell and dissolve. When there is insufficient solvent to disassociate
      completely the polymers, then swelling only occurs. A single phase
      (solution or gel) is reached at all times. To examine qualitatively the
      compatibility of a gelling agent, 5 g. of gelling agent is placed in 100
      ml. of solvent. It is compatible if only one phase is observed (gel or
      solution). It is incompatible when the mixture retains two phases.
PAR  Table I shows examples of solvents with their corresponding solubility
      parameter. The methyl hydroxypropyl cellulose acetate gels solvents with a
      solubility parameter of about 8-12.
TBL                TABLE I                                                     
     ______________________________________                                    
                           SOLUBILITY                                          
     SOLVENTS              PARAMETER                                           
     ______________________________________                                    
     Isoamylacetate        7.8                                                 
     Ethyl acetate         8.4                                                 
     Carbon tetrachloride  8.4                                                 
     Toluene               8.9                                                 
     Methyl ethyl ketone   9.3                                                 
     Methylene chloride    9.7                                                 
     Dioxane               10.0                                                
     Pyridine              10.3                                                
     Acetonitrile          11.5                                                
     Dimethyl sulfoxide    12.0                                                
     Dimethyl formamide    12.1                                                
     Benzyl alcohol        12.1                                                
     ______________________________________                                    
PAR  The product of this invention is chemically distinct from the product of
      application Ser. No. 222,660 even though they possess similar properties.
PAR  The methyl hydroxypropyl cellulose acetate of this invention has a D.S. of
      about 0.1 to about 1.0 methyl group, preferably about 0.1 to about 0.5; a
      D.S. of about 0.8 to about 2.5 acetyl groups, preferably about 1 to about
      2; and an M.S. of about 2 to about 8 hydroxypropyl groups, preferably
      about 3.5 to about 4.5.
PAR  The purpose of the following paragraph is to explain the use herein of the
      term "degree of substitution" (D.S.) and degree of molar substitution
      (M.S.).
PAR  The degree of substitution is defined as the average number of hydroxyl
      groups substituted per anhydroglucose unit. The maximum number of hydroxyl
      groups per anhydroglucose is three and therefore the theoretical maximum
      degree of substitution is also three in the case of monofunctional
      substituents.
PAR  In the case of polyfunctional or polymerizable substituents that can react
      not only with the hydroxyl groups but also with themselves, the number of
      substituents is no longer limited by the three available hydroxyl groups
      on the anhydroglucose unit. The term "degree of molar substitution",
      (M.S.) is adopted and defined simply as the number of moles of substituent
      per anhydroglucose unit. There is no theoretical maximum value for the
      degree of molar substitution, (M.S.).
PAR  The amount of polymeric carbohydrate derivative used as a gelling agent is
      at least about 0.3 grams per 100 ml. of solvent and may be as much as 5
      grams per 100 ml. depending upon the desired gel viscosity.
PAR  Gels and thickened solutions may be easily prepared by adding the methyl
      hydroxypropyl cellulose acetate to the solvent under high speed agitation.
      Heat may be used to speed dissolution. The final gel has a specific
      gravity substantially that of the solvent being gelled.
PAR  The preferred process for making the composition of this invention involves
      the simultaneous hydroxypropylation and methylation of cellulose with the
      continued derivatization of cellulose into the acetate ester. Each of
      these steps may be done independently of each other if desired. That is,
      the hydroxypropyl cellulose may be obtained from a commercial source and
      then subjected to the methylation and acetylation procedures.
PAC  SPECIFIC EXAMPLES
PAR  Following are specific examples showing the method of making methyl
      hydroxypropyl cellulose acetate and its application in gelling organic
      solvents.
PAC  EXAMPLE NO. 1
PAR  The following reactants are placed in a reactor with stirring for 45
      minutes at 15.degree. to 30.degree.C.
TBL  ______________________________________                                    
     cellulose            40      g.                                           
     sodium hydroxide     8       g.                                           
     toluene              470     ml.                                          
     water                16      g.                                           
     ______________________________________                                    
PAR  At the end of the prescribed time, approximately 130 g. of propylene oxide
      and 5 g. methyl chloride are added to the reactor, the air being displaced
      from the vessel with nitrogen. The reactor is heated at 60.degree.C. for 1
      hour. Thereafter, the temperature is slowly raised to 95.degree.C. over a
      period of 5 hours.
PAR  At the end of this period the reaction is substantially complete. The
      reactor is cooled to room temperature and the toluene solvent is decanted.
PAR  Next, approximately 500 ml. hexane, 120 ml. acetic anhydride and about 120
      ml. of a 1:1 (v/v) trimethylamine hexane solution are added to the reactor
      with stirring for 30 minutes at room temperature.
PAR  The final reaction mixture is washed with an aqueous solution of sodium
      bicarbonate solution and water, then filtered and dried. The methyl
      hydroxypropyl cellulose acetate is recovered as a white solid.
PAC  EXAMPLE NO. 2
PAR  This example employs the same conditions as Example No. 1. The primary
      difference from Example No. 1 is in allowing the toluene to remain in the
      crude methyl hydroxypropyl cellulose and serve as a solvent during the
      acetylation. After the acetylation with acetic anhydride, methyl
      hydroxypropyl cellulose acetate is precipitated by adding 500 ml. hexane
      and then purified by aqueous sodium bicarbonate solution washing and water
      washing.
PAC  EXAMPLE NO. 3
PAR  This example is performed under the same condition as Example No. 1, except
      that pyridine is used as a catalyst during the acetylation. The crude
      methyl hydroxypropyl cellulose is treated with 110 ml. of acetic anhydride
      and 62 g. of pyridine in 500 ml. of hexane. The reaction temperature is
      kept at 25.degree.C. for 2 hours. The methyl hydroxypropyl cellulose
      acetate is recovered and has the same properties as the acetate in Example
      No. 1.
PAC  EXAMPLE NO. 4
PAR  A slurry of 40 g. of cellulose is mixed with agitation in 24 g. of 33%
      aqueous sodium hydroxide solution and 480 g. of hexane mixture in a closed
      reactor provided with a mechanical stirrer. Air in the reactor is
      displaced with nitrogen. The mixture is agitated over a period of about 45
      minutes at 4.degree.-10.degree.C. At this point, 136 g. of propylene oxide
      and 6.7 g. of methyl chloride are added, the air being displaced from the
      reactor with nitrogen. The resulting charge is then raised to a
      temperature of about 60.degree.C. and held at this temperature for one
      hour, then 75.degree.C. for 3 hours, and 85.degree.C. for 6 hours. At this
      stage, the reaction mixture contains a slurry of crude methyl
      hydroxypropyl cellulose.
PAR  The crude methyl hydroxypropyl cellulose is then treated with 120 ml. of
      acetic anhydride and 120 ml. of hexane trimethylamine (1:1 v/v) and
      allowed to react with stirring at room temperature for approximately 1/2
      hour.
PAR  After the reaction, the hexane is removed by filtration. The reaction
      product is washed with 500 ml. of 4% aqueous sodium bicarbonate solution.
      The product, methyl hydroxypropyl cellulose acetate, is substantially
      completely soluble in carbon tetrachloride, toluene, acetonitrile, ethyl
      acetate, methyl ethyl ketone, dioxane, dimethylsulfoxide,
      dimethylformamide, pyridine, and benzyl alcohol to form smooth solutions.
      The Brookfield viscosity (spindle No. 3 at 10 rpm) of a 1%
      dimethylformamide solution at room temperature is 2300 cps.
PAR  The methyl hydroxypropyl cellulose acetate is capable of gelling organic
      solvents with a solubility parameter of about 8 to about 12.
PAC  EXAMPLE NO. 5
PAR  A slurry of 40 g. of cellulose is added to 400 ml. of 7% aqueous sodium
      hydroxide solution and stirred for 1 hour at 0.degree.-5.degree.C. Then
      the excess alkali solution is removed by vacuum filtration using a rubber
      sheet over the filter to prevent air from passing through the cake,
      leaving a filter cake weighing 162.5 g. which has an alkali/cellulose
      ratio of 0.31 and a water/cellulose ratio of 2.3.
PAR  This alkali cellulose cake is broken up and placed in the reaction vessel
      along with 400 g. of toluene and 6 g. of methyl chloride, the air being
      displaced from the vessel with nitrogen. After the mixture has been
      stirred for 1/2 hour at room temperature, 800 g. of propylene oxide is
      added to the reactor. The vessel is then heated gently to
      65.degree.-75.degree.C. and held at this temperature for about 6 hours. At
      this stage, the vessel is cooled to room temperature, the toluene solvent
      and the unreacted propylene oxide are filtered off. The reaction mixture
      is neutralized with 85% H.sub.3 PO.sub.4. The product, methyl
      hydroxypropyl cellulose, is purified by washing with hot water and then
      dried at 70.degree.C. under vacuum.
PAR  This pure methyl hydroxypropyl cellulose is then acetylated with 58 ml. of
      acetic anhydride and 20 g. of trimethylamine in 350 ml. of hexane. The
      resulting charge is allowed to react for 1/2 hour with agitation at room
      temperature. The product is purified by washing with aqueous sodium
      bicarbonate solution and water. A methyl hydroxypropyl cellulose acetate
      is obtained which has the same solubility in various organic solvents as
      the acetate made from Example No. 1.
PAC  EXAMPLE NO. 6
PAR  Cellulose in sheet form weighing 39.8 g. is steeped in 12% sodium hydroxide
      for 20 minutes and then pressed at 5000 psi to obtain a press weight ratio
      of 1.91. The pressed cake has an alkali/cellulose ratio of 0.16 and a
      water/cellulose ratio of 0.87 (bone dry cellulose basis).
PAR  The alkali cellulose cake is broken up and placed in the reaction vessel
      with 500 ml. toluene, 6 g. methyl chloride, plus 175 g. propylene oxide,
      the air being displaced from the vessel with nitrogen. The vessel is then
      heated to 65.degree. to 75.degree.C. and held at this temperature for 6
      hours. The vessel is then cooled to room temperature, and the excess
      solvent filtered off. The acetylation is carried out by reacting the crude
      methyl hydroxypropyl cellulose with 200 g. of acetic anhydride and 60 g.
      of trimethylamine in 600 ml. hexane for 1 hour at 25.degree.C. The acetate
      has the same properties as the acetate made in Example No. 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The compound methyl hydroxypropyl cellulose acetate having a degree of
      molar substitution of hydroxypropyl groups of about 2 to about 8, a degree
      of substitution of methyl groups of about 0.1 to about 1, and a degree of
      substitution of acetyl groups of about 0.8 to about 2.5, and further
      characterized by being soluble in organic solvents and insoluble in water.
NUM  2.
PAR  2. The process of preparing methyl hdyroxypropyl cellulose acetate which
      comprises the hydroxypropylation and methylation of cellulose under
      conditions of temperature and time such that a degree of molar
      substitution of hydroxypropyl groups of about 2 to 8 and a degree of
      substitution of methyl groups of about 0.1 to about 1 is produced, and
      acetylation of the cellulose to a degree of substitution of acetyl groups
      of about 0.8 to about 2.5, said methyl hydroxypropyl cellulose acetate
      being characterized by being soluble in organic solvents having a
      solubility parameter of about 8 to about 12 and being insoluble in water.
NUM  3.
PAR  3. The process of claim 2 wherein propylene oxide is the hydroxyalkylation
      reagent.
NUM  4.
PAR  4. The process of claim 2 wherein methyl chloride is the methylation
      reagent.
NUM  5.
PAR  5. The process of claim 2 wherein acetic anhydride is the acetylation
      reagent.
NUM  6.
PAR  6. The process of claim 2 wherein the steps of hydroxypropylation and
      methylation occur simultaneously and the acetylation process commences
      prior to the ending of the simultaneous hydroxypropylation and methylation
      of the cellulose.
NUM  7.
PAR  7. The process or preparing methyl hydroxypropyl cellulose acetate
      comprising the steps of:
PA1  A. forming a filter cake of the cellulose with alkali,
PA1  B. dispensing the cake in a solvent,
PA1  C. adding a methylation reagent,
PA1  D. adding a hydroxypropylation reagent,
PAR  E. heating the mixture to a temperature and for a time sufficient to
      produce methyl hydroxypropyl cellulose having a degree of substitution of
      methyl groups of about 0.1 to about 1 and a degree of molar substitution
      of hydroxypropyl groups of about 2 to about 8,
PA1  F. adding acetic anhydride,
PA1  G. and recovering a methyl hydroxypropyl cellulose acetate having a degree
      of substitution of acetyl groups of about 0.8 to about 2.5.
NUM  8.
PAR  8. The process of claim 7 wherein the solvent is an organic solvent having
      a solubility parameter of about 7.8 to about 12.
NUM  9.
PAR  9. The process of claim 7 wherein the methylation reagent is methyl
      chloride.
NUM  10.
PAR  10. The process of claim 7 wherein the hydroxypropylation reagent is
      propylene oxide.
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ABST
PAL  The present invention involves the production of glossy emulsion
      pigment-containing coating compositions in which the pigment is coated
      with an organic compound capable of adhering to the pigment surface when
      the coated pigment is emulsified and capable of rendering said pigment
      surface oilophilic and the coating is applied to the pigment prior to
      emulsification thereof and prior to dispersion of the coated pigment in
      the oil phase.
PARN
PAR  The present application is a continuation of my copending application Ser.
      No. 574,988 filed Mar. 30, 1956, now matured into U.S. Pat. No. 3,775,360
      which was a continuation-in-part of application Ser. No. 230,841 filed
      June 9, 1951, now abandoned, which in turn was a continuation-in-part of
      my copending application Ser. No. 774,897 filed Sept. 18, 1947, now
      abandoned.
BSUM
PAR  This invention relates to the manufacture of water reducible, glossy
      coating compositions, and to a method of manufacture which is an
      improvement over methods of production heretofore practiced.
PAR  Practical emulsion type finishes possess inherent advantages over
      conventional solvent reduced coatings. Thus, emulsion coatings can be
      reduced or thinned with water and consequently are free of solvent odors
      and are characterized by reduced fire hazards. The brushes and equipment
      used with such emulsions can be cleaned with soap and water. The
      application of the emulsions is both faster and easier, and penetration
      into porous surfaces is considerably less than with conventional formulas,
      which means fewer coats on new work. As a result, an amateur may use these
      coating compositions with excellent results.
PAR  The principal oil-in-water emulsion paints in present day use contain a
      plurality of pigments, not selective as to being either water or oil
      wetted and have their locus chiefly in the aqueous phase. These paints are
      not glossy, are not possessed of specular reflection, and are called "flat
      paints". Glossy emulsion paints are not unknown, but the quality of
      glossiness is not always permanent or stable and has been accomplished by
      the use of relatively expensive conventional procedures which entails
      conventional grinding operations and apparently excessive amounts of amine
      soaps which cause extremely slow drying of the paint films, and said slow
      drying has been a major objection to such glossy emulsion enamels.
PAR  One object of this invention is to produce a glossy emulsion type enamel
      with greater facility and speed, consequently, more economy of manufacture
      than hitherto possible with present practice.
PAR  Another object is to produce a glossy enamel without the requirement of a
      grinding operation necessary in conventional enamel manufacture.
PAR  Another object is to produce a glossy emulsion coating whose gloss will
      remain at a fixed level over an extended period of time.
PAR  Another object of the invention is to provide a method of incorporating
      pigments in elastomer emulsions to produce glossy films.
PAR  Still another objective is the use of pigments pulped in water in such
      fashion that the problem of water removal is overcome, and enamels can be
      made directly therefrom which will deposit glossy films. Other objects
      will appear hereinafter.
PAR  In accordance with this invention emulsion coating compositions are
      produced comprising essentially a discontinuous water insoluble oil phase
      containing dispersed in said discontinuous phase a pigment surface coated
      with an organic compound effective to render said pigment oilophilic, said
      organic compound being a monomeric organic compound characterized by at
      least one non-polar organic hydrophobic group containing at least 8 carbon
      atoms in a hydrocarbon structure, which group in the form of its
      monocarboxylic acid is soluble in oleoresinous varnishes and insoluble in
      water, and at least one polar group, said organic compound adhering to
      said pigment surface when said coated pigment is emulsified, and a
      continuous aqueous phase, said coating having been applied to said pigment
      prior to emulsification thereof, and said discontinuous pigmented phase
      being capable of forming a continuous solid glossy film when dried.
PAR  In the practice of the invention the emulsion coating compositions of the
      invention are prepared by incorporating a quantity of water with a
      pigment, surface altered to a preferentially oil wetted (oilophilic) state
      by treatment with the previously described polar organic compound,
      emulsifying the resultant surface treated oilophilic pigment with at least
      a part of the oil which is to form the discontinuous oil phase of the
      emulsion to produce a water-in-oil, pigment-in-oil emulsion, and
      converting said water-in-oil, pigment-in-oil emulsion to a pigment-in-oil,
      oil-in-water emulsion. The invention is primarily applicable to pigments
      of fine particle size, e.g., 0.2 to 0.5 micron, especially titanium
      dioxide which is normally hydrophilic in nature.
PAR  The present invention is based upon (1 ) the concept that sustained or
      stabilized gloss is produced by maintaining a coating of oil around the
      pigment particle, (2) the discovery that primary or initial dispersion of
      a pigment in water either before or after altering the surface character
      of the pigment to a more oilophilic state facilitates greatly the
      dispersion of the pigment-in-oil, and (3) the utilization in (2) of at
      least a part of the water necessary as a component part of the final
      pigment-in-oil, oil-in-water emulsion.
PAR  Initially to disperse a pigment in water that one desires to be dispersed
      in oil is a novel concept which would not be done deliberately to bring a
      pigment into an oil phase because of the well-known fact that oil and
      water do not mix. Apparently, however, the water penetrates between the
      agglomerated particles of pigment and leaves a water boundary between
      adjacent particles which allows admittance of oil droplets within the
      intersticial space to spread and to wet completely the individual
      oilophilic pigment particles. It is preferred that the pigment be water
      wetted after the surface has been rendered oilophilic but the surface
      alternation may be accomplished before or after the water treatment,
      depending upon the method used to surface coat the pigment. It is
      important, however, to add the oil binder phase subsequent to the
      alteration of the pigment surface to a more oilophilic character than
      normal except in the case of the oil being per se the treating agent and
      binder (as illustrated hereafter in Example 6) wherein a strongly polar
      oil is used as a substantial portion of the oil binder phase.
PAR  Pigment surface alteration to a more oilophilic nature prior to dispersion
      of the pigment in the oil is necessary to allow the water-in-oil,
      pigment-in-oil system to be processed so that the requisite phase changes.
      With the last phase change, the system becomes an emulsion of
      oil-in-water, pigment-in-oil with the pigment possessing very fine
      particle subdivision necessary for development of high opacity and gloss
      in the resulting film upon drying. This new and novel method of
      manufacture of coatings requires only mixing equipment. Jacketed mixers
      are preferred because greater facility in manufacture results.
PAR  The term "oil" as used in this specification in general is employed as in
      emulsion technology, and refers to the nonwater soluble part of an
      emulsion system, i.e., the "oil phase". Oil refers in particular to those
      natural and synthetic fluid organic water insoluble compounds commonly
      used as a whole or part of the vehicle or binder in coating compositions.
PAR  In describing the treated pigment, the term "oilophilic" is used because
      the more common term "hydrophobic" does not adequately describe the
      surface condition of the pigment after alteration. It is usual that all
      pigments altered to a more oilophilic or "oil-loving" surface than
      normally possessed by the pigment are hydrophobic or water repellent.
      However, it was found that if an unmodified glycero-phthalate resin, for
      example, was used to alter the surface of a pigment, it became
      hydrophobic, but when used with a bodied drying oil, had little or no
      solubility in the oil selected as binder, and in this case the surface was
      not altered to an oilophilic nature and the requisite properties of gloss
      did not develop in the film, even though the pigment was hydrophobic. The
      term oilophilic is therefore used in a similar sense in reference to oil
      as the term hydrophilic is employed in relation to water, indicating a
      strong attraction between the pigment surface and the oil phase.
PAR  In the pigmented emulsions herein described, the pigments remain wetted by
      the oil phase, and because of the hydrophobic nature of their surfaces do
      not migrate beyond the water-oil interface. Emulsion paints containing
      such pigments will retain their ability to deposit glossy films despite
      package age.
PAR  The compounds used to render the pigments oilophilic for the purpose of the
      invention are monomeric organic compounds characterized by at least one
      non-polar organic hydrophobic group containing at least eight carbon atoms
      in a hydrocarbon structure which in the form of its monocarboxylic acid is
      soluble in oleoresinous varnishes and insoluble in water, and at least one
      polar group preferably selected from the class consisting of carboxylic
      acids, salts of said carboxylic acids, esters of said carboxylic acids and
      cationic ammonium and amine surface active groups containing an ionizable
      negative radical of a water soluble acid. Such polar groups are effective
      in causing said organic compounds to adhere to the pigment surface,
      especially where the latter are hydrophilic.
PAR  the preferred and most useful compounds employed to render pigments
      oilophilic for the purpose of the invention are polar organic compounds
      having the general formula:
      ##EQU1##
      where R is a hydrophobic organic radical (e.g., hydrocarbon groups
      containing 8 to 36 carbon atoms such as C.sub.8, C.sub.10, C.sub.12,
      C.sub.14, C.sub.16, C.sub.18, C.sub.19, hydrocarbon radicals), X is
      hydrogen, ammonium or metal salt forming group, and n is a small whole
      number not greater than two and preferably one. Compounds within the scope
      of the above may be referred to as salts or soaps of detergent forming
      organic carboxylic acids. Also included are rosin and hydrogenated rosin,
      referred to herein as acid rosinates, and metal rosinate salts and soaps.
PAR  Included in this group are rosin acids, long chain fatty acids soluble in
      oleoresinous varnishes and insoluble in water, naphthenic acids and
      aromatic carboxylic acids and the salts and soaps of these acids. Specific
      metallic salts of the above acids effective for the purpose of the
      invention include lead, cobalt, manganese, zinc, nickel, sodium, copper,
      calcium, barium, magnesium, aluminum, etc. Repeated investigation has
      shown the aluminum salt to be preferred of the metal salts tested.
PAR  A second class of polar organic compounds useful for rendering the pigments
      oilophilic but more costly, are the water soluble cationic surface active
      ammonium and amine compounds characterized by a hydrophobic organic group
      and the negative radical of a water soluble acid bonded to the same
      nitrogen atom, the preferred compounds having a hydrocarbon chain
      containing 8 to 18 carbon atoms and an ionizable halogen atom bonded to a
      single nitrogen atom. Examples of such compounds are the long chain alkyl
      amine and ammonium addition products of halogen acids, the alkyl group
      being such that its monocarboxylic acid is soluble in oleoresinous
      varnishes and insoluble in water. Illustrative but not exclusive of the
      cationic surface agents useful for the purpose of the invention are lauryl
      pyridinium chloride, cetyl trimethyl ammonium bromide, stearamidoethyl
      pyridinium chloride, trimethyl heptadecyl ammonium chloride,
      triethylbenzyl ammonium chloride, stearyl triethyl ammonium bromide,
      octadecyl beta hydroxyethyl morpholinium bromide and the long chain alkyl
      trimethylammonium halides (sold under the trade name "Arquads" by Armour
      and Company) where the long chain alkyl group contains from 8 to 18 carbon
      atoms. Among the long chain alkyl amines useful in forming the salts of
      halogen acids are the octyl to octadecyl, octadecenyl and octadecadienyl
      amines (sold under the trade name of "Armeens" by Armour and Company).
PAR  A third class of polar organic compounds useful for surface treatment of
      pigments are the complex chromium compounds of the Werner type containing
      from one to about ten nuclear trivalent chromium atoms co-ordinated with
      acido groups, said acido groups as acids being soluble in oleoresinous
      varnishes and insoluble in water, the ratio of chromium atoms to acido
      groups within the range of from 1:1 to 10:1 within the co-ordination
      spheres of the chromium atoms and at least one halogen outside the
      co-ordination sphere but ionically associated with said co-ordination
      sphere. Suitable compounds of this class are described in U.S. Pat. Nos.
      2,273,040, 2,544,667 and 2,544,668. The use of this specific class of
      materials for producing glossy pigment-in-oil, oil-in-water emulsions is
      covered in my U.S. Pat. No. 2,719,133, which was filed of even date with
      my application Ser. No. 230,841 of which the parent application Ser. No.
      574,988 is a continuation-in-part.
PAR  A fourth class of suitable polar organic compounds includes the organic
      silicon halides wherein the organic radicals bonded to the silicon atom
      are soluble in the form of their monocarboxylic acids in oleoresinous
      varnishes and insoluble in water, and the halogen groups thereof are
      readily hydrolyzable when in contact with water. It can be seen that the
      residual monolayers of water in intimate contact with the pigment surface
      are suitable to form, through hydrolysis, a strong bond between the
      pigment surface and the oil soluble organic radical containing silicon
      upon intimate mixture of the "dry" pigment and the described silicon
      halides. If the organic silicon halide contains several reactive haloven
      atoms it may polymerize even in the presence of small amounts of moisture
      and to avoid this it is preferable to use an organic silicon monohalide.
      If the aforementioned polymerization occurs it interferes with subsequent
      reversion of the water-in-oil emulsion to an oil-in-water emulsion.
PAR  A polar compound is defined herein as one acting something akin to a length
      of chain with the properties of a bar magnet, one end of the chain having
      a "south pole" and the other a "north pole" nature, the south pole of the
      chain being attracted to and oriented upon a surface and the north pole
      effecting an interface with distinctive properties. In the instant case
      with the preferred polar compound, aluminum resinate, the metallic or
      south pole may be conceived of as being adsorbed and oriented on the
      pigment surface, and the oilophilic or north pole resinate as extending
      outwardly into the pigment air interface, and attracted strongly to oils.
PAR  The surface coating of the pigment with the selected agent may be effected
      by dry or wet methods. If the polar organic treating agent is water
      insoluble or water reactive, in the case of metallic salts of organic
      acids and hydrophobic silicon halides, a dry method as hereinafter
      described is preferred. If the surface coating agent is water soluble as
      in the case of the water soluble resinates, the quaternary ammonium salts,
      alkyl amine salts and the water soluble long chain organic Werner
      complexes, they are preferably added during the wet-grinding of the
      pigment in the final stages of its manufacture, but may also be added at
      the time the pigment is water-wetted in the initial stages of glossy
      emulsion paint manufacture. However, the pigment should be pre-coated with
      the oilophilic polar compound before emulsification. This pre-coating not
      only results in a final product which is glossy when dried but it also
      assists in the ease of formation of the first emulsion stage, i.e., the
      pigment-in-oil, water-in-oil emulsion.
PAR  Other methods of surface coating may be employed to accomplish the desired
      end, namely, the employment of an extremely fine dispersion of a titanium
      dioxide pigment, the surface of which is coated with a polar organic
      compound which renders said surface oilophilic and hydrophobic. The
      preferred method of surface treatment is by dry grinding of an admixture
      of pigment and agent, wherein from 0.5% to 4% of the treating agent
      coarsely mixed with the pigment is processed through a high speed super
      pulverizer (e.g., A Micronizer). About 1.5% of the surface treating agent
      is preferred in using this method. If the pigment is wet ground, about the
      same percentages of a water dispersible soap or salt of a modified rosin,
      or a solution in an organic solvent of a modified rosin may be added to
      and ground with the wet pigment slurry. After treating, if desired, the
      pigment may be dried and shipped to a point of use, or shipped with water
      present.
PAR  In the practice of the invention, the required amount of oilophilic pigment
      for the size batch planned is weighed into a jacketed mixing tank, and, if
      dry, the water necessary for the final water content can be added
      initially to the mixing tank before the pigment. After thorough mixing and
      dispersion of the oilophilic surfaced pigment in water, the desired oil is
      added slowly in a fine stream until between one-third and one-half of the
      total oil is stirred into the batch. A "cheesy" stage is often observed
      and thorough mixing at this point is desirable. The remainder of the oil
      is added and a phase inversion takes place wherein the water becomes the
      internal phase, the oil the external phase, and the pigment becomes
      extremely well dispersed in the now continuous oil phase. A considerable
      proportion of the water may break out, depending upon the system, and some
      remains as the internal or disperse phase of the mass. The water which
      separates can be removed at this point, if excessive. After the remaining
      oil has been added, the water content may be adjusted, if desired, at this
      point. If is preferable, however, to disperse the pigment in the amount of
      water required in the final emulsion paint composition so that adjustments
      in the water content at this stage are unnecessary.
PAR  Subsequently, and while mixing, an emulsifying agent, emulsion forming
      agents or combinations of emulsifying agents are added (mixtures of ionic
      and non-ionic types may be used) and another phase reversal normally takes
      place. The oil becomes the dispersed or internal phase carrying within it
      the oilophilic oil wetted, altered surfaced titanium dioxide pigment. This
      may be visualized as a concentric pattern of pigment with altered coating
      as a center (one or more pigment particles), surrounded by oil. The oil
      itself is in a finely divided form, emulsified in the water which is the
      continuous phase. As the size of the oil globules vary roughly between
      one-half micron and 10 microns, with the greatest percentage from 2 to 6
      microns, the importance of extremely small pigment particle size is
      apparent, as theoretically the pigment should be totally within the
      confines of the oil droplet. It is also desired that the smallest volume
      of pigment possible be used which will produce adequate hiding in the
      final paint product. So far as is known today, titanium dioxide is the
      only white pigment with the two necessary characteristics, i.e., extremely
      small particle size, and very high index of refraction (e.g., in excess of
      2.4).
PAR  After the system has been sufficiently agitated to produce the emulsion
      system of pigment-in-oil, oil-in-water, a concentrated aqueous dispersion
      of a protective colloid is preferably added to stabilize the system in the
      final phase order. A solution of casein, a water soluble soap, or a water
      dispersible cellulose, such as methyl cellulose, may be employed, for
      example, depending upon the requirements of the product. In a glossy
      emulsion enamel, casein solutions may be chosen so that upon the surface
      or in the brush itself.
PAR  In case it is desired to use an emulsion elastomer as the binder portion of
      a glossy emulsion paint, the steps are varied only slightly as follows. To
      the altered surfaced oilophilic titanium dioxide dispersed in water is
      added a selected oily elastomer plasticizer with thorough mixing, and then
      the emulsifiers are added and the plasticizer pigment combination
      emulsified so that water is the continuous phase. The phase order is then
      preferably stabilized first with a protective colloid, and the emulsion
      elastomer added thereafter.
PAR  Emulsion elastomers include compounds of the class referred to as emulsion
      polymers or copolymers and contain the copolymers emulsified in an
      alkaline medium preferably, although with allowances and compensations
      made for pH, or hydrogen ion concentration on the acid side, acid type
      emulsion copolymers may also be utilized. Among the emulsion elastomers
      that may be utilized are emulsions of: styrene polymers, butadiene
      polymers, styrene and butadiene copolymerized, vinylidene and vinylidene
      chloride copolymerized, polyvinyl chloride, polyvinylacetate, alkyl
      methacrylate polymers, butadiene-acrylonitrile copolymers, and other
      elastomer emulsions known to the art.
PAR  To simplify the presentation of various examples of the preparation of
      emulsion coating compositions in accordance with the invention, the
      preparation of illustrative oil-resin vehicles and of a typical protein
      dispersion employed in the examples will first be described.
PAC  Preparation of Vehicle A
PA1  450 lbs. dehydrated castor fatty acids
PA1  84 lbs. pentaerythritol
PA1  27 lbs. glycerine, and
PA1  105 lbs. phthalic anhydride
PAL  were weighed into a stainless steel kettle equipped with a cover and
      agitator, and a carbon dioxide blanket was maintained over the batch
      during the cook. The batch was heated to 370.degree.F. in about 30 minutes
      and held one hour. The temperature was then increased to 460.degree.F. and
      held for a body of Z.sub.1 -Z.sub.2 (Gardner-Holdt), and the batch was
      then blown with carbon diozide to an acid value of 10 or less.
PAC  Preparation of Vehicle B Highly Polar Oil
PA1  750 lbs. of Varnish Maker's linseed oil and
PA1  125 lbs. maleic anhydride
PAL  were weighed into a stainless steel kettle and the batch taken to
      365.degree.F. and held for one hour. The temperature was then increased to
      400.degree.F., and the batch held for X-Y viscosity (Gardner-Holdt). It is
      preferred that a carbon dioxide blanket be maintained and that good
      agitation be employed.
PAC  Emulsified Oil Vehicle C
PA1  An emulsified varnish was prepared as follows:
PA1  1,500 lbs. long oil alkyd varnish vehicle A
PA1  150 lbs. vehicle B
PA1  150 lbs. dehydrated castor oil fatty acids and
PA1  200 lbs. hydrogenated rosin (Staybelite)
PAL  were heated to 300.degree.F. and the resin dissolved and allowed to cool to
      210.degree.F., then the following blend added:
PA1  40 lbs. 2-amino-2-methyl-1-propanol in
PA1  800 lbs. water
PAL  emulsified with good agitation and formed into a soap, in situ, with the
      acids present. There was then added:
PA1  12 lbs. Advawet 32 concentrate (Advance Solvents, a non-ionic emulsifying
      agent), and
PA1  10 lbs. aqueous ammonia (commercial).
PAL  The pH of this product was about 8.4. This product was then ready for use
      in the examples which follow.
PAC  Casein Solution D
PAR  To 3,200 lbs. of warm water in a jacketed kettle was added 5 lbs. of octyl
      alcohol to prevent foam and 600 lbs. of acid precipitated casein, and the
      resultant mixture was soaked 10 minutes with good agitation.
PAR  Then 60 lbs. of preservative (e.g., Dowicides A and G and 30 lbs. of
      phenol) was added, the mixture was heated to 140.degree.F., and then 75
      lbs. of 10% caustic soda solution was added. The mixture was heated to
      170.degree.F. and held at this temperature for 15 minutes, and then 38
      lbs. of 28% ammonium hydroxide was added. The dispersion had a pH of
      approximately 8.5.
PAR  The invention will now be further illustrated by the following examples of
      the preparation of emulsion enamels. In these examples, the values stated
      in terms of per cent specular reflection represent a comparison with a
      standard black mirror giving 95% absolute specular reflection.
DETD
PAC  EXAMPLE I
PAR  a. 400 lbs. water and
PA1  4 lbs. dispersing agent (Blancol) were mixed in a paint mixer. 1,000 lbs.
      of R-200 (duPont) titanium dioxide was treated with 1.5% aluminum resinate
      by "micronizing" the resinate and pigment together and was added to the
      water containing the dispersing agent, with good agitation, until the
      pigment was dispersed in the water. 640 lbs. of vehicle A, 12 lbs. of 6%
      cobalt naphthenate and 6 lbs. of 12% lead naphthenate were blended and
      added in a steady stream. The pigment was flushed into the oil phase
      giving a smooth paste having a ground appearance. A previously prepared
      blend of emulsifying agents, made by heating 30 lbs. of water to boiling
      along with 43/4 lbs. naphthenic acid and 211/2 lbs. stearic acid, was
      formed into soap in situ by adding 51/4 lbs. 2-amino-2-methyl-1-propanol
      and 2 lbs. of a commercial aqueous ammonia. This soap emulsifying agent
      was added to the paint along with 151/4 lbs. of a non-ionic emulsifying
      agent such as Advawet 32 concentrate (Advance Solvents). Following this
      addition, 640 lbs. of casein solution D was added with agitation. The
      phase changed upon addition of the emulsifying agents, and the casein
      stabilized the phase order. The pH of the product was adjusted to 8.5 with
      ammonia.
PAR  For use, the product was reduced about 50% with water, and when applied in
      two coats over a hard pressed board panel, the specular reflection of the
      product was substantially 32% at a 60.degree. angle.
PAC  EXAMPLE II
PAR  a. 400 lbs. water
PA1  4 lbs. dispersing agent, and
PA1  800 lbs. commercial TiO.sub.2 (R-110 duPont)
PAL  were weighed into a jacketed mixing tank and stirred until a uniform paste
      was produced. 80 lbs. of a 55% solution of a sodium soap of a hydrogenated
      rosin (Staybelite) in ethyl alcohol was added very slowly while the batch
      was under agitation. It is believed that a part of the soap was adsorbed
      and oriented on the surface of the untreated pigment and altered the
      surface character of the pigment. After thorough stirring (with heating if
      desired) 640 lbs. of varnish vehicle A was added with driers incorporated
      as in Example I. The batch was then completed as in Example I with the
      same quantity of the same addition agents. This product when reduced 50%
      with water and applied in two coats over a hard pressed board panel gave a
      gloss at 60.degree. of 45% specular reflection.
PAR  b. A formula similar to (a) was followed except that the rosin soap was
      omitted while employing the former amount of ethyl alcohol to maintain
      conditions otherwise the same. This formula, when reduced 50% and applied
      to a hard pressed board panel in two coats and allowed to dry, produced a
      specular reflection of approximately 12% when measured at an angle of
      60.degree..
PAC  EXAMPLE III
PAR  The procedure was carried out as in Example II, except that the 80 lbs. of
      55% alcoholic soap solution used to treat the pigment was replaced with 40
      lbs. of a 50% solution of a hydrogenated rosin (Staybelite) in xylene. 650
      lbs. of varnish vehicle A in place of the 640 lbs. of Example II, was used
      and 750 lbs. of casein solution D was employed instead of the 640 lbs.
      This product was reduced 50% with water, applied in two coats over a hard
      pressed board panel, and gave a 60.degree. reflection of 42% when dry.
PAC  EXAMPLE IV
PAR  The procedure was carried out as in Example II, except the 80 lbs. of 55%
      rosin soap in alcohol was replaced with 150 lbs. of a 50% hydrogenated
      rosin soap (Staybelite soap) in water.
PAR  This product was reduced 50% with water and two coats over a hard pressed
      board panel produced a film having a specular reflection of 33% at a
      60.degree. angle.
PAC  EXAMPLE V
PAR  The procedure was the same as Example I, except the rutile titanium pigment
      employed therein was treated with 1.5% by weight of aluminum naphthenate
      by "micronizing".
PAC  EXAMPLE VI
PAR  The procedure was the same as Example I, except the rutile titanium dioxide
      employed therein was treated with 1.5% by weight of nickel naphthenate.
PAC  EXAMPLE VII
PAR  The procedure was the same as Example I, except the rutile titanium dioxide
      was treated with 1% calcium resinate in mineral spirits solution and the
      slurry, dried and micro-pulverized before incorporation into the batch.
PAC  EXAMPLE VIII
PAR  The procedure was the same as Example I, except the titanium dioxide
      pigment was rendered oilophilic and hydrophobic with cobalt naphthenate by
      ball milling the pigment in a light petroleum fraction in the presence of
      1.5% by weight of the pigment of cobalt naphthenate for 24 hours and the
      excess solvent removed by centrifuging and the last traces thereof by
      exposure to the ambient atmosphere. Several days were allowed to elapse
      between the grinding and the centrifuging operation during which time the
      slurry was aged at about 120.degree.F.
PAC  EXAMPLE IX
PAR  The procedure was the same as Example I, except the titanium dioxide used
      therein was coated with 2% of stearic acid by micronizing.
PAC  EXAMPLE X
PAR  The procedure was the same as Example I, except the titanium dioxide
      pigment employed therein was surface coated to a hydrophobic, oilophilic
      nature by micronizing with 1% by weight of the pigment of wood rosin.
PAC  EXAMPLE XI
PAR  The procedure was the same as Example I, except that titanium dioxide
      pigment therein used was surface coated with 1.5% by weight of aluminum
      stearate by the micronizing method.
PAC  EXAMPLE XII
PAR  The procedure was the same as Example I, except the titanium dioxide
      pigment therein employed was surfaces coated with the sodium salt of rosin
      by micronizing. Unusual dispersion activity was noted upon addition of
      this treated pigment to the Blancol-water mixture described. The effect
      resembled the addition of metallic sodium to water as the particles seemed
      literally to "skate" over the surface of the water.
PAC  EXAMPLE XIII
PAR  A rutile titanium pigment was surface treated by micronizing it with
      aluminum octoate. A portion of the pigment batch so treated was thereafter
      incorporated as in Example I to produce a glossy emulsion enamel having a
      greater degree of specular reflection than the same pigment untreated and
      similarly incorporated.
PAC  EXAMPLE XIV
PAR  1,000 parts by weight of rutile titanium dioxide were heated at
      225.degree.F. for several days and placed in a crockery-type pebble mill.
      To the dry pigment was added 20 parts of octadecylsilicon trichloride
      (prepared as described in Example 3 of U.S. Pat. No. 2,413,050 issued to
      James Franklin Hyde, Dec. 24, 1946) which previously had been reflexed
      with two mols of nonyl alcohol per mol of octadecylsilicon trichloride and
      2,000 parts of freshly distilled mineral spirits. The pigment was milled
      for 24 hours, the excess solvent centrifuged off and the residual solvent
      removed by air-drying. The air-dried, treated pigment was then dispersed
      in water and made up into an emulsion paint as in Example I. The enamel
      film deposited therefrom had a greater specular reflectance than titanium
      dioxide pigment emulsion paints not so treated, but made otherwise the
      same.
PAC  EXAMPLE XV
PAR  The procedure and quantities as described in Example II were followed with
      the exception that the 80 pounds of 55% solution of a sodium soap of
      hydrogenated rosin were substituted for with 64 pounds of a 25% solution
      of lauryl pyridinium chloride which was added in a similar manner to the
      rosin soap. The pigment slurry was heated to 200.degree.F. and held for 1
      hour and the varnish added and the batch completed as in Example II. The
      pigment treatment increased the resultant gloss of the final emulsion
      paint as compared with a blank not so treated.
PAC  EXAMPLE XVI
PAR  The procedure was the same as Example XV, except 62 pounds of a solution of
      33% concentration of octadecadienyl trimethyl amine chloride (Arquad S of
      Armour and Company) were used to replace the 64 pounds of lauryl
      pyridinium chloride solution.
PAC  EXAMPLE XVII
PAR  The procedure was the same as Example XV, except 64 pounds of a 25%
      solution of octadecenylamine chloride (made from Armour's Armeen 18-D
      aliphatic amine containing 93% of the octadecenylamine and an equivalent
      amount of HCl) were used in place of the hydrogenated rosin soap of
      Example XV.
PAR  The resultant emulsion paint had superior gloss characteristics than
      formulas wherein the pigment surface was not altered by surface treatment
      with a polar organic compound.
PAC  EXAMPLE XVIII
PAR  1,200 parts by weight of titanium dioxide pigment were slurried in 3000
      parts of distilled water in a pebble mill. 6 parts by weight of 36% HCl
      were added and the batch ground for 10 minutes to insure uniform
      dispersion of the additives. To the mixture was then added 18 parts of
      rosin amine ("Rosin Amine D" as furnished by the Naval Stores Division of
      Hercules Powder Company). The pigment and reactants were water-ground for
      18 hours, and allowed to settle overnight. Excess water was removed by
      decantation and an equivalent amount of distilled water to that removed
      again added as a wash. After about ten minutes agitation on the pebble
      mill rack the pigment was dried by centrifuging out most of the water, and
      the water content of the wetted surface treated pigment adjusted to about
      28% of the total.
PAR  1,400 parts of the above paste were then transferred to a pony mixer pan
      and processed into an emulsion paint by the step of adding 640 parts of
      varnish vehicle and steps subsequent thereto as described in Example I.
PAR  The resulting emulsion paint gave films having a higher specular
      reflectance than pigments not treated with polar organic substances.
PAC  EXAMPLE XIX
PAR  2,400 parts of titanium dioxide pulp containing approximately 50% by weight
      of water, (the pulp obtained from a manufacturer of titanium pigments
      before the final drying step) were placed in a pebble mill and 1,800 parts
      of distilled water were added to the pulp in addition. To this slurry were
      added 16 parts of an organic Werner-Type chromium complex, prepared as
      described in U.S. Pat. No. 2,273,040, Example XI, after purification from
      methanol. This complex oleic acid-chromyl chloride reaction product was
      ground in the aqueous pigment slurry in the ball mill for 24 hours. After
      completion of this step, the batch was removed from the pebble mill and
      the excess water decanted after standing. The wet pigment concentrate was
      thereafter heated to 180.degree.F. for 4 hours, washed with distilled
      water and centrifuged. The water content of the resultant pulp was
      readjusted to about 28% of the total pigment pulp and 1,400 parts thereof
      were transferred to a pony mixer pan and processed into an emulsion paint
      following the procedure of adding 640 parts of varnish vehicle A plus
      driers as set forth in Example II and the remaining steps subsequent
      thereto as described in Example I.
PAR  The films deposited from the resultant emulsion paint had greater gloss
      than the standard wherein the pigment was not initially rendered
      oilophilic and hydrophobic by use of a polar organic compound having a
      non-polar group the monocarboxylic acid of which is soluble in
      oleoresinous vehicle and insoluble in water.
PAC  EXAMPLE XX
PAR  A pulp titanium dioxide was treated as in Example XIX, but with a
      Werner-type organic chromium complex made in accordance with Example IV of
      U.S. Pat. No. 2,273,040. 25 parts of the stearato product obtained from
      methanol recrystallization were used in this case in lieu of the previous
      16 parts. Other than the surface treatment medium and the amount, all
      other steps and quantities were identical with Example XIX.
PAR  Films of the emulsion enamel resulting had a gloss superior to a similar
      enamel wherein the surface of the titanium pigment had not been so
      treated.
PAC  EXAMPLE XXI
PAR  200 lbs. of water and
PA1  2 lbs. dispersing agent (Blancol)
PAL  were dissolved in a steam jacketed paint mixer and 500 lbs. of titanium
      dioxide pigment (duPont R-200) previously Micronized with 11/2% of
      aluminum resinate was added with the whole being agitated until thoroughly
      dispersed in the water.
PAR  To this pigment slurry was added 400 lbs. of the previously prepared
      emulsified oil vehicle C into which 4 lbs. of 6% cobalt naphthenate and 2
      lbs. of 12% lead naphthenate had been thoroughly stirred. 5 lbs. of
      2-amino-2-methyl-1-propanol was then added, plus 6 lbs. of an anionic
      emulsifying agent of the sodium alkyl aryl sulfonate type (Nacconal
      N.R.S.F.). After thorough incorporation 121/2 lbs. of a 25 centipoise type
      methyl cellulose was added with caution and dispersed therein.
PAR  This product was reduced 50% with water and produced a gloss in two coats
      over a hard pressed broad panel of 50% specular reflectance at an angle of
      60.degree.. A product made with an untreated pigment over the identical
      formula in comparison produced a gloss of 34% specular reflectance at a
      60.degree. angle.
PAC  EXAMPLE XXII
PAR  600 lbs. water
PAR  6 lbs. Blancol (dispersing agent)
PAR  820 lbs. titanium dioxide R-110 (untreated)
PAR  The above ingredients were stirred together in a steam jacketed agitator
      and thoroughly mixed.
PAR  280 lbs. vehicle B was added slowly with good agitation and after
      thoroughly treating the pigment and allowing a portion of the strongly
      polar oil to be adsorbed by the pigment the following ingredients were
      added under good agitation:
PAR  100 lbs. hydrogenated rosin (Staybelite) dissolved in 370 lbs. vehicle A
PAR  8 lbs. 6% cobalt naphthenate
PAR  4 lbs. 12% lead naphthenate
PAR  After thorough mixing the above composition was emulsified by the addition
      of:
PAR  4 lbs. 2-amino-2-methyl-1-propanol
PAR  6.5 lbs. aqueous ammonia (commercial --26%)
PAR  These basic ingredients formed an emulsified oil with the acidic groups of
      vehicle B. In this formulation vehicle B serves a quadruple function: (1)
      as surface treating agent, (2) as emulsifying agent, (3) as protective
      colloid, and (4) as part of the drying oil vehicle binder. To produce good
      brushing characteristics there was added finally:
PAR  20 lbs. ethylene glycol monomethylether (methyl cellosolve)
PAR  10 lbs. diethylene glycol monoethylether (Carbitol)
PAR  These last named compounds extend the "wet edge" of the film in
      application.
PAR  The product, when reduced 25% with water and applied in two coats over hard
      pressed board panel, produced a gloss at a 60.degree. angle of
      approximately 50% relative to a black mirror as standard at 95% specular
      reflection.
PAC  EXAMPLE XXIII
PAR  This example illustrates the use of an emulsion copolymer.
PAR  200 lbs. titanium dioxide (duPont R-200) Micronized with 1-1/2 % aluminum
      resinate and
PAR  200 lbs. water (cold, about 20.degree.C.)
PAL  were well dispersed together in a mixer. After thorough mixing, 75 lbs. of
      tricresyl phosphate was added slowly to the pigment slurry.
PAR  2 pounds of 2-amino-2-methyl-1-propanol and 20 lbs. of a refined tall-oil
      were added and stirred thoroughly to emulsify the system. 5 lbs. of 25
      centipoise type methyl cellulose was added as a thickener and stabilizer
      for the emulsion system. After the methyl cellulose had been incorporated,
      400 lbs. of a styrene copolymer emulsion (e.g., Dow X-319 or X-579) was
      added. The copolymer emulsion contained about 50% solids.
PAR  This product can usually be applied without further reduction with water,
      and when applied in two coats over a hard pressed panel produced a
      specular reflection at 60.degree. of approximately 40%. The same
      formulation made using the standard commercially available standard
      surfaces pigment as identified, under the same conditions, gave a gloss of
      about 5%, which is extremely low.
PAC  EXAMPLE XXIV
PAR  While it is preferred to water wet the pigment initially because of the
      elimination of a grinding operation, the invention can be practiced in the
      following manner to produce emulsion enamels of increased gloss and gloss
      stability with age:
PAR  216 lbs. Micronized TiO.sub.2 - R-200 containing 1-1/2 % aluminum resinate
      coating
PAR  133 lbs. vehicle A
PAR  2-1/2  lbs. 6% cobalt naphthenate
PAR  1 lb. 12% lead naphthenate
PAL  were flushed loosely through a 3-roller mill of the type used in grinding
      enamels. To this paste in a mixer was added 6-1/2  lbs. of Advawet 32
      concentrate (a non-ionic emulsifying agent) and 133 lbs. of prepared
      casein solution D. Then there was added a previously prepared emulsifying
      agent made by adding to 90 lbs. of boiling water, 1 lbs. naphthenic acid,
      41/2 lbs. stearic acid, and, when the stearic acid became liquid, 1 lb.
      2-amino-2-methyl-1-propanol and 2 lbs. of commercial aqueous ammonia to
      form a soap or salt of the acidic materials.
PAR  When reduced 50% and applied in two coats over a hard pressed board panel,
      this paint produced a specular reflection of approximately 50% at an angle
      of 60.degree.. The same formulation made with the pigment unaltered as to
      surface gave a gloss of approximately 15% when measured at the same angle.
PAR  In practice, both anatase and rutile type titanium dioxide pigments can be
      used. In those cases where specifications will permit, it is preferred to
      use a rutile type titanium dioxide as this pigment has a higher hiding
      capacity for a given volume of pigment than the anatase form. It will be
      noted that some pigments now commercially available will produce more
      glossy films than others in standard formulations. It is believed that
      these pigments inherently possess a mineral type surface of nature more
      oilophilic than those producing less gloss. However, it is to be noted
      that even though this be true, by efficient coating of the most attractive
      titanium dioxide pigment commercially available, for example, by
      Micronizing the pigment and a small percentage of aluminum resinate, the
      gloss which has been produced in a given formula has been found to be
      improved thereby, both initially, and when measured after age in the
      package.
PAR  Other types and modifications of vehicles than those illustrated can also
      be employed and the proportions of pigment to vehicle can be changed.
      There are a wide variety of emulsifying agents from which one may select
      and achieve excellent results. Protective colloids for stabilization of
      phase relationships which may be mentioned are natural occurring gums,
      casein, water dispersible modified celluloses, and soaps derived from a
      wide variety of high molecular weight acidic organic compounds.
PAR  As previously indicated, the quantity of water employed in the treatment of
      the pigment in the stage where the pigment is made oilophilic should be
      sufficient to coat the pigment and leave a boundary of water between
      adjacent particles which will serve to penetrate and isolate the pigment
      particles. The amount of water therefore will depend to some extent upon
      the surface area of the pigment, but in general a considerable excess over
      the amount necessary to cover the surface area of the pigment is
      preferred. The mininum amount may be about 15 to 20% by weight of the
      pigment, while the practical maximum amount will be the amount ultimately
      desired to be present in the final emulsion. Usually this latter amount
      will not exceed a ratio of water to pigment of about 2:1. The quantity of
      water initially employed is preferably such that excess water does not
      break out when the oilophilic pigment is dispersed with a part of the oil
      to form the water-in-oil, pigment-in-oil dispersion during the first noted
      phase change. If the quantity of water is in excess, and water does break
      out at this latter stage, it can be poured off, but as this is unnecessary
      waste motion such operations should be avoided.
PAR  The quantity of water present in the composition after the final phase
      change, that is, after the conversion to the oil-in-water emulsion, will
      usually be within the range of 30 to 65% water by weight, and the quantity
      of pigment will usually be within the range of 15 to 45% pigment by
      weight. The final product has a pasty appearance, and a consistency such
      that the paste can be readily reduced by additions of water with stirring.
      The water, pigment and oil will account for approximately 95% of the total
      weight of the completed emulsion enamel.
PAR  The pasty product is reduced by the consumer by adding more water, and
      usually this water reduction will involve the addition of half as much
      water as paste used, which, according to the custom of the trade, is
      referred to as a 50% reduction. It is possible, of course, to add more
      water before packaging and thereby to reduce the consistency and produce a
      less concentrated product.
PAR  The invention is not limited to the choice of any particular resin or salt
      of a resin for rendering the pigment oilophilic except that the surface
      treating agent as already explained, should be oilophilic and preferably
      one containing a polar group.
PAR  The invention is also not limited to the use of any particular dispersing
      agent, or to the use of dispersing agents in general. While theory
      indicates that a dispersing agent is desirable, no difference in results
      has been detectable when the use of dispersing agents was omitted
      entirely.
PAR  The term "binder" used herein refers to the amorphous water insoluble
      resinous material, or organic polymer, which serves as the major portion
      of the non-volatile vehicle solids.
PAR  With respect to the pigment employed, it may be pointed out that any
      pigment, white or colored, having a particle size small enough to be
      encompassed by the oil droplets might be used. Although titanium dioxide
      has been employed principally in the practice of the invention, the
      invention is also applicable to other pigments having the general
      characteristics mentioned, including for example, zinc sulfide, upon
      proper surface alteration.
PAR  The term "Staybelite" is a trade name for hydrogenated rosin. (Hercules
      Powder Company).
PAR  The term micronized refers to a process of pigment dispersion wherein the
      pigment is aspirated into a gas moving at high velocity in an inverted
      dishpan-like apparatus such that the high velocity and rubbing of the
      pigment particles against each other reduces the particles size. There are
      other methods similar in principle that may be used for coating the
      pigment.
PAR  The term "Blancol" (Antara Chemicals Division, General Dyestuff) is a trade
      name for a resinous water soluble agent which has a dispersing effect
      without any substantial effect on surface tension.
PAR  The term "Advawet 32" (Advance Solvents and Chemical Corporation) is a
      trade name for a non-ionic ethylene oxide condensation product of a
      pentaerythritoc esterified with a long chain fatty acid.
PAR  The terms "Dowicide A" and "Dowicide G" (Dow Chemical Company) are trade
      names for sodium orthophenylphenate and the sodium salt of
      pentachlorophenol.
PAR  The expression "water treated oilophilic pigment" is employed herein to
      described a pigment which has been sufface treated to render it oilophilic
      and has been dispersed in water prior to dispersing it in oil.
PAR  The term "glossy" as herein used is a relative term, conveying a meaning
      opposed to flat or diffuse. A more technically correct expression is the
      phrase "high specular reflection" in lieu of glossy. "Specular reflection"
      refers to that quality of light as reflected from a black mirror. In fact,
      by the percent of gloss or specular reflection is meant that amount of
      light, reflected at a given angle from a surface, as compared with a
      standard black glass mirror taken as specularly reflecting 95% of all the
      light incident upon it. The standard angle of reference has commonly been
      a 60.degree. angle. Surfaces reflecting less than 10% are dead flat for
      all practical purposes. As the specular reflection increases to 20% there
      is an increasing angular sheen, a type of gloss noted when the observer
      receives light as from the side walls in a long narrow hallway. Gloss
      observable at acute angles to the surface is called sheen. Glossy emulsion
      coatings can be made with high angular sheens and yet be practically flat
      when observed at an angle of 60.degree. to 90.degree. .
PAR  The compositions of this invention may be made from high sheen types to
      those possessing glosses of over 80% at an angle of 60.degree.. Higher
      gloss emulsion materials can be produced by the method herein disclosed
      than were heretofore possible with standard pigments with comparative
      formulation.
PAR  It is to be understood in the description of the gloss obtained in the
      above illustrations that there are many factors which will influence the
      gloss, such as the number of coats applied, the ratio of pigment to
      vehicle solids, the viscosity of the reduced emulsion paint, the type of
      brush, the porosity of the surface over which the enamel is applied, the
      skill of the operator and other factors apparent to one experienced in the
      formulation of paints. Therefore, the figures given for specular
      reflectance in each case are subject to some fluctuation, depending upon
      many factors, and the examples given are illustrative of the comparative
      results which have been achieved, and show the improvement that may be
      anticipated in practice.
PAR  Glossy emulsion coatings as prepared herein are suitable for a wide variety
      of trade sales products, road marking paints, specialties and industrial
      finishes and possess as inherent advantages (1) and use of water as a
      diluent replacing solvents, (2) reduction to a minimum of fire hazards in
      storage, and (3) practically odor-free application. Because of their high
      hiding qualities and their lack of penetration, fewer coats are required
      than with conventional enamels. These characteristics increase the economy
      of use and open a new approach to problems of decoration.
PAR  As will be apparent to those skilled in the art, many colors available for
      architectural decoration are made from white bases. There are relatively
      few colors used as such, or by themselves. Some notable exceptions are
      blacks and some reds. The procedure is to tint or shade a white base with
      the selected shading colors ground in a suitable oil or varnish. A similar
      procedure may be followed in the glossy, emulsion enamels herein proposed.
      The white enamels produced may be used as bases, and tinted or shaded by
      use of colored pigments, either ground into the proper vehicle or made
      into shading bases by surface treatment and the method herein disclosed.
      While not necessary because of the small amount used, it is preferred that
      the colored pigments be surface coated to a standard oilophilic surface
      prior to production of the shading bases, assuring more color uniformity.
      Because of the color phenomena of emulsions themselves, colors must be
      matched after they have partially dried to eliminate the milky effect upon
      the color of the emulsified system.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. An emulsion pigment-containing coating composition comprising a
      continuous aqueous phase and a discontinuous water insoluble oil phase
      containing dispersed in said discontinuous phase a titanium dioxide
      pigment which is surface coated with an organic compound effective to
      render said pigment oilophilic, said organic compound being characterized
      by at least one non-polar organic group containing a hydrocarbon structure
      of at least 8 carbon atoms, which group in the form of its monocarboxylic
      acid is soluble in oleoresinous varnishes and insoluble in water, and at
      least one polar group selected from the class consisting of carboxylic
      acids, salts of said carboxylic acids, esters of said carboxylic acids and
      cationic ammonium and amine surface active groups containing an ionizable
      negative radical of a water soluble acid, said organic compound being
      capable of adhering to said pigment surface when said coated pigment is
      emulsified and being capable of rendering said pigment surface oilophilic,
      said coating having been applied to said pigment prior to emulsification
      thereof and prior to dispersion of said coated pigment in said oil phase,
      and said discontinuous pigmented phase being capable of forming a
      continuous solid glossy film when dried.
NUM  2.
PAR  2. A composition as claimed in claim 1 wherein said composition contains an
      elastomer.
NUM  3.
PAR  3. A composition as claimed in claim 1 wherein said organic compound is a
      salt of a carboxylic acid.
NUM  4.
PAR  4. A composition as claimed in claim 3 wherein said organic compound is
      aluminum naphthenate.
NUM  5.
PAR  5. A composition as claimed in claim 3 wherein said organic compound is
      cobalt naphthenate.
NUM  6.
PAR  6. A process of preparing pigment-containing emulsion coating compositions
      comprising a continuous aqueous phase and a discontinuous water insoluble
      oil phase containing a pigment dispersed in said discontinuous phase which
      comprises surface coating a titanium dioxide pigment with an organic
      compound effective to render said pigment oilophilic and adding water to
      said pigment, thereafter adding an oil phase and emulsifying said surface
      coated pigment to form a water-in-oil, pigment-in-oil emulsion and
      converting said water-in-oil, pigment-in-oil emulsion to a pigment-in-oil,
      oil-in water emulsion, said organic compound being characterized by at
      least one non-polar organic group containing a hydrocarbon structure of at
      least 8 carbon atoms, which group in the form of its monocarboxylic acid
      is soluble in oleoresinous varnishes and insoluble in water, and at least
      one polar group selected from the class consisting of carboxylic acids,
      salts of said carboxylic acids, esters of said carboxylic acids and
      cationic ammonium and amine surface active groups containing an ionizable
      negative radical of a water soluble acid, said organic compound adhering
      to said pigment surface when said coated pigment is emulsified and being
      capable of rendering said pigment surface oilophilic, said coating having
      been applied to said pigment prior to emulsification thereof and prior to
      dispersion of said pigment in said oil phase, and said discontinuous
      pigmented phase being capable of forming a continuous solid glossy film
      when dried.
NUM  7.
PAR  7. A process as claimed in claim 6 wherein said pigment is surface coated
      with said organic compound prior to adding any water thereto.
NUM  8.
PAR  8. The process of producing a glossy oil-in-water pigment-in-oil coating
      composition which comprises dry milling a titanium dioxide pigment in a
      fluid energy mill with surface coating quantities of an organic compound
      effective permanently to render said pigment both hydrophobic and
      oilophilic, said organic compound being characterized by at least one
      non-polar organic group containing a hydrocarbon structure of at least 8
      carbon atoms, which group in the form of its monocarboxylic acid is
      soluble in oleoresinous varnishes and insoluble in water, and at least one
      polar group selected from the class consisting of carboxylic acids, salts
      of said carboxylic acids, esters of said carboxylic acids and cationic
      ammonium and amine surface active groups containing an ionizable negative
      radical of a water soluble acid, dispersing said treated pigment in water,
      adding to said aqueous dispersion while stirring a water-immiscible liquid
      vehicle capable of forming a film when dried, transferring said pigment to
      the water-immiscible vehicle phase, and through reversal of the emulsion
      phase relationship, emulsifying the resultant product to an oil-in-water,
      pigment-in-oil emulsion.
NUM  9.
PAR  9. A process of preparing an emulsion coating composition comprising
      essentially a continuous aqueous phase and a discontinuous water insoluble
      oil phase containing a titanium dioxide pigment dispersed in said
      discontinuous phase which comprises surface coating a titanium dioxide
      pigment with an organic compound effective to render said pigment
      oilophilic and adding water to said pigment, thereafter adding an oil
      phase and emulsifying said surface coated pigment with an oily elastomer
      plasticizer to form a water-in-oil, pigment-in-oil emulsion, adding an
      emulsifying agent to convert said water-in-oil pigment-in-oil emulsion to
      a pigment-in-oil, oil-in-water emulsion and adding an emulsion elastomer
      to said last named emulsion, said organic compound being a monomeric
      organic compound characterized by at least one non-polar organic
      hydrophobic group containing at least 8 carbon atoms in a hydrocarbon
      structure, which group in the form of its monocarboxylic acid is soluble
      in oleoresinous varnishes and insoluble in water, and at least one polar
      group which is a salt of a carboxylic acid, said organic compound adhering
      to said pigment surface when said coated pigment is emulsified and being
      capable of rendering said pigment surface oilophilic, said coating having
      been applied to said pigment prior to emulsification thereof and prior to
      dispersion of said pigment in said oil phase, and said discontinuous
      pigmented phase being capable of forming a continuous solid glossy film
      when dried.
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ABST
PAL  Compounds of the formula:
      ##EQU1##
      wherein X represents a carbonyl group C=O or a methylene group --CH.sub.2
      --,
PA1  R represents a phenyl, mono- or di-halophenyl or 2-pyridyl group,
PA1  R.sub.1 represents a pyridyl or C.sub.3.sub.-7 -cycloalkyl group,
PA1  R.sub.2 represents hydrogen, hydroxy or a C.sub.1.sub.-5 -alkyl group,
PA1  R.sub.3 represents 1 to 3 groups which can be hydrogen, halogen,
      C.sub.1.sub.-3 -alkyl, methoxy or dioxymethylene,
PA1  Q represents the (CH.sub.2).sub.n group, n having the value 0, 1, 2, 3, the
      --CH=CH--CH.sub.2 -- or --O--CH.sub.2 --CH.sub.2 -- group,
PAL  Have analgesic, hypothermic and anti-depressant properties, accompanied by
      a weak psycholeptic action, anticonvulsive and slightly sedative
      properties, vasodilatory, spasmolytic, anti-bronchiospastic,
      anti-histaminic, anti-allergical, anti-emetical properties, and which
      increase the cerebral and myocardic bloodrate and -oxygenation.
BSUM
PAR  This invention concerns piperazines having the general formula:
      ##EQU2##
      wherein X represents a carbonyl group &gt;C=O or a methylene group --CH.sub.2
      --,
PA1  R represents a phenyl, mono- or di-halophenyl or 2-pyridyl group,
PA1  R.sub.1 represents a pyridyl or C.sub.3-7 -cycloalkyl group,
PA1  R.sub.2 represents hydrogen, a hydroxy or a C.sub.1-5 -alkyl group,
PA1  R.sub.3 represents 1 to 3 groups which may be hydrogen, halogen, C.sub.1-3
      -alkyl, methoxy or dioxy methylene,
PA1  Q represents a --(CH.sub.2).sub.n -- group, n having the value 0, 1, 2, 3,
      the --CH=CH--CH.sub.2 -- group or the --O--CH.sub.2 --CH.sub.2 -group.
PAR  These novel compounds can be prepared by reacting a compound
      ##EQU3##
      wherein one of A and B represents a chlorine or bromine atom or a tosyl
      residue, and the other a piperazinyl group. In the particular case where
      R.sub.2 is a C.sub.1-5 -alkyl group, the compound R.sub.2 = Li can be
      reacted with a halide of C.sub.1-5 -alkyl. When Q represents the
      (CH.sub.2).sub.n group, n = 2 or 3, the --CH=CH-CH.sub.2 -- group or
      --O--CH.sub.2 --CH.sub.2 -- group, the novel compounds can also be
      obtained by reacting the:
      ##EQU4##
      molecule with a corresponding piperazinyl compound in the presence of
      formic acid.
PAR  The following may be reacted: either:
PA1  1. the R,R.sub.1 -disubstituted methyl chloride with
PA2  A. the cinnamoyl piperazine to obtain the 1-(R,R.sub.1)-methyl-4-cinnamoyl
      piperazine (X = &gt;C=O), or
PA2  B. the cinnamyl piperazine to obtain the 1-(R,R.sub.1)-methyl-4-cinnamyl
      piperazine (X = --CH.sub.2 --) or:
PA1  2. the 1-(R,R.sub.1)-methyl piperazine with
PA2  a. cinnamyl chloride to obtain the 1-(R,R.sub.1)-methyl-4-cinnamyl
      piperazine (X = --CH.sub.2 --) or
PA2  cinnamoyl chloride to obtain the 1-(R,R.sub.1) -methyl-4-cinnamoyl
      piperazine (X = &gt;C=O).
PAR  One method of carrying out the process according to (1) (a), (b) or (2) (a)
      respectively consists in reacting, by refluxing R,R.sub.1 -disubstituted
      methyl chloride with 1-cinnamoyl- or 1-cinnamylpiperazine respectively, or
      cinnamyl chloride with 1-R,R.sub.1 -methyl piperazine, in substantially
      equimolar proportions, in the presence of an alkaline carbonate, in
      removing the mineral salts, adding ethyl acetate and acidifying with
      hydrochloric acid, which provides the corresponding product in the form of
      its crystallized hydrochloride.
PAR  According to the invention, the alkaline carbonate used is acidic sodium
      carbonate.
PAR  Said acidification is effected with hydrochloric acid, preferably with an
      organic solvent saturated with HCl, said organic solvent being desirably
      isopropanol.
PAR  Another particular method of carrying out the process according to (1) (a),
      (b) or (2) (a), respectively, consists in reacting the above-mentioned
      compounds in N,N-dimethylformamide by heating the mixture to
      40.degree.-50.degree.C in the presence of an alkaline carbonate.
PAR  According to the invention, the alkaline carbonate used is preferably
      neutral potassium carbonate.
PAR  The above procedure is then followed.
PAR  Another particular method for carrying out the process consists in slowly
      adding cinnamoyl chloride to a cooled organic solution of
      1-(R,R.sub.1)-methyl piperazine in substantially equimolar proportions,
      stirring at room temperature and then heating at 40.degree.-50.degree.C
      for several hours, removing the mineral salts after cooling, and
      acidifying with hydrochloric acid, which provides the corresponding
      product in the form of a crystallized hydrochloride.
PAR  According to the invention, the alkaline carbonate used is preferably
      anhydrous neutral sodium carbonate.
PAR  Said acidification is effected with hydrochloric acid, preferably with an
      HCl saturated organic solvent, said organic solvent preferably being
      isopropanol.
PAR  According to a particularly desirable method of carrying out the process
      according to the invention, the compounds to be reacted are in solution in
      an appropriate amount of organic solvent, for instance dry benzene.
PAR  Before adding the organic solution of cinnamoyl chloride, the solution of
      the starting substituted piperazine is cooled to a temperature below room
      temperature, preferably to about 5.degree.C.
PAR  Preferably, the organic solution of cinnamoyl chloride is added dropwise,
      so that the temperature of the mixture is always maintained at 10.degree.C
      at the most.
PAR  According to another aspect, the invention also concerns a process for
      obtaining 1-(R,R.sub.1)-methyl-4-cinnamyl piperazine, according to which
      1(R,R.sub.1)-methyl-4-cinnamoyl piperazine obtained according to the
      invention is reduced, by boiling with lithium aluminium hydride,
      LiAlH.sub.4 in an ether solution, then the reaction is conducted under
      reflux to completion, the mixture is cooled to approximately -10.degree.C,
      and the complex formed is decomposed at a temperature of -5.degree. to
      -10.degree.C, then it is filtered, the aqueous layer is extracted with
      ether, the ether phase is dried with Na.sub.2 SO.sub.4, acidified with
      hydrochloric acid and the product is obtained in the form of crystallized
      di-hydrochloride.
PAR  The ether used for extracting the aqueous layer in the above process is
      preferably isopropyl ether.
PAR  The above acidification is effected with hydrochloric acid, preferably an
      organic solvent saturated with HCl, said organic solvent preferably being
      ethanol.
PAR  According to the invention we have found, surprisingly, that pharmaceutical
      compositions containing the novel compounds described, wherein X is the
      group &gt;C=O, exhibit, at therapeutical doses, analgesic, hypothermic and
      anti-depressant activities accompanied by a weak psycholeptic action.
PAR  We have also found that pharmaceutical compositions containing the novel
      compounds according to the invention, wherein X is the group --CH.sub.2
      --, exhibit at therapeutical doses, myorelaxant properties with respect to
      smooth muscles (vessels, bronchii, intestines). These products also
      inhibit the spasm of smooth muscles caused by various spasmogenous
      substances.
DETD
PAC  EXAMPLE 1
PAR  21.6 g (0.1 mole) of 1-cinnamoyl piperazine (melting point:
      80.degree.-81.degree.C), 8 g of NaHCO.sub.3 and 16.7 g (0.1 mole) of
      cyclopropylphenyl methyl chloride (boiling at 122.degree.-123.degree.C ,
      100 mm of mercury) in 70 ml of n-butanol were refluxed for 18 hours. After
      cooling, the mineral salts were filtered off, to the mother liquors 100 ml
      of ethyl acetate were added and the clear yellow solution formed was
      acidified with a solution of isopropanol saturated with HCl. The
      1-(cyclopropyl phenyl)-methyl-4-cinnamoyl piperazine hydrochloride
      crystallized out. After a few hours, it was filtered, washed and dried.
      33.9 g of crude product were obtained, which had a melting point of
      216.degree.-222.degree.C (dec).
PAR  After recrystallization in methanol, a colorless crystalline powder was
      obtained, melting between 230.degree. and 235.degree.C (dec). The overall
      yield was 79%.
PAC  EXAMPLE 2
PAR  To a solution of 0.58 g of LiAlH.sub.4 in 40 ml of absolute ether was added
      a solution of 5.2 g (0.015 mole) of
      1-(cyclopropyl)-phenyl-methyl-4-cinnamoyl piperazine in 60 ml of absolute
      ether, so as to keep the mixture constantly boiling. When the addition was
      complete, the mixture was kept for another 24 hours at reflux. Then it was
      cooled to -10.degree.C, and the complex was decomposed, between -5.degree.
      and -10.degree.C, with 10 ml of water.
PAR  Then it was filtered on fullers earth, the two layers were separated, the
      aqueous layer extracted three times with 50 ml of isopropyl ether and the
      collected ether fractions were dried with Na.sub.2 SO.sub.4. Then the dry,
      clear solution was acidified with ethanol saturated with HCl. The product
      crystallized out.
PAR  After several hours, it was filtered, washed and dried. The crude
      dihydrochloride of 1-(cyclopropylphenyl)-methyl-4-cinnamyl piperazine
      (melting point 272.degree.-276.degree.C) was obtained with a yield of 71%.
PAC  EXAMPLE 3
PAR  20.2 g (0.1 mole) of 1-cinnamyl piperazine (M.P 44.degree.-46.degree.C), 14
      g of anhydrous K.sub.2 CO.sub.3 and 20.3 g (0.1 mole) of (2-pyridyl
      phenyl)-methyl chloride (M.P 55.degree.-57.degree.C), freshly liberated
      from the hydrochloride of (2-pyridyl phenyl)-methyl chloride (M.P.
      109.degree.-110.degree.C) in 100 ml of N.sub.1 N-dimethylformamide were
      heated between 40.degree. and 50.degree.C for 8 hours. After cooling, the
      mineral salts were filtered and the mother liquors were vacuum-evaporated
      below 50.degree.C. The residue, 40 g, was crystalline. On recrystallising
      the crude product in 220 ml of benzene, 23.6 g of 1-(2'-pyridyl
      phenyl)-methyl-4-cinnamyl piperazine melting at 120.degree.-122.degree.C
      were obtained. The yield was 64%.
PAR  According to the processes described above in examples 1-3, the following
      products can be obtained:
PA1  1. 1-(4'-pyridyl-phenyl)-methyl-4-cinnamyl piperazine. M.P.:
      118.degree.-119.degree.C.
PA1  2. 1-(3'-pyridyl-phenyl)-methyl-4-cinnamyl piperazine. M.P.
      94.degree.-99.degree.C.
PA1  3. 1-(2' ,2"-dipyridyl)-methyl-4-cinnamyl piperazine. M.P.
      122.degree.-129.degree.C.
PA1  4. 1-(2' -pyridyl-4"-chloro-phenyl)-methyl-4-cinnamyl piperazine. M.P.
      105.degree.-108.degree.C.
PA1  5. 1-(cyclopentyl-phenyl)-methyl-4-cinnamyl piperazine. M.P.
      198.degree.-203.degree.C.
PA1  6. 1-(cyclohexyl-phenyl)-methyl-4-cinnamoyl piperazine HCl. M.P.
      208.degree.-210.degree.C.
PAC  EXAMPLE 4
PAR  11.9 g (35 mmoles) of 2,2-dipyridyl methyl tosylate (M.P.
      107.degree.-110.degree.C), 14.2 g of 1-cinnamyl piperazine in 50 ml
      anisole were refluxed for 5 hours. After filtering the 1-cinnamyl
      piperazine tosylate, the mother liquors were treated with active charcoal,
      filtered and the solvent distilled at reduced pressure. The solid residue
      (19.7 g) was recrystallized twice in 250 ml of isopropyl ether to obtain
      8.15 g of 1-(2',2"-dipyridyl)-methyl-4-cinnamyl piperazine, having a
      melting point of 128.degree.-129.degree.C, corresponding to a yield of
      62%.
PAC  EXAMPLE 5
PAR  To a solution of 11.6 g (0.065 mole) of N-bromosuccinimide and 0.2 g of
      benzoyl peroxide in 100 ml of carbon tetrachloride, 10 g (0.05 mole) of
      2-(4-chlorobenzyl)-pyridine were introduced dropwise. After refluxing this
      mixture for 2 hours, at ambient temperature the succinimide formed was
      filtered, and the mother liquors evaporated. The brownish oily residue
      obtained (11.7 g) corresponds to .alpha.-(2-pyridyl)-4-chloro benzyl
      bromide, which was heating without any purification with 10.1 g of
      1-cinnamyl piperazine and 12.0 g of anhydrous Na.sub.2 CO.sub.3 in 80 ml
      of dry xylene for 4 hours. After cooling, the mineral salts were filtered,
      the solvent distilled and the semi-oily semi-cyrstalline residue was
      recrystallized in 250 ml of 60/90 benzine, to obtain 15.6 g of
      1-(2'-pyridyl-4"-chlorophenyl)-methyl-4-cinnamyl piperazine melting at
      105.degree.-107.degree.C. The yield was 71%, calculated on the basis of
      the 2-(4 -chlorobenzyl)pyridine.
PAR  According to the processes described above in examples 1-5, the following
      products can be obtained:
PA1  1. 1-(cyclopentyl-phenyl)-methyl-4-cinnamyl piperazine dihydrochloride.
      M.P. 198.degree.-203.degree.C.
PA1  2. 1-(cyclohexyl-phenyl)-methyl-4-cinnamyl piperazine dihydrochloride. M.P.
      239.degree.-241.degree.C.
PA1  3. 1(4'-pyridyl-phenyl)-methyl-4-cinnamyl piperazine. M.P.
      118.degree.-119.degree.C.
PA1  4. 1-(3'-pyridyl-phenyl)-methyl-4-cinnamyl piperazine. M.P.
      94.degree.-96.degree.C.
PA1  5. 1(2'-pyridyl-4"-fluorophenyl)-methyl-4-cinnamyl piperazine. M.P.
      92.degree.-94.degree.C.
PA1  6. 1-(2'-pyridyl-2",4"-dichlorophenyl)-methyl-4-cinnamyl piperazine
      trihydrochloride. M.P. 123.degree.-127.degree.C. (dec.)
PA1  7. 1-(2'-pyridyl-4"-chlorophenyl)-methyl-4-(4'chloro)-cinnamyl piperazine
      trihydrochloride. M.P. 186.degree.-190.degree.C.
PA1  8. 1-(2'-pyridyl-4"-chlorophenyl)-methyl-4-(4'-methyl)- cinnamyl
      piperazine.
PA1  9. 1-(2'-pyridyl-phenyl)-methyl-4-(3',4'-dioxymethylene)-cinnamyl
      piperazine. M.P. 76.degree.-78.degree.C.
PA1  10. 1-(2'-pyridyl-4"-chlorophenyl)-methyl-4-(3',4',5'-trimethoxy)-cinnamyl
      piperazine.
PAC  EXAMPLE 6
PAR  A flask containing a solution of 21.6 g (0.1 mole) of 1-(cyclopropyl
      phenyl)-methyl piperazine (boiling point: 147.degree.-148.degree.C), at a
      pressure of 1.8 to 2 mm of Hg in 100 ml of dry benzene was cooled to
      5.degree.C. 11 g of anhydrous Na.sub.2 CO.sub.3 were added, and a solution
      of 16.6 g (0.1 mole) of cinnamoyl chloride in 50 ml of dry benzene was
      introduced dropwise, with stirring; this addition was effected at a rate
      such that the temperature of the mixture did not rise above 10.degree.C.
      It was then left to return to the ambient temperature, it was stirred for
      another 12 hours, and the mixture was brought to a temperature between
      40.degree. and 50.degree.C for 4 hours. It was then cooled, the mineral
      salts were filtered and the mother liquors were acidified with
      hydrochloric acid dissolved in isopropanol. 24.5 g of crude 1-(cyclopropyl
      phenyl)-methyl-4-cinnamoyl piperazine hydrochloride were thus obtained,
      having a melting point of 220.degree.-222.degree.C, and which can be
      recrystallized if desired.
PAR  The yield was 90.1%.
PAR  According to the method described in example 6,  the following product can
      be obtained:
PA1  1-(cyclohexyl-phenyl)-methyl-4-cinnamoyl piperazine hydrochloride. M.P.
      208.degree.-210.degree.C.
PAC  EXAMPLE 7
PAR  20.5 g (64 mmoles) of 3-(2-pyridyl-4'-chloro phenyl)-propionaldehyde
      diethyl acetal in 150 ml of 10% H.sub.2 SO.sub.4 were heated with stirring
      at 90.degree.-95.degree.C for 30 minutes under a nitrogen atmosphere. This
      was cooled to 15.degree.C, diluted with 100 ml of benzene, neutralized (pH
      = 7) with a 30% solution of NaOH, then the two phases were separated, the
      aqueous phase was washed with benzene, the collected benzene phases were
      dried over MgSO.sub.4, they were filtered and vacuum-concentrated. The
      crude aldehyde (14.5 g) was obtained with a yield of 92%. The mixture of
      14.5 g of this crude aldehyde, 9.5 g of 1-cinnamyl piperazine and 2.5 ml
      of formic acid were heated for 1 hour at 100.degree.C, then at
      125.degree.-135.degree.C for 16 hours. Finally, at about 50.degree.C, the
      mixture was dissolved in 150 ml of chloroform, the chloroform solution was
      extracted with three .times. 100 ml of 10% HCl, the aqueous layer was
      treated with active charcoal, filtered, alkalinised with a 30% solution of
      NaOH and extracted with chloroform. The chloroform phase was dried and the
      vacuum evaporated. The viscous orange residue weighs 13.8 g, that is 68%
      of the theoretical calculated on the basis of 1-cinnamyl piperazine. By
      dissolving this crude base in 100 ml of absolute ethanol and treating with
      a boiling solution of 4.7 g of fumaric acid in 100 ml of absolute ethanol,
      15 g of 1-[3-(2-pyridyl-4'-chlorophenyl]-propyl-4-cinnamyl piperazine
      fumarate were obtained. M.P. 224.degree.-228.degree.C.
PAR  According to the method described above in example 7,
      1-[3-(2-pyridyl-phenyl]-propyl-4-cinnamyl piperazine fumerate, M.P.
      220.degree.-225.degree.C, and 1-[3-(4'-chlorophenyl)3-(2"
      -pyridyl)-3-hydroxy]-propyl-4-cinnamyl piperazine, M.P.
      77.degree.-79.degree.C can be obtained.
PAC  EXAMPLE 8
PAR  To a suspension of 50 mmoles of n-butyl lithium in 150 ml of dry ether
      under a nitrogen atmosphere, the solution of 8 g (50 mmoles) of 2-bromo
      pyridine in 5 ml of dry ether were added at -18.degree.C, and after 30
      minutes, still at -18.degree.C the solution of 8.35 g (25 mmoles) of
      3-(4'-cinnamyl)-piperazyl-(1')-propiophenone (M.P. 75.degree.-77.degree.C)
      in 50 ml of dry tetrahydrofuran was introduced. This was stirred overnight
      at ambient temperature, the complex was decomposed with 100 ml of water,
      the two phases were separated, the aqueous phase washed with ether, dried
      over Na.sub.2 SO.sub.4 and vacuum-evaporated. On recrystallizing the oil
      obtained (13.6 g) in 130 ml of isopropyl ether, 7.6 g of
      1-[3-phenyl-3-(2'-pyridyl)-3-hydroxy]-propyl-4-cinnamyl piperazine
      crystallized out.
PAR  Melting point: 110.degree.-112.degree.C.
PAR  The yield was 74%.
PAR  According to the method described above in example 8,
      1-[3-(4'-chlorophenyl)-3-(2"pyridyl)-3-hydroxy]-propyl-4-cinnamyl
      piperazine, M.P. 77.degree.-79.degree.C, can be obtained.
PAC  EXAMPLE 9
PAR  A solution of 6.9 g of
      1-[3-(4'-chlorophenyl)-3-(2"-pyridyl)-3-chloro]-propyl-4-cinnamyl
      piperazine trihydrochloride (M.P. 103.degree.-105.degree.C) (12 mmoles) in
      50 ml of dry pyridine was heated for 3 hours at 80.degree.C, and then
      refluxed for 2 hours. Then the solvent was vacuum-distilled and the tarry
      residue (10.3 g) was taken up in 100 ml of N HCl, refluxed, treated with
      active charcoal, filtered, to the clear yellowish solution at ambient
      temperature was added a solution of 3 g of maleic acid in 10 ml of H.sub.2
      O. After a few hours the
      1-[3-(4'-chlorophenyl)-3-(2"-pyridyl)]-2-propenyl-4-cinnamyl piperazine
      dimaleate melting at 182.degree.-183.degree.C crystallized out.
PAC  EXAMPLE 10
PAR  To a solution of 9.7 g (24 mmoles) of
      1-(2'-pyridyl-4"-chlorophenyl)-methyl-4-cinnamyl piperazine in 100 ml of
      dry tetrahydrofuran under a nitrogen atmosphere, were added dropwise over
      30 minutes 62 ml of an ether solution containing 27 mmoles of phenyl
      lithium. While stirring for 30 minutes at room temperature 3.7 g (27
      mmoles) of butyl bromide dissolved in 50 ml of dry ether were added. This
      was left, with stirring, at room temperature for 48 hours, and then cooled
      to 0.degree.C, hydrolyzed with 100 ml of H.sub.2 O, the phases separated,
      the aqueous phase was washed with ether and the collected ether phases
      dried over MgSO.sub.4, and the vacuum-concentrated. 9.5 g of oily product
      were obtained, which were dissolved in 20 ml of ethanol treated with a
      boiling solution of 3.4 g of fumaric acid in 50 ml of ethanol. After
      adding 70 ml of isopropylether to this solution, the
      1-(2'-pyridyl-4"-chloro-phenyl-n-butyl)-methyl-4-cinnamyl piperazine
      crystallized out. After several hours these crystals were filtered (11.0
      g) which have a melting point of 178.degree.-181.degree.C, the yield was
      79%.
PAR  According to the method described above in example 10,
      1-(2'-pyridyl-4"-chloro phenyl methyl)-methyl-4-cinnamyl piperazine
      fumarate can be obtained. M.P. 186.degree.-187.degree.C.
PAC  EXAMPLE 11
PAR  The sodium salt of 17.6 g (0.08 mole) of 2-pyridyl-4-chlorophenyl methanol
      in 200 ml of dry xylene was prepared with a 50% oil dispersion of NaH, by
      refluxing for 6 hours. 225 ml of an isopropylether solution containing 22
      g of 1-.beta.-chloroethyl-4-cinnamyl piperazine, then, after evaporating
      the isopropylether, the mixture was refluxed for 15 hours. After cooling
      the mineral salts were filtered, the mother liquors extracted three times
      with 100 ml of N HCl, the aqueous solution was treated with active
      charcoal, alkalinised with concentrated NH.sub.4 OH, the base extracted
      with chloroform, and evaporated. The residue obtained (16.3 g) was
      crystallized in 200 ml of isopropylether to give the
      (2-pyridyl-4-chlorophenyl)-methyl-.beta.-(4-cinnamyl piperazyl)-ethyl
      ether having a melting point of 68.degree.-72.degree.C. Tests relating to
      the products having the following substituants:
EQU  R = Ph, R.sub.1 =  , R.sub.2 = H, Q = O, X = &gt;CO, R.sub.3 = H and
EQU  R = Ph, R.sub.1 =  , R.sub.2 = H, Q = O, X = &gt;CH.sub.2, R.sub.3 = H.
PAR  Acute toxicity
PAR  Tests were performed on mice, orally (P.O.) and intraperitoneally (I.P.),
      the active compounds being suspended in gum syrup or labrafil.
TBL                TABLE I                                                     
     ______________________________________                                    
     X                 LD 50 (mg/kg) LD 0                                      
     ______________________________________                                    
     C = O    P.O.     &gt; 4000        &gt; 1000                                    
              I.P.     1480          &gt; 400                                     
     --CH.sub.2 --                                                             
              P.O.      570          .congruent. 300                           
     ______________________________________                                    
PAR  In particular, 1-(cyclo propyl phenyl)-methyl-4-cinnamoyl piperazine
      appears to have a very low toxicity. Moreover, because of the volume of
      substance to be administered, the dose of 4000 mg/kg for products in
      suspension is not exceeded.
PAR  Tests relating to the trihydrochloride of the product having the following
      substituants:
EQU  R = Ph, R.sub.1 = 2-pyridyl, R.sub.2 = H,
EQU  Q = O, X = &gt;CH.sub.2 , R.sub.3 = H.
PAR  Acute toxicity
PAR  Tests were performed on mice and albino rats, the active compound being
      administered orally in the form of an aqueous solution.
TBL                TABLE II                                                    
     ______________________________________                                    
              LD.sub.0 mg/kg                                                   
                           LD.sub.50 mg/kg                                     
     ______________________________________                                    
     mice       175             295                                            
     rats       200            1200                                            
     ______________________________________                                    
PAR  Tests relating to the products having the following substituants:
EQU  a. R=4--Cl--C.sub.6 H.sub.4 --, R.sub.1 =2-pyridyle, R.sub.2 =H, Q=O, X=
      &gt;CH.sub.2, R.sub.3 =H.
EQU  b. R = Ph,
      ##SPC1##
     R.sub.2 =H, Q=O, X= &gt;CH.sub.2, R.sub.3 =H.
EQU  c. R=4--F--C.sub.6 H.sub.4 --, R.sub.1 =2-pyridyle, R.sub.2 =H, Q=O, X=
      &gt;CH.sub.2, R.sub.3 =H.
EQU  d. R=2,4--Cl.sub.2 C.sub.6 H.sub.3 --, R.sub.1 =2-pyridyle, R.sub.2 =H,
      Q=O, X= &gt;CH.sub.2, R.sub.3 =H.
EQU  e. R=4--Cl--C.sub.6 H.sub.4 --, R.sub.1 =2-pyridyle, R.sub.2 =CH.sub.3,
      Q=O, X= &gt;CH.sub.2, R.sub.3 =H.
PAR  The products were used in the form of the trihydrochloride, except the
      product under the letter "b" which was used in the form of the
      dihydrochloride.
TBL                TABLE III                                                   
     ______________________________________                                    
                    Toxicity (mice)                                            
     Products       I.G.                                                       
                  LD.sub.0    LD.sub.50                                        
                  mg/kg       mg/kg                                            
     ______________________________________                                    
     R = 4-Cl--C.sub.6 H.sub.4 --                                              
     R.sub.1 = 2-pyridyl                                                       
                    400           1180                                         
     R.sub.2 = H                                                               
                    100           600                                          
     R = 4-F--C.sub.6 H.sub.4 --                                               
     R.sub.1 = 2-pyridyl                                                       
                    300           400                                          
     R.sub.2 = H                                                               
     R = 2,4-Cl.sub.2 C.sub.6 H.sub.3 --                                       
     R.sub.1 = 2-pyridyl                                                       
                    400           600                                          
     R.sub.2 = H                                                               
     R = 4-Cl--C.sub.6 H.sub.4 --                                              
     R.sub.1 = 2-pyridyl                                                       
                    400           500                                          
     R.sub.2 = CH.sub.3                                                        
     ______________________________________                                    
PAR  The set of methods and tests effected enabled us to appreciate the activity
      of the products according to the invention. It clearly follows therefrom
      that the products wherein:
EQU  R = 4--Cl--C.sub.6 H.sub.4 --, R.sub.1 = 2-pyridyl, R.sub.2 = H; R =
      2,4--Cl.sub.2 --C.sub.6 H.sub.3 -,
EQU  R.sub.1 = 2-pyridyl, R.sub.2 = H, and R = 4F--C.sub.6 H.sub.4 --, R.sub.1 =
      2-pyridyl,
EQU  R.sub.2 = H,
PAL  present well-defined vasodilatatory spasmolytic and antihistaminic
      activities. They do not show depressant and neurotoxic properties.
PAR  The product wherein R = Ph,
      ##SPC2##
PAL  R.sub.2 = h, shows a well-marked cholinolytic activity.
PAR  It also does not show depressant and neurotoxic properties.
PAR  The product wherein R = 4--Cl--C.sub.6 H.sub.4, R.sub.1 = 2-pyridyl,
      R.sub.2 = CH.sub.3 presents a sedative activity.
PAR  The product wherein R = 4--Cl--C.sub.6 H.sub.4 --, R.sub.1 = 2-pyridyl, and
      R.sub.2 = H also presents an important activity with respect to cerebral
      circulation.
PAR  In the course of a series of experiments on cats anaesthetized with
      Nembutal, the cynetics of PO.sub.2 of the venous cerebral blood were
      measured (from the sinus sagittalis) during an intravenous perfusion of
      this product.
PAR  For all these products the daily does is approximately 5 mg to 500 mg,
      according to the mode of application, and the toxicity.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  wherein X represents a carbonyl group &gt;C=O or a methylene group --CH.sub.2
      --,
PA1  R represents a phenyl, mono- or di-halophenyl or 2-pyridyl group,
PA1  R.sub.2 represents hydrogen, hydroxy or a C.sub.1-5 -alkyl group,
PA1  R.sub.3 represents 1 to 3 groups which can be hydrogen, halogen, C.sub.1-3
      -alkyl, methoxy or dioxymethylene, and
PA1  Q represents the (CH.sub.2).sub.n group, n having the value 0, 1, 2, 3, the
      --CH=CH--CH.sub.2 -- or --O--CH.sub.2 --CH.sub.2 -- group.
NUM  2.
PAR  2. A compound of the formula v,9/76
PAL  wherein X represents a carbonyl group &gt;C=O or a methylene group --CH.sub.2
      --,
PA1  R represents a phenyl, mono- or di-halophenyl or 2-pyridyl group,
PA1  R.sub.2 represents hydrogen, hydroxy or a C.sub.1-5 -alkyl group, and
PA1  Q represents the (CH.sub.2).sub.n group, n having the value 0, 1, 2, 3, the
      --CH=CH--CH.sub.2 -- or --O--CH.sub.2 --CH.sub.2 -- group.
PATN
WKU  039403874
SRC  5
APN  2508079
APT  1
ART  122
APD  19720505
TTL  Yohimbine derivatives, process for their preparation and their
      applications
ISD  19760224
NCL  3
ECL  1
EXA  Wheeler; David E.
EXP  Daus; Donald G.
INVT
NAM  Saint-Ruf; Germain
STR  83 Rue de l'Egalite
CTY  45 Olivet
CNT  FR
INVT
NAM  Chanh; Pham Huu
STR  84, Rue du Muret
CTY  31 Toulouse
CNT  FR
INVT
NAM  Hoi; Buu
CTY  LATE OF Paris
CNT  FR
PRIR
CNT  FR
APD  19710506
APN  71.16350
CLAS
OCL  260240AL
XCL  260286R
XCL  260287A
XCL  424258
ICL  C07d 3356
FSC  260
FSS  287 A;140 AL
UREF
PNO  2702325
ISD  19721100
NAM  Fellian
OCL  260287A
UREF
PNO  2726243
ISD  19550100
NAM  Huebner
OCL  260287A
UREF
PNO  2933500
ISD  19600400
NAM  Rudner
OCL  260288R
LREP
FRM  Young & Thompson
ABST
PAL  The present invention relates to yohimbine derivatives. Said derivatives
      have the general formula
      ##SPC1##
PAL  In which R is a radical
      ##EQU1##
      or R.sub.1 being an alkyl, aralkyl, alkylaryl, aryl group optionally
      carrying a nitro group, R.sub.2, R.sub.3 and R.sub.4 being hydrogen, a
      hydroxy, alkoxy or mono- or dialkylamino group.
PAL  They possess hypotensive and cardio-stimulant properties.
BSUM
PAR  This invention relates to yohimbine derivatives, to a process for their
      preparation and to the applications thereof, particularly their
      therapeutic applications.
PAR  Thus, the invention relates to yohimbine derivatives having the formula:
      ##SPC2##
PAL  In which R is a radical
      ##EQU2##
      or
      ##SPC3##
PAL  R.sub.1 being an alkyl, aralkyl, alkylaryl radical or an aryl radical
      optionally carrying a nitro group, R.sub.2, R.sub.3 and R.sub.4 being
      independently from each other hydrogen, a hydroxy, alkoxy or mono- or
      dialkyl-amino group.
PAR  The alkyl radicals and the alkyl moieties of the alkoxy radicals within the
      above definition are preferably lower radicals having 1-12 carbon atoms
      and preferably 1-6 carbon atoms.
PAR  The aryl radicals are typically phenyl radicals.
PAR  The invention includes also within its scope the acid addition salts of
      derivatives (I), for example those obtained by dissolving derivatives (I)
      in free base form in a stoichiometrically equivalent amount of
      hydrochloric, hydrobromic, sulfuric, phosphoric, methanesulfonic, maleic,
      succinic, acetic, oxalic, lactic, tartaric acid, and the like.
PAR  Derivatives (I) possess hypotensive and cardiostimulant properties. The
      invention contemplates also the therapeutic use of derivatives (I).
PAR  The derivatives of the formula (I) may be prepared by reaction of yohimbic
      acid hydrazide either with an alkyl, alkylaryl, arylalkyl or aryl
      haloformate of the formula
      ##EQU3##
      in which R.sub.1 has the aforesaid meaning and X is halogen, to give
      derivatives of the formula (I) in which R is a radical
      ##EQU4##
      or with an aldehyde having the formula
      ##SPC4##
PAL  In which R.sub.2, R.sub.3 and R.sub.4 have the aforesaid meaning, to give
      derivatives of the formula (I) in which R is a radical
      ##SPC5##
PAR  The yohimbic acid hydrazide used as starting material may be obtained by
      the action of hydrazine hydrate on yohimbine or one of its acid addition
      salts.
PAR  Yohimbine is a known material which was extracted from certain plants such
      as Corynanthe Johimbe, Rubiaceae and Apocynaeae (cf. J. Pharm. Chim. 19.
      209, 1934; Helv. Chim. Acta 37, 849, 1954; J. Am. Chem. Soc. 76, 1695,
      1954) and the synthesis of which is described by Van Tamelen et al in J.
      Am. Chem.Soc., 80, 5006, 1958 or by Izantay et al, Tetrahedron Letters,
      1665, 1965.
PAR  A chloroformate is preferably used for the reaction of yohimbic acid with a
      haloformate of the formula
      ##EQU5##
      The reaction may be carried out in refluxing alcohol solution, during 5-60
      minutes.
PAR  The reaction of yohimbic acid hydrazide with the aldehyde having the
      formula (II) may be carried out by refluxing the reagents dissolved in an
      alcohol, advantageously in the presence of traces of an acid.
DETD
PAR  The following examples illustrate the invention:
PAC  EXAMPLE 1
PAR  a. Preparation of yohimbic acid hydrazide or yohimbohydrazide
PAR  A solution of yohimbine hydrochloride (4 g) and excess (about 5 to about 10
      ml) 98% hydrazine hydrate in absolute ethanol (75 ml) is refluxed during
      24 hours. The resulting hydrazide solution is then concentrated, diluted
      with water and the resulting precipitate is then suction filtered, to
      give, after recrystallization from aqueous ethanol, colorless prismatic
      needles of yohimbohydrazide hydrate, melting at 170.degree.-172.degree.C
      with loss of crystallization water and with resolidification, with a
      second melting at 292.degree.C.
PAR  Analysis for C.sub.20 H.sub.26 N.sub.4 O.sub.2, H.sub.2 O: Calculated: C
      64.5; H 7.6; N 15.0; Found: C 64.6; H 7.3; N 14.8.
PAR  b. Preparation of the derivative in which R.sub.2 = methoxy at
      meta-position, R.sub.3 = hydroxy at para position, R.sub.4 = H
PAR  A solution of yohimbohydrazide hydrate (37.2 g) and vanillin (15.2 g) in
      absolute ethanol (750 ml) is refluxed during 12 hours. After evaporating
      off the solvent, the solid residue is taken up into benzene to give, with
      a yield of about 90%, colorless prisms of hydrazone I melting at
      210.degree.C. [.alpha.].sub.D.sup.20 = +88.degree. (c = 1, in ethanol).
PAR  Analysis for C.sub.28 H.sub.32 N.sub.4 O.sub.4 : Calculated: C 68.8; H 6.6;
      N 11.5; Found: C 68.7; H 6.5; N 11.3.
PAC  EXAMPLE 2
PAR  (R.sub.2 = methoxy at para-position, R.sub.3 = R.sub.4 = H)
PAR  a. A solution of yohimbohydrazide (3.72 g) and anisaldehyde (1.36 g) in
      absolute ethanol (75 ml) is refluxed during 3 hours in the presence of one
      drop of acetic acid. After evaporating off the solvent in vacuo, the
      resulting solid residue is recrystallized from benzene to give, with a
      yield of 70-80%, fine needles of hydrazone I melting at 198.degree.C,
      [.alpha.].sub.D.sup.20 = + 81.5.degree.(c 1, ethanol)
PAR  Analysis for C.sub.28 H.sub.32 N.sub.4 O.sub.3 : Calculated: C 71.2; H 6.8;
      Found: C 70.9; H 6.8.
PAR  b. Resulting hydrazone I is dissolved in ethanol and a stoichiometrically
      equivalent amount of hydrochloric acid is added thereto, to give the
      hydrochloride which melts at 255.degree.C.
PAR  c. Operating as described under (b) and substituting acetic acid for
      hydrochloric acid gives the acetate which melts at 242.degree.C.
PAC  EXAMPLE 3
PAR  (R.sub.2 = R.sub.3 = methoxy at 2- and 5-positions, R.sub.4 = H)
PAR  A solution of yohimbic acid hydrazide (6 g) and 2,5-dimethoxybenzaldehyde
      (2.82 g) in absolute ethanol (75 ml) is refluxed during 3 hours in the
      presence of a drop of acetic acid; after evaporating off the solvent in
      vacuo, the residue is recrystallized from benzene, to give fine
      cream-colored needles which melt at 191.degree.C, [.alpha.].sub.D.sup.20 =
      + 33.4.degree. (c 1, ethanol).
PAR  Analysis for C.sub.29 H.sub.34 N.sub.4 O.sub.4 : Calculated: C 69.3; H 6.8;
      Found: C 69.3; H 6.9.
PAC  EXAMPLE 4
PAR  (R.sub.2 = R.sub.3 = R.sub.4 = methoxy at 3-, 4- and 5-positions)
PAR  This hydrazone is obtained under the same conditions as the preceding
      compound, from 3,4,5-trimethoxy-benzaldehyde. After recrystallization from
      benzene, it is obtained in the form of cream-colored microcrystals which
      melt at 240.degree.C, [.alpha.].sub.D.sup.20 = +57.4.degree. c 1, ethanol)
PAC  EXAMPLE 5
PAR  (R.sub.2 = methoxy at meta-position, R.sub.3 = R.sub.4 = H)
PAR  Operating as described in Example 3 and using 3-methoxybenzaldehyde as
      aldehyde, there is obtained the corresponding hydrazone whose crystals,
      after recrystallization from benzene, melt at 189.degree.C,
      [.alpha.].sub.D.sup.20 = +52.8.degree. (c 1, ethanol)
PAC  EXAMPLE 6
PAR  (R.sub.2 = R.sub.3 = methoxy at 2- and 3-positions, R.sub.4 = H)
PAR  Operating as in Example 3 and using an aldehyde 2,3-dimethoxy-benzaldehyde,
      there is obtained the corresponding hydrazone whose crystals, after
      recrystallization from benzene, melt at 201.degree.C.
      [.alpha.].sub.589m.sub..mu..sup.20 = +15.5.degree. (c 1, ethanol).
PAC  EXAMPLE 7
PAR  (R.sub.2 = dimethylamino at para-position, R.sub.3 = R.sub.4 = H)
PAR  The procedure of Example 2 is used, with yohimbohydrazide (3.54 g) and
      p-dimethylaminobenzaldehyde (1.49 g); the hydrazone crystallizes from
      ethyl acetate to give fine cream-colored needles which melt at
      225.degree.C.
PAC  EXAMPLE 8
PAR  (R.sub.1 = ethyl)
PAR  A solution of yohimbohydrazide hydrate (37.2 g) and ethyl chloroformate (13
      g) in absolute ethanol (750 ml) is stirred during a period of time of
      about one to about two hours, and is then refluxed over a water-bath
      during 10-20 minutes. After cooling, the reaction mixture is poured into a
      5% aqueous caustic soda solution, the resulting precipitate is suction
      filtered, washed with water and recrystallized from a mixture of benzene
      and ethanol, to give the desired compound, in a yield of 90%, in the form
      of colorless prisms melting at 185.degree.C. [.alpha.].sub.D.sup.25 =
      +43.7.degree. (c 1, ethanol).
PAR  Analysis for C.sub.23 H.sub.30 N.sub.4 O.sub.4 : Calculated: C 64.6; H 7.1;
      N 13.1; Found: C 64.4; H 7.1; N 12.8.
PAC  EXAMPLE 9
PAR  The procedure of Example 8, carried out with isopropyl chloroformate, gives
      compound (I) in which R.sub.1 = --CH(CH.sub.3).sub.2 which is
      recrystallized from a mixture of benzene and ethanol, to give
      substantially colorless fine needles, M.p. = 210.degree.C.
      [.alpha.].sub.D.sup.25 = +44.6.degree. (c 1, ethanol).
PAC  EXAMPLE 10
PAR  Compound (I) in which R.sub.1 is --C.sub.6 H.sub.5, obtained from phenyl
      chloroformate under experimental conditions analogous to those of Example
      8, gives cream-colored needles on crystallization from ethanol containing
      added ligroin, which needles melt at 218.degree.C and then re-solidify to
      melt again at 280.degree.C. [.alpha.].sub.589m.sub..mu..sup.25 =
      35.4.degree. (c 1, ethanol).
PAC  EXAMPLE 11
PAR  The compound obtained from benzyl chloroformate crystallizes from ethanol
      with added petroleum ether, to give cream-colored needles, m.p. =
      227.degree.C. [.alpha.].sub.546 m.sub..mu..sup.25 = +40.1.degree. (c, 1,
      ethanol).
PAC  EXAMPLE 12
PAR  Compound (I) in which R.sub.1 is --CH.sub.2 --C.sub.6 H.sub.4 NO.sub.2 (p)
      is prepared from p-nitrobenzyl chloroformate and crystallizes from ethanol
      +petroleum ether to give fine cream-colored needles, m.p. =
      196.degree.-197.degree.C. [.alpha.].sub.589 m.sub..mu..sup.25 =
      +100.8.degree. (c = 1, ethanol)
PAR  The results of pharmacological and toxicological tests demonstrate the
      highly interesting properties of the derivatives of this invention.
PAC  I -- PHARMACOLOGICAL PROPERTIES
PAR  The experimentation was carried out with chloralose-anesthetized dogs (100
      mg/kg by the intravenous route).
PAR  The systemic blood pressure was recorded at the level of the right a.
      femoralis by means of a Statham P23AA electromanometer. The rate of flow
      and the rhythm of ventilation are measured with a Drager recording
      volumeter. Oxygen pressure pO.sub.2 is measured polarographically; are
      also measured: the carbon dioxide pressure pCO.sub.2 and the pH of the
      blood (both arterial and venous), together with the oxygen and carbon
      dioxide pressures of the gas breathed out.
PAR  The cardiac rate of flow was recorded using the method according to FICK.
PAR  The contractile strength of the heart was recorded by means of a strain
      gage attached to the wall of the right ventricle. The rate of increase of
      the isometric tension of the myocardium was evaluated by differentiation
      of the contractile strength of the heart; the cardiac rhythm was recorded
      by means of a cardiotachometer and the electrocardiogram was recorded by
      means of a Cardioline electrocardiograph.
PAR  The derivatives according to the present invention were administered either
      as a solution in normal saline solution through the saphenous vein or
      suspended in gummy julep, by the intraduodenal route, via a retaining
      catheter.
PAR  The variations of the various parameters after a single administration were
      investigated as a function of time.
PAR  a. Systemic hemodynamics
PAR  Both on intravenous (1 mg/kg I.V.) and on intraduodenal (5 mg/kg, I.D.)
      administration, the derivatives according to the invention exhibited no
      significant hypotensive effect; however they produce a substantial
      reduction of peripheral strength and of elastic strength of the arteries.
PAR  The derivatives according to the invention increase substantially the
      cardiac rate of flow, the systolic rate of ejection, the cardiac and
      systolic indices, the work of the left ventricle and the systolic ejection
      work. Said enhanced performances of the heart are considerable when the
      compounds are administered intravenously (1 mg/kg, I.V.) and still quite
      substantial on intraduodenal (5 mg/kg, I.D.) administration. Finally, the
      compounds do not increase noticeably the oxygen requirements of the
      myocardium.
PAR  b. Contractile strength of the heart
PAR  The derivatives according to the invention stimulate strongly the
      contractile strength of the heart of dogs under chloralose-induced
      anesthesia. With a single 1 mg/kg dose administered intravenously, the
      increase of the contractile strength of the heart may attain and even
      exceed 100% and lasts more than one hour; on intraduodenal administration
      (5 mg/kg, I.D.) it is of the order of 30% and lasts more than 2 hours. The
      rate of increase of the isometric tension of the myocardium is
      considerably stimulated by the action of the compounds investigated; it
      exceeds 140% on intraduodenal administration of 5 mg/kg of the test
      compounds.
PAC  II -- TOXICITY
PAR  a. Immediate and delayed toxicity on administration of a single dose
PAR  The tests were carried out with white male rats weighing 115 .+-. 10 g and
      with white male mice weighing 21 .+-. 1 g. After a fasting period of 18
      hours, the animals were separated into homogeneous lots of 10 animals.
PAR  The derivatives according to the present invention, suspended in gummy
      julep (gum arabic 3 g/100 ml), at concentrations of 25 and 50 g/100 ml,
      were administered orally (through a gastric catheter) at a uniform volume
      of 1 ml/100 g of rat and of 0.2 ml/20 g of mouse. Two dosages were tested:
      2.5 and 5 g/kg (10 animals per dosage).
PAR  The treated animals were kept under observation during 14 days.
PAR  At doses of 2.5 and 5 g/kg by the oral route, the death rate due to the
      test compounds was nil, both immediately after administration and after a
      period of observation of 14 days. Also, the treated animals exhibited no
      apparent variation in their behavior.
PAR  b. Medium term delayed toxicity on administration of repeated daily doses
PAR  The test involved white male rats weighing from 130 to 140 g at the
      beginning of the experiment.
PAR  The animals were separated into two homogeneous lots:
PAR  Lot I: reference animals given only solvent, viz.: gummy julep.
PAR  Lot II: animals given the test compounds, at a dosage of 100 mg/kg/day.
PAR  The derivatives according to the invention, suspended in gummy julep (gum
      arabic, 3 g/100 ml) at a concentration of 1 g/100 ml), were administered
      orally through a gastric catheter at a rate of 1 ml/100 g of body weight.
      The administration was repeated daily, 6 times a week, during a period of
      time of 45 days.
PAR  The animals thus treated were kept under observation in a room maintained
      thermostatically at a temperature of 24.+-.1.degree.C. The behavior of the
      animals was noted daily, and the animals were weighed twice a week.
PAR  At the end of the experiment, the following tests were carried out on each
      animal:
PAR  hematologic tests
PAR  biochemical blood tests (glucose, urea, cholesterol, SGOT and SGPT
      transaminases, alkaline phosphatases),
PAR  pathological examinations.
PAR  On repeated daily administration at a dosage of 100 mg/kg/day, the
      derivatives according to the invention produce neither fatal issues nor
      any significant modification of behavior, weight increase, erythrocyte and
      leukocyte count, leycocytic picture, glycemia, uremia, cholesterolemia,
      alkaline phosphatasemia and SGOT and SGPT transaminasemia.
PAR  On the other hand, they cause no microscopically detectable cell
      deterioration.
PAR  It is apparent from such tests that the derivatives according to the
      invention may be profitably used as active ingredient in drugs having an
      action on the cardiovascular system.
PAR  Said derivatives may be administered systemically, orally or parenterally.
      The daily dosage regimen is from 10 mg to 100 mg of active ingredient per
      24 hours. Examples of suitable formulations are given below:
     Tablets         weak dose   strong dose                                   
     ______________________________________                                    
     Active ingredient                                                         
                     5 mg        25 mg                                         
     Excipient Talc                                                            
     Lactose         q.s. for one tablet                                       
     Magnesium stearate                                                        
     ______________________________________                                    
PAC  Injectable ampoules
PAR  Active ingredient (hydrochloride) . . . 25 mg
PAR  Normal saline solution . . . q.s. for one ampoule
CLMS
STM  Having now described our invention what we claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. The compound of formula
      ##SPC6##
PAL  and its pharmaceutically acceptable acid addition salts.
NUM  2.
PAR  2. The compound of formula
      ##SPC7##
PAL  and its pharmaceutically acceptable acid addition salts.
NUM  3.
PAR  3. The compound of formula
      ##SPC8##
PAL  and its pharmaceutically acceptable acid addition salts.
PATN
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SRC  5
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PSC  03
CLAS
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UREF
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NAM  Okubo et al.
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NAM  Scheuermann et al.
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NAM  Schellhammer
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CNT  UK
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LREP
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ABST
PAL  The present invention provides novel compounds of the formula:
      ##SPC1##
PAL  In which
PA1  R.sub.1 signifies hydrogen, fluorine or chlorine atom, a carboxylic or
      sulphonic acid group or an amide or ester thereof, a cyano group or an
      alkylsulphonyl or arylsulphonyl group,
PA1  R.sub.2 signifies a hydrogen, fluorine or chlorine atom, a cyano group, a
      phenyl or alkyl radical which may be substituted, a carboxylic or
      sulphonic acid group or an amide or ester thereof, an alkylsulphonyl or
      arylsulphonyl group or a benzoxazole group which may be substituted,
PA1  R.sub.3 and R.sub.4 independently signify a hydrogen, fluorine or chlorine
      atom, an alkyl radical of 1 to 6 carbon atoms which may be substituted, a
      cyano or carboxy group, a carboxylic acid amide or ester group, and
      R.sub.4 may also signify an aryl radical which may be substituted, and
PA1  A signifies a hydrogen atom or an alkyl or aryl radical which may be
      substituted or a group of formula II,
EQU  B--CH = CH--                                               II
PA1   in which B signifies an aryl or heterocyclic radical which may be
      substituted,
PAL  And their water soluble sulphonated derivatives.
PAL  The compounds are useful as optical brighteners for various organic
      materials.
PARN
PAR  This application is a continuation-in-part of co-pending Application Ser.
      No. 255,256, filed May 22, 1972, and now abandoned.
BSUM
PAR  The invention provides novel triazolylstyryl triazoles.
PAR  The invention provides compounds of formula I,
      ##SPC2##
PAL  in which
PA1  R.sub.1 signifies hydrogen, fluorine or chlorine atom, a carboxylic or
      sulphonic acid group or an amide or ester thereof, a cyano group or an
      alkylsulphonyl or arylsulphonyl group,
PA1  R.sub.2 signifies a hydrogen, fluorine or chlorine atom, a cyano group, a
      phenyl or alkyl radical which may be substituted, a carboxylic or
      sulphonic acid group or an amide or ester thereof, an alkylsulphonyl or
      arylsulphonyl group or a benzoxazole group which may be substituted,
PA1  R.sub.3 and R.sub.4 independently signify a hydrogen, fluorine or chlorine
      atom, an alkyl radical of 1 to 6 carbon atoms which may be substituted, a
      cyano or carboxy group, a carboxylic acid amide or ester group, and
      R.sub.4 may also signify an aryl radical which may be substituted, and
PA1  A signifies a hydrogen atom or an alkyl or aryl radical which may be
      substituted or a group of formula II,
EQU  B -- CH = CH --                                            II
PA1   in which B signifies an aryl or heterocyclic radical which may be
      substituted,
PAL  And their water soluble sulphonated derivatives.
PAR  The invention also provides a process for the production of compounds of
      formula I which comprises reacting a hydrazine of formula III,
      ##SPC3##
PAR  in which R.sub.1, R.sub.2 and R.sub.3 are as defined above, with an
      iso-nitroso compound of formula IV,
      ##EQU1##
      in which one of Z.sub.1 and Z.sub.2 signifies an oxygen atom and the other
      Z signifies =N-OR,
PA1  in which
PA2  R signifies hydrogen or an acyl group, preferably an acetyl group,
PA2  And A and R.sub.4 are as defined above, and dehydrative cyclization of the
      reaction product to form the compound of formula I,
PA2  or by oxidative cyclization to the v-triazole-l-oxide compound and
      reduction of this to the compound of formula I and in the latter case when
      Z.sub.1 signifies =N-OH and R.sub.4 signifies H with optional replacement
      of the R.sub.4 substituent by a chlorine atom before or after reduction of
      the triazole-N-oxide compound to the corresponding triazole compound, or
PA2  b. condensing a compound of formula V,
      ##SPC4##
PAR  in which R.sub.1, R.sub.3, R.sub.4, A and Z.sub.1 and Z.sub.2 are as
      defined above,
PAL  with a hydrazine of formula VI,
      ##SPC5##
PAR  in which R.sub.2 is as defined above,
PAL  and direct dehydrative cyclization of the product to the compound of
      formula I or oxidative cyclization to the v-triazole-l-oxide compound and
      reduction of this to the compound of formula I, and in the latter case,
      when Z.sub.1 signifies =N-OH and R.sub.3 signifies hydrogen, with optional
      replacement of the R.sub.3 hydrogen substituent by a chlorine atom before
      or after reduction of the triazole-N-oxide compound to the corresponding
      triazole compound, or
PA2  c. reacting a compound of formula VII,
      ##SPC6##
PAL  with a compound of formula VIII,
      ##SPC7##
PAL  in which formulae VII and VIII, R.sub.1 to R.sub.4 and A are as defined
      above, and one of the v and w signifies a --CHO group or a functional
      derivatives thereof and the other signifies a --CH.sub.2 -t.sub.1 group,
      in which t.sub.1 signifies hydrogen --CN, --COOH, a carboxylic acid ester
      or amide group --PO=O-alkyl).sub.2, --PO=O-aryl).sub.2,
      ##EQU2##
      or --P.sup.+(aryl).sub.3 X
PAR  in which alkyl is preferably alkyl lower, e.g. with 1 to 6 carbon atoms,
      may be substituted, e.g. by methoxy, ethoxy, phenyl or phenoxy, and
      includes cycloalkyl, e.g. cyclohexyl; aryl is preferably (optionally
      substituted) phenyl; and X.sup.- is a monovalent anion, e.g. Cl.sup.-,
      Br.sup.-, I.sup.-, CH.sub.3 -O-SO.sub.3 .sup.-, C.sub.2 H.sub.5
      -O-SO.sub.3 .sup.-, CH.sub.3 -SO.sub.3 .sup.-,
PAR  with cleavage of the substitutent t.sub.1 where necessary, or
PA2  d. oxidative cyclization of a compound of formula IX,
      ##SPC8##
PAR  in which R.sub.1, R.sub.2 and R.sub.3 are as defined above,
PA1  A' signifies an alkyl or aryl radical which may be substituted or a group
      of formula II as defined above,
PA1  R'.sub.4 signifies --CN, --COOH or a carboxylic acid amide or ester group,
PAL  to form a compound of formula Ia,
      ##SPC9##
PAL  in which R.sub.1, R.sub.2, R.sub.3 R'.sub.4 and A' are as defined above, or
PA2  e. oxidative cyclization of a compound of formula X,
      ##SPC10##
PAL  in which R.sub.1, R.sub.2, R.sub.4 and A are as defined above, and R.sub.3
      signifies --CN, --COOH or a carboxylic acid ester or amide, to form a
      compound of formula Ib,
      ##SPC11##
PAL  in which R.sub.1, R.sub.2, R'.sub.3, R.sub.4 and A are as defined above.
PAR  When a substitutent R.sub.1 to R.sub.4 is a carboxylic acid ester group it
      is preferably an alkylester group of a carboxylic acid which has 1 to 8
      carbon atoms in the alkyl radical and may be substituted by alkoxy, phenyl
      or phenoxy radicals or a cycloalkylester or arylester group of a
      carboxylic acid, preferably those of the naphthalene, diphenyl and in
      particular the benzene series. Examples of suitable carboxylic ester
      groups are the methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
      n-amyl, iso-amyl, n-hexyl, n-octyl, 2-ethylhexyl, 2-methoxyethyl,
      2-ethoxyethyl, 2-n-butoxyethyl, 2-(2'-methoxyethoxy)-ethyl,
      2-(2'-ethoxyethoxy)-ethyl, 2-(2'-butoxyethoxy)-ethyl, benzyl,
      2-phenylethyl, 2-phenoxyethyl, cyclohexyl, 4-methyl-cyclohexyl,
      4-diphenylyl, naphthyl-1, naphthyl-2, phenyl, 2-, 3- and 4-methylphenyl,
      2-, 3 and 4-chlorophenyl, 2-and 4-methoxyphenyl, 2- and 4-ethoxyphenyl,
      4-fluorophenyl, 2,4- and 2,5-dimethylphenyl-, 4-n-butylphenyl, 4-tert.
      butylphenyl, 4-tert. amylphenyl and 4-tert. octylphenyl ester groups.
PAR  If R.sub.1 and/or R.sub.2 are sulphonic acid ester groups, the sulphonic
      acid ester groups corresponding to the aforenamed carboxylic acid ester
      groups are suitable substituents.
PAR  When a substituent R.sub.1 to R.sub.4 is a carboxylic acid amide group or a
      substituent R.sub.1 or R.sub.2 is a sulphonic acid amide group, the amide
      is preferably a monoalkylamide, dialkylamide, mono- and
      di-(hydroxyalkyl)-amide, alkoxyalkyl- and alkoxyalkoxyalkylamide,
      arylamide, aralkyl-, aryloxyalkyl- and cycloalkyl-amide, N-alkyl- or
      N-hydroxyalkyl-N-phenylamide group, in which alkyl and hydroxyalkyl may
      contain, e.g., 1 to 6 or, preferably, 1 to 4 carbon atoms, alkoxyalkyl and
      alkoxyalkoxyalkyl containing preferably 3 to 6 and 5 to 8 carbon atoms
      respectively, aryl and aryloxy may be binuclear or, preferably,
      mononuclear. Specific examples are the following amide groups of
      carboxylic and sulphonic acids: methyl, ethyl, n-propyl, iso-propyl,
      n-butyl, sec. butyl, iso-butyl, n-amyl, n-hexyl, iso-amyl, dimethyl,
      diethyl, di-n-butyl, 2-hydroxyethyl, 2- and 3-hydroxypropyl,
      4-hydroxybutyl, di-(2-hydroxyethyl), di-(2-hydroxypropyl)-,
      2-methoxyethyl, 2-ethoxyethyl, 2-n-butoxyethyl, 3-methoxypropyl,
      4-methoxybutyl, 2-(2'-methoxyethoxy)-ethyl, 2-(2'-ethoxyethoxy)-ethyl,
      2-(2'-n-butoxyethoxy)-ethyl, phenyl, 2-, 3- and 4-methylphenyl, 2-, 3- and
      4-chlorophenyl, 2- and 4-methoxyphenyl, 2- and 4-ethoxyphenyl, 4-tert.
      butylphenyl, 4-n-butylphenyl, 2,4- and 2,5-dimethylphenyl, 4-diphenylyl,
      naphthyl-1, naphthyl-2, N-methyl-N-phenyl, N-ethyl-N-phenyl,
      N-2-hydroxyethyl-N-phenyl, cyclohexyl, 4-methylcyclohexyl, benzyl,
      phenylethyl and phenoxyethyl amide groups.
PAR  When R.sub.1 or R.sub.2 signifies an alkylsulphonyl group it may contain,
      e.g., 1 to 6 carbon atoms (n-propyl-, iso-propyl-, n-butyl-, iso-butyl-,
      n-amyl-, iso-amyl- or n-hexyl-sulphonyl and in particular methylsulphonyl
      and ethylsulphonyl). The arylsulphonyl significances of R.sub.1 or R.sub.2
      preferably contain aryl radicals of the benzene series such as phenyl-,
      methylphenyl- and chlorophenyl-sulphonyl.
PAR  When R.sub.2 signifies an optionally substituted alkyl radical this may be
      branched or unbranched, and preferably contains 1 to 18 carbon atoms
      especially 1 to 8 carbon atoms and may bear as substituents, e.g., halogen
      atoms, cyano, hydroxyl, alkoxy, aryl or aryloxy groups, preferably of the
      benzene series and examples of suitable optionally substituted alkyl
      radicals are methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec.
      butyl, tert. butyl, n-amyl, tert. amyl, iso-amyl, sec. amyl, n-hexyl,
      n-octyl, 2-ethylhexyl, tert. octyl, n-decyl, n-dodecyl, cetyl, stearyl,
      2-methoxyethyl, 2-ethoxyethyl, 2-n-butoxyethyl, 3-methoxypropyl,
      4-methoxybutyl, 2-hydroxyethyl, 2- and 3-hydroxypropyl, 2-chlorethyl,
      2,2-difluorethyl, trifluoromethyl, cyanomethyl, cyanethyl, 2-phenoxyethyl,
      benzyl, 2-phenylethyl and cumyl.
PAR  When R.sub.2 signifies an optionally substituted phenyl radical it may be,
      for example, phenyl, 2-, 3- or 4-methylphenyl, 2-, 3- or 4-chlorophenyl,
      2- or 4-methoxyphenyl, 2- or 4-ethoxyphenyl, 4-fluorophenyl, 4-ethyl-,
      4-iso-propyl-, 4-tert. butyl-, 4-tert. amyl-, 4-tert. oxtyl-phenyl, 2,4-
      or 2,5-dimethylphenyl, 2-, 3- or 4-carboxyphenyl, 2-, 3- or 4-cyanophenyl,
      2-, 3- or 4-aminocarbonylphenyl, 2-, 3- or 4-methylamino- or 2-, 3- or
      4-dimethylamino-carbonylphenyl, 2-, 3- or 4-ethoxy-, n-butoxy-,
      benzyloxy-, cyclohexyloxy-, phenoxy- or cresoxy-carbonylphenyl, 3- or
      4-sulphophenyl, 3- or 4-amino-, methylamino- or
      dimethylaminosulphonylphenyl, 3- or 4-methoxy-, n-butoxy-, benzyloxy-,
      cyclohexyloxy-, phenoxy- or cresoxy-sulphonylphenyl.
PAR  If R.sub.2 signifies a substituted benzoxazole radical, the substituents
      may be chosen, for example, from alkyl or alkoxy radicals having 1 to 8
      carbon atoms which may themselves be substituted, aryl or aryloxy radicals
      which may themselves be substituted, chlorine or fluorine atoms, cyano
      groups, sulphonic acid or sulphonamide groups, alkylsulphonyl or
      arylsulphonyl groups. Examples of alkyl and alkoxy radicals which may
      themselves be substituted are methyl to octyl, benzyl, 2-phenoxyethyl,
      methoxy, ethoxy, n-butoxy, n-octyloxy, cyclohexyl etc. Of the aryl and
      aryloxy radicals, those of the benzene series are especially preferred:
      phenyl, methylphenyl, chlorophenyl, fluorophenyl, methoxyphenyl,
      ethoxyphenyl, cyanophenyl, and the corresponding phenoxy compounds.
PAR  If the substituents R.sub.3 to R.sub.4 are alkyl radicals, these contain
      only 1 to 6 carbon atoms (methyl to hexyl) and may bear the same
      substituents as given for R.sub.2.
PAR  Examples of optionally substituted aryl radicals as significances for
      R.sub.4 are the binuclear naphthyl-1, naphthyl-2 and diphenyl-4 radicals
      and in particular the phenyl radicals described above for R.sub.2.
      ##SPC12##
PAL  in which R.sub.2 is as defined above, and X.sub.6 signifies X.sub.1 as
      defined above or an aromatic heterocyclic radical, e.g., a benzoxazole,
      benzotriazole or naphthotriazole radical, X.sub.7 signifies a hydrogen
      atom, an alkyl radical with 1 to 6 carbon atoms which may be substituted
      or an aryl radical which may be substituted and which is preferably of the
      benzene series, Y.sub.2 signifies an oxygen or sulphur atom, and the
      pyridine nucleus in formula XXIV may be substituted.
PAR  The condensation step of process variant (a) or (b) may be conveniently
      effected in an inert organic, preferably polar solvent, e.g. in an
      aliphatic or aromatic, preferably halogenated or nitrated, hydrocarbon, in
      an alcohol, ether, glycol, amide, e.g., formamide, dimethyl formamide,
      dimethyl acetamide, N-methyl pyrrolidone, phosphoric tris-(dimethylamide),
      in a nitrile, e.g. acetonitrile, in a sulphoxide or sulphone, e.g.
      dimethyl sulphoxide or tetramethylene sulphone, or in a lower
      alkanecarboxylic acid, e.g. acetic or propionic acid. Suitable reaction
      temperatures are from 0.degree. to 100.degree.C, preferably 20.degree. to
      60.degree.C. The reaction is preferably effected in the presence of an
      acid, preferably an organic lower carboxylic acid, e.g. formic, acetic,
      propionic, butyric, oxalic, tartaric, lactic or citric acid.
PAR  The dehydrative cyclization reaction can be conveniently carried out by
      heating in the presence of an organic solvent and preferably a tertiary
      base, together with at least the amount of a dehydrating agent necessary
      for splitting off 1 mol of water.
PAR  Examples of suitable dehydrating agents are the halides of phosphoric acid
      such as phosphorus trichloride, oxychloride and pentachloride, and the
      halides, amides and, preferably, the anhydrides of carboxylic acids,
      preferably those anhydrides of the lower fatty acids such as acetic,
      propionic or butyric acid and mixed anhydrides thereof. Among the
      carboxylic amides, urea as the diamide of carbonic acid holds a special
      position. With this dehydrating agent both the hydrazonoximes and their
      O-acyl derivatives, preferably their O-acetyl derivatives, can be
      converted into the corresponding compounds of formula I.
PAR  The O-acyl derivatives of the hydrazonoximes can also be formed by the
      reaction of hydrazonoximes with acylating agents, e.g. acetic anhydride,
      if necessary in the presence of a tertiary base such as pyridine, in
      accordance with the known methods.
PAR  An anhydride of a lower fatty acid is an especially preferred dehydrating
      agent and is preferably used in excess.
PAR  Solvents suitable for the hydrazonoximes and their O-acyl derivatives are
      those inert solvents which do not affect the dehydrating agents; examples
      are aromatic and chlorinated hydrocarbons, ethers, ketones, acid amides,
      sulphoxides and sulphones. Especially valuable solvents are acid amides,
      sulphoxides and sulphones, e.g. dimethyl formamide, diethyl formamide,
      dimethyl acetamide, N-methylpyrrolidone, dimethyl sulphoxide, dibutyl
      sulphoxide, tetramethylene sulphone (sulpholan) and phosphoric
      tris-(trimethylamide).
PAR  Depending on the solubility of the hydrazonoxime, the solvent is usually
      employed in an amount which is equal to or several times greater than the
      weight of the hydrazonoxime.
PAR  The tertiary base may be used in stoichiometric or catalytic amounts. Of
      the tertiary bases whose presence promotes the reaction, special mention
      may be made of diethylaminobenzene, dimethylaminobenzene, quinoline,
      pyridine, alkylpyridines and technical mixtures of pyridine bases.
PAR  The favourable temperature range for the cyclization reaction giving the
      triazole is 20.degree. to 200.degree.C, in particular from 50.degree. to
      175.degree.C. The reaction is preferably carried out stepwise, e.g. first
      at 80.degree.C, then at 100.degree.C and finally at boiling temperature.
PAR  Cyclization to the triazole of formula I can also be accomplished simply by
      heating in the presence of a carboxylic acid amide, preferably urea,
      suitably at a temperature of 100.degree. to 210.degree.C, preferably
      120.degree. to 175.degree.C. It is not necessary to dry the hydrazonoxime
      prior to cyclization. The moist hydrazonoxime can be added, for example,
      to a urea melt. During the heating-up period the water evaporates and
      cyclization takes place. It is preferred to employ two to twenty times,
      especially three to fifteen times the amount of urea in relation to the
      dry amount of the hydrazonoxime. A combination of urea and a lower fatty
      acid, e.g. acetic acid, is particularly advantageous.
PAR  The oxidative cyclization may be effected by the action of a wide variety
      of oxidizing agents; for this reaction the use of oxidation-stable
      solvents is advisable. Suitable oxidizing agents include bichromate and
      hydrogen peroxide in acid, for example acetic acid solution, and potassium
      ferricyanide in basic solvents such as pyridine and pyridine-water
      mixtures. A generally employable and preferred process consists in
      oxidation with a copper (II) salt such as copper (II) sulphate, chloride
      or acetate in a pyridine-water mixture. The cupric salts can be employed
      in stoichiometric amounts or in excess of or below the stoichiometric
      amount. The monovalent copper formed in the reaction can be continuously
      converted into the divalent stage during the reaction by blowing in air or
      oxygen.
PAR  The reduction of the triazole oxides to the final compounds is carried out
      in conventional manner, preferably using nascent hydrogen from a base
      metal and an acid, especially zinc dust in acetic acid, in an acetic
      acid-water mixture or in a mixture of acetic acid and an inert organic
      solvent, preferably chlorobenzene. The reaction can be conveniently
      carried out at temperatures from room temperature to about 150.degree.C,
      the preferred range being 60.degree. to 130.degree.C. The reduction can
      also be carried out at a lower temperature, if necessary with a small
      addition of an inorganic acid, e.g. hydrochloric acid, for acceleration.
      The salts of reducing acids of sulphur or phosphorus can also be used for
      reduction.
PAR  Simultaneously with reduction of the oxide to the v-triazole ring,
      treatment of the triazole oxide with hydrogen chloride leads to the
      introduction of a chlorine atom in the 5-position of this ring adjacent to
      the N-oxide grouping, when R.sub.3 or R.sub.4 stand for hydrogen. This
      reaction is preferably conducted with gaseous hydrogen chloride, which is
      introduced into a dispersion of the N-triazole oxide in a mixture of water
      and a water-soluble organic solvent, preferably an alcohol or ether e.g.
      ethanol, propanol, butanol, methyl glycol, ethyl glycol, ethylene glycol,
      diethylene glycol or dioxan, at the reflux temperature of the reaction
      mixture. These chlorine-containing compounds can also be formed by
      reacting the N-triazole oxide with a chlorinating agent, e.g. sulphuryl
      chloride, thionyl chloride or phosphoryl chloride, in a solvent inert to
      halogenation, with subsequent reduction with nascent hydrogen to the
      5-chloro-N-triazole compound as described above.
PAR  In process variant (c) the reaction of a compound of formula VII with a
      compound of formula VIII, in which the aldehyde group is present as such
      or in the form of a derivative, e.g. the oxime, hydrazone, azine or anile,
      is preferably carried out in the presence of a suitable condensing agent
      or catalyst, e.g. boric acid, zinc chloride, arylsulphonic acid, an alkali
      or alkaline-earth metal salt of an arylsulphonamide, acetic anhydride, an
      alkali metal acetate, piperidine, an alkali or alkaline-earth metal
      hydroxide or an alkali or alkaline-earth metal alcoholate. Suitable
      temperatures are from 0.degree. to 200.degree.C, preferably from
      20.degree. to 160.degree.C. If t.sub.1 stands for hydrogen, the progress
      of the reaction is assisted if the adjacent benzene nucleus bears a
      negative substituent, e.g. --CN, --COOH, --SO.sub.3 H or an optionally
      substituted ester or amide group of a carboxylic or sulphonic acid. If a
      radical t.sub.1 other than hydrogen is present in the reaction product, it
      is removed by suitable means, or more exactly is replaced by a hydrogen
      atom. With a reaction product is which t.sub.1 is a COOH group, this
      removal can be effected, for example, by heating to about 200.degree.C in
      a solvent of high boiling point, e.g. a tertiary amine such as quinoline;
      if t.sub.1 is a cyano, carboxylic amide or ester group the step is carried
      out with prior acid or alkaline saponification of this group to the
      carboxy group. If, however, t.sub.1 in the starting product is a
      phosphorus-containing ester group, this group is replaced by a hydrogen
      atom during the course of the reaction of the compounds of formulae VII
      and VIII.
PAR  The reaction can be carried out effectively by fusing the reactants, though
      it is preferred to use an inert solvent, e.g. an aliphatic or aromatic,
      preferably halogenated hydrocarbon, one of the alcohols, ethers or
      glycols, an amide such as formamide, dimethyl formamide or acetamide,
      N-methylpyrrolidone, phosphoric tris-(dimethylamide), acetonitrile,
      dimethyl sulphoxide, tetramethylene sulphone.
PAR  In the above process variants (a), (b) and (c) the reactants are preferably
      used in approximately equimolar proportions.
PAR  The oxidative cyclization of compounds of formulae IX or X in process
      variants (d) and (e) can be conveniently carried out in the presence of an
      oxidation-stable organic solvent, such as: hydrocarbons, including
      halogenated or nitrated hydrocarbons, e.g. benzene, toluene,
      chlorobenzene, ortho-dichlorobenzene, bromobenzene, nitrobenzene,
      1-2-dichlorethane, 1,1,2,2-tetrachlorethane; amides, e.g. dimethyl
      formamide, dimethyl acetamide, phosphoric tris-(dimethylamide); sulphones,
      e.g. tetramethylene sulphone; ethers, e.g. methoxybenzene, ethoxybenzene,
      dioxan, 1,2-dimethoxy- and 1,2-diethoxy-ethane; and tertiary amines, e.g.
      dimethylamino- and diethylaminobenzene, triethylamine,
      tri-(n-butyl)-amine, pyridine, picoline, quinoline and mixtures of
      pyridine bases.
PAR  Suitable oxidizing agents include alkali metal hypohalogenites, preferably
      sodium hypochlorite or hypobromite; inorganic and organic copper (II)
      compounds such as copper (II) chloride, sulphate, acetate, carbonate and
      naphthenate, which are employed preferably in the presence of nitrogenous
      bases such as ammonia, amines such as trimethylamine, ethanolamine,
      diethanolamine, triethanolamine and pyridine; and air or oxygen in the
      presence of a copper (II) compound, of which the latter can be employed in
      catalytic to stoichiometric amounts or in excess.
PAR  The oxidative cyclization reaction can be conveniently effected at
      temperatures ranging from 0.degree. to 150.degree.C, the preferred ranges
      being from room temperature to 40.degree.C when the oxidizing agent is one
      of the alkali hypohalogenites and 80.degree. to 130.degree.C for
      oxidization with a copper compound alone or with oxygen or air in the
      presence of a copper (II) compound in an amount of, e.g., up to 10% of the
      stoichiometric amount.
PAR  The compounds of formula I may be isolated by the known methods, e.g. by
      cooling, dilution with a suitable agent, partial or complete evaporation
      of the solvent or solvents, steam distillation etc., followed by
      filtration, washing if necessary, and drying and purified in conventional
      manner.
PAR  It will be appreciated that the compounds of formula I may be converted
      into further compounds by substitution and/or further cyclization. Thus,
      for example, in a compound of formula I in which one of the substituents
      is, or has as a substituent, an acid group, such group may be converted
      into an ester or amide group. Also, for example, a compound of formula I
      in which A and/or R.sub.2 signifies an amide of an o-hydroxyarylamine with
      a carboxylic or phenylcarboxylic acid radical, may be subjected to
      dehydrative cyclization to form a compound of formula I in which A and/or
      R.sub.2 is a naphthoxazolyl, benzoxazolyl, naphthoxalylphenyl or
      benzoxazolylphenyl radical.
PAR  To convert water-insoluble triazolyl styryl triazoles of formula I into the
      corresponding water-soluble sulphonated compounds they can be treated with
      sulphonating agents, e.g. concentrated sulphuric acid of 90 to 100%
      strength, weak oleum with an SO.sub.3 content of up to about 30%,
      chlorosulphonic acid or gaseous sulphur trioxide. The temperature may
      range from 0.degree. to about 100.degree.C, or preferably from 20 to
      50.degree.-60.degree.C, and sulphonation is continued until the number of
      sulphonic acid groups, e.g. 1 to 3, reqquired to impart solubility in
      water has been introduced. If chlorosulphonic acid or gaseous sulphur
      trioxide is used, sulphonation proceeds satisfactorily in an inert solvent
      such as sulphuric acid, ortho-dichlorobenzene or nitrobenzene, while if
      concentrated sulphuric acid or oleum is chosen the sulphonating agent
      itself may serve as solvent. The compounds of formula VII in which v
      signifies --CHO and R.sub.1 signifies SO.sub.3 H can be produced from the
      4,4'-bis- 4"-phenyl-v-triazolyl-2"]-stilbene-2,2'-disulphonic acids
      disclosed in British Pat. No. 1,108,416 by cleavage with potassium
      permangate in aqueous-alkaline medium (see German Patent No. 115,410).
PAR  The compounds of formula VIII in which w stands for --CH.sub.2
      -PO=(O-alkyl).sub.2 can be derived from the corresponding compounds
      bearing a --CH.sub.2 -Cl group by reaction with a trialkyl phosphite.
PAR  The starting compounds of formula IX, as defined above, can be produced,
      for example, by coupling diazo compounds from amines of formula XXVI,
      ##SPC13##
PAL  with enamines of formula XXVII
      ##EQU3##
      in which R.sub.4 ' and A' are as defined above, or with their tautomeric
      ketimides, e.g. with .beta.-aminocrotonic nitrile, ester or amides or with
      .beta.-aminocinnamic nitrile, ester or amides.
PAR  In an analogous manner, compounds of formula X as defined above can be
      obtained by coupling diazo compounds from amines of formula XXVIII,
      ##SPC14##
PAL  in which R.sub.2 is as defined above, with enamines of formula XXIX,
      ##SPC15##
PAL  in which R.sub.1, R.sub.3 ', R.sub.4 and A are as defined above, or with
      their tautomeric ketimides.
PAR  In so far as the production of the starting materials is not described, the
      compounds are known or may be prepared by known processes, or in a manner
      analogous to known processes. The new triazolylstyryl triazoles of formula
      I possess properties suitable for the optical brightening of a wide
      variety of organic materials and polymeric materials.
PAR  A preferred group of optical brighteners according to this invention are
      those of formula Ic,
      ##SPC16##
PAL  in which
PAR  R.sub.5 signifies the sulphonic acid, sulphonic amide, carboxylic amide or
      nitrile group,
PAR  R.sub.6 signifies a hydrogen or chlorine atom, an alkyl radical having 1 to
      4 carbon atoms or the carboxylic amide or nitrile group,
PAR  R.sub.7 signifies a hydrogen or chlorine atom or the methyl, hydroxymethyl,
      chloromethyl or acetoxymethyl group,
PAR  R.sub.8 signifies a hydrogen or chlorine atom or the phenyl or methyl
      group,
PAR  A.sub.1 signifies the phenyl, styryl, methylstyryl or nitrilostyryl radical
      or a radical of formula
      ##SPC17##
PAL  in which T signifies a hydrogen atom or an alkyl radical of 1 to 4 carbon
      atoms.
PAR  An especially preferred group of optical brighteners according to the
      invention are of formula I d,
      ##SPC18##
PAL  in which
PAR  R.sub.9 signifies the nitrile group or the sulphonic acid group (which may
      be present as an alkali metal salt, preferably the sodium salt),
PAR  R.sub.10 signifies a hydrogen atom or the nitrile group,
PAR  R.sub.11 signifies a hydrogen or chlorine atom or the methyl group,
PAR  R.sub.12 signifies a hydrogen or chlorine atom or the methyl group,
PAR  A.sub.2 signifies the phenyl radical or a radical of formula
      ##SPC19##
PAL  in which
PAR  T.sub.1 signifies a hydrogen atom or the methyl or tertiary butyl radical,
      and
PAR  T.sub.2 signifies a hydrogen atom or the methyl or nitrile group.
PAR  By "organic materials" are understood natural fibres, e.g. cellulose (paper
      and cotton) and natural polyamides (wool, silk), and by "polymeric
      materials" the synthetic and semi-synthetic polymers, e.g. polyesters,
      polyamides, polyurethanes, polyolefins and optionally, modified
      polyolefines, polypropylene including polypropylene modifed by the
      introduction of basic groups), polyvinyl acetate, polyvinyl chloride,
      polyvinylidene chloride, polyacrylonitrile and modified polyacrylonitrile
      and acrylonitrile, polystyrene, cellulose (21/2) acetate and cellulose
      triacetate.
PAR  The compounds of formula I can be applied to the substrate desired to be
      brightened by any of the standard exhaust, padding or printing methods,
      either in the form of solutions in water or an organic solvent or as
      aqueous dispersions. But they can also be advantageous as brightener
      additives in spinning solutions and melts, in plastics moulding materials,
      and in the monomers or prepolymers for the synthesis of polymers. For this
      latter purpose the water-insoluble triazolylstyryl triazoles of formula I
      are preferable.
PAR  Depending on the method of application, the disclosed compounds are
      employed in amounts of 0.001 to 0.5 & or preferably 0.01 to 0.2% in
      relation to the weight of the material. They are suitable for use alone or
      in combination with other optical brighteners, and may be applied in the
      presence of surface-active agents, for instance detergents, carriers, and
      chemical bleaching agents. An effective method of brightening heat-stable
      synthetic fibres, notably polyester fibres, in fabric form is to pad the
      selected compound of formula I on the fabric from an aqueous medium
      containing a surface-active agent and to treat the fabric in dry heat,
      e.g. at 150.degree.-240.degree.C or preferably 180.degree.-220.degree.C,
      in accordance with the "thermosol" process.
PAR  The disclosed brighteners have a distinct reddish violet to blue
      fluorescence shade, a high saturation limit, good sublimation fastness and
      good light fastness. The water-soluble compounds containing sulphonic acid
      groups can be incorporated in powder, paste or liquid detergents in
      amounts of, e.g. 0.001 to 0.5% relative to the solid content of the
      detergent. This group of brighteners may also be used for the optical
      brightening of cellulosic fibres (cotton, linen, hemp, paper, rayon) and
      polyamide fibres (wool, silk, hair fibres, polyamide 6, 66, 610, 11 etc.)
      by the exhaust technique and, in particular, for the optical brightening
      of nonwovens and carpets by discontinous or continous padding processes.
PAR  In the following Examples the parts and percentages are by weight and the
      temperatures in degrees centigrade. The melting points are uncorrected.
DETD
PAC  EXAMPLE 1
PAR  20 Parts of 4-hydrazino-2-cyano-.beta.-(2'-phenylosotriazolyl)-styrene are
      added to 48 parts of dimethyl formamide with heating to 60.degree., on
      which it goes into solution almost completely. After cooling to 20.degree.
      with vigorous stirring, 42 parts of 50% acetic acid are added, followed in
      the course of 1 hour by portions of isonitrosobenzalacetone totalling 13
      parts. The mixture is held for a further 3 hours at 20.degree.-25.degree.
      with thorough stirring and then for 2 hours at 60.degree. until no further
      hydrazine is indicated. It is cooled slowly, first to room temperature and
      then in an ice bath to 0.degree.-3.degree.. The yellow precipitate is
      filtered with suction and washed with ice-cold methanol to give a
      yellow-brown hydrazonoxime, melting point 195.degree.-220.degree., which
      without further purification is suspended in 14 parts of dimethyl
      formamide at room temperature, with the consecutive addition of 12 parts
      of pyridine and 5.5 parts of acetic anhydride. The temperature is raised
      to 80.degree. in 2 hours and in the following 2 hours to 100.degree.. A
      dark brown solution is formed which is boiled for a further 30 minutes
      with reflux. It is cooled slowly to 0.degree.-5.degree. and the
      precipitate filtered with suction, washed with ice-cold methanol and
      crystallized from chlorobenzene with the aid of bleaching earth. The
      compound of formula
      ##SPC20##
PAL  is obtained in the form of pale yellow crystals, melting point
      203.degree.-205.degree., which fluoresce with a violet shade in
      chlorobenzene solution (.lambda. max. 365 nm).
PAC  EXAMPLE 2
PAR  50 Parts of the hydrazonoxime of Example 1 are dissolved in 300 parts of
      pyridine with heating to 90.degree.. In 45 minutes a solution of 40 parts
      of copper sulphate pentahydrate, 90 parts of water and 50 parts of
      pyridine is added dropwise with stirring. The reaction mixture is held for
      21/2 hours at 90.degree.-100.degree., then 300 parts of pyridine-water
      mixture are distilled with vacuum, the mixture cooled and the precipitate
      filtered with suction. It is washed with 1000 parts of dioxan and then
      with water until the wash water is colourless, and dried at 60.degree.
      with vacuum. The yellow-brown triazole-N-oxide formed melts at
      229.degree.-233.degree. and corresponds to the formula
      ##SPC21##
PAL  27 Parts of this triazole-N-oxide are dissolved in 300 parts of dioxan and
      2 parts of water at 85.degree.. For 5 hours a powerful current of hydrogen
      chloride gas is directed into the well stirred solution. After a short
      time it begins to fluoresce and lemon crystals settle out. On completion
      of the reaction time the batch is cooled and the product filtered with
      suction. Crystallization from chlorobenzene with the aid of bleaching
      earth results in lemon crystals with melting point
      202.degree.-204.degree., which fluoresce with a violet shade in
      chlorobenzene solution and have the formula
      ##SPC22##
PAR  (.lambda. max. in chloroform: 370 nm)
PAC  EXAMPLE 3
PAR  28 parts of the triazole-N-oxide of formula
      ##SPC23##
PAL  melting point 233.degree.-235.degree., which can be produced in analogy
      with the procedure of Examples 1 or 2, are employed for reaction in
      otherwise complete accordance with Example 2, and lemon crystals, melting
      point 194.degree.-195.degree., are obtained which exhibit violet
      fluorescence in chlorobenzene solution and agree with formula
      ##SPC24##
PAR  (.lambda. max. in chloroform: 373 nm)
PAC  EXAMPLE 4
PAR  4.5 Parts of the phosphonic ester of formula
      ##SPC25##
PAL  are dissolved with 1.8 parts of 2-phenyl-1,2,3-triazole-4-aldehyde in 40
      parts of freshly distilled dimethyl formamide. At 30.degree. a solution of
      6 parts of sodium methylate in 12 parts of methyl alcohol is added. The
      mixture is stirred for 1 hour at 40.degree. and then cooled and set with
      20 parts of cold methanol. The yellow precipitate is filtered with
      suction, washed twice with 10 parts of methanol and crystallized from
      ortho-dichlorobenzene. The product in the form of pale yellow crystals,
      melting point 264.degree.-266.degree., shows blue-violet fluorescence in
      chlorobenzene solution and has the formula
      ##SPC26##
PAR  (.lambda. max. in chloroform: 367 nm)
PAC  EXAMPLE 5
PAR  30 Parts of the phosphonic ester of formula (XLVII) along with 13.5 parts
      of 2-(4'-cyanophenyl)-4-formyl-1,2,3-triazole are dissolved in 200 parts
      of distilled dimethyl formamide. A solution of 3.7 parts of sodium
      methylate in 8 parts of methanol is added at 30.degree. and the batch
      stirred for 1 hour at this temperature, after which 100 parts of methanol
      are added, the mixture cooled to 10.degree. and the product isolated by
      filtration with suction. On recrystallization from ortho-dichlorobenzene,
      pale yellow crystals with melting point 317.degree.-319.degree. are
      obtained, which fluoresce with a blue-violet shade in chlorobenzene
      solution and corresponds to the formula
      ##SPC27##
PAR  (.lambda. max. in chloroform: 369 nm)
PAR  The phosphonic ester of formula (XLVII) is formed as follows. A mixture of
      8 parts of 2-(3'-cyano-4'-methyl)-4-formyl-1,2,3-triazole and 9.5 parts of
      4cyanobenzylphosphonic diethylester in 50 parts of dry dimethyl formamide
      is set at room temperature with 8 parts of a 30 % solution of sodium
      methylate in methanol. It is reacted for 1 hour at 40.degree. with
      stirring and after the addition of 10 parts of methanol is cooled to
      10.degree.. The product is isolated by filtration with suction and vacuum
      dried at 60.degree.. Almost white, needle-shaped crystals are obtained in
      a yield of 11 parts, which following recrystallization from chlorobenzene
      melt at 233.degree.-235.degree.. They are of formula
      ##SPC28##
PAL  3.1 Parts of the crystalline product are suspended in 100 parts of dry
      carbon tetrachloride, set for reaction with 2 parts of N-bromosuccinimide
      and 0.1 part of benzoyl peroxide and reacted for 8 hours with reflux. The
      precipitated succinimide is filtered off, the filtrate condensed by
      evaporation and the residue recrystallized from toluene. 4 Parts of the
      resulting bromomethyl compound, melting point 114.degree.-118.degree., are
      converted with triethyl phosphite into the phosphonic diethyl ester of
      formula (XLVII), crude melting point 210.degree.-220.degree., following
      the known method of Michaelis-Arbusov (A. Michaelis, Liebigs Ann. Chem.
      326, (1903), 129).
PAR  Following the procedure of Example 1 and employing appropriate starting
      materials in approximately equivalent amounts, the compounds in the
      following Table III, and which agree with the formula
      ##SPC29##
PAL  may be produced.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Ex. No.                                                                   
         R.sub.5                                                               
               R.sub.6                                                         
                    R.sub.7 R.sub.8                                            
                               Fluorescence                                    
                               shade in                                        
                               chlorobenzene                                   
     __________________________________________________________________________
     6   --SO.sub.2 NH.sub.2                                                   
               --Cl --CH.sub.3                                                 
                            H  Red violet                                      
     7   --CONH.sub.2                                                          
               --CH.sub.3                                                      
                    --CH.sub.2 OH                                              
                            H   "  "                                           
     8   --CN  --CONH.sub.2                                                    
                    --Cl    H   "  "                                           
     9   --CN  H    --CH.sub.2 OCOCH.sub.3                                     
                            H  Bluish violet                                   
     10  --CONH.sub.2                                                          
               CH.sub.3                                                        
                    --CH.sub.2 OH                                              
                            H  Red violet                                      
               C CH.sub.3                                                      
               CH.sub.3                                                        
     11  --CN  H    H       CH.sub.3                                           
                               Violet                                          
     __________________________________________________________________________
PAC  APPLICATION EXAMPLE A
PAR  A solution of 0.005 parts of the compound of formula I j in a plasticizer
      is blended with 100 parts of moulding material consisting of 65 parts of
      polyvinyl chloride and 35 parts of a plasticizer, e.g. dioctyl phthalate,
      and containing 2 %, relative to the polymer content, of a stabilizer. The
      material is worked on a roll mill for 10 minutes at
      150.degree.-160.degree. and extruded as film. If opaque film is desired,
      2.5 % titanium dioxide is incorporated in the material before processing.
      The films have a superior appearance to comparative films containing no
      brightener additive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of formula
      ##SPC30##
PAL  in which
PA1  R.sub.5 signifies a sulphonic acid, sulphonic amide, carboxylic amide or
      nitrile group,
PA1  R.sub.6 signifies a hydrogen or chlorine atom, an alkyl radical of 1 to 4
      carbon atoms or a carboxylic amide or nitrile group,
PA1  R.sub.7 signifies a hydrogen or chlorine atom, or a methyl, hydroxymethyl
      or acetoxymethyl group,
PA1  R.sub.8 signifies a hydrogen or chlorine atom or a methyl group, and
PA1  A.sub.1 signifies a styryl, methylstyryl or nitrilostyryl radical,
PAL  and water soluble sulphonates thereof.
NUM  2.
PAR  2. A compound according to claim 1 which in sulphonate form contains 1 to 3
      sulphonic acid groups.
NUM  3.
PAR  3. A compound of claim 1, of formula
      ##SPC31##
PAL  in which
PA1  R.sub.5 ' signifies a sulphonic acid group or nitrile group,
PA1  R.sub.6 ' signifies a hydrogen atom or a nitrile group,
PA1  R.sub.7 ' signifies a hydrogen atom or chlorine atom or a methyl group,
PA1  R.sub.8 ' signifies a hydrogen or chlorine atom or a methyl group, and
PA1  A.sub.2 signifies a styryl, 4-methylstyryl or 4-cyanostyryl group,
PAL  and their water soluble sulphonates.
NUM  4.
PAR  4. A compound of claim 3, of formula
      ##SPC32##
NUM  5.
PAR  5. A compound of claim 3, of formula
      ##SPC33##
NUM  6.
PAR  6. A compound of claim 3, of formula
      ##SPC34##
NUM  7.
PAR  7. A compound of claim 3, of formula
      ##SPC35##
NUM  8.
PAR  8. A compound of claim 3, of formula
      ##SPC36##
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ABST
PAL  Disclosed are certain novel substituted
      4(3H)-oxobenzo-2,1,3-thiadiazine-2,2-dioxide compounds and derivatives
      thereof and methods employing the same in the control of undesired
      vegetation.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of our copending
      application Ser. No. 398,139, filed Sept. 17, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In one embodiment, the present invention relates to certain novel
      substituted 4 (3H)-oxobenzo-2,1,3-thiadiazine-2,2-dioxide compounds and
      derivatives. Another embodiment of this invention relates to the utility
      of substituted 4(3H)-oxobenzo-2,1,3-thiadiazine-2,2-dioxide compounds as
      herbicides.
PAR  The closest prior art includes U.S. Pat. Nos. 3,041,336 and 3,217,001 which
      disclose certain 4(3H)-oxobenzo-2,1,3-thiadiazine-2,2-dioxides, bearing
      single halogen, nitro or loweralkylsulfamoyl substituents in the 6- and 7-
      phenyl ring positions, which have utility as pharmacological agents. Such
      prior art does not disclose herbicidal utility. The use of
      3-(methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide as a
      herbicide is also known.
PAR  An object of the present invention is to provide certain new substituted
      4(3H)-oxobenzo-2,1,3-thiadiazine-2,2-dioxide compounds which have good
      herbicidal properties. Another object of the present invention is to
      provide a method for controlling unwanted plant growth with substituted
      4(3H)-oxobenzo-2,1,3-thiadiazine-2,2-dioxide compounds.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is, in one embodiment, directed to novel substituted
      4(3H)-oxobenzo-2,1,3-thiadiazine-2,2-dioxide compounds and derivatives
      corresponding to the formula:
      ##SPC1##
PAL  Wherein:
PA1  Each X independently represents halo, Y'R.sup.2, Y"CF.sub.2 C(Z).sub.3,
      CF.sub.3, nitro, or loweralkyl, with the proviso that at least one X is
      always halo or nitro;
PA1  n represents an integer of from 2 to 4, inclusive;
PA1  m represents an integer of 1 or 2;
PA1  R and R.sup.1 each independently represent hydrogen, loweralkyl,
      haloloweralkyl, cycloalkyl, aryl, benzyl, alkenyl, haloalkenyl, alkynyl,
      haloalkynyl, --y'R.sup.2, --SCCl.sub.3 ; --CNHR.sup.2, --NH.sub.2,
      --SO.sub.2 aryl, --SO.sub.2 alkyl, --COOR.sup.3, --C(CH.sub.3).sub.2
      C.tbd.CH or --C(CH.sub.3).sub.2 C.tbd.N;
PA1  R.sup.2 is hydrogen or loweralkyl of from one to about four carbon atoms;
PA1  R.sup.3 is loweralkyl;
PA1  Each Y, Y' and Y" independently represent a chalcogen group having an
      atomic number of from 8 to 16, inclusive;
PA1  Each Z independently represents bromo, chloro, fluoro, or hydrogen and,
      where at least one of R or R.sup.1 is hydrogen, the salts thereof with
      organic or inorganic bases.
PAR  In a second embodiment of the present invention, compounds corresponding to
      Formula I above, except that n is 1, X is a halo or nitro moiety
      substituted in 8-ring position, all other substituents being as above
      described, are also claimed. In a third embodiment of the present
      invention, compounds corresponding to Formula I above, except that n is an
      integer of from 1 to 4, inclusive, X is halo or nitro when n is 1 and at
      least one of X is halo or nitro when n is greater than 1, all other
      substituents being as previously defined, are employed in methods for the
      control of undesired vegetation. In a further embodiment, certain
      compounds of the present invention are employed in methods for the
      selective control of certain vegetation in the presence of desirable crop
      plants. Such methods comprise applying a herbicidally effective amount of
      one or more of such compounds to plants and/or their habitats.
PAR  For the sake of brevity and convenience, the term "active ingredient(s)" is
      used hereinafter in this specification to broadly describe the novel
      substituted 4(3H)-oxobenzo-2,1,3-thiadiazine-2,2-dioxide compounds of
      Formula I as well as those compounds employed in the method of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  As used in the present specification and claims, the term "herbicide" means
      an active ingredient which, when used in a growth controlling amount,
      controls or modifies the growth of undesired plants. By a "growth
      controlling or effective amount" is meant an amount of compound which
      causes a modifying effect upon the growth of plants. Such modifying
      effects include all deviations from natural development, for example,
      killing, retardation, defoliation, desiccation, regulation, stunting,
      tillering, and the like. By "plants" it is meant emerging seedlings and
      established vegetation, including the roots and above-ground portions.
PAR  The term "loweralkyl" is used herein and in the appended claims to
      designate a straight or branched chain alkyl or haloalkyl radical
      containing, where not otherwise expressly defined, from one to about six
      carbon atoms, such as, for example, methyl, ethyl, propyl, isopropyl,
      butyl, isobutyl, tert-butyl, pentyl, hexyl and the like.
PAR  The terms "halo" and "halogen," where employed herein, represent iodine,
      chlorine, fluorine and bromine. The term "cycloalkyl" is employed to mean
      radicals containing from three to about eight carbon atoms, such as, for
      example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl and
      the like. The term "aryl" is employed to mean phenyl or substituted
      phenyl, such as tolyl and the like. The term "chalcogen" as used herein
      means those elements of the recognized chalcogen group having an atomic
      number of from 8 to 16, inclusive, i.e., oxygen and sulfur.
PAR  The term "alkenyl" as employed in the present specification and claims
      designates an alkenyl radical containing from about three to about six
      carbon atoms, inclusive, such as, for example, propenyl, 2-methl propenyl,
      butenyl, hexenyl and the like which optionally may bear one or more
      halogen substituents. The term "alkynyl" as used herein and in the
      appended claims designates an alkynyl radical of from about three to about
      six carbon atoms, inclusive, such as, for example, propynyl, 2-methyl
      propynyl, butynyl, pentynyl, hexynyl and the like which optionally may
      bear ne or more halogen substituents.
PAR  The active ingredients of the present invention are normally crystalline
      solids when substantially pure which are soluble in the usual organic
      solvents and somewhat soluble in water. The active ingredients of the
      instant invention are generally useful as herbicides. With respect to
      compounds of formula I and the use thereof in herbicidal methods,
      compounds wherein X is selected from the group consisting of halo and
      loweralkyl of from one to about two carbon atoms are preferred.
      Additionally, compounds wherein n is 2 to 4, X is selected from the group
      consisting of loweralkyl and halo, R is loweralkyl and halo, R is
      loweralkyl and R.sup.1 is hydrogen also constitute a preferred class. In
      each of the foregoing preferred embodiments, at least one X is always
      halo. With respect to compounds where n is 1, X is a halo or nitro moiety
      substituted in the 8-ring position, X is preferably a halo moiety, with
      chloro being especially preferred. In all of the foregoing embodiments,
      compounds wherein R is isopropyl and R.sup.1 is hydrogen are further
      preferred.
PAR  The active ingredients of the instant invention can be prepared by
      cyclizing b-sulphamido carboxylic acid derivatives of the general formula:
      ##SPC2##
PAL  wherein X, n, m, Y, R and R.sup.1 are as previously defined and T is a
      residue which is easily split off such as, for example, a hydroxy, alkoxy
      or aryloxy or halo group.
PAR  In carrying out the prparation of the compounds of the instant invention
      the selected b-sulphamido carboxylic acid can be cyclized to the desired
      corresponding active ingredient of the instant invention with a condensing
      agent. Representative examples of condensing agents include, for example,
      phosphorous oxychloride, thionyl chloride or aqueous or alcoholic alkaline
      solutions such as, for example, sodium methylate and the like. The
      reaction can be carried out under ambient atmospheric pressures and can be
      conducted in the presence of inert organic solvents such as, for example,
      benzene, toluene, xylene, higher ethers, halogenated hydrocarbons and the
      like. While the reactants can be employed in stoichiometric amounts, an
      excess amount of the condensing agent is preferably employed.
PAR  The reaction is usually carried out at temperatures of from about 0.degree.
      to about 150.degree.C., and usually from about 25 to about 110.degree.C.
      Preferably, the reaction is carried out by heating the reaction mixture at
      reflux temperature. The reaction is ordinarily completed in a period of
      from about 3 to about 24 hours. Following the substantial completion of
      the reaction, the reaction mixture is cooled, acidified, and the solvent
      removed in vacuo. The residue thus obtained is extracted with a suitable
      solvent, such as, for example, carbon tetrachloride, acetone, methylene
      chloride, chloroform, cyclohexane, or the like, and the extracts combined
      and cooled to obtain the desired product as a crystalline solid.
      Alternatively, the solvent is removed prior to acidification and the
      residue obtained dissolved in water, extracted with ether, and the aqueous
      layer acidified to a pH of about 1.0 to about 3.0 to precipitate the
      desired product therefrom. If desired, the recovred product can be further
      purified by recrystallization from a suitable solvent such as hereinbefore
      mentioned.
PAR  The starting materials of formula II can be prepared according to known
      methods. Procedures for preparing the same as well as literature
      references to the same are provided in U.S. Pat. No. 3,041,336. Starting
      materials of Formula II wherein R.sup.1 is hydrogen can, following
      cyclization as previously set forth, be converted to compounds where
      R.sup.1 is other than hydrogen by reacting the same with typical
      alkylating, aralkylating, etc., agents such as, e.g., methyl iodide,
      dimethyl sulphate, ethyl bromide, n-butyl bromide, crotyl bromide, benzyl
      bromide, and p-bromobenzyl chloride, also the most variously substituted
      alkyl halides and halides of carbonic acid, carboxylic acids, sulphonic
      acids and esters, amides and nitriles of halogen carboxylic acids and
      other types of selected compounds corresponding to the meaning of R.sup.1
      set forth hereinbefore.
PAR  Such reactions can be performed in inert organic solvents such as
      hydrocarbons, halogenated hydrocarbons, alkanones, the dimethyl ether of
      ethylene glycol or the like and the presence of alkali carbonates or
      bicarbonates. Starting materials of Formula II wherein X represents the
      --Y"CF.sub.2 C(Z).sub.3 moiety are readily prepared by known or analogous
      procedures disclosed in the literature. For example, starting materials of
      formula II, wherein X is --O(S)CF.sub.2 CHCl.sub.2, are readily prepared
      by sparging 1,1-dichloro-2,2-difluoroethylene into a mixture of sodium
      methyl hydroxy(thiol)anthranilate in acetone at a temperature of from
      about 0.degree. to about 10.degree.C. for a period of about 1 to about 2
      hours. Following the completion of the reaction, the solvent is removed by
      evaporation under reduced pressure and the desired starting material
      recovered.
PAR  Those compounds wherein each Z is chloro or bromo are readily prepared by
      futher photochemically halogenating the thus recovered starting material
      with an appropriate halogenating agent, such as, for example Cl.sub.2,
      ClBr and the like in known procedures using a solvent such as carbon
      tetrachloride or a heterogenous mixture employing water. Those starting
      materials wherein Z is fluoro are prepared by reacting the starting
      materials wherein Z is chloro or bromo with a molten antimony
      fluoro-chloro compound at temperatures of from about 80.degree. to about
      120.degree.C. for periods of 1/2 to 2 hours.
PAR  Other substituents in the 5, 6, 7 and 8 ring positions of the starting
      materials of Formula II may, depending upon the resistance of such
      substituent to the preceding reactions, be introduced after cyclization of
      the same to the corresponding 4(3H)-oxobenzo-2,1,3-thiadiazine-2,2-dioxide
      compound.
PAR  The following examples illustrate the present invention and the manner by
      which it can be practiced but, as such, should not be construed as
      limitations upon the overall scope of the same.
PAC  EXAMPLE 1
PAR  Methyl 5-chloro-3-methyl-2-((((1-methylethyl)amino)sulfonyl)amino)benzoate
      (26.31 grams; 0.08 mole) was mixed with 200 milliliters (ml) of methanol
      and sodium methoxide (8.84 grams; 0.164 mole) added thereto. The resulting
      reaction mixture was heated at the reflux temperature thereof for a period
      of 5 hours. The solvent was then removed in vacuo leaving a solid brown
      residue which was dissolved in 200 ml. of water. Sodium bicarbonate (20
      grams) was added to the aqueous mixture and the resulting oily layer
      separated from the aqueous layer. The aqueous layer was acidified with
      dilute hydrochloric acid and the mixture extracted with ether. The ether
      extract was reduced in volume by evaporation in vacuo to give a light
      yellow oil which was dissolved in benzene, dried over anhydrous magnesium
      sulfate, filtered and evaporated in vacuo to give a light yellow powder.
      Recrystallization of the powder from methylene chloride and hexane gave
      the desired
      6-chloro-8-methyl-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2
     -dioxide product as a white crystalline solid having a melting point of
      142.degree.-144.degree.C.
PAR  Other active ingredients of Formula I are similarly prepared by employing
      procedures analogous to those set forth in Example 1 above and the
      foregoing teachings of the specification by cyclizing a selected
      .beta.-sulphamido carboxylic acid with a condensing agent and are set
      forth in Table I below:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Cmpd.              Ring                                                   
     No.        X       Position  R        R.sup.1                             
                                                Y m                            
     __________________________________________________________________________
     2    Cl            6,8   H         CH.sub.3                               
                                                O 1                            
     3    Br            6,8   --C.sub.4 H.sub.9                                
                                        --C.sub.4 H.sub.9                      
                                                S 2                            
     4    F             5,6,7 --CH.sub.2 cl                                    
                                        H       O 2                            
     5    I             5     i-C.sub.3 H.sub.7                                
                                        --CH.sub.2 Cl                          
                                                S 1                            
     6    Cl            5,6,7,8                                                
                              --C.sub.4 H.sub.8 Cl                             
                                        H       O 2                            
     7    6-Br, 8-Cl    6,8                                                    
     cyclopropyl                                                               
          H             O     2                                                
     8    5-Br, 8-CH.sub.3                                                     
                        5,8                                                    
     cyclohexyl                                                                
          --OH          S     1                                                
     9    5-Cl, 6,8-diCH.sub.3                                                 
                        5,6,8 --OC.sub.3 H.sub.7                               
                                        phenyl  O 1                            
     10   5-Cl, 6,7,8-triCH.sub.3                                              
                        5,6,7,8                                                
                              --CH.sub.2 CH=CH.sub.2                           
                                        --CH.sub.2 CH=CH.sub.2                 
                                                S 2                            
     11   5,6,7-F, 8-C.sub.3 H.sub.7                                           
                        5,6,7,8                                                
                              CH.sub.2 CH=CH.sub.2                             
                                        --C.sub.2 H.sub.5                      
                                                O 2                            
     12   --NO.sub.2    6     --CH.sub.2 CH=CH.sub.2                           
                                        --NH.sub.2                             
                                                O 1                            
     13   5,6-diNO.sub.2, 8-CH.sub.3                                           
                        5,6,8 --(CH.sub.2).sub.4 CCl=CCl                       
                                        H       S 2                            
     14   --NO.sub.2    5,6,7,8                                                
                              --NH.sub.2                                       
                                        cyclohexyl                             
                                                O 1                            
     15   5-Cl, 8-NO.sub.2                                                     
                        5,8   --SC.sub.4 H.sub.9                               
                                        --C.sub.4 H.sub.8 Br                   
                                                S 2                            
     16   5-Br, 7-NO.sub.2, 8-CH.sub.3                                         
                        5,7,8 --CH.sub.2 CH=CH.sub.2                           
                                        H       O 1                            
     17   6-Cl, 8-C.sub.4 H.sub.7                                              
                        6,8   --CH.sub.2 CHClC.tbd.CH                          
                                        --CH.sub.2 CH=CH.sub.2                 
                                                S 2                            
     18   5,6,8-triC.sub.2 H.sub.5, 7-Br                                       
                        5,6,7,8                                                
                              --OC.sub.2 H.sub.5                               
                                        OH      0 2                            
     19   7-NO.sub.2, 8-C.sub.4 H.sub.7                                        
                        7,8   benzyl    H       O 2                            
     20   5-NO.sub.2, 6,7,8-triCl                                              
                        5,6,7,8                                                
                              --OCH.sub.3                                      
                                        CH.sub.2 CH=CHCl                       
                                                S 1                            
     21   5,6-diNO.sub.2, 7,8-diCH.sub.3                                       
                        5,6,7,8                                                
                              --SCCl.sub.3                                     
                                        H       O 1                            
     22   F             6,8   i-C.sub.3 H.sub.7                                
                                        SCCl.sub.3                             
                                                S 2                            
     23   5,8-diC.sub.3 H.sub.7, 7-Cl                                          
                        5,7,8 SO.sub.2 -phenyl                                 
                                        H       O 2                            
     24   6-Cl, 8-CH.sub.3                                                     
                        6,8   --SO.sub.2 CH.sub.3                              
                                        --CH.sub.3                             
                                                S 1                            
     25   Br            5,6,7,8                                                
                              --SO.sub.2 C.sub.4 H.sub.9                       
                                        --OCH.sub.3                            
                                                O 2                            
     26   5-NO.sub.2, 6,7,8-triCl                                              
                        5,6,7,8                                                
                              COOC.sub.3 H.sub.7                               
                                        --SO.sub.2 CH.sub.3                    
                                                S 2                            
     27   6,8-diCL, 5,7-diNO.sub.2                                             
                        5,6,7,8                                                
                              COOC.sub.4 H.sub.9                               
                                        H       O 1                            
                              O                                                
                              .parallel.                                       
     28   Cl            6,8   --CNH.sub.2                                      
                                        COOCH.sub.3                            
                                                S 1                            
                              O                                                
                              .parallel.                                       
     29   6-F, 8-CH.sub.3                                                      
                        6,8   CNHCH.sub.3                                      
                                        CH.sub.3                               
                                                O 2                            
                                        O                                      
                                        .parallel.                             
     30   6-Cl, 8-C.sub.4 H.sub.9                                              
                        6,8   H         CNHC.sub.4 H.sub.9                     
                                                O 1                            
     31   5-Cl, 8-CH.sub.3                                                     
                        5,8   i-C.sub.3 H.sub.7                                
                                        SO.sub.2 -phenyl                       
                                                S 2                            
     32   6-OCF.sub.2 CHCl.sub.2, 8-NO.sub.2                                   
                        6,8   --COOCH.sub.3                                    
                                        H       O 2                            
     33   6-SCF.sub.2 CCl.sub.3, 8-Cl                                          
                        6,8   --C.sub.4 H.sub.9                                
                                        CH.sub.3                               
                                                S 2                            
     34   6,8-diCl, 5-OCF.sub.2 CF.sub.3                                       
                        5,6,8 --SO.sub.2 CH.sub.3                              
                                        H       O 1                            
     35   5-SCF.sub.2 CHBr.sub.2, 8-Cl                                         
                        5,8   --CH.sub.2 CH=CH.sub.2                           
                                        NH.sub.2                               
                                                O 2                            
                              O                                                
                              .parallel.                                       
     36   5,8-diNO.sub.2, 6-OCF.sub.2 CHCl.sub.2                               
                        5,6,8 --CNH.sub.2                                      
                                        H       S 1                            
     37   5,6,7-triCl, 8-OCF.sub.2 CH.sub.2 Cl                                 
                        5,6,7,8                                                
                              H         --OCH.sub.3                            
                                                O 2                            
     38   5-NO.sub.2, 6-SCF.sub.2 CCl.sub.3, 8-CH.sub.3                        
                        5,6,8 cyclohexyl                                       
                                        --C.sub.2 H.sub.5                      
                                                S 2                            
     39   5-Cl, 6-OCF.sub.2 CH.sub.3, 8-CH.sub.3                               
                        5,6,8 --COOC.sub.4 H.sub.9                             
                                        H       O 1                            
     40   5-OCF.sub.2 CCl.sub.3, 6,7,8-triCl                                   
                        5,6,7,8                                                
                              H         --C.sub.2 H.sub.4 Cl                   
                                                O 2                            
     41   6-Cl, 8-OCH.sub.3                                                    
                        6,8   i-C.sub.3 H.sub.7                                
                                        SCCl.sub.3                             
                                                S 2                            
     42   5,6-diCl, 8-CF.sub.3                                                 
                        5,6,8 --SO.sub.2 C.sub.6 H.sub.13                      
                                        --CH.sub.3                             
                                                O 1                            
     43   5-NO.sub.2, 6-SC.sub.6 H.sub.13                                      
                        5,6   --COOCH.sub.3                                    
                                        --C.sub.3 H.sub.6 Cl                   
                                                S 2                            
     44   5-NO.sub.2, 6-Br, 8-CF.sub.3                                         
                        5,6,8 CH.sub.2 CH=CH.sub.2                             
                                        H       O 2                            
     45   6,8-diCF.sub.3, 5-NO.sub.2, 7-Cl                                     
                        5,6,7,8                                                
                              --CH.sub.3                                       
                                        --SO.sub.2 CH.sub.3                    
                                                O 2                            
     46   5-fl, 6,8-diOC.sub.3 H.sub.7                                         
                        5,6,8 --NH.sub.2                                       
                                        --H     S 1                            
     47   5,7-diSCH.sub.3, 8-Cl                                                
                        5,7,8                                                  
     benzyl                                                                    
          OH            O     2                                                
     48   5,6,7-triCl, 8-OCH.sub.3                                             
                        5,6,7,8                                                
     iC.sub.3 H.sub.7                                                          
          cyclohexyl    O     2                                                
     49   5-Br, 6-CF.sub.3, 8-OCF.sub.2 CHCl.sub.2                             
                        5,6,8 --C.sub.2 H.sub.5                                
                                        --C.sub.2 H.sub.5                      
                                                S 1                            
                                        O                                      
                                        .parallel.                             
     50   5-NO.sub.2, 7-n-butoxy                                               
                        5,7   --OC.sub.3 H.sub.7                               
                                        CNH.sub.2                              
                                                O 2                            
     51   5-CH.sub.3, 8-Cl                                                     
                        5,8   --C(CH.sub.3).sub.2 C.tbd.CH                     
                                        H       O 2                            
     52   6-CH.sub.3, 8-Cl                                                     
                        5,8   --C(CH.sub.3).sub.2 C.tbd.N                      
                                        H       O 2                            
     53   6-OCF.sub.2 CHCl.sub.2, 8-Cl                                         
                        6,8   --C(CH.sub.3).sub.2 C.tbd.CH                     
                                        H       O 2                            
     54   Cl            8     i-C.sub.4 H.sub.7                                
                                        H       O 2                            
     55   F             8     i-C.sub.3 H.sub.7                                
                                        H       O 2                            
     56   Cl            8     n-C.sub.3 H.sub.7                                
                                        H       O 2                            
     57   Cl            8     cyclopropyl                                      
                                        H       O 2                            
     58   NO.sub.2      8     i-C.sub.4 H.sub.7                                
                                        H       O 2                            
     59   NO.sub.2      8     sec.-C.sub.4 H.sub.7                             
                                        H       O 2                            
     60   NO.sub.2      8     n-C.sub.3 H.sub.7                                
                                        H       O 2                            
     61   NO.sub.2      8     --C.sub.2 H.sub.5                                
                                        H       O 2                            
     62   Br            8     i-C.sub.3 H.sub.7                                
                                        H       O 2                            
     63   Cl            5     "         "       " "                            
     64   7-Cl, 8-CH.sub.3                                                     
                        7,8   "         "       " "                            
     65   5-Cl, 8-OMe   5,8   "         "       " "                            
     66   Cl            8     "         "       " "                            
     67   NO.sub.2      8     "         "       " "                            
     68   5-Cl-8-CH.sub.3                                                      
                        5,8   "         "       " "                            
     __________________________________________________________________________
PAR  The compounds disclosed in the present invention have been found to be
      suitable for use in the general post-emergent control of weeds or other
      unwanted vegetation. Unexpectedly, certain of the active ingredients of
      the present invention have been found to be active against undesired
      vegetation in the presence of desired crop plants while producing only a
      negligible effect on the crop plants. For all such uses, unmodified active
      ingredients of the present invention can be employed. However, the present
      invention embraces the use of active ingredients with a material known in
      the art as an adjuvant in solid or liquid form. Thus, for example, an
      active ingredient can be dispersed on a finely divided solid and employed
      therein as a dust. Also, the active ingredients or a solid composition
      comprising the active ingredients can be dispersed in water, typically
      with the aid of a wetting agent, and the resulting aqueous suspension
      employed as a spray. In other procedures, the active ingredient can be
      employed as a constituent of organic liquid compositions, oil-in-water and
      water-in-oil emulsions, or water dispersions, with or without the addition
      of wetting, dispersing, or emulsifying agents.
PAR  Suitable adjuvants of the foregoing type are well known to those skilled in
      the art. The methods of applying the solid or liquid herbicidal
      formulations similarly are well known to the skilled artisan.
PAR  As organic solvents there can be employed hydrocarbons, e.g. benzene,
      toluene, xylene, kerosene, diesel fuel, fuel oil, and petroleum naphtha,
      ketones such as acetone, methyl ethyl ketone and cyclohexanone,
      chlorinated hydrocarbons such as carbon tetrachloride, chloroform,
      trichloroethylene, and perchloroethylene, esters such as ethyl acetate,
      amyl acetate and butyl acetate, ethers, e.g., ethylene glycol monomethyl
      ether and diethylene glycol monomethyl ether, alcohols, e.g., methanol,
      ethanol, isopropanol, amyl alcohol, ethylene glycol, propylene glycol,
      butyl Carbitol acetate and glycerine. Mixtures of water and organic
      solvents, either as solutions or emulsions, can be employed.
PAR  The active ingredients can also be applied as aerosols, e.g., by dispersing
      them in air by means of a compressed gas such as dichlorodifluoromethane
      or trichlorofluoromethane and other Freons and Genetrons, for example.
PAR  The active ingredients of the present invention can also be applied with
      adjuvants or carriers such as talc, pyrophyllite, synthetic fine silica,
      attapulgus clay, kieselguhr, chalk, diatomaceous earth, lime, calcium
      carbonate, bentonite, fuller's earth, cottonseed hulls, wheat flour,
      soybean flour, pumice, tripoli, wood flour, walnut shell flour, redwood
      flour and lignin.
PAR  As stated, it is frequently desirable to incorporate a surface active agent
      in the compositions of the present invention. Such surface active or
      wetting agents are advantageously employed in both the solid and liquid
      compositions. The surface active agent can be anionic, cationic or
      nonionic in character.
PAR  Typical classes of surface active agents include alkyl sulfonate salts,
      alkylaryl sulfonate salts, alkylaryl polyether alcohols, fatty acid esters
      of polyhydric alcohols and the alkylene oxide addition products of such
      esters, and addition products of long chain mercaptans and alkylene
      oxides. Typical examples of such surface active agents include the sodium
      alkylbenzene sulfonates having 10 to 18 carbon atoms in the alkyl group,
      alkylphenol ethylene oxide condensation products, e.g., p-isooctylphenol
      condensed with 10 ethylene oxide units, soaps, e.g., sodium stearate and
      potassium oleate, sodium salt of propylnaphthalene sulfonic acid,
      di(2-ethylhexyl)-ester of sodium sulfosuccinic acid, sodium lauryl
      sulfate, sodium decane sulfonate, sodium salt of the sulfonated
      monoglyceride of coconut fatty acids, sorbitan sesquinoleate, lauryl
      trimethyl ammonium chloride, octadecyl trimethyl ammonium chloride,
      polyethylene glycol lauryl ether, polyethylene glycol esters of fatty
      acids and rosin acids, e.g., Ethofat 7 and 13, sodium N-methyl-N-oleyl
      taurate, Turkey Red Oil, sodium dibutyl naphthalene sulfonate, sodium
      lignin sulfonate, polyethylene glycol stearate, sodium dodecylbenzene
      sulfonate, tertiary dodecyl polyethylene glycol thioether (nonionic 218),
      long chain ethylene oxide-propylene oxide condensation products, e.g.,
      Pluronic 61 (molecular weight 1,000), polyethylene glycol ester of tall
      oil acids, sodium octyl phenoxyethoxyethyl sulfate,
      tris(polyoxyethylene)sorbitan monostearate (Tween 60), and sodium dihexyl
      sulfosuccinate.
PAR  The concentration of the active ingredients in liquid compositions
      generally is from about 0.0001 to about 95 percent by weight or more.
      Concentrations of from about 0.0001 to about 50 weight percent are often
      employed. In dusts or dry formulations, the concentration of the active
      ingredient can be from about 0.0001 to about 95 weight percent or more;
      concentrations of from about 0.0001 to about 50 weight percent are often
      conveniently employed. In compositions to be employed as concentrates, the
      active ingredient can be present in a concentration of from about 5 to
      about 98 weight percent. The active ingredient compositions can also
      contain other compatible additaments, for example fertilizers,
      phytotoxicants, plant growth regulants, pesticides and the like.
PAR  In general treating operations for the modification and control of
      vegetative growth plants and/or their habitats are contacted with
      sufficient amounts of a composition containing one or more active
      ingredients to provide a dosage rate of from about 0.5 to about 20 or more
      pounds of active ingredient per acre. In selective post-emergent
      operations in the present of desired crop plants, the active ingredients
      are applied at a rate of from about 0.12 to about 2.0 pounds per acre. It
      is to be understood, however, that all of the active ingredients claimed
      and compositions containing the same may not be equally effective at
      similar concentrations against the same plant species. Thus, higher or
      lower rates than those stated may be necessary in certain instances.
PAR  So as to illuustrate clearly the phytotoxic properties of the various
      active ingredients of the present invention, a group of controlled
      greenhouse experiments is described below.
PAR  Various species of plants were planted in beds of good agricultural soil in
      a greenhouse. After the plants had emerged and grown to a height of about
      2-6 inches, a portion of the plants were sprayed with an aqueous mixture,
      made by mixing a selected active ingredient and emulsifier or dispersant
      with water, employing sufficient amounts of the treating composition to
      provide application rates of about 8.0 pounds per acre. Other portions of
      the plants were left untreated to serve as controls.
PAR  After a period of 2 weeks the effect of the test ingredient on the plants
      was evaluated by a comparison with the control group of plants. As a
      result of such operations, it was found that a
      6,8-dichloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-diox
     ide test ingredient gave substantially complete control of foxtail,
      barnyard grass, crabgrass, cotton, pigweed, bindweed and velvet leaf. Of
      the above plant species, a
      7-chloro-3(1-methylethyl)-1-H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      test ingredient was found to substantially control the cotton, bindweed
      and velvet leaf plants and was substantially inactive against the other
      plant species. The
      6-chloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      test ingredient similarly gave substantially complete control of the
      cotton, pigweed, bindweed and velvet leaf plants while giving no control
      of foxtail, barnyard grass or crabgrass. Of such plant species, a
      7-nitro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      test ingredient gave substantially complete control of only pigweeds while
      being inactive or substantially inactive in the control of the other plant
      species. An
      8-nitro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      test ingredient was found, however to give substantially complete control
      of foxtail, barnyard grass, crabgrass, cotton, pigweed and velvet leaf.
PAR  In selective post-emergent operations employing the above procedures, and
      low dosage rates of from about 1/8 to about 1/2 pounds of active test
      ingredient per acre, it was unexpectedly found that the
      6,8-dichloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-
      2,2-dioxide compound gave 100% control of lambsquarter at dosage rates of
      1/2, 1/4 and 1/8 pounds per acre, respectively, while affecting cotton
      plants to the extent of only 15, 5 and 0 percent, respectively, at such
      rates. In comparative trials, 100% control of lambsquarter was obtained at
      a dosage rate of 1/2 pound per acre and 25% and 0% control, respectively,
      at dosage rates of 1/4 and 1/8 pounds per acre, respectively, with the
      6-chloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      compound, which also gave 25%, 15% and 5% control of cotton, respectively,
      at such dosage rates. Thus, at dosage rates of 1/4 lb. or less per acre,
      the 6,8-dichloro-3
      -(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide compound
      is clearly superior in activity to the
      6-chloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      compound as it effectively controls lambsquarter with only a negligible
      effect on cotton, whereas the
      6-chloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      compound gives good control of lambsquarter only at a dosage rate of 1/2
      pound per acre, a dosage rate at which significant damage to cotton is
      sustained.
PAR  In additional comparative operations employing the previously described
      methods, the
      6-chloro-8-methyl-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2
     -dioxide test compound was found to possess superior activity over that of
      the
      6-chloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      test compound in the control of wild mustard without damage to cotton
      plants. In such operations the
      6-chloro-8-methyl-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2
     -dioxide compound gave 100% control of wild mustard at dosage rates of 1/2,
      1/4 and 1/8 pounds per acre, respectively, whereas, the
      6-chloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      compound gave 100%, 25% and 0% control, respectively, at such dosage
      rates. The
      6-chloro-8-methyl-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2
     -dioxide compound gave 0% damage to cotton at 1/8 and 1/4 pound per acre
      rates, respectively, and 20% control at a dosage rate of 1/2 pound per
      acre. In comparison, the
      6-chloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      compound gave 5, 15 and 25% control of cotton at the same dosage rates.
      The 6-chloro-8-methyl-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one
     -2,2-dioxide compound thus gives complete control of wild mustard with no
      damage to cotton at rates below 1/2 pound per acre whereas the
      6-chloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      compound is not effective in controlling wild mustard and produces
      significant damage to the cotton plants at such rates.
PAR  In other similar operations,
      5-chloro-8-methyl-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2
     -dioxide compound was found to give complete control of wild oats and
      crabgrass at an application rate of about 10 pounds per acre.
PAR  In further comparative operations using the foregoing procedures, it was
      found that the
      8-chloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide
      compound was found to be selectively superior at low dosage rates over the
      corresponding respective 6-chloro- and 7-chloro- substituted isomers. In
      such operations, the application rates necessary to give an average of 70
      and 80 percent control of the growth of nine weed plants (Wild mustard,
      Jimsonweed, Prickly sida, Velvet leaf, Pigweed, Lambsquarter, cocklebur,
      coffeeweed and Annual morningglory) and a desired crop plant (cotton) were
      calculated. The results show that the 8-chloro derivative gave an average
      70% reduction in weed growth at application rates of about 0.3 pound per
      acre and an average 80% reduction in growth at a rate of about 0.45 pound
      per acre. At such respective rates, only 10 and 16% growth reduction of
      cotton plants was obtained, thus indicating the selectivity of the
      compound to desired cotton plants. In contrast, the rates necessary to
      obtain average weed growth reductions of 70 and 80 percent, respectively,
      were about 1.2 and 2.0 pounds per acre, respectively, for the 7-chloro
      isomer and about 1.37 and 2.0 pounds per acre, respectively, for the
      6-chloro isomer. At such application rates, the 7-chloro isomer was also
      found to give 36.5% and 50%, respectively, reductions in the growth of
      desired cotton plants while the 6-chloro isomer likewise was found to give
      38.5 and 45 percent, respectively, reductions in the growth of cotton
      plants, thus indicating that the 7-chloro and 6-chloro isomers are
      ineffective in giving both good weed control and minimal cotton growth
      reduction as obtained with the 8-chloro isomer.
PAR  Other active ingredients are also found to possess various crop selectivity
      and weed control properties at various dosage rates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound corresponding to the formula:
      ##SPC3##
PAL  wherein:
PA1  each X independently represents halo, Y'R.sup.2, Y"CF.sub.2 C(Z).sub.3,
      CF.sub.3, nitro, or loweralkyl, with the proviso that at least one X is
      always halo or nitro;
PA1  n represents an integer of from 2 to 4, inclusive;
PA1  m represents an integer of 1 or 2;
PA1  R and R.sup.1 each independently represent hydrogen, loweralkyl,
      haloloweralkyl, cycloalkyl, aryl, benzyl, alkenyl, haloalkenyl, alkynyl,
      haloalkynyl, --Y'R.sup.2, --SCCl.sub.3 ;
      ##EQU1##
      --NH.sub.2, --SO.sub.2 aryl, --SO.sub.2 alkyl, --COOR.sup.3,
      --C(CH.sub.3).sub.2 C.tbd.CH or --C(CH.sub.3).sub.2 C.tbd.N;
PA1  R.sup.2 is hydrogen or loweralkyl of from one to about four carbon atoms;
PA1  R.sup.3 is loweralkyl;
PA1  each loweralkyl, haloloweralkyl or --SO.sub.2 alkyl group has from one to
      about six carbon atoms; halo represents any one or more of fluoro, chloro,
      bromo or iodo; cycloalkyl has from about three to about eight carbon
      atmos; aryl represents phenyl, methylphenyl or halophenyl; and alkenyl,
      haloalkenyl, alkynyl and haloalkynyl are each radicals having from about
      three to about six carbon atoms;
PA1  each Y, Y' and Y" independently represents a chalcogen group having an
      atomic number of from 8 to 16, inclusive;
PA1  each Z independently represents bromo, chloro, fluoro, or hydrogen;
PA1  and, where at least one of R or R.sup.1 is hydrogen, the salts thereof,
      with organic or inorganic bases.
NUM  2.
PAR  2. The compound of claim 1 wherein X is selected from the group consisting
      of halo and loweralkyl of from one to two carbon atoms.
NUM  3.
PAR  3. The compound of claim 1 wherein n is 2-4, each X is selected from the
      group consisting of loweralkyl and halo, respectively, R is loweralkyl and
      R.sup.1 is hydrogen.
NUM  4.
PAR  4. The compound of claim 1 which is
      6,8-dichloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazine-4(3H)-one-2,2-dio
     xide.
NUM  5.
PAR  5. The compound of claim 1 which is
      6-chloro-8-methyl-3-(1-methylethyl)-1H-2,1,3-benzothiadiazine-4(3H)-one-2,
     2-dioxide.
NUM  6.
PAR  6. The compound of claim 1 which is
      5-chloro-8-methyl-3-(1-methylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2
     -dioxide.
NUM  7.
PAR  7. A compound corresponding to the formula:
      ##SPC4##
PAL  wherein:
PA1  X represents halo or nitro;
PA1  m represents an integer of 1 or 2;
PA1  R and R.sup.1 each independently represent hydrogen, loweralkyl,
      haloloweralkyl, cycloalkyl, aryl, benzyl, alkenyl, haloalkenyl, alkynyl,
      haloalkynyl, --Y'R.sup.2, --SCCl.sub.3 ;
      ##EQU2##
      --NH.sub.2, --SO.sub.2 aryl, --SO.sub.2 alkyl, --COOR.sup.3,
      --C(CH.sub.3).sub.2 C.tbd.CH or --C(CH.sub.3).sub.2 C.tbd.N;
PA1  R.sup.2 is hydrogen or loweralkyl of from one to about four carbon atoms;
PA1  R.sup.3 is loweralkyl;
PA1  each loweralkyl, haloloweralkyl or --SO.sub.2 alkyl group has from one to
      about six carbon atoms; halo represents any one or more of fluoro, chloro,
      bromo or iodo; cycloalkyl has from about three to about eight carbon
      atoms; aryl represents phenyl, methylphenyl or halophenyl; and alkenyl,
      haloalkenyl, alkynyl and haloalkynyl are each radicals having from about
      three to about six carbon atoms;
PA1  each Y, Y' and Y" independently represents a chalcogen group having an
      atomic number of from 8 to 16, inclusive;
PA1  each Z independently represents bromo, chloro, fluoro, or hydrogen;
PA1  and, where at least one of R or R.sup.1 is hydrogen, the salts thereof,
      with organic or inorganic bases.
NUM  8.
PAR  8. The compound of claim 7 wherein X is halo.
NUM  9.
PAR  9. The compound of claim 7 wherein X is chloro.
NUM  10.
PAR  10. The compound of claim 7 wherein X is halo, R is isopropyl and R.sup.1
      is hydrogen.
NUM  11.
PAR  11. The compound of claim 7 which is
      8-nitro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazine-4(3H)-one-2,2-dioxide.
NUM  12.
PAR  12. The compound of claim 10 which is
      8-chloro-3-(1-methylethyl)-1H-2,1,3-benzothiadiazine-4(3H)-one-2,2-dioxide
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ABST
PAL  2, 3, 4, 5, 6, 7-HEXAHYDROCYCLOPENTA-[E]-1,3-OXAZINE-2,4-DIONE COMPOUNDS
      ARE PRODUCED BY REACTING AN ADIPIC ACID HALIDE OF THE FORMULA
      ##EQU1##
      wherein R is hydrogen or alkyl of up to 3 carbons; and
PA1  X is halogen, preferably chlorine or bromine,
PAL  With an isocyanate of the formula
EQU  O=C=N--R.sup.1
PAL  in which
PA1  R.sup.1 is hydrocarbyl or substituted hydrocarbyl, preferably of less than
      11 carbons. The process is conducted in the presence of a tertiary base,
      and optionally in the presence of a solvent, at a temperature of from
      80.degree. to 180.degree.C., preferably at from 90.degree. to
      130.degree.C.
BSUM
PAR  This invention relates to a process for the preparation of certain 2, 3, 4,
      5, 6, 7-hexahydrocyclopenta-[e]-1,3-oxazine-2,4-dione compounds. Such
      compounds are useful as intermediates in the synthesis of herbicidally
      effective uracils, for example of 3-cylohexyl-5,6-trimethylene-uracil.
PAR  It is known that 2,3,4,5,6,7-hexahydrocyclopenta-[e]-1,3-oxazine-2,4-diones
      are obtained when 4,5,6,7-tetrahydrocyclopenta-1,3-dioxine-4-ones are
      heated with isocyanates, optionally in the presence of inert organic
      solvents, at 80.degree. to 200.degree.C., preferably 120.degree. to
      170.degree.C., for a reaction time of up to 30 minutes; see Deutsche
      Offenlegungsschrift (German Published Specification) 2,005,118. The
      synthesis of this patent proceeds according to reaction scheme (a);
      ##SPC1##
PAR  This process, however, exhibits some disadvantages. Thus, it is necessary
      to remove continuously the carbonyl compound formed in the reaction which
      means an increased expenditure in terms of apparatus.
PAR  Moreover, the starting compounds, tetrahydrocyclopenta-1,3-dioxine-4-ones,
      must be prepared separately from adipic acid halides and carbonyl
      compounds in the presence of equivalent amounts of a tertiary amine (see
      Deutsche Offenlegungsschrift (DOS) 1,957,312).
PAR  If isocyanates and adipic acid dihalides are reacted with tertiary amines
      such as triethylamine or pyridine under the conditions stated in DOS
      1,957,312, i.e., at temperatures of -20.degree. to +80.degree.C., our
      experiments have shown that no cyclization to give 2, 3, 4, 5, 6,
      7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-diones according to reaction
      scheme (b) takes place:
      ##SPC2##
PAR  The present invention provides a process for the preparation of a 2, 3, 4,
      5, 6, 7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-dione of the general
      formula
      ##SPC3##
PAL  In which
PA1  R is alkyl of up to 3 carbon atoms,
PA1  R.sup.1 is alkyl, optionally substituted cycloalkyl, alkenyl, alkynyl,
      haloalkyl, alkoxyalkyl, alkylthioalkyl, alkoxycarbonylalkyl, aralkyl,
      cycloalkyl-alkyl and optionally substituted aryl, preferably, R.sup.1
      contains not more than 10 carbon atoms; and
PA1  n is 0, 1, 2, 3, 4, 5 or 6.
PAR  The process of the invention comprises essentially contacting an adipic
      acid halide of the general formula
      ##EQU2##
      in which R is hydrogen or alkyl of up to 3 carbon atoms;
PAL  and
PA1  X is halogen, preferably chlorine or bromine, with an isocyanate of the
      general formula
EQU  O=C=N--R.sup.1                                             (III),
PAL  in which
PA1  R.sup.1 has the meaning stated above, in the presence of a tertiary base,
      and optionally in the presence of a solvent, at a temperature of from
      80.degree. to 180.degree.C., preferably at from 90.degree. to
      130.degree.C.
PAR  The compounds of the formula (I) can be prepared by this process in very
      good yields and good purity.
PAR  It is decidedly surprising that by the reaction according to the invention,
      hexahydrocyclopenta[e]-1,3-oxazine-2,4-diones are formed in very good
      yields since, in view of the prior art, it had to be expected that the
      reaction of adipic acid dihalides with isocyanates would not lead to
      cyclization products.
PAR  Preferably, in formula (I), R is methyl or ethyl (most preferably methyl);
      n is 0, 1, 2 or 3; and R.sup.1 is straight-chain or branched alkyl with 1
      to 12 carbon atoms (for example, methyl, ethyl, propyl, isopropyl,
      n-butyl, isobutyl, sec.-butyl, tert.-butyl, pentyl, hexyl,
      1,3-dimethylbutyl, 1-methyldecyl or dodecyl), alkenyl or alkynyl with, in
      either case, 2 to 6 carbon atoms, especially 3 carbon atoms (for example,
      allyl or propynyl), haloalkyl with 1 to 6 carbon atoms and 1 to 2 halogen
      atoms, especially chlorine atoms (for example, chloromethyl,
      2-chloroethyl, 1-chloroethyl or 6-chlorohexyl), alkoxyalkyl,
      alkoxycarbonylalkyl or alkylthioalkyl with, in each case, 1 to 6 carbon
      atoms in the alkyl moiety and 1 to 4 carbon atoms in the alkoxy or
      alkylthio moiety (for example, methoxymethyl, ethoxymethyl, methoxyethyl,
      ethoxycarbonylmethyl, n-butoxymethyl, isobutoxycarbonylethyl,
      isobutoxyethyl, isobutoxymethyl, methylthiomethyl, ethylthiomethyl or
      n-propylthiomethyl), cycloalkyl with 5 to 8 carbon atoms (for example,
      cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl), aryl with  6 to 10
      carbon atoms, aralkyl with 6 to 10 carbon atoms in the aryl moiety and 1
      to 3 carbon atoms in the optionally branched alkyl moiety, or
      cyclohexylalkyl with 1 to 4 carbon atoms in the optionally branched alkyl
      moiety (for example, phenyl, .alpha.-naphthyl, .beta.-naphthyl, benzyl,
      phenethyl, .alpha.-methylbenzyl, cyclohexylmethyl or cyclohexylethyl). The
      phenyl and cyclohexyl radicals R.sup.1 can optionally be substituted one
      or more times by halogen, especially chlorine, or alkyl with up to 3
      carbon atoms, especially methyl.
PAR  The process according to the invention exhibits a number of advantages.
      Thus, no intermediate product has to be removed from the reaction solution
      during the reaction. Moreover, the starting materials of formulas (II) and
      (III) are, in general, readily obtainable. Also, it is not necessary to
      prepare, as intermediates, 4, 5, 6,
      7-tetrahydrocyclopenta-1,3-dioxine-4-ones according to the method stated
      in Deutsche Offenlegungsschrift (German Published Specification) 1,957,312
      and to prepare from these the oxazine-2,4-diones. An entire reaction step
      can thus be eliminated, since the same starting materials, namely adipic
      acid dehalides, are used in the reaction according to the invention.
PAR  If adipic acid dichloride and cyclohexylisocyanate are used as starting
      materials, the reaction course can be represented by the following formula
      scheme:
      ##SPC4##
PAR  The adipic acid derivatives which can be used according to the invention
      are for the most part known; the adipic acid derivatives that have not
      hitherto been described in the literature can be prepared in corresponding
      manner to the known derivatives; see German Patent 473,960; L. and M.
      Fieser, Organische Chemie (Organic Chemistry), Verlag Chemie, page 703
      (1965); Chem. Ber. 86, 513-518 (1953), 88, 1906-1914 (1955); Liebigs Ann.
      Chem. 433, 109-111 (1923).
PAR  As examples, there may be mentioned:
PA1  Adipic acid dichloride,
PA1  2,4,4-trimethyladipic acid dichloride,
PA1  3-methyladipic acid dichloride,
PA1  2-methyladipic acid dichloride, and
PA1  3,4,4-trimethyladipic acid dichloride.
PAR  The isocyanates of formula (III) are, for the most part, known. The
      isocyanates that have not yet been described in the literature can be
      prepared in an analogous manner to the known compounds (see Liebigs Ann.
      Chem. 562, 75-120 (1949); J. Pharm. Pharmacol. 16(8), 538-548 (1964)).
PAR  As examples of the isocyanates (III), there may be mentioned methyl
      isocyanate, ethyl isocyanate, propyl isocyanate, isopropyl isocyanate,
      sec.-butyl isocyanate, pentyl isocyanate, n-hexyl isocyanate, dodecyl
      isocyanate, 1-methyl-decyl isocyanate, 1,3-dimethylbutyl isocyanate,
      cyclohexyl isocyanate, 3-methylcyclohexyl isocyanate, 4-methylcyclohexyl
      isocyanate, 2-methylcyclohexyl isocyanate, cyclohexylmethyl isocyanate,
      6-chlorohexyl isocyanate, 2-chloroethyl isocyanate, methoxymethyl
      isocyanate, ethoxycarbonylmethyl isocyanate, n-butoxymethyl isocyanate,
      isobutoxycarbonylethyl isocyanate, propenyl isocyanate, phenyl isocyanate,
      3-chlorophenyl isocyanate, 4-chlorophenyl isocyanate, 3,4-dichlorophenyl
      isocyanate, benzyl isocyanate, phenylethyl isocyanate,
      .alpha.-methylbenzyl isocyanate, cycloheptyl isocyanate and cyclooctyl
      isocyanate.
PAR  As diluents in the process of this invention, all inert higher-boiling
      organic solvents are suitable, especially hydrocarbons, such as benzene,
      toluene or xylenes, chlorinated hydrocarbons, such as chlorobenzene or
      1,2-dichlorobenzene, and ethers, such as dibutyl ether.
PAR  The reaction according to the present invention is effected in the presence
      of a tertiary organic base. Examples of such bases are pyridine,
      .alpha.-picoline, .beta.-picoline, .gamma.-picoline, lutidine, collidine,
      quinoline and N,N-diethylaniline.
PAR  The reaction can be carried out not only at normal pressure, but also at
      elevated pressures. In general, the reaction is carried out at normal
      pressure, or at 2 to 10 atmospheres gauge in an autoclave.
PAR  When carrying out the process according to the invention, for 1 mole of the
      adipic acid derivative of formula (II), there are generally used 1-1.4
      moles of the isocyanate of formula (III) and an equivalent amount (2
      moles) of an acid-binder.
PAR  To isolate the compounds of formula (I), the halide formed is filtered off,
      the solvent is distilled off and the residue is purified in customary
      manner, for example by recrystallization or by distillation by
      rectification.
PAR  A number of the 2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-diones
      which can be prepared according to the invention are known; see DOS
      2,005,118; others form the subject matter of U.S. Pat. Applications Ser.
      No. 266,872, filed June 28, 1972, Ser. No. 266,877, filed June 28, 1972
      and Ser. No. 330,524, filed Feb. 7, 1973.
DETD
PAR  The process of this invention is illustrated in the following Examples.
PAC  EXAMPLE 1
PAC  Preparation of
      3-cyclohexyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-dione
      ##SPC5##
PAR  With good stirring and reflux cooling, 732 g (4 moles) of adipic acid
      dichloride were added dropwise in 45 minutes to a solution (which had been
      heated to 120.degree.C.) of 751.2 g (6 moles) of cyclohexylisocyanate and
      648 ml (8 moles) of pyridine in 1.5 l of xylene. After three hours'
      stirring at 120.degree.C., the reaction mixture was cooled to
      10.degree.C., filtered off from the separated pyridine hydrochloride, and
      the precipitate was washed twice with, in each case, 200 ml of xylene. The
      filtrate was freed from solvent under reduced pressure until dryness; the
      residue was boiled up with 4 l of ligroin, filtered and the filtrate was
      concentrated. On cooling, a precipitate was obtained which was dissolved
      in 75% strength aqueous methanol, cooled to 0.degree.C. and precipitated
      by addition of water.
PAR  810 g (86.5% of the theory) of
      3-cyclohexyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-dione of
      the melting point 72.degree. to 74.degree.C. were obtained. The product
      was sufficiently pure for further processing.
PAR  On recrystallization of a sample from ligroin, the melting point rose to
      80.degree. to 82.degree.C.
PAR  With the use of the following bases instead of pyridine the yield changed
      as follows:
TBL  Base            Yield of 3-Cyclohexyl-                                    
                     2,3,4,5,6,7-hexahydro-                                    
                     cyclopenta[e]-1,3-                                        
                     oxazine-2,4-dione                                         
                     (% of the theory)                                         
     ______________________________________                                    
     2-methylpyridine                                                          
                     56                                                        
     4-methylpyridine                                                          
                     47                                                        
     quinoline       59                                                        
     tributylamine   39                                                        
     N,N-dimethylaniline                                                       
                     19                                                        
     N-methylpyrrolidine                                                       
                     19                                                        
     (compare:pyridine                                                         
                     86.5)                                                     
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  Preparation of
      3-cyclooctyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-dione
      ##SPC6##
PAR  With stirring and reflux cooling, 183 g (1 mole) of adipic acid chloride
      were added to a solution, kept at 120.degree.C., of 168.6 g (1.1 moles) of
      cyclooctylisocyanate and 162 ml (2 moles) of pyridine in 500 ml of xylene.
      After 3 hours' reaction time, cooling was effected, followed by filtering
      off from the separated pyridine hydrochloride. The filtrate was first
      freed from solvent under reduced pressure and, finally, was distilled in a
      high vacuum. 158.2 g (60% of the theory) of
      3-cyclooctyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-dione of
      the boiling point 172.degree.-174.degree.C/0.3 mm Hg were obtained when
      solidified to give a colorless crystal mass of the melting point
      48.degree.-51.degree.C.
PAR  In an analogous manner, the compounds listed in Table 1 were prepared:
TBL                                    Table 1                                 
     __________________________________________________________________________
     Example                                                                   
          R        n R.sup.1        Melting point                              
                                            Boiling point                      
                                                    Refractive                 
     No.                            .degree.C                                  
                                            mm/.degree.C                       
                                                    index                      
     __________________________________________________________________________
     3    --       0                45-47   0.05/143                           
                                                    --                         
     4    --       0                91-92   --      --                         
     5    --       0                --      0.8/176 --                         
     6    --       0 CH.sub.3       --      0.2/107 --                         
     7    --       0 C.sub.2 H.sub.5                                           
                                    --      0.6/108 --                         
     8    --       0 C.sub.3 H.sub.7                                           
                                    --      0.9/142 --                         
     9    --       0 CH(CH.sub.3).sub.2                                        
                                    --      0.6/137 --                         
     10   --       0 C.sub.4 H.sub.9                                           
                                    --      0.2/116 --                         
     11   --       0 (CH.sub.3).sub.2 CH-- CH.sub.2                            
                                    --      0.2/144 --                         
     12   --       0 C.sub.2 H.sub.5 --CH(CH.sub.3)--                          
                                    --      1/143   --                         
     13   --       0 (CH.sub.3).sub.2 CH--CH.sub.2 --CH(CH.sub.3)--            
                                            1/146   --                         
     14   --       0 C.sub.9 H.sub.19 --CH(CH.sub.3)--                         
                                    --      0.5/180 --                         
     15   --       0 CH.sub.3 --(CH.sub.2).sub.11 --                           
                                    35-38   0.3/198 --                         
     16   5-CH.sub.3                                                           
                   1 (CH.sub.3).sub.2 CH--CH.sub.2                             
                                    --      0.3/138 --                         
          6-CH.sub.3                                                           
          (1:1 mixture)                                                        
     17   --       0 ClC.sub.2 H.sub.4                                         
                                    --      0.3/159 --                         
     18   --       0 ClC.sub.6 H.sub.12                                        
                                    --      0.9/195 --                         
     19   --       0 CH.sub.3 OCH.sub.2                                        
                                    --      0.2/176 --                         
     20   --       0 n-C.sub.4 H.sub.9 OCH.sub.2                               
                                    --      0.4/149 --                         
     21   --       0 C.sub.2 H.sub.5 --OCOCH.sub.2                             
                                    --      --      n.sub.D.sup.20 : 1.5064    
     22   --       0 (CH.sub.3).sub.2 CH--CH.sub.2 OCO--C.sub.2 H.sub.4        
                                    --      0.2/182 --                         
     23   --       0 CH.sub.2 =CH--CH.sub.2                                    
                                    --      0.7/134 --                         
     24   --       0                50-52   0.25/153                           
                                                    --                         
     25   5-CH.sub.3                                                           
                   1                --      0.2/163 --                         
          6-CH.sub.3                                                           
          (1:1 mixture)                                                        
     26   5-CH.sub.3                                                           
                   1                --      0.2/153 --                         
          6-CH.sub.3                                                           
          (1:1 mixture)                                                        
     27   5,7,7-(CH.sub. 3)                                                    
                   3                --      0.2/144 --                         
     28   --       0 CH.sub.3 --(CH.sub.2).sub.10 --CH(CH.sub.3)               
                                    --      --      n.sub.D.sup.20 : 1.4897    
     29   --       0                --      0.7/178 --                         
     30   --       0                155-156 --      --                         
     31   --       0                139-140 --      --                         
     32   --       0                190-191 --      --                         
     33   --       0                 83-84.5                                   
                                            0.4/185                            
     34   --       0                115-116 --      --                         
     35   --       0                --      0.5/180 --                         
     36   5-CH.sub.3                                                           
                   1                116-117 --      --                         
          6-CH.sub.3                                                           
          (1:1 mixture)                                                        
     37   --       0                145-146 --      --                         
     __________________________________________________________________________
PAC  Reaction of
      3-cyclohexyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-dione with
      ammonia, with formation of the corresponding uracil
      ##SPC7##
PAR  Dry ammonia gas was introduced for 1 hours, with ice cooling, into a
      solution of 117.8 g (0.5 mole) of
      3-cyclohexyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-dione
      (prepared according to Example 1) in isopropanol (500 ml). Thereafter, the
      reaction mixture was brought to room temperature and the excess ammonia
      was removed by gentle warming. 300 ml of 20%-strength aqueous
      hydrochloride acid were added to the reaction solution which was then
      heated at 50.degree. to 60.degree.C. for 30 minutes and then cooled to
      room temperature. After some time a crystalline precipitate formed which
      was filtered and dried.
PAR  There were so obtained 112.5 g (95% of the theory) of
      3-cyclohexyl-5,6-trimethylene-uracil of the melting point
      315.degree.-316.degree.C.
PAC  Example of the preparation of .alpha.,.alpha.-dimethyladipic acid chloride
      ##EQU3##
PAR  a. .alpha.,.alpha.-dimethyl-.delta.-chlorovaleric acid nitrile.
PAR  The reaction was carried out in a nitrogen atmosphere; mercury valves were
      used. To an ethereal solution of phenyllithium, prepared from 24.4 g (3.5
      g-atoms) of lithium and 283 g (1.8 moles) of bromobenzene, there were
      added, at 10.degree.-15.degree.C., 112 g (1.64 moles) of diethylamine and,
      15 minutes later, 116 g (1.68 moles) of isobutyronitrile. The mixture was
      stirred for a further 20 minutes at room temperature, then it was forced
      into a dropping funnel with nitrogen. From there it was added dropwise at
      0.degree.-5.degree.C. to a solution of 356 g (2.26 moles) of
      1,3-bromochloropropane in 600 ml of absolute ether. Subsequently, stirring
      was effected for a further 3 hours at boiling temperature. Thereafter,
      water was added, with cooling; the ether phase was separated and the
      aqueous phase was several times extracted with ether. The ether extracts
      were washed first with dilute sulfuric acid and then with water, dried
      with sodium sulfate and distilled. The total yield was 397.3 g (=2.73
      moles = 81% of the theory with reference to the isobutyronitrile used) of
      the boiling point 92.degree.-98.degree.C/10 mm Hg (see J.Org.Chemistry 27,
      2827 (1962)).
PAR  b. .alpha.,.alpha.-dimethyladipic acid dinitrile
PAR  To a suspension of 160.7 g (3.28 moles) of sodium cyanide in 500 ml of
      dimethyl formamide there was added dropwise at 110.degree.-115.degree.C.,
      with intensive stirring, a solution of 397.3 g (2.73 moles) of
      .alpha.,.alpha.-dimethyl-G-chlorovaleric acid nitrile in 350 ml of
      dimethyl formamide. Subsequently, stirring was effected for a further 3
      hours; the internal temperature was slowly increased to 135.degree.C.
      After cooling, 2 liters of water were added and extraction with ether was
      effected several times. The ether extracts were dried over sodium sulfate
      and distilled over a packed column. 326 g (= 2.39 moles = 87.5%) of the
      boiling point 101.degree.-102.degree.C/0.5 mm Hg were obtained (see J.Org.
      Chemistry 27, 2827 (1962).
PAR  c. .alpha.,.alpha.-dimethyladipic acid
PAR  After 6 hours' reflux boiling of a mixture of 158 g (1 mole) of
      .alpha.,.alpha.-dimethyladipic acid dinitrile in a 3:1 mixture of alcohol
      and conc. hydrochloric acid, 157 g (90% of the theory) of
      .alpha.,.alpha.-dimethyladipic acid of the melting point
      88.degree.-91.degree.C. were obtained.
PAR  d. .alpha.,.alpha.-dimethyladipic acid dichloride
PAR  87 g (0.5 mole) of .alpha.,.alpha.-dimethyladipic acid were dissolved in
      500 ml of anhydrous benzene, a 10% molar excess of thionyl chloride was
      added and heating to a boil under reflux was effected for 4 hours. After
      completion of the reaction, first the solvent was removed in a vacuum then
      the residue was distilled. 94 g (90% of the theory) of
      .alpha.,.alpha.-dimethyladipic acid dichloride of the boiling point
      98.degree.-100.degree.C/0.2 mm Hg were obtained.
PAR  The compounds prepared according to the invention can be used as
      intermediates in the production of crop protection agents. They can, for
      example, by reaction with ammonia or amines be converted into known
      uracils (see the Examples above) which, as is known, possess a herbicidal
      effectiveness and are, therefore, used for destroying weeds (see U.S. Pat.
      Nos. 3,235,360; 3,235,361 and 3,235,362, as well as Deutsche
      Auslegeschrift (German Published Specification) 1,240,698).
PAR  It will be understood that the foregoing specification and examples are
      illustrative but not limitative of the present invention inasmuch as other
      embodiments within the spirit and scope of the invention will suggest
      themselves to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for the production of a
      2,3,4,5,6,7-hexahydrocyclopenta-[e]-1,3-oxazine-2,4-dione compound of the
      formula
      ##SPC8##
PAL  wherein
PA1  R is alkyl of up to 3 carbon atoms,
PA1  R.sup.1 is alkyl of 1 to 12 carbon atoms, optionally substituted cycloalkyl
      of 5 to 8 carbon atoms, alkenyl of 2 to 6 carbon atoms, alkynyl with 1 to
      6 carbon atoms and 1 or 2 halogen atoms, haloalkyl with 1 to 6 carbon
      atoms and 1 or 2 halogen atoms, alkoxyalkyl with 1 to 6 carbon atoms in
      the alkyl moiety and 1 to 4 carbon atoms in the alkoxy moiety,
      alkylthioalkyl with 1 to 6 carbon atoms in the alkyl moiety and 1 to 4
      carbon atoms in the alkylthio moiety, alkoxycarbonylalkyl with 1 to 6
      carbon atoms in the alkyl moiety and 1 to 4 carbon atoms in the alkoxy
      moiety, aralkyl with 6 to 10 carbon atoms in the aryl moiety and 1 to 3
      carbon atoms in the alkyl moiety, cycloalkyl-alkyl with 5 to 8 carbon
      atoms in the cycloalkyl moiety and 1 to 4 carbon atoms in the alkyl
      moiety, and optionally substituted aryl of 6 to 10 carbon atoms, the
      optional substituents on the cycloalkyl or aryl radicals being halogen or
      alkyl with up to 3 carbon atoms; and
PA1  n is an integer of from 0 to 6 inclusive,
PAL  which process essentially comprises contacting an adipic acid halide of the
      formula
      ##EQU4##
      wherein R is hydrogen or alkyl of up to 3 carbon atoms; and
PA1  X is halogen,
PAL  with about 1 to 1.4 times the molar amount of an isocyanate of the formula
EQU  O=C=N--R.sup.1
PAL  wherein
PA1  R.sup.1 is defined as above,
PAL  in the presence of a tertiary amine, at a temperature from 80.degree. to
      180.degree.C.
NUM  2.
PAR  2. Process as claimed in claim 1, wherein an inert organic solvent is
      additionally present during the reaction.
NUM  3.
PAR  3. Process as claimed in claim 1, wherein the reaction temperature is
      90.degree. to 130.degree.C.
NUM  4.
PAR  4. Process as claimed in claim 1, wherein R is methyl or ethyl.
NUM  5.
PAR  5. Process as claimed in claim 1, wherein n is 0, 1, 2 or 3.
NUM  6.
PAR  6. Process as claimed in claim 1, wherein R.sup.1 is alkyl of from 1 to 12
      carbon atoms, alkenyl or alkynyl of 2 to 6 carbon atoms, haloalkyl of from
      1 to 6 carbon atoms and 1 or 2 halogen atoms, alkoxyalkyl,
      alkoxycarbonylalkyl or alkylthioalkyl of from 1 to 6 carbon atoms in the
      alkyl moiety 1 to 4 carbon atoms in the alkoxy or alkylthio moiety.
NUM  7.
PAR  7. Process as claimed in claim 1, wherein R.sup.1 is cycloalkyl of from 5
      to 8 carbon atoms, optionally substituted with at least one chlorine
      bromine or alkyl of up to 3 carbon atoms.
NUM  8.
PAR  8. Process as claimed in claim 1, wherein R.sup.1 is aryl of up to 10
      carbon atoms, optionally substituted with at least one chlorine, bromine
      or alkyl of up to 3 carbon atoms.
NUM  9.
PAR  9. Process as claimed in claim 1, wherein R.sup.1 is aralkyl of from 6 to
      10 carbon atoms in the aryl moiety, and from 1 to 3 carbon atoms in the
      alkyl moiety.
NUM  10.
PAR  10. Process as claimed in claim 1, wherein X is chlorine or bromine.
NUM  11.
PAR  11. Process as claimed in claim 1, wherein pyridine is used as the tertiary
      amine.
NUM  12.
PAR  12. Process as claimed in claim 1, wherein the tertiary amine is at least
      one of .alpha.-picoline, .beta.-picoline, .gamma.-picoline, lutidine,
      collidine, quinoline or N,N-diethylaniline.
NUM  13.
PAR  13. Process as claimed in claim 1, wherein the process is effected at
      normal pressure.
NUM  14.
PAR  14. Process as claimed in claim 1, wherein the process is effected at 2 to
      10 atmospheres gauge.
NUM  15.
PAR  15. Process as claimed in claim 1, wherein about 2 moles of the tertiary
      base are used per mole of the adipic acid dihalide (II).
NUM  16.
PAR  16. Process as claimed in claim 1, wherein the adipic acid halide (II) is
      adipic acid dichloride.
NUM  17.
PAR  17. Process as claimed in claim 1, wherein the isocyanate (III) is an alkyl
      isocyanate.
NUM  18.
PAR  18. Process as claimed in claim 1, wherein
      3-cyclohexyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-dione is
      prepared by reacting adipic acid dichloride with cyclohexyl isocyanate.
NUM  19.
PAR  19. Process as claimed in claim 1, wherein
      3-cyclooctyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazine-2,4-dione is
      obtained by reacting adipic acid chloride with cyclooctyl isocyanate.
NUM  20.
PAR  20. Process as claimed in claim 18, wherein the reaction is carried out in
      pyridine.
NUM  21.
PAR  21. Process as claimed in claim 19, wherein the reaction is carried out in
      pyridine.
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ABST
PAL  Novel 3,4-dihydro-1,2,4-triazine compounds of the formula
      ##SPC1##
PAL  In which
PA1  R.sup.1 is alkyl or cycloalkyl;
PA1  R.sup.2 is methyl, amino, alkylideneamino, methylamino,
      .beta.-hydroxyethylamino, 2-furylmethylamino, aralkylamino or substituted
      aralkylamino; and R.sup.3 is alkyl, aryl or substituted aryl;
PAL  Are prepared by reacting the corresponding 1,2,4-triazin-5-one with sodium
      borohydride in the presence of a polar solvent at a temperature between
      -10.degree. and +25.degree.C. The novel compounds are outstandingly
      effective as herbicides and display particularly selective action.
BSUM
PAR  The present invention relates to certain novel 3,4-dihydro-1,2,4-triazine
      compounds and to a process for their preparation. In further aspect, the
      invention relates to herbicidal compositions containing such compounds and
      to their use as herbicides.
PAR  It is known that 1,6-dihydro-1,2,4-triazines, such as
      6-benzyl-3-mercapto-1,6-dihydro-1,2,4-triazin-5-one, can be prepared from
      compounds such as 6-benzyl-3-mercapto-1,2,4-triazin-5-one by reduction
      with sodium amalgam (see Bulletin de la Societe chimique de la France 11
      (1944), page 273) as in equation (a):
      ##SPC2##
PAR  It is also known that 6-membered, N-containing heterocyclic compounds can
      be reduced with sodium borohydride in aqueous or alcoholic solution, and
      that thereby at least one of the nitrogencontaining rings is completely
      hydrogenated but the carbonyl group is not attacked [see U.S. Pat. No.
      3,271,396, Helvetica Chimica Acta 50, 1492-1498 (1967) and ibidem 51,
      1029-1036 (1968)], as in equations (b) and (c):
      ##SPC3##
PAL  R = n(ch.sub.3).sub.2, cl, C.sub.2 H.sub.5, CH(CH.sub.3).sub.2, CF.sub.3,
      OCH.sub.3 and the like.
      ##SPC4##
PAR  The present invention provides, as new compounds, the
      3,4-dihydro-1,2,4-triazines of the general formula
      ##SPC5##
PAL  In which
PA1  R.sup.1 is alkyl or cycloalkyl;
PA1  R.sup.2 is methyl, amino, alkylideneamino, methylamino,
      .beta.-hydroxyethylamino, 2-furylmethylamino, aralkylamino or substituted
      aralkylamino; and
PA1  R.sup.3 is alkyl, aryl or substituted aryl.
PAR  The new 3,4 dihydro-1,2,4-triazines are distinguished by a good herbicidal
      activity.
PAR  Preferably in formula (I) above, R.sup.1 is straight-chain or branched
      alkyl of from one to six (especially one to four) carbon atoms or
      cycloalkyl of from three to six (especially three) carbon atoms; R.sup.2
      is a CH.sub.3 --, NH.sub.2 -- NHCH.sub.3 -- or NHCH.sub.2 CH.sub.2 OH
      radical, a 2-furylmethylamino radical, an optionally methyl-substituted
      benzylamino radical, or an alkylideneamino group, the alkylidene moiety of
      from preferably three to eight (especially three to six) carbon atoms; and
      R.sup.3 is straight-chain or branched alkyl of from one to four carbon
      atoms or aryl of from six to 10 (especially six) carbon atoms which may
      carry one or more substituents selected from alkyl of from one to four
      carbon atoms, halogen (especially chlorine, bromine and fluorine),
      haloalkyl of from one or two carbon atoms and two to five halogen atoms
      (especially fluorine), nitro and phenoxy.
PAR  The present invention also provides a process for the preparation of a
      compound of the formula (I) above, in which a 1,2,4-triazin-5-one of the
      general formula
      ##SPC6##
PAL  in which
PA1  R.sup.1, r.sup.2 and R.sup.3 have the above-mentioned meanings, is reduced
      with sodium borohydride in the presence of a polar solvent at a
      temperature between -10.degree. and +25.degree.C,
PAR  It must be described as distinctly surprising that in the reaction with
      sodium borohydride, in accordance with the invention, a selective
      reduction of the carbonyl group in the 1,2,4-triazin-5-one ring takes
      place, and the second hydrogen atom adds onto the C-3 and not onto the
      C-5.
PAR  The process according to the invention exhibits a number of advantages.
      Thus, it possesses good reproducibility and gives the compounds of the
      formula (I) in good purity and high yields. Furthermore, it can easily be
      carried out industrially since cheap, non-toxic solvents can be used and
      no great expenditure on apparatus is necessary.
PAR  If 3-methyl-4-methylamino-6-phenyl-1,2,4-triazin-5-one is used as the
      starting compound, the course of the reaction can be represented by the
      following equation:
      ##SPC7##
PAR  The 1,2,4-triazin-5-ones of the formula (II) in which R.sup.2 is not
      alkylideneamino have already been described in the literature [see German
      Offenlegungsschriften (German Published Specifications) Nos. 2,107,757 and
      2,138,031]. The 1,2,4-triazin-5-ones of the formula (II) in which R.sup.2
      is alkylideneamino are the subject of German Published Specification
      (Offenlegungsschrift) No. 2,238,206 and can be prepared by reacting known
      4-amino-5H-1,2,4-triazin-5-ones of the general formula
      ##SPC8##
PAL  in which
PA1  R.sup.1 and R.sup.3 have the above-mentioned meanings, with carbonyl
      compounds of the general formula
      ##EQU1##
      in which R.sup.4 is hydrogen or alkyl and
PA1  R.sup.5 is alkyl,
PAL  optionally in the presence of an inert organic solvent, for example a
      hydrocarbon such as benzene or an ether such as dioxane or
      tetrahydrofuran, and optionally in the presence of an acid catalyst, for
      example a Lewis acid such as iron (III) chloride or tin (II) chloride or
      an organic acid such as p-toluenesulphonic acid, at temperatures between
      0.degree. and 120.degree.C (see the preparative Examples hereinafter).
PAR  The following may be mentioned as examples of the starting compounds of the
      formula (II): 3-methyl-4-amino-6-tertiary butyl-1,2,4-triazin-5-one,
      3-tertiary butyl-4-amino-6-tertiary butyl-1,2,4-triazin-5-one,
      3-isopropyl-4-amino-6-tertiary butyl-1,2,4-triazin-5-one,
      3-methyl-4-amino-6-phenyl-1,2,4-triazin-5-one,
      3-isopropyl-4-amino-6-phenyl-1,2,4-triazin-5-one,3-methyl-4-amino-6-p-meth
     ylphenyl-1,2,4-triazin-5-one,3-methyl-4-amino-6-o-methylphenyl-1,2,4-triazi
     n-5-one, 3-methyl-4-amino-6-m-trifluoromethylphenyl-1,2,4-triazin-5-one,
      3-methyl-4-amino-6-o-trifluoromethyl-phenyl-1,2,4-triazin-5-one,3-methyl-4
     -amino-6-p-trifluoromethylphenyl-1,2,4-triazin-5-one,
      3-methyl-4-amino-6-(2'-methyl-4'-chlorophenyl)-1,2,4-triazin-5-one,
      3-methyl-4-methylamino-6-phenyl-1,2,4-triazin-5-one,3-methyl-4-benzylamino
     -6-phenyl-1,2,4-triazin-5-one,
      3-methyl-4-isopropylideneamino-6-phenyl-1,2,4-triazin-5-one,
      3-methyl-4-isopropylideneamino-6-(2'-methylphenyl)-1,2,4-triazin-5-one,3-m
     ethyl-4-methylamino-6-tertiary butyl-1,2,  4-triazin-5-one,
      3-methyl-4-methyl-6-tertiary
      butyl-1,2,4-triazin-5-one,3-methyl-4-methyl-6-phenyl-1,2,4-triazin-5-one
      and 3-isopropyl-4-methyl-6-phenyl-1,2,4-triazin-5-one.
PAR  For the preparative process of this invention, the diluent may be any polar
      organic solvent, especially an ether such as dioxane or tetrahydrofuran,
      or an alcohol such as methanol and ethanol.
PAR  In general, the reaction is carried out at a temperature between
      -10.degree. and +25.degree.C, preferably between -5.degree. and
      +10.degree.C.
PAR  The reaction can be carried out not only under normal pressure but also
      under elevated pressure. In general, it is carried out at 1 to 1.5,
      preferably at 1 to 1.2, atmospheres.
PAR  In carrying out the process according to the invention, 1 to 1.2 moles of
      sodium borohydride are preferably employed per mole of 1,2,4-triazin-5-one
      of the formula (II). Exceeding the stoichiometric ratio by a greater
      amount does not produce any significant improvement in yield.
PAR  To isolate the active compounds according to the invention, the solvent is
      distilled off almost to dryness, under reduced pressure, and the residue
      is taken up in water. The precipitate is filtered off and well washed with
      warm water. The 3,4-dihydrotriazines according to the invention are as a
      rule obtained as fine crystalline powders which do not require
      recrystallization.
DETD
PAR  The process of this invention and the preparation of the compounds of the
      invention is illustrated by the following Examples:
PAC  EXAMPLE 1
PAC  Preparation of
      5-hydroxy-3-methyl-4-methyl-amino-6-phenyl-3,4-dihydro-1,2,4-triazine
      ##SPC9##
PAR  108 g (0.5 mol) of 3-methyl-4-methylamino-6-phenyl-1,2,4-triazin-5-one were
      suspended in 1 l of methanol. 19.0 g (0.5 mole) of sodium borohydride were
      introduced in portions into this suspension at 0.degree. to 10.degree.C,
      whilst stirring and applying external cooling. After completion of the
      addition, the mixture was stirred for 4 hours at about 0.degree. to
      5.degree.C and then for 8 hours at room temperature. A clear yellow
      solution was produced, which was freed from the solvent in vacuo. Water
      was added to the residue and the resulting precipitate was filtered off,
      thoroughly washed with water and dried. After drying, 90 g (83% of theory)
      of 5-hydroxy-3-methyl-4-methyl-amino-6-phenyl-3,4-dihydro-1,2,4-triazine
      of melting point 91.degree.C were obtained.
PAC  EXAMPLE 2
PAC  Preparation of
      3-ethyl-5-hydroxy-4-methyl-6-phenyl-3,4-dihydro-1,2,4-triazine
      ##SPC10##
PAR  21.5 g (0.1 mole) of 3-ethyl-4-methyl-6-phenyl-1,2,4-triazin-5-one were
      suspended in 200 ml of methanol and 4.6 g (0.12 mole) of sodium
      borohydride were added in portions, whilst cooling with ice. After
      stirring for several hours whilst cooling with ice, the temperature was
      allowed to rise to 20.degree.C and the mixture was then stirred for a
      further 8 hours at room temperature. The resulting solution was partially
      freed from the solvent under reduced pressure, water was added to the oily
      residue and the precipitate was filtered off, well washed with water and
      dried.
PAR  18.4 g (85% of theory) of
      3-ethyl-5-hydroxy-4-methyl-6-phenyl-3,4-dihydro-1,2,4-triazine of melting
      point 122.degree.C were obtained.
PAR  The compounds listed in Table 1 which follows were prepared by methods
      analogous to those described in Examples 1 and 2.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Example                                                                   
     No.  R.sup.1                                                              
                R.sup.2        R.sup.3       Melting point (.degree.C)         
     __________________________________________________________________________
     3    CH.sub.3                                                             
                NH.sub.2                     135                               
     4    C.sub.2 H.sub.5                                                      
                NH.sub.2                     101                               
     5    C.sub.2 H.sub.5                                                      
                NH.sub.2                     108                               
     6    C.sub.4 H.sub.9                                                      
                NH.sub.2                     120                               
     7    C.sub.5 H.sub.11                                                     
                NH.sub.2                      95                               
     8    C.sub.2 H.sub.5                                                      
                NH.sub.2                      92                               
     9    H     NH.sub.2       C(CH.sub.3).sub.3                               
                                             58-61                             
     10   C.sub.2 H.sub.5                                                      
                NH.sub.2       C(CH.sub.3).sub.3                               
                                             114                               
     11   CH(CH.sub.3).sub.2                                                   
                NH.sub.2       C(CH.sub.3).sub.3                               
                                             183                               
     12   C.sub.2 H.sub.5                                                      
                NH.sub.2                     145                               
     13   C.sub.2 H.sub.5                                                      
                NHCH.sub.3     C(CH.sub.3).sub.2                               
                                              91                               
     14   C.sub.2 H.sub.5                                                      
                NHCH.sub.3                   140                               
     15   C.sub.6 H.sub.13                                                     
                NHCH.sub.3                    96                               
     16   CH.sub.3                                                             
                NHCH.sub.3                   134                               
     17   C.sub.2 H.sub.5                                                      
                NHCH.sub.2 CH.sub.2 OH       126                               
     18   CH.sub.3                           119                               
     19   CH.sub.3                                                             
                N=C(CH.sub.3).sub.2          147                               
     20   C.sub.2 H.sub.5                                                      
                N=C(CH.sub.3).sub.2          100                               
     21   C.sub.2 H.sub.5                                                      
                N=C(CH.sub.3).sub.2          114                               
     22   C.sub.2 H.sub.5                                                      
                NH.sub.2                     108                               
     23   CH.sub.3                            79                               
     24         NH.sub.2                     175-177                           
     25         NHCH.sub.3                   135                               
     26   C.sub.2 H.sub.5                                                      
                NH.sub.2                      80                               
     27   C.sub.2 H.sub.5                                                      
                NH.sub.2                     113                               
     __________________________________________________________________________
PAR  The preparation of the starting materials (II) is illustrated in the
      following Example:
      ##SPC11##
PAR  10.8 g (0.05 mole) of 3-ethyl-4-amino-6-phenyl-5H-1,2,4-triazin-5-one
      (known from DOS (German Published Specification) 2,138,031) were dissolved
      in 250 ml of acetone and after addition of 0.1 g of p-toluenesulphonic
      acid the mixture was heated to the boil under reflux for 1 hour. The
      reaction solution was filtered hot, the solvent was then partly distilled
      off and 20 to 50 ml of isopropanol were added to the residue. The
      crystalline precipitate thereupon obtained was filtered off and washed
      with ether. 10.9 g (85% of theory) of
      3-ethyl-4-propylideneamino-6-phenyl-5-H-1,2,4-triazin-5-one of melting
      point 146.degree.C were thus obtained.
PAR  The following compounds could be prepared analogously:
      ##SPC12##
PAR  The following may be mentioned as examples of active compounds according to
      the invention:
      3-methyl-4-amino-5-hydroxy-6-phenyl-3,4-dihydro-1,2,4-triazine,
      3-methyl-4-methyl-5-hydroxy-6-phenyl-3,4-dihydro-1,2,4-triazine,
      3-isopropyl-4-methyl-5-hydroxy-6-phenyl-3,4-dihydro-1,2,4-triazine,
      3-methyl-4-amino-5-hydroxy-6-tertiary butyl-3,4-dihydro-1,2,4-triazine,
      3-ethyl-4-amino-5-hydroxy-6-phenyl-3,4-dihydro-1,2,4-triazine,
      3-isopropyl-4-amino-5-hydroxy-6-phenyl-3,4-dihydro-1,2,4-triazine,
      3-methyl-4-methylamino-5-hydroxy-6-phenyl-3,4-dihydro-1,2,4-triazine,
      3-methyl-4-amino-5-hydroxy-6-p-methylphenyl-3,4-dihydro-1,2,4-triazine,
      3-methyl-4-amino-5-hydroxy-6-(2',4'-dimethoxyphenyl)-3,4-dihydro-1,2,4-tri
     azine and
      3-methyl-4-amino-5-hydroxy-6-(4'chlorophenyl)-3,4-dihydro-1,2,4-triazine.
PAR  The 3,4-dihydro-1,2,4-triazines according to the invention possess good
      herbicidal properties and can therefore be used for combating weeds.
PAR  Weeds in the broadest sense are to be understood as all plants which grow
      in locations where they are not desired. Whether the active compounds
      according to the invention act as total herbicidal agents or as selective
      herbicidal agents depends on the amount of the active compound used.
PAR  The active compounds according to the invention can be used, for example,
      in the case of the following plants: dicotyledons such as mustard
      (Sinapis), cress (Lepidium), cleavers (Galium), chickweed (Stellaria),
      camomile (Matricaria), gallant soldier (Galinsoga), goosefoot
      (Chenopodium), annual nettle Urtica) and groundsel (Senecio) and
      Monocotyledons such as timothy (Phleum), bluegrass (Poa), fescue
      (Festuca), goosegrass (Eleusine), foxtail (Setaria), ryegrass (Lolium),
      cheat (Bromus), barnyard grass (Echinochloa) and millet (Panicum).
PAR  The active compounds according to the invention exert a very strong
      influence on plant growth, but in different ways, so that they can be used
      as selective herbicides. They exhibit particular advantages as selective
      herbicides in crops of cotton, corn and cereals. In higher concentrations,
      they can also be employed as total herbicides.
PAR  The active compounds according to the present invention can be converted
      into the usual formulations, such as solutions, emulsions, suspensions,
      powders, pastes and granulates. These may be produced in known manner, for
      example by mixing the active compounds with extenders, that is, liquid or
      solid or liquefied gaseous diluents or carriers, optionally with the use
      of surfaceactive agents, that is, emulsifying agents and/or dispersing
      agents and/or foam-forming agents. In the case of the use of water as an
      extender, organic solvents can, for example, also be used as auxiliary
      solvents.
PAR  As liquid diluents or carriers, there are preferably used aromatic
      hydrocarbons, such as xylenes, toluene, benzene or alkyl naphthalenes,
      chlorinated aromatic or aliphatic hydrocarbons, such as chlorobenzenes,
      chloroethylenes or methylene chloride, aliphatic hydrocarbons, such as
      cyclohexane or paraffins, for example mineral oil fractions, alcohols,
      such as butanol or glycol as well as their ethers and esters, ketones,
      such as acetone, methyl ethyl ketone, methyl isobutyl ketone or
      cyclohexanone, or strongly polar solvents, such as dimethyl formamide,
      dimethyl sulphoxide or acetonitrile, as well as water.
PAR  By liquefied gaseous diluents or carriers are meant liquids which would be
      gaseous at normal temperatures and pressures, for example aerosol
      propellants, such as halogenated hydrocarbons, for example freon.
PAR  As solid diluents or carriers, there are preferably used ground natural
      minerals, such as kaolins, clays, talc, chalk, quartz, attapulgite,
      montmorillonite or diatomaceous earth, or ground synthetic minerals, such
      as highly-dispersed silicic acid, alumina or silicates.
PAR  Preferred examples of emulsifying and foam-forming agents include non-ionic
      and anionic emulsifiers, such as polyoxyethylene-fatty acid esters,
      polyoxyethylene-fatty alcohol ethers, for example alkylarylpolyglycol
      ethers, alkyl sulphonates, alkyl sulphates and aryl sulphonates as well as
      albumin hydrolyzation products; and preferred examples of dispersing
      agents include lignin sulphite waste liquors and methyl cellulose.
PAR  The active compounds according to the invention can be present in the
      formulations as a mixture with other active compounds.
PAR  In general, the formulations contain from 0.1 to 95 per cent by weight of
      active compound, preferably from 0.5 to 90 per cent by weight.
PAR  The active compounds can be used as such, in the form of their formulations
      or as the use forms prepared therefrom, such as ready-to-use solutions,
      emulsions, suspensions, powders, pastes and granules. They may be used in
      the customary manner, for example, by watering, spraying, atomizing,
      scattering and dusting.
PAR  They can be used both in accordance with the post-emergence process and in
      accordance with the pre-emergence process.
PAR  The amount of active compound employed can vary within fairly wide ranges:
      it depends essentially on the nature of the desired effect. In general,
      the amounts employed are between 0.1 and 20 kg of active compound per ha,
      preferably between 0.2 and 15 kg/ha.
PAR  The present invention also provides a herbicidal composition containing as
      active ingredient a compound of the present invention in admixture with a
      solid or liquefied gaseous diluent or carrier or in admixture with a
      liquid diluent or carrier containing a surface-active agent.
PAR  The present invention also provides a method of combating weeds which
      comprises applying to the weeds or a weed habitat a compound of the
      present invention alone or in the form of a composition containing as
      active ingredient a compound of the present invention in admixture with a
      diluent or carrier.
PAR  The present invention further provides means of yielding crops protected
      from damage by weeds by being grown in areas in which immediately prior to
      and/or during the time of the growing a compound of the present invention
      was applied alone or in admixture with a diluent or carrier. It will be
      seen that the usual methods of providing a harvested crop may be improved
      by the present invention.
PAR  The active compounds according to the invention also exhibit a fungicidal
      activity, especially against cereal diseases, such as rust.
PAR  The good herbicidal activity of the active compounds according to the
      invention can be seen from the Examples which follow.
PAC  EXAMPLE A
PAC  Post-emergence test
PA0  Solvent: 5 parts by weight of acetone
PA0  Emulsifier: 1 part by weight of alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent, the stated
      amount of emulsifier was added and the concentrate was then diluted with
      water to the desired concentration.
PAR  Test plants which had a height of 5-15 cm were sprayed with the preparation
      of the active compound in such a way as to apply the amounts of active
      compound per unit area which are indicated in the table. Depending on the
      concentration of the spray liquor, the amount of water used was between
      1,000 and 2,000 l/ha. After three weeks, the degree of damage to the
      plants was determined and characterized by the values 0 - 5, which have
      the following meaning:
PA1  0--no effect
PA1  1--a few slightly burnt spots
PA1  2--marked damage to leaves
PA1  3--some leaves and parts of stalks partially dead
PA1  4--plant partially destroyed
PA1  5--plant completely dead
PAR  The active compounds, the amounts used and the results can be seen from the
      table which follows:
TBL                                    Table A                                 
     __________________________________________________________________________
     Post-emergence test                                                       
                          Amount of active                                     
                          compound used,                                       
     Active compound      kg/ha    A  B  C D E  F G  H I  J  K  L              
     __________________________________________________________________________
                          2        5  5  5 5 5  5 5  5 4-5                     
                                                          4-5                  
                                                             4  4-5            
                          1        4  5  5 5 5  5 5  5 4  2  2  4-5            
                          0.5      4  5  5 3 4-5                               
                                                5 4  3 3  1  2  3              
                          0.25     4  4-5                                      
                                         5 2 3  5 4  3 2  1  1  3              
                          2        5  5  5 5 5  5 5  5 4  5  3  5              
                          1        4-5                                         
                                      5  5 5 5  5 5  5 4  3  3  4-5            
                          0.5      4-5                                         
                                      5  5 5 4-5                               
                                                5 5  5 2  2  3  4-5            
                          0.25     4  4  5 4 4  5 5  5 1  0  1  2              
                          2        5  5  5 5 5  5 5  5 5  5  4  5              
                          1        5  5  5 5 5  5 5  5 5  5  3  5              
                          0.5      4-5                                         
                                      5  5 5 5  5 5  3 3  4  3  4-5            
                          0.25     3  4-5                                      
                                         5 5 5  5 3  3 3  3  2  4              
     __________________________________________________________________________
      A Echinochloa                                                            
      B Chenopodium                                                            
      C Sinapis                                                                
      D Galinsoga                                                              
      E Stellaria                                                              
      F Urtica                                                                 
      G Matricaria                                                             
      H Daucus                                                                 
      I Oats                                                                   
      J Cotton                                                                 
      K Wheat                                                                  
      L Beans                                                                  
PAC   EXAMPLE B
PAC  Pre-emergence test
PA0  Solvent: 5 parts by weight of acetone
PA0  Emulsifier: 1 part by weight of alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent, the stated
      amount of emulsifier was added and the concentrate was then diluted with
      water to the desired concentration.
PAR  Seeds of the test plants were sown in normal soil and, after 24 hours,
      watered with the preparation of the active compound. It was expedient to
      keep constant the amount of water per unit area. The concentration of the
      active compound in the preparation was of no importance, only the amount
      of active compound applied per unit area being decisive. After three
      weeks, the degree of damage to the test plants was determined and
      characterized by the values 0-5, which have the following meaning:
PA1  0--no effect
PA1  1--slight damage or delay in growth
PA1  2--marked damage or inhibition of growth
PA1  3 heavy damage and only deficient development or only 50% emerged
PA1  4--plants partially destroyed after germination or only 25% emerged
PA1  5--plants completely dead or not emerged
PAR  The active compounds, the amounts applied and the results obtained can be
      seen from the following table:
TBL                                    Table B                                 
     __________________________________________________________________________
     Pre-emergence test                                                        
                            Amount of active                                   
     Active compound        compound used,                                     
                            kg/ha    A  B  C  D  E F  G  H  I J  K             
     __________________________________________________________________________
                            10       5  5  5  5  5 5  4  3  3 5  2             
                            5        5  5  5  5  5 5  3  2  2 4-5              
                                                                 2             
                            2.5      4  4-5                                    
                                           5  4  5 5  3  2  2 3  1             
                            1.25     3  4-5                                    
                                           5  4  5 4-5                         
                                                      2  1  2 2  0             
                            10       5  5  5  5  5 5  4  4  4 4-5              
                                                                 2             
                            5        5  5  5  5  5 5  3  3  3 4  2             
                            2.5      4  5  5  5  5 5  2  3  3 4  2             
                            1.25     3  5  4-5                                 
                                              5  5 5  0  1  3 1  1             
                            10       5  5  5  5  5 5  5  5  4 4-5              
                                                                 4             
                            5        5  5  5  5  5 5  5  4-5                   
                                                            4 4-5              
                                                                 4             
                            2.5      5  5  5  5  5 5  4-5                      
                                                         4  4 4  3             
                            1.25     5  5  5  5  5 5  4-5                      
                                                         4  4 3-4              
                                                                 3             
     __________________________________________________________________________
      A Sinapis                                                                
      B Echinochloa                                                            
      C Chenopodium                                                            
      D Lolium                                                                 
      E Stellaria                                                              
      F G Oats                                                                 
      G Oats                                                                   
      H Cotton                                                                 
      I Wheat                                                                  
      J Buckwheat                                                              
      K Corn                                                                   
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 3,4-Dihydro-1,2,4-triazine compound of the formula
      ##SPC13##
PAL  wherein
PA1  R.sup.1 is alkyl of up to six carbon atoms or cycloalkyl of from three to
      six carbon atoms;
PA1  R.sup.2 is methyl, amino, alkylideneamino, methylamino,
      .beta.-hydroxyethylamino, 2-furylmethylamino, aralkylamino of up to 12
      carbon atoms or substituted aralkylamino of up to 12 carbon atoms wherein
      the substituents are selected from lower alkyl; and
PA1  R.sup.3 is alkyl of up to four carbon atoms or aryl of up to 10 carbon
      atoms or substituted aryl of up to 10 carbon atoms in the aryl moiety
      wherein the substituents are selected from alkyl of from one to four
      carbon atoms, halogen, haloalkyl, nitro and phenoxy.
NUM  2.
PAR  2. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.1 is alkyl of from one to four carbon atoms.
NUM  3.
PAR  3. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.1 is cycloalkyl of from three to six carbon atoms.
NUM  4.
PAR  4. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.2 is methyl.
NUM  5.
PAR  5. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.2 is amino, methylamino or hydroxyethylamino.
NUM  6.
PAR  6. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.2 is alkylideneamino.
NUM  7.
PAR  7. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.2 is 2-furylmethylamino.
NUM  8.
PAR  8. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.2 is aralkylamino.
NUM  9.
PAR  9. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.2 is substituted aralkylamino.
NUM  10.
PAR  10. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.3 is alkyl of from one to four carbon atoms.
NUM  11.
PAR  11. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.3 is aryl.
NUM  12.
PAR  12. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 wherein
      R.sup.3 is substituted aryl.
NUM  13.
PAR  13. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 designated
      5-hydroxy-3-methyl-4-methylamino-6-phenyl-3,4-dihydro-1,2,4-triazine.
NUM  14.
PAR  14. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 designated
      4-amino-3-ethyl-5-hydroxy-6-tert.-butyl-1,2,4-triazine.
NUM  15.
PAR  15. 3,4-Dihydro-1,2,4-triazine compound as claimed in claim 1 designated
      5-hydroxy-3-ethyl-4-methylamino-6-phenyl-3,4-dihydro-1,2,4-triazine.
NUM  16.
PAR  16. Process for preparing a 3,4-dihydro-1,2,4-triazine compound of the
      formula
      ##SPC14##
PAL  wherein
PA1  R.sup.1 is alkyl of up to six carbon atoms or cycloalkyl of from three to
      six carbon atoms;
PA1  R.sup.2 is methyl, amino, alkylideneamino, methylamino,
      .beta.-hydroxyethylamino, 2-furylmethylamino, aralkylamino of up to 12
      carbon atoms or substituted aralkylamino of up to 12 carbon atoms wherein
      the substituents are selected from lower alkyl; and
PA1  R.sup.3 is alkyl of up to four carbon atoms or aryl of up to 10 carbon
      atoms or substituted aryl of up to 10 carbon atoms in the aryl moiety
      wherein the substituents are selected from alkyl of from one to four
      carbon atoms, halogen, haloalkyl, nitro and phenoxy;
PAL  which process comprises reducing a 1,2,4-triazine-5-one compound of the
      formula
      ##SPC15##
PAL  wherein
PA1  R.sup.1, r.sup.2 and R.sup.3 are defined as above
PAL  with sodium borohydride in the presence of a polar solvent at a temperature
      from -10.degree.C to 25.degree.C.
NUM  17.
PAR  17. Process as claimed in claim 16 wherein the reaction temperature is
      between -5.degree.C and 10.degree.C.
NUM  18.
PAR  18. Process as claimed in claim 16 wherein said polar solvent is an ether
      or an alcohol.
NUM  19.
PAR  19. Process as claimed in claim 18 wherein said ether or alcohol is
      selected from dioxane, tetrahydrofuran, methanol and ethanol.
NUM  20.
PAR  20. Process as claimed in claim 16 wherein 1 to 1.2 moles of sodium
      borohydride are employed per mole of 1,2,4-triazin-5-one (II).
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PAL  Disclosed are novel substituted pyrazinyloxy(thio)phenyl urea compounds and
      derivatives which are useful as herbicides and can be formulated to
      provide herbicidal compositions.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to substituted pyrazinyloxy(thio)phenyl
      urea compounds corresponding to the formula:
      ##SPC1##
PAL  Wherein:
      ##EQU1##
      or
      ##EQU2##
PAR  R REPRESENTS AN INTEGER OF 4 OR 5;
PAR  Q REPRESENTS AN INTEGER OF 0 TO 2, INCLUSIVE;
PAR  EACH P INDEPENDENTLY REPRESENTS AN INTEGER OF 0 OR 1;
PAR  EACH X independently represents bromo, chloro, iodo or fluoro;
PAR  M REPRESENTS AN INTEGER OF 0 TO 2, INCLUSIVE;
PAR  EACH Y independently represents cyano, nitro, ZR.sup.3, --C(X').sub.3 or
      ##EQU3##
PAR  n represents an integer of 0 to 2, inclusive, the sum of m + n being from 0
      to 2, inclusive;
PAR  EACH X' independently represents hydrogen or halo;
PAR  EACH Z independently represents oxygen or sulfur;
PAR  Q represents methyl, ethyl, halo, nitro, cyano or trifluoromethyl;
PAR  EACH R independently represents hydrogen or an alkyl group of from about 1
      to about 3 carbon atoms;
PAR  R.sup.1 represents hydrogen, an alkyl group of from about 1 to about 4
      carbon atoms or an alkoxy group of from about 1 to about 4 carbon atoms;
PAR  R.sup.2 represents an alkyl group of from about 1 to about 3 carbon atoms
      or
      ##SPC2##
PAR  R.sup.3 represents an alkyl group of from about 1 to about 3 carbon atoms;
PAR  R.sup.4 and R.sup.5 each independently represent hydrogen or an alkyl group
      of from about 1 to about 4 carbon atoms; and
PAR  EACH R.sup.6 represents halo or an alkyl group of from about 1 to about 3
      carbon atoms.
PAR  For the sake of brevity and simplicity, the term "active ingredient" is
      used hereinafter in this specification to broadly describe the compounds
      of the present invention. In the reaction sequences set forth below, all
      substituents, unless otherwise expressly indicated, are the same as set
      forth above.
PAR  The active ingredients of the present invention are normally crystalline
      solids and are soluble in the usual organic solvents, as well as having
      some solubility in water. The active ingredients are useful as plant
      growth regulants, and especially as herbicides when applied either as a
      pre-emergence or post-emergence treatment and may be formulated with the
      usual herbicide carriers for use in controlling unwanted plants.
PAC  DETAILED DESCRIPTION
PAR  The active ingredients of the present invention are useful as herbicides
      and certain of the active ingredients of the present invention have been
      found suitable for controlling unwanted plants among crops such as, for
      example rice and wheat, without injury thereto. As used in the present
      specification and claims, the term "herbicide" means an active ingredient
      which, when used in a growth controlling amount, controls or modifies the
      growth of plants. By a "growth controlling amount" is means an amount of
      compound which causes a modifying effect upon the growth of plants. Such
      modifying effects include all deviations from natural development, for
      example, killing, retardation, defoliation, desiccation, regulation,
      stunting, tillering, and the like. By "plants" it is meant germinant
      seeds, emerging seedlings, and established vegetation, including the roots
      and above-ground portions.
PAR  The term "alkyl" is used herein and in the appended claims to designate a
      straight or branched chain alkyl radical containing from 1 to about 4
      carbon atoms, such as, for example, methyl, ethyl, propyl, isopropyl,
      butyl, isobutyl and tert-butyl. The term "alkoxy" as employed designates a
      straight or a branched-chain radical containing from 1 to about 4 carbon
      atoms, such as, for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy,
      isobutoxy and tert-butoxy.
PAR  The terms "halo" and "halogen" are employed herein to represent chlorine,
      fluorine and bromine.
PAR  Preferred compounds of the present invention are those compounds wherein n
      is 0 and m is at least 1. In a further preferred embodiment, m is 0 and n
      is at least 1. In another embodiment, those compounds wherein the sum of m
      + n is at least two are preferred. Another class of preferred compounds
      includes those wherein T is --NR.sup.1 R.sup.2. A further class of
      preferred compounds includes those wherein T is --NR.sup.1 R.sup.2 and
      R.sup.1 and R.sup.2 each represent alkyl. Still another preferred class of
      compounds includes those wherein T is --NR.sup.1 R.sup.2, R.sup.1 is
      alkoxy and R.sup.2 is alkyl. In still another preferred embodiment, T is
      ##EQU4##
PAR  The active ingredients of the present invention wherein T is --NR.sup.1
      R.sup.2 and wherein R.sup.1 and R.sup.2 are hydrogen or alkyl,
      conveniently hereinafter referred to as "pyrazinylurea" compounds, are
      readily prepared by reacting a selected substituted pyrazinylbenzenamine
      reactant with a selected substituted carbamoyl halide reactant. The
      pyrazinylbenzenamine reactant is prepared by reacting a corresponding
      pyrazinylnitrobenzene reactant, which is obtained by reacting a selected
      substituted nitro(thio)phenol reactant with a selected substituted
      halopyrazine reactant, with a reducing agent. Such reaction sequence is
      illustrated as follows:
      ##SPC3##
PAR  The reaction in Step (a) above proceeds readily under ambient atmospheric
      pressure at reaction temperatures of from about 100.degree. to about
      160.degree.C. for a period of from about 3 to about 5 hours. In such
      operations, the salt of the substituted nitrophenol or nitrothiophenol is
      mixed with the selected halopyrazine reactant in the presence of an inert
      solvent, such as, for example, dimethylsulfoxide, and the resulting
      reaction mixture heated at a temperature within the above indicated
      ranges. Following the substantial completion of the reaction, the reaction
      mixture is cooled and mixed with cold water. The resulting product
      precipitate is recovered by filtration and recrystallized according to
      conventional techniques from a solvent such as acetonitrile,
      methylenechloride, or the like.
PAR  The substituted nitrophenate solution is prepared by rapidly adding
      stoichiometric proportions of the substituted nitro(thio)phenol reactant
      to a solution of sodium metal in methanol. The sodium nitro(thio)phenate
      solution is usually mixed with the halopyrazine reactant in a solvent
      carrier, such as previously mentioned. The resulting reaction mixture is
      maintained at temperatures between about 50.degree. and 100.degree. C.,
      preferably between about 60.degree. and 90.degree. C., for a period of
      from about 1 to about 3 hours. Following the substantial completion of the
      reaction, the reaction mixture is cooled to about 50.degree.C., mixed with
      ice water and the resulting precipitate recovered by filtration, washed
      with water and dried. The reaction product thus obtained can be employed
      as is or further purified by recrystallization from a solvent or solvent
      mixture such as previously mentioned.
PAR  The product thus obtained from step (a) of Reaction I is mixed, in the
      presence of an aqueous alcohol solution, with a reducing agent, such as,
      for example, iron powder. The resulting reaction mixture is heated to the
      reflux temperature thereof with vigorous stirring and an alcohol solution
      of concentrated hydrochloric acid is added thereto, portionwise, over a 10
      to 30 minute period. The reaction mixture is heated at the reflux
      temperature for a period of from about 2 to about 4 hours and filtered
      while hot. The solid product thus obtained is washed with an aqueous
      alkanol solution, such as 50-95% ethanol, and the filtrate portions
      combined and extracted with a solvent such as benzene, methylene chloride
      or the like. The extract is then dried, treated with activated charcoal,
      such as Norite, filtered and evaporated to dryness to obtain the desired
      pyrazinylbenzenamine reactant.
PAR  The pyrazinylbenzenamine reactant obtained from step (b) above is reacted
      with an appropriately substituted carbamoyl halide reactant in the
      presence of dry pyridine to obtain the desired pyrazinyl urea compounds of
      the instant invention. The reaction proceeds readily under ambient
      temperature and pressure conditions. Generally, stoichiometric amounts of
      the reactants are employed. In carrying out the reaction, the total
      quantity of the carbamoyl halide reactant is usually added all at once to
      a solution of the amine reactant in pyridine and the resulting reaction
      mixture allowed to stand at ambient temperatures for a period of from
      about 15 to about 30 hours. The reaction mixture is then poured into cold
      water and allowed to stand for a short period of time. The resulting
      product precipitate is recovered by filtration and mixed with a solvent,
      such as one of those hereinbefore mentioned. The resulting solvent-product
      solution is dried, treated with Norite and concentrated by evaporation to
      crystallize out the desired pyrazinylurea product.
PAR  The pyrrolidine- and piperidine- derivatives of the present invention,
      i.e., wherein T is
      ##EQU5##
      are prepared by reacting the amine intermediates of the present invention
      (prepared in step (b) of Reaction I) with phosgene or thiophosgene in the
      presence of toluene to form a corresponding novel pyrazinyloxy(thio)phenyl
      iso- or isothio- cyanate intermediate, hereinafter referred to as
      "isocyanate" intermediates, which can then be reacted with a selected
      pyrrolidine or piperidine reactant to obtain the desired product. The
      essential steps of the reaction sequence can be schematically illustrated
      as follows:
      ##SPC4##
PAR  The isocyanate intermediates are readily prepared according to step (a)
      above by first preparing a solution of phosgene or thiophosgene in a
      solvent such as, for example, water, toluene or the like, and then rapidly
      adding, with stirring, a solution of the benzenamine starting material in
      toluene. The benzenamine addition is regulated so as to maintain the
      temperature of the mixture at about 5.degree. C. or less, with additional
      quantities of solvent being added if necessary. Following the completion
      of the benzenamine addition, the reaction mixture is agitated and heated
      gradually until a temperature of from about 70 to about 100.degree.C. is
      reached. The solvent carrier is then removed from the reaction mixture by
      evaporation under reduced pressure and the remaining residue taken up in
      hexane which is then cooled to crystallize the desired product. An excess
      of phosgene or thiophosgene, in a ratio of from about 3 to about 4 moles
      thereof per mole of benzenamine reactant, is preferably employed in the
      reaction. During the reaction, excess phosgene can be removed by purging
      the reaction mixture with an inert gas, such as nitrogen.
PAR  In step (b) of Reaction II, the isocyanate intermediate is reacted with the
      selected pyrrolidine or piperidine reactant under reaction conditions
      generally the same as for the hereinbefore described procedures in step
      (c) of Reaction I. Stoichiometric quantities of the reactants are usually
      employed.
PAR  The isocyanate intermediates prepared in step (a) of Reaction IV are also
      employed in the preparation of compounds of the instant invention wherein
      T is
      ##EQU6##
      and R.sup.1 is alkoxy and R.sup.2 is alkyl. other pyrazinylurea compounds
      of the present invention can also be prepared from the isocyanate
      intermediates. In such operations, the isocyanate intermediates are
      reacted with an appropriately substituted hydroxyl amine salt reactant in
      the presence of an inert solvent, such as, for example, pyridine according
      to the following illustrative reaction sequence:
      ##SPC5##
PAR  The reaction is conducted under ambient atmospheric pressure at
      temperatures of from about 50.degree. to about 100.degree. C. Preferably,
      an actuating agent is employed to increase the reaction rate.
      Representative actuating agents that can be employed include, for example,
      tertiary amines such as triethylamine and the like. The reactants are
      usually employed in stoichiometric proportions while an excess of the
      actuating agent is employed.
PAR  In carrying out the reaction, the isocyanate and substituted hydroxylamine
      reactants are contacted in the presence of a dry inert solvent containing
      the actuating agent. Representative solvents include, for example,
      pyridine, toluene or the like. The resulting reaction mixture is heated
      with stirring at a temperature within the above described range for a
      period of from about 1/2 to about 2 or more hours. The reaction mixture is
      then stirred at ambient temperatures for a period of from about 1 to about
      12 hours and then cooled and mixed with cold water. The resulting product
      precipitate is recovered and purified in typical procedures previously set
      forth.
PAR  The following example illustrates the present invention and the manner by
      which it can be practiced but, as such, should not be construed as
      limitations upon the overall scope of the same.
DETD
PAC  EXAMPLE 1
PAR  N'-(4-((6-chloro-2-pyrazinyl)oxy)benzenamine (6.3 grams; 0.0285 mole) was
      mixed with dimethylcarbamoyl chloride (3.06 grams, 0.0285 mole) in the
      presence of about 15 milliliters (ml) of pyridine and the resulting
      reaction mixture was maintained at ambient temperatures for a period of
      about 24 hours. Following the substantial completion of the reaction, the
      reaction mixture was poured into cold water, allowed to stand. The light
      red product precipitate which formed after about 10 minutes was recovered
      by filtration, dried, and taken up in hot benzene. The resulting solution
      was treated with activated charcoal, filtered, and hexane added to the
      filtrate. A white crystalline solid was obtained upon cooling of the
      filtrate. As a result of these operations, the desired
      N'-(4-((6-chloro-2-pyrazinyl)oxy)phenyl)-N,N-dimethylurea product was
      recovered as a white crystalline solid having a melting point of
      158.degree.-160.degree.C.
PAR  Other urea compounds and derivatives are similarly prepared from selected
      substituted amine or isocyanate intermediates in accordance with the
      procedures of the foregoing Example and the foregoing teachings of the
      specification. Such other compounds include, inter alia, the following:
PA0  N'-(4-((5,6-dichloro-2-pyrazinyl)oxy)phenyl)-N,N-dimethylurea;
PA0  N'-(4-((6-methoxy-2-pyrazinyl)oxy)phenyl)-N,N-dimethylurea;
PA0  N-butyl-N'-(4-((6-fluoro-2-pyrazinyl)oxy)phenyl)-N-methylurea;
PA0  N'-(4-((6-bromo-2-pyrazinyl)oxy)phenyl)-N-methyl-N-methoxyurea;
PA0  N-butoxy-N'-(4-((6-iodo-2-pyrazinyl)thio)-3 -chlorophenyl)-N-methylurea;
PA0  N-butoxy-N-propyl-N'-(4-((5,6-dibromo-2
      -pyrazinyl)oxy)-3-methylphenyl)urea;
PA0  N-(4-((5,6-dichloro-2-pyrazinyl(thio)-3
      -cyanophenyl)-1-pyrrolidinecarboxamide;
PA0  N-(4-((6-(trifluoromethyl)-2-pyrazinyl)thio)-
      3-nitrophenyl)-1-piperidinecarboxamide;
PA0  N-(4-((5-chloro-6-(trifluoromethyl)-2-pyrazinyl)oxy)-3-(trifluoromethyl)phe
     nyl)-  2,5-dimethyl-1-pyrrolidinecarboxamide;
PA0  N-((4-chlorophenyl)thio)-N'-(4-((6-chloro-2
      -pyrazinyl)oxy)phenyl)-N-methylurea;
PA0  N'-((4-(6-cyano-2-pyrazinyl)thio)phenyl)-N,N-dimethylurea;
PA0  N'-(4-((3,5-bis(trifluoromethyl)-2-pyrazinyl)
      oxy)phenyl)-N,N-dimethylthiourea;
PA0  N'-(3-((5-chloro-2-pyrazinyl)thio)phenyl)-N,N-dimethylthiourea;
PA0  N,n-dimethyl-N'-(4-(2-pyrazinyloxy)phenyl)urea;
PA0  N,n-dimethyl-N'-(4-((6-nitro-2-pyrazinyl(oxy)phenyl)urea;
PA0  N,n-dimethyl-N'-(4-((6-(methylthio)-2-pyrazinyl)oxy)phenyl)urea;
PA0  N,n-dimethyl-N'-(4-((6-methyl-2-pyrazinyl)oxy)phenyl)urea;
PA0  N'-(4-((6-chloro-3-cyano-2-pyrazinyl)thio)phenyl)-N,N-dimethylurea;
PA0  N'-(4-((3-chloro-5,6-dicyano-2-pyrazinyl)oxy)phenyl)-N,N-dimethylurea;
PA0  N'-(4-((3-chloro-5-(trifluoromethyl)-2-pyrazinyl)oxy)phenyl)-N-methoxy-N-me
     thylurea;
PA0  N-methoxy-N-methyl-N'-(4-((6-(trifluoromethyl)-
      2-pyrazinyl)oxy)phenyl)thiourea;
PA0  N,n-dimethyl-N'-(4-((6-(propylthio)-2-pyrazinyl)oxy)phenyl)urea;
PA0  N'-(4-((6-chloro-2-pyrazinyl)oxy)-3-(trifluoromethyl)phenyl)-N,N-dimethylur
     ea;
PA0  N,n-dimethyl-N'-(4-((6-isopropoxy)-2-pyrazinyl)oxy)phenyl)urea;
PA0  N -(4-((6-chloro-2-pyrazinyl)oxy)phenyl)-2,5
      -dimethyl-1-pyrrolidinecarboxamide;
PA0  N,n-dimethyl-N'-(4-(6-methyl-2-pyrazinyl)oxy)phenyl)thiourea;
PA0  N'-(4-((3-chloro-5-(chlorodifluoromethyl)-2
      -pyrazinyl)oxy)phenyl)-N,N-dimethylurea;
PA0  N'-(3-((3,5-dicyano-2-pyrazinyl)oxy-4-ethylphenyl)-N-methoxy-N-methylurea;
PA0  N'-(4-((6-(trifluoromethyl)-2-pyrazinyl)thio)-
      3-cyanophenyl)-N,N-ethylurea;
PA0  N-butyl-N'-(5-((3-chloro-6-methylamino-2-pyrazinyl)thio)-3-bromophenyl)-N-m
     ethylthiourea;
PA0  N-butoxy-N'-(3-((5-(dichloromethyl)-2-pyrazinyl)oxy)-4-cyanophenyl)-N-propy
     lurea;
PA0  N'-(4-((6-methyl-3,5-dichloro-2-pyrazinyl)thio)-
      3-methylphenyl)-N,N-dimethylurea;
PA0  N'-(4-((3,5-dimethyl-6-chloro-2-pyrazinyl)oxy)-
      3-fluorophenyl)-N-methyl-N-methoxythiourea;
PA0  N-(4-((3,6-dinitro-2-pyrazinyl)oxy)phenyl)-3
      -propyl-1-piperidinecarboxamide;
PA0  N-(4-((6-chloro-3,5-dimethoxy-2-pyrazinyl)oxy)-
      3-chlorophenyl)-2,6-dimethyl-1-piperidinethiocarboxamide;
PA0  N'-(5-((6-bromo-5-n-butylamino-2-pyrazinyl)thio)-
      3-(trifluoromethyl)phenyl)-N-ethoxy-N-methylthiourea;
PA0  N'-(3-((5-di-n-butylamino-3-methyl-2-pyrazinyl)oxy)phenyl)-N,N-dimethylurea
     ;
PA0  N-(4-((3,6-dichloro-5-cyano-2-pyrazinyl)thio)-
      2-chlorophenyl)-1-pyrrolidinecarboxamide;
PA0  N'-(4-((3,5-diamino-6-chloro-2-pyrazinyl)oxy)phenyl)-N,N-dimethylurea;
PA0  N'-(5-((6-chloro-3,5-dinitro-2-pyrazinyl)thio)-
      3-methylphenyl)-N,N-di-n-propylurea;
PA0  N-((3,5-di-i-propylphenyl)oxy)-N'-(4-((3,5-bis(trifluoromethyl)-2-pyrazinyl
     )oxy)-N-methylthiourea;
PA0  N'-(4-((3,6-dichloro-5-(difluoromethyl)-2
      -pyrazinyl)oxy)phenyl)-N,N-dimethylurea;
PA0  N'-(4-((3,6-di-(dimethylamino)-2-pyrazinyl)thio)phenyl)-N-methoxy-N-methylt
     hiourea;
PA0  N'-(4-((5-cyano-6-(trifluoromethyl)-2-pyrazinyl)thio)phenyl)-N,N-dimethylth
     iourea;
PA0  N-(4-((3-methyl-6-(trifluoromethyl)-2-pyrazinyl)thio)phenyl-
      1-piperidinecarboxamide;
PA0  N-(4-((5-methyl-6-nitro-2-pyrazinyl)oxy)-3
      -chlorophenyl)-1-pyrrolidinecarboxamide;
PA0  N'-(4-((5-cyano-3-nitro-2-pyrazinyl)thio)phenyl-N-methoxy-N-methylurea;
PA0  N'-(4-((3-cyano-6-methylamino-2-pyrazinyl)thio)phenyl)-N,N-dimethylthiourea
     ;
PA0  N'-(4-((3-nitro-5-(trifluoromethyl)-2-pyrazinyl)oxy)phenyl)-N-methoxy-N-met
     hylurea;
PA0  N'-(4-((6-amino-3-(trifluoromethyl)-2-pyrazinyl)thio)-3-methylphenyl)-N,N-d
     imethylthiourea; and
PA0  N'-(3-((6-propylthio-5-(trifluoromethyl)-2
      -pyrazinyl)oxy)phenyl)-N,N-dimethylurea.
PAR  The amine and isocyanate intermediates are readily apparent in view of the
      foregoing enumerated compounds. Such amine intermediates employed in
      alternative methods of preparing the pyrazinylurea compounds are of the
      formula represented in Reaction Sequences I and II of the specification
      and are prepared in accordance with the teachings of the specification.
      The nomenclature for such amine intermediates is analogous to the
      benzenamine reactant named in Example 1. The isocyanate intermediates
      employed to prepare the pyrimidinyl carboxamide compounds as well as other
      of the above-enumerated compounds are likewise readily apparent in view of
      the foregoing compounds. Such isocyanate intermediates correspond to the
      general formula represented in reaction sequence III set forth
      hereinbefore and are prepared according to the teachings set forth in the
      specification. The isocyanate compound employed for the preparation of the
      compound of Example 1, or other urea or carboxamide compounds, would be
      N'-(4-((6-chloro-2-pyrazinyl)oxy)phenyl)isocyanate. Other amine and
      isocyanate intermediates are similarly prepared and named.
PAR  The compounds of the present invention have been found to be suitable for
      use in methods for the pre- and post-emergent control of weeds or other
      unwanted vegetation. Certain of the active ingredients of the present
      invention have been found to be active against undesired vegetation in the
      presence of desired crop plants while producing only a negligible effect
      on the crop plants. For all such uses, unmodified active ingredients of
      the present invention can be employed. However, the present invention
      embraces the use of a herbicidally-effective amount of the active
      ingredients in composition form with a material known in the art as an
      adjuvant or carrier in solid or liquid form. Thus, for example, an active
      ingredient can be dispersed on a finely divided solid and employed therein
      as a dust. Also, the active ingredients, as liquid concentrates or solid
      compositions comprising one or more of the active ingredients, can be
      dispersed in water, typically with the aid of a wetting agent, and the
      resulting aqueous dispersion employed as a spray. In other procedures, the
      active ingredient can be employed as a constituent of organic liquid
      compositions, oil-in-water and water-in-oil emulsions, or water
      dispersions, with or without the addition of wetting, dispersing, or
      emulsifying agents.
PAR  Suitable adjuvants of the foregoing type are well known to those skilled in
      the art. The methods of applying the solid or liquid herbicidal
      formulations similarly are well known to the skilled artisan.
PAR  As organic solvents used as extending agents there can be employed
      hydrocarbons, e.g. benzene, toluene, xylene, kerosene, diesel fuel, fuel
      oil, and petroleum naphtha, ketones such as acetone, methyl ethyl ketone
      and cyclohexanone, chlorinated hydrocarbons such as carbon tetrachloride,
      chloroform, trichloroethylene, and perchloroethylene, esters such as ethyl
      acetate, amyl acetate and butyl acetate, ethers, e.g., ethylene glycol
      monomethyl ether and diethylene glycol monomethyl ether, alcohols, e.g.,
      methanol, ethanol, isopropanol, amyl alcohol, ethylene glycol, propylene
      glycol, butyl Carbitol acetate and glycerine. Mixtures of water and
      organic solvents, either as solutions or emulsions, can be employed.
PAR  The active ingredients can also be applied as aerosols, e.g., by dispersing
      them in air by means of a compressed gas such as dichlorodifluoromethane
      or trichlorofluoromethane and other Freons and Genetrons, for example.
PAR  The active ingredients of the present invention can also be applied with
      adjuvants or carriers such as talc, pyrophyllite, synthetic fine silica,
      attapulgus clay, keiselguhr, chalk, diatomaceous earth, lime, calcium
      carbonate, bentonite, fuller's earth, cottonseed hulls, wheat flour,
      soybean flour, pumice, tripoli, wood flour, walnut shell flour, redwood
      flour and lignin.
PAR  As stated, it is frequently desirable to incorporate a surface active agent
      in the compositions of the present invention. Such surface active or
      wetting agents are advantageously employed in both the solid and liquid
      compositions. The surface active agent can be anionic, cationic or
      nonionic in character.
PAR  Typical classes of surface active agents include alkyl sulfonate salts,
      alkylaryl sulfonate salts, alkylaryl polyether alcohols, fatty acid esters
      of polyhydric alcohols and the alkylene oxide addition products of such
      esters, and addition products of long chain mercaptans and alkylene
      oxides. Typical examples of such surface active agents include the sodium
      alkylbenzene sulfonates having 10 to 18 carbon atoms in the alkyl group,
      alkylphenol ethylene oxide condensation products, e.g., p-isooctylphenol
      condensed with 10 ethylene oxide units, soaps, e.g., sodium stearate and
      potassium oleate, sodium salt of propylnaphthalene sulfonic acid,
      di(2-ethylhexyl)ester of sodium sulfosuccinic acid, sodium lauryl sulfate,
      sodium decane sulfonate, sodium salt of the sulfonated monoglyceride of
      coconut fatty acids, sorbitan sesquioleate, lauryl trimethyl ammonium
      chloride, octadecyl trimethyl ammonium chloride, polyethylene glycol
      lauryl ether, polyethylene glycol esters of fatty acids and rosin acids,
      e.g., Ethofat 7 and 13, sodium N-methyl-N-oleyl taurate, Turkey Red Oil,
      sodium dibutyl naphthalene sulfonate, sodium lignin sulfonate,
      polyethylene glycol stearate, sodium dodecylbenzene sulfonate, tertiary
      dodecyl polyethylene glycol thioether (nonionic 218), long chain ethylene
      oxidepropylene oxide condensation products, e.g., Pluronic 61 (molecular
      weight 1000), polyethylene glycol ester of tall oil acids, sodium octyl
      phenoxyethoxyethyl sulfate, tris(polyoxyethylene)sorbitan monostearate
      (Tween 60), and sodium dihexyl sulfosuccinate.
PAR  The concentration of the active ingredients in liquid compositions
      generally is from about 0.5 to about 95 percent by weight or more.
      Concentrations of from about 0.5 to about 50 weight percent are often
      employed. In dusts or dry formulations, the concentration of the active
      ingredient can be from about 0.5 to about 95 weight percent or more;
      concentrations of from about 0.5 to about 50 weight percent are often
      conveniently employed. In compositions to be employed as concentrates, the
      active ingredient can be present in a concentration of from about 5 to
      about 98 weight percent. The active ingredient compositions can also
      contain other compatible additaments, for example, phytotoxicants, plant
      growth regulants, pesticides and the like and can be formulated with solid
      particulate fertilizer carriers such as ammonium nitrate, urea and the
      like.
PAR  The present compositions can be applied by the use of power-dusters, boom
      and hand sprayers, spray-dusters, by addition to irrigation water, and by
      other conventional means. The compositions can also be applied from
      airplanes as a dust or a spray because they are effective in very low
      dosages.
PAR  The exact dosage to be applied is dependent not only upon the specific
      active ingredient being employed, but also upon the particular plant
      species to be modified and the stage of growth thereof, as well as the
      part of the plant to contacted with the toxic active ingredient. Thus, it
      is to be understood that all of the active ingredients of the invention
      and compositions containing the same may not be equally effective at
      similar concentrations or against the same plant species. In non-selective
      preemergence and foliage treatments the compositions of this invention are
      usually applied at an approximate rate of from about 1 to about 25 lbs.
      per acre, but lower or higher rates may be appropriate in some cases. In
      selective post-emergence operations to foliage, rates of from about 1.25
      to about 5.0 pounds per acre are usually employed. In some instances,
      lower rates may be utilized while higher rates may be necessary in other
      instances. In view of the foregoing and following disclosures, one skilled
      in the art can readily determine the optimum rate to be applied in any
      particular case.
PAR  So as to illustrate the general and selective phytotoxic properties of the
      active ingredients of the present invention, a group of controlled
      greenhouse experiments is described below.
PAR  In pre-emergence operations, seeds of selected species are planted in
      seedbeds and, while exposed, sprayed with a given volume of a solution
      containing a predetermined amount of the candidate active ingredient to
      provide the dosage rate desired. Such compositions are prepared by mixing
      the selected active ingredient and an emulsifier or dispersant with water.
      The seeds are then covered with a layer of soil and maintained under
      conditions conducive to growth. A portion of the planted seedbeds are left
      untreated to provide controls for comparative purposes. All seedbeds are
      watered as needed. About 14 days after seeding and treating, the effect of
      each test ingredient on the seeds is evaluated by a comparison with the
      control seedbeds.
PAR  In post-emergence operations, various species of plants are seeded in beds
      of good agricultural soil. After the plants have emerged and grown to a
      height of from about 2 to about 6 inches, certain of the plants are
      sprayed to run-off with a given volume of a composition prepared as set
      forth above. Other plants are left untreated to provide comparative
      controls. All plants are maintained as above for a period of about 14 days
      and then evaluated to determine the effect of the test ingredient.
PAR  In representative pre-emergence operations, the
      N'-(4-((6-chloro-2-pyrazinyl)oxy)phenyl)-N,N-dimethylurea compound was
      found to give substantial (70%) to complete (100%) control of the growth
      of German millett, barnyard grass, crabgrass, wild oat, pigweed, velvet
      leaf and annual morning glory seeds when contacted with the active
      ingredient at a rate of ten pounds per acre.
PAR  In representative post-emergence operations, the
      N'-(4-((6-chloro-2-pyrazinyl)oxy)phenyl)-N,N-dimethylurea compound was
      found to give from substantial to complete control of each of the
      above-named plant species when such plants are contacted with the active
      ingredient at a rate of ten pounds per acre. In selective post-emergence
      operations, the N'-(4-((6-chloro-2-pyrazinyl)oxy)phenyl)-N,N-dimethylurea
      compound was found to give substantial to complete control of German
      millett, barnyard grass, crabgrass, pigweed and annual morning glory
      plants at a rate of 2.5 pounds per acre without damage to rice and wheat
      plants.
PAR  The substituted halopyrazine, nitro(thio)phenol, carbamoyl halide,
      hydroxylamine, pyrrolidine and piperidine reactants employed in the
      preparation of the compounds of the present invention are either readily
      available or can be prepared by those skilled in the art according to
      procedures which are known or are analogous to those set forth in the
      prior art.
PAR  Although the invention is described with respect to specific embodiments
      and modifications, the details thereof are not to be construed as
      limitations except to the extent indicated in the following claims.
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PAL  New, substituted, 2,6-diaminopyrimidines are disclosed. These compounds are
      useful as anti-malarial agents. The oxygenation of pyrimethamine by fungi
      is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new compositions of matter classified in the art
      of organic chemistry as 2,6-diaminopyrimidines, and to new processes for
      their preparation. The new 4,5-disubstituted 2,6-diaminopyrimidines are
      chemically related to the known pharmaceutical, pyrimethamine, whose
      utility as an anti-malarial medicament is well-known.
PAR  The compounds of the instant invention are also useful as anti-malalrial
      agents, which activity is evidenced from the results of standard
      pharmacologic testing.
PAR  B. R. Baker, and J. H. Jordaan, J. Het. Chem., 4, 31, (1967) discloses the
      preparation of 5-(p-chlorophenyl)-2,6-diaminopyrimidine-4-carboxaldehyde.
      In addition to providing novel diaminopyrimidines, the present invention
      provides a novel process for the preparation of substances such as
      (.+-.)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine
      methanol.
PAC  SUMMARY OF THE INVENTION
PAR  The invention sought to be patented in its composition aspect resides in
      the concept of a compound of the formula:
      ##SPC1##
PAL  Wherein R is alkoxy of from 1 to 6 carbon atoms, benzyl, phenoxy, phenyl,
      or phenyl substituted with one or two substituents, which may be the same
      or different, selected from the group of halogen, nitro, alkoxy of from 1
      to 6 carbon atoms, phenoxy, and benzyl; X is
      ##EQU1##
      wherein R.sup.1 and R.sup.2 are alkyl of from 1 to 6 carbon atoms,
      ##EQU2##
      wherein R.sup.3 and R.sup.4 are H, alkyl of from 1 to 6 carbon atoms, or
      alkenyl of from 1 to 6 carbon atoms, C=N--R.sup.5 wherein R.sup.5 is OH,
      alkoxy of from 1 to 6 carbon atoms, alkanoyloxy of from 1 to 6 carbon
      atoms, or alkyl of from 1 to 6 carbon atoms,
      ##EQU3##
      wherein R.sup.6 is alkyl of from 1 to 6 carbon atoms, CHB wherein B is
      halogen, CHOR.sup.7 wherein R.sup.7 is H, alkyl of from 1 to 6 carbon
      atoms, alkanoyl of from 1 to 6 carbon atoms, phenyl, benzyl or benzoyl;
      and R.sup.8 is alkyl of from 1 to 6 carbon atoms, phenyl or phenyl
      substituted with one or two substituents, which may be the same or
      different, selected from the group of halogen, nitro, alkoxy of from 1 to
      6 carbon atoms, phenoxy and benzyl; and the pharmacologically acceptable
      acid addition salts thereof.
PAR  The free base forms of the tangible embodiments of the composition aspect
      of the invention possess the inherent general physical properties of being
      off-white to white crystalline solids are substantially insoluble in
      water, and are generally soluble in such organic solvents as benzene,
      ethyl acetate, chloroform, and methanol. The acid addition salt forms of
      the composition aspect of the invention possess the inherent general
      physical properties of being off-white to white crystalline solids, are
      substantially insoluble in such organic solvents as benzene, ether, and
      chloroform and are generally soluble in water. Examination of the
      compounds produced according to the hereinafter described process reveals,
      upon infrared, proton magnetic resonance, and mass spectrographic
      analyses, spectral data supporting the molecular structure hereinbefore
      set forth.
PAR  The aforementioned physical characteristics, taken together with the nature
      of the starting materials and the elemental analysis of the products
      obtained therefrom, further confirm the molecular structure hereinbefore
      set forth.
PAR  The tangible embodiments of the composition aspect to the invention possess
      the applied use characteristic of exerting antimalarial effects in animals
      as evidenced by pharmacologic evaluation according to standard test
      procedures.
PAR  The invention sought to be patented in a first subgeneric composition
      aspect of the invention resides in the concept of a compound of the
      formula:
      ##SPC2##
PAL  wherein R is phenyl, 3-chlorophenyl, 4-chlorophenyl, or 3,4-dichlorophenyl,
      X is C(OCH.sub.3).sub.2, C(OC.sub.2 H.sub.5).sub.2, C=O, C=N--OH,
      C=N--NH.sub.2, C=N--N(CH.sub.3).sub.2, CHOH, or
      ##EQU4##
      R.sup.8 is alkyl of from 1 to 6 carbon atoms; and their pharmacologically
      acceptable acid addition salts.
PAR  The invention sought to be patented in a second subgeneric composition
      aspect of the invention resides in the concept of a compound of the
      formula:
      ##SPC3##
PAL  wherein X is C(OCH.sub.3).sub.2, C(OC.sub.2 H.sub.5).sub.2, C=O, C=N--OH,
      C=N--NH.sub.2, C=N--N(CH.sub.3).sub.2, CHOH, or
      ##EQU5##
      and the pharmacologically acceptable acid addition salts thereof.
PAR  The invention sought to be patented in a principal process aspect of the
      invention resides in the concept of a process for preparing
      (+)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine methanol,
      and [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone which
      comprises contacting 2,6-diamino-5-(p-chlorophenyl)-4-ethylpyrimidine with
      the fungus Pellicularia filamentosa f. sp. sasakii IFO 6675.
PAR  The invention sought to be patented in a second process aspect of the
      invention resides in the concept of a process for preparing
      (+)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine methanol
      which comprises contacting
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone with the
      fungus Corynespora cassiicola IMI 56007.
PAC  DESCRIPTION OF THE INVENTION
PAR  For reasons of convenience, the processes of the invention are described
      utilizing specific embodiments of the invention, which embodiments are
      identified by use of Roman numerals. The use of specific embodiments to
      illustrate the invention is merely descriptive and is not intended to
      delimit the scope of the invention.
DETD
PAR  FIG. 1 depicts the preparation of the compositions of the invention by
      illustration of a specific embodiment thereof. Starting materials I are
      either known compounds or simple analogs thereof, and may be readily
      prepared by art-recognized methods such as those described in Bloch, Ann.
      Chim., 10, 583 (1965). Compound I and guanidine II, are condensed in basic
      medium and the 2,6-diaminopyrimidine III is produced. This condensation
      has been found to proceed efficiently by dissolving or suspending I in a
      solvent such as ethanol, isopropanol and the like, treating this mixture
      with a sodium or potassium lower alkoxide and reacting this basic mixture
      with guanidine which may conveniently be in the form of one of its acid
      addition salts such as its nitrate. It is the preferred method of the
      invention to dissolve I in ethanol, add a solution of sodium ethoxide in
      ethanol, add to this mixture a solution of guanidine nitrate also in
      ethanol and to reflux the whole mixture for several hours (two hours have
      been found to be sufficient). Those skilled in the art will realize that
      other alcohols would serve just as readily as ethanol for this reaction;
      thus propyl or t-butyl alcohol for example could be utilized.
PAR  It will also be obvious that other sodium alkoxides and potassium alkoxides
      such as potassium methoxide or potassium t-butoxide could replace sodium
      ethoxide as the base, and that it is not necessary to dissolve or suspend
      all the reaction components in the same solvent in order for the reaction
      to proceed.
PAR  Bases other than alkoxides and solvents other than alcohols may also be
      utilized, thus for example sodium hydride in dimethyl-formamide can be
      used. The period of heating and the temperature used are not critical
      aspects of the invention, but it has been observed that the reaction
      proceeds to near completion at a temperature of from about 65.degree. to
      about 100.degree. C. in about 2 to 4 hours.
PAR  The compound III may be isolated and purified, if desired, by standard
      methods known in the art, such as concentration of the reaction mixture,
      dilution with water and filtration of the solid thus produced.
PAR  The ketal function of III is next hydrolyzed with acid to produce IV.
      Alternately, III need not be isolated, and the basic reaction mixture in
      which III is prepared can be acidified and the hydrolysis carried out in
      this medium. The choice of an acid for the hydrolysis is not critical; any
      of the acids commonly used for ketal hydrolysis may be used. Thus for
      example, HCl, or H.sub.2 SO.sub.4 may be used in either a completely, or
      partially aqueous medium. HCl in ethanol solution is a preferred
      hydrolysis medium of the invention.
PAR  It will be obvious to those skilled in the art that once IV is obtained,
      the ketonic carbonyl function may be reacted with a variety of reagents
      allowing the preparation of many derivatives. Thus the carbonyl function
      may be derivatized by reaction with, for example, hydrazine and
      substituted hydrazines, hydroxylamine, alkoxyamines, and monoalkylhydroxyl
      amines producing respectively, substituted and unsubstituted hydrazones,
      oximes, alkoxyimines, and nitrones.
PAR  Further, the foregoing carbonyl derivatives may be reduced, if desired,
      thus producing additional compounds.
PAR  The carbonyl function of IV may, alternately, be reduced producing the
      secondary alcohol V:
      ##SPC4##
PAL  The choice of methods and necessary reagents to effect the reduction of IV
      to produce V is within the skill of the art; however, it is the preferred
      method of the instant invention to dissolve IV in a solvent such as
      methanol, treat the solution with sodium borohydride, reflux the mixture,
      for from about 1 to about 24 hours, preferably 16 hours, remove the
      solvent in vacuo, add water, and collect the product, V, by filtration.
      Other reducing agents such as diborane, and the various lithium aluminum
      hydride reagents in their usual solvents such as tetrahydrofuran and
      diethylether may also be used to effect the reduction. The choice of the
      reducing agent, solvent, reaction time and temperature are all within the
      skill of the art and are not critical aspects of the instant invention.
PAR  It will be obvious that the reaction of IV produces a molecule with an
      asymetric carbon atom. The resolution of the isomers of molecules such as
      V is within the skill of the art, and is contemplated by the teachings of
      the instant invention.
PAR  Derivatives of molecules such as V may also be produced; thus, for example,
      the chlorine analogue may be produced by treatment with, for example,
      phosphorous pentachloride. An alcohol such as V may also be acylated
      producing esters, and dehydrated producing an olefin. Other modifications
      of the alcohol function will suggest themselves to those skilled in the
      art.
PAR  It will also be obvious, that because of the basic nature of the molecules
      of the instant invention, acid addition salts of these compounds can be
      prepared and that by the proper choice of the acid, water soluble
      pharmacologically acceptable salts may be produced. Examples of such acids
      are hydrochloric, sulfuric, fumaric and the like.
PAR  The principal process aspect of the invention comprises the microbiological
      oxidation of the known anti-malarial medicament, pyrimethamine,
      [2,6-diamino-5-(p-chlorophenyl)-4-ethylpyrimidine] by the fungus
      Pellicularia filamentosa f. sp. sasakii IFO 6675. Other fungi of
      equivalent function are Pellicularia filamentosa  f. sp. sasakii IFO 6258,
      6297; Pellicularia filamentosa f. sp. microsclerotia CBS; Pellicularia
      filamentosa f. sp. solani CBS 280.36; Pellicularia filamentosa IFO 6476;
      and the like. Thus, when pyrimethamine is incubated with Pellicularia
      filamentosa f. sp. sasakii IFO 6675 the compounds
      (+)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine methanol
      [(+)V], and [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone
      (IV) are produced.
PAR  The preferred method for carrying out this microbiological oxygenation
      aspect of the instant invention is to contact pyrimethamine with a
      buffered suspension of fungal mycelial cells, for example mycelial cells
      of Pellicularia filamentosa f. sp. sasakii IFO 6675, for from about 1 day
      to about 5 days preferably from about 1.5 to about 2.5 days at about
      28.degree. C.
PAR  The temperature is not critical, but ideally is maintained between
      25.degree. C. and 30.degree. C. The fermentation is carried out
      aerobically and with agitation. It will be obvious to one skilled in the
      art of organic chemistry that the oxygenated products IV and (+)V, may be
      isolated by standard procedures as for example, by extraction of the
      buffered solution with a water immiscible organic solvent such as
      methylene chloride or ethyl acetate. Drying and evaporation of the solvent
      followed by separation and purification of the products, for example, by
      chromatographic means, yields materials whose elemental analyses,
      infrared, proton magnetic and mass spectra are in full agreement with the
      structures IV and (+)V.
PAR  In the second process aspect of the instant invention,
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone, IV, is
      converted to
      (+)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine methanol,
      (+)V, by the action of the fungus Corynespora cassiicola IMI 56007. This
      microbiological process is best carried out by contacting the
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone IV with a
      buffered suspension of mycelial cells of the fungus Corynespora cassiicola
      IMI 56007 for from about 1 to about 5 days preferably from 2.5 to 4 days
      at about 28.degree. C. The temperature is not critical, but ideally is
      maintained between 25.degree. C. and 30.degree. C. The fermentation is
      carried out aerobically with agitation. It will be obvious to one skilled
      in the art of organic chemistry that the optically active product,
      (+)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidinemethanol,
      may be isolated by standard procedures, as for example, by extraction of
      the buffered solution with a water immiscible organic solvent such as
      methylene chloride or ethyl acetate. Drying and evaporation of the solvent
      followed by purification of the product, for example by chromatographic
      means, yields a material whose elemental analysis, infrared, proton
      magnetic and mass spectra are in full agreement with the structure (+)V.
PAR  The compositions of the instant invention possess activity as anti-malarial
      agents, which activity is demonstrable by standard testing procedures. The
      compounds were tested against Plasmodium berghei (strain KBG 13) in mice
      by the procedure described by T. S. Osdene et al., J. Med. Chem. 10, 431
      (1967).
PAR  Increase of the mean survival time of drug treated mice is interpreted as
      evidence of anti-malarial activity. Drug treated mice surviving 30 days
      after infection are considered to be cured. The cured-treated ratio is
      reported in parentheses. The following results were obtained for
      compositions of the present invention.
TBL  __________________________________________________________________________
                                 Increase in                                   
                                 M.S.T.* in days                               
     Compound            Dose (mg/kg)                                          
                                 (cured/treated)                               
     __________________________________________________________________________
     [2,6-Diamino-5-(P-Chlorophenyl)-4-                                        
                         40      3.7                                           
      Pyrimidinyl]Methyl Ketone                                                
                         80      7.9                                           
      Diethyl Acetal     160     (1/5)                                         
                         320     (2/5)                                         
                         640     (5/5)                                         
     [2,6-Diamino-5-(P-Chlorophenyl)-4-                                        
                         80      5.9                                           
      Pyrimidinyl]Methyl Ketone                                                
                         320     (2/5)                                         
                         640     toxic                                         
     (.+-.)-2,6-Diamino-5-(P-Chlorophenyl)-                                    
                         80      4.9                                           
     Methyl-4-Pyrimidinemethanol                                               
                         160     9.6                                           
                         320     10.9                                          
                         640     (1/5)                                         
     [2,6-Diamino-5-(P-Chlorophenyl)-4-                                        
                         40      4.5                                           
      Pyrimidinyl]Methyl Ketone                                                
                         80      7.3                                           
      Dimethyl Acetal    160     9.7                                           
                         640     (2/5)                                         
     (-)-2,6-Diamino-5-(P-Chlorophenyl)-                                       
                         40      3.9                                           
     Methyl-4-Pyrimidinemethanol,                                              
                         80      12.3                                          
      Hydrochloride, Hemihydrate                                               
                         160     13.5                                          
                         320     (4/5)                                         
                         640     (2/5)                                         
     [2,6-Diamino-5-(P-Chlorophenyl)-4-                                        
                         40      3/8                                           
      Pyrimidinyl]Methyl Ketone                                                
                         80      11.6                                          
      Dimethylhydrazone  160     14.8                                          
                         320     (2/5)                                         
                         640     toxic                                         
     [2,6-Diamino-5-(P-Chlorophenyl)-4-                                        
                         160     8.4                                           
      Pyrimidinyl]Methyl Ketone                                                
                         320     11.4                                          
      Hydrazone          640     14.8                                          
     [2,6-Diamino-5-(P-Chlorophenyl)-                                          
                         160     3.1                                           
      4-Pyrimidinyl]-N,.alpha.-Dimethyl                                        
                         320     13.3                                          
      Nitrone            640     (2/5)                                         
     __________________________________________________________________________
      * M.S.T. (Mean Survival Time)                                            
PAR  It is well-known to those skilled in the art, that there are several
      species of plasmodia which can cause malarial infection. It will also be
      apparent that because of the variety of animals which can be infected, the
      choice of a composition and its corresponding dose necessary to treat a
      particular infection will vary.
PAR  The choice as well as any possible variation in the route of administration
      of the chosen composition will be apparent to those skilled in the art of
      pharmacology.
PAR  The instant compositions can be administered in a variety of dosage forms,
      such as tablets, capsules, suspensions or solutions.
PAR  The daily dose requirements vary with the particular compositions being
      employed, the severity of the symptoms being presented, and the animal
      being treated.
PAR  The dosage also varies with the size of the animal. With large animals
      (about 70 kg. body weight), the daily dose is from about 10 milligrams to
      about 250 milligrams, and preferably from about 100 to about 150
      milligrams. The prophylactic dose would be from about 15 to about 35
      milligrams per day or about 125 milligrams per week.
PAR  For unit dosages, the active ingredient can be compounded into any of the
      usual oral dosage forms including tablets, capsules and liquid
      preparations such as elixirs and suspensions containing various coloring,
      flavoring, stabilizing and flavor masking substances. For compounding oral
      dosage forms the active ingredient can be diluted and various tableting
      materials such as starches of various types, calcium carbonate, lactose,
      sucrose and dicalcium phosphate to simplify the tableting and capsulating
      process. A minor proportion of magnesium stearate is useful as a
      lubricant. In all cases, of course, the proportion of the active
      ingredient in said composition will be sufficient to impart anti-malarial
      activity thereto.
PAR  The best mode contemplated by the inventors of carrying out their invention
      is further set forth in the following nonlimiting examples:
PAC  EXAMPLE 1
PAC  [2,6-Diamino-5-(p-Chlorophenyl)-4-Pyrimidinyl]-Methyl Ketone, Diethyl
      Acetal
PAR  A solution of sodium (1.1 g.) in 30 ml. of ethanol together with
      p-chlorophenyl acetonitrile (7.6 g.) and diethoxy ethylpyruvate (9 g.)
      were refluxed for 4 hours. After cooling, the reaction was poured into
      ice, extracted with ether and the aqueous layer acidified with 17% HCl
      while keeping it ice cold. The acidified aqueous phase was extracted with
      chloroform 3 times, the combined extracts were dried and concentrated in
      vacuo to leave an amber oil (3.0 g.). The above oil had absorption in the
      IR spectrum at 3.05 (OH), 3.35 (CH), 4.52 (C.tbd.N), 5.75 (CO), 6.15 and
      6.70 (aromatic).
PAR  Without further purification the oil was dissolved in ether and treated
      with an excess of diazomethane, and was then left at room temperature
      overnight. Then the solvents were evaporated and the remaining oil
      (quantitative recovery), was used without further purification in the next
      reaction. The successful methylation of the enolic hydroxyl group was
      supported by the disappearance of the carbonyl absorption in the IR
      spectrum.
PAR  The above oil (1.5 g.) was dissolved in 10 ml. of ethanol and sodium (1.2
      g.) was added in 50 ml. of ethanol containing 4.5 g. of guanidine nitrate
      and the whole refluxed for two hours. After concentrating in vacuo and
      diluting with water a precipitate can be filtered, which can be
      recrystallized from chloroform-methanol to yield the title compound (0.7
      g.), m.p. 210.degree.-212.degree..
PAR  Analysis for: C.sub.16 H.sub.21 ClN.sub.4 O.sub.2 ; Calculated: C, 57.1; H,
      6.3; N, 16.7; Cl, 10.6; Found: C, 56.4; H, 6.2; N, 16.9; Cl, 10.6.
PAC  EXAMPLE 2
PAC  [2,6-Diamino-5-(p-Chlorophenyl)-4-Pyrimidinyl]-Methyl Ketone, Hydrochloride
PAR  [2,6-Diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone, diethyl acetal
      (1.0 g.) was dissolved in 50 ml. of ethanol and 5 ml. of concentrated HCl
      was added and the whole refluxed for 2 hours and then concentrated in
      vacuo to yield 700 mg. of crystalline
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl] methyl ketone,
      hydrochloride, m.p. 265.degree. decomposition.
PAR  Analysis for: C.sub.12 H.sub.11 ON.sub.4 Cl .times. HCl (299.12);
      Calculated: C, 48.2; H, 4.0; N, 18.8; Cl, 23.7; Found: C, 48.1; H, 4.0; N,
      18.8; Cl, 22.4.
PAC  EXAMPLE 3
PAC  [2,6-Diamino-5-(p-Chlorophenyl)-4-Pyrimidinyl] Methyl Ketone
PAR  A sample of [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl] methyl ketone,
      hydrochloride was dissolved in water and then precipitated with
      concentrated NH.sub.4 OH to give the title compound, m.p.
      206.degree.-208.degree..
PAR  Analysis for: C.sub.12 H.sub.11 ClN.sub.4 O (262.6); Calculated: C, 54.9;
      H, 4.2; N, 21.3; Cl, 13.5; Found: C, 54.6; H, 4.2; N, 21.6; Cl, 13.2.
PAC  EXAMPLE 4
PAC  [2,6-Diamino-5-(p-Chlorophenyl)-4-Pyrimidinyl] Methyl Ketone Dimethyl
      Acetal
PAR  Following the procedure of Example 1, but substituting diethoxy ethyl
      pyruvate by dimethoxy ethyl pyruvate
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]-methyl ketone dimethyl
      acetal is obtained, m.p. 250.degree.-255.degree..
PAR  Analysis for: C.sub.14 H.sub.17 ClN.sub.4 O.sub.2 (308.77); Calculated: C,
      54.5; H, 5.6; N, 18.2; Cl, 11.5; Found: C, 54.8; H, 5.7; N, 17.9; Cl,
      11.4.
PAC  EXAMPLE 5
PAC  (.+-.)-2,6-Diamono-5-(p-Chlorophenyl)-.alpha.-Methyl-4-Pyrimidine Methanol
PAR  2,6-Diamino-5-(p-chlorophenyl)-4-pyrimidinyl] methyl ketone (4.0 g.) was
      dissolved in 250 ml. of methanol and NaBH.sub.4 (5.0 g.) was added and the
      whole refluxed for 16 hours. After removal of the methanol, water was
      added and the insoluble parts (3.5 g.) filtered. The solids were
      recrystallized from methanol to give
      (.+-.)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine
      methanol, m.p. 159.degree./187.degree.-188.degree..
PAR  Analysis for: C.sub.12 H.sub.13 ON.sub.4 Cl (264.5); Calculated: C, 54.5;
      H, 5.0; N, 21.2; Found: C, 54.1; H, 5.0; N, 21.3.
PAC  EXAMPLE 6
PAC  (.+-.)-2,6-Diamino-5-(p-Chlorophenyl)-.alpha.-Methyl-4-Pyrimidine Methanol,
      Hydrochloride
PAR  Dissolving
      (.+-.)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine methanol
      in a sufficient amount of ether and adding an ether solution saturated
      with HCl gas, gave
      (.+-.)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine
      methanol, hydrochloride, m.p. 265.degree.-269.degree..
PAR  Analysis for: C.sub.12 H.sub.13 N.sub.4 O.HCl (301.17); Calculated: C,
      47.9; H, 4.7; N, 18.6; Cl, 23.5; Found: C, 47.2; H, 4.7; N, 18.7; Cl,
      23.8.
PAC  EXAMPLE 7
PAC  [2,6-Diamino-5-(p-Chlorophenyl)-4-Pyrimidinyl] Methyl Ketone Oxime
PAR  [2,6-Diamino-5-(p-chlorophenyl)-4-pyrimidinyl] methyl ketone (2.6 g.) was
      dissolved in 30 ml. of ethanol and hydroxylamine, hydrochloride (1.5 g.)
      and sodium acetate (2.5 g.) in 25 ml. of water was added and the mixture
      refluxed for 5 hours. After cooling a white precipitate separated; it was
      recrystallized from methanol to give 1.5 g. of the title product, m.p.
      256.degree.-259.degree..
PAR  Analysis for: C.sub.12 H.sub.12 ClN.sub.5 O (277.7); Calculated: C, 51.9;
      H, 4.4; N, 25.2; Cl, 12.8; Found; C, 51.2; H, 4.7; N, 25.0; Cl, 12.6.
PAC  EXAMPLE 8
PAC  2,6-Diamino-5-(p-Chlorophenyl)-4-Pyrimidinyl Methyl Ketone, Hydrazone
PAR  [2,6-Diamino-5-(p-chlorophenyl)-4-pyrimidinyl] methyl ketone (1.3 g.) was
      dispersed in 20 ml. of absolute ethanol and 95% hydrazine (1.2 g.)
      (previously treated with KOH pellets overnight). The reaction was refluxed
      for 3 hours after which a clear solution was obtained and then cooled to
      room temperature. The outcoming precipitate was filtered and
      recrystallized from ethanol, to give crystals of
      2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl methyl ketone, hydrazone,
      m.p. 209.degree.-213.degree..
PAR  Analysis for: C.sub.12 H.sub.13 N.sub.6 Cl (276.72); Calculated: C, 52.08;
      H, 4.73; N, 30.37; Cl, 12.81; Found: C, 52.08; H, 4.78; N, 30.39; Cl,
      12.56.
PAC  EXAMPLE 9
PAC  [2,6-Diamino-5-(p-Chlorophenyl)-4-Pyrimidinyl] Methyl Ketone,
      Dimethylhydrazone
PAR  [2,6-Diamino-5-(p-chlorophenyl)-4-pyrimidinyl] methyl ketone (2.6 g.) and
      1,1-dimethylhydrazine (2.4 g.) was dispersed in 30 ml. of absolute
      ethanol. After heating to reflux, a homogeneous solution was obtained and
      refluxing was continued for 20 hours. After cooling a precipitate was
      formed which was filtered and recrystallized from ethanol-benzene to give
      crystals of [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl] methyl ketone,
      dimethylhydrazone, m.p. 232.degree.-236.degree..
PAR  Analysis for: C.sub.14 H.sub.17 N.sub.6 Cl; Calculated: C, 55.17; H, 5.62;
      N, 25.57; Cl, 11.63; Found: C, 55.28; H, 5.80; N, 27.79; Cl, 11.62.
PAC  EXAMPLE 10
PAC  .alpha.-Methyl-.alpha.-[2,6-Diamino-5-(p-Chlorophenyl)-4-Pyrimidinyl]-N-Met
     hylnitrone
PAR  To a solution of sodium metal (0.6 g.) in absolute alcohol (20 ml.) was
      added [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl] methyl ketone (2.0
      g.) and N-methyl hydroxylamine hydrochloride (1.2 g.), and the mixture was
      refluxed together for 5 hours. After removal of ethanol, the residue was
      filtered and recrystallized from ethanol-chloroform to give
      .alpha.-methyl-.alpha.-[2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]-N-me
     thylnitrone as a white solid, m.p. 306.degree.-309.degree. (decomposition).
PAR  Analysis for: C.sub.13 H.sub.14 N.sub.5 OCl; Calculated: C, 53.52; H, 4.84;
      N, 24.01; Cl, 12.15; Found: C, 53.90; H, 4.95; N, 24.21; Cl, 11.96.
PAC  EXAMPLE 11
PAR  An agar slant of Pellicularia filamentosa f. sp. sasakii IFO 6675 was
      washed with 5 ml. of distilled water, and one third of the resulting cell
      suspension was transferred to a 250 ml. Erlenmeyer flask containing 50 ml.
      of medium composed of
     Soy Peptone T (Sheffield)                                                 
                          2 %                                                  
     Dextrose             2 %                                                  
     Distilled water      100 ml.                                              
PAR  The flask was incubated on a rotary shaker, 250 rpm., 2 inches diameter of
      rotation, at 28.degree. C. for 4 days. A five ml. mycelial transfer was
      made to a new flask containing the original medium. Following one day of
      shaking at 28.degree., five ml. of the growth mixture was removed from the
      flask, and 10 mg. of 2,6-diamino-5-(p-chlorophenyl)-6-ethylpyrimidine
      dissolved in 0.45 ml. of dimethyl sulfoxide was added to the flask.
PAR  After the mixture had incubated for two days on the shaker, a five ml.
      sample was taken and adjusted to a pH between 8.0 and 9.0 with 5 N NaOH.
      One ml. of methyl isobutyl ketone was added and the sample-solvent
      combination was equilibrated.
PAR  An aliquot of the solvent extract was spotted on a TLC plate, Brinkmann
      F-254, and the plate was developed in a solvent mixture composed of
      chloroform-acetone-ethanol (8:1:1). Examination of the plate revealed two
      u-v quenching, Dragendorff positive products, one more polar and the other
      less polar than the starting material.
PAC  EXAMPLE 12
PAR  Seven agar slants of P. filamentosa f. sp. sasakii IFO 6675 were each
      washed with 5 ml. of distilled water, and the cell suspensions were
      transferred to seven one liter flasks containing 200 ml. of the medium
      described in Example 11. The flasks were incubated on a rotary shaker, 250
      rpm., 2 inches diameter of rotation at 28.degree. C.
PAR  After three days of growth, 12% mycelial transfers were made to a 14 liter
      fermentor containing eight liters of the same medium. Agitation was set at
      200 rpm. and aeration at 0.25 liter of air per liter of volume per min.
      Following 24 hours of incubation, the mycelium was filtered off and
      suspended in pH 6.0 phosphate buffer. Six grams of
      2,4-diamino-5-(p-chlorophenyl)-6-ethylpyrimidine dissolved in 80 ml. of
      dimethyl sulfoxide (DMSO) were added to the fermentor. The agitation was
      increased to 250 rpm. and the aeration to 0.5 liter of air per liter of
      volume per min.
PAR  Forty-nine hours after addition of the antimalarial substrate, the
      fermentation, 7.8 1, was harvested. The fermentation mixture was filtered,
      and the mycelium was washed with warm water. The water wash was combined
      with the filtrate, adjusted to pH 9.5 with 5 N NaOH, and extracted four
      times with six liters of ethyl acetate. The pooled solvent extracts were
      washed with saturated NaHCO.sub.3 solution, dried over Na.sub.2 SO.sub.4
      and lowered in volume under reduced pressure before refrigeration at
      -10.degree. C. overnight. A precipitate of 2.704 g. was formed. The solid
      was added to ethyl acetate, the mixture was heated, and the undissolved
      fraction was filtered off. The remaining solution was chilled in
      dry-ice-acetone to give two crops of solid material, 1.144 g., m.p.
      187.degree.-189.degree., and 454 mg., m.p. 190.degree.-192.degree., whose
      R.sub.f s were similar to that of the more polar product noted in Example
      11.
PAR  After the two lots were combined and dissolved in ethyl acetate, the
      solution was treated with isopropanolic HCl to yield 1.375 g. of
      (-)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine-methanol
      hydrochloride, hemihydrate, m.p. 292.degree.-295.degree. C.;
      [.alpha.].sub.D.sup.24 =-13.48.degree. (C, 1.0135, ethanol). The mass
      spectrum (determined at 170.degree. C/1 .times. 10.sup..sup.-6 Torr., 70
      electron volts) exhibited m/e = 264.
PAR  Analysis for: C.sub.12 H.sub.13 ON.sub.4 . HCl . 1/2 H.sub.2 O; Calculated:
      C, 46.49; H, 4.87; N, 18.06; Found: C, 46.71; H, 4.69; N, 18.26.
PAR  A sample, with optical rotation of [.alpha.].sub.D.sup.26 =-15.09 (C, 0.95
      ETOH), was converted into the free base, m.p. 185.degree.-187.degree.,
      which then displayed an optical rotation of +5.29 (C, 1.03 DMF).
PAC  EXAMPLE 13
PAR  Solvent extracts obtained from several fermentations of
      2,4-diamino-5-(p-chlorophenyl)-6-ethylpyrimidine with P. filamentosa f.
      sp. sasakii IFO 6675 were washed with saturated NaHCO.sub.3 solution,
      lowered in volume under reduced pressure and treated with isopropanolic
      HCl. A total of 2,73 g. of mixed hydrochlorides was obtained.
PAR  The solid mixture was dissolved in ethanol, and the solvent solution was
      streaked on preparative TLC plates, Brinkmann F-254, which were developed
      in a chloroform-ethanol-acetone (8:1:1) mixture. The plates were run six
      times, and the fastest moving zone was eluted with a mixture of
      ethanol-chloroform (1:1). The extract was concentrated to dryness under
      reduced pressure and dissolved in ethyl acetate. On the addition of large
      volumes of ether, 179 mg. of
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone m.p.
      202.degree.-204.degree., was precipitated out.
PAR  The I. R. spectrum showed .lambda..sub.max.sup.KBr 5.9 (C=O); NMR
      (DMSO-D.sub.6) ppm. (.delta.) 2.30 (s, 3), 7.38 (Q, 4). The mass spectrum
      exhibited m/e=262.
PAC  EXAMPLE 14
PAR  Six agar slants of Corynespora cassiicola IMI 56007 were each washed with 5
      ml. of distilled water, and the resulting cell suspensions were
      transferred to six one liter flasks containing 200 ml. each of the soy
      peptone medium of Example 11. The flasks were shaken for 68 hours on a
      rotary shaker at 28.degree. C., after which mycelial transfers, 10%, were
      made to a 14 liter fermentor containing eight liters of the growth medium.
PAR  Following one day of incubation, agitation 150 rpm., aeration 4 liters,
      temp. 28.degree. C., the mycelium was filtered off and suspended in 8
      liters of pH 6.0 phosphate buffer. The compound
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone, 2.32 g.
      dissolved in 80 ml. of DMSO, was added to the fermentor, and the agitation
      was increased to 200 rpm. After 78 hours of incubation the mycelium was
      filtered off and washed with warm water. The water wash was combined with
      the filtrate, adjusted to pH 9.0, and extracted four times with six liters
      of ethyl acetate. The solvent extract was washed with saturated
      NaHCO.sub.3 solution and dried over Na.sub.2 SO.sub.4. It was next lowered
      in volume under reduced pressure and stored at -10.degree. C. overnight.
PAR  A precipitate of 1.23 g. of crude product was collected, dissolved in ethyl
      acetate and treated with isopropanolic HCl. A first crop of 1.16 g. of the
      hydrochloride of
      (+)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine-methanol
      was obtained, m.p. 296.degree.-298.degree.; [.alpha.].sub.D.sup.24
      -25.37.degree. (c, 1.143, ethanol); the second crop of 177 mg. had m.p.
      295.degree.-297.degree.. NMR (DMSO-D.sub.6) ppm. (.delta.) 1.22 (d,3),
      4.42 (q,1), 7.55 (q,4). The mass spectrum exhibited m/e=264.
PAR  Analysis for: C.sub.12 H.sub.13 ON.sub.4 . HCl; Calculated: C, 47.85; H,
      4.69; N, 18.6; Cl, 23.54; Found: C, 47.56; H, 4.89; N, 18.47; Cl, 23.56.
PAC  EXAMPLE 15
PAC  Bis[(-)-2,6-Diamino-5-(p-Chlorophenyl)-.alpha.-Methyl-4-Pyrimidine
      Methanol] Dibenzoyl-d-Tartrate
PAR  To (.+-.)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine
      methanol (52 g.) dissolved in hot methanol (5 liters) was added excess
      dibenzoyl-d-tartaric acid monohydrate (75 g.). The resulting solution was
      filtered and evaporated to smaller volume by boiling. Several crops of
      crystals were obtained. An extensive fractional crystallization of this
      material from methanol resulted in the isolation of
      bis[(-)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine
      methanol]dibenzoyl-d-tartrate (234.degree.-236.degree. dec.) (yield 18 g.)
      having [.alpha.].sub.D.sup.25 -33.18.degree. (c, 1.030 DMF).
PAR  Analysis for: C.sub.42 H.sub.40 Cl.sub.2 N.sub.8 O.sub.10 ; Calculated: C,
      56.83; H, 4.54; Cl, 7.99; N, 12.62; Found: C, 56.76; H, 4.58; Cl, 7.99; N,
      12.46.
PAC  EXAMPLE 16
PAC  (-)-2,6-Diamino-5-(p-Chlorophenyl)-.alpha.-Methyl-4-Pyrimidine Methanol
PAR  To an ice-cooled magnetically stirred suspension of
      bis-[(-)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine
      methanol] dibenzoyl-d-tartrate (10.4 g.) in a minimum volume of water was
      added dropwise excess 50% sodium hydroxide solution. After stirring a
      further half an hour, the suspension was collected and washed with water
      (yield 6.2 g.). Crystallization from methanol gave 4.8 g. of pure
      (-)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine methanol,
      m.p. 204.degree.-206.degree., [.alpha.].sub.D.sup.25 -19.32.degree. (c,
      1.014, DMF).
PAR  Analysis for: C.sub.12 H.sub.13 ClN.sub.4 O; Calculated; C, 54.45; H, 4.95;
      Cl, 13.39; N, 21.16; Found: C, 54.24; H, 4.93; Cl, 13.53; N, 21.04.
PAR  A sample of the above base [.alpha.].sub.D.sup.26 -18.60 (C, 1.00 DMF) was
      converted into its hydrochloride having a rotation of +24.86 (C, 0.99, 95%
      ETOH).
PAC  EXAMPLE 17
PAC  (+)-2,6-Diamino-5-(p-Chlorophenyl)-.alpha.-Methyl-4-Pyrimidine Methanol
PAR  From the above fractional crystallization of
      bis[(.+-.)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine
      methanol] dibenzoyl-d-tartrate, described in Example 15, was isolated 12.2
      g. of a fraction having m.p. 210.degree.-213.degree. dec. and
      [.alpha.].sub.D.sup.25 -19.24.degree. (c, 1.014, DMF).
PAR  Analysis for: C.sub.42 H.sub.40 Cl.sub.2 N.sub.8 O.sub.10 ; Calculated: C,
      56.83; H, 4.54; Cl, 7.99; N, 12.62; Found; C, 56.80; H, 4.47; Cl, 8.06; N,
      12.44.
PAR  The base was regenerated from this salt as described for
      (-)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine methanol,
      in Example 16. From 12.2 g. of the salt there was obtained 7.0 g. of crude
      product. Crystallization of this material from methanol gave 4.0 g. of
      largely racemic material having m.p. 189.degree.-191.degree..
      Concentration of the mother liquor gave 2.4 g. of the crude dextrorotamer
      having m.p. 203.degree.-206.degree.. Recrystallization from methanol gave
      pure dextrorotamer, m.p. 204.degree.-206.degree. [.alpha.].sub.D.sup.25 +
      16.50 (c, 1.036 DMF).
PAR  Analysis for: C.sub.12 H.sub.13 ClN.sub.4 O; Calculated: C, 54.45; H, 4.95;
      Cl, 13.39; N, 21.16; Found: C, 54.32; H, 4.71; Cl, 13.23; N, 21.02.
PAR  In preliminary experiments it was established that a good correlation
      existed between the optical purity and the melting point of both
      enantiomers of 2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine
      methanol. Thus fractional crystallization of this compound from methanol
      as described, for example, in the isolation of the dextrorotamer, did
      provide reasonable evidence that complete resolution had been achieved.
PAR  The subject matter which the applicants regard as their invention is
      particularly pointed out and distinctly claimed as follows:
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC5##
PAL  wherein R is phenyl, 3-chlorophenyl, 4-chlorophenyl, or 3,4-dichlorophenyl,
      X is C(OCH.sub.3).sub.2, C(OC.sub.2 H.sub.5).sub.2, C=O, C=N--OH,
      C=N--NH.sub.2, C=N--N(CH.sub.3).sub.2, CHOH, or
      ##EQU6##
      R.sup.1 is alkyl of from 1 to 6 carbon atoms; and their pharmacologically
      acceptable acid addition salts.
NUM  2.
PAR  2. A compound according to claim 1 of the formula:
      ##SPC6##
PAL  wherein X is C(OCH.sub.3).sub.2, C(OC.sub.2 H.sub.5).sub.2, C=O, C=N--OH,
      C=N--NH.sub.2, C=N--N(CH.sub.3).sub.2, CHOH, or
      ##EQU7##
      and the pharmacologically acceptable acid addition salts thereof.
NUM  3.
PAR  3. The compound of claim 2,
      (.+-.)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine
      methanol.
NUM  4.
PAR  4. The compound of claim 2,
      (+)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine methanol.
NUM  5.
PAR  5. The compound of claim 2,
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone.
NUM  6.
PAR  6. The compound of claim 2,
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone, diethyl
      acetal.
NUM  7.
PAR  7. The compound of claim 2,
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone, dimethyl
      acetal.
NUM  8.
PAR  8. The compound of claim 2,
      (-)-2,6-diamino-5-(p-chlorophenyl)-.alpha.-methyl-4-pyrimidine methanol,
      hydrochloride, hemihydrate.
NUM  9.
PAR  9. The compound of claim 2,
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone,
      dimethylhydrazone.
NUM  10.
PAR  10. The compound of claim 2,
      [2,6-diamino-5-(p-chlorophenyl)-4-pyrimidinyl]methyl ketone oxime.
PATN
WKU  039403947
SRC  5
APN  4093461
APT  1
ART  125
APD  19731024
TTL  2-PYRIMIDINYLTHIO)ALKANOIC ACIDS, ESTERS, AMIDES AND HYDRAZIDES
ISD  19760224
NCL  3
ECL  1
EXA  Schenkman; Leonard
EXP  Meyers; Albert T.
INVT
NAM  Santilli; Arthur A.
CTY  Havertown
STA  PA
INVT
NAM  Scotese; Anthony C.
CTY  King of Prussia
STA  PA
INVT
NAM  Tomarelli; Rudolph M.
CTY  Phoenixville
STA  PA
RLAP
COD  74
APN  240266
APD  19720331
PSC  01
PNO  3814761
CLAS
OCL  2602565R
XCL  424251
ICL  C07d 5140
FSC  260
FSS  256.5 R
UREF
PNO  2347992
ISD  19440500
NAM  D'Alelio et al.
OCL  260256.5R
UREF
PNO  2352945
ISD  19440700
NAM  D'Alelio et al.
OCL  260256.5R
UREF
PNO  2621182
ISD  19521200
NAM  Hitchings et al.
OCL  260256.5R
UREF
PNO  2819965
ISD  19580100
NAM  Murray et al.
OCL  260256.5R
LREP
FR2  Jackson; Richard K.
ABST
PAL  (2-Pyrimidinylthio)alkanoic acid, esters, amides and hydrazides as well as
      various 4- and 6-substituted derivatives thereof as depicted by the
      structural formula:
      ##SPC1##
PAL  In which R and R.sup.2 are independently --H or lower alkyl; R.sup.1 is
      --H, -halo or lower alkoxy; Z is --OH, OM, lower alkoxy or --(NH).sub.1
      --NH.sub.2, wherein p is 0 to 1 and M is an alkali metal, alkaline earth
      metal or ammonium cation; Y is an aryl, amino or substituted amino
      radical; and m is an integer from 0 to 2, exhibit anti-lipemic activity in
      warm-blooded animals.
PARN
PAR  This is a division of application Ser. No. 240,266, filed Mar. 31, 1972,
      now U.S. Pat. No. 3,814,761.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Anti-lipemic agents in current use include such diverse compounds as ethyl
      p-chlorophenoxyisobutyrate (clofibrate), ricotinic acid, thyroxine,
      certain estrogens and the bis(p-chlorophenyl)-acetal of
      1-methyl-4-piperidyl glyoxylate.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, there is provided certain novel
      anti-lipemic agents presenting the (2-pyrimidinylthio)alkanoic acid,
      ester, amide and hydrazide structure, methods for their preparation,
      pharmaceutical compositions for their administration and methods for their
      administration to reduce the cholesterol and/or triglyceride content of
      blood serum.
PAR  The compounds of this invention reduce the concentration of triglycerides
      in blood serum in normal rats, whereas the concentration of triglycerides
      and cholesterol are reduced in rats on a hypercholesterolemic diet. Thus,
      the mechanism of action of the compounds of this invention appears to
      differ from that of the clofibrate type anticholesterolemic agents, which
      tend to produce a hypocholesterolemic state in normal and
      hypercholesterolemic blood.
PAR  The (2-pyrimidinylthio)alkanoic acids, esters, amides and hydrazides of
      this invention may be depicted by the structural formula:
      ##SPC2##
PAL  In which
PA1  R and R.sup.2 are members independently selected from the group consisting
      of hydrogen and lower alkyl radicals;
PA1  R.sup.1 is a member selected from the group consisting of hydrogen, halo
      and lower alkoxy radicals;
PA1  Z is a member selected from the group consisting of hydroxy, lower alkoxy,
      --OM and
PA1  --(NH).sub.p --NH.sub.2 radicals,
PA1  Wherein p is 0 or 1, and M is an alkali metal cation, an alkaline earth
      metal cation or the ammonium ion;
PA1  Y is a member selected from the group consisting of an aryl radical of 6 to
      10 carbon atoms;
      ##SPC3##
PA1  R.sup.3 is a hydrogen or lower alkyl radical,
PA1  R.sup.4 is hydrogen, H.sub.2 N--,
      ##SPC4##
PA1  phenyl, (lower)alkoxyphenyl, or di(lower)alkoxyphenyl, providing that when
      R.sup.3 is hydrogen and R.sup.4 is hydrogen, phenyl, (lower)alkoxyphenyl
      or di(lower)alkoxyphenyl, R.sup.1 is halo or lower alkoxy
PA1  R.sup.5 is a member selected from the group consisting of a lower alkyl
      radical, a halo radical, an aryl radical of 6 to 10 carbon atoms and a
      haloaryl radical of 6 to 10 carbon atoms,
PA1  R.sup.6 is a member selected from the group consisting of hydrogen, lower
      alkyl, lower alkoxy and halo radicals,
PA1  R.sup.7 is a member selected from the group consisting of hydrogen and
      lower alkyl radicals, and
PA1  X is a member selected from the group consisting of
      ##SPC5##
PA1  wherein
PA1  R.sup.8 is hydrogen or lower alkyl,
PA1  R.sup.9 is hydrogen or lower alkyl, and
PA1  n is an integer from 0 to 3.
PAR  By the expression "lower," used to modify the terms alkyl and alkoxy,
      applicants mean to limit the aliphatic chain length of those monovalent,
      branched and unbranched groups of paraffinic derivation to from 1 to about
      6 carbon atoms. By the term "halo" applicants mean to embrace the halogens
      chlorine, fluorine, iodine and bromine.
PAR  The anti-lipemic compounds of this invention may be readily prepared from
      (4,6-dichloro-2-pyrimidinylthio)alkanoic acid intermediates which
      themselves are obtained, for example, by converting 2-thiobarbituric acid
      to the (4,6-dihydroxy-2-pyrimidinylthio)alkanoic acid ester by reaction
      with an alpha-halo(lower)alkanoic acid ester and subsequently displacing
      the 4- and 6- positioned hydroxyl groups with chlorine by reaction with an
      agent such as POCl.sub.3, PCl.sub.5, and the like. Thus,
      ##SPC6##
PAR  Various modifications of the 4,6-halo groups may be accomplished by
      substitution and displacement reactions. Thus, reactions of the
      (4,6-dichloro-2-pyrimidinylthio)alkanoic acid esters with primary amines
      yields the corresponding 4- or 6-amino derivative, reaction with hydrazine
      affords the 4- or 6-hydrazino derivative which readily converted to a
      hydrazone by reaction with an aldehyde or a carbonhydrazide by reaction
      with a carboxylic acid halide. An aryl group is positioned directly on the
      4- or 6-position of the pyrimidine nucleus, if desired, by employing
      6-phenyl-2-thiouracil as the initial reactant in lieu of a thio-barbituric
      acid. From the intermediate mono-chloro-4 or
      6-substituted-2-pyrimidinylthio acetic acid ester, modification of the
      carboxylic acid functional group is readily achieved by
      transesterification, saponification and hydrolysis as well as by amidation
      of the free carboxyl group or the corresponding acid halide.
      ##SPC7##
PAR  The anti-lipemic activity of the compounds of this invention was
      established by orally administering the compounds being tested to each
      member of a group of young male rats which had been fed a
      hypercholesterolemic diet for three weeks and grouped, based upon their
      equal average serum cholesterol concentration determined on 0.01
      milliliters of serum separated from tail blood collected in a capillary
      tube. The compounds tested were administered orally once or twice a day
      for three consecutive days. The serum cholesterol was determined on the
      fourth day and compared to the average of the group of untreated rays. The
      potency of the test compound is expressed as the percent activity of
      concomitantly run tests employing Atromid S (clofibrate) as the standard.
      The test procedure was repeated with normal chow-fed rats to determine the
      hypolipemic effect in the normal host.
PAR  The hypolipemic agents of this invention are effectively administrable
      orally or parenterally. The amount of the active compound needed to reduce
      the fat content of the blood to the desired level varies with the mode of
      administration to a certain extent as well as the condition of the
      individual under treatment with regard to age, fat concentration in the
      blood and depots, diet, transference factors of the gut and interstitial
      tissues and contributing factors such as the presence of hyperthyroidism,
      diabetes, cirrhosis of the liver or spleen, pancreatitis, etc.
PAR  In practice, the compounds are administered to one suffering from
      hyperlipemia in unit doses containing from 0.05 to 25 milligrams of active
      ingredient, the remainder of the formulation constituting known adjuvants.
      In human treatment, from 1 to 10 milligram and conventionally 5 milligram
      doses of the active compounds of this invention are considered to be most
      desirable from the standpoint of uniform presentation for controlled
      administration. The compounds of the invention may be administered alone
      or in combination with pharmacologically acceptable carriers, the
      proportion of which is determined by the chosen route of administration
      and standard pharmaceutical practice. For example, they may be
      administered orally in tablet or capsule form with conventional flavors,
      diluents, lubricants, disintegrators or binding agents as may be required.
      They may be administered orally in the form of a solution or they may be
      injected parenterally. For parenteral administration they may be used in
      the form of a sterile solution containing other solutes, for example,
      enough saline or glucose to make the solution isotonic.
PAR  A suitable tablet formulation is as follows:
TBL  [4-Chloro-6-(2,3-xylindino)-2-pyrimidinylthiol                            
     acetamide                   .05 mg                                        
     microcrystallire Cellulose, N.F.                                          
                                 .20 mg                                        
     Magnesium Stearate, U.S.P.  25.00 mg                                      
     Lactose, U.S.P.             74.75 mg                                      
                  Total Weight   100 mg                                        
PAR  A suitable formulation for parenteral administration is as follows:
TBL  Sodium[4-Chloro-6-(2,3-xylidino)-2-                                       
     pyrimidinylthio]acetate  5 mg                                             
     Vehicle: sterile water, containing benzyl                                 
     alcohol (1 percent) and sodium acetate-                                   
     acetic acid buffer 0.6%  5 ml.                                            
PAR  The compounds of this invention which exhibit markedly superior
      anti-lipemic activity when compared to the standard Atromid S in the test
      procedure, are those compounds of the formula:
      ##SPC8##
PAL  in which
PA1  R.sup.1 is a member selected from the group consisting of hydrogen and
      chloro radicals;
PA1  R, r.sup.2 and R.sup.7 are members independently selected from the group
      consisting of hydrogen and lower alkyl radicals;
PA1  R.sup.5 is selected from the group consisting of lower alkyl; lower alkoxy,
      aryl of 6 to 10 carbon atoms, haloaryl of 6 to 10 carbon atoms and halo
      radicals;
PA1  R.sup.6 is selected from the group consisting of --H, lower alkyl, halo and
      lower alkoxy radicals;
PA1  X is selected from the group consisting of
      ##SPC9##
PA1  wherein R.sup.8 and R.sup.9 are independently --H or lower alkyl and n is
      an integer from 0 to 3, providing that when n is 0 and R.sup.5 is lower
      alkoxy, R.sup.6 is lower alkyl, lower alkoxy or halo; and
PA1  Z is selected from the group consisting of --OH, OM, lower alkoxy
PA1  and --(NH).sub.p --NH.sub.2, in which p is an integer from 0 to 1  and M is
      an alkali metal, alkaline earth metal or ammonium cation.
PAR  Of these compounds those exhibiting the greatest activity are the
      [4-chloro-6-arylamino-2-pyrimidinylthio] acetic acid, alkali metal salt,
      amide, hydrazide and lower alkyl ester in which the aryl group contains
      from 7 to 12 carbon atoms, and the 6-parachlorophenylamino and
      6-para-chlorobenzylamino analogues thereof.
PAR  The compounds embraced by the above structural formula exhibit
      antihypercholesterolemic activity from 2 to 26 times in excess of that
      exhibited by Atomid S brand of clofibrate in concomitantly run studies on
      groups of young male rats which had been previously fed a
      hypercholesterolemic diet. The antilipemic activity of the compounds of
      this invention was established by the determination of a quantitative
      reduction of serum cholesterol concentration determined on the fourth day
      after oral administration of the active compounds once or twice a day for
      three days to the rats grouped on the basis of equal average serum
      cholesterol.
PAR  The compounds of this invention which exhibit positive
      antihypercholesterolemic activity to a degree equal to or below that of
      the standard clofibrate employed in the test procedures (Atromid S) may be
      represented by the formula:
      ##SPC10##
PAL  in which
PA1  A is a member selected from the group consisting of aryl of 6 to 10 carbon
      atoms and
      ##SPC11##
PA1  wherein R.sup.9 is --H or lower alkyl and R.sup.10 is hydrogen, H.sub.2
      N--,
      ##SPC12##
PA1  R is selected from the group consisting of --H and lower alkyl;
PA1  R.sup.2 is selected from the group consisting of --H and lower alkyl;
PA1  R.sup.1 is selected from the group consisting --H, chloro and lower alkoxy
      radicals, with the proviso that when A is the amino or phenylamino group
      R.sup.1 is chloro or lower alkoxy; and
PA1  Z is selected from the group consisting of --NHNH.sub.2, lower alkoxy, --OH
      and OM, wherein M is an alkali metal, alkaline earth metal or ammonium
      cation.
PAR  The following Examples are presented to illustrate the procedure employed
      to produce the compounds of this invention and are not to be construed in
      themselves as limitations upon the true scope of the subject matter
      applicants regard as their invention.
DETD
PAC  EXAMPLE I
PAC  (4,6-Dichloro-2-pyrimidinylthio)acetic acid, ethyl ester
PAR  To a solution of 8.4 g (0.1 mole) of sodium bicarbonate in 500 ml. of water
      was added with stirring 14.4 g (0.1 mole) of 2-thiobarbituric acid. Ethyl
      bromoacetate (16.7 g, 0.1 mole) was then added with enough ethanol to make
      a clear solution. Within one-half hour a precipitate was formed. Stirring
      was continued for 2 hr. at room temperature. The precipitate amounted to
      20.2 g. Recrystallization from ethanol gave the analytical sample mp.
      194.degree.-197.degree.C., of (4,6 -Dihydroxy-2-pyrimidinylthio)acetic
      acid, ethyl ester.
PA1  Anal. Calcd for C.sub.8 H.sub.10 N.sub.2 O.sub.4 S: C, 41.73; H, 4.38; N,
      12.15.
PA1  Found: C, 41.75; H, 4.46; N, 12.27.
PAR  To a mixture of 73.6 g of (4.6-dihydroxy-2-pyrimidinylthio)acetic acid,
      ethyl ester in 500 ml. of phosphorus oxychloride was slowly added 47.7 g
      of N,N-diethylaniline. After the heat generated by this addition had
      abated the reaction mixture was heated under reflux for 5 hr. The
      phosphorus oxychloride was removed in a rotary evaporator and the residue
      was poured onto 2-liters of ice water. The reaction mixture was allowed to
      stand for 3 days and was filtered. The filter cake was recrystallized from
      petroleum ether giving 61.0 g of product. Recrystallization a second time
      from petroleum ether gave an analytical sample; mp.
      61.degree.-62.degree.C., of the title compound.
PA1  Anal. Calcd for C.sub.8 H.sub.8 Cl.sub.2 N.sub.2 O.sub.2 S: C, 35.97; H,
      3.02; N, 10.48.
PA1  Found: C, 35.95; H, 3.00; N, 10.30.
PAC  EXAMPLE 2
PAC  (4-Amino-6-chloro-2-pyrimidinylthio)acetic acid ethyl ester
PAR  A mixture of 10.7 g of (4,6-dichloro-2-pyrimidinylthio) acetic acid, ethyl
      ester and 4.2 g of sodium carbonate in 150 ml. of saturated ethanolic
      ammonia solution was stirred at room temperature for 1 week. The reaction
      mixture was filtered and petroleum ether was added to the filtrate until a
      precipitate was formed. The precipitate was recrystallized from petroleum
      ether-ethanol to give 1.2 g of product, mp. 113.degree.-116.degree.C.
PA1  Anal. Calcd for
PAR  C.sub.8 H.sub.10 N.sub.3 O.sub.2 SCl: C, 38.78; H, 3.07; N, 16.96; Cl,
      14.50.
PA1  Found: C, 38.96; H, 4.09; N, 17.16; Cl, 14.57.
PAC  EXAMPLE 3
PAC  (4-Anilino-6-chloro-2-pyrimidinylthio)acetic acid ethyl ester
PAR  A stirred mixture of 8.0 g of (4.6-dichloro-2-pyrimidinylthio)acetic acid
      ethyl ester, 2.8 g of aniline and 3.2 g of sodium carbonate in 100 ml. of
      ethanol was heated under reflux for 5 hr. The reaction mixture was
      filtered and water was added to the filtrate to start precipitation. The
      crude product was recrystallized from 95% ethanol to afford 6.7 g of
      product, mp. 109.degree.-114.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.14 N.sub.3 ClSO.sub.2 : C, 51.93; H, 4.36;
      N, 12.98.
PA1  Found: C, 51.69; H, 4.15; N, 13.27.
PAC  EXAMPLE 4
PAC  (4-Chloro-6-(p-chloroanilino)-2-pyrimidinylthio)acetic acid ethyl ester
PAR  A stirred mixture of 8.0 g of (4,6-dichloro-2-pyrimidinylthio)acetic acid
      ethyl ester, 3.8 g of p-chloroaniline and 3.2 g of sodium carbonate in 100
      ml. of ethanol was heated under reflux for 5 hr. The reaction mixture was
      filtered and water was added to the filtrate until precipitation resulted.
      Recrystallization of this material from 95% ethanol afforded 3.0 g of
      product, mp. 109.degree.-112.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.13 N.sub.3 SO.sub.2 CL.sub.2 : C, 46.94; H,
      3.66; N, 11.73.
PA1  Found: C, 46.65; H, 3.77; N, 11.75.
PAC  EXAMPLE 5
PAC  [4-Chloro-6-(p-fluoroanilino)-2-pyrimidinylthio]acetic acid ethyl ester
PAR  A stirred mixture of 10.7 g of (4,6-dichloro-2-pyrimidinylthio)acetic acid
      ethyl ester, 4.4 g of p-fluoroaniline and 4.2 g of sodium carbonate was
      heated under reflux for 6 hr. and filtered. Water was added to the
      filtrate to the precipitation point. The precipitate was removed by
      filtration and recrystallized from 95% ethanol to afford 4.1 g of product;
      mp. 97.degree.-102.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.13 N.sub.3 ClFSO.sub.2 : C, 49.19: H, 3.83;
      N, 12.29.
PA1  Found: C, 48.92; H, 4.00; N, 12.39.
PAC  EXAMPLE 6
PAC  [4-Chloro-6-(.alpha.,.alpha.,.alpha.-trifluoro-m-toludino)-2-pyrimidinylthi
     o]acetic acid ethyl ester
PAR  A mixture of 5.2 g of 3-amino benzotrifluoride, 8.5 g of
      (4,6-dichloro-2-pyrimidinylthio)acetic acid ethyl ester, 3.4 g of sodium
      carbonate and 100 ml of ethanol were heated to 135.degree.C. for 5 hr. in
      an autoclave. The reaction mixture was cooled in ice and filtered. Water
      was added to the filtrate to start precipitation. The solid was collected
      and recrystallized from 95% ethanol giving 3.3 g of product, mp.
      110.degree.-114.degree.C.
PA1  Anal. Calcd for C.sub.15 H.sub.13 N.sub.3 ClF.sub.3 O.sub.2 S: C, 45.98: H,
      3.34; N, 10.72.
PA1  Found: C, 45.90; H, 3.22; N, 10.64.
PAC  EXAMPLE 7
PAC  [4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio]acetic acid ethyl ester
PAR  A stirred mixture of 2.7 g of (4.6-dichloro-2-pyrimidinylthio)acetic acid,
      ethyl ester, 1.2 g of 2,3-dimethylaniline and 1.06 g of anhydrous sodium
      carbonate in 20 ml. of ethanol was heated under reflux for 4 hr. The
      mixture was filtered and water added to the filtrate until a precipitate
      appeared. The solid was recrystallized from 95% ethanol to a mp. of
      88.degree.-93.degree.C.
PA1  Anal. Calcd for C.sub.16 H.sub.18 N.sub.3 O.sub.2 ClS: C, 54.62: H, 5.15;
      N, 11.94.
PA1  Found: C, 54.80; H, 5.08; N, 12.00.
PAC  EXAMPLE 8
PAC  [4-Chloro-6-(2,4,6-trimethylanilino)-2-pyrimidinylthio] acetic acid ethyl
      ester
PAR  A mixture of 5.3 g of (4,6-dichloro-2-pyrimidinylthio) acetic acid ethyl
      ester, 2.7 g of 2,4,6-trimethylaniline and 2.1 g of sodium carbonate in 50
      ml. of ethanol was heated in an autoclave to 200.degree.C. for 5 hr. The
      reaction mixture was filtered and water was added to initiate
      precipitation. The precipitate was removed by filtration and
      recrystallized from 95% ethanol to afford 3.2 g of product, mp.
      100-103.degree.C.
PA1  Anal. Calcd for C.sub.17 H.sub.20 N.sub.3 ClSO.sub.2 : C, 55.80; H, 5.51;
      N, 11.48.
PA1  Found: C, 55.57; H, 5.38; N, 11.21.
PAC  EXAMPLE 9
PAC  [4-Chloro-6-(p-methoxyanilino)-2-pyrimidinylthio]acetic acid ethyl ester
PAR  A stirred mixture of 5.2 g of (4,6-dichloro-2-pyrimidinylthio)acetic acid
      ethyl ester, 2.4 g of p-anisidine and 2.1 g of sodium carbonate in 100 ml.
      of ethanol was heated under reflux for 6 hr. The reaction mixture was
      filtered and the filtrate cooled in ice. A crystalline material was
      deposited which was purified by recrystallization from ethanol. There was
      obtained 4.5 g of product, mp. 96.degree.-97.5.degree.C.
PA1  Anal. Calcd for C.sub.15 H.sub.16 N.sub.3 ClSO.sub.3 : C, 50.92; H, 4.56;
      N, 11.87.
PA1  Found: C, 51.16; H, 4.77; N, 12.00.
PAC  EXAMPLE 10
PAC  [4-(4-Biphenylylamino)-6-chloro-2-pyrimidinylthio]acetic acid ethyl ester
PAR  A stirred mixture of 5.3 g of (4,6-dichloro-2-pyrimidinylthio)acetic acid
      ethyl ester, 3.4 g of 4-aminobiphenyl and 2.1 g of sodium carbonate in 100
      ml. of ethanol was heated under reflux for 5 hr. The reaction mixture was
      filtered and water was added to the filtrate to initiate precipitation.
      The precipitate was recrystallized from ethanol to give 3.1 g of product,
      mp. 110.degree.-112.degree.C..
PA1  Anal. Calcd for C.sub.20 H.sub.18 N.sub.3 ClSO.sub.2 : C, 58.83; H, 4.68;
      N, 10.83.
PA1  Found: C, 58.72; H, 4.60; N, 10.71
PAC  EXAMPLE 11
PAC  (4-Chloro-6-[4-(p-chlorphenyl)-1-piperazinyl]-2-pyrimidinylthio)acetic acid
      ethyl ester
PAR  A mixture of 5.3 g of (4,6-dichloro-2-pyrimidinylthio) acetic acid ethyl
      ester, 3.9 g of N-(p-chlorophenyl)piperazine and 2.1 g of sodium carbonate
      in 120 ml. of ethanol was warmed on a steam bath for 10 minutes. The
      reaction mixture was filtered and the filtrate was diluted with water in
      order to cause precipitation. The precipitate was recrystallized from
      ethanol to afford 5.3 g of product, mp. 117.degree.-120.degree.C.
PA1  Anal. Calcd for C.sub.18 H.sub.20 N.sub.4 SCl.sub.2 O.sub.2 : C, 50.59; H,
      4.72; N, 13.11.
PA1  Found: C, 50,96; H, 4.99; N, 13.17.
PAC  EXAMPLE 12
PAC  [4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio]acetic acid
PAR  A mixture of 21.4 g of (4,6-dichloro-2-pyrimidinylthio) acetic acid ethyl
      ester, 9.7 g of 2,3-dimethylaniline, 8.5 g of anhydrous sodium carbonate
      in 200 ml. of ethanol was heated under reflux with stirring for 4 hr. The
      mixture was filtered and water was added to the filtrate until
      precipitation occurred. This material was removed by filtration and
      amounted to 7.0 g. This material was treated with boiling 30% sodium
      hydroxide solution (30 ml.) and sufficient ethanol to obtain a clear
      solution. After cooling in ice the material was acidified with 30%
      hydrochloric acid solution. The resulting product was then recrystallized
      from ethanol giving 4.3 g of product, mp. 146.degree.-151.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.14 N.sub.3 ClO.sub.2 S: C, 51.93; H, 4.36;
      N, 12.98.
PA1  Found: C, 51.65; H, 4.31; N, 13.18.
PAC  EXAMPLE 13
PAC  [4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio]acetamide
PAR  5.0 g of [4-chloro-6-(2,3-xylidino)-2-pyrimidinylthio] acetic acid, ethyl
      ester was added to 40 ml of concentrated ammonium hydroxide. Ethanol (40
      ml) was then added and the reaction mixture was boiled to give a clear
      solution. This solution then stood at room temperature for three days. The
      precipitate thus formed was collected and recrystallized from ethanol
      giving 3.0 g of product, mp. 188.degree.-191.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.15 N.sub.4 OClS: C, 52.09; H, 4.68; N,
      17.36.
PA1  Found: C, 51.77; H, 4.89; N, 17.18.
PAC  EXAMPLE 14
PAC  [4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio]acetic acid hydrazide
PAR  A mixture of 5.0 g of [4-chloro-6-(2,3-xylidino)-2-pyrimidinylthio]acetic
      acid ethyl ester and 5.0 g of hydrazine hydrate (98%) in 40 ml. of ethanol
      was allowed to stand overnight at room temperature. Water was added to the
      mixture until a precipitate appeared. This material was recrystallized
      from ethanol affording 4.8 g of product, mp. 185.degree.-189.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.16 N.sub.5 OClS: C, 49.77, H, 4.77; N,
      20.73.
PA1  Found: C, 49.54; H, 5.10; N, 20.74.
PAC  EXAMPLE 15
PAC  [4-Chloro-6-(p-chlorobenzylamino)-2-pyrimidinylthio]acetic acid, ethyl
      ester
PAR  A stirred mixture of 10.63 g of p-chlorobenzylamine, 7.54 g of anhydrous
      sodium carbonate and 20.04 g of (4,6-dichloro-2-pyrimidinylthio)acetic
      acid, ethyl ester in 250 ml. of ethanol was heated under reflux for 4 hr.
      The reaction mixture was filtered and water was added to the filtrate
      until a precipitate was formed. The product amounted to 21.5 g; mp.
      82.degree.-85.degree.C. The analytical sample was obtained by
      recrystallization from benzene-petroleum ether, mp.
      82.degree.-84.5.degree.C.
PA1  Anal. Calcd for C.sub.15 H.sub.15 N.sub.3 Cl.sub.2 O.sub.2 S: C, 48.39; H,
      4.06; N, 11.29.
PA1  Found: C, 48.24; H, 4.01; N, 11.33.
PAC  EXAMPLE 16
PAC  [4-Chloro-6(p-fluorobenzylamino)-2-pyrimidinylthio]acetic acid, ethyl ester
PAR  A stirred mixture of 3.75 g of p-fluorobenzylamine, 3.18 g of anhydrous
      sodium carbonate and 8.01 g of (4,6-dichloro-2-pyrimidinylthio)acetic
      acid, ethyl ester in 150 ml of ethanol was heated under reflux for 5 hr.
      The reaction mixture was filtered and water was added to the filtrate
      until a precipitate was formed. The solid was collected and recrystallized
      from benzene-petroleum ether giving 3.6 g of product, mp.
      70.degree.-75.degree.C.
PA1  Anal. Calcd for C.sub.15 H.sub.15 N.sub.3 ClSO.sub.2 F: C, 50.63; H, 4.25;
      N, 11.81.
PA1  Found: C, 50.38; H, 4.26; N, 11.83.
PAC  EXAMPLE 17
PAC  [4-Chloro-6-(3,4-dichlorobenzylamino)-2-pyrimidinylthio] acetic acid
PAR  A stirred mixture of 8.0 g of (4,6-dichloro-2-pyrimidinylthio)acetic acid
      ethyl ester, 5.3 g of 3,4-dichlorobenzylamine and 3.2 g of sodium
      carbonate in 200 ml. of ethanol was heated under reflux for 6 hr. The
      reaction mixture was filtered and water was added to the filtrate to the
      cloudy point. The mixture was cooled in ice and the resulting precipitate
      which formed was removed by filtration and recrystallized from 70% aqueous
      ethanol. The product amounted to 4.8 g, mp. 64.degree.-69.degree.C.
PA1  Anal. Calcd for C.sub.15 H.sub.14 N.sub.3 Cl.sub.3 SO.sub.2 : C, 44.30; H,
      3.47; N, 10.33.
PA1  Found: C, 44.26; H, 3.50; N, 10.24.
PAC  EXAMPLE 18
PAC  [4-Chloro-6-(2,4-dimethoxyanilino)-2-pyrimidinylthio]acetic acid
PAR  A stirred mixture of 10.7 g of (4,6-dichloro-2-pyrimidinylthio)acetic acid
      ethyl ester, 6.1 g of 2,4-dimethoxyaniline and 4.24 g. of sodium carbonate
      in 100 ml. of ethanol was heated under reflux for 5 hr. The reaction
      mixture was filtered and the filtrate taken to dryness in a rotary
      evaporator. The residue was boiled for 3 minutes with approximately 10 ml.
      of 30% sodium hydroxide solution and a sufficient quantity of ethanol to
      obtain a clear solution. The mixture was acidified with concentrated
      hydrochloric acid solution. An oil was obtained. The supernatant liquid
      was decanted and the oil was dissolved in 30% aqueous base.
      Re-acidification with concentrated hydrochloric acid caused a precipitate
      to deposit. The material was recrystallized from ethanol-petroleum ether
      giving 3.6 g of product, mp. 130.degree.-134.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.14 N.sub.3 ClO.sub.4 S: C, 47.26; H, 3.96;
      N, 11.81.
PA1  Found: C, 47.01; H, 4.02; N, 12.02.
PAC  EXAMPLE 19
PAC  [4-Chloro-6-(2,4-dimethylbenzylamino)-2-pyrimidinylthio] acetic acid ethyl
      ester
PAR  A stirred mixture of 5.3 g of (4,6-dichloro-2-pyrimidinylthio)acetic acid
      ethyl ester, 2.7 g of 2,4-dimethylbenzylamino and 2.1 g of sodium
      carbonate in 35 ml. of ethanol was heated under reflux for 5 hr. The
      reaction mixture was filtered and the filtrate diluted with petroleum
      ether until a precipitate formed. This material was recrystallized from
      petroleum etherethanol giving 2.5 g of product, mp.
      95.degree.-98.degree.C.
PA1  Anal. Calcd for C.sub.17 H.sub.20 N.sub.3 O.sub.2 ClS: C, 55.80; H, 5.51;
      N, 11.48.
PA1  Found: C, 55.46; H, 5.22; N, 11.50.
PAC  EXAMPLE 20
PAC  [4-Chloro-6-(p-chlorophenethylamino)-2-pyrimidinylthio]acetic acid ethyl
      ester
PAR  A mixture of 10.7 g of (4,6-dichloro-2-pyrimidinylthio] acetic acid ethyl
      ester, 6.2 g of p-chlorophenethylamine, and 4.24 g of sodium carbonate in
      150 ml. of ethanol was heated under reflux for 15 minutes. The reaction
      mixture was filtered and the filtrate was cooled in ice. The crystalline
      product which was deposited was collected and recrystallized from ethanol
      giving 3.6 g of product, mp. 105.degree.-108.degree.C.
PA1  Anal. Calcd for C.sub.16 H.sub.17 N.sub.3 Cl.sub.2 O.sub.2 S: C, 49.75; H,
      4.44; N, 10.88.
PA1  Found: C, 49.81; H, 4.51; N, 10.84.
PAC  EXAMPLE 21
PAC  (4-Chloro-6[(p-chlorobenzyl)methylamino]-2-pyrimidinylthio) acetic acid
      ethyl ester
PAR  A mixture of 13.4 g of (4,6-dichloro-2-pyrimidinylthio) acetic acid ethyl
      ester, 7.8 g of N-methyl-p-chlorobenzylamine and 5.4 g of sodium carbonate
      in 100 ml. of ethanol was heated under reflux for 5 hr. The reaction
      mixture was filtered and the filtrate taken to dryness in a rotary
      evaporator. The residual oil was dissolved in a minimum quantity of
      ethanol. The addition of a few drops of water to this solution caused a
      precipitate to deposit. The precipitate was removed by filtration and
      recrystallized from ethanol affording 5.8 g of product, mp.
      68.degree.-70.degree.C.
PA1  Anal. Calcd for C.sub.16 H.sub.17 N.sub.3 Cl.sub.2 SO.sub.2 : C, 49.75; H,
      4.44; N, 10.87.
PA1  Found: C, 49.69; H, 4.61; N, 11.09.
PAC  EXAMPLE 22
PAC  [4-Chloro-6-(p-chloro-.alpha.-methylbenzylamino)-2-pyrimidinylthio] acetic
      acid
PAR  A stirred mixture of 2.7 g of (4,6-dichloro-2-pyrimidinylthio)acetic acid
      ethyl ester, 1.6 g of p-chloro-.alpha.-methylbenzylamine and 1.1 g of
      sodium carbonate in 120 ml. ethanol was heated under reflux for 2 hr. The
      reaction mixture was filtered and the filtrate taken to dryness in a
      rotary evaporator in vacuo. The residual oil was treated with 100 ml. of
      30% sodium hydroxide solution containing a few ml. of ethanol. After a few
      minutes the clear solution was acidified with concentrated hydrochloric
      acid and the mixture thus formed was extracted with ether (3 .times. 50
      ml.). The ether solution was dried over magnesium sulfate, filtered and
      the filtrate evaporated to dryness. The residue was dissolved in 50 ml. of
      benzene and petroleum ether was added until the solution became cloudy. On
      cooling in ice a precipitate was deposited. Recrystallization of this
      material from 50% aqueous ethanol afforded the product, mp.
      155.degree.-160.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.13 N.sub.3 Cl.sub.2 O.sub.2 S: C, 46.94; H,
      3.66; N, 11.73.
PA1  Found: C, 47.09; H, 3.84; N, 11.74.
PAC  EXAMPLE 23
PAC  (4-Chloro-6-[3,4-(methylenedioxy)benzylamino]-2-pyrimidinylthio)acetic acid
      ethyl ester
PAR  A stirred mixture of 5.3 g of (4,6-dichloro-2-pyrimidinylthio)acetic acid
      ethyl ester, 3.0 g of piperonylamine and 2.1 g of sodium carbonate in 100
      ml. of ethanol was heated under reflux for 5 hr. The reaction mixture was
      filtered and water was added to the filtrate to intiate precipitation. The
      precipitate was removed by filtration and recrystallized from ethanol to
      afford 5.3 g of product, mp. 75.degree.-79.degree.C.
PA1  Anal. Calcd for C.sub.16 H.sub.16 N.sub.3 O.sub.4 ClS: C, 50.33; H, 4.22;
      N, 11.00.
PA1  Found: C, 50.62; H, 4.39; N, 10.98.
PAC  EXAMPLE 24
PAC  [4-Chloro-6-(p-chlorobenzylidenehydrazino)-2-pyrimidinylthio] acetic acid
      ethyl ester
PAR  To a solution of 2.1 g of p-chlorobenzaldehyde in 25 ml. of glacial acetic
      acid was added a solution of 3.9 g of
      (4-chloro-6-hydrazino-2-pyrimidinylthio) acetic acid ethyl ester in 100
      ml. of glacial acetic acid. The reaction mixture was warmed on a steam
      bath for a few minutes and then cooled in ice. The resulting precipitate
      was collected, washed with petroleum ether and recrystallized twice from
      ethanol affording 3.6 g of product, mp. 162.degree.-165.degree.C.
PA1  Anal. Calcd for C.sub.15 H.sub.14 N.sub.4 Cl.sub.2 O.sub.2 S: C, 46.76; H,
      3.66; N, 14.54.
PA1  Found: C, 46.48; H, 3.59; N, 14.59.
PAC  EXAMPLE 25
PAC  (4-Chloro-6-[(p-fluorobenzylidene)hydrazino]-2-pyrimidinylthio]acetic acid
      ethyl ester
PAR  To a solution of 5.2 g of (4-chloro-6-hydrazino-2-pyrimidinylthio) acetic
      acid, ethyl ester in 100 ml. of glacial acetic acid was added 2.5 g of
      p-fluorobenzaldehdye. The reaction mixture was warmed for a few minutes on
      a steam bath. The resulting precipitate which formed was washed with
      petroleum ether and recrystallized from ethanol affording 2.7 g of
      product, mp. 146.degree.-149.degree.C.
PA1  Anal. Calcd for C.sub.15 H.sub.14 N.sub.4 O.sub.2 ClFS: C, 48.85; H, 3.82;
      N, 15.19.
PA1  Found: C, 48.64; H, 3.92; N, 15.22.
PAC  EXAMPLE 26
PAC  (4-Chloro-6-hydrazino-2-pyrimidinylthio)acetic acid ethyl ester,
      hydrochloride
PAR  A mixture of 8.01 g of (4,6-dichloro12-pyrimidinylthio) acetic acid ethyl
      ester, 3.18 g of anhydrous sodium carbonate and 1.5 g of 98% hydrazine
      hydrate in 150 ml. of absolute ethanol was heated with stirring under
      reflux for 20 minutes. The hot reaction mixture was filtered and the
      filtrate was cooled in ice. There was obtained 4.9 g of a precipitate.
      This material was then treated with 20 ml. of concentrated hydrochloric
      acid solution. The acid solution was diluted with water and the
      precipitate which resulted was recrystallized from ethanol-petroleum ether
      affording 4.9 g of product, mp. 208.degree.C. decomp.
PA1  Anal. Calcd for C.sub.8 H.sub.12 N.sub.4 Cl.sub.2 O.sub.2 S: C, 32.11; H,
      4.04; N, 18.73.
PA1  Found: C, 32.19; H, 4.18; N, 18.90.
PAC  EXAMPLE 27
PAC  [4-Chloro-6-(p-chlorobenzylamino)-2-pyrimidinylthio]acetic acid
PAR  [4-Chloro-6-(p-chlorobenzylamino)-2-pyrimidinylthio]acetic acid ethyl ester
      (1.4 g) was heated for 5 minutes with 30 ml. of 30% sodium hydroxide
      solution on a hot plate. The reaction mixture was then cooled and
      acidified with concentrated hydrochloric acid solution. The resulting
      precipitate was removed by filtration, washed with water and
      recrystallized from ethanol to afford 1.0 g of product, mp.
      211.degree.-213.degree.C., decomp.
PA1  Anal. Calcd for C.sub.13 H.sub.11 N.sub.3 Cl.sub.2 O.sub.2 S: C, 45.35; H,
      3.22; N, 12.21.
PA1  Found: C, 45.61; H, 3.40; N, 11.95.
PAC  EXAMPLE 28
PAC  (4-Chloro-6-(p-chlorobenzylamino)-2-pyrimidinylthio)acetic acid hydrazide
PAR  A stirred mixture of 1.1 g of
      (6-chloro-4-p-chlorobenzylamino-2pyrimidinylthio)acetic acid, ethyl ester
      0.18 g of hydrazine hydrate (98%) and 0.3 g of sodium carbonate in 15 ml.
      of ethanol was heated under reflux for 3 hr. The reaction mixture was
      filtered and the filtrate diluted with water until a precipitate appeared.
      The solid was washed with aqueous (10%) sodium carbonate then
      recrystallized from ethanol to a mp. of 178-182.degree.C.
PA1  Anal. Calcd for C.sub.13 H.sub.13 N.sub.5 OCl.sub.2 S: C, 43.58; H, 3.66;
      N, 19.55.
PA1  Found: C, 43.76; H, 3.87; N, 19.58.
PAC  EXAMPLE 29
PAC  2-(4,6-Dichloro-2-pyrimidinylthio)propionic acid ethyl ester
PAR  To a solution of 21 g of sodium bicarbonate in 500 ml. of water was added
      in portions 36 g of thiobarbituric acid. Ethanol (25ml.) was added and the
      resulting solution was heated on a steam bath. Ethyl 2-bromopropionate (45
      g) was added and the reaction mixture was heated an additional hour. The
      mixture was diluted with water and the resulting precipitate was removed
      by filtration. The precipitate was washed with ether and then
      recrystallized from ethyl acetate-petroleum ether giving 4.1 g of
      2-(4,6-dihydroxy-2-pyrimidinylthio)propionic acid ethyl ester, mp.
      164.degree.-167.degree.C. decomp.
PA1  Anal. Calcd for C.sub.9 H.sub.12 N.sub.2 O.sub.4 S: C, 44.25; H, 4.95; N,
      11.47.
PA1  Found: C, 44.24; H, 5.19; N, 11.34.
PAR  A mixture of 12.8 g of 2-(4,6-dihydroxy-2-pyrimidihylthio) propionic acid
      ethyl ester and 7.8 g of diethylaniline in 100 ml. of phosphorus
      oxychloride was heated under reflux for 6 hr.. The excess phosphorus
      oxychloride was removed in a rotary evaporatory and the residue was poured
      onto a mixture of ice and water. The mixture was extracted with ether (3
      .times. 150 ml.) and the ether phase was washed with water (100 ml.), 10%
      sodium bicarbonate (100 ml.) and again with water. The washed ether phase
      was dried over magnesium sulfate, filtered and taken to dryness. The title
      compound as a residual oil (8.2 g) was used without further purification
      in the following Example.
PAC  EXAMPLE 30
PAC  2-[4-Chloro-6-(p-chlorobenzylamino)-2-pyrimidinylthio]propionic acid
PAR  A stirred mixture of 5.6 g of 2-(4,6-dichloro-2-pyrimidinylthio) propionic
      acid ethyl ester, 2.9 g of p-chlorobenzylamine and 2.1 g of anhydrous
      sodium carbonate in 50 ml. of ethanol were heated under reflux for 6 hr.
      The reaction mixture was filtered and taken to dryness on a rotary
      evaporator. The residue was dissolved in ether and filtered free of
      insoluble material. The ether was removed on a rotary evaporator and the
      residue was treated with approximately 10 ml. of 30% sodium hydroxide
      solution to which was added enough ethanol until a clear solution was
      obtained. The reaction mixture was heated on a steam bath for a few
      minutes then acidified with concentrated hydrochloric acid solution. The
      precipitate which was formed was recrystallized from 95% ethanol affording
      5.0 g of product, mp. 133.degree.-136.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.14 N.sub.3 O.sub.2 Cl.sub.2 S: C, 46.94; H,
      3.66; N, 11.73.
PA1  Found: C, 46.79; H, 3.80; N, 11.70.
PAC  EXAMPLE 31
PAC  (4-Chloro-6-phenyl-2-pyrimidinylthio)acetic acid ethyl ester
PAR  To a stirred solution of 8.4 g of sodium bicarbonate in 450 ml. of water
      and 100 ml. of ethanol was added 20.4 g of 6-phenyl-2-thiouracil. The
      mixture was heated on a hot plate until a clear solution was obtained then
      16.7 g of ethyl bromoacetate was added. A precipitate was deposited which
      was removed by filtration and washed with water. The dried product
      amounted to 28.1 g, mp. 214.degree.-218.degree.C. decomp. The analytical
      sample of (4-hydroxy-6-phenyl-2-pyrimidinylthio)acetic acid ethyl ester
      was obtained by recrystallization from dimethyl formamide, mp.
      217.degree.-219.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.14 N.sub.2 O.sub.3 S: C, 57.92; H, 4.86; N,
      9.65.
PA1  Found: C, 58.04; H, 5.05; N, 9.79.
PAR  A solution of 18.0 g of (4-hydroxy-6-phenyl-2-pyrimidinylthio)acetic acid
      ethyl ester in 200 ml. of phosphorus oxychloride was heated under reflux
      for 17 hr. The excess phosphorus oxychloride was removed in a rotary
      evaporator. The residual oil crystallized on standing. Recrystallization
      from petroleum ether afforded 8.7 g of the title compound, mp.
      82.degree.-84.degree.C.
PA1  Anal. Calcd for C.sub.14 H.sub.13 ClN.sub.2 O.sub.2 S: C, 54.46; H, 4.24;
      N, 9.07; S, 10.38; Cl, 11.48.
PA1  Found: C, 54.17; H, 4.27; N, 9.39; S, 10.41; Cl, 11.76.
PAC  EXAMPLE 32
PAC  (4-Methoxy-6-phenyl-2-pyrimidinylthio)acetic acid
PAR  To a solution of 0.46 g of sodium metal in 50 ml. of absolute methanol was
      added 3.2 g of (4-chloro-6-phenyl-2-pyrimidinylthio)acetic acid ethyl
      ester as prepared in the preceding Example. The reaction mixture was
      heated under reflux for 3 hr. then filtered. The filtrate was taken to
      dryness in a rotary evaporator. The residue was dissolved in 30 ml. of 50%
      sodium hydroxide and the solution was diluted to 200 ml. The reaction
      mixture was allowed to stand at room temperature for 1.5 hr, cooled in ice
      and acidified with concentrated hydrochloric acid. The resulting
      precipitate was recrystallized from aqueous ethanol affording 1.4 g of
      product, mp. 157.degree.-159.degree.C.
PA1  Anal. Calcd for
PAR  C.sub.13 H.sub.12 N.sub.2 O.sub.3 S: C, 56.52; H, 4.38; N, 10.14; S, 11.58.
PA1  Found: C, 56.69; H, 4.77; N, 10.35; S, 11.76.
PAC  EXAMPLE 33
PAC  [4-(p-Chlorobenzylamino)-2-pyrimidinylthio]acetic acid ethyl ester
PAR  A stirred mixture of 32.1 g of (4-hydroxy-2-pyrimidinylthio)acetic acid,
      ethyl ester and 22.4 g of N,N-diethylaniline in 400 ml. of phosphorus
      oxychloride were heated under reflux for 5 hr. The phosphorus oxychloride
      was removed in a rotary evaporator in vacuo. The residue was poured onto
      ice and the mixture was extracted with 1 liter of ether. The ether
      solution was dried over MgSO.sub.4 and then filtered. The filtrate was
      taken to dryness in a rotary evaporator yielding 22.9 g of
      (4-chloro-2-pyrimidinylthio)acetic acid, ethyl ester (an oil). This
      material was used directly in the next step without purification.
PAR  A stirred mixture of 10.0 g of (4-chloro-2-pyrimidinylthio)acetic acid,
      ethyl ester, 6.0 g of p-chlorobenzylamine and 4.5 g of sodium carbonate in
      150 ml. of ethanol was heated under reflux for 5 hr. The reaction mixture
      was filtered and water was added to the filtrate to induce
      crystallization. After cooling in ice the precipitate was collected on a
      filter. Recrystallization from benzene-petroleum ether afforded 5.5 g of
      product, mp. 175-178.degree.C.
PA1  Anal. Calcd for C.sub.15 H.sub.16 N.sub.3 O.sub.3 ClS: C, 53.33; H, 4.77,
      N, 12.44.
PA1  Found: C, 53.31; H, 4.77; N, 12.41.
PAC  EXAMPLE 34
PAC  [4-(p-Chlorobenzyl)methylamino-2-pyrimidinylthio]acetic acid ethyl ester
PAR  A mixture of 9.2 g of (4-chloro-2-pyrimidinylthio)acetic acid ethyl ester,
      6.2 g of N-methyl-p-chlorobenzylamine and 4.2 g of sodium carbonate in 100
      ml. of ethanol was heated under reflux for 5 hr. The reaction mixture was
      filtered and the filtrate taken to dryness in a rotary evaporator in
      vacuo. The residual oil was dissolved in about 50 ml. of benzene and
      petroleum ether was added until the solution became cloudy. On cooling the
      mixture in ice a precipitate was formed. The precipitate was removed by
      filtration and recrystallized from ethanol to afford 3.8 g of product, mp.
      58.degree.-61.degree.C.
PA1  Anal. Calcd for C.sub.16 H.sub.18 N.sub.3 O.sub.2 SCl: C, 54.62; H, 5.15;
      N, 11.94.
PA1  Found: C, 54.72; H, 5.25; N, 11.94.
PAC  EXAMPLE 35
PAC  (4,6-Dichloro-5-methyl-2-pyrimidinylthio)acetic acid, ethyl ester
PAR  To a solution of 4.0 g (0.0475 mole) of sodium bicarbonate in 40 ml of
      water was added with stirring 7.5 g (0.0475 mole) of
      5-methyl-2-thiobarbituric acid. Ethyl bromoacetate (7.9 g, 0.0475 mole)
      was then added and 40 ml of ethanol to make a clear solution. After
      one-half hour a precipitate was formed. Stirring was continued for
      one-half hour at room temperature. The precipitate was collected and
      recrystallized from ethanol to give 6.3 g of
      (4,6-dihydroxy-5-methyl-2-pyrimidinylthio)acetic acid, ethyl ester mp.
      211.degree.-214.degree.C.
PA1  Anal. Calcd for C.sub.9 H.sub.12 N.sub.2 O.sub.4 S: C, 44.25: H, 4.95; N,
      11.47.
PA1  Found: C, 44.53; H, 5.01; N, 11.31.
PAR  To a mixture of 25.3 g of (4,6-dihydroxy-5-methyl-2-pyrimidinylthio)acetic
      acid, ethyl ester in 200 ml of phosphorus oxychloride was slowly added
      15.3 g of N,N-diethylaniline. The reaction mixture was heated under reflux
      for 5 hr. The phosphorus oxychloride was removed in a rotary evaporator
      and the residue was poured onto 2-liters of ice water. The precipitate was
      collected and dried. A 5.0 g portion of this solid was recrystallized from
      petroleum ether to afford 1.7 g of product, mp. 66.degree.-70.degree.C.
PA1  Anal. Calcd for C.sub.9 H.sub.10 Cl.sub.2 N.sub.2 O.sub.2 S: C, 38.44; H,
      3.58; N, 9.96.
PA1  Found: C, 38.78; H, 3.59; N, 10.02.
PAC  EXAMPLE 36
PAC  [4-Chloro-6-(p-chlorobenzylamino)-5-methyl-2-pyrimidinylthio]acetic acid,
      ethyl ester
PAR  A stirred mixture of 4.2 g of p-chlorobenzylamine, 3.18 g of sodium
      carbonate and 8.4 g of (4,6-dichloro-5-methyl-2-pyrimidinylthio)acetic
      acid, ethyl ester in 100 ml of ethanol was heated under reflux for 4 hr.
      The reaction mixture was filtered and water was added to the filtrate to
      start precipitation. The collected solid was recrystallized from
      benzenepetroleum ether to give 3.6 g of product, mp.
      114.degree.-117.degree.C.
PA1  Anal. Calcd for C.sub.16 H.sub.17 Cl.sub.2 N.sub.3 O.sub.2 S: C, 49.75; H,
      4.44; N, 10.88.
PA1  Found: C, 49.88; H, 4.41; N, 10.88.
PAC  EXAMPLE 37
PAC  (4-Chloro-6-[p-chlorobenzyl)methylamino]-5-methyl-2-pyrimidinylthio)acetic
      acid, ethyl ester
PAR  A stirred mixture of 4.65 g of N-methyl-p-chlorobenzylamine, 3.18 g of
      sodium carbonate and 8.4 g of
      (4,6-dichloro-5-methyl-2-pyrimidinylthio)acetic acid, ethyl ester in 100
      ml of ethanol was heated under reflux for 5 hr. The reaction mixture was
      filtred and water was added to the filtrate to the precipitation point.
      The precipitate was removed by filtration and recrystallized from
      benzene-petroleum ether to afford 4.1 g of product, mp.
      103.degree.-107.degree.C.
PA1  Anal. Calcd for C.sub.17 H.sub.19 N.sub.3 Cl.sub.2 O.sub.2 S: C, 51.00; H,
      4.78; N, 10.50.
PA1  Found: C, 51.26; H, 4.76; N, 10.35.
PAC  EXAMPLE 38
PAC  [4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio]acetic acid, sodium salt,
      hemihydrate
PAR  To a solution of 0.46 g of sodium in 150 ml of absolute ethanol was added
      6.46 g of [4-chloro-6-(2,3-xylidino)-2-pyrimidinylthio]acetic acid the
      mixture was stirred at room temperature for 2 hours and the ethanol was
      then removed on a rotary evaporator. The residue was triturated with
      anhydrous diethyl ether and the insoluble material was removed by
      filtration. The crude filter cake was recrystallized twice from ethyl
      acetate (petroleum ether was used to initiate precipitation) to afford 2.2
      g of product, mp. 183.degree.-186.degree.C. (decomp).
PA1  Anal. Calc'd for C.sub.14 H.sub.13 N.sub.3 O.sub.2 ClSNa.1/2H.sub.2 O: C,
      47.39; H, 3.98; N, 11.84.
PA1  Found: C, 47.64; H, 3.79; N, 11.52.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC13##
PAL  in which
PA1  R, r.sup.2, r.sup.7, r.sup.8 and R.sup.9 are independently hydrogen or
      lower alkyl;
PA1  R.sup.5 is lower alkyl, lower alkoxy, aryl of 6 to 10 carbon atoms,
      haloaryl of 6 to 10 carbon atoms or halo;
PA1  R.sup.6 is hydrogen, lower alkyl, halo or lower alkoxy;
PA1  n is one of the integers 0, 1, 2 or 3; provided that when n is 0 and
      R.sup.5 is lower alkoxy, R.sup.6 is lower alkyl, halo or lower alkoxy; and
PA1  Z is --OH, --OM, lower alkoxy or --(NH).sub.p --NH.sub.2, in which p is one
      of the integers 0 or 1 and M is an alkali metal, alkaline earth metal or
      ammonium cation.
NUM  2.
PAR  2. The compound of claim 1 which is
      [4-p-chlorobenzylamino)-2-pyrimidinylthio]acetic acid ethyl ester.
NUM  3.
PAR  3. The compound of claim 1 which is
      [4-(p-chlorobenzyl)methylamino-2-pyrimidinylthio]acetic acid ethyl ester.
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ABST
PAL  The invention is directed to 4-amino-2-phenyl-6-thiopyrimidine compounds
      having the formula
      ##SPC1##
PAL  Where R.sup.1 -R.sup.3 are as defined in the specification. The compounds
      have pharmacodynamic activity as central nervous system depressants. That
      is, they produce a calming effect in the host.
BSUM
PAR  This application is a continuation-in-part of our application Ser. No.
      854,300 filed Aug. 29, 1969 now abandoned which was in turn a division of
      our application Ser. No. 590,198 filed Oct. 28, 1966 now U.S. Pat. No.
      3,498,948 issued Mar. 3, 1970.
PAR  This invention relates to new and novel pyrimidine compounds. In
      particular, the present invention is concerned with
      4-amino-2-phenyl-6-thiopyrimidine compounds having pharmacodynamic
      activity.
PAR  The novel compound which are included within the scope of this invention
      are represented by the following formula:
      ##SPC2##
      wherein R.sup.1 is selected from the group consisting of hydrogen,
      dichloro, halogen, lower alkyl and lower alkoxy; R.sup.2 is selected from
      the group consisting of amino, morpholinoethylamino,
      morpholinopropylamino, 4-(lower)alkylpiperazino, methoxyethylamino,
      methoxypropylamino, 4-hydroxyethylpiperazino, hydroxy (lower)alkylamino,
      lower alkoxycarbonylmethylamino, lower alkanoylamino(lower)alkylamino,
      hexahydroazepinyl, di(lower) alkylamino(lower)alkylamino,
      di(lower)alkoxyethylamino, and lower alkylamino; and R.sup.3 is selected
      from the group consisting of phenyl, halophenyl, lower alkylphenyl, lower
      alkoxyphenyl, benzyl, halobenzyl, lower alkylbenzyl and lower
      alkoxybenzyl.
PAR  Specific examples of such compounds include:
      4-(4-methyl-1-piperazinyl)-2-phenyl-6-phenylthiopyrimidine;
      4-amino-6-(4-chlorophenylthio)-2-phenylpyrimidine;
      4-(4-chlorophenylthio)-6-[2-(morpholinoethyl)amino]-2-phenylpyrimidine and
      4-(4-chlorophenylthio)-6-(2-methoxyethylamino)-2-(4-tolyl)-pyrimidine.
PAR  The novel compounds of the present invention may be prepared as illustrated
      in the following reaction scheme:
      ##SPC3##
PAL  Wherein R.sub.1, R.sub.2 and R.sub.3 are defined as above. The cyclization
      reaction between the commercially available diethyl malonate and an
      appropriate benzamidine is effected by refluxing a substantially equimolar
      mixture of these reactants in a reaction-inert solvent, such as ethanol,
      in the presence of sodium metal for a period of about two to about five
      hours. After the reaction is complete, the reaction mixture is filtered,
      the filter cake dissolved in water and precipitated by acidification to
      afford a 2-phenyl-4,6-(1H,5H)-pyrimidinedione (I).
PAR  The above prepared 2-phenyl-4,6-(1H,5H)-pyrimidinedione (I) is then admixed
      with phosphoryl chloride and slowly combined with N,N-diethylaniline. The
      reaction mixture is then heated to about reflux temperatures for a period
      of about three hours. Thereafter, the resulting
      4,6-dichloro-2-phenylpyrimidine (II) is separated by conventional recovery
      procedures, e.g. concentration and recrystallization from a suitable
      solvent, such as ethanol.
PAR  The dechloroamination of a 4,6-dichloro-2-phenylpyrimidine (II) is
      performed by admixing a 4,6-dichloro-2-phenylpyrimidine with an amine and
      heating the resulting mixture until the reaction is complete. Thereafter,
      the resulting 4-amino-6-chloro-2-phenylpyrimidine (III) is obtained by
      conventional separation methods, such as, admixture with water and
      recrystallization of the resulting precipitate from an appropriate
      solvent, e.g. an alkanol, an alkane, benzenepetroleum ether mixtures and
      benzene.
PAR  The 4-amino-2-phenyl-6-thiopyrimidines (IV) of this invention are then
      prepared by the dechlorosulfonation of an appropriate
      4-amino-6-chloro-2-phenylpyrimidine (III). This reaction is effected by
      admixing a 4-amino-6-chloro-2-phenylpyrimidine (III) with an excess amount
      of benzylmercaptan or thiophenol for a period of about fifteen minutes to
      about 5 hours at about 160.degree.C. or at reflux temperatures. When the
      reaction is complete, the reaction mixture is basified by the addition of
      an alkali metal hydroxide and the 4-amino-2-phenyl-6-thiopyrimidine (IV)
      separated by routine procedures, e.g. crystallization, filtration and
      recrystallization from a suitable organic solvent, e.g. cyclohexane,
      n-heptane, benzenepetroleum ether, ethanol, methanol, ethanol-heptane, and
      dimethylformamide.
PAR  Many of the benzamidines, the 2-phenyl-4,6-(1H,5H)-pyrimidinediones (I),
      4,6-dichloro-2-phenylpyrimidines (II), and the
      6-amino-4-chloro-2-phenylpyrimidines (III) utilized in the synthesis of
      the compounds of the present invention are known compounds. Others which
      have not previously been known are prepared in accord with the aforesaid
      reaction sequence, specific illustration thereof is hereinafter given in
      the Examples.
PAR  In accord with the present invention, the new
      4-amino-2-phenyl-6-thiopyrimidines (IV) herein described have been found
      to possess interesting pharmaceutical properties which render them useful
      as synthetic medicinals. More particularly, these compounds, in standard
      pharmacological tests, have exhibited utility as central nervous system
      depressants. That is they produce a calming effect in the host.
PAR  In the pharmacological evaluation of the biological actitity of the
      compounds of this invention, the in vivo effects are tested as follows.
      The compound is administered orally or intraperitoneally to three mice (14
      to 24 grams) at each of the following doses: 400, 127, 40 and 12.7
      milligrams per kilogram of host body weight (MPK). The animals are watched
      for a minimum of two hours during which time signs of general stimulation,
      (i.e., increased spontaneous motor activity, hyperactivity on tactile
      stimulation, twitching), general depression (i.e., decreased spontaneous
      motor activity, decreased respiration), autonomic activity (i.e., miosis,
      mydriasis, diarrhea) are noted.
PAR  Many of the compounds of this invention when tested in the foregoing
      pharmacological evaluation induced central nervous system depressant
      effects at a dose of 12.7 to 400 MPK. The specific results of testing with
      individual compounds is stated below in the examples. Because the
      compounds are similar in structure, it is expected that the compounds
      which showed no activity at 400 MPK would show a central nervous system
      depressant activity at higher doses. This is expected because the
      differences between the compounds are in parts of the molecule which would
      reasonably be expected to affect the degree of activity rather that the
      presence or absence of activity. Moreover, the compounds that showed no
      central nervous system activity at a dosage of 400 MPK did show other
      activities. For instance the compound
      4-(4-methyl-1-piperazinyl)-2-phenyl-6-phenylthiopyrimidine showed
      antiamebic activity with a 64 to 76% kill in a standard pharmacological
      antiamebic evaluation. The compound
      4-(p-chlorophenylthio)-6-[(2-methoxyethyl)amino]-2-phenylpyrimidine which
      showed no central nervous system activity at a dose of 400 MPK showed an
      antagonism to reserpine ptosis when tested in a standard pharmacological
      evaluation. The compound
      4-[4-(p-chlorophenylthio)-2-phenyl-6-pyrimidinyl]-1-piperazine ethanol
      which showed no central nervous system activity at a dosage of 400 MPK
      showed anti-convulsive properties at a dosage of 127.1 MPK in a standard
      pharmacological evaluation.
PAR  When the compounds of this invention are employed as described above, they
      may be administered alone or in combination with pharmacologically
      acceptable carriers, the proportion of which is determined by the
      solubility and chemical nature of the compound, chosen route of
      administration and standard pharmacological practice. For example, they
      may be administered orally in the form of tablets or capsules containing
      such excipients as starch, milk, sugar, certain types of clay and so
      forth. They may be administered sublingually in the form of troches or
      lozenges in which the active ingredient is mixed with sugar and corn
      syrups; and then dehydrated sufficiently to make it suitable for pressing
      into a solid form. They may be administered orally in the form of
      solutions which may contain coloring and flavoring agents or they may be
      injected parenterally, that is intramuscularly, intravenously or
      subcutaneously. For parenteral administration they may be used in the form
      of a sterile solution containing other solutes, for example enough saline
      or glucose to make the solution isotonic. The dosage of the present
      therapeutic agents will vary with the form of administration and the
      particular compound chosen. Furthermore, it will vary with the particular
      subject under treatment. Generally, treatment is initiated with small
      dosages substantially less than the optimum dose of the compound.
      Thereafter, the dosage is increased by small increments until the optimum
      effect under the circumstances is reached. It will generally be found that
      when the composition is administered orally, larger quantities of the
      active agent will be required to produce the same effect as a smaller
      quantity given parenterally. In general, the compounds of this invention
      are most desirably administered at a concentration level that will
      generally afford effective results without causing any harmful or
      deleterious side effects.
PAR  In order more clearly to disclose the nature of the present invention,
      specific examples of the practice of the invention are hereinafter given.
      It should be understood, however, that this is done solely by way of
      example and is intended neither to delineate the scope of the invention
      nor limit the ambit of the appended claims. In the examples all
      temperatures are stated in degrees Centigrade, and the following
      abbreviations are used: "g." for grams, "ml." for milliliters, and "mole"
      for grams molecular weight.
DETD
PAC  EXAMPLE I
PAR  To a stirred solution of 35.8 g. of sodium metal in one liter of absolute
      ethanol, there is added 88.5 g. of m-toluamidine hydrochloride followed by
      the dropwise addition of 91.5 g. of diethyl malonate over a fifteen
      minutes period. The reaction mixture is heated under reflux for four
      hours. The solution is filtered and the filter cake dissolved in water.
      The ethanol filtrate is evaporated to dryness and the solid residue added
      to the water solution. Upon acidification of the aqueous solution to
      pH.sub.2 with concentrated hydrochloric acid, a solid separates which is
      removed by filtration. After washing this material several times with
      water, the product is recrystallized from aqueous N,N-dimethylformamide to
      afford 2-(3-tolyl)-4,6-(1H,5H)-pyrimidinedione, m.p. 247.5.degree.c.
PAR  Anal. for C.sub.8 H.sub.10 N.sub.2 O.sub.2 : Calcd. C, 65.33; H, 4.98; N,
      13.86. Found: C, 65.26; H, 5.18; N, 13.68.
PAR  To a mixture of 108 g. of the above prepared
      2-(3-tolyl)-4,6-(1H,5H)-pyrimidinedione in 700 ml. of phosphoryl chloride
      there is slowly added 80 g. of N,N-diethylaniline. The reaction mixture is
      heated with stirring under reflux for three hours, then evaporated to
      dryness in vacuo on a rotary evaporator, and ice is added to the residual
      oil. The dark brown solid which results is recrystallized from ethanol
      affording 82.3 g. of product, m.p. 76.degree.-78.degree.C., which when
      recrystallized from ethanol yields 4,6-dichloro-2-(3-tolyl)-pyrimidine,
      m.p. 80-81.degree.C.
PAR  Anal. for C.sub.11 H.sub.8 Cl.sub.2 N.sub.2 : Calcd. C, 55.24; H, 3.37; N,
      11.72; Cl, 29.6. Found: C, 55.24; H, 3.62; N, 11.57; Cl, 29.4.
PAR  Similarly, reacting p-toluamidine hydrochloride with diethyl malonate
      affords 2-(4-tolyl)-4,6-(1H,5H)-pyrimidinedione which is then reacted with
      phosphoryl chloride to produce 4,6-dichloro-2-(4-tolyl)-pyrimidine, m.p.
      84.degree.-85.degree.C.
PAR  Anal. for C.sub.11 H.sub.8 Cl.sub.2 N.sub.2 : Calcd. C, 55.24; H, 3.37; N,
      11.72; Cl, 29.6. Found: C, 55.29; H, 3.51; N, 11.44; Cl, 29.6.
PAC  EXAMPLE II
PAR  To a stirred solution of 56.4 g. of sodium metal in one liter of absolute
      ethanol there is added 156 g. of m-chlorobenzamidine hydrochloride
      followed by the dropwise addition of 144 g. of diethyl malonate over a
      fifteen minutes period. The reaction mixture is heated under reflux for
      three hours. The solution is filtered and the filter cake dissolved in
      water. The ethanol filtrate is evaporated to dryness and the solid residue
      added to the water solution. Upon acidification of the aqueous solution to
      pH.sub.2 with concentrated hydrochloric acid, a solid separates which is
      removed by filtration. After washing this material several times with
      water the product (123 g., m.p. 254.degree.-256.degree.C.) is
      recrystallized from aqueous N,N-dimethylformamide to yield
      2-(3-chlorophenyl)-4,6-(1H,5H)-pyrimidinedione, m.p.
      256.degree.-257.degree.C.
PAR  Anal. for C.sub.10 H.sub.7 N.sub.2 O.sub.2 Cl: Calcd. C, 53.95; H, 3,17; N,
      12.59; Cl, 15.93Found: C, 53.88; H, 3.18; N, 12.57; Cl, 15.65.
PAR  To a mixture of the above prepared
      2-(3-chlorophenyl)-4,6-(1H,5H)-pyrimidinedione (120.9 g.) in 500 ml. of
      phosphoryl chloride there is added slowly 161 g. of N,N-diethylaniline.
      The reaction mixture is evaporated to dryness in vacuo on a rotary
      evaporator and ice is added to the residual oil. The dark brown solid
      which results is recrystallized from ethanol affording
      4,6-dichloro-2-(3-chlorophenyl)-pyrimidine, m.p.
      118.degree.-119.5.degree.C.
PAR  Anal. for C.sub.10 H.sub.5 N.sub.2 Cl.sub.3 : Calcd. C, 46.28; H, 1,94; N,
      10.8; Cl, 40.98. Found: C, 46.30; H, 2.15; N, 10.8; Cl, 40.8.
PAR  In a similar manner, reacting p-bromobenzamidine hydrobromide with diethyl
      malonate produces 2-(4-bromophenyl)-4,6-(1H,5H)-pyrimidinedione, which is
      reacted with phosphoryl chloride to afford
      2-(4-bromophenyl)-4,6-dichloropyrimidine.
PAC  EXAMPLE III
PAR  Employing the procedure of Example II to react 97.6 g. of
      p-methoxybenzamidine hydrochloride and 92.4 g. of diethyl malonate in 1500
      ml. of absolute ethanol, in the presence of 36.2 g. of sodium metal, there
      is produced 2-(4-methoxyphenyl)-4,6-(1H,5H)-pyrimidinedione, m.p.
      299.degree.-300.degree.C. (dec.).
PAR  Anal. for C.sub.11 H.sub.10 N.sub.2 O.sub.3 : Calcd. C, 60.54; H, 4.62; N,
      12.84. Found: C, 60.83; H, 4.98; N, 12.95.
PAR  In a similar manner, the interaction of 73.1 g. of o-toluamidine
      hydrochloride with 75.5 g. of diethyl malonate in one liter of absolute
      ethanol containing 29.6 g. of sodium affords
      2-(2-tolyl)-4,6-(1H,5H)-pyrimidinedione, m.p. 319.degree.-320.degree.C.
PAR  Anal. for C.sub.11 H.sub.10 N.sub.2 O.sub.2 : Calcd. C, 65.33; H, 4.98; N,
      13.86. Found: C, 65.53; H, 5.22; N, 13.58.
PAR  A mixture of 66.5 g. of the above prepared
      2-(2-tolyl)-4,6-(1H,5H)-pyrimidinedione in 400 ml. of phosphoryl chloride
      is reacted with 49.2 g. of N,N-diethylaniline. Recrystallization of the
      product from ethanol affords 58.4 g. of
      4,6-dichloro-2-(2-tolyl)-pyrimidine, m.p. 76.5.degree.-77.degree.C.
PAC  EXAMPLE IV
PAR  3,4-Dichlorophenylamidine hydrochloride (22.5 g.) is added with stirring to
      a solution of sodium (6.9 g.) in absolute ethanol (120 ml.) followed by
      the dropwise addition of diethyl malonate (22.2 g.) over a thirty minutes
      period. The reaction mixture is heated under reflux for three hours and
      then filtered. The filter cake is dissolved in water. The ethanol filtrate
      is evaporated to dryness and the solid residue added to the water
      solution. Upon acidification of the aqueous solution of pH.sub.2 with
      concentrated hydrochloric acid, a solid precipitates which is removed by
      filtration. After washing this material with water the product (21.5 g.,
      m.p. 310.degree.-315.degree.C.) is recrystallized from
      N,N-diemthylformamide to afford
      2-(3,4-dichlorophenyl)-4,6-(1H,5H)-pyrimidinedione, m.p.
      315.degree.-317.degree.C. (dec.).
PAR  A mixture of 19.45 g. of the above prepared
      2-(3,4-dichlorophenyl)-4,6-(1H,5H)-pyrimidinedione in 70 ml. of phosphoryl
      chloride there is added 11.3 g. of N,N-diethylaniline as in Example I.
      Recrystallization of the product from n-heptane affords 19.8 g. of
      4,6-dichloro-2-(3,4-dichlorophenyl)-pyrimidine, 122.degree.-124.degree.C.
PAR  Anal. for C.sub.10 H.sub.6 N.sub.2 Cl.sub.4 : Calcd. C, 40.85; H, 1.37; N,
      9.53; Cl, 48.24. Found: C, 41.02; H, 1.38; H, 9.82; Cl, 48.2.
PAC  EXAMPLE V
PAR  To a stirred solution of 56.4 g. of sodium metal in one liter of absolute
      ethanol there is added 156 g. of p-chlorobenzamidine hydrochloride
      followed by the dropwise addition of 144 g. of diethyl malonate over a
      thirty minutes period. The reaction mixture is heated under reflux for
      five hours. The solution is filtered and the filter cake is dissolved in
      water. The ethanol filtrate is evaporated to dryness and the solid residue
      added to the water solution. Upon acidification of the aqueous solution to
      pH.sub.2 with concentrated hydrochloric acid, a solid precipitates which
      is removed by filtration. Washing this material several times with water
      affords 2-(4-chlorophenyl)-4,6-(1H,5H)-pyrimidinedione.
PAR  To a mixture of 127 g. of the above prepared
      2-(4-chlorophenyl)-4,6-(1H,5H)-pyrimidinedione in 700 ml. of phosphoryl
      chloride there is added slowly 171 g. of N,N-diethylaniline. The reaction
      mixture is heated with stirring under reflux for three hours. The reaction
      mixture is evaporated to dryness in vacuo on a rotary evaporator and ice
      is added to the residual oil. The dark brown solid which results is
      recrystallized from ethanol affording 82.4 g. of
      4,6-dichloro-2-(4-chlorophenyl)-pyrimidine, m.p. 120.degree.-121.degree.C.
PAC  EXAMPLE VI
PAR  Repeating the procedure of Examples I to IV to react an appropriate amidine
      with diethyl malonate, the following pyrimidinediones are obtained which
      are then reacted with phosphoryl chloride to form the hereinafter listed
      dichloropyrimidines:
TBL  Pyrimidinediones     Dichloropyrimidines                                  
     __________________________________________________________________________
     2-(4-ethylphenyl)-4,6-(1H,5H)-                                            
                       4,6-dichloro-2-(4-ethylphenyl)-                         
     pyrimidinedione   pyrimidine                                              
     2-(3-fluorophenyl)-4,6-(1H,5H)-                                           
                       4,6-dichloro-2-(3-fluorophenyl)-                        
     pyrimidinedione   pyrimidine                                              
     2-(4-propoxyphenyl)-4,6-                                                  
                       4,6-dichloro-2-(4-propoxyphenyl)-                       
     (1H,5H)-pyrimidinedione                                                   
                       pyrimidine                                              
     2-phenyl-4,6-(1H,5H)-                                                     
                       4,6-dichloro-2-phenylpyrimidine.                        
     pyrimidinedione.                                                          
     __________________________________________________________________________
PAC  EXAMPLE VII
PAR  Six grams of 4,6-dichloro-2-phenylpyrimidine is added in small portions to
      25 ml. of N-(.beta.-aminoethyl)-morpholine with slight warming and
      stirring. An exothermic reaction takes place during the addition. The
      resulting mixture is heated on a steam bath for several minutes and then
      poured into 500 ml. of water. The semisolid product thus obtained is
      recrystallized from benzene and petroleum ether using declorizing charcoal
      to give 5.0 g. of
      4-chloro-6-[2-(morpholino)ethylamino]-2-phenylpyrimidine, m.p.
      80.degree.-82.degree.C.
PAR  Anal. for C.sub.16 H.sub.19 N.sub.4 OCl: Calcd. C, 60.28; H, 6.01; N,
      17.58. Found: C, 60.36; H, 6.03; N, 17.87.
PAR  A well blended mixture of 2.7 g. of the above prepared
      4-chloro-6-[2-(morpholino)ethylamino]-2-phenylpyrimidine and 6.3 g. of
      p-chlorothiophenol is heated in an oil bath maintaining the temperature at
      160.degree.C. for 3 hours. After being cooled to room temperature, the
      reaction mixture is triturated with 60 ml. of 30.degree./o sodium
      hydroxide. The product is collected on a sintered glass funnel and washed
      with water repeatedly to yield 3.7 g. of product. Upon recrystallization
      from ethanol, there is obtained
      4-(4-chlorophenylthio)-6-[2-(morpholinoethyl)amino]-2-phenylpyrimidine,
      m.p. 171.degree.-173.degree.C.
PAR  Anal. for C.sub.22 H.sub.23 N.sub.4 SOCl: Calcd. C, 61.89;   H, 5.40; N,
      13.12; S, 7.51; Cl, 8.30. Found: C, 61.73; H, 5.36; N, 13.39; S, 7.7;
      Cl, 8.3.
PAR  Similarly, 2-(4-bromophenyl)-4,6-dichloropyrimidine is reacted with
      N-(3-aminopropyl)-morpholine to afford
      2-(4-bromophenyl)-4-chloro-6-[3-(morpholino)propylamino]pyrimidine which
      is then reacted with p-chlorothiophenol to produce
      2-(4-bromophenyl)-4-(4-chlorophenylthio)-6-[3-(morpholinopropyl)amino]-pyr
     imidine.
PAC  EXAMPLE VIII
PAR  Two grams of 4,6-dichloro-2-phenylpyrimidine is added in small portions to
      10 ml. of N-methylpiperazine with slight warming and stirring. The
      resulting mixture is heated on a steam bath for several minutes, then
      poured into 250 ml. of water. The product (2.4 g., m.p.
      81.degree.-87.degree.C.) is then recrystallized from n-pentane to afford
      4-chloro-6-(4-methyl-1-piperazinyl)-2-phenylpyrimidine, m.p.
      91.degree.-92.5.degree.C.
PAR  Anal. for C.sub.15 H.sub.17 N.sub.4 Cl: Calcd. C, 62.38; H, 5.93; N, 19.40;
      Cl, 12.28. Found: C, 62.32; H, 5.65; N, 19.62; Cl, 12.1.
PAR  A mixture of 3.0 g. of the above prepared
      4-chloro-6-(4-methyl-1-piperazinyl)-2-phenylpyrimidine and 10 ml. of
      thiophenol is heated under reflux for three hours and then poured into 300
      ml. of water. The reaction mixture is basified with 40.degree./o sodium
      hydroxide solution. The product which is deposited crystallizes on cooling
      to afford 3.5 g. of product. Recrystallization from n-heptane affords
      4-(4-methyl-1-piperazinyl)-2-phenyl-6-phenylthiopyrimidine, m.p.
      125.degree.-128.degree.C.
PAR  Anal. for C.sub.21 H.sub.22 N.sub.4 S: Calcd. C, 69.58; H, 6.12; N, 15.46;
      S, 8.85. Found: C, 69.49; H, 6.13; N, 15.42; S, 8.6.
PAR  Similarly, 4-(4-ethyl-1-piperazinyl)-2-phenyl-6-phenylthiopyrimidine is
      produced.
PAC  EXAMPLE IX
PAR  Seven grams of 4,6-dichloro-2-phenylpyrimidine is added in small portions
      to 30 ml. of .beta.-methoxyethylamine with slight warming and stirring.
      The resulting mixture is heated on a steam bath for several minutes and
      then poured into 500 ml. of water. The product thus obtained (5.1 g.) is
      recrystallized from n-heptane to afford
      4-chloro-6-(2-methoxyethylamino)-2-phenylpyrimidine,
      48.5.degree.-50.degree.C.
PAR  Anal. for C.sub.13 H.sub.14 N.sub.3 OCl: Calcd. C, 59.21; H, 5.35; N,
      15.93. Found: C, 59.32; H, 5.31; N, 15.72.
PAR  A well blended mixture of 4.3 g. of
      4-chloro-6-(2-methoxyethylamino)-2-phenylpyrimidine and 10.0 g. of
      p-chlorothiophenol is heated in an oil bath maintaining the temperature at
      160.degree.C. for 3 hours. After being cooled to room temperature, the
      reaction mixture is triturated with 60 ml. of 30.degree./o sodium
      hydroxide. The product is collected on a sintered glass funnel and washed
      with water repeatedly. Two recrystallizations of the crude product affords
      2.0 g. of
      4-(4-chlorophenylthio)-6-[(2-methoxyethyl)amino]-2-phenylpyrimidine, m.p.
      128.degree.-130.degree.C.
PAR  Anal. for C.sub.19 H.sub.18 N.sub.3 SOCl: Calcd. C, 61.36; H, 4.88; N,
      11.30; S, 8.62; Cl, 9.54. Found: C, 61.10; H, 4.81; N, 11.59; S, 8.9; Cl,
      9.75.
PAR  In the same manner, 4,6-dichloro-2-phenylpyrimidine is reacted with
      3-methoxypropylamine to produce
      4-chloro-6-(3-methoxypropylamino)-2-phenylpyrimidine, which is then
      reacted with p-chlorothiophenol to afford
      4-(4-chlorophenylthio)-6-[(3-methoxypropyl)amino]-2-phenylpyrimidine.
PAC  EXAMPLE X
PAR  N-hydroxyethylpiperazine (7.81 g.) diluted with 20 ml. of absolute ethanol
      is added to a slurry obtained by adding 6.75 g. of
      4,6-dichloro-2-phenylpyrimidine to 25 ml. of absolute ethanol. The
      resulting mixture is refluxed for fifteen minutes, then poured into 850
      ml. of water. A gummy material which separates solidifies on standing
      overnight. The crude product weighs 7.8 g. which is recrystallized from
      n-heptane to afford
      4-(4-chloro-2-phenylpyrimidin-6-yl)-1-piperazineethanol, m.p.
      103.degree.-105.degree.C.
PAR  Anal. for C.sub.16 H.sub.19 N.sub.4 OCl: Calcd. C, 60.28; H, 6.01; N,
      17.58. Found: C, 60.08; H, 5.70; N, 17.48.
PAR  A well blended mixture of 3.8 g. of
      4-(4-chloro-2-phenylpyrimidin-6-yl)-1-piperazineethanol and 7.0 g. of
      p-chlorothiophenol is heated in an oil bath maintaining the temperature at
      160.degree.C. for 3 hours. After being cooled to room temperature, the
      reaction mixture is triturated with 60 ml. of 30.degree./o sodium
      hydroxide. The product is collected on a sintered glass funnel and washed
      with water repeatedly. Upon recrystallization from 65.degree./o ethanol,
      there is obtained
      4-[4-(4-chlorophenylthio)-2-phenyl-6-pyrimidinyl]-1-piperazine ethanol,
      m.p. 118.degree.-120.degree.C.
PAR  Anal. for C.sub.22 H.sub.23 N.sub.4 SOCl: Calcd. C, 61.89; H, 5.43; N,
      13.12; S, 7.51; Cl, 8.31. Found: C, 61.80; H, 4.95; N, 12.76; S, 7.5; Cl,
      8.29.
PAC  EXAMPLE XI
PAR  To a solution of 1.2 g. of sodium in 50 ml. of ethanol, there is added 8.4
      g. of ethyl glycinate hydrochloride and 6.7 g. of
      4,6-dichloro-2-phenylpyrimidine. The reaction mixture is heated with
      stirring for 2 hours under reflux then taken to dryness on a rotary
      evaporator. After the addition of 200 ml. of water the residue which is
      deposited amounts to 8.5 g., m.p. 83.degree.-132.degree.C.
      Recrystallization from benzene yields 8.3 g. of
      N-(6-chloro-2-phenyl-4-pyrimidinyl)glycine, ethyl ester, m.p.
      147.degree.-149.degree.C.
PAR  Anal. for C.sub.14 H.sub.14 N.sub.3 O.sub.2 Cl: Calcd. C, 57.64; H, 4.84;
      N, 14.40; Cl, 12.15. Found: C, 57.66; H, 4.85; N, 14.59; Cl, 12.2.
PAR  A mixture of the above prepared
      N-(6-chloro-2-phenyl-4-pyrimidinyl)-glycine, ethyl ester is reacted with
      thiophenol, as in Example X, to afford
      N-(2-phenyl-6-phenylthio-4-pyrimidinyl)-glycine, ethyl ester.
PAR  In a similar manner,
      N-[2-(4-chlorophenyl)-6-phenylthio-4-pyrimidinyl]-glycine, propyl ester
      and N-(2-phenyl-6-phenylthio-4-pyrimidinyl)-glycine, ethyl ester are
      prepared.
PAC  EXAMPLE XII
PAR  Six grams of 4,6-dichloro-2-phenylpyrimidine is added in small portions to
      10 ml. of hexamethyleneimine with slight warming and stirring. The
      resulting mixture is heated on a steam bath for several minutes, then
      poured into 500 ml. of water. The product (7.56 g.,
      62.degree.-64.degree.C.) thus obtained is recrystallized from n-heptane
      affords 4-chloro-6-(hexahydroazepin-1-yl)-2-phenylpyrimidine, m.p.
      64.degree.-66.degree.C.
PAR  Anal. for C.sub.16 H.sub.18 N.sub.3 Cl: Calcd. C, 66.77; H, 6.30; N, 14.60.
      Found: C, 66.80; H, 6.37; N, 14.26.
PAR  A mixture of the above prepared
      4-chloro-6-(hexahydroazepin-1-yl)-2-phenylpyrimidine is reacted with
      p-chlorothiophenol, as in Example X, to produce
      4-(4-chlorophenylthio)-6-(hexahydroazepin-1-yl)-2-phenylpyrimidine.
PAC  EXAMPLE XIII
PAR  Employing the procedure of Example VII, 7.0 g. of
      4,6-dichloro-2-(p-chlorophenyl)-pyrimidine and 30 ml. of
      N-(.beta.-aminoethyl)-morpholine is reacted to produce 8.9 g. of product.
      Recrystallization from n-heptane affords
      4-chloro-2-(4-chlorophenyl)-6-[2-(morpholino)ethylamino]-pyrimidine, m.p.
      127.degree.-129.degree.C.
PAR  Anal. for C.sub.16 H.sub.18 N.sub.4 Cl.sub.2 : Calcd. C, 54.40; H, 5.14; N,
      15.86; Cl, 20.07. Found: C, 54.50; H, 4.89; N, 16.08; Cl, 19.70.
PAR  Reacting 6.0 g. of
      4-chloro-2-(4-chlorophenyl)-6-[2-(morpholino)ethylamino]-pyrimidine with
      14.0 g. of p-chlorothiophenol yields 4.3 g. of product. Two
      recrystallizations from absolute ethanol afford
      2-(4-chlorophenyl)-4-(4-chlorophenylthio)-6-[2-(morpholino)ethylamino]-pyr
     imidine, m.p. 159.degree.-161.degree.C.
PAR  Anal. for C.sub.22 H.sub.22 N.sub.4 SOCl.sub.2 : Calcd. C, 57.26; H, 4.81;
      N, 12.14; S, 6.95; Cl, 15.37. Found: C, 57.23; H, 4.64; N, 12.27; S, 7.0;
      Cl, 15.3.
PAR  Similarly,
      4-chloro-2-(4-chlorophenyl)-6-[3-(morpholino)propylamino]-pyrimidine is
      reacted with p-ethylthiophenol to produce
      2-(4-chlorophenyl)-4-(4-ethylphenylthio)-6-[3-(morpholino)propylamino]-pyr
     imidine.
PAC  EXAMPLE XIV
PAR  Seven grams of 4,6-dichloro-2-(p-chlorophenyl)pyrimidine is added in small
      portions to 30 ml. of .beta.-methoxyethylamine with slight warming and
      stirring. The resulting mixture is heated on a steam bath for several
      minutes, then poured into 500 ml. of water. The product thus obtained is
      recrystallized from n-heptane to give 5.6 g. of
      4-chloro-2-(4-chlorophenyl)-6-[2-(methoxyethyl)amino]-pyrimidine, m.p.
      64.degree.-65.degree.C.
PAR  Anal. for C.sub.13 H.sub.13 N.sub.3 OCl: Calcd. C, 52.37; H, 4.39; N,
      14.09. Found: C, 52.42; H, 4.56; N, 13.75.
PAR  A well blended mixture of 7.0 g. of the above prepared pyrimidine and 16.3
      g. of p-chlorothiophenol is heated in an oil bath maintaining the
      temperature at 160.degree.C. for 3 hours. After being cooled to room
      temperature, the reaction mixture is triturated with 60 ml. of
      30.degree./o sodium hydroxide. The product is collected on a sintered
      glass funnel and washed with water repeatedly. Two recrystallizations from
      n-heptane afford 3.0 g. of
      2-(4-chlorophenyl)-4-(4-chlorophenylthio)-6-[(2-methoxyethyl)amino]-pyrimi
     dine, m.p. 135.degree.-138.degree.C.
PAR  Anal. for C.sub.19 H.sub.17 N.sub.3 SOCl.sub.2 : Calcd. C, 56.16; H, 4.22;
      N, 10.34; S, 7.89; Cl, 17.45. Found: C, 56.21; H, 4.13; N, 10.6; S, 7.9;
      Cl, 17.3.
PAR  Similarly, 4,6-dichloro-2-(3-chlorophenyl)-pyrimidine is reacted with
      .beta.-methoxyethylamine to produce
      4-chloro-2-(3-chlorophenyl)-6-[2-(methoxyethyl)amino]-pyrimidine (m.p.
      75.degree.-76.degree.C.) which is then reacted with p-fluorothiophenol to
      afford
      2-(3-chlorophenyl)-4-(4-fluorophenylthio)-6-[(2-methoxyethyl)amino]pyrimid
     ine.
PAC  EXAMPLE XV
PAR  Two grams of 4,6-dichloro-2-phenylpyrimidine is added in small portions to
      10 ml. of N-methylpiperazine with slight warming and stirring. An
      exothermic reaction takes place during the addition. The resulting mixture
      is heated on a steam bath for several minutes and then poured into 250 ml.
      of water. The product thus obtained is recrystallized from n-pentane to
      afford 4-chloro-6-(4-methyl-1-piperazinyl)-2-phenylpyrimidine, m.p.
      91.degree.-92.5.degree.C.
PAR  A well blended mixture of the above prepared
      4-chloro-6-(4-methyl-1-piperazinyl)-2-phenylpyrimidine (2.0 g.) and 5.0 g.
      of p-chlorothiophenol is heated in an oil bath maintaining the temperature
      at 160.degree.C. for 3 hours. After being cooled to room temperature, the
      reaction mixture is triturated with 60 ml. of 30.degree./o sodium
      hydroxide. The product is collected on a sintered glass funnel and washed
      with water repeatedly. It amounted to 2.9 g. and melted at
      145.degree.-150.degree.C. Upon recrystallization from absolute ethanol,
      there is obtained
      4-(4-chlorophenylthio)-6-(4-methyl-1-piperazinyl)-2-phenylpyrimidine, m.p.
      152.degree.-154.degree.C.
PAR  Anal. for C.sub.21 H.sub.21 N.sub.4 SCl: Calcd. C, 63.54; H, 5.33; N,
      14.12; S, 8.08. Found: C, 63.78; H, 5.60; N, 14.07; S, 8.1.
PAR  The latter compound when evaluated in the foregoing pharmacological
      procedure showed decreased motor activity at a dosage of 12.7 MPK and
      decreased respiration at a dosage of 40 MPK.
PAR  In a similar manner, the following intermediates are prepared which are
      then reacted with an appropriate thiophenol to afford the hereinafter
      listed products:
TBL  INTERMEDIATES       PRODUCTS                                              
     __________________________________________________________________________
     6-chloro-2-(3-chlorophenyl)-4-                                            
                         2-(3-chlorophenyl)-4-                                 
     [2-(dimethylamino)ethylamino]-                                            
                         (4-chlorophenylthio)-6-                               
     pyrimidine, m.p. 77-78.5.degree.C.                                        
                         [(2-dimethylamino)                                    
                         ethylamino]-pyrimidine, m.p.                          
                         108-109.5.degree.C.                                   
     2-[4-chloro-2-(4-methoxyphenyl)-6-                                        
                         2-[2-(4-methoxyphenyl)-4-                             
     pyrimidinylamino]-ethanol, m.p. 133-                                      
                         phenylthio-6-                                         
     134.5.degree.C.     pyrimidinylamino]-ethanol                             
     __________________________________________________________________________
TBL  Intermediates        Products                                             
     __________________________________________________________________________
     4-[4-chloro-2-(4-methoxy-                                                 
                       4-[4-(4-chlorophenylthio)-2-                            
     phenyl)-pyrimidin-6-yl]-1-                                                
                       (4-methoxyphenyl)-pyrimidin-6-                          
     piperazineethanol, m.p. 113-                                              
                       yl]-1-piperazineethanol                                 
     114.degree.C.                                                             
     4-chloro-6-[2-(dimethylamino)                                             
                       4-(4-chlorophenylthio)-6-[2-                            
     ethylamino]-2-(4-tolyl)-py-                                               
                       (dimethylamino)ethylamino]-2-                           
     rimidine, m.p. 64-66.5.degree.C.                                          
                       (4-tolyl)-pyrimidine, m.p. 136.5-                       
                       138.5.degree.C.                                         
     6-chloro-2-(4-fluorophenyl)-                                              
                       2-(4-fluorophenyl)-6-[4-dimethyl-                       
     4-[4-(dimethylamine)butyl-                                                
                       amino)butylamino]-4-(4-tolyl-                           
     amino]-pyrimidine thio)-pyrimidine                                        
     3-[4-chloro-2-(4-methoxyphenyl)-                                          
                       3-[2-(4-methoxyphenyl)-4-phenyl-                        
     6-pyrimidinylamino]-pro-                                                  
                       thio-6-pyrimidinylamino]-pro-                           
     panol.            panol.                                                  
     __________________________________________________________________________
PAC  EXAMPLE XVI
PAR  Seven grams of 4,6-dichloro-2-(3,4-dichlorophenyl)pyrimidine is added in
      small portions to 25 ml. of N,N-dimethylethylenediamine with slight
      warming and stirring. The resulting mixture is heated on a steam bath for
      several minutes then poured into 500 ml. of water. The product thus
      obtained is recrystallized from n-heptane to afford
      4-chloro-2-(3,4-dichlorophenyl)-6-[2-(dimethylamino)ethylamino]-pyrimidine
     , m.p. 99.5.degree.-102.degree.C.
PAR  Anal. for C.sub.14 H.sub.15 N.sub.4 Cl.sub.3 : Calcd. C, 48.64; H, 4.37; N,
      16.21; Cl, 30.77. Found: C, 48.69; H, 4.38; N, 15.96; Cl, 30.7.
PAR  The above prepared pyrimidine is reacted with p-chlorothiophenol to obtain
      a product which is repeatedly recrystallized from cyclohexane to afford
      4-(4-chlorophenylthio)-2-(3,4-dichlorophenyl)-6-[2-(dimethylamino)ethylami
     no]-pyrimidine 1/2 cyclohexane, m.p. 99.degree.-103.degree.C.
PAR  Anal. for C.sub.20 H.sub.19 Cl.sub.3 N.sub.4 S . 1/2 cyclohexane: Calcd.
      C, 55.70; H, 5.08; N, 11.30; S, 6.47; Cl, 21.45. Found: C, 55.47; H, 4.92;
      N, 11.53; S, 6.5; Cl, 21.8.
PAR  Similarly, 7.0 g. of 4,6-dichloro-2-(p-chlorophenyl)-pyrimidine and 30 ml.
      of N,N-dimethyl-ethylenediamine are reacted followed by reaction of the
      crude product with 15 g. of p-chlorothiophenol. The product (8.0 g.) is
      recrystallized from heptane and then from absolute ethanol to afford
      2-(4-chlorophenyl)-6-(4-chlorophenylthio)-4-[2-dimethylaminoethyl)amino]-p
     yrimidine, m.p. 98.degree.-100.degree.C.
PAR  Anal. for C.sub.20 H.sub.20 N.sub.4 SCl.sub.2 : Calcd. C, 57.18; H, 4.81;
      N, 13.36; S, 7.65. Found: C, 57.46; H, 4.76; N, 13.62; S, 7.7.
PAC  EXAMPLE XVII
PAR  A solution of 7.2 g. of f 4,6-dichloro-2-p-tolyl)pyrimidine and 7.8 g. of
      N-hydroxyethylpiperazine in 35 ml. of absolute ethanol is refluxed for
      fifteen minutes. Pouring of the resulting solution into 700 ml. of water
      causes separation of a gummy material which solidifies on standing. The
      crude product weighs 8.7 g. and recrystallization from n-heptane affords
      4-[4-chloro-2-(4-tolyl)-6-pyrimidinyl]-1-piperazine ethanol, m.p.
      103.5.degree.-104.5.degree.C.
PAR  Anal. for C.sub.17 H.sub.21 N.sub.4 OCl: Calcd. C, 61.34; H, 6.36; N,
      16.83; Cl, 10.65. Found: C, 61.17; H, 6.07; N, 17.07; Cl, 10.7.
PAR  A well blended mixture of 4.3 g. of the above prepared compound and 9.0 g.
      of p-chlorothiophenol is heated in an oil bath maintaining the temperature
      at 160.degree.C. for one half hour. After being cooled to room
      temperature, the reaction mixture is triturated with 60 ml. of
      30.degree./o sodium hydroxide. The product is collected on a sintered
      glass funnel and washed with water repeatedly. In this manner, is obtained
      4-[4-(4-chlorophenylthio)-2-(4-tolyl)-pyrimidin-6-yl]-1-piperazineethanol,
      m.p. 123.degree.-125.degree.C.
PAR  Anal. for C.sub.23 H.sub.25 N.sub.4 SOCl: Calcd. C, 62.64; H, 5.71; N,
      12.71; S, 7.27; Cl, 8.04. Found: C, 62.57; H, 5.90; N, 12.83; S, 7.3; Cl,
      8.04.
PAR  Similarly,
      4-[4-(4-bromophenylthio)-2-(4-propylphenyl)-pyrimidin-6-yl]-1-piperazineet
     hanol is synthesized.
PAC  EXAMPLE XVIII
PAR  A solution of 7.2 g. of 4,6-dichloro-2-(p-tolyl)pyrimidine and 4.5 g. of
      .beta.-methoxyethylamine in 35 ml. of absolute ethanol is refluxed for 15
      minutes. Pouring of the resulting solution into 700 ml. of water causes
      separation of a gummy material which solidifies on standing. The crude
      product weighs 7.3 g. and recrystallization from n-heptane affords
      4-chloro-6-[2-(methoxy)ethylamino]-2-(4-tolyl)pyrimidine,
      70.degree.-72.degree.C.
PAR  Anal. for C.sub.14 H.sub.16 N.sub.3 OCl: Calcd. C, 60.54; H, 5.81; N,
      15.13; Cl, 12.61. Found: C, 60.41; H, 5.86; N, 15.27; Cl, 13.0.
PAR  A mixture of 4.3 g. of the above prepared compound and 7.0 g. of
      p-chlorothiophenol is heated in an Oil bath maintaining the temperature at
      160.degree.C. for 3 hours. After being cooled to room temperature, the
      reaction mixture is triturated with 60 ml. of 30.degree./o sodium
      hydroxide. The product is collected on a sintered glass funnel and washed
      with water repeatedly. Recrystallization of the crude product (6.7 g.)
      from aqueous ethanol
      4-(4-chlorophenylthio)-6-(2-methoxyethylamino)-2-(4-tolyl)pyrimidine, m.p.
      141.degree.-144.degree.C.
PAR  Anal. for C.sub.20 H.sub.20 N.sub.3 SOCl: Calcd. C, 62.24; H, 5.22; N,
      10.89; S, 8.31; Cl, 9.19. Found: C, 62.08; H, 5.20; N, 11.01; S, 8.34; Cl,
      9.62.
PAR  The latter compound when evaluated in the foregoing pharmacological
      procedure showed decreased motor activity and decreased respiration in the
      host at a dosage of 127 MPK.
PAR  In a similar manner, 4,6-dichloro-2-(p-ethylphenyl)pyrimidine is reacted
      with .gamma.-methoxypropylamine to obtain
      4-chloro-2-(4-ethylphenyl)-6-[3-(methoxy)propylamino]-pyrimidine which is
      then reacted with thiophenol to afford
      2-(4-ethylphenyl)-6-(3-methoxypropylamino)-4-phenylthiopyrimidine.
PAC  EXAMPLE XIX
PAR  A blended mixture of 6.5 g of
      4-chloro-6-(2-methoxyethylamino)-2-(4-methoxyphenyl)-pyrimidine and 15.0
      g. of p-chlorothiophenol is heated to 160.degree.C. for 3 hours.
      Thereafter, the reaction mixture is cooled to room temperature and
      triturated with 60 ml. of 30.degree./o sodium hydroxide. The product is
      separated by filtration, washed with water and recrystallized from
      absolute ethanol to afford
      6-(4-chlorophenylthio)-4-(2-methoxyethylamino)-2-(4-methoxyphenyl)pyrimidi
     ne, m.p. 117.degree.-118.5.degree.C.
PAR  Anal. for C.sub.20 H.sub.20 N.sub.3 SO.sub.2 CL: Calcd. C, 59.77; H, 5.02;
      N, 10.45; S, 7.98. Found: C, 59.92; H, 5.08; N, 10.24; S, 7.96.
PAR  The latter compound when tested in the foregoing pharmacological evaluation
      showed decreased motor activity at a dosage of 40 MPK and decreased
      respiration at a dose of 127 MPK in the host.
PAR  In the above manner, the following products are obtained:
PA0  4-(4-chlorophenylthio)-2-(4-methoxyphenyl)-6-[(2-dimethylamino)ethylamino]-
     pyrimidine, m.p. 121.degree.-122.degree.C.;
PA0  2-(4-chlorophenyl)-4-(4-chlorophenylthio)-6-[2-diethylamino)ethylamino]-pyr
     imidine, m.p. 112.degree.-114.degree.C.;
PA0  N-[2-(6-[4-chlorophenylthio]-2-phenylpyrimidin-4-yl-amino)ethyl]-acetamide,
      m.p. 165.degree.-166.degree.C.; and
PA0  2-(4-chlorophenyl)-4-(4-chlorophenylthio)-6-(4-methylpiperazin-1-yl)-pyrimi
     dine, m.p. 163.degree.-165.degree.C.
PAC  example xx
PAR  a solution of 7.8 g. of 4,6-dichloro-2-(m-chlorophenyl)-pyrimidine and 6.0
      g. of N-methylpiperazine in 35 ml. of absolute ethanol is refluxed for
      fifteen minutes. Pouring of the resulting solution into 700 ml. of water
      causes separation of a gummy material which solidifies on standing over a
      weekend. The crude product weighs 6.5 g. and recrystallization from
      n-heptane affords cotton-like crystals of
      4-chloro-2-(3-chlorophenyl)-6-(4-methylpiperazin-1-yl)-pyrimidine, m.p.
      93.degree.-94.degree.C.
PAR  Anal. for C.sub.15 H.sub.16 N.sub.4 Cl.sub.2 : Calcd. C, 55.74; H, 4.99; N,
      17.33. Found: C, 55.39; H, 5.28; N, 17.16.
PAR  A well blended mixture of 4.25 g. of the above prepared pyrimidine and 9.0
      g. of p-chlorothiophenol is heated in an oil bath maintaining the
      temperature at 160.degree.C. for 3 hours. After being cooled to room
      temperature, the reaction mixture is triturated with 60 ml. of
      30.degree./o sodium hydroxide. The product is collected on a sintered
      glass funnel and washed with water repeatedly. Recrystallization from
      dimethylformamide affords 3.5 g. of
      2-(3-chlorophenyl)-4-(4-chlorophenylthio)-6-(4-methylpiperazin-1-yl)-pyrim
     idine, hydrochloride, m.p. 254.degree.-256.degree.C. (dec.).
PAR  Anal. for C.sub.21 H.sub.20 N.sub.4 SCl.sub.3 : Calcd. C, 53.91; H, 4.53;
      N, 11.98; S, 6.85; Cl, 22.74. Found: C, 53.61; H, 4.55; N, 11.51; S, 6.7;
      Cl, 22.3.
PAR  The latter product when evaluated in the foregoing pharmacological
      procedure showed decreased motor activity in the host at a dosage of 40
      MPK and decreased respiration of the host at a dose of 127 MPK.
PAC  EXAMPLE XXI
PAR  Repeating the procedure of Example XX 7.2 g. of
      4,6-dichloro-2-(p-tolyl)-pyrimidine and 6.0 g. of N-methylpiperazine are
      reacted in 40 ml. of absolute ethanol. The crude product (8.4 g.) is
      separated and twice recrystallized from n-heptane to afford
      4-chloro-6-(4-methyl-1-piperazinyl)-2-(4-tolyl)-pyrimidine, m.p.
      93.degree.-95.degree.C.
PAR  Anal. for C.sub.16 H.sub.19 N.sub.4 Cl: Calcd. C, 63.46; H, 6.32; N, 18.50;
      Cl, 11.71. Found: C, 63.71; H, 6.59; N, 18.56; Cl, 11.5.
PAR  The above prepared compound (4.5 g.) is then reacted with 9.0 g. of
      p-chlorothiophenol for one hour. Recrystallization of the crude product
      (5.85 g.) from absolute ethanol with the addition of a few pellets of
      potassium hydroxide affords
      4-(4-chlorophenylthio)-6-(4-methyl-1-piperazinyl)-2-(4-tolyl)-pyrimidine,
      m.p. 103.5.degree.-105.degree.C.
PAR  Anal. for C.sub.22 H.sub.23 N.sub.4 SCl: Calcd. C, 61.20; H, 4.92; N, 5.95;
      S, 6.81; Cl, 7.54. Found: C, 60.84; H, 4.74; N, 6.15; S, 6.7; Cl, 7.5.
PAR  In a similar manner, the above prepared
      4-chloro-6-(4-methyl-1-piperazinyl)-2-(4-tolyl)-pyrimidine is reacted with
      p-ethoxythiophenol to afford
      4-(4-ethoxyphenylthio)-6-(4-methyl-1-piperazinyl)-2-(4-tolyl)-pyrimidine.
PAC  EXAMPLE XXII
PAR  Employing the procedure of Example XX, 7.2 g. of
      4,6-dichloro-2-(4-tolyl)-pyrimidine is reacted with
      N-(.beta.-aminoethyl)-morpholine to produce 7.7 g. of
      4-chloro-6-[2-(morpholino)ethylamino]-2-(4-tolyl)-pyrimidine, m.p.
      123.degree.-125.degree.C.
PAR  Anal. for C.sub.17 H.sub.21 N.sub.4 OCl: Calcd. C, 61.34; H, 6.36; N,
      16.84; Cl, 10.65. Found: C, 61.42; H, 6.49; N, 16.87; Cl, 10.87.
PAR  Reacting the above prepared pyrimidine (4.3 g.) with p-chlorothiophenol
      (9.0 g.), there is obtained
      4-(4-chlorophenylthio)-6-(2-morpholinoethylamino)-2-(4-tolyl)-pyrimidine
      (6.9 g.), m.p. 141.degree.-142.5.degree.C.
PAR  Anal. for C.sub.23 H.sub.25 N.sub.4 SOCl: Calcd. C, 62.64; H, 5.71; N,
      12.71; S, 7.27; Cl, 8.04. Found: C, 62.66; H, 5.82; N, 12.51; S, 7.5; Cl,
      8.2.
PAC  EXAMPLE XXIII
PAR  Employing the procedure of Example XX, 7.7 g. of
      4,6-dichloro-2-(4-methoxyphenyl)-pyrimidine is reacted with 6.0 g. of
      N-methylpiperazine in 45 ml. of absolute ethanol to afford
      4-chloro-2-(4-methoxyphenyl)-6-(4-methyl-1-piperazinyl)-pyrimidine, m.p.
      88.degree.-90.degree.C.
PAR  Anal. for C.sub.16 H.sub.19 N.sub.4 OCl: Calcd. C, 60.28; H, 6.01; N,
      17.58; Cl, 11.12. Found: C, 60.19; H, 6.07; N, 17.86; Cl, 11.2.
PAR  Reacting the above prepared pyrimidine (5.8 g.) with p-chlorothiophenol (12
      g.), there is obtained
      4-(4-chlorophenylthio)-2-(4-methoxyphenyl)-6-(4-methylpiperazin-1-yl)pyrim
     idine (3.0 g.), m.p. 143.degree.-145.degree.C.
PAR  Anal. for C.sub.22 H.sub.23 N.sub.4 SOCl: Calcd. C, 61.88; H, 5.43; N,
      13.12; S, 7.51. Found: C, 61.64; H, 5.33; N, 12.91; S, 7.5.
PAR  The latter product when evaluated in the foregoing pharmacological
      procedure showed decreased motor activity at a dosage of 12.7 MPK and
      decreased respiration at a dosage of 127 MPK in the host.
PAR  In the same manner, the above prepared
      4-chloro-2-(4-methoxyphenyl)-6-(4-methyl-1-piperazinyl)-pyrimidine is
      reacted with p-propoxythiophenol to afford
      2-(4-methoxyphenyl)-6-(4-methyl-1-piperazinyl)-4-(4-propoxyphenylthio)-pyr
     imidine.
PAC  EXAMPLE XXIV
PAR  To 50 ml. of 20.degree./o ethanolic ethyl amine there is added 10 g. of
      4,6-dichloro-2-phenylpyrimidine. The reaction mixture is heated for 10
      minutes on a steam-bath and evaporated to dryness in a rotary evaporator
      in vacuo. Upon the addition of 175 ml. of water to the residual oil, a
      crystalline product is deposited which amount to 10.8 g., m.p.
      62.degree.-65.degree.C. Recrystallization from petroleum ether (b.p.
      30.degree.-60.degree.C.)-n-pentane affords 6.7 g. of
      4-chloro-6-ethylamino-2-phenyl-pyrimidine, m.p. 65.5.degree.-67.degree.C.
PAR  Anal. for C.sub.12 H.sub.5 N.sub.3 Cl: Calcd. C, 61.67; H, 5.18; N, 17.98;
      Cl, 15.17. Found: C, 61.72; H, 4.99; N, 18.4; Cl, 14.8.
PAR  A mixture of 0.7 g. of the above prepared
      4-chloro-6-ethylamino-2-phenylpyrimidine and 5 g. of p-chlorothiophenol is
      heated to a temperature of 190.degree.C. for three hours, then poured into
      200 ml. of water after cooling. The aqueous mixture is basified with
      10.degree./o sodium hydroxide solution. The oily residue which deposits
      crystallizes on cooling to afford 0.9 g. of material, m.p.
      80.degree.-100.degree.C. Recrystallization from cyclohexane affords 0.4 g.
      of 4-(4-chlorophenylthio)-6-ethylamino-2-phenylpyrimidine, m.p.
      109.degree.-110.5.degree.C.
PAR  Anal. for C.sub.18 H.sub.16 N.sub.3 SCl: Calcd. C, 63.24; H, 4.72; N,
      12.29; Cl, 10.37; S, 9.38. Found: C, 63.11; H, 4.49; N, 12.28; Cl, 10.3;
      S, 9.5.
PAR  The latter compound when evaluated in the foregoing pharmacological
      procedure showed decreased respiration and decreased motor activity in the
      host at a dose of 40 MPK.
PAR  In a similar manner, the following compounds are prepared:
PA0  6-methylamino-2-phenyl-4-phenylthiopyrimidine;
PA0  4-(4-bromophenylthio)-2-phenyl-6-propylaminopyrimidine; and
PA0  6-butylamino-2-(4-tolyl)-4-(4-tolyl)thiopyrimidine.
PAC  EXAMPLE XXV
PAR  A well blended mixture of 2.0 g.
      4-chloro-6-(4-methyl-1-piperazinyl)-2-phenylpyrimidine and 5.0 g. of
      p-bromothiophenol is heated in an oil bath maintaining the temperature at
      160.degree.C. for three hours. After being cooled to room temperature, the
      reaction mixture is triturated with 60 ml. of 30.degree./o sodium
      hydroxide. The product is collected on a sintered glass funnel and washed
      with water repeatedly. Upon recrystallization from absolute ethanol, there
      is obtained
      4-(4-bromophenylthio)-6-(4-methyl-1-piperazinyl)-2-phenylpyrimidine.
PAR  Similarly, 4-chloro-6-(4-methyl-1-piperazinyl)-2-phenylpyrimidine is
      reacted with p-propylthiophenol to afford
      6-(4-methyl-1-piperazinyl)-2-phenyl-4-(4-propylphenylthio)pyrimidine.
PAC  EXAMPLE XXVI
PAR  A mixture of 6-amino-4-chloro-2-phenylpyrimidine and 10 ml. of thiophenol
      is heated under reflux for three hours, then poured into 300 ml. of water.
      The reaction mixture is basified with 40.degree./o sodium hydroxide
      solution. The semisolid product which is deposited crystallizes on cooling
      to afford 6.9 g. of product. Recrystallization of this product from
      cyclohexane affords 4.5 g. of 4-amino-2-phenyl-6-phenylthiopyrimidine,
      m.p. 109.degree.-111.degree.C.
PAR  Anal. for C.sub.16 H.sub.13 N.sub.3 S: Calcd. C, 68.79; H, 4.69; N, 15.04;
      S, 11.48. Found: C, 69.00; H, 4.44; N, 14.77; S, 11.2.
PAR  The latter product when evaluated in the foregoing pharmacological
      procedure showed decreased motor activity at 127 MPK and decreased
      respiration at a dose of 400 MPK in the host.
PAR  Similarly, 5 g. of 4-amino-6-chloro-2-phenyl-pyrimidine is reacted with 12
      ml. of m-tolylthiophenol to afford 2.6 g. of
      4-amino-2-phenyl-6-(3-tolylthio)-pyrimidine, m.p.
      113.degree.-114.5.degree.C.
PAR  Anal. for C.sub.17 H.sub.15 N.sub.3 S: Calcd. C, 69.59; H, 5.15; N, 14.32;
      S, 10.93. Found: C, 69.86; H, 4.79; N, 14.01; S, 10.7.
PAR  The latter product when evaluated in the foregoing pharmacological
      procedure showed decreased motor activity in the host at a dose of 127 MPK
      and decreased respiration at a dose of 400 MPK.
PAC  EXAMPLE XXVII
PAR  A mixture of 5 g. of 4-amino-6-chloro-2-phenyl-pyrimidine and 15 ml. of
      4-chlorobenzyl mercaptan is heated under reflux for 45 minutes, then
      poured into 30 ml. of a 40.degree./o sodium hydroxide solution. A solid
      separates which after recrystallization from cyclohexane gives 2.3 g. of
      4-amino-6-(4-chlorobenzylthio)-2-phenylpyrimidine, m.p.
      138.degree.-140.5.degree.C.
PAR  Anal. for C.sub.17 H.sub.14 N.sub.3 SCl: Calcd. C, 62.28; H, 4.30; N,
      12.82; Cl, 10.81; S, 9.78. Found: C, 62.61; H, 4.12; N, 12.81; Cl, 11.4;
      S, 10.0.
PAR  The latter product when evaluated in the foregoing pharmacological
      procedure showed decreased motor activity in the host at a dose of 127
      MPK.
PAR  In the above described manner, the following compounds are obtained:
PA0  4-amino-6-benzylthio-2-phenylpyrimidine;
PA0  4-(4-chlorobenzylthio)-6-(2-methoxyethylamino)-2-(4-methoxyphenyl)-pyrimidi
     ne;
PA0  2-(4-chlorophenyl)-4-(4-fluorobenzylthio)-6-[(2-dimethylaminoethyl)amino]-p
     yrimidine;
PA0  4-amino-6-(4-bromobenzylthio)-2-phenylpyrimidine;
PA0  2-(4-methoxyphenyl)-4-(4-methylbenzylthio)-6-[(3-diethylamino)propylamino]-
     pyrimidine;
PA0  4-ethylamino-6-(4-methoxybenzylthio)-2-phenylpyrimidine;
PA0  4-amino-2-phenyl-6-(4-propoxybenzylthio)-pyrimidine; and
PA0  4-(4-ethoxybenzylthio)-6-[2-(morpholinoethyl)amino]-2-phenylpyrimidine.
PAC  EXAMPLE XXVIII
PAR  6-Chloro-4-[2-(dimethylamino)ethyl]amino-2-phenylpyrimidine is obtained, as
      in Example VII, from 7.0 g. of 4,6-dichloro-2-phenylpyrimidine and 30 ml.
      of N,N-dimethylethylenediamine. The crude product thus obtained is mixed
      with 15.0 g. of p-chlorothiophenol, and heated in an oil bath maintaining
      the temperature at 160.degree.C. for 3 hours. The reaction product is
      treated as in Example XXIV to give 8.3 g. of product, m.p.
      140.degree.-145.degree.C. Recrystallization from 95.degree./o ethanol
      affords
      4-(4-chlorophenylthio)-6-[(2-dimethylamino)ethylamino]2-phenyl-pyrimidine,
      m.p. 147.degree.-149.degree.C.
PAR  Anal. for C.sub.20 H.sub.21 N.sub.4 SCl: Calcd. C, 62.40; H, 5.50; N,
      14.89; S, 8.33. Found: C, 62.46; H, 5.21; N, 14.91; S, 8.5.
PAR  Employing the above procedure, 7.0 g. of 4,6-dichloro-2-phenylpyrimidine is
      reacted with 34 ml. of N,N-diethylethylenediamine, followed by the
      reaction of the crude product thereof with 12.5 g. of p-chlorothiophenol.
      Recrystallization of the crude product (3.85 g.) from n-heptane affords
      4-(4-chlorophenylthio)-6-[2-(diethylamino)ethylamino]-2-phenylpyrimidine,
      m.p. 83.5.degree.-86.degree.C.
PAR  Anal. for C.sub.22 H.sub.25 N.sub.4 SCl: Calcd. C, 63.98; H, 6.10; N,
      13.57; S, 7.76. Found: C, 63.78; H, 5.88; N, 13.65; S, 7.4.
PAC  EXAMPLE XXIX
PAR  A mixture of 5.2 g. of 4,6-dichloro-2-(m-chlorophenyl)-pyrimidine, 2.7 g.
      of aminoacetaldehyde diethyl acetal and 20 ml. of ethanol is heated under
      reflux for 1 hour and then concentrated in vacuo on a rotary evaporator.
      The residual solid is recrystallized from methanol affording 4.5 g. of
      4-chloro-2-(3-chlorophenyl)-6-[(2-diethoxyethyl)amino]pyrimidine, m.p.
      99.degree.-101.degree.C.
PAR  Anal. for C.sub.20 H.sub.19 N.sub.4 SOCl: Calcd. C, 53.94; H, 5.38; N,
      11.80; Cl, 19.90. Found: C, 54.08; H, 5.43; N, 12.11; Cl, 19.40.
PAR  The above prepared compound is then reacted with p-chlorothiophenol, as in
      Example XXIV, to produce
      2-(3-chlorophenyl)-4-(4-chlorophenylthio)-6-[(2-diethoxyethyl)amino]-pyrim
     idine.
PAR  In a similar manner,
      2-(4-chlorophenyl)-4-(4-methoxyphenylthio)-6-[(2-dimethoxyethyl)amino]-pyr
     imidine is synthesized.
PAC  EXAMPLE XXX
PAR  A mixture of 5.14 g. of 4-amino-6-chloro-2-phenylpyrimidine and 10.1 g. of
      p-chlorothiophenol is heated in an oil bath maintaining a temperature of
      150.degree.C. for twenty minutes. The reaction mixture is triturated with
      hot 10.degree./o sodium hydroxide. The product is collected on a filter,
      and washed with water repeatedly. The crude product weighs 8.0 g. and
      melts at 118.degree.-121.degree.C. Upon recrystallization from
      cyclohexane, there is obtained
      4-amino-6-(4-chlorophenylthio)-2-phenylpyrimidine, m.p.
      124.degree.-125.degree.C.
PAR  Anal. for C.sub.16 H.sub.12 N.sub.3 SCl: Calcd. C, 61.24; H, 3.86; N,
      13.39; S, 10.22; Cl, 11.30. Found: C, 60.96; H, 3.97; N, 13.66; S, 10.4;
      Cl, 11.2.
PAR  The latter product when evaluated in the foregoing pharmacological
      procedure showed decreased motor activity in the host at a dosage of 127
      MPK.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of those having the
      formula:
      ##SPC4##
PAL  wherein R.sup.1 is selected from the group consisting of hydrogen,
      dichloro, halogen, methyl, ethyl, propyl and methoxy; R.sup.2 is selected
      from the group consisting of amino, 4-methylpiperazino, 4-ethylpiperazino,
      methoxyethylamino, methoxypropylamino, 4-hydroxyethylpiperazino,
      hydroxyethylamino, hydroxypropylamino, hexahydroazepinyl,
      dimethoxyethylamino; diethyoxyethylamino, methylamino, ethylamino,
      propylamino and butylamino; and R.sup.3 is selected from the group
      consisting of phenyl, halophenyl, ethylphenyl, methoxyphenyl,
      ethoxyphenyl, propoxyphenyl, benzyl, halobenzyl, methylbenzyl,
      methoxybenzyl, ethoxybenzyl and propoxybenzyl.
NUM  2.
PAR  2. A compound as described in claim 1 which is:
      4-amino-2-phenyl-6-phenylthiopyrimidine.
NUM  3.
PAR  3. A compound as described in claim 1 which is
      4-(4-methyl-1-piperazinyl)-2-phenyl-6-phenylthiopyrimidine.
NUM  4.
PAR  4. A compound as described in claim 1 which is:
      4-amino-2-phenyl-6-(3-tolylthio)-pyrimidine.
NUM  5.
PAR  5. A compound as described in claim 1 which is:
      4-amino-6-(4-chlorophenylthio)-2-phenylpyrimidine.
NUM  6.
PAR  6. A compound as described in claim 1 which is:
      4-(4-chlorophenylthio)-6-ethylamino-2-phenylpyrimidine.
NUM  7.
PAR  7. A compound as described in claim 1 which is:
      4-(4-chlorophenylthio)-6-(4-methyl-1-piperazinyl)-2-phenylpyrimidine.
NUM  8.
PAR  8. A compound as described in claim 1 which is:
      4-(4-chlorophenylthio-6-[2-(methoxyethyl)amino]-2-phenylpyrimidine.
NUM  9.
PAR  9. A compound as described in claim 1 which is:
      4-[4-(4-chlorophenylthio)-2-phenyl-6-pyrimidinyl]-1-piperazine ethanol.
NUM  10.
PAR  10. A compound as described in claim 1 which is:
      N-[2-(6-[4-chlorophenylthio]-2-phenylpyrimidin-4-ylamino)ethyl]-acetamide.
NUM  11.
PAR  11. A compound as described in claim 1 which is:
      2-(4-chlorophenyl)-4-(4-chlorophenylthio)-6-(4-methyl-piperazin-1-yl)-pyri
     midine.
NUM  12.
PAR  12. A compound as described in claim 1 which is:
      2-(4-chlorophenyl)-4-(4-chlorophenylthio)-6-
      [(2-methoxyethyl)-amino]-pyrimidine.
NUM  13.
PAR  13. A compound as described in claim 1 which is:
      2-(3-chlorophenyl)-4-(4-chlorophenylthio)-6-(4-methylpiperazin-1-yl)-pyrim
     idine, hydrochloride.
NUM  14.
PAR  14. A compound as described in claim 1 which is:
      4-(4-chlorophenylthio)-6-(4-methyl-1-piperazinyl)-2-(4-tolyl)-pyrimidine.
NUM  15.
PAR  15. A compound as described in claim 1 which is:
      4-(4-chlorophenylthio)-6-(2-methoxyethylamino)-2-(4-tolyl)pyrimidine.
NUM  16.
PAR  16. A compound as described in claim 1 which is:
      4-[4-(4-chlorophenylthio)-2-(4-tolyl)pyrimidin-6-yl]-1-piperazine ethanol.
NUM  17.
PAR  17. A compound as described in claim 1 which is:
      4-(4-chlorophenylthio)-2-(4-methoxyphenyl)-6-(4-methylpiperazin-1-yl)-pyri
     midine.
NUM  18.
PAR  18. A compound as described in claim 1 which is:
      6-(4-chlorophenylthio)-4-(2-methoxyethylamino)-2-(4-methoxyphenyl)-pyrimid
     ine.
NUM  19.
PAR  19. A compound as described in claim 1 which is:
      4-amino-6-(4-chlorobenzylthio)-2-phenylpyrimidine.
NUM  20.
PAR  20. A compound as described in claim 1 which is:
      4-(4-chlorophenylthio)-2-(3,4-dichlorophenyl)-6-[2-(dimethylamino)ethylami
     no]-pyrimidine[.1/2 cyclohexane].
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ABST
PAL  Disclosed are new chemical compounds namely 1,4-dialkanols of
      octahydrothieno[3,4-b]pyrazine 6,6-dioxides and 4-alkanols of
      octahydrothieno[3,4-b]pyrazine 6,6-dioxides, the use of such compounds in
      the production of polyurethanes, and methods of making such compounds.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Copending application Ser. No. 336,752 filed of even date herewith, now
      U.S. Pat. No. 3,882,122, in the name of applicant Hagen, discloses and
      claims the 1,2,3,4,4a,5,7,7a-octahydrothieno [3,4-b]pyrazine 6,6-dioxides
      and the 1,2,3,4,4a,5,7,7a-octahydro-2-alkylthieno[3,4-b]pyrazine
      6,6-dioxides which are disclosed herein.
PAR  Copending application Ser. No. 336,842 filed of even date herewith in the
      names of applicant Mao, et al., now U.S. Pat. No. 3,821,132 issued June
      28, 1974 is directed to the preparation of polyurethane forms by the use
      of the diols and the aminoalcohols disclosed herein in combination.
PAC  FIELD OF THE INVENTION
PAR  The invention in one aspect comprises the new class of chemical compounds,
      1,4-dialkanoloctahydrothieno [3,4-b]pyrazine 6,6-dioxides having the
      general formula:
      ##EQU1##
      wherein R.sub.1 and R.sub.5 may be the same or different and each
      represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, an
      aryl group, a substituted aryl group, an alkoxyalkyl group, a
      bis-alkoxymethyl group, a cyanoalkyloxymethyl group or a sulfolanylmethyl
      group, R.sub.2 and R.sub.4 may be the same or different and each
      represents a hydrogen atom, or a lower alkyl group having 1 to 5 carbon
      atoms, and R.sub.1 together with R.sub.2 and/or R.sub.4 together with
      R.sub.5 can constitute an alkylene group having 1 to 4 carbon atoms, and
      R.sub.3 may be a hydrogen atom or an alkyl group having 1 to 10 carbon
      atoms.
PAR  The heterocyclic dialkanols of the invention are useful as chain extenders
      for polyurethane elastomers which have a unique combination of physical
      properties such as transparency, low durometer, high tensile strength and
      high tear resistance. Chain extenders are low molecular weight diols which
      have the effect of concentrating the rigid diisocyanate molecules at
      intervals along the polymer chain. These diols also provide long pot life
      to liquid polyurethane mixes which facilitates the handling and
      fabrication of articles of cast or liquid-coated articles made from
      polyurethanes. The pot life is the time interval between completeness of
      mixing and the time at which the viscosity increases to the point where
      the mixture cannot be worked.
PAR  In another aspect the invention comprises the new class of chemical
      compounds 4-alkanoloctahydrothieno[3,4-b]pyrazine 6,6-dioxides having the
      general formula:
      ##EQU2##
      wherein R.sub.1, R.sub.2 and R.sub.3 as defined above.
PAR  In a further aspect, the invention relates to use of the chemical compounds
      disclosed above as chain extenders or promoters in the preparation of
      polyurethanes.
PAR  In a still further aspect, the invention comprises methods of synthesizing
      such compounds.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The prior art compounds which are the most closely related to the compounds
      of this invention are the 1,4-piperazine dialcohols having the general
      formula:
      ##EQU3##
      wherein R may be hydrogen or a lower alkyl group having 1 to 5 carbon
      atoms. Several prior art references discuss the use of these compounds as
      chain extenders for polyurethane syntheses. The 1,4-piperazine dialkanols
      are not suitable as chain extenders for the "one shot" system of
      polyurethane systhesis because the "pot life" of the mixture of
      diisocyanate, polyester or polyether diol and these low molecular weight
      piperazine dialkanols is too short at processing temperatures. Apparently
      the two tertiary amino groups exert a strong accelerating effect on the
      rate of reaction between diisocyanate and diol.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION INCLUDING PREFERRED EMBODIMENTS
PAR  The novel compounds of this invention are made by a two step synthesis. The
      first step involves the formation of an intermediate thienopyrazine
      dioxide II or III according to the following reaction scheme:
      ##EQU4##
      In the foregoing reaction scheme X is halogen (usually chlorine or bromine
      although other halogens are equally useful) and R.sub.3 is hydrogen or
      alkyl having 1 to 10 carbon atoms. In this reaction, the atarting material
      I, a 3,4-dihalotetrahydrothiophene 1,1-dioxide, is reacted with excess
      ethylene diamine to form intermediate cyclic diamine II which is
      1,2,3,4,4a,5,7,7a-octahydrothieno-[3,4-b]pyrazine 6,6-dioxide.
      Intermediate cyclic diamine III,
      1,2,3,4,4a,5,7,7a-octahydro-2-alkylthieno[3,4-b]pyrazine 6,6-dioxide is
      formed when an excess of a C-alkyl substituted ethylene diamine such as
      propylene diamine is reacted with the 3,4-dihalotetrahydrothiophene
      1,1-dioxide. The usual procedure is to dissolve reactant I in a suitable
      solvent such as dioxane and add the resultant solution to an excess of
      diamine in dioxane solution. The reaction solution is kept at less than
      70.degree. to 80.degree.C. By the time the reaction is complete, two
      layers will have formed, the top layer containing intermediate diamine II
      or III and the bottom layer containing the diamine salt and excess
      diamine. At least three equivalents of diamine must be used since two
      equivalents are required to dehydrohalogenate the
      3,4-dihalotetrahydrothiophene 1,1-dioxide. The amount of solvent used is
      not critical as long as enough is used to dissolve the
      3,4-dihalotetrahydrothiophene 1,1-dioxide I. The reaction temperature is
      also not critical but the exotherm must be controlled by either the rate
      of addition of reactant I or by the external cooling.
PAR  The second step involves the formation of the diols, types IV and V of this
      invention, by reaction of intermediate compound II or III with an excess
      of an epoxide according to the following scheme:
      ##EQU5##
      In this reaction the diols of this invention are formed by reacting the
      pyrazine dioxides II and III in water with an excess of a suitable
      expoxide. In general, one mole of the pyrazine dioxide is reacted with 2.5
      moles of the epoxide. Some of the reactions exhibit an exotherm while
      others require heating to reflux for complete reaction. In the case where
      the epoxide is not completely miscible with water, the reaction mixture
      becomes homogeneous as the reaction proceeds. Reaction times and
      temperatures will vary depending upon the epoxide and some reactions will
      require use of a co-solvent in conjunction with water. Suitable
      co-solvents are dioxane and acetone.
PAR  The systematic names for the compounds of this invention, IV and V, are as
      follows:
PA1  Iv. (wherein R.sub.3 is hydrogen);
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]-1,4-dialkanolpyrazine
      6,6-dioxide, and
PA1  V. (wherein R.sub.3 is an alkyl group);
      1,2,3,4,a,5,7,7a-octahydro-2-alkylthieno[3,4-b]-1,4-dialkanolpyrazine
      6,6-dioxide.
PAR  Any epoxide wherein the epoxy group is an oxirane group is suitable to
      prepare the diols of this invention. Outstanding results are obtained with
      ethylene oxide and monosubstituted ethylene oxides having the formula
      ##EQU6##
      where R is a hydrocarbon radical such as alkyl with 1 to 10 carbon atoms,
      aryl, alkyl substituted aryl or cycloalkyl. Exemplary of such epoxides are
      ethylene oxide, propylene oxide, 1-butene oxide, 2-butene oxides, 1-hexene
      oxide, 1-octene oxide and substituted alkylene oxides such as cyclohexene
      oxide, styrene oxide; glycidyl ethers, such as methyl glycidyl ether,
      ethyl glycidyl ether, hexyl glycidyl ether, phenyl glycidyl ether, o, m,
      or p-tolyl glycidyl ether, o, m, or p-chlorophenyl glycidyl ether; and
      unsaturated epoxides, such as vinyl cyclohexene monoxide, butadiene
      monoxide, methallyl glycidyl ether, o, m, p-allylphenyl glycidyl ether and
      allyl glycidyl ether. Halogen-containing epoxides may also be used.
      Exemplary of such halogen-containing epoxides are epichlorohydrin,
      epibromohydrin, epifluorohydrin, trifluoromethyl ethylene oxide. Also
      suitable are the acetal- and ketal-containing epoxides such as
      1,1-dimethoxy-2,3-epoxypropane, 1,1-diethoxy-2,3-epoxypropane,
      2-(2,3-epoxypropoxy)-tetrahydropyran; sulfone-containing epoxides such as
      7-oxa-3-thiabicyclo[4.1.0]heptane 3,3-dioxide and nitrile-containing
      epoxides such as B-cyanoethyl glycidyl ether. Other exemplary epoxides are
      shown in the working examples given below.
PAR  Another class of novel difunctional compounds, which are related to
      compounds of types IV and V disclosed above and are useful in the
      preparation of polyurethanes, particularly as promoters for the chain
      extension reaction in preparation of polyurethanes, have the following
      general formula:
      ##EQU7##
      wherein R.sub.1, R.sub.2 and R.sub.3 are as defined above. These are
      referred to hereinafter as type VI compounds.
PAR  These novel type VI compounds are made by (a) reacting only one equivalent
      of an epoxide to one mole of intermediate compound II or III or (b)
      reacting one mole of intermediate compound III with more than one mole of
      an epoxide which has a bulky side group under mild conditions. In the
      latter case the bulky side group of the epoxide favors (because of steric
      factors) the mono addition away from the alkyl group in the 3-position of
      the pyrazine ring. The systematic name for this new class of aminoalcohols
      is 1,2,3,4,4a,5,7,7a-octahydro-2-alkylthieno[3,4-b]-pyrazine-1-monool
      6,6-dioxide. These aminoalcohols, like the dialcohols of this invention,
      are useful in preparing polyurethanes. Because of their basic nature, they
      are valuable promoters for the chain extending (polymerization) reaction,
      especially when used in conjunction with the diols of types IV and V.
PAC  Example 1
PAR  This example illustrates the preparation and evidence of structure of a
      type II diamine which can be used as an intermediate in the syntheses of
      the novel compounds of this invention.
PAR  A solution of 567 g. (3 moles) of 3,4-dichlorotetrahydrothiophene
      1,1-dioxide in 2000 ml. of dioxane was added while stirring over a period
      of three hours at 0.degree.C. to a solution of 1330 ml. (20 moles) of
      ethylene diamine in 1500 ml. of dioxane. After the addition was complete,
      the reaction mixture was heated on a steam bath for 21/2 hours and kept at
      ambient temperature while stirring overnight. The mixture separated into
      two layers. The top layer contained a major portion of the product
      diamine. The bottom layer, containing excess unreacted ethylene diamine
      and the amine salt, was washed twice with 1000 ml. of dioxane and all the
      dioxane portions were than combined. The dioxane was stripped off leaving
      the crude product. Three recrystallizations from toluene produced 203 g.
      (40%) of 1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine 6,6-dioxide,
      M.P. 112.5.degree.-114.degree.C. IR showed bands at 3340 cm.sup.-.sup.1,
      3310 cm.sup.-.sup.1 (NH), and at 1290 cm.sup.-.sup.1 and 1100
      cm.sup.-.sup.1 (SO.sub.2). NMR in D.sub.2 O showed bands with relative
      areas of 2:2:1 consistent with the II structure.
PAR  Analysis -- Calcd. for C.sub.6 H.sub.12 N.sub.2 O.sub.2 S (percent): C,
      40.8; H, 6.82; N, 15.9; S, 18.2. Found (percent): C, 41.2; H, 6.92; N,
      15.6; S, 18.3.
PAC  Example 2
PAR  The procedure for preparing type III diamines is the same as the procedure
      of Example 1 for preparing type II diamines. In this case, using the same
      thiophene dioxide and substituting propylene diamine for the ethylene
      diamine, the white crystalline product,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine 6,6-dioxide, had
      a melting point of 152.degree.-156.degree.C. IR spectrum showed
      absorptions at 3300 cm.sup.-.sup.1 (NH) and at 1290 cm.sup.-.sup.1 and
      1115 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis -- Calcd. for C.sub.7 H.sub.14 N.sub.2 O.sub.2 S (percent): C,
      44.2; H, 7.37; N, 14.7; S, 16.8. Found (percent): C, 44.17; H, 7.35; N,
      14.76; S, 16.65.
PAC  Example 3a
PAR  This example illustrates the preparation of a typical diol of this
      invention using a reactive, watersoluble epoxide. (Water soluble epoxides
      have at most four carbon atoms). 2.5 ml. (0.05 mole) of ethylene oxide was
      condensed into a reaction flask and dissolved in 5 ml. of water. To this
      solution was added gradually at room temperature, a solution of 3.5 g.
      (0.02 mole) in 5 ml. of water of
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine 6,6-dioxide, the diamine
      of Example 1. After the reaction was complete, the reaction mixture was
      allowed to cool to room temperature and the waterr and excess epoxide were
      removed under vacuum, leaving a white solid. Trituration with toluene gave
      a product, 1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine 1,4-diethanol
      6,6-dioxide, M.P. 145.degree.-147.degree.C. IR spectrum showed bands at
      3300 cm.sup.-.sup.1, broad (OH) at 1285 cm.sup.-.sup.1 and 1125
      cm.sup.-.sup.1 (SO.sub.2) and at 1010 cm.sup.-.sup.1 (CO).
PAR  Analysis -- Calcd. for C.sub.10 H.sub.20 N.sub.2 O.sub.4 S (percent): C,
      45.41; H, 7.58; N, 10.6; S, 12.1. Found (percent): C, 45.34; H, 7.35; N,
      10.45; S, 11.8.
PAC  Example 3b
PAR  Example 3a was repeated using the diamine of Example 1 but substituting
      propylene oxide for the ethylene oxide. The resultant product,
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-methyleth
     anol) 6,6-dioxide was a viscous liquid that became semisolid on standing.
      The IR spectrum showed absorptions at 3450 cm.sup.-.sup.1 (OH) and at 1300
      and 1120 cm.sup.-.sup.1 (SO.sub.2).
PAR  NMR showed a doublet for the methyl groups at 1.15 ppm (J = 6 Hz) with fine
      triplet splitting. The ratio of methyl hydrogens to all other hydrogens
      was found to be 1:3.3 (calculated 1:3.0).
PAR  Hydroxyl number -- Calcd. 385. Found 387.
PAR  Analysis -- Calcd. for C.sub.12 H.sub.24 N.sub.2 O.sub.4 S (percent): C,
      49.3; H, 8.22; N, 9.59; S, 10.95. Found (percent): C, 47.8; H, 7.91; N,
      9.34; S, 10.65.
PAC  Example 3c
PAR  Example 3a was repeated using the diamine of Example 1 and substituting
      isobutylene oxide for the ethylene oxide. The resultant product
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.,.alpha.-d
     imethylethanol) 6,6-dioxide had a M.P. of 70.degree.-85.degree.C. The IR
      spectrum showed absorptions at 3550 cm .sup.-.sup.1 (OH) and at 1300 and
      1110 cm.sup.-.sup.1 (SO.sub.2).
PAR  NMR showed two methyl singlets, unequal in intensity, indicative of two
      different geometrical isomers being present. The relatively broad melting
      point range also indicates this. NMR ratio of methyl hydrogens to all
      others was found to be 1:1.27 calculated 1:1.33.
PAR  Analysis -- Calcd. for C.sub.14 H.sub.28 N.sub.2 O.sub.4 S (percent): C,
      52.5; H, 8.75; N, 8.75; S, 10.0. Found (percent): C, 52.3; H, 8.93; N,
      7.59; S, 9.31.
PAC  Example 3d
PAR  Example 3a was repeated using the diamine of Example 1 and substituting
      2,3-epoxy-1-propanol (glycidol) for ethylene oxide. The resultant product,
      1,2,3,4,4a,5-7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-hydroxyme
     thylethanol) 6,6-dioxide, had a M.P. 260.degree.C. (dec) and was very
      hygroscopic. The IR spectrum showed absorptions at 3400 cm.sup.-.sup.1
      (OH), strong, and at 1280 and 1130 cm.sup.-.sup.1 (SO.sub.2).
PAR  Hydroxyl number -- Calcd. 693. Found 727.
PAR  NMR was complex but gave a ratio of hydrogens on carbon .alpha. to nitrogen
      to all other hydrogens of 0.64:1; calculated 0.67:1. The fact that this
      diol was hygroscopic made elemental analysis meaningless and complicated
      other analyses.
PAC  Example 3e
PAR  Example 3a was repeated using the diamine of Example 1 and substituting
      3,3-dimethoxypropylene oxide for ethylene oxide. The resultant product,
      1,2,3,4-4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(2
      -hydroxypropionaldehydedimethylacetal) 6,6-dioxide was a viscous liquid.
      The IR spectrum showed absorptions at 3570 cm.sup.-.sup.1 (OH) and at 1300
      cm.sup.-.sup.1 and 1120 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis -- Calcd. for C.sub.16 H.sub.32 N.sub.2 O.sub.8 S (percent): C,
      46.6; H, 7.77; N, 6.79; S, 7.76. Found (percent): C, 45.5; H, 7.78; N,
      6.60; S, 7.74.
PAC  Example 3f
PAR  Example 3a was repeated using the diamine of Example 1 and substituting
      3-methoxypropylene oxide for ethylene oxide. The resultant product,
      1,2,3,4,4a-5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(3-methoxy-2-propa
     nol 6,6-dioxide, was a viscous liquid. The IR spectrum showed absorptions
      at 3510 cm.sup.-.sup.1 (OH) and at 1290 cm.sup.-.sup.1 and 1115 cm.sup.-
      .sup.1 (SO.sub.2).
PAR  Analysis -- Calcd. for C.sub.14 H.sub.28 N.sub.2 O.sub.6 S (percent): C,
      47.7; H, 7.96; N, 7.95; S, 9.10. Found (percent): C, 47.03; H, 8.06; N,
      7.96; S, 9.41.
PAC  Example 3g
PAR  Example 3a was repeated using the diamine of Example 2 and a water-soluble
      epoxide, ethylene oxide. The resultant product
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1,4-diethanol
      6,6-dioxide was a viscous liquid. IR showed OH (3430 cm.sup.-.sup.1) and
      SO.sub.2 (1300 and 1120 cm.sup.-.sup.1).
PAR  NMR gave two doublets for the methyl group at 1.10 ppm indicative of two
      geometrical isomers. The ratio of methyl hydrogens to all others was found
      to be 1:7.0, calculated 1:6.3.
PAR  Analysis -- Calcd. for C.sub.11 H.sub.22 N.sub.2 O.sub.4 S (percent): C,
      47.5; H, 7.97; N, 10.1; S, 11.5. Found (percent): C, 47.33; H, 8.23; N,
      10.20; S, 11.68.
PAC  Example 3h
PAR  Example 3g was repeated substituting propylene oxide for ethylene oxide.
      The resultant product,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1,4-bis(.alpha.-
     methylethanol) 6,6-dioxide, was a viscous liquid. The IR spectrum showed
      absorptions at 3520 cm.sup.-.sup.1 (OH) and at 1300 cm.sup.-.sup.1 and
      1120 cm.sup.-.sup.1 (SO.sub.2).
PAR  NMR gave a ratio of methyl hydrogens to all other hydrogens 0.49:1;
      calculated 0.53:1.
PAR  Analysis -- Calcd. for C.sub.13 H.sub.26 N.sub.2 O.sub.4 S (percent): C,
      50.96; H, 8.55; N, 9.15; S, 10.43. Found (percent): C, 49.69; H, 8,34; N,
      9.07; S, 10.39.
PAC  Example 3i
PAR  Example 3e was repeated substituting the diamine of Example 2 for the
      diamine of Example 1. The resultant product,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4b]-pyrazine-1,4-bis(2-hydrox
     ypropionaldehydedimethylacetal) 6,6-dioxide was a viscous liquid. The IR
      spectrum showed absorptions at 3510 cm.sup.-.sup.1 (OH) and at 1300
      cm.sup.-.sup.1 and 1150 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis -- Calcd. for C.sub.17 H.sub.34 N.sub.2 O.sub.8 S (percent): C
      47.9; H, 8.0; N, 6.57; S, 7.5. Found (percent): C, 47.03; H, 8.39; N,
      6.35; S, 7.18.
PAC  Example 3j
PAR  Example 3a was repeated using the diamine of Example 2 and reacting it with
      3-(.beta.-cyanoethoxy)propylene oxide. The resultant product,
      3,3'-[1,2,3,4,4a-5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1,4-bis[3"
     "-(2-hydroxypropoxy)-propionitrile]] 6,6-dioxide was a viscous liquid. The
      IR spectrum showed absorptions at 3510 cm.sup.-.sup.1 (OH), 2240
      cm.sup.-.sup.1 (CN) and at 1300 cm.sup.-.sup.1 and 1100 cm.sup.-.sup.1
      (SO.sub.2).
PAR  Analysis -- Calcd. for C.sub.19 H.sub.32 N.sub.4 O.sub.6 S (percent): C,
      51.3; H, 7.2; N, 12.6; S, 7.2. Found (percent): C, 50.86; H, 7.15; N,
      12.32; S, 6.4.
PAC  Example 4a
PAR  This example illustrates the preparation and evidence of structure of a
      typical compound of this invention,
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-phenyleth
     anol) 6,6-dioxide using styrene oxide, an epoxide which is water insoluble.
PAR  15 g. (0.12 mole) of styrene oxide was added to a solution of 8.8 g. (0.05
      mole) of 1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine 6,6-dioxide in
      50 ml. of water and 100 ml. of acetone. The reaction mixture was refluxed
      overnight after which the solvents and excess epoxide were removed under
      vacuum leaving behind a hard, glassy solid,
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-phenyleth
     anol) 6,6-dioxide, M.P. 56.degree.-63.degree.C. IR showed absorptions at
      3500 cm.sup.-.sup.1 (OH), 3050 cm.sup.-.sup.1, 1600 cm.sup.-.sup.1 and 760
      cm.sup.-.sup.1 (phenyl), 1290 cm.sup.-.sup.1 and 1110 cm.sup.-.sup.1
      (SO.sub.2).
PAR  Hydroxyl number -- Calcd. 269; Found 264.
PAR  Analysis -- Calcd. for C.sub.22 H.sub.28 N.sub.2 O.sub.4 S (percent): C,
      63.5; H, 6.73; N, 6.73; S, 7.69 Found (percent): C, 62.78; H, 6.88; N,
      6.96; S, 8.31.
PAC  Example 4b
PAR  Example 4a was repeated using 1,2-octene oxide in place of styrene oxide.
      The resultant product,
      1,2,3,4-4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-hexyletha
     nol) 6,6-dioxide, was a viscous liquid that became paste-like on standing.
      The IR spectrum showed absorptions at 3550 cm.sup.-.sup.1 (OH) and 1290
      cm.sup.-.sup.1 and 1120 cm.sup.-.sup.1 (SO.sub.2).
PAR  NMR was complex but gave ratio of hexyl hydrogens to all other hydrogens in
      D.sub.2 O of 1.4:1; calculated 1.33:1.
PAR  Analysis -- Calcd. for C.sub.22 H.sub.28 N.sub.2 O.sub.4 S (percent): C,
      61.2; H, 10.2; N, 6.48; S, 7.42. found (percent): C, 58.58; H, 10.09; N,
      7.07; S, 8.16.
PAC  Example 4c
PAR  Example 4a was repeated using cyclohexene oxide in place of styrene oxide
      and dioxane in place of acetone. The resultant product,
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(2-cyclohexanol)
      6,6-dioxide, had a M.P. of 249.degree.-250.5.degree.C., recrystallized
      from ethanol/water. The IR spectrum showed absorptions at 3500
      cm.sup.-.sup.1 (OH) and 1290 cm.sup.-.sup.1 and 1120 cm.sup.-.sup.1
      (SO.sub.2).
PAR  NMR gave ratio of cyclohexyl methylene hydrogens to all others of 1.01:1;
      calculated 1:1.
PAR  Analysis -- Calcd. for C.sub.18 H.sub.32 N.sub.2 O.sub.4 S (percent): C,
      58.1; H, 8.61; N, 7.53; S, 8.61. Found (percent): C, 58.3; H, 8.44; N,
      7.60; S, 8.95.
PAC  Example 4d
PAR  Example 4a was repeated using 2,3-butene oxide in place of styrene oxide
      and acetone as a co-solvent. The resultant product,
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.,.beta.-di
     methylethanol) 6,6-dioxide, was a white solid isomeric mixture, M.P.
      100.degree.-115.degree.C. The IR spectrum showed absorptions at 3450
      cm.sup.-.sup.1 (OH) and 1290 cm.sup.-.sup.1 and 1120 cm.sup.-.sup.1
      (SO.sub.2).
PAR  NMR gave a ratio of methyl hydrogens to all others of 1:1.5; calculated
      1:1.33.
PAR  Analysis -- Calcd. for C.sub.14 H.sub.28 N.sub.2 O.sub.4 S (percent): C,
      52.5; H, 8.75; N, 8.75; S, 10.0. Found (percent): C, 49.93; H, 8.69; N,
      8.46; S, 9.29.
PAC  Example 4e
PAR  Example 4a was repeated using butadiene monoxide in place of styrene oxide.
      The resultant product,
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-vinyletha
     nol) 6,6-dioxide, was a viscous liquid. The IR spectrum showed absorptions
      at 3500 cm.sup.-.sup.1 (OH), 1290 cm.sup.-.sup.1 and 1110 cm.sup.-.sup.1
      (SO.sub.2), 3100 cm.sup.-.sup.1, 1630 cm.sup.-.sup.1, 995 cm.sup.-.sup.1
      and 920 cm.sup.-.sup.1 (vinyl).
PAR  NMR gave a ratio of non-olefinic hydrogen to olefinic hydrogen of 3.4:1;
      calculated 3.0:1.
PAR  Analysis -- Calcd. for C.sub.14 H.sub.24 N.sub.2 O.sub.4 S (percent): C,
      53.2; H, 8.87; N, 8.87; S, 10.1. Found (percent): C, 51.3; H, 7.67; N,
      8.83; S, 9.79.
PAC  Example 4f
PAR  Example 4d was repeated using 1,2-butene oxide in place of styrene oxide.
      The resultant product,
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.
      -ethylethanol) 6,6-dioxide, was a viscous liquid. The IR spectrum showed
      absorptions at 3500 cm.sup.-.sup.1 (OH) and 1290 cm.sup.-.sup.1 and 1110
      cm.sup.-.sup.1 (SO.sub.2).
PAR  NMR gave a ratio of ethyl hydrogens to all other of 0.55:1; calculated
      0.55:1.
PAR  Analysis -- Calcd. for C.sub.14 H.sub.28 N.sub.2 O.sub.4 S (percent): C,
      52.5; H, 8.75; S, 10.0; N, 8.75 Found (percent): C, 52.51; H, 8.65; N,
      8.65; S, 9.58.
PAR  Examples 5a, 5b and 5c illustrate the preparation of mixed diols (types IV
      and V) of the present invention by the reaction of two different epoxides
      in sequence with diamines of types II and III above. It is preferred to
      react with only one epoxide at a time because this enables better control
      of the reaction and of the structure of the product than would be possible
      using two different epoxides at the same time.
PAC  Example 5a
PAR  This example illustrates the preparation of still another typical compound
      of this invention, one in which two different epoxides are reacted with a
      type II diamine made according to Example 1.
PAR  To a solution of 88 g. (0.5 mole) of
      1,2,3,4,4a-5,7,7a-octahydrothieno[3,4-b]pyrazine 6,6-dioxide in 200 ml. of
      water was added a solution of 25 g. (0.5 mole) of propylene oxide in 50
      ml. of water over a period of one hour. The mixture was stirred at ambient
      temperature overnight after which a solution of 22 g (0.7 moles) of
      ethylene oxide in 50 ml. of water was added gradually to the reaction
      mixture. Three hours after the addition of the ethylene oxide solution was
      completed, all volatile products, including water, were removed leaving
      behind a viscous liquid,
      1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1-ethanol-4-(.alpha.-meth
     ylethanol) 6,6-dioxide. IR spectrum showed the presence of OH and SO.sub.2
      and NMR gave a ratio of 0.15 for methyl hydrogen to all other hydrogen as
      against a calculated value of 0.16. The hydroxyl number -- Calcd. 403;
      Found 397.
PAC  Example 5b
PAR  The procedure of Example 5a was followed except that the type III diamine
      of Example 2 was first reacted witn 1,2-octene oxide in a 70/30
      acetone/water solution, and the resultant aminoalcohol was then further
      reacted with an excess of ethylene oxide. The resultant product,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1-ethanol-4-(.al
     pha.-hexylethanol) 6,6-dioxide was a viscous liquid which became solid on
      standing. The IR spectrum showed absorptions of 3510 cm.sup.-.sup.1 (OH)
      and 1300 cm.sup.-.sup.1 and 1110 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis -- Calcd. for C.sub.17 H.sub.34 N.sub.2 O.sub.4 S (percent): S,
      8.84. Found (percent): S, 9.21. Molecular weight -- Calcd. 363; Found 371.
PAC  Example 5c
PAR  Example 5b was repeated substituting 2,3-epoxy-1-(2-sulfolanyl)butane for
      1,2-octene oxide and propylene oxide for the ethylene oxide. The resultant
      product,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1-(.alpha.-methy
     lethanol)-4-(.beta.-methyl-.alpha.-tetrahydro-1,1-dioxo-2-thenyl)ethanol
      6,6-dioxide, was a viscous liquid. The IR spectrum showed absorptions at
      3530 cm.sup.-.sup.1 (OH) and 1300 cm.sup.-.sup.1 and 1120 cm.sup.-.sup.1
      (SO.sub.2).
PAR  Analysis -- Calcd. for C.sub.18 H.sub.34 N.sub.2 O.sub.6 S.sub.2 (percent):
      C, 49.29; H, 7.76; N, 6.39; S, 14.61. Found (percent): C, 49.40; H, 7.70;
      N, 6.57; S, 14.31.
PAC  Example 6 a
PAR  This example demonstrates the preparation and evidence of structure of a
      type VI compound. To a solution of 3.8 g (0.02 mole) of
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine 6,6-dioxide in
      50 ml. of water was added a solution of 1.2 g. (0.02 mole) of propylene
      oxide in 10 ml. of water. The reaction mixture was stirred overnight after
      which the solvent was removed by vacuum. The reaction product was a white
      solid,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-4-(.alpha.-methy
     lethanol) 6,6-dioxide, M.P. 121.degree.-124.degree.C. The IR spectrum
      showed absorptions at 3500 cm.sup.-.sup.1 (OH), 3300 cm.sup.-.sup.1 (NH),
      1285 cm.sup.-.sup.1 and 1120 cm.sup.- .sup.1 (SO.sub.2).
PAR  Analysis -- Calcd. for C.sub.10 H.sub.20 N.sub.2 O.sub.3 S (percent): C,
      48.36; H, 8.12; N, 11.28; S, 12.91. Found (percent): C, 47.98; H, 8.12; N,
      11.52; S, 13.34.
PAC  Example 6b
PAR  This experiment demonstrates the preparation of another type VI compound.
      The procedure used was the same as in Example 6a with the exception that
      1,2-octene oxide was substituted for propylene oxide. The resultant
      product,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-4-(.alpha.-hexyl
     ethanol) 6,6-dioxide was a viscous liquid which became solid on standing.
      The IR spectrum showed absorptions at 3510 cm.sup.-.sup.1 (OH), 3300
      cm.sup.-.sup.1 (NH) and at 1300 cm.sup.-.sup.1 and 1120 cm.sup.-.sup.1
      (SO.sub.2).
PAR  Analysis -- Calcd. for C.sub.15 H.sub.30 N.sub.2 O.sub.3 S (percent): S,
      10.06. Found (percent: S, 8.97.
PAR  The hydroxyl number -- Calcd. 352; Found 333.
PAC  Example 6c
PAR  This experiment demonstrates the preparation of still another type VI
      compound. The procedure used was the same as in Example 6a with the
      exception that 2,3-epoxy-1-(2-sulfolanyl)butane was substituted for
      propylene oxide. The resultant product,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-4-(.beta.-methyl
     -.alpha.-tetrahydro-1,1-dioxo-2-thenyl)ethanol 6,6-dioxide was a viscous
      liquid. The IR spectrum showed absorptions at 3580 cm.sup.-.sup.1 (OH),
      3350 cm.sup.-.sup.1 (NH) and at 1300 cm.sup.-.sup.1 and 1150
      cm.sup.-.sup.1 (SO.sub.2).
PAC  Example 7a
PAR  This example illustrates the preparation and evidence of structure of a
      diol of this invention made using a type VI aminoalcohol. To a solution of
      38 g. (0.1 mole) of
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-4-(.beta.-methol
     -.alpha.-tetrahydro-1,1-dioxo-2-thenyl)ethanol 6,6-dioxide from Example 6c
      in 100 ml. of water was added a solution of 7.0 g. (0.12 mole) of
      propylene oxide in 10 ml. of water. The reaction mixture was stirred at
      ambient temperature for three days after which the solvent was stripped
      off under reduced pressure. The resultant diol,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1-(.alpha.-methy
     l-ethanol)-4-(.beta.62
      -methyl-.alpha.(tetrahydro-1,1-dioxo-2-thenyl)ethanol 6,6-dioxide, was a
      viscous liquid and chemically was essentially the same as the product of
      Example 5c. The IR spectrum showed absorptions at 3500 cm.sup.-.sup.1
      broad (OH) and at 1285 cm.sup.-.sup.1 and 1125 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis -- Calcd. for C.sub.18 H.sub.34 N.sub.2 O.sub.6 S.sub.2 (percent):
      C, 49.29; H, 7.76; N, 6.39; S, 14.61. Found (percent): C, 49.09; H, 7.44;
      N, 6.59; S, 14.24.
PAC  Example 7b
PAR  Following the procedure of Example 7a,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1-ethanol-4-(.al
     pha.-hexylethanol) 6,6-dioxide was prepared using as the starting type VI
      aminoalcohol
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-4-(.alpha.-hexyl
     ethanol) 6,6-dioxide (0.1 mole) which was reacted with ethylene oxide (0.12
      mole). The resultant product,
      1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1-ethanol-4-(.al
     pha.-hexylethanol) 6,6-dioxide, was a viscous liquid which became solid on
      standing and chemically was essentially identical to the product of
      Example 5b. The IR spectrum showed absorptions at 3510 cm.sup.-.sup.1
      (OH), and at 1300 cm.sup.-.sup.1 and 1110 cm.sup.-.sup.1 (SO.sub.2).
PAC  Example 8
PAR  The type IV and V compounds of this invention find use as chain extenders
      for the one-shot system of solid castable polyurethanes. In this system,
      the long chain polyol of a type well-known in the art, either a polyester
      or polyether, and the chain extender (a diol) are mixed without chemical
      reaction taking place. The polyisocyanate, usually a diisocyanate, is then
      added and chain extension and crosslinking occur more or less
      simultaneously. This example demonstrates the use of three typical
      compounds of this invention as chain extenders in a typical castable
      polyurethane formulation.
PAR  The polyethylene adipate diol* and the chain extenders were mixed in the
      amounts (grams) shown in Table I in a three-necked glass resin kettle
      fitted for vacuum and with a motor-driven stirrer. The individual mixtures
      were degassed by heating and stirring at 100.degree.C. under 5 mm. of
      pressure for 30 minutes. After cooling to 75.degree.C. a given amount of
      molten 4-4'-diphenylmethane diisocyanate was rapidly added to the binary
      mixture, stirred and degassed under vacuum for 2 more minutes. The
      resultant liquid polyurethane mixture was then poured equally into two
      open top 7.5 .times. 7.5 .times. 0.1 inch Teflon (trademark) coated molds
      which were heated and kept at 115.degree.C. The "pot life" or the time in
      minutes was then measured for the mixture to show signs of forming strings
      when touched with a spatula (incipient gelation). The molds were then
      closed and the cast samples were cured in a heated hydraulic press using
      contact pressure for 1.5 hours at 110.degree.C. After cure, the samples
      were cooled to room temperature, removed from the mold and conditioned in
      air at 25.degree.C. and 50% relative humidity for 14 days before testing.
FNT  *Vibrathane A-112 (trademark), polyethylene adipate diol, molecular weight
      = 1300, from Uniroyal Chemical.
PAR  From the test data shown in Table I, it can be seen that the diols of this
      invention, unlike the N,N'-bis(2-hydroxypropyl)piperazine (stock X), as
      chain extenders in one-shot liquid cast polyurethanes produce long "pot
      life" mixes similar to those from 1,4-butane diol (stock VII) or
      1,4-bis(.beta.-hydroxyethoxy)benzene (stocks VIII and IX) making them
      especially suitable for making either large polyurethane castings or
      coated fabrics. It is well-known that diamine chain extenders such as
      4,4'-diaminodiphenylmethane and 3,3'-dichloro-4,4'-diaminodiphenylmethane
      produce mixes with "pot life" too short for such uses. It should be noted
      that the mix with N,N'-bis(2-hydroxypropyl)piperazine (stock X) was mixed
      at a lower temperature, i.e., at 60.degree.C. in order that a casting
      could be made when this diol was mixed at 75.degree.C. the mix set up
      before the three components of the mix could be thoroughly mixed.
PAR  It should be especially noted that polyurethane castings made with the type
      IV and V diols of this invention also show a unique combination of
      physical properties such as transparency, low durometer, high tensile
      strength and tear resistance. This combination of properties makes them
      uniquely suited for polyurethane coated fabrics with a good hand and with
      superior wear resistance. The commonly used diol chain extenders do not
      give this combination of properties as shown in stocks VII, VIII, and IX.
      Not only does the N,N'-bis(2-hydroxypropyl)piperazine impart a
      prohibitively short "pot life" when used as a chain extender, but also the
      final elastomer properties are inferior with regard to tear resistance and
      tensile strength.
PAC  Example 9
PAR  Liquid cast polyurethanes using the one-shot method of Example 8 were
      prepared with other representative diols of this invention as chain
      extenders according to the amounts listed in Table II. As seen from the
      tabulation of physical properties, these chain extenders also produce
      mixes with long "pot life" depending inversely on the concentration of
      chain extender and produce polyurethane elastomers with superior
      properties depending on the concentration of chain extender used.
PAR  While Examples 8 and 9 show the preparation of solid polyurethane products
      and while the compounds of the invention can be used in making solid
      polyurethane products generally, for example, molded solid polyurethane
      articles, composite articles such as coated fabrics embodying a solid
      polyurethane coating or film on a fabric substrate etc., the compounds can
      be used in making foamed polyurethane materials. A preferred method of
      making foamed polyurethanes using a major proportion of a Type IV or a
      Type V diol and a minor proportion of a Type VI aminoalcohol in
      combination is the subject of the above-mentioned copending application of
      Mao et al.
TBL                                    Table I                                 
     __________________________________________________________________________
     Stock        I   II  III IV  V    VI  VII  VIII                           
                                                    IX  X                      
     __________________________________________________________________________
     Polyethylene adipate                                                      
                  177* 164 175.4                                               
                               162.2                                           
                                   178  165 195  185.4                         
                                                     177.6                     
                                                         187.8                 
     Example 3b diol                                                           
                  32.7 40.8                                                    
     Example 3h diol       34.2                                                
                               42.8                                            
     Example 3g diol               31.2 38.9                                   
     1,4-Butane diol                        10.1                               
     1,4-Bis(hydroxyethoxy)-                     22.2                          
                                                     27.8                      
      benzene                                                                  
     N,N'-Bis(2-hydroxypropyl)-                          22.6                  
      piperazine                                                               
     4,4'-Diphenylmethane                                                      
                  70.4 75.2                                                    
                           70.4                                                
                               74.9                                            
                                   71.0 75.7                                   
                                            75.0 72.6                          
                                                     75.1                      
                                                         69.8                  
      diisocyanate                                                             
     Moles chain extender/                                                     
                  0.4  0.5 0.4 0.5 0.4  0.5 0.4  0.4 0.5 0.4                   
      1000 g. elastomer                                                        
     "Pot life", Minutes                                                       
                  12   9   15  11  13   11  13   13  10  2**                   
     Durometer, Shore A.sup.(1)                                                
                  66   80  66  75  64   71  76   89  93  59                    
     Stress at 100% Elong'n.,                                                  
                  320  760 265 510 330  490 610  1020                          
                                                     1360                      
                                                         275                   
      psi.sup.(2)                                                              
     Tensile strength, psi.sup.(3)                                             
                  5880 8510                                                    
                           5260                                                
                               4660                                            
                                   3840 3740                                   
                                            5590 3580                          
                                                     3140                      
                                                         3360                  
     % Elongation.sup.(3)                                                      
                  480  470 500 390 460  400 640  670 620 470                   
     Tear strength,                                                            
      lbs./in..sup.(4)                                                         
                  183  405 151 291 85   118 278  374 314 46                    
     Optical properties                                                        
                  TRSP..sup.(5)                                                
                       TRSP.                                                   
                           TRSP.                                               
                               TRSP.                                           
                                   TRSL.sup.(6)                                
                                        TRSL.                                  
                                            OPQ..sup.(7)                       
                                                 OPQ.                          
                                                     OPQ TRSL.                 
     __________________________________________________________________________
      *All amounts in grams.                                                   
      **Mixed at 60.degree.C. "Pot life " less than 1 minute when mixed at     
      75.degree.C. and gelled before it could be poured into mold.             
      .sup.(1) ASTM D2240-68                                                   
      .sup.(2) From autographic stress-strain measurements. A 0.10" thick sampl
      is died out into a ring, 3 cm. inner diameter, 3.5 cm. outer diameter,   
      placed around pulleys rotating at 200 rpm, and elongated at a rate of 10 
      in./min. These stress values were determined at 100% elongation.         
      .sup.(3) Scott tensiles following methods ASTM D412-68 and Scott Model L 
      Tester instructions. A jaw separation rate of 20 in./min. and a sample   
      thickness of 0.10" were used.                                            
      .sup. (4) Following procedure of ASTM 624-54 but using a sample measuring
      3" .times. 1" which was died out from a sheet of stock 0.10" thick with a
      2" slit extending lengthwise from one end. The two legs were put in the  
      jaws of a Scott Tester and elongated until torn apart. The force required
      to accomplish this was recorded.                                         
      .sup.(5) TRSP = Transparent                                              
      .sup.(6) TRSL = Translucent                                              
      .sup.(7) OPQ = Opaque                                                    
TBL                                    Table II                                
     __________________________________________________________________________
     Stock            XI XII XIII                                              
                                 XIV XV  XVI XVII                              
     __________________________________________________________________________
     Polyethylene adipate                                                      
                      82.9                                                     
                          66.3                                                 
                              82.2                                             
                                  90.3                                         
                                      74.8                                     
                                          76.3                                 
                                              92.5                             
     Example 3e diol  23.1                                                     
     Example 3f diol      10.6                                                 
     Example 3i diol          23.9                                             
     Example 3j diol              17.9                                         
     Example 4a diol                  29.1                                     
     Example 5a diol                      23.3                                 
     Example 5b diol                          15.2                             
     4,4'-Diphenylmethane diisocyanate                                         
                      34.1                                                     
                          23.1                                                 
                              33.9                                             
                                  31.8                                         
                                      36.2                                     
                                          40.3                                 
                                              32.4                             
     Moles chain extender/1000 g. of                                           
      elastomer.      0.4 0.3 0.4 0.3 0.5 0.6 0.3                              
     "Pot life", minutes                                                       
                      15  &gt;20 20  21  12  7   20                               
     Durometer, Shore A                                                        
                      55  44  51  49  90  81  50                               
     Stress at 100% elong'n., psi                                              
                      205 135 150 200 570 650 175                              
     Tensile strength, psi                                                     
                      2770                                                     
                          --  2410                                             
                                  2050                                         
                                      4390                                     
                                          5290                                 
                                              2220                             
     % Elongation     580 --  630 630 410 410 730                              
     Tear strength, lbs./in.                                                   
                      121 122 100 76  463 361 99                               
     Optical Properties                                                        
                      TRSP.                                                    
                          TRSP.                                                
                              TRSP.                                            
                                  TRSP.                                        
                                      TRSP.                                    
                                          TRSP.                                
                                              TRSP.                            
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula:
      ##EQU8##
      wherein R.sub.1 and R.sub.5 are the same or different and each represents
      a hydrogen atom, alkyl group having 1 to 10 carbon atoms, phenyl,
      hydroxymethyl, alkoxymethyl group having 2 to 7 carbon atoms,
      dimethoxymethyl, diethoxyethyl, tetrahydropyranoxymethyl, phenoxymethyl,
      o-, m-, p-toloxymethyl, o, m-, p-allylphenoxymethyl, o-, m-,
      p-chlorophenoxymethyl, .beta.-cyanoethoxymethyl or sulfolanylmethyl group,
      R.sub.2 and R.sub.4 are the same or different and each represents a
      hydrogen atom, or lower alkyl group having 1 to 5 carbon atoms, R.sub.1
      together with R.sub.2 or R.sub.4 together with R.sub.5 constitute a
      cyclohexylene group, R.sub.3 is a hydrogen atom or methyl group, and
      R.sub.6 and R.sub.7 represent a hydrogen atom or methyl group.
NUM  2.
PAR  2. A compound having the formula:
      ##EQU9##
      wherein R.sub.1 is a hydrogen atom, alkyl group having 1 to 10 carbon
      atoms, phenyl, hydroxymethyl, alkoxymethyl group having 2 to 7 carbon
      atoms, dimethoxymethyl, diethoxyethyl, tetrahydropyranoxymethyl,
      phenoxymethyl, o-, m-, p-toloxymethyl, o-, m-, p-allylphenoxymethyl, o-,
      m-, p-chlorophenoxymethyl, .beta.-cyanoethoxymethyl or sulfolanylmethyl
      group, R.sub.2 is a hydrogen atom or lower alkyl group having 1 to 5
      carbon atoms, R.sub.1 together with R.sub.2 constitute a cyclohexylene
      group, R.sub.3 is a hydrogen atom or methyl group, and R.sub.7 is a
      hydrogen atom or methyl group.
NUM  3.
PAR  3. 1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-diethanol
      6,6-dioxide.
NUM  4.
PAR  4. 1,2,3,4,4a
     ,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-methylethanol)
      6,6-dioxide.
NUM  5.
PAR  5. 1,2,3,4,4a
     ,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.,.alpha.-dimethyletha
     nol) 6,6-dioxide.
NUM  6.
PAR  6. 1,2,3,4,4a,5,7
     ,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-hydroxymethylethanol)
      6,6-dioxide.
NUM  7.
PAR  7. 1,2,3,4,4a
     ,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(2-hydroxypropionaldehydedime
     thylacetal) 6,6-dioxide.
NUM  8.
PAR  8. 1,2,3,4,4a,5,7,7a-oct
     ahydrothieno[3,4-b]pyrazine-1,4-bis(3-methoxy-2-propanol) 6,6-dioxide.
NUM  9.
PAR  9. 1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1,4-diethanol
      6,6-dioxide.
NUM  10.
PAR  10. 1,2,3,4,4
     a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1,4-bis(.alpha.-methyletha
     nol) 6,6-dioxide.
NUM  11.
PAR  11. 1,2,3,4,4a,5,
     7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1,4-bis(2-hydroxypropionaldehy
     dedimethylacetal) 6,6-dioxide.
NUM  12.
PAR  12. 3,3'-[1,2,3,4,4a-5,7,7a-oc
     tahydro-2-methylthieno[3,4-b]pyrazine-1,4-bis[3"-(2-hydroxypropoxy)propioni
     trile]] 6,6-dioxide.
NUM  13.
PAR  13. 1,2,3,4,4a-5,7,7
     a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-hexylethanol) 6,6-dioxide.
NUM  14.
PAR  14. 1,2,3,4,4a-5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(2-cyclohexanol
     ) 6,6-dioxide.
NUM  15.
PAR  15. 1,2,3,4,4a
     -5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.,.beta.-dimethylethan
     ol) 6,6-dioxide.
NUM  16.
PAR  16. 1,2,3,4,4a-5
     ,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-vinylethanol)
      6,6-dioxide.
NUM  17.
PAR  17. 1,2,3,4,4
     a-5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alpha.-ethylethanol)
      6,6-dioxide.
NUM  18.
PAR  18. 1,2,3,4,4
     a-5,7,7a-octahydrothieno[3,4-b]pyrazine-1-ethanol-4-(.alpha.-methylethanol)
      6,6-dioxide.
NUM  19.
PAR  19. 1,2,3,4,4
     a-5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-1-ethanol-4-(.alpha.-hexyl
     ethanol) 6,6-dioxide.
NUM  20.
PAR  20. 1,2,3,4,4a-5,7,7a
     -octahydro-2-methylthieno[3,4-b]pyrazine-1-(.alpha.-methylethanol)-4-(.beta
     .-methyl-.alpha.-tetrahydro-1,1-dioxo-2-thenyl)ethanol 6,6-dioxide.
NUM  21.
PAR  21. 1,2,3,4,4a,5,7,7a-octahydro-2-methylthieno[3,4-b]pyrazine-4-(.a
     lpha.-methylethanol) 6,6-dioxide.
NUM  22.
PAR  22. 1,2,3,4,4a,5,7,7a-octahydro-2
     -methylthieno[3,4-b]pyrazine-4-(.alpha.-hexylethanol) 6,6-dioxide.
NUM  23.
PAR  23. 1,2,3,4,4a,5,7,7a-octahydrothieno[3,4-b]pyrazine-1,4-bis(.alph
     a.-phenylethanol) 6,6-dioxide.
NUM  24.
PAR  24. 1,2,3,4,4a,5,7,7a-octahydr
     o-2-methylthieno[3,4-]-pyrazine-4-(.beta.-methyl-.alpha.-tetrahydro-1,1-dio
     xo-2-thenyl)ethanol 6,6-dioxide.
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ABST
PAL  Compounds of the following formula and their acid addition salts
      ##SPC1##
PAL  Wherein R.sup.1 and R.sup.2 are independently selected from hydrogen,
      halogen, lower alkyl, lower alkoxy, lower alkylthio, nitro, cyano, amino
      and trifluoromethyl; A is a straight or branched chain alkylene of 1 to 8
      carbons; and Z is
      ##SPC2##
PAL  Wherein R.sup.3 is selected from phenyl, phenyl-lower alkyl, and
      substituted phenyl and phenyl-lower alkyl are disclosed. These compounds
      exhibit antidepressant activity. In addition these compounds are useful as
      antiinflammatory agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various naphthalimide compounds have been developed for use as dyes and
      optical brightening agents. Kimura et al., for example, at Chem. Abst.,
      Vol. 62, 11950c, disclose
      N-[2-piperidinoethyl]-4-methoxy-1,8-naphthalimide (i.e.
      6-methoxy-2-[2-(1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
      under the current Chem. Abst. nomenclature) as an optical brightening
      agent. Noguchi et al. in U.S. Pat. No. 3,625,947 disclose 2-[2-(2 or
      4-pyridyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-diones as fluorescent
      whitening agents.
PAR  Schenker et al. in U.S. Pat. No. 3,247,208 disclose that 1
      H-benz[de]isoquinoline-1,3(2H)-diones having a
      (1-substituted-4-piperidinyl) group in the 2-position possess anesthetic
      properties. Carron et al. in French Pat. No. 2,167,355 disclose that
      (4-phenyl)piperidine-2,6-diones having an alkylheteroalkyl substituent at
      the 1-position possess antidepressant activity. Imides having a
      nitroimidazolyethyl group as an N-substituent and possessing
      anti-bacterial and anti-protozoal activity are disclosed in U.S. Pat. Nos.
      3,642,836 and 3,770,763 to Cusic et al. Certain imido dicarboxylic acid
      imides possessing various pharmacological properties are disclosed in U.S.
      Pat. No. 3,560,495 to Frankus et al.
PAR  Wu et al. in U.S. Pat. Nos. 3,398,151 and 3,558,777 and in the Journal of
      Med. Chem., Vol. 12, p. 876-881 (1969) disclose azaspirodecanediones
      having a (4-phenyl-1-piperazinyl)-alkylene group attached to the N atom
      which possess various pharmacological activities including muscle relaxant
      and antinflammatory activity. Mennear in U.S. Pat. No. 3,541,098 disclose
      1,2-cyclobutanedicarboximides having a
      [4-(chlorophenyl)-1-piperazinyl]alkylene group attached to the N atom
      which possess central nervous system depressant activity and have useful
      analgesic and sedative properties.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new
      2-[(substituted-piperazinyl)alkyl]-1H-benz[de]isoquinoline-1,3(2H)-diones
      and their acid addition salts of the formula
      ##SPC3##
PAR  The symbols have the following meaning in formula I and throughout this
      specification.
PAR  R.sup.1 and R.sup.2 are each independently selected from hydrogen, halogen
      (preferably Br, Cl, or F), CF.sub.3, lower alkyl, lower alkoxy, lower
      alkylthio, nitro, amino and cyano.
PAR  A is straight or branched chain alkylene of 1 to 8 carbons.
PAR  Z is
      ##SPC4##
PAL  Wherein R.sup.3 is selected from phenyl, phenyl-lower alkyl, and
      substituted phenyl and phenyl-lower alkyl.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various groups represented by the symbols have the meanings defined
      below and these definitions are retained throughout this specification.
PAR  The lower alkyl groups referred to throughout this specification include
      straight or branched chain hydrocarbon groups containing 1 to 4 carbons.
      Examples of the type of groups contemplated are methyl, ethyl, propyl,
      isopropyl, butyl, etc. The lower alkoxy groups include such lower alkyl
      groups attached to an oxygen, e.g., methoxy, ethoxy, propoxy, etc. The
      phenyl-lower alkyl groups include such lower alkyl groups attached to a
      phenyl, e.g., benzyl, phenethyl, etc. The lower alkylthio group include
      such lower alkyl groups attached to a sulfur, e.g., methylthio, ethylthio,
      etc.
PAR  Straight or branched chain alkylene of 1 to 8 carbons is intended to
      include groups such as --(CH.sub.2).sub.n -- wherein n is 1 to 8,
      ##EQU1##
PAR  The substituted phenyl and phenyl-lower alkyl groups include one or more
      substituents such as lower alkyl, lower alkoxy, lower alkylthio, halogen
      (preferably F, Cl, or Br), CF.sub.3, amino, nitro and the like. Examples
      of the type of groups contemplated are o-, m- or p-chlorophenyl, o-, m-,
      or p-tolyl, 2,5-dibromophenyl, 3,5-dimethylphenyl, o-, m-, or
      p-methoxyphenyl, o-, m-, or p-chlorobenzyl, o-, m-, or p-methoxybenzyl,
      o-, m-, or p-bromophenethyl, etc.
PAR  Preferred embodiments of this invention are as follows:
PAR  At least one of R.sup.1 or R.sup.2 is hydrogen and the other is hydrogen,
      Cl, F, Br, CH.sub.3 or OCH.sub.3.
PAR  A is straight or branched chain alkylene of 1 to 6 carbon atoms.
PAR  The most preferred compounds are:
PAR  R.sup.1 and R.sup.2 are both hydrogen.
PAR  A is --(CH.sub.2).sub.n -- wherein n is an integer from 2 to 6.
PAR  The new compounds of this invention are prepared by the following reactions
      where A is straight or branched chain alkylene of 2 to 8 carbons.
PAR  The substituted naphthalic anhydride of formula II
      ##SPC5##
PAL  is reacted with an alkanolamine of formula III
EQU  H.sub.2 N--A--OH                                           (III)
PAL  to yield the alcohol of formula IV
      ##SPC6##
PAR  The alcohol of formula IV is converted to the intermediate of formula V
      ##SPC7##
PAL  where Y is a leaving group such as tosylate, methanesulfonate or halogen by
      treating the alcohol with p-toluenesulfonyl chloride, methanesulfonyl
      chloride, thionyl chloride, thionyl bromide or hydrogen iodide.
PAR  The intermediate of formula V is then converted to the final products of
      formula I by reactions with compounds of the formula HZ.
PAR  The substituted naphthalic anhydride of formula II can be converted
      directly to the final products of formula I by reacting the anhydride with
      compounds of formula VI.
EQU  H.sub.2 N--A--Z                                            (VI)
PAR  The following schematic summarizes the reactions described above.
PA1  where A is straight or branched chain alkylene of 2 to 8 carbons
      ##SPC8##
PAR  Also, the intermediate of formula V can be prepared by combining a
      substituted naphthalimide of formula VII
      ##SPC9##
PAL  in an organic solvent with a polar organic solvent solution of a base, as
      for example an alcohol solution of potassium hydroxide, followed by the
      addition of a solution of the compound of formula VIII,
EQU  Y'--A--Y                                                   (VIII)
PAL  wherein Y' and Y are the same or different and are leaving groups selected
      from tosylate, methanesulfonate, or halogen and A is a straight or
      branched chain alkylene of 2 to 8 carbons.
PAR  Alternatively, the compounds of formula I wherein A is straight or branched
      alkylene of 2 to 8 carbons can be prepared by combining the anion of the
      substituted naphthalimide of formula VII, described above, with a solution
      of the compound of formula IX,
EQU  Y--A--Z                                                    (IX)
PAL  wherein Y is a leaving group as previously defined.
PAR  Compounds of formula I where A is --CH.sub.2 -- are prepared by reacting
      the substituted naphthalimide of formula VII suspended in a polar organic
      solvent such as dimethylformamide (DMF) with compounds of the formula HZ
      and a source of formaldehyde such as aqueous formaldehyde or
      paraformaldehyde.
PAR  The various starting materials such as the substituted anhydrides of
      formula II and the alcohols of formula IV and the substituted
      naphthalimides of formula VII are known in the art or are readily
      obtainable by known procedures. Further process details are also provided
      in the illustrative examples.
PAR  The compounds of formula I wherein either or both R.sup.1 and R.sup.2 are
      amine or R.sup.3 is an amino substituted phenyl or phenyl-lower alkyl are
      prepared by reducing the corresponding nitro substituted compound with a
      reducing agent such as hydrogen over a palladium catalyst or a suitable
      chemical reducing agent. This is preferably done as the last stage in the
      reaction procedures described above.
PAR  Depending on the reaction conditions and the starting materials used, the
      new compounds are obtained in the free form or in the form of their acid
      addition salts. The salts thereof can be converted into the free compounds
      in a known manner such as by reaction with a basic agent. Free bases which
      may be obtained can be converted into pharmaceutically acceptable acid
      addition salts by reaction with a variety of acids. Acids useful for
      preparing these acid-addition salts include, inter alia, inorganic acids,
      such as the hydrohalic acids (e.g. hydrochloric and hydrobromic acid),
      sulfuric acid, nitric acid, and phosphoric acid, and organic acids such as
      maleic, fumaric, tartaric, citric, acetic, benzoic, 2-acetoxybenzoic,
      salicyclic, succinic, nicotinic, methanesulfonic or cyclohexanesulfamic.
PAR  The new compounds of the present invention including the acid addition
      salts are capable of modifying the central nervous system. When
      administered to mice, cats, rats, dogs, and other mammalian species in
      amounts ranging from about 0.5 mg. to about 100 mg. per kg. of body weight
      per day, these compounds in particular exhibit antidepressant activity. A
      preferred dosage regimen for optimum results would be from about 1 mg. to
      about 5 mg. per kg. of body weight per day, and such dosage units are
      employed so that a total of from about 35 mg. to about 3 g. of active
      ingredient in single or divided doses are administered in a 24 hour
      period.
PAR  The antidepressant activity of the compounds of formula I is demonstrated
      by their ability to antagonize tetrabenazine-induced ptosis according to
      the procedure of Vernier et al. ("The Pharmacodynamics of Amitriptyline",
      Psychosomatic Medicine,](1962), pages 683-690) and also by their ability
      to block the reuptake of monoamines in vitro according to the procedure of
      Horn et al. (Molecular Pharmacology, 7th Ed., (1971), page 66).
PAR  The compounds of formula I are also useful as anti-inflammatory agents and
      may be used, for example, in a manner similar to phenylbutazone or
      indomethacin. They may be used to decrease joint swelling, tenderness,
      pain and stiffness in mammalian species, e.g., in conditions such as
      rheumatoid arthritis. The quantity administered ranges from about 1 mg. to
      about 15 mg. per kg. of body weight per day.
PAR  For any of these pharmaceutical purposes a compound or mixture of compounds
      of formula I or their pharmaceutically acceptable acid addition salts may
      be administered orally or parenterally in a conventional dosage form such
      as tablet, capsule, injectable or the like. These may be conventionally
      formulated in an oral or parenteral dosage form by compounding with a
      conventional vehicle, excipient, binder, preservative, stabilizer, flavor
      or the like as called for by accepted pharmaceutical practice.
DETD
PAR  The following examples are illustrative of the invention and represent
      preferred embodiments. Other modifications may be readily produced by
      suitable variations of the reactions. All temperatures are on the
      centigrade scale.
PAC  EXAMPLE 1
PAC  2-[2-(4-Phenyl-1-piperazinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:2)
PAL  a. 2-(2-Hydroxyethyl)-1 H-benz[de]isoquinoline-1,3(2H)-dione
PAR  50 g. (0.252 mole) of naphthalic anhydride and 16 g. (0.262 mole) of
      ethanolamine are refluxed for 3 hours in 200 ml. of water (the solution is
      never complete). After cooling to 25.degree. the water is decanted off and
      the residue recrystallized from 95% ethanol to yield 47.8 g. of
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      172.degree.-173.degree..
PAL  b. 2-(2-Hydroxyethyl)-1 H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester
PAR  52 g. (0.216 mole) of the
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione and 100 g. (0.525
      mole) of p-toluenesulfonyl chloride are added to 600 ml. of pyridine
      previously cooled to 5.degree.. The mixture is shaken briefly then allowed
      to stand overnight at 5.degree.. The mixture is then poured into 3000 ml.
      of ice and water, stirred for 15 minutes and filtered. The insoluble
      material is stirred with fresh water, filtered off again and dried
      overnight at 25.degree. (0.1 mm.) yielding 83 g. of
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester.
PAL  c.
      2-[2-(4-Phenyl-1-piperazinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:2)
PAR  10 g. (0.025 mole) of the ester from part (b), 4.3 g. (0.026 mole) of
      N-phenylpiperazine, and 3.27 g. (0.025 mole) of diisopropylethylamine are
      refluxed in 500 ml. of toluene for 4 hours. The reaction mixture is then
      shaken with 5% NaOH, filtered, washed with water (all aqueous layers are
      backwashed with toluene), and shaken with 10% HCl. The precipitate that
      forms is filtered and washed with water and toluene. Recrystallization
      from water/ethanol yields 3.0 g. of
      2-[2-(4-phenyl-1-piperazinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:2); m.p. 286.degree.-287.degree. (dec.).
PAC  EXAMPLE 2
PAC  2-[2-[4-(4-Methoxyphenyl)-1-piperazinyl]ethyl-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:2)
PAR  Following the procedure of example 1 but substituting 5.1 g. (0.026 mole)
      of 1-(p-methoxyphenyl)piperazine for the N-phenylpiperazine in part (c),
      one obtains 8.0 g. of
      2-[2-[4-(4-methoxyphenyl)-1-piperazinyl]etny]-1H-benz[de]-isoquinoline-1,3
     (2H)-dione, hydrochloride (1:2); m.p. 270.degree.- 271.degree. (dec.).
PAC  EXAMPLE 3
PAC  2-[2-[4-(2-Methoxyphenyl)-1-piperazinyl]etnyl]-1H-benz[de]-isoquinoline-1,3
     (2H)-dione, hydrochloride (1:2)
PAR  Following the procedure of example 1 but substituting 5.1 g. (0.026 mole)
      of 1-(o-methoxyphenyl)piperazine for the N-phenylpiperazine in part (c),
      one obtains 2.9 g. of 2-[47
      2-[4-(2-methoxyphenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:2); m.p. 284.degree. (dec.).
PAC  EXAMPLE 4
PAC  2-[2-[4-(4-Chlorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1)
PAR  Following the procedure of example 1 but substituting 5.2 g. (0.026 mole)
      of 1-(p-chlorophenyl)piperazine in part (c) for the N-phenylpiperazine,
      one obtains 3.0 g. of
      2-[2-[4-(4-chlorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1); m.p. 286.degree.-287.degree. (dec.).
PAC  EXAMPLE 5
PAC  2-[2-[4-(2-Chlorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]-isoquinoline-1,3(
     2H)-dione
PAR  Following the procedure of example 1 but substituting 5.2 g. (0.026 mole)
      of 1-(o-chlorophenyl)piperazine in part (c) for the N-phenylpiperazine,
      one obtains the hydrochloride salt of
      2-[2-[4-(2-chlorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione. This salt is neutralized with aqueous sodium hydroxide and
      extracted with chloroform. The chloroform solution is dried (Na.sub.2
      SO.sub.4), concentrated to 200 ml. and allowed to stand open to the air.
      The product slowly crystallizes and is removed by filtration. Drying at
      50.degree. (60 mm.) overnight yields 4 g. of
      2-[2-[4-(2-chlorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione; m.p. 213.degree.-214.degree..
PAC  EXAMPLE 6
PAC  2-[2-[4-[3-(Trifluoromethyl)phenyl]-1-piperazinyl]ethyl]-1H-benz[de]isoquin
     oline-1,3(2H)-dione, hydrochloride (1:1)
PAR  Following the procedure of example 1 but substituting 6.1 g. (0.026 mole)
      of 1-[3-(trifluoromethyl)phenyl]piperazine for the N-phenylpiperazine in
      part (c), one obtains 6.53 g. of
      2-[2-[4-[3-(trifluoromethyl)phenyl]-1-piperazinyl]ethyl]-1H-benz[de]isoqui
     noline-1,3(2H)-dione, hydrochloride (1:1); m.p. 276.degree.-277.degree.
      (dec.).
PAC  EXAMPLE 7
PAC  2-[2-[4-(4-Fluorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1)
PAR  Following the procedure of example 1 but substituting 4.8 g. (0.026 mole)
      of 1-(p-fluorophenyl)piperazine for the N-phenylpiperazine in part (c),
      one obtains 6.1 g. of
      2-[2-[4-(4-fluorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1); m.p. 309.degree.-310.degree. (dec.).
PAC  EXAMPLE 8
PAC  2-[2-[4-(Phenylmethyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-
      1,3(2H)-dione, hydrochloride (1:2)
PAR  Following the procedure of example 1 but substituting 4.7 g. (0.026 mole)
      of 1-(phenylmethyl)piperazine for the N-phenylpiperazine in part (c), one
      obtains 10.8 g. of
      2-[2-[4-(phenylmethyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:2); preliminary melting at
      278.degree.-281.degree. and final melting with decomposition at
      284.degree..
PAC  EXAMPLES 9-22
PAR  Following the procedure of example 1 but substituting for the
      N-phenylpiperazine in part (c) an equivalent amount of one of the
      following:
PA1  1-(2-phenylethyl)piperazine
PA1  1-(3-phenylpropyl)piperazine
PA1  1-(4-phenylbutyl)piperazine
PA1  1-(3,5-dichlorophenyl)piperazine
PA1  1-(4-ethylphenyl)piperazine
PA1  1-(4-nitrophenyl)piperazine
PA1  1-(2-thiopropylphenyl)piperazine
PA1  1-(3-trifluoromethyl-4-chlorophenyl)piperazine
PA1  1-(3-trifluoromethyl-4-methylphenyl)piperazine
PA1  1-[(4-bromophenyl)methyl]piperazine
PA1  1-[2-(4-chlorophenyl)ethyl]piperazine
PA1  1-[[(3-trifluoromethyl)phenyl]methyl]piperazine
PA1  1-[3-(4-methylphenyl)propyl]piperazine
PA1  1-[(3,5-dimethoxyphenyl)methyl]piperazine
PAL  one obtains
PA1  2-[2-[4-(2-phenylethyl)-1-piperazinyl]ethyl]-1H-benz[de]-isoquinoline-1,3(2
     H)-dione, hydrochloride;
PA1  2-[2-[4-(3-phenylpropyl)-1-piperazinyl]ethyl]-1H-benz[de]-isoquinoline-1,3(
     2H)-dione, hydrochloride;
PA1  2-[2-[4-(4-phenylbutyl)-1-piperazinyl]ethyl]-1H-benz[de]-isoquinoline-1,3(2
     H)-dione, hydrochloride;
PA1  2-[2-[4-(3,5-dichlorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione, hydrochloride;
PA1  2-[2-[4-(4-ethylphenyl)-1-piperazinyl]ethyl]-1H-benz[de]-isoquinoline-1,3(2
     H)-dione, hydrochloride;
PA1  2-[2-[4-(4-nitrophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride;
PA1  2-[2-[4-(2-thiopropylphenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione, hydrochloride;
PA1  2-[2-[4-(3-trifluoromethyl-4-chlorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]
     isoquinoline-1,3(2H)-dione, hydrochloride;
PA1  2-[2-[4-(3-trifluoromethyl-4-methylphenyl)-1-piperazinyl]ethyl]-1H-benz[de]
     isoquinoline-1,3(2 H)-dione, hydrochloride;
PA1  2-[2-[4-[(4-bromophenyl)methyl]-1-piperazinyl]ethyl]-1H-benz[de]isoquinolin
     e-1,3(2H)-dione, hydrochloride;
PA1  2-[2-[4-[2-(4-chlorophenyl)ethyl]-1-piperazinyl]ethyl]-1H-benz[de]isoquinol
     ine-1,3(2H)-dione, hydrochloride;
PA1  2-[2
      -[4-[[(3-trifluoromethyl)phenyl]methyl]-1-piperazinyl]-ethyl]-1H-benz[de]i
     soquinoline-1,3(2H)-dione, hydrochloride;
PA1  2-[2-[4-[3-(4-methylphenyl)propyl]-1-piperazinyl]ethyl]-1H-benz[de]isoquino
     line-1,3(2H)-dione, hydrochloride; and
PA1  2-[2-[4-[(3,5-dimethoxyphenyl)methyl]-1-piperazinyl]ethyl]-1H-benz[de]isoqu
     inoline-1,3(2H)-dione, hydrochloride; respectively.
PAC  EXAMPLE 23
PAC  2-[3-(4-Phenyl-1-piperazinyl)propyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride
PAL  a. 2-(3-Hydroxypropyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester
PAR  Following the procedure of example 1(a) and (b) but substituting
      3-aminopropanol for the ethanolamine in part (a) one obtains 2
      -(3-hydroxypropyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester.
PAL  b.
      2-[3-(4-Phenyl-1-piperazinyl)propyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
     , hydrochloride
PAR  Following the procedure of example 1(c) but substituting an equivalent
      amount of 2-(3-hydroxypropyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester for the ester in example 1(c), one obtains
      2-[3-(4-phenyl-1-piperazinyl)propyl]-1H-benz[de]isoquiniline-1,3(2H)-dione
     , hydrochloride.
PAC  EXAMPLE 24
PAC  2-[4-(4-Phenyl-1-piperazinyl)butyl]-1H-benz[de]isoquinoline-1,3-(2H)-dione,
      hydrochloride
PAL  a. 2-(4-Hydroxybutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester
PAR  Following the procedure of example 1(a) and (b) but substituting
      4-aminobutanol for the ethanolamine in part (a) one obtains
      2-(4-hydroxybutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester.
PAL  b.
      2-[4-(4-Phenyl-1-piperazinyl)butyl]-1H-benz[de]isoquinoline-1,3-(2H)-dione
     , hydrochloride
PAR  Following the procedure of example 1(c) but substituting an equivalent
      amount of 2-(4-hydroxybutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester for the ester in example 1(c), one obtains
      2-[4-(4-phenyl-1-piperazinyl)butyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride.
PAC  EXAMPLES 25-33
PAR  Following the procedure of example 1 but substituting the alkanolamine
      shown in Col. I for the ethanolamine the following products are obtained
      wherein A is the radical shown in Col. II.
      ##SPC10##
     Ex.       Col. I            Col. II                                       
     ______________________________________                                    
     25    H.sub.2 N--(CH.sub.2).sub.5 --OH                                    
                              --(CH.sub.2).sub.5 --                            
     26    H.sub.2 N--(CH.sub.2).sub.6 --OH                                    
                              --(CH.sub.2).sub.6 --                            
     27    H.sub.2 N--(CH.sub.2).sub.7 --OH                                    
                              --(CH.sub.2).sub.7 --                            
     28    H.sub.2 N--(CH.sub.2).sub.8 --OH                                    
                              --(CH.sub.2).sub.8 --                            
     29    H.sub.2 N--CH.sub.2 --CH--CH.sub.2 --OH                             
                              --CH.sub.2 --CH--CH.sub.2 --                     
           .vertline.         .vertline.                                       
           CH.sub.3           CH.sub.3                                         
     30    H.sub.2 N--CH--(CH.sub.2).sub.3 --OH                                
                              --CH--(CH.sub.2).sub.3 --                        
           .vertline.         .vertline.                                       
           CH.sub.3           CH.sub.3                                         
     31    H.sub.2 N--(CH.sub.2).sub.3 --CH--OH                                
                              --(CH.sub.2).sub.3 --CH--                        
           .vertline.         .vertline.                                       
           CH.sub.3           CH.sub.3                                         
     32    H.sub.2 N --CH.sub.2 --CH--(CH.sub.2).sub.2 --OH                    
                              --CH.sub.2 --CH--(CH.sub. 2).sub.2 --            
           .vertline.         .vertline.                                       
           C.sub.3 H.sub.7    C.sub.3 H.sub.7                                  
     33    H.sub.2 N--CH--CH.sub.2 --CH--OH                                    
                              --CH--CH.sub.2 --CH--                            
           .vertline..vertline.                                                
                              .vertline..vertline.                             
           CH.sub.3 CH.sub.3  CH.sub.3 CH.sub.3                                
     ______________________________________                                    
PAR  Similarly, by employing the substituted piperazines of examples 2 to 22 in
      the procedures of examples of 23 to 33, other compounds within the scope
      of this invention are prepared.
PAC  EXAMPLE 34
PAC  2-[4-(4-Phenyl-1-piperazinyl)butyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1)
PAL  a. 2-(4-Bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  100 g. (0.5 mole) of 1,8-naphthalimide is suspended in 2100 ml. of
      dimethylformamide and the mixture is heated to 90.degree. to form a
      complete solution. A solution of 36.3 g. (0.55 mole) of potassium
      hydroxide (85%) in 100 ml. of methanol is added resulting in the immediate
      formation of a yellow precipitate. The resulting mixture is stirred for 1
      hour at 90.degree. and cooled to 25.degree.. 245 g. (1.0 mole) of
      1,4-dibromobutane is added and the mixture is again heated to 90.degree.
      and stirred for an additional hour. A precipitate remains in the mixture
      but is more granular than the initial material. The reaction mixture is
      cooled and the precipitate filtered off. The solvent is removed under
      vacuum and the residue is diluted with 500 ml. of hexane immediately
      precipitating crude
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione. The precipitate is
      filtered off, washed with fresh hexane and dried for 2hours at 50.degree.
      (0.1 mm.) to yield 2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione.
      An analytically pure sample is prepared by dissolving the above product in
      hot 95% ethanol and recrystallizing by allowing the solution to cool to
      25.degree.. The resulting precipitate is dried for 2 hours at 50.degree.
      (0.1 mm.) to yield pure
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione, m.p.
      113.degree.-115.degree..
PAL  b.
      2-[4-(4-Phenyl-1-piperazinyl)butyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1)
PAR  9.0 g. (0.027 mole) of
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione from part (a) and
      4.5 g. (0.027 mole) of N-phenylpiperazine are refluxed for 2 days over
      excess anhydrous sodium carbonate. The reaction mixture is washed with
      water and backwashed with toluene. The combined organic layers are washed
      with water twice and shaken with 10% HCl for one hour. The resulting
      precipitate is filtered from the two phases, washed with water and
      toluene, and dried in vacuo at 100.degree. for 1 hour to yield 9.33 g. of
      2-[4-(4-phenyl-1-piperazinyl)butyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1); m.p. 265.degree.-267.degree. (dec.).
PAC  EXAMPLE 35
PAC  2-[6-(4-Phenyl-1-piperazinyl)hexyl]-1H-benz[de]isoquinoline-1,3-(2H)-dione,
      hydrochloride
PAL  a. 2-(6-Bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  Following the procedure of part (a) of example 34 but substituting 1,6
      -dibromohexane for 1,4-dibromobutane, one obtains
      2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      95.degree.-96.degree..
PAL  b.
      2-[6-(4-Phenyl-1-piperazinyl)hexyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride
PAR  Following the procedure of part (b) of example 34 but substituting
      2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione for the
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3-(2H)-dione, one obtains
      2-[6-(4-phenyl-1-piperazinyl)hexyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      )-dione, hydrochloride.
PAC  EXAMPLE 36
PAC  2-[5-(4-Phenyl-1-piperazinyl)pentyl]-1H-benz[de]isoquiniline-1,3(2H)-dione,
      hydrochloride
PAL  a. 2-(5-Bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  Following the procedure of part (a) of example 34 but substituting
      1,5-dibromopentane for the 1,4-dibromobutane, one obtains
      2-(5-bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      113.degree.-115.degree..
PAL  b.
      2-[5-(4-Phenyl-1-piperazinyl)pentyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
     , hydrochloride
PAR  Following the procedure of part (b) of example 34 but substituting
      2-(5-bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione for the
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione, one obtains
      2-[5-(4-phenyl-1-piperazinyl)pentyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
     , hydrochloride.
PAR  Alternatively, the procedure of examples 34-36.can be employed to prepare
      the compounds of examples 1-33.
PAC  EXAMPLE 37
PAC  2-[(4-Phenyl-1-piperazinyl)methyl]-1H-benz[de]isoquinoline-1,3,-(2H)-dione
PAR  An equimolar mixture of N-phenylpiperazine, aqueous formaldehyde, and
      1,8-naphthalimide is suspended in a small amount of dimethylformamide and
      the mixture is heated until dissolution is complete. The solution is
      allowed to stand at room temperature and the resulting precipitate is
      filtered off and dried to yield
      2-[(4-phenyl-1-piperazinyl)methyl]-1H-benz[de]isoquinoline-1,3(2H)-dione.
PAR  Similarly, by employing the various substituted piperazines of Examples 2
      to 22 in the above procedure, other compounds within the scope of the
      invention are prepared.
PAC  EXAMPLE 38
PAC  5-Chloro-2-[2-(4-phenyl-1-piperazinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:1)
PAL  a. 5-Chloro-2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester
PAR  Following the procedure of Example 1(a) and (b) but substituting
      3-chloronaphthalic anhydride for the naphthalic anhydride one obtains
      5-chloro-2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester.
PAL  b.
      5-Chloro-2-[2-(4-phenyl-1-piperazinyl)ethyl]-1H-benz[de]-isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1)
PAR  10 g. (0.023 mole) of the ester from part (a) and 7.6 g. (0.049 mole) of
      N-phenylpiperazine are refluxed in 300 ml. of toluene for 1 hour. The
      mixture is then cooled to 25.degree. and after 3 hours the resulting
      precipitate is removed by filtration. The filtrate is shaken with excess
      10% HCl (aqueous) producing a gum that is insoluble in both layers. After
      several minutes the gum crystallizes and is filtered from the two liquid
      phases. This crude material is digested for two hours at reflux
      temperature in 1000 ml. of 50% aqueous ethanol, cooled to 25.degree.,
      filtered, and dried at 90.degree. (0.1 mm.) for 4 hours to yield 5.2 g. of
      5-chloro-2-[2-(4-phenyl-1-piperazinyl)ethyl]-1H-benz[de]
      isoquinoline-1,3(2H)-dione, hydrochloride (1:1); preliminary darkening at
      284.degree. followed by melting with decomposition at
      286.degree.-290.degree..
PAC  EXAMPLE 39
PAC  6-Chloro-2-[2-(4-phenyl-1-piperazinyl)etnlyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1)
PAL  a. 6-Chloro-2-(2-chloroethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  25 g. (0.108 mole) of 4-chloronaphthalimide is dissolved in 300 ml. of warm
      dimethylformamide (ca. 80.degree.). 7.1 g. (0.108 mole) of potassium
      hydroxide (85%) in 100 ml. of ethanol is added resulting in the formation
      of a precipitate. The resulting mixture is heated at about 90.degree. for
      30 minutes and 45 g. (0.32 mole) of 1-bromo-2-chloroethane in 100 ml. of
      dimethylformamide is added. After stirring for 1 hour, the mixture is
      cooled, poured into 3 liters of water and extracted with CHCl.sub.3. The
      solution is evaporated to dryness and washed through a short (100 g.)
      column of alumina (Act. I) with CHCl.sub.3. The solvent is removed under
      vacuum and the residue is digested for 30 minutes in boiling ethanol. The
      mixture is cooled to 25.degree. and the precipitate is filtered off and
      dried to yield  13.6 g. of
      6-chloro-2-(2-chloroethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione.
PAL  b.
      6-Chloro-2-[2-(4-phenyl-1-piperazinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1)
PAR  5 g. (0.017 mole) of
      6-chloro-2-(2-chloroethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione, from
      part (a), 6g. (0.037 mole) of N-phenylpiperazine, and 2.2 g. (0.017 mole)
      of diisopropylethylamine are refluxed in 250 ml. of toluene for 48 hours.
      After cooling to 25.degree., the mixture is shaken with excess 10% HCl
      producing a precipitate that is insoluble in both liquid phases. The
      precipitated crude product is filtered off and purified by converting it
      back to free base (partition between 10% KOH and CHCl.sub.3 and
      evaporating off the CHCl.sub.3) and then washing it through a short column
      of alumina (50 .times. 170 mm. Act. I) with CHCl.sub.3. The solvent is
      removed to give 3 g. of free base. This is again taken up in toluene and
      converted to the salt by shaking with 10% HCl (aqueous). The resulting
      precipitate is filtered from the two liquid phases, recrystallized from
      66% aqueous ethanol, and dried for 12 hours at 70.degree. (0.1 mm.) to
      yield 2.0 g. of
      6-chloro-2-[2-(4-phenyl-1-piperazinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1).
PAR  The melting point of the salt is indistinct. On rapid heating
      (10.degree.-20.degree./minute), from 200.degree.-265.degree. the material
      changes color from yellow to gray to black. On slower heating from
      265.degree.-272.degree. the black material collapses and at
      272.degree.-274.degree. becomes fluid.
PAC  EXAMPLES 40-65
PAR  Following the procedure of example 1 but substituting for the
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester the ester shown in Col. I one obtains the
      product shown in Col. II.
      ##SPC11##
TBL  Ex.     X.sup.1                                                           
                    X.sup.2  X.sup.3                                           
                                    X.sup.4                                    
                                           X.sup.5                             
                                                X.sup.6                        
     ______________________________________                                    
     40      H      H        Br     H      H    H                              
     41      H      Cl       H      H      H    H                              
     42      H      Br       H      H      H    H                              
     43      H      F        H      H      H    H                              
     44      H      I        H      H      H    H                              
     45      H      Cl       H      H      Cl   H                              
     46      Br     H        H      H      H    H                              
     47      H      H        Cl     Cl     H    H                              
     48      H      H        CH.sub.3                                          
                                    H      H    H                              
     49      H      H        C.sub.2 H.sub.5                                   
                                    H      H    H                              
     50      H      H        i-C.sub.3 H.sub.7                                 
                                    H      H    H                              
     51      H      H        CH.sub.3                                          
                                    CH.sub.3                                   
                                           H    H                              
     52      H      H        OCH.sub.3                                         
                                    H      H    H                              
     53      H      H        OC.sub.2 H.sub.5                                  
                                    H      H    H                              
     54      H      H        OC.sub.3 H.sub.7                                  
                                    H      H    H                              
     55      H      H        OCH.sub.3                                         
                                    OCH.sub.3                                  
                                           H    H                              
     56      H      NO.sub.2 H      H      H    H                              
     57      H      H        NO.sub.2                                          
                                    H      H    H                              
     58      H      CF.sub.3 H      H      H    H                              
     59      H      H        CF.sub.3                                          
                                    H      H    H                              
     60      H      CN       H      H      H    H                              
     61      H      H        CN     H      H    H                              
     62      H      H        NH.sub.2                                          
                                    H      H    H                              
     63      H      NH.sub.2 H      H      H    H                              
     64      H      SC.sub.3 H.sub.7                                           
                             H      H      H    H                              
     65      H      H        SCH.sub.3                                         
                                    H      H    H                              
     ______________________________________                                    
PAR  Similarly, by employing the ester of Col. I of Examples 40-65 in the
      procedures of examples 2 to 33, other compounds within the scope of this
      invention are prepared. Similarly, by following the procedures of Example
      34 but employing a substituted 1,8-naphthalimide of formula VII wherein
      the substituents are those listed under headings X.sup.1, X.sup.2,
      X.sup.3, X.sup.4, X.sup.5, and X.sup.6 in examples 40 to 65, other
      compounds within the scope of this invention are prepared.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC12##
PAL  wherein R.sup.1 and R.sup.2 are each independently selected from the group
      consisting of hydrogen, halogen, lower alkyl, lower alkoxy, lower
      alkylthio, nitro, cyano, amino, and trifluoromethyl; A is a straight or
      branched chain alkylene of 1 to 8 carbons; and Z is
      ##SPC13##
PAL  wherein R.sup.3 is selected from the group consisting of phenyl,
      phenyl-lower alkyl and substituted phenyl and phenyl-lower alkyl and said
      phenyl substituents are one or more selected from the group consisting of
      halogen, lower alkyl, lower alkoxy, lower alkylthio, nitro, amino, and
      trifluoromethyl; or the pharmaceutically acceptable acid addition salts
      thereof.
NUM  2.
PAR  2. The compound of claim 1 wherein at least one of R.sup.1 and R.sup.2 is
      hydrogen and the other is selected from the group consisting of hydrogen,
      Cl, Br, F, methyl and methoxy; and A is a straight or branched chain
      alkylene of 1 to 6 carbons.
NUM  3.
PAR  3. The compound of claim 2 having the name
      2-[(4-phenyl-1-piperazinyl)methyl]-1H-benz[de]isoquinoline-1,3(2H)-dione.
NUM  4.
PAR  4. The compound of claim 2 having the name
      5-chloro-2-[2-(4-phenyl-1-piperazinyl)ethyl]-1H-benz[de]isoquinoline-1,3-(
     2H)-dione, hydrochloride (1:1).
NUM  5.
PAR  5. The compound of claim 2 having the name
      6-chloro-2-[2-(4-phenyl-1-piperazinyl)ethyl]-1H-benz[de]isoquinoline-1,3-(
     2H)-dione, hydrochloride (1:1).
NUM  6.
PAR  6. The compound of claim 2 wherein R.sup.1 and R.sup.2 are both hydrogen
      and A is a straight chain alkylene of 2 to 6 carbons.
NUM  7.
PAR  7. The compound of claim 6 wherein A is --(CH.sub.2).sub.3 --.
NUM  8.
PAR  8. The compound of claim 6 wherein A is --(CH.sub.2).sub.5 --.
NUM  9.
PAR  9. The compound of claim 6 wherein A is --(CH.sub.2).sub.6 --.
NUM  10.
PAR  10. The compound of claim 6 wherein A is --(CH.sub.2).sub.2 --.
NUM  11.
PAR  11. The compound of claim 10 having the name
      2-[2-(4-phenyl-1-piperazinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:2).
NUM  12.
PAR  12. The compound of claim 10 having the name
      2-[2-[4-(4-methoxyphenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3
     -(2H)-dione, hydrochloride (1:2).
NUM  13.
PAR  13. The compound of claim 10 having the name
      2-[2-[4-(2-methoxyphenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3
     (2H)-dione, hydrochloride (1:2).
NUM  14.
PAR  14. The compound of claim 10 having the name
      2-[2-[4-(4-chlorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3-
     (2H)-dione, hydrochloride (1:1).
NUM  15.
PAR  15. The compound of claim 10 having the name
      2-[2-[4-(2-chlorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1).
NUM  16.
PAR  16. The compound of claim 10 having the same
      2-[2-[4-[3-(trifluoromethyl)phenyl]-1-piperazinyl]ethyl]-1H-benz[de]isoqui
     noline-1,3(2H)-dione, hydrochloride (1:1).
NUM  17.
PAR  17. The compound of claim 10 having the name
      2-[2-[4-(4-fluorophenyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1).
NUM  18.
PAR  18. The compound of claim 10 having the name
      2-[2-[4-(phenylmethyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:1).
NUM  19.
PAR  19. The compound of claim 6 wherein A is -- (CH.sub.2).sub.4 --.
NUM  20.
PAR  20. A compound of claim 19 having the name of
      2-[4-(4-phenyl-1-piperazinyl)butyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1).
NUM  21.
PAR  21. A composition consisting essentially of a compound or mixture of
      compounds of claim 1 and a pharmaceutically acceptable carrier.
NUM  22.
PAR  22. The method of treating depression comprising administering an effective
      amount of the composition of claim 21.
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ABST
PAL  Compounds of the following formula and their acid addition salts
      ##SPC1##
PAL  Wherein R.sup.1 and R.sup.2 are independently selected from hydrogen,
      halogen, lower alkyl, lower alkoxy, lower alkylthio, nitro, cyano, amino
      and trifluoromethyl; A is a straight or branched chain alkylene of 1 to 8
      carbons; and R is a 6-membered unsaturated substituted or unsubstituted
      heterocyclic ring selected from pyridine, diazine and triazine are
      disclosed. These compounds exhibit antidepressant activity. In addition
      these compounds are also useful as antiinflammatory agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various naphthalimide compounds have been developed for use as dyes and
      optical brightening agents. Kimura et al., for example, at Chem. Abst.,
      Vol. 62, 11950c, disclose
      N-[2-piperidinoethyl]-4-methoxy-1,8-naphthalimide (i.e.
      6-methoxy-2-[2-(1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
      under the current Chem. Abst. nomenclature) as an optical brightening
      agent. Noguchi et al. in U.S. Pat. No. 3,625,947 disclose 2-[2-(2 or
      4-pyridyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-diones as fluorescent
      whitening agents.
PAR  Schenker et al. in U.S. Pat. No. 3,247,208 disclose that
      1H-benz[de]isoquinoline-1,3(2H)-diones having a
      (1-substituted-4-piperidinyl) group in the 2-position possess anesthetic
      properties. Carron et al. in French Pat. No. 2,167,355 disclose that
      (4-phenyl)piperidine-2,6-diones having an alkylheteroalkyl substituent at
      the 1-position possess antidepressant activity. Imides having a
      nitroimidazolyethyl group as an N-substituent and possessing
      anti-bacterial and antiprotozoal activity are disclosed in U.S. Pat. Nos.
      3,642,836 and 3,770,763 to Cusic et al. Certain imido dicarboxylic acid
      imides possessing various pharmacological properties are disclosed in U.S.
      Pat. No. 3,560,495 to Frankus et al.
PAR  Wu et al. in U.S. Pat. No. 3,717,634 and in the Journal of Med. Chem., Vol.
      15, p. 477-479 (1972) disclose azaspirodecanediones having a [4-(pyridyl
      or primidinyl or triazinyl)-1-piperazinyl]alkylene group attached to the N
      atom which possess tranquilizing properties. Additionally, Wu et al. in
      U.S. Pat. Nos. 3,398,151 and 3,558,777  and in the Journal of Med. Chem.,
      Vol. 12, p. 876-881 (1969) disclose azaspirodecanediones having a
      (4-phenyl-1-piperazinyl)-alkylene group attached to the N atom which
      possess various pharmacological activities including muscle relaxant and
      antiinflammatory activity and Mennear in U.S. Pat. No. 3,541,098 disclose
      1,2-cyclobutanedicarboximides having a
      [4-(chlorophenyl)-1-piperazinyl]alkylene group attached to the N atom
      which possess central nervous system depressant activity and have useful
      analgesic and sedative properties.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new 2-[[4-(azine or diazine or
      triazine)-1-piperazinyl]alkyl]-1H-benz[de]isoquinoline-1,3(2H)-diones and
      their acid addition salts of the formula
      ##SPC2##
PAR  The symbols have the following meaning in formula I and throughout this
      specification.
PAR  R.sup.1 and R.sup.2 are each independently selected from hydrogen, halogen
      (preferably Br, Cl, or F), CF.sub.3, lower alkyl, lower alkoxy, lower
      alkylthio, nitro, amino and cyano.
PAR  A is straight or branched chain alkylene of 1 to 8 carbons.
PAR  R is a 6-membered substituted or unsubstituted unsaturated heterocyclic
      ring selected from pyridine, diazine and triazine attached to the
      4-position of the piperazinyl by way of a carbon atom. The terms diazine
      and triazine are meant to include the various isomeric forms, i.e.
      pyrimidine, pyridazine, pyrazine, s-triazine, a-triazine, and v-triazine.
      These rings can be substituted at one or two available carbon atoms by a
      lower alkyl, lower alkoxy, or halogen group.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various groups represented by the symbols have the meanings defined
      below and these definitions are retained throughout this specification.
PAR  The lower alkyl groups referred to throughout this specification include
      straight or branched chain hydrocarbon groups containing 1 to 4 carbons.
      Examples of the type of groups contemplated are methyl, ethyl, propyl,
      isopropyl, butyl, etc. The lower alkoxy groups include such lower alkyl
      groups attached to an oxygen, e.g., methoxy, ethoxy, propoxy, etc. The
      lower alkylthio group include such lower alkyl groups attached to a
      sulfur, e.g., methylthio, ethylthio, etc.
PAR  Straight or branched chain alkylene of 1 to 8 carbons is intended to
      include groups such as --(CH.sub.2).sub.n -- wherein n is 1 to 8,
      ##EQU1##
      etc.
PAR  Preferred embodiments of this invention are as follows:
PAR  At least one of R.sup.1 and R.sup.2 is hydrogen and the other is hydrogen,
      Cl, F, Br, CH.sub.3 or OCH.sub.3.
PAR  R is 2-pyridinyl, substituted 2-pyridinyl, 2-pyrimidinyl, substituted
      2-pyrimidinyl, 2,4,6-triazinyl and substituted 2,4,6-triazinyl wherein
      said substituent is a methyl, methoxy, or chlorine group attached to one
      or two available carbon atoms.
PAR  A is straight or branched chain alkylene of 1 to 6 carbons.
PAR  The most preferred compounds are:
PAR  R.sup.1 and R.sup.2 are both hydrogen. R is 2-pyridinyl. A is
      --(CH.sub.2).sub.n -- wherein n is an integer from 2 to 6.
PAR  The new compounds of this invention are prepared by the following reactions
      where A is straight or branched chain alkylene or 2 to 8 carbons.
PAR  The substituted naphthalic anhydride of formula II
      ##SPC3##
PAL  is reacted with an alkanolamine of formula III
EQU  H.sub.2 N--A--OH                                           (III)
PAL  to yield the alcohol of formula IV
      ##SPC4##
PAR  The alcohol of formula IV is converted to the intermediate of formula V
      ##SPC5##
PAL  where Y is a leaving group such as tosylate, methanesulfonate or halogen by
      treating the alcohol with p-toluenesulfonyl chloride, methanesulfonyl
      chloride, thionyl chloride, thionyl bromide or hydrogen iodide.
PAR  The intermediate of formula V is then converted to the final products of
      formula I by reactions with compounds of the formula
      ##SPC6##
PAR  The compounds of formula VI can be prepared by the following reaction
      ##SPC7##
PAL  conducted at reflux temperature in an inert solvent such as toluene.
PAR  The substituted naphthalic anhydride of formula II can be converted
      directly to the final products of formula I by reacting the anhydride with
      compounds of formula VII
      ##SPC8##
PAR  The following schematic summarizes the reactions described above.
PAL  where A is straight or branched chain alkylene of 2 to 8 carbons
      ##SPC9##
PAR  Also, the intermediate of formula V can be prepared by combining a
      substituted naphthalimide of formula VIII
      ##SPC10##
PAL  in an organic solvent with a polar organic solvent solution of a base, as
      for example an alcohol solution of potassium hydroxide, followed by the
      addition of a solution of the compound of formula IX,
EQU  Y'--A--Y                                                   (IX)
PAL  wherein Y' and Y are the same or different and are leaving groups selected
      from tosylate, methanesulfonate, or halogen and A is a straight or
      branched chain alkylene of 2 to 8 carbons.
PAR  Alternatively, the compounds of formula I wherein A is straight or branched
      alkylene of 2 to 8 carbons can be prepared by combining the anion of the
      substituted naphthalimide of formula VIII, described above, with a
      solution of the compound of formula X,
      ##SPC11##
PAL  wherein Y is a leaving group as previously defined.
PAR  Also the compounds of formula I wherein A is straight or branched chain
      alkylene of 2 to 8 carbons can be prepared by reacting the intermediate of
      formula V with diethanolamine to form the intermediate
      ##SPC12##
PAL  This intermediate is then converted to the intermediate of formula XII
      where Y is a leaving group as defined previously by treating the alcohol
      with p-toluenesulfonyl chloride, methanesulfonyl chloride, thionyl
      chloride, thionyl bromide, hydrogen bromide or hydrogen iodide. The
      intermediate of formula XII can then be reacted as shown below to yield
      the final products of formula I
      ##SPC13##
PAR  Compounds of formula I where A is --CH.sub.2 -- are prepared by reacting
      the substituted naphthalimide of formula VIII suspended in a polar organic
      solvent such as dimethylformamide (DMF) with compounds of the formula VI
      and a source of formaldehyde such as aqueous formaldehyde or
      paraformaldehyde.
PAR  The various starting materials such as the substituted anhydrides of
      formula II, the alcohols of formula IV, the substituted naphthalimides of
      formula VIII, and the 4-substituted piperazines of formula VI, VII and X
      are known in the art or are readily obtainable by known procedures.
      Further process details are also provided in the illustrative examples.
PAR  The compounds of formula I wherein either or both R.sup.1 and R.sup.2 are
      amine are prepared by reducing the corresponding nitro substituted
      compound with a reducing agent such as hydrogen over a palladium catalyst
      or a suitable chemical reducing agent. This is preferably done as the last
      stage in the reaction procedures described above.
PAR  Depending on the reaction conditions and the starting materials used, the
      new compounds are obtained in the free form or in the form of their acid
      addition salts. The salts thereof can be converted into the free compounds
      in a known manner such as by reaction with a basic agent. Free bases which
      may be obtained can be converted into pharmaceutically acceptable acid
      addition salts by reaction with a variety of acids. Acids useful for
      preparing these acid-addition salts include, inter alia, inorganic acids,
      such as the hydrohalic acids (e.g. hydrochloric and hydrobromic acid),
      sulfuric acid, nitric acid, and phosphoric acid, and organic acids such as
      maleic, fumaric, tartaric, citric, acetic, benzoic, 2-acetoxybenzoic,
      salicyclic, succinic, nicotinic, methanesulfonic or cyclohexanesulfamic.
PAR  The new compounds of the present invention including the acid addition
      salts are capable of modifying the central nervous system. When
      administered to mice, cats, rats, dogs, and other mammalian species in
      amounts ranging from about 0.5 mg. to about 100 mg. per kg. of body weight
      per day, these compounds in particular exhibit antidepressant activity. A
      preferred dosage regimen for optimum results would be from about 1 mg. to
      about 50 mg. per kg. of body weight per day, and such dosage units are
      employed so that a total of from about 35 mg. to about 3 g. of active
      ingredient in single or divided doses are administered in a 24 hour
      period.
PAR  The antidepressant activity of the compounds of formula I is demonstrated
      by their ability to antagonize tetrabenzaine-induced ptosis according to
      the procedure of Vernier et al. ("The Pharmacodynamics of Amitriptyline",
      Psychosomatic Medicine , (1962), pages 683-690) and also by their ability
      to block the reuptake of monoamines in vitro according to the procedure of
      Horn et al. (Molecular Pharmacology, 7th Ed., (1971), page 66).
PAR  The compounds of formula I are also useful as antiinflammatory agents and
      may be used, for example, in a manner similar to phenylbutazone or
      indomethacin. They may be used to decrease joint swelling, tenderness,
      pain and stiffness in mammalian species, e.g., in conditions such as
      rheumatoid arthritis. The quantity administered ranges from about 1 mg. to
      about 30 mg. per kg. of body weight per day.
PAR  For any of these pharmaceutical purposes a compound or mixture of compounds
      of formula I or their pharmaceutically acceptable acid addition salts may
      be administered orally or parenterally in a conventional dosage form such
      as tablet, capsule, injectable or the like. These may be conventionally
      formulated in an oral or parenteral dosage form by compounding with a
      conventional vehicle, excipient, binder, preservative, stabilizer, flavor
      or the like as called for by accepted pharmaceutical practice.
DETD
PAR  The following examples are illustrative of the invention and represent
      preferred embodiments. Other modifications may be readily produced by
      suitable variations of the reactions. All temperatures are on the
      centigrade scale.
PAC  EXAMPLE 1
PAC  2-[2-[4-(2-Pyridinyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3-(2H)
     -dione, hydrochloride (1:2)
PAL  a. 2-(2-Hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  50 G. (0.252 mole) of naphthalic anhydride and 16 g. (0.262 mole) of
      ethanolamine are refluxed for three hours in 200 ml. of water (the
      solution is never complete). After cooling to 25.degree. the water is
      decanted off and the residue recrystallized from 95% ethanol to yield 47.8
      g. of 2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      172.degree.-173.degree. .
PAL  b. 2-(2-Hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester
PAR  52 G. (0.216 mole) of the
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione and 100 g. (0.525
      mole) of p-toluenesulfonyl chloride are added to 600 ml. of pyridine
      previously cooled to 5.degree.. The mixture is shaken briefly then allowed
      to stand overnight at 5.degree.. The mixture is then poured into 3000 ml.
      of ice and water, stirred for 15 minutes and filtered. The insoluble
      material is stirred with fresh water, filtered off again and dried
      overnight at 25.degree. (0.1 mm.) yielding 83 g. of
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester.
PAL  c.
      2-[2-[4-(2-Pyridinyl)-1-piperazinyl]ethyl]-1H-benz[de]-isoquinoline-1,3(2H
     )-dione, hydrochloride (1:2)
PAR  10 G. (0.025 moles) of the ester from part (b), 4.1 g. (0.025 moles) of
      1-(2-pyridinyl)piperazine and 3.27 g. (0.0253 moles) of
      diisopropylethylamine are refluxed in 300 ml. of toluene for 3.5 hours.
      The toluene is evaporated and the residue is dissolved in chloroform and
      washed with water (all aqueous layers are backwashed). The chloroform is
      evaporated and the residue is recrystallized from chloroform/ethanol to
      yield
      2-[2-[4-(2-pyridyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2H)-d
     ione; m.p. 188.degree.-190.degree..
PAR  This free base is dissolved in hot chloroform/ethanol and treated with
      excess alcoholic HCl causing the salt to precipitate. Recrystallization of
      this crude salt from methanol and methanol/ether followed by drying at
      80.degree. under a vacuum yields 4.0 g. of pure
      2-[2-[4-(2-pyridinyl)-1-piperazinyl]-ethyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:2); m.p. 283.degree.-284.degree. (dec.).
PAC  EXAMPLES 2-12
PAR  Following the procedure of example 1 but substituting the alkanolamine
      shown in Col. I for the ethanolamine the following products are obtained
      wherein A is the radical shown in Col. II.
      ##SPC14##
      ##EQU2##
PAC  EXAMPLES 13-44
PAR  Following the procedure of example 1 but substituting for the
      1-(2-pyridinyl)piperazine the compounds shown in Col. I one obtains the
      products shown in Col. II wherein Het represents the radical shown below.
      ##SPC15##
PAR  Similarly, by employing the substituted piperazines of examples 13 to 44 in
      the procedure of examples 2 to 12, other compounds within the scope of the
      invention are obtained.
PAC  EXAMPLE 45
PAC  2-[[4-(2-(Pyridinyl)-1-piperazinyl]methyl]-1H-benz[de]isoquinoline-1,3(2H)-
     dione
PAR  An equimolar mixture of 1-(2-pyridinyl)piperazine, aqueous formaldehyde,
      and 1,8-naphthalimide is suspended in a small amount of dimethylformamide
      and the mixture is heated until dissolution is complete. The solution is
      allowed to stand at room temperature and the resulting precipitate is
      filtered off and dried to yield
      2-[[4-(2-pyridinyl)-1-piperazinyl]methyl]1H-benz[de]isoquinoline-1,3(2H)-d
     ione.
PAR  Similarly, by employing the substituted piperazines of examples 13 to 44
      for the 1-(2-pyridinyl)piperazine in the above procedure, other compounds
      within the scope of the invention are obtained.
PAC  EXAMPLE 46
PAC  2-[4-[4-(2-Pyridinyl)-1-piperazinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H)-
     dione, hydrochloride (1:2)
PAL  a. 2-(4-Bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  100 G. (0.5 mole) of 1,8-naphthalimide is suspended in 2100 ml. of
      dimethylformamide and the mixtrue is heated to 90.degree. to form a
      complete solution. A solution of 36.3 g. (0.55 mole) of potassium
      hydroxide (85%) in 100 ml. of methanol is added resulting in the immediate
      formation of a yellow precipitate. The resulting mixture is stirred for
      one hour at 90.degree. and cooled to 25.degree.. 245 g. (1.0 mole) of
      1,4-dibromobutane is added and the mixture is again heated to 90.degree.
      and stirred for an additional hour. A precipitate remains in the mixture
      but is more granular than the initial material. The reaction mixture is
      cooled and the precipitate filtered off and discarded. The solvent is
      removed from the filtrate under vacuum and the residue is diluted with 500
      ml. of hexane immediately precipitating crude
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione. The precipitate is
      filtered off, washed with fresh hexane and dried for 2 hours at 50.degree.
      (0.1 mm.) to yield 2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione.
      An analytically pure sample is prepared by dissolving the above product in
      hot 95% ethanol and recrystallizing by allowing the solution to cool to
      25.degree.. The resulting precipitate is dried for 2 hours at 50.degree.
      (0.1 mm.) to yield pure
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione, m.p.
      113.degree.-115.degree..
PAL  b.
      2-[4-[4-(2-Pyridinyl)-1-piperazinyl]butyl]-1H-benz[de]-isoquinoline-1,3-(2
     H)-dione, hydrochloride (1:2)
PAR  9.0 G. (0.0271 mole) of
      2-(4-bromobutyl)-1H-benz[de]-isoquinoline-1,3(2H)-dione, 4.73 g. (0.0276
      mole) of 1-(2-pyridinyl)piperazine, and excess sodium carbonate are
      refluxed in 200 ml. of benzene for 2 days. The sodium carbonate is
      filtered off and washed with hot chloroform. The organic portions are
      combined and evaporated and the residue is dissolved in toluene and washed
      with 10% HCl (twice). The combined acid washings are then washed with
      toluene and neutralized with KOH pellets. The resulting precipitate is
      extracted into chloroform, washed with water (twice), dried (Na.sub.2
      SO.sub.4), and evaporated. The residue is recrystallized from ethanol to
      yield 11.74 g. of
      2-[4-[4-(2-pyridinyl)-1-piperazinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H)
     -dione; m.p. 150.degree.-152.degree..
PAR  This free base is dissolved in dioxane and treated with 5N HCl in dioxane
      to precipitate 9.4 g. of
      2-[4-[4-(2-pyridinyl)-1-piperazinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H)
     -dione, hydrochloride (1:2); m.p. 280.degree.-282.degree..
PAC  EXAMPLE 47
PAC  2-[5-[4-(2-Pyridinyl)-1-piperazinyl]pentyl]-1H-benz[de]isoquinoline-1,3(2H)
     -dione, hydrochloride (1:2)
PAL  a. 2-(5-Bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  Following the procedure of part (a) of example 46 but substituting
      1,5-dibromopentane for the 1,4-dibromobutane, one obtains
      2-(5-bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      113.degree.-115.degree..
PAL  b.
      2-[5-[4-(2-Pyridinyl)-1-piperazinyl]pentyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:2)
PAR  Following the procedure of part (b) of example 46 but substituting
      2-(5-bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione for the
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione, one obtains
      2-[5-[4-(2-pyridinyl)-1-piperazinyl]pentyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:2).
PAC  EXAMPLE 48
PAC  2-[6-[4-(2-Pyridinyl)-1-piperazinyl]hexyl]-1H-benz[de]isoquinoline-1,3(2H)-
     dione, hydrochloride (1:2)
PAL  a. 2-(6-Bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  Following the procedure of part (a) of example 46 but substituting
      1,6-dibromohexane for the 1,4-dibromobutane, one obtains
      2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      95.degree.-96.degree..
PAL  b.
      2-[6-[4-(2-Pyridinyl)-1-piperazinyl]hexyl]-1H-benz[de]isoquinoline-1,3(2H)
     -dione, hydrochloride (1:2)
PAR  Following the procedure of part (b) of example 46 but substituting
      2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione for the
      2-(4-bromobutyl)-1H-benz[de]isoquinoline-1,3-(2H)-dione, one obtains
      2-[6-[4-(2-pyridinyl)-1-piperazinyl]-hexyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:2).
PAR  Alternatively, the procedure of examples 46-48 can be employed to prepare
      the compounds of examples 1-44.
PAC  EXAMPLES 49-74
PAR  Following the procedure of example 1 but substituting for the
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester the ester shown in Col. I one obtains the
      product shown in Col. II.
TBL  __________________________________________________________________________
     Col. I                   Col. II                                          
     __________________________________________________________________________
     Ex.     X.sup.1                                                           
                    X.sup.2                                                    
                           X.sup.3                                             
                                  X.sup.4                                      
                                         X.sup.5                               
                                                X.sup.6                        
     __________________________________________________________________________
     49      H      H      Br     H      H      H                              
     50      H      Cl     H      H      H      H                              
     51      H      Br     H      H      H      H                              
     52      H      F      H      H      H      H                              
     53      H      I      H      H      H      H                              
     54      H      Cl     H      H      Cl     H                              
     55      Br     H      H      H      H      H                              
     56      H      H      Cl     Cl     H      H                              
     57      H      H      CH.sub.3                                            
                                  H      H      H                              
     58      H      H      C.sub.2 H.sub.5                                     
                                  H      H      H                              
     59      H      H      i-C.sub.3 H.sub.7                                   
                                  H      H      H                              
     60      H      H      CH.sub.3                                            
                                  CH.sub.3                                     
                                         H      H                              
     61      H      H      OCH.sub.3                                           
                                  H      H      H                              
     62      H      H      OC.sub.2 H.sub.5                                    
                                  H      H      H                              
     63      H      H      OC.sub.3 H.sub.7                                    
                                  H      H      H                              
     64      H      H      OCH.sub.3                                           
                                  OCH.sub.3                                    
                                         H      H                              
     65      H      NO.sub.2                                                   
                           H      H      H      H                              
     66      H      H      NO.sub.2                                            
                                  H      H      H                              
     67      H      CF.sub.3                                                   
                           H      H      H      H                              
     68      H      H      CF.sub.3                                            
                                  H      H      H                              
     69      H      CN     H      H      H      H                              
     70      H      H      CN     H      H      H                              
     71      H      H      NH.sub.2                                            
                                  H      H      H                              
     72      H      NH.sub.2                                                   
                           H      H      H      H                              
     73      H      SC.sub.3 H.sub.7                                           
                           H      H      H      H                              
     74      H      H      SCH.sub.3                                           
                                  H      H      H                              
     __________________________________________________________________________
PAR  Similarly, by employing the ester of Col. I of examples 49-74 in the
      procedures of examples 13 to 44, other compounds within the scope of this
      invention are prepared. Similarly, by following the procedures of example
      45 but employing a substituted 1,8-naphthalimide of formula VIII wherein
      the substituents are those listed under the headings X.sup.1, X.sup.2,
      X.sup.3, X.sup.4, X.sup.5, and X.sup.6 in examples 49 to 74, other
      compounds within the scope of this invention are prepared.
PAR  Also by following the procedure of examples 2-12, but employing a
      substituted 1,8-naphthalic anhydride of formula II wherein the
      substituents are those listed under the headings X.sup.1, X.sup.2,
      X.sup.3, X.sup.4, X.sup.5 and X.sup.6 in examples 49-74, other compounds
      within the scope of the invention are prepared.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC16##
PAL  wherein R.sup.1 and R.sup.2 are each independently selected from the group
      consisting of hydrogen, halogen, lower alkyl, lower alkoxy, lower
      alkylthio, nitro, cyano, amino, and trifluoromethyl; A is a straight or
      branched chain alkylene of 1 to 8 carbons; and R is a heterocyclic ring
      selected from the group consisting of pyridinyl, diazine, triazine, and
      substituted pyridinyl, diazine, or triazine, wherein said heterocyclic
      ring is attached to the piperazine by way of an available carbon atom and
      said substituent is a lower alkyl, lower alkoxy, or halogen group attached
      to one or two available carbon atoms of said heterocyclic ring; or the
      pharmaceutically acceptable acid addition salts thereof.
NUM  2.
PAR  2. The compound of claim 1 wherein at least one of R.sup.1 and R.sup.2 is
      hydrogen and the other is selected from the group consisting of hydrogen,
      Cl, Br, F, methyl and methoxy; A is a straight or branched chain alkylene
      of 1 to 6 carbons; and R is selected from the group consisting of
      2-pyridinyl, 2-pyrimidinyl, 2,4,6-triazinyl, and substituted 2-pyridinyl,
      2-pyrimidinyl, or 2,4,6-triazinyl wherein said substituent is a methyl,
      methoxy, or chlorine group attached to one or two available carbon atoms.
NUM  3.
PAR  3. The compound of claim 1 wherein R.sup.1 and R.sup.2 are hydrogen; A is a
      straight chain alkylene of 2 to 6 carbon atoms; and R is 2-pyridinyl.
NUM  4.
PAR  4. The compound of claim 3 wherein A is --(CH.sub.2).sub.2 --.
NUM  5.
PAR  5. The compound of claim 4 having the name
      2-[2-[4-(2-pyridinyl)-1-piperazinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2H)
     -dione, hydrochloride (1:2).
NUM  6.
PAR  6. The compound of claim 3 wherein A is --(CH.sub.2).sub.3 --.
NUM  7.
PAR  7. The compound of claim 3 wherein A is --(CH.sub.2).sub.4 --.
NUM  8.
PAR  8. The compound of claim 7 having the name
      2-[4-[4-(2-pyridinyl)-1-piperazinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H)
     -dione, hydrochloride (1:2).
NUM  9.
PAR  9. The compound of claim 3 wherein A is --(CH.sub.2).sub.5 --.
NUM  10.
PAR  10. The compound of claim 3 wherein A is --(CH.sub.2).sub.6 --.
NUM  11.
PAR  11. A pharmaceutical composition consisting essentially of a compound or
      mixture of compounds of claim 1 and a pharmaceutically acceptable carrier.
NUM  12.
PAR  12. The method of treating depression comprising administering an effective
      amount of the composition of claim 11.
PATN
WKU  039403998
SRC  5
APN  5186625
APT  1
ART  122
APD  19741029
TTL  Process for the production of gamma quinacridone
ISD  19760224
NCL  3
ECL  1
EXA  Rivers; Diana G.
EXP  Gallagher; R.
INVT
NAM  North; Robert Jarl
CTY  Clifton
STA  NJ
ASSG
NAM  Allied Chemical Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  260279QA
EDF  2
ICL  C09B 4800
FSC  260
FSS  279 R;79;279 QA
UREF
PNO  3257405
ISD  19660600
NAM  Gerson et al.
OCL  260279R
UREF
PNO  3342823
ISD  19670900
NAM  Dien
OCL  260279R
LREP
FR2  Stewart; Anthony J.
FR2  Friedenson; Jay P.
ABST
PAL  A method is provided for the direct production of the gamma crystalline
      phase of quinacridone. The method comprises ring closing a mixture of
      dianilinoterephthalic acid and 10 - 20 weight percent of di-(ortho
      substituted) anilinoterephthalic acid in polyphosphoric acid and
      thereafter diluting the product with water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to quinacridone pigments. More particularly this
      invention relates to a process for producing the gamma crystalline phase
      of quinacridone pigment (hereinafter termed gamma quinacridone).
PAR  Linear quinacridone is represented by the structure
      ##SPC1##
PAL  And, as is disclosed in U.S. Pat. No. 2,844,581, exists in a number of
      crystalline phases, including the alpha phase, the beta phase and the
      gamma phase.
PAR  Recently, gamma quinacridone pigment has found a ready market in the
      automotive and architectural industries in view of the fact that this
      pigment produces a deep red metallic finish in the quinacridone color
      region. Heretofore, pigment size gamma quinacridone has been commercially
      produced by milling quinacridone after it is produced by oxidation of
      dihydroquinacridone. Note U.S. Pat. No. 2,844,581. Other patents in this
      same general area are U.S. Pat. Nos. 3,160,510; 3,257,405 and 3,342,823.
      The milling of quinacridone to produce the gamma quinacridone pigment is,
      of course, an additional step in the production of the pigment and
      requires additional energy input, time, equipment, etc.
PAR  It is an object of this invention to produce gamma quinacridone. It is a
      further object of this invention to produce gamma quinacridone directly
      from the ring closure of dianilinoterephthalic acid. These and other
      objects will become apparent from the description which follows.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention there is provided a process for producing
      gamma quinacridone pigment which comprises heating, at above about
      70.degree.C., a mixture of dianilinoterephthalic acid containing about 10
      - 20 weight percent of di-(ortho substituted) anilinoterephthalic acid in
      the presence of polyphosphoric acid and thereafter recovering the gamma
      quinacridone by the addition to the mixture of water.
PAR  When operating in accordance with the present invention, i.e., the ring
      closure of dianilinoterephthalic acid in the presence of the ortho
      substituted dianilinoterephthalic acid, it has been found that the
      pigmentary product produced by the drowning, i.e., diluting, in the water
      miscible organic liquid is the gamma quinacridone, i.e., exhibits an X-ray
      diffraction pattern consistent with that generally recognized as
      identifying the gamma crystalline form of quinacridone. Thus, the process
      of the present invention provides a process for the direct production of
      gamma quinacridone and eliminates the need for the extra milling step
      which is heretofore been necessary for the production of this crystalline
      phase of the quinacridone pigment.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The gamma quinacridone pigment produced by the process of the present
      invention have excellent outdoor durability and are useful in coloring
      automotive finishes, inks and house paints. They are particularly valuable
      in preparing red architectural finishes and transparent automotive
      metallic finishes.
PAR  The process of the present invention provides a simple economic route to
      gamma quinacridone which eliminates the need for certain operations
      heretofore thought necessary for the production of this crystalline phase
      of quinacridone. Furthermore, it is quite unexpected that the process of
      the present invention would produce gamma quinacridone inasmuch as present
      quinacridone technology would ordinarily predict that drowning a
      polyphosphoric acid solution of unsubstituted quinacridone containing 10 -
      20 parts by weight of the di-ortho substituted quinacridone with water
      would produce the violet, beta phase type of quinacridone. It has been
      found, however, that this is not the case and that by operating within the
      confines of the present invention the quinacridone produced exhibits a
      gamma type of X-ray pattern.
PAR  In carrying out the process for the present invention, the
      dianilinoterephthalic acid is mixed with 10 - 20 percent of di-(ortho
      substituted) anilinoterephthalic acid and dissolved in polyphosphoric
      acid. The use of polyphosphoric acid as a ring closing agent is well known
      in the quinacridone art as exemplified by U.S. Pat. Nos. 3,257,405 and
      3,342,823. As indicated in that prior art, the polyphosphoric acid should
      have an acid content (H.sub.3 PO.sub.4) of at least 100 percent.
      Preferably, the polyphosphoric acid strength is between 114 - 120 percent.
      The mixture is heated while being stirred at a temperature of above
      70.degree.C., preferably between 80.degree.- 120.degree.C. After the ring
      closure has been accomplished, which usually takes from 4 - 16 hours, the
      mixture is diluted, after being cooled to below 100 C., with water. The
      addition of the water results in a slurry which is then stirred, heated to
      boiling and thereafter filtered, washed acid free, boiled with caustic
      soda to remove traces of acid, filtered, washed alkali free and dried to
      yield the red solid gamma phase quinacridone pigment.
PAR  As has been indicated above, the amount of di-(ortho substituted)
      anilinoterephthalic acid is between 10 - 20 weight percent of the
      dianilinoterephthalic acid starting material. Amounts higher than 20
      percent or lower than 10 percent result in a product which has a
      significant change in its X-ray diffraction pattern indicating that the
      gamma quinacridone is not being produced as desired. By "ortho
      substituted" dianilinoterephthalic acid is meant substitution at the
      4,11-positions of dianilinoterephthalic acid. Halogen substituents, i.e.
      chlorine, fluorine, bromine and iodine, especially chlorine, are the
      preferred substituents in accordance with the present invention. Other
      exemplary substituents which may be mentioned are alkyl, i.e. methyl,
      ethyl, propyl and butyl; alkoxy, i.e. methoxy, ethoxy, propoxy, butoxy;
      halogenated alkyls, that is, mono, di- and tri-halogenated alkyl
      containing 1 - 4 carbon atoms, and carboalkoxy containing 1 - 4 carbon
      atoms, such as carbomethoxy and carboethoxy.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following example is given by way of illustration only.
PAR  25.1 parts of dianilinoterephthalic acid and 2.74 parts of
      di-(o-chloroanilino) terephthalic acid are added to 195 parts of
      polyphosphoric acid having an acid strength of 116.6%. The mixture is
      heated at 102.degree.- 106.degree.C. for 16 hours and thereafter cooled to
      90.degree.C. The cooled mixture is poured into 100 parts of water at
      20.degree.C. The resulting slurry is stirred for 15 minutes, boiled for 1
      hour and thereafter filtered, washed acid free and reslurried with 75
      parts of 50% sodium hydroxide and 1500 parts of water and boiled for 1
      hour. Filtration, washing alkali free and drying at 180.degree.F.
      overnight yields 23 - 25 grams of a red solid with an X-ray pattern
      essentially of gamma quinacridone. (All parts are indicated by weight
      unless otherwise designated.)
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for producing gamma quinacridone which comprises heating,
      between 80.degree. and 120.degree.C, a mixture of dianilinoterephthalic
      acid containing 10-20 weight percent of di-(ortho substituted)
      anilinoterephthalic acid in the presence of polyphosphoric acid and
      thereafter diluting the reaction mixture with water and recovering the
      precipitated gamma quinacridone, wherein the substituents on the di-(ortho
      substituted) anilinoterephthalic acid are halogens, alkyl containing 1 - 4
      carbon atoms, alkoxy containing 1 - 4 carbon atoms, halogenated alkyl
      containing 1 - 4 carbon atoms or carboalkoxy containing 1 - 4 carbon
      atoms.
NUM  2.
PAR  2. The process as defined in claim 1 wherein the substituent is chlorine.
NUM  3.
PAR  3. The process as defined in claim 1 wherein the substituents are methyl.
PATN
WKU  039404005
SRC  5
APN  5235901
APT  1
ART  122
APD  19741114
TTL  3-Methyl-4-phenyl-1,2,3,4-tetrahydrobenz[g]isoquinoline hydrobromide
ISD  19760224
NCL  1
ECL  1
EXA  Wheeler; David E.
EXP  Gallagher; Richard J.
INVT
NAM  Schwan; Thomas J.
CTY  Norwich
STA  NY
ASSG
NAM  Morton-Norwich Products, Inc.
CTY  Norwich
STA  NY
COD  02
CLAS
OCL  260286R
XCL  260283R
XCL  2605709
XCL  424258
EDF  2
ICL  C07D21708
FSC  260
FSS  286 R;283 R;283 SY
UREF
PNO  3639411
ISD  19720200
NAM  Albertson
OCL  260286R
UREF
PNO  3790576
ISD  19740200
NAM  DeWald
OCL  260286R
OREF
PAL  Iwai et al., "Chem. Pharm. Bull." (Tokyo) II, 12, 1556-1563, (1963).
LREP
FR2  Franze; Anthony J.
ABST
PAL  A compound 3-methyl-4-phenyl-1,2,3,4-tetrahydrobenz[g] isoquinoline
      hydrochloride of the formula possesses pharmacological activity as an
      antianxiety agent.
BSUM
PAR  This invention relates to a chemical compound. In particular it is
      concerned with a compound of the formula:
      ##SPC1##
PAL  Possessing pharmacological activity affecting the central nervous system.
      When administered perorally to animals, it exhibits antianxiety activity.
      Such antianxiety action is evidenced in the control of pentylenetetrazol
      induced tonic extensor seizures in mice. An oral dose of 50 mg/kg of this
      compound to mice intravenously receiving 45 mg/kg of pentylenetetrazol
      counteracts this property of pentylenetetrazol.
DETD
PAR  In order that this invention may be readily available to and understood by
      those skilled in the art, the following example is supplied.
PAC  A. 2-(1-Bromo-2-naphthylmethylamino)-1-phenyl-1-propanol hydrochloride
PAR  A mixture of 38.4 g (0.164 mole) 1-bromo-2-naphthaldehyde, 16.4g (0.164
      mole) triethylamine, and 30.6 g (0.164 mole) of
      2-amino-1-phenyl-1-propanol hydrochloride in 500 ml CH.sub.3 OH was
      stirred and refluxed for 60 minutes, then cooled to 10.degree.-20.degree.
      while 6.23 g (0.164 mole) of sodium borohydride was added over 5 minutes.
      The reaction mixture was stirred at ambient temperature
      (15.degree.-21.degree.) for 60 minutes and diluted with 500 ml H.sub.2 O.
      The mixture was stirred for 15 minutes and extracted with 2 .times. 350 ml
      CHCl.sub.3. The combined extracts were dried (MgSO.sub.4) and concentrated
      to dryness in vacuo to give 59.6 g (99%) of the free base.
PAR  Treatment of a 13.6 g (0.0368 mole) sample of the free base dissolved in 50
      ml ethanol with 35 ml ethanolic hydrogen chloride gave 9.84 g (66%) of the
      product, m.p. 234.degree.-237.degree.. An analytical sample, m.p.
      233.degree.-236.degree., was obtained by drying a portion of the above
      sample at 100.degree. over NaOH in vacuo.
PAR  Anal. Calcd. for C.sub.20 H.sub.20 BrNO.HCl: C, 59.05; H, 5.21; N, 3.44.
      Found: C, 58.71; H, 5.23; N, 3.47.
PAC  B. 10-Bromo-3-methyl-4-phenyl-1,2,3,4-tetrahydrobenz[g]isoquinoline
      hydrobromide
PAR  A mixture of 74.0 g (0.175 mole) of the free base of A and 293 g
      polyphosphoric acid was stirred at 90.degree.-95.degree. on a steam bath
      for 22 hours. The mixture was cooled and poured into 1500 ml cold, stirred
      tap water. After a 30 minute stirring period, the solid was filtered thru
      a coarse sintered glass funnel. The wet solid was stirred with a mixture
      of 1000 ml H.sub.2 O and 300 ml CH.sub.3 OH. KOH (84 g) was added to pH
      10. The mixture was extracted with 500 ml CHCl.sub.3 followed by 150 ml
      CHCl.sub.3. The combined extracts were dried (MgSO.sub.4) and concentrated
      to dryness in vacuo to an oil. Treatment of an ethanolic solution of the
      oil with 50 ml of 48% HBr gave in three crops 66.9 g (88.4%) of the
      product.
PAR  Anal. Calcd. for C.sub. 20 H.sub.18 BrN.HBr: C, 55.45; H, 4.42. Found: C,
      55.06; H, 4.30.
PAC  C. 3-Methyl-4-phenyl-1,2,3,4-tetrahydrobenz[g]isoquinoline hydrobromide
PAR  A mixture of 5.65 g (0.013 mole) of B, 2.0 g 5% Pd/C (50% moisture), and
      150 ml CH.sub.3 OH was shaken in the presence of hydrogen for 16 hours.
      The mixture was filtered and the catalyst was washed with 2 .times. 75 ml
      hot dimethylformamide. The filtrate and combined washings were
      concentrated to dryness in vacuo. The residue was boiled with 100 ml
      CH.sub.3 CN for 15 minutes, cooled overnight, and filtered to give 4.10 g
      (89%) of the product.
PAR  An analytical sample, m.p. 208.degree.-9.degree., was obtained by
      recrystallization from methanol.
PAR  Anal. Calcd. for C.sub.20 H.sub.19 N.HBr: C, 67.80; H, 5.65; N, 3.92.
      Found: C, 67.71; H, 5.57; N, 3.91.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC2##
PATN
WKU  039404013
SRC  5
APN  4914899
APT  1
ART  121
APD  19740724
TTL  4,4-(O-phenylenedioxy)-2,2,6,6-tetramethyl piperidine
ISD  19760224
NCL  1
ECL  1
EXP  Winters; Sherman D.
INVT
NAM  Murayama; Keisuke
CTY  Tokyo
CNT  JA
INVT
NAM  Toda; Toshimasa
CTY  Tokyo
CNT  JA
INVT
NAM  Mori; Eiko
CTY  Tokyo
CNT  JA
INVT
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CTY  Tokyo
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INVT
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CTY  Tokyo
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CNT  JA
COD  03
RLAP
COD  71
APN  336981
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PSC  03
RLAP
COD  84
APN  219133
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PSC  01
PNO  3790525
CLAS
OCL  26029358
XCL  26029366
XCL  2602939
EDF  2
ICL  C07D21144
FSC  260
FSS  293.66;293.58
FREF
PNO  660,763
ISD  19650900
CNT  BE
OREF
PAL  Chemical Abstracts 61:2364h, (1964), Chodera et al.
LREP
FRM  Toren, McGeady and Stanger
ABST
PAL  4-Piperidone ketal derivatives of the formulae
      ##SPC1##
PAL  And
      ##SPC2##
PAL  Wherein R.sub.1 represents an alkyl group of 1 to 8 carbon atoms and
      R.sub.2 represents an alkylene group of 2 or 3 carbon atoms or o-phenylene
      group and they are prepared by reacting triacetonamine with a monohydric
      alcohol of the formula
EQU  R.sub.1 --OH                                               (III)
PAL  wherein R.sub.1 is as defined above or a dihydric alcohol or phenol of the
      formula
EQU  R.sub.2 --(OH).sub.2                                       (IV)
PAL  wherein R.sub.2 is as defined above in the presence of an acid catalyst.
      They are useful as statilizers against deterioration of synthetic
      polymers.
PARN
PAR  This is a continuation of application Ser. No. 336,981, filed Mar. 1, 1973,
      now abandoned, which in turn was a Divisional of application Ser. No.
      219,133, filed Jan. 19, 1972, now U.S. Pat. No. 3,790,525.
BSUM
PAR  This invention relates to new 4-piperidone ketal derivatives, their
      preparation and their use as stabilizers.
PAR  More particularly, this invention is concerned with the 4-piperidone ketal
      derivatives having the formulae
      ##SPC3##
PAL  And
      ##SPC4##
PAL  Wherein R.sub.1 represents an alkyl group of 1 to 8 carbon atoms and
      R.sub.2 represents an alkylene group of 2 or 3 carbon atoms or o-phenylene
      group, a process for the preparation of the 4-piperidone ketal derivatives
      (I) and (II) and stabilization of synthetic polymers against photo- and
      thermal-deterioration thereof by having incorporated therein, in a
      sufficient amount to prevent said deterioration, at least one of the
      4-piperidone ketal derivatives (I) and (II).
PAR  In the above formulae (I) and (II), R.sub.1 may be illustrated by methyl,
      ethyl, n-propyl, isopropyl, n-butyl, tert.butyl n-pentyl, isopentyl,
      hexyl, heptyl and octyl; and R.sub.2 may be illustrated by ethylene,
      trimethylene, propylene and o-phenylene.
PAR  The term "synthetic polymer" as used herein are intended to embrace
PA0  polyolefins including homopolymers of olefins such as low-density and
      high-density polyethylene, polypropylene, polystyrene, polybutadiene,
      polyisoprene and the like, and copolymers of olefins with other
      ethylenically unsaturated monomers such as ethylene-propylene copolymer,
      ethylene-butene copolymer, ethylene-vinyl acetate copolymer,
      styrenebutadiene copolymer, acrylonitrile-styrene-butadiene copolymer and
      the like;
PA0  Polyvinyl chlorides and polyvinylidene chlorides including homopolymer of
      each of vinyl chloride and vinylidene chloride, vinyl chloride-vinylidene
      chloride copolymer and copolymers of each of vinyl chloride and vinylidene
      chloride with vinyl acetate or other ethylenically unsaturated monomers;
PA0  polyacetals such as polyoxymethylene and polyoxyethylene; polyesters such
      as polyethylene terephthalate; polyamides such as 6-nylon, 6,6-nylon and
      6,10-nylon; and polyurethanes.
PAR  Synthetic polymers have been widely utilized in the art, in view of their
      excellent properties, in various forms or shapes, for example, filament,
      fibre, yarn, film, sheet, other molded article, latex and foam. However,
      these polymers have some drawbacks such as poor light- and
      heat-stabilities and the like. Stated illustratively, polyolefins and
      polyurethane elastomers frequently tend to undergo severe deterioration
      when exposed to light such as sunlight or ultraviolet ray, and polyvinyl
      chloride and polyvinylidene chloride frequently tend to deteriorate and
      become colored by the action of light and heat together with elimination
      of hydrogen chloride therefrom. Polyamides are also frequently subjected
      to photo-deterioration. For the purpose of stabilizing these synthetic
      polymers against such deterioration, there have heretofore been proposed
      in the art a number of stabilizers; for example, for polyolefins,
      benzotriazole compounds and benzophenone compounds; for polyurethanes,
      phenol compounds and benzophenone compounds; and for polyvinyl chloride
      and polyvinylidine chloride, lead salts such as basic lead silicate and
      tribasic lead maleate, and organotin compounds such as dibutyltin laurate
      and dibutyltin maleate.
PAR  Although such prior stabilizers are known to be considerably satisfactory,
      there still remained some problems to be improved.
PAR  Thus, numerous attempts have been made in the art to find and develop new
      and more effective stabilizers.
PAR  As a result of our extensive studies, it has now been found that the new
      4-piperidone ketal derivatives (I) and (II) of this invention can be
      satisfactorily prepared and exhibit a high stabilizing effect against
      photo-and thermal-deterioration of the synthetic polymers.
PAR  It is, accordingly, an object of this invention to provide new and useful
      4-piperidone ketal derivatives (I) and (II).
PAR  Another object is to provide a process for the preparation of the valuable
      4-piperidone ketal derivatives (I) and (II).
PAR  Still another object is to provide synthetic polymer composition stabilized
      against the deterioration thereof by having incorporated therein a
      sufficient amount to prevent the deterioration of at least one of the
      4-piperidone ketal derivatives (I) and (II).
DETD
PAR  Other objects of this invention will become apparent to those skilled in
      the art from the following description.
PAR  In one aspect of this invention, the 4-piperidone ketal derivatives (I) and
      (II) are all new substances unknown in the art.
PAR  Representative of the 4-piperidone ketal derivatives of the above formulae
      (I) and (II) are as follows:
TBL  Compound       Chemical Name                                              
     No.                                                                       
     ______________________________________                                    
     1       4,4-diethoxy-2,2,6,6-tetramethylpiperidine.                       
     2       4,4-di-n-butoxy-2,2,6,6-tetramethylpiperidine.                    
     3       4,4-di-n-octoxy-2,2,6,6-tetramethylpiperidine.                    
     4       1,4-dioxa-8-aza-7,7,9,9-tetramethyl-spiro-                        
             [4.5]decane.                                                      
     5       1,5-dioxa-9-aza-8,8,10,10-tetramethyl-spiro-                      
             [5.5]undecane.                                                    
     6       4,4-(o-phenylenedioxy)-2,2,6,6-tetramethyl-                       
             piperidine.                                                       
     ______________________________________                                    
PAR  In another aspect of this invention, the 4-piperidone ketal derivatives (I)
      and (II) of this invention can be easily prepared according to the process
      of this invention, the process of which comprises reacting
      2,2,6,6-tetramethyl-4-piperidone (frequently and hereinbelow referred to
      as triacetonamine) with a monohydric alcohol having the formula
EQU  R.sub.1 -- OH                                              (III)
PAL  wherein R.sub.1 is as defined above or a dihydric alcohol or phenol having
      the formula
EQU  R.sub.2 -- (OH).sub.2                                      (IV)
PAL  wherein R.sub.2 is as defined above in the presence of an acid catalyst.
PAR  In carrying out the process of this invention, the reaction can be suitably
      effected by intimately contacting triacetonamine with the monohydric
      alcohol (III) or the dihydric alcohol (IV) in the presence of the acid
      catalyst and, advantageously, under reflux in the presence of a suitable
      organic solvent. As the solvent may be advantageously employed any of
      inert water-immiscible organic solvents that could not adversely affect
      the reaction, reactants and catalyst. Examples of the solvent include
      aliphatic and aromatic hydrocarbons, e.g., n-hexane, cyclohexane, benzene,
      toluene and xylene.
PAR  The monohydric alcohol of the above formula (III) which may be employed in
      the reaction includes straight or branched monohydric alcohols, e.g.,
      methanol, ethanol, isopropanol and octanol. The dihydric alcohol or phenol
      of the above formula (IV) which may be employed in the reaction includes,
      e.g., ethylene glycol, propylene glycol, trimethylene glycol and catechol.
      The acid catalyst which may be employed in the reaction is any of those
      catalysts commonly utilized in a standard condensation reaction with
      elimination of water and includes mineral acids, e.g., hydrochloric acid
      and polyphosphoric acid; and organic acids, e.g., methanesulfonic acid,
      benzensulfonic acid and p-toluenesulfonic acid, the organic acids being
      preferable.
PAR  As it is noted that the reaction of the present process be a condensation
      reaction accompanied with elimination of water, the reaction may be more
      smoothly and preferably effected with continuous removal of the water that
      is being formed in situ during the reaction proceeding.
PAR  After completion of the reaction, the desired product may be readily
      recovered and purified in a conventional manner, for instance, by making
      the reaction mixture alkalihe with an alkali hydroxide, separating an
      organic layer followed by distillation under reduced pressure and, if
      necessary, recrystallization.
PAR  In still another aspect of this invention, there is provided a synthetic
      polymer composition stabilized against photo-and thermal-deterioration
      which contains at least one of the new 4-piperidone ketal derivatives (I)
      and (II) having incorporated therein.
PAR  The 4-piperidone ketal derivatives (I) and (II) employed as a stabilizer in
      the present invention may be readily incorporated into the synthetic
      polymers by any of the various standard procedures commonly utilized in
      the art. The stabilizer may be incorporated into the synthetic polymers at
      any desired stage prior to the manufacture of shaped articles therefrom.
      Thus, for example, the stabilizer in the form of a dry powder may be
      admixed with the synthetic polymer, or a suspension or emulstion of the
      stabilizer may be admixed with a solution, suspension or emulsion of the
      synthetic polymer.
PAR  The amount of the 4-piperidone ketal derivatives (I) and (II) employed in
      the synthetic polymer in accordance with the present invention may be
      varied widely, depending upon the types, properties and particular uses of
      the synthetic polymer to be stabilized. In general, the 4-piperidone ketal
      derivatives of the formula (I) and (II) may be added in an amount ranging
      from 0.01 to 5.0 percent by weight, based on the amount of the synthetic
      polymer, but the practical range is varied depending upon the type of the
      synthetic polymer, that is 0.01 to 2.0 percent by weight, preferably 0.02
      to 1.0 percent by weight for polyolefins, 0.01 to 1.0 percent by weight,
      preferably 0.02 to 0.5 percent by weight for polyvinyl chloride and
      polyvinylidene chloride, and 0.01 to 5.0 percent by weight, preferably
      0.02 to 2.0 percent by weight for polyurethanes and polyamides.
PAR  The present stabilizer may be used alone or in combination with other known
      antioxidants, ultraviolet absorbents, fillers, pigments and the like.
PAR  If desired, two or more of the present stabilizers i.e. the 4-piperidone
      ketal derivatives of the formulae (I) and (II) may also be satisfactorily
      used in this invention.
PAR  In order that the invention may be better understood, the following
      Examples are given solely for the purpose of illustration of this
      invention. In the Examples, all parts are given by weight unless otherwise
      indicated and the number of the test compound as used hereinbelow is the
      same as illustratively shown above.
PAR  Examples 1 through 4 describe the preparation of the 4-piperidone ketal
      derivatives.
PAR  Examples 5 through 9 describe the synthetic polymer compositions having
      incorporated therein the 4-piperidone ketal derivatives and their
      stablilization effects.
PAC  EXAMPLE 1
PAC  4,4-Di-n-butoxy-2,2,6,6-tetramethylpiperidine
PAR  In a solution of 23.4 g. of triacetonamine in 150 ml. of benzene were added
      23.2 g. of n-butanol and 30 g. of p-toluenesulfonic acid. The resulting
      mixture was heated under reflux for 44 hours by means of a water
      separator.
PAR  Then, the reaction mixture was poured into a cold aqueous solution of
      sodium hydroxide and the benzene layer was separated therefrom. The layer
      so separated was washed with water, dried over anhydrous sodium sulfate
      and subjected to distillation under reduced pressure to give the desired
      product as colorless liquids boiling at 123.degree.-124.degree.C/4 mmHg.
PAR  IR (liquid film) .nu..sub.C-O-C 1093, 1037 cm.sup.-.sup.1.  Analysis for
      C.sub.17 H.sub.35 NO.sub.2 :  Calculated: C, 71.52%; H, 12.36%; N, 4.91%.
      Found: C, 71.35%; H, 12.44%; N, 5.14%.
PAC  EXAMPLE 2
PAC  4,4-Di-n-octoxy-2,2,6,6-tetramethylpiperidine
PAR  The substantially same procedure as shown in the above Example 1 was
      repeated except that n-octanol was employed instead of the n-butanol,
      thereby yielding the desired product as colorless liquids boiling at
      160.degree.-162.degree.C/0.45 mmHg.
PAR  IR (liquid film) .nu..sub.C-O-C 1092, 1038 cm.sup.-.sup.1.  Analysis for
      C.sub.25 H.sub.51 NO.sub.2 :  Calculated: C, 78.67%; H, 13.47%; N, 3.67%.
      Found: C, 78.41%; H, 13.15%; N, 3.85%.
PAC  EXAMPLE 3
PAC  1,4-Dioxa-8-aza-7,7,9,9-tetramethyl-spiro[4.5]decane
PAR  Into a solution of 23.4 g. of triacetonamine in 150 ml. of benzene were
      added 83 g. of ethylene glycol and 30 g. of p-toluenesulfonic acid and the
      resulting mixture was heated under reflux for 18 hours by means of a water
      separator.
PAR  Then, the reaction mixture was treated in the same manner as shown in the
      above Example 1 to give the desired product as colorless liquids boiling
      at 103.5.degree.-104.5.degree.C/3.4 mmHg.
PAR  IR (liquid film) .nu..sub.C-O-C 1091, 1040 cm.sup.-.sup.1  Analysis for
      C.sub.11 H.sub.21 NO.sub.2 :  Calculated: C, 66.29%; H, 10.62%; N, 7.03%.
      Found: C, 66.39%, H, 10.74%; N, 6.98%.  Molecular weight (Osmometer):
      Calculated: 119.29 Found: 205.7
PAC  EXAMPLE 4
PAC  4,4-(o-Phenylenedioxy)-2,2,6,6-tetramethylpiperidine
PAR  The substantially same procedure as shown in the above Example 3 was
      repeated except that catechol was employed instead of the ethylene glycol
      to give the desired product as colorless liquids boiling at
      118.degree.-120.degree.C/3 mmHg.
PAR  Upon being allowed to cool, the liquids solidified and recrystallization
      from aqueous methanol gave white crystals melting at 74.degree. -
      75.degree.C.
PAR  ir (nujol mull) .nu..sub.C-O-C 1098, 1064 cm.sup.-.sup.1.  Out-of-plane
      deformation absorption of the o-disubstituted  benzene ring: 730-800
      cm.sup.-.sup.1.  Analysis for C.sub.15 H.sub.21 NO.sub.2 :  Calculated: C,
      72.84%; H, 8.56%; N, 5.66%.  Found: C, 72.73%; H, 8.71%; N, 5.90%.
PAC  EXAMPLE 5
PAR  Into 100 parts of polypropylene ["Noblen JHH-G," trade name, available from
      Mitsui Toatsu Chemicals Inc., Japan, employed after twice
      recrystallizations from monochlorobenzene] was incorporated 0.25 part of
      each of the test compounds of this invention indicated below. the
      resulting mixture was mixed and melted and then molded into a sheet having
      a thickness of 0.5 mm. under heating and pressure.
PAR  As a control for comparative purpose, the polypropylene sheet was prepared
      in a similar manner to that described above without any of stabilizers.
PAR  Then, all of these sheets thus formed were tested for the brittleness time
      (which means the time, expressed in terms of hour, until the test sheet
      becomes brittle) under ultraviolet ray irradiation at a temperature of
      45.degree.C by means of the fade meter prescribed in Japanese Industrial
      Standard JIS-1044 entitled "Testing Method of Color Fastness to Light of
      Dyed Textiles and Dyestuffs," Paragraph 3.8 (in English).
PAR  The results are given in the following Table 1.
TBL                Table 1.                                                    
     ______________________________________                                    
     Test compound No.                                                         
                      Brittleness time (hours)                                 
     ______________________________________                                    
     2                620                                                      
     3                860                                                      
     4                960                                                      
     6                1000                                                     
     None             100                                                      
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Into 100 parts of high-density polyethylene ["Hi-Zex," trade name,
      available from Mitsui Toatsu Chemicals Inc., Japan, employed after twice
      recrystallization from toluol] was incorporated 0.25 part of each of the
      test compounds of this invention indicated below. The resulting mixture
      was made into a sheet having a thickness of 0.5 mm. by the same procedure
      as in the above Example 5.
PAR  The sheet thus formed was tested for the brittleness time by the same test
      method as in the above Example 5. The results are given in the following
      Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Test compound No.                                                         
                      Brittleness time (hours)                                 
     ______________________________________                                    
     2                1400                                                     
     4                1580                                                     
     6                1920                                                     
     None              400                                                     
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Into 100 parts of 6-nylon ["CM 1011," trade name, available from Toray
      Industries Inc., Japan, containing no stabilizer] was incorporated 0.25
      part of each of the test compounds of this invention indicated below. The
      resulting mixture was heated and melted and then molded into a film having
      a thickness of about 0.1 mm. under pressure by a conventional compression
      molding machine. The film thus formed was aged under the following aging
      condition and thereafter subjected to a tensile test to determine the
      retentions of tensile strength and elongation by a standard method.
PAR  Aging Test
PAR  1. Exposure to ultraviolet ray for 300 hours in the fade meter described
      above at 45.degree.C.
PAR  2. Aging at 160.degree.C for 2 hours in a Geer's aging tester prescribed in
      Japanese Industrial Standard JIS-K-6301 entitled "Physical Testing Methods
      for Vulcanized Rubber", Paragraph 6.5 (in English).
PAR  The results are given in the following Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
              Fade meter      Geer's aging tester                              
     Test     (after 300 hours)                                                
                              (2 hours, 160.degree.C)                          
     compound Retention Retention Retention                                    
                                          Retention                            
     No.      of        of tensile                                             
                                  of      of tensile                           
              elongation                                                       
                        strength  elongation                                   
                                          strength                             
              (%)       (%)       (%)     (%)                                  
     ______________________________________                                    
     2        65        53        64      67                                   
     3        71        55        69      68                                   
     4        72        67        68      71                                   
     6        74        67        70      69                                   
     None      6        38         7      52                                   
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  Into 100 parts of polyurethane prepared from polycaprolactone ["E-5080,"
      trade name, available from The Nippon Elastollan Industries Ltd., Japan]
      was incorporated 0.5 part of each of the test compounds of this invention
      indicated below. The resulting mixture was heated and melted and then
      molded into a sheet having a thickness of about 0.5 mm. The sheet thus
      formed was subjected to the exposure to ultraviolet ray for 15 hours in
      the fademeter as specified in the above Example 5 at 45.degree.C and then
      tested for the retentions of elongation and tensile strength as in the
      above Example 7.
PAR  The results are given in the following Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
     Test compound                                                             
                 Retention of  Retention of tensile                            
     No.         elongation (%)                                                
                               strength (%)                                    
     ______________________________________                                    
     2           85            92                                              
     4           88            89                                              
     6           95            94                                              
     None        75            53                                              
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  Into 100 parts of polyvinyl chloride ["Geon 103 EP," trade name, available
      from The Japanese Geon Co., Ltd., Japan] were incorporated 1.0 part of
      lead stearate, 0.5 part of dibasic lead phosphite, 0.5 part of barium
      stearate, 0.5 part of cadmium stearate and 0.2 part of each of the test
      compounds of this invention indicated below. The resulting mixture was
      blended and kneaded for 4 minutes on a kneading roll to form a sheet
      having a thickness of 0.5 mm. The sheet was tested for the discoloration
      degree thereof by the aging test method set forth below.
PAR  Aging Test
PAR  1. Exposure for 600 hours to the sunshine carbon apparatus prescribed in
      Japanese Industrial Standard JIS Z-0230 entitled "Accelerated Weathering
      Test of Rust Proofing Oils," Paragraph 2.
PAR  2. The sheet was aged for 90 minutes at 170.degree.C in the Geer's aging
      tester prescribed in the above Example 7. The results are given in the
      following Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
              Discoloration                                                    
     Test compound                                                             
                Sunshine carbon                                                
                               Geer's aging tester                             
     No.        apparatus      (after 90 minutes,                              
                (after 600 hours)                                              
                               170.degree.C)                                   
     ______________________________________                                    
     2          Pale yellow    Yellow                                          
     4          Pale yellow    Pale yellow                                     
     6          Slightly yellowish                                             
                               Slightly yellowish                              
     None       Dark brown     Black                                           
     ______________________________________                                    
PAL  From the above results it can be seen that the 4-piperidone ketal
      derivatives of this invention exhibit a high degree of stabilizing effect
      on synthetic polymers against deteriorations thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 4,4-(o-Phenylenedioxy)-2,2,6,6-tetramethylpiperidine.
PATN
WKU  039404021
SRC  5
APN  5074266
APT  1
ART  121
APD  19740919
TTL  Tris(substituted amino) sulfonium salts
ISD  19760224
NCL  28
ECL  1
EXP  Winters; Sherman D.
INVT
NAM  Middleton; William Joseph
CTY  Chadds Ford
STA  PA
ASSG
NAM  E. I. DuPont de Nemours and Company
CTY  Wilmington
STA  DE
COD  02
CLAS
OCL  26029363
XCL  260 80C
XCL  260239B
XCL  26029351
XCL  26029385
XCL  26032661
XCL  26032662
XCL  26032682
XCL  260583R
XCL  260583EE
EDF  2
ICL  C07D29522
FSC  260
FSS  293.63;326.61;326.62;326.82;583 EE;293.85
UREF
PNO  3162641
ISD  19641200
NAM  Acker et al.
OCL  260286
OREF
PAL  J.A.C.S. 84 : 3374-3387, (1962), Melby et al.
LREP
FR2  Mentis; Anthony P.
ABST
PAL  Trisaminosulfonium salts of the formula (R.sup.1 R.sup.2 N)(R.sup.3 R.sup.4
      N)(R.sup.5 R.sup.6 N)S.sup.+ X.sup.-  wherein the R groups are alkyl of
      1-20 carbons and each alkyl has at least 2 alpha hydrogens and X is
      selected from the group (CH.sub.3).sub.3 SiF.sub.2, Cl, Br, I, CN, NCO,
      NCS NO.sub.2 and N.sub.3, are soluble in organic liquids. They are useful
      as polymerization catalysts and as reagents to replace other atoms or
      groups in organic compounds with F, Cl, Br, I, CN, NCO, NCS, NO.sub.2 or
      N.sub.3.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to new tris(secondary amino) sulfonium salts that
      are useful, for example, as fluorinating agents and as polymerization
      catalysts.
PAR  2. Prior Art
PAR  No references to difluorotrimethylsilicic acid or any of its salts are
      known. One reference to a tris(dimethylamino)sulfonium salt is D. S. Acker
      & D. C. Blomstron, U.S. Pat. No. 3,162,641 (1964) to Du Pont. The
      preparation of tris-(dimethylamino)sulfonium tetracyano-quinodimethan
      (TCNQ) salt (TCNQide) by the reaction of lithium TCNQide with
      tris(dimethylamino)sulfonium fluoride is disclosed. The method of
      preparation or the properties of the fluoride are not disclosed.
PAC  DESCRIPTION OF THE INVENTION
PAC  Statement of Invention
PAR  This invention comprises a new class of organic soluble salts, their use as
      polymerization catalysts and as reagents for replacing atoms or groups in
      organic compounds with other atoms or groups, e.g. replacing other halogen
      atoms in organic compounds with fluorine atoms. These salts are
      trisaminosulfonium salts having the general formula
      ##EQU1##
      wherein THE R groups individually are alkyl of up to 20 carbon atoms each
      alkyl having at least two alpha-hydrogen atoms,
PA2  With the proviso that any or all of the pairs R.sup.1  and R.sup.2, R.sup.3
      and R.sup.4 and R.sup.5 and R.sup.6 taken together form part of a 5- or
      6-membered ring containing one nitrogen atom, any substituents being alkyl
      of up to 8 carbon atoms, and
PA1  X is selected from the group consisting of (CH.sub.3).sub.3 SiF.sub.2, Cl,
      Br, I, CN, NCO, NCS, NO.sub.2 and N.sub.3.
PAR  The triaminosulfonium difluorotrimethylsilicates of the invention are
      prepared by treating a solution of sulfur tetrafluoride in an anhydrous
      inert solvent with at least three equivalents of a (secondary
      amino)trimethylsilane. The reaction appears to proceed in three steps:
PAR  1. In the first step, one equivalent of (secamino)trimethylsilane reacts
      with sulfur tetrafluoride to give an aminosulfur trifluoride. This step
      can be conducted at a temperature range of from -100.degree. to 0.degree..
PAR  2. In the second step, the produced aminosulfur trifluoride reacts with a
      second equivalent of (sec-amino)trimethylsilane to give a bis(amino)sulfur
      difluoride. This second step proceeds slowly at -80.degree. but proceeds
      faster at a temperature of -30.degree. to 0.degree..
PAR  3. In the third step, the bis(amino)sulfur difluoride reacts with a third
      equivalent of (sec-amino)trimethylsilane to give the final product, a
      tris(amino)sulfonium difluorotrimethylsilicate. This step proceeds at a
      temperature range of from 0.degree. to 50.degree..
PAR  Each step can be conducted independently and each of the intermediates
      isolated or all three steps can be conducted in the same reaction vessel
      without isolation of the intermediates. Method "A" starts with step 1 and
      proceeds to the final product without isolation of the intermediate
      product whereas method "B" starts with step 2. The following equations
      illustrate the reaction.
      ##EQU2##
PAR  Salts where X is chloride are prepared by reacting a tris(secondary
      amino)sulfonium difluorotrimethylsilicate with a compound containing
      removable chlorine, as for example, .alpha.-chlorotoluene to obtain the
      sulfonium chloride salt as in Example 11 below. Reaction of the sulfonium
      chloride with appropriate reagents such as sodium cyanide, etc. will
      produce the sulfonium cyanide salt, etc. as illustrated below.
PAR  Solvents suitable for use in these reactions include ethers, such as
      diethyl ether, tetrahydrofuran and dimethylethylene glycol, and
      hydrocarbons such as pentane, hexane, toluene, and xylene. Halogenated
      hydrocarbons such as methylene chloride and chlorotrifluoromethane can be
      used in the first two steps but not in the third step. When all three
      steps are done in the same reaction vessel without isolation of
      intermediates, diethyl ether is the preferred solvent. Solvents containing
      active hydrogens must be avoided in all cases. Since water contains active
      hydrogen it is obvious the reactions must be carried out under anhydrous
      conditions.
PAR  Pressure is not critical. Ambient and/or autogenous pressure is the most
      convenient and therefore preferred.
PAR  The products and intermediates can be isolated and purified by conventional
      techniques such as distillation and recrystallization.
DETD
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  The following are illustrative examples in which all parts are by weight
      and all temperatures are in degrees Centigrade unless otherwise stated.
PAC  EXAMPLE 1
PAC  Tris(dimethylamino)sulfonium Difluorotrimethylsilicate
PAL  Method A
EQU  3(CH.sub.3).sub.2 N-Si(CH.sub.3).sub.3 + SF.sub.4 .fwdarw.[(CH.sub.3).sub.2
      N].sub.3 S.sup.+(CH.sub.3).sub.3 SiF.sub.2.sup.- + 2(CH.sub.3).sub.3 SiF
PAR  a 152-g (1.3 mole) sample of dimethylaminotrimethylsilane was added
      dropwise to a solution of 22 ml (0.4 mole) of sulfur tetrafluoride in 400
      ml of ether cooled to -78.degree.. The reaction mixture was slowly warmed
      to room temperature and stirred for 3 days. The crystalline solid that
      precipitated was collected on a filter under dry nitrogen to give 109.0 g
      (99%) of tris(dimethylamino)sulfonium difluorotrimethylsilicate as
      colorless needles; mp 61.degree.-67.degree. (dec); .sup.19 F nmr (CD.sub.3
      CN) .delta. -60.3 ppm (s); .sup.1 H nmr (CD.sub.3 CN) .delta. -0.18 ppm
      (s, 9H) and +2.89 ppm (s, 18H).
PAR  Anal. Calcd for C.sub.9 H.sub.27 F.sub.2 N.sub.3 SSi: C, 39.23; H, 9.88; F,
      13.79; N, 15.25; S, 11.64; Si, 10.19. Found: C, 38.93; H, 10.17; F, 13.91;
      N, 15.31; S, 11.51; Si, 9.87.
PAC  EXAMPLE 2
PAC  Tris(dimethylamino)sulfonium Difluorotrimethylsilicate
PAL  Method B
EQU  (CH.sub.3).sub.2 NSF.sub.3 + 2(CH.sub.3).sub.2 NSi(CH.sub.3).sub.3 .fwdarw.
      [(CH.sub.3).sub.2 N].sub.3 S.sup.+ (CH.sub.3).sub.3 SiF.sub.2.sup.- +
      (CH.sub.3).sub.3 SiF
PAR  A solution of 20.4 g (0.174 mole) of (dimethylamino)trimethylsilane in 25
      ml of ether was added dropwise to a solution of 10.65 g (0.08 mole) of
      (dimethylamino)sulfur trifluoride in 100 ml of ether cooled to
      -50.degree.. The reaction mixture was slowly warmed to room temperature
      and stirred for 5 days. The white crystals that precipitated were
      collected on a filter under nitrogen, washed with ether, and dried under
      nitrogen. There was obtained 18.89 g (86%) of tris(dimethylamino)sulfonium
      trimethyldifluorosilicate as colorless needles, mp 55.degree.-72.degree.,
      with nmr spectra identical to the sample prepared by Method A (Example 1).
PAC  EXAMPLE 3
PAC  Tris(pyrrolidino)sulfonium Difluorotrimethylsilicate
      ##SPC1##
PAR  A 47.3-g (0.33 mole) sample of pyrrolidinotrimethylsilane was added
      dropwise to a solution of 5.5 ml (ca. 0.1 mole) of SF.sub.4 in 100 ml of
      ether cooled to -78.degree.. The reaction mixture was slowly warmed to
      room temperature and then stirred overnight for 16 hours. The solid that
      precipitated was collected on a filter under nitrogen and dried in a
      vacuum desiccator over P.sub.2 O.sub.5 to give 29.25 g of
      tris(pyrrolidino)sulfonium difluorotrimethylsilicate; mp
      54.degree.-57.degree.; .sup.1 H nmr (CD.sub.3 CN) .delta. -0.20 ppm (s,
      9H), 1.84 ppm (m, 12H), and 3.38 ppm (m, 12H); .sup.19 F nmr (CD.sub.3 CN)
      .delta. -60.2 ppm (s).
PAR  Anal. Calcd for C.sub.15 H.sub.33 F.sub.2 N.sub.3 SSi: C, 50.95; H, 9.41;
      F, 10.75; N, 11.88; S, 8.07; Si, 7.94. Found: C, 50.71; H, 9.58; F, 10.57;
      N, 12.01; S, 8.87; Si, 8.01.
PAC  EXAMPLE 4
PAC  Bis(dimethylamino)pyrrolidinosulfonium Difluorotrimethylsilicate
      ##SPC2##
PAR  A 25.8-g (0.22 mole) sample of dimethylaminotrimethylsilane was added
      dropwise to a solution of 15.9 g (0.1 mole) of pyrrolidinosulfur
      trifluoride in 100 ml of ether cooled to -60.degree.. The reaction mixture
      was warmed to room temperature and stirred for 3 days. Two liquid layers
      separated. The lower layer was separated, washed with ether, and the
      remaining materials were distilled off at reduced pressure (0.1 mm at
      25.degree.). The residue solidified to give 23.33 g of
      bis(dimethylamino)pyrrolidinosulfonium difluorotrimethylsilicate as a
      light yellow solid; mp 40.degree.-45.degree.; .sup.1 H nmr (CD.sub.3 CN)
      .delta. -0.18 ppm (s, 9H), 1.98 (m, 4H), 2.97 (s, 12H) and 3.20 (m, 4H);
      .sup.19 F nmr (CD.sub.3 CN) .delta. -59.7 ppm (s).
PAR  Anal. Calcd for C.sub.11 H.sub.27 F.sub.2 N.sub.3 SSi: C, 43.82; H, 9.69;
      F, 12.60; N, 13.94. Found: C, 43.52; H, 9.50; F, 12.50; N, 14.11.
PAC  EXAMPLE 5
PAC  Bis(pyrrolidino)(dimethylamino)sulfonium Difluorotrimethylsilicate
      ##SPC3##
PAR  A solution of13.3 g (0.1 mole) of dimethylaminosulfur trifluoride in 100 ml
      of ether was cooled to -60.degree., and 30.0 g (0.21 mole) of
      pyrrolidinotrimethylsilane was added dropwise. The reaction mixture was
      warmed to room temperature and stirred for 3 days. The lower liquid layer
      was separated, washed with ether, and the excess ether was removed by
      evaporation under reduced pressure to give 29.57 g (90%) of
      bis(pyrrolidino)(dimethylamino)sulfonium difluorotrimethylsilicate as a
      cream-colored solid; mp 49.degree.-50.degree.; .sup.1 H nmr (CD.sub.3 CN)
      .delta. -0.19 ppm (s, 9H), (m, 8H), 2.97 (s, 6H), 3.33 (m, 8H); .sup.19 F
      nmr (CD.sub.3 CN) .delta. -59.6 ppm.
PAR  Anal. Calcd for C.sub.13 H.sub.31 F.sub.2 N.sub.3 SSi: C, 47.67; H, 9.54;
      F, 11.60; N, 12.83. Found: C, 47.31; H, 9.77; F, 11.51; N, 12.50.
PAC  EXAMPLE 6
PAC  Tris(piperidino)sulfonium Difluorotrimethylsilicate
      ##SPC4##
PAR  A solution of 2.75 ml (0.05 mole) of sulfur tetrafluoride in 50 ml of ether
      was cooled to -70.degree., and 26.7 g (0.17 mole) of
      piperidinotrimethylsilane was added dropwise. The reaction mixture was
      warmed to room temperature and stirred for 18 hours. The precipaited
      solids were collected on a filter (under nitrogen) and washed with ether
      to give 16.85 g (89%) of tris(piperidino)-sulfonium
      difluorotrimethylsilicate as a white powder; mp 87.degree.-90.degree.;
      .sup.1 H nmr (CD.sub.3 CN) .delta. -0.17 ppm (s, 9H), 1.68 ppm (m, 18H)
      and 3.25 ppm (m, 12H); .sup.19 F nmr (CD.sub.3 CN) .delta. -59.8 ppm (s).
PAR  Anal. Calcd for C.sub.18 H.sub.24 F.sub.2 N.sub.3 SSi: C, 56.81; H, 6.36;
      F, 9.98; N, 11.04. Found: C, 56.47; H, 6.76; F, 10.11; N, 10.79.
PAC  EXAMPLE 7
PAC  Bis(dimethylamino)(diethylamino)sulfonium Difluorotrimethylsilicate
      ##EQU3##
PAR  A solution of 25.8 g (0.22 mole) of dimethylaminotrimethylsilane was added
      dropwise to a stirred solution of 16.1 g (0.1 mole) of diethylaminosulfur
      trifluoride in 100 ml of ether cooled to -70.degree.. The reaction mixture
      was warmed to room temperature and stirred for 1 week. Two liquid phases
      separated. The lower phase consisted primarily of
      bis(dimethylamino)(diethylamino)sulfonium difluorotrimethylsilicate. This
      phase was separated and mixed with a solution of 12.25 g (0.1 mole) of
      sodium perchlorate in 125 ml of water. The precipitate that formed was
      collected on a filter and recrystallized from alcohol to give 14.77 g
      (51%) of bis(dimethylamino)(diethylamino)sulfonium perchlorate as
      colorless, waxy crystals: mp 221.degree.-223.degree.; .sup.1 H nmr
      (DMSO-d.sub.6) .delta. 1.18 ppm (t, J = 7Hz, 6H), 2.84 ppm (s, 12H), and
      3.33 ppm (q, J = 7 Hz, 4H).
PAR  Anal. Calcd for C.sub.8 H.sub.22 ClN.sub.3 O.sub.4 S: C, 32.93; H, 7.60;
      Cl, 12.15; N, 14.40; S, 10.99. Found: C, 32.87; H, 7.60; Cl, 12.15; N,
      14.37; S, 10.80.
PAC  EXAMPLE 8
PAC  Tris(N-methyl-N-octadecylamino)sulfonium Difluorotrimethylsilicate
      ##EQU4##
PAR  A mixture of 32.3 g (0.2 mole) of hexamethyldisilazane, 56.7 g (0.2 mole)
      of N-methyl-N-octadecylamine, and 0.2 g of ammonium chloride was refluxed
      for 2 days and then distilled to give 32.32 g of
      (N-methyl-N-octadecylamino)trimethylsilane as a colorless liquid, bp
      168.degree.-172.degree. (0.8 mm), that solidified on cooling to a white
      solid, mp 35.degree.-40.degree..
PAR  Anal. Calcd for C.sub.22 H.sub.45 NSi: C, 74.28; H, 13.88; N, 3.94. Found:
      C, 74.01; H, 13.78; N, 4.01.
PAR  A solution of 26.7 g (0.075 mole) of
      (N-methyl-N-octadecylamino)trimethylsilane in 25 ml of ether was added
      dropwise to a solution of 1.38 ml (0.025 mole) of sulfur tetrafluoride in
      25 ml of ether cooled to -70.degree.. The reaction mixture was warmed to
      room temperature and stirred for 3 days. The ether was removed by
      evaporation under reduced pressure to give 23.8 g (96% yield) of
      tris(N-methyl-N-octadecylamino)sulfonium difluorotrimethylsilicate as a
      waxy solid; mp 40.degree.-60.degree.; .sup.19 F nmr (CD.sub.3 CN) .delta.
      -59.6 ppm.
PAR  Anal. Calcd for C.sub.60 H.sub.129 F.sub.2 N.sub.2 SSi: C, 72.73; H, 13.12;
      N, 4.24; F, 3.84. Found: C, 72.59; H, 12.98; N, 4.11; F, 3.69.
PAC  EXAMPLE 9
PAC  Tris(4-methylpiperidino)sulfonium Difluorotrimethylsilicate
      ##SPC5##
PAR  A solution of 80.7 g (0.5 mole) of hexamethyldisilazane, 99.18 g (1.0 mole)
      of 4-methylpiperidine, and 1 g of ammonium chloride was refluxed for 3
      hours and then distilled to give a large amount of unreacted starting
      material and 31.05 g of (4-methylpiperidino)trimethylsilane as a colorless
      liquid: bp 83.degree. (25mm).
PAR  Anal. Calcd for C.sub.9 H.sub.21 NSi: C, 63.08; H, 12.37; N, 8.17. Found:
      C, 62.89; H, 12.75; N, 8.09.
PAR  A 25.7-g (0.15 mole) sample of (4-methylpiperidino)trimethylsilane was
      added dropwise to a solution of 2.75 ml (0.05 mole) of sulfur
      tetrafluoride in 50 ml of ether cooled to -70.degree.. The reaction
      mixture was warmed to room temperature and stirred for 2 days. Two liquid
      phases separated. The ether was removed by evaporation at reduced pressure
      to give 19.52 g (89%) of tris(4-methylpiperidino)sulfonium
      difluorotrimethylsilicate as an off-white solid: mp 73.degree.-75.degree.;
      .sup.19 F nmr (CD.sub.3 CN) .delta. -59.6 ppm; .sup.1 H nmr (CD.sub.3 CN)
      .delta. -0.18 ppm (s, 9H), 0.97 ppm (d, J = 5 Hz, 9H), .delta. 1.66 ppm
      (m, 15H) and .delta. 3.20 ppm (m, 12H).
PAR  Anal. Calcd for C.sub.21 H.sub.45 F.sub.2 N.sub.2 SSi: C, 57.62; H, 10.36;
      F, 8.68; N, 9.60. Found: C, 57.43; H, 10.11; F, 8.39; N, 9.31.
PAC  EXAMPLE 10
PAC  Tris(diethylamino)sulfonium Difluorotrimethylsilicate
EQU  3(C.sub.2 H.sub.5).sub.2 N--Si(CH.sub.3).sub.3 + SF.sub.4 .fwdarw.
      [(C.sub.2 H.sub.5).sub.2 N].sub.3 S.sup.+ (CH.sub.3).sub.3 SiF.sub.2.sup.-
      + 2FSi(CH.sub.3).sub.3
PAR  A solution of 85.7 g (0.59 mole) of diethylaminotrimethylsilane in 50 ml of
      ether was added dropwise to a solution of 10 ml (measured at -78.degree.,
      0.18 mole) of sulfur tetrafluoride in 200 ml of ether cooled to
      -70.degree.. The reaction mixture was stirred for 3 days. Two liquid
      layers formed. The solvent and trimethylfluorosilane were removed by
      evaporation at reduced pressure to give 63.4 g (98% yield) of
      tris(diethylamino)sulfonium difluorotrimethylsilicate as light gray
      crystals: m.p. 90.degree.-95.degree.; .sup.1 H nmr (CD.sub.3 CN) .delta.
      -0.06 ppm (s, 9H), 1.23 ppm (t, 18H) and 3.33 ppm (q, 12H).
PAR  Anal. Calcd for C.sub.15 H.sub.39 F.sub.2 N.sub.3 SSi: C, 50.90; H, 10.93;
      F, 10.57; N, 11.68; S, 8.91. Found: C, 50.39; H, 11.20; F, 10.37; N,
      11.71; S, 9.13.
PAR  Additional silicate compounds which can be prepared by using appropriate
      reactants in the disclosed reactions are shown in the following table.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     R.sup.1 R.sup.2                                                           
                 R.sup.3 R.sup.4                                               
                             R.sup.5 R.sup.6         COMPOUND                  
     __________________________________________________________________________
     ethyl   methyl                                                            
                 ethyl   methyl                                                
                             ethyl   methyl                                    
                                         Tris(methylethylamino) sulfonium      
                                         Difluorotrimethyl-                    
                                         silicate                              
     propyl  propyl                                                            
                 propyl  propyl                                                
                             butyl   butyl                                     
                                         Bis(dipropylamino)(dibutylamino)      
                                         sulfonium Difluoro-                   
                                         trimethylsilicate                     
     pentyl  pentyl                                                            
                 hexyl   ethyl                                                 
                             octyl   propyl                                    
                                         (dipentylamino)(hexyl-ethylamino)(octy
                                         lpropylamino)                         
                                         sulfonium Difluorotrimethylsilicate   
     decyl   decyl                                                             
                 dodecyl methyl                                                
                             ethyl   eicosyl                                   
                                         (didecylamino)(dodecyl-methylamino)(et
                                         hyl-eicosylamino                      
                                         sulfonium difluorotrimethylsilicate   
     (4-octylpi- methyl  methyl                                                
                             methyl  methyl                                    
                                         (4-octylpiperidino)bis(dimethylamino) 
                                         sulfonium                             
     peridine)                           difluorotrimethylsilicate             
     heptamethylene                                                            
                 heptamethylene                                                
                             heptamethylene                                    
                                         tris(azocino) sulfonium               
                                         difluorotrimethylsilicate             
     3-methyl-1,4-                                                             
                 3-methyl-1,4-                                                 
                             3-methyl-1,4-                                     
                                         tris(3-methyl pyrrolidino) sulfonium  
                                         difluorotrimethyl                     
     tetramethylene                                                            
                 tetramethylene                                                
                             tetramethylene                                    
                                         silicate                              
     isobutyl                                                                  
             methyl                                                            
                 isobutyl                                                      
                         methyl                                                
                             isobutyl                                          
                                     methyl                                    
                                         tris(isobutyl methylamino) sulfonium  
                                         difluorotri-                          
                                         methylsilicate                        
     neopentyl                                                                 
             methyl                                                            
                 neopentyl                                                     
                         methyl                                                
                             neopentyl                                         
                                     methyl                                    
                                         tris(neopentyl methylamino) sulfonium 
                                         difluoro-                             
                                         trimethylsilicate                     
     3-ethylbutyl                                                              
             methyl                                                            
                 methyl  methyl                                                
                             methyl  methyl                                    
                                         (3-ethylbutyl methylamino)bis(dimethyl
                                         amino) sulfon-                        
                                         ium difluorotrimethylsilicate         
     3,5 dimethyl-                                                             
             methyl                                                            
                 methyl  methyl                                                
                             methyl  methyl                                    
                                         (3,5-dimethylheptyl                   
                                         methylamino)bis(dimethylamino)        
     heptyl                              sulfonium difluorotrimethylsilicate   
     methyl  methyl                                                            
                 methyl  methyl                                                
                             methyl  methyl                                    
                                         tris(dimethylamino) sulfonium         
                                         difluorotrimethyl-                    
                                         silicate                              
     __________________________________________________________________________
PAC  EXAMPLE 11
PAC  Tris(dimethylamino)sulfonium Chloride
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+ (CH.sub.3).sub.3 SiF.sub.2.sup.- +
      C.sub.6 H.sub.5 CH.sub.2 Cl .fwdarw. [(CH.sub.3).sub.2 N].sub.3 S.sup.+
      Cl.sup.- + (CH.sub.3).sub.3 SiF + C.sub.6 H.sub.5 CH.sub.2 F
PAR  A solution of 88.6 g (0.32 mole) of tris(dimethylamino)sulfonium
      difluorotrimethylsilicate and 100 g .alpha.-chlorotoluene in 100 ml
      acetonitrile was stirred at 25.degree. for 20 hours. Ether, 500 ml, was
      added and the solid that precipitated was collected under dry nitrogen on
      a filter and washed with ether. There was obtained 62.1 g (98% yield) of
      tris(dimethylamino)sufonium chloride as colorless crystals, mp
      193.degree.-194.degree..
PAR  Anal. Calcd for C.sub.6 H.sub.18 ClN.sub.3 S: N, 21.04; Cl, 17.73. Found:
      N, 20.96; Cl, 17.68.
PAC  EXAMPLE 12
PAC  Tris(dimethylamino)sulfonium Cyanide
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+ Cl.sup.- + NaCN .fwdarw.
      [(CH.sub.3).sub.2 N].sub.3 S.sup.+ CN.sup.- + NaCl
PAR  A solution of 60.6 g (0.3 mole) of tris(dimethylamino)sulfonium chloride in
      250 ml methanol was mixed with a solution of 14.7 g (0.3 mole) of sodium
      cyanide in 100 ml methanol, and the sodium chloride that precipitated was
      filtered off. The filtrate was evaporated to dryness under reduced
      pressure, and the residue was recrystallized from acetonitrile-ether to
      give 53.0 g (93%) of tris(dimethylamino)sulfonium cyanide as colorless
      crystals: mp 214.degree.-216.degree..
PAR  Anal. Calcd for C.sub.7 H.sub.18 N.sub.4 S: N, 29.44; S, 16.85. Found: N,
      29.78; S, 16.61.
PAC  EXAMPLE 13
PAC  Tris(dimethylamino)sulfonium Thiocyanate
EQU  [(CN.sub.3).sub.2 N].sub.3 S.sup.+ Cl.sup.- + NaNCS .fwdarw.
      [(CH.sub.3).sub.2 N].sub.3 S.sup.+ NCS.sup.- + NaCl
PAR  A solution of 20 g (0.1 mole) of tris(dimethylamino)sulfonium chloride in
      10 ml of methanol was mixed with a solution of 8.1 g (0.1 mole) of sodium
      thiocyante in 40 ml of methanol. The sodium chloride that precipitated
      (6.97 g) was filtered off, and ether was added to the filtrate until no
      further precipitate formed. This precipitate was collected on a filter
      under nitrogen and dried to give 18.45 g of light yellow crystalline
      solid, mp 185.degree.-190.degree.. This solid was recrystallized to remove
      some remaining sodium chloride by dissolving in acetonitrile, filtering,
      and reprecipitating by the addition of ether. There was obtained 15.76 g
      of tris(dimethylamino)sulfonium thiocyanate as colorless crystals, mp
      185.degree.-190.degree..
PAR  Anal. Calcd for C.sub.7 H.sub.18 N.sub.4 S.sub.2 : C, 37.81; H, 8.16; N,
      25.20. Found: C, 37.59; H, 7.99; N, 25.62.
PAC  EXAMPLE 14
PAC  Tris(dimethylamino)sulfonium Nitrite
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+ Cl.sup.- + NaNO.sub.2 .fwdarw.
      [(CH.sub.3).sub.2 N].sub.3 S.sup.+ NO.sub.2.sup.- + NaCl
PAR  A solution of 20 g (0.1 mole of tris(dimethylamino)solfonium chloride in 10
      ml methanol was mixed with a solution of 6.9 g (0.1 mole) of sodium
      nitrite in 350 ml methanol. Ether, 500 ml, was added to the clear reaction
      mixture, and the sodium chloride that precipitated was filtered off. The
      filtrate was evaporated to dryness under reduced pressure, and the residue
      was redissolved in 20 ml acetonitrile, filtered to remove some reamining
      sodium chloride, and then reprecipitated by adding 200 ml of dry ether.
      The precipitate was collected on a filter under nitrogen and dried in a
      vacuum desiccator over phosphorous pentoxide to give 19.06 g (91%) of
      tris(dimethylamino)sulfonium nitrite as colorless cyrstals, mp
      156.degree.-157.degree. (decompose).
PAR  Anal. Calcd for C.sub.6 H.sub. 18 N.sub.4 O.sub.2 S: C, 34.27; H, 8.63; N,
      26.64; S, 15.25. Found: C, 34.11; H, 9.06; N, 26.42; S, 15.27.
PAC  EXAMPLE 15
PAC  Tris(dimethylamino)sulfonium Azide
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+Cl.sup.- + NaN.sub.3 .fwdarw.
      [(CH.sub.3).sub.2 N].sub.3 S.sup.+N.sub.3.sup.- + NaCl
PAR  A mixture of 10 g (0.05 mole) of tris(dimethylamino)sulfonium chloride and
      3.6 g (0.055 mole) of powdered sodium azide in 100 ml methanol was stirred
      at 25.degree. for 3 days. Ether, 300 ml, was added, and the precipitated
      sodium chloride was filtered off. The filtrate was evaporated to dryness
      under reduced pressure and the residue (9.9 g, 96% yield) was redissolved
      in acetonitrile. This solution was filtered to remove a small amount of
      sodium chloride, and ether was added to the filtrate until no further
      precipitate formed. The precipitate was collected on a filter and washed
      with ether to give 8.9 g of tris(dimethylamino)sulfonium azide as a
      colorless, crystalline powder, m.p. 201.degree.-206.degree.(dec.).
PAR  Anal. Calcd for C.sub.6 H.sub.18 N.sub.6 S: C, 34.93; H, 8.79; N, 40.74; S,
      15.54. Found: C, 35.11; H, 9.03; N, 40.51; S, 15.34.
PAC  EXAMPLE 16
PAC  Tris(dimethylamino)sulfonium Cyanate
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+Cl.sup.- + NaNCO .fwdarw.
      [(CH.sub.3).sub.2 N].sub.3 S.sup.+NCO.sup.- + NaCl
PAR  A mixture of 10 g (0.05 mole) of tris(dimethylamino)sulfonium chloride and
      3.6 g (0.055 mole) powdered sodium cyanate in 100 ml methanol was stirred
      at room temperature (25.degree.) for 3 days. Ether, 300 ml, was added, and
      the precipitated sodium chloride was filtered off. The filtrate was
      evaporated to dryness under reduced pressure and the residue was
      redissolved in acetonitrile, filtered, and then precipitated by the
      addition of ether. The precipitate was collected on a filter, washed with
      ether, and dried under dry nitrogen to give 9.27 g (90%) of
      tris(dimethylamino)sulfonium cyanate as a white crystalline powder, m.p.
      202.degree.-204.degree..
PAR  Anal. Calcd for C.sub.7 H.sub.18 N.sub.4 OS: C, 40.75; H, 8.79; N, 27.16;
      S, 15.54. Found: C, 40.58; H, 9.09; N, 27.30; S, 15.37.
PAR  The salts are colorless, crystalline solids that are very soluble in polar
      organic solvents. For example, three parts of tris(dimethylamino)sulfonium
      difluorotrimethylsilicate will dissolve in only one part of acetonitrile.
      In many reactions the difluorotrimethylsilicate anion behaves as though it
      is in equilibrium with fluoride ion and flurotrimethylsilane,
EQU  (CH.sub.3).sub.3 SiF.sub.2.sup.-  .revreaction. F.sup.- +
      FSi(CH.sub.3).sub.3.
PAR  Because of these properties, these salts are useful as a source of organic
      soluble fluoride ion. Reactions that are catalyzed by fluoride ion can
      also be catalyzed by difluorotrimethylsilicate ion, and since the
      triaminosulfonium difluorotrimethylsilicates are soluble in a wide variety
      of organic solvents, these salts are more flexible catalysts than other
      fluoride ion sources such as potassium fluoride.
PAR  The salts are also useful in replacing Cl, Br, and I with F in organic
      compounds under very mild conditions. For example, the halogens of C.sub.2
      H.sub.5 I, C.sub.6 H.sub.5 CH.sub.2 Br, CHCl.sub.3 and CH.sub.2
      =CHCH.sub.2 Br are replaced quantitatively with F by reaction of the
      organic halide with the trimethylsilicate anion in acetonitrile at
      25.degree.. These halogen exchange reactions are many times faster than
      those normally effected with fluoride ion. For example, allyl bromide
      reacts with KF in polar organic solvents only at elevated temperatures
      (180.degree.) but it will react with tris(dimethylamino)sulfonium
      difluorotrimethylsilicate at 25.degree. to yield allyl fluoride. The
      fluorinated compounds prepared by these halogen exchange reactions are
      useful as propellants, refrigerants, and intermediates in the preparation
      of other fluorine-containing compounds which are difficult to obtain,
      including pharmaceuticals and herbicides, insecticides, and pesticides.
PAR  The tris(dialkylamino)sulfonium cyanide salts, where X in the general
      formula is CN, are useful in replacing Cl, Br, I or tosylate groups in
      organic compounds with CN groups under very mild conditions to prepare
      organic nitriles. The salts where X is NCO, NCS, NO.sub.2 or N.sub.3 are
      useful in preparing organic isocyanates, isothiocyanates, nitro compounds
      and azides respectively. The salts where X is Cl are useful in replacing
      sulfate or tosylate groups in organic compounds with Cl under very mild
      conditions. The salts where X is Br or I are useful in replacing Cl or
      tosylate groups with Br or I.
PAR  The following examples illustrate some of the utilities of the salts of the
      invention.
PAC  EXAMPLE A
PAC  Polymerization of Thiocarbonyl Fluoride with
      Tris(N-methyl-N-octadecylamino)sulfonium Difluorotrimethylsilicate as
      catalyst
EQU  (n + 1) S=CF.sub.2 + (CH.sub.3).sub.3 SiF.sub.2.sup.- .fwdarw. CF.sub.3
      --S--CF.sub.2 --.sub.n S.sup.- (CH.sub.3).sub.3 SiF
PAR  A 10-g sample of thiocarbonyl fluoride was slowly distilled into a stirred
      solution of 50 mg of tris(N-methyl-N-octadecylamino)sulfonium
      difluorotrimethylsilicate in 250 ml of pentane cooled to -78.degree.. A
      white suspension of polymer formed immediately. The reaction mixture was
      stirred for 2 hours, and then warmed to 25.degree.. The polymer was
      collected on a filter, washed with methanol, dilute nitric acid, and
      finally methanol again. It was then dried in a vacuum desiccator over
      phosphorus pentoxide and paraffin to give 9.5 g (95% yield) of white,
      rubbery poly-thiocarbonyl fluoride. A transparent, rubbery film was
      pressed from this polymer at 150.degree. and 10,000 lb/sq in.
PAC  EXAMPLE B
PAC  Preparation of CDCl.sub.2 F by Reaction of Tris(dimethylamino)sulfonium
      Difluorotrimethylsilicate with CDCl.sub.3
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+ Me.sub.3 SiF.sub.2.sup.- + CDCl.sub.3
      .fwdarw. [CH.sub.3).sub.2 N].sub.3 S.sup.+ Cl.sup.- + Me.sub.3 SiF +
      CDCl.sub.2 F
PAL  25-ml sample of CDCl.sub.3 was injected into a flask containing 12.6 g
      (0.046 mole) of (Me.sub.2 N).sub.3 S.sup.+Me.sub.3 SiF.sub.2.sup.-, and
      the gases that evolved were condensed in a dry ice-cooled trap. The
      precipitate that formed in the reaction flask was collected on a filter
      under nitrogen, washed with ether, and dried under nitrogen to give 8.27 g
      (91%) of tris(dimethylamino)sulfonium chloride as a white crystalline
      hygroscopic powder, mp 193.degree.-194.degree., .sup.1 H nmr (CD.sub.3 CN)
      .delta. 2.97 ppm (s).
PAR  Anal. Calcd for C.sub.6 H.sub.18 ClN.sub.3 S: C, 36.08; H, 9.08; Cl, 17.73;
      N, 21.04; S, 16.05. Found: C, 35.83; H, 9.38.
PAR  The condensate in the trap was distilled through a low temperature micro
      still to give 3.0 g of deuterodichlorofluoromethane, bp
      9.degree.-12.degree.; .sup.19 F nmr (CCl.sub.3 F) .delta. -79.0 ppm (t,
      J.sub.DF = 13.0 Hz).
PAC  EXAMPLE C
PAC  Preparation of Benzyl Fluoride by Reaction of Tris(dimethylamino)sulfonium
      Difluorotrimethylsilicate with Benzyl Bromide
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+(CH.sub.3).sub.3 SiF.sub.2.sup.- +
      .phi.--CH.sub.2 Br .fwdarw. [(CH.sub.3).sub.2 N].sub.3 S.sup.+Br.sup.- +
      (CH.sub.3).sub.3 SiF + .phi.--CH.sub.2 F
PAR  Benzyl bromide, 342 mg (2 mmoles), was added to a solution of 275 mg (1
      mmole) of (Me.sub.2 N).sub.3 S.sup.+Me.sub.3 SiF.sub.2.sup.- in 1 ml of
      acetonitrile contained in an nmr rube. After one day the .sup.19 F nmr
      spectrum was determined. The spectrum indicated an equimolar amount of
      fluorotrimethylsilane (.delta. -152.8 ppm, 10-line multiplet, J = 7.5 Hz)
      and benzyl fluoride (.delta. -205.3 ppm; t, J = 47 Hz).
PAC  EXAMPLE D
PAC  Preparation of Allyl Fluoride by the Reaction of Tris(pyrrolidino)sulfonium
      Trimethyldifluorosilicate with Allyl Bromide
      ##SPC6##
PAR  Allyl bromide, 4.4 ml (ca. 6.1 g, 0.05 mole), was added to a stirred
      solution of 7.1 g (0.02 mole) of tris(pyrrolidino)sulfonium
      trimethyldifluorosilicate in 5 ml of acetonitrile, and the reaction
      mixture was stirred for 2 hours at room temperature. The liquid portion
      was distilled off under reduced pressure to give a solid residue.
      Recrystallization from acetone-ether gave 5.0 g (78%) of
      tris(pyrrolidino)sulfonium bromide as colorless crystals; mp
      85.degree.-88.degree.; .sup.1 H nmr (CD.sub.3 CN) .delta. 1.96 ppm (m,
      12H) and .delta. 3.44 ppm (m, 12H).
PAR  Anal. Calcd for C.sub.12 H.sub.24 Br: C, 44.72; H, 7.51; N, 13.04. Found:
      C, 43.98; H, 7.59; N, 12.77.
PAR  The distillate was redistilled through a low temperature micro still to
      give 1.0 g (83%) of allyl fluoride as a colorless liquid, bp -3.degree. to
      0.degree.; .sup.19 F nmr (CCl.sub.3 F) .delta. -216.7 ppm (t, d; J = 47,
      14 Hz).
PAC  EXAMPLE E
PAC  Preparation of Ethyl Fluoride by Reaction of Tris(pyrrolidino)sulfonium
      Difluorotrimethylsilicate with Ethyl Iodide
      ##SPC7##
PAR  Ethyl iodide, 7.8 g (0.045 mole), was added to a solution of 7.1 g (0.02
      mole) of tris(pyrrolidino)sulfonium difluorotrimethylsilicate in 5 ml of
      acetonitrile. The reaction mixture was evaporated to dryness and the
      residue was recrystallized from acetone-ether to give 5.2 g (70%) of
      tris(pyrrolidino)sulfonium iodide as colorless cyrstals; mp
      100.degree.-102.degree.; .sup.1 H nmr (CD.sub.3 CN) .delta. 1.97 ppm (m,
      12H) and .delta. 3.42 ppm (m, 12H).
PAR  Anal. Calcd for C.sub.12 H.sub.24 IN.sub.3 S: C, 39.03; H, 6.55; N, 11.38.
      Found: C, 38.88; H, 6.60; N, 11.30.
PAC  EXAMPLE F
PAC  Preparation of Ethyl Fluoride by Reaction of
      Bis(dimethylamino)pyrrolidinosulfonium Difluorotrimethylsilicate with
      Ethyl Iodide
      ##SPC8##
PAR  A 5.7-g (0.019 mole) sample of bis-dimethylamino)pyrrolidinosulfonium
      difluorotrimethylsilicate was dissolved in 5 ml of ethyl iodide. The gas
      that evolved was condensed in a dry ice-cooled trap and shown to be ethyl
      fluoride by .sup.19 F nmr. The solid that precipitated was collected in a
      filter, washed with ether, and recrystallized from alcohol/ether to give
      3.95 g (66%) of bis(dimethylamino)pyrrolidinosulfonium iodide as colorless
      crystals; mp 175.degree.-176.5.degree.; .sup.1 H nmr (CD.sub.3 CN) .delta.
      1.99 ppm (m, 4H), .delta. 3.00 ppm (s, 12H) and .delta. 3.24 ppm (m, 4H).
PAR  Anal. Calcd for C.sub.8 H.sub.20 IN.sub.3 S: C, 30.29; H, 6.35; N, 13.25.
      Found: C, 30.39; H, 6.40; N, 12.88.
PAC  EXAMPLE G
PAC  Preparation of Ethyl Fluoride from the Reaction of
      Bis(pyrrolidino)dimethylaminosulfonium Difluorotrimethylsilicate with
      Ethyl Iodide
      ##SPC9##
PAR  Ethyl iodide, 5 ml, was added to a solution of 9.8 g (0.03 mole) of
      bis(pyrrolidinol)dimethylaminosulfonium difluorotrimethylsilicate in 5 ml
      of acetonitrile. A gas (ethyl fluoride) was evolved. The reaction mixture
      was evaporated to dryness under reduced pressure, and the solid residue
      was broken up under ether and collected on a filter under nitrogen to give
      8.97 g (95%) of bis(pyrrolidino)dimethylaminosulfonium iodide as a
      colorless hygroscopic solid: mp 52.degree.-65.degree.; .sup.1 H nmr
      (acetone-d.sub.6) .delta. 2.06 ppm (m, 8H), .delta. 3.19 ppm (s, 6H) and
      .delta. 3.51 ppm (m, 8H).
PAR  Anal. Calcd for C.sub.10 H.sub.22 IN.sub.3 S: I, 36.97; Found: I, 37.02.
PAC  EXAMPLE H
PAC  Preparation of Ethyl Fluoride by Reaction of Trispiperidinosulfonium
      Difluorotrimethylsilicate with Ethyl Iodide
      ##SPC10##
PAR  A solution of 7.6 g (0.02 mole) of tris(piperidino)sulfonium
      difluorotrimethylsilicate in 5 ml of ethyl iodide was allowed to remain at
      room temperature for 2 hours, during which time large crystals formed and
      gaseous ethyl fluoride was evolved. The crystals were collected on a
      filter and washed with ether to give 7.2 g of tris(piperidino)sulfonium
      iodide as colorless crystals, mp 176.degree.-180.degree.; .sup.1 H nmr
      (CD.sub.3 CN) .delta. 1.70 ppm (m, 18H) and .delta. 3.32 ppm (m, 12H).
PAR  Anal. Calcd. for C.sub.15 H.sub.30 IN.sub.3 S: C, 43.79; H, 7.37; N, 10.21.
      Found: C, 44.45; H, 7.47; N, 10.29.
PAC  EXAMPLE I
PAC  Preparation of Ethyl Fluoride by Reaction of Tris(dimethylamino)sulfonium
      Difluorotrimethylsilicate with Ethyl Iodide
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+(CH.sub.3).sub.3 SiF.sub.2.sup.- +
      C.sub.2 H.sub.5 I .fwdarw. [(CH.sub.3).sub.2 N].sub.3 S.sup.+I.sup.- +
      C.sub.2 H.sub.5 F + (CH.sub.3).sub.3 SiF
PAR  Ethyl Iodide, 3.14 g (0.02 mole), was mixed with a stirred solution of 5.5
      g (0.02 mole) of (Me.sub.2 N).sub.3 S.sup.+Me.sub.3 SiF.sub.2.sup.- in 5
      ml of dry acetonitrile at 25.degree.. The gas that evolved was condensed
      in a dry ice-cooled trap. The condensate in the trap was redistilled to
      give 1 ml of ethyl fluoride, bp -35.degree. to -40.degree. (identified by
      ir).
PAR  Ether, 50 ml, was added to the reaction mixture, and the white crystalline
      solid that precipitated was collected on a filter, washed with ether, and
      dried in air to give 5.37 g of tris(dimethylamino)sulfonium iodide salt as
      colorless crystals; mp 208-210.degree.; .sup.1 H nmr (CD.sub.3 CN) .delta.
      2.93 ppm (s).
PAR  Anal. Calcd for C.sub.6 H.sub.18 IN.sub.3 S: C, 24.41; H, 6.14; N, 14.23.
      Found: C, 24.70; H, 6.26; N, 14.29.
PAC  EXAMPLE J
PAC  Preparation of Benzyl Cyanide and Benzyl Isocyanide
PAR  The cyanide salt of Example 10 was reacted with .alpha.-bromotoluene as
      follows:
EQU  [(CH.sub.3).sub.2 N]S.sup.+ CN.sup.- + .phi.CH.sub.2 Br .fwdarw.
      .phi.CH.sub.2 CN + .phi.CH.sub.2 NC + [(CH.sub.3).sub.2 N]S.sup.+ Br.sup.-
PAR  A 1.71-g (10 mmole) sample of .alpha.-bromotoluene was injected into a
      solution of 1.90 g (10 mmole) of tris(dimethylamino)sulfonium cyanide in
      2.4 ml (1.9 g) acetonitrile, and the mixture was shaken. The mixture
      became warm. After cooling, analysis by gas chromatography showed that all
      of the .alpha.-bromotoluene had been consumed, benzyl cyanide was formed
      in 95% yield, and benzyl isocyanide was formed in 5% yield. Crystals of
      tris(dimethylamino)sulfonium bromide separated from the reaction mixture.
PAC  EXAMPLE K
PAC  Preparation of Heptanonitrile and Hexyl Isocyanide
PAR  The cyanide salt of Example 10 was reacted with 1-bromohexane as follows:
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+ CN.sup.- + CH.sub.3 (CH.sub.2).sub.5 Br
      .fwdarw. CH.sub.3 (CH.sub.2).sub.5 CN + CH.sub.3 (CH.sub.2).sub.5 NC +
      [(CH.sub.3).sub.2 N].sub.3 S.sup.+ Br.sup.-
PAR  A 1.65-g (10 mmole) sample of 1-bromohexane was injected into a solution of
      1.90 g (10 mmole) of tris(dimethylamino)sulfonium cyanide in 2.4 ml
      acetonitrile, and the mixture was shaken. The mixture became warm.
      Analysis by infrared and gas chromatography indicated that all of the
      1-bromohexane was consumed, heptanonitrile ws formed in 94.5% yield, and
      hexyl isocyanide was formed in 4.5% yield.
PAC  EXAMPLE L
PAC  Preparation of Nonanitrile
PAR  The cyanide salt of Example 10 was reacted with 1-chlorooctane as follows:
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+ CN.sup.- + CH.sub.3 (CH.sub.2).sub.8 Cl
      .fwdarw. CH.sub.3 (CH.sub.2).sub.8 CN
PAR  A 270-mg (2.5 mmole) sample of 1-chlorooctane was added to 5 ml of a 1M
      solution (5 mmole) of tris(dimethylamino)sulfonium cyanide in acetonitrile
      at 25.degree.. The disappearance of the 1-chlorooctane and the production
      of nonanonitrile was followed by gas chromatographic analysis. The
      half-time of the reaction was 200 min.
PAR  For comparison, the above example was repeated with the sole exception that
      the cyanide salt of Example 10 was replaced with 5 mmole of
      tetraethylammonium cyanide, (C.sub.2 H.sub.5).sub.4 N.sup.+ CN.sup.-. The
      half time of the reaction was 540 minutes.
PAC  EXAMPLE M
PAC  Preparation of n-Hexyl Thiocyanate
PAR  The thiocyanate salt of Example 11 was reacted with 1-bromohexane as
      follows:
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+ SCN.sup.- + BrC.sub.6 H.sub.13 .fwdarw.
      [(CH.sub.3).sub.2 N].sub.3 S.sup.+ Br.sup.- + C.sub.6 H.sub.13 --SCN
PAR  A 7.4-g (0.45 mole) sample of 1-bromohexane was added at ambient
      temperature to a stirred solution of 11.1 g (0.05 mole) of
      tris(dimethylamino)sulfonium thiocyanate in 25 ml acetonitrile, and the
      rate of the reaction was followed by gas-liquid partition chromatography
      (glc). The reaction was one-half completed after 3 hr, and was essentially
      completed after 20 hr. The reaction mixture was poured into water and
      extracted with ether. The ether extract was dried (MgSO.sub.4) and
      distilled to give 5.47 g (85%) of n-hexyl thiocyanate as a colorless
      liquid, bp 93.degree.-94.degree. (10 mm).
PAC  EXAMPLE N
PAC  Preparation of 1-Nitrohexane and 1-Hexyl Nitrite
PAR  The nitrite salt of Example 12 was reacted with 1-bromohexane as follows:
EQU  C.sub.6 H.sub.13 Br + [(CH.sub.3).sub.2 N].sub.3 S.sup.+ NO.sub.2.sup.-
      .fwdarw. C.sub.6 H.sub.13 --ONO + C.sub.6 H.sub.13 --NO.sub.2
PAR  A 165-mg (1 mmole) sample of 1-bromohexane was added to 0.5 ml (1 mmole) of
      2M tris(dimethylamino)sulfonium nitrite in acetonitrile. The course of the
      reaction was followed by glc analysis. No further reaction occurred after
      15 min. Glc analysis showed that 1-nitrohexane and 1-hexyl nitrite were
      formed in a 70:30 ratio.
PAC  EXAMPLE O
PAC  Preparation of Hexyl Azide
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+N.sub.3.sup.-  + BrC.sub.6 H.sub.13
      .fwdarw. C.sub.6 H.sub.13 --N.sub.3 + [(CH.sub.3).sub.2 N].sub.3
      S.sup.+Cl.sup.-
PAR  A 3.3 g (0.02 mole) sample of 1-bromohexane was added to a stirred solution
      of 5.15 g. (0.025 mole) of tris(trimethylamino)sulfonium azide in 15 ml
      acetonitrile at room temperature (25.degree.). The course of the reaction
      was followed by glc analysis. One-half of the 1-bromohexane had reacted
      after 60 seconds, and the reaction was virtually complete after 15 min.
      Glc analysis of the crude reaction product indicated that hexyl azide was
      formed in 78% yield and 1-hexane was formed in 22% yield. The reaction
      mixture was poured into water (100 ml), and the organic portion that
      separated was taken up in ether, dried (MgSO.sub.4) and distilled to give
      1.9 g of hexyl azide as a colorless liquid, b.p. 53.degree.-55.degree.(0.5
      mm).
PAC  EXAMPLE P
PAC  Preparation of 1-Hexyl Isocyanate
EQU  [(CH.sub.3).sub.2 N].sub.3 S.sup.+NCO.sup.- + C.sub.6 H.sub.13 Br .fwdarw.
      C.sub.6 H.sub.13 --NCO + [(CH.sub.3).sub. 2 N].sub.3 S.sup.+Br.sup.-
PAR  1-Bromohexane, 3.3 g (0.02 mole), was added to a stirred solution of 6.2 g
      (0.03 mole) of tris(dimethylamino)sulfonium cyanate in 12 ml of
      acetonitrile at 25.degree.. The course of the reaction was followed by glc
      analysis. One-half of the 1-bromohexane had reacted after 6 min., and the
      reaction was virtually complete after 2 hours. Ether, 20 ml, was added to
      the reaction mixture to precipitate dissolved salts, and the reaction
      mixture was filtered. Distillation of the filtrate gave 2.16 g (85%) of
      1-hexyl isocyanate as a colorless liquid, b.p. 50.degree.-51.degree. (10
      mm).
CLMS
STM  I claim:
NUM  1.
PAR  1. An anhydrous compound of the formula
EQU  (R.sup.1 R.sup.2 N)(R.sup.3 R.sup.4 N)(R.sup.5 R.sup.6 N)S.sup.+X.sup.-
PAL  wherein the R groups individually are alkyl of up to 20 carbon atoms each
      alkyl having at least 2 alpha-hydrogen atoms, with the proviso that any or
      all of the pairs R.sup.1 and R.sup.2, R.sup.3 and R.sup.4 and R.sup.5 and
      R.sup.6 taken together with the nitrogen atom to which they are attached
      from a pyrrolidino or piperidino ring, any substituents being alkyl of up
      to 8 carbon atoms, and X is selected from the group consisting of
      (CH.sub.3).sub.3 SiF.sub.2, Cl, Br, I, CN, NCO, NCS, NO.sub.2 and N.sub.3.
NUM  2.
PAR  2. A compound of claim 1 wherein X is (CH.sub.3).sub.3 SiF.sub.2.
NUM  3.
PAR  3. A compound of claim 1 wherein X is Cl.
NUM  4.
PAR  4. A compound of claim 1 wherein X is Br.
NUM  5.
PAR  5. A compound of claim 1 wherein X is I.
NUM  6.
PAR  6. A compound of claim 1 wherein X is CN.
NUM  7.
PAR  7. A compound of claim 1 wherein X is NCO.
NUM  8.
PAR  8. A compound of claim 1 wherein X is NCS.
NUM  9.
PAR  9. A compound of claim 1 wherein X is NO.sub.2.
NUM  10.
PAR  10. A compound of claim 1 wherein X is N.sub.3.
NUM  11.
PAR  11. A compound of claim 2 where all the R groups are methyl;
      tris(dimethylamino)sulfonium difluorotrimethylsilicate.
NUM  12.
PAR  12. A compound of claim 2 where all the R groups are part of a pyrrolidino
      ring; tris(pyrrolidino)sulfonium difluorotrimethylsilicate.
NUM  13.
PAR  13. A compound of claim 2 where one pair of R groups are part of a
      pyrrolidino ring and the other R groups are methyl;
      bis(dimethylamino)pyrrolidinosulfonium difluorotrimethylsilicate.
NUM  14.
PAR  14. A compound of claim 2 where two pairs of R groups are part of a
      pyrrolidino group and the remaining R groups are methyl;
      bis(pyrrolidino)(dimethylamino)sulfonium difluoromethylsilicate.
NUM  15.
PAR  15. A compound of claim 2 where all the R groups are part of a piperidino
      ring; tris(piperidino)sulfonium difluorotrimethylsilicate.
NUM  16.
PAR  16. A compound of claim 2 where one pair of R groups are ethyl and the
      others are methyl; bis(dimethylamino) (diethylamino)sulfonium
      difluorotrimethylsilicate.
NUM  17.
PAR  17. A compound of claim 1 where each pair of R groups comprises a methyl
      group and an octadecyl group; tris)N-methyl-N-octadecylamino)sulfonium
      difluorotrimethylsilicate.
NUM  18.
PAR  18. A compound of claim 1 where each pair of R groups are part of a
      4-methylpiperidino ring; tris(4-methylpiperidino)sulfonium
      difluorotrimethylsilicate.
NUM  19.
PAR  19. A compound of claim 1 where all the R groups are methyl and X is CN;
      tris(dimethylamino)sulfonium cyanide.
NUM  20.
PAR  20. A compound of claim 1 where all the R groups are methyl and X is NCS
      tris(dimethylamino)sulfonium thiocyanate.
NUM  21.
PAR  21. A compound of claim 1 where all the R groups are methyl and X is
      NO.sub.2 ; tris(dimethylamino)sulfonium nitrite.
NUM  22.
PAR  22. A compound of claim 1 where all the R groups are methyl and X is Cl;
      tris(dimethylamino)sulfonium chloride.
NUM  23.
PAR  23. A compound of claim 1 where all the R groups are methyl and X is
      N.sub.3 ; tris(dimethylamino)sulfonium azide.
NUM  24.
PAR  24. A compound of claim 1 where all the R groups are methyl and X is NCO;
      tris(dimethylamino)sulfonium cyanate.
NUM  25.
PAR  25. The process of making a compound of claim 1 where X.sup.- is
      (CH.sub.3).sub.3 SiF.sub.2 comprising contacting at least 3 moles of
      ##EQU5##
      with 1 mole of SF.sub.4 at a temperature range of -100.degree. to
      0.degree.C. in the presence of a solvent having no ative hydrogen and
      recovering the compound.
NUM  26.
PAR  26. The process of claim 25 in which diethyl ether is the solvent.
NUM  27.
PAR  27. The process of making a compound of claim 1 where X.sup.- is
      (CH.sub.3).sub.3 SiF.sub.2 comprising contacting (R.sup.1 R.sup.2
      N)SF.sub.3 with at least 2 moles of (R.sup.3 R.sup.4 N)Si(CH.sub.3).sub.3
      at a temperature range of -80.degree. to 50.degree.C. in the presence of a
      solvent having no active hydrogen and recovering the compound.
NUM  28.
PAR  28. The process of making a compound of claim 1 where X.sup.- is
      (CH.sub.3).sub.3 SiF.sub.2 comprising contacting equivalent amounts of
      (R.sup.1 R.sup.2 N)(R.sup.3 R.sup.4 N)SF.sub.2 and (R.sup.5 R.sup.6
      N)Si(CH.sub.3).sub.3 at a temperature range of 0.degree. to 50.degree.C.
      in the presence of a solvent having no active hydrogen and recovering the
      compound.
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ABST
PAL  Substituted acetic acid derivatives represented by the formula:
      ##SPC1##
PAL  Wherein X, X', X", Y, Y' and Y" each represents a hydrogen atom, an alkyl
      group of 1 to 8 carbon atoms, an alkoxy group of 1 to 8 carbon atoms, a
      hydroxy group, an acyl group, an acylamino group, an acyloxy group, an
      amino group, a cyano group, a nitro group, an alkoxycarbonyl group of 2 to
      9 carbon atoms, an alkoxycarbonylalkyl group of 3 to 10 carbon atoms, an
      alkoxycarbonylamino group of 2 to 9 carbon atoms, a trifluoromethyl group,
      a halogen atom, a carboxy group, or a carbamoyl group, two of X, X' and
      X", or two of Y, Y' and Y" are optionally combined to form an alicyclic
      ring of 5 to 7 carbon atoms or a benzene ring, A represents an oxygen atom
      or a sulfur atom, R and R.sub.1 each represents a hydrogen atom or a lower
      alkyl group of 1 to 4 carbon atoms and Q represents the optional presence
      of an oxygen atom, or their alkali metal or alkali earth metal salts,
      being useful as anti-inflammatory, anti-rheumatic, analgesic or
      anti-pyretic agents, are prepared essentially by the Arndt-Eistert
      reaction.
BSUM
PAR  The present invention relates to substituted acetic acid derivatives and
      production thereof. More particularly, this invention relates to
      substituted acetic acid derivatives or their acid metal or alkali earth
      acid salts, being useful as anti-inflammatory, anti-rheumatic, analgesic
      or anti-pyretic agents, and production thereof.
PAR  The said substituted acetic acid derivatives are represented by the
      formula:
      ##SPC2##
PAL  Wherein X, X', X", Y, Y' and Y" each represents a hydrogen atom, an alkyl
      group of 1 to 8 carbon atoms (e.g. methyl, ethyl, isopropyl, n-amyl), an
      alkoxy group of 1 to 8 carbon atoms (e.g. methoxy, ethoxy, n-propoxy,
      isohexyloxy), a hydroxy group, an acyl group (e.g. acetyl, n-propionyl,
      benzoyl), an acylamino group (e.g. acetylamino, n-propionylamino,
      benzoylamino), an acyloxy group (e.g. acetyloxy, propionyloxy,
      benzoyloxy), an amino group, a cyano group, a nitro group, an
      alkoxycarbonyl group of 2 to 9 carbon atoms (e.g. methoxycarbonyl,
      ethoxycarbonyl, n-butoxycarbonyl), an alkoxycarbonylalkyl group of 3 to 10
      carbon atoms (e.g. methoxycarbonylethyl, ethoxycarbonylpropyl,
      n-butoxycarbonylmethyl), an alkoxycarbonylamino group of 2 to 9 carbon
      atoms (e.g. methoxycarbonylamino, ethoxycarbonylamino,
      n-butoxycarbonylamino), a trifluoromethyl group, a halogen atom (e.g.
      chlorine, bromine, iodine), a carboxy group, or a carbamoyl group, two of
      X, X' and X" or two of Y, Y' and Y" are optionally combined to form an
      alicyclic ring of 5 to 7 carbon atoms or a benzene ring, A represents an
      oxygen atom or a sulfur atom, R and R.sub.1 each represents a hydrogen
      atom or a lower alkyl group of 1 to 4 carbon atoms (e.g. methyl, ethyl,
      propyl), and Q represents the optional presence of an oxygen atom.
PAR  The said compounds (I) consists of Ia, Ib, Ic and Id and can be prepared
      according to the following scheme:
      ##SPC3##
PAL  Wherein M represents a halogen atom (e.g. chlorine, bromine) and Z
      represents an alkoxy group of 1 to 8 carbon atoms (e.g. methoxy, ethoxy,
      propoxy, n-butoxy), an aralkyloxy group of 7 to 18 carbon atoms (e.g.
      benzyloxy, phenethyloxy), or an anilino group, and X, X', X", Y, Y', Y", R
      and R.sub.1 each is as defined above. The process of this invention
      includes Steps 1 to 8.
PAR  The starting carboxy compound (II) can be prepared by hydrolyzing the
      corresponding nitrile or ester compound, or by adopting the oxidation of a
      methyl group. For example, 2-phenoxyisonicotinic acid is prepared by
      oxidizing 2-phenoxy-.gamma.-picoline, as well known.
PAR  Step 1 of the invention can be effected by treating the starting carboxy
      compound (II) with a halogenating agent. Examples of the halogenating
      agent are thionyl chloride, phosphorus trichloride, phosphorus
      oxychloride, phosphorus pentachloride, and phosphorus tribromide. The
      reaction may be effected in the presence or absence of an inert solvent
      (e.g. carbon tetrachloride, chloroform) at room temperature or under
      heating or cooling. A catalyst such as dimethylformamide may be added, if
      necessary. After the end of the reaction, the reaction mixture may be
      optionally treated with a base (e.g. pyridine, triethylamine,
      dimethylaniline).
PAR  Step 2 can be effected by reacting the carbonyl halide compound (III) above
      obtained with a diazoalkane (e.g. diazomethane, diazoethane, diazopropane,
      diazoisobutane). The reaction may be ordinarily affected in the presence
      of an inert solvent such as an ether (e.g. diethyl ether, tetrahydrofuran,
      diglyme), a hydrocarbon (e.g. benzene, toluene, n-hexane), a
      halogenohydrocarbon (e.g. chloroform, carbon tetrachloride, methylene
      chloride), dimethylformamide, or a mixture thereof under cooling or at
      room temperature, if necessary, with mild heating.
PAR  Step 3 can be effected by reacting the diazoalkanoyl compound (IV) above
      obtained with an alcohol (e.g. methanol, ethanol, isopropanol, n-amyl
      alcohol, benzyl alcohol, phenethyl alcohol) or aniline. This reaction may
      be effected in the presence or absence of a catalyst such as silver (e.g.
      as a combination of silver benzoate and triethylamine) or silver oxide, or
      under irradiation of the ultra-violet light with or without an inert
      solvent (e.g. .gamma.-collidine, dioxane, tetrahydrofuran, diglyme,
      dimethylformamide, dimethylsulfoxide, a mixture of 2 or more thereof) at
      room temperature or under heating.
PAR  Step 4 can be effected by hydrolyzing or hydrogenolyzing the ester or
      anilide compound (V) above obtained. The hydrolysis may be effected by
      treating with an acid such as an inorganic acid (e.g. hydrochloric acid,
      sulfuric acid, hydrobromic acid) or an organic acid (e.g. acetic acid), or
      an alkali (e.g. alkali hydroxide, alkali carbonate, alkali bicarbonate),
      preferably alcoholic alkali hydroxide (e.g. ethanol/potassium hydroxide)
      at room temperature or under heating. Still, the hydrogenolysis may be
      effected in the presence of a catalyst for catalytic reduction (e.g.
      palladium carbon, palladium black, palladium oxide, Raney nickel) in an
      inert solvent such as an alcohol (e.g. methanol, ethanol), an ether (e.g.
      tetrahydrofuran, diglyme), a hydrocarbon (e.g. benzene, toluene), acetic
      acid or ethyl acetate at room temperature or under heating in a hydrogen
      atmosphere in a conventional manner, if necessary, under compressed
      pressure. When a group being very susceptible to hydrolysis or
      hydrogenolysis such as alkoxycarbonyl group or acyloxy group exists as the
      substituent (i.e. X, X', X", Y, Y', Y"), benzyl alcohol is preferred in
      Step 3 to give the benzyl ester group more susceptible to hydrogenolysis
      than alkoxycarbonyl or acyloxy group and then the ester can be selectively
      hydrogenolyzed to substitute only the benzyl group by a hydrogen atom
      while keeping the alkoxycarbonyl group or acyloxy group in Step 4. Thus,
      mono- or di-substituted acetic acid (Ib) is obtained.
PAR  Step 5 consists of alkylation and hydrolysis. The alkylation can be
      effected by reacting the ester (V) obtained in Step 3 with an alkyl halide
      (e.g. methyl iodide, ethyl bromide, isopropyl iodide) in the presence of a
      base (e.g. sodium hydride, potassium hydride, potassium t-butoxide, sodium
      amide) in an inert solvent (e.g. diethyl ether, benzene, toluene,
      tetrahydrofuran, liquid ammonia, t-butyl alcohol) at room temperature or
      under cooling or heating. Then, thus-obtained alkylated ester can be
      hydrolyzed as in Step 4 to give the tri-substituted acetic acid (Ic: R,
      R.sub.1 .noteq.H).
PAR  Step 6 can be effected by reacting the diazoacetyl compound (IV: R=H) with
      water. This reaction may be effected in the presence or absence of a
      catalyst such as silver (e.g. as a combination of silver benzoate and
      triethylamine) or silver oxide, or under irradiation of the ultra-violet
      light with or without an inert solvent (e.g. .gamma.-collidine, dioxane,
      tetrahydrofuran, diglyme, dimethylformamide, dimethylsulfoxide, a mixture
      of 2 or more thereof) at room temperature or under heating. Thus,
      mono-substituted acetic acid (Ia) is obtained.
PAR  Step 7 can be effected by oxidizing the ester (V) obtained in Step 3 with
      hydrogen peroxide or a peracid (e.g. peracetic acid, perbenzoic acid,
      m-chloroperbenzoic acid). The reaction may be effected in an inert solvent
      (e.g. methanol, acetic acid, chloroform, methylene chloride) at room
      temperature or under cooling or heating. Thus, the N-oxide compound (VI)
      is obtained.
PAR  Step 8 can be effected by hydrolyzing the N-oxide compound (VI) above
      obtained. The hydrolysis may be effected by treating with an 50such as an
      organic activity (ED.sub.(e.g. hydrochloric acid, sulfuric acid,
      hydrobromic acid) or an organic acid (e.g. acetic acid), or an alkali
      (e.g. alkali hydroxide, alkali carbonate, alkali bicarbonate), preferably
      alcoholic alkali hydroxide (e.g. ethanol/potassium hydroxide) at room
      temperature or under heating. Thus, the mono- or di-substituted acetic
      acid (Id) is obtained.
PAR  Thus-obtained substituted acetic acid derivatives (I: Ia, Ib, Ic, Id) can
      be converted into their suitable alkali metal salt (e.g. sodium salt,
      potassium salt), alkali earth metal salt (e.g. calcium salt, magnesium
      salt, barium salt) or other salts (e.g. aluminum) in a conventional manner
      according to requirement of the separation, purification or formulation.
PAR  These substituted acetic acid derivatives (I) or their salts are useful as
      anti-inflammatory, anti-rheumatic, analgesic or antipyretic agents. For
      example, the anti-erythema activity (ED.sub.50, mg/kg), the anti-edema
      activity (ED.sub.30, mg/kg) and the acute toxicity (LD.sub.50, mg/kg) of
      some substituted acetic acid derivatives (I) according to the present
      invention are shown in the following Table I:
TBL              Anti-erythema                                                 
                            Anti-edema Acute toxicity                          
     Compound    activity   activity   (Mouse, oral;                           
                 (Guinea pig,                                                  
                            (Rat, oral;                                        
                                       LD.sub.50, mg/kg)                       
                 oral; ED.sub.50,                                              
                            Ed.sub.50, mg/kg)                                  
                 mg/kg)                                                        
     ______________________________________                                    
     Aspirin     79         48         1998                                    
     Phenylbutazone                                                            
                 26         48         1414                                    
     Calcium bis[2-(2-                                                         
     phenoxy-5-pyridyl)-                                                       
                 21         8          1645                                    
     propionate]                                                               
     Calcium bis[2-(2-                                                         
     phenoxy-4-pyridyl)-                                                       
                 47         16         2248                                    
     propionate]                                                               
     2-(2-p-Chlorophe-                                                         
     noxy-5-pyridyl)-                                                          
                 19         6.5        1153                                    
     propionic acid                                                            
     ______________________________________                                    
      Note:                                                                    
      The anti-erythema activity was observed by the Wilhelmi method           
      [Wilhelmi,g., (1949), Schweiz,Med.Wehnschr.,79, 577]. The anti-edema     
      activity was observed by the Benitz method [Benitz, K.F. et al., (1963), 
      Arch. int. Pharmacodyn., 144, 185-195]. The toxicity was tested by the   
      oral administration of the tested compound to mice.                      
PAR  The products (I) are useful for the treatment of various rheumatic
      diseases, inflammations, fevers or painful conditions solely or in
      combination with a solid or liquid pharmaceutical excipient. Practical
      examples of suitable pharmaceutical preparations with the products (I) are
      tablets, capsules, pills, granules, powders, or suppositories. In general,
      the dosage of these products (I) is in the order of the same to one tenth
      of the practical dosage of phenylbutazone. The compositions containing the
      products (I) can be dispensed in dosage unit forms for a single daily
      therapeutic dose, in smaller units for multiple doses, or in larger units
      for dividing into single doses.
DETD
PAR  Presently-preferred and practical embodiments of the present invention are
      illustratively shown by the following examples. Temperatures are given in
      degrees centigrade.
PAC  EXAMPLE 1
PAR  1. To thionyl chloride (3 ml), a mixture of
      2-phenoxy-5-ethoxycarbonylethylisonicotinic acid (1.0 g) and
      dimethylformamide (a small amount) is added, and the resultant mixture is
      stirred at room temperature for 20 minutes. The reaction mixture is
      evaporated under reduced pressure to remove the thionyl chloride. The
      residue is mixed with dry benzene and evaporated again. The residue is
      dissolved in anhydrous ether, and the insoluble part is filtered off. The
      ether solution is evaporated to give
      2-phenoxy-5-ethoxycarbonylethylisonicotinoyl chloride (1.05 g). IR
      (CHCl.sub.3): 1775, 1735 cm.sup.-.sup.1.
PAR  2. To an ethereal solution of diazomethane prepared from nitrosomethylurea
      (2.0 g) and ether (25 ml), a solution of the said
      2-phenoxy-5-ethoxycarbonylethylisonicotinoyl chloride (1.05 g) in
      anhydrous ether (10 ml) is added dropwise at 0.degree. to 3.degree.C, and
      the resultant mixture is stirred at 10.degree. to 15.degree.C for 1 hour.
      The reaction mixture is evaporated under reduced pressure to remove the
      ether. The residue is chromatographed on a column of neutral alumina/50 %
      benzene-n-hexane, whereby
      2-phenoxy-4-diazoacetyl-5-ethoxycarbonylethylpyridine (830 mg) is
      obtained. This substance is recrystallized from ether/n-hexane to give
      crystals melting at 77.degree. to 79.degree.C (decomp.). IR (CCl.sub.4):
      2120, 1745 cm.sup.-.sup.1.
PAR  3. To a solution of 2-phenoxy-4-diazoacetyl-5-ethoxycarbonylethylpyridine
      (715 mg) in absolute ethanol (10 ml), a mixture of silver benzoate (25 mg)
      and triethylamine (210 mg) is added, and the resultant mixture is stirred
      at 60.degree. to 65.degree.C for 20 minutes. The reaction mixture is
      filtered to remove the insoluble substance, and the filtrate is evaporated
      to remove the solvent. The residue is chromatographed on a column of
      alumina/50 % benzene-n-hexane, whereby
      2-phenoxy-4-ethoxycarbonylmethyl-5-ethoxycarbonylethylpyridine (630 mg) is
      obtained as an oil. IR (CCl.sub.4): 1750 cm.sup.-.sup.1.
PAR  4. To 5 % potassium hydroxide/ethanol solution (10 ml),
      2-phenoxy-4-ethoxycarbonylmethyl-5-ethoxycarbonylethylpyridine (1.0 g) is
      added, and the resultant mixture is stirred at room temperature for 2
      hours. The reaction mixture is evaporated under reduced pressure to remove
      the solvent. The residue is dissolved in a small amount of water, made
      acidic with hydrochloric acid and the precipitated crystals are filtered.
      This substance is recrystallized from acetone to give
      2-phenoxy-5-carboxyethylpyridyl-4-acetic acid (0.8 g) as crystals melting
      at 143.degree. C (decomp.).
PAC  EXAMPLE 2
PAR  1. Using 2-phenoxy-5-methoxycarbonylethylisonicotinic acid (500 mg), the
      reaction is effected as in Example 1 (1), whereby
      2-phenoxy-5-methoxycarbonylethylisonicotinoyl choride (537 mg). IR
      (CHCl.sub.3): 1775, 1745 cm.sup.-.sup.1.
PAR  2. The above product (537 mg) is treated as in Example 1 (2), to give
      2-phenoxy-4-diazoacetyl-5-methoxycarbonylethylpyridine (427 mg). IR
      (CCl.sub.4): 2120, 1750 cm.sup.-.sup.1.
PAR  3. To a suspension of silver oxide (prepared from 100 mg of silver nitrate)
      in absolute methanol (12 ml), a solution of the above product (427 mg) in
      anhydrous methanol (6 ml) is added dropwise at 60.degree. to 65.degree.C
      with stirring, and the resultant mixture is refluxed with heating for 1
      hour. Then, silver oxide in the same amount is added, and the mixture is
      refluxed for 2 hours. The reaction mixture is treated as in Example 1 (3)
      to give 2-phenoxy-4-methoxycarbonylmethyl-5-methoxycarbonylethylpyridine
      (196 mg). This substance is recrystallized from n-hexane to give crystals
      melting at 73.5.degree. to 74.degree.C.
PAR  4. The above product (1.0 g) is treated as in Example 1 (4) to give
      2-phenoxy-5-carboxyethylpyridine-4-acetic acid (0.8 g) as crystals melting
      at 143.degree.C (decomp.).
PAC  EXAMPLE 3 to 6
PAR  Using the following starting materials, the reaction is effected as in
      Example 1 to give the corresponding products. But benzyl alcohol is used
      as an alcohol compound in the 3rd step of Examples 5 and 6, and the
      reaction is effected at about 180.degree.C for 3 to 30 minutes in the
      presence of .gamma.-collidine in lieu of triethylamine and silver
      benzoate.
      ##SPC4##
     Example                                                                   
          I        II    III   IV        V                                     
     No.  Y   m.p. m.p. (IR)                                                   
                         m.p.  Z   m.p. (IR)                                   
                                         m.p.  IR                              
     __________________________________________________________________________
     3    H   248  69-70 87-88d                                                
                               Eto 58-59 93-94d                                
                                               1730                            
                                               Nu                              
     4    4-Cl                                                                 
              236-7                                                            
                   46-47 129-  Eto 50-51 152-  1730                            
                         130d            153d  Nu                              
     5    3-Cl                                                                 
              235  1773  64-65d                                                
                               Bzo 1745  123-124d                              
                                               1720                            
                   CCl             CCl         Chl                             
     6    2-Cl                                                                 
              232-4                                                            
                   1770  84-85d                                                
                               Bzo 1745  133-134d                              
                                               1720                            
                   CCl             CCl         Chl                             
     __________________________________________________________________________
      Note:                                                                    
      The abbreviated signs are as following: m.p., melting point (.degree.C); 
      IR, infra red absorption spectre (cm.sup.-.sup.1); Eto, ethoxy group; Bzo
      benzyloxy group; Nu, Nujol; CCl, carbon tetrachloride, Chl, chloroform; d
      decomposing point (each sign hereinafter has the same meaning as above). 
PAR  The reactions are effected as above, whereby the following compounds are
      obtained:
PA1  2-(2-p-chlorophenoxy-5-pyridyl)acetic acid, m.p. 116.degree.-117.degree.C;
PA1  2-(2-phenoxy-5-pyridyl)acetic acid, m.p. 83.5.degree.-85.degree.C; and
PA1  2-[2-(2,3-xylyloxy)-5-pyridyl]acetic acid, m.p. 120.degree.-121.degree.C.
PAC  EXAMPLE 7
PAR  1. To a suspension of 3-(2-pyridyloxy)benzoic acid (1.80 g) in thionyl
      chloride (5.4 ml), dimethylformamide (0.2 ml is added, and the resultant
      mixture is stirred at room temperature for 2.5 hours. The reaction mixture
      is evaporated under reduced pressure to remove the excessive thionyl
      chloride, and the residue is combined with anhydrous pyridine (0.73 g) and
      anhydrous benzene (40 ml). The precipitated pyridine hydrochloride is
      filtered off. The filtrate is evaporated to remove the benzene, and the
      residue is dissolved in anhydrous ether (20 ml). The ether solution is
      filtered to remove the insoluble substance. The filtrate is evaporated to
      remove the ether, whereby 3-(2-pyridyloxy)benzoyl chloride is obtained. IR
      (CCl.sub.4): 1774 cm.sup.-.sup.1.
PAR  2. To the 3-(2-pyridyloxy)benzoyl chloride, a solution of diazomethane in
      ether is added, and the resultant mixture is treated as in Example 1 (2)
      to give 3-(2-pyridyloxy)-1-diazoacetylbenzene (1.63 g) as crystals melting
      at 85.degree. to 87.degree.C (decomp.).
PAR  3. 3-(2-Pyridyloxy)-1-diazoacetylbenzene (2.03 g), benzyl alcohol (10 ml)
      and .gamma.-collidine (10 ml) are stirred at 180.degree.C for 30 minutes.
      After cooling, the reaction mixture is mixed with ether, and shaken with
      5% hydrochloric acid to shift the .gamma.-collidine hydrocyloride into the
      aqueous layer. The ether layer is evaporated to remove the ether and
      excessive benzyl alcohol. Thus, benzyl 3-(2-pyridyloxy)phenylacetate is
      obtained as a residue. IR (CCl.sub.4): 1747 cm.sup.-.sup.1. This substance
      is provided for the next step without purification as it is.
PAR  4. To the above obtained benzyl 3-(2-pyridyloxy)phenylacetate, 50%
      potassium hydroxide solution (10 ml) and methanol (10 ml) are added, and
      the resultant mixture is allowed to stand at room temperature overnight.
      The reaction mixture is evaporated to remove the methanol. The residue is
      dissolved in a small amount of water. The aqueous layer is adjusted to pH
      3 with hydrochloric acid and shaken with ether. The ether layer is
      evaporated to remove the solvent, whereby 3-(2-pyridyloxy)phenylacetic
      acid (1.94 g) is obtained. This substance is recrystallized from ether to
      give crystals melting at 110.degree. to 111.degree.C.
PAC  EXAMPLE 8
PAR  1. Using 3-(2-pyridyloxy)benzoic acid (3.0 g), the reaction is effected as
      in Example 7 (1) to give 3-(2-pyridyloxy) benzoyl chloride. IR
      (CCl.sub.4): 1774 cm.sup.-.sup.1.
PAR  2. To a solution of diazoethane (2.5 mol equivalent) in ether (150 ml), a
      solution of 3-(2-pyridyloxy)benzoyl chloride in anhydrous ether (90 ml) is
      added dropwise at -20.degree.C for 40 minutes. The resultant mixture is
      stirred at -20.degree.C for 20 minutes. The diazoethane is evaporated at
      -20.degree.C under reduced pressure, and the ether is evaporated at
      -10.degree.C to 0.degree.C under reduced pressure. The residue is
      chromatographed on a column of silica gel, which is eluted with 20%
      ether/benzene and 30% ether/benzene to give
      3-(2-pyridyloxy)-1-(2-diazopropionyl)benzene (2.87 g) as an oily
      substance. IR (CCl.sub.4): 2060, 1630 cm.sup.-.sup.1.
PAR  3. A mixture of 3-(2-pyridyloxy)-1-(2-diazopropionyl)benzene (2.87 g),
      benzyl alcohol (14.5 ml) and .gamma.-collidine (11.0 g) is stirred at
      170.degree.C for 7 minutes. The reaction mixture is dissolved in ether (50
      ml), washed with N-hydrochloric acid and water in order, and the ether is
      evaporated. Thus, benzyl 2-(2-pyridyloxy-3-phenyl)propionate is obtained
      as a residue. This substance is provided for the following step without
      purification.
PAR  4. Benzyl 2-(2-pyridyloxy-3-phenyl)propionate is dissolved in a mixture of
      30% aqueous potassium hydroxide solution (18 ml) and methanol (18 ml), and
      the solution is allowed to stand at room temperature for 1 hour. The
      reaction mixture is treated as in Example 7 (4) to give
      2-(2-pyridyloxy-3-phenyl)propionic acid (2.30 g). This substance is
      recrystallized from benzene/n-hexane to give crystals melting at
      76.degree. to 77.degree.C. IR (CHCl.sub.3): 1715 cm.sup.-.sup.1.
PAC  EXAMPLE 9 to 25
PAR  Using the following starting materials, the reaction is effected as in
      Example 8 to give the corresponding products.
      ##SPC5##
TBL  Example                                                                   
          II               III  IV    I                                        
     No.  Posi-            m.p.  m.p.                                          
          tion of                                                              
               A   Y   m.p.                                                    
                           or    or    m.p.   IR                               
          COOH             IR    IR                                            
     __________________________________________________________________________
      9   4    2-O 4-Cl                                                        
                       236 46-47                                               
                                117-8d                                         
                                      119-120d                                 
                                             1720 Chl                          
                       -237                                                    
                                2070,                                          
     10   4    2-O 3-Cl                                                        
                       233 1773 1633  84-85d 1735 Nu                           
                       -235                                                    
                           CCl  CCl                                            
                       232 90   78    107.5                                    
     11   4    2-O 2-Cl                                                        
                       -   -    -     -      1720 Chl                          
                       234 91   78.5d 108.5d                                   
     12   4    2-O H   248 69-70                                               
                                47-49d                                         
                                      98-99d 1720 Chl                          
                       181                   1715                              
     13   3    2-O H   -   89-91                                               
                                104d  94-95  -                                 
                       182                   1720 Nu                           
                       157                                                     
     14   3    2-O 4-Cl                                                        
                       -   63-65                                               
                                2060  110-111                                  
                                             1720 Nu                           
                       158      1615 CCl                                       
                       166                                                     
     15   3    6-O H   -   1777 2070  92-93  1698 Nu                           
                       167 CCl  CCl                                            
                       170                                                     
     16   3    6-O 4-Cl                                                        
                       -   1781 75-76d                                         
                                      114-115                                  
                                             1715 Nu                           
                       171 CCl                                                 
                       103                                                     
     17   2    6-O H   -   1770 80-80.5d                                       
                                      135-136Ca                                
                                             1590 Nu                           
                       104 CCl                                                 
                       117                   1765                              
     18   2    6-O 4-Cl                                                        
                       -   67-70                                               
                                65-66d                                         
                                      80-81d 1720 Nu                           
                       118                                                     
                       235      103                                            
     19   4    2-O 4-Met                                                       
                       -   1775 -     129-130d                                 
                                             1715 Nu                           
                       236 Ccl  103.5d                                         
                       256      105.5                                          
     20   4    2-O 4-Me                                                        
                       -   60-62                                               
                                -     101-102d                                 
                                             1725 Nu                           
                       257      106.5d                                         
                                2070                                           
     21   4    2-S H   255 1775 1630  140-141                                  
                                             1570 Nu                           
                           CCl  CCl   Ca                                       
                       254                                                     
     22   4    2-S 4-Cl                                                        
                       -   1770 80-81d                                         
                                      64-65Al                                  
                                             1590 Nu                           
                       255 CCl                                                 
                       174      2060                                           
     23   3    6-O 4-met                                                       
                       -   1778 1630  155 Ca 1585 Nu                           
                       175 CCl  1615CCl                                        
                       158      2060  98                                       
     24   3    6-O 4-Me                                                        
                       -   1778 1630  -      1700 Nu                           
                       160 CCl  1615 CCl                                       
                                      99                                       
                       162      2060  114.5                                    
     25   3    6-S H   -   76-77                                               
                                1625  -      1697 Nu                           
                       163      1610 CCl                                       
                                      115.5                                    
     __________________________________________________________________________
      Note: d, decomposing point (.degree.C); Al, aluminum salt, Ca, calium    
      salt; Met, methoxy group; Me, methyl group.                              
PAC  EXAMPLE 26 to 35
PAR  The reactions are effected as in Example 8, whereby the following products
      are obtained:
      ##SPC6##
TBL  Product                                                                   
     Example                                                                   
            Position of                                                        
     No.    phenoxy group X         X'    m.p.(.degree.C)                      
     ______________________________________                                    
     26     2             5-Br      H     137-138                              
     27     2             5-CN      H     198-200                              
     28     2             5-CONH.sub.2                                         
                                    H     211-212                              
     29     3             H         H     130-131                              
     30     4             H         H     180-181                              
     31     2             3,4-(CH.sub.2).sub.4 -                               
                                        166-167                                
     32     2             3,4-Benzo     145-147                                
     33     2             3-Me      4-Me  155.5-156                            
     34     2             4-Me      5-Me  142-143                              
     35     2             4-Me      H     123-124                              
     ______________________________________                                    
PAC  EXAMPLE 36
PAR  1. Using 4-(2-pyridyloxy)benzoic acid (5.0 g), the reaction is effected as
      in Example 8 (1) to give 4-(2-pyridyloxy)benzoyl chloride as crystals
      melting at 78.degree. to 79.degree.C. IR (CCl.sub.4): 1779, 1750, 1600,
      1586 cm.sup.-.sup.1.
PAR  2. To a solution of 4-(2-pyridyloxy)benzoyl chloride in ether, a solution
      of diazoethane in ether is added dropwise, and the reaction is effected as
      in Example 8 (2) to give 4-(2-pyridyloxy)-1-(2-diazopropionyl)benzene
      (4.72 g). This substance is recrystallized from ethyl acetate to give
      crystals melting at 101.degree. to 102.degree.C (decomp.). IR (CCl.sub.4):
      2070, 1630, 1590 cm.sup.-.sup.1.
PAR  3. A mixture of 4-(2-pyridyloxy)-1-(2-diazopropionyl)benzene (4.5 g),
      benzyl alcohol (22.5 ml) and .gamma.-collidine (22.5 ml) is stirred at
      180.degree.C for 15 minutes. The reaction mixture is treated as in Example
      8 (3) to give benzyl 2-(2-pyridyloxy-4-phenyl)propionate. This substance
      is provided for the following step without purification.
PAR  4. To the above benzyl 2-(2-pyridyloxy-4-phenyl)propionate, 50% aqueous
      potassium hydroxide solution (22.5 ml) and methanol (22.5 ml) are added,
      and the resultant mixture is allowed to stand for 2 hours. The reaction
      mixture is treated as in Example 7 (4) to give
      2-(pyridyloxy-4-phenyl)propionic acid (3.0 g). This substance is
      recrystallized from ethyl acetate to give crystals melting at 129.degree.
      to 130.degree.C. IR (Nujol): 2480, 1940, 1715, 1596, 1577 cm.sup.-.sup.1.
PAC  EXAMPLE 37
PAR  1. Using 3-(2-pyridyloxy)benzoic acid, the reaction is effected as in
      Example 7 (1) and (2), whereby 3-(2-pyridyloxy)-1-diazoacetylbenzene is
      obtained as crystals melting at 85.degree. to 87.degree.C via
      3-(2-pyridyloxy)benzoyl chloride.
PAR  2. To a solution of 3-(2-pyridyloxy)-1-diazoacetylbenzene (2.0 g) in a
      mixture of dioxane (15 ml) and water (15 ml), freshly prepared silver
      oxide (500 mg) is added in every 30 minutes by 3 portions at 70.degree. to
      80.degree.C with vigorous stirring. When the generation of nitrogen gas is
      stopped, the reaction mixture is mixed with 2 N aqueous sodium hydroxide
      solution (10 ml) and active carbon (500 mg) and filtered to remove the
      insoluble part. The filtrate is adjusted to pH 3  with hydrochloric acid
      and shaken with ether. The ether layer is evaporated to remove the
      solvent, whereby 3-(2-pyridyloxy)phenylacetic acid (1.2 g) is obtained.
      This substance is recrystallized from ether to give crystals melting at
      110.degree. to 111.degree.C.
PAC  EXAMPLE 38
PAR  1. Using 3-(2-pyridyloxy)benzoic acid, the reaction is effected as in
      Example 8 (1), (2) and (3) whereby benzyl
      2-(2-pyridyloxy-3-phenyl)propionate is obtained via
      3-(2-pyridyloxy)benzoyl chloride and
      3-(2-pyridyloxy)-1-(2-diazopropionyl)benzene. IR (CCl.sub.4): 1747
      cm.sup.-.sup.1.
PAR  2. To a solution of benzyl 2-(2-pyridyloxy-3-phenyl)propionate (2.7 g) in
      ethanol (30 ml), 5% palladium carbon (200 ml) is added, and the resultant
      mixture is shaken at room temperature in a hydrogen atmosphere. When the
      absorption of hydrogen is stopped, the catalyst is filtered off, and the
      filtrate is evaporated under reduced pressure to remove the solvent. The
      residue is recrystallized from benzene/n-hexane to give
      2-(2-pyridyloxy-3-phenyl)propionic acid (1.4 g) as crystals melting at
      76.degree. to 77.degree.C.
PAC  EXAMPLE 39 to 91
PAR  The reactions are effected as in Example 8, whereby the following products
      are produced:
      ##SPC7##
TBL  Product                                                                   
     Ex.                                                                       
        Position                                                               
     No.                                                                       
        of       X  X' A   Y      Y'  Y" m.p. (.degree.C)                      
        CH.sub.3 CHCOOH                                                        
        .vertline.                                                             
     __________________________________________________________________________
     39   3      H  H  6-O 3-Cl   H   H  106-7                                 
     40   4      H  H  2-O 4-CN   H   H  105-6d                                
     41   4      H  H  2-O 4-COOH H   H  154-6d                                
     42   4      H  H  2-O 3-CF.sub.3                                          
                                  H   H   155-7 Ca                             
     43   3      H  H  6-S 4-Cl   H   H  150 Ca                                
     44   4      H  H  2-O 4-CONH.sub.2                                        
                                  H   H   200-201                              
     45   4      H  H  2-O 4-OH   H   H   187-9 Ca                             
     46   4      H  H  2-O 4-CH.sub.3 COO                                      
                                  H   H  132.5-                                
                                          133.5 Ca                             
     47   3      H  H  6-O 4-CH.sub.3 COO                                      
                                  H   H  145 Ca                                
     48   3      H  H  6-O 4-OH   H   H  205 Ca                                
     49   4      H  H  2-O 4-NO.sub.2                                          
                                  H   H  115-6d                                
     50   4      H  H  2-O 4-NH.sub.2                                          
                                  H   H  132-3d                                
     51   4      H  H  2-O 4-CH.sub.3 CONH                                     
                                  H   H  142-3d                                
     52   4      H  H  2-O 4-NH-- H   H  136-7d                                
                           COOC.sub.2 H.sub.5                                  
     53   4      H  H  2-O 4-NHCO--                                            
                                  H   H  206-8d                                
                           p-Ph--NH.sub.2                                      
     54   3      H  H  6-O 4-Br   H   H   119-120                              
     55   4      H  H  2-O 3,4-Benzo  H  138-9d                                
     56   3      H  H  6-O 4-CN   H   H  120-1                                 
     57   3      H  H  5-O H      H   H    135-135.5                           
     58   3      4-Me                                                          
                    H  6-O H      H   H  135-6                                 
     59   3      2-Me                                                          
                    H  6-O H      H   H  92-3                                  
     60   3      H  H  6-O 2-Me   3-Me                                         
                                      H  116-7                                 
     61   3      H  H  6-O 2-Cl   H   H  96-7                                  
     62   3      H  H  6-O 2-Me   H   H  65-7                                  
     63   3      H  H  6-O 3-Me   H   H  81-2                                  
     64   3      H  H  6-O 3-Me   5-Me                                         
                                      H  120-1                                 
     65   3      H  H  6-O 3-Me   4-Me                                         
                                      H  90-1                                  
     66   3      H  H  4-O H      H   H  145-6                                 
     67   3      H  H  6-O 4-i-Bu H   H  77-8                                  
     68   4      H  H  2-O 2-Me   3-Me                                         
                                      H   86-7d                                
     69   3      5-Me                                                          
                    H  6-O H      H   H  107-8                                 
     70   3      H  H  6-O 2-Me   5-Me                                         
                                      H  195 def.                              
     __________________________________________________________________________
TBL  Ex.                                                                       
        Product                                                                
     No.                                                                       
        Position                                                               
        of     X  X' A  Y   Y' Y" m.p. (.degree.C)                             
        CH.sub.3 CHCOOH                                                        
        .vertline.                                                             
     __________________________________________________________________________
     71 3      H  H  6-O                                                       
                        2-Me                                                   
                            4-Me                                               
                               H  189 def.Ca                                   
     72 3      H  H  6-O                                                       
                        2-Me                                                   
                            6-Me                                               
                               H  202 def.Ca                                   
     73 4      H  H  2-O                                                       
                        3-Me                                                   
                            4-Me                                               
                               H  123-4 d                                      
     74 4      H  H  2-O                                                       
                        3-Me                                                   
                            5-Me                                               
                               H  103-4 d                                      
     75 3      H  H  6-O                                                       
                        2-Me                                                   
                            3-Me                                               
                               5-Me                                            
                                  128-9                                        
     76 3      H  H  6-O                                                       
                        2-Me                                                   
                            4-Me                                               
                               5-Me                                            
                                  113-4                                        
     77 3      H  H  6-O                                                       
                        3-Me                                                   
                            4-Me                                               
                               5-Me                                            
                                  155-6                                        
     78 3      H  H  6-O                                                       
                        2-Me                                                   
                            4-Me                                               
                               6-Me                                            
                                  135-6                                        
     79 3      H  H  6-O                                                       
                        3,4-(CH.sub.2).sub.4 -                                 
                               H  169 def.Ca                                   
     80 4      H  H  2-O                                                       
                        2-Me                                                   
                            3-Me                                               
                               5-Me                                            
                                  125-6 d                                      
     81 4      H  H  2-O                                                       
                        3-Me                                                   
                            4-Me                                               
                               5-Me                                            
                                  126-7 d                                      
     82 3      H  H  6-O                                                       
                        2,3-(CH.sub.2).sub.4 -                                 
                               H  165-6 def.Ca                                 
     83 3      H  H  6-O                                                       
                        3,4-Benzo                                              
                               H  120.5-121.5                                  
     84 3      H  H  6-O                                                       
                        2,3-Benzo                                              
                               H  131-2                                        
     85 3      4-Me                                                            
                  5-Me                                                         
                     6-O                                                       
                        H   H  H  144-5                                        
     86 4      5,6-Benzo                                                       
                     2-O                                                       
                        H   H  H  216-7                                        
     87 3      4,5-Benzo                                                       
                     6-O                                                       
                        H   H  H  122-3                                        
     88 3      4,5-(CH.sub.2).sub.4                                            
                     6-O                                                       
                        H   H  H  151-2                                        
     89 3      H  H  6-O                                                       
                        3,4-(CH.sub.2).sub.4 -                                 
                               H  122.5-123.5                                  
     90 3      H  H  6-O                                                       
                        3-Met                                                  
                            H  H  69.5-70.5                                    
     91 3      2-Me                                                            
                  4-Me                                                         
                     6-O                                                       
                        H   H  H  218 d Ca                                     
     __________________________________________________________________________
      Note:                                                                    
      def. means "deformation".                                                
PAC  EXAMPLE 92
PAR  Methyl 2-(2-p-chlorophenoxy-4-pyridyl)propionate (3.13 g) is treated with
      methyl iodide in the presence of 50% sodium hydride in anhydrous
      tetrahydrofuran in a nitrogen atmosphere at room temperature for 1 hour
      and then at 40.degree.C for 30 minutes, whereby methyl
      2-(2-p-chlorophenoxy-4-pyridyl)isobutyrate (2.59 g) is obtained as
      crystals melting at 92.degree. to 92.5.degree.C. Then, this substance is
      treated with a mixture of 20% aqueous potassium hydroxide and 95% ethanol
      with refluxing for 10 minutes, whereby
      2-(2-p-chlorophenoxy-4-pyridyl)isobutyric acid (2.35 g) is obtained as
      crystals melting at 135.degree. to 136.degree.C.
PAC  EXAMPLE 93 to 94.
PAR  Using diazopropane, the reaction is effected as in Example 8, whereby the
      following products are obtained:
PA1  2-(2-p-chlorophenoxy-4-pyridyl)-n-butyric acid, m.p.
      92.degree.-93.degree.C;
PA1  2-(2-p-chlorophenoxy-5-pyridyl)-n-butyric acid aluminum complex, m.p.
      236.degree.C.
PAC  EXAMPLE 95 to 97
PAR  Ethyl 2-(3-pyridyloxy-4-phenyl)propionate (1.05 g) is treated with
      m-chloroperbenzoic acid in methylene chloride at room temperature for 5
      days, whereby ethyl 2-(3-pyridyloxy 4-phenyl)propionate-N-oxide (1.10 g)
      is obtained. IR (CCl.sub.4): 1745, 1215 cm.sup.-.sup.1. This substance is
      then treated with a mixture of 20% aqueous potassium hydroxide and 95%
      ethanol at room temperature for 2 hours, whereby
      2-(3-pyridyloxy-4-phenyl)propionic acid-N-oxide (820 mg) is obtained as
      crystals melting at 139.degree. to 140.degree.C.
PAR  Similarly treated, the following products are obtained:
PA1  2-(2-phenoxy-5-pyridyl)propionic acid-N-oxide, m.p.
      171.degree.-172.degree.C;
PA1  2-(2-phenoxy-4-pyridyl)propionic acid-N-oxide, m.p.
      100.degree.-101.degree.C (decomp.).
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group consisting of:
PA1  2-(2-chlorophenoxy-4-pyridyl)propionic acid
PA1  2-(2-phenoxy-4-pyridyl)propionic acid
PA1  2-(2-m-chlorophenoxy-4-pyridyl)propionic acid
PA1  2-(2-phenoxy-5-pyridyl)propionic acid
PA1  2-(2-p-chlorophenoxy-5-pyridyl)propionic acid
PA1  2-(2-phenylthio-5-pyridyl)propionic acid
PA1  2-(2-p-tolyloxy-5-pyridyl)propionic acid
PA1  2-(2-p-chlorophenylthio-4-pyridyl)propionic acid
PA1  2-(3-phenoxy-5-pyridyl)propionic acid
PA1  2-(2-phenoxy-4-methyl-5-pyridyl)propionic acid
PA1  2-(2-phenoxy-6-methyl-5-pyridyl)propionic acid
PA1  2-[2-(2,3-xylyloxy)-5-pyridyl]propionic acid
PA1  2-[2-(3,4-xylyloxy)-5-pyridyl]propionic acid
PA1  2-[2-(2,3-xylyloxy)-4-pyridyl]propionic acid
PA1  2-(2-phenoxy-3-methyl-5-pyridyl)propionic acid
PA1  2-[2-(2,4-xylyloxy)-5-pyridyl]propionic acid
PA1  2-(2-o-tolyloxy-5-pyridyl)propionic acid
PA1  2-(2-p-isobutylphenoxy-5-pyridyl)propionic acid
PA1  2-(2-o-chlorophenoxy-4-pyridyl)propionic acid
PA1  2-(2-m-chlorophenoxy-5-pyridyl)propionic acid
PA1  2-(2-o-chlorophenoxy-5-pyridyl)propionic acid
PA1  2-(2-phenoxy-5-pyridyl)propionic acid-N-oxide
PA1  2-(2-p-tolyloxy-4-pyridyl)propionic acid
PAL  or alkali metal or alkaline earth metal salts thereof.
NUM  2.
PAR  2. A compound according to claim 1, namely,
      2-(2-o-tolyloxy-5-pyridyl)propionic acid.
NUM  3.
PAR  3. A compound according to claim 1, namely,
      2-(2-p-isobutylphenoxy-5-pyridyl)propionic acid.
NUM  4.
PAR  4. A compound according to claim 1, namely,
      2-(2-o-chlorophenoxy-4-pyridyl)propionic acid.
NUM  5.
PAR  5. A compound according to claim 1, namely,
      2-(2-m-chlorophenoxy-5-pyridyl)propionic acid.
NUM  6.
PAR  6. A compound according to claim 1, namely,
      2-(2-o-chlorophenoxy-5-pyridyl)propionic acid.
NUM  7.
PAR  7. A compound according to claim 1, namely,
      2-(2-phenoxy-5-pyridyl)propionic acid-N-oxide.
NUM  8.
PAR  8. A compound according to claim 1, namely,
      2-(2-p-tolyloxy-4-pyridyl)propionic acid.
NUM  9.
PAR  9. A compound according to claim 1, namely
      2-(2-p-chlorophenoxy-4-pyridyl)propionic acid.
NUM  10.
PAR  10. A compound according to claim 1, namely
      2-(2-phenoxy-4-pyridyl)propionic acid.
NUM  11.
PAR  11. A compound according to claim 1, namely
      2-(2-m-chlorophenoxy-4-pyridyl)propionic acid.
NUM  12.
PAR  12. A compound according to claim 1, namely
      2-(2-phenoxy-5-pyridyl)propionic acid.
NUM  13.
PAR  13. A compound according to claim 1, namely
      2-(2-p-chlorophenoxy-5-pyridyl)propionic acid.
NUM  14.
PAR  14. A compound according to claim 1, namely
      2-(2-phenylthio-5-pyridyl)propionic acid.
NUM  15.
PAR  15. A compound according to claim 1, namely
      2-(2-p-tolyloxy-5-pyridyl)propionic acid.
NUM  16.
PAR  16. A compound according to claim 1, namely
      2-(2-p-chlorophenylthio-4-pyridyl)propionic acid.
NUM  17.
PAR  17. A compound according to claim 1, namely
      2-(3-phenoxy-5-pyridyl)propionic acid.
NUM  18.
PAR  18. A compound according to claim 1, namely
      2-(2-phenoxy-4-methyl-5-pyridyl)propionic acid.
NUM  19.
PAR  19. A compound according to claim 1, namely
      2-(2-phenoxy-6-methyl-5-pyridyl)propionic acid.
NUM  20.
PAR  20. A compound according to claim 1, namely
      2-[2-(2,3-xylyloxy)-5-pyridyl]propionic acid.
NUM  21.
PAR  21. A compound according to claim 1, namely
      2-[2-(3,4-xylyloxy)-5-pyridyl]propionic acid.
NUM  22.
PAR  22. A compound according to claim 1, namely
      2-[2-(2,3-xylyloxy)-4-pyridyl]propionic acid.
NUM  23.
PAR  23. A compound according to claim 1, namely
      2-(2-phenoxy-3-methyl-5-pyridyl)propionic acid.
NUM  24.
PAR  24. A compound according to claim 1, namely
      2-[2-(2,4-xylyloxy)-5-pyridyl]propionic acid.
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ABST
PAL  A series of 2-aryl-6-trifluoromethyl-4-pyridylcarbinolamines is herein
      disclosed which has value in treatment of plasmodial infections. The
      compounds have substituted phenyl groups at position 2- on the pyridine
      moiety, with the electronegative substituents present on the phenyl
      nuclei. The syntheses of such series is described, together with a method
      for separation of racemates of a representative 4-pyridylcarbinolamine
      type.
PARN
PAR  This is a division of application Ser. No. 448,468 filed Mar. 6, 1974 now
      U.S. Pat. No. 3,886,167.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention relates to
      2aryl-6-trifluoromethyl-4-pyridinecarbinolamines having enhanced
      antimalarial activity, and to means for achieving the synthesis of such
      compounds. Specifically, the new products are
      6-trifluoromethyl-pyridine-4-carbinols bearing a basic function in the
      alpha-position, and having a substituted-phenyl grouping at position 2-on
      the pyridine moiety. For convenience in administration as well as
      stability under storage, it is preferred that subject bases be transformed
      into acid-addition salts with pharmaceutically acceptable inorganic or
      organic acids.
PAR  Prior investigations have demonstrated that certain substituted
      aminomethyl-2,6-substituted phenyl 4-pyridine carbinols have antimalarial
      activity. The present invention reltes to representatives which differ
      structurally from those known hitherto particularly because they have a
      trifluoromethyl group in the 6-position, and provide advantages in
      chemotherapeutic index and also in potential for avoiding unwanted side
      effects such as photoxicity.
DETD
PAC  DETAILED DISCLOSURE OF THE INVENTION
PAR  The subject series of carbinolamine types is conveniently represented by
      the Structure I, and to pharmaceutically-acceptable acid-addition salts
      thereof which also form basis for the invention. It is intended that there
      be included the several isomeric forms possible in Structure I, moreover.
      ##SPC1##
PAR  The above (Structure I) establishes the new antimalarial agents as
      pyridine-4-carbinols bearing a basically-substituted unit in the
      alpha-position, and the substituted-phenyl grouping on the 2-pyridine ring
      system. This comes from definition of terms, wherein,
PAR  R = hydrogen, while
PA1  R.sub.1 = hydrogen or (lower alkyl) and
PA1  R.sub.2 = (lower alkyl), the same or different from R.sub.1 ; or,
PA1  R + R.sub.1 = --(CH.sub.2).sub.4 --, with R.sub.2 = H; and
PAR  (Ar).sub.2 is substituted-phenyl groupings. The term lower alkyl as used
      herein means 1 to 10 carbon atoms which can be straight, branched chain or
      with sufficient carbon atoms cyclic with repeating methylene groups.
PAR  The patterns of worth for representatives of Structure I have been
      established through use of highly standardized tests in experimental
      mammals. The preferred mode for administering these compounds consists in
      use of non-toxic acid-addition salts, inclusive of those formed from (I)
      and acids such as hydrochloric, hydrobromic, sulfamic, sulfuric,
      phosphoric, citric, tartaric, methanesulfonic, isethionic, aceturic,
      malic, fumaric, beta-resorcylic, or pamoic acid. Said salts may be
      administered orally in the form of tablets, capsules, or dragees when
      admixed with solid excipients such as lactose, sucrose, starch,
      microcrystalline cellulose, magnesium stearate or talc. The foregoing
      compositions are preferred means for oral administration over use of
      flavored syrups or tinctures containing the anti-malarial drug. Under
      special circumstances, parenteral administration may be indicated,
      employing an aqueous solution of the agent or an oleaginous formulation of
      it. Aqueous solutions can be prepared in water, physiological saline,
      Ringer's solution, or the like, either with or without buffers. Oleaginous
      formulations may be made in natural oils (as, peanut oil or olive oil), or
      in benzyl benzoate, for example. The several possible isomeric forms for
      Structure I are to be included among the preferred antimalarials, and
      advantage may accrue in the choice of one or other of these.
PAR  This invention includes mode for the chemical synthesis of the series
      defined by Structure I. Charts 1 through 3 have been used to outline the
      synthesis of the subject carbinolamines. As is apparent from the
      structure, such series occur in optically active form. A representative
      type, where two optical centers are present, has been separated into a
      pair of racemates, one of which has appreciable antimalarial activity.
PAR  The course of synthesis of
      alpha-(dialkylaminomethyl)-2-aryl-6-trifluoromethyl-4-pyridinecarbinols
      (Structure I, R = H, having R.sub.1 and R.sub.2 as lower alkyl groupings,
      with (Ar).sub.2 as a substituted phenyl group) is outlined in Chart 1.
PAC  CHART I
PAC  Alpha-(Dialkylaminomethyl)-2Aryl-6-Trifluoromethyl-4-Pyridinecarbinols
      ##SPC2##
PAR  The requisite products have Formula III. The intermediate oxirane could be
      caused to react with various primary amines (R.sub.1 = H;R.sub.2 = alkyl)
      or secondary amines (R.sub.1 and R.sub.2, each, being alkyl groupings) the
      same or different. Said carbinolamines (Formula III) were most
      satisfactorily administered in the form of acid-addition salts.
PAR  The requisite
      alpha-(2-piperidyl)-2-aryl-6-trifluoromethyl-4-pyridylcarbinols (Formula
      IV) were prepared from the intermediate
      2-aryl-6-trifluoromethyl-isonicotinic acids (Formula II) in the manner
      outlined in Chart 2.
PAC  CHART 2
PAC  Alpha-(2-Piperidyl)-2-DiAryl-6-Trifluoromethyl-4-Pyridylcarbinols
      ##SPC3##
PAL  As in the instance of the less complex carbinolamines (Chart 1), so also
      the products (Formula IV) of transformations given in Chart 2 were most
      conveniently used in the form of their acid-addition salts.
PAR  The Examples hereinafter given further illustrate the preparation of
      2-aryl-6-trifluoromethyl-4-pyridylcarbinolamines of Formula I, but in no
      way limit the scope of the Invention to Formulas III and IV as
      representative thereof. Said representations are not to be viewed as
      restricted to a single stereoisomeric form. All temperatures are given in
      degrees Celsius (.degree.C), and metric units are employed for weights and
      measures. The designation of the trifluoromethyl group could be either in
      the 6-or 2- position with the aryl group in the other position.
PAC  EXPERIMENTAL
PAR  Synthetic paths leading to the Examples have been shown in Charts 1 through
      3, and all are illustrative of the Invention relating to
      6-trifluoromethyl-4-pyridylcarbinolamines having Formula I. Based upon the
      testing results with the 2-(trifluoromethylphenyl) compounds of Examples I
      to X, the corresponding chloro, bromo, fluoro and methoxy or alkoxy
      compounds would also be active antimalarials in the same manner as in Ser.
      No. 150,745 now U.S. Pat. No. 3,764,604 referred to above. Alternative
      routes for acquiring certain intermediates are apparent to those skilled
      in the art, and certain of these are revealed in the examples.
PAC  EXAMPLE I
PAR  Alpha-n-Butyaminomethyl-2-(4-trifluoromethylphenyl)-6-trifluoromethyl-4-pyr
     idylcarbinolamine Hydrochloride
PAR  Trifluoromethylacylpyridinium Bromide
PAR  1,1,1-Trifluoro-3-bromoacetone (60 g) was converted to the pyridinium salt
      (63 g, 70%), mp 189.degree.-191.degree. (CH.sub.3 CN).
PAR  3-(4-Trifluoromethylbenzoyl)acrylic Acid
PAR  Freshly fused ZnCl.sub.2 (82 g, 0.6 mole) was dissolved in dry Et.sub.2 O
      (400 ml) and added dropwise to the Grignard reagent prepared from
      4-bromobenzotrifluoride (112.5g, 0.5 mole) and Mg (12.2 g, 0.5 g-atom) in
      Et.sub.2 O (600 ml). Maleic anhydride (44 g, 0.45 mole) in Et.sub.2 O (400
      ml) was added over 30 minutes with stirring at reflux. After 2 hours, the
      mixture was cooled and acidified to pH 2 with 10% HCl. The Et.sub.2 O
      layer was separated and dried (MgSO.sub.4), and the Et.sub.2 O evaporated.
      The residue was recrystallized from C.sub.6 H.sub.6 (x3) to yield the
      title compound, 24.5 g (21%), mp 149.degree.-151.degree.. Anal. (C.sub.11
      H.sub.7 F.sub.3 O.sub.3) C, H, F. An alternative procedure is as follows.
      A mixture of 4-trifluoromethylacetophenone (18.8 g) glyoxylic acid
      monohydrate (18.8 g), Ac.sub.2 O(20 ml) and a drop of Et.sub.3 N was
      heated to 135.degree., internal temperature. More Et.sub.3 N (2 ml) was
      added, and the mixture was held at 135.degree. for 20 minutes. The mixture
      was cooled and evaporated to dryness in vacuo. The solid residue was
      digested with H.sub.2 O, filtered, dried and recrystallized from C.sub.6
      H.sub.6 to give the title compound, 12.2 g (50%), mp
      149.degree.-151.degree..
PAR  This procedure required close temperature control to avoid tar formation.
      To avoid this, the method was modified to a two-step process wherein the
      intermediate alpha-hydroxy acid was isolated and pyrolyzed separately.
      4-Trifluoromethylacetophenone (75.2 g, 0.4 mole) and OHCCO.sub.2 H.H.sub.
      2 O (75.2 g) were heated neat at 79.degree.-80.degree. for 8 hr. The hot
      mixture was poured into diluted aqueous HCl (7.5 ml of concd HCl and 800
      ml of H.sub.2 O) with stirring. The aqueous mixture was extracted with
      Et.sub.2 O (2 .times. 250 ml), and the aqueous phase was discarded. The
      extract was washed with H.sub.2 O (2 .times. 100 ml), and dried (Na.sub.2
      SO.sub.4), and Et.sub.2 O was removed (aspirator). The resulting residue
      was digested with hot CHCl.sub.3 (100 ml) and the mixture was concentrated
      to a volume of 80-85 ml. Petroleum ether (30.degree.-60.degree., 250 ml),
      was added with stirring. The resulting precipitate was collected and
      washed with petroleum ether (100  ml). (Removal of petroleum ether from
      the combined washes and filtrate yielded unreacted acetophenone, 39.3 g,
      52.3%, suitable for recycling.) The solid was digested again with
      CHCl.sub.3 (150 ml), filtered, and air-dried to yield
      2-hydroxy-3-(4-trifluoromethylbenzoyl)propionic acid (31.2 g, 62%), mp
      118.degree.-120.degree.. anal. (C.sub.11 H.sub.9 F.sub.3 O.sub.4) C, H.
      The alpha-hydroxy acid was heated neat under vacuum (1-2 mm) in an oil
      bath until the internal temperature reached 155.degree.. The temperature
      was increased to 160.degree. over 40 minutes to complete the elimination
      of H.sub.2 O. The flask was allowed to cool and crystallization of the
      title acrylic acid usually began at around 138.degree.. The product was
      sufficiently pure for conversion to isonicotinic acid.
PAR  2-Trifluoromethyl-6-(4-trifluoromethylphenyl)isonicotinic Acid
PAR  The pyridinium salt (2.7 g), 3-(4-trifluoromethylbenzoyl)arcylic acid (12.6
      g) and NH.sub.4 OAc (6 g) in MeOH (100 ml) were refluxed 8 hours. The
      mixture was evaporated to dryness. The residue was boiled with 20% AcOH
      and refrigerated. The precipitate was crystallized from C.sub.6 H.sub.6 to
      yield the title acid (2 g, 56%), mp 204.degree.-205.degree..
PAR  Anal. Calcd for C.sub.14 H.sub.7 F.sub.6 NO.sub.2 : C, 50,16; H, 2.11; N,
      4.18. Found: C, 50,50; H, 2.19; N, 4.23.
PAR  4-Epoxyethyl-2-(4-trifluoromethylphenyl)-6-trifluoromethylpyridine
PAR  A suspension of the isonicotinic acid (3.6 g) in SOCl.sub.2 (50 ml) was
      refluxed 2 hours. The excess of SOCl.sub.2 was evaporated and the crude
      acid chloride was converted to the diazoketone. The crude, oily
      diazoketone (3.1 g, 80%) was dissolved in CH.sub.2 Cl.sub.2 (100 ml) and
      converted to the bromoketone with 48% HBr (5ml) in AcOH (60 ml). The crude
      bromoketone (2.6 g, 74%), an oil was dissolved in EtOH (100 ml) and
      reduced with NaBH.sub.4 (300 mg) to yield the crude title epoxide (1.45 g,
      70%), mp 184.degree.-186.degree., usable for subsequent conversions to
      target aminoalcohols as described below.
PAR  Alpha-n-Butylaminomethyl-2-(4-trifluoromethylphenyl)-6-trifluoromethyl-4-py
     ridylcarbinolamine Hydrochloride
PAR  The crude epoxide (1.45 g, 70%) was dissolved in EtOH (50 ml) and refluxed
      with n-butylamine (5 ml) for 8 hours. The mixture was evaporated. The
      residue was dissolved in Et.sub.2 O, washed with H.sub.2 O, dried (K.sub.2
      CO.sub.3) and the solution was evaporated. The crude free base was
      dissolved in CH.sub.3 CN and acidified with dry HCl. The solution was
      evaporated and the residue was crystallized from CH.sub.3 CN to give the
      title compound (0.7 g, 32%), mp 184.degree.-186.degree..
PAR  Anal. Calcd C.sub.20 H.sub.21 ClF.sub.6 N.sub.2 O: C, 51.02; H, 4.56; N,
      6.01. Found: C, 51.07; H, 4.82; N, 6.25.
PAC  EXAMPLE II
PAC  Alpha-4'-Heptylaminomethyl-2-(4-trifluoromethylphenyl)-6-trifluoromethyl-4-
     pyridylcarbinolamine Hydrochloride
PAR  A solution of the epoxide (3.6 g, 0.011 mol) in EtOH (100 ml) from Example
      I containing 4-aminoheptane (7 g) was refluxed 17 hours. The solvent and
      excess amine were removed under reduced pressure. The residual oil was
      dissolved in Et.sub.2 O and Et.sub.2 O--HCl was added to pH 2. The mixture
      was filtered to remove a little 4-aminoheptane HCl. The filtrate was
      concentrated to dryness. The residual solid was slurried in fresh Et.sub.2
      O and filtered to afford the crude target compound (2.8 g, 53%).
      Recrystallization from CH.sub.3 CN (.times.2) gave the title compound (1.5
      g, 28%), mp 183.degree.-184.degree..
PAR  Anal. Calcd for C.sub.22 H.sub.27 ClF.sub.6 N.sub.2 O: C, 54.50; H, 5.60;
      Cl, 7.30; N, 5.80. Found: C, 54.74; H, 5.67; Cl, 7.19; N, 5.75.
PAC  EXAMPLE III
PAC  Alpha-Di-n-butylaminomethyl-2-(4-trifluoromethylphenyl)-6-trifluoromethyl-4
     -pyridylcarbinolamine Hydrochloride
PAR  A solution of the epoxide (3.6 g, 0.011 mol) of Example I in EtOH (100 ml)
      and di-n-butylamine (7 ml) was refluxed 17 hr. The solution was
      concentrated to dryness under the reduced pressure. The residual oil was
      dissolved in Et.sub.2 O and Et.sub.2 O--HCl was added to pH 2. A little
      di-n-butylamine hydrochloride was removed by filtration and the filtrate
      was concentrated to dryness to give crude HCl salt. This was isolated as
      the free base by stirring with 5% aqueous KOH, extracting with Et.sub.2 O
      and evaporating. The residue was placed onto a silica gel column and
      eluted with C.sub.6 H.sub.6 --MeOH (97:3, v/v). The fast moving band was
      collected as an oil (3.2 g). This oil was dissolved in MeOH and
      concentrated Hcl (1 eq) was added. The solution was concentrated to
      dryness. The residual solid was crystallized from Et.sub.2 O-petroleum
      ether (.times.1) and CHCl.sub.3 -petroleum ether (.times.1). The
      precipitate was stirred in warm H.sub.2 O (.times.2). The washed solid
      (1.3 g) was dissolved in Et.sub.2 O (60 cc) and filtered. Petroleum ether
      was added to the filtrate until the solution became faintly turbid. The
      crystals which formed were filtered and dried to afford the target
      compouund (1.0 g, 18%), mp 128.degree.-129.5.degree..
PAR  Anal. Calcd for C.sub.23 H.sub.29 ClF.sub.6 N.sub.2 O: C, 55.37; H, 5.86;
      Cl, 7.10; N, 5.61. Found: C, 55.22; H, 6.00; Cl, 6.94; N, 5.70.
PAC  EXAMPLE IV
PAC  Synthesis of
      Alpha-n-butylaminomethyl-2-(2-trifluoromethylphenyl)-6-trifluoromethyl-4-p
     yridinemethanol
PAR  Beta-(2-Trifluoromethylbenzoyl)acrylic Acid
PAR  A mixture of 2-trifluoromethylacetophenone (50 g, 0.266 mole) and glyoxylic
      acid hydrate (50 g) was heated at 100.degree. for 23 hours. The reaction
      mixture was poured into 400 ml of H.sub.2 O containing 18 ml of HCl with
      stirring. The mixture was extracted with Et.sub.2 O (.times.2). The
      Et.sub.2 O extract was washed with H.sub.2 O and the Et.sub.2 O was
      removed under reduced pressure. The residue was azeotroped with CHCl.sub.3
      and then stirred with petroleum ether (.times.3) to remove unreacted
      starting compound (11 g). Removal of petroleum ether gave 48.5 g of an
      oily residue which, by thin layer chromotography (tlc--MeOH/CHCl.sub.3
      /NH.sub.4 OH, 3 ml:1 ml:5 drops) showed 90% of product and 10% of
      beta-(2-trifluoromethylbenzoyl)-alpha-hydroxypropionic acid. The oily
      residue was heated at 160.degree. (2 mm) for 20 min to give 37 g(74%,
      based on converted 2-trifluoromethylacetophenone) of syrupy residue which,
      by tlc (same system described previously), showed more than 90% of the
      title acid. The compound was used as such for the next reaction.
PAR  2-(2-Trifluoromethyphenyl)-6-trifluoromethylisonicotinic Acid.
PAR  A solution of beta-(2-trifluoromethylbenzoyl)acrylic acid (18.0 g, 0.075
      mole), trifluoromethylacylpyridinium bromide (19.2 g) and NH.sub.4 OAc
      (60g) in MeOH (150 ml) was heated at reflux overnight. HOAc (60 ml) was
      added followed by H.sub.2 O (.times.1) and then extracted with 5% aqueous
      KOH (.times.2, 150 ml). The aqueous layer was separated and acidified to
      pH 2 with HCl. The mixture was then extracted with CHCl.sub.3 (.times.2).
      The organic layer was dried (MgSO.sub.4) and concentrated at reduced
      pressure. The residue crystallized on standing. The solid was triturated
      in toluene (30 ml), cooled and filtered to give the isonicotinic acid
      (10.8 g, 44%), mp 155.degree.-157.degree.. A sample was recrystallized
      from toluene, mp 156.degree.-158.degree..
PAR  Anal. Calcd for C.sub.14 H.sub.7 F.sub.6 NO.sub.2 : C, 50.16; H, 2.10; N,
      4.18. Found: C, 50.05; H, 2.25; N, 4.16.
PAR  Bromomethyl 2-(2-Trifluoromethylphenyl)-6-trifluoromethyl-4-pyridyl Ketone.
PAR  A solution of the above isonicotinic acid (5.0 g, 0.015 mole) in SOCl.sub.2
      (55 ml) was heated at reflux 3 hours. The excess SOCl.sub.2 was removed
      under reduced pressure. The crude acid chloride (5 g) was added to a
      solution of CH.sub.2 N.sub.2 (ca. 5 g) in Et.sub.2 O (300 ml) at
      0.degree.-5.degree.. The resulting solution was stirred at 0.degree. for 3
      hours. The solvent and excess CH.sub.2 N.sub.2 were removed under reduced
      pressure to afford the diazoketone as an oil (ca. 5 g).
PAR  A solution of this crude diazoketone in CHCl.sub.3 (10 ml) was added to a
      mixture of 48% HBr (12 ml) and HOAc (10 ml) at 0.degree.-5.degree.. The
      mixture was warmed to room temperature and stirred an additional 0.5 hour.
      CHCl.sub.3 was added and the mixture was washed with H.sub.2 O (.times.2)
      and diluted aqueous K.sub.2 CO.sub.3 (.times.1). The CHCl.sub.3 was dried
      (MgSO.sub.4) and concentrated to give the bromoketone as an oil which
      could not be crystallized. The oil was purified by passage over a silica
      gel column elution with C.sub.6 H.sub.6 /petroleum ether (3:2). The
      material obtained (46 g, 75%) was homogeneous on tlc (C.sub.6 H.sub.6
      /MeOH, 95:5).
PAC  Alpha-n-Butylaminomethyl-2-(2-trifluoromethylphenyl)-6-trifluoromethyl-4-py
     ridylcarbinolamine Hydrochloride
PAR  To a solution of above bromoketone (4.6 g, 0.011 mole) of Example IV in
      EtOH (40 ml) and 2-ethoxyethanol (10 ml) at -25.degree. was added
      NaBH.sub.4 (0.43 g) in H.sub.2 O (5 ml). The solution was warmed to room
      temperature and stirred an additional 1 hour, after which time a solution
      of KOH (0.45g) in EtOH was added. The solution was stirred at room
      temperature 0.5 hours. The solution was diluted with H.sub.2 O and the
      mixture was extracted with CHCl.sub.3 (.times.2). The CHCl.sub.3 was dried
      (MgSO).sub.4 and concentrated to afford crude epoxide which was purified
      by chromotography over a silica gel column and elution with C.sub.6
      H.sub.6. The product (3.0 g, 82%) was obtained as an oil.
PAR  A solution of the epoxide (1.5 g, 4.5 mmole) in EtOH (40 ml) containing
      n-BuNH.sub.2 (3.5 ml) was heated at reflux 17 hours. The solvent and
      excess amine were removed under reduced pressure to afford an oil which
      crystallized on standing. This solid was dissolved in CH.sub.3 CN (15 ml)
      and concentrated HCl (0.37 ml) was added. The solid was filtered to yield
      the target compound (1.3 g, 65%, mp 184.degree.-186.degree..
PAR  Anal. Calcd for C.sub.19 H.sub.21 ClF.sub.6 N.sub.2 O; C, 51.53; H, 4.78;
      N, 6.33; Cl, 8.01. Found: C, 51.30, H, 4.92; N, 6.32; Cl 8.05.
PAC  EXAMPLE V
PAC  Alpha-Di-n-butylaminomethyl-2-(2-trifluoromethylphenyl)-6-trifluoromethyl-4
     -pyridylcarbinolamine Hydrochloride.
PAR  The epoxide (1.5 g, 4.5 mmole) of Example IV was treated with n-Bu.sub.2 NH
      (3.5 ml) in EtOH (35 ml) as described above. The crude free base (oil) was
      dissolved in Et.sub.2 O and Et.sub.2 O/HCl was added to pH 2. The Et.sub.2
      O was concentrated and the residue was triturated in fresh Et.sub.2 O. A
      little n-Bu.sub.2 NH . HCl was removed by filtration. The Et.sub.2 O was
      concentrated and the residue was dissolved in MeOH. HCl (1 eq) was added
      and the MeOH was removed to afford a glass. This solid could be
      crystallized from Et.sub.2 O -- petroleum ether to give the product (1.3
      g) contaminated with a little n-Bu.sub.2 NH . HCl. This solid was slurried
      in H.sub.2 O to give pure target compound (0.9 g, 40%), mp
      120.degree.-122.degree..
PAR  Anal. Calcd for C.sub.23 H.sub.24 ClF.sub.6 N.sub.2 O: C, 55.37; H, 5.86;
      Cl, 7.10; N, 5.61. Found: C, 55.14; H, 5.96; Cl, 7.03; N, 5.72.
PAC  EXAMPLE VI
PAC  Synthesis of
      Alpha-n-Butylaminomethyl-2-trifluoromethyl-6-(3-trifluoromethyl)-4-pyridyl
     carbinolamine Hydrochloride
PAR  Beta-(3-Trifluoromethylbenzoyl)acrylic Acid
PAR  A mixture of 3-trifluoromethyl-acetophenone (20 g, 0.106 mole) and
      glyoxylic acid hydrate (20 g) was heated at 80.degree. for 8 hours. The
      reaction mixture was poured into H.sub.2 O (160 ml) containing HCl (6 ml)
      and extracted with Et.sub.2 O (.times.2). The combined Et.sub.2 O extracts
      were washed with H.sub.2 O and the Et.sub.2 O was removed under reduced
      pressure. The residue (26.4 g) solidified after azeotroping with
      CHCl.sub.3 and then stirring with petroleum ether (30.degree.-60.degree.)
      to remove the unreacted starting acetophenone. Tlc (MeOH/CHCl.sub.3
      /NH.sub.4 OH, 12:4:1) of the residue showed it to be a mixture of acrylic
      acid (40%) and hydroxy acid (60%). The residue was then heated at
      160.degree. (2 mm) for 40 minutes to obtain 21.9 g of oily product which
      was ca. 90% acrylic acid by tlc. The crude acrylic acid was used as such
      in the next reaction. An analytically pure sample was recrystallized from
      C.sub.6 H.sub.6 (.times.2), mp 114.degree.-115.degree..
PAR  Anal. Calcd for C.sub.11 H.sub.7 F.sub.3 O.sub.3 : C, 54.11; H, 2.89.
      Found, C, 54.31; H, 3.18.
PAR  2-Trifluoromethyl-6-(3-trifluoromethylphenyl)isonicotinic Acid
PAR  A mixture of Beta-(3-trifluoromethylbenzoyl)acrylic acid (21.9 g, 0.079
      mole), trifluoromethylacylpyridinium bromide (21 g, 0.078 mole) and
      NH.sub.4 OAc (46 g) in MeOH (470 ml) was refluxed 8 hours. The solution
      was evaporated to dryness and the residue was treated with AcOH (20 ml)
      and then taken up in CHCl.sub.3. The CHCl.sub.3 solution was washed with
      H.sub.2 O (.times.3) and then extracted with 10% aqueous NaOH (.times.3).
      After acidifying with HCl, the solution was extracted with CHCl.sub.3
      (.times.3). Upon cooling the CHCl.sub.3 solution, the crystalline product
      precipitated. The crude product was collected and recrystallized from
      C.sub.6 H.sub.6 affording 4.4 g (16%) of product, mp
      185.degree.-186.degree..
PAR  Anal. Calcd for C.sub.14 H.sub.7 F.sub.6 NO.sub.2 : C, 50.16; H, 2.10; N,
      4.18. Found: C, 50.17; H, 2.24; N, 4.26.
PAR  Bromomethyl 2-Trifluoromethyl-6-(3-trifluoromethylphenyl)-4-pyridyl Ketone
PAR  A solution of the above isonicotinic acid (4 g, 0.011 mole) and SOCl.sub.2
      (45 ml) was refluxed 2 hours. The solution was concentrated. The residue
      was suspended in C.sub.6 H.sub.6 and the solvent was evaporated. The crude
      acid chloride was dissolved in anhydrous Et.sub.2 O (50 ml) and added to a
      solution of CH.sub.2 N.sub.2 (5 g) in Et.sub.2 O (300 ml) at 0.degree..
      After refrigeration for 2 hours, the solvent and excess CH.sub.2 N.sub.2
      were evaporated. The crude diazoketone (4.6 g) was dissolved in CHCl.sub.3
      (25 ml) and added to a mixture of 48% HBr (10 ml) and AcOH (90 ml) at
      5.degree.. The solution was washed with H.sub.2 O and aqueous NaHCO.sub.3.
      After drying (K.sub.2 CO.sub.3), the solution was concentrated to give an
      oily residue which crystallized on standing. Recrystallization from
      EtOH/H.sub.2 O gave pure product (2.0 g, 41%), mp 87.degree.-89.degree..
PAR  Anal. Calcd for C.sub.15 H.sub.8 BrF.sub.6 NO: C, 43.72; H, 1.96; N, 3.40.
      Found: C, 43.83; H, 2.20; N, 3.42.
PAC  Alpha-n-Butylaminomethyl-2-trifluoromethyl-6-(3-trifluoromethylphenyl)-4-py
     ridylcarbinolamine Hydrochloride
PAR  A solution of NaBH.sub.4 (0.19 g, 0.005 mole) in H.sub.2 O (2 ml) was added
      to a solution of the bromoketone (2.0 g, 0.0045 mole) in EtOH (30 ml) and
      2-ethoxy-ethanol (10 ml) at -25.degree.. The resulting solution was
      stirred at room temperature for 1 hour. A solution of KOH (0.19 g) in 3 ml
      of EtOH was added and the reaction mixture was stirred for another 0.5
      hours. The mixture was diluted with H.sub.2 O and dried (MgSO.sub.4). The
      solvent was evaporated to give crude epoxide (1.6 g). The epoxide (1.6 g)
      was dissolved in EtOH (30 ml), n-BuNH.sub.2 (3.5 ml) was added and the
      solution was refluxed overnight. The solution was evaporated to dryness.
      The solid residue was dissolved in CH.sub.3 CN and 1 eq of concentrated
      HCl (0.36 ml) was added. The precipitate was collected and recrystallized
      from CH.sub.3 CN to afford 1.2 g (60%) of product as colorless crystals,
      mp 215.degree.-216.degree..
PAR  Anal. Calcd for C.sub.19 H.sub.21 ClF.sub.6 N.sub.2 O: C, 51.35; H, 4.78;
      Cl, 8.00; N, 6.33. Found: C, 51.34; H, 4.97; Cl, 8.10; N, 6.21.
PAC  EXAMPLE VII
PAC  Alpha-Diisopentylaminomethyl-2-(4-trifluoromethylphenyl)-6-trifluoromethyl-
     4-pyridylcarbinolamine Hydrochloride
PAR  The title compound was prepared according to the procedure described for
      Example I. From
      2-(4-trifluoromethylphenyl)-6-trifluoromethyl-4-pyridylethylene oxide (2.5
      g), EtOH (40 ml) and diisopentylamine (3 ml) was obtained the target
      compound (2.1 g, 40%), mp 138.degree.-141.degree. (Et.sub.2 O/petroleum
      ether).
PAR  Anal. Calcd for C.sub.25 H.sub.32 F.sub.6 N.sub.2 o . HCl: C, 56.98; H,
      6.31; N, 5.31; F, 21.63. Found: C, 57.26; H, 6.36; N, 5.60; F, 21.44.
PAC  EXAMPLE VIII
PAC  Alpha-(2-piperidyl)-2-(4-trifluoromethylphenyl)-6-trifluoromethyl-4-pyridyl
     carbinolamine Hydrochlorides
PAR  Racemate A
PAR  Anhydrous Et.sub.2 O (20 ml) was cooled to 0.degree. under N.sub.2.
      n-Butylithium (1.6 M, 13 ml, 21 mmol) was added and the solution was
      cooled to -75.degree.. To this solution was added 2-bromopyridine (3.16 g,
      20 mmol). The solution was stirred at -70.degree. for 1 hour and
      2-(4-trifluoromethylphenyl)-6-trifluoromethylisonicotinic acid (3.35 g,
      0.01 mol) was added. The solution was stirred at -70.degree. for 2 hours.
      The mixture was allowed to warm to -5.degree. and poured into ice H.sub.2
      O (120 ml) with stirring. After stirring for 15 minutes, the mixture was
      extracted (.times.2) with Et.sub.2 O. The organic layer was separated,
      dried (MgSO.sub.4) and evaporated in vacuo to give a dark oil. Trituration
      with 70% aqueous i-PrOH gave dark crystals. Recrystallization from 65%
      aqueous i-PrOH gave
      2-(4-trifluoromethylphenyl)-6-trifluoromethylisonicotinoyl 2'-pyridyl
      ketone (1.6 g, 41%), mp 85.degree.-87.degree..
PAR  Anal. Calcd for C.sub.18 H.sub.10 N.sub.2 F.sub.6 O: C, 57.59; H, 2.54; N,
      7.07; F, 28.76 Found: C, 57,70; H, 2,82; N, 7.24; F, 28.98.
PAR  In a Parr hydrogenation apparatus, the above ketone (1.6 g, 4 mmol) was
      hydrogenated over Pt from O.sub.2 (150 mg) containing concentrated aqueous
      HCl (0.6 ml) at room temperature and 45 psig for 16 hours (100% uptake).
      The catalyst was filtered and the filtrate was concentrated to dryness
      under reduced pressure. The cruude product was suspended in Et.sub.2 O,
      evaporated to dryness and the residue was recrystallized from hot CH.sub.3
      CN (ca. 5 ml). After refrigeration, the precipitate was separated (ca. 1
      g) and recrystallized from CH.sub.3 CN to yield the title compound (850
      ml), mp 170.degree.-172.degree.. The compound was pure Racemate A by tlc
      analysis (CHCl.sub.3 --EtOH--Et.sub.3 N, 8:1:1). Recrystallization again
      from CH.sub.3 CN gave an analytical sample, mp 172.degree.-174.degree..
PAR  Anal. Calcd for C.sub.19 H.sub.19 ClF.sub.6 N.sub.2 O: C, 51.77; H, 4.34;
      N, 6.35; Cl, 8.04. Found: C, 51.49; H, 4.31; N, 6.46; Cl, 8.28.
PAR  The HCl salt (100 mg) was suspended in Et.sub.2 O and treated with 5%
      aqueous NaOH. The Et.sub.2 O layer was separated, dried (K.sub.2 CO.sub.3)
      and the solvent was evaporated. The residue was recrystallized from
      Et.sub.2 O-petroleum ether (30.degree.-60.degree.) to yield the free base
      (75 mg), mp 140.degree.-142.degree..
PAC  EXAMPLE IX
PAR  Racemate B
PAR  Acetylation of the free base of Racemate A (800 mg) with Ac.sub.2 O (210
      mg) in Me.sub.2 CO solvent (6 ml) was complete after 4 hours by tlc. The
      solution was evaporated and the crude N-actyl derivative was heated
      overnight with SOCl.sub.2 (5 ml). After removal of excess SOCl.sub.2, the
      residue was treated with 6 N HCl and stirred 3 hours (steam bath). The
      colorless precipitate was recrystallized from 6 N HCl to yield the title
      compound, Racemate B, HCl salt (600 mg, 69%,) mp 232.degree.-234.degree.,
      one spot on tlc, same system.
PAR  Anal. Calcd for C.sub.19 H.sub.19 ClF.sub.6 N.sub.2 O: C, 51.77; H, 4.34;
      N, 6.35; Cl, 8.04. Found: C, 51.51; H, 4.60; N, 6.40; Cl, 8.07.
PAC  EXAMPLE X
PAC  Alpha-(3-Pentylaminomethyl)-2-(4-trifluoromethylphenyl)-6-trifluoromethyl-4
     -pyridylcarbinolamine Hydrochloride
PAR  A solution of the ethylene oxide of Example I (2.5 g) was heated at reflux
      in EtOH (50 ml) containing 3-aminopentane (3.5 ml) for 17 hours. The
      solvent and excess amine were removed under reduced pressure. The residual
      solid was dissolved in Et.sub.2 O and Et.sub.2 O/HCl was added to pH 2.
      The solid was filtered, washed with H.sub.2 O and recrystallized from
      CH.sub.3 CN (.times.2) to afford the title compound (1.5 g, 43%), mp
      196.degree.-198.degree..
PAR  Anal. Calcd for C.sub.20 H.sub.23 ClF.sub.6 N.sub.2 O: C, 52.58; H, 5.07;
      F, 24.95; N, 6.13. Found: C, 52.85; H, 5.12; F, 24.66; N, 6.42.
PAR  The following Table illustrates the antimalarial activity of the compounds
      of the present invention set forth in Examples I to X. These compounds are
      distinguished in that they produce cures in mice against P. berghei.
PAC  TABLE I
PAC  2-(2, 3 or 4-Trifluoromethylphenyl)-6-Trifluoromethyl-4-Pyridine methanols
      ##SPC4##
TBL         Position of           Rane Data .DELTA..sup.(a) MST, Days at MPK   
            CF.sub.3              C = Cure, A = Active(Alive Day 14)           
     Examples                                                                  
            on Phenyl                                                          
                    R.sub.1                                                    
                           R.sub.2                                             
                                  5    10    20    40    80                    
     __________________________________________________________________________
     I      4-      H      1-Butyl                                             
                                  4.7  8.7   14.1  3C    4C                    
     II     4-      H      4-Heptyl                                            
                                  3.3  7.9   3C    5C    5C                    
     III    4-      1-Butyl                                                    
                           1-Butyl     3.8   11.5  3C    5C                    
     IV     2-      H      1-Butyl     1.0    6.8  13.3  3C                    
     V      2-      1-Butyl                                                    
                           1-Butyl                                             
                                  Inactive at low dosages, active              
                                    at 640 MPK                                 
     VI     3-      1-Butyl                                                    
                           1-Butyl     2.9    7.7  14.1  3C                    
     VII    4-      Isopentyl                                                  
                           Isopentyl          3.7  5A    5A                    
     VIII   4-      .alpha.-Pip, rac A (R.sub.1 +R.sub.2)                      
                                       0.3   10.9  5C    5C                    
     IX     4-      .alpha.-Pip, rac B (R.sub.1 + R.sub.2)                     
                                  0.5  11.7  5C    5C    5C                    
     X      4-      H      3-Pentyl                14.3                        
     __________________________________________________________________________
PAL  a. Test method described by T. S. Osdene, P. B. Russell, and L. Rane, J.
      Med. Chem., 10, 431 (1967). This test has been made as a highly
      standardized procedure in which the P. berghei causes death of control
      mice at essentially 6.2 days. An increase in survival of mice by more than
      2.5 days beyond this time has been found to be statistically significant.
      Mice which live more than 60 days are regarded as cured (C). Drugs which
      prolong the life of the mice beyond 14 days are considered active (A).
      Groups of five mice have been used at each dose level of the drugs.
CLMS
STM  We claim:
NUM  1.
PAR  1. Compound of the formula
      ##SPC5##
PAL  and pharmaceutically acid addition salts thereof wherein
PA1  R is hydrogen, while
PA2  R.sub.1 is hydrogen,lower-alkyl, or cycloalkyl of 3 to 10 carbon atoms
PA2  R.sub.2 is lower-alkyl or cycloalkyl of 3 to 10 carbon atoms,R.sub.2 being
      the same or different as R.sub.1 ; and
PA1  (Ar).sub.2 is phenyl substituted by one trifluoromethyl,
PAL  chloro, bromo, fluoro or methoxy substituent in the phenyl ring.
NUM  2.
PAR  2. The compound according to claim 1 wherein (Ar).sub.2 is the
      trifluoromethyl substituted phenyl group.
NUM  3.
PAR  3. The compound of claim 1,
      2-(4-trifluoromethylphenyl)-6-trifluoromethyl-4-alpha-(n-butylamino)methyl
     pyridine carbinol and pharmaceutically acceptable acid addition salts
      thereof.
NUM  4.
PAR  4. The compound of claim 1,
      2-(4-trifluoromethylphenyl)-6-trifluoromethyl-4-alpha-(4-heptylamino)methy
     l pyridine carbinol and pharmaceutically acceptable acid addition salts
      thereof.
NUM  5.
PAR  5. The compound of claim 1,
      2-(4-trifluoromethylphenyl)-6-trifluoromethyl-4-alpha-(di-n-butylamino)met
     hyl pyridine carbinol and pharmaceutically acceptable acid addition salts
      thereof.
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ABST
PAL  High polyacrylonitrile polymers containing at least 85 percent
      acrylonitrile can be melt extruded into useful shaped articles when
      plasticized with a plasticizing system comprising a low boiling
      acetonitrile fraction and a high boiling fraction capable of plasticizing
      the polyacrylonitrile at extrusion temperatures.
PARN
PAR  This a continuation of application Ser. No. 122,249, filed March 8, 1971,
      now abandoned.
BSUM
PAR  The present invention relates to acrylonitrile polymer compositions and a
      method for melt extruding polyacrylonitrile compositions. More
      particularly, the invention relates to plasticized polyacrylonitrile melts
      containing acrylonitrile polymers of at least 85 percent acrylonitrile
      content and a plasticizing system comprising a particular combination of
      solvents enabling melt phase extrusion of high acrylonitrile polymers
      through conventional film and filament extruders at temperatures at which
      reasonable extrusion rates and adequate draw-down ratios are obtainable
      without causing polymer degradation. The polymeric shaped articles,
      particularly films and fibers, prepared according to the present invention
      do not require post-extrusion washing for solvent removal, are free of
      discoloration and undesired void formation and can be melt phase
      attenuated and fibrillated where desired into useful textile materials.
PAR  Polyacrylonitrile polymers of high acrylonitrile content in which at least
      85 percent by weight of the polymer is acrylonitrile have been known for
      some time. These polymers, possessing the necessary characteristics for
      producing shaped articles having excellent physical properties have been
      dry and wet spun from solutions having a polymer concentration up to about
      25 to 40 percent. Conventional spinning technology, and particularly dry
      spinning, has utilized relatively high boiling solvents (boiling above
      about 100.degree. C) for forming spinnable dopes of high acrylonitrile
      polymers. The prime disadvantage inherent in such systems is the necessity
      of a time-consuming and costly post-extrusion washing step to remove
      adhered solvent from the filament.
PAR  The formation of shaped articles by a pure melt extrusion process, that is
      a process in which the polymer is extruded in the melt phase into an inert
      medium as opposed to dry and wet methods in which a solution of the
      polymer is being extruded, is exceedingly difficult with polyacrylonitrile
      polymers containing at least 85 percent acrylonitrile by weight because
      they cannot be melted as such without polymer decomposition.
PAR  It has been suggested in the prior art to plasticize polyacrylonitrile in
      order to obtain sufficient fluidity for melt extrusion with the high
      boiling solvents used in solution spinning methods. However, these systems
      have been unsuccessful commerically due to the poor physical properties of
      the extruded articles and the fact that such systems do not alleviate the
      problem of solvent removal. Specifically, melt extruded filaments have
      been weak, probably due to polymer degradation, with tenacities rendering
      them unsuitable for textile uses, have contained undesired voids and
      polymeric gel particles and have been discolored due to polymer
      degradation. The later defect is particularly pronounced when conventional
      high boiling solvent systems are employed for melt extrusion of acrylic
      films. The film emerges discolored and non-uniform because of polymer
      degradation occuring in the extruder at the high temperatures required to
      maintain sufficient fluidity of the polymer for melt extrusion and
      attenuation. Overall, the high boiling solvent melt extrusion process is
      of a discontinuous nature with poor yarn and filament uniformity.
PAR  Therefore, it is an object of the present invention to provide extrudable
      melt compositions of acrylonitrile polymers of at least 85 percent
      acrylonitrile content and a process for melt extrusion thereof through
      conventional film and filament extruders at high rates under continuous
      operations while maintaining sufficient polymer fluidity both throughout
      the extruder at temperatures below the degradation point of the polymer
      and also in the extrudate for adequate hot melt attenuation into
      transparent, and where desired, void-free filament and film products. It
      is another object of the present invention to provide high acrylonitrile
      melt compositions and a process for melt extrusion thereof which do not
      require costly and time-consuming post extrusion washing steps for solvent
      removal. It is still another object of the present invention to provide
      polyacrylonitrile feed compositions, particularly of high
      polyacrylonitrile content, which may be melt extruded and subsequently
      converted by continuous operations into yarn-like textile products by
      either foam and/or mechanical fibrillation techniques.
PAR  These and other objects of this invention will be obvious to those skilled
      in the art from the detailed description of the invention hereinafter.
PAC  THE INVENTION
PAR  In accordance with the present invention, there are provided homogenous
      polyacrylonitrile compositions for melt extrusion containing at least 50
      percent by weight high acrylonitrile polymer admixed with a plasticizing
      mixture comprising 40 to 70 percent by weight of a low boiling
      acetonitrile fraction and 60 to 30 percent by weight of a compatible high
      boiling liquid fraction capable of solely plasticizing high acrylonitrle
      polymers at extrusion temperatures following dissipation of the
      acetonitrile fraction. This plasticizing system enables continuous, high
      speed melt extrusion of high acrylonitrile polymers at a temperature above
      the gelling temperature but below the degradation temperature of the
      acrylonitrile polymer into continuous, uniform, undegraded filaments and
      films which retain sufficient fluidity at extrusion temperature to be
      drawn down at least 105 percent, although usually at least 300 to 500
      percent, during a take-up rate of at least 3 meters/minute. The relatively
      low boiling plasticizing component is selected from acetonitrile and
      acetonitrile-water mixtures containing up to about 35 percent water while
      the high boiling compatible plasticizer is selected from compounds and
      mixtures of two or more compounds enabling continuous extrusion of
      coherent, undegraded high polyacrylonitrile film and filaments, following
      volatilization of the low boiler in the extruder, at an extrusion
      temperature between about 75 to 200 degrees centigrade under applied
      operating pressures of about 50 to 15,000 psig, and through a shaped
      orifice having a minimum cross-sectional area of about 0.005 sq. in. (50
      micron diameter spinnerettes for filament extrusion) with a throughput
      rate of at least 2 grams/minute for films (0.05 grams/minute/hole for
      filament extrusion,) said extrudate having an immediate inherent
      post-extruder apparent melt viscosity of about 10.sup.4 to 10.sup.6 poise,
      corresponding to a pre-die viscosity of about 10.sup.3 to 10.sup.5 poise,
      permitting a draw down of at least 105 percent, usually 300 to 500 percent
      into a shaped article possessing a tensile strength of at least 0.3 grams
      per denier.
PAR  The employment of the above-disclosed solvent system for melt extrusion of
      polyacrylonitrile films and filaments results in advantages not found in
      prior art methods. The hot melt may be extruded through conventional screw
      extruders terminating in circular or flat film dies or spinnerettes
      without polymer degradation or discoloration of the extrudate. The
      extrudate may be attenuated and oriented to prepare filaments and films of
      acrylonitrile polymers, the film possessing the inherent characteristics
      and properties required for fibrillation. The fibrillated yarns obtained
      may be employed in various end-use application, for example as carpet
      yarns. The filaments obtained may also be employed in various end-use
      applications, for example, to prepare knitted and woven textile products.
PAR  During extrusion and attenuation, the organic solvents spontaneously
      evaporate, thus eliminating washing steps. By a judicious selection of
      plasticizing solvents and regulation of the temperature of extrusion, a
      foamed film may be prepared containing a plurality of voids facilitating
      the subsequent mechanical fibrillation of the extrudate. These and
      numerous other advantages of the invention will become apparent to those
      skilled in the art from the further description of the invention which
      follows.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present invention is directed to melt compositions of high
      acrylonitrile polymers containing at least 85 percent acrylonitrile
      homogeneously admixed with a low boiling plasticizer which, in combination
      with a compatible high boiling plasticizer, is capable of maintaining
      sufficient melt fluidity throughout the entire length of the extruder and,
      further, of plasticizing the extrudate to allow high speed drawing of the
      hot melt. During melt phase attenuation, the extrudate is capable of being
      drawn down at least 105 to 500 percent at a take-up of a least 3
      meters/minute.
PAR  The compositions of the present invention may be melt extruded through
      conventional film dies and spinnerettes of various cross-sectional
      configurations. Spinnerettes capable of being used to practice the
      invention will have diameters of about 50-200 microns and may be circular,
      cruciform and the like. Film forming dies used for extrusion of the
      plasticized polyacrylonitrile melt will, of course, be of a larger
      cross-sectional area and may be circular or flat.
PAR  As referred to herein, polyacrylonitrile polymers of high acrylonitrile
      content contain at least 85 percent acrylonitrile. These high
      acrylonitrile polymers can be acrylonitrile homopolymers as well as
      copolymers of two or more monomers wherein up to about 15 percent of the
      polymer can be another ethylenically unsaturated compound copolymerizable
      with acrylonitrile. Such material can be monomers or polymers which are
      copolymerizable with the acrylonitrile and add to, modify and/or enhance
      certain characteristics of the acrylic polymer. Often the material
      copolymerizable with the acrylonitrile contains a chemical group which
      increases the basic dyeability of the resulting polymer. Such dye
      enhancing compounds normally contain a sulfur or phosphorous group in the
      ethylenically unsaturated chemical entity copolymerizable with the
      acrylonitrile. Typically, such sulfur or phosphorous-containing compounds
      are added in an amount of about 0.1 to about 5 percent by weight of the
      total polymer composition while the other modifying substance, if any, is
      used in an amount up to about 15 percent. Typical ethylenically
      unsaturated monomers copolymerized with acrylonitrile are methylacrylate,
      methallyl alcohol, vinylidene cyanide, styrene sulfonic acid materials,
      sodium methallyl sulfonate, mixtures and partial polymers thereof and the
      like well known to those skilled in the art. Similarly, acid dyeability
      may be imparted by use of nitrogen-containing comonomers such as
      allylamide. The polymers are polymerized by conventional methods well
      known in the art.
PAR  The polymers, for hot melt extrusion to prepare filaments and films capable
      of conversion into fibrillated yarn, are preferably polymerized to an
      inherent viscosity of about 1.4 to 1.6 and more preferably about 1.5 as
      measured in dimethyl formamide solvent at 0.1 percent concentration at
      25.degree. C. Of course, higher I.V.s can be used but they result in high
      viscosities for a given solvent concentration and may result in a
      reduction in certain desirable properties, including fibrillation.
PAR  In most instances wherein the present compositions are most desirably used,
      feeds having an initial polymer solids concentration in the range of about
      50 to 85 percent by weight are preferred. In particular, extruder feeds of
      a solids conent of about 55 to 60 percent enable the extrusion of
      polyacrylonitrile fialments and films, having superior physical
      properties, the films being fibrillatable.
PAR  The present solvent system, in contradistinction to the prior art solvent
      systems employed for solution spinning high polyacrylonitriles, should
      contain a relatively high boiling plasticizer in addition to a low boiling
      component. The plasticizing system plasticizes polyacrylonitrile polymers,
      including those of a high acrylonitrile content, sufficiently to enable
      hot melt extrusion through conventional screw extruders to form drawable
      polyacrylonitrile filaments and films.
PAR  As stated hereinbefore, acrylonitrile polymers cannot be melt extruded as
      such from conventional extruders because they are intractable and
      decompose rapdily at their melting temperature of about 200.degree. C.
      Solutions of polyacrylonitrile polymers suitable for wet and dry spinning
      of acrylonitrile fibers and particularly high polyacrylonitrile polymers
      of at least 85 percent acrylonitrle content may be prepared using low
      boiling solvent systems (boiling below about 100.degree. C) such as
      acetonitrile and acetonitrile-water mixtures at viscosities and solids
      content suitable for extrusion through spinnerettes with simultaneous
      evaporation of the solvent system.
PAR  As disclosed in said copending applications acetonitrile depresses the
      melting temperature of high acrylonitrile polymers forming a stable
      solution spinning dope therewith below the boiling point of the
      acetonitrile, that is, below about 100.degree. C. However, the use of such
      low boiling solvents as plasticizers in the hot melt extrusion of high
      solids content acrylonitrile polymer compositions containing over 50
      percent by weight high acrylic polymer through conventional film and
      filament forming dies causes extruder stoppage and issuance of a
      discontinuous non-uniform extrudate. The acrylonitrile polymer slowly
      solidifies inside the die because of the rapid loss of low boiling
      plasticizer as the melt approaches the die exit. Obviously, time consumed
      in cleaning and restarting such a system is economically unfeasible.
PAR  As stated hereinbefore, if a high boiling solvent such as those previously
      used in the art in melt spinning of such acrylonitrile polymers, such as
      gamma-butyrolactone, dimethyl formamide and the cyclic carbonates, is
      employed as the sole plasticizer in the melt extrusion of high
      acrylonitrile polymers through conventional screw extruders, barrel
      temperatures at which acrylonitrile polymers decompose are often
      necessary. Additionally, polymeric gel particles begin to appear in the
      extruded films and filaments, limiting their applicability in fibrillation
      and other conversion processes.
PAR  From the above, it is readily apparent that although dry and wet solution
      spinning technology is not particularly useful for devising plasticizing
      systems possessing the necessary properties to render high acrylonitrile
      polymers sufficiently fluid during a true melt extrusion process at
      operating temperatures which will not result in polymer degradation while
      also maintaining the viscosity of the coherent extrudate sufficiently low
      for good hot melt attenuation, it would be highly desirous to be able to
      retain the advantages inherent in the low boiling dry and wet solvent
      systems in a true melt extrusion process, a further important object of
      the present invention.
PAR  The plasticizing solvent sysem of the present invention, in combining the
      low boiling acetonitrile with a high boiling plasticizer, permits
      continuous extrusion from conventional equipment under temperatures and
      pressures at which there is no polymer degradation to form, for example,
      polyacrylonitrile films which can be subsequently oriented and fibrillated
      into textile yarns.
PAR  The low boiling fraction of the plasticizing mixture is selected from
      acetonitrile and acetonitrile-water mixtures. The water aids in depressing
      the initial solution temperature of the polymer as well as lowering the
      gel temperature of the final solution. The boiling point of acetonitrile
      is about 82 degrees centigrade and the azeotrope of 15 percent water boils
      at about 76 degrees centigrade. However, it should be borne in mind that
      the terms "low boiling solvent," "acetonitrile solvent" and the like as
      used herein and in the appended claims include 100 percent acetonitrile as
      well as acetonitrile-water mixtures.
PAR  The low boiling component will generally comprise about 40 to 70 weight
      percent of the total plasticizing system and will contain up to about 35
      weight percent and preferably about 10 to 20 weight percent water, the
      balance being acetonitrile.
PAR  The high boiling component is selected from compounds which plasticize the
      particular acrylonitrile polymer at extrusion temperatures as well as in
      the extruder during and after volatilization of the low boiler.
      Preferably, the high boiler will have a boiling point of about the
      temperature in the die end of the extruder or, correspondingly, the film
      will be extruded at about the vaporization temperature of the high boiling
      component. A judicious selection of process conditions and especially
      extrusion temperatures in film extrusion will thus permit where desired
      the production of a foamed extrudate containing a plurality of minute air
      spaces, the high boiling plasticizer functioning as a blowing agent in
      addition to its plasticizing and solvating functions. In this aspect of
      the invention, which may be considered as a preferred embodiment, the
      foaming extrudate will quickly and readily fibrillate. If not fibrillated
      as extruded, the material may be fibrillated following an initial drawing
      and orientation process by mechanical means known in the art, the
      extrudate containing numerous air spaces which will be accenutated during
      stretching and mechanical working resulting in fibril formation. In either
      case, the fibrillated product is characterized by the substantial absence
      of trapezoidal fibril cross-sections. Instead, the fibrils of the present
      invention are characterized by a rounded profile with the substantial
      absence of flat or planar surfaces. Thus the term "high boiling solvent
      component" and the like as used herein and in the appended claims refers
      to compounds and mixtures of two or more compounds compatible with the low
      boiling solvent component and possessing the requiste physical and
      chemical properties to act as a post-extruder plasticizer for the
      particular acrylonitrile polymer as described hereinafter, as well as a
      plasticizer during its passage through the hottest parts of the extruder
      and die following substantially complete dissipation of the low boiling
      plasticizer from the melt.
PAR  Considering the high boiler in greater detail, a determination of specific
      extrudate properties required under minimum operating conditions of
      temperature, pressure, running speed and die cross-sectional area for the
      extrusion of an undegraded, coherent, uniform continuous extrudate free of
      undesired void and gel formation and having a minimum distensibility and
      tensile strength allows the selection of a compatible high boiling
      plasticizer. As the extrudate emerges from the die head, the
      polyacrylonitrile would solidify into a brittle intractable mass in the
      absence of the high boiler. It has been found that when the immediate
      post-extruder apparent melt viscosity is about 10.sup.4 to 10.sup.6 poise,
      or preferably 10.sup.5 poise, the extrudate can be subjected to a hot draw
      down of at least 105 to 500 percent without causing any significant amount
      of polymer orientation. Therefore, the high boiler supplies sufficient
      distensibility and flexibility to the high acrylonitrile polymer at an
      extrusion temperature in the range of about 75.degree. to 200.degree. C,
      under operating pressures in the range of about 50 to 15,000 psig with a
      throughput rate of at least 2 grams/minute, and through a shaped orifice
      having a minimum cross-sectional area of 0.005 square inch to form an
      extrudate having an immediate inherent post-extruder apparent melt
      viscosity of about 10.sup.4 to 10.sup.6 which can be drawn at least 105 to
      500 percent into a coherent, unoriented article at a take-up speed of at
      least 3 meters/minute possessing a tensile strength of at least 3 grams
      per denier.
PAR  In the preferred embodiments of the invention the high boiling plasticizer
      is selected from compounds and mixtures of two or more compounds which are
      volatile organic solvents for high acrylonitrile polymers having boiling
      points above the dissipation point of acetonitrile or acetonitrile-water
      solvent, that is, above about 75.degree. to 100.degree.C. As examples of
      such high boiling organic solvents, there may be mentioned cyclic-organic
      esters containing from 3 to 5 carbon atoms, such as cyclic ethylene
      carbonate, cyclic propylene carbonate, methylethylene carbonate,
      chloromethylethylene carbonate, ethylethylene carbonate, tetramethylene
      carbonate, gamma-butyrolactone, delta-valerolactone, and
      gamma-valerolactone; N-acetyl morpholine, cyclic tetramethylene sulfone,
      N,N-dimethyl formamide, ethylene sulfite, N,N-dimethyl hydroxyacetamide,
      N,N-dimethyl methoxyacetamide, N-formyl hexamethylene imine, p-phenylene
      diamine, m- and p- nitrophenol, succinonitrile, glycolonitrile, succinic
      anhydride, diglycolic ahydride, N,N'-diformylpiperazine and mixtures
      thereof.
PAR  Of the above solvents, excellent melt spinnability is particularly achieved
      with the lactones, preferably gamma-butyrolactone, in combination with
      acetonitrile-water. The ternary plasticizer enables the attainment of
      spinning speeds higher than those possible with solution dopes at low
      solvent levels. The high boiling plasticizer in this aspect of the
      invention is an organic compound which at higher concentrations would
      dissolve acrylonitrile polymers of at least 85 percent acrylonitrile
      content and, although highly volatile at extrusion temperature, is not
      substantially dissipated prior thereto.
PAR  The plasticizer-solvent mixture will generally comprise about 15 to 50
      weight percent of the total melt and, preferably, about 40 weight percent.
      With high polyacrylonitrile polymers, there should be about 60 weight
      percent polymer and about 40 weight percent solvent for optimal processing
      conditions to form a homogeneous melt for film and filament extrusion.
PAR  To illustrate a preferred composition of the present invention for use with
      a high polyacrylonitrile polymer, the plasticizing solvent, forming 40
      weight percent of the total melt, would consist of 50 weight percent high
      boiling, volatile organic solvent, 42 weight percent acetonitrile and 8
      weight percent water.
PAR  To form the homogeneous melt to be metered to the extruder, temperatures in
      excess of the boiling temperature of acetonitrile are used, particularly
      for the more difficultly soluble acrylonitrile polymers. Therefore, the
      melt blending process is operated under super-atmospheric pressure which
      can be an applied pressure or the vapor pressure of the acetonitrile
      and/or water developed autogeneously at the elevated temperature. The
      pressure use is preferably that required to maintain the solvent in
      primarily the liquid phase at the initial blending temperature. This
      pressure increases with temperature and is in an amount of about 30 to 40
      pounds per square inch gauge at about 100.degree. C. Thus, the initial
      blending step is preferably conducted in a pressure unit or sealed system
      to prevent the escape of the acetonitrile vapors and to maintain the
      acetonitrile in the liquid phase.
PAR  Having reached the blending temperature, which will vary with the
      proportions of acetonitrile, water and the particular acrylonitrile
      polymer within the range of about 80.degree. up to about 160.degree. C,
      the temperature of the composition can be reduced to the desired holding
      temperature, spinning temperature or molding temperature. The homogeneous
      composition gels on reducing to a temperature below about 80.degree. C,
      again depending on the particular composition and proportions. Thus, the
      composition can be cooled and retained in a gelled state for storage or
      shipment and/or maintained in the temperature range of about 80 up to
      below the degradation temperature of the polymer. The present compositions
      are remarkably stable to prolonged heating. The high boiling plasticizer
      may be incorporated into the blend during or subsequent to the addition of
      the acetonitrile plasticizing fraction. In the later instance, high speed
      mixing is generally required to assure homogeneity and uniform,
      reproducible extrudates. The preformed polyacrylonitrile-acetonitrile
      fraction blend along with the high boiler is charged to a beater-type
      mixer for a period of about 20 to 40 minutes. Preferably and especially
      with the more difficultly soluble high acrylonitrile polymers, the mixing
      should occur at a slightly elevated temperature e.g., 75.degree. to
      85.degree. C. Lower mixing temperatures and shorter times do not result in
      adequate homogeneity of ingredients for continuous, high speed melt
      extrusion. On the other hand, longer mixing cycles and higher temperatures
      tend to produce polymer degradation and discoloration in the extrudate.
      The melt is then fed under positive pressure by the metering pump to the
      extruder because of the viscous nature of the plasticized acrylonitrile.
      Depending upon number and cross-sectional orifice area, which should be to
      about 0.005 square inch for continuous, uniform extrusion, positive
      pressures up to 12,,000 to 15,000 pounds per square inch may be required.
      Normally applied extrusion pressures of the order of 175 to 1000 pounds
      per square inch are preferred and pressures as low as 50 pounds per square
      inch are adequate with larger cross-sectional film dies.
PAR  Extrusion temperatures will vary from the gelation temperature of the
      polymer up to its degradation point, about 230 degrees centigrade with
      polyacrylonitrile. Preferably, temperature in the die will be below
      200.degree.C, ie., 75.degree. to 200.degree.C. At temperatures above about
      200.degree. to 210.degree. C the likelihood of polymer degradation
      increases. On the other hand, with extrusion temperatures below about
      75.degree. C, the polymer begins to gel, clogging the extruder.
PAR  The present invention eliminates the problems existent in true melt
      extrusion of high acrylonitrile polymers by the provision of a binary
      plasticizing system comprising relatively low boiling and high boiling
      fractions. Polymer degradation is non-existent with the employment of the
      acetonitrile plasticizer which lowers the initial melting point of the
      acrylonitrile polymer sufficiently to permit homogeneous blending
      substantially below the polymer decomposition temperature while also
      reducing the percentage of higher boiling plasticizer required in the
      melt. The low concentration of high boiling plasticizer is particularly
      advantageous in eliminating the prior art necessity of post-extrusion
      washing steps. While prior art methods require at least 40 percent high
      boiling plasticizer necessitating post-extruder solvent removal, the melts
      of the present invention, containing on the average 20 percent, based on
      total melt weight of high boiler need not be washed. The amount of high
      boiler adhered to the extrudate dissipates during extrudate attenuation
      and, in fact it is only that concentration of high boiler necessary for
      maintenance of initial post-extruder apparent melt viscosity lower than
      10.sup.5 poise, permitting adequate fluidity for good melt attenuation of
      at least 500 percent, which need be included in the plasticizing system.
PAR  The invention will be more fully described by reference to the following
      examples which illustrate certain preferred embodiments of the present
      invention. Unless otherwise indicated, all temperatures are in degrees
      centigrade and all parts are by weight in the examples and appended
      claims.
PAC  EXAMPLE I
PAR  In accordance with the invention, 60 parts of an acrylonitrile copolymer
      containing about 88 percent acrylonitrile and about 12 percent
      methylacrylate polymerized to an intrinsic viscosity of 1.4 was
      plasticized to form a homogeneous mixture for film extrusion by admixture
      in a beater-type mixer at 25.degree.C with 40 parts of a plasticizer
      composed of 50 percent gamma-butyrolactone, 42 percent acetonitrile and 8
      percent water. The melt is extruded through a conventional screw extruder
      having a 24 inch barrel terminating in a film die one inch by 0.020 inch
      under a positive pressure of about 75 pounds/square inch. With a die head
      temperature in the range of about 125.degree. lto 150.degree. a
      continuous, void free, transparent slightly yellowish film having an
      initial intrinsic apparent melt viscosity of 1.2 emerges from the die.
      Subsequent to extrusion, the film is continuously hot attenuated and drawn
      beyond 250 percent over a hot shoe at a takeup speed of 6.5 meters/minute.
      The temperatures in the three heating zones of the extruder between input
      and die are 80.degree.C, 115.degree. C and 140.degree. C. The film has a
      tensile strength of 0.5 grams per denier.
PAC  EXAMPLE II
PAR  Example I is repeated with a die head temperature in the range of about
      175.degree. to 200.degree. resulting in the extrusion of a continuous,
      slightly yellowish, foamed film having an initial intrinsic apparent melt
      viscosity of 1.2. The foaming effect apparent at the higher extrusion
      temperatures is due to vaporization of gamma-butyrolactone as the film
      emerges from the die. The film is taken up at a speed of 7 meters per
      minute following a 250 percent hot draw. The film has a tensile strength
      of 0.6 grams per denier and may be readily fibrillated.
PAC  EXAMPLE III
PAR  Sixty-eight parts of the polymer of Example I admixed with 32 parts of
      gamma-butyrolactone is extruded through the extruder, used in Example I.
      All temperature zones in the extruder, including the die head, must be
      maintained at at least 190.degree. C to prevent plugging. The extruded
      film contains many solid imbedded polymer particles and can not be hot
      drawn over 200 percent.
PAC  EXAMPLE IV
PAR  Sixty parts of the polymer of Example I admixed with 40 parts plasticizer
      consisting of 84 percent acetonitrile and 16 percent water is continuously
      fed to a screw extruder terminating in a 1/8 inch pellet die held at
      80.degree. C. The extrudate gels immediately upon emerging from the die
      lips forming a clear, spherical mass which cannot be hot drawn. When the
      melt temperature is raised to 100.degree.C, a foamed monofilament is
      extruded which cannot be hot drawn into a coherent filament.
PAR  The products of Examples III and IV exhibit lower tensile strength and
      higher apparent melt viscosities than those required for good hot melt
      attenuation as described hereinbefore.
PAC  EXAMPLE V
PAR  According to the procedure of Example I, acrylic filaments are extruded
      when a spinnerette having 12 circular holes 0.004 inch in diameter and
      1/32 inch in thickness is substituted for the film die of Example I. Due
      to the small cross-sectional area, greater pressures are required.
PAR  The multi-filament yarn having an initial apparent melt viscosity within
      the range specified above is drawn over a hot shoe to form a tenacious
      yarn having excellent physical properties.
PAR  In a like manner, other high boiling plasticizers, such as dimethyl
      formamide, N-acetyl morpholine, delta-valerolactone, cyclic propylene
      carbonate and the like are substituted for the gamma-butyrolactone with
      correspondingly good results. Comparable results are achieved when
      homopolymers of acrylonitrile and other acrylic copolymers containing at
      least 85 percent by weight acrylonitrile copolymerized with one or more
      copolymerizable ethylenically unsaturated monomers are plasticized
      according to the present invention and extruded into acrylonitrile films
      and filaments. In particular, terpolymers and polymers containing a sulfur
      or phosphorous group in the ethylenically unsaturated material are used
      with correspondingly good results. If desired, conventional foaming or
      blowing agents may be included in the feed.
PAR  The films, where initially foamed, produced from the compositions of the
      present invention may be subjected to further fibrillation according to
      mechanical procedures known in the art. For instance, following void
      formation, the foamed extrudate may be oriented and fibrillated by passage
      through air jets or a tortuous path.
PAR  While there have been described various embodiments of the present
      invention, the methods and elements described herein are not intended to
      be understood as limiting the scope of the invention as it is realized
      that changes therein are possible. It is intended that each element of the
      invention is to be understood as referring to all equivalent elements for
      accomplishing substantially the same results in substantially the same or
      equivalent manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polyacrylonitrile composition for melt extrusion consisting
      essentially of at least 50 weight percent of a high acrylonitrile polymer
      containing at least 85 percent polymerized units from acrylonitrile
      admixed with a plasticizing amount of a plasticizing system of about 40 to
      70 weight percent low boiling acetonitrile fraction, said acetonitrile
      fraction consisting essentially of acetonitrile-water mixtures containing
      up to about 35 percent water and about 60 to 30 percent high boiling
      compatible plasticizer, said compatible plasticizer consisting essentially
      of a cyclic-organic ester containing from 3 to 5 carbon atoms and enabling
      continuous melt extrusion of coherent, undegraded shaped articles at a
      feed rate of at least 0.05 grams per minute per die orifice, said orifice
      having a transverse cross-sectional area of to about 0.005 square inch, at
      temperatures and pressures of about 75.degree. to 200.degree. C and 50 to
      15,000 pounds per square inch guage, said shaped articles being
      characterized by an apparent melt viscosity of about 10.sup.4 to 10.sup.6
      poise enabling a draw down of at least 105 to 500 percent during an uptake
      of at least 3 meters per minute.
NUM  2.
PAR  2. The composition of claim 1 wherein the acetonitrile fraction contains
      about 10 to 20 percent water.
NUM  3.
PAR  3. The composition of claim 1 wherein the cyclic organic ester is
      gamma-butyrolactone.
NUM  4.
PAR  4. The composition of claim 1 wherein said acrylonitrile polymer contains
      up to about 15 weight percent copolymerized methylacrylate.
NUM  5.
PAR  5. A polyacrylonitrile composition for melt extrusion consisting
      essentially of a homogeneous mixture containing about 50 to 85 weight
      percent high acrylonitrile polymer, about 4.5 to 30 weight percent
      gamma-butyrolactone, about 6 to 35 weight percent acetonitrile and up to
      12 weight percent water.
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ABST
PAL  The present invention relates to pharmacologically valuable new derivatives
      of 1-phenoxy-3-amino-propane-2-ol and process for their production. The
      new derivatives of 1-phenoxy-3-amino-propane-2-ol are suitable for the
      treatment and prophylaxis of diseases of the heart. Some possess
      pronounced .beta.-adrenalytic or anti-arythmic properties. These new
      derivatives have the structural formula
      ##SPC1##
PAL  Wherein X signifies
      ##SPC2##
PAL  And the phenyl nucleus I may be mono-, di- or trisubstituted by alkyl,
      alkenyl, alkinyl, cycloalkyl, cycloalkenyl, alkoxy, alkenyloxy, phenyl,
      halogen or the radical --NR.sub.1 R.sub.2, in which R.sub.1 stands for
      alkyl or acyl and R.sub.2 for hydrogen or alkyl, together with their
      aldehyde condensation products and their acid addition salts.
BSUM
PAR  The invention relates to new pharmacologically valuable derivatives of
      1-phenoxy-5-amino-propane-2-ol of the general formula I
      ##SPC3##
PAL  wherein X signifies
      ##SPC4##
      ##SPC5##
PAL  And the phenyl nucleus I may be mono-, di- or trisubstituted by alkyl,
      alkenyl, alkinyl, cycloalkyl, cycloalkenyl, alkoxy, alkenyloxy,
      alkinyloxy, phenyl, halogen, or the radical --NR.sub.1 R.sub.2, in which
      R.sub.1 stands for alkyl or acyl and R.sub.2 for hydrogen or alkyl,
      together with their aldehyde condensation products and acid addition
      salts. The substituents of the phenyl nucleus I if more than one in number
      may be the same or different.
PAR  The invention also extends to processes for the production of the above
      compounds and to pharmaceutical preparations containing them.
PAR  Compounds of the invention in which X represents
      ##SPC6##
PAL  Are preferred.
PAR  Within the scope of the present invention, the compounds of the general
      formula I are also understood to include possible stereoisomers and
      optically active compounds and mixtures thereof, particularly the
      racemate.
PAR  Preferred substituents for the phenyl nucleau I are
PAR  ALKYL WITH 1 TO 4 CARBON ATOMS, FOR EXAMPLE METHYL, ETHYL, PROPYL, TERT.
      BUTYL;
PAR  Alkenyl with up to 6 carbon atoms, preferably vinyl, allyl, methallyl,
      crotyl;
PAR  ALKINYL WITH UP TO 6 CARBON ATOMS, FOR EXAMPLE PROPARGYL;
PAR  CYCLOALKYL WITH A RING SIZE OF 5 TO 8 CARBON ATOMS, PREFERABLY CYCLOPENTYL
      AND CYCLOHEXYL;
PAR  CYCLOALKENYL WITH A RING SIZE OF 5 TO 8 CARBON ATOMS, PREFERABLY
      CYCLOPENTENYL;
PAR  ALKOXY, ALKENYLOXY, AND ALKINYLOXY CONTAINING IN EACH CASE UP TO FIVE
      CARBON ATOMS, PREFERABLY METHOXY, ETHOXY, PROPOXY, BUTOXY, ALLYLOXY,
      METHALLYLOXY, PROPARGYLOXY;
PAR  HALOGEN, PARTICULARLY BROMINE OR CHLORINE;
PAR  THE RADICAL --NR.sub.1 R.sub.2, wherein R.sub.1 stands for an alkyl radical
      having 1 to 2 carbon atoms, or an acyl containing up to 11 carbon atoms,
      and R.sub.2 stands for hydrogen or alkyl having 1 or 2 carbon atoms.
      R.sub.1 when an acyl radical is preferably an aryl or alkyl substituted
      carbonyl radical containing up to 11 carbon atoms which is derived from an
      aromatic or aliphatic carboxylic acid, for example formyl, acetyl,
      propionyl, butyryl, benzoyl, naphthoyl, phenylacetyl, or preferably acetyl
      or benzoyl.
PAR  The aldehyde condensation product of the compounds of the general formula I
      are oxazolidines of the formula Ic
      ##SPC7##
PAL  which are formed on the condensation of compounds of the general formula I
      with an aldehyde of the formula
EQU  R.sub.3 -- CHO
PAL  in which R.sub.3 represents hydrogen or an alkyl radical containing up to 4
      carbon atoms.
PAR  Inorganic and organic acids are suitable for forming acid addition salts
      with the compounds of the general formula I. Suitable acids are for
      example hydrogen chloride, hydrogen bromide, phosphoric, sulphuric,
      oxalic, lactic, tartaric, acetic, salicylic, benzoic, citric, or adipic
      acid. Pharmaceutically acceptable acid addition salts are preferred.
PAR  Compounds of the general formula I may for example be prepared by the
      processes described below, while the phenyl nuclei I of the following
      structural formulae may in each case be substituted as indicated above in
      the general formula I.
PAC  Process A
PAR  A 1-phenoxy-3-amino-propane-2-ol of the general formula II is reacted with
      a compound of the general formula III to form a compound I according to
      the invention:
      ##SPC8##
PAR  In this formula X has the meaning already indicated and Y indicates
      halogen, preferably chlorine or bromine, or, when X stands for
      ##SPC9##
PAL  also for --OH, --OK, or --ONa.
PAC  Process B
PAR  A compound of the general formula IV is reacted with a compound of the
      general formula V to form a compound I according to the invention.
      ##SPC10##
PAR  In this formula X has the meaning already indicated and Z denotes:
      ##EQU1##
      or
      ##EQU2##
      Hal stands for a halogen atom, preferably chlorine or bromine.
PAC  Process C
PAR  Compounds according to the invention of the general formula I can also be
      synthesized by reacting a compound of the general formula VI with a phenol
      of the general formula VII.
      ##SPC11##
PAR  Z and Y have the meanings already indicated.
PAC  Process D
PAR  The preferred compounds according to the invention in which
      ##SPC12##
PAL  may in addition also be prepared by hydrogenating a compound of the general
      formula
      ##SPC13##
      ##SPC14##
PAR  The various processes and the preparation of the starting products required
      to carry them out are explained more fully below.
PAR  The reaction according to process A is normally carried out in a suitable
      solvent or dispersion medium in which the reactants are dissolved or
      suspended. Such solvents or dispersion media are for example aromatic
      hydrocarbons such as benzene, toluene, xylene, ketones such as acetone or
      methyl ethyl ketone, halogenated hydrocarbons such as chloroform, carbon
      tetrachloride, chlorobenzene and methylene chloride, ethers such as
      tetrahydrofurane or dioxane, sulphoxides such as dimethylsulphoxide,
      tertiary acid amides such as dimethylformamide or N-methyl-pyrrolidone.
      Polar solvents such as alcohols are particularly useful, examples of
      suitable alcohols being methanol, ethanol, isopropanol and tertiary
      butanol. The reaction is carried out at a temperature between 20.degree.
      and the reflux temperature of the solvent or dispersion medium used, often
      taking place at room temperature. If X stands for
      ##SPC15##
PAL  the reaction is accelerated by adding an acid, preferably hydrogen
      chloride, other suitable acids being for example formic acid, acetic acid,
      propionic acid or butyric acid, sulphonic acids such as benzenesulphonic
      acid and p-toluenesulphonic acid, or mineral acids such as sulphuric or
      phosphoric acid. When Y is Formula III signifies --OH, catalytic amounts
      of acid, for example acetic or formic acid, are sufficient. When Y
      represents-ONa or --OK, about 1 mole of the acid is added. The compound of
      the general formula II may instead also be used in the form of a salt, for
      example its hydrohalide. When Y stands for halogen, the compounds of the
      general formula III may also be used in the form of their hydrohalide. In
      process A the acid addition salts of compound I may be formed.
PAR  The pyridylbutenone compounds of the general formula IIIa
      ##SPC16##
PAL  (in which X stands for
      ##SPC17##
PAL  which are required as starting compounds can be obtained either by reacting
      a nicotinic acid ester, particularly nicotinic acid methyl or ethyl ester,
      with acetone under the conditions of an alkaline ester condensation, or
      reacting under similar conditions an acetic acid ester, particularly
      acetic acid methyl or ethyl ester, with 3-acetylpyridine. From the sodium
      or potassium salts of nicotinoylacetone which can be produced in this
      manner it is possible to form, by hydrolysis, the free nicotinoylacetone
      (Y = OH in formula IIIa) or the tautomeric form
      ##SPC18##
PAL  which in turn can be converted by means of suitable halogenation media, for
      example thionyl chloride, or phosphorus tribromide, into the corresponding
      3-halogeno-1-(3-pyridyl)-but-2-en-1-one of the general formula IIIb (Hal =
      halogen, particularly CI or Br).
      ##SPC19##
PAR  Compounds of the general formula III, in which Y represents halogen (Hal),
      particularly bromine or chlorine, and X represents
      ##SPC20##
PAL  and which thus correspond to the general formula IIIc
      ##SPC21##
PAL  can be prepared from the corresponding compounds IIIb by hydrogenation,
      advantageously with complex hydrides, such as for example lithium
      aluminium hydride, sodium boron hydride, or the like.
PAR  The compounds of the general formula II required as starting compounds can
      be prepared by reacting a compound of the general formula IVa or IVb
      ##SPC22##
PAL  in which IVb Hal represents a halogen atom, particularly chlorine or
      bromine, or a mixture of a compound IVa and a compound IVb equally
      substituted in the phenyl nucleus I, with ammonia or substances splitting
      off ammonia. The reaction may be carried out under atmospheric pressure or
      elevated pressure at ambient temperature and may be accelerated or
      terminated by supplying heat, for example by heating to 70.degree.C.
PAR  The compounds of the general formulae IVa and IVb can be prepared by
      reacting a phenol of the general formula VII
      ##SPC23##
PAL  with an epihalogenhydrin, preferably with epichlorohydrin or
      epibromohydrin. Depending on the reaction conditions, this will result in
      the formation of a compound of the general formula IVa or IVb or a mixture
      of compounds of the general formulae IVa and IVb. For the purpose of
      further conversion the resulting reaction product may isolated with
      ammonia, or else may be further converted direct without isolation.
PAR  In the performance of process B it is also possible to use as the compound
      IV a mixture of the two compounds IVa and IVb which are similarly
      substituted in the phenyl nucleus I.
PAR  The reactions according to process B are carried out in a suitable solvent
      or dispersion agent at normal or elevated temperature. Examples of
      suitable solvents are the same as those listed for use in Process A. The
      reaction may be carried out at temperatures between 20.degree.C and the
      reflux temperature of the solvent or dispersing agent used, and is often
      found to take place at between 40.degree. and 50.degree.C.
PAR  It may be advantageous to employ the starting compound of general formula V
      in up to 10-fold molar excess and/or to add the reactant of general
      formula IV in dissolved or suspended form to the dissolved or suspended
      starting compound of general formula V. The molar ratio of the compounds
      of general formulas IV and V may be 1:1 to 1:10 or even higher.
PAR  The reaction of compounds of the general formula IVb may be carried out in
      the presence of acid-binding media, such as potassium or sodium hydroxide,
      or without acid-binding media, the hydrohalides of compounds of the
      general formula I usually being obtained in the latter case.
PAR  In process C, instead of a single compound of the general formula VI it is
      possible to use a mixture, for example of compounds of the general
      formulae VIa and VIb
      ##SPC24##
PAL  The reactions according to process C may be effected either in a solvent or
      dispersing agent as exemplified in connection with process A and in the
      presence of an acid binding agent such as potassium carbonate, sodium
      carbonate or sodium bicarbonate, or in an aqueous alkaline solution, for
      example in dilute sodium or potassium hydroxide solution. The reaction may
      be carried out at a temperature between 20.degree.C and the reflux
      temperature of the solvent or dispersing agent used.
PAR  It may be advantageous to employ the starting compound of general formula
      VI in up to 10-fold molar excess and/or to add the reactant of general
      formula VII in dissolved or suspended form to the dissolved or suspended
      starting compound of general formula VI. The molar ratio of the compounds
      of general formula VII and VI may be 1:1 to 1:10 or even higher.
PAR  The compounds of the general formula VI can be prepared by reacting a
      compound of the general formula V with an epihalogenhydrin, preferably
      with epichlorohydrin or epibromohydrin. Depending on the reaction
      conditions, this will result in the formation of a compound of the general
      formula VIc and VId
      ##EQU3##
      The resulting reaction product may be isolated or else may be further
      converted direct without isolation.
PAR  From the compounds Ia according to the invention
      ##SPC25##
PAL  it is possible by hydrogenation to prepare compounds Ib according to the
      invention
      ##SPC26##
PAR  For the purpose of hydrogenation it is advantageous to use complex
      hydrides, such as for example lithium aluminium hydride, sodium boron
      hydride and the like. The reaction is performed under the known reaction
      conditions for the use of these hydrides, normally in a mixture of alcohol
      and water at ordinary or elevated temperature, for example by boiling
      under reflux. The hydrogenation may also be effected catalytically, for
      example using a palladium-carbon catalyst.
PAR  Compounds of the general formula VIII may be similarly hydrogenated.
      Starting compounds of the general formula VIII can be obtained by reacting
      a compound of the general formula IX with a compound of the general
      formula IIId:
      ##SPC27##
PAL  Hal in the general formula IIId denoting halogen, preferably chlorine. The
      general formula IIId comprises the compounds of the general formulae IIIb
      and IIIc.
PAR  The reactions between the compounds of the general formulae IX and IIId (or
      IIIc or IIIb) are effected in solvents such as benzene, toluene,
      chloroform, methylene chloride or dioxane, at normal or elevated
      temperature in the presence of at least molar amounts of acid-binding
      media, such as sodium or potassium hydroxide or without the presence of
      acid-binding media, the hydrohalides of the compounds VIII usually being
      obtained in the latter case.
PAR  For the preparation of compounds of the general formula IX, for example, a
      phenol of the general formula VII is reacted with a halogenoacetone of the
      general formula X, in which Hal denotes a halogen atom, preferably bromine
      or chlorine, and the resulting product of the general formula XI is
      brominated or chlorinated, thereby obtaining a compound of the general
      formula XII in which Hal denotes bromine or chlorine, this compound being
      converted into a compound of the general formula IX using ammonia or a
      compound yielding ammonia:
      ##SPC28##
PAR  Aldehyde condensation products of formula Ic are obtained by reacting
      compounds of the general formula I with an aldehyde of the formula R.sub.3
      --CHO, in which R.sub.3 denotes hydrogen or a low alkyl radical, in a
      diluent or solvent, for example ethanol, preferably in the presence of an
      acid catalyst, for example acetic acid or hydrochloric acid, and
      preferably at elevated temperature. The water formed by the reaction can
      be removed with the aid of an entraining agent, for example benzene, by
      azeotropic distillatiion, or with the aid of a dehydration medium, such as
      anhydrous potassium carbonate.
PAR  The acid addition salts of the compounds of the general formula I can be
      prepared from the components known per se. In this case it is generally
      advantageous to use a diluent, while with an excess of acid the di-salts
      of the compounds of the general formula I are generally obtained. The
      monoacid addition salts are obtained either by controlled addition of only
      1 mole of acid or by partial hydrolysis of the di-acid addition salts.
PAR  The compounds of the general formula I according to the invention, their
      aldehyde condensation products Ic, and their pharmaceutically acceptable
      acid addition salts have valuable pharmaceutical properties. Thus, for
      example, they are suitable for the treatment or prophylaxis of diseases of
      the heart. The preferred compounds possess very pronounced
      .beta.-adrenalytic or anti-arythmic properties. The compounds according to
      the invention can therefore be used as pharmaceutical preparations, by
      themselves, mixed with one another, or mixed with pharmaceutically
      acceptable diluents or carriers. The pharmaceutical preparations may be in
      the form of, for example, tablets, capsules, aqueous or oily solutions or
      suspensions, emulsions, injectable aqueous or oil solutions or
      suspensions, dispersible powders, or aerosol mixtures. In addition to the
      compounds of the general formula I according to the invention, the
      pharmaceutical preparations may also contain one or more other
      pharmaceutically active substances, for example sedatives, such as for
      example luminal, meprobamate, and chlorpromazine; vasodilators, such as
      for example glycerine trinitrate and carbochromen; diuretics, such as for
      example chlorothiazide; cardiotonics, such as for example digitalis
      preparations; hypotension media, such as for example rauwolfia alkaloids;
      bronchodilators, and sympathomimetic media, such as for example
      isopremaline and ephedrine.
PAR  To demonstrate the pharmalogical effect of compounds of the invention, the
      left ventricular blood pressure and its time differential (dp/dt), was
      continuously measured and registered on narcotised dogs by means of a
      catheter tip manometer.
PAR  Isoproterenol (0.5 .sup.. 10.sup.-.sup.6 gram/kg i.v.) was injected at
      intervals of 15 minutes before and after increasing doses of the test
      substance. The changes of the dp/dt max. after isoproterenol were
      determined before and after the intravenous administration of the test
      substance. These values were used to calculate the ED.sub.50. The doses
      quoted in each case are the cumulative doses of the test substance. The
      values obtained are shown in the table which follows:
TBL  Substance            ED.sub.50 dp/dt mg/kg i.v.                           
     __________________________________________________________________________
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                                
                          0.0151                                               
     propylamino)-3-(o-ethoxyphenoxy)-                                         
     propan-2-ol                                                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                                
                          0.0080                                               
     propylamino)-3-(o-allyloxyphenoxyl)-                                      
     propan-2-ol                                                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                                
                          0.0082                                               
     propylamino)-3-(o-chlorophenoxy)-                                         
     propan-2-ol                                                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                                
                          0.0120                                               
     propylamino)-3-(m-methoxyphenoxy)-                                        
     propan-2-ol                                                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                                
                          0.0448                                               
     propylamino)-3-(p-ethoxyphenoxy)-                                         
     propan-2-ol                                                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                                
                          0.0175                                               
     propylamino)-3-(m-methylphenoxy)-                                         
     propan-2-ol                                                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                                
                          0.0178                                               
     propylamino)-3-(o-allylphenoxy)-                                          
     propan-2-ol                                                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                                
                          0.0060                                               
     propylamino)-3-(o-methoxyphenoxy)-                                        
     propan-2-ol                                                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl                                 
                          0.0167                                               
     propylamino)-3-(p-propoxyphenoxy)-                                        
     propan-2-ol                                                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                                
                          0.0146                                               
     propylamino)-3-(p-acetamino-phenoxy)-                                     
     propan-2-ol                                                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                                
                          0.0300                                               
     propylamino)-3-(p-chlorophenoxy)-                                         
     propan-2-ol                                                               
     (-)-1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-                                   
                          0.0026                                               
     methyl-propylamino)-3-(o-ethoxy-                                          
     phenoxy)-propan-2-ol, laevo-rotatory                                      
     Comparison preparation:                                                   
     Propranolol          0.0561                                               
     __________________________________________________________________________
PAR  Substances having a strongly negative-inotropic intrinsic action such as
      PROPRANOLOL are assessed adversely in clinical practice, since they are
      capable of causing an acute cardiac insufficiency or liable to intensify
      an already existing cardiac insufficiency. The table which follows shows
      that compounds according to the invention have a less strong inotropic
      intrinsic action or are even inert (that is to say neither positively nor
      negatively inotropic) or positively inotropic:
TBL  Substance               Intrinsic action                                  
                             on the dp/dt                                      
     __________________________________________________________________________
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             0                                                 
     amino)-3-(o-ethoxyphenoxy)-propan-2-ol                                    
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             -                                                 
     amino)-3-(o-allyloxyphenoxy)-propan-2-ol                                  
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             -                                                 
     amino)-3-(o-cyclopentylphenoxy)-propan-2-ol                               
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             ++                                                
     amino)-3-(p-methoxyphenoxy)-propan-2-ol                                   
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             --                                                
     amino)-3-(p-butoxyphenoxy)-propan-2-ol                                    
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             0                                                 
     amino)-3-(o-chlorophenoxy)-propan-2-ol                                    
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             --                                                
     amino)-3-(m-methoxyphenoxy)-propan-2-ol                                   
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             --                                                
     amino)-3-(p-ethoxyphenoxy)-propan-2-ol                                    
     1-(3'-.beta.Pyridyl-3'-hydroxy-1'-methyl-propyl-                          
                             --                                                
     amino)-3-(m-methylphenoxy)-propan-2-ol                                    
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             0                                                 
     amino)-3-(o-phenylphenoxy)-propan-2-ol                                    
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             --                                                
     amino)-3-(o-allylphenoxy)-propan-2-ol                                     
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             --                                                
     amino)-3-(3',4',5'-trimethoxyphenoxy)propan-                              
     2-ol                                                                      
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             -                                                 
     amino)-3-(2',3'-dimethoxyphenoxy)-propan-2-ol                             
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             ++                                                
     amino)-3-(2',6'-dichlorophenoxy)-propan-2-ol                              
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                              +++                                              
     amino)-3-(o-methoxyphenoxy)-propan-2-ol                                   
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             ++                                                
     amino)-3-(p-propoxyphenoxy)-propan-2-ol                                   
     1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propyl-                         
                             --amino)-3-(p-acetaminophenoxy)-propan-2-ol       
     1-(3'-.beta.-Pyridyl)-3'-hydroxy-1'-methyl-propyl-                        
                             -                                                 
     amino)-3-(p-chlorophenoxy)-propan-2-ol                                    
     (-)-1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-                            
                             0                                                 
     propylamino)-3-(o-ethoxyphenoxy)-propan-2-                                
     ol, laevo-rotatory                                                        
     Control preparation                                                       
     Propranolol              ---                                              
     __________________________________________________________________________
     In the table the symbols denote the following:                            
      + = positively inotropic                                                 
      - = negatively inotropic                                                 
      0 = inert                                                                
PAR  The number of - and + signs indicates the strength of the effect.
DETD
PAR  The manufacture of the compounds of the general formula I is explained in
      more detail in relation to the examples which follow. The compounds are
      frequently oils which cannot be distilled, so that in some cases a melting
      point cannot be quoted. However, in all cases the indicated structure has
      been confirmed by molecular analysis and/or by infra-red or nuclear
      response spectroscopy.
PAC  EXAMPLE 1
PAR  5.1 g of 1-amino-3-(o-allyloxyphenoxy)-propan-2-ol hydrochloride
      ##SPC29##
PAL  are suspended in 50 ml of ethanol, 4 g of the potassium salt of
      2-nicotinoyl-1-methyl-vinyl alcohol
      ##SPC30##
PAL  are then added and the mixiture is stirred for 24 hours at room
      temperature. The suspension is filtered off and the residue is washed with
      ethanol. The filtrate, together with the wash alcohol is concentrated in
      vacuo. An oil is left, which solidifies after a short time. The oil which
      has solidified, together with the residue left on washing with alcohol, is
      repeatedly triturated with water and then recrystallised from ethanol.
      1-(2-Nicotinoyl-1-methyl-vinylamino)-3-(o-allyloxyphenoxy)-propan-2-ol of
      the formula
      ##SPC31##
PAL  is thus obtained.
PAR  Melting point: 107.degree.C. Analysis; (C.sub.21 H.sub.24 N.sub.2 O.sub.4).
      Calculated: C, 68.5; H, 6.5; N, 7.6. Found: C, 67.9; H, 6.3; N, 7.7.
PAR  Yield: 4.1 g = 56% of theory.
PAR  The requisite potassium salt of nicotinoylacetone can be manufactured as
      follows:
PAR  22.4 g of potassium tert.-butylate are suspended in 150 ml of anhydrous
      benzene, a mixture of 18.3 g of ethyl acetate and 24.2 g of
      3-acetylpyridine is then slowly added dropwise at 10.degree.C, whilst
      stirring, and the mixture is subsequently left for 24 hours at room
      temperature. The product is then filtered off, washed twice with anhydrous
      benzene, then twice with anhydrous ethanol and finally twice with diethyl
      ether. The potassium salt of nicotinoylacetone is thus obtained in a yield
      of 77% of theory.
PAR  The sodium salt of nicotinoylacetone can also be manufactured from
      nicotinic acid ethyl ester and anhydrous acetone in the presence of sodium
      ethylate, in a known manner, for example according to A Ferenczy,
      Monatshefte fur Chemie, page 674 (1897).
PAR  The requisite 1-amino-3-(o-allyloxyphenoxy)-propan-2-ol can be manufactured
      as follows:
PAR  60 g of 1-(o-allyloxyphenoxy)-2,3-epoxy-propane
      ##SPC32##
PAL  (manufactured from o-allyloxyphenol and epichlorohydrin in the presence of
      potassium carbonate, in acetone) are dissolved in 600 ml of methanol, 300
      ml of liquid ammonia are added and the mixture is stirred for 3 hours in
      an autoclave at 70.degree.C. Thereafter it is concentrated, the residue is
      dissolved in benzene, the solution is twice extracted with dilute
      hydrochloric acid, the aqueous acid phase is separated off, rendered
      alkaline and extracted three times with benzene, and the combined benzene
      phases are concentrated. The solid residue is recrystallised once from
      benzene. 1-Amino-3-(o-allyloxyphenoxy)-propan-2-ol
      ##SPC33##
PAL  is thus obtained in a yield of 67% of theory.
PAL  Melting point: 89.degree.C.
PAR  The base can be converted into 1-amino-3-(o-allyloxyphenoxy)-propan-2-ol
      hydrochloride, of melting point 110.degree.C, by means of hydrochloric
      acid in ether, in the usual manner.
PAC  EXAMPLE 2
PAR  4.8 g of 1-amino-3-(p-butoxyphenoxy)-propan-2-ol
      ##SPC34##
PAL  are dissolved in 60 ml of anhydrous benzene and 5.7 g of anhydrous
      potassium carbonate are added. A mixture of 4.4 g of
      2-nicotinoyl-1-methyl-vinyl chloride hydrochloride of the formula
      ##SPC35##
PAL  (manufactured from the sodium salt of nicotinoylacetone, which is first
      converted, with HCl gas, into the hydrochloride of free nicotinoylacetone
      and then, with thionyl chloride, into the nicotinoyl-methyl-vinyl chloride
      hydrochloride) in 50 ml of anhydrous benzene is added to the first
      mixture, whilst cooling and stirring, and the whole is subsequently
      stirred for a further 24 hours at room temperature. The mixture is then
      filtered, the residue is dissolved in water, and the solution is rendered
      alkaline with sodium carbonate and is repeatedly extracted with
      chloroform. The chloroform extracts, together with the original benzene
      filtrate, are concentrated in vacuo at approx. 10 to 14 mm Hg. After
      repeated recrystallisation from aqueous ethanol,
      1-(2-nicotinoyl-1-methyl-vinylamino)-3-(p-butoxyphenoxy)-propan-2-ol is
      thus obtained.
      ##SPC36##
PAR  Melting point: 124.degree.C.  Analysis: (C.sub.22 H.sub.28 N.sub.2
      O.sub.4).  Calculated: C,68.8; H,7.3; N,7.3. Found: C,68.6; H,7.1; N,7.2.
PAR  Yield: 5.6 g = 73% of theory.
PAR  1-Amino-3-(p-butoxyphenoxy)-propan-2-ol, used as the starting product, can
      be obtained by heating p-butoxyphenol with epichlorohydrin and potassium
      carbonate in anhydrous acetone and further reaction of the
      1-(p-butoxyphenoxy)-2,3-epoxy-propane thus obtained (boiling point:
      130.degree. to 135.degree.C at 0.4 mm; melting point: 34.degree.C) with
      ammonia in an autoclave at 70.degree.C. (Melting point: 107.degree.C).
PAR  1-(2-Nicotinoyl-1-methyl-vinylamino)-3-(p-butoxyphenoxy)propan-2-ol is also
      obtained if 1-amino-3-(p-butoxyphenoxy)propan-2-ol, instead of being
      reacted with 2-nicotinoyl-1-methyl-vinyl chloride hydrochloride and
      potassium carbonate, is reacted with a molar amount of nicotinoylacetone
      (manufactured according to L. F. Kuick and H. Adkins, J. Am. Chem. Soc.
      57,  143 (1935)) and a catalytic amount of formic acid in ethanol
      solution, whilst boiling under reflux (yield: 68% of theory).
PAC  EXAMPLE 3
PAR  4.2 g of (-)-1-amino-3-(o-ethoxyphenoxy)-propan-2-ol (laevo-rotatory)
      ##SPC37##
PAL  are dissolved in 30 ml of ethanol, 3.3 g of the nicotinoyl-acetone
      ##SPC38##
PAL  are then added and the mixture is heated for 4 hours under reflux, with
      addition of 1 drop of formic acid as the catalyst. The clear solution is
      cooled to room temperature and concentrated in a water pump vacuum. An oil
      is left, which solidifies after a short time. The solid product is
      recrystallised from toluene.
      (-)-1-(2-Nicotinoyl-1-methyl-vinylamino)-3-(o-ethoxyphenoxy)-propan-2-ol
      (laevo-rotatory) is thus obtained
      ##SPC39##
PAR  Melting point: 94.degree.C.  Analysis: (C.sub.20 H.sub.24 N.sub.2 O.sub.4).
       Calculated: C,67.4; H,6.7; N,7.9. Found: C,67.1; H,6.7; N,7.8.
PAR  Yield: 5.9 g = 83% of theory
PAR  Optical rotation = -70.degree.
PAR  The requisite (-)-1-amino-3-(o-ethoxyphenoxy)-propan-2-ol (laevo-rotatory)
      can be manufactured as follows:
PAR  20 g of 1-amino-3-(o-ethoxyphenoxy)-propan-2-ol (racemate) are dissolved in
      295 ml of isopropanol and a solution of 7.1 g of L(+)-tartaric acid in 100
      ml of isopropanol is added, whereupon a voluminous white precipitate
      separates out. The white product is filtered off, well washed with
      isopropanol and dried in vacuo. 26.7 g of the tartrate (95% of theory) of
      1-amino-3-(o-ethoxyphenoxy)-propan-2-ol are thus obtained, having an
      optical rotation = +12.degree..
PAR  These 26.7 g are recrystallized 3 times from a mixture of 40 parts of
      dimethylformamide and 10 parts of water. This finally yields the
      laevo-rotatory tartrate of 1-amino-3-(o-ethoxyphenoxy)-propan-2-ol (2mols
      of amine per 1 mol of tartaric acid) of optical rotation -1.degree.
      (melting point: 201.degree.C).
PAR  4 g of the finely powdered salt are suspended in 60 ml of dioxane and
      NH.sub.3 gas is passed in for one-half hour at room temperature (the heat
      of the reaction is removed by cooling). The ammonium tartrate is filtered
      off and the dioxane filtrate is concentrated in vacuo. The solid white
      residue is recrystallised from ligroin. Laevo-rotatory
      (-)-1-amino-3-(o-ethoxyphenoxy)-propan-2-ol of melting point 87.degree.C
      is thus obtained.
PAR  Yield = 2.6 g = 88% of theory (calculated for the laevo-rotatory tartrate),
      optical rotation = -5.degree..
PAC  EXAMPLE 4
PAR  3.6 g of 1-(4'-methoxy-phenoxy)-2,3-epoxypropane
      ##SPC40##
PAL  (prepared by heating 4-methoxyphenol with epichlorohydrin and potassium
      carbonate in anhydrous benzene; boiling point at 1.25 mm: 140.degree. to
      145.degree.C) and 17 g of 1-(.beta.-pyridyl)-3-aminobutan-1-ol
      ##SPC41##
PAL  in 65 ml of ethanol are heated for 5 hours under reflux. The mixture is
      then concentrated in vacuo (approx. 10 to 14 mm Hg), the residue is
      dissolved in dilute hydrochloric acid, the solution is repeatedly washed
      with benzene and rendered alkaline with sodium carbonate and the alkaline
      solution is extracted with chloroform. The chloroform extracts are washed
      with water, dried with sodium sulphate and concentrated in vacuo (approx.
      10 to 14 mm Hg).
PAR  1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propylamino)-3-(p-methoxyphenoxy)
     -propan-2-ol is thus obtained as a viscous yellow oil.
      ##SPC42##
PAR  Analysis: (C.sub.19 H.sub.26 N.sub.2 O.sub.4).  Calculated: C, 65.9; H,
      7.5; N, 8.1. Found: C, 65.5; H, 7.5, N, 7.9.  Yield: 3.3 g = 48% of theory
PAR  1-(.beta.-Pyridyl)-3-amino-butan-1-ol, required as the starting product,
      can be manufactured as follows:
PAR  The potassium salt of nicotinoylacetone is first synthesised, as indicated
      in Example 1.
PAR  2 g of the potassium salt of nicotinoylacetone are then suspended in 50 ml
      of ethanol and 1.6 g of benzylamine hydrochloride are added and the
      mixture is stirred for 24 hours at room temperature. The suspension is
      filtered and the residue is washed with ethanol. The filtrate together
      with the wash alcohol are concentrated in vacuo. An oil is left, which
      solidifies after a short time. The solidified oil, together with the
      residue left on washing with alcohol, is repeatedly triturated with water
      and then recrystallised from ethanol.
      N-(2-Nicotinoyl-1-methyl-vinylamino)-benzylamine is thus obtained.
      ##SPC43##
PAR  On reduction with sodium borohydride, this compound gives a 62% yield of
      1-(.beta.-pyridyl)-3-benzylamino-butan-1-ol (oil)
      ##SPC44##
PAL  which can be debenzylated in the usual manner with hydrogen in an autoclave
      to give 1-(.beta.-pyridyl)-3-amino-butan-1-ol (viscous oil)
      ##SPC45##
PAR  1-(.beta.-Pyridyl)-3-amino-butan-1-ol can also be prepared as follows:
PAR  5 g of 2-nicotinoyl-1-methyl-vinylamine
      ##SPC46##
PAL  are dissolved in 50 ml of ethanol and a total of 6 g of sodium borohydride
      is added in portions over the course of 6 hours at 70.degree.C, whilst
      stirring. The mixture is then kept at 70.degree.C for a further 10 hours.
      It is then concentrated, the residue is taken up in chloroform/water, and
      the chloroform phase is separated off, dried and concentrated in vacuo (10
      to 14 mm Hg). The oil which remains is distilled. The fraction which
      passes over between 125.degree. and 15.degree.C at 0.3 mm Hg is
      subsequently dissolved in dioxane and the solution is mixed with a
      solution of tartaric acid in dioxane. The slight hygroscopic tartrate
      which precipitates is filtered off, recrystallised from
      dimethylformamide/ethyl acetate and subsequently converted into the free
      base. 1-(.beta.-Pyridyl)-3-amino-butan-1-ol is thus obtained in 73% yield.
PAR  The 2-nicotinoyl-1-methyl-vinylamine required for the reduction can be
      manufactured as follows:
PAR  7.5 g of nicotinoylacetone are dissolved in 45 ml of anhydrous ethanol and
      after addition of 20 ml of ammonia the mixture is stirred in an autoclave
      for 3 days at 50.degree.C. On concentrating the clear solution, an oil is
      left, which solidifies after a short time. After recrystallisation from
      toluene, 2-nicotinoyl-1-methyl-vinylamine (melting point 82.degree.C) is
      thus obtained in 91% yield.
PAC  EXAMPLE 5
PAR  2.5 g of p-methoxyphenol, 2.8 g of potassium hydroxide and 80 ml of
      anhydrous acetone are heated under reflux. A solution of 4.5 g of
      1-(3-.beta.-pyridyl-3-hydroxy-1-methyl-propylamino)-2,3-epoxypropane
      ##SPC47##
PAL  in 100 ml of anhydrous acetone is added dropwise to this mixture. The whole
      is then heated for a further 4 hours under reflux and is thereafter cooled
      and filtered, and the filtrate is concentrated in vacuo (approx. 10 to 14
      mm Hg). An oily residue is left, which is dissolved in dilute hydrochloric
      acid. The solution is repeatedly washed with benzene and rendered alkaline
      with sodium carbonate and the alkaline solution is extracted with
      chloroform. The chloroform extracts are washed with water, dried with
      sodium sulphate and concentrated in vacuo (approx. 10 to 14 mm Hg).
      1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propylamino)-3-(p-methoxyphenoxy
     )-propan-2-ol is thus obtained as a viscous yellow oil.
      ##SPC48##
PAR  Analysis: (C.sub.19 H.sub.26 N.sub.2 O.sub.4).  Calculated: C,65.9; H,7.5;
      N,8.1. Found: C,65.5; H,7.5 N,7.9.
PAR  1-(3-.beta.-Pyridyl-3-hydroxy-1-methyl-propylamino)-2,3-epoxypropane
      required as the starting product, can be obtained from 1-(.beta.
      -pyridyl)-3-amino-butan-1-ol by reaction with epichlorohydrin in
      methanolic solution at 40.degree.C.
PAC  EXAMPLE 6
PAR  3.6 g of
      1-(2-nicotinoyl-1-methyl-vinylamino)-3-(o-ethoxyphenoxy)-propan-2-ol
      ##SPC49##
PAL  are dissolved in 40 ml of methanol and 10 ml of water, 2.0 g of sodium
      borohydride are added and the mixture is stirred for 3 hours at room
      temperature. Thereafter it is stirred for 13 hours at 70.degree.C, with a
      further 3.5 g of sodium borohydride being added in portions, the mixture
      is then concentrated in vacuo (approx.. 10 to 14 mm Hg), the residue is
      taken up in 60 ml of water and 60 ml of chloroform, the chloroform phase
      is separated off, the aqueous solution is extracted twice more with
      chloroform, and the chloroform solution is washed with water, dried with
      sodium sulphate and concentrated in vacuo (approx. 10 to 14 mm Hg). The
      oil which remains is dissolved in dilute hydrochloric acid, the solution
      is extracted three times with benzene and the acid aqueous phase is then
      rendered alkaline with sodium carbonate and finally extracted three times
      with chloroform. The chloroform solution is washed with water, dried and
      concentrated in vacuo (approx. 10 to 14 mm Hg).
PAR  1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methyl-propylamino)-3-(o-ethoxyphenoxy)-
     propan-2-ol is thus obtained as a thick yellow oil.
      ##SPC50##
PAR  Analysis: (C.sub.20 H.sub.28 N.sub.2 O.sub.4).  Calculated: C,66.7; H,7.8,
      N,7.8. Found: C,66.8; H,7.9; N,7.5.
PAR  Yield: 4.9 g = 68% of theory
PAR  The requisite starting product can be manufactured as follows:
PAR  2.1 g of 1-amino-3-(o-ethoxyphenoxy)-propan-2ol
      ##SPC51##
PAL  together with 1.7 g of nicotinoylacetone
      ##SPC52##
PAL  are dissolved in 30 ml of ethanol and the solution is heated for 3 hours
      under reflux, with addition of 1 drop of formic acid. It is then
      concentrated in vacuo (approx. 10 to 14 mm Hg). An oil is left, which
      after a short time solidifies. After one recrystallization from toluene,
      N-[2-nicotinoyl-1-methyl-vinyl]-3-(o-ethoxyphenoxy)-2-hydroxy-propylamine
      of melting point: 111.degree.C is thus obtained in 91% yield.
      ##SPC53##
PAR  (C.sub.20 H.sub.24 N.sub.2 O.sub.4).  Calculated: C,67.4; H,6.7; N,7.9.
      Found: C,67.1; H,6.5; N,8.0.
PAR  The nicotinoylacetone required as the starting product can be manufactured
      by condensation of nicotinic acid ethyl ester and absolute acetone under
      basic conditions in a known manner, for example according to A. Ferenczy,
      Monatshefte fur Chemie, page 674 (1897).
PAR  The 1-amino-3-(o-ethoxyphenoxy)-propan-2-ol required as the starting
      product can be manufactured as follows:
PAR  20 g of 1-(o-ethoxyphenoxy)-2,3-epoxy-propane
      ##SPC54##
PAL  (manufactured from o-ethoxyphenol and epichlorohydrin in the presence of
      potassium carbonate and acetone, boiling point: 135.degree. to
      140.degree.C at 3 to 4 mm Hg) are dissolved in 200 ml of methanol, 150 ml
      of liquid ammonia are added and the mixture is stirred for 5 hours in an
      autoclave at 70.degree.C. Thereafter it is concentrated, the residue is
      dissolved in toluene, the solution is twice extracted with dilute
      hydrochloric acid, the aqueous acid phase is separated off, rendered
      alkaline and extracted three times with toluene, and the combined toluene
      phases are concentrated. The solid residue is recrystallized from benzene.
PAR  1-Amino-3-(o-ethoxyphenoxy)-propan-2-ol is obtained in a yield of 86% of
      theory. Melting point: 90.degree.C.
      ##SPC55##
PAC  EXAMPLE 7
PAR  Analogously to the instructions in Example 6, reduction of
      1-(2-nicotinoyl-1-methyl-vinylamino)-3-(p-butoxyphenoxy)-propan-2-ol with
      sodium borohydride yields
      1-(3'-.beta.-pyridyl-3'-hydroxy-1'-methyl-propylamino)-3-(p-butoxyphenoxy)
     propan-2-ol (a viscous oil) of the formula
      ##SPC56##
PAR  Analysis: (C.sub.22 H.sub.32 N.sub.2 O.sub.4). Calculated: C, 68.0; H, 8.3;
      N, 7.2. Found: C, 68.2; H, 8.1; N, 7.3.
PAR  The starting product required can be manufactured according to Example 2.
PAC  EXAMPLE 8
PAR  7 g of
      (-)-1-2-nicotinoyl-1-methyl-vinylamino-3-(o-ethoxyphenoxy)-propan-2-ol
      (laevo-rotatory, -70.degree.)
      ##SPC57##
PAL  are dissolved in 70 ml of ethanol, the solution is heated to 80.degree.C
      and at this temperature 3.8 g of sodium borohydride are added in small
      portions over the course of 2 hours and the mixture is subsequently heated
      for a further 8 hours at 80.degree.C.
PAR  The mixture is concentrated in a water pump vacuum. The residue is taken up
      in 50 ml of water and 50 ml of chloroform, the chloroform phase is
      separated off, the aqueous solution is extracted twice more with
      chloroform and the chloroform solution is dried with sodium sulphate and
      concentrated in a water pump vacuum.
PAR  A small amount of impurity is distilled from the oil which remains, in
      vacuo at 0.1 mm Hg, the impurity passing over at a temperature of up to
      134.degree.C. The oily distillation residue is dissolved in anhydrous
      toluene, a pinch of animal charcoal is added, the mixture is filtered
      through a double filter, the filtrate is concentrated in a water pump
      vacuum and the residual oil is dried in vacuo at 60.degree.C.
      (-)-1-.beta.-Pyridyl-3-[3-(o-ethoxyphenoxy)-2-hydroxy-propylamino]-butan-1
     -ol (laevo-rotatory) is thus obtained as a thick yellow oil, in 78% yield.
PAR  Optical rotation = -7.degree.. Calculated: C, 66.7; H, 7.8; N, 7.8; O,
      17.8. Found: C, 66.7; H, 8.0; N, 7.9; O, 17.7.
PAR  The compounds listed in the table which follows were manufactured
      analogously to Examples 1 to 8.
      ##SPC58##
      ##EQU4##
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Derivative of 1-phenoxy-3-amino-propane-2-ol of the formula
      ##SPC59##
      in which X denotes
      ##SPC60##
      ##SPC61##
PAL  and the phenol nucleus I may be mono-, di- or tri-substituted by alkyl,
      alkenyl, alkinyl, cycloalkyl, cyclo-alkenyl, alkoxy, alkenyloxy,
      alkinyloxy, phenyl, halogen or the radical --NR.sub.1 R.sub.2, in which
      R.sub.1 stands for alkyl or an acyl radical derived from an aromatic or
      aliphatic carboxylic acid and R.sub.2 stands for hydrogen or alkyl and
      their acid addition salts.
NUM  2.
PAR  2. Derivative of 1-phenoxy-3-amino-propane-2-ol according to claim 1,
      wherein the phenyl nucleus I is mono-, di- or tri-substituted by alkyl
      containing 1 to 4 carbon atoms, alkenyl or alkinyl each containing up to 6
      carbon atoms, cycloalkyl or cycloalkenyl with a ring size of 5 to 8 carbon
      atoms in each case, alkoxy, alkenyloxy, or alkinyloxy containing up to 5
      carbon atoms in each case, phenyl, chlorine, or bromine, or the radical
      --NR.sub.1 R.sub.2, where R.sub.1 stands for alkyl containing 1 to 4
      carbon atoms or an acyl radical derived from an aromatic or aliphatic
      carboxylic acid containing up to 11 carbon atoms, and R.sub.2 stands for
      hydrogen or alkyl containing up to 4 carbon atoms.
NUM  3.
PAR  3. Derivative of 1-phenoxy-3-amino-propane-2-ol according to claim 1,
      wherein the phenyl nucleus I is substituted by vinyl, allyl, metallyl, or
      crotyl.
NUM  4.
PAR  4. Derivative of 1-phenoxy-3-amino-propane-2-ol according to claim 1,
      wherein the phenyl nucleus I is substituted by cyclopentenyl.
NUM  5.
PAR  5. Derivative of 1-phenoxy-3-amino-propane-2-ol according to claim 1,
      wherein the phenyl nucleus I is substituted by cyclopentyl or cyclohexyl.
NUM  6.
PAR  6. Derivative of 1-phenoxy-3-amino-propane-2-ol according to claim 1,
      wherein the phenyl nucleus I is substituted by methoxy, ethoxy, propoxy,
      butoxy, allyloxy, metallyloxy, or propargyloxy.
NUM  7.
PAR  7. Derivative of 1-phenoxy-3-amino-propane-2-ol according to claim 1,
      wherein the phenyl nucleus I is substituted by the radical --NR.sub.1
      R.sub.2, in which R.sub.1 stands for methyl, ethyl, acetyl, or benzoyl,
      and R.sub.2 stands for hydrogen, methyl or ethyl.
NUM  8.
PAR  8. (-)-1-(3'-.beta.-Pyridyl-3'-hydroxy-1'-methylpr
     opylamino)-3-(o-ethoxy-phenoxy)-propan-2-ol, laevo-rotatory and its acid
      addition salts.
NUM  9.
PAR  9. 1-(3'-.beta.-
     Pyridyl-3'-hydroxy-1'-methyl-propylamino)-3-(p-acetamino-phenoxy)-propan-2-
     ol. and its addition salts.
NUM  10.
PAR  10. 1-(3'-.beta.-Pyridyl-3'
     -hydroxy-1'-methyl-propylamino)-3-(m-methoxyphenoxy)-propan-2-ol and its
      acid addition salts.
NUM  11.
PAR  11. 1-(3'-.beta.-Pyri
     dyl-3'-hydroxy-1'-methyl-propylamino)-3-(o-chlorophenoxy)-propan-2-ol and
      its acid addition salts.
NUM  12.
PAR  12. 1-(3'-.beta.-Pyridyl-
     3'-hydroxy-1'-methyl-propylamino)-3-(p-methoxyphenoxy)-propan-2-ol and its
      acid addition salts.
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ABST
PAL  Novel 4-[2,3 or 4(3-amino-2-hydroxypropoxy) phenyl]- and 5-[2,3 or
      4(3-amino-2-hydroxypropoxy) phenyl]-1,2,3-thiadiazole derivatives which
      may be further substituted at the C-5 or C-4 position of the thiadiazole
      ring, respectively, by a lower alkyl, phenyl, trifluoromethyl, carboxy,
      alkoxycarbonyl, cyano or an aminocarbonyl group, and the pharmaceutically
      acceptable acid addition salts thereof and processes for the production of
      such compounds;
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole and
      5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole are
      representative of the class. These compounds possess cardiovascular
      activity and are useful for the treatment of abnormal heart conditions in
      mammals.
BSUM
PAR  The present invention relates to substituted 1,2,3-thiadiazole derivatives
      having valuable pharmacological properties, to methods for producing such
      compounds and to certain novel intermediates obtained thereby.
PAR  More particularly the present invention relates to 4-[2,3 or
      4(3-amino-2-hydroxypropoxy)phenyl]- and 5-[2,3 or
      4-(3-amino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole derivatives
      represented by the following formulas:
      ##SPC1##
PAL  Wherein
PA1  R.sup.1 is a substituent in the thiadiazole ring in either the 4 or 5
      position selected from the group consisting of hydrogen, lower alkyl,
      phenyl, trifluoromethyl, carboxy, lower alkoxycarbonyl, cyano, and an
      unsubstituted, monosubstituted or disubstituted aminocarbonyl group of the
      formula CONR.sup.3 R.sup.4, wherein each of R.sup.3 and R.sup.4 is
      independently hydrogen, alkyl having 1 through 8 carbon atoms, aryl or
      aralkyl;
PA1  R.sup.5 is hydrogen, lower alkyl, cycloalkyl containing from 3 to 7 carbon
      atoms, aryl, aralkyl or the group
      ##SPC2##
PAL  And the group
      ##EQU1##
      can be situated at the ortho-, meta- or para- positions with respect to
      the thiadiazole ring. Also encompassed within the invention are the
      pharmaceutically acceptable acid addition salts of such compounds.
PAR  These compounds contain an asymmetric carbon atom in the
      aminohydroxypropoxy moiety and thus exist as optical isomers, therefore,
      the above formulas are intended to represent the respective individual (+)
      and (-) optical isomers as well as mixtures of such isomers. Both the
      individual isomers and mixtures thereof are encompassed within the scope
      of the invention.
PAR  These novel compounds possess .beta.-adrenergic blocking activities, i.e.,
      they block the action of catecholamines at the adrenergetic
      .beta.-receptor sites, thus are useful for the treatment of cardiovascular
      diseases in mammals, as described hereinafter in detail.
PAR  At the present time, the compound frequently used in the United States for
      the treatment of several cardiac arrhythmias is propanolol (i.e.,
      1-(isopropylamino)-3-(1-naphthyloxy)-2-propanol). This compound primarily
      achieves its therapeutic action by blocking cardiac .beta.-adrenergic
      receptor sites and is a general .beta.-adrenergic blocker which blocks the
      peripheral .beta.-adrenergic receptor sites, such as those in the lung, as
      well as the .beta.-adrenergic receptor sites in the heart. Propanolol is
      contraindicated in patients who suffer from asthma or chronic obstructive
      lung disease, because following its administration to such patients, an
      increase in airway resistance and bronchial constriction has been
      observed.
PAR  The novel thiadiazole compounds of the present invention represented by
      formulas (A) and (B) above are .beta.-adrenergic blockers and therefore
      are effective for the treatment or palliation of angina pectoris and
      several cardiac arrhythmias. Further a number of these compounds (e.g.
      4-[4{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}-phenyl]-1,2,3-thiad
     iazole) are selective myocardial .beta.-adrenergic blockers and thus can
      safely be used by patients suffering from asthma or chronic obstructive
      lung disease.
PAR  As used herein above and below, the following terms have the following
      meanings, unless expressly stated to the contrary. The term "lower alkyl"
      refers to straight and branched chain alkyl groups having from 1 through 6
      carbon atoms, e.g., methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
      n-pentyl, n-hexyl, 4-methylpentyl and the like. The term alkyl refers to
      both straight and branched chain alkyl groups having from 1 to 8 carbon
      atoms and thus includes, in addition to lower alkyl groups such as
      illustrated above, 4-methylhexyl, n-octyl, 4-methylhexyl, 5-methylhexyl,
      6-methyl-heptyl, 5-methylheptyl, 1-methylheptyl and the like. The term
      "cycloalkyl" refers to cyclic hydrocarbon groups having from 3 through 7
      carbon atoms, such as, for example, cyclopropyl, cyclopentyl, cyclohexyl,
      cycloheptyl and the like.
PAR  The term "lower alkoxy" refers to groups having the formula R'O-- wherein
      R' is lower alkyl. Typical lower alkoxy groups include, for example,
      methoxy, ethoxy, propoxy, isopropoxy, t-butoxy and the like.
PAR  The terms "lower alkoxycarbonyl or lower carboalkoxy" refer to groups of
      the formula
      ##EQU2##
      in which R' is lower alkyl. Typical lower alkoxycarbonyl groups include,
      for example, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
      isopropoxycarbonyl, n-butoxycarbonyl and the like.
PAR  The term "aryl" refers to an aromatic ring having from 6 to 10 carbon
      atoms, particularly phenyl.
PAR  The term "aralkyl" refers to phenyl lower alkyl groups in which "lower
      alkyl" is as defined above. Typical aralkyl groups are benzyl, phenethyl
      and the like.
PAR  The term "pharmaceutically acceptable acid addition salts" refers to
      non-toxic, pharmaceutically acceptable salts of the amino group with an
      inorganic acid such as hydrochloric acid, hydrobromic acid, sulfuric acid,
      phosphoric acid, etc., or with organic acids such as tartaric acid, lactic
      acid, maleic acid, citric acid, and the like.
PAR  The novel thiadiazole derivatives of formula (A) can be prepared by a
      process illustrated by the following sequence of reactions:
      ##SPC3##
PAL  wherein
PA1  R.sup.1.sup.' is hydrogen, lower alkyl, trifluoromethyl, cyano, phenyl or
      carboethoxy;
PA1  R.sup.1, r.sup.3, r.sup.4 and R.sup.5 are as defined above.
PAR  In practicing the process outlined above, an ortho-, meta- or para-hydroxy
      substituted phenyl ketone of formula I is condensed with
      carbethoxyhydrazine in the presence of acetic acid, in a lower aliphatic
      alcohol as solvent, e.g., methanol or ethanol, to produce the
      ethoxycarbonylhydrazone of formula II. The reaction is conducted at a
      temperature comprised between room temperature and reflux, for a period of
      time sufficient to complete the reaction, of the order of about 3 to about
      24 hours, using at least 1.1 molar equivalents of the hydrazine per molar
      equivalent of compound of formula I. The amount of acetic acid is not
      critical, thus it can be used from catalytic amounts to a large excess.
PAR  By reaction of the ethoxycarbonylhydrazone compounds of formula II with
      thionyl chloride there are obtained the corresponding 4-(o,m or
      p-hydroxyphenyl)-thiadiazole intermediates for formula III. This reaction
      is conducted under anhydrous conditions, using an excess of thionyl
      chloride, which serves both as reagent and solvent.
PAR  In the preferred embodiments, the starting compound of formula II is
      carefully added to the freshly distilled thionyl chloride, previously
      cooled to -20.degree. to 0.degree. C, maintaining the reaction mixture at
      a temperature not higher than room temperature until the evolution of gas
      ceases. Thereafter the reaction mixture is maintained at a temperature
      comprised between room temperature and reflux, for about 30 minutes to 24
      hours, the reaction time depending upon the temperature at which the
      reaction takes place and the nature of the starting compound. In general
      compounds in which R.sup.1.sup.' is hydrogen, require shorter reaction
      times or lower temperatures than those in which R.sup.1.sup.' is other
      than hydrogen.
PAR  The thiadiazole intermediates of formula III are isolated by conventional
      means, such as evaporation of the excess thionyl chloride and purification
      of the residue by crystallization or chromatography.
PAR  Upon basic hydrolysis of the 5-carboethoxy thiadiazole compounds of formula
      III (R.sup.1.sup.' =COOC.sub.2 H.sub.5), using an alkali metal hydroxide,
      i.e., sodium or potassium hydroxide in an aliphatic alcohol at reflux
      temperature for about 3 to 5 hours, followed by acidification there are
      obtained the 5-carboxy thiadiazole derivatives of formula IV. The latter
      compounds are converted into the aminocarbonyl derivatives of formula VI
      via formation of the mixed carboxylic-carbonic anhydride of formula V
      followed by treatment with a primary or secondary amine and hydrolysis of
      the esterified phenolic hydroxyl group.
PAR  Typically, the 5-carboxythiadiazole (IV) is treated with equimolecular
      quantities of ethyl chlorocarbonate and triethylamine in an inert organic
      reaction medium, using preferably a mixture of diethyl ether-toluene as
      solvent. The reaction is conducted at about 0.degree. C for a period of
      time of about 20 minutes to two hours, to form the mixed
      carboxyliccarbonic anhydride of formula V, (concomitant esterification of
      the phenolic hydroxyl group takes place), which is then treated with at
      least one molar equivalent of a mono- or di-(lower)alkylamine in the same
      reaction medium, at a temperature comprised between 0.degree. C to room
      temperature, for a period of time sufficient to complete the reaction. In
      the preferred embodiments, the carboxylic-carbonic anhydride is treated
      with the amine at 0.degree. C, in a dropwise fashion, and thereafter the
      reaction mixture is allowed to attain room temperature and maintained at
      said temperature overnight. When using one molar equivalent of the amine a
      basic treatment is necessary to hydrolyze the esterified phenolic hydroxyl
      group, e.g., brief treatment with sodium carbonate in methanol solution.
PAR  When a large excess of amine is used to convert the mixed
      carboxylic-carbonic anhydrides (V) into the aminocarbonyl compounds of
      formula VI, i.e., when using from 4 to 10 molar equivalents of the amine,
      said treatment with sodium carbonate is often not necessary.
PAR  Upon reaction of the 4(o, m- or p-hydroxy)-phenylthiadiazole derivatives of
      formula III, IV and VI with a strong base and thereafter with an
      epihalohydrin, i.e., epibromohydrin or epichlorohydrin there are produced
      the 4(o-,m- or p-epoxypropoxy)phenyl thiadiazole compounds of formula VII.
      This transformation is conducted in aqueous solutions. In the preferred
      embodiments, the starting compound of formulas III or VI is added to an
      aqueous solution of an alkali metal hydroxide e.g., sodium or potassium
      hydroxide, using equimolecular amounts of starting compound and base to
      readily form the sodium salt, which is immediately treated with 1 to 3
      molar equivalents of the halohydrin, using particularly from 1.5 to 2
      molar equivalents of epibromohydrin, maintaining the reaction mixture at
      about room temperature for a period of time of the order of about 15 to 80
      hours, preferably for about 20 to 72 hours. When using a compound of
      formula IV as starting material there are required two molar equivalents
      of base, besides, when the reaction with the halohydrin is substantially
      complete, the reaction mixture is acidified to liberate the free acid. In
      some cases, the product precipitates from the reaction mixture and thus
      can be isolated by filtration, otherwise the product can be isolated by
      extraction with a solvent immiscible with water, e.g., ethyl acetate,
      methylene chloride, diethyl ether and the like, evaporation and
      crystallization or chromatography.
PAR  The 4-[o-, m- or p-(3-amino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      compounds of formula (A) can be prepared by treatment of the 4(o-, m- or
      p-epoxypropoxy)phenylthiadiazole compounds of formula VII with ammonia or
      with a primary amine, optionally in the presence of in an inert organic
      solvent, using particularly a lower aliphatic alcohol as solvent, e.g.,
      methanol, ethanol, isopropanol, t-butanol and the like. The reaction is
      conducted at a temperature comprised between room temperature and reflux,
      for about 4 hours to several days, the optimum conditions depending upon
      the particular starting compound of formula VII and the amine used.
      Suitable primary amines are the lower alkyl amines such as methylamine,
      ethylamine, n-propylamine, isopropylamine, n-butylamine, t-butylamine,
      etc., cyclic amines such as cyclopropylamine, cyclopentylamine,
      cyclohexylamine, etc., arylamines such as aniline, o- and p-toluidine, and
      the like, aralkylamines such as benzylamine, phenethylamine,
      phenylpropylamine, etc., and substituted aralkylamines such as
      4-carbamoylphenoxyethylamine.
PAR  The preferred amines used are t-butylamine, isopropylamine and
      4-carbamoylphenoxyethylamine.
PAR  The compounds of formula (A) in which R.sup.1 is carboxy or carboalkoxy
      other than carboethoxy can be alternatively prepared by basic hydrolysis
      of the corresponding carboethoxy derivatives (A, R.sup.1 =carboethoxy)
      using an alkali metal hydroxide in a lower aliphatic alcohol, e.g.,
      methanol or ethanol for 3 to 5 hours, followed by evaporation of the
      solvent, disolution of the residue in water and filtration of the aqueous
      solution through a column of a strongly acidic cation exchange resin (in
      H.sup.+ form) such as sold under the trademark Dowex 50, acid form (+), by
      the Dow Chemical Company, eluting the column first with water and
      thereafter with dilute acetic acid, e.g., 10% aqueous acetic acid. The
      acidic eluates are evaporated, and liophylized, to yield the free acids
      (A, R.sup.1 =COOH), which are converted into the carboalkoxy derivatives
      other than carboethoxy by the Fischer's esterification method, i.e., by
      reaction with a lower aliphatic alochol e.g., methanol, propanol and
      isopropanol in the presence of hydrogen chloride, at a temperature
      comprised between room temperature and reflux for a prolonged period of
      time, of the order of 24 hours to several days followed by base treatment
      to decompose the hydrochloride salt formed. The carbomethoxy derivative
      can be alternatively obtained by the method of G. Hallas (J. Chem. Soc.
      5770, 1965) using boron trifluoride-methanol as reagent.
PAR  Alternatively, the compounds of formula (A) in which R.sup.1 is a
      carboalkoxy group other than carboethoxy can be prepared by selective
      esterification of the carboxy group in compounds of formula IV by the
      Fischer's method, or with boron trifluoride-methanol, as previously
      mentioned, followed by transformation into the epoxypropoxy derivative
      (VII, R.sup.1 =carboalkoxy) and treatment of the latter with the desired
      amine.
PAR  The novel thiadiazole derivatives of formula (B) can be prepared by a
      process illustrated by the following sequence of reactions:
      ##SPC4##
PAL  wherein
PA1  R.sup.1.sub."  is hydrogen, lower alkyl, trifluoromethyl, cyano or phenyl;
PA1  R.sup.2 is hydrogen or tetrahydropyranyl;
PA1  R.sup.6 is hydrogen or ethyl; and
PA1  R.sup.1, r.sup.3, r.sup.4 and R.sup.5 are as defined above.
PAR  With reference to the above reaction sequences, an ortho-, meta- or
      para-hydroxy substituted phenylacetaldehyde or the tetrahydropyranyloxy
      derivative thereof (VIII) is condensed with carbethoxyhydrazine and the
      hydrazone thus obtained (IX) is cyclized with thionyl chloride to yield
      the 4-substituted 5-thiadiazole intermediate compounds of formula X, as
      described hereinbefore in detail with regard to the transformation of the
      phenyl ketones of formula (I) into the 5-substituted-4-thiadiazole
      intermediates of formula III. When the starting material is a
      tetrahydropyranyloxyphenylacetaldehyde (VIII, R.sup.2 =tetrahydropyranyl)
      the tetrahydropyranyloxy function is partially hydrolyzed during the
      hydrazone formation, and completely hydrolyzed during the cyclization. It
      has been noted that better yields of the thiadiazole compounds (X) are
      obtained starting from a tetrahydropyranyloxyphenylacetaldehyde.
PAR  The 4-carboxy (carboethoxy)-5-hydroxyphenyl substituted and
      4-aminocarbonyl-5-hydroxyphenyl substituted thiadiazole intermediates of
      formulas XIV and XVI, respectively, can be obtained by the following
      process:
PAR  An o, m or p-acetoxybenzoic acid chloride (XI) is treated with an excess of
      at least 2 molar equivalents of ethyldiazoacetate, to yield the
      corresponding acetoxybenzoyl diazoacetate of formula XII. This reaction is
      conducted at a temperature comprised between 0.degree. C to 45.degree. C,
      for a period of time of the order of 4 to 24 hours. In the preferred
      embodiments, the compound of formula XI is mixed together with ethyl
      diazoacetate at low temperature, i.e., at about 0.degree.-5.degree. C,
      maintaining the reaction mixture at a temperature not higher than room
      temperature for about 1 to 4 hours, and thereafter under slight heating,
      i.e., at about 30.degree. to 45.degree. C until the reaction is complete,
      i.e., for about 4 to 18 hours, until the evolution of gas ceases.
PAR  Upon reaction of the diazo compounds of formula XII with hydrogen sulfide
      in the presence of ammonium polysulfide, in an inert organic solvent or
      mixture of solvents there are obtained the thiadiazole intermediates of
      formula XIII. This transformation is preferably effected by dissolving the
      diazo compound of formula XII in a water miscible inert organic solvent,
      i.e., a lower aliphatic alcohol such as methanol or ethanol, dioxane or
      tetrahydrofuran, or mixtures thereof, treating the solution with an
      aqueous solution of ammonium polysulfide and thereafter bubbling hydrogen
      sulfide through the mixture, at room temperature for about 5 to 6 hours, 4
      hours being generally sufficient. The thiadiazole intermediate of formula
      XIII precipitates and can be isolated from the mixture by filtration. The
      acetoxy group can be selectively hydrolyzed by mild alkaline treatment,
      i.e., by passing a solution of a compound of formula XIII through alkaline
      alumina, or by treatment with an alkali metal carbonate in methanol, at
      room temperature, thereby yielding the compounds of formula XIV (R.sup.6
      =Et). The carboethoxy function is then hydrolyzed under more drastic
      conditions, i.e., by reflux with an alcoholic solution of sodium or
      potassium hydroxide, for about 2 to 5 hours followed by neutralization
      with acid to yield the free acid compound (XIV, R.sup.6 =H).
      Alternatively, both the acetoxy and carboethoxy functions can be
      hydrolyzed in a single step, by the latter method.
PAR  The transformation of compounds of formula XIV, (R.sup.6 =H) into the
      aminocarbonyl-5-hydroxyphenyl thiadiazole compounds for formula XVI is
      effected via formation of the mixed carboxylic-carbonic anhydride followed
      by treatment with an amine and optional base treatment, as described above
      (IV.fwdarw.V.fwdarw.VI).
PAR  The compounds of formulas X, XIV (R.sup.6 =Et) and XVI are then converted
      into the respective epoxypropoxy derivatives of formula XVII by reaction
      with epichlorohydrin or epibromohydrin in the presence of an alkali metal
      hydroxide. Upon reaction of compounds of formula XVII with ammonia or a
      primary amine there are produced the desired 5-[o, m, or
      p-(3-amino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole compounds of formula
      (B). The above transformations have been described in detail hereinbefore
      with regard to the obtention of compounds of formula (A).
PAR  The compounds of formula (B) in which R.sup.1 is carboxy or carboalkoxy
      other than carboethoxy can be prepared from the carboethoxy compound (B,
      R.sup.1 =carboethoxy) as previously mentioned in connection with the
      corresponding compounds in the 4-thiadiazole series, represented by
      formula (A).
PAR  The pharmaceutically acceptable acid addition salts of the compounds of
      formulas (A) and (B) can be conveniently prepared by dissolving the free
      amino compounds in an alcoholic solvent and adding an excess of an
      alcoholic solution of an acid such as hydrochloric acid, sulfuric acid,
      phosphoric acid, citric acid, maleic acid and the like, to precipitate the
      corresponding salts, which can be separated by filtration and purified by
      recrystallization.
PAR  The starting materials of formulas I, VIII and XI for the obtention of the
      compounds of the present invention are known compounds or can be prepared
      from commercially available compounds by known methods. Thus 2,3- and
      4-hydroxyacetophenone and 2 and 4-hydroxypropiophenone are commercially
      available, 3-hydroxypropiophenone has been described by W. H. Wartung et
      al. in J. Am. Chem. Soc. 53, 4149 (1939), 2-hydroxybenzoylacetonitrile has
      been described by Y. Kawase et al., in Bull. Chem. Soc. Japan 35, 1869
      (1962) and 4-hydroxybenzoylacetonitrile in U.S.P. 2,392,167, 2- and
      4-hydroxyphenylbenzyl ketones can be obtained as described by M. O. Farooq
      et al., in Ber. 94,1996 (1961).
PAR  In general, the 2- and 4-hydroxyphenones can be prepared from a phenyl
      ester, by means of the Fries rearrangement, (A. H. Blatt, Organic
      Reactions I, p. 342 (New York, 1942), while the 3-hydroxyphenones can be
      prepared from the corresponding unsubstituted phenones via formation of
      the 3-nitro derivative, reduction of the nitro group to amino,
      diazotization and decomposition of the diazotate, as described, for
      example, by L. C. King et al., in J. Am. Chem. Soc., 67, 2089 (1945).
PAR  The compounds of formula I in which R.sup.1.sup.' is carboethoxy can be
      prepared from the corresponding hydroxyacetophenone, which is converted
      into the tetrahydropyranyl ether and thereafter with an enamine, which
      upon acylation with ethylchlorocarbonate followed by acid treatment
      produces the desired .beta.-keto ester (See Advances in Organic Chemistry,
      Methods and Results, Vol. 4, page 57); 2,3 and
      4-tetrahydropyranyloxyphenyl-acetaldehydes (VIII, R.sup.1.sub." =H) can be
      prepared from the corresponding hydroxyphenylacetic acids via formation of
      the methyl ester, etherification of the hydroxyl group with dihydropyran,
      reduction of the carbomethoxy group to the alcohol with lithium aluminum
      hydride, and oxidation of the alcohol to the aldehyde.
PAR  The compounds of formula VIII, (R.sup.1.sub."  = lower alkyl) can be
      prepared from the corresponding tetrahydropyranyl ethers of
      hydroxyphenylacetic acids, which are alkylated in the .alpha.-position to
      the carboxy function via formation of the anion with LiN(iPr).sub.2,
      treatment of the anion with the desired lower alkyl halide,
      esterification, reduction of the carboxylate to the alcohol and oxidation
      to the aldehyde.
PAR  The cyano phenylacetaldehyde compounds of formula VIII (R.sup.1.sub." =CN)
      can be obtained from the corresponding tetrahydropyranyloxyphenyl
      acetonitrile compounds by formation of the anion with LiN(iPr).sub.2,
      reaction of the anion with ethyl formate and acid treatment.
PAR  The trifluoromethylphenylacetaldehyde compounds of formula VIII
      (R.sup.1.sub." =CF.sub.3) can be prepared from the corresponding
      hydroxylated .alpha.,.alpha.,.alpha.-trifluoroacetophenones, by protection
      of the hydroxyl group as the tetrahydropyranyl ether, treatment with
      methoxymethylenetriphenylphosphorane to form the methoxymethylene
      derivative, hydrolysis by brief treatment with an acid, such as
      hydrochloric acid or perchloric acid, [S. G. Levine et al., J. Am. Chem.
      Soc. 80, 6150 (1958)] and optional reetherification of the hydroxyl group.
PAR  The compounds of formula VIII in which R.sup.1.sup.' is phenyl can be
      prepared from the tetrahydropyranyl ethers of o-, m- or
      p-hydroxybenzophenones, by the method of E. J. Corey et al. [J. Am. Chem.
      Soc., 87, 1353 (1965)], which comprises treatment of a keto compound with
      dimethyloxosulfonium methylide to form an oxirane intermediate, which is
      decomposed by reaction with boron trifluoride etherate.
PAR  The o-, m-, or p-acetoxybenzoic acid chlorides of formula XI are prepared
      in a conventional manner from the commercially available o-, m- or
      p-acetoxybenzoic acid.
PAR  The compounds of the invention are useful in the treatment and palliation
      of cardiovascular abnormalities in mammals and primarily achieve their
      therapeutic action by blocking the cardiac .beta.-adrenergic receptor
      sites. The compounds are especially useful in the treatment or palliation
      of cardiac arrhythmias, angina pectoris, hypertrophic subaortic stenosis,
      pheochromocytoma, thyrotoxicosis, hyperkinetic syndromes, tetralogy of
      Fallot, mitral stenosis with tachycardia, general ischemic conditions, and
      hypertension founded on elevated cardiac outputs due to a hyperadrenergic
      state. The compounds are active both in the treatment or palliation of
      acute attacks of such cardiac disorders, and further can be applied
      prophylactically to prevent or reduce the frequency of such attacks. This
      prophylactic action is particularly desirable in reducing the frequency of
      attacks of angina pectoris, since the medication (i.e., nitroglycerin)
      presently commonly used in the treatment of angina pectoris has no
      recognized prophylactic action. The cardiac selective compounds (e.g.,
      4-[4{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiadi
     azole) are especially useful as they can also be applied to treat cardiac
      abnormalities in patients suffering from asthma or chronic obstructive
      lung disease.
PAR  Additional information concerning the use, action and determination of
      .beta.-blockers can be obtained by reference to the literature such as,
      for example, Dotlery et al., Clinical Pharmacology and Therapeutics,
      volume 10, No. 6, 765-797 and the references cited therein.
PAR  The compounds of the invention can be administered in a wide variety of
      dosage forms, either alone or in combination with other pharmaceutically
      compatible medicaments, in the form of pharmaceutical compositions suited
      for oral or parenteral administration. The compounds are typically
      administered as pharmaceutical compositions consisting essentially of the
      pharmaceutically acceptable salts of the compounds of formula I and a
      pharmaceutical carrier. The pharmaceutical carrier can be either a solid
      material or liquid, in which the compound is dissolved, dispersed or
      suspended, and can optionally contain small amounts of preservatives
      and/or pH-buffering agents. Suitable preservatives which can be used
      include, for example, benzyl alcohol and the like. Suitable buffering
      agents include, for example, sodium acetate and pharmaceutical phosphate
      salts and the like.
PAR  The liquid compositions can, for example, be in the form of solutions,
      emulsions, suspensions, syrups or elixirs and optionally can contain small
      quantities of preservatives and/or buffering agents.
PAR  The solid compositions can take the form of tablets, powders, capsules,
      pills or the like, preferable in unit dosage forms for simple
      administration or precise dosages. Suitable solid carriers include, for
      example, pharmaceutical grades of starch, lactose, sodium saccharin,
      sodium bisulfite and the like.
PAR  The compounds of this invention are typically administered in dosages of
      about from 0.01 to 5 mg. per Kg. of body weight. The precise effective
      dosage will, of course, vary depending upon the mode of administration,
      the condition being treated and the host. Preferably, the compounds are
      administered orally, either as solid compositions, e.g., tablets or
      liquids as described herein above.
PAR  The following Preparations and Examples illustrate the invention but are
      not intended to limit its scope.
PAC  PREPARATION 1
PAR  To 150 ml. of sulfuric acid, cooled to -10.degree. C are added dropwise, in
      a 15 minute period and under stirring, 60 g. of
      .beta.,.beta.,.beta.-trifluoropropiophenone, maintaining the temperature
      of the reaction mixture at about -5.degree. C. The reaction mixture is
      stirred at 0.degree. C for 90 minutes and then treated dropwise with a
      cooled nitrating mixture prepared from 40 ml. of nitric acid and 60 ml. of
      sulfuric acid, maintaining the temperature of the reaction mixture at
      about 0.degree. C. The resulting mixture is stirred for 30 minutes further
      at about 0.degree. C, and poured into ice water. The formed precipitate is
      collected by filtration and dried, thus obtaining
      3-nitro-.beta.,.beta.,.beta.-trifluoropropiophenone.
PAR  To a mixture of 120 g. of stannous chloride dihydrate and 106 ml. of
      concentrated hydrochloric acid cooled to 0.degree. C is added 25 g. of
      3-nitro-.beta.,.beta.,.beta.-trifluoropropiophenone. The reaction mixture
      is maintained at a temperature not higher than 35.degree. C for 2 hours.
      It is then refluxed for 10 minutes, cooled and the formed precipitate
      filtered off. The solid material is then treated with 350 ml. of 30%
      sodium hydroxide and the mixture stirred for 30 minutes at 0.degree. C.
      The solid material is separated by filtration and crystallized from
      ethanol-water, to yield
      3-amino-.beta.,.beta.,.beta.-trifluoropropiophenone.
PAR  To a mixture of 150 ml. of water and 112 ml. of sulfuric acid cooled to
      0.degree. C is added 13.5 g. of
      3-amino-.beta.,.beta.,.beta.-trifluoropropiophenone and the reaction
      mixture is stirred for 30 minutes. The resulting solution is treated
      dropwise with a solution of 8.2 g. of sodium nitrite in 20 ml. of water,
      at 0.degree. C. The reaction mixture is allowed to stand at room
      temperature for 2 hours, it is then made alkaline by the addition of 30%
      sodium hydroxide solution and extracted with ethyl acetate to eliminate
      undesired products. The aqueous phase is acidified with 10% hydrochloric
      acid solution and extracted with ethyl acetate. The latter ethyl acetate
      extracts are washed with water, dried over sodium sulfate and evaporated
      to a small volume, until crystallization starts. The formed precipitate is
      collected by filtration and dried thus obtaining
      3-hydroxy-.beta.,.beta.,.beta.-trifluoropropiophenone
      (3-hydroxy-.alpha.-trifluoromethyl acetophenone).
PAR  In a similar manner, starting from
      .alpha.,.alpha.,.alpha.-trifluoroacetophenone, propiophenone,
      butyrophenone, valerophenone, benzoylacetonitrile and phenyl benzyl ketone
      there are respectively obtained:
      3-hydroxy-.alpha.,.alpha.,.alpha.-trifluoroacetophenone,
      3-hydroxypropiophenone, 3-hydroxybutyrophenone, 3-hydroxyvalerophenone,
      3-hydroxybenzoylacetonitrile, and 3-hydroxyphenyl benzyl ketone.
PAC  PREPARATION 2
PAR  A. To a mixture of 94 g. of phenol and 88 g. of n-butyric acid is added, in
      a 30 minute period, 122.8 g. of freshly distilled thionyl chloride. The
      reaction mixture is heated to 40.degree. C until the evolution of sulfur
      dioxide and hydrochloric acid ceases and then distilled under high vacuo,
      to obtain the pure phenyl butyrate.
PAR  B. To a stirred mixture of 146.3 g. of anhydrous aluminum chloride and 400
      ml. of carbon disulfide is added dropwise, in a 2 hour period, 164 g. of
      phenyl butyrate. Hydrogen chloride evolves spontaneously. When the
      addition is complete the reaction mixture is heated to reflux for about 2
      hours, until the evolution of hydrogen chloride ceases. The carbon
      disulfide is eliminated by distillation and the residue is heated in an
      oil bath at 140.degree. to 150.degree. C, under stirring. The reaction
      mixture is cooled, the aluminum complex is decomposed by careful addition
      of 150 ml. of concentrated hydrochloric acid and 500 ml. of water, and the
      mixture is maintained at 0.degree. C for 18 hours. The solid is separated
      by filtration and recrystallized from methanol, thus obtaining
      4-hydroxybutyrophenone. The filtrate is treated with 10% sodium hydroxide
      solution and extracted with ether to remove non-phenolic products. The
      alkaline solution is acidified with hydrochloric acid and the oily layer
      is separated, dried over magnesium sulfate and distilled, thus obtaining
      2-hydroxybutyrophenone and an additional amount of 4-hydroxybutyrophenone.
PAR  In a similar manner but using n-valeric acid in place of n-butyric acid in
      part A, there are obtained 4-hydroxyvalerophenone and
      2-hydroxyvalerophenone.
PAC  PREPARATION 3
PAR  A. A mixture of 37 g. of 4-hydroxyphenylacetic acid, 370 ml. of methanol
      and 0.1 ml. of sulfuric acid is refluxed for 6 hours, cooled, poured into
      ice water, and extracted with methylene chloride. The organic extract is
      washed with water to neutrality, dried over sodium sulfate and evaporated
      to dryness under vacuo, to yield methyl 4-hydroxyphenylacetate.
PAR  B. A mixture of 38.5 g. of methyl 4-hydroxyphenylacetate, 3.8 l. of benzene
      and 0.9 g. of p-toluenesulfonic acid is heated to the boiling point and
      about 20 ml. of solvent are distilled to remove moisture, it is then
      cooled to room temperature and treated with 130 ml. of freshly distilled
      dihydropyran. The reaction mixture is kept at room temperature for 1 hour
      and washed with 10% sodium bicarbonate solution and water, dried over
      sodium sulfate and evaporated to dryness under reduced pressure. The
      residue is dissolved in methylene chloride and filtered through neutral
      alumina, thus obtaining the pure methyl
      4-(tetrahydropyran-2-yloxy)phenylacetate.
PAR  C. A solution of 57 g. of methyl 4-(tetrahydropyran-2-yloxy)phenylacetate,
      in 2 l. of anhydrous tetrahydrofuran is added dropwise, over a 30 minute
      period to a stirred suspension of 20 g. of lithium aluminum hydride in 1
      l. of anhydrous tetrahydrofuran, under nitrogen atmosphere. The mixture is
      refluxed for 90 minutes, cooled and cautiously treated with 20 ml. of
      ethyl acetate, to destroy the excess reagent. Solid sodium sulfate is
      added, the inorganic material filtered off and thoroughly washed with hot
      ethyl acetate. Upon evaporation of the combined organic filtrates there is
      obtained 4-(tetrahydropyran-2-yloxy)phenylethanol.
PAR  D. To a stirred suspension of 740 g. of Celite diatomaceous earth and 396
      g. of chromium trioxide-dipyridine complex (Collins' reagent) in 4 l. of
      anhydrous methylene chloride, cooled to 0.degree.C is added dropwise a
      solution of 58 g. of 4-(tetrahydropyran-2-yloxy)phenylethanol in 3 l. of
      anhydrous methylene chloride, maintaining the temperature of the reaction
      mixture at 0.degree.-5.degree.C. After completion of the addition, the
      reaction mixture is stirred for 30 minutes further at 0.degree.C, 396 g.
      of sodium bisulfate are added and the mixture stirred for 15 additional
      minutes. It is then filtered through anhydrous magnesium sulfate and
      evaporated to dryness under reduced pressure, to yield
      4-(tetrahydropyran-2-yloxy)phenylacetaldehyde.
PAR  By repeating the above-mentioned procedures, using 2-hydroxyphenylacetic
      acid and 3-hydroxyphenylacetic acid as starting materials in part A, there
      are obtained as final products
      2-(tetrahydropyran-2-yloxy)phenylacetaldehyde and
      3-(tetrahydropyran-2-yloxy)phenylacetaldehyde, respectively.
PAC  PREPARATION 4
PAR  By following the method of Preparation 3 part B, 4-hydroxyacetophenone is
      converted into its tetrahydropyranylether.
PAR  To a stirred solution of 10 g. of 4-tetrahydropyran-2-yloxyacetophenone in
      250 ml. of benzene, thiophene free are added 10 ml. of pyrrolidine and 100
      mg. of p-toluenesulfonic acid and the resulting mixture is refluxed for 2
      hours, with continuous distillation of the water formed during the
      reaction using a Dean Stark trap. The solvent and excess pyrrolidine are
      then removed under vacuo. The crude pyrrolidine enamine thus obtained is
      dissolved in 200 ml. of benzene, 4.1 g. of ethyl chlorocarbonate are added
      and the resulting mixture is refluxed for 10 hours, cooled and treated
      with 10 ml. of 10% hydrochloric acid. The reaction mixture is stirred for
      20 hours at room temperature, and diluted with water. The organic phase is
      separated and the aqueous phase extracted with ethyl acetate. The combined
      organic solutions are washed with 10% sodium carbonate solution and water
      to neutrality, dried over sodium sulfate and evaporated to dryness under
      reduced pressure. The residue is purified by crystallization to yield
      ethyl 3-keto-4-hydroxyphenylpropionate.
PAR  In a similar manner starting from 2-hydroxyacetophenone and
      4-hydroxyacetophenone there are obtained as final products ethyl
      3-keto-2-hydroxyphenylpropionate and ethyl
      3-keto-4hydroxyphenylpropionate, respectively.
PAC  PREPARATION 5
PAR  To a solution of 20.2 g. of diisopropylamine in 200 ml. of anhydrous
      tetrahydrofuran cooled to 0.degree.C is added 12.8 g. of n-butyllithium,
      under nitrogen atmosphere and under stirring. To the resulting mixture is
      added dropwise a solution of 20.6 g. of
      4-(tetrahydropyran-2-yloxy)phenylacetic acid (prepared from the
      corresponding methyl ester by selective hydrolysis of the carbomethoxy
      group with base followed by careful neutralization with acetic acid) in
      250 ml. of anhydrous tetrahydrofuran, maintaining the temperature at
      0.degree.-5.degree. C. The reaction mixture is stirred at 0.degree. C for
      30 minutes, 36.5 g. of methyl bromide is added and the resulting mixture
      is stirred for 16 hours at room temperature, under nitrogen atmosphere. It
      is then poured into 5% sodium carbonate solution, and extracted with
      methylene chloride. The aqueous phase is acidified with 4N hydrochloric
      acid, extracted with ether and the organic extract washed with water,
      dried over sodium sulfate and evaporated to dryness under vacuo. The crude
      residue is esterified with methanol-sulfuric acid and thereafter treated
      with dihydropyran, in accordance with the methods or Preparation 3 parts A
      and B, to yield methyl 2-methyl-2-(4-tetrahydropyran-2-yloxyphenyl)
      acetate.
PAR  In a similar manner but using equimolecular amounts of ethyl bromide,
      n-propyl bromide, isopropyl bromide and n-butyl bromide in place of methyl
      bromide there are respectively obtained:
PAR  methyl 2-ethyl-2-(4-tetrahydropyran-2-yloxyphenyl) acetate,
PAR  methyl 2-propyl-2-(4-tetrahydropyran-2-yloxyphenyl) acetate,
PAR  methyl 2-isopropyl-2-(4-tetrahydropyran-2-yloxyphenyl) acetate, and
PAR  methyl 2-butyl-2(4-tetrahydropyran-2-yloxyphenyl) acetate.
PAR  By the same method but using 2-(tetrahydropyran-2-yloxy) phenylacetic acid
      and 3-(tetrahydropyran-2-yloxy)-phenylacetic  acid in place of
      4-(tetrahydropyran-2-yloxy)-phenylacetic acid and methyl bromide as
      alkylating agent there are obtained methyl
      2-methyl-2-(2-tetrahydropyran-2-yloxyphenyl)acetate and methyl
      2-methyl-2-(3-tetrahydropyran-2-yloxyphenyl)acetate, respectively.
PAC  PREPARATION 6
PAR  By following the methods of Preparation 3, parts C and D, methyl
      2-methyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetate is converted
      successively into 2-methyl-2-(4-tetrahydropyran-2-yloxyphenyl)ethanol and
      2-methyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde.
PAR  In a similar manner from the remaining compounds obtained in Preparation 5
      there are produced as final products respectively:
PAR  2-ethyl-2-(4-tetrahydropyran-2-yloxyphenyl) acetaldehyde,
PAR  2-propyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PAR  2-isopropyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PAR  2-butyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PAR  2-methyl-2-(2-tetrahydropyran-2-yloxyphenyl)acetaldehyde and
PAR  2-methyl-2-(3-tetrahydropyran-2-yloxyphenyl)acetaldehyde.
PAC  PREPARATION 7
PAR  By following the method of Preparation 3, part B, 10 g. of
      4-hydroxyphenylacetonitrile are converted into
      (4-tetrahydropyran-2-yloxy)phenylacetonitrile.
PAR  To a cold (0.degree. C) solution of 20.2 g. of diisopropylamine in 70 ml.
      of anhydrous tetrahydrofuran, is added 12.8 g. of n-butyllithium, and 10
      g. of 4-tetrahydropyran-2-yloxyphenylacetonitrile, under nitrogen
      atmosphere, the resulting mixture is stirred at 0.degree. C for 30 minutes
      and then 7.4 g. of ethyl formate is added. The reaction mixture is stirred
      for 18 hours at room temperature, under nitrogen atmosphere, poured into
      ice water and acidified to pH 5 with 10% acetic acid. It is then extracted
      three times with methylene chloride, the organic extracts are washed with
      water to neutrality, dried over sodium sulfate and evaporated to dryness
      under vacuo. The crude residue is treated with dihydropyran in benzene
      solution, in accordance with the method of Preparation 3, part B, to
      afford 2-cyano-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde which can
      be purified by crystallization from acetone-hexane.
PAR  In a similar manner 2-hydroxyphenylacetonitrile and
      3-hydroxyphenylacetonitrile are converted respectively into
      2-cyano-2-(2-tetrahydropyran-2-yloxyphenyl)acetaldehyde and
      2-cyano-2-(3-tetrahydropyran-2-yloxyphenyl)acetaldehyde.
PAC  PREPARATION 8
PAR  To an ethereal solution of 0.2 molar equivalents of
      methoxymethylenetriphenylphosphorane, prepared as described by S. G.
      Levine in J. Am. Chem. Soc., 80, 6150 (1958) is added a soluiton of 0.1
      molar equivalents of
      2-(tetrahydropyran-2-yloxy)-.alpha.,.alpha.,.alpha.-trifluoroacetophenone
      (prepared by conventional etherification of
      2-hydroxy-.alpha.,.alpha.,.alpha.-trifluoroacetophenone [S. Matsumoto et
      al., Bull. Soc. Chim. Japan 42, 960 (1969)] with dihydropyran, as
      described in Preparation 3 part B) in 100 ml. of anhydrous ether in a
      dropwise fashion, under nitrogen atmosphere. The reaction mixture is
      allowed to stand at room temperature for 2 hours. It is then diluted with
      10% acetic acid, the organic phase separated and the aqueous phase
      extracted with ether. The combined organic extracts are washed with water,
      dried and evaporated to dryness. The residue is dissolved in diethyl ether
      previously saturated with 72% perchloric acid, and the resulting solution
      is stirred at room temperature for 30 minutes. It is then washed with
      sodium carbonate solution and water, dried over sodium sulfate and
      evaporated to dryness under vacuo. The crude residue is treated with
      dihydropyran in the presence of p-toluenesulfonic acid, in accordance with
      the method of Preparation 3 part B, thus obtaining
      2-trifluoromethyl-2-(2-tetrahydropyran-2-yloxyphenyl)acetaldehyde.
PAR  In a similar manner,
      3-(tetrahydropyran-2-yloxy)-.alpha.,.alpha.,.alpha.-trifluoroacetophenone
      and
      4-(tetrahydropyran-2-yloxy)-.alpha.,.alpha.,.alpha.-trifluoroacetophenone
      are converted respectively into
      2-trifluoromethyl-2-(3-tetrahydropyran-2-yloxyphenyl)acetaldehyde and
      2-trifluoromethyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde.
PAC  PREPARATION 9
PAR  By following the method of Preparation 3 part B, 4-hydroxybenzophenone is
      converted into the tetrahydropyranylether.
PAR  To 0.013 molar equivalents of dimethyloxosulfonium metilide reagent,
      prepared from 0.013 mole of sodium hydride, 0.013 mol of
      trimethyloxosulfonium iodide and 15 ml. of anhydrous dimethylsulfoxide, as
      described by E. J. Corey et al., in J. Am. Chem. Soc., 87,1353 (1965) is
      added 0.01 molar equivalents (2.8 g.) of
      4-(tetrahydropyran-2-yloxy)benzophenone in 10 ml. of anhydrous
      dimethylsulfoxide at room temperature and under nitrogen atmosphere. The
      reaction mixture is heated to 50.degree. C for 1 hour under anhydrous
      conditions, cooled, diluted with water and extracted with ethyl acetate.
      The combined organic extracts are washed with water, dried over sodium
      sulfate and evaporated to dryness under vacuo. The residue is purified by
      thin layer chromatography, thus obtaining
      1-(4-tetrahydropyran-2-yloxyphenyl)-1-phenyl-oxirane.
PAR  To a stirred solution of 1 g. of the foregoing compound in 25 ml. of
      anhydrous ether, cooled to 0.degree. C is added 0.5 ml. of boron
      trifluoride etherate. The resulting mixture is stirred at room temperature
      for 15 minutes, diluted with ether and washed with sodium bicarbonate
      solution and water to neutrality, dried over sodium sulfate and evaporated
      to dryness under vacuo. Purification of the residue by thin layer
      chromatography affords the pure
      2-phenyl-2-(4tetrahydropyran-2-yloxyphenyl)acetaldehyde.
PAR  In a similar manner, starting from 2-hydroxybenzophenone and
      3-hydroxybenzophenone there are obtained as final products
      2-phenyl-2-(2-tetrahydropyran-2-yloxyphenyl) acetaldehyde and
      2-phenyl-2-(3-tetrahydropyran-2-yloxyphenyl) acetaldehyde, respectively.
DETD
PAC  EXAMPLE 1
PAR  To a solution of 13.61 g. of 4-hydroxyacetophenone in 250 ml. of methanol
      is added a solution of 15.8 g. of carbethoxyhydrazine in 250 ml. of
      methanol and 50 ml. of glacial acetic acid, and the reaction mixture is
      refluxed for 4 hours. It is then evaporated to dryness under reduced
      pressure and the solid residue recrystallized from methanol-water, to
      yield the ethoxycarbonylhydrazone of 4-hydroxyacetophenone.
PAC  EXAMPLE 2
PAR  To a solution of 1 g. of 2-hydroxyacetophenone in 25 ml. of methanol is
      added a solution of 1.895 g. of carbethoxyhydrazine in 25 ml. of methanol
      and 0.5 ml. of glacial acetic acid. The reaction mixture is refluxed for
      17 hours, cooled and poured into water, and the formed precipitate
      collected by filtration, dried and purified by crystallization from
      methanol-water, thus obtaining the pure ethoxycarbonylhydrazone of
      2-hydroxyacetophenone.
PAR  By following the method of this Example or the method of Example 1,
PA1  3-hydroxyacetophenone,
PA1  2-hydroxypropiophenone,
PA1  3-hydroxypropiophenone,
PA1  4-hydroxypropiophenone,
PA1  2-hydroxybutyrophenone,
PA1  3-hydroxybutyrophenone,
PA1  2-hydroxyvalerophenone,
PA1  3-hydroxyvalerophenone,
PA1  4-hydroxyvalerophenone,
PA1  2-hydroxybenzoylacetonitrile,
PA1  3-hydroxybenzoylacetonitrile,
PA1  4-hydroxybenzoylacetonitrile,
PA1  2-hydroxy-.alpha.-trifluoromethylacetophenone,
PA1  3-hydroxy-.alpha.-trifluoromethylacetophenone,
PA1  2-hydroxyphenyl benzyl ketone,
PA1  4-hydroxyphenyl benzyl ketone,
PA1  3-hydroxyphenyl benzyl ketone,
PA1  ethyl 3-keto-2-hydroxyphenylproprionate,
PA1  ethyl 3-keto-3-hydroxyphenylpropionate and
PA1  ethyl 3-keto-4-hydroxyphenylpropionate,
PAL  are converted into the corresponding ethoxycarbonylhydrazones.
PAC  EXAMPLE 3
PAR  To 2.5 ml. of freshly distilled thionyl chloride, cooled to 0.degree. C is
      added portionwise, 1.12 g. of the ethoxycarbonylhydrazone of
      4-hydroxyacetophenone, maintaining the reaction mixture at room
      temperature or below until the evolution of gas ceases. It is then heated
      to reflux under anhydrous conditions for 1 hour. At the end of this time
      the excess thionyl chloride is eliminated under reduced pressure, the
      yellowish crystalline residue is treated three times with toluene and
      evaporated to dryness to completely eliminate the thionyl chloride and
      thereafter crystallized from methanolwater, thus affording the pure
      4-(4-hydroxyphenyl)-1,2,3-thiadiazole.
PAR  In a similar manner, starting from the ethoxycarbonylhydrazones obtained in
      Example 2 there are produced:
PA1  4-(2-hydroxyphenyl)-1,2,3-thiadiazole,
PA1  4-(3-hydroxyphenyl)-1,2,3-thiadiazole,
PA1  4-(2-hydroxyphenyl)-5-methyl-1,2,3-thiadiazole,
PA1  4-(3-hydroxyphenyl)-5-methyl-1,2,3-thiadiazole,
PA1  4-(4-hydroxyphenyl)-5-methyl-1,2,3-thiadiazole,
PA1  4-(2-hydroxyphenyl)-5-ethyl-1,2,3-thiadiazole,
PA1  4-(3-hydroxyphenyl)-5-ethyl-1,2,3-thiadiazole,
PA1  4-(2-hydroxyphenyl)-5-propyl-1,2,3-thiadiazole,
PA1  4-(3-hydroxyphenyl)-5-propyl-1,2,3-thiadiazole,
PA1  4-(4-hydroxyphenyl)-5-propyl-1,2,3-thiadiazole,
PA1  4-(2-hydroxyphenyl)-5-cyano-1,2,3-thiadiazole,
PA1  4-(3-hydroxyphenyl)-5-cyano-1,2,3-thiadiazole,
PA1  4-(4-hydroxyphenyl)-5-cyano-1,2,3-thiadiazole,
PA1  4-(2-hydroxyphenyl)-5-trifluoromethyl-1,2,3-thiadiazole,
PA1  4-(3-hydroxyphenyl)-5-trifluoromethyl-1,2,3-thiadiazole,
PA1  4-(4-hydroxyphenyl)-5-trifluoromethyl-1,2,3-thiadiazole,
PA1  4-(2-hydroxyphenyl)-5-phenyl-1,2,3-thiadiazole,
PA1  4-(4-hydroxyphenyl)-5-phenyl-1,2,3-thiadiazole,
PA1  4-(3-hydroxyphenyl)-5-phenyl-1,2,3-thiadiazole,
PA1  4-(2-hydroxyphenyl)-5-carboethoxy-1,2,3-thiadiazole,
PA1  4-(3-hydroxyphenyl)-5-carboethoxy-1,2,3-thiadiazole and
PA1  4-(4-hydroxyphenyl)-5-carboethoxy-1,2,3-thiadiazole.
PAC  EXAMPLE 4
PAR  To a solution of 0.112 g. of sodium hydroxide in 10 ml. of water is added
      0.499 g. of 4-(4-hydroxyphenyl)1,2,3-thiadiazole and to the resulting
      solution is added dropwise, under stirring, 0.66 ml. of epibromohydrin, in
      a 5 minute period. The reaction mixture is stirred for 48 hours and
      extracted several times with ethyl acetate. The combined organic extracts
      are washed with water to neutrality, dried over anhydrous sodium sulfate
      and evaporated to dryness under vacuo. The semisolid residue is
      crystallized from methylene chloride-hexane to yield the pure
      4-[4(2,3-epoxypropoxy)phenyl] 1,2,3-thiadiazole.
PAR  In a similar manner, the remaining compounds obtained in Example 3 are
      converted respectively into:
PA1  4-[2(2,3-epoxypropoxy)phenyl] -1,2,3-thiadiazole,
PA1  4-[3(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  4-[2(2,3-epoxypropoxy)phenyl]-5-methyl-1,2,3-thiadiazole,
PA1  4-[3(2,3-epoxypropoxy)phenyl]-5-methyl-1,2,3-thiadiazole,
PA1  4-[4(2,3-epoxypropoxy)phenyl]-5-methyl-1,2,3-thiadiazole,
PA1  4-[2(2,3-epoxypropoxy)phenyl]-5-ethyl-1,2,3-thiadiazole,
PA1  4-[3(2,3-epoxypropoxy)phenyl]-5-ethyl-1,2,3-thiadiazole,
PA1  4-[2(2,3-epoxypropoxy)phenyl]-5-propyl-1,2,3-thiadiazole,
PA1  4-[3(2,3-epoxypropoxy)phenyl]-5-propyl-1,2,3-thiadiazole,
PA1  4-[4(2,3-epoxypropoxy)phenyl]-5-propyl-1,2,3-thiadiazole,
PA1  4-[2(2,3-epoxypropoxy)phenyl]-5-cyano-1,2,3-thiadiazole,
PA1  4-[3(2,3-epoxypropoxy)phenyl]-5-cyano-1,2,3-thiadiazole,
PA1  4-[4(2,3-epoxypropoxy)phenyl]-5-cyano-1,2,3-thiadiazole,
PA1  4-[2(2,3-epoxypropoxy)phenyl]-5-trifluoromethyl-1,2,3-tiadiazole,
PA1  4-[3(2,3-epoxypropoxy)phenyl]-5-trifluoromethyl-1,2,3-thiadiazole,
PA1  4-[4(2,3-epoxypropoxy)phenyl]-5-trifluoromethyl-1,2,3-thiadiazole,
PA1  4-[2(2,3-epoxypropoxy)phenyl]-5-phenyl-1,2,3-thiadiazole,
PA1  4-[4(2,3-epoxypropoxy)phenyl]-5-phenyl-1,2,3-thiadiazole,
PA1  4-[3(2,3-epoxypropoxy)phenyl]-5-phenyl-1,2,3-thiadiazole,
PA1  4-[2(2,3-epoxypropoxy)phenyl]-5-carboethoxy-1,2,3-thiadiazole,
PA1  4-[3(2,3-epoxypropoxy)phenyl]-5-carboethoxy-1,2,3-thiadiazole and
PA1  4-[4(2,3-epoxypropoxy)phenyl]-5-carboethoxy-1,2,3-thiadiazole.
PAC  EXAMPLE 5
PAR  A. To a solution of 660 mg. of
      4-[4(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole in 29.7 ml. of
      t-butylamine is added 3.3 ml. of t-butanol and the reaction mixture is
      stirred at room temperature for 24 hours. It is then evaporated to dryness
      under vacuo and the residue taken up in methylene chloride. The resulting
      solution is extracted with dilute hydrochloric acid and the aqueous phase
      made alkaline with sodium carbonate. It is then extracted with ethyl
      acetate and the organic extracts washed to neutrality, dried over sodium
      sulfate and evaporated to dryness. The solid residue is purified by two
      recrystallizations from methylene chloridehexane (after decolorization
      with charcoal) and then by three crystallizations from benzene, thus
      obtaining the pure
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole, m.p.
      124.degree.-125.degree. C; .lambda.max 256, 304 nm, (.epsilon.
      20,000;2,000) ir 3340, 1615, 1580, 1535, 835 cm.sup.-.sup.1.
PAR  B. To a solution of 1.95 g. of
      4-[2(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole in 45 ml. of t-butylamine
      is added 5 ml. of t-butanol, and the reaction mixture is stirred at room
      temperature for 5 days. It is then evaporated to dryness under vacuo.
      Crystallization of the residue from methylene chloride-benzene affords the
      pure 4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]1,2,3-thiadiazole, m.p.
      99.degree.-100.degree. C .lambda.max 244, 290 nm (.epsilon. 10,500, 4,600)
      ir 3355, 1600 cm.sup.-.sup.1.
PAR  In a similar manner, by the methods of parts A or B of this Example, the
      remaining compounds obtained in Example 5 are converted respectively into:
PA1  4-[3-(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3thiadiazole, m.p.
      121.degree.-122.degree. C; .lambda.max 211, 243, 290 nm (.epsilon. 28,700,
      13,800, 3,390); ir 3290, 1605 cm.sup.-.sup.1,
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-methyl-1,2,3-thiadiazole,
PA1  4-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-methyl-1,2,3-thiadiazole,
PA1  4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-methyl-1,2,3-thiadiazole,
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-ethyl-1,2,3-thiadiazole,
PA1  4-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-ethyl-1,2,3-thiadiazole,
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-propyl-1,2,3-thiadiazole,
PA1  4-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-propyl-1,2,3-thiadiazole,
PA1  4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-propyl-1,2,3-thiadiazole,
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-cyano-1,2,3-thiadiazole,
PA1  4-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-cyano-1,2,3-thiadiazole,
PA1  4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-cyano-1,2,3-thiadiazole,
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-trifluoromethyl-1,2,3-thiadi
     azole,
PA1  4-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-trifluoromethyl-1,2,3-thiadi
     azole,
PA1  4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-trifluoromethyl-1,2,3-thiadi
     azole,
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-phenyl-1,2,3-thiadiazole,
PA1  4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-phenyl-1,2,3-thiadiazole,
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-carboethoxy-1,2,3-thiadiazol
     e,
PA1  4-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-carboethoxy-1,2,3-thiadiazol
     e, and
PA1  4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-carboethoxy-1,2,3-thiadiazol
     e.
PAC  EXAMPLE 6
PAC  A. Preparation of carbamoylphenoxyethylamine.
PAR  A mixture of 100 g. of methyl p-hydroxybenzoate, 200 g. of anhydrous
      potassium carbonate, 400 g. of dibromoethane and 1500 ml. of methyl ethyl
      ketone is refluxed under vigorous stirring for 24 hours, at the end of
      which time the reaction is essentially complete, as demonstrated by t.l.c.
      using an ethyl acetate-hexane mixture (60:20) as gradient. The solid is
      separated by filtration, and the filtrate is evaporated to dryness under
      vacuo. The oily residue is dissolved in ethyl acetate, washed twice with
      water, dried over magnesium sulfate and evaporated to dryness under vacuo,
      to yield methyl 4-(2-bromoethoxy)benzoate.
PAR  A mixture of 150 g. of methyl 4-(2-bromoethoxy) benzoate, 80 g. of sodium
      azide, 1400 ml. of methanol and 300 ml. of water is stirred at 70.degree.
      C for 16 hours, cooled and concentrated to 1/3 the original volume under
      reduced pressure, 2 liters of ethyl acetate are added, the organic phase
      is separated, washed with water, dried over magnesium sulfate and
      evaporated to a small volume; 1.5 l. of ethanol is added and the volume
      reduced to approximately 750 ml. The insoluble material is separated by
      filtration and the filtrate is hydrogenated in the presence of 2 g. of
      platinum charcoal catalyst, for about 8 hours at room temperature. The
      catalyst is separated by filtration and the filtrate evaporated to dryness
      under reduced pressure, to yield methyl 4-(2-aminoethoxy) benzoate.
PAR  A mixture of 120 g. of methyl 4-(2-aminoethoxy) benzoate and 1 l. of
      concentrated ammonium hydroxide is stirred at room temperature for 72
      hours. The formed precipitate is separated by filtration and the
      recrystallized from ethanol, to afford the pure
      4-carbamoylphenoxyethylamine.
PAR  B. A mixture of 234 mg. of 4-[4(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole,
      180 mg. of 4-carbamoylphenoxyethylamine and 5 ml. of ethanol is stirred at
      room temperature for 68 hours. The formed precipitate is collected by
      filtration and recrystallized from methanol thus obtaining the pure
      4-[4{3-(4-carbamoylphenoxyethylamino)2-hydroxypropoxy}phenyl]-1,2,3-thiadi
     azole, m.p. 173.degree.-174.degree. C; .lambda.max 255 nm (.epsilon.
      32,300); ir 3,345, 1605, 1570 cm.sup.-.sup.1.
PAR  In a similar manner, starting from the corresponding epoxypropoxyphenyl
      thiadiazole compounds of Example 4, there are produced:
PA1  4-[2{3-(
     4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3,-thiadiazole,
PA1  4-[3{
      3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiadiazol
     e,
PA1  4-[2{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiadi
     azole,
PA1  4-[3{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-5-methyl-1,2
     ,3-thiadiazole,
PA1  4-[4{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-5-methyl-1,2
     ,3-thiadiazole,
PA1  4-[3{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-ethyl-5-ethy
     l-1,2,3-thiadiazole,
PA1  4-[2{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}
      phenyl]-5-propyl-1,2,3-thiadiazole,
PA1  4-[2{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-5-cyano-1,2,
     3-thiadiazole,
PA1  4-[2{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-5-phenyl-1,2
     ,3-thiadiazole,
PA1  4-[2{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-5-trifluorom
     ethyl-1,2,3-thiadiazole,
PA1  4-[4{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-5-phenyl-1,2
     ,3-thiadiazole,
PA1  4-[2{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-5-carboethox
     y-1,2,3-thiadiazole and
PA1  4-[4{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-5-carboethox
     y-1,2,3-thiadiazole.
PAC  EXAMPLE 7
PAR  A solution of 200 mg. of 4-[4(2,3-epoxypropoxy) phenyl]-1,2,3-thiadiazole
      in 10 ml. of anhydrous ethanol is saturated with ammonia and the reaction
      mixture is maintained at room temperature for 16 hours. The reaction
      mixture is then evaporated to dryness under vacuo, to yield the crude
      4-[4(3-amino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole, which can be
      further purified by thin layer chromatography.
PAR  In a similar manner from the corresponding epoxypropoxyphenyl thiadiazole
      compounds prepared in Example 4 there are obtained:
PA1  4-[2(3-amino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  4-[3(3-amino-2-hydroxypropoxy)phenyl]-5-methyl-1,2,3-thiadiazole,
PA1  4-[2(3-amino-2-hydroxypropoxy)phenyl]-5-ethyl-1,2,3-thiadiazole,
PA1  4-[4(3-amino-2-hydroxypropoxy)phenyl]-5-cyano-1,2,3-thiadiazole,
PA1  4-[2(3-amino-2-hydroxypropoxy)phenyl]-5-trifluoromethyl- 1,2,3-thiadiazole,
PA1  4-[4(3-amino-2-hydroxypropoxy)phenyl]-5-phenyl-1,2,3-thiadiazole and
PA1  4-[3(3-amino-2-hydroxypropoxy)phenyl]-5-carboethoxy- 1,2,3-thiadiazole.
PAC  EXAMPLE 8
PAR  To a solution of 58 g. of 4-(tetrahydropyran-2-yloxy)phenylacetaldehyde in
      1160 ml. of methanol are added 32.7 g. of carbethoxyhydrazine and 0.7 ml.
      of glacial acetic acid, the reaction mixture is stirred at room
      temperature for 18 hours, and then evaporated to dryness under reduced
      pressure. The residue is dissolved in methylene chloride, washed with
      water, dried over sodium sulfate and evaporated to dryness under reduced
      pressure. To the oily residue (mixture of the ethoxycarbonylhydrazone of
      4-(tetrahydropyran-2-yloxy) phenylacetaldehyde and ethoxycarbonylhydrazone
      of 4-hydroxyphenylacetaldehyde is added 150 ml. of freshly distilled
      thionyl chloride previously cooled to -20.degree. C, and the reaction
      mixture is stirred at room temperature for 18 hours. The formed
      precipitate is collected by filtration, dissolved in methanol and the
      resulting solution decolorized with charcoal. Crystallization of the
      residue from methanol-water affords the pure
      5-(4-hydroxyphenyl)-1,2,3-thiadiazole.
PAR  The same compound is obtained using 4-hydroxyphenylacetaldehyde as starting
      material.
PAR  In a similar manner, 2-(tetrahydropyran-2-yloxy) phenylacetaldehyde and
      3-(tetrahydropyran-2-yloxy)phenylacetaldehyde are converted respectively
      into 5-(2-hydroxyphenyl)-1,2,3-thiadiazole and
      5-(3-hydroxyphenyl)-1,2,3-thiadiazole.
PAC  EXAMPLE 9
PAR  To a solution of 0.92 g. of sodium hydroxide in 425 ml. of water is added
      4.1 g. of 5-(4-hydroxyphenyl)-1,2,3-thiadiazole and 5.4 ml. of
      epibromohydrin, stirring the reaction mixture for 20 hours at room
      temperature. It is then extracted with ethyl acetate, and the organic
      extract washed with water to neutrality, dried over sodium sulfate and
      evaporated to dryness under reduced pressure. The residue is
      chromatographed on silica gel plates using a mixture of chloroform-acetone
      (95:5) as eluant to yield 5-[4(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole.
      This product can be further purified by crystallization from methylene
      chloridehexane.
PAR  In another experiment epichlorohydrin was substituted for epibromohydrin,
      obtaining the same results.
PAR  Likewise, 5-(3-hydroxyphenyl)-1,2,3-thiadiazole and
      5-(2-hydroxyphenyl)-1,2,3-thiadiazole are converted respectively into
      5-[3(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole and
      5-[2(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole.
PAC  EXAMPLE 10
PAR  Examples 8 and 9 are repeated using as starting material
      2-methyl-2(4-tetrahydropyran-2-yloxyphenyl) acetaldehyde, to produce
      successively the corresponding ethoxycarbonylhydrazone (in mixture with
      the hydroxy derivative), 5-(4-hydroxyphenyl)-4-methyl-1,2,3-thiadiazole
      and 5-[4(2,3-epoxypropoxy)phenyl]-4-methyl-1,2,3-thiadiazole.
PAR  Similarly but using as starting materials the following compounds:
PA1  2-ethyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PA1  2-propyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PA1  2-isopropyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PA1  2-butyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PA1  2-methyl-2-(2-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PA1  2-methyl-2-(3-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PA1  2-cyano-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PA1  2-cyano-2-(2-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PA1  2-cyano-2-(3-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PA1  2-trifluoromethyl-2-(2-tetrahydropyran-2-yloxyphenyl) acetaldehyde,
PA1  2-trifluoromethyl-2-(3-tetrahydropyran-2-yloxyphenyl) acetaldehyde,
PA1  2-trifluoromethyl-2-(4-tetrahydropyran-2-yloxyphenyl) acetaldehyde,
PA1  2-phenyl-2-(2-tetrahydropyran-2-yloxyphenyl)acetaldehyde,
PA1  2-phenyl-2-(3-tetrahydropyran-2-yloxyphenyl)acetaldehyde, and
PA1  2-phenyl-2-(4-tetrahydropyran-2-yloxyphenyl)acetaldehyde, there are
      produced as final products, respectively:
PA1  5-[4(2,3-epoxypropoxy)phenyl]-4-ethyl-1,2,3-thiadiazole,
PA1  5-[4(2,3-epoxypropoxy)phenyl]-4-propyl-1,2,3-thiadiazole,
PA1  5-[4(2,3-epoxypropoxy)phenyl]-4-isopropyl-1,2,3-thiadiazole,
PA1  5-[4(2,3-epoxypropoxy)phenyl]-4-butyl-1,2,3-thiadiazole,
PA1  5-[2(2,3-epoxypropoxy)phenyl]-4-methyl-1,2,3-thiadiazole,
PA1  5-[3(2,3-epoxypropoxy)phenyl]-4-methyl-1,2,3-thiadiazole,
PA1  5-[4(2,3-epoxypropoxy)phenyl]-4-cyano-1,2,3-thiadiazole,
PA1  5-[2(2,3-epoxypropoxy)phenyl]-4-cyano-1,2,3-thiadiazole,
PA1  5-[3(2,3-epoxypropoxy)phenyl]-4-cyano-1,2,3-thiadiazole,
PA1  5-[2(2,3-epoxypropoxy)phenyl]-4-trifluoromethyl-1,2,3-thiadiazole,
PA1  5-[3(2,3-epoxypropoxy)phenyl]-4-trifluoromethyl-1,2,3-thiadiazole,
PA1  5-[4(2,3-epoxypropoxy)phenyl]-4-trifluoromethyl-1,2,3-thiadiazole,
PA1  5-[2(2,3-epoxypropoxy)phenyl]-4-phenyl-1,2,3-thiadiazole,
PA1  5-[3(2,3-epoxypropoxy)phenyl]-4-phenyl-1,2,3-thiadiazole and
PA1  5-[4(2,3-epoxypropoxy)phenyl]-4-phenyl-1,2,3-thiadiazole.
PAC  EXAMPLE 11
PAR  To 9 g. of ethyl diazoacetate, cooled to 0.degree. C is added 5 g. of
      2-acetoxybenzoic acid chloride, and the resulting mixture is stirred at a
      temperature not higher than room temperature for 2 hours. It is then
      heated at 40.degree. C for 18 hours and the excess reagent evaporated to
      dryness under vacuo. The solid residue is treated with 100 ml. of cold 5%
      sodium bicarbonate solution and the mixture stirred for 2 hours. It is
      then extracted with ether and the organic extracts washed with water,
      dried over sodium sulfate and evaporated to dryness under vacuo.
      Crystallization of the residue from acetone-ether affords the pure ethyl
      4-acetoxybenzoyldiazoacetate.
PAR  A solution of 5 g. of ethyl 4-acetoxybenzoyldiazoacetate in 200 ml. of
      ethanol is treated with 50 ml. of aqueous 20% ammonium polysulfide
      solution and through the resulting mixture is passed a slow stream of
      hydrogen sulfide for 4 hours. The precipitate which forms is collected by
      filtration, dissolved in methylene chloride and filtered through a column
      of alkaline alumina, eluting the column with methylene chloride and
      methylene chloride containing increasing percentages of ether. The
      combined eluates are evaporated to dryness and the residue crystallized
      from ethyl acetatemethanol, thus obtaining the pure
      5-(2-hydroxyphenyl)-4-carboethoxy-1,2,3-thiadiazole.
PAR  In a similar manner starting from 3-acetoxybenzoic acid chloride and
      4-acetoxybenzoic acid chloride there are obtained, respectively,
      5-(3-hydroxyphenyl)-4-carboethoxy-1,2,3-thiadiazole and
      5-(4-hydroxyphenyl)-4-carboethoxy-1,2,3-thiadiazole.
PAR  Upon reaction of the above-mentioned thiadiazole compounds with
      epibromohydrin, in accordance with the method of Example 8, there are
      obtained, respectively:
PA1  5-[2(2,3-epoxypropoxy)phenyl]-4-carboethoxy-1,2,3-thiadiazole,
PA1  5-[3(2,3-epoxypropoxy)phenyl]-4-carboethoxy-1,2,3-thiadiazole, and
PA1  5-[4(2,3-epoxypropoxy)phenyl]-4-carboethoxy-1,2,3-thiadiazole.
PAC  EXAMPLE 12
PAR  A mixture of 1.5 g. of 5-[4(2,3-epoxypropoxy) phenyl]-1,2,3-thiadiazole, 45
      ml. of t-butylamine and 5 ml. of t-butanol is stirred at room temperature
      for 96 hours. It is then evaporated to dryness under reduced pressure and
      the residue crystallized from methanol-ether to afford the pure
      5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole, m.p.
      133.degree.-134.degree. C; .lambda.max 225-226, 314 nm (.epsilon. 760,
      12300) ir 3390, 3210, 1655, 1615 cm.sup.-.sup.1.
PAR  In a similar manner, the remaining epoxypropoxy thiadiazole compounds
      obtained in Example 9 and the compounds of Examples 10 and 11 are
      converted respectively into:
PA1  5-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-methyl-1,2,3-thiadiazole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-ethyl-1,2,3-thiadiazole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-propyl-1,2,3-thiadiazole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-isopropyl-1,2,3-thiadiazole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-butyl-1,2,3-thiadiazole,
PA1  5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-methyl-1,2,3-thiadiazole,
PA1  5-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-methyl-1,2,3-thiadiazole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-cyano-1,2,3-thiadiazole,
PA1  5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-cyano-1,2,3-thiadiazole,
PA1  5-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-cyano-1,2,3-thiadiazole,
PA1  5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-trifluoromethyl-1,2,3-thiadi
     azole,
PA1  5-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-trifluoromethyl-1,2,3-thiadi
     azole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-trifluoromethyl-1,2,3-thiadi
     azole,
PA1  5-[2-(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-phenyl-1,2,3-thiadiazole,
PA1  5-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-phenyl-1,2,3-thiadiazole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-phenyl-1,2,3-thiadiazole,
PA1  5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-carboethoxy-1,2,3-thiadiazol
     e,
PA1  5-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-carboethoxy-1,2,3-thiadiazol
     e, and
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-carboethoxy-1,2,3-thiadiazol
     e.
PAC  EXAMPLE 13
PAR  To a solution of 10 g. of
      4-(2-hydroxyphenyl)5-carboethoxy-1,2,3-thiadiazole in 500 ml. of ethanol
      is added a solution of 5 g. of sodium hydroxide in 25 ml. of water. The
      reaction mixture is refluxed for 4 hours and then evaporated to a small
      volume under vacuo. It is then cooled, diluted with water and extracted
      with ether to eliminate unsaponifiable products. The aqueous phase is
      acidified with 10% hydrochloric acid solution and extracted with ethyl
      acetate. The combined ethyl acetate extracts are washed with sodium
      chloride solution, dried over sodium sulfate and evaporated to dryness
      under vacuo. Crystallization of the residue from ethyl acetate-methanol,
      affords the pure 4-(2-hydroxyphenyl)5-carboxy-1,2,3-thiadiazole.
PAR  A mixture of 22.2 g. of 4-(2-hydroxyphenyl)-5carboxy-1,2,3-thiadiazole,
      10.1 g. of anhydrous triethylamine, 150 ml. of anhydrous toluene and 50
      ml. of anhydrous ether is cooled to 0.degree.C and treated dropwise with
      10.8 g. (0.1 mol) of ethyl chlorocarbonate previously cooled to
      0.degree.C, maintaining the temperature of the reaction mixture at about
      0.degree.C. The reaction mixture is stirred at the same temperature for 30
      minutes further and then a cold solution of 4.5 g. of dimethylamine in 10
      ml. of anhydrous ether is added in a dropwise fashion. The resulting
      mixture is stirred for 30 minutes further at 0.degree.C and then allowed
      to stand at room temperature for 18 hours. The triethylamine hydrochloride
      formed is then separated by filtration. The filtrate is washed with dilute
      hydrochloric acid solution, sodium bicarbonate solution and water to
      neutrality, dried over sodium sulfate and evaporated to dryness under
      vacuo. The residue is dissolved in 200 ml. of methanol, 10.6 g. of sodium
      carbonate dissolved in 20 ml. of water are then added and the reaction
      mixture is stirred at room temperature for 1 hour. It is then neutralized
      with dilute hydrochloric acid solution, concentrated to a small volume
      under reduced pressure, diluted with ice water and extracted with ethyl
      acetate. The combined extracts are washed with water to neutrality, dried
      over sodium sulfate and evaporated to dryness under vacuo. The residue is
      purified by chromatography, to yield
      4-(2-hydroxyphenyl-5-dimethylaminocarbonyl-1,2,3-thiadiazole.
PAR  In a similar manner, starting from
PA1  4-(3-hydroxyphenyl)-5-carboethoxy-1,2,3-thiadiazole,
PA1  4-(4-hydroxyphenyl)-5-carboethoxy-1,2,3-thiadiazole,
PA1  5-(2-hydroxyphenyl)-4-carboethoxy-1,2,3-thiadiazole,
PA1  5-(3-hydroxyphenyl)-4-carboethoxy-1,2,3-thiadiazole and
PA1  5-(4-hydroxyphenyl)-4-carboethoxy-1,2,3-thiadiazole there are respectively
      obtained:
PA1  4-(3-hydroxyphenyl)-5-dimethylaminocarbonyl-1,2,3-thiadiazole,
PA1  4-(4-hydroxyphenyl)-5-dimethylaminocarbonyl-1,2,3-thiadiazole,
PA1  5-(2-hydroxyphenyl)-4-dimethylaminocarbonyl-1,2,3-thiadiazole,
PA1  5-(3-hydroxyphenyl)-4-dimethylaminocarbonyl-1,2,3-thiadiazole and
PA1  5-(4-hydroxyphenyl)-4-dimethylaminocarbonyl-1,2,3-thiadiazole.
PAR  In a similar manner but using equivalent amounts of methylamine,
      diethylamine, isopropylamine, n-butylamine, 4-methylhexylamine and
      5-methylhexylamine in place of dimethylamine, there are obtained the
      corresponding monoalkyl- or dialkylaminocarbonyl derivatives, e.g.,
PA1  4-(2-hydroxyphenyl)-5-methylaminocarbonyl-1,2,3-thiadiazole,
PA1  4-(3-hydroxyphenyl)-5-diethylaminocarbonyl-1,2,3-thiadiazole,
PA1  4-(4-hydroxyphenyl)-5-isopropylaminocarbonyl-1,2,3-thiadiazole,
PA1  5-(2-hydroxyphenyl)-4-diethylaminocarbonyl-1,2,3-thiadiazole,
PA1  5-(3-hydroxyphenyl)-4-n-butylaminocarbonyl-1,2,3-thiadiazole,
PA1  5-(4-hydroxyphenyl)-4-methylaminocarbonyl-1,2,3-thiadiazole,
PA1  5-(4-hydroxyphenyl)-4-(4-methylhexylaminocarbonyl)-1,2,3-thiadiazole, and
PA1  5-(4-hydroxyphenyl)-4-(5-methylhexylaminocarbonyl)-1,2,3-thiadiazole.
PAR  In some cases, the aminocarbonyl compound precipitates from the reaction
      mixture together with the triethylamine hydrochloride. In those cases, the
      precipitate is washed with dilute sodium hydroxide solution, dilute
      hydrochloric acid and water. The solid aminocarbonyl compound is air
      dried, dissolved in methanol and treated with sodium carbonate as
      previously mentioned.
PAC  EXAMPLE 14
PAR  By following the methods of Examples 4 and 5 (parts A or B),
      4-(2-hydroxyphenyl)-5-dimethylaminocarbonyl-1,2,3-thiadiazole is converted
      into
      4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-dimethylaminocarbonyl-1,2,3
     -thiadiazole via the epoxypropoxy intermediate.
PAR  In a similar manner, the remaining compounds obtained in Example 13 produce
      as final products, respectively:
PA1  4-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-dimethylaminocarbonyl-1,2,3-
     thiadiazole,
PA1  4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-dimethylaminocarbonyl-1,2,3-
     thiadiazole,
PA1  5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-dimethylaminocarbonyl-1,2,3-
     thiadiazole,
PA1  5-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-dimethylaminocarbonyl-1,2,3-
     thiadiazole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-dimethylaminocarbonyl-1,2,3-
     thiadiazole,
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-methylaminocarbonyl-1,2,3-th
     iadiazole,
PA1  4-[3(3-t-butylamino-2-hydroxpropoxy)phenyl]-5-diethylaminocarbonyl-1,2,3-th
     iadiazole,
PA1  4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-isopropylaminocarbonyl-1,2,3
     -thiadiazole,
PA1  5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-diethylaminocarbonyl-1,2,3-t
     hiadiazole,
PA1  5-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-n-butylaminocarbonyl-1,2,3-t
     hiadiazole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-methylaminocarbonyl-1,2,3-th
     iadiazole,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-(4-methylhexylaminocarbonyl)
     -1,2,3-thiadiazole, and
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-(5-methylhexylaminocarbonyl)
     -1,2,3-thiadiazole.
PAC  EXAMPLE 15
PAR  By following the method of Example 6, part B, 500 mg. of
      5-[2(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole is converted into
      5-[2{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiadi
     azole.
PAR  Likewise, the remaining epoxypropoxy thiadiazole compounds of Example 9 and
      the compounds of Examples 10 and 11 can be converted into the
      corresponding carbamoylphenoxyethylamino hydroxypropoxy derivatives.
      Representative compounds thus obtained are:
PA1  5-[4{3(4-carbamoylphenoxyethylamino)2-hydroxypropoxy}phenyl]-1,2,3-thiadiaz
     ole,
PA1  5-[2{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-4-methyl-1,2,
     3-thiadiazole,
PA1  5-[4{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-4-ethyl-1,2,3
     -thiadiazole,
PA1  5-[3{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-4-cyano-1,2,3
     -thiadiazole,
PA1  5-[4{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-4-phenyl-1,2,
     3-thiadiazole,
PA1  5-[2{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-4-trifluorome
     thyl-1,2,3-thiadiazole and
PA1  4-[4{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-4-carboethoxy
     -1,2,3-thiadiazole.
PAC  EXAMPLE 16
PAR  To a solution of 200 mg. of 4-[4(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole
      in 10 ml. of anhydrous ethanol is added 0.4 g. of methylamine and the
      resulting mixture is allowed to stand at room temperature. The course of
      the reaction is followed by thin layer chromatographic analysis of
      aliquots taken at periodical intervals. When the transformation of the
      starting compound is essentially complete the solvent and excess reagent
      are eliminated under vacuum distillation and the residue purified by
      recrystallization from acetone-ether, thus obtaining
      4-[4(3-methylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole in pure
      form.
PAR  In a similar manner, starting from
      5-[2(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole there is obtained
      5-[2(3-methylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole.
PAC  EXAMPLE 17
PAR  A mixture of 10 g. of isopropylamine, 2 g. of
      4-[4(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole and 10 ml. of isopropanol
      is refluxed under stirring for 6 hours. The isopropanol and unreacted
      isopropylamine are then removed by distillation under vacuo.
      Crystallization of the residue from methanol-ether produces the pure
      4-[4(3-isopropylamino-2hydroxypropoxy)phenyl]-1,2,3-thiadiazole.
PA1  In a similar manner from the corresponding 2,3-epoxypropoxyphenyl
      thiadiazole compounds, there are obtained:
PA1  4-[3(3-isopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  4-[2(3-isopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  4-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]-5-methyl1,2,3-thiadiazole,
PA1  4-[3(3-isopropylamine-2-hydroxypropoxy)phenyl]-5-cyano-1,2,3-thiadiazole,
PA1  4-[2(3-isopropylamino-2-hydroxypropoxy)phenyl]-5-trifluoromethyl-1,2,3-thia
     diazole,
PA1  5-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  5-[2(3-isopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  5-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]-4-methyl-1,2,3-thiadiazole,
PA1  5-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]-4-ethyl-1,2,3-thiadiazole,
PA1  5-[2(3-isopropylamino-2-hydroxypropoxy)phenyl]-4-phenyl-1,2,3-thiadiazole,
      and
PA1  5-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]-4-carboethoxy-1,2,3-thiadiaz
     ole.
PAC  EXAMPLE 18
PAR  By following the methods of Example 5 or 17 using
      4-[4(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole as starting material and
      ethylamine, cyclopropylamine, benzylamine, phenethylamine,
      cyclopentylamine and .alpha.-phenylpropylamine as reagents in place of
      t-butylamine or isopropylamine, respectively, there are obtained the
      corresponding amino derivatives, namely:
PA1  4-[4(3-ethylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  4-[4(3-cyclopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  4-[4(3-cyclopentylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  4-[4(3-benzylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  4-[4(3-phenethylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole and
PA1  4-[4(3-.gamma.-phenylpropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
     .
PAR  Likewise but using 5-[4(2,3-epoxypropoxy)phenyl]-1,2,3-thiadiazole as
      starting material there are respectively produced:
PA1  5-[4(3-ethylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  5-[4(3-cyclopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  5-[4(3-cyclopentylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  5-[4(3-benzylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole,
PA1  5-[4(3-phenethylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole and
PA1  5-[4(3-.gamma.-phenylpropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
     .
PAC  EXAMPLE 19
PAR  A mixture of 4.5 g. of 4-(2-hydroxyphenyl)-5-carboxy-1,2,3-thiadiazole,
      obtained as described in Example 13, 45 ml. of methanol and 2 ml. of
      concentrated hydrochloric acid is refluxed for 18 hours. It is then poured
      into water, the resultant precipitate collected by filtration and washed
      with sodium carbonate solution and water, dried and recrystallized from
      methylene chloride-ether to give
      4-(2-hydroxyphenyl)-5methoxycarbonyl-1,2,3-thiadiazole.
PAR  The foregoing procedure is repeated using propanol and isopropanol in place
      of methanol, obtaining respectively
      4-(2-hydroxyphenyl)-5-propoxycarbonyl-1,2,3-thiadiazole and
      4-(2-hydroxyphenyl)-5-isopropoxycarbonyl-1,2,3-thiadiazole.
PAR  Upon reaction of the above mentioned compounds with epibromohydrin in the
      presence of sodium hydroxide, in accordance with the method of Example 4
      there are produced the corresponding epoxypropoxy derivatives, which are
      in turn treated with t-butylamine, by the methods described in parts A or
      B of Example 5, to yield as final products:
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-methoxycarbonyl-1,2,3-thiadi
     azole,
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-propoxycarbonyl-1,2,3-thiadi
     azole and
PA1  4-[2(3t-butylamino-2-hydroxypropoxy)phenyl]-5-isopropoxycarbonyl-1,2,3-thia
     diazole.
PAC  EXAMPLE 20
PAR  To a solution of 200 mg. of
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-carboethoxy-1,2,3-thiadiazo
     le in 15 ml. of methanol is added a solution of 100 mg. of sodium hydroxide
      in 2 ml. of water, and the reaction mixture is refluxed for 4 hours. It is
      then cooled, evaporated to a small volume under vacuo, diluted with 25 ml.
      of water and extracted with ethyl acetate to eliminate the unsaponified
      product. The aqueous phase is passed through a column of 10 g. of ion
      exchange resin sold by the Dow Chemical Company under the trademark Dowex
      50, acidic type (H.sup.+) eluting the column first with water and
      thereafter with 10% acetic acid solution. The combined acidic eluates are
      concentrated to a small volume under reduced pressure at low temperature
      and then lyophilized, to yield
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-carboxy-1,2,3-thiadiazole.
PAR  The foregoing compound is then esterified with methanol in the presence of
      hydrochloric acid, in accordance with the method of Example 19, to yield
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-methoxycarbonyl-1,2,3-thiad
     iazole hydrochloride, which upon neutralization with 10% sodium carbonate
      solution affords the free amino derivative,
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-methoxycarbonyl-1,2,3-thiad
     iazole.
PAR  In a similar manner but using
      5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-carboethoxy-1,2,3-thiadiazo
     le as starting material there are successively obtained
      5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-carboxy-1,2,3-thiadiazole,
      5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-methoxycarbonyl-1,2,3-thiad
     iazole hydrochloride and
      5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-methoxycarbonyl-1,2,3-thiad
     iazole.
PAC  EXAMPLE 21
PAR  To a solution of 80 mg. of sodium hydroxide in 10 ml. of water is added 250
      mg. of 4-(4-hydroxyphenyl)-5-carboxy-1,2,3-thiadiazole. The reaction
      mixture is stirred for 10 minutes and then treated dropwise with 0.4 ml.
      of epibromohydrin, maintaining the reaction mixture at room temperature
      under stirring for 48 additional hours. It is then acidified with 10%
      hydrochloric acid solution and extracted with ethyl acetate. The combined
      organic extracts are dried over sodium sulfate and evaporated to dryness
      under reduced pressure. Crystallization of the residue from
      chloroformmethanol affords the pure
      4-[4(2,3-epoxypropoxy)phenyl]-5-carboxy-1,2,3-thiadiazole.
PAR  The foregoing compound is then treated with methyl iodide in the presence
      of lithium carbonate and thereafter with isopropylamine in accordance with
      the methods of Examples 19 and 17, respectively, to produce
      4-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]-5-carbomethoxy-1,2,3-thiadi
     azole.
PAC  EXAMPLE 22
PAR  A solution of 1 g. of
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole in 50 ml.
      of absolute ethanol is treated with 10 ml. of 4N alcoholic hydrochloric
      acid. After 10 minutes at room temperature, the solution is diluted with
      anhydrous diethyl ether. The precipitate which forms is separated by
      filtration, washed with ether and recrystallized from ethanol-diethyl
      ether, thus obtaining
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      hydrochloride.
PAR  In a similar manner, the other aminohydroxypropoxyphenyl thiadiazole
      compounds obtained in the previous Examples can be converted into the
      corresponding hydrochloride acid addition salts.
PAR  Representative compounds thus obtained are:
PA1  4-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      hydrochloride,
PA1  4-[2(3-isopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      hydrochloride,
PA1  4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-methyl-1,2,3-thiadiazole
      hydrochloride,
PA1  4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-cyano-1,2,3-thiadiazole
      hydrochloride,
PA1  4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-trifluoromethyl-1,2,3-thiadi
     azole hydrochloride,
PA1  4-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      hydrochloride,
PA1  4-[4(3-cyclopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      hydrochloride,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      hydrochloride,
PA1  5-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      hydrochloride,
PA1  5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      hydrochloride,
PA1  5-[4(3-benzylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      hydrochloride,
PA1  5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-dimethylaminocarbonyl-1,2,3-
     thiadiazole hydrochloride,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-ethyl-1,2,3-thiadiazole
      hydrochloride,
PA1  5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-carboethoxy-1,2,3-thiadiazol
     e hydrochloride,
PA1  5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-phenyl-1,2,3-thiadiazole
      hydrochloride,
PA1  4-[4{3-(carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiadiaz
     ole hydrochloride,
PA1  4-[2{3-(carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiadiaz
     ole hydrochloride,
PA1  5-[4{3-(carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiadiaz
     ole hydrochloride, and
PA1  5-[2{3-(carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-4-methyl-1,2,3
     -thiadiazole hydrochloride.
PAC  EXAMPLE 23
PAR  One gram of 4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole
      is dissolved in a mixture of 5 ml. of diethyl ether and 5 ml. of ethanol
      at 20.degree.C. To this solution is added 10 ml. of a saturated solution
      of maleic acid in diethyl ether. The mixture is allowed to stand for 1
      hour at room temperature. The resulting precipitate is separated by
      filtration, washed three times with diethyl ether and then crystallized
      from ethyl acetate-ether affording the pure
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole maleate
      salt.
PAR  Similarly by following the same procedure using each of the compounds of
      formulas (A) and (B) enumerated in Examples 5, 6, 7, 12, 14, 15, 16, 17,
      18, 19 and 20, as starting materials, the corresponding maleate addition
      salts of each of these compounds is respectively prepared.
PAR  Obviously many modifications and variations of the invention, described
      herein above and in the Claims, can be made without departing from the
      essence and scope thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group of those represented by the following
      formulas:
      ##SPC5##
PAL  wherein
PA1  R.sup.1 is selected from the group consisting of hydrogen, lower alkyl,
      phenyl, trifluoromethyl, carboxy, lower alkoxycarbonyl, cyano and an
      unsubstituted, monosubstituted or disubstituted aminocarbonyl group of the
      formula CONR.sup.3 R.sup.4, wherein each of R.sup.3 and R.sup.4 is
      independently hydrogen, alkyl having 1 through 8 carbon atoms, phenyl or
      phenyl lower alkyl;
PA1  R.sup.5 is hydrogen, lower alkyl, cyclomethylene containing from 3 to 7
      carbon atoms, phenyl, phenyl lower alkyl, or the group
      ##SPC6##
PAL  and the group
      ##EQU3##
      can be situated at the ortho-, meta- or para- positions with respect to
      the thiadiazole ring, and pharmaceutically acceptable acid addition salts
      thereof.
NUM  2.
PAR  2. A compound according to claim 1 wherein the group
      ##EQU4##
      is situated at the para- position with respect to the thiadiazole ring.
NUM  3.
PAR  3. A compound according to claim 1 wherein the group
      ##EQU5##
      is situated at the ortho- position with respect to the thiadiazole ring.
NUM  4.
PAR  4. A compound according to claim 1 wherein the group --O--CH.sub.2
      --CH--CH.sub.2 NHR.sup.5 is situated at the meta- position with respect to
      the thiadiazole ring.
NUM  5.
PAR  5. A compound according to claim 1 wherein R.sup.5 is t-butyl.
NUM  6.
PAR  6. A compound according to claim 1 wherein R.sup.5 is isopropyl.
NUM  7.
PAR  7. A compound according to claim 1 wherein R.sup.5 is the group
      ##SPC7##
NUM  8.
PAR  8. A compound according to claim 1 wherein R.sup.1 is hydrogen.
NUM  9.
PAR  9. A compound according to claim 1 wherein R.sup.1 is lower alkyl.
NUM  10.
PAR  10. A compound according to claim 1 wherein R.sup.1 is phenyl.
NUM  11.
PAR  11. A compound according to claim 1 wherein R.sup.1 is trifluoromethyl.
NUM  12.
PAR  12. A compound according to claim 1 wherein R.sup.1 is carboxy.
NUM  13.
PAR  13. A compound according to claim 1 wherein R.sup.1 is lower
      alkoxycarbonyl.
NUM  14.
PAR  14. A compound according to claim 1 wherein R.sup.1 is the group CONR.sup.3
      R.sup.4.
NUM  15.
PAR  15. A compound according to claim 1 formula (A) and the pharmaceutically
      acceptable acid addition salts thereof.
NUM  16.
PAR  16. A compound according to claim 15 wherein said compound is
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  17.
PAR  17. A compound according to claim 15 wherein said compound is
      4-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  18.
PAR  18. A compound according to claim 15 wherein said compound is
      4-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  19.
PAR  19. A compound according to claim 15 wherein said compound is
      4-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  20.
PAR  20. A compound according to claim 15 wherein said compound is
      4-[3(3-isopropylamino-2-hydroxypropoxy)phenyl]1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  21.
PAR  21. A compound according to claim 15 wherein said compound is
      4-[2(3-isopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  22.
PAR  22. A compound according to claim 15 wherein said compound is
      4-[4{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiad
     iazole and the pharmaceutically acceptable acid addition salts thereof.
NUM  23.
PAR  23. A compound according to claim 15 wherein said compound is
      4-[3{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiad
     iazole and the pharmaceutically acceptable acid addition salts thereof.
NUM  24.
PAR  24. A compound according to claim 15 wherein said compound is
      4-[2{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiad
     iazole and the pharmaceutically acceptable acid addition salts thereof.
NUM  25.
PAR  25. A compound according to claim 15 wherein said compound is
      4-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-5-methyl-1,2,3-thiadiazole
      and the pharmaceutically acceptable acid addition salts thereof.
NUM  26.
PAR  26. A compound according to claim 15 wherein said compound is
      4-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]-5-methyl-1,2,3-thiadiazole
      and the pharmaceutically acceptable acid addition salts thereof.
NUM  27.
PAR  27. A compound according to claim 15 wherein said compound is
      4-[4{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-5-methyl-1,2
     ,3-thiadiazole and the pharmaceutically acceptable acid addition salts
      thereof.
NUM  28.
PAR  28. A compound according to claim 1, formula (B) and the pharmaceutically
      acceptable acid addition salts thereof.
NUM  29.
PAR  29. A compound according to claim 28 wherein said compound is
      5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  30.
PAR  30. A compound according to claim 28 wherein said compound is
      5-[3(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  31.
PAR  31. A compound according to claim 28 wherein said compound is
      5-[2(3-t-butylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  32.
PAR  32. A compound according to claim 28 wherein said compound is
      5-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  33.
PAR  33. A compound according to claim 28 wherein said compound is
      5-[3(3-isopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  34.
PAR  34. A compound according to claim 28 wherein said compound is
      5-[2(3-isopropylamino-2-hydroxypropoxy)phenyl]-1,2,3-thiadiazole and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  35.
PAR  35. A compound according to claim 28 wherein said compound is
      5-[4{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiad
     iazole and the pharmaceutically acceptable acid addition salts thereof.
NUM  36.
PAR  36. A compound according to claim 28 wherein said compound is
      5-[3{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiad
     iazole and the pharmaceutically acceptable acid addition salts thereof.
NUM  37.
PAR  37. A compound according to claim 28 wherein said compound is
      5-[2{3-(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-1,2,3-thiad
     iazole and the pharmaceutically acceptable acid addition salts thereof.
NUM  38.
PAR  38. A compound according to claim 28 wherein said compound is
      5-[4(3-t-butylamino-2-hydroxypropoxy)phenyl]-4-methyl-1,2,3-thiadiazole
      and the pharmaceutically acceptable acid addition salts thereof.
NUM  39.
PAR  39. A compound according to claim 28 wherein said compound is
      5-[4(3-isopropylamino-2-hydroxypropoxy)phenyl]-4-methyl-1,2,3-thiadiazole
      and the pharmaceutically acceptable acid addition salts thereof.
NUM  40.
PAR  40. A compound according to claim 28 wherein said compound is
      5-[4{3(4-carbamoylphenoxyethylamino)-2-hydroxypropoxy}phenyl]-4-methyl-1,2
     ,3-thiadiazole and the pharmaceutically acceptable acid addition salts
      thereof.
NUM  41.
PAR  41. The compound of claim 1 wherein said cyclomethylene is selected from
      the group consisting of cyclopropyl, cyclopentyl, cyclohexyl, and
      cycloheptyl.
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ABST
PAL  Thiadiazole derivatives characterized by the formula:
      ##EQU1##
      where R is hydrocarbyl of from 1 to 30 carbons and R' is hydrogen or
      hydrocarbyl of from 1 to 30 carbons prepared by the method of contacting a
      2-amino-5-mercapto-1,3,4-thiadiazole characterized by the formula:
      ##EQU2##
      sequentially with an alkali metal hydroxide and a hydrocarbyl sulfenyl
      bromide characterized by the formula R-S-Br where R and R' are as
      heretofore defined. Hydrocarbon oil compositions comprising a hydrocarbon
      oil of lubricating viscosity containing between about 0.01 and 50 wt. % of
      said amino hydrocarbyldithio thiadiazole.
PARN
PAR  This is a division, of application Ser. No. 445,384 filed Feb. 25, 1974,
      now U.S. Pat. No. 3,869,395.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  In the internal combustion engines of today as well as mechanisms
      associated therewith such as automatic transmissions, a substantial amount
      of copper is employed in the construction thereof. However, some of the
      most commonly used additives in lubricating oil compositions servicing the
      internal combustion systems, e.g., gear oils, are highly corrosive to
      copper. Specifically, among the most effective agents which have been
      developed for compounding with lubricants to improve extreme pressure and
      wear properties are sulfur containing organic compounds, for example,
      sulfurized triisobutylene and sulfurized diisobutylene, sulfurized
      terpene, sulfurized hydrocarbon oils, vegetable oils, animal oils,
      xanthate esters, organic polysulfides, particularly polyalkyl polysulfides
      which contain active sulfur or sulfur compounds. These wear and extreme
      pressure agents are corrosive to copper. In addition, those hydrocarbon
      oils derived from high sulfur containing crude oils wherein the sulfurous
      components are not thoroughly removed in refining are often corrosive to
      copper.
PAR  To solve this problem of copper corrosion, the prior art employs various
      copper corrosion inhibitors with varying degree of effectiveness. One such
      class of inhibitors are disclosed in U.S. Pat. Nos. 2,719,125 and
      2,719,126 which are directed to copper corrosion inhibited lubricating oil
      compositions containing as the copper corrosion inhibitor a
      1,3,4-thiadiazole polysulfide characterized by the formula:
      ##EQU3##
      where R.sup.2 is a hydrocarbon radical (hydrocarbyl) such as alkyl of from
      1 to 30 carbons and x is an integer of from 0 to 8. It is interesting to
      note that the fact that this particular sulfurous material is an effective
      copper corrosion inhibitor whereas the other aforementioned sulfur
      (compounds) of antiwear and extreme pressure properties are corrosive to
      copper, indicates the unpredictability regarding the function of sulfur
      compounds as copper corrosion inhibiting agents in the lube oil art.
PAC  SUMMARY OF INVENTION
PAR  I have discovered and this constitutes one aspect of my invention a new
      class of sulfur compounds which are effective in inhibiting the corrosion
      of copper by copper corrosive hydrocarbon oil formulations. Another aspect
      of my invention are hydrocarbon oil formulations containing the novel
      sulfur compounds. More particularly, the instant invention relates to a
      2-amino-5-hydrocarbyldithio-1,3,4-thiadiazole characterized by the
      formula:
      ##EQU4##
      where R is hydrocarbyl of from 1 to 30 carbons and R' is hydrogen or
      hydrocarbyl of from 1 to 30 carbons. In addition, the invention
      specifically relates to concetrate and finished hydrocarbon oil
      compositions comprising a hydrocarbon oil of lubricating viscosity and
      said amino hydrocarbyldithio thiadiazole.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Specifically, the amino hydrocarbyldithio thiadiazole compounds of the
      invention are prepared by first reacting thiosemicarbazide of the formula:
      ##EQU5##
      where R' is hydrogen or hydrocarbyl, i.e., alkyl, aryl, alkaryl and
      aralkyl of from 1 to 30 carbons, with carbon disulfide to form
      2-amino-5-mercapto-1,3,4-thiadiazole characterized by the formula:
      ##EQU6##
      where R' is as heretofore defined. The reaction is carried out at a
      temperature between about 20.degree. and 200.degree. C. utilizing a mole
      ratio of the thiosemicarbazide to carbon disulfide of between about 1:10
      and 4:1. Further description of the 2-amino-5-mercapto-1,3,4-thiadiazole
      product can be found in U.S. Pat. No. 2,389,126.
PAR  The formed 2-amino-5-mercapto-1,3,4-thiadiazole is then contacted with an
      alkali metal hydroxide such as sodium hydroxide and potassium hydroxide at
      a temperature between about -20.degree. and 100.degree. C. utilizing a
      mole ratio of thiadiazole to alkali metal hydroxide of between about 2:1
      and 1:1.1 to form the alkali metal mercaptide intermediate characterized
      by the formula:
      ##EQU7##
      where M is the alkali metal moiety and R' is as heretofore defined.
PAR  The intermediate mercaptide salt is contacted with a hydrocarbyl sulfenyl
      bromide characterized by the formula R-S-Br where R is hydrocarbyl, i.e.,
      alkyl, aryl, alkaryl or aralkyl of from 1 to 30 carbons. The reaction is
      conducted at a temperature between about -50 and 50.degree. C. utilizing a
      mole ratio of thiadiazole reactant to hydrocarbyl sulfenyl bromide of
      between about 1.1:1 and 1:1.1. The sulfenyl bromide reactant is prepared
      by reacting hydrocarbyl mercaptan e.g. alkyl mercaptan with bromine at
      temperatures between about -50 and 50.degree. C. utilizing a mole ratio of
      mercaptan to bromine of between about 2:1 and 1:20.
PAR  In the foregoing described reactions, liquid diluents are advantageously
      employed, e.g., in amounts of between about 25 and 95 wt. % of the
      reaction mixture. Examples of such diluents are benzene dimethylformamide,
      mixtures of benzene and dimethylformamide, toluene o, m, and p-xylene and
      mixtures thereof, N,N-diethylformamide, N,N-dimethylacetamide, diglyme
      (diethylene glycol dimethyl ether), chlorobenzene, carbon tetrachloride,
      hexachloroethane, ethylene glycol dimethyl ether. In most instances a
      single solvent will not be suitable for all stages thus normally requiring
      the use of several different solvents.
PAR  All stages of the reaction are preferably conducted in an inert atmosphere
      such as nitrogen.
PAR  Examples of the thiosemicarbazide reactants contemplated herein are
      thiosemicarbazide, 4-ethyl-3-thiosemicarbazide,
      4-propyl-3-thiosemicarbazide, 4-butyl-3-thiosemicarbazide,
      4-pentyl-3-thiosemicarbazide, 4-hexyl-3-thiosemicarbazide,
      4-heptyl-3-thiosemicarbazide, 4(2-ethylhexyl)-3-thiosemicarbazide,
      4-tert-octyl-3-thiosemicarbazide, 4-dodecyl-3-thiosemicarbazide,
      4-tetradecyl-3-thiosemicarbazide, and 4-octadecyl-3-thiosemicarbazide,
      4-methyl-3-thiosemicarbazide, 4-phenyl-3-thiosemicarbazide,
      4-benzyl-3-thiosemicarbazide, 4-tolyl-3-thiosemicarbazide,
      4-naphthyl-3-thiosemicarbazide.
PAR  Examples of the amino mercapto thiadiazoles contemplated herein are
      ##EQU8##
      where R' and Z are hydrogen where R' is ethyl and Z is hydrogen; where R'
      is hydrogen and Z is potassium; where R' is ethyl and Z is potassium;
      where R' is hydrogen and Z is sodium, where R' is methyl and Z is
      potassium; where R' is tert-octyl and Z is potassium; where R' is dodecyl
      and Z is sodium; where R' is octadecyl and Z is sodium; where R' is tolyl
      and Z is potassium; where R' is phenyl and Z is sodium; where R' is
      naphthyl and Z is potassium and where R' is benzyl and Z is sodium.
PAR  Examples of the hydrocarbyl sulfenyl reactants are t-dodecyl sulfenyl
      bromide, t-octyl sulfenyl bromide, Z-methyl-2-butyl sulfenyl bromide,
      3-methyl-1-butyl sulfenyl bromide, n-pentyl sulfenyl bromide, n-octyl
      sulfenyl bromide, n-dodecyl sulfenyl bromide, n-octadecyl sulfenyl
      bromide, tolyl sulfenyl bromide, naphthyl sulfenyl bromide, phenyl
      sulfenyl bromide and benzyl sulfenyl bromide.
PAR  Examples of the amino hydrocarbyldithio thiadiazole products contemplated
      herein are 2-amino-5-t-dodecyldithio-1,3,4-thiadiazole;
      2-ethylamino-5-t-octyldithio-1,3,4-thiadiazole;
      2-amino-5-t-octyldithio-1,3,4-thiadiazole;
      2-amino-5-n-octadecyldithio-1,3,4-thiadiazole;
      2-ethylamino-5-n-octadecyldithio-1,3,4-thiadiazole;
      2-(2-ethylhexyl)amino-5-n-dodecyldithio-1,3,4-thiadiazole;
      2-(2-ethylhexyl)amino-5-n-octyldithio-1,3,4-thiadiazole;
      2-naphthyl-5-octyldithio-1,2,3-thiadiazole;
      2-benzyl-5-pentyldithio-1,3,4-thiadiazole;
      2-amino-5-phenyldithio-1,3,4-thiadiazole and
      2-amino-5-tolyldithio-1,3,4-thiadiazole.
PAR  In regard to the finished compositions of the present invention, the amino
      hydrocarbyldithio thiadiazole products are employed in hydrocarbon base
      oil in copper corrosion inhibiting amounts, e.g., from between about 0.01
      and 10 wt. %, preferably between about 0.05 and 1 wt. %. The hydrocarbon
      base oil in the finished composition normally constitutes at least about
      85 wt. % of said composition, preferably about 90 wt. % or more.
      Hereinbefore and hereinafter by the term "finished" it is intended to
      denote that the composition is in a state ready for ultimate use without
      need for further dilution with base oil.
PAR  In the concentrate compositions contemplated to which additional
      hydrocarbon oil is added to form the finished compositions, the
      concentrate form being preferably for storage and transport, the
      hydrocarbon base oil normally constitutes at least about 50 wt. %,
      preferably between about 50 and 90 wt. % and the amino hydrocarbyldithio
      thiadiazole between about 10 and 50 wt. % of the concentrate formulation.
PAR  Thus, concentrate and finished compositions are contemplated ranging from
      at least about 50 wt. % hydrocarbon oil and between about 0.01 and 50 wt.
      % amino hydrocarbyldithio thadiazole additive.
PAR  The hydrocarbon oil components employed in the finished and concentrate
      formulations of the invention advantageously are mineral lubricating oils
      such as paraffinic lube oil, naphthenic lube oil and mixtures thereof.
      Other suitable hydrocarbon oils are those synthetically formed such as the
      polyalkylene, e.g., polyisobutylene of a molecular weight of from about
      1000 to 5000. The viscosity of the base oils employed will be dependent
      upon the particular use intended for the finished formulation. However,
      the viscosity of oil employed will generally range between about 70 and
      5000 SUS at 100.degree. F.
PAR  In addition to the hydrocarbon oil and amino hydrocarbyldithio thiadiazole
      components in the contemplated oil compositions, other additives are
      normally employed, the particular other additives utilized being dependent
      on the specific service intended for the finished compositions of the
      invention. Some of the other additives contemplated belong in classes of
      detergent-dispersants, pour depressants, VI improvers, extreme pressure
      agents, antiwear agents, anti-oxidants, supplementary corrosion inhibitors
      and antifoamants.
PAR  Examples of the extreme pressure and antiwear agents are dithiolethione
      derived from sulfurizing triisobutylene and alkyl sulfides, disulfides and
      polysulfides prepared by sulfurization of isobutylene with sulfur
      dichloride. Other extreme pressure and antiwear agents contemplated are
      the sulfurized terpenes, sulfurized hydrocarbon oils and polyalkyl
      polysulfides, all of which contain active sulfur or sulfur compounds which
      are corrosive to copper. These extreme pressure and antiwear agents are
      normally present in the finished formulations (when utilized) in amounts
      of between about 0.1 and 10 wt. %, preferably between 0.05 and 5 wt. %.
PAR  When detergent-dispersants are employed, they are usually utilized in
      amounts between about 0.5 and 5 wt. %. Examples of ashless dispersants are
      alkenyl succinimides characterized by the general formula:
      ##EQU9##
      where R.sup.2 is monoolefinic aliphatic hydrocarbon of from about 50 to
      200 carbons and x is an integer of from about 1 to 10, derived from
      alkenyl succinic anhydride and polyethylene polyamines. Particularly
      suitable derivatives are the diethylene triamine, triethylene tetramine,
      tetraethylene pentamine derivatives of polyisobutylene succinic anhydride,
      particularly where R is of a molecular weight between about 700 and 2000,
      e.g., about 1300. These ashless dispersants are further described in U.S.
      Pat. Nos. 3,172,892 and 3,202,678. The non ashless dispersants which may
      be utilized are the alkaline earth metal overbased calcium alkaryl
      sulfonates such as calcium carbonate overbased calcium alkaryl sulfonate
      wherein the alkaryl sulfonate moiety is of a molecular weight of 500 to
      1000. These overbased sulfonates are further described in U.S. Pat. Nos.
      3,027,325, 3,312,618 and 3,537,996.
PAR  Examples of the contemplated viscosity index improvers which in many
      instances also function as pour depressors are the methacrylate ester
      polymers characterized by the general formula:
      ##EQU10##
      where R.sup.3 is an alkyl group, a dimethylamino group or mixtures of said
      groups containing from 1 to 20 carbons and y is an integer providing a
      molecular weight of the polymer in the range of 25,000 to 1,250,000,
      preferably 50,000 to 500,000.  Methacrylate ester polymers possessing pour
      point depressant as well as viscosity index improving properties are well
      known, e.g., U.S. Pat. No. 2,737,496. A very effective material of this
      type is the tetrapolymer of butyl, lauryl, stearyl and dimethylaminoethyl
      methacrylate in approximate ratios of 1:2:1:0.2. The methacrylate ester is
      advantageously employed in the base oils in amounts ranging from 0.1 to 10
      wt. %, preferably about 0.2 to 5 wt. %, in order to impart the desired
      viscosity index and/or pour point thereto.
PAR  Examples of suitable antioxidants which also function as supplementary
      corrosion inhibitors are the aryl substituted amine compounds exemplified
      by phenylnaphthylamine as well as compounds such as phenylenediamine,
      phenathiazine, diphenylamines employed in amounts between about 0.1 and 5
      wt. %. Some of the preferred compounds are the phenyl-alphanaphthylamines
      and a mixture of 2,2-diethyl-4,4'-t-dioctyldiphenyleneamine and
      2,2'-diethyl-4,6-diphenylamine.
PAR  Additional examples of antioxidants are the hydrocarbyl dithiophosphates.
      Particularly effective compound in this class are zinc
      di(nonylphenoxyethyl) dithiophosphate, zinc di(dodecylphenoxyethyl)
      dithiophosphate and zinc di(nonylphenoxythoxyethyl) dithiophosphate
      prepared by reacting nonyl phenol and ethylene oxide compounds with
      phosphorus pentasulfide followed by neutralization of the acid formed with
      basic zinc compound such as zinc carbonate, zinc oxide or zinc hydroxide.
      The general preparation and description of the compounds in this class are
      disclosed in U.S. Pat. Nos. 2,344,395 and 3,293,181.
PAR  Examples of additional supplemental corrosion inhibitors are oleyl amine
      and ethyloleyl acid phosphate.
PAR  Antifoamants which are suitable for use are the silicone polymers such as
      polymeric dimethyl silicone.
DETD
PAR  The following examples further illustrate the invention but are not to be
      construed as limitations thereof.
PAC  EXAMPLE I
PAR  This example illustrates the preparation of
      2-amino-5-mercapto-1,3,4-thiadiazole reactant.
PAR  To a solution of 45.5 grams (0.5 mole) of thiosemicarbazide in 1000 mls. of
      dimethylformamide there was charged 32 grams of carbon disulfide. The
      resultant solution was heated for 4 hours at 80.degree. C. and then
      stripped to 93.degree. C. under reduced pressure of 0.15 mm Hg. The
      residue was slurried with 250 mls. of benzene followed by removal of the
      benzene via distillation. The residue product was recrystallized from 250
      mls. of methanol-ethanol mixture (Formula 30) to yield 28 grams (42 wt. %)
      of product which was analyzed and found to be
      2-amino-5-mercapto-1,3,4-thiadiazole having an elemental analysis of 31.7
      (calc. 31.6) wt. % nitrogen; 47.1 (48.1) wt. % sulfur; 19.2 (18.0) wt. %
      carbon and 2.1 (2.3) wt. % hydrogen.
PAC  EXAMPLE II
PAR  This example illustrates the preparation of
      2-ethylamino-5-mercapto-1,3,4-thiadiazole reactant.
PAR  To a stirred solution of 11.9 grams (0.10 mole) of
      4-ethyl-3-thiosemicarbazide and 700 mls. of dimethylformamide there were
      charged 8.4 grams (0.11) of carbon disulfide. The reaction mixture was
      heated at 90.degree. C. for 4 hours and stripped to 93.degree. C. under
      reduced pressure of 0.04 mm Hg. The residual solid was recrystallized from
      absolute ethanol and analysis found it to be
      2-ethylamino-5-mercapto-1,3,4-thiadiazole of an elemental analysis of 29.5
      (calc. 29.8) wt. % carbon; 4.7 (4.4) wt. % hydrogen; 25.6 (26.1) wt. %
      nitrogen and 39.4 (39.7) wt. % sulfur.
PAC  EXAMPLE III
PAR  This example illustrates the preparation of a species of the product of the
      invention from a product of the type formed in Example I.
PAR  A solution of 5.6 grams (0.1 mole) of potassium hydroxide and 50 mls. of
      ethanol was added to a mixture of 13.3 grams (0.10 mole) of
      2-amino-5-mercapto-1,3,4-thiadiazole in 200 mls. of diglyme (diethylene
      glycol dimethyl ether) at 0.degree. C. There was added 100 mls. of benzene
      and the resultant mixture was heated to 49.degree. C. on the rotary
      evaporator to remove benzene and ethanol leaving the potassium salt of
      2-amino-5-mercapto-1,3,4-thiadiazole as residue.
PAR  A t-dodecyl sulfenyl bromide solution was prepared by adding 16 grams (0.10
      mole) of bromine to a solution of 100 mls. of carbon tetrachloride and
      20.2 grams (0.10 mole) t-dodecyl mercaptan at a temperature of about
      0.degree. C. The product was blown with nitrogen for a period of 2 hours.
PAR  The formed t-dodecyl sulfenyl bromide solution was added to the above
      formed potassium salt. The resultant product was stripped to 93.degree. C.
      (0.15 mm Hg.), dissolved in 300 mls. of ether, and filtered through paper.
      The filtrate was washed twice with 300 mls. of 5 wt. % aqueous sodium
      carbonate and the resultant solution was dried over sodium sulfate and
      stripped to 93.degree. C. under a reduced pressure of 0.125 mm Hg. The
      residual solid weighed 19 grams representing a yield of 57 wt. %. Analysis
      found it to be 2-amino-5-6-dodecyldithio-1,3,4-thiadiazole having an
      elemental analysis of 9.7  (calc. 12.6) wt. % nitrogen 26.2 (28.8) wt. %
      sulfur and 0.43 (0) wt. % bromine.
PAC  EXAMPLE IV
PAR  This example illustrates the preparation of still another species of the
      product of the invention.
PAR  A solution of 0.56 gram (0.01 mole) of potassium hydroxide in 25 mls. of
      anhydrous ethanol was added to 2-(ethylamino)-5-mercapto-1,3,4-thiadiazole
      in 100 mls. of diethylene glycol dimethyl ether at 0.degree. C. under a
      nitrogen blanket. To the resultant mixture 15 mls. of benzene was added
      and the mixture was heated at 49.degree. C. on a rotary evaporator to
      remove ethanol, benzene and water leaving residual solution of potassium
      salt of 2-(ethylamino)-5-mercapto-1,3,4-thiadiazole.
PAR  A t-octyl sulfenyl bromide-carbon tetrachloride solution was prepared by
      adding 1.76 grams (0.11 mole) bromine to a solution of 1.61 grams (0.11
      mole) t-octyl mercaptan and 50 mls. carbon tetrachloride solution at
      10.degree. dropwise. The resultant mixture was stirred with nitrogen
      blowing for 2 hours at about 0.degree. C.
PAR  The t-octyl sulfenyl bromide solution was added to the aforeformed residual
      solution at 0.degree. C. The resultant product was filtered and stripped
      to 93.degree. C. (0.1 mm Hg.). The product was then dissolved in 150 mls.
      of ether and washed twice with two 150 ml. portions of 5 wt. % aqueous
      sodium carbonate and then dried over sodium sulfate. The dried product was
      stripped to 93.degree. C. (0.1 mm Hg.) leaving a solid residue of 2.3
      grams which upon analysis was identified as
      2-ethylamino-5-t-octyldithio-1,3,4-thiadiazole having an elemental
      analysis of 48 (calc. 47.2) wt. % carbon, 7.7 (7.5) wt. % hydrogen, 11.4
      (13.8) wt. % nitrogen and 28.2 (31.5) wt. % sulfur.
PAC  EXAMPLE V
PAR  This example further illustrates the preparation of still another species
      of the product of the invention.
PAR  A solution of 28.05 (0.5) grams of potassium hydroxide in 200 mls. of
      ethanol was combined with 60 grams (0.45 mole) of
      2-amino-5-mercapto-1,3,4-thiadiazole in 500 mls. of diethylene glycol
      dimethyl ether at 0.degree. C. There was then added 200 mls. of benzene
      and the mixture was then stripped to 92.degree. C. on a rotary evaporator
      removing 310 mls. of solvent leaving as residue the potassium salt of
      2-amino-5-mercapto-1,3,4-thiadiazole.
PAR  A t-octyl sulfenyl bromide solution prepared by adding 80 grams (0.5 mole)
      bromine to 73 grams (0.50 mole) t-octyl mercaptan in 500 mls. carbon
      tetrachloride while blowing with nitrogen at about 0.degree. C. followed
      by passage of nitrogen through the solution vigorously for 2 hours was
      added at 10.degree. C. to the potassium salt residue. The resultant
      mixture was stirred at ambient temperature for 1 hour and then filtered.
      The solids were washed with ether and the combined organic phase was
      stripped to 93.degree. C. on a rotary evaporator. There was recovered as
      residue 91.5 grams of a solid-liquid mixture. The product was dissolved in
      500 mls. of ether and washed with two 500 ml. portions of 5 wt. % aqueous
      sodium carbonate. The washed product was dried over magnesium sulfate.
      Additional solids formed. The solids were removed and 200 mls. of pentane
      were added to the solution. The resultant solution was filtered and
      stripped to 93.degree. C. (rotary evaporator) and the resultant product
      was solid. Analysis determined it to be
      2-amino-5-t-octyldithio-1,3,4-thiadiazole having an elemental analysis of
      14.8 (15.2 ) wt. % nitrogen and 34.4 (34.6) wt. % sulfur.
PAC  EXAMPLE VI
PAR  This example illustrates the lubricating oil compositions containing the
      amino hydrocarbyldithio thiadiazole product and the effectiveness of the
      amino hydrocarbyldithio thiadiazoles as copper corrosion inhibitors in
      said compositions.
PAR  The following is a description of the base oil formulations to which the
      amino hydrocarbyldithio thiadiazole products prepared in the preceding
      examples are added in varying amounts and to which comparative inhibitor
      components are added. The resultant formulations are subjected to the ASTM
      Copper Strip Corrosion Test (D 130-56). Briefly, this test comprises
      placing a polished copper strip in the test oil composition for a 3 hour
      period at 250.degree. F. whereupon the degree of corrosive attach upon the
      strip is measured using a rating ranging from 1A to 4C with the rating of
      1A representing the least corrosive attack and the rating of 4C
      representing the greatest corrosive attack.
PAR  In following Table I is a description of the base oil formulations:
TBL                TABLE I                                                     
     ______________________________________                                    
                       Wt. %                                                   
                         Base Oil  Base Oil                                    
     Ingredients         A         B                                           
     ______________________________________                                    
     Paraffinic (1000 SUS at 100.degree.F.)                                    
                         93.1      92.5                                        
     Ethyloleyl Acid Phosphate                                                 
                         1.0       1                                           
     Sodium Sulfide Treated Diiso-                                             
                         5.0       --                                          
     butylene Polysulfide*                                                     
     Sulfurized Triisobutylene*                                                
                         --        5                                           
     Terpolymer of butyl, lauryl,                                              
                         0.2       0.5                                         
     stearyl and dimethylamino-                                                
     ethyl methacrylates                                                       
     Mixture of 2-mercaptobenzothia-                                           
                         0.5       --                                          
     zole and t-C.sub.18 --C.sub.22 alkylamine                                 
     Oleylamine          0.2       1                                           
     Dimethyl Silicone Antifoamant                                             
                         100 ppm   --                                          
     ______________________________________                                    
      *Extreme pressure agent corrosive to copper.                             
PAR  Table II below contains a description of the representative formulations of
      the invention and comparative formulations. Further, the formulations are
      compared basis the ASTM Copper Strip Corrosion Test as to their relative
      corrosiveness to copper, that is, the relative effectiveness of the copper
      corrosion inhibiting representative and comparative corrosion inhibiting
      additives in the hydrocarbon oil formulations.
TBL                TABLE II                                                    
     ______________________________________                                    
     Test Formulations and Copper                                              
     Inhibitor Properties                                                      
                                Inhibiting                                     
     Run   Base   Cu Corrosion  Conc. In   Cu Strip                            
     No.   Oil    Inhibitor     Base Oil,Wt.%                                  
                                           Rating                              
     ______________________________________                                    
     1     A      Ex. III Prod. .05        3A                                  
     2     A      Ex. III Prod. 0.10       1B                                  
     3     A      2,5-bis(t-octyl                                              
                                .05        3B                                  
                  dithio)-1,3,4-                                               
                  thiadiazole*                                                 
     4     A       Same         0.1        1B                                  
     5     A       None         0          4A                                  
     6     B      Ex. IV Prod.  0.05       2E                                  
     7     B      Ex. IV Prod.  0.10       2E                                  
     8     B      Ex. IV Prod.  0.20       1B                                  
     9     B      2,5-bis(t-octyl-                                             
                                0.05       2D                                  
                  dithio)-1,3,4-                                               
                  thiadiazole*                                                 
     10    B       None         0          4C                                  
     ______________________________________                                    
      *Commercial Inhibitor.                                                   
PAR  In the above Table II a comparison of the copper strip ratings of
      representative Runs 1, 2, 6, 7 and 8 with control Runs 5 and 10
      demonstrate the effectiveness of the amino(hydrocarbyldithio)-thiadiazole
      products of the invention in inhibiting corrosion. Further, a comparison
      of representative Run Nos. 1, 2, 6, 7 and 8 with comparative Run Nos. 3
      and 9 demonstrate that the thiadiazole products of the invention have an
      effectiveness of essentially the same quality as a widely used commercial
      corrosion inhibitor.
CLMS
STM  I claim:
NUM  1.
PAR  1. As a new compound
      ##EQU11##
      where R is alkyl, aryl, alkaryl or aralkyl of from 1 to 30 carbons and R'
      is hydrogen, alkyl, aryl, alkaryl or aralkyl of from 1 to 30 carbons and
      wherein said alkyl, aryl, alkaryl, and aralkyl are hydrocarbyl.
NUM  2.
PAR  2. A compound in accordance with claim 1 wherein R is t-dodecyl and R' is
      hydrogen.
NUM  3.
PAR  3. A compound in accordance with claim 1 wherein R is t-octyl and R' is
      hydrogen.
NUM  4.
PAR  4. A compound in accordance with claim 1 wherein R is t-octyl and R' is
      ethyl.
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ABST
PAL  Thiadiazole derivative mixture containing as a principal component a
      product characterized by the formula
      ##EQU1##
      where R is alkyl of from 2 to 30 carbons prepared by the method consisting
      of first contacting 2-amino-5-mercapto-1,3,4-thiadiazole with an alkanal
      of the formula RCHO where R is a heretofore defined and second contacting
      the resultant reaction mixture with dimethyl sulfoxide. Lubricating oil
      composition comprising a hydrocarbon oil of lubricating viscosity
      containing between about 0.01 and 50 wt. % of said thiadiazole derivative
      mixture.
PARN
PAR  This is a division of application Ser. No. 445,385 filed Feb. 25, 1974, now
      U.S. Pat. No. 3,865,739.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  In the internal combustion engines of today as well as the mechanisms
      associated therewith such as automatic transmissions, a substantial amount
      of copper is employed in the construction thereof. However, some of the
      most commonly used additives in lubricating oil compositions servicing the
      internal combustion systems, e.g., gear oils (automatic transmission
      fluid) contain compounds which are highly corrosive to copper.
      Specifically, among the more effective agents which have been developed
      for compounding with lubricants to improve extreme pressure and wear
      properties are sulfur containing organic compounds, for example,
      sulfurized triisobutylene, sulfurized diisobutylene, sulfurized terpene,
      sulfurized hydrocarbon oils, vegetable oils, animal oils, xanthate esters,
      organic polysulfides, particularly polyalkyl polysulfides which contain
      active sulfur or sulfur compounds which are corrosive to copper. In
      addition, those hydrocarbon oils derived from high sulfur containing crude
      oils wherein the sulfurous compounds are not thoroughly removed in
      refining are often corrosive to copper elements in automotive systems.
PAR  To solve this problem of copper corrosion, the prior art has employed
      various copper corrosion inhibitors with a varying degree of
      effectiveness. One class of such inhibitors are disclosed in U.S. Pat.
      Nos. 2,719,125 and 2,719,126 which are directed to copper corrosion
      inhibited lubricating oil compositions containing as the copper corrosion
      inhibitor a 1,3,4-thiadiazole polysulfide characterized by the formula:
      ##EQU2##
      where R.sup.1 is a hydrocarbon radical such as alkyl of from 1 to 30
      carbons and x is an integer of from 0 to 8. It is interesting to note that
      the fact that this particular sulfurous material is an effective copper
      corrosion inhibitor whereas the aforementioned sulfur containing anti-wear
      and extreme pressure additives are corrosive to copper. This indicates
      unpredictability regarding the function of sulfur compounds as copper
      corrosion inhibiting agents.
PAC  SUMMARY OF INVENTION
PAR  I have discovered and this constitutes one aspect of my invention, a novel
      thiadiazole derivative mixture which is effective in inhibiting the
      corrosion of copper by hydrocarbon oil formulations of lubricating
      viscosity. More particularly, the instant invention relates to a mixture
      containing as a principal product alkylidenimino thiadiazole product
      characterized by the formula:
      ##EQU3##
      where R is alkyl of from 2 to 30 carbons prepared by first contacting
      2-amino-5-mercapto-1,3,4-thiadiazole with an alkanol of the formula RCHO
      and second contacting the resultant reaction mixture with
      dimethylsulfoxide. The invention also pertains to hydrocarbon oil
      concentrates and finished hydrocarbon oil compositions thereof comprising
      a hydocarbon oil of lubricating viscosity and said alkylidenimino
      thiadiazole containing mixture.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Specifically, the alkylidenimino thiadiazole containing mixture is prepared
      by first reacting thiosemicarbazide of the formula:
      ##EQU4##
      with carbon disulfide to form 2-amino-5-mercapto-1,3,4-thiadiazole. The
      reaction is carried out at a temperature between about 20.degree. and
      200.degree. C. utilizing a mole ratio of thiosemicarbazide to carbon
      disulfide of between about 1:10 and 2:1 advantageously in the presence of
      a solvent such as N,N-dimethylformamide, N,N-diethylformamide,
      N-methyl-N-ethylformamide, N,N-dimethylacetamide, N,N-diethylacetamide,
      N-methyl-N-ehtylacetamide, N-formyl piperidine. Further description of the
      2-amino-5-mercapto-1,3,4-thiadiazole can be found in U.S. Pat. No.
      2,389,126.
PAR  The formed 2-amino-5-mercapto-1,3,4-thiadiazole is then contacted with an
      alkanal characterized by the formula RCHO where R is alkyl of from 2 to 30
      carbons at a temperature between about 20.degree. and 250.degree. C.
      utilizing a mole ratio of thiadiazole reactant to aldehyde of between
      about 10:1 and 1:2 to form an intermediate product of the Schiff base type
      characterized by the formula:
      ##EQU5##
      where R is as heretofore defined. This reaction step is carried out in a
      liquid diluent such as benzene, toluene, o, m, or p-xylene and mixtures
      thereof, chlorobenzene, o, m, or p-dichlorobenzene and mixtures thereof,
      C.sub.5 to C.sub.30 alkanes and mixtures thereof, or a mineral oil,
      preferably at reflux in benzene or a mixture of benzene and
      dimethylformamide.
PAR  In the final phase of the method the formed Schiff base intermediate
      product is contacted with dimethyl sulfoxide at a temperature between
      about 20.degree. and 150.degree. C. utilizing a mole ratio of said
      intermediate to dimethyl sulfoxide of between about 3:1 and 1:50 to form
      the thiadiazole derivative mixture containing as a principal product an
      alkylidenimino thiadiazole characterized by the formula:
      ##EQU6##
      where R is as heretofore defined. This reaction phase is preferably
      conducted in the presence of a liquid diluent such as benzene, toluene, o,
      m, or p-xylene and mixtures thereof, chlorobenzene, o, m, or
      p-dichlorobenzene and mixtures thereof, C.sub.5 to C.sub.30 alkanes and
      mixtures thereof, or a mineral oil.
PAR  Under preferred conditions, the reaction is carried out at reflux in
      benzene or benzene dimethylformamide solution. If desired, the products of
      each stage can be isolated by standard means such as removing diluent as
      overhead at elevated tempeatures under reduced pressure leaving the
      product as residue. If a more purified product mixture is desired,
      standard purification techniques may be employed such as
      recrystallization.
PAR  Examples of the alkanal reactant contemplated in the second stage are
      lauryldehyde, propionaldehyde, butyroldehyde, valeraldehyde, hexanal
      heptaldehyde, octylaldehyde, 2-ethylhexanol nonyl aldehyde, decyl
      aldehyde, undecylic aldehyde, myristyl aldehyde, octadecyl aldehyde,
      citronellal, and citral aldehydes of 20 or more carbons are preferred.
PAR  Characterized examples of the Schiff base intermediate product and the
      alkylidenimino thiadiazole final product are
      ##EQU7##
      where R is undecyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 2-heptyl,
      octyl, nonyl, decyl, tridecyl, heptadeyl; 2,6-dimethyl-1,5-heptadienyl or
      2,6-dimethyl-5-heptenyl.
PAR  It is to be noted the thiadiazole derivative mixture product of the
      invention is a complex mixture of many compounds which vary in nature and
      quantities depending on the particular process ingredients, conditions and
      quantities. As heretofore stated, the mixture does contain as a principal
      product an alkylidenimino thiadiazole. Other compounds presumedly present
      are telomers, thioketals,
      ##EQU8##
      where R is as heretofore defined, etc. Accordingly, definition of the
      product mixture requires that it be at least in part characterized in
      terms of process.
PAR  In regad to the finished compositions of the present invention, the
      alkylidenimino thiadiazole containing mixtures are employed in a
      hydrocarbon base oil in copper corrosion inhibiting amounts, namely, from
      between about 0.01 and 10 wt. %, preferably between about 0.05 and 10 wt.
      %. The hydrocarbon base oil normally constitutes at least about 85 wt. %
      of the finished composition, preferably about 90 wt. % or more. By the
      term "finished" it is intended to denote that the composition is in
      condition for ultimate use without need for further dilution with base
      oil.
PAR  In the concentrate compositions contemplated herein to which additional
      hydrocarbon oil is added to from finished compositions, the concentrate
      form being preferably for storage and transport, the hydrocarbon base oil
      normally constitutes at least about 50 wt. % and the alkylidenimino
      thiadiazole product containing mixture about 10 and 50 wt. % of the
      concentrate formulation.
PAR  Thus, compositions are contemplated ranging from at least about 50 wt. %
      hydrocarbon oil and between about 0.01 and 50 wt. % of the alkylidenimino
      thiadiazole containing mixture.
PAR  The hydrocarbon oil components employed in the finished and concentrate
      formulations of the invention advantageously are mineral lubricating oils
      such as paraffinic lube oil, naphthenic lube oil and mixtures thereof.
      Other suitable hydrocarbon oils ar those synthetically formed such as the
      polyalkylenes, e.g., polyisobutylene of molecular weights of from 1000 to
      5000. The viscosity of the base oils employed will be dependent upon the
      particular use intended for the finished formulation and will generally
      range between about 70 and 5000 SUS at 100.degree. F.
PAR  In addition to the hydrocarbon oil and thiadiazole derivative mixture
      components in the oil compositions of the invention, additional additives
      are normally employed, the particular additives utilized being dependent
      upon the specific use intended for the finished compositions of the
      invention. Some of the additional additives contemplated belong in the
      classes of detergent-dispersants, pour depressants, VI improvers, extreme
      pressure agents, antiwear agents, antioxidants, antifoamants supplementary
      corrosion inhibitors.
PAR  Examples of the extreme pressure agents and antiwear agents are
      dithiolethione derived from sulfurizing triisobutylene and alkyl sulfides,
      disulfides and polysulfides prepared by sulfurization of isobutylene with
      sulfur chloride. Other extreme pressure and antiwear agents contemplated
      are the sulfurized terpenes, sulfurized hydrocarbon oils and polyalkyl
      polysulfides, all of which contain active sulfur or sulfur compounds which
      are corrosive to copper. These extreme pressure and antiwear agents are
      normally present in the finished formulations in amounts of between about
      0.1 and 10 wt. %, preferably between 0.5 and 5 wt. %.
PAR  When detergent-dispersants are employed, they are usually utilized in
      amounts between about 0.5 and 5 wt. %. Examples of ashless dispersants are
      the alkenyl succinimides characterized by the general formula:
      ##EQU9##
      where R.sup.2 is monoolefinic aliphatic hydrocarbon radical of from about
      50 to 200 carbons and x is an integer of from 1 to 10 derived from a
      polyethylene polyamine. Particularly suitable derivatives are the
      diethylene triamine, ditriethylene tetramine, tetraethylene pentamine of
      polyisobutylene succinic anhydride, particularly where R.sup.2 is of a
      molecular weight between about 700 and 2000, e.g., about 1300. These
      ashless dispersants are further described in U.S. Pat. No. 3,172,892 and
      3,202,678. The non ashless dispersants that may be utilized are the
      alkaline earth metal overbased calcium alkaryl sulfonates such as carbon
      dioxide overbased calcium alkaryl sulfonate wherein the alkaryl sulfonate
      moiety is of a molecular weight of 500 to 1000. The overbased sulfonates
      are further described in U.S. Pat. Nos. 3,027,325, 3,312,618 and
      3,537,996.
PAR  Examples of contemplated viscosity index improvers which in many instances
      function as pour depressors are the methacrylate ester polymers
      characterized by the general formula:
      ##EQU10##
      where R.sup.3 is alkyl, dialkylaminoalkyl (e.g. dimethylaminoethyl) or a
      mixture of such groups containing from 1 to 20 carbons and y is an integer
      providing a molecular weight of the polymer in the range of 25,000 to
      1,250,000, preferably 50,000 to 500,000. Methacrylate ester polymers
      possessing pour depressant as well as viscosity index improving properties
      are well known, e.g., U.S. Pat. No. 2,737,496. A very effective material
      of this type is the tetrapolymer of butyl, lauryl, stearyl and
      dimethylaminoethyl methacrylate in approximate ratios of 1:2:1:0.2. The
      methacrylate ester is advantageously employed in the base oil in an amount
      ranging from about 0.1 to 10 wt. %, preferably about 0.2 to 5 wt. %, in
      order to impart the desired viscosity index and/or pour point.
PAR  Examples of suitable antioxidants which also function as supplementary
      corrosion inhibitors are the aryl substituted amine compound exemplified
      by phenylnaphthyl amine as well as compounds such as phenylene diamine,
      phenathiazine, diphenylamines employed in amounts between about 0.1  and 5
      wt. %. Particularly preferred compounds are the phenylalpha-naphthyl
      amines and a mixture of 2,2-diethyl-4,4'-tdioctyldioctyldiphenylamine and
      2,2'-diethyl-4,4,6-octyldiphenylamine.
PAR  Additional examples of antioxidants are the hydrocarbyl dithiophosphates,
      particulaly effective compounds in this class are zinc
      di(nonylphenoxyethyl) dithiophosphate, zinc di(dodecylphenoxyethyl)
      dithiophosphate and zinc di(nonylphenoxyethoxyethyl) dithiophosphate
      prepared by reacting nonyl phenol-ethylene oxide compounds with phosphorus
      pentasulfide followed by neutralization of the acid formed with a basic
      zinc compound such as zinc carbonate, zinc oxide or zinc hydroxide. The
      general preparation and description of the compounds in this class are
      disclosed in U.S. Pat. Nos. 2,344,395 and 3,293,181.
PAR  Supplemental corrosion inhibitor examples are oleylamine and ethyloleyl
      acid phosphate, and mixtures of mercaptobenzothiazoles and alkyl amines.
PAR  Antifoamants which are suitable for use are the silicone polymers such as
      dimethyl silicone polymer.
DETD
PAR  The following examples further illustrate the invention but are not to be
      construed as limitations thereof.
PAC  EXAMPLE I
PAR  This example illustrates the preparation of the
      2-mercapto-5-amino-1,3,4-thiadiazole precursor.
PAR  To a solution of 18.2 grams (0.02 mole) of thiosemicarbazide in 200 grams
      of dimethylformamide there was charged 16.8 grams (0.2 mole) of carbon
      disulfide. The resultant mixture was heated to and maintained at
      50.degree. C. for a period of 4 hours. The reaction mixture was then
      stripped on a rotary evaporator leaving a solid residue. The solid was
      dissolved in 500 mls. of anhydrous ethanol and 2 grams of the product
      crystallized from the ethanol and was analyzed and identified as
      2-mercapto-5-amino-1,3,4-thiadiazole of the following analysis: Calc. 31.5
      (actual 36.2) wt. % nitrogen, 48.1 (44.5) wt. % sulfur, 18 (20.2) wt. %
      carbon and 2.3 (3.7) wt. % hydrogen.
PAC  EXAMPLE II
PAR  This example further illustrates the preparation of the
      2-mercapto-5-amino-1,3,4-thiadiazole starting reactant.
PAR  To a solution of 9.1 grams (0.1 mole) of thiosemicarbazide in 200 mls. of
      dimethylformamide there was charged 8.4 grams (0.11 mole) of carbon
      disulfide. The resultant solution was heated for 4 hours at 80.degree. C.
      The product was then stripped to 200.degree. F. at 0.15 mm Hg. The residue
      was stirred with 500 mls. of benzene and after removal of the benzene the
      product was redissolved in 500 mls. of hot ethanol. Seven grams of the
      product were recovered upon cooling and analyzed. It was determined to be
      2-mercapto-5-amino-1,3,4-thiadiazole of the following analysis: Calc. 31.6
      (32.4) wt. % nitrogen 48.1 (46.3) wt. % sulfur, 18 (17.9) wt. % carbon and
      2.3 (2.6) wt. % hydrogen.
PAC  EXAMPLE III
PAR  This example still further illustrates the preparation of
      2-amino-5-mercapto-1,3,4-thiadiazole starting reactant.
PAR  To a solution of 45.5 (0.5 mole) of thiosemicarbazide in 1000 mls. of
      dimethylformamide there was charge 32 grams of carbon disulfide. The
      resultant solution was heated for 4 hours at 80.degree. C. and then
      stripped to 200.degree. F. under a reduced pressure at 0.15 mm Hg. The
      residue was slurried with 250 mls. of benzene followed by the removal of
      the benzene via distillation. The residue product was recrystallized from
      2500 mls. of Formula 30 to yield 28 grams (42 wt. % yield) which was
      analyzed and found to be 2-amino-5-mercapto-1,3,4-thiadiazole having an
      elemental analysis of Calc. 31.6 (31.7) wt. % nitrogen, 48.1 (47.1) wt. %
      sulfur, 18 (19.2) wt. % carbon and 2.3 (2.1) wt. % hydrogen.
PAC  EXAMPLE IV
PAR  This example illustrates the preparation of the thiadiazole derivative
      product mixture of the invention.
PAR  A mixture of 9.2 grams (0.05 mole) lauraldehyde, 6.65 grams (0.05 mole)
      2-mercapto-5-amino-1,3,4-thiadiazole of the type prepared in Example III
      and 200 mls. of benzene were heated to reflux (80.degree. C.) to remove as
      overhead 0.4 mls. of insoluble phase. To the residual refluxed mixture 3
      mls. of dimethylsulfoxide were added and the formed mixture was again
      heated at reflux to remove 0.2 mls. water (theory 0.45 mls.) as overhead.
      The product was then stripped to 93.degree. C. under reduced pressure
      (0.175 mm Hg). The residue was identified as a derivative mixture
      containing as a principal product aluraldehyde reaction product of
      2-mercapto-5-amino-1,3,4-thiadiazole characterized by the formula:
      ##EQU11##
      Elemental mixture analysis gave Calc. 14.1 (14.0) wt. % nitrogen and 21.5
      (22.4) wt. % sulfur.
PAC  EXAMPLE V
PAR  This example further illustrates the preparation of the thiadiazole
      derivative product mixture of the invention.
PAR  To a mixture of 6.65 grams (0.05 mole) of
      2-amino-5-mercapto-1,3,4-thiadiazole prepared in Example III and 200 mls.
      of benzene there was charged 9.2 grams (0.05 mole) of lauraldehyde. The
      resultant mixture was heated to reflux (80.degree. C.) to remove 0.2 mls.
      of insoluble phase as overhead. To the refluxed mixture there was charged
      50 mls. of dimethylformamide and the resultant mixture was again refluxed
      with 1 ml. of insoluble phase removed as overhead. After cooling of the
      mixture, the dimethyl sulfoxide in an amount of 50 mls. was added and 0.2
      mls. of water (0.9 mls. theory) was removed as azeotrope. The product was
      stripped to 93.degree. C. and the resultant residue was identified as a
      derivative mixture containing as a principal product the lauraldehyde
      reaction product of 2-mercapto-5-amino-1,3,4-thiadiazole characterized by
      the formula:
      ##EQU12##
      The elemental mixture analysis gave Calc. 14.1 (13.3) wt. % nitrogen and
      21.5 (20.5) wt. % sulfur.
PAC  EXAMPLE VI
PAR  This example illustrates the lubricating oil composition and the
      effectiveness of the alkylamino thiadiazole dimer component as a copper
      corrosion inhibitor.
PAR  The following is a description of the base oil formulation to which the
      thiadiazole derivative product mixture producted in Example I was added in
      varying amounts and to which comparative inhibitor components were added,
      the resultant formulations being subjected to the ASTM Copper Strip
      Corrosion Test (D 130-56). Briefly, this test comprises placing a polished
      copper strip in the test oil composition for a 3 hour period at
      250.degree. F. whereupon the degree of corrosive attack on the strip is
      measured in a rating ranging from 1A to 4C with the rating of 1A
      representing the least corrosive attack and the rating of 4C represents
      the greatest corrosive attack.
PAR  The following Table I is a description of the base oil formulation:
TBL                TABLE I                                                     
     ______________________________________                                    
                          Wt. %                                                
                            Base     Base                                      
     Ingredients            Oil A    Oil B                                     
     ______________________________________                                    
     Paraffinic Oil (1000 SUS at 100.degree.F.)                                
                            93.1     95                                        
     Ethyloleyl Acid Phosphate                                                 
                            1.0      --                                        
     Sodium Sulfide Treated Diisobutylene                                      
                            5.0       5                                        
     Polysulfide*                                                              
     Terpolymer of butyl, lauryl, stearyl                                      
                            0.2      --                                        
     and dimethyl aminoethyl methacrylates                                     
     Mixture of 2-mercaptobenzothiazole and                                    
                            0.5      --                                        
     t-C.sub.18 -C.sub.22 alkylamine                                           
     Oleylamine             0.2      --                                        
     Dimethyl Silicone Antifoamant                                             
                            100 ppm  --                                        
     ______________________________________                                    
      *An extreme pressure agent but corrosive to copper.                      
PAR  Table II below contains a description of the representative formulations of
      the invention, comparative formulations and their effectiveness in
      inhibiting the corrosion of copper basis the ASTM Copper Strip Corrosion
      Test.
TBL                TABLE II                                                    
     ______________________________________                                    
     Test Formulation And                                                      
     Copper Inibitor Pro-                                                      
     perties                                                                   
     Run   Base    Cu Corrosion   Inhibitor                                    
                                          Cu Strip                             
     No.   Oil     Inhibitor      Conc.Wt.%                                    
                                          Rating                               
     ______________________________________                                    
     1     A       Ex.IV Prod.    0.05    2A                                   
     2     A       Ex.IV Prod.    0.10    1B                                   
     3     A       Ex.IV Prod.    0.20    2B                                   
     4     B       Ex.IV Prod.    0.10    2B                                   
     5     A       None           0       4A                                   
     6     B       None           0       4A                                   
     7     A       2,5-bis-(t-octyldi-                                         
                                  0.1     1B                                   
                   thio) 1,3,4-thia-                                           
                   diazole*                                                    
     8     B       same*          0.1     4A                                   
     ______________________________________                                    
      *Well known commercial copper corrosion inhibitor for gear oils.         
PAR  In above Table II a comparison of the copper strip rating of representative
      Run Nos. 1-4 utilizing the dimer product of the invention with the copper
      strip ratings of comparative Run Nos. 5 and 6 wherein no derivative
      product mixture of the invention is employed demonstrates the outstanding
      effectiveness of the dimer product and compositions containing same as a
      copper corrosion inhibitor. Further, comparison of the copper rating of
      representative Run No. 4 with comparative Run No. 8 where in the latter
      run the derivative product of the invention is substituted with a well
      known copper corrosion inhibitor, shows that the mixtures of the invention
      are substantially more effective copper corrosion inhibitors than the
      prior art inhibitors, particularly a comparison of the data relating to
      the Base Oil B formulations.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thiadiazole derivative mixture containing as a principal product an
      alkylidenimino thiadiazole characterized by the formula:
      ##EQU13##
      where R is alkyl of from 2 to 30 carbons, said mixture prepared by the
      process consisting essentially of first contacting
      2-amino-5-mercapto-1,3,4-thiadiazole with an alkanal of the formula RCHO
      where R is alkyl of from 2 to 30 carbons at a temperature of between about
      20 and 250.degree. C. tuilizing a mole ratio of
      2-amino-5-mercapto-1,3,4-thiadiazole to alkanal of between about 10:1 and
      1:2 to form an intermediate thiadiazole product characterized by the
      formula:
      ##EQU14##
      and second contacting said thiadiazole intermediate with dimethyl
      sulfoxide at a temperatue of between about 20 and 150.degree. C. utilizing
      a mole ratio of said intermediate to said dimethyl sulfoxide of between
      about 3:1 and 1:50 to form said thiadiazole derivative mixture, said first
      and second contacting conducted in the presence of a liquid solvent.
NUM  2.
PAR  2. A mixture in accordance with claim 1 wherein R is undecyl and said
      alkanal is lauraldehyde.
PATN
WKU  039404102
SRC  5
APN  5032776
APT  1
ART  122
APD  19740905
TTL  Bis-benzonazoledicarbonitriles
ISD  19760224
NCL  3
ECL  1
EXP  Rush; Raymond V.
INVT
NAM  Kittl; Hans
CTY  Riehen
CNT  CH
ASSG
NAM  Sandoz Ltd., (Sandoz AG)
CTY  Basel
CNT  CH
COD  03
PRIR
CNT  CH
APD  19730911
APN  13022/73
CLAS
OCL  260307D
XCL  260 458N
XCL  260465D
XCL  260465E
XCL  427158
EDF  2
ICL  C07D26362
FSC  260
FSS  307 D
UREF
PNO  3798231
ISD  19740300
NAM  Fleck et al.
OCL  260307D
FREF
PNO  7,018,750
ISD  19700600
CNT  JA
FREF
PNO  6,923,025
ISD  19690000
CNT  JA
FREF
PNO  6,811,247
ISD  19680000
CNT  JA
LREP
FR2  Sharkin; Gerald D.
FR2  Vila; Richard E.
FR2  Borovian; Joseph J.
ABST
PAL  Disclosed are compounds of formula I
      ##SPC1##
PAL  in which n signifies 2 or 3,
PAL  Their production and use as optical brighteners, particularly for polymeric
      and textile substrates.
BSUM
PAR  The invention relates to bis-benzoxazolyl compounds.
PAR  The invention provides compounds of formula I,
      ##SPC2##
PA1  in which n signifies 2 or 3.
PAR  The invention also provides a process for the production of compounds of
      formula I, characterised by
PAL  A. cyclising a compound of formula II,
      ##SPC3##
PA1  in which n is as defined above, and
PA2  Hal signifies chlorine, iodine or, preferably, bromine, or
PAL  B. reacting a compound of formula III,
      ##SPC4##
PA1  in which R.sub.1, R.sub.2, R.sub.3 and R.sub.4, independently, signify
      chlorine, iodine, bromine or cyano, with the proviso that at least one
      signifies other than cyano, and
PA2  n is as defined above,
PAL  With copper (I) cyanide.
PAR  The processes may be carried out in manner conventional for the types of
      reaction involved.
PAR  Thus, the cyclisation reaction in process (a) is conveniently carried in
      the presence of copper, e.g. powdered copper or finely dispersed copper,
      or a copper compound. As examples of such copper compounds may be given
      copper (II) compounds, such as copper (II) oxide, acetate, chloride,
      bromide and sulphate, and copper (I) compounds, such as copper (I)
      chloride. Finely dispersed copper may be obtained by reacting lead or zinc
      with a copper (II) compound, such as copper (II) acetate, chloride or
      sulphate. The cyclisation is conveniently carried out in an inert organic
      solvent, such as in hydrocarbons or halogenated or nitrated hydrocarbons,
      ethers, amides and sulphones. As examples of solvents of the hydrocarbon,
      halogenated or nitrated hydrocarbon class may be given high-boiling
      petroleum fractions, xylenes, chlorobenzene, o-di-chlorobenzene,
      trichlorobenzene, nitrobenzene, bromobenzene, naphthalene,
      tetrahydronaphthalene and diphenyl. As examples of solvents of the ether
      class may be given diphenyloxide, methoxy- and ethoxybenzene,
      bis-(2-ethoxyethyl)-ether, bis-(n-butoxyethyl)-ether,
      bis-[2-(2'-methoxyethoxy)-ethyl]-ether,
      bis-[2-(2'-ethoxyethoxy)-ethyl]-ether and
      bis-[2-(2'-n-butoxyethoxy)-ethyl]-ether. As examples of solvents of the
      amide class may be given dimethylformamide, dimethylacetamide, and
      phosphoric acid-tris-(dimethylamide). As example of a solvent of the
      sulphone class may be given tetramethylene sulphone. The reaction is
      optionally carried out in the presence of an acid-binding agent. As
      examples of acid-binding agents may be given the alkali metal salts of
      weak organic or inorganic acids, e.g. sodium or potassium acetate, or
      sodium or potassium carbonate, aliphatic amines, e.g. n-butylamine,
      di-(n-butyl)-amine, tri-(n-butyl)-amine or triethylamine, aliphatic
      aromatic amines, e.g. dimethylamino- or diethylaminobenzenes, and
      heterocyclic amines, e.g. pyridine, quinoline, mixtures of pyridine bases,
      picolines and lutidines. Where desired, the acid binding agent may be
      employed in excess, the excess serving as solvent. Complex salts may also
      be used, e.g. derived from reaction of a copper compound and ammonia or
      pyridine, e.g. cupric ammonium acetate or cupric pyridinium sulphate. A
      suitable reaction temperature is from 100.degree. to 200.degree.C,
      preferably from 150.degree. to 200.degree.C where an inorganic
      acid-binding agent or no acid-binding agent is used, and preferably from
      100 to 150.degree.C when an organic acid-binding agent is used.
PAR  The cyano exchange reaction of process (b) is suitably carried out in a
      solvent, e.g. in dimethylformamide, dimethylacetamide, hexamethyl
      phosphorus triamide, N-methylpyrrolidone, lutidine, picoline, pyridine or,
      preferably, quinoline. A suitable reaction temperature is from 150.degree.
      to 250.degree.C, preferably at the reflux temperature of the reaction
      medium, which medium is advantageously chosen so as to have a reflux
      temperature of about 200.degree.C. The copper (I) cyanide is
      advantageously used in excess, e.g. up to 100%, preferably 10 to 50%,
      above the stoichiometric amount. In the compounds of formula III,
      preferably all of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 signify a halogen,
      the preferred halogen being bromine. Process (b) is the preferred process.
PAR  The resulting compounds of formula I may be isolated and purified in
      conventional manner.
PAR  The compounds of formula II, used in process (a) may be obtained by
      reacting a compound of formula IV,
      ##SPC5##
PA1  in which n is as defined above,
PAL  or a functional derivative thereof,
PAL  with a compound of formula V,
      ##SPC6##
PA1  in which Hal is as defined above, preferably bromine.
PAR  The reaction may be carried out in conventional manner. Thus, the reaction
      is conveniently carried out in a high boiling organic solvent, such as in
      an ether alcohol, e.g. di- or triethylene glycol, di- or tripropylene
      glycol, 2-(2'-methoxy-ethoxy)-ethanol, 2(2'-ethoxyethoxy)-ethanol or
      2-(2'-n-butoxy-ethoxy)-ethanol; in an ether, e.g. diphenyloxide,
      bis-(2-ethoxyethyl)-ether or bis-(2-n-butoxyethyl)-ether; in an ester,
      e.g. dibutylphthalate; in a hydrocarbon or halogenated or nitrated
      hydrocarbon, e.g. polyalkylbenzenes with 2 to 5 methyl and/or ethyl
      groups, diphenyl, tetrahydronaphthalene, 1,2-dichlorobenzene,
      trichlorobenzenes or nitrobenzene; in an amide, e.g. phosphoric
      acid-tris-(dimethylamide), dimethylacetamide; in a sulphone, e.g.
      tetramethylene sulphone; or in mixtures of such solvents. As examples of
      functional derivatives of compounds of formula IV may be given the lower
      alkyl esters, e.g. of 1 to 4 carbon atoms, and the acid halide, i.e.
      chlorine, bromide and iodide, preferably chloride, derivatives. A suitable
      reaction temperature is from 0.degree. to 250.degree.C, preferably from
      100.degree. to 220.degree.C where an acid chloride derivative of compound
      IV is employed. Conveniently, the reagents are admixed at a low
      temperature, e.g. 0.degree.C or, preferably, room temperature, and then
      the temperature raised, preferably to reflux temperature of the reaction
      medium.
PAR  If desired, the compounds of formula II need not be isolated, the ring
      closure of process a) being carried out in one and the same medium, the
      medium being selected to be compatible both with production of compounds
      of formula II and the ring closure.
PAR  The compounds of formula III, above, used in process (b), may be obtained
      by reacting a compound of formula IV, above, or a functional derivative
      thereof, with a compound of formula VI,
      ##SPC7##
PAL  and a compound of formula VII
      ##SPC8##
PA1  in which Hal and R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as defined
      above,
PAL  to form a diamide corresponding to compounds of formula II, but in which
      the cyano groups are R.sub.1, R.sub.2, R.sub.3 and R.sub.4, and then
      cyclising such diamide.
PAR  The reaction of compound IV, or the functional derivative thereof, with
      compounds VI and VII is conveniently carried out in like manner to the
      process above described for the production of compounds II. Likewise, the
      cyclisation of the resulting diamide is conveniently carried out in like
      manner to process (a), described above. Again, if desired, the resulting
      compound of formula II need not be isolated but reacted with the copper
      (II) cyanide in the medium in which it is produced, such medium being
      selected as to be compatible with the reaction with the copper (I)
      cyanide.
PAR  The compounds of formulae IV, V, VI and VII are either known or may be
      obtained in conventional manner from available starting materials.
PAR  The compounds of formula I are useful as optical brightening agents. They
      are particularly useful for the brightening of natural, semi-synthetic and
      fully synthetic textile substrates and also synthetic or semi-synthetic
      polymeric materials, e.g. polyester (particularly fibre forming
      polyester), polyamide, polyurethane, polyolefin (e.g. polyethylene and
      polypropylene), polyvinyl acetate, polyvinyl chloride, polyvinylidene
      chloride, polyacrylonitrile, modified polyacrylonitrile,, cellulose
      triacetate, cellulose 2.sup.1 /2 acetate and polystyrene materials. Such
      materials may be, for example, in varnish, film, strip, sheet, moulded,
      fibre or filament form, as appropriate. The compounds of formula I may be
      incorporated therein in conventional manner, e.g. by being finely
      distributed or dissolved therein or by being admixed with the monomers or
      precondensates prior to polymerisation. Where the material is in fibre or
      filament form, the compounds of formula I are conveniently added to the
      spinning solution.
PAR  For the brightening of textile substrates, whilst the compounds of formula
      I may be incorporated into the fibres or filaments, they may also be
      applied to the substrate either in solution form (dissolved in an organic
      solvent) or in finely distributed form, e.g. from aqueous dispersions.
      When used on polyester containing substrates, it is especially
      advantageous to apply the compounds from an aqueous dispersion by padding,
      followed by drying and thermofixation.
PAR  The compounds of formula I may be used in an amount of from 0.001 to 0.5%
      based on the material or substrate to be brightened.
PAR  A particularly preferred use of the compounds of formula I is for the
      optical brightening of polyesters by incorporation in the melt.
PAR  The brightenings obtained by the compounds of formula I possess a
      particularly notable neutral to violet blue fluorescence and are notably
      fast to light, chlorite, heat and oxidising bleach solutions.
DETD
PAR  The following Examples, in which all parts and percentages are by weight,
      unless otherwise stated, and all temperatures are in degrees centigrade,
      illustrate the invention. The melting points given have not been
      corrected.
PAC  EXAMPLE 1
PAR  15 Parts of bis-(4.6-dibromobenzoxazolyl)-terphenyl are heated to
      230.degree. with 8.3 parts of copper-I-cyanide and 300 parts by volume of
      quinoline in an inert atmosphere with good stirring for 1 hour. The
      temperature is then kept constant for 2.5 hours, the dark brown solution
      is cooled to 10.degree., is filtered and the residue is washed with 150
      parts by volume of acetone, then 5 times with 250 parts by volume of
      aqueous ammonia and finally with 1000 parts of water. After vacuum-drying
      at 80.degree., 10 parts are obtained which correspond to 92.6% in theory
      of a bright yellow product having a melting point of &gt;360.degree., which
      may be further purified by recrystallisation from o-dichlorobenzene and
      corresponds to formula
      ##SPC9##
PAL  Absorption: .lambda. max: 375 nm in trichlorobenzene, .epsilon. =
      6.5.times.10.sup.4
PAL  Emission: .lambda. max: 422 nm in trichlorobenzene
PAL  The bis-(4.6-dibromobenzoxazolyl)-terphenyl was obtained as follows:
PAL  100 parts of terphenyl dicarboxylic acid are heated to reflux with 1000
      parts by volume of thionyl chloride and 5 parts by volume of dimethyl
      formamide with stirring over the course of 1  hour, and the mixture is
      kept at this temperature for 4 hours. Subsequently, the excess thionyl
      chloride is distilled off, cooled to room temperature, 200 parts by volume
      of benzene are added and it is filtered. After washing with ice water, it
      is vacuum dried at 80.degree. and 79 parts of the yellow crystalline
      dicarboxylic acid chloride having a melting point of 219.degree. to
      222.degree. are obtained.
PAR  35.5 parts of terphenyl dicarboxylic acid chloride are heated to
      220.degree. with 66 parts of 2,4,6-tribromoaniline and 1300 parts by
      volume of dry trichlorobenzene for 60 minutes with stirring and under a
      nitrogen atmosphere, and the mixture is stirred for 12 hours at this
      temperature. It is then cooled, filtered and washed with 100 parts by
      volume of methanol. 85.5 Parts of terphenyl-4,4'-dicarboxylic
      acid-N,N'-bis-(2,4,6-tribromo-phenylamide) having a melting point of
      360.degree. are obtained. 47.1 Parts of this compound are heated with
      stirring to 150.degree. with 900 parts by volume of N,N-dimethylacetamide,
      390 parts by volume of .alpha.-picoline and 22 parts of copper-II-acetate,
      as well as 3.6 parts of zinc dust. The reaction mixture is kept at this
      temperature for at least 10 hours, it is cooled to room temperature and
      the yellowish precipitate is filtered off. 26 Parts of
      bis-(4,6-dibromobenzoxazolyl)-terphenyl having a melting point of
      &gt;360.degree. are obtained.
PAC  EXAMPLE 2
PAR  If the 15 parts of bis-(4,6-dibromobenzoxazolyl)-terphenyl in Example 1 are
      replaced by 14.1 parts of 4,4'-bis-(4,6-dibromobenzoxazolyl)-biphenyl, and
      the procedure is as described above, 8.2 parts of a yellowish compound
      which melts at &gt;360.degree. after recrystallisation from trichlorobenzene
      and corresponds to formula
      ##SPC10##
PAL  are obtained.
PAL  Absorption: .lambda. max: 365 nm in trichlorobenzene
PAL  Emission: .lambda. max: 430 nm in trichlorobenzene
PAL  The necessary initial compounds are synthesised in a similar manner to that
      of the terphenyl series.
PAC  APPLICATION EXAMPLE A
PAR  200.0 Parts of polyethylene terephthalate are melted in a container in a
      nitrogen atmosphere at 280.degree. and 0.04 parts of the compound of
      Example I are added. The brightening agent is stirred into the polyester
      until a homogeneous solution is obtained. 4 Parts of titanium dioxide are
      then added as a dulling agent and the entire matter is stirred again until
      a homogeneous mixture is obtained. The latter is then pressed through a
      spinneret and and the filament obtained is first cooled by a spray of
      water and then stretched and wound onto coils in the normal manner.
      Products produced from these fibre materials have a considerably better
      colour than those produced by the same method but withoug the addition of
      the brightening agent.
PAR  Similar whitening effects are obtained if the compound of Example I is used
      instead of the compound of Example 2.
PAC  APPLICATION EXAMPLE B
PAR  100.0 parts of polyester granulate are powdered in a mixing apparatus with
      0.02 parts of the compound of Example 1, and then subjected to injection
      moulding. The products obtained have a better appearance than those
      produced without the addition of the brightener. Similar whitening effects
      are obtained if the compound of Example 1 is replaced by the compound of
      Example 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of formula I,
      ##SPC11##
PA1  in which n signifies 2 or 3.
NUM  2.
PAR  2. A compound of claim 1, in which n is 2.
NUM  3.
PAR  3. A compound of claim 1, in which n is 3.
PATN
WKU  039404110
SRC  5
APN  4095057
APT  1
ART  122
APD  19731025
TTL  5-Amino-1-methyl-3-(1-methyl-5-nitro-2-imidazolyl)-1H-1,2,4-triazole
ISD  19760224
NCL  1
ECL  1
EXP  Rollins; Alton D.
INVT
NAM  Asato; Goro
CTY  Titusville
STA  NJ
INVT
NAM  Berkelhammer; Gerald
CTY  Princeton
STA  NJ
INVT
NAM  Gastrock; William Henry
CTY  Hightstown
STA  NJ
ASSG
NAM  American Cyanamid Company
CTY  Stamford
STA  CT
COD  02
RLAP
COD  74
APN  202568
APD  19711126
PSC  01
PNO  3790589
RLAP
COD  84
APN  863378
APD  19691002
PSC  01
PNO  3649638
RLAP
COD  82
APN  766984
APD  19681011
PSC  03
CLAS
OCL  260308R
EDF  2
ICL  C07D40304
FSC  260
FSS  308 R
UREF
PNO  3652555
ISD  19720300
NAM  Albright et al.
OCL  260308R
LREP
FR2  Richards; Jack W.
ABST
PAL  This invention relates to new chemical compounds of the class
      1-substituted-5-nitro-2-substituted imidazoles and methods for the
      preparation thereof. These compounds are useful for their anti-microbial
      activity.
PARN
PAR  This is a division of application Ser. No. 202,568, filed Nov. 26, 1971,
      now U.S. Pat. No. 3,790,589, which was a division of application Ser. No.
      863,378, filed Oct. 2, 1969, now U.S. Pat. No. 3,649,638, which was a
      continuation-in-part of application Serial No. 766,984, filed Oct. 11,
      1968, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to new chemical compounds of the formulae:
      ##SPC1##
PAL  Wherein Q is a member selected from the group consisting of
      ##SPC2##
PAL  Wherein R is loweralkyl or hydroxyloweralkyl; R.sub.1 is loweralkyl;
      R.sub.2 and R.sub.4 are hydrogen or loweralkyl; R.sub.3 is lower alkyl,
      amino, monoloweralkylamino, or diloweralkylamino with the proviso that in
      formulae B and C R.sub.3 cannot be loweralkyl; R.sub.5 is loweralkyl,
      hydroxy, amino, monoloweralkylamino, or diloweralkylamino, R.sub.6 is
      lower alkyl; R.sub.7 is hydroxy or amino; X is NH, oxygen, or sulfur and Y
      is NH or oxygen. The term lower alkyl is intended to include those
      containing from 1 to 4 carbon atoms. When an amino, monoloweralkylamino,
      or hydroxy group is attached to the triazole ring the compound may exist,
      at least in part, in the tautomeric imino or keto forms.
PAR  The invention also relates to methods for the preparation of these
      compounds, one of which involves the reaction of an imidazolecarboximidate
      or an acid chloride of the formulae:
      ##SPC3##
PAL  Wherein R.sub.1 and R.sub.8 are loweralkyl or of
      ##SPC4##
PAL  With a semi-carbazide, thiosemicarbazide, acylhydrazide or aminoguanidine
      of the formula:
      ##EQU1##
      wherein R.sub.2, R.sub.3 and X are as defined above, to obtain an
      imidazolecarboximidoyl or imidazolecarbonyl compound or a nitrogenous
      derivative of an alkyl imidazolecarboxylate of the formulae:
      ##SPC5##
PAL  Wherein R, R.sub.1, R.sub.2, R.sub.3, X and Y are as defined above, and
      cyclizing said compound by subjecting the same to heat treatment, acid
      treatment or treatment with a condensing agent to yield a cyclized product
      of the formula selected from the group consisting of
      ##SPC6##
      ##SPC7##
PAL  Wherein Z is sulfur or oxygen and R, R.sub.4, R.sub.5, R.sub.6, R.sub.7 are
      as defined above and R.sub.9 and R.sub.10 are hydrogen or lower alkyl.
PAC  PREFERRED EMBODIMENT
PAR  In accordance with the preferred method of the present invention a
      2-cyano-1-loweralkyl-5-nitroimidazole is admixed with an absolute alcohol
      such as methanol, ethanol or the like and heated in the presence of a
      strong base such as an alkali metal alkoxide, including potassium
      t-butoxide and sodium ethoxide, to yield a
      1-loweralkyl-5-nitroimidazole-2-carboximidate. The carboximidate is then
      converted to the imidazolecarboximidoyl acylhydrazide, amidinohydrazine,
      semicarbazide or thiosemicarbazide by reaction with an acylhydrazine,
      aminoguanidine, semi-carbazide or thiosemicarbazide, respectively. This
      reaction is preferably carried out in the presence of a solvent inert to
      the reaction such as a loweralkanol, glacial acetic acid or aqueous
      alcoholic mixtures and at a temperature between about 20.degree.C. and
      100.degree.C. although somewhat higher or lower temperatures may be
      employed. In the case of reaction of the carboximidate with
      thiosemicarbazide or substituted thiosemicarbazides, it is found that acid
      catalysis is necessary, the reaction preferably being carried out in
      glacial acetic acid or in an alcoholic solvent to which 1 to 50% by volume
      of acetic acid or catalytic amounts of mineral acids are added. When
      mineral acids are used, it is frequently found that mixtures of
      imidazolecarboximidoyl thiosemicarbazides with alkyl
      1-substituted-5-nitro-2-imidazolecarboxylate thiosemicarbazones are
      formed. The latter compounds are obtained as important components of the
      mixtures, and may be isolated, when 1 or more equivalents of mineral acid,
      rather than a catalytic amount, is used.
PAR  Cyclization of the thus prepared imidazolecarboximidoyl acylhydrazines,
      amidinohydrazines, or semicarbazides then yields the
      triazol-3-yl-5-nitroimidazoles. Cyclization of the
      imidazolecarboximidoylthiosemicarbazides or the imidazolecarboxylate
      thiosemicarbazones gives
      2-(2-amino-1,3,4-thiadiazol-5-yl)-5-nitroimidazoles. These reactions, in
      the case of the triazol-3-yl-5-nitroimidazoles, are generally most
      favorably carried out by heating, preferably refluxing, in the presence of
      an organic solvent such as nitrobenzene, dimethylformamide or glacial
      acetic acid. In the case of the thiadiazol-5-yl-5-nitroimidazoles acid
      catalysis is generally most advantageously employed. Acidic reagents such
      as aqueous, methanolic, or ethanolic sulfuric or hydrochloric acids are
      preferred, however, other acids such as phosphoric, nitric, hydrobromic
      trifluoroacetic and aliphatic or aromatic sulfonic acids may also be used.
      p-Toluene sulfonic acid and methylsulfonic acids are typical of these
      latter acid groups. In practice it is also found that the acid catalysts
      may be conducted in systems free of solvent or in the presence of solvents
      other than water or lower alcohols. Furthermore, it has been found that
      these reactions are generally most advantageous carried out at
      temperatures between 0.degree.C. and 150.degree.C. and preferably
      50.degree. C. and 100.degree.C.
PAR  Graphically, such reactions may be illustrated as follows:
      ##EQU2##
      wherein R.sub.1 is lower alkyl and R, R.sub.2, R.sub.3, R.sub.4, R.sub.5,
      R.sub.6, R.sub.7, R.sub.8, R.sub.9, R.sub.10, X and Y are as hereinbefore
      described.
PAR  Also, in accordance with the invention a
      1-loweralkylsubstituted-5-nitro-2-imidazolecarboxylic acid is treated with
      oxalyl chloride to give the 1-loweralkyl-5-nitro-2-imidazolecarboxylic
      acid chloride which is converted to the corresponding 2-imidazolecarbonyl
      semicarbazide or thiosemicarbazide by reaction with semicarbazide or
      thiosemicarbazide in an organic solvent. When the thus prepared
      semicarbazide or thiosemicarbazide has R.sub.2 = H (see below), it can
      then be cyclized to the oxadiazolyl or thiadiazolyl imidazoles by
      treatment thereof, in the case of the thiosemicarbazide, with a strong
      mineral acid at an elevated temperature preferably between about
      50.degree.C. and 100.degree.C. and, in the case of the semicarbazide, with
      a condensing agent such as phosphorus oxychloride or thionylchloride. The
      oxadiazolyl or thiadiazolyl imidazole is then readily recovered from the
      reaction mixture by treatment of the mixture with water, followed by
      filtration.
PAR  The reactions are illustrated graphically below:
      ##EQU3##
      wherein Z is oxygen or sulfur and R.sub.2, R.sub.3, and R.sub.8 are as
      hereinbefore described.
PAR  The process of the present invention is highly effective for the
      preparation of compounds useful for the control of bacterial, parasitic
      and protozoal infections in poultry and animals.
PAR  The novel compounds of the invention find utility as antimicrobial agents
      effective against Trichomonas vaginalis and Salmonella gallinarum
      infections in poultry and animals and also show a substantial amount of
      seedicidal activity in the plant science area. For the treatment of
      animals and poultry generally about 0.025% to 0.1% by weight of the active
      compound will be thoroughly admixed with the food and administered as such
      to said animals or poultry. If desired, however, the compounds may be
      prepared as liquids for use in drinking water or as an oral drench, in
      which case the active compound is dissolved or suspended in a non-toxic
      pharmaceutically acceptable carrier and administered in an amount
      sufficient to produce generally about 100 to 1,000 mg./kg., and preferably
      100 to 500 mg./kg. of body weight of active material to the animal under
      treatment.
DETD
PAC  DETAILED DESCRIPTION
PAR  The following examples describe in detail the preparation of representative
      compounds of this invention and their use in treating fowl typhoid,
      enteritis and colibacillosis.
PAC  EXAMPLE 1
PAC  Preparation of
      2-(1-Methyl-5-nitro-2-imidazolecarboximidoyl)-1-acetylhydrazine (IIIA)
PAR  In 200 ml. of methanol, 12 g. (0.06 mole) of ethyl
      1-methyl-5-nitro-2-imidazolecarboximidate and 4.9 g. (0.066 mole) of
      acetyl hydrazine are refluxed for 30 hours. The yellow compound is
      collected, washed with cold methanol and dried to give 12.97 g. of the
      title compound, melting point 294.degree.C.
PAR  Similarly, 2-propionylhydrazine is reacted with
      ethyl-1-methyl-5-nitro-2-imidazolecarboximidate to afford
      2-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-1-propionylhydrazine (IIIO).
PAR  In the above manner,
      2-(1-(2-hydroxyethyl)-5-nitro-2-imidazolecarboximidoyl)-1-acetylhydrazino
      (IIIP), is prepared by reacting acetyl hydrazine with the cyclic
      iminoester of the formula:
      ##SPC8##
PAL  The cyclic iminoester is prepared by reacting
      2-cyano-1-(2-hydroxyethyl)-5-nitroimidazole in inert solvent with alkali
      metal alkoxide.
PAC  EXAMPLE 2
PAC  Preparation of 2-(5-Methyl-4H-1,2,4-triazol-3-yl)-1-methyl-5-nitroimidazole
      (VIA)
PAR  In 100 ml. of glacial acetic acid 6.2 g. (0.0274 mole) of
      2-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-1-acetylhydrazine is
      refluxed for 4 1/2 hours. The mixture is cooled, diluted with water to
      give 5.33 g. of the above compound, melting point 329.degree.-333.degree.
      (dec.).
PAR  In the same manner
      2-(5-ethyl-4H-1,2,4-triazol-3-yl)-1-methyl-5-nitroimidazole (VI I) is
      prepared from
      2-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-1-propionylhydrazine.
PAR  Using the above procedure
      2-(5-methyl-4H-1,2,4-triazol-3-yl)-1-(2-hydroxyethyl)-5-nitroimidazole (VI
      J) is prepared from
      2-[1-(2-hydroxyethyl)-5-nitro-2-imidazolecarboximidoyl)-1-acetylhydrazine.
PAC  EXAMPLE 3
PAC  Preparation of 2-(1-Methyl-5-nitro-2-imidazolecarboximidoyl)-1-amidino
      hydrazine hydrochloride (IIIB)
PAR  In 10 ml. of ethanol, 8.2 g. (0.06 mole) of aminoguanidine bicarbonate is
      treated with saturated ethanolic hydrogen chloride until carbon dioxide is
      no longer evolved. The mixture is evaporated to dryness, 90 ml. of dry
      dimethylformamide and 11.9 g. (0.06 mole) of
      ethyl-1-methyl-5-nitro-2-imidazolecarboximidate are added to give a yellow
      slurry which is heated at 65.degree.-70.degree.C. for 1 1/2 hours with
      stirring. The mixture is cooled, 160 ml. of ether added, and the above
      compound collected, melting point 273.degree.-274.degree.C. (dec.); the
      yield is 12.6 g. (80%).
PAR  Similarly, 2-(1-methyl-5-nitro-2
      -imidazolecarboximidoyl)-1-amidino-1-methylhydrazine hydrochloride (IIIC)
      and 2-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-1-methylamidinohydrazine
      hydrochloride (IIID) are prepared by reacting
      ethyl-1-methyl-5-nitro-2-imidazolecarboximidate with
      1-amino-1-methylguanidine hydrochloride and 1-amino-3-methylguanidine
      hydrochloride, respectively. In the like manner,
      2-[1-(2-hydroxyethyl)-5-nitro-2-imidazolecarboximidoyl]-1-amidinohydrazine
      hydrochloride (IIIE) is prepared by reacting aminoguanidine hydrochloride
      with the cyclic imino ester described in Example 1.
PAC  EXAMPLE 4
PAC  Preparation of 2-(5-Amino-4H-1,2,4-triazol-3-yl)-1-methyl-5-nitroimidazole
      (VIB)
PAR  In 110 ml. of nitrobenzene, 7.6 g. (0.029 mole) of
      2-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-1-amidinohydrazine
      hydrochloride is stirred at reflux temperature for 2 3/4 hours, cooled,
      and the solid collected. This solid is washed with ethyl alcohol, ether,
      and air-dried to give 6 g. of the title compound, melting point
      278.degree.-280.degree. (dec.). The product is purified by removing
      soluble impurities in a Soxhlet extractor with 95% ethanol. The insoluble
      products melts at 297.degree.-299.degree. (dec.).
PAR  In the same manner, a mixture of
      2-(4H-5-methylamino-1,2,4-triazol-3-yl)-1-methyl-5-nitroimidazole (VIC)
      and 2-(5-amino-4-methyl-1,2,4-triazol-3-yl)-1-methyl-5-nitroimidazole
      (VID) are prepared from
      2-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-1-methylamidinohydrazine
      hydrochloride, and
      2-(5-amino-1-methyl-1,2,4-triazol-3-yl)-1-methyl-5-nitroimidazole (VIIA)
      is prepared from
      2-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-1-amidino-1-methylhydrazine
      hydrochloride.
PAR  Similarly,
      2-(5-amino-4H-1,2,4-triazol-3-yl)-1-(2-hydroxyethyl)-5-nitroimidazole
      (VIE) is prepared from
      2-[-(2-hydroxyethyl)-5-nitro-2-imidazolecarboximidoyl]-1-amidinohydrazine
      hydrochloride.
PAC  EXAMPLE 5
PAC  Preparation of 1-(1-Methyl-5-nitro-2-imidazolecarboximidoyl)-semicarbazide
      (IIIF)
PAR  The above compound is prepared by stirring a powdered mixture of 19.8 g.
      (0.1 mole) of ethyl 1-methyl-5-nitro-2-imidazolecarboximidate and 11.2 g.
      (0.1 mole) of semicarbazide hydrochloride in 200 ml. of 50% aqueous
      ethanol. The yellow product is collected after 90 minutes and washed with
      water, methanol, and ether, respectively, melting point above
      300.degree.C.; the yield is 10 g. (44%).
PAR  The addition of 0.122 mole of sodium acetate to the mixture improved the
      yield to 86%.
PAR  In a similar manner, 2-ethylsemicarbazide and 4-methylsemicarbazide are
      reacted with ethyl 1-methyl-5-nitro-2-imidazolecarboximidate to give
      1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-2-ethylsemicarbazide (IIIG)
      and 1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-4-methylsemicarbazide
      (IIIH), respectively.
PAR  Simimlarly,
      1-[1-(2-hydroxyethyl)-5-nitro-2-imidazolecarboximidoyl]semicarbazide (III
      I) is prepared by reacting semicarbazide hydrochloride with the previously
      mentioned cyclic iminoester of Example 1.
PAC  EXAMPLE 6
PAC  Preparation of
      1-(1-Methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide (IIIJ)
PAR  A mixture of 1.0 g. of ethyl 1-methyl-5-nitro-2-imidazolecarboximidate and
      0.46 g. of thiosemicarbazide in 20 ml. of glacial acetic acid is heated at
      reflux for 45 minutes. Water is added and the yellow solid is filtered,
      washed with water and dried affording the amidine, melting point
      210.degree.-212.degree.C., dec.
PAR  When the above procedure is carried out using 4-methyl-3-thiosemicarbazide
      and 4,4-dimethyl-3-thiosemicarbazide,
      4-methyl-1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide
      (IIIK) and
      4,4-dimethyl-1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarba
     zide (IIIL) are obtained.
PAR  In a similar manner,
      1-[1-(2-hydroxyethyl)-5-nitro-2-imidazolecarboximidoyl]-3-thiosemicarbazid
     e (IIIM) is obtained by treating
      1-(2-hydroxyethyl)-5-nitro-2-imidazolecarboximidic acid, delta-lactone,
      with thiosemicarbazide.
PAR  According to the above procedure, ethyl
      1-ethyl-5-nitro-2-imidazolecarboximidate and thiosemicarbazide are allowed
      to react to give
      1-(1-ethyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide (IIIN).
PAC  EXAMPLE 7
PAC  Preparation of 1-(1-Methyl-5-nitro-2-imidazolecarbonyl)-3-thiosemicarbazide
      (XIA)
PAR  To 5 ml. of oxalyl chloride, stirred in ice bath, is added 1.0 g. of
      1-methyl-5-nitro-2-imidazolecarboxylic acid, in portions. The resulting
      suspension is stirred at room temperature overnight. Benzene is added, the
      mixture is filtered and the filtrate is evaporated to dryness. The
      residue, 1-methyl-5-nitro-2-imidazolecarboxylic acid chloride, is
      sufficiently pure to use in subsequent reactions.
PAR  To 1-methyl-5-nitro-2-imidazolecarboxylic acid chloride (1.1 g.) in 25 ml.
      of dry tetrahydrofuran is added 0.55 g. powdered thiosemicarbazide and the
      mixture is stirred at room temperature for 24 hours. The reaction mixture
      is evaporated to dryness and water is added. The solution is made basic
      with sodium hydroxide and the solid is filtered, washed with water and
      dried affording
      1-(1-methyl-5-nitro-2-imidazolecarbonyl)-3-thiosemicarbazide.
PAR  When the above procedure is followed using 4-isopropyl-3-thiosemicarbazide
      and 4-ethyl-2-methyl-3-thiosemicarbazide,
      1-(1-methyl-5nitro-2-imidazolecarbonyl)-4-isopropyl-3-thiosemicarbazide
      (XIB) and
      4-ethyl-2-methyl-1-(1-methyl-5-nitro-2-imidazolecarbonyl)-3-thiosemicarbaz
     ide (XIC), respectively, are obtained.
PAR  In a similar manner,
      2-(1-methyl-5-nitro-2-imidazolecarbonyl)-1-amidinohydrazine (XID),
      1-(1-methyl-5-nitro-2-imidazolecarbonyl)semicarbazide (XIE), and
      1-(1-methyl-5-nitro-2-imidazolecarbonoyl)-4-methylsemicarbazide (XIF), are
      obtained from the reaction of 1-methyl-5-nitro-2-imidazolecarboxylic acid
      chloride with aminoguanidine bicarbonate, semicarbazide and
      4-methylsemicarbazide, respectively.
PAC  EXAMPLE 8
PAC  Preparation of
      1-[1-(2-Hydroxyethyl)-5-nitro-2-imidazolecarbonyl]-3-thiosemicarbazide
      (XIG)
PAR  A mixture of 1-(2-hydroxyethyl)-5-nitroimidazole-2-carboxylic acid
      delta-lactone (1.83 g.) and thiosemicarbazide (0.91 g.) in 50 ml. of
      tetrahydrofuran is heated at reflux for three hours. The solvent is
      evaporated and the residue is slurried with water and the solid is
      filtered, washed with water and dried giving
      1-[1-(2-hydroxyethyl)-5-nitro-2-imidazolecarbonoyl]-3-thiosemicarbazide.
PAC  EXAMPLE 9
PAC  Preparation of 2-(2-Amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole
      (VIIIA or XIIC)
PAR  To 0.05 g. of 1-(1-methyl-5-nitro-2-imidazolecarbonyl)-3-thiosemicarbazide
      is added 0.5 ml. of conc. sulfuric acid and the mixture is heated on a
      steam bath for 30 minutes. Ice is added to the reaction mixture and the
      solid is filtered. The filtrate is made basic with sodium hydroxide and
      cooled in an ice bath. The solid is filtered, washed with water and dried
      affording 17 ml. (37%) of
      2-(2-amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole.
PAC  EXAMPLE 10
PAC  Preparation of 2-(2-Amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole
      (VIIIA)
PAR  1-(1-Methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide (0.3 g.)
      is heated with 7 ml. of 6N hydrochloric acid for 15 minutes. The resulting
      solution is cooled and diluted with water. The solid is filtered, washed
      with water and dried affording
      2-(2-amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole, melting point
      266.degree.-8.degree..
PAR  In a similar manner,
      4,4-dimethyl-1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarba
     zide,
      4-methyl-1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide
      and
      1-(1-[2-hydroxyethyl]-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazid
     e yield respectively,
      2-(2-dimethylamino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole
      (VIIIB), 2-(2-methylamino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole
      (VIIIC) and
      2-(2-amino-1,3,4-thiadiazol-5-yl)-1-(2-hydroxyethyl)-5-nitroimidazole
      (VIIID). According to the above procedure,
      2-(2-amino-1,3,4-thiadiazol-5-yl)-1-ethyl-5-nitroimidazole (VIIIE) is
      obtained from
      1-(1-ethyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide.
PAC  EXAMPLE 11
PAC  Preparation of 2-(2-Amino-1,3,4-oxadiazol-5-yl)-1-methyl-5-nitroimidazole
      (XIIA)
PAR  1-(1-Methyl-5-nitro-2-imidazolecarbonyl)semimcarbazide (5 g.) is heated
      under reflux in 50 ml. of phosphorus oxychloride for 1 hour. The reaction
      mixture is added slowly to water maintained at 15.degree.C. by occasional
      additions of ice. The aqueous mixture is brought to pH 7 with potassium
      carbonate and the solid
      2-(2-amino-1,3,4-oxadiazol-5-yl)-1-methyl-5-nitroimidazole filtered off,
      washed with water, and dried.
PAR  In similar fashion,
      2-(2-methylamino-1,3,4-oxadiazol-5-yl)-1-methyl-5-nitroimidazole (XIIB) is
      prepared from
      1-(1-methyl-5-nitro-2-imidazolecarbonyl)-4-methylsemicarbazide.
PAC  EXAMPLE 12
PAC  Preparation of 1-Methyl-5-nitro-2-[5-oxo-(.DELTA..sub.2
      -1,2,4-triazolin-3-yl)]-imidazole (VIF)
      ##SPC9##
PAR  In 50 ml. of dimethylformamide, 7.8 g. of
      1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)semicarbazide is stirred at
      140.degree.-150.degree.C. until the yellow solid darkens, dissolves to
      give a dark-brown solution, and begins to deposite grey crystals. The
      mixture is cooled, diluted with 125 ml. of ethyl alcohol, poured onto ice,
      and the solid collected. This solid is washed with hot dimethylformamide
      to give the light-brown title compound, melting point &gt;320.degree..
PAR  Similarly, 1-methyl-5-nitro-2-[1-ethyl-5-oxo(.DELTA..sub.2
      -1,2,4-triazolin-3-yl)]imidazole (VIIB) and
      1-methyl-5-nitro-2-[4-methyl-5-oxo-(.DELTA..sub.2
      -1,2,4-triazolin-3-yl)]imidazole (VIG) are prepared from
      1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-2-ethyl-semicarbazide and
      1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-4-methylsemicarbazide,
      respectively.
      ##SPC10##
PAR  Similarly, 1-(2-hydroxyethyl)-5-nitro-2-[5-oxo-(.DELTA..sub.2
      -1,2,4-triazolin-3-yl)]imidazole (VIH) is prepared from
      1-[1-(2-hydroxyethyl)-5-nitro-2-imidazolecarboximidoyl]semicarbazide.
      ##SPC11##
PAC  EXAMPLE 13
PAC  Preparation of
      1-(1-Methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide (IIIJ)
PAR  To a stirred solution of ethyl 1-methyl-5-nitro-2-imidazolecarboximidate
      (0.198 g., 0.001 mole) in 10 ml. of absolute ethanol is added
      thiosemicarbazide (0.091 g., 0.001 mole) and 1 ml. of glacial acetic acid.
      The mixture is heated at reflux for 1 1/4 hours and is cooled in an ice
      bath. The orange-red solid is filtered washed and dried affording 0.173 g.
      of the title compound, melting point 210.degree.-214.degree., dec.
PAR  When an equimolar amount of methyl
      1-methyl-5-nitro-2-imidazolecarboximidate is substituted for the ethyl
      carboximidate in this procedure and the reaction mixture stirred at room
      temperature for 3 hours, the compound (IIIJ) is also obtained in good
      yield.
PAC  EXAMPLE 14
PAC  Preparation of
      1-(1-Methyl-5-nitro-imidazolecarboximidoyl)-3-thiosemicarbazide (IIIJ)
PAR  To a stirred mixture of ethyl 1-methyl-5-nitro-2-imidazolecarboximidate
      (0.198 g., 0.001 mole) and thiosemicarbazide (0.091 g., 0.001 mole) in 5
      ml. of methanol is added 1 drop of cone. H.sub.2 SO.sub.4 and the mixture
      is stirred at room temperature for 50 minutes. The solid is filtered and
      washed with methanol, yielding 0.149 g. of the title compound, melting
      point 200.degree.-201.degree.C. dec.
PAC  EXAMPLE 15
PAC  Preparation of Ethyl 1-methyl-5-nitro-2-imidazolecarboxylate
      thiosemicarbazone (IVA) and
      1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide
PAR  To a mixture of ethyl 1-methyl-5-nitro-2-imidazolecarboximidate (1.98 g.,
      0.01 mole) and thiosemicarbazide (0.91 g., 0.01 mole) in 50 ml. of
      absolute ethanol is added 5.37 N ethanolic HCl (1.86 ml., 0.01 mole). The
      mixture is stirred at room temperature for 3 1/2 hours. The yellow solid
      is filtered, washed with ethanol and dried, giving 1.27 g. of a mixture of
      1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide and
      ethyl 1-methyl-5-nitro-2-imidazolecarboxylate thiosemicarbazone. The
      mixture is recrystallized from dry dimethylsulfoxide, affording 0.315 g.
      of ethyl 1-methyl-5-nitro-2-imidazolecarboxylate thiosemicarbazone,
      melting point 202.degree.-204.degree. dec. Both infrared and nuclear
      magnetic resonance spectra show the presence of an ethoxyl group in this
      product.
PAR  When the above procedure is carried out using 4-methyl-3-thiosemicarbazide
      and 4,4-dimethyl-3-thiosemicarbazide, the 4-methyl-3-thiosemicarbazone of
      ethyl 1-methyl-5-nitro-2-imidazolecarboxylate and the
      4,4-dimethyl-3-thiosemicarbazone of ethyl
      1-methyl-5-nitro-2-imidazolecarboxylate, respectively, are obtained.
PAR  Use of methyl 1-methyl-5-nitro-2-imidazolecarboximidate in place of ethyl
      1-methyl-5-nitro-2-imidazolecarboximidate in the above reactions gives the
      corresponding thiosemicarbazone of methyl
      1-methyl-5-nitro-2-imidazolecarboxylate. Similarly, use of
      1-(2-hydroxyethyl)-5-nitro-2-imidazolecarboximidic acid, delta-lactone,
      gives the thiosemicarbazone of
      1-(2-hydroxyethyl)-5-nitro-2-imidazolecarboxylic acid, delta-lactone.
PAC  EXAMPLE 16
PAC  Preparation of 2-(2-amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole
PAR  To a stirred mixture of ethyl 1-methyl-5-nitro-2-imidazolecarboxylate
      thiosemicarbazone (0.050 g., 0.0018 mole) and 10 ml. of absolute ethanol
      is added 0.3 ml. of 5.37 N ethanolic HCl. The mixture is heated at reflux
      for hours and is diluted with water. The solution is made alkaline with
      conc. ammonium hydroxide and the ethanol is evaporated. The yellow solid
      is filtered, washed with water and dried, yielding 0.013 g. of the above
      compound.
PAR  In a similar manner, acid treatment of the mixture of
      1-(1-methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide and
      ethyl 1-methyl-5-nitro-2-imidazolecarboxylate thiosemicarbazone, gives the
      title compound.
PAR  The same procedure used with methyl 1-methyl-5-nitro-2-imidazolecarboxylate
      thiosemicarbazone gives the above compound. With ethyl
      1-methyl-5-nitro-2-imidazolecarboxylate, 4-methyl-3-thiosemicarbazone and
      with ethyl 1-methyl-5-nitro-2-imidazolecarboxylate,
      4,4-dimethyl-3-thiosemicarbazone, there is obtained, respectively,
      2-methylamino-5-(1-methyl-5-nitro-2-imidazolyl)-1,3,4-thiadiazole and
      2-dimethylamine-5-(1-methyl-5-nitro-2-imidazolyl)-1,3,4-thiadiazole.
PAC  EXAMPLE 17
PAC  Preparation of 2-(2-Amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole
PAR  1-(1-Methyl-5-nitro-2-imidazolecarboximidoyl)-3-thiosemicarbazide is
      cyclized as in Example 10 with the exception that the 0.3 g. of the
      thiosemicarbazide in 7 ml. of 6N hydrochloric acid is replaced by 0.49 g.
      of the thiosemicarbazide in 5 ml. of methanol plus 0.5 ml. of concentrated
      hydrochloric acid. The cyclization is also effected by the use of 0.49 g.
      of the thiosemicarbazide in 5 ml. of methanol plus 0.5 ml. of 6N ethanolic
      hydrogen chloride. In each of these variations, a 78% yield of the title
      compound is realized. The cyclization is likewise accomplished by the use
      of dilute aqueous sulfuric acid, phosphoric, nitric, p-toluenesulfonic,
      benzene sulfonic, methylsulfonic or hydrobromic acid.
PAC  EXAMPLE 18
PAC  Utilization of compounds of the present invention in controlling fowl
      typhoid
PAR  The effectiveness of the compounds of the invention or products prepared
      from the intermediate compounds therein disclosed for controlling fowl
      typhoid is demonstrated by the following tests.
PAR  One day old sex-linked pullet chicks are infected orally by gavage with 0.5
      ml. of a 10.sup..sup.-2 dilution of a 5 hour Trypticase Soy Broth culture
      of Salmonella gallinarum, the causative agent of fowl typhoid. Each chick
      receive approximately 6 .times. 10.sup.5 viable cells.
PAR  Medication is administered continuously in the feed beginning 3 hours
      before infection and continuing for 10 days, at which time the test is
      terminated and the number of survivors in each group recorded. The results
      are compared with two control groups of chicks, the first group comprising
      20 chicks which are infected and untreated, and the second group
      comprising 10 chicks which are infected and untreated. The results of the
      test are set forth in the following table:
TBL                                    Table I                                 
     __________________________________________________________________________
                           Total Checks                                        
     Compound         Dose*                                                    
                           Tested  Survivors                                   
     __________________________________________________________________________
     2-(2-Amino-1,3,4-thiadiazol-                                              
                      0.1 %                                                    
                           10      9                                           
     5-yl)-1-methyl-5-nitroimida-                                              
                      0.05 %                                                   
                           5       5                                           
     zole             0.025%                                                   
                           5       5                                           
                      0.006%                                                   
                           5       1                                           
     2-(2-Methylamino-1,3,4-thia-                                              
                      0.1 %                                                    
                           5       3                                           
     diazol-5-yl)-1-methyl-5-                                                  
     nitroimidazole                                                            
     2-(2-Dimethylamino-1,3,4-                                                 
                      0.1 %                                                    
                           5       4                                           
     thiadiazol-5-yl)-1-methyl-                                                
     5-nitroimidazole                                                          
     2-(1-Methyl-5-nitro-2-imida-                                              
                      0.1 %                                                    
                           5       5                                           
     zolecarboximidoyl)-1-acetyl-                                              
                      0.025% 5                                                 
                           4                                                   
     hydrazine                                                                 
     2-(2-Amino-5-oxadiazolyl)-1-                                              
                      0.1 %                                                    
                           10      10                                          
     methyl-5-nitroimidazole                                                   
                      0.025%                                                   
                           10      10                                          
     2-(2-Methylamino-5-oxadia-                                                
                      0.1 %                                                    
                           10      10                                          
     zolyl)-1-methyl-5-nitro-                                                  
                      0.025%                                                   
                           10      10                                          
     imidazole                                                                 
     Control                                                                   
     Untreated             20      0                                           
     Uninfected - Untreated                                                    
                           10      10                                          
     __________________________________________________________________________
      *Dose is in terms of percentage by weight of the feed.                   
PAC  EXAMPLE 19
PAC  Utilization of a compound of the present invention in controlling enteritis
PAR  This example demonstrates the effectiveness of
      2-(2-amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole in controlling
      enteritis. Three groups of ten female Swiss Webster mice weighing 20 gm.
      are infected intraperitoneally with 0.5 ml. of 10.sup..sup.-2 dilution of
      a 5 hour Trypticase Soy Broth culture of Salmonella choleraesuis var.
      kunzendorf, the causative agent of enteritis in pigs, an organism
      originally recovered from a field outbreak of Salmonella choleraesuis var.
      kunzendorf in pigs. Each mouse receives approximately 4.6 .times. 10.sup.7
      cells as the inoculating dose.
PAR  The mice are fed a medicated feed, which is a commercial mouse chow
      containing the compound
      2-(2-amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole, for 3 hours
      before infection until 7 days after infection. The mice are held for an
      additional 7 days after the medication is stopped, and the number of
      survivors in each group recorded. The medicated feed is prepared by
      thoroughly admixing calculated amounts of
      2-(2-amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole with
      commercial mouse chow to provide essentially uniform distribution in the
      feed offered. The above results are compared with two control groups of
      ten mice each, in which one control group is infected and untreated, and
      the second control group is uninfected and untreated. The results of the
      test are set forth in the following table:
TBL                TABLE II                                                    
     ______________________________________                                    
                             Total Mice                                        
     Compound        Dose*   Tested     Survivors                              
     ______________________________________                                    
     2-(2-amino-1,3,4-thia-                                                    
                     0.1 %   10         10                                     
     diazol-5-yl)-1-methyl-5-                                                  
                     0.025%  10         9                                      
     nitroimidazole  0.006%  10         1                                      
     Control                                                                   
     Untreated               10         2                                      
     Uninfected - Untreated  10         10                                     
     ______________________________________                                    
      *Dose is in terms of percentage by weight of commercial mouse chow       
PAC  EXAMPLE 20
PAC  Utilization of compounds of the present invention in controlling
      colibacillosis
PAR  This example demonstrates the effectiveness of
      2-(2-amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole in controlling
      colibacillosis in poultry.
PAR  Three groups of 10 5 day old sex-linked pullet chicks are infected
      parenterally, in the left thoracic air sac, with 0.2 ml. of a
      10.sup..sup.-1 dilution of a Trypticase Soy Broth culture of Escherichia
      coli, the causative agent of colibacillosis in poultry. The compound
      2-(2-amino-1,3,4-thiadiazol-5-yl)-1-methyl-5-nitroimidazole is
      administered by gavage as a single oral dose in an aqueous solution or
      suspension, and the chicks are permitted to feed ad libitum. A
      nutritionally balanced diet is employed. Twelve days after treatment, the
      test is terminated and the number of survivors in each group recorded. The
      results are compared with two control groups of 20 chicks each, in which
      one control group is infected and untreated, and the second control group
      is uninfected and untreated. The results of the test are set forth in the
      following table:
TBL                                    TABLE III                               
     __________________________________________________________________________
                           Total Chicks                                        
     Compound        Dose* Tested  Survivors                                   
     __________________________________________________________________________
     2-(2-amino-1,3,4-thiadia-                                                 
                     160 mg.                                                   
                           10      10                                          
     zol-5-yl)-1-methyl-5-nitro-                                               
                      80 " 10      10                                          
     imidazole        40 " 10      10                                          
     Control                                                                   
     Untreated             20       2                                          
     Uninfected - Untreated                                                    
                           20      20                                          
     __________________________________________________________________________
      *Dose is in terms of milligrams per kilogram of body weight.             
PAC  EXAMPLE 21
PAC  Control of Trichomonas vaginalis Infections
PAR  The activity of the compounds of the present invention for controlling
      Trichomonas vaginalis infections is demonstrated in the following example
      wherein mice are inoculated with 50,000 culture-derived Trichomonas
      vaginalis (Thoms strain) and then treated with test compound to determine
      whether such compound is active for controlling the above named disease
      organism. In these tests 100, 200 or 1,000 mg./kg. of body weight of test
      compound is administered in a single oral dose by gavage one day after
      inoculation. Six days after inoculation, scrapings from the subcutaneous
      sites of inoculation are searched microscopically for motile trichomonads
      and antitrichomonal activity is concluded in those instances where motile
      trichomonads are eliminated from lesions present at the site of
      inoculation.
PAR  In these tests all mice received a standard commercial mouse chow and water
      provided ad libitum throughout the test period. The data obtained are
      provided in table form below.
TBL                TABLE IV                                                    
     ______________________________________                                    
                            Total          Per-                                
                    Dose    Mice     Clear-                                    
                                           centage                             
     Compound       mg./kg. Infected ed    Cleared                             
     ______________________________________                                    
     2-(5-methyl-4H-1,2,4-                                                     
                    200     5        5     100                                 
     triazol-3-yl)-1-methyl-                                                   
     5-nitroimidazole                                                          
     2-(5-amino-4H-1,2,4-                                                      
                    1000    5        5     100                                 
     triazol-3-yl)-1-methyl-                                                   
     5-nitroimidazole                                                          
     1-(1-methyl-5-nitro-                                                      
                    100     5        2      40                                 
     2-imidazolecarboximidoyl)                                                 
     semicarbazide                                                             
     ______________________________________                                    
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ABST
PAL  The present invention provides compounds of the formula
      ##SPC1##
PAL  In which X represents chlorine and R.sub.1 represents unsubstituted alkenyl
      of 2 to 4 carbon atoms or chloro substituted alkenyl of 2 to 4 carbon
      atoms or in which X represents bromine and R.sub.1 represents vinyl-,
      chloro substituted allyl-, or methallyl-, butenyl or chloro substituted
      butenyl. The novel compounds are useful for combatting representatives of
      the order Acarina.
BSUM
PAR  This invention relates to 2,4,5-trichloro- and 2,4,5-tribromoimidazole
      derivatives and to pesticidal compositions containing them.
PAR  The present invention provides compounds of the formula
      ##SPC2##
PAL  In which X represents a chlorine atom and R.sub.1 represents a substituted
      or unsubstituted alkenyl group having from 2 to 4 carbon atoms or a benzyl
      group which may be substituted at the phenyl nucleus, or in which X
      represents a bromine atom and R.sub.1 represents a substituted or
      unsubstituted vinyl group, a substituted alkenyl group having 3 or 4
      carbon atoms or a benzyl group which is substituted at the phenyl nucleus.
PAR  Accordingly, possible compounds are, for example,
      ##SPC3##
PAL  In which R.sub.2 represents a substituted or unsubstituted alkenyl group
      having from 2 to 4 carbon atoms or a benzyl group which may be substituted
      at the phenyl nucleus, and
      ##SPC4##
PAL  In which R.sub.3 represents a substituted or unsubstituted vinyl group, a
      substituted alkenyl group having 3 or 4 carbon atoms or a benyl group
      which is substituted at the phenyl nucleus.
PAR  The trichloroimidazoles and tribromoimidazoles of the present invention can
      be manufactured according to methods which are in themselves known and
      have already been described in detail in the literature, for example, by
      reaction of an imidazole of the formula
      ##EQU1##
      with a halide of the formula R--Hal, preferably in the presence of an
      acid-binding agent, X and R having the above specified meanings, and Hal
      represents a fluorine, chlorine, bromine or iodine atom, preferably a
      chlorine or bromine atom.
PAR  Suitably acid-binding agents are, for example, alkali carbonates and alkali
      alcoholates.
PAR  The compounds of the present invention are mainly suitable for combatting
      representatives of the order Acarina, for example, mites and ticks, as
      well as all their stages of development, such as eggs, larvae and pupae.
      Representatives of the order Acarina are, for example, Eulaelaps;
      Echninolaelaps; Laelaps; Haemogamasus, Dermanyssus; Ornithonyssus;
      Allodermanyssus, especially Allodermanyssus sanguineus; Pneumonyssus;
      Amblyomma; Aponomma; Boophilus; Dermacentor; Haemophysalis Hyalomma;
      Ixodidae; Margaropus; Rhipicephalus; Ornithodorus; Otobius; Cheyletidae,
      for example, Cheyletus; Psorergates; Demodicidae; Trombiculidae for
      example Trombicula; Eutrombicula; Schongastia; Acomatacurus;
      Neoschongastia, Euschongastia; Sarcoptiformes, for example, Notoedres;
      Sarcoptes; Knemidokoptes; Psoroptidae, for example, Psoroptes,
      Chloroioptes; Otodectes or Tetranychidae, for example, Tetranychus
      telarius and Tetranychus urticae.
PAR  Accordingly, the present invention also provides a pesticidal composition
      which comprises, as active ingredient, at least one compound of the
      general formula.
PAR  The compounds of the present invention can be employed by themselves or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substances which
      are customary in formulation technology, for example, natural or
      regenerated substances, solvents, dispersing agents, wetting agents,
      adhesives, thickeners, binders and/or fertilisers. Furthermore, other
      insecticidally or acaricidally active compounds can be added, for example,
PAC  PHOSPHORIC ACID DERIVATIVES
PA1  Bis-O,O-diethylphosphoric acid anhydride (TEPP)
      O,O,O,O-Tetrapropyldithiopyrophosphate
PA1  Dimethyl(2,2,2-trichloro-1-hydroxyethyl)phosphonate (TRICHRORFON)
PA1  1,2-dibromo-2,2-dichloroethyldimethylphosphate (NALED)
PA1  2,2-dichlorovinyldimethylphosphate (DICHLORFOS)
PA1  2-methoxycarbamyl-1-methylvinyldimethylphosphate (MEVINPHOS)
PA1  Dimethyl-1-methyl-2-(methylcarbamoyl)vinylphosphate cis (MONOCROTOPHOS)
PA1  3-(dimethoxyphosphinyloxy)-N-methyl-N-methoxy-cis-crotonamide
PA1  3-(Dimethoxyphosphinyloxy)-N,N-dimethyl-cis-crotonamide (DICROTOPHOS)
PA1  2-chloro-2-diethylcarbamoyl-1-methylvinyldimethylphosphate (PHOSPHAMIDON)
PA1  O,o-diethyl-O-2-(ethylthio)-ethylthiophosphate (DEMETON)
PA1  O,o-diethyl-S-2-(ethylthio)-ethylthiophosphate
PA1  S-ethylthioethyl-O,O-dimethyl-dithiophosphate (THIOMETON)
PA1  O,o-diethyl-S-ethylmercaptomethyldithiophosphate (PHORATE)
PA1  O,o-diethyl-S-2-[(ethylthio)ethyl]dithiophosphate (DISULFOTON)
PA1  O,o-dimethyl-S-2-(ethylsulphinyl)ethylthiophosphate (OXYDEMETONMETHYL)
PA1  O,o-dimethyl-S-(1,2-dicarbethoxyethyl)dithiophosphate (MALATHION)
PA1  (o,o,o,o-tetraethyl-S,S'-methylene-bis-[dithiophosphate] (ETHION)
PA1  O-ethyl-S,S-dipropyldithiophosphate
PA1  O,o-dimethyl-S-(N-methyl-N-formylcarbamoylmethyl)-dithiophosphate
      (FORMOTION)
PA1  O,o-dimethyl-S-(N-methylcarbamoylmethyl)dithiophosphate (DIMETHAT)
PA1  O,o-dimethyl-S-(N-ethylcarbamoylmethyl)dithiophosphate (ETHOATMETHYL)
PA1  O,o-diethyl-S-(N-isopropylcarbamoylmethyl)-dithiophosphate (PROTHOAT)
PA1  S-n-(1-cyano-1-methylethyl)carbamoylmethyldiethylthiolphosphate (CYANTHOAT)
PA1  S-(2-acetamidoethyl)-O,O-dimethyldithiophosphate
PA1  Hexamethylphosphoric acid triamide (HEMPA)
PA1  O,o-dimethyl-O-p-nitrophenylthiophosphate (PARATHION-METHYL)
PA1  O,o-diethyl-O-p-nitrophenylthiophosphate (PARATHION)
PA1  O-ethyl-O-p-nitrophenylthiophosphonate (EPN)
PA1  O,o-dimethyl-O-(4-nitro-m-tolyl)thiophosphate (FENITROTHION)
PA1  O,o-dimethyl-O-(2-chloro-4-nitrophenyl)thiophosphate (DICAPTHON)
PA1  O,o-dimethyl-O-p-cyanophenylthiophosphate (CYANOX)
PA1  O-ethyl-O-p-cyanophenylphenylthiophosphonate
PA1  O,o-diethyl-O-2,4-dichlorophenylthiophosphate (DICHROFENTHION)
PA1  O-2,4-dichlorophenyl-O-methylisopropylamidothiophosphate
PA1  O,o-dimethyl-O-2,4,5-trichlorophenylthiophosphate (RONNEL)
PA1  O-ethyl-O-2,4,5-trichlorophenylethylthiophosphonate (TRICHLORONAT)
PA1  O,o-dimethyl-O-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS)
PA1  O,o-diethyl-O-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS-ETHYL)
PA1  O,o-dimethyl-O-(2,5-dichlor-4-iodophenyl)-thiophosphate (IODOFENPHOS)
PA1  4-tert. Butyl-2-chlorophenyl-N-methyl-O-methylamidophosphate (CRUFOMAT)
PA1  Dimethyl-p-(methylthio)phenylphosphate
PA1  O,o-dimethyl-O-(3-methyl-4-methylmercaptophenyl)thiophosphate (FENTHION)
PA1  Isopropylamino-O-ethyl-O-(4-Methylmercapto-3-methylphenyl)-phosphate
PA1  O,o-diethyl-O-p-[(methylsulphinyl)phenyl]-thiophosphate (FENSULFOTHION)
PA1  O,o-dimethyl-O-p-sulphamidophenylthiophosphate
PA1  O-[p-(Dimethylsulphamido)phenyl]O,O-dimethylthiophosphate (FAMPHUR)
PA1  O,o,o',o'-tetramethyl-O,O'-thiodi-p-phenylenethiophosphate
PA1  O-(p-(p-Chlorophenyl)azophenyl)O,O-dimethylthiophosphate (AZOTHOAT)
PA1  O-ethyl-S-phenyl-ethyldithiophosphonate
PA1  O-ethyl-S-4-chlorophenyl-ethyldithiophosphonate
PA1  O-isobutyl-S-p-chlorophenyl-ethyldithiophosphonate
PA1  O,o-dimethyl-S-p-chlorophenylthiophosphate
PA1  O,o-dimthyl-S-(p-chlorophenylthiomethyl)-dithiophosphate
PA1  O,o-diethyl-p-chlorophenylmercaptomethyl-dithiophosphate (CARBOPHENOTHION)
PA1  O,o-diethyl-S-p-chlorophenylthiomethyl-thiophosphate
PA1  O,o-dimethyl-S-(carbethoxy-phenylmethyl)dithiophosphate (PHENOTHOAT)
PA1  O,o-diethyl-S-(carbofluorethoxy-phenylmethyl)-dithiophosphate
PA1  O,o-dimethyl-S-(carbisopropoxy-phenylmethyl)-dithiophosphate
PA1  O,o-dimethyl-O-(alpha-methylbenzyl-3-hydroxycrotonyl)phosphate,
PA1  2-Chloro-1-(2,4-dichlorophenyl)vinyl-diethylphosphate (CHLORFENVINPHOS)
PA1  2-chloro-1-(2,4,5-trichlorophenyl)vinyl-dimethylphosphate
PA1  O-(2-chloro-1-(2,5-dichlorophenyl)vinyl)-O,O-diethylthiophosphate
PA1  Phenylglyoxylonitriloxime-O,O-diethylthiophosphate (PHOXIM)
PA1  O,o-diethyl-O-(3-chloro-4-methyl-2-oxo-2-H-1-benzopyran-7-yl)-thiophosphate
      (COUMAPHOS)
PA1  O,o-diethyl-7-hydroxy-3,4-tetramethylene-coumarinyl-thiophosphate
      (COUMITHOAT)
PA1  2,3-p-Dioxanedithiol-S,S-bis(O,O-diethyldithiophosphate) (DIOXATHION)
PA1  2-methoxy-4-H-1,3,2-benzodioxaphosphorine-2-sulphide
PA1  O,o-diethyl-O-(5-phenyl-3-isooxyzolyl (sic)) thiophosphate
PA1  S-[(6-chloro-2-oxo-3-benzoxazolinyl)methyl]O,O-diethyldithiophosphate
      (PHOSALON)
PA1  2-(diethoxyphosphinylimino)-4-methyl-1,3-dithiolane
PA1  O,o-dimethyl-S-[2-methoxy-1,3,4-thiadiazol-5-(4H)-onyl-(4)-methyl]dithiopho
     sphate
PA1  Tris-(2-methyl-1-aziridinyl)-phosphine-oxide (METEPA)
PA1  O,o-dimethyl-S-phthalimidomethyl-dithiophosphate
PA1  S-(2-chloro-1-phthalimidoethyl)-O,O-diethyldithiophosphate
PA1  N-hydroxynaphthalimido-diethylphosphate
PA1  Dimethyl-3,5,6-trichloro-2-pyridylphosphate
PA1  O,o-dimethyl-O-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA1  O,o-diethyl-O-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA1  O,o-diethyl-O-2-pyrazinylthiophosphate (THIONAZIN)
PA1  O,o-diethyl-O-(2-isopropyl-4-methyl-6-pyrimidyl)thiophosphate (DIAZINON)
PA1  O,o-diethyl-O-(2-quinoxylyl)thiophosphate
PA1  O,o-dimethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)-dithiophosphate
      (AZINPHOSMETHYL)
PA1  O,o-diethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)-dithiophosphate
      (AZINPHOSETHYL)
PA1  S-[(4,6-diamino-s-triazin-2-yl)methyl]-O,O-dimethyldithiophosphate
      (MENAZON)
PA1  S-[2-(ethylsulphonyl)ethyl]dimethylthiolphosphate (DIOXYDEMETON-S-METHYL)
PA1  Diethyl-S-[2-(ethylsulphinyl)ethyl]dithiophosphate (OXYDISULFOTON)
PA1  Bis-O,O-diethylthiophosphoric acid anhydride (SULFOTEP)
PA1  Dimethyl-1,3-di(carbomethoxy)-1-propen-2-yl-phosphate
PA1  Dimethyl-(2,2,2-trichloro-1-butyroyloxyethyl)phosphonate (BUTONAT)
PA1  O,o-dimethyl-O-(2,2-dichloro-1-methoxy-vinyl)phosphate
PA1  O,o-dimethyl-O-(3-chloro-4-nitrophenyl)thiophosphate (CHLORTHION)
PA1  O,o-dimethyl-O(or S)-2-(ethylthioethyl)thiophosphate (DEMETON-S-METHYL)
PA1  Bis-(dimethylamido)fluorophosphate (DIMEFOX)
PA1  2-(o,o-dimethyl-phosphoryl-thiomethyl)-5-methoxy-pyrone-4
PA1  3,4-Dichlorobenzyl-triphenylphosphonium chloride
PA1  Dimethyl-N-methoxymethylcarbamoylmethyl-dithiophosphate (FORMOCARBAM)
PA1  O,o-diethyl-O-(2,2-dichloro-1-chlorethoxyvinyl)phosphate
PA1  O,o-dimethyl-O-(2,2-dichloro-1-chlorethoxyvinyl)phosphate
PA1  O-ethyl-S,S-diphenyldithiolphosphate
PA1  O-ethyl-S-benzyl-phenyldithiophosphonate
PA1  O,o-diethyl-S-benzyl-thiolphosphate
PA1  O,o-dimethyl-S-(4-chlorophenylthiomethyl)dithiophosphate
      (METHYLCARBOPHENOTHION)
PA1  O,o-dimethyl-S-(ethylthiomethyl)dithiophosphate
PA1  Diisopropylaminofluorophosphate (MIPAFOX)
PA1  O,o-dimethyl-S-(morpholinylcarbamoylmethyl)dithiophosphate (MORPHOTHION)
PA1  Bismethylamido-phenylphosphate
PA1  O,o-dimethyl-S-(benzenesulphonyl)dithiophosphate
PA1  O,o-dimethyl-(S and O)-ethylsulphinylethylthiophosphate
PA1  O,o-diethyl-O-4-nitrophenylphosphate
PA1  O,o-diethyl-S-(2,5-dichlorophenylthiomethyl)dithiophosphate (PHENDAPTON)
PA1  Triethoxy-isopropoxy-bis (thiophosphinyl)disulphide
PA1  O,o-diethyl-O-(4-methyl-coumarinyl-7)-thiophosphate (POTASAN)
PA1  2-methoxy-4H-1,3,2-benzodioxaphosphorine-2-oxide
PA1  Octamethylpyrophosphoramide (SCHRADAN)
PA1  Bis(dimethoxythiophosphinylsulphido)-phenylmethane
PA1  5-Amino-bis(dimethylamino)phosphinyl-3-phenyl-1,2,4-triazole (TRIAMIPHOS)
PA1  N-methyl-5-(O,O-Dimethylthiolphosphoryl)-3-thiavaleramide (VAMIDOTHION) and
PA1  N,n,n',n'-tetramethyldiamidofluorophosphate (DIMEFOX)
PAC  CARBAMIC ACID DERIVATIVES
PA1  1-naphthyl-N-methylcarbamate (CARBARYL)
PA1  2-butinyl-4-chlorophenylcarbamate
PA1  4-Dimethylamino-3,5-xylyl-N-methylcarbamate
PA1  4-Dimethylamino-3-tolyl-N-methylcarbamate (AMINOCARB)
PA1  4-methylthio-3,5-xylyl-N-methylcarbamate (METHIOCARB)
PA1  3,4,5-trimethylphenyl-N-methylcarbamate
PA1  2-Chlorophenyl-N-methylcarbamate (CPMC)
PA1  5-chlor-6-oxo-2-norbornane-carbonitrile-O-(methylcarbamoyl)-oxime
PA1  1-(Dimethylcarbamoyl)-5-methyl-3-pyrazolyl-N,N-dimethylcarbamate
      (DIMETILAN)
PA1  2,3-dihydro-2,2,-dimethyl-7-benzofuranyl-N-methylcarbamate (CARBOFURAN)
PA1  2-methyl-2-methylthio-propionaldehyde-O-(methylcarbamoyl)oxime (ALDICARB)
PA1  8-quinaldyl-N-methylcarbamate and its salts
PA1  Methyl 2-isopropyl-4-(methylcarbamoyloxy)carbanilate
PA1  m-(1-Ethylpropyl)phenyl-N-methylcarbamate
PA1  3,5-Di-tert.butyl-N-methylcarbamate
PA1  m-(1-Methylbutyl)phenyl-N-methylcarbamate
PA1  2-Isopropylphenyl-N-methylcarbamate
PA1  2-sec.Butylphenyl-N-methylcarbamate
PA1  m-Tolyl-N-methylcarbamate
PA1  2,3-Xylyl-N-methylcarbamate
PA1  3-Isopropylphenyl-N-methylcarbamate
PA1  3-tert.Butylphenyl-N-methylcarbamate
PA1  3-sec.-Butylphenyl-N-methylcarbamate
PA1  3-Isopropyl-5-methylphenyl-N-methylcarbamate (PROMECARB)
PA1  3,5-diisopropylphenyl-N-methylcarbamate
PA1  2-Chlor-5-isopropylphenyl-N-methylcarbamate
PA1  2-Chloro-4,5-dimethylphenyl-N-methylcarbamate
PA1  2-(1,3-Dioxolan-2-yl)phenyl-N-methylcarbamate (DIOXYCARB)
PA1  2-(4,5-dimethyl-1,3-dioxolan-2-yl)phenyl-N-methylcarbamate
PA1  2-(1,3-Dioxan-2-yl)phenyl-N-methylcarbamate
PA1  2-(1,3-Dithiolan-2-yl)phenyl-N-methylcarbamate
PA1  2-(1,3-Dithiolan-2-yl)phenyl-N,N-dimethylcarbamate
PA1  2-Isopropoxyphenyl-N-methylcarbamate (ARPROCARB)
PA1  2-(2-propinyloxy)phenyl-N-methylcarbamate
PA1  2-(2-Propinyloxy)phenyl-N-methylcarbamate
PA1  3-(2-Propinyloxy)phenyl-N-methylcarbamate
PA1  2-Dimethylaminophenyl-N-methylcarbamate
PA1  2-Diallylaminophenyl-N-methylcarbamate
PA1  4-Diallylamino-3,5-xylyl-N-methylcarbamate (ALLYXICARB)
PA1  4-benzothienyl-N-methylcarbamate
PA1  2,3-Dihydro-2-methyl-7-benzofuranyl-N-methylcarbamate
PA1  3-Methyl-1-phenylpyrazol-5-yl-N,N-dimethylcarbamate
PA1  1-Isopropyl-3-methylpyrazol-5-yl-N,N-dimethylcarbamate (ISOLAN)
PA1  2-(n',n'-dimethylcarbamoyl)-3-methylpyrazol-5-yl-N,N-dimethylcarbamate
PA1  2-Dimethylamino-5,6-dimethylpyrimidin-4-yl-N,N-dimethylcarbamate
PA1  3-Methyl-4-dimethylaminomethyleneiminophenyl-N-methylcarbamate
PA1  3-Dimethylamino-methyleneiminophenyl-N-methylcarbamate
PA1  1-Methylthio-ethylimino-N-methylcarbamate (METHOXYMYL)
PA1  2-methylcarbamoyloxyimino-1,3-dithiolane
PA1  5-Methyl-2-methylcarbamoyloxyimino-1,3-oxathiolane
PA1  2-(1-Methoxy-2-propoxy)phenyl-N-methylcarbamate
PA1  2-(1-Butin-3-yl-oxy)phenyl-N-methylcarbamate
PA1  3-Methyl-4-(dimethylamino-methylmercapto-methyleneimino)
      phenyl-N-methylcarbamate
PA1  1,3-Bis(carbamoylthio)-2-(N,N-dimethylamino)-propane hydrochloride
PA1  5,5-Dimethylhydroresorcinoldimethylcarbamate
PA1  2-[Propargylethylamino]-phenyl-N-methylcarbamate
PA1  2-[Propargylmethylamino]-phenyl-N-methylcarbamate
PA1  2-[Dipropargylamino]-phenyl-N-methylcarbamate
PA1  3-Methyl-4-[dipropargylamino]-phenyl-N-methylcarbamate
      3,5-Dimethyl-4-[dipropargylamino]-phenyl-N-methylcarbamate
PA1  2-[Allyl-isopropylamino]-phenyl-N-methylcarbamate and
PA1  3-[Allyl-isopropylamino]-phenyl-N-methylcarbamate.
PAC  CHLORINATED HYDROCARBONS
PA1  .gamma.-hexachlorocyclohexane [Gammerxane; Lindane; .gamma. HCH]
PA1  1,2,4,5,6,7,8,8-octachloro-3.alpha.,4, 7,
      7.alpha.'-tetrahydro-4,7-methyleneindane [Chlordan]
PA1  1,4,5,6,7,8,8-Heptachloro-3.alpha.,4,7,7.alpha.-tetrahydro-4,7-methyleneind
     ane [Heptachlor]
PA1  1,2,3,4,10,10-Hexachloro-1,4,4.alpha.,5,8,8.alpha.-hexahydro-endo-1,4-exo-5
     ,8-dimethanonaphthalene [Aldrin]
PA1  1,2,3,4,10,10-Hexachlor-6,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.,9-octahydro
     -exo-1,4-endo-5,8-dimethanonaphthalene [Dieldrin] ditto, endo-endo-
      [Endrin]
PA1  6,7,8,9,10,10-Hexachloro-1,5,5.alpha.,6,9,9.alpha.-hexahydro-6,9-methano-2,
     3,4 benzo[e]-dioxa-thiepene-3-oxide [Endosulfan]
PA1  Chlorinated camphor [Toxaphen]
PA1  Decachloroctahydro-1,3,4-metheno-2H-cyclobuta[e d] pentalen-2-one
PA1  Dodecachloroctahydro-1,3,4-metheno-1H-cyclobuta[c d]pentalene [Mirex]
PA1  Ethyl-1,1.alpha.,3,3.alpha.,4,5,5.alpha.,5.alpha.,6-decachloroctahydro-2-hy
     droxy-1,3,4-metheno-1H-cyclobuta[c d]pentalene-2-laevulinate
PA1  Bis(pentachloro-2,4-cyclopentadien-1-yl)
PA1  Dinoctone-o
PA1  1,1,1-Trichloro-2,2-bis(p-chlorophenyl)ethane [DDT]
PA1  Dichlorodiphenyl-dichlorethane [TDE]
PA1  Di(p-chlorophenyl)-trichloromethylcarbinol [Dicofol]
PA1  Ethyl-4,4'-dichlorophenylglycollate [Chlorobenzylate]
PA1  Ethyl-4,4'-dibromobenzylate [Bromobenzylate]
PA1  Isopropyl-4,4'-dichlorobenzylate
PA1  1,1,1-Trichloro-2,2 bis(p-methoxyphenyl)ethane [Methoxychlor]
PA1  Diethyl-diphenyl-dichlorethane
PA1  Decachloropentacyclo(3,3,2, O.sup.2,6, O.sup.3,9, O.sup.7,10)decan-4-one
      [Chlordecon].
PAC  NITROPHENOLS AND DERIVATIVES
PA1  4,6-dinitro-6-methylphenol Na salt [dinitrocresol]
PA1  Dinitrobutylphenyl-2,2',2"-triethanolamine salt
PA1  2-Cyclohexyl-4,6-dinitrophenol [Dinex]
PA1  2-(1-Methylheptyl)-4,6-dinitrophenyl-crotonate [Dinocap]
PA1  2 sec.-Butyl-4,6-dinitrophenyl-3-methyl-butenoate [Binapacryl]
PA1  2 sec.-Butyl-4,6-dinitrophenyl-cyclopropionate and
PA1  2 sec.-Butyl-4,6-dinitrophenyl-isopropyl-carbonate [Dinobuton]
PAC  VARIOUS SUBSTANCES
PA1  Sabadilla
PA1  Rotenon
PA1  Cevadin
PA1  Veratridin
PA1  Ryania
PA1  Pyrethrin
PA1  3-Allyl-2-methyl-4-oxo-2-cyclopenten-1-yl-chrysanthemumate (Allethrin)
PA1  6-Chloropiperonyl-chrysanthemumate (Barthrin)
      2,4-Dimethylbenzyl-chrysanthemumate (Dimethrin)
PA1  2,3,4,5-Tetrahydrophthalimidomethyl-chrysanthemumate
      (5-Benzyl-3-furyl)-methyl-2,2-dimethyl-3-(2-methylpropanyl)
PA1  cyclopropanecarboxylate
PA1  Nicotine
PA1  Bacillus thuringiensis Berliner
PA1  Dicyclohexylcarbodiimide
PA1  Diphenyldiimide [azobenzene (sic)]
PA1  4-Chlorobenzyl-4-chlorophenylsulphide [Chlorobensid]
PA1  Creosote oil
PA1  6-Methyl-2-oxo-1,3-dithiolo-[4,5-b]-quinoxaline [Quinomethionat]
PA1  (I)-3-(2-Furfuryl)-2-methyl-4-oxocyclopent-2-enyl(I)-(cis+
      trans)chrysanthemum-monocarboxylate [Furethrin]
PA1  2-Pivaloyl-indane-1,3-dione [Pindon]
PA1  2-Fluorethyl(4-bisphenyl)acetate
PA1  2-Fluoro-N-methyl-N(1-naphthyl)-acetamide
PA1  Pentachlorophenol and salts
PA1  2,2,2-Trichloro-N-(pentachlorophenyl)-acetimidoyl chloride
PA1  N'-(4-chloro-2-methylphenyl)-N,N-dimethylformamidine chlorphenamidine)
PA1  4-Chlorobenzyl-4-fluorophenyl-sulphide (Fluorobenside)
PA1  5,6-Dichloro-1-phenoxycarbanyl-2-trifluoromethyl-benzimidazole (Fenozaflor)
PA1  Tricyclohexyl-tin hydroxide
PA1  2-Thiocyanatoethyl-lauric acid ester
PA1  .beta.-Butoxy-.beta.'-thiocyanatodiethyl-ether
PA1  Isobornyl-thiocyanatoacetate
PA1  p-Chlorophenyl-p-chlorobenzenesulphonate (Ovex)
PA1  2,4-Dichlorophenyl-benzenesulphonate
PA1  p-Chlorophenyl-benzenesulphonate (Fenson)
PA1  p-Chlorophenyl-2,4,5-trichlorophenylsulphone (Tetradifon)
PA1  p-Chlorophenyl-2,4,5-trichlorophenylsulphide (Tetrasul)
PA1  Methyl bromide
PA1  p-chlorophenyl-phenylsulphone
PA1  p-Chlorobenzyl-p-chlorophenylsulphide (Chlorobenside)
PA1  4-Chlorophenyl-2,4,5-trichlorophenylazosulphide
PA1  2(p-tert.-Butylphenoxy)-1-methylethyl-2-chlorethyl-sulphite
PA1  2(p-tert.-Butylphenoxy)cyclohexyl-2-propinyl-sulphite
PA1  4,4'-Dichloro-N-methylbenzenesulphonanilide
PA1  N-(2-fluoro-1,1,2,2-tetrachlorethylthio)-methanesulphonanilid
PA1  2-Thio-1,3-dithiolo-(4,5-6)quinoxaline (Thioquinox)
PA1  Chloromethyl-p-chlorophenylsulphone (lauseto (sic!) new)
PA1  1,3,6,8-Tetranitrocarbazole and
PA1  Prop-2-ynyl-(4-t-butylphenoxy)-cyclohexylsulphite (Propargil).
PAR  For application, the compounds of the present invention can be processed
      into dusting agents, emulsion concentrates, granules, dispersions, sprays,
      solutions or suspensions of the usual formulation.
PAR  Suitable substances for the manufacture of directly sprayable solutions of
      the compounds of the present invention are, for example, mineral oil
      fractions of high to medium boiling range, such as diesal oil or kerosene,
      coal tar oils and oils of vegetable or animal origin, as well as
      hydrocarbons, such as alkylated naphthalenes, or tetrahydronaphthalene,
      optionally using xylene mixtures, cyclohexanols, ketones and chlorinated
      hydrocarbons, such as trichlorethane and tetrachlorethane,
      trichlorethylene or trichlorobenzenes and tetrachlorobenzenes. Organic
      solvents of boiling point above 100.degree.C are advantageously used.
PAR  Aqueous application forms are especially advantageously prepared from
      emulsion concentrates, pastes or wettable spraying powders by addition of
      water. Suitable dispersing agents are non-ionic products, for example,
      condensation products of aliphatic alcohols, amines or carboxylic acids
      having a long-chain hydrocarbon radical of about 10 to 20 carbon atoms and
      ethylene oxide, such as the condensation product of octadecyl alcohol and
      25 to 30 mols of ethylene oxide, or that of soya fatty acid and 30 mols of
      ethylene oxide or that of technical oleylamine and 15 mols of ethylene
      oxide or that of dodecylmercaptan and 12 mols of ethylene oxide. Amongst
      the anionic dispersing agents which can be employed there may, for
      example, be mentioned: the sodium salt of dodecyl alcohol sulphuric acid
      ester, the sodium salt of dodecylbenzenesulphonic acid, the potassium or
      triethanolamine salt or oleic acid or of abietic acid or of mixtures of
      these acids, or the sodium salt of a petroleum-sulphonic acid. Suitable
      cationic dispersing agents are quaternary ammonium compounds, for example,
      cetylpyridinium bromide or dihydroxyethylbenzyldodecylammonium chloride.
PAR  To manufacture dusting agents and sprinkling agents, talc, kaolin,
      bentonite, calcium carbonate and calcium phosphate, as well as coal, cork
      powder, wood flour and other materials of vegetable origin can be employed
      as solid carriers. It is also very appropriate to manufacture preparations
      in a granular form. The various use forms can, in the customary manner, be
      provided with addition of substances which improve the distribution, the
      adhesion, the rain resistance or the penetrating power; such substances
      are, for example, fatty acids, resins, glue, casein or alginates.
PAR  The content of the active ingredient in the compositions described above
      lies between 0.1 and 95%, and at the same time is should be mentioned that
      in the case of application from aircraft or by means of other suitable
      application instruments concentrations of up to 99.5% or even pure active
      substance can be employed.
PAR  The application of these agents in the veterinary field takes place in
      accordance with the customary processes, for example in accordance with
      the spraying, pouring, dusting and fumigating process. The so-called
      dipping process, in which the animal is driven through a solution or
      dispersion of the agent, is also effective.
PAR  The preparations for application in the spraying, pouring and dipping
      process preferably contain from 0.05% to 0.5% of the active ingredient.
PAR  The present invention also provides a method of combatting ticks and mites,
      which comprises applying thereto a compound of the formula
      ##EQU2##
      in which X represents a chlorine atom or a bromine atom and R represents
      an alkyl group having from 1 to 4 carbon atoms an alkenyl group having
      from 2 to 4 carbon atoms, a phenyl group or a benzyl group which may be
      substituted at the phenyl nucleus. The alkyl and alkenyl groups which are
      represented by R can be branched or straight-chain, unsubstituted or
      substituted. Suitable alkyl and alkenyl groups are, for example, methyl,
      trifluoromethyl, ethyl, propyl, isopropyl, n-, i-, sec.- and tert.-butyl,
      vinyl, allyl, methallyl, chlorallyl and methylpropenyl groups. The
      substituents on the alkyl, alkenyl and phenyl groups and on the phenyl
      nucleus of the benzyl group can be of the first or second order.
PAR  By substituents of the first order there are herein especially meant
      electron donors which intensify the basicity. Suitable groups for this
      purpose are, inter alia, the following halogen atoms, for example,
      fluorine, chlorine, bromine or iodine atoms; alkoxy and alkylthio groups
      having from 1 to 4 carbon atoms and which can be branched or unbranched,
      but are preferably unbranched and have 1 or 2 carbon atoms; lower
      alkoxyalkylene groups; primary, secondary and, especially, tertiary amino
      groups, with lower alkyl and alkanol groups being preferred substituents;
      hydroxyl groups and mercapto groups. In the case of the phenyl radicals
      and the phenyl nucleus of the benzyl group, further possible substituents
      are alkyl and monohalogenalkyl and dihalogenalkyl groups.
PAR  By substituents of the second order, there are herein especially meant
      acidifying electron donors. Suitable groups are, inter alia, the
      following: nitroso, nitro and nitrile groups; trihalogenalkyl groups, in
      which the halogen atoms are preferably fluorine and chlorine atoms; lower
      alkyl sulphinyl and lower alkylsulphonyl groups, which possess a branched
      or unbranched alkyl radical having from 1 to 4 carbon atoms, preferably an
      unbranched alkyl radical having 1 or 2 carbon atoms.
PAR  The following Examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  23 g of trichloroimidazole, 12.8 ml of allyl bromide, 20.4 g of potassium
      carbonate and 150 ml of acetone were boiled overnight under reflux. After
      cooling, the mixture was filtered and the filtrate was concentrated in
      vacuo. The residual oil was subjected to fractional distillation,
      whereupon the compound of formula
      ##EQU3##
      was obtained in the pure form. Boiling point: 83.degree.C at 0.15 mm Hg.
      Yield 86%.
PAR  The following compounds were manufactured analogously:
PAR  Compound No.
      ##SPC5##
PAL  boiling point/melting point, .degree.C
      ##EQU4##
PAC  EXAMPLE 2
PAC  DUSTING AGENTS
PAR  Equal parts of an active substance of formula I and of precipitated silica
      were finely ground. Dusting agents, preferably containing 1-6% of active
      substance, could be manufactured therefrom by mixing with kaolin or talc.
PAC  SPRAYING POWDERS
PAR  In order to manufacture a spraying powder, the following components were
      for example mixed and finely ground:
PA1  50 parts of active substance according to the present invention
PA1  20 parts of highly adsorbent silica
PA1  25 parts of Bolus alba (kaolin)
PA1  1.5 parts of sodium 1-benzyl-2-stearyl-benzimidazole-6,3'-disulphonate and
PA1  3.5 parts of a reaction product of p-tert.octylphenol and ethylene oxide.
PAC  EMULSION CONCENTRATE
PAR  Easily soluble active substances were formulated as an emulsion concentrate
      in accordance with the following instruction:
PA1  20 parts of active substance
PA1  70 parts of xylene and
PA1  10 parts of a mixture of a reaction product of an alkylphenol with ethylene
      oxide and calcium dodecylbenzenesulphonate are mixed. On dilution with
      water to the desired concentration, a sprayable emulsion resulted.
PAC  GRANULES
PAR  7.5 g of one of the active substances of formula I were dissolved in 100 ml
      of acetone and the acetone solution thus obtained was added to 92 g of
      granular attapulgite. The whole was well mixed and the solvent was
      stripped off in a rotary evaporator. Granules containing 7.5 % of active
      substance were obtained.
PAC  EXAMPLE 3
PAR  A. Rhipicephalus bursa
PAR  Batches of 5 adult ticks or of 50 tick larvae were counted out into a glass
      test tube and dipped for 1 to 2  minutes in 2 ml of an aqueous emulsion
      from a dilution series with 100, 10, 1 and 0.1 ppm of test substance
      respectively. The test tube was then closed with a standard cottonwool pad
      and inverted so that the active substance emulsion could be taken up by
      the cottonwool.
PAR  Evaluation took place after 2 weeks in the case of the adults and up to 2
      days in the case of the larvae. 2 repeats were run for each experiment.
PAR  100 % destruction was found at the following limiting concentrations (ppm):
TBL  Active Substance No.                                                      
                      Rhipicephalus bursa                                      
                    Adult     Larvae                                           
     ______________________________________                                    
     2.1              5           5                                            
     2.2              0.5         0.5                                          
     2.3              5           5                                            
     2.4              5           5                                            
     2.7              10          50                                           
     ______________________________________                                    
PAR  B. Boophilus microplus (larvae)
PAR  Experiments were carried out with batches of 20 sensitive or OP-resistant
      larvae, with an analogous dilution series to that of Test A. (The
      resistance relates to the toleration of diazinone). 100 % destruction was
      found at the following limiting concentrations (ppm) after 2 weeks:
TBL  Active Substance No.                                                      
                      Boophilus microplus (larvae)                             
                    OP-resistant                                               
                              sensitive                                        
     ______________________________________                                    
     2.1              5           5                                            
     2.2              1           1                                            
     2.3              5           5                                            
     2.4              5           5                                            
     2.7              50          10                                           
     ______________________________________                                    
PAR  C. Dermanyssus gallinae
PAR  The test was carried out analogously to Method A but with 20 mites. The
      evaluation took place after 72 hours.
PAR  100 % destruction was found at the following limiting concentrations (ppm):
TBL  Active Substance No.                                                      
                       Dermanyssus gallinae                                    
     ______________________________________                                    
     2.1               100                                                     
     2.2               100                                                     
     2.3               100                                                     
     2.4               100                                                     
     2.7               50                                                      
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  Action against spider mites.
PAR  Bush bean plants (Phaseolus vulgaris) in the two-leaf stage, were infected
      with spider mites, 12 hours before the treatment with the active
      substance, by placing attacked pieces of leaf from a culture on them, so
      that after the expiration of this time a population in all stages of
      development was present on the plant. The plants were then sprayed with
      the emulsified active substance, with the aid of a chromatography
      atomiser, until a uniform deposit of droplets was formed on the top
      surface of the leaf. After 2 and 7 days, the results were evaluated: the
      plant parts were inspected under a stereo-microscope for calculation of
      the percentages of destruction. The effect on eggs was not yet
      ascertainable after 2 days with this experimental arrangement, because the
      average hatching time was not yet accurately known at this point in time.
PAR  The table which follows gives the percentages of destruction of the
      normally sensitive variety Tetranychus urticae Koch and the percentages of
      destruction of the phosphoric acid ester-tolerant variety Tetranychus
      telarius L.
PAL  Active Substance No. 2.3
PAL  a. Action against Tetr. urticae
PAC  DESTRUCTION IN PERCENTAGES
TBL  after 2 days      after 7 days                                            
     Conc. [ppm]                                                               
               Larvae  Adults  Eggs   Larvae Adults                            
     ______________________________________                                    
     800       100     100     100    100    100                               
     400       100     100     100    100    100                               
     200       100     100     60     80     100                               
     100       80      100     0      60     80                                
     ______________________________________                                    
PAL  Active Substance No. 2.3
PAL  b. Action against Tetr. telarius
PAC  DESTRUCTION IN PERCENTAGES
TBL  after 2 days      after 7 days                                            
     Conc. [ppm]                                                               
               Larvae  Adults  Eggs   Larvae Adults                            
     ______________________________________                                    
     800       100     100     80     100    100                               
     400       100     100     80     100    100                               
     200       100     100     60     60     100                               
     100       80      100     0      0      80                                
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. The compound of the formula
      ##EQU5##
NUM  2.
PAR  2. The compound of the formula
      ##EQU6##
NUM  3.
PAR  3. The compound of the formula
      ##EQU7##
PATN
WKU  039404137
SRC  5
APN  3900428
APT  1
ART  121
APD  19730820
TTL  1-Ethyl-imidazoles
ISD  19760224
NCL  29
ECL  1
EXA  Jaisle; C. M. S.
EXP  Jiles; Henry R.
INVT
NAM  Kramer; Wolfgang
CTY  Wuppertal
CNT  DT
INVT
NAM  Buchel; Karl Heinz
CTY  Wuppertal
CNT  DT
INVT
NAM  Meiser; Werner
CTY  Wuppertal
CNT  DT
INVT
NAM  Plempel; Manfred
CTY  Wuppertal
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720829
APN  2242454
CLAS
OCL  260309
XCL  424273
EDF  2
ICL  C07D23360
FSC  260
FSS  309
UREF
PNO  3575999
ISD  19710400
NAM  Godefroi et al.
OCL  260309
UREF
PNO  3755349
ISD  19730800
NAM  Timmler, et al.
OCL  260309
OREF
PAL  Fieser et al., Advanced Organic Chemistry (Reinhold Pub. Corp., N.Y., 1961)
      pp. 432-444.
ABST
PAL  1-Ethyl-imidazoles of the formula
      ##SPC1##
PAL  Or a pharmaceutically acceptable nontoxic salt thereof, are produced by
PA1  A. reacting a compound of the formula
      ##SPC2##
PAL  With imidazole; or
PA1  B. when R.sup.1 is hydrogen, reacting a compound of the formula
      ##SPC3##
PAL  With imidazole in the presence of an acid binding agent. In the case of the
      salts the free base produced is reacted with an appropriate acid.
PAL  The 1-ethyl-imidazoles are useful for their antimycotic activity.
BSUM
PAR  1-Ethyl-imidazoles of the formula
      ##EQU1##
      wherein R.sup.1 and R.sup.3 are the same or different and are hydrogen,
      straight or branched-chain lower alkyl, straight or branched-chain lower
      alkenyl, cycloalkyl of 3 to 7 carbon atoms, cycloalkenyl of 5 to 7 carbon
      atoms, aryl of 6 to 10 carbon atoms unsubstituted or substituted by 1 to 3
      of the same or different substituents selected from the group consisting
      of halogen, halogenoalkyl of 1 or 2 carbon atoms in the alkyl moiety and 2
      to 5 halogen atoms, straight or branched-chain alkyl or 1 to 4 carbon
      atoms, straight or branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl
      of 1 to 4 carbon atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro,
      cyano, phenyl and hydroxymethyl-substituted phenyl, or aralkyl of 6 to 10
      carbon atoms in the aryl moiety and 1 to 4 carbon atoms in the alkyl
      moiety unsubstituted or substituted by 1 to 3 of the same of different
      substituents selected from the group consisting of halogen, halogenoalkyl
      of 1 or 2 carbon atoms in the alkyl moiety and 2 to 5 halogeno moieties,
      straight or branched-chain alkyl of 1 to 4 carbon atoms, straight or
      branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl of 1 to 4 carbon
      atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano, phenyl or
      hydroxymethyl-substituted phenyl;
PA1  R.sup.2 is straight or branched-chain lower alkyl, straight or
      branched-chain lower alkynyl, cycloalkyl of 3 to 7 carbon atoms,
      cycloalkenyl of 5 to 7 carbon atoms, aryl of 6 to 10 carbon atoms
      unsubstituted or substituted by 1 to 3 of the same or different
      substituents selected from the group consisting of halogen, halogenoalkyl
      of 1 or 2 carbon atoms in the alkyl moiety and 2 to 5 halogeno moieties,
      straight or branched-chain alkyl of 1 to 4 carbon atoms, straight or
      branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl of 1 to 4 carbon
      atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano, phenyl and
      hydroxymethyl-substituted phenyl, or aralkyl of 6 to 10 carbon atoms in
      the aryl moiety and 1 to 4 carbon atoms in the alkyl moiety unsubstituted
      or substituted by 1 to 3 of the same or different substituents selected
      from the group consisting of halogen, halogenoalkyl of 1 or 2 carbon atoms
      in the alkyl moiety and 2 or 5 halogeno moieties, straight or
      branched-chain alkyl of 1 to 4 carbon atoms, straight or branched-chain
      alkoxy of 1 to 4 carbon atoms, thioalkyl of 1 to 4 carbon atoms,
      alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano, phenyl and
      hydroxymethylsubstituted phenyl;
PA1  X is a keto moiety or the moiety --C(OR).sub.2 wherein R is hydrogen or
      alkyl of 1 to 4 carbon atoms; and
PA1  Y is oxygen or sulphur; or a pharmaceutically acceptable nontoxic salt
      thereof, are produced by
PA2  a. reacting a compound of the formula
      ##EQU2##
      wherein R.sup.1, R.sup.2, R.sup.3, X and Y are as above defined and
      R.sup.4 is chlorine, bromine or hydroxy, with imidazole; or
PA2  b. when R.sup.1 is hydrogen, reacting a compound of the formula
      ##EQU3##
      wherein R.sup.2, R.sup.3, X and Y are as above defined and Hal is halogen,
      with imidazole in the presence of an acid binding agent. In the case of
      the salts the free base produced is reacted with an appropriate acid.
PAR  The 1-ethyl-imidazoles are useful for their antimycotic activity.
PAR  More particularly the present invention is concerned with
      1-ethyl-imidazoles of the formula
      ##EQU4##
      and pharmaceutically acceptable nontoxic salts thereof wherein R.sup.1 and
      R.sup.3 are the same or different, and are hydrogen, alkyl especially
      straight or branched-chain alkyl of 1 to 6 carbon atoms and especially 1
      to 4 carbon atoms, alkenyl especially straight or branched-chain alkenyl
      of 2 to 6 carbon atoms and especially 2 to 4 carbon atoms, cycloalkyl of 3
      to 7 carbon atoms and especially of 3, 5 or 6 carbon atoms, cycloalkenyl
      of 5 to 7 carbon atoms especially 5 or 6 carbon atoms, aryl especially of
      6 to 10 carbon atoms and particularly phenyl unsubstituted or substituted
      by 1 or more preferably 1 to 3 and especially 1 or 2  of the same or
      different substituents selected from the group consisting of halogen
      especially fluorine, chlorine or bromine, halogenoalkyl of 1 or 2 carbon
      atoms in the alkyl moiety and 2 to 5 halogeno moieties especially chlorine
      or fluorine and particularly the trifluoromethyl moiety, straight or
      branched-chain alkyl of 1 to 4 carbon atoms, straight or branched-chain
      alkoxy of 1 to 4 carbon atoms, thioalkyl of 1 to 4 carbon atoms,
      alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano, phenyl and
      hydroxymethyl-substituted phenyl, or aralkyl particularly of 6 to 10
      carbon atoms in the aryl moiety and 1 to 4 carbon atoms in the alkyl
      moiety especially benzyl, unsubstituted or substituted by 1 or more
      preferably 1 to 3 and especially 1 or 2 substituents selected from the
      group consisting of halogen especially fluorine, chlorine or bromine,
      halogenoalkyl of 1 or 2 carbon atoms in the alkyl moiety and 2  to 5
      halogeno moieties especially chlorine or fluorine and particularly the
      trifluoromethyl moiety, straight or branched-chain alkyl of 1 to 4 carbon
      atoms, straight or branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl
      of 1 to 4 carbon atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro,
      cyano, phenyl or hydroxymethyl-substituted phenyl;
PA1  R.sup.2 is alkyl especially straight or branched-chain alkyl of 1 to 6
      carbon atoms and especially of 1 to 4 carbon atoms, alkenyl particularly
      straight or branched-chain alkenyl of 2 to 6 carbon atoms and especially
      of 2 to 4 carbon atoms, cycloalkyl of 3to 7 carbon atoms especially 3, 5
      or 6 carbon atoms, cycloalkenyl of 5 to 7 carbon atoms especially 5 to 6
      carbon atoms, aryl particularly of 6 to 10 carbon atoms and especially
      phenyl, unsubstituted or substituted by 1 or more preferably 1 to 3 and
      especially 1 or 2 of the same or different substituents selected from the
      group consisting of halogen especially fluorine, chlorine or bromine,
      halogenoalkyl of 1 or 2 carbon atoms in the alkyl moiety and 2 to 5
      halogeno moieties especially chlorine or fluorine and particularly the
      trifluoromethyl moiety, straight or branched-chain alkyl of 1 to 4 carbon
      atoms, straight or branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl
      of 1 to 4 carbon atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro,
      cyano, phenyl and hydroxymethyl-substituted phenyl, or aralkyl
      particularly of 6 to 10 carbon atoms in the aryl moiety and 1 to 4 carbon
      atoms in the alkyl moiety especially benzyl, unsubstituted or substituted
      by 1 or more preferably 1 to 3 and especially 1 or 2 substituents selected
      from the group consisting of halogen especially fluorine, chlorine or
      bromine, halogenoalkyl of 1 or 2 carbon atoms in the alkyl moiety and 2 to
      5 halogeno moieties especially chlorine or fluorine and particularly the
      trifluoromethyl moiety, straight or branched-chain alkyl of 1 to 4 carbon
      atoms, straight or branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl
      of 1 to 4 carbon atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro,
      cyano, phenyl or hydroxymethyl-substituted phenyl;
PA1  X is a keto moiety of a functional derivative of a keto moiety,
      particularly a keto moiety or, when a functional derivative, the moiety
      --C(OR).sub.2 wherein R is hydrogen or alkyl preferably of 1 to 4 carbon
      atoms or
PA1  X is an oxime or hydrazone; and
PA1  Y is an oxygen or sulphur atom. These compounds are particularly useful
      because of their antimycotic activity.
PAR  The compounds of the present invention may be produced by:
PA1  a. reacting a compound of the formula
      ##EQU5##
      wherein R.sup.1, R.sup.2, R.sup.3, X and Y are as above defined and
      R.sup.4 is chlorine, bromine or hydroxy, with imidazole; or
PA1  b. when R.sup.1 is hydrogen, reacting a compound of the formula
      ##EQU6##
      wherein R.sup.2, R.sup.3, X and Y are as above defined and Hal is halogen,
      with imidazole in the presence of an acid-binding agent.
PAR  The two processes of the present invention designated (a) and (b) above
      will be referred hereafter as Process Variants (a) and (b) respectively.
PAR  If 2-(2,5-dichlorophenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one and
      imidazole are used as starting compounds, the course of the reaction can
      be represented by the following equation (1) [Process Variant (a)]:
      ##SPC4##
PAR  If 2-(2,5-dichlorophenoxy)-1-chloro-4,4-dimethylpentan-3-one and imidazole
      are used as starting compounds, the course of the reaction can be
      represented by the following equation (2) [Process Variant (a)]:
      ##SPC5##
PAR  If 2-(2,5-dichlorophenoxy)-2-bromo-4,4-dimethylpentan-3-one and imidazole
      are used as starting compounds, the course of the reaction can be
      represented by the following equation (3) [Process Variant (b)]:
      ##SPC6##
PAR  Process Variant (b) is a particularly chemically unobvious process since,
      surprisingly, and unforeseeably, the imidazole radical does not react with
      the .alpha.-carbon atom, which has acquired a free valency through the
      removal of the bromine atom, but instead reacts with the adjacent carbon
      atom of the methyl group.
PAR  When R.sup.1 and R.sup.2 and/or R.sup.3 are alkyl moieties, the preferred
      moieties are methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl,
      pentyl or hexyl, t-butyl being one preferred moiety, and when they are
      alkenyl moieties, the preferred moieties are vinyl, allyl, propenyl and
      hexenyl.
PAR  When R.sup.2 is an alkinyl moiety, the preferred moieties are ethinyl,
      propinyl, butinyl or hexinyl.
PAR  When R.sup.1, R.sup.2 and/or R.sup.3 is cycloalkyl or cycloalkenyl moiety,
      the preferred moieties are cyclopropyl, cyclopentyl, cyclohexyl,
      cycloheptyl, cyclopentenyl, cyclohexenyl or cycloheptenyl.
PAR  When R.sup.1, R.sup.2 and/or R.sup. 3 are aryl moieties or aralkyl moieties
      the preferred moieties are phenyl or benzyl, unsubstituted or substituted
      as hereinabove described.
PAR  When the aryl and aralkyl moieties, particularly phenyl or benzyl, are
      substituted, the preferred substituents are fluorine, chlorine, bromine,
      trifluoromethyl, methyl, ethyl, n-propyl, i-propyl, methoxy, ethoxy,
      thiomethyl, thioethyl, methylsulpho and ethylsulpho.
PAR  Hal in formula III is preferably chlorine or bromine, especially bromine.
PAR  According to one embodiment of the present invention, R.sup.1 is hydrogen,
      R.sup.2 is phenyl unsubstituted or substituted by 1 to 3 members selected
      from the group consisting of fluorine, chlorine, bromine, alkyl of 1 to 4
      carbon atoms, alkoxy of 1 to 4 carbon atoms, trifluoromethyl, nitro, cyano
      and thioalkyl of 1 to 4 carbon atoms, or by one member selected from the
      group consisting of phenyl and hydroxymethylphenyl, or R.sup.2 is benzyl
      unsubstituted or substituted by chlorine, bromine, fluorine or methyl,
      R.sup.3 is lower alkyl, phenyl, benzyl or cyclohexyl, X is CO and Y is an
      oxygen atom.
PAR  According to another embodiment of the present invention R.sup.1 is
      hydrogen, R.sup.2 is phenyl unsubstituted or substituted by 1 to 3 members
      selected from the group consisting of chlorine, bromine and fluorine, by
      one member selected from the group consisting of chlorine, bromine and
      fluorine and an alkyl moiety of 1 to 4 carbon atoms or by 1 or 2 members
      selected from the group consisting of alkyl of 1 to 4 carbon atoms, alkoxy
      of 1 to 4 carbon atoms, trifluoromethyl, thioalkyl of 1 to 4 carbon atoms,
      nitro and cyano, or by phenyl or hydroxymethyl-substituted phenyl, or
      R.sup.2 is benzyl unsubstituted or substituted by chlorine or methyl,
      R.sup.3 is alkyl of 1 to 5 carbon atoms, phenyl, benzyl or cyclohexyl, X
      is CO and Y is an oxygen atom.
PAR  According to another embodiment of the present invention, R.sup.1 is
      hydrogen, R.sup.2 is phenyl unsubstituted or substituted by 1 to 3
      chlorine, bromine or fluorine, by 1 chlorine, bromine or fluorine and 1
      methyl group, by 1 or 2 methyl or methoxy groups, or by 1 methoxy,
      trifluoromethyl, nitro, cyano, thiomethyl, phenyl or
      hydroxymethyl-substituted phenyl group, or R.sup.2 is benzyl unsubstituted
      or substituted by chlorine, or methyl, R.sup.3 is methyl, t-butyl, pentyl,
      phenyl or benzyl, X is CO and Y is an oxygen atom.
PAR  The pharmaceutically acceptable, nontoxic salts of the compounds of the
      present invention are preferably the hydrogen halides, especially the
      hydrochloride and hydrobromide, the phosphate, the nitrate,
      mono-functional and bifunctional carboxylates and hydroxycarboxylates such
      as acetate, maleate, succinate, fumarate, tartrate citrate, salicylate,
      sorbate and lactate and the 1,5-naphthalene disulfonate. The salts are
      produced by reacting the free base with the corresponding acid, namely,
      the hydrogen halide acids such as the hydrochloric acid and hydrobromic
      acid, phosphoric acid, nitric acid, mono-functional and bifunctional
      carboxylic acids and hydroxycarboxylic acids such as acetic acid, maleic
      acid, succinic acid, fumaric acid, tartaric acid, citric acid, salicylic
      acid, sorbic acid and lactic acid and 1,5-naphthalene disulfonic acid.
PAR  The compounds of the formula II used as starting compounds in Process
      Variant (a), in which R.sup.4 is hydroxy, are not previously known but can
      be produced by generally conventional methods. They are obtained, for
      example, when alcohols or thiols of the formula:
EQU  R.sup.2 YH                                                 IV,
PAL  wherein R.sup.2 and Y are as above defined, are condensed in a known manner
      with halogenoketones of the general formula:
      ##EQU7##
      wherein R.sup.1, R.sup.3 and Hal are as above defined, and the resulting
      ether-ketones of the formula:
      ##EQU8##
      wherein R.sup.1, R.sup.2, R.sup.3 and Y are as above defined, are reacted
      in a conventional way. The reaction may be carried out in the presence of
      alkali (for example aqueous sodium hydroxide solution) with formaldehyde
      or formaldehyde donors (for example a 40% strength aqueous formaldehyde
      solution) in an inert organic solvent (for example ethanol) at an elevated
      temperature, for example the boiling point of the reaction mixture. The
      desired products of general formula II are isolated and purified in the
      customary manner. The keto group can, if desired, be converted into a
      functional derivative in the customary manner.
PAR  The compounds of the formula II used as starting compounds in the Process
      Variant (a), in which R.sup.4 is halogen, are not previously known but can
      be produced by conventional methods, for example by reacting an
      ether-ketone of the formula VI, as explained above, with formaldehyde or a
      formaldehyde donor in the presence of alkali and subsequently reacting the
      resulting compound of the formula II, in which R.sup.4 represents OH, with
      a halogenating agent, such as thionyl chloride. The reaction may be
      carried out in an inert, polar organic solvent, for example methylene
      chloride, at room temperature, and the desired end product isolated in the
      usual manner and purified if desired. The keto group can if desired be
      converted into a functional derivative in the usual manner.
PAR  The following compounds are representative of those compounds of the
      formula II which can be used as starting material in the process of the
      present invention:
PAR  2-(4-chlorophenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one,
PAR  2-(2,4,5-trichlorophenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one,
PAR  2-(3-chlorophenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one,
PAR  2-(3-chloro-4-methylphenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one,
PAR  2-(3-trifluoromethylphenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one,
PAR  2-phenoxy-1-hydroxy-4,4-dimethyl-pentan-3-one,
PAR  2-(2,3-dimethylphenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one,
PAR  2-(2,3-dimethylphenoxy)-1-hydroxy-butan-3-one,
PAR  2-(2,3-dichlorophenoxy)-1-hydroxy-3-phenyl-propan-3-one,
PAR  2-(3,4-dichlorophenoxy)-1-hydroxy-3-phenyl-propan-3-one,
PAR  2-(4-chlorobenzyloxy)-1-hydroxy-4,4-dimethyl-pentan-3-one,
PAR  2-(4-chlorophenoxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(4-methylphenoxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(3-chlorphenoxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(2-chlorophenoxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(phenoxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(2-methylphhenoxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(2,3-dimethylphenoxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(2,4-dimethylphenoxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(3,4-dimethylphenoxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(3-trifluoromethylphenoxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(3-trifluoromethylphenoxy)-1-chloro-3-phenyl-propan-3-one,
PAR  2-(3-trifluoromethylphenoxy)-1-chloro-4-phenyl-butan-3-one,
PAR  2-(2-chlorobenzyloxy)-1-chloro-4-phenyl-butan-3-one,
PAR  2-(2-chlorobenzyloxy)-1-chloro-4,4-dimethyl-pentan-3-one,
PAR  2-(4-methylbenzyloxy)-1-chloro-4,4-dimethyl-pentan-3-one, and
PAR  2-(3,4-dimethylphenoxy)-1-chloro-3-phenyl-propan-3-one.
PAR  The halogen compounds of the formula III used as starting compounds in
      Process Variant (b) are not known but can be produced by conventional
      methods. They can be obtained, for example, by reacting alcohols or thiols
      of the general formula:
EQU  R.sup.2 YH                                                 IV,
PAL  wherein R.sup.2 and Y are as above defined, in the usual manner with a
      halogenoketone of the formula:
      ##EQU9##
      wherein R.sup.3 and Hal are as defined above. Hal is preferably chlorine
      or bromine. The active hydrogen atom in the .alpha.-position is
      subsequently replaced by halogen in the customary manner, for example by
      means of elementary bromine in carbon tetrachloride at 40.degree. to
      50.degree. C, and the keto group is converted if desired into a functional
      derivative in the customary manner. The desired product is isolated in a
      known manner and is purified if desired.
PAR  The following compounds are illustrative of the compounds of the formula
      III which can be used as starting materials according the process of the
      present invention:
PAR  2-(4-chlorophenoxy)-2-bromo-4,4-dimethylpentan-3-one,
PAR  2-(2,4-dichlorophenoxy)-2-bromo-4,4-dimethylpentan-3-one,
PAR  2-(4-bromophenoxy)-2-bromo-4,4-dimethylpentan-3-one,
PAR  2-(2-diphenoxy)-2-bromo-4,4-dimethylpentan-3-one,
PAR  2-(4-fluorophenoxy)-2-bromo-4,4-dimethylpentan-3-one,
PAR  2-(2-chlorophenoxy)-2-bromo-4,4-dimethylpentan-3-one,
PAR  2-(4-methylphenoxy)-2-bromo-4,4-dimethylpentan-3-one,
PAR  2-(3-chlorophenoxy)-2-bromo-4,4-dimethylpentan-3-one,
PAR  2-(2,4,5-trichlorophenoxy)-2-bromo-4,4-dimethylpentan-3-one,
PAR  2-(3,4-dimethylphenoxy)-2-bromo-4,4-dimethylpentan-3-one,
PAR  2-(2,3-dimethylphenoxy)-2-bromo-4,4-dimethylpentan-3-one and
PAR  2-(2,4-dimethylphenoxy)-2-bromo-4,4-dimethylpentan-3-one.
PAR  As diluent in Process Variant (a), when R.sup.4 is hydroxy (reaction of the
      .beta.-hydroxy compounds of the formula II with imidazole), there may be
      used any inert, higher-boiling, water-immiscible organic solvents.
      Preferred solvents include aliphatic and aromatic hydrocarbons boiling
      about 50.degree. C, such as ligroin, benzene and toluene.
PAR  The reaction of Process Variant (a) when R.sup.4 is hydroxy is preferably
      carried out in the presence of a dehydrating agent, such as calcined
      calcium carbonate or dry sodium sulphate, or with the aid of a
      water-separator.
PAR  In Process Variant (a), when R.sup.4 is hydroxy, the reaction temperatures
      can be varied over a substantial range. In general, the reaction is
      carried out at between 50.degree. and 180.degree. C, and preferably at
      80.degree. to 140.degree. C.
PAR  In carrying out Process Variant (a) according to the invention, when
      R.sup.4 is hydroxy, preferably 1 to 5, especially 1 to 1.5, mols of
      imidazole, and 0.5 to 20, especially 1 to 5, mols of the dehydrating agent
      (if used) are generally employed per 1 mol of the compound of the formula
      II.
PAR  The isolation of the compounds of the general formula I can be carried out
      according to generally known, customary methods. For example, the solvent
      can be distilled off in vacuo and the residue taken up with methylene
      chloride and water. The organic phase is subsequently separated off. After
      drying over sodium sulphate, the solvent is distilled off in vacuo. The
      resulting residue is purified by recrystallization. If purification by
      recrystallization does not suffice, it is possible, after distilling off
      the solvent for the first time, to prepare a salt and to purify this by
      recrystallization. The 1-ethyl-imidazole of the formula I can be liberated
      in the form of the free base from the salt in a known manner, by adding a
      strong base.
PAR  As diluent in Process Variant (a), when R.sup.4 is chlorine or bromine
      (reaction of the .beta.-halogen compounds of the general formula II with
      imidazole) there may be used any polar organic solvent which is inert
      towards the process according to the invention. Preferred solvents include
      ethers (especially cyclic ethers such as dioxane or tetrahydrofurane),
      nitriles (especially lower alkylnitriles, such as acetonitrile), amides
      (especially lower dialkylamides, such as dimethylformamide) and
      sulphoxides (especially lower dialkylsulphoxides, such as
      dimethylsulphoxide).
PAR  The reaction in Process Variant (a) when R.sup.4 is chlorine or bromine is
      preferably carried out in the presence of an acid-binding agent.
      Appropriately, a suitable excess of imidazole is used. However, it is also
      possible to employ any of the conventional organic acid-binding agents,
      such as lower tertiary alkylamines (for example triethylamine) or
      secondary organic bases (for example pyridine).
PAR  In Process Variant (a), when R.sup.4 is chlorine or bromine, the reaction
      temperatures can be varied over a substantial range. In general the
      reaction is carried out at between 50.degree. and 150.degree. , preferably
      at 80.degree. C to 150.degree. C.
PAR  In carrying out the Process Variant (a) according to the invention, when
      R.sup.4 is chlorine or bromine, preferably 1 to 5, preferably 1 to 1.5,
      mols of imidazole and additionally 1 to 10, preferably 1 to 2, mols of the
      acid-binding agent (for example imidazole) are employed per 1 mol of the
      compound of the general formula II.
PAR  The isolation and purification is carried out according to generally known
      methods, for example in the manner indicated above (for Process Variant
      (a) when R.sup.4 is hydroxy).
PAR  As diluent in Process Variant (b) (reaction of the .alpha.-halogenoether
      compounds of the general formula III with imidazole) there may be used any
      inert, preferably polar, organic solvent. Suitable solvents include
      nitriles (especially lower alkylnitriles, such as acetonitrile),
      sulphoxides (especially lower dialkylsulphoxides, such as
      dimethylsulphoxide), formamides (especially lower dialkylformamides such
      as dimethylformamide), ketones (especially lower dialkyl ketones, such as
      acetone), straight-chain and cyclic ethers (such as diethyl ether and
      tetrahydrofurane), and chlorinated hydrocarbons (such as methylene
      chloride and chloroform).
PAR  Any of the customary acid-binding agents can be used as acid-binding agent
      in Process Variant (b). Preferred acid-binding agents include organic
      acid-binding agent (such as lower tertiary alkylamines) and aralkylamines
      (for example triethylamine and dimethylbenzylamine). Preferably, excess
      imidazole is employed as the acid-binding agent.
PAR  In Process Variant (b), the reaction temperatures can be varied over a
      substantial range. In general, the reaction is carried out between
      20.degree. and 150.degree. C, preferably at 60.degree. to 120.degree. C.
PAR  In carrying out the Process Variant (b) according to the invention,
      preferably 1 to 5, especially 1 to 1.5, mols of imidazole and additionally
      preferably 1 to 10, especially 1 to 2, mols of the acid-binding agent (for
      example imidazole) are employed per 1 mol of the compound of the general
      formula III.
PAR  The compounds of the general formula I can be isolated and purified
      according to generally known methods, for example in the manner indicated
      above (for Process Variant (a) when R.sup.4 is hydroxy).
PAR  The free 1-ethyl imidazole bases of formula I and their salts can be
      interconverted in any suitable manner. Methods for such interconversion
      are known in the art. For example, the free 1-ethyl imidazole base can be
      dissolved in an organic solvent, for example diethyl ether, and treated
      with the acid, for example hydrohalic acid. The salt precipitates and is
      filtered off or is obtained as a residue by distilling off the solvent.
PAR  The following compounds are representative of the 1-ethyl-imidazoles of the
      present invention:
PAR  2-(4-chlorophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(2,4,5-trichlorophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(3-chlorophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(3-chloro-4-methylphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(3-trifluoromethyl-phenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-phenoxy-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(2,3-dimethylphenoxy)-1-imidazolyl-(1)-4,4-dimethylpentan-3-one,
PAR  2-(2,3-dimethylphenoxy)-1-imidazolyl-(1)-butan-3-one,
PAR  2-(2,3-dichlorophenoxy)-1-imidazolyl-(1)-3-phenyl-propan-3-one,
PAR  2-(3,4-dichlorophenoxy)-1-imidazolyl-(1)-3-phenyl-propan-3-one,
PAR  2-(4-chlorobenzyloxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(4-methoxyphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(4-methylphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR   2-(3-nitrophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(2-chlorophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(phenoxy)-1-imidazolyl-(1)-4-ethyl-4-methyl-pentan-3-one,
PAR  2-(3-methylphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(2-chloro-3-methylphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(2,4-dimethylphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(3,4-dimethylphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(3-cyanophenoxy)-1-imidazolyl-(1)-4-ethyl-4-methyl-pentan-3-one,
PAR  2-(3-trifluoromethylphenoxy)-1-imidazolyl-(1)-3-phenyl-propan-3-one,
PAR  2-(3-trifluoromethylphenoxy)-1-imidazolyl-(1)-4-phenyl-butan-3-one,
PAR  2-(2-chlorobenzyloxy)-1-imidazolyl-(1)-4-phenyl-butan-3-one,
PAR  2-(2-chlorobenzyloxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(4-methylbenzyloxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(3,4-dimethylphenoxy)-1-imidazolyl-(1)-3-phenyl-propan-3-one,
PAR  2-(4-methylthiophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(2,4-dichlorophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(4-bromophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(4-fluorophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(2-chloro-4-methylphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(4-nitrophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(4-phenylphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(2,4,5-tribromophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(3,4-dimethoxyphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one,
PAR  2-(2-phenylphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one, and
PAR  2-(2-fluoro-4-methylphenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one.
PAR  The compounds according to the present invention exhibit very good and
      broad antimycotic activity, especially against dermatophytes,
      epidermatophytes and blastomyces as well as against biphase fungi and
      yeast fungi, for example Trichophyton and Candida. They can therefore be
      employed successfully against fungal infections in humans and animals.
PAR  Examples of fields of indication in human medicine include:
PAR  Dermatomycoses and systemic mycoses due to Trichophyton mentagrophytes and
      other varieties of Trichophyton, varieties of Microsporon, Epidermophyton
      floccosum, blastomyces, biphase fungi, and molds.
PAR  Examples of fields of indication in veterinary medicine include:
PAR  All dermatomycoses and systemic mycoses, especially those caused by the
      above-mentioned pathogens.
PAR  The present invention also includes pharmaceutical compositions which
      comprise a 1-ethyl-imidazole as hereinabove described as the active
      ingredient in combination with a pharmaceutically acceptable, nontoxic,
      inert diluent or carrier.
PAR  The pharmaceutical compositions of the present invention contain a major or
      minor amount, e.g. 99.5% to 0.1%, preferably 95% to 0.5%, of at least
      1-ethyl-imidazole of the present invention in combination with a
      pharmaceutically acceptable, nontoxic, inert diluent or carrier, the
      carrier comprising one or more solid, semisolid or liquid diluent, filler
      and formulation adjuvant which is nontoxic, inert and pharmaceutically
      acceptable. Such pharmaceutical compositions are preferably in dosage unit
      form; i.e., physically discrete units containing a predetermined amount of
      the drug corresponding to a fraction or multiple of the dose which is
      calculated to produce the desired therapeutic response. The dosage units
      can contain one, two, three, four or more single doses or, alternatively,
      one half, third or fourth of a single dose. A single dose preferably
      contains an amount sufficient to produce the desired therapeutic effect
      upon administration at one application of one or more dosage units
      according to a predetermined dosage regimen, usually a whole, half, third
      or quarter of the daily dosage administered once, twice, 3 or 4 times a
      day. Other therapeutic agents can also be present.
PAR  Although the dosage and dosage regimen must in each case be carefully
      adjusted, utilizing sound professional judgment and considering the age,
      weight and condition of the recipient, the route of administration and the
      nature and gravity of the illness, generally the dosage will be from 30 to
      200, and preferably 50 to 200, mg/kg of body weight per day. In some
      instances a sufficient therapeutic effect can be obtained at a lower dose
      while in others, a larger dose will be required.
PAR  Oral administration can be effected utilizing solid and liquid dosage unit
      forms such as powders, tablets dragees, capsules, granulates, suspensions,
      solutions and the like.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted pharmaceutical carrier such as an
      edible carbohydrate as for example starch, lactose, sucrose, glucose or
      mannitol. Sweetening, flavoring, preservative, dispersing and coloring
      agents can also be present.
PAR  Capsules are made by preparing a powder mixture as described above and
      filling formed gelatin sheaths. Glidants and lubricants such as colloidal
      silica, talc, magnesium stearate, calcium stearate or solid polyethylene
      glycol can be added to the powder mixture before the filling operation. A
      disintegrating or solubilizing agent such as agar-agar, calcium carbonate
      or sodium carbonate can also be added to improve the availability of the
      medicament when the capsule is ingested.
PAR  Tablets are formulated for example by preparing a powder mixture,
      granulating or slugging, adding a lubricant and disintegrant and pressing
      into tablets. A powder mixture is prepared by mixing the compound,
      suitably comminuted, with a diluent or base as described above, and
      optionally with a binder such as carboxymethyl cellulose, an alginate,
      gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraffin,
      a resorption accelerator such as a quaternary salt and/or an absorption
      agent such as bentonite, kaolin or dicalcium phosphate. The powder mixture
      can be graunlated by wetting with a binder such as syrup, starch paste,
      acacia mucilage or solutions of cellulosic or polymeric materials and
      forcing through a screen. As an alternative to granulating, the powder
      mixture can be run through the tablet machine and the resulting
      imperfectly formed slugs broken into granules. The granules can be
      lubricated to prevent sticking to the tablet forming dies by means of the
      addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The medicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A clear or opaque protective coating consisting of a sealing coat of
      shellac, a coating of sugar or polymeric material and a polish coating of
      wax can be provided. Dyestuffs can be added to these coatings to
      distinguish different unit dosages.
PAR  Oral fluids such as solutions, syrups and elixirs can be prepared in dosage
      unit form so that a given quantity contains a predetermined amount of the
      compound. Syrups can be prepared by dissolving the compound in a suitably
      flavored aqueous sucrose solution while elixirs are prepared through the
      use of a non-toxic alcoholic vehicle. Suspensions can be formulated by
      dispersing the compound in a non-toxic vehicle. Solubilizers and
      emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene
      sorbitol esters, preservatives, flavor additives such as peppermint oil or
      saccharin, and the like can also be added.
PAR  Where appropriate, dosage unit formulations for oral administration can be
      microencapsulated. The formulation can also be prepared to prolong or
      sustain the release as for example by coating or embedding particulate
      material in polymers, wax or the like.
PAR  Parenteral administration can be effected utilizing liquid dosage unit
      forms such as sterile solutions and suspensions intended for subcutaneous,
      intramuscular or intravenous injection. These are prepared by suspending
      or dissolving a measured amount of the compound in a non-toxic liquid
      vehicle suitable for injection such as an aqueous or oleaginuos medium and
      sterilizing the suspension or solution. Alternatively, a measured amount
      of the compound is placed in a vial and the vial and its contents are
      sterilized and sealed. An accompanying vial or vehicle can be provided for
      mixing prior to administration. Non-toxic salts and salt solutions can be
      added to render the injection isotonic. Stabilizers, preservatives and
      emulsifiers can also be added.
PAR  Rectal administration can be effected utilizing suppositories in which the
      compound is admixed with low melting water soluble or insoluble solids
      such as polyethylene glycol, cocoa butter, higher esters as for example
      myristyl palmitate, or mixtures thereof.
PAR  Topical administration can be effected utilizing solid dosage unit forms
      such as powders or liquid or semiliquid dosage unit forms such as
      solutions, suspensions, ointments, pastes, creams and gels. The powders
      are formulated utilizing such carriers as talc, bentonite, silicic acid,
      polyamide powder and the like. Liquid and semiliquid formulations can
      utilize such carriers, in addition to those described above, as
      polyethylene glycol, vegetable and mineral oils, alcohols such as
      isopropanol and the like. Other excipients such as emulsifiers,
      preservatives, colorants, perfumes and the like can also be present.
      Formulations can also be administered as an aerosol, utilizing the usual
      propellants such as the chlorofluorohydrocarbons.
PAR  The preferred dialy dose is 1.5 to 18.0 g. preferably 2.5 to 18.0 g, of
      active agent.
PAR  While the routes of administration include oral, parenteral (i.e.,
      intramuscular, intraperitoneal, and intravenous), rectal, and topical,
      oral administration and topical application are particularly preferred.
PAR  The antimycotic activity of representative compounds according to the
      present invention is demonstrated from the following in vitro and in vivo
      experimental data:
PAR  Determination of the anti-mycotic action spectrum in vitro by the series
      dilution test.
PAR  Description of the test:
PAR  The nutrient substrates used were, for dermatophytes and moulds,
      Sabourauds' test medium, and, for blastomyces and biphase fungi, meat
      broth-glucose bouillon.
PAR  The incubation temperature was 28.degree.C and the incubation time was 24
      to 96 hours.
PAR  The experimental results are summarized in Table A.
TBL                                    Table A:                                
     __________________________________________________________________________
     Minimum inhibitory concentration values in .gamma./ml of nutrient medium  
     Compound                                                                  
     from Example                          Trichophyton                        
                                                   Candida                     
                                                        Penicillium            
                                                              Aspergillus      
     No.               Active compound     mentagrophytes                      
                                                   albicans                    
                                                        commune                
                                                              niger            
     __________________________________________________________________________
     1                                     4       4    32    8                
     4                                     4       4    32    4                
     (Hydro-                                                                   
     chloride)                                                                 
     5                                     &lt;1      4    16    4                
     6                                     8       4    16    4                
     13                                    8       4    16    8                
     7                                     8       4    32    4                
     8                                     8       4    16    4                
     12                                    &lt;1      4    8     8                
     14                                    &lt;1      4    8     8                
     15                                    &lt;1      4    8     4                
     10                                    4       4    16    4                
     9                                     4       4    16    4                
     __________________________________________________________________________
PAL  Anti-mycotic action of the compounds according to the invention, in animal
      experiments.
PAR  a. Topical application in experimental guinea pig trichophytosis (pathogen:
      Trichophyton mentagrophytes)
PAL  Description of the experiment:
PAR  A 1% strength solution of the active compounds in a
      dimethylsulphoxide/glycerine/water mixture (1 : 3 : 6) or in polyethylene
      glycol 400 was applied topically once daily for 11 to 14 days, after the
      trichophytosis had been initiated experimentally.
PAR  The experimental results are reproduced in Table B:
TBL                Table B:                                                    
     ______________________________________                                    
     Action of the compounds according to                                      
     the invention, of the formula I, in                                       
     guinea pig trichophytosis                                                 
     Compound from                                                             
                  Topical action in the case of                                
     Example No.  Trichophyton mentagrophytes                                  
     ______________________________________                                    
     1            +++                                                          
     4            +++                                                          
     5            +++                                                          
     6            +++                                                          
     13            ++                                                          
     7            +++                                                          
     8            +++                                                          
     12           +++                                                          
     14           +++                                                          
     10            ++++                                                        
     9            +++                                                          
     ______________________________________                                    
     ++    =     weak action  (reduction of the infection                      
                              symptoms)                                        
     +++   =     action       (rapid healing of the infection)                 
     ++++  =     good action  (complete suppression of the                     
                              infection symptoms)                              
     +++++ =     very good action                                              
PAR  b. Action (oral administration) in Quinckeanum trichophytosis of white mice
PAR  The development of the Quinckeanum infection in mice could be suppressed
      with doses of 2 .times. 100 mg/kg of body weight, given orally once daily
      up to the eighth day of the infection.
PAR  The result can be seen from Table C:
TBL                Table C:                                                    
     ______________________________________                                    
     Action of the compounds according to the                                  
     invention, of the formula I, in the case                                  
     of Quinckeanum trichophytosis of white                                    
     mice.                                                                     
     Compound from                                                             
                  Oral action in the case of                                   
     Example No.  Trichophyton quinckeanum                                     
     ______________________________________                                    
     1             ++++                                                        
     4             ++++                                                        
     5            +++                                                          
     6            +++                                                          
     7             ++++                                                        
     8            +++                                                          
     12           +++                                                          
     14           +++                                                          
     9            +++                                                          
     ______________________________________                                    
      Explanation of symbols: see Table B                                      
PAR  c. Candidosis of mice
PAL  Description of the experiment:
PAR  Mice of type SPF-CF.sub.1 were infected intravenously with 1 - 2 .times.
      10.sup.6 of logarithmically growing Candida cells suspended in
      physiological sodium chloride solution.
PAR  The animals were treated orally twice daily, after infection, with 100 mg
      of the preparations/kg of body weight.
PAR  Untreated animals died of the infection 3 to 6 days after infection. The
      survival rate on the 6th day after infection was 2 to 3 per 20 animals
      (i.e. 10 - 15%) in the case of the control animals.
PAR  The experimental results are summarized in Table D:
TBL                Table D:                                                    
     ______________________________________                                    
     Action (on oral administration) in                                        
     candidosis of mice                                                        
     Compound from                                                             
     Example No:  Action on Candida albicans                                   
     ______________________________________                                    
     1             +++++                                                       
     4            ++++                                                         
     5            ++++                                                         
     6            ++++                                                         
     7             +++++                                                       
     8            +++                                                          
     12           +++                                                          
     14           +++                                                          
     15           ++                                                           
     9            ++++                                                         
     ______________________________________                                    
     Explanation of symbols:                                                   
     ++++  = good action = &gt;80% surviving on the 6th                           
                          day after infection.                                 
     +++++ = very good action                                                  
                         = &gt;90% surviving on the 6th                           
                          day after infection.                                 
DETD
PAR  The following non-limitative examples more particularly illustrate the
      present invention:
PAC  EXAMPLE 1
      ##SPC7##
PAR  16.0 g (0.05 mol) of 2-(4-chlorophenoxy)-2-bromo-4,4-dimethyl-pentan-3-one
      in 120 ml of acetonitrile are heated to the boil under reflux for 12
      hours, with 12 g (0.207 mol) of imidazole. The solvent is then distilled
      off in vacuo, almost to dryness, and thereafter 50 ml of ether and 50 ml
      of saturated solution of hydrogen chloride in ether are added. The
      resulting oil is decanted and boiled up three times with 50 ml of ether at
      a time, and the ether phase is decanted.
PAR  The oil which remains is taken up with 120 ml of methylene chloride; this
      is mixed with 50 ml of water, 20 g of solid sodium bicarbonate are added,
      the organic phase is separated off and the aqueous phase is extracted
      twice with 50 ml of methylene chloride at a time. The combined organic
      phases are washed twice with 50 ml of water at a time, dried over sodium
      sulphate and distilled off in vacuo. The resulting oil is triturated with
      ligroin/petroleum ether, whereupon it crystallizes. After
      recrystallization from ligroin/petroleum ether, 2.6 g of
      2-(4-chlorophenoxy)-1-imidazolyl-(1)-4,4-dimethyl-pentan-3-one (17% of
      theory) of melting point 68.degree.-73.degree.C are obtained.
TBL  ______________________________________                                    
     NMR:       .zeta. CH    5.18 (Triplet)                                    
                .zeta. CH.sub.2                                                
                             4.40 (Doublet)                                    
     ______________________________________                                    
PAL  Starting compound
      ##SPC8##
PAR  The starting product,
      2-(4-chlorophenoxy)-2-bromo-4,4-dimethyl-pentan-3-one, is obtained by
      bromination of 2-(4-chlorophenoxy)-4,4-dimethyl-pentan-3-one with
      elementary bromine in carbon tetrachloride at 40.degree.- 50.degree.C;
      melting point 95.degree.C.
PAR  The remaining starting compounds are obtainable in the same manner.
PAC  Example 2
      ##SPC9##
PAR  29.1 g (0.1 mol) of
      2-(2,5-dichlorophenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one are taken up
      in 200 ml of toluene, 10.2 g (0.14 mol) of imidazole is added thereto and
      the reaction solution is boiled for 3 hours under a water separator.
      Thereafter the solvent is distilled off in vacuo, 100 ml of water are
      added to the oil obtained and the mixture is extracted twice with 100 ml
      of methylene chloride at a time.
PAR  The organic phase is washed with twice 50 ml of water and dried over sodium
      sulphate an the solvent is distilled off in vacuo.
PAR  An oil is obtained which is taken up in 50 ml of ether and treated with 50
      ml of ether saturated with dry hydrogen chloride. The solvent is distilled
      off in vacuo and the resulting oil is taken up in a mixture of 500 ml of
      ligroin and 300 ml of ethyl acetate and heated to the boil under reflux.
      After carefully decanting the resulting solution and cooling it, 18.5 g
      (49% of theory) of
      2-(2,5-dichlorophenoxy)-4,4-dimethyl-1-(1-imidazolyl)-pentan-3-one
      hydrochloride precipitate as colorless crystals which are isolated by
      filtration.
PAR  Melting point:162.degree.C (decomposition)
PAL  Starting compound
      ##SPC10##
PAR  26.1 g (0.1 mol) of 1-(2,5-dichlorophenoxy)-3,3-dimethyl-butan-2-one are
      dissolved in 200 ml of ethanol and 20 g (0.24 mol) of 40% strength
      formaldehyde solution are added thereto, followed by about 5 ml of 10%
      strength sodium hydroxide solution until pH 9 is reached. The reaction
      mixture is heated under reflux for 3 hours and the solvent is distilled
      off in vacuo. The resulting precipitate is filtered off and well rinsed
      with petroleum ether. The filtrate is concentrated in vacuo. An oil
      remains: Crude
      2-(2,5-dichlorophenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one.
PAR  The remaining starting compounds are obtainable in the same manner. In many
      cases, the compounds of the general formulae IV and V can be reacted with
      imidazole under the above-mentioned conditions, in a one-pot process, via
      the compounds of the general formula II, to give the compounds of the
      formula I.
PAC  Example 3
      ##SPC11##
PAR  24 g (0.1 mol) of 1-chloro-2-phenoxy-4,4-dimethyl-pentan-3-one of
      refractive index n.sub.D.sup.20 = 1.5081 are added to a solution of 13.6 g
      (0.2 mol) of imidazole in 150 ml of anhydrous acetonitrile. The resulting
      solution is heated for 4 hours to the boil under reflux; thereafter the
      solvent is distilled off in vacuo. The residue is washed with water and
      taken up in methylene chloride and the solution is dried over sodium
      sulphate. After distilling off the solvent, 25.3 g (93% of theory) of
      1-imidazolyl-(1)-2-phenoxy-4,4-dimethyl-pentan-3-one are obtained as an
      oil of refractive index n.sub.D.sup.20 = 1.5193, which gradually
      crystallizes and then possesses a melting point of 73.degree.-75.degree.C
      (recrystallized from petroleum ether).
PAL  Starting compound
      ##SPC12##
PAR  22.3 g (0.1 mol) of 1-hydroxy-2-phenoxy-4,4-dimethyl-pentan-3-one (produced
      as described in Example 2) are dissolved in 120 ml of methylene chloride
      and 7.3 ml (0.1 mol) of thionyl chloride are added dropwise to this
      solution at room temperature. The start of the reaction can be accelerated
      by gentle warming. After three hours' reaction time at room temperature
      the solvent is distilled off in vacuo and the oily residue is degassed in
      a high vacuum.
PAR  21.8 g (91% of theory) of 1-chloro-2-phenoxy-4,4-dimethyl-pentan-3-one are
      obtained as an oil of refractive index n.sub.D.sup.20 = 1.5081.
PAR  The remaining starting compounds can be obtained in the same manner.
PAR  Examples 4 through 19 set forth in Table 1 below are obtained according to
      Process Variants (a) and (b) according to the processes set forth in
      Examples 1 to 3 above utilizing the corresponding reactants set forth in
      Table 2.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Example                          Melting                                  
     No.  R.sup.1                                                              
             R.sup.2       R.sup.3                                             
                                 X  Y point .degree.C                          
     __________________________________________________________________________
     4    H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      127                                      
     5    H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      118                                      
                                      free Base 85-87                          
     6    H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      148-150                                  
     7    H                C(CH.sub.3).sub.3                                   
                                 CO O 102-106                                  
     8    H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      146-148                                  
                                      free Base 77-79                          
     9    H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      82-90                                    
                                      free Base 80-82                          
     10   H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      180-183                                  
     11   H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      135                                      
     12   H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      147-150                                  
                                      free Base 49-51                          
     13   H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      144-146                                  
     14   H                C(CH.sub.3).sub.3                                   
                                 CO O 111-112                                  
     15   H                C(CH.sub.3).sub.3                                   
                                 CO O 105-107                                  
     16   H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      143-147                                  
                                      free Base 97-98                          
     17   H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      164-165                                  
     18   H                C(CH.sub.3).sub.3                                   
                                 CO O Hydrochloride                            
                                      157                                      
     19   H                C(CH.sub.3).sub.3                                   
                                 CO O 119-120                                  
     20   H                C(CH.sub.3).sub.3                                   
                                 CO O 122-123                                  
     21                          CO O Hydrochloride                            
                                      148-150                                  
     __________________________________________________________________________
      * Position of the CH.sub.2 OH group not known.                           
TBL                                    Table 2                                 
     __________________________________________________________________________
     Imidazole is reacted with:                                                
     Example No.         Reactants                                             
     __________________________________________________________________________
     4       1-hydroxy-2-(4-chlor-phenoxy)-4,4-dimethyl-pentan-3-one           
     5       1-hydroxy-2-(2,4-dichlor-phenoxy)-4,4-dimethyl-pentan-            
             3-one                                                             
     6       1-hydroxy-2-(4-brom-phenoxy)-4,4-dimethyl-pentan-3-one            
     7       1-hydroxy-2-(4-fluor-phenoxy)-4,4-dimethyl-pentan-3-one           
     8       1-hydroxy-2-(2-chlor-phenoxy)-4,4-dimethyl-pentan-3-one           
     9       1-hydroxy-2-(3-chlor-phenoxy)-4,4-dimethyl-pentan-3-one           
     10      1-hydroxy-2-(2,4,5-trichlor-phenoxy)-4,4-dimethyl-pentan-         
             3-one                                                             
     11      1-hydroxy-2-(4-methyl-phenoxy)-4,4-dimethyl-pentan-3-one          
     12      1-hydroxy-2-(2-methyl-4-chlor-phenoxy)-4,4-dimethyl-              
             pentan-3-on                                                       
     13      1-hydroxy-2-(2-phenyl-phenoxy)-4,4-dimethyl-pentan-3-one          
     14      1-hydroxy-2-(4-phenyl-phenoxy)-4,4-dimethyl-pentan-3-one          
     15      1-hydroxy-2-(4-phenyl-hydroxymethyl-phenoxy)-4,4-dimethyl-        
             pentan-3-one                                                      
     16      1-hydroxy-2-(2,3-dimethyl-phenoxy)-4,4-dimethyl-pentan-           
             3-one                                                             
     17      1-hydroxy-2-(3,4-dimethyl-phenoxy)-4,4-dimethyl-pentan-           
             3-one                                                             
     18      1-hydroxy-2-(2,4-dimethyl-phenoxy)-4,4-dimethyl-pentan-           
             3-one                                                             
     19      1-hydroxy-2-(4-nitrophenoxy)-4,4-dimethyl-pentan-3-one            
     20      1-hydroxy-2-(2-chlor-4-nitro-phenoxy)-4,4-dimethyl-pentan-        
             3-one                                                             
     21      1-hydroxy-2-(4-chlor-phenoxy)-3-cyclohexyl-propan-3-one           
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC13##
PAL  wherein
PA1  R.sup.1 and R.sup.3 are the same or different and are hydrogen, straight or
      branched-chain lower alkyl, straight or branched-chain lower alkenyl,
      cycloalkyl of 3 to 7 carbon atoms, cycloalkenyl of 5 to 7 carbon atoms,
      aryl of 6 to 10 carbon atoms unsubstituted or substituted by 1 to 3 of the
      same or different substituents selected from the group consisting of
      halogen, halogenoalkyl of 1 or 2 carbon atoms in the alkyl moiety and 2 to
      5 halogen atoms, straight or branched-chain alkyl of 1 to 4 carbon atoms,
      straight or branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl of 1
      to 4 carbon atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano,
      phenyl and hydroxymethyl-substituted phenyl, or aralkyl of 6 to 10 carbon
      atoms in the aryl moiety and 1 to 4 carbon atoms in the alkyl moiety
      unsubstituted or substituted by 1 to 3 of the same or different
      substituents selected from the group consisting of halogen, halogenoalkyl
      of 1 or 2 carbon atoms in the alkyl moiety and 2 to 5 halogeno moieties,
      straight or branched-chain alkyl of 1 to 4 carbon atoms, straight or
      branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl of 1 to 4 carbon
      atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano, phenyl or
      hydroxymethyl-substituted phenyl;
PA1  R.sup.2 is straight or branched-chain lower alkyl, straight or
      branched-chain lower alkynyl, cycloalkyl of 3to 7 carbon atoms,
      cycloalkenyl of 5 to 7 carbon atoms, aryl of 6 to 10 carbon atoms
      unsubstituted or substituted by 1 to 3 of the same or different
      substituents selected from the group consisting of halogen, halogenoalkyl
      of 1 or 2 carbon atoms in the alkyl moiety and 2 to 5 halogeno moieties,
      straight or branched-chain alkyl of 1 to 4 carbon atoms, straight or
      branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl of 1 to 4 carbon
      atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano, phenyl and
      hydroxymethyl-substituted phenyl, or aralkyl of 6 to 10 carbon atoms in
      the aryl moiety and 1 to 4 carbon atoms in the alkyl moiety unsubstituted
      or substituted by 1 to 3 of the same or different substituents selected
      from the group consisting of halogen, halogenoalkyl of 1 or 2 carbon atoms
      in the alkyl moiety and 2 or 5 halogen moieties, straight or
      branched-chain alkyl of 1 to 4 carbon atoms, straight or branched-chain
      alkoxy of 1 to 4 carbon atoms, thioalkyl of 1 to 4 carbon atoms,
      alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano, phenyl and
      hydroxymethyl-substituted phenyl;
PA1  X is C=O; and
PA1  Y is oxygen or sulphur;
PAL  or a pharmaceutically acceptable nontoxic salt thereof.
NUM  2.
PAR  2. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is phenyl unsubstituted or substituted by 1 to 3 members selected
      from the group consisting of fluorine, chlorine, bromine, alkyl of 1 to 4
      carbon atoms, alkoxy of 1 to 4 carbon atoms, trifluoromethyl, nitro, cyano
      and thioalkyl of 1 to 4 carbon atoms, or by 1 member selected from the
      group consisting of phenyl and hydroxymethyl-substituted phenyl, or benzyl
      unsubstituted or substituted by chlorine, bromine, fluorine or methyl;
PA1  R.sup.3 is lower alkyl, phenyl, benzyl or cyclohexyl;
PA1  X is C=O; and
PA1  Y is oxygen.
NUM  3.
PAR  3. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is phenyl unsubstituted or substituted by 1 to 3 members selected
      from the group consisting of chlorine, bromine and fluorine, by 1 member
      selected from the group consisting of chlorine bromine and fluorine and 1
      alkyl moiety of 1 to 4 carbon atoms, by 1 or 2 members selected from the
      group consisting of alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon
      atoms, trifluoromethyl, thioalkyl of 1 to 4 carbon atoms, nitro, and
      cyano, or by phenyl or hydroxymethyl-substituted phenyl, or benzyl
      unsubstituted or substituted by chlorine or methyl;
PA1  R.sup.3 is alkyl of 1 to 5 carbon atoms, phenyl, benzyl or cyclohexyl;
PA1  X is C=O; and
PA1  Y is oxygen.
NUM  4.
PAR  4. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is phenyl unsubstituted or substituted by 1 to 3 chlorine, bromine
      or fluorine, by 1 chlorine, bromine or fluorine and 1 methyl group, by 1
      or 2 methyl or methoxy groups, or by 1 methoxy, trifluoromethyl, nitro,
      cyano, thiomethyl, phenyl or hydroxymethyl-substituted phenyl, or benzyl
      unsubstituted or substituted by chlorine or methyl;
PA1  R.sup.3 is methyl, tert.-butyl, pentyl, phenyl or benzyl;
PA1  X is C=O; and
PA1  Y is oxygen.
NUM  5.
PAR  5. A compound according to claim 1 in the form of a salt wherein said salt
      is selected from the group consisting of the hydrochloride, the
      hydrobromide, the phosphate, the nitrate, the acetate, the maleate, the
      succinate, the fumarate, the tartrate, the citrate, the salicylate, the
      sorbate, the lactate and the 1,5-naphthalene disulphonate.
NUM  6.
PAR  6. The compound according to claim 1 which is
      ##SPC14##
NUM  7.
PAR  7. The compound according to claim 1 which is
      ##SPC15##
NUM  8.
PAR  8. The compound according to claim 1 which is
      ##SPC16##
NUM  9.
PAR  9. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC17##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  10.
PAR  10. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC18##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  11.
PAR  11. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC19##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  12.
PAR  12. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC20##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  13.
PAR  13. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC21##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  14.
PAR  14. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC22##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  15.
PAR  15. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC23##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  16.
PAR  16. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC24##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  17.
PAR  17. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC25##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  18.
PAR  18. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC26##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  19.
PAR  19. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC27##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  20.
PAR  20. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC28##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  21.
PAR  21. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC29##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  22.
PAR  22. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC30##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  23.
PAR  23. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC31##
PA1  R.sup.3 is C(CH.sub.3).sub.3 ;
PA1  X is CO; and
PA1  Y is oxygen;
PAL  or the hydrochloride salt thereof.
NUM  24.
PAR  24. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen;
PA1  R.sup.2 is
      ##SPC32##
PA1  R.sup.3 is
      ##SPC33##
PA1  X is CO; and
PA1  Y is oxygen; or the hydrochloride salt thereof.
NUM  25.
PAR  25. A process for the production of a compound of claim 1 wherein
PA1  R.sup.1 is hydrogen; which comprises reacting a compound of the formula
      ##EQU10##
      wherein R.sup.2 is a straight or branched-chain lower alkyl, straight or
      branched-chain lower alkynyl, cycloalkyl of 3 to 7 carbon atoms,
      cycloalkenyl of 5 to 7 carbon atoms, aryl of 6 to 10 carbon atoms
      unsubstituted or substituted by 1 to 3 of the same or different
      substituents selected from the group consisting of halogen, halogenoalkyl
      of 1 or 2 carbon atoms in the alkyl moiety and 2 to 5 halogeno moieties,
      straight or branched-chain alkyl of 1 to 4 carbon atoms, straight or
      branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl of 1 to 4 carbon
      atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano, phenyl and
      hydroxymethyl-substituted phenyl, or aralkyl of 6 to 10 carbon atoms in
      the aryl moiety and 1 to 4 carbon atoms in the alkyl moiety unsubstituted
      or substituted by 1 to 3 of the same or different substituents selected
      from the group halogen, halogenoalkyl of 1 or 2 carbon atoms in the alkyl
      moiety and 2 or 5 halogeno moieties, straight or branched-chain alkyl of 1
      to 4 carbon atoms, straight or branched-chain alkoxy of 1 to 4 carbon
      atoms, thioalkyl of 1 to 4 carbon atoms, alkyl sulphonyl of 1 to 4 carbon
      atoms, nitro, cyano, phenyl and hydroxymethyl-substituted phenyl;
PA1  R.sup.3 is hydrogen, straight or branched-chain lower alkyl, straight or
      branched-chain lower alkenyl cycloalkyl of 3 to 7 carbon atoms,
      cycloalkenyl of 5 to 7 carbon atoms, aryl of 6 to 10 carbon atoms
      unsubstituted or substituted by 1 to 3 of the same or different
      substituents selected from the group consisting of halogen, halogenoalkyl
      of 1 or 2 carbon atoms in the alkyl moiety and 2 to 5 halogen atoms,
      straight or branched-chain alkyl of 1 to 4 carbon atoms, straight or
      branched-chain alkoxy of 1 to 4 carbon atoms, thioalkyl of 1 to 4 carbon
      atoms, alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano, phenyl and
      hydroxymethyl-substituted phenyl, or aralkyl of 6 to 10 carbon atoms in
      the aryl moiety and 1 to 4 carbon atoms in the alkyl moiety unsubstituted
      or substituted by 1 to 3 of the same or different substituents selected
      from the group consisting of halogen, halogenoalkyl of 1 or 2 carbon atoms
      in the alkyl moiety and 2 to 5 halogeno moieties, straight or
      branched-chain alkyl of 1 to 4 carbon atoms, straight or branched-chain
      alkoxy of 1 to 4 carbon atoms, thioalkyl of 1 to 4 carbon atoms,
      alkylsulphonyl of 1 to 4 carbon atoms, nitro, cyano, phenyl or
      hydroxymethyl-substituted phenyl;
PA1  X is C=O; and
PA1  Y is oxygen or sulphur;
PA1  Hal is halogen;
PAL  with imidazole in the presence of an acid binding agent at a temperature of
      from about 20.degree. C to about 150.degree. C, and, in the case of the
      salts, reacting the free base produced with the appropriate acid, and
      recovering the compound produced.
NUM  26.
PAR  26. A process according to claim 25 wherein the reaction is carried out in
      the presence of an inert polar organic solvent.
NUM  27.
PAR  27. A process according to claim 26 wherein the acid binding agent is an
      excess of imidazole.
NUM  28.
PAR  28. A process according to claim 27 wherein the reaction temperature is
      from about 60.degree. to about 150.degree. C.
NUM  29.
PAR  29. A process according to claim 28 wherein 1 to 5 mols of imidazole
      reactant and 1 to 10 mols of imidazole as acid-binding agent are used per
      mol of halide.
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ABST
PAL  Imidazolyls of the formula
      ##EQU1##
      in which R.sup.1 is optionally substituted aryl,
PA1  R.sup.2 is hydrogen, alkyl or optionally substituted aryl,
PA1  R.sup.3 is hydrogen, alkyl, alkenyl, cycloalkyl, optionally substituted
      aryl or optionally substituted aralkyl, and
PA1  R.sup.4 is alkyl, alkenyl, cycloalkyl, optionally substituted aryl or
      optionally substituted aralkyl,
PAL  And their salts, which possess fungicidal and plant growth regulating
      properties.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new imidazolyl-O,N-acetals, i.e.
      1-phenoxy-1-[imidazolyl-(1)]-2-hydroxyalkanes, which possess fungicidal
      and plant growth regulating properties, active compositions in the form of
      mixtures of such compounds with solid and liquid dispersible carrier
      vehicles, and methods for producing such compounds and for using such
      compounds in a new way especially for combating pests, e.g. fungi, and for
      regulating the growth of plants, with other and further objects becoming
      apparent from a study of the within specification and accompanying
      examples.
PAR  It has been disclosed in U.S. Pat. 3,321,366 that trityl-imidazoles such as
      triphenylimidazole (Compound A) possess fungicidal activity. However,
      their action is not always completely satisfactory, especially if low
      amounts and concentrations are used.
PAR  The present invention provides, as new compounds, the
      imidazolyl-O,N-acetals of the general formula
      ##EQU2##
      in which R.sup.1 is optionally substituted aryl,
PA1  R.sup.2 is hydrogen, alkyl or optionally substituted aryl,
PA1  R.sup.3 is hydrogen, alkyl, alkenyl, cycloalkyl, optionally substituted
      aryl or optionally substituted aralkyl, and
PA1  R.sup.4 is alkyl, alkenyl, cycloalkyl, optionally substituted aryl or
      optionally substituted aralkyl,
PAL  And their salts.
PAR  Surprisingly, the active compounds according to the invention display a
      substantially higher fungicidal action than the known compound
      triphenylimidazole, which is chemically the nearest active compound. The
      active compounds according to the invention thus represent an enrichment
      of the art.
PAR  Preferably, R.sup.1 is optionally monosubstituted or poly-(e.g.,
      di-)substituted aryl with 6 to 10 carbon atoms, i.e. phenyl, especially
      with 6 carbon atoms, preferred substituents being halogen, especially
      fluorine, chlorine or bromine, straight-chain or branched alkyl with 1 to
      6, especially 1 to 4, carbon atoms, alkoxy and alkylthio with, in either
      case, 1 to 4, especially 1 to 2, carbon atoms, halogenoalkyl with 1 to 2
      carbon atoms and 1 to 5 halogen atoms, especially fluorine and chlorine,
      halogeno-alkoxy and halogenoalkylthio with, in either case, 1 or 2 carbon
      atoms and 3 to 5 halogen atoms, especially fluorine and chlorine (for
      example chlorodifluoromethylthio and chlorodifluoromethoxy), carbalkoxy
      with 1 to 4 carbon atoms in the alkoxy moiety o- and p-phenyl, and nitro;
      R.sup.2 is hydrogen, straight-chain or branched alkyl with 1 to 6,
      especially 1 to 4, carbon atoms, or optionally monosubstituted phenyl with
      6 to 10 carbon atoms, especially with 6 carbon atoms, preferred
      substituents being halogen, especially fluorine, chlorine or bromine,
      straight-chain or branched alkyl with 1 to 6, especially 1 to 4, carbon
      atoms, alkoxy and alkylthio with, in either case, 1 to 4, especially 1 or
      2, carbon atoms, halogenoalkyl with 1 2 or 2 carbon atoms and 1 to 5
      halogen atoms, especially fluorine and chlorine, halogenoalkoxy and
      halogenoalkylthio with, in either case, 1 or 2 carbon atoms and 3 to 5
      halogen atoms, especially fluorine and chlorine (for example
      chlorodifluoromethylthio and chlorodifluoromethoxy), carbalkoxy with 1 to
      4 carbon atoms in the alkoxy moiety, o- and p-phenyl, and nitro; R.sup.3
      is hydrogen, alkyl or alkenyl with up to 6, especially up to 4, carbon
      atoms, cycloalkyl with 5 to 6 carbon atoms, especially cyclohexyl,
      optionally substituted aryl with 6 to 10 carbon atoms, or optionally
      substituted aralkyl with 6 to 10 carbon atoms in the aryl moiety and 1 or
      2 carbon atoms in the alkyl moiety, the preferred substituents being
      fluorine, chlorine, and alkyl and alkoxy, each with up to 4 carbon atoms;
      and R.sup.4 is straight-chain or branched alkyl with 1 to 6, especially 1
      to 4, carbon atoms, straight-chain or branched alkenyl with 2 to 6,
      especially 3 to 6, carbon atoms, cycloalkyl with 5 to 7, especially 5 to
      6, carbon atoms, optionally monsubstituted or polysubstituted aryl with 6
      to 10, especially 6, carbon atoms, or optionally monosubstituted or
      polysubstituted aralkyl with 6 to 10, especially 6, carbon atoms in the
      aryl moiety and 1 or 2 carbon atoms in the alkyl moiety, preferred
      substituents being halogen, especially fluorine, chlorine or bromine,
      straight-chain or branched alkyl with 1 to 6, especially 1 to 4, carbon
      atoms, alkoxy and alkylthio with, in either case, 1 to 4, especially 1 or
      2, carbon atoms, halogenoalkyl with 1 or 2 carbon atoms and 1 to 5 halogen
      atoms, especially fluorine and chlorine, halogenoalkoxy and
      halogenoalkylthio with, in either case, 1 or 2 carbon atoms and 3 to 5
      halogen atoms, especially fluorine and chlorine (for example
      chlorodifluoromethylthio and chlorodifluoromethoxy), carbalkoxy with 1 to
      4 carbon atoms in the alkoxy moiety, o- and p-phenyl, and nitro.
PAR  The compounds of the formula (I) possess two asymmetrical carbon atoms and
      can therefore exist in the erythro form and in the threo form; in both
      cases, they are predominantly in the form of racemates.
PAR  The present invention also provides a process for the preparation of a
      compound of the formula (I), in which an imidazole derivative of the
      general formula
      ##EQU3##
      in which R.sup.1, R.sup.2 and R.sup.4 have the above-mentioned meanings,
PA0  is (a) reduced with hydrogen in the presence of a catalyst and optionally
      in the presence of a polar solvent,
PA0  or (b) reduced with aluminum isopropylate in the presence of a solvent,
PA0  or (c) reduced with a complex hydride, optionally in the presence of a
      polar solvent,
PA0  or (d) reduced with formamidinesulfinic acid and alkali metal hydroxide,
      optionally in the presence of a polar solvent,
PA0  or (e) reacted in the presence of an inert solvent with an organo-metallic
      compound of the general formula
EQU  M-R.sup.3                                                  (III),
PAL  in which
PA1  R.sup.3 has the above-mentioned meaning and
PA1  M is an alkali metal (especially lithium or sodium) or an X-Mg radical
      ("Grignard group")
PAL  wherein
PA1  X is chlorine, bromine or iodine,
PAL  the imidazolyl-O,N-acetal produced in any of the process variants (a) to
      (e) being converted, if required, into a salt thereof.
PAR  If 1-phenoxy-1-[imidazolyl-(1)]-3,3-dimethylbutan-2-one and hydrogen are
      used as the starting materials in process variant (a), the course of the
      reaction can be represented by the following equation:
      ##SPC1##
PAR  If 1-phenoxy-1-[imidazolyl-(1)]-3,3-dimethylbutan-2-one and aluminum
      isopropylate are used as the starting materials in process variant (b),
      the course of the reaction can be represented by the following equation:
      ##EQU4##
PAR  If 1-phenoxy-1-[imidazolyl-(1)]-3,3-dimethylbutan-2-one and sodium
      borohydride are used as the starting materials in process variant (c), the
      course of the reaction can be represented by the following equation:
      ##EQU5##
PAR  If 1-phenoxy-1-[imidazolyl-(1)]-3,3-dimethylbutan-2-one and
      formamidinesulfinic acid are used as the startingn materials in process
      variant (d), the course of the reaction can be represented by the
      following equation:
      ##EQU6##
PAR  If 1-phenoxy-1-[imidazolyl-(1)]-3,3-dimethylbutan-2-one and
      methyl-magnesium iodide are used as the starting materials in process
      variant (e), the course of the reaction can be represented by the
      following equation:
      ##EQU7##
PAR  The following may be mentioned as examples of starting materials of the
      formula (II): 1-phenoxy-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one,
      1-(2'-chlorophenoxy)-1-[imidazolyl(1)]-3,3-dimethyl-butan-2-one,
      1-(3'-chlorophenoxy)-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one,
      1-(4'-chlorophenoxy)-1-[imidazolyl-(1)]-3,3-dimethylbutan-2-one,
      1-(4'-fluorophenoxy)-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one,
      .omega.-(4'-chlorophenoxy)-.omega.-[imidazolyl-(1)]-acetophenone,
      .omega.-phenoxy-.omega.-[imidazolyl-(1)]-acetophenone,
      .omega.-phenoxy-.omega.-[imidazolyl-(1)]-propiophenone,
      1-phenoxy-1-[imidazolyl(1)]-2-cyclohexyl-ethan-2-one,
      1-(4'-bromophenoxy)-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one,
      1-(4'-methylphenoxy)-1-[imidazolyl(1)]-3,3-dimethyl-butan-2-one,
      1-(4'-tert.butylphenoxy)-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one,
      1-(4'-diphenoxy)-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one,
      1-(2'-diphenoxy)- 1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one,
      1-(2',4'-dichlorophenoxy)-1-[imidazolyl-(1)]3,3-dimethyl-butan-2-one,
      1-(2'-methyl-4'-chlorophenoxy)-1-[imidazolyl(1)]-3,3-dimethyl-butan-2-one,
      1-(2',4',5'-trichlorophenoxy)-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one,
      1-(4'-nitrophenoxy)-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one,
      1-phenyl-1-(2',4'-dichlorophenoxy)-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2
     -one and
      1-methyl-1-(2',4'-dichlorophenoxy)-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2
     -one.
PAR  The imidazole derivatives of the formula (II) which can be used according
      to the invention are disclosed in Patent application Ser. No. 219,556,
      filed Jan. 20, 1972, now U.S. Pat. 3,812,142.
PAR  Salts of compounds of the formula (I) which can be used are salts with
      physiologically tolerated acids. Preferred acids include the hydrogen
      halide acids, for example hydrobromic acid and, more especially,
      hydrochloric acid, phosphoric acid, monofunctional and bifunctional
      carboxylic acids and hydroxycarboxylic acids, for example acetic acid,
      maleic acid, succinic acid, fumaric acid, tartaric acid, citric acid,
      salicylic acid, sorbic acid and lactic acid, and
      1,5-naphthalene-disulfonic acid.
PAR  Possible diluents for the reaction according to process variant (a) are
      polar organic solvents, especially alcohols, such as methanol and ethanol,
      and nitriles, such as acetonitrile. The reaction is carried out in the
      presence of a catalyst. Preferably, noble metal, noble metal oxide, noble
      metal hydroxide or Raney catalysts are used, especially platinum, platinum
      oxide and nickel. The reaction temperatures can be varied over a fairly
      wide range: in general, the reaction is carried out at between 20.degree.
      and 50.degree.C, preferably about 20.degree. to 40.degree.C. The reaction
      can be carried out not only under normal pressure, but also under elevated
      pressure, e.g. 1or 2 atmospheres gauge. In the reaction according to
      process variant (a), about 1 mole of hydrogen and 0.1 mole of catalyst are
      generally employed per mole of the compound of the formula (II); to
      isolate the product, the catalyst is filtered off, the filtrate is freed
      from the solvent in vacuo and the resulting compounds of the formula (I)
      are purified by recrystallization. If desired, the salts of the compounds
      according to the invention are obtained according to customary methods.
PAR  If process variant (b) is used, preferred diluents for the reaction
      according to the invention are alcohols, such as isopropanol, or inert
      hydrocarbons, such as benzene. The reaction temperatures can again be
      varied over a fairly wide range; in general, the reaction is carried out
      at between 20.degree.  and 120.degree.C, preferably at about 50.degree. to
      100.degree.C. To carry out the reaction, about 1 to 2 moles of aluminum
      isopropylate are generally employed per mole of the compounds of the
      formula (II). To isolate the compounds of the formula (I), the excess salt
      is removed by distillation in vacuo and the resulting aluminum compound is
      decomposed with dilute sulfuric acid or sodium hydroxide solution. The
      further working up takes place in the customary manner.
PAR  If process variant (c) is used, possible diluents for the reaction are
      polar organic solvents, especially alcohols, such as methanol, ethanol,
      butanol and isopropanol, and ethers, such as diethyl ether or
      tetrahydrofuran. The reaction is generally carried out at 0.degree. to
      30.degree.C, preferably about 0.degree. to 20.degree.C. For this reaction,
      about 1 mole of a complex hydride, such as sodium borohydride or lithium
      alanate, is generally employed per mole of the compounds of the formula
      (II). To isolate the compounds of the formula (I), the residue is taken up
      in dilute hydrochloric acid, subsequently rendered alkaline and extracted
      with an organic solvent. The further working up takes place in the
      customary manner.
PAR  Possible diluents for the reaction according to process variant (d) are
      polar organic solvents, especially alcohols, such as methanol and ethanol,
      as well as water. Here again, the reaction temperatures can be varied over
      a fairly wide range; the reaction is generally carried out at temperatures
      between 20.degree. and 100.degree.C, preferably about 50.degree. to
      100.degree.C. To carry out the reaction, about 1 to 3 moles of
      formamidinesulfinic acid and 2 to 3 moles of alkali metal hydroxide are
      generally employed per mole of the compound of the formula (II). To
      isolate the end products, the reaction mixture is freed from the solvent
      and the residue is extracted with water and organic solvents, worked up in
      the usual manner, and purified; if desired, a salt is prepared.
PAR  In the reaction according to process variant (e), compounds of the general
      formula (I) in which R.sup.3 is not hydrogen are obtained. In contrast
      thereto, the reactions according to process variants (a) to (d) are
      reduction reactions; the compounds of the formula (I) thereby obtained are
      secondary alcohols in which R.sup.3 is hydrogen only.
PAR  The organo-metallic compounds of the formula (III) are in general known; a
      summary and review of numerous publications is to be found, for example,
      in G. E. Coates, "OrganMetallic Compounds", 2nd edition, Methuen and Co.,
      London (1960).
PAR  For the reaction according to process variant (e), anhydrous ethers, such
      as diethyl ether and dibutyl ether are preferably used as reaction media.
      The reaction temperatures will generally be between 0.degree. and
      80.degree.C, preferably about 30.degree. to 60.degree.C. In carrying out
      process variant (e), about 1 mole of the organo-metallic compound of the
      formula (III) is generally employed per mole of the compound of the
      formula (II). The mixtures obtained by organo-metallic reactions are
      worked up in the customary and generally knwon manner.
PAR  The active compounds according to the invention display a strong fungitoxic
      action. They do not harm crop plants in the concentrations required to
      combat fungi. For these reasons, they are suitable for use as plant
      protection agents for combating fungi. Fungitoxic agents in plant
      protection are employed for combating Archimycetes, Phycomycetes,
      Ascomycetes, Basidiomycetes and Fungi Imperfecti.
PAR  The active compounds according to the invention have a very broad spectrum
      of action and can be used against parasitic fungi which attack the
      above-ground parts of plants or attack the plants through the soil, and
      against seed-borne pathogens.
PAR  The active compounds according to the invention display a particularly good
      action against parasitic fungi on above-ground parts of plants, such as
      species of Erysiphe, species of Podosphaera, species of Venturia and also
      species of Piricularia and species of Pellicularia.
PAR  It should be emphasised that the active compounds according to the
      invention not only display a protective action but are also curatively
      active, that is to say they can also be employed after infection has taken
      place. In addition, the systemic action of the compounds should be pointed
      out. Thus it proves possible to protect plants against fungal attack by
      supplying the active compound to the above-ground parts of plants through
      the soil, through the plant or through the seed. As plant protection
      agents, the active compounds according to the invention can be used for
      the treatment of seed and for the treatment of above-ground parts of
      plants.
PAR  The active compounds according to the invention are well tolerated by
      plants. They have only a low toxicity towards warm-blooded animals and
      because of their low odor and good toleration by human skin they are not
      unpleasant to handle.
PAR  The active compounds according to the invention furthermore display a
      plant-growth-regulating activity.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone methyl isobutyl ketone, cyclohexanone, etc.),
      and/or water; as well as inert dispersible finely divided solid carriers,
      such as ground natural minerals (e.g. kaolins, clays, alumina, silica,
      chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides and plant growth
      regulating agents, or insecticides, acaricides, bactericides,
      rodenticides, nematocides, herbicides, bird repellents, fertilizers, plant
      nutrients, agents for improving soil structure, etc., if desired, or in
      the form of particular dosage preparations for specific application made
      therefrom, such as solutions, emulsions, suspensions, powders, pastes, and
      granules which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 1-95% by weight, and preferably 5-90%
      by weight, of the mixture, whereas carrier composition mixtures suitable
      for direct application or field application generally contemplate those in
      which the active compound is present in an amount substantially between
      about 0.00001-10%, preferably 0.001-1%, by weight of the mixture. Thus,
      the present invention contemplates over-all compositions which comprise
      mixtures of a conventional dispersible carrier vehicle such as (1) a
      dispersible inert finely divided carrier solid, and/or (2) a dispersible
      carrier liquid such as an inert organic solvent and/or water preferably
      including a surface-active effective amount of a carrier vehicle
      assistant, e.g. a surface-active agent, such as an emulsifying agent
      and/or a dispersing agent, and an amount of the active compound which is
      effective for the purpose in question and which is generally between about
      0.00001-95%, and preferably 0.01-95%, by weight of the mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  When used as leaf fungicides, the active-compound concentrations in the
      application forms can be varied within a fairly wide range. They are
      generally between 0.1 and 0.00001 per cent by weight and preferably
      between 0.05 and 0.0001 per cent.
PAR  For the treatment of seed, amounts of active compound of 0.001 to 50 g per
      kilogram of seed, preferably 0.01 to 10 g, are generally required.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. fungi, and methods of
      regulating the growth of plants, which comprises applying to at least one
      of correspondingly (a) such fungi, (b) such plants and (c) the
      corresponding habitat thereof, i.e. the locus to be treated, a
      correspondingly combative or toxic amount, i.e. a fungicidally or plant
      growth regulating effective amount, of the particular active compound of
      the invention alone or together with a carrier vehicle as noted above. The
      instant formulations or compositions are applied in the usual manner, for
      instance by spraying, atomizing, vaporizing, scattering, dusting,
      watering, squirting, sprinkling, pouring, fumigating, dry dressing, moist
      dressing, wet dressing, slurry dressing, encrusting, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      on the intended application. Therefore, in special cases it is possible to
      go above or below the aforementioned concentration ranges.
DETD
PAR  The synthesis, unexpected superiority and outstanding activity of the
      particular new compounds of the present invention are illustrated, without
      limitation, by the following examples.
PAC  EXAMPLE 1
PA0  Erysiphe test/systemic
PA0  Solvent: 4.7 parts by weight of acetone
PA0  Dispersing agent: 0.3 part by weight of alkylaryl polyglycol ether
PA0  Water: 95 parts by weight
PAR  The amount of active compound required to give the desired concentration of
      active compound in the watering liquid was mixed with the stated amount of
      solvent and the concentrate was diluted with the stated amount of water
      which contained the stated additives.
PAR  Cucumber plants grown in standard soil, in the 1-2 leaf stage, were watered
      three times within one week with 20 ml of the watering liquid, of the
      stated concentration of active compound, per 100 ml of soil.
PAR  The plants treated in this way were inoculated, after treatment, with
      conidia of the fungus Erysiphe cichoracearum. The plants were then set up
      in a greenhouse at 23.degree.-24.degree.C and 70% relative atmospheric
      humidity. After 12 days, the infection of the cucumber plants was
      determined as a percentage of the untreated, but also inoculated, control
      plants.
PAR  0% denotes no infection and 100% denotes that the infection was exactly as
      great as in the case of the control plants.
PAR  The active compounds, active-compound concentrations and results can be
      seen from the table which follows:
TBL                Table 1                                                     
     ______________________________________                                    
     Erysiphe test / systemic                                                  
                           Infection in % of the                               
                           infection of the un-                                
                           treated control at an                               
                           active compound con-                                
     Active compound       centration of 100 ppm                               
     ______________________________________                                    
                               75                                              
     CH--C(CH.sub.3).sub.3 (4)                                                 
     .vertline.                                                                
     OH                        54                                              
     CH--C(CH.sub.3).sub.3 (3) 25                                              
     .vertline.                                                                
     OH                                                                        
     CH--C(CH.sub.3).sub.3 (11)                                                
                               54                                              
     .vertline.                                                                
     OH                                                                        
     ______________________________________                                    
PAC  EXAMPLE 2
PA0  Shoot treatment test/powdery mildew of cereal/protective (leaf-destructive
      mycosis)
PAR  To produce a suitable preparation of active compound, 0.25 part by weight
      of active compound was taken up in 25 parts by weight of dimethylformamide
      and 0.06 part by weight of alkylaryl polyglycol ether emulsifier, and then
      975 parts by weight of water were added. The concentrate was diluted with
      water to the desired final concentration of the spray liquor.
PAR  To test for protective activity, single-leaved young barley plants of the
      Amsel variety were sprayed with the preparation of active compound until
      dew-moist. After drying, the young barley plants were dusted with spores
      of Erysiphe graminis var. hordei.
PAR  After 6 days' dwell time of the plants at a temperature of
      21.degree.-22.degree.C and 80-90% atmospheric humidity the occurrence of
      mildew pustules on the plants was evaluated. The degree of infection was
      expressed as a percentage of the infection of the untreated control
      plants. 0% denotes no infection and 100% denotes the same degree of
      infection as in the case of the untreated control. The active compound is
      the more active, the lower the degree of rust infection.
PAR  The active compounds, active-compound concentration in the spray liquor and
      degrees of infection can be seen from the table which follows:
TBL                                    Table 2                                 
     __________________________________________________________________________
     Shoot treatment test/powdery mildew of cereal/protective                  
                             Active compound con-                              
                             centration in the spray                           
                                          Infection in % of                    
     Active compounds        liquor in % by weight                             
                                          the untreated control                
     __________________________________________________________________________
     untreated                   --           100.0                            
                                 0.001        100.0                            
     CH--C(CH.sub.3).sub.3 (6)   0.001         33.8                            
     .vertline.                                                                
     OH                                                                        
     CH--C(CH.sub.3).sub.3 (4)   0.001         0.0                             
     .vertline.                  0.0005        41.3                            
     OH                                                                        
     CH--C(CH.sub.3).sub.3 (3)   0.001         10.0                            
     .vertline.                  0.0005        41.3                            
     OH                                                                        
     CH--C(CH.sub.3).sub.3 (7)   0.001         25.0                            
     .vertline.                                                                
     OH                                                                        
     __________________________________________________________________________
PAC  EXAMPLE 3
PA0  Shoot treatment test/powdery mildew of cereal/curative (leaf-destructive
      mycosis)
PAR  To produce a suitable preparation of active compound, 0.25 part by weight
      of active compound was taken up in 25 parts by weight of dimethylformamide
      and 0.06 part by weight of alkylaryl polyglycol ether and then 975 parts
      by weight of water were added. The concentrate was diluted with water to
      the desired final concentrations of the spray liquor.
PAR  To test for curative activity, the procedure followed was analogous to that
      in Example 2, but in converse sequence. The treatment of the single-leaved
      young barley plants with the preparation of active compound took place 48
      hours after the inoculation, when the infection was already manifest.
PAR  After 6 days' dwell time of the plants at a temperature of
      21.degree.-22.degree.C and 80-90% atmospheric humidity the occurrence of
      mildew pustules on the plants was evaluated. The degree of infection was
      expressed as a percentage of the infection of the untreated control
      plants. 0% denotes no infection and 100% denotes the same degree of
      infection as in the case of the untreated control. The active compound is
      the more active, the lower the degree of infection with rust.
PAR  The active compounds, active-compound concentrations in the spray liquor
      and degrees of infection can be seen from the table which follows.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Shoot treatment test/cereal mildew/curative                               
                         Active compound con-                                  
                         centration in the spray                               
                                      Infection in % of                        
     Active compounds    liquor in % by weight                                 
                                      the untreated control                    
     __________________________________________________________________________
     untreated               --           100.0                                
     CH--C(CH.sub.3).sub.3 (4)                                                 
                             0.01          0.0                                 
     .vertline.              0.001         0.0                                 
     OH                                                                        
     CH--C(CH.sub.3).sub.3 (3)                                                 
                             0.01          0.0                                 
     .vertline.              0.001         6.3                                 
     OH                                                                        
                             0.01          87.5                                
     __________________________________________________________________________
PAR  The process of the present invention is illustrated in the following
      preparative Examples.
PAC  EXAMPLE 4
      ##EQU8##
      Method (a)
PAR  25.8 (0.1 mole) of 1-phenoxy-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one
      were dissolved in 250 ml of methanol and 5.9 g (0.15 mole) of sodium
      borohydride were introduced in portions into this solution at 5.degree. to
      10.degree.C while stirring and using a reflux condenser. After stirring
      for 15 hours at room temperature, 20 ml of concentrated hydrochloric acid
      were added and the reaction mixture was stirred for a further 15 hours at
      room temperature and then poured into 300 ml of saturated sodium
      bicarbonate solution. The mixure was extracted twice with 100 ml of
      methylene chloride, the combined organic phases were washed twice with 100
      ml of water and dried over sodium sulfate, and the solvent was distilled
      off in a water pump vacuum. The residue was triturated with 30 ml of
      petroleum ether.
PAR  21.6 g (83% of theory) of
      1-phenoxy-1-[imidazolyl-(1)]-2-hydroxy-3,3-dimethyl-butane of melting
      point 99.degree.-105.degree.C (a mixture of the erythro form and threo
      form) were obtained.
PA0  Method (b)
PAR  12.3 g (0.048 mole) of
      1-phenoxy-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one were dissolved in 50
      ml of anhydrous ether. This solution was added dropwise to a suspension of
      2.6 g (0.07 mole) of lithium aluminum hydride in 80 ml of anhydrous ether
      and the reaction mixture was heated for one hour under reflux and left to
      stand overnight. Water was then added dropwise to the reaction mixture,
      while cooling with ice, in order to destroy excess lithium aluminum
      hydride. The mixture was then introduced into 20% strength cold sodium
      hydroxide solution and extracted twice with 100 ml of ether. The combined
      organic phases were dried over sodium sulfate and the solvent is distilled
      off in vacuo. The resulting oil was boiled up with petroleum ether,
      whereupon it crystallized. The precipitate was filtered off hot.
PAR  1.6 g (13% of theory) of
      erythro-1-phenoxy-1-[imidazolyl-(1)]-2-hydroxy-3,3-dimethyl-butane of
      melting point 125.degree.C were obtained.
PAR  The filtrate was cooled. This again produced a precipitate, which was
      filtered off. From this fraction, 1.4 g (11% of theory) of
      threo-1-phenoxy-[1-imidazolyl-(1)]-2-hydroxy-3,3-dimethyl-butane of
      melting point 106.degree.-107.degree.C were obtained.
PAR  The compounds listed in Table 4 which follows were prepared analogously:
TBL                                    Table 4                                 
     __________________________________________________________________________
                  R.sup.2 OH                                                   
                  .vertline..vertline.                                         
                  R.sup.1 O--C------C--R.sup.4                                 
                            (I)                                                
                  .vertline.                                                   
                  R.sup.3                                                      
     Compound                        Melting point,                            
     No.        R.sup.1 R.sup.2                                                
                             R.sup.3                                           
                                 R.sup.4                                       
                                     .degree.C                                 
                                            Method                             
     __________________________________________________________________________
     2                  H    H  C(CH.sub.3).sub.3                              
                                     116    (a)                                
     3                  H    H  C(CH.sub.3).sub.3                              
                                     145-147                                   
                                            (a)                                
     4                  H    H  C(CH.sub.3).sub.3                              
                                     173-174                                   
                                            (a)                                
     5                  H    H  C(CH.sub.3).sub.3                              
                                     103-105                                   
                                            (a)                                
     6                  H    H  C(CH.sub.3).sub.3                              
                                     145-150                                   
                                            (a)                                
     7                  H    H  C(CH.sub.3).sub.3                              
                                     127-129                                   
                                            (a)                                
     8                  H    H  C(CH.sub.3).sub.3                              
                                     136-148                                   
                                            (a)                                
     9                  H    H  C(CH.sub.3).sub.3                              
                                     101-109                                   
                                            (a)                                
     10                 H    H  C(CH.sub.3).sub.3                              
                                     hydrochloride                             
                                            (a)                                
                                     190-210                                   
     11                 H    H  C(CH.sub.3).sub.3                              
                                      95-102                                   
                                            (a)                                
     12                      H  C(CH.sub.3).sub.3                              
                                     159-160                                   
                                            (b)                                
     13                 H    CH.sub.3                                          
                                C(CH.sub.3).sub.3                              
                                     162-163                                   
                                             (c)*                              
     14                 H    H  C(CH.sub.3).sub.3                              
                                     89-95  (a)                                
     15                 H    H  C(CH.sub.3).sub.3                              
                                     110-113                                   
                                            (a)                                
     16                 H    H  C(CH.sub.3).sub.3                              
                                     102-4  (a)                                
     __________________________________________________________________________
PAR  *Compound (13) was prepared in accordance with Method as follows;
PAR  To a suspension of 4.8 g (0.22 mole) magnesium turnings in 50 ml of
      anhydrous ether were added dropwise 31.2 g (0.22 mole) methyl iodide in
      100 ml of anhydrous ether while stirring and using a reflux condenser.
      After the addition, a solution of 29.3 g (0.1 mole)
      1-(4'-chlorophenoxy)-1-[imidazolyl-(1)]-3,3-dimethyl-butan-2-one in 100 ml
      of anhydrous ether was added dropwise. The mixture was refluxed for 18
      hours. After cooling the mixture was introduced into a solution of 80 g
      ammonium chloride in 600 ml of water. After addition of ethyl acetate and
      subsequent stirring, the organic layer was separated, washed with water
      and dried. After evaporation of the solvent, the residue was digested in
      hot petroleum ether, remaining undissolved, and filtered off hot. 11 g
      (36% of theory) of
      1-(4'-chlorophenoxy)-1-[imidazolyl-(1)]-2-hydroxy-3,3-dimethyl-butane of
      melting point 162.degree.-163.degree.C were obtained.
PAR  In an analogous manner the following compounds can be prepared:
TBL  R.sup.1       R.sup.2  R.sup.3        R.sup.4                             
                                                Method                         
     __________________________________________________________________________
                   H        H          C(CH.sub.3).sub.3                       
                                                (a)                            
                   H        H          C(CH.sub.3).sub.3                       
                                                (b)                            
                   H        H          C(CH.sub.3).sub.3                       
                                                (b)                            
                   H        H          C(CH.sub.3).sub.3                       
                                                (a)                            
                   H        H          C(CH.sub.3).sub.3                       
                                                (a)                            
                   H        H          C(CH.sub.3).sub.3                       
                                                (a)                            
                   H        H          C(CH.sub.3).sub.3                       
                                                (a)                            
                   H        H          C(CH.sub.3).sub.3                       
                                                (a)                            
                   H        CH.sub.3   C(CH.sub.3).sub.3                       
                                                (c)                            
                            H          C(CH.sub.3).sub.3                       
                                                (a)                            
                   H        H                   (a)                            
                   H        H                   (a)                            
                   H        H          CH.sub.3 (a)                            
                   C(CH.sub.3).sub.3                                           
                            H          CH.sub.3 (a)                            
                   H        H                   (a)                            
                   H        H                   (a)                            
                   H                   C(CH.sub.3).sub.3                       
                                                (c)                            
                   H        --CH.sub.2 --CH=CH.sub.2                           
                                       C(CH.sub.3).sub.3                       
                                                (c)                            
     __________________________________________________________________________
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An imidazole of the formula
      ##EQU9##
      in which R.sup.1 is optionally monosubstituted or disubstituted phenyl the
      substituents being selected from halogen, straight-chain or branched alkyl
      with 1 to 6 carbon atoms, alkoxy and alkylthio with, in either case, 1 to
      4 carbon atoms, halogenoalkyl with 1 or 2 carbon atoms and 1 to 5 halogen
      atoms, halogenoalkoxy and halogenoalkylthio with, in either case, 1 or 2
      carbon atoms and 3 to 5 halogen atoms, carbalkoxy with 1 to 4 carbon atoms
      in the alkoxy moiety, o- and p-phenyl, and nitro;
PA1  R.sup.2 is hydrogen, straight-chain or branched alkyl with 1 to 6 carbon
      atoms or optionally monosubstituted phenyl, the substituents being
      selected from halogen, straight-chain or branched alkyl with 1 to 6 carbon
      atoms, alkoxy and alkylthio with, in either case, 1 to 4 carbon atoms,
      halogenoalkyl with 1 or 2 carbon atoms and 1 to 5 halogen atoms,
      halogenoalkoxy and halogenoalkylthio with, in either case, 1 or 2 carbon
      atoms and 3 to 5 halogen atoms, carbalkoxy with 1 to 4 carbon atoms in the
      alkoxy moiety, o- and p-phenyl, and nitro;
PA1  R.sup.3 is hydrogen, alkyl or alkenyl with up to 6 carbon atoms, cycloalkyl
      with 5 to 6 carbon atoms, optionally substituted benzyl, the substituents
      being selected from fluorine, chlorine and alkyl and alkoxy, each with up
      to 4 carbon atoms; and
PA1  R.sup.4 is straight-chain or branched alkyl with 1 to 6 carbon atoms,
      straight-chain or branched alkenyl with 2 to 6 carbon atoms, cycloalkyl
      with 5 to 7 carbon atoms, optionally substituted phenyl, the substituents
      being selected from fluorine, chlorine and alkyl and alkoxy each with up
      to 4 carbon atoms,
PAL  or a salt thereof with fungicidal or plant growth-regulating activity.
NUM  2.
PAR  2. The compound according to claim 1 wherein such compound is
      1-p-chlorophenoxy-1-[imidazolyl-(1)]-2-hydroxy-3,3-dimethy-butane of the
      formula
      ##SPC2##
PAL  or a salt thereof.
NUM  3.
PAR  3. The compound according to claim 1 wherein such compound is
      1-p-bromophenoxy-1-[imidazolyl-(1)]-2-hydroxy-3,3-dimethyl-butane of the
      formula
      ##SPC3##
PAL  or a salt thereof.
NUM  4.
PAR  4. The compound according to claim 1 wherein such compound is
      1-p-fluorophenoxy-1-[imidazolyl-(1)]-2-hydroxy-3,3-dimethyl-butane of the
      formula
      ##SPC4##
PAL  or a salt thereof.
NUM  5.
PAR  5. The compound according to claim 1 wherein such compound is
      1-o,p-dichlorophenoxy-1-[imidazolyl-(1)]-2-hydroxy-3,3-dimethyl-butane of
      the formula
      ##SPC5##
PAL  or a salt thereof.
NUM  6.
PAR  6. The compound according to claim 1 wherein such compound is
      1-o,p-dichlorophenoxy-1-[imidazolyl-(1)]-1-phenyl-2-hydroxy-3,3-dimethyl-b
     utane of the formula
      ##SPC6##
PAL  or a salt thereof.
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ABST
PAL  1-(IMIDAZOLYL-1')-2-ARYLOXY-3-HYDROXY-ALKANES OF THE FORMULA
      ##EQU1##
      in which R.sup.1 is optionally substituted aryl,
PA1  R.sup.2 is hydrogen, alkyl, cycloalkyl, alkenyl, optionally substituted
      aryl or optionally substituted aralkyl, and
PA1  R.sup.3 is alkyl or cycloalkyl, or can be hydrogen if R.sup.2 is not
      hydrogen,
PAL  And their salts, which possess fungicidal properties.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new 1-(imidazolyl-1')-2-aryloxy-3-hydroxy-alkanes, which
      possess fungicidal properties, active compositions in the form of mixtures
      of such compounds with solid and liquid dispersible carrier vehicles, and
      methods for producing such compounds and for using such compounds in a new
      way especially for combating pests, e.g. fungi, with other and further
      objects becoming apparent from a study of the within specification and
      accompanying examples.
PAR  It has been disclosed in Pat. 3,321,366 that tritylimidazoles, such as
      triphenylmethyl-imidazole (Compound A) or
      (phenyl-bis-chlorophenyl-methyl)-imidazole (Compound B), possess a good
      fungicidal activity. However, their action is not always entirely
      satisfactory, especially if low amounts and low concentrations are used.
      Furthermore, it is generally known that zinc
      ethylene-1,2-bis-dithiocarbamate (Compound C) exhibits an activity against
      fungal diseases of cereals. Its action, too, is not always satisfactory if
      low amounts and low concentrations are used.
PAR  The present invention provides, as new compounds, the 1-propyl-imidazolyl
      derivatives of the general formula
      ##EQU2##
      in which R.sup.1 is optionally substituted aryl,
PA1  R.sup.2 is hydrogen, alkyl, cycloalkyl, alkenyl, optionally substituted
      aryl or optionally substituted aralkyl, and
PA1  R.sup.3 is alkyl or cycloalkyl, or can be hydrogen if R.sup.2 is not
      hydrogen,
PAL  And their salts.
PAR  Surprisingly, the active compounds according to the invention exhibit a
      substantially greater fungicidal action than the known compound
      triphenylmethyl-imidazole and the other chemically nearest active
      compounds. The active compounds according to the invention thus represent
      an enrichment of the art.
PAR  Preferably R.sup.1 is an optionally monosubstituted or poly- (e.g., di-)
      substituted aryl radical with 6 to 10 carbon atoms, especially with 6
      carbon atoms, the preferred substituents being halogen, especially
      fluorine, chlorine or bromine, straight-chain or branched alkyl with 1 to
      6, especially 1 to 4, carbon atoms, alkoxy, alkylthio and alkylsulfonyl
      with 1 to 4, especially 1 or 2, carbon atoms, halogenoalkyl with 1 or 2
      carbon atoms and 1 to 5 halogen atoms, especially fluorine and chlorine,
      halogenoalkoxy and halogenoalkylthio with 1 or 2 carbon atoms and 3 to 5
      halogen atoms, especially fluorine and chlorine, for example
      chlorodifluoromethylthio and chlorodifluoromethoxy, alkoxycarbonyl with 1
      to 4 carbon atoms in the alkoxy moiety, phenyl in the o- and p-position,
      amino and nitro; R.sup.2 is hydrogen, alkyl with up to 6, especially up to
      4, carbon atoms, or aralkyl with 6 to 10 carbon atoms in the aryl moiety,
      which may be substituted (e.g., mono-), and 1 or 2 carbon atoms in the
      alkyl moiety, preferred substituents on the aryl moiety being fluorine,
      chlorine, alkyl with up to 4 carbon atoms and alkoxy with up to 4 carbon
      atoms; R.sup.3 is straight-chain or branched alkyl with 1 to 6,especially
      1 to 4, carbon atoms, or cycloalkyl with 5 to 7, especially 5 to 6, carbon
      atoms, or can be hydrogen if R.sup.2 does not denote hydrogen.
PAR  The compounds of the formula (I) possess two assymetrical carbon atoms and
      can therefore exist in the erythro form and in the threo form; in both
      cases they are predominantly obtained as racemates.
PAR  The present invention also provides a process for the preparation of a
      compound of the present invention, in which a 1-ethyl-imidazole of the
      general formula
      ##EQU3##
      in which R.sup.1 and R.sup.3 have the above-mentioned meanings,
PA0  a. is reduced with hydrogen in the presence of a catalyst and optionally in
      the presence of a polar solvent, or
PA0  b. is reduced with aluminum isopropylate in the presence of a solvent, or
PA0  c. is reduced with a complex hydride, optionally in the presence of a polar
      solvent, or
PA0  d. is reduced with formamidinesulfinic acid and an alkali metal hydroxide,
      optionally in the presence of a polar solvent, or
PA0  e. is reacted with an organo-metallic compound of the general formula
EQU  M-R.sup.2                                                  (III),
PAL  in which
PA1  R.sup.2 has the above-mentioned meaning (except hydrogen),
PAL  and
PA1  M is an alkali metal or the radical X-Mg
PAL  wherein
PA1  X is chlorine, bromine or iodine,
PAL  in the presence of an inert solvent,
PAL  the 1-propyl-imidazole derivative prepared in any of process variants (a) -
      (e) being converted, if desired, into a salt thereof.
PAR  If 2-p-chlorophenoxy-1-(imidazolyl-1')-4,4-dimethylpentan-3-one and
      hydrogen are used as starting materials in process variant (a), the course
      of the reaction can be represented by the following equation:
      ##SPC1##
PAR  If 2-p-chlorophenoxy-1-(imidazolyl-1')-4,4-dimethylpentan-3-one and
      aluminum isopropylate are used as starting compounds in process variant
      (b), the course of the reaction can be represented by the following
      equation:
      ##SPC2##
PAR  If 2-p-chlorophenoxy-1-(imidazolyl-1')-4,4-dimethylpentan-3-one and sodium
      borohydride are used as starting compounds in process variant (c), the
      course of the reaction can be represented by the following equation:
      ##SPC3##
PAR  If 2-p-chlorophenoxy-1-(imidazolyl-1')-4,4-dimethylpentan-3-one and
      formamidinesulfinic acid are used as starting compounds in process variant
      (d), the course of the reaction can be represented by the following
      equation:
      ##SPC4##
PAR  If 2-p-chlorophenoxy-1-(imidazolyl-1')-4,4-dimethylpentan-3-one and
      methyl-magnesium iodide are used as starting compounds in process variant
      (e), the course of the reaction can be represented by the following
      equation:
      ##SPC5##
      ##SPC6##
PAR  The following may be mentioned as examples of starting compounds of the
      formula (II):
      1-(imidazolyl-1')-2-(p-chlorophenoxy)-4,4-dimethyl-pentan-3-one,
      1-(imidazolyl-1')-2-(m-chlorophenoxy)-4,4-dimethyl-pentan-3-one,
      1-(imidazolyl-1')-2-(3,4-dichlorophenoxy)-4,4-dimethyl-pentan-3-one,
      1-(imidazolyl-1')-2-(p-fluorophenoxy)-4,4-dimethyl-pentan-3-one,
      1-(imidazolyl-1')-2-(o-chlorophenoxy)-4,4-dimethyl-pentan-3-one,
      1-(imidazolyl-1')-2-(2-methyl-4-chlorophenoxy)-4,4-dimethyl-pentan-3-one
      and 1-(imidazolyl-1')-2-phenoxy-3-cyclohexylpropan-3-one.
PAR  The 1-ethyl-imidazoles of the formula (II) which can be used according to
      the invention have not previously been described in the literature.
      However, they form the subject of application Ser. No. 390,042, filed Aug.
      20, 1973, now pending, the disclosure of which is incorporated herein by
      reference, and can be prepared in accordance with the methods described
      there, either by reacting alkyl-(1-aryloxy-2-halogenoethyl)-ketones or
      alkyl-(1-aryloxy-2-hydroxyethyl)-ketones or corresponding aldehydes with
      imidazole, optionally in the presence of a high-boiling solvent, for
      example toluene, and in the presence of an acid-binding agent or agent
      which eliminates water, at temperatures of 80.degree. to 150.degree.C, or,
      in accordance with another process, by reacting
      alkyl-(1-aryloxy-1-halogenoethyl)-ketones or corresponding aldehydes with
      imidazole in a polar solvent, for example acetonitrile, in the presence of
      an acid-binding agent, at temperatures of 60.degree. to 120.degree.C. The
      compounds of the formula (II) are isolated, and purified, in the usual
      manner. In the second method for the synthesis of the 1-ethyl-imidazoles
      of the formula (II), 1-bromoethyl compounds are preferably employed. In
      this case, the imidazolyl radical does not react with the carbon atom
      which has lost the bromine atom, but with the adjacent carbon atom, and a
      compound of the general formula (II) is produced.
PAR  The alkyl-(1-aryloxy-2-hydroxyethyl)-ketones used, in the first-mentioned
      variant, as starting materials for the intermediates, have not previously
      been disclosed in the literature, but can be prepared according to
      generally customary methods. For example, they are obtained by condensing
      phenols or naphthols with halogenoketones in a known manner and reacting
      the resulting ether-ketone, in accordance with customary methods, in the
      presence of alkali, for example aqueous sodium hydroxide solution, with
      formaldehyde or a formaldehyde donor, for example a 40% strength aqueous
      formaldehyde solution, in an inert organic solvent, for example ethanol,
      at an elevated temperature, for example the boiling point of the reaction
      mixture, and isolating and purifying the desired products in the usual
      manner.
PAR  The alkyl-(1-aryloxy-2-halogenoethyl)-ketones used, in the first-mentioned
      variant, as starting materials for the intermediates, have also not
      previously been described, but can be prepared according to customary
      methods, for example by reacting a corresponding ether-ketone with
      formaldehyde or a formaldehyde donor in the presence of alkali, as
      explained above, and then reacting the resulting compound with a
      halogenating agent, such as thionyl chloride, in an inert polar organic
      solvent, such as, for example, methylene chloride, at room temperature,
      and isolating the desired end products in the usual manner and purifying
      them if appropriate.
PAR  The alkyl-(1-aryloxy-2-halogenoethyl)-ketones used in the second variant
      mentioned, as starting materials for the intermediates, have not
      previously been described but can be prepared according to generally
      customary methods, for example by reacting phenols or naphthols with a
      1-halogenoethyl-ketone in the usual manner. The active .alpha.-hydrogen
      atom of the 1-aryloxyethyl-ketone thereby obtained is subsequently
      replaced by halogen in the usual manner, for example by means of
      elementary bromine in carbon tetrachloride at 40.degree.-50.degree.C. The
      desired product is isolated in a known manner and is purified if
      appropriate.
PAR  Preferred salts of the compounds of the formula (I) are salts with
      physiologically tolerated acids, especially the hydrogen halide acids,
      such as hydrobromic acid and, more especially, hydrochloric acid,
      phosphoric acid, monofunctional and bifunctional carboxylic acids and
      hydroxycarboxylic acids, such as acetic acid, maleic acid, succinic acid,
      fumaric acid, tartaric acid, citric acid, salicylic acid, sorbic acid and
      lactic acid, and 1,5-naphthalenedisulfonic acid.
PAR  Possible diluents for the reaction in accordance with process variant (a)
      are polar organic solvents, especially alcohols, such as methanol and
      ethanol, and nitriles, such as acetonitrile. The reaction is carried out
      in the presence of a catalyst. Preferably, noble metal catalysts, noble
      metal oxide catalysts (or noble metal hydroxide catalysts) or socalled
      "Raney catalysts" are used, especially platinum, platinum oxide and
      nickel. The reaction temperatures can be varied over a fairly wide range.
      In general, the reaction is carried out at between 20.degree. and
      50.degree.C. Preferably at between about 20.degree. and 40.degree.C. The
      reaction can be carried out not only under normal pressure but also under
      elevated pressure, e.g. 1 to 2 atmospheres gauge. In the reaction
      according to variant (a), about 1 mole of hydrogen and about 0.1 mole of
      catalyst are generally employed per mole of the compound of the formula
      (II); to isolate the compounds, the catalyst is filtered off, the solvent
      is removed in vacuo and the resulting product of the formula (I) is
      purified by recrystallization. If desired, a salt of the compound thus
      prepared is obtained according to customary methods.
PAR  If variant (b) is employed, preferred diluents for the reaction according
      to the invention are alcohols, such as isopropanol, or inert hydrocarbons,
      such as benzene. The reaction temperatures can again be varied over a
      fairly wide range; in general, the reaction is carried out at between
      20.degree. and 120.degree.C, preferably at about 50.degree. to
      100.degree.C. To carry out the reaction, about 1 to 2 moles of aluminum
      isopropylate are generally employed per mole of the compound of the
      formula (II). To isolate the compound of the formula (I), the excess
      solvent is removed by distillation in vacuo and the resulting aluminum
      compound is decomposed with dilute sulfuric acid or sodium hydroxide
      solution. The further working up is carried out in the usual manner.
PAR  If variant (c) is employed, possible diluents for the reaction according to
      the invention are polar organic solvents, especially alcohols, such as
      methanol, ethanol, butanol and isopropanol, and ethers, such as diethyl
      ether or tetrahydrofuran. The reaction is generally carried out at from
      0.degree. to 30.degree.C, preferably at about 0.degree. to 20.degree.C.
      About 1 mole of a complex hydride, such as sodium borohydride or lithium
      alanate, is generally employed per mole of the compound of the formula
      (II). To isolate the compound of the formula (I), the residue is taken up
      in dilute hydrochloric acid and the mixture is then rendered alkaline and
      extracted with an organic solvent. The further working up is carried out
      in the usual manner.
PAR  Possible diluents for the reaction in accordance with variant (d), are
      polar organic solvents, especially alcohols, such as methanol and ethanol,
      and also water. Here again, the reaction temperatures can be varied over a
      fairly wide range; the reaction is carried out at temperatures between
      20.degree. and 100.degree.C, preferably at about 50.degree. to
      100.degree.C. To carry out the reaction, about 1 to 3 moles of
      formamidinesulfinic acid and 2 to 3 moles of alkali metal hydroxide are
      employed per mole of the compounds of the formula (II). To isolate the end
      product, the reaction mixture is freed from the solvent and the residue is
      extracted with water and organic solvents, worked up in the usual manner
      and purified; a salt thereof may be prepared if desired.
PAR  In the reaction according to process variant (e), compounds of the general
      formula (I) in which R.sup.2 is not hydrogen are obtained. In contrast,
      the reactions according to process variants (a) to (d) are reduction
      reactions; the compounds of the formula (I) thereby obtained are secondary
      alcohols in which R.sup.2 in each case is only hydrogen.
PAR  M in the formula (III) is preferably lithium, sodium or a so-called
      "Grignard grouping" Mg-X, wherein X represents chlorine, bromine or
      iodine. Organo-metallic compounds of the formula (III) are known; a
      summary and survey of numerous publications is to be found, for example,
      in G. E. Coates "Organo-Metallic Compounds", 2nd edition, Methuen and Co.,
      London (1960).
PAR  For the reaction in accordance with process variant (e), anhydrous ethers,
      such as diethyl ether, dibutyl ether and cyclic ethers, such as
      tetrahydrofuran, are preferentially employed. The reaction temperatures
      can be varied between about 0.degree. and 80.degree.C, preferably between
      30.degree. and 60.degree.C. In carrying out process variant (e), about 1
      mole of the organo-metallic compound of the formula (III) is generally
      employed per mole of the compound of the formula (II). The products
      obtained by organo-metallic reactions are worked up in the customary and
      generally known manner.
PAR  The active compounds according to the invention exhibit a strong fungitoxic
      action. They do not harm crop plants in the concentrations required to
      combat fungi. For these reasons, they are suitable for use as plant
      protection agents for combating fungi. Fungitoxic agents are employed in
      plant protection to combat Archimycetes, Phycomycetes, Ascomycetes,
      Basidiomycetes and Fungi Imperfecti.
PAR  The active compounds according to the invention have a very broad spectrum
      of action and can be used against parasitic fungi which attack
      above-ground parts of plants or which attack the plants through the soil,
      and against seed-borne pathogens.
PAR  The active compounds exhibit a particularly good action against parasitic
      fungi on above-ground parts of plants, such as species of Erysiphe,
      species of Fusicladium, species of Podosphaera, species of Venturia and
      also species of Pyricularia and species of Pellicularia.
PAR  It should be emphasised that the active compounds according to this
      invention not only exhibit a protective action but are also curatively
      active, that is to say can also be employed after infection has taken
      place. Furthermore, the systemic action of the compounds should be pointed
      out. Thus it proves possible to protect plants against fungal attack by
      supplying the active compound to the above-ground parts of plants through
      the soil, through the plant or through the seed. As plant protection
      agents, the active compounds according to the invention can be used for
      the treatment of seed and for the treatment of above-ground parts of
      plants.
PAR  The compounds according to the invention are well tolerated by plants. They
      have only a low toxicity towards warm-blooded animals and because of their
      low odor and their good toleration by human skin they are not unpleasant
      to handle.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
      etc.), and/or water; as well as inert dispersible finely divided solid
      carriers, such as ground natural minerals (e.g. kaolins, clays, alumina,
      silica, chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides, or insecticides,
      acaricides, rodenticides, bactericides, nematocides, herbicides,
      fertilizers, growth-regulating agents, bird repellents, plant nutrients,
      agents for improving the soil structure, etc., if desired, or in the form
      of particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for us.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably 5-90%
      by weight, of the mixture, whereas carrier composition mixtures suitable
      for direct application or field application generally contemplate those in
      which the active compound is present in an amount substantially between
      about 0.0001-10%, preferably 0.01-1%, by weight of the mixture. Thus, the
      present invention contemplates over-all compositions which comprise
      mixtures of a conventional dispersible carrier vehicle such as (1) a
      dispersible inert finely divided carrier solid, and/or (2) a dispersible
      carrier liquid such as an inert organic solvent and/or water preferably
      including a surface-active effective amount of a carrier vehicle
      assistant, e.g. a surface-active agent, such as an emulsifying agent
      and/or a dispersing agent, and an amount of the active compound which is
      effective for the purpose in question and which is generally between about
      0.0001-95%, and preferably 0.01-95%, by weight of the mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  Especially when used as leaf fungicides, the concentrations of active
      compound in the use forms can be varied within a fairly wide range. In
      general, the concentrations are from 0.1 to 0.00001 per cent by weight,
      preferably from 0.05 to 0.0001 per cent.
PAR  In treatment of seed, amounts of active compound of 0.001 to 50 g,
      preferably 0.01 to 10 g, per kilogram of seed are required in general.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. fungi, which comprises
      applying to at least one of correspondingly (a) such fungi, and (b) the
      corresponding habitat thereof, i.e. the locus to be protected, e.g. to a
      growing crop, to an area where a crop is to be grown or to a domestic
      animal, a correspondingly combative or toxic amount, i.e. fungicidally
      effective amount, of the particular active compound of the invention alone
      or together with a carrier vehicle as noted above. The instant
      formulations or compositions are applied in the usual manner, for instance
      by spraying, atomizing, vaporizing, scattering, dusting, watering,
      squirting, sprinkling, pouring, fumigating, dry dressing, moist dressing,
      wet dressing, slurry dressing, encrusting, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The unexpected superiority and outstanding activity of the particular new
      compounds of the present invention are illustrated, without limitation, by
      the following examples.
PAC  EXAMPLE 1
PA0  Fusicladium test (apple scab)/protective
PA0  Solvent: 4.7 parts by weight of acetone
PA0  Emulsifier: 0.3 part by weight of alkylaryl polyglycol ether
PA0  Water: 95 parts by weight
PAR  The amount of active compound required for the desired concentration of the
      active compound in the spray liquid was mixed with the stated amount of
      solvent, and the concentrate was diluted with the stated amount of water
      which contained the stated additions.
PAR  Yound apple seedlings in the 4 - 6 leaf stage were sprayed with the spray
      liquid until dripping wet. The plants remained in a greenhouse for 24
      hours at 20.degree.C and at a relative atmospheric humidity of 70%. They
      were then inoculated with an aqueous conidium suspension of the apple scab
      causative organism (Fusicladium dendriticum Fuckel) and incubated for 18
      hours in a humidity chamber at 18.degree. - 20.degree.C and at a relative
      atmospheric humidity of 100%.
PAR  The plants were again brought into a greenhouse for 14 days.
PAR  15 days after inoculation, the infection of the seedlings was determined as
      a percentage of the untreated but also inoculated control plants.
PAR  0% means no infection; 100% means that the infection was exactly as great
      as in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from the following table.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Fusicladium test/protective                                               
     Active compound         Infection in % of the                             
                             infection of the un-                              
                             treated control at an                             
                             active compound con-                              
                             centration of 0.01%                               
     __________________________________________________________________________
     H.sub.5 C.sub.6 --C--C.sub.6 H.sub.5                                      
                        (known)                                                
                             75                                                
     .vertline.                                                                
     C.sub.6 H.sub.5    (A)                                                    
                             20                                                
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     Erysiphe test/systemic                                                    
     Active compound         Infection in % of the                             
                             infection of the un-                              
                             treated control at an                             
                             active compound con-                              
                             centration of 100 ppm                             
     __________________________________________________________________________
                        (known)                                                
                             75                                                
     H.sub.5 C.sub.6 --C--C.sub.6 H.sub.5                                      
     .vertline.                                                                
     C.sub.6 H.sub.5                                                           
                              0                                                
     __________________________________________________________________________
PAC  EXAMPLE 3
PA0  Shoot treatment test/powdery mildew of cereals/protective (Leaf-destructive
      mycosis)
PAR  To produce a suitable preparation of active compound, 0.25 part by weight
      of active compound was taken up in 25 parts by weight of dimethylformamide
      and 0.06 part by weight of emulsifier W and 975 parts by weight of water
      were added. The concentrate was diluted with water to the desired final
      concentration.
PAR  To test for protective activity, single-leaved young barley plants of the
      Amsel variety were sprayed with the preparation of active compound until
      dew-moist. After drying, the young barley plants were dusted with spores
      of Erysiphe graminis var. hordei.
PAC  EXAMPLE 2
PA0  Erysiphe test/systemic
PA0  Solvent: 4.7 parts by weight of acetone
PA0  Emulsifier: 0.3 part by weight of alkylaryl polyglycol ether
PA0  Water: 95 parts by weight
PAR  The amount of active compound required to give the desired concentration of
      active compound in the watering liquid was mixed with the stated amount of
      solvent and the concentrate was diluted with the stated amount of water
      which contained the stated additives.
PAR  Cucumber plants grown in standard soil, in the 1-2 leaf stage, were watered
      once within one week with 20 ml of the watering liquid, of the stated
      concentration of active compound, per 100 ml of soil.
PAR  The plants treated in this way were inoculated, after treatment, with
      conidia of the fungus Erysiphe cichoracearum. The plants were then set up
      in a greenhouse at 23.degree.-24.degree.C and 70% relative atmospheric
      humidity. After 12 days, the infection of the cucumber plants was
      determined as a percentage of the untreated, but also inoculated, control
      plants.
PAR  0% denotes no infection and 100% denotes that the infection was exactly as
      great as in the case of the control plants.
PAR  The active compounds, active compound concentrations and results can be
      seen from the table which follows.
PAR  After 6 days' dwell time of the plants at a temperature of
      21.degree.-22.degree.C and 80-90% atmospheric humidity the occurrence of
      mildew pustules on the plants was evaluated. The degree of infection was
      expressed as a percentage of the infection of the untreated control
      plants. 0% denotes no infection and 100% denotes the same degree of
      infection as in the case of the untreated control. The more active the
      compound, the lower is the degree of mildew infection.
PAR  The active compounds, active compound concentrations in the spray liquor
      and degrees of infection can be seen from the table which follows:
TBL                                    Table 3                                 
     __________________________________________________________________________
     Shoot treatment test/powdery mildew of cereals/protective                 
     Active compound               Active compound concentration               
                                                  Infection in % of the        
                                   in the spray liquor in % by                 
                                                  untreated control            
                                   weight                                      
     __________________________________________________________________________
     Untreated                     --             100.0                        
     .parallel.                                                                
     CH.sub.2 --NH--C--S                                                       
     .vertline..angle.Zn      (known)                                          
                                   0.025          100.0                        
     CH.sub.2 --NH--C--S           0.01           100.0                        
     .parallel.                                                                
     S                        (C)                                              
                              (known)                                          
                                   0.01           82.5                         
                              (B)                                              
                              (5)  0.01           3.8                          
                              (6)  0.01           25.0                         
                                   0.001          25.0                         
                              (9)  0.01           33.8                         
                              (1)  0.01           28.8                         
     __________________________________________________________________________
PAC  EXAMPLE 4
PA0  Shoot treatment test/powdery mildew of cereals/curative (leaf-destructive
      mycosis)
PAR  To produce a suitable preparation of active compound, 0.25 part by weight
      of active compound was taken up in 25 parts by weight of dimethylformamide
      and 0.06 part by weight of emulsifier W and 975 parts by weight of water
      were added. The concentrate was diluted with water to the desired final
      concentration of the spray liquor.
PAR  To test for curative activity the procedure followed was analogous to the
      test for protective activity, but in the converse sequence. The treatment
      of the single-leaved young barley plants with the preparation of the
      active compound was carried out 48 hours after inoculation, when the
      infection was already manifest.
PAR  After 6 days' dwell time of the plants at a temperature of 21-22.degree.C
      and 80-90% atmospheric humidity the occurrence of mildew pustules on the
      plants was evaluated. The degree of infection was expressed as a
      percentage of the infection of the untreated control plants. 0% denotes no
      infection and 100% denotes the same degree of infection as in the case of
      the untreated control. The more active the compound, the lower is the
      degree of mildew infection.
PAR  The active compounds, active compound concentrations in the spray liquor
      and degrees of infection can be seen from the table which follows:
TBL                                    Table 4                                 
     __________________________________________________________________________
     Shoot treatment test/powdery mildew of cereals/curative                   
     (leaf-destructive mycosis)                                                
     Active compounds             Active compound concentration                
                                                   Infection in % of the       
                                  the spray liquor in % by weight              
                                                   untreated                   
     __________________________________________________________________________
                                                   control                     
     Untreated                    --               100.0                       
     .parallel.                                                                
     CH.sub.2 --NH--C--S                                                       
     .vertline..angle.Zn     (known)                                           
                                  0.025            100.0                       
     CH.sub.2 --NH--C--S                                                       
     .parallel.                                                                
     S                       (C)                                               
                             (known)                                           
                                  0.01             87.5                        
                                  0.005            100.0                       
                             (A)                                               
                             (6)  0.01             0.0                         
                                  0.005            0.0                         
     __________________________________________________________________________
PAR  The process of this invention is illustrated by the following preparative
      Examples.
PAC  EXAMPLE 5
      ##SPC7##
PAR  The starting material,
      2-(p-chlorophenoxy)-2-bromo-4,4-dimethyl-pentan-3-one, was obtained by
      bromination of 2-(p-chlorophenoxy)-4,4-dimethyl-pentan-3-one with
      elementary bromine in carbon tetrachloride at 40.degree.-50.degree.C;
      melting point: 95.degree.C.
PAR  16.0 g (0.05 mole) of 2-(p-chlorophenoxy)-2-bromo-4,4-dimethyl-pentan-3-one
      in 120 ml of acetonitrile were heated with 12 g (0.207 mole) of imidazole
      for 12 hours to the boil under reflux. The solvent was then distilled off
      in vacuo until the mixture was almost reduced to dryness and 50 ml of
      ether and 50 ml of a saturated solution of hydrogen chloride in ether were
      then added. The resulting oil was decanted off and boiled up three times
      with 50 ml of ether each time, and the ether phase was decanted off. The
      oil which remained was taken up in 120 ml of methylene chloride, then 50
      ml of water and 20 g of solid sodium bicarbonate were added, the organic
      phase was separated off and the aqueous phase was twice extracted with 50
      ml of methylene chloride. The combined organic phases were twice washed
      with 50 ml of water, dried over sodium sulfate and distilled off in vacuo.
      The oil obtained was triturated with ligroin/petroleum ether, whereupon it
      crystallized. After recrystallization from ligroin/petroleum ether, 2.6 g
      of 1-(imidazolyl-1')-2-(p-chlorophenoxy)-4,4-dimethyl-pentan-3-one
      (representing 17% of theory) of melting point 68.degree.-73.degree.C were
      obtained.
PAR  b. 1-(Imidazolyl-1')-2-(p-chlorophenoxy)-4,4-dimethyl-pentan-3-one could,
      however, also be prepared by dissolving 22.6 g (0.1 mole) of
      1-(p-chlorophenoxy)-3,3-dimethyl-butan-2-one in 200 ml of ethanol and
      adding 20 g (0.24 mole) of 40 percent strength formaldehyde solution
      followed by about 5 ml of 10% strength sodium hydroxide solution until the
      pH was 9. The reaction mixture was heated under reflux for 3 hours and the
      solvent was distilled off in vacuo. The resulting precipitate was filtered
      off and well rinsed with petroleum ether. The filtrate was concentrated in
      vacuo. An oil remained; this was crude
      2-(p-chlorophenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one.
PAR  25.6 g (0.1 mole) of
      2-(p-chlorophenoxy)-1-hydroxy-4,4-dimethyl-pentan-3-one were taken up in
      200 ml of toluene, 10.2 g (0.14 mole) of imidazole were added dropwise and
      the reaction solution was boiled under a water separator for 3 hours. The
      solvent was then distilled off in vacuo, 100 ml of water were added to the
      resulting oil and the mixture was twice extracted with 100 ml of methylene
      chloride. The organic phase was twice washed with 50 ml of water and dried
      over sodium sulfate and the solvent was distilled off in vacuo. An oil was
      obtained, which was taken up in 50 ml of ether and mixed with 50 ml of
      ether saturated with dry hydrogen chloride. The solvent was distilled off
      in vacuo and the resulting oil was taken up in the mixture of 500 ml of
      ligroin and 300 ml of ethyl actetate and heated to the boil under reflux.
      After carefully decanting the resulting solution and cooling it, 16.8 g
      (49% of theory) of
      1-(imidazolyl-1')-2-(p-chlorophenoxy)-4,4-dimethylpentan-3-one
      hydrochloride precipitated and were filtered off. The base could be
      obtained from this material in the usual manner, for example by dissolving
      in water, rendering alkaline and extraction with ether or ethyl acetate.
      ##SPC8##
PAR  15.3 g (0.05 mole) of
      1-(imidazolyl-1')-2-(p-chlorophenoxy)-4,4-dimethyl-pentan-3-one were
      dissolved in 150 ml of methanol. 2.9 g (0,08 mole) of sodium borohydride
      were added thereto at 0.degree. to 5.degree.C and the mixture was stirred
      overnight at room temperature. It was then cautiously acidified with 10 ml
      of concentrated hydrochloric acid and the reaction mixture was again
      stirred overnight at room temperature and was poured into 250 ml of
      saturated sodium bicarbonate solution. After extraction with twice 100 ml
      of methylene chloride, the organic phase was washed with twice 100 ml of
      water and dried over sodium sulphate, and the solvent was distilled off
      under reduced pressure. The crystalline residue was boiled up with 100 ml
      of cyclohexane, filtered off hot and dried. 13.4 g (87% of theory) of
      1-(imidazolyl-1')-2-(p-chlorophenoxy)-4,4-dimethyl-pentan-3-ol of melting
      point 163.degree. to 170.degree.C were obtained.
PAC  EXAMPLE 6
      ##SPC9##
PAR  A solution of 10.7 g (0.1 mole) of benzyl chloride in 50 ml of anhydrous
      ether was added dropwise to a suspension of 2.4 g (0.1 mole) of magnesium
      filings in 30 ml of anhydrous benzene in such a way as to cause a slow but
      steady reaction. When all the benzyl chloride had been added, the reaction
      was allowed to continue for a further 30 minutes and a solution of 15.3 g
      (0.05 mole) of
      1-(imidazolyl-1')-2-(p-chlorophenoxy)-4,4-dimethyl-pentan-3-one in 250 ml
      of anhydrous tetrahydrofurane was then added dropwise. After heating for
      15 hours under reflux, the solution was cooled and then stirred into 500
      ml of aqueous 10 per cent strength ammonium chloride solution, and 50 ml
      of concentrated ammonia solution were added. After stirring for half an
      hour at room temperature, 100 ml of ethyl acetate were added and the
      organic phase was separated off, washed four times with 50 ml of water,
      dried over sodium sulfate and freed from the solvent in vacuo. The residue
      was boiled up with 100 ml of cyclohexane, filtered off hot and dried. 12.5
      g (63% of theory) of
      1-(imidazolyl-1')-2-(p-chlorophenoxy)-3-benzyl-4,4-dimethyl-pentan-3-ol of
      melting point 179.degree. to 181.degree.C were obtained.
PAR  The following compounds of the general formula
      ##SPC10##
PAL  were prepared analogously:
TBL  Compound                     Melting                                      
     No.  R.sup.1    R.sup.2 R.sup.3                                           
                                  point, .degree.C                             
     __________________________________________________________________________
     3               H       C(CH.sub.3).sub.3                                 
                                  162 - 163                                    
     4               H       C(CH.sub.3).sub.3                                 
                                  132 - 133                                    
     5               H       C(CH.sub.3).sub.3                                 
                                  198 - 202                                    
     6               H       C(CH.sub.3).sub.3                                 
                                  146 - 148                                    
     7               H       C(CH.sub.3).sub.3                                 
                                  163 - 164                                    
     8               H       C(CH.sub.3).sub.3                                 
                                  118                                          
     9               CH.sub.3                                                  
                             C(CH.sub.3).sub.3                                 
                                  155                                          
     10                      H    145 - 148                                    
     11                      H    116                                          
     12                      H    160 - 165                                    
     13                      H    110 - 114                                    
     __________________________________________________________________________
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
PAR  Other compounds which may be similarly prepared include:
      ##SPC11##
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A 1-(imidazolyl-1')-2-aryloxy-3-hydroxy alkane of the formula
      ##EQU4##
      in which R.sup.1 is an optionally monosubstituted or disubstituted phenyl
      or naphthyl radical with 6 to 10 carbon atoms, the substituents being
      selected from halogen, straight-chain or branched alkyl with 1 to 6 carbon
      atoms, alkoxy, alkylthio and alkylsulfonyl each with 1 to 4 carbon atoms,
      halogenoalkyl with 1 to 2 carbon atoms and 1 to 5 halogen atoms,
      halogenoalkoxy and halogenoalkylthio each with 1 or 2 carbon atoms and 3
      to 5 halogen atoms, alkoxycarbonyl with 1 to 4 carbon atoms in the alkoxy
      moiety, phenyl in the o- and p- position, amino and nitro;
PA1  R.sup.2 is alkyl with up to 6 carbon atoms, or phenylalkyl or naphthylalkyl
      with 1 or 2 carbon atoms in the alkyl moiety and which may be
      monosubstituted on the phenyl or naphthyl moiety by fluorine, chlorine,
      alkyl with up to 4 carbon atoms or alkoxy with up to 4 carbon atoms;
PA1  R.sup.3 is straight-chain or branched alkyl with 1 to 6 carbon atoms, or
      hydrogen,
PAL  or a salt thereof with fungicidal activity.
NUM  2.
PAR  2. The compound according to claim 1 wherein such compound is
      1-(imidazolyl-1')-2-(2,4-dichlorophenoxy)-4,4-dimethyl-pentan-3-ol of the
      formula
      ##SPC12##
NUM  3.
PAR  3. The compound according to claim 1, wherein such compound is
      1-(imidazolyl-1')-2-(p-fluorophenoxy)-4,4-dimethyl-pentan-3-ol of the
      formula
      ##SPC13##
NUM  4.
PAR  4. The compound according to claim 1 wherein such compound is
      1-(imidazolyl-1')-2-(p-chlorophenoxy)-3,4,4-trimethyl-pentan-3-ol of the
      formula
      ##SPC14##
NUM  5.
PAR  5. The compound according to claim 1 wherein such compound is
      1-(imidazolyl-1')-2-(p-chlorophenoxy)-3-(p-chlorophenyl)-propan-3-ol of
      the formula
      ##SPC15##
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PAL  2-Trifluoromethylbenzimidazoles having a sulphamoyl or substituted
      sulphamoyl substituent on the benzene ring combat mammalian parasites, for
      example liver fluke in mammals e.g. sheep, and cattle tick and sheep
      blowfly.
PARN
PAR  This is a division of application Serial No. 165,696, filed July 23, 1971,
      now U.S. Patent No. 3,823,154.
BSUM
PAR  This invention relates to parasiticides.
PAR  We have discovered that a certain class of substituted benzimidazole is not
      only of lower mammalian toxicity than neighbouring classes but also has a
      surprisingly high level of mammalian parasiticidal activity, especially as
      anthelmintics.
PAR  Accordingly, the invention provides a method of combating parasites in or
      on a mammal, which method comprises administering to the mammal a
      parasiticidal amount of a compound which is a substituted benzimidazole of
      formula:
      ##SPC1##
PAL  Or a therapeutically acceptable salt thereof, in which
PAR  R and R.sup.1, which may be the same or different, each represent hydrogen,
      aryl, substituted aryl (for example aryl substituted by halogen and/or
      alkyl), alkyl, substituted alkyl (for example alkyl substituted by
      hydroxy, alkoxy, halogen and/or dialkylamino), cycloalkyl of from 3 to 8
      carbon atoms (for example cyclopropyl or cyclohexyl), alkenyl (for example
      allyl) or alkynyl (for example propargyl), or R and R.sup.1, together with
      the nitrogen atom to which they are attached, form a heterocyclic radical
      (for example piperidino or morpholino);
PAR  R.sup.2, R.sup.3 and R.sup.4 which may be the same or different each
      represent hydrogen, halogen, nitro, cyano, alkyl, substituted alkyl (for
      example alkyl substituted by halogen, e.g. trifluoromethyl), alkoxy,
      aryloxy, alkylthio or an oxygenated derivative thereof (for example --SO
      alkyl or --SO.sub.2 alkyl) arylthio or an oxygenated derivative thereof
      (for example --SO aryl or --SO.sub.2 aryl) or a further SO.sub.2 NRR.sup.1
      group (in which R and R.sup.1 are as defined above); and
PAR  R.sup.5 represents hydrogen, alkyl or the group C(:X)YR.sup.6 in which X
      and Y, which may be the same or different, each represent oxygen or
      sulphur and R.sup.6 represents alkyl, aryl, substituted alkyl (for example
      alkyl substituted by hydroxy, alkoxy and/or halogen), substituted aryl
      (for example aryl substituted by halogen and/or alkyl), alkenyl (for
      example allyl), alkynyl (for example propargyl) or cycloalkyl of from 3 to
      8 carbon atoms (for example cyclohexyl).
PAR  Alkyl in this specification means alkyl of up to 12, usually up to 6,
      carbon atoms, e.g. methyl, ethyl, normal- or iso-propyl or normal-butyl;
      alkoxy, alkenyl, alkynyl and alkylthio are analogous. Aryl may be for
      example phenyl or naphthyl; aryloxy and arylthio are analogous.
PAR  The invention provides also a parasiticidal composition comprising such a
      compound together with a therapeutically acceptable carrier, particularly
      a sterile carrier.
PAR  The invention also provides an anthelmintic  pg,4 composition comprising
      150-1500mg of such a compound together with a pharmaceutically acceptable
      carrier, the composition being in unit dosage form. Thus, it may be in the
      form of a tablet or a capsule containing the composition. The composition
      may be solid.
PAR  In addition, the invention provides a preferred compound which is a
      substituted benzimidazole of formula
      ##SPC2##
PAL  or a therapeutically acceptable salt thereof, in which
PAR  R and R.sup.1, which may be the same or different, each represent hydrogen
      or alkyl of up to 12 carbon atoms, or R and R.sup.1, together with the
      nitrogen atom to which they are attached, form a heterocyclic ring; and
PAR  R.sup.2, R.sup.3 and R.sup.4, which may be the same or different, each
      represent a halogen atom. The invention also provides a process for
      preparing such a compound, which process comprises reacting the
      corresponding benzimidazole sulphonyl chloride of formula
      ##SPC3##
PAL  with an amine of formula HNRR.sup.1.
PAR  The present compounds of formula I may be used to combat external animal
      parasites, e.g. cattle tick or sheep blowfly. The compounds are however,
      particularly valuable as anthelmintics.
PAR  Usually in the present compounds R and R.sup.1, which may be the same or
      different, each represent hydrogen; phenyl; phenyl substituted by halogen
      or by alkyl of up to 6 carbon atoms; alkyl of up to 6 carbon atoms; alkyl
      of up to 6 carbon atoms substituted by hydroxy, alkoxy of up to 6 carbon
      atoms, halogen or by dialkylamino whose alkyl groups each contain up to 6
      carbon atoms; cycloalkyl of 3-8 carbon atoms; allyl; or propargyl or R and
      R.sup.1, together with the nitrogen atom to which they are attached, form
      a piperidino or morpholino radical;
PAR  R.sup.2, R.sup.3 and R.sup.4, which may be the same or different, each
      represent hydrogen; halogen; nitro; cyano; alkyl of up to 6 carbon atoms;
      alkyl of up to 6 carbon atoms substituted by halogen; alkoxy of up to 6
      carbon atoms; phenyloxy; alkylthio of up to 6 carbon atoms; phenylthio or
      a further SO.sub.2 NRR.sup.1 group; and
PAR  R.sup.5 represents hydrogen, alkyl of up to 6 carbon atoms or the group
      ##EQU1##
      in which Y represents oxygen or sulphur and R.sup.6 represents alkyl of up
      to 6 carbon atoms; phenyl; alkyl of up to 6 carbon atoms substituted by
      hydroxy, alkoxy of up to 6 carbon atoms or by halogen; phenyl substituted
      by halogen or by alkyl of up to 6 carbon atoms; allyl or propargyl.
PAR  In a preferred group of the compounds R and R.sup.1, which may be the same
      or different, each represent hydrogen, alkyl of up to 6 carbon atoms,
      dialkylaminoalkyl whose alkyl groups each contain up to 6 carbon atoms,
      chlorine-substituted phenyl, hydroxyalkyl of up to 6 carbon atoms, or R
      and R.sup.1, together with the nitrogen atom to which they are attached,
      form a piperidino radical;
PAR  R.sup.2, R.sup.3 and R.sup.4, which may be the same or different, each
      represent hydrogen or halogen, at least two of them being halogen; and
PAR  R.sup.5 represents hydrogen or COOR.sup.6 where R.sup.6 represents alkyl of
      up to 6 carbon atoms.
PAR  Any halogen (i.e. chlorine, bromine, iodine or fluorine) is generally
      chlorine for convenience in preparation. In one embodiment one or none of
      R.sup.2, R.sup.3 and R.sup.4 represent hydrogen. The SO.sub.2 NRR.sup.1
      group in formula I is often on the 4- or 7- position.
PAR  By reason of a combination of low mammalian toxicity and high
      parasiticidal, especially anthelmintic activity, compared with compounds
      closely related chemically, it is preferred that the compound be a
      substituted benzimidazole of formula:
      ##SPC4##
PAL  or a therapeutically acceptable salt thereof, in which
PAR  R and R.sup.1, which may be the same or different, each represent hydrogen
      or alkyl of up to 12 carbon atoms, or R and R.sup.1, together with the
      nitrogen atom to which they are attached, form a heterocyclic ring; and
PAR  R.sup.2, R.sup.3 and R.sup.4, which may be the same or different, each
      represent a halogen atom.
PAR  Usually in this preferred group of formula II, R and R.sup.1, which may be
      the same or different, each represent hydrogen or alkyl of up to 12 carbon
      atoms, or R and R.sup.1, together with the nitrogen atom to which they are
      attached, form a piperidino or morpholino radical.
PAR  Preferred within this preferred group are compounds wherein R and R.sup.1,
      which may be the same or different, each represent hydrogen or alkyl of up
      to 6 carbon atoms, or R and R.sup.1, together with the nitrogen atom to
      which they are attached, form a piperidino radical; and
PAR  R.sup.2, R.sup.3 and R.sup.4, which may be the same or different, each
      represent a chlorine or bromine atom.
PAR  In the present compounds of formula I, it is preferred that one or
      preferably both of R and R.sup.1 be other than hydrogen.
PAR  An especially preferred group of compounds by reason of an exceptionally
      good combination of low mammalian toxicity and high parasiticidal,
      especially anthelmintic, activity, is of formula II above where R and
      R.sup.1 each represent an ethyl group and R.sup.2, R.sup.3 and R.sup.4,
      which may be the same or different, each represent a chlorine or bromine
      atom.
PAR  Particular benzimidazoles are specified in the Examples. Particularly
      preferred specific compounds are:
PA1  5,6,7-trichloro-N,N-diethyl-2-trifluoromethylbenzimidazole-4-sulphonamide;
PA1  7-bromo-5,6-dichloro-N,N-diethyl-2-trifluoromethylbenzimidazole-4-sulphonam
     ide;
PA1  5,6,7-tribromo-N,N-diethyl-2-trifluoromethylbenzimidazole-4-sulphonamide;
      and
PA1  5,7-dibromo-6-chloro-N,N-diethyl-2-trifluoromethylbenzimidazole-4-sulphonam
     ide;
PA1  and their therapeutically acceptable salts.
PAR  The present compounds may be prepared by a process which comprises reacting
      the corresponding benzimidazole sulphonyl chloride of formula
      ##SPC5##
PAL  with an amine of formula HNRR.sup.1, where R, R.sup.1, R.sup.2, R.sup.3,
      R.sup.4 and R.sup.5 are as defined under formula I.
PAR  Compounds where R.sup.5 is C(:X)YR.sup.6, e.g. COOR.sup.6 may also be
      prepared by a process which comprises reacting the corresponding
      benzimidazole sulphonamide of formula I where R.sup.2 represents a
      hydrogen atom with a chloroformate of formula ClC(:X)YR.sup.6, e.g.
      ClCOOR.sup.6.
PAR  It will be appreciated that some of the present compounds may exist in
      tautomeric forms. R.sup.5 may be on either of the imidazole nitrogen
      atoms. For convenience, only one form is named, but the present invention
      embraces both forms.
PAR  Thus, for production of the above-mentioned particularly preferred
      sulphonamides, the following corresponding sulphonyl chlorides are
      employed:
PA1  5,6,7-trichloro-2-trifluoromethylbenzimidazole-4-sulphonyl chloride;
PA1  7-bromo-5,6-dichloro-2-trifluoromethylbenzimidazole-4-sulphonyl chloride;
PA1  5,6,7-tribromo-2-trifluoromethylbenzimidazole-4-sulphonyl chloride; and
PA1  5,7-dibromo-6-chloro-2-trifluoromethylbenzimidazole-4-sulphonyl chloride.
PAR  It will also be appreciated that for reasons of solubility etc., the
      present substituted benzimidazoles which form such salts may well be used
      in the form of therapeutically acceptable salts, and whether any
      particular salt is therapeutically acceptable can of course readily be
      determined. A salt which is acceptable for external treatment may of
      course not be acceptable for internal treatment. A salt is therapeutically
      acceptable for purposes of scope of the present compounds if it is
      therapeutically acceptable for any of the present treatments.
PAR  Suitable salts of the substituted benzimidazoles embraced by the present
      invention in which R.sup.5 represents hydrogen include ammonium salts,
      metal salts such as for example sodium, potassium, calcium, zinc, copper
      and magnesium salts, amine salts such as for example methylamine,
      ethylamine, dimethylamine, triethylamine, ethanolamine, triethanolamine
      and benzylamine salts. According to a preferred embodiment the salts are
      alkali metal salts. Generally the alkali metal salts are crystalline
      solids, readily soluble in water. Especially preferred, however, are
      N-methyl-glucamine salts.
PAR  The salts may be prepared by reacting the benzimidazole in aqueous or
      aqueous-organic solvent solution or suspension with an alkaline compound
      of the metal, such as the hydroxide, or with the amine or ammonia, as
      appropriate. The metal salts may also be prepared by metathesis for
      example between the alkali metal salt of the benzimidazole and a salt of
      the metal. Some of the benzimidazoles are also basic and can form salts
      with strong acids such as hydrochloric acid.
PAR  Salts with acids, e.g. strong acids such as hydrochloric acid, may also be
      formed by reason of the SO.sub.2 NRR.sup.1 part of the molecule.
PAR  The present compounds possess parasiticidal activity. They are particularly
      valuable as anthelmintics (e.g. as fasciolicides) but they also possess
      activity against external parasites, e.g. blowfly and tick. For any of
      these uses the compounds may be used to inhibit infection or to treat an
      infection already present.
PAR  The compounds are generally used in the form of compositions, and these
      usually contain a therapeutically acceptable carrier and/or surface active
      agent. The compositions may be prepared by a process comprising admixing
      the ingredients. For some treatments the composition should of course be
      sterile.
PAR  The carrier may be water. Many of the salts of the substituted
      benzimidazoles embraced by the invention are water-soluble, and these may
      be used as aqueous solutions with or without surface active agents or
      organic solvents.
PAR  If desired, the substituted benzimidazole or salt thereof may be dissolved
      in a water immiscible solvent, such as for example a hydrocarbon of
      boiling point 130.degree. to 250.degree.C, which may contain a dissolved
      surface active agent.
PAR  The substituted benzimidazole or salt thereof may be admixed with a surface
      active agent with or without a carrier.
PAR  The carrier may be a solid, e.g. talc, chalk, gypsum or earths, with or
      without surface active agents.
PAR  The main use envisaged is as anthelmintics. For anthelmintic use, the
      compounds may be administered orally or parenterally, and may be
      administered as a pharmaceutical preparation with a pharmaceutically
      acceptable carrier, e.g. in a tablet or capsule, or may be admixed with
      the drinking water or food for the animals. Animals in which use is
      envisaged include domestic and farm animals, e.g. sheep, pigs, cows,
      horses, dogs and cats, and animals for use in laboratories, e.g. mice,
      rats, hamsters and guinea pigs. The compounds may also be administered to
      human beings. They are particularly active against liver fluke (Fasciola
      hepatica).
PAR  Formulations for adding to drinking water may include surface active agents
      to ensure satisfactory solution or dispersion.
PAR  Formulations for adding to foods may consist of the compound alone or be
      mixed with physiologically acceptable carriers such as talc, chalk, gypsum
      or earths, with or without surface active agents.
PAR  The compounds may be formulated by impregnating or coating a granule, for
      example a gypsum granule, with them.
PAR  A composition may contain as carrier a foodstuff for the animal.
PAR  The surface active agents may comprise anionic compounds for example soaps,
      fatty sulphate esters such as dodecyl sodium sulphate, fatty aromatic
      sulphonates such as alkyl-benzene sulphonates or butyl napthalene
      sulphonates, more complex fatty sulphonates such as the amide condensation
      product of oleic acid and N-methyl taurine or the sodium sulphonate of
      dioctyl succinate.
PAR  The surface active agents may also comprise non-ionic surfact active agents
      such as for example condensation products of fatty acids, fatty alcohols
      or fatty substituted phenols with ethylene oxide, or fatty esters and
      ethers of sugars or polyhydric alcohols, or the products obtained from the
      latter by condensation with ethylene oxide, or the products known as block
      copolymers of ethylene oxide and propylene oxide. The surface active
      agents may also comprise cationic agents such as for example cetyl
      trimethylammonium bromide.
PAR  The term "surface active agent" is used in the broad sense to cover
      materials variously called wetting agents, emulsifying agents and
      dispersing agents. Such agents are well known in the parasiticide art.
PAR  The compositions may contain other parasiticidal compounds or other
      compounds which stimulate the growth or health of the animal.
PAR  The present compounds are useful because they possess pharmacological
      activity in animals. In particular, the compounds are anthelmintics as
      indicated by anthelminthic tests in rats and sheep. For this use, the
      dosage rate will, of course, depend on such factors as the particular
      compound employed, its toxicity, the treatment desired and the animal
      treated. In general, however, the dosage is about 2-250mg of active
      ingredient per kilogram of body weight. A single dose may be sufficient,
      or it may be repeated if necessary. For the larger mammals, a suitable
      dose is about 150-1500 mg. The compounds are also parasiticides for
      external animal parasites as indicated by tests on sheep and cows. For
      such use, the amount of active ingredient may be between 0.01 and 0.5% by
      weight of the total composition, e.g. spray, dip or drench, use.
DETD
PAR  The invention is illustrated by the following Examples, in which parts and
      percentages are by weight and temperatures are in degrees Centigrade
      unless otherwise indicated.
PAC  EXAMPLE 1
PAC  5,6,7-Trichloro-N,N-diethyl-2-trifluoromethylbenzimidazole-4-sulphonamide.
PAR  5,6,7-Trichloro-2-(trifluoromethyl)-4-benzimidazolesulphonyl chloride (22
      parts) in dry acetone (80 parts) was added dropwise to a solution of
      diethylamine (12 parts) in dry acetone (16 parts). The temperature was
      kept below 30.degree. and the reaction mixture stirred for 2 hours. The
      solvent was evaporated and the residue treated with 6N hydrochloric acid.
      The solid product was collected, washed with water and dried (23 parts).
      Recrystallisation from toluene (charcoal) gave the required product as
      pale coloured needles (21.6 parts; m.p.[melting point]
      152.degree.-154.degree.; 89.7%).
PAR  Found: C, 33.8; H, 2.45; N, 9.6. C.sub.12 H.sub.11 Cl.sub.3 F.sub.3 N.sub.3
      O.sub.2 S requires: C, 33.95; H, 2.6; N, 9.9%.
PAC  EXAMPLES 2-20
PAR  The following were prepared by a similar method:
      ##SPC6##
TBL  __________________________________________________________________________
     Ex. R.sub.1        R.sub.2                                                
                          R.sub.3                                              
                               R.sub.4                                         
                                 m.p.                                          
                                    Recrystallis-                              
                                            Found       Requires               
     No.                            ing solvent                                
                                            C   H   N   C   H   N              
     __________________________________________________________________________
     2  SO.sub.2 N(CH.sub.3).sub.2                                             
                        Cl                                                     
                          Cl   Cl                                              
                                 243-                                          
                                    xylene  30.55                              
                                                2.0 10.45                      
                                                        30.3                   
                                                            1.8 10.6           
                                 244.degree.                                   
     3  SO.sub.2 N(nC.sub.3 H.sub.7).sub.2                                     
                        Cl                                                     
                          Cl   Cl                                              
                                 145-                                          
                                    petrol (80-                                
                                            36.85                              
                                                3.5 9.35                       
                                                        37.15                  
                                                            3.35               
                                                                9.3            
                                 146.degree.                                   
                                    100.degree.)                               
     4  SO.sub.2 N(isoC.sub.3 H.sub.7).sub.2                                   
                        Cl                                                     
                          Cl   Cl                                              
                                 179-                                          
                                    petrol (100-                               
                                            36.75                              
                                                3.15                           
                                                    9.3 37.15                  
                                                            3.35               
                                                                9.3            
                                 180.degree.                                   
                                    120.degree.)                               
     5  SO.sub.2 N(nC.sub.4 H.sub.9).sub.2                                     
                        Cl                                                     
                          Cl   Cl                                              
                                 93-                                           
                                    petrol (40-                                
                                            39.8                               
                                                3.9 8.9 39.95                  
                                                            4.0 8.75           
                                 95.degree.                                    
                                    60.degree.                                 
     6  SO.sub.2 NHC.sub.4 H.sub.9 -n                                          
                        Cl                                                     
                          Cl   Cl                                              
                                 152-                                          
                                    petrol (100-                               
                                            34.1                               
                                                2.8 9.65                       
                                                        33.95                  
                                                            2.6 9.9            
                                 153.degree.                                   
                                    120.degree.)                               
        C.sub.2 H.sub.5                                                        
        .vertline.                                                             
     7  SO.sub.2 NH(CH.sub.2).sub.2 N.HCL                                      
                        Cl                                                     
                          Cl   Cl                                              
                                 241-                                          
                                    nitromethane                               
                                            33.3                               
                                                3.2 11.0                       
                                                        33.35                  
                                                            3.4 11.1           
        .vertline.               243.degree.                                   
        C.sub.2 H.sub.5                                                        
     8                  Cl                                                     
                          Cl   Cl                                              
                                 284-                                          
                                    nitromethane                               
                                            32.35                              
                                                1.5 7.85                       
                                                        32.75                  
                                                            1.0 8.15           
                                 286.degree.                                   
     9  SO.sub.2 N(CH.sub.2 CH.sub.2 OH).sub.2                                 
                        Cl                                                     
                          Cl   Cl                                              
                                 165-                                          
                                    nitromethane                               
                                            31.35                              
                                                2.5 9.05                       
                                                        31.55                  
                                                            2.45               
                                                                9.2            
                                 166.degree.                                   
     10                 Cl                                                     
                          Cl   Cl                                              
                                 236-                                          
                                    ethanol 35.45                              
                                                2.6 9.55                       
                                                        35.75                  
                                                            2.55               
                                                                9.6            
                                 238.degree.                                   
     11 SO.sub.2 N(CH.sub.3).sub.2                                             
                        Cl                                                     
                          Cl   H 169-                                          
                                    nitromethane                               
                                            32.8                               
                                                2.5 11.35                      
                                                        33.15                  
                                                            2.25               
                                                                11.6           
                                 171.degree.                                   
     12 SO.sub.2 N(C.sub.2 H.sub.5).sub.2                                      
                        Cl                                                     
                          Cl   H 129-                                          
                                    petrol (80-                                
                                            36.65                              
                                                2.85                           
                                                    10.65                      
                                                        36.95                  
                                                            3.1 10.75          
                                 131.degree.                                   
                                    100.degree.)                               
     13 SO.sub.2 N(nC.sub.3 H.sub.7).sub.2                                     
                        Cl                                                     
                          Cl   H 103-                                          
                                    petrol (80-                                
                                            40.35                              
                                                3.45                           
                                                    10.2                       
                                                        40.2                   
                                                            3.85               
                                                                10.05          
                                 104.degree.                                   
                                    100.degree.)                               
     14 SO.sub.2 N(isoC.sub.3 H.sub.7).sub.2                                   
                        Cl                                                     
                          Cl   H 146-                                          
                                    nitromethane                               
                                            40.25                              
                                                3.75                           
                                                    10.15                      
                                                        40.2                   
                                                            3.85               
                                                                10.05          
                                 147.degree.                                   
     15 SO.sub.2 N(nC.sub.4 H.sub.9).sub.2                                     
                        Cl                                                     
                          Cl   H  60-                                          
                                    petrol  42.65                              
                                                4.3 9.3 43.05                  
                                                            4.5 9.4            
                                  62.degree.                                   
                                    (below 40.degree.)                         
     16 SO.sub.2 NHnC.sub.4 H.sub.9                                            
                        Cl                                                     
                          Cl   H 145-                                          
                                    petrol (100-                               
                                            36.70                              
                                                3.05                           
                                                    10.45                      
                                                        36.95                  
                                                            3.1 10.75          
                                 146.degree.                                   
                                    120.degree.)                               
     17 SO.sub.2 NHC.sub.2 H.sub.5                                             
                        Cl                                                     
                          Cl   H  89-                                          
                                    toluene 33.2                               
                                                2.25                           
                                                    11.35                      
                                                        33.15                  
                                                            2.25               
                                                                11.6           
                                  91.degree.                                   
                          SO.sub.2                                             
     18 Cl              H .vertline.                                           
                               H 142-                                          
                                    benzene 40.25                              
                                                3.4 11.6                       
                                                        40.5                   
                                                            3.7 11.8           
                          N(C.sub.2 H.sub.5).sub.2                             
                                 143.degree.                                   
                          SO.sub.2                                             
     19 NO.sub.2        H .vertline.                                           
                               H 120-                                          
                                    petrol (100-                               
                                            39.05                              
                                                3.3 15.3                       
                                                        39.35                  
                                                            3.6 15.3           
                          N(C.sub.2 H.sub.5).sub.2                             
                               121.degree.                                     
                                 120.degree.)                                  
                          SO.sub.2                                             
     20 H               H .vertline.                                           
                               H  89-                                          
                                    dilute ethanol                             
                                            44.85                              
                                                4.4 13.05                      
                                                        44.5                   
                                                            4.6 12.75          
                          N(C.sub.2 H.sub.5).sub.2                             
                                  91.degree.                                   
     __________________________________________________________________________
PAC  EXAMPLES 21-26
PAR  The following compounds of formula II were prepared by a similar method:
TBL  Example No.                                                               
                R       R.sup.1 R.sup.2                                        
                                    R.sup.3                                    
                                        R.sup.4                                
                                            Melting point                      
     ______________________________________                                    
     21         C.sub.2 H.sub.5                                                
                        C.sub.2 H.sub.5                                        
                                Cl  Cl  Br  188-190                            
     22         C.sub.2 H.sub.5                                                
                        C.sub.2 H.sub.5                                        
                                Br  Br  Br  175-177                            
     23         C.sub.2 H.sub.5                                                
                        C.sub.2 H.sub.5                                        
                                Br  Cl  Br  177-178                            
     24         C.sub.2 H.sub.5                                                
                        C.sub.2 H.sub.5                                        
                                Br  Cl  Cl  153-155                            
     25         C.sub.2 H.sub.5                                                
                        C.sub.2 H.sub.5                                        
                                Cl  Br  Cl  169-171                            
     26         CH.sub.3                                                       
                        CH.sub.3                                               
                                Cl  Br  Cl  203-205                            
     ______________________________________                                    
PAC  EXAMPLE 27
PAC  Isopropyl
      5,6-dichloro-4-(diethylsulphamoyl)-2-trifluoromethyl)-1-benzimidazolecarbo
     xylate
PAR  Isopropyl chloroformate (2 parts) in acetone (8 parts) was added to a
      solution of
      5,6-dichloro-N,N-diethyl-2-(trifluoromethyl)-4-benzimidazolesulphonamide
      (6 parts) in acetone (16 parts) containing triethylamine (1.6 parts),
      stirred at room temperature for 1 hour, filtered off the hydrochloride and
      the filtrate was evaporated to dryness. The residue was recrystallized
      from ethanol to give white needles of the required product (3.2 parts;
      m.p. 133.degree.-135.degree.).
PAR  Found: C, 40.2; H, 3.7; N, 9.1. C.sub.16 H.sub.18 Cl.sub.2 F.sub.3 N.sub.3
      O.sub.4 S requires: C, 40.35; H, 3.8; N, 8.8%.
PAC  EXAMPLE 28
PAR  Similarly ethyl
      5,6-dichloro-4-(diethylsulphamoyl)-2-trifluoromethyl)-1-benzimidazolecarbo
     xylate was prepared (m.p. 168.degree.-169.degree.; from ethanol).
PAR  Found: C, 38.65; H, 3.8; N, 8.8. C.sub.15 H.sub.16 Cl.sub.2 F.sub.3 N.sub.3
      O.sub.4 S requires: C, 38.95; H, 3.5; N, 9.1%.
PAC  EXAMPLE 29
PAR  1 ml aliquots of an acetone solution of the product of Example 1,
      containing 1000, 300, 100, 30 and 10 ppm (parts per million), were applied
      to cotton wool dental rolls 1 cm diameter .times. 2 cms. After drying
      these were placed in glass vials 2 cms diameter .times. 5 cms and closed
      by a cotton wool plug.
PAR  The treated cotton wool rolls were then impregnated with 1 ml sheep serum
      and infested with first instar larvae of the sheep blowfly, Lucilia
      sericata, then held at 25.degree.C for 24 hours.
PAR  The precentage mortality of the parasites was then recorded, when it was
      found that the treatments had killed more than 95% as compared with less
      than 5% in controls.
PAC  EXAMPLES 30 to 35
PAR  The experiment described in Example 29 was applied to the products of
      Examples 3, 6, 11, 12, 13 and 16. The same result was obtained.
PAC  EXAMPLES 36 to 38
PAR  The experiment described in Example 29 was also applied to the products of
      Examples 4, 5 and 14, but with the following dosage rates: 1000, 300, 100
      and 30 ppm. The same result was obtained.
PAC  EXAMPLE 39
PAR  1 ml aliquots of an acetone solution of the product of Example 1,
      containing 1000, 300 and 100 ppm, were applied to filter papers, 9 cm in
      diameter. These were allowed to dry then folded into quadrant shaped
      packets.
PAR  The treated papers were then infested with first stage larvae of the cattle
      tick, Boophilus microplus, closed by a metal clip and held at 25.degree.C
      for 24 hours.
PAR  The percentage mortality of the ticks was then recorded, when it was found
      that each of the treatments had killed more than 95% of the ticks as
      compared with less than 5% in controls.
PAC  EXAMPLES 40 to 47
PAR  The experiment described in Example 39 was also applied to the products of
      Examples 2, 3, 4, 5, 6, 11, 12 and 13. The same result was obtained.
PAC  EXAMPLE 48
PAR  The experiment described in Example 39 was also applied to the product of
      Example 14, except that the dosage rates were 1000, 300, 100 and 30 ppm.
      The result was the same.
PAC  EXAMPLES 49 to 57
PAR  Three week old rats (Wistar strain) were infected orally with 30
      metacercaria of the liver fluke, Fasciola hepatica. Forty days after
      infection, when most of the flukes had become established in the bile
      duct, the rats were administered orally with 2% suspensions in tragacanth
      of the benzimidazole derivatives listed below at the rates indicated. Five
      rats were used at each dosage rate of each compound. The dosage rates used
      were governed by the acute oral LD.sub.50 to rats as determined by
      preliminary toxicological studies.
PAR  Six days after administration, the rats were killed and the bile duct
      dissected to determine the number of mature flukes surviving. Results are
      tabulated below as the percentage fluke reduction in comparison with
      unmedicated control animals.
TBL  ______________________________________                                    
     Ex.   Compound         Rate of treatment (mg/kg)                          
     No.                                                                       
                      187   93      46     23                                  
     ______________________________________                                    
     49    Product of Example  1          91   45                              
     50    Product of Example 21          85                                   
     51    Product of Example 22    90    65                                   
     52    Product of Example 23    90    78                                   
     53    Product of Example  2               60                              
     54    Product of Example  3    80                                         
     55    Product of Example  6                                               
                            90      40                                         
     56    Product of Example 24          85   77                              
     57    Product of Example 25          80   60                              
     ______________________________________                                    
PAC  EXAMPLE 58
PAR  Example 49 was carried out but with a 0.66% tragacanth suspension of the
      compound. The same result was obtained.
PAC  EXAMPLES 59 to 66
PAR  Three week old rats (Wistar strain) were infected orally with 30
      metacercaria of the liver fluke, Fasciola hepatica. Fourteen days after
      infection, when a high percentage of the migrating flukes were still in
      the liver parenchyma, the rats were administered orally with 2%
      suspensions in tragacanth of the benzimidazole derivatives listed below at
      the rates indicated. Five rats were used at each dosage rate of each
      compound. The dosage rates used were governed by the acute oral LD.sub.50
      to rats as determined by preliminary toxicological studies.
PAR  Six days after administration, the rats were killed and their livers minced
      to liberate the surviving immature flukes. These were compared with
      unmedicated control animals and the results tabulated below as the
      percentage fluke reduction.
TBL  ______________________________________                                    
     Ex.   Compound         Rate of treatment (mg/kg)                          
     No.                                                                       
                      187   93      46     23                                  
     ______________________________________                                    
     59    Product of Example  1          98   96                              
     60    Product of Example 21          88   50                              
     61    Product of Example 22    82    70                                   
     62    Product of Example 23    98    90                                   
     63    Product of Example  2               60                              
     64    Product of Example  6                                               
                            98                                                 
     65    Product of Example 24          98   80                              
     66    Product of Example 25          96   78                              
     ______________________________________                                    
PAC  EXAMPLE 67
PAR  Three week old rats (Wistar strain) were infected orally with 30
      metacercaria of the liver fluke, Fasciola hepatica. Forty days after
      infection, when most of the flukes had become established in the bile
      duct, the product of Example 3 was administered orally as a 1.35%
      tragacanth/arachis oil solution/suspension at a rate equivalent to 94 mgs
      active ingredient per Kg of body weight. The dosage rate used was governed
      by the acute oral LD.sub.50 as determined by preliminary toxicological
      studies. Five rats were used.
PAR  Six days after the compound was administered, the rats were killed and the
      bile duct dissected to determine the number of mature flukes surviving. It
      was found that the reduction of flukes in each treatment was 80% in
      comparison with unmedicated controls.
PAC  EXAMPLE 68
PAR  Three week old rats (Wistar strain) were infected orally with 30
      metacercaria of the liver fluke, Fasciola hepatica. Forty days after
      infection, when most of the flukes had become established in the bile
      duct, the product of example 6 was administered orally as a 3.7%
      tragacanth/arachis oil solution/suspension at rates equivalent to 188 and
      94 mgs active ingredient per Kg of body weight. The dosage rates used were
      governed by the acute oral LD.sub.50 as determined by preliminary
      toxicological studies. Five rats were used at each dosage rate.
PAR  Six days after the compound was administered, the rats were killed and the
      bile duct dissected to determine the number of mature flukes surviving. It
      was found that the reduction of flukes in the respective treatments was 90
      and 40% in comparison with unmedicated controls.
PAC  EXAMPLE 69
PAR  Sheep known to be free from liver fluke disease were each infected with 300
      Fasciola hepatica metacercaria.
PAR  The product of Example 1 was administered by sub-cutaneous injection of an
      aqueous solution of its N-methyl-glucamine salt. The effect of the product
      against immature and adult liver flukes was determined by administering
      the compound to two sheep four weeks after infection and to two other
      sheep twelve weeks after infection.
PAR  All the sheep, as well as untreated control animals, were slaughtered 13
      weeks after infection and the flukes present in each animal were counted.
PAR  Efficiency of the treatment was assessed by comparing the number of flukes
      in treated animals with the number in the untreated controls.
PAR  The results are shown below:
TBL  Dose Rate Age of Infection at                                             
                              No. of Flukes                                    
     (mg/kg)   Time of Treatment (Weeks)                                       
                              recovered                                        
                                       % Reductions                            
     __________________________________________________________________________
     6         4              29       75                                      
                              9                                                
     6         12             27       82                                      
                              6                                                
     12        4              0        99                                      
                              2                                                
     12        12             0        100                                     
                              0                                                
     Untreated controls       38                                               
                              111                                              
     __________________________________________________________________________
PAR  A dose of 12 mg/Kg was completely effective against fluke infections of 4
      weeks and 12 weeks duration.
PAR  The lower dose of 6 mg/Kg gave a high degree of activity against both ages
      of fluke although complete cures were not achieved.
PAC  EXAMPLE 70
PAR  The experiment described in Example 68 was also applied to the product of
      Example 7.
PAR  It was found that the reduction of flukes in the treatments at 188 and 94
      mg/kg was respectively 75 and 65% in comparison with unmedicated controls.
PAR  The benzimidazole sulphonyl chlorides of formula III which may be used in
      the preparation of the present active compounds may be prepared by
      reacting the corresponding benzimidazole sulphonic acid with thionyl
      chloride, preferably in the presence of dimethylformamide as catalyst. The
      use of dimethylformamide has been found to result in a surprising increase
      in yield. The benzimidazole sulphonic acid may be prepared by sulphonation
      of the corresponding benzimidazole derivative of formula
      ##SPC7##
PAL  where R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are as defined under formula I,
      suitably by means of oleum. These processes are illustrated by the
      following Examples.
PAC  EXAMPLE 71
PAR  a. 4,5,6-trichloro-2-trifluoromethylbenzimidazole (145 parts) was added
      gradually to stirred oleum (1260 parts) and the mixture then refluxed for
      2 hours. After cooling, the mixture was poured into water (3000 parts),
      the temperature being allowed to rise to near boiling. The mixture was
      cooled to room temperature overnight and the crystalline product was
      filtered off, washed with water and dried to give 165.9 parts (92% yield)
      of 5,6,7-trichloro-2-trifluoromethylbenzimidazole-4-sulphonic acid.
PAC  EXAMPLE 72
PAR  b. The 5,6,7-trichloro-2-trifluoromethylbenzimidazole-4-sulphonic acid (155
      parts) was added to a stirred mixture of thionyl chloride (770 parts) and
      dimethylformamide (24 parts). A vigorous effervescence took place, and
      when this had subsided the mixture was slowly heated to reflux temperature
      (80.degree.C) and maintained at this temperature for three hours. The
      reaction mixture was then cooled and the solid crystals filtered off,
      washed with benzene (160 parts) and dried to give
      5,6,7-trichloro-2-trifluoromethylbenzimidazole-4-sulphonyl chloride (138
      parts), melting point (with decompoition) 208.degree.-209.degree.C.
      Evaporation of the filtrate yielded a further 10 parts of the product,
      giving a total yield of 148 parts (91% yield).
PAC  EXAMPLE 73
PAR  c. Diethylamine (102 parts) was added dropwise to a suspension of the
      5,6,7-trichloro-2-trifluoromethylbenzimidazole-4-sulphonyl chloride (136
      parts) in acetone (400 parts) cooled in an ice bath to maintain a
      temperature of about 30.degree.C. After the addition of all the
      diethylamine, the mixture was stirred for 15 minutes and then poured into
      excess ice/water. The resulting solution was acidified with concentrated
      hydrochloric acid to precipitate a cream solid which was filtered off,
      washed with water and dried to give
      5,6,7-trichloro-N,N-diethyl-2-trifluoromethylbenzimidazole-4-sulphonamide
      (144 parts, 97% yield), melting point 155.degree.-157.degree.C.
PAC  EXAMPLES 74-79
PAR  The following other compounds were prepared by processes analogous to those
      of Examples 71-73:
TBL                 melting                                                    
                          yield   yield   yield                                
     Compound       point stage (a)                                            
                                  stage (b)                                    
                                          stage (c)                            
     __________________________________________________________________________
     7-bromo-5,6-dichloro-N,N-                                                 
     diethyl-2-trifluoromethyl-                                                
                    183-5.degree.C                                             
                          94%     91.6%   96%                                  
     benzimidazole-4-sulphonamide                                              
                          (Example 74)                                         
                                  (Example 75)                                 
                                          (Example 76)                         
     5,7-dibromo-6-chloro-N,N-                                                 
     diethyl-2-trifluoromethyl-                                                
                    173-5.degree.C                                             
                          94%     89.6%   89%                                  
     benzimidazole-4-sulphonamide                                              
                          (Example 77)                                         
                                  (Example 78)                                 
                                          (Example 79)                         
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A benzimidazole sulphonyl chloride of the formula:
      ##SPC8##
PAL  wherein R.sup.2, R.sup.3 and R.sup.4, which may be the same or different,
      each represent halogen.
NUM  2.
PAR  2. A benzimidazole sulphonyl chloride according to claim 1 wherein R.sup.2,
      R.sup.3 and R.sup.4, which may be the same or different, each represent a
      chlorine or bromine atom.
NUM  3.
PAR  3. A benzimidazole sulphonyl chloride according to claim 1 which is
      5,6,7-trichloro-2-trifluoromethylbenzimidazole-4-sulphonyl chloride.
NUM  4.
PAR  4. A benzimidazole sulphonyl chloride according to claim 1 which is
      7-bromo-5,6-dichloro-2-trifluoromethylbenzimidazole-4-sulphonyl chloride.
NUM  5.
PAR  5. A benzimidazole sulphonyl chloride according to claim 1 which is
      5,6,7-tribromo-2-trifluoromethyl-benzimidazole-4-sulphonyl chloride.
NUM  6.
PAR  6. A benzimidazole sulphonyl chloride according to claim 1 which is
      5,7-dibromo-6-chloro-2-trifluoromethylbenzimidazole-4-sulphonyl chloride.
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ABST
PAL  The invention relates to new quaternised benzofuranyl-benzimidazole
      derivatives which can be prepared by known methods. Said compounds are
      useful as optical brighteners for organic material.
PARN
PAR  This is a continuation of application Ser. No. 205,303, filed on Dec. 6,
      1971, now abandoned.
BSUM
PAR  The present invention relates to new quaternised benzofuranyl-benzimidazole
      compounds, processes for their manufacture, and their use for the optical
      brightening of organic materials.
PAR  The new compounds correspond to the formula
      ##SPC1##
PAL  Wherein R.sub.1 denotes hydrogen, halogen or a lower alkyl or alkoxy group
      or together with R.sub.2 denotes a fused benzene radical, R.sub.2 denotes
      hydrogen, a lower alkyl or alkoxy group, halogen, a carboxyl, carboalkoxy,
      aminocarbonyl, monoalkylaminocarbonyl or dialkylaminocarbonyl, sulphonic
      acid, alkylsulphonyl, alkoxysulphonyl, aminosulphonyl,
      monoalkylaminosulphonyl or dialkylaminosulphonyl group or together with
      R.sub.1 or R.sub.3 denotes a fused benzene radical, R.sub.3 denotes
      hydrogen, halogen or a lower alkyl or alkoxy group or together with
      R.sub.2 or R.sub.4 denotes a fused benzene radical, R.sub.4 denotes
      hydrogen, a lower alkyl or alkoxy group or halogen or together with
      R.sub.3 denotes a fused benzene radical, R.sub.5 denotes hydrogen, a lower
      alkyl group or a phenyl group which is optionally substituted by methyl
      and/or methoxy, R.sub.6 denotes hydrogen, a lower alkyl or alkoxy group,
      halogen, a phenyl radical, an alkylsulphonyl radical or a phenylsulphonyl
      radical, R.sub.7 denotes hydrogen, a lower alkyl or alkoxy group or
      halogen, R.sub.8 denotes a lower alkyl group, a hydroxyalkyl group
      possessing at least two carbon atoms, the cyanoethyl group, a phenyl
      radical which is optionally substituted by halogen, lower alkyl or alkoxy
      groups, a cycloalkyl radical or an aralkyl radical, R.sub.9 denotes a
      lower alkyl group, a hydroxyalkyl group, an alkoxyalkyl group, an
      optionally substituted aralkyl radical or the --CH.sub.2 CN, --CH.sub.2
      CONH.sub.2 or --CH.sub.2 --COOR radical, wherein R represents an alkyl
      group with one to four carbon atoms, and X denotes halogen, an
      alkylsulphonic acid radical or a phenylsulphonic acid radical which is
      optionally substituted by lower alkyl.
PAR  The scope of the formula (1) includes the compounds of the formula
      ##SPC2##
PAL  Wherein R.sub.1 ' denotes hydrogen or a lower alkyl group or together with
      R.sub.2 denotes a fused benzene radical, R.sub.2 denotes hydrogen, a lower
      alkyl or alkoxy group, halogen, a carboxyl, carboalkoxy, aminocarbonyl,
      monoalkylaminocarbonyl or dialkylaminocarbonyl, sulphonic acid,
      alkylsulphonyl, alkoxysulphonyl, aminosulphonyl, monoalkylaminosulphonyl
      or dialkylaminosulphonyl group or together with R.sub.1 ' or R.sub.3
      denotes a fused benzene radical, R.sub.3 denotes hydrogen or a lower alkyl
      or alkoxy group or together with R.sub.2 or R.sub.4 ' denotes a fused
      benzene radical, R.sub.4 ' denotes hydrogen, a lower alkyl group or
      halogen or together with R.sub.3  denotes a fused benzene radical, R.sub.5
      ' denotes hydrogen, a lower alkyl group or the phenyl group and R.sub.6 '
      denotes hydrogen, a lower alkyl group, an alkoxy group, halogen or a
      phenyl radical, R.sub.8 denotes a lower alkyl group, a hydroxyalkyl group
      possessing at least two carbon atoms, the cyanoethyl group, a phenyl
      radical which is optionally substituted by halogen, lower alkyl or alkoxy
      groups, a cycloalkyl radical or an aralkyl radical, R.sub.9 denotes a
      lower alkyl group, a hydroxyalkyl group, an alkoxyalkyl group, an
      optionally substituted aralkyl radical or the --CH.sub.2 CN, --CH.sub.2
      CONH.sub.2 or --CH.sub.2 --COOR radical, wherein R represents an alkyl
      group with one to four carbon atoms, and X denotes halogen, an
      alkylsulphonic acid radical or a phenylsulphonic acid radical which is
      optionally substituted by lower alkyl.
PAR  Preferred alkyl and alkoxy radicals, where they occur in the compounds of
      the formulae (1) and (2), are those with one to four carbon atoms,
      preferably methyl or methoxy. Halogen generally represents bromine and
      preferably represents chlorine.
PAR  Benzofuranes deserving special mention are those of the formula
      ##SPC3##
PAL  wherein R.sub.1 " denotes hydrogen, methyl, ethyl, methoxy or halogen,
      preferably chlorine, or together with R.sub.2 " denotes a fused benzene
      radical, R.sub.2 " denotes hydrogen, methyl, ethyl, methoxy or halogen,
      preferably chlorine, or together with R.sub.1 " or R.sub.3 " denotes a
      fused benzene radical, R.sub.3 " denotes hydrogen, methyl, ethyl, alkoxy
      with one to four carbon atoms, preferably methoxy, or halogen, preferably
      chlorine, or together with R.sub.2 " or R.sub.4 " denotes a fused benzene
      radical, R.sub.4 " denotes hydrogen, alkyl with one to four carbon atoms,
      preferably methyl, methoxy or halogen, preferably chlorine, or together
      with R.sub.3 " denotes a fused benzene radical, R.sub.5 " denotes
      hydrogen, alkyl with one to four carbon atoms, preferably methyl, or
      phenyl which is optionally substituted by methyl and/or methoxy, R.sub.6 "
      denotes hydrogen, alkyl with one to four carbon atoms, preferably methyl,
      alkylsulphonyl with one to four carbon atoms, preferably methylsulphonyl,
      methoxy or halogen, preferably chlorine, R.sub.7 " denotes hydrogen,
      methyl, methoxy or halogen, preferably chlorine, R.sub.8 " denotes alkyl
      with one to four carbon atoms, preferably methyl, hydroxyalkyl with two to
      four carbon atoms, cyanoethyl, phenyl which is optionally substituted by
      chlorine, methyl or methoxy, or cyclohexyl or benzyl, R.sub.9 " denotes
      alkyl with one to four carbon atoms which is optionally substituted by
      hydroxyl or alkoxy with 1 to 4 carbon atoms, benzyl which is optionally
      substituted by chlorine or methoxy, or a radical --CH.sub.2 CN, --CH.sub.2
      CONH.sub.2 or --CH.sub.2 COOR, wherein R represents an alkyl group with
      one to four carbon atoms, preferably methyl, and X.sub.1 denotes halogen,
      preferably chlorine, an alkylsulphonic acid radical with 1 to 4 carbon
      atoms, preferably the methylsulphonic acid radical, or a phenylsulphonic
      acid radical which is optionally substituted by methyl.
PAR  Further types of compounds to be highlighted are those of the formula
      ##SPC4##
PAL  wherein R.sub.10 denotes hydrogen or together with R.sub.11 denotes a fused
      benzene radical, R.sub.11 denotes hydrogen or halogen or together with
      R.sub.10 denotes a fused benzene radical, R.sub.12 denotes hydrogen or an
      alkyl or alkoxy group with one to four carbon atoms each, R.sub.13 denotes
      hydrogen or halogen, R.sub.14 denotes hydrogen or an alkyl group with one
      to four carbon atoms, R.sub.15 denotes an alkyl group with one to four
      carbon atoms, R.sub.16 denotes an alkyl or hydroxyalkyl group with one to
      four carbon atoms or an aralkyl group and X.sub.2 denotes halogen, an
      alkylsulphonic acid radical or the methylphenylsulphonic acid radical.
PAR  Of outstanding interest here are the benzofuranes of the formula
      ##SPC5##
PAL  wherein R.sub.10 ' and R.sub.11 ' denote hydrogen or together denote a
      fused benzene radical, R.sub.12 ' denotes hydrogen, methoxy or methyl
      R.sub.13 ' denotes hydrogen or methyl, R.sub.14 ' denotes hydrogen,
      methyl, methoxy, chlorine or methylsulphonyl, R.sub.15 ' denotes methyl,
      phenyl or benzyl, R.sub.16 ' denotes methyl or benzyl and X.sub.3 denotes
      chlorine, the methylsulphonic acid radical or the p-toluenesulphonic acid
      radical.
PAR  Amongst the compounds of the formulae (1) to (5), those in which not more
      than three of the R-substituents located on carbon atoms have a meaning
      other than hydrogen are generally preferred.
PAR  Compounds of the formula
      ##SPC6##
PAL  wherein R.sub.15 ' denotes methyl, phenyl or benzyl and X.sub.4 denotes
      halogen, the methylsulphonic acid radical or the methylphenylsulphonic
      acid radical are of particular practical interest.
PAR  The new compounds are used for imparting a white shade to organic material,
      for example natural fibre material such as, say, cotton, above all
      synthetic fibres, for example of polyesters such as poly(terephthalic acid
      glycol esters), polyamides such as polymers based on hexamethylenediamine
      adipate or caprolactam, cellulose esters, such as cellulose 21/2-acetate
      and cellulose triacetate, and especially polyacrylonitrile.
PAR  The organic material can, for example, be brightened by incorporating
      therein small amounts of optical brighteners according to the invention,
      appropriately 0.001 to 1% relative to the material to be brightened,
      optionally together with other substances, such as plasticisers,
      stabilisers or pigments. The brighteners can, for example, be incorporated
      into the plastics as solutions in plasticisers, such as dioctyl phthalate,
      or together with stabilisers, such as dibutyl-tin dilaurate or sodium
      pentaoctyl-tripolyphosphate, or together with pigments, for example
      titanium dioxide. Depending on the nature of the material to be
      brightened, the brightener can also be dissolved in the monomers before
      polymerisation, in the polymer composition or, together with the polymers,
      in a solvent. The material pretreated in this way is thereafter converted
      into the desired final form in accordance with processes which are in
      themselves known, such as spinning and stretching. The brighteners can
      also be incorporated into finishes, for example into finishes for textile
      fibres such as polyvinyl alcohol, or into resins or resin precondensates,
      such as, for example, methylol compounds of ethyleneurea, which serve for
      the treatment of textiles.
PAR  The compounds according to the invention are also suitable for brightening
      paper by surface coating.
PAR  Preferably, however, colourless high molecular organic material in the form
      of fibres is brightened. To brighten these fibre materials, an aqueous
      solution or dispersion of benzofuranes according to the invention, of the
      formula (1), is advantageously used. The brightener dispersion or solution
      in that case preferably contains from 0.005 to 0.5% of benzofurane
      according to the invention, relative to the fibre material. Additionally,
      the dispersion can contain auxiliaries, such as dispersing agents, for
      example condensation products of fatty alcohols containing 10 to 18 carbon
      atoms, or of alkylphenols, with 15 to 25 mols of ethylene oxide, or
      condensation products of alkylmonoamines or polyamines possessing 16 to 18
      carbon atoms with at least 10 mols of ethylene oxide, organic acids such
      as formic acid, oxalic acid or acetic acid, detergents, swelling agents
      such as dichlorobenzenes or trichlorobenzenes, wetting agent such as
      sulphosuccinic acid alkyl esters, bleaching agents such as sodium
      chlorite, peroxides or hydrosulphites, and, if appropriate, brighteners of
      other categories, such as, for example, stilbene derivatives which possess
      an affinity for cellulose.
PAR  The brightening of the fibre material with the aqueous brightener liquor
      either takes place by the exhaustion process, at temperatures of,
      preferably, 30.degree. to 150.degree.C, or by the padding process. In the
      latter case, the goods are impregnated with a brightener dispersion of,
      for example, 0.2 to 0.5% strength, and the goods to be dried are finished,
      for example, by dry or moist heat treatment, for example by steaming at 2
      atmospheres or by drying followed by brief dry heating to 180.degree. to
      220.degree.C, the fabric being heat-set at the same time, if appropriate.
      The fibre material treated in this way is finally rinsed and dried.
PAR  Colourless, high molecular, organic material optically brightened according
      to the invention, especially natural or synthetic fibre material
      brightened in accordance with the exhaustion process, shows a pleasing,
      pure white appearance with a blue-violet to bluish-tinged fluorescence
      whilst such fibre material which has been dyed in light colour shades and
      been whitened according to the invention is distinguished by a pure colour
      shade.
PAR  Wash liquors which contain benzofuranes of the formula (1), when used for
      washing, impart a brilliant appearance in daylight to the textile fibres
      treated therewith, for example synthetic polyamide, polyester and
      cellulose ester fibres, but especially polyacrylonitrile fibres.
PAR  The manufacture of compounds of the formula (1) starts from the
      corresponding non-quaternised compounds of the formula
      ##SPC7##
PAL  wherein R.sub.1 to R.sub.8 have the abovementioned meaning, which can be
      manufactured in accordance with known methods from known starting
      substances.
PAR  The manufacture of the benzimidazoles of the formula (7), wherein R.sub.8
      denotes an alkyl, cycloalkyl or aralkyl group, for example starts from the
      corresponding N-substituted o-nitroaniline, which is acylated with
      optionally substituted coumarilic acid (coumarone-2-carboxylic acid) or a
      functional derivative thereof, after which either the nitro group is
      reduced in an acid medium, with simultaneous cyclisation to give the
      benzimidazole, for example by means of stannous chloride/hydrochloric
      acid, or the nitro group is reduced under conditions which do not cause
      cyclisation of the o-amino-acylamino compound to give the benzimidazole
      (Bechamp reduction) and cyclisation is subsequently brought about by acid
      condensation agents, such as hydrochloric acid. Analogously substituted
      compounds can be manufactured from benzimidazoles of the formula (7), in
      which R.sub.8 represents hydrogen, if such N-unsubstituted benzimidazoles
      are reacted with alkylating or aralkylating agents in the presence of
      basic compounds, in accordance with known processes.
PAR  Benzimidazoles of the formula (7), wherein R.sub.8 denotes an alkyl,
      cycloalkyl or aralkyl group, but especially an aryl group, can be
      manufactured from N-monosubstituted o-phenylenediamines or optionally
      substituted 2-aminodiphenylamine, if these are acylated with optionally
      substituted coumarilic acid or a functional derivative thereof and the
      corresponding substituted primary acyl-o-phenylenediamine is cyclised in
      the presence of acid condensation agents, such as hydrochloric acid.
PAR  As examples of coumarilic acids there may be mentioned: 3-methylcoumarilic
      acid, 4-methylcoumarilic acid, 5-methylcoumarilic acid, 6-methylcoumarilic
      acid, 7-methylcoumarilic acid, 5-ethyl-coumarilic acid, 6-ethylcoumarilic
      acid, 3-(2-methoxyphenyl)-coumarilic acid, 3,4-dimethyl-coumarilic acid,
      3,5-dimethylcoumarilic acid, 3,6-dimethyl-coumarilic acid,
      3,7-dimethylcoumarilic acid, 4,6-dimethylcoumarilic acid,
      5,6-dimethylcoumarilic acid, 5,7-dimethylcoumarilic acid,
      6,7-dimethylcoumarilic acid, 3-phenyl-6-methyl-coumarilic acid,
      3-phenyl-5-methylcoumarilic acid,
      3-(2-methoxy-5-methylphenyl)-5-methyl-coumarilic acid,
      3-isopropyl-6-methyl-coumarilic acid, 3,4,6-trimethylcoumarilic acid,
      4,6-dimethyl-3-isopropylcoumarilic acid, 3,5,6-trimethyl-coumarilic acid,
      3,4-dimethyl-7-isopropylcoumarilic acid, 4,6-dimethyl-3-ethylcoumarilic
      acid, 5-chlorocoumarilic acid, 5-bromocoumarilic acid, 6-chlorocoumarilic
      acid, 7-chlorocoumarilic acid, 3-methyl-5-chlorocoumarillic acid,
      3-methyl-5-bromocoumarilic acid, 6-chloro-7-methylcoumarilic acid,
      3,6-dimethyl-5-chlorocoumarilic acid, 3,6-dimethyl-5-bromocoumarilic acid,
      3-ethyl-5-chloro-6-methylcoumarilic acid, 5,7-dichlorocoumarilic acid,
      5,7-dibromocoumarilic acid, 5,7-dibromo-6-methylcoumarilic acid,
      3-methyl-5,7-dibromocoumarilic acid, 4-methoxycoumarilic acid,
      5-methoxycoumarilic acid, 6-methoxycoumarilic acid, 7-methoxycoumarilic
      acid, 3-methyl-4-methoxycoumarilic acid, 3-methyl-5-methoxycoumarilic
      acid, 3-methyl-6-methoxycoumarilic acid, 3-methyl-7-methoxycoumarilic
      acid, 3-methyl-6-butyoxycoumarilic acid,
      3-methyl-5-ethyl-6-methoxycoumarilic acid,
      3,7-dimethyl-6-methoxycoumarilic acid,
      3-methyl-5-methoxy-6-bromocoumarilic acid, 3
      -methyl-5-bromo-6-methoxycoumarilic acid,
      3-methyl-4-bromo-5-methoxycoumarilic acid,
      3-methyl-4-methoxy-7-bromocoumarilic acid, 5-chloro-6-methoxycoumarilic
      acid, 5-bromo-6-methoxycoumarilic acid, 4-ethyl-7-methoxycoumarilic acid,
      5-ethyl-7-methoxycoumarilic acid, 4-ethyl-5-methoxycoumarilic acid,
      3-methyl-4-methoxy-5,7-dibromocoumarilic acid,
      3,6-dimethyl-4-methoxy-5,7-dibromocoumarilic acid, 4,6-dimethoxycoumarilic
      acid, 6,7-dimethoxycoumarilic acid, 5,6-dimethoxycoumarilic acid,
      3-methyl-4,6-dimethoxycoumarilic acid, 3-methyl-6,7-dimethoxycoumarilic
      acid, 3-methyl-5,6-dimethoxycoumarilic acid,
      4,6-dimethoxy-7-methylcoumarilic acid, 4,6-dimethoxy-5-methylcoumarilic
      acid, 3-phenyl-5,6-dimethoxycoumarilic acid,
      3-phenyl-4,6-dimethoxycoumarilic acid, 3-phenyl-6,7-dimethoxycoumarilic
      acid, 5,6-dimethoxy-3-methyl-7-bromocoumarilic acid,
      3-methyl-4-bromo-5,6-dimethoxycoumarilic acid,
      3,5-dimethyl-4,6-dimethoxycoumarilic acid,
      3,7-dimethyl-4,6-dimethoxycoumarilic acid,
      3-methyl-7-chloro-4,6-dimethoxycoumarilic acid,
      3-methyl-7-bromo-4,6-dimethoxycoumarilic acid,
      4-methyl-5-bromo-6-methoxycoumarilic acid,
      3-methyl-6-methoxy-7-bromocoumarilic acid, 3-phenyl-6-methoxycoumarilic
      acid, 3-(m-methoxyphenyl)-6-methoxycoumarilic acid,
      3-(p-methoxyphenyl)-6-methoxycoumarilic acid,
      3-methyl-6-methoxy-5,7-dibromocoumarilic acid,
      5-methoxy-7-chlorocoumarilic acid, 5-methoxy-7-bromocoumarilic acid,
      4,5,6-trimethoxycoumarilic acid, 4,6,7-trimethoxycoumarilic acid,
      3-phenyl-4,5,6-trimethoxycoumarilic acid,
      3-phenyl-5,6,7-trimethoxycoumarilic acid,
      4,6,7-trimethoxy-5-methylcoumarilic acid,
      4,6,7-trimethoxy-5-bromocoumarilic acid,
      3-methyl-6,7-benzocoumarone-2-carboxylic acid,
      3-ethyl-6,7-benzocoumarone-2-carboxylic acid,
      3-isopropyl-6,7-benzocoumarone-2-carboxylic acid,
      5-methoxy-6,7-benzocoumarone-2-carboxylic acid,
      3-methyl-5-methoxy-6,7-benzocoumarone-2-carboxylic acid,
      3-methyl-4,5-benzocoumarone-2-carboxylic acid and
      5,6-benzocoumarone-2-carboxylic acid.
PAR  As examples of substituted o-nitroanilines there may be mentioned:
      2-nitro-4-chloroaniline, 2-nitro-4-methoxyaniline,
      2-nitro-4-methylaniline, 2-nitro-4-methylsulphonylaniline,
      2-nitro-4-chloro-5-methylaniline, 2-nitro-3-methyl-5-bromoaniline,
      2-nitro-4-tert.butylaniline, 2-nitro-4-methoxy-5-methylaniline,
      2-nitro-4-ethylsulphonylaniline, 2-nitro-3-chloro-5-methoxyaniline,
      2-nitro-5,6-dimethylaniline, 2-nitro-4,6-dichloroaniline,
      o-nitro-N-methylaminobenzene, o-nitro-(.beta.-cyanoethylamino)-benzene,
      o-nitro-(.beta.-hydroxyethylamino)-benzene, o-nitro-N-ethylaminobenzene,
      o-nitro-N-butylaminobenzene, o-nitro-N-cyclohexylaminobenzene,
      o-nitro-N-benzylaminobenzene and 2-nitro-4-methyl-N-methylaminobenzene.
PAR  As examples of o-phenylenediamines there may be mentioned:
      2-amino-diphenylamine, 3-chloro-2-amino-diphenylamine,
      4-chloro-2-amino-diphenylamine, 5-chloro-2-amino-diphenylamine,
      5-fluoro-2-amino-diphenylamine, 3'-chloro-2-amino-diphenylamine,
      4'-chloro-2-amino-diphenylamine, 4'-bromo-2-aminodiphenylamine,
      4,3'-dichloro-2-amino-diphenylamine, 4,4'-dichloro-2-amino-diphenylamine,
      4,5'-dichloro-2-amino-diphenylamine, 4-methyl-2-amino-diphenylamine,
      5-chloro-3'-methyl-2-amino-diphenylamine, 4-methoxy-2-amino-diphenylamine
      and 4'-methoxy-2-amino-diphenylamine.
PAR  The quaternisation reaction then takes place in accordance with the
      equation:
      ##SPC8##
PAL  This quaternisation is carried out in a solvent which is inert towards the
      reactants, at temperatures of 0.degree. to 200.degree.C, preferably at
      20.degree. to 150.degree.C. Such solvents are, for example, aromatic
      hydrocarbons such as benzene, toluene and xylene; halogenated hydrocarbons
      such as methylene chloride, tetrachloroethylene, chlorobenzene,
      bromobenzene or dichlorobenzene, and also nitrobenzene, lower alkanols and
      open or cyclic ethers, such as ethanol, isopropanol, butanol, diethyl
      ether, dibutyl ether, ethylene glycol monomethyl ether, ethylene glycol
      monoethyl ether, tetrahydrofurane or dioxane; lower ketones such as
      acetone or methyl ethyl ketone; fatty acid amides such as
      dimethylformamide or dimethylacetamide; sulphoxides such as
      dimethylsulphoxide and ureas such as tetramethylurea. If desired, the
      quaternary salts produced can be converted into other salts by double
      decomposition.
PAR  The reaction described above can in principle be carried out with any
      quaternising agent. Examples of such quaternising agents are alkyl
      halides, such as methyl iodide, butyl bromide, dialkyl sulphates such as
      dimethyl sulphate or diethyl sulphate, aralkyl halides such as benzyl
      chloride or bromide, halogenoacetic acid esters and their derivatives, and
      esters of benzenesulphonic acid or of p-toluenesulphonic acid, especially
      their methyl or ethyl esters.
PAR  The new quaternary compounds form yellowish water-soluble powders, the
      dilute aqueous solutions of which show a vivid blue fluorescence in
      daylight.
DETD
PAC  EXAMPLE 1
PAR  To manufacture the quaternary compound of the formula
      ##SPC9##
PAL  18.1 g of 6-methoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane are
      dissolved in 270 ml of dioxane at 45.degree.C. 10.0 g of dimethyl sulphate
      are added to the solution, whilst stirring, whereupon the quaternary
      ammonium salt precipitates after a short time. The reaction mixture is
      stirred for a further 2 hours at 72.degree. to 75.degree.C and is then
      cooled to 15.degree.C, and the product is filtered off, rinsed with twice
      25 ml of dioxane and dried in vacuo at 60.degree.C. Crude yield: 25 g,
      corresponding to 97.5% of theory. After one recrystallisation from
      isopropanol, the almost colourless compound melts at 224.degree. to
      225.5.degree.C.
PAR  The compound dissolves in water to give a blue-violet fluorescence in
      daylight and is outstandingly suitable for brightening organic materials,
      especially polyacrylonitrile fibres.
PAR  The 6-methoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane used as the
      starting product is manufactured as follows:
PAR  10.5 g of 6-methoxy-coumarilic acid chloride are introduced, over the
      course of 10 minutes, into a solution of 7.6 g of N-methyl-o-nitroaniline
      in 85 ml of pyridine at room temperature. The reaction mixture is stirred
      for 3 hours at room temperature and is then warmed for 1 hour to
      80.degree. - 85.degree.C and thereafter poured into water, whereupon the
      acylation product first separates out as an oil, which crystallises after
      a short time. After drying and one recrystallisation from
      benzene-petroleum ether, 6-methoxy-coumarilic acid N-methyl-o-nitroanilide
      is obtained in almost colourless cubic crystals which melt at
      105.5.degree. to 106.5.degree.C.
PAR  13.0 g of the acylation product described above are stirred with 400 ml of
      ethylene glycol monomethyl ether and 42.0 g of stannous chloride.2H.sub.2
      O, dissolved in 84 ml of 37.3% strength hydrochloric acid, are added over
      the course of 15 minutes at 80.degree. to 90.degree.C. The reaction
      mixture is subsequently stirred for 3 hours at 104.degree. to 106.degree.C
      and after cooling is poured into 1,800 ml of 10% strength sodium hydroxide
      solution, and the ethylene glycol monomethyl ether is azeotropically
      distilled from the resulting solutions together with water, under reduced
      pressure, whereupon the compound separates out towards the end of the
      distillation. After cooling, the product is separated off, washed with
      water and dried. Repeated recrystallisation from chloroform-petroleum
      ether (1:2) yields 6-methoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane
      in almost colourless crystals which melt at 151.degree. to 151.5.degree.C.
PAR  If, instead of 6-methoxy-coumarilic acid chloride, the equivalent amount of
      3-methyl-6-methoxy-coumarilic acid chloride is used and in other respects
      the procedure described above is followed,
      3-methyl-6-methoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane is
      obtained. Melting point: 159.degree. to 159.5.degree.C.
PAC  EXAMPLE 2
PAR  To manufacture the quaternary compound of the formula
      ##SPC10##
PAL  11.9 g of 6-methoxy-2-[1-phenyl-benzimidazolyl-(2)]-benzofurane are
      dissolved in 90 ml of dioxane by warming to 85.degree.C. 9.0 g of dimethyl
      sulphate are added with good stirring. The quaternary salt separates out
      after a few minutes as a golden yellow oil. The reaction mixture is
      stirred for 1 hour at 85.degree.C and the solvent is subsequently
      distilled off in vacuo. The oily evaporation residue which remains is
      stirred with 750 ml of water at 50.degree. to 55.degree.C and in order to
      hydrolyse excess dimethyl sulphate, 10% strength sodium carbonate solution
      is slowly added until a weakly alkaline reaction persists (pH value about
      7.5 to 8.0). A little unchanged starting product is then filtered off, the
      filtrate is clarified with active charcoal and the aqueous solution is
      evaporated to dryness in vacuo. The evaporation residue is warmed to the
      boil with 300 ml of methyl ethyl ketone, insoluble inorganic salts are
      filtered off and thereafter the filtrate is concentrated to a volume of
      180 to 200 ml. After 24 hours the crystals which have separated out are
      separated off and again recrystallised from methyl ethyl ketone. The
      quaternary salt is obtained as almost colourless fine crystals, joined
      together in bundles, of melting point 158.5.degree. to 160.degree.C.
      Yield: 6.25 g.
PAR  The quaternary compound dissolves in water to give a blue fluorescence in
      daylight and is suitable for brightening organic materials, especially
      polyacrylonitrile fibres.
PAR  If, instead of 6-methoxy-2-[1-phenyl-benzimidazolyl-(2)]-benzofurane, the
      equivalent amount of 6-methoxy-2-[1-benzyl-benzimidazolyl-(2)]-benzofurane
      is used, and in other respects the procedure described in the example is
      followed, the quaternary compound of the formula
      ##SPC11##
PAL  is obtained; after twice crystallising from isopropanol, this compound is
      in the form of almost colourless crystals which melt at 155.degree. to
      155.5.degree.C. This product possesses similar properties to the compound
      described above.
PAR  If instead of 6-methoxy-2-[1-phenyl-benzimidazolyl-(2)]-benzofurane the
      equivalent amount of
      6-methoxy-2-[1-cyclohexyl-benzimidazolyl-(2)]-benzofurane is used and in
      other respects the procedure described in the example is followed, the
      quaternary compound of the formula
      ##SPC12##
PAL  is obtained.
PAR  The 6-methoxy-2-[1-phenyl-benzimidazolyl-(2)]-benzofurane used as the
      starting product is manufactured as follows:
PAR  21.7 g of 6-methoxycoumarilic acid chloride are rapidly introduced into a
      solution of 18.4 g of 2-amino-diphenylamine in 200 ml of pyridine at room
      temperature, whilst stirring. In the course thereof, the temperature of
      the reaction mixture rises to about 45.degree.C. After 15 minutes, the
      reaction mixture is additionally warmed to 80.degree. - 85.degree.C for 1
      hour to complete the reaction, and the dark solution is then poured into a
      copious amount of water. The acylation product, which is brownish-pink in
      colour and first separates out in a smeary form solidifies after several
      hours and is then filtered off, washed with water and dried. After
      recrystallisation from ethanol, 31.5 g (88% of theory) of
      2-[6-methoxycoumaroylamido]-diphenylamine are obtained. Melting point
      141.degree. to 142.degree.C.
PAR  17.9 g of 2-[6-methoxycoumaroylamido]-diphenylamine are stirred with 180 ml
      of ethylene glycol monomethyl ether and 15.0 g of 37.3% strength
      hydrochloric acid are added; the reaction mixture is warmed to 100.degree.
      - 105.degree.C and is kept for 4 hours at this temperature under slight
      reflux. Thereafter, the strongly fluorescent reaction solution is poured
      into a mixture of 18 ml of 30% strength sodium hydroxide solution and
      1,800 ml of water, whereupon the reaction product first separates out in a
      somewhat smeary form. After standing for several hours, the product which
      has solidified is separated off, comminuted, washed with water until free
      of alkali and dried. 14.6 g (85.8% of theory) of crystals of a dark
      brownish red colour, of melting point 151.degree. to 155.degree.C, are
      obtained. Recrystallisation from toluene and treatment with decolourising
      charcoal and fuller's earth yields the compound of the above formula as
      almost colourless crystals of melting point 161.degree. to 162.degree.C.
PAR  If, instead of 2-amino-diphenylamine, the equivalent amount of
      N-cyclohexyl-1,2-phenylenediamine or N-benzyl-1,2-phenylenediamine is
      used, and in other respects the procedure described above is followed,
      6-methoxy-2-[1-cyclohexyl-benzyimidazolyl-(2)]-benzofurane or
      6-methoxy-2-[1-benzyl-benzimidazolyl-(2)]-benzofurane, respectively, are
      obtained.
PAR  If instead of 2-amino-diphenylamine the equivalent amount of
      N-benzyl-1,2-phenylenediamine is used and instead of 6-methoxy-coumarilic
      acid chloride the equivalent amount of 6-methylcoumarilic acid chloride or
      5,7-dichlorocoumarilic acid chloride is used, and in other respects the
      procedure described above is followed,
      6-methyl-2-[1-benzyl-benzimidazolyl-(2)]-benzofurane of melting point
      172.degree. to 173.degree.C or
      5,7-dichloro-2-[1-benzyl-benzimidazolyl-(2)]-benzofurane of melting point
      177.degree. to 178.degree.C are respectively obtained.
PAC  EXAMPLE 3
PAR  To manufacture the quaternary compound of the formula
      ##SPC13##
PAL  12.5 g of 6-methoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane are
      dissolved in 150 ml of toluene by warming to about 65.degree.C. 12.5 g of
      p-toluenesulphonic acid methyl ester are then added whilst stirring. The
      quaternary salt rapidly precipitates as crystals. The reaction mixture is
      stirred for a further 2 hours at 100.degree.C and after cooling the
      product is filtered off, washed with toluene and dried. Yield 18.85 g,
      corresponding to 90% of theory. After one recrystallisation from water
      with the addition of active charcoal, the salt forms almost colourless
      crystals which contain 1 mol of water of crystallisation and melt at
      204.degree. to 205.degree.C.
PAR  The compound dissolves in water to give a blue-violet fluorescence in
      daylight.
PAR  The compound is outstandingly suitable for brightening organic materials,
      especially polyacrylonitrile fibres.
PAC  EXAMPLE 4
PAR  To manufacture the quaternary compound of the formula
      ##SPC14##
PAL  14.0 g of 6-methoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane, 150 ml of
      95% strength alcohol and 7.5 g of methyl chloride are heated to
      100.degree. - 105.degree.C in a pressure vessel for 21/2 hours. After
      cooling and releasing the pressure, the reaction mixture is evaporated to
      dryness and the evaporation residue is twice recrystallised from water
      with the addition of active charcoal. The quaternary compound is obtained
      as pale yellow-greenish tinged fine small needles containing 3 mols of
      water of crystallisation and melting at 212.degree. to 213.degree.C.
PAR  The compound dissolves in water to give a blue-violet fluorescence in
      daylight and is outstandingly suitable for brightening organic materials,
      especially polyacrylonitrile fibres.
PAR  If instead of 6-methoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane the
      equivalent amount of
      3-methyl-6-methoxy-2-[1-methyl-benzimidazolyl(2)]-benzofurane is used and
      in other respects the procedure described in the example is followed, the
      quaternary compound of the formula
      ##SPC15##
PAL  is obtained, which after one recrystallisation from water is in the form of
      colourless crystals with a mother-of-pearl glitter, which melt with
      decomposition at 229.degree. to 231.degree.C. This product possesses
      similar properties to the compound described above.
PAC  EXAMPLE 5
PAR  To manufacture the quaternary compound of the formula
      ##SPC16##
PAL  10 g of 6-methoxy-2-[1-methyl-benzimidazolyl(2)]-benzofurane are heated
      with 40 g of benzyl chloride for 1 hour to 130.degree.-135.degree.C whilst
      stirring, whereupon the quaternary salt precipitates after some time, in
      the form of crystals. After cooling, the precipitate is filtered off,
      washed with ethyl acetate, dried and recrystallised from water. 7.5 g of
      pale yellow crystal flakes are obtained, which contain 1 mol of water of
      crystallisation and melt at 206.5.degree. to 207.degree.C.
PAR  The compound dissolves in water to give a blue-violet fluorescence and is
      suitable for brightening organic materials, especially polyacrylonitrile
      fibres.
PAR  If instead of 6-methoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane an
      equivalent amount of
      3-methyl-6-methoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane or
      6-ethoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane or
      6-methoxy-2-[1-methyl-5-methyl-benzimidazolyl-(2)]-benzofurane is used,
      and in other respects the procedure described in the example is followed,
      the quaternary compound of the formula
      ##SPC17##
PAL  is respectively obtained. These products possess similar properties to the
      compound manufactured above and are therefore suitable for brightening
      organic materials, especially polyacrylonitrile fibres.
PAC  EXAMPLE 6
PAR  To manufacture the quaternary compound of the formula
      ##SPC18##
PAL  6.72 g of 6-methyl-2-[1-benzyl-benzimidazolyl-(2)]-benzofurane are
      dissolved in 67 ml of dioxane at 80.degree. to 90.degree.C and 3.15 g of
      dimethyl sulphate are added dropwise, whilst stirring, whereupon the
      quaternary salt precipitates after a short time. After stirring for a
      further hour at 80.degree. to 85.degree.C, the mixture is allowed to cool
      to room temperature and the product is filtered off, washed with dioxane
      and dried in vacuo at 60.degree.C. After twice recrystallising from water,
      6.25 g of colourless crystal flakes are obtained, which melt at
      189.5.degree. to 190.5.degree.C.
PAR  The quaternary compound is suitable for brightening organic materials,
      especially polyacrylonitrile fibres.
PAR  If instead of 6-methyl-2-[1-benzyl-benzimidazolyl-(2)]-benzofurane an
      equivalent amount of
      6-methoxy-2-[1-benzyl-5-methyl-benzimidazolyl-(2)]-benzofurane or
      6-methoxy-2-[1-benzyl-5-chloro-benzimidazolyl-(2)]-benzofurane or
      6-methoxy-2-[1-benzyl-5-methylsulphonyl-benzimidazolyl-(2)]-benzofurane or
      3-methyl-6-methoxy-2-[1-methyl-benzimidazolyl-(2)]-benzofurane or
      5,7-dichloro-2-[1-benzyl-benzimidazolyl-(2)]-benzofurane is used and in
      other respects the procedure described in the example is followed, the
      quaternary compounds of the formulae
      ##SPC19##
PA1  Melting point: 144.degree.-146.degree.C
      ##SPC20##
PA1  Melting point: 178.degree.-181.degree.C
      ##SPC21##
PA1  Melting point: 199.degree.-200.degree.C.
      ##SPC22##
PA1  Melting point: 182.degree.-183.degree.C
      ##SPC23##
PA1  Melting point: 187.degree.-189.degree.C
PAL  are obtained. These products possess similar properties to the compound
      manufactured above and are suitable for whitening synthetic fibres,
      especially of polyacrylonitrile.
PAR  the substituted 6-methoxy-2-[1-benzyl-benzimidazolyl-(2)]-benzofuranes used
      for the manufacture of the compounds of the formulae (20), (21) and (22)
      can be manufactured as follows:
PAR  42.6 g of 6-methoxycoumarilic acid chloride are introduced at room
      temperature into a solution of 32.0 g of 2-nitro-4-methyl-aniline in 400
      ml of pyridine, in the course of which the temperature of the reaction
      mixture rises to about 40.degree.C and a yellow crystalline precipitate is
      formed. After 1 hour, the reaction mixture is warmed to 80 - 85.degree.C,
      whereby a solution is produced which is stirred for 1 hour at this
      temperature and thereafter allowed to cool. The crystalline yellow
      precipitate is filtered off, washed with cold alcohol and dried. Yield:
      45.2 g of 6-methoxy-coumarilic acid 4-methyl-2-nitroanilide. Melting
      point: 191.degree. to 192.degree.C.
PAR  To reduce the nitro compound, 42 g of iron filings are surface-etched with
      42 ml of water and 8.3 ml of 80% strength acetic acid for 30 minutes at
      90.degree.C. Thereafter, 111 ml of cyclohexanone are added, the mixture is
      warmed to 95.degree. - 100.degree.C and 45.2 g of nitro compound are
      introduced in small portions over the course of 1 hour. The reaction
      mixture is boiled for 4 hours under reflux, then rendered weakly alkaline
      by careful addition of about 8.3 g of sodium carbonate, treated with 200
      ml of cyclohexanone and again brought to the boil; the iron sludge is then
      filtered off hot and the filter residue is washed with hot alcohol. The
      filtrate is thereafter steamdistilled and the solid residue is filtered
      off, washed with water and subsequently dried. The yield of crude
      6-methoxycoumarilic acid 4-methoxy-2-aminoanilide is 39.4 g. Melting
      point: 178.degree. to 181.degree.C.
PAR  To manufacture the benzimidazole compound, 39.4 g of the o-amino-acylamino
      compound manfactured above are stirred with 485 ml of ethylene glycol
      monomethyl ether, 40.2 g of 37.2% strength hydrochloric acid are added and
      the reaction mixture is warmed for 4 hours to 100.degree. - 104.degree.C
      under reflux and is subsequently poured into 4.800 ml of cold water,
      containing 47 ml of 30% strength sodium hydroxide solution. The initially
      oil benzimidazole crystallises after standing for several hours and is
      then filtered off, washed with water and dried. After twice
      recrystallising from toluene using fuller's earth as an auxiliary, 26.4 g
      of 6-methoxy-2-[5-methyl-benzimidazolyl-(2)]-benzofurane are obtained.
      Melting point: 214.degree. to 215.degree.C.
PAR  26.4 g of the benzimidazole obtained above are introduced into 200 ml of
      methyl ethyl ketone whilst stirring. After adding 13.12 g of anhydrous
      potassium carbonate, 0.95 g of potassium iodide and 12.35 g of benzyl
      chloride the reaction mixture is boiled for 12 hours under reflux,
      inorganic salts are then filtered off and washed with methyl ethyl ketone,
      the filtrate is concentrated and the product which crystallises out after
      cooling is filtered off and dried. Two recrystallisations from toluene
      using fuller's earth as an auxiliary yield 15.3 g of
      6-methoxy-2-[1-benzyl-5-methyl-benzimidazolyl(2)-benzofurane. Melting
      point: 157.degree. to 159.degree.C.
PAR  If instead of 2-nitro-4-methylaniline the equivalent amount of
      2-nitro-4-chloroaniline or 2-nitro-4-methylsulphonylaniline is used and in
      other respects the procedure described above is followed,
      6-methoxy-2-[1-benzyl-5-chlorobenzimidazolyl(2)]-benzofurane of melting
      point 143.5.degree. to 144.5.degree.C, or 6-methoxy-
      2-[1-benzyl-5-methylsulphonyl-benzimidazolyl-(2)]benzofurane of melting
      point 166.degree. to 169.degree.C, are respectively obtained.
PAC  EXAMPLE 7
PAR  To manufacture the quaternary compound of the formula
      ##SPC24##
PAL  5.96 g of 2-[1-methyl-benzimidazolyl-(2)]-4,5-benzocoumarone are dissolved
      in 120 ml of dioxane by warming to 90.degree. - 95.degree.C. 3.15 g of
      dimethyl sulphate are then added dropwise whilst stirring, whereupon the
      quaternary salt precipitates after a short time. After stirring for a
      further hour at 90.degree. to 95.degree.C the mixture is allowed to cool
      to 40.degree.C and the product is filtered off, washed with dioxane and
      dried in vacuo at 50.degree. to 60.degree.C. Redissolving and
      reprecipitating from isopropanol, and subsequent crystallisation from
      ethanol, yields the quaternary compound as light beige crystals of melting
      point 202.degree. to 204.degree.C.
PAR  The compound dissolves in water to give a blue fluorescence in daylight and
      is outstandingly suitable for brightening organic materials, especially
      polyacrylonitrile fibres.
PAR  The 2-[-1-methyl-benzimidazolyl-(2)]-4,5-benzocoumarone used above is
      obtained as follows:
PAR  42.5 g of 4,5-benzocoumarine-2-carboxylic acid are boiled with 95 ml of
      thionyl chloride under reflux until a clear solution has been produced.
      Thereafter the excess thionyl chloride is distilled off in vacuo,
      whereupon the carboxylic acid chloride is obtained as a light beige-brown
      crystalline residue, in almost quantitative yield. Crude melting point:
      116.degree. to 116.5.degree.C.
PAR  44.9 g of the carboxylic acid chloride manufactured above, in a finely
      powdered form, are introduced into a solution of 31.9 g of
      N-methyl-o-nitroaniline in 400 ml of pyridine at room temperature, whilst
      stirring, in the course of which the internal temperature rises slightly.
      After 15 minutes, the reaction mixture is warmed to 80.degree. -
      85.degree.C, kept for 1 hour at this temperature and then poured, whilst
      still hot, into 3,500 to 4,000 ml of cold water, whereupon the acylation
      product first separates out as an oil which crystallises after some time.
      After it has solidified, the product is filtered off, washed with water
      and dried in vacuo at 40.degree. to 50.degree.C. The yield of crude
      4,5-benzocoumarine-2-carboxylic acid N-methyl-o-nitroanilide is 57.5 g.
      Melting point: 136.degree. to 138.degree.C.
PAR  To manufacture the o-amino-acylamino compound, 49.8 g of iron filings in 51
      ml of water are surface-etched with 10 ml of 80% strength acetic acid at
      90.degree.C for 30 minutes. Thereafter 133 ml of cyclohexanone are added,
      the mixture is warmed to 95.degree. - 100.degree.C and 57.5 g of
      4,5-benzocoumarine-2-carboxylic acid N-methyl-o-nitroanilide are
      introduced over the course of 45 minutes, in small portions. The reaction
      mixture is boiled for 4 hours under reflux and after addition of 51 ml of
      water is rendered alkaline with about 10 g of sodium carbonate, 250 ml of
      cyclohexanone are added and after reaching the boiling point the mixture
      is filtered hot and the filter residue is washed with hot ethanol.
      Thereafter the filtrate is steam-distilled and the solid residue is
      filtered off, washed with water and then dried. The yield of crude
      4,5-benzocoumarine-2-carboxylic acid N-methyl-2-aminoanilide is 46.2 g.
      Melting point: 196.degree. to 198.degree.C.
PAR  To manufacture the benzimidazole compound, 46.2 g of the o-amino-acylamino
      compound manufactured above are suspended in 440 ml of ethylene glycol
      monomethyl ether, 35.3 g of 37.2% strength hydrochloric acid are added and
      the mixture is heated to 100.degree. - 105.degree.C under reflux for 4
      hours, whilst stirring, whereby a fine suspension of the benzimidazole
      hydrochloride is produced. After addition of 500 ml of ethylene glycol
      monomethyl ether the reaction mixture is rendered weakly alkaline to
      phenolphthalein at 90.degree. to 95.degree.C by means of about 40 ml of
      30% strength sodium hydroxide solution and is thereafter poured into 4,000
      ml of cold water whilst stirring, and the product which has precipitated
      is filtered off, washed with water and dried. Recrystallisation from
      ethanol with the aid of decolourising charcoal yields 32.6 g of
      2-[1-methyl-benzimidazolyl]-(2)]-4,5-benzocoumarine in almost colourless
      crystals. Melting point: 208.degree. to 209.degree.C.
PAC  EXAMPLE 8
PAR  To manufacture the quaternary compound of the formula
      ##SPC25##
PAL  6.0 g of 2-[1-methyl-benzimidazolyl-(2)]-4,5-benzocoumarone, the
      manufacture of which is described in Example 7, are stirred with 150 ml of
      dioxane and 16 g of methyl iodide for 24 hours in a water bath at
      55.degree. to 60.degree.C bath temperature. The precipitate formed is
      filtered off whilst still warm, washed with dioxane and dried. Yield: 7.5
      g. A sample recrystallised from ethanol forms light yellow crystals of
      melting point 262.degree. to 265.degree.C.
PAR  For conversion into the corresponding methochloride compound, 7.5 g of the
      quaternary methoiodide manufactured above are suspended in 500 ml of 90%
      strength ethanol and the suspension is warmed to 45.degree. - 50.degree.C.
      An alcoholic suspension of freshly manufactured silver chloride, which has
      been prepared from 10.0 g of silver nitrate in the usual manner, is then
      added and the reaction mixture is stirred for 5 hours at 45.degree. to
      50.degree.C. The silver halide is then filtered off and washed with warm
      50% strength ethanol, the filtrate is clarified with decolourising
      charcoal and the aqueous-alcoholic solution is then evaporated to dryness
      in vacuo. After crystallisation of the evaporation residue from water
      containing a little hydrochloric acid, the compound is obtained as light
      yellow fine small crystal needles. Melting point: 254.degree. to
      256.degree.C. (Decomposition).
PAR  The compound dissolves in water to give a strong blue fluorescence in
      daylight and is outstandingly suitable for brightening organic materials,
      especially of polyacrylonitrile fibres.
PAR  If instead of 2-[1-methyl-benzimidazolyl-(2)]-4,5-benzocoumarine the
      equivalent amount of
      6-methoxy-2-[1-benzyl-5-methylsulphonyl-benzimidazolyl-(2)]-benzofurane is
      used and in other respects the procedure described in the example is
      followed, the quaternary compound of the formula
      ##SPC26##
PAL  is obtained, after recrystallisation from water and drying in vacuo at
      60.degree. to 65.degree.C, in the form of pale greenish-tinged yellow
      crystals. Melting point: 148.degree. to 150.degree.C.
PAR  This product possesses similar properties to the compound described above.
PAC  EXAMPLE 9
PAR  The compound of the formula
      ##SPC27##
PAL  listed in Table I are obtained in an analogous manner to that described in
      Examples 1 to 8.
PAC  EXAMPLE 10
PAR  0.12 ml of 85% strength formic acid are added to 100 ml of water. A
      solution of the optical brightener of the formula (8) is prepared by
      dissolving 1 g in 1,000 ml of water. 1.5 ml of this stock solution are
      added to the solution described above. The liquor thus obtained is warmed
      to 60.degree.C and a polyacrylonitrile fabric weighing 3 g is introduced
      into it. The temperature is raised to 95.degree.-98.degree.C over the
      course of 10 to 15 minutes and the mixture is left at this temperature for
      one hour. The fabric is then rinsed for 2 minutes in running cold water
      and is subsequently dried for 20 minutes at 60.degree.C. The fabric thus
      treated shows a white brilliant appearance.
PAR  If the procedure indicated in the above example is followed but instead of
      the brightener mentioned therein the compounds of the formula (9), (10),
      (12), (13), (15), (17), (20), (22), (23), (25), (26) or (27) are used,
      similar results are obtained.
PAC  EXAMPLE 11
PAR  0.2 g of sodium nitrate, 0.2 g of 80% strength sodium chlorite, 0.2 g of
      oxalic acid or an equivalent amount of another organic or inorganic acid
      suitable for this purpose are added to 100 ml of water. A solution of the
      brightener of the formula (10) is prepared by dissolving 1 g of the said
      brightener in 1,000 ml of water. 1.5 ml of this stock solution are added
      to the solution described above. This liquor is warmed to 60.degree.C, a
      polyacrylonitrile fabric weighing 3 g is then added, the temperature is
      raised to 95.degree.-98.degree.C over the course of 10 to 15 minutes and
      the bath is left for 60 minutes at this temperature. The fabric is then
      rinsed in cold water and dried for 20 minutes at 60.degree.C. The fabric
      thus treated shows a white, brilliant appearance.
PAR  Similar results are obtained if the same procedure as described above is
      followed but the brighteners of the formulae (8), (9), (12), (13), (15),
      (18), (20), (21), (22), (25), (26) or (27) are employed.
PAC  EXAMPLE 12
PAR  0.1 g of oxalic acid, 0.1 g of sodium acetate, 0.0125 g of sodium
      bisulphite amd 0.025 g of a polyphosphate, as a complex-forming agent, are
      added to 100 ml of water. A solution of the optical brightener of the
      formula (10) is prepared by dissolving 1 g in 1,000 ml of water. 6 ml of
      this stock solution are added to the solution described above. The aqueous
      liquor containing the brightener is warmed to 60.degree.C and a hank of
      polyacrylonitrile ("(Courtelle," Courtaulds, London, England) weighing 3 g
      is introduced into the liquor. The temperature is raised to 98.degree.C
      over the course of 10 to 15 minutes and the material is treated for 30
      minutes at this temperature. Thereafter it is rinsed with cold water and
      dried. The fibre material thus treated shows an attractive, white
      appearance.
PAR  If instead of the brightener described above a brightener of the formula
      (9), (11), (13), (15), (20), (21), (22), (23), (25) or (26) is used and in
      other respects the procedure indicated in the example is followed, similar
      effects are produced on the fibre material mentioned.
PAC  EXAMPLE 13
PAR  1 g of the optical brightener of the formula (8) is dissolved in 1,000 ml
      of water. 3 ml of this stock solution are added to 100 ml of water, the
      liquor containing the brightener is warmed to 60.degree.C, and a nylon
      fabric weighing 3 g is then added. The temperature is raised to
      92.degree.-95.degree.C over the course of 10 to 15 minutes and the fabric
      is left at this temperature for 30 minutes. After rinising and drying, the
      material treated in this way shows an attractive, white appearance.
PAR  Similar results are achieved with the brighteners of the formulae (9),
      (10), (12), (13), (20), (21) or (22).
PAC  EXAMPLE 14
PAR  0.2 g of sodium chlorite (80% strength), 0.2 g of sodium nitrate and 0.2 g
      of oxalic acid or an equivalent amount of another organic or inorganic
      acid suitable for this purpose are added to 100 ml of water. A solution of
      the optical brightener of the formula (9) is prepared by dissolving 1 g in
      1,000 ml of water. 3 ml of this stock solution are added to the solution
      described above. This aqueous liquor containing the brightener is warmed
      to 60.degree.C. A nylon fabric weighing 3 g is then added. The temperature
      is raised to 85.degree.C over the course of 10 to 15 minutes and the
      system is left at this temperature for 30 minutes. The temperature is then
      raised to 95.degree.-98.degree.C over the course of 10 to 15 minutes and
      the system is again left at this temperature for 30 minutes. The fabric is
      then rinsed for 2 minutes in running cold water and is subsequently dried
      for 20 minutes at 60.degree.C. The material thus treated shows an
      attractive, white appearance.
PAC  EXAMPLE 15
PAR  1 g of the optical brightener of the formula (9) is dissolved in 1,000 ml
      of water. A polyester fabric is padded with this solution at 20.degree.C
      (expression effect 50 to 60%, roller pressure 30 kg/cm.sup.2, speed
      3m/minute). The fabric is dried for 20 minutes at 60.degree.C and
      subsequently set for 30 seconds at 200.degree.C. The fabric treated in
      this way shows a white, brilliant appearance.
PAR  A similar result is achieved if the brightener of the formula (8), (10),
      (12), (19), (20), (21) or (22) is employed and in other respects the
      procedure described above is followed.
PAC  EXAMPLE 16
PAR  0.06 ml of 80% strength acetic acid is added to 95 ml of water. A solution
      of the optical brightener of the formula (9) is manufactured by dissolving
      1 g in 1,000 ml of water. 6 ml of this stock solution are added to the
      solution described above. The liquor containing the brightener is warmed
      to 40.degree.C and an acetate fabric weighing 3 g is then added thereto.
      The temperature is raised to 75.degree.-80.degree.C over the course of 10
      to 15 minutes and the liquor is left at this temperature for 30 minutes.
      The fabric is then rinsed in running water and dried. The fabric treated
      in this way shows a white, brilliant appearance.
PAR  Similar results are obtained with the brighteners of the formulae (8),
      (10), (12), (13), (14), (15), (17), (19), (20), (22), (23) or (25).
PAC  EXAMPLE 17
PAR  80 g of a degraded starch (for example NERODUX 100.sup.R of Messrs.
      Blattmann & Co. Wadenswil, Switzerland) are dissolved in 1,000 ml of
      water, heated to 90.degree.C, over the course of 15 minutes to give a
      colloidal solution, and this is mixed with a solution, prepared hot, of 5
      g of the optical brightener of the formula (10) in 50 ml of distilled
      water. The resulting mixture containing starch and optical brightener has
      a pH value of 5.5 to 6.0.
PAR  A sized printing paper is surface-coated with this coating liquor in a
      sizing press and the coated paper is dried at about 50.degree. to
      120.degree.C in the drying part of the paper machine. A paper of
      substantially improved degree of whiteness is thus obtained.
PAR  Instead of using sized paper, sized cardboard can be used with equal
      success.
PAC  EXAMPLE 18
PAR  10 parts of cotton cretonne are treated, at a temperature of 40.degree.C,
      in 300 parts of a liquor containing 0.6 part of a cationic agent of the
      type of bis-stearyl-bis-methyl-ammonium chloride, which improved the
      handle of the textile material, and 0.01 part of the brightener of the
      formula (10), for 15 minutes. After drying, the treated fabric shows an
      attractive white effect and additionally a soft handle.
PAR  A considerably stronger white shade is obtained if, in the above example
      0.06 part of the brightener mentioned is used instead of 0.01 part.
CLMS
STM  I claim:
NUM  1.
PAR  1. A benzofurane of the formula
      ##SPC28##
PAL  wherein
PA1  R.sub.1 denotes hydrogen or a lower alkyl group or together with R.sub.2
      denotes a fused benzene radical,
PA1  R.sub.2 denotes hydrogen, a lower alkyl or alkoxy group, chlorine, bromine,
      carboxyl, aminocarbonyl, sulphonic acid, aminosulphonyl, or together with
      R.sub.3 denotes a fused benzene radical,
PA1  R.sub.3 denotes hydrogen, lower alkyl, alkoxy or together with R.sub.4
      denotes a fused benzene radical,
PA1  R.sub.4 denotes hydrogen, a lower alkyl group, chlorine or bromine,
PA1  R.sub.5 denotes hydrogen, a lower alkyl group or phenyl,
PA1  R.sub.6 denotes hydrogen, lower alkyl, lower alkoxy, chlorine, bromine, or
      phenyl,
PA1  R.sub.7 is hydrogen,
PA1  R.sub.8 denotes a lower alkyl group, a hydroxy-lower-alkyl group,
      cyanoethyl, phenyl which is unsubstituted or substituted by a chlorine,
      bromine, a lower alkyl or lower alkoxy group, or phenyl loweralkyl,
PA1  R.sub.9 denotes a lower alkyl group, a hydroxy-lower-alkyl group, phenyl
      lower-alkyl which is unsubstituted or substituted by chlorine or lower
      alkoxy, or the --CH.sub.2 CN, -- CH.sub.2 CONH.sub.2 or --CH.sub.2 -COOR
      radical, wherein R represents alkyl with one to four carbon atoms, and
PA1  X denotes halogen, lower alkylsulphonic acid or phenylsulphonic acid which
      is unsubstituted or substituted by lower alkyl.
NUM  2.
PAR  2. A benzofurane of claim 1, wherein
PA1  R.sub.1 denotes hydrogen, methyl, ethyl, methoxy, chlorine, or bromine, or
      together with R.sub.2 denotes a fused benzene radical,
PA1  R.sub.2 denotes hydrogen, methyl, ethyl, methoxy, chlorine, or bromine, or
      together with R.sub.3 denotes a fused benzene radical,
PA1  R.sub.3 denotes hydrogen, methyl, ethyl, alkoxy with one to four carbon
      atoms, chlorine, bromine, or together with R.sub.4 denotes a fused benzene
      radical,
PA1  R.sub.4 denotes hydrogen, alkyl with one to four carbon atoms, methoxy,
      chlorine, or bromine,
PA1  R.sub.5 denotes hydrogen, alkyl with one to four carbon atoms, or phenyl
      which is unsubstituted or substituted by methyl and/or methoxy,
PA1  R.sub.6 denotes hydrogen, alkyl with one to four carbon atoms,
      alkylsulphonyl with one to four carbon atoms, methoxy, or bromine,
PA1  R.sub.7 denotes hydrogen, methyl, methoxy, chlorine, or bromine,
PA1  R.sub.8 denotes alkyl with one to four carbon atoms, hydroxyalkyl with two
      to four carbon atoms, cyanoethyl, phenyl which is unsubstituted or
      substituted by chlorine, methyl or methoxy, cyclohexyl, or benzyl,
PA1  R.sub.9 denotes alkyl with one to four carbon atoms which is unsubstituted
      or substituted by hydroxyl or alkoxy with one to four carbon atoms, benzyl
      which is unsubstituted or substituted by chlorine or methoxy, or a radical
      --CH.sub.2 CN, --CH.sub.2 CONH.sub.2 or --CH.sub.2 COOR, wherein
PA1  R represents an alkyl group with one to four carbon atoms, and
PA1  X denotes halogen, an alkylsulphonic acid radical with one to four carbon
      atoms, or a phenylsulphonic acid radical which is unsubstituted or
      substituted by methyl.
NUM  3.
PAR  3. A benzofurane of claim 1, wherein
PA1  R.sub.1 denotes hydrogen or together with R.sub.2 denotes a fused benzene
      radical,
PA1  R.sub.2 denotes hydrogen, chlorine, or bromine,
PA1  R.sub.3 denotes hydrogen, alkyl group with one to four carbon atoms, an
      alkoxy group with one to four carbon atoms,
PA1  R.sub.4 denotes hydrogen, chlorine, or bromine,
PA1  R.sub.5 denotes hydrogen or an alkyl group with one to four carbon atoms,
PA1  R.sub.6 and R.sub.7 are hydrogen,
PA1  R.sub.8 denotes an alkyl group with one to four carbon atoms,
PA1  R.sub.9 denotes an alkyl group with one to four carbon atoms, a
      hydroxyalkyl group with one to four carbon atoms, or benzyl, and
PA1  X denotes halogen, a lower alkyl-sulphonic acid radical or a
      methylphenylsulphonic acid radical.
NUM  4.
PAR  4. A benzofurane of claim 1 wherein
PA1  R.sub.1 and R.sub.2 denote hydrogen or together denote a fused benzene
      radical,
PA1  R.sub.3 denotes hydrogen, methoxy or methyl,
PA1  R.sub.4 is hydrogen,
PA1  R.sub.5 denotes hydrogen or methyl,
PA1  R.sub.6 is in the 5-position and denotes hydrogen, methyl, methoxy,
      chlorine or methylsulphonyl,
PA1  R.sub.7 is hydrogen,
PA1  R.sub.8 denotes methyl, phenyl or benzyl,
PA1  R.sub.9 denotes methyl or benzyl, and
PA1  X denotes chlorine, the methylsulphonic acid radical or the
      p-toluenesulphonic acid radical.
NUM  5.
PAR  5. A benzofurane of the formula
      ##SPC29##
PAL  wherein
PA1  R.sub.1 is hydrogen or taken together with R.sub.2 is a fused benzene
      radical,
PA1  R.sub.2 is hydrogen, or chlorine,
PA1  R.sub.3 is methyl or lower alkoxy,
PA1  R.sub.4 is hydrogen or chlorine,
PA1  R.sub.5 is hydrogen or methyl,
PA1  R.sub.6 is hydrogen, methyl, chlorine, or methylsulphonyl,
PA1  R.sub.7, r.sub.10, and R.sub.11 are hydrogen,
PA1  R.sub.8 is methyl, phenyl, benzyl, or cyclohexyl, and
PA1  R.sub.9 is methyl or benzyl.
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ABST
PAL  Aminoalkyl esters and amides of 4,5-dihydrobenz[g]indazole-3-carboxylic
      acids and related compounds are described herein. They are useful as
      anti-ulcer agents, anti-arrhythmic agents, anti-bacterial agents,
      anti-protozoal agents, anthelmintics, anti-fungal agents, anti-algal
      agents and anti-inflammatory agents. The compounds are prepared from the
      appropriate carboxylic acid, alkyl ester, or acid chloride.
PARN
PAR  The present application is a continuation-in-part of application Ser. No.
      242,232, filed Apr. 7, 1972 now abandoned.
BSUM
PAR  The present invention relates to a group of carboxylic acid derivatives
      which contain the 4,5-dihydro[g]indazole nucleus or a similar nucleus.
      More particularly, it relates to a group of compounds having the following
      general formula
      ##SPC1##
PAL  Wherein A is selected from the group consisting of hydrogen, halogen, and
      methoxy; Y is selected from the group consisting of hydrogen, chlorine,
      methoxy and dimethylamino; Y' is hydrogen or methoxy; Z is methylene,
      ethylene, trimethylene or vinylene; X is O or --NH--; Alk is lower
      alkylene separating the atoms attached thereto by at least two carbon
      atoms; --NRR' is selected from the group consisting of di(lower
      alkyl)amino, 1-pyrrolidinyl, piperidino, morpholino,
      4-methyl-1-piperazinyl and azabicyclononyl. In addition, the present
      invention encompasses compounds in which the A-substituted phenyl group is
      replaced by an alkyl group.
PAR  The halogen atoms referred to above include fluorine, chlorine, bromine and
      iodine. The lower alkyl radicals referred to above contain up to 6 carbon
      atoms and can be exemplified by methyl, ethyl, propyl, isopropyl, and
      butyl. The lower alkylene radicals referred to above likewise contain up
      to 6 carbon atoms and can be exemplified by ethylene, propylene and
      trimethylene.
PAR  The organic bases of this invention form pharmaceutically acceptable salts
      with a variety of organic and inorganic acids. Such salts are formed with
      acids such as sulfuric, phosphoric, hydrochloric, hydrobromic, hydroiodic,
      sulfamic, citric, lactic, maleic, malic, succinic, tartaric, cinnamic,
      acetic, benzoic, gluconic, ascorbic, and related acids. They also form
      quaternary ammonium salts with a variety of organic esters of sulfuric,
      hydrohalic, and aromatic sulfonic acids. Among such esters are methyl
      chloride and bromide, ethyl chloride, propyl chloride, butyl chloride,
      isobutyl chloride, benzyl chloride and bromide, phenethyl bromide,
      naphthylmethyl chloride, dimethyl sulfate, methyl benzenesulfonate, ethyl
      toluenesulfonate, ethylene chlorohydrin, propylene chlorohydrin, allyl
      bromide, methallyl bromide, and crotyl bromide.
PAR  The compounds of the present invention are conveniently prepared from an
      acid halide of the formula
      ##SPC2##
PAL  Wherein the various groups are defined as above and halogen is preferably
      chlorine. The acid halide is reacted with an appropriate aminoalkanol or
      aminoalkylamine to give the desired product.
PAR  Alternately, the amides of the present invention can be prepared by
      reacting a lower alkyl ester, preferably the methyl or ethyl ester
      corresponding to the acid halide above, with an appropriate
      aminoalkylamine to give the desired amide. In addition, a carboxylic acid
      corresponding to the acid chloride depicted above can be heated with an
      appropriate aminoalkyl halide, preferably the chloride, to give the
      appropriate aminoalkyl ester.
PAR  The compounds of the present invention are useful for a variety of
      purposes. Thus, they can be used as antiulcer agents, anti-arrhythmic
      agents, and anti-inflammatory agents. In addition, they are useful as
      anti-biotic agents against a variety of organisms. Thus, they inhibit the
      growth of bacteria such as Bacillus subtillus and Erwinia sp.; protozoa
      such as Trichomonas vaginalis and Tetrahymena pyroformis; helminths such
      as Turbatrix aceti; fungi such as Trichophyton mentagrophytes, Candida
      albicans, and Verticillium albo-atrum; and algae such as Chlorella
      vulgaris. For these latter purposes, the present compounds can be combined
      with various known excipients and adjuvants in the form of dusts,
      solutions, suspensions, ointments, and sprays to provide compositions
      useful for disinfecting purposes.
PAR  The anti-arrhythmic utility of the instant compounds is evident from the
      results of a standardized test for their capacity to slow the ventricular
      tachycardia induced by aconitine in the isolated rabbit heart. The
      procedure is essentially that described by Lucchesi [J. Pharmacol. Exp.
      Therap., 137, 291 (1962)], modified in certain particulars as follows:
      Hearts are obtained from adult albino rabbits of either sex and perfused
      in apparatus modeled after that devised by Anderson and Craver [J.
      Pharmacol. Exp. Therap., 93, 135 (1948)]. Composition of the perfusion
      solution is the same as Lucchesi's, but the volume is increased to 200 ml.
      and the temperature lowered to 28.degree.. Aconitine (ordinarily as the
      nitrate) is administered as soon as the heart beat is regular and EKG
      pattern normal, the dose being so selected as to at least double the rate.
      Typically, 0.05 ml of 0.1 percent aconitine nitrate in physiological
      saline is injected. EKG's are recorded at 5 minute intervals after onset
      of ventricular tachycardia until two successive readings show
      stabilization of the rate. Perfusate collected during this time is
      discarded and replaced with fresh solution q.s. 200 ml. Promptly following
      stabilization, 2 mg. of compound dissolved or suspended in 1 ml. of
      physiological saline, is mixed with the perfusion solution. Ten minutes
      later a like amount is introduced, followed after a further 10 minutes by
      double the first amount. Final concentration of compound of the perfusion
      solution is thus 40 mg. per 1. Recording of EKG's is continued at five
      minute intervals throughout this time and for ten minutes thereafter. A
      compound is considered antiarrhythmic if, at any time during the 30
      minutes immediately following initial administration in at least half of a
      minimum of two tests, it reduces by 50 percent or more the rate recorded
      ten minutes after onset of tachycardia. When tested by the above
      procedure, 7-chloro-N-(3-dimethylaminopropyl)-1-phenyl-4,5-dihydro-1H-benz
     [g]indazole-3-carboxamide,
      N-(2-diethylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxam
     ide hydrochloride, 2-diethylaminoethyl 1
      -(4-chlorophenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylate and
      N-(2-diethylaminoethyl)-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-carbox
     amide hydrochloride were each active as anti-arrhythmic agents.
PAR  The anti-bacterial utility of the instant compounds is evident from the
      results of a standardized test for the capacity to prevent the growth of
      Erwinia sp. In this test, nutrient broth (manufactured by Baltimore
      Biological Laboratories or Difco) is prepared at twice the concentration
      recommended by the manufacturer, sterilized, and inoculated with 2 percent
      (by volume) of a culture of the test organism. Meanwhile, compound is
      heated in sterile distilled water at a concentration of 2000 .gamma. per
      ml. and a temperature of 80.degree.C. for 20 min. An equivolume mixture of
      this compound preparation and the inoculated broth is incubated
      aerobically at 27.degree.C. for 24-48 hours and then examined grossly for
      growth of test organism. If growth is observed, the compound is considered
      inactive. If no such growth is observed, the incubated mixture is serially
      diluted and mixed with an inoculated broth of the same composition as
      before excepting that the concentration is halved and 1 percent (by
      volume) of the culture instead of 2 percent is incorporated. Amounts of
      the latter broth added are such that concentrations of 100, 10 and 1
      .gamma. of compound per ml. result. Mixtures thus obtained are incubated
      as before and then examined grossly for growth of the test organism.
      Potency is expressed as the minimum concentration at which no growth of
      test organism is discernible. Controls are provided by concurrent
      incubations identical with the foregoing except for the absence of
      compound. When tested by the above procedure,
      7-chloro-N-(2-diethylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3
     -carboxamide hydrochloride,
      7-methoxy-N-(2-diethylaminoethyl)-1-(4-chlorophenyl)-4,5-dihydro-1H-benz[g
     ]indazole-3-carboxamide hydrochloride,
      7-chloro-N-(2-diethylaminoethyl)-1-phenyl-1H-benz[g]indazole-3-carboxamide
      hydrochloride, and 3-dimethylaminopropyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate each were
      active at a concentration of 10 micrograms of compound per ml.
PAR  The anti-fungal utility of the instant compounds is evident from the
      results of standardized tests for their capacity to prevent the growth of
      Trichophyton mentagrophytes and Verticillium albo-atrum In these tests,
      two concentrations of Sabouraud dextrose agar (manufactured by Baltimore
      Biological Laboratories or DIfco) are prepared, one as recommended by the
      manufacturer and the other at twice this concentration. These preparations
      are sterilized and then maintained in a fluid state at 80.degree.C.
      Meanwhile, compound is heated in sterile distilled water at a
      concentration of 2000 .gamma. per ml. and a temperature of 80.degree.C.
      for 20 minutes. An equivolume mixture of this compound preparation and the
      double-strength agar is serially diluted and mixed with the single
      strength agar in amounts such that concentrations of 1000, 100, 10 and 1
      .gamma. of test compound per ml. result. The mixtures thus obtained are
      allowed to cool and solidify, whereupon they are surface-inoculated with a
      suspension of T. mentagrophytes or V. albo-atrum and then incubated
      aerobically at room temperatures. The incubation period is 6-7 days for T.
      mentagrophytes and 5-7 days for V. albo-atrum. Activity is determined by
      gross examination, and the potency is expressed as the minimum
      concentration at which no growth of the test organism is discernible.
      Controls are provided by concurrent incubations identical with the
      foregoing except for the absence of compound. When
      7-chloro-N-(2-piperidinoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-c
     arboxamide,
      N-(2-diethylaminoethyl)-1-phenyl-1,4,5,6-tetrahydrobenzo[6,7]cyclohepta[1,
     2-c]-pyrazole-3-carboxamide maleate, and 2-diethylaminoethyl
      7-chloro-1-(4-fluorophenyl)-4,5-dihydro-1H-benz[g]indazole-3carboxylate
      hydrochloride were tested against Verticillium albo-atrum by the above
      procedure, each inhibited the growth of the fungus at a concentration of
      100 micrograms per ml. or less.
PAR  The following examples are presented to further illustrate the present
      invention; they should not be construed as limiting it in spirit or in
      scope. In these example, temperatures are indicated in degrees Centigrade
      (.degree.C.) and quantities are indicated in parts by weight.
DETD
PAC  EXAMPLE 1
PAR  A suspension is prepared from 10 parts of sodium hydride and 70 parts of
      anhydrous ether and a mixture of, 22 parts of 6-chloro-1-tetralone, 43
      parts of dimethyl oxalate and 300 parts of ether is added and the
      resulting mixture is stirred under nitrogen at 25.degree.C. for 16 hours.
      The mixture is then decomposed by the addition of 400 parts of water and
      sufficient aqueous sodium hydroxide solution to make the aqueous layer
      alkaline. The aqueous layer is then separated and washed three times with
      ether before it is acidified with concentrated hydrochloric acid. The
      yellow solid which forms is separated by filtration, washed with water,
      and dried to give methyl
      6-chloro-3,4-dihydro-1-oxo-.DELTA..sup.2(1H),.sup..alpha.
      -naphthaleneglycolate melting at about 92.degree.-93.degree.C.
PAR  The above procedure is repeated using 10 parts of sodium hydride, 23 parts
      of 6-dimethylamino-1-tetralone, and 53 parts of diethyl oxalate and using
      benzene as the solvent. The mixture is allowed to warm to 45.degree.C. and
      it is treated with water and base 30 minutes after the addition of the
      reactants is complete. The crude product is isolated as indicated and then
      recrystallized from a mixture of benzene and hexane to give ethyl
      6-dimethylamino-3,4-dihydro-1-oxo-.DELTA..sup.2(1H),.sup..alpha.
      -naphthaleneglycolate melting at about 91.degree.-92.degree.C.
PAR  23 Parts of 5,6-dimethoxy-1-indanone is reacted with 10 parts of sodium
      hydride and 53 parts of diethyl oxalate according to the procedure
      described in the first paragraph, using benzene as the solvent. The
      temperature is maintained between 20.degree. and 30.degree.C. with
      external cooling and the mixture is stirred for 2 hours and then worked up
      in the indicated manner. The product obtained is ethyl
      5,6-dimethoxy-1-oxo-.DELTA..sup.2,.sup..alpha. indanglycolate melting at
      about 158.degree.-162.degree.C. 1-Indanone, when reacted in the same way,
      gives ethyl 1-oxo-.DELTA..sup.2,.sup..alpha. -indanglycolate melting at
      about 69.degree.-70.degree.C.
PAC  EXAMPLE 2
PAR  A mixture of 20 parts of methyl
      6-chloro-3,4-dihydro-1-oxo-.DELTA..sup.2(1H),.sup..alpha.
      -naphthaleneglycolate, 12 parts of phenylhydrazine hydrochloride and 150
      parts of toluene is heated at reflux with stirring for 6 hours. The water
      which forms is distilled and removed from the mixture as it is formed.
      Then, the toluene solvent is distilled off under reduced pressure and the
      residue is partitioned between chloroform and water. The organic layer is
      separated, washed twice with water, and then dried over potassium
      carbonate and the solvent is removed under reduced pressure to leave a
      residual solid. This is recrystallized from a mixture of benzene and
      hexane to give methyl 7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole
      -3-carboxylate melting at about 190.degree.-192.degree.C.
PAR  If the above procedure is repeated using the appropriate starting
      materials, the following compounds are obtained:
PAR  Methyl
      7-chloro-1-(4-fluorophenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylate
      melting at about 169.degree.-171.degree.C. after recrystallization from
      methanol.
PAR  Methyl
      7-chloro-1-(4-methoxyphenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylate
      melting at about 177.degree.-181.degree.C. after recrystallization from
      methanol.
PAR  Methyl 1-(4-chlorophenyl)-4,5-dihydro-1H-benz-[g]indazole-3-carboxylate
      melting at about 198.degree.-199.degree.C. after recrystallization from a
      mixture of benzene and hexane.
PAR  Methyl
      1-(4-chlorophenyl)-7-methoxy-4,5-dihydro-1H-benz[g]indazole-3-carboxylate
      melting at about 187.5-189.degree.C. after recrystallization from a
      mixture of benzene and hexane.
PAR  Ethyl 7-dimethylamino-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate
      melting at about 172.5.degree.14 174.degree.C.
PAR  Ethyl 1-isopropyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate melting at
      about 102.degree.-104.degree.C. after recrystallization from hexane.
PAR  Ethyl 1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-carboxylate melting at
      about 112.degree.-114.degree.C.
PAR  Ethyl
      6,7-dimethoxy-1-phenyl-1,4-dihydroindeno-[1,2-c]pyrazole-3-carboxylate mel
     ting at about 171.degree.-172.5.degree.C. after recrystallization from a
      mixture of benzene and hexane.
PAC  EXAMPLE 3
PAR  A mixture of 25 parts of
      5,6-dihydro-4H-benzo-[6,7]cyclohepta[1,2-b]furan-2,3-dione, 21 parts of
      phenylhydrazine hydrochloride and 400 parts of absolute ethanol are
      refluxed for 6 hours. The ethanol is then removed under reduced pressure
      and the resulting residue is partitioned between benzene and water with
      sufficient potassium carbonate being added to make the mixture alkaline.
      The organic layer is then separated and washed twice with water before it
      is dried over potassium carbonate and the solvent is evaporated under
      reduced pressure. The resulting residue is recrystallized from hexane to
      give ethyl
      1-phenyl-1,4,5,6-tetrahydrobenzo-[6,7]cyclohepta[1,2-c]pyrazole-3-carboxyl
     ate melting at about 110.degree.-111.degree.C.
PAC  EXAMPLE 4
PAR  A mixture of 15 parts of methyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate and 19
      parts of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in 150 parts of dioxane
      is heated at reflux for 20 hours. The mixture is then cooled to
      25.degree.C. and filtered. The solvent is evaporated from the filtrate at
      reduced pressure and the residue is partitioned between benzene and water
      with sufficient aqueous sodium hydroxide added to make the mixture just
      alkaline. The benzene layer is then separated, washed twice with water and
      the benzene is distilled off under reduced pressure. The resulting
      residue, which is methyl
      7-chloro-1-phenyl-1H-benz[g]-indazole-3-carboxylate, showed complete
      aromatization in a NMR spectrum.
PAC  EXAMPLE 5
PAR  A mixture of 15 parts of methyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate, 100 parts
      of aqueous 10 percent sodium hydroxide solution and 120 parts of methanol
      is refluxed and stirred for 3 hours. The mixture is then cooled and
      acidified with concentrated hydrochloric acid. The solid which forms is
      separated by filtration, washed with water, and dried to give
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylic acid melting
      at about 282.degree.C. with evolution of gas.
PAR  If the above procedure is repeated using the appropriate starting
      materials, the following compounds are obtained:
PAR  7-Chloro-1-(4-fluorophenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylic
      acid.
PAR  7-Chloro-1-(4-methoxyphenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylic
      acid.
PAR  1-(4-Chlorophenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylic acid melting
      at about 270.degree.C. with evolution of gas after recrystallization from
      methylene chloride.
PAR  1-(4-Chlorophenyl)-7-methoxy-4,5-dihydro-1H-benz[g]indazole-3-carboxylic
      acid melting at about 227.degree.-228.degree.C. with gas evolution after
      recrystallization from ethanol.
PAR  1-Phenyl-1,4,5,6-tetrahydrobenzo[6,7]cyclohepta[1,2-c]pyrazole-3-carboxylic
      acid melting at about 196.degree.-199.degree.C. after recrystallization
      from a mixture of benzene and hexane.
PAR  7-Chloro-1-phenyl-1H-benz[g]indazole-3-carboxylic acid melting at about
      287.degree.-289.degree.C. with evolution of gas after recrystallization
      from a mixture of dimethyl sulfoxide and water.
PAR  1-Isopropyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylic acid melting at
      about 193.5.degree.-195.5.degree.C.
PAR  1-Phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-carboxylic acid melting at
      about 250.degree.C. with evolution of gas.
PAC  EXAMPLE 6
PAR  A mixture of 5 parts of methyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate and 40
      parts of 2-diethylaminoethylamine is heated at reflux for 3 hours. Excess
      amine is distilled off under reduced pressure and the reside is
      partitioned in ether and dilute aqueous hydrochloric acid. The aqueous
      layer is then separated and washed twice with ether and it is made
      alkaline with an aqueous sodium hydroxide solution. The resulting mixture
      is then extracted with ether and the ether extracts are dried over
      potassium carbonate. The ether solvent is removed under reduced pressure,
      the resulting oil is dissolved in anhydrous ethanol, and a slight excess
      of hydrogen chloride in 2-propanol is added. Anhydrous ether is then added
      until the mixture becomes turbid, and the mixture is cooled. The solid
      which forms is separated by filtration and recrystallized from a mixture
      of ethanol and ether to give
      7-chloro-N-(2-diethylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3
     -carboxamide hydrochloride melting at about 229.degree.-231.degree.C. The
      free base of this compound has the following formula
      ##SPC3##
PAC  EXAMPLE 7
PAR  A mixture of 6 parts of
      7-chloro-N-(2-diethyl-aminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-
     3-carboxamide hydrochloride and 6 parts of methyl iodide in 150 parts of
      chloroform is heated at 60.degree.C. in a citrate bottle for 16 hours. The
      chloroform is then distilled off under reduced pressure and the reside is
      dissolved in anhydrous ethanol. Anhydrous ether is added to the point of
      turbidity and the mixture is cooled. The crystals which form are separated
      by filtration to give
      7-chloro-N-(2-diethylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3
     -carboxamide methiodide melting at about 244.degree.-245.degree.C. with
      evolution of gas.
PAC  EXAMPLE 8
PAR  If the procedure of Example 6 is repeated using the appropriate amine in
      place of the 2-diethylaminoethylamine, the following compounds are
      obtained:
PAR  7-Chloro-N-(3-dimethylaminopropyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-
     3-carboxamide melting at about 98.degree.-99.degree.C. after
      recrystallization from a mixture of benzene and hexane.
PAR  7-Chloro-N-(2-diisopropylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazol
     e-3-carboxamide as the hydrochloride salt containing 1 equivalent of
      ethanol. This material melts at about 218.degree.-225.degree.C.
PAR  7-Chloro-N-(2-piperidinoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-ca
     rboxamide melting at about 116.5.degree.-118.degree.C. after
      recrystallization from a mixture of benzene and hexane.
PAR  7-Chloro-N-[2-(1-pyrrolidinyl)ethyl]-1-phenyl-4,5,-dihydro-1H-benz[g]indazo
     le-3-carboxamide melting at about 121.degree.-124.degree.C. after
      recrystallization from a mixture of benzene and hexane.
PAC  EXAMPLE 9
PAR  5 Part of ethyl
      7-dimethylamino-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate is
      reacted with 2-diethylaminoethylamine according to the procedure described
      in Example 6. The product obtained is
      7-dimethylamino-N-(2-diethylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]ind
     azole-3-carboxamide dihydrochloride melting at about
      230.degree.-236.degree.C. with evolution of gas.
PAR  Similarly, if 5 parts of ethyl
      1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-carboxylate is reacted with
      2diethylaminoethylamine, the product obtained is
      N-(2-diethylaminoethyl)-1-phenyl-1,4-dihydroindeno[1,2-c]-pyrazole-3-carbo
     xamide hydrochloride melting at about 179.degree.-181.degree.C. The free
      base of this compound has the following formula
      ##SPC4##
PAR  Likewise, ethyl
      6,7-dimethoxy-1-phenyl-1,4-dihydroindeno[1,2-c]pyrazole-3-carboxylate is
      reacted with 2-diethylaminoethylamine to first give an oil which is
      6,7-dimethoxy-N-(2-diethylaminoethyl)-1-phenyl-1,4-dihydroindeno[1,2-c]pyr
     azole-3-carboxamide and then to give
      6,7-dimethoxy-N-(2-diethylaminoethyl)-1-phenyl-1,4-dihydroindeno[1,2-c]pyr
     azole-3-carboxamide hydrochloride melting at about
      245.degree.-246.degree.C. with evolution of gas.
PAC  EXAMPLE 10
PAR  A mixture of 5 parts of
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylic acid and 50
      parts of thionyl chloride is heated on a steam bath until evolution of
      sulfur dioxide ceases. The excess thionyl chloride is then removed under
      reduced pressure and 50 parts of benzene is added to the resulting
      residue. The benzene is then distilled off under reduced pressure and the
      new residue is dissolved in 50 parts of benzene and 5 parts
      2-diethylaminoethanol is added with stirring. The mixture is allowed to
      become warm and it is allowed to stand for 1 hour. Excess
      2-diethylaminoethanol is distilled off under reduced pressure and the
      residue is partitioned with dilute hydrochloric acid and ether. The
      aqueous layer is separated and washed twice with ether before it is made
      alkaline with dilute sodium hydroxide and extracted with ether. The
      resulting ether solution is dried over potassium carbonate and
      concentrated. The residue obtained is 2-diethylaminoethyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate. It is
      dissolved in anhydrous ethanol and a slight excess of hydrogen chloride in
      2-propanol is added. Anhydrous ether is then added until the mixture
      becomes tubid and it is then cooled. The crystals which form are separated
      by filtration and recrystallized from a mixture of anhydrous ethanol and
      anhydrous ether to give 2-diethylaminoethyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate
      hydrochloride melting at about 190.degree.-192.degree.C. The free base of
      this compound has the following formula
      ##SPC5##
PAC  EXAMPLE 11
PAR  6 Parts of 3-(2-aminoethyl)-3-azabicyclo[3.2.2]-nonane is substituted for
      the 5 parts of 2-diethylaminoethanol and the procedure of Example 10 is
      repeated. The product obtained is
      7-chloro-N-[2-(3-azabicyclo[3.2.2]non-3-yl)ethyl]-1-phenyl-4,5-dihydro-1H-
     benz[g]indazole-3-carboxamide hydrochloride hemihydrate melting at about
      246.degree.-249.degree.C. EXAMPLE 19
PAR  If the procedure of Example 10 is repeated using the appropriate carboxylic
      acid and aminoalkanol, the following compounds are obtained:
PAR  3-Dimethylaminopropyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate melting at
      about 111.degree.-112.degree.C. after recrystallization from a mixture of
      benzene and hexane.
PAR  2-Diethylaminoethyl
      7-chloro-1-(4-fluorophenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylate
      hydrochloride melting at about 202.degree.-204.degree.C.
PAR  2-Diethylaminoethyl 1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate
      as the hydrochloride salt melting at about 179.degree.-181.degree.C.
PAR  2-Diethylaminoethyl
      1-phenyl-1,4,5,6-tetrahydrobenzo[6,7]cyclohepta[1,2-c]pyrazole-3-carboxyla
     te. In this case the free base is dissolved in 40 parts of anhydrous
      ethanol and 2.3 parts of maleic acid in 40 parts of anhydrous ethanol is
      added. Then, anhydrous ether is added to the point of turbidity. The
      mixture is cooled and the crystals which form are separated. This is the
      monomaleate salt and it melts at about 127.degree.-129.degree.C.
PAR  2-Diethylaminoethyl
      1-phenyl-1,4-dihydroindeno-[1,2-c]pyrazole-3-carboxylate.
PAC  EXAMPLE 13
PAR  If the procedure of Example 10 is repeated using the appropriate carboxylic
      acid and aminoalkylamine, the following compounds are obtained:
PAR  7-Chloro-N-(2-dimethylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3
     -carboxamide melting at about 161.5.degree.-162.5.degree.C. after
      recrystallization of the crude free amine from a mixture of benzene and
      hexane.
PAR  7-Chloro-N-(2-diethylaminoethyl)-1-(4-fluorophenyl)-4,5-dihydro-1H-benz[g]i
     ndazole-3-carboxamide melting at about 109.degree.-110.degree.C. after
      recrystallization of the crude free amine from a mixture of benzene and
      hexane.
PAR  7-Chloro-N-(2-diethylaminoethyl)-1-(4-methoxyphenyl)-4,5-dihydro-1H-benz[g]
     indazole -3-carboxamide melting at about 121.degree.-123.degree.C. after
      recrystallization of the crude free amine from a mixture of benzene and
      hexane.
PAR  7-Chloro-N-(3-piperidinopropyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-c
     arboxamide melting at about 141.5.degree.-142.5.degree.C. after
      recrystallization of the crude free amine from a mixture of benzene and
      hexane.
PAR  7-Chloro-N-(2-morpholinoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-ca
     rboxamide melting at about 125.degree.-127.degree.C. after
      recrystallization of the crude free amine from a mixture of benzene and
      hexane.
PAR  N-(2-Diethylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxami
     de hydrochloride melting at about 178.degree.-180.degree.C. This
      hydrochloride is obtained via the free base,
      N-(2-diethylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxam
     ide, as described in the procedure of Example 10.
PAR  N-(2-Diethylaminoethyl)-1-(4-chlorophenyl)-4,5-dihydro-1H-benz[g]indazole-3
     -carboxamide hydrochloride melting at about 220.degree.-221.degree.C. after
      recrystallization from a mixture of anhydrous ethanol and anhydrous ether.
PAR  7-Methoxy-N-(2-diethylaminoethyl)-1-(4-chlorophenyl)-4,5-dihydro-1H-benz[g]
     indazole-3-carboxamide hydrochloride melting at about
      241.degree.-242.degree.C. after recrystallization from an anhydrous
      mixture of ethanol and ether.
PAR  7-Methoxy-N-(3-dimethylaminopropyl)-1-(4-chlorophenyl)-4,5-dihydro-1H-benz[
     g]indazole-3-carboxamide hydrochloride melting at about
      255.5.degree.-256.degree.C. after recrystallization from an anhydrous
      mixture of ethanol and ether.
PAR  7-Chloro-N-(2-diethylaminoethyl)-1-phenyl-1H-benz[g]indazole-3-carboxamide
      hydrochloride melting at about 216.degree.-219.degree.C. after
      recrystallization from aqueous ethanol.
PAR  N-(2-Morpholinoethyl)-1-pheny-1,4-dihydroindeno-[1,2-c]pyrazole-3-carboxami
     de melting at about 130.degree.-131.degree.C. after recrystallization from
      a mixture of benzene and hexane.
PAR  N-(2-Diethylaminoethyl)-1-phenyl-1,4,5,6-tetrahydrobenzo[6,7]cyclohepta[1,2
     -c]pyrazole-3-carboxamide as the monomaleate salt melting at about
      173.degree.-174.degree.C.
PAR  N-(2-Diethylaminoethyl)-1-isopropyl-4,5-dihydro-1H-benz[g]indazole-3-carbox
     amide melting at about 131-134.degree.C. after recrystallization from an
      anhydrous mixture of ethanol and ether.
PAR  7-Chloro-N-[2-(4-methyl-1-piperazinyl)ethyl]-1-phenyl-4,5-dihydro-1H-benz[g
     ]indazole-3-carboxamide.
PAC  EXAMPLE 14
PAR  A mixture of 10 parts of
      1-(4-chlorophenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylic acid,
      5parts of 2-diethylaminoethyl chloride and 160 parts of anhydrous
      2-propanol is heated at reflux for 16 hours. The 2-propanol is then
      removed under reduced pressure and the resulting residue is partitioned in
      ether and dilute hydrochloric acid. The aqueous layer is separated and
      washed twice with ether. It is then made alkaline with cold aqueous sodium
      hydroxide solution and then extracted with ether. The combined ether
      extracts are dried over potassium carbonate and the solvent is evaporated
      to leave a residual free base. This is recrystallized from a mixture of
      benzene and hexane to give 2-diethylaminoethyl
      1-(4-chlorophenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylate melting at
      about 102.degree.-103.degree.C.
PAR  If the above procedure is repeated using the appropriate carboxylic acid
      and aminoalkyl chloride as the starting materials, the following compounds
      are obtained:
PAR  2-Diethylaminoethyl
      7-chloro-1-(4-methoxyphenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylate.
PAR  2-Diethylaminoethyl
      7-methoxy-1-(4-chlorophenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylate.
PAR  2-Diethylaminoethyl 7-chloro-1-phenyl-1H-benz-[g]indazole-3-carboxylate.
PAR  2-(1-Pyrrolidinyl)ethyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate.
PAR  2-Piperidinoethyl
      7-chloro-1-phenyl-4,5dihydro-1H-benz[g]indazole-3-carboxylate.
PAR  2-Morpholinoethyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate.
PAR  2-(4methyl-1-piperazinyl)ethyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC6##
      wherein A is selected from the group consisting of hydrogen, halogen, and
      methoxy; Y is selected from the group consisting of hydrogen, chlorine,
      and methoxy; Y' is hydrogen or methoxy; Z is methylene, ethylene,
      trimethylene, or vinylene; X is O or --NH--; Alk is lower alkylene
      containing up to 6 carbon atoms and separating the atoms attached thereto
      by at least two carbon atoms; NRR' is selected from the group consisting
      of di(lower alkyl)-amino wherein each lower alkyl group contains up to 6
      carbon atoms, 1-pyrrolidinyl, and piperidino.
NUM  2.
PAR  2. A compound according to claim 1 which has the formula
      ##SPC7##
PAL  wherein Alk is lower alkylene containing up to 6 carbon atoms and
      separating the atoms attached thereto by at least two carbon atoms and the
      lower alkyl groups each contain up to 6 carbon atoms.
NUM  3.
PAR  3. A compound according to claim 1 which is
      7-chloro-N-(2-diethylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3
     -carboxamide.
NUM  4.
PAR  4. A compound according to claim 2 which is
      7-chloro-N-(3-dimethylaminopropyl)-1-phenyl-4,5-dihydro-1H-benz[g]indazole
     -3-carboxamide.
NUM  5.
PAR  5. A compound according to claim 2 which is
      N-(2-diethylaminoethyl)-1-phenyl-4,5-dihydro-1H-benz[g]-indazole-3-carboxa
     mide.
NUM  6.
PAR  6. A compound according to claim 2 which is
      6,7-dimethoxy-N-(2-diethylaminoethyl)-1-phenyl-1,4-dihydroindeno[1,2,-c]py
     razole-3-carboxamide.
NUM  7.
PAR  7. A compound according to claim 2 which is 3-dimethylaminopropyl
      7-chloro-1-phenyl-4,5-dihydro-1H-benz[g]indazole-3-carboxylate.
NUM  8.
PAR  8. A compound according to claim 2 which is 2-diethylaminoethyl
      1-(4-chlorophenyl)-4,5-dihydro-1H-benz[g]indazole-3-carboxylate.
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ABST
PAL  The invention is a novel class of phthalimido derivatives represented by a
      formula:
      ##SPC1##
PAL  Or
      ##SPC2##
PAL  Wherein W is hydrogen or alkyl C.sub.1 -C.sub.4 ; X and X' each represent
      hydrogen, halogen, alkyl C.sub.1 -C.sub.4, CF.sub.3, alkoxy(C.sub.1
      -C.sub.4), benzyloxy, di(C.sub.1 -C.sub.4)alkylamino, C.sub.1 -C.sub.4
      alkylthio, hydroxy, C.sub.1 -C.sub.4 alkylsulfonyl, alkanoylamino C.sub.1
      -C.sub.4 or nitro; Y is --COOR.sub.3, --CONHR.sub.8, --CONR.sub.3 R.sub.4,
      --CONHN(R.sub.5).sub.2, --CONHN.sup.+(R.sub.6).sub.3 . halide.sup.-, --CN
      or --COR.sub.7 with the proviso that at least one of X and X' is a
      substituent other than hydrogen; R.sub.1 and R.sub.2 each represent alkyl
      C.sub.1 -C.sub.4 or when taken together with the carbon to which they are
      attached form cycloalkyl C.sub.4 -C.sub.11 optionally substituted with
      methyl; R.sub.3 and R.sub.4 each represent hydrogen or alkyl C.sub.1
      -C.sub.4 ; R.sub.5 and R.sub.6 each represent alkyl C.sub.1 -C.sub.2 ;
      R.sub.7 is halogen and R.sub.8 is --CH.sub.3 or
      ##SPC3##
PAL  Where Z and Z' are hydrogen, alkyl C.sub.1 -C.sub.2, halogen, --CF.sub.3 or
      --OCH.sub.3,     is a single or double bond with the proviso that there be
      only 0 or 1 double bond in the ring and a method for regulating the growth
      of plants with these compounds and with compounds having the above
      structure wherein X and X' each represent hydrogen.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 348,355 filed Apr. 5, 1973, which is a continuation-in-part of
      co-pending Ser. No. 282,537 filed Aug. 21, 1972, both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The invention pertains to the chemical arts, i.e., phthalimide derivatives
      and their use as plant growth regulants.
PAR  2. Description of the Prior Art:
PAR  Upham's U.S. Pat. No. 2,999,863 (1961) discloses alpha-phthalimidoacetamide
      derivatives as anticonvulsants and a method for their manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is novel compounds represented by a formula:
      ##SPC4##
PAL  Or
      ##SPC5##
PAL  Wherein W is hydrogen or alkyl C.sub.1 -C.sub.4 ; X and X' each represent
      hydrogen, halogen, alkyl C.sub.1 -C.sub.4, CF.sub.3, alkoxy (C.sub.1
      -C.sub.4), benzyloxy, di(C.sub.1 -C.sub.4)alkylamino, C.sub.1 -C.sub.4
      alkylthio, hydroxy, C.sub.1 -C.sub.4 alkylsulfonyl, alkanoylamino C.sub.1
      -C.sub.4 or nitro; Y is --COOR.sub.3, --CONHR.sub.8, --CONR.sub.3 R.sub.4,
      --CONHN(R.sub.5).sub.2, --CONHN.sup.+(R.sub.6).sub.3 halide.sup.-, --CN or
      --COR.sub.7 with the proviso that at least one of X and X' is a
      substituent other than hydrogen; R.sub.1 and R.sub.2 each represent alkyl
      C.sub.1 -C.sub.4 or when taken together with the carbon to which they are
      attached form cycloalkyl C.sub.4 -C.sub.11 optionally substituted with
      methyl R.sub.3 and R.sub.4 each represent hydrogen or alkyl C.sub.1
      -C.sub.4 ; R.sub.5 and R.sub.6 each represent alkyl C.sub.1 -C.sub.2 ;
      R.sub.7 is halogen and R.sub.8 is --CH.sub.3 or
      ##SPC6##
PAL  where Z and Z' are hydrogen, halogen, alkyl C.sub.1 -C.sub.2, --CF.sub.3 or
      --OCH.sub.3,    is a single or double bond with the proviso that there be
      only 0 or 1 double bond in the ring; mixtures of said compounds are also
      within the scope of our invention. Isomeric mixtures of the
      above-identified compounds are also contemplated and are of particular
      interest in this invention. These compounds, as well as compounds of the
      above structure where X and X' are both hydrogen, are useful as plant
      growth regulating agents, as intermediates for the preparation of plant
      growth regulating agents, or as both plant growth regulants and
      intermediates therefore. Compounds of the above structure where Y is
      --COR.sub.7 and X, R.sub.1, R.sub.2 and R.sub.7 are as described, are
      primarily useful as intermediates for the preparation of the plant growth
      regulating agents. Similarly, compounds having the above formula where Y
      is --COOR.sub.3 and R.sub.3 is hydrogen, are also useful as intermediates;
      however, many of these compounds are also highly effective plant growth
      regulants.
PAC  DETAILED DESCRIPTION
PAR  In accordance with the invention, the above-identified phthalimido
      derivatives can be prepared by reacting the appropriate
      .alpha.-aminocarboxylic acid or acid derivative with a phthalic anhydride,
      preferably in the presence of an aprotic solvent and a tertiary amine,
      such as triethylamine. Among the solvents which are useful in carrying out
      this reaction are: toluene, xylene, dimethylformamide and acetic acid. In
      practice, it will be found that the reaction can be conducted at a
      temperature between about 100.degree.C. and 175.degree.C., and preferably
      between 100.degree.C. and 150.degree.C. Alternatively, the required
      product can be prepared by fusing the .alpha.-amino acid or acid
      derivative and phthalic anhydride at temperatures between about
      150.degree.C. and 250.degree.C., but preferably at 180.degree.C. to
      210.degree.C. The reaction can be graphically illustrated as follows:
      ##SPC7##
PAL  where X, X', R.sub.1, R.sub.2 and Y are as indicated above, with the
      exception that Y cannot be --COR.sub.7 or --CONHN.sup.+(R.sub.6).sub.3.
      halide.sup.-. This reaction may also be employed for the preparation of
      the 1,2,3,6- or 3,4,5,6-tetrahydrophthalimido or
      1,2,3,4,5,6-hexahydrophthalimido derivatives. Reaction conditions are the
      same as described above excepting that the appropriate tetrahydrophthalic
      or hexahydrophthalic anhydride is substituted for phthalic anhydride.
PAR  While this high temperature reaction described above is effective for the
      preparation of all of the above-identified compounds, we have discovered
      that when Y is --CN and the reaction is carried out at a temperature of
      about 60.degree.C. or less, a phthalamic acid is formed which corresponds
      to the .alpha.,.alpha.-disubstituted-.alpha.-aminonitrile used. The
      phthalamic acid can then be cyclized to the corresponding
      phthalimidonitrile. This reaction is described in greater detail below. In
      the case where Y is --COOH, the thus-formed acid can then be converted to
      the corresponding acid halide by heating the acid with thionyl chloride,
      thionyl bromide, phosphorus pentachloride, or the like, preferably in the
      presence of an aprotic solvent, aromatic or chlorinated hydrocarbons, such
      as benzene, xylene, toluene, methylene chloride, chloroform or
      dichloroethane. The reaction is graphically illustrated below, wherein
      thionyl halide, i.e. chloride or bromide, is representative of the
      halogenating agent employed.
      ##SPC8##
PAL  wherein X, X', R.sub.1, R.sub.2 and R.sub.7 are as described above.
      Conversion of the (tetrahydrophthalimido)acetic acids and the
      (hexahydrophthalimido)acetic acids to their corresponding acid halides may
      also be achieved by the above reaction using the appropriate acid as
      starting material.
PAR  The thus-formed acid chloride or acid bromide can then be converted to the
      corresponding amide by reaction thereof with ammonia, dialkylamine or
      dialkyl hydrazine, at a temperature between about -20.degree.C. and
      +25.degree.C., and preferably -10.degree.C. to +15.degree.C. This reaction
      is preferably carried out by dissolving the acid halide in a solvent, such
      as acetone or a water-miscible ether, such as tetrahydrofuran, dioxane, or
      the like, and adding this solution to an aqueous solution of the amine.
      Alternatively, the amine can be added directly to a solution of the acid
      halide in the above solvents or in an aprotic solvent, such as toluene or
      chloroform. The reaction can be graphically shown as follows:
      ##SPC9##
PAL  wherein X, X', R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and R.sub.7 are
      as defined above.
PAR  Similarly, these reactions can be employed to prepare the
      (tetrahydrophthalimido)acetamides and the (hexahydrophthalimido)acetamides
      using the appropriate acid chloride as starting material.
PAR  Alternatively, the phthalimido acetamides in which R.sub.4 is hydrogen may
      be prepared by reacting the appropriate phthalic, tetrahydro- or
      hexahydrophthalic anhydride with the appropriately
      .alpha.,.alpha.-disubstituted-.alpha.-aminonitrile to give the
      corresponding phthalamic acid. This reaction is carried out at
      temperatures from about 20.degree.C. to 60.degree.C. in an inert solvent
      such as ether, tetrahydrofuran, chloroform, methylene chloride, benzene,
      toluene, and the like. The thus-formed phthalamic acid is then cyclized to
      the corresponding phthalimido, tetra- or hexahydrophthalimidonitrile by
      heating with a dehydrating agent such as acetic anhydride, acetyl
      chloride, thionyl chloride or the like at temperatures from about
      0.degree.C. to 100.degree.C. Hydration of the thus-formed
      phthalimidonitrile is preferably carried out with a strong acid such as
      sulfuric acid, preferably in the presence of a non-miscible solvent such
      as methylene chloride or chloroform and the like at temperatures from
      about -10.degree.C. to +30.degree.C. These reactions are graphically
      illustrated by using the substituted phthalic anhydride as an example as
      follows:
      ##SPC10##
PAL  wherein X, X', R.sub.1 and R.sub.2 are as defined above. Where a
      hydrazinium halide is desired, an amide having the formula:
      ##SPC11##
PAL  where W, X, X', R.sub.1, R.sub.2, R.sub.5 and    are as defined above, can
      be treated with an alkyl halide in the presence of a solvent, such as
      tetrahydrofuran, ether, dioxane, benzene, chloroform, or the like, at an
      elevated temperature to yield the desired corresponding hydrazinium
      halide. The hydrazinium salts in the tetrahydro- and hexahydrophthalimido
      series are prepared in the same manner.
PAR  To obtain the active phthalimido ester having the formula:
      ##SPC12##
PAL  where W, X, X',R.sub.1, R.sub.2 and    are as defined above, and R.sub.3 is
      alkyl C.sub.1 -C.sub.4, the corresponding acid, i.e. where R.sub.3 is
      hydrogen, is treated with a diazoalkane C.sub.1 -C.sub.4 in the presence
      of a solvent, such as an ether. This reaction can be carried out at a
      temperature between -10.degree.C. and +30.degree.C.
PAR  Alternatively, the appropriate .alpha.-amino ester can be allowed to react
      with the appropriate phthalic tetrahydrophthalic or hexahydrophthalic
      anhydride to afford the phthalamido, tetrahydrophthalimido or
      hexahydrophthalimido ester, or the acid halide, prepared as above, may be
      treated with a lower C.sub.1 -C.sub.4 alkanol in the presence of an acid
      acceptor, such as pyridine, triethylamine, sodium bicarbonate, and the
      like.
PAR  The phthalimido nitrile can be obtained by dehydration of the corresponding
      amide using titanium tetrachloride, phosphorus pentoxide, phosphorus
      oxychloride, acetic anhydride, trifluoroacetic anhydride, or the like, in
      the presence of a solvent, such as benzene, tetrahydrofuran, or the like.
      This reaction can be carried out at a temperature between about
      0.degree.C. and 100.degree.C.
PAR  Alternatively, these compounds can be prepared by reacting a compound of
      the formula:
      ##EQU1##
      where R.sub.1, R.sub.2 and Y are as indicated above, with the exception
      that Y cannot be --COR.sub.7 or --CONHN.sup.+(R.sub.6).sub.3 .
      halide.sup.-, with a substituted phthaloyl chloride of the formula:
      ##SPC13##
PAL  where W, X and X' are as indicated above.
PAR  Alternatively, these compounds can be prepared by reacting the compound:
      ##SPC14##
PAL  where W, X and X' are as defined above and R.sub.9 is alkyl C.sub.1
      -C.sub.4 with a compound of the formula:
      ##EQU2##
      where R.sub.1, R.sub.2 and Y are as indicated above, except that Y cannot
      be --COR.sub.7 or --CONHN.sup.+(R.sub.6).sub.3 . halide.sup.-, to give a
      product:
      ##SPC15##
PAL  or
      ##SPC16##
PAL  which can then be cyclized to give the product:
      ##SPC17##
PAL  or
      ##SPC18##
PAL  where W, X, X', R.sub.1, R.sub.2 and Y are as indicated above, except that
      Y cannot be --COR.sub.7 or --CONHN.sup.+(R.sub.6).sub.3 . halide.sup.-.
PAR  The plant growth regulating effects obtained with compounds having the
      structure:
      ##SPC19##
PAL  or
      ##SPC20##
PAL  where W is hydrogen or lower alkyl C.sub.1 -C.sub.4 ; X and X' are
      hydrogen, alkyl C.sub.1 -C.sub.4, halogen, alkanoylamino C.sub.1 -C.sub.4,
      CF.sub.3, alkoxy C.sub.1 -C.sub.4, benzyloxy, di(C.sub.1
      -C.sub.4)alkylamino, C.sub.1 -C.sub.4 alkylthio, hydroxy, C.sub.1 -C.sub.4
      alkylsulfonyl, or nitro; Y is --COOR.sub.3, --CONHR.sub.8, --CONR.sub.3
      R.sub.4, --CONHN(R.sub.5).sub.2, --CONHN.sup.+(R.sub.6).sub.3 .
      halide.sup.- or --CN; R.sub.1 and R.sub.2 each represent alkyl C.sub.1
      -C.sub.4, or when taken together form cycloalkyl C.sub.4 -C.sub.11
      optionally substituted with methyl; R.sub.3 and R.sub.4 each represent
      hydrogen or alkyl C.sub.1 -C.sub.4 ; and R.sub.5 and R.sub.6 each
      represent alkyl C.sub.1 -C.sub.2 ; and R.sub.8 is --CH.sub.3 or
      ##SPC21##
PAL  where Z and Z' are hydrogen, halogen, alkyl C.sub.1 -C.sub.2, CF.sub.3 or
      --OCH.sub.3, are widely varied and most remarkable.
PAR  One very surprising aspect of this invention is the finding that virtually
      every plant species tested in accordance with the invention responded,
      rather dramatically, in a very desirable manner regardless of the method
      of application employed or the specific compound or formulation used.
PAR  Another very surprising aspect of the invention is the finding that
      although the plant growth regulating effects of the compounds within the
      generic class described above sometimes varies from plant to plant and
      specific compound to specific compound, all compounds are highly active at
      low rates of application and none appear to be phytotoxic even when
      applied at rates as high as 32 pounds per acre in the treated area. In
      practice, it will, therefore, generally be found desirable to employ from
      about 0.06 pound to 32 pounds per acre, and preferably 0.06 pound to 4.0
      pounds per acre of the active phthalimido compound in the treated area to
      obtain the desired plant growth regulant effect.
PAR  Among the desired effects obtained with the compounds of the invention are:
PA1  A. increased internode growth evidenced by longer internodes having
      increased dry weight;
PA1  B. increased leaf size evidenced by increased dry weight;
PA1  C. induced flowering and/or bolting in certain varieties of plants;
PA1  D. increased set in tuberous plants;
PA1  E. increased rate of seedling emergence and increased height of seedling
      plants; and
PA1  F. delay of senescence, especially in flowering plants;
PA1  G. causes fruit clusters, e.g. grapes, to open or spread reducing the
      likelihood of fungal attack.
PAR  The advantages obtained with increased internode length are multiple. They
      include, in addition to a general increase in the total size and weight of
      the plant, opening or spreading of plant leaves which generally makes the
      plant less vulnerable to disease through better ventilation. Moreover,
      increased internode length has particular advantage for crops, such as
      soybeans, cotton, tobacco, sugar cane, timber and seed corn. With soybeans
      it has been found that the lower pods, normally lost at harvest because
      they are below the level of the harvesting elements, are now sufficiently
      elevated by the elongation of the plant internodes to be harvested. This
      mechanism thus increases soybean yields a significant 3 to 4 bushels per
      acre and facilitates more rapid harvest. Similarly, elongation of cotton
      and tobacco internodes elevates the lower cotton bolls and lower tobacoo
      leaves sufficiently to prevent their normal destruction or damage by the
      elements (i.e. abrasion, disease, etc.).
PAR  With sugar cane and timber, longer internodes produce larger cane and trees
      resulting in greater yields of sugar and lumber, whereas, longer
      internodes in seed corn raises the corn tassel, i.e. the male organ of the
      plant, high enough that it can be removed from all plants in a field with
      a single cutting before pollination occurs. Controlled pollination, to
      provide a desired hybrid corn, can then be effected at will.
PAR  The advantage of increasing the leaf size of plants is obvious and of
      particular importance for those plants wherein the leaves constitute the
      marketable crop. Tobacco, forage crops and leafy vegetables, such as
      spinach, swiss chard, lettuce and cabbage, exemplify such crops.
PAR  Accelerated flowering and bolting is important for crops which are grown
      for seed. Among the important crops of this type are lettuce, radish,
      sugar beets, red beets, brussel sprouts, broccoli and carrots.
PAR  Increased set in tuberous plants, such as potatoes, is another important
      advantage of this invention, since the treated plants develop two to three
      times as many potatoes as the untreated plants. Moreover, the potatoes on
      treated plants are vastly more uniform than those on untreated plants,
      although they are only average in size. This, however, is an advantage
      where the potatoes are to be used for canning.
PAR  Enhancement of the rate of seedling emergence and increased height of
      seedling plants are still other advantages obtained with the compounds of
      this invention. In certain regions, for example, the Mississippi Delta in
      the United States, soil structure and moisture content can present serious
      problems for the farmer. In order to assure germination of plants in this
      region, it is sometimes necessary to plant rather deeply. If the plants
      emerge before a heavy rain, they usually mature normally. However, when
      heavy rains occur between planting and emergence, it is not an uncommon
      occurence to find that a crusting of the soil surface takes place. Seeds
      which have not emerged by this time cannot break the crust and generally
      rot in the ground. Thus, the only recourse to the farmer is to replant.
PAR  It would, therefore, be most advantageous if a compound could be found
      which would hasten germination and enhance the growth rate of seedling
      plants.
PAR  A still further advantageous effect obtained with the compounds of the
      present invention is the delay of senescence in plants. This effect is
      especially important to nursery men and florists who desire to extend the
      life of the blooms in flowering plants.
PAR  Surprisingly, we have discovered that the phthalimido compounds described
      above, particularly the halo-substituted
      phthalimidocycloalkylcarboxamides, provide these advantages.
PAR  We have also found that the effectiveness of the compounds of the invention
      as plant growth regulating agents is not limited by formulation or method
      of application. The active compounds may be formulated as dusts, dust
      concentrates, wettable powders, emulsifiable concentrates, soil drenches,
      granular formulations, and the like. They may be applied in combination
      with a solid or liquid diluent by a variety of methods, including: root
      dips, seed coatings, transplant water, foliar application, preplant
      incorporation in the soil, preemergence soil application, and low volume
      application in the form of discrete droplets having a mass median diameter
      of from 25 to 150 microns.
PAR  Typical formulations which are useful in the practice of the present
      invention include: wettable powders, dusts dust concentrates, granular
      formulations and flowable formulations.
PAR  Wettable powders can be prepared by blending the active phthalimide
      derivative with a solid carrier, such as attapulgite, kaolin, diatomaceous
      earth, silica, or the like, and a small amount of a dispersant and wetting
      agent and air-milling the blended mixture to effect reduction of particle
      size to about the 5 to 10 micron range. A typical wettable powder might
      contain 50% by weight of the phthalimide derivative, 5% by weight of a
      highly purified partially desulfonated sodium lignin sulfonate, 1% by
      weight of sodium N-methyl-N-oleoyltaurate and 44% by weight of
      attapulgite.
PAR  In practice, it will also be found that the active ingredient in the above
      formulation can be varied from about 25% to 80% by weight. However, in
      such cases, the solid diluent will have to be varied accordingly.
PAR  For the preparation of a dust, for example a 10% dust, 20% by weight of the
      50% wettable powder can be blended with about 80% by weight of a solid
      carrier, such as kaolin. Suitable equipment for such preparations are
      ribbon-type blenders and double-cone blenders. It is also obvious that the
      concentration of active ingredient in dust formulations can be readily
      varied by adjusting the amount of wettable powder and carrier used.
      Typical dusts will generally vary between about 1% to 15% by weight of
      active ingredient, although higher concentrations may also be prepared.
PAR  An alternative process for preparation of dusts, also dust concentrates,
      involves blending the active phthalimide derivative with the solid carrier
      and passing the uniform blend through an attrition mill to obtain the
      desired particle size.
PAR  A typical granular formulation can be prepared by blending a small amount,
      i.e. about 0.3% by weight, of a fumed colloidal silica with about 5.6% by
      weight of the phthalimido derivative and air-milling the mixture to a
      uniform blend. Silica sand, about 85.7% by weight, is then placed in a
      blender along with about 0.7% by weight of calcium-sodium lignin sulfonate
      powder and 4.2% of a 1% aqueous solution of calcium-sodium lignin
      sulfonate. The mixture is blended and then 3.5% by weight of synthetic
      calcium silicate is added. The mixture is permitted to continue blending
      for several minutes until the finished product is uniformly coated and
      free flowing. It is, of course, obvious that the amount of active
      ingredient in the formulated granular product can be widely varied,
      preferably between about 1% to 15% by weight. This simply requires
      appropriate adjustment of the amount of granular carrier used and/or
      adjuvants added. It is likewise obvious that sorptive granular carriers,
      as well as non-sorptive carriers, can be employed in the preparation of
      the granular formulation.
DETD
PAR  Other formulations, methods, products and advantages of the present
      invention may become apparent from the examples set forth below. These
      examples are provided simply as an illustration of the invention and are
      not intended to be limiting thereon.
PAC  EXAMPLE 1
PAC  Preparation of 1-(3-Chlorophthalimido)cyclohexanecarboxylic Acid
      ##SPC22##
PA0  Method A
PAR  A mixture containing 1 kg. 1-aminocyclohexanecarboxylic acid, 1.275 kg.
      3-chlorophthalic anhydride and 91 ml. triethylamine in 6.3 liters toluene
      is stirred and heated under reflux under a Dean-Stark water separator for
      20 hours. During this time, 154 ml. of water are collected. The solution
      is cooled to 0.degree.C. to 5.degree.C., and the product then collected by
      filtration in a yield of 77%. This material has melting point
      193.degree.C. to 194.degree.C.
PA0  Method B.
PAR  An intimate mixture of 4.56 grams 3-chlorophthalic anhydride and 3.58 grams
      1-aminocyclohexanecarboxylic acid is heated at 210.degree.C. until no more
      water vapor is evolved. The cooled mixture is dissolved as far as possible
      in boiling acetone, and the insolubles removed by filtration. The acetone
      is removed from the filtrate and the crystalline residue transferred to a
      filter funnel with ether and air dried. The product is identical to that
      described in Method A above.
PA0  Method C.
PAR  A mixture containing 91.3 grams 3-chlorophthalic anhydride and 71.6 grams
      1-aminocyclohexanecarboxylic acid in one liter acetic acid is heated under
      reflux for 21 hours. The solvent is then removed under reduced pressure,
      250 ml. toluene added to the residue and the solvent again removed in
      vacuo. The residue is heated in one liter acetone and the insolubles
      removed by filtration. The solvent is removed by distillation, and the
      residue transferred to a filter funnel with ether and air dried. The
      product is identical to that prepared in Method A above.
PA0  Method D.
PAR  A mixture containing 9.13 grams 3-chlorophthalic anhydride and 7.16 grams
      1-aminocyclohexanecarboxylic acid in 100 ml. dimethylformamide is heated
      under reflux for 24 hours. The mixture is cooled, poured into ice water
      and the precipitated solid removed by filtration, washed with water and
      air dried. Recrystallization of the solid from 95% ethanol with filtration
      to remove insolubles gives the product identical to that prepared by
      Method A.
PAR  The phthalimido acids of Table I, below, are prepared by the general
      methods described above.
      ##EQU3##
PAC  EXAMPLE 2
PAC  Preparation of 1-(3-Chlorophthalimido)cyclohexanecarbonyl Chloride
      ##SPC23##
PAR  In a 12 liter flask is placed 1.5 kg. of the
      1-(3-chlorophthalimido)cyclohexanecarboxylic acid and 7500 ml. benzene.
      The mixture is stirred and heated to boiling, and then 696 grams thionyl
      chloride added dropwise. After the addition, heating is continued for 2
      hours. The volume of the solution is reduced by one-half, the solution
      filtered, and the remaining solvent removed under reduced pressure. The
      acid chloride is used for the preparation of the carboxamides without
      further purification.
PAR  Using the procedure described above, the following acid chlorides are
      prepared from the corresponding acids described in Table II. These acid
      chlorides are used directly without further purification and are
      characterized only by their infrared spectrum.
      ##EQU4##
PAC  EXAMPLE 3
PAC  Preparation of 1-(3-Chlorophthalimido)cyclohexanecarboxamide
      ##SPC24##
PAR  A solution containing the crude acid chloride prepared in Example 2 is
      dissolved in 8 liters of tetrahydrofuran and cooled to 10.degree.C. to
      15.degree.C. Gaseous ammonia is bubbled through the stirred solution until
      an excess of ammonia begins escaping from the reaction flask. The mixture
      is stirred for a further 15 minutes and then filtered. The solids are
      washed with water thoroughly to remove inorganic salts and the product is
      air dried. The tetrahydrofuran filtrate is evaporated under reduced
      pressure, and the residue combined with the air-dried solid and heated to
      boiling in 3 liters toluene, cooled to 10.degree.C. and the product
      removed by filtration to give 1.2 kg. product, melting point 194.degree.C.
      to 195.degree.C.
PAR  The carboxamides of Table III, below, are prepared by essentially the same
      procedure as described above.
      ##EQU5##
PAC  EXAMPLE 4
PAC  Preparation of 1-(3-Chlorophthalimido)-N,N-dimethylcyclohexanecarboxamide
      ##SPC25##
PAR  A solution containing 7.43 grams 1-(3-chlorophthalimido)cyclohexanecarbonyl
      chloride in 50 ml. tetrahydrofuran is cooled to 10.degree.C. to
      15.degree.C., and while stirring, gaseous dimethylamine is bubbled into
      the solution until saturated. After a further 5 minutes, the mixture is
      filtered to remove salts and the solvent removed from the filtrate. The
      residue is crystallized from cyclohexane to give the product, melting
      point 135.degree.C. to 137.degree.C.
PAR  The N,N-dimethylcarboxamides of Table IV, below, are prepared using
      essentially the same procedure described above.
TBL                TABLE IV                                                    
     ______________________________________                                    
                                           Melting                             
                                           Point                               
     X      X'    R.sub.1 R.sub.2                                              
                               R.sub.3                                         
                                     R.sub.4                                   
                                           .degree.C.                          
     ______________________________________                                    
     H      H     --(CH.sub.2).sub.5 --                                        
                             CH.sub.3                                          
                                   CH.sub.3                                    
                                         112-113                               
     3-NO.sub.2                                                                
            H     --(CH.sub.2).sub.5 --                                        
                             CH.sub.3                                          
                                   CH.sub.3                                    
                                         132.5-134.5                           
     ______________________________________                                    
PAC  EXAMPLE 5
PAC  Preparation of 1-(3-Chlorophthalimido)cyclohexanecarboxylic Acid,
      2,2-Dimethylhydrazide
      ##SPC26##
PAR  To an ice-cold solution of acid chloride in tetrahydrofuran is added
      dropwise two equivalents of 1,1-dimethylhydrazine. After stirring a
      further 0.5 hour, the solids are removed by filtration and the solvent
      removed in vacuo from the filtrate. The residue is crystallized from
      acetonitrile to give the product, melting point 184.degree.C. to
      185.degree.C.
PAC  EXAMPLE 6
PAC  Preparation of
      2-[1-(3-Chlorophthalimido)cyclohexylcarbonyl]-1,1,1-trimethylhydrazinium
      Chloride.
      ##SPC27##
PAR  To the dimethylhydrazide prepared as described in Example 5 in
      tetrahydrofuran is added excess methyl iodide and the mixture heated under
      reflux for 4 hours. The solids are removed by filtration and air dried to
      give the quaternary iodide. The iodide is converted to the chloride by
      passing a 50% aqueous ethanol solution of the salt slowly down a column
      packed with Amberlyst A21, an organic ion exchange resin, in its chloride
      form and evaporating the eluent. The residue is crystallized from
      ethanol-ether to give the chloride salt, melting point 202.degree.C. to
      203.degree.C.
PAC  EXAMPLE 7
PAC  Preparation of Ethyl and Methyl
      1-(3-Chlorophthalimido)cyclohexanecarboxylate
      ##SPC28##
PAR  An excess of an ether solution of diazoethane is added to a solution of
      1-(3-chlorophthalamido)cyclohexanecarboxylic acid in tetrahydrofuran.
      After standing for one hour at room temperature, the solution is washed
      with excess aqueous sodium carbonate solution, followed by two water
      washes. The organic phase is dried and the solvent evaporated under
      reduced pressure. The residue is crystallized from hexane to give the
      ester, melting point 70.degree.C. to 71.degree.C.
PAR  Alternatively, this ester can be prepared by the action of ethanol and
      pyridine on the acid chloride, described in Example 2.
PAR  Methyl 1-(3-chlorophthalamido)cyclohexanecarboxylate is prepared by heating
      5.7 g. or 3-chlorophthalic anhydried with 4.9 g. methyl
      1-aminocyclohexanecarboxylate in 100 ml. toluene containing 2 ml.
      triethylamine under a Dean-Stark separator for 24 hours. The solvent is
      removed under reduced pressure and the residue dissolved as far as
      possible in ether. The product crystallized from a mixture of ether and
      hexane to give 5.7 g. methyl ester, m.p. 90.degree.-92.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of
      .alpha.-(3-Chlorophthalimido)-.alpha.-isopropyl-.alpha.-methylacetonitrile
      ##SPC29##
PAR  To 60 ml. dry tetrahydrofuran, stirred and cooled to 0.degree.C. is added
      dropwise 11.5 ml. titanium tetrachloride in 15 ml. dry carbon
      tetrachloride. To this cold mixture is added 8.82 grams of
      .alpha.-(3-chlorophthalimido)-.alpha.-isopropyl-.alpha.-methylacetamide in
      50 ml. dry tetrahydrofuran, followed by 12.3 grams triethylamine in 20 ml.
      dry tetrahydrofuran. The reaction mixture is allowed to warm slowly to
      room temperature and kept overnight. Water is then added cautiously to the
      mixture while it is extracted three times with ether. The combined
      extracts are washed with water, dried, and evaporated. The residue is
      crystallized from ether-hexane to give 6.1 grams of the nitrile, melting
      point 71.degree.C. to 72.degree.C.
PAR  The starting amide can be dehydrated by other reagents, such as phosphorus
      pentoxide and phosphorus oxychloride in benzene, acetic anhydride and
      trifluoroacetic anhydride to yield the same product.
PAC  EXAMPLE 9
PAC  Preparation of 2,2-Disubstituted-2-(3,4,5,6-tetrahydrophthalimido)acetic
      acids
      ##SPC30##
PAR  Using the procedure set forth in Example 1 but substituting
      3,4,5,6-tetrahydrophthalic anhydride for 3-chlorophthalic anhydride
      affords the compounds set forth in Table V.
TBL                Table V                                                     
     ______________________________________                                    
     R.sub.1                                                                   
           R.sub.2      Solvent  Method                                        
                                       Melting Point                           
     ______________________________________                                    
     (CH.sub.2).sub.5                                                          
                    Xylene   A       134-136.degree.                           
     --(CH.sub.2).sub.4 --                                                     
                    Xylene   A       86-87.degree.                             
     --(CH.sub.2).sub.6 --                                                     
                    Xylene   A       Oil                                       
     CH.sub.3                                                                  
           --CH.sub.2 CH(CH.sub.3).sub.2                                       
                        Xylene   A     118-119.5.degree.                       
     CH.sub.3                                                                  
           --CH(CH.sub.3).sub.2                                                
                        Xylene   A     Oil                                     
     ______________________________________                                    
PAC  EXAMPLE 10
PAC  Preparation of 2,2-Disubstituted-2-(3,4,5,6-tetrahydrophthalimido)acetyl
      chloride
PAR  Using the procedure set forth in Example 2 but substituting the acids
      listed in Table V and Example 9 for 1-(3-chlorophthalimido)
      cyclohexanecarboxylic acid, the acid chlorides listed in Table VI are
      prepared. These acid chlorides are obtained as oils and used directly
      without further purification and are characterized only by their infrared
      spectra.
TBL                Table VI                                                    
     ______________________________________                                    
     R.sub.1          R.sub.2                                                  
     ______________________________________                                    
     --(CH.sub.2).sub.5 --                                                     
     --(CH.sub.2).sub.4 --                                                     
     --(CH.sub.2).sub.6 --                                                     
     CH.sub.3         CH.sub.2 CH(CH.sub.3).sub.2                              
     CH.sub.3           CH(CH.sub.3).sub.2                                     
     ______________________________________                                    
PAC  EXAMPLE 11
PAC  Preparation of
      2,2-Disubstituted-2-(3,4,5,6-tetrahydrophthalimido)acetamides
PAR  Using the procedure set forth in Example 3 but substituting the acid
      chlorides listed in Table VI for 1-(3-chlorophthalimido)
      cyclohexanecarbonyl chlorides, the amides listed in Table VII are
      prepared.
TBL                Table VII                                                   
     ______________________________________                                    
                          Melting                                              
     R.sub.1                                                                   
            R.sub.2       Point .degree.C                                      
     ______________________________________                                    
     --(CH.sub.2).sub.5 --                                                     
                      203-204                                                  
     --(CH.sub.2).sub.4 --                                                     
                      172-173                                                  
     --(CH.sub.2).sub.6 --                                                     
                      133-134                                                  
     CH.sub.3                                                                  
            --CH.sub.2 CH(CH.sub.3).sub.2                                      
                          129-130                                              
     CH.sub.3                                                                  
              --CH(CH.sub.3).sub.2                                             
                          142.5-143.5                                          
     ______________________________________                                    
PAC  EXAMPLE 12
PAC  Preparation of 1-(1,2,3,6-Tetrahydrophthalimido)-1-cyclohexanecarboxylic
      acid
PAR  Using the procedure set forth in Example 1 but substituting
      1,2,3,6-tetrahydrophthalic anhydride for 3-chlorophthalic anhydride, the
      following compound is prepared.
      ##SPC31##
PAC  EXAMPLE 13
PAC  Preparation of 1-(1,2,3,6-Tetrahydrophthalimido)-1-cyclohexanecarbonyl
      chloride
PAR  Using the procedure set forth in Example 2 but substituting the acid of
      Example 12 for 1-(3-chlorophthalimido) cyclohexanecarboxylic acid, the
      acid chloride shown below is prepared. This acid chloride is used directly
      without further purification and is characterized only by the infrared
      spectra
      ##SPC32##
PAC  EXAMPLE 14
PAC  Preparation of 1-(1,2,3,6-Tetrahydrophthalimido)-1-cyclohexanecarboxamide
PAR  Using the procedure set forth in Example 3 but substituting the acid
      chloride from Example 13 for 1-(3-chlorophthalimido) cyclohexanecarbonyl
      chloride, gives the amide listed below.
PAC  Table VIII
      ##SPC33##
PA1  Melting point: 192.degree.-194.degree.C.
PAC  EXAMPLE 15
PAC  Preparation of Methyl
      1-(3,4,5,6-tetrahydrophthalimido)-1-cyclohexanecarboxylate
      ##SPC34##
PAR  A mixture containing 11.4 g 1-cyclohexene-1,2-dicarboxylic acid anhydride,
      11.8 g. methyl 1-aminocyclohexanecarboxylate and triethylamine in 150 ml
      toluene was heated under reflux under a Dean-Stark water trap overnight.
      Removal of the solvent left an oil which was purified by chromatography on
      magnesium silicate to give the crystalline, ester, m.p.
      44.degree.-45.degree.C.
PAC  EXAMPLE 16
PAC  Preparation of 1-(3,4,5,6-Tetrahydrophthalimido)-1-cyclohexanecarbonitrile
      ##SPC35##
PAR  Using the procedure described in Example 8 but substituting
      1-(3,4,5,6-tetrahydrophthalimido)-1-cyclohexanecarboxamide for
      .alpha.-(3-chlorophthalimido)-.alpha.-isopropyl-.alpha.-methylacetamide,
      the title compound is formed, m.p. 55.5.degree.-56.5.degree.C.
PAC  EXAMPLE 17
PAC  Preparation of 1-(3-chlorophthalimido)-N-methyl-1-cyclohexanecarboxamide
      ##SPC36##
PAR  Using the same procedure as described in Example 3 but replacing the
      ammonia with methylamine gives the title mono-methylamide, m.p.
      168.5.degree.-170.degree.C. Similarly, reacting
      1-(3-acetamidophthalimido)-cyclohexanecarbonyl chloride with methylamine
      yields 1-(3-acetamidophthalimido)-N-methylcyclohexanecarboxamide, m.p.
      205.degree.-207.5.degree.C.
PAC  EXAMPLE 18
PAC  Preparation of 4'-Chloro-1-(3-methylphthalimido)-1-cyclohexanecarboxanilide
      ##SPC37##
PAR  To a solution containing 13.16 g. of the acid chloride described in Table
      II in 125 ml. tetrahydrofuran was added dropwise with stirring at room
      temperature a solution containing 11.0 g. p-chloroaniline in 75 ml.
      tetrahydrofuran. After a further 0.5 hour, the mixture was filtered, the
      filtrate evaporated and the residue crystallized from acetonitrile to give
      the desired carboxanilide m.p. 208.5.degree.-209.degree.C.
PAC  EXAMPLE 19
PAC  Preparation of 1-(hexahydrophthalimido)cyclohexanecarboxylic acids
PAR  Using the procedure described in Example 1 but substituting cyclohexane-
      1,2-dicarboxylic anhydride and 4-methylcyclohexane-1,2-dicarboxylic
      anhydride for 3-chlorophthalic anhydride, the hexahydrophthalimido
      compounds in Table IX are prepared.
TBL                Table IX                                                    
     ______________________________________                                    
                                     Melting                                   
                                     Point                                     
     W        Solvent     Method     .degree.C                                 
     ______________________________________                                    
     H        Toluene     A          135-136                                   
     CH.sub.3 Xylene      A          92-97                                     
     ______________________________________                                    
PAC  EXAMPLE 20
PAC  Preparation of 1-(hexahydrophthalimido)cyclohexanecarbonyl chlorides
PAR  Using the procedure described in Example 2 but substituting the acids
      listed in Table IX for 1-(3-chlorophthalimido)cyclohexanecarboxylic acid,
      the acid chlorides listed in Table II are prepared. These acid chlorides
      were characterized only by their infrared spectra and were then converted
      directly to the amides listed in Table X.
PAC  Table X
      ##SPC38##
PA1  W = h or 4-CH.sub.3
PAC  EXAMPLE 21
PAC  Preparation of 1-(hexahydrophthalimido)cyclohexanecarboxamides
PAR  Using the procedure described in Example 3 but substituting the acid
      chlorides listed in Table X for 1-(3-chlorophthalimido)
      cyclohexanecarbonyl chloride, the amides listed in Table XI are prepared.
TBL                Table XI                                                    
     ______________________________________                                    
     W         Melting Point .degree.C                                         
                                 CL No.                                        
     ______________________________________                                    
     H         186-188           99,488                                        
     4--CH.sub.3                                                               
               150-152           99,622                                        
     ______________________________________                                    
PAC  EXAMPLE 22
PAC  Preparation of 3(or 6)-Chloro-N-(1-cyanocyclohexyl)-phthalamic acid
      ##SPC39##
PAR  A mixture containing 18.26 g. 3-chlorophthalic anhydride and 12.4 g.
      1-aminocyclohexanecarbonitrile in 250 ml. ether is heated under reflux for
      2 hours. The mixture was cooled and the crystalline solid product removed
      by filtration. The 3(or 6)-chloro-N-(1-cyanocyclohexyl)-phthalamic acid
      may be recrystallized from acetone/hexane to give analytically pure
      material m.p. 154.degree.-155.degree.C.
PAR  Similarly, when phthalic anhydride is subsituted for 3-chlorophthalic
      anhydride, the product, N-(1-cyanocyclohexyl)-phthalamic acid, m.p.
      154.5.degree.-156.degree.C. is formed.
PAC  EXAMPLE 23
PAC  Preparation of 3-Chloro-N-(1-cyanocyclohexyl)-phthalimide
      ##SPC40##
PAR  A slurry of 1.5 g. of 3(or 6)-chloro-N-(1-cyanocyclohexyl)-phthalamic acid
      in 10 ml. acetic anhydride is heated at reflux for 4 hours. The anhydride
      is removed by evaporation at reduced pressure to leave a crystalline
      residue. The residue is recrystallized from isopropanol to give
      analytically pure 3-chloro-N-(1-cyanocyclohexyl)-phthalimide, m.p.
      153.5.degree.-154.5.degree.C.
PAR  Similarly, when 3(or 6)-chloro-N-(1-cyanocyclohexyl)-phthalamic acid is
      replaced by N-(1-cyanocyclohexyl)phthalamic acid the product,
      N-(1-cyanocyclohexyl)-phthalimide, m.p. 115.degree.-116.5.degree.C. is
      formed.
PAC  EXAMPLE 24
PAC  Preparation of 1-(3-Chlorophthalimido)cyclohexanecarboxamide
      ##SPC41##
PAR  To a solution containing 300 mgs.
      3-chloro-N-(1-cyanocyclohexyl)-phthalimide in 3ml. methylene chloride is
      added, with good stirring, 0.38 ml. concentrated sulfuric acid. After 0.5
      hour, ice is added and the aqueous phase extracted with chloroform. The
      organic phase is washed with water, dried and evaporated to give the
      1-(3-chlorophthalimido)cyclohexanecarboxamide which can be purified by
      recrystallization from aqueous ethanol, m.p. 193.degree.-194.degree.C.
PAC  EXAMPlE 25
PAC  Preparation of 3-Trichloromethylphthalic Anhydride
      ##SPC42##
PAR  Into a stirred, molten mass of 45.85 g. of 3-methylphthalic anhydride at
      145.degree.C. is slowly passed chlorine gas while the reaction mixture is
      irradiated with a sun lamp. After four hours, the temperature is increased
      to 170.degree.C. The temperature is further increased as follows: after
      six and one-half hours, 190.degree.C., and after fourteen and one-half
      hours, 230.degree.C., after a total of eighteen hours. The reaction
      mixture is allowed to cool to 100.degree.C. Sixty ml of toluene is then
      added, and the solution is transferred to an erlenmeyer flask. It is then
      diluted with 60 ml of toluene plus 60 ml of hexane, followed by warming to
      affect solution, and cooling to precipitate the product. The resulting
      crystals are removed by filtration and washed with cold hexane leaving 65
      g of a tan solid, m.p. 121.degree.-124.degree.C.
PAC  EXAMPLE 26
PAC  Preparation of 3-Trifluoromethylphthalic Anhydride
      ##SPC43##
PAR  A mixture of 12.43 g of 3-trichloromethylphthalic anhydride, 12.5 g of
      antimony trifluoride, and a few grams of sand are heated at 200.degree.C.
      The molten mass is stirred for one hour. It is then cooled, stirred with
      benzene and water, and the mixture filtered and separated. The resulting
      organic solution is washed with water and brine, dried, and the solvent
      evaporated leaving 7.29 g. of a brown solid, m.p. 65.degree.-67.degree.C.
PAC  EXAMPLE 27
PAC  Preparation of 1-(3-trifluoromethylphthalimido)cyclohexanecarboxamide
      ##SPC44##
      ##SPC45##
PAR  Equal weights of the trichloromethyl derivative and antimony trifluoride
      are heated together at 200.degree. with some sand for 1 hour. The mixture
      is cooled, stirred with some sand for 1 hour. The mixture is cooled,
      stirred with toluene and water, the mixture filtered and the organic phase
      separated. The organic phase is washed with water and brine, dried and the
      solvent evaporated to give the trifluoromethyl derivative which can be
      recrystallized from nitromethane, m.p. 166.degree.-167.degree.C.
PAR  Alternatively the same product can be obtained from the
      trifluoromethylphthalic anhydride using the methods described in Examples
      1-3.
PAC  EXAMPLE 28
PAC  Preparation of 1-(3-dimethylaminophthalimido)cyclohexanecarboxamide
      ##SPC46##
PAR  Reductive alklation of 1-(3-nitrophalimido) cyclohexanecarboxamide is
      carried out with formaldehyde and hydrogen in the presence of platinum
      metal catalyst at room temperature in ethanol to give the title compound,
      m.p. 166.5.degree. - 169.degree.C.
PAC  EXAMPLE 29
PAC  Preparation of a mixture of 1-(3- and
      4-chlorophthalimido)cyclohexanecarboxamide
      ##SPC47##
PAR  A mixture containing 14.0 g mixed chloroxylenes (approx. 55% 4-chloroxylene
      and 45% 3-chloroxylene) in 400 ml water containing 69 g potassium
      permanganate is heated under reflux for 4 hours. The mixture is filtered
      and the filtrate acidified with conc. H.sub.2 SO.sub.4 to pH 1.
      Evaporation of the water leaves a solid residue which is extracted into a
      1:1 mixture of chloroform: isopropanol. Evaporation of the solvent leaves
      the mixed 3- and 4-chlorophthalic acids m.p. 115.degree.C. (decomp).
PAR  The mixed chlorophthalic acids are heated in 50 ml acetic anhydride for one
      hour, the solvent is removed to give the mixed 3- and 4-chlorophthalic
      anhydrides m.p. 52.degree.-66.degree.C.
PAR  Condensation of the mixed anhydrides with 1-aminocyclohexanecarboxylic acid
      as described in Example 1 gives the mixed 1-(3- and
      4-chlorophthalimido)cyclohexanecarboxylic acids m.p.
      166.degree.-177.degree.C. which, when reacted with thionyl chloride in
      benzene as described in Example 2, gives the mixed 1(3- and
      4-chlorophthalimido)cyclohexanecarbonyl chlorides as an oil. The reaction
      of the above-described carbonyl chlorides with ammonia as described in
      Example 3, gives the desired mixture named in the title, m.p.
      167.degree.-175.degree.C.
PAC  EXAMPLE 30
PAC  Preparation of 1-(3-bromophthalimido)cyclohexanecarboxamide
      ##SPC48##
PAR  A solution of 1-(3,4-dibromophthalimido)cyclohexanecarboxamide in acetic
      acid containing one equivalent of sodium acetate is reduced with hydrogen
      in the presence of palladium on carbon to give the product
      1-(3-bromophthalimido) cyclohexanecarboxamide, m.p.
      199.degree.-200.degree.C.
PAC  EXAMPLE 31
PAC  Preparation of 3-benzyloxy-6-methylphthalic anhydride
      ##SPC49##
      ##SPC50##
PAR  To a stirred solution containing 25.2 g phenol in 250 ml dry t-butanol was
      added 11.2 g potassium t-butoxide in a nitrogen atmosphere. After 15
      minutes, 17.1 g benzyl bromide is added dropwise. The reaction is stirred
      overnight and then poured into water and the product extracted into ether.
      The extract is washed successively with water, cold 2N NaOH, water and
      brine, dried and the solvent evaporated to leave 32.9 g of crude diethyl
      3-benzyloxy-6-methyl phthalate.
PAR  The crude ester is heated under reflux for 3 hours in 150 ml water and 100
      ml 95% ethanol containing 20 g NaOH. The mixture is poured into water and
      the resulting solid removed by filtration, washed with water and air-dried
      to give 24.4 g crude 3-benzyloxy-6-methylphthalic acid.
PAR  The crude phthalic acid prepared above is heated in 150 ml acetic anhydride
      for two hours. The solvent is removed under reduced pressure and the
      crystalline residue collected and washed with ether. The anhydride may be
      recrystallized from nitromethane to give an analytical sample m.p.
      200.degree.-203.degree.C.
PAC  EXAMPLE 32
PAC  Preparation of
      1-[3-(ethylsulfonyl)-6-methylphthalimido]-cyclohexanecarboxylic acid
      ##SPC51##
PAR  To a solution of 15.6 g 30% hydrogen peroxide in 15 ml acetic acid is added
      8.9 g of the sulfide in 80 ml acetic acid and the mixture heated under
      reflux for 1.5 hours. The volume of the solution is reduced by three
      quarters and the residue is poured into water. The product is extracted
      into ether, washed with water, the organic phase dried and the solvent
      evaporated. The residue is crystallized from benzene to give the
      ethylsulfonyl derivative with m.p. 152.degree.-153.degree.C.
PAC  EXAMPLE 33
PAC  Preparation of 1-(3-hydroxy-6-methylphthalimido)-cyclohexanecarboxamide
      ##SPC52##
PAR  A solution containing 2.7 g of the benzyl ether in 100 ml acetic acid is
      shaken in an atmosphere of hydrogen in the presence of 2 g 5% palladium on
      carbon. The hydrogenation is complete in 20 minutes and the catalyst is
      removed by filtration and the filtrate evaporated to give 500 mg product.
      The filter cake is washed with dimethylformamide and the filtrate poured
      into water. The precipitate is removed by filtration, washed with water
      and air-dried to give a further 800 mg product. Recrystallization of the
      combined fractions from acetic acid gave analytically pure product, m.p.
      265.degree.C. (decomp).
PAC  EXAMPLE 34
PAC  Plant Growth Regulating Effects of Phthalimido Derivatives on a Variety of
      Plant Species
PAR  In these tests, a 50/50 water/acetone mixture containing
      1-(3-chlorophthalimido)cyclohexanecarboxamide is sprayed on the soil
      surface of 2 square foot flats in sufficient amount to provide 4 pounds
      per acre of active compound. Seeds of a variety of plants are then placed
      on the treated soil and covered with untreated soil to a depth of one
      inch. The planted flats are then placed on greenhouse benches, watered and
      maintained in accordance with normal greenhouse practices. All tests are
      run in duplicate and untreated flats are used as controls.
PAR  All flats are examined periodically and the results observed and recorded.
      The plant species used are indicated below in Table XII along with
      emergence times and plant height for each species. All tests are
      terminated 28 days after planting.
TBL                TABLE XII                                                   
     ______________________________________                                    
            Plant Species Employed                                             
     ______________________________________                                    
     Cotton Corn (Sweet)  Sugar beet    Celery                                 
     Pea    Wheat         Soybean       Sudangrass                             
     Sorghum                                                                   
            Tomato        Alfalfa       Peanut                                 
     Rape   Navy Bean     Rice          Safflower                              
     Oat    Lima Bean     Radish        Cabbage                                
     Cucumber                                                                  
            Potato        Birdsfoot trefoil                                    
                                        Snap bean                              
     Flax   Barley        Carrot        Lettuce                                
     ______________________________________                                    
     Emergence Times                                                           
     Emerged in      Treated Plants                                            
     ______________________________________                                    
     3 days     Radish and Alfalfa                                             
     4 days     Barley and Soybean, Cucumber, Sugar beet,                      
                Sudangrass, Wheat, Rape, Pea                                   
     5 days     Flax, Corn, Safflower, Oat, Navy bean,                         
                Cotton, Lima bean, Cabbage, Snap bean,                         
                Birdsfoot trefoil                                              
     6 days     Sorghum, Tomato, Potato                                        
     7 days     Peanut, Lettuce, Rice, Carrot                                  
     12 days    Celery                                                         
     ______________________________________                                    
     Emerged in  Control Plants                                                
     ______________________________________                                    
     6 days     Cotton, Soybean                                                
     7 days     Navy bean, Snap bean                                           
     8 days     Tomato                                                         
     10 days    Potato                                                         
     15 days    Celery                                                         
     ______________________________________                                    
     Remaining plants emerged at the same time as treated plants.              
     Observed Plant Height 28 Days After Treatment                             
     ______________________________________                                    
     Plants 50% or More Taller than Controls                                   
     ______________________________________                                    
     Potato     Soybean      Oats    Sugar beet                                
     Lettuce    Cucumber     Rice    Cotton                                    
     Lima bean  Wheat        Corn    Flax                                      
     Snap bean  Barley       Tomato  Rape                                      
     ______________________________________                                    
     Plants 25% to 50% Taller than Controls                                    
     ______________________________________                                    
     Radish         Sudangrass      Sorghum                                    
     Carrot         Cabbage         Navy bean                                  
     Safflower      Pea             Peanuts                                    
     ______________________________________                                    
     Plants Approximately the Same Height as Controls                          
     ______________________________________                                    
     Alfalfa                                                                   
     Birdsfoot trefoil                                                         
     Celery                                                                    
     ______________________________________                                    
PAC  EXAMPLE 35
PAC  Plant Growth Regulating Effect of Phthalimido Derivatives on Xanthia
      Tobacco
PAR  In this test, untopped tobacco plants of approximate similar height are
      treated with 50/50 acetone/water mixtures containing 100 ppm., 200 ppm.,
      or 400 ppm. of 1-(3-chlorophthalimido)cyclohexanecarboxamide and then
      placed on greenhouse benches. All treatments are replicated four times and
      untreated plants are used as controls. Twenty-eight days after treatment,
      all plants are examined and measured.
PAR  Data obtained are reported below in TAble XIII, where it can be seen that
      plants treated with 100 ppm. of test compound have an 18% gain over
      controls and those treated with 200 ppm. and 400 ppm. show 28% and 50%
      gains, respectively, over controls.
PAR  Five weeks after treatment, the tallest and shortest plants from each
      treatment are cut and weighed and the average weight per treatment
      determined. From the data, it can be seen that the percent gain of treated
      plants over untreated controls is from 30% to 70%.
PAR  The dry weights of the two middle plants in the four replicates is taken
      nine weeks after treatment and shows a 12% to 54% increase over untreated
      controls. These data are given below in Table XIII.
TBL                                    TABLE XIII                              
     __________________________________________________________________________
     Xanthia Tobacco                                                           
                Height in Inches at Rates of:                                  
                                           Control                             
                400 ppm. 200 ppm. 100 ppm. Acetone/Water                       
     Compound   (16 mg./Plant)                                                 
                         (8 mg./Plant)                                         
                                  (4 mg./Plant)                                
                                           50/50                               
     __________________________________________________________________________
     1-(3-Chlorophthal-                                                        
     imido)cyclohexane-                                                        
     carboxamide                                                               
     Replicate I                                                               
                35       28       24.5     23                                  
          II    33       28       27       23                                  
          III   33       30       29       26                                  
          IV    37       32       28.5     20                                  
     Average    34.5     29.5     27.2     23                                  
     __________________________________________________________________________
                % Gain Over                                                    
                Controls at Rates of:                                          
     Compound   400 ppm.                                                       
                      200 ppm.                                                 
                            100 ppm.                                           
     __________________________________________________________________________
     1-(3-Chlorophthal-                                                        
     imido)cyclohexane-                                                        
     carboxamide                                                               
                +50%  +28%  +18%                                               
     __________________________________________________________________________
     Xanthia Tobacco                                                           
                Wet Weights in Grams                                           
                of Two Replicates                                              
                (The Tallest and the Smallest)                                 
                                  Control                                      
                at Treatment Rates of:                                         
                                  Acetone/Water                                
     Compound   400 ppm.                                                       
                      200 ppm.                                                 
                            100 ppm.                                           
                                  50/50                                        
     __________________________________________________________________________
     1-(3-Chlorophthal-                                                        
     imido)cyclohexane-                                                        
     carboxamide                                                               
     Replicate I                                                               
                111    84   100   75                                           
          II    151   114   115   77                                           
     Average    131     99   107.5                                             
                                  76                                           
     __________________________________________________________________________
                % Gain Over Controls                                           
                in Wet Weight at Rates of:                                     
     Compound   400 ppm.                                                       
                      200 ppm.                                                 
                            100 ppm.                                           
     __________________________________________________________________________
     1-(3-Chlorophthal-                                                        
     imido)cyclohexane-                                                        
     carboxamide                                                               
                +72%  +30%  +41%                                               
     __________________________________________________________________________
     Treated plants were taller than untreated plants, but they                
     did not have more leaves. The internodal spaces were elongated,           
     yet the stems did not appear to be thinner than the checks.               
     Xanthia Tobacco                                                           
                Dried Weights in Grams                                         
                of Two Replicates                                              
                (Two Middle Plants)                                            
                                  Control                                      
                at Treatment Rates of                                          
                                  Acetone/Water                                
     Compound   400 ppm.                                                       
                      200 ppm.                                                 
                            100 ppm.                                           
                                  50/50                                        
     __________________________________________________________________________
     1-(3-Chlorophthal-                                                        
     imido)cyclohexane-                                                        
     carboxamide                                                               
                31.5  23    26.5  20.5                                         
     __________________________________________________________________________
                % Gain Over Controls                                           
                in Dry Weight at Rates of:                                     
     Compound   400 ppm.                                                       
                      200 ppm.                                                 
                            100 ppm.                                           
     __________________________________________________________________________
     1-(3-Chlorophthal-                                                        
     imido)cyclohexane-                                                        
     carboxamide                                                               
                +53.6%                                                         
                      +12.2%                                                   
                            +29%                                               
     __________________________________________________________________________
PAC  EXAMPLE 36
PAC  Seed Treatment to Improve Fresh Weights and Dry Weights of Plants.
PAR  In these tests, seeds of field corn (DeKalb XL-45) are soaked for 2 hours
      in water or an aqueous solution containing 10 ppm., 100 ppm. or 1000 ppm.
      of 1-(3-chlorophthalimido)cyclohexanecarboxamide. After such treatment,
      the seeds are planted, five per pot, in 5-inch plastic pots and placed in
      the greenhouse where they are cared for in accordance with standard
      greenhouse procedures.
PAR  Three weeks after treatment, all plants are measured, harvested and
      weighed. After weighing, the harvested plants are dried and dry weights
      from each treatment determined. Data obtained are given below in Table
      XIV, where it can be seen that about a 20% to 36% increase in height, 15%
      to 28% increase in fresh weight, and a 5% to 21% increase in dry weight of
      treated plants is obtained.
TBL                                    TABLE XIV                               
     __________________________________________________________________________
     Seed Treatment to Improve Fresh Weight, Height and Dry Weight of Field    
     Corn                                                                      
     Test Compound = 1-(3-Chlorophthalimido)cyclohexanecarboxamide             
            Fresh Weights      Dry Weights           % Change                  
            of Tops in Grams   of Tops in Grams      Fresh Wt.                 
                                                             Dry Wt.           
     Treatment                                       Average                   
                                                             Average 3         
     Rates  Replicate I                                                        
                  Replicate II                                                 
                        Replicate III                                          
                               Replicate I                                     
                                      Replicate II                             
                                             Replicate III                     
                                                     Replicates                
                                                             Replicates        
     __________________________________________________________________________
     0 ppm. 14.8  19.5  20.1  1.70  2.05    1.90     --      --                
     10 ppm.                                                                   
            20.9  21.3  20.8  2.00  2.02    1.94     +15      +5               
     100 ppm.                                                                  
            22.0  24.5  21.9  2.18  2.21    2.18     +26     +16               
     1000 ppm.                                                                 
            23.2  25.3  21.5  2.24  2.26    2.33     +28     +21               
     __________________________________________________________________________
            Height (cm.) to    Total Height          % Change                  
            Second Leaf        (cm.)                                           
     Treatment                                       Second Leaf               
                                                             Total             
     Rates  Replicate I                                                        
                  Replicate II                                                 
                        Replicate III                                          
                               REplicate I                                     
                                      Replicate II                             
                                             Replicate III                     
                                                     Average Average           
     __________________________________________________________________________
     0 ppm.  9     9     9     30     37     32      --      --                
     10 ppm.                                                                   
            10    12    10     38     41     37      +19     +18               
     100 ppm.                                                                  
            10    13    11     39     42     40      +25     +21               
     1000 ppm.                                                                 
            12    13    12     43     45     42      +36     +30               
     __________________________________________________________________________
PAC  EXAMPLE 37
PAC  Plant Growth Regulating Effects of Phthalimido Derivatives
PAR  In these tests, seeds and seed pieces of tomato and potato, respectively,
      are placed in rows on a soil surface in flats. A spray, 50/50
      acetone/water containing the test compound, is applied over the seed and
      soil surface in sufficient amount to provide 0.5, 1, 2 or 4 pounds per
      acre of test compound. The seed is covered with about one-half inch of
      untreated soil and watered. The flats are placed on greenhouse benches and
      cared for in accordance with greehouse practices. Three weeks after
      treatment, the flats are examined and the height and fresh weight of the
      tomato and potato plants determined. The number of stems on the potato
      plants are also counted since the number of stems per plant is an
      indication of the number of potatoes that will be set. Data obtained are
      reported below in Table XV.
TBL                                    TABLE XV                                
     __________________________________________________________________________
     Plant Growth Regulating Effects of Test Compounds                         
                      Tomato            Potato                                 
                                Grams                                          
                      Rate  Weight                                             
                                5 Plants                                       
                                        Height                                 
                                            Number of                          
                                                  Fresh Weight                 
     Compound         lbs./acre                                                
                            cm. Fresh Weight                                   
                                        cm. Stems Grams                        
     __________________________________________________________________________
     2-[1-(3-chlorophthalimido)-                                               
                      1/2   11  8       20  24    109                          
      cyclohexylcarbonyl]-                                                     
                      1     12  9       21  23    124                          
      1,1,1-trimethylhydrazinium                                               
                      2     11  9.5     21  21    130                          
      chloride        4     11  10.5    25  21    181                          
     1-(3-chlorophthalimido)-                                                  
                      1/2   17  17      32  16    134                          
      cyclohexanecarboxamide                                                   
                      1     --  --      33  13    109                          
                      2     17  15.5    34  25    147.5                        
                      4     16  10.5    36  19    104                          
     .alpha.-(3-chlorophthalimido)-.alpha.-                                    
                      1/2   11  10      23  19    145                          
      methyl-.alpha.-150 propylacetamide                                       
                      1     10  9.5     21   9    85.5                         
                      2      7  3       19   7    30                           
                      4      6  1.5     13   2    22                           
     1-(3-chlorophthalimido)-                                                  
                      1/2    8  7       22  19    155                          
      cycloheptanecarboxamide                                                  
                      1      8  8.5     18  13    65.5                         
                      2     11  14.5    20  21    122                          
                      4      6  4       22  22    145                          
     1-(3-chlorophthalimido)-                                                  
                      1/2   11  12.5    19  18    153                          
      2,2-dimethylhydrazide                                                    
                      1     12  13      19  15    137                          
      cyclohexanecarboxylic acid                                               
                      2     12  14.5    21  19    179                          
                      4     12  14.5    24  12    123.5                        
     1-(3-chlorophthalimido)-                                                  
                      1/2   12  16.5    18  14    113.5                        
      cyclopentanecarboxylic acid                                              
                      1     11  14      18  19    95.5                         
                      2     12  12      20  26    149.5                        
                      4     10  12      18  20    139.0                        
     .alpha.-(3-chlorophthalimido)-.alpha.-                                    
                      1/2   15  14.5    17  16    84.5                         
      isobutyl-.alpha.-methylacetamide                                         
                      1     15  17.5    24  19    188                          
                      2     15  13.0    24  16    98.5                         
                      4     13  11.0    26  20    177                          
     1-(3-nitrophthalimido)-                                                   
                      1/2   12  12.5    25  17    146.5                        
      cyclohexanecarboxylic acid                                               
                      1     13  10.0    22  18    182.5                        
                      2     13  12.5    27  13    170.5                        
                      4     15  13.0    21  11    150.5                        
     .alpha.-(3-nitrophthalimido)-.alpha.-                                     
                      1/2   14  15.0    23  26    182                          
      isobutyl-.alpha.-methylacetamide                                         
                      1     10  11.5    20  21    141                          
                      2     11  11.5    21  16    117                          
                      4      9  7.5     23  19    174                          
     1-(3-chlorophthalimido)-                                                  
                      1/2   10  11.5    22  20    152                          
      cyclohexanecarboxylic acid                                               
                      1      7  7.0     21  17    144                          
      ethyl ester     2     12  10.0    23  15    143                          
                      4     10  8.5     22  13    98                           
     N,N-dimethyl-1-(3-nitro-                                                  
                      1/2     8 6       19  19    135.5                        
      phthalimido)cyclohexane-                                                 
                      1      9  9.5     23  18    192                          
      carboxamide     2     12  11.0    23  13    141                          
                      4     11  9.5     21  29    160.5                        
     1-(3-chlorophthalimido)-                                                  
                      1/2   13  12.0    22  19    138                          
      N,N-dimethyl cyclohexane-                                                
                      1     12  12.5    18  19    119                          
      carboxamide     2     10  8.5     21  17    159                          
                      4     10  12.5    21  15    145                          
     1-(3-nitrophthalimido)-                                                   
                      1/2   13  13.0    20  18    169                          
      cyclohexanecarboxamide                                                   
                      1     11  13.5    18  14    111.5                        
                      2     12  13.0    20  22    152                          
                      4     10  10.0    19  21    132.5                        
     1-(3-chlorophthalimido)-                                                  
                      1/2   14  14.5    26  27    212                          
      cyclopentanecarboxamide                                                  
                      1     11  9.5     23  17    124.5                        
                      2     12  12.0    30  23    204                          
                      4     12  11.5    32  15    140                          
     1-(3-chlorophthalimido)-                                                  
                      1/2   10  7.5     19  18    142.5                        
      cycloheptanecarboxylic acid                                              
                      1     10  7.0     24  15    197                          
                      2     11  10.0    20  17    121.5                        
                      4     10  13.5    25  18    184                          
     1-phthalimidocyclohexane-                                                 
                      1/2   13  18.0    11  14    62                           
      carboxylic acid 1     12  9.5     22  13    111                          
                      2     12  14.0    24  13    111                          
                      4     11  10.5    23  16    142.5                        
     1-phthalimidocyclohexane-                                                 
                      1/2    7  6.0     22  14    80.5                         
      carboxamide     1      6  5.0     24  16    148.5                        
                      2     10  9.0     20  17    75.5                         
                      4     10  7.0     26  17    76.5                         
     1-phthalimidocyclopentane-                                                
                      1/2   10  11      13  14    33.5                         
      carboxamide     1      8  7.5     19  17    118.5                        
                      2     11  11.5    27  22    121.5                        
                      4     10  10.0    28  14    135.5                        
         Controls                                                              
     Average of 6 Replications                                                 
     3 Water & 3 Acetone/Water                                                 
                      --    10.6                                               
                                12      19.5                                   
                                            17.3  122.6                        
     __________________________________________________________________________
PAC  EXAMPLE 38
PAC  Effect of 1-(3-Chlorophthalimido)cyclohexanecarboxamide on Potatoes
PAR  In these tests, potato seed pieces are placed on the surface of soil in
      deep flats approximately 2 feed square and sprayed with an aqueous
      solution of test compound in a 50/50 acetone/water mixture. Applications
      are sufficient to provide from 0 to 4 pounds per acre of active compound,
      and after spraying the seed pieces are covered with soil. The flats are
      placed in the greenhouse and cared for in accordance with normal
      greenhouse procedures. Eight weeks after treatment, the plants with roots
      and tubers are harvested and examined. From the data obtained, which is
      reported below in Table XVI, it can be seen that the shoots of treated
      plants are taller, stronger and weigh more than untreated controls. The
      number of shoots increases 16% to 33%, the roots are heavier, and the
      number of tubers initiated are higher.
TBL                TABLE XVI                                                   
     ______________________________________                                    
     Potato Yield                                                              
     Compound Used in These Tests                                              
     1-(3-Chlorophthalimido)cyclohexanecarboxamide                             
     Shoots                  Tubers  Roots                                     
     Treatment        Height   Weight        Weight                            
     ppm.    Number   cm.      gram    Number                                  
                                             gram                              
     ______________________________________                                    
     Control 6        41       126.2    9    77.2                              
     10      6        49       147.8    9    100.5                             
     100     7        48       123.0   10    91.1                              
     1,000   7        64       134.6    9    101.0                             
     10,000  8        96       138.4   19    118.7                             
     Control 5        51       111.2    8    82.7                              
     10      7        52       144.2   11    123.5                             
     100     6        56       119.0    9    83.7                              
     1,000   8        73       155.4   15    108.8                             
     10,000  8        100      181.8   22    106.7                             
     ______________________________________                                    
PAC  EXAMPLE 39
PAC  Improved Stem Strength in Xanthia Tobacco and Effect on Plant Height and
      Leaf Number
PAR  In the following tests, Xanthia tobacco plants approximately two months old
      and growing in individual pots are treated at first flowering with an
      aqueous/acetone (50/50) mixture containing 100 ppm. to 1600 ppm. or 800
      ppm. to 3200 ppm. of 1(3-chlorophthalimido)cyclohexanecarboxamide. One
      month after treatment, the plants are examined and the stems harvested to
      determine the dry weights thereof or the number of leaves counted and the
      plants measured. Data obtained are provided below in Table XVII.
TBL                                    TABLE XVII                              
     __________________________________________________________________________
     Xanthia Tobacco                                                           
                Dried Weights of Tobacco Stems in Grams                        
                (4 Replicates)                 Control                         
     Compound   1600 ppm.                                                      
                       800 ppm.                                                
                             400 ppm.                                          
                                   200 ppm.                                    
                                         100 ppm.                              
                                               0                               
     __________________________________________________________________________
     1-(3-chlorophthal-                                                        
      imido)cyclohexane-                                                       
      carboxamide                                                              
                74      86    87   83    83    72.6                            
     __________________________________________________________________________
     % Gain     1.9%   18.4% 19.8% 14%   14%   --                              
     __________________________________________________________________________
                                            Control                            
                    3200 ppm.                                                  
                            1600 ppm.                                          
                                    800 ppm.                                   
                                            0                                  
                    Height                                                     
                        Number                                                 
                            Height                                             
                                Number                                         
                                    Height                                     
                                        Number                                 
                                            Height                             
                                                Number                         
        Compound    Inches                                                     
                        Leaves                                                 
                            Inches                                             
                                Leaves                                         
                                    Inches                                     
                                        Leaves                                 
                                            Inches                             
                                                Leaves                         
     __________________________________________________________________________
     1-(3-chlorophthal-                                                        
      imido)cyclohexane-                                                       
                    75  47  78  50  54.5                                       
                                        45  38* 43*                            
      carboxamide                           42**                               
                                                48**                           
     __________________________________________________________________________
       *Replicate I                                                            
      **Replicate II                                                           
PAC  EXAMPLE 40
PAC  Effect of Phthalimide Derivative on Potato Plants
PAR  In these tests, 50/50 aqueous/acetone mixtures containing from 0 to 10,000
      ppm. of 1l -(3-chlorophthalimido)cyclohexanecarboxamide are prepared. Seed
      pieces of potato (Superior variety) are dipped for 1 or 5 minutes in the
      selected solution and then planted in flats and placed in the greenhouse.
      The plants are cared for in accordance with normal greenhouse procedures,
      and two months after treatment and the plants are examined. The number of
      shoots and tubers developed are counted, the height and weight of the
      shoots and the root weight is also determined. These data are reported
      below in Table XVIII, where it can be seen that there is a 22% to 60%
      increase in shoot number, a 2% to 134% increase in shoot height, up to 63%
      increase in shoot weight, up to 170% increase in tuber number, and as much
      as 53% increase in root weight.
TBL                                    TABLE XVIII                             
     __________________________________________________________________________
     Effect of 1-(3-Chlorophthalimido)cyclohexanecarboxamide on Dipped Potato  
     Tubers (Superior Variety)                                                 
     Shoot Number           Shoot Height (cm.)                                 
                                             Shoot Weight (grams)              
                         Plus             Plus                   Plus          
                         or               or                     or            
     Replicate           Mi-                                                   
                            Replicate     Mi-                                  
                                             Replicate           Mi-           
     Treatment                                                                 
           I  II III                                                           
                    Average                                                    
                         nus %                                                 
                            I  II III                                          
                                     Average                                   
                                          nus %                                
                                             I    II   III  Average            
                                                                 nus           
     __________________________________________________________________________
                                                                 %             
     *A-1  7  5  6  6    -- 33 42 48 41   -- 116.8                             
                                                  126.2                        
                                                       135.6                   
                                                            126.2              
                                                                 --            
     A-2   7  5  10 7.3  +22%                                                  
                            50 50 48 49   +19%                                 
                                             153  136.7                        
                                                       153.5                   
                                                            147.7              
                                                                 +16%          
     A-3   6  7  9  7.3  +22%                                                  
                            50 48 46 48   +17%                                 
                                             130  109.7                        
                                                       128.2                   
                                                            122.6              
                                                                  -4%          
     A-4   9  6  7  7.3  +22%                                                  
                            60 68 65 64   +56%                                 
                                             134.5                             
                                                  139.8                        
                                                       129.3                   
                                                            134.5              
                                                                  +4%          
     A-5   8  9  7  8    + 33%                                                 
                            90 90 110                                          
                                     96   +34%                                 
                                             165.4                             
                                                  161.3                        
                                                       88.0 138.2              
                                                                  +9%          
     __________________________________________________________________________
     B-1   6  4  5  5    -- 46 56 50 50   -- 111.2                             
                                                  105.5                        
                                                       116.8                   
                                                            111.1              
                                                                 --            
     B-2   8  8  6  7.3  +46%                                                  
                            50 50 55 51    +2%                                 
                                             154  130  148.6                   
                                                            144.2              
                                                                 +29%          
     B-3   7  9  6  7.3  +46%                                                  
                            53 55 58 55   +10%                                 
                                             118.7                             
                                                  106.8                        
                                                       141.4                   
                                                            122.3              
                                                                  +9%          
     B-4   10 9  6  8.3  +66%                                                  
                            73 83 65 73   +46%                                 
                                             147.1                             
                                                  174.1                        
                                                       145  155.4              
                                                                 +39%          
     B-5   7  9  8  8    +60%                                                  
                            94 100                                             
                                  105                                          
                                     99   +98%                                 
                                             177.3                             
                                                  181.5                        
                                                       186.5                   
                                                            181.7              
                                                                 +63%          
     __________________________________________________________________________
                          Tuber Number      Root Weight (grams)                
                                        Plus                    Plus           
                                        or                      or             
                          Replicate     Minus                                  
                                            Replicate           Minus          
                    Treatment                                                  
                          I  II III                                            
                                   Average                                     
                                        %   I    II   III  Average             
                                                                %              
                    *A-1  10 10  8 9.3  --  69.5 75.3 86.7 77.1 --             
                    A-2    5 13  9 9     -4%                                   
                                            132.6                              
                                                 82.3 86.3 100.5               
                                                                +30%           
                    A-3   14  9  8 10.3  +7%                                   
                                            115.3                              
                                                 81.3 76.6 91.0 +18%           
                    A-4    7  7 15 9.6   +3%                                   
                                            111.2                              
                                                 103.4                         
                                                      88.4 101.0               
                                                                +31%           
                    A-5   11 27 20 19.3 +107%                                  
                                            104.7                              
                                                 129  122.4                    
                                                           118.7               
                                                                +53%           
     __________________________________________________________________________
                    B-1    9  9  6 8    --  --   78.7 86.4 82.5 --             
                    B-2   11  9 12 10.6  +32%                                  
                                            101.4                              
                                                 195.7                         
                                                      83.3 126.8               
                                                                +53%           
                    B-3   10  6 10 8.6   +7%                                   
                                            86.5 67.8 96.8 83.7 +1%            
                    B-4   16 19 10 15    +87%                                  
                                            104.8                              
                                                 122  99.6 108.8               
                                                                +31%           
                    B-5   15 32 18 21.6 +170%                                  
                                            86.1 94.1 140  106.7               
                                                                +29%           
     __________________________________________________________________________
     *Concentrations:                                                          
              1 = 0 ppm.                                                       
                        Duration of Dip A = 1 minute                           
              2 = 10 ppm.                                                      
                        Duration of Dip B = 5 minutes                          
              3 = 100 ppm.                                                     
              4 = 1,000 ppm.                                                   
              5 = 10,000 ppm.                                                  
     __________________________________________________________________________
PAC  EXAMPLE 41
PAC  Effect of Phthalimide Derivatives on Woody Plants
PAR  In these tests, resting Euonymous (woody) plants growing in individual pots
      are treated with 50/50 aqueousacetone solutions containing sufficient
      amounts of the test phthalimide to provide 0, 5 or 15 pounds per acre
      thereof. The phthalimides used are
      4-chloro-.alpha.-isobutyl-.alpha.-methyl-1,3-dioxo-2-isoindolineacetamide
      and 1-(3-chlorophthalimido)cyclohexanecarboxamide, and application is made
      as a soil drench. The plants are measured and the number of branches
      counted at treatment. Two months after treatment, the plants are again
      measured and the number of branches counted. Data obtained are reported
      below in Table XIX where it can be seen that there is a 10% to 55%
      increase in leader growth and a 23% to 54% increase in the number of
      branches on treated plants.
TBL                                    TABLE XIX                               
     __________________________________________________________________________
     Effect of 4-Chloro-.alpha.-isobutyl-.alpha.-methyl-1,3-dioxo-2-isoindoline
     acetamide                                                                 
     and 1-(3-Chlorophthalimido)cyclohexanecarboxamide on Euonymous            
     Soil Drench Treatment                                                     
                                                              Average          
                    Height of  Number   Leader -        Average                
                                                              %                
                    Leader in cm.                                              
                               Branches Added Growth                           
                                                Number  %     Increase         
                    at Treatment                                               
                               at Treatment                                    
                                        in cm.  Branches                       
                                                        Leader                 
                                                              in               
                                                        Growth                 
                                                              Number           
               Rate Replicate  Replicate                                       
                                        Replicate                              
                                                Replicate                      
                                                        Four  of               
     Compound  lbs./acre                                                       
                    I  II III                                                  
                             IV                                                
                               I II III                                        
                                      IV                                       
                                        I II                                   
                                            III                                
                                              IV                               
                                                I II                           
                                                    III                        
                                                      IV                       
                                                        Replicates             
                                                              Branches         
     __________________________________________________________________________
     1-(3-chlorophthal-                                                        
      imido)cyclohexane-                                                       
               15   24 21.5                                                    
                          37 41                                                
                               6 9  2 2 17                                     
                                          21                                   
                                            8 23                               
                                                9 9 4 4 +55%   +36%            
      carboxamide                                                              
               5    21.5                                                       
                       25.5                                                    
                          32 38                                                
                               3 6  6 2 9 9 12                                 
                                              7 4 7 7 3 + 31%  +23%            
     4-chloro-.alpha.-isobutyl-                                                
     methyl-1,3-dioxo-                                                         
      2-isoindoline-                                                           
               15   19.5                                                       
                       21.5                                                    
                          43.5                                                 
                             28                                                
                               6 5  5 7 2 4 2 4 8 6 10                         
                                                      8 +10%   +40%            
      acetamide                                                                
               5    21.5                                                       
                       24 31 38                                                
                               4 10 3 3 4 8 2 7 5 11                           
                                                    9 6 +18%   +54%            
         Control                                                               
               0    39.5                                                       
                       39.5                                                    
                          23.5                                                 
                             23                                                
                               4 6  6 6 0 0 0 0 4 6 6 6  0%     0%             
         Control                                                               
               0    28 21.5                                                    
                          16.5                                                 
                             24                                                
                               7 14 2 4 0 0 0 0 7 14                           
                                                    2 4  0%     0%             
     __________________________________________________________________________
PAC  EXAMPLE 42
PAC  Effect of Phthalimido Derivatives on Pod Setting of Soybeans
PAR  In these tests, soybeans (cv Corsoy) are planted in individual pots and
      treated with 50/50 aqueous/acetone mixtures containing from 0 to 2 pounds
      per acre of the active phthalimide,
      1-(3-chlorophthalimido)cyclohexanecarboxamide. The pots are then placed in
      the greenhouse and cared for in usual fashion. Two months after treatment,
      the plants are examined and the height of attachment of the first pod
      above the ground determined for each plant. From the data obtained, it can
      be seen in Table XX that the height of attachment of the first pod of
      treated plants is from 10 to 22 centimeters above those of untreated
      plants.
TBL                TABLE XX                                                    
     ______________________________________                                    
                   Rate      cm. Above Ground of                               
     Compound      lbs./acre Attachment of First Pod                           
     ______________________________________                                    
     0             --        12 cm.                                            
     1(3-chlorophthal-                                                         
     imido)cyclohex-                                                           
                   1         20 cm.                                            
     anecarboxamide                                                            
                   2         32 cm.                                            
     ______________________________________                                    
PAC  EXAMPLE 43
PAC  Evaluation of Phthalimides for Plant Growth Regulant Activity
PAR  In these tests, containers are filled to within one-half inch of the top
      with greenhouse potting soil, tamped, and three Amsoy soybeans are placed
      in each pot. The pot is filled to the top with soil in which Kentucky 31
      Fescue seeds have been mixed in an amount sufficient to provide each pot
      with approximately 625 Fescue seeds.
PAR  To prepare the test compounds, 20 mg. of the compound is placed into a
      two-ounce, wide-mouth glass bottle and dissolved or dispersed in a 50/50
      acetone/water mixture sufficient to prepare a 1,000 ppm. solution or
      suspension.
PAR  An addition of 5 ml. of the 1,000 ppm. solution in each cup is equivalent
      to 10 lbs./acre.
PAR  Just prior to the application of the compounds, the test pots are lightly
      watered to prevent formation of air pockets and channelling routes during
      application which would prevent even distribution of the test compound in
      the soil. Application is accomplished by dispensing 5 ml. of solution or
      suspension evenly over the surface of the soil with a pipettor. Three
      replications are used for each compound.
PAR  The test is conducted weekly. Each test includes 5 ml. of 1:1 acetone:water
      controls, 5 ml. water controls as a standard for comparison of activity
      from test to test. The treated plants are benched in the greenhouse and
      normal watering practices are followed. Minimum day and night temperatures
      of 65.degree.F. are maintained during cooler portions of the year. Normal
      daily temperature fluctuations occur during the summer season. Data
      obtained are reported below in Table XXI.
PA0  Data Recording
PAR  Initial observations are made at three to five days after treatment for
      early germination of both test species. Physiological or morphological
      changes from the norm are noted during the test period. Final observations
      are made at two to three weeks after treatment (dependent on time of
      year). At this time, measurements of the height of plants of both species
      are made. From these measurements percent increases or decreases as
      compared to control plants are calculated.
TBL                                    TABLE XXI                               
     __________________________________________________________________________
     10 lbs/Acre Preemergence                                                  
     % Increase or Decrease in Height Compared to Control                      
                     Soybeans      Fescue                                      
                     First  Final  First  Final                                
     Compound        Measurement                                               
                            Measurement                                        
                                   Measurement                                 
                                          Measurement                          
     __________________________________________________________________________
     1-Phthalimidocyclo-                                                       
     hexanecarboxamide                                                         
                     --     58 E.G.*                                           
                                   --     46 E.G.                              
     .alpha.-(3-chlorophthal-                                                  
     imido)-.alpha.-isopropyl-                                                 
     .alpha.-methylacetamide                                                   
                     28     36 Phy.                                            
                                   38     36 Phy.                              
     .alpha.-(3-chlorophthal-                                                  
     imido)-.alpha.-isobutyl-                                                  
     .alpha.-methylacelamide                                                   
                     N      N      21     15                                   
     Cyclohexanecarbox-                                                        
     amide, 1-(3-chloro-                                                       
     phthalimido)-   73 (7-10)                                                 
                            73 (7-21)                                          
                                   51     49                                   
     Cyclopentanecarbox-                                                       
     amide, 1-(3-chloro-                                                       
     phthalimido)    N      cut    24     10                                   
     Cyclohexanecarboxylic                                                     
     acid, 1-phthalimido-                                                      
                     -13    cut    -33    -31                                  
     Cyclopentanecarbox-                                                       
     amide, 1-phthalimido-                                                     
                     --     23 E.G.                                            
                                   --     17 E.G.                              
     Cycloheptanecarbox-                                                       
     amide, 1-(3-chloro-                                                       
     phthalimido)-   --     N D.G. --     41 D.G.                              
     Cyclohexanecarboxylic                                                     
     acid, 1-(3-chlorophthal-                                                  
     imido)-,2,2-dimethyl-                                                     
     hydrazide       --     N      --     11                                   
     Cyclohexanecarbox-                                                        
     amide, 1-(3-chloro-                                                       
     phthalimido)-N-methyl-                                                    
                     29     --     25     --                                   
     Cycloheptanecarbox-                                                       
     amide, 1-(3-methylphthal-                                                 
     imido)-         24     --     53     --                                   
     Cycloheptanecarbox-p-                                                     
     anisidide, 1-(3-methyl-                                                   
                     N      --     33     --                                   
     phthalimido)-                                                             
     Cycloheptanecarboxylic                                                    
     acid, 1-(3-methylphthal-                                                  
     imido)-, 2,2-dimethyl-                                                    
     hydrazide       N      --     29     --                                   
     Cycloheptanecarboxylic                                                    
     acid, 1-(3-methylphthal-                                                  
     imido)-, methyl ester                                                     
                     -20    --     17     --                                   
     Cyclohexanecarboxylic                                                     
     acid, 1-(3-acetamido-                                                     
     phthalimido)-   14     --     22     --                                   
     Cyclopentanecarboxamide,                                                  
     1-(3-chlorophthalimido)-                                                  
     N-methyl-       N      --     32     --                                   
     Cyclopentanecarboxamide,                                                  
     1-(4-chlorophthalimido)-                                                  
                     31     -- E.G.                                            
                                   35     -- E.G.                              
     Cyclohexanecarboxamide,                                                   
     1-(4-methylphthalimido)-                                                  
                     31     -- E.G.                                            
                                   50     -- E.G.                              
     Cyclohexanecarboxanilide,                                                 
     4'-chloro-1-(4-methyl-                                                    
     phthalimido)-   N      --     25     --                                   
     Cyclohexanecarboxy-o-                                                     
     toluidide, 3'-chloro-                                                     
     1-(4-methylphthal-                                                        
     imido)-         11     --     28     --                                   
     Cyclohexanecarboxylic                                                     
     acid, 1-(4-methylphthal-                                                  
     imido)-, 2,2-dimethyl-                                                    
     hydrazide       16     --     25     --                                   
     Cyclopentanecarboxylic                                                    
     acid, 1-(4-methylphthal-                                                  
     imido)-         11     --     21     --                                   
     Cyclopentanecarboxamide,                                                  
     1-(3-chlorophthalimido)-                                                  
     N,N-dimethyl-   19     --     19     --                                   
     Cyclohexanecarboxy-m-                                                     
     toluidide, 4'-chloro-1-                                                   
     (3-chlorophthalimido)-                                                    
     .alpha.,.alpha.,.alpha.,-trifluoro-                                       
                     23     --     26     --                                   
     Cyclohexanecarboxamide,                                                   
     1-(4-chlorophthal-                                                        
     imido)-         21     53 E.G.                                            
                                   50     41 E.G.                              
     Cyclohexanecarboxamide,                                                   
     1-(3-acetamidophthal-                                                     
     imido)-N-methyl-                                                          
                     N      -24    14     N                                    
     Cyclohexanecarbox-p-                                                      
     anisidide, 1-(3-iodo-                                                     
     phthalimido)-   N      N      14     N                                    
     Cyclohexanecarboxamide,                                                   
     1-(3-iodophthalimido)-                                                    
                     N      26     28     28                                   
     Cyclohexanecarboxamide,                                                   
     1-(3-fluorophthal-                                                        
     imido)-         51     39     48     41                                   
     Cyclopentanecarboxamide,                                                  
     1-(3-methylphthalimido)-                                                  
                     46     48 E.G.                                            
                                   28     27 E.G.                              
     Cyclohexanecarboxamide,                                                   
     1-(3-methylphthalimido)-                                                  
                     60     66 E.G.                                            
                                   39     56 E.G.                              
     Cyclooctanecarboxamide,                                                   
     1-(4-chlorophthalimido)-                                                  
                     N      N      N      N                                    
     Cyclohexanecarboxamide,                                                   
     1-(3-bromophthalimido)-                                                   
                     46     44     47     56                                   
     Cyclohecanecarboxamide,                                                   
     1-(1,2,3,6-tetrahydro-                                                    
     phthalimido)-1- N      -23    12     N                                    
     Cyclohexanecarboxamide,                                                   
     1-(1-cyclohexene-1,2-                                                     
     dicarboximido)- 51            61                                          
     Cyclohexanecarboxamide,                                                   
     3-methyl-1-(3-methyl-                                                     
     phthalimido)-trans(CH.sub.3                                               
     to CONH.sub.2)- 27            53                                          
     Cyclohexanecarboxylic                                                     
     acid, 3-methyl-1-(3-                                                      
     methylphthalimido)-,                                                      
     trans(CH.sub.3 to COOH)-                                                  
                     N             11                                          
     Cyclohexanecarboxamide,                                                   
     1-(hexahydrophthal-                                                       
     imido)          N      N      28     26                                   
     Cyclohexanecarboxamide,                                                   
     1-(4-methyl-hexahydro-                                                    
     phthalimido)    N             18                                          
     __________________________________________________________________________
     *Phy = phytotoxic                                                         
     N    = normal                                                             
     A.G. = acillary growth                                                    
     D.G. = delayed     Special Test - Phthalimide Activity Evaluation         
            -  germination                                                     
     E.G. = early germination                                                  
     --   = not read for that                                                  
            particular test                                                    
            (either 1st or 2nd)                                                
PAR  Cotton seed from plants treated at 2 pounds per acre with compounds of the
      invention at the time of first bloom and seed from untreated controls in
      the same experiment were planted 5 seeds per 6 inches plastic pot in the
      spring. There were 4 pots of each type seed, treated and untreated.
      Treated seedlings broke through the surface on March 17 (19 of 20 seeds
      emerged, 95% emergence) whereas 7 of 20 seeds of the untreated controls
      emerged (35% emergence). On March 26 at termination of the test, treated
      stand was 95% and controls were 50%. These data suggest that treated
      plants impart better viability to the seed.
PAC  EXAMPLE 44
PAC  Evaluation of Phthalimides for Plant Growth Regulant Activity
PAR  In these tests plastic containers are filled with potting soil to within
      three-fourths inch of the top. Seeds of Cherry Belle radishes and Kentucky
      31 fescue are then placed on the soil surface and covered with one-half
      inch of potting soil. A tamper is used to level the soil surface and to
      firm the soil. After planting the pots are sprayed with a 1:1 water
      acetone mixture containing sufficient compound to provide from about 0.13
      to 8.0 pounds per acre of test compound. The treated pots are placed in
      the greenhouse and watered when needed. Fourteen days after treatment the
      pots are examined and the plants removed, washed and weighed. Fescue and
      radishes grown in untreated soil are used as controls and data obtained
      are reported in Table XXII below.
TBL                                    TABLE XXII                              
     __________________________________________________________________________
     Plant Growth Regulant Activity of Compounds Having the Formula:           
                                           Fescue     Radish Fresh Weight      
     X        X'      lb/Acre                                                  
                            R.sub.1    R.sub.2                                 
                                           Fresh Weight (g)                    
                                                      Whole (g)                
                                                             Root              
     __________________________________________________________________________
                                                             (g)               
                      0.5                  17.9       60.2   46.8              
     3-OC.sub.2 H.sub.5                                                        
              6-OC.sub.2 H.sub.5                                               
                      2.0       --(CH.sub.2).sub.5 --                          
                                           21.8       59.6   45.8              
     3-SO.sub.2 C.sub.2 H.sub.5                                                
              6-CH.sub.3                                                       
                      0.5       --(CH.sub.2).sub.5 --                          
                                           18.4       61.0   46.5              
                      2.0                  15.6       48.7   37.9              
     4-CH.sub.3                                                                
              5-CH.sub.3                                                       
                      0.13      --(CH.sub.2).sub.5 --                          
                                           17.7       61.8   48.7              
     Check            0                    17.1       55.4   41.8              
     3-CH.sub.3                                                                
              6-CH.sub.3                                                       
                      2.0       --(CH.sub.2).sub.5 --                          
                                           28.4       74.5   55.9              
     3-OC.sub.2 H.sub.5                                                        
              5-OC.sub.2 H.sub.5                                               
                      8.0       --(CH.sub.2).sub.5 --                          
                                           25.7       76.5   59.3              
     Check            0                    26.3       62.2   44.9              
     3-Br     4-Br    2.0       --(CH.sub.2).sub.5 --                          
                                           34.6       55.1   39.3              
     Check            0                    27.1       61.5   44.8              
     Check            0                    27.1       61.5   44.8              
     4-OCH.sub.3                                                               
              H       0.13      --(CH.sub.2).sub.5 --                          
                                           26.8       77.0   56.5              
     4-OCH.sub.2 C.sub.6 H.sub.5                                               
              H       0.5       --(CH.sub.2).sub.5 --                          
                                           27.9       79.3   59.5              
                      2.0                  35.8       60.3   59.5              
     3-CF.sub.3                                                                
              H       0.5       --(CH.sub.2).sub.5 --                          
                                           35.4       68.5   52.1              
                      2.0                  35.4       77.4   58.7              
                      8.0                  41.7       54.2   39.9              
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC53##
PAL  or
      ##SPC54##
PAL  wherein W is hydrogen or alkyl C.sub.1 -C.sub.4 ; X and X' each represents
      hydrogen, halogen, alkyl C.sub.1 -C.sub.4, CF.sub.3, alkoxy C.sub.1
      -C.sub.4, benzyloxy, di(C.sub.1 -C.sub.4)alkylamino, C.sub.1 -C.sub.4
      alkylthio, hydroxy, C.sub.1 -C.sub.4 alkylsulfonyl, alkanoylamino C.sub.1
      -C.sub.4 or nitro; Y is --CONHR.sub.8 ---CONR.sub.3 R.sub.4,
      --CONHN(R.sub.5).sub.2, --CONHN.sup.+(R.sub.6).sub.3 .halide.sup.- --CN or
      --COR.sub.7 with the proviso that at least one of X and X' is a
      substituent other than hydrogen; R.sub.1 and R.sub.2 each represent alkyl
      C.sub.1 -C.sub.4 or when taken together with the carbon to which they are
      attached form cycloalkyl C.sub.4 -C.sub.11 optionally substituted with
      methyl; R.sub.3 and R.sub.4 each represent hydrogen or alkyl C.sub.1
      -C.sub.4 ; R.sub.5 and R.sub.6 each represent alkyl C.sub.1 -C.sub.2,
      R.sub.7 is halogen, R.sub.8 is --CH.sub.3 or
      ##SPC55##
PAL  where Z and Z' are hydrogen, alkyl C.sub.1 -C.sub.2, halogen, --CF.sub.3 or
      --OCH.sub.3 and    is a single or double bond with the proviso that there
      be only 0 or 1 double bond in the ring.
NUM  2.
PAR  2. A compound according to claim 1 wherein Y is --CONR.sub.3 R.sub.4.
NUM  3.
PAR  3. A compound according to claim 1 wherein Y is --CONHN(R.sub.5).sub.2.
NUM  4.
PAR  4. A comppound according to claim 1 wherein Y is
      --CONHN.sup.+(R.sub.6).sub.3 .halide.sup.-.
NUM  5.
PAR  5. A compound according to claim 1 wherein Y is --CN.
NUM  6.
PAR  6. A compound according to claim 1 wherein Y is --COR.sub.7.
NUM  7.
PAR  7. A compound according to claim 1, wherein Y is --CONHR.sub.8.
NUM  8.
PAR  8. A compound according to claim 2,
      1-(3-chlorophthalimido)cyclohexanecarboxamide.
NUM  9.
PAR  9. A compound according to claim 2,
      1-(3-chlorophthalimido)cyclopentanecarboxamide.
NUM  10.
PAR  10. A compound according to claim 2,
      1-(4-chlorophthalimido)cyclohexanecarboxamide.
NUM  11.
PAR  11. A compound according to claim 2,
      1-(4-methylphthalimido)-1-cyclohexanecarboxamide.
NUM  12.
PAR  12. A compound according to claim 2,
      1-(3,4,5,6-tetrahydrophthalimido)-1-cylohexanecarboxamide.
NUM  13.
PAR  13. A compound according to claim 2,
      .alpha.-isobutyl-.alpha.-methyl-.alpha.-(3-chlorophthalamido)acetamide.
NUM  14.
PAR  14. A compound according to claim 2,
      1-(3-trifluoromethylphthalimido)cyclohexanecarboxamide.
NUM  15.
PAR  15. A compound according to claim 2,
      1-(3,5-dichlorophthalamido)-1-cyclohexanecarboxamide.
NUM  16.
PAR  16. A process for the preparation of compounds having the formula:
      ##SPC56##
PAL  or
      ##SPC57##
PAL  wherein W is hydrogen or alkyl C.sub.1 -C.sub.4 ; X and X ' each represent
      hydrogen, halogen, alkyl C.sub.1 -C.sub.4, CF.sub.3, alkoxy C.sub.1
      -C.sub.4, benzyloxy, di(C.sub.1 -C.sub.4)alkylamino, C.sub.1 -C.sub.4
      alkylthio, hydroxy, C.sub.1 -C.sub.4 alkylsulfonyl, alkanoylamino C.sub.1
      -C.sub.4, or nitro; Y is --CN or CONH.sub.2 ; R.sub.1 and R.sub.2 each
      represent alkyl C.sub.1 -C.sub.4 or when taken together with the carbon to
      which they are attached form cycloalkyl C.sub.4 -C.sub.11 optionally
      substituted with methyl; and     is a single or double bond, with the
      proviso that there be only 0 or 1 double bond in the ring; comprising
      reacting a compound having the formula:
      ##SPC58##
PAL  or
      ##SPC59##
PAL  where X, X', W and     are as described above, with a compound having the
      structure:
      ##EQU6##
      where R.sub.1 and R.sub.2 are as described above, in the presence of an
      inert solvent at a temperature between 20.degree.C. and 60.degree.C. to
      give the phthalamic acid; treating the thus-formed phthalamic acid with a
      dehydrating agent of acetic anhydride, acetylchloride or thionyl chloride
      at a temperature of from 0.degree.C. to 100.degree.C. to yield the
      phthalimidonitrile and treating the thus-formed phthalimidonitrile with a
      strong acid at a temperature between about -10.degree.C. and 30.degree.C.
      to form the phthalimido acetamide.
PATN
WKU  039404200
SRC  5
APN  4885414
APT  1
ART  125
APD  19740715
TTL  Compound, dithiobis-(succinimidyl propionate)
ISD  19760224
NCL  1
ECL  1
EXP  Friedman; Stanley J.
INVT
NAM  Smith; Paul K.
CTY  Rockford
STA  IL
ASSG
NAM  Pierce Chemical Company
CTY  Rockford
STA  IL
COD  02
CLAS
OCL  26032626
EDF  2
ICL  C07D20712
FSC  260
FSS  326.26
OREF
PAL  anderson et al., J.A.C.S., Vol. 86, pp. 1839-1842.
ABST
PAL  The present disclosure describes preparation of the novel compound,
      dithiobis-(succinimidyl propionate) represented by the following
      structure:
      ##EQU1##
      MW 404.42
BSUM
PAR  The present invention relates to new chemical compounds and, more
      particularly, to the novel compound, dithiobis-(succinimidyl propionate)
      which can be represented by the following structure:
      ##EQU2##
PAR  This new compound is useful for cross linking proteins (fixing) at mild
      conditions, and if desired, the fixing process can be reversed by cleaving
      the easily ruptured disulfide bond in the molecule. These applications are
      important in biochemical research (see Finn Wold, Methods in Enzymology,
      Vol. 25, p. 623) and in fields such as Electron Microscopy (see Hassell
      and Hand, Journal of Histochemistry and Cytochemistry, Vol. 22, No. 4, pp.
      223-239).
PAR  The novel compound in this disclosure will react with free amino groups in
      natural or synthetic proteins to form stable peptide bonds. The use of
      N-hydroxysuccinimide esters is described (see Anderson et al. JACS 86, p.
      1839-42 (1964)).
PAR  A typical preparation of dithiobis-(succinimidyl propionate) can be
      accomplished as follows: to a solution of dithiodipropionic acid (105.15
      gm, .5 m) and N-hydroxysuccinimide (115.09 gm, 1.0 m) in 600 cc of
      Tetrahydrofuran at -5.degree. C. was added dropwise a solution of 206.32
      gm (1.0 m) of dicyclohexylcarbodiimide in 100 cc. of THF. The resulting
      reaction mixture was stirred at 0.degree. C. for 24 hrs. After an
      additional 24 hrs. stirring at room temperature, the solid by-product,
      dicyclohexylurea, was filtered off and discarded. The filtrate was
      evaporated to dryness, taken up in ethyl acetate and the desired product
      precipitated by addition of hexane. The product after drying is a white
      (yield - 90 gm) powder M.P. 63.degree.-5.degree.. Further purification by
      recrystallization yields a product having a melting point of about
      121.degree.-123.degree. C.
TBL  ______________________________________                                    
     Analysis for carbon:                                                      
                  Found    41.45%   Theory 41.58% -hydrogen " 4.13% " 3.99%    
     nitrogen     "        6.78%    "      6.93%                               
     sulfur       "        15.70%   "      15.86%                              
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The compound dithiobis-(succinimidyl propionate) represented by the
      formula
      ##EQU3##
PATN
WKU  039404218
SRC  5
APN  5080657
APT  1
ART  121
APD  19740923
TTL  Intermediates for the preparation of thienobenzopyrans and
      thiopyranobenzopyrans
ISD  19760224
NCL  12
ECL  1
EXA  Jaisle; C. M. S.
EXP  Jiles; Henry R.
INVT
NAM  Razdan; Raj K.
CTY  Belmont
STA  MA
INVT
NAM  Pars; Harry G.
CTY  Lexington
STA  MA
ASSG
NAM  Arthur D. Little, Inc.
CTY  Cambridge
STA  MA
COD  02
RLAP
COD  74
APN  210170
APD  19711220
PSC  01
PNO  3883551
RLAP
COD  82
APN  852928
APD  19690825
PSC  03
CLAS
OCL  260327TH
XCL  2603322H
EDF  2
ICL  C07D33300
FSC  260
FSS  332.2 H;327 TH;343.2 R
UREF
PNO  2427579
ISD  19470900
NAM  Stahmann et al.
OCL  260333
UREF
PNO  3639426
ISD  19720200
NAM  Razdan et al.
OCL  260343.2R
LREP
FR2  Lepper; Bessie A.
ABST
PAL  Novel thienobenzopyrans and thiopyranobenzopyrans represented by the
      formula
      ##SPC1##
PAL  Wherein m and n are each 0, 1, 2 or 3 and m + n is 2 or 3; R.sub.1 is
      loweralkyl; R.sub.2 is alkyl or cycloalkylloweralkyl and R.sub.3 is
      hydrogen, loweralkyl, loweralkanoyl, carbamyl, N-loweralkylcarbamyl,
      N,N-diloweralkylcarbamyl, phosphonyl, hemisuccinate or an ester of another
      such acid, phosphate, dialkylaminoalkyl of the structure
      ##EQU1##
      or acid addition salt thereof, or dialkylaminoalkylanoyl of the structure
      ##EQU2##
      or acid addition salt thereof, wherein x is 1 through 6 and R.sub.4 and
      R.sub.5 are loweralkyl; the loweralkyl groups containing from 1 through 6
      carbon atoms, the alkyl groups containing from 1 through 20 carbon atoms
      and the cycloalkyl groups containing from 3 through 8 ring carbon atoms.
      Novel intermediates for the synthesis of these compounds are also
      disclosed as well as methods for making the compounds.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 210,170, filed Dec.
      20, now U.S. Pat. No. 3,883,551, issued May 13, 1975 1971, which is a
      continuation-in-art of copending U.S. Ser. No. 852,928, filed Aug. 25,
      1969 now abandoned.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This application relates to novel thienobenzopyrans and
      thiopyranobenzopyrans, to intermediates useful in the preparation thereof
      and to methods of making and using the novel compounds.
PAR  The invention sought to be patented, in a first composition aspect, resides
      in the concept of a class of chemical compounds which includes more
      particularly those designated as 7-alkyl(and
      7-cycloalkylloweralkyl)-9-hydroxy(and 9-O-esters and
      9-O-ethers)-4,4-diloweralkyl-1,2-dihydro-4H-thieno[2,3-c][1] benzopyrans;
      7-alkyl(and 7-cycloalkylloweralkyl)-9-hydroxy(and 9-O-esters and
      9-O-ethers)-4,4-diloweralkyl-1,3-dihydro-4H-thieno [3,4-c][1]benzopyrans;
      7-alkyl(and 7-cycloalkylloweralkyl)-9-hydroxy(and 9-O-esters and
      9-O-ethers)-4,4-diloweralkyl-2,3-dihydro-4H-thieno[2,3-c][1]benzopyrans;
      8-alkyl(and 8-cycloalkylloweralkyl)-10-hydroxy(and 10-O-esters and
      10-O-ethers)-5,5-diloweralkyl-1,2-dihydro-3H,5H-thiopyrano[2,3-c][1]benzop
     yrans; 8-alkyl(and 8-cycloalkylloweralkyl)-10-hydroxy(and 10-O-esters and
      10-O-ethers)-5,5-diloweralkyl-1,2-dihydro-4H,5H-thiopyrano
      [3,4-c][1]benzopyrans; 8-alkyl(and 8-cycloalkylloweralkyl)-10-hydroxy(and
      10-O-esters and 10-O-ethers)-5,5-diloweralkyl-3,4-dihydro-
      1H,5H-thiopyrano[3,4-c][1]benzopyrans; and 8-alkyl(and
      8-cycloalkylloweralkyl)-10-hydroxy(and 10-O-esters and
      10-O-ethers)-5,5-diloweralkyl-3,4-dihydro-2H,5H-thiopyrano[2,3-c][1]benzop
     yrans.
PAR  The invention sought to be patented, in a second composition aspect,
      resides in the concept of a class of chemical compounds which includes
      more particularly those designated as 7-alkyl(and
      7-cycloalkylloweralkyl)-1,2-dihydro-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]ben
     zopyrans; 7-alkyl(and
      7-cycloalkylloweralkyl)-1,3-dihydro-9-hydroxy-4-oxo-4H-thieno[3,4-c][1]ben
     zopyrans; 7-alkyl(and
      7-cycloalkylloweralkyl)-2,3-dihydro-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]ben
     zopyrans; 8-alkyl(and
      8-cycloalkylloweralkyl)-1,2-dihydro-10-hydroxy-5-oxo-3H,5H-thiopyrans[2,3-
     c][1] benzopyrans; 8-alkyl(and
      8-cycloalkylloweralkyl)-1,2-dihydro-10-hydroxy-5-oxo-4H,5H-thiopyrano[3,4-
     c][1]benzopyrans; 8-alkyl(and
      8-cycloalkylloweralkyl)-3,4-dihydro-10-hydroxy-5-oxo-1H,5H-thiopyrano[3,4-
     c][1]benzopyrans; and 8-alkyl(and
      8-cycloalkylloweralkyl)-3,4-dihydro-10-hydroxy-5-oxo-2H,5H-thiopyrano[2,3-
     c][1] benzopyrans.
PAR  The invention sought to be patented in a second composition aspect, resides
      in the concept of a class of chemical compounds which includes 5-alkyl(and
      5-cycloalkylloweralkyl)-2-(4,5-dihydro-2-(2-hydroxy-2-propyl)-thien-3-yl)r
     esorcinols; 5-alkyl(and
      5-cycloalkylloweralkyl)-2-(2,5-dihydro-3-(2-hydroxy-2-propyl)-thien-4-yl)r
     esorcinols; 5-alkyl(and
      5-cycloalkylloweralkyl)-2-(4,5-dihydro-3-(2-hydroxy-2-propyl)-thien-2-yl)r
     esorcinols; 5-alkyl(and
      5-cycloalkylloweralkyl)-2-(4,5-dihydro-2-(2-hydroxy-2-propyl)-6H-thiopyran
     -3-yl)resorcinols; 5-alkyl(and
      5-cycloalkylloweralkyl)-2-(5,6-dihydro-3-(2-hydroxy-2-propyl)-2H-thiopyran
     -4-yl)resorcinols; 5-alkyl(and
      5-cycloalkylloweralkyl)-2-(5,6-dihydro4-(2-hydroxy-2-propyl)-2H-thiopyran-
     3-yl)resorcinols; and 5-alkyl (and
      5-cycloalkylloweralkyl)-2-(4,5-dihydro-3-(2-hydroxy-2-propyl)6H-thiopyran-
     2-yl)resorcinols.
PAR  The tangible embodiments of the first composition aspect of the invention
      possess the inherent use characteristics of having biological activity as
      determined by standard pharmacological test procedures for potential
      therapeutic drugs. The tangible embodiments of the second and third
      composition aspects of the invention possess the use characteristics of
      being intermediates in the preparation of the first composition aspect
      embodiments.
PAR  The invention sought to be patented, in its method aspects, resides in the
      reaction of the appropriate oxo-tetrahydrothiophene-carboxylate or
      oxo-tetrahydrothiopyrano-carboxylate with an appropriately alkyl(or
      cycloalkylloweralkyl)-substituted resorcinol to form the intermediates
      required in the preparation of the desired compounds having biological
      activity.
PAR  It is therefore a primary object of this invention to provide novel
      chemical compositions of matter, novel intermediates for synthesizing them
      and methods of forming the chemical compositions and their intermediates.
      It is another object to provide chemical compositions which exhibit CNS
      properties. Other objects of the invention will in part be obvious and
      will in part be apparent hereinafter.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more such steps with respect to each of the others and the
      composition of matter possessing the characteristics, properties and the
      relation of components which will be exemplified in the compositions
      hereinafter described, and the scope of the invention will be indicated in
      the claims.
PAR  Without limiting the generality of the foregoing, illustrative and
      preferred embodiments of our 7-alkyl(and
      7-cycloalkylloweralkyl)-9-hydroxy(and 9-O-esters and
      9-O-ethers)-4,4-diloweralkyl-1,2-dihydro-4H-thieno[2,3-c][1]benzopyrans;
      7-alkyl(and 7-cycloalkylloweralkyl)-9-hydroxy(and 9-O-esters and
      9-O-ethers)-4,4-diloweralkyl-1,3-dihydro-4H-thieno[3,4-c][1]benzopyrans;
      7-alkyl(and 7-cycloalkylloweralkyl)-9-hydroxy(and 9-O-esters and
      9-O-ethers)-4,4-diloweralkyl-2,3-dihydro-4H-thieno [2,3-c][1]benzopyrans;
      8-alkyl(and 8-cycloalkylloweralkyl)-10-hydroxy(and 10-O-esters and
      10-O-ethers)-5,5-diloweralkyl-1,2-dihydro-3H,5H-thiopyrano[2,3-c][1]benzop
     yrans; 8-alkyl(and 8-cycloalkylloweralkyl)-10-hydroxy(and 10-O-esters and
      10-O-ethers)-5,5-diloweralkyl-1,2-dihydro-4H,5H-thiopyrano[3,4-c][1]benzop
     yrans; 8-alkyl(and 8-cycloalkylloweralkyl)-10-hydroxy(and 10-O-esters and
      10-O-ethers)-5,5-diloweralkyl-3,4-dihhydro-1H,5H-thiopyrano
      [3,4-c][1]benzopyrans; and 8-alkyl(and
      8-cycloalkylloweralkyl)-10-hydroxy(and 10-O-esters and
      10-O-ethers)-5,5-diloweralkyl-3,4-dihydro-2H,5H-thiopyrano[2,3-c][1]benzop
     yrans are represented by formula I
      ##SPC2##
PAL  wherein m and n are each 0, 1, 2 or 3 and m + n is 2 or 3; R.sub.1 is
      loweralkyl; R.sub.2 is alkyl or cycloalkylloweralkyl and R.sub.3 is
      hydrogen, loweralkyl, loweralkanoyl, carbamyl, N-loweralkylcarbamyl,
      N,N-diloweralkylcarbamyl, phosphonyl, hemisuccinate or an ester of another
      such acid, phosphate, dialkylaminoalkyl of the structure
      ##EQU3##
      or acid addition salt thereof, or dialkylaminoalkanoyl of the structure
      ##EQU4##
      or acid addition salt thereof, wherein x is 1 through 6 and R.sub.4 and
      R.sub.5 are loweralkyl; the loweralkyl groups containing from 1 through 6
      carbon atoms, the alkyl groups containing from 1 through 20 carbon atoms
      and the cycloalkyl groups containing from 3 through 8 ring carbon atoms.
PAR  Where m is 2 and n is 0, the compounds are represented by the general
      formula II
      ##SPC3##
PAL  Where m is 1 and n is 1, the compounds are represented by general formula
      III
      ##SPC4##
PAL  Where m is 0 and n is 2, the compounds are represented by general formula
      IV
      ##SPC5##
PAR  Where m is 3 and n is 0, the compounds are represented by general formula V
      ##SPC6##
PAL  Where m is 2 and n is 1, the compounds are represented by general formula
      VI
      ##SPC7##
PAL  Where m is 1 and n is 2, the compounds are represented by general formula
      VII
      ##SPC8##
PAL  Where m is 0 and n is 3, the compounds are represented by general formula
      VIII
      ##SPC9##
PAR  In formulas II-VIII, R.sub.1, R.sub.2 and R.sub.3 have the same meanings as
      given for formula I.
PAR  Where R.sub.3 is dialkylaminoalkyl, the thienobenzopyrans and
      thiopyranobenzopyrans of this invention may be represented by general
      formula IX
      ##SPC10##
PAL  where R.sub.3 is dialkylaminoalkanoyl, the compounds may be represented by
      general formula X
      ##SPC11##
PAL  and the respective acid addition salts of compounds of formulas IX and X
      may be represented by general formulas XI and XII
      ##SPC12##
PAL  where R.sub.1 and R.sub.2 have the meanings given above, x is a whole
      number from 1 through 6 and R.sub.4 and R.sub.5 are loweralkyl.
PAR  As used herein, the term "loweralkyl" means saturated, monovalent aliphatic
      radicals, including straight and branched-chain radicals of from one to
      six carbon atoms, as illustrated by, but not limited to methyl, ethyl,
      propyl, isopropyl, butyl, sec.-butyl, amyl, hexyl and the like.
PAR  The term "alkyl" means saturated, monovalent aliphatic radicals, including
      straight and branched-chain radicals of from one to twenty carbon atoms,
      as illustrated by, but not limited to methyl, n-amyl, n-hexyl, 2-heptyl,
      n-heptyl, 3-methyl-2-octyl, n-octyl, 2-nonyl, 2-tetradecyl, n-hexadecyl,
      2-eicosanyl and the like.
PAR  The derivatives of the compounds of formulas I-VIII, where R.sub.3 is
      loweralkyl, loweralkanoyl, carbamyl, N-loweralkylcarbamyl,
      N,N-diloweralkylcarbamyl or phosphonyl are prepared by reacting the
      corresponding compound where R.sub.3 is hydrogen, preferably in the
      presence of a basic catalyst, with a loweralkyl halide, to produce the
      compounds where R.sub.3 is lower-alkyl; with a loweralkanoic anhydride (or
      mixed anhydride) to produce the compounds where R.sub.3 is loweralkanoyl;
      with a molar equivalent of phosgene followed by reaction of the resulting
      chloroformate with ammonia, a loweralkylamine, or a diloweralkyl amine, to
      produce the compounds where R.sub.3 is, respectively, carbamyl,
      N-loweralkylcarbamyl or N,N-diloweralkylcarbamyl; or with one molar
      equivalent amount of phosphorus oxychloride followed by reaction of the
      resulting dichlorophosphinate with aqueous sodium or potassium carbonate,
      to produce the compounds where R.sub.3 is phosphonyl. Suitable solvents in
      these synthesis are benzene, toluene, xylene and the like, and suitable
      basic catalysts are alkali metal carbonates, bicarbonates or hydroxides,
      dimethylaniline, pyridine and the like.
PAR  Where R is dialkylaminoalkyl the compounds, represented by formula IX, may
      be formed by reacting the appropriate benzopyran with an alkali alkoxide
      in a solvent, such as ethanol, to give the alkali derivative, which upon
      treatment with a dialkylaminoalkyl halide in a solvent, such as benzene,
      results in the formation of the desired derivatives. The acid addition
      salts of the dialkylaminoalkyl derivatives (formula XI) may be prepared by
      reacting the free base with an appropriate acid in a suitable organic
      solvent, in which case the acid salts may be separated directly or
      obtained by concentration of the solvent.
PAR  Where R.sub.3 is dialkylaminoalkanoyl (formula X), the appropriate
      benzopyran is reacted with equimolar amounts of carbodiimide and the
      appropriate acid or acid salt of the amino group to give either the free
      base or the acid addition salt (formula XII) directly. If the free base
      form is obtained, then it may be converted to the acid addition salt in
      the same manner as described for preparing the acid addition salt of the
      dialkylaminoalkyl derivative. It is well known that it is possible to
      convert from one acid addition salt to another by regenerating the free
      base form and acidifying it.
PAR  Appropriate acid addition salts are those derived from such diverse acids
      as formic acid, acetic acid, isobutyric acid, alpha-mercaptopropionic
      acid, malic acid, fumaric acid, succinic acid, succinamic acid, tartaric
      acid, citric acid, lactic acid, benzoic acid, 4-methoxybenzoic acid,
      phthalic acid, anthranilic acid, 1-naphthalenecarboxylic acid, cinnamic
      acid, cyclohexanecarboxylic acid, mandelic acid, tropic acid, crotonic
      acid, acetylene dicarboxylic acid, sorbic acid, 2-furancarboxylic acid,
      cholic acid, pyrenecarboxylic acid, 2-pyridinecarboxylic acid,
      3-indoleacetic acid, quinic acid, sulfamic acid, methane sulfonic acid,
      isethionic acid, benzenesulfonic acid, p-toluene-sulfonic acid,
      benzenesulfinic acid, butylarsonic acid, diethylphosphinic acid,
      p-aminophenylarsinic acid, phenylstibnic acid, phenylphosphinous acid,
      methylphosphinic acid, phenylphosphinic acid, hydrofluoric acid,
      hydrochloric acid, hydrobromic acid, hydriodic acid, perchloric acid,
      nitric acid, sulfuric acid, phosphoric acid, hydrocyanic acid,
      phosphotungstic acid, molybdic acid, phosphomolybdic acid, pyrophosphoric
      acid, arsenic acid, picric acid, picrolonic acid, barbituric acid, boron
      trifluoride, and the like.
PAR  The compounds of formula I are prepared by reacting the corresponding
      oxo-compound of formula XIII
      ##SPC13##
PAL  with a loweralkyl magnesium halide as represented by the following reaction
      ##SPC14##
PAL  wherein R.sub.1 and R.sub.2 have the meanings given hereinabove, and x is a
      halogen. The Grignard reaction is carried out in an organic solvent inert
      under the conditions of the reaction. Suitable solvents are diethyl ether,
      dibutyl ether, tetrahydrofuran, anisole, pyridine and the like.
PAR  After workup following the Grignard reaction, most of the material is
      isolated as the triol of formula XIV. This triol is converted to the
      desired benzopyran by dissolving it in a suitable solvent, such as
      benzene, and heating to reflux with an acid catalyst, such as
      p-toluenesulfonic acid, to give the compound of formula XV
      ##SPC15##
PAR  The intermediate which is reacted with the Grignard reagent may be formed
      by reacting a compound generally defined as
      ##SPC16##
PAL  wherein m and n are each 0, 1, 2 or 3 and m + n is 2 or 3, with a
      5-alkylresorcinol (or a 5-cycloalkylloweralkylresorcinol).
PAR  Where the intermediate takes the form
      ##SPC17##
PAL  it is prepared by reacting an alkyl
      3-oxo-2,3,4,5-tetrahydrothiophene-2-carboxylate of formula XVIII with a
      resorcinol of formula XIX. The reaction is carried out in the presence of
      an acid catalyst, such as HCl dissolved in ethanol, and may be represented
      as
      ##SPC18##
PAL  wherein R.sub.2 has the meaning previously given.
PAR  Where the intermediate takes the form
      ##SPC19##
PAL  it is prepared by reacting an alkyl
      4-oxo-2,3,4,5-tetrahydrothiophene-3-carboxylate of formula XXI with a
      5-alkylresorcinol (or a 5-cycloalkylloweralkyresorcinol) of formula XIX.
      The reaction is carried out under conditions similar to those used in
      forming the compounds of formula XVII by a reaction which may be
      represented as follows
      ##SPC20##
PAR  Where the intermediate compound to be formed is of the general formula XXII
      ##SPC21##
PAL  a synthetic route similar to that used for compounds of formulas XVII and
      XX may be used.
PAR  When the intermediate takes the form
      ##SPC22##
PAL  it can be prepared by reacting an alkyl
      3-oxo-2,3,4,5-tetrahydro-6H-thiopyran-2-carboxylate of formula XXIV with a
      5-alkylresorcinol of formula XIX under similar conditions described for
      preparing compounds of formula XVII as illustrated by the reaction
      ##SPC23##
PAR  Where the intermediate takes the form
      ##SPC24##
PAL  it may be prepared from an alkyl
      4-oxo-2,3,4,5-tetrahydro-4H-thiopyran-3-carboxylate as described above.
PAR  Where the intermediate compounds to be formed are of the general formulas
      XXVI and XXVII
      ##SPC25##
PAL  a synthetic route similar to that used for compounds of formula XXIII may
      be used.
PAR  The intermediates 5-alkyl or 5-cycloalkylloweralkyresorcinols of formula
      XIX are conveniently prepared by methods generally known in the art, such
      as by dehydration of a 3,5-diloweralkoxyphenylalkyl (or
      cycloalkylloweralkyl)carbinol, reduction of the resulting
      3,4-diloweralkoxyphenylalkene (or
      diloweralkoxyphenylcycloalkylloweralkene), and hydriodic acid cleavage of
      the ether groups to the corresponding 5-alkyl (or
      5-cycloalkylloweralkyl)resorcinol. The starting carbinols are in turn
      prepared by reaction of an appropriate Grignard reagent with a
      3,5-diloweralkoxybenzoic acid ester, amide or
      3',5'-diloweralkoxyalkanophenone (or
      3',5'-diloweralkoxycycloalkyloweralkanophenone).
PAR  The intermediate alkyl 3-oxo-2,3,4,5-tetrahydrothiophene-2-carboxylate of
      formula XVIII and the intermediate alkyl
      4-oxo-2,3,4,5-tetrahydrothiophene-3-carboxylate of formula XXI may be
      prepared by the procedure of Woodward and Eastman, J. Amer. Chem. Soc. 68,
      2229 (1946); and the intermediate alkyl
      4-oxo-2,3,4,6-tetrahydro-4H-thiopyran-3-carboxylate by the method of G. M.
      Bennet and L. V. D. Scorah, J. Chem. Soc., 194 (1927). The intermediate
      alkyl 3-oxo-2,3,4,5-tetrahydro-6H-thiopyran-2-carboxylate can be prepared
      by the procedure of Leonard and Figueras, J. Amer. Chem. Soc. 74, 917
      (1952).
PAR  The compounds of formula I exhibit CNS activity and are useful as
      anti-anxiety agents at dosages of from 0.01 to 20 mg./kg. of body weight
      daily, and can be used in treating anxiety with or without associated
      psychoneurotic depressive symptoms.
PAR  The anti-depressant activity of the compounds are first established in mice
      in the modified dopa test described by Everett et al., Fed. Proc., 23, 198
      (1964) and confirmed in dogs and monkeys.
PAR  The marked tranquilizing activity was established in a battery of standard
      tests described in Psychopharmacology, A Ten Year Review, Public Health
      Service Publication No. 1836, including overt behavior in mice, rats, dogs
      and monkeys, blocking fighting response in mice, blocking learning
      acquisition, etc.
PAR  The valium-like profile of both mild anti-depressant and marked
      tranquilizing activity render the compounds particularly useful as
      anti-anxiety agents. Like valium, the compounds additionally show sedative
      hypnotic and anti-convulsant activity.
PAR  The compounds exhibit activity when administered either by the oral or
      intraperitoneal routes, however, the oral route is preferred.
PAR  The compounds can be prepared for use by dissolving under sterile
      conditions in water or in a physiologically compatible aqueous medium such
      as saline, and stored in ampoules for intramuscular injection.
      Alternatively, they can be incorporated in unit dosage form as tablets or
      capsules for oral administration either alone or in combination with
      suitable adjuvants such as calcium carbonate, starch, lactose, talc,
      magnesium stearate, gum acacia and the like. Still further the compounds
      can be formulated for oral administration in aqueous alcohol, glycol or
      oil solutions or oil-water emulsions in the same manner as conventional
      medicinal substances are prepared.
PAR  The molecular structure of the compounds of our invention were assigned on
      the basis of study of their infrared (IR), ultraviolet (UV) and nuclear
      magnetic resonance (NMR) spectra and their transformation products, and
      confirmed by the correspondence of calculated and found values for the
      elementary analyses for representative examples.
DETD
PAR  The following examples will further illustrate the invention without,
      however, limiting it thereto.
PAC  EXAMPLE 1
PAC  1,2-Dihydro-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno[2,3-c][1]benzopy
     ran
PAC  A. Methyl 3-oxo-2,3,4,5-tetrahydrothiophene-2-carboxylate
PAR  The procedure of Woodward and Eastman (J. Amer. Chem. Soc. 68, 2229 (1946)
      was followed for the cyclization of 100 g. (0.55 mole) of methyl
      3-(methoxycarbonylmethylthio)propionate to give 56 g. (65%) of methyl
      3-oxo-2,3,4,5-tetrahydrothiophen-2-carboxylate. NMR spectral analysis
      showed the product to be a mixture of isomers having the composition of
      80% of the desired product
      ##SPC26##
PAL  and 20% of methyl 4-oxo-2,3,4,5-tetrahydrothiophen-3-carboxylate
      ##SPC27##
PAL  which could be isolated by fractional distillation.
PAC  B.
      1,2-Dihydro-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno[2,3-c][1]benzop
     yran
PAR  A solution of 2.5 g. (0.011 mole) of 5-(3-methyl-2-octyl)resorcinol and 2.0
      g. (0.013 mole) of the methyl 3-oxo-2,
      3,4,5-tetrahydrothiophene-2-carboxylate in 50 ml. of absolute ethanol in a
      three-necked flask equipped with drying tube was cooled in an ice-water
      bath and saturated with dry hydrogen chloride. The
      5-(3-methyl-2-octyl)resorcinol was prepared according to the method of
      Adams, MacKenzie and Loewe (J. Amer. Chem. Soc. 70, 664-8 (1948)). The
      reaction mixture was allowed to stand for three days at room temperature,
      during which time a heavy yellow solid formed. The hydrogen chloride was
      evaporated, the mixture was concentrated and the solid was filtered and
      washed with ethanol. The yield of the crude benzopyrone thus obtained was
      2.6 g. (59%), m.p. 190.degree.-205.degree.C.
PAR  Repeated crystallization from absolute ethanol gave an analytical sample,
      m.p. 209.degree.-212.degree.C, of the compound XXX
      ##SPC28##
PAR  Anal. Calcd. for C.sub.20 H.sub.26 O.sub.3 S: C, 69.36; H, 7.51; S, 9.25;
      Found: C, 69.15; H, 7.41; S, 9.30
PAC  EXAMPLE 2
PAC  1,2-Dihydro-9-hydroxy-7-methyl-4-oxo-4H-thieno[2,3-c][1]benzopyran
PAR  Following the procedure similar to that described in Example 1B
      hereinabove, methyl 3-oxo-2,3,4,5-tetrahydrothiophene-2-carboxylate is
      reacted with 5-methylresorcinol to give
      1,2-dihydro-9-hydroxy-7-methyl-4-oxo-4H-thieno[2,3-c][1]benzopyran.
PAC  EXAMPLE 3
PAC  1,2-Dihydro-7-(2-heptyl)-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]benzopyran
PAR  Following a procedure similar to that described in Example 1B hereinabove,
      methyl 3-oxo-2,3,4,5-tetrahydrothiophene-2-carboxylate is reacted with
      5-(2-heptyl)resorcinol to give
      1,2-dihydro-7-(2-heptyl)-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]benzopyran.
PAC  EXAMPLE 4
PAC  7-(3-Cyclopropyl-2-propyl)-1,2-dihydro-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]b
     enzopyran
PAR  Following a procedure similar to that described in Example 1B hereinabove,
      methyl 3-oxo-2,3,4,5-tetrahydrothiophene-2-carboxylate is reacted with
      5-(3-cyclopropyl-2-propyl)resorcinol to give
      7-(3-cyclopropyl-2-propyl)-1,2-dihydro-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]
     benzopyran.
PAC  EXAMPLE 5
PAC  1,2-Dihydro-9-hydroxy-4-oxo-7-(1-pentyl)-4H-thieno[2,3-c][1]benzopyran
PAR  Following a procedure similar to that described in Example 1B hereinabove,
      methyl 3-oxo-2,3,4,5-tetrahydrothiophene-2-carboxylate is reacted with
      5-(1-pentyl)resorcinol to give
      1,2-dihydro-9-hydroxy-4-oxo-7-(1-pentyl)-4H-thieno[2,3-c][1]benzopyran.
PAC  EXAMPLE 6
PAC  7-(1-Cyclohexylethyl)-1,2-dihydro-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]benzop
     yran
PAR  Following a procedure similar to that described in Example 1B hereinabove,
      methyl 3-oxo-2,3,4,5-tetrahydrothiophene-2-carboxylate is reacted with
      5-(1-cyclohexylethyl)resorcinol to give
      7-(1-cyclohexylethyl)-1,2-dihydro-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]benzo
     pyran.
PAC  EXAMPLE 7
PAC  1,2-Dihydro-7-(2-eicosyl)-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]benzopyran
PAR  Following a procedure similar to that described in Example 1B hereinabove,
      methyl 3-oxo-2,3,4,5-tetrahydrothiophene-2-carboxylate is reacted with
      5-(2-eicosyl)resorcinol to give
      1,2-dihydro-7-(2-eicosyl)-9-hydroxy-4-oxo-4H-thieno-[2,3-c][1]benzopyran.
PAC  EXAMPLE 8
PAC  1,2-Dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1]
     benzopyran
PAR  The Grignard reagent was prepared by bubbling bromomethane into a mixture
      of 7.2 g. (0.3 mole) of magnesium turnings in ether. When all the
      magnesium had reacted, the solution was refluxed for a short time to
      remove the excess bromomethane. A solution of 9.0 g. (0.026 mole) of
      1,2-dihydro-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno[2,3-c][1]benzop
     yran in 250 ml. of benzene was added to the methylmagnesium bromide and the
      reaction mixture was kept at 45.degree.C for 24 hours. After the addition
      of saturated ammonium chloride, the benzene/ether layer was separated, and
      the aqueous layer was extracted with ether. The combined organic layers
      were washed with water, dried over sodium sulfate and evaporated to give a
      greenish, gummy residue. The material was shown to be pure by thin-layer
      chromatography (TLC) (10% MeOH/CHCl.sub.3); and the IR and NMR spectra
      indicated the compound to be
      5-(3-methyl-2-octyl)-2-(4,5-dihydro-2-(2-hydroxy-2-propyl)thien-3-yl)resor
     cinol (triol).
PAR  2.0 g. of the triol was dissolved in benzene and refluxed for 3 hours in
      the presence of a small amount of p-toluenesulfonic acid. The benzene
      solution was concentrated and the residue was chromatographed using
      Florisil column support, 60-100 mesh, and graded ether/petroleum ether
      solvent mixtures. The IR, UV and NMR spectra confirmed the structure
      ##SPC29##
PAR  Anal. Calcd. for C.sub.22 H.sub.32 O.sub.2 S: C, 73,33; H, 8.91; S, 8.91;
      Found: C, 73, 10; H, 9.16; S, 8.75
PAR  The gum exhibited .lambda..sub.max.sup.EtOH 320 m.mu. (log.epsilon. 3.951).
      IR, UV and NMR spectra confirmed the pyran structure.
PAC  EXAMPLE 9
PAC  1,2-Dihydro-9-hydroxy-4,4,7-trimethyl-4H-thieno[2,3-c][1]benzopyran
PAR  Following the procedure similar to that described in Example 8 hereinabove,
      1,2-dihydro-9-hydroxy-7-methyl-4-oxo-4H-thieno[2,3-c][1]benzopyran is
      reacted with methylmagnesium bromide to give
      1,2-dihydro-9-hydroxy-4,4,7-trimethyl-4H-thieno-[2,3-c][1]benzopyran.
PAC  EXAMPLE 10
PAC  1,2-Dihydro-4,4-dimethyl-7-(2-heptyl)-9-hydroxy-4H-thieno[2,3-c][1]benzopyr
     an
PAR  By reacting
      1,2-dihydro-7-(2-heptyl)-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]benzopyran
      with methylmagnesium bromide in a procedure similar to that described
      hereinabove in Example 8 there is obtained
      1,2-dihydro-4,4-dimethyl-7-(2-heptyl)-9-hydroxy-4H-thieno[2,3-c][1]benzopy
     ran.
PAC  EXAMPLE 11
PAC  7-(3-Cyclopropyl-2-propyl)-4,4-dimethyl-1,2-dihydro-9-hydroxy-4H-thieno[2,3
     -c][1]benzopyran
PAR  7-(3-cyclopropyl-2-propyl)-1,2-dihydro-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]b
     enzopyran is reacted with methylmagnesium bromide in a procedure similar to
      that described hereinabove in Example 8 to give
      7-(3-cyclopropyl-2-propyl)-4,4-dimethyl-1,2-dihydro-9-hydroxy-4H-thieno[2,
     3-c][1]benzopyran.
PAC  EXAMPLE 12
PAC  1,2
      -dihydro-4,4-dimethyl-9-hydroxy-7-(1-pentyl)-4H-thieno[2,3-c][1]benzopyran
PAR  1,2-Dihydro-9-hydroxy-4-oxo-7-(1-pentyl)-4H-thieno[2,3-c][1]benzopyran is
      reacted with methylmagnesium bromide in a procedure similar to that
      described hereinabove in Example 8 to give
      1,2-dihydro-4,4-dimethyl-9-hydroxy-7-(1-pentyl)-4H-thieno[2,3-c][1]benzopy
     ran.
PAC  EXAMPLE 13
PAC  7-(1-Cyclohexylethyl)-1,2-dihydro-4,4-dimethyl-9-hydroxy-4H-thieno[2,3-c][1
     ]benzopyran
PAR  7-(1-Cyclohexylethyl)-1,2-dihydro-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]benzop
     yran is reacted with methylmagnesium bromide according to the procedure
      described hereinabove in Example 8 to give
      7-(1-cyclohexylethyl)-1,2-dihydro-4,4-dimethyl-9-hydroxy-4H-thieno[2,3-c][
     1-]benzopyran.
PAC  EXAMPLE 14
PAC  1,2-Dihydro-4,4-dimethyl-7-(2-eicosyl)-9-hydroxy-4H-thieno[2,3-c][1]benzopy
     ran
PAR  1,2-Dihydro-7-(2-eicosyl)-9-hydroxy-4-oxo-4H-thieno-[2,3-c][1]benzopyran is
      reacted with methylmagnesium bromide according to the procedure described
      hereinabove in Example 8 to give
      1,2-dihydro-4,4-dimethyl-7-(2-eicosyl)-9-hydroxy-4H-thieno[2,3-c][1]benzop
     yran.
PAC  EXAMPLE 15
PAC  4,4-Di(1-hexyl)-1,2-dihydro-9-hydroxy-7-methyl-4H-thieno[2,3-c][1]benzopyra
     n
PAR  By reacting
      1,2-dihydro-9-hydroxy-7-methyl-4-oxo-4H-thieno[2,3-c][1]benzopyran with
      n-hexyl magnesium bromide, using the manipulative procedure described in
      Example 8, there is obtained
      4,4-di(1-hexyl)-1,2-dihydro-9-hydroxy-7-methyl-4H-thieno[2,3-c][1]benzopyr
     an.
PAC  EXAMPLE 16
PAC  7,(3-Cyclopropyl-2-propyl)-4,4-di(1-hexyl)-1,2-dihydro-9-hydroxy-4H-thieno[
     2,3-c][1]benzopyran
PAR  By reacting
      7-(3-cyclopropyl-2-propyl)-1,2-dihydro-9-hydroxy-4-oxo-4H-thieno[2,3-c][1]
     benzopyran with n-hexylmagnesium bromide, using the manipulative procedure
      described above in Example 8, there is obtained
      7-(3-cyclopropyl-2-propyl)-4,4-di(1-hexyl)-1,2-dihydro-9-hydroxy-4H-thieno
     [2,3-c][1]benzopyran.
PAC  EXAMPLE 17
PAC  4,4-Di(1-hexyl)-,2-dihydro-9
      -hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1]benzopyran
PAR  By reacting
      1,2-dihydro-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno[2,3-c][1]benzop
     yran with n-hexylmagnesium bromide, using the manipulative procedure
      described in Example 8, there is obtained
      4,4-di(1-hexyl)-1,2-dihydro-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c
     ][1]benzopyran.
PAC  EXAMPLE 18
PAC  9-Acetoxy-1,2-dihydro-4,4-dimethyl-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1]
     benzopyran
PAR  By reacting
      1,2-dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1
     ]benzopyran with acetic anhydride, there is obtained
      9-acetoxy-1,2-dihydro-4,4
      -dimethyl-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1]benzopyran.
PAC  EXAMPLE 19
PAC  1,2-Dihydro-4,4-dimethyl-9-methoxy-7-(3-methyl-2-octyl-4H-thieno[2,3-c][1]b
     enzopyran
PAR  By reacting
      1,2-dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1
     ]benzopyran with methyl iodide in the presence of sodium ethoxide, there is
      obtained
      1,2-dihydro-4,4-dimethyl-9-methoxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1
     ]benzopyran.
PAC  EXAMPLE 20
PAC  9-Carbamyloxy-1,2-dihydro-4,4-dimethyl-7-(3-methyl-2-octyl)-4H-thieno[2,3-c
     ][1]benzopyran
PAR  A benzene solution of equimolar quantities of
      1,2-dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1
     ]benzopyran, phosgene and dimethylaniline is stirred at room temperature
      for 24 hours. The reaction mixture is evaporated to dryness and the
      residue is triturated with ether. The solid which forms is separated by
      filtration and the filtrate is evaporated to give the chloroformyl
      derivative. By reacting the chloroformate with liquid ammonia, there is
      obtained
      9-carbamyloxy-1,2-dihydro-4,4-dimethyl-7-(3-methyl-2-octyl)-4H-thieno[2,3-
     c][1]benzopyran.
PAC  EXAMPLE 21
PAC  1,2-Dihydro-4,4-dimethyl9-(N-methylcarbamyloxy)-7-(3-methyl-2-octyl)-4H-thi
     eno[2,3-c][1]benzopyran
PAR  By reacting
      1,2-dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1
     ]benzopyran with an equimolar amount of phosgene in the presence of
      dimethylaniline in a procedure similar to that described in Example 20 and
      reacting the resulting chloroformate with methylamine, there is obtained
      1,2-dihydro-4,4-dimethyl-9-(N-methylcarbamyloxy)-7-(3-methyl-2-octyl)-4H-t
     hieno[2,3-c][1]benzopyran.
PAC  EXAMPLE 22
PAC  1,2-Dihydro-4,4-dimethyl-9-(N,N-dimethylcarbamyloxy)-7-(3-methyl-2-octyl)-4
     H-thieno[2,3-c][1]benzopyran
PAR  By reacting
      1,2-dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1
     ]benzopyran with an equimolar amount of phosgene in the presence of
      dimethylaniline in a procedure similar to that described above in Example
      20 and reacting the resulting chloroformate with dimethylamine, there is
      obtained
      1,2-dihydro-4,4-dimethyl-9-(N,N-dimethylcarbamyloxy)-7-(3-methyl-2-octyl)-
     4H-thieno[2,3-c][1]benzopyran.
PAC  EXAMPLE 23
PAC  1,2-Dihydro-4,4-dimethyl-7-(3-methyl-2-octyl)-9-phosphonyloxy-4H-thieno[2,3
     -c][1]benzopyran
PAR  By reacting
      1,2-dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1
     ]benzopyran with one molar equivalent of phosphorus oxychloride in an inert
      organic solvent such as toluene, and in the presence of a basic catalyst
      such as pyridine and reacting the resulting dichlorophosphinate with
      aqueous potassium carbonate, there is obtained
      1,2-dihydro-4,4-dimethyl-7-(3-methyl-2-octyl)-9-phosphonyloxy-4H-thieno[2,
     3-c][1]benzopyran.
PAC  EXAMPLE 24
PAC  9-(2-Diethylaminoethoxy)-1,2-dihydro-4,4-dimethyl-7-(3-methyl-2-octyl)-4H-t
     hieno[2,3-c][1]benzopyran
PAR  1,2-Dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1]
     benzopyran is reacted with one molar equivalent of sodium ethoxide in a
      suitable solvent such as absolute ethanol. The solvent is removed on a
      rotary evaporator and the residue is dried in vacuo. By reacting the
      sodium derivative of the phenol with an equimolar amount of
      diethylaminoethyl chloride in benzene, there is obtained
      9-(2-diethylaminoethoxy)-1,2-dihydro-4,4-dimethyl-7-(3-methyl-2-octyl)-4H-
     thieno[2,3-c][1]benzopyran. By methods well known in the art this product
      is reacted with a suitable acid, such as HCl, to give the corresponding
      acid addition salt.
PAC  EXAMPLE 25
PAC  9-[4-(Diethylamino)butyryloxy]-1,2-dihydro-4,4-dimethyl-7-(3-methyl-2-octyl
     )-4H-thieno[2,3-c][1]benzopyran hydrochloride
PAR  0.5 g. (1.39 mmole) of
      1,2-dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c][1
     ]benzopyran, 0.31 g. (1.50 mmole; Aldrich Chemical Co.) of
      dicyclohexylcarbodiimide and 0.272 g. (1.39 mmole) of
      4-diethylaminobutyric acid hydrochloride (F. F. Blicke, W. B. Wright, Jr.,
      and M. R. Zienty, J. Amer. Chem. Soc., 63 2488 (1941)) were combined in 30
      ml. of methylene chloride and stirred at room temperature for 4 hours. The
      insoluble by-product of dicyclohexylurea was separated by filtration and
      the methylene chloride was removed on a rotary evaporator. Attempts to
      crystallize the material were unsuccessful and 400 mg. (53%) of dark brown
      residue was obtained. The structure was confirmed by the IR and NMR
      spectra; and TLC gave R.sub.f 0.5 in 5% MeOH/CHCl.sub.3. The acid addition
      salt may be converted to the free base form by methods well known in the
      art, and the resulting free base form may then be reacted with another
      suitable acid to form a different acid addition salt.
PAC  EXAMPLE 26
PAC  1,3-Dihydro-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno[3,4-c][1]benzopy
     ran
PAC  A. Methyl-4-oxo-2,3,4,5-tetrahydrothiophene-3-carboxylate
PAR  The procedure of Woodward and Eastman (J. Amer. Chem. Soc. 68, 2229 (1946)
      was followed for the cyclization of 48 g. (0.25 mole) of methyl
      3-(methoxycarbonylmethylthio)propionate to give 19.8 g. (50%) of
      methyl-4-oxo-2,3,4,5-tetrahydrothiophene-3-carboxylate. The IR and NMR
      spectra indicated the product to be the desired isomer.
PAC  B.
      1,3-Dihydro-9-hydroxy-7-(3-methyl-2-octyl)-4-octyl)-4-oxo-4H-thieno[3,4-c]
     [1]benzopyran
PAR  A solution of 20 g. (0.125 mole) of the methyl
      4-oxo-2,3,4,5-tetrahydrothiophene-3-carboxylate prepared in A and 32 g.
      (0.135 mole) of 5-(3-methyl-2-octyl)resorcinol in 200 ml. of absolute
      ethanol was cooled in an ice-salt bath and saturated with anhydrous
      hydrogen chloride. The reaction mixture was allowed to stand at room
      temperature for 72 hours and the solid which formed was removed by
      filtration. Recrystallization from ethanol gave 16 g. (37%) m.p.
      165.degree.-166.degree.C. The structure was confirmed by the IR and NMR
      spectra.
PAC  EXAMPLE 27
PAC  1,3-Dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[3,4-c][1]
     benzopyran
PAR  A suspension of 6.0 g. (0.017 mole) of the pyrone of Example 26, part B, in
      150 ml. of benzene was added to a Grignard reagent prepared by adding
      bromomethane to 8.47 g. (0.36 mole) of magnesium turnings in 100 ml. of
      ether. The mixture was heated at 45.degree.C for 24 hours and then
      decomposed by the addition of dilute hydrochloric acid. The organic layer
      was separated, washed with water, dried over sodium sulfate and evaporated
      to give a gummy residue. This material, as the triol, was dissolved in
      benzene and refluxed for 3 hours with a few crystals of p-toluenesulfonic
      acid. The benzene solution was washed, dried and evaporated to give a dark
      gum which was chromatographed using Florisil (60-100 mesh) and graded
      ether/petroleum ether solvent mixtures. 2.6 g. (42%) of colorless gum was
      obtained. The material was shown to be pure by TLC (20% ether/petroleum
      ether) and exhibited .lambda..sub.max.sup.EtOH 284 m.mu. (log.epsilon.
      4.157). The IR and NMR spectra were in agreement with the proposed
      structure.
PAR  Anal. Calcd. for C.sub.22 H.sub.32 O.sub.2 S : C, 73.33; H, 8.91; Found: C,
      73.21; H, 8.76
PAC  EXAMPLE 28
PAC  1,2-Dihydro-10-hydroxy-8-(3-methyl-2-octyl)-5-oxo-4H,5H-thiopyrano[3,4-c][1
     ]benzopyran
PAR  A solution of 6.4 g (0.027 mole) of 5-(3-methyl-2-octyl)resorcinol of
      Example 1 and 5.0 g. (0.0266 mole) of ethyl
      4-oxo-2,3,5,6-tetrahydro-4H-thiopyran-3-carboxylate (Bennett and Scorah,
      J. Chem. Soc., 194 (1922)) in 35 ml. of absolute ethanol was cooled in an
      ice bath while it was saturated with hydrogen chloride. The resulting deep
      red solution was tightly stoppered and allowed to stand at room
      temperature for 120 hours. After one day yellow crystalline material had
      collected on the bottom of the flask. The reaction mixture was warmed
      gently on the steam bath for 15 minutes, cooled and poured onto a
      water-ice mixture. The gum-like material that precipitated was extracted
      with several portions of chloroform. The chloroform solution was washed
      with aqueous potassium bicarbonate and with water and dried over sodium
      sulfate. Evaporation of the solvent left 7.5 g. of a light-colored solid.
      This material was triturated several times with boiling petroleum ether to
      remove unreacted keto ester. The residue was recrystallized from an ethyl
      acetate-petroleum ether mixture to give 6.5 g. (68%) of the compound of
      formula XXXII, m.p. 153.degree.-155.degree.C.
      ##SPC30##
PAR  The NMR spectrum of this material was consistent with the assigned
      structure. From another preparation the analytical sample, m.p.
      150.degree.-152.degree.C, was obtained after two recrystallizations from
      ethyl acetate-petroleum ether. It exhibited .lambda..sub.max.sup.EtOH 310
      m.mu. (log.epsilon. 3.996).
PAR  Anal. Calcd. for C.sub.21 H.sub.28 O.sub.3 S: C, 70.00; H, 7.78; S, 8.89;
      Found: C, 69.99; H, 7.99; S, 8.83
PAC  EXAMPLE 29
PAC  1,2-Dihydro-5,5-dimethyl-10-hydroxy-8-(3-methyl-2-octyl)-4H,5H-thiopyrano[3
     ,4-c][1]benzopyran
PAR  A Grignard reagent was prepared in a preflamed apparatus under an
      atmosphere of nitrogen by bubbling bromomethane into a 250 ml. 3-necked,
      round-bottomed flask containing 2.03 g. (0.0833 mole) of magnesium in 50
      ml. of dry ether. When the magnesium had all reacted, 10 ml. of ether was
      distilled from the reaction mixture to remove excess bromomethane. A
      solution of 3 g. (0.00733 mole) of the thiopyrone as prepared in Example
      28 was suspended in 30 ml. of dry benzene and 15 ml. of dry ether and was
      added dropwise to the Grignard solution during a period of 45 minutes. The
      reaction mixture was refluxed for five days, cooled and poured slowly into
      a mixture of 75 ml. of saturated ammonium chloride solution and 50 g. of
      ice. The benzene layer was separated and the aqueous layer was extracted
      several times with benzene. The combined extracts were washed with water,
      aqueous potassium bicarbonate solution, again with water, dried over
      sodium sulfate and then evaporated to give 3.5 g. of brown residue. This
      residue was dissolved in 150 ml. of dry n-heptane and when the solution
      was heated to boiling, four drops of 48% hydrobromic acid was added. After
      heating for 40 minutes, the solution was allowed to stand overnight and
      was filtered to remove a small amount of precipitate. Evaporation of the
      filtrate gave 2.6 g. (84%) of crude thiopyran. One gram of this material,
      purified in two 0.5 g. batches by heating in a sublimation apparatus at
      150.degree.C/0.1 mm, gave 200 mg. of a yellow viscous oil of the formula
      XXXIII
      ##SPC31##
PAR  The NMR spectrum of this oil was consistent with the structure of the
      desired product XXXIII. Thin-layer chromatography (ethyl acetate/hexane,
      1:9) showed a major spot (R.sub.f 0.80) and a minor spot (R.sub.f 0.74).
      The UV spectrum showed .lambda..sub.max.sup.EtOH 275 m.mu. (log.epsilon.
      3.6).
PAR  Anal. Calcd. for C.sub.23 H.sub.34 O.sub.2 S: C, 73.73; H, 9.15; S, 8.54;
      Found: C, 73.57; H, 9.14; S, 8.76
PAC  EXAMPLE 30
PAC  1,2-Dihydro-10-hydroxy-8-(3-methyl-2-octyl)-5-oxo-3H,5H-thiopyrano[2,3-c][1
     ]benzopyran
PAC  A. Methyl 3 -oxo-2,3,4,5-tetrahydro-6H-thiopyran-2-carboxylate
PAR  The procedure of Leonard and Figueras (J. Amer. Chem. Soc. 74, 917 (1952))
      was followed for the cyclization of 20 g. of carbomethoxymethyl
      .gamma.-carbomethoxypropyl sulfide to give 11.1 g. (70%) of methyl
      3-oxo-2,3,4,5-tetrahydro-6H-thiopyran-2-carboxylate. The structure was
      confirmed by IR and NMR spectra.
PAC  B.
      1,2-Dihydro-10-hydroxy-8-(3-methyl-2-octyl)-5-oxo-3H,5H-thiopyrano[2,3-c][
     1]benzopyran
PAR  A solution of 14.2 g. (0.06 mole) of 5-(methyl-2-octyl)resorcinol and 11.1
      g. (0.063 mole) of methyl
      3-oxo-2,3,4,5-tetrahydro-6H-thiopyran-2-carboxylate in 90 ml. of absolute
      ethanol was cooled in an ice-salt bath and saturated with anhydrous
      hydrogen chloride. After standing for 2 days at room temperature, the
      ethanol was removed on a rotary evaporator. The residue was dissolved in
      ether, washed with sodium bicarbonate solution and dried over sodium
      sulfate. Evaporation of the solvent gave 28.0 g. of residue which was
      chromatographed using Florisil (60-100 mesh) and graded
      methanol/chloroform solvent mixtures. A total of 10 g. of crude solid was
      obtained from the 1% methanol/chloroform fractions. The material was
      recrystallized twice from ethyl acetate/hexane to give 8.5 g. (40%)
      colorless crystals, m.p. 131.degree.-133.degree.C. The proposed structure
      was confirmed by IR and NMR spectra.
PAC  EXAMPLE 31
PAC  1,2-Dihydro-5,5-dimethyl-10-hydroxy-8-(3-methyl-2-octyl)-3H,5H-thiopyrano[2
     ,3-c][ 1]benzopyran
PAR  Methylmagnesium bromide was prepared by bubbling bromomethane into a
      mixture of 7.68 g. (0.32 mole) of magnesium turnings in ether. When all
      the magnesium had reacted, the solution was refluxed for a short time to
      remove the excess bromomethane. A solution of 6.96 g. (0.02 mole) of the
      pyrone (prepared as above) in benzene was added and the reaction mixture
      was kept at 45.degree.C for 24 hours. The reaction mixture was decomposed
      with saturated ammonium chloride; the organic layer was separated and the
      aqueous layer was extracted twice with ether. The organic layers were
      combined, washed with water, dried and evaporated to give a gummy residue.
      The IR and NMR spectra indicated the compound to be
      5-(3-methyl-2-octyl)-2-(4,5-dihydro-2-(2-hydroxy-2-propyl)-6H-thiopyran-3-
     yl)resorcinol.
PAR  A small quantity of p-toluenesulfonic acid was added to a benzene solution
      of the above triol and the mixture was heated at reflux for 11/2 hours in
      the presence of nitrogen. The benzene solution was washed with sodium
      bicarbonate solution, dried over sodium sulfate and evaporated to give a
      greenish-brown residue.
PAR  Chromatography using Florisil (60-100 mesh) and graded ether/petroleum
      ether solvent mixtures gave 5.2 g. (60%) of a nearly colorless gum. The
      gum exhibited .lambda..sub.max.sup.EtOH 305 m.mu. (log.epsilon. 4.262) and
      the IR, NMR and UV spectra confirmed the structure as
      1,2-dihydro-5,5-dimethyl-10-hydroxy-8-(3-methyl-2-octyl)-3H,5H-thiopyrano[
     2,3-c][1]benzopyran.
PAR  Anal. Calcd. for C.sub.23 H.sub.34 O.sub.2 S: C, 73.73; H, 9.15; S, 8.54;
      Found: C, 73.55; H, 9.12; S, 8.45
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC32##
PAL  wherein m and n are each 0, 1, 2 or 3 and m + n is 2 or 3 and R.sub.2 is
      alkyl containing from 1 through 20 carbon atoms or cycloalkylloweralkyl in
      which the cycloalkyl group contains from 3 through 8 ring carbon atoms and
      the loweralkyl group contains from 1 through 6 carbon atoms.
NUM  2.
PAR  2. A compound in accordance with claim 1 wherein m is 2, n is 0 and said
      compound is of the formula
      ##SPC33##
PAL  wherein R.sub.2 is alkyl containing from 1 through 20 carbon atoms or
      cycloalkylloweralkyl in which the cycloalkyl group contains from 3 through
      8 ring carbon atoms and the loweralkyl group contains from 1 through 6
      carbon atoms.
NUM  3.
PAR  3. A compound in accordance with claim 2 wherein R.sub.2 is
      3-methyl-2-octyl and said compound is
      1,2-dihydro-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno[2,3-c][1]benzop
     yran.
NUM  4.
PAR  4. A compound in accordance with claim 1 wherein m is 1, n is 1 and said
      compound is of the formula
      ##SPC34##
PAL  wherein R.sub.2 is alkyl containing from 1 through 20 carbon atoms or
      cycloalkylloweralkyl in which the cycloalkyl group contains from 3 through
      8 ring carbon atoms and the loweralkyl group contains from 1 through 6
      carbon atoms.
NUM  5.
PAR  5. A compound in accordance with claim 4 wherein R.sub.2 is
      3-methyl-2-octyl and said compound is
      1,3-dihydro-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno[3,4-c][1]benzop
     yran.
NUM  6.
PAR  6. A compound in accordance with claim 1 wherein m is 0, n is 2 and said
      compound is of the formula
      ##SPC35##
PAL  wherein R.sub.2 is alkyl containing from 1 through 20 carbon atoms or
      cycloalkylloweralkyl in which the cycloalkyl group contains from 3 through
      8 ring carbon atoms and the loweralkyl group contains from 1 through 6
      carbon atoms.
NUM  7.
PAR  7. A compound in accordance with claim 1 wherein m is 3, n is 0 and the
      compound is of the formula
      ##SPC36##
PAL  wherein R.sub.2 is alkyl containing from 1 through 20 carbon atoms or
      cycloalkylloweralkyl in which the cycloalkyl group contains from 3 through
      8 ring carbon atoms and the loweralkyl group contains from 1 through 6
      carbon atoms.
NUM  8.
PAR  8. A compound in accordance with claim 7 wherein R.sub.2 is
      3-methyl-2-octyl and said compound is
      1,2-dihydro-10-hydroxy-8-(3-methyl-2-octyl)-5-oxo-3H,5H-thiopyrano[2,3-c][
     1]benzopyran.
NUM  9.
PAR  9. A compound in accordance with claim 1 wherein m is 2, n is 1 and said
      compound is of the formula
      ##SPC37##
PAL  wherein R.sub.2 is alkyl containing from 1 through 20 carbon atoms or
      cycloalkylloweralkyl in which the cycloalkyl group contains from 3 through
      8 ring carbon atoms and the loweralkyl group contains from 1 through 6
      carbon atoms.
NUM  10.
PAR  10. A compound in accordance with claim 9 wherein R.sub.2 is
      3-methyl-2-octyl and said compound is
      1,2-dihydro-10-hydroxy-8-(3-methyl-2-octyl)-5-oxo-4H,5H-thiopyrano[3,4-c][
     1]benzopyran.
NUM  11.
PAR  11. A compound in adcordance with claim 1 wherein m is 1, n is 2 and said
      compound is of the formula
      ##SPC38##
PAL  wherein R.sub.2 is alkyl containing from 1 through 20 carbon atoms or
      cycloalkylloweralkyl in which the cycloalkyl group contains from 3 through
      8 ring carbon atoms and the loweralkyl group contains from 1 through 6
      carbon atoms.
NUM  12.
PAR  12. A compound in accordance with claim 1 wherein m is 0, n is 3 and said
      compound is of the formula
      ##SPC39##
PAL  wherein R.sub.2 is alkyl containing from 1 through 20 carbon atoms or
      cycloalkylloweralkyl in which the cycloalkyl group contains from 3 through
      8 ring carbon atoms and the loweralkyl group contains from 1 through 6
      carbon atoms.
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ABST
PAL  Novel aromatic carboxylic amides of the general formula:
      ##EQU1##
      wherein each of R.sub.1 and R.sub.2 is a hydrogen atom or an alkyl group
      having 1-4 carbon atoms, R.sub.3 and R.sub.4 are hydrogen atoms or
      together form another chemical bond, each X is a hydroxyl group, a halogen
      atom, an alkyl group having 1-4 carbon atoms and an alkoxy group
      containing 1-4 carbon atoms, and n is an integer of 1-3, with the proviso
      that when two Xs are alkyl or alkoxy groups, they may be connected
      together to form a ring, as well as pharmaceutically acceptable salts
      thereof.
PAL  These compounds possess a strong antiallergenic action and are thus useful
      for treatment of asthma, hay fever, anticaria and atopic dermatitis.
PAL  The above aromatic carboxylic amides can be prepared by reacting a reactive
      functional derivative of the general formula:
      ##EQU2##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, X and n have the same meanings
      given above, with an aminobenzoic acid of the formula:
PAL  And, if desired, converting the resulting amide into the corresponding
      salts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel aromatic carboxylic amide derivatives. More
      particularly, this invention relates to nucleus-substituted
      cinnamoylaminobenzoic acid derivatives and nucleus-substituted
      hydrocinnamoylaminobenzoic acid derivatives exhibiting a strong
      antiallergenic action when administered orally to mammalia including
      humans.
PAR  Up to now, disodium cromoglycate was only one drug that inhibits the
      disruption of mast cells and release therefrom of chemical mediators.
      However, this compound loses its pharmacological effect when administered
      orally, and the extent to which this compound is applicable is naturally
      limited. Thus, development of an antiallergic agent which can display a
      sufficient therapeutic effect by oral administration has long been
      demanded in the field of medicine.
PAR  On the other hand, nuclei-unsubstituted cinnamoylaminobenzoic acid was
      already synthetized by Reinicke and publicly known (Liebig's Annalen der
      Chemie, Vol. 341, pages 94-96). However, this compound shows only a
      slightly weak antiallergenic effect when administered orally to mammalia,
      and so was hardly useful as a practical medicament.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a compound which
      exhibits a strong antiallergenic action when administered orally to
      mammalia including humans.
PAR  It is another object of this invention to provide a new aromatic carboxylic
      amide derivative possessing a pharmacological effect.
PAR  It is still another object of this invention to provide a
      nucleus-substituted cinnamoylaminobenzoic acid and a nucleus-substituted
      hydrocinnamoylaminobenzoic acid and the physiologically acceptable salts
      thereof.
PAR  Other objects, features and advantages of this invention will become
      apparent as the description proceeds.
DRWD
PAR  The attached single drawing is a graph showing the change in physiological
      state with the lapse of time when the compound of this invention is
      administered to rats experimentally catching asthma.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has now been found that a compound of the general formula:
      ##EQU3##
      wherein each of R.sub.1 and R.sub.2 is a hydrogen atom or an alkyl group
      having 1-4 carbon atoms, R.sub.3 and R.sub.4 are each a hydrogen atom or
      together form another chemical bond, each X is a hydroxyl group, a halogen
      atom, an alkyl group having 1-4 carbon atoms and an alkoxy group having
      1-4 carbon atoms and may be the same or different, and n is an integer of
      1-3 with the proviso that when two Xs are alkyl or alkoxy groups, they may
      be connected together to form a ring, can inhibit an experimental
      anaphylaxis (for example, inflammation of skin caused by an
      antigen-antibody reaction between reagin and its peculiar antigen) when
      administered orally to patients. It has also been found that this compound
      inhibits disruption of mast cells caused by a certain kind of an
      antigen-antibody reaction (for example, an antigen-antibody reaction
      between a reaginic antibody and its peculiar antigen) and the subsequent
      release of chemical mediators from the mast cells.
PAR  In view of these characteristic properties, it is expected that this
      compound possesses an antiallergenic action and is effective for the
      therapeutical treatment of diseases caused by allergies, such as asthma,
      hay fever, articaria and atopic dermatitis. In fact, this compound was
      found to be effective to alleviate symptoms in respiration and blood
      pressure observed in experimental asthma of mammalia.
PAR  The compounds of this invention are characterized by the presence as a
      nuclear substituent of at least one substituent selected from hydroxy,
      alkyl and alkoxy groups and halogen atoms. If the compounds are free of
      any such substituent, they become weak in antiallergenic action and less
      valuable for practical use. In case the nuclear substituent is one or more
      alkyl or alkoxy groups, they may be linear or branched. Within the range
      of 1-4 carbon atoms in such groups, no significant change was found in
      pharmacological effect. Where the nuclear substituents are two alkyl or
      alkoxy groups, they may be connected together to form a cyclic group. For
      example, methylenedioxycinnamoylaminobenzoic acid also possesses a strong
      antiallergenic action. The halogen atoms as nuclear substituents may be
      chlorine atoms, fluorine atoms and bromine atoms. The compounds having
      such nuclear halogen atoms are similarly strong in antiallergic action.
      The number of the nuclear substituents is limited to 1-3. In general,
      however, pharmacological activity becomes higher as the number of nuclear
      substituents increases. Compounds carrying as nuclear substituent a
      hydrophilic group such as a 2,3-dihydroxypropoxy group or a carboxymethoxy
      group are extremely weak in pharmacological activity.
PAR  In the compounds of this invention, the carboxyl group in the aminobenzoic
      acid residue may be in any of the 2-, 3- and 4-positions. Salts of
      compounds having this carboxyl group, such as alkali metal salts, are as
      high in the pharmacological effect as the corresponding compounds having
      free acid groups, while the compounds in the form of esters with a lower
      alcohol were found to be inferior in pharmacological activity.
PAR  Compounds of the general formula (I) can be prepared, for example, by a
      process wherein a reactive functional derivative of an aromatic carboxylic
      acid of the general formula:
      ##EQU4##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, X and n have the same meanings
      as given above, is reacted with an aminobenzoic acid of the formula:
      ##SPC1##
PAL  Alternatively, an aromatic carboxylic acid or a reactive functional
      derivative thereof of the above general formula (II) can be reacted with
      an aminobenzoic ester of the general formula:
      ##SPC2##
PAL  wherein R.sub.5 is an alkyl group having 1-4 carbon atoms, to provide an
      aromatic carboxylic amide derivative of the general formula:
      ##EQU5##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, X and n have the same
      meanings as given above, and then this derivative is hydrolyzed to convert
      the ester group into a free carboxylic group.
PAR  Furthermore, the compounds of the general formula (I) can be prepared by
      halogenating a hemiester of malonic acid, reacting the halogenated product
      in an inert organic solvent such as chloroform with an aminobenzoic acid
      of the general formula (III) or an ester of the general formula (IV) in
      the presence of a base, such as a tertiary amine, hydrolyzing the
      resulting product to form an amidocarboxylic acid and condensing the
      amidocarboxylic acid according to the Knoevenagel reaction with a
      nucleus-substituted benzaldehyde corresponding to a carboxylic acid of the
      general formula (II).
PAR  The aromatic carboxylic acids of the above general formula (II) are known
      compounds and can easily be prepared according to methods disclosed in
      literature. Aromatic carboxylic acids having an unsaturated bond involve
      the two isomers, i.e., cis-form and transform, and either may be employed
      for the process of this invention. Examples of the aromatic carboxylic
      acids of the general formula (II) include aromatic unsaturated carboxylic
      acids, such as 2-, 3- or 4-methylhydrocinnamic acid, 2-, 3- or
      4-ethylhydrocinnamic acid, 2-, 3- or 4-propylhydrocinnamic acid, 2-, 3 or
      4-hydroxyhydrocinnamic acid, 2-, 3- or 4-methoxyhydrocinnamic acid, 2-, 3-
      or 4-ethoxyhydrocinnamic acid, 2-, 3- or 4-chlorohydrocinnamic acid, 2-,
      3- or 4-bromohydrocinnamic acid, 2-, 3- or 4-fluorohydrocinnamic acid,
      2,3-dimethylhydrocinnamic acid, 3,4-methylenedioxyhydrocinnamic acid,
      .alpha.-methyl-4-ethylhydrocinnamic acid and
      .beta.-ethyl-2-chlorohydrocinnamic acid; and aromatic unsaturated
      carboxylic acids, such as 2-, 3- or 4-methylcinnamic acid, 2-, 3- or
      4-ethylcinnamic acid, 2-, 3- or 4 -propylcinnamic acid, 2-, 3- or
      4-butylcinnamic acid, 2-, 3- or 4-hydroxycinnamic acid, 2-, 3- or
      4-methoxycinnamic acid, 2-, 3- or 4-ethoxycinnamic acid, 2-, 3- or
      4-propoxycinnamic acid, 2-, 3- or 4-chlorocinnamic acid, 2-, 3- or
      4-fluorocinnamic acid, 2-, 3- or 4-bromocinnamic acid,
      2-methyl-3-ethylcinnamic acid, 3,4-dimethylcinnamic acid,
      2,3-dimethoxycinnamic acid, 3,4-dimethoxycinnamic acid,
      .alpha.-methyl-3,4-dimethoxycinnamic acid,
      .beta.-methyl-3,4-dimethoxycinnamic acid, 3,4-diethoxycinnamic acid,
      2,4,5-trimethoxycinnamic acid, 2,4-dichlorocinnamic acid,
      3,4-methylenedioxycinnamic acid and 3,4-trimethylenecinnamic acid. In the
      process of this invention, reactive functional derivatives of such
      aromatic carboxylic acids are used as a starting material. Examples of
      such derivatives include carboxylic acid derivatives, such as acid
      halides, acid anhydrides, mixed acid anhydrides and esters and a reaction
      product of such carboxylic acid and carbodiimide. These reactive
      functional derivatives can easily be derived from the aromatic carboxylic
      acids of the general formula (II) according to a usual technique known in
      this art. For example, the acid chlorides can easily be obtained by
      refluxing for several hours the aromatic carboxylic acid with thionyl
      chloride in the absence of any solvent or in dry benzene. The esters can
      be obtained by heating a given aromatic carboxylic acid with an alcohol in
      the presence of an acid. The mixed acid halides can be obtained, for
      example, by reaction with a chloroformic ester.
PAR  Any of anthranilic acid, m-aminobenzoic acid and p-aminobenzoic acid can be
      used as the aminobenzoic acid of the general formula (III). Any of
      anthranilic esters, m-aminobenzoic esters and p-aminobenzoic esters can be
      used as an aminobenzoic ester of the general formula (IV).
PAR  The above-mentioned amidation can be carried out according to methods known
      per se. For example, when an acid halide is used as the reactive
      functional derivative, the acid halide can be reacted in an inert solvent
      with an aminobenzoic acid of the general formula (III) or a derivative
      thereof of the general formula (IV) in the presence of a basic substance.
      In this case, a tertiary organic base such as trimethylamine,
      triethylamine or pyridine or an inorganic base such as a caustic alkali,
      sodium carbonate or potassium carbonate is used as the basic substance.
      Adequate as the inert solvent are chloroform, methylene chloride, acetone,
      benzene, toluene, tetrahydrofuran, dioxane and dimethylformamide.
PAR  Instead of using such a basic substance, the reaction may be carried out by
      using a compound of the general formula (III) in an excess amount, e.g.,
      more than 2 molar proportion to the compound of the general formula (II).
PAR  The process of this invention is carried out preferably by dissolving a
      compound of the general formula (III) in a mixture of dry chloroform and
      dry pyridine respectively in amounts of 5-40 times and 2-15 times as much
      as the amount of the compound of the general formula (II), adding a
      solution of a compound of the general formula (II) in dry chloroform to
      the mixture under cooling and agitation and then refluxing the whole for
      several hours.
PAR  The reaction product is concentrated under reduced pressure and the residue
      is poured into water. Hydrochloric acid is then added to the aqueous
      mixture to make it weakly acidic. The precipitated crystals are collected
      by filtration and then recrystallized from an adequate organic solvent to
      obtain the end product.
PAR  In case a compound of the general formula (II) is an aromatic carboxylic
      acid carrying a hydroxyl group on the benzene nucleus, such compound is
      preferably protected in the hydroxyl group with acetyl group or the like
      prior to the reaction with a compound of the general formula (III). This
      protective group can be removed in the usual manner.
PAR  The resulting compound (I) carrying a carboxyl group can be converted
      according to usual methods to a physiologically acceptable salt thereof.
      For example, an aqueous solution of caustic soda in an equimolar amount
      can be added to an alcoholic solution of a compound of the general formula
      (I) and the mixture is warmed for an adequate period of time whereby the
      compound can easily be converted into its sodium salt. As examples of such
      physiologically acceptable salts there can be mentioned, in addition to
      the sodium salt, alkali metal salts, such as the potassium salt and
      lithium salt, alkali earth metal salts, such as the magnesium salt and
      calcium salts, salts with organic amines, such as piperidine,
      triethanolamine and diethylaminoethylamine, and the ammonium salt.
PAR  The aromatic carboxylic amide derivatives of this invention possess a
      special activity to the effects of an antigen-antibody reaction. Thus,
      they can be used widely as therapeutic medicaments for diseases caused by
      allergies.
PAR  This invention will be illustrated in more detail by way of examples
      wherein none of the melting points of the products have been corrected.
PAC  EXAMPLE 1
PAR  In a mixture of 20 ml of dry chloroform and 10 ml of dry pyridine were
      dissolved 2.6 g of 4-aminobenzoic acid. To this mixture were added
      dropwise under cooling 20 ml of dry chloroform containing 3.2 g of
      4-acetoxycinnamoyl chloride. The mixture was heated under reflux for 2
      hours and the reaction mixture was concentrated under reduced pressure.
      The residue was poured into water and hydrochloric acid was then added to
      make the liquid weakly acidic. The precipitated crystals were collected by
      filtration and recrystallized from alcohol to yield 2.9 g of
      4-(4'-acetoxycinnamoylamino)-benzoic acid. M.P.=305.degree.-307.degree.C
      (with decomposition).
PAR  A mixture of 2.7 g of 4-(4'-acetoxycinnamoylamino)benzoic acid and 50 ml of
      a 10% aqueous solution of sodium hydroxide was warmed for one hour, cooled
      and then weakly acidified with hydrochloric acid. The precipitated
      crystals were collected by filtration and recrystallized from aqueous
      alcohol whereby 1.75 g of 4-(4'-hydroxycinnamoylamino)benzoic acid were
      obtained. M.P.=306.degree.-307.degree.C (with decomposition).
PAR  Elementary analysis as C.sub.16 H.sub.13 O.sub.4 N
TBL           C           H           N                                        
     Calc.    67.84%      4.63%       4.95%                                    
     Found    67.69       4.56        4.72                                     
PA0  Ir-absorption spectra (KBr)
PA1  .nu.CO: 1690, 1670 cm.sup.-.sup.1
PA0  Nmr spectra (d.sub.6 - DMSO)
PA1  .delta.6.75, 7.58 (q, 2H J = 17 Hz, olefinic hydrogen)
PA1  6.90, 7.52 (q, 4H J = 8 Hz, hydroxy group-substituted aromatic ring
      hydrogen)
PA1  7.87, 7.96 (q, 4H J = 9 Hz, amino group-substituted aromatic ring hydrogen)
PA1  9.7 - 10.3 (broad, 1 H, amido hydrogen)
PA1  10.4 (s, 1 H, carboxylic acid hydrogen)
PA1  3.5 - 4.5 (broad, 1H, phenolic hydroxyl group hydrogen)
PA0  Mass spectra M.sup.+ 283, m/e 238, 147, 119.
PAR  In 100 ml of warmed ethanol were dissolved 1.42 g of 4-(4'-hydroxy
      cinnamoylamino)benzoic acid. To this solution was added a solution of 0.21
      g of sodium hydroxide in 3 ml of water and the mixture was warmed for 30
      minutes, cooled and then filtered to collect crystals precipitated. 1.20
      Grams of sodium salt of 4-(4'hydroxycinnamoylamino)benzoic acid were thus
      obtained.
PAR  The following compounds can be prepared in a similar manner:
TBL             .vertline..vertline..parallel..vertline.                       
                R.sub.1 R.sub.2 OH                                             
     Comp                         Pos.           Recrys.                       
     No    n      X       R.sub.1                                              
                              R.sub.2                                          
                                  COOH  M.P. (.degree.C)                       
                                                 Solvent                       
     ______________________________________                                    
     1     1     4'-OH    H   H   2     220.5-221.5                            
                                                 Aq.Alc.                       
     2     1     4'-OH    H   H   4     306-307  "                             
                                        (w/decomp.)                            
     3     1     2'-OH    H   H   2     230-231  "                             
     4     1     2'-OH    H   H   3     267-268  "                             
     5     2     2'-OH    H   H   2     206-208  "                             
                 3'-OMe                                                        
     6     2     2'-OH    H   H   4      307-307.5                             
                                                 "                             
                 3'-OMe                 (w/decomp.)                            
     7     2     4'-OH    H   H   2     230-232  Alcohol                       
                 3'-OMe                                                        
     8     2     4'-OH    H   H   3      238-239.5                             
                                                 Aq.Alc.                       
                 3'-OMe                                                        
     9     2     3'-OH    H   H   2     204-206  "                             
                 4'-OH                  (w/decomp.)                            
     10    3     2'-Br    H   H   2     249-250  "                             
                 4'-OH                                                         
                 5'-OMe                                                        
     11    2     4'-OH    H   H   4     250-251  "                             
                 3'-OMe                                                        
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  In a similar manner except that 3-methoxy-4-acetoxyhydrocinnamoyl chloride
      was used in place of the 4-acetoxycinnamoyl chloride used in Example 1 for
      reaction with 3-aminobenzoic acid and the reaction product was hydrolyzed,
      3-(3'-methoxy-4'-hydroxyhydrocinnamoyl amino)benzoic acid was obtained.
      After recrystallization from an aqueous alcohol, this product had a
      melting point of 218'220.degree.C.
PAC  EXAMPLE 3
PAR  4.3 Grams of 4-aminobenzoic acid were dissolved in a mixture of 100 ml of
      dry chloroform and 19 g of dry pyridine. To this mixture were added
      dropwise under cooling 100 ml of a dry chloroform solution containing 5.4
      g of 3,4-dimethoxycinnamoyl chloride. The mixture was heated under reflux
      for 1.5 hours and the reaction mixture was then concentrated under reduced
      pressure. The residue was poured into water and hydrochloric acid was then
      added to make the liquid weakly acidic. The precipitated crystals were
      collected by filtration and recrystallized from an alcohol whereby 5.6 g
      of 4-(3',4'-dimethoxycinnamoylamino)benzoic acid were obtained. M.P.=
      267.degree.-9.degree.C.
PAR  Elementary analysis as C.sub.18 H.sub.17 O.sub.5 N
TBL           C           H           N                                        
     Calc.    66.05%      5.24%       4.28%                                    
     Found    66.00       5.12        4.14                                     
PA0  Ir-absorption spectra (KBr)
PA1  .nu.CO: 1690, 1665 cm.sup.-.sup.1
PA1  .nu.NH: 3320 cm.sup.-.sup.1
PA0  Nmr spectra (d.sub.6 - DMSO)
PA1  .delta.6.78, 7.62 (q, 2H, J = 16 Hz olefinic hydrogen)
PA1  7.0-7.3 (m, 3H, methoxy-substituted aromatic ring hydrogen)
PA1  7.85, 7.97 (q, 4H, J = 9 Hz, amino-substituted aromatic ring hydrogen)
PA1  10.4 (s, 1H, carboxylic acid hydrogen)
PA1  11.5-12.7 (broad, 1H, amido hydrogen)
PA1  3.81, 3.83 (s, s, 6H, methoxy hydrogen)
PA0  Mass spectra
PA1  M.sup.+ 327
PA1  m/e 282, 191, 163.
PAR  1.5 Grams of 4-(3',4'-dimethoxycinnamoylamino)benzoic acid were dissolved
      in 150 ml of warmed ethanol and an aqueous alcoholic solution (ethanol 2:
      water 1) of an equimolar amount of sodium hydroxide was added whereby
      white crystals precipitated out. The crystals were collected by filtration
      and dried under reduced pressure to obtain 1.0 g of sodium
      4-(3',4'-dimethoxycinnamoylamino) benzoate.
PAR  In a similar manner, the following compounds can be prepared:
TBL              C=C--C--N                                                     
                 .vertline..vertline..parallel..vertline.                      
                 R.sub.1 R.sub.2 OH                                            
     Comp                Pos.       Recrys.                                    
     No  n   X   R.sub.1                                                       
                     R.sub.2                                                   
                         COOH                                                  
                             M.P. (.degree.C)                                  
                                    Solvent                                    
     __________________________________________________________________________
     12  1 4'-OMe                                                              
                 H   H   2   195-198                                           
                                    Aq.Alc.                                    
     13  1 4'-OMe                                                              
                 H   H   4   292-294                                           
                                    Alcohol                                    
     14  1 3'-OMe                                                              
                 H   H   2   183-185                                           
                                    Aq.Alc.                                    
     15  1 3'-OMe                                                              
                 H   H   3   213-216                                           
                                    "                                          
     16  1 4'-OMe                                                              
                 CH.sub.3                                                      
                     H   2   171-172                                           
                                    "                                          
     17  1 4'-OMe                                                              
                 CH.sub.3                                                      
                     H   4   262-263                                           
                                    Alcohol                                    
     18  1 4'-OMe                                                              
                 H   CH.sub.3                                                  
                         2   188-191                                           
                                    Aq.Alc.                                    
     19  1 4'-OMe                                                              
                 H   CH.sub.3                                                  
                         3   244-246                                           
                                    Alcohol                                    
     20  1 4'-Cl H   H   2   195-203                                           
                                    Aq.Alc.                                    
     21  1 4'-Cl H   H   4   332-335                                           
                                    "                                          
                             (w/decomp.)                                       
     22  1 2'-Cl H   H   2   184.5-188.5                                       
                                    "                                          
     23  1 2'-Cl H   H   3   289-291                                           
                                    "                                          
     24  1 4'-Cl CH.sub.3                                                      
                     H   2   183-185                                           
                                    "                                          
     25  1 4'-Cl CH.sub.3                                                      
                     H   4   294-295                                           
                                    Alcohol                                    
     26  1 4'-Cl H   CH.sub.3                                                  
                         3    244-244.5                                        
                                    "                                          
     27  1 4'-Cl H   CH.sub.3                                                  
                         2   208.5-210.5                                       
                                    Chlo.                                      
     28  1 4'-F  H   H   2    200-201.5                                        
                                    Alcohol                                    
     29  1 3'-F  H   H   2    194-195.5                                        
                                    "                                          
     30  1 2'-F  H   H   2    193-194.5                                        
                                    "                                          
     31  2 2'-OMe                                                              
                 H   H   2   198.5-200                                         
                                    Aq.Alc.                                    
           3'-OMe                                                              
     32  2 2'-OMe                                                              
                 H   H   4   261.263.5                                         
                                    Alcohol                                    
           3'-OMe                                                              
     33  2 3'-OMe                                                              
                 H   H   2   211-213                                           
                                    Chlo.                                      
           4'-OMe                                                              
     34  2 3'-OMe                                                              
                 H   H   3   225-226                                           
                                    Alcohol                                    
           4'-OMe                                                              
     35  2 3'-OMe                                                              
                 H   H   4   267-269                                           
                                    "                                          
           4'-OMe                                                              
     36  2 3'-OMe                                                              
                 CH.sub.3                                                      
                     H   2   173-175                                           
                                    Aq.Alc.                                    
           4'-OMe                                                              
     37  2 3'-OMe                                                              
                 CH.sub.3                                                      
                     H   3   163-164                                           
                                    "                                          
           4'-OMe                                                              
     38  2 3'-OMe                                                              
                 CH.sub.3                                                      
                     H   4   241-243                                           
                                    Alcohol                                    
           4'-OMe                                                              
     39  2 3'-OMe                                                              
                 H   CH.sub.3                                                  
                         2   169-172                                           
                                    Aq.Alc.                                    
           4'-OMe                                                              
     40  2 3'-OMe                                                              
                 H   CH.sub.3                                                  
                         3   203.5-204.5                                       
                                    "                                          
           4'-OMe                                                              
     41  2 3'-OMe                                                              
                 H   CH.sub.3                                                  
                         4   225.5-227.5                                       
                                    Meth.                                      
           4'-OMe                                                              
     42  1 4'-CH.sub.3                                                         
                 H   H   2   210.5-213                                         
                                    Aq.Alc.                                    
     43  1 4'-CH.sub.3                                                         
                 H   H   4   308-310                                           
                                    "                                          
     44  1 4'-Cl C.sub.2 H.sub.5                                               
                     H   2   201-204                                           
                                    "                                          
     45  1 4'-OMe                                                              
                 H   C.sub.2 H.sub.5                                           
                         4    220-221.5                                        
                                    "                                          
     46  1 4'-Br H   H   2   222-225                                           
                                    "                                          
     47  1 4'-Br H   H   4   &gt;330   Alcohol                                    
     48  2 3'-OEt                                                              
                 H   H   2   185-187                                           
                                    Aq.Alc.                                    
           4'-OEt                                                              
     49  2 3'-OEt                                                              
                 H   H   4   253-256                                           
                                    "                                          
           4'-OEt                                                              
     50  2 4'-OEt                                                              
                 H   H   2   210.5-212.5                                       
                                    "                                          
           3'-OMe                                                              
     51  2 4'-OEt                                                              
                 H   H   3   219-222                                           
                                    "                                          
           3'-OMe                                                              
     52  3 2'-OMe                                                              
                 H   H   2   206-208                                           
                                    "                                          
           4'-OMe                                                              
           5'-OMe                                                              
     53  2 3',4'-                                                              
                 H   H   2    209-210.5                                        
                                    Alcohol                                    
           methylene-                                                          
           dioxy                                                               
     54  1 3'-Cl H   H   2   194-196                                           
                                    Aq.Ace.                                    
     55  2 4'-O-n-                                                             
                 H   H   2   172-177                                           
                                    Chlo.                                      
           Pro                                                                 
           3'-OMe                                                              
     56  2 4'-O-i-                                                             
                 H   H   2   76-78  "                                          
           Pro                                                                 
           3'-OMe                                                              
     57  1 3-O-i-                                                              
                 H   H   2   121-124                                           
                                    Benz/                                      
           Pro                      Pet.                                       
                                    Ether                                      
     58  1 4'-O-i-                                                             
                 H   H   2    140-142.5                                        
                                    Benz./                                     
           Pro                      Pet.                                       
                                    Ether                                      
     59  1 4'-i- H   H   2   153-156                                           
                                    Iprop.                                     
           Pro                      Ether                                      
     60  2 2'-OMe                                                              
                 H   H   3   238-240                                           
                                    Alc./                                      
           3'-OMe                   Ligroin                                    
     61  2 2'-OMe                                                              
                 H   H   2   188-191                                           
                                    Aq.Alc.                                    
           4'-OMe                                                              
     62  2 2'-OMe                                                              
                 H   H   2   181-183                                           
                                    "                                          
           5'-OMe                                                              
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  In a similar manner except that the cinnamoyl chloride used in Example 3
      was replaced by the corresponding hydrocinnamoyl chloride, the following
      compounds could be prepared:
TBL             .vertline..vertline..parallel..vertline.                       
                R.sub.1 R.sub.2 OH                                             
     Comp              Pos.       Recrys.                                      
     No    n  X   R.sub.1                                                      
                    R.sub.2                                                    
                       COOH                                                    
                           M.P. (.degree.C)                                    
                                  Solvent                                      
     __________________________________________________________________________
     63    1 3'-OMe                                                            
                  H H  2    192-194.5                                          
                                  Aq.Alc.                                      
     64    2 3'-OMe                                                            
                  H H  3   176-177                                             
                                  Alc./                                        
             4'-OMe               Benz.                                        
     65    1 4'-Cl                                                             
                  H H  4   278.5-280.5                                         
                                  Aq.Alc.                                      
     66    1 4'-OMe                                                            
                  H CH.sub.3                                                   
                       4   222-226                                             
                                  "                                            
     67    2 3'-OMe                                                            
                  H H  2    136-137.5                                          
                                  Benzene                                      
             4'-OMe                                                            
     __________________________________________________________________________
PAC  EXAMPLE 5
PAR  4 Grams of 3,4-dimethoxycinnamic acid was dissolved in 20 ml of dry
      pyridine. To this solution were added under cooling with ice and agitation
      2 g of benzenesulfonyl chloride whereby a red orange precipitate was
      formed. The reaction mixture was stirred for about one hour and then 2 g
      of methyl anthranilate were added to the mixture under cooling with ice.
      The mixture was stirred for 2 hours at room temperature to complete the
      reaction. After completion of the reaction, the reaction mixture was
      concentrated and the residue was taken up in about 10 ml of chloroform.
      The solution was washed first with a 10% aqueous solution of caustic soda,
      then with a 10% aqueous solution of hydrochloric acid and finally with
      water and then distilled to remove chloroform whereby crystals of
      N-(3',4'-dimethoxycinnamoyl)-anthranilic acid methyl ester were obtained.
PAR  This product was dissolved in 10 ml of chloroform. To this solution were
      added 10 ml of a 10% aqueous solution of caustic soda and the mixture was
      warmed at 50.degree.C to effect hydrolysis of the ester group. After
      completion of the reaction, the organic phase was separated, washed with
      water and distilled to remove the solvent whereby 2.1 g (yield: 48%) of
      the end product, i.e., N-(3',4'-dimethoxycinnamoyl)-anthranilic acid, were
      obtained. This product had a melting point of 211.degree.-213.degree.C.
PAR  When the condensation reaction was carried out under similar conditions
      except that 1.9 g of anthranilic acid were used in place of methyl
      anthranilate used in this example, 2.0 g of
      N-(3',4'-dimethoxycinnamoyl)-anthranilic acid could directly be obtained.
PAC  EXAMPLE 6
PAR  2 Grams of 3,4-dimethoxycinnamic acid were dissolved in a mixture of 20 ml
      of dry dimethylformamide and 1.5 g of triethylamine. To this solution was
      added under ice cooling and agitation 1.1 g of ethyl chlorocarbonate and
      the mixture was then reacted for one hour. To this mixture were added 10
      ml of dimethylformamide containing 1.5 g of 3-aminobenzoic acid and the
      mixture was stirred for 2 hours. After completion of the reaction, the
      reaction liquid was concentrated approximately to 1/2 volume and poured
      into an aqueous solution of hydrochloric acid. The precipitated crystals
      were separated by filtration, washed with water and recrystallized from an
      equivolume mixture of ethanol and water to obtain a yield of 50%
      3-(3',4'-dimethoxycinnamoylamino)-benzoic acid having a melting point of
      225.degree.-226.degree.C.
PAC  EXAMPLE 7
PAR  To a mixture of 20 ml of dry dioxane and 0.7 g of dry pyridine were added 2
      g of 3,4-dimethoxycinnamic acid, 1.6 g of phosphorus oxychloride and 1.6 g
      of methyl anthranilate. The mixture was heated under reflux for 2 hours to
      effect reaction. After completion of the reaction, the reaction mixture
      was concentrated and the residue was dissolved with heating in ethanol and
      then cooled whereby crystals were precipitated. The crystals were
      separated by filtration and treated in a manner similar to that described
      in Example 5 to effect hydrolysis of the ester group. The product was
      recrystallized from chloroform to obtain 2 g of
      N-(3',4'-dimethoxycinnamoyl)-anthranilic acid having a melting point of
      211.degree.-213.degree.C.
PAC  EXAMPLE 8 -- "Homologous Passive Cutaneous Anaphylaxis in Rats"
PAR  Wistar male rats weighing 120-150 g were used in this experiment. A
      reaginic antibody was obtained from rats immunized with egg albumin (EA)
      dissolved in the pertussis-diphtheria-tetanus vaccine. Normal rats were
      sensitized passively with dilution of the antibody by means of intradermal
      injection. After 48 hours of the sensitization, the mixture of antigen
      (EA) and evans blue was injected intravenously. The animals were killed by
      a blow on the head 30 minutes after the injection, and then the blue spot
      resulted from the antigen-antibody reaction was measured photometrically.
PAR  A given test compound dissolved in 1% NaHCO.sub.3 solution was administered
      in a dose of 200 mg/kg orally 2 hours prior to the injection of antigen,
      while only the vehicle solution was administered to the control group.
      Chlorphenesin used as a positive control is generally well known as an
      inhibitor of mast cell disruption resulting from the allergic response.
PAR  The efficacy of the test compounds to inhibit the homologous passive
      cutaneous anaphlaxis was compared with the value (%) calculated using the
      following formula:
      ##EQU6##
      wherein A stands for the amount of leaked dye in control group and B for
      the amount of leaked dye in the group administered with a given test
      compound.
PAR  It seems likely that the homologous passive cutaneous anaphylaxis in rats
      is useful to determine whether a test compound inhibits an allergic
      response or not.
PAR  The results of the tests were as shown below.
TBL  ______________________________________                                    
     Test                            Inhibi-                                   
     No.            Compound         tion (%)                                  
     ______________________________________                                    
     1      Control                  0                                         
     2      Chlorphenesin            36.7                                      
     3      N-cinnamoyl-anthranilic acid                                       
                                     16.7                                      
     4      3-(cinnamoylamino)-benzoic acid                                    
                                     10.0                                      
     5      4-(cinnamoylamino)-benzoic acid                                    
                                     7.0                                       
     6      N-(4'-hydroxycinnamoyl)-anthranilic                                
                                     36.7                                      
            acid                                                               
     7      3-(3'-methoxycinnamoylamino-benzoic                                
                                     45.0                                      
            acid                                                               
     8      N-(2'-chlorocinnamoyl)-anthranilic                                 
                                     60.2                                      
            acid                                                               
     9      N-(4'-chlorocinnamoyl)-anthranilic                                 
                                     69.4                                      
            acid                                                               
     10     4-(4'-bromocinnamoylamino)-benzoic                                 
                                     32.3                                      
            acid                                                               
     11     N-(3'-fluorocinnamoyl)-anthranilic                                 
                                     47.5                                      
            acid                                                               
     12     N-(4'-methylcinnamoyl)-  54.0                                      
            anthranilic acid                                                   
     13     4-(2'-hydroxy-3'-methoxycinnamoyl-                                 
                                     33.5                                      
            amino)-benzoic acid                                                
     14     N-(2',3'-dimethoxycinnamoyl)-                                      
                                     56.8                                      
            anthranilic acid                                                   
     15     3-(2',3'-dimethoxycinnamoyl-                                       
                                     41.1                                      
            amino)-benzoic acid                                                
     16     N-3'-methoxy-4'-n-propoxycin-                                      
                                     52.2                                      
            namoyl)-anthranilic acid                                           
     17     N-(3'-methoxy-4'-isopropoxycin-                                    
                                     47.1                                      
            namoyl)-anthranilic acid                                           
     18     N-(3',4'-dimethoxycinnamoyl)                                       
                                     46.1                                      
            anthranilic acid                                                   
     19     N-(2',4',5'-trimethoxycinnamoyl)-                                  
                                     56.8                                      
            anthranilic acid                                                   
     20     N-(3',4'-dimethoxylhydrocinnamoyl)-                                
                                     55.4                                      
            anthranilic acid                                                   
     21     N-(3',4'-dimethoxy-.beta.-methylcin-                               
                                     66.2                                      
            namoyl)-anthranilic acid                                           
     22     N-[3'-methoxy-4'-(2,3-dihydroxy-                                   
                                     9.0                                       
            propoxy)-cinnamoyl]-anthranilic                                    
            acid                                                               
     23     N-(3'-methoxy-4'-carboxylmethoxy-                                  
                                     0                                         
            cinnamoyl)-anthranilic acid                                        
     ______________________________________                                    
PAR  The above results obviously show that in pharmacological activity, the new
      aromatic carboxylic amide derivatives of this invention are almost equal
      to or higher than Chlorphenesin. The nucleus-substituted
      cinnamoylaminobenzoic acid derivatives are generally stronger in the
      activity than the nucleus-unsubstituted cinnamoylaminobenzoic acid
      derivatives. However, the cinnamoylaminobenzoic acid derivatives nuclearly
      substituted by a hydrophilic group exhibit substantially no activity.
PAC  EXAMPLE 9 -- "Effect on the Disruption of the Sensitized Mast Cells"
PAR  Mesenteric mast cells isolated from normal rats were sensitized passively
      by means of incubation with rat reaginic antibody at 37.degree.C. After
      termination of the incubation, the specific antigen (DNP-Ascaris) was
      added to the incubation medium, then these mast cells in mesentery were
      fixed with formalin and stained with 0.1% toluidine blue (in acetic acid
      buffer; pH;4.6). The number of mast cells disrupted as a consequence of
      the antigen-antibody reaction were counted under a microscope. The number
      of the mast cells disrupted were also counted without the addition of the
      specific antigen.
PAR  A given test compound dissolved in 1% NaHCO.sub.3 solution was added to the
      incubation medium at a concentration of 10.sup.-.sup.5 g/ml, 5 minutes
      prior to the treatment of antigen, while only the vehicle was added to the
      control group. Disodium cromoglycate used as positive control is generally
      well known as an inhibitor of mast cell disruption resulted in allergic
      response.
PAR  The efficacy of the test compounds to inhibit the mast cell disruption was
      compared with the value (%) calculated using the following formula:
      ##EQU7##
      wherein P stands for the percentage of disrupted mast cells in the control
      group, Q for the percentage of mast cells disrupted spontaneously and R
      for the percentage of disrupted mast cells in the group treated with a
      given test compound.
PAR  It seems likely that this method is useful to determine whether a given
      test compound inhibits the disruption of mast cells and the subsequent
      release of chemical mediators from mast cells or not.
PAR  The results of the tests were as tabulated below.
TBL  ______________________________________                                    
     Test                              Inhibi-                                 
     No.     Compound    tion (%)                                              
     ______________________________________                                    
     1       Control               0                                           
     2       Disodium cromoglycate 16                                          
     3       N-(3',4'-dimethoxycinnamoyl)-                                     
                                   33                                          
             anthranilic acid                                                  
     4       N-(3',4'-dimethoxy-.beta.-methyl-                                 
                                   45                                          
             cinnamoyl)-anthranilic acid                                       
     5       3-(4'-methoxycinnamoylamino)-                                     
                                   18                                          
             benzoic acid                                                      
     6       N-(3'-methoxy-4'-n-propoxycin-                                    
                                   37                                          
             namoyl)-anthranilic acid                                          
     ______________________________________                                    
PAR  The above results obviously show that in pharmacological activity the novel
      aromatic carboxylic amide derivatives of this invention are almost equal
      to or higher than disodium cromoglycate.
PAC  EXAMPLE 10 -- "Experimental Asthma in Rats"
PAR  Twenty normal male rats weighing 120-150 g were divided into four groups
      each consisting of five rats. 5 Milliliters of a 1% aqueous solution of
      NaHCO.sub.3 containing 2-(3',4'-dimethoxycinnamolyamino)-benzoic acid
      (Compound 33 above) in a dose of 0 mg/kg, 5 mg/kg. 10 mg/kg or 20 mg/kg
      were orally administered to rats in each group respectively. After the
      lapse of two hours of the administration, all of the rats were sensitized
      passively by means of the intravenous injection of rat reaginic antibody.
      After a lapse of 24 hours of sensitization, both the trachea and the
      common carotide artery were canulated. The rate and volume of respiration
      and systemic blood pressure were recorded simultaneously on the polygraph.
      The results of these tests are shown in the annexed drawing. The asthmatic
      symptoms resulting from the injection of the specific antigen
      (DNP-Ascaris) were observed.
PAR  As is evident from the drawing, decrease in the rate of respiration was
      observed in the control after a lapse of three minutes from the injection
      of antigen. On the other hand, Compound No. 33 showed inhibition at a dose
      of 5 mg/kg or more. Concerning the decrease in the volume of respiration,
      this compound showed inhibition in a dose of 10 mg/kg or more. This
      compound showed no inhibiting effect on depression of blood pressure just
      after the challenge but showed an inhibiting effect on the subsequent
      depression.
PAC  EXAMPLE 10 -- "Acute Toxicity"
PAR  The median lethal dose (LD.sub.50) of the new aromatic carboxylic acid
      amide derivatives of this invention were determined in ddstrain male and
      female mice (6 weeks old) by oral administration and in Wistar strain male
      and female rats (7 weeks old) by oral and intraperitoneal administration.
      Each animal selected for the experiment was maintained in an
      airconditioned room at a temperature of 22.degree..+-.1.degree.C and a
      relative humidity of 55.+-.5% during the full course of the experiment.
      All animals were fed compressed pellets (CE-2 type produced by Japan CLEA
      Co.) and water was available ad libitum by bottle. Five groups of ten
      animals for each administrative route were used.
PAR  Since these compounds were insoluble in water, they were suspended in a
      0.5% aqueous solution of carboxymethylcellulose at each dosage level. The
      administrative volume of each agent to 10 g body weight mouse was 0.2 ml
      for oral administration, while that to 100 g body weight of rat was 0.5 ml
      for intraperitoneal and oral administrations.
PAR  The LD.sub.50 values were calculated from the mortality on the eighth day
      by the Litchfield-Wilcoxon's method. The results of the tests were as
      tabulated below.
TBL  N-(3',4'-dimethoxycinnamoyl)-anthranilic acid                             
     Rats       1850    mg/kg   (o.)                                           
                2030    mg/kg   (o.)                                           
                385     mg/kg   (i.p.)                                         
                338     mg/kg   (i.p.)                                         
     Mice       705     mg/kg   (o.)                                           
                500     mg/kg   (o.)                                           
     N-(2'-chlorocinnamoyl)-anthranilic acid                                   
     Mice       343     mg/kg   (o.)                                           
     N-(4'-chlorocinnamoyl)-anthranilic acid                                   
     Mice       551     mg/kg   (o.)                                           
     N-(3'-chlorocinnamoyl)-anthranilic acid                                   
     Mice       700     mg/kg   (o.)                                           
     N-(2'-fluorocinnamoyl)-anthranilic acid                                   
     Mice       321     mg/kg   (o.)                                           
     N-(3'-fluorocinnamoyl)-anthranilic acid                                   
     Mice       551     mg/kg   (o.)                                           
     N-(4'-fluorocinnamoyl)-anthranilic acid                                   
     Mice       481     mg/kg   (o.)                                           
PAR  As demonstrated in Examples 8, 9, 10 and 11, the new aromatic carboxylic
      amide derivatives and functional derivatives thereof of this invention
      serve to inhibit not only cutaneous anaphylaxie and release of chemical
      mediators from mast cells but also experimental asthmatic symptoms caused
      by an antigen-antibody reaction. These results obviously show that the
      derivatives of this invention are effective for the therapeutic treatment
      of allergic diseases including asthma, hay fever, articaria and atopic
      dermatitis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of an aromatic carboxylic
      amide derivative of the formula:
      ##EQU8##
      and therapeutically acceptable salts thereof, in which R.sub.1 and R.sub.2
      are each a hydrogennatom or an alkyl group having 1-4 carbon atoms,
      R.sub.3 and R.sub.4 are each a hydrogen atom or together form another
      chemical bond, each X is a hydroxyl group, a halogen atom, an alkyl group
      having 1-4 carbon atoms and an alkoxy group having 1-4 carbon atoms, and n
      is an integer of 1-3, provided that when two X's are said alkyl or alkoxy
      groups, the alkyl groups thereof may be connected together into an
      alkylene group.
NUM  2.
PAR  2. A compound of claim 1 selected from the group consisting of a
      nucleus-substituted cinnamic amide of the general formula:
      ##EQU9##
      wherein R.sub.1, R.sub.2, X and n have the same meanings as given above,
      and therapeutically acceptable salts thereof.
NUM  3.
PAR  3. A compound of claim 2 wherein both R.sub.1 and R.sub.2 are hydrogen
      atoms.
NUM  4.
PAR  4. A compound of claim 2 wherein at least one of R.sub.1 and R.sub.2 is an
      alkyl group having 1-4 carbon atoms.
NUM  5.
PAR  5. A compound of claim 1 selected from the group consisting of a
      nucleus-substituted phenylpropionamide of the general formula:
      ##EQU10##
      wherein R.sub.1, R.sub.2, X and n have the same meanings as given above,
      and therapeutically acceptable salts thereof.
NUM  6.
PAR  6. A compound of claim 5 wherein both R.sub.1 and R.sub.2 are hydrogen
      atoms.
NUM  7.
PAR  7. A compound of claim 5 wherein at least one of R.sub.1 and R.sub.2 is an
      alkyl group having 1-4 carbon atoms.
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ABST
PAL  Glycerol is reacted with a ketone having 19 to 35 carbon atoms to
      1,2-O-dialkylmethylidene-glycerol which is phosphorylated by means of
      .beta.-bromoethylphosphoric acid dichloride. The resulting intermediate is
      aminated with ammonia, methylamine, dimethylamine, or trimethylamine to a
      compound of the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are alkyl having 9 to 17 carbon atoms, and
      R.sub.3, R.sub.4, and R.sub.5 are hydrogen or methyl. The compounds and
      their non-toxic acid addition salts are surfactants which may be employed
      in detergent compositions or as emulsifiers in food.
BSUM
PAR  This invention relates to lecithin analogs, and particularly to glycerol
      ether phosphatides and to a method of preparing the same.
PAR  In its more specific aspects, the invention relates to phosphatides which
      are compounds of the formula
      ##EQU2##
      and acid addition salts of such compounds, in the formula R.sub.1 and
      R.sub.2 being alkyl having 9 to 17 carbon atoms, and R.sub.3, R.sub.4, and
      R.sub.5 being hydrogen or methyl.
PAR  The compounds of the invention differ from lecithins by a cyclic ether
      moiety where ester moieties are present in lecithins. The compounds are
      generally more stable than natural lecithins, but have many of the
      desirable properties of lecithins, as will be described in more detail
      hereinbelow.
PAR  They are prepared by reacting glycerol with a ketone R.sub.1 - CO - R.sub.2
      until a 1,2-O-dialkylmethylidene-glycerol of the formula
      ##EQU3##
      is formed, phosphorylating the compund of Formula (II) with
      .beta.-bromoethylphosphoric acid dichloride to an intermediate of the
      formula
      ##EQU4##
      and aminating the intermediate by means of a compound of the formula
      ##EQU5##
      R.sub.1 to R.sub.5 being as defined above.
PAR  The reaction between glycerol and the ketone is carried out in an organic
      solvent medium in the presence of an acid as a condensation catalyst,
      p-toluenesulfonic acid being illustrative of suitable acids. A polar
      organic solvent medium is preferably employed in the phosphorylation step
      which is carried out under anhydrous conditions. It is convenient to
      employ the .beta.-bromoethylphosphoric acid dichloride in the form of a
      salt with an alkylamine, such as triethylamine. The reaction proceeds
      smoothly at room temperature, but slightly elevated temperatures are
      permissible. The amination step also is performed in a polar organic
      solvent medium, preferably in a mixture of chloroform with acetonitrile
      and/or nitromethane in a preferred ratio of 1:3 to 3:1. The solubility of
      the aminating agent in the reaction medium may be improved by the further
      addition of a lower alkanol having up to four carbon atoms, with or
      without water. These special mixtures of solvents make the amination
      reactions -- especially with NH.sub.2 CH.sub.3 and NH.sub.3 - possible.
      Room temperature is adequate, and slight warming may be resorted to.
PAR  The compounds are conveniently purified by chromatography on silica gel.
      The pure compounds do not show a characteristic melting point, but are
      readily identified by elemental analysis and thin layer chromatography.
      The acid addition salts are formed by combining the solutions of the
      compounds with solutions of stoichiometric amounts of acids in a common
      solvent, and by evaporating the solvent until the salt is precipitated.
PAR  The compounds and their acid addition salts are biodegradable surfactants
      suitable for use in detergents and as emulsifiers in foods such as
      margarine. They also have the ability of modifying the properties of cell
      membranes in a manner to improve the effects of therapeutic agents.
PAR  Enzymes in cell membranes contain mixtures of natural phospholipids which
      include unsaturated aliphatic acid moieties. Because of the instability of
      these unsaturated moieties in the presence of oxygen, the enzymes are not
      stable when isolated. When the enzymes are stripped of their natural lipid
      component, they lose their enzyme activity, but the delipidized enzymes
      can be reactivated in stabilized condition by mixing them with the
      compounds of the invention.
PAR  It is thought by biologists that hybrid formation and cell fusion are
      induced by lysolecithin so that cell hybrids may be produced as by Sendai
      virus. However, the lysolecithins employed in this work are derived from
      egg lecithin and have substantial cytolytic activity. Cytolysis can be
      avoided by using compounds of the invention selected for suitable
      cytolytic activity.
DETD
PAR  The following Examples are further illustrative of this invention.
PAC  EXAMPLE 1
PAR  A mixture of 60 g glycerol (0.65 mole), 180 g dipentadecylketone (0.4
      mole), 6 g p-toluenesulfonic acid, and one liter benzene was heated to the
      boiling point in a two-liter flask equipped with a condenser for the
      evaporating solvent, a trap for separating much of the water from the
      distillate, and a drying cartridge filled with magnesium perchlorate
      through which the benzene collected in the trap was returned to the flask.
      The heating rate was adjusted to evaporate benzene at a rate of about 200
      ml per hour. A magnetic stirrer in the flask maintained intimate contact
      between the glycerol and the benzene solution.
PAR  Most of the water expected from the reaction between the glycerol and the
      ketone was recovered within about 4 hours, and more than 90% of the
      dipentadecylketone was converted to 1,2-O-dipentadecylmethylidene-glycerol
      (2,2-dipentadecyl-1,3-dioxolane-4-methanol) within 24 hours. The reaction
      was permitted to continue for 48 hours.
PAR  15 g Active carbon was then added to the contents of the flask which were
      cooled to 5.degree.C and filtered to remove precipitated
      dipentadecylketone. The filtrate was washed and neutralized by shaking
      with 500 ml aqueous 5% potassium carbonate solution, and the benzene layer
      was separated and evaporated. The yellow residue was dissolved in 900 ml
      hot acetone, the solution was mixed with an equal volume of hot methanol,
      and the mixture was filtered. The filtrate was cooled to 0.degree.C, and
      the crystalline precipitate was filtered off with suction and dried in a
      vacuum desiccator.
PAR  130 g Pure 1,2-O-dipentadecylmethylidene-glycerol (62% yield based on the
      dipentadecylketone) was recovered as a white powder melting at 35.degree.
      - 40.degree.C. It was identified by elemental analysis.
TBL  ______________________________________                                    
     Calculated for C.sub.34 H.sub.68 O.sub.3 :                                
                       77.80% C;   13.06% H                                    
     Found:            77.94       13.05                                       
     ______________________________________                                    
PAR  44 g (0.18 Mole) .beta.-bromoethylphosphoric acid dichloride was dissolved
      in 100 ml anhydrous chloroform, the solution was cooled with ice, and 36 g
      (0.36 mole) anhydrous triethylamine in 50 ml chloroform was added with
      stirring. The mixture was then transferred to a water bath at 20.degree.C,
      and a solution of 50 g (0.095 mole) of the above
      1,2-O-dipentadecylmethylidene-glycerol in 250 ml anhydrous chloroform was
      added dropwise with stirring. After two more hours of stirring at ambient
      temperature, the glycerol ether could no longer be detected by thin layer
      chromatography. The reaction mixture was stirred with an equal volume of
      ice to decompose the phosphorylating agent. The water phase was discarded,
      and the chloroform phase was evaporated to remove the solvent. The oily
      residue was dissolved in 300 ml tetrahydrofuran, 60 ml distilled water was
      added, and the mixture was stirred one hour to complete the decomposition
      of the .beta.-bromoethylphosphoric acid dichloride. It was then washed
      sequentially with 400 ml diisopropyl ether, 400 ml 2% formic acid
      solution, and 100 ml methanol. The aqueous phase having a pH of 2 was
      discarded.
PAR  The diisopropyl ether solution was shaken with 400 ml 0.1-molar sodium
      acetate solution (pH 5.6) and 100 ml methanol to neutralize the formic
      acid present, and separated from the aqueous washing liquid. The organic
      solvent solution was dried 10 minutes by stirring with 20 g sodium
      sulfate, and the solvent was evaporated. The residue was a yellow oil
      which was taken up in 450 ml methanol. The solution so obtained was cooled
      to about 0.degree. - 5.degree.C and stirred for 15 minutes with active
      carbon. It was then filtered, and the filtrate was diluted with methanol
      to 600 ml. It contained practically pure
      1,2-O-dipentadecylmethylideneglycerol-3-phosphoric acid .beta.-bromoethyl
      ester (C.sub.36 H.sub.72 BrO.sub.6 P, equivalent weight 711.9), as
      determined by thin layer chromatography. The yield was 58 g. The methanol
      solution of this intermediate was stable for many months when stored in a
      refrigerator.
PAC  EXAMPLE 2
PAR  7.1 g (0.01 Mole) intermediate prepared by the method of Example 1 was
      dissolved in 100 ml chloroform, and the solution was mixed with 100 ml
      acetonitrile in a 500 ml round-bottom flask. A solution of 60 ml
      trimethylamine in 120 ml ethanol was added, and the reaction mixture was
      stored in the tightly stoppered flask for 24 hours at 25.degree.C. The
      solvent was then evaporated, and the residue was shaken with 100 ml
      chloroform, 120 ml methanol, and 100 ml aqueous 2% formic acid solution.
PAR  The chloroform layer was separated from the aqueous liquid, washed with 100
      ml 0.1-molar aqueous sodium acetate solution and 120 ml methanol to remove
      formic acid, dried by stirring for 10 minutes with 10 g sodium sulfate,
      and evaporated to dryness. The residue was recrystallized from 100 ml
      ethylmethylketone. 6 g Crude, yellowish
      1,2-O-dipentadecylmethylidene-glycerol-3-phosphoric acid choline ester was
      obtained. It was purified by chromatography, and again recrystallized from
      ethylmethylketone.
PAR  The pure compound was white, weighed 5.1 g (62% yield based on
      1,2-O-dipentadecylmethylidene-glycerol), and was identified by elemental
      analysis.
TBL  ______________________________________                                    
     Calculated:                                                               
                66.16% C;   11.67% H;   4.37% N                                
     Found      66.12       11.66       4.34                                   
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  The procedure of Example 2 was repeated, but the trimethylamine was
      replaced by an equal volume of dimethylamine. After final purification,
      1,2-O-dipentadecylmethylidene-glycerol-3-phosphoric acid
      N,N-dimethylethanolamine ester was obtained as a white powder weighing 4.6
      g (58% yield based on 1,2-O-dipentadecylmethylidene-glycerol).
TBL  ______________________________________                                    
     Calculated:                                                               
              67.52% C;  11.68% H;  2.07% N;                                   
                                           4.58% P                             
     Found:   67.41      11.59      2.16   4.62                                
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A solution of 7.1 g (0.01 mole) of the intermediate prepared in Example 1
      in 200 ml chloroform was mixed sequentially with 200 ml acetonitrile, 40
      ml methanol, and 55 ml methylamine dissolved in about 80 ml ethanol. The
      reaction mixture was stored 24 hours at 25.degree.C and further worked up
      as described in Example 2. 4.2 g Pure
      1,2-O-dipentadecylmethylidene-glycero-3-phosphoric acid
      N-methylethanolamine ester was recovered (54% yield based on
      1,2-O-dipentadecylmethylidene-glycerol).
TBL  ______________________________________                                    
     Calculated:                                                               
              67.13% C;  11.57% H;  2.12% N;                                   
                                           4.68% P                             
     Found:   66.46      11.53      2.12   4.49                                
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  7.1 g (0.01 Mole) intermediate prepared according to Example 1 was
      dissolved in 50 ml chloroform, and the solution was mixed in a one-liter
      round-bottom flask sequentially with 100 ml acetonitrile, 100 ml methanol,
      and 100 ml 25% aqueous ammonium hydroxide solution. The flask was
      stoppered, and the reaction mixture was kept at 49.degree.C for 24 hours.
      It was then worked up as described in Example 2.
PAR  After purification by chromatography, there was obtained 4.0 g pure
      1,2-O-dipentadecylmethylidene-glycero-3-phosphoric acid ethanolamine
      ester.
TBL  ______________________________________                                    
     Calculated:    2.16% N;     4.78% P                                       
     Found:         2.15         4.70                                          
     ______________________________________                                    
PAR  When dipentadecylketone was replaced in the reaction of Example 1 ketones
      having individual alkyl groups of as few as 9 or as many as 17 carbon
      atoms, the corresponding 1,2-O-dialkylmethylidene-glycerols were obtained
      and could be further reacted with .beta.-bromoethylphosphoric acid
      dichloride and ammonia or amines in the manner described in Examples 2 to
      5. Ketones having two equal or two different alkyl groups attached to the
      carbonyl group reacted equally promptly under the conditions of Example 1.
PAR  The compounds of the invention readily form acid addition salts with
      mineral acids, such as hydrochloric and sulfuric acid, and strong organic
      acids such as chloroacetic acid and p-toluenesulfonic acid when solutions
      of stoichiometrically equivalent amounts in common solvents, such as
      chloroform, are evaporated to dryness.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phosphatide which is a compound of the formula
      ##EQU6##
      wherein R.sub.1 and R.sub.2 are alkyl having 9 to 17 carbon atoms, and
      R.sub.3, R.sub.4, and R.sub.5 are hydrogen or methyl, or an acid addition
      salt of said compound.
NUM  2.
PAR  2. A phosphatide as set forth in claim 1 which is an addition salt of said
      compound with a non-toxic acid.
NUM  3.
PAR  3. A phosphatide as set forth in claim 1, wherein R.sub.1 and R.sub.2 are
      equal.
NUM  4.
PAR  4. A phosphatide as set forth in claim 1, wherein R.sub.1 and R.sub.2 are
      pentadecyl.
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ABST
PAL  Compounds represented by the formula
      ##EQU1##
      and salts thereof represented by the formula
      ##EQU2##
      wherein Q is bromine, chlorine, --O-alkali metal or OH; R is hydrogen or
      an alkyl group containing from 1 to 20 carbon atoms; M is alkali metal;
      and Rx is
      ##EQU3##
      n being an integer from 4 to 10, or
      ##EQU4##
      Rz being hydrogen, alkyl phenyl alkyl, alkoxy alkyl, alkoxy phenyl, alkoxy
      phenyl alkyl or --COOX, X being R or M, are useful as intermediates for
      the preparation of sequestrants.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel intermediates for preparation of hydroxy
      ether carboxylate salts useful as complexing agents and/or detergency
      builders.
PAR  The utility of compounds characterized by the ability to complex various
      metal and alkaline earth metal ions (particularly ions such as calcium
      ions which contribute to "hardness" of water) in aqueous media and/or
      provide, in combination with various detergent surfactants, detergent
      formulations of enhanced cleansing ability is well recognized by those
      skilled in the art. Such compounds are used in water treating applications
      (e.g. to "soften" water) and/or as detergency builders.
PAR  Although many compounds having complexing and/or detergency builder
      functionality are known, the provision of novel compounds composed of only
      carbon, hydrogen and oxygen and having such functionality is desirable as
      is the provision of intermediates for preparation of such compounds.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide novel intermediates for
      synthesis of compounds useful as complexing agents and/or detergency
      builders.
PAR  The compounds of this invention are esters and salts whose structure,
      synthesis, and use will be understood from the following description of
      the preferred embodiments.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The compounds of this invention are esters represented by the formula
      ##EQU5##
      and salts thereof represented by the formula
      ##EQU6##
PAR  In the above formulae:
PA1  Q is bromine, chlorine, --O-alkali metal or --OH;
PA1  R is hydrogen or an alkyl group containing from 1 to 20 carbon atoms
      provided that when Q is --O-alkali metal, bromine or chlorine, R is an
      alkyl group.
PA1  M is alkali metal; and
PA1  Rx is
      ##EQU7##
       n being an integer from 4 to 10, or
      ##EQU8##
      Rz being hydrogen, alkyl, phenyl alkyl, alkoxy alkyl, alkoxy phenyl,
      alkoxy phenyl alkyl, or COOX, X being R in the cyclic compounds and M in
      their salts; and the total number of carbon atoms in Rx being from 2 to
      22. The compounds wherein at least one of the Rz substituents on the
      carbon atom adjacent the cyclic oxygen or the hydroxy group is alkyl or,
      preferably, hydrogen, the remaining Rz substituents being hydrogen, are
      preferred.
PAR  To prepare the compounds of this invention, an epoxide of the formula
      ##EQU9##
      (The parenthetical "e" subscript is used to indicate that if Rx contains a
      COOX substituent, X will be alkyl, i.e., the ester form of the
      substituent.) is reacted with a malonic ester of the formula
      ##EQU10##
      wherein R.sub.1 is an alkyl group containing from 1 to 20 carbon atoms.
PAR  Epoxides containing the Rx moiety desired for the compound being
      synthesized can be prepared by known techniques described, for example, in
      Weissberger, Heterocyclic Compounds with Three and Four Membered Rings,
      Part One, pages 1-523, (Interscience Publishers, 1964) and Maliworskii,
      Epoxides and Their Derivatives (Daniel Davey and Co., Inc., 1965) and the
      various references cited in these publications.
PAR  The reaction is conveniently conducted in a mutual solvent for the epoxide
      (I) and ester (II) which is not adversely reactive with these reactants or
      the reaction product (the alcohol corresponding to the ester (II) is
      generally satisfactory) at a temperature of from 0.degree. to 60.degree.C,
      preferably 40.degree. to 45.degree.C.
PAR  The reaction yields
      ##EQU11##
      which is acidified (preferably with acetic acid) to yield
      ##EQU12##
      This compound (IV) is bromonated or chlorinated with elemental bromine or
      sulfuryl chloride to yield an ester of this invention.
      ##EQU13##
      This ester (V) can be converted to another ester of the invention
      ##EQU14##
      by treatment with alkali metal hydroxide in an alcoholic or aqueous medium
      to yield the salt form of the compound
      ##EQU15##
      which is treated with a slight excess of sulfuric acid to form
      ##EQU16##
      (Note: Any X in the Rx moiety will be hydrogen).
PAR  Esterification of compound (VIII) via conventional procedures yields
      ##EQU17##
      which is reacted with alkali metal or alkali metal hydroxide in an inert
      solvent (e.g., tetrahydrofuran, ether, dimethyl formamide, etc.) to yield
      ##EQU18##
PAR  The mechanism of epoxide ring opening in the reaction between (I) and (II)
      will favor formation of products wherein the Rz groups attached to the
      carbon atom adjacent to the heterocyclic oxygen (and, ultimately, the
      hydroxy group) are of larger spatial configuration than the Rz groups
      attached to the next carbon atom. However, mixtures of all possible
      products will be formed. Such mixtures may be utilized as such or
      separated by conventional techniques.
PAR  Those compounds of this invention encompassed by the formula
      ##EQU19##
      wherein Q.sub.1 is bromine, chlorine or --O-alkali metal can be reacted
      with a compound represented by the formula
      ##EQU20##
      wherein A is hydrogen, methyl or ethyl and Q.sub.2 is bromine or chlorine
      when Q.sub.1 is --O-alkali metal and is --O-alkali metal when Q.sub.1 is
      bromine or chlorine (The reaction is preferably conducted in a solvent for
      the non-cyclic ester, e.g., tetrahydrofuran, ether, dimethyl formamide,
      etc., which is not adversely reactive with the reactants or reaction
      products.) to yield
      ##EQU21##
      This later compound can be saponified by reaction with an alkali metal
      hydroxide to yield compounds represented by the formula
      ##EQU22##
      (Rs is the same as Rx except that in any --COOX substituents contained
      therein, X will be M instead of hydrogen or alkyl) which are useful as
      sequestrants and detergency builders.
PAR  These salts are, for example, used in detergent formulation which will
      contain at least 1% by weight and preferably at least 5% by weight of such
      salts. In order to obtain the maximum advantage the use of from 5% to 75%
      of these polycarboxylate salt compounds is preferred. The hydroxy ether
      polycarboxylate can be the sole detergency builder or these compounds can
      be utilized in combination with other detergency builders which may
      constitute from 0 to 95% by weight of the total builders in the
      formulation. By way of example, builders which can be employed in
      combination with the hydroxy ether polycarboxylate compounds include water
      soluble inorganic builder salts such as alkali metal polyphosphates, i.e.,
      the tripolyphosphates and pyrophosphates, alkali metal carbonates,
      borates, bicarbonates and silicates and water soluble organic builders
      including amino polycarboxylic acids and salts such as alkali metal
      nitrilotriacetates, cycloalkane polycarboxylic acids and salts, other
      ether polycarboxylates, alkyl polycarboxylates, epoxy polycarboxylates,
      tetrahydrofuran polycarboxylates such as 1,2,3,4 or 2,2,5,5 )
      (tetrahydrofuran tetracarboxylates, benzene polycarboxylates, oxidized
      starches, amino (trimethylene phosphonic acid) and its salts, diphosphonic
      acids and salts (e.g. methylene diphosphonic acid; 1-hydroxy ethylidene
      diphosphonic acid) and the like.
PAR  The detergent formulations will generally contain from 5% to 95% by weight
      total builder (although greater or lesser quantities may be employed if
      desired) which, as indicated above, may be solely the hydroxy ether
      polycarboxylate salt compounds or mixtures of such compounds with other
      builders. The total amount of builder employed will be dependent on the
      intended use of the detergent formulation, other ingredients of the
      formulation, pH conditions and the like. For example, general laundry
      powder formulations will usually contain 20% to 60% builder; liquid
      dishwashing formulations 11% to 12% builder; machine dishwashing
      formulations 60% to 90% builder. Optimum levels of builder content as well
      as optimum mixtures of builders of this invention with other builders for
      various uses can be determined by routine tests in accordance with
      conventional detergent formulation practice.
PAR  The detergent formulations will generally contain a water soluble detergent
      surfactant although the surfactant ingredient may be omitted from machine
      dishwashing formulations. Any water soluble anionic, nonionic,
      zwitterionic or amphoteric surfactant can be employed.
PAR  Examples of suitable anionic surfactants include soaps such as the salts of
      fatty acids containing about 9 to 20 carbon atoms, e.g., salts of fatty
      acids derived from coconut oil and tallow; alkyl benzene
      sulfonates--particularly linear alkyl benzene sulfonates in which the
      alkyl group contains from 10 to 16 carbon atoms; alcohol sulfates;
      ethoxylated alcohol sulfates; hydroxy alkyl sulfonates; alkyl sulfates and
      sulfonates; olefin sulfonates; alkenyl sulfonates; monoglyceride sulfates;
      acid condensates of fatty acid chlorides with hydroxy alkyl sulfonates and
      the like.
PAR  Examples of suitable nonionic surfactants include alkylene oxide (e.g.,
      ethylene oxide) condensates of mono and polyhydroxy alcohols; alkyl
      phenols, fatty acid amides, and fatty amines; amine oxides; sugar
      derivatives such as sucrose monopalmitate; long chain tertiary phosphine
      oxides; dialkyl sulfoxides; fatty acid amides, (e.g, mono or diethanol
      amides of fatty acids containing 10 to 18 carbon atoms), and the like.
PAR  Examples of suitable zwitterionic surfactants include derivatives of
      aliphatic quaternary ammonium compounds such as
      3-(N,N-dimethyl-N-hexadecylammonio) propane-1-sulfonate and
      3-(N,N-dimethyl-N-hexadecylammonio)-2-hydroxy propane-1-sulfonate.
PAR  Examples of suitable amphoteric surfactants include betains, sulfobetains
      and fatty acid imidazole carboxylates and sulfonates.
PAR  It will be understood that the above examples of surfactant are by no means
      comprehensive and that numerous other surfactants are known to those
      skilled in the art. It will be further understood that the choice and use
      of surfactants will be in accordance with well understood practices of
      detergent formulation. For example, anoinic surfactants, particularly
      linear alkyl benzene sulfonate are preferred for use in general laundry
      formulations, whereas low foaming nonionic surfactants are preferred for
      use in machine dishwashing formulations.
PAR  The quantity of surfactant employed in the detergent formulations will
      depend on the surfactant chosen and the end use of the formulation. In
      general, the formulations will contain from 5% to 50% surfactant by
      weight, although as much as 95% or more surfactant may be employed if
      desired. For example, general laundry powder formulations normally contain
      5% to 50%, preferably 15% to 25% surfactant; machine dishwashing
      formulations 0.5% to 5%; liquid dishwashing formulations 20% to 45%. The
      weight ratio of surfactant to builder will generally be in the range of
      from 1:12 to 2:1.
PAR  In addition to builder and surfactant components, detergent formulations
      may contain fillers such as sodium sulfate and minor amounts of bleaches,
      dyes, optical brightners, soil antiredeposition agents, perfumes and the
      like.
PAR  In machine dishwashing compositions the surfactant will be a low-foaming
      nonionic or anionic, preferably nonionic surfactant which will constitute
      0 to 5% of the formulation.
PAR  The term "low-foaming" surfactant connotes a surfactant which, in the
      foaming test described below, reduces the revolutions of the washer
      jet-spray arm during the wash and rinse cycles less than 15%, preferably
      less than 10%.
PAR  In the foaming test, 1.5 grams of surfactant is added to a 1969 Kitchen-Aid
      Home Dishwasher, Model No. KOS-16, manufactured by Hobart Manufacturing
      Company which is provided with means for counting revolutions of the
      washer jet-spray arm during wash and rinse cycles. The machine is operated
      using distilled water feed at a machine entrance temperature of
      40.degree.C. The number of revolutions of the jet-spray arm during the
      wash and rinse cycles is counted. The results are compared with those
      obtained by operation of the machine using no surfactant charge, and the
      percentage decrease in number of revolutions is determined.
PAR  The surfactant should, of course, be compatible with the chlorine
      containing component hereinafter discussed. Examples of suitable nonionic
      surfactants include ethoxylated alkyl phenols, ethoxylated alcohols (both
      mono- and di- hydroxy alcohols), polyoxyalkylene glycols, aliphatic
      polyethers and the like. The widely commercially utilized condensates of
      polyoxypropylene glycols having molecular weights of from about 1,400 to
      2,200 with ethylene oxide (the ethylene oxide constituting 5 to 35 weight
      percent of the condensate) are, for example, advantageously used in the
      machine dishwashing formulations of this invention.
PAR  Suitable low-foaming anionic surfactants include alkyldiphenyl ether
      sulfonates such as sodium dodecyl diphenyl ether disulfonates and alkyl
      naphthalene sulfonates.
PAR  Mixtures of suitable low-foaming surfactants can be utilized if desired.
PAR  In addition, machine dishwashing formulations will contain sufficient
      chlorine providing compound to provide 0.5% to 2% available chlorine. For
      example, the formulation may contain from 0.5% to 5%, preferably 1% to 3%
      of a chlorocyanurate or from 10% to 30% chlorinated trisodium phosphate.
      Suitable chlorocyanurates are sodium and potassium dichlorocyanurate;
      [(monotrichloro) tetra-(monopotassium dichloro)] penta-isocyanurate;
      (monotrichloro) (monopotassium dichloro) di-isocyanurate.
PAR  Machine dishwashing compositions should additionally contain from 5% to 30%
      soluble sodium silicate having an SiO.sub.2 to Na.sub.2 O mole ratio of
      from 1:1 to 3.2:1 preferably about 2.4:1 to inhibit corrosion of metal
      parts of dishwashing machines and provide overglaze protection to fine
      china.
PAR  Machine dishwashing compositions will generally contain at least 10%,
      preferably at least 20% builder, up to a maximum of about 90% builder. The
      new builder compounds of this invention should constitute at least 5% of
      the weight of the machine dishwashing formulation in order to obtain the
      full effects of their inherent characteristics.
DETD
PAR  The invention is further illustrated by the following examples, wherein all
      parts and percentages are by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  Metallic sodium (44 grams) is added to 900 ml. ethanol after which 320
      grams of diethylmalonate is added to form an ethanol slurry of sodium
      diethylmalonate. A solution of 88 grams ethylene oxide in 300 ml. ethanol
      is added to the slurry, the temperature being maintained between
      40.degree. to 45.degree.C, to form a slurry of
      ##EQU23##
      Following addition of the ethylene oxide, the slurry is stirred for 15
      hours, at room temperature after which 120 ml. of glacial acetic acid is
      added to form
      ##EQU24##
      The ethanol is removed under reduced pressure, 500 ml. water is added to
      dissolve the sodium acetate and the organic phase is separated, dissolved
      in ether, washed with water, dried over MgSO.sub.4 --CaSO.sub.4 and the
      ether evaporated.
PAR  Sixty-six grams of the
      ##EQU25##
      is dissolved in 75 ml. carbon tetrachloride and bromine added at reflux
      temperature to form
      ##EQU26##
      which is separated by evaporating the chloroform, dissolved in ether and
      washed with 5% NaHCO.sub.3, saturated NaCl and water after which the
      ethereal solution is dried and the ether evaporated.
PAC  EXAMPLE II
PAR  Forty grams of ethyl glycolate in 50 ml. tetrahydrofuran is added to a
      slurry of about 8.6 grams sodium hydride in 300 ml. tetrahydrofuran and
      the mixture stirred for one hour at about 35.degree.C to form a slurry of
      ##EQU27##
      This slurry is cooled to about 10.degree.C and a solution of 84 grams
      ##EQU28##
      in 50 ml. tetrahydrofuran is added, the temperature being maintained at
      about 10.degree.C. After one hour, the temperature is raised to
      25.degree.C and maintained at that level for 14 hours. The tetrahydrofuran
      is evaporated, the residue diluted with ether and washed with water,
      dried, and the ether evaporated. The residue is distilled, the product
      ##EQU29##
      being collected at 123.degree. to 125.degree.C/0.1 mm. Hg.
PAR  A solution of 37 grams of
      ##EQU30##
      in 45 ml. ethanol is added slowly to 75 grams of an aqeuous 25% sodium
      hydroxide solution maintained below 40.degree.C with an ice bath. The
      mixture is then stirred for about 4 hours at about 25.degree.C and an
      aqueous solution of   is separated. Successive washing with ethanol and
      acetone separates the salt as a solid product. This salt is tested for
      sequestration function using the procedures described by Matzner et al,
      "Organic Builder Salts as Replacements for Sodium Tripolyphosphate,"
      Tenside Detergents, 10, Heft 3, pages 119-125 (1973). The sequestration
      value (intensity multiplied by capacity expressed as a percentage of
      sodium tripolyphosphate sequestration value) is 100%.
PAR  Detergent formulations containing 25%, 37.5% and 50%,
      ##EQU31##
      17% linear alkylbenzene sulfonate having an average molecular weight of
      about 230; 6% sodium silicate and a quantity of sodium sulfate sufficient
      to equal 100% are prepared. Those formulations are found to clean cotton
      and polyester/cotton fabrics substantially more effectively than otherwise
      identical compositions in which the
      ##EQU32##
      is replaced with a "filler," sodium sulfate.
PAC  EXAMPLE III
PAR  The compound
      ##EQU33##
      is prepared by reacting 86 grams of   and 182 grams of
      ##EQU34##
      followed by acidification and bromination in accordance with the procedure
      of Example I. Stirring 140 grams of
      ##EQU35##
      with 350 grams of 25% aqueous KOH at a temperature of 40.degree. to
      45.degree.C for about 24 hours yields the salt
      ##EQU36##
      which is esterified to the hydroxy ester lactone
      ##EQU37##
      by conventional esterification techniques and purified by vacuum
      distillation.
PAR  Seventy-two grams of
      ##EQU38##
      in 50 ml. tetrahydrofuran is added to a slurry of about 8.0 grams of
      sodium hydride in 300 ml. tetrahydrofuran and the mixture stirred for 1
      hour at 30.degree. to 35.degree.C to form a slurry of
      ##EQU39##
      This slurry is cooled to about 10.degree.C and a solution of 56 grams of
      ethyl bromoacetate in 50 ml. tetrahydrofuran is added, the temperature
      being maintained at about 10.degree.C. After one hour, the temperature is
      raised to 25.degree.C and maintained at that level for 18 hours. The
      tetrahydrofuran is evaporated, the residue diluted with ether and washed
      with water, dried, and the ether evaporated. The product,
      ##EQU40##
      is purified by vacuum distillation.
PAR  Treatment of this ester with sodium hydroxide according to the procedures
      of Example II yields the salt
      ##EQU41##
      which is an effective sequestrant.
PAR  The preparation and use of other compounds of this invention will be
      apparent to those skilled in the art from the foregoing disclosure. For
      example, Table I below lists, in the first column, various epoxides from
      which compounds containing the Rx group shown in the second column are
      derived.
TBL                TABLE I                                                     
     ______________________________________                                    
     Epoxide                 Rx                                                
     ______________________________________                                    
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CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound represented by the formula
      ##EQU42##
      wherein: Q is selected from the group consisting of bromine, chlorine,
      --O-alkali metal and --OH;
PA1  R is selected from the group consisting of hydrogen and alkyl groups
      containing from 1 to 20 carbon atoms, provided, that when Q is --O-alkali
      metal, bromine or chlorine, R is an alkyl group; and,
PA1  Rx is
      ##EQU43##
      Rz being hydrogen, alkyl, phenyl alkyl, alkoxy alkyl, alkoxy phenyl,
      alkoxy phenyl alkyl, and COOR; the total number of carbon atoms in Rx
      being from 2 to 22.
NUM  2.
PAR  2. A compound of claim 1 wherein Q is Br.
NUM  3.
PAR  3. A compound of claim 1 wherein Q is ONa.
NUM  4.
PAR  4. A compound of claim 1 wherein Rx is
EQU  --CH.sub.2 --CH.sub.2 --
PATN
WKU  039404250
SRC  5
APN  5012279
APT  1
ART  126
APD  19740828
TTL  Process for the production of polyunsaturated compounds
ISD  19760224
NCL  20
ECL  1
EXA  Chan; Nicky
EXP  Thomas, Jr.; James O.
INVT
NAM  Eiter; Karl
CTY  Cologne
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730906
APN  2344985
PRIR
CNT  DT
APD  19740528
APN  2425813
CLAS
OCL  2603459
XCL  2604482E
XCL  260485R
XCL  260486R
XCL  260533N
XCL  260561N
XCL  260615A
XCL  260632Y
XCL  260635Y
XCL  260678
EDF  2
ICL  C07D30922
ICL  C07F  702
FSC  260
FSS  678;635 Y;632 Y;561 N;486 R;485 R;448.2 E;345.9;615 A;617 E;533 N
UREF
PNO  2222394
ISD  19401100
NAM  Berg et al.
OCL  260678
UREF
PNO  2846491
ISD  19580800
NAM  Rutledge
OCL  260678
UREF
PNO  2884464
ISD  19590400
NAM  Kurtz
OCL  260678
OREF
PAL  Rutledge, "Acetylenic Compounds," pp. 84-96, (1968).
PAL  Sevin et al., Tetrahedron Letters, pp. 1953-1959, (1965).
PAL  Stephens et al., J. Org. Chem., 28, 3313 (1963).
PAL  Bourgain et al., Chem. Abstract, 71, 80580t (1969).
ABST
PAL  Compounds of the formula
EQU  R.sup.1 --C.tbd.C--R.sup.2                                 (I)
PAL  wherein
PA1  R.sup.1 is hydrogen, unsubstituted or substituted alkyl, unsubstituted or
      substituted alkenyl, unsubstituted or substituted alkynyl, unsubstituted
      or substituted polyalkenyl, or unsubstituted or substituted polyalkynyl,
      and
PA1  R.sup.2 is unsubstituted or substituted alkenyl, unsubstituted or
      substituted alkynyl, unsubstituted polyalkenyl or unsubstituted or
      substituted polyalkynyl,
PAL  Are produced by reacting a compound of the formula
EQU  R.sup.1 --C.tbd.CH                                         (II)
PAL  wherein
PA1  R.sup.1 is as above defined in a mixture comprising a copper(I) halide or
      copper(I) cyanide, a bicyclic amidine base and a catalytic amount of an
      antioxidant or mixture of antioxidants, in an organic solvent or mixture
      of solvents, at a temperature of from -40.degree. C to +100.degree. C,
      with a compound of the formula
EQU  X--R.sup.2                                                 (III)
PAL  wherein
PA1  X is halogen, and
PA1  R.sup.2 is as above defined.
BSUM
PAR  The present invention relates to a process for the production of compounds
      with polyunsaturation, that is, compounds having multiple points of
      unsaturation. The compounds produced according to the present process are
      generally known and said known compounds, together with any novel
      compounds which may be obtained according to the process of the present
      invention, are useful as intermediates for the synthesis of
      insect-attracting substances. A process for the conversion of a
      representative compound of the present invention into "Dispalur", which is
      a known insect-attracting substance, is set forth below.
PAR  It is known that polyacetylene compounds with triple bonds isolated from
      one another can be synthesized as follows:
EQU  R--C.tbd.CH.fwdarw. R--C.tbd.CM + X--CH.sub.2 --C.tbd.CR.fwdarw.
      R--C.tbd.C--CH.sub.2 --C.tbd.C--R
PAL  wherein
PA1  R is hydrogen or any desired organic moiety,
PA1  M is Li, Na, K or --MgX, and
PA1  X is halogen.
PAR  According to this earlier disclosure, the monoacetylene compound is
      converted into the acetylene-metal compound, which in turn is reacted,
      using a great variety of solvents, with a halide of a second acetylene
      compound, whereupon alkylation of the acetylenic carbon atoms occurs (see
      L. Brandsma, Preparative Acetylenic Chemistry, Elshevier Publishing Co.,
      Amsterdam, 1971).
PAR  In this prior art process it is necessary to react an acetylene starting
      compound with a lithium alkyl, alkali metal, alkali metal hydride,
      Grignard compound or the like, in order to metallize the acetylenic
      methine proton and subsequently to effect reaction with a propargyl
      halide, an .alpha.,.beta.-unsaturated halide or a derivative thereof, or
      with an ordinary alkyl halide. The metallizing agents, which present a
      fire hazard and can only be used in inflammable solvents, thus hardly
      permit industrial use of such reagents.
PAR  Moreover, in the process steps mentioned above, for the synthesis of highly
      unsaturated compounds, either under the reaction conditions which prevail,
      or as a result of the action of the reactants on the synthesized, isolated
      polyacetylene compounds, undesired isomerizations, ranging from allene
      formation to propargyl rearrangement can occur extensively, and the isomer
      mixtures obtained, which contain impurities to a greater or lesser extent,
      exhibit a tendency to decompose explosively.
PAR  The present invention provides a process for the preparation of unsaturated
      compounds of the formula
EQU  R.sup.1 --C.tbd.C--R.sup.2                                 (I)
PAL  wherein
PA1  R.sup.1 is hydrogen, unsubstituted or substituted alkyl, especially alkyl
      of 1 to 12 carbon atoms, unsubstituted or substituted by
      tetrahydropyranyloxy, tri-lower alkylsilyl, hydroxy, carboxyl, carbo-lower
      alkoxy, carboxylic acid amide or a moiety of the formula
      ##EQU1##
      wherein R.sup.I and R.sup.II are alkyl of 1 to 5 carbon atoms;
      unsubstituted or substituted alkenyl, especially alkenyl of 2 to 12 carbon
      atoms, unsubstituted or substituted by tetrahydropyranyloxy, tri-lower
      alkylsilyl, hydroxy, carboxyl, carbo-lower alkoxy, carboxylic acid amide
      or a moiety of the formula
      ##EQU2##
      wherein R.sup.I and R.sup.II are alkyl of 1 to 5 carbon atoms,
      unsubstituted or substituted alkynyl; especially alkynyl of 2 to 12 carbon
      atoms, unsubstituted or substituted by tetrahydropyranyloxy, tri-lower
      alkylsilyl, hydroxy, carboxyl, carbo-lower alkoxy, carboxylic acid amide
      or a moiety of the formula
      ##EQU3##
      wherein R.sup.I and R.sup.II are alkyl of 1 to 5 carbon atoms,
      unsubstituted or substituted polyalkenyl, i.e., alkenyl having multiple
      points of unsaturation; especially polyalkenyl of 2 to 12 carbon atoms,
      unsubstituted or substituted by tetrahydropyranyloxy, tri-lower
      alkylsilyl, hydroxy, carboxyl, carbo-lower alkoxy, carboxylic acid amide
      or a moiety of the formula
      ##EQU4##
      wherein R.sup.I and R.sup.II are alkyl of 1 to 5 carbon atoms; or
      unsubstituted or substituted polyalkynyl, i.e., alkynyl having multiple
      points of unsaturation, especially polyalkynyl of 2 to 12 carbon atoms,
      unsubstituted or substituted by tetrahydropyranyloxy, tri-lower
      alkylsilyl, hydroxy, carboxyl, carb-lower alkoxy, carboxylic acid amide or
      a moiety of the formula
      ##EQU5##
      wherein R.sup.I and R.sup.II are alkyl of 1 to 5 carbon atoms; and
PA1  R.sup.2 is unsubstituted or substituted alkenyl, especially alkenyl of 2 to
      12 carbon atoms, unsubstituted or substituted by tetrahydropyranyloxy,
      tri-lower alkylsilyl, hydroxy, carboxyl, carb-lower alkoxy, carboxylic
      acid amide or a moiety of the formula
      ##EQU6##
      wherein R.sup.I and R.sup.II are alkyl of 1 to 5 carbon atoms;
      unsubstituted or substituted alkynyl, especially alkynyl of 2 to 12 carbon
      atoms, unsubstituted or substituted by tetrahydropyranyloxy, tri-lower
      alkylsilyl, hydroxy, carboxyl, carb-lower alkoxy, carboxylic acid amide or
      a moiety of the formula
      ##EQU7##
      wherein R.sup.I and R.sup.II are alkyl of 1 to 5 carbon atoms;
      unsubstituted or substituted polyalkenyl, i.e., alkenyl having multiple
      points of unsaturation, especially polyalkenyl of 2 to 12 carbon atoms,
      unsubstituted or substituted by tetrahydropyranyloxy, tri-lower
      alkylsilyl, hydroxy, carboxyl, carb-lower alkoxy, carboxylic acid amide or
      a moiety of the formula
      ##EQU8##
      wherein R.sup.I and R.sup.II are alkyl of 1 to 5 carbon atoms; or
      unsubstituted or substituted polyalkynyl, i.e., alkynyl having multiple
      points of saturation, especially polyalkynyl of 2 to 12 carbon atoms,
      unsubstituted or substituted by tetrahydropyranyloxy, tri-lower
      alkylsilyl, hydroxy, carboxyl, carb-lower alkoxy, carboxylic acid amide or
      a moiety of the formula
      ##EQU9##
      wherein R.sup.I and R.sup.II are alkyl of 1 to 5 carbon atoms, which
      process comprises reacting a compound of the formula
EQU  R.sup.1 --CH.tbd.CH                                        (II)
PAL  wherein
PA1  R.sup.1 is as above defined,
PAL  in a reaction mixture which comprises a copper(I) halide or copper(I)
      cyanide, a bicyclic amidine base and a catalytic amount of an antioxidant
      or mixture of antioxidants, either in the presence or in the absence of
      water, in an organic solvent or mixture of such solvents, at a temperature
      of from -40.degree. C to +100.degree. C, with a compound of the formula
EQU  X--R.sup.2                                                 (III)
PAL  wherein
PA1  X is halogen, and
PA1  R.sup.2 is as above defined.
PAR  It is distinctly surprising that according to the above reaction sterically
      pure compounds with multiple points of unsaturation can be synthesized in
      a high yield without rearrangement occurring whereby major amounts of
      isomeric end products would result.
PAR  The following may be mentioned as examples of starting compounds of the
      formula (II): 3-tetrahydropyranyloxypropyne-(1), heptyne-(1), pentyne-(1),
      propargyl alcohol, propyn-(1)-ol(3), butyn-(1)-ol(4), pentyn-(1)-ol(5),
      undecadiyn-(2,5)-ol(1), decadiyn(2,5)-ol-(1), nonadiyn-(2,5)-ol-(1),
      heptadiyn-(2,5)-ol-(1), octadiyn-(2,5)-ol-(1), hexadiyn-(2,5)-ol-(1),
      nonadiyn-(1,4)-ol-(9), propyne-(1), butyne-(1), hexyne-(1), octyne-(1),
      nonyne-(1) and decyne-(1).
PAR  The following may be mentioned as examples of starting compounds of the
      formula (III): 3-trimethylsilyl-propargyl bromide,
      3-trimethylsilyl-propargyl chloride, 3-trimethyl-silylpropargyl iodide,
      allyl chloride, allyl bromide, allyl iodide,
      1-chloro-4-tetrahydropyranyloxybutyne-(2),
      1-bromo-4-tetrahydropyranyloxybutyne-(2),
      1-iodo-4-tetrahydropyranyloxybutyne-(2), 1-chlorooctyne-(2),
      1-bromooctyne-(2), 1-iodo-octyne-(2), 1-chloroundecadiyne-(2,5),
      1-bromoundecadiyne-(2,5), 1-iodoundecadiyne-(2,5), 1-iodobutyne-(2),
      1-iodo-pentyne-(2), 1-iodoheptadiyne-(2,5), 1-iododecatriyne-(2,5,8),
      1-iodotridecatetrayne-(2,5,8,11) and 1-iodooctadiyne-(2,5).
PAR  Some of the compounds of the formulas (II) and (III) employed as starting
      compounds are known. However, they can all be prepared easily in
      accordance with known methods.
PAR  Thus, for example, halides of the formula (III), especially iodides, are
      prepared by reaction of tosylates or mesylates of the corresponding
      alcohols with alkali metal halides, preferably NaI, in polar solvents,
      preferably in acetone.
PAR  If 3-tetrahydropyranyloxypropyne-(1) and allyl bromide are used as starting
      compounds, the course of the reaction can be represented by the following
      equation:
      ##SPC1##
PA1  Dbu = 1,8-diazabicyclo[5,4,0]undecene
PA1  Thf = tetrahydrofuran.
PAR  The tetrahydropyranyloxy derivative can be converted, by subsequent acid
      hydrolysis, into the corresponding hydroxy compound:
      ##SPC2##
PAR  If propargyl alcohol and allyl bromide are used as starting compounds and
      the reaction is carried out in the presence of CuI or CuBr, using
      diazabicycloundecene (DBU) in an organic solvent consisting of absolute
      tetrahydrofuran (THF) and/or hexamethylphosphoric acid triamide (HEMPTA),
      the reaction can be represented by the following equation:
      ##EQU10##
EQU  HO--CH.sub.2 --C.tbd.C--CH.sub.2 --CH=CH.sub.2 + HBr
PAR  In formula (II), R.sup.1 is preferably alkyl, alkenyl or alkynyl as
      hereinabove defined.
PAR  In formula (III), R.sup.2 is preferably alkenyl, polyalkenyl, alkynyl or
      polyalkynyl as hereinabove defined.
PAR  Preferred compounds of the formula (III) are compounds of the formulas
EQU  X--CH.sub.2 --C.tbd.C--R",
      ##EQU11##
      wherein X is preferably bromine or iodine and
PA1  R" is preferably hydrogen, trialkylsilyl, especially tri-lower alkylsilyl
      and most especially trimethylsilyl, tetrahydropyranyloxy, carboxyl,
      carbalkoxy, especially carb-lower alkoxy, or a carboxylic acid amide
      whicch may be substituted on the amide nitrogen.
PAR  According to one embodiment of the present invention.
PA1  R.sup.1 is alkyl of 1 to 12 carbon atoms, alkenyl of 2 to 12 carbon atoms,
      alkynyl of 2 to 12 carbon atoms, or said alkyl, said alkenyl or said
      alkynyl substituted by tetrahydropyranyloxy, tri-alkylsilyl of 1 or 2
      carbon atoms, or hydroxy, and
PA1  R.sup.2 is alkenyl of 2 to 12 carbon atoms, alkynyl of 2 to 12 carbon
      atoms, or said alkenyl or alkynyl substituted by tetrahydropyranyloxy,
      tri-alkylsilyl of 1 or 2 carbon atoms or hydroxy.
PAR  According to another embodiment of the present invention compound
      X--R.sup.2 is
EQU  X--CH.sub.2 --C.tbd.C--R",
      ##EQU12##
      X is bromine or iodine and R" is hydrogen, trialkylsilyl of 1 to 2 carbon
      atoms, carboxyl, carbalkoxy or carboxylic acid amide.
PAR  According to another embodiment of the present invention
PA1  R" is hydrogen, allyl or tri-methylsilyl.
PAR  All inert organic solvents can be used as diluents in the reaction
      according to the invention, especially acetonitrile, tetrahydrofuran
      (THF), dimethylformamide (DMF), benzene, dioxane, dimethylsulphoxide
      (DMSO), hexamethylphosphoric acid triamide (HEMPTA) and mixtures of the
      aforesaid solvents. Equally, the reaction can also be carried out in the
      presence of some water together with the organic solvent.
PAR  The reaction according to the invention is carried out in the presence of a
      bicyclic amidine, preferably 1,5-diazabicyclo[4,3,0]nonene (DBN) or
      1,8-diazabicyclo[5,4,0]undecene (DBU), and of copper(I) salts, preferably
      CuCl, CuBr, CuI and CuCN, with a catalytic amount of an antioxidant or a
      mixture of antioxidants.
PAR  Representative antioxidants which may be used in the process of the present
      invention include: hydroxylammonium salts, for example the hydrochloride
      or the sulphate, phenothiazine, hydrazine, hydrazinium salts, such as
      hydroazinium chloride, ascorbic acid and tertiary butylphenols, for
      example, 2,6-bis-tert.-butylphenol, or mixtures thereof.
PAR  A preferred temperature range for the process according to the present
      invention is from -10.degree. C to +60.degree. C.
PAR  In general the reaction is carried out at atmospheric pressure and in an
      inert gas atmosphere.
PAR  To carry out the process according to the present invention, the equimolar
      amount of Cu(I) salt is first introduced into the solvent under a nitrogen
      atmosphere and catalytic amounts of the antioxidant are added while
      cooling, as are 1 to 1.5 equivalents of the cyclic amidine base, added
      dropwise until solution has occurred. While continuing always to work
      under an inert gas atmosphere, 1 to 1.5 equivalents of the acetylene
      compound are now added with stirring. The desired halide, dissolved in the
      same solvent or different solvents, is now added slowly, and the mixture
      must be cooled if the reaction temperature rises suddenly.
PAR  The reaction batch is worked up by introducing it into ice/ammonium
      chloride. Remanants of copper salt which are found are filtered off if
      necessary. The mixture is then extracted with a readily volatile organic
      solvent and the organic phase is washed with ammonium chloride solution
      and water. The organic phase is then dried and the solvent is evaporated.
      The highly unsaturated compound can be obtained in yields of between 50
      and 100 percent of theory.
PAR  The compounds according to the present invention are valuable intermediates
      for the preparation of active final products such as, for example, for the
      synthesis of the insect-attracting substances "Dispalur"
      (7,8-cis-epoxy-2-methyl-octadecane, the insect-attracting substance of the
      gypsy moth (Porthetria dispar)) and "Muscalur" (9-cis-tricosene) (see, on
      this subject, K. Eiter, Naturwissenschaften 10, 468-69 (1972) and K.
      Eiter, Angew. Chem. 84, 67-68 (1972)).
PAR  By way of example, the following reaction path is proposed for the
      preparation of Dispalur:
      ##EQU13##
PAR  Heptadiyn-(2,5)-ol-(1) is converted into the corresponding
      1-iodoheptadiyne-(2,5) via the tosylate, by reaction with NaI, and this is
      further reacted as follows:
      ##EQU14##
PAR  The resulting decatriyn-(2,5,8)-ol-(1) is in turn converted into the
      corresponding iodide via the tosylate, with NaI, in a known manner.
PAR  Finally, the 1-iodo-decatriyne-(2,5,8) thus produced is perhydrogenated to
      1-iododecane:
EQU  CH.sub.3 --C.tbd.C--CH.sub.2 --C.tbd.C--CH.sub.2 --C.tbd.C--CH.sub.2 I +
      6H.sub.2 .fwdarw.CH.sub.3 --(CH.sub.2).sub.9 --I
PAR  The 1-iododecane is further converted into "Dispalur" as follows:
      ##EQU15##
      (7,8-cis-epoxy-2-methyl-octadecane, "Dispalur")
DETD
PAR  The process of this invention is illustrated in the preparative examples
      which follow, wherein the following abbreviations, the meaning of which is
      explained here, are used:
PA1  Thf = tetrahydrofuran
PA1  Hempta = hexamethylphosphoric acid triamide
PA1  Dbn = 1,5-diazabicyclo[4.3.0]nonene
PA1  Dbu = 1,8-diazabicyclo[5.4.0]undecene
PA1  Thp = tetrahydropyranyloxy
PAR  The following nonlimitative examples more particularly illustrate the
      present invention:
PAC  EXAMPLE 1
PAC  1-Trimethylsilyl-6-tetrahydropyranyloxyhexadiyne-(1,4)
      ##SPC3##
PAR  100 ml of absolute THF and 14.8 g (0.15 M) of anhydrous CuCl were initially
      introduced, in a nitrogen atmosphere, into a stirring apparatus, while
      cooling at 0.degree.C. 18.6 g (0.15 M) of DBN were then added dropwise and
      the dark green complex solution was decolorized by addition of 2.0 g of
      hydroxylammonium chloride; 21.0 g (0.15 M) of
      3-tetrahydropyranyloxypropyne-(1) in 10 ml of absolute THF were then added
      dropwise while continuously passing very pure nitrogen through the
      mixture, and a solution of 19.1 g (0.1 M) of silylated propargyl bromide
      dissolved in 20 ml of absolute THF was allowed to run in at 0.degree.C.
      After stirring for 8-12 hours, the mixture was poured onto ice and
      ammonium chloride, remnants of copper salt were filtered off and the
      aqueous filtrate was repeatedly extracted with ether. After washing with
      water, the organic phase was dried and the solvent was carefully removed
      in a rotary vacuum evaporator. Yield: 25.0 g of a product which, according
      to the IR and NMR spectra, contained traces of the initial
      tetrahydropyranyloxypropyne in addition to traces of allene. The product
      could be treated, for further conversion, by subjecting it to
      chromatography on silica gel, from which it was easily eluted as the peak
      fraction with the eluant petroleum ether:ether (9:1). IR: 2,195
      cm.sup.-.sup.1, 2,250 cm.sup.-.sup.1, 1,250 cm.sup.-.sup.1, 1,120
      cm.sup.-.sup.1 and 1,020-1,080 cm.sup.-.sup.1. These spectrographic data
      unambiguously indicate
      1-trimethylsilyl-6-tetrahydropyranyloxyhexadiyne-(1,4).
PAC  EXAMPLE 2
PAC  6-Tetrahydropyranyloxy-hexen-(1)-yne-(4)
      ##SPC4##
PAR  A complex solution was prepared from 9.9 g (0.1 M) of CuCl and 18.6 g (0.15
      M) of DBU in 100 ml of absolute THF under nitrogen; after addition of 1.0
      g of hydroxylamine hydrochloride, the solution became completely
      colorless. After cooling to 0.degree.-10.degree.C, 21.0 g (0.15 M) of
      3-tetrahydropyranyloxypropyne-(1) were rapidly added dropwise, followed by
      24.0 g (0.2 M) of allyl bromide. The reaction was strongly exothermic (the
      temperature rose to +60.degree.C). The mixture was then heated for a
      further 30 minutes at 60.degree.C and worked up as described in Example 1.
      25.0 g of a yellowishtinged oil, which distilled in a high vacuum (boiling
      point = 73.degree.-75.degree.C/ 0.1 mm Hg) without leaving a residue, were
      obtained. According to the IR spectrum and NMR spectrum, the oil was the
      pure product referred to above. n.sub.D.sup.20 = 1,4774. IR: 3,040; 2,900;
      2,850; 2,220; 2,280; 1,640; 1,440; 1,420; 1,390; 1,340; 1,325; 1,285;
      1,265; 1,200; 1,185; 1,120 1,020-1,080; 985; 945; 900; 868 and 820
      cm.sup.-.sup.1.
PAC  EXAMPLE 3
PAC  1-Tetrahydropyranyloxyundecadiyne-(2,5)
      ##SPC5##
PAR  A solution of a complex was prepared from 100 ml of absolute THF and 14.8 g
      (0.15 M) of CuCl, 18.6 g (0.15 M) of DBN and 2.0 g of hydroxylamine
      hydrochloride at 0.degree.C, taking care to flush the mixture well with
      nitrogen. 14.4 g (0.15 M) of heptyne-(1) were introduced into this complex
      at 0.degree.C and thereafter 23.3 g (0.1 M) of
      1-bromo-4-tetrahydropyranyloxybutyne-(2) in 20 ml of absolute HEMPTA were
      allowed to run in. The temperature was raised to +60.degree.C and the
      mixture was stirred for 6 hours at this temperature. Working up gave 23.0
      g of an oil which was freed from excess 3-tetrahydropyranyloxypropyne-(1)
      in a high vacuum; the residue was a halogen-free product, the IR and NMR
      spectra of which showed that the compound was in the form of the isolated
      diyne of the desired structure.
PAR  IR: 2,900, 2,220; 2,260 (doublet); 1,440-1,470 (triplet); 1,385; 1,345;
      1,320; 1,265; 1,210; 1,180; 1,120; 1,080; 1,060; 1,020; 975; 950; 910; 875
      and 820 cm.sup.-.sup.1.
PAR  NMR: 4.85 ppm (M)
      ##SPC6##
PAL  4.20 ppm (T), 3.15 ppm (M)-- [--C.tbd.C--CH.sub.2 --C.tbd.C], (I = 7 Hz),
      3.35-3.8 ppm (M)
      ##SPC7##
PAL  0.95-2.2 ppm [remaining protons]
PAC  EXAMPLE 4
PAC  1,7-Bis-tetrahydropyranyloxy-heptadiyne-(2,5)
      ##SPC8##
PAR  A complex was prepared from 100 ml of absolute THF, 14.8 g (0.15 M) of CuCl
      and 18.6 g (0.15 M) of DBN under a N.sub.2 atmosphere, and was immediately
      obtained colorless as a result of the addition of 2.0 g of NH.sub.2
      OH.HCl. 21.0 g (0.15 M) of tetrahydropyranyloxy-propyne-(1) in 20 ml of
      absolute THF were added at 0.degree.C, followed by a solution of 23.3 g
      (0.1 M) of 1-bromo-4-tetrahydropyranyloxy-butyne-(2) in 20 ml of absolute
      HEMPTA, added dropwise. The mixture was warmed to 60.degree.C for 6 hours
      while flushing with N.sub.2 and was then worked up in the usual manner.
      Yield: 23.5 g of an orange oil which contained a little excess
      tetrahydropyranyloxy-propyne, but which could be purified, by removing the
      latter, either by separation in a high vacuum until the temperature at
      which material passed over reached 50.degree.C, or by chromatography on a
      silica gel column, using petroleum ether; ether (9:1). The IR spectrum and
      NMR spectrum proved the structure.
PAR  IR: 2,210 (shoulder); 2,270 cm.sup.-.sup.1 (weak); 1,945 cm.sup.-.sup.1
      (medium-strong); and broad and very strong bands at 1,120 and 1,000-1,080
      cm.sup.-.sup.1.
PAR  NMR: 3.25 ppm (T), 4.8 ppm (M), 4.25 ppm (M), 3.5-3.9 ppm (M), 1.68 ppm,
      remaining protons; 5.5 ppm (olefinic protons of the allene isomer, in
      traces).
PAC  EXAMPLE 5
PAC  1-Tetrahydropyranyloxyundecadiyne-(2,5)
PAR  A solution of a complex was prepared from 50 ml of absolute benzene, 15.2 g
      (0.1 mole) of DBU and 14.3 g (0.1 mole) of CuBr under an argon atmosphere.
      After adding catalytic amounts of phenothiazine and ascorbic acid, the
      mixture was warmed to 40.degree.C and a solution of 10.0 g (0.1 mole) of
      heptyne-(1) in 30 ml of absolute benzene was added. This produced a
      yellow-green suspension which was stirred for 30 minutes at
      30.degree.-40.degree.C. 23.3 g (0.1 mole) of
      1-bromo-4-tetrahydropyranyloxy-butyne-(2) in 50 ml of absolute benzene
      were then allowed to run in and the mixture was warmed to
      40.degree.-50.degree.C. The whole was stirred for 4 hours at
      40.degree.-50.degree.C, which produced a dark orange solution in addition
      to a solid which could be stirred easily. Decomposition was effected
      analogously to Example 1 with ice/NH.sub.4 Cl. The mixture was repeatedly
      extracted with ether and the extract was dried and clarified with active
      charcoal, thus giving 25.0 g (100% of theory) of a light yellow oil which
      after filtration through Al.sub.2 O.sub.3 of activity II (acid), using
      petroleum ether/ether (7/3), gave 24.0 g of what, according to the IR
      spectrum and NMR spectrum, was the product referred to above. The NMR
      spectrum was completely identical to that found in Example 3.
PAC  EXAMPLE 6
PAC  1-Tetrahydropyranyloxy-undecadiyne-(2,5)
PAR  28.5 g (0.15 mole) of CuI (very finely powdered and dried) were added to 50
      ml of absolute benzene and 23.0 g (0.15 mole) of DBU in an argon
      atmosphere, and after lightening the color of the complex by adding 0.1 g
      of hydroxylammonium sulphate and a pinch of phenothiazine, a solution of
      15.0 g (0.15 mole) of heptyne-(1) was introduced. The mixture was stirred
      for one-half hour at 40.degree.C and at this temperature a solution of
      28.1 g (0.1 mole) of 4-tetrahydropyranyloxyiodobutyne-(2) in 50 ml of
      absolute benzene was rapidly added dropwise. The temperature rose
      gradually to 50.degree.C, the mixture was stirred for 2 hours at this
      temperature, the residue which had separated out was filtered off after
      cooling the contents of the flask and was washed with ether and the
      filtrate was repeatedly extracted by shaking with ice water/NH.sub.4 Cl,
      rinsed with a little dilute Na.sub.2 S.sub.2 O.sub.3 solution and H.sub.2
      O, dried and evaporated in vacuo. Residue 24.0 g (96% of theory). The IR
      and NMR spectra were identical to those of the product of Example 3.
PAC  Undecadiyn-(2,5)-ol-(1)
PAR  38.0 g (0.25 mole) of DBU were dissolved in 150 ml of absolute THF and 30
      ml of absolute HEMPTA under argon, and 47.5 g (0.25 mole) of very finely
      powdered CuI were added thereto, in portions. After adding catalytic
      amounts of hydroxylammonium sulphate (0.3 g) and phenothiazine (0.2 g), a
      solution of 20.0 g (0.25 mole) of freshly distilled propargyl alcohol
      (propyn-(1)-ol-(3)) in 10 ml of absolute HEMPTA was added dropwise. After
      stirring at 50.degree.C in an argon atmosphere, the yellow paste produced
      became somewhat more fluid after 30 minutes. A solution of 42.0 g of
      1-iodooctyne-(2) (0.18 mole) in 50 ml of absolute HEMPTA was then added
      dropwise and the mixture was stirred at 50.degree.C for 6 hours. After
      evaporating off the bulk of the THF in a rotary evaporator, the pasty
      residue was decomposed with NH.sub.4 Cl/ice water and the mixture
      extracted with ether in an extractor. After washing with water, drying and
      evaporation, the ether extract gave 35.0 g of an oil which was a mixture
      of undecadiyn-(2,5)-ol-(1) with a little HEMPTA.
PAC  EXAMPLE 8
PAC  Hexen-(5)-yn-(2)-ol-(1)
PAR  A solution was prepared from 100 ml of absolute THF and 15.7 g (0.1 mole)
      of DBU in a nitrogen atmosphere, and 19.0 g (0.1 mole) of CuI were added
      thereto at room temperature. The mixture was stirred until the CuI had
      dissolved completely. A pinch of hydroxylammonium sulphate and
      phenothiazine were added, followed by 30 ml of absolute HEMPTA, a solution
      of 6.0 g (0.11 mole) of propargyl alcohol in 30 ml of absolute THF was
      added dropwise at 40.degree.C, the yellow paste was stirred for 1 hour at
      room temperature, and 16.0 g of allyl bromide (0.13 mole) were then added
      dropwise. The temperature rose to 50.degree.-60.degree.C and the mixture
      was stirred for 2 hours at 60.degree.C, during which the contents of the
      flask dissolved completely. After decomposition with ice/NH.sub.4 Cl, the
      mixture was exhaustively extracted with ether in an extractor, the ether
      was distilled off under normal pressure and the residue was distilled in
      vacuo: the boiling point was 76.degree.-80.degree.C/12 mm Hg. Yield: 8.0 g
      of a colorless liquid (84% of theory); n.sub.D.sup.20 1.4760. The IR
      spectrum and NMR spectrum agreed in all details with the structure.
PAC  EXAMPLE 9
PAC  Tetradecatriyn-(2,5,8)-ol-(1)
PAR  A solution of a complex was prepared from 100 ml of absolute THF, 20 ml of
      absolute HEMPTA, 7.6 g (0.05 mole) of DBU and 9.5 g (0.05 mole) of CuI in
      a nitrogen atmosphere, and after adding catalytic amounts of phenothiazine
      and hydroxylammonium sulphate, a solution of 4.0 g (0.07 mole) of
      propargyl alcohol in 5 ml of absolute HEMPTA was added. The mixture was
      stirred for 1 hour at 40.degree.C, a solution of 14.0 g (0.05 mole) of
      1-iodoundecadiyne-(2,5) in 10 ml of absolute HEMPTA was added, and the
      temperature was kept at 60.degree.-70.degree.C for 5 hours, while
      stirring. After this time, the mixture was cooled, saturated NH.sub.4 Cl
      solution was added, and the smeary residue which separated out was
      filtered off and extracted with ether in an extractor. After washing the
      ether extract with NH.sub.4 Cl solution, water, NH.sub.4 Cl solution and
      again with water, the extract was dried and filtered and the solvent was
      evaporated off in vacuo. 10.0 g of tetradecatriyn-(2,5,8)-ol-(1) remained;
      this material had an IR spectrum and an NMR spectrum which proved the
      assumed structure.
PAC  PREPARATION OF STARTING COMPOUNDS
PAC  Example A
PAL  4-tetrahydropyranyloxy-1-iodobutyne-(2)
PAR  162.0 g (0.5 mole) of the tosylate of
      4-tetrahydropyranyloxybutyn-(2)-ol-(1), melting point
      44.degree.-46.degree.C, were dissolved in 500 ml of acetone and the
      solution was added dropwise to a solution of 187.5 g (1.25 moles) of
      sodium iodide in 500 ml of acetone at 40.degree.C; sodium
      p-toluenesulphonate soon began to separate out. After warming and stirring
      at 40.degree.-50.degree.C for 2 hours, the mixture was cooled and the
      white salt mass was filtered off and rinsed with acetone, the acetone was
      stripped off in a rotary vacuum evaporator and the residue was taken up in
      ice water and ether. Washing and drying the ether phase gave 132.0 g (95%
      of theory) of 1-iodo-4-THP-butyne-(2) (n.sub.D.sup.20 = 1.5483) and the IR
      and NMR spectrum of which agreed completely with the structure. For
      analytical purposes, the 4-THP-1-iodobutyne-(2) could be applied to
      Al.sub.2 O.sub.3 of activity II (acid), and eluted, with petroleum ether
      (low-boiling, 30.degree.-50.degree.C).
PAC  Example B
PAL  1-iodooctyne-(2)
PAR  61.0 g (0.52 mole) of 1-hydroxyoctyne-(2) (prepared from 3-THP-propyne-(1)
      and 1-iodopentane, and saponification of the 1-THP-octyne-(2) so formed in
      a manner known from the literature) were dissolved in 150 ml of absolute
      ether and allowed to run into a solution of 100.0 g of tosyl chloride in
      400 ml of absolute ether. After cooling to 0.degree.C in a N.sub.2
      atmosphere, 32.0 g of powdered KOH were introduced in portions. When it
      had all been introduced, the mixture was warmed to room temperature and
      stirred for 2 hours. After pouring onto ice, the mixture was extracted
      with ether and the extract was washed with water and dried. After
      evaporating the solvent, 110 g of crude tosylate remained and were
      immediately converted into the iodide.
PAR  110 g of crude tosylate (0.393 mole) were dissolved in 200 ml of absolute
      acetone and added dropwise to a solution of 180 g (1.2 moles) of NaI in
      600 ml of absolute acetone; a salt paste was produced, which was stirred
      for 3 hours at 40.degree.-50.degree.C. Working-up gave 76.5 g (80% of
      theory), which after chromatography on Al.sub.2 O.sub.3 of activity II
      (acid), using petroleum ether, gave 75.5 of very pure 1-iodooctyne-(2)
      (boiling point 63.degree.-65.degree.C/0.1 mm Hg; n.sub.20.sup.D 1.5332)
      with an NMR spectrum and an IR spectrum that were fully appropriate to the
      assumed structure.
PAC  Example C
PAL  1-iodoundecadiyne-(2,5)
PAR  57.1 g (0.348 mole) of undecadiyn-(2,5)-ol-(1) were dissolved in 150 ml of
      absolute ether and allowed to run into a solution of 76.2 g (0.4 mole) of
      tosyl chloride in 600 ml of absolute ether. 28.0 g (0.5 mole) of powdered
      KOH were introduced in portions at 0.degree.C under a N.sub.2 atmosphere
      and after completion of the introduction the mixture was warmed to room
      temperature for 2 hours. It was poured onto ice and repeatedly extracted
      with ether; the ether phase was washed until neutral, dried over Na.sub.2
      SO.sub.4 and filtered, and the solvent was evaporated off in vacuo. 93.0 g
      of crude tosylate remained and were immediately reacted further to form
      the iodide.
PAR  115 g of NaI were dissolved in 500 ml of acetone and a solution of 93.0 g
      of the tosylate in 100 ml of acetone was added dropwise at
      30.degree.-40.degree.C in a N.sub.2 atmosphere. After stirring for 5 hours
      at 50.degree.C, a salt precipitate formed, which was filtered off and
      washed with a little acetone. The acetone was largely removed on a rotary
      evaporator and the residue was treated with ice water and ether. 63.9 g of
      crude 1-iodoundecadiyne-(2,5) remained and were filtered over Al.sub.2
      O.sub.3 of activity II (acid) using petroleum ether. 61.0 g of
      1-iodoundecadiyne-(2,5) remained; this could be distilled in a bulb tube
      at boiling point 100.degree.-120.degree.C/0.001 mm Hg (air bath
      temperature), without leaving any residue.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process which comprises
PA1  a. forming an intermediate complex by combining, in an organic solvent, at
      temperature of from -40.degree. to +100.degree.C and in the presence of at
      least one antioxidant,
PA2  i. a molar equivalent amount of a copper(I) halide or copper(I) cyanide,
PA2  ii. from 1 to 1.5 molar equivalent amount of an ethynyl reactant of the
      formula:
EQU  R.sup.1 C.tbd.CH
PA2  in which R.sup.1 is hydrogen, alkyl of 1 to 12 carbon atoms, alkenyl of 2
      to 12 carbon atoms, alkynyl of 2 to 12 carbon atoms, polyalkenyl of up to
      12 carbon atoms, polyalkynyl of up to 12 carbon atoms, or said alkyl,
      alkenyl, alkynyl, polyalkenyl or polyalkynyl substituted by
      tetrahydropyranyloxy, tri(lower alkyl)silyl, hydroxy, carboxy, carbo(lower
      alkoxy), carboxamide or a group of the formula:
      ##EQU16##
      in which each of R.sup.I and R.sup.II is alkyl of 1 to 5 carbon atoms; and
      iii. from 1 to 1.5 molar equivalent amount of
      1,8-diazabicyclo[5.4.0]undecene or 1,5-diazabicyclo[4.3.0]nonene, and
PA1  b. combining with said complex at least a molar equivalent amount of a
      second reactant of the formula:
EQU  XR.sup.2
PA1  in which X is chloro, bromo or iodo and
PA2  R.sup.2 is a mono- or poly-unsaturated aliphatic hydrocarbon of up to 12
      carbon atoms, unsubstituted or substituted by tetrahydropyranyloxy,
      tri(lower alkyl)silyl, hydroxy, carboxy, carbo(lower alkoxy), carboxamide
      or a group of the formula:
      ##EQU17##
      wherein each of R.sup.I and R.sup.II is alkyl of 1 to 5 carbon atoms; said
      R.sup.2 being selected so that X is comprised in said XR.sup.2 on a
      terminal 3-X-prop-1-en-1-yl or 3-X-prop-1-yn-1-yl group, thereby coupling
      the ethynyl group of ethynyl reactant with the prop-1-en-1-yl or
      prop-1-yn-1-yl group of said second reactant to form a compound of the
      formula:
EQU  R.sup.1 C.tbd.CR.sup.2
PAL  in which R.sup.1 and R.sup.2 are as defined above.
NUM  2.
PAR  2. A process according to claim 1 wherein
PA1  R.sup.1 is alkyl of 1 to 12 carbon atoms, alkenyl of 2 to 12 carbon atoms,
      alkynyl of 2 to 12 carbon atoms, said alkyl, alkenyl or alkynyl being
      unsubstituted or substituted by tetrahydropyranyloxy, tri(alkyl)silyl of 1
      or 2 carbon atoms, or hydroxy.
NUM  3.
PAR  3. A process according to claim 1 wherein
PA1  R.sup.1 is alkyl of up to 5 carbon atoms, unsubstituted or substituted by
      hydroxy, tri(alkyl)silyl, or tetrahydropyranyloxy and
PA1  R.sup.2 x is of the formula:
EQU  X--CH.sub.2 CH=CH--R"
PAL  or
EQU  X--CH.sub.2 C.tbd.C--R"
PA1  in which R" is hydrogen, alkyl of up to 12 carbon atoms, alkenyl of up to
      12 carbon atoms, or alkynyl of up to 12 carbon atoms, said alkyl, alkenyl
      and alkynyl being unsubstituted or substituted by hydroxy, tri(alkyl)silyl
      or tetrahydropyranyloxy, and
PA1  X is bromo or chloro.
NUM  4.
PAR  4. A process according to claim 1 wherein the copper(I) halide is copper(I)
      chloride, copper(I) bromide or copper(I) iodide.
NUM  5.
PAR  5. A process according to claim 1 wherein the antioxidant is an
      hydroxylammonium salt, hydrazine, a hydrazinium salt, phenothiazine,
      ascorbic acid, a tertiary butylphenol or a mixture thereof.
NUM  6.
PAR  6. A process according to claim 5 wherein the antioxidant is a
      hydroxylammonium salt.
NUM  7.
PAR  7. A process according to claim 5 wherein the antioxidant is a mixture of
      an hydroxylammonium salt and phenothiazine.
NUM  8.
PAR  8. A process according to claim 5 wherein the antioxidant is a mixture of
      phenothiazine and ascorbic acid.
NUM  9.
PAR  9. A process according to claim 1 wherein the process is carried out at
      between -10.degree. C and +60.degree. C.
NUM  10.
PAR  10. A process according to claim 1 wherein the organic solvent is
      acetonitrile, tetrahydrofuran, dimethylformamide, benzene, dioxane,
      dimethylsulphoxide, hexamethylphosphoric acid triamide or a mixture
      thereof.
NUM  11.
PAR  11. A process according to claim 1 wherein the organic solvent is aqueous.
NUM  12.
PAR  12. The process according to claim 1 for the production of
      1-trimethylsilyl-6-tetrahydropyranyloxyhexadiyne-(1,4) wherein
      3-tetrahydropyranyloxypropyne-(1) is reacted in a mixture comprising
      copper(I) chloride, 1,5-diazabicyclo[4,3,0]nonene and hydroxyl-ammonium
      chloride with silylated propargyl bromide.
NUM  13.
PAR  13. The process according to claim 1 for the production of
      6-tetrahydropyranyloxy-hexen-(1)-yne-(4) wherein
      3-tetrahydropyranyloxypropyne-(1) is reacted in a mixture comprising
      copper(I) chloride, 1,8-diazabicyclo[5,4,0]undecene and hydroxylamine
      hydrochloride with allyl bromide.
NUM  14.
PAR  14. The process according to claim 1 for the production of
      1-tetrahydropyranyloxyundecadiyne-(2,5) wherein
      1-bromo-4-tetrahydropyranyloxy-butyne-(2) is reacted in a mixture
      comprising copper(I) chloride, 1,5-diazabicyclo[4,3,0]nonene and
      hydroxylamine hydrochloride with heptyne-(1).
NUM  15.
PAR  15. The process according to claim 1 for the production of
      1,7-bis-tetrahydropyranyloxy-heptadiyne-(2,5) wherein
      tetrahydropyranyloxy-propyne-(1) is reacted in a mixture comprising
      copper(I) chloride, 1,5-diazabicyclo[4,3,0]nonene and hydroxylamine
      hydrochloride with 1-bromo-4-tetrahydropyranyloxy-butyne-(2).
NUM  16.
PAR  16. The process according to claim 1 for the production of
      1-tetrahydropyranyloxyundecadiyne-(2,5) wherein
      1-bromo-4-tetrahydropyranyloxy-butyne-(2) is reacted in a mixture
      comprising copper(I) bromide, 1,8-diazabicyclo[5,4,0]-undecene and a
      mixture of phenothiazine and ascorbic acid with heptyne-(1).
NUM  17.
PAR  17. The process according to claim 1 for the production of
      1-tetrahydropyranyloxyundecadiyne-(2,5) wherein
      4-tetrahydropyranyloxy-1-iodobutyne-(2) is reacted in a mixture comprising
      copper(I) iodide, 1,8-diazabicyclo[5,4,0]undecene and a mixture of
      hydroxylammonium sulphate and phenothiazine with heptyne-(1).
NUM  18.
PAR  18. The process according to claim 1 for the production of
      undecadiyn-(2,5)-ol-(1) wherein propargyl alcohol is reacted in a mixture
      of copper(I) iodide, 1,8-diazabicyclo[5,4,0]undecene and a mixture of
      hydroxylammonium sulphate and phenothiazine with 1-iodooctyne-(2).
NUM  19.
PAR  19. The process according to claim 1 for the production of
      hexen-(5)-yn-(2)-ol-(1) wherein propargyl alcohol is reacted in a mixture
      of copper(I) iodide, 1,8-diazabicyclo[5,4,0]undecene and a mixture of
      hydroxylammonium sulphate and phenothiazine with allyl bromide.
NUM  20.
PAR  20. The process according to claim 1 for the production of
      tetradecatriyn-(2,5,8)-ol-(1) wherein propargyl alochol is reacted in a
      mixture of copper(I) iodide, 1,8-diazabicyclo[5,4,0]undecene and a mixture
      of hydroxylammonium sulphate and phenothiazine with
      1-iodoundecadiyne-(2,5).
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ABST
PAL  A process for separating and purifying biphenyltetracarboxylic dianhdride
      isomers from a mixture of these isomers by fractional crystallization in
      aliphatic acid anhydrides or acetone. The isomeric mixture is obtained by
      heating biphenyltetracarboxylic acids, optionally in the presence of an
      aliphatic acid anhydride. The biphenyltetracarboxylic acids are obtained
      by oxidizing coupling dimers of o-xylene or by hydrolyzing coupling dimers
      of dimethyl phthalate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to biphenyltetracarboxylic dianhydrides and a
      process for their production.
PAR  2. Description Of The Prior Art
PAR  It has been known that 2,3,2',3',- and 3,4,3',4'-biphenyltetracarboxylic
      dianhydrides are useful, for example, as starting material for producing
      of polyimides. See, e.g., U.S. Pats. Nos. 3,179,614 and 3,179,630 to
      3,179,633.
PAR  However, no method is yet known which is commercially acceptable for the
      mass-production of these dianhydrides.
PAR  Previously (Japanese Patent Applications 46-87579, 46-91136, 47-32554,
      47-49143) we studied a method of producing biphenyltetracarboxylic
      dianhydrides on an industrial scale. As a result, we found that when
      dimethyl ortho-phthalate or ortho-xylene is reacted in the presence of an
      organic palladium salt and a certain additive under oxygen pressure, a
      dimerized product thereof (a mixture of three isomers), which is an
      oxidative coupling reaction product, can be produced at high yield, the
      this dimer can be easily converted to an isomeric mixture of
      biphenyltetracarboxylic acids by a procedure such as hydrolysis or
      oxidation, and that when the resulting mixture is heated
      biphenyltetracarboxylic dianhydrides can be produced commercially.
PAR  However, the isomeric mixture of biphenyltetracarboxylic dianhydrides so
      obtained contains 2,3,3',4'- (10.about.80%) and 3,4,3',4'-(90.about.17%)
      isomers as the main products and unreacted biphenyltetracarboxylic acid
      isomers as impurities. This isomeric mixture is extremely difficult to
      separate and purify at good yields, even by recrystallization or
      distillation. Although the mixture also contains a 2,3,2',3'-isomer
      (0.about.3%), since the amount of this isomer is very small at the time of
      producing the dimerized product, it is also present in only small amounts
      (0.about.3%) in the isomeric mixture of biphenyltetracarboxylic
      dianhydrides.
PAR  This led us to an extensive study on methods of separating the desired
      isomers, especially the 2,3,3',4'- and 3,4,3',4'-isomers, in pure form
      from the isomeric mixture of biphenyltetracarboxylic dianhydrides.
      Consequently, we found that diphenyltetracarboxylic dianhydrides vary
      greatly in their solubility in aliphatic acid anhydrides or ketones
      according to the type of isomer, and the isomers can be easily separated
      according to this difference in solubility. We further found that when the
      isomers are recrystallized from the aliphatic acid anhydrides, the
      unreacted biphenyltetracarboxylic acids present in the isomers can be
      converted to biphenyltetracarboxylic dianhydrides and small amounts of
      other impurities can be separated and removed, whereby the desired isomers
      of biphenyltetracarboxylic dianhydride can be obtained in pure form.
PAR  As previously stated (Japanese Patent Application 46-87579), we found that
      when dimethyl ortho-phthalate is reacted in the presence of an organic
      palladium salt and a certain additive under oxygen pressure, tetramethyl
      biphenyltetracarboxylate, its dimer, is produced at high yield by
      oxidative coupling. This tetramethyl biphenyltetracarboxylate comprises
      2,3,2',3'-, 2,3,3',4'- and 3,4,3',4'-isomers. Although differing somewhat
      according to the conditions of producing the tetramethyl
      biphenyltetracarboxylates, the proportions of the isomers are about
      0.about.3% for the 2,3,2',3'-isomer, about 54-80% for the
      2,3,3',4'-isomer, and about 43.about.17% for the 3,4,3',4'-isomer. Since
      the amount of the 2,3,2',3'-isomer is extremely small, it can be separated
      to some extent by distillation, and can be ignored for many practical
      purposes. However, we found that it is very difficult to economically
      separate and purify the 2,3,3',4'- and 3,4,3',4'-isomers.
PAR  These isomers are insoluble in water and they cannot be separated by mere
      recrystallization from an organic solvent such as methanol, ethanol,
      tetrahydrofuran, methyl acetate, carbon tetrachloride or methyl
      cellosolve. Furthermore, because of their high boiling point, it is not
      practical to separate and purify them by distillation. When the isomeric
      mixture is subjected to fractional crystallization using an organic
      solvent such as methanol, butanol, ether, tetrahydrofuran, toluene, methyl
      cellosolve, nitrobenzene, chloroform, carbon tetrachloride, acetone,
      methyl acetate or ethanol-ether, if the ratio of the 2,3,3',4'- and
      3,4,3',4'-tetramethyl biphenyltetracarboxylates is at least 1:2, the
      constituent which is present in excess is first precipitated, but both
      isomers in a ratio of about 1:1 still remain in the solution. They cannot
      be separated economically and quantitatively.
PAC  SUMMARY OF THE INVENTION
PAR  We have conducted extensive studies on methods of separating, in pure form,
      the isomers from an isomeric mixture of tetraalkyl
      biphenyltetracarboxylates. As a result, we discovered that when such an
      isomeric mixture is hydrolyzed to an isomeric mixture of
      biphenyltetracarboxylic acids, these isomers can be easily separated in
      water or an aqueous solvent since 2,3,2',3'-, 2,3,3',4'- and
      3,4,3',4'-biphenyltetracarboxylic acids all differ greatly in water
      solubility. According to the present invention, there can be provided
      biphenyltetracarboxylic acid isomers by oxidizing tetramethyl biphenyls
      formed by the oxidative coupling of o-xylene in the presence of an organic
      acid salt of palladium.
PAR  Similarly, there can be provided biphenyltetracarboxylic acid isomers by
      hydrolyzing biphenyltetracarboxylates formed by the oxidative coupling of
      dimethyl phthalate in the presence of an organic acid salt of palladium.
PAR  The isomeric mixture of biphenyltetracarboxylic acids so obtained contains
      2,3,2',3'-(0-3%), 2,3,3',4'-(10-80%) and 3,4,3',4'-(90-17%) isomers. Since
      the amount of a 2,3,2',3'-isomer is extremely small, the 2,3,2',3'-isomer
      can easily be separated from the other isomers by distillation or
      recrystallization.
PAR  Furthermore, there is provided a process for separating and purifying
      biphenyltetracarboxylic anhydride isomers from a mixture of 2,3,3',4'- and
      3,4,3',4'-isomers by fractional crystallization of the acid anhydrides
      thereof obtained by heating a mixture thereof in the presence of an
      aliphatic acid anhydride or a ketone.
PAR  On the other hand, acid anhydrides of biphenyltetracarboxylic acids
      obtained by heating under reflux with an aliphatic acid anhydride can be
      separated and purified from a mixture by fractional crystallization.
PAR  By following the teachings of the present invention,
      2,3,3',4'-biphenyltetracarboxylic dianhydride, a novel substance can be
      produced.
PAR  It is an object of this invention to provide a process for producing
      biphenyltetracarboxylic dianhydride isomers from an isomeric mixture of
      biphenyltetracarboxylic acids.
PAR  Another object of this invention is to provide a process which comprises
      producing an isomeric mixture of biphenyltetracarboxylic dianhydrides from
      an isomeric mixture of biphenyltetracarboxylic acids, and separating this
      mixture into the constituent dianhydride isomers.
PAR  Still another object of this invention is to provide a process for
      separating an isomeric mixture of biphenyltetracarboxylic acids into the
      constituent isomers and a process for producing biphenyltetracarboxylic
      dianhydrides from these isomers.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graphic representation showing the solubilities of
      2,3,3',4'-biphenyltetracarboxylic dianhydride and
      3,4,3',4'-biphenyltetracarboxylic dianhydride in acetic anhydride plotted
      against varying temperatures, the symbol x showing the solubility of the
      2,3,3',4'-isomer and the symbol   showing that of the 3,4,3',4'-isomer.
PAR  FIG. 2 is a graphic representation showing the solubilities of 2,3,3',4'-
      and 3,4,3' ,4'-biphenyltetracarboxylic acid in water plotted against
      varying temperatures, the symbol x showing the solubility of the
      2,3,3',4'-isomer and the symbol   showing that of the 3,4,3',4'-isomer.
PAR  FIG. 3 is the infrared absorption spectrum of
      2,3,3',4'-biphenyltetracarboxylic dianhydride.
PAR  FIG. 4A shows the n m r spectra of tetramethyl
      2,3,3',4'-biphenyltetracarboxylate in CDCl.sub.3, and 4B is an enlarged
      view of, 4A indicated the portion of Figure by a.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to one aspect of this invention, there is provided a process for
      separating and purifying an isomeric mixture of biphenyltetracarboxylic
      dianhydrides which comprises separating said mixture into the constituent
      isomers in the presence of an aliphatic acid anhydride or ketone or
      mixture thereof in an amount of 1 - 500 times by weight, preferably 2 - 10
      times by weight, the weight of the isomers.
PAR  Separation of the biphenyltetracarboxylic dianhydrides will usually be
      performed in the presence of the recited aliphatic acid anhydride(s) and
      for ketone(s) by heating at a temperature of from about 50.degree.C to
      about 250.degree.C and at a pressure of from about 1 atm to about 30 atm.
      Preferred separation/purification conditions are from 100.degree.C to
      150.degree.C and atmospheric pressure. Heating will be terminated when the
      desired separation is achieved, generally in a period of time of from
      about 2 hours to about 20 hours, more typically 4 to 8 hours.
PAR  It has been experimentally confirmed that the
      2,3,3',4'-biphenyltetracarboxylic dianhydride is more soluble in an
      aliphatic acid anhydride or ketone than the 3,4,3',4'-isomer.
PAR  Referring to FIG. 1, the ordinate represents the solubility (g/acetic
      anhydride: 10 ml.) and the abscissa the temperature in .degree.C. The
      measurement of the solubility was performed by maintaining separate
      mixtures of 2.5 g of the 2,3,3',4'-isomer and 5 ml. of acetic anhydride
      and a mixture of 1 g of the 3,4,3',4'-isomer and 20 ml. of acetic
      anhydride at a predetermined temperature to dissolve each of the isomers
      in the acetic anhydride, separating the insoluble matter by filtration,
      drying the filtrate and weighing it, to thereby obtain the amount of the
      isomer dissolved in acetic acid at the specified temperature.
PAR  According to another aspect of this invention, there is provided a process
      for producing biphenyltetracarboxylic dianhydrides, which comprises
      hydrolyzing an isomeric mixture of tetraalkyl esters of
      biphenyltetracarboxylates such as tetramethyl, tetraethyl or
      tetrabutyl-esters, separating the resulting isomeric mixture of
      biphenyltetracarboxylic acids into the constituent isomers in water or an
      aqueous solvent, and then heating the biphenyltetracarboxylic acid isomers
      to convert them to the corresponding dianhydrides.
PAR  Of the biphenyltetracarboxylic acid isomers, the 2,3,2',3'-isomer has the
      largest solubility in water or in an aqueous solvent, followed by the
      2,3,3',4'-isomer and the 3,4,3',4'-isomer in order of decreasing
      solubility. The solubilities of these latter-mentioned
      biphenyltetracarboxylic acid isomers in water are shown in FIG. 2. The
      solubility was measured by maintaining each of a mixture of 9.35 g of
      2,3,3',4'-biphenyltetracarboxylic acid and 10 ml. of water and a mixture
      of 7.53 g of 3,4,3',4'-biphenyltetracarboxylic acid and 20 ml. of water at
      a predetermined temperature to dissolve each of the isomers in water,
      separating the insoluble matter by filtration, drying the filtrate, and
      weighing it, to thereby obtained the amount of each isomer dissolved at
      the specified temperature. The ordinate in FIG. 2 shows the solubility
      (g/H.sub.2 O: 10 ml.) and the abscissa the temperature in .degree.C. The
      symbol x shows the solubility of the 2,3,3',4'-biphenyltetracarboxylic
      acid at the respective temperatures, and the symbol that of the
      3,4,3',4'-biphenyltetracarboxylic acid at the respective temperatures.
PAR  2,3,3',4'-biphenyltetracarboxylic dianhydride is a novel substance.
      Polyimides can be produced therefrom under the same conditions as are
      disclosed in U.S. Pat. No. 3,179,614, which polyimides illustrate
      excellent heat resistance. It can easily be produced by heating
      2,3,3'-4'-biphenyltetracarboxylic acid at 200.degree.-350.degree.C. or by
      refluxing in the presence of an aliphatic acid anhydride. The reaction is
      conducted in the molten state under reduced pressure, e.g., below 760 mm
      Hg to 1 mm Hg for about 10 minutes to about 10 hours. The reaction time
      varies with molecular weight to be used. In the pressure of an aliphatic
      acid anhydride, the reaction is conducted by reflux heating in the
      presence of about 2 to 10 times by weight of the anhydride to ester for
      about 2 to 20 hours. It can be purified and isolated in accordance with
      the present invention. The infrared absorption spectrum of the
      2,3,3',4'-biphenyltetracarboxylic dianhydride is shown in FIG. 3. The
      stretching vibration of the carbonyl group shows itself as two peaks in
      the vicinity of 1800 cm.sup..sup.-1. The 2,3,3',4'-biphenyltetracarboxylic
      dianhydride is in the form of white crystals having a melting point of
      197.degree. to 200.degree.C. An elemental analysis thereof is as follows:
      for C.sub.16 H.sub.6 O.sub.6 calculated C=65.31, H=2.07; found C=65.08,
      H=2.07.
PAR  Examples of the aliphatic acid anhydride use in the present invention are
      acetic anhydride, propionic anhydride butyric anhydride, caproic
      anhydride, valeric acid anhydride, heptanoic acid anhydride, caproic acid
      anhydride etc. It is preferred that the acid anhydride or the ketone used
      in this invention have a boiling point below 250.degree.C since the acid
      anhydride (or the corresponding free acid derived from the acid anhydride)
      or the ketone can easily be removed from the reaction system by
      distillation after the reaction has been completed. Preferred anhydrides
      are the C.sub.2 to C.sub.5 aliphatic acid anhydrides. Of these, acetic
      anhydride is most preferred. When a ketone is used, it is desirable to
      remove as much water as possible from it, i.e., a substantially anhydrous
      ketone is preferably used, such as acetone, diethylketone,
      diisopropylketone and dibutylketone.
PAR  The present invention makes it possible to easily separate and purify
      2,3,3',4'-isomer (10-80%) and 3,4,3',4'-isomer (90-17%) from an isomeric
      mixture containing these biphenyltetracarboxylic dianhydride isomers. In
      the presence of the aliphatic acid anhydride, the 3,4,3',4'-isomer is
      first precipitated as crystals, and then by concentrating the filtrate,
      e.g., by distillation, the 2,3,3',4'-isomer is precipitated as crystals.
      As explained at a later point, the 2,3,2',3'-isomer is usually either
      present at very low proportions (0-3%) or removed by a prior distillation
      or recrystallization. Hence, for a commercial process, it may be ignored
      in many instances.
PAR  The hydrolysis of an isomeric mixture of tetramethyl biphenyl
      tetracarboxylates to form biphenyltetracarboxylic acids may be performed
      by any method. However, since tetramethyl biphenyl tetracarboxylates are
      insoluble in water, it is not preferred to perform the hydrolysis in an
      aqueous solution containing only an alkali salt such as sodium hydroxide,
      potassium hydroxide or sodium carbonate, or, on the other hand, merely
      containing a mineral acid such as sulfuric acid, hydrochloric acid or
      nitric acid, though such systems may be used.
PAR  It is also possible to heat the isomeric mixture together with an alkali
      salt and a water-miscible organic solvent such as an alcohol, e.g.,
      methanol, acetone or dioxane, and neutralize and acidify (below pH 1) the
      resulting alkali salts of biphenyltetracarboxylic acids with a mineral
      acid to precipitate the biphenyltetracarboxylic acids. However, in order
      to increase the solubility of the mixture in water, the alkali salt must
      be used in large excess (larger than 4 molar amounts of ester), and
      therefore this method is not highly preferred because of the need for
      large quantities of the alkali salt and the mineral acid, which is also
      used in amount more than 4 molar times the amount of ester. The above
      method, however, may safely be employed to accomplish the hydrolysis with
      a strong acid.
PAR  Our work shows that the hydrolysis of tetramethyl
      biphennyltetracarboxylates is most effectively carried out by heating them
      in the presence of an organic solvent which is miscible with water and
      dissolves the tetramethyl biphenyltetracarboxylates, such as acetic acid,
      propionic acid, methanol, ethanol, acetone, dioxane, propyl alcohol or
      glycolic acid and a small amount of a mineral acid such as sulfuric acid,
      hydrochloric acid, nitric acid or phosphoric acid. It is especially
      preferred to perform the hydrolysis using a mineral acid (1.about.1/100
      parts)-water (1.about.10 parts)-acetic (1.about.10 parts) acid system, all
      parts being by weight based on 1 part by weight of ester. Since acetic
      acid dissolves the ester, the contact of an ester with strong acid
      increases. Acetic acid further accelerates hydrolysis differently from
      other organic solvents, since acetic acid dissociates. According to this
      method of hydrolysis, the amount of the mineral acid can be reduced, and
      the use of the mineral acid (HCl, H.sub.2 SO.sub.4, HBr, HNO.sub.3) in an
      amount of 1 to 1/100 parts by weight based on the isomeric mixture of
      tetramethyl biphenyltetracarboxylates easily permits the accomplishment of
      hydrolysis.
PAR  For example, the following hydrolysis conditions have been found quite
      useful in practicing the present invention:
PAL  1. using alkalis as described above:
PA0  NaOH or KOH; 0.5-1.5 weight parts (at least 4 moles per mole of ester),
PA0  H.sub.2 o; 1-10 weight parts,
PA0  water miscible organic solvent, e.g., methanol; 10 times the weight of NaOH
      or KOH (preferably; H.sub.2 O/methanol in a 1/4-1/1 weight ratio)
PA0  reaction temp.; 50.degree.-100.degree.C
PA0  reaction time; 2-10 hours
PA0  2. using acids as described above:
PA0  98% H.sub.2 SO.sub.4 ; 1/100 - 1 weight parts per weight part of ester, or
PA0  35% HCl; 1/30 - 3 weight parts per weight part of ester,
PA0  H.sub.2 o; 1 - 10 weight parts per weight part of ester,
PA0  acetic acid; 1 - 10 weight parts per weight part of ester (preferably a
      HAc: H.sub.2 O =1:1 weight mixture)
PA0  reflux temp.; 50.degree. - 100.degree.C
PA1  reaction time, 3-10 hr.
PA1  As indicated, system 2 is most preferred.
PAR  By such an hydrolysis, the isomeric mixture of tetramethyl
      biphenyltetracarboxylates is converted to an isomeric mixture of
      biphenyltetracarboxylic acids, which mixture is then separated into the
      constituent isomers in purified form.
PAR  The isomers may be successively separated by cooling the reaction product
      mixture obtained from the hydrolysis, separating the precipitated crystals
      of 3,4,3',4'-isomeric acid by filtration, and concentrating by
      distillation of the filtrate to precipitate crystals of 2,3,3',4'-isomeric
      acid.
PAR  Another method that can be used to separate the isomeric mixture into the
      constituent isomers comprises concentrating by distillation of the
      reaction product mixture to form a mixture of the crystals of the isomers,
      and then separating the mixture into the constituent isomer crystals in
      water or an aqueous solvent utilizing their difference in solubility. As
      the aqueous solvent, any compound that can dissolve the
      biphenyltetracarboxylic acid isomers, for example, a mixture of water and
      an organic solvent such as acetone, methanol, ethanol, acetic acid,
      Cellosolve, dimethylformamide, dioxane, tetrahydrofuran, etc., can be
      used.
PAR  During distillation to concentrate the reaction product mixture, materials
      such as water, acetone and tetrahydrofuran are removed from the system.
PAR  Usually the amount of water or aqueous solvent used (the aqueous solvent
      generally comprises at least about 20 weight % water, more preferably from
      80 to 20 weight % water, balance organic solvent) is at least about 1
      weight part per one weight part of isomers, more preferably at least 2
      weight parts per one weight part of isomers. Seldom will more than about
      30 weight parts per one weight part of the isomer(s) be needed, but one
      skilled in the art will appreciate these figures are merely exemplary and
      can be varied widely.
PAR  Separation will usually be conducted at a temperature of from about
      0.degree.C to about 50.degree.C under atmospheric pressure. The
      biphenyltetracarboxylic acid isomers isolated may be further purified, if
      desired, by recrystallization from water, acetone, methanol, ethanol, etc.
PAR  When the biphenyltetracarboxylic acid isomeric mixture is placed in water
      or an aqueous solvent, crystals of 3,4,3',4'-biphenyltetracarboxylic acid
      are first precipitated. After separating these crystals, when the filtrate
      is concentrated by distillation, crystals of
      2,3,3',4'-biphenyltetracarboxylic acid are precipitated, and by further
      concentration, crystals of a mixture of 2,3,2',3'- and 2,3,3',4'-isomer
      are precipitated. Since the amount of the 2,3,2',3'-isomer formed by the
      oxidative coupling of dimethyl ortho-phthalate is generally small
      (0.about.3%), almost all of this isomer is removed in a stage of obtaining
      tetramethyl biphenyltetracarboxylates by distillation, e.g., at
      250.degree. to 300.degree.C/1 mmHg, of the reaction product, and the
      isomeric mixture of tetramethyl biphenyltetracarboxylates consists mainly
      of 2,3,3',4'- and 3,4,3',4'-isomers. It is not usually necessary therefore
      to separate the 2,3,2',3'-biphenyltetracarboxylic acid isomer.
PAR  In accordance with this invention, biphenyltetracarboxylic acid
      dianhydrides may be prepared merely by heating biphenyltetracarboxylic
      acids. However, by heating them in the presence of an aliphatic acid
      anhydride or an acid anhydride/ketone mixture in which the minimum molar %
      of anhydride is 20%, the isomers can be separated and continuously
      purified with great advantage. In this case, crystals of the isomers can
      be separated within the reaction product mixture, and the isomers can be
      separated and purified in situ.
PAR  When the biphenyltetracarboxylic acids are per se heated, heating is
      generally at a temperature of from about 200.degree.C to about
      350.degree.C for about 10 min. to about 10 hours, with preferred
      conditions being in the ranges 200.degree. to 300.degree.C for 1 to 4
      hours. The pressure of heating is not critical.
PAR  However, when the biphenyltetracarboxylic acids are heated in the presence
      of aliphatic acid anhydride(s) or aliphatic anhydride(s)/ketone(s),
      heating is generally at a temperature of from about 50.degree.C to about
      250.degree.C and at a pressure of from about 1 atm to about 30 atms for
      about 2 hours to about 20 hours, with preferred conditions being
      100.degree. to 200.degree.C, and 4 to 8 hours.
PAR  The aliphatic acid anhydride(s) or aliphatic anhydride(s)/ketone(s), and
      the proportions thereof, which are used are the same as those heretofore
      recited for the separation of the dianhydride isomers per se with the
      provise the minimum molar % of anhydride(s) in the anhydride(s)/ketone(s)
      mixture be 20%. It is preferred, when using such a mixture the anhydrides
      be present in an amount equal to the weight of the isomers.
PAR  The biphenyltetracarboxylic dianhydride isomers so separated can be further
      pruified by washing with, or recrystallizing from, an aliphatic acid
      anhydride or ketone.
PAR  The process for producing the biphenyltetracarboxylic dianhydride isomers
      according to this invention can be shown schematically as follows:
      ##SPC1##
      ##SPC2##
      ##SPC3##
PAR  The production of a coupling dimer of o-xylene or dimethyl phthalate is
      performed by the oxidative coupling of o-xylene or dimethyl phthalate in
      the presence of an organic salt of palladium and an additive in an
      atmosphere of oxygen under pressure.
PAR  Examples of the organic acid salt of palladium that can be used in this
      invention are carboxylic acid salts such as palladium formate, palladium
      acetate, palladium propionate, palladium butyrate, palladium valerate or
      palladium oxalate, and aromatic carboxylates such as palladium
      terephthalate or palladium benzoate. There can also be used
      .beta.-diketone compounds of palladium such as acetylacetonato palladium
      (II) or di-(trifluoroacetyl-acetonato) palladium (II), and also
      bis(dibenzalacetone) palladium (0). Of these, palladium acetate is
      preferred.
PAR  It is sufficient for reaction if the organic acid salt of palladium is
      present in an amount as small as 10.sup..sup.-4 to 10.sup..sup.-2 molar
      times, preferably 2 .times. 10.sup..sup.-4 to 2 .times. 10.sup..sup.-3,
      the amount of the moles of o-xylene or dimethyl phalate.
PAR  The use of the organic acid salt of palladium is essential in the present
      invention, and inorganic acid salts of palladium such as palladium
      chloride, a mixture of palladium chloride and sodium acetate, palladium
      sulfate and palladium nitrate are unsuitable.
PAR  It is important that the coupling reaction of dimethyl phthalate be
      performed in the presence of the organic acid salt of palladium and a
      certain specific additive in an atmosphere of oxygen under pressure.
      Examples of the additive are a chelating agent such as
      ethylenediaminetetraacetic acid or .beta.-diketone compounds
      (acetylacetone, benzoylacetone, trifluoroacetylacetone,
      hexafluoroacetylacetone or benzoyltrifluoroacetone). The addition of such
      an additive markedly increases the yield of the coupling product. However,
      if other additives, such as sodium acetate, potassium acetate, lithium
      chloride, acetic acid, sulfuric acid, lithium nitrate, potassium nitrate,
      potassium sulfate or a polar solvent such as dimethyl formamide,
      acetonitrile or water, are present in the reaction system, they impede the
      progress of the reaction and cause a marked decrease in the amount of the
      coupled product yielded, sometimes prohibiting reaction.
PAR  When the coupling reaction is carried out in an autoclave made of stainless
      steel or iron, metal salts such as iron, nickel or chromium salts serve as
      contaminants to impede the reaction. But the addition of chelating agents
      such as ethylenediaminetetraacetic acid and .beta.-diketones causes the
      reaction to proceed smoothly since the ethylenediaminetetraacetic acid
      forms a stable complex with such metals.
PAR  The amount of the .beta.-diketone or ethylenediaminetetraacetic acid to be
      added is 0.5.about.5 molar times the amount of the organic acid salt of
      palladium, preferably equimolar thereto.
PAR  The coupling reaction should therefore be carried out without a solvent or
      an additive other than the .beta.-diketone and ethylenediaminetetraacetic
      acid. The reaction is preferably performed under a partial oxygen pressure
      of 5 to 200 Kg/cm.sup.2, most preferably 20 to 100 Kg/cm.sup.2. When the
      partial oxygen pressure is lower than 5 Kg/cm.sup.2, the reaction hardly
      proceeds. On the other hand, there is no appreciable increase in the yield
      of the coupling dimer at a partial oxygen pressure above 200 Kg/cm.sup.2,
      and therefore, it is not economical to perform the reaction at higher
      oxygen pressures. Pure oxygen may be used as the oxygen source. However,
      it is generally safer to use an oxygen-containing gas in which oxygen is
      diluted with an inert gas such as nitrogen or carbon dioxide gas because
      of the danger of explosion.
PAR  The reaction temperature is generally from 50.degree.C.about.300.degree.C.,
      preferably from 100.degree. to 200.degree.C., although different
      temperatures can be used depending on the partial oxygen pressure of the
      reaction pressure. The reaction time is preferably at least about 30
      minutes, usually from about 5 to about 15 hours, and the amount of the
      dimer produced increases with increasing reaction time (preferably
      5.about.15 hours).
PAR  Hydrolysis of the coupling dimer as a mixture of three isomers can be
      performed by the method heretofore described to give an isomeric mixture
      of 3,4,3',4'-, 2,3,3',4'- and 2,3,2',3'-isomers. The purification and
      separation of this isomeric mixture from the reaction product mixture can
      be performed by methods as are generally employed for such purposes, e.g.,
      distillation, extraction or gas-chromatographic separation. The isomeric
      mixture, however, can also be easily separated into the constituent
      isomers by recrystallization based on the difference in solubility of the
      individual isomers.
PAR  Isolation of the constituent isomers from the isomeric mixture of
      biphenyltetracarboxylic acids can be performed by removing the catalyst by
      filtration and unreacted matter by distillation from the reaction product
      mixture after the coupling reaction, directly hydrolyzing it, and
      thereafter subjecting it to a fractional crystallization. Alternatively,
      before obtaining biphenyltetracarboxylic acids, that is to say, after
      isolating the crystals of the dimer consisting of a mixture of the three
      isomers by distillation and crystallization, the isolated crystals can be
      hydrolyzed to form the intended biphenyltetracarboxylic acids.
PAR  There is no precipitation of palladium in the reaction system during the
      coupling reaction of dimethyl phthalate. The palladium salt used as the
      catalyst can be reused after the reaction by purging the autoclave with
      nitrogen gas and replacing hydrogen gas therein, allowing the autoclave to
      stand under pressure to reduce the palladium salt in the reaction product
      mixture, separating the reduced palladium salt as palladium black,
      filtering and washing it, dissolving it in nitric acid, and adding an
      organic carboxylic acid such as acetic acid or propionic acid, whereby the
      catalyst is quantitatively recovered as the organic carboxylic acid salt
      of palladium (as described in J. Chem. Soc., 3632 (1965) by T. A.
      Stephenson, S. M. Morehouse, A. R. Powell, J. P. Heffer & G. Wilkinson).
PAR  In order to form tetralkyl, e.g., tetramethyl, biphenyls by the coupling
      reaction of ortho-xylene, the same reaction conditions as are used in the
      case of dimerizing dimethyl phthalate are employed.
PAR  By the oxidative coupling of ortho-xylene under these conditions,
      3,4,3',4'-tetramethyl biphenyl (90.about.60%) is formed as the main
      product without precipitation of palladium in the reaction system, with
      2,3,2',3'(0.about.3%)-tetramethyl biphenyl and
      2,3,3',4'(10.about.37%)-tetramethyl biphenyl being simultaneously formed.
      The resulting tetramethyl biphenyls, either as an isomeric mixture of
      three isomers or after separation into the individual isomers, are
      oxidized to biphenyltetracarboxylic acids. Preferably, the tetramethyl
      biphenyls are oxidized with nitric acid or in the presence of an oxidation
      catalyst.
PAR  In the case of oxidation with nitric acid, the tetramethyl biphenyls are
      heated at 100.degree. to 200.degree.C. for about 2 hours in a 10-20 wt. %
      aqueous solution of nitric acid, and then heated at a temperature of
      200.degree.C.about.300.degree.C. in a nitric acid solution having
      concentration of 20.about.60% by weight, whereby biphenyltetracarboxylic
      acids corresponding to the above dimers are formed.
PAR  When the oxidation is carried out in the presence of an oxidation catalyst,
      the tetramethyl biphenyl is heated in an atmosphere of oxygen using an
      aliphatic carboxylic acid such as acetic acid or propionic acid as a
      solvent to form dimethyldicarboxylic acid-biphenyl. This is then
      esterified by any generally employed esterification method (Organic
      Syntheses (1943) 2 264), for example, using an excess of methanol and
      sulfuric acid to form dimethyl-dimethoxycarbonyl-biphenyl, which is then
      heated in the presence of the same oxidation catalyst as mentioned above
      to form dihydroxycarbonyl-dimethoxycarbonylbiphenyl. When this product is
      hydrolyzed by any generally employed hydrolysis method, for example, using
      an alkali such as sodium hydroxide or potassium hydroxide, or an acid such
      as sulfuric acid, a biphenyltetracarboxylic acid corresponding to the
      above dimer is formed.
PAR  When a bromide compound such as ammonium bromide, bromine iodide, manganese
      bromide, cobalt bromide, hydrogen bromide, or sodium bromide is added to
      the reaction system during oxidation in the presence of an oxidation
      catalyst, biphenyltetracarboxylic acid is formed from tetramethyl biphenyl
      by a one-step oxidation by merely heating the tetramethyl biphenyl in an
      atmosphere of oxygen in the presence of the oxidation catalyst using an
      aliphatic carboxylic acid as the solvent.
PAR  Examples of the catalyst used are cobalt acetate, manganese acetate, cobalt
      stearate, cobalt naphthenate, cobalt peracetate, cobalt oleate and cobalt
      benzoate. A suitable amount of the oxidation catalyst is 1/10 to 1/200,
      preferably 1/5 to 1/100, parts by weight based on the tetramethyl
      biphenyl. A suitable amount of the bromide compound is 1/50 to 1/1000,
      preferably 1/10 to 1/200, parts by weight based on the tetramethyl
      biphenyl.
PAR  Examples of the aliphatic carboxylic acid as a solvent are aliphatic
      monocarboxylic acids having 2 to 5 carbon atoms, such as formic acid,
      acetic acid, propionic acid, butyric acid or valeric acid. Of these,
      acetic acid is especially preferred. The aliphatic carboxylic acid is
      usually used in an amount of from 1 to 500 times, preferably 2 to 10
      times, the weight of the tetramethyl biphenyl.
PAR  It is desirable that the oxidiation reaction be carried out in an
      atmosphere of oxygen having a partial pressure of 0.2 to 50 Kg/cm.sup.2,
      preferably 5 to 40 Kg/cm.sup.2. A suitable reaction temperature is
      50.degree. to 300.degree.C., preferably 80.degree. to 200.degree.C.
PAR  According to the present invention, biphenyltetracarboxylic acids which
      could not obtained by a commercial mass-production process can be easily
      prepared at high yields from ortho-xylene or dimethyl phthalate, both of
      which are available at low cost. The biphenyltetracarboxylic acids thus
      obtained, when converted into their dianhydrides, find a wide range of
      useful applications, for example as raw materials for the formation of
      polyimides, epoxy resins, polyesters, curing agents and dyes.
PAR  Furthermore, in the present invention, the catalyst used for the oxidative
      coupling reaction of ortho-xylene or dimethyl phthalate can easily be
      regenerated as an organic carboxylic acid salt of palladium, and reused,
      as stated above, with respect to the oxidative coupling of dimethyl
      phthalate.
PAR  The following Examples are given to illustrate the present invention.
      Unless otherwise indicated in the following Examples all parts and
      percentages are by weight. Further, unless otherwise indicated, the acids
      used in the Examples had the following strengths: 98% H.sub.2 SO.sub.4,
      35% HCl and 62% HNO.sub.3.
PAC  EXAMPLE 1
PAR  A one-liter stainless steel autoclave was charged with 0.672 g (3
      millimols) of palladium acetate and 300 ml. of ortho-xylene, and a gaseous
      mixture of nitrogen and oxygen in a molar ratio of 1:1 was introduced
      therein until the pressure inside the autoclave reached 50 Kg/cm.sup.2.
      With shaking, the ortho-xylene was oxidatively dimerized by heating at
      150.degree.C. for 5 hours. No precipitation of palladium was observed in
      the reaction product mixture.
PAR  The autoclave was cooled down to room temperature, and degassed. Nitrogen
      gas was introduced thereinto, and then the nitrogen replaced by hydrogen
      gas introduced therein until the interior pressure of the autoclave
      reached 50 Kg/cm.sup.2 (guage). The contents of the autoclave were allowed
      to stand overnight, and the palladium salt was reduced. The autoclave was
      degassed, and the precipitated palladium black (0.31 g) was filtered.
PAR  The filtrate was distilled at a reduced pressure of 20 mm Hg to evaporate
      off unreacted ortho-xylene. Further distillation at 4 mm Hg gave 32.8 g of
      a fraction boiling at 148 to 167.degree.C/4 mm Hg. Gas-chromatographic
      analysis of this fraction showed that it consisted of 1% by weight of
      2,3,2',3'-tetramethyl biphenyl, 25% by weight of 2,3,3',4'-tetramethyl
      biphenyl and 74% by weight of 3,4,3',4'-tetramethyl biphenyl. It was
      confirmed that the yield of this fraction was 5200 mol % based on
      palladium acetate.
PAC  EXAMPLES 2 TO 7
PAR  In each run, a one-liter stainless steel autoclave was charged with 300 ml.
      of ortho-xylene, the organic acid salt shown in Table 1 as the catalyst
      and the additive shown in Table 1, and a gaseous mixture of nitrogen and
      oxygen at a molar ratio of 1:1 was introduced therein until the pressure
      inside the autoclave reached 50 Kg/cm.sup.2. With stirring, the
      ortho-xylene was oxidatively dimerized at 150.degree.C. for 8 hours. The
      dimerized product was cooled, and as in Example 1 the catalyst was
      separated by filtration as palladium black. Distillation of the filtrate
      under reduced pressure gave a fraction having a boiling point of
      148.degree.-167.degree.C./4 mm Hg. Gas-chromatographic analysis of this
      fraction showed that it consisted of 2,3,2',3'-, 2,3,3',4'- and
      3,4,3',4'-tetramethyl biphenyls in the total amount shown in Table 1.
PAR  This fraction was placed in an autoclave lined with titanium, and the
      aliphatic carboxylic acid, oxidation catalyst and bromide compound shown
      in Table 1 were added. Air at a pressure of 40 Kg/cm.sup.2 was passed into
      the autoclave at a rate of 50 liters/hr., and the fraction was reacted at
      200.degree.C. for 4 hours. The contents of the autoclave were cooled and
      filtered. The precipitate obtained was washed with water and
      recrystallized from methanol to yield an isomeric mixture of 2,3,2',3'-,
      2,3,3',4'- and 3,4,3',4'-biphenyl tetracarboxylic acids in the amount
      shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Examples      2       3       4    5    6    7                            
     ______________________________________                                    
     Organic acid A-1     A-1     A-1  A-2  A-3  A-4                           
     salt of pal-                                                              
     ladium (m-mols)                                                           
                  2       2       2    2    2    2                             
     Additive     B-1     B-2     none B-3  none B-1                           
     (m-mols)     2       2            2         2                             
     Yield of                                                                  
     tetramethyl  22.7    17.7    13.0 15.3 17.3 21.1                          
     biphenyls (g)                                                             
     and yield (%)                                                             
     (mol% based on                                                            
                  5400    4200    3100 3600 4100 5000                          
     palladium salt)                                                           
     Aliphatic carbo-                                                          
                  C-1     C-2     C-1  C-1  C-1  C-2                           
     xylic acid                                                                
     (milliliters)                                                             
                  80      80      80   80   80   80                            
     Oxidation cat-                                                            
                  D-3     D-2     D-2  D-1  D-3  D-1                           
     alyst (m-mols)                                                            
                  1.5     1.5     1.5  1.5  1.5  1.5                           
     Bromide (m-mols)                                                          
                  E-1     E-2     E-1  E-2  E-3  E-1                           
                  3.0     3.0     3.0  3.0  3.0  3.0                           
     Amount yielded of                                                         
     isomeric mixture                                                          
     of biphenyltetra-                                                         
                  20.3    13.9    11.6 11.3 16.3 19.5                          
     carboxylic acids                                                          
     (g)                                                                       
     ______________________________________                                    
      The symbols used in Table 1 have the following meanings.                 
      A-1: palladium acetate;                                                  
      A-2: palladium propionate;                                               
      A-3: acetylacetonate palladium (II);                                     
      A-4: bis(dibenzalacetone) palladium (O)?                                 
      B-1: acetylacetone;                                                      
      B-2: ethylenediaminetetraacetic acid;                                    
      B-3: trifluoroacetylacetone                                              
      C-1: acetic acid;                                                        
      C-2: propionic acid                                                      
      D-1: cobalt stearate;                                                    
      D-2: cobalt naphthenate;                                                 
      D-3: cobalt acetate                                                      
      E-1: ammonium bromide;                                                   
      E-2: sodium bromide;                                                     
      E-3: hydrogen bromide                                                    
PAC  EXAMPLE 8
PAR  A 5-liter electromagnetically stirred stainless steel autoclave was charged
      with 2.5 liters (2980 g) of dimethyl phthalate and 3.36 g (0.015 mol) of
      palladium acetate, and a gaseous mixture of nitrogen and oxygen at a molar
      ratio of 1:1 was introduced therein until the pressure inside the
      autoclave reached 50 Kg/cm.sup.2. The reaction of dimethyl phthalate was
      performed while the relationship between the reaction time and the amount
      of the dimer yielded was being measured by occasionally extracting small
      samples. When the interior of the autoclave was maintained
      130.degree.-134.degree.C. for one hour and then reaction of dimethyl
      phthalate was carried out at 150.degree.C. for one hour, the amount of the
      resulting dimer was 3060 mol % (based on the palladium acetate). When the
      reaction was carried out for 7 hours at 150.degree.C., the amount of the
      dimer obtained was 5650 mol %, and when the reaction was further carried
      out at 150.degree.C for a total of 12 hours, the amout of the dimer
      reached 7800 mol %. Analysis was conducted using gas-chromatography, and a
      total of 225 g of the sample was extracted for measurement purposes.
PAR  After reaction for a total of 12 hours at the conditions described, the
      autoclave was cooled to room temperature. Oxygen gas was removed from the
      system, and hydrogen gas was introduced into the autoclave until the
      pressure inside the autoclave reached 50 Kg/cm.sup.2. The contents were
      heated at 60.degree.C. for one hour, and allowed to stand overnight. Then,
      the reaction product mixture was filtered, and 1.5 g of palladium black
      precipitated by hydrogen reduction was recovered and removed.
PAR  The resulting reaction product mixture (2755 g) was distilled under reduced
      pressure (3 mm Hg) over a hot oil bath, and 40 g of water formed and 2110
      g of unreacted dimethyl phthalate removed. Methanol (1 liter) was added to
      the distillate and, on standing overnight, crystals precipitated. The
      crystals were filtered, and washed with methanol to yield crude crystals
      (1) (tetramethyl biphenyl-2,3,3',4'-tetracarboxylate having a purity of
      more than 98%).
PAR  Methanol was evaporated off from the methanol residue, and the residue was
      distilled under reduced pressure over a salt bath to give 303 g of a
      fraction (2) having a boiling point of 250.degree. to 300.degree.C./1 mm
      Hg.
PAR  The fraction (2) was dissolved in 200 ml. of methanol, decolorized with
      activated carbon, and cooled to yield 217 g of white crystals. Analysis of
      the white crystals by gas-chromatography showed that they were a
      composition consisting of 1% tetramethyl
      biphenyl-2,3,2',3'-tetracarboxylate, 50% tetramethyl
      biphenyl-2,3,3',4'-tetracarboxylate, 49% tetramethyl
      biphenyl-3,4,3',4'-tetracarboxylate, and traces of unidentifiable
      substances. 100 g of the white crystals were taken out, and 250 ml. of
      water, 250 ml. of acetic acid and 50 ml. of (98%) sulfuric acid were added
      thereto. The mixture was heated under reflux over an oil bath at
      140.degree.C. for 8 hours, and cooled to precipitate crystals. Filtration
      of these crystals yielded 44 g of white crystals.
PAR  When these crystals were recrystallized from acetone, white crystals of
      biphenyl-3,4,3',4'-tetracarboxylic acid having a purity of more than 99%
      were obtained. when the filtrate obtained after filtration of said white
      crystals (44 g) was concentrated under reduced pressure, 40 g of white
      crystals were obtained. Recrystallization of these white crystals from
      water yielded white crystals of biphenyl-2,3,3',4'-tetracarboxylic acid
      having a purity of more than 90%.
PAC  EXAMPLES 9 TO 16
PAR  In each run, a 1-liter stainless steel autoclave was charged with 300 ml.
      of dimethyl phthalate and the organic acid salt of palladium shown in
      Table 2 with or without the further addition of the additive shown in
      Table 2, and a gaseous mixture of nitrogen and oxygen at a molar ratio of
      1:1 was introduced thereinto until the pressure inside the autoclave
      reached 50 Kg/cm.sup.2. With stirring, the coupling reaction of dimethyl
      phthalate was performed at 150.degree.C. for 23 hours to yield a dimer
      consisting of three isomers of tetramethyl biphenyltetracarboxylate in the
      yield shown in Table 2.
PAR  The isomeric mixture obtained was hydrolyzed in the same way as in Example
      8 to yield a mixture of 2,3,2',3'-, 2,3,3',4'- and
      3,4,3',4'-biphenyltetracarboxylic acids.
PAR  The identification and quantitative determination of the dimers were
      carried out by gas-chromatography. The biphenyltetracarboxylic acids were
      analyzed using gas-chromatography after converting them to their
      tetramethyl esters, and the values obtained were converted on the basis of
      the biphenyltetracarboxylic acids. The yields are expressed in mol percent
      based on the palladium salt used. Conversion was accomplished by forming a
      mixture of ester (1 part by weight), 98% H.sub.2 SO.sub.4 (1 part by
      weight) and CH.sub.3 OH, (10 parts by weight) and then refluxing for 4
      hours.
TBL                Table 2                                                     
     ______________________________________                                    
     Ex-   Palladium salt                                                      
                       Additive   Yield of                                     
                                         Yield of bi-                          
     amples                                                                    
           (millimols) (millimols)                                             
                                  dimer  phenyltetra-                          
                                  (mol %)                                      
                                         carboxylic                            
                                         acid (mol %)                          
     ______________________________________                                    
      9    Palladium ace-                                                      
                       Acetylacetone                                           
                                  9000     8600                                
           tate (2)    (2)                                                     
     10    Ditto       none       1800     1600                                
     11    Ditto       Ethylenedi-                                             
                       aminetetra-                                             
                       acetic acid                                             
                       (2)        5000     3900                                
     12    Ditto       Benzoyl-                                                
                       acetone                                                 
                       (2)        6100     4700                                
     13    Palladium                                                           
           propionate                                                          
           (2)         none       1600     1200                                
     14    Palladium                                                           
           benzoate                                                            
           (2)         none       1700     1200                                
     15    Ditto       Acetylacetone                                           
                                  7400     6600                                
                       (2)                                                     
     16    Dibenzylidene                                                       
           acetone pal-                                                        
           ladium (II) none       3300     2600                                
     ______________________________________                                    
PAC  EXAMPLES 17 TO 19
PAR  Biphenyltetracarboxylic acids were prepared under the same conditions as in
      Example 8 except that the pressure inside the autoclave was changed as
      shown in Table 3. The results obtained are shown in Table 3. The yield of
      biphenyl tetracarboxylic acid was expressed in mol percent based on the
      palladium acetate used.
TBL                Table 3                                                     
     ______________________________________                                    
     Examples       17        18        19                                     
     ______________________________________                                    
     Pressure inside                                                           
     the autoclave                                                             
     (Kg/cm.sup.2)   40        80        100                                   
     Yields of biphenyl                                                        
     tetracarboxylic                                                           
     acids (mol%)   4900      9700      9700                                   
     ______________________________________                                    
PAC  EXAMPLE 20
PAR  A 1-liter shaking-type autoclave was charged with 300 ml. of dimethyl
      ortho-phthalate, 0.448 g of palladium acetate and 0.20 g of acetylacetone,
      and a gaseous mixture of nitrogen and oxygen at a molar ratio of 1:1 was
      introduced thereinto until the pressure inside the autoclave reached 50
      Kg/cm.sup.2. The coupling reaction of dimethyl ortho-phthalate was
      performed at 150.degree.C. for 23 hours. After the reaction, the inside of
      the autoclave was degassed, and hydrogen gas was introduced thereinto
      until the pressure inside the autoclave reached 50 Kg/cm.sup.2, followed
      by standing overnight.
PAR  The contents were withdrawn, and the palladium black precipitated (0.202 g)
      was filtered. The filtrate was concentrated by distillation at
      250.degree.C. and 3 mm Hg on an oil bath, and unreacted dimethyl
      ortho-phthalate was recovered. The filtrate then was further distilled at
      250.degree.-350.degree.C. at 1 mm Hg over a salt bath to yield 62.6 g of a
      fraction having a boiling point of 250.degree.-350.degree.C./1 mm Hg. The
      2,3,2',3'-isomer was contained in a fraction of the residue, i.e., a
      fraction having a boiling point below 250.degree.C/1 mm Hg.
PAR  To 62.6 g of this fraction was added a small amount of activated carbon,
      followed by dissolution in 100 ml. of methanol. The solution was filtered
      and cooled to form 43 g of white crystals. Gas-chromatographic analysis of
      these white crystals showed that they consisted of tetramethyl 2,3,3',4'-
      and 3,4,3',4'-biphenyltetracarboxylates. The molar ratio of the
      2,3,3',4'-isomer to the 3,4,3',4'-isomer was 75:25.
PAR  43 g of the resulting isomeric mixture of tetramethyl
      biphenyltetracarboxylates as white crystals were admixed with 100 ml. of
      water, 100 ml. of acetic acid and 20 ml. of 98% sulfuric acid, and
      hydrolyzed by heating under reflux for 4 hours. Upon cooling, crystals
      were precipitated.
PAR  These crystals were filtered and washed with water to form 7.7 g of white
      crystals having a melting point of 302 to 306.degree.C., which were
      identified as 3,4,3',4'-biphenyltetracarboxylic acid, the filtrate
      containing the 2,3,3',4'-isomer.
PAC  EXAMPLE 21
PAR  To 150 g of an isomeric mixture of tetramethyl biphenyltetracarboxylates
      (molar ratio of 2,3,2',3'-: 2,3,3',4'-: 3,4,3',4'-being 1 : 56 : 43) were
      added 250 ml. of water, 250 ml. of acetic acid and 70 ml. of 35%
      hydrochloric acid. The isomeric mixture was hydrolyzed by heating under
      reflux for 10 hours. The reaction product mixture was cooled with ice, and
      the white crystals precipitated were filtered to yield 69.9 g of white
      crystals of 3,4,3',4'-biphenyltetracarboxylic acid. Concentration of the
      filtrate yielded 39.3 g of white crystals of
      2,3,3',4'-biphenyltetracarboxylic acid. The filtrate contained the
      2,3,2',3'- and 2,3,3',4'-isomers.
PAC  EXAMPLE 22
PAR  To 50.3 g of an isomeric mixture of tetramethyl biphenyltetracarboxylate
      (the molar ratio of 2,3,3',4'-: 3,4,3',4'-being 54 : 46) were added 40 g
      of potassium hydroxide, 400 ml. of methanol and 100 ml. of water. The
      isomeric mixture was hydrolyzed by heating under reflux for 7 hours.
PAR  35% hydrochloric acid was added to the filtrate until the pH was below 1,
      followed by cooling with ice. The crystals separated were filtered, washed
      with water, and dried to provide 19.3 g of
      3,4,3',4'-biphenyltetracarboxylic acid crystals having a melting point of
      295.degree. to 302.degree.C.
PAR  Recovery of the 2,3,3',4'-isomer from the filtrate was difficult because
      sodium chloride was comingled therewith as an impurity.
PAC  EXAMPLE 23
PAR  To 73.0 g of an isomeric mixture of tetramethyl 2,3,3',4'- and
      3,4,3',4'-biphenyltetracarboxylates (48% of the 2,3,3',4'-isomer and 52%
      of the 3,4,3',4'-isomer) were added 100 ml. of 35% hydrochloric acid and
      100 ml. of acetic acid, and the mixture was heated under reflux for 5
      hours. The reaction product mixture was concentrated by distillation at
      reduced pressure, and on further addition of 100 ml. of concentrated
      hydrochloric acid, heated under reflux for 5 hours to thereby convert the
      above isomeric mixture to an isomeric mixture of biphenyltetracarboxylic
      acids.
PAR  The isomeric mixture of biphenyltetracarboxylic acids was evaporated to
      dryness, and with the addition of 300 ml. of acetic anhydride, heated
      under reflux for 5 hours to convert it to an isomeric mixture of
      biphenyltetracarboxylic dianhydrides. Acetic acid formed was distilled off
      at reduced pressure, and the mixture was concentrated by distillation so
      that its amount was reduced to about half its original value. The crystals
      separated in the mixture were quickly separated by hot filtration.
PAR  These crystals were identified as 3,4,3',4'-biphenyltetracarboxylic
      dianhydride, and the amount yielded was 25.6 g (89% of theoretical).
PAR  When the filtrate resulting after the separation of
      3,4,3',4'-biphenyltetracarboxylic dianhydride was cooled to 5.degree.C.,
      white crystals precipitated. These white crystals were separated by
      filtration to form 16.6 g of a substance having a melting point of
      188.degree. to 195.degree.C. The filtrate was concentrated by distillation
      and cooled to yield 5.4 g of white crystals having a melting point of
      185.degree. to 194.degree.C. These crystals (16.6 g and 5.4 g) were both
      2,3,3',4'-biphenyltetracraboxylic dianhydride. The yield was 82% of
      theoretical the identification of the 2,3,3',4'-biphenyltetracarboxylic
      dianhydride was performed by melting point and infrared absorption
      spectroscopy.
PAR  The 2,3,3',4'- and 3,4,3',4'-biphenyltetracarboxylic dianhydrides both had
      a purity of more than 96%. By further repeating recrystallization using
      acetic anhydride, purity can be increased to more than 99%.
PAR  The purity of the biphenyltetracarboxylic dianhydride was determined by
      gas-chromatographic analysis of its ester formed by heating it with
      methanol and sulfuric acid. A purity of 96% means the presence of 4% of
      isomers.
PAC  EXAMPLE 24
PAR  An isomeric mixture of biphenyltetracarboxylic acids obtained as in Example
      23 was treated as in Example 23 except that 400 ml. of propionic anhydride
      was used instead of 300 ml. of acetic anhydride for conversion to an
      isomeric mixture of biphenyltetracarboxylic dianhydrides. There were
      obtained 26.4 g (91% of theoretical) of 3,4,3',4'-biphenyltetracarboxylic
      dianhydride having a melting point of 295.degree. to 302.degree.C. and
      21.2 g (79% of theoretical) of 2,3,3',4'-biphenyltetracarboxylic
      dianhydride having a melting point of 195.degree. to 200.degree.C., both
      at a purity of more than 96%.
PAC  EXAMPLE 25
PAR  Acetic anhydride (150 ml.) was added to 54.3 g of an isomeric mixture of
      51% of 2,3,3',4'-biphenyltetracarboxylic acid and 49% of
      3,4,3',4'-biphenyltetracarboxylic acid, and the mixture was heated under
      reflux for 10 hours. By distillation under reduced pressure, about 50 ml.
      of a liquid (a mixture of acetic acid and acetic anhydride) was evaporated
      off. With the addition of 100 ml. of acetic anhydride, the mixture was
      further heated for 5 hours to form an isomeric mixture of
      biphenyltetracarboxylic dianhydrides. The crystals precipitated in the
      reaction product mixture were hot filtered to provide 19.0 g (80% of
      theoretical) of 3,4,3',4'-biphenyltetracarboxylic dianhydride having a
      melting point of 295.degree. to 305.degree.C.
PAR  The filtrate was treated in the same way as in Example 23 to provide 3.9 g
      of crystals having a melting point of 180.degree. to 201.degree.C. and
      17.1 g of crystals having a melting point of 195.degree. to 200.degree.C.,
      both which were 2,3,3',4'-biphenyltetracarboxylic dianhydride having a
      purity of more than 96%. The yield was 88% of theoretical.
PAC  EXAMPLE 26
PAR  The procedure of Example 25 was repeated except that 350 ml. of propionic
      anhydride were used instead of acetic anhydride (150 ml. + 100 ml.). There
      were obtained 21.0 g (88% of theoretical) of
      3,4,3',4'-biphenyltetracarboxylic dianhydride having a melting point of
      295.degree. to 302.degree.C. and 18.0 g (76% of theoretical) of
      2,3,3',4'-biphenyltetracarboxylic dianhydride having a melting point of
      195.degree. to 200.degree.C., both having a purity of more than 98%.
PAC  EXAMPLE 27
PAR  Acetone (100 ml.) was added to 20.0 g of 2,3,3',4'-biphenyltetracarboxylic
      dianhydride and 3,4,3',4'-biphenyltetracarboxylic dianhydride present at a
      50%-50% isomeric mixture, and the mixture was heated under reflux for 30
      minutes. A solid insoluble in the acetone was quickly separated by hot
      filtration to provide 11.2 g of a white solid.
PAR  To this solid (11.2 g) was added 50 ml. of acetone, and the mixture was
      heated with stirring. Subsequent hot filtration provided 8.5 g of white
      crystals having a melting point of 295.degree. to 300.degree.C. which were
      identified as 3,4,3',4'-biphenyltetracarboxylic dianhydride. The yield was
      80.5% (of theoretical). To 8.5 g of this 3,4,3',4'-biphenyltetracarboxylic
      dianhydride were added 100 ml. of methanol and 5 ml. of 98% of sulfuric
      acid, and the mixture was heated under reflux for 10 hours.
      Gas-chromatographic analysis of the resulting reaction mixture showed that
      esterification was complete and the purity of the product was 98.6%, with
      the presence of 1.4% of the 2,3,3',4'-isomer.
PAR  On the other hand, when the filtrate resulting after the filtration of 11.2
      g of the white solid was evaporated to dryness, 7.8 g (yield 78%) of
      2,3,3',4'-biphenyltetracarboxylic dianhydride having a melting point of
      192.degree. to 202.degree.C. was obtained. Gas-chromatographic analysis of
      this product after conversion to its ester in the same manner as above
      showed that its purity was 92.6%, with the presence of 7.4% of the
      2,3,3',4'-isomer.
PAC  EXAMPLE 28
PAR  Acetic anhydride (400 ml.) was added to 116 g of
      2,3,3',4'-biphenyltetracarboxylic acid having a melting point of
      195.degree. to 205.degree.C., and the mixture was heated under reflux for
      4 hours. The mixture was cooled, and allowed to stand. The crystals formed
      were filtered to provide 83 g (yield 80% of theoretical) of
      2,3,3',4'-biphenyltetracarboxylic dianhydride having a melting point of
      196.degree. to 204.degree.C. By further concentration of the filtrate, 17
      g (16%) of 2,3,3',4'-biphenyltetracarboxylic dianhydride was obtained.
PAR  The analytical values of this 2,3,3',4'-biphenyltetracarboxylic dianhydride
      as a novel substance were as follows:
PA0  1. Elemental analysis values
PA1  Found: C, 65.08; H, 2.07
PA1  Calculated: C, 65.31; H, 2.07 (for C.sub.16 H.sub.6 O.sub.6)
PA0  2. infrared spectrum
PA1  Intensity of absorption (s: strong, m: medium, w: weak)
PA1  3100 cm.sup..sup.-1 w, 1940 s, 1770 s, 1600 s, 1460 w, 1340 m, 1260 s, 1210
      m, 1180 m, 1150 m, 920 s, 860 w, 850 w, 820 w, 750 s, 700 w, 690 w, 650 w,
      580 w, 540 w.
PA0  3. Nuclear magnetic resonance spectrum (in CDCl.sub.3)
PA1  3.70 (s, 3; 2-COOCH.sub.3), 3.91 (s, 9; 3,3',4'-COOCH.sub.3), 7.50-7.55 (m,
      3; 5,6,6'-H), 7.72 (s, 1; 2'-H), 7.75-7.85 (d, 1; 5'-H), 7.96-8.12 (t, 1;
      4-H).
PA1  In the nuclear magnetic resonance spectrum, the sample was prepared by
      adding methanol and sulfuric acid, to 2,3,3',4'-biphenyltetracarboxylic
      acid, heating the mixture under reflux, driving off methanol, neutralize
      the product with sodium carbonate, extracting it with benzene, and
      recrystallizing the product with methanol to form tetramethyl
      2,3,3',4'-biphenyltetracarboxylate.
PAR  The infrared spectrum is shown in FIG. 3, and the nuclear magnetic
      resonance spectrum in FIG. 4.
PAC  EXAMPLE 29
PAR  Acetic anhydride (250 ml.) was added to 75 g of
      3,4,3',4'-biphenyltetracarboxylic acid having a melting point of
      295.degree. to 305.degree.C., and the mixture was heated under reflux for
      5 hours, followed by cooling with ice. The precipitate was filtered to
      provide 52 g (yield 78% of theoretical) of
      3,4,3',4'-biphenyltetracarboxylic dianhydride having a melting point of
      295.degree. to 308.degree.C. Further concentration of the filtrate gave 2
      g (3% of theoretical) of 3,4,3',4'-biphenyltetracarboxylic dianhydride.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for separating biphenyltetracarboxylic dianhydride isomers
      from a mixture of these isomers, which comprises fractionally
      crystallizing said mixture in a solvent selected from the group consisting
      of saturated aliphatic acid anhydrides and ketones while heating to a
      temperature of from about 50.degree.C to about 250.degree.C to thereby
      separate the mixture into its constituent isomers.
NUM  2.
PAR  2. The process of claim 1 wherein said aliphatic acid anhydride is a member
      selected from the group consisting of acetic anhydride, propionic
      anhydride and butyric anhydride and caproic anhydride, and said ketone is
      a member selected from the group consisting of acetone diethylketone,
      diisopropylketone and dibutylketone.
NUM  3.
PAR  3. The process of claim 1 wherein said biphenyltetracarboxylic dianhydride
      isomers comprise the 2,3,2',3'-isomer, the 2,3,3',4'-isomer and
      3,4,3',4'-isomer, present in amounts of 0 to 3%, 10 to 80% and 90 to 17%,
      respectively, all percents being by weight.
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ABST
PAL  Diazidosulfonyl-containing aromatic carboxylic acids useful as blowing
      agents, cross-linkers, adhesion promoters and in the production of
      azido-silane coupling agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel azidosulfonyl-containing aromatic compounds
      and more particularly to novel diazidosulfonyl-containing aromatic
      carboxylic acids.
PAR  While the prior art e.g. U.S. Pat. Nos. 3,507,829, 3,705,911 and 3,706,592
      have disclosed certain mono- and diazidosulfonyl-containing aromatic
      compounds, it has been silent with regard to diazidosulfonyl-containing
      aromatic carboxylic acids.
PAC  SUMMARY OF THE INVENTION
PAR  Thus it is an object of this invention to provide
      diazidosulfonyl-containing aromatic carboxylic acids. Other objects and
      advantages of this invention will become readily apparent from the
      following description and claims.
PAR  The novel diazidosulfonyl-containing aromatic carboxylic acids of this
      invention are those having the general formula:
      ##SPC1##
PAL  Wherein X is a radical selected from the group consisting of hydrogen and a
      hydroxy radical. Thus when X is hydrogen the novel carboxylic acid of this
      invention is 3,5-di(azidosulfonyl) benzoic acid and when X is a hydroxy
      radical the novel carboxylic acid of this invention is
      3,5-di(azidosulfonyl) salicylic acid.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The diazidosulfonyl-containing aromatic carboxylic acid compounds of the
      instant invention can be prepared by reacting the corresponding
      3,5-disulfonyl chloride containing aromatic acid with sodium azide in an
      appropriate solvent medium and allowing the reaction to proceed until the
      desired product is obtained. A convenient method generally employed is to
      dissolve the 3,5-disulfonyl chloride containing aromatic carboxylic acid
      in acetone and the sodium azide in water and mix the two solutions. Since
      the reaction is highly exothermic it is preferred that the reaction
      temperature be maintained at 0.degree.-5.degree.C. The reaction is
      preferably conducted at atmospheric pressure and the optimum reaction time
      will of course depend on obvious processing factors. Normally the reaction
      time will be less than one hour. It is also generally preferred to employ
      at least two moles of azide reactant for every mole of carboxylic acid
      reactant use. The desired 3,5-diazidosulfonyl-containing aromatic
      carboxylic acid products are solids and can easily be recovered by any
      well known conventional recovery technique. For example
      3,5-di(azidosulfonyl) benzoic acid can be recovered by adding the reaction
      mixture to ice water, extracting the product containing solution with
      ether, drying the extract and vacuum stripping the ether from the solid
      product. The 3,5-(diazidosulfonyl) salicylic acid can be recovered by
      filtrating it from the reaction mixture, drying the filtrate and vacuum
      stripping any residual acetone off. If desired the solid filtrate can then
      be crystallized in benzene and the resultant crystallined product in
      benzene, filtered and vacuum dried.
PAR  The diazidosulfonyl-containing aromatic carboxylic acids of this invention
      have a wide range of utility, e.g., they may be employed as blowing agents
      in the production of thermoplastic foam articles, as cross-linking agents
      for organic polymers, and to promote adhesion of polyester tire cord to
      rubber tire shock. Moreover, they can also be used to produce novel
      azido-silane compositions of matter which are useful as coupling agents to
      promote improved bonding between inorganic substrates, such as siliceous,
      metallic and metallic oxide materials and organic polymers, e.g., as size
      binders in the glass finishing industry, as seen more fully disclosed in
      concurrently filed U.S. Applications, Ser. Nos. 483,365 and 483,367.
PAR  The following examples are illustrative of the present invention and are
      not to be regarded as limitative. It is to be understood that all parts,
      percentages and proportions referred to herein and in the appended claims
      are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  8.0 grams (123 milimoles) of sodium azide dissolved in 25 ml. of water were
      added to 16 grams (50 milimoles) of 3,5-di(chlorosulfonyl) benzoic acid
      (melting point 181.degree.-183.degree.C.) dissolved in 80 ml. of acetone.
      The addition was conducted at 2.degree.-5.degree.C. over ten minutes and
      then the reaction mixture stirred for one-half hour while maintaining the
      reaction temperature at 2.degree.-5.degree.C. before being added to 500
      ml. of ice water. The cloudy solution was extracted with two 250 ml.
      portions of ethyl ether. The ether extracts were then combined and dried
      over anhydrous magnesium sulfate and the ether stripped under a vacuum.
      There was obtained 9.0 grams (a 54 percent yield) of the desired 3,5
      -di(azidosulfonyl) benzoic acid product which was a yellowish solid having
      a melting point of 118.degree.-121.degree.C. Infrared and nuclear magnetic
      resonance analysis verified the product to be 3,5-di(azidosulfonyl)
      benzoic acid,
      ##SPC2##
PAC  EXAMPLE 2
PAR  14.3 grams (0.22 mole) of sodium azide dissolved in 40 ml. of water were
      added to 33.5 grams (0.1 mole) of 3,5-di(chlorosulfonyl) salicyclic acid
      (melting point 184.degree.-186.degree.C.) dissolved in 150 ml. of acetone.
      The addition was conducted at 0.degree. to 5.degree.C. over five minutes
      and then the reaction mixture stirred for one-half hour at 0.degree. to
      5.degree.C. The solution was filtered and the upper (acetone) layer of the
      filtrate separated and dried over anhydrous magnesium sulfate. The acetone
      was then stripped under vacuum and replaced with 200 ml. of benzene to
      give a cloudy solution containing some solids. The solution was filtered
      and the volume of filtrate reduced to 80 ml. by evaporation and allowed to
      crystallize. There was obtained 29.5 grams (an 85% yield) of crystalline
      3,5-di(azidosulfonyl)salicylic acid by filtration and drying of the
      crystals under a vacuum at 65.degree.C. The desired product obtained
      decomposed in a capillary tube starting at 165.degree.C. without melting
      and became a dark brown mass at 210.degree.C. Infrared and nuclear
      magnetic resonance analysis verified the product to be
      3,5-di(azidosulfonyl)salicylic acid,
      ##SPC3##
PAC  EXAMPLE 3
PAR  A clear stable 2 wt. % acetone azido-silane product solution was formed by
      dissolving 3.1 grams of gamma-aminopropyltriethoxysilane in 147 grams of
      acetone at room temperature and then added 4.9 grams of
      3,5-di(azidosulfonyl) salicylic acid with vigorous stirring.
PAR  The 2 wt. % aqueous azido-silane product solution was then used to finish 4
      thirteen inch wide swatches of heat-cleaned glass fabric. At 50 wt. %
      pickup, 1 wt. % solids based on fabric weight was deposited on the glass
      surface. All the swatches were then air dried for four hours and used to
      prepare a dry sandwich laminate by alternating eleven plies of finished
      glass fabric and twelve plies of 0.010 inch polypropylene film. The
      laminate was then pressed to stops in a pre-heated press for 30 minutes at
      475.degree.F. The pressed laminate was cut in 1/2 .times. 4 inch test
      specimens with the 4 inch dimension parallel to the fabric warp direction
      and tested for flexural strength, both initially and after immersion in
      water, according to ASTM Specification D-790 using a Baldwin-Tate Tester.
PAR  The test specimens showed a flexural strength of 24,700 psi. By comparison
      a polypropylene-glass laminate prepared from unfinished heat-cleaned glass
      fabric had a flexural strength of 12,700 psi; a polypropylene-glass
      laminate prepared from gamma-aminopropyltriethoxysilane finished glass
      fabric had a flexural strength of 21,800 psi and a polypropylene-glass
      laminate prepared from gamma-methacryloxypropyltrimethoxysilane finished
      glass fabric had a flexural strength of 17,900 psi.
PAC  EXAMPLE 4
PAR  An ethanolic azido-silane product solution was prepared by dissolving 4
      grams of gamma-aminopropyltriethoxysilane in 150 ml. of 190 proof ethanol
      at room temperature followed by the addition of 6 grams of
      3,5-di(azidosulfonyl) benzoic acid with vigorous stirring. The clear
      stable azido-silane product solution was used to coat Wollastonite filler
      in a twin-shell blender equipped with an intensifier. The treated filler
      was then dried for two hours at 100.degree.C. 2.2 pounds of the treated
      Wollastonite were mixed with polypropylene resin and the mixture (50 wt. %
      Wollastonite and 50 wt. % polypropylene) was injection molded at
      480.degree.F. (mold temperature 120.degree.F., injection pressure 15,000
      psi.) using a three ounce Van Dorn injection molder to yield test
      specimens of Wollastonite-filled polypropylene.
PAR  The test specimens showed a flexural strength of 9,900 psi. and a tensile
      strength of 5,200 psi. By comparison test specimens prepared from
      untreated Wollastonite and polypropylene showed a flexural strength of
      6,500 psi and a tensile strength of 3,200 psi. and test specimens prepared
      from gamma-aminopropyltriethoxysilane treated Wollastonite and
      polypropylene showed a flexural strength of 3,500 psi.
PAR  Various modifications and variations of this invention will be obvious to a
      worker skilled in the art and it is to be understood that such
      modifications and variations are to be included within the purview of this
      application and the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A diazidosulfonyl-containing aromatic carboxylic acid having the
      formula:
      ##SPC4##
PAL  wherein X is selected from the group consisting of hydrogen and a hydroxyl
      radical.
NUM  2.
PAR  2. A diazidosulfonyl-containing aromatic carboxylic acid as defined in
      claim 1, wherein X is hydrogen.
NUM  3.
PAR  3. A diazidosulfonyl-containing aromatic carboxylic acid as defined in
      claim 1, wherein X is a hydroxyl radical.
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ABST
PAL  In a process for producing methanol from a gaseous hydrocarbon feedstock,
      such as natural gas, containing more than the stoichiometric ratio of
      hydrogen to carbon, the hydrocarbon is subjected to steam reforming to
      give synthesis gas, the synthesis gas is incompletely reacted over a
      catalyst to give methanol, methanol is removed from the gas, the unreacted
      gas is treated to remove carbon monoxide or carbon dioxide from it, and
      the carbon monoxide or carbon dioxide or both is recycled to the methanol
      synthesis. By this means the concentration of carbon monoxide or carbon
      dioxide or both in the gas passing over the synthesis catalyst is kept at
      a higher level, thus increasing the efficiency of the synthesis and
      wastage of feedstock is avoided. At the same time a useful high-purity
      by-product hydrogen stream is produced.
PARN
PAR  This is a continuation of application Ser. No. 883,126, filed Dec. 8, 1969
      and now abandoned.
BSUM
PAR  This invention relates to a process for producing methanol from a
      hydrocarbon feedstock containing more than two hydrogen atoms per carbon
      atom.
PAR  In order to produce methanol from such a hydrocarbon feedstock it is first
      necessary to convert the feedstock to a mixture of carbon oxides and
      hydrogen. The most convenient process of doing this is to react the
      hydrocarbon with steam over a catalyst in the socalled steam reforming
      process, then to cool the resulting gas and condense out the steam. When
      the hydrocarbon feedstock is normally liquid, for example having a boiling
      range of about 30.degree.-220.degree.C, this process is very convenient as
      the starting point for methanol manufacture, since the empirical formula
      of the hydrocarbon is about CH.sub.2, so that the hydrocarbon when reacted
      with steam gives a synthesis gas having a hydrogen to carbon ratio which
      is about stoichiometrically correct for synthesising methanol.
PAR  When however a saturated gaseous hydrocarbon feedstock is used, for example
      methane, use of the steam reforming process gives rise to the problem that
      the synthesis gas contains too much hydrogen. Obviously the synthesis gas,
      after as great a proportion of it as is practicable has been reacted to
      give methanol, can be used in various ways, such as for ammonia
      manufacture, for hydrogenations and petroleum treatments or as a fuel.
      Alternatively carbon oxides can be introduced from other sources, for
      example carbon dioxide from flue gases, or a partial oxidation process can
      be used instead of steam-reforming. Either of these involves higher
      capital and running costs. Our invention provides a process in which the
      proportion of synthesis gas reacted is increased substantially, and which
      affords a significant over-all decreases in cost per ton of methanol
      output, despite the use of some extra plant items.
PAR  According to the invention a methanol synthesis process is fed with a
      synthesis gas derived from steam reforming a gaseous hydrocarbon feedstock
      containing more than the stoichiometric ratio of hydrogen to carbon
      oxides, the gas is incompletely reacted to give methanol, methanol is
      removed from the gas, the remaining gas is treated to remove carbon
      monoxide or carbon dioxide or both from it, and the carbon monoxide or
      carbon dioxide or both is recycled to the methanol synthesis.
PAR  The synthesis gas is preferably made by steam reforming a hydrocarbon
      feedstock having an empirical formula CH.sub.x where x is between 2 and 4.
      Very suitably x is 4, as in methane. In important forms of the invention x
      is between 2.5 and 4, for example when the feedstock is butane, propane or
      ethane or mixtures of these gases.
PAR  The process of the invention is equally advantageous when the hydrocarbon
      feedstock is a hydrogen-containing hydrocarbon gas mixture, such as
      petroleum refinery waste gas. This could for example be a mixture of
      methane and hydrogen, in which x would be greater than 4, or a mixture of
      unsaturated or saturated gaseous hydrocarbons with hydrogen.
PAR  The extent to which the synthesis gas is reacted to give methanol is
      usually a matter of choice on economic grounds, since although in
      principle it is possible to increase the extent of reaction up to the
      equilibrium limit by increasing the volume of catalyst, too much extra
      capital cost due to the necessary large catalytic converter and large
      catalyst volume cannot always be justified. Furthermore, the equilibrium
      which can be reached at industrially convenient pressures over even the
      best catalysts leaves a considerable concentration of carbon monoxide or
      carbon dioxide or both in the synthesis gas. The use of residual synthesis
      gas in the ways mentioned thus results in waste of part of the carbon
      content of the feedstock and excessive cost in reforming it.
PAR  The process of the invention is preferably a circulatory process, that is,
      one in which the synthesis gas is only partly converted to methanol in
      each passage over the catalyst, the unreacted gas being recycled to the
      synthesis catalyst after removal of methanol from it. In this type of
      process the hydrogen content of the gas passing over the catalyst builds
      up to a high value, and the content of carbon oxides steadily falls, as
      the product methanol is removed from the system. When the hydrogen content
      reaches a predetermined design level it is necessary to purge off part of
      the circulating gas. Without the modification provided by the invention it
      would typically be desirable to purge when the hydrogen content reached
      75-85% and the total carbon oxides fall to 6-10%, in order to obtain an
      economic compromise between the expense due to wasted carbon oxides and
      the expense of circulating the excess hydrogen. Using our invention the
      total carbon oxides content of the purge gas can economically be 10-15%,
      since they are not lost or only partly lost. Since all the carbon oxide is
      eventually converted to methanol, correspondingly less hydrogen is purged
      than in the usual process.
PAR  If the fed synthesis gas contains inert gases, such as hydrocarbons,
      nitrogen or noble gases, these are (with the hydrogen) separated from the
      purge gas by the treatment to recover carbon monoxide or carbon dioxide or
      both. Consequently by the process of the invention an excessive build-up
      of such inert gases in the circulating gas is avoided and higher
      conversions to methanol made possible.
PAR  The removal of carbon oxides can be effected in any suitable way. The most
      convenient method is to scrub the unreacted gas with a cuprammonium
      solution, since such a solution absorbs both carbon monoxide and carbon
      dioxide and readily liberates both when the pressure is let down or the
      temperature is increased or both.
PAR  If it is desired only to recover carbon dioxide from the unreacted gas, it
      is sufficient to scrub the gas with an alkali carbonate or amine solution
      or other carbon dioxide solvent according to known methods, many variants
      of which have been devised.
PAR  In a further modification the unreacted gas is subjected to shift reaction
      with steam. Preferably a low-temperature shift process is used so that the
      carbon monoxide level can be readily reduced to less than 1%. Thereafter
      the carbon dioxide formed in the shift stage, together with any carbon
      dioxide already present, is recovered as described in the previous
      paragraph.
PAR  The hydrogen stream recovered from the purge gas can be used in
      hydrodesulphurising the hydrocarbon feed to the methanol production
      process, using, for example, a cobalt-molybdenum catalyst followed by a
      zinc oxide bed. This hydrogen stream is especially valuable for this
      purpose if it has been recovered by use of a cuprammonium solution or by a
      combination of shift and carbon dioxide removal and contains less than 2%
      of carbon monoxide.
PAR  A further method which can be used to assist the recovery of carbon dioxide
      comprises the combination with the methanol synthesis process of a shift
      stage upstream of the synthesis. By this means the fresh synthesis gas
      contains more carbon dioxide in proportion to carbon monoxide than it
      otherwise would, and the purge gas also contains more carbon dioxide.
      Consequently a substantial recovery of carbon as carbon dioxide is
      achieved, although some carbon monoxide is lost.
PAR  It will be appreciated that the preferred methanol synthesis according to
      the invention includes two recycle loops, one being the recycle of
      synthesis gas to the catalyst after removal of methanol, the other being
      the recycle of the carbon oxides of the purge gas to the synthesis. If the
      hydrocarbon feedstock contains only a small excess of hydrogen, for
      example is of a formula about CH.sub.2.5 to CH.sub.3.5, and especially if
      the methane content of the fresh synthesis gas is relatively high, for
      example 2-10%, it may be desirable to return part of the methane and
      hydrogen, after removal of carbon oxides, to the synthesis gas generation
      stage; then the total plant contains three recycle loops.
PAR  If the process includes two or more synthesis loops in series, the carbon
      oxides can be returned to either loop.
PAR  The invention can be applied to methanol synthesis processes at any
      pressures, including both the so-called "high-pressure" and "low pressure"
      processes. The synthesis is preferably at a pressure below 150
      atmospheres, for example 10-150 and especially 30-120, for example 40-80
      atmospheres. The temperature is preferably in the range
      160.degree.-300.degree.C especially 190.degree.-270.degree.C. Such
      processes can be conveniently operated using copper-based catalysts,
      especially those containing copper, zinc oxide and a metal oxide component
      selected from chromium and metals from Groups II to IV of the Periodic
      Table, especially aluminium or magnesium, as described, respectively in
      U.S. Pat. No. 3,326,956 and in U.K. Pat. No. 1,159,035 corresponding to
      U.S. application Ser. No. 570,687 filed Aug. 8th 1966.
PAR  The proportion of carbon dioxide in the synthesis gas should be at least
      sufficient to afford the higher conversion which is characteristic of the
      copper-catalysed methanol synthesis using carbon dioxide-containing gas as
      compared with such a synthesis in which substantially the only carbon
      oxide is the monoxide. If it is not objectionable to produce a crude
      methanol containing a substantial proportion of water, for example up to
      36% w/w apart from any water added in a scrubber, the synthesis gas can
      contain carbon dioxide but substantially no carbon monoxide. Usually
      however the percentage by volume of carbon dioxide in the synthesis gas is
      1-20, especially 3-12, and is preferably between half and double the
      carbon monoxide content.
DETD
PAR  The accompanying flow diagram shows schematically two methanol synthesis
      processes according to the invention. The synthesis gas is generated by
      reacting natural gas with steam over a nickel catalyst in externally
      heated tubular reformer 10 whence it flows, via waste-heat boiler 12 and
      condenser 14 and separator 15 in which steam is substantially removed from
      it, to the inlet of centrifugal compressor 16 which raises its pressure
      from the generation pressure of 21.5 atmospheres to the synthesis pressure
      50 atmospheres. It then passes through circulator 18 and feed/product heat
      exchanger 20 to synthesis converter 22. The gas leaving the converter, now
      containing methanol vapour, passes through the product side of heat
      exchanger 20, where it gives up its heat to incoming gas, to cooler 24
      where methanol is condensed out, and catchpot 26 where methanol is
      separated. The unreacted gas passes partly back to circulator 18 and
      repeats its passage through the converter. The remainder of the unreacted
      gas, that is, the "purge gas", is diverted at 28 and passes into the
      scrubber 30 in which one or both carbon oxides is removed, as described
      specifically in relation to processes (B) and (C) of the Example. Hydrogen
      and inert gases pass out at 32 and are fed via power recovery turbine 33
      as fuel to the reformer furnace 10, part of the fuel supply being natural
      gas. The scrubber liquor is let down in pressure in regenerator 34, the
      gas evolved being washed, compressed and fed into the fresh synthesis gas
      line at 36 and the liquor being returned to the scrubber. The process is
      self-sufficient in steam as a result of heat recoveries from the reformer
      gas in waste-heat boiler 12 and in a reformer flue-gas waste-heat boiler
      (not shown), the steam being used in turbines to drive the compressor 16,
      circulator 18 and other machines, in regenerator reboiler 35 and in the
      final methanol distillation (not shown).
PAC  EXAMPLE
PAR  A methanol process producing 935 tonnes per day of methanol is fed by a
      steam/natural gas endothermic tubular reformer operated at an exit
      pressure of 21.5 atmospheres, exit temperature 825.degree.C and steam
      ratio 4.0. The fresh synthesis gas so produced is fed to a methanol
      synthesis system operated at a catalyst outlet temperature of
      270.degree.C, pressure 48 atm. absolute, with a flow pattern as described
      above, two methods of carbon oxide recycle being employed, one (B)
      involving hot potash scrubbing, the other (C) cuprammonium solution
      scrubbing. In comparison with process A, in which all the purge gas is
      burnt as fuel, the Table shows the compositions and flow rates of fresh
      synthesis gas and purge gas, together with the flow rates of recovered and
      recycled carbon oxides and the relative radiant heat loads and natural gas
      consumption rates of the primary reformer required to maintain the same
      methanol output by the three processes.
PAR  (It will be appreciated that Process A does not employ items 30, 34 and 3b
      and is not according to the invention).
TBL                TABLE                                                       
     ______________________________________                                    
                     A      B        C                                         
     ______________________________________                                    
     Fresh synthesis gas                                                       
                   CO      11.0     10.8   12.4                                
                   CO.sub.2                                                    
                           10.5     12.0   11.7                                
                   H.sub.2 73.1     71.9   70.6                                
                   CH.sub.4                                                    
                           4.8      4.7    4.6                                 
                   N.sub.2 0.6      0.6    0.6                                 
      Flow rate RM.sup.3 /hr                                                   
                           168237   156942 144740                              
     Purge gas     CO      5.1      5.7    6.1                                 
                   CO.sub.2                                                    
                           4.4      5.7    5.8                                 
                   H.sub.2 75.8     72.1   69.2                                
                   CH.sub.4                                                    
                           12.5     14.2   16.2                                
                   N.sub.2 1.6      1.8    2.1                                 
                   CH.sub.3 OH                                                 
                           0.5      0.5    0.5                                 
      Flow rate RM.sup.3 /hr                                                   
                           64038    51433  40714                               
     Recycled (RM.sup.3 /hr)                                                   
                   CO.sub.2                                                    
                           --       2789   2359                                
                   CO      --       --     2474                                
     Reformer radiant heat                                                     
     load (tonnecal./hr.)  104494   95605  86768                               
        relative to A      100      91.4   83.0                                
     Natural gas consumption                                                   
     (million B.Th.U. (NOV)                                                    
     per tonne of CH.sub.3 OH                                                  
        as feedstock       36.4     33.3   30.3                                
        as fuel            0.6      2.6    4.8                                 
        total              37.0     35.9   35.1                                
     ______________________________________                                    
PAR  It is evident that a substantial and economically significant decrease in
      the radiant heat load of the primary reformer has been effected,
      especially by process C. Further the natural gas consumption is
      substantially decreased. This is especially significant for manufacturers
      whose supplies of natural gas need desulphurisation, since the decreased
      consumption of feedstock (i.e. purified) gas is especially marked.
PAR  If desired the advantage of the use of the invention could be equally well
      obtained by keeping the primary reformer capacity at its level as in
      process A and increasing the output of methanol.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for producing methanol from a gaseous aliphatic hydrocarbon
      feedstock of empirical formula CH.sub.x where x is between 2 and 4 which
      comprises steam reforming the feedstock to give a synthesis gas containing
      hydrogen and at least one carbon oxide selected from the group consisting
      of carbon monoxide and carbon dioxide, the amount of hydrogen in the
      resulting synthesis gas being in excess of the stoichiometric amount
      necessary to form methanol, and reacting the synthesis gas in a catalytic
      synthesis stage using a copper catalyst to obtain methanol, the
      improvement which comprises reacting the synthesis gas incompletely in
      said catalytic synthesis stage to give a reaction product of methanol and
      unreacted hydrogen and carbon oxide, separating methanol from the
      remaining gas in said reaction product, recycling the remaining gas
      comprising unreacted hydrogen and carbon oxide to said synthesis stage for
      further reaction to form more methanol, and controlling the amount of
      hydrogen thereby recycled to said synthesis stage to prevent undesired
      build-up of hydrogen in said synthesis stage by withdrawing a part of said
      remaining gas before it is recycled to said synthesis stage, separating
      the carbon oxide from the hydrogen in this withdrawn part and recycling
      only the separated carbon oxide from said withdrawn part to said synthesis
      stage for reaction with hydrogen to form further methanol.
NUM  2.
PAR  2. A process according to claim 1 in which the total carbon oxides content
      of the remaining gas is in the range 10-15%.
NUM  3.
PAR  3. A process according to claim 1 in which carbon monoxide and carbon
      dioxide are removed from the remaining gas by scrubbing with a
      cuprammonium solution.
NUM  4.
PAR  4. A process according to claim 1 in which the remaining gas is subjected
      to shift reaction with steam to convert any carbon monoxide therein to
      carbon dioxide before separating carbon dioxide from it.
NUM  5.
PAR  5. A process according to claim 1 in which there is used a shift stage
      upstream of the synthesis stage.
NUM  6.
PAR  6. A process according to claim 1 in which methanol synthesis is effected
      by a copper-based catalyst containing copper, zinc oxide and a metal oxide
      component selected from chromium and metals from Groups II to IV of the
      Periodic Table.
NUM  7.
PAR  7. A process according to claim 6 in which the synthesis pressure is below
      150 atmospheres.
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ABST
PAL  Oxidation of an unsaturated amine to an unsaturated nitrile is carried out
      in presence of cuprous chloride, a nitrogen base and a halide salt soluble
      in the nitrogen base.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polymers derived from unsaturated nitrile monomers such as acrylonitrile,
      methacrylonitrile, vinylidene cyanide, etc., are well known in the art. Of
      this class of monomers, acrylonitrile is presently the most important and
      is used in making a variety of commercial products e.g.,
      butadiene-acrylonitrile copolymer rubbers, acrylonitrile-butadiene-styrene
      (ABS) copolymers and acrylic textile fibers.
PAR  Several means of producing acrylonitrile have been proposed including
      dehydration of ethylene cyanohydrin, the direct reaction of acetylene and
      hydrogen cyanide and the catalytic amination of propylene followed by
      dehydrogenation of the proprionitrile so produced.
PAR  One of the more effective routes that is widely practised is the catalytic
      ammoxidation of propylene.
PAR  These processes, however, have the disadvantage of producing troublesome
      by-products and some, particularly the last mentioned, require the use of
      very expensive high pressure and high temperature equipment.
PAR  A further alternate process was disclosed in British Patent Specification
      No. 570,835 granted to Shell Development Company on July 25, 1945. This
      process is one for the production of unsaturated nitriles from the
      corresponding unsaturated amine by reacting the amine with oxygen in the
      presence of a silver oxidation catalyst at a temperature of at least
      450.degree.C. The process is essentially a vapor phase reaction in which a
      mixture of the amine vapor, oxygen and an inert carrier gas are passed
      over a metal-alloy catalyst bed at about 500.degree.C. This process has
      the disadvantage of requiring expensive and complex equipment and high
      temperatures.
PAR  A further development of the route from unsaturated amine to unsaturated
      nitrile is provided in U.S. Pat. No. 3,719,701 in which the amine is
      reacted with molecular oxygen in a solvent containing cuprous and cupic
      ions, the solvent being a nitrogen base. This process has many advantages
      in its simplicity, its relative freedom from undesirable by-products and
      its adaptability to continuous operation. It does, however, have the
      disadvantage that the yields obtained are quite low, the figure given for
      the conversion of allylamine to acrylonitrile using a cuprous chloride
      catalyst being 43.8%.
PAR  We have now discovered a process for the production of unsaturated nitriles
      by oxidation of the corresponding unsaturated amines in which the yields
      are substantially improved over those described for the corresponding
      reaction in U.S. Pat. No. 3,719,701 while retaining the many advantages
      inherent in such a process.
PAR  Accordingly, it is an object of this invention to provide a simple,
      economic process for the production of unsaturated nitriles.
PAR  It is also an object of this invention to provide a process for the
      preparation of unsaturated nitriles from corresponding unsaturated amines
      in high yields and substantially free of undesirable by-products.
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description.
PAC  SUMMARY OF THE INVENTION
PAR  The process of the present invention is one for the conversion of an
      unsaturated amine to an unsaturated nitrile which comprises contacting an
      unsaturated amine with oxygen in the presence of a mixture consisting
      essentially of a nitrogen base, cuprous chloride and a halide salt which
      is soluble in the nitrogen base, at a temperature of from 0.degree. to
      200.degree.C.
PAR  The unsaturated amine used in the process of the invention is most
      conveniently one having the formula:
      ##EQU1##
      wherein R.sub.1, R.sub.2 and R.sub.3 represent hydrogen or monovalent
      organic radical and R.sub.4 represents a divalent organic radical, with
      the limitation that such radicals are not oxidizable and do not inactivate
      the catalyst under the reaction conditions used in the process.
PAR  Monovalent organic radicals of this description include alkyl, olefinically
      unsaturated aliphatic, cycloaliphatic, alkaryl, aromatic, heteroaromatic
      and halogenated hydrocarbon radicals, (e.g., chlorinated and brominated
      hydrocarbon radicals), and radicals of the formula:
      ##EQU2##
      wherein R represents a divalent hydrocarbon radical, such as alkylene or
      phenylene, R' represents a monovalent hydrocarbon radical, such as alkyl
      or phenyl, and R" is alkylene or an olefinically unsaturated divalent
      radical. Representative monovalent radicals include:
      ##EQU3##
PAR  Divalent radicals of the foregoing description, i.e., R.sup.4, include:
      --CH= CH--CH=CH--, --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, --CH=N--CH=CH--,
      --O--CH=CH--CH.sub.2 --, --CH.sub.2 --CH=CH--, and the like.
PAR  Generally, the unsaturated amines used in carrying out the process of the
      invention contain from 3 to 24 carbon atoms. Typical examples of such
      unsaturated amines and the corresponding unsaturated nitriles prepared
      therefrom by the process of the invention are:
      ##EQU4##
PAR  The amine reactant may consist of one amine or a mixture of amines. For
      example, benzonitrile and acrylonitrile may be prepared simultaneously by
      the process described herein by using, as the reactant, a mixture of
      benzylamine and allylamine.
PAR  The unsaturated amines useful in carrying out the process may be prepared
      by well known procedures described in the literature, e.g., by reacting
      the corresponding unsaturated halide, preferably the chloride or bromide
      with ammonia.
PAR  In carrying out the process defined herein the unsaturated amine reactant,
      as previously indicated, must not contain substituent groups which either
      are oxidizable or inactivate the catalyst under the process conditions. In
      this context oxidizable groups are primary or secondary amine groups,
      ethynyl groups and groups which inactivate the catalyst are acid groups,
      such as carboxy and sulfo groups.
PAR  The catalyst comprises a mixture of a nitrogen base, cuprous chloride and a
      halide soluble in the nitrogen base. The base and the cuprous chloride
      form a complex and the activity of this catalytic complex is modified by
      the presence of the halide. The halide salt can often be an alkali metal
      or alkaline earth metal halide. Among the halides the chloride and bromide
      are usually the most effective. The most convenient metal component of the
      halide is lithium so that, where the halide is a metal salt it is usually
      lithium chloride or lithium bromide. However, organic salts having a
      halide ion such as quaternary ammonium and phosphonium halides, e.g.,
      tetra butyl ammonium chloride, tetra methyl phosphonium bromide and the
      like may also be used.
PAR  The term "nitrogen base" is used herein to indicate an organic nitrogen
      compound containing a nitrogen compound having an unshared pair of
      electrons which can combine with a proton. All nitrogen bases which are
      not oxidized by cupric ions may be used and a list of such compounds can
      be readily prepared by a man skilled in the art. As specific examples of
      such compounds, the following are cited: hexamethylphosphoramide,
      N,N-dimethylacetamide, N,N-dimethylformamide, N,N-dimethylpropionamide,
      N,N-diethylacetamide, N-methylpyrrolidone, N-ethylpyrrolidone,
      triethylamine, tributylamine, diethylmethylamide, N,alkylpiperidines,
      quinolines, isoquinolines, N-alkylmorpholines, and pyridine. Of these
      bases pyridine is generally preferred. Mixtures of bases may also be used
      in the process of the invention.
PAR  In the usual practice of the invention, the nitrogen base functions also as
      the reaction medium, but this is not an essential feature of the process.
      In some cases, therefore, it might be preferred to use a reaction medium
      distinct from the nitrogen base. Suitable reaction media are those which
      are solvents for the nitrogen base, the cuprous chloride and the soluble
      halide salt and which do not interfere with the catalyst and are not
      oxidized to any appreciable extent thereby.
PAR  The proportions of the components of the mixture of cuprous chloride and
      soluble halide can vary widely but in general the molar ratio of cuprous
      chloride to soluble halide can be from 10:1 to 1:10 such as from about 2:1
      to 1:3 and preferably about 1:1. The amount of nitrogen base can also vary
      within wide limits so that the minimum possible (when the base does not
      form the reaction medium) is that necessary to complex the cuprous
      chloride. When the base also provides the reaction medium the amount used
      can of course be much greater.
PAR  The process can be operated at atmospheric or superatmospheric pressures
      and it is found that in many cases the use of pressures up to 500 psig
      confers substantial advantages. Within this range, pressures of 100 to 400
      psig are preferred.
PAR  The temperature at which the reaction is conducted can be from 0.degree. to
      200.degree.C. but in general temperatures of from 25 to 75.degree.C. are
      satisfactory.
PAR  The catalyst can conveniently be prepared by adding the cuprous chloride
      and the halide salt to the nitrogen base (and optionally an inert solvent)
      with stirring, then treating with oxygen until oxygen uptake ceases.
PAR  In a preferred mode of operation, molecular oxygen is used as the primary
      oxidant and may be introduced into the reaction medium by diffusion or
      injection techniques. Pure oxygen may be used, or alternatively, air or
      other gases containing free oxygen may be used as the oxidant. To obtain
      optimum yields of the desired nitrile products, a molar ratio of oxygen to
      amine of at least one is used and, preferably, a molar excess of oxygen to
      amine is used. However, higher or lower ratios may be used, if desired,
      since unreacted amine can be recovered and, thus, the yield of nitrile is
      substantially unaffected by using an excess of amine to oxygen.
PAR  When the batch process is used, the catalyst system may be prepared as
      indicated above, preferably at room temperature or above, and the
      unsaturated amine added thereto under an atmosphere of oxygen with
      stirring for a period of time sufficient to ensure complete reaction. In
      this respect, a gas chromatograph has been found to be an excellent means
      for following the progress of the reaction. After completion, the nitrile
      product may be separated from the reaction mixture by distillation.
PAR  Alternatively the catalyst, prepared in the manner previously described,
      can be added to a chilled solution of the unsaturated amine in an
      appropriate reaction medium (e.g., the nitrogen base used to prepare the
      catalyst) and then oxygen added to the reaction medium until approximately
      the theoretical volume thereof has been consumed. This can be measured
      with great accuracy by using a closed system and a gas buret.
PAR  When the continuous process is used, it is preferable that the cuprous
      chloride/halide salt/nitrogen base complex be prepared first (with or
      without an inert solvent) and the unsaturated amine added thereto. The
      amine is added at a slow rate to the reaction mixture while simultaneously
      passing a stream of air, other oxidant gas mixture or molecular oxygen
      through the solution at a temperature and flow rate such that optimum
      reaction conditions are established with respect to nitrile product
      formation and the removal thereof from the reaction mixture by the gas
      sweep. The product is then removed from the exit gas stream by any well
      known method. The water formed as a result of the oxidation reaction may
      be removed from the nitrile by any suitable means such as by fractionation
      or the use of drying agents.
PAR  In actual operation, the optimum reaction conditions to be used in carrying
      out the process will depend on the reactants used, the oxidant vapor, and
      whether the continuous or batch method is employed. The optimum conditions
      for a given specific reaction and method can be readily determined by a
      few preliminary experiments.
DETD
PAR  To further illustrate the invention the following examples are given:
PAC  EXAMPLE I
PAR  This Example illustrates the improvement obtained in the activity of a
      cuprous chloride catalyst by addition thereto of lithium chloride.
PAR  A flask was equipped with a gas uptake measuring buret filled with oxygen.
      Pyridine (20 ml) and cuprous chloride (0.50 gram) were introduced into the
      flask and oxygen was added from the buret. At room temperature the
      solution took up 31 ml of oxygen. The temperature was then raised to
      50.degree.C. and 0.285 gram of allylamine were added. After 2 hours a
      yield of 32% AN was obtained.
PAR  A second run was performed in exactly the way described above except that
      0.43 gram of lithium chloride was added to the cuprous chloride and
      pyridine. After 2 hours of reaction the yield of acrylonitrile was found
      to be 60%.
PAC  EXAMPLE II
PAR  This Example illustrates the improvement obtained in the activity of a
      cuprous chloride catalyst by addition thereto of lithium bromide.
PAR  A catalyst was prepared as described in Example I with the difference that
      only 0.1 gram of cuprous chloride was used.
PAR  The yield of acrylonitrile when the catalyst was used to prepare
      acrylonitrile by the process described in Example I was 18%.
PAR  When .087 gram of lithium bromide was added to the catalyst composition and
      the catalyst was used to prepare acrylonitrile by the method described
      above, the yield of acrylonitrile was raised to 38%.
PAC  EXAMPLE III
PAR  This Example illustrates the improvement in activity obtained by the
      addition of tetrabutylammonium chloride to a cuprous chloride catalyst.
PAR  In an experiment similar to that described in the second run of Example I,
      2.78 grams of tetrabutylammonium chloride were added in place of the
      lithium chloride.
PAR  After 2 hours the yield of acrylonitrile was found to be 60%.
PAC  EXAMPLE IV
PAR  This Example illustrates the improvement in activity obtained by the
      addition of tetrabutylammonium bromide to a cuprous chloride catalyst.
PAR  In an experiment similar to that described in the second run of Example II,
      0.312 gram of tetrabutylammonium bromide was substituted for the lithium
      bromide.
PAR  After 2 hours the yield of acrylonitrile was found to be 32%.
PAR  It will be obvious to one skilled in the art that sundry modifications of
      the above process could be devised and it is intended that all such
      modifications shall be included as fall within a reasonable interpretation
      of the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of an unsaturated nitrile which comprises
      reacting an unsaturated amine having the formula
      ##EQU5##
      or phenyl--CH.sub.2 NH.sub.2 wherein R.sub.1, R.sub.2 and R.sub.3
      represent hydrogen or a C.sub.1 to C.sub.4 alkyl group with molecular
      oxygen in the presence of cuprous chloride, a nitrogen base that is not
      oxidized under the reaction conditions and a halide salt which is soluble
      in the nitrogen base and is selected from alkali metal halides, alkaline
      earth metal halides, quaternary ammonium halides, and phosphonium halides,
      the relative proportions of cuprous chloride and halide salt being from
      1:10 to 10:1, at a temperature of from 0.degree. to 200.degree.C. and at
      atmospheric pressure or above.
NUM  2.
PAR  2. A process according to claim 1 in which the unsaturated amine is
      allylamine or methallylamine and the unsaturated nitrile produced is
      acrylonitrile or methacrylonitrile.
NUM  3.
PAR  3. A process according to claim 2 in which the halide salt soluble in the
      nitrogen base is lithium chloride or lithium bromide.
NUM  4.
PAR  4. A process according to claim 2 in which the nitrogen base is pyridine or
      dimethylacetamide.
NUM  5.
PAR  5. A process for the production of acrylonitrile or methacrylonitrile which
      comprises reacting allylamine or methallylamine with molecular oxygen in
      the presence of a solution in pyridine of cuprous chloride and a lithium
      halide selected from lithium chloride and lithium bromide, in a cuprous
      chloride to lithium halide ratio of from 10:1 to 1:10, at a temperature of
      from 0.degree. to 200.degree.C and at atmospheric pressure or above.
NUM  6.
PAR  6. A process according to claim 5 in which the reaction is performed at a
      pressure of up to 500 p.s.i.
NUM  7.
PAR  7. A process according to claim 5 in which the reaction is performed at a
      temperature of from 25.degree. to 75.degree.C.
NUM  8.
PAR  8. A process according to claim 5 in which the oxidation reaction is
      carried out at a pressure of from 100 to 400 p.s.i. and a temperature of
      25.degree. to 75.degree.C. in the presence of a solution in pyridine of a
      major weight proportion of cuprous chloride and a minor weight proportion
      of lithium chloride or lithium bromide.
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ABST
PAL  Silanized antimicrobial compounds are disclosed which are the reaction
      products of chlorinated phenols, bis-phenols, dihydric phenols, hydroxy
      diphenyl ethers and ortho or para hydroxybenzoic acids and their lower
      alkyl esters with an amino substituted silane having the general formula
EQU  NH.sub.2 (CH.sub.2).sub.3 Si(R).sub.3
PAL  wherein R is methoxy, ethoxy or propoxy and n is 2, 3, or 4.
PAL  The silane moiety is joined to the antimicrobial compound through the
      oxygen of a hydroxyl group of the starting compound.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to silanized antimicrobial compounds and more
      particularly to silanized chlorinated phenols, bis-phenols, dihydric
      phenols, hydroxy diphenyl ethers, and ortho or para hydroxybenzoic acids
      and their lower alkyl esters. The compounds are the reaction product of an
      antimicrobial phenol or the like with an amino substituted silane of the
      general formula
EQU  NH.sub.2 (CH.sub.3 Si(R).sub.3
PAL  wherein R is methoxy, ethoxy or propoxy, and n is 2, 3, or 4.
PAR  In the preparing and packaging of substances such as pharmaceuticals, foods
      and beverages, microbial contamination is a major problem. In the
      packaging industry it is necessary to maintain containers and packaging
      apparatus in sterile or near sterile condition to prevent or minimize the
      inclusion or growth of undesirable microbes in the packaged
      pharmaceuticals, foods or beverages. In the preparation and serving of
      food, as in restaurants, hotels or other institutions, there is a problem
      of microbial contamination as the foods are handled, prepared and served.
      In hospitals and other places, tiles and walls must also be kept as
      germ-free as practicable.
PAR  In the past, germicides and disinfectants have been provided to clean
      apparatus and containers used for the preparation and packaging of foods
      and beverages and for the cleaning of articles such as plates, cups,
      glasses, etc., all of which may be subject to microbial contamination. It
      has also been known that certain amines may be reacted with a silicone
      compound to provide a silanized amine for inhibiting the growth of
      bacteria and fungi, as set forth in U.S. Pat. No. 3,719,697 and in the
      controlling of algae, as set forth in U.S. Pat. No. 3,730,701.
PAR  We have now found that antimicrobial compounds and particularly phenolic
      compounds can be silanized to provide new and useful silanized
      antimicrobial compounds which can be adhered to a variety of things such
      as bottles, filter media, crockery, floors, polymeric substances, and the
      like through the silane moiety. The silanized antimicrobial compounds of
      this invention are preferably prepared by the method disclosed in our
      co-pending application Ser. No. 501,022 filed 3/25/74, now abandoned,
      entitled "Method of Synthesizing Silanized Antimicrobial Compounds and
      Method of Use" which is hereby incorporated by reference.
PAR  Accordingly, it is an object of this invention to provide silanized
      antimicrobial compounds.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the silanized antimicrobial compounds
      which are exemplified herein and the scope of the invention will be
      indicated in the claims.
PAC  SUMMARY OF THE INVENTION
PAR  The silanized antimicrobial compounds of the invention are the reaction
      products of a compound having the formula
EQU  NH.sub.2 (CH.sub.2).sub.n Si(R).sub.3  wherein R is methoxy, ethoxy or
      propoxy and n is 2, 3, or 4 and which is combined with a reactant compound
      which is a chlorinated phenol, bis-phenol, dihydric phenol or hydroxy
      diphenyl ether, or ortho or para hydroxybenzoic acid or the 1 to 12 carbon
      alkyl esters thereof.
PAR  The general formula for the silanized compound is believed to be
      ##EQU1##
      wherein R is the antimicrobial reactant radical, and R.sub.1 and R.sub.2
      are methoxy, ethoxy or propoxy, and n is 2, 3, or 4.
PAR  Of the class of silanized antimicrobial compounds in accordance with the
      invention, the most preferred compounds are the reaction product of
      hexachlorophene, pentachlorophenol and 2, 4, 4'-trichloro-2' hydroxyphenyl
      ether, all silanized with .gamma. amino triethoxy silane.
PAR  It is believed that the silanized hexachlorophene has the formula
      ##SPC1##
PAR  It is believed that the silanized pentachlorophenol has the formula
      ##SPC2##
PAR  It is believed that the silanized 2, 4, 4'-trichloro-2' hydroxyphenyl ether
      has the formula
      ##SPC3##
PAR  The preferred silanizing agent is .gamma. amino propyl triethoxy silane
      which is reacted in an organic solvent for both the silane and the
      antimicrobial compound, preferably chloroform. The reactants are heated
      until the reaction is substantially complete and the resulting silanized
      antimicrobial compound is isolated by washings with e.g. petroleum ether
      and/or water.
PAR  Besides the preferred hexachlorophene, pentachlorophenol and 2, 4,
      4'-trichloro-2' hydroxyphenyl ether, the other antimicrobial reactants
      which may be silanized to form compounds in accordance with the invention
      are dichlorophene, o-benzyl p-chlorophenol, pentachlorophenol, ortho or
      para hydroxybenzoates having from 1 to 12 carbon atoms in the alkyl chain
      (of these, heptyl and octyl are preferred), salicylic acid and hexyl
      resorcinol.
PAR  The reaction in silanizing hexachlorophene which is illustrative of the
      method for synthesizing the silanized antimicrobial compound of the
      invention is as follows:
      ##SPC4##
PAR  Thus the phenolic compound, such as hexachlorophene, is joined to the
      silicon atom through the oxygen of a hydroxyl group to produce the
      silanized antimicrobial compound with ethyl alcohol as the reaction
      product. The silanized antimicrobial compounds of the invention may be
      either solid or in liquid form. The silanized compounds have melting
      points generally lower than unsilanized antimicrobial compounds by about
      50.degree.C. or more.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As set forth in the examples hereinafter, a number of antimicrobial
      compounds have been silanized by reaction with .gamma. amino propyl
      triethoxy silane to form silanized derivatives which substantially retain
      the antimicrobial properties of the original antimicrobial compound while
      at the same time being capable of being bound to glass, to siliceous or
      other surfaces.
PAR  An examplary and a preferred reaction of hexachlorophene with the .gamma.
      amino propyl triethoxy silane results in a silanized hexachlorophene
      derivative which is formed by the splitting out of ethyl alcohol from the
      silane compound and the attachment of silicon through the oxygen of one
      hydroxyl group of the hexachlorophene. The reaction appears to be true for
      the silanization of the antimicrobials set forth herein.
PAR  The hypothesis of the reaction was confirmed by testing the reaction
      product for primary amine (fluorescamine method) with the test being
      positive. Mass spectroscopy and nuclear magnetic resonance spectroscopy
      studies were also performed and these tests indicate that the silanized
      hexachlorophene is joined through the oxygen of one hydroxyl group to the
      silicon of the silanizing amine as shown in the above formula for
      silanized hexachlorophene. Infrared spectra and analysis for silicon show
      the presence of silicon in the reaction product to an extent consistent
      with the above formula.
PAR  The silanized hexachlorophene has a molecular weight of 579 and exhibits
      excellent microbiocidal properties. The silane moiety of the compound
      provides strong bonding for the monomolecular coating of surfaces.
PAR  The same reaction as set forth above for the silanization of
      hexachlorophene has also been used to produce silanized dichlorophene,
      o-benzyl p-chlorophenol, pentachlorophenol, heptyl p-hydroxybenzoate,
      octyl p-hydroxybenzoate, salicylic acid, 2, 4, 4'-trichloro-2'
      hydroxyphenyl ether, and hexyl resorcinol.
PAR  The above compounds had been silanized by .gamma. amino propyl triethoxy
      silane and it has been concluded that the reaction set forth for
      hexachlorophene above is general for such compounds. The compounds all
      retain excellent antimicrobial properties and bonding properties to a
      number of substrates.
PAR  The silane moiety is joined through the oxygen of an hydroxyl group of the
      antimicrobial starting compound. The retention of substantial
      antimicrobial action of the silanized compounds of the invention is
      unexpected, since the hydroxyl group of phenolic and other such
      antimicrobial compounds has been considered as essential for antimicrobial
      activity. In the case of those silanized derivatives where the starting
      antimicrobial compound has only one hydroxyl group it is even more
      unexpected, since the hydrogen of the hydroxyl group is replaced by the
      silane moiety.
PAR  The general reaction comprises the admixing of the antimicrobial compound
      with .gamma. amino propyl triethoxy silane in a solvent for both
      compounds, preferably chloroform. Triethylamine was originally thought to
      provide a catalytic function in the reaction but later work indicates that
      the triethylamine probably is not required. The mixture is refluxed for
      about 75 to 90 minutes and near the end of the refluxing about 50% or more
      of the chloroform is boiled off. The solution (or suspension) is then
      permitted to cool to room temperature and about 4 to 5 volumes of
      petroleum ether (b.p. 40.degree. - 60.degree.C.) are added to it with good
      mixing. At this point the compounds with high melting points
      (120.degree.C. and above) are generally precipitated (often as amorphous
      masses) after the silanization with the addition of petroleum ether. After
      standing overnight at room temperature the silanized derivatives of higher
      melting points become crystalline.
PAR  The mother liquor is then poured off and the crystals are washed several
      times with about four volumes of petroleum ether. Finally the crystals are
      suspended in 2 volumes of petroleum ether and well ground with a mortar
      and pestle to wash out impurities. The crystals are then removed from the
      mother liquor by centrifugation or filtration and again washed several
      times with about 4 volumes of petroleum ether, filtered and are air-dried.
      The silanized antimicrobial composition obtained by this method is pure,
      having a sharp melting point and a good infrared spectrum. Usually the
      silanized compositions have melting points that are substantially lower
      than that of the original composition by 50.degree.C. or more. With those
      antimicrobial reactant compositions having lower melting points
      (100.degree.C. or lower) it was found that precipitation with petroleum
      ether did not yield crystalline material, but usually gummy masses.
      Dichlorophene, when silanized with the above method, yielded a derivative
      having a melting point of 48.degree.C. and the compound invariably became
      gummy upon standing. Dichlorophene itself has a melting point of
      163.degree.C.
PAR  It was found that these gummy precipitates were insoluble in water but
      could be extensively washed with water to remove impurities such as the
      excess silane coupling agent and triethylamine. The washed residue is
      soluble in methanol and analysis of the methanolic solutions readily
      indicated the presence of the silanized compound. The following examples
      are illustrative of the methods of the invention and should not be
      considered limiting.
PAC  EXAMPLE I
PAL  Silanized Hexachlorophene
PAR  10 g. of hexachlorophene is placed in a 100 ml. two necked round bottom
      flask. To the flask is added 75 ml. of chloroform, 3.3 ml. of
      triethylamine, and 7 ml. of .gamma. amino propyl triethoxy silane. A few
      boiling chips are also added. The mixture is refluxed (63.degree. -
      69.degree.C.) for 75 minutes. After cooling, the contents of the flask are
      removed to a 500 ml. stoppered glass container and 300 ml. of petroleum
      ether (b.p. 40.degree. - 60.degree.C.) are added, and let stand in the
      refrigerator overnight for crystallization. On the following day the
      supernatant liquid is poured off and the crystals again suspended in 200
      ml. of petroleum ether, mixed well, permitted to settle and the
      supernatant poured off. Then the crystals are suspended in about 50 ml. of
      petroleum ether, ground well in a mortar and pestle, 150 ml. of petroleum
      ether added and again let settle. The clear supernatant liquid is poured
      off. Washing with 150 ml. of petroleum ether is repeated three more times.
      After the final wash the crystals are filtered on filter paper and
      permitted to air dry. The yield is 14.0 g. (96.6% of theory), m.p.
      110.degree. - 111.degree.C. Crystals are cream colored. Infrared spectrum
      shows presence of silicon-containing group. Analysis for primary amine is
      positive.
PAC  EXAMPLE II
PAL  Silanized Dichlorophene
PAR  2 g. of dichlorophene is added to 25 ml. of chloroform in a 2 necked
      pear-shaped flask. To the mixture are added 2 ml. of .gamma.-NH.sub.2
      (CH.sub.2).sub.3 Si(OC.sub.2 H.sub.5).sub.3 and 1 ml. of triethylamine and
      a few boiling chips. The mixture goes completely into solution and is
      refluxed for 60 minutes. After refluxing, about 50% of the chloroform is
      evaporated off. Then the solution is cooled and 75 ml. of petroleum ether
      added to give a gummy precipitate after standing in the refrigerator
      overnight. The supernatant liquid is poured off and 20 ml. of fresh
      petroleum ether added with good mixing. A solid precipitate forms.
      Precipitate is permitted to settle and the clear supernatant poured off.
      Twenty ml. of fresh petroleum ether is added and again after settling of
      precipitate the supernatant liquid is removed. This operation is repeated
      three more times until the precipitate changes from a gummy to a hardened,
      friable mass. The latter is ground to a powder, filtered and air dried.
      Yield is 1.7  g. (about 50% of theory) of a cream white powder with a
      melting point of 48.degree.C. The I.R. spectrum shows the presence of a
      silicon-containing group. The powder tends to become gummy on standing
      overnight in a capped vial in a desiccator. This was observed on three
      separate preparations.
PAC  EXAMPLE III
PAL  Silanized Heptyl-p-hydroxy benzoate
PAR  2 gm. of heptyl-p-hydroxy benzoate are added to 25 ml. of chloroform in a 2
      necked pear-shaped flask. Then there is added 1 ml. of triethylamine and 2
      ml. of .gamma. amino propyl triethoxy silane and the contents of the flask
      are mixed until the heptyl p-hydroxybenzoate is dissolved. A few more
      boiling chips are added and the mixture is refluxed for one hour, boiling
      off most of chloroform. An insoluble residue is obtained. (Note: This
      residue yields a gummy mass which resists all efforts at crystallization
      when treated with petroleum ether as prescribed for dichlorophene
      synthesis). Then add 30 ml. of water to residue and mix well with a
      stirring rod for several minutes. Let settle and separate aqueous layer.
      Repeat washing with 30 ml. of water four more times to completely removed
      any unreacted triethylamine, .gamma. amino propyl triethoxy silane and
      other impurities. A cleaned residue of about 2 - 3 grams of silanized
      heptyl p-hydroxybenzoate is obtained. It is completely dissolved in 10 ml.
      of methanol to yield a 15 to 20 % solution, which can be suitably diluted
      with methanol for use or testing purposes. Tests indicate the material in
      solution is hydrophobic and gives a positive reaction for primary amines.
      These tests indicate reaction between the heptyl p-hydroxybenzoate and the
      silane coupling reagent. The procedure given in this synthesis is an
      alternate for that used to silanize hexachlorophene and is applicable to
      silanized phenols which cannot be crystallized by treatment with petroleum
      ether.
PAC  EXAMPLE IV
PAL  Silanized o-benzyl-p-chlorophenol (BCP)
PAR  2 gm. of o-benzyl-p-chlorophenol are added to 25 ml. of chloroform in a 2
      necked pear-shaped flask. Then 1 ml. of triethylamine and 2 ml. of .gamma.
      amino propyl triethoxy silane are added and mixed until the BCP completely
      dissolves and the flask contents are then refluxed for one hour. After
      refluxing, most of chloroform is boiled off. A grey-brown viscous liquid
      residue is obtained of 2 - 3 ml. in volume. It is washed by mixing with a
      glass rod with 30 ml. of water for several minutes. After settling, the
      aqueous top layer is poured off, and washing with 30 ml. of water is
      repeated three more times. The insoluble residue is dissolved in 10 ml. of
      alcohol to yield a pale yellow 15 - 20% solution of silanized
      o-benzyl-p-chlorophenol. Tests on this solution show the contents are
      hydrophobic whereas the original o-benzyl-p-chlorophenol is not. Also a
      positive indication for primary amines is obtained. Both tests are
      evidence of the silanization of BCP.
PAC  EXAMPLE V
PAL  Silanized Pentachlorophenol (PCP)
PAR  2 grams of pentachlorophenol is added to 25 ml. of chloroform in a 2 necked
      pear-shaped flask. To the contents are then added 1 ml. of triethylamine
      and 2 ml. of .gamma. amino propyl triethoxy silane and mixed until the PCP
      is dissolved. Then the solution is refluxed for one hour and most of the
      chloroform is boiled off. Then three volumes of petroleum ether (b.p.
      40.degree. - 60.degree.C.) are added to the residue, mixed well with a
      stirring rod, and let stand overnight at room temperature. A white
      crystalline precipitate forms. The supernatant liquid is poured off and
      the precipitate washed with 30 ml. of petroleum ether and after settling,
      the supernatant liquid is poured off. The precipitate is washed three more
      times with 30 ml. of petroleum ether each time. Then after removing the
      final supernatant liquid, the precipitate was air dried. A creamy white
      powder weighing 3.2 g. and having a melting point of 121.degree.C. was
      obtained. Analysis of the powder showed the presence of Si by I.R.
      spectrum, a primary amine, and hydrophobicity to confirm silanization of
      pentachlorophenol.
PAC  EXAMPLE VI
PAL  Silanized 2, 4, 4'-Trichloro-2'-Hydroxydiphenyl Ether (THDP)
PAR  Two and one-half grams of THDP (sold by Ciba-Geigy as Irgasan DP 300) are
      added to 25 ml. of chloroform. Then 1 ml. of triethylamine and 2 ml of
      .gamma. amino propyl triethoxy silane are added to the chloroform solution
      and the mixture (a clear solution) refluxed for 1 hour. After refluxing,
      most of the chloroform is boiled off, leaving 3 ml. of a clear yellow
      viscous liquid. This liquid is then washed with 40 ml. of water using a
      stirring rod. After separation of layers, the supernatant is separated and
      the residue is washed with 40 ml. of water. This is repeated 4 more times
      to completely remove impurities and residual triethyl amine and .gamma.
      amino propyl triethoxy silane. The residue is dissolved in 10 ml. of
      methanol to give a 15 - 20% solution of silanized THDP. Tests of this
      solution confirm the formation of the silanized derivative. It was
      observed that on standing overnight in the refrigerator, two layers formed
      in the methanol solution. The high concentration of the silanized THDP
      appeared to cause this, since a more dilute solution remains unchanged.
PAC  EXAMPLE VII
PAL  Silanized Salicyclic Acid
PAR  Two grams of salicylic acid are mixed into and dissolved in 25 ml. of
      chloroform. To the solution is added 1 ml. of triethylamine and 2 ml. of
      .gamma. amino propyl triethoxysilane and the solution is refluxed for 75
      minutes. Near the end of refluxing most of the chloroform is boiled off.
      The residue is washed 8 times with 40 ml. of petroleum ether (b.p.
      40.degree. to 55.degree.C.) in order to remove unreacted material. The
      residue is then dissolved in 25 ml. of methanol to yield a yellow
      solution. This solution when reacted with glass shows positive
      hydrophobicity test and a positive test for primary amines. These tests
      are indicative of silanization of salicylic acid.
PAC  EXAMPLE VIII
PAL  Silanized Octyl p-Hydroxybenzoate
PAR  Two grams of octyl p-hydroxybenzoate is added to 25 ml. of chloroform and
      mixed well. To the solution is added 1 ml. of triethyl amine and 2 ml. of
      .gamma. amino propyl triethoxy silane and the solution is refluxed for 60
      minutes. Near the end of refluxing most of the chloroform is boiled off.
      The residue is washed thoroughly with good mixing 5 times with 40 ml. of
      water each time. Then the residue is dissolved in 10 ml. of methanol
      yielding a 14 ml. solution containing about 2.5 g. of silanized octyl
      p-hydroxybenzoate. Tests with this solution after reacting it with glass
      gave a positive hydrophobicity reaction and the solution also gave a
      strongly positive primary amine reaction. Both of these tests indicate
      silanization of octyl-p-hydroxybenzoate.
PAC  EXAMPLE IX
PAL  Silanized Hexyl Resorcinol
PAR  Two grams of hexyl resorcinol is added to 25 ml. of chloroform and mixed
      well. To the solution is added 1 ml. of triethyl amine and 2 ml. of
      .gamma. amino propyl triethoxy silane and the solution is refluxed for 60
      minutes. Near the end of refluxing most of the chloroform is boiled off.
      The residue is washed thoroughly 5 times with 40 ml. of water each time.
      After the final wash the red, wine-colored residue is dissolved in 10 ml.
      of methanol to yield 15 ml. of solution containing about 2.5 g. of
      silanized hexyl resorcinol. Tests with this material on glass indicated a
      high degree of hydrophobicity. Also, the solution gave a high positive
      test for primary amines. Both these tests indicate formation of silanized
      hexyl resorcinol.
PAR  The formulas for the above antimicrobial compounds silanized by .gamma.
      amino propyl triethoxy silane are believed to be:
PAL  1. Silanized Hexachlorophene
      ##SPC5##
PAL  2. Silanized 2, 4, 4'-trichloro-2' hydroxyphenyl ether (THDP)
      ##SPC6##
PAL  3. silanized Dicholorophene
      ##SPC7##
PAL  4. Silanized Pentachlorophenol
      ##SPC8##
PAL  5. Silanized p-Hydroxybenzoic Acid
      ##SPC9##
PAL  6. Silanized Ethyl p-Hydroxybenzoate
      ##SPC10##
PAL  7. Silanized Heptyl p-Hydroxybenzoate
      ##SPC11##
PAL  8. Silanized Octyl-p-Hydroxybenzoate
      ##SPC12##
PAL  9. Silanized-O-Benzyl-p-Chlorophenol
      ##SPC13##
PAL  10. Silanized Hexylresorcinol
      ##SPC14##
PAL  11. Silanized Salicylic Acid - O-Hydroxybenzoic Acid
      ##SPC15##
PAR  The melting points of the original antimicrobial compounds are compared
      with the melting points of the silanized derivatives in Table A.
TBL                TABLE A                                                     
     ______________________________________                                    
                  m.p. .degree.C.                                              
                            m.p. .degree.C.                                    
                  Original  Silanized                                          
                  Antimicrobial                                                
                            Antimicrobial                                      
     ______________________________________                                    
     Hexachlorophene                                                           
                    161-162     111-113                                        
                                110-111                                        
                                114                                            
     Dichlorophene  163          48                                            
     2, 4, 4'-trichloro-2'                                                     
     hydroxydiphenyl ether                                                     
                     57         Liquid at 40.degree.C.                         
     Pentachlorophenol                                                         
                    189         121                                            
                                122-124                                        
     p-Hydroxybenzoic Acid                                                     
                    213         Liquid at 40.degree.C.                         
     Ethyl-p-Hydroxybenzoate                                                   
                    117         Liquid at 40.degree.C.                         
     Heptyl-p-Hydroxybenzoate                                                  
                    47-48       Liquid at 40.degree.C.                         
     O-Benxyl-p-Chlorophenol                                                   
                     45         Liquid at 40.degree.C.                         
     Octyl-p-Hydroxybenzoate    Liquid at 40.degree.C.                         
     Hexylresorcinol                                                           
                     68         Liquid at 40.degree.C.                         
     Salicylic Acid (O-                                                        
     Hydroxybenzoic Acid)                                                      
                    158         Liquid at 40.degree.C.                         
     ______________________________________                                    
PAR  The adherence of silanized hexachlorophene made in accordance with Example
      I above was tested by applying the silanized hexachlorophene onto filer
      media, onto small glass beads and onto a glass slide. The silanized
      hexachlorophene was quantitatively determined before being applied to the
      filter media, a hydrothermally formed magnesium silicate (sold by the
      assignee herein under the trademark Clearfil) and was then subjected to a
      buffer wash of ammonium bicarbonate having a ph of 7.0 and the amount of
      silanized hexachlorophene removed was measured. This wash was then
      followed by a 0.1 N alkaline-methanol wash and a final wash with 1.0 N
      NaOH at 70.degree.C. In each instance the amount of silanized
      hexachlorophene in the filtrate was measured. The same procedure was used
      for the coating of small glass beads and the glass slides. Approximately
      50% of the original silanized hexachlorophene bonded on the siliceous
      materials remained even after extensive chemical washing with hot alkali.
PAR  The silicon bonding of the silanized antimicrobials of the invention
      provides for a number of antimicrobial uses where bonding of the
      antimicrobial to a siliceous surface is important. Examples of some of
      these uses include the coating of a variety of containers for beverages,
      foods, medicinals, and the like, such as glass bottles, cans or packages
      having an inner surface or liner to which the silane moiety of the
      silanized antimicrobial will adhere. Further, the silanized antimicrobials
      may be applied to floors and walls of tile or other materials in
      hospitals, schools, bathrooms, kitchens, and the like. The silanized
      antimicrobials may also be coated on filter media such as sand,
      diatomaceous earth, asbestos or other siliceous materials, on glass beads
      or on chemical apparatus such as reaching rings for liquid treatment.
      Besides the adherence of the silanized antimicrobials to siliceous
      surfaces, it may also be possible to apply the silanized antimicrobial
      compounds into or onto fabrics, cellulosic filters, leather, or onto
      metals or other such surfaces. The silanized antimicrobial compounds of
      the invention can be applied to dishes and glassware from a water medium,
      e.g. when dishes are washed in a hospital or resturant the silanized
      antimicrobial compound may be applied as part of the washing operation.
PAR  To test the antimicrobial action of the above silanized compounds the
      following procedure was used. A freshly prepared microbial culture was
      diluted to about 10.sup.4 - 10.sup.5 cells per ml. To each dilution, 6
      drops of a wetting agent (Makon 10) were added and five-tenths of a ml
      aliquot portions of the dilution were then pipetted onto a number of petri
      dishes. The petri dishes had been treated with silanized antimicrobial
      compounds as shown in Table I below with the controls being cleaned and
      untreated. The petri dishes with the pipetted cultures on them were
      swirled so that the microbial suspension was evenly distributed and then
      were allowed to stand for about 30 minutes. Thereafter, 10 ml of phosphate
      buffer solution was added to the control petri dishes. The dishes were
      again swirled and the dishes were then pour plated with MYGP for yeast and
      PCA for bacteria. MYGPA is an agar mixture with each liter containing 3
      grams of yeast extract, 3 grams of malt extract, 5 grams of peptone, 10
      grams of dextrose, and 10 grams of agar. PCA is a plate count agar. The
      petri dishes treated with silanized antimicrobial coatings were directly
      pour plated with media using MYGP for yeast and PCA for bacteria.
      Duplicate plate counts were made for each microorganism. The results are
      set forth in Table I with the number of microorganisms counted for the
      control petri dishes and those treated with silanized antimicrobial
      compounds shown as the number of microorganisms per milliliter.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                                     Silanized N-              
                               Silanized                                       
                                      Silanized                                
                                             Silanized                         
                                                     Heptyl-P-                 
                       Silanized                                               
                               Pentachloro-                                    
                                      Hexachloro-                              
                                             Benzylchloro-                     
                                                     Hydroxybenzo-             
     Microorganism                                                             
             Controls  Dichlorophene                                           
                               phenol phene  phenol  ate                       
     __________________________________________________________________________
     E. coli 1.4.times.10.sup.4 /1.7.times.10.sup.4                            
                       0/0     14/19  138/188                                  
                                             136/142 5/6                       
     B. subtilis                                                               
             8.4.times.10.sup.5 /9.1.times.10.sup.5                            
                       135/73  551/501                                         
                                      206/813                                  
                                              68/249 218/195                   
     S. diastaticus                                                            
             2.7.times.10.sup.3 /2.3.times.10.sup.3                            
                       13/26    5/20  37/21  10/15   10/9                      
     __________________________________________________________________________
PAR  The results of Table I show substantial antimicrobial action still retained
      by the silanized antimicrobial with excellent bonding properties to the
      petri dish. As would be expected, the antimicrobial activity of each
      silanized compound may vary with the microorganism and from plate to
      plate. In other tests the count even for one plate was at substantial
      variance with the other plate, due to experimental errors or difficulties
      in recovering the organisms from the treated surfaces, or variations in
      drying or timing.
PAR  To test the persistance of the antimicrobial action after washing, petri
      dishes were treated with silanized hexachlorophene and 2, 4,
      4'-trichloro-2' hydroxyphenyl ether (THDP). The petri dishes were dried at
      40.degree.C. overnight and then washed in a 4% solution of sodium
      hydroxide at 70.degree.C. for 20 minutes and then rinsed with tap water.
      The sodium hydroxide washing and water rinsing cycle was then repeated 5
      times and the treated and washed petri dishes were dried at 40.degree.C.
      for one hour before testing. Cultures as prepared above were then
      inoculated onto the petri dishes and the number of microorganisms on
      duplicate plates were enumerated after standing for approximately 30
      minutes.
PAR  The results of these tests are set forth in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                                     S.dia-                                    
              E. coli    B.subtilis  staticus                                  
     ______________________________________                                    
     Control    830,000/1,210,000                                              
                             35,000/33,000                                     
                                         800/500                               
     Silanized                                                                 
     THDP       5/49         105/82      10/33                                 
     Silanized                                                                 
     Hexachlorophene                                                           
                720/210      340/670     170/40                                
     ______________________________________                                    
PAR  From the results shown in Table II it is apparent that the silanized
      compounds had strong antimicrobial properties even after repeated hot
      alkali washing. This indicates that coatings of silanized antimicrobials
      of the invention when applied to dishes, glassware, walls, and the like
      can withstand hot washings and still retain their antimicrobial
      properties. It also demonstrates that the tenaciousness of the silane
      bonding would make it necessary to apply a thin film of silanized
      antimicrobial compound to tiles, dishes, or the like only periodically and
      that when used as a lining for bottles no appreciable amount could be
      easily removed from the bottle surface.
PAR  A preferred commercial composition is a mixture of silanized
      hexachlorophene and THDP. To test the efficacy of the silanized mixture,
      the following tests were performed. Mixed silanized hexachlorophene and
      THDP were applied from dilute methanol and water solutions onto petri
      dishes with a wetting agent in the amount of 0.5 ml on each plate. The
      control petri dishes were treated as in the tests set forth in Table I
      above. All petri dishes were then inoculated, allowed to stand for 30
      minutes and were then plated in duplicate. The results are shown in Table
      III below.
TBL                TABLE III                                                   
     ______________________________________                                    
                    Silanized hexachlorophene                                  
                    plus Silanized THDP                                        
     Control Culture      1 ml        0.1 ml                                   
     ______________________________________                                    
     29.times.10.sup.6                                                         
              E.coli      0/0         0/0                                      
     36.times.10.sup.6                                                         
     3.times.10.sup.3                                                          
              B.subtilis  0/0         0/0                                      
     3.times.10.sup.3                                                          
     6.times.10.sup.3                                                          
              S.diastaticus                                                    
                          0/0         0/0                                      
     11.times.10.sup.3                                                         
     ______________________________________                                    
PAR  As shown in Table III above, the controls showed a very substantial number
      of microorganisms while the combination of silanized hexachlorophene and
      silanized THDP showed no microorganisms for the duplicate plates from 1 ml
      or 0.1 ml aliquots of the recovery buffer.
PAR  To further test the efficacy of mixed silanized hexachlorophene and THDP as
      a commercial product for the antimicrobial treatment of surfaces, petri
      dishes were again treated with a mixture as for Table III above and dried
      at 40.degree.C. for 24 hours. The petri dishes were then washed with
      methanol and water, which would remove any unbonded antimicrobial
      material. The microorganisms, in suspension, and wetting agent were
      applied in the amount of 0.5 ml on each plate which were then read in
      duplicate for the controls and treated plates. The results are set forth
      in Table IV below.
TBL                TABLE IV                                                    
     ______________________________________                                    
                    Silanized THDP and                                         
                    Hexachlorophene                                            
     Culture   Control    1 ml        0.1 ml                                   
     ______________________________________                                    
     E.coli    8/11.times.10.sup.6                                             
                          0/0         0/0                                      
     B.subtilis                                                                
               32/26.times.10.sup.3                                            
                          0/0         0/0                                      
     S.diastaticus                                                             
               2/1.times.10.sup.2                                              
                          0/0         0/0                                      
     ______________________________________                                    
PAR  Again the combination of silanized hexachlorophene and silanized THDP
      effectively eliminated the microorganisms on the test plates and it is
      demonstrated that the silanized derivatives are bonded to the glass
      substrates.
PAC  EXAMPLE X
PAR  Hexachlorophene was also silanized with .gamma. (beta-aminoethyl) amino
      propyl trimethoxy silane as follows. 3.5 grams of hexachlorophene were
      combined with 2 ml of .gamma. (beta-aminoethyl) amino propyl
      trimethoxysilane in 25 ml of chloroform. The mixture was refluxed for
      about 1 hour to boil off most of the chloroform. Fifty ml of petroleum
      ether was then added and the resulting gummy mass was washed as in the
      above examples. It is believed that the hexachlorophene is joined to the
      silane moiety through the oxygen of one of the hydroxyl groups, replacing
      a methoxy group on the silicon atom.
PAR  The antimicrobial compounds of the invention may be used alone or in
      combination to provide a broad spectrum of antimicrobial action. The
      efficacy against bacteria, fungi, yeast, and the like varies from compound
      to compound and thus the antimicrobial silanized compounds may be used
      alone for a specific antimicrobial function or in combinations of two or
      more compounds for antimicrobial action against a number of
      microorganisms.
PAR  It should be further understood that the above examples and tests are for
      illustrative purposes and should not be considered as limiting.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antimicrobial silanized compound having the formula
      ##EQU2##
      wherein R is a radical taken from the group consisting of a chlorinated
      phenol, bis-phenol or diphenyl ether, a 6 to 9 carbon atom alkyl or
      chlorine substituted dihydric phenol, an ortho or para hydroxybenzoic acid
      or a 1 to 12 carbon atom alkyl ester thereof; R.sub.1 and R.sub.2 are
      methoxy, ethoxy or propoxy; and n is 2 to 4.
NUM  2.
PAR  2. An antimicrobial silanized compound having the formula
      ##SPC16##
PAL  wherein R.sub.1 and R.sub.2 are methoxy, ethoxy or propoxy, and n is 2 to
      4.
NUM  3.
PAR  3. An antimicrobial silanized compound having the formula
      ##SPC17##
PAL  wherein R.sub.1 and R.sub.2 are methoxy, ethoxy or propoxy and n is 2 to 4.
NUM  4.
PAR  4. An antimicrobial silanized compound being the reaction product of
EQU  NH.sub.2 (CH.sub.2).sub.n Si(R).sub.3
PAL  wherein R is methoxy, ethoxy or propoxy and n is 2 to 4, combined with a
      reacting compound taken from the group consisting of chlorinated phenols,
      bis-phenols and diphenyl ethers; 6 to 9 carbon atom alkyl or
      chlorine-substituted dihydric phenols; ortho or para hydroxybenzoic acids
      or 1 to 12 carbon atom alkyl esters thereof.
NUM  5.
PAR  5. The antimicrobial silanized compound of claim 4 wherein said reacting
      compound is hexachlorophene.
NUM  6.
PAR  6. The antimicrobial silanized compound of claim 4 wherein said reacting
      compound is dichlorophene.
NUM  7.
PAR  7. The antimicrobial silanized compound of claim 4 wherein said reacting
      compound is o-benzyl p-chlorophenol.
NUM  8.
PAR  8. The antimicrobial silanized compound of claim 4 wherein said reacting
      compound is pentachlorophenol.
NUM  9.
PAR  9. The antimicrobial silanized compound of claim 4 wherein said reacting
      compound is taken from the group consisting of heptyl p-hydroxybenzoate
      and octyl p-hydroxybenzoate.
NUM  10.
PAR  10. The antimicrobial silanized compound of claim 4 wherein said reacting
      compound is salicylic acid.
NUM  11.
PAR  11. The antimicrobial silanized compound of claim 4 wherein said reacting
      compound is 2, 4, 4'-trichloro-2' hydroxyphenyl ether.
NUM  12.
PAR  12. The antimicrobial silanized compound of claim 4 wherein said reacting
      compound is hexyl resorcinol.
NUM  13.
PAR  13. An antimicrobial compound having the formula
      ##SPC18##
PAL  wherein R.sub.1 and R.sub.2 are methoxy, ethoxy or propoxy and n is 2, 3,
      or 4.
NUM  14.
PAR  14. An antimicrobial compound which is the reaction product of .gamma.
      amino propyl triethoxy silane and a reactant compound taken from the group
      consisting of chlorinated phenols, bis-phenols and hydroxy diphenyl
      ethers; 6 to 9 carbon atom alkyl or chlorine substituted dihydric phenols;
      ortho or para hydroxybenzoic acids or the 1 to 12 carbon atom alkyl esters
      thereof.
NUM  15.
PAR  15. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC19##
NUM  16.
PAR  16. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC20##
NUM  17.
PAR  17. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC21##
NUM  18.
PAR  18. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC22##
NUM  19.
PAR  19. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC23##
NUM  20.
PAR  20. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC24##
NUM  21.
PAR  21. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC25##
NUM  22.
PAR  22. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC26##
NUM  23.
PAR  23. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC27##
NUM  24.
PAR  24. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC28##
NUM  25.
PAR  25. The antimicrobial compound of claim 14 wherein the formula is
      ##SPC29##
NUM  26.
PAR  26. An antimicrobial compound which is the product of X--NH(CH.sub.2).sub.n
      Si(R).sub.3 wherein
PA1  X is hydrogen or an amino lower alkyl having from 1 to 4 carbon atoms, R is
      methoxy, ethoxy or propoxy and n is 2, 3, or 4; reacted with an
      antimicrobial starting compound taken from the group consisting of a
      chlorinated phenol, bis-phenol or hydroxy diphenyl ether, a 6 to 9 carbon
      atom alkyl or chlorine substituted dihydric phenol, an ortho or para
      hydroxybenzoic acid or a 1 to 12 carbon atom alkyl ester thereof.
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ABST
PAL  Dimethyl terephthalate is prepared by the continuous esterification of
      terephthalic acid in the gas phase by evaporating solid terephthalic acid
      in a pre-reactor by means of a hot methanol vapor stream, conducting the
      gas mixture through a solid bed catalyst in a follow-up reactor, and
      recirculating a portion of the reaction product to the pre-reactor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is esters and processes of making the same from
      polycarboxylic acids. The present application is particularly concerned
      with the preparation of dimethyl terephthalate by the esterification of
      terephthalic acid.
PAR  The state of the art of preparing dimethyl terephthalate may be ascertained
      by reference to the Kirk-Othmer "Encyclopedia of Chemical Technology", 2nd
      Ed., Vol. 15 (1968), pages 466-467 under the section "Current Commercial
      processes for Polymer-Grade Dimethyl Terephthalate", and by reference to
      U.S. Pat. Nos. 2,876,252 of Rudolf Lotz et al., which issued Mar. 3, 1959
      and  3,617,226 of Ferdinand List et al., which issued Nov. 2, 1971, and
      German Pat. Nos. 1,088,474 (corresponding to British Pat. No. 933,960), of
      Walter Schimming, published Sept. 8, 1960; 1,188,580 and 1,933,946 of
      Ferdinand List and Helmut Alfs, published Jan. 21, 1971, the disclosures
      of which are incorporated herein.
PAR  The state of the art of fluidized beds, particularly for use in catalysis
      and gas-solid reactions, may be ascertained by reference to Kirk-Othmer
      ibid, Vol. 9 (1966), under the section "Fluidization", pages 398-445.
PAR  It is well known that terephthalic acid is a raw material for the
      production of polyester fibers. Because ordinary commercial terephthalic
      acid is not pure enough for the polycondensation reaction, the
      terephthalic acid must be first purified. Because of the unsuitable
      physical properties of the commercial terephthalic acid, the purified
      product is very costly. In most cases one uses the dimethylester of
      terephthalic acid for the purification of the same and this is recovered
      by alcoholysis with methanol and precondensation with glycol or other
      diols.
PAR  Because of these difficulties, there is substantial interest in a more
      economical method for the esterification of terephthalic acid. Methanol,
      because of its low price and molecular weight, is the most suitable
      alcohol in spite of the chemical and physical difficulties connected with
      the esterification with methanol. Since terephthalic acid is practically
      insoluble in boiling methanol, esterification at an adequate rate can only
      take place in a pressure tight apparatus made of high alloyed steel.
PAR  One method has been developed in which terephthalic acid is partially
      esterified in the gas phase with superheated methanol vapor in the
      presence of an inert gas as a carrier. This method, as disclosed by U.S.
      Pat. No. 2,876,252 reacts powdered terephthalic acid with methanol at
      about 300.degree.C with the addition of a catalytic amount of an acid and
      it is blown into a reaction pipe. This method results in a relatively low
      yield with a low purity. According to German Pat. No. (DB-PS) 1,088,474,
      powdered terephthalic acid is reacted with methanol, and if necessary in
      the presence of nitrogen, by introduction into the fluidized bed of a
      catalyst. The mixture is reacted at a high temperature of about
      300.degree.C to instantly form a dimethylester which is removed with the
      excess methanol and reaction water. The dynamic properties of a fluidized
      bed in general are not particularly advantageous to the reaction since the
      particle size distribution of the terephthalic acid, the fluidizing of the
      acid and the catalysts can form undesirable channels in the bed. They
      must, therefore, be carefully adjusted with respect to one another so that
      one or both of the components are not carried out of the reactor.
PAR  German Pat. No. (DB-PS) 1,188,580 teaches the esterification of
      terephthalic acid by vaporization in a superheated methanol vapor stream
      impinging upon a fixed catalyst. The terephthalic acid in pellet form is
      heated to 315.degree. to 345.degree.C, together with methanol, in a
      sublimation zone at about 400.degree.C and they are vaporized and
      esterified in a follow-up reactor at about 300.degree.C. The heat
      necessary in the sublimation reactor for vaporizing the terephthalic acid
      can be provided by the heat content of the superheated methanol. This
      simple esterification method permits heating the terephthalic acid from
      about 20.degree.C to a medium sublimation temperature of 330.degree.C.
      Complete evaporation at this temperature requires 10 times by weight of
      methanol heated to 400.degree.C to provide for a continuously operating
      sublimator.
PAR  Compared with this, U.S. Pat. No. 3,617,226 discloses a method and
      apparatus in which powdered terephthalic acid is in solid contact with a
      horizontally lying cylindrical container, and reacts with a flowing stream
      of methanol vapor at a temperature of between 300.degree. and 320.degree.C
      while being mechanically stirred. The particle size of the catalyst and
      acid need not be the same and the terephthalic acid dimethylester produced
      leaves the reactor in the gaseous state. Because the esterification speed
      at this temperature is extraordinarily high, the reaction of the
      terephthalic acid and the space/time yield are dependent upon technical
      factors such as diffusion speed, ratio of the catalyst active surface area
      to terephthalic acid, material transport and heat exchange and dwell time.
      With respect to a given unit of time for carrying out the reaction, the
      dwell time and esterification conversion is directly dependent upon the
      available catalyst surface and the amount of available heat required for
      the vaporization of terephthalic acid or dimethyl terephthalate. In this
      case, the catalyst surface area available per unit of time with respect to
      the useable volume of the cylindrical container is ascertained, while the
      transferable amount of heat is limited by this surface area, except for
      the possible temperature difference between the heating medium and the
      reaction components. An increase in size of such a cylindrical reactor
      results in a smaller ratio of surface to volume so that a greater
      esterification capacity is limited by the technical problems associated
      with the construction of a large cylindrical reactor with the greatest
      possible surface area and the necessary stirring mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  Having in mind the limitations of the prior art, it is an object of the
      present invention to resolve the limiting factor of surface to volume. In
      general, however, it is an object of the invention to improve the
      functional capacity of an esterification method in which terephthalic acid
      is partially or completely vaporized in a methanol stream and esterified
      directly after on a solid bed catalyst.
PAR  A further object of the invention is to achieve the highest possible
      conversion of terephthalic acid with a minimum amount of excess methanol.
      It is self-evident that maximum utilization of a given apparatus for the
      simplified preparation of a reaction mixture must have as its goal the
      complete esterification of the terephthalic acid.
PAR  The esterification of terephthalic acid is carried out in two steps:
      ##SPC1##
PAL  The terephthalic acid monoester (boiling point 303.degree.C at 760 mm Hg)
      formed by I completely evaporated at the reaction temperature and it is
      unavoidable that at high production levels the monoester is carried out in
      the circulating gas stream. Because of this, it is better to recirculate
      the gas stream monoester indirectly back through a second reactor in which
      the same catalyst is placed as a solid mass as it is in the main reactor.
      This is done rather than recirculating the gases back through the main
      reactor in order to complete the esterification of the excess methanol. An
      apparatus of this type is disclosed in German Pat. No. (DT-OS) 1,933,946
      whereby the entire esterification takes place in a solid bed while the
      fluidized bed oven is utilized for maintaining the dispersion and partial
      vaporization of the solid terephthalic acid in methanol vapor.
PAR  According to the present invention, dimethyl terephthalate DMT is prepared
      by the continuous esterification of terephthalic TA with methanol in the
      gas phase by vaporization of solid terephthalic acid by means of a hot
      methanol vapor stream in a pre-reactor and the introduction of this
      mixture through a solid bed catalyst into a follow-up reactor. The method
      is an improvement over the prior art comprising recirculating a portion of
      the hot gaseous esterification mixture from the output of the follow-up
      reactor back to the pre-reactor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may best be described by reference to the drawings, wherein:
PAR  FIG. 1 is a diagrammatic representation of the apparatus of U.S. Pat. No.
      3,617,226 with the addition of a follow-up reactor for the continuous
      esterification of terephthalic acid;
PAR  FIG. 2 is a diagrammatic representation of an embodiment of the present
      invention showing an improvement in the apparatus of FIG. 1 for the
      continuous esterification of terephthalic acid;
PAR  FIG. 3 is a diagrammatic representation of the apparatus of German Pat. No.
      (DT-OS) 1,933,946 for the continuous esterification of terephthalic acid
      using a fluidized bed; and
PAR  FIG. 4 is a diagrammatic representation of an embodiment of the present
      invention showing an improvement in the apparatus of FIG. 3.
DETD
PAR  In FIG. 1, TA is introduced to pre-reactor 3 at 1 while methanol is
      introduced at 2. The products of pre-reactor 3 are fed to follow-up
      reactor 4 and the further reacted products of 4 exit at 5.
PAR  In FIG. 2, TA is again introduced to pre-reactor 3 at 1. Methanol vapor is
      introduced from conduit 7 through vapor jet 8 and heat exchanger 9 to
      pre-reactor 3 at 2. A portion of the reaction product of follow-up reactor
      4 passes through recirculating conduit 6 and joins the methanol at the
      vapor jet 8. The improved product exits at 5.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The operation of an apparatus as illustrated in FIG. 3 consists of a
      fluidizing bed reactor 3 and a follow-up reactor 4 in which methanol
      enters at 2, and an increasing amount of terephthalic acid is introduced
      at 1. A portion of the terephthalic acid which has a particle size down to
      5 microns is unavoidably entrained and introduced into the follow-up
      reactor 4. This can lead to an increase in the pressure difference between
      the input and output (2 and 5) and in extreme cases can lead to
      obstruction of the apparatus. In addition to the problem of clogging by
      solid particles, the reaction mixture in the main reactor at the operating
      temperature can become saturated with terephthalic acid vapor and a
      portion of this vapor can condense upon slight cooling, especially in the
      entrance to the follow-up reactor.
PAR  One can minimize these problems by using an adequate amount of superheated
      methanol in order to completely vaporize the terephthalic acid. It is
      apparent, however, that increasing the amount of methanol can adversely
      influence the economy of the method. In addition, excessive heating of the
      methanol requires an extra amount of heat. Furthermore, excess heating of
      the methanol above 330.degree.C causes decomposition of the methanol on
      the catalytic surface to dimethyl ether, formaldehyde and methane. In
      addition, other technical problems arise in conjunction with the use of
      high temperatures associated with the use of high pressure steam or heat
      carriers.
PAR  A further object of the invention is to avoid the above-mentioned
      difficulties in a sure and simple manner.
PAR  These difficulties are avoided according to the invention by recirculating
      a portion of the output stream 5 comprising hot gaseous esterification
      products back into the pre-reactor 3.
PAR  The hot gaseous esterification mixture comprises dimethyl terephthalate,
      methanol, reaction water and traces of monomethyl terephthalate. The
      branched-off recirculated portion of the hot esterification gases are not
      brought into contact with fresh methanol vapor and nonesterified
      terephthalic acid until they reach full partial vapor pressure. One
      chooses an amount of gas to be recirculated, which is free of terephthalic
      acid vapor pressure, which will permit all of the non-esterified
      terephthalic acid in the pre-reactor 3 to pass over into the vapor phase.
PAR  Because the reaction gas after complete esterification of terephthalic acid
      forms two moles of water for each mole of ester, which water also is
      recirculated back to the pre-reactor, it was expected that the
      esterification equilibrium, at least to some extent, would be urged in the
      direction of the free acid and it was further expected that the extent of
      the methanol excess according to the invention should be minimized. In
      addition, a reduction of the speed of esterification was expected.
      Unexpectedly a conversion in practice of terephthalic acid of more than 99
      percent was achieved, which can be increased by additional follow-up
      reactors in the main reaction stream.
PAR  The terephthalic acid used in the invention should be in small particles,
      in tablet form, or in powdered form. Preferably, powdered terephthalic
      acid is employed in a horizontally positioned rotatable oven similar to
      that disclosed in German Pat. No. (DT-OS) 1,933,946. There is
      substantially no esterification of the vapor mixture before entry into the
      solid bed. The gas mixture contains fresh and recirculated methanol,
      recirculated dimethyl terephthalate and recirculated reaction water in
      addition to fresh unreacted terephthalic acid. One can also use the
      particle esterification catalyst in a horizontal rotating oven of the type
      disclosed in U.S. Pat. No. 3,617,226. The degree of esterification depends
      upon the rate of flow through the apparatus and is usually between 30 and
      90 percent by weight.
PAR  The method is also useful to improve the economy of the methods disclosed
      in German Pat. Nos. (DT-PS) 1,188,580 and 1,088,474, and other processes
      in which hot methanol vapor entrains terephthalic acid which is directed
      on to a catalyst.
PAR  By "vaporization" is meant complete transfer of all of the solid
      terephthalic acid into the vapor phase in order that transfer of entrained
      finely divided terephthalic acid with the reaction product is avoided
      since this is an object of the invention.
PAR  The recirculated reaction gas containing methanol vapor should be heated to
      about 250.degree. to 350.degree.C, preferably between 310.degree. and
      330.degree.C. One chooses a temperature in agreement with the
      recirculating amount of reaction gas given in Table II in order that the
      total amount of nonesterified terephthalic acid can be vaporized without
      reaching the temperature in which the above-mentioned decomposition of
      methanol takes place.
PAR  The ratio of the recirculated gas stream is advantageously from 0.5 to 5
      times that which leaves the follow-up reactor 4. A more preferable range
      within this range is from one to two times the output 5 of reactor 4. The
      values given in Table II are used to choose a suitable coordinated
      temperature with respect to volume of gas to be recirculated.
PAR  The gas to be recirculated is heated to about 310.degree. to 330.degree.C
      which can easily be done since it does not contain any solid matter.
PAR  Various solid matter esterification catalysts, such as the series of
      silicates, oxides, hydroxides or phosphates, especially silica gel as
      disclosed in U.S. Pat. No. 3,617,226 or German Pat. No. (DT-OS) 1,933,946,
      are operable in the process.
PAR  A schematic view of the apparatus used in the present invention is shown in
      FIG. 2. One can use a rotary gas blower, a compressor, or a gas jet in
      order to overcome the pressure drop between the input and output of the
      reactors whereby fresh methanol vapor is used as the propellant gas. Under
      these conditions, it is possible, using a minimum methanol excess and
      holding a maximum temperature of about 330.degree.C, to quantitatively
      esterify terephthalic acid with a high space/time yield. It was
      unexpectedly discovered that the reduction of the dwell time due to an
      increase in gas volume moving through the apparatus per unit of time did
      not reduce the space/time yield in spite of the fact that the terephthalic
      acid conversion in the pre-reactor 3 is naturally less. The total
      catalytic surface of the solid bed catalyst 4 is fully used because the
      recirculated gas stream is not inhibited by the condensation of
      terephthalic acid which condensation leads to the formation of canals and
      turbulence since it no longer partially obstructs or stops the catalyst
      fill. This advantage of the invention permits an increase in the reaction
      running time as much as three times which is evident from the comparative
      Examples 1 and 3, which follow.
PAR  The invention is further illustrated as follows:
PAR  Table 1 discloses that the vapor pressure of terephthalic acid is 20.0 Torr
      (mmHg) at 320.degree.C.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Vapor Pressure of Terephthalic Acid                                       
     ______________________________________                                    
     290.degree.C        4.5     Torr                                          
     300.degree.C        7.5     "                                             
     310.degree.C        13.0    "                                             
     315.degree.C        16.7    "                                             
     320.degree.C        20.0    "                                             
     325.degree.C        27.0    "                                             
     330.degree.C        32.0    "                                             
     ______________________________________                                    
PAR  At a total pressure of 1,100 Torr, which is limited in the pre-reactor 3 by
      the flow resistance of the follow-up reactor 4, 1.85 mole percent
      terephthalic acid vapor at a maximum inside temperature of 320.degree.C is
      introduced into the gas stream. The amount of methanol vapor must be at
      least 98.15 mole percent which corresponds to 10.9 tons per hour methanol
      to each ton of terephthalic acid per hour. In order to maintain a
      water-methanol mash of terephthalic acid dimethylester, such as that
      obtained by cooling the reaction gas of the esterification apparatus in a
      transportable state, it should have a total solid content between about 25
      and 30 percent, that is the terephthalic acid-methanol ratio should not be
      less than 1 to 3 parts by weight. In practice, the maximum vaporizable
      amount of terephthalic acid to be converted to dimethyl terephthalate and
      monomethyl terephthalate depends upon the saturation point of the vapors
      of terephthalic acid and the thermal transfer speed with respect to a unit
      of time. Since all of the limiting quality functions are variables, it is
      practically impossible to ascertain the exact maximum amount of
      vaporizable terephthalic acid. Table II gives the values for the case in
      which a methanol-terephthalic acid ratio of 3.0 and a saturation degree of
      100 percent of the terephthalic acid is to be converted in the prereactor
      3 and converted in said reactor to the extent of 30 mole percent during
      the formation of 10 mole percent of monomethyl terephthalate. These are
      minimum values. The conversion values found in practice are substantially
      higher, yet it permits a clear showing of the influence of recirculation
      in spite of the unfavorable value.
PAC  TABLE II
PAR  Maximum vaporizable amount of terephthalic acidmethanol ratio of 1 to 3
      with a 30 percent conversion of terephthalic acid in reactor 3. (R is the
      ratio of the recirculated reintroduced mole mass; Kg/ton is the Kilogram
      per metric ton of added vaporizable amount of terephthalic acid)
TBL            Maximum amount of vaporizable                                   
               terephthalic acid at:                                           
     Temp. .degree.C                                                           
                 R = 0   R = 1     R = 2   R = 3                               
                 kg/ton  kg/ton    kg/ton  kg/ton                              
     ______________________________________                                    
     300         115     256       380      511                                
     310         187     418       621      835                                
     315         243     535       794     1,065                               
     320         306     680       1,010   1,358                               
     325         389     867       1,287   1,728                               
     330         499     1,112     1,649   2,210                               
     ______________________________________                                    
PAR  It can be seen from Table Ii that at a temperature of between 320 and
      325.degree.C with a recirculation of 1 the total amount of terephthalic
      acid is vaporized and can be conducted free from solid material with the
      gas stream into follow-up reactor 4. FIG. 2 shows an apparatus according
      to the invention that can handle a continuous flow of a
      methanol-terephthalic acid ratio of 3 to 1 at a suitable temperature
      within the given range of 290.degree. to 330.degree.C with recirculation
      of the total non-reacted terephthalic acid to vaporize and esterify the
      same on a solid bed catalyst.
PAR  The following examples utilize an apparatus having a solid catalytic bed
      according to U.S. Pat. No. 3,617,226 in a manner according to the present
      invention in which operation the use of recirculation is compared to
      reaction without recirculation. A catalytic covered rotary oven serves as
      the pre-reactor. The introduction of one ton of terephthalic acid per hour
      is normal in large scale production. These proportions do not define
      limits as is evident by the following examples.
PAC  EXAMPLE 1
PAC  (Comparative Example)
PAR  An externally steam heated pilot apparatus heated to 340.degree. to
      350.degree.C according to FIG. 1, is provided with particulate or powdered
      silica gel solid bed catalyst to the extent of 30 percent of the volume of
      pre-reactor 3 and 90 percent of the volume of silica catalyst bed 4. Each
      hour, 43 kg of terephthalic acid is introduced at 1 and 129 kg methanol
      vapor at 340.degree.-345.degree.C is introduced through conduit 2.
      Temperatures of between 298.degree.-300.degree.C in the evaporator 3 and
      between 308.degree.-310.degree.C in the solid catalyst bed are noted after
      reaching a constant equilibrium. The pressure drop in the follow-up
      reactor 4 (difference between input and output) is about 110 mm of water
      pressure and the current necessary to operate the motors for the stirring
      mechanism in pre-reactor 3 is about 2.0 to 2.2 amps.
PAR  The vapor-form reaction mixture comprising dimethyl terephthalate, excess
      methanol, and reaction water is conducted out through conduit 5. The acid
      number (mg KOH per gram of substance) in the condensed separated solid
      portion of the reaction material 5 after 10 hours reaction time was about
      2. The reaction mixture 5 also contains 0.6 percent terephthalic
      monomethylester in dimethyl terephthalate with an esterification ratio of
      99.4 percent.
PAR  During 80 hours of the reaction, the acid number, the current and the
      pressure drop steadily increased to a value from 12-15, 5 amps. and 780 mm
      water pressure, respectively, which values are used to automatically
      terminate the reaction in order to prevent both, obstructing the apparatus
      and cessation of the operation of the same.
PAR  After cooling and opening the reactor 3, one finds the catalyst with half
      of its volume mixed with terephthalic acid. The follow-up reactor 4 has
      condensed crystalline terephthalic acid encrusted around and narrowing the
      opening.
PAC  EXAMPLE 2
PAR  A recirculating conduit 6 and a vapor jet 8 of FIG. 2 are added to the
      apparatus of Example 1. Methanol vapor from conduit 7 is forced through
      the vapor jet 8. Fifty kg terephthalic acid and 150 kg methanol vapor are
      introduced through conduit 7 per hour in the filled and heated apparatus
      employed in Example 1. Each hour 138 kg of hot reaction gas is
      recirculated with fresh methanol through the conduit 7 and vapor jet 8
      back into the pre-reactor 3 which corresponds to a recirculation ratio of
      0.63.
PAR  After 10 hours, the acid number of the reaction product from 5 was 1.5, the
      current flow in the stirring motor was 2.2 amps. and the pressure drop was
      220 mm water pressure. These values remained the same for 190 hours. The
      variation of the acid number was between 1.0 to 2.5. After opening the
      apparatus, no free terephthalic acid was found in the prereactor and the
      entrance to the solid bed catalyst 4.
PAC  EXAMPLE 3
PAC  (Comparative example of the load comparison with 1.0 ton of terephthalic
      per hour)
PAR  In a production apparatus, comparable to that of FIG. 1, 1.0 ton of
      terephthalic acid and 3.0 tons of methanol at 340.degree. to 345.degree.C
      were introduced per hour. The temperature in the pre-reactor was between
      320.degree. and 325.degree.C, and 330.degree.C in the follow-up reactor.
      The pressure drop in the solid bed catalyst was between 1,200 and 1,500 mm
      water pressure. The acid number of the reaction product from the solid bed
      catalyst was 1.0 in the first three days of running the apparatus. Right
      after the beginning of the steady charge level of the apparatus, the acid
      number of the reaction product and the pressure drop began to increase.
      After 60 to 65 days of running the apparatus, acid numbers of 12 to 15 and
      a pressure drop of 4,500 to 5,000 mm water pressure caused further
      operation of the apparatus to be terminated.
PAR  Condensed terephthalic acid was found in the pre-reactor as well as in the
      entrance to the solid bed catalyst upon opening the apparatus.
PAC  EXAMPLE 4
PAR  In an apparatus of the same size as that of Example 3, provided with a
      recirculating conduit 6 according to FIG. 2, a vapor jet 8 and a heat
      exchanger 9 was charged in comparison to the manner of Example 3 with 30
      percent hourly addition of terephthalic acid and methanol, comparatively
      3.9 tons of methanol vapor to 1.3 tons of terephthalic acid per hour. By
      recirculating one-half of the reaction product behind the solid bed
      catalyst, a recirculation ratio of 1 is maintained. The temperature of
      heat exchanger 9, which heats the mixture of circulating gas as well as
      the fresh methanol, is between 338.degree. and 342.degree.C. The inside
      temperature of the vaporizer 3 is 320.degree. to 325.degree.C and the
      temperature in the solid bed catalyst is 330.degree.C. The pressure drop
      of the solid bed catalyst is about 2,100 to 2,200 mm water pressure and
      the acid number of the dimethyl terephthalate reached a value of 0.5 to
      2.5.
PAR  With everything uniform compared with the comparative example, a 30 percent
      increase in the space/time yield was obtained after 6 months run with the
      same results. A control showed no increase or buildup of terephthalic acid
      in the pre-reactor 3 or in the solid bed catalyst 4.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the continuous method for the preparation of dimethyl terephthalate
      by the esterification of terephthalic acid with methanol in the gas phase,
      comprising vaporizing solid terephthalic acid with a hot methanol vapor
      stream in a pre-reactor and introducing the reaction product of the
      pre-reactor into a follow-up reactor having a solid bed catalyst to
      produce a hot gaseous dimethyl terephthalate product stream, part of this
      stream being the output of the process the improvement comprising
      recirculating a portion of said dimethyl terephthalate product stream to
      said pre-reactor.
NUM  2.
PAR  2. The method of claim 1, wherein said pre-reactor is a horizontal rotary
      oven.
NUM  3.
PAR  3. The method of claim 1, wherein said solid terephthalic acid is vaporized
      in the presence of a granular esterification catalyst,
NUM  4.
PAR  4. The method of claim 1, wherein the volume ratio of said portion to said
      output is about 0.5:1 to 5:1.
NUM  5.
PAR  5. The method of claim 4, wherein said volume ratio is about 1:1 to 2:1.
NUM  6.
PAR  6. The method of claim 1, wherein the weight ratio of terephthalic acid to
      methanol is about 1:3.
NUM  7.
PAR  7. The method of claim 6, wherein the esterification takes place at a
      temperature of about 290.degree. to 330.degree.C.
NUM  8.
PAR  8. A continuous method for the preparation of dimethyl terephthalate by the
      esterification of terephthalic acid with methanol in the gas phase at a
      temperature of about 290.degree.-330.degree.C, comprising:
PA1  a. vaporizing solid terephthalic acid with a hot methanol vapor stream in a
      pre-reactor in a ratio of terephthalic acid to methanol of about 1:3 by
      weight;
PA1  b. introducing the reaction product of the pre-reactor into a follow-up
      reactor having a solid bed granular esterification catalyst and producing
      a hot gaseous dimethyl terephthalate product stream having a given volume;
      and
PA1  c, recirculating c. portion of said hot gaseous dimethyl terephthalate
      product stream to said pre-reactor of step (a) wherein the volume ratio of
      said portion to the remainder of said given volume is about 0.5:1 to 5:1
      and heating said recirculated portion at a temperature of about
      250.degree. to 350.degree.C.
NUM  9.
PAR  9. The method of claim 8, wherein said portion is heated at a temperature
      of about 310.degree. to 330.degree.C.
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ABST
PAL  This invention is concerned with improving the ethylene glycol production
      capabilities of the metal carbonyl catalyzed reaction between carbon
      monoxide and hydrogen by conducting the reaction such that the ethylene
      glycol concentration in the reaction mixture is less than 5 gram moles per
      liter, preferably between about 0.4 to 5 gram moles per liter of reaction
      mixture and the molar formation ratio between ethylene glycol and methanol
      in the reaction mixture exceeds about 0.3. In a preferred embodiment, a
      continuous process is operated in such a manner that the concentration of
      ethylene glycol in the product mixture removed from the reactor is greater
      than the average concentration of ethylene glycol in the reactor.
PARN
PAR  This application is a continuation-in-part of copending application, Ser.
      No. 371,353,, 371,353, filed June 19, 1973 and now abandoned.
BSUM
PAR  This invention is concerned with the effective production of ethylene
      glycol and methanol from the reaction between carbon monoxide and hydrogen
      in the presence of a metal carbonyl catalyst at elevated pressures and
      temperatures.
PAR  There are described in copending applications Ser. No. 219,130, filed Jan.
      19, 1972, now U.S. Pat. No. 3,833,634, patented Sept. 3, 1974; and Ser.
      No. 371,350, filed on even date herewith, rhodium carbonyl catalyzed
      reactions between carbon monoxide and hydrogen to produce methanol and
      ethylene glycol as primary products. British Patent Specification 655,237,
      U.S. Pat. Nos. 2,534,018; 2,570,792; and 2,636,046, mention the use of
      cobalt carbonyl compounds and carbonyl compounds of nickel, copper,
      chromium, and manganese as catalysts in the formation of ethylene glycol
      from the reaction of carbon monoxide and hydrogen.
PAR  It is the purpose of this invention to define an improvement in the
      operation of said metal carbonyl catalyzed reactions so as to maximize the
      production of the more valued ethylene glycol.
PAR  It has been surprisingly found that at the earliest stages of reaction in
      the aforementioned metal catalyzed carbonyl reactions between carbon
      monoxide and hydrogen, ethylene glycol is produced at a faster rate than
      methanol. Moreover, it has also been surprisingly found that simultaneous
      with an increased concentration of ethylene glycol in the reaction mixture
      there occurs a concomitant decrease in its rate of formation and an
      increase in the rate of methanol formation. This means that if the most
      valued product of the reaction is ethylene glycol, one must control its
      concentration in the reaction mixture to insure economically acceptable
      ethylene glycol efficiencies and production rates.
PAR  This invention is concerned with an improvement in the processes of said
      patents and said copending patent applications. This improvement involves
      operating said elevated pressure and temperature reactions with certain
      limits on the build-up of ethylene glycol in the reaction mixture. The
      result of such operation of the process is enhancement in both the rate of
      ethylene glycol efficiencies and ethylene glycol production.
PAR  Therefore, it has been determined that if such metal carbonyl catalyzed
      reactions between carbon monoxide and hydrogen are conducted such that the
      ethylene glycol concentration in the reaction mixture is less than about 5
      gram moles per liter, preferably between 0.4 and 5 gram moles per liter of
      reaction mixture and the molar formation ratio between ethylene glycol and
      methanol in the reaction mixture exceeds about 0.3, the production
      recovery and efficiency, and the production rate of ethylene glycol is
      significantly better, to thereby enhance the possible use of such
      processes in the commercial manufacture of ethylene glycol.
DRWD
PAR  Reference is made to the FIGURE which graphically portrays the relationship
      and effect of the molar concentration of ethylene glycol on the mole ratio
      of ethylene glycol to methanol in the reaction mixture.
DETD
PAR  The determination of the mole rate of formation of ethylene glycol or
      methanol, as shown in the FIGURE, is independent of time. At the beginning
      of the reaction, using a rhodium carbonyl catalyst at 210.degree.C and
      20,000 psia pressure of a 1:1 molar mixture of CO and H.sub.2, the
      reaction favors ethylene glycol formation but as the reaction continues,
      methanol formation is favored. However, if the concentration of ethylene
      glycol in the produced reaction mixture is reduced, after a period of
      reaction, the rate of its formation will be materially improved with a
      consequent reduction in methanol formation.
PAR  The following examples 1 and 2 characterize the effect of mode of operating
      a high pressure reactor to demonstrate the principle discussed above as it
      would be seen if the reactor were a batch reactor, as shown in Example 1,
      which also relates the principles of a continuous reactor where the final
      product's ethylene glycol concentration is greater than the average
      ethylene glycol concentration in the reactor. The principles of a
      continuous back mix type reactor are shown in Example 2 where the final
      product's ethylene glycol concentration is the same as the average
      concentration in the reactor.
PAC  EXAMPLE 1
PAR  The reactor for this example is a heavy-wall stainless steel autoclave
      fitted with a magnetic drive stirrer comprising two turbines located at
      roughly the midpoint of the vessel and three inches from the bottom head,
      respectively, and surrounded by a combination draft-tube and cooling coil
      to remove the heat of reaction and to provide for adequate mixing of the
      gas/liquid mixture. Several ports are available in both bottom and top
      heads through which reactants may be added and products removed. The
      interior cavity of the autoclave is 16 inches long by 7.65 inches in
      internal diameter, the overall volume being roughly 12.0 liters. The
      reactor is fitted with an external jacket through which temperature
      controlled hot oil is fed in addition to the oil fed to the cooling coil.
PAR  An initial charge of 3000 grams of tetraglyme containing 3000 ppm of rhodim
      as the catalyst, formed by reacting 4 moles of 2-hydroxypyridine and 1
      mole of rhodium dicarbonyl acetylacetonate, is introduced to the reactor,
      and synthesis gas having a composition of 60 percent hydrogen and 40
      percent carbon monoxide is introduced to the reactor, thereby raising its
      pressure to the reaction pressure of 20,000 psi. Throughout the duration
      of the reaction the pressure is maintained at 20,000 psi by the addition
      of additional synthesis gas as required. Reaction temperature is
      maintained at 220.degree.C by adjusting temperature of hot oil fed to the
      jacket and coil.
PAR  At the end of four hours, the reactor is cooled to ambient conditions, the
      pressure vented, and liquid products recovered. They are primarily 360
      grams of methanol and 816 grams of ethylene glycol, together with the 3000
      grams of tetraglyme originally charged. Approximately 204 grams of other
      miscellaneous chemicals are also recovered. The concentrations of ethylene
      glycol and methanol in the liquid product are thus seen to be 3.00 and
      2.57 gmol/liter, respectively, and the molar formation rate ratio is seen
      to be 13.16 gmols of ethylene glycol to 11.25 gmols of methanol, or
      1.17:1.
PAC  EXAMPLE 2
PAR  The reactor of example 1 is utilized in this experiment, with liquid and
      gas being continuously fed and withdrawn from the reactor. The reaction
      temperature and pressure are the same as in example 1, i.e., 20,000 psi
      and 220.degree.C.
PAR  Synthesis gas having a composition of 60 percent hydrogen and 40 percent
      carbon monoxide is fed to the reactor at a rate of about 50 standard cubic
      feet per hour and tetraglyme solvent containing 2.0 wt. percent of
      rhodium, as the rhodium catalyst of example 1, is fed in the amount of 100
      grams, per hour.
PAR  Liquid and gaseous products are withdrawn continuously from the reactor as
      required to maintain reaction pressure, the two phases being removed as a
      froth and separated at lower pressure downstream of the reactor.
PAR  The steady-state liquid product withdrawal rate is 636 grams per hour,
      which contains 197 grams of ethylene glycol (3.18 gmol) at a concentration
      of 5 gmol/liter and 340 grams methanol (10.62 gmol) at a concentration of
      16.7 gmol/liter.
PAR  The molar formation rate ratio is seen to be 3.18 gmol of ethylene glycol
      for 10.62 gmol of methanol, or a ratio of 0.3 to 1. In the above examples,
      "tetraglyme" is the dimethyl ether of tetraethylene glycol.
PAR  In comparing the results of experiments cited in example 1 and 2 with the
      curve of the FIGURE, it is important to recognize two fundamental
      influences on the course of the reaction. These fundamental influences are
      the concentration of ethylene glycol in the liquid product, and the effect
      of the reactor geometry and or mode of operation upon its performance. In
      particular is to be noted the results of Example 2, in which a continuous
      back-mixed reactor is operated in such a way that the product
      concentration (and, therefore, the average concentration) of ethylene
      glycol was 5.0 gmol/liter. This level of ethylene glycol concentration
      caused the molar formation rate ratio of ethylene glycol to methanol to be
      0.3:1, in accordance with the graph of the FIGURE.
PAR  Conversely, the batch reactor of Example 1, while producing a final product
      concentration of 3.0 gram-mols ethylene glycol/liter, nevertheless
      operated at an effectively lower ethylene glycol concentration, because
      there was no ethylene glycol at all in the reactor at the beginning of the
      experiment. Thus the effective concentration of ethylene glycol is seen to
      be considerably less than the 3.0 final concentration, and the molar
      formation rate ratio is seen to be not 0.71, as predicted from the graph
      of the FIGURE, but 1.17:1, which would correspond to an effective
      concentration on the graph of about 1.6 gmol/liter, an entirely reasonable
      average number.
PAR  An important embodiment of this invention, one which provides optimum
      production of ethylene glycol, is to practice this process such that the
      concentration of ethylene glycol in the products withdrawn from the
      reactor is greater than the average concentration of ethylene glycol in
      the reactor. In a continuous process, this is easily effected in a tubular
      or plug flow reactor where the reactants are introduced at one end of the
      reactor and withdrawn from the other in the absence of significant back
      mixing. This same embodiment can be practiced with a plurality of back mix
      reactors interconnected in series. Five to ten of such back mix reactor in
      series simulate the effect of a plug flow reactor.
PAR  In more specific terms, this process involves the reaction of carbon
      monoxide and hydrogen in the presence of metal carbonyl compounds, as
      aforedefined, and particularly rhodium carbonyl clusters which possess an
      infrared spectrum which exhibits three intense wavelength bands between
      about plus and minus 10 cm.sup.-.sup.1 of about 1868 cm.sup.-.sup.1, about
      1838 cm.sup.-.sup.1, and about 1785 cm.sup.-.sup.1 at a pressure of at
      least about 500 pounds per square inch absolute (psia), as set forth in
      copending application Ser. No. 371,350.
PAR  P. Chini, in a review article entitled "The Closed Metal Carbonyl Clusters"
      published in Reviews (1968), Inorganica Chimica Acta, pages 31-50, states
      that a metal cluster compound is "a finite group of metal atoms which are
      held together entirely, mainly, or at least to a significant extent, by
      bonds directly between the metal atoms even though some non-metal atoms
      may be associated intimately with the cluster." The rhodium carbonyl
      cluster compounds contain rhodium bonded to rhodium or rhodium bonded to
      another metal, such as cobalt and/or iridium. The preferable rhodium
      carbonyl cluster compounds are those which contain rhodium-rhodium bonds.
      These compounds desirably contain carbon and oxygen in the form of
      carbonyl (--C--O), in which the carbonyl may be "terminal", "edge
      bridging" and/or "face bridging". They may also contain hydrogen and
      carbon in forms other than carbonyl. The following are structures of two
      useable rhodium carbonyl cluster ions:
      ##SPC1##
EQU  Rh.sub.6 (CO).sub.16
      ##SPC2##
EQU  [Rh.sub.12 (CO).sub.30 ].sup.2.sup.-
PAR  Rhodium carbonyl cluster ions which possess the infrared spectrum
      characterized previously, function in association with carbon monoxide and
      hydrogen, as herein defined, to produce the polyhydric alcohols etc. The
      exact mechanism by which the cluster compounds act to catalyze the
      reaction is not fully appreciated at this time. It is believed that the
      reaction is dependent upon the existance of the following equilibria:
EQU  (I) 2Rh.sub.6 (CO).sub.15 H.sup.- H.sub.2 Rh.sub.12 (CO).sub.30
      .sup.-.sup.2 CO Rh.sub.12 (CO).sub.34.sup.-.sup.2
PAR  The clusters are ionic and they can be associated with any counter-ion
      provided that conditions are available by which a rhodium carbonyl cluster
      compound having aforedefined infrared spectrum characteristics is
      obtainable.
PAR  The counter-ion may be rhodium per se, hydrogen, ammonia, any monovalent or
      polyvalent metal, and a broad range of organic compounds, such as those
      characterized as ligands.
PAR  The monovalent or polyvalent metal counter-ion may include lithium, sodium,
      potassium, rubidium, cesium, francium, beryllium, magnesium, calcium,
      strontium, barium, radium, scandium, yttrium, the rare earth metals
      (especially, e.g., cerium, praseodymium, and europium), titanium,
      zirconium, hafnium, manganese, rhenium, iron, ruthenium, osmium, cobalt,
      rhodium, iridium, nickel, palladium, platinum, copper, silver, gold,
      boron, aluminum, gallium, indium and thallium.
PAR  The organic counter-ions may result from "complexing" organic compounds
      with the rhodium carbonyl cluster ions or by ionically associating with
      the cluster.
PAR  The term "complex" means a coordination compound formed by the union of one
      or more electronically rich molecules or atoms capable of independent
      existence with one or more electronically poor molecules or atoms, each of
      which is also capable of independent existence. These organic rhodium
      cluster complexes are derived from the association of organic ligands with
      rhodium carbonyl solutions.
PAR  Organic ligands which are suitable in the practice of the invention contain
      at least one nitrogen atom (hereinafter called Lewis base nitrogen atom)
      and/or at least one oxygen atom (hereafter called Lewis base oxygen atom),
      said atoms possessing a pair of electrons available for the formation of
      coordinate bonds with rhodium. Desirably, the organic ligand contains at
      least two Lewis base nitrogen atoms, or at least two Lewis base oxygen
      atoms, or at least one Lewis base nitrogen atom plus at least one Lewis
      base oxygen atom, said atoms possessing a pair of electrons available for
      the formation of coordinate bonds with rhodium, and said organic ligand
      forming with rhodium per se a chelate structure. In suitable embodiments
      the organic ligands contain from 2 and upwards to 4 Lewis base atoms,
      preferably from 2 to 3 such atoms, and most preferably 2 Lewis base atoms.
      These organic ligands are said to be multidentate or polydentate, that is
      to say, such ligands are bidentate, tridentate, or quadridentate,
      depending on whether 2, 3, or 4 Lewis base atoms are involved in the
      formations of chelate structures with rhodium.
PAR  Organic ligands which contain at least one Lewis base nitrogen atom will
      oftentimes hereinafter be referred to as "organic nitrogen ligands"; those
      ligands which contain at least one Lewis base oxygen atom will oftentimes
      be referred to as "organic oxygen ligands"; and those which contain at
      least one Lewis base nitrogen atom plus at least one Lewis base oxygen
      atom will oftentimes be referred to as "organic aza-oxa ligands".
PAR  Suitable organic nitrogen ligands most generally contain carbon, hydrogen,
      and nitrogen atoms. Suitable organic oxygen ligands most generally contain
      carbon, hydrogen, and oxygen atoms. Suitable organic aza-oxa ligands most
      generally contain carbon, hydrogen, oxygen, and nitrogen atoms. The carbon
      atoms can be acyclic and/or cyclic such as aliphatic, cycloaliphatic,
      aromatic (including fused and bridged) carbon atoms, and the like.
      Preferably, the organic ligands contain from 2 to 20 carbon atoms. The
      nitrogen atoms can be in the form of imino (--N=), amino
      ##EQU1##
      nitrilo (N.tbd.), etc. Desirably, the Lewis base nitrogen atoms are in the
      form of imino nitrogen and/or amino nitrogen. The oxygen atoms can be in
      the form of groups such as hydroxyl (aliphatic or phenolic), carboxyl
      ##EQU2##
      carbonyloxy
      ##EQU3##
      oxy (--O--), carbonyl
      ##EQU4##
      etc., all of said groups containing Lewis base oxygen atoms. In this
      respect, it is the "hydroxyl" oxygen in the
      ##EQU5##
      group and the "oxy" oxygen in the
      ##EQU6##
      group that are the Lewis base atoms. The organic ligands may also contain
      other atoms and/or groups such as alkyl, cycloalkyl, aryl, chloro,
      ,thiaalkyl, trialkylsilyl, and the like.
PAR  Illustrative organic nitrogen ligands include for instance,
      N,N,N',N'-tetramethylethylenediamene, N,N,N',N'-tetraethylethylenediamine,
      N,N,N',N'-tetra-n-propylethylenediamine,
      N,N,N',N'-tetramethylmethylenediamine,
      N,N,N',N'-tetraethylmethylenediamine,
      N,N,N',N'-tetraisobutylmethylenediamine, piperazine, N-methylpiperazine,
      N-ethylpiperazine, 2-methyl-N-methylpiperazine, 2,2'-dipyridyl,
      methyl-substituted 2,2'-dipyridyl, ethyl-substituted 2,2'-dipyridyl,
      1,4-diazabicyclo [2.2.2] octane, methyl-substituted, 1,4-diazebicyclo
      [2.2.2] octane, purine, 2-aminopyridine, 2-(dimethylamino)pyridine,
      1,10-phenanthroline, methyl-substituted 1,10-phenanthroline,
      2-(dimethylamino)-6-methoxyquinoline, 7-chloro-1,10-phenanthroline,
      4-triethylsilyl-2,2'-dipyridyl, 5-(thiapentyl)-1,10-phenanthroline, and
      the like.
PAR  Illustrative organic oxygen ligands include, by way of illustrations,
      glycolic acid, methoxyacetic acid, ethoxyacetic acid, diglycolic acid,
      thiodiglycolic acid, diether ether, tetrahydrofuran, dioxane,
      tetrahydropyran, pyrocatechol, citric acid, 2-methoxyethanol,
      2-ethoxyethanol, 2-n-propoxyethanol, 2-n-butylethanol,
      1,2,3-trihydroxybenzene, 1,2,4-trihydroxybenzene,
      2,3-dihydroxynaphthalene, cyclohexane-1,2-diol, oxetane,
      1,2-dimethoxybenzene, 1,2-diethoxybenzene, methyl acetate, ethanol,
      1,2-dimethoxyethane, 1,2-diethoxyethane, 1,2-di-n-propoxyethane,
      1,2-di-n-butoxyethane, pentane-2,4-dione, hexane-2,4-dione,
      heptane-3,5-dione, octane-2,4-dione, 1-phenylbutane-1,3-dione,
      3-methylpentane-2,4-dione; the mono- and dialkyl ethers of propylene
      glycol, of diethylene glycol, of dipropylene glycol; and the like.
PAR  Illustrative organic aza-oxa ligands include, for example, ethanolamine,
      diethanolamine, isopropanolamine, di-n-propanolamine, N,N-dimethylglycine,
      N,N-diethylglycine, iminodiacetic acid, N-methyliminodiacetic acid,
      N-methyldiethanolamine, 2-hydroxypyridine, methyl-substituted
      2-hydroxypyridine, picolinic acid, methyl-substituted picolinic acid,
      nitrolotriacetic acid, 2,5-dicarboxypiperazine,
      N-(2-hydroxyethyl)iminodiacetic acid, ethylenediaminetetraacetic acid,
      2,6-dicarboxypyridine, 8-hydroxyquinoline, 2-carboxyquinoline,
      cyclohexane-1,2-diamine-N,N,N',N'-tetraacetic acid, the tetramethyl ester
      of ethylenediaminetetraacetic acid, and the like.
PAR  In the practice of the invention a normally-liquid organic diluent is
      employed. Such diluents can be inert organic diluents, or they may be
      reactive diluents, and they can include the aforedescribed organic
      ligands, or mixtures thereof. Illustrative of the normally-liquid organic
      diluents which are generally suitable in the practice of desirable
      embodiments of the invention include, for example, saturated and aromatic
      hydrocarbons, e.g., hexane, octane, dodecane, naphtha, decalin,
      tetrahydronaphthalene, kerosene, mineral oil, cyclohexane, cycloheptane,
      alkylcycloalkane, benzene, toluene, xylene, naphthalene, alkylnaphthalene,
      etc.; ethers such as tetrahydrofuran, tetrahydropyran, diethyl ether,
      1,2-dimethoxybenzene, 1,2-ethoxybenzene, the mono- and dialkyl ethers of
      ethylene glycol, of propylene glycol, of butylene glycol, of diethylene
      glycol, of dipropylene glycol, of triethylene glycol, of tetraethylene
      glycol, of dibutylene glycol, of oxyethyleneoxypropylene glycol, etc.;
      carboxylic acids such as acetic acid, propionic acid, butyric acid,
      caproic acid, stearic acid, benzoic acid, cyclohexanecarboxylic acid,
      etc.; alkanols such as methanol, ethanol, propanol, isobutanol,
      2-ethylhexanol, etc.; ketones such as acetone, methyl ethyl ketone,
      cyclohexanone, cyclopentanone, etc.; esters such as methyl acetate, ethyl
      acetate, propyl acetate, butyl acetate, methyl propionate, ethyl butyrate,
      methyl laurate, etc.; water; anhydrides such as phthalic anhydride, acetic
      anhydride, etc.; and others. Tetrahydrofuran, dioxane, and the mono and
      dialkylethers of triethylene and tetraethylene glycol are preferred
      diluents. It should be noted that the use of reactive diluents in the
      practice of desirable embodiments of the invention can give rise to a
      range of useful products. For instance, the mono- and diacetate esters of
      ethylene glycol can be obtained by using acetate acid as the diluent in
      the reaction medium. The use of alkanols, e.g., methanol and ethanol, can
      result in the monoalkyl ethers of ethylene glycol.
PAR  The quantity of catalyst employed is not narrowly critical and can vary
      over a wide range and that cited in the aforementioned patents may be
      used. In general, the process is desirably conducted in the presence of a
      catalytically effective quantity of the active metal species, preferably
      the rhodium species, which gives a suitable and reasonable reaction rate.
      Reaction proceeds when employing as little as about 1 .times.
      10.sup.-.sup.6 weight percent, and even lesser amounts, of rhodium metal
      based on the total weight of reaction mixture. The upper concentration
      limit can be quite high, e.g., about 30 weight percent rhodium, and
      higher, and the realistic upper limit in practicing the invention appears
      to be dictated and controlled more by economics in view of the exceedingly
      high cost of rhodium metal and rhodium compounds. No particular advantages
      at the relatively high concentrations of rhodium are manifest. Depending
      on various factors such as the counter-ion of choice, the partial
      pressures of oxides of carbon and hydrogen, the total operative pressure
      of the system, the operative temperature, the choice of the
      normally-liquid organic diluent, and other considerations, a catalyst
      concentration of from about  1 .times. 10.sup.-.sup.5 to about 1 .times.
      10.sup.-.sup.1 weight percent rhodium (contained in the catalyst) based on
      the total weight of reaction mixture, is generally desirable in the
      practice of the invention.
PAR  The operative temperature which may be employed can vary over a wide range
      of elevated temperatures. In general, the novel process can be conducted
      at a temperature in the range of from about 100.degree.C. and upwards to
      approximately 375.degree.C, and higher. Operative temperatures outside
      this stated range, though not excluded from the scope of the invention, do
      not fall within certain desirable embodiments of the invention. At the
      lower end of the temperature range, and lower, the rate of reaction to
      desired product becomes markedly slow. At the upper temperature range, and
      beyond, signs of some catalyst instability are noted. Notwithstanding this
      factor, reaction continues and polyhydric alcohols and/or their
      derivatives are produced. Additionally, one should take notice of the
      equilibrium reaction for forming ethylene glycol:
EQU  2 CO + 3H.sub.2 .revreaction.HOCH.sub.2 CH.sub.2 OH
PAL  At relatively high temperatures the equilibrium increasingly favors the
      left hand side of the equation. To drive the reaction to the formation of
      increased quantities of ethylene glycol, higher partial pressures of
      carbon monoxide and hydrogen are required. Processes based on
      correspondingly higher operative pressures, however, do not represent
      preferred embodiments of the invention in view of the high investment
      costs associated with erecting chemical plants which utilize high pressure
      utilities and the necessity of fabricating equipment capable of
      withstanding such enormous pressures. Suitable operative temperatures are
      between about 150.degree.C. to about 300.degree.C., and desirably from
      about 190.degree.C. to about 275.degree.C.
PAR  The process is suitably effected over a wide superatmospheric pressure
      range. At pressures below about 500 psia, the rate of desired product
      formation is quite slow, and consequently, relatively faster reaction
      rates and/or higher conversions to the desired product can be obtained by
      higher operative pressures, e.g., at a pressure of at least about 800
      psia. Pressures as high as 50,000 psia, and higher, can be employed but
      with no apparent advantages attendant thereto which offset the
      unattractive plant investment outlay required for such high pressure
      equipment. In one embodiment of the invention, the upper pressure
      limitation is approximately 25,000 psia. Effecting the novel process below
      about 14,000 psia, especially below about 6,000 psia, results in cost
      advantages which are associated with low pressure equipment requirements.
      A suitable pressure range is from about 1000 psia to about 12,000 psia.
      The pressures referred to above represent the total pressure of hydrogen
      and oxides of carbon. In a preferred embodiment of the invention, rhodium
      catalyst is maintained in solution in the liquid reaction medium.
PAR  The novel process is effected for a period of time sufficient to produce
      the desired polyfunctional oxygen-containing products and/or derivatives
      thereof. In general, the residence can vary from minutes to several hours,
      e.g., from a few minutes to approximately 24 hours, and longer. It is
      readily appreciated that the residence period will be influenced to a
      significant extent by the effect of ethylene glycol buildup, by the
      reaction temperature, the concentration and choice of the catalyst, the
      total gas pressure and the partial pressure exerted by its components, the
      concentration and choice of diluent, and other factors. The synthesis of
      the desired product(s) by the reaction of hydrogen with carbon monoxide is
      suitably conducted under operative conditions which give reasonable
      reaction rates and/or conversions.
PAR  The relative amounts of carbon monoxide and hydrogen which are essentially
      present in the reaction mixture can be varied over a wide range. In
      general, the mol ratio of CO:H is in the range of from about 20:1 to about
      1:20, suitably from about 10:1 to about 1:10, and preferably from about
      5:1 to about 1:5. It is to be understood, however, that molar ratios
      outside the aforestated broad range may be employed. Substances or
      reaction mixtures which give rise to the formation of carbon monoxide and
      hydrogen under the reaction conditions may be employed instead of mixtures
      comprising carbon monoxide and hydrogen which are used in preferred
      embodiments in the practice of the invention. Mixtures of carbon dioxide,
      carbon monoxide and hydrogen can also be employed. If desired, the
      reaction mixture can comprise steam and carbon monoxide.
PAR  The process can be executed in a batch, semi-continuous, or continuous
      fashion. The reaction can be conducted in a single reaction zone or a
      plurality of reaction zones, in series or in parallel, or it may be
      conducted intermittently or continuously in an elongated tubular zone or
      series of such zones. The material of construction should be such that it
      is inert during the reaction and the fabrication of the equipment should
      be able to withstand the reaction temperature and pressure. The reaction
      zone can be fitted with internal/or external heat exchanger(s) to thus
      control undue temperature fluctuations, or to prevent any possible
      "run-away" reaction temperatures due to the exothermic nature of the
      reaction. In preferred embodiments of the invention, agitation means to
      vary the degree of mixing of the reaction mixture can be suitably
      employed. Mixing induced by vibration, shaker, stirrer, rotatory,
      oscillation, ultrasonic, etc., are all illustrative of the types of
      agitation means which are contemplated. Such means are available and
      well-known to the art. The catalyst may be initially introduced into the
      reaction zone batchwise, or it may be continuously or intermittently
      introduced into such zone during the course of the synthesis reaction.
      Means to introduce and/or adjust the reactants, either intermittently or
      continuously, into the reaction zone during the course of the reaction can
      be conveniently utilized in the novel process especially to maintain the
      desired molar ratios of and the partial pressures exerted by the
      reactants.
PAR  As discussed previously, the operative conditions can be adjusted by
      control of ethylene glycol concentration to optimize the conversion of the
      desired product and/or the economics of the novel process. In a continuous
      process, for instance, when it is preferred to operate at relatively low
      conversions, it is generally desirable to recirculate unreacted synthesis
      gas with/without make-up carbon monoxide and hydrogen to the reactor.
      Recovery of the desired product can be achieved by methods well known in
      the art such as by distillation, fractionation, extraction, and the like.
      A fraction comprising rhodium catalyst, generally contained in by-products
      and/or normally-liquid organic diluent, can be recycled to the reaction
      zone, if desired. All or a portion of such fraction can be removed for
      recovery of the rhodium values or regeneration to the active rhodium
      species, if necessary. Fresh catalyst can be intermittently added to the
      recycle stream or directly to the reaction zone.
PAR  In preferred process, rhodium and other metal catalysts as defined herein
      which are soluble in the reaction medium have provided the best results.
PAR  The active forms of e.g., the rhodium carbonyl clusters may be prepared by
      various techniques. They can be preformed and then introduced into the
      reaction zone. Alternatively, any of the host of rhodium-containing
      substances as well as the counter-ion forming substances can be introduced
      into the reaction zone and, under the operative conditions of the process
      (which of course includes hydrogen and carbon monoxide), the active
      rhodium carbonyl cluster can be generated in situ. Illustrative of
      rhodium-containing substances which can be conveniently introduced or
      placed in the synthesis zone include, for example, rhodium oxide (Rh.sub.2
      O.sub.3), tetrarhodium dodecacarbonyl, dirhodium octacarbonyl, hexarhodium
      hexadecacarbonyl (Rh.sub.6 (CO).sub.16). rhodium(II) formate, rhodium(II)
      acetate, rhodium(II) propionate, rhodium(II) butyrate, rhodium(II)
      valerate, rhodium(III) naphthenate, rhodium dicarbonyl acetylacetonate,
      rhodium tris(acetylacetonate), rhodium trihydroxide, indenylrhodium
      dicarbonyl, rhodium dicarbonyl (1-phenylbutane-1,3-dione),
      tris(hexane-2,4-dionato) rhodium(III),
      tris(heptane-2,4-dionato)rhodium(III),
      tris(1-phenylbutane-1,3-dionato)rhodium(III),
      tris(3-methylpentane-2,4-dionato)rhodium(III),
      tris(1-cyclohexylbutane-1,3-dionato)rhodium(III), finely divided rhodium
      metal, rhodium metal and rhodium-containing compounds deposited on porous
      supports or carriers such as those exemplified previously, and others. The
      preparation of rhodium carbonyl cluster compounds is conveniently carried
      out in a diluent or mixture of diluents, e.g., benzene. Tetrarhodium
      dodecacarbonyl, though of limited solubility, can be added to the diluent
      in a finely divided form. Any of several of the rhodium-containing
      compounds illustrated previously can be employed in lieu of Rh.sub.4
      (CO).sub.12. Organic ligands such as 2-hydroxypyridine or other
      counter-ion forming compounds can also be added thereto. The cluster
      forming reaction can be effected under a carbon monoxide pressure, with or
      without H.sub.2, of about 1 to about 15 atmospheres, and higher, using a
      temperature of about 30.degree.C. to about 100.degree.C., for a period of
      time ranging from minutes to a few days, generally from about 30 minutes
      to about 24 hours. The resulting rhodium cluster compound contained in the
      organic diluent is catalytically active in this process. The compound
      contains rhodium in clustered combination with carbon monoxide and the
      counter-ion of choice. In preparing the aforesaid compounds, one can
      suitably employ from about 0.01 to about 20 moles of counter-ion forming
      compounds per mole of rhodium (contained in the rhodium compound used as a
      rhodium source). Ratios outside this stated range can be employed
      especially when it is desirable to use diluent quantities of the
      counter-ion forming compounds.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the continuous process of producing ethylene glycol and methanol
      which comprises converting a mixture of a continuous feed of carbon
      monoxide and a continuous feed of hydrogen to produce ethylene glycol and
      methanol by contacting said mixture with a catalytic amount of rhodium in
      complex combination with carbon monoxide, at a temperature of between
      about 100.degree.C. to about 375.degree.C. and a pressure of between about
      500 p.s.i.a. and about 50,000 p.s.i.a. sufficient to form said ethylene
      glycol and methanol, wherein the improvement comprises maintaining the
      concentration of ethylene glycol in the reaction mixture at less than
      about 5 gram moles per liter of reaction mixture from said reaction and
      maintaining the molar formation ratio between ethylene glycol and methanol
      in the reaction mixture in excess of about 0.3.
NUM  2.
PAR  2. The process of claim 1 wherein the concentration of ethylene glycol in
      the product recovered from the reaction is greater than the average
      concentration of ethylene glycol in the reaction mixture prior to
      recovery.
NUM  3.
PAR  3. The process of claim 1 wherein the rhodium in complex combination with
      carbon monoxide is in the form of a ionic rhodium carbonyl cluster
      compound.
NUM  4.
PAR  4. The process of claim 3 wherein the temperature is between about
      190.degree.C. to about 275.degree.C.
NUM  5.
PAR  5. The process of claim 4 wherein the pressure is below about 14,000
      p.s.i.a. and greater than about 1,000 p.s.i.a.
NUM  6.
PAR  6. The process of claim 5 wherein the reaction is carried out in dimethyl
      ether of tetraethylene glycol.
NUM  7.
PAR  7. The process of claim 1 wherein the concentration of ethylene glycol is
      between 0.4 and 5 gram moles per liter of reaction mixture.
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ABST
PAL  The instant invention relates to a class of novel compounds having utility
      as surfactants in detergent compositions and also to detergent and other
      compositions employing said novel compounds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of surfactants and their use in
      detergent compositions, including laundry and dishwashing compositions, in
      dentifrice and mouthwash compositions and in shampoo and toilet bar
      compositions. The applicants have discovered a novel class of compounds,
      i.e. 2-(alkylsulfinyl)ethyl sulfates, which are useful as biodegradable
      surfactants.
PAR  It is well known that in recent years there have been studies concerning
      the eutrophication of waters and the biodegradability, or lack thereof, of
      substances that find their way into said waters and contribute to said
      eutrophication. For environmental reasons it is imperative that detergent
      compositions contain components that are biodegradable.
PAR  The 2-(alkylsulfinyl)ethyl sulfates of the instant invention have been
      found to possess the necessary detergency and biodegradability
      requirements for use as detergent active components in both non-phosphate
      and phosphate dishwashing, light and heavy duty detergent compositions.
PAR  Light-duty applications are those such as the hand washing of dishware and
      lightly soiled fine fabrics which fabrics cannot as a rule withstand the
      vigorous treatment of machine laundering. Also, light-duty washing
      situations are those which generally call for a gentle washing action in
      cool or lukewarm water. It is well known by those skilled in the art that
      compositions designed for such uses must have certain performance
      properties which distinguish them from heavy-duty cleaning compositions.
      For instance, they must be mild to the skin, possess high sudsing
      properties, and also possess cleaning power in water solutions having cool
      or lukewarm temperatures, e.g., below 100.degree.F.
PAR  The term "heavy-duty" applications are those cleaning situations in which
      heavily soiled articles are encountered. Considerations in such cleaning
      processes include the use of vigorous mechanical action usually in hot
      water having temperatures below about 120.degree.F up to about
      200.degree.F. Moreover, the problems presented by high soil loads or
      fabrics such as cotton are unlike those dealt with in light-duty
      situations. As a result, heavy-duty detergent compositions must be
      specially formulated.
PAR  In the formulation of heavy-duty built detergent laundering compositions,
      the most valuable detergents are those which combine effective cleaning
      ability with superior whiteness maintenance results. Cleaning pertains to
      the removal of soil from soiled articles. Whiteness maintenance is a term
      which is used to measure the ability of an aqueous solution of a detergent
      composition to keep suspended in the solution, soil which has been removed
      during the washing process.
PAR  There has long been a need for a built detergent composition which can be
      used with superior effectiveness in both light-duty and heavy-duty
      cleaning situations. This implies, of course, satisfactory performance in
      washing solutions where temperature ranges anywhere from about 50.degree.F
      up to about 200.degree.F and higher. Literally thousands of active
      detergent compounds have been tried, alone and in combination with other
      detergents and builders, as well as other detergent aids such as
      sequestering agents in order to satisfy this need of longstanding. For the
      most part, such attempts have not been satisfactory.
PAR  Of particular importance is the need for a detergent composition that
      efficiently cleans without the need of the commonly used
      phosphorus-containing builder salts. Sequestrant builder salts such as
      sodium tripolyphosphate (STP) are normally included in built detergent
      compositions partly for the purpose of sequestering hardness ions,
      especially calcium, that are found in water. In the absence of these
      sequestrant builders a water-insoluble hardness ion salt will be deposited
      on the laundered fabrics and as a result, will adversely affect the
      overall cleaning performance of the detergent. Recent fears of the effect
      of STP and other phosphorus-containing sequestrant builders on the ecology
      have caused a great amount of research in the area of finding a suitable
      replacement. Most replacements to date have not been as good as STP with
      regard to preventing the formation of the water-insoluble salt of the
      detergent. This absence of a fully satisfactory replacement for STP has,
      accordingly, led some to look for a detergent that is better able to
      perform properly with other known builders. Preferably the novel detergent
      would be relatively calcium insensitive, i.e. would not form a
      water-insoluble salt with the calcium found in the water. In this way the
      detergent could be used in a heavy-duty application without the need of a
      builder or with builders considered to have weak sequestering properties.
      Unfortunately, the complex nature of how a detergent works has made the
      search for an effective detergent very difficult.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The need and search for improved detergent compositions is a continuing
      one. Countless new surface active materials have been and are being
      prepared, of which only a relative few may eventually be found suitable
      for commercial use as detergent materials in toilet bars, dishwashing
      compositions, light and heavy duty built laundry compositions.
PAR  Alkyl sulfoxides having a long chain fatty acid residue are known to have
      surface active properties. U.S. Pat. No. 2,787,595 to Webb discloses the
      use of alkyl sulfoxides as the essential active ingredient in detergent
      compositions. According to Webb, the sulfoxides may be employed either
      alone or in combination with builders. A U.S. Pat. to Louthan, No.
      2,864,866 teaches the preparation of sulfoxides by the oxidation of glycol
      thioethers using, inter alia, hydrogen peroxide as the oxidizing agents. A
      series of U.S. Pats. to Priestly viz., Nos. 3,382,180; 3,660,497;
      3,670,027; and 3,739,031, relate to preparation and use of
      hydroxysulfoxides in detergent compositions. U.S. Pat. No. 3,382,180
      relates specifically to the use of alkyl monosulfoxides as suds
      stabilizers in detergent compositions. A U.S. Pat. No. 2,017,004, to
      Keistahler et al., describes the oxidation and sulfation of organic
      sulfides to form sulfones, said patent incorporated herein by reference.
      The compounds disclosed herein and their use in detergent compositions
      have not been described heretofore in the literature.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the instant invention novel compounds are provided
      having the structure
      ##EQU1##
      wherein R is a straight or branched chain saturated aliphatic radical
      having from about 10-20 carbon atoms and M is hydrogen, an alkali metal,
      ammonium, alkyl substituted ammonium and alkylolammonium cation, said
      alkyl groups having from 1-6 carbon atoms. The alkali metal salts may be
      selected from sodium, potassium and lithium. The alkyl moiety of the
      substituted ammonium cation and the alkylol ammonium cation is a straight
      or branched chain saturated aliphatic radical having from one to six
      carbon atoms. Illustrative examples are methyl, ethyl, propyl, isopropyl,
      butyl, isobutyl, tertiary butyl, pentyl, isopentyl, hexyl, isohexyl,
      hydroxyethyl and hydroxypropyl.
PAR  The members of this class of compounds are readily prepared by reacting an
      olefin, e.g. 1-tetradecene, with 2-mercaptoethanol using a free radical
      initiator, e.g. azobisisobutyronitrile (AIBN), as catalyst to obtain an
      intermediate alkylhydroxyethyl sulfide. The intermediate is subsequently
      oxidized with hydrogen peroxide under reflux in the presence of acetone to
      the 2-(alkylsulfinyl)ethanol. This compound is subsequently slurried with
      methylene chloride. A separate solution of liquid sulfur trioxide and
      methylene chloride is made. The two solutions are mixed with stirring.
      After a period of time the reaction mixture is treated with sodium
      hydroxide, thus yielding the sodium salt of 2-(alkylsulfinyl)ethyl
      sulfate. The reactions involved may be expressed by the following
      equations:
      ##EQU2##
      R' and R" may be hydrogen or an alkyl group with the proviso that the
      total number of carbon atoms in R' and R" is from 8-18 and with the
      further proviso that both R' and R" cannot simultaneously by hydrogen. R
      thus is a saturated straight or branched aliphatic group having from 10-20
      carbon atoms.
PAR  This process is applicable to all the members within the homologous series
      embracing the instant class of novel compounds, including odd chain length
      members. Within the class of olefins contemplated herein as starting
      materials are also dimer olefins and internal olefins.
PAR  As aforestated, the novel 2-(alkylsulfinyl)ethyl sulfates of the instant
      invention are useful as detergent actives in light or heavy duty laundry
      compositions and also in mechanical dishwasher compositions. These
      compounds may also be used in dentifrices and shampoos.
PAR  Accordingly, it is also an objective of the instant invention to formulate
      detergent compositions utilizing the novel 2-(alkylsulfinyl)ethyl
      sulfates, which detergent compositions are outstandingly suitable for
      light duty and heavy duty applications, etc., as described above, and
      further which perform well at washing solution temperatures ranging from
      about 50.degree.F to about 200.degree.F.
PAR  One of the features of the instant class of compounds is that the higher
      members provide good detergency with low foaming properties. This feature
      is particularly important since it enables utilization of the more readily
      available higher .alpha.-olefins, e.g. C.sub.16 to C.sub.20 from which the
      compounds of the invention are derived. Furthermore, the low foaming
      properties are especially important since the compounds may be used as
      replacements for nonionic surfactants particularly those based on ethylene
      oxide. Replacement of nonionic surfactants has become an important
      objective in the detergent art because of recurring shortages of ethylene
      oxide from which the nonionics are generally made. It is noteworthy that
      the 2-mercaptoethanol used to make the instant compounds is derived from
      only one mole of ethylene oxide per mole of compound in contrast to
      well-known nonionic surfactants which utilize from 7 to about 13 moles of
      ethylene oxide per mole of compound. The instant compounds, which are
      anionic in nature, therefore, are highly desirable surfactants from a raw
      materials point-of-view in the detergent field.
PAR  The higher members, especially the C.sub.16 and C.sub.18 alkyl homologues,
      also have excellent lime-soap dispersing properties and, accordingly, find
      utility in soap formulations (e.g. bars and powders) and in detergent bar
      formulations. In addition, the C.sub.16 to C.sub.20 alkyl homologs have
      useful softening properties and thus find use in softening compositions.
PAR  Another important feature of the series of compounds of the instant
      invention is that the middle members, i.e. the C.sub.12 to C.sub.16 alkyls
      are relatively insensitive to hardness ions in contrast to the
      corresponding alkyl sulfates which precipitate hardness ions. These
      compounds, especially the C.sub.14 alkyl homolog which has excellent
      foaming properties, are admirably suited for use in hand dishwashing
      formulations, dentifrice/mouthwash compositions, shampoos, bubble bath
      compositions, soap and detergent bars and the like.
PAR  Finally, where wetting action is desired with a minimum of foam or a
      quick-breaking foam (e.g. hard surface cleansers) the C.sub.10 alkyl
      compound has the desired properties.
PAR  It is our belief, although not wishing to be bound by such, that the
      presence of the sulfoxide moiety greatly reduces the calcium sensitivity
      of the compound, as compared to the corresponding alkyl sulfates. Further,
      it is also our belief that the presence of the sulfoxide moiety results in
      compounds which are less irritating to the skin. These factors render the
      novel compounds of this invention as a reliable and attractive alternative
      to conventional sulfate detergent actives viz., sodium alkyl sulfates,
      which are known to be calcium sensitive and the lower members of which are
      highly irritating to the skin.
PAR  It has surprisingly been found that the novel 2-(alkysulfinyl)ethyl
      sulfates may be employed per se as detergents in aqueous media; however
      their effectiveness is enhanced by combining them with up to about 50%,
      i.e. 0 to about 50%, water soluble inorganic or organic alkaline
      detergency builders to provide built detergent compounds. The weight ratio
      of detergent active to the builder is from about 10:1 to about 1:10. More
      precisely, the so-called light duty detergent compositions, i.e., those
      used for fine fabric and hand dishwashing, the active level is about 10 to
      about 40%, preferably, about 15% to about 25%. In the case of heavy duty
      detergent compositions, the active level is from about 5% to about 75%. In
      a mechanical dishwashing composition, however, the active is present in an
      amount of from about 0.5% to about 10%, preferably about 1% to about 5%.
      These compositions also contain from about 25% to about 75%, preferably
      35% to 60% of an alkaline sequestrant builder (listed hereinafter) and
      generally sodium silicate as a corrosion inhibitor and alkalinity source,
      said silicate being present from about 5% to about 50%, preferably 10% to
      25%. There is also present a chlorine bleach component from about 0.5% to
      about 25%, preferably 1% to 15%. Examples of the chlorine bleach
      components are dichlorocyanurates; 1,3-dichloro-5,5-dimethylhydantoin and
      others disclosed in U.S. Pat. No. 3,544,473, incorporated herein by
      reference.
PAR  Examples of suitable water-soluble inorganic alkaline detergency builder
      salts are alkali metal carbonates, borates, phosphates, polyphosphates,
      bicarbonates and silicates. Specific examples of such salts are sodium and
      potassium tetraborates, perborates, bicarbonates, carbonates,
      tripolyphosphates, pyrophosphates, orthophosphates, hexametaphosphates and
      silicates.
PAR  Examples of suitable organic alkaline detergency builder salts are: (1)
      water-soluble aminopolycarboxylates, e.g. sodium and potassium
      ethylenediaminetetraacetates, nitrilotriacetates and
      N-(2-hydroxyethyl)-nitrilodiacetates; (2) water-soluble salts of phytic
      acid, e.g. sodium and potassium phytates -- see U.S. Pat. No. 2,739,942,
      incorporated herein by reference; (3) water-soluble polyphosphates,
      including specifically, sodium, potassium and lithium salts of
      ethane-1-hydroxy-1,1-diphosphonic acid, sodium, potassium and lithium
      salts of methylene diphosphonic acid, sodium, potassium and lithium salts
      of ethylene diphosphonic acid, and sodium, potassium and lithium salts of
      ethane-1,1,2-triphosphonic acid. Other examples include the alkali metal
      salts of ethane-2-carboxy-1,1-diphosphonic acid,
      hydroxymethane-diphosphonic acid, carbonyldiphosphonic acid,
      ethane-1-hydroxy-1,1,2-triphosphonic acid,
      ethane-2-hydroxy-1,1,2-triphosphonic acid, propane-1,1,3,3-tetraphosphonic
      acid, propane-1,1,2,3-tetraphosphonic acid and
      propane-1,2,2,3-tetraphosphonic acid; (4) water-soluble salts of
      polycarboxylate polymers and copolymers as described in U.S. Pat. No.
      3,308,067, incorporated herein by reference. Specifically, a detergent
      builder material comprising a water-soluble salt of a polymeric aliphatic
      polycarboxylic acid having the following structural relationships as to
      the position of the carboxylate groups and possessing the following
      prescribed physical characteristics: (a) a minimum molecular weight of
      about 350 calculated as to the acid form; (b) an equivalent weight of
      about 50 to about 80 calculated as to acid form; (c) at least 45 mole
      percent of the monomeric species having at least two carboxyl radicals
      separated from each other by not more than two carbon atoms; (d) the site
      of attachment of the polymer chain of any carboxyl-containing radical
      being by not more than three carbon atoms along the polymer chain from the
      site of attachment of the next carboxyl-containing radical. Specific
      examples are polymers of itaconic acid, aconitic acid, maleic acid,
      mesaconic acid, fumaric acid, methylene malonic acid and citraconic acid
      and copolymers with themselves and other compatible monomers such as
      ethylene; and (5) mixtures thereof.
PAR  Mixtures of organic and/or inorganic builders can be used and are generally
      desirable. One such mixture of builders is disclosed in U.S. Pat. No.
      3,392,121, incorporated herein by reference, issued to Burton H. Gedge III
      wherein ternary mixtures of sodium tripolyphosphate, sodium
      nitrilotriacetate and trisodium ethane-1-hydroxy-1,1-diphosphonate are
      disclosed. The above described builders can also be utilized singly in
      this invention.
PAR  In addition, other builders can be used satisfactorily such as
      water-soluble salts of citric acid, mellitic acid, i.e. benzene
      hexacarboxylic acid, pyromellitic acid, benzene pentacarboxylic acid,
      oxydiacetic acid and oxydisuccinic acid and carboxymethyloxysuccinic acid
      (CMOS).
PAR  The detergent compositions of the present invention are especially useful
      in admixture with other materials to form complete formulations. Such
      complete formulations are prepared commercially in several forms including
      granular, flake, liquid and tablet forms.
PAR  It will also be understood that the compositions of this invention may
      include adjuvants, diluents and additives inclusive of from about 0% to
      about 25% detergent adjuvants, preferably from about 5% to about 20%,
      wherein said detergent adjuvants are soil suspending agents, hydrotropes,
      corrosion inhibitors, dyes, perfumes, fillers, buffers, optical
      brighteners, perborates, bleaches, bleach activators, enzymes, suds
      boosters, suds depressants, germicides, fungicides, anti-tarnishing
      agents, fabric softening agents, opacifiers or organic solvents. Commonly
      used fillers are sodium sulfate, sodium chloride and sodium silicate.
PAR  The novel surfactants can also be used in combination with conventional
      anionic, cationic, zwitterionic and amphoteric surfactants. Specific
      examples of the aforementioned classes of organic detergents are disclosed
      in U.S. Pat. No. 3,790,482 to Jones, et al. incorporated herein by
      reference. Netherlands specification No. 7,117,151 published July 10, 1972
      discloses several examples of calcium insensitive surfactants, said
      publication incorporated herein by reference. These surfactants, in
      addition to the alkylsulfinyl surfactants, may be present in a detergent
      composition at a level of about 1% to about 60% based on the total weight
      of the composition. A typical composition employing these mixed
      surfactants may be as follows:
PAR  a. 1% to about 75% of a surfactant having the structure
      ##EQU3##
      wherein R is a straight chain saturated aliphatic radical having from
      10-20 carbon atoms and M is an alkali metal or ammonium cation,
PAR  b. 1% to about 60% of a detergent compound selected from the group
      consisting of anionic, nonionic, zwitterionic or ampholytic detergent
      compounds and mixtures thereof,
PAR  c. 0 to about 50% of a builder compound selected from the group consisting
      of water-soluble inorganic alkaline salts which include alkali metal
      carbonates, borates, phosphates, polyphosphates, bicarbonates and
      silicates and hexametaphosphates, and water-soluble organic alkaline salts
      which include aminopolycarboxylates, phytates, polyphosphonates,
      polycarboxylate homo and copolymers, citrates, mellitates,
      carboxymethyloxysuccinates and mixtures thereof,
PAR  d. from about 0% to about 25% detergent adjuvants wherein said detergent
      adjuvants are soil suspending agents, hydrotropes, corrosion inhibitors,
      dyes, perfumes, fillers, buffers, optical brighteners, perborates,
      bleaches, bleach activators, enzymes, suds boosters, suds depressants,
      germicides, fungicides, anti-tarnishing agents, fabric softening agents,
      opacifiers or organic solvents, and
PAR  e. the balance being water.
PAR  When the claimed surfactants are utilized in a dentifrice or mouthwash
      composition they are present at a level of from about 0.5% to about 5%,
      preferably 1% to about 3%. When used in shampoo compositions, the
      alkylsulfinylethyl sulfates are present from about 1% to about 20%,
      preferably from about 5% to about 15%.
PAR  The following, non-limiting examples are presented as illustrative of the
      instant invention.
PAC  EXAMPLE 1
PAR  The following example illustrates the preparation of the novel class of
      compounds of the instant invention.
PAR  a. 1-Tetradecene, 100 g, (0.509 moles), 2-mercaptoethanol, 41.8 g, (0.536
      moles) and 0.1 g, azobisisobutyronitrile (AIBN) are placed in a 3 neck,
      250 ml, round bottom flask. A magnetic stirring bar is added and the
      mixture stirred at 90.degree.-95.degree. on a water bath. Initially the
      mixture contains two phases but after heating and stirring for 10 minutes
      a clear solution results. This is heated to 95.degree. for 1 hour longer.
      The crude n-tetradecylhydroxyethyl sulfide, was vacuum distilled and the
      fraction boiling at 168.degree.- 179.degree.C (0.9 mm) collected.
PAR  The C.sub.10 to C.sub.16 alkyl homologs are made using this procedure. The
      higher alkyl homologs, C.sub.17 to C.sub.20 are made by reacting the
      appropriate .alpha.-olefin with 2-mercaptoethanol in the presence of
      20-100 ml of isopropanol solvent per each 0.1 mole of olefin used in the
      presence of 0.2 g AIBN and refluxing the mixture for 5-8 hours. In the
      case of the C.sub.17 homolog the product is taken up in ether and washed
      three times with 0.75N NaOH to remove unreacted mercaptoethanol and then,
      with water until neutral. The solvent is removed in vacuo and the residue
      dried at 60.degree.C under water pump vacuum. The n-alkylhydroxyethyl
      sulfide product is then used directly in the oxidation reaction to produce
      the n-alkylsulfinylethanol as described below.
PAR  In the cases of the C.sub.18 to C.sub.20 alkyl homologs, the product, which
      crystallizes out of the reaction mixture, is simply filtered from the
      isopropanol reaction solvent. Additional product is obtained from the
      mother liquors by concentration and dilution with acetone.
      Recrystallization of the higher alkyl homologs is readily carried out with
      isopropanol.
PAR  The boiling points or metling points of the n-alkylhydroxyethyl sulfides
      appear below:
TBL                TABLE I                                                     
     ______________________________________                                    
     Moles Reactants                                                           
     Alkyl Group                                                               
               n-Alkene HSCH.sub.2 CH.sub.2 OH                                 
                                   Product B.P. or M.P.                        
     ______________________________________                                    
     C.sub.10  .700     .700       121-127.degree.C/0.6 mm                     
     C.sub.12  .594     .624       140-147.degree.C/0.6 mm                     
     C.sub.14  .509     .536       168-179.degree.C/0.9 mm                     
     C.sub.16  .498     .498       180-195.degree.C/0.9 mm                     
     C.sub.17  .419     .432       52.6-56.9.degree.C (M.P.)                   
     C.sub.18  .500     .500       57.6-59.1.degree.C (M.P.)                   
     C.sub.20  .357     .367       64.0-64.9.degree.C (M.P.)                   
     ______________________________________                                    
PAR  b. 27.5 g, (0.100 moles) of n-tetradecylhydroxyethyl sulfide is dissolved
      in 1 liter of acetone in a 2 liter, single neck, round bottom flask. 11.9
      g of 30.11% hydrogen peroxide, (0.105 moles) is added to this solution and
      the solution refluxed for 11/2 hours. The solution is concentrated to 250
      ml and cooled. The crystals are collected and washed twice with 25 ml of
      acetone and once with 60 ml acetone. The product is then air dried.
PAR  The data on the 2-(alkylsulfinyl)ethanols appear below:
TBL                TABLE II                                                    
     ______________________________________                                    
     Alkyl Group      m.p. .degree.C                                           
     ______________________________________                                    
     C.sub.10         67.5-68.7                                                
     C.sub.12         72.5-73.3                                                
     C.sub.14         78.7-79.7                                                
     C.sub.16         84.3-85.4                                                
     C.sub.17         85.7-87.7                                                
     C.sub.18         88.8-90.2                                                
     C.sub.20         89.1-91.5                                                
     ______________________________________                                    
PAL  Melting points were determined with a Mettler hot stage microscope heated
      at 2.degree./minute.
PAR  c. 15 g, 0.0515 moles of 2-(n-tetradecylsulfinyl)ethanol are slurried with
      75 ml dichloromethane. Then 2.15 ml (4.12 g, 0.0515 moles) of Sulfan,
      stabilized liquid sulfur trioxide, is dissolved in 50 ml of
      dichloromethane. The above solutions are mixed rapidly with stirring. The
      temperature increases to 35.degree.. The reaction mixture results in a
      clear solution for several minutes; then, a solid separates. The reaction
      mixture is stirred for 1/2 hour and then poured into a 20% NaOH solution.
      The pH is adjusted to 8-9. The dichloromethane is removed by blowing dry
      nitrogen over the stirred emulsion at 40.degree.. The aqueous solution is
      then freeze-dried. The dried solid is extracted with 600 ml hot 95%
      ethanol. The crystals which form on cooling are collected, washed with
      alcohol and vacuum dried at 35.degree. over P.sub.2 O.sub.5. Yield is 15.3
      g, 75.5%. Analysis: by standard Hyamine titration. % Active = 100.3%.
      Similarly the other homologs were made. Purification of the sulfate
      product is by recrystallization from ethanol.
TBL                TABLE III                                                   
     ______________________________________                                    
     SODIUM 2-(n-ALKYLSULFINYL)ETHYL SULFATES                                  
     Alkyl Group      % Active                                                 
     ______________________________________                                    
     C.sub.10         99.7                                                     
     C.sub.12         99.6                                                     
     C.sub.14         100.3                                                    
     C.sub.16         96.8                                                     
     C.sub.18         95.5                                                     
     ______________________________________                                    
PAR  Although the above reaction shows neutralization with NaOH, the preparation
      is not so limited. The potassium, ammonium, substituted ammonium and
      alkylol ammonium salts may also be prepared by using KOH, NH.sub.4 OH, or
      the appropriate amine.
PAR  The following examples will illustrate typical compositions utilizing the
      novel surfactants of the instant invention.
TBL                EXAMPLE 2                                                   
     ______________________________________                                    
     HARD SURFACE CLEANSER                                                     
                           % by weight                                         
     ______________________________________                                    
     Sodium 2-(decylsulfinyl)ethyl sulfate                                     
                             2.0                                               
     Sodium carbonate        5.0                                               
     Silica (200 mesh)       93.0                                              
                             100.0                                             
     ______________________________________                                    
TBL                EXAMPLE 3                                                   
     ______________________________________                                    
     HARD SURFACE LIQUID CLEANER                                               
                           % by weight                                         
     ______________________________________                                    
     Sodium 2-(dodecylsulfinyl)ethyl sulfate                                   
                             2.0                                               
     Tetrapotassium pyrophosphate                                              
                             15.0                                              
     Lauric Diethanolamide   4.0                                               
     Water                   79.0                                              
                             100.0                                             
     ______________________________________                                    
TBL                EXAMPLE 4                                                   
     ______________________________________                                    
     LIGHT DUTY LIQUID DETERGENT COMPOSITION                                   
                             % by weight                                       
     ______________________________________                                    
     Ammonium 2-(tetradecylsulfinyl)ethyl sulfate                              
                               15.0                                            
     Ammonium lauryl alcohol - 3 mole ethylene                                 
      oxide adduct sulfate     15.0                                            
     Lauric Diethanolamide     6.0                                             
     Perfume                   0.1                                             
     Water                     63.9                                            
                               100.0                                           
     ______________________________________                                    
TBL                EXAMPLE 5                                                   
     ______________________________________                                    
     LIQUID HAIR SHAMPOO COMPOSITION                                           
                             % by weight                                       
     ______________________________________                                    
     Triethanolamine 2-(tetradecylsulfinyl)ethyl                               
      sulfate                  15.0                                            
     Triethanolamine lauryl sulfate                                            
                               5.0                                             
     Coco bis(hydroxyethyl)amine oxide                                         
                               5.0                                             
     Ethanol                   6.0                                             
     Perfume                   0.3                                             
     Water                     68.7                                            
                               100.0                                           
     ______________________________________                                    
TBL                EXAMPLE 6                                                   
     ______________________________________                                    
     TOOTHPASTE COMPOSITION                                                    
                             % by weight                                       
     ______________________________________                                    
     Sodium 2-(tetradecylsulfinyl)ethyl sulfate                                
                               2.0                                             
     Sorbitol                  14.0                                            
     Glycerol                  11.0                                            
     Calcium pyrophosphate     42.0                                            
     Flavoring Oils            0.8                                             
     Carboxymethyl cellulose   0.2                                             
     Water                     30.0                                            
                               100.0                                           
     ______________________________________                                    
TBL                EXAMPLE 7                                                   
     ______________________________________                                    
     ANTI-SCUMMING SOAP BAR                                                    
                             % by weight                                       
     ______________________________________                                    
     Sodium 80:20 tallow coconut soap                                          
                               76.0                                            
     Sodium 2-(hexadecylsulfinyl)ethyl sulfate                                 
                               10.0                                            
     Perfume                   0.8                                             
     Water                     13.2                                            
                               100.0                                           
     ______________________________________                                    
TBL                EXAMPLE 8                                                   
     ______________________________________                                    
     MECHANICAL DISHWASHING COMPOSITION                                        
                              % by weight                                      
     ______________________________________                                    
     Sodium 2-(octadecylsulfinyl)ethyl sulfate                                 
                                3.0                                            
     Pluronic L-61 (supplier: BASF Wyandotte Corp.)                            
                                1.5                                            
     Sodium tripolyphosphate    45.0                                           
     Sodium silicate (2.4 SiO.sub.2 /Na.sub.2 O ratio)                         
                                12.0                                           
     Potassium dichloroisocyanurate                                            
                                2.0                                            
     Sodium sulfate             36.4                                           
     Perfume                    0.1                                            
                                100.0                                          
     ______________________________________                                    
TBL                EXAMPLE 9                                                   
     ______________________________________                                    
     HEAVY DUTY POWDERED DETERGENT COMPOSITION                                 
                              % by weight                                      
     ______________________________________                                    
     Sodium 2-(alkylsulfinyl)ethyl sulfate wherein                             
                                18.0                                           
      alkyl is a mixture of C.sub.14, C.sub.16 and C.sub.18                    
      chains in the ratio 1:2.5:2.5                                            
     Coconut monoethanolamide   3.0                                            
     Sodium tripolyphosphate    45.0                                           
     Sodium silicate (2.4 SiO.sub.2 /Na.sub.2 O ratio)                         
                                8.0                                            
     Sodium sulfate             14.6                                           
     Perfume and miscellaneous (optical whitener +                             
                                0.2                                            
      colorants)                                                               
     Carboxymethyl cellulose (D.S. = 0.7)                                      
                                0.4                                            
     Water                      10.8                                           
                                100.0                                          
     ______________________________________                                    
TBL                EXAMPLE 10                                                  
     ______________________________________                                    
     NON-PHOSPHATE HEAVY DUTY POWDERED DETERGENT COMPOSITION                   
                             % by weight                                       
     ______________________________________                                    
     Sodium 2-(hexadecylsulfinyl)ethyl sulfate                                 
                               9.0                                             
     LAS (sodium C.sub.10 -C.sub.15 linear alkyl benzene                       
     sulfonate                 11.0                                            
     Lauric isopropanolamide   3.0                                             
     Sodium carbonate          40.0                                            
     Sodium silicate (2.4 SiO.sub.2 /Na.sub.2 O ratio)                         
                               15.0                                            
     Sodium sulfate            15.0                                            
     Perfume and miscellaneous 0.2                                             
     Carboxymethyl cellulose   0.5                                             
     Water                     6.3                                             
                               100.0                                           
     ______________________________________                                    
TBL                EXAMPLE 11                                                  
     ______________________________________                                    
     NON-PHOSPHATE HEAVY DUTY LIQUID DETERGENT COMPOSITION                     
                              % by weight                                      
     ______________________________________                                    
     Potassium 2-(hexadecylsulfinyl)ethyl sulfate                              
                                10.0                                           
     Lauryl dimethyl amine oxide                                               
                                5.0                                            
     Potassium coconut soap     2.0                                            
     Trisodium citrate          15.0                                           
     Sodium silicate (2.5 SiO.sub.2 /Na.sub.2 O ratio)                         
                                10.0                                           
     Carboxymethyl cellulose    0.3                                            
     Ethylene/maleic acid copolymer (sodium salt)                              
                                0.5                                            
     Perfume (including optical whitener and colorants)                        
                                0.2                                            
     Water                      57.0                                           
                                100.0                                          
     ______________________________________                                    
TBL                EXAMPLE 12                                                  
     ______________________________________                                    
     UNBUILT NON-PHOSPHATE HEAVY DUTY                                          
     LIQUID DETERGENT COMPOSITION                                              
                              % by weight                                      
     ______________________________________                                    
     Triethanolamine salt of 2-(alkylsulfinyl)ether                            
                                10.0                                           
      sulfate wherein the alkyl group is a 1:2.5:                              
      2.5 mixture of n-C.sub.14, C.sub.16 and C.sub.18 carbon                  
      chains                                                                   
     Neodol 45-7 (C.sub.14 -C.sub.15 linear primary alcohol -                  
                                30.0                                           
      7 moles ethylene oxide adduct - Supplier:                                
      Shell Chemical Co.)                                                      
     Sodium silicate (2.5 SiO.sub.2 /Na.sub.2 O ratio)                         
                                5.0                                            
     Sodium coconut soap        2.0                                            
     Carboxymethyl cellulose    0.3                                            
     Perfume, colorants and optical whiteners                                  
                                0.2                                            
     Water                      52.5                                           
                                100.0                                          
     ______________________________________                                    
TBL                EXAMPLE 13                                                  
     ______________________________________                                    
     HEAVY DUTY POWDERED DETERGENT COMPOSITION                                 
     WITH SOFTENING PROPERTIES                                                 
     ______________________________________                                    
                                % by weight                                    
     Neodol 45-7                10.0                                           
     Sodium 2-(alkylsulfinyl)ethyl sulfate wherein                             
                                10.0                                           
      the alkyl group is a 1:1 mixture of n-C.sub.18                           
      and C.sub.20 carbon chains)                                              
     Sodium tripolyphosphate    40.0                                           
     Sodium silicate (2.4 SiO.sub.2 /Na.sub.2 O ratio)                         
                                10.0                                           
     Carboxymethyl cellulose    0.4                                            
     Perfume, colorants and whitening agents                                   
                                0.2                                            
     Sodium sulfate             19.4                                           
     Water                      10.0                                           
                                100.0                                          
     ______________________________________                                    
PAR  As is apparent from the foregoing specific examples, the compositions
      provided by the invention may take the form of powders, liquids or bars
      (as well as pastes, flakes, beads or noodles) and may be formulated in
      heavy or light duty laundry detergents, hard surface and dishwashing
      compositions, floor cleaners, scouring cleansers, shampoos, dentifrices
      and mouthwash formulations.
PAC  EXAMPLES 14-20
PAR  In these Examples a typical laundry poweder (minus the inert filler) is
      prepared and evaluated for detergency.
TBL                TABLE IV                                                    
     ______________________________________                                    
                             % by weight                                       
     ______________________________________                                    
     Na 2-(alkylsulfinyl)ethyl sulfate or other                                
                               18                                              
      surfactant                                                               
     Sodium tripolyphosphate   50                                              
     Sodium silicate (2.4 SiO.sub.2 /Na.sub.2 O ratio)                         
                               10                                              
     Water                     22                                              
     ______________________________________                                    
PAL  The alkyl groups of the detergent active ranged from C.sub.10 to C.sub.18.
PAR  A washing solution is prepared by adding 1.5 g of the formulation of the
      instant invention to 1,000 ml of 180 ppm water (2:1
      Ca.sup.+.sup.+/Mg.sup.+.sup.+). The solution is heated to 120.degree.F and
      placed in a Terg-O-Tometer with four 4 .times. 61/2 inch standard soiled
      cloth swatches (65% Dacron/35% cotton soiled with vacuum cleaner dust).
      The initial pH of the solution is adjusted to 10. The container and
      contents are agitated for 10 minutes with the stirrer at 90 oscillations
      per minute. The cloth is removed, hand-squeezed and subsequently rinsed in
      fresh 180 ppm water for 1 minute, dried and examined with a Gardner
      Automatic Color Difference Meter, AC-3. The average reflectance of the
      washed cloths is compared with that obtained from the cloth washed either
      in solutions of corresponding formulations utilizing known standard
      surfactants or in solutions of partial formulations to show the dramatic
      increase in detergency when the novel compounds of the invention are also
      included in the formulation.
TBL  ______________________________________                                    
     Example                                                                   
     No.                           Reflectance                                 
     ______________________________________                                    
     15      Na 2-(decylsulfinyl)ethyl sulfate                                 
                                   43.9                                        
     16      Na 2-(dodecylsulfinyl)ethyl sulfate                               
                                   45.2                                        
     17      Na 2-(tetradecylsulfinyl)ethyl sulfate                            
                                   53.8                                        
     18      Na 2-(hexadecylsulfinyl)ethyl sulfate                             
                                   55.4                                        
     19      Sodium lauryl sulfate 45.7                                        
     20      LAS (Sodium linear secondary alkyl                                
                                   57.2                                        
               (C.sub.10 -C.sub.15) benzene sulfonate)                         
     ______________________________________                                    
PAC  EXAMPLES 21-26
PAR  Employing the same conditions of Examples 14-20 the standard soil cloths
      were washed at 80.degree.F. The reflectances are shown in the Table below.
TBL  ______________________________________                                    
     Example                                                                   
     No.                           Reflectance                                 
     ______________________________________                                    
     21      Na 2-(decylsulfinyl)ethyl sulfate                                 
                                   42.8                                        
     22      Na 2-(dodecylsulfinyl)ethyl sulfate                               
                                   44.0                                        
     23      Na 2-(tetradecylsulfinyl)ethyl sulfate                            
                                   52.5                                        
     24      Na 2-(hexadecylsulfinyl)ethyl sulfate                             
                                   52.7                                        
     25      Sodium lauryl sulfate 45.1                                        
     26      LAS                   57.8                                        
     ______________________________________                                    
PAC  EXAMPLES 27-30
PAR  The conditions of Example 14 were employed with the exception that the
      temperature was 140.degree.F and only the C.sub.14, C.sub.16 and C.sub.18
      sulfinylethyl sulfates were used. The reflectometer values are shown
      below.
TBL  ______________________________________                                    
     Example                                                                   
     No.                           Reflectance                                 
     ______________________________________                                    
     27      Na 2-(tetradecylsulfinyl)ethyl sulfate                            
                                   55.2                                        
     28      Na 2-(hexadecylsulfinyl)ethyl sulfate                             
                                   56.5                                        
     29      Na 2-(octadecylsulfinyl)ethyl sulfate                             
                                   57.6                                        
     30      LAS                   58.1                                        
     ______________________________________                                    
PAC  EXAMPLES 31-36
PAR  The procedure of Example 14 was followed with the only exception being that
      the formulation was unbuilt and the active level was at 75%. The
      reflectometer values are shown below.
TBL  ______________________________________                                    
     Example                                                                   
     No.                           Reflectance                                 
     ______________________________________                                    
     31      Na 2-(decylsulfinyl)ethyl sulfate                                 
                                   42.8                                        
     32      Na 2-(dodecylsulfinyl)ethyl sulfate                               
                                   50.8                                        
     33      Na 2-(tetradecylsulfinyl)ethyl sulfate                            
                                   55.8                                        
     34      Na 2-(hexadecylsulfinyl 2-(hexadecylsulfinyl)ethyl 57.2           
     35      LAS                   60.3                                        
     36      Sodium lauryl sulfate 53.0                                        
     ______________________________________                                    
PAC  EXAMPLES 37-40
PAR  The procedure of Example 14 was followed.
TBL  ______________________________________                                    
     Example                                                                   
     No.                           Reflectance                                 
     ______________________________________                                    
     37      Na 2-(tetradecylsulfinyl)ethyl sulfate                            
                                   53.6                                        
     38      Na 2-(hexadecylsulfinyl)ethyl sulfate                             
                                   56.0                                        
     39      Na 2-(octadecylsulfinyl)ethyl sulfate                             
                                   56.4                                        
     40      LAS                   57.8                                        
     ______________________________________                                    
PAC  EXAMPLES 41-44
PAR  The procedure of Example 14 was followed.
TBL  ______________________________________                                    
     Example                                                                   
     No.                           Reflectance                                 
     ______________________________________                                    
     41     No surfactant-50% STPP-10% RU silicate                             
            solids                 43.4                                        
     42     Na 2-(heptadecylsulfinyl)ethyl sulfate                             
                                   54.0                                        
     43     Na 2-(hexadecylsulfinyl)ethyl sulfate                              
                                   55.0                                        
     44     LAS                    56.5                                        
     ______________________________________                                    
PAC  EXAMPLES 45-48
PAR  The procedure of Example 14 is followed except that the formulation tested
      is as follows: 10% sodium 2-(alkylsulfinyl)ethyl sulfate, 40% builder as
      designated, 22% Na.sub.2 SO.sub.4, 10% sodium silicate (2.4 SiO.sub.2
      /Na.sub.2 O ratio) and 10% water.
TBL  ______________________________________                                    
     Example                                                                   
     No.                           Reflectance                                 
     ______________________________________                                    
     45     Sodium 2-(hexadecylsulfinyl)ethyl                                  
                                   54.5                                        
             sulfate + CMOS                                                    
     46     Sodium 2-(hexadecylsulfinyl)ethyl                                  
                                   56.3                                        
             sulfate + NTA                                                     
     47     Sodium 2-(hexadecylsulfinyl)ethyl                                  
                                   53.5                                        
             sulfate + trisodium citrate                                       
     48     Sodium 2-(hexadecylsulfinyl)ethyl                                  
                                   56.7                                        
             sulfate + Na.sub.2 CO.sub.3                                       
     ______________________________________                                    
      CMOS = trisodium carboxymethyloxysuccinate.                              
       NTA = trisodium nitrilotriacetate.                                      
PAR  These examples illustrate the use of the compounds of the invention with
      both organic and inorganic non-phosphate builders.
PAC  EXAMPLES 49-51
PAR  The following foaming tests are carried out in the presence of soil. Each
      of the three designated compounds, 0.051 millimole, is dissolved in 100 ml
      of 180 ppm (2:1 Ca.sup.+.sup.+/Mg.sup.+.sup.+) water and placed in a 250
      ml stoppered graduated cylinder. 54 mg of a mixture of vacuum cleaner dust
      and synthetic sebum is added to each cylinder and the cylinders are then
      inverted 20 times and allowed to drain for 20 seconds. Foam volume
      readings are taken initially and at intervals over a 2 hour period.
TBL  __________________________________________________________________________
                         Volume of Foam (ml)                                   
                              30  60  120                                      
     Example                                                                   
          Compound       Initial                                               
                              min.                                             
                                  min.                                         
                                      min.                                     
     __________________________________________________________________________
     49   Neodol 45-7    40   26  14  6                                        
          O                                                                    
          .uparw.                                                              
     50   n-C.sub.16 H.sub.33 --S--CH.sub.2 CH.sub.2 OSO.sub.3 Na              
                         36   18  12  10                                       
          O                                                                    
          .uparw.                                                              
     51   n-C.sub.18 H.sub.37 --S--CH.sub.2 CH.sub.2 OSO.sub.3 Na              
                         20    4   2  0                                        
     __________________________________________________________________________
      Neodol 45-7 -- trade name of the Shell Chemical Co. for a nonionic       
      surfactant which is the seven mole ethoxylate of a blend of C.sub.14 and 
      C.sub.15 linear primary alcohols.                                        
PAC  EXAMPLES 52-64
PAR  The foaming tests in these examples are carried out in the same manner as
      for Examples 49-51 except that 0.034 millimole of each test compound is
      used.
TBL  __________________________________________________________________________
                         Volume of foam (ml)                                   
                              30  60  120                                      
     Example                                                                   
          Compound       Initial                                               
                              min.                                             
                                  min.                                         
                                      min.                                     
     __________________________________________________________________________
     52   Sterox SN      46   14  8   0                                        
          O                                                                    
          .uparw.                                                              
     53   n-C.sub.16 H.sub.33 --S--CH.sub.2 CH.sub.2 OSO.sub.3 Na              
                         20   12  8   4                                        
          O                                                                    
          .uparw.                                                              
     54   n-C.sub.18 H.sub.37 --S--CH.sub.2 CH.sub.2 OSO.sub.3 Na              
                         12    4  2   0                                        
     __________________________________________________________________________
      Sterox SN - trade name of Monsanto Chemical Company for a nonionic       
      surfactant which is the 13.5 mole ethoxylate of a blend of C.sub.14 and  
      C.sub.15 linear primary alcohols.                                        
PAC  EXAMPLES 55-57
PAR  The foaming tests in these examples are carried out in the same manner as
      for Examples 49-51 except that 0.0448 millimole of each test compounds is
      used.
TBL  __________________________________________________________________________
                         Volume of foam (ml)                                   
                              30  60  120                                      
     Example                                                                   
          Compound       Initial                                               
                              min.                                             
                                  min.                                         
                                      min.                                     
     __________________________________________________________________________
     55   Neodol 25-9    50   20  12  6                                        
          O                                                                    
          .uparw.                                                              
     56   n-C.sub.16 H.sub.33 --S--CH.sub.2 CH.sub.2 OSO.sub.3 Na              
                         28   18  16  10                                       
          O                                                                    
          .uparw.                                                              
     57   n-C.sub.18 H.sub.37 --S--CH.sub.2 CH.sub.2 OSO.sub.3 Na              
                         34    8   6  0                                        
     __________________________________________________________________________
      Neodol 25-9 - trade name of the Shell Chemical Company for a nonionic    
      surfactant which is the 9 mole ethoxylate of a blend of C.sub.12,        
      C.sub.13, C.sub.14 and C.sub.15 linear primary alcohols.                 
PAR  In the above Examples 49-57, the concentration of commercial nonionic
      corresponds to 0.27 g/liter which, in turn, corresponds to the level that
      would be present when a formulation containing 18% of the surfactant is
      utilized at a standard washing concentration of 1.5 g per liter. The
      compounds of the invention are tested on an equimolar basis for comparison
      purposes. The results show that the C.sub.16 and C.sub.18 alkyl compounds
      of the invention, and especially the C.sub.18 alkyl compound, are lower
      foamers than the several standard nonionics in commercial use today.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A novel compound having the structure
      ##EQU4##
      wherein R is a straight or branched chain alkyl radical having from 10-20
      carbon atoms and M is selected from the group consisting of an alkali
      metal, ammonium, alkyl substituted ammonium and alkylolammonium cations,
      said alkyl groups having from 1-6 carbon atoms.
NUM  2.
PAR  2. The compound of claim 1 wherein R is an alkyl radical containing 10
      carbon atoms.
NUM  3.
PAR  3. The compound of claim 2 wherein R is the n-decyl radical and M is
      sodium.
NUM  4.
PAR  4. The compound of claim 1 wherein R is an alkyl radical containing 12
      carbons.
NUM  5.
PAR  5. The compound of claim 4 wherein R is the n-dodecyl radical and M is
      sodium.
NUM  6.
PAR  6. The compound of claim 1 wherein R is an alkyl radical containing 14
      carbon atoms.
NUM  7.
PAR  7. The compound of claim 6 wherein R is the n-tetradecyl radical and M is
      sodium.
NUM  8.
PAR  8. The compound of claim 1 wherein R is an alkyl radical containing 16
      carbon atoms.
NUM  9.
PAR  9. The compound of claim 8 wherein R is the n-hexadecyl radical and M is
      sodium.
NUM  10.
PAR  10. The compound of claim 1 wherein R is an alkyl radical containing 18
      carbon atoms.
NUM  11.
PAR  11. The compound of claim 10 wherein R is the n-octadecyl radical and M is
      sodium.
NUM  12.
PAR  12. The compound of claim 1 wherein R is an alkyl radical containing 20
      carbon atoms.
NUM  13.
PAR  13. The compound of claim 12 wherein R is the n-eicosyl radical and M is
      sodium.
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ABST
PAL  Benzocycloalkenderivatives substituted in 1-position by carboxyl and
      carboxyalkyl or two carboxyl groups, and further substituted in the
      benzene ring by cycloalkyl and optionally other substituents, their
      esters, amides and pharmaceutically acceptable salts have antiinflammatory
      and analgesic activity and can be used for the treatment of inflammatory
      conditions and pain in mammals; a representative embodiment is
      1-methoxycarbonyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid.
BSUM
PAR  The invention relates to new dicarboxylic acid derivatives of the formula
      ##SPC1##
PAL  Wherein A denotes a direct bond or a methylene group which is optionally
      substituted by a lower alkyl radical, one of the groups R.sub.1 and
      R.sub.2 denotes hydrogen, halogen, lower alkyl, lower alkanoyl, lower
      alkoxy, an optionally acylated hydroxyl or amino group, trifluoromethyl or
      nitro and the other denotes a saturated cycloaliphatic radical, X.sub.1
      and X.sub.2 independently of one another denote free, esterified or
      amidised carboxyl groups and n denotes an integer from 1 to 3, as well as
      salts of these compounds, processes for their manufacture, intermediate
      products which arise in these processes, pharmaceutical preparations which
      contain these compounds, and their use.
PAR  The term "lower" which is used in the preceding and the following text in
      conjunction with organic radicals, groups or compounds denotes that
      organic radicals, groups or compounds thus described contain up to 7,
      preferably up to 4, carbon atoms.
PAR  A lower alkyl radical is, for example, a methyl, ethyl, n-propyl,
      isopropyl, n-butyl, isobutyl, sec.-butyl, tert.-butyl, n-pentyl,
      isopentyl, neopentyl, n-hexyl, isohexyl, n-heptyl or isoheptyl radical.
PAR  A group R.sub.1 or R.sub.2 as halogen is iodine, bromine, or preferably
      chlorine and fluorine; as lower alkyl it is, for example, one of the lower
      alkyl groups listed above, preferably methyl and ethyl; as lower alkanoyl
      it is formyl and acetyl, and also propionyl, butyryl, isobutyryl, valeryl,
      isovaleryl, hexanoyl and heptanoyl; as lower alkoxy it is methoxy and
      ethoxy, and also propoxy, isopropoxy, butoxy, isobutoxy, tert.-butoxy,
      pentoxy, isopentoxy, neopentoxy, hexoxy, isohexoxy and heptoxy; as an
      acylated hydroxyl or amino group it is a hydroxyl or amino group which is
      substituted by, for example, one of the abovementioned lower alkanoyl
      groups, preferably by formyl or acetyl, or by a benzoyl group which is
      optionally substituted, for example by halogen, nitro or methyl,
      preferably benzoyl.
PAR  A cycloaliphatic radical R.sub.1 or R.sub.2 is a lower alkyl-substituted or
      preferably unsubstituted cycloalkyl group with 4 to 8, preferably with 5
      to 7, carbon atoms, such as the cyclopentyl, cyclohexyl and cycloheptyl
      group.
PAR  By esterified carboxyl groups X.sub.1 and/or X.sub.2 there are in
      particular understood those which are esterified with aliphatic or
      araliphatic alcohols, such as with lower alkanols which are optionally
      substituted, for example by one or more free or etherified hydroxyl
      groups, phenyl groups or pyridyl groups, for example with methanol,
      ethanol, propanols, butanols or glycerine of which the two hydroxyl groups
      which are not esterified with the carboxylic acid can be functionally
      modified, for example acetalised or ketalised with a lower alkanone, such
      as formaldehyde or acetone, and also with benzyl alcohol as well as with
      pyridine-methanols, for example 2- or 4-pyridine-methanol.
PAR  Amidised carboxyl groups X.sub.1 and/or X.sub.2 are unsubstituted,
      monosubstituted or disubstituted at the nitrogen. Substituents are, above
      all, hydrocarbon radicals, such as lower alkyl groups, especially those
      mentioned above, lower alkylene groups, for example the 1,4-butylene or
      1,5-pentylene group, in which a --CH.sub.2 -- group can be replaced by a
      hetero-atom, such as oxygen, or by an optionally lower alkylated imino
      group, such as, in particular, the methylimino group, and which together
      with the amide nitrogen can form a heterocyclic radical, such as the
      pyrrolidino, piperidino, morpholino, piperazino or 4-methylpiperazino
      group, the phenyl group and also the hydroxyl group, which forms, together
      with the carbamoyl radical, the hydroxamic acid grouping. Two carboxyl
      groups X.sub.1 and X.sub.2 can, especially if A in the formula I is a
      methylene group optionally substituted by a lower alkyl group, also be
      amidised with the same optionally substituted amine nitrogen atom and
      form, together with the quaternary ring carbon atom, a spirocyclically
      bonded imide grouping.
PAR  Salts can be manufactured in the usual manner from the acids which fall
      under the compounds according to the invention, for example from compounds
      of the formula I wherein at least one of the two groups X.sub.1 and
      X.sub.2 is a carboxyl group or hydroxamic acid group. Preferred salts are
      the pharmaceutically usable salts, such as metal salts, for example alkali
      metal, alkaline earth metal or earth metal salts, such as lithium, sodium,
      potassium, magnesium, calcium and aluminium salts, ammonium salts and
      salts with organic bases, such as lower alkylamines which are optionally
      substituted, for example by hydroxyl or phenyl, such as ethylamine,
      2-aminoethanol, benzylamine, diethanolamine, 2-dimethylaminoethanol,
      trimethylamine or triethylamine, and lower alkyleneamines wherein a carbon
      atom can optionally be replaced by a hetero-atom, such as oxygen, such as
      pyrrolidine, piperidine and morpholine.
PAR  Salts can also be manufactured from the bases which fall under the
      compounds according to the invention, for example from compounds of the
      formula I or IIa', wherein X.sub.1 or X.sub.2 represent carboxyl groups
      which are esterified by a basic alcohol, for example a pyridine-methanol,
      or are amidised by an amine containing two basic nitrogen atoms, for
      example 4-methylpiperazine. Such compounds can form addition salts with
      acids. Acids suitable for salt formation are, in particular,
      pharmaceutically usable acids, for example inorganic acids, such as
      hydrogen halide acids, for example hydrochloric acid, acids of sulphur,
      such as sulphuric acid, acids of phosphorus, such as phosphoric acid, or
      organic acids, such as methanesulphonic acid or ethanesulphonic acid,
      .beta.-hydroxyethanesulphonic acid, acetic acid, malonic acid, citric
      acid, lactic acid, oxalic acid, succinic acid, fumaric acid, maleic acid,
      benzoic acid, salicyclic acid, phenylacetic acid, mandelic acid, embonic
      acid and the like.
PAR  The compounds according to the invention possess valuable pharmacological
      properties, especially anti-inflammatory and analgesic activity, coupled
      with an advantageous therapeutic index. The anti-inflammatory activity
      manifests itself, for example, in the kaolin oedema test on the paws of
      rats, according to L. Riesterer and R. Jaques, Helv. physiol, pharmakol.
      Acta 25, 156 (1967), in which the compounds according to the invention
      have a detectable action on peroral administration of about 3 to 100
      mg/kg.
PAR  The analgesic effects can be demonstrated, for example, with the aid of the
      writhing test on mice, such as according to the method developed by
      Siegmund et al., Proc. Soc. Exptl. Biol. Med., Volume 95, page 729 (1957),
      at oral doses of about 30 to about 100 mg/kg.
PAR  The compounds of the present invention can therefore be used as
      non-narcotic analgesics and in particular as anti-inflammatory agents,
      above all for the treatment of arthritic symptoms. They can also be used
      as intermediate products in the manufacture of other pharmacologically
      active, valuable compounds.
PAR  Preferred compounds of the invention are those of the formula I, wherein
      one of the groups R.sub.1 and R.sub.2 denotes hydrogen, fluorine,
      chlorine, methyl, ethyl, methoxy, ethoxy or trifluoromethyl and the other
      denotes a cycloalkyl group with 4 to 8 carbon atoms, the groups X.sub.1
      and X.sub.2 independently of one another denote a carboxyl group, a lower
      alkoxycarbonyl group or an unsubstituted carbamoyl group and A denotes a
      direct bond or a methylene group, as well as pharmaceutically tolerated
      salts of the free carboxylic acids.
PAR  Particularly preferred compounds of the invention are those of the formula
      I, wherein the group R.sub.1 is hydrogen or chlorine and R.sub.2 is
      cyclopentyl, cyclohexyl or cycloheptyl, X.sub.1 denotes a free carboxyl
      group, X.sub.2 denotes a lower alkoxycarbonyl group, A denotes a direct
      bond and n denotes 2, as well as pharmaceutically tolerated salts of these
      compounds.
PAR  In particular, the following compounds are preferred:
      1-methoxycarbonyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid,
      1-butoxycarbonyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid,
      1-methoxycarbonyl-5-cycloheptyl-6-chloro-1-indanecarboxylic acid,
      1-propoxycarbonyl-5-cycloheptyl-6-chloro-1-indanecarboxylic acid,
      1-butoxycarbonyl-5-cycloheptyl-6-chloro-1-indanecarboxylic acid and
      1-methoxycarbonyl-5-cyclohexyl-1-indanecarboxylic acid.
PAR  The compounds of the present invention can be obtained according to methods
      which are in themselves known. Thus they can be formed, for example, from
      a compound of the formula
      ##SPC2##
PAL  wherein B denotes a radical which can be converted into a group of the
      formula =C(X.sub.2)-A-X.sub.1 (Ia), by carrying out this conversion and,
      if desired, converting a resulting compound according to the invention
      into another compound of the invention, within the defined scope.
PAR  Thus it is possible to condense a compound of the formula
      ##SPC3##
PAL  which falls under the general formula II, with a reactive functional
      derivative of a hydroxy compound of the formula HO-A-X.sub.1 (III) to give
      a compound of the formula I and, if desired, to carry out further
      reactions within the scope defined.
PAR  Reactive functional derivatives of compounds of the formula III, wherein A
      is a direct bond, are derivatives of carbonic acid, such as anhydrides,
      esters or amides thereof. These are, above all, carbon dioxide, and also
      esters, for example di-lower alkyl esters, such as diethyl esters, of
      carbonic acid, halogenoformic acid derivatives, such as chloroformic acid
      lower alkyl esters, such as chloroformic acid methyl esters, or amides of
      chloroformic acid, such as chloroformic acid dimethylamide.
PAR  Reactive functional derivatives of compounds of the formula III, wherein A
      is an optionally mono-lower alkylated methylene group, are above all
      reactive esters of .alpha.-hydroxy-lower alkane carboxylic acid
      derivatives. A reactive ester contains, for example, a hydroxyl group
      esterified with a strong acid, such as with a hydrogen halide acid, for
      example with hydrochloric acid, hydrobromic acid or hydriodic acid.
      Examples of reactive esters of compounds of the formula III are
      .alpha.-bromo-lower alkane carboxylic acids, such as bromoacetic acid,
      their lower alkyl esters, such as bromoacetic acid methyl ester, or their
      amides, such as lower alkylamides, for example bromoacetic acid
      dimethylamide.
PAR  The condensation is advantageously carried out in the presence of a base,
      for example of an alkali metal amide, hydride or lower alkanolate, such as
      sodium amide, lithium hydride or potassium tert.-butoxide, of a quaternary
      ammonium base which is quaternised, for example by lower alkyl or benzyl,
      for example benzyl-trimethylammonium methoxide, or preferably of an alkali
      metal di-lower alkylamide, such as lithium diisopropylamide, in a solvent.
      Examples of solvents which can be used are lower alkanols, such as
      methanol or tert.-butanol, ether-like liquids, such as di-lower alkyl
      ethers, for example diethyl ether, cyclic ethers, for example
      tetrahydrofurane, and liquid amides, such as di-lower alkylamides of lower
      alkanoic acids or of phosphoric acid, for example dimethylformamide or
      hexamethylphosphoric acid triamide.
PAR  According to another process variant, the compounds according to the
      invention can be manufactured from a compound falling under the general
      formula II, of the formula
      ##SPC4##
      in which one of the groups X'.sub.1 and X'.sub.2 denotes a free,
      esterified or amidised carboxyl group or a group which can be converted
      into such a group and the other denotes a group which can be converted
      into a free, esterified or amidised carboxyl group, by carrying out this
      conversion and, if desired converting a resulting compound according to
      the invention into another compound of the invention within the defined
      scope. Examples of radicals which can be converted into free, esterified
      or amidised carboxyl groups are radicals which can be hydrolysed or
      alcoholysed to such groups, such as, for example, the nitrile group.
      Further examples of hydrolysable, alcoholysable or amidisable radicals are
      acyloxycarbonyl groups, for example lower alkanoyloxycarbonyl groups, such
      as the acetoxycarbonyl group or the benzoyloxycarbonyl group, or
      halogenocarbonyl groups, such as, in particular, the chlorocarbonyl group.
PAR  The hydrolysis of the nitrile group to the free carboxyl group can be
      carried out in an acid medium, for example in the presence of a strong
      inorganic acid, such as hydrochloric acid or sulphuric acid, in water or
      in a mixture of water and a solvent miscible therewith, such as a lower
      alkanoic acid, for example acetic acid, or an ether-like liquid, such as
      dioxane. Preferably, however, the hydrolysis is carried out in an alkaline
      medium, for example in the presence of a strong base, such as an alkali
      metal hydroxide or alkaline earth metal hydroxide, such as sodium
      hydroxide or calcium hydroxide, or of an alkali metal carbonate, for
      example potassium carbonate. Advantageously, a solvent is used for this
      reaction, for example water, a lower alkanol, such as ethanol, a lower
      alkanediol, such as ethylene glycol, or a mixture of water and a solvent
      miscible therewith, such as dioxane.
PAR  The hydrolysis of the nitrile group to the corresponding carboxyl group
      takes place via the carbamoyl group as an intermediate step; the latter
      can be isolated if desired. The hydrolysis to the carbamoyl group can be
      carried out, for example, in 96% strength sulphuric acid at approximately
      room temperature, or in a basic medium, advantageously in the presence of
      a hydroperoxide, for example in hydrogen peroxide solution containing
      sodium hydroxide.
PAR  The alcoholysis of the nitrile group leads to the esterified carboxyl group
      via an etherified hydroxyformimidoyl group, for example a
      hydroxyformimidoyl group which is lower-alkylated at the oxygen. The
      reaction is advantageously carried out in the presence of a hydrogen
      halide acid in the alcohol used for the esterification, such as a lower
      alkanol, if desired in the presence of a diluent, such as a di-lower alkyl
      ether, for example diethyl ether. The etherified hydroxyformimidoyl group,
      which can optionally be present in the form of a salt with a strong acid,
      such as hydrochloric acid, can be isolated if desired and be hydrolysed,
      analogously to the hydrolysis of the nitrile group, to the corresponding
      carboxyl group. This reaction takes place via the corresponding esterified
      carboxyl group, which can be isolated if desired.
PAR  An acyloxycarbonyl group or halogenocarbonyl group can be converted into a
      free carboxyl group by reaction with water, optionally in the presence of
      a base, for example of an alkali metal or alkaline earth metal hydroxide,
      carbonate or bicarbonate, for example sodium hydroxide, sodium carbonate
      or sodium bicarbonate, or can be converted into an ester by reaction with
      an alcohol, or can be converted into an amidised carboxyl group by
      reaction with ammonia or a primary or secondary amine.
PAR  According to a further variant of the process, the compounds according to
      the invention can be manufactured by oxidising a compound falling under
      the general formula II, of the formula
      ##SPC5##
PAL  wherein X".sub.1 denotes a hydroxymethyl or acyl group and, if desired,
      converting a resulting compound of the invention into another such
      compound within the defined scope.
PAR  By acyl groups there are understood the acyl groups initially listed,
      especially lower alkanoyl, such as formyl and acetyl, and also benzoyl.
      The oxidation of the hydroxymethyl group and of the formyl group can
      preferably be carried out with an oxidising agent, such as with oxygen,
      with a metal compound of a higher oxidation level, for example with a
      compound of 6-valent chromium, such as chromic acid, or of 7-valent or
      4-valent manganese, such as potassium permanganate and manganese dioxide,
      with silver oxide, with nitric acid, with a hydroperoxide, such as
      hydrogen peroxide, or with a hypohalite, such as sodium hypochlorite. The
      hypohalites are particularly suitable for oxidising the acetyl group, a
      trihalogenoacetyl group being produced as an intermediate product, which
      is split to the carboxyl group under the reaction conditions. The
      oxidation is advantageously carried out in a solvent which is inert under
      the conditions used, for example in water, in a lower alkanoic acid, such
      as acetic acid, in a di-lower alkyl ketone, such as acetone, in an
      ether-like solvent, such as dioxane, or in an optionally chlorinated
      hydrocarbon, such as benzene or carbon tetrachloride.
PAR  The oxidation of the hydroxymethyl group to the carboxyl group can be
      carried out in one or two steps depending on the nature and amount of the
      oxidising agent used. In the latter case, the compound of the formula
      (IIc), wherein X".sub.1 denotes the formyl group, which arises as an
      intermediate step, can either be isolated or directly oxidised further to
      the desired compound of the formula (I), wherein X.sub.1 denotes the
      carboxyl group, by adding a further amount of a suitable oxidising agent.
PAR  To oxidise the acyl group, such as the lower alkanoyl group or benzoyl
      group, this group is preferably first oximised. The oximation can be
      carried out in the usual manner, for example by reaction with
      hydroxylamine or with a salt thereof, such as the hydrochloride thereof,
      preferably in a solvent, such as water or a lower alkanol, such as
      ethanol. Thereafter, the oxime is treated by the Beckmann method with a
      strong acid, for example polyphosphoric acid or sulphuric acid, or a Lewis
      acid, such as phosphorus trichloride or titanium tetrachloride, whereupon
      the acyl group undergoes rearrangement to a carbamoyl group, that is to
      say is oxidised intramolecularly. It is also possible first to convert the
      oxime into a sulphonic acid ester by means of a sulphonyl halide, for
      example by means of an aliphatic or aromatic sulphonyl chloride, such as
      methanesulphonyl chloride, benzenesulphonyl chloride or toluenesulphonyl
      chloride, preferably in the presence of a base, such as pyridine, and this
      sulphonic acid ester can be rearranged spontaneously or by warming. The
      resulting carbamoyl group is monosubstituted at the nitrogen, for example
      by lower alkyl or phenyl, in accordance with the oximised carbonyl group
      present in the starting material. Depending on the reaction conditions,
      the Beckmann rearrangement of an oximised formyl group gives the carboxyl
      group, the unsubstituted carbamoyl group or the nitrile group.
PAR  A hydroxymethyl group is preferably oxidised to the formyl group with a
      mixture of N-chlorosuccinimide and dimethylsulphoxide, using an inert
      hydrocarbon, such as toluene, as the solvent. A formyl group is preferably
      oxidised to the carboxyl group with silver oxide, for example in
      tetrahydrofurane as the solvent.
PAR  According to a further process variant, compounds of the formula I, wherein
      A denotes a methylene group which is optionally substituted by a lower
      alkyl group, can be manufactured by replacing Y by hydrogen in a compound
      falling under the general formula II, of the formula
      ##SPC6##
PAL  in which A' is a methine group which is optionally substituted by a lower
      alkyl group and Y is a group replaceable by hydrogen and, if desired,
      converting the resulting compound into another compound within the defined
      scope.
PAR  An example of a group Y is the carboxyl group which can be replaced by
      hydrogen through decarboxylation. To carry out the decarboxylation, a
      starting material is warmed in the presence or absence of a solvent and/or
      of a catalyst. The solvents used are, for example, water, alcohols, such
      as lower alkanols, for example ethanol, lower alkanediols, such as
      ethylene glycol, higher-boiling ether-like solvents, such as dibutyl
      ether, dioxane and diphenyl ether, or, preferably, liquid nitrogen bases,
      such as pyridine, quinoline or collidines. Examples of catalysts which can
      be used are copper or copper salts, such as copper (I) chloride.
PAR  Further groups Y are the acyl groups, such as lower alkanoyl groups, for
      example the acetyl group, which can be replaced by hydrogen, especially if
      X.sub.1 and X.sub.2 are esterified carboxyl groups, by treatment with a
      strong base, for example with an alkali metal lower alkanolate, such as
      sodium ethylate, preferably in a solvent, such as in a lower alkanol, for
      example ethanol.
PAR  Resulting compounds of the invention can be converted into other compounds
      according to the invention in the usual manner within the defined scope.
      Thus it is possible, in compounds of the formula I in which one or both
      groups X.sub.1 and X.sub.2 are a free carboxyl group, to convert one or
      both of these groups into esterified or amidised carboxyl groups. For
      example, an esterification can be carried out by reacting the carboxylic
      acid with a suitable alcohol, such as a lower alkanol, for example
      methanol, preferably in the presence of an acid catalyst, such as a Lewis
      acid, for example boron trifluoride, or of a proton acid, for example
      hydrochloric acid, sulphuric acid or toluenesulphonic acid, and also of an
      agent which splits off water, such as a carbodiimide, for example
      dicyclohexylcarbodiimide. In this method, the reaction is advantageously
      carried out using, as the solvent, an excess of the alcohol employed. A
      further direct method of esterification is the reaction of the acid, or of
      one of its salts, such as the sodium salt, with a reactive functional
      derivative, for example a reactive ester, of a suitable alcohol, such as
      of a lower alkanol, for example with a halide, such as an iodide or
      bromide, for example with methyl iodide, or with a suitable diazo
      compound, such as a diazo-lower alkane, for example diazomethane. The
      reaction is preferably carried out in a solvent, for example in an
      ether-like liquid, such as a di-lower alkyl ether, for example diethyl
      ether, or in a cyclic ether, such as tetrahydrofurane.
PAR  However, the esterification can also be carried out indirectly via a
      reactive functional derivative of the carboxylic acid falling under the
      formula I, such as an anhydride, for example a mixed anhydride with a
      hydrogen halide acid, such as hydrochloric acid. In this method, a
      carboxylic acid falling under the formula I is first reacted, for example
      with an acid anhydride, such as with an acid halide, for example of
      phosphorous acid or sulphurous acid, for example with phosphorus
      trichloride or thionyl chloride, and the resulting reactive derivative,
      for example, chloride, of the carboxylic acid is then allowed to react
      with a suitable alcohol, such as a lower alkanol, if desired in the
      presence of a base, for example of a nitrogen-containing heterocyclic
      compound, such as pyridine, or of an alkali metal carbonate, such as
      potassium carbonate. The reaction is preferably carried out in a solvent,
      for example in an excess of the alcohol used, or in an ether-like solvent,
      such as diethyl ether.
PAR  The amidation of a free carboxylic acid can also be carried out direct, for
      example by treating one of the salts which it forms with ammonia or with a
      suitable primary or secondary amine, such as a mono- or di-lower
      alkylamine, pyrrolidine, piperidine, morpholine, aniline or hydroxylamine,
      at elevated temperature and/or in the presence of an agent which splits
      off water, for example of a Lewis acid, such as silicon tetrachloride.
      Advantageously, however, the reaction is carried out indirectly. For
      example, a reactive functional derivative (manufactured as above) of the
      carboxylic acid falling under the formula I, such as a chloride, is
      reacted with one of the abovementioned amines or ammonia. The reaction is
      advantageously carried out in the presence of a base, for example of an
      excess of the amine required for the reaction, in a solvent, for example
      in water, in a lower alkanol, such as ethanol, or in an ether-like
      solvent, such as a di-lower alkyl ether, for example diethyl ether.
PAR  In compounds of the formula I, wherein X.sub.1 and/or X.sub.2 are
      esterified or amidised carboxyl groups, one or both of these groups can be
      hydrolysed to free carboxyl groups in the usual manner. The hydrolysis can
      be carried out in an acid medium, for example in the presence of a strong
      inorganic acid, such as hydrochloric acid or sulphuric acid, in water or
      in a mixture of water and a solvent miscible therewith, such as a lower
      alkanoic acid, for example acetic acid, or an ether-like liquid, such as
      dioxane. Preferably, however, the hydrolysis is carried out in an alkaline
      medium, for example in the presence of a strong base, such as an alkali
      metal hydroxide or alkaline earth metal hydroxide, for example sodium
      hydroxide or potassium hydroxide, or of an alkali metal carbonate, for
      example potassium carbonate. For this, a solvent is advantageously used,
      for example water, a lower alkanol, such as ethanol, a lower alkanediol,
      such as ethylene glycol, or a mixture of water and a solvent miscible
      therewith, such as dioxane.
PAR  In compounds of the formula I, wherein one or both groups X.sub.1 and
      X.sub.2 denote esterified or amidised carboxyl groups, these can be
      converted into esterified or amidised carboxyl groups different therefrom.
PAR  Thus, an esterified carboxyl group can be converted into a carbamoyl group
      in the usual manner by reaction with ammonia or one of the abovementioned
      suitable amines. The reaction can be carried out in the presence or
      absence of a solvent, for example of a lower alkanol, such as ethanol, or
      of an ether-like solvent, such as dioxane. An esterified carboxyl group
      can also be trans-esterified with an alcohol different from the alcohol
      which it contains, in the usual manner, preferably in the presence of an
      acid, such as a Lewis acid, for example boron trifluoride, or a proton
      acid, such as hydrochloric acid, and also in the presence of a base, for
      example of an alkali metal alcoholate derived from the alcohol used for
      the trans-esterification. The trans-esterification is preferably carried
      out in a solvent, for example in an excess of the alcohol used for the
      trans-esterification. It is also possible to carry out conversions within
      the alcohol radical of the esterified carboxyl group; thus, for example,
      in a glycerine monester the free hydroxyl groups can be functionally
      modified, for example acetalised or ketalised with a lower alkanone, or in
      a glycerine monester of which the free hydroxyl groups are acetalised or
      ketalised, these can be split hydrolytically.
PAR  An amidised carboxyl group can be converted into an esterified carboxyl
      group via the hydroxyformimidoyl group which is correspondingly
      etherified, for example lower-alkylated at the oxygen.
PAR  An etherified hydroxyformimidoyl group can be obtained if a carbamoyl group
      is treated with an oxygen-alkylating agent, for example with an oxonium
      salt, such as a tri-lower alkyloxonium salt, for example with
      triethyloxonium fluoborate, in a solvent, such as in an ether-like liquid,
      for example diethyl ether. On careful hydrolysis, for example in water,
      optionally in the presence of a diluent, for example of a water-soluble
      organic solvent, such as dioxane, this group yields the esterified
      carboxyl group.
PAR  If the two groups X.sub.1 and X.sub.2 in a compound of the formula I are
      identical, the conversions described above can be carried out on free or
      functionally modified carboxyl groups in such a way that both groups are
      converted; if desired they can however be conducted in such a way, for
      example by using equivalent amounts of the reagents and/or interrupting
      the reaction at a suitable point in time, that only one of the groups
      X.sub.1 or X.sub.2 is reacted.
PAR  In resulting compounds of the formula I, wherein A is unsubstituted
      methylene, the latter can be substituted by a lower alkyl group in the
      usual manner. The alkylation can be effected, for example, by treatment
      with a reactive ester of a lower alkanol, for example with a halide, such
      as an iodide or bromide, for example with methyl iodide, preferably in the
      presence of a base. As the base it is possible to use alkali metal
      hydrides, amides or lower alkanolates, for example sodium hydride, lithium
      amide or potassium tert.-butoxide, quaternary ammonium bases which can be
      quaternised by, for example, lower alkyl or benzyl, such as
      benzyl-trimethylammonium methoxide, or, preferably, an alkali metal lower
      alkylamide, such as lithium diisopropylamide. The alkylation is preferably
      carried out in a solvent, for example in a lower alkanol, such as
      tert.-butanol, in an ether-like solvent, such as a di-lower alkyl ether,
      for example diethyl ether or a cyclic ether, such as tetrahydrofurane, or
      in a liquid amide, for example in a di-lower alkylamide of a lower
      alkanoic acid or of phosphoric acid, such as dimethylformamide or
      hexamethylphosphoric acid triamide.
PAR  Compounds of the formula I, wherein A denotes the direct bond, can be
      converted into compounds of the formula I, wherein A is a methylene group
      which is optionally substituted by a lower alkyl group. For example, a
      compound of the formula I, wherein A is a direct bond and one of the
      groups X.sub.1 and X.sub.2 is a free carboxyl group and the other is an
      amidised or, preferably, esterified carboxyl group, is first reacted in
      the manner described above to give a reactive functional derivative at the
      free carboxyl group, such as an anhydride, for example with a strong acid,
      such as a hydrogen halide acid, for example reacted to give the chloride,
      and the derivative is allowed to react with a diazo-lower alkane. The
      resulting compound, wherein the free carboxyl group is replaced by a
      radical of the formula --CO--A'=N N, is then reacted with water, an
      alcohol, ammonia or an amine.
PAR  The above reaction is carried out according to the Arndt-Eistert and Wolff
      method, preferably in the presence of a noble metal or of a noble metal
      salt as the catalyst, for example in the presence of copper or platinum or
      preferably of a silver salt, such as silver nitrate, or silver oxide, or
      of a complex salt thereof with sodium thiosulphate. The reaction is
      preferably carried out in the presence of a solvent, advantageously in the
      excess of water, alcohol or amine required for the solvolysis, and also in
      the presence of an inert diluent, such as an ether-like solvent, for
      example dioxane, a ketone, such as a lower alkyl ketone, for example
      acetone, a carboxylic acid, such as a lower alkanoic acid, for example
      acetic acid, or an amide, such as a di-lower alkylamide, of a lower
      alkanoic acid, for example dimethylformamide or dimethylacetamide.
PAR  In resulting compounds, substituents can be introduced, modified or removed
      within the defined scope.
PAR  In resulting compounds in which R.sub.1 or R.sub.2 is hydrogen, the
      hydrogen can be replaced. Substituents which can be introduced directly
      are, for example, the nitro group, lower alkanoyl groups and halogen
      atoms. They are introduced in the customary manner, for example by
      nitration in the case of the nitro group. The nitration is carried out in
      a manner which is in itself known, for example by treatment with a mixture
      of concentrated sulphuric acid and concentrated nitric acid, or with a
      mixed anhydride of nitric acid and a carboxylic acid, for example a lower
      alkanoic acid, such as acetic acid.
PAR  Lower alkanoyl groups can be introduced by Friedel-Crafts acylation.
      Acylation is carried out, for example, with an anhydride, for example a
      halide, such as a chloride, of a lower alkanecarboxylic acid, preferably
      in the presence of a Lewis acid, such as aluminium chloride, in a solvent,
      such as carbon disulphide, methylene chloride or nitrobenzene.
PAR  Halogen atoms are introduced, for example, directly, as by reaction with
      elementary halogen or halogen donors, appropriately in the presence of
      catalysts, for example iron-(III) chloride.
PAR  In resulting compounds which contain a radical R.sub.1 or R.sub.2 which
      differs from hydrogen, this radical can be converted or split off.
PAR  In resulting compounds which contain a free hydroxyl group R.sub.1 or
      R.sub.2, this group can be etherified. The etherification is carried out
      in the usual manner, for example by reaction with a reactive ester of a
      lower alkanol, preferably in the presence of a strong base, or with a
      diazo-lower alkane, such as diazomethane.
PAR  In resulting compounds which possess an alkoxy radical as the group R.sub.1
      or R.sub.2, this radical can be converted into the free hydroxyl group in
      the usual manner. This conversion is carried out, for example, by
      hydrolysis, above all by means of strong acids, such as hydriodic acid or
      hydrobromic acid, and optionally in the presence of light metal halides,
      such as aluminium bromide or boron bromide, or with pyridine hydrochloride
      or aluminium chloride in pyridine.
PAR  In resulting compounds which contain a nitro group, the latter can be
      reduced to an amino group, for example with one of the customary reducing
      agents, for example a metal and acid, such as iron and hydrochloric acid,
      or catalytically, for example with hydrogen and a transition metal
      catalyst, such as a palladium catalyst or nickel catalyst.
PAR  In resulting compounds which contain a free hydroxyl group of amino group
      on the aromatic ring, this group can be acylated. The acylation takes
      place in the usual manner, especially with reactive functional derivatives
      of the acids in question, preferably acid halides or acid anhydrides,
      appropriately in the presence of acid-binding agents, for example those
      mentioned. Conversely it is also possible to split off the acyl radicals
      in resulting compounds which carry acylamino groups or acyloxy groups on
      the benzene ring. The splitting off is effected in the usual manner, for
      example as indicated above for the hydrolysis of carbamoyl groups or ester
      groups X.sub.1 and X.sub.2.
PAR  In resulting compounds which possess an amino group as the radical R.sub.1
      or R.sub.2, this group can be replaced by a hydroxyl group or alkoxy
      group, a halogen atom or a hydrogen atom. The replacement is carried out
      in the usual manner, especially by diazotisation, for example with nitrous
      acid, and subsequent introduction of the desired radical according to the
      customary methods. A hydroxyl group is introduced, for example, by warming
      an aqueous solution of a diazonium salt. The introduction of an alkoxy
      radical is preferably achieved by boiling the diazonium salt with the
      appropriate alcohol. The introduction of a halogen atom is effected, for
      example, by treating a diazonium salt with copper (I) halide according to
      the Sandmeyer method or by treating the appropriate diazonium halide with
      copper powder according to the Gattermann method. To introduce a hydrogen
      atom, the diazonium salt is advantageously reduced with alkali metal
      stannite.
PAR  The reactions mentioned above or subsequently which serve for the
      manufacture of the starting substances can be carried out in the usual
      manner, in the presence or absence of diluents, condensation agents and/or
      catalytic agents, at room temperature, lowered or elevated temperature,
      optionally in a closed vessel and/or under an inert gas atmosphere. The
      conversions of end products into end products can furthermore be carried
      out in optional sequence.
PAR  Depending on the process conditions and starting substances, the end
      products are obtained in the free form or in the form of their salts,
      which is also included in the invention. Resulting free compounds with
      acid groups, such as carboxylic acids or hydroxamic acids, can be
      converted in the usual manner, for example by reaction with appropriate
      basic agents, into the salts with bases, above all into therapeutically
      usable salts with bases, for example with organic amines, or into metal
      salts. The free compounds can be liberated from the salts in the usual
      manner, for example by reaction with acid agents.
PAR  Resulting free compounds having a basic group can be converted into
      addition salts with acids, especially with the pharmaceutically tolerated
      acids mentioned, in the usual manner, and from these salts the bases can
      again be liberated in the usual manner by treatment with a stronger base.
PAR  These or other salts can also be used for the purification of the new
      compounds, for example by converting the free compounds into their salts,
      isolating these and reconverting them into the free compounds. Because of
      the close relationships between the new compounds in the free form and in
      the form of their salts, the free compounds are where appropriate also to
      be understood to include the corresponding salts, in respect of general
      sense and intended use, in the preceding and following text.
PAR  The new compounds can, depending on the choice of the starting substances
      and working methods and depending on the number of the asymmetrical carbon
      atoms, be in the form of optical antipodes, racemates or isomer mixtures
      (racemate mixtures).
PAR  Resulting isomer mixtures (racemate mixtures) can be separated in a known
      manner into the stereoisomeric (diastereomeric), pure racemates on the
      basis of the physico-chemical differences of the constituents, for example
      by chromatography and/or fractional crystallisation.
PAR  Resulting racemates can be resolved into the diastereomers according to
      known methods, for example by recrystallisation from an optically active
      solvent, with the aid of micro-organisms or by reaction with an optically
      active acid or base which forms salts with the racemic compound and
      separation of the salts obtained in this manner, for example by virtue of
      their different solubilities, and the antipodes can be liberated from the
      diastereomers by treatment with suitable agents. Preferred optically
      active bases are, for example, brucine, strychnine, morphine or
      .alpha.-phenylethylamine or their quaternary ammonium bases.
      Advantageously, the more active and/or less toxic of the two antipodes is
      isolated.
PAR  However, it is also possible to manufacture pure isomers, racemates or
      optical antipodes by starting from the corresponding starting substances
      in the form of their pure isomers, racemates or optical antipodes.
PAR  The invention also relates to those embodiments of the process according to
      which a compound obtainable as an intermediate product at any stage of the
      process is used as the starting material and the missing process steps are
      carried out, or in which a starting substance is formed under the reaction
      conditions or in which a reactant is present in the form of its salt, if
      relevant.
PAR  Appropriately, those starting substances are used for carrying out the
      reactions according to the invention which lead to the initially
      particularly mentioned groups of end products and especially to the end
      products which have been particularly described or singled out.
PAR  The starting substances are known or can, if they are new, be manufactured
      according to methods which are in themselves known.
PAR  A starting compound of the formula IIa can be manufactured, for example, if
      in a compound of the formula
      ##SPC7##
PAL  wherein X".sub.2 denotes a radical which can be converted into an
      optionally esterified or amidised carboxyl group, this conversion is
      carried out and, if desired, a resulting compound of the formula IIa is
      converted into another such compound, within the defined scope.
PAR  X".sub.2 is, for example, a group, such as a nitrile group, which can be
      hydrolysed or alcoholysed to a free, esterified or amidised carboxyl
      group. The hydrolysis or alcoholysis can be carried out analogously to the
      conversion of compounds of the formula IIb, as described above.
PAR  X".sub.2 can also be a group which can be oxidised to a carboxyl group,
      such as hydroxymethyl or acyl, for example lower alkanoyl, such as formyl
      or acetyl, or benzoyl. The oxidation is carried out analogously to the
      oxidation of compounds of the formula IIc.
PAR  X" can however also be a suitable metal atom, for example lithium or
      sodium, or the group of the formula -Mg-Hal, wherein Hal denotes a halogen
      atom, such as chlorine, bromine or iodine. Such a group X" can be
      converted into a free carboxyl group or a carboxyl group modified as
      indicated, for example by reaction with a suitable derivative of carbonic
      acid. As such derivatives there should in particular be mentioned carbon
      dioxide, but also esters or half-esters of carbonic acid, especially lower
      alkyl esters, for example diethyl carbonate, or carbonic acid halide
      esters, that is to say halogenoformic acid esters, such as chloroformic
      acid lower alkyl esters, for example chloroformic acid ethyl esters. The
      reaction is carried out in the usual manner, preferably in an inert
      solvent, such as an ether, for example diethyl ether or dibutyl ether or
      tetrahydrofurane.
PAR  According to a further process variant, compounds of the formula IIa are
      obtained if, in a compound of the formula
      ##SPC8##
PAL  the carbonyl group is reduced to the methylene group and, if desired, a
      resulting compound is converted into another within the defined scope.
PAR  The reduction of the carbonyl group can be carried out directly, for
      example with hydrazine, advantageously in a high-boiling solvent, such as
      ethylene glycol, in the presence of a base, such as potassium hydroxide or
      sodium hydroxide, according to the Wolff-Kishner method. According to
      another variant, the carbonyl group is reduced according to the Clemmensen
      method with amalgamated zinc and hydrochloric acid in water, if desired in
      the presence of an inert solvent, for example of a hydrocarbon, such as
      toluene. However, another possible procedure is first to reduce the
      carbonyl group to a carbinol. This reduction can be carried out, for
      example, with a complex hydride, such as an alkali metal borohydride or
      alkali metal aluminiumhydride, for example with sodium borohydride,
      advantageously in water or in a lower alkanol. The resulting carbinol
      compound can be converted into an unsaturated compound by splitting off
      water, for example with an agent which splits off water, such as a strong
      acid, for example sulphuric acid or phosphoric acid, and the unsaturated
      compound is then converted into a compound of the formula IIa by means of
      hydrogen which is activated catalytically, for example with a transition
      metal catalyst, such as a palladium catalyst, platinum catalyst or nickel
      catalyst.
PAR  The carbinol can also be converted into an activated ester thereof, for
      example into a halide, such as a chloride, or a sulphonic acid ester, such
      as a toluenesulphonic acid ester. The conversion is carried out, for
      example, by treatment with a halide, such as a chloride, of sulphurous
      acid or phosphorous acid, or with a sulphonic acid chloride, such as
      toluenesulphonic acid chloride. This ester can also yield a compound of
      the formula IIa by reduction, for example with catalytically activated
      hydrogen or with one of the abovementioned complex hydrides.
PAR  The conversions within the defined scope, for example within the optionally
      esterified or amidised carboxyl group or within the substituents R.sub.1
      and R.sub.2, can be carried out analogously to the corresponding
      conversions of the end products of the formula I.
PAR  The compounds of the formula
      ##SPC9##
PAL  which falls under the general formula IIa, wherein R.sub.1, R.sub.2,
      X.sub.2 and n have the meaning indicated under the formula I, with the
      proviso that if R.sub.2 denotes cyclopentyl or cyclohexyl, n is 1, as well
      as salts thereof, are new compounds and also form a subject of the present
      invention. They possess valuable pharmacological, especially
      anti-inflammatory and analgesic, activity, which can be demonstrated
      according to the methods described initially. Because of this activity,
      the compounds of the formula IIa' can be used as agents having an
      analgesic action and especially an anti-inflammatory action, above all for
      the treatment of arthritic symptoms.
PAR  For example, the compounds of the formula IIa'   are effective in the
      kaolin oedema test at about 3-100 mg/kg and in the writhing test at about
      30-100 mg/kg.
PAR  Preferred compounds of the formula IIa'   are those in which n is 1 or 2,
      one of the groups R.sub.1 and R.sub.2 is hydrogen or halogen, especially
      chlorine and the other is cyclopentyl, cyclohexyl or especially
      cycloheptyl, with the proviso that if R.sub.2 denotes cyclopentyl or
      cyclohexyl, n is 1, and X.sub.2 denotes a free carboxyl group or a
      carboxyl group esterified with a lower alkanol, especially butanol, or a
      pyridinemethanol, especially 4-pyridinemethanol, or denotes the carbamoyl
      group, and pharmaceutically tolerated salts of these compounds.
PAR  The following are particularly preferred compounds:
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid,
      5-chloro-6-cyclohexyl-1-indanecarboxylic acid,
      4-cyclohexyl-1-benzocyclobutenecarboxylic acid,
      5-cyclohexyl-1-benzocyclobutenecarboxylic acid,
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid butyl ester,
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid 4-pyridinemethyl ester and
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid amide.
PAR  The starting substances of the formula V are known or can be obtained
      analogously to known compounds. Compounds of the formula IV, wherein n is
      2 or 3 can be obtained, for example, according to known methods from
      compounds of the formula
      ##SPC10##
PAL  wherein n is 2 or 3, (which are obtainable, in turn, by decarboxylation of
      compounds of the formula V with R.sub.1 and R.sub.2 interchanged). For
      example, a compound of the formula VI is condensed with
      methoxymethyl-triphenylphosphonium bromide in the presence of a base, such
      as sodium hydride, and the enol-ether obtained is split, for example with
      a strong acid, such as perchloric acid, to give a compound of the formula
      IV, wherein X".sub.2 is the aldehyde group. The aldehyde group can, if
      desired, be reduced to the hydroxymethyl group, for example with a complex
      hydride of boron or of aluminium, for example with sodium hydride. The
      carbonyl compound of the formula VI can also be condensed with hydrogen
      cyanide or a salt thereof, such as potassium cyanide, to give a
      cyanohydrin which, after splitting off water and hydrogenating the
      resulting double bond in a manner which is in itself known, yields the
      compound of the formula IV, wherein X".sub.2 is the nitrile group and n is
      2 or 3.
PAR  Compounds of the formula IV, in which n = 1, for example the
      1-cyano-benzocyclobutenes which carry a cycloaliphatic hydrocarbon radical
      in the 4- or 5-position can be manufactured, for example, by starting from
      a correspondingly substituted m-halogenophenylacetic acid, in which
      halogen preferably denotes fluorine, chlorine or bromine, lengthening the
      aliphatic chain by one C atom by esterification, reduction to the alcohol
      and conversion into the chloride and cyanide, and reacting the
      .beta.-(m-halogenophenyl)-propionitrile formed with agents which split off
      hydrogen halide, for example an alkali metal amide, such as potassium
      amide, in liquid ammonia. In doing so, a dehydrobenzene derivative is
      formed as an intermediate, with elimination of halogen, and from this
      derivative the desired nitrile is produced by rearrangement, with
      formation of the cyclobutene ring.
PAR  The starting substances of the formula IIb can be manufactured, for
      example, by condensing a compound of the formula
      ##SPC11##
PAL  with a reactive functional derivative of a hydroxy compound of the formula
      HO-A-X'.sub.1 (IIIa). Examples of reactive functional derivatives of
      compounds of the formula IIIa are derivatives of carbonic acid, such as
      carbon dioxide, phosgene, esters, for example di-lower alkyl esters of
      carbonic acid, halogenoformic acid derivatives, for example chloroformic
      acid lower alkyl esters or amides of chloroformic acid, such as its
      dimethylamide, and also cyanogen halides, such as cyanogen bromide.
PAR  Further reactive functional derivatives are .alpha.-halogeno-, such as
      .alpha.-bromo-lower alkanoic acids, for example bromoacetic acid, their
      esters, such as lower alkyl esters, amides, such as di-lower alkylamides,
      and nitriles. The condensation is carried out under the reaction
      conditions described earlier.
PAR  The starting substances of the formula IIc and salts thereof can be
      obtained, for example, by condensing a compound of the formula IIa with a
      reactive functional derivative of a hydroxy compound of the formula
      HO-A-X".sub.1 (IIIb) and converting a resulting compound of the formula
      IIc into another such compound within the defined scope.
PAR  Reactive functional derivatives of compounds of the formula IIIb, wherein A
      denotes the direct bond, are derivatives of hydrated formaldehyde, for
      example formaldehyde, paraformaldehyde or trioxane, and derivatives of
      carboxylic acids, for example of lower alkanoic acids, such as formic acid
      and acetic acid, or of benzoic acid, for example anhydrides, such as mixed
      anhydrides, for example with a hydrogen halide acid, such as hydrochloric
      acid. Examples thereof are acetyl chloride or benzoyl chloride. Further
      usable derivatives of the carboxylic acids are their esters, for example
      lower alkyl esters, such as ethyl esters. Hydroxy compounds of the formula
      IIIb, wherein A is a methylene group which is optionally substituted by a
      lower alkyl group, are ethylene glycols which are mono-lower alkylated at
      the carbon atom, or hydroxymethyl ketones, such as hydroxymethyllower
      alkyl ketones. Reactive functional derivatives thereof are above all
      reactive esters, for example with a hydrogen halide acid, such as with
      hydrobromic acid, for example ethylene bromohydrin or bromoacetone. The
      condensation is carried out, for example, under the reaction conditions
      described above. The conversions within the defined scope, for example,
      within the optionally esterified or amidised carboxyl group or within the
      substituents R.sub.1 and R.sub.2, can be carried out analogously to the
      corresponding conversions of the end products. For example, a
      hydroxymethyl group can be oxidised in a manner which is in itself known,
      for example by means of the calculated amount of chromic acid or by means
      of manganese dioxide, and be converted into the corresponding formyl
      group. A formyl group X".sub.1 can be converted into the hydroxymethyl
      group by reduction, for example with a complex hydride of boron or of
      aluminium, such as with sodium borohydride.
PAR  The starting substances of the formula IIc and salts thereof are, in turn,
      new compounds and a subject of the present application. They possess
      valuable pharmacological, especially anti-inflammatory and analgesic,
      activity, which can be demonstrated according to the methods described
      initially. Because of this activity the compounds of the formula IIc can
      be used as agents having an analgesic action, especially an
      anti-inflammatory action, above all for the treatment of arthritic
      symptoms.
PAR  For example, the compounds of the formula IIc are effective in the kaolin
      oedema test at about 10 to 100 mg/kg and in the writhing test at about 30
      to about 300 mg/kg.
PAR  Preferred compounds of the formula IIc are those in which one of the groups
      R.sub.1 and R.sub.2 is hydrogen or halogen, especially chlorine, the other
      is cyclopentyl, cyclohexyl or cycloheptyl, X.sub.2 denotes a free carboxyl
      group or carboxyl group esterified by lower alkyl, X".sub.1 denotes
      hydroxymethyl, A denotes a direct bond and n denotes 2, as well as
      pharmaceutically tolerated salts thereof.
PAR  1-Hydroxymethyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid is
      particularly preferred.
PAR  The starting substances of the formula IId can also be obtained from
      compounds of the formula IIa. For example, these are condensed with a
      functional derivative of an .alpha.-halogeno-malonic acid, such as
      .alpha.-chloro-malonic acid or bromo-malonic acid, preferably with a
      diester, such as a dilower alkyl ester, for example diethyl ester, for
      example with bromomalonic acid diethyl ester, or with a functional
      derivative of an .alpha.-acyl-.alpha.-halogenoacetic acid, for example an
      ester, such as a lower alkyl ester, of an .alpha.-bromo-lower
      alkanoylacetic acid, for example .alpha.-bromo-acetoacetic acid ethyl
      ester. The condensation is preferably carried out under the same reaction
      conditions as the condensation with the compounds of the formula III. If
      desired, resulting derivatives of compounds of the formula IId, wherein A'
      denotes an unsubstituted methine group, can be converted into
      corresponding compounds wherein A' is methine substituted by a lower alkyl
      group. This conversion is preferably carried out by means of a reactive
      ester of a lower alkanol, for example with a hydrogen halide acid, such as
      hydrobromic acid or hydriodic acid, for example with methyl iodide, in the
      presence of a base, such as an alkali metal amide, hydride or lower
      alkanolate, for example lithium amide, sodium hydride or sodium ethylate.
PAR  Preferably, the reaction is carried out in a solvent, for example in an
      ether-like solvent, such as diethyl ether, or a lower alkanol, such as
      ethanol. The resulting compounds of the formula IId, wherein Y is an
      esterified carboxyl group, can be converted into the starting substances
      of the formula IId, wherein Y denotes the free carboxyl group, in the
      usual manner, for example by treatment with an alkali, such as sodium
      hydroxide, in water or a lower alkanol, such as ethanol, or with an
      aqueous acid, such as hydrochloric acid, through partial or complete
      saponification of the functionally modified malonic acid grouping, for
      example of the malonic ester grouping.
PAR  The new compounds of the present invention can be administered perorally,
      rectally or parenterally. Suitable unit dosage forms, such as dragees,
      tablets, suppositories or ampoules, preferably contain, as the active
      compound, 10-500 mg of a compound of the formula I or of a salt of a free
      acid, falling under this formula, with a pharmaceutically tolerated
      inorganic or organic base. In the unit dosage forms for peroral use, the
      content of active substance is preferably between 10% and 90%. To
      manufacture such unit dosage forms, the active compound is combined with,
      for example, solid, pulverulent excipients, such as lactose, sucrose,
      sorbitol, mannitol, starches, such as potato starch, corn starch or
      amylopectin, or laminaria powders or citrus pulp powders, cellulose
      derivatives or gelatine, optionally with addition of lubricants, such as
      magnesium stearate or calcium stearate or polyethylene glycols, to give
      tablets or dragee cores. The latter are coated, for example with
      concentrated sugar solutions which additionally contain, for example, gum
      arabic, talc or titanium dioxide, or with a lacquer dissolved in easily
      volatile organic solvents or solvent mixtures. Dyestuffs can be added to
      these coatings, for example to characterise different doses of active
      substance. Further suitable oral unit dosage forms are push-fit capsules
      of gelatine and soft, sealed capsules of gelatine and a plasticiser, such
      as glycerine. The former preferably contain the active compound as
      granules mixed with lubricants, such as talc or magnesium stearate, and
      optionally with stabilisers, such as sodium metabisulphite (Na.sub.2
      S.sub.2 O.sub.5) or ascorbic acid. In soft capsules, the active compound
      is preferably dissolved or suspended in suitable liquids, such as liquid
      polyethylene glycols, and again stabilisers can be added.
PAR  Examples of possible unit dosage forms for rectal use are suppositories
      which consist of a combination of an active compound with a suppositories
      base composition, based on natural or synthetic triglycerides (for example
      cacao butter), polyethylene glycols or suitable higher fatty alcohols, and
      gelatine rectal capsules which contain a combination of the active
      compound with polyethylene glycols.
PAR  Ampoule solutions for parenteral administration, especially intramuscular
      or intravenous administration, contain, for example, a compound of the
      general formula I at a concentration of, preferably, 0.5 - 5%, in the form
      of an aqueous dispersion prepared with the aid of customary solubilising
      agents and/or emulsifiers and optionally stabilisers, or an aqueous
      solution of a pharmaceutically tolerated watersoluble salt of a free acid
      falling under the general formula I.
PAR  Examples of further forms for parenteral administration are lotions,
      tinctures and ointments, prepared with the customary auxiliaries, for
      percutaneous use.
PAR  The instruction which follows is intended to explain in more detail the
      manufacture of tablets:
PAR  1,000 g of active compound, for example
      1-methoxycarbonyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid, are mixed
      with 550 g of lactose and 292 g of potato starch and the mixture is
      moistened with an alcoholic solution of 8 g of gelatine and granulated
      through a sieve. After drying, 60 g of potato starch, 60 g of talc and 10
      g of magnesium stearate and 20 g of highly disperse silica are mixed in
      and the mixture is pressed to give 10,000 tablets each weighing 200 mg and
      each containing 100 mg of active substance; the tablets can, if desired,
      be provided with breaking grooves for more accurate choice of the dosage.
PAR  The examples which follow explain the manufacture of the new compounds in
      more detail but are not intended in any way to restrict the scope of the
      invention.
DETD
PAC  EXAMPLE 1
PAR  30 ml of a 2.6 N solution of butyl-lithium in hexane are slowly added
      dropwise to a solution of 10.5 g of absolute diisopropylamine in 150 ml of
      absolute tetrahydrofurane at -15.degree.C under a dry nitrogen atmosphere,
      whilst stirring. The mixture is left for a further 15 minutes at
      -15.degree.C and 19.5 g of 5-cyclohexyl-6-chloro-1-indanecarboxylic acid
      methyl ester dissolved in 100 ml of absolute tetrahydrofurane are then
      added dropwise to this solution over the course of 15 minutes at
      -10.degree. to -12.degree.C. The mixture is stirred for a further 30
      minutes at -15.degree. to -5.degree.C and thereafter a vigorous stream of
      dry carbon dioxide is passed through the reaction solution over the course
      of 10 minutes. The mixture is then evaporated to dryness in vacuo at room
      temperature and the residue is partitioned between cold saturated sodium
      bicarbonate solution and ether. The aqueous phase is then acidified with
      concentrated hydrochloric acid and extracted with ether. This ether phase
      is washed until neutral, dried over sodium sulphate and evaporated in
      vacuo. 1-Methoxycarbonyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid of
      melting point 139.degree.-142.degree.C crystallises from the evaporation
      residue on treatment with benzene-hexane.
PAR  The following compounds can be manufactured analogously:
PAR  1-Butoxycarbonyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid from 17 g of
      5-cyclohexyl-6-chloro-1-indanecarboxylic acid butyl ester, 22 ml of a
      2.6-N solution of butyl-lithium and carbon dioxide;
PAR  1-methoxycarbonyl-5-cycloheptyl-6-chloro-1-indanecarboxylic acid, melting
      point 144.degree.-146.degree.C (from benzene-hexane), from 15.5 g of
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid methyl ester, 22.4 ml of a
      2.6 N solution of butyl-lithium and carbon dioxide;
PAR  1-propoxycarbonyl-5-cycloheptyl-6-chloro-1-indanecarboxylic acid, from 17 g
      of 5-cycloheptyl-6-chloro-1-indanecarboxylic acid propyl ester, 22 ml of a
      2.6 N solution of butyl-lithium and carbon dioxide;
PAR  1-butoxycarbonyl-5-cycloheptyl-6-chloro-1-indanecarboxylic acid, melting
      point 118.degree.C (from pentane), from 5.8 g of
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid butyl ester, 8 ml of a 2.6
      N solution of butyl-lithium and carbon dioxide;
PAR  1-methoxycarbonyl-5-chloro-6-cyclohexyl-1-indanecarboxylic acid, from 16 g
      of 5-chloro-6-cyclohexyl-1-indanecarboxylic acid methyl ester, 22 ml of a
      2.6 N solution of butyllithium and carbon dioxide;
PAR  1-methoxycarbonyl-5-cyclohexyl-1-indanecarboxylic acid, melting point (140)
      148.degree.-152.degree.C with decomposition (from etherhexane), from 13 g
      of 5-cyclohexyl-1-indanecarboxylic acid methyl ester, 22.5 ml of a 2.6 N
      solution of butyl-lithium and carbon dioxide;
PAR  1-methoxycarbonyl-5-cycloheptyl-1-indanecarboxylic acid; melting point
      140.degree.-141.degree.C (from pentane), from 10 g of
      5-cycloheptyl-1-indanecarboxylic acid methyl ester, 12.8 ml of a 2.6 N
      solution of butyl-lithium and carbon dioxide.
PAC  EXAMPLE 2
PAR  15.4 ml of a 2.6 N solution of butyl-lithium (in hexane) are slowly added
      dropwise to a solution of 5.6 ml of absolute diisopropylamine in 40 ml of
      absolute tetrahydrofurane at -5.degree.C under a nitrogen atmosphere,
      whilst stirring, and thereafter a solution of 8.0 g of
      5-cyclohexyl-benzocyclobutene-1-carboxylic acid methyl ester in 40 ml of
      absolute tetrahydrofurane is added similarly. After completion of the
      addition the mixture is stirred for a further 15 minutes at -15.degree.C
      and thereafter a vigorous stream of nitrogen (dried over concentrated
      sulphuric acid) is passed through the solution for 10 minutes, during
      which the colour of the solution changes from dark yellow to pale yellow.
      The reaction solution is partitioned between five times 40 ml of saturated
      sodium bicarbonate solution and 200 ml of ether. The combined aqueous
      phases are adjusted to pH 4 with concentrated hydrochloric acid at
      0.degree.C and extracted three times with 100 ml of methylene chloride at
      a time. The organic extracts are washed with water, dried over sodium
      sulphate and evaporated to dryness in vacuo. Using ether-pentane,
      1-methoxycarbonyl-5-cyclohexyl-1-benzocyclobutene-carboxylic acid
      crystallises from the evaporation residue; melting point
      140.degree.-155.degree.C.
PAC   EXAMPLE 3
PAR  23.6 ml of butyl-lithium (20% strength in hexane) are slowly added dropwise
      to a solution of 7.6 g of diisopropylamine (absolute) in 80 ml of absolute
      tetrahydrofurane at -10.degree. to -15.degree.C under a dry nitrogen
      atmosphere, whilst stirring, and 15 minutes after completion of the
      addition a solution of 15.5 g of 5-cyclohexyl-1-indanecarboxylic acid
      methyl ester in 40 ml of absolute tetrahydrofurane is added. The reaction
      solution is cooled to -20.degree.C and a solution of 16.5 g of ethyl
      bromoacetate in 40 ml of absolute tetrahydrofurane is rapidly added
      dropwise. In the course thereof, the temperature rises to 0.degree.C. The
      reaction solution is partitioned between three times 200 ml of methylene
      chloride and three times 200 ml of 2 N hydrochloric acid. The combined
      organic phases are washed with water, dried over sodium sulphate and
      evaporated in vacuo. Distillation of the evaporation residue in a high
      vacuum yields 1-methoxycarbonyl-5-cyclohexyl-1-indaneacetic acid ethyl
      ester in the fraction boiling at 140.degree.-142.degree.C/0.04 mm Hg.
PAC  EXAMPLE 4
PAR  A solution of 9.0 g of 1-methoxycarbonyl-5-cyclohexyl-1-indaneacetic acid
      ethyl ester in 100 ml of tetrahydrofurane and 500 ml of dioxane is treated
      with a solution of 29 ml of 1.0 N sodium hydroxide solution in 100 ml of
      methanol and the mixture is stirred for 24 hours at room temperature. The
      reaction mixture is evaporated in vacuo at 30.degree.C to a volume of
      approx. 100 ml and is partitioned between twice 200 ml of water and twice
      200 ml of ether. The combined aqueous phases are adjusted to pH 2 with
      concentrated hydrochloric acid and extracted with twice 200 ml of ether.
      The combined organic phases are washed with water, dried over sodium
      sulphate and evaporated to dryness in vacuo. The evaporation residue is
      chromatographed on a 20-fold amount of silica gel, with ether as the
      eluting agent. Fractions 5-15 (each of 50 ml) contain
      1-methoxy-carbonyl-5-cyclohexyl-1-indaneacetic acid; melting point (127)
      135.degree.-137.degree.C (from ether-pentane).
PAC  EXAMPLE 5
PAR  A solution of 3.0 g of 1-carbomethoxy-5-cyclohexyl-1-indaneacetic acid in
      50 ml of dioxane and 20 ml of 2 N sodium hydroxide solution is boiled for
      15 hours under reflux. It is evaporated in vacuo to a volume of 50 ml,
      adjusted to pH 2 with concentrated hydrochloric acid at 0.degree.C and
      partitioned between twice 150 ml of 2 N hydrochloric acid and twice 100 ml
      of methylene chloride. The combined organic phases are washed with water,
      dried over sodium sulphate and evaporated to dryness in vacuo. The
      residue, in hot ethanol, is treated with active charcoal. The resulting
      1-carboxy-5-cyclohexyl-1-indaneacetic acid crystallises from
      ethanol-water; melting point &gt;206.degree.C, with decomposition.
PAC  EXAMPLE 6
PAR  A vigorous stream of ammonia gas dried over potassium hydroxide is passed
      into a solution of 3.5 g of
      1-methoxycarbonyl-5-cycloheptyl-1-indanecarboxylic acid chloride in 50 ml
      of absolute benzene for 5 minutes at 10.degree.C, whilst stirring. The
      reaction mixture is then partitioned twice between 50 ml of ethyl acetate
      and 100 ml of ice-cold saturated sodium bicarbonate solution. The organic
      phases are washed with water, dried over sodium sulphate and evaporated in
      vacuo. The evaporation residue, when crystallised from ether/petroleum
      ether, yields 1-methoxycarbonyl-5-cycloheptyl-1-indanecarboxylic acid
      amide; melting point 136.degree.-137.degree.C.
PAR  The starting material can be obtained as follows:
PAR  A solution of 3.5 g of 1-methoxycarbonyl-5-cycloheptyl-1-indanecarboxylic
      acid in 50 ml of absolute benzene and 5 ml of thionyl chloride is boiled
      under reflux, with exclusion of water, for 11/2 hours. After evaporation
      in vacuo, crude 1-methoxycarbonyl-5-cycloheptyl-1-indanecarboxylic acid
      chloride remains, which is processed further without additional
      purification.
PAC  EXAMPLE 7
PAR  a. 3.0 ml of dimethyl sulphide are added to a suspension of 4.0 g of
      N-chlorosuccinimide in 100 ml of absolute toluene under a nitrogen
      atmosphere, whilst stirring, and this is followed, at -25.degree.C, by a
      solution of 6.45 g of
      1-hydroxymethyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid methyl ester
      in 20 ml of absolute toluene. The mixture is stirred for a further 90
      minutes at -25.degree.C. 3.1 g of triethylamine are then added and the
      reaction solution is partitioned between 150 ml of ether and 100 ml of
      cold 1 N hydrochloric acid. The organic phases is washed until neutral,
      dried over sodium sulphate and evaporated in vacuo at room temperature.
      The crude oily 1-formyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid
      methyl ester contained in the evaporation residue is immediately processed
      further.
PAR  b. A solution of 3.0 g of crude
      1-formyl-5-cyclohexyl-6-chloro-1-indanecarboyxlic acid methyl ester in 30
      ml of tetrahydrofurane and 3 ml of water is treated with 4 equivalents of
      silver oxide (manufactured according to Corey et al., J. Amer. Chem. Soc.,
      90, 5616 (1963)) and the mixture is stirred overnight at room temperature.
      The reaction solution is then filtered through a Celite and the filtrate
      is partitioned between 150 ml of methylene chloride and 100 ml of 0.1 N
      hydrochloric acid. The organic phase is washed with twice 150 ml of water,
      dried over sodium sulphate and evaporated in vacuo. Chromatography of the
      evaporation residue on silica gel, using benzene/ethyl acetate/glacial
      acetic acid, 90:30:1, as the eluting agent, yields crude
      1-methoxycarbonyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid which can
      be purified further by fractional crystallisation from benzene-hexane;
      melting point 139.degree.-142.degree.C.
PAR  Starting materials which can be used according to the invention can be
      manufactured as follows:
PAC  EXAMPLE 8
PAR  5 ml of concentrated sulphuric acid are added to a solution of 21 g of
      5-cyclohexyl-6-chloro-1-indanecarboxylic acid in 300 ml of absolute
      methanol and the mixture is subsequently boiled for 4 hours under reflux,
      with exclusion of water. It is then evaporated in vacuo to a volume of 50
      ml and partitioned between ether (twice 200 ml) and ice water (twice 200
      ml). The organic phases are successively washed with aqueous sodium
      bicarbonate solution and water, dried over sodium sulphate and evaporated
      in vacuo. The evaporation residue is distilled in a high vacuum. The
      fraction which boils at 157.degree.C/0.2 mm Hg contains
      5-cyclohexyl-6-chloro-1-indanecarboxylic acid methyl ester.
PAR  The following can be manufactured analogously:
PAR  5Cyclohexyl-6-chloro-1-indanecarboxylic acid butyl ester from 21 g of
      5-cyclohexyl-6-chloro-1-indanecarboxylic acid, 300 ml of absolute butanol
      and 5 ml of concentrated sulphuric acid;
PAR  5-chloro-6-cyclohexyl-1-indanecarboxylic acid methyl ester from 21 g of
      5-chloro-6-cyclohexyl-1-indanecarboxylic acid, 300 ml of absolute methanol
      and 300 ml of concentrated sulphuric acid;
PAR  5-cyclohexyl-1-indanecarboxylic acid methyl ester from 40 g of
      5-cyclohexyl-1-indanecarboxylic acid, 400 ml of absolute methanol and 8 ml
      of concentrated sulphuric acid.
PAC  EXAMPLE 9
PAR  a. 10 g of 10% strength palladium on charcoal are added to a solution of
      102 g of p-(cyclohepten-1-yl)-acetophenone in 1 l of ethanol and the
      mixture is hydrogenated at room temperature and normal pressure until 1
      equivalent of hydrogen has been taken up. The catalyst is then filtered
      off and the filtrate is evaporated to dryness in vacuo. The
      p-cycloheptyl-acetophenone contained in the evaporation residue is further
      processed in the crude form.
PAR  b. 177 g of crude p-cycloheptyl-acetophenone are dissolved in 320 ml of
      concentrated sulphuric acid at 0.degree.C whilst stirring and a solution
      of 90 ml of 65% strength nitric acid in 213 ml of concentrated sulphuric
      acid is then added dropwise at 0.degree.C (period of addition: 3 hours).
      Thereafter the mixture is stirred for a further hour at 0.degree. to
      5.degree.C. The reaction mixture is then poured onto 5 kg of ice and
      extracted 3 times with 1 l of ethyl acetate at a time. The organic phases
      are successively washed with 2% strength sodium hydroxide solution and
      water whilst cooling with ice, and are dried over sodium sulphate and
      evaporated in vacuo. The crude 3-nitro-4-cycloheptyl-acetophenone which
      remains in the evaporation residue is immediately processed further in the
      crude form.
PAR  c. 16 g of Rupe nickel are added to a solution of 160 g of crude
      3-nitro-4-cycloheptyl-acetophenone in 2 l of ethanol and the compound is
      hydrogenated under normal pressure at 25.degree.C until 3 equivalents of
      hydrogen have been taken up. The catalyst is then filtered off and the
      filtrate is evaporated to dryness in vacuo. The viscous black oil which
      remains in the residue is extracted 3 times with 500 ml of ether/petroleum
      ether (1:1) at a time. The extracts are treated with active charcoal and
      evaporated to dryness in vacuo. The yellow-red oil which remains in the
      evaporation residue contains 3-amino-4-cycloheptyl-acetophenone and is
      directly processed further, without additional purification.
PAR  d. A solution of 5 g of sodium nitrite in 20 ml of water is slowly added
      dropwise at 0.degree.C, whilst stirring, to a solution of 11 g of crude
      3-amino-4-cycloheptyl-acetophenone in 70ml of concentrated hydrochloric
      acid. After completion of the addition the mixture is stirred for a
      further 30 minutes at 0.degree.C. The reaction solution is then added
      dropwise at 0 to 5.degree.C, whilst stirring, to a solution of 7 g of
      freshly prepared copper-(I) chloride in 30 ml of concentrated hydrochloric
      acid. After completion of the addition, the mixture is stirred for a
      further hour at room temperature and a further hour at 40 to 50.degree.C.
      The reaction mixture is now extracted three times with 200 ml of ether at
      a time. The organic phases are successively washed with water, 2 N sodium
      hydroxide solution and again with water, dried over sodium sulphate and
      evaporated in vacuo. Distillation of the evaporation residue in a high
      vacuum yields crude  3-chloro-4-cycloheptyl-acetophenone in the fraction
      boiling at about 130.degree.C/0.05 mm Hg.
PAR  e. 14.5 ml of bromine are slowly added dropwise to a solution of 38 g of
      sodium hydroxide in 160 ml of water at 0.degree.C, whilst stirring, a
      solution of 12.5 g of 3-chloro-4-cycloheptylacetophenone in 150 ml of
      dioxane is then added at 30.degree.-40.degree.C and the mixture is left to
      stand overnight at room temperature. 30 g of sodium bisulphite are then
      added in portions to the reaction solution, whilst cooling, and the
      reaction solution is evaporated in vacuo to a volume of about 150 ml. The
      reaction solution is now diluted with water to a volume of 500 ml and
      acidified with concentrated hydrochloric acid whilst cooling well, and the
      crude 3-chloro-4-cycloheptyl-benzoic acid is filtered off. This crude
      material is dissolved in a large amount of chloroform. The organic phase
      is then washed with water, dried over sodium sulphate and evaporated to
      dryness in vacuo. Using petroleum ether, 3-chloro-4-cycloheptylbenzoic
      acid, of melting point 117.degree.-120.degree.C, crystallises from the
      evaporation residue.
PAR  f. A solution of 11.7 g of 3-chloro-4-cycloheptylbenzoic acid in 100 ml of
      chloroform and 10 ml of thionyl chloride is boiled for 4 hours under
      reflux, with exclusion of water. It is then evaporated to dryness in
      vacuo. The crude oily 3-chloro-4-cycloheptyl-benzoyl chloride contained in
      the evaporation residue is dissolved in 100 ml of benzene. Dry ammonia gas
      is passed into this solution for 11/2 hours whilst stirring. The
      precipitate formed is now filtered off and recrystallised from
      ethanol-methanol-water. 3-Chloro-4-cycloheptyl-benzamide is thus obtained;
      melting point 152.degree.-155.degree.C.
PAR  g. A solution of 7.3 g of 3-chloro-4-cycloheptylbenzamide in 50 ml of
      phosphorus oxychloride is boiled for 12 hours under reflux, with exclusion
      of water. The excess phosphorus oxychloride is then distilled off in
      vacuo. 200 ml of ice water are added to the evaporation residue, which is
      rendered alkaline with saturated sodium carbonate solution and extracted
      three times with 100 ml of methylene chloride at a time. The organic
      phases are washed until neutral, dried over sodium sulphate, treated with
      active charcoal, filtered and evaporated in vacuo. The crude
      3-chloro-4-cycloheptylbenzonitrile contained in the evaporation residue is
      directly processed further, without additional purification.
PAR  h. Anhydrous hydrochloric acid gas is passed into a suspension of 8.5 g of
      tin-(II) chloride (anhydrous) in 60 ml of absolute ether, whilst stirring
      and excluding water, until 2 clear phases form. 6.7 g of 3
      -chloro-4-cycloheptyl-benzoic acid nitrile are added to this mixture, dry
      hydrochloric acid gas is passed in over the course of a further 2 hours,
      whilst stirring, and thereafter the mixture is left to stand overnight at
      room temperature. It is then evaporated to dyyness in vacuo, 150 ml of
      water are added to the evaporation residue, and the whole is boiled for 1
      hour under reflux. It is now allowed to cool to room temperature and
      extracted three times with 100 ml of chloroform at a time. The organic
      phases are washed until neutral, dried over sodium sulphate and evaporated
      in vacuo. The evaporation residus is distilled in a high vacuum. The
      fraction boiling at 120.degree.-122.degree.C/0.07 mm Hg contains the
      3-chloro-4-cyclopheptyl-benzaldehyde.
PAR  i. A solution of 26.7 g of 3-chloro-4-cycloheptylbenzaldehyde, 1 g of
      benzoic acid, 1 ml of piperidine and 26 g of malonic acid diethyl ester in
      200 ml of benzene is boiled for 5 hours under reflux, in a water
      separator. The reaction solution is then allowed to cool to room
      temperature and washed successively with 150 ml of 1N hydrochloric acid
      and 150 ml of saturated sodium bicarbonate solution. The organic phase is
      washed until neutral, dried over sodium sulphate and evaporated in vacuo.
      Distillation of the evaporation residue in a high vacuum yields
      .alpha.,.alpha.-[3-chloro-4-cycloheptyl-benzylidene]-malonic acid diethyl
      ester in the fraction boiling at 180.degree.-185.degree.C/0.04 mm.
PAR  j. A solution of 6.25 g of potassium cyanide in 10 ml of water is added to
      a solution of 34.1 g of
      .alpha.,.alpha.-[3-chloro-4-cycloheptyl-benzylidene]-malonic acid diethyl
      ester in 300 ml of absolute ethanol at 55.degree.C and the mixture is
      stirred for 2 hours at 55.degree.C. It is then cooled to room temperature,
      the precipitate produced is filtered off and the filtrate is neutralised
      with 2N hydrochloric acid and evaporated to dryness in vacuo. The
      evaporation residue is partitioned between 400 ml of ether and ice-cold
      saturated sodium bicarbonate solution and the sodium bicarbonate solution
      is separated off and extracted twice with 400 ml of ether at a time. The
      organic phases are washed until neutral, dried over sodium sulphate and
      evaporated to dryness in vacuo. The crude
      3-(3-chloro-4-cycloheptyl-phenyl)-3-cyano-propionic acid ethyl ester which
      has remained in the evaporation residue is directly processed further,
      without additional purification.
PAR  k. A solution of 19 g of the crude
      3-(3-chloro-4-cycloheptyl-phenyl)3-cyano-propionic acid ethyl ester in 150
      ml of concentrated hydrochloric acid and 250 ml of glacial acetic acid is
      boiled for 15 hours under reflux. It is then evaporated in vacuo to a
      volume of about 100 ml and 400 ml of water are added to the residue, and
      the mixture is extracted three times with 400 ml of ether at a time. The
      organic phases are washed with neutral, dried over sodium sulphate and
      evaporated in vacuo. Using petroleum ether,
      2-(3-chloro-4-cycloheptylphenyl)-succinic acid crystallises from the
      evaporation residue; melting point 150.degree.-152.degree.C.
PAR  l. A solution of 14.0 g of 2-[3-chloro-4-cycloheptylphenyl]-succinic acid
      and 12 ml of thionyl chloride in 120 ml of absolute toluene is boiled for
      2 hours under reflux, with exclusion of water. It is then evaporated to
      dryness in vacuo. The evaporation residue, crude
      2-[3-chloro-4-cycloheptyl-phenyl]-succinic anhydride, is added in portions
      to a stirred suspension of 26 g of powdered aluminium chloride in 200 ml
      of absolute carbon disulphide at 15.degree.-20.degree.C, with exclusion of
      water. After completion of the addition, the mixture is stirred for a
      further hour at 20.degree.C and a further hour at 35.degree.C. The
      reaction mixture is then allowed to cool to room temperature over the
      course of 11/2 hours and is added to 50 ml of concentrated hydrochloric
      acid in 500 g of ice, and the mixture is extracted three times with 200 ml
      of ether at a time. The organic phases are washed until neutral, dried
      over sodium sulphate, treated with active charcoal, filtered and
      evaporated to dryness in vacuo. Using ether/carbon tetrachloride,
      3-oxo-5-cycloheptyl-6-chloro-1-indanecarboxylic acid, melting point
      157.degree.-160.degree.C, crystallises from the evaporation residue.
PAR  m. 1.52 g of sodium borohydride are added in portions to a solution of 12.0
      g of 3-oxo-5-cycloheptyl-6-chloro-1-indanecarboxylic acid in a mixture of
      30 ml of dioxane, 150 ml of saturated sodium bicarbonate solution and 300
      ml of water at 10.degree.C, whilst stirring, and the mixture is left to
      stand for 6 hours at room temperature. The reaction solution is then
      acidified by dropwise addition of concentrated hydrochloric acid and is
      extracted twice with 180 ml of methylene chloride at a time and twice with
      200 ml of ethyl acetate at a time. The organic phases are washed until
      neutral, dried over sodium sulphate and evaporated in vacuo.
      3-Hydroxy-5-cycloheptyl-6-chloro-1-indanecarboxylic acid remains in the
      evaporation residue; melting point 169.degree.-171.degree.C.
PAR  n. A solution of 12 g of
      3-hydroxy-5-cycloheptyl-6-chloro-1-indanecarboxylic acid in 150 ml of
      glacial acetic acid and 50 ml of concentrated hydrochloric acid is boiled
      under reflux for 30 minutes. Water is added to the solution, whilst it is
      still hot, until it turns turbid, and the mixture is allowed to cool to
      room temperature. The crude 5-cycloheptyl-6-chloro-1-indene-1-carboxylic
      acid which has precipitated is then filtered off; after one
      recrystallisation from ethanol/petroleum ether it melts at
      205.degree.-208.degree.C.
PAR  o. A solution of 1 g of 5-cycloheptyl-6-chloro-ind-1-ene-1-carboxylic acid
      in 40 ml of absolute ethanol is hydrogenated with 100 mg of Raney nickel
      at room temperature and normal pressure until 1 equivalent of hydrogen has
      been taken up. The catalyst is then filtered off, the filtrate is
      evaporated to dryness in vacuo and the residue is crystallised from
      ether/petroleum ether. 5-Cycloheptyl-6-chloro-1-indanecarboxylic acid,
      thus obtained, melts at 138.degree.-140.degree.C.
PAR  p. 5-Cycloheptyl-6-chloro-1-indanecarboxylic acid methyl ester is
      manufactured analogously to Example 8 from 16.3 g of
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid, 250 ml of absolute
      methanol and 5 ml of concentrated sulphuric acid, and can be further
      processed in the crude state; boiling point 170.degree.C/0.1 mm Hg.
PAR  Analogously to p), 5-cycloheptyl-6-chloro-1-indanecarboxylic acid propyl
      ester can be manufactured from 16.3 g of
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid, 250 ml of absolute
      propanol and 5 ml of concentrated sulphuric acid.
PAR  Analogously to p), 5-cycloheptyl-6-chloro-1-indanecarboxylic acid butyl
      ester can be manufactured from 16 g of
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid, 150 ml of absolute butanol
      and 1 ml of concentrated sulphuric acid; boiling point approx.
      170.degree.-180.degree.C/0.1 mm Hg.
PAR  Cycloheptylbenzaldehyde can be manufactured as follows: 200 ml of titanium
      tetrachloride are added dropwise, whilst stirring, to a solution of 200 g
      of cycloheptylbenzene in 600 ml of absolute methylene chloride under a
      nitrogen atmosphere at -10.degree.C, and thereafter 132.5 g of
      dichloromethyl ether are added similarly at 0.degree.C. The reaction
      mixture is then stirred for a further 30 minutes at 10.degree.C and poured
      onto 3 kg of ice, and the whole is extracted twice with 500 ml of
      methylene chloride. The organic phases are washed with water, dried over
      sodium sulphate and evaporated to dryness in vacuo. Distillation of the
      evaporation residue in a high vacuum yields 4-cycloheptyl-benzaldehyde in
      the fraction boiling at 120-130.degree.C/0.8 mm Hg.
PAR  Analogously to i), .alpha.,.alpha.-(4-cycloheptyl-benzylidene)-malonic acid
      diethyl ester can be obtained starting from 284.5 g of
      4-cycloheptyl-benzaldehyde, 43 g of benzoic acid, 28.5 ml of piperidine
      and 284.5 g of malonic acid diethyl ester; boiling point approx.
      200.degree.C/0.5 mm Hg.
PAR  Analogously to j), 3-(4-cycloheptyl-phenyl)-3-cyano-propionic acid ethyl
      ester can be obtained starting from 120 g of
      .alpha.,.alpha.-(4-cycloheptyl-benzylidene)-malonic acid diethyl ester and
      24 g of potassium cyanide; it can be further processed in the crude state.
PAR  Analogously to k), 2-(4-cycloheptyl-phenyl)-succinic acid can be obtained
      starting from 200 g of 3-(4-cycloheptyl-phenyl)-3-cyano-propionic acid
      ethyl ester, 750 ml of concentrated hydrochloric acid and 750 ml of
      glacial acetic acid; melting point 156.degree.-157.degree.C.
PAR  Analogously to l), 2-(4-cycloheptyl-phenyl)-succinic anhydride can be
      obtained starting from 139.3 g of 2-(4-cycloheptyl-phenyl)-succinic acid
      and 100 ml of thionyl chloride; melting point 141.degree.C (from methylene
      chloride/hexane). 57 g of this anhydride can be converted by means of 70 g
      of powdered aluminium chloride in 350 ml of absolute nitrobenzene into
      3-oxo-5-cycloheptyl-1-indanecarboxylic acid; melting pont
      102.degree.-104.degree.C.
PAR  5-Cycloheptyl-1-indanecarboxylic acid can be manufactured as follows:
PAR  A solution of 38 g of 3-oxo-5-cycloheptyl-1-indanecarboxylic acid in 400 ml
      of glacial acetic acid is hydrogenated with 12 g of palladium on charcoal
      (5% strength) under normal pressure and at room temperature, until 2
      equivalents of hydrogen have been taken up. The catalyst is then filtered
      off and the filtrate is evaporated to dryness in vacuo.
      5-Cycloheptyl-indane-1-carboxylic acid of melting point
      116.degree.-117.degree.C crystallises from hexane on cooling.
PAR  Analogously to p), 5-cycloheptyl-1-indanecarboxylic acid methyl ester can
      be obtained starting from 60 g of 5-cycloheptyl-1-indanecarboxylic acid,
      1,000 ml of absolute methanol and 10 ml of concentrated sulphuric acid;
      boiling point 165.degree.C/0.04 mm Hg.
PAC  EXAMPLE 10
PAR  a. 102 g of 3-chloro-4-cyclohexyl-phenylacetic acid (T. Y. Shen, Chimie
      Therapeutique 1967, No. 6, page 459) are dissolved in 1.4 l of absolute
      methanol. The solution is saturated with HCl gas at 0.degree.-5.degree.C
      and is then left to stand overnight at room temperature. The excess
      methanol is distilled off in vacuo. The residue is dissolved in ether and
      the acid removed with aqueous sodium bicarbonate solution. The ether
      solution is dried over sodium sulphate, filtered and evaporated. The oily
      residue, 105 g of 3-chloro-4-cyclohexyl-phenylacetic acid methyl ester,
      can be further processed in the crude state.
PAR  b. 105 g of crude 3-chloro-4-cyclohexylphenylacetic acid methyl ester are
      dissolved in 2.4 l of absolute ether and the solution is added dropwise,
      whilst stirring, to a solution of 15 g of lithium aluminium hydride in 800
      ml of absolute ether, at 5.degree.-10.degree.C internal temperature. The
      reaction mixture is stirred for 3 hours at room temperature and is then
      carefully decomposed with 15 ml of water, 15 ml of 15 per cent strength
      aqueous sodium hydroxide solution and finally 45 ml of water. The solids
      are removed from the reaction product by filtration. The filtrate is dried
      over sodium sulphate and evaporated in vacuo. The oily residue, 98 g of
      crude .beta.-(3-chloro-4-cyclohexyl-phenyl)-ethanol, can be directly
      reacted wtih thionyl chloride.
PAR  c. 38.5 g of crude .beta.-(3-chloro-4-cyclohexyl-phenyl)-ethanol are
      dissolved in 13.2 ml of absolute pyridine and 20.3 g of thionyl chloride
      are added dropwise at an internal temperature not exceeding 40.degree.C.
      Thereafter the temperature is gradually raised to 100.degree.-110.degree.C
      and the mixture is stirred for 2 hours at this temperature. The reaction
      mixture is then cooled to 20.degree.C and diluted with ether and
      chloroform. The solution is twice washed with cold 2 N sodium carbonate
      solution, three times with 2 N hydrochloric acid and finally once more
      with 2 N sodium carbonate solution, dried over sodium sulphate, filtered
      and evaporated. The residue, 41.6 g of
      .beta.-(3-chloro-4-cyclohexyl-phenyl)-ethyl chloride, can be converted
      into the nitrile without purification. However, it can easily be distilled
      at 0.06 mm Hg and 115-117.degree.C.
PAR  d. 63 g of distilled .beta.-(3-chloro-4-cyclohexyl-phenyl)ethyl chloride
      are dissolved in 630 ml of dimethylsulphoxide and added dropwise, whilst
      stirring, to a solution of 38.5 g of sodium cyanide 380 ml of
      dimethylsulphoxide at 40.degree.C. Thereafter the mixture is stirred for
      approx. 11/2 hours at 80.degree.C internal temperature and cooled, and
      approx. 2 l of ice water are added. The nitrile is extracted with
      ether/methylene chloride. The solution is washed with water, dried over
      sodium sulphate, filtered and evaporated. The residue, 58.5 g, is
      distilled in a high vacuum: boiling point 135.degree.-150.degree.C/0.1 mm
      Hg; 52.7 g of colourless oily
      1-(2-cyanoethyl)-3-chloro-4-cyclohexyl-benzene.
PAR  e. 52.7 g of distilled 1-(2-cyano-ethyl)-3-chloro-4-cyclohexyl-benzene are
      added dropwise over the course of 2-3 minutes to a solution of potassium
      amide prepared from 37 g of potassium metal in 500 ml of liquid ammonia
      and a pinch of iron trinitrate. After 30 minutes, 60 g of solid ammonium
      chloride are introduced in portions. The ammonia is allowed to evaporate
      overnight whilst stirring. Approx. 250 ml of water are added to the
      residue, which is extracted three times with ether. The ether solution is
      washed five times with water, dried over sodium sulphate and evaporated.
      The residue, 46 g of dark brown oil, is chromatographed on 460 g of silica
      gel (0.05-0.2 mm, highest purity, Merck AG). The fractions eluted with
      benzene are practically pure 1-cyano-5-cyclohexyl-benzocyclobutene. Yield,
      38-40 g of brownyellow oil. It can be distilled in small portions in a
      molecular path distillation apparatus; boiling pont
      130.degree.-140.degree.C/0.05 mm Hg.
PAR  f. 6.5 g of distilled 1-cyano-5-cyclohexylbenzocyclobutene in 13 ml of
      ethanol and 40 ml of 20 per cent strength aqueous sodium hydroxide
      solution are boiled for 7 hours under reflux. The excess ethanol is
      distilled off in vacuo. The residue is dissolved in approx. 50 ml of water
      and cold dilute hydrochloric acid is added. The carboxylic acid is
      extracted with ether/methylene chloride. The solution is extracted three
      times with 2 N sodium carbonate solution. The sodium carbonate solution is
      acidified with 2 N hydrochloric acid whilst cooling with ice and the
      5-cyclohexyl-1-benzocyclobutenecarboxylic acid which has precipitated is
      extracted with methylene chloride. The solution is washed with water,
      dried over sodium sulphate, filtered and evaporated. The viscous, oily
      residue of 5-cyclohexyl-1-benzocyclobutenecarboxylic acid is dried in a
      high vacuum at 60.degree.-65.degree.C.
PAR  The nuclear resonance spectrum (CDCl.sub.3, 60 Mc) of the acid shows the
      following bands:
TBL  1.0-2.0 PPM, multiplet                                                    
                  10     H    (cyclohexyl radical)                             
     2.2-2.8 PPM, multiplet                                                    
                  1     H     (benzyl-H of the cyclohexyl                      
                              radical)                                         
     3.3-3.5 PPM, doublet                                                      
                  2     H     (methylene-H of the four-                        
                              membered ring)                                   
     4.1-4.4 PPM, triplet                                                      
                  1     H     (.alpha.-H next to the carboxyl group            
                              on the four-membered ring)                       
     6.7-7.3 PPM, multiplet                                                    
                  3     H     (aromatic H)                                     
     approx. 9 PPM, singlet                                                    
                  1     H     (carboxyl-H)                                     
PAR  g. A solution of 15 g of 5-cyclohexyl-1-benzocyclobutenecarboxylic acid in
      150 ml of absolute methanol and 1.5 ml of concentrated sulphuric acid is
      boiled for 14 hours under reflux whilst excluding water. The reaction
      mixture is evaporated in vacuo at 30.degree.C to a volume of approx. 30 ml
      and the evaporation residue is partitioned between three times 200 ml of
      ether and twice 200 ml of ice water. The combined organic phases are
      successively washed with saturated sodium bicarbonate solution and water,
      dried over sodium sulphate and evaporated in vacuo. Distillation of the
      evaporation residue in a high vacuum yields
      5-cyclohexyl-1-benzocyclobutenecarboxylic acid methyl ester in the
      fraction boiling at approx. 150.degree.C/0.07 mm Hg.
PAC  EXAMPLE 11
PAR  a. A mixture of 245.3 g of m-bromo-acetophenone, 205 g of ethylene glycol,
      4.1 g of p-toluenesulphonic acid, 2.1 liters of benzene and 4 drops of
      concentrated sulphuric acid is boiled under reflux for approx. 35 hours.
      The water produced in the ketalisation is removed from the reaction
      mixture by means of a water separator. 3 ml of absolute pyridine are then
      added to the hot solution, and the latter is allowed to cool. 200 ml of
      saturated sodium carbonate solution are then added to the mixture whilst
      stirring, and the organic phase is separated off. The latter is again
      washed with 100 ml of saturated sodium carbonate solution and subsequently
      with water, dried over sodium sulphate, filtered and evaporated. The oily
      residue, m-bromoacetophenone-ethylene-ketal, can be directly processed
      further.
PAR  b. 14.3 g of magnesium filings are washed twice with chloroform and dried
      hot in vacuo. A few crystals of iodine are then added and the mixture is
      heated in vacuo. The magnesium activated in this way is first introduced
      into a stirred flask, and is covered with 200 ml of absolute
      tetrahydrofurane. This mixture is warmed to approx.
      65.degree.-70.degree.C, and approx. 30 ml of a solution prepared from 140
      g of m-bromo-acetophenone-ethylene-ketal and 140 ml of absolute
      tetrahydrofurane is allowed to run in. The mixture is left until the
      Grignard reaction starts (approx. 5-10 minutes) and the rest of the ketal
      solution is then added dropwise in such a way that the internal
      temperature does not exceed 70.degree.C. Thereafter the reaction mixture
      is stirred for 1 hour at 65.degree.-70.degree.C, cooled to 20.degree.C and
      diluted with 300 ml of absolute tetrahydrofurane. 49.0 g of cyclohexanone
      are then added dropwise whilst stirring and cooling with ice. In the
      course thereof, the temperature of the solution should not rise above
      30.degree.C. After the addition, the mixture is stirred for a further hour
      at 30.degree.-40.degree.C. The solvent is now removed in vacuo at
      40.degree.C and 450 ml of a saturated ammonium chloride solution and ice
      are added to the residue. The mixture is then extracted four times with
      250 ml of ether at a time. The ether phase is washed once with aqueous
      ammonium chloride solution and once with sodium carbonate solution, dried
      over sodium sulphate, filtered and evaporated. The residue a yellow oil,
      is distilled at 0.05 mm Hg; at 128.degree.-136.degree.C, an oil passes
      over, which can be caused to crystallise from ether-petroleum ether.
      2-[m-(1-Hydroxycyclohexyl)-phenyl]2-methyl-1,3-dioxolane is thus obtained
      as white crystals of melting point 55.degree.-57.degree.C.
PAR  C. 26.5 g of this product are dissolved in 265 ml of glacial acetic acid
      and 13 ml of concentrated hydrochloric acid and 26.5 ml of water are
      added. This mixture is stirred for 1 hour at 60.degree.C internal
      temperature and is then diluted with 500 ml of water at room temperature.
      The reaction mixture is then extracted with ether. The ether phase is
      repeatedly extracted by shaking with 70 ml portions of 1 N sodium
      hydroxide solution, washed with water until neutral, dried over sodium
      sulphate, filtered and evaporated. The residue, a light brown oil, on
      distillation yields m-(1-cyclohexenyl)-acetophenone as a colourless liquid
      of boiling point 116.degree.-118.degree.C/0.1 mm Hg.
PAR  d. 37.6 g of distilled m-(1-cyclohexenyl)-acetophenone in 450 ml of ethyl
      acetate are hydrogenated in the presence of 3.7 g of 5 per cent strength
      palladium on calcium carbonate in a hydrogen atmosphere under normal
      pressure. After 10 minutes, 4.2 liters of hydrogen have been taken up; the
      hydrogenation is then stopped. The catalyst is filtered off and the
      solution is evaporated. The residue, a colourless oil, is practically pure
      m-cyclohexyl-acetophenone and can be employed without further purification
      for the subsequent reaction.
PAR  e. A mixture of 49.4 g of m-cyclohexyl-acetophenone, 15.6 g of sulphur and
      42.4 g of morpholine is boiled for 3 hours at a bath temperature of
      130.degree.-140.degree.C. The reaction mixture is then poured into 200 ml
      of hot absolute alcohol. On scratching, a little sulphur of melting point
      114.degree.-7.degree.C crystallises. This is filtered off and the filtrate
      is evaporated in vacuo. 100 ml of toluene at a time are distilled from the
      residue three times in vacuo. The residue, a dark brown oil, does not
      require further purification. It contains
      m-cyclohexyl-phenyl-thioacetmorpholide.
PAR  f. A mixture of 76.8 g of the crude morpholide, 155 g of a 50 per cent
      strength aqueous potassium hydroxide solution and 275 ml of ethanol is
      boiled for 6 hours under reflux. The ethanol is then distilled off in
      vacuo and the residue is dissolved in water. This solution is treated with
      animal charcoal and filtered through diatomaceous earth (Celite). The
      brown filtrate is acidified with concentrated hydrochloric acid whilst
      cooling with ice. The oil which separates out is taken up in ether. The
      ether phase is washed with water until neutral, dried over sodium
      sulphate, filtered and evaporated. The crystalline residue is taken up in
      ether and converted into the sodium salt by means of saturated aqueous
      sodium carbonate solution. The aqueous solution is acidified with
      concentrated hydrochloric acid whilst cooling with ice. The acid, which
      only partially precipitates as crystals, is taken up in ether. The ether
      solution is washed with water, dried over sodium sulphate, filtered and
      evaporated. The m-cyclohexyl-phenylacetic acid which remains slowly
      crystallises to give a solid of melting point 68.degree.-74.degree.C.
PAR  g. Hydrogen chloride is passed into a solution of 56.2 g of
      m-cyclohexyl-phenylacetic acid in 750 ml of absolute methanol at
      0.degree.C. This solution is left to stand overnight and is then
      evaporated in vacuo. The residue is taken up in ether. The ether phase is
      neutralised with aqueous sodium carbonate solution, dried over sodium
      sulphate, filtered and evaporated. The dark brown oil is distilled in a
      high vacuum. Hereupon, m-cyclohexyl-phenylacetic acid methyl ester passes
      over as a colourless oil of boiling point 117.degree.-135.degree.C/0.07 mm
      Hg.
PAR  h. 40.0 g of m-cyclohexyl-phenylacetic acid methyl ester in 860 ml of
      absolute ether are added dropwise to 5.75 g of lithium aluminium hydride
      in 290 ml of absolute ether, whilst cooling with ice and stirring.
      Thereafter the mixture is stirred for 4 hours at room temperature. 5.8 ml
      of water, 5.8 ml of 15 per cent strength sodium hydroxide solution and
      finally 17 ml of water are then carefully added to the reaction mixture.
      The whole is filtered through diatomaceous earth (Celite) and the filtrate
      is dried over sodium sulphate, filtered and evaporated. The residue, a
      light yellow oil, is distilled in a high vacuum, whereupon colourless
      .beta.-(m-cyclohexyl-phenyl)-ethanol of boiling point 115-8.degree.C/0.03
      mm Hg is obtained.
PAR  i. 33.1 g of .beta.-(m-cyclohexyl-phenyl)-ethanol are mixed with 13.3 ml of
      absolute pyridine. 12.5 ml of thionyl chloride are added dropwise to this
      mixture, whilst cooling with ice. Thereafter the reaction mixture is
      slowly heated to 100.degree.-110.degree.C and is kept at this temperature
      for 2 hours. The reaction solution is again cooled to room temperature, 29
      ml of water are added and the whole is extracted with a mixture of ether
      and chloroform. The organic phase is washed twice with 2 N sodium
      carbonate solution, three times with 2 N hydrochloric acid and finally
      once with 2 N sodium carbonate solution, dried over sodium sulphate,
      filtered and evaporated. The residue, a brown oil, is distilled in a high
      vacuum. Hereupon, .beta.-(m-cyclohexyl-phenyl)-ethyl chloride is obtained
      as a light yellow oil of boiling point 103.degree.-8.degree.C/0.1 mm Hg.
PAR  j. 3.56 ml of bromine (1 drop/5 seconds) are added dropwise to a mixture of
      14.4 g of .beta.-(m-cyclohexyl-phenyl)-ethyl chloride and 65 mg of iodine,
      whilst cooling with water. Thereafter the reaction mixture is left to
      stand for 65 hours at room temperature and is then taken up in ether, and
      the ether phase is extracted by shaking three times with water, three
      times with 2 N sodium carbonate solution and twice with 5 per cent
      strength sodium thiosulphate solution, dried over sodium sulphate,
      filtered and evaporated. The light yellow oil which remains consists of a
      4:1 mixture of .beta.-(2-bromo-5-cyclohexyl- and
      .beta.-(4-bromo-3-cyclohexyl-phenyl)-ethyl chloride.
PAR  k. A solution of 21.9 g of a mixture of the isomeric
      .beta.-(bromo-cyclohexyl-phenyl)-ethyl chlorides in 220 ml of
      dimethylsulphoxide is added dropwise to 13.4 g of powdered sodium cyanide
      in 135 ml of dimethylsulphoxide at 40.degree.C, whilst stirring.
      Thereafter the mixture is stirred for a further 11/2 hours at 80.degree.C.
      The reaction mixture is allowed to cool to room temperature and 700 ml of
      ice water are added. The reaction mixture is then extracted with a mixture
      of methylene chloride and ether. The organic phase is washed six times
      with water, dried over sodium sulphate, filtered and evaporated. The light
      brown residue is chromatographed on a ten-fold amount of silica gel. Using
      benzene as the running agent, 15.0 g of a mixture of the isomeric
      .beta.-(2-bromo-5-cyclohexyl- and
      .beta.-(4-bromo-3-cyclohexyl-phenyl)-propionitriles are eluted.
PAR  This mixture can be cyclised without a further purification operation.
PAR  l. 15 g of chromatographed isomer mixture of .beta.-(2bromo-5-cyclohexyl-
      and .beta.-(4-bromo-3-cyclohexyl-phenyl)propionitrile are added dropwise
      over the course of 2-3 minutes to a solution of sodium amide prepared from
      5.3 g of sodium metal in 150 ml of liquid ammonia and 100 mg of iron
      trinitrate. After 15 minutes, 15 g of solid ammonium chloride are
      introduced in portions. The ammonia is allowed to evaporate overnight
      whilst stirring. 100 ml of water are added to the residue and the mixture
      is extracted three times with ether. The ether solution is washed five
      times with water, dried over sodium sulphate and evaporated. The residue,
      a dark brown oil, is chromatographed on 114 g of silica gel (0.05-0.2 mm,
      highest purity, Merck AG). The fractions eluted with benzene are
      practically pure 1-cyano4-cyclohexyl-benzocyclobutene.
PAR  m. 6.6 g of chromatographed 1-cyano-4-cyclohexylbenzocyclobutene in 40 ml
      of ethanol and 40 ml of 20 per cent strength aqueous sodium hydroxide
      solution are boiled for 7 hours under reflux. The excess ethanol is
      distilled off in vacuo. The residue is dissolved in approx. 50 ml of water
      and cold dilute hydrochloric acid is added. The carboxylic acid is
      extracted with ether/methylene chloride. The solution is extracted three
      times with 2 N sodium carbonate solution. The sodium carbonate solution is
      acidified with 2 N hydrochloric acid whilst cooling with ice and the oily
      4-cyclohexyl-benzocyclobutene-1-carboxylic acid which precipitates is
      extracted with methylene chloride. The solution is washed with water,
      dried over sodium sulphate, filtered and evaporated. The residue
      crystallises overnight. It is dissolved in 27 ml of 1 N sodium hydroxide
      solution. The residue which remains after the evaporation of this solution
      is dissoved in hot ethanol and caused to crystallise by means of
      acetone-ether. The sodium salt of
      4-cyclohexyl-1-benzocyclobutenecarboxylic acid is thus obtained as light
      yellow crystals of melting point 270.degree.C.
PAR  n. Analogously to Example 10 g), 4-cyclohexyl-1benzocyclobutenecarboxylic
      acid methyl ester can be prepared from 15 g of
      4-cyclohexyl-1-benzocyclobutenecarboxylic acid, 150 ml of absolute
      methanol and 1.5 ml of concentrated sulphuric acid.
PAC  EXAMPLE 12
PAR  a. A solution of 200 g of 3-chloro-4-cyclohexylbenzoic acid in 1 l of
      methanol and 20 ml of concentrated sulphuric acid is boiled for 2 hours
      under reflux, with exclusion of water. It is then evaporated in vacuo to a
      volume of about 500 ml. 1 l of ice water and 1 l of ether are added to the
      concentrated solution and the ice water layer is extracted twice with 1 l
      of ether. The organic phases are washed twice with 1 l of ice water at a
      time and twice with 500 ml of saturated sodium bicarbonate solution at a
      time and then twice more with 500 ml of water at a time, dried over sodium
      sulphate and evaporated to dryness in vacuo. The evaporation residue
      contains the crude oily 3-chloro-4-cyclohexyl-benzoic acid methyl ester.
PAR  b. A solution of 200 g of crude 3-chloro-4-cyclohexylbenzoic acid methyl
      ester in 600 ml of absolute dioxane is added dropwise to a suspension of
      33 g of lithium aluminium hydride in 1.2 l of absolute dioxane at
      80.degree.C, whilst stirring and excluding water, and after completion of
      the addition the mixture is stirred for a further 2 hours at the same
      temperature. It is then cooled to 0.degree.C and the excess reducing agent
      is destroyed dropwise with water, whilst cooling with ice. The aluminium
      hydroxide formed is now filtered off. Evaporation of the filtrate in vacuo
      yields crude 3-chloro-4-cyclohexyl-benzyl alcohol in the residue.
PAR  c. 50 ml of thionyl chloride are added in portions to a solution of 108 g
      of 3-chloro-4-cyclohexyl-benzyl alcohol in 800 ml of absolute benzene,
      whilst stirring and excluding water, and the mixture is left to stand for
      2 hours at room temperature. It is then evaporated to dryness in vacuo at
      below 30.degree.C. Crude 3-chloro-4-cyclohexyl-benzyl chloride is left in
      the evaporation residue.
PAR  d. 27.6 g of sodium are dissolved in a solution of 200 g of malonic acid
      diethyl ester in 1 l of absolute tetrahydrofurane, whilst excluding water.
      A solution of 240 g of crude 3-chloro-4-cyclohexyl-benzyl chloride in 400
      ml of absolute tetrahydrofurane is added dropwise to this solution whilst
      stirring and the mixture is boiled for 12 hours under reflux. It is then
      evaporated to dryness in vacuo. Crude
      .alpha.-(3-chloro-4-cyclohexyl)-malonic acid diethyl ester remains in the
      evaporation residue and is immediately processed further.
PAR  e. A solution of 210 g of potassium hydroxide in 500 ml of water is added
      to a solution of 450 g of crude .alpha.-(3-chloro-4-cyclohexyl)-malonic
      acid diethyl ester in 1.2 l of ethanol and the mixture is boiled for 12
      hours under reflux. It is then evaporated in vacuo to a volume of about 1
      l and the evaporation residue is partitioned between 1 l of ether and 1 l
      of water. The ether phase is twice extracted with 1 l of water at a time
      and the aqueous phases are twice extracted with 1 l of ether at a time.
      The water phases are adjusted to pH 2 with concentrated hydrochloric acid
      whilst cooling with ice and are extracted three times with 1 l of
      chloroform at a time. The chloroform extracts are twice washed with 500 ml
      of saturated sodium chloride solution at a time, dried over sodium
      sulphate and evaporated to dryness in vacuo. The crude
      .alpha.-[3-chloro-4-cyclohexyl]malonic acid remaining in the evaporation
      residue is immediately processed further.
PAR  f. A solution of 265 g of crude .alpha.-[3-chloro-4-cyclohexyl]-malonic
      acid in 700 ml of absolute pyridine is boiled for 1 hour under reflux
      (until the evolution of carbon dioxide ceases). The pyridine is then
      distilled off in vacuo and the evaporation residue is partitioned between
      1 l of ether and 1 l of water. The aqueous phase is twice extracted with 1
      l of ether at a time and the ether phases are twice extracted with 1 l of
      water at a time. The aqueous phases are adjusted to pH 2 with concentrated
      hydrochloric acid whilst cooling with ice and are extracted three times
      with 1 l of methylene chloride at a time. The methylene chloride phases
      are washed until neutral, dried over sodium sulphate and evaporated in
      vacuo. The crude 3-(3-chloro-4-cyclohexyl-phenyl)-propionic acid contained
      in the evaporation residue can be recrystallised from methylene
      chloride/pentane. Melting point 102-104.degree.C.
PAR  g. 1 ml of absolute dimethylformamide and 500 ml of thionyl chloride are
      added to a solution of 220 g of crude
      3-(3-chloro-4-cyclohexyl-phenyl)-propionic acid in 2 l of absolute benzene
      and the mixture is boiled for 1 hour under reflux, with exclusion of
      water. It is then evaporated to dryness in vacuo. Crude
      3-(3-chloro-4-cyclohexyl-phenyl)propionyl chloride remains in the
      evaporation residue.
PAR  h. A solution of 234 g of crude 3-(3-chloro-4-cyclohexyl-phenyl)-propionyl
      chloride in 500 ml of absolute carbon disulphide is slowly added dropwise
      to a suspension of 140 g of finely powdered aluminium chloride in 1 l of
      absolute carbon disulphide at room temperature, whilst cooling and
      excluding water. After completion of the addition, the mixture is stirred
      for a further 10 hours at room temperature. The bulk of the solvent is
      then distilled off in vacuo at room temperature, the residue is poured
      onto 1.5 kg of ice and the mixture is extracted three times with 1 l of
      methylene chloride at a time. The organic extracts are successively washed
      with 1 l of 2 N hydrochloride acid, water, saturated sodium bicarbonate
      solution and twice with water, dried over sodium sulphate and evaporated
      in vacuo. Using pentane, 5-cyclohexyl-6-chloro-1-indanone of melting point
      85-88.degree.C crystallises from the evaporation residue; it is filtered
      off and dried.
PAR  i. 3.6 of sodium hydride (60% strength in mineral oil) are added in
      portions to a suspension of 15 g of 5-cyclohexyl-6-chloro-1-indanone and
      31 g of triphenylmethoxymethyl-phosphonium bromide at room temperature,
      whilst stirring under a nitrogen atmosphere. After completion of the
      addition (about 60 minutes) the mixture is stirred for a further 2 hours
      at room temperature and overnight at 80.degree.C. It is then allowed to
      cool to room temperature and partitioned between 200 ml of methylene
      chloride and 200 ml of water. The aqueous phase is twice washed with 200
      ml of methylene chloride at a time and the organic phases are washed with
      200 ml of 1 N hydrochloric acid and 200 ml of water, dried over sodium
      sulphate and evaporated in vacuo (ultimately at 0.1 mm) at 60.degree.C.
      The black crystalline residue is extracted repeatedly with ether. The
      ether extracts are evaporated in vacuo. The crude
      1-methoxy-methylidene-5-chloro-6-cyclohexyl-indane obtained in the
      evaporation residue is purified by chromatography on 200 g of silica gel,
      with benzene as the eluting agent. The chromatographically pure oily
      product (cistrans mixture) is directly processed further.
PAR  k. 15 ml of 40% strength perchloric acid are added to a solution of 9 g of
      1-methoxy-methylidene-5-chloro-6cyclohexyl-indane in 150 ml of absolute
      tetrahydrofurane and the mixture is allowed to boil for 90 minutes under
      reflux. It is then left to cool to room temperature and partitioned
      between 200 ml of ether and 200 ml of water. The aqueous phase is twice
      extracted with 200 ml of ether at a time and the organic phases are washed
      with saturated sodium bicarbonate solution and water, dried over sodium
      sulphate and evaporated in vacuo. The crude
      5-chloro-6-cyclohexyl-indane-1-aldehyde which remains in the evaporation
      residue is directly processed further.
PAR  l. 3.5 g of hydroxylamine hydrochloride and 3.5 g of sodium acetate are
      added to a solution of about 8 g of crude
      5-chloro-6-cyclohexyl-indane-1-aldehyde in 75 ml of ethanol and the
      mixture is warmed to 60.degree.C for 15 minutes. It is then treated with
      water until a homogeneous clear solution is produced and is left to stand
      for 60 minutes at 60.degree.C. It is cooled to room temperature, 200 ml of
      water are added and the mixture is extracted three times with 200 ml of
      methylene chloride at a time. The organic phases are dried over sodium
      sulphate and evaporated in vacuo. The crude
      5-chloro-6-cyclohexyl-indane-1-aldoxime which remains in the evaporation
      residue is directly processed further.
PAR  m. 600 mg of finely powdered potassium hydroxide are added to a suspension
      of 500 mg of crude 5-chloro-6-cyclohexyl-indane-1-aldoxime in 20 ml of
      ethylene glycol and the mixture is stirred for 3 hours at 190.degree.C
      under nitrogen. It is then cooled to room temperature and the reaction
      mixture is partitioned between 50 ml of ether and 50 ml of water. The
      aqueous layer is twice washed with 50 ml of ether at a time. The organic
      phases are extracted with 50 ml of water and the aqueous phases are
      adjusted to pH 2 with concentrated hydrochloric acid and extracted twice,
      with 50 ml of methylene chloride at a time. The methylene chloride phases
      are washed until neutral, dried over sodium sulphate and evaporated to
      dryness in vacuo. Chromatography of the evaporation residue on 20 g of
      silica gel, with benzene/ethyl acetate/glacial acetic acid (80:20;1) as
      the eluting agent, yields pure 5-chloro-6-cyclohexyl-1-indanecarboxylic
      acid of melting point 140.degree.-143.degree.C (from petroleum ether).
PAR  n. Analogously to Example 1a, 5-chloro-6-cyclohexyl1 -indanecarboxylic acid
      methyl ester is manufactured from 5-chloro-6-cyclohexyl-1-indanecarboxylic
      acid and is processed further in the crude state.
PAC  EXAMPLE 13
PAR  6.6 g of chromatographed 1-cyano-5-cycloheptylbenzocyclobutene in 40 ml of
      ethanol and 40 ml of 20 per cent strength aqueous sodium hydroxide
      solution are boiled for 7 hours under reflux. The excess ethanol is
      distilled off in vacuo. The residue is dissolved in approx. 50 ml of water
      and cold dilute hydrochloric acid is added. The carboxylic acid is
      extracted with ether-methylene chloride. The solution is extracted three
      times with 2 N sodium carbonate solution. The sodium carbonate solution is
      acidified with 2 N hydrochloric acid whilst cooling with ice and the oily
      5-cycloheptyl-benzocyclobutene-1-carboxylic acid which precipitates is
      extracted with methylene chloride. The solution is washed with water,
      dried over sodium sulphate, filtered and evaporated. The residue
      crystallises overnight. It is dissolved in 27 ml of 1 N sodium hydroxide
      solution. The residue which remains after evaporation of this solution is
      dissolved in hot ethanol and caused to crystallise by means of
      acetone-ether. The sodium salt of
      5-cycloheptyl-1-benzocyclobutenecarboxylic acid is obtained as light
      yellow crystals of melting point 230.degree.-250.degree.C.
PAR  1-Cyano-5-cycloheptyl-benzocyclobutene, used as the starting product, can
      be manufactured as follows:
PAR  a. A mixture of 202 g of p-bromo-acetophenone, 170 g of ethylene glycol,
      3.4 g of p-toluenesulphonic acid, 1.7 liters of benzene and 4 drops of
      concentrated sulphuric acid is boiled for approx. 35 hours under reflux.
      The water produced during the ketalisation is removed from the reaction
      mixture by means of a water separator. 3 ml of absolute pyridine are then
      added to the hot solution and the latter is allowed to cool. 200 ml of
      saturated sodium carbonate solution are then added to the mixture whilst
      stirring, and the organic phase is separated off. The latter is again
      washed with 100 ml of saturated sodium carbonate solution and thereafter
      with water, dried over sodium sulphate, filtered and evaporated. The
      crystalline residue, p-bromoacetophenone-ethylene-ketal of melting point
      43.degree.-44.degree.C, can be directly processed further.
PAR  b. 25.6 g of magnesium filings are twice washed with chloroform and dried
      hot in vacuo. A few crystals of iodine are then added and the mixture is
      heated in vacuo. The magnesium activated in this way is initially
      introduced into a stirred flask and covered with 350 ml of absolute
      tetrahydrofurane. This mixture is warmed to approx. 65.degree.-70.degree.C
      and approx. 50 ml of a solution prepared from 251 g of
      p-bromoacetophenone-ethhylene-ketal and 250 ml of absolute
      tetrahydrofurane is allowd to run in. The mixture is left until the
      Grignard reaction starts (approx. 5-10 minutes) and the rest of the ketal
      solution is then added dropwise in such a way that the internal
      temperature does not exceed 70.degree.C. Thereafter the reaction mixture
      is stirred for 1 hour at 65.degree.-70.degree.C, cooled to 20.degree.C and
      diluted with 520 ml of absolute tetrahydrofurane. 100 g of cycloheptanone
      are then added dropwise whilst stirring and cooling with ice. In the
      course thereof, the temperature of the solution should not exceed
      30.degree.C. After the addition, the mixture is stirred for a further hour
      at 30.degree.-40.degree. C. The solvent is now removed in vacuo at
      40.degree.C and 800 ml of a saturated ammonium chloride solution and ice
      are added to the residue. The mixture is then extracted four times with
      300 ml of ether at a time. The ether phase is washed once with aqueous
      ammonium chloride solution and once with sodium carbonate solution, dried
      over sodium sulphate, filtered and evaporated. The residue, a yellow oil,
      is distilled at 0.05 mm Hg; in doing so, an oil which can be caused to
      crystallise from ether-petroleum ether passes over at
      160.degree.-79.degree.C.
      2-[p-(1-Hydroxycycloheptyl)-phenyl]-2-methyl-1,3-dioxolane is thus
      obtained as white crystals of melting point 77.degree.-79.degree.C.
PAR  c. 66.0 g of the product are dissolved in 660 ml of glacial acetic acid and
      34 ml of concentrated hydrochloric acid and 66.0 ml of water are added.
      This mixture is stirred for 1 hour at 60.degree.C internal temperature and
      then diluted with 1,250 ml of water at room temperature. The reaction
      mixture is then extracted with ether. The ether phase is repeatedly
      extracted by shaking with 150 ml of 1 N sodium hydroxide solution at a
      time, washed with water until neutral, dried over sodium sulphate,
      filtered and evaporated. The residue, a light brown oil, on distillation
      yields p-(1-cycloheptenyl)-acetophenone as crystals of melting point
      36.degree.-38.degree.C.
PAR  d. 45.6 g of distilled p-(1-cycloheptenyl)-acetophenone are hydrogenated in
      530 ml of ethyl acetate in the presence of 4.3 g of 5 percent strength
      palladium on calcium carbonate, in a hydrogen atmosphere under normal
      pressure. After 11 minutes, 4.76 litres of hydrogen have been taken up;
      the hydrogenation is then stopped. The calalyst is filtered off and the
      solution is evaporated. The residue, a colourless oil, is practically pure
      p-cycloheptylacetophenone (boiling point 123.degree.C/0.04 mm Hg) and can
      be employed, without additional purification, for the following reaction.
PAR  e. A mixture of 48.2 g of p-cycloheptyl-acetophenone, 16.2 g of sulphur and
      43.5 g of morpholine is boiled for 3 hours at a bath temperature of
      130.degree.-140.degree.C. The reaction mixture is then poured into 200 ml
      of hot absolute alcohol. On standing in ice,
      p-cycloheptyl-phenyl-thioacetmorpholide precipitates as brown cyrstals of
      melting point 68.degree.-112.degree.C.
PAR  f. A mixture of 140 g of the crude morpholide, 280 g of a 50 per cent
      strength aqueous potassium hydroxide solution and 500 ml of ethanol is
      boiled under reflux for 6 hours. The ethanol is then distilled off in
      vacuo and the residue is dissolved in water. Animal charcoal is added to
      this solution, which is then filtered through diatomaceous earth (Celite).
      The brown filtrate is acidified with concentrated hydrochloric acid whilst
      cooling with ice. The oil which hereupon separates out is taken up in
      ether. The ether phase is washed with water until neutral, dried over
      sodium sulphate, filtered and evaporated. The crystalline residue is taken
      up in either and converted into the sodium salt by means of saturated
      aqueous sodium carbonate solution. The aqueous solution is acidified with
      concentrated hydrochloric acid whilst cooling with ice. The acid which
      only partially precipitates as crystals is taken up in either. The ether
      solution is washed with water, dried over sodium sulphate, filtered and
      evaporated. The p-cycloheptylacetic acid which remains slowly crystallises
      to give a solid product of melting point 74.degree.-86.degree.C.
PAR  g. Hydrogen chloride is passed into a solution of 96 g of
      p-cycloheptyl-phenylacetic acid in 1.5 litres of absolute methanol at
      0.degree.C. This solution is left to stand overnight and is then
      evaporated in vacuo. The residue is taken up in ether. The ether phase is
      neutralised with aqueous sodium carbonate solution, dried over sodium
      sulphate, filtered and evaporated. The dark brown oil is distilled in a
      high vacuum. Hereupon, p-cycloheptyl-phenylacetic acid methyl ester passes
      over as a colourless oil of boiling point 142.degree.-148.degree.C/0.2 mm
      Hg.
PAR  h. 87.3 g of p-cycloheptyl-phenylacetic acid methyl ester in 600 ml of
      absolute ether are added dropwise, whilst cooling with ice and stirring,
      to 13.3 g of lithium aluminium hydride in 1,800 ml of absolute ether.
      Thereafter the mixture is stirred for 4 hours at room temperature. The
      reaction mixture is then carefully decomposed with 13.3 ml of water, 13.3
      ml of 15 per cent strength sodium hydroxide solution and finally with 43
      ml of water. The whole is filtered through diatomaceous earth (Celite) and
      the filtrate is dried over sodium sulphate, filtered and evaporated. The
      residue, a light yellow oil, is distilled in a high vacuum, whereupon
      colourless crystalline .beta.-(p-cycloheptyl-phenyl)-ethanol of boiling
      point 124.degree.-9.degree.C/0.1 mm Hg and melting point
      42.degree.-44.degree.C is obtained.
PAR  i. 73.6 g of .beta.-(p-cycloheptyl-phenyl)-ethanol are mixed with 31.6 ml
      of absolute pyridine. 29.5 ml of thionyl chloride are added dropwise to
      this mixture, whilst cooling with ice. Thereafter, the reaction mixture is
      slowly heated to 100.degree.-110.degree.C and kept at this temperature for
      2 hours. The reaction solution is again cooled to room temperature, 69 ml
      of water are added, and the whole is extracted with a mixture of ether and
      chloroform. The organic phase is washed twice with 2 N sodium carbonate
      solution, three times with 2 N hydrochloric acid and finally once with 2 N
      sodium carbonate solution, dried over sodium sulphate, filtered and
      evaporated. The residue, a brown oil, is distilled in a high vacuum.
      Hereupon, .beta.-(p-cycloheptyl-phenyl)-ethyl chloride is obtained as a
      light yellow oil of boiling point 130.degree.-5.degree.C/0.2 mm Hg.
PAR  j. 18.3 ml of bromine (1 drop/5 seconds) are added dropwise, whilst cooling
      with water, to a mixture of 69.4 g of .beta.-(p-cycloheptyl-phenyl)-ethyl
      chloride and 330 mg of iodine. Thereafter the reaction mixture is left to
      stand overnight at room temperature and is then taken up in ether, and the
      ether phase is shaken three times with water, three times with 2 N sodium
      carbonate solution and twice with 5 per cent strength sodium thiosulphate
      solution, dried over sodium sulphate, filtered and evaporated. The light
      yellow oil which remains consists of a 3:1 mixture of .beta.-(2-bromo- and
      .beta.-(3-bromo-4-cycloheptyl-phenyl)-ethyl chloride. This mixture
      requires neither purification nor separation; both isomers lead to the
      same cyanobenzocyclobutene on cyclisation with sodium amide.
PAR  k. A solution of 93.0 g of a mixture of the isomeric
      .beta.-(bromo-cycloheptyl-phenyl)-ethyl chlorides in 900 ml of
      dimethylsulphoxide is added dropwise to 59.5 g of powdered sodium cyanide
      in 600 ml of dimethylsulphoxide at 40.degree.C, whilst stirring.
      Thereafter, the mixture is stirred for a further 11/2 hours at
      80.degree.C, allowed to cool to room temperature and treated with 3 litres
      of ice water. The reaction mixture is then extracted with a mixture of
      methylene chloride and ether. The organic phase is washed six times with
      water, dried over sodium sulphate, filtered and evaporated. The light
      brown residue is distilled in a high vacuum. This yields a light yellow
      oil of boiling point 158.degree.-69.degree.C/0.08 mm Hg which consists of
      a mixture of the isomeric
      .beta.-(bromo-cycloheptyl-phenyl)-propionitriles. This mixture can be
      cyclised without a further purification operation.
PAR  l. 17.3 g of distilled isomer mixture of .beta.-(2-bromo- and
      .beta.-(3-bromo-4-cycloheptyl-phenyl)-propionitrile are added dropwise
      over the course of 2-3 minutes to a solution of potassium amide prepared
      from 10.9 g of potassium metal in 200 ml of liquid ammonia and 100 mg of
      iron trinitrate. After 30 minutes, 50 g of solid ammonium chloride are
      introduced in portions. The ammonia is allowed to evaporate overnight,
      whilst stirring. 200 ml of water are added to the residue, and the mixture
      is extracted three times with ether. The ether solution is washed five
      times with water, dried over sodium sulphate and evaporated. The residue,
      a dark brown oil, is chromatographed on 134 g of silica gel (0.05-0.2 mm,
      highest purity, Merck AG). The fractions eluted with benzene are
      practically pure 1-cyano-5-cycloheptyl-benzocyclobutene (light yellow
      oil).
PAC  EXAMPLE 14
PAR  A solution of 5 g of 5-cycloheptyl-6-chloro-1-indanecarboxylic acid
      chloride in 50 ml of absolute tetrahydrofurane is slowly added dropwise,
      whilst stirring, to a solution of 2.1 g of 2-pyridinemethanol and 3.2 g of
      triethylamine in 50 ml of absolute tetrahydrofurane at -10.degree.C, under
      anhydrous conditions. Thereafter, the mixture is stirred for a further 2
      hours at room temperature. The precipitate formed is filtered off and the
      filtrate is partitioned between three times 200 ml of ice water and twice
      200 ml of ether. The organic phases are successively washed with saturated
      sodium bicarbonate solution and water, dried over sodium sulphate and
      evaporated in vacuo. The evaporation residue is filtered through a short
      column of silica gel (a 10-fold amount), using ether as the eluting agent.
      The crude oily product thus obtaied is dissolved in as little ethanol as
      possible and the solution is adjusted to pH 3 with alcoholic hydrochloric
      acid solution and evaporated to dryness. Using ether,
      5-cycloheptyl-6-chloro-indane-1-carboxylic acid 2-pyridine-methyl ester
      hydrochloride of melting point 58.degree.-61.degree.C crystallises after
      some time.
PAR  The starting material can be obtained as follows: A solution of 5 g of
      5-cycloheptyl-6-chloro-indane-1-carboxylic acid in 100 ml of absolute
      benzene and 30 ml of thionyl chloride is boiled for 3 hours under reflux,
      with exclusion of water. The mixture is then evaporated to dryness in
      vacuo. The crude 5-cycloheptyl-6-chloro-1-indanecarboxylic acid chloride
      which has remained in the evaporation residue is processed further without
      additional purification.
PAC  EXAMPLE 15
PAR  Analogously to the method described in Example 14,
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid 4-pyridinemethyl ester
      hydrochloride, melting point 158.degree.-162.degree.C (from
      ethanol-benzene) is obtained starting from 5 g of
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid chloride and 40 g of
      4-pyridine-methanol.
PAC  EXAMPLE 16
PAR  A vigorous stream of ammonia gas is passed into a solution of 9 g of
      5-cycloheptyl-6-chloro-1-indanecarboxylic acid chloride in 150 ml of
      absolute benzene at 20.degree.C, for 30 minutes, whilst cooling and
      stirring. The crude amide which precipitates is filtered off, thoroughly
      washed with water and dried. Two crystallisations from ethanol yield pure
      5-chcloheptyl-6-chloro-1-indanecarboxylic acid amide; melting point
      170.degree.-171.degree.C.
PAC  EXAMPLE 17
PAR  A solution of 9 g of 5-cycloheptyl-6-chloro-1-indanecarboxylic acid
      chloride in 80 ml of absolute benzene is slowly added dropwise to a
      solution of 3.2 g of N-methylpiperazine and 3.8 g of triethylamine in 150
      ml of absolute benzene at 15.degree.C, whilst stirring in an anhydrous
      atmosphere. After completion of the addition, the mixture is stirred for a
      further hour at room temperature. The reaction solution is extracted with
      twice 200 ml of water and 200 ml of 2 N sodium hydroxide solution. The
      organic phase is washed with water, dried over sodium sulphate and
      evaporated to dryness in vacuo. The evaporation residue is dissolved in
      150 ml of absolute ethanol and one equivalent of ethanolic hydrochloric
      acid. 5-Cycloheptyl-6-chloro-1-indanecarboxylic acid 4-methylpiperazide
      hydrochloride, melting point 246.degree.-250.degree.C, crystallises from
      the cold soltution.
PAC  EXAMPLE 18
PAR  a. A solution of 6 g of 5-cyclohexyl-6-chloro-1-indanecarboxylic acid
      methyl ester, 0.9 g of paraformaldehyde and 0.7 ml of
      benzyl-trimethylammonium methoxide (40% strength in methanol) in 20 ml of
      dimethylsulphoxide is stirred for 4 hours at 80.degree.C. It is then
      cooled to room temperature, neutralised with glacial acetic acid and
      evaporated in vacuo to a volume of about 10 ml. The evaporation residue is
      partitioned between 50 ml of ether and 50 ml of ice water and the aqueous
      solution is extracted twice more with 50 ml of ether at a time. The
      organic phases are washed three times with 50 ml of 1 N sodium carbonate
      solution at a time, 50 ml of 2 N acetic acid and twice with 50 ml of water
      at a time, whilst cooling with ice, and are dried over sodium sulphate and
      evaporated in vacuo. The oily
      1-hydroxymethyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid methyl ester
      which remains in the residue is processed further without additional
      purification.
PAR  b. 30 ml of 2 N sodium hydroxide solution are added to a solution of 6.5 g
      of crude 1-hydroxymethyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid
      methyl ester in 200 ml of ethanol. After a short time, a solid begins to
      separate out from the reaction solution. The mixture is left to stand for
      2 hours at room temperature. It is then filtered and the filter residue is
      thoroughly washed with ethanol and ether. The sodium salt of
      1-hydroxymethyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid thus
      obtained is partitioned between 50 ml of ether and 50 ml of 1 N
      hydrochloric acid. The hydrochloric acid solution is extracted twice with
      50 ml of ether at a time and the organic phases are washed until neutral,
      dried over sodium sulphate and evaporated in vacuo. The evaporation
      residue, on recrystallisation from ether-hexane, yields
      1-hydroxymethyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid; melting
      point 195.degree.-197.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC12##
PAL  wherein A denotes the direct bond or a methylene group, one of the groups
      R.sub.1 and R.sub.2 denotes hydrogen, halogen, lower alkyl with 1 to 4
      carbon atoms, or trifluoromethyl and the other denotes a cycloalkyl group
      with 4 to 8 carbon atoms, X.sub.1 and X.sub.2 independently of one another
      denote a carboxyl group or a lower alkoxycarbonyl group with 2 to 5 carbon
      atoms, and n denotes an integer from 1 to 3, and pharmaceutically
      acceptable salts thereof.
NUM  2.
PAR  2. A compound according to cliam 1, wherein one of the groups R.sub.1 and
      R.sub.2 denotes hydrogen, fluorine, chlorine, methyl, ethyl, or
      trifluoromethyl and the other denotes a cycloalkyl group with 4 to 8
      carbon atoms, the groups X.sub.1 and X.sub.2 independently of one another
      denote a carboxyl group or a lower alkoxycarbonyl group and A denotes a
      direct bond or a methylene group, and pharmaceutically acceptable salts of
      a free carboxylic acid falling under this definition.
NUM  3.
PAR  3. A compound according to claim 1, wherein the group R.sub.1 is hydrogen
      or chlorine and R.sub.2 is cyclopentyl, cyclohexyl or cycloheptyl, X.sub.1
      denotes a free carboxyl group, X.sub.2 denotes a lower alkoxycarbonyl
      group, A denotes a direct bond and n denotes 2, and pharmaceutically
      acceptable salts thereof.
NUM  4.
PAR  4. A compound according to claim 1, which is
      1-methoxycarbonyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid, and
      pharmaceutically acceptable salts thereof.
NUM  5.
PAR  5. A compound according to claim 1, which is
      1-butoxycarbonyl-5-cyclohexyl-6-chloro-1-indanecarboxylic acid, and
      pharmaceutically acceptable salts thereof.
NUM  6.
PAR  6. A compound according to claim 1, which is
      1-methoxycarbonyl-5-cycloheptyl-6-chloro-1-indanecarboxylic acid, and
      pharmaceutically acceptable salts thereof.
NUM  7.
PAR  7. A compound according to claim 1, which is
      1-propoxycarbonyl-5-cycloheptyl-6-chloro-1-indanecarboxylic acid, and
      pharmaceutically acceptable salts thereof.
NUM  8.
PAR  8. A compound according to claim 1, which is
      1-butoxycarbonyl-5-cycloheptyl-6-chloro-1-indanecarboxylic acid, and
      pharmaceutically acceptable salts thereof.
NUM  9.
PAR  9. A compound according to claim 1, which is
      1-methoxycarbonyl-5-cyclohexyl-1-indanecarboxylic acid, and
      pharmaceutically acceptable salts thereof.
NUM  10.
PAR  10. A compound according to claim 1, which is
      1-methoxycarbonyl-5-cyclohexyl-1-indaneacetic acid ethyl ester.
NUM  11.
PAR  11. A compound according to claim 1, which is
      1-methoxycarbonyl-5-cyclohexyl-1-indaneacetic acid, and pharmaceutically
      acceptable salts thereof.
NUM  12.
PAR  12. A compound according to claim 1, which is
      1-carboxy-5-cyclohexyl-1-indaneacetic acid, and pharmaceutically
      acceptable salts thereof.
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ABST
PAL  New perfluoroalkyl compounds of the formula
EQU  R.sub.f --CH.sub.2 CH.sub.2 --SO.sub.x C.sub.m H.sub.2m A,
PAL  wherein R.sub.f is a perfluoroalkyl radical with 5 to 18 carbon atoms, A is
      carboxyl, carboxyl ester, carboxylic amide or cyano, x is 1 or 2 and m is
      a whole number from 1 to 3, with the proviso that when A is carboxyl, then
      m is only 1 if x is 1, are provided.
PAL  These new compounds are useful for producing oleophobic finishes on porous
      and non-porous substrates, e.g. textile materials. They are also useful as
      intermediates for the manufacture of further fluorine containing finishing
      agents.
BSUM
PAR  The present invention provides perfluoroalkyl compounds of the formula
EQU  R.sub.f --CH.sub.2 CH.sub.2 --SO.sub.x C.sub.m H.sub.2m A  (1)
PAL  wherein R.sub.f is a perfluoroalkyl radical with 5 to 18 carbon atoms, A is
      carboxyl, carboxyl ester, carboxylic amide or cyano, x is 1 or 2 and m is
      a whole number from 1 to 3, with the proviso that when A is carboxyl, then
      m is only 1 if x is 1. When A is carboxyl and x is 2, then m can only be 2
      or 3.
PAR  Preferably the perfluoroalkyl compounds according to the invention
      correspond to the formula
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x C.sub.m H.sub.2m
      A.sub.1                                                   ( 2)
PAL  wherein A.sub.1 is --COOH, --COOR,
      ##EQU1##
      or --CN, R is alkyl with 1 to 20, preferably 1 to 18, carbon atoms, and
      R.sub.1 and R.sub.2 each independently represents hydrogen or alkyl with 1
      to 20, preferably 1 to 18, carbon atoms, n is a whole number from 6 to 14,
      preferably 6 to 10, x is 1 or 2 and m is a whole number from 1 to 3, with
      the proviso that when A.sub.1 is carboxyl, then m is only 1 if x is 1.
PAR  The perfluoroalkyl radical can be straight-chain or branched and comprises,
      for example, the following radicals:
PAR  C.sub.6 F.sub.13 --, C.sub.8 F.sub.17 --, C.sub.10 F.sub.21 --, C.sub.12
      F.sub.25 --, C.sub.14 F.sub.29 --, C.sub.16 F.sub.33 --, C.sub.18 F.sub.37
      -- or also (CF.sub.3).sub.2 CF(CF.sub.2).sub.n' --, wherein n ' is a whole
      number from 2 to 15.
PAR  The radical A.sub.1 represents the free carboxyl group --COOH, optionally
      --COOM, wherein M can represent e.g. alkali metal or ammonium, the cyano
      group --CN and the carboxylic amide group --CONH.sub.2. This last
      mentioned group can be substituted with alkyl groups which contain 1 to
      20, preferably 1 to 18, carbon atoms. These alkyl-substituted carboxylic
      amide groups correspond to the formulae
      ##EQU2##
      wherein R.sub.1 and R.sub.2 have the indicated meaning and can also
      represent the same alkyl radical. Particularly valuable compounds are also
      those in which R.sub.1 is hydrogen and R.sub.2 is alkyl with 16 to 18
      carbon atoms.
PAR  In the carboxyl ester groups --COOR the alkyl radicals can also contain 1
      to 20, preferably 1 to 18, carbon atoms. Suitable alkyl radicals in the
      carboxylic amide and carboxyl ester groups are, for example, methyl,
      ethyl, propyl, butyl, amyl, heptyl, octyl, nonyl, decyl, dodecyl,
      tetradecyl, hexadecyl, and octadecyl.
PAR  Suitable compounds according to formula (2) correspond to the following
      formulae
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x C.sub.m H.sub.2m
      COOH(3)
EQU  c.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO--C.sub.m H.sub.2m COOH(4)
EQU  c.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.2 --C.sub.m H.sub.2m
      COOH(5)
EQU  c.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x C.sub.m H.sub.2m
      COOR(6)
EQU  c.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO--C.sub.m H.sub.2m COOR(7)
EQU  c.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.2 --C.sub.m H.sub.2m
      COOR(8)
      ##EQU3##
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x --C.sub.m H.sub.2m
      CN(12)
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO--C.sub.m H.sub.2m CN(13)
EQU  c.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.2 --C.sub.m H.sub.2m
      CN(14)
PAL  wherein R represents alkyl with 1 to 20, preferably 1 to 18, carbon atoms,
      and R.sub.1 and R.sub.2 each independently represents hydrogen or alkyl
      with 1 to 20, preferably 1 to 18, carbon atoms, n is a number from 6 to
      14, preferably from 6 to 10, x is 1 or 2, m is a whole number from 1 to 3,
      and in the compounds (3) to (5) m is only 1 if x is 1. Preferably branched
      radicals C.sub.m H.sub.2m are suitable when m is 3.
PAR  Particularly valuable compounds are those of the formulae
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x (CH.sub.2).sub.m
      A.sub.2                                                   ( 15a)
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --S(O).sub.x (CH.sub.2).sub.m
      A.sub.2                                                   ( 15b)
      ##EQU4##
      wherein A.sub.2 is --COOH, --CONH.sub.2 or --CN, m, n, and x have the
      indicated meanings, m' is 1 or 2, with the proviso that when A.sub.2 is
      carboxyl, then m' is only 1 if x is 1, and R.sub.3 and R.sub.4 each
      independently represents hydrogen or alkyl with 1 to 10 carbon atoms.
PAR  The following compounds may also be cited:
      ##EQU5##
      Analogous groups of formulae also apply to the compounds which contain the
      radicals --COOR.sub.1, --CONH.sub.2, and --CN.
PAR  The compounds according to the invention are manufactured by oxidation of
      the thioether compounds known from U.S. Pat. No. 3,172,910, of the formula
EQU  R.sub.f --CH.sub.2 CH.sub.2 --S(CH.sub.2).sub.m A          (17)
PAL  wherein R.sub.f and A have the indicated meaning and m" is a whole number
      from 1 to 3.
PAR  Suitable for carrying out the reaction are the known oxidants, preferably
      hydrogen peroxide. The thioether compounds can be dissolved in organic
      solvents, for example halogenated hydrocarbons such as
      trichlorotrifluoroethane, preferably in concentrated acetic acid, and the
      oxidant is added slowly with vigorous stirring, so that during the
      manufacture of a sulphoxide compound the temperature remains between about
      40.degree. and 50.degree.C; but during the manufacture of a sulphone
      compound the temperature remains in a first step at about 50.degree. to
      60.degree.C, then in a second step at about 100.degree. to 110.degree.C.
      The addition of the oxidant can take, for example, 15 to 60 minutes. In
      order to bring the reaction to completion it is possible to leave the
      reaction mixture subsequently for a period of time at the indicated
      temperatures.
PAR  The resulting compounds according to the invention are insoluble in water,
      and also in organic solvents they are soluble only in small amounts, but
      sufficiently so to effect applications from solvents.
PAR  Examples of suitable solvents are halogenated aliphatic hydrocarbons, e.g.
      trichloroethane, perchloroethylene, chloroform, methylene chloride, carbon
      tetrachloride, dibromoethylene, and the chlorinated and fluorinated
      ethanes, such as 1,1-dichloroethane, 1,2-dichloroethane,
      1,1,1-trichloroethane, 1,1,2,2-tetrachloroethane,
      trichlorotrifluoroethane, halogenated benzenes and optionally benzenes
      substituted with low molecular alkyl groups, e.g. mono- and
      dichlorobenzene, chlorotoluenes, ethers such as diethyl ether, diisopropyl
      ether, dioxan and tetrahydrofuran, diethoxyethane, ketones, such as
      acetone, methyl ethyl ketone, cyclohexanone; also esters, e.g. ethyl
      acetate, dimethyl formamide, dimethyl acetamide, fluorine-containing
      alcohols, e.g. hexafluoroisopropanol, tetrafluoropropanol,
      octafluoropentanol, etc. It is also possible to use mixtures of the cited
      solvents.
PAR  Owing to their perfluoroalkyl concentration the compounds according to the
      invention are suitable for producing oleophobic finishes on porous and
      non-porous substrates. They can be used furthermore as intermediates for
      the manufacture of further fluorine compounds.
PAR  Simultaneously there are obtained hydrophobic effects which are intensified
      by using carboxyl esters or carboxylic amides with long-chain alkyl
      chains, for example those with 8 to 20 and 8 to 18 carbon atoms. By porous
      substrates are meant for example leather, paper, and wood, but preferably
      textile fibre materials; suitable non-porous materials are glass, metal,
      and plastic surfaces. The compounds according to the invention can also be
      used, for example, as additives for oils and lubricants for the prevention
      of wear and corrosion, or as additives for polishes and waxes.
PAR  The compounds according to the invention can be used very particularly for
      finishing textile materials, for example those made from natural or
      regenerated cellulose, such as cotton, linen, staple fibre, or cellulose
      acetate; also those made from wool, synthetic polyamides, polyesters,
      polypropylene, and polyacrylonitrile, as well as the corresponding fibre
      blends.
PAR  The textile materials can be in any desired form of processing, for example
      as fibres, threads, tops, woven or knitted fabrics.
PAR  The compounds according to the invention are applied from solvent liquors
      by the immersion process, also by padding, spraying, slop-padding,
      immersion in a melt, spraying with heat fixing or also by transfer from an
      auxilary material (paper, foil) accompanied by the application of heat.
PAR  The temperature range for the application from solvents is as a rule
      between 20.degree. and 110.degree.C, preferably between 40.degree. and
      80.degree.C. The treatment times can be between 1 and 30, preferably
      between 5 and 15, minutes. For the other methods of application it is
      necessary to apply in general temperatures which lie above the melting
      points of the compounds according to the invention.
PAR  The substrates which are finished with the compounds according to the
      invention exhibit good oil repellency and are also hydrophobic. The
      effects are obtained by applying the compounds according to the invention
      in amounts from about 0.05 to 10, preferably from 0.1 to 5, percent by
      weight, based on the weight of the substrates. A particular advantage of
      the new sulphoxide and sulphone compounds resides in the substantially
      improved stability to hydrolysis compared with the thioether compounds
      used as starting materials.
PAR  The following Examples illustrate the invention, the parts and percentages
      being by weight unless otherwise stated. The perfluoralkyl radical in the
      following Examples has the following composition:
TBL           C.sub.8 F.sub.17                                                 
                           45%                                                 
              C.sub.6 F.sub.13                                                 
                           25%                                                 
              C.sub.10 F.sub.21                                                
                           25%                                                 
PAL  higher homologues .about. 5%.
DETD
PAC  Example 1
PAR  82.4 g (153 mmols) of
      ##EQU6##
      are dissolved in 150 ml of glacial acetic acid. The solution is heated to
      35.degree.C with stirring. Within 3/4 hour 19.4 g of H.sub.2 O.sub.2 (35%)
      (200 mmols) are added, in the process of which the temperature rises from
      35.degree. to 50.degree.C. Upon completion of the dropwise addition a
      precipitate falls out. The batch is allowed to cool and the glacial acetic
      is then removed at 70.degree.C under reduced pressure. The substance is
      then dried over CaCl.sub.2 and concentrated H.sub.2 SO.sub.4.
PAR  Yield: 82.9 g (98% of theory) of the compound of the formula
      ##EQU7##
PAR  m.p.: 95.degree. to 115.degree.C.
PAR  calculated: C 26.01; H 1.27; F 58.27; S 5.78; found: C 26.6; H 1.4; F 58.8;
      S 5.8;
PAC  Example 2
PAR  44.2 g (80 mmols) of
      ##EQU8##
      are dissolved in 100 ml of glacial acetic acid and the solution is then
      heated with stirring to 35.degree. to 40.degree.C. 11.65 g (120 mmols) of
      H.sub.2 O.sub.2 (35%) are then added within one-half hour. The rising
      reaction temperature caused by the exothermic reaction is kept in the
      range of 45.degree. to 48.degree.C by cooling. Then the batch is allowed
      to continue to react for 2 hours at 40.degree. to 45.degree.C and
      subsequently cooled, in the course of which the product falls out. The
      precipitate is isolated and dried over CaCl.sub.2 and concentrated H.sub.2
      SO.sub.4.
PAR  Yield: 40.8 g (89.5% of theory) of the compound of the formula
      ##EQU9##
PAR  m.p.: 127.degree. to 134.degree.C
PAR  calculated: C 27.48; H 1.60; F 56.84; S 5.64; found: C 27.2; H 1.6; F 56.3;
      S 5.8.
PAC  Example 3
PAR  71.7 g (130 mmols) of
      ##EQU10##
      are dissolved in 200 ml of glacial acetic acid and the solution is heated
      with stirring to 35.degree. to 40.degree.C. 37.9 g (390 mmols) of H.sub.2
      O.sub.2 (35%) are then added within three-fourths hour. The reaction
      proceeds in two stages. During the addition of the first third of H.sub.2
      O.sub.2 an exothermic reaction occurs up to 70.degree.C. This then
      subsides. The reaction mixture is subsequently heated to 100.degree.C
      using an oil bath and the remainder of the H.sub.2 O.sub.2 is added, in
      the course of which an exothermic reaction occurs once more (100.degree.
      to 110.degree.C). Upon completion of the addition the product begins to
      precipitate. The batch is allowed to stand for about 1 day, then the
      product is isolated and dried over CaCl.sub.2 and concentrated H.sub.2
      SO.sub.4.
PAR  Yield: 73.8 g (97.1% of theory) of the compound of the formula
      ##EQU11##
PAR  m.p.: 165.degree. to 170.degree.C (brown colouration).
PAR  calculated: C 26.73; H 1.55; F 55.28; S 5.8; found: C 26.5; H 1.5; F 55.2;
      S 5.8;
PAC  Example 4
PAR  80.5 g (150 mmols) of
      ##EQU12##
      are dissolved with stirring in 250 ml of glacial acetic acid, and the
      solution is then heated to 30.degree.C. 21.85 g (225 mmols) of H.sub.2
      O.sub.2 (35%) are added within one-half hour. The exothermic reaction is
      halted at a maximum temperature of 45.degree.C. Subsequently the reaction
      is allowed to continue for 2 hours at 40.degree. to 45.degree.C. The
      reaction mixture is then allowed to cool and the reaction product
      crystallises out. After 1 day the crystals are isolated and dried over
      CaCl.sub.2 and concentrated H.sub.2 SO.sub.4.
PAR  Yield: 27.2 g (32.7% of theory) of the compound of the formula
      ##EQU13##
PAR  m.p.: 150.degree. to 164.degree.C.
PAR  calculated: C 26.05; H 1.46; N 2.53; F 58.38; S 5.80; found: C 25.9; H 1.5;
      N 2.8; F 59.3; S 5.1;
PAL  The 2nd fraction is obtained by evaporating the glacial acetic acid
      filtrate (main fraction). It is also dried in an exsiccator over
      CaCl.sub.2 and concentrated H.sub.2 SO.sub.4.
PAR  Yield: 49.2 (59.2% of theory); pale yellow powder;
PAR  m.p. 120.degree. to 160.degree.C.
PAC  Example 5
PAR  80.5 g (150 mmols) of
      ##EQU14##
      are dissolved with stirring in 250 ml of glacial acetic acid and the
      solution is then heated to 45.degree.C. 43.7 g (450 mmols) of H.sub.2
      O.sub.2 (35%) are added within one-half hour. The reaction proceeds in two
      stages. An exothermic reaction sets in up to 75.degree.C during the
      addition of the first third of the H.sub.2 O.sub.2. The reaction mixture
      is then heated to 100.degree.C internal temperature and the remainder of
      the H.sub.2 O.sub.2 is added, when once again exothermic reaction occurs
      (up to 105.degree.C). The reaction is subsequently kept for 11/2 hours at
      100.degree. to 105.degree.C. After it has cooled the reaction mixture is
      left standing for 1 day during which time the reaction product
      precipitates. This is then isolated and dried over CaCl.sub.2 and
      concentrated H.sub.2 SO.sub.4.
PAR  Yield: 48.4 g (56.8% of theory) of the compound of the formula
      ##EQU15##
PAR  m.p.: 110.degree. to 140.degree.C.
PAR  calculated: C 25.32; H 1.42; N 2.46; S 5.63; F 56.74; found: C 24.3; H 1.4;
      N 2.4; S 5.5; F 57.8;
PAC  Example 6
PAR  82.7 g (150 mmols) of
      ##EQU16##
      are dissolved in 150 ml of glacial acetic acid at an internal temperature
      of 35.degree.C. 21.85 g (225 mmols) of H.sub.2 O.sub.2 (35%) are added
      within 15 minutes, in the course of which the rise in temperature induced
      by the exothermic reaction is kept in the range of 45.degree.C by cooling.
      The reaction mixture is subsequently allowed to continue to react for 2
      hours at 43.degree. to 45.degree.C. Then the glacial acetic acid is
      isolated under reduced pressure at 45.degree.C (water jet vacuum). The
      residual product is dried over CaCl.sub.2 and H.sub.2 SO.sub.4 (conc.).
PAR  Yield: 84.6 g (99.5% of theory) of the compound of the formula
      ##EQU17##
PAR  m.p.: 125.degree. to 153.degree.C.
PAR  calculated: C 27.53; H 1.78; N 2.47; S 5.65; F 56.93; found: C 27.4; H 1.9;
      N 2.5; S 5.6; F 56.6;
PAC  Example 7
PAR  82.6 g (150 mmols) of
      ##EQU18##
      are dissolved with stirring in 250 ml of glacial acetic acid, and the
      solution is then heated to 35.degree. to 45.degree.C. 43.7 g (450 mmols)
      of H.sub.2 O.sub.2 (35%) are then added within one-half hour. The reaction
      proceeds in two stages. Exothermic reaction occurs up to 75.degree.C
      during the addition of the first third of the H.sub.2 O.sub.2. The
      reaction mixture is then heated to 100.degree.C and the remainder of the
      H.sub.2 O.sub.2 is added, when once more exothermic reaction occurs
      (100.degree. to 108.degree.C). The reaction mixture is stirred for 2 hours
      at 100.degree. to 105.degree.C. After it has cooled, the reaction mixture
      is allowed to stand for about 1 day. The precipitated product is then
      isolated and dried over CaCl.sub.2 and concentrated H.sub.2 SO.sub.4.
PAR  Yield: 76 g (87.9% of theory) of the compound of the formula
      ##EQU19##
PAR  m.p.: 155.degree. to 170.degree.C.
PAR  calculated: C 26.77; H 1.73; N 2.40; S 5.50; F 55.37; found: C 26.57; H
      1.67; N 2.22; S 5.23; F 54.9;
PAC  Example 8
PAR  25.9 g (50 mmols) of C.sub.8 F.sub.17 --CH.sub.2 CH.sub.2 --S--CH.sub.2
      --C.tbd.N are dissolved in 50 ml of glacial acetic acid at 35.degree. to
      40.degree.C. Then 7.2 g (75 mmols) of H.sub.2 O.sub.2 (35%) are added over
      10 minutes. The temperature is kept in the range up to 45.degree.C.
      Stirring is subsequently continued for 2 hours at 40.degree. to
      45.degree.C. The glacial acetic acid is isolated at 40.degree. to
      45.degree.C bath temperature under reduced pressure. The resulting product
      is dried over CaCl.sub.2 and H.sub.2 SO.sub.4 (conc.).
PAR  Yield: 25.3 g (95% of theory) of the compound of the formula
      ##EQU20##
PAR  m.p.: 120.degree. to 135.degree.C (brown colouration).
PAR  calculated: C 26.93; H 1.13; N 2.62; S 5.99; F 60.34; found: C 26.86; H
      1.11; N 3.14; S 6.26; F 59.20;
PAC  Example 9
PAR  25.9 g (50 mmols) of C.sub.8 F.sub.17 --CH.sub.2 CH.sub.2 --S--CH.sub.2
      --C.tbd.N are dissolved at 40.degree.C in 50 ml of glacial acetic acid.
      Then 14.58 g (150 mmols) of H.sub.2 O.sub.2 (35%) are added in 15 minutes.
      The addition takes place in 2 equal portions: the first portion at
      40.degree.C, when exothermic reaction occurs up to 60.degree.C, with
      subsequent heating to 100.degree.C, and then the second portion is added,
      when exothermic reaction occurs up to 104.degree.C. The colour of the
      reaction mixture changes from reddish brown to pale yellow. Subsequently
      the reaction is kept for 2 hours at 100.degree.C to 105.degree.C. Upon
      completion of the reaction the reaction mixture is dried over CaCl.sub.2
      and concentrated H.sub.2 SO.sub.4.
PAR  Yield: 27 g (98% of theory) of the compound of the formula
      ##EQU21##
PAR  m.p.: 145.degree. to 170.degree.C.
PAR  calculated: C 26.15; H 1.10; N 2.54; S 5.82; F 58.59; found: C 25.88; H
      1.30; N 2.83; S 5.56; F 58.5;
PAC  Example 10
PAR  81.6 g (153 mmols) of C.sub.8 F.sub.17 --CH.sub.2 CH.sub.2 --S--CH.sub.2
      --C.tbd.N are dissolved in 100 ml of trifluorotrichlorethane and the
      solution is heated with stirring to 45.degree.-48.degree.C. Then 31.4 g
      (324 mmols) of a solution of 31.4 g (324 mmols) of H.sub.2 O.sub.2 in 30
      ml of glacial acetic acid are added. The reaction proceeds exothermically
      and the solvent is refluxed. Upon completion of the addition the reaction
      is maintained for 1 hour at 48.degree.C. The reaction mixture is processed
      by treating it with 300 ml of water, in the course of which the product
      precipitates. This is isolated and dried over CaCl.sub.2 and concentrated
      H.sub.2 SO.sub.4.
PAR  Yield: 76.7 g (88.8% of theory) of the compound of the formula
      ##EQU22##
PAR  m.p.: 115.degree. to 130.degree.C.
PAR  calculated: C 28.43; H 1.47; N 2.55; S 5.84; F 58.80; found: C 28.27; H
      1.34; N 2.65; S 5.93; F 58.6;
PAC  Example 11
PAR  78.9 g (148 mmols) of C.sub.8 F.sub.17 --CH.sub.2 CH.sub.2 --S--CH.sub.2
      --C.tbd.N are disolved in 250 ml of glacial acetic acid and the solution
      is heated to 30.degree.C with stirring. Then 43.7 g (450 mmols) of H.sub.2
      O.sub.2 (35%) are added thereto within 30 minutes. The reaction proceeds
      in two stages. Exothermic reaction occurs up to 62.degree.C during the
      dropwise addition of the first third of the H.sub.2 O.sub.2. Then the
      reaction mixture is heated to 100.degree.C internal temperature and the
      remainder of the H.sub.2 O.sub.2 is added, when exothermic reaction occurs
      up to 106.degree.C. Stirring is subsequently continued for 2 hours at
      100.degree. to 103.degree.C. After the reaction mixture has cooled it is
      allowed to stand for 1 day, when the product precipitates. The precipitate
      is isolated and dried over CaCl.sub.2 and H.sub.2 SO.sub.4 (conc.).
PAR  Yield: 71.1 g (85% of theory) of the compound of the formula
      ##EQU23##
PAR  m.p.: 150.degree. to 175.degree.C.
PAR  calculated: C 27.62; H 1.43; N 2.48; S 5.67; F 57.14; found: C 27.42; H
      1.63; N 2.53; S 5.47; F 56.88.
PAC  Example 12
PAR  28.3 g (50 mmols) of
      ##EQU24##
      manufactured by addition of C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 SH to
      methacrylic acid by a process analogous to that according to U.S. Pat. No.
      3,172,910, are dissolved in 80 ml of glacial acetic acid, and the solution
      is then heated to 35.degree. to 40.degree.C. 14.6 g (150 mmols) of H.sub.2
      O.sub.2 (35%) are added within three-fourths hour. The reaction proceeds
      in two stages. The temperature rises to the region of 50.degree.C during
      the addition of the first third of the H.sub.2 O.sub.2 and this exothermic
      reaction then subsides. The reaction mixture is subsequently heated to
      80.degree.-85.degree.C using an oil bath and the remainder of the H.sub.2
      O.sub.2 is added, when exothermic reaction once more occurs and the
      temperature rises to 107.degree.C. The contents of the flask are
      concentrated in vacuo and the residue is treated with ethyl acetate. Once
      more the contents are evaporated to dryness.
PAR  Yield: 27.6 g (92.2% of theory) of the compound of the formula
      ##EQU25##
PAR  m.p.: 116.degree. to 120.degree.C with brown colouration
PAR  calculated: C 28.25; H 1.84; F 54.0; S 5.35; found: C 28.4; H 1.9; F 53.8;
      S 5.1.
PAC  Example 13
PAR  28.3 g (50 mmols) of
      ##EQU26##
      are dissolved in 80 ml of glacial acetic acid and the solution is then
      heated with stirring to 35.degree.-40.degree.C. The 7.3 g (75 mmols) of
      H.sub.2 O.sub.2 (35%) are added within one-half hour. The rising reaction
      temperature caused by the exothermic reaction is kept in the range from
      45.degree.-48.degree.C by cooling. The reaction is subsequently allowed to
      continue for 25 hours at 40.degree.-45.degree.C. The contents of the flask
      are concentrated in vacuo, then the residue is dissolved in ethyl acetate
      and this solution is evaporated to dryness in vacuo.
PAR  Yield: 27.1 g (94.8% of theory) of the compound of the formula
      ##EQU27##
PAR  m.p.: 92.degree. to 98.degree.C.
PAR  calculated: C 28.79; H 1.89; F 55.5; S 5.50; found: C 29.1; H 1.9; F 55.1;
      S 5.2.
PAC  Example 14
PAR  100 g (173 mmols) of
      ##EQU28##
      manufactured by addition of C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 SH to
      methacrylic methyl ester by a method analogous to that according to U.S.
      Pat. No. 3,172,910, are dissolved in 100 ml of glacial acetic acid and
      this solution is then heated to 35.degree.-40.degree.C with stirring. Then
      23.6 g (244 mmols) of H.sub.2 O.sub.2 (35%) are added within one-half
      hour. The rising reaction temperature caused by the exothermic is kept in
      the range from 45.degree.-48.degree.C by cooling. Subsequently the
      reaction is allowed to continue for 15 hours at 40.degree.-45.degree.C.
      The contents of the flask are concentrated in vacuo and the residue is
      taken up in ethyl acetate and this solution is evaporated to dryness in
      vacuo.
PAR  Yield: 98.2 g (95.3% of theory) of the compound of the formula
      ##EQU29##
PAR  m.p.: 55.degree. to 60.degree.C.
PAR  calculated: C 30.1; H 2.2; F 54.3; S 5.37; found: C 30.4; H 2.18; F 53.4; S
      5.2.
PAC  Example 15
PAR  100 g (173 mmols) of
      ##EQU30##
      are dissolved in 200 ml of glacial acetic acid and this solution is then
      heated with stirring to 35.degree.-40.degree.C. The 47.2 g (485 mmols) of
      H.sub.2 O.sub.2 (35%) are added within three-fourths hour. The reaction
      proceeds in two stages. An exothermic reaction occurs during the addition
      of the first third of the H.sub.2 O.sub.2 and this then subsides. The
      reaction mixture is subsequently heated to 100.degree.C using an oil bath
      and the remainder of the H.sub.2 O.sub.2 is added, when once more an
      exothermic reaction occurs (100.degree.-110.degree.C). The contents of the
      flask are concentrated in vacuo and the residue is treated with ethyl
      acetate. The contents are then evaporated to dryness once more.
PAR  Yield: 98.5 g (93.0% of theory) of the compound of the formula
      ##EQU31##
PAR  m.p.: 85.degree.-90.degree.C with brown colouration.
PAR  calculated: C 29.6; H 2.14; F 52.6; S 5.23; found: C 29.8; H 2.3; F 51.8; S
      5.3;
PAC  Example 16
PAR  47.5 g (80 mmols) of
      ##EQU32##
      manufactured by addition of C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 SH to ethyl
      crotonate by a method analogous to that described in U.S. Pat. No.
      3,172,910, are dissolved in 100 ml of glacial acetic acid. This solution
      is then heated with stirring to 35.degree.-40.degree.C. Then 11.65 g (120
      mmols) of H.sub.2 O.sub.2 (35%) are added within one-half hour. The rising
      reaction temperature caused by the exothermic reaction is kept in the
      range from 45.degree.-48.degree.C by cooling. Subsequently the reaction is
      allowed to continue for 18 hours at 40.degree.-45.degree.C.
PAR  Yield: 47 g (96% of theory) of the compound of the formula
      ##EQU33##
PAR  m.p.: 53.degree. to 57.degree.C.
PAR  calculated: C 31.60; H 2.48; F 53.00; S 5.25; found: C 31.7; H 2.6; F 52.8;
      S 5.0.
PAC  Example 17
PAR  47.5 g (80 mmols) of
      ##EQU34##
      are dissolved in glacial acetic acid and this solution is then heated with
      stirring to 35.degree.-40.degree.C. Then 23.3 g (240 mmols) of H.sub.2
      O.sub.2 (35%) are added within three-fourths hour. The reaction proceeds
      in two stages. An exothermic reaction occurs at 70.degree.C during the
      addition of the first third of the H.sub.2 O.sub.2 and this then subsides.
      The reaction mixture is subsequently heated to 100.degree.C using an oil
      bath and the remainder of the H.sub.2 O.sub.2 is added, when once more an
      exothermic reaction occurs (100.degree.-110.degree.C).
PAR  Yield: 48.5 g (97% of theory) of the compound of the formula
      ##EQU35##
PAR  m.p. 65.degree.-68.degree.C with brown colouration.
PAR  calculated: C 30.85; H 2.43; F 51.6; S 5.1; found: C 31.1; H 2.5; F 51.3; S
      4.9.
PAC  Example 18
PAR  Over a period of 17 hours and in an atmosphere of nitrogen, 27.2 g (50
      mmols) of C.sub.8 F.sub.17 --CH.sub.2 CH.sub.2 --SO--CH.sub.2 COOH are
      brought to reaction in a melt at 150.degree.C with 13.5 g (50 mmols) of
      1-octadecanol, to give a slightly brown coloured compound of the formula
EQU  C.sub.8 F.sub.17 --CH.sub.2 CH.sub.2 --SO--CH.sub.2 COOC.sub.18 H.sub.37(
     118)
PAL  which is soluble in hot benzene.
PAR  Yield: 38.3 g (97.3% of theory).
PAR  m.p.: 65.degree. to 130.degree.C.
PAR  calculated: C 44.67; H 5.37; F 40.04; S 3.97; found: C 44.49; H 5.45; F
      39.6; S 3.91.
PAC  Example 19
PAR  It is also possible to manufacture the product according to Example 18 in
      the following way:
PAR  3.9 g (5 mmols) of C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 --S--CH.sub.2
      COOC.sub.18 H.sub.37 are dissolved in 60 ml of glacial acetic acid. Then
      this solution is heated with stirring to 60.degree.C and 0.73 g (7.5
      mmols) of H.sub.2 O.sub.2 (35%) is added thereto. The reaction mixture is
      stirred for 1 hour and the glacial acetic acid is removed at 70.degree.C
      under reduced pressure. The residue is boiled repeatedly in benzene and
      the solvent removed to give 4 g of the compound of the formula
EQU  C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 --SO--CH.sub.2 --COOC.sub.18 H.sub.37 (
     118)
PAR  Yield: 99.5% of theory.
PAC  Example 20
PAR  3.9 g (5 mmols) of C.sub.8 F.sub.17 --CH.sub.2 CH.sub.2 --S--CH.sub.2
      --CO--NH(CH.sub.2).sub.17 CH.sub.3 are dissolved in 25 ml of glacial
      acetic acid. This solution is then heated with stirring to 55.degree.C and
      0.73 g (7.5 mmols) of H.sub.2 O.sub.2 (35%) is added thereto. The reaction
      mixture is stirred for 1 hour at 55.degree.-60.degree.C and the glacial
      acetic acid is then removed at 70.degree.C under reduced pressure. The
      residue is repeatedly dissolved in benzene and the solvent evaporated to
      give 4 g of the colourless compound of the formula
EQU  C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 --SO--CH.sub.2 --CO--NH(CH.sub.2).sub.17
      CH.sub.3                                                  (119)
PAR  Yield: 99.5% of theory.
PAR  m.p.: 123.degree. to 127.degree.C.
PAR  calculated: C 44.72; H 5.50; N 1.74; S 3.98; F 40.08; found: C 44.2; H
      5.47; N 1.78; S 3.90; F 39.6.
PAC  Example 21
PAR  3.9 g (5 mmols) of C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 --S--CH.sub.2
      COO(CH.sub.2).sub.17 CH.sub.3 are dissolved in 60 ml of glacial acetic
      acid. This solution is then heated with stirring to 60.degree.C and 0.73 g
      (7.5 mmols) of H.sub.2 O.sub.2 is added thereto. The reaction mixture is
      stirred for one-half hour at 60.degree. to 65.degree.C and then once more
      0.73 g (7.5 mmols) of H.sub.2 O.sub.2 is added and the mixture is heated
      to 95.degree.C. The batch is then stirred for 1 hour at
      100.degree.-105.degree.C and the glacial acetic acid is then removed at
      35.degree.C under reduced pressure. The residue is dissolved repeatedly in
      benzene and the solvent evaporated to give 3.3 g of a compound of the
      formula
EQU  C.sub.8 F.sub.17 --CH.sub.2 CH.sub.2 --SO.sub.2 --CH.sub.2
      --COO(CH.sub.2).sub.17 CH.sub.3                           (120 )
PAR  Yield: 80.4% of theory.
PAR  m.p.: 60.degree. to 85.degree.C.
PAR  calculated: C 43.80; H 5.27; S 3.90; F 39.26; found: C 42.9; H 5.2; S 4.0;
      F 38.8;
PAC  Example 22
PAR  3.9 g (5 mmols) of C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 --S--CH.sub.2
      --CO--NH(CH.sub.2).sub.17 CH.sub.3 are dissolved in 60 ml of glacial
      acetic acid. This solution is then heated with stirring to 60.degree.C and
      0.73 g (7.5 mmols) of H.sub.2 O.sub.2 (35%) is added thereto. The reaction
      mixture is stirred for one-half hour at 60.degree.-65.degree.C and then
      once more 0.73 g (7.5 mmols) of H.sub.2 O.sub.2 is added and the batch is
      heated to 95.degree.C. After stirring for 1 hour at
      100.degree.-105.degree.C the glacial acetic acid is removed at 55.degree.C
      under reduced pressure. The residue is dissolved repeatedly in benzene and
      the solvent evaporated to give 4.05 g (98.7% of theory) of the compound of
      the formula
EQU  C.sub.8 F.sub.17 --CH.sub.2 CH.sub.2 --SO.sub.2 --CH.sub.2
      --CO--NH(CH.sub.2).sub.17 CH.sub.3                        (121)
PAR  m.p.: 130.degree. to 135.degree.C
PAR  calculated: C 43.85; H 5.40; N 1.70; S 3.90; F 39.30; found: C 43.2; H
      5.32; N 1.77; S 3.86; F 38.7.
PAC  Example 23
PAR  Over a period of 17 hours and in an atmosphere of nitrogen 29.2 g (50
      mmols) of C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 --SO.sub.2 CH.sub.2 CH.sub.2
      COOH, obtained according to Example 3, are brought to reaction in a melt
      at 150.degree.C with 13.5 g (50 mmols) of 1-octadecanol, to give a dark
      brown pulverulent compound of the formula
EQU  C.sub.8 F.sub.17 --CH.sub.2 --CH.sub.2 --SO.sub.2 --CH.sub.2 CH.sub.2
      --COO(CH.sub.2).sub.17 CH.sub.3                           (122)
PAR  Yield: 40.7 g (97.3% of theory).
PAR  m.p.: 106.degree. to 115.degree.C
PAR  calculated: C 44.80; H 5.42; S 3.83; F 38.60; found: C 44.80; H 5.52; S
      4.06; F 38.2
PAC  Example 24
PAR  Over a period of 5 hours an in an atmosphere of nitrogen 29.2 g (50 mmols)
      of C.sub.8 F.sub.17 --CH.sub.2 CH.sub.2 --SO.sub.2 --CH.sub.2 --COOH,
      obtained according to Example 3, are brought to reaction at 150.degree.C
      with 13.35 g (50 mmols) of octadecylamine. A melt forms which is then
      stirred, yielding 39.7 g (97.4% of theory) of a light brown compound of
      the formula
EQU  C.sub.8 F.sub.17 --CH.sub.2 --CH.sub.2 --SO.sub.2 --CH.sub.2 CH.sub.2
      --CO--NH(CH.sub.2).sub.17 CH.sub.3                        (123)
PAL  which is soluble in hot benzene.
PAR  m.p.: 132.degree. to 147.degree.C.
PAR  calculated: C 44.55; H 5.55; N 1.68; S 3.84; F 38.64; found: C 44.69; H
      5.53; N 1.77; S 3.84; F 37.4
PAC  APPLICATION EXAMPLES
PAC  Example 25
PAR  The compound of the formula (101) is sprayed in finely powdered form in an
      amount of 0.1% on a polyester/cotton fabric, or of 0.2% on a cotton
      fabric, of 0.05% on paper, and of 0.1% on dry leather, and subsequently
      heated for 30 seconds to 120.degree.-125.degree.C (5.degree.-10.degree.C
      above the melting point), so that a fine film is formed on the material.
      The materials finished in this way are oil and water-repellent. Similar
      results are attained also with the compounds according to Examples 2, 4
      and 5.
PAC  Example 26
PAR  The compound of the formula (103) is dissolved in hexafluoroisopropanol. A
      cotton and wool/gabardine fabric is impregnated with a 2.5% solution in
      the immersion process and squeezed to a pick-up of 60 to 100%. The
      finished fabrics are oil repellent. The oil repellency values are about
      100-110. With the same application, oil repellencies of 120-130 are
      attained with the compounds according to Examples 6, 7, and 11. Comparable
      results are also attained with the compounds according to Examples 12 to
      24. (The oil repellency is tested according to the 3M Oil Repellency Test.
      The values in this test are between 0 and 150; this latter figure denotes
      the optimum oil repellency).
CLMS
STM  I claim:
NUM  1.
PAR  1. A perfluoroalkyl compound of the formula
EQU  R.sub.f --CH.sub.2 CH.sub.2 --SO.sub.x --C.sub.m H.sub.2m A
PAL  wherein
PA1  R.sub.f is a perfluoroalkyl radical with 5 to 18 carbon atoms,
PA1  A is COOH, COOR,
PA1  R is alkyl with 1 to 20 carbon atoms,
PA1  x is 1 or 2 and
PA1  m is a whole number from 1 to 3, with the proviso that when A is carboxyl,
      then m is only 1 if x is 1.
NUM  2.
PAR  2. A perfluoroalkyl compound according to claim 1, which correspond to the
      formula
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x --C.sub.m H.sub.2m
      A.sub.1
PAL  wherein A.sub.1 is COOH, COOR, R is alkyl with 1 to 20 carbon atoms, n is a
      whole number from 6 to 14, x is 1 or 2 and m is a whole number from 1 to
      3, with the proviso that when A.sub.1 is --COOH, then m is only 1 if x is
      1.
NUM  3.
PAR  3. A perfluoroalkyl compound according to claim 2, wherein R represents
      alkyl with 1 to 18 carbon atoms.
NUM  4.
PAR  4. A perfluoroalkyl compound according to claim 2, which correspond to the
      formula
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x (CH.sub.2).sub.m
      A.sub.1
PAL  wherein A.sub.1 is COOH, COOR, R represents alkyl with 1 to 20 carbon
      atoms, n is a whole number from 6 to 14 and m' and x is each 1 or 2, with
      the proviso that when A.sub.1 is --COOH, then m' is only 1 if x is 1.
NUM  5.
PAR  5. A perfluoroalkyl compound according to claim 2, which correspond to the
      formula
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x --C.sub.m H.sub.2m
      A.sub.2
PAL  wherein A.sub.2 is --COOH, n is a whole number from 6 to 14, x is 1 or 2
      and m is a whole number from 1 to 3, with the proviso that when A.sub.2 is
      --COOH, then m is only 1 if x is 1.
NUM  6.
PAR  6. A perfluoroalkyl compound according to claim 5, which correspond to the
      formula
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x (CH.sub.2).sub.m
      A.sub.2
PAL  wherein A.sub.2 is --COOH, and n is a whole number from 6 to 14 and m' and
      x is each 1 or 2, with the proviso that when A.sub.2 is --COOH, then m' is
      only 1 if x is 1.
NUM  7.
PAR  7. A perfluoroalkyl compound according to claim 2, which correspond to the
      formula
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x C.sub.m H.sub.2m COOR
PAL  wherein R represents alkyl with 1 to 20 carbon atoms, n is a whole number
      from 6 to 14, x is 1 or 2, and m is a whole number from 1 to 3.
NUM  8.
PAR  8. A perfluoroalkyl compound according to claim 7, which correspond to the
      formula
EQU  C.sub.n F.sub.2n.sub.+1 CH.sub.2 CH.sub.2 --SO.sub.x (CH.sub.2).sub.m COOR
PAL  wherein R represents alkyl with 1 to 20 carbon atoms, n is a whole number
      from 6 to 14, and m' and x is each 1 or 2.
NUM  9.
PAR  9. A perfluoroalkyl compound according to claim 7, which is selected from
      the group consisting of the formulae
      ##EQU36##
      wherein R is alkyl with 1 to 20 carbon atoms and
PA1  n is a whole number from 6 to 14.
NUM  10.
PAR  10. A perfluoroalkyl compound according to claim 7, wherein R is alkyl with
      1 to 18 carbon atoms.
NUM  11.
PAR  11. A perfluoroalkyl compound according to claim 2, wherein n is a whole
      number from 6 to 10.
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ABST
PAL  New and useful substituted ethane diphosphonic acids and salts thereof as
      exemplified by the compound having the formula
      ##EQU1##
      2-amino-1-hydroxyethane-1,1-diphosphonic acid and processes for preparing
      the same which generically comprise the "de-oxiranization" of an epoxy
      ethane diphosphonate having the formula
      ##EQU2##
      wherein R.sub.3 is hydrogen, a metal ion, or an organic radical.
PARN
PAR  This is a division of application Ser. No. 27,988 filed April 13, 1970, now
      U.S. Pat. No. 3,705,191.
BSUM
PAR  The present invention relates to a new class of ethane diphosphonate
      compounds and processes for preparing such compounds. More particularly,
      the present invention has as its primary object providing ethane
      diphosphonic acids as well as the salts and esters thereof, and processes
      for preparing the same.
PAR  According to the present invention, there is provided a new and useful
      class of ethane diphosphonate compounds corresponding to the following
      formula:
      ##EQU3##
      In the above formula I, R.sub.1 can be from the group oxygen; halogen;
      hydroxy; --CN; --N(R.sub.4).sub.2, where R.sub.4 is from the group
      hydrogen and alkyl containing from 1 to 30 carbon atoms, preferably from 1
      to 8 carbon atoms and more preferably from 1 to 4 carbon atoms;
      --XR.sub.5, where X is from the group oxygen and sulfur and R.sub.5 is
      from the group alkyl containing from 1 to 30 carbon atoms, preferably 1 to
      8 carbon atoms, more preferably 1 to 4 carbon atoms; C.sub.6 H.sub.5
      (phenyl) and CH.sub.2.C.sub.6 H.sub.5 (benzyl); acetoxy; --SO.sub.3
      R.sub.4 where R.sub.4 is the same as defined above; benzoyl; --CO.sub.2 H;
      and --CH(COOR.sub.6).sub.2, where R.sub.6 is an alkyl group containing
      from 1 to 30 carbon atoms, preferably from 1 to 8 carbon atoms, and more
      preferably from 1 to 4 carbon atoms.
PAR  In the aforegoing general formula I, R.sub.2 is from the group R.sub.1,
      except oxygen, and hydrogen. It is to be understood that R.sub.2 then is
      never oxygen and R.sub.2 is only hydrogen when R.sub.1 is oxygen.
      Additionally, it is to be understood that in all cases, except when
      R.sub.1 is oxygen and R.sub.2 is hydrogen, at least R.sub.1 or R.sub.2 is
      a hydroxy group. In other words and for exemplary purposes only, when
      R.sub.1 is chlorine, R.sub.2 must be a hydroxy group.
PAR  In conjunction with the proviso that R.sub.2 is only hydrogen when R.sub.1
      is oxygen with reference to the aforegoing general formula I, n is an
      integer having a value of 1 or 2 and n is only 1 when R.sub.1 is oxygen.
PAR  In formula I, R.sub.3 is individually from the group metal ions, hydrogen,
      alkyl, alkenyl, aryl, alkyl aryl, cyclic and alicyclic. The aforementioned
      metal ions are from the group of metals which includes without limitation
      alkali metals such as sodium, lithium and potassium; alkaline earth
      metals, such as calcium and magnesium; aluminum; zinc; cadmium; manganese;
      nickel; cobalt; cerium; lead; tin; iron; chromium; and mercury. Also
      included are ammonium ions and alkyl ammonium ions. In particular, those
      alkyl ammonium ions derived from amines having a low molecular weight,
      such as below about 300, and more particularly the alkyl amines, alkylene
      amines, and alkanol amines containing not more than two amine groups, such
      as the lower alkyl amines, e.g., ethyl amine, diethyl amine, propyl amine,
      hexyl amine, 2-ethylhexylamine; propylene diamine, N-butylethanol amine,
      triethanol amine, and the like, are the preferred amines. It is to be
      understood that the preferred metal ions are those which render the
      compound a water-soluble salt.
PAR  In conjunction with the foregoing general formula I and more specifically
      when the ethane diphosphonate is in the ester form thereof, i.e., R.sub.3
      is an organic radical heretofore mentioned, the preferred substituents are
      the following:
PA1  a. alkyl -- containing from about 1 to about 18 carbon atoms;
PA1  b. alkenyl -- containing from about 1 to about 18 carbon atoms;
PA1  c. aryl -- phenyl, naphthyl, anthryl, or phenanthryl;
PA1  d. alkyl aryl -- hydroxy, halogen, lower alkyl, (alkaryl) having from 1 to
      about 6 carbon atoms, and amino substituted phenyl, naphthyl, anthryl, or
      phenanthryl;
PA1  e. cyclic -- containing from about 4 to about 8 carbon atoms and there may
      be present in the ring either a nitrogen, sulfur, oxygen or phosphorus
      atom; and
PA1  f. alicyclic -- containing from about 4 to about 10 carbon atoms.
PAL  It is to be understood that all of the compounds falling within the above
      formula I and as heretofore defined are generically described herein as
      "ethane diphosphonates". In other words then, the acids, salts and esters
      and mixtures thereof are all generically described herein as ethane
      diphosphonates.
PAR  In general, the ethane diphosphonates are prepared by contacting an epoxy
      ethane diphosphonate having the following formula:
      ##EQU4##
      wherein R.sub.3 is the same as defined above, with a de-oxiranization
      agent which opens the ring of said epoxy compound to form the ethane
      diphosphonates falling within formula I. It is to be understood that the
      term "epoxy ethane diphosphonate" used herein generically describes and
      encompasses the acid, salt and ester forms, and said term is designated at
      times herein EEDP for the sake of brevity.
PAR  The de-oxiranization agents which effect this "ring opening" are from the
      group ammonia, primary amines, secondary amines, acids, malonates,
      alcohols, mercaptans, Lewis acid catalysts and mixtures thereof. The
      specific application of these de-oxiranization agents are disclosed in the
      processes which are described hereinafter.
PAR  The aforementioned epoxy ethane diphosphonates which are one of the basic
      starting materials in conjunction with the preparation of the ethane
      diphosphonates falling within formula I are disclosed and described, as
      well as methods for preparing the same, in a co-pending application,
      entitled "Substituted Epoxy Ethane Polyphosphonic Acids, Esters and Salts
      Thereof", of Al Fred Kerst which is filed concurrently with the present
      application and which is incorporated herein by reference. For exemplary
      purposes only, this starting material, i.e., the epoxy ethane
      diphosphonate, utilized to prepare the ethane diphosphonates of the
      present invention, can be prepared by reacting the disodium salt of
      ethylene diphosphonic acid, i.e.,
      ##EQU5##
      with hydrogen peroxide in the presence of a catalyst such as sodium
      tungstate. The above ethylene diphosphonate, also sometimes referred to in
      the art as vinylidene diphosphonate, is known in the art (in its ester
      form and processes for preparing the same) as exemplified by U.S. Pat. No.
      3,062,792, which is incorporated herein by reference. The aforementioned
      disodium salt can be obtained from the ester (U.S. Pat. No. 3,062,792) by
      mineral acid hydrolysis followed by reaction with sodium hydroxide. The
      ethylene diphosphonic acids and salts per se and processes for preparing
      the same are described in Canadian Patent No. 811,736, which is
      incorporated herein by reference.
PAR  The following subject matter specifically illustrates the preparation of
      the ethane diphosphonates from EEDP.
PAC  HYDROLYSIS OF EPOXY ETHANE DIPHOSPHONATE
PAR  The hydrolysis of epoxy ethane diphosphonate to produce the dihydroxy
      ethane diphosphonate proceeds according to the following reaction:
      ##EQU6##
      wherein R.sub.3 is the same as defined above. The aforementioned reaction
      may be carried out by mixing the epoxy ethane diphosphonate in a
      sufficient volume of water, i.e., at least stoichiometric quantities,
      preferably a molar ratio of water to EEDP of 1:1 to 20:1, and heating the
      resultant mass until substantially complete hydrolysis occurs. The use of
      greater than stoichiometric quantities of water functions as a diluent for
      the reaction system. It is also found that substantially water-miscible
      organic diluents which have a boiling point between about 50.degree.C and
      150.degree.C, preferably from about 70.degree.C to about 100.degree.C,
      such as dioxane, acetone, lower alcohols (e.g., methanol, ethanol,
      propanol and butanol) are suitable as a reaction medium or diluent in
      which the above-described hydrolysis reaction can be conducted.
PAR  The hydrolysis reaction may be accelerated by the addition of an acid
      catalyst (e.g., from 0.01 to 10% by weight based on the total weight of
      EEDP) such as HClO.sub.4, H.sub.2 SO.sub.4, HCl, benzene sulfonic acid,
      and the like. However, the use of an acid catalyst is not necessary in
      order to carry out the aforementioned reaction when R.sub.3 of the EEDP is
      hydrogen in all cases or at least where 3 hydrogen atoms are present, but
      is desirable where EEDP is in the salt, partial salt, ester or partial
      ester form. Generally, the heating of the epoxy ethane diphosphonate in
      water takes place at a temperature above about 50.degree.C, preferably
      from about 80.degree.C to about 150.degree.C, either under atmospheric,
      sub-atmospheric (e.g., 1/2 to 760 mm Hg), or super atmospheric (e.g., 1 to
      10 atmospheres) conditions, and for a sufficient period of time, for
      example, from about 5 minutes to about 2 hours or more, depending upon the
      particular epoxy ethane diphosphonate utilized as a starting material, and
      also if an acid catalyst is utilized, to facilitate an accelerated
      reaction.
PAR  In conjunction with the preparation of the compounds falling within the
      above Formula III from the salt form of the compounds falling within
      Formula II, i.e., R.sub.3 in each case is a metal ion, it is desirable
      that the salt form of Formula II compounds be converted to the acid form,
      i.e., where R.sub.3 in each case is hydrogen, prior to the hydrolysis step
      in order to obtain high conversion yields. (However, converting the salts
      of Formula II to the acid form is not essential for the production of
      salts of Formula III.) More specifically, this conversion of the salt form
      to the acid form is accomplished by passing, for example, an aqueous
      solution containing the disodium salt of EEDP through a hydrogen ion
      exchange resin such as those which are commercially available under the
      trade names Amberlite IR 120 and Dowex 50. The resultant acid form usually
      having a pH below 4 can be hydrolyzed according to the general process
      heretofore described.
PAR  In conjunction with the over-all hydrolysis of the acid and ester forms of
      EEDP, it is desirable, after heating in the hydrolysis step, to remove the
      water from the resulting mass by evaporation, for example, under vacuum,
      e.g., 1/2 to 760 mm Hg, preferably from 1 to 50 mm Hg., at a temperature
      of from about -10.degree.C to about 150.degree.C, preferably from about
      -10.degree.C to about 50.degree.C. Subsequently, a water-immiscible, inert
      solvent such as benzene, toluene, hexane, heptane, isopropyl ether, or
      octane, cyclo-hexane and the like, is added to the residue product in the
      reaction vessel and the resultant mixture is azeotropically distilled at a
      temperature of from about 50.degree.C to about 140.degree.C until
      substantially no water is observed in the distillate. The desired product
      formed can be identified by standard analyses such as P.sup.31 and H.sup.1
      nuclear magnetic resonance (abbreviated herein as NMR), elemental
      analysis, infra red spectrum and the like, depending upon the particular
      physical and/or chemical form of the product. It is to be understood that
      these analytical techniques are also applicable to ascertaining the
      indentification of any of the compounds falling within the above-described
      Formula I.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned hydrolysis reaction of EEDP, there may be
      mentioned, without limitation, the following compounds:
PA1  1. H.sub.2 C(OH)C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  1,2 dihydroxy ethane-1,1-diphosphonic acid
PA1  2. H.sub.2 C(OH)C(OH)(PO.sub.3 NaH).sub.2
PA2  disodium 1,2 dihydroxy ethane-1,1-diphosphonate
PA1  3. H.sub.2 C(OH)C(OH)[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2
PA2  tetraethyl 1,2 dihydroxy ethane-1,1-diphosphonate
PA1  4. H.sub.2 C(OH)C(OH)(PO.sub.3 HC.sub.6 H.sub.5).sub.2
PA2  diphenyl 1,2 dihydroxy ethane-1,1-diphosphonate
PA1  5. H.sub.2 C(OH)C(OH)(PO.sub.3 K.sub.2).sub.2
PA2  tetrapotassium 1,2 dihydroxy ethane-1,1-diphosphonate
PA1  6. H.sub.2 C(OH)C(OH)(PO.sub.3 Zn).sub.2
PA2  dizinc 1,2 dihydroxy ethane-1,1-diphosphonate
PA1  7. H.sub.2 C(OH)C(OH)(PO.sub.3 HC.sub.4 H.sub.9).sub.2
PA2  dibutyl 1,2 dihydroxy ethane-1,1-diphosphonate
PAC  AMMONOLYSIS OF EPOXY ETHANE DIPHOSPHONATE
PAR  The reaction of the epoxy ethane diphosphonate with a nitrogenous material
      from the group ammonia or primary and secondary amines (generically
      described herein as ammonolysis) yields "amine"-hydroxy derivatives
      according to the following general reaction:
      ##EQU7##
      wherein R.sub.3 is the same as heretofore defined. In the above reaction,
      (R.sub.4).sub.2 NH designates ammonia, primary amine or secondary amine,
      and R.sub.4 has the same connotation as heretofore set forth and is from
      the group hydrogen and alkyl containing from 1 to 30, preferably from 1 to
      8, carbon atoms. As shown in the above reaction, a mixture of two isomers
      (1-amino -2-hydroxy and 2- amino -1-hydroxy ethane diphosphonate) are
      formed; [the word "amino" is used in this case to designate --NH.sub.2 or
      --N(R.sub.4).sub.2 ].
PAR  It is found in all cases that the major product formed in conjunction with
      the above reaction is the 2- amino 1-hydroxy ethane diphosphonate. Where
      one so desires, the isomers can be separated by conventional
      chromatographic methods. However, it is found that one isomer does not
      substantially interfere with the other isomer in conjunction with end-use
      applications and consequently, separation of the two isomers is not
      necessary. This particular facet of these two isomers is also found to be
      applicable to the other isomeric mixtures of the ethane diphosphonates
      described hereinafter.
PAR  The above ammonolysis reaction is generally conducted at a temperature
      between about -40.degree.C and about 150.degree.C, and under atmospheric
      conditions. However, it is within the scope of the present invention that
      super-atmospheric, for example from about 1 to about 10 atmospheres, and
      sub-atmospheric, for example 1/2 to 760 mm Hg, conditions may be utilized
      where one so desires. It is preferred in carrying out the aforementioned
      ammonolysis reaction that the amine be utilized in excess of that
      stoichiometrically required to react with the epoxy ethane diphosphonate;
      for example, a mole ratio of 100:1 of ammonia to EEDP permits the ammonia
      to function also as a reaction medium. Any amount of amine can be used in
      excess of that stoichiometrically required as long as there is no
      substantial adverse effect to the formation of the desired end product. In
      conjunction with the aforementioned reaction and when the starting EEDP is
      in the ester form, an inert organic solvent such as benzene, toluene,
      hexane, heptane, halocarbon such as carbon tetrachloride, chloroform,
      methylene chloride, isopropyl ether, octane, cyclo-hexane and the like may
      be utilized, where one so desires, in order to, inter alia, facilitate
      easier handling of the reaction mass, temperature control, better yields.
PAR  In conjunction with the general ammonolysis reaction heretofore shown and
      specifically where the compounds falling within Formula II are in the acid
      form (i.e., R.sub.3 is hydrogen), the resultant ethane diphosphonate
      isomeric mixture is in the ammonium salt form and further processing steps
      are required in order to prepare the desired ethane diphosphonate in the
      acid form. Specifically, at least stoichiometric quantities of an alkaline
      earth metal (i.e., barium, strontium, calcium and magnesium) hydroxide,
      for example, barium hydroxide (in water) is added to the isomeric mixture
      and which results in the formation of the barium salts of compounds
      falling within formulae IV and V. (This is established by elemental
      analysis of the dry material and by nuclear magnetic resonance, NMR,
      spectrum of the P.sup.31 and H.sup.1 atoms.) The barium salts are
      separated from the reaction mixture by the addition of a water-soluble
      organic solvent such as ethanol, followed by filtration and washing with
      an inert liquid, nonaqueous organic solvent such as methanol, ethanol,
      acetone, dimethyl formamide and the like, to remove the residual water.
      The filter cake which is the barium salt is dried at a suitable
      temperature (e.g., 10.degree.C to 75.degree.C) in order to remove this
      solvent and then subsequently slurried with an organic material such as
      ether. Either a substantially anhydrous sulfuric acid or an aqueous
      solution thereof (or any mineral acid which will form a salt precipitate
      with the cation) in an organic material such as ether, is then reacted
      with the barium saltether slurry to form the fully protonated, i.e., acid
      form, of the ethane diphosphonate and a barium sulfate precipitate. A
      halohydrocarbon, such as chloroform, is added to the end products to
      assist the separation of the ethane diphosphonate from the barium sulfate.
      After stirring to insure complete reaction, the barium sulfate is filtered
      off and the remaining solution is then subjected to low temperature (e.g.
      from -5.degree.C to 30.degree.C) -- low vacuum distillation (e.g. from 1/2
      to 28 mm Hg) to remove the halohydrocarbon. The resultant residue is then
      subjected to azeotropic drying (i.e., the distillation according to the
      procedure heretofore mentioned in conjunction with the preparation of the
      compounds of Formula III) to yield the acid form (R.sub.3 is hydrogen) of
      the compounds falling within Formulae IV and V. This overall procedure to
      convert the ammonium salt to the fully protonated form is referred to
      herein as the "alkaline earth metal treatment" for the sake of brevity.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned ammonolysis of EEDP, there may be
      mentioned, without limitation, the following compounds:
PA1  8. H.sub.2 C(NH.sub.2)C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  2-amino-1-hydroxyethane-1,1-diphosphonic acid
PA1  9. H.sub.2 C(OH)C(NH.sub.2)(PO.sub.3 H.sub.2)
PA2  2-hydroxy-1-aminoethane-1,1-diphosphonic acid
PA1  10. H.sub.2 C(NH.sub.2)C(OH)(PO.sub.3 Na.sub.2).sub.2
PA2  tetrasodium 2-amino-1-hydroxyethane-1,1-diphosphonate
PA1  11. H.sub.2 C(NHCH.sub.3)C(OH)(PO.sub.3 H).sub.2
PA2  2-methylamino-1-hydroxyethane-1,1-diphosphonic acid
PA1  12. H.sub.2 C(NHCH.sub.3)C(OH)[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2
PA2  tetraethyl 2-methylamino-1-hydroxyethane-1,1-diphosphonate
PA1  13. H.sub.2 C[N(C.sub.2 H.sub.5)2]C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  2-diethylamino-1-hydroxyethane-1,1-diphosphonic acid
PA1  14. H.sub.2 C(NH.sub.2)C(OH)[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2
PA2  tetraethyl 2-amino-1-hydroxyethane-1,1-diphosphonate
PA1  15. H.sub.2 C[NC.sub.4 H.sub.9).sub.2 ]C(OH)(PO.sub.3 Zn).sub.2
PA2  dizinc 2-dibutylamino-1-hydroxyethane-1,1-diphosphonate
PA1  16. H.sub.2 C(NH.sub.2)C(OH)(PO.sub.3 HC.sub.4 H.sub.9).sub.2
PA2  dibutyl 2-amino -1-hydroxy ethane-1,1-diphosphonate
PAC  REACTION OF EPOXY ETHANE DIPHOSPHONATE WITH ACIDS
PAR  The reaction of the epoxy ethane diphosphonates with an acid having the
      generic formula HZ (hereinafter defined) yields a variety of ethane
      diphosphonates according to the following reaction:
      ##EQU8##
      In the above reaction, HZ designates certain inorganic and organic acids.
      Specifically, the cation, Z, is from the group halogen (such as chlorine,
      bromine, fluorine and the like), --CN, acetoxy (CH.sub.3 COO--), sulfonate
      (--SO.sub.3 R.sub.4 wherein R.sub.4 has the same connotation as heretofore
      set forth and is from the group hydrogen and alkyl), benzoyl (C.sub.6
      H.sub.5 CO--), and carboxy (HOOC--).
PAR  As shown in the above reaction, a mixture of two isomers are formed. It is
      found in all cases that the major products formed are those compounds
      falling within the above Formula VI, i.e., in which the hydroxy group is
      attached to the carbon containing the two phosphonate groups.
PAR  The above-described acid reaction is generally conducted at a temperature
      between about -10.degree.C and 150.degree.C, preferably between about
      0.degree.C and 100.degree.C. It is to be understood that the above acid
      reaction can be carried out under atmospheric conditions,
      super-atmospheric (e.g. 1 to 10 atmospheres), and sub-atmospheric (e.g.
      1/2 to 760 mm Hg) conditions; however, it is preferred that the acid
      reaction be carried out under atmospheric conditions.
PAR  While the above-described acid reaction may be carried out utilizing
      stoichiometric amounts of the epoxy ethane diphosphonate and said acid,
      i.e. HZ, it is preferred that the acid, HZ, be utilized in excess of that
      stoichiometrically required to react with the epoxy ethane diphosphonate.
      For exemplary purposes only, a mole ratio of from about 2:1 to about 10:1
      (i.e., excess of acid) in carrying out the foregoing reaction is found
      desirable. It is also within the scope of the present invention that the
      acid reaction, where one so desires, may be carried out in the presence of
      an inert solvent such as an alcohol (for example methanol and ethanol),
      ethers (e.g. tetrahydrofuran and ethyl ether), and a halocarbon such as
      chloroform, and carbon tetrachloride, in order, inter alia, to facilitate
      easier handling of the reaction mass, temperature control and the like.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned acid reaction with EEDP, there may be
      mentioned, without limitation, the following compounds:
PA1  17. H.sub.2 C(Cl)C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  2-chloro-1-hydroxyethane-1,1-diphosphonic acid
PA1  18. H.sub.2 C(OH)C(Cl)(PO.sub.3 H.sub.2).sub.2
PA2  2-hydroxy-1-chloroethane-1,1-diphosphonic acid
PA1  19. H.sub.2 C(CN)C(OH)(PO.sub.3 KH).sub.2
PA2  dipotassium 2-cyano-1-hydroxyethane-1,1-diphosphonate
PA1  20. H.sub.2 C(OOCCH.sub.3)C(OH)(PO.sub.3 HC.sub.2 H.sub.5).sub.2
PA2  diethyl 2-acetoxy-1-hydroxyethane-1,1-diphosphonate
PA1  21. H.sub.2 C(SO.sub.3 H)C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  2-sulfo-1-hydroxyethane-1,1-diphosphonic acid
PA1  22. H.sub.2 C(OCC.sub.6 H.sub.5)C(OH)(PO.sub.3 HC.sub.6 H.sub.5).sub.2
PA2  diphenyl 2-benzoyl-1-hydroxyethane-1,1-diphosphonate
PA1  23. H.sub.2 C(F)C(OH)(PO.sub.3 HNa).sub.2
PA2  disodium 2-fluoro-1-hydroxyethane-1,1-diphosphonate
PA1  24. H.sub.2 C(SO.sub.3 C.sub.2 H.sub.5)C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  2-ethylsulfo-1-hydroxyethane-1,1-diphosphonic acid
PA1  25. H.sub.2 C(Br)C(OH)[PO.sub.3 (C.sub.4 H.sub.9).sub.2 ].sub.2
PA2  tetrabutyl 2-bromo-1-hydroxyethane-1,1-diphosphonate
PA1  26. H.sub.2 C(CN)C(OH)[PO.sub.3 (CH.sub.3).sub.2 ].sub.2
PA2  tetramethyl 2-cyano-1-hydroxyethane-1,1-diphosphonate
PAC  REACTION OF EPOXY ETHANE DIPHOSPHONATE WITH REACTIVE METHYLENE GROUPS
PAR  The reaction of the epoxy ethane diphosphonate with a malonate (hereinafter
      defined) yields a variety of ethane diphosphonates according to the
      following reaction:
      ##EQU9##
      In the above reaction, the malonate, Formula VIII, has a metallic cation,
      M.sup.+, attached to the middle carbon atom, and M is preferably an alkali
      metal cation such as sodium, lithium, or potassium. R.sub.6 in the
      malonate Formula VIII has the same connotation as heretofore set forth and
      is an alkyl group containing from 1 to 30 carbon atoms, preferably lower
      alkyl containing 1 to 8 (more preferably 1 to 4) carbon atoms. As shown in
      the above reaction, a mixture of the two isomers (Formulae IX and X) are
      formed. It is found in all cases that the major products formed are the
      compounds falling within Formula IX, i.e., wherein the hydroxy group is
      attached to the carbon atom which has the two phosphonyl groups.
PAR  The above malonate-epoxy reaction is generally conducted at a temperature
      between about 5.degree.C and about 240.degree.C, preferably from about
      10.degree.C and about 140.degree.C, and under atmospheric conditions.
      However, it is within the scope of the present invention that
      super-atmospheric (e.g., 1 to 10 atmospheres) and sub-atmospheric (e.g.,
      1/2 to 760 mm Hg) conditions may be utilized where one so desires. While
      the above-described malonate-epoxy reaction may be conducted by utilizing
      stoichiometric quantities of both reactants, it is within the scope of the
      present invention that excess quantities of the malonate can be utilized
      where one so desires. Furthermore, an inert solvent such as ether (such as
      isopropyl ether and n-butyl ether), tetrahydrofuran, benzene or toluene
      may also be utilized where one so desires in order to, inter alia,
      facilitate easier handling of the reaction mass, control reaction
      temperatures, and the like.
PAR  In conjunction with the preparation of the compounds falling within the
      above Formulae IX and X from the salt and acid forms of the compounds
      falling within Formula II, it is desirable that both the salt and acid
      forms of the Formula II compounds be converted to the ester form, i.e.,
      where R.sub.3 is an organic group, prior to the reaction with the
      malonate. More specifically, the conversion of the salt form to the acid
      form (Formula II), for example, by undergoing the aforementioned "alkaline
      earth metal hydroxide treatment" or by passing, for example, an aqueous
      solution containing the salt of EEDP through a hydrogen ion exchange resin
      such as those which are commercially available under the trade names
      Amberlite IR 120 and Dowex 50. The resultant acid form then can be
      converted to the ester form by the procedure outlined by S. J. Fitch in
      the Journal of the American Chemical Society, Vol. 86, pages 61-64,
      January, 1964, and which procedure is incorporated herein by reference.
      The resultant esters of compounds falling within Formula II are converted
      via the "de-oxiranization" procedure immediately set forth above to
      compounds falling within Formulae IX and X wherein R.sub.3 is an organic
      group, i.e. the ester form. The salts and acids of Formulae IX and X can
      be obtained respectively by reacting the ester with a mineral acid (i.e.
      acid hydrolysis) and then reacting the acid with a metal hydroxide
      solution to form a salt.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned malonate reaction with EEDP, there may be
      mentioned, without limitation, the following compounds:
PA1  27. HC(COOC.sub.2 H.sub.5).sub.2 CH.sub.2 C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  diethyl (2-hydroxy-2,2-diphosphonoethyl) malonate
PA1  28. H.sub.2 C(OH)C(PO.sub.3 H.sub.2).sub.2 CH(COOC.sub.2 H.sub.5).sub.2
PA2  diethyl (2-hydroxy-1,1-diphosphonoethyl) malonate
PA1  29. HC(COOC.sub.4 H.sub.9).sub.2 CH.sub.2 C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  dibutyl (2-hydroxy-2,2-diphosphonoethyl) malonate
PA1  30. H.sub.2 C(OH)C(PO.sub.3 Na.sub.2).sub.2 CH(COOCH.sub.3).sub.2
PA2  dimethyl (tetrasodium 2-hydroxy-2,2-diphosphonoethyl) malonate
PA1  31. H.sub.2 C(COOCH.sub.3).sub.2 CH.sub.2 C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  dimethyl(2-hydroxy-2,2-diphosphonoethyl) malonic acid
PA1  32. HC(COOC.sub.2 H.sub.5).sub.2 CH.sub.2 C(OH)[PO.sub.2 (C.sub.2
      H.sub.5).sub.2 ].sub.2
PA2  diethyl (tetraethyl 2-hydroxy-2,2-diphosphonoethyl) malonate
PAC  REACTION OF EPOXY ETHANE DIPHOSPHONATE WITH ALCOHOLS AND MERCAPTANS
PAR  The reaction of the epoxy ethane diphosphonate with certain alcohols and
      mercaptans generically designated as R.sub.5 XH (hereinafter defined)
      yield a variety of ethane diphosphonates according to the following
      reaction:
      ##EQU10##
      In the above reaction, R.sub.5 XH generically designates an alcohol or a
      mercaptan; X is from the group sulfur and oxygen and R.sub.5 has the same
      connotation as heretofore set forth and is from the group alkyl containing
      1 to 30, preferably lower alkyl containing from 1 to 8, carbon atoms,
      C.sub.6 H.sub.5 (phenyl) and CH.sub.2 C.sub.6 H.sub.5 (benzyl). As shown
      in the above reaction, a mixture of two isomers is formed. It is found in
      all cases that the major product formed is a compound falling within
      Formula XI, i.e., wherein the hydroxy group is attached to the carbon atom
      containing the two phosphonyl groups.
PAR  The above reaction between the epoxy ethane diphosphonate and the alcohol
      or mercaptan is generally conducted at a temperature between 5.degree. and
      180.degree.C, preferably from about 10.degree. and 100.degree.C, and under
      atmospheric conditions. However, it is within the scope of the present
      invention that super-atmospheric (e.g. 1 to 10 atmospheres) and
      sub-atmospheric (e.g. 1/2 to 760 mm Hg) conditions may be utilized where
      one so desires.
PAR  In conducting the aforementioned reaction, it is desirable to utilize a
      metallic material such as metallic sodium or lithium or potassium (in at
      least stoichiometric amounts) or an acid catalyst (generally in less than
      stoichiometric amounts) such as those materials heretofore defined. While
      the aforementioned reaction may be carried out utilizing stoichiometric
      quantities of both the epoxy ethane diphosphonate and the alcohol or
      mercaptan, excess quantities in any amounts of the aforesaid alcohols or
      mercaptans may be utilized where one so desires as long as there are no
      substantial adverse effects in producing the desired product.
PAR  The alcohols utilized are the monoatomic aliphatic alcohols containing from
      1 to 30 carbon atoms, preferably from 1 to 8 carbon atoms, including the
      respective isomers thereof. Typical alcohols include, for example,
      methanol, ethanol, propanol and n-butyl alcohol. It is also within the
      scope of this invention to utilize alcohols such as phenol and benzyl
      alcohol.
PAR  The mercaptans utilized are the aliphatic mercaptans containing from 1 to
      about 30 carbon atoms, preferably from 1 to 8 carbon atoms, and include,
      for exemplary purposes only, methyl mercaptan, ethyl mercaptan, propyl
      mercaptan and n-butyl mercaptan. The isomers of the various mercaptans are
      also included within the present invention.
PAR  In conjunction with the preparation of the compounds falling within the
      above Formula XI and XII from the salt and acid forms of the compounds
      falling within Formula II, it is desirable that both the salt and acid
      forms of the Formula II compounds be converted to the ester form, i.e.,
      where R.sub.3 is an organic group, prior to the reaction with the
      particular alcohol or mercaptan. This conversion of the salt and acid
      forms to the ester form is accomplished according to the same procedure
      outlined heretofore in conjunction with the EEDP-malonate process
      reaction.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned reaction of EEDP with either alcohols or
      mercaptans, there may be mentioned, without limitation, the following
      compounds:
PA1  33. H.sub.2 C(OCH.sub.3)C(OH)(PO.sub.2 H.sub.2).sub.2
PA2  2-methoxy -1-hydroxy ethane-1,1-diphosphonic acid
PA1  34. H.sub.2 C(OH)C(OCH.sub.3)(PO.sub.3 H.sub.2).sub.2
PA2  2-hydroxy -1-methoxy ethane-1,1-diphosphonic acid
PA1  35. H.sub.2 C(OC.sub.2 H.sub.5)C(OH)(PO.sub.3 NaH).sub.2
PA2  disodium 2-ethoxy -1-hydroxy ethane-1,1-diphosphonate
PA1  36. H.sub.2 C(SCH.sub.3)C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  2-thiomethyl -1-hydroxy ethane-1,1-diphosphonic acid
PA1  37. H.sub.2 C(SC.sub.2 H.sub.5)C(OH)[PO.sub.3 (C.sub.6 H.sub.5).sub.2
      ].sub.2
PA2  tetraphenyl 2-thioethyl -1-hydroxy, ethane-1,1-diphosphonate.
PA1  38. H.sub.2 C(OCH.sub.3)C(OH)(PO.sub.3 HC.sub.4 H.sub.9).sub.2
PA2  dibutyl 2-methoxy -1-hydroxy ethane-1,1-diphosphonic acid
PA1  39. H.sub.2 C(SCH.sub.3)C(OH)(PO.sub.3 HCH.sub.3).sub.2
PA2  dimethyl 2-thiomethyl, 1-hydroxy ethane-1,1-diphosphonic acid
PA1  40. H.sub.2 C(OC.sub.6 H.sub.5)C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  2-phenoxy -1-hydroxy ethane-1,1-diphosphonic acid
PA1  41. H.sub.2 C(OC.sub.6 H.sub.5)C(OH)(PO.sub.3 HC.sub.2 H.sub.5).sub.2
PA2  diethyl 2-phenoxy -1-hydroxy ethane-1,1-diphosphonic acid
PA1  42. H.sub.2 C(SC.sub.6 H.sub.5)C(OH)(PO.sub.3 H.sub.2).sub.2
PA2  2-thiopheyyl, 1-hydroxy ethane-1,1-diphosphonic acid
PAC  ACID CATALYZED REARRANGEMENT OF EPOXY ETHANE DIPHOSPHONATES
PAR  The reaction of the epoxy diphosphonate in the presence of a metal halide
      Lewis acid which functions as an acid catalyst yields the oxy derivative
      of the epoxy ethane diphosphonate according to the following reaction:
      ##EQU11##
      In conjunction with the above-described reaction, a wide variety of metal
      halide Lewis acids can be utilized in order to effect an acid catalyzed
      rearrangement of the epoxy ethane diphosphonate. There may be mentioned
      for exemplary purposes only and without any limitation metal halide Lewis
      acids such as boron trifluoride, zinc chloride, magnesium bromide, ferric
      chloride, stannic chloride, titanium chloride, zirconium chloride,
      aluminum chloride and the like. In conjunction with the utilization of the
      Lewis acid for the acid catalyzed rearrangement, it is preferred to first
      dissolve or suspend the metal halide in a non-aqueous inert aprotic
      solvent such as nitromethane, dichloromethane, nitrobenzene, nitropropane,
      chlorobenzene, dichlorobenzene, dichloroethane, tetrachloroethane,
      perchloroethylene, petroleum ether, carbon tetrachloride, chloroform,
      carbon disulfide, ethyl ether, benzene and the like, and then contact the
      resultant solution or slurry with the EEDP material. The amount of solvent
      utilized is not a limiting factor as long as that amount chosen does not
      substantially adversely affect the preparation of the desired end product.
PAR  The acid catalyzed rearrangement of the epoxy ethane diphosphonate is
      generally conducted with the epoxy ethane diphosphonate and a Lewis acid
      catalyst (and, if desired, an inert aprotic solvent such as ethyl ether)
      at a temperature between about -20.degree.C and 150.degree.C, and under
      atmospheric conditions. Higher or lower temperatures can be utilized,
      e.g., as low as  -50.degree.C and as high as 250.degree.C, depending, for
      example, upon the boiling point of said solvent. It is within the scope of
      the present invention that super-atmospheric (e.g., from about 1 to 10
      atmospheres) and sub-atmospheric (e.g. 1/2 to 760 mm Hg) conditions and
      also in an inert atmosphere such as nitrogen or helium may be utilized
      where one so desires.
PAR  The quantity of Lewis acid catalyst utilized in conjunction with the acid
      catalyzed rearrangement will vary somewhat, depending upon the type of
      metal halide Lewis acid catalyst utilized, the temperature at which the
      reaction takes place, and, in some instances, the pressure of the system.
      It is to be understood that any amount of Lewis acid catalyst can be
      utilized as long as that amount is not substantially detrimental to
      achieving the desired end product. It is found that from about 0.01 to
      about 4 mole equivalents of said catalyst for each mole of EEDP starting
      material suffices to form the aforesaid "oxy" derivative in satisfactory
      yields.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned acid catalyzed rearrangement of EEDP,
      there may be mentioned, without limitation, the following compounds:
PA1  43. HC(O)C(H)(PO.sub.3 H.sub.2).sub.2
PA2  2-oxy ethane- 1,1-diphosphonic acid
PA1  44. HC(O)C(H)(PO.sub.3 NaH).sub.2
PA2  disodium 2-oxy ethane-1,1-diphosphonate
PA1  45. HC(O)C(H)[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2
PA2  tetraethyl 2-oxy ethane-1,1-diphosphonate
PA1  46. HC(O)C(H)(PO.sub.3 HC.sub.6 H.sub.5).sub.2
PA2  diphenyl 2-oxy ethane-1,1-diphosphonate
PA1  47. HC(O)C(H)(PO.sub.3 K.sub.2).sub.2
PA2  tetrapotassium 2-oxy ethane-1,1-diphosphonate
PA1  48. HC(O)C(H)(PO.sub.3 HCH.sub.3).sub.2
PA2  dimethyl 2-oxy ethane-1,1-diphosphonate
PAC  CYANIDE REACTION WITH EPOXY ETHANE DIPHOSPHONATES
PAR  An alternative process for preparing the cyano and carboxy derivatives from
      epoxy ethane diphosphonate, the reaction respectively of an alkali
      cyanide, generically designated MCN (hereinafter described), and the
      subsequent hydrolysis of the resulting product proceeds according to the
      following general reaction:
      ##EQU12##
      In the above reaction, specifically with the utilization of MCN, M
      represents an alkali metal cation preferably sodium, lithium or potassium.
      As shown in the above reactions, a mixture of two isomers are formed in
      each case, and the major product formed is the compound falling within
      Formula XIV or XVI, i.e., wherein the hydroxy group is attached to the
      carbon atom containing the two phosphonyl groups.
PAR  The above alkali cyanide-epoxy reaction is generally conducted at a
      temperature between about -10.degree.C and 150.degree.C, preferably
      between about 0.degree.C and 100.degree.C, and under atmospheric
      conditions. However, it is within the scope of the present invention that
      super-atmospheric (e.g., 1 to 10 atmospheres) and sub-atmospheric (e.g.,
      1/2 to 760 mm Hg) conditions may be utilized wherein one so desires.
PAR  While the above-described cyanide-epoxy reaction is generally carried out
      with the utilization of stoichiometric quantities of both reactants, it is
      also within the scope of the present invention to utilize excess
      quantities of the cyanide material. For examplary purposes only, a mole
      ratio of from about 1.1:1 to about 10:1 (i.e., excess MCN) in carrying out
      this reaction is preferred.
PAR  It is to be understood that a combination and concurrent use of the double
      salts of the cyanide, for example, sodium and potassium cyanide (NaCN and
      KCN) can be utilized in order to prepare the compounds falling within the
      Formulae XIV and XV. These new compounds then can be utilized as such or
      act as chemical intermediates for the formation of additional derivatives
      of the ethane diphosphonates as shown in the above Formulae XVI and XVII,
      i.e., where the two isomers having the --CN substituent are hydrolyzed for
      form a mixture of two isomers having carboxy groups in place of the
      cyanide groups. This hydrolysis may be carried out in any conventional
      manner, for example, by mixing the cyanide isomeric mixture with an
      aqueous solution containing from about 1% to about 60% by weight of a
      mineral acid such as hydrochloric acid or sulfuric acid and then heating
      (e.g., 50.degree.C to 150.degree.C) under reflux conditions for a
      sufficient period of time, for example, from about 30 minutes to about 2
      hours or more, in order to yield the "carboxy" isomeric mixture of
      Formulae XVI and XVII.
PAR  In accordance with the processes heretofore described in the
      de-oxiranization of the epoxy ethane diphosphonate falling within Formula
      II, it is to be understood that the resultant ethane diphosphanate
      products, whether they be an isomeric mixture or a single compound, may be
      isolated from the resultant reaction mass through the use of conventional
      techniques such as solvent extraction, evaporization, centrifugation or
      the like, and further purified, if necessary, through re-crystallization,
      chromatography or the like. In the case of the production of the isomeric
      mixtures heretofore mentioned, conventional selective chromatographic
      techniques can be utilized where one so desires to obtain a single isomer
      such as those described in Canadian Patent No. 812,741 which is
      incorporated herein by reference. However, in conjunction with the utility
      of the ethane diphosphonates, it is found that one isomer does not
      substantially interfere with the other isomer, and consequently separation
      of the two isomers is not necessary.
PAR  The aforedescribed new processes of de-oxiranization are unique in
      preparing the new and useful organophosphorus compounds, i.e., the ethane
      diphosphonates of the present invention, since these processes, inter
      alia, represent an inexpensive method to manufacture said ethane
      diphosphonates, control reaction conditions, and produce high yields.
PAR  The acid and salt forms of the ethane diphosphonates falling within Formula
      I of the present invention have unique utility in the field of treating
      water or aqueous systems and function as both a sequestering agent and as
      a "threshold" agent. It is to be understood that the term threshold as
      utilized herein refers to the chemical and/or physical phenomenon that
      less than stoichiometric quantities of the particular ethane diphosphonate
      can effectively prevent the precipitation of various metallic ions such as
      calcium, iron, copper and cobalt. In other words, the threshold treatment
      of water is that technique by means of which less than stoichiometric
      quantities of the treating agent are added to interfere with the growth of
      crystal nuclei and thereby prevent the deposition of insoluble deposits.
      The term is applied, for example, to the treatment of water with
      polyphosphates and is discussed in references such as U.S. Pat. No.
      2,038,316, and the article by Reitmeier and Buehrer in the Journal of
      Physical Chemistry, Vol. 44, pages 535 to 574 (1939). An additional
      explanation of the threshold effect will be found in the publications of
      Hatch and Rice appearing in Industrial Engineering and Chemistry of
      January, 1939, and August, 1945. All of the aforementioned publications
      are to be considered as incorporated herein by reference.
PAR  The acid and ester forms of the ethane diphosphonates falling with Formula
      I have unique utility in the field of flame retardancy for cellulosic
      materials and specifically function as flame retardants therefor.
PAR  In addition to the end-use applications set forth immediately above, the
      ethane diphosphonates of the present invention represent new, unique
      organo-phosphorus structures which also can function as chemical
      intermediates in order to prepare other materials. In other words, the
      ethane diphosphonates react with various organic and/or inorganic
      materials to form a variety of derivatives thereof, due to the fact that
      the substituents on the carbon atoms of the ethane portion, in addition to
      the phosphonyl groups, represent highly reactive radicals or difunctional
      groups and can be removed therefrom and/or coupled with other organic or
      inorganic radicals.
DETD
PAR  The following examples are presented to illustrate the invention, with
      parts and percentages by weight being used in the examples unless
      otherwise indicated.
PAC  EXAMPLE I
PAR  Into a reaction vessel equipped with a thermometer, mechanical stirrer and
      reflux condenser are charged 102 grams of EEDP acid and 500 milliliters of
      water. The resultant slurry is heated to 90.degree.C and maintained at
      this temperature for approximately three hours. At the end of this time a
      solution is formed and the water in the solution is evaporated under
      vacuum, 1/2 mm Hg, until a tacky material is formed. Approximately 500
      milliliters of benzene is then added to the tacky material in the reaction
      vessel, and the resultant slurry is azeotropically distilled at a
      temperature of 80.degree.C, utilizing a reflux condenser equipped with a
      Dean Starke trap, until no water is observed in the distillate collected
      in the aforementioned trap. P.sup.31 and H.sup.1 NMR analyses show that
      1,2-dihydroxy ethane-1,1-diphosphonic acid (herein designated as compound
      No. 1) is produced.
PAC  EXAMPLE II
PAR  Approximately 102 grams of disodium salt of EEDP (heretofore described as
      compound No. 2) contained in 500 milliliters water is passed through a
      column of a strong cation exchange resin at an average rate of 130 grams
      per minute. This column, which is 2 inches in diameter and 34 inches high,
      consists of water insoluble beads of the hydrogen or acid form of a strong
      cation exchange resin, which is commercially available under the trademark
      "Dowex 50", consisting of water insoluble beads of a copolymer of
      styrene-AR-ethyl-vinyl benzene and divinyl benzene and which copolymer
      contains nuclear sulfonic acid groups and which copolymer is described in
      Vol. 69, pages 28-30, of the Journal of the American Chemical Society
      (which is incorporated herein by reference), having a capacity of 4.25
      milligram equivalents per gram. The aqueous solution containing EEDP is
      allowed to pass through said column until a composite effluent from the
      column has a pH of about 1.0 (glass electrode) and which composite
      effluent is essentially free of sodium ions. This composite effluent is an
      aqueous solution containing EEDP in the acid form. This EEDP acid in
      solution is then subjected to the same process as described in Example I,
      and the aforementioned, 1,2-dihydroxy-ethane-1,1-diphosphonic acid is
      produced. The disodium salt of 1,2-dihydroxy ethane-1,1-diphosphonic acid
      is obtained by reacting two molar equivalents of NaOH (in solution) with
      one molar equivalent of said acid. P.sup.31 and H.sup.1 NMR and elemental
      analyses show the formation of disodium 1,2-dihydroxy
      ethane-1,1-diphosphonate following the procedure immediately set forth
      above. The tetrapotassium salt (designated as compound No. 5 herein) is
      prepared by reacting four molar equivalents of KOH with one molar
      equivalent of said acid. The dizinc salt (designated as compouned No. 6
      herein) is prepared by reacting two molar equivalents of solid
      Zn(OH).sub.2 with one molar equivalent of said acid. The tetraethyl ester
      (designated as compound No. 3 herein) is formed by reacting four molar
      equivalents of triethyl orthoformate with one molar equivalent of said
      acid. The triethyl and monoethyl esters of said acid are also prepared by
      hydrolyzing the tetraethyl ester in H.sub.2 SO.sub.4 as is shown by
      P.sup.31 and H.sup.1 NMR, elemental analyses and infra red analysis of
      reaction samples taken at different time levels during the aforementioned
      H.sub.2 SO.sub.4 hydrolysis. In other words, the tetraethyl ester is first
      formed by the reaction of the triethyl orthoformate with said acid. During
      the subsequent acid hydrolysis, esters groups are removed to from the
      triethyl ester, the diethyl ester, the monoethyl ester, and the acid per
      se if hydrolysis proceeds to completion. Other total esters and partial
      esters (i.e., butyl, propyl, etc.) are prepared by utilizing the
      appropriate trialkyl formate.
PAC  EXAMPLE III
PAR  Approximately 100 grams of the tetraethyl ester of EEDP (having the
      structure of Formula II wherein R.sub.3 in all cases is C.sub.2 H.sub.5),
      500 milliliters of water and 50 milliliters of a 5% by weight HCl solution
      are charged into the reaction vessel described heretofore in Example I.
      The resultant mixture is heated for approximately 4 hours at 90.degree.C
      and then subjected to evaporation at 50.degree.C under vacuum (10 mm Hg)
      for a period of approximately 85 minutes in order to remove substantially
      all the water. The resultant material in the reaction vessel is a liquid
      oily-type mass. Approximately 500 milliliters of benzene is added to this
      liquid oily mass and the resultant mixture is subjected to azeotropic
      distillation in order to remove all water from the system as described in
      conjunction with Example I heretofore set forth. This azeotropic
      distillation (80.degree.C) takes place over a period of approximately 1
      hour and the analysis by P.sup.31 and H.sup.1 NMR and elemental analyses
      show that tetraethyl, 1,2-dihydroxy ethane diphosphonate, having the
      structural formula shown in the Abstract (also designated compound No. 3
      herein), is formed.
PAC  EXAMPLE IV
PAR  Into a conventional round-bottom reaction vessel equipped with a dry-ice
      condenser and mechanical stirrer and containing approximately 100 grams of
      EEDP acid is charged, dropwise, liquid ammonia which has been condensed at
      -50.degree.C by passing gaseous ammonia from a conventional storage
      cylinder through the aforementioned dry-ice condenser. This addition of
      the liquid ammonia to the EEDP takes place over a period of approximately
      3 hours, with continuous stirring, in order to yield a mole ratio of
      ammonia to EEDP acid of 10:1. At the end of three hours the dry-ice
      condenser is removed and the unreacted ammonia is distilled off by slowly
      heating the contents of the reaction vessel to approximately 20.degree.C.
      P.sup.31 and H.sup.1 NMR and elemental analyses show that there is
      produced two isomers, in the ammonium salt form, having the following
      formula:
      ##EQU13##
PAR  The pure acid forms of the isomeric mixture of the ethane diphosphonates of
      Formulae XVIII and XIX are obtained in the following manner. First, the
      isomeric mixture is reacted with stoichiometric amounts of barium
      hydroxide (in water). The barium-containing isomeric product is then
      separated from the reaction mixture by the addition of 500 milliliters of
      ethanol followed by filtration and washing with three separate portions of
      100 milliliters of acetone in order to remove the residual water. The
      filter cake which is the barium-containing isomeric mixture, is dried in a
      drum dryer for 38 minutes at a temperature of approximately 75.degree.C.
      The dried material is subsequently slurried with 500 milliliters of ether;
      250 milliliters of ether containing 50 grams of anhydrous H.sub.2 SO.sub.4
      is added to said slurry in order to form the fully protonated ammonia
      containing ethane diphosphonate and a barium sulfate precipitate.
      Approximately 200 milliliters of chloroform is added to the end product in
      order to aid in the separation of the aforementioned fully protonated acid
      from the barium sulfate. After stirring to insure complete reaction, the
      barium sulfate is filtered off and the remaining solution is subjected to
      evaporation at a low temperature (20.degree.C) vacuum distillation (7 mm
      Hg) to form a tacky material which is then subjected to azeotropical
      distillation using benzene as the solvent. P.sup.31 and H.sup.1 NMR and
      elemental analyses show that the ethane diphosphonates, heretofore
      described as compounds Nos. 8 and 9, are formed.
PAC  EXAMPLE V
PAR  Following the procedure outlined in the above Example IV, the ammoniated
      form of the tetraethyl ester of ethane diphosphonate is prepared, with the
      exception that no intermediate NH.sub.4 .sup.+ salt is formed, and thus
      the barium hydroxide "treatment" is eliminated. The starting material is
      the tetraethyl epoxy ethane diphosphonate. After the addition of the
      ammonia, P.sup.31 and H.sup.1 NMR and elemental analyses show the
      formation of two isomers having the formulae
      ##EQU14##
PAC  EXAMPLE VI
PAR  Methylaminohydroxyethane diphosphonic acid is prepared according to the
      process described in the aforementioned Example V by substituting
      methylamine gas for the ammonia gas. Chemical analysis shows the formation
      of an isomeric mixture having formulae H.sub.2 C(NHCH.sub.3)C(OH)[PO.sub.3
      (C.sub.2 H.sub.5).sub.2 ].sub.2 and H.sub.2 C(OH)C(NHCH.sub.3)[PO.sub.3
      (C.sub.2 H.sub.5).sub.2 ].sub.2.
PAC  EXAMPLE VII
PAR  Diethylaminohydroxyethane diphosphonic acid is prepared according to the
      procedure outlined in Example V with the exception that diethylamine
      replaces the ammonia gas and the dry-ice condenser is replaced with a
      water-cooled condenser. P.sup.31 and H.sub.1 NMR and elemental analyses
      show the formation of two isomers having the formulae H.sub.2 C[NC.sub.2
      H.sub.5).sub.2 ]C(OH)[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2 and H.sub.2
      C(OH)C[N(C.sub.2 H.sub.5).sub.2 ][PO.sub.3 (C.sub.2 H.sub.5).sub.2
      ].sub.2.
PAC  EXAMPLE VIII
PAR  Into a reaction vessel such as that described in Example I are charged 100
      grams of EEDP acid and 500 milliliters of carbon tetrachloride. The
      reaction vessel is immersed in an ice bath in order to maintain the
      temperature of the contents therein at approximately 5.degree.C. Over a
      period of approximately 6 hours and with continuous stirring, hydrogen
      chloride gas is bubbled into the EEDP solution at a rate in order to have
      a final mole ratio of HCl to EEDP acid of 10:1. At the end of 6 hours, the
      resultant solution is evaporated at 85.degree.C to dryness. P.sup.31 and
      H.sup.1 NMR and elemental analyses show the formation of two isomers
      having the formulae H.sub.2 C(Cl)C(OH)(PO.sub.3 H.sub.2).sub.2 and H.sub.2
      C(OH)C(Cl)(PO.sub.3 H.sub.2).sub.2, herein designated, respectively, as
      compound Nos. 17 and 18.
PAC  EXAMPLE IX
PAR  Example VIII is repeated with the exception that 120 grams of glacial
      acetic acid is utilized in place of the hydrogen chloride gas and is mixed
      all at one time with the EEDP acid contained in the carbon tetrachloride
      solution without the aid of the ice bath. P.sup.31 and H.sup.1 NMR and
      elemental analyses show the formation of two isomers having the formulae
      H.sub.2 C(OOCCH.sub.3)C(OH)(PO.sub.3 H.sub.2).sub.2 and H.sub.2
      C(OH)C(OOCCH.sub.3)(PO.sub.3 H.sub.2).sub.2. The ethyl and butyl esters of
      these isomers are prepared according to the procedure outlined in the last
      paragraph of Example II.
PAC  EXAMPLE X
PAR  Into a reaction vessel such as that described in Example I are charged 100
      grams (0.38 moles) of the tetra methyl ester of EEDP, 450 milliliters of
      acetonitrile and 23 grams (0.40 mol) of sodium potassium cyanide. The
      resultant mass is then heated at reflux (approximately 75.degree.C) for a
      period of approximately 20 hours with stirring. Samples taken from the
      subsequently cooled (20.degree.C) mixture show, via P.sup.31 and H.sup.1
      NMR and elemental analyses, the formation of H.sub.2 C(CN)C(OH)[PO.sub.3
      (CH.sub.3).sub.2 ].sub.2 (herein designated as compound No. 26) and traces
      of H.sub.2 C(OH)C(CN)[PO.sub.3 (CH.sub.3).sub.2 ].sub.2. The phenyl,
      ethyl, and butyl partial and full esters of these isomers are prepared
      according to the above procedure by utilizing as a starting material the
      respective ester of EEDP. The sodium, potassium and zinc salts of these
      isomers are prepared, respectively, by first subjecting the aforesaid
      esters to complete or partial acid hydrolysis followed by reacting
      stoichiometric quantities of the isomeric acid form mixture with,
      individually, an aqueous solution of sodium, potassium and zinc hydroxide.
PAC  EXAMPLE XI
PAR  Into a reaction vessel such as that described in Example I are charged 50
      grams of the acid form of EEDP and 150 milliliters of 95% H.sub.2
      SO.sub.4. The resultant mass is then heated at 80.degree.C for a period of
      approximately 5 minutes with intermittent stirring. P.sup.31 and H.sup.1
      NMR and elemental analyses show the formation of 2-sulfo, 1-hydroxy
      ethane-1,1-diphosphonic acid (herein designated as compound No. 21) and
      2-hydroxy-1-sulfoethane-1,1-diphosphonic acid. The sodium, magnesium and
      zinc salts of these isomers are prepared, respectively, by reacting the
      isomeric mixture with 100% excess stoichiometric quantities of the
      respective metal hydroxide solution in order to form said salts.
PAC  EXAMPLE XII
PAR  Into a reaction vessel such as that described in Example I are charged 75
      grams of the diphenyl ester of EEDP and 150 grams of benzoic acid
      dissolved in 500 milliliters of ethyl ether. The resultant mass is then
      refluxed (35.degree.C) for a period of approximately 2 hours. P.sup.31 and
      H.sup.1 NMR and elemental analyses show the formation of an isomeric
      mixture of H.sub.2 C(OCC.sub.6 H.sub.5)C(OH)(PO.sub.3 HC.sub.6
      H.sub.5).sub.2 and H.sub.2 C(OH)C(OCC.sub.6 H.sub.5)(PO.sub.3 HC.sub.6
      H.sub.5).sub.2.
PAC  EXAMPLE XIII
PAR  Into a reaction vessel such as that described in Example I are charged 23
      grams (1 mole) of sodium metal in 200 milliliters of dry tetrahydrofuran.
      The reaction vessel is immersed in an ice bath in order to maintain the
      temperature of the contents therein at approximately 5.degree.C.
      Approximately 160 grams (1 mole) of ethyl malonate are then slowly added
      over a period of five minutes to the reaction vessel. Into said reaction
      vessel are charged dropwise approximately 300 grams (0.95 mole) of the
      tetraethyl ester of EEDP, and the resultant mass is refluxed (65.degree.C)
      for 10 hours. The reaction mass is cooled to 10.degree.C via an ice bath
      and 37 grams of HCl is added over 5 minutes with continuous stirring. The
      NaCl precipitates and is removed by filtration. The filtrate is subjected
      to a low temperature (15.degree.C) -- low vacuum (10 mm Hg) distillation
      to remove the solvent and the resultant mass is analyzed. P.sup.31 and
      H.sup.1 NMR and elemental analyses show the formation of HC(COOC.sub.2
      H.sub.5).sub.2 CH.sub.2 C(OH[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2 and
      gas chromatography shows a trace amount of H.sub.2 C(OH)C[PO.sub.3
      (C.sub.2 H.sub.5).sub.2 ].sub.2 CH(COOC.sub.2 H.sub.5).sub.2. The phenyl,
      methyl and butyl esters of these isomers are prepared, respectively, by
      reacting at least stoichiometric quantities of phenyl malonate, methyl
      malonate and butyl malonate with the full or complete phenyl, methyl,
      ethyl or butyl ester of EEDP according to the procedure set forth above in
      Example XIII. In each case an isomeric mixture is formed with a
      predominance of the 1-hydroxy-2-malonyl substituted product being present.
PAR  The above isomeric mixture (i.e., hexaethyl ester) is reacted with 250
      milliliters of a 50% dioxane water mixture for a period of 24 hours at
      80.degree.C to form the complete phosphonate-malonate acid. This acid
      mixture is reacted with 1 liter of 8 N NaOH to form the hexa-sodium salt,
      i.e., HC(COONa).sub.2 CH.sub.2 C(OH)(PO.sub.3 Na.sub.2).sub.2 and trace
      amounts of H.sub.2 C(OH)C(PO.sub.3 Na.sub.2).sub.2 CH(COONa).sub.2.
PAC  EXAMPLE XIV
PAR  Into a conventional reaction vessel are charged 51 grams of the tetraethyl
      ester of EEDP, 200 milliliters of propyl alcohol and 5 grams of sodium
      metal, which is dissolved in the propyl alcohol. The resulting mixture is
      heated to and maintained at 30.degree.C, with continuous stirring, for 85
      minutes. The resultant mass is cooled to 10.degree.C and then 40
      milliliters (abbreviated ml. herein) of a 20% by weight HCl aqueous
      solution is added to the aforementioned cooled mass, and the resultant
      material intimately stirred for a period of 2 minutes. The material is
      then filtered in a Buchner funnel; and the filtrate is collected and
      evaporated at 95.degree.C to substantial dryness. The resultant solids are
      recrystallized in 100 ml. of water and dried again. P.sup.31 and H.sup.1
      NMR and elemental analyses show the formation of two isomers which have
      the formulae H.sub.2 C(C.sub.3 H.sub.7 O)C(OH)[PO.sub.3 (C.sub.2
      H.sub.5).sub.2 ].sub.2 and H.sub.2 C(OH)C(C.sub.3 H.sub.7 O)[PO.sub.3
      -(C.sub.2 H.sub.5).sub.2 ].sub.2, with only trace amounts of the latter
      compound being present.
PAC  EXAMPLE XV
PAR  Into a reaction vessel such as that described in Example I are charged 104
      grams of the acid form of EEDP and 250 milliliters of phenol. The
      resultant mass is then heated at about 100.degree.C with reflux for a
      period of approximately 8 hours. This reflux period is followed by vacuum
      (1/2 mm Hg) evaporation (80.degree.C) to remove the excess phenol. The
      residue material is analyzed via P.sup.31 and H.sup.1 NMR and elemental
      analyses and show the formation of an isomeric mixture having formulae
      H.sub.2 C(C.sub.6 H.sub.5 O)C(OH)(PO.sub.3 H.sub.2).sub.2 and H.sub.2
      C(OH)C(C.sub.6 H.sub.5 O)(PO.sub.3 H.sub.2).sub.2. The phenyl, ethyl and
      butyl esters of these isomers are prepared according to the procedure
      outlined in the last paragraph of Example II, utilizing, respectively, the
      esterification agent triphenyl orthoformate, triethyl orthoformate and
      tributyl orthoformate. The sodium, potassium and zinc salts of these
      isomers are prepared respectively by reacting stoichiometric quantities of
      the isomeric mixture (in acid form) with the respective metal hydroxide
      solution in order to form said salts.
PAC  EXAMPLE XVI
PAR  Into a reaction vessel such as that described in Example I are charged 104
      grams of the acid form of EEDP and 250 milliliters of ethyl mercaptan
      which is at 20.degree.C. The resultant mass is then heated at 55.degree.C
      with reflux for a period of approximately 6 hours. This reflux period is
      followed by vacuum (5 mm Hg) evaporation (40.degree.C) to remove the
      excess ethyl mercaptan. The residue material is analyzed via P.sup.31 and
      H.sup.1 NMR and elemental analyses and show the formation of an isomeric
      mixture having formulae H.sub.2 C(SC.sub.2 H.sub.5)C(OH)(PO.sub.3
      H.sub.2).sub.2 and H.sub.2 C(OH)C(SC.sub.2 H.sub.5)(PO.sub.3
      H.sub.2).sub.2.
PAC  EXAMPLE XVII
PAR  Example XVI is individually repeated three times, utilizing separately
      phenyl, methyl and butyl mercaptans in place of the ethyl mercaptan of
      Example XVI. The phenylthio, methyl thio and butyl thio derivatives of
      EEDP are formed in a similar fashion as the ethylthio derivative of
      Example XVI. The sodium, potassium and zinc salts of the resultant
      isomeric mixtures are prepared respectively by reacting stoichiometric
      quantities of the respective isomeric mixture with the respective metal
      hydroxide solution in order to form said salts.
PAC  EXAMPLE XVIII
PAR  Into a conventional reaction vessel equipped with a reflux condenser are
      charged 51 grams of the acid form of EEDP and 148 grams of isopropyl ether
      and 50 grams of zinc chloride. The resulting mass is heated under reflux
      for 4 hours at a temperature of aproximately 70.degree.C. The resultant
      product is filtered in order to remove the zinc chloride, and the filtrate
      is then subjected to evaporation at 90.degree.C in order to remove the
      excess isopropyl ether. P.sup.31 and H.sup.1 NMR and elemental analyses
      show the formation of a compound having the formula HC(O)CH(PO.sub.3
      H.sub.2).sub.2. Example XVIII is twice separately repeated utilizing in
      place of zinc chloride and isopropyl ether (1) magnesium bromide and ethyl
      ether and (2) boron trifluoride and benzene. In each repeat, P.sup.31 and
      H.sup.1 NMR and elemental analyses show the formation of 2-oxy
      ethane-1,1-diphosphonic acid.
PAC  EXAMPLE XIX
PAR  In order to demonstrate one of the unique utilities of the compounds
      falling within Formula I heretofore described, the following example is
      carried out, illustrating the sequestering ability of the acid and salt
      forms of the novel ethane diphosphonates.
PAR  The testing procedure consists of pipetting an aliquot volume of 2.5%
      ferric chloride solution into a beaker and adding thereto enough sodium
      hydroxide or hydrochloric acid to give the desired pH. The solution is
      stirred for fifteen minutes, followed by the addition of an aliquot of
      2.5% of the sequestering agent solution, i.e., the particular ethane
      diphosphonate (in the salt form) dissolved in water. After final pH
      adjustment with sodium hydroxide or hydrochloric acid, the solution is
      shaken for 48 hours to reach equillibrium. The solution is then
      centrifuged at 12,000 rpm for approximately 80 minutes to remove colloidal
      ferric hydroxide and an aliquot of the supernatant solution is titrated
      iodometrically or analyzed by X-ray fluorescence with use of an
      appropriate calibration curve in order to determine the ferric iron
      concentration. The ferric iron concentrations and sequestering agent
      concentrations found in parts per million (p.p.m.) are converted to a
      weight basis and expressed as pounds of iron sequestered by 100 pounds of
      sequestering agent.
PAR  Following the above described procedure, each of the compounds Nos. 1, 2,
      5, 6, 8, 9, 10, 11, 13, 17, 18, 19, 21, 23, 24, 27, 28, 29, 30, 31, 33,
      34, 35, 36, 40, 42, 43, 44 and 47 heretofore described and prepared
      according to the procedures outlined in this specification, including
      Examples I through XVIII, is individually tested. In each case it is found
      that the sequestering agents of the instant invention demonstrate an
      unexpected and unique ability to sequester ferric iron over a wide range
      of pH conditions, i.e., from about 4 to about 10.5, and that the average
      amount (in pounds) of iron sequestered by 100 pounds of the respective
      sequestering agent (compound No.) over the 4 to 10.5 pH range is 13, 15,
      14, 5, 8, 7, 10, 11, 10, 12, 11, 9, 11, 7, 11, 6, 4, 7, 5, 6, 12, 12, 5,
      11, 8, 6, 12, 8 and 7.
PAR  The above Example XIX is repeated several times with the exception that
      other metal ion-containing solutions such as calcium, copper, nickel and
      chromium are utilized in place of the ferric (chloride) solution. In each
      case utilizing the aforementioned compounds the average sequestration
      values of these latter mentioned ions respectively are found to be
      substantially similar to those set forth above.
PAR  Example XIX is again repeated several times, utilizing as a sequestering
      agent trisodium nitrilo triacetate .2H.sub.2 O, sodium citrate, and
      potassium gluconate. It is found that the pounds of iron sequestered by
      100 pounds of the aforementioned sequestering agents respectively are 7.0,
      6.5 and 2.9 over the same pH range of 4 to 10.5. It can readily be seen,
      then, that the novel ethane diphosphonates (in the acid or salt forms) of
      the present invention when utilized as sequestering agents are equally as
      effective as the widely used organic sequestering agents under comparative
      conditions and in some cases are superior thereto. Furthermore, when said
      ethane diphosphonates of the present invention are utilized as
      sequestering agents, they exhibit an effectiveness as such over a wide
      range of pH conditions. This is highly advantageous in permitting their
      respective use in many and varied applications.
PAC  EXAMPLE XX
PAR  As illustrative of another demonstration of utility of the present
      invention ethane diphosphonates falling within Formula I, it is found that
      these materials also exhibit threshold properties, i.e., they can be
      utilized in less than stoichiometric quantities to prevent the
      precipitation of salts of mineral acids, such as CaCO.sub.3, in aqueous
      systems. Specifically, a test is conducted in which each of the compounds
      set forth in Example XIX is separately and independently mixed at
      25.degree.C with 250 milliliters of water containing CaCl.sub.2. To the
      resultant mixture is added NaHCO.sub.3. The pH in each case is adjusted to
      7 and maintained thereat with sufficient NaOH or HCl. The amounts of
      CaCl.sub.2, NaHCO.sub.3 and ethane diphosphonate used are sufficient to
      provide 5000 ppm of CaCO.sub.3 and 10 ppm of ethane diphosphonate. It is
      observed in each case that these less than stoichiometric quantities of
      said threshold agents effect a substantially clear solution for a period
      of at least 48 hours. Stating the results in a different manner, 10 parts
      per million of the ethane diphosphonate threshold agent is effective in
      providing a clear solution without precipitation which contains
      substantially greater than stoichiometric quantities of calcium carbonate
      therein.
PAC  EXAMPLE XXI
PAR  In order to demonstrate the utility of the esters of the ethane
      diphosphonate compounds falling within Formula I, approximately 50 grams
      of each of compounds Nos. 3, 4, 7, 12, 14, 16, 20, 22, 25, 26, 32, 37, 38,
      39, 41, 45, 46 and 48, heretofore described and prepared according to the
      procedures outlined in this specification, including Examples I through
      XVIII, are separately and individually mixed with an inert solvent in a
      500 milliliter beaker, in this case carbon tetrachloride, in order to
      prepare a 10% by weight (solution or) slurry of each ester. After the
      separate slurries are prepared, a separate and individual swatch of a 3
      inch .times. 3 inch undyed cotton cellulose is intimately contacted with
      each slurry by submerging such swatch in the slurry for approximately 5
      minutes. The separate swatches are withdrawn from the beakers containing
      these slurries (or solutions) and are dried for 15 minutes in an oven
      which is maintained at a temperature of approximately 80.degree.C. After a
      lapse of 15 minutes at 80.degree.C, the temperature is elevated and the
      swatches are then subjected to a temperature of approximately 150.degree.C
      for 10 minutes in order to "set up" a reaction between the specific esters
      with the surface groups on the cotton cellulose.
PAR  The individual, dried swatches of "treated" cotton are individually tested
      for flame retardancy by positioning a swatch over a bunsen burner. The
      flame is adjusted to a point at which the tip of the flame is
      approximately one inch beneath the cotton swatch and untreated cotton
      swatch is used as a control for comparative purposes. The flame underneath
      each of the individual cotton swatches (including the control) is
      maintained for approximately 35 seconds, and then is removed. Visual
      observations are made. The results of this test show that the control
      sample, i.e., the cotton swatch which was not treated with any esters
      heretofore mentioned, is completely destroyed. However, with each of the
      individually treated cotton swatches, there is primarily only charring,
      and the flame on the material is extinguished within about 5 seconds upon
      the removal of the bunsen burner away from the cotton swatches. Thus, it
      can readily be seen that one of the unique applications of the esters of
      the ethane diphosphonates falling within Formula I is their use as a fire
      retardant for cellulose material, for example, cotton clothing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ethane diphosphonate of the formula
      ##EQU15##
      wherein each R.sub.3 is individually selected from the group consisting of
      hydrogen, alkali metal ions, alkaline earth metal ions, ammonium ions and
      lower alkyl amine ions, and R.sub.1 and R.sub.2 are either hydroxy or
      -N(R.sub.4).sub.2 groups wherein R.sub.4 is either hydrogen or alkyl,
      provided that R.sub.1 or R.sub.2, but not both, is always hydroxy.
NUM  2.
PAR  2. 2-amino-1-hydroxy ethane - 1,1-diphosphonic acid.
NUM  3.
PAR  3. A compound of claim 1 wherein R.sub.2 is hydroxy.
NUM  4.
PAR  4. A compound of claim 1 which is 2-hydroxy-1-aminoethane-1,1-diphosphonic
      acid.
NUM  5.
PAR  5. A compound of claim 1 which is tetrasodium
      2-amino-1-hydroxyethane-1,1-diphosphonate.
NUM  6.
PAR  6. A compound of claim 1 which is
      2-methylamino-1-hydroxyethane-1,1-diphosphonic acid.
NUM  7.
PAR  7. A compound of claim 1 which is
      2-diethylamino-1-hydroxyethane-1,1-diphosphonic acid.
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ABST
PAL  Compounds of the general formula R-CH=CH-W-CH=CH-R.sup.1 are described in
      which R and R.sup.1 are independently phenyl, diphenyl, naphthyl, indyl,
      tetrahydronaphthyl or acenaphthenyl and W is divalent phenyl, diphenyl,
      naphthyl, tetrahydronaphthyl or acenaphthenyl group, which groups may be
      substituted, the compounds containing at least one non-aromatic ring. Such
      compounds are useful as optical whitening agents, for example in textile
      material or paper.
BSUM
PAR  This invention is concerned with new chemical compounds and processes for
      their preparation. These new compounds serve as fluorescent whitening
      agents and may, for example, be of use in the optical whitening and/or
      brightening of a wide variety of organic materials e.g. natural and
      synthetic yarns and fibres and the like. The compounds of the present
      invention are also potentially useful in the whitening and/or brightening
      of synthetic resin sheets and the like.
PAR  Optical whitening agents have in recent years found extensive use in the
      treatment of textile yarns and fibres, both in their preparation and
      during washing, and are designed in general to counteract the yellow or
      off-white colour which white textiles may develop. Such optical whitening
      agents also tend to improve coloured textiles as they impart a general
      brightness to them.
PAR  The present invention is based upon the discovery of certain compounds
      which have advantageous properties in the whitening and/or brightening of
      textile fibres or paper.
PAR  According to the present invention there are provided compounds of the
      general formula:
EQU  R-CH=CH-W-CH=CH-R'                                         I
PAL  wherein R and R', which may be the same or different, each represents a
      group of the formula:
      ##SPC1##
PAL  And W represents a group of the formula:
      ##SPC2##
      ##SPC3##
PAL  Which group may be unsubstituted or substituted by one or more
      non-chromophoric substituents; said compounds of formula I containing at
      least one non-aromatic ring. In the compounds of formula I according to
      the invention, R and R' are conveniently the same group.
PAR  The compounds of formula I may exist in either the cis, cis-, trans, trans-
      or cis,trans- forms with respect to the ethylenic double bonds. It will be
      appreciated that all such forms of the compounds of formula I are within
      scope of the present invention.
PAR  The fluorescent compounds according to the invention have especially
      advantageous properties in the whitening and/or brightening of textile
      yarns and fibres, in particular synthetic textile fibres (e.g. polyester,
      cellulosic and polyamide fibres). The compounds of the inventions are
      additionally useful as intermediates in the preparation of other compounds
      in accordance with the invention.
PAR  The compounds according to the present invention may also, if desired, be
      incorporated into synthetic melts e.g. of polyester resin which may
      subsequently be formed into textile yarns and fibres or other shaped
      articles such as, for example, synthetic resin sheets and films. Where for
      example textile yarns and fibres are to be formed, the compounds according
      to the invention may be incorporated into a synthetic resin melt e.g. a
      polyester resin melt, and the melt then extruded to form yarns or fibres.
PAR  The compounds of general formula I as hereinbefore defined which have been
      tested have exhibited a strong fluorescence both in solution and in the
      finely divided state, and moreover have shown a high heat resistance,
      fastness to light and bleach resistance.
PAR  The compounds which possess solubilising groups such as referred to below
      have been found to be particularly useful in low temperature washing
      applications, but have also a great effectivenesss at higher temperatures.
      They thus have advantageous versatility in washing operations.
PAR  The water insoluble compounds of general formula I are, in general, useful
      for application to synthetic materials either in the melt or by exhaust
      treatment, dyeing with so-called carriers or by pad-bake application.
      Polyesters, in particular, are in general susceptible to such treatment,
      but other polymeric substrates may also be employed.
PAR  Compounds of general formula I which possess solubilising groups e.g.
      sulphonic or methylsulphonic acid groups, are especially suitable for
      application to cellulosic and polyamide fibres and may, for example, be
      used in an acid, neutral or detergent bath, as well as in a bleach
      containing bath.
PAR  In the compounds of formula I any non-chromophoric substituent present may
      for example be a sulphonic acid group which may if desired be functionally
      modified, a sulphone group, a carboxylic acid group which may if desired
      be functionally modified, or a cyano, hydroxyl, alkoxy (e.g. a C.sub.1-6
      alkoxy group, such as methoxy), alkyl (e.g. a C.sub.1-6 alkyl group, such
      as methyl, which may be substituted by for example a sulphonic acid group)
      or oxadiazolyl (e.g. a1,2,4-oxadiazolyl group, which may be unsubstituted
      or substituted for example by a C.sub.1-6 alkyl group or a phenyl group)
      or a halogen atom (e.g. chlorine or bromine). The functionally modified
      sulphonic acid and carboxylic acid groups include for example the esters
      (e.g. C.sub.1-6 alkyl esters), amides (e.g. N-alkyl amides in which the
      alkyl group has 1-6 carbon atoms) and halides (e.g. chlorides) thereof.
PAR  Such substituents will generally be present on the R and/or R' groups, but
      they may also be present on the W group.
PAR  Compounds of formula I which are generally preferred on account of their
      optical whitening properties are those which possess a
      1,2,3,4-tetrahydronaphthalene residue, i.e. compounds in which R or R'
      (and conveniently both R and R') is a group of the formula I(e) or in
      which W is a group of the formula I(k). It is also generally preferred
      that the compounds of formula I should possess one or more substituents
      such as referred to above, particularly alkoxy groups or solubilising
      groups such as sulphonic or methylsulphonic acid groups.
PAR  Specific compounds of formula I which are preferred on account of their
      particularly advantageous optical whitening properties are:
      ##SPC4##
      or a salt thereof;
      ##SPC5##
PAL  or a salt thereof;
      ##SPC6##
PAL  salt thereof; or
      ##SPC7##
PAL  or a salt thereof.
PAR  Compounds possessing acid groups such as referred to above are capable of
      forming salts, and these salts are also within the scope of the invention.
PAR  The compounds according to the present invention may be prepared by any
      convenient process, but are advantageously prepared by the following
      process, which process constitutes a further feature of the present
      invention:
PA1  reacting a compound of the formula:-
EQU  Z-W-Z                                                      II
PAL  (wherein W is as hereinbefore defined and Z represents the group:-
      ##EQU1##
      in which R" represents a substituted or unsubstituted alkyl, cycloalkyl or
      aryl group with a compound(s) of formula(e):
EQU  III R-Z' and/or R'-Z'                                      IV
PAL  (wherein R and R' are as hereinbefore defined and Z' is as defined for Z
      with the proviso that Z and Z' are different and one of Z and Z'
      represents the group --CHO).
PAR  Where it is desired to prepare a compound of formula I wherein R and R'
      represent the same groups, it is advantageous to use about 2 moles of the
      compound of formula III (or formula IV) per mole of the compound of
      formula II. Where it is desired to prepare a compound of formula I wherein
      R and R' are different, however, it is advantageous to use about 1 mole of
      the compound of formula III per mole of the compound of formula II as well
      as about 1 mole of the compound of formula IV per mole of the compound of
      formula II.
PAR  In the phosphorus containing compounds of formulae II and/or III and/or IV,
      where the group R" is bonded to oxygen said group is preferably a
      C.sub.1-6 alkyl (e.g. methyl) group and where the group R" is bonded
      directly to phosphorus said group is preferably an aryl group, e.g. a
      phenyl group.
PAR  The reaction may, for example, be effected in the presence of a strongly
      basic alkali metal compound (e.g. sodium or potassium hydroxide) and
      advantageously also in the presence of a strongly polar solvent which is
      preferably hydrophilic (e.g. dimethylformamide). Where the strongly basic
      alkali metal compound used is an alkali metal hydroxide, water may
      additionally be present in an amount of up to 25% by weight of the
      hydroxide.
PAR  The reaction may be performed at any suitable temperature up to reflux,
      e.g. from 20.degree.-65.degree.C.
PAR  The phosphorus containing compounds of formulae II and/or III and/or IV
      may, for example, be obtained by reacting a halomethyl compound,
      preferably a chloromethyl compound of the formula:-
EQU  R-CH.sub.2 Hal, Hal-CH.sub.2 -W-CH.sub.2 -Hal or R'-CH.sub.2 Hal
PAL  (wherein R, W and R' are as hereinbefore defined and Hal represents a
      halogen atom, preferably a chlorine atom) with a phosphorus compound of
      the formula:
      ##EQU2##
      (wherein R" is as hereinbefore defined).
PAR  As stated above, where the group R" is bonded to oxygen said group is
      preferably as C.sub.1-6 alkyl group and where the group R" is bonded
      directly to phosphorus said group is preferably an aryl group e.g. a
      phenyl group.
PAR  Compounds of formula I which are symmetrical (i.e. compounds wherein R and
      R' are the same and W is a diphenyl group of the formula I(g)) may also be
      prepared in accordance with the present invention by reduction of a
      diazonium salt of the formula
      ##SPC8##
PAL  where R is as defined above and X is an anion (e.g. chloride). The
      reduction may be effected with cuprous ammonium hydroxide (which is
      desirably freshly prepared) in an aqueous medium at a low temperature
      (e.g. 0.degree.-10.degree.c).
PAR  The non-chromophoric substituents which may be present on the groups R,R'
      and W of compounds of formula I are conveniently present on the
      corresponding groups of the starting materials from which the compound of
      formula I is prepared. Alternatively, such substituents may be introduced
      by conventional techniques into a compound of formula I subsequent to its
      preparation. For example, a halo (e.g. chloro) sulphonyl group may be
      introduced into an aromatic ring in the groups R and/or R' of a compound
      of formula I by reaction with thionyl halide (e.g. in a polar reaction
      medium at 20.degree.C or below).
PAR  Compounds of formula I possessing a sulphonamide substituent may be
      prepared by reacting a corresponding halosulphonyl (e.g. chlorosulphonyl)
      compound with a primary or secondary amine or ammonia (e.g. a
      monoalkylamine) or an ammonium salt. Reaction with an amine may for
      example be effected in the presence of a hydrocarbon solvent (e.g.
      toluene) at any suitable temperature up to reflux.
PAR  For the purpose of treating previously-formed textile yarns and fibres in
      general, the compounds according to the invention may be incorporated into
      compositions comprising at least one compound of formula I together with a
      solid or liquid carrier. Such compositions may, for example, be adapted
      for use in the washing of natural and synthetic yarns and fibres and can
      take the form of solutions, suspensions and dispersions of compounds of
      formula I in appropriate liquid carriers such as water, sulpholane,
      dimethylformamide and dimethylsulphoxide. When dispersions are used, they
      conveniently include dispersing agents such as, for example, alkyl
      naphthalene sulphonates. Aqueous compositions may, if desired, also
      contain, for example, synthetic detergents, soaps or surface-active
      agents. Alternatively the compositions may be in solid form and comprise
      at least one compound according to the invention together with a solid
      synthetic detergent or soap as carrier. The compounds of formula I may be
      employed in the manufacture of synthetic yarns and fibres e.g. by addition
      to compositions from which the fibres are prepared by spinning or
      extrusion.
PAR  The compounds of the invention may also be used, as indicated above, in
      whitening and/or brightening paper. This effect may be obtained either by
      including the compound of formula I (preferably a water soluble compound)
      in the pulp from which the paper is to be made, or by treating paper with
      a composition containing a compound of formula I (e.g. a sizing
      composition containing an adhesive starch or alginate).
DETD
PAR  The following Examples, in which all parts are by weight and all
      temperatures are in .degree.C, are given by way of illustration only:
PAC  EXAMPLE 1
PAR  A solution of 3.92 parts of 4,4'-bis(dimethoxyphosphonomethyl)-diphenyl and
      6.9 parts of the sodium salt of
      6-formyl-1,2,3,4-tetrahydronaphthalene-8-sulphonic acid (containing 76%
      pure sodium salt) in 75 parts of dimethyl formamide was stirred while 5
      parts of powdered potassium hydroxide were added. The temperature was
      maintained at 20.degree.-25.degree. for 2 hours, raised slowly to
      45.degree. and further maintained at this temperature for 30 minutes. The
      reaction mixture was then diluted with 200 parts of water, strongly
      acidified with hydrochloric acid, boiled, cooled and the solid collected.
      The cream coloured product was dried at 50.degree. to afford 6 parts of a
      product of formula:
      ##SPC9##
PAL  which dissolved in water in the presence of sodium carbonate to give an
      almost colourless solution with a strong violet-blue fluorescence.
PAR  Analysis of dimethylamine salt: Calculated for C.sub.36 H.sub.34 O.sub.6
      S.sub.2. 2C.sub.8 H.sub.19 N: C; 70.6, H; 8.1, N; 3.2, S; 7.2. Found: C;
      70.5, H; 8.0, N; 3.1, S; 7.5.
PAR  The 4,4'-bis(dimethoxyphosphonomethyl)diphenyl used as starting material
      may be prepared in the following manner:
PAR  A mixture of 186 parts of trimethyl phosphite and 130 parts of
      4,4'-bis-chloromethyldiphenyl was refluxed for 8 hours and then the excess
      of trimethyl phosphite distilled off under vacuum. The clear colourless
      residual solution was diluted with 200 parts of toluene and allowed to
      crystallize. The solid product was collected, washed with a little toluene
      to afford 80 parts of bis(dimethoxyphosphonomethyl)-diphenyl, m.p.t.
      131.degree.-2.degree.C.
PAC  EXAMPLE 2
PAR  16 parts of 6-formyl-1,2,3,4-tetrahydronaphthalene and 19.6 parts of
      4,4'-bis(dimethoxyphosphonomethyl)diphenyl in 100 parts of
      dimethylformamide were added to a suspension of 25 parts of potassium
      hydroxide in 100 parts of dimethylformamide at 45.degree.C. over a period
      of 40 minutes. The mixture was heated to 65.degree. for 30 minutes, cooled
      and poured into 750 parts of water. The product was filtered off and
      washed with water and methanol. Recrystallisation from dimethylformamide
      yielded 15 parts of pale yellow solid, m.p. 208.degree.-210.degree..,
      which imparted a vivid violet-blue fluorescence to its solutions in
      methanol.
PAR  Formula of product:
      ##SPC10##
PAR  Analysis: Calculated for C.sub.36 H.sub.34 : C; 92.7, H; 7.3. Found: C;
      93.0, H; 7.0.
PAR  The 6-formyl-1,2,3,4-tetrahydronaphthalene b.sub.0.5 110.degree.
      (Semicarbazone, m.pt. 221.degree.) can be obtained by treatment of
      1,2,3,4-tetrahydronaphthalene with dichloromethyl butyl ether according to
      the method described by Rieche, Gross and Hoft, Chemische Berichte, 93, 88
      (1960). An alternative synthesis can be accomplished by chloromethylation
      of tetrahydronaphthalene and conversion of the resultant product to an
      aldehyde.
PAR  Sulphonation of 6-formyl-1,2,3,4-tetrahydronaphthalene with oleum
      containing 66% SO.sub.3 afforded the
      6-formyl-1,2,3,4-tetrahydronaphthalene-8-sulphonic acid used in Example 1.
PAC  EXAMPLE 3
PAR  Using an identical procedure to Example 2 but substituting 23.9 parts
      6-bromo-1,2,3,4-tetrahydronaphthaldehyde for the
      6-formyl-1,2,3,4-tetrahydronaphthalene, 9.1 parts of a product of formula:
      ##SPC11##
      was obtained, m.pt. 212.degree.-215.degree..
PAR  Analysis: Calculated for C.sub.36 H.sub.32 Br.sub.2 : C; 69.3, H; 5.1, Br;
      25.6. Found: C; 69.5, H; 4.9, Br; 25.7.
PAR  The 6-bromo-1,2,3,4-tetrahydronaphthaldehyde was obtained by the treatment
      of 6-bromo-1,2,3,4-tetrahydronaphthalene according to the method of
      Rieche, Gross and Hoft referred to in Example 2.
PAC  EXAMPLE 4
PAR  2 parts of the product of Example 1 slurried in 50 parts of
      dimethylformamide was treated at 0.degree.-5.degree.C with 1.5 parts of
      thionyl chloride and the mixture slowly allowed to rise to room
      temperature over a period of 3 hours. The excess of thionyl chloride was
      destroyed by pouring the reaction mixture onto 200 parts of ice and the
      solid material was collected, washed with water and extracted with
      chloroform. The dried chloroform solution was distilled to yield 1.4 parts
      of a compound of the formula:
      ##SPC12##
PAL  After recrystallization from benzene 1.0 parts of pale yellow solid were
      obtained. M.pt. above 270.degree..
PAR  Analysis: Calculated for C.sub.36 H.sub.32 Cl.sub.2 O.sub.4 S.sub.2 : C;
      65.2, H; 4.8, Cl; 10.7, S; 9.7. Found: C; 64.9, H; 4.6, Cl; 10.8, S; 9.8.
PAC  EXAMPLE 5
PAR  0.7 parts of the product of Example 4 and 4 parts of n-butylamine were
      slurried in 100 parts of toluene and refluxed for 6 hours. The toluene was
      removed by steam distillation and the solid collected washed with water
      and methanol. After recrystallization from toluene the cream coloured
      solid melted at 238.degree.-240.degree.C. Formula of product:
      ##SPC13##
PAR  Analysis: Calculated for C.sub.44 H.sub.52 N.sub.2 O.sub.4 S.sub.2 : C;
      71.7, H; 7.1, N; 3.8, S; 8.7. Found: C; 71.4, H; 7.2, N; 4.2, S; 8.5.
PAC  EXAMPLE 6
PAR  14 parts of 6(4-amino-2-sulphostyryl)-1,2,3,4-tetrahydronaphthalene (72%
      pure) was dissolved in 300 parts of hot water by the addition of 1.2 parts
      of sodium hydroxide. The solution was cooled to 5.degree., acidified with
      8 parts of hydrochloric acid and diazotized by the addition of 2.1 parts
      of sodium nitrite. After completion of the diazotization the excess of
      sodium nitrite was destroyed with sulphamic acid. The diazonium salt was
      filtered off, washed with water and reslurried with 150 parts of water. 15
      parts of cupric sulphate pentahydrate were dissolved in 120 parts of water
      and 18 parts of concentrated ammonium hydroxide added. This solution was
      reduced by the cautious addition of a solution of 6.8 parts of
      hydroxylamine hydrochloride and 5.3 parts of potassium hydroxide in 75
      parts of water. The diazonium slurry was added to this reduced solution in
      portions over a period of 15 minutes while the temperature was maintained
      at 5.degree.. After stirring for 1 hour, the solid product was filtered
      off and refluxed with 10 parts of stannous chloride in aqueous
      hydrochloric acid and enough ethanol to give a solution for 1 hour. The
      ethanol was distilled off and the solid material filtered off and washed
      with boiling water. The residual product was dissolved in hot aqueous
      ethanol and precipitated on cooling, 0.5 parts of a creamy yellow solid of
      the formula:
      ##SPC14##
      which displayed a vivid blue fluorescence in alkaline solution.
PAR  Analysis: Calculated for C.sub.36 H.sub.34 O.sub.6 S.sub.2.2H.sub.2 O: C;
      65.3, H; 5.7, S; 9.7. Found: C; 64.9, H; 5.5, S; 9.9.
PAR  The 6(4-amino-2-sulphostyryl)-1,2,3,4-tetrahydronaphthalene may be prepared
      by the following route:
PAR  55 parts of 4-nitrotoluene-2-phenylsulphonate, 30 parts of
      6-formyl-1,2,3,4-tetrahydronaphthalene and 2 parts of piperidine were
      heated at 135.degree.-40.degree. for 2 hours. The reaction mixture was
      cooled to 90.degree. and 100 parts of acetic acid added. On heating to
      reflux a clear solution was obtained which precipitated 72 parts of
      6(4-nitro-2-phenylsulphostyryl)-1,2,3,4-tetrahydronaphthalene on cooling,
      m.pt. 159.degree.-62.degree.. This compound was hydrolysed to the free
      sulphonic acid with sodium ethoxide and reduced with iron and acetic acid
      to the desired amine.
PAC  EXAMPLE 7
PAR  16 parts of 6-formyl-1,2,3,4-tetrahydronaphthalene and 16.1 parts of
      1,4-bis(dimethoxyphosphonomethyl)-benzene in 150 parts of
      dimethylformamide were added in portions to 150 parts of dimethylformamide
      in which was suspended 25 parts of potassium hydroxide. The temperature
      was maintained at 40.degree.-50.degree.C during the addition and then
      raised to 65.degree. for 30 minutes. The reaction mixture was cooled and
      poured into cold water (500 parts). The precipitated solid was collected,
      washed with water and after recrystallisation from petroleum
      (100.degree.-120.degree. fraction), 9.1 parts of a pale lemon-yellow solid
      of m.pt. 193.degree.-6.degree. was obtained of formula:
      ##SPC15##
PAR  Analysis: Calculated for C.sub.30 H.sub.30 : C; 92.3, H; 7.7. Found: C;
      92.3, H; 7.8.
PAR  The same product was also obtained by the reaction of 25.4 parts of
      6-(dimethoxyphosphonomethyl)-1,2,3,4-tetrahydronaphthalene and 6.7 parts
      of terephthaldehyde under similar conditions.
      6-(Dimethoxyphosphonomethyl)-1,2,3,4tetrahydronaphthalene, b.sub.0.05
      146.degree.-149.degree., was prepared from trimethylphosphite and
      6-chloromethyl-1,2,3,4-tetrahydronaphthalene.
PAC  EXAMPLE 8
PAR  32.2 parts of 1,4-bis(dimethoxyphosphonmethyl)benzene and 52.4 parts
      6-formyl-1,2,3,4-tetrahydronaphthalene-8-sulphonic acid (sodium salt) in
      200 parts of dimethylformamide were treated with 45 parts of powdered
      potassium hydroxide. The exothermic reaction which ensues was controlled
      by external cooling so that the temperature did not exceed 30.degree. and
      then the mixture was stirred for 24 hours at room temperature. The
      reaction mixture was quenched with 800 parts of water and 200 parts of
      sodium chloride added and stirred to dissolve. The solid which
      precipitated on stirring and cooling was filtered off, dissolved in 500
      parts of hot water and reprecipitated by acidifying with concentrated
      hydrochloric acid. The solid was collected and recrystallized as sodium
      salt from 600 parts of boiling water made alkaline with sodium carbonate.
      A yield of 27 parts of a compound of formula:
      ##SPC16##
PAL  was thus prepared.
PAR  Analysis of dibutylamine salt: Calculated for C.sub.30 H.sub.30 O.sub.6
      S.sub.2.2C.sub.8 H.sub.19 N: C; 68.3, H; 8.4, N; 3.5, S; 7.9. Found: C;
      68.7, H; 8.2, N; 3.4, S; 8.0.
PAC  EXAMPLE 9
PAR  In an analogous manner to Example 8 a compound of formula:
      ##SPC17##
      was prepared by substituting 35 parts of
      1,4-bis(dimethoxyphosphonomethyl)-2,5-dimethylbenzene for the 32.2 parts
      of 1,4-bis(dimethoxyphosphonomethyl)benzene in that Example.
PAR  Analysis of dibutylamine salt: Calculated for C.sub.32 H.sub.34 O.sub.6
      S.sub.2.2C.sub.8 H.sub.19 N: C; 68.9, H; 8.6, N; 3.3, S; 7.7, Found: C;
      69.1, H; 8.9, N; 3.6, S; 7.4.
PAC  EXAMPLE 10
PAR  18.8 parts of
      5,8-bis(dimethoxyphosphonomethyl)-1,2,3,4-tetrahydronaphthalene and 10.6
      parts of benzaldehyde in 150 parts of dimethylformamide were added in
      portions to a suspension of 25 parts of potassium hydroxide in 100 parts
      of dimethylformamide over a period of 40 minutes while the temperature was
      maintained at 40.degree.-50.degree.. The reaction mixture was stirred at
      65.degree. for 30 minutes, cooled well and poured into 500 parts of cold
      water. The precipitated solid was collected, well washed with water and
      methanol to yield 13 parts of a pale yellow solid, m.pt.
      159.degree.-161.degree., of formula:
      ##SPC18##
PAR  Analysis: Calculated for C.sub.26 H.sub.24 : C; 92.9, H; 7.1, Found: C;
      92.6, H; 7.3.
PAR  The 5,8-bis(dimethoxyphosphonomethyl)-1,2,3,4-tetrahydronaphthalene used as
      starting material was prepared by the following route:
PAR  A mixture of 200 parts of trimethylphosphite and 76.3 parts of
      5,8-bis-chloromethyl-1,2,3,4-tetrahydronaphthalene was refluxed for 12
      hours and the excess of trimethyl phosphite distilled off. The residue was
      cooled and washed with petroleum ether, dissolved in hot toluene and the
      product reprecipitated with petroleum ether. The crystallized solid was
      washed with petrol and collected to afford 130 parts of
      5,8-bis(dimethoxyphosphonomethyl)-1,2,3,4-tetrahydronaphthalene, m.pt.
      88.degree.-90.degree..
PAC  EXAMPLES 11, 12, 13 and 14
PAR  The following compounds of general formula:
      ##SPC19##
PAL  were prepared by substituting the appropriate aldehyde, RCHO for
      benzaldehyde in the procedure of Example 10
      ##SPC20##
PAC  EXAMPLE 11
PAR  Analysis: Calculated for C.sub.34 H.sub.28 : C; 93.6, H; 6.4. Found: C;
      93.8, H; 6.5.
PAC  EXAMPLE 12
PAR  Analysis: Calculated for C.sub.30 H.sub.28 O.sub.4 : C; 79.6, H; 6.2.
      Found: C; 79.6, H; 6.4.
PAC  EXAMPLE 13
PAR  Analysis: Calculated for C.sub.28 H.sub.22 N.sub.2 : C; 87.0, H; 5.7, N;
      7.3. Found: C; 87.2, H; 5.6, N; 7.0.
PAC  EXAMPLE 14
PAR  Analysis: Calculated for C.sub.42 H.sub.32 N.sub.4 O.sub.2 : C; 80.8, H;
      5.1, N; 9.0. Found: C; 80.4, H; 5.4, N; 8.8.
PAC  EXAMPLE 15
PAR  Replacing the benzaldehyde in Example 10 by 20.8 parts of the sodium salt
      of o-sulphobenzaldehyde, a final reaction mixture was obtained which was
      poured into 750 parts of water and the product precipitated by the
      addition of 150 parts of sodium chloride. This product was redissolved in
      hot water and converted to the free acid by boiling with hydrochloric
      acid. It was filtered off and recrystallized as sodium salt from 300 parts
      of boiling water made alkaline with sodium carbonate. The yield was 13
      parts of a bright lemon solid of formula:
      ##SPC21##
PAR  Analysis of dibutylamine salt: Calculated for C.sub.26 H.sub.24 O.sub.6
      S.sub.2.2C.sub.8 H.sub.19 N: C; 66.8, H; 8.2, N; 3.7, S; 8.5. Found: C;
      66.5 H; 8.2, N; 3.6, S; 8.5.
PAC  EXAMPLES 16, 17, 18, 19, 20, 21 and 22
PAR  In experiments analogous to those of Example 15 the following sulphonic
      acid derivatives (having the general formula shown in Example 11) were
      prepared:
      ##SPC22##
PAC  EXAMPLE 16
PAR  Analysis of dibutylamine salt: Calculated for C.sub.26 H.sub.24 O.sub.6
      S.sub.2.2C.sub.8 H.sub.19 N: C; 66.8, H; 8.2, N; 3.7, S; 8.5. Found: C;
      66.7, H; 8.1, N; 3.6, S; 8.5.
PAC  EXAMPLE 17
PAR  Analysis of dibutylamine salt: Calculated for C.sub.26 H.sub.24 O.sub.6
      S.sub.2.2C.sub.8 H.sub.19 N: C; 66.8, H; 8.2, N; 3.7, S; 8.5. Found: C;
      67.1, H; 8.1, N; 3.6, S; 8.5.
PAC  EXAMPLE 18
PAR  Analysis of dibutylamine salt: Calculated for C.sub.28 H.sub.28 O.sub.6
      S.sub.2.2C.sub.8 H.sub.19 N: C; 67.5, H; 8.4, N; 3.6, S; 8.2. Found: C;
      67.4, H; 8.3, N; 3.5, S; 8.2.
PAC  EXAMPLE 19
PAR  Analysis of dibutylamine salt: Calculated for C.sub.26 H.sub.22 Cl.sub.2
      O.sub.6 S.sub.2.2C.sub.8 H.sub.19 N: C; 61.2, H; 7.3, Cl; 8.6, N; 3.4, S;
      7.8. Found: C; 61.2, H; 7.4, Cl; 8.6, N; 3.5, S; 7.5.
PAC  EXAMPLE 20
PAR  Analysis of dibutylamine salt: Calculated for C.sub.26 H.sub.22 Cl.sub.2
      O.sub.6 S.sub.2.2C.sub.8 H.sub.19 N: C; 61.2, H; 7.3, Cl; 8.6, N; 3.4, S;
      7.8. Found: C; 61.0, H; 7.6, Cl; 8.6, N; 3.5, S; 7.5.
PAC  EXAMPLE 21
PAR  Analysis of dibutylamine salt: Calculated for C.sub.28 H.sub.28 O.sub.8
      S.sub.2.2C.sub.8 H.sub.19 N: C; 64.9, H; 8.1, N; 3.4, S; 7.9. Found: C;
      64.6, H; 8.4, N; 3.2, S; 7.7.
PAC  EXAMPLE 22
PAR  Analysis of dibutylamine salt: Calculated for C.sub.34 H.sub.36 O.sub.6
      S.sub.2.2C.sub.8 H.sub.19 N: C; 69.6, H; 8.6, N; 3.2, S; 7.4. Found: C;
      69.6, H; 8.8, N; 3.2, S; 7.5.
PAC  EXAMPLE 23
PAR  A compound of formula:
      ##SPC23##
PAL  was prepared by the method of Example 15 using
      3-sulpho-methyl-p-anisaldehyde as the aldehyde reactant. It was isolated
      as a pale yellow powder recrystallized from aqueous ethanol.
PAR  Analysis of dibutylamine salt: Calculated for C.sub.30 H.sub.32 O.sub.8
      S.sub.2.2C.sub. H.sub.19 N: C; 65.6, H; 8.3, N; 3.3, S; 7.6. Found: C;
      65.3, H; 8.4, N; 3.4, S; 7.6.
PAR  The 3-sulphomethylanisaldehyde was prepared in the following manner:
PAR  13.6 parts of p-anisaldehyde, 6 parts of paraformaldehyde and 20 parts of
      zinc chloride were heated with 100  parts of concentrated hydrochloric
      acid at 70.degree.-75.degree. for 30 minutes. The mixture was poured into
      water and the solid collected, washed with water and dried. After
      recrystallizing from light petroleum 18.2 parts of
      3-chloromethyl-4-methoxybenzaldehyde, m.pt. 54.degree., were obtained.
      This was dissolved in 80 parts of dioxan and refluxed with a solution of
      30 parts of sodium sulphite heptahydrate in 80 parts of water for 1 hour.
      After removal of the insoluble material the resultant solution was
      concentrated to half its volume and 20 parts of the sodium salt of
      4-methoxy-3-sulphomethylbenzaldehyde crystallised.
PAR  (Analysis: calculated for C.sub.9 H.sub.9 O.sub.5 -SNa.1H.sub.2 O: C; 40.0,
      H; 4.1, S; 11.8, Na; 8.5. Found: C; 40.5, H; 4.1, S; 11.1, Na; 8.5).
PAC  EXAMPLE 24
PAR  3.2 parts of 1,4-bis(dimethoxyphosphonomethyl)benzene, 2.5 parts of the
      sodium salt of 6-formyl-1,2,3,4-tetrahydronaphthalene-8-sulphonic acid and
      2.4 parts of 4-methoxy-3-sulphomethylbenzaldehyde in 20 parts of
      dimethylformamide were treated with 1.5 parts of sodium methoxide and the
      temperature slowly raised to 45.degree. for 5 hours. The reaction mixture
      was diluted with 100 parts of water and the product salted out by the
      addition of 20 parts of sodium chloride. There were thus obtained 5 parts
      of a light yellow solid which was a mixture, the major component of which
      had the formula:
      ##SPC24##
PAR  Analysis of dibutylamine salt: Calculated for C.sub.28 H.sub.28 O.sub.7
      S.sub.2.2C.sub.8 H.sub.19 N: C; 66.2, H; 8.3, N; 3.5, S; 8.0. Found: C;
      65.9, H; 8.1, N; 3.5, S; 7.9.
PAC  EXAMPLE 25
PAR  26.2 parts of 6-formyl-1,2,3,4-tetrahydronaphthalene-8-sulphonic acid
      (sodium salt) and 35 parts 1,4-xylylene-bis(triphenylphosphoniumchloride)
      in 500 parts of methanol were treated with 1.5 parts of lithium ethoxide.
      The mixture was refluxed for 5 hours and then concentrated under vacuum to
      100 parts. The solid precipitated was collected, washed with methanol and
      dried. 12 parts of the compound of formula:
      ##SPC25##
PAL  were obtained.
PAR  Analysis of dibutylamine salt: Calculated for C.sub.30 H.sub.30 O.sub.6
      S.sub.2.2C.sub.8 H.sub.19 N: C; 68.3, H; 8.4, N; 3.5, S; 7.9. Found: C;
      68.5, H; 8.1, N; 3.6, S; 8.0.
PAC  EXAMPLE 26
PAR  In a similar manner to Example 24 but using
      1,4-bis-(dimethoxyphosphonomethyl)-3,5-dimethylbenzene the compound of
      formula:
      ##SPC26##
PAL  was obtained.
PAR  Analysis of dibutylamine salt: Calculated for C.sub.30 H.sub.32 O.sub.7
      S.sub.2.2C.sub.8 H.sub.19 N: C; 66.8, H; 8.5, N; 3.4, S; 7.7. Found: C;
      67.2, H; 8.3, N; 3.4, S; 8.1.
PAC  EXAMPLE 27
PAR  The compound of formula:
      ##SPC27##
PAL  was obtained by replacing the
      6-formyl-1,2,3,4-tetrahydronaphthalene-8-sulphonic acid in Example 24 by
      6-formyl-1,2,3,4-tetrahydronaphthalene.
PAR  Analysis of dibutylamine salt: Calculated for C.sub.28 H.sub.28 O.sub.4
      S.C.sub.8 H.sub.19 N: C; 73.3, H; 8.0, N; 2.4, S; 5.4. Found: C; 73.0, H;
      7.8, N; 2.3, S; 5.2.
PAC  EXAMPLE 28
PAR  13.1 parts of 6-formyl-1,2,3,4-tetrahydronaphthalene--8-sulphonic acid
      (sodium salt) and 15.1 parts of 4-(dimethoxyphosphonomethyl)-stilbene in
      75 parts of dimethylformamide were treated with 5 parts of potassium
      hydroxide and allowed to stand for 60 hours at room temperature. The
      mixture was then poured into 400 parts of water and the product
      precipitated by the addition of 100 parts of sodium chloride. The crude
      product was recrystallised from 80% aqueous ethanol and a light yellow
      solid was obtained of formula:
      ##SPC28##
PAL  which imparted a vived violet-blue fluorescence to its alkaline solutions.
PAR  Analysis of dibutylamine salt: Calculated for C.sub.26 H.sub.24 O.sub.3
      S.C.sub.8 H.sub.19 N: C; 74.9, H; 7.9, N; 2.6, S; 5.9. Found: C; 74.9, H;
      7.8, N; 2.5, S; 5.8.
PAR  The 4-(dimethoxyphosphonomethyl)-stilbene may be obtained from
      4-bromomethylstilbene, itself prepared by the bromination of
      4-methylstilbene with N-bromosuccinimide.
PAC  EXAMPLE 29
PAR  7 parts of bis(dimethoxyphosphonomethyl)acenaphthene and 8 parts of
      o-sulphobenzaldehyde were treated in 50 parts of dimethylformamide with a
      suspension of 8.7 parts of potassium hydroxide in 50 parts of
      dimethylformamide. The temperature was maintained at 45.degree. for 1
      hour, raised to 65.degree. for 15 minutes and then the reaction mixture
      cooled well and diluted with 400 parts of water. The product was salted
      out by the addition of 100 parts of sodium chloride, collected, washed
      with water and converted to the free acid by boiling with hydrochloric
      acid. It was filtered off, redissolved in water by the addition of soda
      ash and recrystallised to afford 2.5 parts of a compound of formula:
      ##SPC29##
PAR  This compound exhibits a strong blue fluorescence in solution.
PAR  Analysis of dibutylamine salt: Calculated for C.sub.28 H.sub.22 O.sub.6
      S.sub.2 2C.sub.8 H.sub.19 N: C; 68.0, H; 7.7, N; 3.6, S; 8.2. Found: C;
      68.2, H; 7.4, N; 3.5, S; 7.9.
PAR  The bis(dimethoxyphosphonomethyl)acenaphthene may be prepared by the
      following route.
PAR  154 parts of acenaphthene, 350 parts of formaldehyde and 1,000 parts of
      concentrated hydrochloric acid were heated for 15 hours at
      80.degree.-90.degree. while gaseous hydrogen chloride was continuously
      passed. The resultant non-aqueous layer was separated and washed by
      decantation with water. The semi-solid material was recrystallised from
      500 parts of acetone, subsequently from dichloromethane and finally from
      toluene to afford a bis(chloromethyl)acenaphthene of m.pt.
      212.degree.-3.degree..
PAR  Analysis: Calculated: C; 66.9, H; 4.8, Cl; 28.2. Found: C; 66.4, H; 4.9,
      Cl; 27.6.
PAR  10 parts of the bis(chloromethyl)acenaphthene were refluxed with 30 parts
      of trimethylphosphite for 10 hours and the excess of trimethylphosphite
      removed under reduced pressure. The product was precipitated by the
      addition of 50 parts of petrol and filtered off, washed with petrol and
      recrystallised from toluene to afford 10 parts of a
      bis(dimethoxyphosphonomethyl)acenaphthene of m.pt. 115.degree.-7.degree..
PAR  Analysis: Calculated: P; 15.6, CH.sub.3 O; 31.2. Found: P; 15.0, CH.sub.3
      O; 30.4.
PAC  EXAMPLE 30
PAR  A bleached cotton fabric was washed at a liquor to goods ratio of 40:1 for
      30 minutes at 60.degree. in a bath containing:
PA1  0.03 g./l. of the compound of Example 1, 8, 20 or 21.
PA1  1 g./l of active chlorine (Javelle water)
PA1  4 g./l of a washing powder of the following composition:
PA2  15% Dodecylbenzene sulphonate
PA2  10% Sodium laurylsulphonate
PA2  40% Sodium tripolyphosphate
PA2  25.75% Anhydrous sodium sulphate
PA2  71% Sodium metasilicate
PA2  2% Carboxymethylcellulose
PA2  0.25% EDTA (ethylenediaminetetraacetic acid)
PAR  After having been rinsed and dried, the fabric exhibied a strong
      brightening effect which showed good fastness to acids, chlorine and
      light.
PAR  Alternatively the brightener of Example 1, 8, 20 or 21 may be directly
      incorporated in the washing powder of the above composition. Strong
      brightening effects were also obtained when the fabric was washed at
      20.degree. for 30 minutes.
PAC  EXAMPLE 31
PAR  A bleached cotton fabric was washed at a liquor to goods ratio of 20:1 for
      30 minutes at 60.degree.-95.degree. in a bath containing:
PA1  0.04 g./l of the compound of Example 1
PA1  4 g./l of a washing powder of the following composition:
PA2  40% Soap flakes
PA2  15% Sodium tripolyphosphate
PA2  8% Sodium perborate
PA2  1% Magnesium silicate
PA2  11% Sodium metasilicate nonahydrate
PA2  24.5% Sodium carbonate
PA2  0.5% Ethylenediaminetetraacetic acid
PAR  The rinsed and dried cotton fabric displayed a strong brightening effect.
      Excellent brightening effects were also produced at lower temperatures.
PAC  EXAMPLE 32
PAR  A boiled cotton fabric was treated at a liquor to goods ratio of 40:1 for 1
      hour at 25.degree. in a bath containing:
PA1  0.1% (by weight of fibres) of the compound of Example 1 or 8
PA1  2 g./l of active chlorine, as Javelle water.
PAR  The fabric was then rinsed and subjected to an anti-chlor treatment and
      after drying exhibited a strong brightening effect.
PAC  EXAMPLE 33
PAR  An unbleached cotton fabric was treated at a liquor to goods ratio of 40:1
      for 1-2 hours at 80.degree.-90.degree. in a bath containing:
PA1  0.1% (by weight of fibres) of the compound of Example 1 or 8
PA1  2 g./l Sodium chlorite
PA1  2 g./l Sodium nitrate
PA1  1 g./l Sodium pyrophosphate
PAR  The pH of the bath was adjusted to 3.8-4.2 by the addition of formic acid,
      and after the treatment the fabric was rinsed and immersed in a bath
      containing:
PA1  1 g./l Sodium perborate
PA1  1 g/l Soap at 80.degree. for 30 minutes.
PAR  The rinsed and dried fabric exhibited a brilliant whiteness.
PAC  EXAMPLE 34
PAR  Polyamide fibre fabric was treated at a liquor to goods ratio of 40:1 for
      30-45 minutes at a temperature of 90.degree.-100.degree. in a bath,
      adjusted to pH 4 by addition of formic acid, containing:
PA1  0.1% (by weight of fibres) of the compound of Example 8
PA1  2 g./l Sodium chlorite
PA1  2 g./l Sodium nitrate
PA1  1 g./l Sodium pyrophosphate
PAR  The rinsed fabric was given an anti-chlor treatment in a bath containing 2
      g./l sodium metabisulphite for 15 minutes at 40.degree.-50.degree.. The
      resultant fabric after rinsing and drying displayed a very good
      brightening effect. Similar effects were obtained with polyester fibre
      fabrics.
PAC  EXAMPLE 35
PAR  Polyamide fibres were treated at a liquor to goods ratio of 40:1 at
      60.degree.-100.degree. in a bath containing 0.1% (by weight of fibres) of
      the compound of Example 1, 8, 20 or 21. The bath was raised to the boil
      within 30 minutes and maintained at this temperature for a further 30
      minutes. The rinsed and dried fibres exhibited a strong brightening effect
      of good fastness to light.
PAC  EXAMPLE 36
PAR  Bleached woollen fibre fabric was treated at a liquor to goods ratio of
      40:1 for 1 hour in a bath containing 0.1% (by weight of fibres) of the
      compound of Example 15, 20 or 21 and 4 g./l sodium dithionate. After
      rinsing and drying the fibres showed a good brightening effect which had a
      good light fastness. Similar results were obtainable if 5% acetic acid
      replaced the sodium dithionate.
PAC  EXAMPLE 37
PAR  Polyvinylchloride fibres were padded at room temperature with an aqueous
      dispersion which contained 0.5 g./l of the compound of Example 12 or 13
      and the fabric was dried at 100.degree. and then subjected to a heat
      treatment for 30 seconds at 190.degree.. The resultant fabric showed a
      pronounced whitening effect.
PAC  EXAMPLE 38
PAR  Polyvinylchloride fibres were padded at 20.degree. with an aqueous
      dispersion which contained 1 g./l of the compound of Example 5 and then
      dried at 70.degree.. The dry material was heated at 100.degree. for 3
      minutes and a substantially improved whiteness was imparted to the fabric.
PAC  EXAMPLE 39
PAR  A fabric composed of cellulose acetate fibres was immersed at a liquor to
      goods ratio of 40:1 at 50.degree. in an aqueous bath containing 0.15% (by
      weight of fibres) of a compound of Example 5. The temperature of the bath
      was then raised to 90.degree.-95.degree. and maintained at this
      temperature for 30-45 minutes. After rinsing and drying the fabric
      displayed a good whitening effect.
PAC  EXAMPLE 40
PAR  Paper pulp containing 100 parts of bleached cellulose was mixed with 2
      parts of resin size in a pulping machine and after 15 minutes a solution
      of 0.2 parts of the compound of Example 1 in 20 parts of water was added.
      After a further 15 minutes, 3 parts of aluminium sulphate were added.
      After passing through a mixing vat the pulp was made into paper in the
      usual manner in a suitable machine. Paper of a high whiteness was
      produced.
PAC  EXAMPLE 41
PAR  Paper pulp containing 100 parts of bleached cellulose was mixed with 2
      parts of resin size and after 15 minutes 3 parts of aluminium sulphate
      were added. The pulp was manufactured into a paper web on a paper making
      machine, and subjected to a superficial sizing in a size press with an
      adhesive starch or alginate containing 0.15 parts of the compound of
      Examples 1, 8, 20 or 21. A paper of very high whiteness was produced.
PAC  EXAMPLE 42
PAR  3.0 Parts of the sodium salt of indane-5-aldehyde-7-sulphonic acid (82%
      pure) and 1.96 parts of 4,4'-bis(dimethoxyphosphonomethyl)diphenyl in 10
      parts of dimethyl formamide were added to a suspension of 25 parts of
      potassium hydroxide in 10 parts of dimethylformamide at 45.degree.C. over
      a period of 40 minutes. The mixture was heated to 65.degree. for 30
      minutes, cooled and poured into 75 parts of water. After acidification
      with hydrochloric acid the product was collected and well washed with
      water. A pale yellow product of formula:
      ##SPC30##
PAL  was obtained which dissolved in water in the presence of sodium carbonate
      to give an almost colourless solution with a strong violet blue
      fluorescence.
PAR  Analysis: Calculated: for C.sub.34 H.sub.30 O.sub.6 S.sub.2.2H.sub.2 O: C;
      64.4, H; 5.4, S; 10.1. Found: C; 63.9, H; 5.6, S; 9.8.
PAR  Indane-5-aldehyde-7-sulphonic acid was prepared by treatment of
      indane-5-aldehyde with oleum containing 66% SO.sub.3.
PAR  Indane-5-aldehyde, (anil m.pt. 85.degree.-86.degree.), may be obtained by
      chloromethylation of indane and conversion of the resultant product to an
      aldehyde.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC31##
PAL  wherein R is -SO.sub.3 H and n is 0, 1 or 2, at least one -SO.sub.3 H group
      being present; or a salt thereof.
NUM  2.
PAR  2. A salt as claimed in claim 1 which is a sodium salt.
NUM  3.
PAR  3. The compound of claim 1 which has the formula
      ##SPC32##
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ABST
PAL  The invention concerns a novel crystalline racemate,
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid. The
      racemate can be administered in pharmaceutical dosage forms or from a drug
      delivery device at a programmed rate for producing smooth muscle
      stimulation, termination of pregnancy, induction of labor or induction of
      menses.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of my copending U.S. patent application
      Ser. No. 146,491 filed on May 24, 1971 now abandoned, with complete
      application of said application incorporated into this application by
      reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new and useful polymorph, and more particularly
      it pertains to a novel polymorph, crystalline racemic
      9.alpha.,11.alpha.15(S)-trihydroxy-5-cis,13-transprostadienoic acid.
PAR  2. Description of the Prior Art
PAR  Racemic 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic
      acid, also known as dl-prostaglandin PGF.sub.2.sub..alpha., is a recently
      synthesized, colorless, oily racemate, J. Am. Chem. Soc., Vol. 91, pages
      5675 to 5677, 1969 and Chem. Comm., No. 6, pages 304 to 305, 1969, that
      possesses valuable, therapeutic properties. The properties broadly include
      the ability to modify smooth muscle activity, the termination of
      pregnancy, induction of labor, and induction of menses. Prostaglandins,
      Progress in the Chemistry of Fats and Other Lipids, Vol. IX, Part 2, pages
      231 to 278, 1968, Pergamon Press, Inc.
PAR  While the above mentioned therapeutic properties of the oily racemate are
      known to the prior art through
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid,
      [PGF.sub.2.sub..alpha. ], the art apparently never used the oily racemate
      because it would encounter problems in its attempts to obtain and to use
      the oily racemate for therapeutic purposes. For example, typical problems
      that would be encountered by the art include the difficulty to obtain and
      to keep essentailly pure racemic PGF.sub.2.sub..alpha. because the oily
      racemate would decompose during its distillation and also because it would
      readily oxidize during storage to presently unidentified products that
      lack prostaglandin utility. Another problem that would be encountered with
      the oily racemate would arise in using the oily racemate in conventional
      pharmaceutical dosage forms and in drug delivery devices. In the
      pharmaceutical forms, the oily racemate would undergo air oxidation and
      leakage therefrom. In the drug delivery devices comprising a rate release
      membrane containing the oily racemate, there would be uncontrolled passage
      of the oily racemate from the rate release membrane to essentially prevent
      its administration at a programmed rate over a predetermined time period
      to produce a therapeutic effect. Thus, in view of the foregoing
      discussion, it can readily be seen that the art critically needs a novel
      and useful form of the racemic
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid that
      possesses improved drug stability and can advantageously be used in
      pharmaceutical dosage forms or in drug delivery devices for its
      outstanding therapeutic properties.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a novel
      form of racemic 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,
      13-trans-prostadienoic acid [crystalline racemic PGF.sub.2.sub..alpha. ]
      that can be used by the pharmaceutical art for obtaining its therapeutic
      effects.
PAR  It is another object of the present invention to provide a novel and useful
      racemate of
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid that
      essentially overcomes the problems encountered by the prior art.
PAR  Still a further object of the invention is to provide a new polymorph of
      racemic 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-transprostadienoic
      acid [crystalline racemix PGF.sub.2.sub..alpha. ] that can be administered
      in conventional pharmaceutical formulations or from drug delivery devices.
PAR  Still yet a further object of the invention is to provide a new crystalline
      racemate, 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic
      acid [crystalline racemic PGF.sub.2.sub..alpha. ] that can be obtained
      from the prior art oily racemate and which new crystalline form can be
      obtained with a high degree of purity, by conventional, recrytallization,
      purification techniques.
PAR  Yet a further object of the invention is to make available to the art a
      new, crystalline racemate,
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid
      [crystalline racemic PGF.sub.2.sub..alpha. ] that possesses both enhanced
      stability and shelf life and can be characterized by reliable data.
PAR  Still a further object of the invention is to make available the racemate
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid in
      solid, crystalline form having improved stability and essentially free
      from autoxidation.
PAR  Yet still a further object of the invention is to provide crytalline
      racemic 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-transprostadienoic
      acid that possesses increased shelf life for storage at room temperature
      substantially free of air oxidation and degradation.
PAR  Still a further purpose of the invention is to provide a solid crystal
      racemate 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-transprostadienoic
      acid capable of definition by means of interplanar spacing.
PAR  Yet a further object of the invention is to provide crystalline racemic
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid that
      can be formulated and compounded into pharmaceutical formulations
      essentially free of the disadvantages known to the prior art.
PAR  These and other objects, as well as features and advantages of the
      invention will be readily apparent to those skilled in the art upon a
      reading of the present disclosure and the accompanying claims.
PAC  SUMMARY OF THE INVENTION
PAR  The invention concerns a new polymorph, crystalline, racemic
      9.alpha.,11.alpha.15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid,
      [crystalline racemic PGF.sub.2.sub..alpha. ]. The new solid polymorph
      possesses unexpected stability and it also possesses the therapeutic
      utility of
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid,
      [PGF.sub.2.sub..alpha. ]. Additionally, it can be administered in stable
      conventional, pharmaceutical dosage formulations or from drug delivery
      devices.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In attaining the objects and advantages of this invention, it has now been
      unexpectedly found that a new solid crystalline racemate,
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid,
      [crystalline racemic PGF.sub.2.sub..alpha. ], hereinafter designated as
      polymorph II, can be made available to the art to essentailly overcome the
      difficulties associated with the prior art oily racemate of
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid
      [oily racemic PGF.sub.2.sub..alpha. ], hereinafter designated as polymorph
      I. It has further been unexpectedly found that polymorph II of the
      invention can be obtained from polymorph I by the direct conversion of the
      oily racemate to the crystalline racemate, and also by first dissolving
      polymorph I in a solvent such as acetonitrile, dioxane, tetrahydrofuran,
      etc., followed by either seeding or by dissolution and seeding to give
      polymorph II. Additionally, the invention also provides purified polymorph
      II, as the purification of polymorph II can be achieved by conventional,
      easily repeated crystallization techniques from standard solvent medium,
      such as acetonitrile, tetrahydrofuran, dioxane, benzene, furan and the
      like, where heretobefore for obtaining polymorph I, laborious techniques
      such as chromatographic, counter current distribution and the like
      purification procedures were required since the oily racemate is not
      stable during distillation, and because it easily oxidizes under ambient
      conditions. Additionally, the isolation and recovery of polymorph II is
      easier to expedite because polymorph II is freed more readily from the
      volatile solvents used during the purification procedures than is
      polymorph I.
PAR  The polymorph II of the present invention can be distinguished from the
      oily polymorph I, which readily undergoes air oxidation by its greater
      stability and increased shelf life and by its interplanar spacings as
      shown by X-ray powder diffraction as set forth in Table I.
TBL                TABLE 1                                                     
     ______________________________________                                    
     X-RAY DIFFRACTION DATA                                                    
     Polymorph II              Polymorph I                                     
                   Estimated Intensity                                         
     Interplanar Spacings, A.degree.                                           
                   Strongest Line = 10                                         
     ______________________________________                                    
     27.90         7                                                           
     18.19         1                                                           
     13.00         3               Oily                                        
     10.32         3                                                           
     8.38          9                                                           
     7.31          5                                                           
     6.06          6                                                           
     5.40          5                                                           
     4.92          9                                                           
     4.67          8                                                           
     4.45          8                                                           
     4.09          10                                                          
     3.54          3                                                           
     3.30          3                                                           
     2.98          3                                                           
     2.79          3                                                           
     2.63          1                                                           
     2.53          3                                                           
     2.04          3                                                           
     ______________________________________                                    
PAR  The physical crystalline phase data, as set forth in Table II, further
      serves to characterize completely polymorph II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Crystal System      Monoclinic                                            
     Crystal Habit       Tubular                                               
     Optic Sign          Negative                                              
     Melting Point       63.5.degree.C - 64.degree.C                           
     ______________________________________                                    
DETD
PAR  Illustratively, polymorph II of the present invention can be prepared
      according to the following examples.
PAC  EXAMPLE A
PAR  Preparation of Polymorph II. First, 150.5 mg of racemic
      11,15-bis(tetrahydropyranyl)ether of
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid,
      [rac. 11,15-bis-THP of PGF.sub.2.sub..alpha. ], prepared according to the
      processes reported in J. Am. Chem. Soc., Vol 91, pages 5675 to 5677, 1969;
      and, ibid, Vol 92, pages 2586 to 2587, 1970 was dissolved in 0.4 ml of
      tetrahydrofuran with gentle stirring and then, 4 ml of a 65 to 35 solution
      of acetic acid to water was added and the mixture stirred at 40.degree. to
      45.degree. C for about 4 hours. Next, the volatiles were removed under
      vacuum (&lt;0.1 mm Hg), and the residue containing the prostaglandin was
      chromatographed on a column containing about 4 gm of acidic silica,
      commercially available as SilicAR.sup.(R), CC-4, 100-200 mesh, from the
      Mallinckrodt Chemical Works. The prostaglandin was eluted with
      approximately 4 column volumes of an eluant consisting of a 2 to 1 mixture
      of cyclohexane and ethylacetate, with 15 to 20 ml fractions collected
      therefrom. In fraction 7, there appeared an oily, impure fraction of
      racemic PGF.sub.2.sub..alpha., followed by fractions of pure racemic
      PGF.sub.2.sub..alpha. in fractions 8 to 12. Fractions 8 to 12 were
      combined to yield 60 mg of pure, oily racemic PGF.sub.2.sub..alpha. which
      slowly crystallized under ambient conditions to directly yield polymorph
      II, or crystalline racemic PGF.sub.2.sub..alpha., with a melting point of
      63.5.degree. C to 64.degree. C.
PAC  EXAMPLE B
PAR  The procedure used in Example A for preparing polymorph II was followed in
      this example, and, all the conditions were substantially as previously
      described except for the use of solvent and seeding changes in the
      procedure as now set forth. In this example 571 mg of racemic
      11,15-bis(tetrahydropyranyl)ether of
      9.alpha.,11.alpha.15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid [rac.
      of 11,15-bis-THP of PGF.sub.2.sub..alpha. ], was dissolved in 4 ml of
      tetrahydrofuran and 30 ml of 65:35 acetic acid:water mixture. The mixture
      was heated at 56.degree. C for 31/2 hrs, cooled to room temperature and
      stripped in vacuo. Next, the residue was chromotographed on a 6 gm
      SilicAR, CC-4 column with a 1:1 cyclohexane:ethylacetate eluant for
      fractions 1 to 5 and ethyl acetate eluant was used for fractions 6 through
      12. Fractions 7 to 12 contained the racemic, pure, oily
      PGF.sub.2.sub..alpha. and they were combined and concentrated to yield
      about 135 mg of the oily racemate. Next, the oily racemate was dissolved
      in the solvent, acetonitrile, cooled, and on scratching gave crystals,
      that are characterized as polymorph II, or crystalline racemic
      PGF.sub.2.sub..alpha.. The product, polymorph II, can be further purified,
      if needed, by repeated dissolution and seeding from an organic solvent
      such as acetonitrile, furan, etc., to yield pure, crystalline racemic
      PGF.sub.2.sub..alpha., or polymorph II.
PAC  EXAMPLE C
PAR  Natural 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic
      acid, natural PGF.sub.2.sub..alpha., prepared from total synthesis was a
      soft, waxy semi-crystalline compound melting in the range of
      25.degree.-32.degree.. A weighed sample was diluted with dioxane to
      produce a solution which was 10.mu.g PGF.sub.2.sub..alpha. /.mu.l of
      solution. This solution was used to calibrate the response of the
      differential refractometer of a Waters Assoc. Model 100 high pressure
      liquid chromatograph (h.p.l.c.). The calibration appears in FIG. 1. FIG.
      1, the PGF.sub.2.sub..alpha. peak height conditions are as follows: column
      4 feet .times.0.125 inches o.d., column of Corasil -II. Solvent 0.2%
      HOAc/EtOAc wherein the former is acetic acid and the latter is ethyl
      acetate. Flow 0.9ml/min. Reaction times: dioxane front appears at 30 min.
      PGF.sub.2.sub..alpha. at 14 min. from injection corresponding to column
      void volume after void volume displacement. The numbers on the x-axis are
      .mu.g injected and the numbers along the y-axis indicate detector response
      in inches at peak heights.
PAR  Weighed samples, 0.5-1.0 mg. .+-. 0.03 mg, of PGF.sub.2.sub..alpha. and
      crystalline racemic PGF.sub.2.sub..alpha. were placed in 1 dram vials.
      These vials were randomly divided between storage at -20.degree. C under
      argon and storage at 41 .+-. 2.degree., open to the air, in a sand bath.
      At stipulated times samples were removed from both types of storage,
      diluted to 10.mu.g PGF.sub.2.sub..alpha. /.mu.l, and assayed by h.p.l.c.
      The -20.degree. storage samples always assayed within experimental error
      of fresh standards (.+-.6%). Individual assays of 41.degree. C stored
      samples are collected in FIG. 2. In FIG. 2, the loss of
      PGF.sub.2.sub..alpha. on storage open to air at 41 .+-. 2.degree. C is set
      forth. The open symbols are for racemic PGF.sub.2.sub..alpha. and the
      closed symbols are for nat. PGF.sub.2.sub..alpha.. The different symbols
      are used to indicate different samples. Replicate analysis appear as
      multiple used of the same symbols at any one time. Further description of
      FIG. 2 indicates the percent of PGF.sub.2.sub..alpha. remaining. The
      numbers along the x-axis are days at 41 .+-. 2.degree. C and along the
      y-axis are percents. The crystalline racemate assayed 103 .+-. 3% based on
      the natural compound. In the light of these studies and the customary
      precautions taken in the storage of the natural compound relative to the
      racemate, the results indicate superior long term storage stability for
      the racemic crystals II.
PAR  The oily PGF.sub.2.sub..alpha. degrades by oxidation rapidly at first
      suggestive of a surface reaction, and then more slowly with a measured
      half life of 17 days. The crystalline racemate is unchanged after 14 days.
      The racemate change as measured by PGF.sub.2.sub..alpha. is 3% (.+-.
      .about. 4.about. 6%). This is an unexpected and superior contribution for
      the prostaglandin of the invention. Since, prostaglandins, including the
      dienoics, are known to be unstable, as they undergo autoxidation on
      exposure to air. Methods of Biochemical Analysis, Vol. 17, pages 325 to
      371, 1969, published by Interscience Publishers, New York.
PAR  FIGS. 3, 3a and 3b show the traces from rapid analysis, (at 1 ml/min.). The
      figures also show the separation of PGF.sub.2.sub..alpha. and its
      15-epimer. Neither of the degradation products seen in the
      PGF.sub.2.sub..alpha. sample stored 9 days at 41.degree. C corresponds to
      15-epi-PGF.sub.2.sub..alpha.. FIG. 4 shows traces from analysis run at
      lower flow rates, (.about. 0.7 ml/min.). In FIGS. 4, 4a and 4b, all
      injections represent 100 .mu.g of PGF.sub.2.sub..alpha. initial samples.
      The unexpected nature of stable, crystalline polymorph II was also seen in
      samples kept at 25.degree. C with constant exposure to the air without any
      evidence of crystalline loss after more than one year; while an oily
      racemic product would be over half oxidized in 17 days and evidence a
      continual oxidation loss with corresponding continual half-life losses.
PAR  Polymorph II of the invention can be used by the pharmaceutical art in a
      variety of pharmaceutical preparations for its therapeutic use. For
      example, polymorph II can be formulated for its therapeutic use. For
      example, polymorph II can be formulated into stable tablets, capsules,
      elixers, syrups, ointments, powders, creams, lotions, drops, pastes,
      jellies, injectable preparations, dispersions, food premix, and the like.
      The stable polymorph II can be administered by conveniently mixing it with
      non-toxic, pharmaceutically acceptable organic or inorganic carriers, such
      as gelatin, lactose, starches, talc, magnesium stearate and other
      conventionally employed pharmaceutically acceptable carriers. The
      parmaceutical preparation containing polymorph II may also include
      non-toxic auxiliary substances such as emulsifying, preserving, wetting
      agents and the like.
PAR  Exemplary of a typical method for preparing a tablet containing polymorph
      II is to first comminute polymorph II with a diluent such as starch,
      sucrose, kaolin or the like to form a mixture. Next, the mixture can be
      granulated with a binder such as gelatin, acacia mucilate, corn syrup and
      the like and, after mixing, the composition is screened to any
      predetermined particle sieve size. As an alternative, if preferred, to
      granulation, the just prepared mixture can be slugged through conventional
      tablet machines and the slugs comminuted before fabrication of the
      tablets. The freshly prepared tablets can be coated or they can be left
      uncoated and maintain their stability and strength, which was impossible
      with the unstable prior art oily prostaglandins. Representative of
      suitable coatings are the non-toxic coatings including shellac,
      methylcellulose, carnauba wax, styrene-maleic acid copolymers, and the
      like. For oral administration, compressed, shelf-storable tablets
      containing 0.01 microgram, 10 micrograms, 50 micrograms, 5 milligrams, to
      250 milligrams and the like of polymorph II are manufactured in the light
      of the above disclosure and by fabrication techiques well known to the art
      as set forth in Remington's Pharmaceutical Science, Chapter 39, Mack
      Publishing Co., 1965. A typical storable and operable formulation for a
      tablet containing polymorph II as the active ingredient in a tablet is
      described in Example D.
TBL  EXAMPLE D                                                                 
                     Per Tablet, mg                                            
     ______________________________________                                    
     Polymorph II      2.0                                                     
     Corn Starch       15.0                                                    
     Corn Starch Paste 4.5                                                     
     Lactose           82.0                                                    
     Calcium Stearate  2.0                                                     
     Dicalcium Phosphate                                                       
                       50.0                                                    
     ______________________________________                                    
PAR  To formulate the tablet, uniformly blend polymorph II, the corn starch,
      lactose and dicalcium phosphate in a standard v-blender until all the
      ingredients are uniformly mixed together. Next, the corn starch is
      prepared as a 10% syrup paste, and it is blended with the first prepared
      uniform mixture until a second uniform mixture is obtained. Then, the
      granulation is passed through a standard eight mesh screen, dried and
      rescreened with a twelve mesh screen. The dry granules are next blended
      with calcium stearate and compressed into tablets. Other tablets
      containing 0.05, 0.25, 1.0, 5.0, 10.0, 15,0 mgs. etc., are prepared in a
      like fashion. Another representative, essentially stable pharmaceutical
      composition prepared according to the spirit of the invention is set forth
      in Example E.
PAC  EXAMPLE E
PAR  A pharmaceutical composition comprising from 0.01 micrograms to 250
      milligrams of crystalline, racemate
      9.alpha.,11.alpha.,-15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid
      wherein the crystals are characterized by the following X-ray diffraction
      data:
TBL  Interplanar Spacings, A.degree.                                           
     ______________________________________                                    
            27.60  4.65                                                        
            18.19  4.09                                                        
            13.00  3.54                                                        
            10.33  3.30                                                        
            8.38   2.98                                                        
            7.31   2.79                                                        
            6.06   2.63                                                        
            5.40   2.53                                                        
            4.92   2.04                                                        
            4.67                                                               
     ______________________________________                                    
PAL  and wherein the crystals system is monoclinic, the crystal habit is
      tubular, the optic sign is negative, and the melting point is 63.5.degree.
      C to 64.degree. C, mixed with a pharmaceutical carrier.
PAR  The manufacture of pharmaceutical capsules for oral use consists
      essentially of mixing polymorph II with a non-toxic carrier and enclosing
      the mixture in a gelatin sheath. The capsules can be in the art known soft
      form of a capsule made by enclosing polymorph II, or the capsule can be a
      hard capsule consisting essentially of polymorph II mixed with a nontoxic
      solid, such as talc, calcium stearate, calcium carbonate or the like. A
      typical capsule formulation is described in Example F.
PAC  EXAMPLE F
PAR  Capsules containing 0.1 mg, 0.5 mg, 2.5 mg, 10 mg, 20 mg, 25 mg, and the
      like of polymorph II are prepared by blending the following:
TBL                   Per Capsule, mg                                          
     Polymorph II     5.0                                                      
     Lactose, U.S.P.  300.0                                                    
     Starch           130.0                                                    
     Magnesium Stearate                                                        
                      4.5                                                      
PAR  The blended ingredients are discharged into a commercially available
      capsule, and with the higher amounts of polymorph II as the active
      ingredient in the capsule, a suitable reduction is made in the amount of
      lactose. The formulation can be carried out under ambient conditions with
      conventional techniques.
PAR  Polymorph II can be incorporated into drug delivery devices comprising a
      member containing polymorph II or having polymorph II distributed
      therethrough for releasing polymorph II at a controlled rate for a
      predetermined period of time. The member containing polymorph II serves as
      a reservoir therefor, and it is usually shaped as a laminae, a film, or
      the like with at least one wall or part thereof made of a material
      suitable to the passage of polymorph II so that passage from the reservoir
      is a drug release rate governing process for effectively administering
      predetermined amounts of polymorph II for its ability to contract uterine
      myometrial muscle, induce parturition, interrupt early pregnancy and the
      like. The drug delivery devices suitable for the purpose of administering
      polymorph II are those devices that are readily inserted into body
      cavities, retained there and easily removed therefrom, devices that can be
      implanted and used as external drug delivery devices. Those skilled in the
      art can determine the rate of passage of polymorph II from or through
      materials by using standard in vivo and in vitro methods as reported in
      Endocrinology, Vol. 78, pages 208 to 211, 1966; Encyl. Polymer Sci,
      Technol., Vol. 9, pages 794 to 807, 1968; J. Pharm. Sci., Vol. 52, pages
      1145 to 1149, 1963; Circulation Research, Vol. 10, pages 632 to 641, 1962;
      J. of Chromatography, Vol 44, pages 443 to 451, 1969; J. Am. Chem. Soc.,
      Vol. 91, pages 3398 to 3400, 1969; and, European J. Biochem., Vol. 10,
      pages 411 to 418, 1969.
PAR  Polymeric materials suitable for use as a reservoir for administering
      polymorph II are materials of natural and synthetic materials include
      poly(propylene), poly(ethylene), poly(butadiene), poly(vinylchloride),
      poly(vinyllidene chloride), fluorinated ethylene-propylene copolymers,
      poly(ethylene terephthalate), poly(amides), poly(imides), poly(vinyl
      acetate), poly(vinyl pyrrolidone), poly(methyl vinyl ether maleic
      anhydride)copolymer, poly(methylmethacrylate), propylene vinyl butyrate
      copolymers, silicone rubbers poly(dimethylsiloxanes), silicone-carbonate
      copolymers, and the like. Exemplary of naturally occurring materials
      include cellulose ethers, agaragar, guar gum, gum tragacanth, casein,
      gelatine, and the like.
PAR  The manufacture of a drug delivery containing polymorph II is carried out
      by using standard techniques. For example, the reservoir can be formed by
      molding a polymeric material into the desired shape with polymorph II
      therein; or, the reservoir can be in the form of an envelope formed of
      films of polymeric material that releases polymorph II; or the reservoir
      can be in the form of an inert polymeric matrices with polymorph II
      dispersed therein. The standard techniques used for manufacturing the
      reservoir containing polymorph II include adding polymorph II to a liquid
      matrix material and then converting the matrix to a solid by curing, by
      immersion, coating, and the like. A typical drug delivery device
      containing polymorph II is described in Example G.
PAC  EXAMPLE G
PAR  A drug delivery device is prepared as follows: first, 3.2 g of solid
      polymorph II is thoroughly mixed with 23 g of medical grade
      polydimethylsiloxane elastomer and 5 g of the mixture aliquoted therefrom.
      Next, 1 to 2 drops of stannous octoate catalyst is added to the aliquote,
      the ingredients mixed, and then poured into an intravaginal rectangular
      mold formed of two parts. The mold's size and shape is variable and it is
      adapted for easy insertion, retention and removal from an animal's vagina.
      A typical mold's dimension generally corresponds to the dimension of the
      vaginal channel, that is, about 7 to 10 cm in length with a width of 5 to
      30 mm for a mature mammal. Each part of the presently used mold is 5 mm by
      70 mm to form a rectangle, 10 mm by 70 mm, and after filling, the parts
      are tightened to each other and the ingredients cure at 40.degree. C to
      50.degree. C for 1 to 2 hours. The final cured product, or drug delivery
      device contains about 600 mg of polymorph II and placement of the device
      in the vaginal tract of mammals supplies an effective amount for the
      induction of labor.
PAC  EXAMPLE H
PAR  Other drug delivery devices are prepared as follows: a section of
      poly(vinylacetate) tubing having an outside diameter of 6 mm, an inside
      diameter of 4 mm and a length of about 15 mm, is filled with 150 mg of
      polymorph II and the ends of the tubing closed with plugs that are
      adhesively sealed thereto. The device can be subcutaneously implanted, or
      inserted into body openings for administering an effective amount of
      polymorph II. Another device can be prepared by mixing two equivalents of
      methylene isocynate, one equivalent of a polyethyl triol, one equivalent
      of 1,4-butanediol, and polymorph II and then polymerizing the mixture by
      standard methods to provide a poly(urethane)rubber-type drug delivery
      device. Likewise, other devices containing polymorph II which can permeate
      through polymeric substances such as poly(ethylene), nylon, etc., are
      prepared by techniques set forth in Modern Plastic Encyclopedia, Vol. 45,
      1968, for providing controlled, continued, sustained, medication over
      desired predetermined periods of time.
PAR  The dose administered for polymorph II will of course vary for the chosen
      route of administration and the size of the recipient. The dose
      administered is not subject to definite bounds, but it will usually be an
      effective amount of polymorph II to achieve the biological function of the
      prostaglandin. Representative of a typical method for administering
      polymorph II is by the injectable-type administration route. By this
      route, from 0.2 micrograms to 10.0 micrograms per kilogram of body weight
      per minute by means of an infusion pump is useful for stimulating smooth
      muscle for inducing labor, for inducing menses and for termination of
      pregnancy. Polymorph II is administered from a drug delivery device
      intravaginally to primates, including mammals, at the rate of 20 mg to 50
      mg every 2 hours for inducing parturition; and, from a drug delivery
      device intra-vaginally at the rate of 200 mg to 600 mg every 2 hours for
      the termination of pregnancy in primates, including mammals.
PAR  For administering to valuable domestic household, sport, or farm animals
      such as sheep, goats, cattle, etc., or to laboratory animals for
      scientific studies, polymorph II is administered in the form of a food
      premix, such as mixing with dried fish meal, oatmeal, straw, hay, ground
      corn, mash, and the like, and the prepared premix is added to the regular
      feed, thereby administering the compound to the domestic or laboratory
      animals in the form of feed.
PAR  In laboratory studies for determining the applicability of polymorph II to
      mammals, primates, avians and valuable animals, the studies are carried
      out with rats, guinea pigs, gerbils, mice, etc. For example, in laboratory
      studies with standard laboratory rats, polymorph II is administered orally
      by perfusion at the rate of 0.01 microgram to 1.0 microgram per minute for
      determining smooth muscle effects, and the like.
PAR  The above disclosure and examples are set forth for illustrating the mode
      and the manner of the invention. It is evident from the disclosure that
      the invention provides a new and useful product with improved stability.
      Also, the invention provides pharmaceutical compositions that can be made
      for present and future use with known and measurable activity that was not
      possible heretofore. Also, various modifications and embodiments can be
      made by those skilled in the art in the light of the invention without
      departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Crystalline, racemate
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,-13-trans-prostadienoic acid
      wherein the crystals are characterized by the following X-ray diffraction
      data:
TBL  Interplanar Spacings, A.degree.                                           
     ______________________________________                                    
            27.60  4.65                                                        
            18.19  4.09                                                        
            13.00  3.54                                                        
            10.33  3.30                                                        
            8.38   2.98                                                        
            7.31   2.79                                                        
            6.06   2.63                                                        
            5.40   2.53                                                        
            4.92   2.04                                                        
            4.67                                                               
     ______________________________________                                    
PAL  and wherein the crystals system is monoclinic, the crystal habit is
      tubular, the optic sign is negative, and the melting point is 63.5.degree.
      C to 64.degree. C.
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PAL  .alpha.,.beta.-Unsaturated carboxylic acid chlorides are advantageously
      produced in high yields and with minimal formation of by-products by
      reaction of the corresponding carboxylic acid with oxalyl chloride.
BSUM
PAR  The present invention is concerned with a novel method for the manufacture
      of .alpha.,.beta.-unsaturated carboxylic acid chlorides, wherein an
      .alpha.,.beta.-unsaturated carboxylic acid is contacted with oxalyl
      chloride. The carboxylic acids which may be utilized as starting materials
      in the process of the present invention are defined by the following
      structural formula
      ##EQU1##
      wherein R and R' can be hydrogen or a hydrocarbon, e.g. alkyl, aryl or
      aralkyl, radical and X is hydrogen, a hydrocarbon or halo radical.
PAR  The hydrocarbon radicals encompassed in the foregoing structural formula
      are exemplified by alkyl radicals such as methyl, ethyl, propyl, butyl,
      pentyl, hexyl, heptyl and the branched-chain groups corresponding, aryl
      radicals such as phenyl and tolyl and aralkyl radicals such as benzyl and
      phenethyl.
PAR  The halo radicals denoted above are typified by chloro, bromo, fluoro and
      iodo.
PAR  A preferred embodiment of the present invention comprises the conversion of
      .alpha.-chloroacrylic acid to the corresponding acid chloride by reaction
      with oxalyl chloride. Previously known methods for the production of this
      substance have resulted in low yields and also in the formation of large
      amounts of by-products which render isolation of the desired material most
      difficult. Thus, when phosgene is used as the chlorinating agent, large
      quantities of .alpha.,.beta.-dichloropropionyl chloride are formed,
      resulting from the addition of hydrogen chloride across the
      .alpha.,.beta.-unsaturated double bond. This impurity is particularly
      troublesome by virtue of the fact that it co-distils with the desired acid
      chloride, thus making isolation of the pure substance most difficult.
      Other reagents which have been used to effect the production of
      .alpha.-chloroacrylyl chloride from the corresponding acid are benzoyl
      chloride and thionyl chloride. In both instances, very low yields are
      obtained.
PAR  The discovery that the use of oxalyl chloride in the present process
      provides high yields of the desired products uncontaminated with
      troublesome and difficultly separable by-products is most surprising and
      totally unexpected. Thus, in this process as well as in the method
      utilizing phosgene as the chlorinating agent, hydrogen chloride is formed
      as a by-product of the reaction, but only in the case of phosgene is any
      significant amount of dichloropropionyl chloride produced.
PAR  The process of the present invention may be conducted either at room
      temperature or at elevated temperatures. Mixing of the reactants is
      preferably carried out at room temperature in order to maintain control of
      the initial rapid reaction. When that initial reaction has subsided, the
      mixture can be heated to effect completion of the process. In the interest
      of economy, equimolar quantities of the reactants are used. Substantially
      quantitative conversion of the acid to the desired chloride is effected by
      utilizing an excess amount of oxalyl chloride.
PAR  Oxalyl chloride is additionally advantageous over the aforementioned
      reagents as a result of the fact that it is a liquid, thus does not
      require the use of a solvent and that it can be heated without loss due to
      evaporation or decomposition. Phosgene, on the other hand, is a gas, thus
      is extremely volatile, requires the addition to the reaction mixture of a
      solvent, thereby increasing the cost of the process. In addition, phosgene
      is extremely poisonous, thus constitutes a severe safety hazard.
PAR  Although the instant process is suitably conducted by allowing the
      carboxylic acid and oxalyl chloride to interact in the absence of solvents
      or catalysts, it has been found that the reaction rate is accelerated and
      the yield improved when a promoter, e.g. an N-substituted carboxylic acid
      amide such as dimethylformamide or N-methylpyrollidone, is added.
PAR  The products of the present process are primarily useful as intermediates
      in chemical syntheses. Thus, .alpha.-chloroacrylyl chloride is a key
      intermediate in the manufacture of known prostaglandins. These known
      substances induce a variety of physiological effects, e.g. initiation of
      labor in a pregnant female mammal. The utilization of that acid chloride
      as an intermediate is described in detail by Corey et al., J. Am. Chem.
      Soc., 93, 4326 (1971) and Corey et al., J. Am. Chem. Soc., 91, 5675
      (1969). .alpha.-Chloroacrylyl chloride is particularly suitable for this
      reaction in view of the fact that its use results in the formation of the
      correct stereoisomer.
DETD
PAR  The invention will appear more fully from the examples which follow. These
      examples are given by way of illustration only and are not to be construed
      as limiting the invention either in spirit or in scope as many
      modifications both in materials and methods will be apparent to those
      skilled in the art. In these examples temperatures are given in degrees
      Centigrade (.degree.C.) and quantities of materials in parts by weight
      unless otherwise noted.
PAC  EXAMPLE 1
PAR  To 48 parts of .alpha.-chloroacrylic acid, at room temperature, is added
      slowly 58 parts of oxalyl chloride. After the initial rapid reaction has
      subsided, 1 part of dimethylformamide is added to the stirred mixture and
      the mixture is heated to 40.degree., then allowed to cool to room
      temperature. Distillation of that mixture under reduced pressure affords
      .alpha.-chloroacrylyl chloride, boiling at approximately
      45.degree.-48.degree. at 78-80 mm. of pressure.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated except that the reactants are
      allowed to stand at room temperature for approximately 10 minutes before
      addition of the dimethylformamide. After addition of that promoter the
      reaction mixture is heated at approximately 35.degree. for about 18 hours,
      then is subjected to fractional distillation under reduced pressure, in
      that manner affording the desired product, .alpha.-chloroacrylyl chloride
      boiling at 45.degree.-47.5.degree. under 80 mm. of pressure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the manufacture of .alpha.-chloroacrylyl chloride which
      comprises contacting .alpha. -chloroacrylic acid with oxalyl chloride and
      isolating the product.
NUM  2.
PAR  2. The process of claim 1, wherein the reaction is conducted at room
      temperature.
NUM  3.
PAR  3. The process of claim 1, wherein the reaction is conducted at elevated
      temperature.
NUM  4.
PAR  4. The process of claim 1, wherein excess oxalyl chloride is used.
NUM  5.
PAR  5. The process of claim 1, wherein equimolar quantities of
      .alpha.-chloroacrylic acid and oxalyl chloride are used.
NUM  6.
PAR  6. The process of claim 1, wherein an N-substituted carboxylic acid amide
      is added to the reaction mixture.
NUM  7.
PAR  7. The process of claim 1, wherein dimethylformamide is added to the
      reaction mixture.
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ABST
PAL  Internal water balance within a liquid carbamate recycle urea process is
      controlled. Pressure in decomposer and/or condenser system can be varied
      to effect control. Also, refractive index of carbamate recycle solution
      can be determined and related to water balance.
PARN
PAR  This is a continuation of application Ser. No. 88,272 filed Nov. 10, 1970
      and now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to a new method for the continuous determination of
      the concentration of the carbamate recycle solution reactor feed stream
      within a urea synthesis process, and to a new method of automatic control
      of the internal water balance within a liquid carbamate recycle urea
      synthesis process.
PAC  BACKGROUND OF THE INVENTION
PAR  Urea is commercially obtained by reacting NH.sub.3 and CO.sub.2 in a
      reactor at elevated temperature and pressure. At urea synthesis conditions
      NH.sub.3 and CO.sub.2 instantaneously and completely react
      stoichiometrically to form ammonium carbamate. The latter is partially
      converted to urea and water within 20-30 minutes of residence in the
      reactor. Ammonia in excess of the stoichiometric ratio with CO.sub.2 is
      used in the reactor for the purpose of increasing the conversion of
      carbamate to urea. The urea synthesis reactor usually contains urea,
      water, excess ammonia and unconverted ammonium carbamate. For the purpose
      of separating the finished urea solution product from the unconverted
      reactants, the urea reactor effluent is usually let down in pressure
      through a reducing valve and heated in a decomposer, usually operated at a
      constant pressure, and thus the unconverted ammonium carbamate is
      decomposed to gaseous NH.sub.3 and CO.sub.2, and the gas is expelled from
      the urea product solution together with the excess ammonia evaporated from
      the latter with some water.
PAR  The NH.sub.3 and the CO.sub.2 gas with water vapor thus recovered is
      usually absorbed in water to form an aqueous ammoniacal solution of
      ammonium carbamate, and the solution thus obtained is recycled back to the
      urea synthesis reactor for total recovery.
PAR  The water contained in the recycle carbamate solution is detrimental to the
      conversion of ammonium carbamate to urea in the urea synthesis reactor. In
      order to minimize the adverse effect of the water upon the conversion of
      carbamate to urea in the reactor, the water content in the carbamate
      recycle solution is usually maintained at the lowest possible value. This
      minimum value is dependent upon the ammonium carbamate content of the
      carbamate recycle solution and consequently upon the salting-out
      temperature of carbamate. The water content in the carbamate recycle
      solution is usually maintained at such a level as to prevent the salting
      out of ammonium carbamate from the solution recycled to the reactor.
PAR  Thus, in practice, a continuous control of the water content in the
      carbamate recycle solution is required in order to prevent either the urea
      synthesis reactor from operating inefficiently, or to prevent
      crystallization of the carbamate recycle solution with obvious consequent
      mechanical problems in the equipment handling the carbamate recycle
      solution.
PAR  In practice such a continuous control of the water content in the carbamate
      recycle solution is difficult to achieve, because of the methods that are
      normally used to determine the water content in the carbamate recycle
      solution.
PAR  Analytical methods and various other methods are normally used to determine
      the concentration of the carbamate recycle solution.
PAR  One of the most commonly used methods is the analytical method, which
      mainly consists of taking a sample of the carbamate recycle solution and
      analyzing it in the laboratory for a complete determination of the
      ammonium carbamate expressed as equivalent CO.sub.2, of the equivalent
      ammonia as ammonium carbamate and the free ammonia dissolved in water both
      expressed as total ammonia. The water content is obtained by difference,
      by substracting the determined values from the carbamate recycle solution.
PAR  The drawbacks of such an analytical method are obvious. Due to the usual
      minimum time lag of 6-7 hours between the time of the sampling of the
      carbamate recycle solution and the time the results of the laboratory
      analyses are available to the urea plant operator for the purpose of
      deciding how much water should be added to the carbamate recycle solution,
      or due to the several inherent possible sources of error in sampling and
      analysis of the carbamate recycle solution, efficient control cannot be
      realized.
PAR  Various other methods and techniques have been suggested in the past for a
      more or less continuous determination of the carbamate recycle solution
      concentration. These other methods consist mainly of monitoring one of the
      following four specific physical properties of the carbamate recycle
      solution: density, viscosity, electrical conductivity, or the specific
      velocity of sound through it.
PAR  These four basic methods based on the measurement of one of the specific
      physical properties of the carbamate recycle solution listed above,
      besides being subject to mechanical problems due to the delicate moving
      parts of the measuring apparatus in contact with the very corrosive
      carbamate recycle solution, have had the common problem of being
      relatively inaccurate and inconsistent due to a common cause. This common
      cause is due to the fact that each of the three components of the
      carbamate recycle solution, namely ammonium carbamate, free ammonia and
      water, has quite a different specific gravity, viscosity, electrical and
      sound conductivity. The difference between these four physical properties
      is relatively large especially for water and free ammonia. For example the
      specific gravity of water is one, and the specific gravity of liquid
      ammonia, when mixed with water, is about 0.71. The viscosity of water is
      equal to one centipoise, and that of liquid NH.sub.3 is equal to about
      0.16 centipoise. A similar relative difference exists between the other
      two physical properties of water and ammonia.
PAR  It is obvious that at the same ammonium carbamate to water ratio, the four
      physical properties of such a solution described above, namely specific
      gravity, viscosity, electrical and sound conductivity, are susceptible to
      the slightest variation in free NH.sub.3 content of the carbamate recycle
      solution.
PAR  Due to the fact that the crystallization point of the carbamate recycle
      solution depends primarily upon the ratio of the dissolved ammonium
      carbamate to the water contained in the solution, and to a very minor
      degree depends upon the ratio of the dissolved free ammonia to the water
      contained in the solution, it is obvious that a relative variation in the
      crystallization point of the carbamate recycle solution can not be
      reliably detected by measuring one of the above mentioned four physical
      properties of the carbamate recycle solution.
PAR  In the above case, a relative variation in one of the above mentioned four
      physical properties of the carbamate recycle solution can be interpreted
      either as a variation in the crystallization point of the carbamate
      recycle solution due to a variation in the ratio of the dissolved ammonium
      carbamate to the water contained in the solution, or as a variation in the
      ratio of the dissolved free ammonia to the water contained in the solution
      without any consequent appreciable variation in the crystallization point
      of the carbamate recycle solution.
PAR  In a specific case wherein the physical property under observation, namely
      either the specific gravity, viscosity, electrical or the sound
      conductivity, remained relatively constant but at the same time the
      ammonium carbamate to water ratio and consequently the crystallization
      point of the carbamate recycle solution for instance increased by the same
      equivalent value of the particular physical property under observation, by
      which the free ammonia to water ratio decreased, it has been found that
      the crystallization point of the carbamate recycle solution and thus its
      concentration changed more or less drastically, but this relative change
      failed to be detected by observing the particular and above mentioned
      physical property under consideration, because the physical property under
      observation for the total carbamate recycle solution did not vary. In this
      case the relative increase in the value of the physical property under
      observation is counteracted by the equivalent decrease of the physical
      property under observation for the exactly same relative value, so that in
      effect no change of the physical property of the whole carbamate recycle
      solution is registered.
PAR  Various other methods of controlling the concentration of the carbamate
      recycle solution were suggested in the past, as for instance in the U.S.
      Pat. No. 3,270,050. A drawback of the process disclosed in U.S. Pat. No.
      3,270,050 is the fact that the by-product biuret content in a urea product
      solution varies according to the temperature variations which occur in a
      degasser-evaporator.
PAR  Another drawback of the above mentioned process is the fact that the
      relationship between the concentration of a concentrated aqueous ammonium
      carbamate solution and its viscosity is not consistent.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel method of controlling the internal
      water balance within a liquid carbamate recycle urea process. Contrary to
      common practice, this method comprises varying the pressure in one or in
      both low pressure decomposition-absorption systems for the purpose of
      controlling the amount of water evaporated from the aqueous urea solution
      product which is consequently recycled to the reactor.
PAR  Further, it has now been found that the concentration and the
      crystallization point of the carbamate recycle solution can be accurately
      and quickly determined by measuring its refractive index by means of a
      suitable refractive index measuring device.
PAR  The main reason for this is the fact that the values for the refractive
      index of water and liquid ammonia are relatively very close to each other,
      and that the value for the refractive index of ammonium carbamate differs
      quite markedly from those of liquid ammonia and water.
PAR  This novel method of varying pressure to achieve the desired internal water
      balance control further enhances the synthesis process since the
      continuous indication of the relative refractive index of the carbamate
      recycle solution, obtained from a suitable refractive index measuring
      device, can be used to control the pressures to control the water balance.
DRWD
PAC  DRAWINGS
PAR  The single FIGURE is a schematic block diagram of an urea synthesis process
      embodying the present invention.
DETD
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  By way of illustration, the refractive index of each of the components of a
      carbamate recycle solution is given below for reference:
TBL                     refractive index                                       
     ______________________________________                                    
     liquid water          1.3330                                              
     liquid NH.sub.3       1.3250                                              
     solid ammonium carbamate                                                  
                           1.54(approx.).                                      
     ______________________________________                                    
PAR  Another reason for this is the fact that by operating the vessel, in which
      the carbamate recycle solution is formed, at a fairly constant pressure
      and temperature, it has been found that the ratio of the free ammonia
      dissolved in the carbamate recycle solution to the water present in the
      carbamate recycle solution varies within a relatively narrow range for a
      relatively wide range of the ratio of the ammonium carbamate dissolved in
      the carbamate recycle solution to the water present in the carbamate
      recycle solution. This fact, plus the fact that the values for the
      refractive index of water and ammonia are relatively very close to each
      other and that the effect of a relatively small change in free ammonia to
      water ratio in the carbamate recycle solution has a negligible effect on
      the refractive index of the carbamate recycle solution due to the
      relatively great difference between the refractive index of ammonium
      carbamate and that of water and liquid ammonia, leads to the ultimate
      result that the concentration of ammonium carbamate in the carbamate
      recycle solution can be expressed as the ratio of the solute ammonium
      carbamate to the solvent aqua ammonia. To simplify matters, the ratio of
      CO.sub.2 as ammonium carbamate can be related to the water present in the
      carbamate recycle solution. This ratio of CO.sub.2 to water has been found
      to be proportional to the refractive index of the carbamate recycle
      solution and ultimately to the crystallization temperature of the
      carbamate recycle solution in a very wide range of the CO.sub.2 to water
      weight ratio, for example from about 0.3 to about 4,  and with a
      relatively great accuracy and consistency, for example with a maximum
      error in repeatability or deviation of about .+-.1.degree.F. from an
      average carbamate crystallization curve determined on a carbamate recycle
      solution in the above mentioned CO.sub.2 to water weight ratio from about
      0.3 to about 4.
PAR  Thus, the continuous indication of the relative refractive index of the
      carbamate recycle solution, obtained from a suitable refractive index
      measuring device, can be transformed into a suitable continuous
      proportional signal, pneumatic, electrical etc., capable of operating a
      valve through which for instance the proper amount of water could be
      introduced into the vessel in which the carbamate recycle solution is
      formed for the purpose of constantly and automatically maintaining the
      CO.sub.2 to water ratio in the carbamate recycle solution constant at a
      predetermined and preferred optimum value.
PAC  EXAMPLE 1
PAR  Referring to the FIGURE, a standard three stage decomposition and
      absorption liquid carbamate total recycle urea synthesis process is shown
      schematically. It is understood that a partial liquid carbamate recycle
      urea process wherein one or more of the gaseous streams from the
      decomposers and containing NH.sub.3, CO.sub.2 and water vapor are sent to
      an adjacent ammonium nitrate or sulfate plant for ammonia recovery, can be
      also operated in a similar manner to that one described in this example,
      as well as a system with a smaller or greater number of
      decomposition-absorption stages than described in this example.
PAR  Reactor 1 is operated in the pressure range from about 1500 psig to about
      6000 psig and a temperature range from about 345.degree.F. to about
      420.degree.F., in an overall NH.sub.3 to CO.sub.2 molar ratio of from
      about 2.2 to one to about 6 to one, in an overall CO.sub.2 to water molar
      ratio of from about 0.1 to about 1.5, and in a conversion range of from
      about 40 to 80 percent, expressed as the percentage of CO.sub.2 as urea
      formed in the reactor of the total amount of CO.sub.2 as carbamate
      initially present in the reactor.
PAR  Reactor effluent stream 2 contains urea, water, unconverted ammonium
      carbamate and excess ammonia. The reactor effluent 2 is let down in
      pressure to about 300 psig through reducing valve 3 and is heated for the
      purpose of separating the aqueous product urea solution formed in the
      reactor from the residual unconverted ammonium carbamate and excess
      ammonia, present in the reactor effluent. In practice, this is done by
      heating the reactor effluent solution at a reduced pressure for the
      purpose of decomposing the unconverted ammonium carbamate to gaseous
      ammonia and CO.sub.2 and of expelling the gas formed, from the aqueous
      urea product solution together with the excess ammonia evaporated from the
      aqueous urea product solution.
PAR  It is obvious that a certain amount of water vapor will be present in the
      NH.sub.3 -CO.sub.2 gaseous phase issuing from a decomposer system,
      depending upon the operating conditions in the decomposition system. For
      convenience, three stages of decomposition and absorption are shown in the
      FIGURE, the stages being numbered respectively from one to three.
PAR  The first decomposer, 4, for example is shown to operate at about 300 psig
      and 310.degree.F., the second decomposer, 9, at about 30 psig and
      260.degree.F., and the third decomposer, 14, at about 8 psig and
      250.degree.F.
PAR  As mentioned above, the reactor effluent stream 2 is reduced in pressure to
      about 300 psig through the reducing valve 3 and is introduced in the first
      decomposer 4. Steam is supplied to heating coil 5 to maintain the
      temperature of the product in the first decomposer 4 at about
      310.degree.F. The NH.sub.3 and CO.sub.2 gas thus formed in the first
      decomposer 4, containing some water vapor, is discharged from the first
      decomposer 4 through line 6.
PAR  An aqueous urea product solution stream 7 containing some residual ammonium
      carbamate and excess ammonia is discharged from the first decomposer 4,
      reduced in pressure to about 30 psig through pressure reducing valve 8 and
      is introduced into second decomposer 9. Steam is supplied to heating coil
      10 to maintain the temperature of the product solution in the second
      decomposer 9 at about 260.degree.F. The NH.sub.3 and CO.sub.2 gas thus
      formed in the second decomposer 9, containing some water vapor, is
      discharged therefrom through line 11.
PAR  An aqueous urea product solution stream 12 containing some residual
      ammonium carbamate and excess ammonia is discharged from the second
      decomposer 9, reduced in pressure to about 8 psig through pressure
      reducing valve 13 and is introduced into third decomposer 14.
PAR  Steam is supplied to heating coil 15 to maintain the temperature of the
      product solution in the third decomposer 14 at about 250.degree.F. The
      NH.sub.3 and CO.sub.2 gas thus formed in the third decomposer 14
      containing some water vapor, is discharged from the third decomposer 14
      through line 16.
PAR  Aqueous urea product solution stream 17 essentially containing the urea and
      the water formed from ammonium carbamate in reactor 1 is discharged from
      the third decomposer 14 and further processed to its solid form or as
      required, in equipment not shown.
PAR  The gaseous stream 16 containing NH.sub.3, CO.sub.2 and water is condensed
      to solution in the third condenser 18 at about 130.degree.F. and about 9
      psig by removing the heat of condensation and reaction with cooling water
      circulated through cooling coil 19, provided with control valve 20. The
      pressure in the third condenser 18 is controlled by varying the operating
      temperature and thus the vapor pressure of the solution formed in the
      third condenser 13 by condensation of the gaseous stream 16. This
      variation in temperature of the solution formed in the condenser 18 is in
      turn attained by varying the flow of cooling water through cooling coil 19
      by means of the control valve 20.
PAR  Thus, by varying the pressure in the third condenser 18, the pressure in
      the third decomposer 14 will also vary, so that the amount of water
      evaporated from the aqueous urea product solution 17 will vary and
      consequently the water vapor content of stream 16 leaving the third
      decomposer 14 will also vary.
PAR  The pressure in the third decomposer 14 can be directly controlled by means
      of a valve 58 located in line 16 from the third decomposer 14. In this
      case the pressure in the third condenser 18 can be maintained constant at
      a lower level than that in third decomposer 14, at the expense of some
      loss in efficiency in condenser 18.
PAR  In condenser 18, the water vapor is condensed to liquid water, part of the
      total NH.sub.3 present in the gaseous stream 16 reacts with CO.sub.2 to
      form ammonium carbamate which dissolves in the liquid water, and the
      remaining part of the total NH.sub.3 present in the gaseous stream 16
      dissolves in the liquid water. The aqueous ammoniacal solution of ammonium
      carbamate thus formed is discharged from the third condenser 18 through
      line 21, is elevated in pressure to about 30 psig by passage through pump
      22 and is introduced through control valve 23 and line 24 into second
      condenser 25.
PAR  Automatic level controller 26, provided on the third condenser 18,
      maintains the level of liquid formed in the third condenser 18 at a
      constant height by regulating the opening of the level control valve 23,
      through which the solution formed in the third condenser 18 is passed into
      the second condenser 25.
PAR  Under normal operating conditions the amount of water vapor usually
      contained in the gaseous stream 16 and condensed to liquid water in the
      third condenser 18 is sufficient to maintain the carbamate formed in
      solution and to prevent it from crystallizing in the third condenser 18.
PAR  The second condenser 25 operates quite analogously to the third condenser
      18 just described.
PAR  The gaseous stream 11 from the second decomposer 9 and containing NH.sub.3,
      CO.sub.2 and water vapor is introduced into the second condenser 25
      together with the stream in line 24 withdrawn from the preceding third
      condenser 18. The gaseous stream 11 is condensed, reacted and dissolved to
      solution in the second condenser 25 operating at about 130.degree.F. and
      at about 30 psig by removing heat from condenser 25 by means of cooling
      water circulated through the cooling coil 27, provided with control valve
      28.
PAR  The pressure in the second condenser 25 is controlled by varying the
      operating temperature and thus the vapor pressure of the solution formed
      in the second condenser 25 by condensation of the gaseous stream 11 and by
      mixing it with the solution from line 24.
PAR  The variation in temperature of the solution formed in the condenser 25 is
      in turn attained by varying the flow of cooling water through cooling coil
      27 by means of the control valve 28.
PAR  Analogously to the operation of the third decomposer 14 described above, by
      varying the pressure in the second condenser 25, the pressure in the
      second decomposer 9 also varies, so that the amount of water evaporated
      from the aqueous urea product solution in line 12 will also vary and
      consequently the water vapor content of stream 11 leaving the second
      decomposer 9 will also vary.
PAR  The pressure in the second decomposer 9 can be directly controlled by means
      of valve 59 located in line 11 from the second decomposer 9. In this case
      the pressure in the second condenser 25 can be maintained constant at a
      lower level than that in the second decomposer 9, at the expense of some
      loss in efficiency in the second condenser 25.
PAR  The water vapor contained in gaseous stream 11 is condensed to liquid, a
      part of the total NH.sub.3 present in the gaseous stream 11 reacts with
      CO.sub.2 to form ammonium carbamate which dissolves in the liquid water,
      and the remaining part of the total NH.sub.3 present in the gaseous stream
      11 dissolves in the liquid phase. The total amount of aqueous ammoniacal
      solution of ammonium carbamate thus formed by condensation of the gaseous
      stream 11 and by mixing the resulting solution with the liquid introduced
      into the second condenser 25 through line 24, is discharged from the
      second condenser 25 through line 29, elevated in pressure to about 300
      psig by means of the pump 30 and is introduced through level control valve
      31 and through line 32 into first condenser 33.
PAR  Automatic level controller 34 provided on the second condenser 25 maintains
      the level of liquid formed in the second condenser 25 at a constant height
      by regulating the opening of the level control valve 31, through which the
      solution formed in the second condenser 25 is passed into the first
      condenser 33.
PAR  The gaseous stream 6 from the first decomposer 4 and containing NH.sub.3,
      CO.sub.2 and water vapor is introduced into the first condenser 33
      together with the liquid stream in line 32 withdrawn from the preceding
      second condenser 25. The gaseous stream 6 is partially condensed, reacted
      and dissolved to solution in the first condenser 33 operating at about
      200.degree.F. and about 300 psig by removing a predetermined amount of
      heat from condenser 33 by means of cooling water circulated through
      cooling coil 35.
PAR  The water vapor contained in the gaseous stream 6 is condensed to liquid
      and mixed with the solution introduced into the first condenser through
      line 32, a part of the total NH.sub.3 present in the gaseous stream 6
      reacts with CO.sub.2 to form ammonium carbamate which dissolves in the
      solution present in the first condenser 33, and the remaining part of the
      total NH.sub.3 of stream 6 which remains unabsorbed is cleaned from the
      residual CO.sub.2 in packed section 36 and in the tray section 37 of
      condenser 33 and is passed through line 38 to water cooled NH.sub.3
      condenser 39.
PAR  The pressure in the ammonia condenser 39, in the first condenser 33 and in
      the first decomposer 4 is maintained at about 300 psig by venting inerts
      through line 40 and through control valve 41 on the ammonia condenser 39.
PAR  The liquid NH.sub.3 condensed in condenser 39 is withdrawn from condenser
      39 through line 42, and is split into two streams; the major part of the
      liquid NH.sub.3 from stream 42 is passed through line 43, mixed with the
      fresh make up liquid NH.sub.3 in line 44, is passed through line 45,
      elevated in pressure to about 3200 psig through 46, steam heated in liquid
      NH.sub.3 preheater 47, and is introduced into the reactor 1 through line
      48.
PAR  The minor part of stream 42 is passed through line 49 and introduced onto
      the top of the tray section 37 for the purpose of cleaning the stream of
      the uprising gaseous NH.sub.3 from the last traces of CO.sub.2.
PAR  The ammoniacal aqueous solution of ammonium carbamate formed in the first
      condenser 33 is withdrawn from condenser 33 through line 50 and
      recirculated through line 51 over the packed section 36 for the purpose of
      countercurrently contacting the uprising stream of gaseous NH.sub.3 and
      for scrubbing from it the major part of CO.sub.2.
PAR  The level of liquid in the first condenser 33 is maintained constant by
      withdrawing an appropriate amount of the ammoniacal aqueous solution of
      ammonium carbamate from line 50 through line 52, boosting it in pressure
      to about 3200 psig through carbamate plunger pump 53 and introducing it
      into the reactor 1 through line 54.
PAR  Automatic level controller 55 on the first condenser 33 maintains the
      liquid level constant in condenser 33 by regulating the speed of the
      reciprocating carbamate plunger pump 53 and thus its through-put of
      liquid.
PAR  Gaseous CO.sub.2 at about 3200 psig is introduced into the reactor 1
      through line 56.
PAR  The concentration of the ammoniacal aqueous solution of ammonium carbamate
      recycled to the reactor through line 54, or more exactly the ratio of
      CO.sub.2 as carbamate to the water contained in the carbamate recycle
      solution of line 54, will depend upon the amount of water vapor contained
      in the gaseous streams 6, 11 and 16 evaporated from the urea product
      solution in the first decomposer 4, in the second decomposer 9 and in the
      third decomposer 14, respectively. The total amount of ammonium carbamate
      contained in the carbamate recycle stream 54 will depend upon the overall
      conversion of carbamate to urea in the reactor 1 and thus upon the amount
      of unconverted ammonium carbamate contained in the reactor effluent stream
      2.
PAR  If the conversion in the reactor 1 increases, relatively less unconverted
      ammonium carbamate will be present in the reactor effluent stream 2 and
      consequently in the carbamate recycle stream 54. In this case, in order to
      maintain the ratio of CO.sub.2 to water in stream 54 constant, it will be
      necessary to decrease the amount of water vapor evaporated from the
      aqueous urea product solution in the first decomposer 4, in the second
      decomposer 9 and in the third decomposer 14, respectively. In order to
      attain this, it is sufficient in practice to control the amount of water
      evaporated in one or both of decomposers 9 and 14. The water balance
      control in this case is accomplished by increasing the pressure in the
      decomposers 9 and 14, which, in turn, is accomplished by decreasing the
      flow of cooling water through the respective cooling water control valves
      28 and 20, and cooling coils 27 and 19 as described above.
PAR  On the contrary, if the conversion in the reactor 1 decreases it will be
      necessary to increase the flow of cooling water through one or both
      control valves 28 and 20 in order to decrease the pressure in the second
      decomposer 9 annd in the third decomposer 14, respectively, and thus to
      increase the amount of water evaporated in decomposers 9 and 14 and to
      increase the water content in streams 11 and 16, respectively.
PAR  Any variation in the rate of formation of the liquid phase formed in
      condensers 25 and 18 will be immediately sensed by the respective liquid
      level controllers 34 and 26, which, in turn, will proportionately reset
      the respective control valves 31 and 23 and vary the flow of solution
      through lines 32 and 24, respectively.
PAR  As an ultimate result, the ratio of CO.sub.2 to water in the carbamate
      recycle solution 54 will be maintained constant at a predetermined and
      desired value, so as to prevent crystallization of the solution in lines
      50, 51, 52 and 54, as shown below in the illustrative examples.
PAR  The line 50 from the first condenser 33 is provided with a refractometric
      device 57 for the continuous determination of the refractive index of the
      carbamate recycle solution, according to the principles described before,
      so that the slightest relative variation in the CO.sub.2 to water ratio in
      the carbamate recycle solution of stream 54 (and thus of streams 50, 51
      and 52) will be detected by the refractometer 57 in the form of a relative
      proportional variation of the refractive index of the carbamate recycle
      solution of stream 50. This proportional variation of the refractive index
      is transformed into a suitable proportional signal, as described
      hereinbelow, capable of proportionally actuating either one or both
      control valves 28 and 20 on the cooling coils 27 and 19, respectively,
      and/or one or both valves 58 and 59.
PAR  By the method described above, refractometer 57 indirectly maintains the
      ratio of CO.sub.2 to water in the carbamate recycle solution 54 constant
      by simply controlling one or both control valves 28 and 20, and/or one or
      both valves 58 and 59.
PAR  Refractometric device 57 can also be located in lines 51, 52 or 54, rather
      than in line 50. However, the location in line 50 as illustrated is
      preferred.
PAR  Refractometric device 57 can be an Anacon Refractometer, an Abbe
      Refractometer, a refractometer marketed by Electron Machine Company or any
      other similar device for determining a refractive index of a fluid.
PAR  Preferably refractometric device 57 is coupled to a conventional control
      system 70 which converts the refractive index measurements into pneumatic
      signals. Such a control system 70 is exemplified, for example, by
      conventional transducers and pneumatic controllers manufactured by Foxboro
      Instrument Corp. It should be clear that control system 70 is shown in the
      drawing as a single element merely by way of example. Valves 20, 28, 58
      and 59 are preferably pneumatic valves when Foxboro transducers and
      controllers described above are used. Suitable valves are manufactured by
      the Fisher and Porter Co. The operation of such valves and their
      associated controls should be apparent to those skilled in the art. The
      level controllers shown in the drawing are also conventional. Suitable
      level controllers are manufactured by Taylor Instrument Co. and by Foxboro
      Instrument Corp. The speed of pump 53 is typically controlled by a
      conventional controller manufactured by Foxboro Instrument Corp.
PAR  The valves 20, 28, 58 and 59 may be operated in various combinations, or
      singly, to provide control of the urea synthesis process. The simplest and
      most efficient control, however, is achieved by operating only either or
      both of valves 20 and 28 to control pressures in response to refractive
      index variations.
PAR  Alternatively, or in conjunction with the operation of any or all of valves
      20, 28, 58 and 59, control valves 71 and 72, which are pressure vent
      valves, may be operated to control the pressures in condensers 18 and 25.
      However, this is a less efficient manner to control system pressures.
      Control of pressure in condensers 18 and 25 via vent valves 71 and 72,
      respectively, also indirectly controls pressure in decomposers 9 and 14 by
      virtue of the interconnections therebetween.
PAR  Another case is possible, in which the conversion in the reactor does not
      vary, but the amount of water in the urea product solution 17 varies for
      some reason, for example due to a sudden slight variation in temperature
      in one or all decomposers 4, 9 and 14, respectively.
PAR  The urea product solution 17 normally contains about one mole of water per
      mole of urea formed in reactor 1. As mentioned above, if for example the
      temperature in one or in all the three decomposers 4, 9 and 14 suddenly
      increases, more water vapor will be evaporated from the aqueous urea
      solution and consequently the aqueous urea product solution stream 17 will
      contain less than one mole of water per mole of urea formed in reactor 1.
      In this case, the corresponding slight excess of water vapor present in
      either gaseous line 6, 11 and 16 will condense in its respective
      condensers 33, 25 and 18 and eventually accumulate in the first condenser
      33. The consequence of this gradual accumulation of water in condenser 33
      will result in a gradual dilution of the carbamate recycle stream 54 and
      thus in a gradual decrease in the ratio of CO.sub.2 as carbamate to the
      water contained in the carbamate recycle stream 54. This gradual decrease
      in the CO.sub.2 to water ratio will result in a gradual decrease in the
      refractive index of the carbamate recycle solution 54, which will be
      registered by the refractometer 57 connected to line 50. The decrease in
      refractive index sensed by refractometer 57 is transformed into a
      proportional signal, e.g. pneumatic or electrical, which, in turn, is
      utilized to increase the pressure in one or both decomposers 9 and 14
      either by decreasing the flow of cooling water through the respective
      cooling coils 27 and 19 by means of the respective control valves 28 and
      20 or by proportionately pinching the valves 59 and 58 on the respective
      gas lines 11 and 16. By increasing the pressure in one or both decomposers
      9 and 14, less water will be evaporated from the aqueous urea product
      solution and thus present in the respective gaseous streams 11 and 16,
      with the ultimate result that the accumulation of water in the first
      condenser 33 and thus in the carbamate recycle solution 54 will be
      arrested and the original pre-fixed CO.sub.2 to water ratio in stream 54
      restored.
PAR  Completely the opposite of what is described above occures if, for example,
      the temperature in one or both decomposers 9 and 14 suddenly decreases.
PAR  Still another case is possible, wherein water or water vapor is suddenly
      introduced in the process system of the FIGURE from an external source
      either in one of the make up streams 44 and 56, respectively, containing
      NH.sub.3 and CO.sub.2, or by directly feeding water to one or more of the
      condensers 33, 25 and 18. Again similarly to what is described above, in
      this case the sudden drop in the CO.sub.2 to water ratio of stream 54 and
      thus in its refractive index will result in an automatic increase in
      pressure either in one or both decomposers 9 and 14, in a temporary
      increase in the water content of the aqueous urea product solution 17 and
      ultimately it will result in the restoring of the CO.sub.2 to water ratio
      in stream 54 to its original and prefixed value.
PAR  Still another case is possible, wherein urea in its usual form of a more or
      less concentrated aqueous solution is continuously introduced from an
      external source into the process system of the FIGURE in a substantially
      constant stream, for example via the third condenser 18. At the first
      approach one would be inclined to assume that the presence of urea as a
      fourth component in the carbamate recycle solution 54 would cause the
      relation between the CO.sub.2 -water ratio in stream 54 and its refractive
      index to loose its consistency. In practice it is not so, because the
      stream of urea recycle introduced into the urea synthesis process system
      of the FIGURE is usually maintained constant. Such a urea stream is
      usually recycled to the urea synthesis process system from a urea solution
      handling and finishing unit not shown in the FIGURE, which can be either a
      urea crystallization, or a urea evaporation or a urea prilling section.
      Due to the fact that this stream of urea recycled to the urea synthesis
      process system is usually maintained rather constant, it is found that the
      ratio of the recycled urea to the water contained in the carbamate recycle
      stream 54 is also constant, and it is found again that a relative change
      in the refractive index of the total carbamate recycle solution stream 54
      is essentially proportional to the CO.sub.2 to water ratio in the
      carbamate recycle solution stream 54.
PAR  As an ultimate conclusion, it is found that the refractive index of the
      carbamate recycle solution 54 is proportional to the CO.sub.2 -water ratio
      of stream 54 regardless of the fact whether or not recycled urea is
      present in stream 54.
PAR  When urea is so present, it is in an amount of from about 0.005 to about 4
      pounds of urea per pound of ammonium carbamate present in said liquid
      phase (ammonium carbamate solution) recycled to reactor 1.
PAR  It is to be understood that the material in line 51 is considered to be
      part of the liquid phase recycled to reactor 1.
PAC  EXAMPLE 2
PAR  Referring to the FIGURE, the reactor effluent stream in line 2 contains
      25,000 lbs/hr of urea, 18,260 lbs/hr of unconverted ammonium carbamate,
      18,540 lbs/hr of excess ammonia and 15,799 lbs/hr of water. Reactor 1
      operates at about 375.degree.F. and about 3200 psig.
PAR  The reactor effluent in line 2 is reduced in pressure to about 300 psig
      through the reducing valve 3 and is steam heated in the first decomposer 4
      at about 310.degree.F. and to about 300 psig.
PAR  The gaseous phase formed in decomposer 4 is passed through line 6. It
      contains 9400 lbs/hr of CO.sub.2, 24,000 lbs/hr of NH.sub.3 and, 4,860
      lbs/hr of water vapor.
PAR  The remaining liquid phase separated in decomposer 4 is withdrawn through
      line 7. It contains 25,000 lbs/hr of urea, 1595 lbs/hr of residual
      carbamate, 1805 lbs/hr of residual free ammonia and 10,939 lbs/hr of
      water.
PAR  Stream 7 is let down in pressure to about 30 psig through the reducing
      valve 8 and is steam heatd in the second decomposer 9 to about
      260.degree.F.
PAR  The gaseous phase formed in decomposer 9 is passed through line 11. It
      contains 450 lbs/hr of CO.sub.2, 1300 lbs/hr of NH.sub.3 and 1700 lbs/hr
      of water vapor.
PAR  The remaining liquid phase separated in decomposer 9 is withdrawn through
      line 12. It contains 25,000 lbs/hr of urea, 354 lbs/hr of residual
      ammonium carbamate, 246 lbs/hr residual free ammonia and 8239 lbs/hr of
      water.
PAR  Stream 12 is reduced in pressure to about 8 psig through the reducing valve
      13 and heated in the third decomposer 14 to about 250.degree.F.
PAR  The gaseous phase formed in decomposer 14 is passed through line 16. It
      contains 150 lbs/hr CO.sub.2, 330 lbs/hr NH.sub.3 and 740 lbs/hr of water
      vapor.
PAR  The liquid phase separated in decomposer 14 is withdrawn through line 17.
      It contains 25,000 lbs/hr of urea, 89 lbs/hr of residual carbamate, 31
      lbs/hr of residual free ammonia and 7,499 lbs/hr of water.
PAR  The liquid stream 17 is the final aqueous urea product solution, which at
      the point of equilibrium of this urea synthesis process system with
      respect to the water balance contains one mole of water per mole of urea
      formed in reactor 1.
PAR  If water from an external source is added into the urea synthesis process
      system, at water balance equilibrium such amount of water will be
      discharged from the process system through line 17 in addition to the
      stoichiometric amount of 7,499 lbs/hr of water formed in reactor 1.
PAR  The gaseous stream from line 15 is condensed in the third condenser 18 at
      about 130.degree.F. and about 8 psig. The heat of reaction is removed by
      circulating cooling water through cooling coil 19. The pressure in the
      third condenser 18, and thus in decomposer 14, is regulated by controlling
      the operating temperature of the solution in condenser 18 by means of
      valve 20 on the cooling water supply line to cooling coil 19.
PAR  The pressure in condenser 18 can be also controlled by venting a certain
      amount of gas from condenser 18, for example, by valve 72 as discussed
      hereinabove, but this method is somewhat uneconomical either because of
      the valuable NH.sub.3 and CO.sub.2 gas lost into the atmosphere or for the
      additional expenditure incurred in providing a suitable NH.sub.3 and
      CO.sub.2 recovery system for the vented gas.
PAR  The liquid formed in the third condenser 18 and containing 266 lbs/hr of
      ammonium carbamate, 214 lbs/hr of free ammonia and 740 lbs/hr of water is
      withdrawn from condenser 18 through line 21, boosted in pressure to about
      30 psig through pump 22 and introduced into the second condenser 25
      through line 24.
PAR  The level 26 maintains a constant liquid level in condenser 18 by actuating
      control valve 23, so that the total amount of liquid formed in condenser
      18 is continuously passed to the second condenser 25 at the rate at which
      it is formed.
PAR  The gaseous stream from line 11, issuing from the second decomposer 9, is
      condensed in the second condenser 25 at about 130.degree.F. and about 30
      psig.
PAR  Completely analogously to the third condenser 18, the heat of reaction in
      condenser 25 is removed by cooling water in coil 27 and the pressure in
      condenser 25 is controlled by means of valve 28 on the cooling water
      supply line to cooling coil 27. In a less economical manner, pressure is
      controlled by venting valve 71.
PAR  The liquid formed in the second condenser 25 and containing 1506 lbs/hr of
      ammonium carbamate, 1774 lbs/hr of free ammonia and 3440 lbs/hr of water
      is withdrawn from condenser 25 through line 29, boosted in pressure to
      about 300 psig through pump 30 and introduced into the first condenser 33
      through line 32.
PAR  The level controller 34 maintains a constant liquid level in condenser 25
      by actuating control valve 31, so that the total amount of liquid formed
      in condenser 25 is continuously passed to the first condenser 33 at the
      rate at which it is formed.
PAR  The gaseous stream 6, issuing from the first decomposer 4, is partially
      condensed in the first condenser 33 at about 200.degree.F. and at about
      300 psig. The heat of reaction is removed by cooling water in coil 35.
PAR  Part of the excess ammonia contained in stream 6 can not be dissolved in
      the solution formed in condenser 33, so that it is necessary to clean this
      part of unabsorbed excess free ammonia from the residual CO.sub.2 in the
      packed column 36, over which part of the solution formed in condenser 33
      is circulated through lines 50 and 51 for better contacting and scrubbing
      of the excess gaseous ammonia. The last traces of CO.sub.2 are removed
      from the excess gaseous NH.sub.3  in the tray section 37. About 10,000
      lbs/hr of reflux liquid, NH.sub.3 is fed to the top tray of tray section
      37 through line 49 for the purpose of scrubbing CO.sub.2 from the excess
      gaseous ammonia and for the purpose of removing the heat of reaction from
      the tray section 37 and from the packed section 36 by evaporation.
PAR  A mixture of 13,730 lbs/hr of process excess gaseous ammonia and about
      10,000 lbs/hr or reflux gaseous ammonia is withdrawn from the top of the
      tray section 37 through line 38 at about 130.degree.F. and condensed to
      liquid ammonia in the water cooled condenser 39 at about 95.degree.F. The
      pressure in condenser 39 is maintained constant at about 300 psig by
      venting a controlled amount of inerts through line 40 and control valve
      41. These inerts comprise the amount of H.sub.2, N.sub.2 and CH.sub.4
      usually present as impurities in the liquid ammonia make up stream 44 and
      in the gaseous CO.sub.2 make up stream 56, respectively.
PAR  About 23,730 lbs/hr of liquid NH.sub.3 is withdrawn from condenser 39
      through line 42. About 10,000 lbs/hr of this amount is fed to the top of
      the tray section 37 through line 49, and 13,730 lbs/hr of liquid NH.sub.3
      is passed through line 43 and mixed with 14,236 lbs/hr of make up liquid
      ammonia from line 44. The mixture of the two streams in line 45, amounting
      to 27,966 lbs/hr of liquid NH.sub.3, is elevated in pressure to about 3200
      psig through the high pressure plunger pump 46, preheated to about
      145.degree.F. in preheater 47 and introduced into the reactor 1 through
      line 48.
PAR  18,383 lbs/hr of gaseous CO.sub.2 at about 3200 psig and at about
      250.degree.F. is passed through line 56 into reactor 1.
PAR  Going back to the first condenser 33, the solution formed in condenser 33
      is recirculated through lines 50 and 51 over the packed section 36. The
      amount of solution formed in condenser 33 and containing 18,170 lbs/hr of
      ammonium carbamate, 4780 lbs/hr of free ammonia and 8300 lbs/hr of water
      is passed through line 52, elevated in pressure to about 3200 psig through
      the high pressure plunger pump 53, passed through line 54 and introduced
      into reactor 1. The automatic liquid level controller 55 maintains a
      constant level of solution in condenser 33 by controlling the speed of the
      reciprocating high pressure plunger pump 53, so that pump 53 continuously
      delivers to the reactor 1 the carbamate recycle solution in line 54 at
      exactly the same rate at which it is formed in condenser 33.
PAR  The refractometer 57 on line 50 registers the refractive index of the
      carbamate recycle solution formed in condenser 33.
PAR  In this example the ratio of CO.sub.2 to water in the carbamate recycle
      solution at which it is desirable to operate the first condenser 33 is as
      follows:
PAR  18,170 lbs/hr of ammonium carbamate is equivalent to 10,250 lbs/hr of
      CO.sub.2, thus
      ##EQU1##
PAR  If this ratio increases above 1.24 and consequently the crystallization
      point of the carbamate recycle solution of streams 54 also increases, the
      proportional increase in refractive index of the solution will be detected
      by the refractometer 57. The increase in refractive index will be in turn
      transformed into a proportional signal which will reset one or both
      control valves 28 and 20 for a larger flow of cooling water through the
      respective cooling coils 27 and 19. This will result in a drop in
      temperature and thus in vapor pressure of the solution in condenser 25 and
      18, respectively, and in a relative drop in pressure which will be
      transmitted to the respective decomposers 9 and 14. This temporary drop in
      pressure in decomposers 9 and 14 will, in turn, cause more water to be
      evaporated from the aqueous urea solution and more water vapor to be
      present in the respective overhead lines 11 and 16. By this mechanism more
      water will be present in streams 24, 32 and ultimately in stream 54.
PAR  As soom as the original CO.sub.2 to water ratio of about 1.24 is restored,
      the refractometer will automatically reset the control valves 28 and 20
      for the purpose of maintaining the desired and prefixed CO.sub.2 to water
      ratio of about 1.24.
PAR  Completely the opposite will happen if the CO.sub.2 to H.sub.2 O ratio
      decreases below 1.24, and thus the pressure in decomposers 9 and 14 will
      be temporarily increased for the purpose of temporarily reducing the
      amount of water vapor evaporated from the aqueous urea solution in the
      respective decomposers 9 and 14 and thus of reducing the water vapor
      content in streams 11 and 16, respectively.
PAR  It is obvious that the same ultimate effect can be obtained by varying the
      pressure in the decomposers 9 and 14 either directly by controlling the
      valves 59 and 58 on the gaseous streams 11 and 16, respectively, or
      indirectly by venting more or less gas from the respective condensers 25
      and 18 through valves 71 and 72. But in these cases, the urea synthesis
      process system will be less efficient in comparison to the case wherein
      the pressure in the decomposers 9 and 14 is indirectly controlled by
      varying the flow of cooling water through the respective cooling coils 27
      and 19.
PAR  The level controller and all of the other equipment shown in the FIGURE are
      all standard components which are well known in the art. It should be
      clear that various modifications to the present invention would be made
      within the scope of the invention as set forth in the claims.
PAR  A stream containing ammonia, carbon dioxide and water, or a carbon dioxide
      stream, can be added to either one or all of said condensers 18, 25 and
      33, from an external source, such as an off-gas stream from a melamine
      plant, or other source of ammonia and/or carbon dioxide.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a urea synthesis process system with ammonium carbamate solution
      recycle, wherein fluid ammonia, fluid carbon dioxide and a solution
      comprising ammonium carbamate are reacted at elevated pressure and
      temperature to synthesize urea in a urea reactor, wherein a fluid product
      stream containing urea, water, unconverted ammonium carbamate and ammonia
      is subjected to the separation of an aqueous urea solution from
      unconverted reactants ammonium carbamate and ammonia, said separation
      being accomplished by heating said product stream in a decomposer system
      at reduced pressure for the purpose of decomposing said unconverted
      ammonium carbamate to gaseous NH.sub.3 and CO.sub.2, of vaporizing said
      ammonia and of expelling the total mixture of gaseous NH.sub.3 and
      CO.sub.2 from the aqueous urea solution together with some water vapor,
      and wherein said mixture of gaseous NH.sub.3 and CO.sub.2 containing some
      water vapor, separated from the residual aqueous urea solution, is
      partially or totally condensed in a condensing system to a liquid phase
      containing ammonium carbamate, ammonia and water, and said liquid phase is
      recycled to said urea reactor;
PA1  the improvement which comprises:
PA2  1. sensing a refractive index value of said liquid phase recycled to said
      reactor, said refractive index value being a function of the weight ratio
      of CO.sub.2 as carbamate to water in said liquid phase;
PA2  2.
NUM  2.
PAR  2. detecting deviations of said sensed refractive index value from a
      reference value, which reference value corresponds to a reference weight
      ratio of CO.sub.2 as carbamate to water in said liquid phase within the
      range of from about 0.2 to about 4; and
PA2  3. regulating the weight ratio of CO.sub.2 to water in said liquid phase as
      a function of said deviations to substantially reduce said deviations,
      thereby maintaining said weight ratio substantially at said reference
PAR   weight ratio. 2. The process of claim 1, wherein said regulating step
      includes generating a signal which is a function of said detected
      deviations, said weight ratio being regulated as a function of said
      signal.
NUM  3.
PAR  3. The process of claim 1, wherein the pressure in said decomposer system
      is regulated as a function of said deviations.
NUM  4.
PAR  4. The process of claim 1, wherein the pressure in said condensing system
      is regulated as a function of said deviations.
NUM  5.
PAR  5. The process of claim 1, wherein the pressure in said condensing and
      decomposer system are regulated as a function of said deviations.
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ABST
PAL  Alkylenediamine derivatives substituted on each nitrogen atom by
      4-(4'-nitrophenoxy)benzyl or 4-(4'-aminophenoxy)benzyl, optionally
      substituted additionally on each nitrogen by lower-alkyl, phenylcarbamyl
      or dihaloacetyl and optionally interrupted in alkylene by cycloalkylene,
      phenylene, alkylated-phenylene, pyridylene, furylene and thiazolylene. The
      compounds, which have antibacterial activity, are prepared stepwise by
      reacting an alkylenediamine with two molar equivalents of
      4-(4'-nitrophenoxy)benzaldehyde and reducing the resulting
      bis(benzal)alkanediamines.
PARN
PAC  COMPOSITIONS
PAR  This application is a division of my copending application Ser. No.
      331,325, filed Feb. 9, 1973, now U.S. Pat. No. 3,876,701 which is in turn
      a division of my copending application Ser. No. 29,643, filed Apr. 17,
      1970, now U.S. Pat. No. 3,772,370, which is in turn a continuation-in-part
      of my copending application Ser. No. 652,013, filed July 10, 1967 and now
      abandoned, which is in turn a continuation of my copending application
      Ser. No. 390,451, filed Aug. 18, 1964 and now abandoned.
BSUM
PAR  This invention relates to alkanediamine derivatives.
PAR  The invention resides in the concept of an alkanediamine substituted on
      each nitrogen by 4-(4'-nitrophenoxy)-benzyl or 4-(4'-aminophenoxy)benzyl
      and optionally substituted additionally on each nitrogen by lower-alkyl,
      phenylcarbamyl or dihaloacetyl.
PAR  Illustrative and preferred embodiments of my compounds are those of Formula
      I
      ##SPC1##
PAL  where Z is nitro or amino, R is hydrogen, lower-alkyl, phenylcarbamyl or
      dihaloacetyl, and Y is alkylene having from two to ten carbon atoms and
      having its connecting linkages on different carbon atoms. The alkylene
      moiety can be interrupted by O, S, NH, N(lower-alkyl), cycloalkylene
      having from three to six ring carbon atoms, phenylene, phenylene having
      from one to four lower-alkyl substituents, pyridylene, furylene and
      thiazolylene.
PAR  The term "lower-alkyl," as used herein, e.g., for R in Formula I, means
      lower-alkyl radicals having preferably from one to six carbon atoms which
      can be arranged as straight or branched chains, and are illustrated by
      methyl, ethyl, n-propyl, isopropyl, 2-butyl, n-hexyl, and the like.
PAR  The term "dihaloacetyl," as used herein, e.g., for R in Formula I, means
      acetyl radicals disubstituted by any halogen which can be the same or
      different for a given radical, and are illustrated by dichloroacetyl,
      difluoroacetyl, dibromoacetyl, diiodoacetyl, bromochloroacetyl,
      chlorofluoroacetyl, and the like.
PAR  As used in Formula I and elsewhere herein the alkylene radical Y when
      uninterrupted has from two to ten carbon atoms and has its connecting
      linkages on different carbon atoms, as illustrated by --CH.sub.2 CH.sub.2
      --, --CH(CH.sub.3)CH.sub.2 --,
      ##EQU1##
      --C(CH.sub.3).sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 CH.sub.2 --,
      ##EQU2##
      --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --,
      ##EQU3##
      --(CH.sub.2).sub.5 --, --(CH.sub.2).sub.6 --, --(CH.sub.2).sub.7 --,
      --(CH.sub.2).sub.8 --,
PAL  and the like; and, when interrupted, is illustrated by --CH.sub.2 CH.sub.2
      OCH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 CH.sub.2 --,
      --CH.sub.2 CH.sub.2 SCH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 CH.sub.2
      SCH.sub.2 CH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 NHCH.sub.2 CH.sub.2
      --, --CH.sub.2 CH.sub.2 CH.sub.2 NHCH.sub.2 CH.sub.2 CH.sub.2 --,
      --CH.sub.2 CH(CH.sub.3)NHCH(CH.sub.3)CH.sub.2 --, --CH(CH.sub.3)CH.sub.2
      NHCH.sub.2 CH(CH.sub.3)--, --CH(CH.sub.3)CH.sub.2 NHCH(CH.sub.3)CH.sub.2,
      --CH.sub.2 CH.sub.2 CH.sub.2 N(CH.sub.3)CH.sub.2 CH.sub.2 CH.sub.2 --,
      ##EQU4##
      ##SPC2##
      and the like. The two connecting linkages of each interrupting
      cycloalkylene, phenylene, pyridylene, furylene and thiazolylene moiety can
      be attached to any pair of available carbon atoms of said ring moiety.
PAR  The compounds of Formula I where R is hydrogen and Z is nitro (Formula IA)
      are prepared as follows:
      ##SPC3##
PAR  The intermediate N,N'-bis[4-(4'-nitrophenoxy)benzal]alkanediamines of
      Formula IV also constitute another aspect of my invention; these compounds
      are not only useful as intermediates in the preparation of the compounds
      of Formula IA but also have antibacterial activity as noted hereinbelow.
      The intermediate diamines of Formula III are generally known compounds
      which are prepared by generally known methods, e.g., by the reductive
      amination of the corresponding bis-oxoalkyl compound, the amination of the
      bis-haloalkyl compound or the reduction of the bis-nitrile, bis-oxime,
      bis-azide, or analogous other bis-higher-valency nitrogen compound. The
      diamine intermediates in some cases are also conveniently prepared from
      unsymmetrical starting materials as will be apparent to those skilled in
      the art of organic chemistry.
PAR  The compounds of Formula I where Z is NO.sub.2 and R is lower-alkyl,
      phenylcarbamyl or dihaloacetyl are prepared from the compounds of Formula
      IA by reacting a compound of Formula IA with an alkylating agent,
      phenylisocyanate or a dihaloacetyl halide respectively.
PAR  The compounds of Formula I where Z is NH.sub.2 are prepared by reducing the
      corresponding compounds where Z is NO.sub.2 utilizing reducing agents
      effective to reduce nitro to amino.
PAR  The above-noted processes are illustrated in the specific examples
      hereinbelow.
PAR  My compounds of Formula I where Z is amino are useful in the free base from
      or in the form of their acid-addition salts, and both forms are within the
      purview of the invention, and, in fact, are considered to be one and the
      same invention. The acid-addition salts are simply a more convenient form
      for use; and, in practice, use of the salt form inherently amounts to use
      of the base form. The acids which can be used to prepare the acid-addition
      salts are preferably those which produce, when combined with the free
      base, chemotherapeutically acceptable salts, that is, salts whose anions
      are relatively innocuous to the animal organism in chemotherapeutic doses
      of the salts, so that the beneficial properties inherent in the free base
      are not vitiated by side effects ascribable to the anions; in other words,
      the latter do not substantially affect the chemotherapeutic properties
      inherent in the cations. In practicing my invention, I found it convenient
      to employ the hydrochloride salt. However, other appropriate
      chemotherapeutically acceptable salts within the scope of the invention
      are those derived from mineral acids such as hydrobromic acid, hydriodic
      acid, nitric acid, phosphoric acid, sulfamic acid, and sulfuric acid; and
      organic acids such as acetic acid, citric acid, tartaric acid, lactic
      acid, methanesulfonic acid, ethanesulfonic acid, quinic acid, and the
      like, giving the hydrobromide, hydriodide, nitrate, phosphate, sulfamate,
      sulfate, acetate, citrate, tartrate, lactate, methanesulfonate,
      ethanesulfonate and quinate, respectively.
PAR  The acid-addition salts are prepared preferably by reacting the free base
      and acid in an organic solvent, e.g., ethanol, in which case the salt
      separates directly or can be obtained by concentration of the solution.
PAR  Although chemotherapeutically acceptable salts are preferred, all
      acid-addition salts are within the scope of my invention. All
      acid-addition salts are useful as sources of the free base form even if
      the particular salt per se is not desired as the final product, as for
      example when the salt is formed for purposes of purification or
      identification, or when it is used as an intermediate in preparing a
      chemotherapeutically acceptable salt by ion exchange procedures.
PAR  The molecular structures of the compounds of my invention are established
      by their modes of synthesis and corroborated by the correspondence of
      calculated and found values for the elementary analyses.
PAR  My compounds of Formulas I and IV have been tested by standard biological
      evaluation procedures and found to have antibacterial properties, e.g.,
      when tested according to standard in vitro bacteriological evaluation
      procedures. They have been found to possess antibacterial activity, for
      example, against Staphylococcus aureus, Eberthella typhi, Clostridium
      welchii, and Pseudomonas aeruginosa, at test concentration levels in the
      range of about 0.005 mg./cc. to about 1.0 mg./cc., as illustrated below in
      the examples.
PAR  Also, some of my compounds of Formula IV have been tested by standard
      chemotherapeutic evaluation procedures in vivo in hamsters and found to
      possess amebacidal activity. As illustrated below in the examples, these
      compounds when administered orally to hamsters infected with Endamoeba
      criceti have been found to clear the animals of the amebic infection at
      dose levels from about 12.5 to 300 mg./kg./day.
PAR  The following examples will further illustrate the invention without,
      however, limiting it thereto.
DETD
PAC  EXAMPLE 1
PAR  A. N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,6-hexanediamine -- A solution
      containing 48.7 g. of 4-(4'-nitrophenoxy)benzaldehyde and 11.6 g. of
      1,6-hexanediamine in 250 cc. of benzene was refluxed with a continuous
      separator connected to the reaction vessel for removal of water formed by
      the reaction. Although the reaction was complete within two hours, as
      shown by the theoretical quantity of water in the separator, the mixture
      was allowed to reflux overnight. The reaction mixture was concentrated and
      the crystalline product that separated was collected. It was
      recrystallized from chloroform to yield the product,
      N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,6-hexanediamine, m.p.
      141.8.degree.-143.0.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.32 H.sub.30 N.sub.4 O.sub.6 : C, 67.83; H, 5.34; N,
      9.89. Found: C, 67.49; H, 5.33; N, 9.71.
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,6-hexanediamine when administered
      orally to hamsters infected with Endamoeba criceti was found to clear 4
      out of 10, 6 out of 10, and 3 out of 5 of the animals at respective dose
      levels of 25, 50 and 100 mg./kg./day. When tested by standard in vitro
      bacteriological evaluation procedures,
      N,N'-bis-[4-(4'-nitrophenoxy)benzal]-1,6-hexanediamine was found to have
      bacteriostatic activity against Staphylococcus aureus, Eberthella typhi,
      Clostridium welchii and Pseudomonas aeruginosa at respective
      concentrations of 0.1, 1.0, 0.5 and 1.0 mg./cc.
PAR  Following the procedure described in Example 1A using molar equivalent
      quantities of 4-(4'-nitrophenoxy)-benzaldehyde and the appropriate
      diamine, the following compounds can be prepared:
PAR  B. N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,4-butanediamine, using
      1,4-butanediamine.
PAR  C. N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,10-decanediamine, using
      1,10-decanediamine.
PAR  D. Bis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl} ether, using
      bis(2-aminoethyl) ether.
PAR  E. Bis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl} sulfide, using
      bis(2-aminoethyl) sulfide.
PAC  EXAMPLE 2
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,8-octanediamine was prepared
      following the procedure described in Example 1A using 48.7 g. of
      4-(4'-nitrophenoxy)benzaldehyde, 14.4 g. of 1,8-octanediamine, and 250 cc.
      of benzene. There was thus obtained a quantitative yield of the product,
      N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,8-octanediamine. After
      recrystallization once from chloroform-n-pentane and once from isopropyl
      alcohol, it melted at 101.2.degree.-103.0.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.34 H.sub.34 N.sub.4 O.sub.6 : C, 68.68; H, 5.76; N,
      9.42. Found: C, 68.91; H, 5.87; N, 9.53.
PAR  N,N' -bis[4-(4'-nitrophenoxy)benzal]-1,8-octanediamine when administered
      orally to hamsters infected with Endamoeba criceti was found to clear 1
      out of 5, 2 out of 5, and 2 out of 5 of the animals at respective dose
      levels of 12.5, 25 and 50 mg./kg./day. When tested by standard in vitro
      bacteriological evaluation procedures,
      N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,8-octanediamine was found to have
      bacteriostatic activity against Staphylococcus aureus, Eberthella typhi
      and Clostridium welchii at respective concentrations of 0.1, 1.0 and 0.75
      mg./cc.
PAC  EXAMPLE 3
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,2-ethanediamine was prepared as in
      Example 1A using 40.3 g. of 4-(4'-nitrophenoxy)benzaldehyde, 4.98 g. of
      ethylenediamine, 200 cc. of benzene, and a reflux period of ninety
      minutes. The product was recrystallized from dioxane to yield 28.5 g. of
      the product, N,N'-bis[4-(4'-nitrophenoxy)-benzal]-1,2-ethanediamine, m.p.
      167.2.degree.-169.4.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.28 H.sub.22 N.sub.4 O.sub.6 : C, 65.87; H, 4.35; N,
      10.97. Found: C, 65.96; H, 4.27; N, 10.72.
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,2-ethanediamine when administered
      orally to hamsters infected with Endamoeba criceti was found to clear 2
      out of 5 of the animals at a dose level of 100 mg./kg./day.
PAC  EXAMPLE 4
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,3-propanediamine was prepared as in
      Example 1A using 48.6 g. of 4-(4'-nitrophenoxy)benzaldehyde, 7.4 g. of
      1,3-propanediamine, 200 cc. of benzene, and a reflux period of 3 hours.
      After several recrystallizations from acetonitrile, there was obtained
      10.1 g. of N,N'-bis[4-(4'-nitrophenoxy)-benzal]-1,3-propanediamine, m.p.
      119.4.degree.-121.6.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.29 H.sub.24 N.sub.4 O.sub.6 : C, 66.40; H, 4.61; N,
      10.68. Found: C, 66.71; H, 4.51; N, 10.69.
PAC  EXAMPLE 5
PAR  A. Trans-N,N'-bis[4-(4'-nitrophenoxy)benzalaminomethyl]-1,4-cyclohexane was
      prepared as in Example 1A using 24.3 g. of
      4-(4'-nitrophenoxy)benzaldehyde, 7.1 g. of
      trans-1,4-bis(aminomethyl)cyclohexane, 100 cc. of benzene, and a reflux
      period of one hour. There was thus obtained 2.4 g. of
      trans-N,N'-bis[4-(4'-nitrophenoxy)benzalaminomethyl]-1,4-cyclohexane, m.p.
      196.6.degree.-206.0.degree.C. (corr.) after recrystallization from
      dioxane.
PAR  Anal. Calcd. for C.sub.34 H.sub.32 N.sub.4 O.sub.6 : C, 68.91; H, 5.45; N,
      9.46. Found: C, 68.65; H, 5.41; N, 9.60.
PAR  When tested by standard in vitro bacteriological evaluation procedures,
      trans-N,N'-bis[4-(4'-nitrophenoxy)-benzalaminomethyl]-1,4-cyclohexane was
      found to have bacteriostatic activity against Staphylococcus aureus,
      Eberthella typhi and Clostridium welchii at respective concentrations of
      0.1, 0.1 and 0.075 mg./cc.
PAR  B. N,N'-bis[4-(4'-nitrophenoxy)benzalaminomethyl]-1,2-cyclobutane is
      prepared following the procedure described in Example 5A using
      corresponding molar equivalent quantities of
      4-(4'-nitrophenoxy)benzaldehyde and 1,2-bis(aminomethyl)cyclobutane.
PAC  EXAMPLE 6
PAR  A. N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octanediamine -- To a filtered
      mixture containing 65.8 g. of
      N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,8-octanediamine, 1000 cc. of
      methanol, and 150 cc. of dioxane was added in small portions 12.6 g. of
      sodium borohydride. The mixture was stirred for an additional 90 minutes
      after all of the sodium borohydride had been added. The mixture was then
      concentrated to remove the solvents and the concentrate added to 750 cc.
      of water. The resulting precipitate was collected, recrystallized from
      cyclohexane, washed with water and dried to yield 51.5 g. of the product,
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octanediamine, m.p.
      59.6.degree.-61.0.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.34 H.sub.38 N.sub.4 O.sub.6 : C, 68.20; H, 6.40; N,
      9.36. Found: C, 68.47; H, 6.15; N, 9.12.
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octanediamine when tested according
      to standard in vitro bacteriological procedures was found to have
      antibacterial activity, for example, as follows:
TBL              Minimum                                                       
                 Effective Concentration (mg./cc.)                             
                 Bacteriostatic                                                
                             Bactericidal                                      
     ______________________________________                                    
     Staphylococcus aureus                                                     
                   0.0005        0.005                                         
     Eberthella typhi                                                          
                   0.0075        0.025                                         
     Clostridium welchii                                                       
                   0.05          0.075                                         
     Pseudomonas aeruginosa                                                    
                   0.75          1.0                                           
     ______________________________________                                    
PAR  Following the procedure described in Example 6A using molar equivalent
      quantities of the appropriate N,N'-bis[4-(4'-nitrophenoxy)benzal]-diamine
      and sodium borohydride, the following compounds can be prepared.
PAR  B. N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,3-propanediamine, using
      N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,3-propanediamine.
PAR  C. N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,4-butanediamine, using
      N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,4-butanediamine.
PAR  D. N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,10-decanediamine, using
      N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,10-decanediamine.
PAR  E. Bis{2-[4-(4'-nitrophenoxy)benzylamino]ethyl} ether, using
      bis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl} ether.
PAR  F. Bis{2-[4-(4'-nitrophenoxy)benzylamino]ethyl} sulfide, using
      bis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl} sulfide.
PAC  EXAMPLE 7
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediamine was prepared
      following the procedure described in Example 6A using 63.5 g. of
      N,N'-bis[4-(4'-nitrophenoxy)-benzal]-1,6-hexanediamine, 1000 cc. of
      methanol, 150 cc. of dioxane, 12.6 g. of sodium borohydride. There was
      thus obtained 48.5 g. of
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediamine, m.p.
      89.0.degree.-91.2.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.32 H.sub.34 N.sub.4 O.sub.6 : C, 67.34; H, 6.00; N,
      9.82. Found: C, 67.64; H, 5.79; N, 9.64.
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediamine when tested according
      to standard in vitro bacteriological procedures was found to have
      antibacterial activity, for example, as follows:
TBL              Minimum                                                       
                 Effective Concentration (mg./cc.)                             
                 Bacteriostatic                                                
                             Bactericidal                                      
     ______________________________________                                    
     Staphylococcus aureus                                                     
                   0.001         0.0075                                        
     Eberthella typhi                                                          
                   0.0075        0.05                                          
     Clostridium welchii                                                       
                   0.025         0.025                                         
     Pseudomonas aeruginosa                                                    
                   0.25          0.5                                           
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,2-ethanediamine. To a stirred mixture
      containing 18.5 g. of
      N,N'-bis[4-(4'-nitrophenoxy)benzal]-1,2-ethanediamine, 500 cc. of
      methanol, and 200 cc. of dioxane was added in portions over a period of
      about fifteen minutes 4.2 g. of sodium borohydride. The mixture was then
      stirred for an additional 2 hours, allowed to stand overnight,
      concentrated in vacuo to remove the solvents and treated with water. The
      oily layer was extracted with benzene, the benzene solution dried over
      anhydrous sodium sulfate and the benzene distilled off to yield an oil
      which crystallized on standing. The crystalline material was washed with
      carbon tetrachloride and recrystallized twice from propionitrile. There
      was thus obtained 4.1 g. of
      N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-1,2-ethanediamine, m.p.
      119.2.degree.-124.8.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.28 H.sub.26 N.sub.4 O.sub.6 : C, 65.36; H, 5.09; N,
      10.89. Found: C, 65,35; H, 5.13; N, 11.05.
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,2-ethanediamine when tested according
      to standard in vitro bacteriological procedures was found to have
      antibacterial activity, for example, as follows:
TBL              Minimum                                                       
                 Effective Concentration (mg./cc.)                             
                 Bacteriostatic                                                
                             Bactericidal                                      
     ______________________________________                                    
     Staphylococcus aureus                                                     
                   0.01          0.05                                          
     Eberthella typhi                                                          
                   0.075         &gt;0.1                                          
     Clostridium welchii                                                       
                   0.0005        0.001                                         
     Pseudomonas aeruginosa                                                    
                   0.075         &gt;0.1                                          
     ______________________________________                                    
PAC  EXAMPLE 9A
PAR  2,2'-Dimethylbis{2-[4-(4'-nitrophenoxy)benzylamino]-ethyl}amine and
      1,2'-Dimethylbis{2-[4-(4'-nitrophenoxy)benzylamino]ethyl}amine (Mixture of
      Isomers) -- To a stirred solution containing 29 g. of
      2,2'-dimethylbis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl}amine and
      1,2'-dimethylbis{2-[4(4'-nitrophenoxy)benzalamino]ethyl}amine (mixture of
      isomers) in 500 cc. of methanol was added in portions 5.7 g. of sodium
      borohydride and the resulting mixture was stirred for 2 hours. The
      reaction mixture was concentrated, water was added, the aqueous mixture
      was made basic with 35 percent aqueous sodium hydroxide solution, and the
      basic mixture was extracted with tetrahydrofuran. The extracted mixture
      was concentrated to a semisolid, benzene was added and distilled off, and
      the remaining solid was taken up in ether. The ether solution was
      filtered, the filtrate concentrated to yield a semi-solid which was
      dissolved in ethanol. To the ethanol solution was added 15 cc. of
      concentrated hydrochloric acid and the mixture concentrated in vacuo to
      yield a semi-solid which crystallized on standing. The solid was
      recrystallized from methanol to yield 6.9 g. of 2,2'-dimethylbis{2-[
      4-(4'-nitrophenoxy)benzylamino]-ethyl}amine and
      1,2'-dimethylbis{2-[4-(4'-nitrophenoxy)benzylamino]ethyl}amine
      (approximately 3:1 mixture of isomers) trihydrochloride mixture, m.p.
      236.0.degree.-241.2.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.32 H.sub.35 N.sub.5 O.sub.6.3HCl: C, 15.30; N,
      10.08. Found: C, 15.28; N, 9.91.
PAL  2,2'-dimethylbis{2-[4-(4'-nitrophenoxy)benzylamino]ethyl}amine and
      1,2'-dimethylbis{2-[4-(4'-nitrophenoxy)benzylamino]ethyl}-amine
      trihydrochloride mixture, when tested according to standard in vitro
      bacteriological procedures, was found to have antibacterial activity, for
      example, as follows:
TBL              Minimum                                                       
                 Effective Concentration (mg./cc.)                             
                 Bacteriostatic                                                
                             Bactericidal                                      
     ______________________________________                                    
     Staphylococcus aureus                                                     
                   0.005         0.025                                         
     Eberthella typhi                                                          
                   0.1           0.25                                          
     Clostridium welchii                                                       
                   0.001         0.005                                         
     Pseudomonas aeruginosa                                                    
                   0.5           &gt;1.0                                          
     Streptococcus sp.                                                         
                   0.0075        0.01                                          
     ______________________________________                                    
PAR  The above intermediate,
      2,2'-dimethylbis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl}amine and
      1,2'-dimethylbis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl}amine (mixture of
      isomers) was prepared following the procedure described in Example 1 using
      24.3 g. of 4-(4'-nitrophenoxy)benzaldehyde, 6.55 g. of
      2,2'-dimethylbis(2-aminoethyl)amine and
      1,2'-dimethylbis(2-aminoethyl)amine (mixture of isomers), 100 cc. of
      benzene and a reflux period of 5 hours. The reaction mixture was
      concentrated in vacuo to yield 29.0 g. of
      2,2'-dimethylbis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl}amine and
      1,2'-dimethylbis-{2-[4-(4'-nitrophenoxy)benzalamino]ethyl}amine (mixture
      of isomers).
PAC  EXAMPLE 9B
PAR  Bis{3-[4-(4'-nitrophenoxy)benzylamino]propyl}amine. To a stirred mixture of
      80.0 g. of bis{3-[4-(4'-nitrophenoxy)-benzalamino]propyl}amine and 1 l. of
      methanol was added in portions 13 g. of sodium borohydride. The mixture
      was stirred for 2 hours while the temperature was maintained at
      8.degree.-10.degree.C., then concentrated. A solution of the residue in
      benzene was washed with sodium hydroxide solution, dried over potassium
      carbonate and concentrated. Treatment of a solution of the residue in
      isopropyl alcohol with an excess of concentrated hydrochloric acid
      afforded a precipitate, which, when washed with ether and recrystallized
      from water, gave bis{3-[4-(4'-nitrophenoxy)benzylamino]propyl}amine
      trihydrochloride, m.p. 278.degree.C. (decomposition, uncorr.).
PAR  Anal. Calcd. for C.sub.32 H.sub.35 N.sub.5 O.sub.6.3HCl: Cl, 15.30. Found:
      Cl, 15.08.
PAR  Bis{3-[4-(4'-nitrophenoxy)benzylamino]propyl}amine trihydrochloride, when
      tested according to standard in vitro bacteriological procedures, was
      found to have antibacterial activity, for example, as follows:
TBL  Minimum Inhibitory Concentration(meg./ml.)                                
     ______________________________________                                    
     Staphylococcus aureus                                                     
                      0.05                                                     
     Pseudomonas aeruginosa                                                    
                      3.1                                                      
     Escherichia coli 0.2                                                      
     Proteus vulgaris 125                                                      
     ______________________________________                                    
PAR  The above intermediate,
      bis{3-[4-(4'-nitrophenoxy)-benzalamino]propyl}amine, was prepared
      following the procedure described in Example 1 using 55.5 g. of
      4-(4'-nitrophenoxy)-benzaldehyde, 15 g. of bis(3-aminopropyl)amine, 500
      cc. of benzene and a reflux period of 2 hours. The reaction mixture was
      concentrated in vacuo to yield 80 g. of
      bis{3-[4-(4'-nitrophenoxy)benzalamino]propyl}amine.
PAC  EXAMPLE 10
PAR  A. Trans-1,4-bis[4-(4'-nitrophenoxy)benzylaminomethyl]cyclohexane -- A
      mixture containing 15.2 g. of
      trans-N,N'-bis[4-(4'-nitrophenoxy)benzalaminomethyl]-1,4-cyclohexane, 2.94
      g. of sodium borohydride, and 300 cc. of ethanol was stirred for three
      hours and allowed to stand overnight. The reaction mixture was filtered
      and the filtrate distilled to remove the solvent. The remaining solid was
      suspended in a mixture of 300 cc. of dioxane and 500 cc. of methanol, 3 g.
      of sodium borohydride added, and the mixture stirred for four hours. The
      resulting solution was concentrated in vacuo to yield a solid which was
      washed with water, collected, dried in vacuo, and recrystallized from
      benzene-n-hexane to yield 11.2 g. of the product,
      trans-1,4-bis[4-(4'-nitrophenoxy)-benzylaminomethyl]cyclohexane, m.p.
      127.6.degree.-130.8.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.34 H.sub.36 N.sub.4 O.sub.6 : C, 68.43; H, 6.08; N,
      9.39. Found: C, 68.77; H, 5.91; N, 9.46.
PAR  Trans-1,4-bis[4-(4'-nitrophenoxy)benzylaminomethyl]-cyclohexane when tested
      according to standard in vitro bacteriological procedures was found to
      have antibacterial activity, for example, as follows:
TBL              Minimum                                                       
                 Effective Concentration (mg./cc.)                             
                 Bacteriostatic                                                
                             Bactericidal                                      
     ______________________________________                                    
     Staphylococcus aureus                                                     
                   0.01          0.05                                          
     Eberthella typhi                                                          
                   0.05          0.075                                         
     Clostridium welchii                                                       
                   0.1           0.1                                           
     Streptococcus sp.                                                         
                   0.025         0.025                                         
     ______________________________________                                    
PAR  B. 1,2-bis[4-(4'-nitrophenoxy)benzylaminomethyl]cyclobutane can be prepared
      following the procedure described in Example 10A using corresponding molar
      equivalent quantities of
      1,2-bis[4-(4'-nitrophenoxy)-benzalaminomethyl]cyclobutane and sodium
      borohydride.
PAC  EXAMPLE 11
PAR  A. N,N'-Dimethyl-N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-1,6-hexanediamine --
      To a solution containing 19 g. of
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediamine in 69 g. of formic
      acid was added 53.3 g. of 37 percent aqueous formaldehyde solution, and
      the resulting reaction mixture was refluxed on a steam bath for 12 hours.
      The reaction mixture was concentrated in vacuo to yield a semi-solid which
      was taken up in methanol; the methanol solution made basic with 35 percent
      aqueous sodium hydroxide solution; the alkaline solution diluted with
      water to a volume of 250 cc. and extracted with tetrahydrofuran. The
      extract was concentrated in vacuo to yield an oil, the oil was treated
      with ether and the mixture filtered to remove insoluble material. The
      ether solution was concentrated in vacuo to yield an oil which
      crystallized on cooling. The solid was dissolved in 50 cc. of isopropyl
      alcohol; 5 cc. of concentrated hydrochloric acid was added; and the
      mixture was concentrated in vacuo to yield a solid. The solid was first
      recrystallized by dissolving in 50 cc. of methanol, filtering the solution
      and diluting the filtrate with about 250 cc. of ethyl acetate; and then it
      was recrystallized a second time from dimethylformamide to yield 11.4 g.
      of N,N'-dimethyl-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediamine as
      its dihydrochloride, m.p. 231.4.degree.-233.2.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.34 H.sub.38 N.sub.4 O.sub.6.2HCl: C, 60.80; H, 6.00;
      Cl, 10.56. Found: C, 60.51; H, 5.83; Cl, 10.46.
PAR  N,N'-Dimethyl-N,N'-bis[4-(4'-nitrophenoxy)benzyl-1,6-hexanediamine when
      tested according to standard in vitro bacteriological procedures was found
      to have antibacterial activity, for example, as follows:
TBL              Minimum                                                       
                 Effective Concentration (mg./cc.)                             
                 Bacteriostatic                                                
                             Bactericidal                                      
     ______________________________________                                    
     Staphylococcus aureus                                                     
                   0.005         0.25                                          
     Eberthella typhi                                                          
                   0.5           0.75                                          
     Clostridium welchii                                                       
                   0.25          0.5                                           
     Streptococcus sp.                                                         
                   0.005         0.005                                         
     ______________________________________                                    
PAR  Following the procedure described in Example 11A using molar equivalent
      quantities of the appropriate N,N'-bis[4-(4'-nitrophenoxy)benzyl]-diamine
      and alkylating agent, the following compounds can be obtained:
PAR  B. Bis{2-[4-(4'-nitrophenoxy)benzylmethylamino]-ethyl} ether, using
      bis{2-[4-(4'-nitrophenoxy)benzylamino]-ethyl} ether and a mixture of
      formic acid and formaldehyde.
PAR  C. Bis{2-[4-(4'-nitrophenoxy)benzylmethylaminol]-ethyl} sulfide, using
      bis{2-[4-(4'-nitrophenoxy)benzylamino]-ethyl} sulfide and a mixture of
      formic acid and formaldehyde.
PAR  D. Bis{3-[4-(4'-nitrophenoxy)benzylmethylamino)-propyl} methylamine, using
      bis{3-[4-(4'-nitrophenoxy)benzylamino]propyl} amine and a mixture of at
      least three molar equivalents of each of formic acid and formaldehyde per
      mole of the amine.
PAR  E. Trans-1,4-bis[4-(4'-nitrophenoxy)benzylmethylaminomethyl]cyclohexane,
      using trans-1,4-bis[4-(4'-nitrophenoxy)benzylamino]cyclohexane and a
      mixture of formic acid and formaldehyde.
PAR  F. N,N'-diethyl-N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-1,8-octanediamine,
      using N,N'-bis[4-(4'-nitrophenoxy) benzyl]-1,8-hexanediamine and ethyl
      iodide as the alkyline agent, preferably in the presence of an
      acid-acceptor, e.g., sodium carbonate, and using an aqueous ethanol
      reaction medium.
PAR  G. N,N'-di-n-butyl-N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-1,6-hexanediamine,
      using N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-1,6-hexanediamine and n-butyl
      bromide, preferably using sodium carbonate as an acid-acceptor and aqueous
      ethanol as the reaction medium.
PAR  H. N,N'-di-n-hexyl-N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-1,4-butanediamine,
      using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,4-butanediamine and n-hexyl
      iodide, preferably in an aqueous ethanol reaction mixture in the presence
      of sodium carbonate.
PAC  EXAMPLE 12
PAR  A.
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis(phenylcarbamyl)-1,6-hexanedia
     mine - 5.7 g. of N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediamine was
      dissolved by warming with 25 cc. of benzene, and to this solution was
      added 2.62 g. of phenyl isocyanate, whereupon there separated an oily
      product which crystallized on standing. The solid was collected and
      recrystallized from tetrahydrofuran-ethyl acetate to yield 4.8 g. of
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis(phenylcarbamyl)-1,6-hexanedia
     mine, m.p. 179.8.degree.-180.2.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.46 H.sub.44 N.sub.6 O.sub.8 : C, 68.36; H, 5.49; N,
      10.40. Found: C, 68.33; H, 5.63; N, 10.35.
PAR  N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-1,6-hexanedia
     mine when tested according to standard in vitro bacteriological procedures
      was found to have antibacterial activity, for example, as follows:
TBL              Minimum                                                       
                 Effective Concentration (mg./cc.)                             
                 Bacteriostatic                                                
                             Bactericidal                                      
     ______________________________________                                    
     Staphylococcus aureus                                                     
                   0.075         0.075                                         
     Eberthella typhi                                                          
                   0.075         &gt;0.1                                          
     Clostridium welchii                                                       
                   0.075         0.1                                           
     Pseudomonas aeruginosa                                                    
                   0.075         &gt;0.1                                          
     ______________________________________                                    
PAR  Following the procedure described in Example 12A using molar equivalent
      quantities of the appropriate N,N'-bis[4-(4'-nitrophenoxy)benzyl]-diamine
      and phenyl isocyanate, the following compounds can be prepared:
PAR  B.
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis(phenylcarbamyl)-1,8-octanedia
     mine, using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octanediamine.
PAR  C.
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis(phenylcarbamyl)-1,3-propanedi
     amine, using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,3-propanediamine.
PAC  EXAMPLE 13
PAR  A.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,2-ethanedia
     mine -- To a solution containing 11.4 g. of
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,2-ethanediamine in 100 cc. of
      ethylene dichloride cooled to 5.degree.C. was added slowly with stirring a
      solution of 7.4 g. of dichloroacetyl chloride in 25 cc. of ethylene
      dichloride. The reaction mixture was kept basic by slow addition of 10
      percent aqueous sodium hydroxide solution and was stirred for one
      additional hour at room temperature. The layers were separated, and the
      ethylene dichloride layer was washed successively with dilute aqueous
      hydrochloric acid and water, and then concentrated in vacuo to remove the
      solvent. The remaining material crystallized on standing and was
      recrystallized from ethyl acetate to yield 3.2 g. of
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,2-ethanedia
     mine, m.p. 150.6.degree.-152.6.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.32 H.sub.26 Cl.sub.4 N.sub.4 O.sub.8 : C, 52.20; H,
      3.56; Cl, 19.26. Found: C, 52.44; H, 3.60; Cl, 19.07.
PAR  N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,2-ethanediam
     ine when tested according to standard in vitro bacteriological procedures
      was found to have antibacterial activity, for example, as follows:
TBL              Minimum                                                       
                 Effective Concentration (mg./cc.)                             
                 Bacteriostatic                                                
                             Bactericidal                                      
     ______________________________________                                    
     Staphylococcus aureus                                                     
                   0.75          &gt;1.0                                          
     Eberthella typhi                                                          
                   0.75          0.75                                          
     Clostridium welchii                                                       
                   0.75          &gt;1.0                                          
     Pseudomonas aeruginosa                                                    
                   0.75          0.75                                          
     ______________________________________                                    
PAR  Following the procedure described in Example 13A using corresponding molar
      equivalent quantities of N,N'-bis-[4-(4'-nitrophenoxy)benzyl]-diamine and
      dihaloacetyl halide, the following compounds can be prepared:
PAR  B.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanedia
     mine, using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediamine and
      dichloroacetyl chloride.
PAR  C.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octanedia
     mine, using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octanediamine and
      dichloroacetyl chloride.
PAR  D.
      N,N'-bis(dibromoacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediam
     ine, using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediamine and
      dibromoacetyl chloride.
PAR  E.
      N,N'-bis(bromochloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octane
     diamine, using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octanediamine and
      bromochloroacetyl chloride.
PAR  F.
      N,N'-bis(diiodoacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediami
     ne, using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediamine and
      diiodoacetyl chloride.
PAR  G.
      N,N'-bis(difluoroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octanedia
     mine, using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octanediamine and
      difuloroacetyl chloride.
PAR  H.
      N,N'-bis(dichloroacetyl)-trans-1,4-bis[4-(4'-nitrophenoxy)benzylaminomethy
     l]cyclohexane, using
      trans-1,4-bis[4-(4'-nitrophenoxy)benzylaminomethyl]cyclohexane and
      dichloroacetyl chloride.
PAR  I.
      N,N'-bis(dichloroacetyl)-1,4-bis[4-(4'-nitrophenoxy)benzylaminomethyl]benz
     ene, using 1,4-bis[4-(4'-nitrophenoxy)benzylaminomethyl]benzene and
      dichloroacetyl chloride.
PAC  EXAMPLE 14
PAR  A. N,N'-bis[4-(4'-aminophenoxy)benzyl]-1,8-octanediamine -- To a stirred
      suspension of 6.0 g. of
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,8-octanediamine in 50 cc. of
      methanol was added 1.9 g. of sodium borohydride and 100 mg. of 10 percent
      palladium-on-charcoal. The reaction mixture was stirred for 10 minutes,
      allowed to stand an additional 15 minutes, and then filtered to remove the
      catalyst. The filtrate was distilled to remove the solvent and the
      resulting filtrate was dissolved in tetrahydrofuran. The solution was
      filtered and to the filtrate was added a solution of hydrogen chloride in
      ether. The resulting precipitate was collected and recrystallized from hot
      water to yield 4.6 g. of
      N,N'-bis-[4-(4'-aminophenoxy)benzyl]-1,8-octanediamine in the form of its
      tetrahydrochloride, m.p. &gt;300.degree.C. (corr.).
PAR  Anal. Calcd. for C.sub.34 H.sub.42 N.sub.4 O.sub.2.4HCl: C, 59.64; H, 6.77;
      Cl, 20.72. Found: C, 59.49; H, 6.46; Cl, 20.71.
PAR  N,N'-bis[4-(4'-aminophenoxy)benzyl]-1,8-octanediamine when tested according
      to standard in vitro bacteriological procedures was found to have
      antibacterial activity, for example, as follows:
TBL              Minimum                                                       
                 Effective Concentration (mg./cc.)                             
                 Bacteriostatic                                                
                             Bactericidal                                      
     ______________________________________                                    
     Staphylococcus aureus                                                     
                   0.0075        0.025                                         
     Eberthella typhi                                                          
                   0.05          0.075                                         
     Clostridium welchii                                                       
                   0.1           0.1                                           
     Pseudomonas aeruginosa                                                    
                   0.75          1.0                                           
     Streptococcus sp.                                                         
                   0.025         0.05                                          
     ______________________________________                                    
PAR  Following the procedure described in Example 14A using corresponding molar
      equivalent quantities of N,N'-bis-[4-(4'-nitrophenoxy)benzyl]-diamine, the
      following compounds can be prepared:
PAR  B. N,N'-bis[4-(4'-aminophenoxy)benzyl]-1,6-hexanediamine, using
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,6-hexanediamine.
PAR  C. N,N'-bis[4-(4'-aminophenoxy)benzyl]-N,N'-dimethyl-1,6-hexanediamine,
      using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-dimethyl-1,6-hexanediamine.
PAR  D. N,N'-bis[4-(4'-aminophenoxy)benzyl]-N,N'-diethyl-1,8-octanediamine,
      using N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-diethyl-1,8-octanediamine.
PAR  E. N,N'-bis[4-(4'-aminophenoxy)benzyl]-N,N'-di-n-butyl-1,6-hexanediamine,
      using
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-di-n-butyl-1,6-hexanediamine.
PAR  F. N,N'-bis[4-(4'-aminophenoxy)benzyl]-N,N'-di-n-hexyl-1,4-butanediamine,
      using
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-di-n-hexyl-1,4-butanediamine.
PAR  G.
      N,N'-bis[4-(4'-aminophenoxy)benzyl]-N,N'-bis(phenylcarbamyl)-1,6-hexanedia
     mine, using
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis(phenylcarbamyl)-1,6-hexanedia
     mine.
PAR  H. Trans-1,4-bis[4-(4'-aminophenoxy)benzylaminomethyl]cyclohexane, using
      trans-1,4-bis[4-(4'-nitrophenoxy)benzylaminomethyl]cyclohexane.
PAC  EXAMPLE 15
PAR  A.
      1,4-Bis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl}-2,3,5,6-tetramethylbenzen
     e was prepared following the procedure described in Example 1 using 24.3 g.
      of 4-(4'-nitrophenoxy)benzaldehyde, 11.0 g. of
      1,4-bis(2-aminoethyl)-2,3,5,6-tetramethylbenzene, 100 ml. of benzene and a
      reflux period of 5 hours. There was thus obtained 33 g. of the product,
      m.p. 168.degree.-170.degree.C.
PAR  B. 1,4-Bis[4-(4'-nitrophenoxy)benzalaminomethyl]-benzene can be prepared as
      in Example 15A using corresponding molar equivalent quantities of
      4-(4'-nitrophenoxy)-benzaldehyde and 1,4-bis(aminomethyl)benzene.
PAR  C. 1,4-Bis{2-[4-(4'-nitrophenoxy)benzalamino]-ethyl}-benzene can be
      prepared as in Example 15A using corresponding molar equivalent quantities
      of 4-(4'-nitrophenoxy)benzaldehyde and 1,4-bis(2-aminoethyl)benzene.
PAC  EXAMPLE 16
PAR  A. Bis{2-[4-(4'-nitrophenoxy)benzylamino]ethyl{-2,3,5,6-tetramethylbenzene
      -- To a suspension containing 33 g. of
      1,4-bis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl}-2,3,5,6-tetramethylbenzen
     e in a mixture of 600 ml. of methanol and 400 ml. of dioxane was added with
      stirring 5.7 g. of sodium borohydride. The resulting mixture was stirred
      for two hours, allowed to stand over the weekend at room temperature and
      then concentrated in vacuo to yield a semisolid material which was washed
      with water and made basic with 35 percent aqueous sodium hydroxide
      solution. The alkaline solution was extracted with tetrahydrofuran and the
      extract concentrated to a volume of about 100 ml. To the concentrate was
      added 10 ml. of concentrated hydrochloric acid. The solid that separated
      was boiled with methanol, collected and dried to yield 31.7 g. of
      bis{2-[4-(4'-nitrophenoxy)-benzylamino]ethyl}-2,3,5,6-tetramethylbenzene
      as its dihydrochloride, m.p. 262.2.degree.-268.6.degree.C. (corr.) with
      decomposition.
PAR  Anal. Calcd. for C.sub.40 H.sub.42 N.sub.4 O.sub.6.2HCl: Cl, 9.48; N, 7.49.
      Found: Cl, 9.71; N, 7.61.
PAR  Bis{2-[4-(4'-nitrophenoxy)benzylamino]ethyl}-2,3,5,6-tetramethylbenzene
      dihydrochloride when tested according to standard in vitro bacteriological
      procedures was found to have antibacterial activity, for example, as
      follows:
TBL              Minimum                                                       
                 Effective Concentration (mg./cc.)                             
                 Bacteriostatic                                                
                             Bactericidal                                      
     ______________________________________                                    
     Staphylococcus aureus                                                     
                   0.0075        0.075                                         
     Eberthella typhi                                                          
                   0.1           0.75                                          
     Clostridium welchii                                                       
                   0.1           0.25                                          
     Streptococcus sp.                                                         
                   0.0025        0.025                                         
     ______________________________________                                    
PAR  Following the procedure described in Example 16A using corresponding molar
      equivalent quantities of the appropriate
      1,4-bis[4(4'-nitrophenoxy)benzalaminoalkyl]-benzene and sodium
      borohydride, the following compounds can be prepared:
PAR  B. 1,4-Bis[4-(4'-nitrophenoxy)benzylaminomethyl]-benzene, using
      1,4-bis[4-(4'-nitrophenoxy)benzylaminomethyl]-benzene.
PAR  C. 1,4-Bis{2-[4-(4'-nitrophenoxy)benzylamino]-ethyl}-benzene, using
      1,4-bis{2-[4-(4'-nitrophenoxy)benzylamino]ethyl}-benzene.
PAC  EXAMPLE 17
PAR  Following the procedure described in Example 1A using molar equivalent
      quantities of 4-(4'-nitrophenoxy)-benzaldehyde and the appropriate
      diamine, the following compounds can be prepared:
PAR  A. 1,2-Bis[4-(4'-nitrophenoxy)benzalaminomethyl]cyclopropane, using
      1,2-bis(aminomethyl)cyclopropane.
PAR  B. 1,3-Bis[4(4'-nitrophenoxy)benzalaminomethyl]-cyclopentane, using
      1,3-bis(aminomethyl)cyclopentane.
PAR  C. 2,6-Bis[4-(4'-nitrophenoxy)benzalaminomethyl]-pyridine, using
      2,6-bis(aminomethyl)pyridine.
PAR  D. 2,5-Bis[4-(4'-nitrophenoxy)benzalaminomethyl]-pyridine, using
      2,5-bis(aminomethyl)pyridine.
PAR  E. 3,4-Bis[4-(4'-nitrophenoxy)benzalaminomethyl]-pyridine, using
      3,4-bis(aminomethyl)pyridine.
PAR  F. 2,5-Bis[4-(4'-nitrophenoxy)benzalaminomethyl] furan, using
      2,5-bis(aminomethyl)furan.
PAR  G. 1,4-Bis[4(4'-nitrophenoxy)benzalaminomethyl]-2,5-dimethylbenzene, using
      1,4-bis(aminomethyl)-2,5-dimethylbenzene.
PAR  H. 1,3-Bis[4-(4'-nitrophenoxy)benzalaminomethyl]-benzene, using
      1,3-bis(aminomethyl)benzene.
PAR  I. 2,4-Bis{2-[4-(4'-nitrophenoxy)benzalamino]-ethyl}thiazole, using
      2,4-bis(2-aminoethyl)thiazole.
PAR  J. N,N'-bis[4-(4'-nitrophenoxy)benzal]-2-(2-aminomethylphenyl)ethylamine,
      using 2-(2-aminomethylphenyl)-ethylamine.
PAC  EXAMPLE 18
PAR  Following the procedure described in Example 6A using molar equivalent
      quantities of the appropriate bis[4-(4'-nitrophenoxy)benzal]-diamine and
      sodium borohydride, the following compounds can be prepared:
PAR  A. 1,2-Bis[4-(4'-nitrophenoxy)benzylaminomethyl]-cyclopropane, using
      1,2-bis[4-(4'-nitrophenoxy)benzylaminomethyl]-cyclopropane.
PAR  B. 1,3-Bis[4-(4'-nitrophenoxy)benzylaminomethyl]-cyclopentane, using
      1,3-bis[4-(4'-nitrophenoxy)benzylaminomethyl]cyclopentane.
PAR  C. 2,6-Bis[4-(4'-nitrophenoxy)benzylaminomethyl]-pyridine, using
      2,6-Bis[4-(4'-nitrophenoxy)benzalaminomethyl]-pyridine.
PAR  D. 2,5-Bis[4-(4'-nitrophenoxy)benzylaminomethyl]-pyridine, using
      2,5-bis[4-(4'-nitrophenoxy)benzalaminomethyl]-pyridine.
PAR  E. 3,4-Bis[4-(4'-nitrophenoxy)benzylaminomethyl]-pyridine, using
      3,4-bis[4-(4'-nitrophenoxy)benzalaminomethyl]-pyridine.
PAR  F. 2,5-Bis[4-(4'-nitrophenoxy)benzylaminomethyl]-furan, using
      2,5-bis[4-(4'-nitrophenoxy)benzalaminomethyl]-furan.
PAR  G. 1,4-Bis[4-(4'-nitrophenoxy)benzylaminomethyl]-2,5-dimethylbenzene, using
      1,4-bis[4-(4'-nitrophenoxy)benzalaminomethyl]-2,5-dimethylbenzene.
PAR  H. 1,3-Bis[4-(4'-nitrophenoxy)benzylaminomethyl]-benzene, using
      1,3-bis[4-(4'-nitrophenoxy)benzalaminomethyl]-benzene.
PAR  I. 2,4-Bis{2-[4-(4'-nitrophenoxy)benzylamino]ethyl}-thiazole, using
      2,4-bis{2-[4-(4'-nitrophenoxy)benzalamino]ethyl}thiazole.
PAR  J. N,N'-bis[4-(4'-nitrophenoxy)benzyl]-2-(2-aminomethylphenyl)ethylamine,
      using
      N,N'-bis[4-(4'-nitrophenoxy)benzal]-2-(2-aminomethylphenyl)ethylamine.
PAC  EXAMPLE 19
PAR  Following the procedure described in Example 14A using corresponding molar
      equivalent quantities of the appropriate
      bis[4-(4'-nitrophenoxy)benzyl]-diamine, sodium borohydride and
      palladium-on-charcoal, the following corresponding
      bis[4-(4'-aminophenoxy)benzyl]-diamines can be prepared.
PAR  A. 1,2-Bis[4-(4'-aminophenoxy)benzylaminomethyl]-cyclopropane.
PAR  B. 1,3-Bis[4-(4'-aminophenoxy)benzylaminomethyl]-cyclopentane.
PAR  C. 2,6-Bis[4-(4'-aminophenoxy)benzylaminomethyl]-pyridine.
PAR  D. 2,5-Bis[4-(4'-aminophenoxy)benzylaminomethyl]-pyridine.
PAR  E. 3,4-Bis[4-(4'-aminophenoxy)benzylaminomethyl]-pyridine.
PAR  F. 2,5-Bis[4-(4'-aminophenoxy)benzylaminomethyl]-furan.
PAR  G. 1,4-Bis[4-(4'-aminophenoxy)benzylaminomethyl]-2,5-dimethylbenzene.
PAR  H. 1,3-Bis[4-(4'-aminophenoxy)benzylaminomethyl]-benzene.
PAR  I. 2,4-Bis{2-[4-(4'-aminophenoxy)benzylamino]ethyl}-thiazole.
PAR  J. N,N'-bis[4-(4'-aminophenoxy)benzyl]-2-(2-aminomethylphenyl)ethylamine.
PAC  EXAMPLE 20
PAR  Following the procedure described in Example 11A using molar equivalent
      quantities of the appropriate N,N'-bis[4-(4'-nitrophenoxy)benzyl]-diamine,
      formic acid and formaldehyde, the following corresponding N,N'-dimethyl
      compounds can be prepared:
PAR  A.
      N,N'-dimethyl-N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-1,3-bis(aminomethyl)cyc
     lopentane.
PAR  B.
      N,N'-dimethyl-N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-1,2-bis(aminomethyl)cyc
     lopropane.
PAR  C.
      N,N'-dimethyl-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-2,6-bis(aminomethyl)pyri
     dine.
PAR  D.
      N,N'-dimethyl-N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-2,5-bis(aminomethyl)pyr
     idine.
PAR  E.
      N,N'-dimethyl-N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-3,4-bis(aminomethyl)pyr
     idine.
PAR  F.
      N,N'-dimethyl-N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-2,5-bis(aminomethyl)fur
     an.
PAR  G.
      2,5,N,N'-tetramethyl-N,N'-bis[4-(4'-nitrophenoxy)-benzyl]-1,4-bis(aminomet
     hyl)benzene.
PAR  H.
      N,N'-dimethyl-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,3-bis(aminomethyl)benz
     ene.
PAR  I.
      N,N'-dimethyl-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-2,4-bis(aminoethyl)thiaz
     ole.
PAR  J.
      N,N'-dimethyl-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-2-(2-aminomethylphenyl)e
     thylamine.
PAC  EXAMPLE 21
PAR  Following the procedure described in Example 12A using molar equivalent
      quantities of the appropriate N,N'-bis[(4-(4'-nitrophenoxy)benzyl]-diamine
      and phenyl isocyanate, the following corresponding
      N,N'-bis(phenylcarbamyl) compounds can be prepared:
PAR  A.
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-1,2-bis(amin
     omethyl)cyclopropane.
PAR  B.
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-1,3-bis(amin
     omethyl)cyclopentane.
PAR  C.
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-2,6-bis(amin
     omethyl)pyridine.
PAR  D.
      N,N'-bis[4(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-2,5-bis(amino
     methyl)pyridine.
PAR  E.
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-3,4-bis(amin
     omethyl)pyridine.
PAR  F.
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-2,5-bis(amin
     omethyl)furan.
PAR  G.
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-1,4-bis(amin
     omethyl)-2,5-dimethylbenzene.
PAR  H.
      N,N'-bis[4(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-1,3-bis(amino
     methyl)benzene.
PAR  I.
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-2,4-bis(2-am
     inoethyl)thiazole.
PAR  J.
      N,N'-bis[4(4'-nitrophenoxy)benzyl]-N,N'-bis-(phenylcarbamyl)-2-(2-aminomet
     hylphenyl)ethylamine.
PAC  EXAMPLE 22
PAR  Following the procedure described in Example 13A using corresponding molar
      equivalent quantities of the appropriate
      N,N'-bis[4-(4'-nitrophenoxy)benzyl]-diamine and dichloroacetyl chloride,
      the following corresponding N,N'-bis(dichloroacetyl) compounds can be
      prepared:
PAR  A.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,2-bis(amino
     methyl)cyclopropane.
PAR  B.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,3-bis(amino
     methyl)cyclopentane.
PAR  C.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-2,6-bis(amino
     methyl)pyridine.
PAR  D.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-4'-nitrophenoxy)benzyl]-2,5-bis(aminom
     ethyl)pyridine.
PAR  E.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-3,4-bis(amino
     methyl)pyridine.
PAR  F.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-2,5-bis(amino
     methyl)furan.
PAR  G.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,4-bis(amino
     methyl)-2,5-dimethylbenzene.
PAR  H.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,3-bis(amino
     methyl)benzene.
PAR  I.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-2,4-bis(2-ami
     noethyl)thiazole.
PAR  J.
      N,N'-bis(dichloroacetyl)-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-2-(2-aminomet
     hylphenyl)ethylamine.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein Z is nitro or amino; R is phenylcarbamyl or dihaloacetyl; and Y is
      alkylene having from two to ten carbon atoms and having its connecting
      linkages on different carbon atoms or said alkylene interrupted by O, S,
      NH, N(lower-alkyl), cycloalkylene having from three to six ring carbon
      atoms, phenylene or phenylene having from one to four lower-alkyl
      substituents.
NUM  2.
PAR  2. A compound according to claim 1, wherein Z is nitro or amino; R is
      phenylcarbamyl; and Y is alkylene having from two to ten carbon atoms and
      having its connecting linkages on different carbon atoms or said alkylene
      interrupted by O, S, NH, N(lower-alkyl), cycloalkylene having from three
      to six ring carbon atoms, phenylene, phenylene having from one to four
      lower-alkyl substituents.
NUM  3.
PAR  3. N,N'-bis[4-(4'-nitrophe
     noxy)benzyl]-N,N'-bis-(phenylcarbamyl)-1,6-hexanediamine according to claim
      2.
NUM  4.
PAR  4. A compound according to claim 1, wherein Z is nitro or amino; R is
      dihaloacetyl; and Y is alkylene having from two to 10 carbon atoms and
      having its connecting linkages on different carbon atoms or said alkylene
      interrupted by O, S, NH, N(lower-alkyl), cycloalkylene having from three
      to six ring carbon atoms, phenylene, phenylene having from one to four
      lower-alkyl substituents.
NUM  5.
PAR  5. N,N'-bis(dichloroacetyl
     )-N,N'-bis[4-(4'-nitrophenoxy)benzyl]-1,2-ethanediamine according to claim
      4.
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ABST
PAL  An improved recycle process for the production of cyclohexanone oxime
      comprising circulating an acidic, aqueous solution containing phosphoric
      acid or ammonium bisulphate or a mixture thereof between a hydroxylamine
      synthesis zone and a cyclohexanone oxime synthesis zone. Nitrate ions are
      added to the aqueous solution just prior to the hydroxylamine synthesis
      zone and catalytically reduced with molecular hydrogen. The aqueous
      solution from the hydroxylamine synthesis zone is then fed to the
      cyclohexanone oxime synthesis zone along with a ketone. The aqueous
      solution is then separated from the oxime formed, either (a) treated at an
      elevated temperature for a sufficient time to decompose any trace amounts
      of oxime and cyclohexanone or (b) subjected to a stripping step to remove
      any trace amounts of oxime and cyclohexanone before being recirculated to
      the hydroxylamine synthesis zone. The oxime formed by this process is a
      valuable commercial commodity.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our copending earlier
      applications Ser. No. 95,318 and Ser. No. 95,389, both filed on Dec. 4,
      1970 both of which are now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved recycle process for the
      preparation and processing of a hydroxylammonium salt solution, and in one
      embodiment thereof an apparatus used in carrying out the improved process.
      The hydroxylammonium salts are useful in the known preparation of oximes
      from ketones, in particular in the preparation of cyclohexanone oxime from
      cyclohexanone.
PAR  In a known recycle process for the production of hydroxylammonium salt
      solutions, an acidic, buffered, aqueous reaction medium containing buffer
      acids or acidic salts, for example phosphoric acid or bisulphate,
      respectively, and buffer salts derived from these acids, is continuously
      recycled between a hydroxylammonium salt synthesis zone, in which nitrate
      ions are catalytically reduced with molecular H.sub.2 to hydroxylamine,
      and an oximation zone. The nitrate ions, which are consumed in the
      hydroxylammonium salts synthesis zone, are added to the recycling aqueous
      reaction medium just before the hydroxylammonium salt synthesis zone.
      Nitric acid, such as a 60% aqueous solution of nitric acid, is commonly
      used as the source of nitrate ions. A hydroxylamine, initially formed in
      the hydroxylamine synthesis zone, reacts with the free buffer acid of the
      recycling medium to form the corresponding hydroxylammonium salt, and the
      resulting hydroxylammonium salt solution is then fed to the oximation
      zone, where the hydroxylammonium salt reacts with a ketone, forming the
      corresponding oxime, with simultaneous liberation of the acidic, buffered,
      aqueous reaction medium. The aqueous reaction medium is then freed of the
      oxime and recycled to the hydroxylammonium salt synthesis zone.
PAR  If the hydroxylamine preparation is based on the buffered reaction medium
      comprising phosphoric acid and nitrate, the chemical reactions occurring
      during the successive operations can be represented by the following
      equations:
PA1  1. formation of hydroxylammonium salt:
EQU  2 H.sub.3 PO.sub.4 + NO.sub.3.sup.- + 3 H.sub.2 .fwdarw. NH.sub.3 OH.sup.+
      + 2 H.sub.2 PO.sub.4.sup.- + 2 H.sub.2 O
PA1  2. formation of cyclohexanone oxime:
      ##EQU1##
      3. addition of HNO.sub.3 to replace the nitrate ions which were used in
      forming the oxime:
EQU  H.sub.3 PO.sub.4 + H.sub.2 PO.sub.4.sup.- + 3 H.sub.2 O + HNO.sub.3
      .fwdarw. 2 H.sub.3 PO.sub.4 + NO.sub.3.sup.- + 3 H.sub.2 O
PAR  the buffered reaction medium preferably contains phosphoric acid.
PAR  The solution formed in step three will, theoretically, have the same
      composition as the initial solution used for the hydroxylammonium salt
      formation.
PAR  The catalyst used in the reduction of the nitrate ions is a palladium
      catalyst, generally palladium on a carrier material of carbon or alumina,
      the carrier material being loaded with from 5-20% wt. of palladium. The
      activity of the catalyst is adversely affected by the presence of organic
      substances. In the prior art process, the aqueous reaction medium which is
      discharged from the cyclohexanone oxime synthesis zone contains residual
      amounts of cyclohexanone and cyclohexanone oxime. The palladium catalyst
      is adversely affected by these residual amounts of cyclohexanone and
      cyclohexanone oxime and ultimately becomes poisoned. Accordingly, it is an
      object of the present invention to remove these residual amounts of
      cyclohexanone and cyclohexanone oxime to prevent poisoning of the
      catalyst.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has now been found that the residual organic compounds such as the oxime
      or ketones used in the process can be effectively reliably and simply
      removed according to one embodiment of the invention by (a) heating the
      liquid discharged from the cyclohexanone oxime synthesis zone to an
      elevated temperature for such a time that the organic compounds including
      the oxime are decomposed and oxidized to compounds which do not affect the
      activity of the catalyst. In another embodiment of the present invention
      we have found that these residuant organic components are also easily
      removed by (b) subjecting the liquid discharged from the cyclohexanone
      oxime synthesis zone to a stripping process whereby the undesired
      detrimental organic compounds are decomposed and oxidized to compounds not
      affecting the catalyst activity.
PAR  The present invention will be more fully explained with reference to the
      drawings and the following examples.
DRWD
PAC  IN THE DRAWINGS
PAR  The following figures and example relate to the first embodiment (a), as
      illustrated above.
PAR  FIG. 1 is a graph showing the effect of varying concentrations of
      cyclohexanone/oxime on the activity of the palladium catalyst.
PAR  FIG. 2 is a schematic diagram of a preferred embodiment of the process
      according to the present invention.
DETD
PAR  The influence of cyclohexanone oxime on the activity of the paladium
      catalyst is shown in FIG. 1, which represent data from experiments using a
      catalyst consisting of 5% wt. of palladium on active carbon. The catalyst
      was used first for the preparation of hydroxylamine by reduction of a
      solution containing nitrate ions in a phosphoric acid medium, and
      subsequently the reaction solution containing nitrate ions and phosphoric
      acid also contained 0.1, 0.03 or 0.01% wt of cyclohexanone oxime.
PAR  The decrease in activity of the palladium catalyst, expressed in grams of
      hydroxylamine per gram of palladium per hour, is shown on the graph of
      FIG. 1. In FIG. 1, the activity of the catalyst at 1 atm and 25.degree. C.
      is plotted on the ordinate and the quantity of reaction liquid, in kg,
      reacted in the presence of 1 kg of catalyst, is shown on the abscissa.
PAR  When the reaction liquid is contaminated with 0.1% wt of oxime, the
      activity decreased to 1/3 of its orginal value after only 500 kg of
      reactants had contacted the catalyst. A content of 0.03% wt of oxime
      reduced the activity to 67% of its original value after 1400 kg of
      reactants contacted the catalyst. When the reaction liquid was
      contaminated with 0.01% wt of oxime, the activity was almost unchanged
      after 1500 kg of reaction liquid had contacted the catalyst.
PAR  The results shown in FIG. 1 infer that, to prevent catalyst poisoning, the
      recycled reaction medium, before entering the hydroxylamine synthesis
      zone, must be almost completely free of ketone and oxime dissolved in it,
      i.e., the joint content of ketone and oxime must be reduced to a value of
      not more than 0.02% wt.
PAR  As mentioned above, it has now been found that such remnants, i.e., oximes
      and ketones, can be rendered harmless if, preferably after the nitric acid
      make-up, the recycle liquid to be returned to the hydroxylamine synthesis
      zone is heated at such a temperature and for such a time that the
      compounds impairing the activity of the catalyst are decomposed or
      oxiidized to compounds which do not affect the activity of the catalyst.
PAR  The rate at which the content of the harmful organic compounds is reduced
      to the desired level (less than 0.02% wt) is not only dependent on the
      temperature, but also on the composition of the recycle liquid.
PAR  If the recycle liquid does not contain free nitric acid but consists of a
      solution of phosphoric acid and ammonium nitrate, a temperature of
      90.degree. C. or higher is necessary for the required decomposition and
      oxidation to take place within a reasonable time. However, if the recycle
      liquid contains nitric acid a reaction temperature of between 50.degree.
      C. and 90.degree. C., dependent on the concentration of nitric acid, is
      adequate.
PAR  The presence of ammonium sulphate in the recycle liquid retards the
      decomposition of the contaminants to some extent, and a temperature of
      about 90.degree. C. is preferred even in the presence of nitric acid. To
      prevent boiling, the temperature should be below 106.degree. C.
PAC  EXAMPLE A
PAR  The following experiments, in which the composition of the recycle liquid
      was varied, will further demonstrate the decomposition of cyclohexanone
      oxime and the dependence of the decomposition reaction on temperature and
      time.
PAR  In all the following experiments the recycle liquid contained 0.05% wt. of
      cyclohexanone oxime, which as shown above severely impairs the activity of
      the catalyst. During decomposition it is desirable as shown above to
      reduce the oxime content to below 0.02% wt., that is a decomposition of at
      least 60% must be reached for a starting concentration of oxime of 0.05%
      by weight.
PAC  Experiment 1
PAR  A liquid compatible for the hydroxylamine synthesis consisting of 200 moles
      of H.sub.3 PO.sub.4, 275 moles of NH.sub.4 NO.sub.3 3000 moles of H.sub.2
      O and 0.05 % by weight of oxime, was heated and held in a storage vessel
      at 75.degree. C. Samples of this liquid were taken at regular intervals to
      determine the decomposition of the cyclohexanone oxime.
PAR  The decomposition as a function of time proceeded as follows:
TBL  Time, h          Decomposition, %                                         
     ______________________________________                                    
     0                0                                                        
     0.5              32.5                                                     
     1.0              41.6                                                     
     2.0              50.0                                                     
     4.0              66.7                                                     
     6.0              70.0                                                     
     ______________________________________                                    
PAC  Experiment 2
PAR  The same liquid as used in Experiment 1 was now kept at a temperature of
      90.degree. C.
PAR  The decomposition as a function of time now proceeded as follows:
TBL  Time, h          Decomposition, %                                         
     ______________________________________                                    
     0                 0                                                       
     0.5              23                                                       
     1                60                                                       
     2                96                                                       
     3                99                                                       
     ______________________________________                                    
PAC  Experiment 3
PAR  A liquid compatible for the hydroxylamine synthesis of 100 moles of H.sub.3
      PO.sub.4, 80 moles of NHO.sub.3, 36 moles NH.sub.4 NO.sub.3, 1000 moles
      H.sub.2 O and 0.05% by weight oxime, was kept at a temperature of
      50.degree. C. Samples were taken at time intervals as in Experiment 1.
PAR  The decomposition of cyclohexanone oxime as a function of time proceeded as
      follows:
TBL  Time, h          Decomposition, %                                         
     ______________________________________                                    
     0                 0                                                       
     0.5              23                                                       
     1                60                                                       
     2                96                                                       
     3                99                                                       
     ______________________________________                                    
PAC  Experiment 4
PAR  The same liquid as used in Experiment 3 was now kept at a temperature of
      90.degree. C.
PAR  The decomposition is a function of time proceeded as follows:
TBL  Time, h          Decomposition, %                                         
     ______________________________________                                    
     0                 0                                                       
     0.25             96                                                       
     0.50             99                                                       
     ______________________________________                                    
PAC  Experiment 5
PAR  A liquid compatible for the hydroxylamine synthesis consisting of 125 moles
      of H.sub.3 PO.sub.4, 60 moles of HNO.sub.3, 76 moles of NH.sub.4 NO.sub.3,
      40 moles of (NH.sub.4).sub.2 SO.sub.4, 1500 moles H.sub.2 O and 0.05 % by
      weight oxime was kept at 50.degree. C.
PAR  The decomposition as a function of time proceeded as follows:
TBL  Time, h          Decomposition, %                                         
     ______________________________________                                    
     0                 0                                                       
     0.5              12                                                       
     1                18                                                       
     2                32                                                       
     3                46                                                       
     4                58                                                       
     ______________________________________                                    
PAC  Experiment 6
PAR  The same liquid as used in experiment 5 was now heated at 90 .degree.C. The
      decomposition as a function of time proceeded as follows:
TBL  Time, h          Decomposition, %                                         
     ______________________________________                                    
     0                 0                                                       
     0.25             83                                                       
     0.5              85                                                       
     1                87                                                       
     2                89                                                       
     ______________________________________                                    
PAR  In the operation of the process according to this invention, the reaction
      liquid to be recycled can be passed through one or more vessels equipped
      with heating coils. The vessels are placed before the hydroxylamine
      synthesis reactor, preferably between the location where the nitrate ions
      are added and the hydroxylamine synthesis reactor. The total capacity of
      the vessels must be such that the liquid to be recycled can be kept
      sufficiently long at the required temperature to effect the desired
      conversions. For this purpose the buffer tank can, for example, be
      provided with outlets at various levels, so that the residence time can be
      influenced by selecting the discharge level.
PAR  In general residence times of 3-6 hours will be more than sufficient to
      effect the desired decrease in oxime content, while under conditions most
      favorable for the decomposition and oxidation (high temperature, solution
      containing nitric acid, absence of sulphate) an hour's residence time or
      even shorter will prove to be sufficient.
PAR  One preferred embodiment of the process of this invention is shown
      diagrammatically in FIG. 2. A and B represent the hydroxylamine synthesis
      zone and the oxime synthesis zone, respectively. To zone A, containing
      palladium catalyst, hydrogen is fed via line 1; unreacted hydrogen is
      discharged, with any other waste gases, via line 2. The reaction medium is
      fed to zone A through line 12 and after having been enriched in
      hydroxylamine, is passed to the oxime synthesis zone B via line 3.
PAR  The ketone to be converted is fed in an organic solvent (e.g. toluene) to
      zone B via line 4. The largest part of oxime produced and dissolved in the
      solvent is removed from the system via line 5.
PAR  A recycle liquid which has a reduced hydroxylamine content and contains
      small quantities of ketone and oxime contaminants is passed to the
      stripping column C via line 6. In this column oxime is hydrolized to
      ketone and the ketone thus formed together with the ketone already present
      is collected in condenser D from the vapor phase together with water
      vapor.
PAR  A condensed water-ketone azeotrope flows to separating vessel E. From
      separating vessel E ketone is returned to the oxime synthesis zone B via
      line 8, while the water partly flows back, via line 9, into the top of
      column C, the remaining water is discarded. Condenser D is cooled with
      cooling water flowing through cooling tubes 14, while stripping column C
      receives heat via heating coils 13. The recycle liquid is returned into
      the hydroxylamine synthesis zone A via line 10, buffer vessel F and line
      12.
PAR  Via line 11 make-up acid is supplied in the form of nitric acid. The heat
      treatment according to the invention takes place in buffer vessel F; the
      required heat is supplied through heating coil 15.
PAC  EXAMPLE B
PAR  The following examples, illustrate the embodiment of the present invention
      wherein the cyclohexanone and cyclohexanone oxime are removed by
      stripping. The influence of cyclohexanone oxime on the activity of the
      palladium catalyst is shown from experiments using a catalyst consisting
      of 5% wt. of palladium on active carbon. The catalyst was used first for
      the preparation of hydroxylamine by reduction of a solution containing
      nitrate ions in a phosphoric acid medium, and subsequently the reaction
      solution containing nitrate ions and phosphoric acid also contained 0.1,
      0.03 or 0.01% wt. of cyclohexanone oxime.
PAR  The decrease in activity of the palladium catalyst, expressed in grams of
      hydroxylamine per gram of palladium per hour is described below.
PAR  When the reaction liquid is contaminated with 0.1% wt. of oxime, the
      activity decreased to 1/3 of its original value after only 500 kg of
      reactants had contacted the catalyst. A content of 0.03% wt. of oxime
      reduced the activity of 67% of its original value after 1400 kg of
      reactants contacted the catalyst. When the reaction liquid was
      contaminated with 0.01% wt. of oxime, the activity was almost unchanged
      after 1500 kg of reaction liquid had contacted the catalyst.
PAR  The results demonstrate that, to prevent catalyst poisoning, the recycled
      reaction medium, before entering the hydroxylamine synthesis zone, must be
      almost completely free of ketone and oxime dissolved in it, i.e., the
      joint content of ketone and oxime must be reduced to a value of not more
      than 0.02% wt.
PAR  As mentioned above, it has now been found that such remnants, i.e., oximes
      and ketones, can be rendered harmless if the recycle liquid to be returned
      to the hydroxylamine synthesis zone is treated to a stripping step for
      such a time that the compounds impairing the activity of the catalyst are
      removed.
PAR  Cyclohexanone has a higher volatility than cyclohexanone oxime and in
      addition the oxime is formed from cyclohexanone by a reaction having an
      equilibrium which is shifted to the cyclohexanone in an acid medium. It
      would thus appear to be more advantageous to carry out the stripping
      treatment when the solution is most acid, i.e., after the nitrate ions
      have been added to the aqueous reaction medium.
PAR  Contrary to expectation, however, it has been unexpectably found that
      removal of the organic contaminants from the aqueous recycle liquid by
      stripping is better accomplished prior to the addition of nitrate ions.
      The explanation of this phenomena might be that with the least acidic
      medium, hardly any oxidation and decomposition of the cyclohexanone and
      cyclohexanone oxime takes place. In the more acidic medium, the
      decomposition of cyclohexanone and cyclohexanone oxime is more prevalent
      and as a result the cyclohexanone and cyclohexanone oxime are decomposed
      to less volatile organic compounds which are not removed by the stripping
      treatment. These less volatile organic compounds continue to increase as
      the aqueous medium is recycled and ultimately tend to impair the acitivity
      of the palladium catalyst.
PAR  The present invention is, therefore, preferably accomplished by stripping
      the aqueous solution coming from the oxime synthesis zone before nitrate
      ions are added to the solution. From the stripping process the solution is
      recycled back to the hydroxylamine synthesis zone with the nitrate ions
      being added to the solution. From the stripping process the solution is
      recycled back to the hydroxylamine synthesis zone with the nitrate ions
      being added to the recycle medium just prior to the hydroxylamine
      synthesis zone. The stripping step removes remnants of cyclohexanone and
      cyclohexanone oxime contained in the aqueous solution coming from the
      oxime synthesis zone which impair the activity of the palladium catalyst
      used in the hydroxylamine synthesis zone.
PAR  The following examples further demonstrate that the ultimate carbon
      containing compounds of the recycle liquid, which can impair the activity
      of the palladium catalyst, is considerably lowered when the nitrate ion
      addition takes place after the stripping treatment. In addition, the
      examples demonstrate the general reduction of cyclohexanone and
      cyclohexanone oxime according to the present invention.
PAC  EXAMPLE B-1
PAR  Nitric acid was added to the recycle liquid before any stripping treatment
      had been performed on the recycle liquid. The aqueous solution coming from
      the oxime synthesis zone comprised:
PA1  11.3% by weight H.sub.3 PO.sub.4
PA1  16.5% by weight NH.sub.4 NO.sub.3
PA1  11.1% by weight NH.sub.4 H.sub.2 PO.sub.4
PA1  61.0% by weight H.sub.2 O
PA1  0.1% by weight cyclohexanone and cyclohexanone oxime
PA1  0.064% by weight of free carbon
PAL  The nitrate ions were added to this solution in the form of aqueous nitric
      acid having 55% by weight concentration of HNO.sub.3. The nitric acid was
      added in such quantity that the mono-ammonium phosphate present in the
      recycle solution was converted into ammonium nitrate and phosphoric acid.
PAR  The resulting solution was stripped in a distilling column at atmospheric
      pressure.
PAR  Analysis of samples taken at varying time intervals during the stripping
      process were made to determine the amount of cyclohexanone and
      cyclohexanone oxime present as well as the total free carbon present.
      These results are shown in Table I.
TBL                Table I                                                     
     ______________________________________                                    
     time (min.)                                                               
                % wt. cyclohexanone oxime                                      
                                    % wt. C.                                   
                and cyclohexanone                                              
     ______________________________________                                    
      0         0.1                 0.064                                      
     15         0.015               0.033                                      
     30         0.003               0.024                                      
     45         0.003               0.022                                      
     ______________________________________                                    
PAR  As can be seen, the total amount of cyclohexanone and cyclohexanone oxime
      of the solution is reduced to an insignificant amount after being stripped
      for only 15 minutes and nearly removed completely after 30 minutes. After
      30 minutes of stripping only 3 percent of the total cyclohexanone oxime
      and cyclohexanone remain. However, the total carbon containing compounds,
      as illustrated by the weight percent carbon in the solution do not
      decrease at a rate equivalent to the reduction of cyclohexanone oxime and
      cyclohexanone. After 30 minutes of stripping approximately 38% of the
      carbon still remains in the solution.
PAC  EXAMPLE B-2
PAR  The aqueous solution coming from the oxime synthesis zone as in Example B-1
      was stripped without having any nitric acid added to it. The results of
      analysis of samples taken at varying time intervals similar to those in
      Example B-1 are shown in Table II.
TBL                Table II                                                    
     ______________________________________                                    
     % wt. cyclohexanone oxime                                                 
                      % wt. C.                                                 
     and cyclohexanone                                                         
     ______________________________________                                    
     0.1              0.064                                                    
     0.015            0.020                                                    
     0.003            0.005                                                    
     0.003            0.005                                                    
     ______________________________________                                    
PAR  As can be seen, the cyclohexanone and cyclohexanone oxime content is
      reduced similarly to that shown in Example B-1. However, the total amount
      of carbon containing compounds remaining in the solution, as is evidenced
      by the percent carbon in the solution, is reduced considerably more than
      was done in Example B-1. After 30 minutes of stripping only approximately
      7% of the carbon content remains in the solution compared to approximately
      38% remaining in the solution in Example B-1.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a process for producing cyclohexanone oxime in which a buffered,
      acidic reaction medium comprising an aqueous solution containing
      phosphoric acid, or ammonium bisulphate is cycled from a hydroxylamine
      synthesis zone to a cyclohexanone oxime synthesis zone, and back to the
      hydroxylamine synthesis zone, wherein nitrate ions are obtained in said
      solution by addition of nitric acid to said solution just prior to
      introduction into the hydroxylamine synthesis zone and molecular hydrogen
      is added to the hydroxylamine synthesis zone, said nitrate ions being
      catalytically reduced to hydroxylamine with said molecular hydrogen in the
      presence of a supported palladium metal catalyst contained in the
      hydroxylamine synthesis zone, the solution rich in hydroxylamine from the
      hydroxylamine synthesis zone is fed with cyclohexanone to said
      cyclohexanone oxime synthesis zone wherein the hydroxylamine and the
      cyclohexanone react with each other to form cyclohexanone oxime,
      separating the cyclohexanone oxime and unreacted cyclohexanone from said
      solution and recycling said solution back to said hydroxylamine synthesis
      zone,
PA1  the improvement of substantially preventing the poisoning of said palladium
      catalyst consisting of reducing residual amounts of cyclohexanone and
      cyclohexanone oxime present in the solution after removal of the
      cyclohexanone oxime produced in the cyclohexanone oxime synthesis zone by
      heating said solution being recycled from the cyclohexanone oxime
      synthesis zone to the hydroxylamine synthesis zone to an elevated
      temperature in the range of 50.degree. to 106.degree. C. for a time
      sufficiently long enough so that residual amounts of cyclohexanone and
      cyclohexanone oxime are substantially reduced to below 0.02% by weight.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the nitrate ions are added to
      the solution being recycled from the cyclohexanone oxime synthesis zone to
      the hydroxylamine synthesis zone prior to the heating of said solution.
NUM  3.
PAR  3. A process as claimed in claim 2 wherein after the nitrate ions are added
      the solution contains phosphoric acid, ammonium nitrate and water, and
      wherein the heat treatment takes places at a temperature of at least
      90.degree. C.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein after the nitrate ions are added
      the solution contains phosphoric acid, nitric acid, ammonium nitrate,
      water and soluble or insoluble sulphates, and wherein the heat treatment
      takes place at a temperature of at least 50.degree. C.
NUM  5.
PAR  5. In a process for producing cyclohexanone oxime in which a buffered,
      acidic reaction medium comprising an aqueous solution containing
      phosphoric acid or ammonium bisulphate is cycled from a hydroxylamine
      synthesis zone to a cyclohexanone oxime synthesis zone and back to the
      hydroxyl amine synthesis zone, wherein nitrate ions are obtained in said
      solution by addition of nitric acid to said solution just prior to
      introduction into the hydroxylamine synthesis zone and molecular hydrogen
      is added to the hydroxylamine synthesis zone, said nitrate ions being
      catalytically reduced to hydroxylamine with said molecular hydrogen in the
      presence of a supported palladium metal catalyst contained in the
      hydroxylamine synthesis zone, the solution rich in hydroxylamine from the
      hydroxylamine synthesis zone is fed with cyclohexanone to said
      cyclohexanone oxime synthesis zone wherein the hydroxylamine and the
      cyclohexanone react with each other to form cyclohexanone oxime,
      separating the cyclohexanone oxime and unreacted cyclohexanone from said
      solution and recycling said solution back to said hydroxylamine synthesis
      zone, stripping said solution being recycled from the cyclohexanone oxime
      synthesis zone to the hydroxylamine synthesis zone for a time sufficiently
      long enough so that residual amount of cyclohexanone and cyclohexanone
      oxime, present in the solution after removal of the cyclohexanone oxime
      produced in the cyclohexanone oxime synthesis zone, are substantially
      reduced to below about 0.02% by weight,
PA1  the improvement of substantially preventing the poisoning of said palladium
      catalyst consisting in adding nitrate ions to the solution being recycled
      from the cyclohexanone oxime synthesis zone to the hydroxylamine synthesis
      zone after the stripping of said recycle solution.
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ABST
PAL  The invention provides novel indane and tetrahydronaphthalene derivatives
      ving the general formula
      ##SPC1##
PAL  Wherein R.sup.1 represents hydrogen or lower alkyl; R.sup.2 represents
      lower alkyl; R.sup.3 and R.sup.4 independently represent hydrogen or lower
      alkyl; and n is the integer 1 or zero; and the pharmaceutically acceptable
      acid addition and quaternary ammonium salts thereof; which have
      hypotensive activity.
BSUM
PAR  This invention relates to indane and tetrahydronaphthalene derivatives, and
      to pharmaceutical compositions containing them.
PAR  In particular this invention provides novel indane and
      tetrahydronaphthalene derivatives having the general formula:
      ##SPC2##
PAL  Wherein R.sup.1 represents hydrogen or lower alkyl; R.sup.2 represents
      lower alkyl; R.sup.3 and R.sup.4 independently represent hydrogen or lower
      alkyl; and n is the integer 1 or zero; and the pharmaceutically acceptable
      acid addition and quaternary ammonium salts thereof.
PAR  The term "lower alkyl" used herein signifies that the radical contains up
      to 6 carbon atoms.
PAR  Examples of the group R.sup.1 are hydrogen, methyl, ehtyl, n-propyl,
      iso-propyl, n-butyl, sec-butyl and tert-butyl. Preferably R.sup.1 is
      hydrogen. Examples of R.sup.2 are methyl, ethyl, n-propyl, isopropyl,
      n-butyl, sec-butyl and tert-butyl. Examples of R.sup.3 are hydrogen,
      methyl, ethyl, n-propyl and n-butyl. Preferably R.sup.3 is hydrogen or
      methyl. Examples and preferred groups for R.sup.4 are the same as for
      R.sup.3. The acid addition salts of this invention include salts formed
      with inorganic acids such as hydrochlorides, hydrobromides or sulphates,
      nitrates, phosphates, or salts formed with organic acids such as acetates,
      citrates, tartrates, maleates, fumarates, formates, sulphonates, e.g.
      methane sulphonate and p-toluene sulphonate.
PAR  The novel compounds provided by the present invention possess hypotensive
      and cardioninhibitory activity when administered to warm-blooded animals
      and some are also intermediates for other compounds of the invention.
PAR  For example 1-[7-(1,1,3,4,4,6-hexamethyl)-1,2,3,4
      tertrahydronaphthyl]-2-isopropylamino ethanol showed significant
      hypotensive activity when administered intravenously to normotensive
      anaethetised rats at a dose level of 3.2 mpk, and also cardioinhibitory
      activity when tested on guinea pig spontaneously beating atria. Further
      this compound did not exhibit .beta.-adrenergic blocking activity when
      tested either on guinea pig spontaneously beating atria or on guinea pig
      isolated trachea and therefore the observed hypotensive and
      cardioinhibitory activities appear to act by some mechanism other than
      .beta.-blockade.
PAR  A first general method of preparation of the compounds of general formula I
      comprises reducing a compound of general formula:
      ##SPC3##
PAL  Wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4 and n are as defined above. Any
      reducing agent known in the art for reducing a ketone to a secondary
      alcohol may be used in the above reaction. For example the reduction
      process may be carried out using sodium borohydride or aluminium
      isopropoxide, in the presence of an inert solvent, for example methanol or
      using lithium aluminium hydride in the presence of an inert solvent, for
      example ether or tetrahydrofuran. Other hydride transfer agents may be
      used. Alternatively catalytic hydrogenation may be used to effect
      reduction, for example using palladium charcoal as catalyst in the
      presence of an inert solvent, for example aqueous methanol.
PAR  A second general method for the preparation of the compounds of formula I
      comprises reacting a compound of general formula:
      ##SPC4##
PAL  wherein R.sup.3, R.sup.4 and n have the same meanings as above and X is a
      halogen atom, with an amine of general formula:
EQU  HNR.sup.1 R.sup.2                                          (IV)
PAL  wherein R.sup.1 and R.sup.2 have the same meanings as above. The process
      above may be carried out in the presence of an inert solvent, for example
      a lower alkyl alcohol, e.g. methanol or ethanol, and with heating if
      desired. In this process preferred halogens as defined by X are chlorine
      and bromine. It is understood that in the process above the compound of
      formula III may eliminate HX during the reaction with the amine of formula
      (IV) to produce a compound of general formula:
      ##SPC5##
PAL  wherein R.sup.3, R.sup.4 and n are as defined above, which then reacts with
      the amine of general formula (IV) to produce compounds of general formula
      (I).
PAR  The starting materials of general formulae (II) and (III), used in the two
      processes for the preparation of the novel compounds of this invention
      described above, may each be prepared from a haloacetyl compound of
      general formula:
      ##SPC6##
PAL  wherein R.sup.3, R.sup.4, n and X are as defined above, by
PA1  i. reaction with an amine of general formula:
EQU  HNR.sup.1 R.sup.2                                          (IV)
PAL  wherein R.sup.1 and R.sup.2 are as defined above, to give a compound of
      general formula (II); or by
PA1  ii. reduction to give a compound of general formula III. For both processes
      described above preferred halogens, as defined by X, are chlorine and
      bromine.
PAR  In connection with process (i) an inert solvent may be used, for example,
      ethanol. In connection with process (ii) the reduction may be effected by
      the use of reducing agents such as sodium borohydride or aluminium
      isopropoxide in the presence of an inert solvent such as a lower alkyl
      alcohol, e.g. methanol, ethanol or isopropanol, or cyclohexane.
PAR  The compounds of general formula (VI) are also novel compounds within the
      scope of this invention.
PAR  They may be prepared from starting material of general formula:
      ##SPC7##
PAL  wherein R.sup.3, R.sup.4 and n are as defined above, by monohalogenating
      the .alpha.-carbon atom of the ketone using methods known in the art. For
      example a preferred process for the above reaction is to halogenate, for
      example with bromine, the compound of general formula (VII), in the
      presence of glacial acetic acid. Alternatively bromination may be
      accomplished by refluxing with N-bromosuccinimide in an inert solvent, for
      example carbon tetrachloride.
PAR  A further process for the preparation of compounds of general formula I in
      which R.sup.1 represents hydrogen and R.sup.2 represents normal or
      secondary lower alkyl comprises reacting under reducing conditions a
      compound of general formula:
      ##SPC8##
PAL  wherein R.sup.3, R.sup.4 and n are as hereinbefore defined and Z represents
      a -CO-or-CHOH-group with an aldehyde or ketone of general formula:
      ##EQU1##
      wherein R.sup.5 is hydrogen, or a methyl or ethyl group and R.sup.6 is
      hydrogen, or an alkyl group of 1 to 3 carbon atoms which may be branched
      or straight chain.
PAR  Examples of suitable reducing conditions are those provided by the presence
      of a hydrogenation catalyst, for example platinum oxide, hydrogen, and an
      excess of the carbonyl compound. Other catalysts include nickel or
      palladium, e.g. palladium charcoal. Alternatively a hydride transfer agent
      such as sodium borohydride may be used.
PAR  When a compound of general formula I is prepared which is in the form of
      the primary amine then that compound may be converted to other compounds
      of formula I which are secondary or tertiary amines by reaction with an
      organo-halide of general formula R.sup.1 X wherein R.sup.1 is lower alkyl
      and X is a halogen. In similar manner a secondary amine of general formula
      I may be converted to a tertiary amine of general formula I by reaction
      with an organohalide of general formula R.sup.1 X, wherein R.sup.1 and X
      are as defined above.
PAR  A further aspect of the invention is the provision of a pharmaceutical
      composition comprising a compound of general formula I, or a
      pharmaceutically acceptable acid addition or quaternary ammonium salt
      thereof, together with a pharmaceutical carrier. Any suitable carrier
      known in the art may be used to prepare the pharmaceutical compositions.
      In such a composition the carrier may be solid, liquid or a mixture of
      solid and liquid. In the solid form the compositions include powders,
      tablets and capsules. In the liquid or solid/liquid form the compositions
      include solutions, suspensions and creams.
PAR  When the compounds of this invention are employed as hypotensive agents
      they may be administered to warm-blooded animals, e.g. mice, rats,
      rabbits, dogs, cats or monkeys alone or in combination with
      pharmaceutically acceptable carriers, the proportion of which is
      determined by the solubility and chemical nature of the compounds, chosen
      route of administration and standard biological practice. For example,
      they may be administered orally in the form containing such excipients for
      example as starch, milk or sugar, e.g. as tablets or capsules. They may
      also be administered orally in the form of solutions or they may be
      injected as solutions. For intraperitoneal administration they may be used
      in the form of sterile solutions or suspensions containing other solutes
      for example enough saline or glucose to make the solution isotonic.
PAR  The dosage of the present compounds will vary with the mode of
      administration and the particular compound chosen. Furthermore, it will
      vary with the particular subject under treatment. Generally, treatment is
      initiated with doses substantially less than the optimum dose of the
      compound. Thereafter, the dosage may be increased by small amounts until
      the optimum effect under the circumstances is reached. In general, the
      compounds of this invention are most desirably administered at a
      concentration level that will generally afford effective results without
      causing any harmful or deleterious side effects.
DETD
PAR  The following non-limiting examples illustrate the invention:
PAC  EXAMPLE 1
PAC  1-[7-1,1,3,4,4,6-Hexamethyl)-1,2,3,4-tetrahydronaphthyl]-2-isopropylamino
      ethanol.
PAR  1,1,3,4,4,6-Hexamethyl-7-acetyl-1,2,3,4-tetrahydronaphthalene (33 gm,0.12
      m) was dissolved in glacial acetic acid (40 ml.) and the solution treated
      portionwise with bromine (20.3 gm) with stirring. The mixture was allowed
      to stand overnight at room temperature and poured onto ice (100 gm.). The
      resulting mixture was extracted with ether (3 .times.100 ml.) and the
      combined extracts washed with saturated sodium carbonate (2 .times. 50
      ml.) and then brine. The washed extracts were then dried (MgSO.sub.4) and
      the solvent removed in vacuo to give a crystalline solid. This was
      recrystallised from absolute ethanol to give
      1,1,3,4,4,6-hexamethyl-7-bromoacetyl-1,2,3,4-tetrahydronaphthalene as
      colourless needles (16 gm, 38%) m.p. 68.degree.C. [Found: C, 64.40; H,
      7.65%. C.sub.18 H.sub.25 BrO requires: C,64.09; H,7.47%].
PAR  A solution of
      1,1,3,4,4,6-hexamethyl-7-bromoacetyl-1,2,3,4-tetrahydronaphthalene (3
      gm.,0.0089 m) in methanol (50 ml) was treated with isopropylamine (20 ml.)
      and cooled to 0.degree.C. The solution was treated with sodium borohydride
      (1 gm.) over 1 hour and the reaction mixture allowed to stand at
      0.degree.C for 2 days. The volatiles were removed in vacuo and the
      residual oil shaken with ether (50 ml.) and 2N HCl (20 ml.). The solid was
      filtered, washed with cold water (20 ml.) and ether (2 .times. 50 ml.) and
      then dried to give the title compound as the hydrochloride a white powder
      (1.5 gm.,50%)m.p. 233.5.degree.C. [Found: C,71.74; H,10.26; N, 3.79%.
      C.sub.21 H.sub.36 NOCl requires C,71.25; H, 10.75; N, 3.96%].
PAC  EXAMPLES 2 to 9
PAR  By procedures analogous to Example 1 the following compounds are prepared
      as the hydrochlorides:
PA1  1-[7-(1,1,3,4,4,6-Hexamethyl)-1,2,3,4-tetrahydronaphthyl]-2-t-butylamino
      ethanol.
PA1  1-[7-(1,1,3,4,4,6-Hexamethyl)-1,2,3,4-tetrahydronaphthyl]-2-dimethylamino
      ethanol.
PA1  1-[7-(1,1,4,4,-Tetramethyl)-1,2,3,4-tetrahydronaphthyl]-2-isopropylamino
      ethanol.
PA1  1-[7-(1,1,4,4-Tetramethyl)-1,2,3,4-tetrahydronaphthyl-2-t-butylamino
      ethanol.
PA1  1-[7-(1,1,4,4-Tetramethyl)-1,2,3,4-tetrahydronaphthyl]-2-dimethylamino
      ethanol.
PA1  1-[6-(1,1,2,3,3,5-Hexamethyl)indanyl]-2-isopropylamino ethanol.
PA1  1-[6-(1,1,2,3,3,5-Hexamethyl)indanyl]-2-dimethylamino ethanol.
PA1  1-[6-(1,1,2,3,3,5-Hexamethyl)indanyl]-2-t-butylamino ethanol.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC9##
PAL  wherein R.sup.1 represents hydrogen or lower alkyl; R.sup.2 represents
      lower alkyl; R.sup.3 and R.sup.4 independently represent hydrogen or lower
      alkyl; and n is the integer 1 or zero; or a pharmaceutically acceptable
      acid addition salt thereof.
NUM  2.
PAR  2. A compound as claimed in claim 1 wherein R.sup.1 represents hydrogen or
      methyl; R.sup.2 represents lower alkyl; R.sup.3 and R.sup.4 independently
      represent hydrogen or methyl; and n is the integer 1 or zero.
NUM  3.
PAR  3. A compound as claimed in claim 1 wherein n is the integer 1.
NUM  4.
PAR  4. A compound as claimed in claim 1 which is
      1-[7-(1,1,3,4,4,6-hexamethyl)-1,2,3,4-tetrahydronaphthyl]-2-isopropylamino
      ethanol.
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ABST
PAL  Aliphatic hydrocarbon substituted aliphatic diolefinic ketones, and
      derivatives thereof, intermediates therefor, syntheses thereof, and the
      control of insects.
PARN
PAR  This is a continuation-in-part of application Ser. No. 222,800, filed Feb.
      2, 1972, now abandoned, which is, in turn, a continuation-in-part of
      application Ser. No. 187,897, filed Oct. 8, 1971, now U.S. Pat. No.
      3,755,411, which is a continuation-in-part of applications Ser. No.
      111,650, filed Feb. 1, 1971, now U.S. Pat. No. 3,729,486 and Ser. No.
      111,770, filed Feb. 1, 1971, now abandoned, the entire disclosures of
      which are incorporated by reference.
BSUM
PAR  This invention relates to novel aliphatic di-olefinic compounds,
      intermediates therefore, syntheses thereof, and the control of insects.
      More particularly, the novel di-olefinic compounds of the present
      invention are represented by the following formula:
      ##EQU1##
      wherein, R is hydrogen, methyl or ethyl;
PA1  n is zero or the positive integer one;
PA1  Each of R.sup.2, R.sup.3 and R.sup.4 is methyl or ethyl;
PA1  R.sup.14 is hydrogen or methyl; and
PA1  R.sup.15 is lower alkyl of one to three carbon atoms.
PAR  The compounds of formula A are useful for the control of insects. The
      utility of these compounds as insect control agents is believed to be
      attributable to their juvenile hormone activity. They are preferably
      applied to the immature insect, namely -- during the embryo, larvae or
      pupae stage in view of their effect on metamorphosis and otherwise cause
      abnormal development leading to death or inability to reproduce. These
      compounds are effective control agents for Hemipteran, such as Lygaedae,
      Miridae and Pyrrhocoridae; Lepidopteran, such as Pyralidae, Noctuidae and
      Gelechiidae; Coleopteran, such as Tenebrionidae, Crysomelidae and
      Dermestidae; Dipteran, such as mosquitos, flies; Homopteran, such as
      aphids; and other insects. The compounds can be applied at low dosage
      levels of the order of 0.001 .mu.g. to 25.0 .mu.g. per insect. Suitable
      carrier substances include liquid or solid carriers, such as water,
      acetone, xylene, mineral or vegetable oils, talc, vermiculite, natural and
      synthetic resins and silica. Treatment of insects in accordance with the
      present invention is accomplished by spraying, dusting or exposing the
      insects to the vapor of the compounds of formula A. Generally, a
      concentration of less than 25% of the active compound is employed. The
      formulations can include insect attractants, emulsifying agents or wetting
      agents to assist in the application and effectiveness of the active
      ingredient. In the application of the compounds, there is generally
      employed a mixture of the .alpha.,.beta.-trans and cis isomers. Mixtures
      containing predominately the .alpha.,.beta.-trans isomer are preferred.
PAR  In the description hereinafter, each of R, R.sup.2 --R.sup.4, R.sup.14
      --R.sup.15, and n is as defined hereinabove, unless otherwise specified.
PAR  Compounds of the following formula B serve as precursors for the
      preparation of the compounds of formula A.
      ##EQU2##
PAR  The ketones of formula A and B can be prepared by treating an acid or ester
      of formula C or D (R.sup.7 is hydrogen or lower alkyl) with the
      appropriate organo-lithium reagent, the organo group corresponding to the
      ketone moiety desired. The reaction is generally carried out in an organic
      solvent such as an ether solvent. In addition, acid halides of the acids
      of formula C and D, particularly the acid chloride, can be used for the
      preparation of ketones by reaction with lithium diorganocopper, e.g.
      lithium dimethylcopper, using the procedure of Posner and Whitten,
      Tetrahedron Letters, No. 53, 4647 (1970).
      ##EQU3##
PAR  Syntheses of acids and esters of formulas C and D are fully described in,
      for example, U.S. Pat. Nos. 3,755,411 and 3,732,282, the entire
      disclosures of which are incorporated by reference.
PAR  The compounds of formula A in which R is hydrogen can be prepared by the
      addition of water to the terminal olefinic bond of a compound of formula B
      using a mercuric salt followed by reduction of the oxy-mercurial
      intermediate in situ. Suitable mercuric salts include mercuric acetate,
      mercuric nitrite, mercuric trifluoroacetate, mercuric acylates and
      mercuric halides. Suitable reducing agents include the borohydrides,
      hydrazine and sodium amalgam. See Brown and Rei, J. Am. Chem. Soc. 91,
      5654 (1969); Brown et al., J. Am. Chem. 12, 191 (January, 1969). By
      conducting the reaction in the presence of an alcohol (R-OH) such as
      methanol, ethanol, or isopropyl alcohol, and the like, the corresponding
      ether is prepared.
PAR  The term "lower alkyl" refers to an alkyl group having a chain length of
      one to three carbon atoms.
PAR  In addition to the compounds of the present invention having activity
      useful for the control of insects, the compounds of formula A are useful
      in perfumery compositions in view of their odor-imparting properties.
PAR  The presence of an olefinic bond at the .alpha.,.beta. and .delta.,.sigma.
      positions relative to the carbonyl portion of the compound, of formula A
      gives rise to four isomers, each of which is embraced by the present
      invention. As mentioned above, a mixture of isomers is suitably employed
      for the control of insects such as a mixture containing the
      trans-.alpha.,.beta.,trans-.delta.,.sigma. isomer and the
      cis-.alpha.,.beta.,trans-.delta.,.sigma. isomer. The selection of
      appropriate conditions and reactants to favor formation of one isomer over
      another will be apparent to those of ordinary skill in the art. In the
      specific examples hereinafter, when isomerism is not specified, it is
      understood to include a mixture of isomers which, if desired, can be
      separated using known separation methods. Hereafter, when only one
      designation of configuration is given, the designation refers to position
      .alpha.,.beta. and the configuration is taken to be trans at position
      .delta.,.sigma. when not otherwise specified. The use of "trans/cis" and
      "cis/trans" is with reference to position .alpha.,.beta. and indicates a
      mixture of isomers. Examples of compounds included within formulas C and D
      useful for preparation of compounds of the present invention are the
      following.
PA1  ethyl 3,7,11-trimethyldodeca-2,4,10-trienoate
PA1  methyl 3,7,11-trimethyldodeca-2,4,10-trienoate
PA1  ethyl 3,7,11-trimethyltrideca-2,4,10-trienoate
PA1  ethyl 3,11-dimethyl-7-ethyltrideca-2,4,10-trienoate
PA1  ethyl 7,11-diethyl-3-methyltrideca-2,4,10-trienoate
PA1  ethyl 3,7,10-trimethylundeca-2,4,9-trienoate
PA1  ethyl 3,7,10-trimethyldodeca-2,4,9-trienoate
PA1  ethyl 3,6,10-trimethylundeca-2,4,9-trienoate
PA1  methyl 11-hydroxy-3,7,11-trimethyldodeca-2,4-dienoate
PA1  methyl 11-hydroxy-3,7,11-trimethyltrideca-2,4-dienoate
PA1  methyl 11-hydroxy-3,11-dimethyl-7-ethyltrideca-2,4-dienoate
PA1  methyl 11-hydroxy-3-methyl-7,11-diethyltrideca-2,4-dienoate
PA1  methyl 10-hydroxy-3,7,10-trimethylundeca-2,4-dienoate
PA1  methyl 10-hydroxy-3,7,10-trimethyldodeca-2,4-dienoate
PA1  methyl 11-ethoxy-3,7,11-trimethyldodeca-2,4-dienoate
PA1  methyl 11-ethoxy-3,7,11-trimethyltrideca-2,4-dienoate
PA1  methyl 11-ethoxy-3,11-dimethyl-7-ethyltrideca-2,4-dienoate
PA1  methyl 11-ethoxy-3-methyl-7,11-diethyltrideca-2,4-dienoate
PA1  methyl 10-ethoxy-3,7,10-trimethylundeca-2,4-dienoate
PA1  methyl 10-ethoxy-3,7,10-trimethyldodeca-2,4-dienoate
PA1  methyl 3,7,10,11-tetramethyldodeca-2,4,10-trienoate
PA1  methyl 3,7,9,10-tetramethylundeca-2,4,9-trienoate
PA1  methyl 11-methoxy-3,7,11-trimethyldodeca-2,4-dienoate
PA1  methyl 11-methoxy-3,7,10,11-tetramethyldodeca-2,4-dienoate
PA1  methyl 11-methoxy-3,7,10,11-tetramethyltrideca-2,4-dienoate
PA1  methyl 10-methoxy-3,7,9,10-tetramethylundeca-2,4-dienoate
PAR  The following examples are provided to illustrate the practice of the
      present invention. Temperature is given in degrees Centigrade.
DETD
PAC  EXAMPLE 1
PAR  To a stirred solution of 2.4 g. of 3,7,11-trimethyldodeca-2,4,10-trienoic
      acid in 20 ml. of dry ether is added slowly, at 0.degree., 23 ml. of a one
      molar solution of ethyl lithium in benzene. After about 3 hours at
      20.degree., the mixture is poured into iced 1N hydrochloric acid (100 ml.)
      with vigorous stirring. The ether layer is separated, combined with
      ethereal washings of the aqueous phase, washed with water, saturated
      potassium bicarbonate and then saturated brine, dried over magnesium
      sulfate and concentrated under reduced pressure to yield
      5,9,13-trimethyltetradeca-4,6,12-trien-3-one, which can be purified by
      chromatography.
PAR  By using methyl lithium in the above process in place of ethyl lithium,
      there is prepared 4,8,12-trimethyltrideca-3,5,11-trien-2-one.
PAR  The process of this Example is repeated using each of the acids under
      Column I as the starting material to prepare the respective ketone of
      Column II.
PAC  I
PA1  3,7,11-trimethyltrideca-2,4,10-trienoic acid
PA1  3,11-dimethyl-7-ethyltrideca-2,4,10-trienoic acid
PA1  7,11-diethyl-3-methyltrideca-2,4,10-trienoic acid
PA1  3,7,10-trimethylundeca-2,4,9-trienoic acid
PA1  3,7,10-trimethyldodeca-2,4,9-trienoic acid
PA1  3,7,10,11-tetramethyldodeca-2,4,10-trienoic acid
PA1  11-methoxy-3,7,11-trimethyldodeca-2,4-dienoic acid
PA1  10-methoxy-3,7,10-trimethylundeca-2,4-dienoic acid
PA1  11-ethoxy-3,7,11-trimethyldodeca-2,4-dienoic acid
PAC  II
PA1  5,9,13-trimethylpentadeca-4,6,12-trien-3-one
PA1  5,13-dimethyl-9-ethylpentadeca-4,6,12-trien-3-one
PA1  9,13-diethyl-5-methylpentadeca-4,6,12-trien-3-one
PA1  5,9,12-trimethyltrideca-4,6,11-trien-3-one
PA1  5,9,12-trimethyltetradeca-4,6,11-trien-3-one
PA1  5,9,12,13-tetramethyltetradeca-4,6,12-trien-3-one
PA1  13-methoxy-5,9,13-trimethyltetradeca-4,6-dien-3-one
PA1  12-methoxy-5,9,12-trimethyltrideca-4,6-dien-3-one
PA1  13-ethoxy-5,9,13-trimethyltetradeca-4,6-dien-3-one
PAR  Following the above procedure, each of the acids under Column I is reacted
      with methyl lithium to prepare the respective methyl ketones:
PA1  4,8,12-trimethyltetradeca-3,5,11-trien-2-one
PA1  4,12-dimethyl-8-ethyltetradeca-3,5,11-trien-2-one
PA1  8,12-diethyl-4-methyltetradeca-3,5,11-trien-2-one
PA1  4,8,11-trimethyldodeca-3,5,10-trien-2-one
PA1  4,8,11-trimethyltrideca-3,5,10-trien-2-one, etc.
PAR  Following the process of this example, each of
      11-methoxy-3,7,10,11-tetramethyldodeca-2,4-dienoic acid and
      3,7,9,10-tetramethylundeca-2,4,10-trienoic acid is reacted with ethyl
      lithium to prepare
      13-methoxy-5,9,12,13-tetramethyltetradeca-3,6-dien-3-one and
      5,9,11,12-tetramethyltrideca-4,6,12-trien-3-one, respectively.
PAC  EXAMPLE 2
PAR  To a mixture of 1.9 g. of mercuric acetate, 6 ml. of water and 20 ml. of
      tetrahydrofuran is added 1.49 g. of
      5,9,13-trimethyltetradeca-4,6,12-trien-3-one slowly. After addition is
      complete, the reaction mixture is stirred for about 20 minutes. The
      mixture is cooled to about 0.degree. and 6 ml. of aqueous sodium hydroxide
      (3 molar) is added followed by 0.49 g. of sodium borohydride in aqueous
      sodium hydroxide (about 3 molar). The mixture is stirred for about 30
      minutes. The mixture is then decanted, concentrated, diluted with water
      and then extracted with ether. The ethereal extract is washed with water,
      dried over magnesium sulfate and the product chromatographed on silica to
      yield 13-hydroxy-5,9,13-trimethyltetradeca-4,6-dien-3-one.
PAR  The above process is repeated using each of the compounds under Column III
      as the starting material to prepare the respective hydroxyl substituted
      compounds under Column IV.
PAC  III
PA1  5,9,13-trimethylpentadeca-4,6,12-trien-3-one
PA1  5,13-dimethyl-9-ethylpentadeca-4,6,12-trien-3-one
PA1  4,8,12-trimethyltetradeca-3,5,11-trien-2-one
PA1  4,8,12-trimethyltrideca-3,5,11-trien-2-one
PA1  4,12-dimethyl-8-ethyltetradeca-3,5,11-trien-2-one
PAC  IV
PA1  13-hydroxy-5,9,13-trimethylpentadeca-4,6-dien-3-one
PA1  13-hydroxy-5,13-dimethyl-9-ethylpentadeca-4,6-dien-3-one
PA1  12-hydroxy-4,8,12-trimethyltetradeca-3,5-dien-2-one
PA1  12-hydroxy-4,8,12-trimethyltrideca-3,5-dien-2-one
PA1  12-hydroxy-4,12-dimethyl-8-ethyltetradeca-3,5-dien-2-one
PAR  Other hydroxy-substituted di-unsaturated ketones of formula A can be
      prepared by the process of this example using tri-unsaturated ketones of
      formula B or the acetal or ketal thereof as the precursor.
PAC  EXAMPLE 3
PAR  To a solution of 2 g. of 5,9,13-trimethyltetradeca-4,6,12-trien-3-one in 20
      ml. of ethanol, cooled to 0.degree. by an ice-bath, is added a suspension
      of 2.32 g. of mercuric acetate in 50 ml. of ethanol over 15 minutes. The
      reaction mixture is stirred for 2 hours and then with cooling, to
      -20.degree., 1.22 g. of potassium hydroxide in 20 ml. of ethanol is added.
      Then 0.139 g. of sodium borohydride is added in small portions and
      stirring continued for 30 minutes at -20.degree.. The solution is
      decanted, then concentrated to half volume, diluted with 100 ml. of water
      and extracted with ether (3 .times. 50). The ethereal phase is washed with
      water, dried over magnesium sulfate and the crude product chromatographed
      on silica to yield 13-ethoxy-5,9,13-trimethyltetradeca-4,6-dien-3-one.
PAR  The process of this example is repeated using each of the compounds under
      Column III as the starting material to prepare the respective
      11-ethoxy-substituted compound under Column V.
PAC  V
PA1  13-ethoxy-5,9,13-trimethylpentadeca-4,6-dien-3-one
PA1  13-ethoxy-5,13-dimethyl-9-ethylpentadeca-4,6-dien-3-one
PA1  12-ethoxy-4,8,12-trimethyltetradeca-3,5-dien-2-one
PA1  12-ethoxy-4,8,12-trimethyltrideca-3,5-dien-2-one
PA1  12-ethoxy-4,12-dimethyl-8-ethyltetradeca-3,5-dien-2-one
PAR  Other ethoxy-substituted di-unsaturated ketones of formula A can be
      prepared by the process of this example using tri-unsaturated ketones of
      formula B or the acetal or ketal thereof as the precursor.
PAR  By repeating the procedure of this example using methanol in place of
      ethanol, the respective ethers are obtained, that is
      13-methoxy-5,9,13-trimethyltetra-4,6-dien-3-one, etc.
PAC  EXAMPLE 4
PAR  Following the procedure of Example 1, n-propyl lithium is reacted with each
      of
PA1  11-methoxy-3,7,11-trimethyldodeca-2,4-dienoic acid, and
PA1  3,7,11-trimethyldodeca-2,4,10-trienoic acid to yield
PA1  14-methoxy-6,10,14-trimethylpentadeca-5,7-dien-4-one and
PA1  6,10,14-trimethylpentadeca-5,7,13-trien-4-one.
PAC  EXAMPLE 5
PAR  To a solution of 2.00 g. of 11-methoxy-3,7,11-trimethyldodeca-2,4-dienoic
      acid in 75 ml. ether at -5.degree. under nitrogen is added 15.7 ml. of a
      0.95 molar solution of ethyllithium in benzene. The reaction mixture is
      stirred for 5 hours at -5.degree. to 0.degree.C and overnight at room
      temperature.
PAR  The reaction mixture is poured into saturated aqueous ammonium chloride
      solution, organic layer is separated, is washed twice with saturated
      aqueous sodium chloride, is dried over calcium sulfate and the solvent is
      removed to yield 1.63 g. of crude product, which is purified by
      preparative thin-layer chromatography (30% ether/70% hexane) to yield
      13-methoxy-5,9,13-trimethyltetradeca-4,6-dien-3-one.
PAC  EXAMPLE 6
PAR  To a solution of 3.35 g. of 11-hydroxy-3,7,11-trimethyldodeca-2,4-dienoic
      acid in 50 ml. ether at -20.degree.C under nitrogen is added dropwise 59.1
      ml. of a 0.67 molar solution of ethyllithium in benzene. The reaction
      mixture is allowed to warm to room temperature and is stirred overnight.
      The reaction mixture is then taken up in a mixture of ether and saturated
      aqueous ammonium chloride. The organic layer is separated, is washed with
      saturated aqueous ammonium chloride, 5% aqueous sodium bicarbonate, water,
      and saturated sodium chloride, is dried over calcium sulfate, and the
      solvent is removed to yield
      13-hydroxy-5,9,13-trimethyltetradeca-4,6-dien-3-one which is purified by
      preparative thin layer chromatography (50% ether/hexane).
PAR  Three groups of 30 each of Aedes aegypti, fourth instar larvae, in 50 ml.
      of tap water containing a few drops of liver powder suspension, room
      temperature of 28.degree. and photoperiod of 18 hours, are treated with
      12-ethoxy-4,8,12-trimethyltrideca-3,5-dien-2-one (about 60% trans,trans)
      using 50 microliters of acetone as the carrier at three different dosage
      levels. A fourth group is maintained under identical conditions. Each
      group is scored after 7 days by the following system: 0 = normal adult,
      completly emerged (free or floating); 1 = abnormal adult, nonviable; 2 =
      incompletely emerged adult; 3 = dead pupa; and 4 = dead larvae. For each
      group the total number of animals in classes 1-4 is divided by 30 to
      determine the percentage result. The ID.sub.50 is computed by plotting on
      semi-logarithmic paper, the dose on the horizontal axis and the percentage
      response on the vertical axis. The ID.sub.50 was determined to be less
      than 1.0 ppm. Each of the larvae of the control group developed into
      normal adults.
PAR  Although not intending to be limited by a theoretical explanation, the
      effectiveness of the compounds of the present invention to control insects
      is attributed to the property of these novel compounds to mimic the
      activity of juvenile hormone. While the methods of applying and carriers
      for conventional insecticides are usually adaptable to the practical use
      of the compounds of the present invention, the mechanism of action of
      these novel compounds is unlike that of conventional insecticides. Whereas
      conventional insecticides are dependent upon direct knockdown effect,
      toxity effect or paralyzing effect, the compounds of this invention
      achieve control by reason of their ability to inhibit metamorphosis,
      inhibit reproduction due to abnormal development, break diapause at an
      unfavorable time, or act as a direct insecticide, particularly at the
      embryo stage and larvae stage. Treatment of insects in accordance with the
      present invention can be achieved via ingestion of the active compound in
      the normal food of the insect and by topical application, that is -- by
      contact of the epidermis of the insect as by spraying the insect and
      habitat of the insect or exposure to vapors of the active compound which
      penetrate into the insect.
PAR  The compounds of the present invention can be used in conjuction with other
      juvenile hormone active substances and conventional insecticides to obtain
      a broad spectrum of activity or to provide more immediate effect on very
      heterogeneous populations. Typical insecticides which may be combined with
      the compounds of the present invention are Malathion, Sevin, Vapona,
      Abate, synthetic and natural pyrethrins, and the like and usually within
      the ratio of between 10:1 to 1:10, by weight.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from those of the following formula:
      ##EQU4##
      wherein, R is hydrogen, methyl or ethyl;
PA1  n is zero or one;
PA1  each of R.sup.2, R.sup.3 and R.sup.4 is methyl or ethyl;
PA1  R.sup.14 is hydrogen or methyl; and
PA1  R.sup.15 is lower alkyl of one to three carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1 wherein R is hydrogen or methyl.
NUM  3.
PAR  3. A compound according to claim 2 wherein each of R.sup.2, R.sup.3 and
      R.sup.4 is methyl and R.sup.14 is hydrogen.
NUM  4.
PAR  4. A compound according to claim 3 wherein n is one.
NUM  5.
PAR  5. The compound 13-methoxy-5,9,13-trimethyltetradeca-4,6-dien-3-one
      according to claim 4.
NUM  6.
PAR  6. The compound 12-methoxy-5,9,12-trimethyltrideca-4,6-dien-3-one according
      to claim 3.
NUM  7.
PAR  7. The compound 13-ethoxy-5,9,13-trimethyltetradeca-4,6-dien-3-one,
      according to claim 1.
NUM  8.
PAR  8. The compound, 13-methoxy-2,5,9,13-tetramethyltetradeca-4,6-dien-3-one,
      according to claim 4.
NUM  9.
PAR  9. The compound 13-ethoxy-5,9,13-trimethylpentadeca-4,6-dien-3-one
      according to claim 1.
NUM  10.
PAR  10. The compound 12-ethoxy-4,8,12-trimethyltrideca-3,5-dien-2-one according
      to claim 1.
NUM  11.
PAR  11. The compound 14-methoxy-6,10,14-trimethylpentadeca-5,7-dien-4-one
      according to claim 4.
NUM  12.
PAR  12. The compound 13-ethoxy-5,13-dimethyl-9-ethylpentadeca-4,6-dien-3-one
      according to claim 1.
NUM  13.
PAR  13. The compound 13-hydroxy-5,9,13-trimethyltetradeca-4,6-dien-3-one
      according to claim 4.
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ABST
PAL  A process for the production of 2-methyl-4-halobut-2-en-1-als by reacting
      2-methylbut-3-en-1-al-2-ol or an acetal or acylate thereof at a
      temperature of from -10.degree.C to +100.degree.C in the presence of
      copper or a copper salt with the appropriate hydrogen halides.
BSUM
PAR  The present invention relates to a new process for the production of
      2-methyl-4-halobut-2-en-1-als (.omega.-halotiglaldehydes) having the
      general formula:
EQU  O=CH--C(CH.sub.3)=CH--CH.sub.2 --Hal                       (I)
PAL  where Hal denotes chlorine or bromine.
PAR  It is known from German Pat. No. 1,188,577 that 2-methylbut-3-en-1-al-2-ol
      (II):
      ##EQU1##
      or an acetal or acylate thereof can be converted into compound (I) in the
      presence of tertiary amines with thionyl chloride, phosgene or thionyl
      bromide.
PAR  Although this method gives satisfactory yields it is not particularly
      economical because it necessitates fairly expensive halogenation agents
      and halogenation assistants and because the processing of the reaction
      mixture consisting of several components, although not difficult, is
      troubesome. Furthermore, the assistants can only be recovered at
      considerable expense if it is worth recovering then at all.
PAR  The object of the invention is therefore to prepare tiglaldehyde
      derivatives (I) -- which are extremely important for the synthesis of
      terpenoid compounds -- by a simpler method.
PAR  We have now found that compounds having the formula (I) are obtained in a
      remarkable reaction by treating compounds having the formula (II) with a
      hydrogen halide H-Hal at from -10.degree.C to +100.degree.C in the
      presence of copper or a copper salt.
PAR  The starting material (II) may be the free aldehyde or an acetal thereof
      with an alkanol or alkandediol such as a dialkylacetal, 1.2-alkylene
      acetal, or 1,3-alkylene acetal, or a dialkyl acylate thereof. The type of
      these functional groups is without any influence on the reaction because
      they are eliminated anyway during the reaction according to the invention.
PAR  Preferred alkanols are those having one to four carbon atoms, preferred
      alkanediols are those having two to four carbon atoms and the preferred
      acyl radicals are the radicals of aliphatic monocarboxylic acids having
      two to four carbon atoms. Particularly suitable alkyl radicals are the
      methyl and ethyl radicals, and the preferred acyl radical is the acetyl
      radical. Hydrogen chloride and hydrogen bromide are suitable as the
      hydrogen halides H-Hal.
PAR  The free hydrogen halides may be used but in this case the halogen ion
      concentration is too low for a rapid reaction. It is therefore expedient
      to use concentrated solutions of hydrogen halides in water, i.e. aqueous
      solutions of hydrogen halides which are saturated at room temperature at
      standard pressure, the amount used being from 0.5 to 5 times the weight of
      (II).
PAR  In order to increase the concentration of halogen ions still further it is
      even advantageous to use an alkali metal halide or alkaline earth metal
      halide derived from the corresponding hydrogenhalide in an amount of up to
      50% by weight of the compound (II) as an additional component of the
      reaction mixture. The salts of sodium, potassium, magnesium and calcium,
      such as common salt, magnesium chloride, calcium chloride or potassium
      bromide, are particularly suitable as alkali metal or alkaline earth metal
      halides. It is also possible to pass the appropriate hydrogen halide into
      the concentrated aqueous hydrogen halide solution during the reaction.
PAR  The copper may be either in metallic finely divided form, for example as
      copper chips or copper powder, or in the form of cupric salts or cuprous
      salts. Copper sulfate, copper acetate, copper nitrate or a copper halide
      are suitable copper salts. It is preferred to use copper powder having an
      average particle size of less than 100 microns and cupric chloride, cupric
      bromide, cuprous chloride and cuprous bromide. Catalytic effectiveness has
      not been observed to depend on the type of anion in the copper salt; the
      reaction is somewhat accelerated, however, by the use of water-soluble
      salts when aqueous acids are used as the halogenating agent. Similarly,
      the amount of copper is not critical but in industrial use the preferred
      amounts are from 0.1 to 10% by weight based on the amount of copper and
      with reference to the compound (II).
PAR  The reaction may be carried out without a solvent or diluent or in the
      presence of the same, for example in an inert organic liquid such as an
      aliphatic, aromatic or chlorinated aliphatic hydrocarbon. Since it is
      preferred to use solutions of hydrogen halides in water, the reaction
      mixture is usually heterogeneous, for which reason intense stirring is
      advisable. It is possible to permit the reaction to proceed at least
      partly in the same phase, by using a water-soluble organic solvent, for
      example acetone or tetrahydrofuran.
PAR  The preferred temperature range for the reaction is 20.degree. to
      70.degree.C. It is of special industrial importance to use room
      temperature, thus saving energy costs. The desired compounds are obtained
      after reaction periods of from about two to eight hours, preferably from 3
      to 6 hours and after conventional working up, for example by separation,
      washing and drying the organic phase followed by fractional distillation
      at subatmospheric pressure. Yields range from 50 to 75%. It is often
      advisable to dilute with water the reaction mixture immediately obtained
      to facilitate phase separation prior to further working up.
PAR  Since the reaction is normally heterogeneous and the halogenating agent and
      catalyst can easily be separated from the phase consisting of compounds
      (I) and (II) and any solvent used, the process is particularly well suited
      for continuous operation.
PAR  The products of the process are important intermediates for organic
      syntheses of terpenoid compounds, especially vitamin A.
PAR  The following Examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 730 g of 1,1-dimethoxy-2-methylbut-3-en-2-ol, 730 g of
      toluene, 25 g of cuprous chloride, 250 g of sodium chloride and 1000 g of
      36% hydrochloric acid is stirred for five hours at 50.degree.C, the
      mixture is then diluted with 1 liter of water, and the separated organic
      phase is removed, washed with water until neutral, dried with sodium
      sulfate and subjected to fractional distillation at subatmospheric
      pressure. 2-Methyl -4-chlorobut-2-en-1-al is obtained in a yield of 76.0%.
PAC  EXAMPLE 2
PAR  A mixture of 146 g of 1,1-dimethoxy-2-methylbut-3-en-2-ol, 150 g of
      chloroform, 1 g of copper powder and 200 g of concentrated hydrochloric
      acid is stirred for 5 hours at 50.degree.C and the product is worked up by
      a conventional method. The yield of 2-methyl-4-chlorobut-2-en-1-al is 66%.
PAC  EXAMPLE 3
PAR  417 G of 40% hydrobromic acid is added at 25.degree. to 30.degree.C to 146
      g of 1,1-dimethoxy-2-methylbut-3-en-2-ol, 150 g of toluene, 100 g of
      sodium bromide and 5 g of cupric bromide and the whole is stirred for 5
      hours at 30.degree.C. The organic phase is separated and worked up by
      distillation in the conventional way into 2-methyl-4-bromobut-2-en-1-al
      which is obtained in a 52% yield.
PAC  EXAMPLE 4
PAR  100 G of 2-methylbut-3-en-1-al-2-ol is dripped at 25.degree. to 30.degree.C
      into a mixture of 100 g of benzene, 3 g of cuprous chloride and 200 g of
      concentrated hydrochloric acid. The mixture is stirred for another three
      hours at 25.degree. to 30.degree.C and then worked up. The yield of
      2-methyl-4-chlorobut-2-en-1-al is 61%.
PAC  EXAMPLE 5
PAR  A mixture of 202 g of 1,1-diacetoxy-2-methylbut-3-en-2-ol, 250 g of
      toluene, 5 g of cupric chloride, 50 g of calcium chloride and 200 g of 36%
      hydrochloric acid is stirred for 5 hours at 50.degree.C.
      2-methyl-4-chlorobut-2-en-1-al is obtained in a yield of 68% after working
      up.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a 2-methyl-4-halobut-2-en-1-al having
      the formula O=CH--C(CH.sub.3)=CH--CH.sub.2 --Hal where Hal denotes
      chlorine or bromine by reacting at a temperature in the range of
      -10.degree.C. to +100.degree.C. in a reaction mixture consisting
      essentially of
PA1  A. a compound selected from the group consisting of
      2-methylbut-3-en-1-al-2-ol, diacetals thereof of alkanols having one to
      four carbon atoms, acetals thereof of alkanediols having two to four
      carbon atoms and acylates thereof of monocarboxylic acids having two to
      four carbon atoms; with
PA1  B. a hydrogen halide selected from the group consisting of hydrogen
      chloride and hydrogen bromide in the form of a concentrated aqueous
      solution of said hydrogen halide, and
PA1  C. in the presence of finely divided copper or a copper salt.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein said concentrated aqueous
      solution of (B) is added in an amount which is about 0.5 to 5 times the
      amount by weight of compound (A).
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the starting material is
      1,1-dimethoxy-2-methylbut-3-en-2-ol.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the starting material is
      1,1-diacetoxy-2-methylbut-3-en-2-ol.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the starting material is
      2-methylbut-3-en-1-al-2-ol.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the copper salt is cuprous
      chloride.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the copper salt is cupric
      bromide.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein the copper or copper salt is
      added in an amount of from 0.1 to 10%, calculated as copper, with
      reference to the weight of compound (A).
NUM  9.
PAR  9. A process as claimed in claim 1 wherein said reaction mixture
      additionally contains an amount up to 50% by weight based on compound (A)
      of an alkali metal halide or an alkaline earth metal halide, the halide
      ion of which corresponds to the halide of said hydrogen halide (B).
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PAL  Dehydrogenating a primary or secondary alcohol to the corresponding
      aldehyde or ketone in a compound also containing a tertiary alcohol, with
      survival of said tertiary alcohol, by effecting the dehydrogenation at a
      temperature of about 200.degree. to about 350.degree.C. in a stirred
      suspension of dehydrogenation catalyst and high boiling inert liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In copending application Ser. No. 883,323, filed Dec. 8, 1969, a process
      for the dehydrogenation of a primary or secondary alcohol to the
      corresponding aldehyde or ketone is disclosed. The dehydrogenation is
      effected in a stirred suspension of catalyst and high boiling inert
      liquid. In the disclosed process, the reaction is effected at any suitable
      pressure which conveniently is atmospheric but, when desired, may be
      super-atmospheric up to 200 psig or more.
PAC  DESCRIPTION OF THE INVENTION
PAR  While the process disclosed in application Ser. No. 883,323 is very
      satisfactory for the dehydrogenation of primary or secondary alcohols, the
      process is not generally satisfactory for the dehydrogenation of such
      alcohols which also contain a tertiary alcohol grouping. When a tertiary
      alcohol grouping adjacent to a carbon containing hydrogen is present, it
      will dehydrate at the relatively high temperatures required for the
      dehydrogenation of the primary or secondary hydroxyl group. It now has
      been found that the tertiary alcohol group in such compounds may be
      preserved by utilizing the same system and preferably by conducting the
      reaction under vacuum. This discovery is rather surprising because prior
      art attempts to effect this conversion met with little success.
PAR  In a preferred embodiment the present invention relates to a process for
      the dehydrogenation of a primary or secondary alcohol to the corresponding
      aldehyde or ketone in a compound also containing a tertiary alcohol,
      without loss of said tertiary alcohol, which comprises effecting said
      dehydrogenation at a temperature of from about 200.degree.C. to about
      350C. under a vacuum of from about 40 to about 250 mm Hg in contact with a
      stirred suspension of an alcohol dehydrogenation catalyst in an inert
      liquid having a boiling point above the dehydrogenation temperature.
PAR  As hereinbefore set forth the process of the present invention is utilized
      for the dehydrogenation of a primary or secondary alcohol in a compound
      also containing a tertiary alcohol. A preferred compound is
      hydroxycitronellol which is dehydrogenated to hydroxycitronellal.
      Hydroxycitronellal is particularly desirable for use as an aroma chemical.
      However, during dehydrogenation in accordance with prior art methods,
      dehydration of hydroxycitronellol occurs as a result of increasing the
      temperature to about 200.degree.C. which is required for the
      dehydrogenation reaction. The resulting citronellol is dehydrogenated to
      citronellal and also is accompanied by the undesired side reaction of
      cyclization to form isopulegol. In any event, the desired
      hydroxycitronellal is not obtained in satisfactory yields.
PAR  Illustrative examples of other alcohols containing both a primary or
      secondary alcohol and a tertiary alcohol include
      2-hydroxy-2-cyclohexylethanol, 3-hydroxy-3-cyclohexylpropanol,
      2-hydroxy-2-cyclohexyl-1-methylethanol, 4-hydroxy-4-cyclohexylbutanol,
      3-hydroxy-3-cyclohexyl-2-methylpropanol, etc., 2-hydroxy-2-phenylethanol,
      3-hydroxy-3-phenylpropanol, 2-hydroxy-2-phenyl-1-methylethanol,
      4-hydroxy-4-phenylbutanol, 3-hydroxy-3-phenyl-2-methylpropanol, etc.,
      3,3-diphenyl-3-hydroxypropanol, 4,4-diphenyl-4-hydroxybutanol,
      3,3-diphenyl-3-hydroxy-2-methylpropanol, etc., 2-hydroxy-2-methylpropanol,
      3-hydroxy-3-methylbutanol, 2-hydroxy-1,2-dimethylpropanol,
      4-hydroxy-4-methylpentanol, 3-hydroxy-1,3-dimethylbutanol,
      6-hydroxy-3,5,6-trimethylheptanol, 6-hydroxy-1,3,5,6-tetramethylheptanol,
      7-hydroxy-3,6,7-trimethyloctanol, etc.
PAR  A generic formula of compounds containing a primary or secondary hydroxyl
      and a tertiary hydroxyl may be as follows
      ##EQU1##
      where R and R.sub.1 are independently selected from the group consisting
      of alkyl, aryl, aralkyl and cycloalkyl, R.sub.2, R.sub.3 and R.sub.4 are
      independently selected from the group consisting of hydrogen, alkyl, aryl,
      aralkyl and cycloalkyl, and n is integer of 0 to 20 and preferably from 0
      to 10. When the group is alkyl, it contains from 1 to 20 and preferably
      from 1 to 10 carbon atoms. When the group is aryl, it preferably is
      phenyl, although it may be monoalkylphenyl or dialkylphenyl in which the
      alkyl contains from 1 to 10 and preferably 1 to 5 carbon atoms each, or
      the corresponding naphthyl group. When the group is aralkyl, it preferably
      comprises phenylalkyl in which the alkyl contains from 1 to 10 and
      preferably 1 to 5 carbon atoms or it may comprise the corresponding
      naphthyl group. When the group is cycloalkyl, it may contain from 3 to 12
      and preferably 5 to  8 carbon atoms in the ring.
PAR  The dehydrogenation is effected in a stirred suspension of an alcohol
      dehydrogenation catalyst in a high boiling liquid. Any suitable alcohol
      dehydrogenation catalyst is used. A particularly preferred catalyst is
      cupric oxide and especially when freshly prepared. In one method the
      cupric oxide catalyst is prepared by precipitating an aqueous solution of
      a cupric salt, such as the acetate or sulfate, with alkali, filtering and
      washing free of alkali, then washing with acetone to displace water and
      finally drying to a constant weight at high vacuum and at a temperature of
      about 100.degree.C. In some cases advantages appear to also include
      additional components in the catalyst as, for example, oxides or
      carbonates of alkali or alkaline earth metals as, for example, sodium
      carbonate, potassium carbonate, barium carbonate, calcium carbonate, etc.
      Other catalysts comprise composites of copper or copper oxide with
      chromium oxide, including copper chromite, and these also containing an
      additional oxide of zinc, barium, etc., or mixtures thereof.
PAR  In accordance with the present invention, dehydrogenation of the alcohol is
      effected in the presence of a high boiling liquid. The high boiling liquid
      must be relatively inert under the dehydrogenation conditions and also
      must have a boiling point above the dehydrogenation temperature so that
      the material remains liquid and serves the dual purpose of being a
      suspending medium and a heat transfer agent. A particularly preferred high
      boiling liquid is mineral oil having an atmospheric or normal boiling
      point of above about 200.degree.C. and preferably above about 350
      .degree.C. The end boiling point of the mineral oil generally will be
      within the range of from about 450.degree. to about 550.degree.C. A number
      of these mineral oils are available commercially and includes, for
      example, "Primol 325 " which is a colorless mineral having an initial
      boiling point of 367 .degree.C. and an end boiling point of 500 .degree.C
      at 760 mm.
PAR  The ratio of high boiling liquid to catalyst is not critical but should be
      sufficient to provide a readily stirrable mixture. The ratio of high
      boiling liquid to catalyst thus may range from 2 and preferably from 10 to
      100 or up to 1000 or more parts by weight of high boiling liquid per 1
      part by weight of catalyst. The catalyst is used in catalytic quantities
      and, as another feature of the present invention, the catalyst is used in
      low concentrations. The concentration of catalyst may be within the range
      of from 0.001 to 0.1 or more parts by weight of catalyst per 1 part by
      weight of alcohol charged. However, both the high boiling liquid and the
      catalyst preferably are used in the lowest concentrations suitable for the
      purpose.
PAR  The dehydrogenation is effected at a sufficient temperature to obtain
      practical conversion. In general, the temperature will be from about
      200.degree. to about 350.degree.C. and preferably from about 220.degree.
      to about 300.degree.C. As hereinbefore set forth, the dehydrogenation is
      generally effected under vacuum. The specific reduced pressure will be
      selected to provide a sufficient spread between the boiling point of the
      reactant-reaction products and the high boiling liquid in order that the
      unconverted reactant and reaction products may be distilled from the
      system while retaining the high boiling liquid therein. In general, the
      dehydrogenation will be effected under a vacuum of from about 40 to about
      240 mm Hg and preferably from about 90 to about 150 Hg. With the proper
      selection of the temperature and the vacuum, a spread of at least
      100.degree. C. is readily obtained between the boiling point of the
      unconverted reactant and reaction products and the boiling point of the
      high boiling liquid.
PAR  The dehydrogenation is effected in any suitable manner and may be in a
      batch, continuous or semi-continuous system. In one method, a suitable
      reaction zone is charged with the high boiling liquid and catalyst, then
      placed under the desired vacuum and heated to the desired temperature. The
      alcohol feed then is charged to the reactor. The reaction products are
      removed through a suitable vapor line, then cooled and condensed and
      finally recovered in a receiving zone. Hydrogen produced in the reaction
      is removed as an overhead from the receiving zone and may be vented or
      utilized for any suitable purpose. The condensate in the receiving zone is
      withdrawn and utilized as such but preferably is fractionated or otherwise
      processed to recover a fraction predominating in the aldehyde or ketone
      product.
PAR  When desired, a gas purge may be used to aid in stripping unreacted charge
      and reaction products from the high boiling liquid. The gas purge will be
      introduced at the bottom of the reaction zone and will strip out the
      lighter materials. Any suitable inert gas may be used and may be selected
      from nitrogen, hydrogen, helium, carbon dioxide, etc.
PAR  In still another embodiment, when desired, a non-ionic surfactant may be
      introduced into the reaction zone. As will be shown by the following
      example, lauryl ether of polyoxyethylene was added to the feed. This
      appeared to raise the catalytic activity of the system. Any other suitable
      surfactant may be used in this embodiment.
PAR  As hereinbefore set forth, in a preferred embodiment the process of the
      present invention is used for the dehydrogenation of hydroxycitronellol to
      prepare hydroxycitronellal. Hydroxycitronellal is desired particularly for
      use in perfumes. Other aldehydes or ketones containing a tertiary alcohol
      group may be used in perfumery or as intermediates in the preparation of
      various specialty chemical products.
PAR  The following examples are introduced to illustrate further the novelty and
      utility of the present invention but not with the intention of unduly
      limiting the same.
DETD
PAC  EXAMPLE I
PAR  This example describes the dehydrogenation of hydroxycitronellol to
      hydroxycitronellal. The dehydrogenation was effected by using a suspension
      of cupric oxide catalyst in "Primol 325". As hereinbefore set forth, this
      mineral oil has a boiling range of 367.degree. to 500.degree.C. at 760 mm.
      The catalyst was prepared by adding a solution of aqueous cupric acetate
      to 12.5% aqueous sodium hydroxide. The resultant mixture was stirred and
      refluxed for about 40 minutes, after which the mixture was cooled,
      filtered, washed with distilled water, then washed with acetone and
      finally dried at high vacuum at about 100.degree.C. to a constant weight.
PAR  The reaction zone consisted of a 2 liter flask equipped with a mixer, a
      glass column one-half filled with raschig rings to cut down entrainment, a
      thermometer and an inlet tube leading to the bottom of the reaction zone.
      The column was connected to a condenser, receiver, a secondary condensor,
      then to a dry ice trap and finally to a stream-jet vacuum line via a tee
      to regulate vacuum.
PAR  The reaction zone was charged with 20 g of cupric oxide catalyst and 900 g
      of "Primol 325". The system then was placed under the desired vacuum and
      heated to the desired temperature. The hydroxycitronellol feed then was
      charged at a rate of 200 g/hr. Simultaneously, nitrogen was introduced
      through the same feed line and the temperature, feed and vacuum were
      adjusted as required.
PAR  In a series of 16 runs of about one hour each, a total of 4748 g of charge,
      comprising 97.3% by weight of hydroxycitronellol, was processed. The
      temperature was maintained at about 280.degree.C. and the vacuum at about
      116 mm Hg. A total of 4709.8 g of crude reaction product was recovered,
      which analyzed by G.L.C. to comprise 2865.5 g of hydroxycitronellal. The
      conversion, based on the G.L.C. values, amounted to 57.5% and the yield
      amounted to 91.6%. The G.L.C. analysis may be considered as being slightly
      high. Recalculation based on Dauphin (hydroxylamine) analysis gives a
      conversion of 55.6% and a yield of 88.5%. In either case, it will be noted
      that high yield and high conversion are obtained by the novel method of
      the present invention.
PAR  At the end of run 11 in the above series, 3 g of the lauryl ether of
      polyoxyethylene were added along with the charge. This resulted in an
      increase of 4-5% in the conversion to hydroxycitronellal. When the
      operation was shut down after run 16, the cupric oxide catalyst showed the
      typical black color usually associated with an active system. As
      hereinbefore set forth, another advantage to the process of the present
      invention is the small amount and the long life of the catalyst.
PAC  EXAMPLE II
PAR  In a system similar to that described in Example I,
      3,6,7-trimethyl-7-hydroxyoctanol is dehydrogenated to the corresponding
      aldehyde. The catalyst system also contains calcium carbonate.
PAC  EXAMPLE III
PAR  In this example, 2-hydroxy-2-cyclohexylethanol is dehydrogenated to
      2-hydroxy-2-cyclohexylacetaldehyde. The catalyst system in this run also
      contains barium carbonate.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for the continuous liquid phase dehydrogenation of a primary
      or secondary alcohol which also contains a tertiary hydroxy group said
      alcohol possessing the following formula:
      ##EQU2##
      where R and R.sub.1 are independently selected from the group consisting
      of alkyl, aryl, aralkyl and cycloalkyl, R.sub.2 , R.sub.3 and R.sub.4 are
      independently selected from the group consisting of hydrogen, alkyl, aryl,
      aralkyl and cycloalkyl, and n is an integer of from 0 to 10, to the
      corresponding aldehyde or ketone without loss of said tertiary hydroxy
      group, which comprises effecting said dehydrogenation at a temperature of
      from about 200.degree. to about 350.degree.C. under a vacuum of from about
      40 to about 250 mm. Hg. in contact with a stirred suspension of an alcohol
      dehydrogenation catalyst comprising cupric oxide in a mineral oil having a
      normal boiling point above about 350.degree.C and an end boiling point
      within the range of from about 450.degree.  to about 550.degree.C, and
      continuously recovering the aldehyde or ketone.
NUM  2.
PAR  2. The process of claim 1 wherein said temperature is from about
      220.degree. to about 300.degree.C.
NUM  3.
PAR  3. The process of claim 2 wherein said high boiling liquid is a mineral oil
      having an initial point above about 300.degree.C.
NUM  4.
PAR  4. The process of claim 1 wherein said vacuum is from about 90 to about 150
      mm Hg.
NUM  5.
PAR  5. The process of claim 1 wherein said catalyst comprises cupric oxide.
NUM  6.
PAR  6. The process of claim 1 wherein said alcohol is hydroxycitronellol.
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ABST
PAL  A new, solid catalyst suitable for the hydroformylation of low molecular
      weight olefins is disclosed. The catalyst composition is a
      hydrido-platinum group metal carbonyl-Group VA electron donor ligand
      complex on a solid, sodium form natural or synthetic crystalline
      aluminosilicate support.
PARN
PAR  This is a continuation application of application Ser. No. 32,411, filed
      Apr. 27, 1970, now abandoned.
BSUM
PAR  This invention relates to a new solid catalyst composition suitable for the
      hydroformylation, including hydroxyhydroformylation, of low molecular
      weight olefins to form the corresponding aldehydes and alcohols.
PAR  Processes directed to the production of reaction mixtures comprising
      substantial amounts of aldehydes and at times lesser amounts of alcohols
      by the reaction of olefinic compounds with carbon monoxide and hydrogen at
      elevated temperatures and pressures in the presence of certain catalysts
      are well known in the art. The aldehydes and alcohols produced generally
      correspond to the compounds obtained by the addition of a carbonyl or
      carbinol group to an olefinically unsaturated carbon atom in the starting
      material with simultaneous saturation of the olefin bond. Isomerization of
      the olefin bond may take place to varying degrees under certain conditions
      with the consequent variation in the products obtained. These processes
      known in the industry, and referred to herein as hydroformylation, involve
      reactions which may be shown in the general case by the following
      equation:
      ##EQU1##
      and/or
      ##EQU2##
      In the above equation, each R represents an organic radical, for example
      hydrocarbyl, or a suitable atom such as hydrogen or a halogen. The above
      reaction is similarly applied to an olefinic linkage in a cycloaliphatic
      ring.
PAR  U.S. Pat. No. 3,239,566, issued Mar. 8, 1966, discloses a homogeneous
      rhodium catalyst suitable for use in the hydroformylation of olefins. The
      catalyst consists of a complex of rhodium with carbon monoxide and a
      trialkyl phosphine ligand. While the catalyst of that patent offers
      advantages over other prior art catalytic systems, the homogeneous system
      disclosed therein still does not offer the activity, stability and
      long-life requirements of commercial processing.
PAR  U.S. Pat. No. 3,487,112 to Paulik et al., issued December 30, 1969,
      discloses a heterogeneous catalyst system for the hydroformylation of
      olefins. The catalyst system disclosed therein is a
      rhodium-halogen-carbonyl-trialkyl phosphine complex supported on an inert
      base. The inert support can be a number of materials such as alumina,
      silica, carbon or a zeolite.
PAR  It is an object of this invention, therefore, to provide a novel catalyst
      system for the hydroformylation, including hydroxyhydroformylation, of
      olefins. More specifically, it is an object of this invention to provide a
      novel, heterogeneous, solid phase catalytic system for the
      hydroformylation of low molecular weight olefins to form the corresponding
      alcohols and aldehydes under relatively mild reaction conditions.
PAR  A solid phase catalyst is highly desirable for a number of reasons,
      including the ease of handling of solids as contrasted with liquids. In
      addition, a solid catalyst could be more readily and completely separated
      from the low molecular weight alcohols and aldehydes commonly produced by
      such catalysts. When surface phenomena are considered, a solid phase
      catalyst might also be more active and more selective than the homogeneous
      solution type of the same general ingredients.
PAR  It has been found that a solid catalyst of a hydridoplatinum-group metal
      (e.g., platinum, palladium, rhodium and ruthenium) carbonyl with an
      electron donor ligand or organic-substituted elements of Group VA of the
      periodic table, said elements having an atomic weight of 7 to 83, on a
      solid, sodium form natural or synthetic crystalline aluminosilicate
      support, provide a solid phase composition having highly desirable
      physical and chemical characteristics and when hydrocarbonylated posses
      excellent catalytic activity and selectivity for the hydroformylation,
      including hydroxyhydroformylation, of low molecular weight olefins. To
      obtain such solids the catalyst-forming reactants can be combined in a
      molar ratio of electron donor ligand to platinum-group metal of about 1 to
      4:1, preferably about 1.5 to 3:1, although either the platinum-group metal
      or the ligand, preferably the ligand, can be present in excess. The
      platinum-group metal and electron donor ligand are present on the support
      in a minor, catalytically effective amount and the catalyst can contain
      the platinum-group metal in amounts of, for example, from about 0.05 to 1
      weight percent, preferably 0.05 to 0.5 weight percent of the catalyst.
PAR  In the preparation of the catalyst composition of the present invention,
      the platinum-group metal source is provided by compounds of the metal
      which are at least slightly soluble in some solvent wherein the
      metal-group VA ligand complex can be formed. Preferred are the weak field
      complexes, the ligands of which readily serve in solution as transfer
      agents. Suitable sources of the metal can include, for example, halides,
      e.g., MCl.sub.n, MBr.sub.n, MI.sub.n, where M represents the
      platinum-group metal and n (here and below) is the available valence of
      the platinum-group metal; dihydrocarbyl derivatives, i.e., M(OR).sub.n,
      where R represents alkyl, aryl, aralkyl, and the like groups;
      dihydrocarbyloxy metal carboxylates, i.e., (RO).sub.n MOOCR' where R and
      R' are as defined above as R; diphosphine complexes, e.g. (M[(C.sub.6
      H.sub.5).sub.2 PC.sub.2 H.sub.4 P(C.sub.6 H.sub.5).sub.2 ]X.sub.2, where X
      is a halide. Also available as metal sources are chelates formed by the
      metal and weak field ligands, such as .beta.-diketones or
      .beta.-keto-carboxylic acid esters and salts of carboxylic acids. Examples
      of these types of metal sources include .beta.-diketonato-M (II),
      acetylacetonato-M (II), propylacetonato-M (II), benzoylacetonato-M;
      chelates from .beta.-ketocarboxylic acid esters; salts of saturated
      monocarboxylic acids, e.g. the platinum-group metal formate, propionate,
      caproate, octoate, palmitate, stearate, phenylacetate, phenylpropionate,
      and the like; salts of corresponding unsaturated monocarboxylic acids,
      e.g. the platinum-group metal acrylate, vinyl acetate, and the like; salts
      of saturated dicarboxylic acids, e.g. the platinum-group metal adipate,
      decane-1, 10-dicarboxylate, and the like; salts of corresponding
      unsaturated dicarboxylic acids, e.g., the platinum-group metal muconate
      and the like; salts of cycloaliphatic and aromatic carboxylic acids, e.g.,
      the platinum-group metal cyclohexane carboxylate, benzoate, phthalates,
      and the like; and alkoxycarboxylates, e.g., the platinum-group metal
      dimethoxyacetate and the like. Preferred as the platinum-group metal is
      rhodium and preferred as the source of rhodium is rhodium acetylacetonate.
PAR  The electron donor ligand component employed in preparing the metal complex
      component of the catalyst of the present invention is preferably a
      triorganophosphine corresponding to the general formula R.sub.3 P wherein
      R is a hydrocarbon radical, e.g. alkyl, aryl, alkaryl, aralkyl and
      cycloalkyl, of from 1 to about 20 carbon atoms, preferably 2 to about 6
      carbon atoms and devoid of olefinic or acetylenic unsaturation; different
      R groups may, of course, be present in the same phosphine molecule. When
      the phosphine component contains aromatic groups it is generally preferred
      that these have mono-cyclic structures, e.g., that the groups be selected
      from phenyl, alkylphenyl or phenylalkyl radicals.
PAR  Multifunctional phosphines of the formula R.sub.2 P--(CH.sub.2).sub.n
      --PR.sub.2 such as bis(diphenylphosphine)ehtane, may be used in place of
      the foregoing described unidentate phosphines. Phosphines may also be
      replaced by other electron donor ligands such as, for example, alkyl,
      aryl, alkaryl, aralkyl, or cycloalkyl phosphites, arsines, stibines or
      bismuthines. Other monodentate or bidentate ligands containing nitrogen
      donating centers such as pyridine or alpha, alpha-bipyridyl, may also be
      utilized. It is, however, preferred that triorganophosphines be utilized.
      Examples of suitable phosphines for the composition of the present
      invention are triphenylphosphine, trimethylphosphine,
      tricyclohexylphosphine, tri-n-hexylphosphine, tri-n-decylphosphine,
      tribenzylphosphine, tri-(4-n-butylphenyl) phosphine, and the like.
      Generally speaking, the electron donor ligand compounds of Group VA
      elements of the periodic table, having atomic numbers of 7 to 83 can be
      used in the catalysts.
PAR  The solid support of the catalyst of the present invention can be a natural
      or synthetic sodium form crystalline aluminosilicate having pore diameters
      of from about 6 to 15 Angstroms, preferably from about 10 to 14 Angstroms,
      a silica-to-alumina mole ratio of from about 2:1 to 12:1, preferably from
      about 4:1 to 6:1 and a sodium oxide to aluminum oxide mole ratio of from
      about 0.7:1 to 1.1:1, preferably from about 0.9:1 to 1:1. The
      aluminosilicate is preferably in the uncalcined, deliquescent form. The
      sodium aluminosilicate can have a minor portion of the sodium exchanged
      with another metal, e.g. a polyvalent metal, or hydrogen but the sodium
      aluminosilicate present in the catalyst generally has at least about 5
      weight percent sodium, preferably at least about 8 weight percent, on a
      non-hydrated basis.
PAR  The crystalline aluminosilicate-based support can also contain minor
      amounts of other suitable materials such as hydrous alumina,
      silica-alumina hydrogel, silica-alumina xerogel and oxides of suitable
      metals such as the metals of Groups II, III and IV of the Periodic Table.
      The crystalline aluminosilicate-based support can be fabricated into
      macrosize form, if desired, of a size of about 1/64 to 1/2 inch or more in
      diameter and about 1/32 to 1 inch or more in length.
PAR  The preparation of the overall catalyst composition is preferably conducted
      by first forming the complex of the electron donor ligand and the
      platinum-group metal source, e.g., rhodium acetylacetonate, rhodium
      chloride, palladium acetylacetonate and the like. The platinum-group metal
      source and ligand can be present in about the stoichiometric amounts
      necessary to form the complex or one component can be present in an excess
      amount of that necessary for the formation of the complex.
PAR  Formation of the ligand-platinum-group metal complex may be effected by
      simply mixing the two reactants in the presence of a suitable solvent for
      the complexing reaction. The mixing may be done at room temperature or up
      to as high as about 300.degree.F. The complex usually forms within about
      20 to 40 minutes after mixing at elevated temperature. Suitable solvents
      for the complex-forming reaction include the same solvents which are
      suitable for use in the final catalyst composition. If desired, however,
      the complexing may be accomplished in a solvent which is unsuitable for
      use in the final composition; in this case the resultant complex will
      first be isolated from the reaction mixture and redissolved, or
      re-suspended, in a proper solvent which is inert to the final catalyst
      composition.
PAR  Thus, for example, one method of preparing a phosphine-rhodium complex can
      involve stirring, preferably at room temperature, a mixture of
      tri-n-butylphosphine, rhodium chloride and chlorobenzene. In another
      method, the complex may be prepared by refluxing an alcohol, e.g. ethanol,
      solution of the phosphine, say tri-n-butylphosphine, and rhodium
      acetylacetonate, preferably at room temperature of about 150.degree. to
      250.degree.F., and isolating the resultant complex from the reactant
      mixture. This approach is often preferred where the metal reagent contains
      some water of hydration, as the water will be removed from the complex
      when the latter is separated from the alcohol solvent.
PAR  In either case, the platinum-group metal triorganophosphine complex can be
      dissolved in a suitable solvent, e.g., ethanol, methanol, benzene,
      chlorobenzene, or the like, and charged to a reactor. Hydrogen and carbon
      monoxide gas can then be introduced separately, or as a premixed gas, in a
      molar ratio of hydrogen to carbon monoxide of from about 1:1 to 5:1,
      preferably from about 1.2:1 to 3.5:1, at a temperature of from about
      60.degree. to 400.degree.C., preferably from about 150.degree. to
      250.degree.C., and a pressure of from about 500 to 3000 psig., preferably
      from about 700 to 1,800 psig. to obtain the hydrido-platinum-group metal
      carbonyltriorgano phosphine complex. The solid support, in finely-divided
      form, is added to the complex in the solvent and the system is agitated
      for a time sufficient to affix the complex on the support. When the
      platinum-group metal source is a halide, such as rhodium chloride, the
      excess sodium present in the sodium form crystalline aluminosilicate
      support reacts or combines with the halide to form a compound, such as
      sodium chloride, which is not affixed to the support.
PAR  The solid supported catalyst can also be prepared in situ by charging the
      metal source, such as rhodium acetylacetonate, the electron donor ligand,
      such as tributyl phosphine or triphenyl phosphine, and the support in
      finely-divided form in a suitable solvent to an autoclave reactor and
      allowing these components to react under a premixed gas of hydrogen and
      carbon monoxide of a molar ratio of hydrogen to carbon monoxide of from
      about 1:1 to 5:1 at a pressure of from about 500 to 3,000, preferably 700
      to 1800, psig., and a temperature of from about 150.degree. to
      195.degree.C. for about one hour. The resulting supported catalyst system
      can be separated by removing the liquid phase from the reactor. If
      desired, the low molecular weight olefin can be charged to the catalyst
      system before separation and the hydroformylation reaction carried out in
      the presence of the solvent. After the reaction is completed, the liquid
      reaction mixture can be separated and removed from the reactor.
      Alternatively, the catalyst components, support and low molecular weight
      olefin can be charged simultaneously in a solvent to the autoclave under
      conditions as set forth above, thus allowing the system to simultaneously
      undergo formation of the solid supported catalyst system and the
      hydroformylation of the low molecular weight olefin.
PAR  The solid supported catalyst system can also be prepared by dissolving the
      metal source such as a platinum-group metal naphthenate, acetylacetonate
      or chloride in a solvent such as benzene or alcohol. The solid support is
      added to the resulting solution and the system is agitated at room
      temperature overnight yielding an supernatant liquid and support
      particles. These platinum-group metal-impregnated support particles are
      then filtered, washed and dried in an oven. The dried platinum-group
      metal-impregnated particles are charged to a reactor along with an
      electron donor ligand, such as tributyl phosphine, in a solvent. The
      system is pressured with hydrogen and carbon monoxide under conditions as
      set forth above for in situ preparation and the hydrido-platinum-group
      metal carbonyl-triorgano phosphine complex on a solid, sodium form
      crystalline aluminosilicate support catalyst recovered. An olefin feed can
      be introduced with the hydrogen and carbon monoxide also in the manner set
      forth above for in situ preparation.
PAR  The supported catalyst composition of the present invention is effective
      for hydroformylation, including hydroxyhydroformylation, of olefinic
      hydrocarbons, e.g., of 2 to about 16 carbon atoms, preferably 3 to 10
      carbon atoms, and is highly desirable for such uses. For example, it is
      possible to provide alcohols, aldehydes, and the like from aliphatic
      mono-olefins. Of particular interest, however, is the selective activity
      of the present catalyst composition in the hydroformylation of pentene to
      form hexanol and hexanal. The selectivity of the catalyst of the present
      invention is exceptional for this type of reaction, while the activity is
      high as well, resulting in greater efficiency in producing such alcohols
      and aldehydes. In the prior art, such alcohols are produced in rather
      minor amounts. With the present catalyst, it is possible to obtain such
      alcohols, e.g., n-hexanol and isohexanol as the major product.
PAR  Hydroformylation, including hydroxyhydroformylation, can generally be
      effected by contacting the olefinically-unsaturated feed with hydrogen and
      carbon monoxide, for instance, under elevated pressure and in the presence
      of the catalyst at a temperature of about 100.degree. to 350.degree.C.,
      preferably about 150.degree. to 200.degree.  or 250.degree.C. Elevated
      temperatures ordinarily can be maintained by the heat of reaction without
      external heating means. In many cases, it may be necessary to control the
      temperature by cooling, as for example, by circulating a cooling medium
      through heat exchange tubes in the reactor. Pressures of up to about 3,000
      or more psig., preferably about 500 to 2,000 psig. or even about 700 to
      1,800 psig., are suitable with the catalyst composition of the present
      invention. The amount of catalyst composition used in the reaction is that
      sufficient to effect hydroformylation or hydroxyhydroformylation of the
      feed and often the olefin feed contacts the catalyst at the rate of about
      1 to about 20, preferably 1 to 10, WHSV (weight of olefin per weight of
      catalyst per hour). The process is applicable to continuous processing,
      e.g., with a catalyst slurry or a fixed bed, as well as batch processes.
      The hydrogen and carbon monoxide are preferably introduced into the
      reactor, for instance as a premixed gas, in a molar ratio of hydrogen to
      carbon monoxide from about  1.1:1 to 5:1, preferably from about 1.2:1 to
      3.5:1. The catalyst system of the instant invention can be readily
      regenerated by the addition of a fresh triorgano phosphine ligand to the
      deactivated catalyst.
DETD
PAC  EXAMPLE I
PAR  Chlorotris(triphenylphosphine)rhodium(I) (0.5 m mole) [(.phi..sub.3
      P).sub.3 RhCl], was dissolved in 50 ml benzene in a 300 cc autoclave, and
      20 g of uncalcined deliquescent sodium type Y crystalline aluminosilicate
      or "SK-40", from the Linde Division of Union Carbide and Carbon
      Corporation, was added to the resulting red solution. The SK-40
      crystalline aluminosilicate support has pore diameters of about 13
      Angstroms, a silica-to-alumina mole ratio of about 4.5:1 and a sodium
      oxide to alumina mole ratio of about 1:1. The reactor was purged with
      hydrogen for 20 minutes and then 30 ml of pentene-1 were fed to the
      system. The system was pressured from 35 psig to 125 psig with carbon
      monoxide and then to 303 psig with hydrogen at 130.degree.F. Heating of
      the reactor was disconnected soon after the pentene-1 feed was introduced
      to the system. The pressure started to drop immediately after the system
      was pressured. The system was allowed to react for about 75 minutes.
      During this period the temperature of the reactor was kept at
      130.degree.-140.degree.F. by the exothermicity of the reaction, and the
      pressure dropped gradually to 100 psig. At this stage, the system was
      repressured to 200 psig with carbon monoxide, and then to 300 psig with
      hydrogen for another 60 minutes. The pressure dropped again to 130 psig,
      and the reactor was quenched by running cold water through a cooling coil
      in the reactor. A dark-brown reaction mixture was discharged from the
      reactor, and the solid left inside of the reactor was rinsed with a fresh
      portion (30 ml) of benzene. The rinsed solid was saved for the second run.
      As shown in Table II, the pentene-1 feed was reacted in 83% conversion to
      give almost exclusively aldehydes, e.g., 26.2% of isohexanal and 68.8%
      n-hexanal. The conversion of the feed was calculated on the basis of the
      amount of unreacted pentene (and/or pentane) present in the discharged
      reaction mixture. The product was analyzed by means of gas chromatographic
      techniques.
PAR  The second run was started by injecting 22 ml of pentene-1 along with 20 ml
      benzene to the solid catalyst in the reactor. The reactor was pressured
      from 32 psig to 150 psig with carbon monoxide and then to 350 psig with
      hydrogen at 100.degree.F. Heating of the reactor was controlled and the
      temperature and pressure of the system reached 146.degree.F. and 370 psig
      within a 11/2 hour period. After this induction period, the maximum
      pressure, 370 psig, dropped slowly to 245 psig by agitating the system at
      146.degree.F. for about 3 hours. A light-brown reaction mixture was
      removed from the reactor leaving a white solid inside of the reactor.
      Analysis of the product obtained from this second run was listed in Table
      III. The results from these two runs revealed that uncalcined SK-40
      crystalline aluminosilicate promoted the hydroformylation of pentene-1
      under much milder conditions that the system without SK-40 crystalline
      aluminosilicate.
PAC  EXAMPLE II
PAR  "SK-40", of the composition and pore diameter as set forth in Example I,
      which was calcined and had a surface area of about 870 square meters per
      gram, was used in this run. Tris(triphenylphosphine)rhodium(I) Chloride
      (0.4 m mole) was dissolved in 40 ml of benzene and 10 g. of the calcined
      SK-40 zeolite was introduced in the system. Immediately after the reactor
      was purged with hydrogen, 20 ml of pentene-1 was introduced to the
      reactor. The reactor was pressured to 190 psig with hydrogen, and then to
      320 psig with carbon monoxide. The reactor was heated to attain 344 psig
      at 174.degree.F. for a 21/2 hour period. At this stage, the initial
      pressure drop was noticed. The reator was kept at
      174.degree.-198.degree.F. for two hours, and the maximum pressure, 344
      psig, dropped 150 psig in about 11/2 hours. The system was again pressured
      from 150 psig to 150 psig with carbon monoxide and then to 350 psig with
      hydrogen. The reaction was allowed to proceed for 1/2 hour at
      196.degree.F. The pressure dorpped rather rapidly to 140 psig during this
      period. A brown reaction mixture was discharged from the reactor, and the
      product was analyzed by means of gas chromatographic technique. The
      pentene-1 feed was reacted in 82% conversion to yield almost exclusively
      hexanals (34.1% isohexanal, and 64.3% n-hexanal). The solid catalyst left
      inside of the reactor was used for two more runs. Details of the results
      obtained are listed in Tables I and II.
PAR  The second run was started by injecting 28 ml of pentene-1 to the solid
      catalyst, which was aged for 51/2 hours. The reactor was pressured to 200
      psig with hydrogen and then to 350 psig with carbon monoxide. The reaction
      was allowed to proceed in the absence of solvent. Heating was controlled
      to raise the temperature of the reactor to 198.degree.F. in .about.40
      minutes. The original pressure was increased to 370 psig (the maximum
      pressure). The reactor was kept at 198.degree.-260.degree.F. for a 11/2
      hour period. The pressure dropped to 232 psig during this period. About
      80% of the feed was reacted to give 29.2% isohexanal and 70.0% n-hexanal.
      The same reaction was repeated with the 23 hour aged catalyst in the third
      run as described in the second run. About 36% of the feed was converted to
      29.1 area % isohexanal, 51.2% n-hexanal, 3.3% isohexanol, 13.1% n-hexanol
      and 3.2 % unidentified products. The change in the catalytic activity
      based on the conversion of feed may be attributed to leaching of the
      catalytic species from the SK-40 crystalline aluminosilicate base.
PAC  EXAMPLE III
PAR  Tris(triphenylphosphine)rhodium(I) chloride (0.6 m mole) was dissolved in
      35 ml benzene and 3.1 g of the calcined Na-type Y crystalline
      aluminosilicate ("SK-40") of Example II was added to the solution. The
      system was purged with nitrogen and kept at room temperature for about one
      week. The red solution of (.phi..sub.3 P).sub.3 RhCl was slowly absorbed
      on the crystalline aluminosilicate phase to leave a lighter supernatant
      liquid. At the end of about a week period, the crystalline aluminosilicate
      assumed a brownish color and the supernatant liquid became almost
      completely colorless. This whole mixture was quantitatively transferred to
      a 300 cc autoclave reactor with the aid of a small portion of fresh
      benzene. After the system was purged witth hydrogen, 30 ml of pentene-1
      was introduced and then the reactor was pressured with a premixed gas
      (H.sub.2 /CO, 1:1) to 400 psig and to 600 psig with hydrogen at
      185.degree.F. In 15 minutes the initial pressure drop was observed. The
      temperature and pressure of the reactor were 230.degree.F. and 653 psig.
      The reactor was vigorously agitated at 230.degree.-256.degree.F. for a
      45-minute period. The maximum pressure, 653 psig, dropped to 350 psig
      during this period. A brown reaction mixture was removed from the reactor
      along with some brown catalyst debris. About 51% of the pentene-1 feed was
      reacted to give exclusively hexanals.
PAR  The second run was started by introducing 30 ml of pentene-1 (without
      solvent) to the solid catalyst left inside of the autoclave from the
      preceding run. The reactor was pressured with a premixed gas (H.sub.2 /CO,
      1:1) to 360 psig and then to 500 psig with hydrogen at 110.degree.F.
      Heating of the reactor was controlled to raise the temperature of reactor
      to 200.degree.F. in about an hour. The maximum pressure, 580 psig, dropped
      to 290 psig when the system was agitiated at 200.degree.-228.degree.F. for
      an hour. A dark-brown reaction mixture with a small portion of catalyst
      debris was removed, and the product was analyzed by means of gas
      chromatographic technique. About 57% of the feed was reacted to 24.0%
      isohexanal, 54.5% n-hexanal, and 21.5% unidentified products.
PAR  The same reaction was repeated with the 21 hour aged catalyst in the third
      run as described in the second run. The catalytic activity based on the
      conversion of feed was maintained throughout these three runs over about a
      22 hour period.
PAR  The results of these runs, listed in Tables I and II, indicate that the
      SK-40 crystalline aluminosilicate can be utilized as an effective
      supporting base for the rhodium oxo catalyst.
TBL                                    TABLE I                                 
     __________________________________________________________________________
              Catalyst Composition    Reaction Conditions                      
                                 Catalyst          Reaction                    
     Example                                                                   
           Run                                                                 
              (.phi..sub.3 P).sub.3 RhCl                                       
                     Support*.sup.(1)                                          
                             Solv.                                             
                                 Aged Pressure                                 
                                            Temperature                        
                                                   Time                        
     No.   No.                                                                 
              mm      g      ml  Hrs. psig  .degree.F.                         
                                                   Hrs. H.sub.2 /CO            
     __________________________________________________________________________
                             C.sub.6 H.sub.6                                   
     I     1st                                                                 
              0.5    20      50  --   300-100                                  
                                            124-138                            
                                                   .about.2                    
                                                        1.9                    
           2nd                                                                 
              &lt;0.5   "       20  21/2 370-245                                  
                                            146    3    1.6                    
     II    1st                                                                 
              0.4    10**.sup.(2)                                              
                             40  --   350-140                                  
                                            174-198                            
                                                   2    1.5                    
           2nd                                                                 
              &lt;0.4   10      --  51/2 370-232                                  
                                            198-260                            
                                                   11/2 1.3                    
           3rd                                                                 
              &lt;0.4   10      --  23   515-438                                  
                                            206-252                            
                                                   7    1.4                    
     III   1st                                                                 
              0.6     3**.sup.(2)                                              
                             35  --   653-350                                  
                                            230-256                            
                                                   3/4  2                      
           2nd                                                                 
              &lt;0.6    3       0  18   580-290                                  
                                            200-228                            
                                                   1    1.2                    
           3rd                                                                 
              &lt;0.6     3      0  21   450-365                                  
                                            280-242                            
                                                   11/2 1.2                    
     __________________________________________________________________________
       *.sup.(1) Uncalcined;                                                   
      **.sup.(2) Calcined at 900.degree.F.                                     
TBL                                    TABLE II                                
     __________________________________________________________________________
     Product Distribution                                                      
     Example                                                                   
          Run                                                                  
             Feed    Conv.                                                     
                         iC.sub.6 --Al                                         
                                  nC.sub.6 --Al                                
                                       iC.sub.6 --OH                           
                                            nC.sub.6 --OH                      
                                                 Unknown                       
                                                      Heavy                    
     No.  No.                                                                  
             g       %                                End                      
     __________________________________________________________________________
     I    1st                                                                  
             C.sub.5 = 1                                                       
                 19.2                                                          
                     83  26.2     68.8 --   --   4.2                           
          2nd                                                                  
             "   14.0                                                          
                     79  24.6     69.2 --   --   6.3                           
          1st                                                                  
             "   19.2                                                          
                     82  34.1     64.3 --   0.2  1.4                           
     II   2nd                                                                  
             "   17.9                                                          
                     80  29.2     70.0 --   --   0.7                           
          3rd                                                                  
             "   18.0                                                          
                     36  29.1     51.2 3.3  13.1 3.2                           
          1st                                                                  
             "   18.9                                                          
                     51       .about.100                                       
                                       --   --   --                            
     III  2nd                                                                  
             "   18.9                                                          
                     57  24.0     54.5           21.5                          
          3rd                                                                  
             "   18.9                                                          
                     57  25.9     68.4 --   --   5.7                           
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. In the process for the hydroformylation of olefin hydrocarbons of 2 to
      about 16 carbon atoms the improvement which comprises conducting said
      hydroformylation in contact with a catalyst composition consisting of a
      major amount of a solid, sodium form crystalline alumino-silicate support,
      said crystalline aluminosilicate support having a silicato alumina mole
      ratio of from about 2:1 to 12:1, a sodium oxide-to-alumina mole ratio of
      from about 0.7:1 to 1.1:1 and pore diameters of from about 6 to 15
      Angstroms, and a minor amount of providing about 0.2 to about 0.6 weight
      per cent rhodium, said rhodium composition having a mole ratio of ligand
      to metal of about 1.5:1to 3:1, said ligand being R.sub.3 P in which each R
      is independently selected from the group consisting of phenylalkyl,
      alkylphenyl, phenyl, and alkyl groups having from 2 to about 16 carbon
      atoms.
NUM  2.
PAR  2. The process of claim 1 wherein the hydroformylation is conducted at a
      temperature of from about 100.degree. to 350.degree.C. and a pressure of
      from about 500 to 2500 psig.
NUM  3.
PAR  3. The process of claim 2 wherein said olefin is pentene.
NUM  4.
PAR  4. The process of claim 1 wherein the catalyst contains about 0.2 to 0.6
      weight percent of rhodium.
NUM  5.
PAR  5. The process of claim 4 wherein the hydroformylation is conducted at a
      temperature of from about 100.degree. to 350.degree.C. and a pressure of
      from about 500 to 2500 psig.
NUM  6.
PAR  6. The process of claim 5 wherein said olefin is pentene.
NUM  7.
PAR  7. A process of claim 1 wherein said support has pore diameters of from 10
      to 14 Angstroms, a silica-to-alumina mole ratio of from about 4:1 to 6:1
      and a sodium oxide to alumina mole ratio of about 0.9:1 to 1:1 and said
      support is a Type Y zeolite, and the activity coefficient is greater than
      100.
NUM  8.
PAR  8. The process of claim 7 wherein the hydroformylation is conducted at a
      temperature from about 100.degree. to 350.degree.C. and a pressure of from
      about 500 to 2,500 psig.
NUM  9.
PAR  9. The process of claim 8 wherein said olefin is pentene.
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ABST
PAL  A condensation product being a co-generic mixture of products having the
      formulae
EQU  R.sub.1 -- A -- CH.sub.2 --OCH.sub.2 --.sub.y A --.sub.x CH.sub.2
      --OCH.sub.2 --.sub.y R.sub.3                              (I)
PAL  wherein each A is an independently selected aromatic radical having the
      formula
      ##SPC1##
PAL  Each R.sub.1 represents an independently selected radical from the group
      consisting of hydrogen, --CH.sub.2 --OCH.sub.2 --.sub.y R.sub.3 ; each
      R.sub.2 represents an independently selected radical consisting of
      R.sub.1, halogen or an alkyl group of 1 to 10 carbon atoms; R.sub.3
      represents a radical selected from the group consisting of hydrogen,
      methoxy, ethoxy, propoxy or --A--H when y is 1 or greater than 1 and
      methoxy, ethoxy, propoxy and --A--H when y is 0; x represents an integer
      from 0 to 60; y represents an integer from 0 to 4; z represents an integer
      from 0 to 2; and, B represents oxygen or sulfur. It is to be understood
      that unreacted aromatic HAH may be present in amounts up to 50% by weight
      of the total condensation product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to reaction products of formaldehyde, with diaryl
      compounds such as naphthalene, alone and in combination with diphenyl
      oxide, and to a process for their preparation.
PAR  It is known from Makromolekulare Chemie 97:163 (1966) and 107:196 (1967);
      British Pat. No. 942,057; and Ser. No. 236,472 filed March 20, 1972 that
      resins can be prepared from formaldehyde and diphenyl oxide. However, the
      resins do not have methoxymethyl substituents.
PAR  It is also known from J. Research 17, B:14-20 (1939) by R. Monske and A.
      Ledinghorn, U.S. Pat. Nos. 3,342,873 and 3,274,157 that alkyloxymethyl
      diphenyl ethers and naphthalene ethers can be prepared by
      chloromethylating diphenyl ether or naphthalene and then etherifying with
      lower alcohols. The present route of directly preparing methoxymethyl
      derivatives is advantageous as it avoids the intermediacy of chloromethyl
      ethers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a mixture of products having the formulae
EQU  R.sub.1 -- A -- CH.sub.2 --OCH.sub.2 --.sub.y A --.sub.x CH.sub.2
      --OCH.sub.2 --.sub.y R.sub.3                              (I)
PAL  wherein each A is an independently selected aromatic radical having the
      formula
      ##SPC2##
PAL  Each R.sub.1 represents an independently selected radical from the group
      consisting of hydrogen, --CH.sub.2 --OCH.sub.2 --.sub.y R.sub.3 ; each
      R.sub.2 represents an independently selected radical consisting of
      R.sub.1, halogen or an alkyl group of 1 to 10 carbon atoms; R.sub.3
      represents a radical selected from the group consisting of hydrogen,
      methoxy, ethoxy, propoxy or --A--H when y is 1 or greater than 1 and
      methoxy, ethoxy, propoxy and --A--H when y is 0; x represents an integer
      from 0 to 60; y represents an integer from 0 to 4; z represents an integer
      from 0 to 2; and, B represents oxygen or sulfur. It is to be understood
      that unreacted aromatic HAH may be present in amounts up to 50% by weight
      of the total condensation product.
PAR  The process of making the reaction (condensation) products comprises
      heating to a temperature in the range from about 50.degree. to about
      250.degree.C a mixture of
PA1  A. a diaryl compound selected from naphthalene, its alkylated and/or
      halogenated derivatives alone or in combination with diphenyl oxide,
      diphenyl sulfide, biphenyl, their alkylated derivatives, their halogenated
      derivatives, or mixtures thereof,
PA1  B. formaldehyde,
PA1  C. water, and
PA1  D. an aliphatic hydroxy hydrocarbon compound having 1-12 carbon atoms, 0-4
      ether oxygens, not more than 4 carbon atoms between ether oxygens and at
      least one free hydroxyl group, e.g. methanol, 2-ethylhexanol, methyl ether
      of ethylene glycol, etc.
PAL  in the presence of a catalytic amount of a strong acid catalyst wherein the
      amount of formaldehyde used ranges from about 1 to about 3 moles per mole
      of diaryl compound, the amount of water ranges from about 0.01 to about 2
      moles per mole of diaryl compound and the amount of hydroxy hydrocarbon
      compound ranges from about 0.3 to about 10 moles per mole of diaryl
      compound.
PAR  The reaction products are useful in that they can be heated with strong
      acids and crosslinked to form films and to encapsulate electrical
      components. The reaction products are useful per se as nontoxic dielectric
      fluids for capacitors and the like.
DETD
PAC  DETAILED DESCRIPTION
PAR  The reaction products (condensation products) of this invention are
      obtained by reacting naphthalene, alone or in combination with diphenyl
      ether (diphenyl oxide), diphenyl sulfide and biphenyl with formaldehyde
      and appropriate hydroxy containing compounds. Reaction products can also
      be prepared from the alkylated derivatives of the foregoing wherein one or
      both aromatic rings are substituted by one or two alkyl groups of 1-10
      carbon atoms each.
PAR  If desired, the naphthalene and diaromatic ethers can be halogenated in one
      or both rings with fluorine, chlorine, bromine, or iodine groups. Mixtures
      of the foregoing are also useful in this invention.
PAR  The naphthalene alone or in combination with the diaromatic ethers is mixed
      and reacted with about 1 to about 3 moles of formaldehyde based on the
      total aromatic present at a temperature range from about 50.degree. to
      about 250.degree.C in the presence of about 0.01 to about 2 moles of water
      per mole of aromatic hydrocarbon and in the presence of about 0.3 to about
      10 moles of an aliphatic hydroxy C.sub.1-12 hydrocarbon compound having
      0-4 ether oxygens, not more than 4 carbon atoms between ether oxygens and
      at least one free hydroxyl group.
PAR  The presence of water in the ranges recited above is essential to this
      invention since the use of amounts below this range results in very low
      yields of the desired reaction product while amounts greater than this
      amount result in greatly increased reaction times.
PAR  The above reaction proceeds readily in the presence of a catalytic amount
      of a strong acid catalyst. For the purposes of this invention a catalytic
      amount is defined as about 1 to about 25 mol percent of the strong acid
      based on the aromatic hydrocarbon.
PAR  Examples of strong acid catalysts are sulfuric, phosphoric, p-toluene
      sulfonic acid, perchloric, diphenyl oxide, sulfonic acid and the like.
PAR  A commercial mixture of formaldehyde, methanol and water sold under the
      trade name Methyl Formcel is a convenient source of the above formaldehyde
      reactant.
PAR  Examples of the above aliphatic hydroxy C.sub.1-12 hydrocarbon compounds
      are: monohydric alcohols of 1-12 carbons such as methanol, ethanol,
      propanol, butanol, 2-ethyl hexanol and the like; glycols of 2-4 carbons
      such as ethylene glycol, 1,3-propylene glycol, 1,2-propylene glycol and
      butane 1,4-diol; polyglycols of 4-12 total carbons such as diethylene
      glycol, triethylene glycol, dipropylene glycol, tripropylene glycol, and
      the like; monoalkyl ethers of glycols of 3-12 total carbons such as
      ethylene glycol monomethyl ether, ethylene glycol monoethyl ether,
      1,2-propylene glycol monomethyl ether, ethylene glycol monobutyl ether,
      and the like; and monoalkylethers of polyglycols of 5-12 total carbons
      such as diethylene glycol monomethyl ether, diethylene glycol monoethyl
      ether, diethyleneglycol monobutyl ether, and the like.
PAR  The following examples are presented to illustrate but not limit the
      invention.
PAC  EXAMPLE 1
PAR  An acid resistant pressure vessel equipped with paddle stirrer and
      thermowell was charged with 256 g. naphthalene, 64 g. of 91%
      paraformaldehyde, 36 g. water, 128 g. methanol and 42 g. 98% sulfuric
      acid. The mixture was heated with stirring at 143.degree. for 4 hours and
      cooled. The organic layer was diluted with 300 ml. methylene chloride.
      This organic layer was washed with dilute (10%) aqueous caustic and dried.
      Analysis by vapor phase chromatography showed ca. 65% of the naphthalene
      had been converted to product. The average molecular weight as determined
      by gel permeation chromatography was approximately 210 ranging from 128 to
      350 with major peaks at 128, 165 and 270. Following distillation of the
      unreacted naphthalene the residue weighed 187 g. Analysis by NMR showed
      the following relative areas:
     aromatic hydrogens      102                                               
     (CH.sub.2 O).sub.x hydrogens                                              
                             8                                                 
     bis(naphthyl)methane    12                                                
     (OCH.sub.3).sub.x hydrogens                                               
                             12                                                
PAC  EXAMPLE 2
PAR  An acid resistant (Hastelloy C) pressure vessel with a paddle stirrer and
      thermowell was charged with 228 g. diphenyl oxide, 86 g. of naphthalene,
      64 g. of 91% paraformaldehyde, 135 g. of methanol, 40 g. 96% sulfuric acid
      and 36 g. of water. The mixture was heated with stirring at 148.degree.C.
      for 3 hours and then cooled. The top organic phase was decanted and vacuum
      dried to remove the unreacted methanol, formaldehyde and water. An
      analysis by vapor phase chromatography showed that .about.60% of the
      diphenyl oxide had reacted and .about.50% of the naphthalene had been
      converted. A gel permeation analysis showed a molecular weight range from
      128 to 900 units with an average molecular weight of 290. The crude
      organic layer was vacuum distilled with 39 g. of naphthalene and 57 g. of
      diphenyloxide being recovered. The weight of the final product was 148 g.
      with an average molecular weight of 300. An analysis by NMR showed the
      following relative areas.
TBL  ______________________________________                                    
     aromatic hydrogens        95                                              
     (CH.sub.2 O).sub.x        27                                              
     bis(phenoxyphenyl)methane 3                                               
     bis(naphthyl)methane      4                                               
     OCH.sub.3                 30                                              
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  An acid resistant (Hastelloy C) pressure vessel with a paddle stirrer and a
      thermowell was charged with 119 g. of diphenyl oxide, 166 g. of
      naphthalene, 64 g. of 91% paraformaldehyde, 128 g. methanol, 40 g. of
      sulfuric acid, 36 g. of water. The mixture was heated to 148.degree.C. for
      4 hours and cooled. The organic phase was decanted and diluted with 100 g.
      of methylene chloride. The resulting solution was washed twice with 100 g
      of water and then vacuum dried. An analysis by vapor phase chromatography
      showed .apprxeq.50% of the naphthalene and 60% of the diphenyl oxide had
      been converted to product. The gel permeation showed an average molecular
      weight of 270. An NMR analysis showed the following relative areas.
TBL  ______________________________________                                    
     aromatic hydrogen         75                                              
     (CH.sub.2 O)              10                                              
     bis(phenoxyphenyl)methane 5                                               
     bis(naphthyl)methane      2                                               
     OCH.sub.3                 10                                              
     ______________________________________                                    
PAL  There was 114 g. isolated after vacuum distillation of the unreacted
      diphenyl oxide and naphthalene.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cogeneric liquid formaldehyde aromatic ether reaction product having
      the formulae
EQU  R.sub.1 -- A -- CH.sub.2 --OCH.sub.2 --.sub.y A --.sub.x CH.sub.2
      --OCH.sub.2 --.sub.y R.sub.3                              (I)
PAL  wherein each A is an independently selected aromatic radical having the
      formula
      ##SPC3##
PAL  each R.sub.1 represents an independently selected radical from the group
      consisting of hydrogen, --CH.sub.2 --OCH.sub.2 --.sub.y R.sub.3 each
      R.sub.2 represents an independently selected radical consisting of
      R.sub.1, halogen or an alkyl group of 1 to 10 carbon atoms; R.sub.3
      represents a radical selected from the group consisting of hydrogen,
      methoxy, ethoxy, propoxy or --A--H when y is 1 or greater than 1 and
      methoxy, ethoxy, propoxy and --A--H when y is 0; x represents an integer
      from 0 to 60; y represents an integer from 0 to 4; z represents an integer
      from 0 to 2; and, B represents oxygen or sulfur, which may contain
      unreacted amounts up to 50% by weight of unreacted aromatic HAH of the
      total condensation product.
NUM  2.
PAR  2. A process for preparing a liquid formaldehydediaromatic ether reaction
      product which comprises heating to a temperature in the range from about
      50.degree. to about 250.degree. a mixture of
PA1  A. an aromatic compound selected from naphthalene alone or in combination
      with diphenyl oxide, diphenyl sulfide, biphenyl, their alkylated and/or
      halogenated derivatives, or mixtures thereof,
PA1  B. formaldehyde,
PA1  C. water, and
PA1  D. an aliphatic hydroxy hydrocarbon compound having 0-4 ether oxygens, and
      not more than 4 carbon atoms between ether oxygens and at least one free
      hydroxyl group,
PAL  in the presence of a catalytic amount of a strong acid catalyst wherein the
      amount of formaldehyde used ranges from about 1 to about 3 moles per mole
      of diaryl compound, the amount of water ranges from about 0.01 to about 2
      moles per mole of diaryl compound and the amount of hydroxy hydrocarbon
      compound ranges from about 0.3 to about 10 moles per mole of diaryl
      compound.
NUM  3.
PAR  3. The process as set forth in claim 2 wherein the hydroxy hydrocarbon
      compound is selected from aliphatic monohydric alcohols of 1-12 carbons,
      glycols of 2-4 carbons, polyglycols of 4-12 carbons, monoalkyl ethers of
      polyglycols of 5-12 carbons, and monoalkyl ethers of glycols of 3-12
      carbons.
NUM  4.
PAR  4. A cogeneric liquid formaldehyde aromatic ether reaction product having
      the formulae
EQU  R.sub.1 --A--CH.sub.2 --OCH.sub.2 --.sub.y A--.sub.x CH.sub.2 --OCH.sub.2
      --.sub.y R.sub.3                                          (I)
PAL  wherein each A is an independently selected aromatic radical having the
      formula
      ##SPC4##
PAL  each R.sub.1 represents an independently selected radical from the group
      consisting of hydrogen, --CH.sub.2 --OCH.sub.2 --.sub.y R.sub.3 ; each
      R.sub.2 represents an independently selected radical consisting of
      R.sub.1, halogen or an alkyl group of 1 to 10 carbon atoms, R.sub.3
      represents a radical selected from the group consisting of hydrogen,
      methoxy, ethoxy, propoxy or --A--H when y is 1 or greater than 1 and
      methoxy, ethoxy, propoxy and --A--H when y is 0; x represents an integer
      from 0 to 60; y represents an integer from 0 to 4; Z represents an integer
      from 0 to 2; and, B represents oxygen or sulfur, which may contain
      unreacted amounts up to 50% by weight of unreacted aromatic HAH of the
      total condensation product.
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PAL  Compounds are prepared having the formula
EQU  X -- B -- [--O--A--].sub.n X'
PAL  (hereinafter referred to as AAE's), wherein X and X' are chlorine or
      bromine atoms, n is an integer from 1 to about 4, A is a vicinal alkylene
      group of up to about 8 carbon atoms and may bear a phenyl, chlorine,
      bromine or hydroxy substituent, and B is a vicinal alkylene group of from
      8 to about 18 carbon atoms and may bear a chlorine, bromine or aromatic
      substituent.
PAL  The above compounds are prepared by reacting the halogen XX' with a mixture
      of the B mono-olefin (hereinafter BMO) and the epoxide AO. The compounds
      are useful as solvents and dielectric fluids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The compounds claimed belong to the subclass of chlorinated and brominated
      alkyl- or aryl-substituted acyclic ethers in the field of organic
      chemistry. The process for making these compounds may be generally
      described as the addition to an olefinic material, of a chlorine or a
      bromine atom and an ether linkage, at a point of unsaturation in the
      olefinic material.
PAR  2. Description of the Prior Art:
PAR  The prior art teaches the preparation of ethers by the reaction of
      chlorine, ethylene oxide or propylene oxide and olefins: Trofimov, N. N.,
      et al., USSR Pat. No. 179,765 (1966) (C.A. 65:p. 7101 (1966)); Perkins, G.
      A., Fr. Pat. No. 773,140 (1934); U.S. Pat. No. 2,042,862 (1936); Re.
      22,217 (1942). Bromine has been substituted for chlorine in the
      above-mentioned process: Nesmeyanov, A. N., et al., Izvest. Akad. Nauk.
      S.S.S.R., Otdel. Khim. Nauk., p. 708 (1951) (C.A. 46:p. 7514 (1952); and
      .alpha.,.alpha.'-dichlorinated ethers have been produced in manners unlike
      the one mentioned above: Toussaint, W. J., et al., U.S. Pat. No. 2,383,091
      (1945); Nutting, H. S., et al., U.S. Pat. No. 2,095,612 (1937).
PAC  SUMMARY OF THE INVENTION
PAR  The invention consists of compounds having the formula
      ##EQU1##
PAR  (AAE's), wherein X and X' are chlorine or bromine; n is an integer from 1
      to about 4; one of R.sub.1 and R.sub.2 is hydrogen or a hydrocarbon group
      and the other is a hydrocarbon group, provided that the sum of the carbon
      atoms in R.sub.1 and R.sub.2 is from 6 to about 16; one of R.sub.3 and
      R.sub.4 is hydrogen or methyl and the other is hydrogen, phenyl or an
      alkyl group of from 1 to about 7 carbon atoms which alkyl may bear a
      hydroxy, chlorine or bromine substituent; and R.sub.5 is hydrogen or a
      methyl group which may be chlorinated or brominated. The compounds are
      useful as solvents and as dielectric fluids.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The AAE compounds are prepared by mixing an excess amount of an AO,
      preferably ethylene oxide, propylene oxide, butylene oxide, styrene oxide,
      epichlorohydrin or glycidol, with a BMO of from 8 to about 18 carbon
      atoms, preferably a linear 1-olefin of 10-16 carbon atoms, suitably in the
      molar ratio of AO to BMO of about 2 to 1 and reacting the mixture by
      contacting with a sufficient amount of chlorine, bromine or bromine
      chloride, suitably with the halogen XX' and BMO in equimolar ratios.
PAR  The BMO employed may be substantially any aliphatic mono-olefin of from 8
      to about 18 carbon atoms or a vinyl aromatic of from 8 to about 18 carbon
      atoms. Preferably the BMO has about 10 to 16 carbon atoms.
PAR  The preparation of the AAE compounds is conveniently carried out at
      atmospheric pressure and at a temperature of about 0.degree. to
      100.degree.C. The temperature may be lowered as long as the reactants do
      not solidify. The temperature may be increased to at least about
      200.degree.C. if the operation is carried out in an enclosed pressurized
      vessel at a sufficient pressure to keep the nonhalogen reactants from
      boiling. The reaction with chlorine, bromine or bromine chloride is
      instantaneous. (Caution: The halogen should preferably be added to a
      mixture of the other two reactants since a reaction of the halogen with
      the epoxide alone may be quite violent.)
PAR  The reaction mixture is subsequently distilled, suitably at reduced
      pressures, to remove excess epoxide and other low boiling volatiles.
PAR  The compounds of the invention are produced in the above-described process
      where the major product consists of compounds of the above formula where n
      is 1 but is usually found mixed with small amounts of telomers, compounds
      of the above formulae where n is an integer from 2 to about 4;
      predominantly n is 2 and 3. Since all of the reaction products have
      similar structural features, the mixed product is useful in the same
      solvent and dielectric fluid application as the major product, thereby
      obviating the need for separation, which could suitably be performed by
      fractional distillation.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  Each of the following examples of the invention where n is 1 mixed with the
      respective telomers is prepared by carrying out the above-described
      process at about 0.degree.-50.degree.C., under atmospheric pressure and
      employing the corresponding AO, BMO, and XX' reactants. The halogen is
      added to the AO-BMO mixture until the mixture begins to turn slightly
      yellow in color.
PAR  The preferred molar ratio of 2 to 1, AO to BMO, is employed to avoid large
      amounts of undesired excessively chlorinated or brominated by-products.
      Distillation at reduced pressure is used to remove excess AO and lower
      boiling by-products.
DETD
PAC  EXAMPLE 1
PAR  To a stirred solution of 1020 g. (6 m.) of dodecene-1 and 696 g. (12 m.) of
      propylene oxide, 525 g. (7.4 m.) of chlorine (100 parts Cl.sub.2 diluted
      with 25 parts air) was added through a sparger tube at a rate of about 100
      g. of chlorine per hour. The reaction mixture was cooled with an ice bath.
      This mixture was then distilled at reduced pressure, removing excess
      propylene oxide and other low boiling volatiles. When the pot temperature
      reached 145.degree.C. and the head temperature 102.degree.C., at 1 mm.
      pressure, the pot residue was recovered yielding about 1834 g. of product.
      The liquid product was found to be useful as a dielectric fluid, having a
      dielectric constant of 5.2 and a boiling point estimated at 340.degree.C.
PAR  The inventions prepared in this example were the isomers of the structures:
      ##EQU2##
      and higher telomers of these isomers.
PAC  EXAMPLE 2
PAR  A chlorine-air mixture containing 313 g. (4.4 m.) of chlorine was added to
      a solution of 416 g. (4 m.) of styrene and 464 g. (8 m.) of propylene
      oxide in the manner described in Example 1 in an ice bath, maintaining a
      reaction temperature of about 20.degree.C. About 1000 g. of product, a
      liquid with a boiling point of 269.degree.C. and a viscosity of 16.40 cps.
      at 25.degree.C., was recovered by distillation under 0.4 mm. pressure with
      pot and head temperatures of 115.degree.C. and 71.degree.C. respectively.
      Vapor phase chromatography showed the product to be a mixture of lower
      telomers in the ratio of 15:6.5:1 where n=1, n=2 and n.gtoreq.3,
      respectively.
PAR  Nuclear magnetic resonance spectroscopy revealed the presence of two
      isomers, in approximately a 1 to 1 ratio, for the n=1 telomer. These
      isomers were of the structures:
      ##EQU3##
PAC  EXAMPLE 3
PAR  Para-tert.-butyl styrene, 960 g. (6 m.), was mixed with 696 g. (12 m.) of
      propylene oxide and reacted in an ice bath with 461 g. (6.5 m.) of
      chlorine in a chlorine-air mixture as described in Examples 1 and 2,
      above. About 1703 g. of product was recovered by distillation under 4 mm.
      pressure at a pot temperature of 104.degree.C. and a head temperature of
      31.degree.C.
PAR  The inventions prepared in this example were the isomers of the structures:
      ##EQU4##
      and higher telomers of these isomers.
PAR  In addition to the above-described specific embodiments of the invention,
      other mono-olefins and epoxides may be combined and reacted with the XX'
      halogen as described above. Some examples of other suitable reactant
      combinations which may be used to produce compounds of the invention are
      listed in the following table.
TBL  ______________________________________                                    
     TABLE OF EXAMPLES OF THE                                                  
     INVENTION - PRODUCTS OF THE FOLLOWING REACTANTS                           
     Monolefin       Epoxide        Halogen                                    
     (BMO)           (AO)           (XX')                                      
     ______________________________________                                    
     4-Ethyloctene-1 Ethylene oxide Cl.sub.2                                   
     Octene-1        Styrene oxide  Br.sub.2                                   
     Dodecene-1      Glycidol       Cl.sub.2                                   
     Styrene         Epibromohydrin Cl.sub.2                                   
     p.-tert.-Butylstyrene                                                     
                     Butylene oxide Br.sub.2                                   
     Dodecene-2      Epichlorohydrin                                           
                                    Cl.sub.2                                   
     2-Vinylnaphthalene                                                        
                     Ethylene oxide  BrCl                                      
     p.-Vinyltoluene Propylene oxide                                           
                                    Cl.sub.2                                   
     Decene-1        1,2-Octene oxide                                          
                                    Br.sub.2                                   
     2-Bromomethyloctene-1                                                     
                     Propylene oxide                                           
                                     BrCl                                      
     ______________________________________                                    
PAR  The above products are high-boiling liquids useful as dielectric fluids and
      solvents.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound
      ##EQU5##
      wherein X and X' are independently chlorine or bromine, n is an integer
      from 1 to 4, one of R.sub.1 and R.sub.2 is hydrogen or a hydrocarbon group
      and the other is a hydrocarbon group, said hydrocarbon group being the
      residue of a C.sub.8 -C.sub.18 monoolefin or of a C.sub.8 -C.sub.16 vinyl
      aromatic, provided that the sum of the carbon atoms in R.sub.1 and R.sub.2
      is from 6 to 16, one of R.sub.3 and R.sub.4 is hydrogen or methyl and the
      other is hydrogen, phenyl or an alkyl, monohydroxyalkyl, monochloroalkyl
      or monobromoalkyl group of from 1 to about 7 carbon atoms and R.sub.5 is
      hydrogen, methyl, chloromethyl or bromomethyl.
NUM  2.
PAR  2. A compound of claim 1 wherein R.sub.1 is hydrogen and R.sub.2 is a
      hydrocarbon group of from 6 to 16 carbon atoms.
NUM  3.
PAR  3. A compound of claim 2 wherein R.sub.2 is an aliphatic hydrocarbon of
      from 8 to 14 carbon atoms.
NUM  4.
PAR  4. A compound of claim 3 wherein R.sub.2 is a linear octyl or decyl group
      and R.sub.5 is hydrogen.
NUM  5.
PAR  5. A compound of claim 2 wherein R.sub.2 is an aromatic hydrocarbon of from
      6 to 16 carbon atoms.
NUM  6.
PAR  6. A compound of claim 5 wherein R.sub.2 is a phenyl, p.-tolyl,
      p.-tert.-butylphenyl or 2-naphthyl group and R.sub.5 is hydrogen.
NUM  7.
PAR  7. A compound of claim 1 wherein one of R.sub.3 and R.sub.4 is a methyl,
      chloromethyl, bromomethyl, hydroxymethyl, ethyl or phenyl group and the
      other is hydrogen.
NUM  8.
PAR  8. A compound of claim 7 wherein R.sub.2 is a linear octyl or decyl group,
      R.sub.5 is hydrogen and n is 1.
NUM  9.
PAR  9. A compound of claim 8 wherein one of R.sub.3 and R.sub.4 is a methyl
      group and the other is hydrogen.
NUM  10.
PAR  10. A compound of claim 1 wherein n is 1.
NUM  11.
PAR  11. A compound of claim 3 wherein one of R.sub.3 and R.sub.4 is hydrogen
      and the other is hydrogen or an alkyl group of from 1 to about 7 carbon
      atoms and R.sub.5 is hydrogen.
NUM  12.
PAR  12. A compound of claim 11 wherein n is 1 and X and X' are both chlorine.
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ABST
PAL  Methyl tertiary butyl ether may be recovered from etherification reaction
      effluent by azeotropic distillation to recover methanol-ether azeotrope
      overhead which latter is azeotropically distilled in the presence of
      n-pentane to give pure ether bottoms substantially free of water and
      methanol.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the preparation of ethers. More particularly it
      relates to the preparation of unsymmetrical ethers in high yield and
      purity.
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known to those skilled in the art, ethers, including
      unsymmetrical ethers, may be prepared by reacting an alcohol with another
      alcohol to form the desired product. The reaction mixture, containing
      catalyst and/or condensing agent, may be separated and further treated to
      permit attainment of desired product. Such further treatment commonly
      includes one or more distillation operations.
PAR  It is an object of this invention to provide a process for preparing
      ethers. Other objects will be apparent to those skilled in the art from
      the following description.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with certain of its aspects, the novel method of this
      invention for preparing a desired product ether may comprise
PAR  DISTILLING A REACTION MIXTURE CONTAINING METHANOL AND METHYL T-BUTYL ETHER
      IN A FIRST DISTILLING OPERATION THEREBY FORMING FIRST AZEOTROPE OVERHEAD
      CONTAINING METHANOL AND METHYL T-BUTYL ETHER AND FIRST AZEOTROPE BOTTOMS
      CONTAINING METHANOL;
PAR  DISTILLING SAID FIRST AZEOTROPE OVERHEAD CONTAINING METHANOL AND METHYL
      T-BUTYL ETHER IN A SECOND DISTILLATION OPERATION IN THE PRESENCE OF
      N-PENTANE THEREBY FORMING SECOND AZEOTROPE OVERHEAD CONTAINING METHANOL
      AND N-PENTANE AND SECOND AZEOTROPE BOTTOMS CONTAINING DESIRED PRODUCT
      METHYL T-BUTYL ETHER; AND
PAR  WITHDRAWING SAID SECOND AZEOTROPE BOTTOMS CONTAINING DESIRED PRODUCT METHYL
      T-BUTYL ETHER.
PAC  DESCRIPTION OF THE INVENTION
PAR  Preparation of the product ether of this invention may be carried out
      typically be reacting methanol with isobutylene (i.e. isobutene). Although
      the reactants may be impure, it is preferred that they be of reasonable
      purity. Hydrocarbon impurities, if present eg in the isobutene stream may
      readily be removed after etherification.
PAR  Reaction may be carried out utilizing the following reaction conditions:
TBL                TABLE                                                       
     ______________________________________                                    
                 Broad      Preferred  Preferred                               
     Conditions  Range      Range      Value                                   
     ______________________________________                                    
     Temperature .degree.F.                                                    
                 100-300    150-250    200                                     
     Pressure psig                                                             
                  50-750     50-500    300                                     
     Methanol (parts)                                                          
                  150-1500  150-600    500                                     
     Isobutene (parts)                                                         
                 150-700     150-1500  300                                     
     ______________________________________                                    
PAR  The charge isobutene may be present as a portion of a hydrocarbon stream
      which contains inerts such isobutane which do not react during the course
      of reaction; when this is the case they will be removed, as by
      distillation, from the product stream.
PAR  It is a particular feature of the process of this invention that the mole
      ratio of the methanol to the isobutene may be at least about 0.8. It will
      be found however that the advantages inherent in the process may be
      attained to a greater degree if this ratio is greater than 1 and
      preferably 1.2-4.0, say 2.0. Presence of the excess of e.g. methanol
      facilitates purification of the desired unsymmetrical ethers.
PAR  Etherification may be preferably carried out in the presence of a solid
      resin etherification catalyst. These catalysts are preferably relatively
      high molecular weight carbonaceous materials containing at least one
      --SO.sub.3 H group as the functional group. Typical of these catalysts are
      the sulfonated coals ("Zeo-Karb H," "Nalcite X" and "Nalcite AX") produced
      by the treatment of bituminous coals with sulfuric acid. These materials
      are usually available in a neutralized form and in this case must be
      activated to the hydrogen form by treatment with a strong mineral acid
      such as hydrochloric acid, followed by water washing to remove sodium and
      chloride ions prior to use.
PAR  The sulfonated resin type catalysts are preferred for use in the present
      invention. These catalysts include the reaction products of
      phenol-formaldehyde resins and sulfuric acid ("Amberlite IR-1", "Amberlite
      IR-100", and "Nalcite MX"). Also useful are the sulfonated resinous
      polymers of coumarone-indene with cyclopentadiene; sulfonated polymers of
      coumarone-indene with furfural; sulfonated polymers of coumarone-indene
      with cyclopentadiene and furfural; and sulfonated polymers of
      cyclopentadiene with furfural.
PAR  The most preferred cationic exchange resins are strongly acidic exchange
      resins consisting essentially of sulfonated polystyrene resin, for
      instance, a divinylbenzene cross-linked polystyrene matrix having 0.5-20%
      and preferably 4-16% of copolymerized divinylbenzene therein, bearing
      ionizable or functional nuclear sulfonic acid groups. These resins are
      manufactured and sold commercially under various trade names such as
      "Dowex 50", "Nalcite HCR" and Amberlyst 15". As commercially obtained they
      have a solvent content of about 50% and can be used as is or the solvent
      can be removed first. The resin particle size may typically be 10 to 50
      mesh (U.S. Sieve Series).
PAR  The reaction may be carried out in either a stirred slurry reactor or in a
      fixed bed continuous flow reactor. The catalyst concentration should be
      sufficient to provide the desired catalytic effect. Generally in a stirred
      reactor, catalyst concentration should be 0.1-10% (dry basis) by weight of
      the reactor contents, 0.2 to 5% being the preferred range.
PAR  There may thus be added to the reaction operation in the preferred
      embodiment, 500 parts of the methanol and 500 parts of isobutene. During
      reaction, the desired product methyl terbutyl ether is formed by reaction
      of methanol and isobutene. Etherification is preferably carried out at
      100.degree.F-300.degree.F, preferably 150.degree.F-250.degree.F, say
      200.degree.F; and the pressure may be 50-750 psig, preferably 50-500 psig,
      say 300 psig. The typical crude product stream may contain 214-414 parts,
      say 273 parts of methanol, 0-350 parts, say 102 parts of isobutene, and
      236-786 parts, say 625 parts of methyl tertiary butyl ether.
PAR  The crude product stream so obtained is passed to a separation operation
      wherein 0-100 parts, say 10 parts of isobutene are flashed off.
PAR  In the preferred embodiment, this isobutene is recovered and recycled to
      the etherification operation. If the system contains undesirable volatile
      components, these may be separated out at this point.
PAR  The flashed crude product contains substantially only methanol, isobutene,
      and methyl t-butyl ether; and because of the control of the mole ratio of
      methanol to isobutene in the etherification reaction, the content of
      methanol in the flashed ether stream is typically at least 15%, and more
      typically 20  - 50%, preferably 20  - 30%, say 27%. At the pressure of
      operation of the first azeotropic distilling operation, the quantity of
      methanol in an azeotropic mixture with methyl tertiary butyl ether is
      about 15%; and thus there is preferably at least this much methanol
      present in the flashed crude product.
PAR  Flashed crude product i.e. separated etherification reaction mixture which
      has been stripped or denuded of isobutene is heated to
      120.degree.F-150.degree.F, preferably 125.degree.F-135.degree.F, say
      130.degree.F and passed to first distilling operation at 0-40 psig,
      preferably 0-10 psig, say 0 psig.
PAR  Overhead withdrawn from the first distilling operation typically at
      115.degree.F-125.degree.F, say 118.degree.F is an azeotrope of methanol
      and methyl tertiary butyl ether containing eg at atmospheric pressure, say
      15% of methanol. This stream is condensed; the non-condensibles
      (isobutene) are recovered and may be recycled to etherification.
PAR  After return of pumped reflux to the first azeotropic distillation, the
      azeotrope condensate typically containing 40-140 parts, say 110 parts of
      methanol and 236-786 parts, say 625 parts of ether, are heated to
      100.degree.F-110.degree.F, say 105.degree.F and passed to a second
      azeotropic distillation operation. To this second azeotropic distillation
      there is also added normal pentane as azeotroping agent. Although the
      n-pentane need not be pure, in the preferred embodiment, it is so.
      Preferably 400-1540 parts, say 1100 parts of n-pentane are admitted. This
      corresponds to 10-11 parts, say 10.5 parts of n-pentane per part of
      methanol. Preferably at least about 10 parts of n-pentane will be admitted
      per part of methanol.
PAR  Charge to the second azeotropic distillation is admitted there to at 0 - 20
      psig, preferably say 0 psig. Bottoms, withdrawn at
      130.degree.F-138.degree.F, preferably 130.degree.F-135.degree.F, say
      134.degree.F, include 236-786 parts, say 625 parts of product methyl
      tertiary butyl ether of high purity.
PAR  Overhead from the second azeotropic distillation, recovered at
      80.degree.F-90.degree.F, preferably 85.degree.F-90.degree.F, say
      87.degree.F and condensed, includes (after separation and return to the
      tower of pumped reflux) preferably 40-140 parts, say 110 parts of methanol
      and 400-1540 parts, say 1112 parts of pentane. The second azeotropic
      overhead contains 90%-92%, say 91% n-pentane and 8%-10%, say 9% methanol
      at preferred operating pressure of 0 psig. This stream is passed to a
      contacting operation. Here it is contacted at 40.degree.F-120.degree.F,
      say 70.degree.F with 200 - 1000 parts, preferably 300-600 parts, say 400
      parts of aqueous extraction liquid, typically water which may contain eg
      small quantities of methanol.
PAR  Raffinate, withdrawn from the contacting operation, typically includes
      preferably 400-1540 parts, say 1110 parts of n-pentane, preferably 1 - 5
      parts say 1 parts of water, and 5 - 25 parts, preferably less than 5 parts
      of methanol. This stream is heated to preferably 90.degree.F, say
      97.degree.F and passed to a fractionation operation.
PAR  Fractionation is carried out to give as fractionator overhead at preferably
      90.degree.F-100.degree.F, say 97.degree.F, a substantially pure n-pentane
      steam. After condensation and return of pumped reflux to the fractionator,
      the net product is found to include preferably 400-1540 parts, say 1110
      parts of n-pentane, This stream is preferably recycled at least in part to
      the second azeotropic distillation operation.
PAR  Fractionator bottoms, after reboiling, as say 100.degree.F include say 2
      parts of water and 5 parts of methanol. This stream is preferably recycled
      at least in part to the contacting operation.
PAR  The bottoms from the first azeotropic distillation, after reboiling, are
      withdrawn at 150.degree.F - 160.degree.F, say 155.degree.F in amount of
      70-370 parts, say 163 parts. This stream is preferably combined with the
      aqueous extract from the extraction operation to form a stream containing
      water.
PAR  The methanol-water stream is heated to 140.degree.F - 150.degree.F,
      preferably 145.degree.F - 155.degree.F, say 150.degree.F and passed to a
      rectification operation. Rectifier bottoms, recovered at 200.degree.F -
      215.degree.F, say 212.degree.F is substantially pure water.
PAR  Rectifier overhead recovered at 145.degree.F-150.degree.F, say
      149.degree.F, after condensation and return of pumped reflux, includes
      substantially pure methanol. Net overhead is preferably recycled in whole
      or in part to the etherification operation.
PAR  It is a particular feature of the process of this invention that it permits
      ready production and recovery of desired product ether in high purity. The
      process readily permits product ether to be obtained which is
      substantially free of methanol and water. These components are undesirable
      because when the product ether is blended into gasoline formulations, (a)
      methanol will extract water from tank bottoms and (b) water will cause the
      gasoline to be hazy.
PAR  Attempts to remove water from product ether have heretofore not been
      possible by simple distillation. Removal of methanol from product ether
      has also been difficult. The solubility of the ether in water also
      contributes to the problem. In the instant process, no water washing of
      streams containing product ether is necessary; and thus losses of ether
      are minimized.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAR  Practice of the process of this invention may be apparent to those skilled
      in the art from the following wherein, as elsewhere in this description,
      all parts are parts by weight unless otherwise specified. It will be
      apparent that the drawing is schematic and may not show details of the
      processing technique including eg pumps, vessels, heat exchangers, etc.
PAR  In the drawing, the lines are identified as containing the following
      components:
TBL  M               methanol                                                  
     E               methyl t-butyl ether                                      
     W               water                                                     
     P               n-pentane                                                 
     B               isobutene                                                 
PAL  It will be apparent that certain lines bearing a particular label may
      contain small amounts of other components. For example line 23, bearing
      the legend E + M, may contain small amounts of isobutene.
PAR  In the drawing which represents practice of a preferred embodiment of the
      process of this invention, 240 parts of fresh methanol are admitted
      through line 10 together with 260 parts of recycle methanol admitted
      through line 11 to form in line 12 a stream containing 500 parts (15.6
      moles) of substantially anhydrous methanol. There are also admitted 398
      parts of fresh isobutene through line 13 and 102 parts of recycle
      isobutene through line 14 to form in line 15 a stream containing 500 parts
      (8.9 moles) of isobutene together with the methanol.
PAR  Charge in line 15 is admitted to etherification operation 16 wherein it
      contacts 87 parts of Amberlyst 15 Sulfonic Acid Resin ion exchange
      catalyst (Rohm and Haas Inc) at a WHSV of 11.5. Amberlyst 15 is a
      cationic, strongly acidic, exchange resin containing a sulfonated
      polystyrene resin crosslinked with divinyl benzene. Reaction mixture
      leaves the etherification operation at 200.degree.F and 300 psig.
PAR  Reaction mixture i.e. crude product in line 17 contains 273 parts of
      methanol, 102 parts of isobutene, and 625 parts of methyl t-butyl ether.
      This stream is passed to separation operation 18, preferably a flashing
      operation wherein 10 parts of isobutene are flashed off and passed through
      line 19 to line 14. Flashed crude product is passed through line 20,
      heated to 130.degree.F in heat exchanger 21 and admitted to first
      distillation tower 22 at 0 psig.
PAR  First azeotrope overhead is withdrawn from first distillation tower 22 at
      118.degree. F through overhead line 23, condensed in condenser 24, and
      collected in drum 25. Isobutene in amount 92 parts may be withdrawn
      through line 26 and passed to line 14. Pumped reflux may be passed through
      line 27; and net product azeotrope overhead in line 28 may contain 110
      parts of methanol and 625 parts of methyl t-butyl ether.
PAR  First azeotrope overhead in line 28 is passed through exchanger 29 and line
      30 to second distillation operation 31. Also admitted to line 28 through
      line 32 is 1112 parts of n-pentane; this total stream in line 28 is heated
      in exchanger 29 and admitted to tower 31 at 0 psig and 100.degree.F.
PAR  Second azeotrope bottoms are withdrawn at 134.degree.F through line 33,
      after reboiling in reboiler circuit 34, in amount of 625 parts of
      substantially pure methyl t-butyl ether containing less than 0.015 parts
      of water and less than 0.005 parts of methanol. This represents a yield of
      80% of product ether of purity greater than 99%.
PAR  Second azeotrope overhead recovered in line 35 at 87.degree.F is condensed
      in condenser 36 and collected in drum 37. Pumped reflux is passed through
      line 38. Net product in line 39 includes 110 parts of methanol 1112 parts
      of n-pentane.
PAR  The net product second azeotrope overhead in line 39 is contacted at
      70.degree. F and 0 psig with 400 parts of water (admitted through line 40)
      in contacting operation 41 to which the combined streams are admitted
      through line 42. Raffinate from operation 41, containing 1110 parts of
      n-pentane, 2 parts of water, and 5 parts of methanol, is withdrawn through
      line 43, heated to 97.degree.F in heat exchanger 44 and passed to
      fractionation operation 45 at 0 psig.
PAR  Fractionation overhead is withdrawn at 97.degree.F through line 46,
      condensed in condenser 48, and collected in vessel 49. Pumped reflux is
      passed through line 50. Net product fractionation overhead in line 51,
      including 1110 parts of n-pentane, 0 parts of water, and 0 parts of
      methanol, is passed through line 51 to join with the stream in line 32.
      n-pentane may be withdrawn, or more commonly added through line 52 to
      satisfy the needs of the system.
PAR  Fractionator bottoms containing water, after reboiling in reboiler circuit
      52, are withdrawn at 100.degree.F through line 53 in amount of 2 parts of
      water, and 5 parts of methanol. Water may be withdrawn and/or added
      through line 54; and the total water from line 53 and 54 may be passed
      through line 40 to contacting operation 41.
PAR  First azeotrope bottoms, after reboiling in reboiler circuit 55 are
      withdrawn at 155.degree.F in line 56 in amount of 163 parts of methanol.
      (If the operation is carried out so that the methanol is pure, it may be
      recycled through line 67 to line 10.) To this stream in line 56 is added
      398 parts of water and 110 parts of methanol from line 57 and the total
      passed through line 58 and heat exchanger 59 wherein it is heated to
      150.degree.F. (It may be desirable to recycle at least a portion of the
      stream in line 57 through line 68 to operation 41 until the methanol
      content thereof has increased. The so-heated stream is introduced to
      rectification operation 60 at 0 psig.
PAR  Overhead from rectification operation 60, withdrawn at 149.degree.F and 0
      psig through line 61, is condensed in condenser 62, and collected in drum
      63. Pumped reflux is passed through line 64. Net product 260 parts of
      substantially pure methanol is passed through line 11 as recycle methanol
      to etherification operation 16 via lines 12 and 15.
PAR  Bottoms from rectifier 60, after reboiling in reboiler circuit 65, as
      withdrawn at 215.degree.F through line 66, include 398 parts of water;
      this may be recycled if desired, in whole or in part to line 40 through
      line 54.
PAR  Although this invention has been illustrated by reference to specific
      embodiments, it will be apparent to those skilled in the art that various
      changes and modifications may be made which clearly fall within the scope
      of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method which comprises
PA1  distilling a reaction mixture containing methanol and methyl t-butyl ether
      in a first distilling operation thereby forming first azeotrope overhead
      containing methanol and methyl t-butyl ether and first azeotrope bottoms
      containing methanol;
PA1  distilling said first azeotrope overhead containing methanol and methyl
      t-butyl ether in a second distillation operation in the presence of
      n-pentane thereby forming second azeotrope overhead containing methanol
      and n-pentane and second azeotrope bottoms containing desired product
      methyl t-butyl either; and
PA1  withdrawing said second azeotrope bottoms containing desired product methyl
      t-butyl ether.
NUM  2.
PAR  2. The method claimed in claim 1 wherein in said reaction mixture the mole
      ratio of methanol to isobutene is at least about 0.8.
NUM  3.
PAR  3. The method claimed in claim 1 wherein in said reaction mixture the mole
      ratio of methanol to isobutene is greater than 1.
NUM  4.
PAR  4. The method claimed in claim 1 wherein said first distilling operation is
      carried out at 0 - 5 psig.
NUM  5.
PAR  5. The method claimed in claim 1 wherein said first azeotrope overhead
      contains 83 - 87% methyl tertiarybutyl ether and 13 % - 17 % methanol.
NUM  6.
PAR  6. The method claimed in claim 1 wherein said first azeotrope bottoms
      consists essentially of methanol.
NUM  7.
PAR  7. The method claimed in claim 1 wherein the charge to said second
      distillation operation includes 10 - 11 parts of n-pentane per part of
      methanol.
NUM  8.
PAR  8. The method claimed in claim 1 wherein the charge to said second
      distillation operation includes at least 10 parts of n-pentane per part of
      methanol.
NUM  9.
PAR  9. The method claimed in claim 1 wherein said second azeotrope overhead
      contains 90 - 92 % n-pentane and 8 - 10 % methanol.
NUM  10.
PAR  10. The method claimed in claim 1 wherein said second azeotrope overhead
      contains about 91 % n-pentane and 9 % methanol.
NUM  11.
PAR  11. The method claimed in claim 1 wherein said second azeotrope bottoms
      consists essentially of methyl tertiary-butyl ether.
NUM  12.
PAR  12. The method which comprises
PA1  distilling a reaction mixture containing methanol and methyl t-butyl ether
      in a first distilling operation thereby forming first azeotrope overhead
      containing methanol and methyl t-butyl ether and first azeotrope bottoms
      containing methanol;
PA1  distilling said first azeotrope overhead containing methanol and methyl
      t-butyl ether in a second distillation operation in the presence of
      n-pentane thereby forming second azeotrope overhead containing methanol
      and n-pentane and secnd azeotrope bottoms containing desired product
      methyl t-butyl ether;
PA1  rectifying at least a portion of said first azeotrope bottoms containing
      methanol and at least a portion of said aqueous extract containing water
      and methanol thereby forming a rectification overhead containing methanol;
PA1  recovering said rectification overhead containing methanol;
PA1  withdrawing said second azeotrope bottoms containing desired product methyl
      t-butyl ether;
PA1  contacting said second azeotrope overhead containing methanol and n-pentane
      in a contacting operation with water thereby forming aqueous extract
      containing water and methanol and raffinate containing n-pentane;
PA1  fractionating said raffinate thereby forming fractionation overhead
      containing n-pentane and fractionation bottoms containing water; and
PA1  passing at least a portion of said fractionation overhead containing
      n-pentane to said second distillation operation.
NUM  13.
PAR  13. The method which comprises
PA1  reacting methanol and isobutene in the presence of a solid resin
      etherification catalyst thereby forming a reaction mixture including
      unreacted methanol, unreacted isobutylene, and product methyl t-butyl
      ether;
PA1  separating said unreacted isobutene from said reaction mixture thereby
      forming a separated reaction mixture containing unreacted methanol and
      product methyl t-butyl ether;
PA1  distilling said separated reaction mixture containing methanol and methyl
      t-butyl ether in a first distilling operation thereby forming first
      azeotrope overhead containing methanol and methyl t-butyl ether and first
      azeotrope bottoms containing methanol;
PA1  distilling said first azeotrope overhead containing methanol and methyl
      t-butyl ether in a second distillation operation in the presence of
      n-pentane thereby forming second azeotrope overhead containing methanol
      and n-pentane and second azeotrope bottoms containing desired product
      methyl t-butyl ether;
PA1  withdrawing said second azeotrope bottoms containing desired product methyl
      t-butyl ether;
PA1  contacting said second azeotrope overhead containing methanol and n-pentane
      in a contacting operation with water thereby forming aqueous extract
      containing water and methanol and raffinate containing n-pentane;
PA1  fractionating said raffinate thereby forming fractionation overhead
      containing n-pentane and fractionation bottoms containing water.
NUM  14.
PAR  14. The method which comprises
PA1  reacting methanol and isobutene in the presence of a solid resin
      etherification catalyst thereby forming a reaction mixture including
      unreacted methanol, unreacted isobutylene, and product methyl t-butyl
      ether;
PA1  separating said unreacted isobutene from said reaction mixture thereby
      forming a separated reaction mixture containing 20 - 50% of unreacted
      methanol and 40% - 70 % of product methyl t-butyl ether;
PA1  distilling said separated reaction mixture in a first distilling operation
      thereby forming first azeotrope overhead containing 13 - 17 % of methanol
      and 83 % - 87 % of methyl t-butyl ether and first azeotrope bottoms
      containing methanol;
PA1  distilling said first azeotrope overhead containing methanol and methyl
      t-butyl ether in a second distillation operation in the presence of 10 -
      11 parts of n-pentane per part of methanol thereby forming second
      azeotrope overhead containing 8% - 10% of methanol and 90- 92% of
      n-pentane and second azeotrope bottoms consisting essentially of desired
      product methyl t-butyl ether;
PA1  withdrawing said second azeotrope bottoms containing desired product methyl
      t-butyl ether;
PA1  contacting said second azeotrope overhead containing methanol and n-pentane
      in a contacting operation with 3 - 4 parts of water per part of methanol
      thereby forming aqueous extract containing water and methanol and
      raffinate containing n-pentane;
PA1  fractionating said raffinate thereby forming fractionation overhead
      containing n-pentane and fractionation bottoms containing water;
PA1  passing at least a portion of said fractionation overhead containing
      n-pentane to said second distillation operation;
PA1  rectifying at least a portion of said first azeotrope bottoms containing
      methanol and at least a portion of said aqueous extract containing water
      and methanol thereby forming a rectification overhead containing methanol;
      and
PA1  passing at least a portion of said rectification overhead containing
      methanol to said reaction operation.
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ABST
PAL  A process of recovering BHT values from the mother liquors of the
      crystallization of BHT obtained by alkylating p-cresol with isobutylene in
      the presence of a catalyst and crystallizing the BHT, comprises thermally
      cracking the starting mother liquor at a temperature of from 200.degree.C
      to 250.degree.C in the presence of an acid catalyst to reform the cresol
      polymers, steam distilling the cracked mixture to increase the p-cresol
      content and remove the diisobutylene, realkylating the steam-distilled
      reaction mixture with additional isobutylene, to produce a crystallizable
      mixture of BHT having a BHT concentration of from 80 to 85% by weight, and
      recovering the BHT by crystallization.
PAL  The mother liquors remaining after realkylation and crystallization can be
      admixed with the starting mother liquors and reused in the thermal
      cracking step of the process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention refers to processes of recovering BHT values from the
      mother liquors of the crystallization of BHT obtained by alkylating
      p-cresol with isobutylene and, more particularly, it is related to a novel
      process of recovering said BHT values from mother liquors which contain
      relatively high concentrations of crystallization inhibiting compounds
      such as diisobutylene and lower and higher polymers of cresol preventing
      further crystallization of BHT.
PAR  In the past is has been very well known that 2,6-di-tert-butyl-p-cresol,
      also known as butylated hydroxy toluene or BHT, can be easily obtained by
      alkylation of p-cresol with isobutylene in the presence of a suitable acid
      catalyst such as sulfuric acid or phosphoric acid. This process for
      producing BHT, however, comprises as the last step a crystallization
      operation in order to remove the 2,6-di-tert-butyl-p-cresol from the
      reacted mixture obtained by the alkylation reaction with normal yields of
      BHT of from 75 to 80% of the theoretically possible obtention of BHT from
      the starting materials.
PAR  The mother liquors of the BHT crystallization step generally contain high
      proportions of diisobutylene and lower and higher polymers of cresol,
      together with realkylatable material consisting of residual p-cresol and
      monobutylated hydroxy toluene (tert-butyl-p-cresol) whereby it has been
      thought that realkylation of these BHT values could be effected to form
      additional BHT and thereby increase the amount already contained in said
      mother liquors to be furtherly crystallized. However, it has been shown
      that, while realkylation of the monoalkylated hydroxy toluene and of the
      residual p-cresol contained in the mother liquors can be easily effected
      by the very well known catalytic alkylation reaction described above, it
      is practically impossible to crystallize the thus obtained BHT from the
      resulting realkylated mixture, in view of the fact that apparently the
      presence of large proportions of diisobutylene and of lower and higher
      polymers of cresol, act as crystallization inhibiting compounds which
      prevent said crystallization.
PAR  In view of the above, regardless of the fact that the BHT values extant in
      the mother liquors of crystallization of the BHT-process clearly indicate
      that realkylation of said mother liquors could be effected in order to
      recover said BHT values, the existence of said crystallization inhibiting
      compounds (diisobutylene and cresol polymers) has prevented hereinbefore
      the use of these mother liquors in order to recover the BHT values
      contained therein, thus forcing the manufacturers to consider these mother
      liquors as waste materials which should be disposed of at a relatively
      high cost.
PAR  In view of the above, a process for the removal of the diisobutylene and
      lower and higher polymers of cresol from mother liquors obtained from the
      crystallization of BHT from the reacted mixture of p-cresol and
      isobutylene has been for long sought, which could economically remove said
      objectionable materials and thus provide a mother liquor which could be
      realkylated to recover the BHT values contained therein in large
      proportions.
PAR  Serious attempts have been made in the past to try to remove these
      objectionable crystallization inhibiting materials from the mother liquors
      of the BHT-process, without any success, inasmuch as all said processes
      relied mainly on the fractional distillation of the materials, which is a
      rather expensive procedure and does not provide for the proper reduction
      of the lower and higher polymers of cresol, regardless of the fact that
      said distillation process indeed reduces the contents of diisobutylene in
      the mother liquors. In other words, a vacuum distillation process of the
      mother liquors generally considerably reduces the content of the
      objectionable diisobutylene, but has the undesirable side effect of
      furtherly polymerizing the existing cresol and the monobutylated hydroxy
      toluene, forming additional amounts of lower cresol polymers and also has
      the objectionable side effect of furtherly polymerizing the lower polymers
      of cresol to produce certain amounts of higher polymers of cresol which
      are still more objectionable as to the properties of the mixture to permit
      efficient crystallization of the BHT which may be produced by realkylation
      of the BHT values contained therein.
PAR  The vacuum distillation procedures used heretofore, therefore, have not
      been successful, and certain other attempts involving reactions with
      proper reactants to precipitate the polymers of cresol have also been
      unsuccessful, thereby rendering said processes unuseful in industry,
      whereby the said mother liquors of the BHT-process have remained as waste
      materials without possibility of any further use for the recovery of the
      BHT values contained therein.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Having in mind the defects of the prior art procedures for recovering BHT
      values from mother liquors of recrystallization of BHT, it is an object of
      the present invention to provide a highly economical and efficient process
      for the recovery of such BHT values from mother liquors of crystallization
      of the BHT process, which will solve all the problems of the prior art
      processes.
PAR  Another object of the present invention is to provide a process for the
      recovery of BHT values, of the above described character, which will
      considerably and economically reduce the concentrations of diisobutylene
      and cresol polymers from said mother liquor, thus permitting proper
      crystallization of the BHT obtained by realkylation thereof.
PAR  Still another object of the present invention is to provide a process for
      the recovery of BHT values, of the above mentioned character, which
      besides permitting efficient crystallization of realkylated BHT values,
      will produce a mother liquor suitable to be reused for further recovery of
      BHT values in admixture with the starting mother liquor.
PAR  A more particular object of the present invention is to provide a process
      for the recovery of BHT values, in accordance with the above, which will
      increase the concentration of said BHT values in order to obtain a high
      concentration of realkylatable material to be converted into fully
      crystallizable BHT.
PAR  The novel features that are considered characteristic of the present
      invention are set forth with particularity in the appended claims. The
      invention itself, however, both as to its organization and its method of
      operation, together with additional objects and advantages thereof, will
      best be understood from the following description of specific embodiments,
      which are to be considered as illustrative and not as limitative of the
      true spirit and scope of the invention.
PAC  DETAILED DESCRIPTION
PAR  In the prior art process for the obtention of BHT, p-cresol is reacted with
      isobutylene in the presence of an acid catalyst, preferably a mineral acid
      such as sulfuric or phosphoric acids, and at a temperature of from
      50.degree.C to 90.degree.C, in order to obtain a reacted mixture
      containing high concentrations of BHT, and then crystallizing said reacted
      mixture, in order to precipitate the BHT which is generally obtained with
      a yield of from 75 to 80% of the theoretical yield, leaving a mother
      liquor of crystallization containing relatively high concentrations of BHT
      values in the form of residual p-cresol and mono-tert-butyl-p-cresol. The
      process for the obtention of BHT can be represented by means of the
      following equation:
      ##SPC1##
PAR  The 2,6-di-ter-butyl-p-cresol thus obtained, is generally accompanied, in
      the reacted mixture, by measurable proportions of certain side products,
      such as diisobutylene, mono-tert-butyl-p-cresol, lower polymers and higher
      polymers of cresol, as well as residual unreacted p-cresol.
PAR  Upon crystallization of the BHT, the residual mother liquors from said
      crystallization have a typical composition as follows:
TBL  diisobutylene        5-9%                                                 
     p-cresol             0.4-1%                                               
     mono-tert-butyl-p-cresol                                                  
                          30-38%                                               
     2,6-di-tert-butyl-p-cresol                                                
                          40-45%                                               
     lower cresol polymers                                                     
                          15-18%                                               
PAR  If this mother liquor is distilled under vacuum, the objectionable
      crystallization inhibiting materials, namely, diisobutylene and cresol
      polymers are not removed therefrom, inasmuch as, while a considerable
      reduction in the concentration of diisobutylene is obtained by
      distillation, the concentration of cresol polymers is increased and some
      higher cresol polymers are formed, whereby if said mother liquor is
      distilled under vacuum in accordance with the prior art, a mixture of the
      following composition is obtained:
TBL  diisobutylene        1-2%                                                 
     p-cresol              1-1.5%                                              
     mono-tert-butyl-p-cresol                                                  
                          35-40%                                               
     2,6-di-tert-butyl-p-cresol                                                
                          38-42%                                               
     lower cresol polymers                                                     
                          17-20%                                               
     higher cresol polymers                                                    
                          0.5-1%                                               
PAR  From the above, it can be seen that, while the concentration of
      diisobutylene, which is highly objectionable to obtain proper
      crystallization of BHT upon realkylation, is considerably reduced, the
      same is not true of the cresol polymers, which concentration slightly
      increases and still more objectionable higher cresol polymers are formed
      during the distillation process, which prevent use of this distilled
      mother liquor in the realkylation of the BHT values in order to obtain a
      crystallizable reacted solution in accordance with the present invention.
PAR  In view of the above, in accordance with the process of the present
      invention, the crystallization mother liquor of a typical composition as
      per the above, is firstly subjected to a thermal cracking by heating the
      mother liquor to a temperature of around 200.degree.C to 250.degree.C,
      preferably 220.degree.C, in the presence of a catalyst, preferably an acid
      catalyst and still more preferably a strong mineral acid such as sulfuric
      or phosphoric acids, whereby the cresol polymers are drastically cracked
      down into their components, thus considerably reducing the concentration
      of said polymers and at the same time considerably increasing the
      concentration of p-cresol which is produced by the cracking of said cresol
      polymers and also considerably increasing the concentration of
      mono-tert-butyl-p-cresol and also reducing the concentration of the
      residual 2,6-d-tert-butyl-p-cresol. A typical composition of the cracked
      mixture is as follows:
TBL  diisobutylene        16-20%                                               
     p-cresol              9-12%                                               
     mono-tert-butyl-p-cresol                                                  
                          46-50%                                               
     2,6-di-tert-butyl-p-cresol                                                
                          20-23%                                               
     lower cresol polymers                                                     
                          1- 2%                                                
     higher cresol polymers                                                    
                           0%                                                  
PAR  The thus obtained cracked mixture is then steam distilled in order to
      drastically reduce the concentration of diisobutylene which is also highly
      objectionable for the proper and efficient crystallization of BHT. Upon
      steam distillation, a typical composition of the distilled mixture is as
      follows:
TBL  diisobutylene        1-2%                                                 
     p-cresol             15-20%                                               
     mono-tert-butyl-p-cresol                                                  
                          50-58%                                               
     2,6-di-tert-butyl-p-cresol                                                
                          20-25%                                               
     lower polymers of cresol                                                  
                          2-3%                                                 
PAR  From the above description of the typical composition of the steam
      distilled cracked mixture obtained in accordance with the process of the
      present invention, it can be seen that all the objectionable materials,
      which prevent efficient crystallization of the BHT from the reacted
      mixture, have been decreased in their concentrations down to a minimum
      which cannot be considered objectionable any more. Thus, the concentration
      of diisobutylene has been reduced to a value of from 1 to 2% by weight and
      the concentration of the lower polymers of cresol has been reduced down to
      2 to 3% by weight, which cannot be considered as objectionable
      concentrations. It will also be noted that no higher cresol polymers are
      formed during the steam distillation process, whereby these highly
      objectionable materials do not exist in the reaction mixture obtained in
      accordance with the process of the present invention.
PAR  The above reaction mixture is then alkylated in strict accordance with the
      very well known BHT process, by the addition of suitable amounts of
      isobutylene, as well as the proper catalyst, in order to realkylate all
      the BHT values contained therein, namely, the mono-butylated hydroxy
      toluene and the residual p-cresol which, in relatively large
      concentrations, are present in said reaction mixture obtained by the
      process of the present invention.
PAR  Upon realkylating the reaction mixture, a typical composition as follows is
      obtained:
TBL  diisobutylene         0-0.5%                                              
     p-cresol             0.5-1%                                               
     mono-tert-butyl-p-cresol                                                  
                          4-6%                                                 
     2,6-di-tert-butyl-p-cresol                                                
                          80-85%                                               
     lower cresol polymers                                                     
                           8-12%                                               
PAR  The reactions which are effected during alkylation of the reaction mixture
      obtained in accordance with the process of the present invention, are
      represented by the following condensed equation:
      ##SPC2##
PAR  As relatively high concentrations of p-cresol and of mono-butylated hydroxy
      toluene exist in the reaction mixture obtained in accordance with the
      cracking and steam distillation process of the present invention, very
      good yields of 2,6-di-tert-butyl-p-cresol (BHT) are obtained which, upon
      crystallization of the reacted mixture, render an overall yield of from
      about 60 to 70% of BHT, with respect to the theoretical yield. This
      crystallization, on the other hand, produces residual mother liquors
      having a composition very similar to the composition of the starting
      mother liquor, whereby said residual mother liquors can be admixed with
      the stream of the starting mother liquor in order to be reused and
      retreated in the process of the present invention.
PAR  From the above, it can be seen that practically no BHT values are wasted,
      inasmuch as the residual mother liquors obtained upon realkylation and
      crystallization of the reaction mixture of the present invention are fully
      reused.
DETD
PAR  The present invention will be more clearly understood from the following
      illustrative examples.
PAC  EXAMPLE 1
PAR  56 grams (1 mole) of isobutylene were reacted with 104 grams (1 mole) of
      p-cresol in a suitable reactor, in the presence of a small amount of
      phosphoric acid and at a temperature of about 80.degree.C. The reaction
      mixture was subjected to crystallization, in order to precipitate the thus
      formed 2,6-di-tert-butyl-p-cresol as a product. The mother liquors
      obtained from the crystallization step had an analysis as follows:
TBL  diisobutylene        7.81%                                                
     p-cresol             0.41%                                                
     mono-tert-butyl-p-cresol                                                  
                          34.32%                                               
     2,6-di-tert-butyl-p-cresol                                                
                          41.22%                                               
     lower cresol polymers                                                     
                          16.34%                                               
PAR  The above mother liquor was subjected to thermal cracking by heating the
      same to a temperature of about 220.degree.C in the presence of a small
      amount of phosphoric acid, thereby causing a considerable cracking of the
      cresol polymers, and of the BHT itself, thus producing a cracked
      composition having the following analysis:
TBL  diisobutylene        18.67%                                               
     p-cresol             10.36%                                               
     mono-tert-butyl-p-cresol                                                  
                          48.08% -2,6-di-tert-butyl-p-cresol 21.47%            
     lower cresol polymers                                                     
                          1.42%                                                
PAR  The thus obtained cracked composition was steam distilled, where by a
      considerable reduction in the concentration of diisobutylene was obtained.
      The distillate showed the following analysis:
TBL  diisobutylene        1.82%                                                
     p-cresol             17.6%                                                
     mono-tert-butyl-p-cresol                                                  
                          54.6%                                                
     2,6-di-tert-butyl-p-cresol                                                
                          23.1%                                                
     lower cresol polymers                                                     
                          2.7%                                                 
PAR  Approximately 1000 grams of the above described steam distilled reaction
      mixture was realkylated in a suitable reactor, by the addition of about
      270 grams of isobutylene in the presence of a small amount of phosphoric
      acid and at a temperature of around 60.degree.C, whereby practically all
      of the p-cresol in said mixture and around 90% of the
      mono-tert-butyl-p-cresol were realkylated to form additional
      2,6-di-tert-butyl-p-cresol, thus producing a reacted mixture showing the
      following analysis:
TBL  diisobutylene        0.05%                                                
     p-cresol             0.93%                                                
     mono-tert-butyl-p-cresol                                                  
                          5.46%                                                
     2,6-di-tert-butyl-p-cresol                                                
                          83.46%                                               
     lower cresol polymers                                                     
                          10.1%                                                
PAR  The above reacted mixture was crystallized, with a recovery of around 62%
      by weight of the theoretical yield of 2,6-di-tert-butyl-p-cresol. A mother
      liquor showing an analysis very similar to the analysis of the starting
      mother liquor was obtained and said liquor was then admixed with the
      incoming starting mother liquor to reuse the same during a further cycle
      of operation.
PAR  The crystallization of the 2,6-di-tert-butyl-p-cresol was effected in a
      very efficient manner, and the product was easily crystallizable from this
      mixture due to the removal of the highly objectionable crystallization
      inhibiting compounds diisobutylene and cresol polymers down to a tolerable
      value.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated by using a small amount of sulfuric
      acid instead of the phosphoric acid in all the catalyzed steps of the
      process, with the obtention of entirely similar results.
PAR  From the above it can be seen that a very economical, efficient and
      practical process has been provided for the recovery of BHT values from
      the mother liquors of the crystallization of BHT obtained by reacting
      p-cresol with isobutylene in the presence of an acid catalyst. The process
      of the present invention is capable of removing objectionable amounts of
      crystallization inhibiting compounds, namely, diisobutylene and lower and
      higher polymers of p-cresol extant in said mother liquors, whereby the
      thus treated mother liquors can be easily subjected to realkylation and
      crystallization with high yields of BHT.
PAR  The process of the present invention, therefore, renders a by-product
      previously considered as a waste product, reusable to produce additional
      amounts of BHT which were heretofore discarded in view of the
      impossibility of crystallizing said compound from the mother liquors
      obtained in the prior art BHT processes.
PAR  Although certain specific embodiments of the present invention have been
      shown and described, it is to be understood that many modifications
      thereof are possible. The invention, therefore, is not to be restricted
      except insofar as is necessitated by the prior art and by the spirit of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the recovery of 2,6di-tert-butyl-p-cresol from a starting
      non-crystallizable mother liquor obtained from the crystallization of
      2,6-di-tert-butyl-p-cresol produced by the alkylation of p-cresol with
      isobutylene, said starting non-crystallizable mother liquor comprising
      diisobutylene and lower and higher cresol polymers which inhibit
      crystallization of 2,6-di-tert-butyl-p-cresol, which comprises the steps
      of:
PA1  a. thermally cracking said starting mother liquor at a temperature of from
      200.degree.C to 250.degree.C, in the presence of an acid catalyst, in
      order to crack the lower and higher cresol polymers;
PA1  b. steam distilling the cracked mixture to remove the diisobutylene in the
      presence of an acid catalyst;
PA1  c. realkylating the cresols in the steam distilled reaction mixture by the
      addition of isobutylene; and
PA1  d. crystallizing the thus formed additional 2,6-di-tert-butyl-p-cresol.
NUM  2.
PAR  2. A process according to claim 1 wherein said starting mother liquor also
      contains mono-butylated hydroxy toluene which on being subjected to the
      realkylation step produces additional 2,6-di-tert-butyl-p-cresol.
NUM  3.
PAR  3. A process according to claim 2 wherein said thermal cracking step is
      effected by heating said starting mother liquor to a temperature of
      220.degree.C in the presence of a catalytic amount of sulfuric acid.
NUM  4.
PAR  4. A process according to claim 2 wherein said thermal cracking step is
      effected by heating said starting mother liquor to a temperature of
      220.degree.C in the presence of a catalytic amount of phosphoric acid.
NUM  5.
PAR  5. A process according to claim 1 wherein the residual mother liquor
      obtained from the crystallization step d) upon realkylation of the
      reaction mixture, is admixed with incoming starting mother liquor to be
      reused in the cracking step.
NUM  6.
PAR  6. A process according to claim 1 wherein said starting mother liquor is an
      admixture of about 5 to 9% of diisobutylene, about 0.4 to 1% of p-cresol,
      about 30 to 38% of monobutylated hydroxy toluene, about 40 to 45% of BHT
      and about 15 to 18% of lower cresol polymers.
NUM  7.
PAR  7. A process according to claim 2 wherein said realkylation step c) is
      effected in the presence of a catalytic amount of a mineral acid.
NUM  8.
PAR  8. A process according to claim 7 wherein said mineral acid is selected
      from sulfuric and phosphoric acids.
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ABST
PAL  Olefins with vinyl groups are prepared by isomerization of olefins having
      vinylidene groups in the presence of a silicate having sheet structure,
      pumice or titanium dioxide as catalyst. The isomerization is carried out
      at a temperature of from 80 to 350.degree.C and the starting long chain
      vinylidene olefins have 10 to 70 carbon atoms. The olefins with vinyl
      groups obtained can be used to manufacture waxy carboxylic acids, sulfonic
      acids and epoxides.
BSUM
PAR  The present invention relates to a process for the manufacture of olefins
      having vinyl structure by isomerization of olefins having vinylidene
      structure.
PAR  It is known to transform linear or weakly branched aliphatic unsaturated
      hydrocarbons into olefins with high degree of branching. Isobutylene, a
      valuable starting material for alkylations and homo- and copolymerizations
      is prepared, for example, by catalytic isomerization of butene-1 in the
      gaseous phase at a temperature above 500.degree.C in the presence of
      aluminum containing catalysts (cf. U.S. Pat. No. 3,558,733). In analogous
      manner iso-amylene, which is transformed into isoprene by dehydration, is
      produced from n-amylene. Isomerizations of the aforesaid type are also
      used for the manufacture of strongly branched, liquid olefins of high
      molecular weight, which are used, above all, in highly refined anti-knock
      motor fuels. The strongly branched olefins obtained by the known processes
      have the common characteristic of "internal" double bonds.
PAR  For other fields of application, especially as intermediates and starting
      materials for syntheses, olefins having a "terminal" double bond,
      so-called .alpha.-olefins are required. For the manufacture of emulsifiers
      or biologically degradable wash-active substances there are preferably
      used linear or weakly branched higher olefins having a vinyl double bond,
      which can be obtained by a special type of polymerization of ethylene
      using Ziegler catalysts. Products thus obtained are named "industrial
      .alpha.-olefins" but with regard to their double bonds they are not always
      uniform but contain, besides the desired vinyl double bonds, portions with
      transvinylene groupings and also olefins with vinylidene structure. When
      ethylene is oligomerized in the presence of a Ziegler catalyst the product
      obtained contains, as ascertained by infrared spectrum analysis, 65 to 68
      % of vinyl double bonds (R-CH=CH.sub.2), 25 to 30 % of vinylidene double
      bonds
      ##EQU1##
      and 3 to 5 % of transvinylene double bonds
      ##EQU2##
PAR  For many chemical reactions it is desirable or even necessary to use
      starting materials having as uniform as possible a structure, that is to
      say in the case of "industrial .alpha.-olefins" to use those having a very
      high degree of vinyl double bonds. In the oxidation of mixtures of olefin
      isomers with chromic acid carboxylic acids of uniform structure are only
      formed from the proportion of .alpha.-olefins, whereas the olefins with
      vinylidene double bond react in the first stage to yield ketones which
      then react further.
PAR  It is the object of the present invention to transform olefins having
      vinylidene structure into olefins with vinyl double bond, more
      particularly to reduce in inductrial .alpha.-olefin mixtures the content
      of vinylidene double bonds in the favor of vinyl double bonds.
PAR  The present invention therefore provides a process for the manufacture of
      olefins having vinyl structure from olefins having vinylidene structure by
      isomerization, which comprises heating olefins having vinylidene structure
      and containing from 10 to 70 carbon atoms at a temperature of from
      80.degree. to 350.degree.C in the presence of a silicate having sheet
      structure, pumice or titanium dioxide as iosmerization catalyst.
PAR  By the process of the invention, which is very simple and can be carried
      out in a wide temperature range, higher olefins having vinylidene
      structure are transformed in favored manner and in a high yield into
      olefins having vinyl structure. It is surprising that the expected
      formation of a plurality of further isomers and, hence, of non uniform
      products does not take place.
PAR  As starting material for the process of the invention olefins having
      vinylidene structure and containing 10 to 70 and preferably 16 to 70
      carbon atoms in the molecule are used. Preference is given to olefins,
      olefin mixtures or olefin fractions having from 10 to 70 carbon atoms in
      the molecule as obtained in the polymerization of ethylene in the presence
      of Ziegler type catalysts and containing a considerable proportion having
      vinylidene structure. Especially suitable are commercial grade mixtures of
      olefins having from 20 to 50 carbon atoms or 22 to 28 carbon atoms which
      generally contain 25 to 30 % of olefins with vinylidene double bonds.
PAR  Suitable isomerization catalysts are silicates with sheet structure,
      so-called phyllo-silicates or sheet silicates. Silicates of this type are
      those containing aluminum and/or magnesium which are substantially
      composed of two-dimensionally linked hexagons and in which the
      silicon-oxygen tetrahedral groups are linked by sharing one of every three
      oxygen atoms, and the ratio of silicon to oxygen is 2 : 5. Representatives
      of this group of silicates are, for example pyrophyllite, montmorillonite,
      talc, antigorite and kaolinite. Especially suitable are bleaching earths
      belonging to the group of montmorillonite, i.e. very finely divided
      hydrous aluminummagnesium  silicates known by the name of fuller's earth,
      florida earth, or bentonite, as well as talc a hydroxyl group containing
      magnesium silicate. Pumice i.e. a hydrated alkali metal-alumina silicate
      and titanium dioxide are also suitable.
PAR  The isomerization catalysts are used in an amount of from 0.01 to 5.0,
      preferably 0.5 to 2.0 % by weight, calculated on the olefins, when working
      in liquid phase in a homogeneous system. Alternatively, columns or tubes
      filled with stationary catalyst can be used, through or over which the
      olefins to be isomerized are passed either in the form of a gas or in the
      molten state, optionally in continuous manner in a cycle. Whether the
      catalyst is used in the form of a powder, granules, shaped bodies or in
      pieces thus depends on the chosen working method. The isomerization can be
      carried without pressure as well as under pressure.
PAR  The isomerization temperature is in the range of from 80.degree. to
      350.degree.C, preferably 100.degree. to 280.degree.C and more preferably
      100.degree. to 250.degree.C, the reaction period generally being in the
      range of from about 10 minutes to approximately 2 hours.
PAR  According to a preferred embodiment the vinylidene hydrocarbons contained
      in industrial mixtures of higher .alpha.-olefins are isomerized by
      reacting the molten isomer mixture for about 1 hour at 120.degree. to
      200.degree.C in a vessel with agitator with 1 % by weight of the powdery
      catalyst and separating the catalyst by filtration of the melt over a
      heated pressure filter.
PAR  By the process of the invention pure olefins having vinylidene structure as
      well as olefins of said structure contained in olefin mixtures can be
      isomerized on .alpha.-olefins in simple manner and in high yields. In the
      latter case products of better uniformity are obtained from structurally
      heterogeneous mixtures, which can be used, for example, for the
      manufacture of higher carboxylic acids, sulfonic acids, epoxides and the
      like.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  In a reactor equipped with stirrer and internal thermometer each time 500
      grams of an olefin mixture resulting from a Ziegler synthesis and having
      24 to 50 carbon atoms, in which 67.4 % of the double bonds had vinyl
      structure, 29.1 % had vinylidene structure and 3.5 % had transvinylene
      structure were isomerized under the conditions specified in the following
      table by heating with the respective catalyst in powder form. The
      isomerization products were freed from the catalyst by pressure filtration
      and analyzed by infrared spectrum analysis. It can be seen that the iodine
      number did practically not change while, depending on the catalyst and the
      working conditions used, 80 to 95 % of the vinylidene double bonds
      disappeared and were preferably transformed into vinyl double bonds the
      infrared bands of which are at 910 cm.sup..sup.-1. The infrared bands of
      the vinylidene double bond is found at 890 cm.sup..sup.-1 while the
      characteristic of the transvinylene double bond is a band at 965
      cm.sup..sup.-1.
TBL                                    TABLE                                   
     __________________________________________________________________________
                   double bonds in final product                               
                   %                                                           
     Ex-                              iodine                                   
     ample                                                                     
         treatment vinyle                                                      
                        vinylidene                                             
                              transvinylene                                    
                                      number                                   
     __________________________________________________________________________
     1 a   --      67.4 29.1  3.5     46.0                                     
     1 b 1 % bleaching                                                         
                   94.8 1.4   3.8     45.5                                     
         earth.sup.1)                                                          
         60 minutes                                                            
         120.degree.C                                                          
     1 c 1 % bleaching                                                         
                   93.7 1.8   4.5     45.7                                     
         earth.sup.1)                                                          
         30 minutes                                                            
         120.degree.C                                                          
     1 d 0.5 % bleaching                                                       
         earth.sup.1)                                                          
                   89.0 1.7   9.3     45.3                                     
         60 minutes                                                            
         150.degree.C                                                          
     1 e 1 % bleaching                                                         
         earth.sup.1)                                                          
                   92.6 2.3   5.1     44.8                                     
         45 minutes                                                            
         100.degree.C                                                          
     1 f 1 % talc  93.0 1.6   5.4     45.7                                     
         120 minutes                                                           
         250.degree.C                                                          
     1 g 1 % talc  89.9 4.2   5.9     45.3                                     
         60 minutes                                                            
         250.degree.C                                                          
     1 h 1 % kaolinite.sup.3)                                                  
         60 minutes                                                            
         250.degree.C                                                          
                   90.2 3.7   6.1     45.2                                     
     1 i 1 % pumice                                                            
                   84.3 5.6   10.1    44.5                                     
         60 minutes                                                            
         250.degree.C                                                          
     __________________________________________________________________________
      .sup.1) Tonsil.sup. (R) Opt. of Messrs. Sud-Chemie, Munic.               
      .sup.2) according to Kaufmann DGF-Einheitsmethoden C-V 11 b (53)         
      .sup.3) Commercial China clay                                            
PAC  EXAMPLE 2
PAR  In the apparatus described in Example 1,500 g each of an olefin mixture
      having an iodine number of 66.4 and containing 22 to 26 carbon atoms in
      the molecule were isomerized as specified above. The reaction products
      were analyzed by infrared spectrum analysis. The results are listed in the
      following table.
TBL  ______________________________________                                    
                  double bonds in final product                                
                  (%)                                                          
     Ex-                                                                       
     ample treatment    vinyle  vinylidene                                     
                                        transvinylene                          
     ______________________________________                                    
     2 a     --         70.2    28.3    1.5                                    
     2 b   0.5 % bleach-                                                       
           ing earth.sup.1)                                                    
                        93.5    4.6     1.9                                    
           60 minutes                                                          
           120.degree.C                                                        
     2 c   1 % kaolinite                                                       
           60 minutes   92.8    3.6     3.6                                    
           250.degree.C                                                        
     2 d   1 % titanium 93.2    5.4     1.4                                    
           dioxide                                                             
           60 minutes                                                          
           150.degree.C                                                        
     ______________________________________                                    
      .sup.1) Tonsil .sup.(R) Opt. of Messes Sud-Chemie, Munic                 
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the manufacture of olefins having vinyl structure from
      olefins with vinylidene structure by isomerization, which comprises
      heating an olefin having vinylidene structure and containing from 10 to 70
      carbon atoms in the molecule at a temperature of from 80.degree. to
      350.degree.C in the presence of a silicate having sheet structure, pumice,
      or titanium dioxide as isomerization catalyst.
NUM  2.
PAR  2. The process of claim 1, wherein the isomerization catalyst is used in an
      amount of from 0.01 to 5.0 % by weight, calculated on the olefin.
NUM  3.
PAR  3. The process of claim 1, wherein the olefin is passed in the liquid or
      vaporous state over or through the isomerization catalyst.
NUM  4.
PAR  4. The process of claim 3, wherein the isomerization catalyst is bleaching
      earth.
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ABST
PAL  A method of preparing a homogeneous thermosetting powder paint composition
      which cures to form a coating exhibiting outstanding exterior durability,
      adhesion and impact strength. The method comprises: introducing a liquid
      including at least a crosslinkable copolymer and an inert solvent into a
      devolatilizing zone wherein the inert solvent is removed and the
      nonvolatile material is separated in a molten state; feeding said
      nonvolatile molten material under pressure into a heated mixing zone
      comprising a static mixer; simultaneously feeding a stoichiometric
      quantity (.+-. 30%) of a molten crosslinking agent for said copolymer into
      said mixing zone under pressure; removing the mixture of nonvolatile
      molten material and molten crosslinking agent from said mixing zone;
      cooling said mixture to form a solid material; and purlverizing the solid
      material to form a powder.
BSUM
PAR  This application relates to a process of preparing powder paint
      compositions useful for providing protective and decorative surface
      coatings on a variety of substrates including glass, metal and other
      substrates which can withstand the curing temperature of the powder. More
      particularly, this application is directed to a method of preparing
      homogeneous thermosetting powder paint compositions which cure to form
      coatings exhibiting outstanding exterior durability, adhesion, impact
      strength and color match.
PAC  BACKGROUND OF THE INVENTION
PAR  Powder coating compositions have become increasingly desirable in recent
      years for various reasons including those relating to ecology, health and
      safety. More particularly, powder coating compositions are preferable to
      liquid paints containing volatile solvents which must be volatilized after
      application, thus resulting in solvents escaping into the atmosphere and
      creating health and safety hazards as well as undesirable pollution
      problems. Powder coating compositions, on the other hand, are curable by
      heat in a manner such that little, if any, volatile material is given off
      to the environment.
PAR  While powder paint compositions have been proposed, coatings formed from
      such compositions share various problems, most of which at least in part
      result from the processes by which they are prepared. Prior art
      manufacturing methods include ball milling, Z-blade mixing and extrusion,
      all of which suffer from certain deficiencies.
PAR  Ball milling is the simplest of these three methods. In the manufacture of
      epoxy based powder coatings, for example, all ingredients such as
      granulated epoxy resin, hardener or curing agent, pigments and other
      additives are loaded into a ceramic lined ball mill. Ceramic grinding
      media of varied sizes and shapes are generally used to grind the materials
      for ten to fifteen hours to produce a blend. While other types of ball
      milling can be used to produce a similar blend in a shorter time, the
      method is very time consuming and is not adaptable to a continuous
      process. Also, such a method does not achieve good dispersion of pigments
      and other additives such as crosslinking agents. Thus the powders formed
      in such a manner cure to form coatings of exceptionally low gloss and
      opacity. Still further, such a process does not allow satisfactory color
      and shade matching.
PAR  In Z-blade mixing, resin is first heated in a Z-blade mixer to at least its
      melting point and when molten all other ingredients except curing agent
      are added slowly. In general, dispersion requires about 6 hours after
      which the temperature of the Z-blade mixer is reduced and curing agent
      added. As soon as the curing agent has been adequately mixed, the melt is
      cooled, pulverized and classified. The compositions formed by this process
      generally produce coatings having inadequate pigment dispersion and gloss
      requirements for top coat uses such as for automobiles. As was the case
      with ball milling it is also difficult to obtain adequate color and shade
      matching with this process. Also, since the process is a batch process,
      the mill has to be thoroughly cleaned after each run because of the
      build-up of heat sensitive material.
PAR  In the extrusion method, the resin being used is blended with all the other
      ingredients and fed into a heated extruder where high shearing forces are
      applied to effect mixing of the viscous molten components. Although the
      powders produced by this method are generally of higher quality than those
      formed from powders made by processes including ball milling or Z-blade
      mixing steps, the process still suffers from several serious
      disadvantages. First, the high shear forces required to effect mixing may
      cause a loss of color match in the final powder. Second, in such a process
      the thoroughness of mixing as well as the speed with which an adequately
      mixed extrudate may be produced will depend on the amount of shear force
      applied to the material which in turn is a function of the speed at which
      the extruder screw turns. Thus, in order to achieve rapid, thorough mixing
      of the viscous resin and molten crosslinking agent the extrusion process
      has high power requirements and is, therefore, expensive. Third, the
      process is also expensive because of the relatively high cost of the
      extrusion equipment. Finally, because of the inherent output limitations
      on any given extruder, the process is not readily adaptable to varied
      processing speeds. Thus, the input into the extruder in such a process
      must be metered to the capacity of the extruder.
PAR  The processes disclosed in the applications Ser. No. 389,845 entitled
      "Method of Preparing Powder Paint Compositions-I" and Ser. No. 389,844
      entitled "Method of Preparing Powder Paint Compositions-II", both filed
      Aug. 20, 1973, overcome many of the problems associated with these prior
      art processes by accomplishing more complete and uniform dispersion of
      paint additives. Both processes comprise introducing liquid compositions
      containing at least a cross-linkable copolymer and uniformly dispersed
      pigment into an evaporating zone adapted to evaporate the inert solvents
      contained therein; passing the liquid into a separating zone; causing the
      solvent vapor to be removed; removing the non-volatile components of the
      paint in a molten state by gravity; cooling the nonvolatile components;
      and pulverizing to form a powder. The former application covers processes
      wherein, if desired, either a self-crosslinking copolymer or a
      crosslinkable copolymer and a crosslinking agent therefore are included in
      the liquid paint composition and processed directly through evaporating
      and separating zones prior to cooling and pulverizing. Such a process has
      obvious advantages in that all additives including crosslinking agents if
      employed are uniformly dispersed in the molten resin. However, such a
      process has the disadvantage that while the molten material is being
      withdrawn from the separating zone, premature crosslinking may occur. The
      process of the latter application avoids this problem by processing liquid
      compositions which contain crosslinkable copolymers but not crosslinking
      agents and then mixing the powder and crosslinking agent at a temperature
      greater than the melting point of both components, cooling the resultant
      molten homogeneous mass to form a solid and then pulverizing to form the
      final powder. While this process eliminates premature crosslinking the
      equipment involved is expensive and the process is inefficient because of
      the number of steps involved.
PAR  Accordingly, it is an object of this invention to provide a process of
      forming powders wherein complete and uniform dispersion of all paint
      additives including crosslinking agents is effected efficiently in a
      continuous operation which may be adapted to various processing speeds and
      at a minimum of expense without resulting in composition degradation or
      premature crosslinking.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The above object is accomplished in accordance with this invention by a
      process which comprises:
PA1  A. introducing a liquid composition comprising a solution of inert solvent
      and a copolymer containing crosslinkable functional groups, said copolymer
      having a glass transition temperature in the range of 40.degree.C to
      90.degree.C and a number average molecular weight between about 1,000 and
      about 15,000, into a devolatilizing zone wherein:
PA2  1. the liquid composition is heated above the melting point of said
      copolymer and above the temperature at which said inert solvent begins to
      vaporize but below the point at which degradation occurs;
PA2  2. the volatile components are withdrawn from the devolatilizing zone; and
PA2  3. the molten nonvolatile components are collected;
PA1  B. feeding said nonvolatile components under pressure at a selected flow
      rate into a mixing zone comprising a static mixer;
PA1  C. simultaneously feeding a molten crosslinking agent for such copolymer
      into said mixing zone under substantially the same pressure as said
      nonvolatile components and at a flow rate calculated to provide the
      mixture with between about 70% and about 130% of the stoichiometric
      quantity of crosslinking agent for said copolymer;
PA1  D. passing said molten nonvolatile components and said crosslinking agent
      through said mixing zone, which is maintained at a temperature above the
      melting point of all components but below about 600.degree.F to thoroughly
      intermix the same;
PA1  E. cooling said mixture of nonvolatile components and crosslinking agent to
      form a solid material; and
PA1  F. pulverizing said solid material to form a powder.
PAR  This continuous process results in powder paints of homogeneous quality as
      well as excellent color and shade match. Also, because the mixing zone
      comprises a static mixer, the flow rate of the mixture from the mixing
      zone may be varied without affecting the quality of the material. Thus,
      the mixing zone is readily adaptable to handle any amount of nonvolatile
      components generated by said devolatilizing zone.
DRWD
PAR  Further objects and attendant advantages will become more apparent from the
      following detailed description when read in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 shows a schematic diagram of an apparatus suitable for carrying out
      the invention; and
PAR  FIG. 2 through 4 show various views of an apparatus suitable as the mixing
      zone of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  Compositions Useful In The Process of the Invention
PAR  Compositions which may be processed by the method of this invention are
      liquids containing all or nearly all ingredients of the desired powder
      paint dissolved in inert solvent. Various known liquid paints including
      those containing epoxy and polyester copolymers as well as the preferred
      acrylic copolymers may be employed as long as the copolymers have the
      appropriate glass transition temperatures and molecular weights for
      forming powders.
PAR  Exemplary of a type of liquid paint composition which does not form a
      suitable powder paint when processed in accordance with this invention is
      that disclosed in U.S. Pat. No. 2,857,354. The paints of Examples 4 and 5
      of that patent do not form dry powders when processed in accordance with
      this invention while powders prepared from the compositions of Examples 1,
      2, 3 and 6, when deposited on a metal panel, do not fuse together to form
      a smooth film when the panels are baked at 150.degree.C to 200.degree.C
      for 20 minutes. The baked coatings exhibit poor adhesion, lack of
      flexibility and very low gloss.
PAR  Preferably, the copolymers of the liquid compositions useful in the process
      have a glass transition temperature (Tg) in the range of 40.degree.C to
      90.degree.C and a number average molecular weight (M.sub.n) of between
      about 1,000 and about 15,000.
PAR  More preferably, the copolymer should have a molecular weight of between
      about 2,000 and about 8,500. A preferred glass transition temperature is
      between about 50.degree.C and about 80.degree.C with a molecular weight
      (M.sub.n) in the range of 3,000 to 6,500. The most preferred glass
      transition temperature, however, is 55.degree.C to 70.degree.C with a
      molecular weight (M.sub.n) in the range of 3,000 to 4,000.
PAR  Pigment preferably is dispersed in the copolymer solution, thus
      facilitating uniform and accurate color and shade matching prior to
      forming the powder. The pigmented liquid may be applied to test panels and
      compared with standard panels for color and shade match in accordance with
      procedures known to those skilled in the art of color matching liquid
      paints.
PAR  The copolymer solution may also include a flow control agent. Such flow
      control agents should have a molecular weight above about 100. Preferably,
      however, the molecular weight (M.sub.n) should be above about 1,000 and
      most preferably between about 6,000 and about 20,000. Still other
      additives such as catalysts, antistatic agents and plasticizers may be
      dispersed or dissolved in the copolymer solution. These materials may be
      mixed with the uniformly pigmented powder after processing, if desired.
      However, the quality of coating obtained from the powder is generally
      greater if these materials are dispersed prior to processing. The superior
      quality is a result of more thorough and uniform dispersion of additives.
PAR  As mentioned above, the preferred liquids for processing in accordance with
      this invention contain acrylic copolymers. These acrylic copolymers may be
      crosslinked by suitable crosslinking agents. Exemplary of the copolymers
      which may be included in the liquid compositions processed by the method
      of this invention are those disclosed in U.S. Pat. No. 3,730,930;
      application Ser. No. 172,222 (now U.S. Pat. No. 3,758,635); 172,223 (now
      abandoned); 172,224 (now U.S. Pat. 3,781,379); 172,225 (now U.S. Pat.
      3,787,520); 172,226 (now U.S. Pat. 3,758,633) 172,228 (now U.S. Pat.
      3,758,634); 172,229 (now U.S. Pat. 3,781,380); and 172,236 (now U.S. Pat.
      3,752,870), filed Aug. 16, 1971; and application Ser. Nos. 394,874;
      394,879; 394,880 and 394,881 filed Sept. 6, 1973, all of which are now
      abandoned. The copolymers of each of the paints disclosed in these
      applications bears crosslinkable functional groups selected from epoxy,
      hydroxyl, amide and carboxyl groups. In addition, each of the paints
      disclosed in these applications may include the above mentioned additives
      such as flow control agents, pigments, catalysts, antistatic agents and
      plasticizers and these two may be included in the liquid compositions
      being processed.
PAR  As noted above, the liquid compositions which may be processed by this
      invention include all or nearly all of the components of the desired
      powder paint. Thus, the chemistry recited in the above noted patent and
      application applies equally to the liquid compositions of this invention,
      the sole difference being the inclusion of inert solvent in this invention
      which is ultimately removed. For a more complete description of the
      preferred compositions for processing in accordance with this invention
      reference is made to the above-identified applications and patent, the
      disclosures of which are incorporated hereby by reference.
PAC  Method Of Processing Compositions In Accordance With Invention
PAR  In accordance with the method of this invention, the liquid composition,
      preferably comprising a copolymer containing crosslinkable functional
      groups, a pigment, and a flow control agent is introduced into an
      apparatus for evaporating and separating the volatile components from the
      liquid paint to leave a uniformly pigmented molten polymer. An apparatus
      exemplary of the many types of evaporating and separating systems which
      could be used is disclosed in U.S. Pat. No. 3,073,380 dated Jan. 15, 1963.
      While the evaporating and separating means of that apparatus will be
      discussed in greater detail hereinafter, the disclosure of the above
      patent is incorporated herein by reference. It will be appreciated, of
      course, that this disclosure is included merely as an example of a type of
      apparatus which may be used and is not intended to be limiting.
PAR  FIG. 1 diagrammatically shows a suitable apparatus for carrying out the
      process of the instant invention. In accordance with the invention, the
      liquid composition is charged to a mixer, not shown, and there agitated to
      maintain a complete and uniform dispersion of the pigment and various
      other additives. The mixture is then charged to a holding unit in
      sufficient amount to allow a continuous feed of material to the remainder
      of the apparatus. From the holding unit, the liquid composition is fed
      through feed pipe 2 to a devolatilizer, which may comprise the evaporating
      and separating means disclosed in the above incorporated patent, at a rate
      which preferably ranges between about 200 pounds and about 500 pounds per
      hour, with the most preferred rate of feed being about 400 pounds per
      hour. As the liquid composition is conveyed from the holding unit it may
      be passed through a strainer, not shown, to remove any foreign matter.
PAR  The evaporating means which may form part of the devolatilizing means may
      comprise a plate evaporator as disclosed in the above incorporated patent.
      While the liquid composition is in the plate evaporator, the inert solvent
      and the other volatile impurities are evaporated as the composition passes
      between the plates which form a tortuous passageway. The material passes
      through the evaporator as a homogeneous mixture of a vapor of the volatile
      components and dispersed particles of molten polymer.
PAR  The plate evaporator, the plate arrangement of which is shown in partial
      cross-section in FIG. 2 of the patent comprises a plurality of plates
      which are maintained in spaced relationship by gaskets. The plates are
      formed as a compact unit in a frame-like compression means which
      compresses the plates against the respective gaskets. This arrangement of
      plates defines a plurality of spaces therebetween which are in the form of
      alternate spaces for the passage of the liquid paint and the heating
      medium, such as superheated steam.
PAR  The heating medium should be of such a temperature that it will heat the
      liquid paint composition to a temperature above the temperature at which
      the inert solvent of the liquid paint composition begins to vaporize and
      above the melting point of the copolymer, but below the point at which
      degradation of the copolymer occurs. Of course, the temperatures at which
      different liquid paint compositions may be processed according to this
      method will vary depending on the particular copolymer employed, the
      particular inert solvent in which the copolymer is dispersed, etc.
      Broadly, the liquid paint compositions within the purview of this
      invention may be processed between about 140.degree.F and about
      600.degree.F. Preferably, however, the temperature within the evaporating
      zone is maintained above about 200.degree.F and more preferably the
      temperature is maintained between about 250.degree.F and about
      395.degree.F.
PAR  The homogeneous mixture of volatile components and molten polymer
      components in combination with various other additives of the liquid
      composition pass through a line into a conical separator as indicated in
      the patent incoporated above. This separator is maintained at a
      temperature above the melting point of the nonvolatile components and
      above the volatilization temperature of the solvent. The conical separator
      is heated by a jacket and is also maintained at a reduced pressure of
      between about 10 and about 500 mm Hg., preferably between about 20 and
      about 30 mm Hg. Also, in accordance with the preferred process, the pipe
      to the plate evaporator is maintained in an open state thus causing a
      reduced pressure also to be maintained within the evaporating means. This
      reduced pressure increases the speed with which the material may be passed
      through the evaporating means and also effects a more complete
      vaporization of volatile components. The volatile components of the liquid
      paint composition are removed from the separator and condensed in a
      condenser before passing into a solvent receiver. The nonvolatile
      components of the liquid paint composition then settle to the bottom of
      separator where they are maintained in a molten state.
PAR  A still more detailed description of the evaporating and separating means
      discussed above as adapted to the devolatilization of liquid paint
      compositions is contained in the above-mentioned application entitled
      "Method of Preparing Powder Paint Compositions-I", filed Aug. 20, 1973,
      the disclosure of which is also hereby incorporated by reference. A
      modification of this system wherein a tapered screw is included in the
      conical separating zone to collect and drive the molten polymer from the
      separating zone is disclosed in the application Ser. No. 422,060, now U.S.
      Pat. No. 3,880,360 issued Apr. 29, 1975, entitled "Method of Preparing
      Powder Paint Compositions-III", filed concurrently herewith which
      disclosure is also incorporated herein by reference. This alternative
      devolatilization apparatus as well as such apparatus as the "Marco"
      devolatilizer and the Thin Film Evaporator sold by Pfaudler Corporation
      are also suitable for devolatilizing the liquid paint composition.
PAR  The viscous, molten nonvolatile mixture is withdrawn from the
      devolatilizing zone and passed through line 4 to metering pump 6. The
      viscous material is then pumped from metering pump 6 under pressure at a
      metered flow rate through line 8 at a temperature above the melting point
      of the polymer but below about 600.degree.F, and preferably between about
      180.degree.F and about 400.degree.F. The pressure on the nonvolatile
      materials is measured by pressure gauge P.sub.1, and the temperature is
      measured by temperature gauge T.sub.1. The viscous nonvolatiles including
      the molten copolymer are then introduced as a first stream at elevated
      temperature and pressure into the mixing zone which comprises a static
      mixer indicated on the drawing.
PAR  Simultaneously a crosslinking agent for the copolymer of said viscous
      nonvolatile material is introduced into said mixing zone as a second
      stream under substantially the same pressure as said nonvolatile
      components and at a flow rate calculated to provide the mixture with
      between about 70% and about 130% of the stoichiometric quantity of
      crosslinking agent for reacting with said copolymer. A supply of said
      crosslinking agent is maintained in a holding tank, indicated in FIG. 1,
      at a temperature above its melting point, but below the degradation
      temperature thereof. Because the molten crosslinking agent is of much
      lower viscosity than the molten nonvolatile components, two pumps 12 and
      16 are employed to pump the crosslinking agent as a second stream into the
      first stream of nonvolatile components in the desired proportions. Thus,
      the molten crosslinking agent passes from the holding tank through line 10
      to pump 12 which increases the pressure on the crosslinking agent to a
      level, measured at gauge P.sub.2, which is substantially the same as the
      pressure on the nonvolatile components as measured at P.sub.1. The molten
      crosslinking agent passes from pump 12 through line 14, past pressure
      gauge P.sub.2 and through metering pump 16. Pump 16 serves to meter the
      flow rate of molten crosslinking agent passing through line 18 to the
      mixing zone such that the flow rate provides between about 70% and about
      130% of the stoichiometric quantity of crosslinking agent required for
      crosslinking the copolymer in the first stream. Excess crosslinking agent
      pumped into line 14 by pump 12 is then allowed to flow back toward the
      holding tank through overflow valve 20. All lines through which the molten
      crosslinking agent passes are maintained at a temperature above the
      melting point of the crosslinking agent and this temperature is registered
      on temperature gauge T.sub.2.
PAR  The static mixer into which the streams of molten nonvolatiles and molten
      crosslinking agent pass is shown in greater detail in FIGS. 2 through 4.
      FIG. 2 shows a cross-sectional view of a static mixer and the portion of
      the apparatus which serves as the entrance to the mixer. This portion
      comprises pipe 8 through which the first stream of viscous, molten,
      nonvolatile components passes into the mixer. Line 18 which carries the
      molten crosslinking agent passes into line 8 and introduces the second
      stream of molten crosslinking agent into said first stream of molten
      nonvolatiles. Because of the difficulty in obtaining a thorough admixing
      of the viscous nonvolatile components and the much less viscous molten
      crosslinking agent, it is preferred to introduce the stream of molten
      crosslinking agent into the stream of molten nonvolatile components at
      about the center thereof. As an alternative to a single stream of
      crosslinking agent, the stream may be split into a plurality of smaller
      streams by passing the stream through an orificed plate 22 at the end of
      line 18 as shown in FIG. 2a.
PAR  The static mixer itself may comprise a conduit which is preferably tubular
      and includes a plurality of fixed elements. The static mixer preferably
      includes between about 5 and about 30 of these fixed elements which are
      adapted to continuously divide and intermix adjacent portions of the
      stream of molten material as it passes through the mixing zone. Thus, as
      the mixture of molten nonvolatiles and molten crosslinking agent passes
      through the mixing zone under pressure it is thoroughly intermixed by
      being continually divided and recombined.
PAR  A preferred static mixer for use in the process of the invention is
      manufactured by Kenics Corporation of Danvers, Massachusetts and is shown
      in FIGS. 2 through 4. The mixing elements 26 are serially arranged
      longitudinally of conduit 24. As can be seen more readily in FIGS. 3 and
      4, elements 26 are sheets which are twisted such that their upstream edge
      and downstream edge are substantially flat and are at an angle relative to
      each other. The elements are also arranged with respect to each other such
      that the downstream edge of an element and the upstream edge of the next
      adjacent element are disposed at an angle relative to each other. Thus,
      the portion of the stream which passes from the surface of one element is
      rotating in one direction and is split into two portions by the next
      adjacent element and said portions are then caused to be rotated in the
      opposite direction. Greater detail regarding this type of static mixer may
      be found in the following U.S. patents, the disclosures of which are
      incorporated herein by reference: 3,286,992 issued Nov. 22, 1966;
      3,664,638 issued May 23, 1972; and 3,704,006 issued Nov. 28, 1972.
PAR  While the Kenics-type mixers are preferred, other types of static mixers
      may also be employed in performing the process of this invention.
      Exemplary of another type of suitable static mixer is the Ross ISG Mixer,
      manufactured by Charles Ross & Son Co. of Long Island, New York. This type
      of mixer is disclosed in U.S. Pat. 3,404,869, the disclosure of which is
      also incorporated herein. Briefly, the mixer comprises a conduit in which
      a plurality of mixing elements are positioned. Two adjoining elements
      within the mixer form a tetrahedron and four tubular holes through such
      element connect one tetrahedron with the next. Starting with two
      components at the entrance to the first element, these are carried in a
      pre-determined proportion through each of the four tubular passageways. At
      the exit from the first element into the first tetrahedral space the four
      holes are stacked vertically and eight layers emerge. These then expand
      into the tetrahedral cavity. Entering four openings of the second element
      are now eight layers in each. After stacking at its exit 32 layers emerge.
      The number of layers, L, formed follows a geometric progression, according
      to the formula L=N(4).sup.E, where
PA1  N=number of components and
PA1  E=number of elements.
PAR  An important factor in passing the first and second streams of nonvolatile
      components and crosslinking agent respectively through the mixing zone is
      the average residence time of the materials within the mixing zone. Since
      the crosslinking agent and the copolymer are being intimately mixed at
      elevated temperatures, it is desirable not to prolong the mixing period.
      Therefore, the average residence time should be less than about one-half
      the gel time for the crosslinkable system being mixed. A preferred range
      of average residence time for the preferred compositions processed in
      accordance with this invention is between about 10 seconds and about 3
      minutes. The average residence time may be calculated by the following
      formula:
      ##EQU1##
      wherein: &lt;t&gt;.sub.Av = average residence time
PA1  R = radius of the static mixer
PA1  L = length of the static mixer
PA1  Q = output rate = total of input rates for components being mixed.
PAL  Thus, to obtain a given average residence time various values may be
      selected for R, L and Q.
PAR  The pressure applied to the two streams of material to be mixed may vary
      widely. Practically speaking, however, the pressure should probably be
      less than about 500 psi. The pressure selected will, of course, vary with
      other operating parameters including the rate of output from the mixer,
      the length of the mixer, the radius of the mixer and the viscosity of the
      material being mixed. This relationship is represented by the formula:
      ##EQU2##
      wherein: .phi. = pressure
PA1  n(t) = viscosity
PA1  L = length of mixer
PA1  R = radius of mixer
PA1  Q = rate of output from mixer
PA1  A = a constant factor, depending on the detailed geometry of the static
      mixer.
PAR  It should be appreciated that it is within the scope of this invention to
      employ other apparatus which will accomplish these same steps of
      evaporating, separating and mixing the various components of the liquid
      composition. Further, it should be understood that the following specific
      examples are presented by way of illustration and not by way of
      limitation.
PAC  Example I
PAR  A powder paint composition is prepared in the manner set forth below
PA0  Preparation of Resin Solution A
PAR  A reaction flask equipped with a stirrer, thermometer, water condenser and
      monomer addition funnel is charged with 100 parts by weight of toluene and
      heated to refluxing temperature of about 110.degree.C. A mixture of 15
      parts by weight of glycidyl methacrylate, 45 parts by weight of methyl
      methacrylate, 40 parts by weight of butyl methacrylate and 3 parts by
      weight of t-butyl peroctoate is added dropwise through the monomer
      addition funnel over a period of about 3 hours while agitating and keeping
      the temperature at reflux. Refluxing is then continued for an additional 3
      hours after which time the monomers have converted essentially completely
      to polymer. The resulting resin solution has a Gardner Holdt bubble
      viscosity of F to H at 25.degree.C.
PA0  Preparation of Pigment Millbase
PAR  A titanium dioxide pigment millbase is prepared by sand grinding 60 parts
      by weight of titanium dioxide, 30 parts by weight of Resin Solution A and
      10 parts by weight of toluene to a Hegman fineness of 7.5 plus.
PA0  Preparation of Pigmented Solution
PAR  A white pigmented solution is prepared by mixing 45 parts by weight of the
      titanium dioxide pigment millbase with 57 parts by weight of Resin
      Solution A and 0.3 parts of polylauryl acrylate (M.sub.n =10,000) under
      agitation for 20 minutes.
PAR  This white paint solution is color matched to the desired shade of white
      with traces of colored pigment millbase by repeatedly applying to test
      panels.
PA0  Preparation of Powder
PAR  The above paint solution is charged into a feed tank where it is constantly
      stirred with an agitator. The solution is then fed through a feed pipe
      with a variable speed positive displacement pump at a rate of 400 pounds
      per hour to a plate heat exchanger which is heated with super heated steam
      at 140 psi so as to maintain a temperature of 340-350.degree.F. The
      volatile components of the paint solution, which consist of toluene and
      small amounts of unreacted monomers and impurities, are vaporized in the
      plate heat exchanger to form a two fluid flow of a superheated vapor
      continuous phase of the volatile components and a discontinuous phase of
      the non-volatile components of the paint solution. The non-volatile
      components of the paint solution are suspended in the vapor phase and are
      exposed continuously to new heated surface resulting in an increasingly
      concentrated liquid.
PAR  The mixture of volatile and non-volatile components passes from the plate
      heat exchanger and into a conical separator which is heated by the same
      superheated steam as above flowing through a jacket around the separator.
      The separator is also maintained at a pressure of approximately 30 mm Hg.
      The volatile components of the mixture are condensed in a water jacket
      condenser and collected in a receiving tank. The non-volatile components
      or the product drops out by gravity to the bottom of the separator in the
      form of a melt.
PAR  The molten material is then pumped at a rate of 200 lbs/hr into a 1 inch
      diameter Kenics mixer containing 25 fixed mixing elements. The temperature
      of the molten material is maintained at 275.degree.F and the pressure on
      the material at the entrance to the mixer is 200 psi. Through a separate
      line 13 lbs/hour of molten azelaic acid crosslinking agent is passed into
      said mixer at a pressure of 200 psi and a temperature of 250.degree.F. The
      molten copolymer-crosslinking agent composition exiting from the mixer is
      then pumped to a chilled belt fitted with a distributing roll for quick
      quenching to solid form. The solid product is removed from the chilled
      belt and deposited in a product bin from which it is conveyed to a
      pulverizer for milling. This continuous process which can operate
      indefinitely without fluctuation in the quality of product, is run for 8
      hours.
PA0  Coating of Substrates
PAR  The powder paint composition is sprayed onto electrically grounded steel
      panels using an electrostatic powder spray gun operating at 50KV charging
      voltage. After spraying, the panel is heated at 175.degree.C for 20
      minutes. The paint exhibits good exterior durability, adhesion, impact
      strength and excellent color match. The same paint composition also
      exhibits good adhesion on panels of glass, brass, zinc, aluminum, copper
      and bronze. A comparison of coatings formed from powders produced at
      various points in the 8 hour run were of uniform quality.
PAC  Example II
PAR  The procedure of Example I was repeated with the exception that the rate of
      production and feeding of nonvolatile components into the mixer is
      increased to 400 lbs/hr while the rate of flow of azelaic acid is changed
      to 32 lbs/hr. The pressure at the entrance to the Kenics was 400 psi. The
      quality of coatings formed from powders produced by this process is
      excellent.
PAC  Example III
PAR  The procedure of Example I is repeated with the exception that the molten
      nonvolatile components and crosslinking agent are fed at rates of 50
      lbs/hr and 3.5 lbs/hr respectively at a pressure of 40 psi. The resultant
      powders were of homogeneous quality and produced excellent coatings.
PAC  Example IV
PAR  The following composition is dired in a Marco devolatilizer:
     Toluene                90 parts by weight                                 
     Glycidyl Methacrylate Copolymer                                           
                           100 parts                                           
     Titanium dioxide       30 parts                                           
     Polylauryl acrylate (M.sub.n =10,000)                                     
                           0.5 parts                                           
     Tetrabutyl ammonium bromide                                               
                           0.2 parts                                           
PAL  The glycidyl methacrylate copolymer is the same as that prepared in Example
      I. The copolymer has a glass transition temperature of 53.degree.C and a
      molecular weight (M.sub.n) of 4,000.
PAR  The following operating conditions are used for continuous removal of the
      toluene in the Marco devolatilizer:
TBL  Rate (Based on solvent-free composition)                                  
                               130 lbs/hr.                                     
     Inlet temperature of solution                                             
                               180.degree.C                                    
     Outlet temperature of solvent-free composition                            
                               130.degree.C                                    
     Wall temperature of devolatilizer                                         
                               180.degree.C                                    
     Devolatilizer screw speed 500 rpm                                         
     Vacuum in devolatilizer   20 inch Hg                                      
     Pressure at bottom of devolatilizer                                       
                               55 psi                                          
PAR  Under these opeating conditions residual solvent is 1.5% by weight.
PAR  The dry molten composition coming out of the devolatilizer is pumped by
      means of a metering pump into a Kenics mixer at a rate of 130 lbs/hr. All
      pipe lines including the pump are kept at 120.degree.C by means of
      electrical heating tapes.
PAR  The Kenics mixer is 1 inch in diameter and contains 21 elements. The wall
      temperature of the Kenics is kept at 110.degree.C. Inlet pressure to the
      Kenics is 100 psi.
PAR  Through a separate line the molten crosslinking agent, e.g., azelaic acid,
      is pumped into the Kenics mixer at a rate of 10 lbs/hr. Two pumps are
      employed, the first pump providing high pressure to overcome the high
      pressure at the entrance to the Kenics and the second pump metering the
      flow rate of the azelaic acid. The temperature of the azelaic acid at the
      entrance to the Kenics is 110.degree.C and the pressure is 100 psi.
PAR  The molten powder coating composition coming out of the Kenics mixer is
      immediately cooled to room temperature to effect solidification. The solid
      composition is then ground in a ball mill to pass through a 140 mesh
      screen.
PAR  The resulting powder is sprayed electrostatically on steel panels and baked
      at 180.degree.C for 20 minutes to form a continuous coating. The coating
      has high gloss, good adhesion and good solvent resistance.
PAC  Example V
PAR  A powder paint composition is prepared in the manner set forth below.
PA0  Preparation of Resin Solution A
PAR  A reaction flask equipped with a stirrer, thermometer, water condenser and
      monomer additional funnel is charged with 100 parts by weight of methyl
      ethyl ketone and heated to refluxing temperature of about 80.degree.C. A
      mixture of 42 parts by weight of methyl methacrylate, 18 parts by weight
      of glycidyl acrylate, 40 parts by weight of butyl methacrylate and 3 parts
      by weight of t-butyl peroctoate is added dropwise through the monomer
      addition funnel over a period of about 3 hours while agitating and keeping
      the solvent at reflux. Refluxing is then continued for an additional 3
      hours after which time the monomers have converted essentially completely
      to polymer.
PA0  Preparation of Pigment Mill Base
PAR  A titanium dioxide pigment mill base is prepared by dispersing 60 parts by
      weight of titanium dioxide, 30 parts by weight of Resin Solution A and 10
      parts by weight of methyl ethyl ketone.
PAR  A pastel mill base is prepared by dispersing 10 parts by weight of chromium
      green oxide with 70 parts of Resin Solution A and 20 parts of methyl ethyl
      ketone.
PA0  Preparation of Paint Solution
PAR  A pastel green paint solution is prepared by mixing 17.8 parts by weight of
      the titanium dioxide pigment mill base with 69.1 parts by weight of Resin
      Solution A, 2.7 parts of chromium green oxide mill base and 0.3 parts of
      polylauryl acrylate (M.sub.n =10,000) under agitation for 20 minutes.
PAR  The green paint solution is applied to test panels and color matched to the
      desired shade of green with traces of mill base.
PA0  Preparation of Powder
PAR  The above paint solution is fed through a plate evaporator as described in
      Example I at a rate of 400 pounds per hour. The temperature within the
      plate heat evaporator is maintained at about 250.degree.F. The mixture of
      vapor and nonvolatile components is then fed into a conical separator
      which is maintained at a pressure of 60 mm Hg where the solvent vapor is
      removed and the molten polymer allowed to gather in the bottom of the
      separator. This molten material is then pumped at a flow rate of 200
      lbs/hr into a 1 inch Kenics mixer at a temperature of 250.degree.F and
      under a pressure of 400 psi. Through a separate line 18 lbs/hr of adipic
      acid crosslinking agent is passed into said mixer at a temperature of
      250.degree.F and a pressure of 400 psi. The molten copolymer-crosslinking
      agent mixture, after passing from the static mixer is then cooled and
      pulverized as per Example I.
PA0  Coating of Substrates
PAR  The powder paint composition so prepared is sprayed onto electrically
      grounded steel panels using an electrostatic powder spray gun operating at
      50 KV. After spraying, the panel is heated at 170.degree.C for 20 minutes.
      The paint exhibits good adhesion, good impact, strength and excellent
      color match. The same paint composition also exhibits good adhesion on
      panels of glass, brass, zinc, aluminum, copper and bronze.
PAC  Example VI
PAR  A powder paint composition is prepared in the manner set forth below.
PAR  A monomer mixture having the following composition is prepared: glycidyl
      methacrylate 15% by weight, butyl acrylate 20% by weight and methyl
      methacrylate 65% by weight. Four weight percent of a catalyst
      2,2'-azobis-(2)methylpropionitrile) (AIBN) is dissolved in the monomer
      mixture. The mixture is slowly added to refluxing toluene (100 parts)
      which is stirred vigorously under a nitrogen atmosphere. A condenser is
      provided at the top of the toluene container to condense the toluene
      vapors and return them to the container. The monomer mixture is added
      through a regulating valve and the rate of addition is controlled to
      maintain a reflux temperature with only a small fraction of heat supplied
      from an external heater. After the addition of the monomer mixture is
      complete, the refluxing is maintained by external heat for 3 additional
      hours. The polymer has a glass transition temperature of 65.degree.C and a
      molecular weight (M.sub.n) of 3,000.
PA0  Preparation of the Mill Base
PAR  A titanium dioxide pigment mill base is prepared by sand grinding 60 parts
      of titanium dioxide, 30 parts of the above resin solution and 10 parts of
      toluene.
PAR  A blue mill base is prepared by sand grinding 10 parts of blue
      phthaloycanine pigment with 70 parts of the resin solution and 20 parts of
      toluene.
PA0  Preparation of Paint Solution
PAR  A pastel blue paint solution is prepared by mixing 17.8 parts by weight of
      titanium dioxide pigment mill base with 69.1 parts of the resin solution,
      2.7 parts of the blue mill base, 0.038 parts of triethylene diamine, 0.019
      parts of tetraethyl ammonium chloride and 0.76 parts of polylauryl
      methacrylate (M.sub.n =6,000).
PA0  Preparation of Powder
PAR  The above pigmented liquid composition is fed through a plate evaporator
      and separator as in Example I. The molten polymer is then passed into a 1
      inch Kenics mixer containing 23 fixed elements at a flow rate of 60 lbs/hr
      under a pressure of 50 psi and at a temperature of 260.degree.F.
      Simultaneously suberic acid crosslinking agent is introduced into the
      mixer at a pressure of 50 psi and a flow rate of 5 lbs/hr. The static
      mixer is maintained at 260.degree.F and as the mixture passes therefrom it
      is cooled on a chilled belt and pulverized.
PA0  Coating of Substrates
PAR  The above powder composition is sprayed electrostatically on various
      substrates as per Example I and cured by heating to 150.degree.C for 15
      minutes. The coating obtained had good adhesion to steel, glass, brass,
      zinc, aluminum, copper and bronze. The coatings also exhibit good impact
      and excellent color match. The process is operated continuously for 4
      hours with no loss of coating quality.
PAC  Example VII
PAR  A powder paint composition is prepared as follows. A monomer mixture having
      the following composition is prepared: glycidyl methacrylate 15% by
      weight, methyl methacrylate 45% by weight and butyl methacrylate 40% by
      weight. Three weight percent of the catalyst AIBN is dissolved in the
      monomer mixture which is then slowly added to refluxing toluene and
      processed in the manner set forth in Example V to form a copolymer having
      a glass transition temperature of 53.degree.C and a average molecular
      weight (M.sub.n) of 4,000.
PAR  A titanium dioxide pigment mill base is prepared by sand grinding 60 parts
      by weight of titanium dioxide, 30 parts by weight of the above resin
      solution and 10 parts by weight of toluene.
PAR  A white paint solution is prepared by mixing 45 parts by weight of the
      titanium dioxide pigment mill base with 57 parts by weight of the above
      resin solution, 0.07 parts by weight of tetrabutyl ammonium bromide, and
      0.175 parts by weight of polylauryl acrylate (M.sub.n =10,000). This white
      paint solution is applied to test panels and color matched to the desired
      shade of white with traces of colored pigment mill base.
PAR  This paint solution is next processed through the plate heat exchanger and
      separators discussed in Example I with the exception that the temperature
      within the evaporating zone is maintained at 450.degree.F and the pressure
      is maintained at 120 mm Hg in the separator.
PAR  The molten nonvolatile components are fed from the separator to a 1 inch
      Kenics mixer containing 15 elements and maintained at 275.degree.F. The
      material is introduced into the mixer at a flow rate of 300 lbs/hr under a
      pressure of 220 psi. Simultaneously a molten crosslinking agent comprising
      1 part lauric acid and 4.3 parts of azelaic acid is introduced into the
      mixer at a flow rate of 22 lbs/hr under a pressure of 220 psi. After
      passing from the static mixer the copolymer-crosslinking agent mixture is
      cooled and pulverized.
PAR  The powder paint composition containing crosslinking agent is
      electrostatically applied to various substrates which are then heated to
      175.degree.C for 20 minutes. The coating composition exhibits good
      adhesion, impact strength, and color match.
PAC  Example VIII
PAR  A powder paint composition is prepared in the manner set forth below.
PAR  The same copolymer as prepared in Example VII is employed in the paint
      composition of this example. A titanium dioxide pigment mill base is
      prepared by sand grinding 60 parts of titanium dioxide, 30 parts of the
      resin solution and 10 parts of toluene. A yellow mill base is prepared by
      grinding 10 parts of ferrite yellow pigment with 70 parts of resin
      solution and 20 parts of toluene.
PAR  A pastel yellow paint composition is prepared by mixing 17.8 parts by
      weight of titanium dioxide pigment mill base with 69.1 parts of the resin
      solution, 2.7 parts of the yellow mill base, 0.76 parts of tetrabutyl
      ammonium bromide and 0.190 parts of polylauryl acrylate (M.sub.n =10,000).
      This paint solution is applied to various test panels and matched for
      color and shade against standard panels.
PAR  The color matched paint solution is next processed to a pulverized powder
      in accordance with the processing techniques set forth in Example I with
      the exception that the crosslinking agent employed is Bisphenol A. The
      resulting powder is classified by particle size and applied to an
      electrically grounded, steel panel by using an electrostatic powder spray
      gun operating at 50 KV charging voltage. After spraying, the panel is
      heated at 175.degree.C for 20 minutes. The coating obtained on the panel
      has good adhesion, impact resistance and color match as well as good
      resistance to toluene, gasoline, butanone or methanol.
PAC  Example IX
PAR  A powder paint composition is prepared as follows.
PAR  A monomer mixture having the following composition is prepared: glycidyl
      methacrylate 15% by weight, methyl methacrylate 50% by weight and styrene
      35% by weight. The monomers are reacted in accordance with the procedure
      set forth in Example V with 3% by weight of the catalyst AIBN being used.
      The resultant copolymer has a molecular weight of 4500 and a glass
      transition temperature of 90.degree.C.
PAR  A titanium dioxide pigment mill base is prepared by sand grinding 60 parts
      of titanium dioxide, 30 parts of the above resin solution and 10 parts of
      toluene. A yellow mill base is prepared by sand grinding 10 parts of
      ferrite yellow with 70 parts of the resin solution and 20 parts of
      toluene.
PAR  A pastel yellow paint solution is prepared by mixing 17.8 parts of the
      titanium dioxide pigment mill base with 69.1 parts of the resin solution,
      2.7 parts of the yellow mill base, 0.38 parts of tetramethyl ammonium
      chloride and 0.76 parts of poly(2-ethylhexyl acrylate). This liquid paint
      composition is color matched by applying to test panels and adjusting
      color and shade with additional pigment. The solution is then processed in
      accordance with the procedure set forth in Example I. The molten pigmented
      copolymer is then fed at a rate of 150 lbs/hr and a pressure of 250 psi
      into a 2 inch Ross ISC static mixer containing 10 elements. Simultaneously
      a carboxy terminated crosslinking agent is introduced at a flow rate of 42
      lbs/hr at a temperature of 212.degree.F. The carboxy terminated
      crosslinking agent is prepared as follows. 500 grams of Epon 1001 (epoxide
      equivalent 500 g) is charged into a 500 ml stainless steel beaker having a
      heating mantle. The epoxy resin is heated at 110.degree.C. As the epoxy
      resin is stirred, 194 grams of azelaic acid is added. After a reaction
      time of 30 minutes, a homogeneous mixture is obtained. The mixture resin,
      only semireacted, is poured out into an aluminum pan and cooled. The solid
      mixture is pulverized to pass through a 100 mesh screen by use of a
      blender. After passing from the mixer, the molten mixture is cooled and
      pulverized to form a powder paint.
PAR  The powder paint composition is applied to various substrates
      electrostatically and heated to a temperature of 170.degree.C for a period
      of 30 minutes. The coatings exhibit good adhesion, impact resistance and
      color match and the quality of coating does not vary with time of
      processing.
PAC  Example X
PAR  A powder paint composition is prepared as follows.
PAR  The monomers, glycidyl methacrylate 15% by weight, methyl methacrylate 45%
      by weight and butyl methacrylate 40% by weight are mixed together. Three
      percent by weight of the catalyst AIBN is dissolved in the monomer
      mixture. The mixture is slowly added to refluxing sec-butyl alcohol (100
      parts) which is stirred vigorously under a nitrogen atmosphere. A
      condenser is provided at the top of the alcohol container to condense the
      alcohol vapors and return them to the container. The monomer mixture is
      added through a regulating valve and the rate of addition is controlled to
      maintain a reflux temperature with only a small fraction of heat supplied
      from an external heater. After the addition of the monomer is complete,
      refluxing is maintained by external heat source for three additional
      hours. The copolymer formed by such a solution polymerization process has
      a glass transition temperature of 53.degree.C and a molecular weight
      (M.sub.n =4,000).
PAR  A titanium dioxide pigment mill base is prepared by sand grinding 60 parts
      by weight of titanium dioxide, 30 parts of the above resin solution and 10
      parts by weight of sec-butyl alcohol. A paint solution is prepared by
      mixing 45 parts by weight of the titanium dioxide pigment mill base with
      57 parts by weight of the resin solution, 0.076 parts of tetrabutyl
      ammonium bromide, and 0.175 parts of polylauryl acrylate (M.sub.n
      =10,000). This solution is the devolatilized in accordance with the
      procedure set forth in Example I with the exception that the temperature
      within the evaporating zone is maintained at 190.degree.F and pressure in
      the separator maintained at 25 mm Hg.
PAR  This molten copolymer solution is then passed into a 2 inch Ross ISG mixer
      containing 8 elements at a flow rate of 80 lbs/hr, a temperature of
      220.degree.F and a pressure of 100 psi. Meanwhile a molten phenolic
      hydroxy terminated crosslinking agent as disclosed in Ser. No. 172,225 is
      introduced into said mixer at a flow rate of 17.5 lbs/hr and a pressure of
      100 psi.
PAR  This molten mixture of copolymer and crosslinking agent is then cooled and
      pulverized to form a powder paint composition. The powder is then applied
      to various substrates and heated to a temperature of 175.degree.C for 20
      minutes. The coatings exhibit good adhesion, impact strength and color
      match.
PAC  Example XI
PAR  A powder paint composition is prepared as follows.
PAR  The following mixture of monomers is prepared: glycidyl methacrylate 5% by
      weight, methyl methacrylate 55% by weight and butyl methacrylate 40% by
      weight. Three weight percent of the catalyst AIBN is mixed with the
      monomers and the entire mixture is dissolved in 100 parts of toluene. The
      reaction is carried out in accordance with the procedure set forth in
      Example V and the resultant copolymer has a glass transition temperature
      of 58.degree.C and a molecular weight of 4,000.
PAR  A titanium dioxide pigment mill base is prepared by mixing 60 parts of
      TiO.sub.2, 30 parts of the resin solution and 10 parts of toluene. A red
      mill base is prepared by mixing 10 parts of quindo red pigment with 70
      parts of the resin solution and 20 parts of toluene.
PAR  A red paint solution is prepared by mixing 17.8 parts by weight of titanium
      dioxide pigment mill base with 69.1 parts of the resin solution, 2.7 parts
      of the red mill base, 0.76 parts of tetrabutyl ammonium bromide and 0.190
      parts of polylauryl acrylate (M.sub.n =10,000). This paint solution is
      sprayed onto test panels and color and shade matched with standard panels.
      After this matching the solution is devolatilized in accordance with the
      procedure of Example I.
PAR  The molten copolymer is passed into a 1-1/2 inch Kenics mixer containing 30
      fixed elements at a flow rate of 200 lbs/hr, a pressure of 150 psi and a
      temperature of 230.degree.F. Simultaneously molten maleic anhydride is
      introduced at a flow rate of 12 lbs/hr under a pressure of 150 psi.
PAR  The molten mixture issuing from the mixer is then cooled and pulverized.
      This powder paint composition is then electrostatically deposited on
      various substrates. The coatings exhibit good adhesion, good impact
      strength and color and shade matching.
PAC  Example XII
PAR  A powder paint composition is prepared as follows.
PAR  The following monomer mixture is prepared: metahcrylic acid 5% by weight,
      methyl methacrylate 50% by weight and butyl methacrylate 45% by weight.
      This monomer mixture is polymerized in accordance with the procedure set
      forth in Example VII with three weight percent of AIBN added as a catlyst.
PAR  Titanium dioxide and blue pigment mill bases are prepared as in the
      foregoing examples but with the above resin solution. A liquid paint
      composition is prepared by mixing 17.8 parts of the titanium dioxide mill
      base, 69.1 parts of the resin solution, 2.7 parts of the blue mill base,
      0.076 parts of tetrabutyl ammonium bromide and 0.190 parts of polylauryl
      acrylate (M.sub.n =10,000). The copolymer so obtained has a Tg of
      53.degree.C and a molecular weight (M.sub.n) of 4,000. This liquid paint
      composition is sprayed on test panels and color matched. The liquid is
      then processed to a powder in accordance with the procedures of Example I
      with the exception that the nonvolatile components and crosslinking agent
      are processed through a  11/2 Kenics mixer containing 21 elements. The
      nonvolatile components are introduced at a flow rate of 200 lbs/hr and a
      pressure of 175 psi while the crosslinking agent, Epon 1001, is introduced
      at a flow rate of 12 lbs/hr, a pressure of 175 psi and a temperature of
      200.degree.F. The resultant powder is applied to various substrates and
      cured by heating to 175.degree.C for 20 minutes.
PAC  Example XIII
PAR  The procedure of Example I is repeated with the exception that molten
      polyazelaic anhydride is substituted as the crosslinking agent and fed
      into said mixer at a flow rate of 25 lbs/hr.
PAC  Example XIV
PAR  The procedure of Example I is repeated with the exception that a molten
      mixture comprising 2 parts azelaic acid and 1 part polyazelaic acid is
      introduced into the mixer at a flow rate of 22 lbs/hr.
PAC  Example XV
PAR  The monomers, methacrylic acid 5% by weight, methyl methacrylate 50% by
      weight and butyl methacrylate 45% by weight are mixed together. Three
      weight percent of a catalyst 2,2.sup.1 -azobis-(2-methylpropionitrile)
      (AIBN) is dissolved in the monomer mixture. The mixture is slowly added to
      refluxing toluene (100 parts) which is stirred vigorously under a nitrogen
      atmosphere. A condenser is provided at the top of the toluene container to
      condense the toluene vapors and return them to the container. The monomer
      mixture is added through a regulating valve and the rate of addition is
      controlled to maintain a reflux temperature (109.degree.C-112.degree.C)
      with only a small fraction of heat supplied from an external heater. After
      the addition of the monomer mixture is complete, the refluxing is
      maintained by external heat source for 3 additional hours.
PA0  Preparation of Pigmented Solution
PAR  A white solution is prepared by mixing 45 parts by weight of a titanium
      dioxide mill base comprising 60 parts titanium dioxide, 30 parts of the
      resin solution prepared above and 10 parts of toluene with 57 parts by
      weight of the above resin solution and 0.4 parts of polylauryl acrylate
      (M.sub.n =10,000).
PA0  Preparation of Powder
PAR  The pigmented liquid is processed through a plate heat exchanger and
      separator in accordance with the procedure of Example I. The molten
      nonvolatilies exiting from the separator are then fed into a 1 inch
      diameter Kenics mixer containing 25 fixed elements at 200 lbs/hr at
      275.degree.F and a pressure of 200 psi. Through a separate line molten
      Epon 1001 is fed at a rate of 40 lbs/hr. The mixture is then cooled,
      pulverized and applied to various substrates at 175.degree.C.
PAC  Example XVI
PAR  The monomers, 2-hydroxyethylmethacrylate 15 parts, ethyl hexylacrylate 25
      parts, methyl methacrylate 60 parts and the initiator
      2,2'-azobis-(2-methyl propionitrile) (AIBN) 4 parts are mixed. A one
      liter, four necked flask is provided which contains 150 ml of toluene and
      150 ml of methyl ethyl ketone. The contents of the flask are heated to a
      refluxing temperature of 85.degree.C. The monomer mixture (208 grams) is
      added in a dropwise fashion over a period of one and a half hours to the
      reaction mixture which is maintained at 85.degree.C. After the monomer
      addition is complete, 0.5 grams of AIBN (dissolved in 20 grams of toluene)
      is added dropwise. The refluxing is continued for an additional one half
      hour to complete the polymerization.
PAR  To this solution is added 1.6 grams of zinc chloride, 60 grams of titanium
      dioxide and 1.4 grams of polylauryl acrylate (M.sub.n =5,000). The
      solution is then processed through evaporating and separating means as per
      Example I. The molten nonvolatile exiting from the devolatilizing zone are
      then fed at a flow rate of 200 lbs/hr into a 1 inch Kenics mixer
      containing 25 elements. Simultaneously hexamethoxymethyl melamine is fed
      into the mixer at a flow rate of 12.8 lbs/hr. The mixture exiting from the
      mixer is then cooled and pulverized. Coatings formed from the resultant
      powder are of excellent quality.
PAR  In view of this disclosure, many modifications of this invention will be
      apparent to those skilled in the art. It is intended that all such
      modifications which fall within the true scope of this invention be
      included within the terms of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing a powder paint composition comprising
PA1  A. introducing a liquid composition comprising a solution of inert solvent
      and an acrylic copolymer containing crosslinkable functional groups, said
      copolymer having a glass transistion temperature in the range of
      40.degree.C to 90.degree. C and a number average molecular weight of
      between about 1,000 to 15,000 into a devolatilizing zone wherein:
PAR  1. the liquid composition is heated above the melting point of said
      copolymer and above the temperature at which said inert solvent begins to
      vaporize, but below the point at which degradation occurs;
PA2  2. the volatile components are withdrawn from the volatilizing zone; and
PA2  3. the molten nonvolatile components are collected;
PA1  B. feeding said nonvolatile components under pressure at a selected flow
      rate into a static mixer comprising a conduit containing fixed elements;
PA1  C. simultaneously feeding a molten crosslinking agent for said copolymer
      into said static mixer under substantially the same pressure as said
      nonvolatile components and at a flow rate calculated to provide the
      mixture with between about 70% and about 130% of a stoichiometric quantity
      of crosslinking agent for said copolymer;
PA1  D. passing said molten nonvolatile components and said crosslinking agent
      through said static mixer, which is maintained at a temperature above the
      melting point of all components but below about 600.degree.F, the average
      residence time of the mixture within the static mixer being less than
      about one-half the gel time for the crosslinkable system;
PA1  E. cooling said mixture of nonvolatile components and crosslinking agent to
      form a solid material; and
PA1  F. pulverizing said solid material to form a powder.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the average residence time
      of the mixture is between about 10 seconds and about 3 minutes.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein said conduit is a tubular
      member containing between about 5 and about 30 elements adapted to
      continuously divide and intermix adjacent portions of the stream of molten
      material as it passes through said static mixer.
NUM  4.
PAR  4. A method in accordance with claim 1, wherein said elements are curved
      sheets extending longitudinally of said conduit in a serial manner and
      wherein consecutive elements are curved in opposite directions.
NUM  5.
PAR  5. A method in accordance with claim 4 wherein each sheet is twisted such
      that its upstream and downstream edges are substantially flat and are at
      an angle to each other and wherein the downstream edge of an element and
      the upstream edge of a next adjacent element are disposed at an angle
      relative to each other.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein said nonvolatile components
      are introduced into said static mixer as a first stream and said molten
      crosslinking agent is introduced into said static mixer as a second stream
      at about the center of said first stream.
NUM  7.
PAR  7. A method in accordance with claim 6 wherein said second stream comprises
      a plurality of fine streams.
NUM  8.
PAR  8. A method in accordance with claim 1 wherein said nonvolatile components
      and said molten crosslinking agent are introduced into said static mixer
      at a pressure of less than about 50 pounds per square inch.
NUM  9.
PAR  9. A method of preparing a powder paint composition comprising:
PA1  A. introducing a liquid composition comprising a solution of inert solvent
      and an acrylic copolymer containing crosslinkable functional groups
      selected from the group consisting of epoxy, hydroxyl, amide and carboxyl
      groups, said copolymer having a glass transistion temperature in the range
      of 40.degree.C to 90.degree.C and a number average molecular weight of
      between about 1,000 and about 15,000, into a devolatilizing zone wherein:
PA2  1. the liquid composition is heated above the melting point of said
      copolymer and above the temperature at which said inert solvent begins to
      vaporize, but below the point at which degradation occurs;
PA2  2. the volatile components are withdrawn from the devolatilizing zone; and
PA2  3. the molten nonvolatile components are collected;
PA1  B. feeding said nonvolatile components at a first stream under pressure at
      a selected flow rate into a static mixer comprising a conduit containing
      fixed elements;
PA1  C. simultaneously feed a molten crosslinking agent for said copolymer as a
      second stream into said static mixer under substantially the same pressure
      as said nonvolatile components and at a flow rate calculated to provide
      the mixture with between about 70% and about 130% of the stoichiometric
      quantity of crosslinking agent for said copolymer, said second stream
      being introduced at about the center of said first stream;
PA1  D. passing said molten nonvolatile components and said crosslinking agent
      through said static mixer, which is maintained at a temperature above the
      melting point of all components but below about 600.degree.F. to
      thoroughly intermix the same, the average residence time of the mixture
      within the static mixer being less than about one-half the gel time for
      the crosslinkable system;
PA1  E. cooling said mixture of nonvolatile components and crosslinking agent to
      form a solid material; and
PA1  F. pulverizing said solid material to form a powder.
NUM  10.
PAR  10. A method in accordance with claim 9 wherein the average residence time
      of the mixture is between about 10 seconds and about 3 minutes.
NUM  11.
PAR  11. A method in accordance with claim 9 wherein said fixed elements are
      adapted to continuously divide and intermix adjacent portions of the
      stream of molten material as it passes through said static mixer.
NUM  12.
PAR  12. A method in accordance with claim 11 wherein said conduit contains
      between about 5 and about 30 elements and wherein said nonvolatile
      components and said crosslinking agent are fed into said static mixer at a
      pressure of less than about 500 psi.
NUM  13.
PAR  13. A method in accordance with claim 9 wherein said second stream
      comprises a plurality of smaller streams.
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ABST
PAL  Graft polymers comprised of rubbery polymeric substrates with
      methacrylonitrile grafted thereon. The graft polymers are characterized by
      being transparent and containing methacrylonitrile as a grafting monomer
      in an amount from about 85 per cent to about 95 per cent by weight of the
      total graft polymer.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of application Ser. No. 272,254, filed
      July 17, 1972, now abandoned, which was a continuation-in-part of Ser. No.
      86,952, filed Nov. 4, 1970 now abandoned which was a continuation-in-part
      of Ser. No. 667,655, filed Sept. 14, 1967 now abandoned.
BSUM
PAC  BACKGROUND
PAR  A great variety of polymeric materials known as graft polymers have been
      prepared prior to this invention. Perhaps the best known graft polymers
      are those known as ABS graft polymers which are prepared by polymerizing a
      monomer such as butadiene or monomers such as butadiene and styrene to
      form either a homopolymer or a copolymer backbone substrate and thereafter
      polymerizing grafting monomers such as styrene and acrylonitrile in the
      presence of the prepolymerized backbone substrate material.
PAR  In preparing graft polymers, either a rubbery backbone or a resinous
      backbone may be utilized. If the prepolymerized monomer is predominately a
      rubber forming monomer such as a conjugated diene, the backbone will be
      flexible and if the monomer is predominantly a resin forming monomer such
      as styrene, the backbone material will be resinous and inflexible. The
      polymerizing of a second monomer or group of monomers in the presence of
      the prepolymerized backbone material causes the second monomer or monomers
      to become bonded in chains on the prepolymerized backbone to form what is
      known as a graft polymer.
PAR  The most conventional ABS graft polymers are those wherein the
      prepolymerized material is a rubbery polymer or copolymer such as
      polybutadiene or butadiene-styrene and those monomers that are normally
      copolymerized in the presence of the rubbery backbone are acrylonitrile,
      styrene and acrylic acid ester such as methyl acrylate, ethyl acrylate,
      butyl acrylate, methyl methacrylate and the like.
PAR  Generally, those monomers that were utilized as grafting monomers in the
      preparation of ABS graft polymers prior to this invention were monovinyl
      aromatic hydrocarbons, acrylonitrile, and substituted acrylonitrile.
      Though these materials exhibited high impact strengths and a favorable
      balance of physical properties, they were generally known to be opaque and
      therefore were difficult to load with a high degree of pigment and could
      not be used in applications where clarity was a desired characteristic.
PAR  Perhaps one of the greatest disadvantages in obtaining transparency with
      the previously known ABS graft polymers was their tendency to lose impact
      strength at a high degree of transparency. Further, as mentioned, it was
      difficult to load to opaque and translucent polymers to obtain depth of
      color while retaining the desired high impact characteristics. It was
      found that if the refractive index of the substrate did not closely
      coincide with that of the grafting monomers, the polymeric materials would
      necessarily be translucent or opaque.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to high impact resistant graft polymers that may
      be used as pipe, sheet molded articles and the like which have a better
      retention of impact strength and appearance than the normal ABS graft
      polymers and may be prepared so as to be transparent over a wide range of
      monomeric ingredients. The transparent polymers have particular utility as
      lamp globes, panels and highly pigmented polymeric materials due to their
      high degree of light transmission.
PAR  The graft polymers of this invention are prepared by prepolymerizing a
      conjugated diene monomer such as butadiene or conjugated diene monomer
      along with another monomer copolymerizable therewith such as styrene, to
      form a rubbery backbone substrate. Methacrylonitrile is thereafter
      polymerized in the presence of the preformed rubbery backbone substrate.
PAR  The rubbery backbone substrate graft polymer of this invention may comprise
      from about 5 percent to 15 percent of the total composition and the
      methacrylonitrile grafted thereon will comprise from about 95 percent to
      about 85 percent of the total composition.
PAR  In order to obtain optimum clarity (light transmission), it is necessary
      that the refractive index of the rubbery backbone substrate coincide with
      that of the composition formed by polymerizing methacrylonitrile in the
      presence of the substrate polymer.
PAR  The rubbery backbone is prepared as a synthetic rubbery latex by
      polymerizing the rubbery forming monomers in aqueous emulsion in the
      presence of a conventional catalyst, emulsifying agent, etc., at
      conventional polymerization temperatures from about 0.degree. to about
      100.degree. C.
PAR  The rubbery backbone is normally a conjugated diene polymer, e.g., prepared
      from butadiene, isoprene, chloroprene, piperylene, etc. The backbone may
      also be a copolymer of a conjugated diene with a minor amount, ie., up to
      40% by weight, of another vinylic monomer copolymerized therewith selected
      from the group styrene and substituted styrene, e.g., vinyl toluene, vinyl
      xylene, alpha-methylstyrene and chlorostyrene; alkyl acrylate, e.g.,
      methyl acrylate, ethyl acrylate, propyl acrylate and alkyl alkacrylate,
      e.g., methyl methacrylate, ethyl methacrylate, methyl ethacrylate and
      methyl crotonate.
PAR  The polymerization of the methacrylonitrile in the presence of the
      preformed backbone will take place in aqueous emulsion in the presence of
      an emulsifying agent and a catalyst such as peroxide, hydroperoxide, azo
      compound or persulfate at conventional temperatures of from 0.degree. to
      100.degree. C. It is desirable to maintain a pH close to neutral or on the
      acid side for optimum color and clarity. In polymerizing the
      methacrylonitrile in admixture with the synthetic rubber latex, the
      catalyst may be added to the latex continuously or incrementally or the
      catalyst and the latex may be added at the beginning of the
      polymerization.
PAR  In the preparation of the graft polymers of this invention, suitable
      emulsifiers such as phosphate esters, sulfonates, sulfates,
      sulfosuccinates and the like may be used.
PAR  During the preparation or after the preparation of the polymeric material,
      stabilizers are added to provide oxidative and color stability.
PAR  The range of monomeric ingredients as well as polymerization conditions
      will be understood from the examples in which typical charges for the
      polymerization are set forth. In all the examples listed below, parts are
      by weight unless otherwise indicated.
DETD
PAR  In the preparation of the graft polymer of Example I and subsequent
      examples which followed the procedure of Example I, the polymerization of
      the rubbery backbone polymer (illustrated by butadiene or butadiene and a
      monomer copolymerizable therewith) was carried out in a closable reactor
      provided with a heating and cooling jacket and with an anchor stirrer. The
      water, potassium persulfate initiator, sodium alkylate sulfonate,
      tetrasodium pyrophosphate and tertiary dodecyl mercaptan were charged to
      the reactor with stirring to dissolve. The reactor was closed and the
      reactor space above the liquid was purged with butadiene and butadiene was
      charged to the reactor. The temperature was raised to approximately
      50.degree.C. and agitation was commenced. The temperature and agitation
      were maintained for about 24 hours, at which time the pressure had dropped
      to about 20 psig. The butadiene was vented with continued stirring of the
      contents of the reaction vessel. The latex remaining in the vessel
      contained about 40 percent of polybutadiene dispersed therein. A recipe
      for the preparation of the polybutadiene substrate is as follows:
TBL                      Parts by Weight                                       
     ______________________________________                                    
     Butadiene                 100                                             
     Water                     150                                             
     Sodium Alkylate Sulfonate 3.25                                            
     Tetrasodium Pyrophosphate 0.10                                            
     Potassium Persulfate      0.25                                            
     Tertiary Dodecyl Mercaptan                                                
                               0.20                                            
     Reactor Temperature                                                       
                      50.degree.C.                                             
     Reactor Pressure 85 psi                                                   
     Per Cent Solids  40                                                       
     ______________________________________                                    
PAR  That amount of the polybutadiene (emulsion) shown in Table 1, Example I,
      was charged to a second reactor along with the indicated amount of
      methacrylonitrile, sodium lauryl sulfate, tertiary butyl peroxypivalate,
      sodium dioctylsulfosuccinate, tertiary dodecyl mercaptan, dipentene
      dimercaptan and water. The vessel was closed and the residual air in the
      vessel was purged with nitrogen. The charge mixture temperature was raised
      to about 65.degree. C. for eighteen hours and the resultant latex was
      coagulated with divalent salt (CaCl.sub.2) or trivalent salt (Al.sub.2
      (SO.sub.4).sub.3) , washed and dried.
PAR  The reaction pH of between 2 and 7 is normally maintained by adding an acid
      such as HCl, H.sub.2 SO.sub.4 H.sub.3 PO.sub.4 or the like in order to
      obtain the best color stability of the final polymer.
PAR  In the procedure set forth above for the preparation of the graft polymers,
      the polymer may be recovered from the emulsion using any of the known
      methods for breaking acid stable emulsions. For example, divalent ions
      such as calcium, magnesium, barium, other group II metals and trivalent
      salts such as aluminum sulfate may be used. Other direct techniques such
      as spray drying of the latex are also operable. The filtered latex was
      used in preparing compositions which were tested for izod impact, Rockwell
      hardness and other physical properties such as set forth in the tables.
PAR  In the tables below, the percent clarity was measured as the percent of
      light transmitted at 520 microns wave length at a thickness of 125 mils.
      This percent of light transmitted is the standard test herein. In order to
      understand the amount of transparency, it is necessary that the percent of
      transmission be compared with that of other materials. For example, the
      ABS graft polymer prepared by polymerizing 30 parts of acrylonitrile and
      50 parts of styrene in the presence of 20 parts of prepolymerized
      butadiene, i.e., polybutadiene, has a percent of clarity of less than 5
      using the standard test. Glass has a percent of clarity of 90 and clear
      polyvinyl chloride has a percent of clarity of 72 using the standard test.
      It should also be noted that in the examples, all of the samples would
      transmit light directly, i.e., newsprint could be read through the sample
      and the light was not diffused as in translucent materials.
TBL                TABLE 1 (Batch)                                             
     ______________________________________                                    
                               I                                               
     Polybutadiene (Emulsion)  10                                              
     Methacrylonitrile         90                                              
     Sodium Lauryl Sulfate     1.25                                            
     t-Butyl Peroxypivalate    0.5                                             
     Sodium Dioctyl Sulfo-                                                     
     succinate                 0.5                                             
     t-Dodecyl Mercaptan       0.3                                             
     Dipentene Dimercaptan     0.1                                             
     Water                     250                                             
     Izod Impact Strength                                                      
      1/8" Notch               1.4                                             
     Hardness, Rockwell        117                                             
     Clarity - %*              55                                              
     ______________________________________                                    
      *Measurement of percent light transmission at 520 microns wave length at 
      thickness of 125 mils.                                                   
TBL                TABLE 2 (Batch)                                             
     ______________________________________                                    
                           II          III                                     
     Polybutadiene (Emulsion)                                                  
                           10          10                                      
     Methacrylonitrile     90          90                                      
     Sodium Dodecyldiphenyl                                                    
      Ether Disulfonate    1.0         1.0                                     
     t-Butyl Peroxypivalate                                                    
                           0.3         1.0                                     
     Water                 200         200                                     
     Additional tBPP Added                                                     
      After 5 hours        0.3                                                 
     Izod Impact Strength                                                      
      1/8" Notch           4.3         3.0                                     
     Tensile Strength, psi 9200        9200                                    
     Tensile Elongation, % 8           7                                       
     Tensile Modulus (10.sup.-.sup.5) psi                                      
                           5.0         4.8                                     
     Heat Distortion                                                           
      Temperature                                                              
      at 264 psi                                                               
       Unannealed, .degree.F.                                                  
                           197         205                                     
       Annealed, .degree.F.                                                    
                           224         223                                     
     Hardness, Rockwell    119         118                                     
     Clarity, *%           56          52                                      
     ______________________________________                                    
      *Measurement of percent light transmission at 520 microns wave length at 
      thickness of 125 mils.                                                   
TBL  __________________________________________________________________________
     OUTDOOR AGING RESULTS                                                     
     Example II  Control                                                       
                      3 Months                                                 
                            6 Months                                           
                                  12 Months                                    
     __________________________________________________________________________
     Izod Impact                                                               
     Strength, 1/8" N.                                                         
                 4.3  4.2   4.4   4.1                                          
     Tensile Strength,                                                         
     psi          9200                                                         
                       9000  8700  8200                                        
     Tensile Elongation,                                                       
     percent     30   17    10    10                                           
     Tensile Modulus,                                                          
     (10.sup.-.sup.5)                                                          
                 5.0  4.5   4.6   4.7                                          
     __________________________________________________________________________
TBL                TABLE 3 (Batch)                                             
     ______________________________________                                    
                               IV                                              
     70/30 Butadiene-Styrene                                                   
      Copolymer (Emulsion)     10                                              
     Methacrylonitrile         90                                              
     Sodium Lauryl Sulfate     1.25                                            
     Sodium Dioctyl Sulfosuccinate                                             
                               0.5                                             
     t-Butyl Peroxypivalate    0.5                                             
     Water                     250                                             
     Izod Impact Strength, 1/8" N.                                             
                               1.0                                             
     Tensile Strength, psi     10,000                                          
     Tensile Elongation, %     8                                               
     Tensile Modulus, psi (10.sup.-.sup.5)                                     
                               4.8                                             
     Hardness, Rockwell        120                                             
     Clarity*, %               63                                              
     ______________________________________                                    
      *Measurement of percent light transmission at 520 wave length at a       
      thickness of 125 mils.                                                   
TBL                TABLE 4                                                     
     ______________________________________                                    
                               V                                               
     70/30 Butadiene-Styrene                                                   
      Copolymer (Emulsion)     10                                              
     Methacrylonitrile         90                                              
     Sodium Lauryl Sulfate     1.25                                            
     Sodium Dioctyl Sulfo-                                                     
      succinate                0.5                                             
     t-Butyl Peroxypivalate    0.5                                             
     Water                     250                                             
     Izod Impact Strength,                                                     
      1/8" Notch               1.0                                             
     Tensile Strength, psi     9700                                            
     Tensile Elongation, %     8                                               
     Tensile Modulus,                                                          
      psi (10.sup.-.sup.5)     4.8                                             
     Hardness, Rockwell        120                                             
     ______________________________________                                    
PAR  It will be noted from the tables that the graft polymers of this invention
      have a high level of impact resistance and tensile strength combined with
      good light transmission. The polymers are also characterized by having
      very good stability and will retain their desirable physical properties
      though they are used in outdoor applications, such as in sheeting and
      molded objects. As was noted previously, the clarity of the polymeric
      products lends them the distinct advantage of being able to obtain
      excellent depth of color when pigments are added thereto.
PAR  Though the invention has been described with respect to certain specific
      embodiments thereof, it will be understood by those skilled in the art
      that this is by way of illustration and not limitation and the scope of
      the invention should be defined as broadly as is consistent with the prior
      art.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A transparent graft polymer prepared in a manner whereby the refractive
      index of the polymerized grafting monomers, after polymerization in the
      presence of the substrate, is substantially equal to the graft polymer
      substrate, said graft polymer prepared by polymerizing about 90 percent by
      weight of methacrylonitrile in the presence of about 10 percent by weight
      of a rubbery polymeric substrate selected from the group consisting of
      conjugated diene homopolymers and copolymers consisting of a conjugated
      diene and up to about 40 percent by weight of a monomer selected from the
      group consisting of styrene, substituted styrene, alkyl acrylate and alkyl
      alkacrylate.
NUM  2.
PAR  2. The graft polymer of claim 1 wherein the rubbery polymeric substrate is
      polybutadiene.
NUM  3.
PAR  3. The graft polymer of claim 1 wherein the rubbery polymeric substrate is
      a copolymer of butadiene and styrene.
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ABST
PAL  A technique for improving the tensile strength of extruded fibers by
       incorating Teflon into hydrocarbon polymers. These polymeric compositions
      have extensive application in improving the physical behavior,
      reliability, and long term storage stability of extruded propellants,
      pyrotechnics and explosives.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Elastomeric hydrocarbon polymers are known to the art but their utility has
      been somewhat limited in that they have reduced strength at elevated
      temperatures. Continued efforts have been directed toward the improvement
      of the physical behavior, reliability and long term storage of materials
      of this type. Chopped monofilaments, such as polyesters or polyimides have
      been incorporated to increase tensile and tear resistance. In the present
      method hydrocarbon elastomeric polymers were produced which have greatly
      improved physical properties and are useful in the chemical ordnance
      field.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention Teflon was incorporated into
      hydrocarbon polymers which are elastomeric to about -45.degree. F. by
      banding Teflon powder and the hydrocarbon polymer on a rubber mill at a
      temperature of from about 25.degree. C. to about 70.degree. C., and by
      premixing the Teflon and hydrocarbon elastomeric polymer by the slurry
      process then milling, extruding, etc., the product thereof. The
      Teflon-rubber mixture showed greatly increased strength due to the Teflon
      which coalesced into fibers and strands in situ during the forming by a
      conventional process which provides shear.
PAR  The following examples are given which will better illustrate the invention
DETD
PAC  EXAMPLE I
PAR  To butadiene-styrene polymer on a rubber mill powdered Teflon in about 3
      parts per hundred of rubber was added. After the addition was completed,
      milling was continued for a few minutes. The sheet was then removed from
      the mill and replaced on the same mill so that the direction of milling
      was approximately 90 degrees from the direction that the sheet had
      originally been milled. Powdered Teflon (in about 3 parts per hundred of
      rubber) was added as before and milled into the sheet. The finished
      reinforced rubber was cut into gaskets which were tested. They were
      superior in strength to those without the Teflon reinforcement. The
      reinforced rubber can also be compounded with the usual curatives and
      additives which are known to the art. A pressed cured sheet of the
      material had greatly improved physical properties. Noncurable butyl rubber
      had a tensile strength of about 85 lbs/in.sup.2 and an elongation of about
      470%. The product produced herein had a tensile strength increased to 426
      lbs/in.sup.2.
PAC  EXAMPLE II
PAR  To butadiene-acrylonitrile rubber copolymer, which is elastomeric at about
      25.degree. C. and down to about -35.degree. F., Teflon powder in 20 parts
      by weight Teflon was added to the rolling bank. A Steward Bolling Mill was
      used with its two 5 inch diameter rolls set at a 1:2.5 ratio: The mill was
      maintained at 25.degree. C. The compositions were compression molded at
      116.degree. C. for 1 hour, and at 160.degree. C. for about 45 minutes,
      then cured for 24 hours in an oven at 200.degree. C. Curable butadiene
      acrylonitrile rubber had a tensile strength of 156 lbs/in.sup.2 and
      elongation of 1700% in the uncured state. On adding the 20 parts by weight
      Teflon on the mill, the tensile strength increased to 250 lbs/in.sup.2 and
      the elongation to 2100%. When the same butadiene-acrylonitrile rubber and
      Teflon were premixed by solution precipitation and then milled, the
      tensile strength increased to 325 lbs/in.sup.2.
PAC  EXAMPLE III
PAR  To styrene-butadiene rubber 17% by weight Teflon was added to the rolling
      bank. The mill was maintained at 25.degree. C. The finished reinforced
      rubber was cut and tested. The styrene-butadiene rubber had a tensile of
      85 lbs/in.sup.2 and an elongation of 450%. The product produced herein
      with the Teflon addition increased the tensile strength to 140
      lbs/in.sup.2 and the elongation to 640%.
PAR  When conventional curatives were mixed with the rubber and Teflon and
      milled and press cured, the tensile strength increased to 253
      lbs/in.sup.2. When carbon black was added 50 parts per hundred rubber
      along with 2 parts sulfur and 1.5 parts benzothiazyl disulfide and 25
      parts Teflon followed by milling and press curing, the tensile strength
      increased to 4000 lbs/in.sup.2. The same type increase was found to occur
      with ethylene-propylene rubber and a polyurethane rubber as well.
PAC  EXAMPLE IV
PAR  A mixture comprising of 10 parts butyl rubber, 25 parts Teflon and 65 parts
      carbon was milled and when ram extruded, produced a rod which had a
      tensile strength of 890 lbs/in.sup.2 and an elongation of 75%.
PAR  In the uncured state Teflon addition on the mill provides an increase in
      physical properties. If the Teflon is premixed before milling there is an
      additional improvement although not as significant.
PAC  EXAMPLE V
PAR  From 3 to about 85 parts by weight of polytetrafluoroethylene (Teflon) was
      incorporated into about 100 parts by weight of an elastomeric hydrocarbon
      polymer selected from the group consisting of ethylene-propylene rubber,
      butyl rubber, styrene-butadiene rubber, polychloroprene rubber,
      polyisoprene rubber, and polybutadiene rubber dissolved in a petroleum
      solvent selected from the group consisting of benzene, toluene, xylene,
      hexane, cyclohexane, petroleum ether to form a suspension. The elastomeric
      hydrocarbon polymer and Teflon were coprecipitated by washing with a
      nonsolvent for the hydrocarbon polymer, such as methanol or ethanol known
      to the art, then separating the precipitate and drying. The precipitate
      was then banded on a rubber mill at from 25.degree. to about 70.degree. C.
      These products showed greatly increased strength. Some
      butadiene-acrylonitrile rubber, some polysulfide rubbers and polyacrylic
      rubbers were also used and were dissolved in more polar conventional
      solvents.
PAR  Teflon elongates in situ into strong films and fibers after it is
      incorporated during any conventional process which provides shear into
      polymers which are elastomeric at about -40.degree. F., such as the
      styrene-butadiene polymers, polyisoprene, polychloroprene, polysulfide
      rubbers, copolymers of ethyl and butyacrylates with 2-chloroethyl vinyl
      ether, 2-chloroethyl acrylate, acrylonitrile and other comonomers. The
      phenomenon occurs with ethylene propylene rubbers and butyl rubbers as
      well. The following are the results of mixtures of butyl rubber and
      Teflon, the rubbers being elastomeric at as low as about -40.degree. F.
TBL  ______________________________________                                    
                                 Tensile strength                              
     % Teflon   % Butyl rubber   (psi)                                         
     ______________________________________                                    
     20         80               182                                           
     45         55               246                                           
     57         45               324                                           
     75         25               517                                           
     85         15               1790                                          
     ______________________________________                                    
PAR  These reinforced products exhibited many times increased tensile strength
      over butyl rubber alone which ranges from about 50 to 80 psi.
PAR  As disclosed herein elastomeric compositions prepared with Teflon powder by
      milling or extrusion have very large increases in tensile strength when
      measured parallel to the direction of shear and high tear strength when
      measured perpendicular to the direction of shear. The principal cause of
      the great improvement in tensile and tear strength is believed to be due
      to the formation of oriented Teflon fibers and films in the elastomer
      matrix.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of compounding an elastomeric polymeric composition which
      comprises
PA1  dissolving an elastomeric polymer selected from the group consisting of
      butadiene-acrylonitrile rubber, ethylene-propylene rubber, butyl rubber,
      styrene-butadiene rubber, polyisoprene rubber, polychloroprene rubber, in
      a solvent selected from the group consisting of benzene, toluene, xylene,
      hexane, cyclohexane, petroleum ether to form a solution;
PA1  incorporating into said solution polytetrafluoroethylene to form a
      suspension;
PA1  coprecipitating said polymer and said polytetrafluoroethylene by mixing
      said suspension with a nonsolvent for said polymer whereby a precipitate
      forms;
PA1  separating said precipitate from said solvent and drying said precipitate.
NUM  2.
PAR  2. The method in accordance with claim 1 wherein said dry precipitate is
      banded on a rubber mill at 25.degree. C. thereby improving the physical
      properties of said precipitate.
NUM  3.
PAR  3. An elastomeric polymeric composition consisting essentially of an
      elastomeric polymer selected from the group consisting of
      butadiene-acrylonitrile, ethylene-propylene rubber, styrene-butadiene
      rubber, polyisoprene, polychloroprene, butyl rubber and a
      polytetrafluoroethylene.
NUM  4.
PAR  4. The composition in accordance with claim 3 wherein the elastomeric
      polymer consists essentially of from 15 to 90 percent by weight.
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ABST
PAL  Blends of vinyl chloride polymers and chlorination products of polyolefins
      well suitable for dry blend technique are obtained by using a chlorinated
      low pressure polyethylene prepared by chlorinating in water in the
      presence of silicic acid and a siloxane oil.
PARN
PAR  This application is a continuation of application Ser. No. 421,528 filed
      Dec. 4, 1973 and now abandoned.
BSUM
PAR  This invention relates to a thermoplastic composition consisting of a vinyl
      chloride polymer and a chlorinated low pressure polyethylene.
PAR  It has been proposed to elastify polyvinyl chloride and vinyl chloride
      copolymers by the addition of chlorination products of polyolefins
      obtained by chlorinating polyolefins in aqueous suspension and having a
      chlorine content of from 25 to 50 % by weight (cf. German Pat. No.
      1,469,990 and German Pat. Nos. 1,236,774 and 1,266,969).
PAR  To obtain chlorination products having a good elastifying effect combined
      with a sufficient fineness of grain the chlorination has to be carried out
      in the presence of fine-grained inert, inorganic or organic additives to
      avoid agglomeration. As inorganic additives silicic acid or kieselguhr
      have been proposed (cf. German Pat. No. 1,420,407).
PAR  The relatively large amount of silicic acid, which must be added to the
      chlorination reaction as anti-agglomeration agent and which partially
      remains in the final blend when the chloropolyolefin is mixed with
      polyvinyl chloride, has a detrimental effect on the rheological and
      mechanical properties of the blend.
PAR  It has now been found that mixtures of vinyl chloride polymers and
      chlorination products of polyolefins can be produced which do not have the
      aforesaid disadvantages and are well suitable for dry blend technique by
      using a chlorinated low pressure polyethylene prepared by chlorinating in
      water in the presence of silicic acid and a siloxane oil.
PAR  The present invention provides a thermoplastic composition essentially
      consisting of
PA1  A. 98 to 50 % by weight of a vinyl chloride polymer and
PA1  B. 2 to 50 % by weight of a chlorinated low pressure polyethylene, having a
      chlorine content of 25 to 42 % by weight, a reduced specific viscosity of
      1 to 5 dl/g, a residue value of 2 to 40 %, measured by extraction with
      toluene/acetone in a proportion of 1 : 1, and a swelling value of 10 to 70
      %, measured in methylcyclohexane,
PAL  And obtained by chlorinating a low pressure polyethylene in water in the
      presence of 0.1 to 2 % by weight of silicic acid and 0.01 to 1.0 % by
      weight of a siloxane oil, the percentages being calculated on the low
      pressure polyethylene used, at a chlorination temperature of from
      50.degree. to 130.degree.C, at least 10 % by weight of chlorine being
      incorporated at a temperature of from 120.degree. to 130.degree.C.
PAR  The present invention also provides a preocess for the manufacture of a
      thermoplastic composition by mixing
PA1  A. 98 to 50 % by weight of a vinyl chloride polymer and
PA1  B. 2 to 50 % by weight of a chlorinated low pressure polyethylene
PAL  Having a chlorine content of from 25 to 42 % by weight, a reduced specific
      viscosity of 1 to 5 dl/g a residue value of from 2 to 40 %, measured by
      extraction with toluene/acetone in a proportion of 1 : 1, and a swelling
      value of from 10 to 70 %, measured in methylcyclohexane, and prepared by
      chlorinating a fine-grained low pressure polyethylene in water in the
      presence of 0.1 to 2 % by weight of silicic acid and 0.01 to 1.0 % by
      weight of a siloxane oil, the percentages being calculated on the starting
      polyethylene, at a chlorination temperature of from 50.degree. to
      130.degree.C, the low pressure polyethylene being possibly thermally
      treated or presintered at a temperature in the range of from 100.degree.C
      to its crystallite melting point and at least 10 % of the chlorine being
      introduced at a temperature of from 110.degree. to 130.degree.C.
PAR  The thermoplastic composition consists of 98 to 50 % by weight, preferably
      95 to 80 % by weight of polyvinyl chloride or a copolymer of vinyl
      chloride with other comonomers, such as vinyl acetate, acrylic acid esters
      or methacrylic acid esters, the amount of comonomer units in the polymer
      being at most 20 % by weight, preferably 1 to 5 % by weight. The K value
      of the polymer is expediently in a range of from 50 to 80.
PAR  The remaining 2 to 50 % by weight, preferably 2 to 20 % by weight, of the
      thermoplastic composition of the invention consists of a chlorinated low
      pressure polyethylene of high molecular weight containing 25 to 42 % by
      weight, preferably 30 to 40 % by weight of chlorine. The distribution of
      the chlorine atoms in the polyethylene grains, i.e. the degree of
      "penetrating or through chlorination" is characterized by the residue
      value according to the toluene/acetone method and the swelling value in
      methylcyclohexane. The chlorinated low pressure polyethylene suitable for
      making the compositions of the invention shall have a residue value of 2
      to 40 %, preferably 2 to 30 %, and a swelling value of 10 to 70 %,
      preferably 20 to 50 %. Moreover, it shall have a reduced specific
      viscosity of 1 to 5 dl/g preferably 1 to 3.5 dl/G.
PAR  The chlorinated low pressure polyethylene of high molecular weight is
      fine-grained and can readily be mixed homogeneously with the vinylchloride
      polymer powder.
PAR  The chlorinated low pressure polyethylene to be used according to the
      invention is produced by chlorinating finegrained low pressure
      polyethylene, which may have been thermally treated or pre-sintered for 5
      to 300 minutes at a temperature of from 100.degree.C to its crystallite
      melting point (cf. German Offenlegungsschrift 1,720,800) in water;
      expediently 3 to 30 times the amount of water, referred to the low
      pressure polyethylene being used, at a temperature in the range of from
      50.degree. to 130.degree.C. The chlorination is advantageously started in
      a temperature range of from 70.degree. to 90.degree.C, continued with
      continual temperature increase and terminated at a temperature ranging
      from 120.degree. to 130.degree.C. Alternatively, the chlorination can be
      effected in two steps, i.e. it is started at a temperature of from
      50.degree. to 100.degree.C, the chlorine supply is interrupted while the
      temperature is raised to 120.degree. to 130.degree.C and the chlorination
      is then continued and terminated at that temperature.
PAR  The low pressure polyethylene used as starting material has a reduced
      specific viscosity of 1 to 5 dl/g, preferably 1 to 3.5 dl/g.
PAR  By silicic acid present in the chlorination as agglomeration inhibitor the
      various hydrous or anhydrous types of finely porous silicon dioxide
      preferably having a large surface are understood. Their inner surface
      should expediently be in the range of from 50 to 400 cm.sup.2 /g according
      to BET (Brunauer, Emmet and Teller) preferably 150 to 300 cm.sup.2 /g.
PAR  In general the silicic acid has a mean particle size of from 1 to 50 .mu.m.
PAR  To obtain a sufficient anti-agglomeration effect about 0.1 to 2 % by weight
      of silicic acid in combination with 0.01 to 1.0, preferably 0.02 to 0.7 %
      by weight of siloxane oil, each time calculated on the low pressure
      polyethylene used, are generally sufficient. The amount of silicic acid
      and siloxane oil is not strictly limited, in some cases higher amounts may
      also be used, whereby the agglomeration inhibition is further improved but
      disadvantages for the blend with polyvinyl chloride must be taken into
      consideration.
PAR  The organo-silicon compunds or siloxane oils to be used according to the
      invention are polysiloxanes consisting of the recurring unit
      ##EQU1##
      in which R.sub.1 and R.sub.2 each represent an alkyl radical preferably
      having 1 to 12 carbon atoms, an aryl radical preferably having 6 or 10
      carbon atoms or an aralkyl radical preferably having 7 to 12 carbon atoms,
      and x is an integer of from 10 to 10,000, preferably 100 to 1,000. The
      viscosity of the siloxane oils at 25.degree.C is suitably in the range of
      from 100 to 500,000 centistokes, more suitably 500 to 50,000 centistokes.
      There are mentioned, by way of example, dimethyl-, diethyl-, dipropyl-,
      methyl-ethyl-, dioctyl-, dihexyl-, methylpropyl-, dibutyl- and
      didodecylpolysiloxanes. Compounds of the dimethyl-polysiloxane series
      proved to be especially advantageous.
PAR  The silicic acid component and the polysiloxane, which are possibly
      pre-mixed, are expediently added prior to or at the beginning of the
      chlorination within a temperature interval in which the melting point of
      the polyethylene is not yet reached.
PAR  According to another mode of operation the silicic acid is first added
      alone and the siloxane oil is then admixed during the course of
      chlorination. A possible agglomeration can be counteracted at least
      partially by the later addition of siloxane oil, even if it is made prior
      to drying.
PAR  It is also possible, of course, to add the intended amount of siloxane oil
      in portions during some or all process steps.
PAR  The thermoplastic composition according to the invention may additionally
      contain known PVC stabilizers, for example barium or cadmium laurate,
      epoxide stabilizers, organic phosphites, tin or lead compounds, as well as
      other known additives, for example UV absorbers, lubricants, processing
      auxiliaries, dyes and pigments.
PAR  Depending on the proportion of chlorinated low pressure polyethylene, the
      thermoplastic composition of the invention can be used for making tubes,
      profiles, plates, sheets, cables, injection moulded articles and other
      shaped structures. Owing to the uniform fineness of the grain, the
      composition can be easily processed by the dry blend technique. Mixing of
      the components in the plasticized state is not required.
PAR  To characterize the chlorinated low pressure polyethylenes to be used
      according to the invention the following methods were used:
PA1  1. Residue value according to the toluene/acetone (TAC) method: 4 grams of
      the chloropolyethylene to be tested were refluxed for 1 hour in 100 ml of
      a 1 : 1 mixture of toluene and acetone. The amount of insoluble residue
      consisting of insuffiently chlorinated portions is a measurement for the
      through chlorination of the polyethylene particles. The smaller the
      residue the better the chlorination product is suitable for the
      compositions of the invention.
PA1  2. Swelling value in methylcyclohexane (MCH) The increase in weight of a
      sample after a 24 hour storage in methylcyclohexane is a further
      measurement for the through chlorination of the polyethylene particles.
      Portions which have not been chlorinated to a sufficient extent swell very
      little. Products having a high swelling value are especially suitable. The
      following examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  The chloropolyethylene used was prepared as follows: In a chlorination
      vessel 100 parts by weight of low pressure polyethylene having a reduced
      specific viscosity of 1.3 dl/g, measured at 135.degree.C in
      tetrahydronaphthalene, in 800  parts by weight of water were chlorinated,
      with the addition of 1 part by weight of silicic acid having a mean
      particle size of 12 .mu.m and an inner surface of 200 cm.sup.2 /g
      according to BET and 0.7 part by weight of dimethylpolysiloxane having a
      viscosity of 10,000 at 25.degree.C, first at 80.degree.C until a chlorine
      content of 20 % by weight had been reached and then at 120.degree.C to a
      chlorine content of 38.7 % by weight.
PAR  The filtered, washed and dried product had a TAC value of 29 % and a MCH
      value of 12 %.
PAR  A mixture of 10 parts by weight of the above chlorination product and 90
      parts by weight of suspension polyvinyl chloride having a K value of 70
      was rolled for 10 minutes at 175.degree.C with the addition of 3 parts by
      weight of barium/cadmium stabilizer and 1 part by weight of diphenyl-octyl
      phosphite. The plates moulded from the blend had the following values
PAR  Notched impact strength according to DIN 53,453:
PA1  30.4 cmkg/cm.sup.2
PAR  Impact strength at -20.degree.C according to DIN 53,453:
PA1  "without break"
PAR  Notched tensile impact strength (DIN 53,448):
PA1  197 cmkg/cm.sup.2
PAC  Comparative EXAMPLE
PAR  The same low pressure polyethylene was chlorinated under the conditions
      specified above with the exception that no silicic acid and no siloxane
      oil were added. The polymer agglomerated to a large extent so that further
      chlorination was much impeded. A chlorination product was obtained having
      a chlorine content of 39.1 % by weight, a TAC value of 45 % and a MCH
      value of 3 %. A blend of 10 % by weight of the said chlorination product
      with 90 % by weight of suspension polyvinyl chloride having a K value of
      70, prepared under the conditions of Example 1, was found to have a
      notched impact strength of 19.2 cmkg/cm.sup.2 and an impact strength at
      -20.degree.C without break, according to DIN 53,453, and a notched tensile
      impact strength of 102 cmkg/cm.sup.2 according to DIN 53,448.
PAC  EXAMPLE 2
PAR  In a chlorination vessel 100 parts by weight of low pressure polyethylene
      having a reduced specific viscosity of 1.2 dl/g in 100 parts by weight of
      water were chlorinated with the addition of 1 part by weight of silicic
      acid having a mean particle size of 12 .mu.m and an inner surface of 200
      cm.sup.2 /g and 0.7 part by weight of dimethylpolysiloxane having a
      viscosity of 1,000 centistokes at 25.degree.C, first at 90.degree.C to a
      chlorine content of 20 % by weight and then at 121.degree.C until a
      chlorine content of 38.3 % by weight was reached. The product had a TAC
      value of 29 % and a MCH value of 18 %.
PAR  A blend of 10 parts of the chloropolyethylene obtained with 90 parts of
      suspension PVC having a K value of 70, prepared under the conditions
      specified in Example 1, had a notched impact strength of 37.6
      cmkg/cm.sup.2 and an impact strength at -20.degree.C without break.
PAR  In an impeller 90 parts by weight of suspension PVC having a K value of 70
      and 10 parts by weight of the chlorinated polyethylene were mixed with the
      addition of 2 parts by weight of barium/cadmium laurate, 0.5 part of
      diphenyl-octyl phosphite, 2 parts by weight of epoxidized soybean oil and
      2 parts by weight of titanium dioxide.
PAR  The stabilized blend was processed directly on a single screw extruder
      having a screw diameter of 45 mm and a screw length of 680 mm at a
      temperature inreasing in the direction of conveyance from 150.degree.C to
      180.degree.C and a screw speed of 15 revolutions per minute to a ribbon of
      the dimension 1 .times. 70 mm having a glossy surface. The notched tensile
      impact stength of the ribbon was 166 cmkg/cm.sup.2 measured according to
      DIN 53,448.
PAC  EXAMPLE 3
PAR  100 parts by weight of the polyethylene as used in Example 2 in 1,000 parts
      by weight of water were chlorinated with the addition of 1 part of the
      same silicic acid and 0.35 part of siloxane oil having a viscosity of
      10,000 centistokes at 25.degree.C, first at 70.degree.C to a chlorine
      content of 28 % by weight and then at 121.degree.C until a chlorine
      content of 38.1 % by weight was reached. The product obtained had a TAC
      value of 33 % and a MCH value of 16 %.
PAR  A blend of 10 parts of the chlorinated polyethylene with 90 parts of
      suspension PVC having a K value of 70, produced under the conditions of
      Example 1, showed a notched impact strength of 28.3 cmkg/cm.sup.2 and an
      impact strength at -20.degree.C without break.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Thermoplastic composition essentially consisting of
PA1  a. 98 to 50% by weight of a vinyl chloride polymer and
PA1  b. 2 to 50% by weight of a chlorinated low pressure polyethylene having a
      chlorine content of 25 to 42% by weight, a reduced specific viscosity of 1
      to 5 dl/g, a residue value of 2 to 40%, measured by extraction in a 1 : 1
      mixture of toluene and acetone, and a swelling value of 10 to 70%,
      measured in methylcyclohexane, the chloro-polyethylene being prepared by
      chlorination of low pressure polyethylene in water in the presence of 0.1
      to 2% by weight of silicic acid and 0.01 to 1.0% by weight of siloxane oil
      consisting of the recurring unit
      ##EQU2##
      in which R.sub.1 and R.sub.2 each represent an alkyl radical, an aryl
      radical or an aralkyl radical, and x is an integer of from 10 to 10,000
      the percentages being calculated on the polyethylene, at a chlorination
      temperature of from 50.degree.C to 130.degree.C, at least 10% by weight of
      the chlorine being incorporated at a temperature of from 120.degree. to
      130.degree.C.
NUM  2.
PAR  2. Thermoplastic composition as claimed in claim 1, wherein the
      chloro-polyethylene used was prepared by chlorination starting at
      50.degree. to 100.degree.C and ending at 120.degree. to 130.degree.C.
NUM  3.
PAR  3. Thermoplastic composition as claimed in claim 1, wherein the
      chloro-polyethylene used was prepared by chlorination starting at
      70.degree. to 90.degree.C and ending at 120.degree. to 130.degree.C.
NUM  4.
PAR  4. Thermoplastic composition as claimed in claim 1, wherein the chlorinated
      low pressure polyethylene has a chlorine content of from 30 to 40 %.
NUM  5.
PAR  5. Thermoplastic composition as claimed in claim 1, wherein the chlorinated
      polyethylene was prepared from low pressure polyethylene which had been
      thermally treated or pre-sintered at a temperature in the range of from
      100.degree.C to its crystallite melting point.
NUM  6.
PAR  6. Process for the manufacture of a thermoplastic composition by mixing
PA1  a. 98 to 50% by weight of a vinyl chloride polymer and
PA1  b. 2 to 50% by weight of a chlorinated low pressure polyethylene wherein
      the low pressure polyethylene has a chlorine content of 25 to 42% by
      weight, a reduced specific viscosity of 1 to 5 dl/g, a residue value of 2
      to 40%, measured by extraction in a 1 : 1 mixture of toluene and acetone,
      and a swelling value of 10 to 70%, measured in methylcyclohexane, and is
      prepared by chlorination in water in the presence of 0.1 to 2% by weight
      of silicic acid and 0.01 to 1.0% by weight of siloxane oil consisting of
      the recurring unit
      ##EQU3##
      in which R.sub.1 and R.sub.2 each represent an alkyl radical, an aryl
      radical or an aralkyl radical, and x is an integer of from 10 to 10,000,
      the percentages being calculated on the polyethylene used, at a
      chlorination temperature of from 50.degree. to 130.degree.C, at least 10%
      by weight of the chlorine being incorporated at a temperature of from
      120.degree. to 130.degree.C.
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ABST
PAL  N-[O-Alkyl-S-aliphatic-(thiono)-thiolphosphoryl]iminoformic acid alkyl
      esters of the general formula
      ##EQU1##
      in which R is alkyl with 1 to 6 carbon atoms,
PA1  R' is alkenyl or alkynyl with up to 6 carbon atoms, lower
      alkylmercapto-lower alkyl or N-alkylcarbamoylmethyl,
PA1  X is oxygen or sulfur, and
PA1  Alk is an alkyl radical with 1 to 6 carbon atoms,
PAL  Which possess insecticidal and acaricidal properties.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 345,399,
      filed Mar. 27, 1973, now pending.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new N-[ O-alkyl-S-aliphatic(thiono)-thiolphosphoryl]iminoformic
      acid alkyl esters which possess insecticidal and acaricidal properties,
      active compositions in the form of mixtures of such compounds with solid
      and liquid dispersible carrier vehicles, and methods for producing such
      compounds and for using such compounds in a new way especially for
      combating pests, e.g. insects and acarids, with other and further objects
      becoming apparent from a study of the within specification and
      accompanying examples.
PAR  It is known from German DOS No. 2,116,690 that N-[
      O,S-dimethyl-thiono-thiolphosphoryl]-iminoformic acid ethyl ester
      (Compound A), has insecticidal and acaricidal properties.
PAR  The present invention provides N-[
      O-alkyl-S-aliphatic(thiono)-thiolphosphoryl]-iminoformic acid alkyl esters
      of the formula
      ##EQU2##
      in which R is alkyl with 1 to 6 carbon atoms,
PA1  R' is alkenyl or alkynyl with up to 6 carbon atoms, lower
      alkylmercapto-lower alkyl or N-alkylcarbamoylmethyl,
PA1  X is oxygen or sulfur, and
PA1  Alk is an alkyl radical with 1 to 6 carbon atoms.
PAR  Preferably R is a straight chain or branched lower alkyl with 1 to 4 carbon
      atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
      sec.-butyl or tert.-butyl; Alk is a lower alkyl with 1-3 carbon atoms; and
      R' is lower alkenyl or alkynyl of 2 to 4 carbon atoms,
      N-mono-methylcarbamoylmethyl, N-mono-ethylcarbamoylmethyl,
      methylmercaptoethyl or ethylmercaptoethyl.
PAR  Surprisingly, the compounds according to the invention have a rather better
      insecticidal, especially systemic, and acaricidal activity than the known
      N-[ O,S-dialkyl(thiono)-thiolphosphoryl]-iminoformic acid alkyl esters of
      analogous constitution and the same direction of activity. They therefore
      represent a genuine enrichment of the art.
PAR  The invention also provides a process for the production of N-[
      O-alkyl-S-aliphatic-(thiono)-thiolphosphoryl]-iminoformic acid alkyl
      esters of the formula (I) in which an O-alkyl(thiono)-thiolphosphoric acid
      ester amide of the formula
      ##EQU3##
      in which X, R and R' have the meanings stated above, is reacted with an
      ortho-formic acid alkyl ester of the formula
      ##EQU4##
      in which R" has the meaning stated above.
PAR  If O-methyl-S-ethylmercaptoethyl-thiolphosphoric acid diester amide and
      orthoformic acid ethyl ester can be used as starting materials, the
      reaction course can be represented by the following formula scheme:
      ##EQU5##
PAR  Examples of the compounds of formulae (II) and (III) include:
      O-methyl-S-allyl-, O-ethyl-S-allyl, O-n-propyl-S-allyl-,
      O-siopropyl-S-allyl, O-N-butyl-S-allyl-, O-sec.-butyl-S-allyl-,
      O-isobutyl-S-allyl, O-tert.-butyl-S-allyl, O-methyl-S-propargyl-,
      O-ethyl-S-propargyl-, O-n-propyl-S-propargyl-, O-isopropyl-S-propargyl-,
      O-n-butyl-S-propargyl-, O-sec.-butyl-S-propargyl-,
      O-isobutyl-S-propargyl-, O-tert.-butyl-S-propargyl-,
      O-methyl-S-(N-monomethylcarbamoylmethyl)- thiolphosphoric acid diester
      amide and the corresponding thiono analogues, and the methyl, ethyl or
      propyl esters of orthoformic acid.
PAR  The compounds of formula (II) are known from the literature and can be made
      by known methods, e.g. German Published specification DAS No. 1,216,835
      and Dutch patent specification No. 69 11925. The compounds of formula
      (III) and methods for their preparation are also known.
PAR  The process according to the present invention can be carried out with the
      use of a solvent, which term includes a mere diluent. Preferably, however,
      no solvent is used for the reaction.
PAR  If desired an acid catalyst may be used, for example p-toluene-sulfonic
      acid.
PAR  The reaction temperatures can be varied over a wide range. In general, the
      reaction is carried out at about 100-200.degree.C, preferably about
      140-160.degree.C.
PAR  In general, the reaction is carried out at normal pressure.
PAR  In carrying out the process, the reactants are preferably brought together
      in the absence of any solvent, the ortho-formic acid ester being usually
      used in a 10-20% excess. The mixture is boiled under reflux for several
      hours, in the course of which the alcohol which forms is distilled off.
      The residue is distilled.
PAR  The compounds of the invention are in most cases obtained as colorless or
      slightly yellow oils which can mostly be distilled without decomposition.
      If not, they can be freed from volatile impurities by "slight
      distillation", that is, longer heating to moderately elevated temperatures
      under reduced pressure. The refractive index is particularly useful for
      their characterization.
PAR  As indicated above, the compounds of the invention are distinguished by
      outstanding insecticidal and acaricidal effectiveness against crop pests,
      hygiene pests and pests of stored products. They have a good activity
      against both sucking and biting insects and mites (Acarina). They are at
      the same time only slightly phytotoxic and have a 5-fold to 10-fold lower
      toxicity to warm-blooded animals than do the compounds from which they are
      derived.
PAR  The compounds of the invention can therefore be used successfully as
      pesticides in crop protection and the protection of stored products as
      well as in the field of hygiene.
PAR  To the sucking insects contemplated herein there belong, in the main,
      aphids (Aphidae) such as the green peach aphid (Myzus persicae), the bean
      aphid (Doralis fabae), the bird cherry aphid (Rhopalosiphum padi), the pea
      aphid (Macrosiphum pisi) and the potato aphid (Macrosiphum solanifolii),
      the currant gall aphid (Cryptomyzus korscheltic), the rosy apple aphid
      (Sappaphis mali), the mealy plum aphid (Hyalopterus arundinis) and the
      cherry black-fly (Myzus cerasi); in addition, scales and mealybugs
      (Coccina), for example the oleander scale (Aspidiotus hederae) and the
      soft scale (Lecanium hesperidum) as well as the grape mealybug
      (Pseudococcus maritimus); thrips (Thysanoptera), such as Hercinothrips
      femoralis, and bugs, for example the beet bug (Piesma quadrata), the red
      cotton bug (Dysdercus intermedius), the bed bug (Cimex lectularius), the
      assassin bug (Rhodnius prolixus) and Chagas' bug (Triatoma infestans) and,
      further, cicadas, such as Euscelis bilobatus and Nephotettix bipunctatus
      and the like.
PAR  In the case of the biting insects contemplated herein above all there
      should be mentioned butterfly caterpillars (Lepidoptera) such as the
      diamond-back moth (Plutella maculipennis), the gypsy moth (Lymantria
      dispar), the browntail moth (Euproctis chrysorrhoea) and tent caterpillar
      (Malacosoma neustria); further, the cabbage moth (Mamestra brassicae) and
      the cutworm (Agrotis segetum), the large white butterfly (Pieris
      brassicae), the small winter moth (Cheimatobia brumata), the green oak
      tortrix moth (Tortrix viridana), the fall armyworm (Laphygma frugiperda)
      and cotton worm (Prodenia litura), the ermine moth (Hyponomeuta padella),
      the Mediterranean flour moth (Ephestia kuhniella) and greater wax moth
      (Galleria mellonella); and the like.
PAR  Also to be classed with the biting insects contemplated herein are beetles
      (Coleoptera), for example the granary weevil (Sitophilus granarius =
      Calandra granaria), the Colorado beetle (Leptinotarsa decemlineata), the
      dock beetle (Gastrophysa viridula), the mustard beetle (Phaedon
      cochleariae), the blossom beetle (Meligethes aeneus), the raspberry beetle
      (Byturus tomentosus), the bean weevil (Bruchidius = Acanthoscelides
      obtectus), the leather beetle (Dermestes frischi), the khapra beetle
      (Trogoderma granarium), the flour beetle (Tribolium castaneum), the
      northern corn billbug (Calandra or Sitophilus zeamais), the drugstore
      beetle (Stegobium paniceum), the yellow mealworm (Tenebrio molitor) and
      the saw-toothed grain beetle (Oryzaephilus surinamensis), and also species
      living in the soil, for example wireworms (Agriotes spec.) and larvae of
      the cockchafer (Melolontha melolontha); cockroaches, such as the German
      cockroach (Blattella germanica), American cockroach (Periplaneta
      americana), Madeira cockroach (Leucophaea or Rhyparobia maderae), oriental
      cockroach (Blatta orientalis), the giant cockroach (Blaberus giganteus)
      and the black giant cockroach (Blaberus fuscus) as well as Henschoutedenia
      flexivitta; further, Orthoptera, for example the house cricket (Acheta
      domesticus); termites such as the eastern subterranean termite
      (Reticulitermes flavipes) and Hymenoptera such as ants, for example the
      garden ant (Lasius niger); and the like.
PAR  The Diptera contemplated herein comprise essentially the flies, such as the
      vinegar fly (Drosophila melanogaster), the Mediterranean fruit fly
      (Ceratitis capitata), the house fly (Musca domestica), the little house
      fly (Fannia canicularis), the black blow fly (Phormia regina) and
      bluebottle fly (Calliphora erythrocephala) as well as the stable fly
      (Stomoxys calcitrans); further, gnats, for example mosquitoes such as the
      yellow fever mosquito (Aedes aegypti), the northern house mosquito (Culex
      pipiens) and the malaria mosquito (Anopheles stephensi); and the like.
PAR  With the mites (Acari) contemplated herein there are classed, in
      particular, the spider mites (Tetranychidae) such as the two-spotted
      spider mite (Tetranychus telarius = Tetranychus althaeae or Tetranychus
      urticae) and the European red mite (Paratetranychus pilosus = Panonychus
      ulmi), gall mites, for example the black currant gall mite (Eriophyes
      ribis) and tarsonemids, for example the broad mite (Hemitarsonemus latus)
      and the cyclamen mite (Tarsonemus pallidus); finally, ticks, such as the
      relapsing fever tick (Ornithodorus moubata); and the like.
PAR  When applied against hygiene pests and pests of stored products,
      particularly flies and mosquitoes, the compounds of the invention are also
      distinguished by an outstanding residual activity on wood and clay, as
      well as a good stability to alkali on limed substrates.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone, meth isobutyl ketone, cyclohexanone, etc.),
      and/or water; as well as inert dispersible finely divided solid carriers,
      such as ground natural minerals (e.g. kaolins, clays, alumina, silica,
      chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      etc., and especially alkyl arylpolyglycol ethers, magnesium stearate,
      sodium oleate, etc.); and/or dispersing agents, such as lignin, sulfite
      waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other insecticides and acaricides, or
      rodenticides, fungicides, bactericides, nematocides, herbicides,
      fertilizers, growth-regulating agents, etc., if desired, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprises mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. insects and acarids, which
      comprises applying to at least one correspondingly (a) such insects, (b)
      such acarids, and (c) the corresponding habitat thereof, i.e. the locus to
      be protected, a correspondingly combative or toxic amount, i.e. an
      insecticidally or acaricidally effective amount, of the particular active
      compound of the invention alone or together with a carrier vehicle as
      noted above. The instant formulations or compositions are applied in the
      usual manner, for instance by spraying, atomizing, vaporizing, scattering,
      dusting, watering, squirting, sprinkling, pouring, fumigating, and the
      like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The synthesis, unexpected superiority and outstanding activity of the
      particular new compounds of the present invention are illustrated, without
      limitation, by the following examples:
PAC  EXAMPLE 1
PAC  Myzus test (contact action)
TBL  Solvent:  3 parts by weight acetone                                       
     Emulsifier:                                                               
               1 part by weight alkylarylpolyglycol ether                      
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound is mixed with the stated amount of solvent containing
      the stated amount of emulsifier and the concentrate is diluted with water
      to the desired concentration.
PAR  Cabbage plants (Brassica oleracea) which have been heavily infested with
      peach aphids (Myzus persicae) are sprayed with the preparation of the
      active compound until dripping wet.
PAR  After the specified periods of time, the degree of destruction is
      determined as a percentage: 100% means that all the aphids are killed
      whereas 0% means that none of the aphids are killed.
PAR  The active compounds, the concentrations of the active compounds, the
      evaluation times and the results can be seen from the following Table 1:
      ##EQU6##
PAC  EXAMPLE 2
PAC  Doralis test (systemic action)
PAR  Solvent: 3 parts by weight acetone
PAR  Emulsifier: 1 part by weight alkylarylpolyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound is mixed with the stated amount of solvent containing
      the stated amount of emulsifier, and the concentrate is diluted with water
      to the desired concentration.
PAR  Bean plants (Vicia faba) which have been heavily infested with the bean
      aphid (Doralis fabae) are watered with the preparation of the active
      compound so that the preparation of active compound penetrates into the
      soil without wetting the leaves of the bean plants. The active compound is
      taken up by the bean plants from the soil and thus reaches the infested
      leaves.
PAR  After the specified period of time, the degree of destruction is determined
      as a percentage. 100% means that all the aphids are killed; 0% means that
      none of the aphids are killed.
PAR  The active compounds, the concentrations of the active compounds, the
      evaluation time and the results can be seen from the following Table 2:
      ##EQU7##
PAC  EXAMPLE 3
PAC  Tetranychus test/resistant
PAR  Solvent: 3 parts by weight acetone
PAR  Emulsifier: 1 part by weight alkylarylpolyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound is mixed with the state amount of solvent containing
      the stated amount of emulsifier and the concentrate so obtained is diluted
      with water to the desired concentration.
PAR  Bean plants (Phaseolus vulgaris), which have a height of approximately
      10-30 cm., are sprayed with the preparation of the active compound until
      dripping wet. These bean plants are heavily infested with spider mites
      (Tetranychus urticae) in all stages of development.
PAR  After the specified periods of time, the effectiveness of the preparation
      of active compound is determined by counting the dead mites. The degree of
      destruction thus obtained is expressed as a percentage: 100% means that
      all the spider mites are killed whereas 0% means that none of the spider
      mites are killed.
PAR  The active compounds, the concentrations of the active compounds, the
      evaluation times and the results can be seen from the following Table 3:
      ##EQU8##
PAR  The following further examples are set forth to illustrate, without
      limitation, the process for producing the active compounds according to
      the present invention.
PAC  EXAMPLE 4
PAR  The starting materials to be used can be prepared, for instance, in the
      following way:
      ##EQU9##
      63 g of 2-chloroethyl-ethylthioether are added to 105 g (0.5 mole) of the
      sodium salt of O-ethyl-thiolphosphoric acid ester amide in 250 ml of
      methanol. The mixture is stirred for one hour at 70.degree.C. After
      cooling of the reaction mixture, it is diluted with 200 ml of water,
      extracted 3 times each with 200 ml of chloroform and the organic layer is
      dried. After drying, the solvent is distilled off and the residue is
      heated under reduced pressure. There are obtained 106 g (93% of the
      theory) of O-ethyl-S-ethylmercaptoethyl-thiolphosphoric acid diester amide
      of refractive index n.sub.D.sup.20 = 1.5334. The obtained oil solidifies
      if recrystallized from a mixture of ethyl acetate and ligroin and then its
      melting point is 50.degree.-53.degree.C.
PAR  In analogous manner, the following compounds can be prepared:
      ##EQU10##
PAC  EXAMPLE 5
      ##EQU11##
PAR  A mixture of 36 g (0.2 mole) of O-ethyl-S-allylthiol-phosphoric acid
      diester amide, 30 g of ortho formic acid ethyl ester and 1 g of p-toluene
      sulfonic acid is heated for 30 minutes at 100.degree.C with reflux (10 cm
      Vigreux-column). Subsequently the mixture is distilled and 35 g (74% of
      theory) of N-(O-ethyl-S-allyl-thiolphosphoryl)-imino formic acid ethyl
      ester of boiling point 96.degree.C/0.01 mm Hg and refractive index
      n.sub.D.sup.22 = 1.4962 are obtained.
PAR  In anologous manner the following compounds can be prepared.:
TBL  Constitution          Physical proper-                                    
                                      Yield                                    
                           ties (boiling                                       
                                      (% of the                                
                           point/refractive                                    
                                      theory)                                  
                           index)                                              
     __________________________________________________________________________
     CH.tbd.C--CH.sub.2 --S.parallel.                                          
                           b.p. 102.degree.C/0.01mm Hg                         
                                      68                                       
     .angle.P--N=CH--OC.sub.2 H.sub.5                                          
                           n.sub.D.sup.22 = 1.5049                             
     C.sub.2 H.sub.5 O                                                         
     (2)                                                                       
     O                                                                         
     CH.sub.2 =CH--CH.sub.2 S.parallel.                                        
                           b.p. 96.degree.C/0.01mm Hg                          
                                      81                                       
     .angle.P--N=CH--OC.sub.2 H.sub.5                                          
                           n.sub.D.sup.21 = 1.5011                             
     CH.sub.3 O                                                                
     (3)                                                                       
     O                                                                         
     CH.tbd.C--CH.sub.2 --S.parallel.                                          
                           b.p. 102.degree.C/0.01mm Hg                         
                                      63                                       
     .angle.P--N=CH--OC.sub.2 H.sub.5                                          
                           n.sub.D.sup.21 = 1.5118                             
     CH.sub.3 O                                                                
     (4)                                                                       
     O                                                                         
     CH.sub.3 --NH--CO--CH.sub.2 --S.parallel.                                 
     .angle.P--N=CH--OC.sub.2 H.sub.5                                          
                           n.sub.D.sup.21 = 1.5032                             
                                      39                                       
     C.sub.2 H.sub.5 O                                                         
     (5)                                                                       
     O                                                                         
     C.sub.2 H.sub.5 S--CH.sub.2 --CH.sub.2 --S.parallel.                      
     .angle.P--N=CH--OC.sub.2 H.sub.5                                          
                           b.p. 118.degree.C/0.01mm Hg                         
                                      74                                       
     C.sub.2 H.sub.5 O                                                         
     (6)                                                                       
     S                                                                         
     CH.sub.2 =CH--CH.sub.2 --S.parallel.                                      
     .angle.P--N=CH--OC.sub.2 H.sub.5                                          
     CH.sub.3 O                                                                
     (7)                                                                       
     S                                                                         
     CH.sub.2 =CH--CH.sub.2 --S.parallel.                                      
     .angle.P--N=CH--OC.sub.2 H.sub.5                                          
     C.sub.2 H.sub.5 O                                                         
     s,160 (8)                                                                 
     S                                                                         
     C.sub.2 H.sub.5 S--CH.sub.2 --CH.sub.2 --S.parallel.                      
     .angle.P--N=CH--OC.sub.2 H.sub.5                                          
     CH.sub.3 O                                                                
     (9)                                                                       
     S                                                                         
     C.sub.2 H.sub.5 S--CH.sub.2 --CH.sub.2 --S.parallel.                      
     .angle.P--N=CH--OC.sub.2 H.sub.5                                          
     C.sub.2 H.sub.5 O                                                         
     (10)                                                                      
     __________________________________________________________________________
PAR  Other compounds which can be similarly prepared include:
PA1  O-ethyl-S-(N-monomethylcarbamoylmethyl)-,
PA1  O-n-propyl-S-(N-monomethylcarbamoylmethyl)-,
PA1  O-isopropyl-S-(N-monomethylcarbamoylmethyl)-,
PA1  O-butyl-S-(N-monomethylcarbamoylmethyl)-,
PA1  O-methyl-S-(N-monoethylcarbamoylmethyl)-,
PA1  O-ethyl-S-(N-monoethylcarbamoylmethyl)-,
PA1  O-butyl-S-(N-monoethylcarbamoylmethyl)-,
PA1  O-methyl-S-methylmercaptoethyl-,
PA1  O-isopropyl-S-methylmercaptoethyl-,
PA1  O-ethyl-S-ethylmercaptoethyl-, and
PA1  O-sec.-butyl-S-ethylmercaptoethyl-
PAL  thiolphosphoryl iminoformic acid ethyl ester, other alkyl esters and their
      thiono counterparts.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phosphorylated iminoformic acid alkyl ester of the formula
      ##EQU12##
      in which R is alkyl with 1 to 6 carbon atoms,
PA1  R' is alkenyl or alkynyl with up to 6 carbon atoms, lower
      alkylmercapto-lower alkyl, N-monomethylcarbamoylmethyl or
      N-mono-ethylcarbamoylmethyl,
PA1  X is oxygen or sulfur, and
PA1  Alk is an alkyl radical with 1 to 6 carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1, in which R is lower alkyl, R' is lower
      alkenyl, lower alkynyl, N-mono-methylcarbamoylmethyl,
      N-monoethylcarbamoylmethyl, methylmercaptoethyl or ethylmercaptoethyl, and
      Alk is lower alkyl.
NUM  3.
PAR  3. The compound according to claim 1 wherein such compound is
      N(O-ethyl-S-allyl-thiolphosphoryl)-iminoformic acid ethyl ester of the
      formula
      ##EQU13##
NUM  4.
PAR  4. The compound according to claim 1 wherein such compound is
      N(O-methyl-S-allyl-thiolphosphoryl)-iminoformic acid ethyl ester of the
      formula
      ##EQU14##
NUM  5.
PAR  5. The compound according to claim 1 wherein such compound is
      N(O-ethyl-S-propargyl-thiolphosphoryl)-iminoformic acid ethyl ester of the
      formula
      ##EQU15##
NUM  6.
PAR  6. The compound according to claim 1 wherein such compound is
      N(O-methyl-S-propargyl-thiolphosphoryl)-iminoformic acid ethyl ester of
      the formula
      ##EQU16##
NUM  7.
PAR  7. The compound according to claim 1 wherein such compound is
      N[O-ethyl-S-(N-monomethylcarbamoylmethyl)thiolphosphoryl]-iminoformic acid
      ethyl ester of the formula
      ##EQU17##
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ABST
PAL  1-Carbamoylvinyl phosphates and phosphonates are novel compounds which
      provide an effective means for controlling insects.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 230,475, filed Feb. 29, 1972 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. FIELD OF THE INVENTION
PAR  This invention is directed to novel 1-carbamoylvinyl phosphate compounds.
      This invention also relates to methods and compositions of matter for
      controlling pests, insects particularly.
PAR  2. DESCRIPTION OF PRIOR ART
PAR  A few related series of compounds are known in the patent literature, for
      example, U.S. Pat. Nos. 2,908,605 and 2,956,073 describe certain
      chlorovinyl phosphates and disclose their utility as insecticides.
      However, the prior art does not disclose chlorovinyl phosphates in which a
      carbamoyl group is attached alpha to the phosphate group, i.e. attached to
      the same carbon atom as the phosphate group. In the compounds according to
      this invention carbamoyl groups alpha to the phosphate group, as shown
      herein below, are highly effective against various stages of insect
      development.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides novel 1-carbamoylvinyl phosphates for use in
      controlling pests. These new compounds are thus valuable agents for
      combatting pests, especially insects. They are highly effective against
      various stages of insect development, such as pupae, larvae and adults.
      These compounds combat insects through both systemic and direct contact
      action. Because a systemic insecticide must be absorbed through the plant
      roots and translocated to all parts of the plant, few insecticides are
      found to be systemic. The compounds act both as stomach poisons and
      contact poisons.
PAR  This invention further provides for insect controlling compositions
      comprising at least one such compound and an inert solid or liquid carrier
      therefor. The invention also relates to methods of using these compounds
      and/or compositions in insect control procedures.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The invention provides new 1-carbamoylvinyl phosphates of the following
      general structure:
      ##EQU1##
PAR  They may exist in either the cis or trans stereochemical form (i.e. when Q
      .noteq. Z). The present invention includes compounds of both structures
      and also mixtures thereof. Whenever only one of these forms is given, it
      is to be understood that the other form is included, provided it is
      capable of existing.
PAR  In the above formula X, Y and W represent oxygen or sulfur; R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4 represent a radical selected from the group
      consisting of hydrogen, branched or unbranched alkyl (C.sub.1 -C.sub.8),
      cycloalkyl (C.sub.3 -C.sub.8), alkenyl (C.sub.2 -C.sub.8), alkoxy (C.sub.1
      -C.sub.8), aryl, aralkyl (C.sub.7 -C.sub.14), acetyl, carbalkoxy,
      alkylmercapto (C.sub.1 -C.sub.8) carbamoyl (mono and dialkyl) and
      combinations of these as parts of the same radical, which radical may have
      substituted thereon a member or members of the group consisting of
      hydroxy, halogen, alkoxy, cyano, carbalkoxy and combinations and multiples
      of these; R.sub.1 and R.sub.2 together with the nitrogen atom may form a
      ring system containing 5 or 6 ring members; and Q and Z represent a
      radical selected from the group consisting of R.sub.1, R.sub.2, R.sub.3
      and R.sub.4 and/or from the group consisting of halogen (Cl, Br, F),
      cyano, and alkylsulfonyl.
PAR  Non-limiting examples of compounds included in this invention are:
PA1  Dimethyl 2,2-Dichloro-1-(dimethylcarbamoyl)vinyl Thiophosphate
PA1  Diethyl 2-Chloro-2-methyl-1-(dimethylcarbamoyl)vinyl Thiophosphate
PA1  Dimethyl 2,2-Dichloro-1-(piperidinocarbonyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(pyrazolocarbonyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(2-oxopyrrolidinocarbonyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-1-(morpholinocarbonyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-1-(dimethylcarbamoyl)vinyl Thiophosphate
PA1  Dimethyl 1-(Dimethylcarbamoyl)vinyl Thiophosphate
PA1  Dimethyl 2-Methyl-1-(dimethylcarbamoyl)vinyl Thiophosphate
PA1  Dimethyl 1-(Dimethylcarbamoyl)vinyl Dithiophosphate
PA1  Dimethyl 2-Chloro-1-(dimethylthiocarbamoyl)vinyl Phosphate
PA1  Dimethyl 1-(Dimethylthiocarbamoyl)vinyl Phosphate
PA1  Dimethyl 1-(N-Methylthiocarbamoyl)vinyl Phosphate
PA1  Dimethyl 1-(N-Butylthiocarbamoyl)vinyl Phosphate
PA1  Dimethyl 1-(N-Phenylthiocarbamoyl)vinyl Phosphate
PA1  Dimethyl 1-(N-Ethylcarbamoyl)vinyl Thiophosphate
PA1  Dimethyl 1-(N-Cyclohexylcarbamoyl)vinyl Thiophosphate
PA1  Dimethyl 1-(N-Phenylcarbamoyl)vinyl Thiophosphate
PA1  Di-(2-Chloroethyl) 2,2-Dichloro(carbamoyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(N-Methyl-N-phenylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(N-methylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(N-butylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(N-phenylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(N-cyclohexylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-1-(N-methylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 1-(N-Ethylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 1-(N-Phenylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 1-(N-Cyclohexylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-1-(N-phenylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-1-(N-butylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Methylthio-1-(N-ethylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-2-Methylthio-1-(N-butylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(N-methoxy-N-methylcarbamoyl)-vinyl Phosphate
PA1  Dimethyl 2-Chloro-1-(N-methoxycarbamoyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(N-allylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-2-chloromethyl-1-(dimethylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-2-bromo-1-(dimethylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Bromo-1-(dimethylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Fluoro-1-(dimethylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Bromo-1-(N-methylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Bromo-1-(N-butylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Fluoro-1-(N-phenylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-2-(p-chlorophenyl)-1-(N-ethylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-(2,4,5-Trichlorophenyl)-1-(N-butylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Cyano-1-(N-phenylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Carbomethoxy-1-(dimethyl carbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-2-acetyl-1-(N-butylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2-Chloro-2-Methylsulfonyl-1-(N-phenylcarbamoyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(N-methyl-N-carbomethoxycarbamoyl)vinyl Phosphate
PA1  Dimethyl 2,2-Dichloro-1-(N-acetylcarbamoyl)vinyl Phosphate
PA1  Butyl 2-Chloro-1-(N-methylcarbamoyl)vinyl Ethanephosphonate
PA1  Methyl 2,2-Dichloro-1-(N,N-dimethylcarbamoyl)vinyl Butane phosphonate
PAR  In general, the compounds of this invention are prepared by mixing an
      equivalent amount of a beta-chlorinated alpha-oxocarboxylic acid amide
      with an appropriate trialkylphosphite in a suitable solvent, i.e.
      conditions for the Perkow Reaction. The length of time for mixing can vary
      from one to five hours and the temperature can vary from 0.degree. to
      100.degree.C. In most cases, the trialkylphosphite is added to a solution
      of the chlorinated oxocarboxylic acid amide at a rate sufficient to
      control the exotherm of the reaction at 30.degree. to 70.degree.C. At the
      conclusion of the reaction, the solvent is evaporated and pure
      1-carbamoylvinyl phosphate is recovered. Appropriate trialkylphosphites,
      for example trimethylphosphite, are available commmercially or can be
      readily made by known methods. Non-limiting examples of appropriate
      solvents include benzene, toluene, ethyl ether, hexane and chloroform.
PAR  The beta-chlorinated alpha-oxocarboxylic acid amides, some of which are
      described by Y.A. Cheburkov, et al., Izvest. Akad, Nauk. SSR, 10,
      2272(1970) English edition page 2135, are prepared by mixing an
      appropriate chlorinated carboxylic acid chloride with an appropriate
      formamide in a suitable solvent (or excess formamide) in the presence of a
      suitable base such as pyridine, triethylamine, etc. Both the chlorinated
      carboxylic acid chloride and the formamide are available from normal
      commercial sources or can be readily prepared by known methods.
PAR  The compounds according to the invention may be used in various ways to
      utilize their insecticidal activity. Accordingly a method of insect
      control is provided which comprises applying to the insect or to the
      environment of the insect an insecticidially effective amount of the
      instant compounds. These compounds can be applied per se, as solids or in
      vaporized form, but are preferably applied as the toxic components in
      insect control compositions of the compound and a carrier. The
      compositions can be applied as dusts, as liquid sprays or as gas propelled
      sprays and can contain, in addition to the carrier, additives such as
      emulsifying agents, wetting agents, binding agents, gasses compressed to
      the liquid state, odorants, stabilizers and the like.
PAR  A wide variety of inert liquid and solid carriers can be used in the insect
      control compositions. Non-limiting examples of liquid carriers include
      water; organic solvents such as alcohols, ketones, amides and esters;
      mineral oils such as kerosene, light oils, medium oils; and vegetable oils
      such as cottonseed oil. Non-limiting examples of solid carriers include
      talc, bentonite, diatomaceous earth, pyrophyllite, fullers earth, gypsum,
      flours derived from cottonseeds and nut shells and various natural and
      synthetic clays.
PAR  The amount of the compounds of this invention used in insect control
      compositions will vary widely. It will depend to some extent upon the type
      of composition in which the material is being used, the nature of the
      condition to be controlled, and the method of application (i.e., spraying,
      dusting, etc.).
PAR  As applied in the field, insect control compositions may contain as little
      as 0.0001 weight percent of the insect control agent. In general,
      compositions containing about 0.05 weight percent of the insect control
      agent in either a liquid or solid carrier give excellent results. In some
      cases, however, stronger dosages up to about 10% by weight may be
      required.
PAR  In practice, insect control compositions are usually prepared in the form
      of concentrates, which are diluted in the field to the concentration
      desired for application. For example, the concentrate can be a wettable
      powder containing large amounts of a compound of this invention, a carrier
      and a wetting and dispersing agents. Such a powder can be diluted prior to
      application by dispersing it in water to obtain a sprayable suspension
      containing the concentration of insect control agent according to the
      invention desired for application. Other concentrations can be solutions
      that can be later diluted, e.g., with kerosene. Thus, it is within the
      scope of this invention to provide insect control compositions containing
      up to about 80% by weight of the composition, of insect control compounds
      according to the invention. Therefore, depending upon whether it is ready
      for application or it is in concentrated form, the insect control
      compositions of the invention contain between 0.0001 percent and about 80
      percent, by weight of the composition, of the insect control compound and
      an inert solid or liquid carrier, as defined hereinabove.
PAR  The following detailed examples are intended as illustrations, rather than
      limitations, on the scope of this invention so as to provide a better
      understanding of the nature, objects and advantages of the invention.
DETD
PAC  EXAMPLE 1
PAC  N,N-Dimethyl-3,3,3-trichloropyruvamide
PAR  A 273g (1.5 mole) portion of trichloroacetyl chloride was added over one
      hour to a stirred, cooled (5.degree.C) portion of 330g (4.5 moles) of
      dimethylformamide. Nitrogen was passed over the solution throughout the
      reaction. A 152g (1.5 mole) portion of triethylamine was then added
      dropwise while keeping the temperature below 15.degree.C. The mixture was
      stirred overnight at ambient temperature and then cooled to 5.degree.C
      before 300 ml of water was added gradually. The organic products were
      extracted into ethyl ether, and the ethereal solution was washed with
      water, 10% hydrochloric acid, and with brine, dried over magnesium sulfate
      and concentrated. The residue was distilled under vacuum through a
      short-path still yielding 160g of pure
      N,N-dimethyl-3,3,3-trichloropyruvamide: Bp 80.degree.-82.degree. (0.2mm);
      ir(.lambda.max, film) 5.7 (s), 6.0 (s), 9.45 (s), 11.6 (m) microns; nmr
      (.delta. , CDCl.sub.3) 3.0 and 3.05 (two singlets, 6H) ppm.
PAC  EXAMPLE 2
PAC   N,N-Diethyl-3,3,3-trichloropyruvamide
PAR  The procedure of Example 1 was followed using 27g (0.15 mole) of
      trichloracetyl chloride and 45g (0.45 mole) of diethyl-formamide and 15g
      (0.15 mole) of triethylamine. Obtained following distillation was 14g 0f
      pure N,N-diethyl 3,3,3-trichloropyruvamide as a clear, colorless liquid:
      Bp 94.degree.-96.degree. (0.15 mm); ir (.lambda.max, film) 5.7 (s), 6.1
      (s), 6.8 (s), 6.9 (s), 9.4 (s), 12.1 (s) microns.
PAC  EXAMPLE 3
PAC  N,N-Dimethyl-3,3-dichloro-2-oxobutyramide
PAR  The procedure of Example 1 was followed using 32g (0.2 mole) of
      2,2-dichloropropionyl chloride and 44g (0.6 mole) of dimethylformamide and
      20g (0.2 mole) of triethylamine. Obtained following distillation was 12g
      of pure N,N-dimethyl-3,3-dichloro-2-oxobutyramide as a clear, colorless
      liquid: Bp: 68.degree.-70.degree. (0.2mm); ir (.lambda.max, film) 5.7 (s),
      6.1 (s), 7.1 (s), 9.3 (s), 9.9 (s), 12.6 (s) microns.
PAC  EXAMPLE 4
PAC  Dimethyl 2,2-Dichloro-1-(dimethylcarbamoyl)vinyl Phosphate
PAR  A 41g sample of freshly distilled trimethylphosphite was added dropwise to
      a stirred solution of 73g of Example 1 in 600 ml of dry ethyl ether. A
      gradual flow of nitrogen was passed over the solution throughout the
      reaction. The reaction was exothermic and the rate of addition was
      adjusted to allow a gentle reflux of the ethereal solution. The reaction
      solution was stirred for 0.5 hr following addition and then concentrated
      finally under low vacuum at ambient temperature. Obtained was 95g of pure
      dimethyl 2,2 -dichloro-1-dimethylcarbamoylvinyl phosphate as a clear,
      colorless liquid residue: ir (.lambda.max, film) 6.07 (s), 7.7 (s), 11.6
      (s) microns; nmr (.delta. , CCl.sub.4), 2.85 (s, 3H), 2.98 (s, 3H), 3.69
      (d, 6H) ppm.
PAC  EXAMPLE 5
PAC  Diethyl 2,2-Dichloro-1-(dimethylcarbamoyl)vinyl Phosphate
PAR  The procedure of Example 4 was followed using 55g of freshly distilled
      triethylphosphite and 73g of Example 1 in 600 ml of dry ethyl ether.
      Obtained was 106g of pure diethyl 2,2dichloro-1-dimethyl-carbamoylvinyl
      phosphate as a clear, colorless liquid residue: ir (.lambda.max, film) 6.1
      (s), 7.7 (s), 9.6 (s), 11.6 (s) microns; nmr (.delta. CDCl.sub.3) 1.34
      (t,6H), 3.1 (s, 3H), 4.2 (m,4H) ppm.
PAC  EXAMPLE 6
PAC  Dimethyl 2,2-Dichloro-1-(diethylcarbamoyl)vinyl Phosphate
PAR  The procedure of Example 4 was followed using 2.3g of trimethylphosphite
      and 4.6g of Example 2 in 25 ml of dry ether. Obtained was 5.2g of pure
      dimethyl 2,2-dichloro-1-diethyl-carbamoylvinyl phosphate as a clear,
      colorless liquid residue: ir (.lambda. max, film) 6.1 (s), 7.7 (s), 9.6
      (s), 11.6 (s) microns; nmr (.delta. ,CCl.sub.4) 1.14 (m,6H), 3.3 (m, 4H),
      3.67 (d, 6H) ppm.
PAC  EXAMPLE 7
PAC  Dimethyl 2-Chloro-2-methyl-1-(dimethylcarbamoyl)vinyl Phosphate
PAR  The procedure of Example 4 was followed using 2.5g of tri-methylphosphite
      and 4.0g of Example 3 in 35 ml of dry ether. Obtained was 5.4g of pure
      dimethyl 2-chloro-2-methyl-1-di-methylcarbamoylvinyl phosphate as a clear,
      colorless liquid residue: ir (.lambda.max, film) 6.1 (s), 7.75 (s), 9.5
      (s), 10.6 (s), 11.4 (s), 11.7 (s) microns; nmr (.delta. , CCl.sub.4) 2.07
      (d, 3H), 2.89 (s, 3H), 2.97 (s, 3H), 3.7 (d, 6H) ppm.
PAC  EXAMPLE 8
PAC  Diethyl 2-Chloro-2-methyl-1-(dimethylcarbamoyl)vinyl Phosphate
PAR  The procedure of Example 4 was followed using 3.3g of triethylphosphite and
      4.0g of Example 3 in 35 ml of dry ether. Obtained was 6.0g of pure diethyl
      2-chloro-2-methyl-1dimethylcarbamoylvinyl phosphate as a clear, colorless
      liquid residue: ir (.lambda.max, film) 6.08 (s), 7.2 (s), 7.8 (s), 9.7
      (s), 11.4 (s), 12.5 (s) microns; nmr (.delta.CCl.sub.4) 1.26 (t, 6H), 1.99
      (d, 3H), 2.81 (s, 3H), 2.91 (s, 3H), 3.99 (m, 4H) ppm.
PAC  EXAMPLE 9
PAC  N,N-Dimethyl-3,3-dichloropyruvamide
PAR  A mixture of 26.2g (0.12 mole) of example 1 and 0.2g of platinum oxide in
      200 ml of absolute ethanol was shaken under 30 to 10 lbs of hydrogen on a
      Parr Apparatus until the uptake ceased at 0.12 moles of hydrogen. The
      hydrogenation was rapid (ca. 30 min.) and moderately exothermic.
      Additional agitation under 30 lbs. of hydrogen for 30 min. resulted in no
      hydrogen uptake. The mixture was filtered, and the filtrate was
      concentrated. The residue was mixed with 100 ml of ether and magnesium
      sulfate, and the organic solution was filtered and concentrated to afford
      19g of a clear, yellow liquid. Shortpath distillation afforded 14g of pure
      example 9: Bp 91.degree.-92.degree. (3.0 mm); ir (film) 3.4 (s), 5.8 (s),
      6.1 (s), 7.2 (m), 9.7 (m), 12.2 (m) microns; nmr (CDCl.sub.3) 6.86 (1H,
      S), 3.02 and 3.08 (6H, d) ppm.
PAR  Anal. Calcd for C.sub.5 H.sub.7 Cl.sub.2 NO.sub.2 : C,32.64; H,3.81. Found:
      C,32.91; H,3.78.
PAC  EXAMPLE 10
PAC  Dimethyl 2-Chloro-1-(dimethylcarbamoyl)vinyl Phosphate
PAR  A 2.4g (0.02 mole) sample of trimethylphosphite was added portionwise to a
      solution of 3.7g (0.02 mole) of example 9 in 30 ml of benzene so as to
      control the exotherm at 30.degree. to 40.degree.C. The reaction solution
      was stirred for 0.5 hr at 35.degree.C following addition and then
      concentrated finally under low vacuum at ambient temperature. Obtained was
      4.1g of pure example 10 as a clear, colorless liquid: ir(film) 3.4 (m),
      6.05 (s), 7.75 (s), 9.5 (s, broad) microns; nmr (CDCl.sub.3) 6.21 (1H, s),
      3.91 and 3.30 (6H, d), 3.05 (6H, s) ppm.
PAC  EXAMPLE 11
PAC  Diethyl 2-Chloro-1-(dimethylcarbamoyl)vinyl Phosphate
PAR  A 3.3g (0.02 mole) sample of triethylphosphite was added to 3.7g (0.02
      mole) of example 9 in the same manner as for example 10. Obtained was 5.3g
      of pure example 11 as a clear, colorless liquid: ir (film) 3.4 (m), 6.05
      (s), 7.8 (s), 9.7 (s, broad) microns; nmr (CDCl.sub.3) 6.20 (1H,s), 4.25
      (4H, quintet), 3.05 (6H,S), 1.34 (6H,t) ppm.
PAC  EXAMPLE 12
PAC  N,N-Dimethyl-3-Chloropyruvamide
PAR  A. A mixture of 13.1g (0.06 mole) of the titled compound of example 1 and
      0.2g of platinum oxide in 110 ml of 85% aqueous ethanol was shaken under
      30 to 10 lbs. of hydrogen on a Parr Apparatus until the uptake ceased at
      0.12 moles of hydrogen. Continued shaking under 30 lbs. of hydrogen did
      not result in hydrogen uptake. The reaction was rapid (Ca. 50 Min) and
      slightly exothermic. The mixture was filtered, and the filtrate was
      concentrated. The residue was mixed with 100 ml of ether and magnesium
      sulfate, and the organic solution was filtered and concentrated to afford
      6.1g of a light yellow liquid. Glpc analysis indicated 96% of one product.
      The residue was combined with part B for distillation.
PAR  B. A mixture of 35g (0.19 mole) of the titled compound of example 9 and
      0.2g of platinum oxide in 200 ml of 90% aqueous ethanol was shaken under
      30  10 lbs of hydrogen on a Parr Apparatus until the uptake ceased. The
      consumption of 0.2 moles of hydrogen required 3.5 hrs. The mixture was
      processed as in part A to afford 27g of a liquid (98% by glpc). The
      combined products from parts A and B were distilled through a short-path
      apparatus to provide 26.4g of pure example 12: Bp 87.degree.-89.degree.
      (3.0 mm); ir (film) 3.4 (s), 5.8 (s), 6.1 (s), 7.15 (s), 9.4 (s), 9.6 (s)
      u; nmr (CDCl.sub.3) 4.51 (2H, s), 3.0 and 3.06 (6H, d) ppm.
PAR  Anal. Calcd for C.sub.5 H.sub.8 ClNO.sub.2 : C, 40.15; H, 5.39. Found: C,
      40.03; H, 5.51.
PAC  EXAMPLE 13
PAC  Dimethyl 1-(N,N-Dimethylcarbamoyl)vinyl Phosphate
PAR  The procedure of example 10 was followed for the reaction of 3.6g (0.03
      mole) of trimethylphosphite with 4.5g (0.03 mole) of the titled compound
      of example 12 in 30 ml of benzene. Obtained was 6.7g of example 13 as a
      clear, colorless liquid : ir (film) 3.4 (m), 6.1 (s), 7.8 (s), 9.6 (s,
      broad), 11.6 (m) microns; nmr (CDCl.sub.3) 5.33 and 5.10 (2H, two
      multiplets), 3.88 and 3.77 (6H,d), 3.05 (6H, broad s) ppm.
PAC  EXAMPLE 14
PAC  Diethyl 1-(N,N-Dimethylcarbamoyl)vinyl Phosphate
PAR  The procedure of example 10 was followed for the reaction of 3.3g (0.02
      mole) of triethyl phosphite with 3.0g (0.02 mole) of the titled compound
      of example 12 in 30 ml of benzene. Obtained was 5.1g of pure example 14 as
      a clear, colorless liquid : ir (film) 3.4 (m), 6.1 (s), 7.8 (s), 9.7 (s,
      broad), 12.0 (s) microns; nmr (CDCl.sub.3) 5.37 and 5.10 (2H, two
      multiplets), 4.20 (4H, quintet), 3.02 (6H, broad s), 1.35 (6H, t) ppm.
PAC  EXAMPLE 15
PAC  N,N-Dimethyl 3-Chloro-2-oxobutyramide
PAR  The procedure of example 12 was followed for the hydrogenation of 9.9g
      (0.05 mole) of the titled compound of example 3 using 0.2g of platinum
      oxide and 100 ml of 90% aqueous ethanol. The hydrogen uptake was rapid (35
      min) and then ceased at 0.05 mole consumed. Obtained following work-up was
      8.3g of a yellow liquid. The procedure was repeated and the combined
      products were distilled through a 4 in. Vigreaux column to afford 12g of
      pure example 15 : Bp 84.degree.-85.degree. (3.0 mm); ir (film) 3.4 (m),
      5.8 (s), 6.1 (s), 8.0 (m), 9.3 (m), 12.5 (m) microns; nmr (CDCl.sub.3)
      5.15 (1H, q), 3.05 6H,s), 1.65 (3H, d)ppm.
PAR  Anal. Calcd for C.sub.6 H.sub.10 ClNO.sub.2 : C.44.05; H, 6.16. Found: C,
      43.88; H, 6.23.
PAC  EXAMPLE 16
PAC  Dimethyl 2-Methyl-1-(N,N-dimethylcarbamoyl)vinyl Phosphate
PAR  The procedure of example 10 was followed for the reaction of 2.4g (0.02
      mole) of trimethylphosphite with 3.2g (0.02 mole) of the titled compound
      of example 15 in 30 ml of benzene. Obtained was 3.8g of pure the titled
      compound of example 16 as a clear, colorless liquid : ir (film) 3.5 (m),
      6.1 (s), 7.8 (s), 9.5 (s, broad), 11.7 (m) microns; nmr (CDCl.sub.3) 5.65
      (1H, multiplet), 3.38 and 3.27 (6H, doublet), 3.03 6H, s), 1.78 (3H,
      multiplet) ppm.
PAC  EXAMPLE 17
PAC  N,N-Dimethyl-3,3,3-trichloro-1-thiopyruvamide
PAR  The procedure of Example 1 was followed using 25g (0.14 mole) of
      trichloroacetyl chloride, 25g (0.28 mole) of N,N-dimethyl-thioformamide
      and 15g (0.15 mole) of triethylamine. Following work-up and distillation,
      there was obtained 6.9g of colorless liquid: b.p. 122.degree.-124.degree.
      (0.5mm); ir (.lambda.max, film) 5.7 (s), 6.5 (s), 7.15 (s), 8.8 (s), 11.75
      (s), 13.4 (s) microns; nmr (.delta. ,CCl.sub.4) 3.23 (3H,s) and 3.32
      (3H,s)ppm. The product solidified on standing; m.p. 52.degree.-56.degree..
PAC  EXAMPLE 18
PAC  Dimethyl 2,2-dichloro-1-(dimethylthiocarbamoyl)vinyl Phosphate
PAR  The procedure of Example 4 was followed using 2.3g of trimethyl phosphite
      and 4.7g of the titled compound of Example 17 in 30 ml of dry ether. There
      was obtained a quantitative yield of reddish product: ir (.lambda.max,
      film) 6.6 (s), 7.8 (s), 918 (s) microns; nmr (.delta. ,CCl.sub.4) 3.3
      (6H,s), 3.6 (3H,d), 3.78 (3H,d)ppm.
PAC  EXAMPLE 19
PAC  Diethyl 2,2-dichloro-1-(dimethylthiocarbamoyl)vinyl Phosphate
PAR  The procedure of Example 4 was followed using 1.3g of tri-ethylphosphite
      and 1.8g of the titled compound of Example 17  in 10 ml of dry ether.
      There was obtained a quantitative yield of amber product: ir (.lambda.max,
      film) 3.4 (s), 6.6 (s), 7.2 (s), 7.8 (s), 8.7 (s), 9.8 (s), microns.
PAC  EXAMPLE 20
PAC  N,N-Dimethyl 2-Methylmercaptopyruvamide
PAR  A solution of 5.0g (0.05 mole) of triethylamine in 50 ml of acetone was
      saturated with methylmercapton and added dropwise at 0.degree.C to a
      stirred solution of 7.5g (0.05 mole) of the titled compound of Example 12
      in 20 ml of acetone. The mixture was stirred at ambient temperatures for 2
      hrs. and then filtered. The filtrate was concentrated and the residue was
      mixed with ether and magnesium sulfate. The solution was filtered and
      concentrated to afford 5.2g of pure Example 20 as a clear, orange liquid:
      ir (film) 3.4 (m), 5.8 (s), 6.1 (s), 7.2 (m), 8.2 (m), 9.5 (s) microns;
      nmr (CDCl.sub.3) 3.5 (2H,s), 3.06 and 3.0 (6H,d), 2.08 (3H,s) ppm.
PAC  EXAMPLE 21
PAC  Dimethyl 2-Methylmercapto-1-(N,N-dimethylcarbamoyl)vinyl Phosphate
PAR  The procedure of Example 10 was followed for the reaction of 2.9g (0.022
      mole) of trimethylphosphite with 3.2g (0.02 mole) of the titled compound
      of Example 20 in 20 ml of bromotrichloromethane. After heating for 1 hr.
      at 50.degree.C, the reaction solution was concentrated to afford 4.2g of
      pure Example 21 as a brown, clear liquid: ir (film) 3.4 (m), 6.1 (s), 7.8
      (s), 9.6 (s, broad), 11.7 (m) microns; nmr (CDCl.sub.3) 6.22 (1H,
      multiplet), 3.7 (6H, multiplet), 3.03 (6H, broad, s), 2.35 and 2.10 (3H,d)
      ppm.
      ##EQU2##
PAC  EXAMPLE 22
PAR  1-Carbamoylvinyl phosphates of this invention were evaluated in standard
      greenhouse contact spray insecticide tests using housefly (HF), German
      cockroach (GC), boll weevil (BW) and bean aphid (BA). Adult insects (the
      BA via aphid-infested Nasturtium leaves) were confined in specially
      designed 100 mm petri dish screened cages and exposed to sprays at 15 psi
      of 10.0 - 20.0 ml of an acetone solution of the test material. The test
      cages were mounted on a turntable rotating at 30 rpm in a wind tunnel for
      HF and BA and in hoods for GC and BW. All tests were run in duplicate
      using 10 insects respectively per cage. All tests were conducted in
      comparison with a standard insecticide; diazinon for HF and GC a methyl
      parathion for BW and malathion for BA. After being sprayed the cages were
      furnished with a supply of food to avoid the occurrence of natural
      mortality.
PAR  Mexican bean Beetle (MB) was subjected to the following stomach poison dip
      test: Lima bean leaves of a uniform size were momentarily dipped in a
      water-acetone solution of the test material. When dry, the petiole of the
      treated leaf was placed in a water-filled plastic container on a specially
      constructed holding stand in order to keep it turgid for the duration of
      the evaluation. Five third or fourth instar larvae are introduced and
      encouraged to feed on the treated foliage by means of confinement. Each
      treatment is replicated two times. Dursban is the standard material for
      comparison.
PAR  Mortaility was recorded for GC at 24 and 48 hours after exposure, for HF,
      BW and MB at 24 hours with a knockdown count for HF after 60 minutes.
PAR  The rate of application was 500 ppm and 1000 ppm of active ingredient. The
      results as set forth in the Table below indicate the percent kill of the
      test insects.
TBL  ______________________________________                                    
     Active Ingredient                                                         
                  Test Insects                                                 
                HF    GC      BW      MB    BA                                 
     ______________________________________                                    
     Example 4.sup.a                                                           
                  100     100     100   100   100                              
     Example 5.sup.a                                                           
                  100     100     100   100   100                              
     Example 6.sup.a                                                           
                  100     60      100   100   100                              
     Example 7.sup.b                                                           
                   60     --      --    100   100                              
     Example 8.sup.b                                                           
                   60     --      --    100   100                              
     Example 10.sup.a                                                          
                  100     80      100   100   100                              
     Example 11.sup.a                                                          
                  100     70      100   100   100                              
     Example 13.sup.a                                                          
                  100     20       20   100   100                              
     Example 14.sup.a                                                          
                  100     80      --    100   100                              
     Example 16.sup.a                                                          
                   20     --      --     60   100                              
     Example 18.sup.a                                                          
                  100     80       60   100   100                              
     Example 19.sup.a                                                          
                   60     --       70   100   100                              
     Example 21.sup.a                                                          
                   20     10       40    60   100                              
     ______________________________________                                    
      .sup.a 500 ppm                                                           
      .sup.b 1000 ppm                                                          
PAR  From the data set forth in the Table, it will be noted that the compounds
      according to the invention are highly effective insecticides functioning
      both as contact and stomach poisons.
PAC  EXAMPLE 23
PAR  1-Carbamoylvinyl phosphates of this invention were evaluated as follows in
      standard greenhouse systemic insecticide tests using Mexican Bean Beetle
      (MB) and Bean Aphid (BA).
PAC  BEAN APHID (BA)
PAR  Young lima bean seedlings growing in a sand-soil medium are removed and the
      roots thoroughly washed. The roots of the seedlings are immersed
      immediately in test tubes containing a nutrient solution containing 50 ppm
      concentration of the material under test. Three days later, the seedlings
      are infested with 10 adult aphids by careful transfer with a camel's hair
      brush. Each treatment is replicated two times. The per cent mortality is
      recorded 48 hours after the seedlings are infested.
PAC  MEXICAN BEAN BEETLE (MB)
PAR  Similar to the method described for the bean aphid, except that 5 fourth
      instar larvae are used. The results of these tests as set forth in the
      following Table indicate the per cent kill of the test insects.
TBL  ______________________________________                                    
     Active Ingredient                                                         
                    BA           MB                                            
     ______________________________________                                    
     Example 10     100          100                                           
     Example 11     100          100                                           
     Example 13     100          100                                           
     Example 16     90           10                                            
     Example 18     40           60                                            
     Example 19     10           10                                            
     Example 21     100          100                                           
     ______________________________________                                    
PAR  From the data set forth in the Table, it will be noted that the compounds
      of this invention have systemic insecticide activity, as well as contact
      and stomach poison effectiveness.
PAR  Although the present invention has been described with preferred
      embodiments, it is to be understood that modifications and variations may
      be resorted to, without departing from the spirit and scope of this
      invention, as those skilled in the art will readily understand. Such
      variations and modifications are considered to be within the purview and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the following general formula:
      ##EQU3##
      where X, Y and W are oxygen or sulfur, and R.sub.1, R.sub.2, R.sub.3 and
      R.sub.4 are each a radical selected from the group consisting of hydrogen,
      branched or unbranched alkyl (C.sub.1 -C.sub.8), cycloalkyl (C.sub.3
      -C.sub.8), alkenyl (C.sub.2 -C.sub.8), alkoxy (C.sub.1 -C.sub.8), aryl,
      aralkyl (C.sub.7 -C.sub.14), acetyl, carbalkoxy, alkylmercapto (C.sub.1
      -C.sub.8), carbamoyl (mono and dialkyl) and combinations thereof and which
      radical may have substituted thereon a member or members of the group
      consisting of hydroxy, halogen, alkoxy, cyano, carbalkoxy and combinations
      and multiples thereof and Q and Z are selected from the group consisting
      of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 or from the group consisting of
      halogen (Cl, Br, F), cyano and alkylsulfonyl.
NUM  2.
PAR  2. A compound of claim 1, wherein said compound is dimethyl
      2,2-dichloro-1-(dimethylcarbamoyl)vinyl phosphate.
NUM  3.
PAR  3. A compound of claim 1, wherein said compound is diethyl
      2,2-dichloro-1-(dimethylcarbamoyl)vinyl phosphate.
NUM  4.
PAR  4. A compound of claim 1, wherein said compound is dimethyl
      2,2-dichloro-1-(diethylcarbamoyl)vinyl phosphate.
NUM  5.
PAR  5. A compound of claim 1, wherein said compound is dimethyl
      2-chloro-1-(dimethylcarbamoyl)vinyl phosphate.
NUM  6.
PAR  6. A compound of claim 1, wherein said compound is diethyl
      2-chloro-1-(dimethylcarbamoyl)vinyl phosphate.
NUM  7.
PAR  7. A compound of claim 1, wherein said compound is dimethyl
      1-(N,N-dimethylcarbamoyl)vinyl phosphate.
NUM  8.
PAR  8. A compound of claim 1, wherein said compound is diethyl
      1-(N,N-dimethylcarbamoyl)vinyl phosphate.
NUM  9.
PAR  9. A compound of claim 1, wherein said compound is dimethyl
      2,2-dichloro-1-(dimethylthiocarbamoyl)vinyl phosphate.
NUM  10.
PAR  10. A compound of claim 1, wherein said compound is dimethyl
      2-methylmercapto-1-(N,N-dimethylcarbamoyl)vinyl phosphate.
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ABST
PAL  A multi-barrel carburetor for an internal combustion engine has a primary
      throttle shaft and a metering rod lifter cam thereon. The metering rod
      lifter cam is generally C-shaped and has an inwardly projecting tongue
      which fits within a tapered groove in the throttle shaft for securing the
      cam thereon. The C-shaped cam is first inserted over a flat on the shaft
      and the groove in the shaft is aligned axially with the tongue of the cam.
      Then the shaft is slipped axially while the cam is held in position
      thereby to engage the tongue with the groove for securing the cam onto the
      throttle shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, metering rod lifter cams for internal combustion engine
      carburetors have been provided on a primary throttle shaft to raise a push
      rod and associated metering rods for increasing the flow of fuel upon
      opening of the throttle valve. It has been common to secure the cam onto
      the throttle shaft with a threaded connection which necessitates a screw
      tapping operation and the alignment of the cam with the threaded opening
      on the throttle shaft in order to position accurately the cam. In the
      event the threaded opening on the throttle shaft or the opening on the cam
      receiving the screw is not positioned accurately this could affect
      operation of the cam and provide a variable in flow test uniformity
      between carburetors. The cam normally has been formed heretofore as a
      relatively thin metal stamping which is difficult for maintaining
      uniformity and is subject to undue wear in certain instances.
PAC  DESCRIPTION OF THE PRESENT INVENTION
PAR  An internal combustion engine carburetor having a body structure with a
      pair of spaced parallel mixture conduits has a throttle shaft extending
      through the mixture conduits and across the space formed between the
      mixture condutis. The present invention is particularly adaptable for use
      with four-barrel carburetor systems in which primary and secondary
      throttles are manually controlled in a sequential manner. Secondary
      mixture conduits for the secondary throttle are normally of a larger
      diameter than the primary mixture conduits and thus, a space is formed
      between the primary mixture conduits as the primary and secondary mixture
      conduits are usually transversely aligned.
PAR  The metering rod lifter cam of the present invention is mounted on the main
      throttle shaft in the space between the primary mixture conduits and is
      easily positioned and secured to the throttle shaft in a minimum of time
      without the use of any screws or separate securing elements. The cam is
      formed of oil impregnated sintered iron and is of a relatively large
      thickness, such as one-fourth inch, to provide a relatively large contact
      or bearing area with the cam follower thereby to minimize any wear of the
      cam. The cam is C-shaped having an inwardly projecting tongue or extension
      fitting within a slot extending axially of the throttle shaft, and the
      slot communicates with a cutaway portion of the shaft adjacent an end of
      the slot.
PAR  In assembly of the cam onto the shaft, the shaft is first positioned within
      openings formed in the carburetor body and the cutaway portion of the
      shaft is initially positioned in the space formed between the main mixture
      conduits. While the cutaway portion is exposed, the C-shaped cam is
      slipped over the cutaway portion and the tongue on the cam is axially
      aligned with the slot on the throttle shaft by manual rotation or twisting
      of the throttle shaft. After alignment the throttle shaft is moved axially
      to position the tongue within the slot and then throttle valves are
      secured ot the throttle shaft. After the throttle valves have been secured
      to the shaft, the shaft is fixed longitudinally and the cam is thereby
      held in position with the tongue of the cam engaging the slot in the
      shaft.
DRWD
PAR  The invention for purposes of illustration and description is shown in the
      accompanying drawings, forming a part of this specification, wherein:
PAR  FIG. 1 is a longitudinal section taken through the two primary mixture
      conduits of a two-stage four-barrel carburetor constructed in accordance
      with the present invention;
PAR  FIG. 2 is a partial transverse section taken through the carburetor body
      structure and the space formed between the primary mixture conduits shown
      in FIG. 1;
PAR  FIG. 3 is a top plan of a lower section of the body structure and showing
      the main throttle shaft and metering rod lifter cam positioned therein;
PAR  FIG. 4 is a section of the main throttle shaft and metering rod lifter cam
      removed from the carburetor shown in FIGS. 1-3; and
PAR  FIG. 5 is a perspective, partly diagrammatic, illustrating the mounting of
      the metering rod lifter cam on the main throttle shaft.
DETD
PAR  Referring now to the drawings for a better understanding of this invention,
      an internal combustion engine carburetor illustrated as a two-stage
      four-barrel carburetor is generally indicated 10. Carburetor 10 has a body
      structure indicated generally at 12 which includes a lower body section
      14, an intermediate body section 16 and an upper body section 18. Gaskets
      are provided between sections 14, 16, and 18 together to form body
      structure 12. Body structure 12 includes a pair of main or primary mixture
      conduits 20 and 22 with venturis 24 mounted therein. A nozzle 26 is
      mounted within each venturi 24 and a fuel passage 28 leads to a fuel bowl
      30 having a float 32 therein for controlling the flow of fuel into fuel
      bowl 30. Metering jet 34 is provided in each fuel passage 28 and a
      suitable metering rod 36 having reduced diameter lower end portions is
      mounted within metering jet 34 to control the flow of fuel through flow
      passage 28. It is understood that fuel mixture conduit 22 is arranged with
      the nozzle and fuel passage arrangement shown for mixture conduit 20.
PAR  Carburetor 10 has a pair of secondary mixture conduits 38 and 40. Primary
      mixture conduits 20 and 22 are in transverse alignment with secondary
      mixture conduits 38 and 40 but are of a smaller diameter. Therefore, a
      space is provided between primary mixture conduits 20 and 22 and a
      recessed portion 42 is provided in lower body section 14 between primary
      mixture conduits 20 and 22. A pair of opposed spaced projections 43 extend
      within recessed portion 42. As shown in FIG. 3 in which a top plan is
      illustrated for lower body section 14, main throttle shaft 44 is mounted
      through openings 46, 48, and 50 in lower body section 14. Openings 50
      extend through spaced projections 43. An end of main throttle shaft 44
      extends from body structure 12 and a suitable linkage illustrated at 51
      connects main throttle shaft 44 with a secondary throttle shaft 52 having
      secondary throttle valves 54 mounted therein within secondary mixture
      conduits 38 and 40. Mounted on the extending end of main throttle shaft 44
      is a suitable link 56 having an arm 58 which may be connected by suitable
      linkage to a foot pedal or the like for rotation of main throttle shaft 44
      by a vehicle operator.
PAR  Extending between and suspending metering rods 36 is a carrier arm 60. Rods
      36 are pivotally mounted at 62 to carrier arm 60 and a push rod 62 has its
      upper end portion threaded on carrier arm 60. A piston 64 is integral with
      arm 60 and is mounted within chamber 66 and a spring 67 within chamber 66
      urges piston 64 and arm 60 in an upward direction. A vacuum port 68
      communicates chamber 66 with engine manifold and when a vacuum is exerted
      through port 68 upon engine demand, piston 64 and arm 60 move in a
      downward direction. The upper end of rod 62 has a slot 69 therein which
      may be employed to adjust push rod 62 to the desired fuel-air ratio.
PAR  Mounted within recess 42 of lower body section 14 is a follower 70
      pivotally mounted at 72 to body section 14. Mounted on main throttle shaft
      44 is a metering rod lifter cam generally indicated at 74 formed of a
      C-shape having a central opening 76 and an entrance 78 to the central
      opening. A projection or tongue 80 extends inwardly within C-shaped
      opening 76 of cam 74. Throttle shaft 44 has a pair of flats 82 formed but
      cutaway portions and throttle valves 84 may be secured on flats 82 by
      screws 86 inserted within threaded opening 88. A cutaway portion 90 of
      throttle shaft 44 between flats 82 forms a flat having a length slightly
      greater than the width of cam 74. A slot or groove 92 extends
      longitudinally or axially of shaft 44 from flat or cutaway portion 90 and
      communicates with cutaway portion 90. Slot 92 has a taper 94 adjacent its
      end portion opposite cutaway portion 90. Cam 74 is relatively thick, such
      as around one-fourth inch in thickness, for example, and is formed of a
      sintered iron material which has been oil impregnated. Cam 74 engages
      follower 70 over a relatively large bearing area which minimizes the unit
      bearing load and the oil impregnation provides lubrication thereby to
      permit a long life for cam 74.
PAR  Cam 74 may be easily assembled on throttle shaft 44 by a simple manual
      operation. First, throttle shaft 44 is inserted within opening 46, 48 and
      50 of lower body section 14 until cutaway poriton 90 is exposed between
      projections 43 within recessed portion 42. Projections 43 are spaced from
      each other a distance slightly greater than the width of cam 74 thereby to
      permit cam 74 to be easily positioned between spaced projections 43 over
      cutaway portion 90. As shown in FIG. 5, cam 74 is gripped between the
      fingers of a workman and inserted over cutaway portion 90 and tongue 80 is
      then aligned with longitudinal groove 92 by turning or rotating shaft 44.
      Upon alignment of tongue 80 with groove 92, shaft 44 is moved
      longitudinally to its proper position. In this position, throttle valves
      84 are positioned on flats 82 and screws 86 are threaded within openings
      88 to secure throttle valves 84 thereon. Throttle valves 84 hold shaft 44
      against any longitudinal movement and thereby cam 74 is secured within its
      position. Upon rotation of throttle shaft 44 after cam 74 has been
      positioned, follower 70 is moved in an upward direction as shown in FIG. 2
      to lift push rod 62 thereby to raise metering rods 36 to increase the flow
      of fuel through fuel passage 28 to nozzles 26 and mixture conduits 20 and
      22.
PAR  Cam 74 thus may be easily positioned on a throttle shaft in a minimum of
      time and without the use of any separate securing elements such as screws
      or the like which have been employed heretofore. Push rod 62 may be
      properly adjusted to provide the desired air-fuel ratio in primary mixture
      conduits 20 and 22 after cam 74 has been mounted on shaft 44.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An internal combustion engine carburetor comprising a body structure
      having a pair of spaced parallel mixture conduits, a throttle valve
      mounted across each of the mixture conduits to control the flow of air
      through the respective conduit, a throttle shaft extending through the
      mixture conduits and having an end portion projecting from one side of the
      body structure, means connected to said end portion for operation of said
      throttle shaft, a fuel passage to each of the mixture conduits each fuel
      passage having a fuel metering jet therein, a metering rod positioned
      within each of the metering jets and permitting an increased flow of fuel
      through the associated fuel passage when moved in an upward direction, a
      generally horizontally extending carrier arm extending between and
      connected to said metering rods for movement of said metering rods in a
      generally vertical direction, a push rod operatively connected to said arm
      and having its lower end positioned in the vicinity of said throttle
      shaft, a pivotally mounted cam follower engaging the lower end of the push
      rod, a cam on said throttle shaft in engagement with said follower, and
      means mounting said cam on said shaft, said mounting means including a
      cutaway portion of said shaft having a length greater than the thickness
      of said cam and an axially extending slot having an end communicating with
      said cutaway portion, said cam being C-shaped and having an inwardly
      projected tongue fitting within said slot and securing said cam in
      position on said shaft.
NUM  2.
PAR  2. An internal combustion engine carburetor as set forth in claim 1 wherein
      said body structure has a recessed portion in the space between the
      mixture conduits and a pair of opposed projections are positioned within
      the recessed portion spaced from each other a distance greater than the
      thickness of said cam, and an axial opening extends through said body
      structure including said projections for receiving said throttle shaft,
      said cam being mounted on said shaft in the space between said
      projections.
NUM  3.
PAR  3. In combination with an internal combustion engine carburetor having a
      body structure including a pair of spaced parallel mixture conduits, a
      throttle shaft extending through the mixture conduits, a fuel passage to
      each of the mixture conduits each fuel passage having a metering rod to
      control the fuel flow through the associated fuel passage, a generally
      horizontally extending carrier arm extending between and suspending the
      metering rods for movement of said metering rods in a generally vertical
      direction, a push rod operatively connected to said carrier arm and having
      a lower end positioned in the vicinity of said throttle shaft between the
      pair of mixture conduits, a pivotally mounted cam follower engaging the
      lower end of the push rod, and a cam on said throttle shaft in engagement
      with the follower, the improvement comprising means mounting the cam on
      the throttle shaft, said mounting means including an axially extending
      slot on said shaft and a cutaway portion of said shaft communicating with
      said slot, said cam being C-shaped for fitting over said cutaway portion
      and having an inwardly projecting tongue fitting within said slot for
      securing said cam in position on said shaft.
NUM  4.
PAR  4. The combination as set forth in claim 3 wherein said C-shaped cam is
      formed of oil impregnated sintered iron.
NUM  5.
PAR  5. The combination as set forth in claim 3 wherein said body structure has
      a recessed portion in the space between the mixture conduits and a pair of
      opposed projection are positioned within the recessed portion spaced from
      each other a distance greater than the thickness of said cam, and an axial
      opening extends through said body structure including said projections for
      receiving said throttle shaft, said cam being mounted on said shaft in the
      space between said projections.
NUM  6.
PAR  6. A method of securing a generally C-shaped metering rod lifter cam having
      an inwardly extending tongue on the main throttle shaft of a four-barrel
      internal combustion engine carburetor in the space formed between a pair
      of main mixture conduits, the throttle shaft extending through the main
      mixture conduits and the space formed between the mixture conduits and
      having an axial slot and cutaway portion communicating with the slot, said
      method comprising the steps of first inserting the throttle shaft through
      openings in the carburetor body to a position in which the cutaway portion
      is positioned in the space between the mixture conduits, then inserting
      the C-shaped cam over the cutaway portion and aligning axially the tongue
      with the slot in the throttle shaft, and next moving the throttle shaft
      longitudinally to fit the tongue within the slot for securing the cam in
      position thereon.
NUM  7.
PAR  7. The method as set forth in claim 6 wherein throttle valves are secured
      to the throttle shaft after the cam has been mounted thereon thereby to
      secure the throttle shaft against longitudinally movement relative to the
      carburetor body.
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PAL  An air valve type carburetor is described having an enlarged mixing chamber
      in an induction duct. Fuel is supplied to the mixing chamber at a
      plurality of annularly spaced locations about the circumference of the
      mixing chamber. An air valve having an umbrella-shaped disc is positioned
      at the entrance to the mixing chamber for regulating the flow of the air
      into the mixing chamber in response to the vacuum pressure prevailing in
      the mixing chamber. The air valve is designed to direct the air radially
      outward over the disc and along the periphery of the mixing chamber and to
      create a pressure depression behind the valve to cause the air to flow
      radially inward in a turbulent eddy into the central portion of the mixing
      chamber to thoroughly mix the fuel with the air. Fuel is metered to the
      mixing chamber in amounts responsive to the manifold pressure, atmospheric
      pressure and mixing chamber pressure. Additionally, the fuel is premixed
      with air prior to discharge into the mixing chamber. The fuel delivery
      system includes a plurality of annular chambers about the induction duct
      with one chamber serving as a fuel well with a plurality of fuel tubes
      extending from the well to the mixing chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to carburetors for internal combustion engines and
      more particularly to air-valve type carburetors for internal combustion
      engines that are utilized to propel vehicles such as automobiles.
PAR  Most present day automobile carburetors are designed with a venturi to
      create a vacuum pressure in the emission chamber to pull fuel from a fuel
      reservoir. The venturi, by its fixed nature, operates at maximum
      efficiency over a small range of engine speeds. Furthermore a different
      size venturi is generally required for different size engines. Seldom is
      the automobile operated in only a small range of speeds. Consequently,
      various complicated venturi arrangements including multiple venturi tubes
      have been included in carburetors in an attempt to make the carburetor
      more efficient over a wide range of operating conditions. A venturi is
      generally most ineffective at slow speeds in which the velocity through
      the venturi is minimal. Consequently, special idle jets have been
      incorporated in carburetors to pass additional fuel to the engine at low
      speeds. At higher speeds, the fuel from the special jet is not required
      and provides a richer mixture then is needed. Such a loss is particularly
      noted at high speeds during deceleration.
PAR  Over the years additional features have been added to carburetors to
      overcome certain limitations in a fixed venturi carburetor. One limitation
      is presented when the carburetor is moving at a slow speed and the driver
      desires to quickly accelerate the automobile to pass another vehicle.
      Quick depression of the throttle pedal, causes the throttle valve to
      rapidly open. This causes additional amounts of air to flow through the
      venturi without substantially increasing the vacuum pressure to draw
      additional fuel. Consequently it is not infrequent that the engine would
      stall on the lean mixture. To overcome such a limitation, accelerator fuel
      pumps have been incorporated in carburetors to pump additional fuel into
      the mixing chamber when the throttle is depressed rather rapidly. However,
      such a compromise results in the loss of fuel when the vehicle is
      traveling at high speeds and the accelerator pump is temporarily released
      and then depressed again. The pump adds the additional fuel to the engine
      which is wasted since the high air velocity through the venturi is
      sufficient to pull enough fuel into the cylinders to accomplish the
      objective without the necessity of the fuel pump. Consequently, an
      additional feature to overcome one limitation frequency causes additional
      inefficiencies over other operating conditions.
PAR  Another limitation is encountered when the vehicle is traveling at an
      intermediate speed with the throttle almost fully depressed. This
      condition occurs when the automobile is climbing a hill or encounters a
      heavy headwind. Under such conditions, the velocity in the venturi is
      insufficient to pull the fuel. To compensate for this problem, many
      carburetors utilize metering rods to delivery more fuel to the venturi.
      All of these additional features are attempting to compensate for the
      inefficiencies of the venturi over the full range of operating conditions.
      Ideally, the carburetor for an automobile should operate at high
      efficiencies over a full range of engine operating conditions.
PAR  Conventional air-valve type carburetors have been utilized in which the
      system attempts to maintain a constant air velocity across a jet fuel
      orifice independently of the throttle valve position and engine speed.
      Such carburetors generally attempt to vary the size of the fuel jet in
      accordance with the amount of air entering the carburetor to provide a
      correct "air-fuel ratio". However engines having such air valve
      carburetors are generally difficult to start and operate at idling speeds.
      Plus special fuel metering circuits are generally required to provide a
      richer mixture when quick acceleration is required.
PAR  Each additional feature added to the carburetor makes it more complicated
      and more susceptible to plugging necessitating frequent maintenance and
      adjustment. The number of moving parts in carburetors has increased
      substantially over the years making the carburetors extremely complicated
      and more expensive to manufacture.
PAR  One of the noted problems of prior art venturi and air valve carburetors in
      addition to the foregoing is the inability to efficiently and effectively
      vaporize and mix the fuel with the air prior to discharge into the intake
      manifold of the engine over the full range of operating conditions.
PAR  One of the principal objects of this invention is to provide a very simple
      carburetor of the air-valve type in which the fuel is efficiently and
      effectively mixed with the air prior to discharge into the intake manifold
      to increase the efficiency of the combustion in the combustion chamber.
PAR  An additional object of this invention is to provide a very simple
      carburetor with no moving parts in the fuel metering system in which the
      fuel air ratio may be varied over the full range of the engine in
      operating conditions.
PAR  A further object of this invention is to provide a very simple air valve
      carburetor in which all of the fuel is added through a single fuel circuit
      over the full range of the operating conditions of the engine.
PAR  An additional object of this invention is to provide an air type valve
      carburetor that may be utilized with minimum adjustments for various size
      engines.
PAR  A further object of this invention is to provide an air valve type
      carburetor that does not have an idle jet, an accelerator pump or a needle
      valve or jet.
PAR  An additional object of this invention is to provide a carburetor not
      having a venturi or a variable size fuel nozzle.
PAR  A further object of this invention is to provide an air valve type
      carburetor in which the amount of fuel may be varied without having to
      increase or decrease the size of the fuel jets or nozzles in the mixing
      chamber.
PAR  A further object of this invention is to provide an air valve type
      carburetor in which the fuel is uniformly discharged into the air at
      multiple locations and is effectively mixed prior to discharge into the
      intake manifold.
PAR  An additional object of this invention is to provide a carburetor of the
      air valve type that is capable of automatically adjusting to different
      atmospheric pressures to enable the engine to adjust to various altitudes.
PAR  A still further object of this invention is to provide a carburetor that is
      extremely simple to manufacture and very easy to maintain.
PAR  These and other objects and advantages of this invention will become
      apparent upon reading of the following detailed description of a preferred
      embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of this invention is illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is a vertical cross-sectional view of a carburetor of the preferred
      embodiment illustrating the internal features of the carburetor;
PAR  FIG. 2 is an isolated vertical cross-sectional view of a float mechanism
      for a fuel reservoir in the carburetor;
PAR  FIG. 3 is a plan view of the carburetor;
PAR  FIG. 4 is an enlarged vertical cross-sectional view of a mixing chamber of
      the carburetor;
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 in FIG. 1;
PAR  FIG. 6 is an isolated side view showing cutaway sections of a fuel metering
      system for the carburetor;
PAR  FIG. 7 is a view similar to FIG. 1 except showing the carburetor in an
      alternate operating condition (the float mechanism is excluded to simplify
      the view for illustration purposes); and
PAR  FIG. 8 is a horizontal cross-sectional view taken along line 8--8 in FIG. 1
     .
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A carburetor for internal combustion engines is shown in the accompanying
      drawings and is generally designated with the numeral 10. The carburetor
      is designed for mounting on a vehicle internal combustion engine and
      interconnected to a manifold of the engine. Although the carburetor
      illustrated is shown in a down draft configuration, it should be
      understood that several other configurations and embodiments may be
      utilized without deviating from the principles of the invention.
PAR  The carburetor 10 has a general body 11 which consists of a lower casting
      12, a top casting 13 and an intake casting 14. The top casting 13 is shown
      separately in FIG. 6.
PAR  The body 11 includes an induction duct 16 that extends through the body
      communicating with the manifold of the engine. The induction duct 16 has
      an intake opening 17 at one end of the induction duct and a carburetor
      outlet opening 18 which communicates with the engine manifold. The intake
      duct 16 has a cylindrical section 20 with a side wall 21. The cylindrical
      section 20 has a desired radius. Within the cylindrical section 20 is an
      enlarged section forming a mixing chamber 23. The mixing chamber may be
      subdivided for illustration purposes into annular cavity 24a that
      communicates with a central cavity or space 24b (FIG. 3). The mixing
      chamber is surrounded by a peripheral wall 25 having a greater radius than
      wall 21. The mixing chamber 23 has an entrance 26 and an exit 27 within
      the induction duct 16.
PAR  Downstream of the mixing chamber 23 is a mixing outlet section 30 having a
      side wall 31. Preferably the mixing outlet section 30 is also of a
      cylindrical configuration, and has the same area cross section as section
      20. However the shape of the section 30 is not particularly important and
      may be of various shapes and curvatures to accommodate the particular
      engine manifold.
PAR  The carburetor 10 has a throttle valve 35 mounted in the induction duct 16
      specifically in the mixture outlet section 30, for regulating the flow of
      the mixture (fuel and air) into the engine manifold. The particular
      throttle valve shown in the carburetor is of a butterfly type having a
      plate 36 that is mounted on a central transfer shaft 37. The shaft 37 is
      connected through linkages to a throttle pedal or the like of the vehicle.
PAR  The carburetor 10 has a fuel delivery means generally designated with the
      numeral 40 (FIG. 1) for delivering fuel in metered amounts into the mixing
      chamber 23. The body 11 includes a fuel bowl 41 having various
      compartments or chambers which will be described in more detail.
PAR  The feul delivery means includes a metering control reservoir or chamber 42
      communicating with and controlling a fuel well 48. The metering control
      reservoir 42 includes a manifold pressure control chamber 43 and an
      atmospheric pressure control chamber 45. Fuel from the fuel well 48 is
      communicated to the mixing chamber through a mixing chamber fuel line 50.
      The fuel line 50 is designed to deliver the fuel to angularly spaced
      locations in the annular space 24a to provide a uniform distribution of
      the fuel into the mixing chamber 23 at a plurality of circumferential
      locations.
PAR  The fuel well 48 is preferably formed by an angular cavity 51 (FIG. 8) that
      is positioned concentrically with respect to the mixing chamber 23. The
      fuel well 48 has an annular inside wall 52 and an annular outside wall 54.
      The liquid level in the well 48 is designated with the numeral 55 with an
      air space 56 above the liquid level. The air space 56 is vented to the
      mixing chamber through vent lines 58 that extend into the mixing chamber
      at angularly spaced locations. The vent lines 58 are designed to apply the
      vacuum existing in the mixing chamber 23 to the air space 56.
PAR  The mixing chamber fuel line 50 preferably includes a plurality of tubes 60
      that are angularly spaced about the mixing chamber in which each of the
      tubes have an end 61 that extends downwardly into the fuel well 48
      terminating below the fuel level 55. Each tube 60 has an upper end 62 that
      extends into the mixing chamber terminating in the annular space 24a. The
      upper end 62 has a port or nozzle 63 that is directed radially inward
      toward the axis of the mixing chamber 23. The tubes 60 direct the fuel
      from the fuel well 48 into the mixing chamber at the angularly spaced
      locations distributing the fuel evenly in the annular space 24a.
PAR  The fuel delivery means 40 further includes an air and fuel premixing means
      for premixing air with the fuel prior to delivering the fuel to the mixing
      chamber 23. The air and fuel premixing means includes a plurality of
      vertically spaced apertures or holes 66 formed in the tubes 60 for
      bleeding air from the air space 56 into the tubes 60 for mixing with the
      fuel as the fuel is distributed in the mixing chamber. The vertically
      spaced apertures or holes 66 may be referred to as variable flow
      restriction means that is responsive to the fuel level 55 in the fuel well
      48 for varying the amount of air mixed with the fuel. As the fuel level 55
      moves downwardly more holes are uncovered to bleed additional amounts of
      air into the tubes thereby decreasing the fuel to air ratio. When the fuel
      level 55 raises, it covers additional apertures 66 decreasing the amount
      of air bled into the tubes 60, thereby increasing the fuel to air ratio.
PAR  The atmospheric pressure control chamber 45 is annular in shape having
      annular wall 54 in common with the fuel well 48 (FIG. 8). The chamber 45
      has an outer wall 71. Passage 73 (FIG. 1) extends between the atmospheric
      pressure control chamber 45 and the fuel well 48 below the liquid levels
      in the respective chambers for communicating fuel therebetween. Fuel in
      the chamber 45 provides a fuel level designated with the number 75 with an
      air space 72 thereabove. A conduit line 74 extends from the air space 72
      to the atmosphere to apply atmospheric pressure to the air space 72. In
      the particular configuration shown, the annular wall 54 is supported from
      above and terminates short of the bottom of the fuel bowl and thereby
      defines the passage 73 for communicating fuel between the two chambers 45
      and 48.
PAR  The fuel delivery means includes a first fuel level fluctuation control
      means for controlling the fluctuation of the fuel level 55 within the
      desired limits. The first fluctuation control includes a plurality of
      vertically spaced holes 81 formed in the wall 54 that extends between
      chambers 45 and 48. The holes extend both above and below the average
      liquid level 75. The plurality of vertical holes 81 may be referred to as
      a variable flow restriction means for bleeding air from chamber 45 to the
      fuel well 48 in response to fuel level 75. The amount of air bled from
      chamber 45 to 48 depends upon the height of the fuel level 75 in
      relationship to the holes 81. As the fuel level 75 moves downwardly, it
      uncovers additional holes 81 bleeding additional amounts of air into the
      fuel well 48 and thereby limiting the upward movement of the liquid level
      55. When the liquid fuel level 75 moves upwardly, it covers additional
      holes 81 decreasing the amount of air bled from the chamber 45 to fuel
      well 48. Such a system may be referred to as an automatically fuel level
      self-regulating system. Additionally, such a system automatically adjusts
      for differences in atmospheric pressure that may be found at various
      altitudes. Consequently, at high altitudes where the atmospheric pressure
      is less, then the fuel level 75 will be higher then at lower elevations
      where the atmospheric pressure is greater. Consequently the fuel level 55
      is controlled by atmospheric conditions which in turn control the amount
      of air that is bled into the tubes and thereby adjusting the fuel air
      ratio.
PAR  The manifold pressure control chamber 43 likewise is preferably angular in
      shape concentrically about the mixing chamber 23 having wall 71 in common
      with the chamber 45. The chamber 43 has an outside wall 94. The fuel forms
      a fuel level 85 within the chamber with an air space 86 formed immediately
      thereabove. Fuel flows between the chambers 43 and 45 through a passage 87
      that extends between the chambers below the respective fuel levels. In a
      preferred embodiment, the wall 71 is supported from above and extended
      downwardly into the fuel bowl terminating short of the bottom of the fuel
      bowl to create a passage 87 between chambers 43 and 45.
PAR  A manifold pressure line 88 extends from the air space 86 to an opening 89
      in the induction duct 16 immediately below the throttle valve 35 as
      illustrated in the drawings. The purpose of the manifold pressure line 88
      is to communicate the manifold pressure immediately below the throttle
      valve to the air space 86 in the manifold pressure control chamber 43.
PAR  The fuel delivery means system includes a second fuel level fluctuation
      control means for controlling the fluctuation of the fuel level 85. The
      second fluctuation control means includes an annular passage 91 formed in
      the wall 71 that extends from elongated openings 92 exposed to the chamber
      45 and elevated openings 93 exposed to chamber 43. The elongated openings
      92 communicate with the chamber 45 normally below the fuel level 75. The
      opening 93 however communicates with the chamber 43 normally above the
      fuel level 85. The second fluctuation control prevents fuel level 85 from
      exceeding a desired upward elevation. As the manifold pressure decreases
      below the throttle valve, fuel level 85 rises causing fuel levels 55 and
      75 to descend. When the fuel level 75 exposes the openings 92, air is bled
      from chamber 45 to the inner passage 91 and through the openings 93 to the
      air space 86 bleeding atmospheric air into the air space and thereby
      limiting the upward movement of the fuel level 85 in the chamber 43. Both
      fuel level fluctutation control means provide a very important balancing
      between the fuels levels 55, 75 and 85 to control the amount of fuel and
      the fuel-air premixing ratio into the mixing chamber to accommodate the
      engine over a wide range of operating conditions.
PAR  The fuel delivery means includes a fuel supply means 96 for supplying fuel
      to the fuel bowl 41. In the configuration illustrated, the fuel supply
      system includes a float valve 97 residing in the chamber 43. The float
      valve 97 includes an annular float 98 that is mounted in chamber 43 and is
      connected to the valve 97 through linkage 100.
PAR  It should be noted that the volume of chamber 43 is greater than the volume
      of either the fuel well 48 or the atmospheric pressure control chamber 45.
      Consequently, a rather small change in fuel level 85 will be amplified in
      a larger change of fuel levels 55 and 75. This provides for a very quick
      and positive response to changing load and speed conditions of the engine.
PAR  The mixing chamber 23 (FIG. 4) includes in the entrance surface 106 that
      extends radially outward and downward in a concave curve. The mixing
      chamber includes means 108 for directing the air over the tube ends 62 and
      about the ports or nozzles 63. The means 108 in the preferred embodiment
      includes an annular deflector 109 which may be formed as an integral
      component of the intake casting 14 or may be a separate component mounted
      within the mixing chamber 23. The deflector 109 has a concave front
      surface 110 that extends downwardly and radially inward for directing the
      air in a main stream (depicted by arrow 112) inwardly over the fuel tubes
      60 and toward the center space 24b of the mixing chamber. Air passage 114
      is formed behind the deflector 109 for receiving a secondary air stream
      (depicted by arrow 115) and for directing the air along the peripheral
      wall 25 to assist in starting the engine and for providing sufficient air
      for idling operations. The air passage 114 may be formed in the body 11
      immediately behind deflector 109. The air passage 114 has an intake
      opening 116 communicating with the induction duct at entrance 26.
      Alternatively the opening 116 may be upstream of the mixing chamber. The
      air passage 114 has an exit opening 117 that communicates with the mixing
      chamber 23. The mixing chamber has an exit surface 118 that extends in a
      concave curve from the mixing chamber to the mixture outlet section 30.
      The exit surface 118 is concave to minimize turbulence along the
      peripheral wall 25 or in the annular space 24a. In the preferred
      embodiment, the cross-sectional area of the mixing chamber is
      approximately equal to twice the cross-sectional area of section 20.
PAR  A very important provision of the carburetor is an air valve 125. The air
      valve is mounted axially within the induction duct 16 for controlling the
      flow of air into the mixing chamber.
PAR  The air valve 125 has a valve disc 126 that is movably mounted in the
      entrance 26 for opening and closing the entrance for controlling the
      amount of air passing into the mixing chamber. The valve disc 126 is
      mounted on a valve stem 128 which is slidably mounted in the cylindrical
      guide housing 134. The stem 128 is positioned along the axis of the mixing
      chamber. A web 135 mounts the cylindrical guide housing 134 coaxially
      within the mixing chamber.
PAR  Preferably the valve disc 126 (FIG. 4) has an umbrella or dome shape with a
      convex top surface 137 and a concave lower surface 138 that extend
      radially outward to a periphery 140. The radius of the disc is sufficient
      to substantially enclose the entrance when the air valve is in the closed
      position. The valve disc has a plurality of apertures 141 (FIG. 3) for
      permitting the flow of a small amount of air through the disc into the
      mixing chamber when the air valve is in the closed position to assist in
      starting the engine and to minimize the formation of a dead air space in
      the mixing chamber immediately behind the disc.
PAR  In the preferable configuration, the valve includes an air deflector 145
      mounted on the valve stem spaced from but adjacent to the valve disc 126.
      The purpose of the deflector 145 is to direct the air that is emitted
      through the disc apertures 141 radially outward toward the peripheral wall
      25 and against the mixing chamber deflector 109. The air deflector 145 has
      an umbrella-shape or dome-shape with a convex upper surface 146 and a
      concave lower surface 147 extending to a peripheral edge 148. Preferably,
      the air deflector permits a portion of the air that flows through the
      apertures 141 to flow through the apertures 150 to minimize the formation
      of a dead air space below the valve disc.
PAR  The valve stem has a lower end 130 that extends downwardly through the
      cylindrical housing 134 terminating in a foot 131. The air valve includes
      a compression spring 155 that is mounted on the cylindrical 134 for
      biasing the valve disc 126 upwardly to close the entrance 26. The
      compression spring 155 is calibrated to open the entrance when a desired
      level of vacuum pressure prevails in the mixing chamber 23 and to permit
      the valve disc to float to maintain the vacuum pressure within the mixing
      chamber at the desired vacuum level.
PAR  For some engines, it may be desirable to utilize a spring that has a
      varying spring constant so as to progressively increase the vacuum
      pressure in the mixing chamber as the air valve is progressively opened.
      Spring 155 is principally designed to permit the valve disc 126 to float
      throughout a major portion of the operating conditions of the engines to
      maintain the vacuum pressure in the mixing chamber 23 at a desired level.
PAR  For some engines, it may be desirable to include an override system for
      directly moving the valve discs 126 to desired positions for limited
      portions of the operating range. This is accomplished by utilizing a cam
      160 that is mounted in the induction tube 16 for engaging the foot 131.
      The cam 160 is operatively connected through linkage (not shown) to the
      throttle valve 35. A dash pot (not shown) may be operatively connected
      between the throttle valve 35 and the cam 160. For some engines, it is
      desirable to have the linkage designed to move the cam 160 into engagement
      with the foot 131 to hold the air valve closed during the starting and
      idling operations. Additionally, the dash-pot may be provided between the
      cam 160 and the throttle valve operation so as to prevent the air valve
      from opening as rapidly as the throttle valve when rapid acceleration is
      desired. For many engines such a system is not needed, however it is shown
      as an alternative and may be needed for some engines for limited operating
      conditions.
PAR  Under starting conditions, the manifold pressure is generally equally
      applied through the manifold pressure line 88 to the air space 86 and
      through the mixing chamber 23 to the air space 56 in the fuel well 48.
      Consequently, the fuel levels 55 and 85 are approximately the same as
      illustrated in FIG. 1. Air is drawn through the apertures 141 and directed
      outwardly by the deflector 145 across the mixing chamber deflector 109
      with a portion of the air passing through the air passage 114. Fuel is
      drawn through the tubes 60 into the mixing chamber in a rather rich
      mixture. As soon as the engine starts, the throttle valve approaches the
      closed position applying manifold pressure to the air space 86 which
      immediately raises the liquid level 85 in the chamber 43 and lowers the
      fuel level 55 in the fuel well 48 and fuel level 75 in the chamber 45. The
      lowering of the fuel level 55 automatically reduces the fuel-air ratio to
      provide a leaner idling mixture.
PAR  When accelerating at low engine speeds with the throttle valve 35 open, the
      manifold vacuum pressure decreases thereby lowering the fuel level 85 and
      raising the fuel level 55 to cover additional apertures 66 and increase
      the fuel flow to the mixing chamber 23. As the engine speed increases to
      the speed corresponding to the throttle setting, the manifold pressure
      decreases to raise the fuel level 85 and lower the fuel level 55 to
      increase the amount of air bled through the holes or aperture 66 and
      thereby provide a progressively leaner fuel mixture in the mixing chamber.
PAR  Under increased load conditions which are normally encountered when the
      vehicle is ascending a hill or encountering a heavy headwind, the
      carburetor automatically responds to provide increased fuel-air ratio by
      supplying the reduced vacuum pressure from the manifold to the chamber 43
      to lower the fuel level 85 in the chamber 43 and to raise the fuel level
      55 in the fuel well 48 to decrease the amount of air bled or premixed with
      the fuel.
PAR  When the vehicle is moving down a hill or with a tailwind, the throttle
      valve is further closed than normal. The increased vacuum pressure in the
      manifold causes the fuel level 85 to rise and to correspondingly lower the
      fuel level 55 to bleed additional amounts of air into the mixing chamber
      and to thereby reduce the fuel-air mixture.
PAR  As a vacuum pressure is applied to the mixing chamber 23, the valve disc
      126 begins to open permitting air to flow radially outward to the
      periphery of the disc 26 and then downwardly along the peripheral wall 25
      in space 24a and then inward by deflector 109 across the nozzles or ports
      63 toward the central space 24b. The specific design of the valve disc
      creates a pressure depression immediately underneath the disc 126 causing
      the air and fuel to flow inwardly in a turbulent eddy motion to greatly
      increase evaporation of the fuel and increase the mixing of the air and
      fuel to provide a very efficient and effective mixture before the mixture
      is passed to the manifold. The secondary air passes through the air
      passage 114 along the peripheral wall 25 to prevent turbulation of the air
      and fuel along the peripheral wall and to assist in the improvement of the
      main stream 112 past the ports 63.
PAR  Because of the annular nature of the chamber 45 and the fuel well 48, the
      fuel delivery system is not adversely effected by acceleration or
      deceleration forces including turning forces of the vehicle. It should be
      noted that the chambers 45 and 48 need not be annular in shape if a
      multiple of chambers are annularly spaced about the mixing chamber 23. The
      preferred embodiment shown however is inexpensive to construct and
      maintain.
PAR  It has been found that by utilizing this carburetor on conventional
      engines, that a 40% increase in fuel savings can be obtained with an
      increase in power. An additional benefit obtained is that the engine runs
      at a lower temperature which reduces the formation of nitrogen oxides.
      These are additional advantages over and above the very efficient
      operation of the carburetor over a very large range of engine speeds and
      operating conditions. It should be noted that the carburetor has no
      special idle jet, accelerator pump or metering valve or fixed venturi. The
      fuel system is extremely simple and is not easily plugged by foreign
      material.
PAR  It should be understood that the above described embodiment is simply
      illustrative of the principles of this invention and that numerous other
      embodiments may be readily devised by those skilled in the carburetor art,
      without deviating therefrom. Therefore only the following claims are
      intended to define this invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A carburetor for a vehicle internal combustion engine, comprising:
PA1  a carburetor body having an induction duct passing therethrough in which
      the induction duct has an intermediate segment defining a mixing chamber
      in which air and fuel are mixed prior to passage of the mixture to the
      engine;
PA1  said mixing chamber having a peripheral wall;
PA1  a fuel delivery means communicating with the mixing chamber having a
      plurality of fuel nozzles at fuel discharge locations angularly spaced
      about the peripheral wall of the mixing chamber for delivering metered
      amounts of fuel into the mixing chamber at the plurality of locations;
PA1  wherein the fuel delivery means includes (1) a fuel reservoir vented to the
      atmosphere, (2) a fuel well in liquid communication with the fuel
      reservoir and in vapor communication with the mixing chamber, and (3) a
      fuel line between the well and the nozzles for supplying fuel to the
      nozzles in which the amount of fuel supplied to the mixing chamber varies
      in relation to the difference between the atmospheric pressure and the
      mixing chamber vacuum pressure as reflected by the difference in fuel
      levels between the fuel reservoir and the fuel well;
PA1  a throttle valve mounted in the induction duct downstream of the mixing
      chamber for regulating the flow of said mixture to the engine;
PA1  a pressure sensitive air valve mounted in the induction duct at an entrance
      to the mixing chamber for regulating the amount of air flow into the
      mixing chamber in relation to the magnitude of vacuum pressure prevailing
      in the mixing chamber; and
PA1  said air valve having a movable disc centrally mounted in the mixing
      chamber entrance for directing the air entering the mixing chamber in a
      path radially outward to the periphery of the disc and into the mixing
      chamber along the peripheral wall of the mixing chamber past the plurality
      of fuel discharge locations to receive fuel and for creating a pressure
      depression in the mixing chamber behind the valve disc to cause the air to
      flow radially inwardly from the peripheral wall forming a turbulent eddy
      in the pressure depression to thoroughly mix the fuel and air.
NUM  2.
PAR  2. The carburetor as defined in claim 1 further comprising means formed in
      the mixing chamber for assisting in directing the flow of the air radially
      inward behind the valve disc.
NUM  3.
PAR  3. The carburetor as defined in claim 1 wherein the air valve has spring
      means for biasing the valve disc toward a closed position in the mixing
      chamber entrance.
NUM  4.
PAR  4. The carburetor as defined in claim 3 wherein the air valve disc has
      apertures formed therein for bleeding a portion of the air through the
      valve disc into the mixing chamber when the valve disc is closed to
      provide sufficient air in the mixing chamber for engine idling.
NUM  5.
PAR  5. The carburetor as defined in claim 4 wherein the air valve has an air
      deflector immediately behind the valve disc for directing the portion of
      the air bled through the disc apertures to the periphery of the deflector
      and along the peripheral wall past the fuel discharge locations to receive
      fuel.
NUM  6.
PAR  6. The carburetor as defined in claim 5 wherein the deflector has apertures
      formed therein to bleed a portion of the air into the mixing chamber to
      bleed air into the pressure depression in the mixing chamber behind the
      valve disc.
NUM  7.
PAR  7. The carburetor as defined in claim 1 wherein the fuel nozzles discharge
      fuel into the mixing chamber at a desired longitudinal location in the
      induction duct and wherein the air valve disc is movable mounted in the
      mixing chamber entrance in relation to the longitudinal locations for
      directing the air along the peripheral wall at the longitudinal location
      when the air valve is open.
NUM  8.
PAR  8. The carburetor as defined in claim 7 wherein the fuel nozzles project
      into the mixing chamber terminating spaced radially inward from the
      peripheral wall and radially outward from the air valve to permit the air
      to flow around the nozzles.
NUM  9.
PAR  9. A carburetor for a vehicle internal combustion engine, comprising:
PA1  a curburetor body having an induction duct passing therethrough in which
      the induction duct contains a cylindrical longitudinal section of a
      desired radius with an enlarged segment defining a mixing chamber having a
      peripheral wall with a larger radius then the cylindrical section;
PA1  a fuel delivery means communicating with the mixing chamber haaving a
      plurality of fuel nozzles at angularly spaced fuel discharge locations
      about the peripheral wall for delivering metered amounts of fuel to the
      mixing chamber at the angularly spaced locations;
PA1  wherein the fuel delivery means includes (1) a fuel reservoir vented to the
      atmosphere, (2) a fuel well in liquid communication with the fuel
      reservoir and in vapor communication with the mixing chamber, and (3) a
      fuel line between the well and the nozzles for supplying fuel to the
      nozzles in which the amount of fuel supplied to the mixing chamber varies
      in relation to the difference between the atmospheric pressure and the
      mixing chamber vacuum pressure as reflected by the difference in fuel
      levels between the fuel reservoir and the fuel well;
PA1  a throttle valve mounted in the induction duct downstream of the mixing
      chamber for regulating the flow of said mixture to the engine;
PA1  a pressure sensitive air valve mounted in the induction duct for regulating
      the amount of air flow into the mixing chamber in relation to the
      magnitude of vacuum pressure prevailing in the mixing chamber; and
PA1  said air valve having an umbrella-shaped valve disc mounted in the
      induction duct for axial movement in response to the vacuum pressure
      prevailing in the mixing chamber for regulating the flow into the mixing
      chamber and for channeling the air entering the mixing chamber into a
      stream flowing radially outward to the periphery of the disc and along the
      peripheral wall of the mixing chamber past the ful discharge locations to
      suspend fuel therein and for creating a pressure depression in the mixing
      chamber behind the valve disc to cause the stream to flow radially inward
      from the peripheral wall to form a turbulent eddy in the pressure
      depression to thoroughly mix the fuel and air.
NUM  10.
PAR  10. The carburetor as defined in claim 9 wherein the fuel delivery means
      includes means for bleeding air into the fuel line to premix air with the
      fuel prior to the delivery of the fuel to the mixing chamber.
NUM  11.
PAR  11. The carburetor as defined in claim 9 wherein the fuel delivery means
      includes for bleeding air into the fuel line to premix fuel prior to the
      delivery of the fuel to the mixing chamber in amounts inversely related to
      the liquid in the fuel well.
NUM  12.
PAR  12. The carburetor as defined in claim 11 wherein the air bleeding means
      includes a variable flow restriction means formed in the fuel line
      communicating at least in part with an air space above the fuel level in
      the fuel well to enable air to be drawn from the air space through the
      variable flow restriction means into the fuel line to premix with the fuel
      before the fuel is directed into the mixing chamber.
NUM  13.
PAR  13. The carburetor as defined in claim 9 wherein the fuel delivery means
      includes means for automatically controlling the fluctuation in the fuel
      level of the fuel well.
NUM  14.
PAR  14. The carburetor as defined in claim 13 wherein the fuel level
      fluctuation control means includes variable flow restriction means between
      the fuel reservoir and the fuel well that is responsive to the liquid
      level in the fuel reservoir for bleeding air from an air space above the
      fuel reservoir into the fuel well in amounts inversely related to the
      liquid level in the fuel reservoir so that as the liquid level in the fuel
      reservoir moves downwardly, more air is bled into the fuel well to limit
      the fluctuation of the liquid level in the fuel well.
NUM  15.
PAR  15. The carburetor as defined in claim 14 wherein the variable flow
      restriction means includes a plurality of vertically spaced apertures
      formed in a wall on the fuel well and communicating with the fuel
      reservoir for bleeding air from the fuel reservoir to the fuel well in
      relation to the number of apertures that are uncovered by the liquid in
      the fuel reservoir.
NUM  16.
PAR  16. The carburetor as defined in claim 9 wherein the fuel line includes a
      plurality of fuel tubes extending into the fuel well and terminating below
      the liquid level therein and wherein the tubes extend from the fuel well
      to corresponding fuel discharge locations for discharging the fuel into
      the mixing chamber at the angularly spaced locations.
NUM  17.
PAR  17. The carburetor as defined in claim 16 wherein the fuel well extends
      concentrically about the induction duct and wherein the fuel tubes extend
      into the fuel well at angularly spaced locations.
NUM  18.
PAR  18. The carburetor as defined in claim 17 wherein the fuel reservoir
      extends concentrically about the induction duct.
NUM  19.
PAR  19. The carburetor as defined in claim 18 wherein the fuel reservoir and
      the fuel well have a common annular wall.
NUM  20.
PAR  20. The carburetor as defined in claim 19 wherein the common annular wall
      has a plurality of vertically spaced apertures formed therein for bleeding
      air from the fuel reservoir to the fuel well in amounts related to the
      number of apertures that are uncovered by the liquid in the fuel
      reservoir.
NUM  21.
PAR  21. The carburetor as defined in claim 9 wherein the fuel delivery means
      includes a manifold pressure control reservoir communicating with the
      atmospheric pressure control reservoir and wherein a manifold pressure
      line extends from the induction duct downstream of the throttle valve to
      an air space in the manifold pressure control reservoir to apply the
      manifold pressure of the engine to the manifold pressure control
      reservoir.
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ABST
PAL  Between the vertical tube walls and the blades of the rotating impeller are
      four vanes attached to the tube walls. In the area radially about the
      impeller, the vanes are pitched in a direction opposite to the pitch of
      the impeller blades. The impeller is rotated in a direction such as to
      force the water downwardly. The top of the tube is below the normal
      surface of the water and the vanes are inclined from the top to the bottom
      of the tube. The impeller is rotated at a speed sufficient to produce a
      vortex from the top of the tube to approximately the top of the impeller.
BSUM
PAC  RELATED APPLICATION
PAR  The present invention is an improvement on the invention disclosed and
      claimed in an application of Ernest J. Martin entitled Liquid Pump With
      Stationary Vanes, Ser. No. 442,840, filed concurrently herewith, the
      disclosure of which is incorporated herein by reference.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  For cooling and/or aerating bodies of water a number of different types of
      pumps or spray devices have been devised. These are very often supported
      at the surface of the body of water by a suitable float arrangement. The
      prior art devices have employed a vertical tube or housing in which there
      is an impeller positioned below the surface of the water and rotating
      about the axis of the tube to force the water out of the top of the tube.
      In many embodiments the motor was positioned above the top of the tube
      concentric with the tube axis so that the motor shaft extended vertically
      down to the impeller. Since the water would exit vertically upward from
      the top of the tube it would be directed at the motor. This would tend to
      cause problems such as getting into the motor bearings. This fact plus the
      desire to spread the water out in a large circular pattern for maximum
      effect, resulted in the use of various forms of deflectors, etc., so as to
      cause the water exiting vertically from the top of the tube to turn out
      horizontally into the desired pattern. Such devices are complicated in the
      sense that they require additional manufacturing and thus increase the
      cost. They tend to decrease efficiency by introducing friction, and
      sometimes static pressure, into the system. These problems are avoided
      when the present invention is employed, by reason of the fact that the
      water flow is downward.
PAR  The present invention is employed where the requirement is primarily or
      solely, one of aeration and not cooling. The top of the tube is positioned
      a short distance below the normal surface level of the water. The impeller
      is substantially below the top of the tube. Vanes, secured to the tube and
      positioned about the impeller, are inclined downwardly from the top to the
      bottom of the tube. The vanes are inclined in the direction opposite to
      the inclination of the blades on the impeller. The impeller is driven
      sufficiently fast that a vortex is created from the normal water surface
      to the top of the impeller. The result is that air is drawn down to the
      impeller through the center of this vortex. That air is mixed with the
      water at the impeller and the air and water mixture then is driven down
      and exits from the pump at a level substantially below the normal water
      surface.
PAR  Embodiments of the type just described have a number of advantages in
      addition to the increased efficiency obtained by reason of the use of the
      vanes. These advantages include the following: it takes less energy to
      force the water downwardly than it does to pump it up in the air and throw
      it out about the top of the pump, i.e., the apparatus is not moving the
      water against the pull of gravity. There is not the water loss from
      evaporation that occurs when the device produces a water spray in the air.
      In spray type devices it has been the theory that a spray consisting of
      relatively small droplets is necessary in order to best achieve aeration,
      but just such a spray also will result in the greatest evaporation.
      Furthermore, just such a spray is most likely to drift with the wind and,
      in particular applications, will cause an objectionable mist or water
      deposit in adjacent areas. In most instances, the surface water is warmer
      than the temperature of the water at lower levels. Thus, the surface water
      is least able to hold air. By injecting the air into the cooler areas of
      the pond, the greater is the likelihood of retention. Furthermore, by
      injecting the air substantially below the water surface the air must flow
      up through the higher layers of water before it reaches the surface to be
      dissipated and during that upward flow it is likely to be picked up and
      retained by the upper layers of water. Additionally, the prior art devices
      which deposited the water having the highest air content at the surface of
      the pond created a disturbance at the surface of the pond, which
      disturbance was conducive to the loss of air. Such a situation does not,
      of course, occur in the embodiment described in which the water with the
      high air content is substantially below the normal water surface when it
      is released from the pump.
PAR  Further objects and advantages will become apparent from the following
      description.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the "pump" component of an embodiment of the
      invention; and
PAR  FIG. 2 is a section as seen at line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following disclosure is offered for public dissemination in return for
      the grant of a patent. Although it is detailed to ensure adequacy and aid
      understanding, this is not intended to prejudice that purpose of a patent
      which is to cover each new inventive concept therein no matter how others
      may later disguise it by variations in form or additions or further
      improvements.
PAR  In the described embodiment, the pumping movement of the water is down
      rather than up as in the prior art devices of which we are aware. There is
      a tube 40 having inner walls 41 and outer walls 42. It has its axis
      aligned vertically and coincident with the axis of shaft 43. The shaft is
      rotated by motor 45 in the direction indicated by arrow 44. Suitable
      means, not shown, are provided to support tube 40 so that its top 40a is a
      short distance, e.g. an inch, below the normal surface level of the water,
      the normal surface level being indicated by dashed line 46. This may be a
      float or may take the form of a fixed mount.
PAR  Within the tube 40 are four vanes 48, each of which extends from the top
      40a to the bottom 40b of the tube. As viewed from above, the vanes rotate
      180.degree.  from top to bottom. The vanes are secured to the tube.
PAR  Secured to the bottom of shaft 43 is an impeller, generally 49. This
      impeller comprises a hub 50 having 60 blades 51 extending therefrom.
PAR  In the described embodiment the radius of the periphery of the impeller is
      approximately 60% of the radius of the inner wall. The internal radius of
      these reaction vanes is only slightly greater than the external radius of
      the impeller. Thus the inner edges of the vanes define a cylindrical
      opening within which is the impeller. In addition, these reaction vanes
      are pitched in a direction opposite to the pitch of the blades of the
      impeller.
PAR  When the impeller 49 is rotated in a counterclockwise direction (as viewed
      from above), illustrated in the drawings by arrow 44, the blades of the
      impeller 49 force the water vertically downwardly in the tube. The
      rotation of the impeller also imparts a rotational movement, i.e.
      rotational about the axis of shaft 43, to the water. The portion of the
      vanes 48 that is radially opposite the impeller 49 serves as the reaction
      vane so as to produce a force on this rotating water column in a direction
      such as to move the water vertically downward, i.e. the direction
      indicated by arrows 53. That part of the vanes 48 which lies above the top
      of the impeller serves to guide the water descending into the impeller.
PAR  With respect to the various parameters of a particular device, e.g., the
      size of a particular impeller 49, etc., a motor 45 should supply
      sufficient power so that a vortex is created which extend substantially
      down to the top of the impeller. Such a vortex is illustrated by the
      dashed lines 54. This will be approximately in the shape of an inverted
      cone in which there is nothing but air from the normal surface level 46 to
      approximately the top of the impeller. In a particular embodiment, this
      vortex may not occur immediately upon the starting of motor 45, but the
      motor should supply sufficient power so that within a short time the
      vortex will result.
PAR  The air drawn down into the vortex is sucked into the impeller 49 and there
      mixed with the descending water. The mixture of air and water is ejected
      from the bottom 40b of the tube. In some embodiments in which it is
      desired to carry the air down close to the lower layers of a relatively
      deep pond, the tube 40 may be extended downwardly for a substantial
      distance below that illustrated. That descending portion of the tube can
      be a reduced diameter over the diameter of tube 40. For most
      installations, however, such an extension would be undesirable because it
      just introduces additional friction into the system.
PAR  An embodiment of the described invention was built using a (1/23) horse
      power D.C. motor operated from a twelve volt battery. The blades 51 and
      the vanes 48 had an 8 pitch. The impeller had a diameter of about three
      and one-half inches and a height of one inch. The diameter of the inner
      wall 41 was approximately 5 5/8 inches. This particular embodiment
      provides effective aeration even when the voltage supplied to the D.C.
      motor varies as much as the range 15 to 10.8 volts. This is important
      because even a fairly well charged 12 volt battery can drop to the lower
      end and, when the alternator is running, the voltage can go to the upper
      end. The pitch, sizes of parts, depth of components below the water
      surface, etc., obviously can be changed to meet the requirements of a
      particular application. The pitch of the impeller and that of the vanes
      need not necessarily be identical.
PAR  Because of the high efficiency of a pump of the character described using
      reaction blades, they are particularly suited for applications in which
      the power supply is limited. For example, in a tank truck or railroad
      tanker used to transport live fish, the available power may not be very
      great. It is likely to be limited to batteries, with or without an
      alternator which is driven by the motor or wheels. While the described
      embodiment would probably provide considerable more aeration than would be
      required for a tank truck or railway tanker, even smaller motors can be
      effectively employed for small tanks.
PAR  The rotation of the impeller should be counterclockwise as indicated by
      arrow 44. Thus, the rotation of the earth aids, and does not hinder, the
      forming of the counterclockwise rotating vortex defined by lines 54 on the
      drawing. For embodiments used in the Southern Hemisphere, a clockwise
      rotation would be employed for the same reason.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a pump for use in aerating or cooling a body of liquid such as water
      having a normal surface level, said pump being of the type having
      rotationally stationary tube means about a vertical axis, a device
      connected to the tube means to support the tube means in the liquid with
      the bottom of the tube means below the normal surface level, power drive
      means, impeller means connected to said drive means and positioned below
      said normal surface level, said impeller means having blades pitched in a
      predetermined direction, and vane means within said tube means and affixed
      thereto, at least part of said vane means being pitched in the opposite of
      said predetermined direction, said vane means defining a central opening,
      said impeller means being positioned within said central opening, the
      improvement comprising:
PA1  the tube means having a top below said normal surface level, and
PA1  said power drive means rotating said impeller means in a direction such as
      to force the liquid downwardly in the tube means.
NUM  2.
PAR  2. In a pump as set forth in claim 1, wherein said part of said vane means
      is spaced from the top of the tube means, said vane means including a
      second part extending upwardly from the first mentioned part, said second
      part also being inclined downwardly in approximately the same direction as
      the first mentioned part.
NUM  3.
PAR  3. In a pump as set forth in claim 2, wherein said tube means is
      cylindrical about said axis, and said vane means comprises a plurality of
      vanes regularly spaced about said axis.
NUM  4.
PAR  4. In a pump as set forth in claim 3, wherein said impeller means has a
      diameter about said axis which is approximately sixty percent of the
      internal diameter of the tube means, said vane means extending closely
      adjacent the impeller means.
NUM  5.
PAR  5. In a pump for aerating a body of liquid such as water having a normal
      surface level, said pump being of the type having rotationally stationary
      tube means about a vertical axis, a device connected to the tube means to
      support it in the liquid with the bottom of the tube means below the
      normal surface level, power drive means, and impeller means connected to
      the power drive means and positioned below the normal surface level, said
      impeller means being rotated by the power drive means to move the liquid
      axially in the tube means, the improvement comprising:
PA1  the top of said tube means being below said normal surface level a given
      distance,
PA1  the top of said impeller means being below the top of the tube means,
PA1  said power means rotating said impeller means in a direction such that the
      axial movement of the liquid is downwardly with the impeller means
      rotating at sufficient speed that a vortex extends from said normal
      surface level approximately to the top of said impeller means, and
PA1  including vane means within said tube means and affixed thereto, part of
      said vane means being radially adjacent the impeller means and being
      pitched in a direction opposite to the pitch of the blades on the impeller
      means.
NUM  6.
PAR  6. In a pump as set forth in claim 5, wherein said vane means extends above
      said impeller means and there is also pitched in the direction opposite to
      the pitch of the blades.
NUM  7.
PAR  7. In a pump as set forth in claim 6, wherein said impeller means rotates
      in a counterclockwise direction as viewed from above, said vane means
      being in the form of a helix which descends in a counterclockwise
      direction as viewed from above.
NUM  8.
PAR  8. In a pump as set forth in claim 5, wherein the power drive means rotates
      the impeller in a counterclockwise direction for pumps used in the
      Northern Hemisphere and clockwise for pumps used in the Southern
      Hemisphere.
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ABST
PAL  A tray member for a fluid contact apparatus has elongated slots. An
      elongated cap covers either a single slot or two or more aligned slots.
      Each cap has opposite lengthwise extending side portions above the upper
      surface of the tray member and is provided with spacedly arranged recesses
      along the lengthwise extending edges of said side portions. The recesses
      along one of the two edges are staggered with respect to the recesses
      along the other edge. Each recess is formed by a downwardly bent part of
      the respective side portion.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of Ser. No. 856,955 filed Sept. 11, 1969 now
      abandoned which itself is a continuation in part of application Ser. No.
      464,982 filed June 18, 1965 now abandoned, the entire disclosure of which
      is incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluid contact apparatus and more particularly to
      a bubble tray and cap assembly for use in absorbers, rectifiers and
      apparatus of this general type. Such apparatus are used, for instance, in
      the petroleum, petrochemical, and chemical industries for bringing gases
      and/or vapors and liquid into intimate counter-current contact.
PAR  Known tray and cap assemblies are subject to one or more serious objections
      which greatly limit their usefulness. Such constructions show a lack of
      uniform and efficient performance, and others are complicated in details
      and require a large expenditure in time and labor to secure parts to the
      trays and, in addition, are often also deficient in performance.
PAR   Fluid contact apparatus or towers are provided with a series of trays
      which are usually equally spaced apart. The tower is vertically, and the
      trays therein are horizontally, arranged. Each tray has a multiplicity of
      flow passages for providing substantially uniform distribution of an
      ascending fluid and a descending liquid, and thorough mixing of said fluid
      with said liquid. Intimate contact and thorough mixing of the ascending
      fluid and the descending liquid have great importance in operations, such
      as fractional distillation of fluid mixtures, absorption of gases in
      liquids, stripping of volatile components from liquids, and similar
      procedures.
PAR  The referred to caps coact with the liquid-supporting trays to control the
      flow of vapors and/or gases upwardly through the trays, while the liquid
      flows downwardly, to bring the fluids in contact with each other, and to
      cause the ascending fluid to be thoroughly mixed with the liquid supported
      by the trays, thus effecting heat exchange and mass exchange actions
      between the fluids.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of our present invention is to provide a simple,
      efficient, and economical control means composed of a minimum number of
      parts and which automatically regulates the upward flow of gas or vapor
      through openings or flow passages in the trays of a contact apparatus. The
      control means includes one-piece self-retaining floating valves each of
      which normally closes a single or several flow passages in a tray.
PAR  The invention aims at a uniform type of tray and cap assembly which will
      permit the parts to be economically produced, easily assembled in a
      contact apparatus, and easily maintained therein.
PAR  Another object of the invention is to provide a cap construction which
      affords minimum resistance to fluid flow across the tray surfaces and thus
      obviates the buildup of a hydraulic gradient across the trays.
PAR  Important objects of this invention center about a tray and cap assembly
      which will ensure even distribution of both the vaporous and/or gaseous
      phase and the liquid phase for effective heat and intimate mass transfer,
      thus improve the efficiency of the tray, enhance the capacity of a contact
      apparatus equipped with the tray and cap assembly of the invention, and
      achieve a wide flexibility of the apparatus within a broad range of
      practical services. The tray and cap assembly of the invention secures a
      more uniform efficiency of the assembly and a more intimate contact across
      the whole tray surface between the countercurrently moving two phases.
PAR  A still further object of our invention is to provide a tray and cap
      assembly that is free of obstructions to the liquid flow and will lessen
      sedimentation of impurities and the necessity for the provision of
      frequent cleaning intervals, especially in services in which there is a
      tendency for solid particles to settle, which may result from destructive
      effects upon the materials treated.
PAR  Additional objects of the invention will be apparent from the following
      description.
PAR  In accordance with the invention, each tray member of a contact apparatus
      has a plurality of elongated slots and is associated with elongated caps
      for the slots. Each cap has opposite lengthwise extending side portions
      above the upper surface of the tray member. Each side portion has a
      lengthwise extending edge and a row of spacedly arranged recesses along
      said edge, the recesses along said edge being staggered with respect to
      the recesses along the edge of the other side portion. The recesses along
      the edges of both of said side portions being constituted by downwardly
      bent parts which form longitudinally spaced individual depending members
      extending through the respective slot.
PAR  An application filed by us on Jan. 31, 1969, Ser. No. 795,474, as another
      continuation-in-part of the same parent application Ser. No. 464,982 deals
      with elongated caps for slotted trays, each cap being provided with a
      single row of longitudinally spaced depending members that extend
      transversely of the elongation of the respective cap and downwardly
      through the respective slot in the respective tray. The present invention
      provides two parallel rows, rather than a single row, of longitudinally
      spaced and longitudinally, rather than transversely extending depending
      members.
DRWD
PAC  BRIEF DESCRIPTION OF ACCOMPANYING DRAWINGS
PAR  Other features and many of the attendant advantages of the invention will
      readily be appreciated as the same becomes better understood by reference
      to the following detailed description of preferred embodiments, when
      considered in connection with the accompanying drawings in which:
PAR  FIG. 1 is a sectional plan view of a gas and liquid contact tower and shows
      tray and cap assemblies in accordance with the invention;
PAR  FIG. 2 is a vertical sectional view of the tower and shows two adjacent
      trays and the tray and cap assemblies associated therewith;
PAR  FIG. 3 is a fragmentary plan view of a modified tray and cap assembly;
PAR  FIG. 4 is a vertical transverse section, on an enlarged scale, of the tray
      and cap assembly of FIG. 3;
PAR  FIG. 5 is a section similar to that of FIG. 4, still more enlarged, showing
      the cap in its lifted and fully open position;
PAR  FIG. 6 is a fragmentary plan view of another modification of the tray and
      cap assembly;
PAR  FIG. 7 is a fragmentary perspective view of a further modification of the
      tray and cap assembly;
PAR  FIG. 8 is a vertical, transverse section of the assembly of FIG. 7;
PAR  FIG. 9 is a fragmentary perspective view of still another modification of
      the tray and cap assembly;
PAR  FIG. 10 is a vertical, transverse section of the assembly of FIG. 9; and
PAR  FIG. 11 is a vertical, transverse sectional view of one more modification
      of the tray and cap assembly.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in greater detail and initially to FIGS. 1
      and 2, a gaseous and liquid contact apparatus is shown in the form of a
      vertically mounted cylindrical tower 10 which is equipped with a series of
      vertically and uniformly spaced horizontally arranged trays 11. There are
      no downcomers. Each tray is provided with elongated slots 12. The slots in
      each tray are parallel, and the directions of elongation of the slots in
      adjacent trays deviate from each other angularly, for instance, at a
      90.degree. angle (see FIG. 2). Each slot is covered by an elongated cap 13
      which acts as a valve and has two lengthwise extending side portions 14.
      Each side portion has a lengthwise extending edge 15 which is shown in
      FIG. 2 to be almost in contact with the top surface of the respective
      tray, and uniformly spaced recesses 16 that are formed by downwardly bent
      parts 17 of the respective side portion. The recesses are open at the
      respective edge.
PAR  The parts or depending members 17 extend downwardly through the respective
      slot 12 and have fixed thereto, for instance, by welding, abutment means
      18 in the form of small angle-shaped elements, which are spaced from the
      underside of the respective tray 11 and serve to limit the upward movement
      of the cap when it is lifted by the ascending gaseous phase.
PAR  The top of the caps 13 is shown to have an arcuate, and more specifically a
      convex, profile when viewed downwardly. Any hollowly shaped profile, with
      the hollow being downwardly directed so that the cap covers its slot 13,
      strengthens the cap and makes any other strengthening means unnecessary.
      Such strengthening permits the use of a length and width ratio of the top
      of between about 10 to 1 and 30 to 1. The cap top may also be shaped, for
      instance, as shown in FIGS. 8, 10 and 11. The hollow profile is important
      not only because of the rigidity obtained therethrough but also because it
      affords the caps or valves greater stability in their floating positions
      and better distribution of the gas stream rising from below.
PAR  From FIG. 1 it will be seen that the recesses 16 along one of the edges 15
      of the cap 13 are staggered with respect to the recesses 16 along the
      other edge 15 of the same cap.
PAR  When viewed in a direction transversely of the elongation of the parallel
      slots 12 and caps 13, FIG. 1 shows further that the left-hand and
      right-hand recesses, respectively, of all the caps are transversely
      aligned. It is also seen that recesses in the caps and unaltered edge
      portions of side portions alternate with each other along transverse
      lines. These features make the formation of oppositely flowing streams of
      liquid possible, as is indicated by arrows in FIG. 1. Gas and/or vapor
      ascending from beneath an unaltered edge portion of a side portion of a
      cap causes liquid to accumulate on the tray and to flow toward the nearest
      aligned recess to descend therethrough.
PAR  FIGS. 3, 4 and 5 show that the edge portions of the tray, which define the
      slots 13, have tongues 19 which are also displaced downwardly and form
      additional recesses. The tongues and additional recesses along one
      longitudinal edge (tray edge) of a slot are, according to FIG. 3,
      staggered with respect to the tongues 9 and additional recesses along the
      other longitudinal slot edge. The construction shown in FIG. 3 ensures
      highly favorable conditions for the creation of transversely directed
      streams of descending liquid.
PAR  From FIG. 3 it is seen that the construction shown therein involves, in
      addition to the staggered relationship of both the depending members 17
      and the tongues 19, still another relationship concerning the depending
      members 17 and tongues 19, namely, that a member 17 on one side of the cap
      is aligned with a tongue 19 near the opposite side of the same cap. It
      should be borne in mind that the tongues are formed in slot-defining edge
      portions of the tray, not in the side portions of the cap.
PAR  Turning to FIG. 5 which shows a valve or cap 13 in fully open position and
      is also explanatory of a more or less open valve position, it is seen that
      both the members 17 depending from the side portions, and the tongues 19
      depending from the edge portions of the slot 12, create passages in
      addition to the slots in the trays. The additional passages formed by the
      depending members 17 and the tongues 19 serve to discharge liquid from the
      mass of liquid accumulated on the tray to be guided downwardly,
      undisturbed from rising vapors and/or gases (see the left-hand side of
      FIG. 5). The recesses formed by the depending members 17 and the tongues
      19 complement each other and provide sufficient area for the liquid flow
      in downward direction. The dashed line arrows L indicate the flow of
      liquid whereas the dotted line arrows G indicate the flow of the gaseous
      or vaporous phase.
PAR  Having reference to FIG. 6, the construction shown therein provides that a
      depending member 17' on one side of the cap 13' and a tongue 19' along a
      slot edge on the same side overlap each other. The construction of FIG. 6
      will be best understood when it is compared with the construction of FIG.
      3. While according to FIG. 3 each member 17 is aligned with a tongue 19,
      in the tray and cap assembly according to FIG. 6 each member 17'
      substantially coincides with a tongue 19'. The members 17' and tongues 19'
      are formed like the member 17 and tongue 19, respectively, but are
      differently designated because of their different locations.
PAR  Referring to the modification shown in FIGS. 7 and 8, there is shown a slot
      12 in a tray 11. The slot is covered by a cap 13a whose side portions are
      provided with depending members 17a having abutments 18a secured thereto.
      The cap has, in addition to the downwardly extending depending members
      17a, upwardly bent cutouts 20. The depending members on one side of the
      cap 13a are staggered with respect to the depending members on the other
      cap side. The cutouts 20 are slightly bent in an upward direction and form
      permanent passages for the escape of vapors and/or gases. Such passages
      are passable at a time before the vapor and/or gas pressure is capable of
      starting to act on the cap and to lift same. The depending members 17a and
      the cutouts 20 are shown to have between them full edge portions 14a' of
      the side portions 14a of the cap. Thus, there is a sequence of consecutive
      series, each comprising a depending member 17a, an edge portion 14a', and
      a cutout 20. From FIG. 8 it is seen that the profile of the cap 13a
      differs from that of the cap 13 shown in FIGS. 2, 4 and 5, but it is again
      shaped to be hollow and to have its hollow directed downwardly. The side
      portions 14a contact the upper surface of the tray 11.
PAR  FIGs. 9 and 10 are views similar to that of FIG. 7 and 8, respectively. The
      cap 13b is provided with depending members 17b. There are no cutouts 20
      like those shown in FIGS. 7 and 8. The full edge portions 14b' of the side
      portions 14b of the cap 13b, which lie between the depending members 17b
      are longer than the corresponding parts 14a' in FIG. 7. Still another
      modification is that the top of the cap is apertured, the apertures being
      designated 21. These apertures act like the passages formed by the cutouts
      20 in FIG. 7, constituting permanent passages for the rising gaseous
      phase. The top of the cap is of rooflike shape. The side portions of the
      top meet an obtuse angle.
PAR  FIG. 11 shows a top of a cap, which has a convexo-concave-convexo shape
      when viewed in cross section, apertures 21' being provided in the top.
PAC  ADVANTAGES
PAR  It is believed that the fluid contact tray of our invention and the
      construction and operation of preferred forms of the tray for practicing
      the invention as well as the many advantages of the invention will be
      fully understood from the foregoing detailed description. Some of these
      advantages are reviewed hereinafter.
PAR  The caps of the invention are constructed and arranged so as to operate as
      highly stabilized float valves with minimum sensitivity to varying
      operating conditions and maximum resistance to undesirable oscillations
      and pressure fluctuations. Essentially, this is accomplished by elongated
      slots of much greater length than width, covered by elongated caps. It has
      been proven that the moment of inertia to the transverse axis of the caps
      increases with the increase in length of the caps.
PAR  The ratio between length and width of the cap tops is according to the
      invention about 10 to 1 and 30 to 1. With known constructions using a
      similar ratio, transversely extending elements were used which connected
      the caps or valves with each other and greatly restricted the free
      movement of the valves. We succeeded in doing away with such strengthening
      but the freedom of the valve movement restricting elements by providing
      such shapes for the top of each cap as will ensure sufficient rigidity
      without any added reinforcing means. The top of a cap, according to the
      invention, is generally either of an arcuate or angular shape, when viewed
      in cross section. More broadly, at least a portion of the top of our cap
      has an outwardly directed profile.
PAR  Our tray ensures even distribution of the countercurrently moving two
      phases, intimate mixing of the two phases, and a wide flexibility of the
      tower within a broad range of uses. The kinetic energy of the ascending
      vapors and/or gases is absorbed by the liquid mass and since, in addition,
      the tray of the invention is free of any obstacles to the liquid flow no
      sedimentation of foreign matter takes place.
PAR  Interference between the phases in proximity of the valves is undersirable.
      Constructions as shown in FIGS. 1, 3 and 6 promote the flow of liquid in
      streams undisturbed by the gaseous streams from below. The depending
      members 17, for instance, of FIGS. 1 to 5 as well as the likewise
      downwardly directed tongues 19, for instance, of FIGS. 3 to 5 help
      separate the flow of the liquid and that the gaseous phase. Under normal
      operating conditions, vapors and/or gases coming from below the caps are
      uniformly distributed above the liquid on the trays and form a high
      density foam which ensures intimate contact of both phases. The required
      intimate contact between the phases occurs mainly in the layer of foam.
      There is also contact between the phases in the spaces underneath the
      trays.
PAR  The present tray is of small height, which increases the free operating
      spaces between the trays and reduces substantially the carrying along of
      liquid drops by the gaseous phase.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bubble tray and cap assembly for fluid contact apparatus for effecting
      intimate contact between a rising gaseous and/or vaporous phase and a
      descending liquid phase, comprising
PA1  A. a tray member having a plurality of elongated slots arranged in axially
      parallel spaced relationship adjacent each other
PA1  B. a plurality of elongated caps covering said slots, and mounted therein
      to be reciprocally movable transverse to the plane of said tray,
PA2  a. each cap having opposite lengthwise extending said portions above the
      upper surface of said tray member,
PAR  1.  each of said portions having alternating parts downwardly bent forming
      a row of longitudinally spaced recesses, the recesses along one of said
      side portions being staggered with respect to the recesses along the edge
      of the other side portion, said recesses forming passages for said heavier
      descending liquid phase, said downwardly bent part constituting
      longitudinally spaced individual depending members spaced from the edge of
      said slots to deflect said liquid phase downwardly.
PA3  2. each of said depending members having a first portion extending
      downwardly through the respective slot and in a plane parallel to the
      longitudinal axis of the slot,
PA3  3. abutment means secured to said depending members and spaced from the
      underside of said tray member so as to engage said underside and limit the
      upward movement of the respective cap when lifted by said rising phase,
      and
PA2  b. said caps being arranged within said slots so that the lengthwise
      extending edges along one side of one of said caps and the downwardly bent
      parts along the opposite side of the next adjacent one of said caps lie
      along common lines transverse to the elongated axis of said slots to cause
      flow of said liquid phase from the one extending edge into the recess of
      the next adjacent cap and downwardly in the passage defined by said
      depending respective member.
NUM  2.
PAR  2. The assembly according to claim 1 wherein said side portions are cut to
      provide cutouts between the alternating parts of said side portions, said
      cutouts being slightly bent in an upward direction and providing permanent
      passages for said rising phase.
NUM  3.
PAR  3. The assembly according to claim 2 wherein each of said recesses formed
      in said cap is aligned in opposition to a recess in said tray.
NUM  4.
PAR  4. In the assembly according to claim 2, wherein each of said recesses
      formed in said cap is located between adjacent ones of said tray recesses.
NUM  5.
PAR  5. A bubble tray and cap assembly for fluid contact apparatus for effecting
      intimate contact between a rising gaseous and/or vaporour phase and a
      descending liquid phase, comprising
PA1  A. a tray member having a plurality of elongated slots arranged in axially
      parallel spaced relationship adjacent each other, and each of said slots
      being defined by edge portions of said tray member and each of said edge
      portions has a lengthwise extending tray edge and a row of longitudinally
      spaced recesses opening into said tray edge, the tray recesses along one
      tray edge being staggered with respect to the tray recesses along the
      other tray edge, said tray recesses forming additional passages for said
      heavier descending phase and being formed by downwardly displaced tongues
      of said edge portions,
PA1  B. an elongated cap mounted in each of said slots and reciprocally movable
      transverse to the plane of the tray,
PA2  a. each cap having opposite lengthwise extending said portions above the
      upper surface of said tray member,
PA3  1. each of said side portions having alternating parts downwardly bent
      forming a row of longitudinally spaced recesses, the recesses along one of
      said side portions being staggered with respect to the recesses along the
      edge of the other side portion, said recesses forming passages for said
      heavier descending liquid phase, said downwardly bent part constituting
      longitudinally spaced individual depending members spaced from the edge of
      said slots to deflect said liquid phase downwardly,
PA3  2. abutment means secured to said depending members and spaced from the
      underside of said tray member so as to engage said underside and limit the
      upward movement of the respective cap when lifted by said rising phase,
      and
PA2  b. said caps being arranged within said slots so that the lengthwise
      extending edges along one side of one of said caps and the downwardly bent
      parts along the opposite side of the next adjacent one of said caps lie
      along common lines transverse to the elongated axis of said slots to cause
      flow of said liquid phase from the one extending edge into the recess of
      the next adjacent cap and downwardly in the passage defined by said
      respective depending member.
PATN
WKU  039404633
SRC  5
APN  4943538
APT  1
ART  147
APD  19740801
TTL  Relating to the repair of tires
ISD  19760224
NCL  6
ECL  1,5
EXP  Silbaugh; Jan H.
NDR  2
NFG  2
INVT
NAM  Nicholson; Alfred William
STR  63 Addington Road
CTY  West Wickham, Kent
CNT  EN
PRIR
CNT  UK
APD  19730801
APN  36601/73
CLAS
OCL  264 36
XCL   24 74R
XCL   24171
XCL   24196
XCL  264 40
XCL  264314
XCL  425 12
XCL  425 14
XCL  425 27
EDF  2
ICL  B29H  516
FSC  264
FSS  36;315;314;326
FSC  425
FSS  11;14;15;16;26;27;12
FSC  156
FSS  95;97;115;394 FM
FSC   24
FSS  74 R;171;196
UREF
PNO  3541644
ISD  19701100
NAM  Lejeune
OCL  425 27
LREP
FRM  Watson, Cole, Grindle & Watson
ABST
PAL  Apparatus for curing a tire repair wherein an electrical heater pad is
      placed against the repair area on the inside of the tire, and is supported
      by a flat air bag which lies against the inside of the tire, and is
      supported by a sausage-shaped air bag. Another electrical heater pad is
      placed against the repair area on the outside of the tire, and is held
      against the tire by another flat air bag which is held against the tire by
      straps passing around the tire cross-section. A buckle is shown which
      allows the straps to be pulled up as tight as possible by hand; the bags
      are then inflated to hold the heater pads firmly against the tire. The
      repair is then cured by passing currents through the heater pads.
BSUM
PAR  This invention relates to a method and apparatus for the repair of tires.
      The invention is particularly applicable to the repair of large tires for
      trucks, tractors, graders, earth moving machinery and the like having
      radial plies, but may be applied to tires of other sizes and to tires with
      cross plies. Although the invention is particularly applicable to the
      repair of tires which have been damaged in use, it may also be applied to
      the rectification of faults occurring in the manufacture of tires.
PAR  In previously-known methods of repairing tires, a repair patch is placed in
      the damaged area, and is then cured by means of two electrical heater
      pads. The tire must be properly supported during the curing process; one
      method by which this has been achieved has been to position a rigid core
      inside the tire to support one of the heater pads against the inside of
      the tire, and to position an inflatable bag against the outside of the
      tire to support the other heater pad against the outside of the tire. The
      bag is contained within a large, rigid framework (known as a cavity mold)
      which extends around about one-third of the circumference of the tire, and
      supports the inflatable bag on the side away from the tire so that the bag
      can be pressurized to press the outer heater pad against the tire, and the
      tire against the core and the inner heater pad. This method produces
      satisfactory results, but the cavity mold is a heavy, expensive piece of
      equipment; for example, a cavity mold for a tire for an earth-moving
      machine may weigh as much as six tons.
PAR  In the previously-known method, the rigid core has been made of solid wood
      or aluminium. The resulting core is too large and heavy for convenient
      handling, especially in the larger sizes of tire; for example, the core
      for a tire for an earth-moving machine may be four feet long and two and a
      half feet in diameter. Furthermore, the core is suitable for use with only
      one size of tire.
PAR  It is an object of the invention to provide apparatus for curing a tire
      repair which does not involve the use of a cavity mold.
PAR  It is another object of the invention to provide apparatus for curing a
      tire repair which does not involve the use of a rigid core.
PAR  It is another object of the invention to enable a tire repair to be cured
      using apparatus which is light in weight and convenient to handle.
PAR  It is another object of the invention to enable different sizes of tire to
      be repaired without the need for a wide range of cores and cavity molds.
PAR  It is another object of the invention to provide a buckle which is quick
      and convenient to use for connecting straps.
PAR  A technique of curing a tire repair according to the present invention
      includes the steps of applying an inner heater pad to the inside of the
      tire in the area of the repair, positioning a core within the tire to
      support the inner heater pad against the inside of the tire, and applying
      an outer heater pad to the outside of the tire in the area of the repair.
      A flexible harness is positioned to extend through the center of the tire
      and around the outside of the tire in the area of the repair, with an
      inflatable bag between the harness and the outer heater pad. The bag, is
      pressurized and the tire is heated in the area of repair by the heater
      pads to cure the repair. The flexible harness can be comparatively light
      in weight, and can be made adjustable so that it can be used for almost
      any size of tire.
PAR  The core may include an inflatable bag which is pressurized after being
      positioned within the tire. Preferably this inflatable bag is generally
      flat, and is positioned against the inner surface of the tire, and is
      supported by a further inflatable bag which is elongate and of generally
      circular cross-section, and is positioned within the generally flat bag
      after the latter has been positioned within the tire, and is pressurized
      before the generally flat bag is pressurized. Thus the heavy, rigid core
      of the previously-known method is replaced by two inflatable bags, which
      are much easier to handle, and much less bulky to store. Moreover, at
      least the generally flat bag can be used for a range of sizes of tires, so
      that the number of bags needed can be less than the number of sizes of
      tires to be dealt with.
PAR  The purpose of the bag of circular cross-section is to provide, when fully
      inflated, a shape which approximates to the internal shape of the tire,
      but in many cases it will not itself be able to apply an even pressure
      over the whole of the relevant part of the internal surface. The purpose
      of the generally flat bag is to distribute the pressure of the circular
      bag evenly over the internal surface of the tire.
PAR  The flexible harness may comprise at least one strap and a buckle by which
      the strap is secured around the tire. Preferably the harness includes a
      plurality of straps which are positioned around the tire with their center
      lines approximately radial to the tire and their edges overlapping where
      they pass through the center of the tire. This allows the pressure exerted
      by the harness to be more evenly distributed around that part of the
      circumference of the tire which is covered by the harness than if only a
      single strap were used.
PAR  The strap or straps may be connected to the buckle by being doubled to form
      a loop which is inserted through an opening in the buckle, an through
      which a loose pin, longer than the width of the strap, is inserted. This
      form of buckle allows the length of the harness around the tire to be
      continuously adjusted, and is convenient to use because it does not
      require the whole length of the free end of the strap to be pulled through
      the buckle.
DRWD
PAR  The invention may be carried into practice in various ways but one
      particular form of apparatus and its method of use will now be described
      by way of example with reference to the accompanying diagrammatic drawings
      in which:
PAR  FIG. 1 is a perspective view of a tire and the repair apparatus; and
PAR  FIG. 2 is a section on the plane II--II in FIG. 1.
DETD
PAR  A tire 1 whose tread wall has received damage has the necessary repair
      patch 50 placed in the damaged area and the patch is covered on the inside
      with a flexible electric heater pad 51 which is covered by a rather flat
      air bag 52 which lies against the inner surface of the tire and extends
      from near one bead of the tire to near the other. The bag 52 extends
      around about 90.degree. of the circumference of the tire. A spacer air bag
      53 is then positioned within the U formed by the flat air bag 52. The
      spacer bag is roughly cylindrical in cross-section, and of a sufficient
      length to extend around about 120.degree. of the circumference of the
      tire. A heater pad 54 is then placed on the outside of the tire in the
      region of the patch 50; this pad is then covered by an inflatable bag 8
      and a harness 9 is passed around the outside of the bag 8 and through the
      opening in the middle of the tire.
PAR  The harness 9 consists of three straps 7 of nylon webbing, and a buckle 11
      to which one end of each of the straps 7 is permanently connected. The
      straps lie side by side at their connection to the buckle, but the center
      line of each of the straps lies approximately radial to the tire when the
      harness is in use, so that the straps will overlap somewhat as they pass
      through the opening in the center of the tire. The buckle 11 is flat, and
      has an oblong opening which is long enough to accommodate the three straps
      7 side by side. The free ends of the straps are secured to the buckle by
      being doubled to form loops, as shown at 10; the loops are then passed
      through the opening of the buckle, side by side, from the side of the
      buckle near the tire, and a pin 12 is inserted through all three loops.
      The ends of the pin 12, outside the loops, rest against the surface of the
      buckle 11 facing away from the tire; the pin is free to move relative to
      the buckle, so that when tension is applied to the straps 7, the pin can
      move until the parts of the straps lying next to the tire are turned
      through a sufficiently sharp angle where they enter the opening in the
      buckle that the parts of the straps lying next to the buckle are prevented
      by friction from slipping.
PAR  The apparatus includes a control panel 20. Three air lines 21, 22, 23 lead
      from pressure regulators 24, 25, 26 respectively which are mounted on the
      panel. The regulators 24, 25, 26 are pre-set and are supplied with
      compressed air through a common non-return valve and three on/off valves
      27, 28, 29, one for each regulator. The pressure in the lines 21, 22, 23
      is indicated by gauges 30, 31, 32 respectively. The air line 21 leads to
      the spacer air bag 53, the air line 22 leads to the air bag 8 and the air
      line 23 leads to the air bag 52. The panel has two electrical sockets 33
      to receive plugs 34 connected by leads 35 one to the outer heater pad 54
      and one to the inner heater pad 51. A temperature-sensing thermocouple is
      fitted in a pocket on the back of each pad, and the lead 35, plug 34 and
      socket 33 associated with each pad form electrically independent
      connections between, on the one hand, the thermocouple and the heating
      element of the pad, and, on the other hand, a thermostat mounted on the
      control panel 20. The thermostats associated with the two pads 51, 54 are
      controlled by a single knob 37, but act independently to control the
      current passing through the associated heater pad to maintain the
      temperature at the pad at the value set by the knob 37. The time for which
      the set temperature is maintained can be controlled by a timer 36.
PAR  When the tire has been prepared in the manner described above, the plugs 34
      are inserted in the sockets 33. The valve 28 is turned on to admit air to
      the air line 22 to raise the pressure in the spacer air bag 53 to the
      level pre-set by the regulator 25 which may, for example, be between
      thirty and sixty pounds per square inch. Forty pounds per square inch
      might be used in a typical case. The valve 29 is then turned on to admit
      air to the air line 23 to inflate the flat air bag 52 to the pressure set
      by the regulator 26 which may in many cases be equal to the pressure
      supplied to the spacer air bag 53. The valve 27 is then turned on to admit
      air to the air line 21 to inflate the bag 8 to the pressure set by the
      regulator 24, which should be lower than those set by the regulators 25,
      26 and may, for example, be half of that set by the regulator 26. Thus the
      heater pads 51, 54 are firmly pressed against the inner and outer surfaces
      of the tire in the region to be repaired. The timer 36 is then turned to
      the time for which heating is required. The heater pads then heat up to
      the temperature set by the knob 37 and remain heated for the time required
      to cure the patch 50 and are then switched off automatically. The air from
      the bag 8 can then be exhausted by turning off the valve 27; and the
      harness 9 and the outer heating pad 54 are then removed. The tire is
      allowed to cool to below 180.degree.F, about one hour or so; the valve 29
      is then turned off to deflate the flat air bag 52 and the valve 28 is
      turned off to deflate the spacer air bag 53. The spacer air bag 53, the
      flat air bag 52 and the inner heating pad 51 are then removed from the
      tire. The repair is then trimmed.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Apparatus for use in curing a tire repair, comprising an inner heater
      pad to be applied to the inside of the tire in the area of the repair, a
      core to be positioned within said tire to support said inner heater pad
      against the inside of said tire, an outer heater pad to be applied to the
      outside of said tire in the area of said repair, a flexible harness to be
      positioned to extend through the center of said tire and around the
      outside of said tire in the area of said repair, said flexible harness
      including a plurality of straps to be positioned around said tire with the
      center-line of each said strap approximately radial and a buckle including
      an opening to admit a loop of each strap, said loops being side by side,
      and a pin to be inserted through said loops, the length of said pin being
      greater than the combined width of said straps, an inflatable bag to be
      positioned between said harness and said outer heater pad, means for
      pressurizing said inflatable bag, and means for heating said inner and
      outer heater pads to cure said repair.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said core includes an inflatable
      bag, and wherein means are provided for pressurizing said inflatable bag
      included in said core.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein said inflatable bag included in
      said core is a generally flat bag to be positioned against the inner
      surface of said tire, and wherein said core includes a further inflatable
      bag which is elongate and of generally circular cross-section to be
      positioned within and support said generally flat bag, and wherein means
      are provided for pressurizing said further inflatable bag.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein said core extends around only
      part of the circumference of said tire.
NUM  5.
PAR  5. A method for curing a tire repair comprising the steps of:
PA1  applying an inner heating pad to the inside of the tire in the area of the
      repair;
PA1  positioning a core within the tire for supporting said inner heater pad
      against the inside of the tire;
PA1  applying an outer heater pad to the outside of the tire in the area of the
      repair;
PA1  positioning a harness including a plurality of straps around the tire with
      the center line of each strap approximately radial;
PA1  passing a loop of each of said straps through an opening in a buckle
      whereby said loops are side by side;
PA1  inserting a pin through said loops, the length of said pin being greater
      than the combined width of the straps;
PA1  positioning an inflatable bag between the harness and the outer heater pad;
PA1  pressurizing the inflatable bag; and
PA1  heating the inner and outer heater pads to cure the repair.
NUM  6.
PAR  6. A method as in claim 5 further comprising the step of positioning
      another inflatable bag as part of said core within said tire for
      supporting the same and said step of pressurizing includes the step of
      pressurizing said additional inflatable bag.
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ABST
PAL  A method of producing fibre-reinforced thermoplastic materials in which a
      plurality of rovings are impregnated with a powdered thermoplastic, the
      thermoplastic is melted and each impregnated roving is consolidated by
      passing it through a die which includes the step of contacting all the
      rovings with a common pool of molten polymer.
BSUM
PAR  The invention relates to the production of laces and granules of
      fibre-reinforced thermoplastic polymers.
PAR  It has recently been proposed to produce laces (and, by chopping the lace,
      granules) of fibre-reinforced thermoplastic polymers by impregnating a
      roving with a powdered thermoplastic polymer, heating the impregnated
      roving to melt the polymer and passing the heated roving through a die to
      consolidate the product. A process of this nature has been described in
      our U.K. Pat. Specification No. 1 334 702.
PAR  The invention relates to a modified form of this process.
PAR  According to this invention a method for the simultaneous production of a
      plurality of laces of fibre-reinforced thermoplastic polymers comprises:
PA1  A. impregnating each of a plurality of rovings with a powdered
      thermoplastic polymer;
PA1  B. heating each impregnated roving in a separate chamber so as to melt the
      polymer which it contains;
PA1  C. heating, before or after the heating specified in (b), all the rovings
      in a common chamber and in contact with a common pool of molten polymer,
      and
PA1  D. passing each roving through its own separate die to consolidate the
      roving into a lace with the removal of excess polymer into the melt pool.
PAR  Step (a) is conveniently carried out as described in U.K. Pat. No. 1 334
      702 i.e. by drawing the roving under-and-over a series of bars, optionally
      with threads, immersed in a fluidised bed of the polymer.
PAR  As proposed in our copending U.K. Pat. Application No. 26983/73, it is
      preferable to control the size of the melt pool. Thus, in a preferred
      embodiment of the invention, the presence or absence of the common melt
      pool is detected by one suitably placed detector which, or a plurality of
      suitably placed detectors each of which, controls the impregnation of one
      or more rovings in such a manner that the amount of impregnation is higher
      when "absence" is detected than when "presence" is detected. Most suitably
      the quantity of the polymer passing into each controlled roving is reduced
      by directing an air jet at it when appropriate.
PAR  The arrangement of control elements depends on the evenness of the melt
      pool. When the pool is sufficiently even the preferred arrangement
      comprises a single detector which controls the impregnation of all the
      rovings. This arrangement controls the size of the pool but there is no
      control over the distribution; the pool will even itself if its viscosity
      is appropriate.
PAR  When the pool does not distribute itself evenly enough it is preferred to
      use a plurality of detectors each of which controls the impregnation of
      several adjacent rovings.  With this arrangement each detector is
      concerned with a segment of melt pool and an excessive segment can be
      depleted at the same time that a deficient segment is replenished. In its
      extreme form this arrangement comprises a detector for each roving wherein
      each detector controls the impregnation of its own roving.
PAR  The detectors are most suitably capacitances connected into suitable
      trigger circuits. Details of constructions and circuits are given in our
      copending Application No. 26983/73.
PAR  The laces produced as described above can be cut into granules by
      conventional techniques. This cutting is improved by applying a coating to
      the lace after it has been formed in the die. A method of applying these
      is described in our copending U.K. Application No. 39411/72.
PAR  The present invention can be used to make granules by chopping the lace.
      The preferred method of making granules comprises:
PA1  (e) passing all the laces from (d) above, while their temperatures are
      still high enough for their surfaces to be tacky, above the surface of a
      bath of a powdered thermoplastic composition while a current of air is
      directed at each lace from below the surface of the bath whereby powder
      from the bath is caused to adhere to the surface of each lace;
PA1  f. passing all the laces into a common heating zone and heating all the
      granular coatings applied in (e) in contact with a common pool of molten
      polymer so that each coating melts;
PA1  g. passing each roving with its molten coating through a separate die so
      that each coating becomes more uniform; and
PA1  h. cooling the lace from (g) and cutting it into granules.
PAR  It is desirable to control the size of the melt pool in (f); this can be
      achieved in a similar manner to the control of the melt pool in (c).
PAR  In one embodiment of the invention advantages are obtained when the die for
      consolidating the roving into a lace is separated from the chamber in
      which the impregnated roving is heated to melt the polymer. The excess
      polymer removed by the die from the impregnated roving may be controlled
      to form a small melt pool at the die. The major advantage which accrues is
      that the tension in the roving is considerably reduced. In a typical
      experiment in which a glass-reinforced polypropylene lace was produced the
      tension in the roving was reduced by a factor of 5 when the die was
      separated from a heated tube for melting the polymer of the impregnated
      roving compared with the case when the die was situated at the end of the
      heated tube. As a consequence of the reduced tension not only is the risk
      of breakage of the roving and loss in production reduced but the output of
      the unit may be increased by increasing the haul-off rate of the roving. A
      further advantage of the reduced tension in the roving is that wear in the
      equipment, particularly the haul-off machinery is noticeably reduced.
DRWD
PAR  The invention will be further described by way of example, with reference
      to the accompanying diagrammatic drawings in which:
PAR  FIG. 1 is a plan view of equipment for making laces in accordance with the
      invention;
PAR  FIG. 2 is a cross-section on the line II--II of FIG. 1;
PAR  FIG. 3 is a cross-section on the line III--III of FIG. 1;
PAR  FIG. 4 is a longitudinal section along the path of any one of the rovings;
PAR  FIG. 5 is a plan view of a second embodiment;
PAR  FIG. 6 is a plan view showing the coating of the laces and the cutting into
      granules, and
PAR  FIGS. 7 and 8 are circuit diagrams of control systems.
DETD
PAR  The process illustrated in FIG. 1 produces nine fibre-reinforced
      polypropylene laces from nine bobbins 10a to 10i of glass rovings. The
      rovings 11a to 11i pass into a fluidised bed 12 containing polypropylene
      (where they pass under-and-over bars as shown in FIG. 4). As they pass
      through the bed 12 the rovings become impregnated with (an excess of)
      polypropylene and on leaving each passes one of the nozzles 13a to 13i
      which intermittently blow air at the rovings. The blast depletes the outer
      layers of the rovings so that the excess becomes a deficiency and hence
      control of the jets (as described below) enables the average input of
      polypropylene to be adjusted to requirements.
PAR  After impregnation each roving enters one of nine hot tubes 14a to 14i. The
      tubes are mounted in a heated block 15 (as shown in FIG. 2). The rovings
      pass from the hot tubes 14a to 14i via a small gap into a heated common
      chamber 16 (shown in cross-section in FIG. 3). The common chamber has dies
      17a to 17i and each roving passes through its own die to become a lace,
      i.e. roving 11a passes through die 17a to become lace 26a, roving 11b
      passes through die 17b to become lace 26b and so on.
PAR  As shown in FIG. 2 the heated block 15 comprises upper and lower halves 20
      and 21 having electrical heaters 22 and 23 with thermostats not shown in
      any drawing; all of these components are enclosed in insulation 24, 25.
      Each of the halves 20 and 21 has grooves and the tubes 14a to 14i fit into
      the grooves, a cement being used to give good thermal contact. The space
      between the tubes is about the same as their external diameters. This
      gives efficient heat transfer and a compact arrangement. The bore of each
      tube is about twice the cross-sectional area of an impregnated roving.
      FIG. 3 shows that the arrangement for the common chamber 16 is similar to
      the arrangement shown in FIG. 2.
PAR  FIG. 4 is a section along one of the laces; since it applies to all the
      rovings the affixes a to i will not be used. FIG. 4 shows the arrangement
      of five bars 40 inside the fluidised bed of polypropylene. The roving 11
      passes under-and-over these bars, i.e. under the first and under the last,
      as it leaves the bed the roving passes by the nozzle 13 which is
      positioned to blow polypropylene off the surface of the roving 11 back
      into the bed 12.
PAR  The operation of the process is as follows. As the roving 11 passes
      under-and-over the bars 40 its filaments are spread out and powdered
      polypropylene therefore enters between the filaments. As the roving
      reforms, i.e. as it comes out of the bed, more powder becomes trapped
      between the strands so that an impregnated roving is achieved. (Note: This
      impregnation is the same as that described in our U.K. Pat. No. 1 334
      702.)
PAR  As already stated the roving 11 passes a nozzle 13 which depletes the outer
      layers of the roving when the air supply is on and it enters the hot tube
      14 wherein the polypropylene melts. The roving conveys the molten
      polypropylene into the common chamber 16 and finally the roving passes
      through the die 17 which consolidates it into a lace 26.
PAR  Any excess polypropylene is removed by the die and it passes into a melt
      pool 18 which therefore grows until it fills the chamber 16 as far as the
      detector 19.
PAR  The presence of the melt pool 18 at the detector 19 causes the air supply
      to the nozzle 13 to switch "on" and deplete the surface layers of the
      impregnated roving. The deficiency is made good at the expense of the melt
      pool 18 which grows smaller until the absence of melt pool at the detector
      19 causes the air to switch "off". Thus a control cycle which maintains a
      melt pool 18 of substantially constant size is established.
PAR  Further description of the treatment of the lace 11 after the die 17 and
      also of the control system are given below.
PAR  A modified version of the system is shown in FIG. 5. The only important
      difference between FIGS. 1 and 5 is that, in FIG. 5, the common chamber 16
      is before the hot tubes 14a to 14i instead of after. Thus the tubes 14a to
      14i fit into the chamber 16 in place of the dies in FIG. 1; the dies 17a
      to 17i are fitted at the ends of the tubes. The detector 19 is at the
      up-stream ends of the tubes. In operation this means that the tubes 14a to
      14i are full of molten polymer. This has the relative advantage (compared
      with FIG. 1) that the molten polymer in the tubes acts as a better heat
      transfer medium than air in assisting the transfer of heat to the rovings.
      It has the relative disadvantage that the volume of molten polymer is
      slightly increased and hence thermal degradation is slightly increased
      (but even in FIG. 5 thermal degradation is not high enough to matter).
PAR  The laces produced as described above are coated and cut as shown in FIG.
      6.
PAR  The (hot) laces 26a to 26i from the dies 17a to 17i (of either FIG. 1 or
      FIG. 5) pass over a fluidised bed 44 of polypropylene. As they pass over
      the bed 44 they pass through curtains of polymer particles carried in
      streams of air, i.e. they pass through a permanent curtain 42 and an
      intermittent curtain 43. These polymer curtains are produced by blowing
      air at the laces 26a to 26i from below the surface of the bed. Thus
      particles of polypropylene are carried up and these stick to the laces;
      the polymer curtain 42 produces a coating which is augmented by the
      polymer curtain 43. The coated laces pass into a second common chamber 47
      (which is very similar to chamber 16 of FIG. 1). The detector 46 controls
      the air supply to the curtain 43; when the melt pool 45 is too large the
      air supply is off so that the melt pool 45 becomes smaller.
PAR  On leaving the dies 41a to 41i the laces are cooled in a water bath 48,
      pass through haul-off rollers 49 and into conventional cutters 50 where
      they are cut into granules.
PAR  The basic control system is shown, as a block diagram, in FIG. 7. It
      comprises a signal generator 60 connected via a capacitor 63 to a
      measuring circuit 61 which is balanced to give zero output when there is
      no polypropylene in the capacitor 63.
PAR  The capacitor 63 is the detector mentioned above, it is indicated by 19 in
      FIG. 1, by 19 in FIG. 5 and by 46 in FIG. 6. It is formed of a pair of
      probes each having a central electrode mounted in and insulated from an
      earthed case.
PAR  The presence of polypropylene as dielectric in the capacitor 63 unbalances
      the circuit 61 and causes a signal to pass to trigger 62 which gives a
      power output to sensitise electromagnetic valves which control the supply
      of air to the nozzles 13a to 13i (or to switch off the air to the curtain
      43).
PAR  FIG. 7 illustrates a circuit for a single detector which is situated near
      lace e at the position indicated by 19 in FIG. 1, by 19 in FIG. 5 or by 46
      in FIG. 6.
PAR  FIG. 8 illustrates a circuit for three detectors which are situated near
      laces b, e and h at the positions indicated by 19 in FIG. 1, by 19 in FIG.
      5 or by 46 in FIG. 6.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the simultaneous production of a plurality of laces of
      fibre-reinforced thermoplastic polymers which comprises:
PA1  a. impregnating each of a plurality of rovings with a powdered
      thermoplastic polymer by applying an amount of the powder to the roving;
PA1  b. heating each impregnated roving in a separate chamber so as to melt the
      polymer which it contains;
PA1  c. heating, before or after the heating specified in (b), all the rovings
      in a common chamber and in contact with a common pool of molten polymer,
PA1  d. passing each roving through its own separate die to consolidate the
      roving into a lace with the removal of excess polymer into the melt pool,
      and
PA1  e. controlling the size of the melt pool by detecting the extent of the
      pool with at least one suitably placed detector and by correspondingly
      adjusting the amount of powdered thermoplastic polymer applied to the
      roving in response to changes in the extent of the melt pool whereby a
      lace of uniform composition is produced.
NUM  2.
PAR  2. A method for the production of granules of fibre-reinforced
      thermoplastics comprising applying an amount of powdered thermoplastic
      composition to the fibre-reinforced laces formed according to claim 1, by
      passing the laces at a temperature high enough for the surface of the lace
      to be tacky, above the surface of a bath of powdered thermoplastic
      composition while a current of air is directed at each lace from below the
      surface of the bath whereby powder from the bath is caused to adhere to
      the surface of each lace, passing all the laces so treated into a common
      heating zone and heating all the powder coatings applied in contact with a
      common pool of molten polymer so that each coating melts, passing each
      roving with its molten coating through a separate die so that each coating
      becomes more uniform and excess polymer is removed into the melt pool,
      controlling the size of the melt pool by detecting the extent of the melt
      pool with at least one suitably placed detector and correspondingly
      adjusting the amount of powdered thermoplastic composition applied to the
      laces in response to changes in the extent of the melt pool whereby a lace
      of uniform composition is produced, cooling the coated lace so obtained
      and cutting it into granules.
NUM  3.
PAR  3. A method according to claim 1 in which the size of segments of the melt
      pool are each controlled by a single detector.
NUM  4.
PAR  4. A method according to claim 1 in which the amount of powdered polymer to
      the lace is controlled by using an air jet to reduce or increase the
      supply of polymer powder.
NUM  5.
PAR  5. A method according to claim 1 wherein the die for consolidating the
      roving after impregnation with polymer powder and subsequent melting of
      the powder is separated from the heating chamber for melting the powder.
NUM  6.
PAR  6. A method according to claim 1 in which the roving is a glass roving.
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ABST
PAL  A method of regulating the hardening or setting time of a plastic mass in a
      mold of an injection molding machine, wherein during a relative movement
      between two mold halves in the presence of the pressure of the plastic
      mass the hardening time of the mass is regulated in the mold cavity as a
      function of the recuperation or recovery of such relative movement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method of regulating
      the hardening or setting time of a plastic mass in a mold of an injection
      molding machine and also concerns an improved construction of apparatus
      for the performance of the aforesaid method aspects.
PAR  With the presently generally known injection molding machines the hardening
      or setting process of the mass to be worked in the injection mold is
      controlled with a pre-selected, invariable time course during the
      operation of the machine. Under the expression "hardening time" or
      "setting time" there is to be understood the residence time of the mass in
      the mold from the time that the mass is injected until it is molded into a
      finished molded article. Not only too short hardening times but also too
      long hardening times can have a negative effect upon the quality of the
      molded parts or articles. Due to the fluctuations in the quality of the
      mass which is to be processed it is necessary to also calculate for the
      hardening or setting time a safety margin, resulting in loss in time and
      energy.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved method of regulating the hardening time of plastic masses in a
      mold of an injection molding machine.
PAR  Another and more specific object of the present invention aims at an
      improved method of regulating the hardening time of a plastic mass in a
      mold of an injection molding machine so as to effectively overcome the
      aforementioned drawbacks and limitations of the prior art proposals and to
      provide improvements in the quality of the molded parts while
      simultaneously reducing the cycle or operating times.
PAR  Yet a further significant object of the present invention relates to an
      improved method of controlling the hardening time of plastic masses during
      injection molding so as to provide for improved economies in the molding
      process, a better and particularly more uniform quality of the molded
      articles, and affording a more controlled and predictable injection
      molding process.
PAR  Another object of this invention aims at regulating the hardening time of
      the plastic mass in a mold according to a magnitude or parameter which is
      influenced by the hardening or setting process.
PAR  The invention makes use of the recognition that under the influence of the
      pressure of the mass in the injection mold there is brought about a
      certain bending-through or buckling of the mold support or a slight
      opening of the mold, whereby a mold separation gap of very small
      dimensions thus exists between the mold halves. It has now been
      surprisingly found that a mold separation movement triggered by the action
      of the pressure of the mass, following the injection molding operation, is
      influenced by the behavior of the injected mass during the hardening or
      setting process. During the solidification of the mass there occurs a
      contraction of such mass, by means of which the pressure of the mass is
      reduced within the mold cavity. This reduction in pressure results in the
      fact that the mold separation gap recovers or recuperates during hardening
      or setting of the plastic mass.
PAR  The method aspects of this development are predicated upon the use of this
      effect which has been recognized, and specifically according to the method
      it is contemplated that during a relative movement which occurs between
      two mold halves under the pressure of the plastic mass there is regulated
      the hardening time of the mass in the mold cavity according to the
      recovery or recuperation of such relative movement.
PAR  Not only is the invention concerned with the aforementioned method aspects
      but also contemplates a new and improved construction of apparatus for the
      performance of such method which is manifested by the features that at
      least one measuring element is mounted at the injection mold or at a part
      which is physically or bodily connected with the injecton mold, and by
      means of measurement values determined by the measuring element there is
      controlled through the agency of a regulation device and a control element
      a mold closure unit in the sense of opening the mold.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a schematic illustration of a regulation device at a worm-type or
      screw injection molding machine shown in vertical longitudinal sectional
      view; and
PAR  FIG. 2 is a graph showing the course of the mold gap movement.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, with the screw or worm-injection molding
      machine depicted in FIG. 1 a plasticizing screw or worm 3 is located in a
      substantially cylindrical compartment or chamber 1 of a plasticizing
      cylinder 2. For the purpose of plasticizing the mass of plastic material
      which is to be worked this plasticizing worm or screw 3 can be rotatably
      driven by means of a suitable drive motor 4 through the agency of a gear
      transmission 5 and for the purpose of carrying out the injection of the
      material mass can be moved so as to carry out an axial displacement motion
      by means of an hydraulic oil double-acting displacement or stroke device
      6. By means of two lines or conduits 9 and 10 which open into the
      displacement or stroke compartments 7 and 8 the displacement device 6 can
      be selectively impinged by the pressurized medium in two displacement
      directions by means of any suitable and therefore not particularly
      illustrated hydraulic source via a non-depicted conventional control
      element.
PAR  A mold closure unit 11 which is located in the axial extension of the
      plasticizing cylinder 2 is equipped with a mold support or carrier 13
      fixedly anchored at the columns or rods 12 as well as a mold support 14
      which is mounted so as to be axially movable at these columns 12. This
      last-mentioned mold support 14 can be axially displaced by means of a
      pressurized medium impinged closure piston 16 located in a closure
      cylinder 15. Two conduits or lines 19 and 20 which open into the
      displacement chambers or compartments 17 and 18 are connected with a
      control valve 22 which is supplied by a suitable source of hydraulic fluid
      medium and which control valve 22 can be switched or actuated by the
      electromagnet 21. Due to the action of the control valve 22 the closure
      piston 21 can be shifted into one position, indicated by the position of
      the valve identified by reference numeral 23, constituting the mold open
      position and into another position, indicated by reference character 24,
      constituting the closed or closure position.
PAR  Both of the mold carriers or supports 13 and 14 support a respective mold
      half 25 and 26, which when the mold 25, 26 is closed flatly bear against
      one another at a mold separation or parting plane 27 and collectively
      enclose a mold cavity or compartment 28 in which there is formed the
      molded article or part. The plasticizing cylinder 2 piercingly extends
      through a recess or opening 29 of the stationary mold support 13 and by
      means of an injection nozzle 30 is in flow communication with a pouring
      cone 31 of the mold half 26.
PAR  A contactless, inductive measuring or measurement element 33 is arranged in
      a bore 32 of the mold half 26. This measuring element 33 functions such
      that even with the slightest formation of a gap at the mold parting or
      separation plane 27 there is generated a change in the induced or
      inductive voltage. In the closed position of the mold the mold half 25 is
      pressed against the mold half 26 owing to the displacement force of the
      closure piston 16 which acts upon the movable mold support or carrier 14.
      During the injection molding operation the pressure of the moldable mass
      is effective in the mold cavity or compartment 28, this pressure opposing
      the force of the closure piston 16 which tends to hold the mold 25, 26
      closed, and accordingly such pressure has the tendency of separating both
      mold halves 25 and 26 from one another and forming a gap between both such
      mold halves at the mold parting or separation plane 27. Apart from the
      foregoing effect the pressure of the mass causes a certain bending-through
      or buckling of the mold supports 13 and 14, which likewise contribute to
      the formation of the gap at the mold separation plane 27. Due to the thus
      resulting mold separation gap there is produced a voltage change at the
      measurement or measuring element 33. The thus produced measurement value
      is transmitted via a measurement line or conductor 34 to a regulation or
      control device 35 which is electrically coupled through the agency of a
      control line 16 with the electromagnet 21. The measurement element could
      be also conceivably arranged at a component bodily connected with the
      mold, such as at one of the mold supports 13 or 14, or both, as
      schematically indicated by reference numeral 33'.
PAR  Considering now the graph or diagram depicted in FIG. 2 it should be
      understood that along the abscissa there has been plotted by reference
      character T the time during which, during the injection molding operation
      and during the subsequent hardening or setting process, the mass completes
      the mold separation movement between both of the mold halves 25 and 26
      which produce the mold separation gap. Along the ordinate the reference
      numeral S designates the path of the mold separation movement. During the
      time T there is completed a mold gap movement according to the course of
      the curve K. From the characteristic of the curve K it will be seen that
      under the action of the injection molding pressure there is realized
      during a very short period of time a relatively large mold opening path,
      which then only still gradually increases, and finally after reaching a
      maximum value M becomes smaller over a mold closure movement during a
      relatively longer time. Although the steep ascending curve K at the
      starting phase is exclusively determined by the injection molding pressure
      and the injection molding volume, the further course of the curve,
      following completion of the injection molding operation, is only still
      influenced by the behavior of the mass during its hardening or setting. It
      should be appreciated that accompanying the solidification of the fluent
      mass in the mold cavity or compartment 28 for forming the solid molded
      article is a contraction of the injection molded mass. Due to this
      contraction the pressure of the mass within the mold cavity or compartment
      28 decreases, so that as best seen by referring to FIG. 2, during the mold
      closure movement there is initiated a recuperation or recovery of the mold
      gap at the mold parting or separation plane 27. This mold closure movement
      as a function of the hardening- or contraction behavior of the plastic
      mass, and measured by the measuring element 33, is now beneficially
      employed for regulating the hardening or setting time.
PAR  With the start of the series fabrication of a molded article, that is to
      say, during the so-called start-up or runningin of the mold, there is
      determined in accordance with the quality of the molded article or part, a
      point P at which there has been reached a complete degree of hardening of
      the molded article in a minimum amount of time. This point P can be
      determined as the absolute value of the path a of the mold closure
      movement at the mold separation plane 27 between both of the mold halves
      25 and 26 as measured by the measuring element 33, or as a differential
      magnitude b starting from the maximum value M of the mold opening
      movement, and further, again starting from the maximum value M, by a time
      factor c. One of these values a, b, or c is introduced as a reference or
      rated value into the regulation device 35. Now as soon as there has been
      completed the injection operation and during the hardening process the
      mass reaches one of the values a, b or c along the course of the curve K,
      then the regulation device 35 triggers a current pulse which permits the
      electromagnet 21 to switch the control valve 22 from the mold closure
      position 24 into the mold opening position 23. Consequently, the closure
      piston 16 shifts or displaces the mold half 25 towards the left into its
      open position and freely exposes the hardened molded article in the
      molding cavity or compartment 28 for the mold release operation.
PAR  Hence, in contrast to the previously known techniques used in the
      state-of-the-art injection molding machines, the hardening time of the
      mass is not of predetermined and invariable length, rather in each cycle
      can be regulated as a function of the recovery or recuperation of the mold
      separation movement at the mold separation or parting plane 27 between
      both of the mold halves 25 and 26. Since quality differences in the mass
      to be processed influence the hardening- or contraction behavior thereof
      the hardening or setting time, during operation of the injection molding
      machine, is specifically accommodated or matched to the state or condition
      of the mass, so that to insure for an optimum degree of hardening there is
      not required an excess time for unnecessarily prolonging the hardening
      time. With minimum hardening time the molded article reaches the complete
      hardened or set condition and, on the other hand, too long residence of
      the molded article in the mold cannot disadvantageously influence the
      quality of the molded article with regard to the hardening delay.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. ACCORDINGLY,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of regulating the setting time of a thermosetting plastic mass
      in a mold of an injection molding machine, which mold is constituted by at
      least two mold halves defining therebetween a mold parting plane and
      forming a mold cavity, comprising the steps of injecting a thermosetting
      plastic mass into the mold cavity of the mold, the pressure of the mass in
      the mold cavity initially causing relative opening movement between the
      two mold halves, directly sensing the magnitude of a mold gap at the mold
      parting plane caused by such relative opening movement, and regulating the
      residence time and therefore the setting time of the thermosetting plastic
      mass in the mold cavity in response to the sensing of the magnitude of
      such mold gap and as a function of the recovery of such mold gap due to
      reclosing of the mold halves caused by the shrinkage of the thermosetting
      plastic mass as the latter sets.
NUM  2.
PAR  2. The method as defined in claim 1, including the step of employing as a
      regulating magnitude for the regulation of the setting time of the mass in
      the mold cavity the displacement path which is attained during the
      reclosing movement of the mold.
NUM  3.
PAR  3. The method as defined in claim 1, including the step of using as a
      regulating magnitude for regulating the setting time of the mass in the
      mold cavity a differential magnitude starting from the maximum value of
      the path of opening movement of the mold.
NUM  4.
PAR  4. The method as defined in claim 1, including the step of using as the
      regulating magnitude for the regulation of the setting time of the mass in
      the mold cavity a time factor measured from the point in time of reaching
      a maximum value of the opening movement of the mold.
NUM  5.
PAR  5. A method of regulating the setting time of a plastic mass in a mold of
      an injection molding machine, which mold is constituted by at least two
      mold halves defining therebetween a mold parting plane, said two mold
      halves enclosing a mold cavity, the improvement comprising the steps of:
      injecting a plastic mass into the mold cavity of the mold, the pressure of
      the plastic mass in the mold cavity initially causing an opening movement
      between the two mold halves to form a mold separation gap at the region of
      the mold parting plane, directly sensing the magnitude of the mold
      separation gap at the mold parting plane caused by such opening movement
      of the mold halves, and regulating the residence time and therefore the
      setting time of the plastic mass in the mold cavity as a function of the
      recovery of the mold separation gap at the mold parting plane due to
      reclosing of the mold halves brought about by the contraction of the
      plastic mass during the time that such plastic mass is setting.
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PAL  A method of providing a structural shape includes starting with waste paper
      and treating the waste paper in a hammer mill to produce paper fibers. The
      fibers are put through a screen. The screened fibers are mixed with a
      binder such as a thermosetting epoxy foaming resin or with a phenolic
      resin in water in preferred proportions. The water or other solvent is
      kept to a very small value to provide a relatively dry process. The
      mixture is then pressed in a geometrical shape under substantial pressure
      (3 to 600 psi). The pressed mixture is then baked or cured at an elevated
      temperature (175.degree.F to 375.degree.F) for a predetermined time (three
      minutes to three hours).
BSUM
PAR  In our U.S. Pat. No. 3,736,221 issued May 29, 1973 entitled "Structural
      Shape Based On Waste Paper And Method Of Providing The Same" we disclose
      an arrangement for reclaiming or recycling waste paper in a fashion
      involving substantial liquid to produce structural shapes such as building
      materials and blocks.
PAR  While the product and method set forth in that patent have proved generally
      quite satisfactory, it is still an object of our invention to improve the
      process and the product, to reduce the time and effort required in
      manufacture and to afford an at least equally satisfactory result.
PAR  It is therefore an object of this invention to improve upon the method set
      forth in our mentioned patent.
PAR  Another object of the invention is to provide a method that can be carried
      out more expeditiously and easier than the method set forth in the patent
      and especially with much less liquid involved.
PAR  Another object of the invention is to provide a method for producing a
      product that is at least equally easy to handle and equally effective in
      use, but that is somewhat more economical to manufacture and more quickly
      available for use.
PAR  Other objects, together with the foregoing, are attained in the practice of
      the method and the provision of the product in accordance with the
      following description.
DETD
PAR  Just as in the mentioned patent, our starting material herein is a dry
      waste paper such as is normally available from waste paper dealers and the
      like and may include fiberboard, used newspaper, scrap bond paper, rag
      content paper and the like.
PAR  As a first operation, waste paper of the indicated sort is put into a
      hammer mill and is treated by the hammer mill for a time sufficient to
      reduce the dry paper substantially to a mass of individual, although
      perhaps intertwined, paper fibers. Under the microscope such fibers are
      readily discerned as individual strands. Some stand freely yet some of
      them are intertwined and interlaced at random and partake of a matte or
      felt-like consistency. It is convenient to subject the waste paper to the
      action of the hammer mill for a few seconds at a relatively high rate of
      peripheral speed of the mill; say 6000 feet per minute, the time
      ordinarily involved being of the order of one second to one minute or so
      to vary the amount of paper fiberization.
PAR  The contents of the hammer mill; that is, the resulting paper fibers are
      then put through a screen having openings or a mesh of about three-eighths
      of an inch. The fibers are the raw material of the present process and
      after screening are brought permanently into contact and useful
      interrelationship in either of two preferred fashions.
PAR  In one method the thermosetting plastic resin binder is intermixed with
      dry, fiberized waste paper. The resin and solvent solution (e.g. water) is
      sprayed or atomized with continuously stirred paper fibers so that the
      binder coats or impregnates the fibers. A suitable phenolic resin binder
      is produced by Reichhold Chemicals, Inc., and is known as "SW-1838
      Forasite". Based on the weight of the paper fibers, there is taken an
      amount of the binder ranging from about 3% to about 35% thereof. The
      binder is mixed with a solvent (e.g. water) in about a one to one ratio;
      that is, about 50% binder and 50% solvent or water. The volatile (solvent)
      content is kept below about 18% of the weight of the paper, a drying step
      being used if necessary. Stated differently, the preferred proportions by
      weight are about 65% paper fibers, about 17% of solvent (water) and about
      17% binder (resin). This relatively dry mixture is then set or pressed
      into a geometrical form suitable for a building block or an item of lumber
      or the like. The pressure ranges from about 5 to 600 psi, preferably a
      range within the limits of 25 to 500 psi. The press is arranged so that
      excess moisture can readily escape under the indicated pressure.
PAR  The formed shape, still under pressure, is subjected then to baking to set
      or cure the resin. A temperature range for baking from about 250.degree.F
      to 375.degree.F has been found suitable, although the temperature is
      preferably kept under 300.degree.F. The duration of baking time or drying
      time is variable from about three minutes to about 30 minutes. In many
      cases and for most uses, it is appropriate to keep the baking time between
      about three minutes to about five minutes.
PAR  At the conclusion of the baking operation, the pressure is released, the
      temperature is reduced and the resulting firm shape is permitted to cool
      to atmospheric conditions. The result is a product which can be handled
      very much as is lumber or very much as are building blocks. The range of
      densities and the characteristics of the product are very much as they are
      described in the above-mentioned patent except that the treatment time,
      effort and expense are substantially less.
PAR  In another version of the improved process, we start with the same starting
      product; namely, waste paper which has been treated in a hammer mill and
      the resulting fibers have been submitted to a screening. The screened
      material is mixed with a thermosetting epoxy foaming resin, such as
      Minnesota Mining and Manufacturing Company's "Scotchcast 603" furnished as
      dry, free flowing particles. The paper fibers and binder are mixed
      together in proportions of about 400 grams of paper fibers to 50 grams of
      the binder. The moisture content of the paper fibers is about 7% by
      weight. In this instance no water or moisture is added. Other appropriate
      finely divided particles of thermoplastic or thermoset solid particle
      resins may be used in like manner in a relatively dry process.
PAR  The relatively dry mixture in the form of a geometrical shape is put under
      pressure ranging from about 5 psi to about 400 psi. The geometric shape
      under pressure then is baked under pressure at a temperature from about
      350.degree.F for a period of about three hours. Since the epoxy resin
      itself melts at about 175.degree.F and somewhat expands as it melts, it is
      well cured at the higher temperature and penetrates and disburses
      excellently into and between the paper fibers during the baking operation.
PAR  When the baking has been completed, the pressure is released, the
      temperature is permitted to drop to room temperature, and the product is
      utilized as a building material or as a lumber-like component. In this
      instance also the product is at least equal to the product of the
      above-identified patent, but the time, expense and difficulty of the
      processing are greatly reduced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of providing a structural shape comprising:
PA1  a. introducing dry waste paper into an operating hammer mill to make dry
      paper fibers;
PA1  b. withdrawing said dry paper fibers from said mill;
PA1  c. passing said dry paper fibers through a screen;
PA1  d. mixing said dry paper fibers with a thermosetting resin binder in water
      in the proportion by weight of paper fibers of from about 3-35% water and
      from 3-35% binder;
PA1  e. pressing the mixture at a pressure of from 3-600 psi while permitting
      said water to escape, and;
PA1  f. heating said mixture while under said pressure to a temperature of
      250.degree.-375.degree.F. for from three to thirty minutes to cure said
      resin binder and thereby form said structural shape.
NUM  2.
PAR  2. The method of claim 1 wherein said resin binder is phenolic.
NUM  3.
PAR  3. A method of providing a structural shape comprising:
PA1  a. introducing dry waste paper into an operating hammer mill to make dry
      paper fibers;
PA1  b. withdrawing said dry paper fibers from said mill;
PA1  c. passing said dry paper fibers through a screen;
PA1  d. mixing said dry paper fibers with a thermosetting resin foaming binder
      in dry form in the proportions by weight of about 400 grams of paper fiber
      and 50 grams of binder;
PA1  e. pressing the dry mixture at a pressure of 5-400 psi; and,
PA1  f. heating said mixture while under said pressure to a temperature of about
      350.degree.F. for three minutes to three hours to cure said resin binder
      and thereby form said structural shape.
NUM  4.
PAR  4. The method of claim 3 wherein said resin binder is an epoxy resin in
      finely particulate form.
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PAL  A process for producing a swirl-free, indent-free foamed thermoplastic
      structural article in which water is utilized as a foaming agent. Water
      and a melted thermoplastic resin are mixed together in an extruder to form
      a pressurized foamable mixture. The foamable mixture from the extruder is
      collected in an accumulator and from there is delivered to a cavity in a
      mold in a suitable clamping device. The pressure in the cavity is lower
      than the pressure of the foamable mixture in the accumulator or extruder
      therefore when the foamable mixture enters the cavity the foaming agent is
      released and the thermoplastic resin is frothed and expands to completely
      fill the cavity. The melted foamed thermoplastic resin cools in the mold
      and solidifies to form a foamed thermoplastic structural article. The
      quantity of water introduced into the extruder is between about 0.1 weight
      percent to about 0.5 weight percent of the thermoplastic resin charge in
      the extruder.
PAL  To produce a swirl-free foamed thermoplastic structural article the
      quantity of water introduced into the extruder is between about 0.1 weight
      percent and about 2.0 weight percent of the thermoplastic resin charge in
      the extruder.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. Pat. application Ser.
      No. 381,289 filed July 20, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Applications of water in plastics are broadly known.
PAR  One application of water in plastic compositions includes its use with a
      thermosetting plastic as a shattering agent. U.S. Pat. No. 3,639,549, for
      example, discloses the use of water with a polyester thermoset in which
      the temperature at which the resin sets is sufficient to convert the water
      contained in the plastic to steam. The expansion caused by generating
      steam from the water works at odds with the hardening of the resin and as
      a result the resin is cracked to produce a decorative effect.
PAR  Water has also been reported broadly as a foaming agent for plastics.
      However, water as a foaminig agent for plastics is a term which heretofore
      has been more a misnomer than a fact. For example, water has been named as
      a foaming agent in the foaming of polyurethanes. Water in this case is not
      the foaming agent, however, but acts instead as an initiator to generate
      the foaming agent. Water in this capacity reacts with polyisocyanates, the
      precursors of polyurethanes, to generate carbamic acid which under the
      conditions of the reaction instantaneously decomposes to produce carbon
      dioxide, the true foaming agent. Water present in urethane foam production
      is totally consumed by the carbamic acid production and decomposition
      reaction. It is the carbon dioxide that functions as the foaming agent in
      the foaming of polyurethane and this reaction, i.e. utilizing carbon
      dioxide as a foaming agent, is the leading method employed for the
      production of foamed polyurethanes. U.S. Pat. No. 3,694,530 to Wolfe, U.S.
      Pat. No. 3,658,972 to Ready et al., U.S. Pat. No. 3,590,012 to Hauptman,
      and U.S. Pat. No. 3,706,687 to Rudzki are examples of the disclosure of
      the function of water as an initiator in the production of polyurethanes.
PAR  Foaming of the resin in the production of thermoplastic articles other than
      polyurethanes is also known. Thermoplastics having good structural
      integrity can be prepared from a large category of foamed plastics which
      includes polystyrene, ABS (acrylonitrile-butadiene-styrene) resins,
      polyethylene, polypropylene, acrylics and other thermoplastics
      characterized by rigidity of structure after forming. These resins are
      often molded into articles which are not only rigid, but load-bearing and
      thus useful in building structures. Further, structural thermoplastics may
      also be foam molded, and in this capacity gaseous foaming agents are
      utilized.
PAR  The gaseous foaming agent for foamed structural thermoplastics may be a low
      boiling liquid, such as pentane. However, satisfactory incorportion and
      homogenization of a liquid foaming agent with solid resin pellets is one
      of the major problems in foam molding of this type. Consequently, solids
      such as azodicarbonamide which liberate gases when heated above their
      decomposition temperature are conventionally used with resin as a dry mix.
      However, residues remaining within the resin from such mixes can cause
      considerable discoloration and surface extrudates on the plastic.
PAR  Water as a foaming agent broadly falls within the category of volatile
      liquids such as pentane which might be considered as possible foaming
      agents for foamable structural thermoplastics. For example, see U.S. Pat.
      No. 3,268,636 and U.S. Pat. No. 3,436,446 to Angell. The use of water in
      foam molding to serve as a heat sink is disclosed in U.S. Pat. No.
      3,475,354 to Needham and as a source of heat in U.S. Pat. No. 3,309,439 to
      Norweiler. The use of water as a foaming agent has been handicapped
      because, in foam molding, water is known to cause indent in the final
      article. Indent is a phenomenon in which the surface of the finished
      molded article does not completely conform to the mold pattern but is
      instead characterized by indents or depression where the foamed
      thermoplastic resin retracted from the mold surfaces during the cooling
      and settling period. The cause of indent is not known, but may be due to
      the premature condensation of steam resulting in the collapse of the steam
      pockets in the thermoplastic resin into smaller volume water pockets
      thereby causing a partial vacuum in the pockets and permitting the hot
      thermoplastic, which has not congealed, to partially collapse and recede
      from the surface of the mold.
PAR  One of the most common limitations encountered in foam molding, regardless
      of the foaming agent used, is "swirl". Swirl is, as the name indicates, a
      visible imperfection in the surface of the finished article. In the latter
      it may be characterized generally as an erosive pitting of the surface.
      Swirl may be characterized as (a) optical and (b) physical or surface
      swirl. Optical swirl is a faintly detectable random turbulence pattern
      visible on the surface of the foamed thermoplastic structural article.
      Optical swirl is believed to be due to alignment of the gas bubbles in the
      foamed thermoplastic article along the flow patterns, including any
      turbulence patterns generated in the melted thermoplastic resin, as the
      thermoplastic resin fills and is expanded in the cavity in the mold.
      Optical swirl is thus a congealed flow pattern in the congealed
      thermoplastic article made visible by partial alignment of the gas bubbles
      in the interior of the thermoplastic article along the flow patterns of
      the thermoplastic resin in the cavity of the mold. Optical swirl is not a
      prominent phenomenon and causes little problem as it can be easily hidden,
      where undesirable, by surface painting.
PAR  Physical swirl, on the other hand, appears to be the result of escape of
      some of the gas bubbles from the interior to the surface of the expanded
      thermoplastic resin before the thermoplastic resin congeals to form the
      finished article. These surface bubbles tend to migrate across the surface
      of the thermoplastic article between the still pliable thermoplastic resin
      and the surface of the cavity in the mold, often along the flow lines of
      the thermoplastic resin as it fills and expands in the cavity of the mold.
      Each bubble leaves behind it a bubble track or small groove across the
      surface of the foamed thermoplastic article. These grooves, which remain
      in the surface of the foamed thermoplastic article, are highly visible as
      a swirled pattern even after painting. For applications requiring a smooth
      or unpatterned surface, the swirl pattern is highly objectionable. The use
      of higher molding temperature is sometimes effective to remove the swirl
      pattern. The higher temperature allows the thermoplastic resin to stay
      soft longer so that the bubble tracks or grooves in the surface of the
      thermoplastic resin fill in before the thermoplastic resin congeals.
      Higher temperature, however, also means a longer cooling period in the
      cavity of the mold. Prolonged cooling time increases the production time
      cycle, making the use of a higher molding temperature uneconomical.
PAR  No practical process has heretofore been known which produced swirl-free or
      swirl-free, indent-free foamed thermoplastic structural articles.
      Therefore, there is a need for an economical process for producing
      swirl-free and swirl-free, indent-free foamed thermoplastic structural
      articles.
PAC  SUMMARY OF THE INVENTION
PAR  A foamed thermoplastic structural article which is swirl-free and
      indent-free can be produced by mixing water, as a foaming agent, with a
      melted thermoplastic resin in an extruder. The quantity of water is
      controlled within a range of about 0.1 to about 0.5 weight percent of the
      charge weight of thermoplastic resin. The foamable mixture of melted
      thermoplastic resin and water is forcibly injected into a cavity in a mold
      by way of an accumulator. The melted thermoplastic resin is frothed by the
      water as steam in the cavity. The melted thermoplastic resin is cooled and
      solidifies to form the foamed thermoplastic structural article.
PAR  A swirl-free foamed thermoplastic structural article can be produced by
      controlling the quantity of water mixed with the melted thermoplastic
      resin in the extruder within a range of not more than about 2.0 weight
      percent of the charge weight of the thermoplastic resin and at least
      sufficient to expand the melted thermoplastic resin in the cavity.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a diagrammatic sectional view of an apparatus which can be
      used in the process of the invention. The drawing shows a pressurized
      foamable thermoplastic resin being forced into an accumulator from an
      extruder while a foamed thermoplastic structural article which has been
      made from the preceding "shot" of foamable thermoplastic resin is being
      cooled in the cavity of a mold being used with the apparatus. A shot is
      defined as a quantity of pliable, mobile melted foamable mixture ejected
      from an accumulator and injected into a cavity in a mold to produce a
      foamed thermoplastic structural article.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  I have found that a swirl-free or a swirl-free and indent-free foamed
      thermoplastic structural article can be made by employing water, in the
      form of steam, as a foaming agent. A swirl-free foamed thermoplastic
      structural article can be produced by adding water to a melted
      thermoplastic resin in a extruder in an amount between about 0.1 to 2.0
      weight percent of the charge weight of the melted thermoplastic resin. A
      swirl-free and indent-free foamed thermoplastic structural article can be
      made by adding water in an amount between about 0.1 to about 0.5 weight
      percent of the charge weight of the melted thermoplastic resin.
PAR  A structural thermoplastic resin in manageable form, for example, powder,
      pellets or granules, is fed to an extruder. The thermoplastic resin is
      melted by heat and shear energy to form a pliable and mobile thermoplastic
      resin. As the melted thermoplastic resin is advanced through the extruder,
      water is injected into the extruder. The water is mixed with the melted
      thermoplastic resin by the mechanical action of the screw to form a
      pliable and mobile foamable mixture. The temperature and pressure are
      maintained at sufficiently high levels to prevent premature foaming of the
      foamable mixture and to provide a driving force for advancing the foamable
      mixture through the extruder and forcibly into an accumulator. Back
      pressure is applied to the foamable mixture in the accumulator. After a
      sufficient amount of the foamable mixture is collected in the accumulator,
      a valve, which isolates the accumulator and extruder from a cavity in a
      mold during the time the accumulator is being filled in the molding cycle,
      is opened. When communication is established betwen the accumulator and
      the cavity in the mold, the foamable mixture is rapidly transferred from
      the accumulator to the cavity. Since the cavity is at a lower pressure
      level than the foamable mixture, the water is released within the foamable
      mixture as steam, thereby converting the melted thermoplastic resin to a
      foam that expands to completely fill the cavity in the mold. The foamed
      thermoplastic resin is cooled when it contacts the surfaces of the mold
      and is solidified in the cavity to generate a foamed thermoplastic
      structural article. The surfaces of the mold are cooled by any one of
      several known means.
PAR  Suitable accumulators and molds for producing foamed thermoplastic
      structural articles are known in the art as exemplified in U.S. Pat. Nos.
      3,436,446 and 3,268,636, both granted to Angell. These patents teach a
      process in which thermoplastic resin is mixed with pressurized nitrogen as
      the foaming agent to form a foamable mixture. A cavity in a mold is
      maintained at a lower pressure than the accumulator or extruder and upon
      introduction of the foamable mixture containing the pressurized nitrogen
      into the cavity, the pressurized nitrogen expands, causing the melted
      thermoplastic resin to froth and to expand, thus filling the cavity in the
      mold. The foamed thermoplastic resin structural article is allowed to cool
      and congeal in the cavity. After a suitable time, the foamed thermoplastic
      structural article characterized by a surface which has a swirl pattern is
      removed from the cavity.
PAR  A typical apparatus which can be used to practice the process of this
      invention is shown in the drawing. The apparatus includes an extruder 10
      having a generally cylindrical housing 11 having a rear portion 11a and a
      forward portion 11b, a cavity 12 and a multi-zone screw 13 enclosed in the
      cavity 12. A solids feed hopper 14 communicating with the cavity 12 by
      means of an inlet 10a is provided at the rear portion 11a. A discharge
      nozzle 15 is positioned in the forward portion 11b. An orifice 16 in the
      housing 11 provides means for introducing water into the cavity 12 through
      injecting means 16a which includes suitable piping 16b and metering pump
      16c connected thereto. The shaft 17 of the multi-zone screw 13 extends
      rearwardly through an opening 11c and is coupled to a motor 18 by coupling
      means 19. The motor 18, only a portion of which is shown, may include a
      suitable gear reduction means. A thermoplastic resin 20, usually in the
      form of resin pellets or other small particles, is charged into the
      extruder 10 through solids feed hopper 14 and inlet 10a. The multi-zone
      screw 13 has a varied-sized minor diameter d, as shown, and a constant
      size major diameter D. The varied-sized minor diameter d divides the
      extruder cavity 12 into several zones, namely, a first feeding zone 13a, a
      first compression zone 13b, a first metering zone 13c, a second metering
      zone 13d, a second compression zone 13e, and a second metering zone 13f.
      An accumulator 21 is positioned at the forward portion 11b of the housing
      11. The accumulator 21 comprises a generally cylindrical housing 22 having
      an upper end 22a and a lower end 22b. The upper end 22a of the accumulator
      is closed by a plate 23 having a centrally located opening 24. A nozzle 25
      is attached to the lower end 22b. The nozzle 25 extends downward from the
      lower end 22b to nozzle 15 in the extruder 10 as shown and forms a
      continuous path with the nozzle 15 and cavity 12. A movable piston 26 and
      a piston rod 27 connected to and extending rearwardly from piston 26
      outwardly through the opening 24 are provided interiorly of the housing 22
      of the accumulator 21. The rear portion (not shown) of the rod 27 is
      connected to a suitable pressure storage means (not shown). A rotatably
      movable valve 28 is inserted in an opening 11d in the forward portion 11b
      and extends into nozzle 15 so that passage 28 a in the valve 28 can be
      aligned with the nozzle 15. A mold M having a cavity C is clamped to the
      forward portion 11b of the extruder housing 11.
PAR  In the process of the invention and referring to the drawing of the
      apparatus suitable for practice of the invention, a thermoplastic resin 20
      is charged into the feeding zone 13a of the multi-zoned screw 13 in the
      cavity 12 through the feed hopper 14 and inlet 10a. The screw 13 is
      rotated by the motor 18. The rotation of the screw advances the
      thermoplastic resin 20 through the cavity 12. The thermoplastic resin 20
      is heated in the extruder by a suitable heating means (not shown) and is
      melted by the externally applied heat and shear forces as it advances
      through the first compression zone 13b. The melted pliable and mobile
      thermoplastic resin 20 then advances through the first metering zone 13c.
      At the end of the first metering zone the melted thermoplastic resin 20
      enters the second feed zone 13d. The foaming agent 20a, water, is
      introduced under pressure into the cavity 12 of the extruder 10 through
      injecting means 16a and orifice 16. The quantity of water introduced into
      the extruder is controlled by adjusting the stroke length in metering pump
      16c. The stroke of the metering pump 16c may be set or read on the pump
      setting dial 16d. the quantity of water added is between about 0.1 to
      about 0.5 weight percent of the charge weight of the melted thermoplastic
      resin 20 in zone 13d to produce a swirl-free, indent-free foamed
      thermoplastic structural article. The melted thermoplastic resin 20 and
      water are then advanced through the second compression zone 13e. The
      melted thermoplastic resin 20 and water are mixed to form a substantially
      uniform foamable mixture in the second compression zone 13e and metering
      zone 13f of the extruder 10 by the mechanical mixing and shearing action
      of the screw 13 as it rotates and advances the melted thermoplastic resin
      within the extruder 10. As shown, the valve 28 is initially closed. The
      foamable mixture is, therefore, forced by pressure exerted on the foamable
      mixture in the extruder 10, through nozzle 15 and nozzle 25 into the
      accumulator 21. Back pressure applied to the foamable mixture by pressure
      applied to piston 26 through the rod 27 extending to the pressure storage
      means (not shown) prevents foaming of the foamable mixture but does not
      inhibit the flow of the foamable mixture into the accumulator 21. When the
      accumulator 21 is sufficiently filled, the passage 28a in the valve 28 is
      aligned with nozzle 15 to connect the accumulator 21 to the cavity C
      formed in the closed mold M. The pressure applied to the foamable mixture
      through piston 26 and rod 27 forces the foamable mixture from the
      accumulator 21 into the cavity C in the mold M. Since the pressure in the
      cavity C in the mold M is less than the pressure applied to the foamable
      mixture in the accumulator 21 or in extruder 10, a quantity of the
      foamable mixture enters the cavity C and the water, now in the form of
      steam mixed throughout the plastic, expands, frothing the thermoplastic
      resin which as a consequence expands to completely fill the cavity C. A
      foamed thermoplastic structural article which is swirl-free and
      indent-free results after the resin has cooled and solidified.
PAR  While I have shown the accumulator 21 in a vertical position with respect
      to the extruder 10, the accumulator 21 can be mounted in any position, for
      example horizontal, at a 45.degree. angle, etc., to the extruder 10 and
      achieve the results of the invention.
PAR  It is also possible to add suitable known equipment to the accumulator
      whereby auxiliary pressure can be applied through rod 27 and piston 26 to
      the foamable mixture stored therein to actively force the foamable mixture
      into the cavity C in the mold M.
PAR  While I have shown the use of 0.1 to 0.5 weight percent water, it must be
      understood that water in an amount of 0.1 to 2.0 weight percent can be
      used to produce a swirl-free article which may, however, contain
      undesirable, but often acceptable, indent portions if about 0.5 weight
      percent water content is exceeded in the plastic.
PAR  In determining the quantity of water required to produce a swirl-free,
      indent-free foamed thermoplastic structural article, a series of articles,
      a square picture frame which had a border which was 2 inches wide,
      three-eighth of an inch thick and an outside length of 19 inches, were
      produced using high impact polystyrene. One article made from a foamable
      mixture containing 0.15 weight percent water was swirl-free and
      indent-free. The article had a density of 0.99 grams per cubic centimeter
      as compared to a substantially identical solid article which had a density
      of 1.04 grams per cubic centimeter. No cellular structure was physically
      visible to the unaided eye. An article made from a foamable mixture
      containing 2.5 weight percent water had a relatively smooth surface but
      swirl was visible to the unaided eye. A minor indent in one corner and a
      severe indent in a second corner were present in the article. A third
      article made from a foamable mixture containing 0.53 weight percent water
      had a smooth surface with no swirl visible to the unaided eye but slight
      indent was visible in one corner of the article.
PAR  Other thermoplastics such as ABS resins, polyethylene, polypropylene or
      acrylics may also be foam molded by my method.
PAR  Thermoplastic resins foamed by the method of this invention may incorporate
      additives such as stabilizers, pigments, and fillers. Surfactants can be
      incorporated to assist in stabilizing the cell structure.
PAR  The equipment utilized in this foam molding method may vary, and the type
      of equipment described in the preferred embodiment is meant to be
      illustrative only.
PAR  By utilizing the discovery I have made in the particular ranges of water
      which are useful to achieve a swirl-free and indent-free article, it is
      now possible to manufacture a foamed thermoplastic structural article
      which is more pleasing in appearance and more desirable in properties than
      was possible before my discovery.
PAR  A preferred method by which this invention may be practiced is given in the
      following examples.
PAC  EXAMPLE I
PAR  High impact polystyrene pellets (Union Carbide Corp. TMDA 6862) are fed to
      a 21/2 inches diameter extruder, with an L/D (length diameter ratio) of
      24/1. The extruder is a single screw-type as shown in the drawing. The
      thermoplastic resin is melted in the first compression zone by a
      combination of external heat and shear energy. The extruder pressure is
      maintained at between about 1700 and 2000 pounds per square inch (psi.)
      and a temperature of about 475.degree. F., which conditions are sufficient
      to convert the resin pellets to a molten state. The melted thermoplastic
      resin is introduced into a second feed zone. Water of about 2.0 weight
      percent of the melted thermoplastic resin charge is introduced into the
      extruder through an orifice in the extruder. The mixture of water and
      melted thermoplastic resin is advanced in the extruder through a second
      compression zone whereby the water and thermoplastic resin are mixed and
      an adequate degree of homogenization is attained. The foamable mixture is
      passed into an accumulator. The foamable mixture is subsequently delivered
      from the accumulator into a cavity in a mold. A completed foamed
      polystyrene structural article made by Example I method had no visible
      swirl and barely perceptible indent in one corner of the foamed
      thermoplastic article.
PAC  EXAMPLE II
PAR  Similarly, a second experiment was conducted in which the foaming agent and
      thermoplastic resin and conditions were the same as Example I. In the
      second example, however, the quantity of water introduced into the
      extruder was 0.5 weight percent of the charge. The finished article was
      both swirl-free and indent-free.
PAR  The cooling of the mold in Example I is controlled by a water jacket
      maintained between 50.degree. and 80.degree. F. at which temperature the
      polystyrene quickly solidifies. The cooling rate is not critical except
      that it should be rapid enough so that the surface of the molded article
      solidifies while the interior remains sufficiently hot to maintain water
      in the gaseous state.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for producing a foamed thermoplastic structural article
      characterized by a smooth, uniform swirl-free surface, wherein a
      substantially uniform foamable mixture of water and a melted thermoplastic
      resin is formed in an extruder and said mixture is advanced under a
      predetermined pressure from the extruder to an accumulator and
      subsequently to a cavity in a mold, which cavity is at a lower pressure
      than the pressure applied to the foamable mixture in the extruder and in
      the accumulator, whereby the water in the form of steam causes the melted
      thermoplastic resin to foam and expand to completely fill the cavity in
      the mold, the method comprising restricting the quantity of said water
      introduced into said melted thermoplastic resin in said extruder within a
      range of between about 0.1 to about 2.0 weight percent of the charge
      weight of the thermoplastic resin in the extruder.
NUM  2.
PAR  2. The method according to claim 1 in which the thermoplastic is
      polystyrene.
NUM  3.
PAR  3. The method according to claim 1 in which the accumulation zone melt
      temperature is from about 250.degree. to about 600.degree. F. and the
      accumulation zone pressure is from about 1200 to about 5000 psi.
NUM  4.
PAR  4. The method according to claim 3 in which the mold temperature is not
      more than about 120.degree. F.
NUM  5.
PAR  5. In a method for producing a foamed thermoplastic structural article
      characterized by a smooth, uniform swirl-free and indent-free surface,
      wherein a substantially uniform foamable mixture of water and a melted
      thermoplastic resin is formed in an extruder and said mixture is advanced
      under a predetermined pressure from the extruder to an accumulator and
      subsequently to a cavity in a mold, which cavity is at a lower pressure
      than the pressure applied to the foamable mixture in the extruder and in
      the accumulator, whereby the water in the form of steam causes the melted
      thermoplastic resin to foam and expand to completely fill the cavity in
      the mold, the method comprising controlling the quantity of said water
      present in said melted thermoplastic resin in said extruder within a range
      of about 0.1 to about 0.5 weight percent of the charge weight in the
      extruder.
NUM  6.
PAR  6. The method according to claim 5 in which the thermoplastic is
      polystyrene.
NUM  7.
PAR  7. The method according to claim 5 in which the accumulation zone melt
      temperature is from about 250.degree. to about 600.degree. F. and the
      accumulation zone pressure is from about 1200 to about 5000 psi.
NUM  8.
PAR  8. The method according to claim 7 in which the mold temperature is no more
      than about 120.degree. F.
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ABST
PAL  A polyurethane pre-foam formulation having improved adhesion to polyester
      resins is disclosed. The polyurethane is of the type formed by the
      reaction of an isocyanate and a polyol together with a blowing agent. The
      improved formulation contains a polyester resin between about 1 and 10% by
      weight of the polyurethane together with a sufficient amount of a free
      radical catalyst to bring about a cure of the added polyester resin.
      Preferably, the improved polyurethane prefoam is foamed and cross-linked
      in contact with a partially uncured but gelled unsaturated polyester
      laminating resin which contains an unsaturated monomer such as styrene.
      When such a polyester and a polyurethane foam are cured together, a
      superior bond between them results when the polyurethane formulation is
      compounded in accordance with the teachings of the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention relates to plastic foams, and more particularly,
      to relatively rigid polyurethane foams which are to be laiminated to a
      polyester resin formed from the reaction of an unsaturated polyester
      laiminating resin which contains an unsaturated monomer such as styrene.
      One process for forming such a lamination is disclosed in an application
      by Francis Gallap and the present inventor in U.S. Pat. No. 3,859,401
      filed on Aug. 9, 1971 which patent is hereby incorporated by reference
      herein.
PAR  Many useful articles can be made from a laminate having an outer skin of a
      polyester resin such as fiberglass-reinforced polyester resin and an inner
      layer of a rigid polyurethane foam. Such laminates have been widely used
      in the construction of boats. While various processes have been used to
      form such laminates, a problem common to all prior art processes is poor
      adhesion at the interface between the polyester layer and the foam.
PAR  While the process disclosed in the above-described U.S. Pat. No. 3,859,401
      leads to substantially improved adhesion, still further improvements would
      permit a further increase in load-bearing ability and thus could permit
      wider use of such panels as, for instance, in multi-story buildings
      fabricated from polyester-polyurethane laminates.
PAR  For example, a panel made according to the process disclosed in the
      above-identified U.S. Pat. No. 3,859,401 was tested according to ASTM
      E-72-68 (12) which is an impact test wherein a 60 pound bag is dropped on
      one face of a panel which is supported on two rollers which are separated
      by a 7 foot span. The initial drop is made from 6 inches and if the panel
      does not fail, the bag is dropped from increasing heights, which increase
      is at the rate of 6 inches per drop. A 2-inch thick panel having a skin
      thickness of 1/16th of an inch made according to the process disclosed in
      the above-identified application failed at 18 inches whereas a panel
      having the same dimensions made according to the present invention did not
      fail until the bag was dropped at a height of 7 feet.
PAR  Loading tests were run on 4 ft. .times. 8 ft. panels having a 2 inch
      overall thickness and two outer skins of 1/16th inch thickness. The load
      was applied along the 4 foot edge and the test was carried out according
      to ASTM E-72-68 (7). Panels made according to the process of the
      above-identified application withstood a load of about 600 pounds per
      lineal foot before laterally deflecting 1/20 of their length. Panels
      having the same dimensions made according to the process disclosed in the
      present application reached this same deflection level with a load of
      about 1,200 pounds per lineal foot.
PAR  Various other approaches have been tried to improve the adhesion between
      fiberglass-reinforced polyester and rigid polyurethane foam. These
      processes include the addition of a fiberglass chop which partially
      protrudes from one surface of a cured polyester sheet. A polyurethane
      pre-foam is then spread over the surface and is held to the polyester
      sheet by a physical entanglement and entrapment resulting from the foaming
      of the polyurethane in and around the extending glass fibers. While such a
      process provides some bonding, it does not result in a complete bond of
      the surface but merely relies upon an entrapment which occurs only at the
      points where glass fibers protrude from the surface. Another approach is
      to first form a cured polyurethane rigid foam followed by the planing of
      the surface of the foam to remove the shiny outer skin of the
      polyurethane. The resin and fiberglass may then be laid upon the surface
      of the planed foam which can result in a satisfactory bond. Such a
      process, however, requires several additional steps not necessary with the
      practice of the present invention. Still another process involves the
      provision of a barrier layer between the fiberglass-polyester and the
      polyurethane, which layer is capable of adhering both to the polyester and
      to the polyurethane. Such a process not only requires an additional step
      but also introduces a potential layer of weakness not present with the
      practice of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is for an improved polyurethane formulation giving
      improved adhesion to polyester-fiberglass resins. The polyurethane foam
      utilizes conventional isocyanates, polyols and blowing agents together
      with between about 1 and 10% by weight of the pre-foam of an unsaturated
      polyester laminating resin which contains an unsaturated monomer. In
      addition, a free radical curing system is added which is sufficient to
      bring about the cross-linking or curing of the added polyester at the
      conditions of temperature which exists during the exothermic reaction of
      the polyurethane. A particularly strong bond results when the present
      formulation is foamed against a partially uncured but gelled polyester
      such as the process disclosed in U.S. Pat. No. 3,859,401 filed Aug. 9,
      1971 and assigned to the assignee of the present invention. It has also
      been discovered that the further addition of an unadulterated polyol which
      contains no inhibitors, surfactants or expanders at a level of up to 40%
      of the added polyester results in a still further improvement in bond
      strength.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a mold apparatus of the type useful to
      produce a laminate utilizing the formulations of the present invention.
PAR  FIG. 2 is a graph showing a time-temperature profile for a typical curing
      cycle for a laminate utilizing a formulation of the present invention.
PAR  FIG. 3 is a cross-sectional side elevation of the laminate made using the
      formulation of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The polyurethane foam formulations of the present invention are
      advantageously used in a manner so that the foam is expanded and cured
      against a partially uncured but gelled unsaturated polyester laminating
      resin which in its uncured state, contained an unsaturated monomer such as
      styrene. It is believed that this gelling step causes a substantial amount
      of the styrene (typically a styrene level of about 30% is present with the
      uncured, unsaturated polyester laminating resin) to either cross-link or
      volatilize. In this manner, it is believed that the styrene is not present
      in an amount sufficient to break down or degrade the foaming polyurethane.
      It is further believed that the curing of the unsaturated polyester and
      styrene in contact with the curing polyurethane results in some chemical
      cross-linking which cross-linking is believed greatly enhanced by the
      formulations of the present invention.
PAR  Turning now to FIG. 1, a molding apparatus is depicted which is of the type
      described in U.S. Pat. No. 3,809,357 filed Apr. 23, 1970 by Francis Gallap
      and assigned to the assignee of the present invention. That patent is
      incorporated by reference herein. Similar molding apparatus is also
      disclosed in the above-described U.S. Pat. No. 3,859,401. While the
      present formulation is described as useful in such a molding apparatus,
      the invention is not limited to use in such apparatus, as improved
      adhesion may be obtained by the use of any molding apparatus or forming
      method which permits contact between the reacting polyurethane and
      polyester.
PAR  The apparatus of FIG. 1 has a stationary mold surface 10 and a movable mold
      surface 11 which is attached by counterweighted arms 12 and 13 to shaft
      14. Shaft 14 is driven by a pair of hydraulic torque motors 15 and 16.
      When hydraulic fluid is passed through motors 15 and 16, movable mold
      surface 11 rotates to a closed position where it is parallel to stationary
      mold surface 10. The four sides 17 through 20 of stationary mold surface
      10 closed the cavity between surfaces 10 and 11 and a pair of latches 21
      and 22 help to hold mold surface 11 in a closed position. Mold surfaces 10
      and 11 are advantageously heated by the passage of heat transfer fluid
      through tubes 23 through 26. Sides 17 through 20 are advantageously hinged
      so that they may be moved away from mold surface 10 after the curing step
      is complete. This movement may be carried out hydraulically through
      pistons such as piston 30 which is attached to side 20 through arm 31. The
      sides are hinged to mold surface 10 by hinges such as those shown along
      side 20 and indicated by reference characters 32 and 33.
PAR  In operation, an unsaturated polyester laminating resin, which may contain
      an reinforcing agent such as fiberglass, is sprayed on mold surfaces 10
      and 11. A catalyst system, such as a free radical system, may be mixed
      with the resin in the spray head in the manner known to those skilled in
      the art. The resin is preferably brought to a gelled condition. This may
      be brought about by raising its temperature slightly over normal room
      temperature. After the resin has substantially gelled, the novel
      polyurethane pre-foam is fed onto one or both of the mold surfaces,
      preferably only on the stationary mold surface 10. The mold is then closed
      and the temperature increases either by the passage of a heat transfer
      fluid through a hollow mold or by other heating means such as electrical
      heat, radiant heat, impingement by steam, hot air or the like or merely by
      the exothermic reaction of the polyurethane foam. If production speed is
      an important consideration, it is preferable that the mold surface
      temperatures be controlled with a heat transfer medium to permit both
      cooling and heating. After curing is complete, the cured laminate is
      cooled and removed from the mold.
PAR  A cross-sectional view of a typical cured laminate is shown in FIG. 3 where
      outer skins 40 and 41 are polyester/fiberglass resin and inner layer 42 is
      a polyurethane foam. The laminates need not have two outer skins, however,
      as a useful panel would result with only one skin layer.
PAR  As used herein, the term "unsaturated polyester laminating resin" refers to
      a resin such as that formed from the reaction of dibasic acids and a
      dihydric alcohol which contains an unsaturated monomer, such as styrene.
      Typically, at least a portion of the dibasic acid is unsaturated to allow
      cross-linking with the styrene. Although styrene levels vary depending on
      the amount of cross-linking desired, levels of about 33% are commonly used
      in such formulations. When percentages are used in this application,
      percent by weight rather than volume is intended.
PAR  Various means may be used to mix the various resins and catalysts.
      Sophisticated mixing and spraying guns have been developed which are
      capable of mixing a plurality of liquid materials used in the formation of
      polyester resins while at the same time chopping and mixing reinforcing
      agents such as fiberglass. Similarly, mixing and metering devices are also
      well-known which are capable of mixing catalysts and other ingredients
      with the ingredients of a polyurethane pre-foam. The various ingredients
      are typically maintained in drums or pots and metered at a predetermined
      rate into a mixing nozzle and intimately mixed just before exiting from
      the nozzle. By the use of such devices, it is also possible to pre-set a
      desired total volume of pre-foam depending upon the available free space
      between the mold surfaces. In addition, it is often beneficial to provide
      vents or sprues along the side of the mold to permit an excess of pre-foam
      to be added to help insure a complete filling of the mold cavity.
PAR  The polyurethane pre-foam of the present invention has as its major
      ingredients a conventional mixture of an isocyanate and polyol of the type
      useful to form a relatively rigid polyurethane foam. Such formulations are
      well-known and are typically compounded with additives such as
      surfactants, blowing agents such as trichlorofluoromethane, inhibitors and
      the like. When fire retardency is needed, fire retardants such as halogen
      containing additives and possibly antimony oxide are also added to the
      pre-foam. The optimum ratio of isocyanate to polyol varies with different
      materials from different suppliers but a typical ratio is 45% by weight
      isocyanate and 55% by weight polyol.
PAR  The above-mentioned urethane pre-foam ingredients are mixed with an
      additional mixture. The added mixture contains an unsaturated polyester
      laiminating resin, the catalyst for curing the polyurethane and may also
      contain a promoter such as cobalt octoate. Furthermore, it has been found
      advantageous to add a relatively small amount of a copolymer polyol which
      does not contain any inhibitors, expanders or fire retardants to the first
      added mixture. This additional polyol further increases the bond strength.
PAR  The levels of ingredients in this added mixture may be as follows:
      Initially, the total amount of unsaturated polyester laminating resin
      which we have found beneficial in improving the strength of the finished
      laminate is between 1 and 10% based on the total weight of the pre-foam.
      For ease of handling the added polyester and catalyst, we have found it
      desirable to add this polyester as two separate mixtures, each mixture
      having about equal amounts of polyester. Thus, if the total amount of
      polyester added was 5%, each part would contain 21/2% polyester based on
      the weight of pre-foam. Although the total polyester may range between 1
      and 10% it preferably is between 2 and 7% with about 5% being optimum for
      the formulations described herein. We have found it desirable to use a
      blend of rigid and flexible unsaturated polyester laminating resins in
      order to obtain the desired hardness and toughness. A blend of two-third
      rigid to one-third flexible has been found optimum, although other ratios
      can be used depending in a large part upon the individual properties of
      the particular rigid and flexible polyesters used.
PAR  Assuming that the resin is divided into two approximately equal parts, it
      is desirable to place the polyurethane catalyst in one of the parts. A
      satisfactory urethane catalyst is an organic liquid tertiary amine
      catalyst, sold under the trade name of Polycat 8 by Abbott Laboratories,
      Chemical Division, North Chicago, Ill. added at a level between 0.04 and
      0.10% based upon the total weight of isocyanate and polyol. An optimum
      level for this catalyst in this system has been found to be about 0.08%.
PAR  A promoter such as cobalt octoate is not essential but does help improve
      the strength of the resulting cured foam and levels of up to about 1% are
      beneficial with an optimum amount being about 0.75% based upon the total
      weight of unsaturated polyester laminating resin which is added to the
      pre-foam.
PAR  The addition of an unadulterated copolymer polyol has been found beneficial
      at levels between 3 and 40% based upon the total weight of added
      unsaturated polyester laminating resin with levels between 2.5 and 10
      being preferred and about 5% being optimum.
PAR  The remaining part of added unsaturated polyester laminating resin contains
      the free radical catalyst system in an amount sufficient to cure or
      cross-link the added polyester under the temperature conditions occurring
      during the foaming reaction. Benzoyl peroxide is a commonly used free
      radical catalyst and levels between 1 1/3 to 3% based upon the total added
      polyester resin is recommended with a level of about 2% being optimum. In
      addition, a promoter such as dimethyl aniline is preferably combined with
      the second portion of polyester resin and levels between 0.15 and 0.75%
      can be used with a preferred range being between 0.2 and 0.5 and
      preferably about 0.2% by weight based upon the total weight of added
      polyester resin.
PAR  Skins of the laminate are also formed from an unsaturated polyester
      laminating resin of a type similar to that added to the urethane pre-foam
      described above. The resins catalysts and promoters are mixed together and
      combined with a reinforcing material such as fiberglass and applied to the
      mold surfaces. For large volume operations, this step is most readily
      carried out by the use of a spray gun capable of mixing two liquid
      streams, one of which contains the catalyst and the other which contains
      the promoter. Such guns also can add chopped fiberglass or other
      reinforcing materials. It is not necessary for the practice of the present
      invention, however, that chopped fiberglass be the reinforcing material
      and fiberglass cloth or other reinforcing materials may also be used. One
      important advantage in the practice of the present invention results from
      the pressure generated by the expanding polyurethane foam against the
      partially cured and yet still flowable polyester resin. This pressure
      makes it possible to eliminate any rolling step, and thus where low-cost,
      high-volume operations are desired, the use of automatically chopped
      fiberglass is advantageous. That is, the additional labor required to "lay
      up" woven fiberglass and the steps necessary to remove air pockets would
      tent to make the process less efficient.
PAR  Assuming the outer skin resin is mixed from two separate but equal streams,
      the first stream should contain, in addition to the resin, a free radical
      catalyst such as benzoyl peroxide. Levels of between 11/2 to 3% based upon
      the total amount of resin used in the outer skin may be used with about 2%
      being optimum. As above, it has been found that a blend of rigid and
      flexible unsaturated polyester laminating resins produce a panel having
      maximum toughness. The second stream may contain the same blend of
      polyester resins as the first stream together with the promoter or
      promoters. It has been found that a mixture of dimethyl aniline and cobalt
      octoate is an effective promoter system although other promoter systems
      may be used. The level of dimethyl aniline should be between 0.15 and
      0.75% with a preferred range being between 0.2 and 0.5% and a optimum
      level of 0.2% based upon the total amount of resin in a outer skin or
      skins. The level of cobalt octoate is not critical and levels between 0.6
      and 1.4% based upon total amount of resin in the outer skin or skins have
      proved satisfactory. An optimum amount is about 1.1%.
PAR  Turning now to FIG. 2, a time-temperature profile for a typical laminate
      made with the ingredients described above is shown. An illustrative
      example is given below utilizing the profile of FIG. 2. The two parts of
      the unsaturated polyester laminating resin used for the outer skin are
      mixed in a spray gun together with chopped fiberglass and sprayed upon the
      mold surfaces such as mold surfaces 10 and 11 of FIG. 1. The mold surfaces
      are preferably coated with a mold release agent such as a carnauba paste
      wax. The mold surfaces are maintained at about 70.degree.F in order to
      prevent premature gelling or curing and to enable an even coat of resin to
      be applied before any curing takes place. If a less active catalyst system
      is used, of course, the temperature may be higher and conversely, if a
      more active catalyst system is used, it may be lower. For the preferred
      system described herein, a temperature of about 70.degree.F has been found
      satisfactory. An even coat of about 1/16th inch thickness was applied to
      both the mold surfaces which took about 8 minutes. After the spraying step
      was complete, the mold surface temperature was raised to 75.degree.F by
      passing 75.degree.F warm water through heat transfer tubes located on the
      backside of the mold surface. The resin gelled after about 4 minutes time
      at 75.degree.F. The gelling could readily be detected by a noticeable
      color change in the resin which is also accompanied by a large increase in
      viscosity. The mold temperature is again decreased to 70.degree.F by
      passing 70.degree.F water through heat transfer tubes in order to prevent
      a more complete curing of the skins. The pre-foam used contained 45%
      isocyanate and 55% polyol which was mixed with two streams, each stream
      containing 21/2% by weight (based on the polyurethane resin) of the same
      polyester resin used for the outer skin. The first stream contained, in
      addition to the 21/2% polyester, 1.5% (based upon the total amount added
      polyester in the polyurethane foam) of an organic liquid tertiary amine
      catalyst sold under the trade name of Polycat 8 by Abbott Laboratories,
      Chemical Division, North Chicago, Ill. In addition, cobalt octoate at a
      level of 0.75% by weight (based upon the total added polyester resin) was
      added. The other ingredient in the first polyester added stream was a
      copolymer polyol at a level of 5% of the total added polyester. The second
      stream which was added to the polyurethane pre-foam contained, in addition
      to the 21/2% unsaturated polyester laminating resin, 2% of benzoyl
      peroxide (based upon the total weight of added polyester) and 0.2%
      dimethyl aniline promoter (again based on added polyester). The pre-foam
      ingredients were mixed and deposited on one of the gelled polyester resin
      surfaces, the total time of foam addition being about 2 minutes.
PAR  After the foam had been deposited, the mold was closed and the mold
      temperature raised to 200.degree.F by the passage of hot water through the
      heat transfer tubes of the mold. The mold temperature reached 200.degree.F
      after a total time of 17 minutes which was 2 minutes after the mold was
      closed. The heat transfer fluid was maintained at 200.degree.F for 26
      minutes at which time cold water was introduced into the transfer tubes
      and the laminate was cooled for 5 minutes. The cured laminate was then
      removed from the mold.
PAR  It is not essential that the mold surfaces be heated since the polyurethane
      reaction is an exothermic one and is capable of providing sufficient heat
      to cure both the foam and the outer skins. If the mold is not heated,
      however, substantially longer curing times are recommended and, of course,
      if the mold cannot be cooled, a substantially longer cooling period is
      necessary. Furthermore, a more rapidly curing resin-catalyst system could
      be used.
PAR  The laminate described in the example above had two outer skins, each
      having a thickness of about 1/16th inch and the total thickness of the
      laminate was 11/2inches. The panel was 4 feet wide by 8 feet long and
      weighed 40 pounds. The lamination strength between the foam and the outer
      skin was excellent and when a sample of the laminate was cut apart it
      could be seen by inspection that there were no substantial amounts of
      shiny or unbonded polyester resin at the interface between the polyester
      resin and the polyurethane foam. The panel had exceptional strength and
      could readily withstand a 200 pound load placed on the upper surface of
      the panel midway between supports below the panel which were separated a
      distance of 3 feet. A similar laminate made with the same ingredients with
      the exception of the additional unsaturated polyester laiminating resin in
      the polyurethane foam delaminated and fractured when a 200 pound weight
      was placed midway between supports separated by 3 feet. Also, when this
      laminate was cut apart, shiny pockets of unlaminated areas could be
      observed at the interface between the polyester resin and polyurethane
      foam. ASTM test results are discussed in the background of the invention
      above and the improved results were obtained in tests run on panels using
      the formulations and technique described in the above example. These
      results dramatically demonstrate the improved strength observed by the use
      of formulations of the present invention.
PAR  The present embodiments of this invention are thus to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than by the foregoing
      description. All changes which come within the meaning and range of
      equivalency of the claims therefore are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for laminating a rigid polyurethane foam to a gelled polyester
      resin comprising adding two mixtures to a pre-foam mixture of a
      polyisocyanate and polyol with sufficiently high functionality to form a
      rigid foam; said first mixture comprising:
PA1  about 21/2% by weight of said polyisocyanate and polyol of an unsaturated
      polyester laminating resin, between 1 and 2% by weight based upon the
      total weight of added polyester resin of an organic amine catalyst, about
      0.75% by weight based upon the total weight of added polyester of cobalt
      octoate, and said second mixture comprising:
PA1  about 21/2% by weight based upon the total weight of said polyisocyanate
      and polyol of a polyester resin, between about 1.5 and 3% by weight based
      upon the total weight of added polyester resin of benzoyl peroxide and
      between about 0.15 and 0.75% by weight based upon the total weight of
      added polyester of dimethyl aniline; contacting the pre-foam mixture to a
      gelled polyester resin; curing the gelled polyester and pre-foam at
      elevated temperatures to produce a polyester-polyurethane foam laminate of
      improved adhesion.
NUM  2.
PAR  2. The process of claim 1 wherein said organic amine catalyst is added at a
      level of about 1.5%.
NUM  3.
PAR  3. The process of claim 1 wherein said cobalt octoate is added at a level
      of about 0.75%.
NUM  4.
PAR  4. The process of claim 1 wherein said benzoyl peroxide is added at a level
      of about 2%.
NUM  5.
PAR  5. The process of claim 1 wherein said dimethyl aniline is added at a level
      of about 0.2%.
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PAL  Hollow membrane fibers are formed from a mixture of N-alkoxyalkyl
      polyamide, polyvinyl alcohol, di(lower alkyl) sulfoxide and water. The
      fibers are useful for separating chemicals, e.g.,
      aliphatically-unsaturated hydrocarbons, from mixtures containing them.
BSUM
PAR  This invention relates to the formation of hollow membrane fibers by the
      use of compositions containing N-alkoxyalkyl polyamide and polyvinyl
      alcohol. More specifically, the invention concerns the formation of such
      fibers from mixtures containing the N-alkoxyalkyl polyamide, polyvinyl
      alcohol, di(lower alkyl) sulfoxide and water. The fibers are particularly
      useful for separating chemicals, e.g. aliphatically-unsaturated
      hydrocarbons, from mixtures containing them by the combined use of liquid
      barrier permeation and metal-complexing techniques. A separation of
      particular interest is that of ethylene from one or both of methane and
      ethane, with or without the presence of hydrogen.
PAR  In U.S. patent application Ser. No. 395,055, filed Sept. 7, 1973, it is
      disclosed that hollow fibers can be made by extruding mixtures containing
      N-alkoxyalkyl polyamide, polyvinyl alcohol and di(lower alkyl) sulfoxide.
      The fibers are particularly useful in separating aliphatically-unsaturated
      hydrocarbons from mixtures containing them. In these separation
      procedures, it is preferred that the membranes be in the form of hollow
      fibers since they offer the advantages of high surface area per unit
      volume, thin fiber walls for high permeation rates, favorable ratios of
      fiber outside diameter to inside diameter in order to withstand high
      pressures, and low cost per square foot per area of membrane surface.
      Although one could consider forming these fibers by melting together the
      N-alkoxyalkyl polyamide and polyvinyl alcohol to provide a mixture of
      extrusion consistency, this procedure is disadvantageous since the
      polymers start to decompose before their melting point is reached. The
      provision of a di(lower alkyl) sulfoxide such as dimethyl sulfoxide
      (DMSO), in the mixture leads to the successful formation of useful fibers
      by a hot extrusion technique, and such preparations are described in the
      above-identified patent application. The temperatures used in this
      operation are, however, frequently sufficiently elevated that some
      undesirable reaction, e.g. decomposition, of the polymers may occur and
      cause them to become discolored. Also, the polymers may become unduly
      cross-linked to make their extrusion difficult, if not impossible, and the
      polymers may react with the di(lower alkyl) sulfoxide.
PAR  When the mixture of polymers is melted with DMSO at temperatures in the
      range of about 120.degree. to 150.degree.C. it is generally stirred
      vigorously and the melting may require a considerable period of time, e.g.
      about 2 hours in certain types of equipment. The polymers and DMSO may
      also be held as a melt for a period of time while the mixture is in a tank
      used to supply feed to the extruder. The greater the temperature of the
      mixture or the greater the time it is maintained at elevated temperatures,
      the more severe is the heating operation and the greater the tendency of
      the polymers to undergo undesirable reactions. These reactions may be
      indicated by the mixture turning brown, and at very severe conditions,
      e.g. 150.degree.C. for 4 hours, the melt may form a dark brown, tarry
      mass.
PAR  By the present invention, it has been found that the provision of water in
      the extrusion mixture containing the N-alkoxyalkyl polyamide, polyvinyl
      alcohol and di(lower alkyl) sulfoxide inhibits the degradation of the
      polymer-di(lower alkyl) sulfoxide system and significantly reduces the
      likelihood of encountering the problems. By the use of water in the
      extrusion mixture, a relatively uniform composition can be made with
      little, if any, decomposition of the polymers occurring, before or during
      extrusion.
PAR  The compositions of the present invention which are used to form the hollow
      fibers are composed of N-alkoxyalkyl polyamide, polyvinyl alcohol,
      di(lower alkyl) sulfoxide and water. The compositions are generally
      comprised of hydrophilic, fiber-forming amount of the polyamide and
      polyvinyl alcohol, say about 30 to 85, preferably about 40 to 70, weight
      percent of N-alkoxyalkyl polyamide; and about 15 to 70, preferably about
      30 to 60, weight percent polyvinyl alcohol based on the total weight of
      these components. The composites contain sufficient of the di(lower alkyl)
      sulfoxde to provide an intimate, compatible admixture of the polyamide and
      polyvinyl alcohol suitable for forming the membrane. These compositions
      may often contain about 70 to 400 weight percent of the di(lower alkyl)
      sulfoxide, preferably about 90 to 250 weight percent, based on the total
      weight of the polyamide and polyvinyl alcohol. The water in the mixture is
      generally a sufficient amount to inhibit the degradation of the mixture of
      polymers and di(lower alkyl) sulfoxide at elevated temperatures, but the
      amount is not so large that the mixture is incompatible or no longer of
      fiber-forming, e.g. extrusion, consistency. The amount of water present in
      the composition is often about 1 to 30 weight percent, preferably about 2
      to 20 weight percent, based on the total of the water and di(lower alkyl)
      sulfoxide. If the amount of water is too great difficulties in melting the
      polymer may be encountered, while if the amount of water is too low
      problems with regard to degradation of the polymer may result.
PAR  The hollow fibers can be made by extrusion of the N-alkoxyalkyl polyamide,
      polyvinyl alcohol, di(lower alkyl) sulfoxide and water mixture. To
      facilitate handling, the mixture can be allowed to gel which may also
      decreases any tendency towards separation of the polymer and solvent
      components during melting of the mixture. A suitable process for extruding
      the fibers involves providing the mixture having the polymers in solution
      at an elevated temperature suitable for extrusion, for instance, a
      temperature of about 60.degree. to 125.degree.C., preferably about
      70.degree. to 110.degree.C. Heating of the compositions under severe
      temperature-time conditions, e.g. 150.degree.C. for 4 hours, can lead to
      reactions which discolor the mixture and may even cause the formation of
      unusable dark brown, tarry masses. Excessive degradation should be avoided
      and we prefer that the compositions not be heated under conditions which
      cause any significant discoloration. The hot material is extruded to form
      fibers having a hollow core surrounded by the membrane wall. During
      extrusion it is advantageous to pass a gas through the core of the hollow
      fibers to help cool the fibers and prevent the core of the fibers from
      closing.
PAR  After extrusion the fibers can be dried or otherwise treated to remove the
      di(lower alkyl) sulfoxide and water. If the di(lower alkyl) sulfoxide is
      allowed to remain in the fibers in significant quantities, the fibers may
      be deleteriously affected over a period of time. For example, if the
      di(lower alkyl) sulfoxide, e.g. DMSO, remains in the fiber for extended
      periods, the fiber may become paste-like in appearance. If removal of the
      di(lower alkyl) sulfoxide from the fibers is postponed after forming, the
      fibers may be weaker than if the di(lower alkyl) sulfoxide had been
      withdrawn sooner. Thus we prefer to remove most, if not essentially all,
      of the di(lower alkyl) sulfoxide from the fibers more or less immediately
      after they are formed from the solution. A preferred method of removal is
      by drying at an elevated temperature, e.g. about 60.degree. to
      110.degree.C., with shorter times being usable at higher temperatures.
PAR  Other methods for removing di(lower alkyl) sulfoxide from the fibers may be
      employed. These techniques include solvent washing procedures in which the
      fibers are contacted at suitable temperatures with a liquid organic
      solvent for the di(lower alkyl) sulfoxide. The solvent and temperatures
      employed should not unduly dissolve or otherwise deleteriously affect the
      fiber, and washing temperatures from below ambient to about 75.degree.C.,
      may suitably be employed. Among the suitable organic solvents are the
      oxygen-containing solvents such as the lower aliphatic ketones, e.g.
      acetone, and lower alkanols, e.g., methanol and isopropanol, and the low
      molecular weight paraffins or halogenated paraffins, e.g. the chlorinated
      paraffins, e.g., chloroform. The solvents may be partially miscible with
      the di(lower alkyl) sulfoxide and water, and do not significantly
      dissolve, swell or react with the polymers present.
PAR  In one fiber-forming procedure we have employed, the fibers are extruded
      into a quench bath containing one or more of the foregoing described
      solvents, e.g., acetone or isopropanol, and soaked for a period of about
      15 minutes to 2 hours or more. The temperature of the quench bath may
      suitably be from below ambient, e.g. down to about -20.degree.C., to up to
      about 75.degree.C. The fibers are then removed from the bath, dried, say
      at 75.degree.C. for 2 hours; or annealed, e.g. at 125.degree. to
      200.degree.C. for up to 4 minutes, and then dried, for instance, after
      cross-linking and water-washing. The hollow fibers have sufficient
      thickness so as not to be readily ruptured or otherwise undergo physical
      deterioration at a rate that would make their use unattractive. Generally
      the thickness of the fiber wall may be up to about 30 mils or more,
      preferably about 0.5 to 15 mils, and often the thickness is at least about
      0.1 mil. The overall diameter of the fiber may usually be up to about 75
      or more mils, preferably about 1 to 30 mils.
PAR  The physical characteristics of the membranes, e.g. their strength and
      chemical resistance, may be enhanced by cross-linking the polyamide or the
      polyvinyl alochol. Cross-linking of the polyamide can be accomplished by
      contact of the fibers with an organic or inorganic acidic catalyst such as
      a sulfonic acid of an aromatic hydrocarbon, mild nitric acid and the like.
      Such catalysts may, for instance, be naphthalene or toluene sulfonic
      acids, and cross-linking can be accomplished at elevated temperatures.
      During contact of the fibers with the acid catalyst as an aqueous
      solution, it is preferred that a water-soluble alkali metal salt be
      dissolved in the solution to maintain the integrity of the polyvinyl
      alcohol by reducing its tendency to dissolve in the aqueous catalyst
      solution. Cross-linking or other modification of the polymer composition
      may be effected before, during or after it is formed into the fiber, but
      if the modification occurs before fiber-formation it should not be so
      extensive that the fiber-formation may not be accomplished.
PAR  The properties, for instance, the strength and permeability, of the
      membrane fibers may be improved by drawing or stretching them and this can
      be accomplished at ambient or elevated temperatures. Suitable elevated
      temperatures include about 90.degree. to 300.degree.C., preferably about
      125.degree. to 200.degree.C. The fibers may also be annealed at such
      temperatures, and the stretching and annealing may be accomplished
      simultaneously. The drawn fibers have a reduced overall diameter and
      thinner walls than before stretching whether at ambient or elevated
      temperature, and this treatment may preferably increase the length of the
      fibers by a factor of at least about 1.25, say up to about 10 or more. The
      treatment may decrease the thickness of the walls to where they are less
      than about 0.5 of the thickness they had before stretching. Excessive
      stretching may adversely affect the strength and performance of the fibers
      and thus we prefer that their length not be increased by a factor of more
      than about 9.
PAR  The stretching of the fibers is preferably accomplished when they are
      swollen with an aqueous or organic liquid, especially when stretching is
      conducted essentially at room or ambient temperature. The swelling agent
      is preferably water, but it may be an organic swelling agent such as those
      listed below as swelling agents. The amount of swelling agent present
      during stretching is often a minor amount up to about 50 weight percent of
      the fiber, and preferably is at least about 1 weight percent. The presence
      of the swelling agent may make stretching easier, e.g. require less force
      or lower temperatures for the same stretch. The swelling may preserve a
      place in the polymer structure for the complex-forming solution which is
      later incorporated in the fibers.
PAR  Stretching the fibers generally results in an increase in length
      proportional to the square of the reduction in the internal and external
      diameters of the fibers. The rate of stretching and the time the fibers
      are at elevated temperatures can affect their properties. Reduction in
      diameter upon stretching the fibers can be a very rapid process. Thus
      applying a force of several hundred grams to a fiber at 200.degree.F. for
      0.1 of a minute may stretch the fiber adequately. Maintaining thus force
      and temperature over several minutes has not greatly increased the amount
      of stretch. The maintenance of the elevated temperature may cause plastic
      flow within the fiber which tends to heal any voids produced during the
      stretching process. Thus, in our process we would prefer keeping the fiber
      at elevated temperatures for a longer time than is required just for
      stretching to benefit from the annealing or healing process.
PAR  The materials which are employed to make the semi-permeable film membranes
      of the present invention, have a film-forming N-alkoxyalkyl polyamide as
      an essential component. The polyamide film-forming materials are generally
      known and have also been designated as nylons. The polymers are
      characterized by having a plurality of amide groups serving as recurring
      linkages between carbon chains in the product structure, and the polymers
      may be made by several procedures. Commonly, the polyamides are formed by
      reacting a polyamine and a dicarboxylic acid or its derivatives such as an
      ester, especially a lower alkyl ester having, for instance, about 1 to 4
      carbon atoms in the ester group. Other reactions which may be employed to
      form the polyamides include the self-condensation of monoamino,
      monocarboxylic acids and the reactions of cyclic lactams. In any event,
      the polyamide products contain recurring amide groups as an integral part
      of the principal polymer chain. The polyamides are described, for
      instance, in the Kirk-Othmer, Encyclopedia of Chemical Technology, Second
      Edition, Volume 16, beginning at page 1, Interscience Publishers, New
      York, 1968. Among the typical structural formulas of the linear polyamides
      are H.sub.2 NRNH(COR'CONHRNH).sub.n COR'COOH and H.sub.2 NRCO(NHRCO).sub.n
      NHRCOOH, where R and R' represent primarily carbon-to-carbon chains
      between functional groups in the reactants, and n represents the degree of
      polymerization or the number of recurring groups in the polymer chain. The
      polyamides which can be used in this invention are generally solid at room
      temperature, and have a molecular weight which makes them suitable for
      forming the desired membranes, for example, about 8,000 to 20,000.
PAR  The carboxylic acids which may be used in forming the polyamides have an
      acyloxy group (--R--COO--) in their structure and the R member of this
      group is composed essentially of carbon and hydrogen and often contains
      about 6 to 12 carbon atoms. Such groups may be aliphatic, including
      cycloaliphatic, aromatic, or a mixed structure of such types, but the
      groups are preferably aliphatic and saturated with respect to
      carbon-to-carbon linkages. These R groups may preferably have straight
      chain carbon-to-carbon or normal structures. Among the useful dicarboxylic
      acid reactants are adipic acid, sebacic acid, azelaic acid, isophthalic
      acid, terephthalic acid, and the methyl esters of these acids.
PAR  The polyamines employed in making the polyamides generally have at least
      two non-tertiary, amino nitrogen atoms. These nitrogen atoms may be
      primary or secondary in configuration, although amines having at least two
      primary nitrogen atoms are preferred. The polyamines may also have both
      primary and secondary nitrogen atoms and the polyamines may contain
      tertiary nitrogen atoms. The preferred polyamine reactants have aliphatic,
      including cycloaliphatic, structures, and often have from 2 to about 12
      carbon atoms. Also, the preferred polyamines are saturated and have
      straight-chain structures, although branched-chain polyamines can be used.
      Among the useful polyamines are ethylene diamine, pentamethylene diamine,
      hexamethylene diamine, diethylene triamine, decamethylene diamine and
      their N-alkyl substituted derivative, for instance, the lower alkyl
      derivatives which may have, for instance, 1 to 4 carbon atoms in the alkyl
      substituents.
PAR  The polyamide polymers which are employed in this invention are those in
      which the film-forming polyamide is an N-alkoxyalkyl-substituted
      polyamide. Materials of this type are well known, as shown, for instance,
      by U.S. Pat. Nos. 2,430,910 and 2,430,923, which disclose N-alkoxymethyl
      polyamides made by the reaction of a polyamide polymer, formaldehyde and
      alcohol. Generally, at least about 5% of the amide groups of the polymer
      are substituted with alkoxyalkyl groups and such substitution may be up to
      about 60% or more. Preferably, this substitution is about 10 to 50% with
      the product being soluble in hot ethanol. Advantageously, these polymers
      themselves are hydrophilic and absorb at least about 5 weight percent
      water when immersed in distilled water for one day at room temperature and
      pressure.
PAR  The alcohols employed in making the N-alkoxyalkyl polyamides are generally
      monohydric and may have, for instance, from 1 to about 18 or more carbon
      atoms. The lower alkanols are preferred reactants, especially the lower
      alkanols having 1 to 4 carbon atoms. Among the useful alcohols are
      methanol, propanols, butanols, oleyl alcohol, benzyl alcohol, lauryl
      alcohol and alcohol ethers, for instance, the alkyl ethers of ethylene
      glycol.
PAR  The N-alkyloxyalkyl polyamides employed in the present invention to provide
      the desired semi-permeable membrane may be reacted with cross-linking
      agents, especially after the fibers are formed. For instance, the fibers
      may be combined with the cross-linking agent and these materials may react
      under the influence of heat. The cross-linking agents may be, for example,
      polycarboxylic acids, especially the dicarboxylic and tricarboxylic acids
      which may have, for instance, from 2 to about 12 carbon atoms. Useful
      acids include oxalic acid, citric acid, maleic acid, and the like. The
      water-soluble, alkali metal salts of the polycarboxylic acids, e.g. sodium
      citrate, may be present in the composition during formation of the fibers.
      Upon acidifying the polymers, the corresponding carboxylic acid is formed
      and may serve to cross-link the N-alkoxyalkyl polyamide. If a
      polycarboxylic acid cross-linking agent be present in an extrudable
      mixture held at an elevated temperature desired for extrusion, the
      cross-linking reaction may proceed to an undesirable extent and make the
      mixture non-extrudable. Cross-linking may provide membranes with improved
      permeability when the polyamide is swollen with water at the time the
      cross-linking reaction occurs. Swelling of the membrane may also be
      accomplished with organic liquids such as ketones, and monohydric and
      polyhydric alcohols, e.g. alkanols, e.g. propanol, butanol and the like,
      glycols, glycerol, monoalkyl-terminated glycols or glycol ethers, and the
      like. A minor amount, say at least about 3 weight percent, of the swelling
      agent may be in the fibers when cross-linking takes place, preferably this
      amount is about 5 to 100 weight percent, based on the weight of the
      fibers.
PAR  The polyvinyl alcohols employed in the present invention are essentially
      water-soluble materials, at least in hot water, and many of these are
      commercially available. The molecular weights of these polymers are often
      at least about 1000, and are commonly in the range of about 10,000 to
      300,000. Suitable polyvinyl alcohol polymers are described in, for
      example, "Water-Soluble Resins", Second Edition, Edited by Robert L.
      Davidson and Marshall Sittig, pages 109 to 115, Reinhold Book Corporation,
      New York, N.Y. The polyvinyl alcohol may be cross-linked, especially after
      the fibers are formed. The presence of the cross-linked polyvinyl alcohol
      may increase the strength of the fibers and increase their resistance to
      loss of polyvinyl alcohol by leaching during use. The cross-linking agents
      used may be polycarboxylic acids, preferably those having from 2 to about
      12 carbon atoms. The useful acids are preferably water-soluble; and among
      the polycarboxylic acids, the diacids and triacids, and especially the
      saturated diacids, are preferred. Included among these are the aliphatic
      polycarboxylic acids, including oxalic acid, citric acid, maleic acid,
      malonic acid, and the like. The polyvinyl alcohol may also be cross-linked
      by reaction with formaldehyde, e.g. by immersing the fibers in an aqueous
      bath containing 10% Na.sub.2 SO.sub.4 and 3% HCHO, at 50.degree.C. for  1
      to 3 hours.
PAR  In another method of cross-linking the polyvinyl alcohol, the formed hollow
      fibers may be combined with the cross-linking agent and the composite can
      be subjected to heat treatment to effect cross-linking. The temperatures
      used during cross-linking should be sufficient to enhance the
      cross-linking reaction to the desired degree, but not such as to affect
      the fibers detrimentally. The amount of cross-linking agent used may
      depend upon which agent is chosen, the amount and molecular weight of the
      polyvinyl alcohol present in the mixture, and the degree of completion of
      the cross-linking reaction desired. The amount of cross-linking agent
      generally used may be from about 1 to about 100 weight percent, and
      preferably from about 5 to about 60 weight percent, based on the weight of
      the polyvinyl alcohol.
PAR  The di(lower alkyl) sulfoxides which may be used to form the membranes of
      this invention are essentially liquid at ambient temperatures of about
      20.degree. to 25.degree.C. Each alkyl group of these materials often has
      up to about 3 carbon atoms and thus these sulfoxides include dimethyl
      sulfoxides, diethyl sulfoxide, dipropyl sulfoxide and the like. The use of
      dimethyl sulfoxide (DMSO) is preferred in this invention.
PAR  The semi-permeable fiber membranes of this invention have excellent
      strength, permeability characteristics and other physical properties which
      make them specially suitable for use to separate chemicals from various
      mixtures, and in this use the membranes can be in contact with an aqueous
      liquid barrier solution which contains complex-forming metal components as
      ions in solution. Such ions may contain transition metals such as silver
      or other precious metals, copper or the like. The semi-permeable membranes
      are essentially impervious to the passage of liquid of liquid but pervious
      to gases, under the conditions at which the membranes are used. The fiber
      membranes are sufficiently hydrophilic to hold the liquid barrier solution
      at least partly, if not essentially entirely, within the fiber membrane.
      Generally, the fibers will absorb at least about 5, preferably at least
      about 10, weight percent of water when immersed in distilled water for one
      day at room temperature and pressure.
PAR  The process can be employed to separate various chemicals from other
      ingredients of a feed mixture providing at least one of the components of
      the mixture exhibits a complexing rate with the material to be separated
      or transfer rate across the liquid barrier that is greater than at least
      one other dissimilar or different component of the feedstock. A pressure
      differential exists across the liquid barrier-membrane combination with
      the exit side of the fibers being at a lower pressure than the inlet side.
      The separated component of the feed mixture is removed from the exit side
      of the membrane, e.g. by a purge or sweep gas. Quite advantageously, the
      system can be used to separate aliphatically-unsaturated hydrocarbons from
      other hydrocarbons which may be aliphatically-saturated or
      aliphatically-unsaturated, or from non-hydrocarbon materials, including
      fixed gases such as hydrogen. The feed mixture may thus contain one or
      more paraffins, including cycloparaffins, mono- or polyolefins, which mat
      be cyclic or acyclic, and acetylenes or alkynes, and the mixture may
      include aromatics having such aliphatic configurations in a portion of
      their structure. Often, the feed mixture contains one or more other
      hydrocarbons having the same number of carbon atoms as the unsaturated
      hydrocarbon to be separated or only a one carbon atom difference. Among
      the materials which may be separated according to this invention are those
      having 2 to about 8, preferably 2 to 4 carbon atoms such as ethylene,
      propylene, butenes, butadiene, isoprene, acetylene and the like. These
      separation procedures are described further in the foregoing cited patent
      application which is herein incorporated by reference.
DETD
PAR  The following examples will serve to illustrate the present invention.
PAC  EXAMPLE 1
PAR  In this example extrusion of the polymer mixture was conducted under a
      nitrogen pressure between 200 and 1000 psi on a feed tank and with the
      extruder having a heated head. Hollow fibers of the polymer blend were
      formed by extrusion through a die having an opening in its center. During
      extrusion, air or nitrogen was blown through the center of the fiber by
      passage through a hypodermic needle extending into the opening in the
      middle of the die. After extrusion the fibers were stretched under their
      own weight by allowing the fibers to drop below the extruder head. The
      stretched fibers were crosslinked by immersion in a 3% p-toluene sulfonic
      acid in 10% aqueous sodium sulfate bath for 60 minutes at 55.degree.C. The
      fibers were then washed repeatedly with water to remove the salt from them
      and allowed to dry.
PAR  Fibers were made while using two different extruder heads. One head (Head
      1) had a hole 0.067 inch in diameter with a 0.031inch O.D. needle in the
      center of the hole, while the other head (Head 2) had a hole 0.040inch in
      diameter having a 0.020inch O.D. needle in the center of the hole. During
      extrusion the polymer compositions are forced through the annular space
      between the opening in the extruder head and the needle, and air is forced
      through the needle to keep the extruded hollow fiber from collapsing.
PAR  A number of different fibers were extruded using various head temperatures,
      driving pressures, air flow rates and fiber falling distances for drawing.
      The compositions employed were formed by mixing the named ingredients at
      ambient temperature and then raising the temperature of the mixture to
      approximately 260.degree.F. to effect melting. The mixture is heated at
      this temperature for at least 1 hour while undergoing vigorous stirring
      before extrusion. The compositions contained the following:
TBL                Table I                                                     
     ______________________________________                                    
                    Composition                                                
     Component        1           2                                            
     ______________________________________                                    
     Polyvinyl alcohol (0 to                                                   
                      80      grams   40    grams                              
     0.5% acetate)                                                             
     Nylon, Belding       120     grams 160   grams                            
            BCI-819, an                                                        
            N-methoxy-                                                         
            methyl 6:6                                                         
            nylon                                                              
     DMSO                 200     ml.   200   ml.                              
     H.sub.2 O            20      ml.   10    ml.                              
     ______________________________________                                    
PAL  The polyvinyl alcohol employed was Borden's high molecular weight (0 to
      0.5% acetate) grade, and was determined to have a number average molecular
      weight of about 12,360 by gel permeation chromatography. A 4% aqueous
      solution of the polymer was determined to have a viscosity of 60
      centipoises at 20.degree.C. by the capillary tube technique, which may
      indicate a molecular weight in the 200,000 range.
PAR  The results of these extrusions are given in Tables II and III. Hollow
      fibers up to 50 feet long were made and were free of holes in the fiber
      wall and free of plugs in the fiber bore.
TBL                                    Table II                                
     __________________________________________________________________________
     Extruder Head 1 - Composition 1                                           
          T.degree.F.                                                          
                  T.degree.F.                                                  
                       Feed Tank                                               
     Batch                                                                     
          Feed                                                                 
              T.degree.F.                                                      
                  Line to                                                      
                       Pressure,                                               
                              Drop Dis.                                        
                                     Air Rate                                  
                                           Fiber                               
     No.  Tank                                                                 
              Head                                                             
                  Extruder                                                     
                       psig   inches ml./min.                                  
                                           O.D                                 
     __________________________________________________________________________
     86-4 260 200 205  150    161/2" .191  .037"                               
     86-5 260 205 210  150    161/2" .191  .050"                               
     86-7 260 210 215  150    161/2" .096  .047"                               
     86-8 260 210 215  150    231/2" .096  .044"                               
     86-10                                                                     
          260 215 220  200    31"    .096  .032"                               
                              45"    .096  .030"                               
     __________________________________________________________________________
TBL                                    Table III                               
     __________________________________________________________________________
     Extruder Head 2 - Composition 2                                           
          T.degree.F.                                                          
                  T.degree.F.                                                  
                       Feed Tank                                               
     Batch                                                                     
          Feed                                                                 
              T.degree.F.                                                      
                  Line to                                                      
                       Pressure,                                               
                              Drop Dis.                                        
                                     Air Rate                                  
                                           Fiber                               
     No.  Tank                                                                 
              Head                                                             
                  Extruder                                                     
                       psig   inches ml./min.                                  
                                           O.D.                                
     __________________________________________________________________________
     98-9 260 200 202  300    16"    .0382 .035"                               
     98-11                                                                     
          260 200 202  300    231/2" .0191 .033"                               
     98-12                                                                     
          260 202 202  350    231/2" .0191 .033"                               
     98-14                                                                     
          260 204 204  300    16"    .0191 .029"                               
     98-18                                                                     
          260 205 205  300    16"    .0096 .026"                               
     98-20                                                                     
          260 206 206  200    16"    .0096 .023"                               
     98-22                                                                     
          260 206 206  250    16"    .0076 .024"                               
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Four hollow fiber separation test units were prepared, one from each of
      fiber batches 86-9 and 86-10 (both Composition 1), and two from fiber
      batch 9822 (Composition 2), see Tables I, II and III. The units were
      prepared by taking the appropriate dry fiber and potting the ends into
      separate 21/2 .times. 1/4 inches O.D. stainless steel tubes with an epoxy
      resin. Potting was done in such a manner to insure that after curing, the
      ends of the fibers could be exposed by the removal of a small amount of
      the cured potting resin and fiber. The curing of the potting compound was
      done at room temperature for 24 hours. Each unit was prepared using one
      fiber with an effective membrane length of 14 inches and an effective area
      of 4.3 cm.sup.2. All fibers had been crosslinked before potting by heating
      at 50.degree.-60.degree.C. in an aqueous bath of 3% p-toluene sulfonic
      acid and 10% sodium sulfate for 90 minutes. The fibers were thoroughly
      rinsed in distilled water and dried after crosslinking.
PAR  Each fiber unit was soaked for 3 hours in 6M aqueous AgNO.sub.3 to activate
      the fiber for an ethylene separation test. After soaking, the fibers were
      tested individually in a hollow fiber test cell. Each fiber was supplied
      with a humidified feed gas mixture of ethane, methane, and ethylene under
      pressure and at the rate of 10 ml./min. In three of the four units the
      feed gas was supplied to the inside of the hollow fiber, i.e. the units
      having fibers 86-9, 86-10 and one of 98-22. In the fourth unit having the
      other 98-22 fiber the feed gas was supplied to the outside of the fiber. A
      purge gas stream of 10 ml./min. of nitrogen was continually supplied to
      the other side of the fiber in each test. The composition of the purge
      stream exiting the cell was periodically monitored to determine the
      selectivity of the fibers to ethylene and their permeability. The results
      of these tests are summarized in Table IV and they show that the hollow
      fibers can be used as semi-permeable membranes for purifying olefins,
      especially ethylene.
TBL                                    Table IV                                
     __________________________________________________________________________
     PERFORMANCE OF HOLLOW FIBERS IN                                           
     ETHYLENE PURIFICATION                                                     
                 Feed Gas =                                                    
                        18.37% Methane                                         
                        39.77% Ethylene                                        
                        41.86% Ethane                                          
                                     Permea-                                   
               Feed                  tion                                      
               Pres-                 Rate.**                                   
               sure,                                                           
                   Permeate Composition                                        
                                     ml./cm.sup.2 -                            
     Fiber No. PSIG                                                            
                   Methane                                                     
                        Ethylene                                               
                             Ethane                                            
                                 S*  min.                                      
     __________________________________________________________________________
     86-9      10  0.06 99.77                                                  
                             0.17                                              
                                 660 0.042                                     
     86-10     10  0.06 99.79                                                  
                             0.15                                              
                                 660 0.026                                     
     98-22                                                                     
      (feed inside)                                                            
               15  0.55 95.02                                                  
                             4.43                                              
                                  29 0.00081                                   
     98-22                                                                     
      (feed outside)                                                           
               15  0.20 99.55                                                  
                             0.25                                              
                                 335 0.0026                                    
     __________________________________________________________________________
              Methane + Ethane                                                 
                              Ethylene                                         
     *S=Selectivity=       .times.                                             
              Ethylene        Methane + Ethane                                 
                       feed             permeate                               
     **Based on log mean diameter of 15.15 mils.                               
PAC  EXAMPLE 3
PAR  Hollow fibers were formed by extrusion essentially in the manner described
      in Example 1 using an extrusion mixture having 72 grams of the polyvinyl
      alcohol, 128 grams of BCI-819 nylon, 209 ml. of DMSO and 21 ml. H.sub.2 O.
      The extruded fibers were annealed at 290.degree.F. to remove flaws, dried
      at 75.degree.C. for 2 hours to remove the solvents and cross-linked by
      immersion for 60 minutes in a 3% aqueous p-toluene sulfonic acid bath (10%
      Na.sub.2 SO.sub.4) at 55.degree.F. The cross-linked fibers were dried.
PAR  The fibers were assembled in two test units Unit 1 and Unit 2 in the manner
      described in Example 2 using Dow-Corning Sylgard 184, a silicone potting
      resin, to hold the ends of the fibers, there being 4 fibers in each unit.
      The assembled fibers had an active length of 11 inches. The fibers of Unit
      1 and Unit 2 were made using an extruder head having a 0.030 inch diameter
      hole and 0.016 inch outside diameter needle. The fibers themselves had the
      following cross sections: those in Unit 1 had an O.D. of 0.020 inch and an
      I.D. of 0.0055 inch while those in Unit 2 had an O.D. of 0.0177 inch and
      an I.D. of 0.0093 inch. The active surface area of Unit 1 was about 10
      cm.sup.2 and of Unit 2 and 11.7 cm.sup.2. The units were stabilized by
      using them several times to separate ethylene from admixture with ethane
      and methane after impregnation of the fibers with an aqueous silver
      nitrate solution.
PAR  Two of these units were made and stabilized as described above. The units
      were then immersed for one hour in 2N aqueous silver nitrate (Unit 2) or a
      2N silver nitrate 50% glycerol -- 50% water solution (Unit 1),
      respectively, to impregnate the fibers. The impregnated units were tested
      for four days in an ethylene separation process in which a
      methaneethane-ethylene feed flowed down the center of the fibers at 20
      psig and at a rate of 10 ml./min. (S.T.P.). A nitrogen purge
      supersaturated with water passed over the outside of the fibers at
      atmospheric pressure and at the rate of 10 ml./min. The nitrogen purge gas
      was super-saturated with water by bubbling the gas purge through a water
      trap set at 30.degree.C. The purpose of the purge was to pick up the gases
      permeating the walls of the fibers. A gas chromatographic analysis of the
      purge provided both the composition and the permeation rate of the gases
      coming through the fiber walls. During the four day test period the unit
      having no glycerol (Unit 2 ) performed better than the other unit.
PAR  Both of the test units were then impregnated by contact with a 2N aqueous
      silver nitrate solution containing 0.3% H.sub.2 O.sub.2 for 1 hour at 20
      psig. This impregnation apparently decreased the glycerol content of the
      fibers in Unit 1. The units were retested and the operation of Unit 1 was
      considerably better than that of Unit 2 having no glycerol, and the
      deactivation rate of Unit 1 was only about one-half of that of Unit 2. The
      half-life in terms of ethylene permeability for Unit 1 was 12.5 days and
      for Unit 2 was 5.5 days. The results of these tests are reported in Table
      V.
TBL                                    Table V                                 
     __________________________________________________________________________
                                 Permeation                                    
                  Permeate       Rate   S.                                     
     Unit    Days % CH.sub.4                                                   
                       % C.sub.2 H.sub.4                                       
                            % C.sub.2 H.sub.6                                  
                                 ml/cm.sup.2 min                               
                                        (selectivity)                          
     __________________________________________________________________________
     (Feed        20.7 35.6 43.7)                                              
     1.      0    0.32 99.11                                                   
                            0.57 .033   205                                    
     (Glycerol)                                                                
             1    0.30 99.22                                                   
                            0.48 .035   234                                    
     .dwnarw.                                                                  
             2    0.38 98.99                                                   
                            0.62 .027   180                                    
             3    0.43 98.94                                                   
                            0.63 .026   172                                    
             4    0.42 98.85                                                   
                            0.73 .026   158                                    
             7    0.50 98.67                                                   
                            0.83 .025   137                                    
             8    0.57 98.55                                                   
                            0.88 .022   125                                    
             9    0.59 98.06                                                   
                            1.35 .019   93                                     
             10   0.61 98.27                                                   
                            1.12 .021   105                                    
             11   0.71 98.08                                                   
                            1.21 .016   94                                     
     __________________________________________________________________________
     2.      0    0.42 98.91                                                   
                            0.67 .028   167                                    
     (No glycerol)                                                             
     .dwnarw.                                                                  
             1    0.48 98.81                                                   
                            0.71 .025   153                                    
             2    0.64 98.66                                                   
                            0.70 .025   135                                    
             3    0.60 98.39                                                   
                            1.02 .021   112                                    
             4    0.63 98.25                                                   
                            1.13 .021   103                                    
             7    1.09 97.03                                                   
                            1.88 .012   60                                     
             8    1.50 95.76                                                   
                            2.74 .012   42                                     
             9    1.57 95.83                                                   
                            2.61 .010   42                                     
             10   1.71 95.23                                                   
                            3.07 .0096  37                                     
             11   1.89 95.24                                                   
                            2.88 .0090  37                                     
     __________________________________________________________________________
PAL  These data show that the presence of glycerol increased the permeation rate
      and selectivity of the separation.
PAC  EXAMPLE 4
PAR  A mixture containing 75 gms. of the polyvinyl alcohol described in Example
      1, 175 gms. of nylon (Belding BCI-819), 250 ml. of dimethyl sulfoxide and
      25 ml. of distilled water was stirred for 2 hours at 270.degree.F. in the
      feed tank of the extruder of Example 1. The extruder was sealed, and the
      temperature of the extruder tank was set at 250.degree.F. The line between
      the tank and the extruder head was at 206.degree.F., and the extruder head
      was at 225.degree.F. The extruder head had an annular opening with the
      O.D. being 0.050 inch and the I.D. being a hypodermic needle 0.025 inch in
      outside diameter. During extrusion, air was pumped through the hypodermic
      needle to maintain the fiber bore open.
PAR  Fibers were extruded at the rate at 4 feet/min. when the tank was
      pressurized with 250 psig of nitrogen, and air was pumped through the
      hypodermic needle at the rate of 0.061 ml./min. The fiber was allowed to
      drop 11 inches to stretch it somewhat. After the fiber cooled (at least 30
      sec.) it was pulled at a rate of 3.7 feet per minute through a 3-foot long
      heated furnace maintained at 252.degree.F. This timetemperature
      combination was sufficient to fuse the polymer particles without
      distorting the fiber shape. The fiber is under some small stress at this
      point and does stretch. The final fiber had an O.D. of 0.028 inch. After
      this melting step, the fibers are fairly elastic and can be stretched
      further. When stretching was done to a similarly prepared fiber, the
      resulting fiber had a 0.020 inch O.D.
PAC  EXAMPLE 5
PAR  A hollow fiber A was extruded essentially in accordance with the procedure
      described in Example 1 using a mixture containing 65 weight % of BCI-819
      nylon and 35 weight % of the polyvinyl alcohol of Example 1 to which was
      added 95 weight % of DMSO and 15 weight % H.sub.2 O based on the total
      weight of the nylon and polyvinyl alcohol. The fiber was then cross-linked
      by immersion for 1 hour in a 50.degree.C. aqueous bath containing 10%
      sodium sulfate and 3% p-toluene sulfonic acid. The cross-linked fiber was
      then washed thoroughly with distilled water. The fiber was swollen by
      being allowed to stand overnight in a humidified atmosphere before
      stretching.
PAR  Stretching of the fiber was accomplished by feeding it in a water swollen
      state to a spool 1.5 in. diameter, which in turn fed the fiber to another
      spool 3.0 in. diameter, which in turn supplied the fiber to a spool 6.0 in
      diameter. From the last spool the fiber was taken up on 15/8 inches
      diameter spool. The first three spools were affixed on the same shaft and
      thus were maintained at the same angular velocity. The takeup spool was
      operated at a rate 5 times that of the third spool. A constant stress of
      62.5 grams was applied to the fiber before it reached the first spool.
      Table VI summarizes the diameter changes found for fiber A after
      stretching.
PAR  A second experiment was carried out with a hollow fiber (Fiber B) which was
      of a composition similar to fiber A and was extruded, annealed and
      crosslinked in the same manner as fiber A. Fiber B was stored in water for
      at least 1 hour to produce a swollen condition. A 10-inch section of fiber
      B was then stretched by hand pulling until the relaxed length of the fiber
      was 20 inches. The stretching results are also summarized in Table VI.
TBL                Table VI                                                    
     ______________________________________                                    
     Stretching of Hollow Fibers                                               
     Change in Diameters.                                                      
                Outside Diameter                                               
                            Inside Diameter                                    
                (mils)      (mils)                                             
     ______________________________________                                    
     Fiber A,                                                                  
             initial  24            --                                         
             final    15            --                                         
     Fiber B,                                                                  
             initial  36            12                                         
             final    24            8                                          
     ______________________________________                                    
PAR  Fiber B, both unstretched and stretched, was evaluated as a membrane for
      separating ethylene in a test cell in a manner similar to the procedure
      described in Example 2. The fiber was secured in the cell by potting with
      a silicone potting compound (Slygard 184, Dow-Corning Corp.). The cell was
      filled with 6 M aqueous AgNO.sub.3 and allowed to soak for 60 minutes.
      This allows AgNO.sub.3 to enter the fiber. The excess AgNO.sub.3 was then
      removed from the cell. A hydrocarbon feed gas was then supplied to the
      inside of the hollow fiber at 10 psig and 10 ml./min. The outside of the
      hollow fiber was continually purged with a humidified 10 ml./min. stream
      of helium. Sampling of the purge stream exiting the cell was done
      periodically. The samples were analyzed by gas chromatography. From these
      analyses the permeation rate for and selectivity to ethylene of the fibers
      were determined. The results of these tests are summarized in Table VII.
TBL                                    Table VII                               
     __________________________________________________________________________
     PERFORMANCE OF FIBER B AS AN ETHYLENE SELECTIVE MEMBRANE                  
     Feed Gas Composition:   Methane                                           
                                  18.6 wt %                                    
                             Ethylene                                          
                                  39.7 wt %                                    
                             Ethane                                            
                                  41.7 wt %                                    
     Fiber, Time  Area*                                                        
                       Permeate Comp., Wt. % (He-free)                         
                                             Permeation Rate                   
     After Startup                                                             
                  (Cm.sup.2)                                                   
                       Methane                                                 
                             Ethylene                                          
                                   Ethane                                      
                                         S** (ml/cm.sup.2 -min)                
     __________________________________________________________________________
     Fiber B,                                                                  
           stretched                                                           
                  4.6                                                          
           2 hrs.      0.04  99.82 0.14  843 0.041                             
           6 hrs.      0.04  99.82 0.14  842 0.045                             
     Fiber B,                                                                  
           unstretched                                                         
                  5.35                                                         
           2 hrs.      0.07  99.80 0.13  750 0.013                             
           6 hrs.      0.08  99.77 0.16  666 0.018                             
     __________________________________________________________________________
       *A = surface area of fiber utilized for the separation                  
      **S = Selectivity, see Table IV                                          
PAR  It is evident from Table VI that stressing of the cold water swollen fiber
      produces thinner fibers. Table VII shows that these fibers are both more
      selective and more permeable to ethylene than unstretched fibers.
PAC  EXAMPLE 6
PAR  The following compositions were heated at 260.degree.F. for 2 hours with
      vigorous stirring of the melt:
PAL  1.
PA1  192 gms. BCI-819 nylon
PA1  108 gms. PVA of Example 1
PA1  300 mls. DMSO
PA1  30 ml. Distilled H.sub.2 O
PAL  2.
PA1  192 gms. BCI-819 nylon
PA1  108 gms. PVA of Example 1
PA1  330 mls. DMSO
PAL  Fibers were made from these compositions in a manner similar to that
      described in Example 1. The fibers made from composition (1) were white as
      were the separate polymer powders used; however, the fibers made from
      composition (2) were yellow to brown and exhibited undesirable
      degradation. The presence of the water in composition (1) was responsible
      for the improved results.
PAC  EXAMPLE 7
PAR  Fibers have been extruded essentially by the method described in Example I.
      180 Gms of BCI-819 nylon and 120 gms of the PVA of Example I were tumbled
      together in a Renco evaporator for 20 minutes. To this mixture was added
      500 ml. of a DMSO--H.sub.2 O mixture (500 ml. DMSO to 25 ml. H.sub.2 O).
      The mixture was allowed to gel at room temperature for at least 20 hours.
      The mix was then put into the extruder tank and melted with stirring at
      250.degree.F. for at least 2 hours. The tank was sealed and nitrogen
      pressure (400 psig) forced the melt into a Zenith Laboratory metering
      pump. The pump drives the melt at a controlled rate through a 50-micron
      stainless steel filter and out of the extruder head. The head contains an
      annular die having a hole 0.040 inch in diameter with a 0.016 inch O.D.
      tubing in the center of the hole, to form the fiber. A syringe pump meters
      air through the center tubing in the die. The center tubing is a hollow,
      stainless steel tubing. The air keeps the fiber from collapsing and
      controls the O.D.-to-I.D. ratio of the fiber. Typical values for the
      temperature and feed rates for making the fiber are as follows:
PA1  T.sub.tank =  250.degree.F.
PA1  T.sub.line A =  250.degree.F.
PA1  T.sub.pump =  250.degree.F.
PA1  T.sub.line B =  195.degree.F.
PA1  T.sub.head =  170.degree.F.
PA1  Polymer rate = 2.0 ml/min
PA1  Air rate = 0.076 ml/min
PAL  The fibers, once extruded, are stretched by falling from 3 inches to 30
      inches to an isopropanol quench bath at 0.degree.C. Fibers are extruded
      and collected for 30 min and are then soaked an additional 30 min in the
      0.degree.C. bath. They are next dried at 75.degree.C. for 2 hours,
      crosslinked in an aqueous bath (3% p-toluene sulfonic acid plus 10%
      Na.sub.2 SO.sub.4) at 55.degree.C. for 1 hour, washed 3 times in distilled
      water, and air-dried for at least 24 hours.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A process for forming hollow, semi-permeable membrane fibers which
      comprises extruding a composition through an annular die at an elevated
      temperature to from said fibers, said composition consisting essentially
      of hydrophilic polymer and di(lower alkyl) sulfoxide solvent, said polymer
      consisting essentially of N-alkoxyalkyl polyamide and sufficient
      water-soluble polyvinyl alcohol to enhance the hydrophilic properties of
      the polyamide, said composition having a sufficient amount of water to
      inhibit degradation of the polymer at elevated temperature.
NUM  2.
PAR  2. A process for forming hollow, semi-permeable membrane fibers of claim 1
      in which the extruding through an annular die is at a temperature of about
      60.degree. to 125.degree.C.
NUM  3.
PAR  3. A process of claim 2 in which the di(lower alkyl) sulfoxide is dimethyl
      sulfoxide and the amount of water is about 1 to 30 weight % based on the
      total weight of the dimethyl sulfoxide and water.
NUM  4.
PAR  4. A process of claim 3 in which the polymer has about 30 to 85 weight % of
      said polyamide and about 15 to 70 weight % polyvinyl alcohol based on
      their total.
NUM  5.
PAR  5. A process of claim 4 in which the dimethyl sulfoxide is about 70 to 400
      weight % based on the total polyamide and polyvinyl alcohol.
NUM  6.
PAR  6. A process of claim 5 in which the polyamide is an N-methoxymethyl
      polyamide.
NUM  7.
PAR  7. A process for forming hollow, semi-permeable membrane fibers which
      comprises extruding a composition through an annular die at an elevated
      temperature to form said fibers, said composition comprising polymer
      having about 30 to 85 weight percent of N-alkoxyalkyl polyamide and about
      15 to 70 weight percent of water-soluble polyvinyl alcohol based on their
      total, about 70 to 400 weight percent of di(lower alkyl) sulfoxide based
      on the total weight of the polyamide and polyvinyl alcohol, and about 1 to
      30 weight percent of water based on the total weight of the water and
      di(lower alkyl) sulfoxide.
NUM  8.
PAR  8. A process for forming hollow, semipermeable membrane fibers of claim 7
      in which the extruding through an annular die is at a temperature of about
      70.degree. to 110.degree.C.
NUM  9.
PAR  9. A process of claim 8 in which the di(lower alkyl) sulfoxide is dimethyl
      sulfoxide.
NUM  10.
PAR  10. A process of claim 9 in which the polymer has about 40 to 70 weight %
      of said polyamide and about 30 to 60 weight % polyvinyl alcohol based on
      their total.
NUM  11.
PAR  11. A process of claim 10 in which there is about 90 to 250 weight %
      dimethyl sulfoxide based on the total weight % of the polyamide and
      polyvinyl alcohol, and about 2 to 20 weight % water based on the total
      weight of the water and dimethyl sulfoxide.
NUM  12.
PAR  12. A process of claim 11 in which the polyamide is an N-methoxymethyl
      polyamide.
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ABST
PAL  This invention provides a process for separating metal values from an
      anhydrous mixture of metal halides in a fluid state, i.e. vapor or liquid;
      the separation is made by contacting a fluid mixture containing a halide
      of at least one less-noble metal selected from the group consisting of
      iron and manganese, and a halide of at least one more-noble metal selected
      from the group consisting of copper, cobalt and nickel, with an elemental
      metal. This procedure is especially effective in the refining of ocean
      floor nodule ores.
BSUM
PAR  With the increased awareness on the part of both the public and the metals
      industry of the ecological dangers that can arise from continued surface
      mining of minerals and the increased problems of pollution caused by the
      refining procedures required for most ores mined from the land, industry
      has been interested for several years now in the mining of minerals from
      the sea. This has been an extremely elusive target up to the present. The
      directions taken have included both attempts to wrest minerals directly
      from solution in sea water and the mining of ores which are available on
      the floor of the ocean. These ores do not require any digging into or
      stripping of the earth's crust; the ocean floor ores can merely be scooped
      up or in other ways removed from the ocean floor without actually rending
      the earth's surface.
PAR  Ocean floor nodules were first collected in the first half of the 1870's.
      They have been studied by many workers in an attempt to determine their
      composition, and after their composition had been determined to try to
      decipher ways to wrest from their peculiar structure the valuable metals
      contained therein. It is presently believed that these nodules are
      actually creations of the sea; It is presently believed that these nodules
      are actually creations of the sea; they are somehow grown from the metal
      compounds which are dissolved in sea water, generally in the form of the
      metal oxides.
PAR  The metal values in the nodules are almost exclusively in the form of the
      oxides and moreover are present in a very peculiar physical configuration.
      The physical and chemical structure of the nodules are believed to be a
      direct result of the conditions under which they are created and to which
      they have been exposed since their creation. The nodules have never been
      exposed to temperatures other than those at the bottom of the ocean at the
      location at which they were formed. They have an extremely large surface
      area, often better than 50porosity and they are thus a relatively
      chemically reactive ore.
PAR  The nodules are formed in an extremely complex crystal matrix of iron and
      manganese oxides: tiny grains of each oxide of a size and type which are
      substantially impossible to separate with presently available physical
      means. These iron and manganese oxides form the crystalline structure
      within which are held, by means not precisely known, other metal
      compounds, most likely oxides, including those of nickel, copper and
      cobalt, as the main ingredients, followed by chromium, zinc, tin,
      vanadium, and many more elements, including the rare metals silver and
      gold.
PAR  The precise chemical composition of the nodules vary depending upon their
      location in the ocean. The variation apparently is caused by differences
      in temperature in various places; differences in composition of sea water;
      perhaps caused by the pressure and temperature variations at different
      depths and composition of adjacent land areas; variations in the amount of
      oxygen which is present in the water in different locations and perhaps
      other variables not readily apparent to observers. Generally, however, in
      almost all cases, the metals which are present in major proportions are
      manganese and iron. The following table (taken from the article entitled
      "The Geochemistry of Manganese Nodules and Associated Deposits from the
      Pacific and Indian Oceans" by Croonan and Tooms in Deep Sea Research
      (1969), Volume 16, pages 335 - 359, Pergamon Press (Great Britain) shows
      the relative compositions of the most valuable metals contained in nodules
      taken from different areas within the Pacific and Indian Oceans.
TBL                                    Table I                                 
     __________________________________________________________________________
     1          2     3     4     5     6     7     8     9                    
     __________________________________________________________________________
     Mn   13.96 16.87 15.71 15.85 22.33 19.81 16.61 13.56 15.83                
     Fe   13.10 13.30 9.06  12.22 9.44  10.20 13.92 15.75 11.31                
     Ni   0.393 0.564 0.956 0.348 1.080 0.961 0.433 0.322 0.512                
     Co   1.127 0.395 0.213 0.514 0.192 0.164 0.595 0.358 0.153                
     Cu   0.061 0.393 0.711 0.077 0.627 0.311 0.185 0.102 0.330                
     Pb   0.174 0.034 0.049 0.085 0.028 0.030 0.073 0.061 0.034                
     Ba   0.274 0.152 0.155 0.306 0.381 0.145 0.230 0.146 0.155                
     Mo   0.042 0.037 0.041 0.040 0.047 0.037 0.035 0.029 0.031                
     V    0.054 0.044 0.036 0.065 0.041 0.031 0.050 0.051 0.040                
     Cr   0.0011                                                               
                0.0007                                                         
                      0.0012                                                   
                            0.0051                                             
                                  0.0007                                       
                                        0.0005                                 
                                              0.0007                           
                                                    0.0020                     
                                                          0.0009               
     Ti   0.773 0.810 0.561 0.489 0.425 0.467 1.007 0.820 0.682                
     L.O.I.                                                                    
          30.87 25.50 22.12 24.78 24.75 27.21 28.73 25.89 27.18                
     Depth                                                                     
     (m)  1757  5001  5049  1146  4537  4324  3539  3793  5046                 
     __________________________________________________________________________
      1. Mid-Pacific Mountains(5 samples)                                      
      2. West Pacific(23 samples)                                              
      3. Central Pacific(9 samples)                                            
      4. Southern Borderland Seamount Province(5 samples)                      
      5. Northeast Pacific(10 samples)                                         
      6. Southeast Pacific(8 samples)                                          
      7. South Pacific(11 samples)                                             
      8. West Indian Ocean(10 samples)                                         
      9. East Indian Ocean(14 samples)                                         
PAR  Nodules are also found in the Atlantic Ocean; however, it has been found
      that generally these nodules contain low amounts of the more valuable
      metals and correspondingly higher proportions of the less desirable metals
      which cannot be readily refined and which have little or no value, such as
      the alkaline earth metals.
PAR  Because of the peculiar and intricate crystal structure of the ocean floor
      nodules, the common refining techniques used for the refining of land ores
      are not generally suitable for the nodules. The art has struggled with
      various schemes for refining these nodules but it is only recently that
      processes have been devised which permit the commercial refining of these
      nodules to obtain economically significant quantities of the valuable
      metals contained therein in the necessary degree of purity.
PAR  Relatively recent developments in the refining of certain metal ores,
      particularly those known as the manganiferous ores, such as the nodule
      ore, have included processes utilizing high temperatures wherein the metal
      values, specifically nickel, cobalt, copper and manganese and sometimes
      iron, have been converted to their respective halides and then fused or
      sublimed to form a fluid, i.e. liquid or vapor, metal halide mixture.
PAR  Ocean floor nodules have been refined by a variety of methods including
      anhydrous halidation, utilizing a vaporous halidation medium, e.g.
      hydrogen chloride vapor or chlorine, with or without a separate reducing
      agent, or molten alkali or alkaline earth metal halides, with or without a
      separate reducing agent. Generally, the nodule ore is crushed, ground and
      dried, reacted with the halidation agent, and optional reducing agent, to
      form the halides of the metal values present in the ore and heated to
      temperatures sufficiently high to cause the rapid vaporization of the
      metal halides thus formed. The vaporized metal halides, comprising nickel,
      copper, cobalt and manganese, and in some cases iron, are removed overhead
      and then condensed. Alternatively, if alkali or alkaline earth metal
      halides were to be used as the halidation agent, the reaction occurs in a
      molten bath of the alkali or alkaline earth metal halides or mixtures
      therof, into which the nickel, cobalt, copper and manganese halides
      dissolve as they are formed. The nickel, cobalt, copper and manganese
      halide can be vaporized from the molten bath. See, for example, the
      chloridation vaporization procedures disclosed in German Patent
      Specification No. P2126175.6-24, and copending commonly assigned U.S.
      applications, Ser. Nos. 40565, 40587, 40564 and 40590 filed May 26, 1970.
PAR  In the above process, the vaporized halides are condensed and then
      dissolved to form an aqueous solution. The metal values are individually
      separated from the solution of halides by a series of procedures including
      extracting with a liquid ion exchange agent and cementation.
PAR  Alternatively, the molten bath from the alkali and/or alkaline earth metal
      halide treatment was separated from the ore, dissolved to form an aqueous
      solution, and this solution treated to separate out the individual metal
      halides, as by liquid ion exchange procedures.
PAR  The known separation procedures, regardless of how the halides were
      obtained and dissolved, all required the consecutive separation of the
      iron if present, copper, cobalt and nickel halides followed by the removal
      of trace metals, as by precipitation, finally leaving a relatively pure
      stream of manganese halide. Therefore, the relatively large quantity of
      manganese halide had to be handled throughout the entire separation
      procedure.
PAR  U.S. Pat. No. 2,733,983, discloses a process for refining nickeliferous
      ores containing low concentrations of nickel and cobalt, e.g. low grade
      laterite and serpentine ores, such ores also contain, in addition to
      nickel and cobalt, iron, magnesium, silicon, etc. Such ores are refined by
      first oxidizing the ores and then chloridizing the nickel and cobalt
      values in the ores without chloridizing the undesirable materials in the
      ore. The ore is reacted with ferric chloride at temperatures at which the
      ferric chloride is in the vapor state; the temperature is then increased
      to about 1000.degree.C after the ferric chloride has been removed to
      volatilize the nickel and cobalt halides previously formed by reaction
      with ferric chloride. The sublimed cobalt chloride and nickel chloride are
      removed and condensed. The nickel and cobalt chlorides can be fractionated
      by differential evaporation or condensation if desired. The chlorides are
      then reduced to the elemental metal by various methods including initial
      reconversion to the oxides and reduction with carbon, reducing the
      crystallized chlorides to the metal by reacting with hydrogen to form
      finally divided metal and hydrogen chloride, or electrolysis of an aqueous
      solution of the halides to reduce the halides to the metal.
PAR  Manganiferous iron ore has been chloridized by reaction with calcium
      chloride or sodium chloride followed by volatilization of the manganese
      chloride and other metal chlorides which are thereby formed. The mixed
      metal chloride vapor which is formed by this chloridation technique at
      approximately 1100.degree.C is condensed as a dry product and then
      dissolved to form an aqueous solution. Any iron chloride formed is
      converted and precipitated as iron oxide. The manganese chloride can also
      be precipitated as a manganous hydroxide by the addition of alkali. See
      U.S. Department of the Interior, Bureau of Mines, Information Circular
      8160, "Review of Major Proposed Processes for Recovering Manganese from
      U.S. Resources;" (2) "Chloride and Fixed Nitrogen Processes" by Norman et
      al.
PAR  Pyrites ores have been initially roasted and then chloridized using calcium
      chloride; the various non-ferrous metals, for example, copper, zinc
      silver, lead and bismuth are volatilized in the form of their chlorides,
      the chloride vapors are condensed and leached in to an aqueous solution
      from which the various metal values are then segregated. Generally, the
      metal chlorides are condensed by a wet spray method to immediately form
      the aqueous solution of the mixed metal chlorides.
PAR  Methods used for reducing metal halide to the elemental metal include
      passing the aqueous solution of a condensed metal halide or halides over
      another metal, high on the electromotive scale, in a cementation process,
      to obtain the less active metal or metals; for example, "cement" copper
      has been prepared by passing solutions containing copper chloride over
      scrap iron. Solutions containing cadmium, titanium and indium chlorides
      passed over finely divided zinc metal result in a cadmium-titanium-indium
      cementate. In all cases, however, the halides were first condensed and
      dissolved into an aqueous solution. Also, see Chemical Engineering, Apr.
      8, 1968, pages 114-116, "Japanese Process Makes Blast Furnaces Feed Pyrite
      Concentrate" and Habashi, Principles of Extractive Metallurgy, Volume 2,
      "Hydrometallurgy", (Gordon and Breach Science Publishers.)
PAR  It has now been discovered that when refining nodule ore to obtain the
      metal values, by way of the metal halides, it is not necessary to condense
      and dissolve the metal halides to form an aqueous solution before reducing
      the metals to the desired elemental state; it also now is possible to make
      an initial separation of the manganese halide and the other valuable metal
      halides e.g. nickel, copper and cobalt halides eliminating the need to
      carry manganese throughout an entire separation procedure. In accordance
      with the present invention, this can be accomplished by maintaining the
      metal halides at the elevated temperatures at which the halides are in the
      fluid condition, i.e., a molten liquid or a vapor, and contacting the
      fluid mixed halides, comprising nickel halide, copper halide, cobalt
      halide, and manganese halide, and optionally iron halide, with solid
      manganese metal or iron metal as the precipitating metal, to result in the
      formation of nickel, copper and cobalt metals.
PAR  The process of the present invention results in the formation of a desired
      elemental metal directly from an anhydrous fluid state metal halide.
      Thereby the effective separation of metals of different relative
      reactivity such as nickel, copper and cobalt, from manganese and/or iron
      can be obtained. As detailed avove, the primary metal values in the nodule
      ores are manganese and iron. Thus, depending upon the procedure used for
      halidating the ore, manganese and/or iron halides are the primary
      components of the halide vapors. Manganese and iron, however, are not the
      most valuable metals, and therefore, it is desirable to separate their
      halides from the remaining, more valuable, nickel, copper and cobalt
      halides. This is readily accomplished by the use of the process of the
      present invention.
PAR  The following reaction equations exemplify the process of this invention
      utilizing iron or manganese as the precipitating metal and nickel, copper
      and cobalt as the precipitated metal:
PA1  NiCl.sub.2 + Fe .fwdarw. FeCl.sub.2 + Ni
PA1  CuCl.sub.2 + Fe .fwdarw. FeCl.sub.2 + Cu
PA1  2 CuCl+Fe .fwdarw. FeCl.sub.2 + 2 Cu
PA1  CoCl.sub.2 + Fe.fwdarw.FeCl.sub.2 + Co
PA1  MnCl.sub.2 + Fe.fwdarw.No reaction
PA1  2FeCl.sub.3 + Fe.fwdarw.3FeCl.sub.2
PA1  NiCl.sub.2 + Mn.fwdarw.MnCl.sub.2 + Ni
PA1  CuCl.sub.2 + Mn.fwdarw.MnCl.sub.2 + Cu
PA1  2 CuCl + Mn.fwdarw.MnCl.sub.2 + 2 Cu
PA1  CoCl.sub.2 + Mn.fwdarw.MnCl.sub.2 + Co
PA1  MnCl.sub.2 + Mn.fwdarw.No reaction
PA1  2FeCl.sub.3 + 3Mn.fwdarw.3MnCl.sub.2 + 2Fe
PAR  As shown above, when utilizing iron as the precipitating metal, only the
      nickel, copper and/or cobalt plus the other less active metals present in
      trace amounts are precipitated out and the manganese and iron halides
      remain in the halide vapor stage. The manganese halide and the iron halide
      can be readily separated by fractional condensation of the vapors.
      Manganese halide condenses at a substantially higher temperature than
      ferrous halide.
PAR  Alternatively, the mixed vaporous manganese and iron halides can be reacted
      with elemental halogen, e.g. chlorine, to oxidize the ferrous halide to
      ferric halide which is then even more readily separated from manganese
      halide by either fractional condensation or reaction with water at above
      about 200.degree.C to form iron oxide, which is insoluble in water.
PAR  The above equations show the use of the chlorides; however, bromides and
      iodides can also be used. Chlorides and bromides are preferred because of
      their greater solubility in water and greater stability.
PAR  If it is desired to obtain a pure stream of manganese halide, it is
      preferred to use manganese as the precipitating metal because iron
      precipitates out with the nickel, copper and cobalt, leaving substantially
      pure MnCl.sub.2 in the fluid stream.
PAR  The process of the present invention must be carried out at a temperature
      sufficient to maintain the metal halides in a fluid, i.e. molten or
      vaporous, state. Accordingly, the temperature should be at least about
      400.degree.C but generally not greater than about 1500.degree.C and
      preferably not above about 1200.degree.C. Optimally the temperature is in
      the range of from about 800.degree. to about 1000.degree.C when utilizing
      a vapor phase mixture of halide compounds and in the range of from about
      450.degree. to about 600.degree.C when utilizing a molten phase halide.
PAR  Generally pressure has substantially no effect on the course of the present
      reaction and as such substantially atmospheric pressure can be utilized.
      However, if desired as a means of maintaining the halides in the vapor
      phase at lower temperatures the pressure can be reduced to below
      atmospheric. However, the savings are relatively small and, therefore, it
      is questionable whether it is economically worth while to operate at below
      atmospheric pressure.
PAR  However, where the halide vapors are withdrawn from the halidation stage at
      a pressure substantially below atmospheric, it may be economical to
      maintain that pressure when passing through the metal bed.
PAR  Often, the vaporized metal halides are admixed with a carrier gas. The use
      of a carrier gas permits the rapid vaporization and removal of the vapors
      even at temperatures substantially below the actual boiling point of the
      solids. The carrier gas is a material which is inert to, or at least not
      detrimental to, the halides and also should be nonreactive to the
      precipitating metal, i.e., manganese and iron, in the process of the
      present invention. Preferred carrier gases include nitrogen, carbon
      dioxide, and the inert gases such as argon, helium or neon. Gases such as
      chlorine and hydrogen chloride, often used as reagents in the preparation
      of halides from ores, should not be used as the carrier gases, and indeed
      should be removed prior to the contact with the metal in this process, as
      they tend to react with iron or manganese.
PAR  Any suitable contact apparatus can be utilized for carrying out the process
      for this invention. preferably, the precipitating metal is in the solid
      state. Accordingly solid-liquid or solid-vapor contact devices can be
      used. For example, when utilizing a vaporous halide, the iron or manganese
      metal can be in a particulate bed. The vaporous halide can be passed
      downwardly, upwardly or horizontally through the particulate bed. The
      primary aim is to insure contact of the mixed fluid metal halides with the
      greatest surface area of the iron or manganese.
PAR  A surprising aspect of this invention is that in a preferred procedure,
      when solid iron or manganese is used, there is no difficulty in physically
      separating the precipitated metals, e.g., copper, nickel, cobalt, from the
      iron or manganese. The precipitated metals form as discrete particles,
      readily separated from the precipitating metal and not blocking the
      surface from further reaction. As a result, this procedure can be carried
      out until substantially all of the iron or manganese has been reacted,
      leaving the reaction vessel filled only with the precipitated metal:
      copper, cobalt and nickel.
PAR  Therefore, in a continuous operation, the portion of the metal initially
      contacted with the halide vapor is eventually completely converted and the
      precipitated metals can be removed being replaced by additional fresh
      precipitating metal.
PAR  The precipitating metal can be housed in a single column, either horizontal
      or vertical, and the fluid halides passed from one end to the other; the
      precipitated metal being removed from the inlet end as fresh precipitating
      metal is added at the outlet end. Alternatively, and generally more
      preferable, is to use a series of vessels in cascade series, the fluid
      halides sequentially passing through the vessels. The iron or manganese in
      the initial vessel would be used up first, this could then be taken out of
      the series, a vessel containing fresh metal added at the end, and the
      precipitated metal removed and replaced by fresh iron and manganese.
PAR  Thus a continuous procedure can be carried out by arranging the piping of
      the cascading series of vessels to permit switching the vessels as
      described above. This is generally simpler than adding and removing metals
      from a single column.
PAR  The precipitated metals can be separated from any remaining iron or
      manganese by chemical or mechanical methods. The precipitated metals
      generally are formed in relatively small particles, which are readily
      separated from the usually far larger particles of iron and manganese by,
      for example, sieving or screening techniques. Where iron metal is used,
      separation can be accomplished utilizing magnets. Any other suitable
      separation techniques could be used, for example, flotation.
PAR  Chemical separation can be accomplished by selectively dissolving the
      precipitated metals. For example, an aqueous ammoniacal carbonate solution
      can be used to selectively dissolve cobalt, nickel and copper from iron.
PAR  The iron and manganese precipitating metals should be present in the most
      economical form possible. For example, the iron can include iron scrap
      which, however, can contain substantial proportions of other metals. A
      preferred material is sponge iron, in the form of pellets, which contains
      better than 90% or 91% elemental iron. Such sponge iron pellets are
      produced for example by the SL/RN direct reduction process when utilizing
      high grade iron ore. Such sponge iron pellets can have a diameter range of
      from about 1 to about 20 millimeters and preferably from about 10 to about
      15 millimeters. The pellets are reasonably pure in iron and, therefore,
      the proportion of impurities found in the precipitated material is very
      low. The precipitated metals, copper, cobalt and nickel, for example, can
      be readily mechanically extracted from the relatively coarse sponge iron
      pellets in a gaseous fluid bed.
PAR  Two forms of iron, economical but not as effective as the sponge iron, are
      steel turnings and shredded and/or crushed detinned cans. These materials
      are available commercially at extremely low cost and are sufficiently
      active and of useful particle size.
PAR  The manganese metal is also preferably in the form of pellets and can be
      obtained by recycling the manganese metal produced from nodule ore.
PAR  For example, when utilizing the ocean floor nodule ore, manganese is
      present in many orders of magnitude greater than the other metals such as
      nickel, copper and cobalt. The amount of the manganese metal which must be
      utilized for obtaining these more valuable materials is a relatively small
      proportion of the manganese obtained from the refining operation of nodule
      ore.
PAR  The fluid mixtures of metal halides treated in accordance with this
      invention include both vaporus and molten materials. One halidation
      treatment for ores which can produce either the vaporous halide mixture,
      or a molten mixture of halides, depending upon the temperature, is
      halidating ocean floor nodule ore utilizing a molten bath of alkali and/or
      alkaline earth metal halides.
PAR  The halidation of ocean floor nodule ores utilizing an alkali metal halide
      and/or an alkaline earth metal halide can be carried out at a temperature
      of from about 380.degree. to about 800.degree.C wherein the ore is
      immersed in the molten bath, the proportion of the molten halide-to-ore
      being at least 1:1 by weight. A molten reaction mixture comprising the
      alkali and/or alkaline earth metal halides plus metal halides derived from
      the metal values from the ocean floor nodule ore can be separated from the
      remaining solid detritus, or gangue, of the nodule ore and this molten
      mass flowed in contact with the manganese or iron metal. The alkali metal
      and/or alkaline earth metal halides are not affected by the iron or
      manganese metal and only the more valuable metals such as copper, nickel
      and cobalt precipitate out. Alternatively, the temperature of the molten
      reaction mixture and ore can be raised to vaporize the metal halides of
      cobalt, copper, nickel and manganese which can be removed as a vapor and
      flowed in contact with the iron or manganese.
PAR  The precipitated metals obtained by this process can be further treated as
      desired in order to separate out the individual metal values. Preferably,
      the elemental metals are dissolved into aqueous solutions by an aqueous
      leach liquid, i.e. an ammoniacal carbonate solution, and the individual
      metal values separated by liquid ion exchange procedures to obtain
      substantially pure streams of a cobalt value, a nickel value, and a copper
      value.
PAR  The liquid ion exchange procedure can be carried out using as the
      extraction agents water-immiscible solutions of alpha-hydroxyoximes (such
      as are disclosed in U.S. Pat. No.'s 3,224,873; 3,276,863 and 3,476,378) or
      8-hydroxyquinolines (such as are disclosed in South African Specification
      No: 69/4397). The above reagents are preferably dissolved in
      water-immiscible organic solvents. For procedures utilizing these
      extraction agents, see, for example, German unexamined patent
      specification No. 2,126,223, published Jan. 13, 1972 and No. 2,152,696,
      published May 31, 1972.
PAR  Preferred examples of the process in accordance with the present invention
      are set forth below: these are to be considered as exemplary but not
      exclusive of the scope of the present invention:
PAC  EXAMPLE I
PAR  Samples of Pacific Ocean floor nodule ores containing the following metal
      values in chemically combined form were obtained:
     METAL VALUE  Percent by Weight of Metal                                   
     ______________________________________                                    
     Manganese    27.7                                                         
     Iron         6.0                                                          
     Nickel       1.3                                                          
     Copper       1.1                                                          
     Cobalt       0.26                                                         
     Other        Trace                                                        
     ______________________________________                                    
PAR  The above nodule ore was ground and dried and a 3 gram sample of the
      ground, dried ore was placed in a ceramic boat in a glass tube furnace and
      heated to 600.degree.C. The tube furnace was connected to a second tube
      furnace containing steel wool by a conduit including a valve. The
      temperature of the tube furnace was maintained at 600.degree.C while the
      stoichiometric amount of anhydrous hydrogen chloride required to react
      with the metal value in the ore was introduced in the form of a mixture
      with nitrogen (20% HCl, 80% N.sub.2 by volume) over a period of two hours.
      The flow of HCl was then halted and the valve to the second furnace
      opened. The two furnaces were then heated to 900.degree.C, and maintained
      at that temperature for two hours with nitrogen continuing to flow through
      the first furnace over the ceramic boat and into the second furnace. The
      resulting metal chloride vapors, carried by the nitrogen sparge, passed
      out of the first tube furnace and through the steel wool. The material in
      the second furnace was analyzed and was found to include an amount of
      nickel equal to 72% of that present in the ore, and amounts of copper and
      cobalt equal to 65% of each of those metals present in the ore. The vapor
      leaving the second furnace after passing through the steel wool was
      condensed and analyzed and found to include only manganese chloride and
      ferric chloride: the manganese being equivalent to 80% of the manganese in
      the ore.
PAC  EXAMPLE II
PAR  Another 3 gram-sample of the dried nodule ore set forth in Example I was
      treated according to the process described in Example I but substituting
      particulate manganese metal having a maximum particle size of
      approximately 1/8 to 1/4-inch.
PAR  Analysis of the metal precipitated around the manganese metal showed that
      approximately 71% of the nickel, 80% of the copper and 69% of the cobalt
      metal values present in the nodule were precipitated. In addition,
      approximately 95% of the iron present in the nodule was also obtained.
PAR  The vapors passing through the manganese metal were condensed and found to
      be substantially manganese chloride, substantially free of other metal
      contaminants.
CLMS
STM  The patentable embodiments of the invention which are claimed are as
      follows:
NUM  1.
PAR  1. A process for obtaining metal values from ocean floor nodule ores, the
      ore comprising as major components the oxides of manganese and iron and as
      secondary components compounds of copper, cobalt and nickel, the process
      comprising halidating the nodule ore to form the halides of iron, copper,
      cobalt, nickel and manganese; vaporizing these halides to form a vaporous
      mixture comprising as the primary components manganese halide and iron
      halide and as the secondary components copper halide, cobalt halide and
      nickel halide; separating the nickel, cobalt and copper by passing the
      vaporous mixture of halides in contact with elemental iron in order to
      precipitate metallic copper, cobalt and nickel directly from the vapor;
      and contacting the metallic copper, cobalt and nickel with an aqueous
      ammoniacal carbonate solution so as to form an aqueous solution comprising
      dissolved cobalt, nickel and copper, substantially free from dissolved
      manganese and iron; whereby the nickel, copper and cobalt values from the
      ocean floor nodule ore are separated from the primary manganese and iron
      components, thus rendering the further treatment to obtain these
      individual values in a pure state more accessible.
NUM  2.
PAR  2. The process in accordance with claim 1 comprising in addition, after
      contact with the metallic iron, fractionally condensing the remaining
      vapor so as to selectively condense manganese halides and thus obtain, in
      separate streams, manganese halide and iron halide.
NUM  3.
PAR  3. The process in accordance with claim 1, comprising, in addition, after
      contact with the metallic iron, reacting the remaining vapors comprising
      iron halide and manganese halide with an elemental halogen so as to
      oxidize all of the iron halide to ferric halide and fractionally
      condensing the vapor so as to separate the ferric halide from the
      manganese halide.
NUM  4.
PAR  4. The process of claim 1, wherein the halide is chloride.
NUM  5.
PAR  5. The process of claim 4, wherein the iron and fluid mixture are contacted
      at a temperature of from about 800.degree. to about 1000.degree.C.
NUM  6.
PAR  6. A process for obtaining metal values from ocean floor nodule ores, the
      ore comprising as major components the oxides of manganese and iron and as
      secondary components compounds of copper, cobalt and nickel, the process
      comprising halidating the nodule ore to form the halides of iron, copper,
      cobalt, nickel and manganese; vaporizing these halides to form a vaporous
      mixture comprising as the primary components manganese halide and iron
      halide and as the secondary components copper halide, cobalt halide and
      nickel halide; separating the nickel, cobalt and copper by passing the
      vaporous mixture of halides in contact with elemental manganese in order
      to precipitate metallic iron, copper, cobalt and nickel directly from the
      vapor and separating the remaining vapor therefrom; and selectively
      separating cobalt, nickel and copper from the iron by contacting the
      metallic cobalt, nickel, copper and iron with an aqueous ammoniacal
      carbonate solution to selectively dissolve cobalt, nickel and copper so as
      to form an aqueous solution comprising dissolved cobalt, nickel and copper
      and substantially free from iron and manganese; whereby the nickel, copper
      and cobalt values from the ocean floor nodule ore are separated from the
      primary manganese and iron components, thus rendering the further
      treatment to obtain these individual values in a pure state more
      accessible.
NUM  7.
PAR  7. The process of claim 6 comprising in addition contacting the aqueous
      solution of nickel, cobalt and copper with a water-immiscible organic
      solution of a liquid ion exchange agent selected from the group consisting
      of alpha-hydroxyoximes and 8-hydroxyquinolines to selectively extract a
      pure metal value.
NUM  8.
PAR  8. The process of claim 6 wherein the nodule ore is halidated by reaction
      with a hydrogen halide and vaporized to form a vapor phase mixture
      comprising, manganous halide, cobalt halide, nickel halide, copper halide
      and ferric halide.
NUM  9.
PAR  9. The process of claim 6 wherein the nodule ore is halidated by reaction
      with an elemental halogen and the halides are vaporized to form a vapor
      phase mixture comprising manganous halide, cobalt halide, nickel halide
      and copper halide.
NUM  10.
PAR  10. The process of claim 6 wherein the halide is selected from the group
      consisting of chloride and bromide.
NUM  11.
PAR  11. The process of claim 6 wherein the mixed fluid halides are contacted
      with the elemental metal at a temperature in the range of from about
      400.degree. to about 1500.degree. C.
NUM  12.
PAR  12. The process of claim 6 wherein the elemental metal is in particulate
      form having a particle size not larger than about 20 mm. in diameter.
NUM  13.
PAR  13. The process of claim 6, wherein the halide is chloride.
NUM  14.
PAR  14. The process of claim 13, wherein the fluid and manganese are contacted
      at a temperature of from about 800.degree. to about 1000.degree. C.
NUM  15.
PAR  15. A process for obtaining metal values from ocean floor nodule ores, the
      ore comprising as major components the oxides of manganese and iron and as
      secondary components compounds of copper, cobalt and nickel, the process
      comprising halidating the nodule ore to form the halides of iron, copper,
      cobalt, nickel and manganese; vaporizing these halides to form a vaporous
      mixture comprising as the primary components manganese halide and iron
      halide and as the secondary components copper halide, cobalt halide and
      nickel halide; separating the nickel, cobalt and copper by passing the
      vaporous mixture of halides in contact with elemental manganese in order
      to precipitate metallic iron, copper, cobalt and nickel directly from the
      vapor and separating the remaining vapor therefrom, wherein the elemental
      manganese is substantially completely reacted to form manganese halide;
      and selectively separating cobalt, nickel and copper from the iron by
      contacting the metallic cobalt, nickel, copper and iron with an aqueous
      ammoniacal carbonate solution to selectively dissolve cobalt, nickel and
      copper so as to form an aqueous solution comprising dissolved cobalt,
      nickel and copper and substantially free from iron and manganese; whereby
      the nickel, copper and cobalt values from the ocean floor nodule ore are
      separated from the primary manganese and iron components, thus rendering
      the further treatment to obtain these individual values in a pure state
      more accessible.
NUM  16.
PAR  16. A process for obtaining metal values from ocean floor nodule ore, the
      ore comprising as major components the oxides of manganese and iron and as
      secondary components compounds of copper, cobalt and nickel, the process
      comprising halidating the nodule ore by reacting with a molten alkali
      metal or alkaline earth metal halide to form the halides of copper,
      cobalt, nickel and manganese; vaporizing these halides to form a vaporous
      mixture comprising as the primary component manangese halide and as the
      secondary components copper halide, cobalt halide and nickel halide;
      separating the nickel, cobalt and copper by passing the vaporous mixture
      of halides in contact with elemental manganese in order to precipitate
      metallic copper, cobalt and nickel directly from the vapor and separating
      the remaining vapor therefrom; and contacting the metallic cobalt, nickel
      and copper with an aqueous ammoniacal carbonate solution to dissolve
      cobalt, nickel and copper so as to form an aqueous solution comprising
      dissolved cobalt, nickel and copper and substantially free from iron and
      manganese; whereby the nickel, copper and cobalt values from the ocean
      floor nodule ore are separated from the primary manganese components, thus
      rendering the further treatment to obtain these individual values in a
      pure state more accessible.
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ABST
PAL  A process for the removal of radon from hydrocarbon streams by insertion
      and removal of radon-selective carriers.
BSUM
PAR  This invention relates to the purification of hydrocarbon streams. In one
      aspect it relates to the purification of olefinic streams. More
      particularly, this invention relates to the removal of radon from a
      hydrocarbon stream.
PAR  Radon has been found with increasing frequency in hydrocarbon streams such
      as natural gas produced in areas abundant in uranium. In the past, the
      method used to eliminate the hazards associated with radon has been to
      store such radon-containing hydrocarbons in underground caverns for about
      six weeks. During the storage period, radon decomposed to its particulate
      "daughter" elements, having densities great enough to settle out of the
      hydrocarbon. However, increased demand for hydrocarbons has dictated that
      such storage periods be eliminated; that such hydrocarbons be produced and
      shipped to consumers without such a holding period. There is, however, at
      present, no adequate process for removing radon from such natural gas
      sources.
PAR  It is therefore an object of this invention to provide a convenient method
      for the removal of radon from a natural gas stream.
PAR  It is another object to provide a method for the removal of radon from an
      olefinic stream.
PAR  It is a further object to provide a method for the recovery of radon from a
      hydrocarbon stream.
PAR  Other aspects, objects and advantages of the present invention will become
      apparent from the disclosure, the appended claims, and the drawing.
PAR  In accordance with the present invention there is provided a process
      whereby radon is removed from a natural gas stream by admixing propylene
      with such stream fractionating this mixture in such a way as to
      concentrate the radon in the propylene cut, admixing a carrier gas with
      the radon/propylene stream, treating the radon/propylene/carrier gas
      stream with an absorbing agent which will remove substantially all of the
      propylene, and thereafter separating the carrier gas from the radon.
PAR  In another embodiment of this invention there is provided a process whereby
      radon can be removed from a radon-containing olefinic hydrocarbon stream
      by admixing a carrier gas with the olefin, treating the
      radon/olefin/carrier gas stream with an absorbing agent which will remove
      substantially all of the olefin, and thereafter separating the carrier gas
      from the radon.
DRWD
PAR  The process of this invention can be readily illustrated by reference to
      the drawing provided herewith, which represents a schematic view of the
      process.
DETD
PAR  Referring now to the drawing: a radon-containing moisture-free natural gas
      is introduced to the process through conduit 1 to absorber 31. Lean
      absorption oil is passed through conduit 2 into absorber 31. Within
      absorber 31 the raw gas feed is countercurrently contacted with the lean
      absorber oil. An overhead vapor stream is withdrawn from absorber 31
      through conduit 3. Rich absorption oil is withdrawn from absorber 31
      through conduit 4. Propylene is added to the rich oil in conduit 4,
      through conduit 5. The resulting mixture is then passed to deethanizer 32.
      Heat is added to deethanizer 32 by means not shown to effect separation of
      ethane and lighter materials from the absorber oil. Ethane and lighter
      materials are withdrawn as vapors from deethanizer 32 through conduit 6.
      Liquid is withdrawn from deethanizer 32 and introduced into dehexanizer 33
      through conduit 7. Heat is added to dehexanizer 33 by means not shown to
      effect separation of hexane and lighter materials from the oil. Lean oil
      is withdrawn from dehexanizer 33 through conduit 11. Hexane and lighter
      materials are withdrawn from dehexanizer 33 as vapors through line 8. Said
      vapors pass through condenser 34 and are introduced into accumulator 35.
      Liquid is withdrawn from accumulator 35 through line 10. A portion of said
      liquid is introduced as reflux to dehexanizer 33 by means not shown and
      not forming a part of this invention. Another portion of liquid from
      accumulator 35 is passed into depropanizer 36. Butane and heavier
      materials are withdrawn as liquids from depropanizer 36 through line 15.
      Propane and lighter materials are removed as vapors from depropanizer 36
      through conduit 13, passed through condenser 37 into accumulator 38. A
      portion of liquid from accumulator 38 is introduced as reflux to
      depropanizer 36 by means not shown. Another portion of liquid from
      accumulator 38 is passed through line 14 to splitter 39. Heat is added to
      splitter 39 by means not shown to effect separation of propane and
      propylene. Splitter 39 is operated to concentrate radon in the propylene
      fraction. Propane is withdrawn from splitter 39 through conduit 16.
      Propylene and radon are withdrawn from splitter 39 and introduced to
      olefin absorber 40 through conduit 17. A carrier gas, e.g., carbon
      dioxide, is added to the propylene/radon stream 17 through line 18.
PAR  An olefin absorbing agent, e.g., silver nitrate in ethylene glycol, is
      introduced into olefin absorber 40 through line 22. Within absorber 40 the
      propylene/radon/carbon dioxide feed is countercurrently contacted by the
      absorbing agent. Propylene is preferentially complexed by the abosorbing
      agent. An overhead vapor stream is withdrawn from absorber 40 through
      conduit 24. The propylene/absorbing agent complex is withdrawn from
      absorber 40, passed via line 19 through heat exchanger 41 and introduced
      into the olefin recovery zone 42 through line 20. Heat is applied to
      recovery zone 42 by means not shown to effect separation of the propylene
      from the absorbing agent. Propylene is withdrawn from recovery zone 42
      through line 23. The absorbing agent is withdrawn from olefin recovery
      zone 42, passed through heat exchanger 41 and introduced into absorber 40
      through line 22.
PAR  The radon/carrier gas fraction is withdrawn from absorber 40 and passed to
      radon recovery zone 43 through line 24. Within the radon recovery zone,
      radon is separated from the carrier gas, e.g., by absorbing the carrier
      gas in a caustic solution. Radon is withdrawn from recovery zone 43
      through line 25 as a product of the process.
PAR  In another embodiment of this invention wherein a radon-containing olefinic
      hydrocarbon stream is treated to remove radon, the olefin feedstream is
      introduced into the system through conduit 27, thus bypassing all the
      system components prior to that point. A carrier gas, e.g., carbon
      dioxide, is added to the olefin/radon stream through line 18. The mixture
      is passed to olefin absorber 40 through line 17.
PAR  An olefin absorbing agent, e.g., silver nitrate in ethylene glycol, is
      introduced into olefin absorber 40 through line 22. Within absorber 40 the
      olefin/radon/carbon dioxide feed is countercurrently contacted by the
      absorbing agent. The olefin is preferentially complexed by the absorbing
      agent. Absorber 40 is maintained at a temperature which best effects
      formation of the complex, by means not shown. An overhead vapor stream is
      withdrawn from the absorber 40 through conduit 24. The olefin/absorbing
      agent complex is withdrawn from absorber 40, passed through heat exchanger
      41 and introduced into olefin recovery zone 42 through line 20. Heat is
      applied to recovery zone 42 by means not shown, to effect separation of
      the olefin from the absorbing agent. The olefin is withdrawn from recovery
      zone 42 through line 23. The absorbing agent is withdrawn from recovery
      zone 42, passed through heat exchanger 41 and introduced into absorber 40
      through line 22.
PAR  The radon/carrier gas fraction is withdrawn from absorber 40 and passed to
      radon recovery zone 43 through line 24. Within the radon recovery zone,
      radon is separated from the carrier gas, e.g., by absorbing the carrier
      gas in a caustic solution. Radon is withdrawn from recovery zone 43
      through line 25 as a product of the process.
PAR  Auxilary equipment such as valves, pressure and temperature indicating,
      recording, and control equipment, flow indicating, recording and control
      equipment and the like are not disclosed nor described for purposes of
      brevity. The need for such auxiliary equipment, its installation and use
      are well understood by those skilled in the art.
PAR  Absorber 40 can be any means known in the art for effecting separation of
      one or more components from a gaseous stream. The absorber can take the
      form of one or more vessels or zones which do or do not contain packing
      materials such as clays, gravel, synthetic materials, etc., and/or
      fractionating means such as baffle plates, bubble trays, or the like.
      Either concurrent or countercurrent flow can be employed.
PAR  Within recovery zone 42, the olefinic hydrocarbon is separated and
      recovered from the absorbing agent. Recovery of the olefin and
      regeneration of the absorbing agent can be conveniently accomplished in
      one operation, such as by heating or by reducing pressure, or both, in
      order to distill off and/or desorb the absorbed olefin, or by extraction
      of the olefin with a second solvent which is substantially immiscible with
      the absorbing agent, and which may be subsequently separated from the
      olefin, as for example by distillation. A suitable second solvent for such
      an operation, for example, is n-octane, which may be employed for
      extraction of olefins in most instances.
PAR  The optimum temperature to be employed in the absorption step varies with
      the particular compound to be treated and may range up to about
      150.degree. F. or more, but temperatures below 80.degree. F., and
      particularly those in the range of from about 32.degree. to about
      80.degree. F. are suitable.
PAR  In general, atmospheric pressures are contemplated for use in the olefinic
      hydrocarbon absorption step of the process of the present invention, but
      sub- or suuperatmospheric pressures may be employed where desirable.
PAR  In one embodiment, the absorbing agent comprises a silver salt in an
      aqueous or anhydrous solution of a non-basic and preferably neutral
      water-soluble organic compound. Water or organic soluble silver salts
      which may be utilized in accordance with the present invention include the
      nitrate, perchlorate, fluosilicate, fluoride, etc. Care must be utilized
      in connection with the perchlorate in order to avoid the presence of
      perchloric acid, which might cause explosions. It is understood, of
      course, that the results obtained by the use of the different salts of
      silver will not necessarily be equivalent.
PAR  In another embodiment, the absorbing agent can be a rhodium complex such as
      dicarbonyl-rhodium (I)-3-trifluoroacetylcamphorate.
PAR  The water-soluble organic compounds which can be used in accordance with
      the present invention should have a neutral reaction and should not be
      basic. The basic compounds form undesired reaction products with the
      silver ion and therefore interfere with the desired separation. Of the
      neutral water-soluble compounds which may be utilized, the glycols, glycol
      ethers, and nitriles are preferred. Included in the glycols are ethylene
      glycol and its water-soluble homologs. Such diluents are normally employed
      in amounts ranging from 15 to 85 weight percent.
PAR  The radon carrier gas can be any gas which is inert to the olefin and to
      radon. It is generally preferable to employ carbon dioxide which has a
      boiling point near the boiling point of radon and which is relatively
      insoluble in the absorbing agent.
PAR  Radon can be separated from the carrier gas by any means known in the art;
      as, for example, by contacting said carrier stream with a caustic, thereby
      removing the carrier gas. Or, the stream can be cooled to a temperature
      sufficient to immobilize the carrier gas or the radon, thereby permitting
      separation.
PAR  Reasonable variations and modifications of this invention are possible yet
      still within the scope of the disclosure and without departing from the
      intended scope and spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for removal of radon from a radon-containing olefin
      hydrocarbon stream, which comprises
PA1  admixing carbon dioxide with said radon-containing olefinic hydrocarbon
      stream;
PA1  contacting the resultant stream with an olefin absorbing agent in a
      contacting zone to form an olefin/absorbing agent complex;
PA1  withdrawing from said contacting zone a first stream comprising said
      complex;
PA1  withdrawing from said contacting zone a second stream comprising radon and
      carbon dioxide;
PA1  passing said first stream to an olefin recovery zone wherein the olefin is
      separated from said absorbing agent;
PA1  withdrawing from said olefin recovery zone an essentially pure olefin as
      one product of the process;
PA1  passing said second stream to a radon recovery zone wherein radon is
      separated from said carbon dioxide; and
PA1  withdrawing from said radon recovery zone radon as a product of the
      process.
NUM  2.
PAR  2. A process according to claim 1 wherein radon is recovered from said
      second stream by contacting said second stream in said radon recovery zone
      with a caustic, thereby removing said carbon dioxide in said caustic.
NUM  3.
PAR  3. A process according to claim 1 wherein radon is recovered from said
      second stream by passing said second stream into a low-temperature radon
      recovery zone, therein freezing out said carbon dioxide, thereby removing
      said carbon dioxide.
NUM  4.
PAR  4. A process according to claim 1 wherein said absorbing agent is a
      compound selected from the grouup consisting of dicarbonyl-rhodium
      (I)-3-trifluoroacetylcamphorate, silver nitrate, silver fluosilicate,
      silver fluogallate, and silver fluoride.
NUM  5.
PAR  5. A process according to claim 5 wherein said absorbing agent is dissolved
      in a solvent selected from the group consisting of water, ethylene glycol,
      glycerol, phenol, propionitrile, acetonitrile, benzonitrile, pyridine,
      aniline, and n-hexane, said solvent being present in an amount from about
      15 to about 85 percent by weight.
NUM  6.
PAR  6. A process according to claim 1 where separation of said first stream
      complex is effected by heating said complex within said olefin recovery
      zone.
NUM  7.
PAR  7. A process according to claim 1 wherein separation of said first stream
      complex is effected by reducing the pressure within said olefin recovery
      zone.
NUM  8.
PAR  8. A process according to claim 1 wherein separation of said first stream
      complex is effected by the combination of heat and reduced pressure within
      said olefin recovery zone.
NUM  9.
PAR  9. A process for removal of radon from a radon-containing natural gas
      stream consisting essentially of paraffinic hydrocarbons, which comprises
PA1  admixing propylene with said radon-containing natural gas stream;
PA1  passing said mixture into a separation zone wherein a stream consisting
      essentially of radon and propylene is separated from said paraffinic
      hydrocarbons;
PA1  withdrawing from said separation zone a first stream comprising said
      paraffinic hydrocarbons;
PA1  withdrawing from said separation zone a second stream consisting
      essentially of propylene and radon;
PA1  admixing carbon dioxide with said second stream;
PA1  passing the resultant mixture to a contacting zone wherein said mixture is
      contacted with an olefin absorbing agent to form a propylene/absorbing
      agent complex;
PA1  withdrawing from said contacting zone a third stream comprising said
      complex;
PA1  withdrawing from said contacting zone a fourth stream comprising radon and
      carbon dioxide;
PA1  passing said third stream to a propylene recovery zone wherein propylene is
      separated from said absorbing agent;
PA1  withdrawing from said propylene recovery zone a fifth stream comprising
      propylene;
PA1  withdrawing from said propylene recovery zone a sixth stream comprising
      said absorbing agent;
PA1  passing said fourth stream to a radon recovery zone wherein radon is
      separated from said carbon dioxide; and
PA1  withdrawing from said radon recovery zone a seventh stream comprising radon
      as a product of the process.
NUM  10.
PAR  10. A process according to claim 9 wherein radon is recovered from said
      fourth stream by contacting said stream in said radon recovery zone with a
      caustic, thereby removing said carbon dioxide in said caustic.
NUM  11.
PAR  11. A process according to claim 9 wherein radon is recovered from said
      fourth stream by passing said stream into a low temperature radon recovery
      zone, therein freezing out said carbon dioxide thereby removing said
      carbon dioxide.
NUM  12.
PAR  12. A process according to claim 9 wherein said absorbing agent is a
      compound selected from the group consisting of dicarbonyl-rhodium (I)
      -3-trifluoroacetylcamphorate, silver nitrate, silver fluosilicate, silver
      fluogallate, and silver fluoride.
NUM  13.
PAR  13. A process according to claim 12 wherein said absorbing agent is
      dissolved in a solvent selected from the group consisting of water,
      ethylene glycol, glycerol, phenol, propionitrile, acetonitrile,
      benzonitrile, pyridine, aniline and n-hexane, said solvent being present
      in an amount from about 15 to about 85 percent by weight.
NUM  14.
PAR  14. A process according to claim 9 wherein separation of said third stream
      complex is effected by heating said complex within said olefin recovery
      zone.
NUM  15.
PAR  15. A process according to claim 9 wherein separation of said third stream
      complex is effected by reducing the pressure within said olefin recovery
      zone.
NUM  16.
PAR  16. A process according to claim 9 wherein separation of said third stream
      complex is effected by the combination of heat and reduced pressure within
      said olefin recovery zone.
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PAL  Described herein are solid compositions of the formula
PA1  M m'.sub.1.sub.-y M".sub.y X.sub.3
PAL  where
PA1  M is Ba or Sr
PA1  M' is one or more of Ta and Nb
PA1  M" is one or more of Cr, Mn, Fe, Co, Ni, Cu, Rh and Ir
PA1  X is one or more of S and Se, and
PA1  Y is 0.33 to 0.5,
PAL  With the proviso that when M is Sr, the compound is of the formula
EQU  SrTa.sub.0.5 M".sub.0.5 S.sub.3
PAL  and M" is one or more of Cr and Fe. These compositions are useful as
      semiconductors.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to quaternary sulfides and selenides containing
      barium or strontium and a mixture of transition metals containing a metal
      of Periodic Group V and a metal of Periodic Groups VI to VIII or Cu. These
      compounds are useful as semiconductors.
PAR  2. Description of the Prior Art
PAR  Ternary sulfides are known with the formula MM'S.sub.3 wherein M is an
      alkaline earth metal of Periodic Group II and M' is a transition metal of
      Periodic Group IV; e.g., the compounds SrTiS.sub.3, BaTiS.sub.3 and
      BaZrS.sub.3 are described by Hahn et al., Z. Anorg. Chem., vol. 288, p.
      269 (1956); and the compounds BaTiS.sub.3, BaZrS.sub.3 and SrZrS.sub.3 are
      described by Clearfield in Acta. Cryst., vol. 16, pp. 135-142 (1962).
      Analogous compounds have been reported with transition metals of Group V;
      e.g., BaTaS.sub.3 is described by Aslanov et al. in Russ. Jour. Inorg.
      Chem., vol. 9, p. 1317 (1964); and BaVS.sub.3 and BaTaS.sub.3 are
      described by Gardener et al. in Acta. Cryst., vol. B25, p. 781 (1969), and
      in Inorg. Chem., vol. 8, No. 12, pp. 2784-2787 (1969). Their formulation
      is consistent with the known ability of the Group V transition metals to
      form not only pentavalent but also tetravalent ions, particularly in
      combination with a reducing species such as sulfide ion.
PAR  Quaternary sulfides have also been reported in the form of solid solutions
      of ternary compounds of two different tetravalent metals; e.g.,
      BaTi.sub.1.sub.-x V.sub.x S.sub.3 described by Gardener, Ph.D. Thesis,
      Department of Chemistry, Brown University, Providence, R.I., 1969.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention I have now discovered solid compositions
      of the formula
PA1  M m'.sub.1.sub.-y M".sub.y X.sub.3
PAL  where
PA1  M is Ba or Sr,
PA1  M' is one or more of Ta and Nb,
PA1  M" is one or more of Cr, Mn, Fe, Co, Ni, Cu, Rh and Ir,
PA1  X is one or more of S and Se, and
PA1  Y is 0.33 to 0.5,
PAL  With the proviso that, when M is Sr, the compound is of the formula
EQU  SrTa.sub.0.5 M".sub.0.5 S.sub.3
PAL  and M" is one or more of Cr and Fe.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compositions of this invention are quaternary sulfides or selenides of
      barium or strontium. The barium compositions of this invention are of the
      formula BaM'.sub.1.sub.-y M".sub.y X.sub.3 wherein M' is one or more of Ta
      and Nb; M" is one or more of Cr, Mn, Fe, Co, Ni, Cu, Rh and Ir; X is one
      or more of S and Se; and y is 0.33 to 0.5. These compositions are
      characterized by a BaNiO.sub.3 -type hexagonal crystal structure based on
      hexagonal closed-packed BaX.sub.3 layers with transition metal cations in
      one quarter of the octahedral voids between the layers. The volume of the
      unit cell is determined primarily by the anion. For the sulfides the unit
      cell volume (2 molecules of BaM'.sub.1.sub.-y M.sub.y S.sub.3) is
      approximately 230A.sup.3, essentially the same as reported for BaTiS.sub.3
      and BaTaS.sub.3. The X-ray patterns reported for the latter prior art
      compounds and a representative pattern for BaTa.sub.0.5 Co.sub.0.5 S.sub.3
      detailed in Table I can be used, along with the lattice parameters, to
      characterize the new compositions. The parameter, a, of the hexagonal unit
      cell generally contracts a small but definite amount as some of the
      tantalum or niobium of the ternary sulfides is replaced by another
      transition metal, M". The length of the unit cell frequently increases
      slightly so that the effect on cell volume is minor. The same effect is
      observed for the selenides, which understandably have larger unit cell
      volumes of about 260A.sup.3.
PAR  In the Ba compounds, when M" is Cu, an orthorhombic distortion of this
      structure prevails. This distortion results in an orthorhombic unit cell
      approximately doubled in size, similar to that described for the
      low-temperature form of the prior art BaVS.sub.3.
PAR  The strontium compositions of this invention are of the formula
EQU  SrTa.sub.0.5 M".sub.0.5 S.sub.3
PAL  where M" is one or more of Cr and Fe. Since the size of the Sr.sup..sup.+2
      ions (being smaller than Ba.sup..sup.+2) is inadequate for combination
      with the larger selenide ion, the strontium compounds are limited to
      sulfides. When M" is Fe, the compound is of the BaNiO.sub.3 -type
      structure. It appears that strontium compounds with Cr may persist in both
      the hexagonal LaAlS.sub.3  and BaNiO.sub.3 forms. The strontium compounds
      of the BaNiO.sub.3 structure type, SrTa.sub.0.5 Fe.sub.0.5 S.sub.3 and
      SrTa.sub.0.5 Cr.sub.0.5 S.sub.3, have unit cell volumes of 207A.sup.3 and
      195A.sup.3, respectively. Compounds of the LaAlS.sub.3 type have unit
      cells equivalent to about three cells of the BaNiO.sub.3 -type.
PAR  The prototype Ba compounds are BaM.sub.1/2.sup..sup.+5
      M.sub.1/2.sup..sup.+3 X.sub.3 and BaM.sub.2/3.sup..sup.+5
      M.sub.1/3.sup..sup.+2 X.sub.3 where M.sup..sup.+5 is either Ta or Nb, and
      X is either S or Se. These stoichiometries result from the fact that the
      transition elements, M", generally form divalent and trivalent ions. From
      this known tendency it will be understood that a small proportion of
      altervalent ions may be present without change in the structure or
      essential character of the compositions.
PAR  Thus, in BaTa.sub.1/2.sup..sup.+5 M.sub.1/2.sup..sup.+3 S.sub.3 a small
      proportion of the M metal may be present as a divalent ion and the
      stoichiometry compensated by an equivalent deficiency in sulfur. A
      deficiency of up to about 10 percent in the sulfur content is possible
      without change in the structure, and such latitude is considered to be
      within the scope of the invention.
PAR  Similarly, in BaTa.sub.2/3.sup..sup.+5 M.sub.1/3.sup..sup.+2 S.sub.3 a
      small proportion of the M metal may be present in the trivalent state and
      the stoichiometry compensated by an equivalent deficiency in the total
      number of occupied cation sites. The structural features of these
      compositions indicate that a full complement of divalent barium ions is
      required, but that some transition metal cations occupying the interstices
      between BaX.sub.3 layers may be absent without a significant change in
      structure. A deficiency of up to about 10 percent of the transition metal
      cations is considered to be within the scope of the invention (e.g.
      BaTa.sub.0.60 Rh.sub.0.33 S.sub.3).
PAR  It will be apparent that for certain of the M" elements particular
      oxidation states will be especially favorable. Thus, since Cu lacks a
      stable trivalent oxidation state, the compound of precise stoichiometry
      BaTa.sub.1/2 Cu.sub.1/2 S.sub.3 gives way to the stable species
      BaTa.sub.1/2 Cu.sub.1/2 S.sub.2.75 wherein the slight sulfur deficiency
      permits divalent copper ions to occupy cation sites in the prototype
      BaTa.sub.1/2.sup..sup.+5 M.sub.1/2.sup..sup.+3 S.sub.3 formulation.
      Similarly, an element such as iron having divalent and trivalent ions of
      comparable stability may exhibit both valences simultaneously as in
      BaTa.sub.0.6 Fe.sub..2.sup..sup.+2 Fe.sub..2.sup..sup.+3 S.sub.3 and
      BaTa.sub.0.5 Fe.sub..25.sup..sup.+2 Fe.sub..25.sup..sup.+3 S.sub.2.875.
PAR  Even though the stoichiometries do not necessarily establish the valence of
      each element in these new quaternary chalcogenides, they do suggest that
      Ta and Nb are appropriately viewed as pentavalent in all these compounds.
      Accordingly, they call to question the nature of Ta in the prior art
      BaTaS.sub.3 of identical crystalline structure but formally thought to be
      tetravalent. Further investigation of this known compound in the light of
      the quaternary compositions of this invention indicate that the proper
      formulation is BaTa.sub.0.80 S.sub.3 wherein Ta is formally pentavalent
      and apparently occupies only 1/5 instead of 1/4 of the available
      octahedral sites between the hexagonal close-packed BaS.sub.3 layers.
PAR  The compositions of this invention are stable crystalline solids which can
      be prepared by direct combination from the elements or from precursor
      compounds which provide the elements in the appropriate proportions.
      Combining of the elements generally occurs by solid state diffusion, and
      times and temperatures appropriate to such reactions are needed. In
      general, temperatures in the range of about 500.degree.-1100.degree.C. are
      used for times ranging from about four hours to 4 days or more, preferably
      in several stages with intermediate grinding to promote intimate contact
      between reactants. Air and water vapor should be expelled from the
      reaction environment to prevent oxidation or hydrolysis of the
      chalcogenides at the elevated temperature.
PAR  The reaction may be carried out within a closed vessel such as a silica
      tube using the appropriate quantities of the elements. Under these
      conditions heating is carried out gradually to assure that high pressure
      of the gaseous chalcogen is not built up before it can be assimilated by
      solid state diffusion processes. Thereafter the temperature is preferably
      raised to 800.degree.-1100.degree.C to speed up diffusion. During the
      early stages of reaction a thermal gradient along the reaction tube is
      useful to prevent excess pressure. Reactivity is promoted by using finely
      powdered mixtures of Ta or Nb, M" elements, and S or Se, as well as by the
      addition of a few crystals of iodine. Ba or Sr should be cut and weighed
      in an inert atmosphere such as a nitrogen-filled dry box. Any tendency for
      reactivity with a silica vessel can be reduced by first applying a
      protective coating of carbon to the inner walls e.g., by pyrolysis of
      toluene.
PAR  Alternatively the source of metallic elements may be a mixture of oxides or
      carbonates over which is caused to flow a gaseous source of the chalcogen
      such as CS.sub.2, H.sub.2 S, H.sub.2 Se or CSe.sub.2. Other modifications
      will be readily apparent such as the direct combination with performed
      sulfides of certain of the metals.
PAR  The products are usually obtained as a mass of black sintered material.
      Under particular conditions some of these quaternary chalcogenides may be
      obtainable as single crystals by utilizing generally recognized flux-,
      vapor-, or melt-growth techniques.
PAR  The products may be characterized by their X-ray diffraction patterns as
      well as by chemical analysis. Using these preparative methods completeness
      of reaction may be judged by the attainment of a single phase X-ray
      diffraction pattern of the character detailed in the examples.
PAR  All the compositions of this invention are semiconductors. Depending upon
      the activation energy for conduction in each particular case they are
      useful as thermistors, infrared detectors, thermoelectrics, diodes, etc.
PAR  The compositions may be used as temperature sensors by measuring
      resistivity, .rho., since the trend of log .rho. is linear with the
      reciprocal of absolute temperature. The slope for particular cases is
      indicated by the values of the activation energy, Ea, cited in the
      examples below.
PAR  Utility for detection of infrared radiation was demonstrated by measuring
      the resistance (using a Kiethley 610C ohm meter) of compressed pellets of
      these compositions in the dark as well as during exposure to an infrared
      source (Nicols microscope lamp and Corning No. 2540IR filter -- 85%
      transmittance in the range 1.25-2.5 .mu.m). The change of resistance in
      ohms is noted below.
TBL  ______________________________________                                    
     Sample of                                                                 
     Example                           Ratio                                   
     No.     Dark resistance                                                   
                          Light resistance                                     
                                       Dark/Light                              
     ______________________________________                                    
      1      2.3 .times. 10.sup.5                                              
                          2.1 .times. 10.sup.5                                 
                                       1.1                                     
     25      1 .times. 10.sup.7                                                
                          6 .times. 10.sup.6                                   
                                       1.66                                    
     27      5 .times. 10.sup.10                                               
                          3 .times. 10.sup.10                                  
                                       1.66                                    
     ______________________________________                                    
PAR  The disclosure above will enable one skilled in the art to prepare and use
      novel compositions beyond those particularly described in the examples
      below. It will be apparent that solid solutions may be expected between
      species having common structure type and similar size ions, e.g. between
      Ta and Nb compositions, S and Se compositions and various M" combinations.
      Because of the disparity in size, structure-type or both, only limited
      solid solution is to be expected between Ba and Sr compositions.
DETD
PAC  EXAMPLES OF THE INVENTION
PAR  The following examples, illustrating the novel compositions of this
      invention, are given without any intention that the invention be limited
      thereto. All percentages are by weight. All temperatures are in degrees
      Centigrade.
PAC  EXAMPLE 1
PAC  BaTa.sub.0.5 Co.sub.0.5 S.sub.3
PAR  A mixture containing 0.3966 g of Ba, 0.2613 g of Ta, 0.0851 g of Co, and
      0.2778 g of S in the gram atom proportions of Ba/0.5Ta/0.5Co/3S was sealed
      with 0.05 g of I.sub.2 in an evacuated silica tube coated on the inside by
      carbon from the pyrolysis of toluene. The tube was heated in a gradient,
      500.degree. in the hot zone and 400.degree. in the cooler zone, for two
      days. It was cooled, opened, reground, resealed in an evacuated silica
      tube, and reheated at 850.degree. for two days. The tube contained a black
      homogeneous looking product which exhibited an X-ray powder diffraction
      pattern of the BaNiO.sub.3 type. The product was reground, resealed, and
      reheated at 900.degree. for two days. All lines of the X-ray powder
      pattern of the product could be indexed by a single BaNiO.sub.3 -type
      pattern indicative of a single phase product.
TBL                Table I                                                     
     ______________________________________                                    
     X-Ray Powder Diffraction Pattern of BaTa.sub.0.5 Co.sub.0.5 S.sub.3       
     ______________________________________                                    
                                   D      D                                    
     I      H        K       L     observed                                    
                                          calculated                           
     ______________________________________                                    
     60     1        0       0     5.8710 5.8478                               
     50     1        0       1     4.0851 4.0864                               
     95     1        1       0     3.3772 3.3762                               
     20     0        0       2     2.8510 2.8564                               
     60     2        0       1     2.6021 2.6028                               
     40     1        0       2     2.5704 2.5666                               
     10     2        1       0     2.2061 2.2103                               
     30     2        0       2     2.0422 2.0432                               
     40     3        0       0     1.9491 1.9493                               
     10     1        0       3     1.8090 1.8107                               
     20     2        1       2     1.7467 1.7480                               
     60     2        2       0     1.6873 1.6881                               
     2      2        2       1     1.6184 1.6189                               
            3        1       0            1.6219                               
            3        0       2            1.6101                               
     5      2        0       3     1.5974 1.5956                               
     5      3        1       1     1.5620 1.5602                               
     5      3        1       2     1.4115 1.4104                               
            4        0       1            1.4163                               
     5      3        2       1     1.3041 1.3060                               
            4        0       2            1.3014                               
     10     4        1       0     1.2758 1.2761                               
     5      3        2       2     1.2170 1.2143                               
     2      6        0       0     0.9762 0.9746                               
            3        2       4            0.9778                               
     ______________________________________                                    
PAC  EXAMPLES 2-21
PAR  These examples were carried out in the manner described in Example 1. The
      reactants and results are given in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Example                                                                   
           Reactant Ratio Product Characterization                             
     __________________________________________________________________________
     2    Ba/0.5Ta/0.5Cr/3S                                                    
                      Single phase BaNiO.sub.3 type, a = 6.7641 A,             
                      c = 5.8019 A, Semiconductor: .rho.298K =                 
                      3 .times. 10.sup.3 ohm-cm, Ea = 0.2 eV.                  
     3    Ba/0.5Nb/0.5Co/3S                                                    
                      Single phase BaNiO.sub.3 type, a = 6.764 A, -  c = 5.723 
                      A, Found by atomic absorption                            
                      analysis: 41.44% Ba, 14.59% Nb, 10.92% Co.               
                      Calc.: 44.38% Ba, 15.01% Nb, 9.52% Co.                   
                      Found: 29.85% S. Calc. 31.08% S.                         
     4    Ba/0.5Ta/0.5Mn/3S                                                    
                      BaNiO.sub.3 -type pattern plus unidentified              
                      lines in the pattern, a = 6.90 A, c =                    
                      6.03 A                                                   
     5    Ba/0.5Ta/0.5Ni/3S                                                    
                      Single phase BaNiO.sub.3 type, a = 6.781 A,              
                      c = 5.763 A                                              
     6    Ba/0.667Ta/0.33Co/3S                                                 
                      Single phase BaNiO.sub.3 type, a = 6.784 A,              
                      c = 5.753 A                                              
     7    Ba/0.667Ta/0.33Fe/3S                                                 
                      Single phase BaNiO.sub.3 type, a = 6.810 A,              
                      c = 5.8096 A                                             
     8    Ba/0.5Ta/0.5Rh/3S                                                    
                      Single phase BaNiO.sub.3 type, a = 6.733 A,              
                      c = 5.896 A, Semiconductor .rho.298K =                   
                      10.sup.8 ohm-cm, Ea = 0.6 eV                             
     9    Ba/0.5Nb/0.5Fe/3S                                                    
                      Single phase BaNiO.sub.3 type, a = 6.817 A,              
                      c = 5.753 A                                              
     10   Ba/0.667Nb/0.33Mn/3S                                                 
                      Single phase BaNiO.sub.3 type, a = 6.828 A,              
                      c = 5.86 A                                               
     11   Ba/0.667Ta/0.33Mn/3S                                                 
                      a = 6.816 A, c = 5.91 A, some unindexed                  
                      lines                                                    
     12   Ba/0.667Ta/0.33Cr/3S                                                 
                      Single phase BaNiO.sub.3 type, a = 6.796 A,              
                      c = 5.804 A                                              
     13   Ba/0.5Ta/0.5Cr/2.5S                                                  
                      Single phase BaNiO.sub.3 type, a = 6.794 A,              
                      c = 5.697 A, Compared to a = 6.76A, c =                  
                      5.81 A for BaTa.sub.0.5 Cr.sub.0.5 S.sub.3 indicates S   
                      nonstoichiometry is possible                             
     14   Ba/0.5Ta/0.5Ir/3S                                                    
                      Nearly single phase, BaNiO.sub.3 type, a =               
                      6.732 A, c = 5.889 A, some very weak                     
                      unindexed lines                                          
     15   Ba/0.5Ta/0.5Ir/3Se                                                   
                      Single phase BaNiO.sub.3 type, a = 7.018 A,              
                      c = 6.109 A, Semiconductor .rho.298K =                   
                      1 .times. 10.sup.5 ohm-cm                                
     16   Ba/0.5Ta/0.5Fe/3Se                                                   
                      Nearly single phase, BaNiO.sub.3 type, a =               
                      7.108 A, c = 6.014 A                                     
     17   Ba/0.5Ta/0.5Cr/3Se                                                   
                      Nearly single phase BaNiO.sub.3 type, a =                
                      7.10 A, c = 6.032 A, some weak extra                     
                      lines present                                            
     18   Ba/0.5Ta/0.5Co/3Se                                                   
                      Nearly single phase, BaNiO.sub.3 type, a =               
                      7.06 A, c = 5.95 A, some extra weak                      
                      lines                                                    
     19   Sr/0.5Ta/0.5Cr/3S                                                    
                      Heated at 1000.degree.C powder pattern was like          
                      BaNiO.sub.3 , a = 6.63 A, c = 5.12 A, Reheating          
                      at 800.degree. produced the LaAlS.sub.3 -type            
     __________________________________________________________________________
                      pattern                                                  
PAC  EXAMPLE 20
PAC  BaNb.sub.0.5 Cr.sub.0.5 S.sub.3
PAR  A mixture containing 0.9264 g of Ba, 0.3133 g of Nb, 0.1753 g of Cr, and
      0.6488 g of S in the gram atom proportions of Ba/0.5Nb/0.5Cr/3S was sealed
      with 0.05 g of I.sub.2 in an evacuated silica tube previously coated on
      the inside with carbon from the pyrolysis of toluene. The tube was heated
      in a gradient of 600.degree. to 300.degree. for 2 days. It was cooled,
      shaken to better mix the reagents, and reheated at 800.degree. to
      500.degree. for two days. It was again shaken and reheated at 900.degree.
      to 600.degree. for two days. Then the entire tube was heated at
      700.degree. for three days. It was opened, reground, resealed in silica
      and heated at 800.degree. for three days. The X-ray powder pattern of the
      product showed a single phase BaNiO.sub.3 -type pattern with refined cell
      parameters, a = 6.7663.+-. 0.0009 A and c = 5.779 .+-. 0.001 A.
PAC  EXAMPLE 21
PAC  BaTa.sub.0.5 Fe.sub.0.5 S.sub.3
PAR  A mixture containing 1.1350 g of BaCO.sub.3, 0.6354 g of Ta.sub.2 O.sub.5
      and 0.2296 g of Fe.sub.2 O.sub.3 in the ratio of 1 Ba:0.5 Ta:0.5 Fe was
      ground in an agate mortar, placed in a silica boat, and heated at
      700.degree. for 8 hours in a steam of reagent grade H.sub.2 S. The product
      showed a nearly single phase BaNiO.sub.3 -type X-ray powder pattern
      indexable with the hexagonal cell dimensions: a = 6.812 A and c = 5.792 A.
      It was reground and heated in a stream of H.sub.2 S at 900.degree. for 24
      hr. The product showed a single phase X-ray powder pattern with refined
      cell dimensions, a = 6.814 .+-. 0.001 A and c = 5.747 .+-. 0.001 A.
      Chemical analysis for S indicates an S deficiency. Found: 26.21% S. Calc.
      for BaTa.sub.0.5 Fe.sub.0.5 S.sub.3 : 27.33% S.
PAC  EXAMPLES 22-23
PAR  These Examples were carried out in the manner described in Example 23. The
      reactants and results are given in Table IV.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Example                                                                   
          Reactant Ratio                                                       
                        Product Characterization                               
     __________________________________________________________________________
     22   2BaCO.sub.3 /.sub.0.5 Ta.sub.2 O.sub.5 /CuO                          
                      Single phase, orthorhombic distortion                    
                      of the BaNiO.sub.3 structure, a = 12.21 A,               
          + flowing H.sub.2 S                                                  
                      b = 6.843 A, c = 5.843 A. Found:                         
                      25.46% S, Calcd. for BaTa.sub.0.5 Cu.sub.0.5 S.sub.2.75  
                      :                                                        
                      25.35% S.                                                
     23   2SrCO.sub.3 /0.5Ta.sub.2 O.sub.5 /FeO                                
                      BaNiO.sub.3 type: a = 6.673 A, c = 5.372 A.              
          + flowing H.sub.2 S                                                  
                      Found 32.46% S, Calcd. 31.83 S. Semicon-                 
                      ductor .rho.298K = 10.sup.5 ohm-cm, Ea = 0.4             
     __________________________________________________________________________
                      eV                                                       
PAC  EXAMPLE 24
PAC  BaTa.sub.0.5 Cr.sub.0.5 S.sub.3
PAR  A mixture containing 1.1413 g of BaCO.sub.3, 0.6389 g of Ta.sub.2 O.sub.5,
      0.2198 g of Cr.sub.2 O.sub.3 in the ratio of 1 Ba:0.5 Ta:0.5 Cr was
      treated in the same way as the mixture of Example 21. The final product
      shows a single phase BaNiO.sub.3 -type pattern with refined dimensions, a
      = 6.7631 .+-. 0.0006 A and c = 5.814 .+-. 0.001 A. Chemical analysis for S
      indicated full S content. Found: 27.70% S. Calc. for BaTa.sub.0.5
      Cr.sub.0.5 S.sub.3 : 27.48% S.
PAR  Although the invention has been described and exemplified by way of
      specific embodiments, it is not intended that it be limited thereto. As
      will be apparent to those skilled in the art, numerous modifications and
      variations of these embodiments can be made without departing from the
      spirit of the invention or the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A semiconducting composition with a BaNiO.sub.3 -type hexagonal crystal
      structure of the formula
PA1  Mm'.sub.1.sub.-y M".sub.y X.sub.3
PAL  where
PA1  M is Ba or Sr,
PA1  M' is one or more of Ta and Nb,
PA1  M" is one or more of Cr, Mn, Fe, Co, Ni, Cu, Rh and Ir,
PA1  X is one or more of S and Se, and
PA1  y is 0.33 to 0.5,
PAL  with the proviso that, when M is Sr, the compound is of the formula
PA1  SrTa.sub.0.5 M".sub.0.5 S.sub.3
PAL  and M" is one or more of Cr and Fe.
NUM  2.
PAR  2. The semiconducting composition of claim 1 of the formula
      BaM'.sub.1.sub.-y M".sub.y X.sub.3.
NUM  3.
PAR  3. The semiconducting composition of claim 2 of the formula
      BaTa.sub.1.sub.-y M".sub.y S.sub.3.
NUM  4.
PAR  4. The semiconducting composition of claim 3 of the formula BaTa.sub.0.5
      Co.sub.0.5 S.sub.3.
NUM  5.
PAR  5. The semiconducting composition of claim 2 of the formula
      BaNb.sub.1.sub.-y M".sub.y S.sub.3.
NUM  6.
PAR  6. The semiconducting composition of claim 1 of the formula
PA1  SrTa.sub.0.5 M".sub.0.5 S.sub.3.
NUM  7.
PAR  7. The semiconducting composition of claim 6 in which M" is Cr.
NUM  8.
PAR  8. The semiconducting composition of claim 6 in which M" is Fe.
PATN
WKU  039404730
SRC  5
APN  2144948
APT  1
ART  113
APD  19711230
TTL  Thermal control in dual temperature systems
ISD  19760224
NCL  28
ECL  1
EXP  Thomas; Earl C.
NDR  3
NFG  7
INVT
NAM  Spevack; Jerome S.
CTY  New Rochelle
STA  NY
ASSG
NAM  Deuterium Corporation
CTY  White Plains
STA  NY
COD  02
RLAP
COD  71
APN  587365
APD  19660926
PSC  03
RLAP
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APN  822973
APD  19590625
PSC  03
RLAP
COD  84
APN  188925
APD  19500929
PSC  01
PNO  2895803
CLAS
OCL  423580
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EDF  2
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UREF
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XCL  423580
ABST
PAL  A fluid treatment system including (a) the heating of a flow of carrier gas
      and the simultaneous vaporization thereinto of a liquid to be carried
      thereby in a first zone, and (b) the subsequent cooling of such flow and
      condensation of liquid therefrom in a third zone after the same has been
      subjected to a treatment including further heating and saturation of the
      gas with vapor of the liquid in a second zone, the principal proportion of
      the heat required being supplied in the first zone by transfer from the
      third zone by way of at least one indirect contact heat exchange. In
      particular embodiments the indirect contact heat exchange is effected with
      at least one circulation of liquid passing in countercurrent direct
      contact heat exchange with the gas. In particular embodiments special
      advantages are obtained by controlling the temperature of the condensate
      formed in the third zone by co-current or counter-current flow thereof
      with respect to the gas being cooled therein.
PARN
PAR  This is a continuation of application Ser. No. 587,365 filed Sept. 26,
      1966, now abandoned, which was a continuation of application Ser. No.
      822,973 filed June 25, 1959, now abandoned, which was a division of my
      copending parent application Ser. No. 188,925 filed Sept. 29, 1950 (now
      Pat. No. 2,895,803 issued July 21, 1959).
BSUM
PAR  The described invention which is claimed herein relates to improvements in
      methods and apparatus for the control of temperature, saturation and
      solubility in systems in which both liquid and gas are present together,
      at different temperatures in different locations in the system. In such
      systems, for instance, as disclosed in U.S. Pat. No. 2,787,526, issued
      April 2, 1957, a single stage system or each stage of a cascade employs a
      cold tower and a hot tower and the progress of the exchange reactions
      through the system has required alternate and repeated cooling and heating
      of the substances involved in a very costly manner. These temperature
      reversals taken with the humidity variations and loss of costly materials
      with the waste have constituted the outstanding factors in the operating
      costs and have been determinative of the practicability of the system.
PAR  An object of this invention is to provide improved systems for reducing
      such cost factors in a manner economizing on the energy to be supplied and
      greatly reducing the cost of operation while at the same time maintaining
      the rate and quality of output.
DRWD
PAR  Further objects of the invention will appear from the following
      specification taken in connection with the accompanying drawings in which:
PAR  FIGS. 1a, 1b, 1c, and 1d show connected parts of a flow diagram
      illustrating preferred embodiments of the present invention associated in
      a cascade embodiment of a system of the class described;
PAR  FIGS. 2a and 2b show a similar flow sheet illustrating a modified form of
      temperature and humidity adjusting system of this invention:
PAR  FIG. 3 shows a similar flow sheet of a further modification of the
      temperature and humidity adjusting system.
DETD
PAR  The features of the present invention are typically illustrated in
      connection with the concentration of deuterium by countercurrent reactions
      at contrasting high and low temperatures. Where the reactants for this
      purpose are hydrogen sulfide gas (H.sub.2 S) and liquid water (H.sub.2 O),
      the reactions are ionic as explained in my aforesaid parent application
      and equilibrium conditions favor concentration of the deuterium in the
      water phase with a greater concentration effect occurring at the lower
      temperature. Proper operation of the process gives rise to a concentration
      gradient in the towers and causes an accumulation of deuterium as heavy
      water at the bottom of the cold tower. In the systems shown, hydrogen
      sulfide gas is continuously recycled from the top of the cold tower to the
      bottom of the hot tower, always flowing countercurrent to the water.
PAR  The supply of liquid, e.g. water, (FIG. 1a) enters at 10 and passes through
      water conditioner 11 and pump 12 to the top of the cold tower 14 of the
      first stage. As hereinafter explained, there is a countercurrent of
      chemically different gas (H.sub.2 S) passing upward in this tower 14, the
      temperature of this cold exchange reactor being maintained at about
      20.degree.C., for instance, for a pressure of 3 atmospheres.
PAR  The cold liquid discharged at 15 at the bottom of the tower by pump 19 is
      divided, one portion going by conduit 16 through heat exchanger 17 to be
      heated thereby and passed on to the top of the hot tower 18 of this first
      stage. Here again there is a countercurrent of gas for the hot
      (80.degree.C.) exchange reaction and the hot liquid discharged at 20 at
      the bottom of the tower is passed by pump 21 and conduit 22 through
      stripper 67 and heat exchanger 23 removing dissolved gas (H.sub.2 S) from
      the liquor and raising the temperature of the liquor which then passes
      through conduit 24 to heat exchanger 17 where it serves to raise the
      temperature of the first stage liquid passing from the cold to the hot
      tower. The discharge of this circulation of heating liquid from exchanger
      17 passes to waste.
PAR  The other portion of the cold liquid discharged from the cold tower to 15
      passes by conduit 25 to subsequent operations, from which hot liquid may
      be received through pipe 39 to the top of the hot tower 18. Thus in the
      form shown in FIGS. 1a - 1d the liquid from conduit 25 passes to the top
      of the cold tower 28 of the second stage for the cold (20.degree.C.)
      reaction with the upward sweeping countercurrent of gas and the cold
      liquid discharged at 29 passes through pump 30 and in part through pipe 31
      and heat exchanger 32 raising the temperature of the liquid for entry at
      33 into the hot tower 36 where it meets the countercurrent of gas, this
      hot reaction being at about 80.degree.C. and discharging the hot liquid at
      37 to pump 38 passing the liquid through pipe 39 to the top of the hot
      tower 18. The remainder of the cold discharge from tower 28 passes by
      piping 40 to the top of the cold tower 42 of the third stage where it is
      reacted by the countercurrent gas and discharged at 43 to be passed by
      pump 44 and by piping 45 to heat exchanger 46 raising its temperature for
      discharge through piping 47 to the top of the hot (80.degree.C.) tower 48
      and is subjected to reaction with the countercurrent gas and discharge at
      49 through pump 50 passing the hot liquid through piping 51 to the top of
      the next preceding hot tower 36. The other part of the cold discharge from
      tower 42 passes by pipe 52 to the top of the fourth stage cold tower 56 at
      20.degree.C. where it reacts with the countercurrent gas and is discharged
      at 53 through pump 54 and piping 55 to heat exchanger 57 and piping 58 to
      the hot tower 60. The discharge of hot liquid from this tower at 61 is
      passed by pump 62 and piping 63 to the top of the hot tower 48 of the
      preceding stage, completing the circuit of the liquid within the system
      unless additional stages are found advantageous.
PAR  No temperature treatment is required for the liquid flows to the cold
      towers assuming an initial supply at the right temperature. The liquids
      supplied to the hot towers are raised in temperature by the heated waste
      discharge. In the form shown this waste discharge flows from the primary
      hot tower 18, and waste pipe 24 is connected to feed pipe 65 leading to
      the heat exchangers 32, 46 and 57 of the second, third and fourth stages
      respectively. The temperature regulation of the liquid is thus provided
      from sources within the system and additional steam is only drawn upon in
      connection with the final stripping of the discharge liquor at 67 and
      return of the separated gas to the hot tower 18.
PAR  This stripping is another feature of the improved process whereby dissolved
      gas (H.sub.2 S) is removed from the waste liquor. This is accomplished in
      a simple but effective way at essentially no extra energy expense. The
      amount of steam that is still required to make up for process
      inefficiencies and to complete the gas heating and humidification as
      hereinafter explained, is put to an additional use before it enters the
      hot tower 18. This steam entering at 66 is passed countercurrent to the
      processed waste liquor in the contact stripping tower 67. In this manner
      the dissolved hydrogen sulphide is removed from the waste liquor and swept
      back through outlet pipe 68 to the hot tower 18 together with the steam.
      Stripping efficiency which leaves less than one part per million residue
      may be attained. The hot liquid discharge at 69 from stripper 67 is
      circulated in heat exchanger 23 to increase the temperature of the waste
      liquor supply prior to its employment for heating fluid flowing from a
      cold tower to a hot tower. In the form shown the augmented temperature
      waste liquid from 23 is applied to heat a plurality of liquid streams
      flowing from cold towers to hot towers, by delivering it to the subsequent
      heaters 17, 32, 46 and 57 for the liquid entering the hot towers, the
      liquor being raised, for instance, from 80.degree.C. in conduit 22 to
      85.degree.C. in conduit 24.
PAR  The conditioning of the countercurrent gas (for instance (H.sub.2 S) is
      attained with utmost economy. The gas supplied to the cold tower 14, and
      in the cascade form shown to the cold towers 28, 42 and 56, is efficiently
      cooled and dehumidified and the gas supply to the hot tower 18 is heated
      and humidified with interchange of energy between these operations. In the
      multi-stage form shown, the hot towers of the remaining stages receive
      their supplies from the hot towers of the previous stages, so that all
      treatment of the gas supplies to the second, third and fourth stage hot
      towers is dispensed with. This novel multi-stage arrangement, which is
      claimed in my copending application, results in a type of cascade system
      which integrates the plant so that each stage is not an independent unit
      but is a working part of the overall system. The hot humidified gases
      required at the bottom of the second stage hot tower 36 are obtained
      through piping 70 from the hot gases leaving the hot tower 18 of the first
      stage, and all of the hot liquor from the hot tower 36 of the second stage
      returns by piping 39 to the hot tower 18 of the first stage. Similarly hot
      tower 48 receives its gas supply from preceding hot tower 36 by piping 71
      and returns to tower 36 its hot liquor discharge by piping 51, while hot
      tower 60 receives its hot gas through pipe 72 from the preceding hot tower
      48 and returns to tower 48 its hot liquid discharge through pipe 63. In
      said multi-stage arrangement, the final discharge of hot gases from fourth
      stage hot tower 60 pass out through piping 74 to subsequent conditioning
      treatment and is then used to supply the countercurrent gas to cold tower
      56 of the fourth stage.
PAR  An important aspect of the present system is the recovery and use of the
      low level energy which is available in the cooling and dehumidification of
      hot humidified gases. Instead of cooling these hot gases with cooling
      water and wasting the heated water, by the present invention the latter is
      circulated in a cyclic treatment reclaiming the heat and using it for
      heating and humidification of gases entering a hot tower.
PAR  In the system shown the hot gases from the tower 18 must be cooled and
      dehumidified before they can be used in the cold tower 14, and in the
      multi-stage arrangement shown the same problem is presented at each
      following stage. In accordance with this invention, a supply of these hot
      gases from tower 18 on their way to the cold tower 14 are passed through
      the dehumidifier and gas cooler 75 which is cooled by water supplied by
      pipe 76. This water raised in temperature is fed by pipe 77 to the top of
      a special humidifier tower 78 and through this tower 78 the cold gases
      brought by pipe 79 from cold tower 14 are passes in direct contact
      countercurrent to the hot water. By this efficient direct contact method
      the cold gases are simultaneously heated and humidified while the
      circulating liquor is cooled. The hot humidified gases are passed by pipe
      80 into the hot tower 18. The cooled liquor is recirculated to the
      dehumidifier and cooler 75 to pick up another charge of energy for
      delivery to the humidifier 78. Thus, the recirculated liquid circulates in
      a closed cycle 75, 77, 78, 76. In the system shown, in which the
      recirculated liquid comprises water, a small amount of make-up water is
      continuously added to this liquor cycle in order to replace that portion
      which is consumed in humidification of the gas stream. This may
      conveniently be drawn from the discharge pipe 22 from hot tower 18 or from
      the feed, etc.
PAR  A further advantage of the embodiment shown in FIGS. 1a - 1d is that all of
      the energy from the dehumidifiers of all of the stages is available for
      humidification and gas heating in the humidifier 78 of the first stage.
      These stages, two, three and four, receive their hot gases direct from the
      preceding stage in each case and so humidifiers for these stages are
      dispensed with. In each of these stages the corresponding dehumidifier and
      cooler 84, 85, 86 intervening in the gas passage between the hot tower and
      the cold tower is cooled by circulation from pipe 82, drawing its supply
      from pipe 76, and pipe 83 returning the discharges to pipe 77 so that
      these dehumidifiers 84, 85, 86 of these subsequent stages are in circuit
      with the cyclic circulation through humidifier 78 and supply energy
      thereto.
PAR  In the cascade system shown, the cooled gases from hot tower 18 pass into
      the bottom of cold tower 14 at 87 and are joined there by the cold gases
      brought from the cold tower 28 by pipe 88, gas pump 89 and pipe 90.
      Similarly the cold tower 28 is supplied at 91 with cooled gases from hot
      tower 36 and at 92 with cold gases from tower 42, while tower 42 receives
      cooled gases at 93 from hot tower 48 and at 94 is supplied with cold gases
      from cold tower 56, which latter tower receives its supply of gases at 95
      solely from hot tower 60.
PAR  In addition to the dehumidifying and cooling of the hot gases at 75, 84,
      85, 86, they may be subjected to a separating action as in separator 97 of
      stage one receiving the discharge from cooler 75 and separating out the
      liquid. In the system shown, the separated liquid from 97 is passed by
      pump 98 to heater 99 and delivered into the top of the hot tower 18. The
      energy for heater 99 is supplied from an outside source. The gas discharge
      from separator 97 is fruther cooled in aftercooler 100 supplied with
      cooling circulation from any suitable source and the condensate from this
      aftercooler is carried into tower 14 with the gas stream. Similar
      condensers and coolers may be provided at the subsequent stages as shown.
PAR  In the final stage of the cascade system of FIGS. 1a-1d the separator 101
      separates out the liquid content of the gases from condenser 86 and pump
      102 delivers the condensate to discharge pipe 103 and heater 104 from
      which the liquid raised in temperature is returned to the hot tower 60.
PAR  In this form the gas is an exchange medium and is recycled without being
      consumed. Make-up gas in small amounts may be supplied preferably at the
      entrance to the cold tower of the first stage.
PAR  The diagrammatic showing and descriptions herein are merely illustrative
      and descriptive of the invention, and changes in number of stages,
      temperature of operation, pressure of operation, the kinds of substances
      used, and other details may be resorted to within the principle of the
      invention.
PAR  The modified cascade system to which the invention is applied in FIGS. 2a
      and 2b is shown with four stages in first of which has the hot reaction
      divided between three parallel hot towers 118. In general the handling of
      the flows and the connections of the reactors and stages are similar and
      the parts in FIGS. 2a and 2b are in most instances numbered one hundred
      above the numbers applied to the corresponding parts in FIGS. 1a to 1d.
      For simplicity the pumps have been omitted from FIGS. 2a and 2b and the
      liquid stream is in full lines and the gas stream in broken lines. The
      heat recovery arrangement associated with the towers of FIGS. 2a and 2b is
      modified and does not employ the closed circuit fluid circulation typified
      by 75, 76, 77, 78 of the system of FIGS. 1a to 1d. Instead a supply of the
      hot gases from towers 118 on their way to the cold tower 114 are passed by
      conduit 200 to heat exchanger 178 and are cooled and have their moisture
      in part condensed by the countercurrent of a flow of the cold gases from
      tower 114 by pipe 179. The partially cooled gas from exchanger 178 is
      passed by pipe 201 to the secondary cooler and condenser 202 and thence by
      pipe 203 to the cold tower 114. The cooling circulation indicated at 209
      for cooler-condenser 202 is supplied from an outside source.
PAR  In this system of FIGS. 2a and 2b the heat exchanger 178 raises the
      temperature of the cool gases received from cold tower 114 and at the same
      time provides heat for vaporization of the moisture for humidification,
      the make-up water for humidification being fed in at 205 at the entrance
      to the heat exchanger. Condensate from exchangers 178 and 202 are
      collected and delivered through pipes 206, 207 respectively wholly or in
      part to the top of the cold tower of the next succeeding stage.
PAR  In a similar manner a supply of the hot gases from towers 136, 148 and 160
      on their way to the cold towers 128, 142 and 156 respectively are passed
      to heat exchangers 184, 185 and 186 respectively and are cooled and have
      their moisture in part condensed by the countercurrent of a supply of cold
      gases from tower 114 by pipes 219, 221 and 223 respectively. The said
      supplies of gases from tower 114 are raised in temperature in heat
      exchangers 184, 185 and 186 and at the same time heat is provided for
      vaporization of moisture for humidification, this make-up water for
      humidification being fed in at 220, 222 and 224 respectively.
PAR  In any system of heat recovery between fluids entering and leaving a hot
      reactor, there may be direct physical contact only between the fluids
      entering and leaving, respectively, a single end of the reactor. This
      limitation is necessary to avoid commingling of processed material with
      unprocessed material. Accordingly, the system described herein has made
      use of the very efficient direct intimate contact methods of heat transfer
      together with the indirect non-contacting methods as required for the
      systems to which the invention is illustratively applied herein. For
      example, in FIGS. 1a to 1d the energy available from the gas leaving the
      hot tower is transferred by indirect contact heat exchanger (75, FIG. 1a;
      84, 85, 86, FIG. 1c) to water which in turn transfers the energy by direct
      contact (intimate mixing in a countercurrent tower 78, FIG. 1b) with the
      gas entering the bottom of the hot tower. In this way it is possible to
      simultaneously heat and humidify the gas entering the hot tower. Likewise
      in FIGS. 2a and 2b, in exchanges 178, 184, 185 and 186 there is a
      simultaneous heating of the gas and vaporizing of the water required for
      humidification.
PAR  Another modified system may be employed in which the heat exchanges between
      the hot and cold flows are in general the reverse of those employed in
      FIGS. 1a and 1b. This modification makes use of a heat transfer cycle
      involving the pick-up of energy from a hot humidified gas by a liquid
      stream in a countercurrent direct contact, gas cooler dehumidifier tower
      and the subsequent liberation of this energy from the liquid to a cold gas
      stream by indirect contact in a countercurrent heat exchanger.
PAR  In this modification (FIG. 3) the cold tower 314 may be extended to include
      a section 314a at its bottom (or a separate tower) which will serve as the
      direct contact gas cooler-dehumidifier. The cold liquid from the bottom of
      the cold tower 314 together with an auxiliary flow via 314b passes
      countercurrent in 314a in contact with the hot humidified gas from the top
      of the hot tower 318 and becomes heated as the gas is cooled to the cold
      tower temperature. The cooled gas via 387 then flows upward through the
      cold tower 314. The hot liquid from the bottom of said direct contacting
      section 314a is divided. A portion 314a represented by the main cold tower
      stream plus the added condensate is sent to the hot tower and the balance
      314d is sent to a heat exchanger 301 through which indirectly it transfers
      its energy to a mixture of the cold tower gas and a volume of liquid
      required for humidification, and thus the cold tower gas outflow 314f is
      simultaneously heated and humidified as the liquid in 314d is cooled. To
      make up for inefficiencies of the heat transfer equipment this liquid is
      further cooled in 314g, as required, before returning it to the same
      direct contacting section 314a via 314b.
PAR  The present invention thus affords systems for adjusting the temperature
      and saturation of a fluid and for reusing the heat therefrom in unique and
      advantageous manners.
PAR  From the illustrative embodiments of the invention above set forth it will
      be apparent to those skilled in the art that the present invention
      provides for the exchange of energy, in the course of the supply of heat
      to or extraction of heat from a saturable fluid and simultaneous
      desaturation or saturation thereof with saturating fluid, by a system in
      which at least one indirect contact heat transfer is employed, and in
      which, when supply and extraction of heat takes place at different
      locations, the system may advantageously include the employment of
      recirculating transfer liquid operating in direct contact with the
      saturable fluid at least at one of said locations and in series with said
      indirect heat transfer.
PAR  Thus, in summary, referring to FIG. 1, the process practiced therein is a
      thermal exchange method of the type which involves (a) the heating of a
      flow of carrier gas, e.g. H.sub.2 S, from 79, and the vaporizing thereinto
      of a chemically different liquid, e.g. H.sub.2 O, to be carried thereby,
      and (b) the subsequent cooling of such flow and condensation of such
      liquid therefrom after the same has been (c) subjected to treatment in
      tower 18, and in the form shown includes the improvement that (d) said
      heating and vaporizing step (a) is effected in a first zone 78, (e) said
      cooling and condensing step (b) is effected in a third zone 75, 97 from
      which said flow of liquid and condensate are separately removed, (f) said
      treatment step (c) is effected in a second zone 18 in which the flow is
      further heated and has a further quantity of vapor of said liquid added
      thereto via 68, (g) said flow is passed in sequence through said first,
      second and third zones, (h) a quantity of said liquid, piped from 21 to
      78, is brought into physical contact with said flow of gas in said first
      zone 78, and (i) heat for effecting the heating of the cold gas from 79
      and the vaporization of the liquid from 21 in the first zone 78 is
      obtained from the cooling and condensation in said third zone and such
      heat is transferred from the flow in said third zone 75 to the flow in
      said first zone 78 by way of a counter-current indirect contact heat
      exchange via the circulation of heat transfer fluid through 76, 75, 77,
      78, 76 while maintaining the flows in 78 and in 75 out of contact with
      each other. In FIG. 1 the transfer is via the interposed circulation of
      heat transfer fluid 76, 77 which effects a direct contact transfer in the
      first zone 78, and comprises the liquid referred to in steps (a) and (h),
      and the carrier gas is recirculated via 87, 14 and 79, being treated and
      further cooled in 14, and its circulation through the zones is effected
      solely by blower B. Also, in FIG. 1, step (a) is effected by introduction
      of vapors of the liquid from 68 which are hotter than the flow through
      conduit 80, such vapors being in the form of steam when said liquid
      comprises water. When the carrier gas is soluble in the liquid, as in the
      case of H.sub.2 S and H.sub.2 O, the liquid from 18 is passed to a fourth
      zone 23 where it is further heated and then to a fifth zone 67 where it is
      stripped with a hotter counter-current flow of said liquid in vapor phase,
      e.g. steam from 66, the uncondensed vapor and stripped gas via 68 being
      returned to 18, and the heated liquid from 67 effecting the heating in 23.
PAR  And in further summary, referring to FIG. 3, in which the gas heating side
      of 301 is the first zone, while 314 and 314a are the second and third
      zones, the direct contact heat transfer in 314a takes the place of the
      indirect contact heat transfer in 75 of FIG. 1, and the indirect contact
      heat transfer in 301 takes the place of the direct contact heat transfer
      in 78 of FIG. 1.
PAR  While there have been described herein what are at present considered
      preferred embodiments of the invention, modifications and changes and
      rearrangements may be made therein without departing from the essence of
      the invention; the exemplary embodiments are to be taken as illustrative
      and not restrictive of the invention, the scope of which is defined in the
      appended claims; and all modifications that come within the meaning and
      range of equivalency of the claims are intended to be included therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of the type which involves
PA1  a. the heating of a flow of carrier gas and the vaporizing thereinto of a
      chemically different liquid to be carried thereby, and
PA1  b. the subsequent cooling of such flow and condensation of such liquid
      therefrom after the same has been
PA1  c. subjected to treatment, the improvement that:
PA1  d. said heating and vaporizing step (a) is effected in a first zone,
PA1  e. said cooling and condensing step (b) is effected in a third zone from
      which said flow and liquid condensate are separately removed,
PA1  f. said treatment step (c) is effected in a second zone in which the said
      flow is further heated and has a further quantity of vapor of said liquid
      added thereto,
PA1  g. said flow is passed in sequence through said first, second and third
      zones,
PA1  h. a quantity of said liquid is brought into physical contact with said
      flow of gas in said first zone, and
PA1  i. heat for effecting the heating and vaporizing in said first zone is
      obtained from the cooling and condensation in said third zone and such
      heat is transferred to the flow in said first zone from the flow in said
      third zone by way of a countercurrent indirect contact heat exchange while
      maintaining said flows out of contact with each other.
NUM  2.
PAR  2. A method as claimed in claim 1, in which in step (i) the heat is
      transferred from the flow in the third zone to the flow in the first zone
      by a plurality of heat transfers to and from an interposed circulation of
      heat transfer fluid, at least one of said heat transfers being a direct
      contact heat transfer.
NUM  3.
PAR  3. A method as claimed in claim 2, in which the heat is transferred from
      the interposed circulation of heat transfer fluid to the gas and liquid in
      said first zone by said direct contact heat transfer.
NUM  4.
PAR  4. A method as claimed in claim 2, in which the heat is transferred to the
      interposed circulation of heat transfer fluid from the gas and liquid in
      said third zone by said direct contact heat transfer.
NUM  5.
PAR  5. A method as claimed in claim 2, in which the heat transfer fluid in said
      interposed circulation comprises the liquid referred to in steps (a) and
      (h) and is circulated in direct contact with the flow of gas in said first
      zone.
NUM  6.
PAR  6. A method as claimed in claim 2, in which the heat transfer fluid in said
      interposed circulation comprises the liquid condensate referred to in
      steps (b) and (c) and is circulated in direct contact with the flow of
      carrier gas and vapor in said third zone.
NUM  7.
PAR  7. A method as claimed in claim 1, further comprising the step of
      recirculating the carrier gas which has been cooled in step (b) for re-use
      in step (a).
NUM  8.
PAR  8. A method as claimed in claim 7, in which the gas which has been cooled
      in step (b) is treated and further cooled before being re-circulated for
      re-use in step (a).
NUM  9.
PAR  9. A method as claimed in claim 1, in which the flow through said first
      heating and vaporizing zone and second treating zone is produced solely by
      imparting motion to the carrier gas flowing to said first heating and
      vaporizing zone.
NUM  10.
PAR  10. A method as claimed in claim 1, in which step (f) is effected with the
      aid of steam.
NUM  11.
PAR  11. A method as claimed in claim 1, in which in step (f) the further
      heating of said flow and an addition of further vapor of said liquid
      thereto are effected by introducing into said second zone vapors of said
      liquid at a temperature greater than the temperature of the flow passed to
      said second zone.
NUM  12.
PAR  12. A method as claimed in claim 1, wherein said liquid comprises water.
NUM  13.
PAR  13. A method as claimed in claim 1, which method is applicable when said
      carrier gas is soluble in said liquid and further comprises:
PA1  j. in the treatment in step (c), contacting the flow of carrier gas with a
      heated flow of said liquid and then passing said flow of liquid to a
      fourth zone as the flow of gas is passed to said third zone,
PA1  k. further heating said flow of liquid in said fourth zone by passing it in
      counter-current indirect contact heat exchange to a flow of heating fluid
      and then passing said further heated flow of liquid from said fourth zone
      to a fifth zone,
PA1  l. in said fifth zone still further heating said flow of liquid and
      stripping dissolved gas therefrom by passing in counter-current direct
      contact therewith a hotter flow of said liquid in vapor phase,
PA1  m. withdrawing from said fifth zone uncondensed vapor of said liquid
      together with stripped gas and mixing the same with at least one of the
      flows being contacted in said step (j) for effecting the heating of step
      (f), and
PA1  n. withdrawing the still further heated and stripped flow of said liquid
      from said fifth zone and passing it as the flow of heating fluid in step
      (k).
NUM  14.
PAR  14. A method as claimed in claim 13, in which in step (i) the heat is
      transferred from the flow in the third zone to the flow in the first zone
      by a plurality of heat transfers to and from an interposed circulation of
      heat transfer fluid, at least one of said heat transfers being a direct
      contact heat transfer.
NUM  15.
PAR  15. A method as claimed in claim 14, in which the heat is transferred from
      the interposed circulation of heat transfer fluid to the gas and liquid in
      said first zone by said direct contact heat transfer.
NUM  16.
PAR  16. A method as claimed in claim 14, in which the heat is transferred to
      the interposed circulation of heat transfer fluid from the gas and liquid
      in said third zone by said direct contact heat transfer.
NUM  17.
PAR  17. A method as claimed in claim 13, in which the vapor pressure of the
      hotter flow of said liquid in vapor phase referred to in step (l) is
      greater than the pressure at which the contact in step (j) is effected.
NUM  18.
PAR  18. A method as claimed in claim 1, in which in step (h) the quantity of
      liquid brought into contact with said flow of carrier gas in said first
      zone comprises a greater amount of liquid than is vaporized into said
      carrier gas in said first zone.
NUM  19.
PAR  19. A method as claimed in claim 1, in which said further heating in step
      (f) is effected in the presence of a quantity of said liquid.
NUM  20.
PAR  20. In a method of the type which involves
PA1  a. the heating of a flow of carrier fluid which is mixed with chemically
      different contained fluid and
PA1  b. the subsequent separation of contained fluid from solution in the flow
      of carrier fluid, the improvement that:
PA1  c. said heating step (a) is effected in a first zone from which the heated
      flow of carrier fluid and contained fluid is passed to a second zone,
PA1  d. said heated flow is further heated in said second zone and is then
      passed from said second zone and cooled by transferring heat therefrom to
      the flow in said first zone while maintaining said flows out of physical
      contact with each other, and
PA1  e. the further heating of said heated flow in said second zone is effected
      under gas and liquid direct contact thereof with a supply of one of said
      fluids at a higher temperature than that of the heated flow passed to said
      second zone.
NUM  21.
PAR  21. A method as claimed in claim 20, in which said carrier fluid is a gas,
      said contained fluid is vaporizable liquid, said direct contact in step
      (c) is with a supply of said liquid, and said separation is effected by
      condensation of contained fluid from the flow of carrier gas as heat is
      transferred therefrom in step (b).
NUM  22.
PAR  22. A method as claimed in claim 20, in which said carrier fluid in a
      liquid, said contained fluid is a gas which is soluble in said liquid,
      said direct contact in step (c) is with a supply of said liquid in vapor
      form, and said separation is effected by removal of released gas from said
      second zone.
NUM  23.
PAR  23. A method as claimed in claim 20, in which said carrier fluid is water,
      said contained fluid is a gas soluble therein, and said direct contact in
      step (c) is effected by passing steam into said second zone in direct
      contact with and countercurrent to the flow of the carrier fluid therein.
NUM  24.
PAR  24. A method as claimed in claim 23, in which the separation in step (b) is
      effected by delivering from said second zone uncondensed portions of said
      steam and gas released from the carrier fluid therein separately from the
      flow of water passed from said second zone.
NUM  25.
PAR  25. An improved thermal exchange method of the type that comprises, in
      combination, the steps of
PA1  a. forming a first flow of gas phase substance,
PA1  b. heating said first flow and vaporizing thereinto to be carried thereby
      vapors of a vaporizable liquid substance different from said gas phase
      substance to form an augmented flow;
PA1  c. subjecting said augmented flow to treatment to form a treated flow, and
PA1  d. thereafter cooling said treated flow to condense therefrom vapors of
      said vaporizable liquid substance carried therein;
PAL  wherein the improvement comprises:
PA1  e. in forming said augmented flow in step (b), bringing said gaseous flow
      and a liquid flow of said second substance into physical contact in a
      first zone and supplying heat thereto in said first zone,
PA1  f. in forming said treated flow in step (c), further heating said augmented
      flow and adding thereto a further quantity of vapor of said vaporizable
      liquid in a second zone,
PA1  g. in step (d), extracting heat from said treated flow in a third zone, and
      separately removing from said third zone the flow of said gas phase
      substances and the liquid condensate condensed therefrom, and
PA1  h. transferring the heat extracted in the cooling and condensation in step
      (g) from the third zone to the first zone, to constitute the heat supplied
      for the heating and vaporizing of step (e) therein, by way of a
      counter-current indirect contact heat exchange, while
PA1  i. maintaining the flows in said first and third zones out of contact with
      each other.
NUM  26.
PAR  26. A method as claimed in claim 25, in which in steps (b) and (e) the said
      liquid flow brought into physical contact in said first zone comprises a
      greater amount of liquid than is vaporized into said gaseous flow in said
      first zone.
NUM  27.
PAR  27. A method as claimed in claim 25, in which said further heating in step
      (f) is effected in the presence of a quantity of said liquid.
NUM  28.
PAR  28. A method as claimed in claim 25, in which one of said fluids is water.
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ABST
PAL  Unsolvated aluminum hydride is decomposed by a controlled heating method to
      yield pure hydrogen useful in chemical lasers and as an energy source.
GOVT
PAC  DEDICATORY CLAUSE
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without the payment to us
      of any royalties thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of producing high purity hydrogen,
      generally at the time the pure hydrogen is required, for chemical lasers
      or for an energy source.
PAR  With recent interests in chemical lasers the degree of purity of the
      reactant and the need to produce the reactant at the time of use with the
      high degree of purity required are of particular concern.
PAR  Hydrogen is used in large quantities in industry, usually, from compressed
      gas storage containers which are hooked up to a manifold which serves to
      direct the gas through a control valve where the flow rate is controlled
      for use. The level of purity of hydrogen gas from this source has been
      found to be not adequate for laser use without further purification. The
      laser use requires the highest purity of reactants which react to form a
      chemical compound while at least one of the reactants is in an excited
      energy state. The formed compound emits coherent radiation energy while
      returning to ground state.
PAR  The system employing metal hydrides such as lithium aluminum hydride,
      sodium borohydride, etc. as a source of hydrogen generally requires a
      catalyst to effect decomposition. In this system there are a number of
      opportunities to contaminate the hydrogen generated.
PAR  Desirable would be a method which can be employed to generate high purity
      hydrogen for chemical lasers or for a high purity energy source.
PAR  Advantageous would be a method which can be employed to generate hydrogen
      on a continuous basis or on an incremental basis to yield high purity
      hydrogen.
PAR  Therefore, an object of this invention is to provide a method for
      generating high purity hydrogen for chemical lasers.
PAR  Another object of this invention is to provide a method for generating high
      purity hydrogen from a solid chemical compound which does not require a
      catalyst to effect decomposition and which decomposes rapidly over a
      narrow temperature range.
PAC  SUMMARY OF THE INVENTION
PAR  Unsolvated aluminum hydride is used as a source for preparation of pure
      hydrogen. The method of this invention employs an unsolvated aluminum
      hydride such as aluminum hydride 58 or aluminum hydride 1451. The
      designation 58 designates the aluminum hydride having maximum absorption
      in the infrared at 5.8 microns and is commonly referred to as aluminum
      hydride 58. The designation of 1451 relates to the x-ray diffracting
      characteristics for aluminum hydride which is an unsolvated aluminum
      hydride 58 or equivalent. Aluminum hydride 58 and aluminum hydride 1451
      are commercially available in quantities.
PAR  Aluminum hydride 58 or 1451 is decomposed by heating to about 180.degree.C.
      The decomposition is endothermic in the absence of air. In the presence of
      air, the decomposition is exothermic in that Al.sub.2 O.sub.3 is formed.
      The method of this invention comprises placing small wafer pellets of
      unsolvated aluminum hydride or unsolvated aluminum hydride in powder form
      in a container that can be evacuated or purged with an inert gas such as
      nitrogen before applying heat to decompose the aluminum hydride to yield
      pure hydrogen and aluminum metal. The evacuation of the container is the
      preferred procedure where highest purity of hydrogen is required for laser
      use or where maximum yield is desired. However, if highest purity is not
      required, such as for a fuel source, the decomposition could be effected
      in air where the reaction is exothermic due to the formation of Al.sub.2
      O.sub.3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
PAR  Unsolvated aluminum hydride is placed in a container which is adapted for
      operating in an inert or vacuum environment and which can be heated
      rapidly to the decomposing temperature range of 180.degree. -
      185.degree.C. For the purpose of gathering data and yielding a small
      quantity of high purity hydrogen the following conditions were employed.
PAC  EXAMPLE
PAR  A piece of wire (high-melting point, comprised of about Ni 80%, Cr 20%)
      with a diameter of about 0.032 inch is positioned in the approximate
      center of a tube (length wise) of about one-half inch diameter and about 3
      inches long. Unsolvated aluminum hydride powder is then placed in the tube
      to surround the wire which is heated electrically to effect decomposition
      of the aluminum hydride. Heat is applied as long as decomposition is
      desired to liberate hydrogen gas or until about a 10% loss in weight is
      achieved when the decomposition takes place in an inert or vacuum
      environment. The decomposition rate is a factor of the surface contact
      between the heater and the AlH.sub.3. The decomposition process is
      monitored by determining the amount of hydrogen being produced over a time
      interval. Table I shows the results in percent decomposition at various
      time intervals from start of decomposition.
TBL                TABLE I                                                     
     ______________________________________                                    
     % Decomposition  Time (from start of electrical                           
                      heating)                                                 
                      (Seconds)                                                
     ______________________________________                                    
     25               15                                                       
     50               40                                                       
     75               90                                                       
      90*              140                                                     
     ______________________________________                                    
      *90% being also the amount of the theoretical yield of hydrogen produced.
PAR  Since AlH.sub.3 is approximately 90% aluminum and 10% hydrogen the
      decomposition process is 100% complete with a 10% decrease in weight where
      the decomposition takes place under a vacuum.
PAR  Table II contains decomposition data which indicates that the quantitative
      yield of hydrogen is in the range of 10% and the .DELTA.H calculated from
      differential thermal analysis data (DTA) is in the range of 134
      calories/gram.
TBL                TABLE II                                                    
     ______________________________________                                    
     DECOMPOSITION DATA                                                        
     Sample Size Weight Loss %   .DELTA.H Calories/Gram                        
     ______________________________________                                    
     (Mg)                                                                      
     3.77        9.5             128                                           
     3.75        10.8            116                                           
     4.40        9.7             123                                           
     3.68        10.5            134                                           
     3.90        9.7             128                                           
     ______________________________________                                    
PAR  The advantages of the method of this invention are:
PA1  1. Hydrogen liberated is of high purity;
PA1  2. Use of solid material to produce pure hydrogen offers an advantage in
      transportation and storage; and,
PA1  3. The production of hydrogen can be on a continuous basis or batch
      quantity with a wide variation in the output of hydrogen from a very trace
      amount to a large amount which is based on the quantity of AlH.sub.3 to be
      decomposed and the surface area contact between the heater wire and the
      AlH.sub.3.
PAR  Although, AlH.sub.3 58 and AlH.sub.3 1451 can be made by a number of
      methods including the method disclosed in U.S. Pat. No. 3,751,566, the
      widely accepted methods include reacting an etheral solution of an alkali
      metal aluminum hydride with either a boron trihalide or aluminum chloride
      or an ether-aromatic solvent solution of an alkali metal aluminum hydride
      with the specified reactants. The aluminum hydride solution produced is
      concentrated in a vacuum precipitator forming a slurry of aluminum hydride
      etherate. Ethereal solutions of lithium aluminum hydride, lithium
      magnesium aluminum hydride, and lithium borohydride are added to the
      slurry in the proper amounts. The slurry is then fed to a continuous
      crystallizer to form the desired magnesium dopped aluminum hydride,
      AlH.sub.3 -- 1451. Magnesium improves thermal and storage stability. The
      magnesium dopped aluminum hydride is not required if the material is not
      to be stored or to be compounded with other compounds.
PAR  AlH.sub.3 -- 1451 is very stable, can be handled safely in the air, and is
      not rapidly affected by moisture. These properties and the fact that
      AlH.sub.3 has a sharp decomposition temperature gives AlH.sub.3 a distinct
      advantage over LiAlH.sub.4, NaAlH.sub.4, NaBH.sub.4 etc. which compounds
      are combustible in air and very reactive with water. The latter compounds
      are, in most cases, rather stable to heat and require a catalyst to give
      decomposition to hydrogen. The catalyst is a source of impurities in the
      liberated hydrogen. Further, the decomposition is slow and incomplete,
      generally because of possible side reactions which may occur.
PAR  Although the high purity of hydrogen required in laser use can be produced
      by the method of this invention, high purity hydrogen can also be produced
      for fuel cell use or for any other use where a high level of purity is
      required. Where the highest level of purity of hydrogen is not required,
      the method of this invention could employ some of the hydrides which do
      not have the high purity such as the aluminum hydride 1451 or aluminum
      hydride 58, and other aluminum hydrides such as aluminum hydride 57, 59,
      and 60. Also, the method can be conducted in air if the highest purity of
      hydrogen gas is not required. The method conducted in air would lessen the
      heat requirement because of the secondary reaction which is exothermic.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of generating hydrogen gas of high purity as required for
      chemical laser use, said method comprising:
PA1  i. placing a predetermined quantity, in powder form of unsolvated aluminum
      hydride selected from an unsolvated aluminum hydride that has a maximum
      absorption in the infrared at about 5.8 microns or that has an x-ray
      diffracting value of about 1451 in a container which is adapted for
      operating in an inert or vacuum environment;
PA1  ii. providing a heat source that includes a length of wire of predetermined
      diameter, a high melting point and of a predetermined composition of about
      80% nickel and of about 20% chromium, said wire being adapted for
      electrically heating and said wire being positioned in contact with said
      unsolvated aluminum hydride under an inert or vacuum environment to
      rapidly bring said unsolvated aluminum hydride to a decomposition
      temperature range of from about 180.degree. to about 185.degree.C; and
PA1  iii. maintaining said temperature range for sufficient time to effect
      decomposition of said unsolvated aluminum hydride to liberate a desired
      quantity of hydrogen gas from said predetermined quantity of unsolvated
      aluminum hydride.
NUM  2.
PAR  2. The method of claim 1 wherein said decomposition takes place in an inert
      environment and said predetermined diameter of wire is about 0.032 inch.
NUM  3.
PAR  3. The method of claim 1 wherein said decomposition takes place under a
      vacuum environment and predetermined diameter of wire is about 0.032 inch.
NUM  4.
PAR  4. The method of claim 1 wherein said heating rate effects a decomposition
      such that about 25 percent of said decomposition takes place in about 15
      seconds from start of said electrical heating, about 50 percent of said
      decomposition takes place in about 40 seconds from start of said
      electrical heating, about 75 percent of said decomposition takes place in
      about 90 seconds from start of said electrical heating, and about 90
      percent of said decomposition takes place in about 140 seconds from start
      of said electrical heating, said 90 percent decomposition being the amount
      of theoretical yield of hydrogen produced.
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ABST
PAL  A radioimmune method of assaying quantitatively for a hapten comprising
      contacting an aqueous sample containing the hapten under assay, a known
      quantity of a radioactively labeled marker which incorporates a hapten
      homologous to the hapten under assay, and an insolubilized antibody
      specific for the hapten under assay to competitively bind part of said
      labeled hapten and the hapten contained in said sample to the antibody;
      incubating the foregoing mixture until a two-phase system is produced
      comprising an insoluble or solid phase and an aqueous phase, and measuring
      the radioactivity of at least one of said two phases, the value of said
      radioactivity being a function of the concentration in said sample of the
      hapten under assay.
PARN
PAR  This is a continuation-in-part application of my copending application Ser.
      No. 45,558, filed June 11, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to hapten-protein* conjugates and to fluorescent
      derivatives of the hapten moieties thereof. In particular, this invention
      relates to such conjugates and derivatives and to methods of preparing and
      using the same to produce novel fluorescent antibodies and to assay for
      certain body metabolites. The invention also relates to novel
      intermediates useful in the preparation of the above compounds as well as
      processes for the preparation of said intermediates.
FNT  *A small molecule, or portion of a molecule, e.g. estriol, capable of
      binding with a specific antibody, but incapable of generating antibodies,
      unless it is bound to an antigenic carrier.
PAR  2. Description of the Prior Art
PAR  An important problem in medicine is the detection and characterization of
      small amounts of metabolically significant substances, e.g., steroids, the
      catechol amines, insulin, and polypeptides, in body fluid and cells.
      Current methods lack sensitivity as well as specificity for the substance
      under assay. The results of such assays are therefore unreliable.
PAR  The importance of reliable assay methods is illustrated by the steroids,
      estradiol and estriol, which have a known significance in fetal
      abnormalities.
PAR  The fetus produces, predominantly from its adrenal gland, an androgenic
      molecule which serves as the precursor for estriol and is the major source
      for the latter in maternal serum. It is the placenta, which is a fetal
      product predominantly, which aromatizes the precursor molecule and
      hydroxylates it, resulting in estriol.
PAR  The levels of estriol in maternal blood and urine are markedly increased
      during pregnancy as a result of the metabolic changes. This is normal. At
      least one thousand to ten thousand fold increase in estriol levels occurs
      at term gestation, if the pregnancy is normal. However, if the fetus is in
      distress or is diseased, or if the placenta is immature or markedly
      diseased and the fetus in danger of dying, estriol levels in the maternal
      serum are diminished. This is true also if there is diminution of estriol
      in the maternal urine (assuming normal renal function) or fetal amniotic
      fluid.
PAR  As a result, an accurate, rapid measure of estriol levels in these body
      fluids would be useful in predicting fetal survival and in enabling the
      attending physician to judge when it may be desirable to perform a
      Caesarian section or to treat the mother in other fashion to save the
      fetus.
PAR  Estradiol is the most active of the estrogenic materials during gestation.
      The full impact of estradiol (and for that matter estrone) in the mother
      remains unknown because levels have not been accurately determinable.
PAR  For the same reason, pregnancy levels of individual estrogens from
      conception to 8 weeks of gestation are not known because technology does
      not permit accurate determination. If such determination were possible
      from the earliest days of conception, a standard curve could be drawn and
      an earlier and more reliable test for pregnancy made available.
PAR  A relatively new approach to biological assaying involves immunochemical
      procedures as a basis for the assay. Such procedures involve the attempted
      production of a synthetic antigen* which produces antibodies specific for
      the compound to be assayed. A known amount of such antibody and the
      unknown, (for example, steroid) sample, obtained from the test species,
      are intermixed. Theoretically, if the antibody were specific for the
      steroid one could then measure the amount of antibody reacting with the
      steroid. This amount could then be translated into the amount of test
      steroid present, assuming, of course, that the method of measurement was
      sufficiently sensitive at the concentrations involved.
FNT  *A molecule which generates antibodies in a host, e.g. bovine serum
      albumin.
PAR  Unfortunately to date no immunochemical technique has been developed which
      produces a reliable, accurate assay. A significant problem with previous
      immunochemical approaches, aside from the lack of sensitivity of available
      measurement techniques, has been that the synthetic antigen does not
      produce an antibody which is specific for the test steroid. For example, a
      paper published in Immunochemistry 5, 55-65 (1968) describes the synthesis
      of certain steroid-protein conjugates and the production of rabbit
      antiserum to beta-estradiol, coupled to bovine serum albumin (BSA) and
      keyhole limpet hemocyanin (KLH). Antisera were tested against steroids
      coupled to human gamma globulin (IgG). The immunological assays employed
      quantitative precipitin and hapten inhibition tests.
PAR  The conjugates produced in accordance with the method described in this
      paper did not produce antibodies which were specific for the steroid
      hapten (i.e. beta-estradiol, estriol and estrone) employed in the
      conjugate. Antibody to estradiol-KLH brought down a non-specific
      precipitate with testosterone-IgG, and antibody to estriol-KLH brought
      down a precipitate (nonspecifically) with testosterone-IgG and with
      estradiol-IgG. Thus, it is impossible to achieve accurate assays employing
      the antibodies produced according to this method.
PAR  As will become apparent from the following description, the subject
      invention provides novel, purified, fluorescent antibodies which are
      specific for the compound under assay and novel fluorescent haptens. As a
      result of this achievement unique, simple, yet extremely reliable,
      fluorescent and radioimmune assays for a wide variety of metabolically
      significant substances including estrone, estradiol, estriol, the catechol
      amines, insulin and most polypeptides are also provided.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of this invention, there are provided
      novel antigens, such as steroid-protein antigens, catecholamine-protein
      antigens and others more fully described hereafter. Upon injection of
      these antigens in their pure form into an antibody-producing host,
      antibodies specific for the corresponding metabolically active substance
      (e.g. the steroid or catecholamine) are produced. These antibodies give
      precise and accurate results when employed in fluorescent and radioimmune
      assays for such substances. Such antibodies and assays form embodiments of
      this invention. Injection of such antigens into the host is another
      embodiment, forming a useful method for immunizing the host against, or
      destroying in the host, the physiologic function of the corresponding
      metabolites.
PAR  Also embodied in this invention are novel processes and intermediates
      useful in producing the foregoing antigens and antibodies, as well as
      processes for the preparation thereof in their pure form. In addition
      novel fluorescent hapten and antigen derivatives useful in the fluorescent
      assay form a further embodiment, as do processes for their preparation.
      These and other embodiments of this invention will be apparent from the
      following detailed description.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The steroid-protein antigens of this invention are represented by the
      following structural formula:
      ##SPC1##
PAL  wherein R is hydrogen, or lower-alkyl (C.sub.1 -C.sub.4); R' is any moiety
      capable of sustaining a diazonium ion*, such as an unsubstituted arylene,
      preferably phenylene or naphthylene, containing from about 6 to about 14
      carbons; or a substituted arylene containing 1-3 groups which do not
      interfere with the formation of a diazonium ion (i.e. sustained by the
      aryl amine moiety, --R'NH.sub.2) preferably those groups selected from the
      following: amino, nitro, halo, (i.e. chloro, bromo, fluoro, iodo),
      HSO.sub.3, carboxyl, or a fused ring moiety such as naphthyl or terphenyl;
      X is hydrogen or a radical selected from hydroxy, keto, ester (--OR
      wherein R is alkyl or cycloalkyl, preferably C.sub.1 -C.sub.4, aryl,
      preferably C.sub.6 -C.sub.10, and includes adamantyl); primary, secondary,
      or tertiary amino (--NH.sub.2, --NHR", --NR.sub.2 "); lower-alkyl; halo;
      aryl, preferably C.sub.6 -C.sub.10 ; alkenyl; --N=NR"; --SC.tbd.N; -OOCR";
      --NHCOR"; --SR"; --SOR"; --NO and the like ortho or para directing groups;
      --NO.sub.2 ; carboxyl; --COOR"; --SO.sub.3 H; --CF.sub.3 ; --CCl.sub.3 ;
      --NR.sub.3 " .sup.+; --CN; --COR"; --SO.sub.3 R"; --IO.sub.2 ;
      --R"(OH).sub.2 and the like meta directing groups. R" is alkyl,
      cycloalkyl, aryl, alkenyl, cycloalkenyl, heterocyclic wherein the hetero
      atoms are O, S or N. R" preferably contains from about 1 to about 10
      carbons in the aliphatic chains and from about 4 to about 14 ring atoms in
      the cyclic groups. Y can be the same as X and, additionally, can be any
      organic or inorganic substituent which is stable under the conditions
      utilized in the synthesis of the novel steroid-protein conjugates of this
      invention. The letters a and b designate a whole integer from 1 to 3. The
      protein carrier moiety can be any heavy protein having a molecular weight
      of greater than about 6000. The protein moiety must be immunogenic and
      preferably heterologous. Exemplary of such proteins are keyhole limpet
      hemocyanin (KLH, molecular weight approximately 7 million), bovine serum
      albumin (BSA, molecular weight 70,000) and human gamma globulin (IgG,
      molecular weight 150,000) Reference to "Structural Concepts in Immunology
      and Immunochemistry" (Elvin Kabat published by Holt, Rinehart & Winston
      (1968) pages 9-26) disclose other proteins or carrier molecules which can
      be employed in this invention. Furthermore the protein moiety in the
      foregoing formula can be replaced with polysaccharides, polypeptides or
      glyco proteins containing carboxyl hydroxyl or amino groups suitable for
      coupling with the azosteroid intermediates of this invention. These
      immunogenic substances are set forth in Cremer N. E. et al, Methods In
      Immunology (1963), W. A. Benjamin Inc., N.Y. pp. 65-113. Again such
      moieties must be immunogenic and generally have a molecular weight greater
      than about 6000. These immunogenic substances are further illustrated in
      Kabat, supra. The term "protein" as used herein is meant to encompass
      these other immunogenic substances.
FNT  *e.g. see P.A. Smith, The Chemistry of Open Chain Nitrogen Compounds, Vol.
      1, pp. 100-105, W.A. Benjamin N.Y. 1965
PAR  In the foregoing formula it is preferred for X to be OH and a 1. X is
      preferably substituted at the 3 position of the steroid (alpha or beta).
      The azo moiety is therefore substituted at the 2 or 4 position of the
      steroid (alpha or beta). R preferably is methyl or hydrogen in the alpha
      or beta configuration. It is preferred that Y be OH or keto. When Y is OH,
      b is preferably 1 or 2, and Y is substituted at the 16 and 17 position
      (alpha or beta) of the steroid, usually in the 16 alpha and 17 beta
      configuration. When Y is keto, b is 1 and substitution is at the 17
      position. The protein is preferably KLH, IgG, or BSA, as discussed above.
PAR  In the foregoing formula X is defined as an o, m or p directing group.
      However, X can also be hydrogen. In such cases more rigorous reaction
      conditions are employed.
PAR  The novel antigenic compounds represented by the above formula and those
      discussed hereafter possess useful pharmacological properties. In
      particular, these compounds in their pure form have been found to be
      capable of producing antibodies which are absolutely specific for the
      metabolite corresponding to the hapten moiety of the novel conjugates of
      this invention. Thus, these antigenic substances are useful in the
      detection and characterization of minute quantities (e.g. in the 10-20
      pikogram range) of metabolites, e.g. steroids, catecholamines, or peptides
      in body fluids and cells. The results of assays employing antibodies
      produced by these novel antigenic substances are reliable and accurate.
PAR  In producing such antibodies an effective amount (e.g. a total dosage of
      30-100 mg per animal) of the hapten-protein antigen is administered in its
      pure form to an animal, preferably a rabbit. It is preferred to administer
      the antigen every other day intravenously for 1 week (i.e. three times a
      week). Two weeks later an effective amount of the antigen with an equal
      amount of complete Freunds adjuvant is administered subcutaneously (once
      only). Three weeks later the animal is bled and the antibody contained in
      the blood serum is separated using conventional techniques. Exemplary is
      the administration of 0.5, 0.75, or 1.0 ml of 1% (by weight of protein)
      aqueous solution of estradiol-KLH intravenously thrice weekly for 2 weeks,
      followed by 2.5 ml of 1% solution in an equal volume of Freunds adjuvant,
      subcutaneously.
PAR  The antigens represented by the above structural formula can be prepared
      according to the following reaction sequence I:
      ##SPC2##
PAL  wherein the definitions of R, R', X, Y, a and b are as previously defined.
      R" and R'" and R"" are the same or different and can be alkyl, e.g.
      lower-alkyl; cycloalkyl, e.g. of 4-8 carbons; aryl, e.g. 6- 10 carbons;
      alkenyl, e.g. lower-alkenyl; cycloalkenyl, e.g. monoolefinic of 4-8
      carbons, or heterocyclic, wherein the hetero atoms are O, S or N and
      having 5-7 ring atoms.
PAR  Referring to the above reaction sequence, the steroid azo aryloic acid
      derivative, i.e. the azosteroid, (III) in its pure form is novel and forms
      an embodiment of this invention. It is prepared from the steroid (I),
      containing an aromatic A ring, by reaction with an aminoaryloic acid (II)
      under conventional diazotizing conditions. Generally an excess of nitrous
      acid is employed. preferably from about 0.75 equivalents to about 1
      equivalents of the amino aryloic acid are employed in the presence of
      about 0.85 to about 1.2 equivalents of nitrous acid. The diazotization is
      carried out in a strong mineral acid solution. The nitrous acid is
      generally generated by the addition of a solution of sodium nitrite to the
      mixture of the aryl amine in excess mineral acid. Generally the reaction
      is maintained at a temperature of below 5.degree.C, preferably 0.degree.C.
      The resulting diazotized amino aryloic acid is added to an approximately
      equivalent concentration (e.g. 1-1.35) of the steroid (I) resulting in the
      azosteroid (III). The steroid is generally maintained in a buffered
      solution having a pH of about 11. The steroid is preferably maintained in
      an alkanol (e.g. methanol) solution. Esterification with mineral acid,
      preferably HCl, results in the precipitation of the desired azosteroid
      (III) in crude form.
PAR  The crude azosteroid is a sterioisomeric mixture and contains other
      reaction by-products. Which isomer is predominantly produced depends upon
      the substituent X (both as to its character and site) in the foregoing
      reaction sequence. Thus purification of the predominate azosteroid (III)
      isomer is carried out using chromatographic techniques. For example, the
      azosteroid can be chromatographed on a column of silica gel to produce the
      desired azosteroid (III) in substantially pure form, i.e. greater than
      about 98% pure.
PAR  The pseudourea coupling intermediate (V) forms a novel embodiment of this
      invention and is produced by reacting the pure azosteroid (III) with the
      carbodiimide (IV). Temperatures are not critical and generally range from
      about -10.degree.C to about 25.degree.C. The reaction is carried out in
      aqueous solution, preferably 1% aqueous saline solution. It is preferred
      to react the azosteroid (III) and carbodiimide (IV) in the presence of the
      conjugating protein (e.g. KLH, IgG, or BSA). Generally the protein is
      added to a mixture of the other ingredients.
PAR  The novel intermediate pseudoureas (V) are preferably isolated before
      conjugation with protein carriers in high (10) pH/20% methanol. After
      freeze drying the pseudourea is reacted with proteins in the desired molar
      ratio (e.g. 10-30:1). This approach has the desirable advantage of
      preventing protein polymerization by free carbodiimide.
PAR  Protein conjugation occurs at temperatures ranging, as above, from about
      -10.degree.C to about 25.degree.C, but can range as high as 60.degree.C.
      Aqueous reaction mixtures are employed. Conjugation proceeds through the
      intermediate (VI), which is pure and forms an embodiment of this
      invention, to the desired steroid-protein antigen (VII).
PAR  To couple the azo intermediate (III) to the desired protein, other coupling
      techniques can be employed e.g., see Kabat, above p. 20. For example, the
      azosteroid (III) can be reacted with a dihalothiocyanate, e.g.
      dichlorothiocyanate, or with a thionylhalide, e.g. thionyl chloride, to
      produce stereoisomeric mixtures of the following novel intermediates of
      this invention:
      ##SPC3##
PAL  wherein R, R', X, Y, a and b are as defined above. Conjugation of the
      intermediate (IX) with the protein reactant yields the desired
      steroid-protein antigen (VII). Conjugation of the intermediate (VIII) with
      protein yields the following novel antigenic conjugate:
      ##SPC4##
PAL  wherein R, R', X, Y, a and b are as defined above.
PAC  EXAMPLE 1
PAC  4-(17'beta-ESTRADIOL-4'-AZO)BENZOIC ACID
PAR  A. PREPARATION
PAR  0.75 Milliequivalents paraaminobenzoic acid is added to 10 ml of 1N HCl and
      chilled to 5.degree.C. Add 0.85 milliequivalents sodium nitrate. Stir in
      ice bath for 20 minutes, pH not exceeding 1. Test with starch-iodide
      paper, excess nitrite is removed with sulfamic acid. Diazotized
      paraaminobenzoic acid is added dropwise to an equivalent concentration of
      estradiol (0.75 milliequivalents) dissolved in 1/10 molar phosphate
      buffer, pH 11, containing 20% methanol. Additional methanol is added to
      maintain the steroid soluble. The solution is poured into a beaker
      containing 20 ml concentrated HCl. It is diluted up to 500 ml. The
      azosteroid precipitates. After centrifugation it is redissolved in base
      (0.1M sodium carbonate). Unreacted steroid stays insoluble. After
      centrifugation the solution is reacidified and extracted into
      tetrahydrofuran (dried over LiB.sub.4) which is evaporated rapidly under
      nitrogen.
PAR  B. PURIFICATION
PAR  Crude azoestradiol (250 mg), containing the 4'-azo derivative, some
      4-(17'beta-estradiol-2'-azo)benzoic acid and scant
      4-(17'beta-estradiol-1'-azo)benzoic acid, is chromatographed on a 100 g.
      column of silica gel (Brinkmann, 0.05-0.2mm), packed as a slurry in ethyl
      acetate-methanol-water, 98.5:1:0.5. Nonacidic material is first eluted
      with 400 ml of the same solvent. Elution is continued with ethyl
      acetate-methanol-acetic acid, 97:2:1. The first 200 ml are discarded and
      the azoestradiol is collected in the next 300 ml. Evaporation of the
      solvent gives 67 mg of 4-(17'betaestradiol-4'-azo)benzoic acid, about 98%
      pure by chromatography.
PAC  C. PREPARATION OF 4-(17'BETA-ESTRADIOL-4'-HYDRAZO) BENZOIC ACID
PAR  Purified 4-(17'beta-estradiol-4'-azo)benzoic acid (25 mg) (0.15 mg/ml), is
      dissolved in methanol. An eight-fold molar excess of sodium borohydride is
      added as a solution in water (0.5 mg/ml of azosteroid solution) the
      mixture being flushed with nitrogen. The reaction mixture (pH 11) is
      extracted with ethyl acetate which after evaporation, provides
      4-aminoestradiol. The pH of the aqueous phase is then lowered to 3-4 which
      upon extraction and evaporation yields
      4-(17'beta-estradiol-4'-hydrazo)benzoic acid. Thin layer partition
      chromatography yields the desired purified fluorescent 4-aminoestradiol
      and hydrazoestradiol benzoic acid derivatives.
PAC  EXAMPLE 2
PAC  4-(17'beta-ESTRIOL-4'-AZO)BENZOIC ACID
PAR  A. PREPARATION
PAR  0.75 Milliequivalents paraaminobenzoic acid is added to 10 ml 1N HCl and
      chilled to 5.degree.C. Add 0.85 milliequivalents sodium nitrite. Stir in
      ice bath for 20 minutes, pH not exceeding 1. Test with starch-iodide
      paper, excess nitrite is removed with sulfamic acid. Diazotized
      paraaminobenzoic acid is added dropwise to an equivalent concentration of
      17beta-estriol (0.75 milliequivalents) dissolved in 1/10 molar phosphate
      buffer, pH 11, containing 20% methanol. Additional methanol is added to
      maintain the steroid soluble. The solution is poured into a beaker
      containing 20 ml concentrated HCl. It is diluted up to 500 ml. The
      azosteriod precipitates. After centrifugation it is redissolved in based
      (0.1M sodium carbonate). Unreacted steroid stays insoluble. After
      centrifugation the solution is reacidified and extracted into
      tetrahydrofuran (dried over LiB.sub.4) which is evaporated rapidly under
      nitrogen.
PAR  B. PURIFICATION
PAR  The crude azoestriol from Step A (250 mg), containing the 4'-azo
      derivative, some 4-(17'beta-estriol-2'-azo)benzoic acid, and scant
      4-17'beta-estriol-1'-azo)benzoic acid, is chromatographed on a 100 g.
      column of silica gel (Brinkmann, 0.025-0.2mm), packed as a slurry in ethyl
      acetate-methanol-water, 98.5:1:0.5. Non-acidic material is first eluted
      with 400 ml of the same solvent. Elution is continued with ethyl
      acetate-methanol-acetic acid, 97:2:1. The first 200 ml are discarded and
      the azoestriol collected in the next 300 ml. Evaporation of the solvent
      gives 52 mg of 4-(17'beta'estriol-4'-azo)benzoic acid, about 98-99% pure
      by chromatography.
PAC  C. PREPARATION OF 4-(17'BETA-ESTRIOL-4'-HYDRAZO) BENZOIC ACID
PAR  Purified 4-(17'beta-estriol-4'-azo)benzoic acid (25 mg)(0.15 mg/ml) is
      dissolved in methanol. An eight-fold molar excess of sodium borohydride is
      added as a solution in water (0.5 mg/ml of azosteroid solution) the
      mixture being flushed with nitrogen. The reaction mixture (pH 11) is
      extracted with ethyl acetate which after evaporation, provides
      4-aminoestriol. The pH of the aqueous phase is then lowered to 3- 4 which
      upon extraction and evaporation yields
      4-(17'beta-estriol-4'-hydrazo)benzoic acid. Thin layer partition
      chromatography yields the desired purified fluorescent 4-aminoestriol and
      hydrazoestriol benzoic acid derivatives.
PAC  EXAMPLE 3
PAC  4-(ESTRONE-4'-AZO)BENZOIC ACID
PAR  A. PREPARATION
PAR  0.75 Milliequivalents paraaminobenzoic acid is added to 10 ml 1N HCl and
      chilled to 5.degree.C. Add 0.85 milliequivalents sodium nitrite. Stir in
      ice bath for 20 minutes, pH not exceeding 1. Test with starch-iodide
      paper, excess nitrite is removed with sulfamic acid. Diazotized
      paraaminobenzoic acid is added dropwise to an equivalent concentration of
      17beta-estrone (0.75 milliequivalents) dissolved in 1/10 molar phosphate
      buffer, pH 11, containing 20% methanol. Additional methanol is added to
      maintain the steroid soluble. The solution is poured into a beaker
      containing 20 ml concentrated HCl. It is diluted up to 500 ml. The
      azosteroid precipitates. After centrifugation it is redissolved in base
      (0.1M sodium carbonate, sodium hydroxide). Unreacted steroid stays
      insoluble. After centrifugation the solution is reacidified and extracted
      into tetrahydrofuran (dried over LiB.sub.4) which is evaporated rapidly
      under nitrogen.
PAR  B. PURIFICATION
PAR  Crude azoestrone (250 mg) containing the 4' -2'-and 1'-azo stereoisomers is
      chromatographed on a 100 g. column of silica gel (Brinkmann, 0.05-0.2 mm),
      packed as a slurry in ethyl acetate-methanol-water, 97:2.5:0.5. Non-acidic
      material is first eluted with 400 ml of the same solvent. Elution is
      continued with ethyl acetate-methanol-acetic acid, 97:2:1. The first 200
      ml are discarded and the azoestrone collected in the next 300 ml.
      Evaporation of the solvent gives 40 mg of 4-(estrone-4'-azo)benzoic acid,
      about 98% pure by chromatography.
PAC  C. PREPARATION OF 4-(ESTRONE-4'-HYDRAZO) BENZOIC ACID
PAR  Purified 4-(estrone-4'-azo)benzoic acid (25 mg) (0.15 mg/ml), is dissolved
      in methanol. An eight-fold molar excess of sodium borohydride is added as
      a solution in water (0.5 mg/ml of azosteroid solution) the mixture being
      flushed with nitrogen. The reaction mixture (pH 11) is extracted with
      ethyl acetate which after evaporation, provides 4-aminoestrone. The pH of
      the aqueous phase is then lowered to 3-4 which upon extraction and
      evaporation yields 4-(estrone-4'-hydrazo)benzoic acid. Thin layer
      partition chromatography yields the desired purified fluorescent
      4-aminoestrone and hydrazoestrone benzoic acid derivatives.
PAC  EXAMPLE 4
PAC  4-(17'-alpha-ESTRADIOL-4'-AZO)BENZOIC ACID
PAR  A. PREPARATION
PAR  0.75 Milliequivalents paraaminobenzoic acid is added to 10 ml of 1N HCl and
      chilled to 5.degree.C. Add 0.85 milliequivalents sodium nitrite. Stir in
      ice bath for 20 minutes, pH not exceeding 1. Test with starch-iodide
      paper, excess nitrite is removed with sulfamic acid. Diazotized
      paraaminobenzoic acid is added dropwise to an equivalent concentration of
      17alpha-estradiol (0.75 milliequivalents) dissolved in 1/10 molar
      phosphate buffer, pH 11, containing 20% methanol. Additional methanol is
      added to maintain the steroid soluble. The solution is poured into a
      beaker containing 20 ml concentrated HCl. It is diluted up to 500 ml. The
      azosteroid precipitates. After centrifugation it is redissolved in base
      (0.1M sodium carbonate). Unreacted steriod stays insoluble. After
      centrifugation the solution is reacidified and extracted into
      tetrahydrofuran (dried over LiB.sub.4) which is evaporated rapidly under
      nitrogen.
PAR  B. PURIFICATION
PAR   Crude azoestradiol (250 mg), containing the 4' -,2'-and 1'-azo
      stereoisomers, is chromatographed on a 100 g. column of silica gel
      (Brinkmann, 0.05-0.2 mm), packed as a slurry in ethyl
      acetate-methanol-water, 98.5:1:0.5. Non-acidic material is first eluted
      with 400 ml of the same solvent. Elution is continued with ethyl
      acetate-methanol-acetic acid, 97:2:1. The first 200 ml are discarded and
      the azoestradiol collected in the next 300 ml. Evaporation of the solvent
      gives 64 mg of 4-(17'-alpha-estradiol-4'-azo)benzoic acid, about 98-99%
      pure by chromatography.
PAC  C. PREPARATION OF 4-(17'ALPHA-ESTRADIOL-4'-HYDRAZO)BENZOIC ACID
PAR  Purified 4-(17'alpha-estradiol-4'-azo)benzoic acid (25 mg) (0.15 mg/ml), is
      dissolved in methanol. An eight-fold molar excess of sodium borohydride is
      added as a solution in water (0.5 mg/ml of azosteroid solution) the
      mixture being flushed with nitrogen. The reaction mixture (pH 11) is
      extracted with ethyl acetate which after evaporation, provides
      4-aminoestradiol. The pH of the aqueous phase is then lowered to 3-4 which
      upon extraction and evaporation yields 4-(17'alpha-estradiol-4'-hydrazo)
      benzoic acid. Thin layer partition chromatography yields the desired
      purified fluorescent 4-aminoestradiol and hydrazoestradiol benzoic acid
      derivatives.
PAC  EXAMPLE 5
PAC  PREPARATION OF 4-(17'beta-ESTRADIOL-4'-AZO) BENZOYL KEYHOLE LIMPET
      HEMOCYANIN (KLH)
PAR  0.1 Molar 1-cyclohexyl-3-(2-morpholinoethyl) carbodiimide metho-p-toluene
      sulfonate (100 mg) in a 1% saline solution is added to purified
      crystalline azobenzoyl 4-(17'beta-estradiol-4'-azo)benzoic acid (25 mg).
      The desired intermediate
      0-1,3-dicyclohexyl-2-[4-(3',17'beta-dihydroxestra-1',3',5'-trienyl-4'-azo)
     benzoyl] pseudourea is thereby produced.
PAR  KLH is added to the foregoing mixture. The mixture is stirred until the
      intermediate azopseudourea has coupled to the KLH and is dialyzed for 2-3
      days at 3.degree.C in 0.5M sodium carbonate, pH 8.2 until color no longer
      appears in dialysis solution. A final dialysis is performed against 0.9%
      NaCl for 24 hours. The preceding steps remove unreacted steroid and
      derivative molecules. Insoluble protein is removed by centrifugation.
      Protein determination is made on the colored supernatant containing the
      4-(17'beta-estradiol-4'-azo)benzoyl KLH conjugate. This supernatant is
      lyophilized after dialysis against triple distilled water.
PAR  When Example 5 is repeated with the exception that a like amount of immune
      gamma globulin or bovine serum albumin is substituted for KLH as the
      protein, 4-(17'beta-estradiol-4'-azo)benzoyl immune gamma globulin and
      4-(17'beta-estradiol-4'-azo)benzoyl bovine serum albumin are respectively
      produced. The reactions proceed through the corresponding intermediate
      protein-pseudoureas (VI).
PAC  EXAMPLE 6
PAC  PREPARATION OF 4-(ESTRIOL-4'-AZO) BENZOYL KEYHOLE LIMPET HEMOCYANIN
PAR  0.1 Molar 1-cyclohexyl-3-(2-morpholinoethyl)-carbodiimide metho-p-toluene
      sulfonate (100 mg) in a 1% saline solution is added to purified
      crystalline 4-(estriol-4'-azo)benzoic acid (25 mg). The desired
      intermediate 0-1,3,-dicyclohexyl-2-[4-
      3',16'alpha,17'beta-trihydroxyestra1',3',5',-trienylazo)benzoyl]
      pseudourea is thereby produced. KLH (250 mg) is added to the foregoing
      mixture. The mixture is stirred until the intermediate azopseudourea has
      coupled to the KLH and is dialyzed for 2-3 days at 3.degree.C in 0.5M
      sodium carbonate, pH 8.2 until color no longer appears in dialysis
      solution. A final dialysis is performed against 0.9% NaCl for 24 hours.
      The preceding steps remove unreacted steroid and derivative molecules.
      Insoluble protein is removed by centrifugation. Protein determination is
      made on the colored supernatant containing the 4-(estriol-4'-azo) benzoyl
      KLH conjugate. This supernatant is lyophilized after dialysis against
      triple distilled water.
PAR  When Example 6 is repeated with the exception that a like amount of immune
      gamma globulin or bovine serum albumin is substituted for KLH as the
      protein, azobenzoyl estriol immune gamma globulin and azobenzoyl estriol
      bovine serum albumin are respectively produced. The reactions proceed
      through the corresponding intermediate protein-pseudoureas (VI).
PAC  EXAMPLE 7
PAC  PREPARATION OF 4-(ESTRONE-4'-AZO) BENZOYL KEYHOLE LIMPET HEMOCYANIN
PAR  0.1 Molar 1-cyclohexyl-3-(2-morpholinoethyl)-carbodiimide metho-p-toluene
      sulfonate (100 mg) in a 1% saline solution is added to purified
      crystalline 4-(estrone-4'-azo)benzoic acid (25 mg). The desired
      intermediate 0-1,
      3-dicyclohexyl-2-[4-(3'-hydroxy-17'-oxoestra-1',3',5'-trienylazo)benzoyl]
      pseudourea is thereby produced. KLH (250 mg) is added to the foregoing
      mixture. The mixture is stirred until the intermediate azopseudourea has
      coupled to the KLH and is dialyzed for 2-3 days at 3.degree.C in 0.5M
      sodium carbonate, pH 8.2 until color no longer appears in dialysis
      solution. A final dialysis is performed against 0.9% NaCl for 24 hours.
      The preceding steps remove unreacted steroid and derivative molecules.
      Insoluble protein is removed by centrifugation. Protein determination is
      made on the colored supernatant containing the 4-estrone-4'-azo)benzoyl
      KLH conjugate. The supernatant is lyophilized after dialysis against
      triple distilled water.
PAR  When Example 7 is repeated with the exception that a like amount of immune
      gamma globulin or bovine serum albumin is substituted for KLH as the
      protein, 4-(estrone-4-azo)benzoyl immune gamma globulin and
      4-(estrone-4'-azo)benzoyl bovine serum albumin are respectively produced.
      The reactions proceed through the corresponding protein-pseudoureas (VI).
PAC  EXAMPLE 8
PAC  PREPARATION OF 4-(17'alpha-ESTRADIOL-4'-AZO)KEYHOLE LIMPET HEMOCYANIN
PAR  0.1 Molar 1-cyclohexyl-3-(2-morpholinoethyl)-carbodiimide metho-p-toluene
      sulfonate (100 mg) in a 1% saline solution is added to purified
      crystalline 4-(17'alphaestradiol-4'-azo)benzoic acid (25 mg). The desired
      intermediate
      0,1,3-dicyclohexyl-2-[4-(3',17'alpha-dihydroxestra1',3',5'-trienylazo)benz
     oyl] pseudourea is thereby produced. KLH is added to the foregoing mixture.
      The mixture is stirred until the intermediate azopseudourea has coupled to
      the KLH and is dialyzed for 2-3 days at 3.degree.C. in 0.5M sodium
      carbonate, pH 8.2 until color no longer appears in dialysis solution. A
      final dialysis is performed against 0.9% NaCl for 24 hours. The preceding
      steps remove unreacted steroid and derivative molecules. Insoluble protein
      is removed by centrifugation. Protein determination is made on the colored
      supernatant containing 4-(17'alpha-estradiol-4'-azo)KLH conjugate. This
      supernatant is lyophilized after dialysis against triple distilled water.
PAR  When Example 8 is repeated with the exception that a like amount of immune
      gamma globulin or bovine serum albumin is substituted for KLH as the
      protein, 4-17'alpha-estradiol-4'-azo) immune gamma globulin and
      4-(17'alphaestradiol-4'-azo) bovine serum albumin are respectively
      produced. The reactions proceed through the corresponding intermediate
      protein-pseudoureas (VI).
PAR  Other haptens or even intact protein antigens (containing tyrosine,
      tryptophan, or histidine) can be employed in place of the steroids (I) in
      Reaction Sequence I of the instant invention, provided the hapten or
      antigen contains an aromatic moiety (e.g. catecholamines) or heterocyclic
      moiety, preferably completely or partially unsaturated, of 5- 6 ring atoms
      (e.g. histidine or tryptophan). Exemplary of the aromatic moiety is the
      following structure:
      ##SPC5##
PAL  wherein X and a are as previously defined. Exemplary haptens or antigens
      are: the catecholamines, 1-(3,4-dihydroxyphenyl-2-methylamino)ethanol;
      beta-(p-hydroxyphenyl)alanine; beta-(3,4-dihydroxyphenyl)-alpha-alanine;
      3,4-dihydroxyphenethylamine; 2-amino-1-(3,4-dihydroxyphenyl)ethanol;
      indoleamines, such as beta-3-indolylalanine; 5-hydroxytryptophan; or
      5-hydroxytryptamine. In addition psychomimetic agents, e.g. mescaline,
      morphine, tetrahydrocannabinol, demerol, the amphetamines, the tricyclic
      antidepressants such as the dibenzocycloheptenes (e.g. amitriptyline,
      nortriptyline), imipramine, the phenothiazenes, the benzoquinolizines,
      reserpine, the diazepoxides (e.g. librium, valium), diethylstilbestrol,
      insulin, angiotensin, thyroxin, aldosterone, growth hormone, lactogen,
      (bovine) insulin, follicle stimulating hormone, luteinizing hormone, human
      chorionic gonadotropin, pitocin, adrenocorticotropin, thyrotropin, or any
      polypeptide containing the tryptophan, histidine or tyrosine residues
      (e.g. see Atlas of Protein Sequence and Structure by M. O. Dayhoff,
      National Biomedical Research Foundation, Silver Springs, Md., 1968, for
      example pages 235-272, and Vol. 4, 1969, pages D67-D172) can be employed.
      Furthermore, conjuugated .DELTA.,4,5-steroids can be employed wherein the
      A ring has the following structure:
      ##SPC6##
PAL  wherein R is H, or lower-alkyl and X is keto, -OH, or amine (as defined
      above). Exemplary is testosterone. Thus A in the following Reaction
      Sequence II can be another hapten, intact polypeptide, or
      .DELTA.,4,5-steroid, each as defined above, containing an aromatic group,
      or heterocyclic nucleus with aromatic character, substituted with an
      ortho, para or meta directing group (as previously defined for X) which
      permits a diazonium ion to bind to A by coupling directly to an atom of
      said aromatic group. R',R'", R"" and the protein are as previously
      defined.
TBL          Reaction Sequence II                                              
     ______________________________________                                    
     A + HOOC--R'--NH.sub.2                                                    
     (I)(II)                                                                   
     .dwnarw.                                                                  
     diazotization                                                             
     .dwnarw.                                                                  
     (III)A - N=N--R'--COOH                                                    
     R'"--N=C=N--R""(IV)                                                       
     .dwnarw.                                                                  
     R'"                                                                       
     .dwnarw..vertline.                                                        
     ON                                                                        
     .parallel..parallel.                                                      
     (V)A - N=N--R'--C--O--C                                                   
     .vertline.                                                                
     NH                                                                        
     .vertline.                                                                
     R""                                                                       
     .dwnarw.                                                                  
     protein conjugation                                                       
     .dwnarw.                                                                  
     R'"                                                                       
     .dwnarw..vertline.                                                        
     ON                                                                        
     .parallel..parallel.                                                      
     (VI)A - N=N--R'--C--O--C                                                  
     .vertline..vertline.                                                      
     .vertline.NH                                                              
     .vertline..vertline.                                                      
     NHR""                                                                     
     .dwnarw..vertline.                                                        
     protein                                                                   
     .dwnarw.                                                                  
     .parallel.H                                                               
     (VII)A - N=N--R'--C--N--protein                                           
     ______________________________________                                    
PAL  The procedure in the foregoing sequence can be that employed in Reaction
      Sequence I.
PAR  The novel antibodies raised in animals upon immunization by administration
      of the novel antigenic substances of this invention form a novel
      embodiment thereof. The antibody produced by administration of an antibody
      producing dose of the foregoing steroid-protein antigenic substance,
      catecholamine-protein antigenic substance, and polypeptide hapten-protein
      or antigenic protein substance alone, in their substantially pure form is
      recovered from the crude antisera thereby raised in animals as follows:
PA1  The crude antisera is exposed to immuno-adsorbants. These adsorbants are
      set forth in Kabat (supra) and Weliky et al, Immunochemistry 1, 219
      (1964). They generally comprise cellulose derivatives or aryl-NH.sub.2
      substituted glass (such as disclosed hereafter), with available amino or
      carboxylic groups forming a solid matrix to which the antigenic compounds
      of this invention are conjugated as described for conjugation to proteins
      (supra). When the crude antisera is exposed to these modified sorbants the
      desired specific antibody for the unique hapten is retained thereon. The
      remaining sera constituents or antibodies are passed through and not
      retained and can, if desired, be recovered, for example, by centrifugation
      or passage through DEAE-Sephadex. Antibody bound to the matrix is removed
      by a mixture of 0.5-1.5N, preferably 1N, acetic acid (or HCl) and 2-4M,
      preferably 3M urea, pH 3.4-3.6. Recovery ranges from 90-98% of the
      theoretical total. Immunological activity is retained. (This mixture used
      to elute antibody in an underivatized state from a hydrophobic hapten, is
      novel and can also be employed to extract free and protein-bound haptens
      from serum (proteins) by treatment with the foregoing mixture and suitable
      adjustment of pH to effect extraction.) After immediate neutralization
      with 0.1N NaOH, the antibodies are isolated and these antibodies are
      precisely specific for the appropriate derivative which had been attached
      to the matrix. This can be utilized to recover specific antibodies from
      the crude sera or alternatively can be utilized to recover unwanted
      cross-reacting antibodies.
PAR  Exemplary of the new antibodies of this invention are those having the
      following characteristics:
PAL  Estradiol Antibody: It is generated by administering an antibody-producing
      amount of 4-(17'beta-estradiol-4'-azo) benzoyl KLH (or KLH replaced by
      another carrier such as IgG or BSA), and identified by the following
      characteristics showing specificity for estradiol:
PA1  1. Double diffusion in agar or immunoelectrophoresis tests. These are
      standard tests. Double diffusion in agar is a test in which 1.0% agar
      (0.6- 3 ml) is poured onto a piece of glass. Small wells are produced in
      the agar (after solidification) by a template. Peripheral wells are
      equidistant from the center well. A variety of hapten-protein conjugates
      are placed in aqueous solution in each of the outer wells and thereby
      tested against a sample of antibody placed in the center well. The slide
      containing the solidified agar and wells containing solutions of antigen
      conjugate and antibodies are allowed to incubate in a moist atmosphere for
      24 hours on average. A precipitin line, or arc, is noted to appear
      anywhere from 3 hours to 48 hours, if the antibody is specific as shown by
      reaction with the hapten-protein conjugate. Immunoelectrophoresis is
      performed in the following fashion: After pouring 3 ml of agar on a
      standard microscopic slide and permitting the agar to harden, one or more
      wells, are stamped by a template toward one end of the slide,
      approximately equidistant from one or more horizontal troughs, traced by
      the template between each of the wells. The source is permitted to deliver
      approximately 6 milliamps per slide tested and electrophoresis is carried
      on for 45 minutes to an hour. At this time the current is turned off, the
      agar is removed from the precut trough, antiserum placed in the trough and
      the slide put in a moist chamber to incubate for 4 hours to 48 hours. When
      there is antibody specific for the hapten-protein conjugate the precipitin
      arc appears. The arc generally appears almost under the well and moves
      slightly toward the negative electrode. When testing
      4-(17'beta-estradiol-4'-azo)benzoyl IgG conjugate against 4-(17'
      beta-estradiol-4'-azo) benzoyl KLH antiserum, and estradiol-specific
      precipitin line appears, the two different proteins do not cross-react.
PA1  2. Quantitative precipitin tests. To each one of a series of test tubes is
      added 0.5 ml of a standard antibody solution. either serum or buffered IgG
      in solution, approximately 2 to 10 milligrams per ml. To each of the tubes
      is added 0.25 to 0.5 ml of hapten in concentrations ranging from 1 to 200
      micrograms per ml. The tubes are permitted to incubate at 37.degree. for 2
      hours and thereafter for 2 days at 4.degree.C. At the end of this time the
      tubes are centrifuged at 6000 r.p.m., washed 4 times with buffered saline,
      then dissolved in sodium hydroxide and a Lowry method protein
      determination is performed. After subtracting the known amount of protein
      conjugate which was added, the total antibody protein precipitated by the
      known conjugate is determined by subtraction. Purified estradiol antibody
      does not cross-react with estrone and only slightly with estriol. 300-1200
      ug/ml antibody protein (estradiol-specific) is recovered after short term
      immunization (6 weeks).
PA1  3. Hapten inhibition tests. After permitting the antibody to pre-incubate
      with 4-(4'-azoestradiol) benzoic acid, 4-(4'-azoestrone)benzoic acid, or
      4-(4'-azoestriol)benzoic acid, not coupled to proteins, the antibody is
      then permitted to interact with known concentrations of hapten-protein
      conjugate, as in the preceding test and the preceding test then carried
      out as described above. Hapten inhibition weakens, or blocks,* antibody so
      that the more hapten there is permitted to interact preliminarily with
      antibody, the less precipitation results upon subsequent interaction with
      steroid-protein conjugate. The heterologous haptens do not inhibit the
      estradiol antibody quantitatively. If a hapten does not inhibit an
      antibody solution, the antibody is not specific for that hapten. A
      quantity of 2-10 ug/ml 4-(4'-azoestradiol)benzoic acid inhibits (100%) 1
      ml homologous hapten-specific antiserum (i.e. estradiol antibody).
FNT  *forms a soluble complex
PA1  4. Fluorescence quenching of antibody at emission, 350mm (as described
      hereafter). The average estradiol specific association constant is
      Ko-10.sup.7.
PA1  5. Fluorescence enhancement of hydrazo and amino estradiol at emission
      420mm (as described hereafter). The average estradiol specific association
      constant is Ko=10.sup.7.
PAL  Estriol Antibody: It is generated by administering an antibody-producing
      amount of 4 -(estriol-4'-azo)benzoyl KLH (or other protein such as IgG of
      BSA) and identified by the following characteristics showing specificity
      for estriol in accordance with the tests previously described for
      estradiol antibody.
PA1  1. Double diffusion in agar or immunoelectrophoresis tests. When testing
      4-(estriol-4'-azo)benzoyl IgG conjugate against 4-(estriol-4'-azo)benzoyl
      KLH antiserum, an estriol-specific precipitin line appears.
PA1  2. Quantitative precipitin tests. 300-1200 ug/ml antibody protein
      (estriol-specific) which does not cross-react with related estratrienes is
      recovered after short-term immunization (4-6 weeks).
PA1  3. Hapten inhibitation tests. 1-5 ug/ml 4-(estriol-4'-azo)benzoic acid
      inhibits 1 ml antibody (100%).
PA1  4. Fluorescence quenching of antibody (discussed more fully hereafter). The
      average estriol specific association constant is Ko=10.sup.7.
PA1  5. Fluorescence enhancement of hydrazo and amino estriol (discussed more
      fully hereafter). The average estriol specific association constant is
      Ko=10.sup.7.
PAR  As discussed above, the novel antigenic substances of this invention
      produce antibodies specific for the test compound corresponding to the
      hapten. Thus immunologic assays employing these antibodies are reliable
      and accurate. An embodiment of this invention is novel clinical assays for
      homologous, naturally occurring metabolites in body fluids. Such assays
      employ novel fluorescent compounds of the following structures which also
      constitute an embodiment of this invention.
      ##SPC7##
PAL  wherein A, X, Y, R, a, and b are as defined before. R.sup.a is hydrogen,
      alkyl, alkenyl, or alkynyl, preferably containing from about 1 to about 10
      carbons. When unsaturated, R.sup.a can be mono- or poly- unsaturated,
      although it is preferred that R.sup.a contain no more than 1 or 2
      unsaturated linkages which preferably are in a conjugated configuration.
      Furthermore R.sup.a can be a mono- or polycyclic residue which, when fused
      to A at adjacent ring atoms thereof, forms a fused ring moiety illustrated
      by the following: naphthyl, anthryl, phenanthryl, indyl, isoindyl and the
      like. R.sup.a can also be a straight or branched chain, saturated or
      unsaturated, aliphatic group, preferably containing from about 1 to about
      10 carbon atoms. Exemplary are methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, tertiary butyl, i.e. lower-alkyl; ethenyl and the corresponding
      mono- or di-unsaturated derivatives of the foregoing lower-alkyls; alkynyl
      such as ethynyl, propynyl and the like; cycloaliphatic preferably
      containing from about 4 to about 10 carbons such as cyclobutyl,
      cyclopentyl, cyclohexyl cyclooctyl, and substituted derivatives thereof
      preferably wherein the substituents are lower-alkyl, aryl such as phenyl,
      naphthyl and the like; aryl groups containing from about 6 to about 10
      carbons; cycloolefinic groups containing from about 5 to about 10 carbons
      and preferably containing mono unsaturation such as cyclopentenyl,
      cyclohexenyl, cycloheptenyl, cyclooctenyl, and the lower-alkyl substituted
      derivatives thereof, as well as polyunsaturated cycloolefinic groups such
      as cyclopentadienyl or 1,3,5-cyclooctotrienyl.
PAR  Z is any moiety capable of sustaining a diazonium ion, (e.g. see P. H.
      Hermans (Elsevier) e.g. pp. 279-290*), such as an unsubstituted aryl,
      preferably phenyl or naphthyl, containing from about 6 to about 14
      carbons; or a substituted aryl containing 1-3 groups which do not
      interfere with the formation of a diazonium ion, (i.e. sustained by the
      amine moiety, --R'NH.sub.2), preferably those groups selected from the
      following: amino, nitro, halo, (i.e. chloro, bromo, fluoro, iodo),
      HSO.sub.3, carboxyl, or a fused ring moiety such as naphthyl or terphenyl.
      Exemplary of compounds from which Z is derived are: p-aminobenzoic acid;
      benzene diazonium halide, preferably chloride, (meta, or di or tri
      substituted with NH.sub.2, NO.sub.2, halo COOH); any aryl amine (which can
      be additionally substituted in the 1,2, or 3 sites of the aryl ring with
      such as NO.sub.2, halo, COOH, or lower-alkyl); any diazonium salt wherein
      the diazonium group is attached to an aryl or heterocyclic group with
      aromatic character, e.g. piperidine, pyrazole, triazole, benzyrene; metal
      chelates, e.g. (tris-(acetyl acetonate chromium); hyponitrite ester, e.g.
      RO-N=N-OR (wherein R is lower-alkyl); thio analogues of azobenzene e.g.
      RN=S=NR, where R is lower-alkyl.
FNT  *First English Edition Amsterdam (1954). Also see P.A.S. Smith, The
      Chemistry of Open Chain Nitrogen Compounds, Vol. 1, pp. 100-105 (1965). W.
      A. Benjamin, N.Y.
PAR  These hydrazo or corresponding amino derivatives are produced by mild
      reduction of the corresponding azo compounds and are highly fluorescent.
      The resulting hydrazo and amino compounds by virtue of their absorbence
      and excitation peaks, which overlap the emission spectrum of specific
      antibody, exhibit quenching (as do the corresponding azo compounds) of
      fluorescence emission of the novel antibodies of this invention. These
      antibodies also enhance the natural fluorescence of the hydrazo
      derivatives upon specific binding because of the overlap of the emission
      of the antibody and excitation of the hapten derivative. Thus the
      antibodies and the novel hydrazo derivatives are ideally compatible for
      use, employing either quenching or enhancement, in a simple,
      straightforward spectrophotofluorometric quantitation.
PAR  In producing the novel fluorescent compounds of this invention by reduction
      of the corresponding azo intermediates, the reaction proceeds according to
      the following reaction sequence III, wherein X, Y. R, A, R.sup.a, Z, a and
      b  are as previously defined. From the reaction sequence it can be seen
      that reduction of the azo compound (I) or (II) produces a mixture of
      hydrazo and amino derivatives (III) and (IV) or (V) and (VI) respectively.
      Ratios of hydrazo to amino derivatives in the mixture depend on the
      substituents on the starting materials, the reducing agent and kinetics.
      For example, in the case of reduction of 4-(4'-azoestriol) benzoic acid
      using sodium borohydride, a ratio of 1:4 hydrazo to amino derivative is
      produced. The amino steroid derivatives (IV) and (VI) are produced in
      excess. Separation of these derivatives is achieved using conventional
      chromatography and extraction techniques.
PAR  In carrying out the reduction of the azo derivative in accordance with
      reaction sequence III when an alkali metal borohydride is employed, a
      large excess of the borohydride is added to the (preferably comprising a
      mixture of tetrahydrofuran, methanol, and water)azo derivative.
      Additionally water can be added to effect the reaction. As a practical
      matter water and borohydride can be added incrementally to control the
      reaction until completion as evidenced by loss of color of the reaction
      mixture. As a rule of thumb an 8 molar 4 excess or greater of reducing
      agent is employed.
      ##SPC8##
PAC  EXAMPLE 9
PAC  A. PREPARATION OF 4-(INSULIN-AZO)BENZOIC ACID
PAR  300 Milligrams of p-aminobenzoic acid is dissolved and stirred in 10 ml of
      1 N HCl in a 20 ml beaker surrounded by ice. The temperature is maintained
      below 5.degree.C. 150 Milligrams of sodium nitrate is dissolved in 5 ml of
      water and added under the surface of the p-aminobenzoic acid solution
      slowly. The temperature is maintained below 5.degree.C. and pH is
      maintained at 1. The reaction mixture is stirred for 20 minutes. Excess
      sodium nitrate is removed by treatment with 10 milligrams of sulfamic acid
      after 20 minutes. Bovine insulin (50 mg) is dissolved in 1/10 molar
      phosphate buffer, pH 11. The diazotized p-amino benzoic acid is added to
      this solution dropwise. The pH is maintained at 11 with 2 N sodium
      hydroxide and the mixture is stirred for 10 minutes. Then the
      4-(azo-insulin)benzoic acid is dialyzed against repeated charges of water.
      Oxidation is prevented by final dialysis at pH 5.5 (acetate or H.sub.2 O)
      and lyophilization in vacuo.
PAC  B. PREPARATION OF 4-(HYDRAZO INSULIN)BENZOIC ACID AND AMINO INSULIN
PAR  A 1 ml aliquot containing approximately 1 mg of the diazotized insulin of
      step A is reduced with sodium borohydride (8 molar excess) until only a
      slight color remains. The solution containing amino insulin and 4-(hydrazo
      insulin) benzoic acid derivative (9:1 amino to hydrazo) (of which an
      average of 2.5 tyrosyl and 1.5 histadyl residues of the insulin chains are
      substituted) is neutralized with 1 N acetic acid. It is isolated as
      described above.
PAR  An aliquot of 4-(hydrazoinsulin) benzoic acid produced in step B and
      purified by chromatography (1 mg) is stirred with 14 mgs of soluble
      cyclohexylcarbodiimide. The insulin derivative is condensed with 0.4 mg of
      normal insulin. The resulting conjugate consists of bovine serum insulin
      and reduced fluorescent A and B chains of insulin, i.e.
      4-(hydrazoinsulin)benzoic acid (as defined in step B). Molar ratios of
      reduced chains bound to insulin (2:1) are calculated after ascertaining
      the amount of normal hydrazo and amino derivatives of tyrosine and
      histidine by amino acid analysis for which known amino acids (for insulin)
      and their amino and hydrazo derivatives are used as reference standards.
PAR  Reduction by sodium hydrosulfite (6 molar excess) in place of sodium
      borohydride in Example 9 produces in excess of 90% hydrazoinsulin
      derivative. Oxidation is prevented by acidification, treatment with an
      anti-oxidant (2,6-di-tert-butyl p-cresol) and lyophilization.
PAR  4-(Hydrazophenol)benzoic acid (2' and 4' isomers and o and p-aminophenol
      are similarly prepared by diazotizing para-aminobenzoic acid followed by
      reduction with an excess of sodium borohydride. Separation of the
      resulting aminophenols (90%) and 4-(hydrazophenol)benzoic acids (10%)
      (ratios are reversed by sodium hydrosulfite) is effected by extraction
      into ethyl acetate followed by removal of the remaining hydrazophenol from
      the aqueous phase (pH 2) by an organic solvent, and partition
      chromatography.
PAR  4-(Hydrazoepinephrine)benzoic acid and aminoepinephrine are prepared
      following the procedure of Example 9 with the exception that epinephrine
      is employed as a starting material in preparation rather than bovine
      insulin. Oxidation is prevented by performing the reaction under N.sub.2,
      using excess sodium borohydride or hydrosulfite, acidification, and use of
      an antioxidant as described above and lyophilization in vacuo.
PAC  EXAMPLE 10
PAC  PREPARATION OF PHENOLAZO GLASS DERIVATIVES
PAR  Approximately 100 milligrams of amino glass beads* are stirred in 1 N HCl
      (5 ml) cooled to 5.degree.C by an ice bath. Approximately 150 milligrams
      of sodium nitrite are dissolved in water (5 ml) and added dropwise under
      the surface of the solution containing the glass derivative. The phenol
      (150 mgs) is added dropwise over a five minute period. The reaction
      mixture is stirred 20 minutes, at a temperature maintained below
      5.degree.C. After washing with 3 changes of distilled water the phenolazo
      glass beads (o and p derivatives) are placed in 10 ml of fresh distilled
      water. Several drops of 1M acetic acid and 100 milligrams of sodium
      borohydride are added successively. After neutralization with acetic acid
      the supernatant is separated from the beads by centrifugation. The beads
      are washed with 3 changes of distilled water. Under a UV light source
      (Zeiss mercury burner) both the supernatant, containing the soluble o and
      p aminophenols and the insoluble phenol hydrazo glass (o and p
      derivatives) are highly fluorescent. The former appears light blue, the
      latter bright red.
FNT  *(Porous, 96% silica glass, 40 A .+-. 20 A diameter pore size (Corning
      Glass Works, Corning, N.Y.) in a toluene solution gamma-aminopropyl
      triethoxy silane, is refluxed. This mixture is reacted with p-nitrobenzoic
      acid and reduced with tetrachloromethane to produce the desired aryl amino
      glass. (See Weetall, Biochem. J. (1970) 117,257-261)
PAR  Amino glass and other insoluble matrices produce in like fashion from the
      homologus parent azo compound, soluble amino insulin, amino epinephrine,
      amino estradiol, amino estrol, amino estrone and their corresponding
      insoluble hydrazo derivatives. In each instance the insoluble hydrazo
      derivative is fluorescent as is the supernatant containing the amino
      derivative.
PAR  Soluble and insoluble azo, hydrazo and amino derivatives are utilized in
      unique assays employing fluorescence enhancement or quenching as well as
      radioimmune techniques to quantitate concentrations of underivatized
      homologues.
PAR  Utilizing the same molar ratios as described in Examples 9 and 10 there are
      prepared the corresponding soluble amino, hydrazo and insoluble
      hydrazo-glass derivative of angiotensin thyrotropic releasing factor (TRF)
      (a tripeptide containing histidine), lactogen, pitocin, and growth
      hormone.
PAR  Amino glass and its preparation is well known, for example, see J. Biochem.
      117: 257-61 (1970); Biochem. Biophys. Acta, 185:464 (1969); Science
      166:615(1969); Nature 223:959(1969). Thus the porous glass can be refluxed
      in solution of aminopropyltriethoxysilane in toluene, or the
      isothiocyanate derivative can be prepared by refluxing alkyl amine glass
      overnight in a 10% solution of thiophosgene in chloroform. The glass is
      then washed in chloroform, dried and coupled to hapten in carbonate
      buffer. Aryl - amino glass derivatives can also be prepared by reacting
      alkyl-aminosilane glass with p-nitrobenzoyl chloride in chloroform
      containing 5% triethylamine. The nitro groups are reduced with sodium
      dithionite (N.sub.2 S.sub.2 O.sub.4). Tetrachloromethane serves the same
      purpose. The arylamino glass is then diazotized and coupled to the hapten
      (or antigen) as described above.
PAR  Thus an embodiment of this invention comprises hapten azo-glass or
      conjugated hapten-protein azo-glass and corresponding fluorescent hydrazo
      and amiono derivatives of the following structures (in addition to glass
      other insoluble matrices can be employed, hence the designation M in the
      following structure):
      ##SPC9##
      wherein R, X, Y, A, a and b are as previously defined and M is an
      insoluble inorganic matrix containing a reactive NH.sub.2 (e.g. amino
      glass derivative as defined herein) or an insoluble organic matrix
      containing a reactive NH.sub.2, OH or COOH (e.g. Sephadex or cellulose
      derivatives). See Weliky et al, Immunochemistry, 1, 219(1964).
FNT  *Any insoluble solid material can be employed which does not interfere with
      the hereinafter described immune assays by attracting the compound under
      assay non-specifically. See also U.S. Pat. No. 3,519,538 (7/7/70), for
      example Column 3, lines 44 et seq.
PAR  The compounds of the foregoing structures I-IV are produced, for example,
      by utilizing the insoluble solid matrix derivative for covalently coupling
      directly to the hapten or antigen through the ring moiety of the hapten or
      antigen, as by diazotization in accordance with procedures of this
      invention. The insoluble solid matrix derivatives used for coupling are
      well known compounds as previously described in connection with the
      definition of M. The coupled azo product (I and II) is then reduced under
      mild conditions to produce the corresponding hydrazo (III and IV) and
      amino (V and VI) derivatives.
PAR  Coupling of hapten or antigen to a solid matrix, such as amino glass,
      presents the opportunity for an easy separation of the soluble amino
      derivatives (V and VI) from the insoluble hydrazo derivatives (III and
      IV). In such cases separation is accomplished by simple washing and
      filtration or centrifugation.
PAR  The following Example 11 further illustrates the preparation of the novel
      antibodies of this invention. As previously discussed, these antibodies
      are useful in immunochemical assays discussed hereinafter because of their
      specificity and fluorescence emission characteristics.
PAC  EXAMPLE 11
PAR  A total dose of 30-100 mg per animal of the antigen is adminstered (pure
      form) as a 1% aqueous solution (by weight of antigen) in normal saline to
      a New Zealand white rabbit, weighing 5 kg (males used to prepare
      antibodies to estrogens, otherwise sex immaterial). The antigen is
      administered every other day intravenously for 1 week (i.e. three times a
      week). Two weeks later an equal total dose of the antigen emulsified in an
      equal volume of complete Freunds adjuvant is administered subcutaneously
      (once only). Three weeks later blood is drawn (50 ml). Serum is separated
      by centrifugation. It is passed through a solid matrix,
      diethylaminoethylcellulose-Sephadex A50 (Pharmacia, Uppsala, Sweden) and
      IgG is isolated. Antibody is purified by hapten-coupled-p-aminobenzyl
      cellulose (e.g. estradiol-p-aminobenzyl cellulose). Specific antibody
      bound to the cellulose solid matrix is eluted (after repeated washing with
      water) by a mixture of 1 M acetic acid and 3 M freshly prepared deionized
      urea pH 3.2. Table I set forth specific antibodies of this invention, and
      antigens used for their preparation in accordance with the foregoing
      procedure.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                             Antibody                          
     Antigen                       Dose      Specific For                      
     __________________________________________________________________________
     estradiolazobenzoyl-KLH       30 mg     estradiol (17.beta.)              
     of Example 5                                                              
     estriolazobenzoyl-KLH         30 mg     estriol                           
     of Example 6                                                              
     estroneazobenzoyl-KLH         20 mg     estrone                           
     of Example 7                                                              
     insulinazobenzoic             50 mg     insulin                           
     acid of Example 9                                                         
                                             tetrahydrocannabinol              
     Tetrahydrocannabinol                                                      
     azobenzoyl-KLH*                                                           
                                   10 mg     thyrotropic releasing             
                                             hormone                           
     (L-Pyroglutamyl-L-histidyl-L prolineamide)                                
     azobenzoyl-KLH*                                                           
     __________________________________________________________________________
      *Prepared in accordance with the method of Example 5 by substituting     
      equimolar quantity of THC or TRH for the estradiol.                      
PAR  The foregoing novel conjugates, antibodies and fluorescent derivatives of
      this invention are especially adapted for use in novel assay methods which
      also form additional embodiments of this invention.
PAR  One of these embodiments comprises an immunofluorescent method of assaying
      quantitatively for compounds of structures (I), page 9, and (I), page 23,
      herein, which comprises producing a mixture, suitable for fluorometeric
      assay, of (1) a sample to be analyzed, generally from body fluid (although
      any sample source can be employed) and containing the compound under
      assay, (2) a known quantity of an antibody which is immunologically
      specific for the compound to be assayed, and (3) a known quantity of a
      hapten or antigen derivative, possessing an absorbance spectrum (345.+-.
      10 nanometers) corresponding to the emission spectrum of the antibody, and
      which is homologous to said assay compound (that is, sharing
      immunochemical specificity) so as to bind with said antibody
      competitively; and analyzing said mixture for antibody fluorescence
      quenching.
PAR  Exemplary of the compounds which can be assayed are the following:
      ##SPC10##
PAL  wherein X, Y, R, a and b are as previously defined;
PAR  2. psychomimetic agents as exemplified by the amphetamines, meperidine,
      mescaline or tetrahydrocannabinol, i.e. the active constituent of
      marihuana (hashish);
PAR  3. a catecholamine, as defined before;
PAR  4. a polypeptide, as previously defined;
PAR  5. diethylstibestrol;
PAR  6. a .DELTA., 4,5-steroid as defined before; and
PAR  7. chlortetracycline, tetracycline and chloramphenicol.
PAR  The hapten or antigenic derivatives which can be employed to quench the
      fluorescence of the antibody are typified by the structures III, V, VI and
      VII at page 9; VII, IX and X at page 12; III, V, VI and VII at page 23;
      I-III at page 29; I-V at page 33, and I-V at page 38 herein.
PAR  The assay for fluorescence quenching is as follows:
PAC  A. Establishment of Standard Curve for Sample to be Assayed
PAR  One ml of antibody (1 .times. 10.sup.-.sup.10 moles per ml) is added to
      each of a series of 30 test tubes. To each one of the tubes is also added
      1 ml containing concentrations of hapten or antigen derivative starting
      with the first tube with a concentration of 1 .times. 10.sup.-.sup.10
      moles per ml of hapten or antigen up to the last tube which contains 30
      .times. 10.sup.-.sup.10 moles per ml of hapten or antigen. Then an optimal
      mixture, (e.g. 1 .times. 10.sup.-.sup.10 M/ml) antibody and 6 .times.
      10.sup.-.sup.10 M/ml hapten, or antigen derivative, are interacted with an
      ml of competing underivatized hapten, i.e. assay compound, in increasing
      concentrations (e.g. 1-10.times.10.sup.-.sup.10 M/ml). This mixture is
      allowed to incubate for 10 minutes to 12 hours at ambient temperature and
      is then read in a spectrophotofluorometer for fluorescence quenching.
      Standard tubes contain an equivalent concentration, either of antibody or
      of hapten diluted in buffer, in the same concentration present when
      antibody and hapten are mixed together. Excitation is set at 280
      nanometers and emission read at 350 nanometers. The sum of the
      fluorescence emission for hapten alone at a set concentration and for
      antibody alone at a set concentration are added. This sum is equal to 100%
      fluorescence. The actual fluorescence intensity observed upon interaction
      of antibody and derivatized hapten will read less than 100% because of
      quenching as a result of the binding of the derivative to the antibody.
      With increasing concentration of derivatized hapten the observed
      fluorescence diminishes until hapten-antibody interaction (or binding) is
      completed. The difference between the fluorescence of the completely
      interacted hapten-antibody mixture and the sum of the fluorescence of
      hapten and antibody alone constitutes the percent of quenching. The
      percent of quenching is proportional to the concentration of hapten
      derivative.
PAR  In assaying a sample of underivatized hapten or antigen, an optimal
      standard ratio of derivatized hapten and antibody (e.g. 5-10:1) is
      selected for use in testing the underivatized sample. The latter (e.g.
      estradiol) in increasing concentrations per ml, competes with the hapten
      or antigen derivative for binding with a given amount of antibody and will
      inhibit the quenching phenomenon, permitting fluorescence by antibody
      bound thereto. The percent of increase in antibody fluorescence caused by
      binding with underivatized hapten or antigen sample is directly
      proportional to the concentration of the underivatized hapten or antigen.
      The relationship is rendered linear. The more competing unaltered hapten
      or antigen present in the solution, the less fluorescence quenching is
      caused by the derivatized hapten or antigen. Hence a standard curve can be
      drawn for an unknown solution.
PAC  B. Assay for Underivatized Hapten or Antigen
PAR  The solution containing the sample (i.e. underivatized hapten or antigen as
      previously described) can be a neutral aqueous solution or body fluid
      (e.g. serum, urine, amniotic fluid, or tissue extract).
PAR  To establish the concentration of the unknown in the body fluid the
      fluorescence intensity of the sample mixture (containing antibody,
      derivatized hapten or antigen, and the unknown) is compared with the
      aforementioned standard curve. The control for such assay is body fluid
      known to contain no underivatized hapten or antigen.
PAR  Thus in carrying out the assay a sample of body fluid is obtained and is
      added (after solids are removed by centrifugation) in dilution to a
      standard mixture of antibody and derivatized homologous hapten or antigen,
      the latter being present in a molar excess (preferably ranging from
      5-10:1). The resulting solution is allowed to incubate at ambient
      temperature for about 15 minutes to 12 hours. Thereafter the fluorescence
      of the resulting mixture is determined, generally by a
      spectrophotofluorometer. The reading from this instrument (at 350 mm
      emission) is compared with the standard curve for the compound under assay
      and translated to the concentration of sample compound present (ng/ml).
PAR  Example 12 illustrates the fluorescence quenching assay of this invention
      for quantitation of a variety of underivatized haptens or antigens.
PAC  EXAMPLE 12
PAR  An aliquot (1-10 ml) of blood is obtained from a patient. Solids are
      removed by centrifugation. The clear serum is added to a standard mixture
      of antibody and derivatized homologous hapten or antigen (molar ratio 1:6
      antibody to hapten). The resulting mixture is incubated at ambient
      temperature for about 15 minutes. Thereafter the fluorescence of the
      resulting mixture is measured in an Aminco-Bowman spectrophotofluorometer
      (correction being made for contribution of buffer and non-specific serum
      contents as established by the controls). The measured fluorescence
      intensity is compared with the standard curve for the compound under assay
      and thereby translated into the concentration of sample compound present.
PAR  The following Table 2 sets forth the constituents used in each assay for
      the indicated sample compound in accordance with the method of this
      example.
TBL                TABLE 2                                                     
     ______________________________________                                    
                 Quenching Hapten                                              
     Sample to   or Antigen der- Fluorescent                                   
     be Assayed  ivatives        Antibody                                      
     ______________________________________                                    
     estradiol (17.beta.)                                                      
                 estradiol azobenzoic                                          
                                 estradiol (17.beta.)                          
                 acid of Example 1                                             
     estriol     estriol azobenzoic                                            
                                 estriol                                       
                 acid of Example 2                                             
     estrone     estrone azobenzoic                                            
                                 estrone                                       
                 acid of Example 3                                             
     insulin*    insulin azobenzoic                                            
                                 insulin                                       
                 acid of Example 9                                             
     tetrahydrocanna-                                                          
                 THC azobenzoic acid                                           
                                 THC                                           
     binol(THC)  of Example 11                                                 
     thyrotropic TRH azobenzoic acid                                           
                                 TRH                                           
     releasing hormone                                                         
                 of Example 11                                                 
     (TRH)                                                                     
     ______________________________________                                    
      *molar ratio of 1:25 antibody to antigen derivative used in place of 1:6.
PAR  Another immunofluorescent assay forming an embodiment of this invention
      involves fluorescence enhancement of a fluorescent hapten or antigen
      derivative of this invention.
PAR  This enhancement assay comprises an immunofluorescent method of assaying
      quantitatively for compounds of structures (I), page 9, and (I), page 23,
      herein, which comprises producing a mixture, suitable for fluorometric
      assay, of (1) a sample to be analyzed, generally from body fluid (although
      any sample source can be employed) and containing the compound under
      assay, (2) a known quantity of an antibody which is specific for the
      compound to be assayed, and (3) a known quantity of a hapten or antigen*
      derivative, possessing an absorbance spectrum (345.+-.10 nanometers)
      corresponding to the emission spectrum of the antibody, and which is
      homologous to said assay compound (that is, sharing immunochemical
      specificity) so as to bind with said antibody competitively; and analyzing
      said mixture for fluorescence enhancement of the hapten or antigen
      derivative.
FNT  *fluorescent
PAR  Exemplary of the compounds which can be assayed are the following:
      ##SPC11##
PAL  wherein X, Y, R, a and b are as previously defined;
PAR  2. psychomimetic agents are exemplified by the amphetamines, meperidine,
      mescaline or tetrahydrocannabinol, i.e. the active constituent of
      marihuana (hashish);
PAR  3. a catecholamine, as defined before;
PAR  4. a polypeptide, as previously defined;
PAR  5. diethylstibestrol;
PAR  6. a .DELTA.,4,5-steroid as defined before; and
PAR  7. chlortetracycline, tetracycline and chloramphenicol.
PAR  The hapten or antigenic derivatives which can be employed for enhancement
      of their fluorescence by the antibody are typified by the structures III,
      V, VI and VII at page 9; VII, IX and X at page 12; III, V, VI and VII at
      page 23; I-III at page 29; I-VI at page 33, and III-VI at page 38, herein.
      Of these, structures I-III, page 29; III-V, page 33, and III-V, page 38
      are preferred because they are highly fluorescent and because their
      excitation spectra optimally overlap the emission spectrum of the
      antibody.
PAR  The assay for fluorescence enhancement is as follows:
PAC  A. Establishment of Standard Curve For Sample to be Assayed
PAR  One ml of fluorescent hapten or antigen derivative (1 .times.
      10.sup.-.sup.11 moles per ml) is added to each of a series of 30 test
      tubes. To each one of the tubes is also added 1 ml containing
      concentrations of purified antibody starting with the first tube with a
      concentration of 1 .times. 10.sup.-.sup.11 moles per ml of antibody up to
      the last tube which contains 30 .times. 10.sup.-.sup.11 moles per ml of
      antibody. Then an optimal mixture, (e.g. 1 .times. 10.sup.-.sup.11 M/ml)
      hapten or antigen derivative and 6 .times. 10.sup.-.sup.11 M/ml antibody,
      are interacted with an ml of competing underivatized hapten, i.e. assay
      compound, in increasing concentrations (e.g. 1-10.times.10.sup.-.sup.11
      M/ml). This mixture is allowed to incubate for 10 minutes to 12 hours at
      ambient temperature and is then read in a spectrophotofluorometer for
      fluorescence enhancement. Standard tubes contain an equivalent
      concentration, either of antibody or of derivative hapten diluted in
      buffer, in the same concentration present when antibody and derivative
      hapten are mixed together. Excitation is set at 280 nanometers or 340
      nanometers and emission read at 420.+-.10 nanometers. The sum of the
      fluorescence emission for hapten alone at a set concentration and for
      antibody alone at a set concentration are added. This sum is equal to 100%
      fluorescence. The actual fluorescence intensity observed upon interaction
      of antibody and derivatized hapten will read greater than 100% because of
      enhancement as a result of the binding of the derivative hapten or antigen
      to the antibody. With increasing concentration of antibody the observed
      fluorescence increases until hapten-antibody interaction (or binding) is
      completed. The difference between the fluorescence of the completely
      interacted hapten-antibody mixture and the sum of the fluorescence of
      hapten and antibody alone constitutes the percent of enhancement. The
      percent of enhancement is proportional to the relative concentration of
      hapten derivative and antibody.
PAR  In assaying a sample of underivatized hapten or antigen, an optimal
      standard ratio of derivatized hapten and antibody (e.g. 1:5-10) is
      selected for use in testing the underivatized sample. The latter (e.g.
      estradiol) in increasing concentrations per ml, competes with the
      fluorescent hapten or antigen derivative for binding with a given amount
      of antibody and will inhibit the enhancement phenomenon by antibody bound
      thereto. The percent of decrease in fluorescence enhancement of hapten or
      antigen derivative caused by binding of antibody with underivatized hapten
      or antigen sample is directly proportional to the concentration of the
      underivatized hapten or antigen. The relationship is rendered linear. The
      more competing unaltered hapten or antigen present in the solution, the
      less fluorescence enhancement is caused by the antibody. Hence a standard
      curve can be drawn for an unknown solution.
PAC  B. Assay for Underivatized Hapten or Antigen
PAR  The solution containing the sample (i.e. underivatized hapten or antigen as
      previously described) can be a neutral aqueous solution or body fluid
      (e.g. serum, urine, amniotic fluid, or tissue extract).
PAR  To establish the concentration of the unknown in the body fluid the
      fluorescence intensity of the sample mixture (containing antibody,
      derivatized hapten or antigen, and the unknown) is compared with the
      aforementioned standard curve. The control for such assay is body fluid
      known to contain no underivatized hapten or antigen.
PAR  Thus in carrying out the assay a sample of body fluid is obtained and is
      added (after solids are removed by centrifugation) in dilution to a
      standard mixture of antibody and derivatized homologous hapten or antigen,
      the former preferably being present in slight excess (e.g. 5:1). The
      resulting solution is allowed to incubate at ambient temperature for about
      15 minutes to 12 hours. Thereafter the fluorescence of the resulting
      mixture is determined, generally by a spectrophotofluorometer. The reading
      from this instrument is compared with the standard curve for the compound
      under assay and translated to the concentration of sample compound present
      (mg/ml).
PAR  Example 13 illustrates the fluorescence enhancement assay of this invention
      for quantitation of a variety of underivatized haptens or antigens.
PAC  EXAMPLE 13
PAR  An aliquot (1-10 ml) of blood is obtained from a patient. Solids are
      removed by centrifugation. The clear serum is added to a standard mixture
      of antibody and derivatized homologous hapten or antigen (molar ratio 6:1
      antibody to hapten). The resulting mixture is incubated at ambient
      temperature for about 15 minutes. Thereafter the fluorescence of the
      resulting mixture is measured in an Aminco-Bowman spectrophotofluorometer
      (corrections being made for contribution of buffer and non-specific serum
      contents as established by the controls). The measured fluorescence
      intensity at 340 nanometers excitation and 420 nanometers emission is
      compared with the standard curve for the compound under assay and thereby
      translated into the concentration of sample compound present.
PAR  The following Table 3 sets forth the constituents used in each assay for
      the indicated sample compound in accordance with the method of this
      example.
TBL                TABLE 3                                                     
     ______________________________________                                    
     FLUORESCENCE ENHANCEMENT                                                  
                 Enhanced Hapten                                               
     Sample to be                                                              
                 or Antigen der- Enhancing                                     
     Assayed     ivatives        Antibody                                      
     ______________________________________                                    
     estradiol (17.beta.)                                                      
                 estradiol azobenzoic                                          
                                 estradiol (17.beta.)                          
                 acid of Example 1B                                            
     "           estradiol hydrazo-                                            
                                 "                                             
                 benzoic acid of                                               
                 Example 1C                                                    
     "           amino estradiol of                                            
                                 "                                             
                 Example 1C                                                    
     estriol     estriol azobenzoic                                            
                                 estriol                                       
                 acid of Example 2B                                            
     "           estriol hydrazo-                                              
                                 "                                             
                 benzoic acid of                                               
                 Example 2C                                                    
     "           amino estriol of                                              
                                 "                                             
                 Example 2C                                                    
     estrone     estrone azobenzoic                                            
                                 estrone                                       
                 acid of Example 3B                                            
     "           estrone hydrazo-                                              
                                 "                                             
                 benzoic acid of                                               
                 Example 3C                                                    
     "           amino estrone of                                              
                                 "                                             
                 Example 3C                                                    
     insulin*    insulin azobenzoic                                            
                                 insulin                                       
                 acid of Example 9A                                            
     "           hydrazoinsulin  "                                             
                 benzoic acid of                                               
                 Example 9B                                                    
     "           amino insulin of                                              
                                 "                                             
                 Example 9B                                                    
     tetrahydrocanna-                                                          
                 THC azobenzoic acid                                           
                                 THC                                           
     binol (THC) of Example 11                                                 
     "           THC hydrazobenzoic                                            
                                 "                                             
     "           acid amino THC  "                                             
     thyrotropic                                                               
     releasing hormone                                                         
                 TRH azobenzoic acid                                           
                                 TRH                                           
     (TRH)       of Example 11                                                 
     "           TRH hydrazobenzoic                                            
                                 "                                             
     "           acid amino TRH  "                                             
     ______________________________________                                    
      *molar ratio of 25:1 antibody to antigen derivative used in place of 6:1.
PAR  Another assay method of this invention comprises radioimmune immuno methods
      to assay quantitatively for compounds of structures (I), page 9, and (I),
      page 23, herein which comprises producing a mixture, suitable for isotope
      counting assay of (1) a sample to be analyzed, generally from body fluid
      (although any sample source can be employed), (2) a known quantity of an
      isotopically labeled (e.g. I.sup.125)* antibody which is specific for the
      compound to be assayed and (3) a hapten or antigen derivative,
      insolubilized by covalent linkage to a solid organic (e.g. cellulose
      derivative) or inorganic (e.g. amino glass) matrix (pretreated e.g. with
      albumin to minimize nonspecific adsorption). The hapten or antigen
      derivative is homologous to said assay compound (that is, shares
      immunochemical specificity) so as to bind with said antibody
      competitively. The supernatant from this mixture is analyzed for
      diminution of counts per minute after incubation. This approach is unique
      and minimizes nonspecific adsorption as compared with present radioimmune
      assays.
FNT  *Other labels can be used, e.g. I.sup.131, C.sup.14, I.sup.127, S.sup.35
PAR  Exemplary of the compounds which can be assayed are the following
      ##SPC12##
PAL  wherein X, Y, R, a and b are as previously defined;
PAR  2. psychotomimetic agents as exemplified by the amphetamines, meperidine,
      mescaline or tetrahydrocannabinol, i.e. the active constituent of
      marihuana (hashish);
PAR  3. a catecholamine, as defined before;
PAR  4. a polypeptide, as previously defined;
PAR  5. diethylstibestrol;
PAR  6. a .DELTA.4,5-steroid as defined before; and
PAR  7. chlortetracycline, tetracycline and chloramphenicol.
PAR  The hapten or antigenic derivatives are covalently coupled to the solid
      matrix to render them insoluble. These insoluble derivatives compete with
      homologous underivatized hapten or antigen in the sample for antibody. The
      haptenic or antigenic portion of these coupled derivatives are typified by
      the above compounds (1-7). Illustrative of the coupled derivatives are
      structures I-IV, page 38 hereof.
PAR  1. The radioimmune assay using solid phase covalently bonded hapten or
      antigen is as follows:
PAC  A. Establishment of Standard Curve
PAR  One ml of radioisotopic labeled* antibody (e.g. I.sup.125) diluted 1:100 -
      1:20,000 is added to each of a series of 20 tubes prepared for isotope
      counting. To each one of the tubes is also added 1 ml containing 1-10 mg
      of solid matrix (e.g. glass beads) covalently bound to hapten or antigen.
      An optimal mixture is selected (i.e. one in which 40-50% of total counts
      are removed from the liquid phase by insolubized derivative. The mixture
      is interacted with competing underivatized hapten, i.e. assay compound, in
      increasing concentrations (e.g. 10-100 pikograms/ml). This mixture is
      allowed to incubate for 8 to 12 hours at 5.degree.-37.degree.. After
      separation of clean, insolubilized material, radioactive counts of solid
      (or liquid) phases are measured in a scintillation counter. Control tubes
      contain inert IgG, uncoupled solid matrix, heterologous insolubilized
      hapten or antigen in the same concentrations.
FNT  *labeling is exemplified by chloramine T method while antibody binding
      sites are protected on a solid immuno adsorbant. Counts per minute are
      10.sup.8 or more in 0.20-0.50 ug/ml. Antibody is purified by
      chromatography.
PAR  In assaying a sample of underivatized hapten or antigen, optimally labeled
      (e.g. 10.sup.8 counts per minute in 0.20 ug/ml) antibody, purified and
      diluted (e.g. 1:10,000), selected for use in testing the soluble
      underivatized sample (hapten or antigen excess). The latter (e.g
      estradiol), in increasing concentrations per ml, competes with
      insolubilized hapten or antigen derivative for binding with a given amount
      of labeled soluble antibody, will diminish the counts per minute (CPM)
      removed by insolubilized hapten and increase the CPM remaining in the
      aqueous phase (by binding with antibody). The percent of increase of CPm
      in the aqueous phase is directly proportional to the concentration of the
      underivatized hapten or antigen in test sample. The relationship is
      rendered linear. The more competing unaltered hapten or antigen present in
      the test solution, the less counts are removed by the covalently
      insolubilized hapten or antigen. Hence a standard curve is drawn for the
      test compound.
PAC  B. Assay for Underivatized Hapten or Antigen
PAR  The solution containing the sample (i.e. underivatized hapten or antigen as
      previously described) can be neutral aqueous solution or a body fluid
      (e.g. serum, urine, amniotic fluid or tissue extract).
PAR  The concentration of the unknown in the body fluid is established by
      counting radioactivity of the aqueous phase of the sample mixture after
      competition with insolubilized hapten or antigen covalently coupled to
      glass beads, for binding with labeled antibody. CPM are compared with the
      aforementioned standard curve. The control for such assay is body fluid
      known to contain no underivatized hapten or antigen.
PAR  Thus in carrying out the assay a sample of body fluid is obtained and is
      added (after solids are removed by centrifugation) in dilution to a
      standard mixture of antibody and insolubilized homologous hapten or
      antigen, the latter being present in a molar excess. The resulting
      solution is allowed to incubate at 5.degree.-37.degree.C for 8-12 hours.
      Thereafter the radioactive counts in the aqueous phase is determined,
      generally by a scintillation counter. The reading obtained by this
      instrument is compared with the standard curve for the compound under
      assay and translated to the concentration of sample compound present
      (nanograms or pikograms/ml).
PAR  Another embodiment is a radioimmune assay using solid phase covalently
      bonded antibody wherein the isotope (label)* (e.g. I.sup.125) is on the
      protein carrier moiety of the hapten-protein conjugate, rather than on the
      hapten moiety of prior art assays. This technique diminishes radioisotopic
      damage to functional groups and prevents steric hindrance.
FNT  *labeling is exemplifed by chloramine T method while antibody binding sites
      are protected on a solid immuno adsorbant. Counts per minute are 10.sup.8
      or more in 0.20-0.50 ug/ml. Antibody is purified by chromatography.
PAR  Such an approach is novel and also includes isotopically labeling
      haptenless protein carriers such as any polyaminoacid in solution or as a
      colloidal suspension, containing one or more available functional for
      coupling to an underivatized or derivatized hapten or antigen of this
      invention. Exemplary are such groups selected from hydroxy, amino
      (containing at least one reactive hydrogen), hydrogen, carboxyl, carboxy,
      sulfhydryl, nitro, nitroso, thio, alkoxy, aryloxy, thioalkoxy,
      thioaryloxy, halo, disulfide groups, heterocyclic such as histidyl, or
      carboxylic such as tyrosyl. Exemplary of the polyamino acids are
      polypeptides such as polytyrosine, or any polypeptide produced, for
      example, by reacting an amino acid with a carboxylic acid by carbodiimide
      condensation. Generally any polyamino acid can be employed, provided that
      in addition to the above functional groups for coupling to the hapten or
      antigen, sufficient sites for labeling with an isotope, such as I.sup.125,
      I.sup.131, or H.sup.3 are presented. However any isotope can be used which
      exhibits high specific activity and efficiency. Other polymeric organic or
      inorganic carriers can be employed, provided they have suitable reactive
      groups available for coupling as described above. Exemplary of these
      carriers are the polysiloxanes, polymeric silica derivatives (e.g. see
      U.S. Pat. No. 3,519,538) organic polymers such as polyethylenes,
      polypropylenes and other conventional polymers known to the art. The only
      limitations on the carriers to be employed in this embodiment are (1)
      available functional groups for coupling to the underivatized or
      derivatized antigens homologous to the compound under assay, (2) suitable
      for isotopic labeling and (3) stable under the conditions of the assay.
      When employing radioactive iodine as the isotope label it is preferred to
      employ a polyamino acid containing one or more tyrosyl groups. The
      polypeptides can be as small as a dipeptide, but generally the molecular
      weights of the polyamino acid exceeds 300 upwards to 7 million, or higher.
      Further exemplary of the carrier moieties are the proteins described supra
      at pages 7 and 8.
PAR  2. Radioimmune assay using labeled carrier protein of hapten-protein
      conjugate:
PAR  The soluble, labeled conjugate competes with underivatized hapten or
      antigen in test fluid for purified antibody (unlabeled) (or labeled with a
      different isotope) which is insolubilized by covalent linkage to a solid
      matrix (e.g. glass beads). (See U.S. Pat. No. 3,519,538, for example.)
PAC  A. Selection of Antibody Dilution
PAR  Utilizing a standard dilution of hapten-protein conjugate (total 10.sup.8
      CPM in 0.2 ug/ml), the insolubilized antibody is diluted 1:10-10,000 in a
      series of 50 tubes. A tube in which 40-60% of the total counts/min. are
      removed by insolubilized antibody is selected as containing the optimal
      ratio of antibody and marker antigen.
PAC  B. Standard Curve
PAR  The optimal mixture as selected from procedure A above is used in a series
      of tubes (e.g. 1-20) and into each of which is added a known amount of an
      underivatized hapten or antigen in nanogram or pikogram increments. After
      incubation for 8-12 hours at 5.degree.-37.degree.C, CPM are determined.
      The more unlabeled hapten or antigen in a given tube the more counts are
      retained in the aqueous phase. The standard curve is rendered linear.
PAC  C. Assay for Underivatized Hapten or Antigen
PAR  The solution containing the sample (i.e.) underivatized hapten or antigen
      as previously described) can be a neutral aqueous soluble or body fluid
      (e.g. serum, urine, amniotic fluid, or tissue extract).
PAR  To establish the concentration of the unknown hapten or antigen in the body
      fluid, the radioactivity of the aqueous phase of the sample mixture,
      containing unknown hapten (or antigen), and hapten-protein conjugate (with
      the marker on the carrier protein) is compared, after interaction with
      purified antibodies covalently coupled to glass beads, with the
      aforementioned standard curve. The control for such assay is a liquid or
      body fluid known to contain no underivatized hapten or antigen.
PAR  Thus in carrying out the assay a sample of liquid or body fluid is obtained
      and is added (after solids are removed by centrifugation) in dilution to a
      standard mixture of insolubilized antibody covalently coupled to glass
      beads and marker protein - hapten conjugate. Hapten or antigen are in
      molar excess over antibody. The resulting solution is allowed to incubate
      at 5.degree.-23.degree.C for 8-12 hours. Thereafter the radioactive counts
      in the aqueous phase are determined, generally by a scintillation counter.
      The reading from this instrument is compared with the standard curve for
      the compound under assay and is translated to the concentration of the
      compound present in nanograms or pikograms per ml.
PAR  The foregoing assay can be repeated with the exception that a hapten less
      protein carrier (as defined above) is first isotopically labeled followed
      by coupling to the desired hapten or antigen in accordance with this
      invention, rather than labeling the derivatized hapten or antigen.
PAR  The following Example 14 further illustrates the preparation of the novel
      steroid-protein conjugates of this invention. In this example
      p-aminobenzoic acid (PABA) is rapidly diazotized in the presence of an
      estrogen whose reactive phenolic C-3 function permits entry in the A ring
      at position 2 or 4 (but not both) by the distal nitrogen atom. The
      resulting azosteroid is coupled to a protein through the azobenzoyl
      carboxyl by condensation with a soluble carbodiimide,
      1-cyclohexyl-3-(2-morpholinoethyl)-carbodiimide metho-p-toluene sulfonate.
PAC  EXAMPLE 14
PAR  PABA (137 mg) is dissolved in 1.0 N HCl (10 ml). The beaker is cooled by
      crushed ice for 5 minutes and 20% NaNO.sub.2 (100 mg) is added while
      stirring. The temperature is not permitted to rise above 5.degree.C. When
      all nitrite has been added (slight excess) a pale blue spot develops
      rapidly on testing with wetted starch-iodide paper. Excess NaNO.sub.2 is
      removed by sulfamic acid. The solution becomes clear yellow. Diazotization
      requires 15 minutes, the pH never exceeding 1.0.
PAR  Crystalline estradiol, estriol or estrone (100 mg) is dissolved in 90%
      methanol (25 ml). Diazotized PABA is added dropwise, the pH being
      maintained at 10-11. The final mixture is acidified with 0.1 N HCl to
      remove excess (soluble) PABA and side reaction products. The azosteroid
      precipitate is recovered, triturated and redissolved in 0.1 N NaOH.
      Centrifugation removes insoluble unreacted steroid. After repeating the
      acid and base cycle once, the azosteroid is extracted into a mixture of
      benzene and methanol (4:1) which is evaporated to dryness.
PAR  Crystalline azosteroid (25 mg) is added to a 1% saline solution containing
      0.1 M carbodiimide (100 mg) and KLH (keyhole limpet hemocyanin) or IgG
      (human immune globulin) (250 mg). The mixture is stirred until azosteroid
      has coupled and is dialyzed for 2-3 days at 3.degree.C in 0.5 M sodium
      carbonate, pH 8.2 until color no longer appears in dialysis solution. A
      final dialysis is performed against 0.9% NaCl for 24 hours. The preceding
      steps remove unreacted steroid and derivative molecules. Insoluble protein
      is removed by centrifugation. Protein determination is made on the colored
      supernatant containing steroid-protein conjugate. The concentration is
      adjusted to approximately 1% by spectral measurement at 280 mu.
PAC  Analysis of azobenzoyl derivatives (i.e. steroid-azobenzoic acid)
PAR  Samples are initially examined by thin layer chromatography (TLC). Glass
      slides coated with silica G are spotted and developed with chloroform:
      ethyl acetate: acetic acid (40:60:50). Then slides are heated 10 minutes
      at 110.degree.C, sprayed with concentrated H.sub.2 SO.sub.4 and observed
      under ultraviolet light while charring. For quantitative spectral analyses
      and immunization samples are further purified by preparative TLC on 10
      .times. 14 cm glass plates coated with silica G. Development in one
      direction is done with ether:methanol:acetic acid (94:5:1). Material
      migrating as reference standard is scraped from the plate and recovered by
      original solvent (10 times volume). The structure of the azoestradiol,
      azoestriol, azoestrone, and the corresponding fluorescent hydrazo and
      amino steroids are confirmed by mass spectroscopy and nuclear magnetic
      resonance. Azo derivatives have been hydrolized intact from protein
      conjugates and quantitated thus confirming structures of azoestradiol-KLH,
      azoestriol-KLH, azoestrone-KLH and the corresponding steroid-IgG
      conjugates. These structures are set forth in Table 4.
      ##SPC13##
      ##SPC14##
PAR  Absorption spectra of derivatives and conjugates are measured on a Cary
      recording spectrophotometer using rectangular cells of 10mm light path.
      Difference spectra are obtained with 0.1 cm cell paths. An Aminco-Bowman
      spectrophotofluorometer operated with a number 5 slit arrangement yielding
      a spectral band pass of 22 mu is used for initial excitation and emission
      measurements and a 5233253 arrangement (band pass=11 mu) for enhancement
      readings. A further diminution cuts the signal without increase in
      resolution.
PAR  Example 15 demonstrates the use of the foregoing steroid-protein conjugates
      prepared in accordance with Example 14 to immunize a host. Production of
      antibody specific to the particular steroid-protein conjugate administered
      is also shown. In Example 15 the estradiol-KLH conjugate is employed;
      however, any of the conjugates of this invention can be used in a similar
      manner to produce antibody specific for the homologous steroid.
PAC  EXAMPLE 15
PAC  Immunization
PAR  Adult New Zealand rabbits are immunized with pure azoestradiol-KLH
      conjugates. Intravenous injections are done twice weekly for two weeks,
      the total dose is 30 mg. Blood is drawn by cardiac puncture 1 and 2 weeks
      after the last injection. (Effective antisera are also raised by a single
      subcutaneous injection of complete Freunds adjuvant containing 2.5 ml of
      1% pure steroid-protein conjugate, blood being obtained 21-28 days later.)
PAC  Antibody Purification
PAR  Aminoethylcellulose (500 mg) is coupled through its amino groups Weliky et
      al, Immunochem., 1, 219 (1964) to homologous or heterologous azosteroid
      (100 mg) in the presence of N-N'-dicyclohexylcarbodiimide as described
      above for synthesis of steroid-protein conjugates. Antibodies are
      dissociated by 1.0N HAC (acetic acid) 3M urea from the solid matrix used
      as a slurry or in a reusable column. Amino derivatized glass has also been
      used for such a matrix.
PAC  Immunological Analysis
PAR  Azosteroid-KLH antisera are tested against azosteroids coupled to human
      IgG. Quantitative precipitin tests are done in duplicate. Tubes containing
      increasing concentrations of antigen are incubated with 0.25-0.50 ml
      antiserum diluted 1:1 at 38.degree.C for 1 hour and at 4.degree.C for 60
      hours. Precipitates are washed three times with cold saline, dissolved in
      0.5 N NaOH and the total protein determined by the Lowry method i.e. see
      Lowry et al, J. Biol. Chem., 153, 265 (1951). Quantitative absorption
      experiments are done in the same manner. Increasing concentrations of
      steroid-IgG conjugates are used to absorb antisteroid-KLH sera and the
      latter are then tested with a standard concentration of homologous
      conjugate. For immunoelectrophoresis glass slides are layered with two ml
      of 1.0% agar in 0.075 M veronal buffer, pH 8.6 (B2 buffer, Beckman
      Instruments). A total of 50 mA is delivered to six slides which are
      subsequently developed in a moist chamber for 12-72 hours at room
      temperature. Microimmunodiffusion experiments are done placing 1.5 cm
      square templates upon 0.5 ml agar, see Gross et al, Nature, 219, 758
      (1968). Quenching of antibody fluorescence by azosteroid haptens is
      determined at an excitation wave length of 280 nm and emission determined
      at a wave length of 350 nm. Enhancement of hapten fluoroescence by
      antibody is measured at wave lengths of 336 nm for excitation and 420 nm
      for emission.
PAC  Absorption Spectra
PAR  Initial spectra obtained for crude azosteroids determines the extent of
      substitution in proteins. Measurements are obtained before conjugation and
      after removal of azo derivatives from protein carriers by alkaline
      hydrolysis, see Gross et al, Immunochem., 5, 55 (1968). The azosteroid
      derivatives (i.e. azoestradiol, azoestriol and azoestrone) have absorption
      maxima of 350-364 mu in methanol and 344 mu in bicarbonate or phosphate
      buffer, pH 8.6. The molar extinction coefficient of estradiol azobenzoic
      acid (AED) chromophore is unchanged when coupled to protein, increased
      absorption by conjugate over that of untreated protein at 350 mu divided
      by the extinction coefficient yields the concentration of steroid
      residues. Subtraction of the latter from concentration of conjugate gives
      the molar concentration of protein constituent. Molar ratios calculated
      from spectral curves range from 4-30 and are similar to those derived from
      TLC.
PAC  Thin Layer Chromatography (TLC)
PAR  The single qualitative difference between crude and purified azosteroids
      migrating on TLC is the presence of a substantial amount of material
      remaining at the origin of the former and none at the origin of the
      latter. In the chromatography of both only one spot migrates. Its rate is
      almost as rapid as reference standard steroids (R.sub.s =0.87(8)).
      Relative mobilities of azoestradiol and azoestriol are identical to those
      of untreated estradiol and estriol standards. Bright yellow fluorescence
      of azosteroid after spraying with H.sub.2 SO.sub.4 matches that of
      standard steroid and remains entirely superimposed on the spot occupied by
      migrating azo derivative seen under visible light. Colored material
      retained at origin in TLC of crude samples does not fluoresce.
      Progesterone and testosterone treated with diazotized PABA migrate
      separately and in advance of the orange colored azo spot.* Additional
      purification is achieved by recrystallization.
FNT  *However, coupled product is also produced.
PAR  Treatment of steroid-proteins with 1.0 N NaOH at 100.degree.C for 2 hours
      recovers hydrolytic azosteroids which migrate and fluoresce exactly as the
      original derivatives. Results indicate no major alteration in the steroid
      as a result of coupling. TLC reveals the minimum number of steroid
      residues per molecule of protein carrier (Table 1).
TBL                TABLE 1                                                     
     ______________________________________                                    
     Molar ratios of representative steroid-protein conjugates                 
                          Protein                                              
     Steroid              KLH      IgG                                         
     ______________________________________                                    
     estradiol            29       19                                          
     estriol              25       20                                          
     estrone              27        5                                          
     ______________________________________                                    
PAC  Purification of Azoestradiol Antibodies
PAR  From 200 mg matrix 0-300 ug (5.0 ml serum) antibody is recovered by dilute
      acid (1.0N HAC or 0.1 N HCl). Average recovery is 25%. Urea (3-8M), pH
      3.2-4.0 can also be used for dissociation. Measurement of reactivity of
      recovered proteins indicates specific binding to homologous hapten and to
      diethylstilbestrol.
PAC  Quantitative Precipitation Reactions
PAR  Azoestradiol-IgG (20:1 molar ratio) precipitates 220-1200 ug/ml antibody
      protein. In one anti-AED-KLH serum from the initial group of immunized
      rabbits, 354 ug/ml antibody is brought down by homologous hapten coupled
      to human IgG. See FIG. 1, a quantitative precipitin experiment in which a
      maximum of 354 ug/ml steroid antibody protein is precipitated from
      antisteroid-KLH by azoestradiol-IgG (.sup.. --.sup..). Azoestriol-IgG (o -
      - - o), azoestrone-IgG (.DELTA. .sup.. . . .DELTA.), standard IgG
      (.quadrature. - - - .quadrature.). Serum (0.25 ml) is diluted 1:1 and
      tested against increasing concentrations of IgG conjugates. Total volume
      is 1.25 ml. Supernatant is not examined. Antigen concentrations are
      determined spectrally. Although estrone is less highly coupled to carrier
      IgG than estradiol (Table 1), all dilutions of estrone conjugate fail to
      precipitate 50% as much antibody as estradiol-IgG. Estriol cross reacts
      moderately in reactions with crude antibody. IgG standard, IgG treated
      with diazotized PABA, progesterone (or testosterone) and carbodiimide are
      negative. Quantitative absorption results with related conjugates
      indicating specificity of crude anti-estradiol-KLH for homologous hapten.
      See FIG. 2, a quantitative absorption experiment, in which
      anti-estradiol-KLH 70 C, 0.5 ml absorbed with 1 ml steroid-IgG is tested
      against 30 ug/ml estradiol-IgG. Final volume is 2.5 ml. Anti-estradiol-KLH
      is absorbed with increasing concentrations of different azosteroid-IgG in
      concentrations shown. Azoestradiol-IgG (.sup.. -.sup..), azoestriol-IGG (o
      - - - o), azoestrone-IgG (.DELTA. .sup.. . . .DELTA.). Hapten inhibition
      (of antibody) for precipitin studies, however, are quantitatively
      unsatisfactory probably because of restricted sensitivity and hapten
      solubility in neutral aqueous solution.
PAR  For higher sensitivity and to calculate precise specificities of
      steroid-protein interactions fluorescence quenching and enhancement
      provides a way which does not require drastic physical alteration of the
      steroid molecule or interfere with its binding kinetics.
PAC  Fluorescence Quenching Reactions
PAR  Perturbations of antibody or hapten fluorescence consequent to their
      interaction are very sensitive indicators of intensity and specificity of
      the interaction. A quantum of energy that is otherwise emitted as
      fluorescence is absorbed by the smaller molecule instead of being directly
      dissipated in the solvent. The percent quenching of antibody fluorescence
      is proportional to the number of sites bound. Protein excited at a wave
      length of 280 mu emits maximally at a wave length of 350 mu .+-. 5
      (tryptophan). This coincides with the absorption maximum of AED making
      possible energy transfer from the former to the latter. The efficiency of
      transfer from protein aromatic amino acid residues to the bound hapten can
      be calculated from comparisons of excitation and difference absorption
      spectra. In the absence of transfer the excitation spectrum of hapten
      coincides with the absorption spectrum of bound hapten.
PAR  Typical fluorescence quenching curves using crude antibody and AED are
      shown in FIG. 3. These curves are drawn as percent of maximum fluorescence
      observed after reacting azoestradiol antibody IgG (1 .times.
      10.sup.-.sup.6 M) with increasing concentrations of azosteroids. The
      fluorescence observed for solutions containing protein and azosteroid are
      subtracted from the value recorded for protein. Corrections are made for
      contributions of azosteroid, buffer and dilution. Azoestradiol (.sup.. --
      .sup..), azoestriol (o - - - o), azoestrone (.DELTA. .sup.. . . .DELTA.).
      Contribution by nonspecific IgG binding of azosteroid is shown by
      azoestradiol + normal rabbit IgG (.quadrature.--.sup.l --.quadrature.).
      (Preimmunized serum not available). Quenching maximum (Q max) is
      determined experimentally in hapten excess. The test values for Q max
      yield an association constant (K.sub.o) in agreement with one derived from
      equilibrium dialysis (for number of binding sites). However, constants
      determined by fluorescence quenching (assuming antibody valence of two)
      are useful when comparing related haptens in a given system. Since the
      antibody population can be assumed to be heterogeneous the convenient Sips
      equation (see F. Karush, Adv. Immunol., 2, 1 (1962)) is used to describe
      the distribution or average K.sub.o.
EQU  log (r/n-r) = a log c + a log K.sub.o
PAL  where r is the ratio of the number of moles of hapten bound per mole of
      antibody at c the concentration of free hapten, n the maximum number of
      moles of hapten bound per mole of protein and a the slope of the plot or
      index of heterogeneity. These values are now being calculated for purified
      derivatives.
PAC  Fluorescence Enhancement
PAR  For measurement of small quantities of hapten bound (either by dilution or
      lower association constants e.g. with subunits of IgG) we have applied the
      technique of fluorescence enhancement using a highly fluorescent steroid
      which acts as a "reporter group" in the study of steroid-protein
      interactions. High natural fluorescence is induced by reduction of
      azobenzoyl to hydrazobenzoyl derivatives as previously discussed.
      Synthesis and characterization are described hereafter. Fluorescence
      excitation and emission maxima for hydrazoestradiol (HED) are 338 nm and
      420-445 nm in 0.1 M phosphate buffer, pH 8.6. These small molecules when
      strongly bound to a protein in a non-polar environment acquire increased
      fluorescent energy if the donor (protein) and acceptor (HED) moieties meet
      the following spectroscopic criteria: (1) their absorption spectra permit
      selective excitation of either chromophore (2) the emission spectrum of
      the donor overlaps with absorption of the hydrazo acceptor chromophore (3)
      the acceptor is sufficiently fluorescent for detection of energy transfer.
PAR  FIG. 4 sets forth the results of an enhancement in hapten excess to protein
      excess using crude antibody IgG. Fluorescence emission spectra are
      produced by excitation at a wavelength of 336 mu. Note the spectral shifts
      of HED interacting with antibody and normal IgG. HED + antibody (--), HED
      + normal IgG (--.sup.. --.sup.. --), HED (.sup.. . . .), antibody IgG (--
      -- --). The normal rabbit IgG curve coincides with that of antibody.
      Concentrations of HED (1 .times. 10.sup.-.sup.8 M) and proteins (5 .times.
      10.sup.-.sup.8 M) are constant in each sample, corrections being made for
      dilution. Emission curves using an excitation wavelength of 336 nm
      demonstrate a downward shift of emission and fluorescence enhancement.
      Similar changes are observed at 10.sup.-.sup.6 M.
PAR  Quenching of antibody fluorescence by HED measured on the same samples (at
      the lower concentration) using an excitation wavelength of 284 mu and
      reading intensity of emission at 350 nm produces curves similar to those
      of AED.
PAR  The chemical changes produced with steroid derivative haptens also are
      achieved with steroid-protein conjugates. Microgel immunodiffusion
      performed under nitrogen indicate immunological identity as well as
      specificity of HED and AED determinants.
PAR  The potential usefulness of spectrophotofluorometry as a very rapid and
      simple physical-chemical means to assay standard estrogens by their
      competition with derivative molecules is shown in FIG. 5, a scheme for
      competition experiments in which quenching of fluorescence is accomplished
      by azo (or hydrazo) steroids whose absorption spectra overlap protein
      emission. The alternative approach utilizes enhancement of hydrazosteroid
      by antibody. This scheme can also be used to probe the basic nature of
      hapten-protein binding.
PAR  Labeling the antibody used in prior art solid phase radioimmune assays,
      employing an antibody specific for the compound to be analyzed,
      constitutes another novel embodiment of this invention. These prior art
      assays are well known and therefore are not described in detail here.
      Briefly the constituents of such prior art solid phase assays are as
      follows:
PA1  1. known quantity of labeled assay compound;
PA1  2. known quantity of antibody;
PA1  3. disks (polystyrene);
PA1  4. sample containing unknown amount of assay compound.
PAR  In contrast to the prior art method, in the subject embodiment the antibody
      is labeled, rather than the test compound, and the assay otherwise is
      conventionally carried out. Such assay results in less damage to the
      labeled entity and does not damage the test compound.
PAR  By virtue of labeling the antibody a higher intensity of radioactivity can
      be produced to achieve greater sensitivity, specificity and a shorter
      incubation period. Thus, a shorter more accurate test is achieved even
      when compared to modern solid phase assays which have been devised to
      simplify and shorten the assay as carried out by the double antibody
      technique.
PAC  EXAMPLE 16
PAC  4-EPINEPHRINE AZOBENZOIC ACID
PAR  0.75 Milliequivalents para-aminobenzoic acid is added to 10 ml of 1N HCl
      and chilled to 5.degree.C. Sodium nitrite (0.85 milliequivalents) is
      added, stirred in an ice bath for 20 minutes, pH not exceeding 1 and the
      mixture tested with starch-iodide paper. Excess nitrite is removed using
      sulfamic acid. Diazotized para-aminobenzoic acid is added dropwise to an
      equivalent concentration of epinephrine (0.75 milliequivalents) dissolved
      in 1/10 molar phosphate buffer, pH 11, containing 10% methanol. After mild
      acidification the epinephrine azobenzoic acid is extracted and purified by
      preparative chromatography.
PAC  4-EPINEPHRINE HYDRAZOBENZOIC ACID AND AMINOEPINEPHRINE
PAR  Purified epinephrineazobenzoic acid (25 mg) (0.15 mg/ml) is dissolved in
      0.1 M acidic acid (pH 5.5) containing 30% methanol. An eight-fold molar
      excess of sodium borohydride is added as a solution in water, the mixture
      being flushed with nitrogen. Aminoepinephrine and hydrazoepinephrine are
      separated by extraction and chromatography. The compounds are treated with
      2,6 di-tert-butyl p-aerosol (1% by weight of derivative molecules) and
      desalted by chromatography.
PAC  4-EPINEPHRINE AZOBENZOYL-KLH
PAR  0.1 molar 1-cyclohexyl-3-(2-morpholinoethyl) carbodiimide metho-p-toluene
      sulfonate (100 mg) in water is added to purified 4-epinephrine azobenzoic
      acid (25 mg). The desired intermediate
      O-1,3-dicyclohexyl-2-[4-epinephrineazobenzoyl] pseudourea is thereby
      produced.
PAR  KLH is added to the foregoing mixture. The mixture is stirred until the
      intermediate azopseudourea has coupled to KLH and is dialyzed for 48 hours
      in sodium acetate 0.1M, pH 5.4 until color no longer appears in dialysis
      solution. A final dialysis is performed against distilled water, the
      conjugate is then lyophilized.
PAR  When Example 16 is repeated with the exception that a like amount of immune
      gamma globulin or bovine serum albumin is substituted for KLH as the
      protein, the corresponding globulin or albumin conjugates are respectively
      produced, the reactions proceed through the corresponding intermediate
      protein-pseudourea.
PAC  EXAMPLE 17
PAC  4-TRH* AZOBENZOIC ACID
PAR  0.75 Milliequivalents para-aminobenzoic acid is added to 10 ml of 1N HCl
      and chilled to 5.degree.C. Add 0.85 milliequivalents sodium nitrite. Stir
      in ice bath for 20 minutes, pH not exceeding 1. Test with starch-iodide
      paper. Excess nitrite is removed with sulfamic acid. Diazotized para-amino
      benzoic acid is added dropwise to an equivalent concentration of TRH (0.75
      milliequivalents) dissolved in 1/10 molar phosphate buffer, pH 11
      containing 10% methanol. After mild acidification the TRH azobenzoic acid
      is extracted and purified by preparative chromatography.
FNT  *Thyrotropic releasing hormone
PAC  4-TRH HYDRAZOBENZOIC ACID AND AMINO TRH
PAR  Purified TRH azobenzoic acid (25 mg) (0.15 mg/ml) is dissolved in 0.1 M
      acidic acid (pH 5.5) containing 30% methanol. An eight-fold molar excess
      of sodium borohydride is added as a solution in water, the mixture being
      flushed with nitrogen. Amino TRH and 4-hydrazo TRH are separated by
      extraction and chromatography. The compounds are treated with
      2,6-di-tert-butyl p-cresol (1% by weight) of derivative molecules) and
      desalted by chromatography.
PAC  4-TRH AZOBENZOYL-KLH
PAR  0.1 molar 1-cyclohexyl-3-(2-morpholinoethyl) carbodiimide metho-p-toluene
      sulfonate (100 mg) in water is added to purified 4- TRH azobenzoic acid
      (25 mg). The desired intermediate O-1,3-dicyclohexyl-2-[4-TRH -azobenzoyl]
      psuedourea is thereby produced.
PAR  KLH is added to the foregoing mixture. The mixture is stirred until the
      intermediate azopseudourea has coupled to KLH and is dialyzed for 48 hours
      in sodium acetate 0.1M, pH 5.4 until color no longer appears in dialysis
      solution. A final dialysis is performed against distilled water, the
      conjugate is then lyophilized.
PAR  When Example 17 is repeated with the exception that a like amount of immune
      gamma globulin or bovine serum albumin is substituted for KLH as the
      protein, the corresponding globulin or albumin conjugates are respectively
      produced, the reactions proceed through the corresponding intermediate
      protein-pseudourea.
PAC  EXAMPLE 18
PAC  4-THC* AZOBENZOIC ACID
PAR  0.75 Milliequivalents para-aminobenzoic acid is added to 10 ml of 1N HCl
      and chilled to 5.degree.C. Add 0.85 milliequivalents sodium nitrite. Stir
      in ice bath for 20 minutes, pH not exceeding 1. Test with starch-iodide
      paper. Excess nitrite is removed with sulfamic acid. Diazotized
      para-aminobenzoic acid is added dropwise to an equivalent concentration of
      THC (0.75 milliequivalents) dissolved in 1/10 molar phosphate buffer, pH
      11 containing 10% methanol. After mild acidification the THC azobenzoic
      acid is extracted and purified by preparative chromatography.
FNT  *Tetrahydrocannabinol
PAC  4-THC HYDROAZOBENZOIC ACID AND AMINO THC
PAR  Purified THC azobenzoic acid (25 mg) (0.15 mg/ml) is dissolved in 0.1 M
      acidic acid (pH 5.5) containing 30% methanol. An eight-fold molar excess
      of sodium borohydride is added as a solution in water, the mixture being
      flushed with nitrogen. Amino TCH and 4-hydrazo TCH are separated by
      extraction and chromatography. The compounds are treated with 2,6
      di-tert-butyl p-cresol (1% by weight of derivative molecules) and desalted
      by chromatography.
PAC  4-THC AZOBENZOYL-KLH
PAR  0.1 molar 1-cyclohexyl-3-(2-morpholinoethyl) carbodiimide metho-p-toluene
      sulfonate (100 mg) in water is added to purified 4-THC azobenzoic acid (25
      mg). The desired intermediate O-1,3-dicyclohexyl-2-[4-THC-azobenzoyl]
      pseudourea is thereby produced.
PAR  KLH Is added to the foregoing mixture. The mixture is stirred until the
      intermediate azopseudourea has coupled to KLH and is dialyzed for 48 hours
      in sodium acetate 0.1M, pH 5.4 until color no longer appears in dialysis
      solution.  A final dialysis is performed against distilled water, the
      conjugate is then lyophilized.
PAR  When Example 18 is repeated with the exception that a like amount of immune
      gamma globulin or bovine serum albumin is substituted for KLH as the
      protein, the corresponding globulin or albumin conjugates are respectively
      produced, the reactions proceed through the corresponding intermediate
      protein-pseudourea.
PAR  When any of the foregoing Examples 1-4 is repeated with the exception that
      an equivalent amount of any of the following steroids is substituted for
      the steroid used in said examples the corresponding steroid azobenzoic
      acid, steroid hydroazobenzoic acid, amino steroid and steroid
      azobenzoyl-protein are produced: equiline
      (1,3,5,7-estrotetroen-3-ol-17-one; equiline glycol
      1,3,5-estratrien-17-one-3,7,8-triol; equilenin,
      1,3,5:10,6,8-estropentoen-3-ol-17-one; dihydroequinline-17 alpha;
      dihydroequinlenine-17 alpha; 4-methoxy-estrowe; 2-methoxy-estrone;
      2-methoxy-estradiol; 16-oxo-estrone; 16 alpha-hydroxy-estrone; 16
      beta-hydroxy-estrone; 18-hydroxy-estrone; 16-oxo-estradiol-17 beta;
      6-oxo-estradiol-17-beta; 16-epiestriol (16 beta, 17 beta); 17-epiestriol
      (16 alpha, 17 beta); 16-epiestriol (16 beta, 17 beta); 17-epiestriol (16
      alpha, 17 beta); estradiol 17 beta-cyclopentane propionate; 16 alpha, 17
      beta-estriol. Then steroid azobenzoic acid products thus produced can be
      substituted in equivalent amounts for the steroid azobenzoic acids of
      Example 5-8  to produce the corresponding steroid azobenzoyl-protein.
PAR  Furthermore, in any of Examples 1-4 an equivalent amount of the following
      aryloic compounds can be substituted for para aminobenzoic acid to yield
      the corresponding arylene azo-derivative: p-aminobenzene;
      p-nitroaminobenzene; p-nitrophenylchloride; p-aminophenylchloride;
      p-chloroaminobenzene; p-chloroamino benzoic acid; or the meta isomers of
      the foregoing; or the di- or tri- substituted benzene analogs of the
      foregoing; or the naphthyl analogs of the foregoing. These steroid
      azoarylaic acid products can also be substituted for steroid azobenzoic
      acids of Example 5-8 to produce the corresponding steroid
      azoaroyl-proteins.
PAR  In carrying out the diazotization step in the above reaction sequences I
      and II, any diazonium salt with diazonium groups attached to aryl can be
      employed. Also other systems, sustaining a diazonium ion can be used.
      Exemplary are heterocyclic, or polycyclic nuclei, such as pyridine,
      pyrazone, triazole, benzyrene, metal chelates [e.g. tri- (acetylacetonate)
      chromium]; hyponitrite ester (RO--N=N--OR); thioanlog of azoxybenzene
      (RN--S--NR).
CLMS
STM  I claim:
NUM  1.
PAR  1. A radioimmune method of assaying quantitatively for a hapten, the hapten
      having a ring of aromatic character, which ring is capable of having a
      --N=N-- group covalently bonded directly to an atom of said aromatic
      character ring, which method comprises contacting an aqueous sample
      containing the hapten under assay, a known quantity of a radioactively
      labeled marker which incorporates a hapten homologous to the hapten under
      assay, and an insolubilized antibody specific for the hapten under assay
      to competitively bind part of said labeled hapten and the hapten contained
      in said sample to the antibody; incubating the foregoing mixture until a
      two-phase system is produced comprising an insoluble or solid phase and an
      aqueous phase, and measuring the radioactivity of at least one of said two
      phases, the value of said radioactivity being a function of the
      concentration in said sample of the hapten under assay.
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ABST
PAL  This invention relates to a method inhibiting the formation of dental
      plaque. This invention has identified a number of compounds (e.g. allyl
      isothiocyanate, uranine, obtusastyrene, citral, citronellol, nerol and
      geraniol) which are effective as antimicrobial agents against cariogenic
      streptococci and which when topically applied to the teeth would be
      effective for use in oral preparations as a means to reduce dental plaque.
PARN
PAR  This application is a continuation-in-part of my copending U.S. patent
      application Ser. No. 239,796, filed Mar. 20, 1972, now abandoned which in
      turn is related to my copending U.S. patent application Ser. No. 148,203,
      filed May 28, 1971.
BSUM
PAR  The underlying causes of dental caries are multifaceted. One aspect is the
      microbiological one. In order for caries to develop, infection by
      microorganisms has to occur.
PAR  During recent years it has been found that the organisms most often
      associated with the formation of multisurface caries are certain salivary
      streptococci belonging to the strep mutans group. Multi-surface caries is
      particularly prevalent in children and young adults; the so-called rampant
      caries belong to this type. The cariogenic organisms appear to have the
      special capability of developing a high molecular weight, water-insoluble
      type of dextran from sucrose. This dextran is believed to be a major
      constituent of the dental plaque normally associated with dental caries.
PAR  Various means have been contemplated for controlling the amount of plaque
      in the mouth. The use of certain enzymes such as Pancreatin is disclosed
      in U.S. Pat. No. 3,235,460 as effective to inhibit the formation of dental
      plaque. Commonlyassigned U.S. patent application, Ser. No. 126,465, filed
      Mar. 15, 1971 discloses several surface active agents which are also
      effective to inhibit or reduce the formation of dental plaque.
PAR  It has also been proposed to employ direct bactericidal action on the
      cariogenic microorganisms to assist in the reduction or prevention of
      dental caries. U.S. Pat. Nos. 2,921,886 and 3,450,812 respectively
      disclose alkyl morpholine compounds and nitrogen based compounds having an
      empirical formula of C.sub.38 H.sub.61 NO.sub.14 as antimicrobials which
      are effective as anticaries agents.
PAR  This invention has identified a number of compounds, all known to have some
      antimicrobial properties, which have been found to be antimicrobial
      against cariogenic streptococci. These compounds have the apparent ability
      to either inhibit the growth of or destroy selected cariogenic
      streptococci.
PAR  Broadly, the present invention relates to a method for inhibiting the
      formation of dental plaque, which comprises topically applying to the
      teeth as an active ingredient an amount of either one or a combination of
      (a) allyl isothiocyanate, (b) uranine, (c) obtusastyrene, (d) citral, (e)
      citronellol, (f) nerol, or (g) geraniol, which is effective in inhibiting
      the formation of dental plaque and/or dental caries. The use of
      obtusastyrene is preferred due to its high effectiveness.
PAR  By the phrase topical application to the teeth it is meant that the active
      ingredient is brought into direct contact with the teeth and maintained
      there for a period of time effective to inhibit the growth of cariogenic
      bacteria, particularly cariogenic streptococci. The direct contact may be
      achieved by directly swabbing a concentrated solution of the active
      ingredient onto the teeth or by holding it in the mouth in a more dilute
      solution taken directly or derived from a carrier. The active ingredients
      can be present in suitably effective amounts in preparations such as
      toothpastes, tooth powders, mouth washes, or the like, or they may be
      employed in preparations such as chewing gum or lozenges to provide longer
      periods of contact with the teeth.
PAR  Coupled with the problem of identifying antimicrobial compounds effective
      in reducing dental caries is the necessity that the effective substance
      may be permitted to act on teeth in the mouth. Thus, not only must the
      substance possess the requisite effectiveness, it must also possess
      certain requisite supplementary characteristics such as satisfactory
      properties from the viewpoint of oral toxicity, acute chronic toxicity,
      nonsensitization, etc.
PAR  An important feature of this invention is the use of compounds which have
      low toxicity and which may be readily incorporated into a variety of oral
      preparations.
PAR  Ingredients which have shown some activity as antimicrobials against
      cariogenic streptococci but which are not considered part of this
      invention are citronellal, neral, geranial and cinnamon saigon oil. It is
      noted that surprisingly the geometric isomers neral and geranial which
      combined constitute the active component citral are by themselves
      relatively inactive. Phenol, a known antimicrobial, has been compared with
      obtusastyrene to demonstrate relative effectiveness.
PAR  Such materials as sweeteners, flavoring, coloring or whitening agents,
      preservatives, alcohols and the like may be readily incorporated into the
      oral preparations of this invention. Dentifrice formulations should also
      contain as a major proportion of the solid ingredients water-insoluble
      abrasives or polishing agents such as calcium carbonate, tricalcium
      phosphate, bentonite, etc.
PAR  In the preparation of tooth powders it is usually sufficient to
      mechanically blend the various solid ingredients, including effective
      amounts of the antimicrobial compound and abrasives, into a homogeneous
      powder.
PAR  Mouth washes or rinses prepared in accordance with this invention will
      usually comprise an effective amount of the antimicrobial compound
      dissolved in a suitably flavored liquid vehicle such as an aqueous
      alcoholic vehicle.
PAR  The lozenges or troches contemplated by this invention are prepared by
      mixing particles of the antimicrobial compound with mucilage and natural
      or artificial sweeteners and flavoring agents. Gelatin and water is also
      an effective base for these candy-like products. Chewing gum can be
      prepared by the substitution of a standard gum base for the mucilage.
      Suitable bulking agents or fillers may be added to any of these edible
      products.
PAR  The oral preparations employed according to this invention may be prepared
      in accordance with the skill and practice of the prior art. The
      distinguishing feature of this invention is the inclusion of an effective
      amount of selected antimicrobial compounds to reduce the incidence of
      dental plaque. These antimicrobial compounds may be incorporated into the
      oral preparation either as a substitute for or in addition to other
      anti-plaque agents which have previously been discovered and employed by
      the prior art.
PAR  The antimicrobial compounds or combination of compounds of this invention
      should be present in the oral preparations in an amount sufficient to
      produce an effective concentration of the compounds in the mouth. Normally
      this involves the formation of oral preparations which contain or release
      the antimicrobial compound in the mouth at a concentration of about 0.005%
      to 1% by weight; although it will be apparent from a reading of this
      specification that the obtusastyrene, citral, citronellol, nerol and
      geraniol will normally be used at the low end of this range, say 0.005% to
      0.2% while the allyl isothiocyanate and uranine will normally be used at
      the high end of the range, say 0.1% to 1%.
DETD
PAC  EXAMPLE 1
PAR  The compounds were tested at various concentrations in a thioglycollate
      broth medium inoculated with a known amount of cariogenic organisms (FA-1
      strain) and were quantitatively compared with control cultures which did
      not contain the antimicrobial compound. Additional cultures containing
      equivalent amounts of compounds found to be less effective as
      antimicrobial against cariogenic streptococci were also investigated;
      however, these compounds are not considered as part of this invention.
PAR  The method of testing consisted of inoculating 5 or 10 ml. portions of the
      thioglycollate broth having added thereto 5% sucrose by weight, a pinch of
      calcium carbonate and the antimicrobial compound (except control), usually
      in an ethanol solution. All tests were conducted at 37.degree.C. Counts
      were determined by plating suitable subdilutions on Mitis Salivarius Agar
      (Difco).
PAR  The results are summarized in the Tables below.
TBL                                    Table 1                                 
     __________________________________________________________________________
     inoculum: 7.times.10.sup.6 (FA-1;organisms/ml.)                           
                                count                                          
                        concentration                                          
                                (FA-1 organisms/ml.)                           
     compound           (weight %)                                             
                                60 min.                                        
                                      24 hrs.                                  
     __________________________________________________________________________
     control  (with 5% alcohol)                                                
                        --      5.times.10.sup.6                               
                                      2.times.10.sup.7                         
     allyl isothio-                                                            
              "                                                                
      cyanate           0.1     5.times.10.sup.5                               
                                      8.times.10.sup.4                         
     cinnamon saigon                                                           
      oil     "         0.1     5.times.10.sup.6                               
                                      5.times.10.sup.6                         
     __________________________________________________________________________
TBL                Table 2                                                     
     ______________________________________                                    
     inoculum: 4.times.10.sup.5 (FA-1;organisms/ml.)                           
               concentration   count at 24 hrs.                                
     compound  (weight %)      (FA-1 organisms/ml.)                            
     ______________________________________                                    
     control   --              5.times.10.sup.8                                
     uranine   0.1             1.times.10.sup.8                                
     uranine   0.3             7.times.10.sup.2                                
     uranine   1               6.times.10.sup.2                                
     ______________________________________                                    
TBL                                    Table 3                                 
     __________________________________________________________________________
     inoculum: 6.times.10.sup.6 (FA-1;organisms/ml.)                           
                               count                                           
                       concentration                                           
                               (FA-1 organisms/ml.)                            
     compound          (weight %)                                              
                               10 min.                                         
                                     20 min.                                   
     __________________________________________________________________________
     control (with 5% alcohol)                                                 
                       --      2.times.10.sup.7                                
                                     2.times.10.sup.7                          
     obtusastyrene                                                             
             "         0.005   2.times.10.sup.7                                
                                     2.times.10.sup.7                          
     "       "         0.01    1.times.10.sup.6                                
                                     2.times.10.sup.2                          
     "       "         0.025   3.times.10.sup.3                                
                                     &lt;10.sup.2                                 
     __________________________________________________________________________
TBL                                    Table 4                                 
     __________________________________________________________________________
     inoculum: 8.times.10.sup.7 (FA-1;organisms/ml.)                           
                       concentration                                           
     compound          (weight %)                                              
                               30 min.                                         
                                     60 min.                                   
                                           24 hrs.                             
     __________________________________________________________________________
     control (with 5% alcohol)                                                 
                       --      1.times.10.sup.8                                
                                     9.times.10.sup.7                          
                                           6.times.10.sup.7                    
     obtusastyrene                                                             
             "         0.005   4.times.10.sup.7                                
                                     2.times.10.sup.7                          
                                           1.times.10.sup.6                    
     "       "         0.0075  0     0     0                                   
     __________________________________________________________________________
TBL                                    Table 5                                 
     __________________________________________________________________________
     inoculum: 2.times.10.sup.7 (FA-1;organisms/ml.)                           
                         concentration                                         
                                 count                                         
     compound            (weight %)                                            
                                 10 min.                                       
                                       20 min.                                 
     __________________________________________________________________________
     control (with 2.5% alcohol)                                               
                         --      3.times.10.sup.7                              
                                       3.times.10.sup.7                        
     obtusastyrene                                                             
             "           .01     0     0                                       
     phenol  "           0.1     0     0                                       
     "       "           .01     1.times.10.sup.7                              
                                       4.times.10.sup.7                        
     __________________________________________________________________________
TBL                Table 6                                                     
     ______________________________________                                    
     inoculum: 6.times.10.sup.6 (FA-1;organisms/ml.)                           
                    concentration                                              
                              count                                            
     compound         (weight %)  1 hr.   24 hrs.                              
     ______________________________________                                    
     control                                                                   
            (with 5% alcohol)                                                  
                          --          6.times.10.sup.6                         
                                            8.times.10.sup.6                   
     citral "             0.1         5.times.10.sup.5                         
                                            0                                  
     "      "             0.3         7.times.10.sup.3                         
                                            0                                  
     "      "             1           2     0                                  
     ______________________________________                                    
TBL                                    Table 7                                 
     __________________________________________________________________________
     inoculum: 3.times.10.sup.5 (FA-1;organisms/ml.)                           
                      concentration                                            
                              count                                            
     compound         (weight %)                                               
                              1 hr.                                            
                                   24 hrs.                                     
     __________________________________________________________________________
     control                                                                   
            (with 5% alcohol)                                                  
                      --      2.times.10.sup.5                                 
                                   8.times.10.sup.6                            
     citral "         0.03    2.times.10.sup.5                                 
                                   4.times.10.sup.3                            
     nerol  "         0.03    2.times.10.sup.5                                 
                                   3.times.10.sup.3                            
     geraniol                                                                  
            "         0.03    3.times.10.sup.4                                 
                                   3.times.10.sup.3                            
     citronellol                                                               
            "         0.03    1.times.10.sup.4                                 
                                   3.times.10.sup.3                            
     citronellal                                                               
            "         0.03    5.times.10.sup.4                                 
                                   9.times.10.sup.6                            
     neral  "         0.03    2.times.10.sup.5                                 
                                   7.times.10.sup.7                            
     geranial                                                                  
            "         0.03    3.times.10.sup.5                                 
                                   2.times.10.sup.6                            
     __________________________________________________________________________
PAC  EXAMPLE 2
PAC  Dextran accumulation by cariogenic strep mutans FA-1 on nichrome wires, and
      its prevention by obtusastyrene.
PAR  A technique has been developed by Jordan and Keyes and others in which
      cariogenic streptococci deposit dextran on nichrome wires. Usually it
      takes 10 successive transfers to get a thick coating of dextran. This is
      what happened in the control wires. The test wires were immersed three
      times a day for five minutes in obtusastyrene solutions in thioglycolate
      broth. Results may be seen as below.
TBL  ______________________________________                                    
                             Scraped off dextran                               
                             by anthrone procedure.sup.(1)                     
     Sample       Wire deposit                                                 
                             (% absorbance)                                    
     ______________________________________                                    
     Control      Considerable                                                 
                             0.41                                              
     obtusastyrene 0.005%                                                      
                  Slight     0.05                                              
     obtusastyrene 0.025%                                                      
                  None       0.03                                              
     ______________________________________                                    
      .sup.(1) Anthrone Reaction: 2 ml. portions of sample suspensions and     
      controls were placed in the bottom of large test tubes. The tubes were   
      placed in an ice bath and 10 ml of anthrone reagent (0.02% anthrone in 70
      H.sub.2 SO.sub.4) were quickly added to each tube. The tubes were mixed  
      and immersed in boiling water for nine minutes. The tubes were then place
      in an ice bath. After 30 minutes, absorption readings were taken on a    
      Bechman DB-G at 625 m.mu..                                               
PAR  This shows that 0.025% obtusastyrene completely prevented dextran formation
      in this experiment, even though contact was only 3 .times. 5 minutes a day
      simulating use in an oral preparation.
PAC  EXAMPLE 3
PAC  Effect of obtusastyrene on lactobacilli
PAR  Lactobacilli are considered important for caries by some investigators. I
      investigated the activity of obtusastyrene towards two organisms:
      Lactobacillus casei and Lactobacillus fermente.
PAR  Thioglycolate broth with 5% sucrose added and CaCO.sub.3 for pH control as
      the medium was used. The inocula for both organisms were approximately 1
      .times. 10.sup.6 organisms/ml.
PAR  After 1 hour in the test tube with 0.0075% obtusastyrene there were less
      than 100 L.casei; in the experiment with L.fermenti 100 survived in the
      presence of 0.0075% obtusastyrene. After 24 hours the controls had
      multiplied to 1.5 .times. 10.sup.8 organisms/ml showing that we had viable
      cultures.
PAR  The above Examples and explanations are for the purpose of teaching those
      skilled in the art how to practice the present invention. Upon reading
      this disclosure, those skilled in the art will be aware of a number of
      modifications and variations. It is contemplated that these modifications
      and variations be included within the scope of the present invention which
      is defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for inhibiting the formation of dental plaque, which comprises
      topically applying to the teeth as an active ingredient an amount of
      obtusastyrene, which is effective in inhibiting the formation of dental
      plaque.
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PAL  Aminated aldehydes are usefully employed in cosmetic compositions to tan
      the skin.
PARN
PAR  This application is a continuation-in-part of our application Ser. No.
      210,217, filed Dec. 20, 1971 now U.S. Pat. No. 3,812,246.
BSUM
PAR  The present invention relates to an animated aldehyde having the formula
      ##EQU1##
      wherein R.sub.1 is selected from the group consisting of hydrogen, alkyl,
      hydroxyalkyl, cycloalkyl, aryl, alkaryl,
      (2,5-dialkoxy-4-hydroxy)-3-tetrahydrofuryl wherein each of the alkoxy
      moieties has 1-4 carbon atoms,
      .beta.-N-[(2,5-dialkoxy-4-hydroxy)-3-tetrahydrofuryl]-aminoethyl wherein
      each of the alkoxy moieties has 1-4 carbon atoms, R.sub.2 is selected from
      the group consisting of hydrogen, alkyl, hydroxyalkyl, cycloalkyl, aryl,
      alkaryl, (1,2-diformyl-2-hydroxy) ethyl, 2-[(1,2-diformyl-2-hydroxy) ethyl
      amino] ethyl, and R.sub.1 and R.sub.2 together with the nitrogen atom to
      which they are attached form a heterocycle selected from the group
      consisting of piperdinyl and morpholinyl. Representative alkyl
      substituents are those having 1-6 carbon atoms while useful hydroxalkyl
      substituents are those wherein the alkyl moiety has 1-6 carbon atoms such
      as hydroxyethyl. Representative cycloalkyl substituents include those
      having 3-6 carbon atoms and especially cyclohexyl, whereas useful aryl
      substituents include phenyl, naphthyl and the like. The alkyl moiety of
      the alkaryl substituent can have, preferably, from 1-6 carbon atoms while
      the aryl moiety can be, for instance, phenyl, naphthyl or the like. A
      preferred alkaryl substituent is benzyl.
PAR  The present invention also relates to the quaternary ammonium salts of the
      aminated aldehydes of formula (I), said quaternary ammonium salts having
      the formula
      ##EQU2##
      wherein R.sub.1 is selected from the group consisting of alkyl,
      hydroxyalkyl, cycloalkyl, aryl, alkaryl,
      (2,5-dialkoxy-4-hydroxy)-3-tetrahydrofuryl wherein each of the alkoxy
      moieties has 1-4 carbon atoms,
      .beta.-N-[(2,5-dialkoxy-4-hydroxy)-3-tetrahydrofuryl]-aminoethyl wherein
      each of the alkoxy moieties has 1-4 carbon atoms, R.sub.2 is selected from
      the group consisting of hydrogen, alkyl, hydroxyalkyl, cycloalkyl, aryl,
      alkaryl, (1,2-diformyl-2-hydroxy) ethyl, 2-[(1,2-diformyl-2-hydroxy) ethyl
      amino] ethyl, and R.sub.1 and R.sub.2 together with the nitrogen atom to
      which they are attached form a heterocycle selected from the group
      consisting of piperidinyl and morpholinyl. Representative alkyl
      substituents are those having 1-6 carbon atoms and, advantageously, methyl
      or ethyl. Useful hydroxyalkyl substituents are those wherein the alkyl
      moiety has 1-6 carbon atoms, such as hydroxyethyl. Representative
      cycloalkyl substituents include those having 3-6 carbon atoms and,
      especially, cyclohexyl. The alkyl moiety of the alkaryl substituent can
      have, preferably, from 1-6 carbon atoms while the aryl moiety again can be
      phenyl, naphthyl or the like. A preferred alkaryl substituent is benzyl.
      R.sub.3 represents a member selected from the group consisting of lower
      alkyl having 1-6 carbon atoms and benzyl, substituted or not and X.sup.-
      represents a member selected from the group consisting of chloride,
      bromide, iodide, methosulfate, ethosulfate, paratoluene sulfonate and
      methane sulfonate. A preferred value for R.sub.3 is methyl while preferred
      values for X.sup.- are chloride, methosulfate, paratoluene sulfonate and
      methane sulfonate.
PAR  The above aminated aldehydes of formulae (I) and (II) correspond to
      2-amino-3-hydroxy aldehyde and to the N-substituted derivatives thereof.
PAR  The present invention also relates to the preparation of the aminated
      aldehydes having formula (I) and of the quaternary ammonium salts thereof
      having the formula (II).
PAR  Further, the present invention also relates to a cosmetic composition
      containing at least one aminated aldehyde having formula (I) and/or at
      least one quaternary ammonium salt thereof having formula (II).
PAR  The aminated aldehydes of formula (I) can be prepared by acid hydrolysis of
      a 2,5-dialkoxy 3-amino 4-hydroxytetrahydrofuran and the N-substituted
      derivatives thereof having the formula
      ##SPC1##
PAL  wherein R'.sub.1 and R'.sub.2 each independently are selected from the
      group consisting of hydrogen, alkyl, hydroxyalkyl, cycloalkyl, aryl,
      alkaryl, (2,5-dialkoxy-4-hydroxy)-3-tetrahydrofuryl wherein each of the
      alkoxy moieties has 1-4 carbon atoms,
      .beta.-N-[(2,5-dialkoxy-4-hydroxy)-3-tetrahydrofuryl]-aminoethyl wherein
      each of the alkoxy moieties has 1-4 carbon atoms, and together with the
      nitrogen atom to which they are attached form a heterocycle selected from
      the group consisting of piperdinyl and morpholinyl. Representative alkyl
      substituents are those having 1-6 carbon atoms while useful hydroxalkyl
      substituents are those wherein the alkyl moiety has 1-6 carbon atoms such
      as hydroxyethyl. Representative cycloalkyl substituents include those
      having 3-6 carbon atoms and especially cyclohexyl, whereas useful aryl
      substituents include phenyl, naphthyl and the like. The alkyl moiety of
      the alkaryl substituent can have, preferably, from 1-6 carbon atoms while
      the aryl moiety can be, for instance, phenyl, naphthyl or the like. A
      preferred alkaryl substituent is benzyl.
PAR  The quaternary ammonium salts of aminated aldehydes having formula (II) can
      be prepared by acid hydrolysis of the quaternary ammonium salts of
      N-disubstituted 2,5-dialkoxy 3-amino 4-hydroxy tetrahydrofurans having the
      following formula:
      ##SPC2##
PAL  wherein R'.sub.1, R'.sub.2, R.sub.3 and X.sup.- have the meanings indicated
      above and R represents alkyl having 1-4 carbon atoms, preferably methyl.
PAR  In the acid hydrolysis reaction medium the concentration of the compound
      having formula (III) or (IV) to be hydrolyzed can vary within wide limits
      and, preferably, a concentration of 0.01 to 1 mole/liter is employed.
PAR  There is heated, for example, in a boiling water bath, an acid solution of
      the compound having formula (III) or (IV) for a time that can range from
      about 5 minutes to several hours. The acid medium is obtained by addition
      of a strong mineral or organic acid, such as HCl, H.sub.2 SO.sub.4,
      paratoluene sulfonic acid or methane sulfonic acid up to a concentration
      of about 0.1 to 5 N. The reaction mass is generally heated to a
      temperature of about 20.degree. to 100.degree.C.
PAR  The aminated aldehydes of formulae (I) and (II) can also be prepared by
      acid hydrolysis of their corresponding tetraalkyl acetals having formulae
      (V) and (VI), respectively:
      ##EQU3##
PAR  In formula (V), R'.sub.1 and R'.sub.2 have the meanings indicated above and
      R represents an alkyl having 1-4 carbon atoms, preferably methyl. In
      formula (VI) R'.sub.1, R'.sub.2, R.sub.3 and X.sup.- have the meanings
      indicated above and R represents an alkyl having 1-4 carbon atoms,
      preferably methyl.
PAR  Once the hydrolysis reaction has been terminated, these solutions
      respectively, contain aminated aldehydes of formula (I) or quaternary
      ammonium salts of formula (II) depending on whether the starting compound
      was of formula (III) or (V), or a compound of the formula (IV) or (VI).
PAR  The solutions which result from the hydrolysis reaction yield
      characteristic reactions of aldehydes, such as reduction of hypoiodite,
      formation of oximes and dinitrophenylhydrazones.
PAR  The aldehydes in the hydrolyzed solutions are characterized either by their
      reaction with dinitrophenylhydrazine to produce a dinitrophenylhydrazone
      or by hypoiodite determination.
PAR  In the first case there is employed an excess of solution of 0.2%
      2,4-dinitrophenylhydrazine in 2N HCl, and after a period of standing the
      dinitrophenylhydrazones that are formed are separated by filtration. They
      are then washed with 2N HCl, dried and analyzed.
PAR  In the second case the procedure followed is that embodied in the method
      adopted by Robinson and McLeod, which is described in Loiseleur's book,
      "Laboratory Technique", page 1344 (Masson Edition).
PAR  The aminated aldehydes of formula (I) area only stable in strongly acid
      solution, with the primary amino compounds being less stable than the
      secondary and tertiary compounds.
PAR  It is to be noted that the 2,5-dialkoxy tetrahydrofurans and their
      derivatives represented by formulae III and IV present cis-trans isomerism
      at the level of the alkoxy groups in positions 2 and 5. The substituents
      in positions 3 and 4 can likewise increase the number of possible isomers.
      The isomers often are detectable by gas chromatography and sometimes they
      can be isolated by fractional distillation.
PAR  Certain of the 2,5-dialkoxy tetrahydrofurans of formula (III) are new
      compounds. They are those wherein R represents alkyl having 1 to 4 carbon
      atoms, preferably the methyl radical; and wherein R'.sub.1 represents
      hydroxyalkyl, cycloalkyl, aryl, alkaryl radical having up to 12 carbon
      atoms, (2,5-dialkoxy 4-hydroxy)-3-tetrahydrofuryl and
      .beta.-N-[(2,5-dialkoxy 4-hydroxy)-3-tetrahydrofuryl]-aminoethyl and
      wherein R'.sub.2 represents hydrogen or the immediately above meanings
      indicated for R'.sub.1. In these new tetrahydrofurans, the alkyl moiety in
      hydroxyalkyl and alkaryl radicals preferably is cyclohexyl, while the
      preferred aryl substituent is phenyl, the preferred hydroxyalkyl
      substituent is hydroxyethyl and the preferred alkaryl substituent is
      benzyl.
PAR  2,5-dialkoxy 3-amino 4-hydroxy tetrahydrofurans especially 2,5-dimethoxy
      3-amino 4-hydroxy tetrahydrofurans, and the N-substituted derivatives
      thereof having formula (III), quaternary ammonium salts having formula
      (IV), tetraalkyl acetals having formula (V) and quaternary ammonium salts
      of tetraalkyl acetals having formula (VI) are valuable intermediate
      products which by way of acid hydrolysis provide useful solutions for the
      preparation of cosmetic compositions, particularly for the coloring of the
      skin and the strengthening of the restructuring of the hair.
PAR  The salts of the 2,5-dialkoxy 3-ammonio 4-hydroxy tetrahydrofurans of
      formula (IV) are also new compounds.
PAR  Moreover, the aminated aldehydes of formula (I) and their quaternary
      ammonium salts having formula (II) are also new compounds.
PAR  The 2,5-dialkoxy tetrahydrofurans and their N-substituted derivatives of
      formula (III) can be prepared according to the following methods A and B.
PAL  Method A
PAR  Reaction of an amine having the formula
      ##EQU4##
      wherein R'.sub.1 and R'.sub.2 have the meanings indicated for the compound
      of formula (III) on a 2,5-dialkoxy-3, 4-epoxytetrahydrofuran having
      formula (VIII) wherein R represents alkyl having 1 to 4 carbon atoms.
      ##SPC3##
PAR  The 2,5-dialkoxy-3,4-epoxy tetrahydrofuran of formula (VIII) can, in turn,
      be prepared from 2,5-dialkoxy-3-halogene-4-hydroxytetrahydrofuran having
      formula (IX) below, in which Hal designates chlorine or bromine and R has
      the meaning indicated above.
PAR  In practice, to effect reaction A, a procedure in accordance with (a) or
      (b) is followed:
PAR  a. Use of the Amine in Stoichiometric Quantity
PAR  There is heated at a temperature between 50.degree. and 100.degree.C for
      example, in a boiling water bath for several hours, preferably between 20
      and 110 hours, a mixture which contains a 2,5-dialkoxy-3,4-epoxy
      tetrahydrofuran and a stoichiometric quantity of the amine, either without
      solvent or in aqueous or aqueous alcoholic solution. At the end of the
      heating period the solvent is evaporated off if required, and the compound
      of formula (III) is isolated by distillation, crystallization or any other
      appropriate method. The aqueous alcohol solution can comprise between
      about 10 to 90 percent of an alcohol such as methanol, ethanol or
      isopropanol.
PAR  b. Use of Excess Amine
PAR  In this alternative procedure, after the end of the heating period the
      remaining amount of amine is driven off under reduced pressure, as well as
      the solvent if necessary, and the product is isolated as indicated above.
      Generally, the molar ratio of amine to epoxy tetrahydrofuran will range
      from about 50:1 to 1.5:1.
PAL  Method B
PAR  Reaction of an excess of the amine having formula VII wherein R'.sub.1 and
      R'.sub.2 have the meaning indicated above, preferably, in the presence of
      an alkali metal hydroxide, such as sodium or potassium hydroxide with a
      compound having formula (IX), according to the following scheme:
      ##SPC4##
PAR  The alkali metal hydroxide can be used in stoichiometric or in slight
      excess with respect to compound (IX).
PAR  To effect reaction B, a procedure in accordance with (c) or (d) is
      followed.
PAR  c. Introduction of Alkaline Metal Hydroxide After Heating
PAR  There is heated in a boiling water bath, for example, for several hours,
      preferably between 20 and 110 hours, a reaction mixture which contains a
      2,5-dialkoxy-3-halogeno-4-hydroxytetrahydrofuran [compound of formula
      (IX)] and an excess of the amine having formula (VII). The molar ratio
      amine: tetrahydrofuran ranges from 50:1 to 2:1 and preferably, there are
      used 5 moles or more amine per mole of compound of formula (IX). An
      aqueous or an aqueous alcoholic solution as defined above can be employed.
      The concentration of the amine solution is not of primary importance, but
      it is preferable to use a solution wherein the amine concentration ranges
      between about 5 to 10 moles/liter.
PAR  After the end of the heating period there is added in the form of a 10 N
      solution, an alkali metal hydroxide, such as sodium or potassium
      hydroxide, in equimolar quantity with reference to the compound of formula
      (IX) which was originally introduced. This is followed by evaporation to
      dryness under reduced pressure. The residue is taken up in alcohol such as
      ethyl alcohol and the mineral salts are eliminated by filtration. There is
      a repeated evaporation to dryness under reduced pressure. The compound of
      formula (II) is separated from the residue by distillation,
      crystallization or by any other suitable separation technique.
PAR  d. Introduction of the Alkaline Metal Hydroxide before Heating
PAR  As a variant of procedure (c), sodium hydroxide or potassium hydroxide is
      introduced at the start, before heating is commenced. The remaining
      procedure is that described above for procedure (c).
PAR  The present invention also relates to a process for the preparation of the
      quaternary ammonium salts of formula (IV) by reaction of a quaternizing
      agent R.sub.3 X on a compound having formula (III). As quaternizing agent
      there can be used lower C.sub.1 -C.sub.4 halides, substituted or
      unsubstituted benzyl halides, lower dialkyl sulfates, lower alkyl
      tosylates and lower alkyl mesylates, said lower alkyls having 1 to 4
      carbon atoms. This reaction is effected according to the following scheme:
      ##SPC5##
PAR  There is added, for example, drop by drop, to a compound of formula (III)
      in ether solution, with cooling, a stoichiometric quantity of the
      quaternizing agent. The quaternary ammonium salt separates out. The
      mixture is allowed to stand, the solvent is decanted, the residue is
      washed with ether, and thereafter is dried under vacuum.
PAR  The present invention further relates to the use of (1) aminated aldehydes
      of formula (I), (2) the quaternary ammonium salts of formula (II), (3) the
      acid hydrolysis product of a 2,5-dialkoxy-3-amino-4-hydroxy
      tetrahydrofuran or its N-substituted derivative of formula (III), (4) the
      acid hydrolysis product of a quaternary ammonium salt having formula (IV),
      (5) the acid hydrolysis product of a tetraalkyl acetal having formula (V),
      and (6) the acid hydrolysis product of the quaternary ammonium salt of a
      tetraalkyl acetal having formula (VI), for the coloring of the skin and
      the strengthening or the restructuring of the hair.
PAR  It has been found that the aminated aldehydes of the present invention
      impart to the skin a color which is similar to that which it acquires by
      more or less lengthy exposure to the sun or to ultraviolet rays. The
      ability of the aldehydes of the present invention to color the skin varies
      according to the degree of substitution of the amino group and according
      to the nature of the substituents.
PAR  It has also been observed that the most active compounds are the secondary
      amines and next the primary amines and then the tertiary amines.
      Quaternary compounds do not color the skin but are usefully employed to
      strengthen or restructure the hair.
PAR  The present invention also relates to a cosmetic composition for coloring
      the skin, comprising a solution of at least one aminated aldehyde as
      defined above, the nitrogen atom of which is unsubstituted,
      mono-substituted or disubstituted.
PAR  The pH of this composition can vary between 2-7 and preferably between 2-5.
PAR  The cosmetic composition of this invention for coloring the skin can be
      provided under the following forms:
PAR  1. an aqueous solution or a hydroalcoholic solution wherein the alcohol can
      be ethanol or isopropanol;
PAR  2. a glycerine-hydroethanol or glycerine-hydroisopropanol solution;
PAR  3. an oleo-ethanol composition;
PAR  4. an aqueous gel including a surface active agent, a gel former and
      optionally a silicone oil, and
PAR  5. an oil-in-water emulsion.
PAR  The aqueous solution, hydroalcoholic solution, glycerine-hydroethanol
      solution and glycerine-hydroisopropanol solution can also include perfume,
      as well as other conventional adjuvants. The glycerine is present in an
      amount between about 0.5-5% and preferably about 2% by weight of the
      composition. Ethanol and isopropanol are present in an amount of about
      10-90 percent by weight of the total composition.
PAR  The oleo-ethanolic composition contains:
PAR  i. 0.2-5% of a vegetable oil, for example colza oil, olive oil, peanut oil,
      cocoa oil and palm oil;
PAR  ii. 5-40% of a lower alkyl ester selected from the group consisting of
      isopropyl myristate and isopropyl palmitate; and
PAR  iii. 35-80%, preferably 40-75% of ethanol.
PAR  The oleo-ethanolic composition can be packaged under pressure in an aerosol
      container with a propellant selected from the group consisting of
      dichlorodifluoromethane, trichloromonofluoromethane and their mixtures, as
      well as other conventional propellants. The oleo-alcoholic composition can
      also include perfume as well as other conventional cosmetic adjuvants.
PAR  The aqueous gel composition contains;
PAR  i. a surface active agent;
PAR  ii. a gel former, i.e. thickening agent,
PAR  iii. optionally silicone oil;
PAR  iv. the aminated aldehyde defined above; and
PAR  v. the remainder essentially water.
PAR  Generally there is employed between 1-15% and preferably 1-13% of the
      surface active agent selected from the group consisting of
PAR  A. fatty alcohols having 12-18 carbon atoms and oxyethylenated with 4-15
      and preferably 6-12 mols of ethylene oxide;
PAR  B. nonylphenol oxyethylenated with 6-12 mols of ethylene oxide; and
PAR  C. a carboxylic derivative of imidazole sold under the name "MIRANOL" and
      preferably "MIRANOL C2M" of the formula
      ##EQU5##
PAR  Also there is usually employed about 0.5-4% and preferably 1-2.5% of the
      gel former or thickening agent selected from the group consisting of
PAR  A. cellulose ethers, for example, the methyl, ethyl and isopropyl ethers of
      cellulose;
PAR  B. carboxymethyl cellulose; and
PAR  C. crosslinked polyacrylic acids sold under the name "CARBOPOL".
PAR  The most useful CARBOPOLS are CARBOPOL 934, CARBOPOL 940 and CARBOPOL 941.
      Their Brookfield viscosities, measured in a 0.5% solution neutralized to a
      pH 7 with NaOH are as follows:
TBL  CARBOPOL 934     32,500 centipoises                                       
     CARBOPOL 940     43,000 centipoises                                       
     CARBOPOL 941      8,900 centipoises                                       
PAR  Generally when there is employed as the surface active agent the carboxylic
      derivatives of imidazole sold under the mark "MIRANOL", it is preferable
      to use as the gel former the crosslinked polyacrylic acids sold under the
      mark "CARBOPOL".
PAR  The aqueous gels of this invention can also include 0-2% and preferably
      0-1% of silicone oil. The silicone oil when it is present is found to be
      emulsified by the surface active agent.
PAR  The oil-in-water emulsions of this invention contain:
PAR  i. 2-15% of a surface active agent selected from the group consisting of
PAR  A. an emulsifier selected from the group consisting of fatty alcohols
      having 12-18 carbon atoms and oxyethylenated with 10-15 moles of ethylene
      oxide,
PAR  B. a self-emulsifiable wax selected from cetylstearyl alcohols, partially
      sulfated or partially oxyethylenated; and
PAR  C. mixtures of (A) and (B);
PAR  ii. 0-20% as the fatty or "oil" phase a component selected from the group
      consisting of light vaseline oil, perhydrosqualene, vegetable oil, for
      example sweet almond oil, ricin oil, colza oil, olive oil, peanut oil,
      cocoa oil or palm oil, a fatty alcohol having 16 carbon atoms and a
      saturated fatty acid having 18 carbon atoms, isopropyl palmitate and
      isopropyl myristate;
PAR  iii. 0-6% of a thickening agent selected from the group consisting of
PAR  A. starch,
PAR  B. crosslinked polyacrylic acids sold under the mark "CARBOPOL", and
PAR  C. diethylene glycol stearate;
PAR  iv. 0-15% glycerine and
PAR  v. the remainder essentially water.
PAR  When the surface active agent is cetyl stearyl alcohol partially
      oxyethylenated, or partially sulfated, the non-oxyethylenated or
      non-sulfated part of the fatty alcohol serves as the fatty or "oil" phase
      in the oil-in-water emulsion. The glycerine serves to soften the skin and
      improve the wetting characteristics of the composition.
PAR  The oil-in-water emulsions can be provided in the form of a milk or a
      cream. They can also be packaged under pressure in an aerosol container
      with a propellant selected from the group consisting of
      dichlorodifluoromethane and trichloromonofluoromethane as well as mixtures
      thereof or other propellants conventionally used in aerosol type cosmetic
      formulations.
PAR  The active component, aminated aldehyde, is generally present in amounts of
      0.5-12% by weight of the total composition for the coloration of the skin.
PAR  The aminated aldehydes of the present invention effect a strengthening,
      restructuring or regeneration of the hair, with an improvement of its
      cosmetic quality.
PAR  This regeneration or restructuring generally is effected on bleached hair
      or on hair that has undergone a treatment for permanents. It also can be
      used on hair which has undergone a reduction that constitutes the first
      stage of a "permanent wave" operation and before the second stage thereof,
      that is to say, the neutralizing operation.
PAR  This restructuring or strengthening of the hair is evidenced by a better
      appearance and an improved feel, softness and liveliness of the hair and
      general improvement of its cosmetic quality.
PAR  Usually this treatment to strengthen or restructure the hair is effected by
      applying to the hair a cosmetic composition containing at least one
      aminated aldehyde of formula (I) and/or a quaternary ammonium salt of
      formula (II), the pH of the solution being between 1.5 and 9, preferably
      between 2 and 5 and permitting said composition to remain in contact with
      the hair for a period of about 5-60 minutes at a temperature generally
      between about 15.degree. and 50.degree. C. The hair is then rinsed and if
      desired rolled on curlers and dried.
PAR  Thus the present invention also relates to a cosmetic composition for
      strengthening or restructuring the hair, said composition comprising an
      aqueous or aqueous alcoholic solution of about 20 to 70 weight percent of
      an alkanol such as ethanol or isopropanol of at least one aminated
      aldehyde of formula (I) and/or a quaternary ammonium salt of formula (II),
      the pH of the solution being between 1.5 and 9, preferably between 2 and
      5. The aminated aldehyde or its quaternary ammonium salt is generally
      present in amounts of about 2 to 25 and preferably 3 to 18 percent by
      weight of said composition.
PAR  Such a composition can include other cosmetic ingredients and be in the
      form of a solution, a cream or a gel. It also can be stored under pressure
      in aerosol containers together with an aerosol propellant such as
      dichlorodifluoromethane, trichloromonofluoromethane, their mixtures as
      well as other conventional aerosol propellants.
PAR  Unless otherwise stated, all parts and percentages are by weight.
DETD
PAR  In order to better illustrate the invention, the following examples of the
      preparation of the compounds of this invention and their use are given
      below.
PAC  EXAMPLES OF PREPARATION
PAR  Preparation of compounds of formula (III)
PAR  Example 1 -- Method A -- procedure (a), preparation of 3,3' -ethylene
      diamimo-bis-(2,5-dimethoxy-4-hydroxytetrahydrofuran) having formula:
      ##SPC6##
PAR  There is heated in a boiling water bath for 108 hours a mixture of:
PAL  29.2 g of 2,5-dimethoxy-3,4-epoxy tetrahydrofuran
PAL  6.08 g of 98.5% ethylene diamine and
PAL  3.5 ml of water
PAR  The development of the reaction is followed by gas chromatography. After
      the conclusion of the heating period the water is driven off under reduced
      pressure, and reagents that have not reacted are eliminated by
      distillation under 0.1 mm Hg, heating by means of an oil bath at
      200.degree.C. As distillation residue there is obtained 31.65 g of the
      compound indicated above, in the form of a syrupy red liquid.
PAR  Example 2 -- Method A -- procedure (b), preparation of
      2,5-dimethoxy-3-piperidino-4-hydroxytetrahydrofuran having the formula:
      ##SPC7##
PAR  There is heated in a boiling water bath for 48 hours, a mixture of:
PAL  14.6 g of 2,5-dimethoxy-3,4-epoxy tetrahydrofuran
PAL  55 ml of piperidine
PAL  7 ml of water
PAR  After the conclusion of the heating period the water and excess piperidine
      are driven off under reduced pressure and the product is distilled. 19.3 g
      of the compound indicated above are obtained. Example 3 -- Method B --
      procedure (c), preparation of 2,5-dimethoxy-3-amino-4-hydroxy
      tetrahydrofuran having the formula:
      ##SPC8##
PAR  There is heated in a boiling water bath for 20 hours a mixture of 27.4 g of
      2,5-dimethoxy-3-chloro-4-hydroxytetrahydrofuran and 300 ml of concentrated
      NH.sub.4 OH (22.degree. Be). During this heating period there are added in
      five operations at regular time intervals 150 ml of NH.sub.4 OH. After
      conclusion of the heating period there are added 15 ml 10 N NaOH, with
      evaporation to dryness under reduced pressure. The residue is taken up in
      ethyl alcohol, filtered and distilled under vacuum. There are obtained
      19.25 g of the compound indicated above.
PAR  Example 4 -- Method B -- procedure (d), preparation of
      2,5-dimethoxy-3-ethylamino-4-hydroxytetrahydrofuran having the formula:
      ##SPC9##
PAR  There is heated in a boiling water bath for 24 hours a mixture of:
PAL  18.25 g of 2,5-dimethoxy-3-chloro-4-hydroxytetrahydrofuran
PAL  91 ml of 5.48 N ethylamine
PAL  10 ml of 10 N NaOH
PAR  After 5 hours of heating there are added 45.5 ml of ethylamine as
      supplement.
PAR  After the conclusion of the heating period the solution is evaporated to
      dryness under reduced pressure. The residue is taken up in alcohol and the
      mineral salts are eliminated by filtration. Evaporation to dryness under
      reduced pressure is repeated and by distillation, 15.3 g of the compound
      indicated above are isolated.
PAR  Table 1 below summarizes Examples 1-18 illustrating the preparation and
      properties of the compounds of formula (III) (including the 4 compounds
      described above).
PAR  The different columns of the said Table 1 indicate the Example No., the
      values of R.sub.1, R.sub.2, R.sub.3, Method of preparation (A or B) and
      procedure (a, b, c or d), duration of the heating in hours, yield in %,
      boiling point in .degree.C/mm Hg., melting point, in .degree.C;
      percentages of C, H and N by elementary analysis, percentage of N by
      protometry and calculated values for percentages of C, H and N.
PAR  Insofar as the melting and boiling points are concerned, it is to be noted
      that, as indicated above, the compounds of formulae (III) and (IV) present
      cis-trans isomerism at the level of the methoxy groups in positions 2 and
      5. The substituents in positions 3 and 4 can also increase the number of
      possible isomers. In the course of preparation of these compounds, no
      attempt was made to separate the isomers and for this reason the boiling
      points are often spread over a range of temperatures that is somewhat
      broad. Further the melting points are not particularly significant because
      they were determined on mixtures of isomers whose proportion may vary from
      one procedure to the next.
PAR  It is to be noted that the melting points above 50.degree.C were determined
      on a Koffler bench: melting points below 50.degree.C were not determined.
PAR  The compound of Example 14 was imperfectly separated from the starting
      amine, the mixture containing 78% of the compound of Example 14 and 22% of
      the starting amine. These percentages were determined by measurement of
      the nitrogen. Preparation of compounds of formula (IV)
PAR  Example 19 -- preparation of
      [(2,5-dimethoxy-4-hydroxy)tetrahydrofuryl-3-trimethyl ammonium]
      methosulfate having the formula:
      ##SPC10##
PAR  To 1.6 g of 2,5-dimethoxy-3-dimethylamino-4-hydroxytetrahydrofuran in 10 ml
      ether, there is added drop by drop with cooling, 0.88 ml of dimethyl
      sulfate. The quaternary ammonium salt separates very rapidly. The mixture
      is allowed to stand for 2 hours and then the solvent is decanted. The
      residue is washed twice with ether and dried under reduced pressure. 2.53
      g of the above indicated quaternary ammonium salt are collected,
      representing a 96% yield.
PAR  Example 20 -- Using an alternative procedure to a solution of 20.3 g of
      2,5-dimethoxy 3-dimethylamino-4-hydroxytetrahydrofuran in 30 ml acetone,
      there is added, drop by drop, a solution of 12.6 g dimethyl sulfate in 30
      ml acetone. The resulting solution is left standing at ambient temperature
      for 16 hours. Then the mixture is heated to boiling for 3 hours. An
      abundant precipitate is formed. The reaction mixture is then cooled to
      -20.degree.C and filtered thereby providing a yield of 85%, i.e. 26.8 g of
      the above quaternary ammonium salt exhibiting a melting point of
      122.degree.C.
PAR  The result of analysis of this compound appears in Table 2.
PAR  Example 21 -- preparation of
      [(2,5-dimethoxy-4-hydroxytetrahydrofuryl-3-dimethyl benzyl ammonium]
      chloride having the formula:
      ##SPC11##
PAR  A solution of 20.2 g of (2,5-dimethoxy-3-dimethylamino-4-hydroxy)
      tetrahydrofuran in 40 ml acetone is mixed with a solution of 12.7 g benzyl
      chloride in 20 ml acetone. The resulting solution is left standing for 2
      hours at ambient temperature, after which it is heated under reflux for 4
      hours. The reaction mixture is then allowed to cool to room temperature
      and the precipitate that forms is filtered therefrom.
PAR  20.3 g of the quaternary ammonium salt of the above formula which
      represents a 64% yield is obtained, the salt exhibiting a melting point of
      178.degree.C.
PAR  The result of the analysis of this compound appears in Table 2.
PAR  Example 22 -- preparation of [(2,5-dimethoxy-4-hydroxy)
      tetrahydrofuryl-3-methyl diethyl ammonium] paratoluene sulfonate, of the
      formula:
      ##SPC12##
PAR  A solution of 13.0 g 2,5-dimethoxy-4-hydroxy-3-diethylaminotetrahydrofuran
      in 25 ml methylethylketone is mixed with a solution of 10.6 g of methyl
      paratoluene sulfonate in 25 ml methylethylketone. The solutions are left
      in contact for 16 hours. The precipitate that forms is filtered, and there
      is obtained 8.5 g of the sought compound. Melting point: 142.degree.C.
PAR  The mother liquors are heated to boiling for 5 hours, then cooled to
      -20.degree.C. The precipitate that forms is filtered and recrystallized in
      acetone. There is thus obtained 7.2 g of the compound, melting point =
      138.degree.C.
PAR  Total yield is 68%.
PAR  Results of the analysis appear in Table 2.
PAR  Example 23 -- Preparation of [(2,5-dimethoxy-4-hydroxy)
      tetrahydrofuryl-3-methyl morpholinium] paratoluene sulfonate having the
      formula:
      ##SPC13##
PAR  A solution of 23.9 g 2,5-dimethoxy-4-hydroxy-3-morpholino tetrahydrofuran
      in 50 ml methylethylketone is mixed with a solution of 18.6 g dimethyl
      paratoluene sulfonate in 30 ml methylethylketone. The resulting solution
      is heated at reflux for 9 hours. The solvent is then evaporated under
      reduced pressure and the residue is taken up in 350 ml water. This aqueous
      solution is then clarified with activated charcoal, commercially available
      as "Norit", and the water is evaporated under reduced pressure. The
      residue is crystallized in a 1:2 mixture of acetone and ethyl acetate.
      There are obtained 24.9 g of the above product exhibiting a melting point
      of 124.degree./128.degree.C, which amount represents a 60% yield.
PAR  The result of the analysis appears in Table 2.
PAR  Example 24 -- preparation of [(2,5-dimethoxy-4-hydroxy
      tetrahydrofuryl-3-methyl piperidinium] methane sulfonate having the
      formula:
      ##SPC14##
PAR  A solution of 23.3 g of (2,5-dimethoxy-4-hydroxy-3-piperidino)
      tetrahydrofuran in 50 ml methylethylketone is mixed with a solution of 11
      g of methyl methane sulfonate in 30 ml methylethylketone. The resulting
      mixture is heated to reflux for 7 hours after which it is cooled to
      -20.degree.C. 27.8 g of the above compound are obtained in crystalline
      form, melting at 120.degree.-122.degree.C, and representing a yield of
      82%.
PAR  The result of the analysis appears in Table 2.
PAR  Table 2 below summarizes the characteristics of the quaternary ammonium
      salts of formula (IV) prepared above.
PAR  The different columns of Table 2 indicate the Example No., the values of
      R.sub.1, R.sub.2, R.sub.3 and X, the melting point, in .degree.C, the
      percentage found for the various constituents: C, H, N and Cl, by
      elementary analysis as well as the theoretical percentages (calculated
      values).
PAC  PREPARATION OF AMINATED ALDEHYDES HAVING FORMULAE (I) AND (II)
PAR  Aldehydes of formulae (I) and (II) are prepared by acid hydrolysis of
      corresponding compounds of formulae (III) and (IV). Some examples of
      hydrolysis are presented in the use examples which appear hereinafter.
PAR  Some of these aldehydes have been characterized by preparing their bis
      dinitrophenyl hydrazone hydrochloride.
PAR  Table 3 summarizes the characteristics of these compounds.
PAR  In this Table appear the meaning of R.sub.1 and R.sub.2, melting points
      with decomposition, percentage contents of C, H, N by elementary analysis
      as well as their theoretical percentages (calculated values) and finally
      the corresponding formula.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Example                                                                   
           R.sub.1 R.sub.2          R.sub.3                                    
                                      Method                                   
                                          Heating                              
                                               Yield                           
                                      of  Period                               
                                               %                               
                                      Prepa-                                   
                                          (Hours)                              
                                      ration                                   
     __________________________________________________________________________
     3     H       H                --                                         
                                      B(c)                                     
                                          20   79                              
     5     H       --CH.sub.3       --                                         
                                      B(c)                                     
                                          20   62                              
     4     H       --C.sub.2 H.sub.5                                           
                                    --                                         
                                      B(d)                                     
                                          24   80                              
     6     H       --C.sub.3 H.sub.7                                           
                                    --                                         
                                      B(d)                                     
                                          28   84                              
                   CH.sub.3                                                    
     7     H       --CH.angle.      --                                         
                                      B(d)                                     
                                          44   58                              
                   CH.sub.3                                                    
     8     H       --C.sub.4 H.sub.9                                           
                                    --                                         
                                      B(d)                                     
                                          44   79                              
     9     H       --C.sub.6 H.sub.13                                          
                                    --                                         
                                      B(d)                                     
                                          33   80                              
     10    H       --CH.sub.2 --CH.sub.2 --OH                                  
                                    --                                         
                                      A(b)                                     
                                          24   80                              
     11    H                        --                                         
                                      B(d)                                     
                                          44   65                              
     __________________________________________________________________________
     Example                                                                   
           Boiling                                                             
                  Melting                                                      
                       Analysis   N% By                                        
                                      Analysis                                 
     No.   Point  Point                                                        
                       Found      Proto-                                       
                                      Theoretical                              
           .degree.C/mm Hg.                                                    
                  .degree.C       metry                                        
                       C%  H%  N%     C%  H%  N%                               
     __________________________________________________________________________
     3     90-98/0.1                                                           
                  66   43.46                                                   
                           7.59                                                
                               8.26                                            
                                  8.2 44.2                                     
                                          7.98                                 
                                              8.59                             
                       43.70                                                   
                           7.61                                                
                               8.34                                            
     5     87-91/0.3                                                           
                  58   47.09                                                   
                           7.88                                                
                               8.07                                            
                                  7.84                                         
                                      47.4                                     
                                          8.46                                 
                                              7.91                             
     4     98-100/0.5                                                          
                  &lt;50  49.70                                                   
                           8.61                                                
                               7.47                                            
                                  7.14                                         
                                      50.3                                     
                                          8.91                                 
                                              7.34                             
                       49.90                                                   
                           8.94                                                
                               7.43                                            
     6     85-95/0.08                                                          
                  52   52.91                                                   
                           9.24                                                
                               6.65                                            
                                  6.7 52.8                                     
                                          9.2 6.82                             
                       52.22                                                   
                           8.70                                                
                               6.80                                            
     7     99-102/0.9                                                          
                  62   51.88                                                   
                           8.82                                                
                               6.29                                            
                                  6.67                                         
                                      52.8                                     
                                          9.2 6.82                             
                       51.44                                                   
                           8.91                                                
                               6.42                                            
     8     103-106/0.1                                                         
                  52   52.71                                                   
                           9.55                                                
                               6.46                                            
                                  6.4 54.8                                     
                                          9.6 6.4                              
                       53.86                                                   
                           9.29                                                
                               6.23                                            
     9     118-126/0.1                                                         
                  &lt;50  58.15                                                   
                           10.06                                               
                               5.19                                            
                                  5.54                                         
                                      58.3                                     
                                          10.1                                 
                                              5.66                             
                       57.84                                                   
                           10.07                                               
                               5.31                                            
     10    150-160/0.06                                                        
                       46.30                                                   
                           8.29                                                
                               6.4                                             
                                  6.75                                         
                                      46.37                                    
                                          8.27                                 
                                              6.76                             
                       46.50                                                   
                           8.43                                                
                               6.56                                            
     11    127-132/0.8                                                         
                  86   58.21                                                   
                           9.42                                                
                               5.69                                            
                                  5.38                                         
                                      58.7                                     
                                          9.4 5.7                              
                       58.33                                                   
                           9.35                                                
                               5.72                                            
     __________________________________________________________________________
     Example                                                                   
           R.sub.1 R.sub.2          R.sub.3                                    
                                      Method                                   
                                          Heating                              
                                               Yield                           
     No.                              of  Period                               
                                               %                               
                                      Prepa-                                   
                                          (Hours)                              
                                      ration                                   
     __________________________________________________________________________
     12    H                        --                                         
                                      B(d)                                     
                                          34   29                              
     13    H                        --                                         
                                      B(d)                                     
                                          33   67                              
     14    H       --CH----CHOH     --                                         
                                      A(a)                                     
                                          45   24                              
                   .vertline..vertline.                                        
                   CHOCHO                                                      
     1     H--     --CH.sub.2 --CH.sub.2 --NH--CH----CHOH                      
                                    --                                         
                                      A(a)                                     
                                           108 90                              
                   .vertline..vertline.                                        
                   CHOCHO                                                      
     15    CH.sub.3                                                            
                   CH.sub.3         --                                         
                                      B(c)                                     
                                          22   75                              
     16    C.sub.2 H.sub.5                                                     
                   C.sub.2 H.sub.5  --                                         
                                      B(d)                                     
                                          44   76                              
     17    CH.sub.2 --CH.sub.2 --OH                                            
                   CH.sub.2 --CH.sub.2 --OH                                    
                                    --                                         
                                      A(b)                                     
                                          24   85                              
     2     piperidinyl              --                                         
                                      A(b)                                     
                                          48   83                              
     18    morpholinyl              --                                         
                                      A(b)                                     
                                          72   76                              
     __________________________________________________________________________
     Example                                                                   
           Boiling                                                             
                  Melting                                                      
                       Analysis   N% By                                        
                                      Analysis                                 
     No.   Point  Point                                                        
                       Found      Proto-                                       
                                      Theoretical                              
           .degree.C/mm Hg.                                                    
                  .degree.C       metrg                                        
                       C%  H%  N%     C%  H%  N%                               
     __________________________________________________________________________
     12    137-140/0.08                                                        
                  &lt;50  59.38                                                   
                           6.84                                                
                               5.27                                            
                                  5.84                                         
                                      60.2                                     
                                          7.12                                 
                                              5.86                             
                       59.35                                                   
                           6.84                                                
                               5.43                                            
     13    130-146/0.07                                                        
                  &lt;50  60.88                                                   
                           7.17                                                
                               5.03                                            
                                  5.55                                         
                                      61.6                                     
                                          7.52                                 
                                              5.53                             
                       60.76                                                   
                           7.55                                                
                               4.97                                            
     14    150-180/0.05                                                        
                  --              5.43        4.53                             
     1                 46.98                                                   
                           7.94                                                
                               7.8                                             
                                  7.88                                         
                                      47.75                                    
                                          7.95                                 
                                              7.95                             
                       46.58                                                   
                           7.82                                                
                               8.0                                             
     15    86-100/0.1                                                          
                  50   49.44                                                   
                           8.19                                                
                               7.36                                            
                                  6.94                                         
                                      50.2                                     
                                          8.9 7.3                              
                       49.74                                                   
                           8.30                                                
                               7.47                                            
     16    85-98/0.06                                                          
                  --   54.77                                                   
                           9.52                                                
                               5.77                                            
                                  6.03                                         
                                      54.7                                     
                                          9.7 6.4                              
                       54.62                                                   
                           9.47                                                
                               6.03                                            
     17    180-195/0.07                                                        
                       47.27                                                   
                           8.26                                                
                               5.84                                            
                                  5.6 47.8                                     
                                          8.42                                 
                                              5.5                              
                       47.29                                                   
                           8.39                                                
                               6.03                                            
     2     110-119/0.07                                                        
                       57.12                                                   
                           9.34                                                
                               6.03                                            
                                  6.05                                         
                                      57.12                                    
                                          9.15                                 
                                              6.06                             
     18    108-122/0.03                                                        
                       51.38                                                   
                           8.22                                                
                               5.84                                            
                                  5.82                                         
                                      51.5                                     
                                          8.1 6.00                             
                       51.27                                                   
                           8.12                                                
                               5.92                                            
     __________________________________________________________________________
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Example                                                                   
          R.sub.1                                                              
             R.sub.2                                                           
                R.sub.3   X.sup.-           Melting                            
     No.                                    Point                              
                                            (.degree.C)                        
     __________________________________________________________________________
     20   CH.sub.3                                                             
             CH.sub.3                                                          
                CH.sub.3  CH.sub.3 SO.sub.4.sup.-                              
                                            122                                
     21   CH.sub.3                                                             
             CH.sub.3     Cl.sup.-          178                                
     22   C.sub.2 H.sub.5                                                      
             C.sub.2 H.sub.5                                                   
                CH.sub.3                    142                                
     23   morpholinyl                                                          
                CH.sub.3                    124                                
                                            128                                
     24   piperidinyl                                                          
                CH.sub.3  CH.sub.3 SO.sub.3.sup.-                              
                                            120                                
                                            122                                
     __________________________________________________________________________
     Example                                                                   
          Analysis Found     Analysis Theoretical                              
     No.                                                                       
     __________________________________________________________________________
          C%   H%   N%  Cl%  C%   H%   N%   Cl%                                
     20   37.93                                                                
               7.09 4.17                                                       
                        --   37.8 7.26 4.41                                    
          38.11                                                                
               7.23 4.28                                                       
     21   56.56                                                                
               7.30 4.17                                                       
                        10.95                                                  
                             56.6 7.55 4.41 11                                 
          56.81                                                                
               7.55 4.45                                                       
     22   53.22                                                                
               7.63 3.36                                                       
                        --   53.31                                             
                                  7.70 3.45                                    
          53.38                                                                
               7.79 3.39                                                       
     23   51.53                                                                
               7.00 3.23     51.53                                             
                                  6.96 3.34                                    
          51.56                                                                
               7.06                                                            
     24   46.01                                                                
               8.05 4.16     45.59                                             
                                  8.24 4.09                                    
          46.13                                                                
               7.93                                                            
     __________________________________________________________________________
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Hydrochloride of Bix Dinitrophenylhydrazone of a few Aldehydes            
                                             R.sub.1                           
                                             N.angle..HCl nH.sub.2 O           
                                             HO------------.vertline.R.sub.2   
                                             .vertline..vertline.              
                                             CHCH                              
                                             .parallel..parallel.              
                                             NN                                
                                             .vertline..vertline.              
                                             NHNH                              
     R.sub.1                                                                   
        R.sub.2    Melting                                                     
                         Analysis Found      Analysis-Theoretical              
                   Point                                                       
                   with de-                                                    
                         C%   H%   N%   C%   H%   N%   for the formula         
                   composi-                                                    
                   tion,.degree.C                                              
     __________________________________________________________________________
     H  H          180-188                                                     
                         34.78                                                 
                              3.02 22.46                                       
                                        34.95                                  
                                             3.66 22.92                        
                                                       C.sub.16 H.sub.15       
                                                       O.sub.9 N.sub.9.HCl.2H.s
                                                       ub.2 O                  
     H  --CH.sub.3 160-165                                                     
                         37.44                                                 
                              3.51 22.19                                       
                                        37.40                                  
                                             3.69 23.09                        
                                                       C.sub.17 H.sub.17       
                                                       O.sub.9 N.sub.9.HCl.H.su
                                                       b.2 O                   
     H  --C.sub.2 H.sub.5                                                      
                   160-168                                                     
                         39.31                                                 
                              3.58 22.48                                       
                                        38.61                                  
                                             3.96 22.51                        
                                                       C.sub.18 H.sub.19       
                                                       O.sub.9 N.sub.9.HCl.H.su
                                                       b.2 O                   
     H  --C.sub.3 H.sub.7                                                      
                   156-162                                                     
                         39.75                                                 
                              4.18 21.87                                       
                                        39.76                                  
                                             4.21 21.96                        
                                                       C.sub.19 H.sub.21       
                                                       O.sub.9 N.sub.          
                                                       9.HCl.H.sub.2 O         
        CH.sub.3                                                               
     H  --CH.angle.                                                            
                   160-175                                                     
                         40.29                                                 
                              4.11 21.63                                       
                                        39.76                                  
                                             4.21 21.96                        
                                                       C.sub.19 H.sub.21       
                                                       O.sub.9 N.sub.9.HCl.H.su
                                                       b.2 O                   
        CH.sub.3                                                               
     H  --C.sub.4 H.sub.9                                                      
                   150-162                                                     
                         39.77                                                 
                              4.24 21.94                                       
                                        40.85                                  
                                             4.45 21.44                        
                                                       C.sub.20 H.sub.23       
                                                       O.sub.9 N.sub.9.HCl.H.su
                                                       b.2 O                   
     H  --C.sub.6 H.sub.13                                                     
                   137-142                                                     
                         42.84                                                 
                              4.61 20.47                                       
                                        42.89                                  
                                             4.90 20.46                        
                                                       C.sub.22 H.sub.27       
                                                       O.sub.9 N.sub.          
                                                       9.HCl.H.sub.2 O         
     H             164-172                                                     
                         42.81                                                 
                              4.30 20.48                                       
                                        43.03                                  
                                             4.59 20.53                        
                                                       C.sub.22 H.sub.25       
                                                       O.sub.9 N.sub.9.HCl.H.su
                                                       b.2 O                   
     H             155-165                                                     
                         44.10                                                 
                              3.56 20.42                                       
                                        44.41                                  
                                             3.88 20.27                        
                                                       C.sub.23 H.sub.21       
                                                       O.sub.9 N.sub.9.HCL.H.su
                                                       b.2 O                   
     __________________________________________________________________________
PAC  EXAMPLES OF USE
PAL  Example 34
PAR  The following tanning composition is prepared:
TBL  8% solution of 2-amino-3-                                                 
     hydroxy succinic aldehyde                                                 
                      40          ml                                           
     Ethyl alcohol, 96.degree. titer                                           
                      40          ml                                           
     White glycerol   2           ml                                           
     Perfume          1           g                                            
     Na.sub.2 CO.sub.3, q.s.p. for pH = 2                                      
     Water, q.s.p.    100         ml                                           
PAR  This composition is applied regularly to all parts of the body that one
      wishes to tan.
PAR  At the end of 2 or 3 minutes a light coloration appears which after 15
      minutes assumes a very natural brown tone. This shade is rather resistant.
      However, if the shade is considered to be too dark, it can be lightened by
      washing with water and soap, makeup remover milk or eau de Cologne.
PAR  A product of this kind is much appreciated especially for "harmonizing" or
      "touching up" e.g. when there are white marks left by eyeglass frames on
      the nose or by shoulder straps on the shoulders.
PAR  Example 34 is repeated except that the 2-amino-3-hydroxy succinic aldehyde
      is replaced by an essentially equivalent amount of 2-ethylamino-3-hydroxy
      succinic aldehyde.
PAL  Example 35
PAR  The following composition in the form of white milk is prepared:
TBL  Cetyl stearyl alcohol, partly                                             
     oxyethylenated (sold commercially                                         
     as "Sipol wax" by the Sinnova                                             
     Company - France)       2.5      g                                        
     Wheat starch            2        g                                        
     Mixture of methyl, ethyl, butyl and                                       
     benzyl esters of para hydroxybenzoic                                      
     acid (sold commercially as "Nipa                                          
     ester 82521" by Nipa Company U.S.)                                        
                             0.19     g                                        
     Phenyl polysiloxane (sold                                                 
     commercially as "Rhodorsil Oil                                            
     47 V. 300" by Rhone-Poulenc Company-                                      
     France)                 0.2      g                                        
     10% solution of 2-methylamino                                             
     3-hydroxysuccinic aldehyde                                                
                             20       g                                        
     Na.sub.2 CO.sub.3, 2N, q.s.p. for pH 3                                    
     Perfume                 0.5      g                                        
     Water, q.s.p.           100      g                                        
PAR  When evenly applied to the skin, this milk affords a golden coloration in
      less than 10 minutes. The color reaches its maximum in at least an hour,
      looking just like natural tan. The coloration is resistant to baths, even
      in sea water.
PAL  Example 36
PAR  The following oleo-alcohol composition is prepared:
TBL  Colza oil               2        g                                        
     Isopropyl myristate     25       g                                        
     Ethyl alcohol, 96.degree. titer                                           
                             60       g                                        
     Perfume                 0.5      g                                        
     18% solution of 2-benzylamino-                                            
     3-hydroxysuccinic aldehyde (the pH                                        
     being adjusted to 3 by means of                                           
     Na.sub.2 CO.sub.3       12.5     g                                        
PAR  This composition is introduced into an aerosol can and, after sealing, 70 g
      of dichlorodifluoromethane are added. This composition is sprayed on any
      part of the body that is to be tanned. At the end of 15 minutes a light
      coloration begins to appear, which then darkens to a bronzed hue. This
      color resists fresh water, sea water, washing with soap, and makeup
      removers.
PAL  Example 37
PAR  There is prepared a solution of 2-amino-3-hydroxy succinic aldehyde, by
      heating for 10 minutes in a boiling water bath, 519 mg of
      2,5-dimethoxy-3-amino-4-hydroxy tetrahydrofuran in 10 cc N HCl. The pH of
      this solution is adjusted to between 3 and 4 by the addition thereto of
      sodium carbonate.
PAR  Bleached hair is impregnated with the above solution and heated under a
      hood for 30 to 45 minutes. At the end of this contact period, the hair is
      shampooed, rinsed and dried. The thus treated hair has an improved
      appearance, is flexible and more lively.
PAL  Example 38
PAR  A solution of 3-hydroxy-2-propylaminosuccinic aldehyde is prepared by
      heating for one hour in a boiling water bath 2.78 g of 2,5-dimethoxy
      2-hydroxy-3-propylamino tetrahydrofuran in 33.5 cc 1N HCl. The pH of this
      solution is adjusted to between 3 and 4 by the addition thereto of sodium
      carbonate.
PAR  As indicated in Example 37, previously bleached hair is treated with the
      solution thus prepared. The results are just as good as those reported in
      Example 37.
PAL  Example 39
PAR  A solution of 2[[2-(1,2-diformyl-2-hydroxy)ethylamino]ethyl]amino-3-hydroxy
      succinic aldehyde (also called ethylene diamino N,N'-bis
      (3-hydroxysuccinic)aldehyde having the formula:
      ##EQU6##
      is prepared by heating for one hour over a boiling water bath, 608 mg of
      3,3' ethylene diamino bis(4-hydroxy-2,5-dimethoxy) tetrahydrofuran in 10
      ml 1N HCl. The pH of this solution is adjusted to 3.5 by the addition
      thereto of sodium carbonate.
PAR  As indicated in Example 37, previously bleached hair is treated with the
      solution thus prepared. The results are just as good as those achieved in
      Examples 37 and 38.
PAL  Example 40
PAR  A solution of 3-hydroxy-2-piperidino succinic aldehyde is prepared by
      heating for 5 hours over a boiling water bath 3.5 of g 2,5-dimethoxy
      3-hydroxy-4-piperidino tetrahydrofuran in 40 cc of 1N HCl. The pH of this
      solution is adjusted to 4 by the addition thereto of sodium carbonate.
PAR  As indicated in Example 37, previously bleached hair is treated with the
      solution thus prepared and the results obtained are just as good as those
      reported in Examples 37-39.
PAL  Example 41
PAR  A solution of quaternary ammonium salt of 3-hydroxy-2-trimethylammonium
      succinic aldehyde is prepared by dissolving 2.53 g of
      2,5-dimethoxy-4-hydroxy-3-trimethylammonium tetrahydrofuran methosulfate
      in 15 ml 1N NaOH and adding to this solution after it has stood overnight,
      at ambient temperature, 15 ml of 2N HCl and heating for 43 hours over a
      boiling water bath. The pH of this solution is adjusted between 3 and 4 by
      the addition thereto of sodium carbonate.
PAR  As indicated in Example 37, previously bleached hair is treated with the
      solution thus prepared. The results obtained are just as good as in the
      previous examples.
PAL  Example 42
PAR  The following composition is prepared:
TBL  0.376 M solution of 2-isopropyl-                                          
     amino-3-hydroxy succinic aldehyde                                         
                            50        cc                                       
     Ethyl alcohol, 96.degree. titer                                           
                            40        cc                                       
     Glycerine              2         cc                                       
     Perfume                0.1       cc                                       
     Sodium bicarbonate, q.s.p.                                                
                            pH 3                                               
     Water, q.s.p.          100       cc                                       
PAR  The resulting composition when applied to those parts of the body desired
      to be tanned, imparts thereto a brown shade.
PAR  Example 42 is repeated except that the 2-isopropylamino-3-hydroxy succinic
      aldehyde is replaced by (a) 2-propyl-3-hydroxy succinic aldehyde, (b)
      2-di-.beta.-hydroxyethylamino-3-hydroxy succinic aldehyde, (c)
      2-[(1,2-diformyl-2-hydroxy) ethylamino]-3-hydroxy succinic aldehyde (d)
      2[[2-(1,2-diformyl-2-hydroxy) ethylamino]ethyl] amino-3-hydroxy succinic
      aldehyde and (e) 2-dimethylamino-3-hydroxysuccinic aldehyde. Good results
      were achieved in all five cases.
PAL  Example 43
PAR  The following composition is prepared:
TBL  0.372 M Solution of 2-butylamino-3-                                       
     hydroxy succinic aldehyde                                                 
                            15        cc                                       
     Oleyl alcohol condensed with 10                                           
     moles ethylene oxide   5         g                                        
     Carboxymethyl cellulose                                                   
                            2         g                                        
     Orthohydroxy quinoline sulfate                                            
                            0.1       g                                        
     Silicone oil           1         g                                        
     2N sodium carbonate, q.s.p.                                               
                            pH 3                                               
     Perfume                1         g                                        
     Water, q.s.p.          100       g                                        
PAR  This composition is applied to the skin to be tanned. The desired, very
      natural brown color appears ten minutes following application. The
      resistance of the coloration achieved to even soapy water increases with
      the length of the application time.
PAL  Example 44
TBL                Tanning Milk                                                
     ______________________________________                                    
     Cetyl stearyl alcohol condensed                                           
     with 13 moles ethylene oxide                                              
                            7         g                                        
     Phenyl polysiloxane (sold under                                           
     the name "Rhodorsil Oil 47 V 300"                                         
     by Rhone-Poulenc Company)                                                 
                            1         g                                        
     Diethyleneglycol stearate                                                 
                            6         g                                        
     Methyl parahydroxy benzoate                                               
                            0.1       g                                        
     Propyl parahydroxy benzoate                                               
                            0.1       g                                        
     0.411 M solution of 2-hexylamino-                                         
     3-hydroxy succinic aldehyde                                               
                            25        cc                                       
     2N sodium carbonate, q.s.p.                                               
                            pH 2.5                                             
     Water, q.s.p.          100       g                                        
     ______________________________________                                    
PAR  When applied to the skin, this bronzing or tanning milk reaches maximum
      intensity of coloration in about two hours. The coloration is a very
      natural golden shade which resists removal by water.
PAL  Example 45
TBL                Tanning Cream                                               
     ______________________________________                                    
     Cetyl stearyl alcohol condensed                                           
     with 13 moles of ethylene oxide                                           
                            2.6       g                                        
     Cetyl alcohol          2.6       g                                        
     Stearic acid           0.6       g                                        
     Castor oil             6.85      g                                        
     Sweet almond oil       1.3       g                                        
     C.sub.12 -C.sub.14 alcohol condensed with                                 
     10.5 moles ethylene oxide                                                 
                            0.3       g                                        
     Ethyl para amino benzoate                                                 
                            0.2       g                                        
     Isopropyl myristate    4.5       g                                        
     Perfume                0.3       g                                        
     0.372 M solution of 2-cyclohexyl-                                         
     amino-3-hydroxy succinic aldehyde                                         
                            35        cc                                       
     2 N sodium carbonate, q.s.p.                                              
                            pH 3.5                                             
     Water, q.s.p.          100       cc                                       
     ______________________________________                                    
PAR  The resulting cream is colored light beige and when applied on the portions
      of the skin to be tanned, the coloration starts to appear in about 15
      minutes and reaches its maximum intensity in about 2 hours. The color
      obtained is a pretty natural chestnut shade which resists quite well even
      soapy water. Example 46
PAR  10 grams of previously bleached hair are impregnated with 25 cc of a
      solution of 0.425 M 2-hydroxy-3-trimethylammonio succinic aldehyde
      prepared by acid hydrolysis of the corresponding tetrahydrofuran. The pH
      of the solution is adjusted to 3 by the addition thereto of sodium
      bicarbonate. The solution is permitted to remain in contact with the hair
      for 30 minutes at a temperature of 50.degree.C, after which the hair is
      rinsed and dried. As a result of this treatment the hair has an improved
      appearance, is more flexible and more soft.
PAL  Example 47
PAR  To hair which has previously been permanently waved there is applied a
      0.512 M solution of 2-hydroxy-3-dimethyl benzyl ammonio succinic aldehyde
      prepared by acid hydrolysis of the corresponding tetrahydrofuran. The pH
      of said solution being adjusted to 4 by the addition thereto of sodium
      bicarbonate. This solution is permitted to remain in contact with the hair
      for 40 minutes at 30.degree.C, after which the hair is rinsed and dried.
      The thus treated hair has a very agreeable look and is more soft to the
      touch than the hair prior to said treatment. Example 48
PAR  Bleached hair is impregnated for a period of 30 minutes at 30.degree.C with
      a 0.362 M solution of 2-hydroxy-3-diethylmethyl ammonio succinic aldehyde
      prepared by acid hydrolysis of the corresponding tetrahydrofuran. The pH
      of the solution is adjusted to 3.5 by the addition thereto of sodium
      bicarbonate. The thus treated hair is then rinsed after which a hair
      setting lotion comprising 0.4% aqueous solution of a copolymer of
      polyvinyl pyrrolidone and vinyl acetate having a viscosity of 3.5 to 4
      centipoises in a 5% solution in ethanol having a pH of 3.5 is applied
      thereto. The hair is then rolled on curlers and dried. Excellent results
      are obtained including the imparting of a brilliant sheen to the hair.
PAL  Example 49
PAR  Previously bleached hair is impregnated with a 0.437 M solution of
      2-hydroxy-3-(methyl morpholino) succinic anhydride, the pH of which had
      been adjusted to 2.5 by the addition thereto of powdered sodium carbonate.
      The solution remained in contact with the hair for a period of 30 minutes
      at a temperature of 45.degree.C. The hair was then rinsed and set in the
      customary way.
PAR  After drying the hair is more easy to style and less electric than hair not
      treated with said solution.
PAL  Example 50
PAR  To previously bleached hair there is applied for a period of about 30
      minutes at 50.degree.C the following solution:
TBL  0.484 M solution of 2-hydroxy-3-                                          
     (methyl piperidino) succinic aldehyde                                     
                            100       cc                                       
     Sodium bicarbonate, q.s.p.                                                
                            pH 3                                               
PAR  Thereafter the hair is rinsed, rolled on curlers and dried under a hood.
      The hair thus treated is lively and less electric and more easy to style
      than hair not treated as described.
PAL  Example 51
PAR  To hair that has been previously bleached and then dyed, there is applied a
      0.353 M solution of 2-diethylamino-3-hydroxy succinic aldehyde, the pH of
      which has been adjusted to 2.5 by the addition thereto of sodium
      carbonate. The solution is permitted to remain in contact with the hair
      for a period of 30 minutes at 50.degree.C. The hair is then rinsed, set in
      the usual fashion and dried under a hood. The thus treated hair is more
      brilliant and less subject to tangling than hair not treated with the
      solution described above.
PAL  Example 52
PAR  Previously bleached hair is shampooed with an acidic cationic shampoo
      composition and then dried. Thereafter the hair is impregnated with 100 cc
      of a 0.268 M solution of 2-bis-(.beta.-hydroxyethyl amino-3-hydroxy
      succinic aldehyde, the pH of which has been adjusted to 2.5 by the
      addition thereto of sodium bicarbonate, for a period of about 30 minutes
      at 45.degree.C. To the thus treated hair there is then applied the
      following hair setting solution:
TBL  Copolymer of polyvinylpyrrolidone                                         
     and vinyl acetate 60/40 having                                            
     a viscosity of 3.5 to 4 centipoises                                       
     in 5% solution in ethanol                                                 
                            5         g                                        
     Ethyl alcohol, 96.degree. titer                                           
                            25        cc                                       
     Trimethyl cetyl ammonium bromide                                          
                            0.1       g                                        
     Powdered sodium bicarbonate, q.s.p.                                       
                            pH 2.5                                             
     Water, q.s.p.          100       cc                                       
PAR  The hair is then rolled on curlers and again saturated with the above hair
      setting solution. After drying, the hair is lively and holds a good set.
PAL  Example 53
PAR  An oleo-ethanolic composition for tanning the skin is prepared as follows:
TBL  Olive oil               4        g                                        
     Isopropyl palmitate     35       g                                        
     Ethyl alcohol - 96.degree. titer                                          
                             48       g                                        
     Perfume                 0.5      g                                        
     16% solution of 2-butylamino-                                             
     3-hydroxy succinic aldehyde                                               
     (pH being adjusted to 4.75                                                
     by triethanol amine)    12.5     g                                        
PAR  This composition is packaged in an aerosol container and after sealing,
      there are introduced 70 g of dichlorodifluoromethane.
PAR  The composition when sprayed onto those portions of the body desired to be
      tanned, immediately produces a medium brown coloration which resists
      fading by water.
PAL  Example 54
PAR  An oleo-ethanolic composition for tanning the skin is prepared as follows:
TBL  Cocoa oil               0.5      g                                        
     Isopropyl myristate     10       g                                        
     Ethyl alcohol, 96.degree. titer                                           
                             75       g                                        
     Perfume                 0.5      g                                        
     12% solution of 2-ethylamino-                                             
     3-hydroxy succinic aldehyde                                               
     (pH being adjusted to 3.5                                                 
     by triethanol amine)    14       g                                        
PAR  This composition is packaged in an aerosol container and after sealing, 70
      g of dichlorodifluoromethane are introduced therein.
PAR  The composition when sprayed onto those portions of the body to be tanned
      immediately produces a medium brown color which is resistant to fading by
      water.
PAL  Example 55
PAR  An oleo-ethanolic composition for tanning the skin is prepared as follows:
TBL  Peanut oil              2        g                                        
     Isopropyl palmitate     20       g                                        
     Ethyl alcohol, 96.degree. titer                                           
                             63       g                                        
     Perfume                 0.5      g                                        
     15% solution of 2-benzylamino-                                            
     3-hydroxy succinic aldehyde                                               
     (pH being adjusted to 3 by                                                
     triethanolamine)        12.5     g                                        
PAR  This composition is packaged in an aerosol container and after sealing,
      there are introduced 70 g of dichlorodifluoromethane.
PAR  The composition when sprayed onto those portions of the body to be tanned
      produces in about 15 minutes a light coloration which then darkens to a
      bronzed hue over the succeeding 5 hour period. The color achieved is
      resistant to fading by water.
PAL  Example 56
PAR  An oleo-ethanolic composition for tanning the skin is prepared as follows:
TBL  Peanut oil              5        g                                        
     Isopropyl myristate     40       g                                        
     Ethyl alcohol, 96.degree. titer                                           
                             44.5     g                                        
     Perfume                 0.5      g                                        
     18% solution of 2-di-.beta.-                                              
     hydroxy-ethylamino-3-hydroxy                                              
     succinic addehyde (pH being                                               
     adjusted to 3.8 with                                                      
     triethanolamine)        10       g                                        
PAR  This composition is packaged in an aerosol container and after sealing the
      same 70 g of dichlorodifluoromethane are introduced therein.
PAR  The composition when sprayed onto those parts of the body to be tanned
      immediately produces a golden brown coloration.
PAL  Example 57
PAR  An oleo-ethanolic composition for tanning the skin is prepared as follows:
TBL  Palm oil                0.2      g                                        
     Isopropyl palmitate     5        g                                        
     Ethyl alcohol, 96.degree. titer                                           
                             74.3     g                                        
     Perfume                 0.5      g                                        
     14% solution of 2-hexylamino-                                             
     3-hydroxy succinic aldehyde                                               
     (the pH being adjusted to 3                                               
     with triethanolamine)   20       g                                        
PAR  This composition is packaged in an aerosol container, and after sealing, 70
      g of dichlorodifluoromethane are introduced therein.
PAR  The composition when sprayed onto those parts of the body to be tanned
      imparts thereto after about 20 minutes, a golden shade which is resistant
      to fading by water.
PAL  Example 58
PAR  An aqueous gel formation for tanning the skin is prepared as follows:
TBL  9% solution of 2-propylamino-                                             
     3-hydroxy succinic aldehyde                                               
                            20        cc                                       
     Nonylphenol oxyethylenated with                                           
     8 moles of ethylene oxide                                                 
                            10        g                                        
     Ethyl cellulose        1         g                                        
     Methyl para-hydroxy benzoate                                              
                            0.1       g                                        
     Silicone oil           1         g                                        
     Sodium carbonate, 2N, q.s.p.                                              
                            pH        5                                        
     Perfume                1         g                                        
     Water, q.s.p.          100       g                                        
PAR  This composition when applied to those parts of the body to be tanned
      immediately imparts thereto a brownish coloration.
PAL  Example 59
PAR  An aqueous gel composition for tanning the skin is prepared as follows:
TBL  18.8% solution of 2-(.beta.-hydroxy-                                      
     ethylamino)-3-hydroxy succinic                                            
     aldehyde               25        cc                                       
     Oleyl alcohol condensed with 12                                           
     moles of ethylene oxide                                                   
                            9         g                                        
     Methyl cellulose       2.5       g                                        
     Ortho-hydroxy quinoline sulfate                                           
                            0.1       g                                        
     Sodium carbonate, 2N, q.s.p.                                              
                            pH 3                                               
     Perfume                1         g                                        
     Water, q.s.p.          100       g                                        
PAR  This composition when applied to those parts of the body to be tanned,
      instantly provides an intense golden brown coloration.
PAL  Example 60
PAR  An aqueous gel composition for tanning the skin is prepared as follows:
TBL  A solution of 0.855 mole of                                               
     2-[(1,2-diformyl-2-hydroxy)                                               
     ethylamino]-3-hydroxy succinic                                            
     aldehyde of the formula                                                   
     HO--CH--CH--NH--CH--CHOH                                                  
     .vertline..vertline..vertline..vertline.                                  
     CHOCHOCHOCHO           10        cc                                       
     Lauryl alcohol oxyethylenated with                                        
     6 moles of ethylene oxide                                                 
                            13        g                                        
     Isopropyl cellulose    1.5       g                                        
     Ortho-hydroxy quinoline sulfate                                           
                            0.1       g                                        
     Silicone oil           0.8       g                                        
     Sodium carbonate, 2N, q.s.p.                                              
                            pH 3                                               
     Perfume                1         g                                        
     Water, q.s.p.          100       g                                        
PAR  This composition when applied to those parts of the body to be tanned
      provide yellow brown coloration 10 minutes after application.
PAL  Example 61
PAR  An aqueous gel composition for tanning the skin is prepared as follows:
TBL  Carboxylic derivative of imidazole                                        
     of the formula                                                            
     OHCH.sub.2 --COONa                                                        
     .vertline.                                                                
     C.sub.11 H.sub.23 --C----N.angle.                                         
     .parallel..vertline.                                                      
     NCH.sub.2 CH.sub.2 --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --COONa            
     .angle.                                                                   
     CH.sub.2                                                                  
     sold under the name "MIRANOL C2M"                                         
                            3         g                                        
     Crosslinked polyacrylic acid sold                                         
     under the mark "CARBOPOL 934"                                             
                            1.5       g                                        
     11% solution of 2-benzylamino-3-                                          
     hydroxy succinic aldehyde                                                 
                            36        g                                        
     Water, q.s.p.          100       g                                        
                            pH = 4.5                                           
PAR  This gel when applied uniformly on the skin produces after a 15 minute
      period a light brown coloration which intensifies and stabilizes at the
      end of 5-8 hours to a bronzed hue. The coloration achieved remarkably
      resists fading by soft water and sea water.
PAL  Example 62
PAR  An aqueous gel composition for tanning skin is prepared as follows:
TBL  Carboxylic derivative of                                                  
     imidazole (as in Example 61)                                              
                            3         g                                        
     Cross-linked polyacrylic acid                                             
     sold under the name "CARBOPOL 940"                                        
                            0.8       g                                        
     6% solution of 2-methylamino-3-                                           
     hydroxy succinic aldehyde                                                 
                            12        g                                        
     Sodium carbonate, 2N, q.s.p.                                              
                            pH 5.5                                             
     Water, q.s.p.          100       g                                        
PAR  This gel when applied uniformly on the skin provides in less than 10
      minutes an intense brown coloration.
PAL  Example 63
PAR  An oil-in-water emulsion composition for tanning the skin is prepared as
      follows:
TBL  Cetyl-stearyl alcohol (30%-70%)                                           
     partially oxyethylenated and sold                                         
     under the name "Cire de Sipol AO"                                         
     (F.degree.=46.degree.C; iodine number  2;                                 
     hydroxy number = 185-190)                                                 
                            5         g                                        
     Light vaseline oil     6         g                                        
     Isopropyl myristate    3         g                                        
     White glycerine        10        g                                        
     Perfume                0.3       g                                        
     17% solution of 2[[2-(1,2-diformyl-                                       
     2-hydroxy)ethylamino]ethyl] amino-                                        
     3 hydroxy succinic aldehyde (also                                         
     called ethylene diamino N,N'-bis                                          
     (3-hydroxy succinic aldehyde) of                                          
     the formula:           20        g                                        
     HO--CH--CH--NH--CH.sub.2 --CH.sub.2 --NH--CH--CHO                         
     .vertline..vertline..vertline..vertline.                                  
     CHOCHOCHOCHO                                                              
     Sodium carbonate, 2N, q.s.p.                                              
                            pH 4                                               
     Water, q.s.p.          100 g                                              
PAR  This cream when applied to those portions of the body to be tanned
      provides, in less than 10 minutes, a chestnut coloration which resists
      fading by water.
PAL  Example 64
PAR  An oil-in-water emulsion composition for tanning the skin is prepared as
      follows:
TBL  Cetyl-stearyl alcohol (30%-70%)                                           
     partially oxyethylenated and sold                                         
     under the name "Cire de Sipol AO"                                         
                            6         g                                        
     Perhydrosqualene       4         g                                        
     Isopropyl myristate    2         g                                        
     White glycerine        15        g                                        
     Perfume                0.3       g                                        
     19% solution of 2-isopropylamino-                                         
     3-hydroxy succinic aldehyde                                               
                            30        g                                        
     Sodium carbonate, 2N, q.s.p.                                              
                            pH 4                                               
     Water, q.s.p.          100       g                                        
PAR  This composition when applied to the body provides very rapidly a medium
      brown coloration.
PAL  Example 65
PAR  An oil-in-water emulsion composition for tanning the skin is prepared as
      follows:
TBL  Cetyl-stearyl alcohol (30%-70%)                                           
     partially oxyethylenated and sold                                         
     under the name "Cire de Sipol AO"                                         
                            3         g                                        
     Light vaseline oil     7         g                                        
     Isopropyl palmitate    10        g                                        
     Light glycerine        8         g                                        
     Crosslinked polyacrylic acid                                              
     sold under the name "CARBOPOL 941"                                        
                            5         g                                        
     Perfume                0.3       g                                        
     12% solution of 2-ethylamino-3-                                           
     hydroxy succinic aldehyde                                                 
                            20        g                                        
     Sodium carbonate, 2N, q.s.p.                                              
                            pH 4.75                                            
     Water, q.s.p.          100       g                                        
PAR  This cream when applied to the skin provides very rapidly a medium brown
      coloration.
PAL  Example 66
PAR  An oil-in-water emulsion composition for tanning the skin is prepared as
      follows;
TBL  Vaseline oil           18        g                                        
     Glycerine              4.5       g                                        
     Stearyl alcohol oxyethylenated                                            
     and sold under the name                                                   
     "POLAWAX CP 200"       2.4       g                                        
     15% solution of 2-hexylamino-3-                                           
     hydroxy succinic aldehyde                                                 
                            29        g                                        
     Sodium carbonate, 2N, q.s.p.                                              
                            pH 3.5                                             
     Water, q.s.p.          60        g                                        
PAR  This composition is packaged in an aerosol container and after sealing, 10
      g of dichlorodifluoromethane are added. When the composition is applied as
      a foam on these portions of the body to be tanned, a golden shade is
      produced in 15 minutes and is intensified and stabilized after about 5-8
      hours. The coloration achieved resists fading by water remarkably well.
PAL  Example 67
PAR  An oil-in-water emulsion composition for tanning the skin is prepared as
      follows:
TBL  Cetyl-stearyl alcohol (10% sulfated -                                     
     90% not sulfated) sold under the                                          
     name "Cire de Lanette SX"                                                 
                            3         g                                        
     Isopropyl myristate    5         g                                        
     Olive oil              0.5       g                                        
     Lauryl alcohol oxyethylenated with                                        
     12 moles of ethylene oxide                                                
                            0.5       g                                        
     Palm oil               0.2       g                                        
     Perfume                0.5       g                                        
     Cetyl alcohol          4         g                                        
     Crosslinked polyacrylic acid                                              
     sold under the name "CARBOPOL 940"                                        
                            0.5       g                                        
     8% solution of 2-dimethylamino-3-                                         
     hydroxy succinic aldehyde                                                 
                            5         g                                        
     Triethanolamine, q.s.p.                                                   
                            pH 5.2                                             
     Water, q.s.p.          100       g                                        
PAR  This cream when applied to the skin instantly imparts thereto an intense
      brown coloration.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cosmetic composition for coloring the skin having a pH between 2-5 and
      consisting essentially of a solution containing
PA1  1. 0.5-12 percent by weight of an aminated aldehyde of the formula
      ##EQU7##
      wherein R.sub.1 is selected from the group consisting of hydrogen, methyl
      and hydroxyethyl, R.sub.2 is selected from the group consisting of
      hydrogen, methyl, ethyl, propyl, isopropyl, butyl, hexyl, hydroxyethyl,
      cyclohexyl, benzyl, (1,2-diformyl-2-hydroxy) ethyl and
      2-[(1,2-diformyl-2-hydroxy) ethylamino] ethyl and R.sub.1 and R.sub.2
      together with the nitrogen atom to which they are attached form
      piperidinyl;
PA1  2.
NUM  2.
PAR  2. 0.2-5 percent of a member selected from the group consisting of colza
      oil, olive oil, peanut oil, cocoa oil and palm oil;
PA1  3. 5-40 percent by weight of a lower alkyl ester selected from the group
      consisting of isopropyl myristate and isopropyl palmitate; and
PAR  4. 35-80 percent by weight of ethanol. 2. The composition of claim 1
      wherein said aldehyde is selected from the group consisting of
      2-amino-3-hydroxysuccinic aldehyde, 2-methylamino-3-hydroxysuccinic
      aldehyde, 2-ethylamino-3-hydroxy- succinic aldehyde,
      2-butylamino3-hydroxysuccinic aldehyde, 2-propylamino-3-hydroxysuccinic
      aldehyde, 2-isopropylamino-3-hydroxysuccinic aldehyde,
      2-di-.beta.-hydroxyethylamino-3-hydroxysuccinic aldehyde,
      2-hexylamino-3-hydroxysuccinic aldehyde, 2-benzylamino-3-hydroxysuccinic
      aldehyde, 2-cyclohexylamino-3-hydroxysuccinic aldehyde,
      2-[(1,2-diformyl-2-hydroxy)ethylamino]-3-hydroxysuccinic aldehyde
      2[[2-(1,2-diformyl-2-hydroxy)ethylamino]ethyl] amino-3-hydroxysuccinic
      aldehyde and 2-dimethylamino-3-hydroxysuccinic aldehyde.
NUM  3.
PAR  3. A cosmetic composition for coloring the skin having a pH between 2-5 and
      consisting essentially of
PA1  1. 1-15 weight percent of a surface active agent selected from the group
      consisting of (A) fatty alcohol having 12-18 carbon atoms and
      oxyethylenated with 4-15 moles of ethylene oxide, (B) nonylphenol
      oxyethylenated with 6-12 moles of ethylene oxide and (C)
      ##EQU8##
PAR   2. 0.5-4 weight percent of a thickening agent selected from the group
      consisting of
PA1  A. cellulose ether,
PA1  B. carboxymethyl cellulose and
PA1  C. crosslinked polyacrylic acid having a Brookfield viscosity, measured in
      a 0.5% solution neutralized to a pH of 7 with NaOH, of 8,900 - 43,000
      centipoises;
PA1  3. 0-2 weight percent of silicone oil;
PA1  4. 0.5-12 weight percent of an aminated aldehyde of the formula
      ##EQU9##
      wherein R.sub.1 is selected from the group consisting of hydrogen, methyl
      and hydroxyethyl, R.sub.2 is selected from the group consisting of
      hydrogen, methyl, ethyl, propyl, isopropyl, butyl, hexyl, hydroxyethyl,
      cyclohexyl, benzyl, (1,2-diformyl-2-hydroxy) ethyl and
      2-[(1,2-diformyl-2-hydroxy) ethylamino] ethyl and R.sub.1 and R.sub.2
      together with the nitrogen atom to which they are attached form
      piperidinyl; and
PAR  5. the remainder consisting essentially of water.
NUM  4.
PAR  4. The composition of claim 3 wherein said aldehyde is selected from the
      group consisting of 2-amino-3-hydroxysuccinic aldehyde,
      2-methylamino-3-hydroxysuscinic aldehyde,
      2-ethylamino-3-hydroxy-3-succinic aldehyde, 2-butylamino-3-hydroxysuccinic
      aldehyde, 2-propylamino-3-hydroxysuccinic aldehyde,
      2-isopropylamino-3-hydroxysuccinic aldehyde,
      2-di-.beta.-hydroxyethylamino-3-hydroxysuccinic aldehyde,
      2-hexylamino-3-hydroxysuccinic aldehyde, 2-benzylamino-3-hydroxysuccinic
      aldehyde, 2-cyclohexylamino-3-hydroxysuccinic aldehyde,
      2-[(1,2-diformyl-2-hydroxy)ethylamino]-3-hydroxysuccinic aldehyde,
      2[[2-(1,2-diformyl-2-hydroxy) ethylamino]ethyl]amino-3-hydroxysuccinic
      aldehyde and 2-dimethylamino-3-hydroxysuccinic aldehyde.
NUM  5.
PAR  5. A cosmetic composition for coloring the skin having a pH between 2-5 and
      consisting essentially of
PA1  1. 2-15 percent by weight of a fatty alcohol having 12-18 carbon atoms
      oxyethylenated with 10-15 moles of ethylene oxide as a surface active
      agent;
PA1  2. 0-20 percent by weight of a component selected from the group consisting
      of light vaseline oil, perhydrosqualene, sweet almond oil, ricin oil,
      colza oil, olive oil, peanut oil, cocoa oil, palm oil, isopropyl
      palmitate, isopropyl myristate, fatty alcohol having 16 carbon atoms and
      saturated fatty acid having 18 carbon atoms;
PA1  3. 0-6 percent by weight of a thickening agent selected from the group
      consisting of (A) starch, (B) crosslinked polyacrylic acid having a
      Brookfield viscosity measured in a 0.5% solution neutralized to a pH of 7
      with NaOH of 8,900 - 43,000 centipoises, (C) diethylene glycol stearate;
PA1  4. 0-15 weight percent glycerine; and
PA1  5. 0.5-12 weight percent of an aminated aldehyde of the formula
      ##EQU10##
      wherein R.sub.1 is selected from the group consisting of hydrogen, methyl
      and hydroxyethyl, R.sub.2 is selected from the group consisting of
      hydrogen, methyl, ethyl, propyl, isopropyl, butyl, hexyl, hydroxyethyl,
      cyclohexyl, benzyl, (1,2-diformyl-2-hydroxy) ethyl and
      2-[(1,2-diformyl-2-hydroxy) ethylamino] ethyl and R.sub.1 and R.sub.2
      together with the nitrogen atom to which they are attached form
      piperidinyl; and
PA1  6.
NUM  6.
PAR  6. the remainder consisting essentially of water. 6. The composition of
      claim 5 wherein said aldehyde is selected from the group consisting of
      2-amino-3-hydroxysuccinic aldehyde, 2-methylamino-3-hydroxysuccinic
      aldehyde,
PA1  2-ethylamino-3-hydroxy-3-succinic aldehye, 2-butylamino-3-hydroxysuccinic
      aldehyde, 2-propylamino-3-hydroxysuccinic aldehyde,
      2-isopropylamino-3-hydroxysuccinic aldehyde,
      2-di-.beta.-hydroxyethylamino-3-hydroxysuccinic aldehyde,
      2-hexylamino-3-hydroxysuccinic aldehyde, 2-benzylamino-3-hydroxysuccinic
      aldehyde, 2-cyclohexylamino-3-hydroxysuccinic aldehyde,
      2-[(1,2-diformyl-2-hydroxy)ethylamino]-3-hydroxysuccinic aldehyde,
      2[[2-(1,2-diformyl-2-hydroxy)ethylamino]ethyl] amino-3-hydroxysuccinic
      aldehyde and 2-dimethylamino-3-hydroxysuccinic aldehyde.
NUM  7.
PAR  7. A cosmetic composition for coloring the skin having a pH between 2-5 and
      consisting essentially of a solution in a solvent selected from the group
      consisting of water and an aqueous alcohol solution wherein the alcohol
      component is selected from the group consisting of ethanol and isopropanol
      present in an amount of about 10-90 weight percent of the total
      composition, of 0.5-12 percent by weight of said composition of an
      aminated aldehyde selected from the group consisting of
      2-ethylamino-3-hydroxy succinic aldehyde, 2-propylamino-3-hydroxy succinic
      aldehyde, 2-di-.beta.-hydroxyethylamino-3-hydroxy succinic aldehyde,
      2-[(1,2-diformyl-2-hydroxy) ethylamino]-3-hydroxy succinic aldehyde,
      2[[2-(1,2-diformyl-2-hydroxy) ethylamino]ethyl] amino-3-hydroxy succinic
      aldehyde and 2-dimethylamino-3-hydroxy succinic aldehyde.
NUM  8.
PAR  8. The composition of claim 7 which also includes about 0.5-5 weight
      percent glycerine.
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ABST
PAL  In the delayed antibiotic treatment of contaminated open wounds by the
      administration of an antibiotic, the improvement comprising applying to
      the surface of the said wound, as an adjunct to said antibiotic treatment,
      a proteolytic enzyme in amounts sufficient to potentiate the activity of
      said antibiotic.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improvement in the antibiotic prophylaxis of
      contaminated wounds. More particularly, the invention is directed to a
      method of potentiating the activity of antibiotics employed
      therapeutically in the treatment of contaminated open wounds to prevent
      the subsequent development of infection therein.
PAC  BACKGROUND OF THE INVENTION
PAR  Antibiotics have long been used prophylactically in the treatment of
      contaminated wounds whether inflicted surgically or through injury. The
      success of the antibiotics in these treatments is directly related to the
      time in which the antibiotic is administered. If the contaminated wound is
      treated with the antibiotic immediately the development of infection is
      prevented. Should there be a delay in the antibiotic treatment, however,
      the therapeutic value of the antibiotic is minimized, especially in the
      case of contaminated open wounds where the failure of delayed antibiotic
      treatment to prevent infection is particularly evident. It has been found,
      for instance, that contaminated open wounds subjected to closure as little
      as three hours after injury become infected despite treatment with
      antibiotics at the time of closure. It is highly likely then that a large
      number of wounds are destined to develop infection despite antibiotic
      therapy since traumatic injuries incurred in either military conflicts or
      civilian accidents are subjected to an inevitable delay in treatment, the
      most rapid and modern rescue transit systems, notwithstanding.
PAR  That there exists, therefore, a real need for a method that improves or
      enhances the therapeutic value of antibiotics in these cases where
      treatment of contaminated open wounds is delayed is readily apparent.
      Satisfaction of this need is the main object of the invention. Other
      objects will become apparent to those of ordinary skill in the art as the
      description of the invention proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention it has been found that in the antibiotic
      treatment of contaminated open wounds to prevent or at least reduce the
      subsequent development of infection therein the therapeutic activity of
      the antibiotic is potentiated by applying onto the surface of the wound,
      as an adjunct to the antibiotic treatment, a proteolytic enzyme.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The mechanism and precise manner by which the proteolytic enzyme
      potentiates the effectiveness of the antibiotics is not completely
      understood. It is believed, however, that the mechanism that accounts for
      the success of the enzymes as adjuncts to the antibiotic treatment is that
      the enzymes facilitate contact of the antibiotic with the bacteria. The
      reason for the failure of antibiotics to prevent infection in the delayed
      treatment of contaminated wounds is attributed to the film of
      proteinaceous coagulum the body tends to form on the surface of open
      wounds. This coagulum in the course of its development apparently
      surrounds the bacteria and prevents the antibiotic from gaining access to
      the pathogen. The proteolytic enzyme works on the coagulum to disrupt or
      otherwise break it down thereby permitting access of the antibiotic to the
      otherwise entrapped or shielded bacteria.
PAR  By the term "adjunct" as used herein and in the appended claims is meant
      use of the proteolytic enzymes jointly with the antibiotic treatment and
      includes use either prior to, simultaneous with or after administration of
      the antibiotic. Application of the proteolytic enzyme before or
      simultaneously with the antibiotic treatment is preferred but application
      of the proteolytic enzyme immediately after systemic administration of the
      antibiotic is feasible. Best results are achieved, however, by application
      of the proteolytic enzyme prior to the antibiotic treatment.
PAR  Application of the proteolytic enzymes can be effected, for instance, by
      using a suitable solution of the enzyme, preferably a saline solution, and
      applying the enzyme solution to the wound in a conventional manner. The
      use of ointments of the enzymes or similar carrier mediums which tend to
      limit the enzymes contact with the wound or are otherwise deleterious to
      the wound and impair its ability to resist infection should be avoided.
      Certain ointments containing the proteolytic enzyme, for instance, have
      failed to alter the infection rate of the contaminated wounds. The time in
      which the enzyme is in contact with the wound prior to the application of
      the antibiotic has been correlated with its effectiveness as an adjunct to
      delayed antibiotic treatment. By the term "delayed antibiotic treatment"
      as used herein is meant that period of time after infliction of the wound
      after which antibiotic treatment alone will not prevent the development of
      infection. While minimum contact of the proteolytic enzyme with the wound
      before administration of the antibiotic, as where the antibiotic is
      administered immediately after application of the enzyme, provides
      substantial reduction in the rate of subsequently developed infection,
      greater effectiveness is achieved when a contact period of several
      minutes, for example, at least about 10 minutes, for the enzyme is
      allowed. Also, though single treatments with the proteolytic enzyme will
      potentiate the effects of delayed antibiotic activity it is preferred to
      use multiple applications of the proteolytic enzyme. The effectiveness of
      the proteolytic enzymes as an adjunct to delayed antibiotic treatment is
      enhanced by multiple treatments of the wounds with the enzymes.
PAR  In accordance with a preferred embodiment of the invention, after the
      enzyme has contacted the wound for a desired period of time, the wound is
      blotted with a dry gauze sponge. Blotting of proteolytic enzyme wounds
      treated in this manner have been found to remove bacteria from the wounds
      in far greater numbers than when the wounds are treated with saline.
      Cleansing of the proteolytic enzyme-treated wound by blotting with gauze
      sponge, however, removes only a small percentage of the total number of
      bacteria in the wound. The level of bacteria remaining after the blotting
      still remains well above the mean dose of bacteria necessary to produce
      infection and therefore although contributing to the potentiation of the
      effectiveness of the antibiotic its role is minor compared to the
      potentiation occuring through the enzymatic hydrolysis of the wound
      coagulum which enhances accessibility of the antibiotic to the bacteria.
PAR  The dosage of proteolytic enzyme will vary depending primarily upon the
      particular enzyme and antibiotic employed. In all cases, however, an
      effective amount sufficient to potentiate the activity of the antibiotic
      is utilized. Generally this concentration falls in the range of at least
      about 2,000 N.F. units per wound up to 50,000 or more N.S. units per
      wound, preferably about 20,000 to 30,000 N.F. units per wound.
PAR  Proteolytic enzymes, also commonly referred to as proteinases or proteases,
      by definition are enzyme compounds which hydrolyze, digest, depolymerize
      or otherwise degrade or decompose protein. Illustrative of proteolytic
      enzymes suitable for use in the invention are tripsin, pepsin, rennin,
      chymotrypsin, pankrin, enterokinase, chymopapain, ficin, bromelin, B.
      subtilis proteinase, insulinase, aspergillus proteinase, carboxypeptidase,
      protaminase, asparaginase, cerevase and rapidase. If desired, mixtures of
      proteolytic enzymes can be used.
PAR  The antibiotics employed in the present invention may be any of those
      commonly employed in the therapeutic treatment of contaminated open wounds
      of animals including man. Administration of the antibiotics can be either
      topically or systemically. The route by which the antibiotic is
      administered does not preclude use of the proteolytic enzymes. As examples
      of suitable antibiotics for use in the invention there can be included the
      "pencillins" such as Penicillin G, N, O and V, nafcillin, methicillin,
      oxacillin benzylpenicillin and the like; cephalosporins such as
      cephalolexin, cephaloglycin, cephaloridine and cephalothin; polymyxins
      such as Polymyxin B, tyrothricin, vancomycin, neomycin, erythromycin,
      streptomycin, aureomycin, tetracycline, terramycin, gentamycin, novobiocin
      bacitracin and the like. The antibiotic dosages employed are those
      generally employed in the therapeutic treatment of contaminated wounds and
      will vary depending principally upon the particular antibiotic employed.
PAR  A note of caution should be made regarding application of the present
      invention. Where treatment with the proteolytic enzymes and antibiotics is
      delayed for too long a period, the combined therapy has no significant
      benefit. The actual delay period when this combined therapy fails to
      produce any significant benefit will vary among enzymes. In the case of
      the enzyme trypsin, for example, this delay period is about eight hours.
      In contaminated wounds subjected to an eight hour delay in treatment,
      application of tripsin and antibiotic onto the wound did not significantly
      alter the infection rate. For other enzymes this critical delay period may
      be longer or shorter. In any case, however, the period is readily
      determinable by routine investigation.
PAR  The invention will be further described by the following examples which are
      merely illustrative and should not be construed as limiting the invention
      in any way. In the examples the inflammatory responses assessed were wound
      induration and the presence of purulent exudate. Induration about the
      wound was determined by palpating the wound with the gloved finger on the
      fourth postoperative day. The indurated margin of each wound was measured
      in millimeters. After each measurement, the wound was opened and inspected
      for evidence of purulent exudate. In all groups of animals an estimate of
      the number of viable bacteria in the wound was made. After swabbing the
      length of each wound three times with a cotton tipped applicator, the
      applicator was immersed in a glass tube containing 5 ml of 0.9% sodium
      chloride. The tube was placed on a Vortex mixer for one minute. The number
      of bacteria suspended in saline was quantitated by standard microbiologic
      dilution techniques. The results are reported as the average logarithm of
      the bacterial count as this more accurately reflects the logarithmic
      growth of the organism. All results were subjected to statistical analysis
      utilizing a 95 percent confidence coefficient as a criterion of
      significance.
PAR  The proteolytic enzyme employed in the examples was trypsin. Trypsin is a
      pancreatic enzyme which preferentially catalyzes the hydrolysis of peptide
      bonds but also has some esterase and amidase activity. The crystalline
      trypsin employed was a bovine origin and was assayed by the National
      Formulary method using N-benzoyl-L-arginine ethyl ester hydrochloride as
      the substrate. The enzyme was dissolved in 0.9% saline before each
      experiment and then immediately added to the designated wounds.
DETD
PAC  EXAMPLE I
PAR  Five groups of guinea pigs were prepared for study in the following manner:
      Two standardized incisions, parallel and equidistant from the vertebral
      column were made in each guinea pig. Five minites after surgery each wound
      was contaminated with 0.02 ml. of 0.9% sodium chloride containing 10.sup.6
      organisms of a penicillin sensitive strain of Staphylococcus aureus.
      Previous experiments have indicated that this inoculum is the minimal
      infective dose that will elicit infection in untreated wounds. After
      bacterial contamination the wounds remained open and untreated for three
      hours.
PAR  In four groups of animals, the contaminated wounds were subjected to a
      topical application of 0.1 ml of solution containing different
      concentrations of the proteolytic enzyme trypsin. The doses of enzyme were
      2,500, 10,000, 25,000, and 50,000 N.S. units/wound. The wounds in the
      remaining group served as the controls and received a topical application
      of 0.1 ml of 0.9% sodium chloride. The solutions remained on the wounds
      for twenty minutes before being blotted with a sterile gauze sponge. Five
      minutes after blotting, the wounds were subjected to topical
      benzylpenicillin (100,000.mu.) applied topically in 0.1 ml of sodium
      chloride onto the surface of each wound. Five minutes after completing
      treatment in these groups as well as in other groups, the edges of the
      wound were closed by tape. The inflammatory responses of all wounds were
      measured on the 4th post-operative day.
PAR  The results of the study were reported in table I.
TBL                                    Table I                                 
     __________________________________________________________________________
                         Inflammatory Responses                                
     Animal*                                                                   
            Treatment    Induration    Gross Infection                         
                                                     Viable Bacteria           
     (no.)               (mm)    (p)   (% positive)                            
                                               (p)   (log)    (p)              
     __________________________________________________________________________
     9      0.9% sodium chloride                                               
                         6.9 .+-. 1.2                                          
                                 --    100.0   --    5.40  .+-. 0.38           
                                                              --               
     4      2,500 units Trypsin                                                
                         4.3 .+-. 0.7                                          
                                 &lt;0.01 44.0    0.01  3.144 .+-. 2.20           
                                                              0.015            
     5     10,000 units Trypsin                                                
                         4.3 .+-. 0.7                                          
                                 &lt;0.01 40.0    0.01  3.260 .+-. 2.10           
                                                              0.015            
     4     25,000 units Trypsin                                                
                         4.4 .+-. 0.7                                          
                                 &lt;0.01 0.0     &lt;0.002                          
                                                     0.657 .+-. 0.94           
                                                              0.003            
     5     50,000 units Trypsin                                                
                         4.5 .+-. 0.8                                          
                                 &lt;0.05 0.0     &lt;0.002                          
                                                     2.192 .+-. 0.57           
                                                              0.003            
     __________________________________________________________________________
      *Each wound received a standard inoculum of 7.2 .times. 10.sup.6 S.      
      aureus.                                                                  
PAR  The data of Table I show that the effectiveness of proteolytic enzymes as
      adjuncts to topical antibiotics can be correlated with the dose of the
      proteolytic enzymes. Contaminated wounds subjected to 2,500 N.F. units of
      trypsin topically prior to delayed antibiotic treatment had a lower
      infection rate (44%) than the control wounds subjected to only the
      antibiotic (100% infection) (p&lt;0.01). A similar level of gross infection
      (40%) was encountered when 10,000 N.F. units of trypsin was applied to the
      contaminated wound before antibiotic treatment. The benefits of
      proteolytic enzymes were most apparent in contaminated wounds receiving
      concentrated solutions of enzymes prior to delayed antibiotic treatment. A
      combination of either 25,000 N.F. units of trypsin/wound or 50,000 N.F.
      units trypsin/wound prevented the development of wound infection.
PAR  The gross infection scores for the wounds in this study could be correlated
      with the width of the indurated edges of the wounds and the viable
      bacteria recovered from the wound. The width of indurated edges of the
      wounds subjected to only the topical antibiotic were larger than the width
      of the indurated margins of wounds subjected to the proteolytic enzyme and
      the antibiotics. Similarly, the number of viable bacteria recovered from
      the surface of wounds subjected to only the antibiotic were significantly
      greater than the number of viable bacteria in wounds receiving the enzyme
      as an adjunct to the antibiotic. These differences between the viable
      bacterial count of wounds subjected to only the antibiotic and those
      receiving combined therapy was most apparent in wounds treated with 25,000
      N.F. units of trypsin prior to the topical antibiotic. In these wounds,
      the bacterial count was approximately 10,000 fold lower than the bacterial
      count of wounds subjected to only the antibiotic.
PAC  EXAMPLE II
PAR  The purpose of this example was to correlate the period of time in which
      the enzyme was in contact with the wound with the success of delayed
      antibiotic treatment. The guinea pigs were prepared and infected as
      described in Example I above and then divided into five treatment groups.
      Three groups of wounds received topical applications of 0.1 ml of 25,000
      N.F. units of trypsin. In designated groups of animals the proteolytic
      enzyme remained on the wounds for 10, 20 and 30 minutes before being
      blotted. Following this treatment, these wounds were subjected to the
      topical antibiotic. In another group of guinea pigs 25,000 N.F. units of
      trypsin and 10,000 units of benzylpenicillin were added simultaneously to
      each wound without blotting before wound closure. The wounds in the fifth
      group served as controls and received a 30 minute treatment with 0.1 ml of
      0.9% sodium chloride before being blotted and treated with the antibiotic.
PAR  The results of the study are reported in Table II below.
TBL                                    Table II                                
     __________________________________________________________________________
                         Inflammatory Responses                                
     Animal*                                                                   
           Treatment**   Induration    Gross Infection                         
                                                     Viable Bacteria           
     (no.)               (mm)     (p)  (% positive)                            
                                               (p)   (log)    (p)              
     __________________________________________________________________________
     5     0.9% sodium chloride                                                
                         6.6 .+-. 0.8                                          
                                 --    80.0    --    4.996 .+-. 0.54           
                                                              --               
           30 minutes                                                          
     6      0 minutes    4.9 .+-. 1.0                                          
                                 NS*** 25.0    0.05  3.218 .+-. 1.20           
                                                              0.006            
     5     10 minutes    5.1 .+-. 0.3                                          
                                 &lt;0.05 0.0     0.002 2.657 .+-. 1.40           
                                                              0.006            
     6     20 minutes    5.2 .+-. 0.4                                          
                                 &lt;0.01 0.0     0.002 2.351 .+-. 1.30           
                                                              0.004            
     7     30 minutes    4.6 .+-. 1.1                                          
                                 NS    0.0     0.002 1.60  .+-. 1.30           
                                                              0.004            
     __________________________________________________________________________
      *Each wound received a standard inoculum of 7.2 .times. 10.sup.6 S.      
      aureus.                                                                  
      **Treatment involved application of 25,000 N.F. units of trypsin for a   
      specified period of time.                                                
      ***Not Significant                                                       
PAR  The data of Table II show that the effectiveness of proteolytic enzymes as
      potentiators of antibiotic activity in delayed antibiotic treatment is
      related to the time in which the enzyme is in contact with the wound prior
      to the application of the antibiotic. When the antibiotic was applied to
      the wound immediately after treatment with 25,000 N.F. units of trypsin,
      25% of the wound developed subsequent infection as compared to the 80%
      gross infection score for contaminated control wounds treated with only
      the antibiotic. In wounds subjected to contact with the enzyme for 10
      minutes prior to antibiotic treatment none of the wounds developed
      infection. Absence of infection was also encountered in wounds subjected
      to prolonged contact with the enzyme prior to treatment with the
      antibiotic.
PAR  The data also indicates that prolonged contact of the wound with the
      proteolytic enzyme prior to antibiotic treatment may facilitate wound
      sterilization for as the period of contact between the enzyme was
      extended, the number of viable bacteria recovered from the surface of the
      wound was decreased. The number of viable bacteria recovered from wounds
      subjected to the enzyme for 30 minutes prior to antibiotic treatment was
      significantly lower than the bacterial count of wounds subjected to the
      proteolytic enzyme for shorter periods.
PAC  EXAMPLE III
PAR  The purpose of this example was to identify the importance of repetition of
      application of the proteolytic enzyme, as opposed to a single treatment,
      as a determinant of the success of trypsin as an adjunct to topical
      antibiotics in contaminated wound treatment. In this study the animals
      were divided into eight treatment groups. In the wounds subjected to a
      proteolytic enzyme, 10,000 N.F. units of trypsin in 0.1 ml saline were
      applied to the wound for 10 minute time intervals. After each treatment,
      the wounds were blotted with a dry gauze sponge. In four groups of animals
      the wounds received either one, two, three or four successive
      applications. Four other groups of guinea pigs served as controls. The
      contaminated wounds in these control animals were subjected to a
      comparable number of applications of 0.1 ml of 0.9% sodium chloride. Five
      minutes after completing the last treatment in each group of animals, a
      topical antibiotic was applied to each wound as in Example I prior to
      wound closure.
PAR  The results are summarized in Table III below.
TBL                                    Table III                               
     __________________________________________________________________________
                             Inflammatory Responses                            
     Animal*                                                                   
          Number of                                                            
                  Treatment  Induration   Gross Infection                      
                                                      Viable Bacteria          
     (no.)                                                                     
          Applications       (mm)   (p)   (% positive)                         
                                                 (p)  (log)   (p)              
     __________________________________________________________________________
     5    1      0.9% sodium chloride                                          
                             7.2 .+-. 1.0                                      
                                    --    81.2   --   6.142 .+-. 0.85          
                                                              --               
     5    1      10.000 units Trypsin                                          
                             5.8 .+-. 0.4                                      
                                     NS** 40.0   NS   4.967 .+-. 1.47          
                                                              NS               
     7    2      0.9% sodium chloride                                          
                             7.7 .+-. 1.1                                      
                                    --    100.0  --   6.099 .+-. 0.56          
                                                              --               
     7    2      10,000 units Trypsin                                          
                             5.1 .+-. 0.9                                      
                                    &lt;0.01 21.4   &lt;0.01                         
                                                      4.191 .+-. 1.57          
                                                              0.015            
     7    3      0.9% sodium chloride                                          
                             6.6 .+-. 0.6                                      
                                    --    78.6   --   6.123 .+-. 0.61          
                                                              --               
     6    3      10,000 units Trypsin                                          
                             5.6 .+-. 1.0                                      
                                     0.05 0.0    &lt;0.01                         
                                                      4.129 .+-. 1.20          
                                                              0.002            
     5    4      0.9% sodium chloride                                          
                             7.1 .+-. 0.9                                      
                                    --    70.0   --   6.205 .+-. 0.26          
                                                              --               
     6    4      10,000 units Trypsin                                          
                             5.4 .+-. 0.9                                      
                                    NS    0.0    &lt;0.01                         
                                                      3.526 .+-.               
                                                              0.006            
     __________________________________________________________________________
      *Each wound received a standard inoculum of 6 .times. 10.sup.6 S. aureus.
      **Not Significant                                                        
PAR  The results of the tests show that while a single treatment with trypsin is
      effective in reducing the rate of infection in delayed antibiotic
      treatment of contaminated wounds, multiple treatments of the wounds with
      the enzyme definitely enhance its effectiveness. Wounds subjected to three
      or four successive applications of the enzyme before delayed antibiotic
      treatment had no infection.
PAR  With regard to wound sterilization, multiple applications of the
      proteolytic enzyme may not be as effective as a single application of the
      enzyme containing an equivalent dosage. The mean bacterial count of the
      wounds subjected to three or four successive applications of 10,000 N.F.
      units of the proteolytic enzyme appeared to be higher than the mean
      bacterial count of wounds subjected to a single application of either
      25,000 N.F. units or 50,000 N.F. units of trypsin. This apparent
      ineffectiveness of successive applications of the enzyme as compared to a
      single treatment with an equivalent dose may be a reflection of the
      experimental design. The experiments involving multiple applications of
      enzymes were performed at a different time from those studies concerned
      with a single application of varying doses of the proteolytic enzymes.
      Small differences in the level of the bacterial inoculum utilized in these
      wounds may account for the variations in the number of bacteria recovered
      from the wound.
PAC  EXAMPLE IV
PAR  The purpose of this experiment was to examine the therapeutic value of the
      proteolytic enzyme as an adjunct to delayed treatment with antibiotic
      administered by a systemic route. Guinea pigs were prepared and
      contaminated as in Example I. In one group of animals, each wound was
      subjected to a topical application of 25,000 N.F. units of trypsin. After
      the enzyme remained on the wound for ten minutes, the wound was blotted
      with a sterile gauze sponge. The wounds in the second group of animals
      were subjected to 0.1 ml of 0.9% sodium chloride for 10 minutes followed
      by blotting with a gauze sponge. Five minutes after blotting each animal
      received an intraperitoneal injection of benzylpenicillin (200,000 units).
PAR  The results are reported in Table IV.
TBL                                    Table IV                                
     __________________________________________________________________________
                     Inflammatory Responses                                    
     Animal*                                                                   
            Treatment                                                          
                     Induration     Gross Infection                            
                                                   Viable Bacteria             
     (no.)           (mm)    (p)    (% positive)                               
                                            (p)    (log)    (p)                
     __________________________________________________________________________
     6      0.9% sodium                                                        
                     6.0 .+-. 0.4                                              
                             --     100.0   --     5.533 .+-. 0.32             
                                                            --                 
            chloride                                                           
     8      25,000 units                                                       
                     4.9 .+-. 0.6                                              
                             NS**   19.0    0.002  4.08 .+-. 0.64              
                                                            &lt;0.001             
            Trypsin                                                            
     __________________________________________________________________________
      *Each wound received a standard inoculum of 5.6 .times. 10.sup.7 S.      
      aureus.                                                                  
      **Not Significant                                                        
PAR  The data of Table IV show that proteolytic enzymes potentiate the
      therapeutic value of systemic antibiotics. The gross infection score for
      wounds treated with trypsin in animals subjected to delayed treatment with
      a systemic antibiotic was 19%. This infection rate was significantly lower
      than the incidence of infection (100%) in control wounds subjected to only
      0.9% saline at the time of administration of the systemic antibiotic. The
      number of viable bacteria recovered from the surface of wounds was
      proportional to the incidence of wound infection. The number of viable
      bacteria recovered from wounds treated with the proteolytic enzymes was
      significantly lower than that noted in the control wounds subjected to
      only 0.9% sodium chloride.
PAR  A comparison between the number of viable bacteria recovered from wounds
      treated with 25,000 N.F. units of trypsin and a topical antibiotic and the
      bacteria in wounds subjected to the same dose of the proteolytic enzyme
      and a systemic antibiotic suggests that topical antibiotics may enhance
      wound sterilization. The number of viable bacteria in wounds treated with
      the proteolytic enzyme and a topical antibiotic was lower than the number
      of bacteria in wounds subjected to the proteolytic enzyme and a systemic
      antibiotic. The statistical significance of this comparison can not be
      realized since the inoculum delivered to the wounds in the treatment
      groups were different.
PAC  EXAMPLE V
PAR  The purpose of this portion of the study was to assess the therapeutic
      benefit proteolytic enzymes alone, without the aid of the antibiotic
      imparts to the contaminated wound. After preparation and contamination of
      the animals as described in Example I, the wounds in a group of guinea
      pigs were left open and untreated for three hours. After this time, the
      animals were separated into three treatment groups. Wounds in two groups
      of animals were treated with three successive applications of trypsin
      (10,000 N.F. units). Each application of trypsin remained on the wound for
      ten minutes before being blotted with sterile gauze. The wounds in the
      remaining group were subjected to three successive 10 minute applications
      of 0.9% sodium chloride. After each treatment with saline, the wounds were
      blotted. In one group of animals in which the wounds were subjected to
      topical proteolytic enzymes, the wound edges were approximated immediately
      with tape. For the remaining animals in which the wounds were subjected to
      the enzyme, 10,000 u of topical benzylpenicillin were applied to the wound
      prior to wound closure. This treatment group was included in this study to
      determine if any therapeutic benefits derived from treatment of the wound
      with proteolytic enzymes could be potentiated by the addition of an
      antibiotic to the regimen. Topical antibiotic treatment was also initiated
      in the group of guinea pigs whose wounds were subjected to only 0.9%
      sodium chloride.
PAR  The results are reported in Table V.
TBL                                    Table V                                 
     __________________________________________________________________________
                       Inflammatory Responses                                  
     Animal*                                                                   
            Treatment  Induration    Gross Infection                           
                                                    Viable Bacteria            
     (no.)             (mm)    (p)   (% positive)                              
                                              (p)   (log)    (p)               
     __________________________________________________________________________
     5      0.9% saline                                                        
                       6.6 .+-. 0.8                                            
                               --    90.0     --    5.44 .+-. 0.70             
                                                             --                
            .times. 3 + Penicillin                                             
     7      10,000 u Trypsin                                                   
                       6.4 .+-. 1.2                                            
                               NS**  50.0     0.01  5.20 .+-. 0.97             
                                                             NS                
            .times. 3                                                          
     5      10,000 u Trypsin                                                   
                       4.8 .+-. 0.8                                            
                               0.01  0.0      0.002 4.64 .+-. 0.81             
                                                             &lt;0.04             
            .times. 3 + Penicillin                                             
     __________________________________________________________________________
      *Each wound received a standard inoculum of 1.2 .times. 10.sup.7 S.      
      aureus.                                                                  
      **Not Significant                                                        
PAR  The results of the tests show that proteolytic enzymes alone without the
      aid of the antibiotic have a significant therapeutic value in the delayed
      treatment of the contaminated wound. The incidence of infection in wounds
      treated with the proteolytic enzyme alone (50%) was significantly lower
      than the infection rate of the wounds treated with only the topical
      antibiotic (100%). The viable bacteria recovered from the surface of
      wounds subjected to delayed treatment with the proteolytic enzyme was
      lower than the surface bacterial counts of wounds treated with the
      antibiotic, but these differences were not statistically significant. A
      combination of topical proteolytic enzymes and antibiotics prevented the
      development of infection. The surface bacterial counts of wounds subjected
      to this combined therapy was significantly lower than the surface
      bacterial counts recovered from wounds in the other treatment groups.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A method for the prophylactic treatment of contaminated but
      non-infected, open wounds to prevent or at least reduce subsequent
      development of infection therein which comprises applying to the film of
      proteinaceous coagulum formed on the surface of said contaminated but
      non-infected open wounds a proteolytic enzyme in an amount of at least
      2,000 N.F. units per wound to break down said film of proteinaceous
      coagulum.
NUM  2.
PAR  2. The improvement of claim 1 wherein the proteolytic enzyme is trypsin.
NUM  3.
PAR  3. The improvement of claim 1 wherein the amount of proteolytic enzyme is
      about 2,500 to 50,000 N.F. units per wound.
NUM  4.
PAR  4. The improvement of claim 3 wherein the amount of proteolytic enzyme is
      about 20,000 to 30,000 N.F. units per wound.
NUM  5.
PAR  5. The improvement of claim 1 wherein multiple applications of said
      proteolytic enzyme are employed.
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ABST
PAL  A BN-109 substance producing strain of the genus Bacillus is cultivated
      under an aerobic condition to produce and accumulate BN-109 substance in a
      culture medium. The BN-109 substance is isolated from the culture broth
      and purified, and proved to be a novel antibiotic. The BN-109 is effective
      in the treatment and prevention of swine scours.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to a novel antibiotic designated BN-109
      substance and to a process for preparing same. Furthermore, it relates to
      a preparation containing said novel antibiotic as effective ingredient for
      the treatment and prevention of swine scours.
PAR  The novel BN-109 substance of the present invention is produced by
      cultivating a BN-109 producing strain of the genus Bacillus under an
      aerobic condition. The BN-109 producing strains include the BN-109 strain
      and its variants. The BN-109 strain was isolated from a soil sample
      collected in Sengokuhara, Hakone, Kanagawa-ken, Japan, and recognized as a
      strain of Bacillus polymyxa.
PAR  According to the present invention, the producing strains are cultivated in
      a medium containing the nutrients commonly used for cultivation of
      microorganism, at 25.degree.- 30.degree.C.
PAR  The BN-109 substance of the present invention is effective in inhibiting
      growth of Gram-negative bacteria but shows very low toxicity against
      animals. Particularly, the BN-109 substance is hardly absorbed from
      digestive tracts and there is little possibility of residue in edible
      tissues.
PAR  The BN-109 substance of the present invention shows effect in the treatment
      as well as prevention of swine scours.
PAR  The swine scours include neonatal colibacillosis, white scours (delayed
      colibacillosis) etc. These scours inflict a great loss on live-stock
      industry. Up to now, some known antibiotics have been applied to the
      treatment and prevention of these scours but the effectiveness was usually
      weakened by the appearance of resistant strains.
PAC  OBJECT OF THE INVENTION
PAR  An object of the present invention is to provide a novel antibiotic named
      BN-109 substance. Another object of the present invention is to provide a
      process of preparing the BN-109 substance, which comprises cultivation of
      a BN-109 substance-producing strain of the genus Bacillus under an aerobic
      condition, and recovery of the accumulated BN-109 substance from the
      culture broth.
PAR  A further object of the present invention is to provide a preparation
      containing the novel BN-109 substance as active ingredient for the
      treatment and prevention of swine scours. Said preparation does not give
      rise to the appearance of resistance pathogenic bacteria, and the active
      BN-109 substance is neither absorbed from intestinal tracts nor
      distributed in edible tissues.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is the ultraviolet absorption spectrum of the BN-109 substance and
PAR  FIG. 2 is its infrared absorption spectrum (KBr).
DETD
PAC  DETAILED EXPLANATION OF THE INVENTION
PAR  The present inventors recognized that when a strain belonging to the genus
      Bacillus was cultivated under an aerobic condition, a substance designated
      BN-109 substance, which is strongly effective in the inhibition of the
      growth of Gram-negative bacteria, was produced and accumulated in the
      medium and that, after isolation, purification and characterization, this
      substance was a novel antibiotic different from any one which had been
      known. The present invention is thus accomplished.
PAR  The Bacillus bacteria employed by the present invention are the ones that
      can produce BN-109 substance in an amount enough to be isolated from the
      culture media. An example of the producing Bacillus bacteria used in the
      present invention is the one identified as a Bacillus polyxa (strain No.
      BN-109), which was isolated from a soil sample collected in Sengokuhara,
      Hakone, Kanagawa-ken, Japan.
PAR  The bacteriological characteristics of the BN-109 strain are as follows.
PAR  a. Morphological characteristics:
PA1  Vegetative cells grown in glucose bouillon agar, 0.8 - 1.0 .times. 2.0 -
      3.5 .mu.;
PA1  Spores recognized in 2 - 3 day's culture at 28.degree.C, 0.8 - 1.0 .times.
      1.4 - 2.0 .mu., ellipsoidal;
PA1  Sporangia central and definitely swollen;
PA1  Gram negative for about one-day's round vegetative cells, variable for
      older cells.
PAR  b. Cultural characteristics:
PA1  Growth occurs on known bacteriological media in 1-3 days at 25.degree. -
      35.degree.C; better growth on media containing a sugar, especially
      glucose.
PA1  1. Common agar plate: Growth scant, but becomes thicker by adding 0.5 -
      1.0% of glucose to the medium; colonies adherent, raised; No water-soluble
      or -insoluble pigments produced;
PA1  2. Broth liquid: Scant surface growth, sediment;
PA1  3. Gelatin broth stab: Saccate liquefication proceeds from the third day at
      23.degree.C;
PA1  4. milk: Coagulation with slight acidification.
PAR  c. Physiological characteristics:
PA1  1. Reduction of nitrate: Positive (28.degree.C, 7 days);
PA1  2. MR (methyl red) test: Negative (28.degree.C, 7 days);
PA1  3. VP (Voges-proskauer) test: Positive (28.degree.C, 3 days);
PA1  4. Production of indole: Negative within 7 days at 28.degree.C;
PA1  5. hydrolysis of starch: Positive (28.degree.C, 5 days);
PA1  6. Oxidase test: Negative (28.degree.C, 2 days);
PA1  7. Catalase test: Positive (28.degree.C, 2 days);
PA1  8. Lecithinase reaction: Negative (28.degree.C, 2 days);
PA1  9. Production of pigments: No soluble or insoluble pigments produced;
PA1  10. Salt resistance: No growth in a bouillon containing 5% NaCl;
PA1  11. Growth temperature: 37.degree.C; no growth at 42.degree.C;
PA1  12. o-f test (Heuleifson's medium): Acid is produced aerobically and
      anaerobically from glucose; gas also produced pronouncedly in anaerobic
      culture;
PA1  13. Utilization of sugars according to Heuleifson's procedure:
PA2  Utilizable with acid production: Glucose, mannitol, xylose, lactose,
      sucrose, salicin, glycerin, L-arabinose;
PA2  Utilizable without acid production: Sorbitol, inositol;
PA1  14. Sensitivity towards antibiotics (disc method):
PA2  Sensitive: Streptomycin, kanamycin, vistamycin, penicillin, cephalolidin,
      tetracyclin, erythromycin, chloramphenical, nalidixic acid;
PA2  Resistant: Polymyxin B, colistin.
PAR  Comparing the above-mentioned bacteriological characteristics of the BN-109
      strain with the identified strains listed in Bergey's Manual of
      Determinative Bacteriology, 7th Edition, 1957, the BN-109 strain can be
      considered as,
PA1  1. belonging to the genus Bacillus from the viewpoint that it is a
      rod-shaped aerobic bacterium capable of producing spores and is
      catalase-positive;
PA1  2. belonging to Group II of the genus Bacillus, as proposed by Smith et al.
      from the morphological characteristics of its sporangia and spores;
PA1  3. belonging to Bacillus polymyxa or Bacillus mercerans for the production
      of acid and gas anaerobically from glucose in the O-F test;
PA1  4. closer to Bacillus polymyxa between the two species as it is positive in
      VP reaction and does not produce crystalline dextrine;
PA1  5. belonging to Bacillus polymyxa from the viewpoint of good growth and
      production of adherent, raised colonies on glucose-bouillon agar,
      similarity in utilization of sugars and coagulation of milk.
PAR  Consequently, the present inventors named the BN-109 substance-producing
      strain Bacillus polymyxa BN-109 to distinguish it from the known strains.
      The Bacillus polymyxa BN-109 has been deposited in the American Type
      Culture Collection (ATCC) under the number 31037 and in the Fermentation
      Research Institute, Agency of Industrial Science and Technology, Ministry
      of International Trade and Industry of Japan under the number, FERM-P No.
      2129.
PAR  Similarly to the other bacteria of the genus Bacillus, the BN-109 strain
      varies easily in its properties. Variation can be caused artificially by,
      for example, UV, X-ray, high-frequency wave, radiation, and chemicals.
      Therefore, all this kind of variants can be used in the process of the
      present invention so long as they have the ability to produce BN-109
      substance.
PAR  According to the process of the present invention, the above mentioned
      strains of bacteria are cultivated in a medium containing the nutrients
      that are utilizable by known microorganisms. The nutrient sources can be
      the known materials conventionally used in the cultivation of the Bacillus
      bacteria. Examples of the carbon-source are glucose, sucrose, starch,
      glycerin, millet jelly molasses, soybean oil, etc. Examples of the
      nitrogen-source are soybean powder, wheat germ, meat extract, peptone,
      yeast extract, corn steep liquor, ammonium sulfate, sodium nitrate, et al.
      Additionally, inorganic salts, such as calcium carbonate, sodium chloride,
      potassium chloride, phosphate, etc., as well as those organic and
      inorganic substances that enhence bacterial growth and the production of
      BN-109 substance can be adequately incorporated into the medium if
      required.
PAR  For cultivation, as with the ordinary production of antibiotics, liquid
      culture, especially submerged culture is most suitable. The cultivation is
      effected under an aeration condition at an optimal temperature of
      25.degree. - 35.degree.C, especially for most cases, around 28.degree.C.
      Production of BN-109 substance reaches maximum in 30-96 hours in both
      shake-culture and tank-culture.
PAR  Methods for the assay of BN-109 substance in the present invention is as
      follows:
PAR  The assay medium (pH 6.0) was composed of 0.5% peptone, 0.3% meat extract,
      and 2.0 % agar. Escherichia coli was used as test organism. A result of
      the assay showed that within the concentration range of 125 mcg/ml to
      1,000 mcg/ml of BN-109 substance, a linear relationship existed between
      the logarithm of said concentration and the diameter of inhibition zones;
      said zone diameters ranged from 10.0 to 19.6 mm (paper disc method).
      BN-109 substance is accumulated mainly in culture solution. Extraction of
      the active substance from the culture solution includes adsorption by a
      cation exchange resin such as Amberlite IRC-50 (H type)(a registered Trade
      Name of an ion-exchange resin as produced by Rohm & Haas Co., U.S.A.),
      Amberlite CG-50 (H type) (a registered Trade Name of an ion-exchange resin
      as produced by Rohm & Haas Co., U.S.A.), Dowex 50 W (H type) (a registered
      Trade Name of an ion-exchange resin as produced by Dow Chemical Co.,
      U.S.A.), etc., and elution with an alkaline solution, a mixture of mineral
      acid and acetone-water, etc.
PAR  For example, BN-109 substance can be effectively isolated from culture
      broth filtrate by subjecting the filtrate to a column of Amberlite IRC-50
      (H type) to adsorb the active substance onto the resin, washing the column
      with water, and eluting the substance with ammonia water. The crude BN-109
      substance thus obtained is further charged to a column of CM-Sephadex C-25
      (H type)(ion-exchangeable gel filtration agent, produced by Pharmacia Co.,
      of Sweden) and eluted with sodium chloride solutions. The active fractions
      are pooled and extracted with n-butanol. The n-butanol layer which
      contains the active substance is evaporated in vacuum with addition of
      water to obtain a concentrated aqueous solution. The precipitate of BN-109
      substance obtained thereby is collected by filtration, washed with water
      and dried in a desicator. A white powder of pure free base of BN-109
      substance is thus obtained.
PAR  The BN-109 substance of the present invention has the following physical
      and chemical properties.
PA1  1. Appearance: White powder for the free base;
PA1  2. Melting point: 186.degree. - 188.degree.C;
PA1  3. solubility: Hardly insoluble in common organic solvents and water,
      slightly soluble in dilute acid, dilute alkali, acetic acid,
      dimethylformamide and dimethylsulfoxide, soluble in acidic methanol and
      acidic ethanol.
PA1  4. Mobility: Moves towards cathode on filter-paper electrophoresis (pH 1.9,
      3500 V, 15 minutes) for 6.5 cm, showing a behavior characteristic of basic
      substance. (However, alanine moved 9.6 cm).
PA1  5. Rf value: A single spot appears on each thinlayer chromatograph, the Rf
      values of the spots are shown as follows.
TBL  ______________________________________                                    
     Solvent systems             Rf value                                      
     n-Butanol:acetic acid:H.sub.2 O (2:1:1)                                   
                                 0.68                                          
     n-Butanol:acetic acid:H.sub.2 O (4:1:5, upper layer)                      
                                 0.38                                          
     n-Butanol:pyridine:acetic acid:H.sub.2 O (6:4:1:3)                        
                                 0.66                                          
     ______________________________________                                    
PA1  6. specific rotatory power: Shows a value of -4.degree. with a 0.5%
      solution in the mixture solvent of methanol and acetic acid (1:1).
PA1  7. Ultraviolet absorption apectrum: (See FIG. 1). Characteristic absorption
      maximum at 279 m.mu. [(E.sub.1 cm.sup.1% = 34) in 0.1N NaOH, (E.sub.1
      cm.sup.1% = 23) in 0.1N HCl].
PA1  8. Infrared absorption spectrum: (See FIG. 2). Characteristic absorption
      bands at 3275, 2950, 1632, 1535, 1408, 1110 (cm.sup..sup.-1).
PA1  9. Color reaction: Positive ninhydrin, Ehrlich, Dragendorff, negative
      SAKAGUCHI, Pauly, and Trevelian.
PA1  10. Elementary analysis: C 52.73%, H 7.27%, N 12.77%.
PA1  11. amino acid analysis: BN-109 substance was hydrolyzed with 6 N-HCl at
      105.degree.C for 48 hours and the amino acid composition of the
      hydrolysate was analyzed by an amino acid analyzer (Japan Electron Optics
      Laboratory Ltd. JLC-5AH). Tryptophan was determined separately by UV
      absorption method. The result is shown as follows (The figures in the
      parenthesis denote molar ratios): .alpha., .gamma.-diamino butyric
      acid(4), serine(2), glutamic acid(1), glycine(1), alanine(1), valine(3),
      phenylalanine(1), tryptophan(2), and an unknown amino acid(1).
PA1  12. Fatty acid analysis: BN-109 substance contained 30% of acidic
      ether-soluble fatty acid.
PA1  13. Molecular weight: As estimated from the results of amino acid analysis
      and fatty acid analysis, the molecular weight of BN-109 substance fell
      into the range of 1900-2200.
PAR  It is clear from the above-mentioned physical and chemical properties that
      BN-109 substance is a peptide antibiotic. Although many peptide
      antibiotics produced by bacteria have been reported, the ones that contain
      .alpha.,.gamma.-diamino-butyric acid as BN-109 substance does are
      restricted to four groups of antibiotics, namely, polymyxins (A,B.sub.1,
      B.sub.2, D, E, M, P), colistins (A, B), circulins (A, B) and polypeptins.
      Comparison of amino acid compositions among these known antibiotics and
      BN-109 substance is shown in Table 1.
PAR  This table shows that BN-109 substance is clearly different from the known
      antibiotics and that BN-109 substance is a novel antibiotic.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Amino acid composition of BN-109 and                                      
     related antibiotics                                                       
     Amino acid                                      Gluta-    Unknown         
     Antibio- .alpha.,.GAMMA.-Diamino                                          
                          Iso- Phenyl-                                         
                                    Threo-      Trypto-                        
                                                     mic Gly-                  
                                                            Ala-               
                                                               aminoic         
     tics     butyric acid                                                     
                     Leucine                                                   
                          leucine                                              
                               alanine                                         
                                    nine                                       
                                        Valine                                 
                                            Serine                             
                                                phan acid                      
                                                         cine                  
                                                            nine               
                                                               acid            
     __________________________________________________________________________
     BN-109 substance                                                          
              4                1        3   2   2     1  1  1  1               
     Polymyxin A                                                               
              6      1              3                                          
       "   B.sub.1                                                             
              6      1         1    2                                          
       "   B.sub.2                                                             
              6      1         1    2                                          
       "   D  5      1              3       1                                  
       "   E  6      2              2                                          
       "   M  6      1              3                                          
       "   P  6                1    3                                          
     Colistin A                                                                
     (polymyxin E.sub.1)                                                       
              6      2              2                                          
     Colistin B                                                                
     (polymyxin E.sub.2)                                                       
              6      2              2                                          
     Circulin A                                                                
              6      1    1         2                                          
       "   B  6      1    1         2                                          
     Polypeptin                                                                
              3      2    1    1    1   1                                      
     __________________________________________________________________________
PAR  The biological activities of BN-109 substance are shown as follows.
PA1  1. Antibacterium spectrum: BN-109 substance of the present invention shows
      inhibitory activity against a variety of Gram-negative bacteria, as shown
      in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Antimicrobial spectrum of                                                 
     BN-109 substance                                                          
                          MIC                                                  
     Test organisms       (mcg/ml)    Media                                    
     ______________________________________                                    
     Escherichia coli     0.78        I                                        
     Escherichia coli IAM 1264                                                 
                          0.39        I                                        
     Escherichia coli IAM 1239                                                 
                          0.78        I                                        
     Escherichia coli communis                                                 
                          0.39 - 0.78 V                                        
     Escherichia coli 0 - 16                                                   
                          1.56        V                                        
     Escherichia coli 0 - 20                                                   
                          1.56        V                                        
         "    0 - 78      1.56        V                                        
     Escherichia coli 0 - 83                                                   
                          1.56        V                                        
         "    0 - 138     1.56        V                                        
         "    0 - 139     1.56        V                                        
         "    0 - 142     1.56        V                                        
     Escherichia coli, streptomycin-                                           
     resistant            0.78        I                                        
     Escherichia coli, kanamycin-                                              
     resistant            0.78        I                                        
     Escherchia coli, chloramphenicol-                                         
     resistant            0.78        I                                        
     Escherichia coli, carrying                                                
     R-factor             0.78        I                                        
     Klebsiella pneumoniae                                                     
                          0.78        I                                        
     Proteus vulgaris     6.25        I                                        
     Alcaligenes faecalis                                                      
     IFO 13111            12.5        I                                        
     Alcaligenes bronchsepticus                                                
     A-19                 1.56        V                                        
      Alcaligenes bronchsepticus 5                                             
                          1.56        V                                        
     Alcaligenes bronchsepticus 42                                             
                          1.56        V                                        
     Psedomonas aeruginosa                                                     
                           100        I                                        
     Bacillus subtilis ATCC 6633                                               
                          6.25        I                                        
     Staphylococcus aureus 209 p                                               
                          25          I                                        
     Sarcina lutea        25          I                                        
     Xanthomonas oryzae   &lt;0.1        II                                       
     Mycobacterium smegmatis                                                   
                          &gt;100        III                                      
     Candida albicans     &gt;100        IV                                       
     Pyricularia oryzae   &gt;100        IV                                       
     Salmonella typhimurium                                                    
     0-901-W              1.56        V                                        
     Salmonella pullorum 20                                                    
                          3.12        V                                        
     Vibrio coli SD-358   0.78        VI                                       
         "  34E           1.56        VI                                       
     ______________________________________                                    
       Media: I, Bouillon medium; II, Na-glutamate medium; III,
      Blycerin-bouillon medium; IV, Sabouraud medium; V, Heart infussion agar
      medium; VI, Brain heart infussion agar medium containing 10% horse blood.
PA1  2. Toxicity: The acute toxicity of BN-109 substance of the present
      invention is very low. Thus, when administered to abdominal cavity, none
      of the test mice died during an observation period of months with a dose
      of 10 mg/Kg, though that of 50 mg/Kg killed all of the animals. The
      LD.sub.50 values were more than 1,000 mg/Kg for oral administration and
      around 25 mg/Kg for intraperitoneal administration; this indicated that
      absorption of BN-109 substance by digestive ducts is, if any, very low.
      Therefore, BN-109 substance can be safely applied to the treatment and
      prevention of swine scours.
PA1  3. Appearance of resistant bacteria: As apparent from Table 3, resistant
      variants could hardly be acquired from the representative bacteria.
TBL                                    Table 3                                 
     __________________________________________________________________________
      Acquisition of resistance to                                             
     BN-109 substance in vitro                                                 
     (MIC in mcg/ml)                                                           
     Test bacteria                                                             
                Generations                                                    
                0    1   2    3    4 5   6 7 8 9   10-13 14   15-20            
     __________________________________________________________________________
     E. coli  0-20                                                             
                1.56  3.12                                                     
                          6.25                                                 
                              --   --                                          
                                     --  --                                    
                                           --                                  
                                             --                                
                                               --  -- -- --   --  --           
     E. coli p-55                                                              
                1.56  6.25                                                     
                         --   --   --                                          
                                     --  --                                    
                                           --                                  
                                             --                                
                                               --  -- -- 12.5 --  --           
     E. coli S-56 R 6                                                          
                3.12 --  --   6.25 --                                          
                                     --  --                                    
                                           --                                  
                                             --                                
                                               --  -- -- 12.5 --  --           
     S. typh. 0-901-W                                                          
                1.56  3.12                                                     
                         --   --   --                                          
                                     --  --                                    
                                           --                                  
                                             --                                
                                               --  -- 6.25                     
                                                         12.5 --  --           
     S. typh. 4-2                                                              
                12.5 --  --   --   --                                          
                                     --  --                                    
                                           25                                  
                                             --                                
                                               --  -- -- 50   --  --           
     S. pull. 47                                                               
                6.25 12.5                                                      
                         --   --   --                                          
                                     --  --                                    
                                           --                                  
                                             --                                
                                                25 -- -- --   50  --           
     Sta. aureus DH-18S                                                        
                50   --  --   --   --                                          
                                     100 --                                    
                                           --                                  
                                             --                                
                                               200 -- -- --   --  --           
     B. sub. p cl-219                                                          
                25   50  --   --   --                                          
                                     100 --                                    
                                           --                                  
                                             --                                
                                               200 -- -- --   --  --           
     Al. bron. 202                                                             
                1.56  3.12                                                     
                         --   --   --                                          
                                     --  --                                    
                                           --                                  
                                             --                                
                                               --  -- -- 6.25 --  --           
     __________________________________________________________________________
PA1  4. Effectiveness towards swine scours Table 4 and 5, stemmed from
      Experiment 1 and 2, show that BN-109 substance has pronounced
      effectiveness in the treatment of swine scours.
PAC  EXPERIMENT 1
PAC  Effects on the Treatment of Swine Scours
PAR  One part of the novel antibiotic, BN-109 substance, was grinded in a mortar
      and mixed with four parts of liquid sugar to prepare a paste. The paste
      preparation was used in a field clinical examination. The swine scours in
      this experiment are attributable to pathogenic Escherichia coli infected
      naturally. The result is shown in the following Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Effects on the treatment                                                  
     of swine scours                                                           
     No.                                                                       
        Sex                                                                    
           Body Dose                                                           
           weight                                                              
                (g/day)                                                        
           (kg)      1st day                                                   
                           2nd day                                             
                                3rd day                                        
                                      4th day                                  
                                            5th day                            
                                                  6th day                      
                                                        7th day                
                                                              Conclusion       
                     M. E. M. E.                                               
                                M. E. M. E. M. E. M. E. M. E.                  
     __________________________________________________________________________
     1     9    5    ++ +++                                                    
                           +++                                                 
                              ++                                               
                                ++ ++ +  -  -  -  -  -  -  -  cured            
     2     10   5    +++                                                       
                        +++                                                    
                           +++                                                 
                              ++                                               
                                +  ++ ++ +  +  -  -  -  -  -  "                
     3     8    5    ++ + +                                                    
                           ++ ++                                               
                                ++ -  -  -  -  -  -  -  -  -  "                
     4     6    3    +++                                                       
                        +++                                                    
                           +++                                                 
                              ++                                               
                                +++                                            
                                   +++                                         
                                      +++                                      
                                         +++                                   
                                            +++                                
                                               ++ +  +  +  -  "                
     5     5.5  3    +  +  -  - -  -  -  -  -  -  -  -  -  -  "                
     6     9.5  5    +++                                                       
                        ++ +++                                                 
                              + +  +  +  -  -  -  -  -  -  -  "                
     7     5.5  3    ++ ++ ++ + +  +  +  -  -  -  -  -  -  -  "                
     __________________________________________________________________________
PA1  1. As a rule, the dose which was divided into separate treatment, one in
      the morning (M), another in the evening(E).
PA1  2. classification of the symptom: +++ watery excretion, ++ muddy excretion,
      + soft excretion.
PA1  3. When the symptom was (-), treatment was stopped and relapse was checked.
PA1  4. Test animals: Swine aged 29 days.
PAC  EXPERIMENT 2
PAC  Effects on the Treatment of Swine Scours
PAR  Experiment 1 was repeated with swine of different age. The result is shown
      in Table 5.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Effects on the treatment of swine scours                                  
     No.                                                                       
        Sex                                                                    
           Age Body  dose      Symptoms and effectiveness                      
                                                       Conclu-                 
     (day)     weight(kg)                                                      
                     g/day                                                     
                         mg/kg/day                                             
                               1   2   3   4   5  6  7 sion                    
     __________________________________________________________________________
     1     12  3     4   260   ++  ++  +   +   +  -  - cured                   
     2     28  8.5   10  325   +++ +++ +   +   -  -  - "                       
     3     10  3     4   260   +   +   -   -   -  -  - "                       
     4     10  3.5   4   230   +++ ++  ++  -   -  -  - "                       
     5     29  10.5  10  190   ++  +   +   +   +  -  - "                       
     6     10  4     4   200   ++  +   +   -   -  -  - "                       
     7     21  8.5   10  350   ++  ++  ++  +   +  -  - "                       
     8     20  7.9   6   150   +++ +++ +++ +   -  -  - "                       
     9     23  7.5   6   160   +++ +++ +++ +++ ++ ++ + not cured               
     10     8  3     4   260   +   +   +   -   -  -  - cured                   
     11    13  4     4   200   ++  ++  +   +   +  -  - "                       
     12    19  6.5   6   185   +++ +++ ++  -   -  -  - "                       
     13    19  6     6   200   +++ +++ ++  ++  +  -  - "                       
     14    15  6     6   200   +   +   -   -   -  -  - "                       
     15    15  5.5   6   220   +   +   -   -   -  -  - cured                   
     16    14  3.8   4   220   +++ +++ +++ +   +  -  - "                       
     17    13  4.5   4   180   ++  +   +   -   -  -  - "                       
     18    13  5     4   160   ++  ++  ++  -   -  -  - "                       
     __________________________________________________________________________
PA1  1. A dose was divided into 2 separate treatments, one used in the morning
      (M) and another in the evening (E).
PA1  2. symptoms: +++ watery excretion, ++ muddy excretion, + soft excretion.
PA1  3. When symptom became (-), dose was stopped and relapse was checked.
PAR  These experiments show that BN-109 substance can be applied effectively to
      the treatment of swine scours.
PAC  EXAMPLE 1
PAR  Bacillus polymyxa BN-109, ATCC NO. 31037, previously cultivated on an agar
      slant (pH 7) composed of 1.0% glucose, 1.0% dry bouillon and 2.0% agar at
      28.degree.C for 48 hours was inoculated in a 500 ml liquid medium (pH 7)
      containing 2.0% glycerin, 1.0% soybean powder, 0.5% peptone, 0.2% ammonium
      chloride, 0.25% calcium carbonate and 0.5% sodium chloride and cultivated
      with shaking at 28.degree.C for 20 hours to prepare a seed culture. The
      seed culture thus obtained was transferred to 20 liters of the same liquid
      medium and cultivated under aeration and stirring (a 50 liter-jar
      fermentor was used) at 28.degree.C for 48 hours. After cultivation, the
      medium was heated at 100.degree.C for 10 minutes and filtered to obtain 18
      liters of filtrate (activity: 400 mcg/ml).
PAR  The filtrate thus obtained was adjusted to pH 7 and passed through a column
      (2 liters) of a cationic-exchange resin, Amberlite IRC-50 (H type), to
      adsorb the active substance on the resin. The column was washed with water
      and eluted with 0.5-N aqueous ammonia. The first 5 liters of the eluate
      was discarded but the next 4 liters was taken and concentrated to 2 liters
      under a reduced pressure. This was then adjusted to pH 3.0 with HCl and
      passed through a column (200 ml) of CM-Sephadex C-25 (H type), whereby the
      active substance was adsorbed on the sephadex. The column was washed with
      1 liter of water and the active substance was eluted with 0.5-M NaCl. The
      active fractions were pooled (250 ml) and extracted with n-butanol; the
      active substance transferred to the butanol layer. The butanol layer was
      concentrated under a reduced pressure with addition of water until a 20 ml
      aqueous solution was obtained. The BN-109 substance precipitated. The
      precipitate was gathered by filtration, washed with water and dried in a
      desicator, thus obtained 1.9 grams of BN-109 substance in free base form
      as white powder.
PAC  EXAMPLE 2
PAR  Spore suspension of Bacillus polymyxa BN-109, ATCC No. 31037, was
      inoculated into 5 liters (50 Sakaguchi flasks) of a liquid medium (pH 7)
      containing 2.0% glucose, 0.5% meat extract, 1.5% soybean powder, 0.2%
      ammonium chloride, 0.3% calcium carbonate, and cultivated by shaking
      culture at 30.degree.C for 54 hours. Afterwards, the liquid medium was
      heated at 120.degree.C for 1 minute and filtered to obtain 4.3 liters of
      culture filtrate (activity: 320 mcg/ml).
PAR  The filtrate was treated in the same manner as Example 1 and 470 mg of
      BN-109 substance (free base) was obtained as white powder.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An antibiotic BN-109 substance, which is effective in inhibiting the
      growth of Gram-negative bacteria and having the following properties:
PA1  Appearance: White powder as a free base;
PA1  Solubility: Insoluble in common organic solvents and water, slightly
      soluble in diluted acid and alkaline, acetic acid dimethylformamide and
      dimethyl sulfoxide, and soluble in acidic methanol and acidic ethanol;
PA1  Mobility on filter paper electrophoresis: Behaves as an alkaline substance;
PA1  Rf values on TLC:
PA2  0.86 (n-butanol-acetic acid-water (2:1:1)),
PA2  0.38 (n-butanol-acetic acid-water (4:1:5, upper layer)),
PA2  0.66 (n-butanol-pyridine-acetic acid-water (6:4:1:3));
PA1  [.alpha.].sub.D.sup.25 (c 0.5, methanol-acetic acid (1:1)): -4.degree.;
PA1  Maximum UV absorption bands: Found at 279 m.mu. (E.sub.1cm.sup.1% = 34, in
      0.1 N-NaOH, E.sub.1cm.sup.1% = 23 in 0.1 N-HCl);
PA1  Ir absorption bands: Found at 3275, 2590, 1632, 1535, 1408, 1110
      (cm.sup..sup.-1).
PA1  Color reactions:
PA2  Positive ninhydrin, Ehrich and Dragendorff;
PA2  Negative Sakaguchi, Pauly and Trevelian;
PA1  Elementary analysis: C, 52.73%; H, 7.27%; N, 12.77%;
PA1  Amino acid composition: .alpha.,.gamma.-diamino butyric acid(4), serine(2),
      glutamic acid(1), glycine(1), alanine(1), valine(3), phenylalanine(1),
      tryptophan(2), and unknown animo acid(1);
PA1  Fatty acids: Contain 30% of acid ether-soluble fatty acids;
PA1  Molecular weight: 1900 to 2200
NUM  2.
PAR  2. A process for preparing an antibiotic substance from Bacillus polymyxa
      BN-109, ATCC 31037 which comprises the steps of:
PA1  cultivating said BN-109 Bacillus ATCC 31037 strain in an aqueous nutrient
      medium containing sources of assimilable carbon and assimilable nitrogen
      which support growth of said strain and enhanced production of said
      antibiotic at a pH of 6 to 7 at 25.degree. to 35.degree.C under aerobic
      conditions until a sufficient amount of antibiotic is formed; and
PA1  recovering said antibiotic from the culture medium.
NUM  3.
PAR  3. The process according to claim 2, wherein the source of assimilable
      carbon is glucose, sucrose, starch, glycerin, millet jelly, molasses or
      soybean oil, the source of nitrogen is soybean powder, wheat germ, meat
      extract, peptone, yeast extract, corn steep liquor, ammonium sulfate or
      sodium nitrate and the inorganic salts are selected from the group
      consisting of calcium carbonate, sodium chloride, potassium chloride and
      phosphate.
NUM  4.
PAR  4. The process according to claim 2 wherein said antibiotic is recovered
      from the culture broth by filtering the medium, subjecting the filtrate to
      a column of a cation exchange resin, and extracting the antibiotic from
      the resin.
NUM  5.
PAR  5. The process according to claim 2, wherein said antibiotic is extracted
      by eluting said resin with ammonia water.
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PAL  Stabilized powdery secretin preparation wherein secretin is carried on an
      adequate amount of alanine serving as excipient and weighing material,
      which is produced by lyophilization of an aqueous solution of secretin in
      the presence of alanine, the product being useful for therapeutic
      treatment of diseases and for diagnosis of disorders in digestive tracts
      such as pancreas and gallbladder.
BSUM
PAR  This invention relates to a stabilized powdery secretin preparation and a
      process for the production thereof. More particularly, the invention
      relates to a stabilized powdery secretin preparation useful for
      therapeutic treatment, wherein the secretin is carried on an adequate
      amount of alanine serving as excipient and weighing material, and a
      process for the production thereof by lyophilization of an aqueous
      solution of secretin in the presence of the alanine.
PAR  Secretin is one of the hormones present in digestive tracts and capable of
      stimulating excretion of enzyme-free pancreatic juice from pancreas and
      inhibiting gastrine-stimulated gastric secretion. Secretin is therefore
      useful for therapeutic treatment of diseases in digestive tracts and for
      diagnosis of disorders thereof.
PAR  Secretin as is known is so unstable that it gradually loses its hormone
      activity even if kept at a low temperature such as -20.degree.C. Addition
      of cysteine hydrochloride to secretin was proposed in order to improve its
      temperature stability and a certain increase in its stability was thus
      attained. It was found however that the stabilized secretin preparation is
      still unstable and cannot stand for a prolonged period of storage at room
      temperature. It is thus necessary to keep the preparation in a
      refrigerator.
PAR  Generally, lyophilization is often utilized for recovery of a substance in
      a powdery form from its aqueous solution where the substance is unstable
      under thermal treatment.
PAR  Where recovery of a medical substance from its aqueous solution is
      attempted, which medical substance is to be administered every in such
      minute amounts as a level of a few milligrams to a few micrograms, which
      can scarcely be identified with the naked eye, it is apparent that an
      immediate application of lyophilization procedure to said aqueous solution
      in the absence of carrier is inadvisable, because the resulting finely
      divided solid substance is liable to scatter in the wind under suction,
      especially towards the end of the lyophilization procedure. Scattering may
      also occur in the event of an accident that might occur in handling or
      transportation of said dry substance.
PAR  Such a difficulty as abovementioned may be avoided, if a lyophilization
      procedure is carried out with an aqueous solution of such a substance in
      the presence of a carrier which, when the operation is over, serves as a
      weighing material and excipient of the recovered substance, so that a
      minute amount of the recovered active substance is carried on a large
      amount of said carrier.
PAR  Selection of a suitable carrier for use in the lyophilization is desirably
      effected in view of the following three requisite conditions:
PAR  A. Carrier itself can easily be recovered from its aqueous solution by
      lyophilization.
PAR  B. Carrier is of a poor hygroscopicity and is yet of a good
      water-solubility.
PAR  Selection of a carrier of poor hygroscopicity is needed in order to obtain
      a lyophilization product in a bulky and flocculent mass with maintenance
      of its rapid and good water-solubility for a prolonged time of storage.
      This is for the reason that a dry preparation in such a bulky mass
      obtained by lyophilization in the presence of a hygroscopic carrier has
      generally a tendency of absorbing moisture to convert it into a dense,
      glassy conglomerate which is lacking in its original rapid and good
      water-solubility when stored in a humid atmosphere.
PAR  c. Carrier is chemically inactive toward the active agent to be recovered
      by lyophilization and should rather serve as a stabiliser for the active
      agent which, if any, is chemically unstable.
PAR  The above first condition (a) is satisfied by providing a substance which
      is capable of an instantaneous formation and growth of cryohydrate from
      its aqueous solution at a relatively high temperature below 0.degree.C.
PAR  The second condition (b) is satisfied by providing a substance which, even
      though the same originally is of a good water-solubility, possesses a poor
      hygroscopicity.
PAR  Finally, the third condition (c) is satisfied by providing a substance
      suitably chosen by experimental routine works in consideration of the
      chemical characteristics of a particular active substance for which the
      lyophilization is being contemplated.
PAR  Saccharide derivatives such as dextrane, mannitol and the like have
      commonly been employed as the carrier, because they are first of all
      regarded as satisfying the abovementioned requisite conditions (a), (b)
      and (c). It is known by those skilled in the art that the individual
      aqueous solution of these carrier substances instantaneously forms
      cryohydrate at a relatively high temperature below 0.degree.C., and
      furthermore most of the powdery substances obtained from their aqueous
      solutions by lyophilization are not hygroscopic and yet possess a good
      solubility in water sufficient to serve as an excipient and weighing
      material in the resulting preparations.
PAR  Now, the present inventors have effected several experiments by repeating
      the hitherto known lyophilization process with respect to various
      saccharide derivatives, in order to determine a commercially available
      carrier for the production of secretin preparation by lyophilization
      procedure. It was thus observed that saccharide derivatives usually
      regarded as a good carrier are lacking in the aforementioned third
      condition (c) of the requirements, because the saccharide derivatives have
      no property of fostering the chemical stability of secretin. Actually,
      secretin preparation obtained by lyophilization of its aqueous solution in
      the presence of mannitol as the carrier exhibited a gradual lowering of
      its hormone activity when the preparation was stored at room temperature
      for a certain period of time.
PAR  In view of the above stituation, we have extended our experiments over the
      other several compounds in order to find a compound which will satisfy the
      aforementioned three conditions required for a carrier for the production
      of secretin preparations. We have thus found that alanine is the substance
      having characteristics that satisfy all the abovementioned three
      conditions for a carrier to be used for the recovery of secretin by
      lyophilization from its aqueous solution.
PAR  It is to be understood that the term "alanine" used herein throughout the
      specification and claims is intended to mean both .alpha.-alanine and
      .beta.-alanine. Although .alpha.-alanine may principally be employed in
      carrying out the process of this invention, .beta.-alanine or a mixture of
      these two isomeric compounds may equally be used without difficulty.
PAR  The lyophilization of this invention is applicable to any of the aqueous
      solutions of both the natural and synthetic secretins obtained by the
      known methods. Purified secretin, for example, may be used in the practice
      of this invention, which was obtained from an extract of the mucous
      membrane of small intestine of mammals such as in particular of cattle and
      pigs in accordance with the methods known by those skilled in the art.
PAR  In the practice of this invention, there is no particular limitation with
      respect to the quantity of alanine to be used. It has been found that use
      of alanine in a 2-10% aqueous solution is preferable. There is obtained a
      secretin preparation in a dry powdery form having a good appearance and
      containing 25 mg of alanine as weighing material and a minute amount of
      secretin, for example, by lyophilizing 0.5 ml of a secretin-containing 5%
      alanine aqueous solution held in an ampoule of 2 ml capacity.
PAR  Since secretin is stable at a pH ranging from 4 to 7, it is desirable to
      add, in addition to the alanine, a small quantity of a buffer substance to
      the aqueous solution of secretin to be subjected to lyophilization. The
      quantity of buffer substance added to the aqueous solution of secretin
      should be as small as possible, in such an amount of less than 0.05 m in
      each ampoule, in order to obtain a lyophilization product of good
      performance.
PAR  It has been found that the secretin preparation according to the invention,
      whether the same contains a buffer substance or not and regardless of the
      content and/or sort of said buffer, if any, withholds its original hormone
      activity of secretin for a considerably prolonged time of storage at room
      temperature. Accordingly, the process of this invention is of practical
      worth in commercial production of secretin preparations.
PAR  Following experiments will prove the beneficial technical effect achievable
      by the process of the invention.
PAC  Experiment 1
PAC  Choice of carrier:
PAR  We have confirmed that mannitol as a typical saccharide, and glycine,
      threonine, valine, .alpha.-alanine, .beta.-alanine and citrulline as
      aminocarboxylic acid equally satisfy the conditions (a) and (b) amongst
      the conditions (a), (b) and (c) required for a carrier suitable for
      carrying out the lyophilization procedure in accordance with the present
      invention.
PAR  In the experiment, the effect of each of these carrier compounds on the
      stability of secretin was then estimated by periodically measuring the
      hormone activity of secretin contained in the individual secretin
      preparation which had been produced by the following lyophilization
      procedure.
PAR  Each aqueous solution of secretin was prepared which contained per ampoule
      50 Crick, Harper and Raper units of secretin and 20 mg of the individual
      carrier. The ampoules were lyophilized in accordance with a conventional
      manner. The resulting lyophilization products were subjected to an
      accelerated test for damage at the elevated temperature of 45.degree.C.
      and the remaining hormone activity of the secretin in each of the ampoules
      was periodically estimated in accordance with the method disclosed in Jap.
      J. Pharm., 21, 325-336 (1971). The results of the observations are listed
      in the following Table.
TBL                Table 1                                                     
     ______________________________________                                    
            Remaining activity in C.H.R. Unit of secretin                      
            after                                                              
     Carrier  2        4        6      12     14                               
     used     weeks    weeks    weeks  weeks  weeks                            
     ______________________________________                                    
     Mannitol 58       67       54     30     38                               
     Glycine  91       64       44     51     38                               
     Threonine                                                                 
              43       37       24     19      3                               
     Valine   52       37       48     24      4                               
     .alpha.-Alanine                                                           
              102      97       92     82     76                               
     .beta.-Alanine                                                            
              95       87       85     85     83                               
     Citrulline                                                                
              95       107      48     38     38                               
     ______________________________________                                    
PAR  As is evident from the data of the above Table, both .alpha.-alanine and
      .beta.-alanine exhibit an excellent durable, stabilizing effect on
      secretin contained in the secretin preparations as compared with those of
      the others.
PAC  Experiment 2
PAC  Choice of buffer substance:
PAR  In the presence of several buffer substance hereinundermentioned, the
      stability of two secretin preparations prepared by lyophilization in
      accordance with the procedure of the preceding experiment was observed;
      one of the preparations contained 50 C.H.R. unit hormone activity of
      secretin and 20 mg of mannitol as the carrier, and the other contained 50
      C.H.R. unit hormone activity of secretin and 20 mg of .alpha.-alanine as
      the carrier.
PAR  a. Effect of tartaric acid buffer (pH 4.5; C = 0.02 M) at 45.degree.C.
TBL  ______________________________________                                    
            Remaining activity in C.H.R. Unit                                  
            of secretin after                                                  
     Carrier used                                                              
              2 weeks     4 weeks     6 weeks                                  
     ______________________________________                                    
     Mannitol  86         79          66                                       
     .alpha.-Alanine                                                           
              100         97          90                                       
     ______________________________________                                    
PAR  b. Effect of phosphoric acid buffer (pH 4.5, C = 0.02 M) at 45.degree.C.
TBL  ______________________________________                                    
            Remaining activity in C.H.R. Unit                                  
            of secretin after                                                  
     Carrier used                                                              
              2 weeks     4 weeks     6 weeks                                  
     ______________________________________                                    
     Mannitol 76          61           0                                       
     .alpha.-Alanine                                                           
              92          92          92                                       
     ______________________________________                                    
PAR  c. Effect of succinic acid buffer (pH 4.5, C = 0.02 M) at 32.degree.C.
TBL  ______________________________________                                    
            Remaining activity in C.H.R. Unit                                  
            of secretin after                                                  
     Carrier used                                                              
              2 weeks     4 weeks     6 weeks                                  
     ______________________________________                                    
     Mannitol  85         72          67                                       
     .alpha.-Alanine                                                           
              100         92          92                                       
     ______________________________________                                    
PAR  d. Effect of citric acid buffer (pH 4.5, C = 0.02 M) at 45.degree.C.
TBL  ______________________________________                                    
            Remaining activity in C.H.R. Unit                                  
            of secretin after                                                  
     Carrier used                                                              
              2 weeks     4 weeks     6 weeks                                  
     ______________________________________                                    
     Mannitol  96          90         83                                       
     .alpha.-Alanine                                                           
              100         100         93                                       
     ______________________________________                                    
PAR  e. Effect of citric and phosphoric acid buffers (pH 4.5, C = 0.02 M) at
      32.degree.C.
TBL  ______________________________________                                    
            Remaining activity in C.H.R. Unit                                  
            of secretin after weeks of                                         
     Carrier used                                                              
              2      4      6    8    10   13   16   18                        
     ______________________________________                                    
     Mannitol 101     92    100   90   0    0    0    0                        
     .alpha.-Alanine                                                           
              103    100     93  101  106  100  97   99                        
     ______________________________________                                    
PAR  f. Effect of citric and phosphoric acid buffers (pH 4.5, C = 0.02 M) at
      45.degree.C.
TBL  ______________________________________                                    
            Remaining activity in C.H.R. Unit of                               
            secretin after weeks of                                            
     Carrier used                                                              
              2      4      6    8    10   13   16   18                        
     ______________________________________                                    
     Mannitol 86     80     35   10    0    0    0    0                        
     .alpha.-Alanine                                                           
              95     94     98   99   87   98   89   96                        
     ______________________________________                                    
PAR  The above data show that under the severe thermal treatment, the
      lyophilized secretin composition which contains mannitol as the carrier
      rapidly loses its secretin activity and that the lyophilized secretin
      composition which contains .alpha.-alanine as the carrier maintains its
      secretin activity for a prolonged period of storage.
PAR  It may thus be said that alanine, especially .alpha.-alanine, is a
      preferable carrier for the production of secretin preparations by
      lyophilization of its aqueous solution.
PAR  The present invention will be illustrated by the following Examples.
DETD
PAC  EXAMPLE 1
PAR  An aqueous solution was prepared by dissolving under sterilization 2 grams
      of .alpha.-alanine and 5000 Crick, Harper and Raper units of secretin into
      50 ml of a buffer solution of pH 4.5 containing 0.03 M citric and
      phosphoric acids. Each 0.5 ml aliquot of the resulting solution was
      lyophilized in an ampoule of 2 ml capacity and then sealed.
PAC  EXAMPLE 2
PAR  An aqueous solution was prepared by dissolving under sterilization 3 grams
      of .beta.-alanine and 5000 Crick, Harper and Raper units of secretin into
      50 ml of a 0.02 M tartaric acid buffer solution of pH 4.5. Each 0.5 ml
      aliquot of the resulting solution was lyophilized in an ampoule of 2 ml
      capacity and then sealed.
PAC  EXAMPLE 3
PAR  An aqueous solution was prepared by dissolving under sterilization 1 gram
      of .alpha.-alanine, 1 gram of .beta.-alanine and 5000 Crick, Harper and
      Raper units of secretin into 50 ml of a 0.02 M citric acid buffer solution
      at pH 5.0. Each 0.5 ml aliquot of the resulting solution was lyophilized
      in an ampoule of 2 ml capacity and then sealed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a stabilized powdery secretin preparation which
      comprises lyophilizing an aqueous solution of secretin having a pH of 4-7
      in the presence of a 2-10% aqueous solution of alanine as carrier for the
      secretin.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the alanine is a member
      selected from the group consisting of .alpha.-alanine, .beta.-alanine and
      mixtures thereof.
NUM  3.
PAR  3. A process as claimed in claim 2, wherein the lyophilization is carried
      out in the presence of a buffer selected from the group consisting of
      tartaric acid, phosphoric acid, succinic acid and citric acid.
NUM  4.
PAR  4. A pharmaceutical composition consisting essentially of a minor
      proportion of secretin and a major proportion of a member selected from
      the group consisting of .alpha.-alanine, .beta.-alanine and mixtures
      thereof as carrier therefor.
NUM  5.
PAR  5. A pharmaceutical composition consisting essentially of a minor
      proportion of secretin, a member selected from the group consisting of
      .alpha.-alanine, .beta.-alanine and mixtures thereof as carrier therefor
      and a buffer selected from the group consisting of tartaric acid,
      phosphoric acid, succinic acid and citric acid in an amount sufficient to
      impart a pH of 4-7 to an aqueous solution of said composition.
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PAL  Isomaltitol has also been discovered to be valuable as a therapeutic agent
      for chronic obstipation and liver injury, in particular for the treatment
      and prophylaxis of hepatopathy, dyspepsia, dysbiosis and disturbances in
      the nourishment of infants, and their consequent phenomena.
BSUM
PAR  Hepatopathia, specifically chronic hepatopathia, and in particular hepatic
      encephalopathy, are diseases which hitherto it has proved possible to deal
      with only to an unsatisfactory degree by medicinal therapy. The known
      medicaments prove ineffective in many cases and in addition it was found
      that the use thereof sometimes involved risk due to their considerable
      toxicity. It has also already been found that lactulose has an
      advantageous effect in such diseases but exhibits undesirable subsidiary
      effects inasmuch as it is available only in the form of a syrup mixture
      having a maximum of 70% lactulose, since it is itself difficult to
      crystallise. It has also already been proposed to employ raffinose for the
      purpose mentioned, but this is difficult to produce and excessively costly
      for practical employment.
PAR  These disadvantages are obviated on employing the therapeutic medium
      according to the invention. The medium is characterised by an isomaltitol
      content.
PAR  The medicament according to the invention possesses marked pharmacological
      efficacy. This efficacy consists of a healing and preventive effect in the
      case of hepatopathy, especially chronic hepatopathy and in particular
      hepatic encephalopathy, dyspepsia, dysbiosis, and also disturbances in the
      nourishment of infants, such as infant obstipation, pepsinogenous
      conditions in infants and the like, and the consequences thereof.
PAR  Since isomaltitol is, on passage through the small intestive, cracked and
      resorbed to a relatively insignificant extent, the main quantity passes
      into the large intentine. There, a portion of the isomaltitol is
      metabolised by the non-pathogenic bacteria, whereby bacteria growth and
      therewith intentine activity is encouraged. The consequence thereof is
      that the dry substance quantity excreted in the feces increases
      absolutely, as does also the bacteria content (albumin content) of the
      feces, as has been ascertained in feeding tests performed on rats.
DETD
PAC  EXAMPLE 1
PAR  Standard laboratory rats were allowed to feed on Altromin standard feed to
      the amount desired by the rat with the following results.
TBL  ______________________________________                                    
     Type of feed  Average   mg albumin Percentage                             
     per day       quantity  mass in    of dry                                 
                   of excre- excrement  substance                              
                   ment in   per day and                                       
                                        in the                                 
                   g dry     animal     excrement                              
                   weight per                                                  
                   day and                                                     
                   animal                                                      
     ______________________________________                                    
     Altromin standard                                                         
                   2.7       403        89                                     
     feed                                                                      
     Altromin standard                                                         
     feed                                                                      
     + 2.5 g sugar                                                             
     + 2.5 g. isomaltite                                                       
                   3.1       703        75                                     
     Altromin standard                                                         
     feed                                                                      
     + 5 g isomaltitol                                                         
                   3.5       920        66                                     
     ______________________________________                                    
PAR  Due to the increased albumin synthesis, there is absorption of ammonium
      ions or amines from the intestine content and therewith detoxication
      thereof.
PAR  A further portion of the isomaltitol is broken down to organic acids, above
      all lactic acids, and this results in an observed reduction of the pH
      value in the final intestine. In turn, the reduction of the pH value
      results in hindrance of the activity of the flora responsible for the
      formation of toxic albumin decomposition products. These toxic albumin
      decomposition products, such as for example ammonia, phenol bodies and
      others, play an important part in the emergence of the diseases which can
      be prevented and combated by means of the medicament according to the
      invention.
PAR  The medicament according to the invention is especially suitable for oral
      or rectal delivery and can be prepared in any formulation suitable for the
      form of delivery selected in each particular instance. Application can be
      effected in pure form or together with conventional pharmaceutical
      carriers excipients. Suitable forms of delivery are for example powders,
      crystalline substances, instant powders, tablets, granules, lozenges,
      effervescent tablets, capsules, coated pills, syrup, paste, enemas
      (clysters) and the like. The medium can be combined with further
      therapeutically active agents, for example with antibiotics, sulphonamides
      and vitamins. Additionally, it is also possible to add flavour-correcting
      agents. They may also - with unchanged indication- be processed or
      contained in foodstuffs, in particular dietetic foodstuffs and foodstuffs
      for infants and children.
PAR  Since the medicament according to the invention is non-toxic when used in
      accordance with prescription in reasonable doses, the dosing employed may
      be almost optionally determined depending on specific requirements.
      Actually employed are daily doses between about 20 and 250 g, distributed
      throughout the day in small individual doses.
PAC  EXAMPLE 2.
PAR  Use of raffinose in clinical coma therapy
PAR  An elderly patient with chronic coma hepaticum due to alcoholic liver
      cirrhosis is given 150 grams isomaltitol daily per os. With a constant
      diet (40 grams protein daily), an initially good response is observed. The
      coma could be overcome in a way which is just as good as with neomycin
      therapy. Without the therapy, a relapse occurs which could, however, still
      be controlled again by isomaltitol. EEG-observations confirm the clinical
      course of the treatment.
PAR  This clinical investigation shows that isomaltitol possesses favorable
      activity in the case of porto-systemic encephalopathy.
PAC  EXAMPLE 3.
PAR  An elderly hospitalized patient with non-characteristic abdominal pains is
      given barium sulfate for 3 days. On the fourth day, an X-ray is taken of
      the empty abdomen from a rear posture, whereafter 20 grams isomalitol are
      administered. Thereafter, the same amounts of raffinose are administered
      every 30 minutes for a total period of 180 minutes. The calculation of the
      colonic volume from the X-rays gives a maximum volume increase of 400 ml.
PAC  EXAMPLE 4.
PAR  Reduction of the ammonia level in rats with a porto-caval shunt
PAR  After application of a porto-caval shunt, rats show hyperammonaemia which,
      in the course of time, increases from a normal value of about
      100.mu.g./100 ml. to 600.mu. g./100 ml.
PAR  For the treatment, 0.6 grams isomaltitol are administered to the animals
      three times daily for 48 hours by means of a stomach probe. The ammonia
      level is determined before and after the experiments. The ammonia level
      sinks markedly, in the case of the administration of isomaltitol.
PAC  EXAMPLE 5.
PAR  Rectal administration
PAR  A middleaged male patient with hepatic coma, stage III, is given a total of
      1000 ml. of a 15% aqueous solution of isomaltitol, the pH of which is
      buffered, divided into three doses over the course of the day,
      administration at a rapid rate by means of a balloon catheter. After the
      treatment is carried out, there is observed an improvement of
      consciousness, an improvement of the EKG, and a reduction of the venous
      and arterial ammonia level. (Further treatment is by the oral
      administration of raffinose.)
PAC  EXAMPLE 6
PAR  Administration of isomalitol in doses of 20-150 grams daily, especially of
      40-60 grams and advantageously of 46 grams, isomaltitol in 4 tablets (4
      individual doses) are spread out over the day. A single dose corresponds
      to 11.5 grams isomaltitol.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method for the treatment of hepatic coma, which method comprises
      administering enterally to the patient an amount of isomaltitol effective
      for treating said hepatic coma.
NUM  2.
PAR  2. The method of claim 1 wherein the isomaltitol is applied at a dosage of
      about 20 to 250 grams per day.
NUM  3.
PAR  3. The method of claim 2, wherein the dosage is about 100 grams per day.
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PAL  This invention relates to improved methods of solubilizing heavy metal
      salts of 1-hydroxy-2(1H)- pyridinethione. More particularly, the invention
      relates to solubilizing heavy metal salts of 1-hydroxy-2(1H)
      pyridinethione with polyamines and to compositions containing the
      solubilized salts.
PARN
PAR  This is a divisional of application Ser. No. 136,204 filed Apr. 2, 1971,
      now U.S. Pat. No. 3,785,985.
BSUM
PAR  This invention relates to improved methods of solubilizing heavy metal
      salts of 1-hydroxy-2(1H)-pyridinethione. More particularly, the invention
      relates to solubilizing heavy metal salts of 1-hydroxy-2(1H)
      pyridinethione with polyamines and to compositions containing the
      solubilized salts. A further aspect of this invention is the enhancement
      of the deposition of the heavy metal salts on skin or textiles.
PAR  The structural formula for 1-hydroxy-2(1H) pyridinethione (hereinafter
      referred to as pyridinethione) is shown below in tautomeric form, the
      sulfur being attached to the number 2 position of the pyridine ring:
      ##SPC1##
PAL  The heavy metal salts of pyridinethione are complexes of the heavy metal
      and pyridinethione.
PAR  The heavy metal salts of pyridinethione are described in detail in U.S.
      Pat. No. 2,809,971. As there reported, the heavy metal salts of
      pyridinethione can be prepared by a method which comprises interacting a
      soluble salt of pyridinethione (e.g. alkali metal or ammonium salt
      thereof) with a soluble compound of the desired heavy metal. On
      combination of these reactants, the metal salt precipitates and is
      recovered. Heavy metal compounds described as suitable reactants include,
      among others, copper, iron, manganese, tin, mercury, cobalt, chromium,
      lead, gold, cadmium, nickel, silver, titanium, arsenic, antimony, bismuth,
      zinc and zirconium. The term heavy metal as employed herein includes heavy
      non-metals of metallic character, e.g., arsenic, and these are
      characterized in the aforementioned patent as semi-metals. Preferred heavy
      metal salts of pyridinethione are zinc, cadmium and zirconium.
PAR  The heavy metal salts of pyridinethione are active bactericides and
      fungicides and certain of them are particularly adaptable to application
      to skin, hair and textiles.
PAR  Zinc omadine specifically is very effective as a dandruff controlling agent
      in shampoos and has found wide acceptance in the cosmetic and
      pharmaceutical arts for use in soaps, shampoos, hairdressings, tonics,
      rinses, lotions, ointments, salves and others. Some other uses of the zinc
      salt are as a biologically active agent for cutting oils and coolant
      systems, as an agent for protecting cellulosic fibers from loss of tensile
      strength due to action of fungi, and as a preservative for water based
      paints.
PAR  One disadvantage of the heavy metal salts of pyridinethione, such as the
      zinc salt, is their insolubility in common solvents. The zinc salt, for
      example, is substantially insoluble in water (10-20 ppm), ethanol (310
      ppm), benzene (3-5 ppm), petroleum oils, and most common organic solvents
      such as ethylene glycol, diethyl ether and isopropanol. The material is
      slightly more soluble in chloroform (3400 ppm), dimethyl formamide (8100
      ppm), and dimethyl sulfoxide (5.13 percent). Accordingly, it has been
      found difficult to formulate suitable cosmetic, textile treating and other
      compositions containing these heavy metal salts in dissolved form. The few
      solvents known for the salts are unacceptable especially for cosmetic and
      textile treating uses and the salts must always be present in such
      compositions in dispersed form, necessarily rendering the compositions
      opaque and causing precipitation problems.
PAR  It has been suggested that these heavy metal salts can be solubilized in
      common organic solvents and/or water by combining these salts with an
      amine or polyalkyleneimine. These compounds have been found to be
      ineffective in solubilizing the heavy metal salts of pyridinethione as
      demonstrated below by Examples 9 to 11.
PAR  The present invention overcomes the disadvantages of prior-art compositions
      and inadequacies of prior-art methods. Broadly, the present invention
      relates to a method of solubilizing heavy metal salts of
      1-hydroxy-2(1H)-pyridinethione in water, detergent containing
      compositions, common organic solvents or mixtures thereof which comprises
      incorporating aliphatic polyamines of the general formula H.sub.2
      N(CH.sub.2 CH.sub.2 NH).sub.n H wherein n represents a number from 1 to
      about 5, into compositions containing heavy metal salts of
      1-hydroxy-2(1H)-pyridinethione. An additinoal advantage of the present
      invention is that it increases the deposition of heavy metal salts of
      pyridinethione on substrates such as gelatin, skin and textiles.
PAR  In general the compositions of this invention comprises base materials
      selected from the group consisting of water, organic detergent, common
      organic solvents and mixtures thereof; heavy metal salts of 1
      hydroxy-2(1H) pyridinethione and aliphatic polyamines having the general
      formula described above.
PAR  The zinc salt of pyridinethione is soluble in water only to the extent of 6
      ppm. However, as the pH is increased the solubility of the zinc salt
      increases being 35 ppm at a pH of 8. According to the present invention,
      however, the solubility of the zinc salt in compositions containing the
      described aliphatic polyamines and having a pH of about 9.0 or above is as
      high as about 100,000 ppm or more.
PAR  Because of the present inventions many clear products containing heavy
      metal salts of pyridinethione are now achievable. Examples of these are
      clear liquid antidandruff shampoo, clear soluble antidandruff hair
      groomers, clear soluble antibacterial skin cleansers, soluble substantive
      phytotoxic agents, soluble antibacterial agents to treat textiles and
      disposable products, to mention a few.
PAR  The prior art warns that incorporating the zinc salt of pyridinethione into
      formulations containing sequestering agents such as for example
      ethylenediamine tetraacetic acid [(HOOCCH.sub.2).sub.2 --N--CH.sub.2
      CH.sub.2 --N--(CH.sub.2 COOH).sub.2 ] and its salts has a very deleterious
      effect on the biocidal activity of this salt. Less than one part
      ethylenediamine tetraacetic acid per part pyridinethione salt will show
      this effect. However, in contradiction to the prior art warning, the
      aliphatic polyamines of the present invention, which are an important
      class of chelating compounds used as sequestering agents, do not decrease
      the biocidal activity and even a two-fold excess of a polyamine such as
      diethylene triamine does not reduce the antimicrobial activity of zinc
      pyridinethione.
PAR  Polyamines employable in the invention for solubilizing heavy metal
      pyridinethione salts are ethylene diamine (EDA) diethylene triamine (DETA)
      triethylene tetramine (TETA), tetraethylene pentamine (TEPA), and
      pentaethylene hexamine (PEHA).
PAR  The aliphatic polyamines will constitute a minor proportion of the
      compositions contemplated depending upon the amount of heavy metal salt of
      pyridinethione present. The ratio of aliphatic polyamine to pyridinethione
      heavy metal salt is generally about 1/2:1 to about 5:1. Preferably the
      ratio is about 1:1 to about 2:1.
PAR  In view of their antimicrobial effectiveness and of their substantivity,
      solubilized, pyridinethione heavy metal salts are particularly suitable
      for improving the condition of the hair, skin and textiles such as
      fabrics. More particularly, the solubilized salts may be incorporated into
      compatible cosmetic and textile treating vehicles to form cosemtic
      compositions for application to the hair and skin to improve the
      condition, including general health, thereof and textile treating
      compositions for application to textiles in particular fabrics rendering
      them sanitary.
PAR  By suitable selections of compatible cosmetic vehicles, it is contemplated
      that the present cosmetic compositions may be prepared in the form of
      daily skin or hair conditioning products such as skin lotions or hair
      conditioning rinses, daily hair-grooming products, such as hair lotions,
      hair sprays and dressings, hair tonics, and the like, or they may be
      prepared in the form of cleansing products, such as hair shampoos.
PAR  By suitable selections of compatible, textile treating vehicles, it is
      contemplated that present textile treating compositions may be prepared in
      the form of antibacterial compositions for treating fabrics, disposable
      products such as diapers, and cellulosic fibers to protect them from loss
      of tensile strength.
PAR  The heavy metal salts of pyridinethione will constitute generally a minor
      proportion, on the order of about 1/4 percent to 20 percent by weight of
      the compositions, but the proportion will vary depending on the nature of
      the product. Generally concentrations of pyridinethione heavy metal salts
      in the range of 1/2 percent to 10 percent by weight of the composition are
      preferred for cosmetic and textile treating products. More preferred are
      concentrations of 1/2 percent to 5 percent, and most preferred are
      concentrations of 1/2 to 2 percent by weight of the total composition.
PAR  The vehicle accounts for the balance of about 99.25 percent to about 70
      percent by weight of the cosmetic skin, and hair compositions, and textile
      treating compositions and its specific composition will vary according to
      the end use of the composition. The proportions of all vehicle
      compositions are expressed as percent by weight of the total composition.
PAR  The vehicle in liquid, hair- or skin-compositions may be water, common
      organic solvents or mixtures thereof. Suitable common organic solvents are
      C.sub.2 -C.sub.3 lower monohydric or polyhydric alcohols such as ethanol,
      propanol, isopropanol, glycerine, dimethylformamide, dimethylacetamide,
      and dimethylsulfoxide, to mention a few.
PAR  In liquid hair-grooming compositions generally the vehicle will contain
      from about 0.5 percent to 65 percent and preferably 3 to 50 percent by
      weight of a non-volatile hairgrooming agent.
PAR  The balance of the vehicle will vary according to the form of the resultant
      product, and generally will be an aqueous medium, such as water or
      mixtures of water and a lower monohydric alcohol, such as ethanol or
      isopropanol. In the aqueous alcoholic mixtures, as little as 5 percent by
      weight of water may be present with the balance being lower alcohol.
      Generally water is about 30 percent to 80 percent by weight of the
      vehicle.
PAR  In liquid cleansing compositions, such as shampoos, and textile treating
      compositions, the vehicle will generally contain about 10 to 50 percent,
      preferably about 15 to 35 percent by weight of a compatible, water-soluble
      synthetic organic detergent and a balance of water and/or other
      components.
PAR  In the case of liquid cleansing compositions for the hair and skin, such as
      shampoo and textile treating compositions, suitable water-soluble
      synthetic, organic detergents may be selected from the group consisting of
      anionic, nonionic, amphoteric, zwitterionic, polar nonionic, and cationic
      detergents, and mixtures of two or more of the foregoing detergents.
PAR  The compatible anionic surface active agents include those surface active
      or detergent compounds which contain an organic hydrophobic group
      containing generally 8 to 26 carbon atoms and preferably 10 to 18 carbon
      atoms in their molecular structure, and at least one water-solubilizing
      group selected from the group of sulfonate, sulfate, carboxylate,
      phosphonate and phosphate so as to form a water-soluble detergent.
PAR  Examples of suitable anionic detergents which fall within the scope of the
      anionic detergent class include the water-soluble salts, e.g., the sodium,
      ammonium, and alkylolammonium salts, of higher fatty acids or resin salts
      containing about 8 to 20 carbon atoms, preferably 10 to 18 carbon atoms.
      Suitable fatty acids can be obtained from oils and waxes of animal or
      vegetable origin, e.g., tallow, grease, coconut oil, tall oil and mixtures
      thereof. Particularly useful are the sodium and potassium salts of the
      fatty acid mixtures derived from coconut oil and tallow, e.g., sodium
      coconut soap and potassium tallow soap.
PAR  The anionic class of detergents also includes the water-soluble sulfated
      and sulfonated synthetic detergents having an alkyl radical of 8 to 26,
      and preferably about 12 to 22 carbon atoms, in their molecular structure.
      (The term alkyl includes the alkyl portion of the higher acyl radicals.)
PAR  Examples of the sulfonated anionic detergents are the higher alkyl
      mononuclear aromatic sulfonates such as the higher alkyl benzene
      sulfonates containing from 10 to 16 carbon atoms in the higher alkyl group
      in a straight or branched chain, e.g., the sodium, potassium and ammonium
      salts of higher alkyl benzene sulfonates, higher alkyl toluene sulfonates,
      higher alkyl phenol sulfonates, and higher naphthalene sulfonates. A
      preferred sulfonate is linear alkyl benzene sulfonate having a high
      content of 3- (or higher) phenyl isomers and a correspondingly low content
      (well below 50 percent) of 2- (or lower) phenyl isomers, i.e., wherein the
      benzene ring is preferably attached in large part at the 3 or higher
      (e.g., 4, 5, 6 or 7) position of the alkyl group and the content of
      isomers is which the benzene ring is attached at the 2 or 1 position is
      correspondingly low. Particularly preferred materials are set forth in
      U.S. Pat. No. 3,320,174.
PAR  Other suitable anionic detergents are the olefin sulfonates, including
      long-chain alkene sulfonates, long-chain hydroxyalkane sulfonates or
      mixtures of alkene-sulfonates and hydroxylalkane-sulfonates. These olefin
      sulfonate detergents may be prepared in a known manner by the reaction of
      SO.sub.3 with long-chain olefins containing 8 to 25, preferably 12-21,
      carbon atoms and having the formula RCH=CHR.sub.1 where R is a higher
      alkyl group of 6 to 23 carbons and R.sub.1 is an alkyl group of 1 to 17
      carbons or hydrogen to form a mixture of sultones and alkene-sulfonic
      acids which is then treated to convert the sultones to sulfonates. Other
      examples of sulfate or sulfonate detergents are paraffin sulfonates
      containing about 10-20, preferably about 15-20 carbon atoms, e.g., the
      primary paraffin sulfonates made by reacting long-chain alpha olefins and
      bisulfites and paraffin sulfonates having the sulfonate groups distributed
      along the paraffin chain as shown in U.S. Pat. Nos. 2,503,280; 2,507,088;
      3,260,741; 3,372,188   and German Pat. No. 735,096; sodium and potassium
      sulfates of higher alcohols containing 8 to 18 carbon atoms such as sodium
      lauryl sulfate and sodium tallow alcohol sulfate; sodium and potassium
      salts of .alpha.-sulfofatty acid esters containing about 10 to 20 carbon
      atoms in the acyl group, e.g., methyl .alpha.-sulfomyristate and methyl
      .alpha.-sulfo-tallowate, ammonium sulfates of mono- or diglycerides of
      higher (C.sub.10 -C.sub.18) fatty acids, e.g., stearic monoglyceride
      monosulfate; sodium and alkylolammonium salts of alkyl polyethenoxy ether
      sulfates produced by condensing 1 to 5 moles of ethylene oxide with one
      mole of higher (C.sub.8 -C.sub.18) alcohol; sodium higher alkyl (C.sub.10
      -C.sub.18) glyceryl ether sulfonates; and sodium or potassium alkyl phenol
      polyethenoxy ether sulfates with about 1 to 6 oxyethylene groups per
      molecule and in which the alkyl radicals contain about 8 to about 12
      carbon atoms.
PAR  The suitable anionic detergents include also the C.sub.8 -C.sub.18 acyl
      sarcosinates (e.g. sodium lauroyl sarcosinate), sodium and potassium salts
      of the reaction product of higher fatty acids containing 8 to 18 carbon
      atoms in the molecule esterified with isethionic acid, and sodium and
      potassium salts of the C.sub.8 -C.sub.18 acyl N-methyl taurides, e.g.,
      sodium cocoyl methyl taurate and potassium stearoyl methyl taurate.
PAR  Anionic phosphate surfactants in which the anionic solubilizing group
      attached to the hydrophobic group is an oxyacid of phosphorous are also
      useful in the detergent compositions. Suitable phosphate surfactants are
      the sodium potassium and ammonium alkyl phosphate esters such as
      (R--O).sub.2 PO.sub.2 M and ROPO.sub.3 M.sub.2 in which R represents an
      alkylchain containing from about 8 to about 20 carbon atoms or an alkyl
      phenyl group having 8 to 20 carbon atoms and M represents a soluble
      cation. The compounds formed by including about one to 40 moles of
      ethylene oxide in the foregoing esters, e.g. [R-O(EtO)n].sub.2 PO.sub.2 M,
      are also satisfactory.
PAR  The particular anionic detergent salt will be suitably selected depending
      upon the particular formulation and the proportions therein. Suitable
      salts include the ammonium, substituted ammonium (mono-, di- and
      triethanolammonium), alkali metal (such as sodium and potassium) and
      alkaline earth metal (such as calcium and magnesium) salts. Preferred
      salts are the ammonium, triethanolammonium, sodium and potassium salts of
      the higher alkyl sulfates and the C.sub.8 -C.sub.18 acyl sarcosinates.
PAR  The nonionic synthetic organic detergents are generally the condensation
      product of an organic aliphatic or alkyl aromatic hydrophobic compound and
      hydrophilic ethylene oxide groups. Practically any hydrophobic compound
      having a carboxy, hydroxy, amido, or amino group with a free hydrogen
      attached to the nitrogen can be condensed with ethylene oxide or with the
      polyhydration product thereof, polyethylene glycol, to form a nonionic
      detergent. Further, the length of the polyethenoxy chain can be adjusted
      to achieve the desired balance between the hydrophobic and hydrophilic
      elements.
PAR  The nonionic detergents include the polyethylene oxide condensate of one
      mole of alkyl phenol containing from about 6 to 12 carbon atoms in a
      straight- or branched-chain configuration with about 5 to 30 moles of
      ethylene oxide, e.g., nonyl phenol condensed with 9 moles of ethylene
      oxide, dodecyl phenol condensed with 15 moles of ethylene oxide and
      dinonyl phenol condensed with 15 moles of ethylene oxide. Condensation
      products of the corresponding alkyl thiophenols with 5 to 30 moles of
      ethylene oxide are also suitable.
PAR  Still other suitable nonionics are the polyoxyethylene polyoxypropylene
      adducts of 1-butanol. The hydrophobe of these nonionics has a minimum
      molecular weight of 1,000 and consists of an aliphatic monohydric alcohol
      containing from 1 to 8 carbon atoms to which is attached a heteric chain
      of oxyethylene and oxypropylene. The weight ratio of oxypropylene to
      oxyethylene covers the range of 95:5 to 85:15. Attached to this is the
      hydrophilic polyoxyethylene chain which is from 44.4 to 54.6 percent of
      the total molecular weight of 1,400 to 4,000.
PAR  Also included in the nonionic detergent class are the condensation products
      of a higher alcohol containing about 8 to 18 carbon atoms in a straight or
      branched-chain configuration condensed with about 5 to 30 moles of
      ethylene oxide, e.g., lauryl-myristyl alcohol condensed with about 16
      moles of ethylene oxide.
PAR  A particularly useful group of nonionics is marketed under the trade name
      "Pluronics." The compounds are formed by condensing ethylene oxide with a
      hydrophobic base formed by the condensation of propylene oxide with
      propylene glycol. The molecular weight of the hydrophobic portion of the
      molecule is of the order of 950 to 4000, preferably 1200 to 2500. The
      addition of polyoxyethylene radicals to the hydrophobic portion tends to
      increase the solubility of the molecule as a whole. The molecular weight
      of the block copolymers varies from 1100 to 15,000 and the polyethylene
      oxide content may comprise 20 to 80 percent by weight.
PAR  Other suitable nonionics may be derived by the condensation of ethylene
      oxide with the product resulting from the reaction of propylene oxide and
      ethylene diamine. The molecular weight varies from 500 to 4,500.
PAR  Other nonionic detergents include the ethylene oxide addends of monoesters
      of hexahydric alcohols and inner ethers thereof with higher fatty acids
      containing about 10 to 20 carbon atoms, e.g., sorbitan monolaurate,
      sorbitan mono-oleate, and mannitan monopalmitate.
PAR  The amphoteric detergents which can be used in the compositions of this
      invention are generally water-soluble salts of derivatives of aliphatic
      amines which contain at least one cationic group, e.g., non-quaternary
      nitrogen, quaternary ammonium, or quaternary phosphonium group, at least
      one alkyl group of about 8 to 18 carbon atoms and an anionic
      water-solubilizing carboxyl, sulfo, sulfato, phosphato or phosphono group
      in their molecular structure. The alkyl group may be straight chain or
      branched and the specific cationic atom may be part of a heterocyclic
      ring.
PAR  Examples of suitable ampholytic detergents include the alkyl
      beta-aminopropionates, RN(H)C.sub.2 H.sub.4 COOM; the alkyl
      betaiminodiproprionates, RN(C.sub.2 H.sub.4 COOM).sub.2 ; the alkyl and
      hydroxy alkyl taurinates, RN(CH.sub.3)C.sub.2 H.sub.4 SO.sub.3 M; and the
      long-chain imidazole derivatives having the following formulas:
      ##EQU1##
      wherein R is an acyclic group of about 7 to 17 carbon atoms, W is selected
      from the group of R OH, R.sub.2 COOM, and R.sub.2 OR.sub.2 COOM, Y is
      selected from the group consisting of OH.sup.-, R.sub.3 OSO.sub.3 .sup.-,
      R.sub.2 is an alkylene or hydroxyalkylene group containing 1 to 4 carbon
      atoms, R is selected from the group consisting of alkyl, alkyl aryl and
      fatty acyl glyceride groups having 6 to 18 carbon atoms in the alkyl or an
      acyl group; and M is a water-soluble cation, e.g., sodium potassium,
      ammonium or alkylolammonium.
PAR  Formula I detergents are disclosed in Volume II of "Surface Active Agents
      and Detergents" and in French Patent 1,412,921 and Formula II detergents
      are described in U.S. Pat. Nos. 2,773,068; 2,781,354, and 2,781,357. The
      acyclic groups may be derived from coconut oil fatty acids (a mixture fo
      fatty acids containing 8 to 18 carbon atoms), lauric fatty acid, and oleic
      fatty acid and the preferred groups are C.sub.7 -C.sub.17 alkyl groups.
      Preferred detergents are sodium N-lauryl betaaminopropionate, disodium
      N-lauryl iminodipropionate, and the disodium salt of
      2-lauryl-cycloimidium-1-hydroxyl, 1-ethoxy-ethanoic acid, 1-ethanoic acid.
PAR  Zwitterionic detergents such as the betaines and sulfo-betaines having the
      following formula are also useful:
      ##EQU2##
      wherein R is an alkyl group containing about 10 to 18 carbon atoms,
      R.sub.2 and R.sub.3 are each C.sub.1 -C.sub.3 alkyl, R.sub.4 is an
      alkylene or hydroxyalkylene group containing about 1 to 4 carbon atoms,
      and X is C or S:O. The alkyl group can contain one or more intermediate
      linkages such as amido, either or polyether linkages or non-functional
      substituents such as hydroxyl or halogen which do not substantially affect
      the hydrophobic character of the group. When X is C, the detergent is
      called a betaine; and when X is S:O, the detergent is called a
      sulfobetaine or sultaine. Preferred betaine and sulfobetaine detergents
      are 1-(lauryl dimethyloammonio) acetate, 1-(myristyl dimethylammonio)
      propane-3-sulfonate, and
      1-(myristyldimethylammonio)-2-hydroxypropane-3-sulfonate.
PAR  The polar nonionic detergents are those in which the hydrophilic group
      contains a semi-polar bond directly between two atoms, for example,
      N.fwdarw.O; P.fwdarw.O, As.fwdarw.O, and S.fwdarw.O. There is charge
      separation between the two directly bonded atoms, but the detergent
      molecule bears no net charge and does not dissociate into ions.
PAR  The polar nonionic detergents of this invention include open-chain
      aliphatic amine oxides of the general formula R.sub.1 R.sub.2 R.sub.3
      N.fwdarw.O. For the purposes of this invention R.sub.1 is an alkyl,
      alkenyl, or monohydroxyalkyl radical having about 10 to 16 carbon atoms.
      R.sub.2 and R.sub.3 are each selected from the group consisting of methyl,
      ethyl, propyl, ethanol, and propanol radicals.
PAR  Other operable polar nonionic detergents are the openchain aliphatic
      phosphine oxides having the general formula R.sub.1 R.sub.2 R.sub.3
      P.fwdarw.O wherein R.sub.1 is an alkyl, alkenyl, or monohydroxyalkyl
      radical ranging in chain length from 10 to 18 carbon atoms, and R.sub.2
      and R.sub.3 are each alkyl and monohydroxyalkyl radicals containing from 1
      to 3 carbon atoms.
PAR  Cationic surface active agents may also be employed. Such agents are those
      surface active detergent compounds which contain an organic hydrophobic
      group and a cationic solubilizing group. Typical cationic solubilizing
      groups are amine and quaternary groups.
PAR  Examples of suitable synthetic cationic detergents are normal primary
      amines RNH.sub.2 wherein R is C.sub.12 -C.sub.15 ; the diamines such as
      those of the type RNHC.sub.2 H.sub.4 NH.sub.2 wherein R is an alkyl group
      of about 12 to 22 carbon atoms, such as N-2-aminoethyl stearyl amine and
      N-2-aminoethyl myristyl amine; amidelinked amines such as those of the
      type R.sub.1 CONHC.sub.2 H.sub.4 NH wherein R.sub.1 is an alkyl group of
      about 8 to 20 carbon atoms, such as N-2-amino ethylstearyl amide and
      N-amino ethylmyristyl amide; quaternary ammonium compounds wherein
      typically one of the groups linked to the nitrogen atom is an alkyl group
      of about 8 to 22 carbon atoms and three of the groups linked to the
      nitrogen atom are alkyl groups which contain 1 to 3 carbon atoms,
      including alkyl groups bearing inert substituents, such as phenyl groups,
      and there is present an anion such as halogen, acetate, methosulfate, etc.
      The alkyl group may contain intermediate linkages such as amido which do
      not substantially affect the hydrophobic character of the group, e.g.,
      stearyl amido propyl quaternary ammonium chloride. Typical quaternary
      ammonium detergents are ethyl-dimethyl-stearyl ammonium chloride,
      benzyl-dimethyl-stearyl ammonium chloride, trimethyl-stearyl ammonium
      chloride, trimethyl-cetyl ammonium bromide, dimethyl-ethyl-lauryl ammonium
      chloride, dimethylpropyl-myristyl ammonium chloride, and the corresponding
      methosulfates and acetates.
PAR  The cosmetic compositions for the hair and skin may also contain as
      adjuvant materials various substances, such as vitamins, lanolin,
      bacteriocides, plant extracts, coloring agents, perfumes, thickeners such
      as cellulose, opacifiers, and sequestering agents in order to enhance the
      cosmetic or antimicrobial properties of the resultant composition. Buffers
      may also be included to provide a suitable pH depending upon the nature of
      the proeuct prepared.
PAR  The hair, skin and textile treating compositions of the invention which
      contain solubilized heavy metal salts of pyridinethione are characterized
      by an outstanding ability to inhibit the growth of P. ovale, the yeast
      believed to be associated with dandruff. The aliphatic polyamine renders
      the active ingredient substantive (remain on the hair and skin) and
      therefore the period of time of bacteriostatic effect is extended.
PAR  The following examples further illustrate and describe the invention.
PAR  Examples 1-6 illustrate water and detergent compositions containing
      solubilized zinc 1-hydroxy-2(1H)-pyridinethione.
DETD
PAC  EXAMPLE 1
TBL  Biocidal Composition                                                      
     ______________________________________                                    
     Zinc pyridinethione                                                       
                       1.50%                                                   
     Water             95.50                                                   
     Diethylene triamine (DETA)                                                
                       3.00                                                    
                       100.00%   by weight                                     
     ______________________________________                                    
PAL  To 0.75 g. of pyridinethione is added 47.75 g. water. This 48.5 g. slurry
      is stirred for 1 minute. To this slurry is added 1.5 g. of DETA. Zinc
      pyridinethione is completely dissolved. It is observed that mixing the
      aliphatic polyamine and the heavy metal salt before diluting with water
      results in a clear yellow solution. To obtain a clear colorless solution
      it is preferred to dilute either the aliphatic polyamine or the heavy
      metal salt of pyridinethiene with water or solvent prior to the addition
      of the other ingredient.
PAR  Similar results are obtained with other salts of pyridinethione, e.g.,
      cadmium and zirconium salts.
PAR  Other suitable formulations productive of desired results are illustrated
      in Examples 2-4.
TBL                Example 2                                                   
     ______________________________________                                    
                    Percent by Weight                                          
     ______________________________________                                    
     Zirconium pyridinethione                                                  
                      5.0%                                                     
     Water            75.0                                                     
     Tetraethylene/pentamine                                                   
     (TEPA)           20.0                                                     
                      100.0%                                                   
     ______________________________________                                    
     Example 3                                                                 
                      Percent by Weight                                        
     ______________________________________                                    
     Zinc pyridinethione                                                       
                      10.0%                                                    
     Water            40.0                                                     
     Diethylene triamine (DETA)                                                
                      50.0                                                     
                      100.0%                                                   
     ______________________________________                                    
     Example 4                                                                 
                      Percent by Weight                                        
     ______________________________________                                    
     Zinc pyridinethione                                                       
                      20.0%                                                    
     Water            70.0                                                     
     Diethylene triamine (DETA)                                                
                      10.0                                                     
                      100.0%                                                   
     ______________________________________                                    
PAR  Desired results are also obtained with similar formulations containing
      pentaethylene hexamine (PEHA) and ethylene diamine (EDA).
PAC  EXAMPLE 5
PAR  The following is an example of an anionic shampoo having biocidal activity:
TBL                 Percent by Weight                                          
     ______________________________________                                    
     Triethanolamine lauryl                                                    
      sulfate (TEALS) 10.0%                                                    
     Lauryl dimethylamine                                                      
      oxide (LDMAO)   10.0                                                     
     Cocomonethanolamide (CMA)                                                 
                      5.0                                                      
     Ethanol (ETOH)   10.0                                                     
     Zinc pyridinethione                                                       
                      1.5                                                      
     Diethylenetriamine (DETA)                                                 
                      3.0                                                      
     Water            60.5                                                     
                      100.0%                                                   
     ______________________________________                                    
PAL  This shampoo is prepared as follows: To 1.5 g. zinc pyridinethione and 15.5
      g. water is added 3.0 g. DETA. To this 20.0 g. solution of slurry is added
      80 g. of the following anionic base: 24.20 g. TEALS (41.1% A.I.*), 33.70
      g. LDMAO (29.65% A.I.), 5.0 g. CMA and 10.50 g. ETOH (95% A.I.) and 6.6 g.
      H.sub.2 O. This composition is prepared by combining TEALS, LDMAO, CMA and
      water at room temperature (20.degree.-25.degree.C.) heating with stirring
      to about 150.degree.F., cooling to room temperature, adding ETOH and
      adjusting with water to 80 g. The base is combined and stirred at room
      temperature with zinc pyridinethione, water and DETA. A crystal clear
      shampoo results having biocidal activity.
FNT  *A.I. means active ingredient.
PAR  Desired results are also obtained with triethylene tetramine (TETA) as the
      solubilizing polyamine.
PAC  EXAMPLE 6
PAR  The following is an example of an amphoteric shampoo having biocidal
      activity:
TBL                      Percent by Weight                                     
     ______________________________________                                    
     C.sub.8 -C.sub.18 alkyl amidopropyl                                       
      dimethyl betaine (CADG)                                                  
                           16.0%                                               
     Triethanolamine lauryl                                                    
      sulfate (TEALS)      4.0                                                 
     Lauryl dimethylamine                                                      
      oxide (LDMAO)        0.5                                                 
     Mixed polymer having a molecular                                          
      weight of about 4000 formed by                                           
      condensing a 1:1 mixture of                                              
      ethylene oxide and propylene                                             
      oxide on butanol (Ucon 50 HB 5100)                                       
                           2.00                                                
     Resinous condensate of about 2                                            
      moles of epichlorohydrin and                                             
      one mole of diethylene tri-                                              
      amine having a molecular weight                                          
      of about 80,000      0.50                                                
     Polyoxypropylene-polyoxyethylene                                          
      block copolymer wherein the                                              
      hydrophobic group has a molecu-                                          
      lar weight of 1,750 and ethylene                                         
      oxide is 20% by weight                                                   
      (Pluronic L62)       5.00                                                
     Ethanol (ETOH)        2.00                                                
     Zinc pyridinethione   1.50                                                
     Diethylenetriamine (DETA)                                                 
                           3.00                                                
     Water                 65.50                                               
                           100.00%                                             
     ______________________________________                                    
PAL  This shampoo is prepared in the same manner described in Example 2. A
      crystal clear shampoo results.
PAC  EXAMPLE 7
PAR  The results of an experiment to show that the antimicrobial activity of
      zinc pyridinethione is maintained when the salt is solubilized by the
      aliphatic polyamines of this invention are disclosed in Table I.
PAR  The microbial effectiveness of compositions of the invention containing
      solubilized heavy metal salts of pyridinethione was determined using the
      "Test Tube Serial Dilution Method" described on pages 195-200 of the Fifth
      Edition of "Diagnostic Bacteriology" by Schaub et al. Table I sets forth
      the "minimum inhibitory concentration" (MIC) as determined using the
      aforementioned method against P. ovale of these compositions.
TBL                TABLE I                                                     
     ______________________________________                                    
                        MIC in micrograms                                      
                        per milliliter (.mu.g/ml)                              
     Test Composition   against P. ovale                                       
     ______________________________________                                    
     1% diethylenetriamine                                                     
      in water          500 .fwdarw. 1000                                      
     1% ethylene diamine                                                       
      in water          500 .fwdarw. 1000                                      
     1% zinc pyridinethione                                                    
      in water          1.9 .fwdarw. 7.8                                       
     1% zinc pyridinethione +                                                  
      1% diethylenetriamine                                                    
      in water          1.9 .fwdarw. 7.8                                       
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  In addition to maintaining the antimicrobial activity of heavy metal salts
      of pyridinethione solubilized by the polyamines, enhanced deposition of
      zinc pyridinethione on substrates has been observed and is shown in Table
      II. Deposition was determined by stirring a half-inch diameter circular
      gelatin disk weighing about 40 milligrams in 10 grams of 1% by weight of
      radio-active (zinc-65 tagged) pyridinethione salt, rinsing the disk 5
      times in 10 milliliters of water and measuring the radio-active emission
      with the aid of a radiation detector.
TBL                TABLE II                                                    
     ______________________________________                                    
                          Absolute Degree                                      
                          of Deposition                                        
     Composition          (.mu.g/disc)                                         
     ______________________________________                                    
     Water + 1.5% zinc 65 pyri-                                                
      dinethione          40.9                                                 
     Water + 1.5% zinc 65 pyri-                                                
      dinethione + 3% ethylene                                                 
      diamine             181                                                  
     Water + 1.5% zinc 65 pyri-                                                
      dinethione + 3% diethyl-                                                 
      enetriamine         178                                                  
     Water + 1.5% zinc 65 pyri-                                                
      dinethione + 3% tetraethyl-                                              
      enepentamine        181                                                  
     Shampoo of Example 5 without                                              
      diethylenetriamine but the                                               
      zinc is zinc 65     8.7                                                  
     Shampoo of Example 5 where                                                
      zinc is zinc 65     45.9                                                 
     Shampoo of Example 5 where                                                
      zinc is zinc 65 and diethyl-                                             
      enetriamine is replaced by                                               
      ethylene diamine    23                                                   
     Shampoo of Example 6 where                                                
      zinc is zinc 65 and diethyl-                                             
      enetriamine is replaced by                                               
      tetraethylenepentamine                                                   
                          43.6                                                 
     ______________________________________                                    
PAL  From Table II it is demonstrated that the addition of aliphatic polyamines
      to water and shampoos containing zinc pyridinethione results in
      depositions of zinc pyridinethione which are 3 to 21 times amount obtained
      when aliphatic polyamines. Similar increases in depositions are obtainable
      with amphoteric shampoos such as described in Example 6.
PAR  The experiments in Examples 9 to 11 compare the solubilizing agents
      suggested by the prior art to those of the present invention. These
      results show that the prior-art suggested solubilizing agents such as
      polyethyleneimine and diglycol amine are ineffective.
PAC  EXAMPLE 9
PAR  To 0.75 g. of zinc pyridinethione is added 47.75 g. H.sub.2 O. This 48.5 g.
      slurry is stirred for 1 minute. In two separate experiments, to this
      slurry is added 1.5 g. of diethylenetriamine (DETA) and diglycolamine
      (DGA). Also, to 0.75 g. zinc pyridinethione is added 44.75 g. H.sub.2 O.
      The 45.50 g. slurry is stirred for 1 minute. To this slurry is added 4.5
      g. of polyethyleneimine (PEI-1000)* (33% A.I.**). So, in each of the three
      experiments there is 1.5% zinc pyridinethione and 3.0% solubilizer and
      balance is made up to 100% with water (95.5%). The visual observations of
      these solutions are recorded in Table III.
FNT  *PEI-1000 is a polymer of ethyleneimine with average molecular weight =
      100,000 prepared by polymerization of ethyleneimine and containing a
      primary-, secondary-, tertiary- amine ratio of 1:2:1.
FNT  **A.E. means active ingredients.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Experimental                                                              
     Conditions Visual Observations                                            
                Preparation                                                    
                          Preparation                                          
                                   Preparation                                 
                with DETA with DGA with PEI-1000                               
     __________________________________________________________________________
     Stirring at room                                                          
                Complete solu-                                                 
                          Less than 10%                                        
                                   Approximately                               
     temperature for                                                           
                bility of zinc                                                 
                          solubility of                                        
                                   20% solubility                              
     3 minutes  pyridinethione.                                                
                          zinc pyridine-                                       
                                   of zinc pyri-                               
                          thione.  dinethione.                                 
     Hot plate heating                                                         
                Maintenance of                                                 
                          No greater                                           
                                   No greater sol-                             
     until 110.degree.F.                                                       
                solubility.                                                    
                          solubility.                                          
                                   ubility but                                 
                          Zinc pyridine-                                       
                                   zinc pyridine-                              
                          thione quickly                                       
                                   thione in uni-                              
                          settles. form suspension.                            
     Infinite dilution                                                         
                Solubility upon                                                
     with H.sub.2 O of clear                                                   
                infinite dilu-                                                 
     solution   tion with water.                                               
                No cloudiness                                                  
                developed.                                                     
     pH of solution                                                            
                11.5      11.2     9.3                                         
     unadjusted                                                                
     Adjusted pH down-                                                         
                Start clouding                                                 
                          Excessively                                          
                                   Excessively                                 
     ward with HCl                                                             
                up solution at                                                 
                          less solubili-                                       
                                   less solubili-                              
                approximately                                                  
                          zation than                                          
                                   zation than                                 
                pH 9.2. Ap-                                                    
                          above ob-                                            
                                   above observed.                             
                proximately 50%                                                
                          served.                                              
                precipitation                                                  
                at pH 8.8.                                                     
     __________________________________________________________________________
PAR  The degree of solubilization of zinc pyridinethione by diethylenetriamine,
      diglycolamine and polyethyleneimine into both an anionic (Table IV) and
      amphoteric (TABLE VI) shampoo base was studied.
PAC  EXAMPLE 10
PAR  The following anionic shampoo systems are prepared:
TBL                                    TABLE IV                                
     __________________________________________________________________________
                 Anionic I Anionic II                                          
                                  Anionic III                                  
     __________________________________________________________________________
     Triethanolamine lauryl                                                    
      sulfate (TEALS)                                                          
                 10.0% solids                                                  
                           10.0%  10.0%                                        
     Lauryl dimethylamine                                                      
      oxide (LDMAO)                                                            
                 10.0      10.0   10.0                                         
     Cocomonoethanol amide                                                     
      (CMA)      5.0       5.0    5.0                                          
     Ethanol (ETOH)                                                            
                 10.0      10.0   10.0                                         
     Zinc pyridinethione                                                       
                 1.5       1.5    1.5                                          
     Diethylenetriamine                                                        
      (DETA)     3.0                                                           
     Diglycolamine (DGA)   3.0                                                 
     Polyethyleneimine                                                         
      (PEI-1000)                  3.0                                          
     H.sub.2 O   60.5      60.5   60.5                                         
                 100.0%    100.0% 100.0%                                       
     __________________________________________________________________________
PAR  The shampoos are prepared as follows: To 1.5 g. zinc pyridinethione and
      15.5 g H.sub.2 O (as in preparations I and II) or 9.5 g. H.sub.2 O (as in
      preparation III) is added 3.0 g. DETA or 3.0 g. DGA or 9.0 g. (33% A.I.*)
      PEI-1000. To this 20.0 g. solution of slurry is added 80 g. of the
      following shampoo base: 24.20 g. TEALS (41.1% A.I.), 33.70 g. LDMAO
      (29.65% A.I.), 5.0 g. CMA and 10.50 g. ETOH (95% A.I.) and 6.6 g. H.sub.2
      O. The shampoo base is prepared by combining TEALS, LDMAO, CMA and H.sub.2
      O at room temperature, heating with stirring to 150.degree.F., cooling to
      room temperature, adding ETOH and adjusting with H.sub.2 O to 80.0 g. The
      base was combined and stirred at room temperature with zinc pyridinethione
      and H.sub.2 O and solubilizer (DETA, DGA or PEI-1000) combination.
FNT  *A.I. means Active Ingredient.)
PAR  The visual observations of these shampoo systems are recorded in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     Experimental                                                              
     Conditions Visual Observations                                            
              DETA     DGA        PEI-1000                                     
     ______________________________________                                    
     pH - unadjusted                                                           
                9.75       9.0        8.6                                      
     Visual - unad-                                                            
                Crystal clear                                                  
                           Cloudy sham-                                        
                                      Large quantity                           
     justed     shampoo.   poo, less than                                      
                                      of gummy-like                            
                           10% zinc pyri-                                      
                                      precipitate.                             
                           dinethione is                                       
                           soluble.                                            
     pH adjustment                                                             
                Decrease pH                                                    
                with HCl                                                       
                pH 9.3 =   clear soluble                                       
                           system                                              
                pH 9.2 =   slightly cloudy                                     
                pH 9.0 =   cloudy with                                         
                           slight degree of                                    
                           precipitation                                       
                pH 8.5 =   cloudy yellow                                       
                           solution with                                       
                           precipitate                                         
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  The following amphoteric shampoo systems are prepared:
TBL                                    TABLE VI                                
     __________________________________________________________________________
                  Amphoteric I                                                 
                           Amphoteric II                                       
                                    Amphoteric III                             
     __________________________________________________________________________
     Cocoamidepropyldi-                                                        
      methyl betaine                                                           
                  16.0%                                                        
                       solids                                                  
                           16.0     16.0                                       
     Triethanolamine                                                           
      lauryl sulfate                                                           
                  4.0      4.0      4.0                                        
     Lauryl dimethylamine                                                      
      oxide       0.5      0.5      0.5                                        
     Mixed polymer having                                                      
      a molecular weight                                                       
      of about 4000                                                            
      formed by condens-                                                       
      ing a 1:1 mixture                                                        
      of ethylene oxide                                                        
      and propylene oxide                                                      
      on butanol (Ucon 50                                                      
      HB 5100)    2.0      2.0      2.0                                        
     Resinous condensate                                                       
      of about 2 moles                                                         
      of epichlorohy-                                                          
      drin and one mole                                                        
      of diethylene                                                            
      triamine having a                                                        
      molecular weight                                                         
      of about 80,000                                                          
                  0.5      0.5      0.5                                        
     Polyoxypropylene-                                                         
      polyoxyethylene                                                          
      block copolymer                                                          
      wherein the hydro-                                                       
      phobic group has a                                                       
      molecular weight                                                         
      of 1,750 and ethyl-                                                      
      ene oxide is 20%                                                         
      by weight                                                                
      (Pluronic L62)                                                           
                  5.0      5.0      5.0                                        
     Ethanol      2.0      2.0      2.0                                        
     Zinc pyridinethione                                                       
                  1.5      1.5      1.5                                        
     Diethylenetriamine                                                        
                  3.0                                                          
     Diglycolamine         3.0                                                 
     Polyethylenimine               3.0                                        
     Water        65.5     65.5     65.5                                       
     __________________________________________________________________________
PAR  These shampoos are prepared as described in Example 8. The visual
      observations of these shampoo systems are recorded in Table VII.
TBL                                    TABLE VII                               
     __________________________________________________________________________
     Experimental                                                              
     Conditions                                                                
              Observations                                                     
              DETA     DGA      PEI-1000                                       
     __________________________________________________________________________
     pH - unadjusted                                                           
              10.1     9.6      9.1                                            
     Visual - unad-                                                            
              Crystal clear                                                    
                       Yellow trans-                                           
                                Slightly cloudy                                
     justed   solution lucent liquid                                           
                                solution with                                  
                       with heavy                                              
                                heavy white                                    
                       white precip-                                           
                                precipitate                                    
                       itate    (smoky color                                   
                                solution)                                      
     pH adjustment                                                             
              Shampoo remains                                                  
                       Yellow trans-                                           
                                Grey translu-                                  
     with HCl clear down to                                                    
                       lucent liquid                                           
                                cent liquid                                    
              approximately                                                    
                       with heavy                                              
                                with heavy white                               
              pH 9.3 (smoky                                                    
                       white precipi-                                          
                                precipitate                                    
              color), slight                                                   
                       tate remains                                            
                                (pH 8.5)                                       
              degree of white                                                  
                       (pH 8.5).                                               
              precipitation,                                                   
              between pH 9.0                                                   
              to 8.5 (with                                                     
              cloudy grey                                                      
              colored solu-                                                    
              tion).                                                           
     pH adjusted with                                                          
              Clear soluble                                                    
                       A significant                                           
                                A significant                                  
     NaOH     solution re-                                                     
                       portion of                                              
                                portion of zinc                                
              mains through-                                                   
                       zinc pyridine-                                          
                                pyridinethione                                 
              out      thione doesn't                                          
                                doesn't begin                                  
                       begin to solu-                                          
                                to solubilize                                  
                       bilize until                                            
                                until above pH                                 
                       above pH 12.0                                           
                                12.0 (yellow                                   
                       (yellow solu-                                           
                                solution)                                      
                       tion)                                                   
     __________________________________________________________________________
PAR  From the results of the experiments disclosed in Tables V and VII, it is
      evident that the aliphatic polyamines such as diethylene triamine are
      effective solubilizing agents for heavy metal salts of pyridinethione and
      they are far superior to the prior art suggestions such as diglycolamine
      and pyridinethione. Only the aliphatic polyamines are effective
      solubilizers in the pH range suitable for toilet and household products
      such as shampoos and textile treating compositions.
PAR  The following examples illustrate other compositions which make use of the
      present invention. These examples are merely illustrative and do not limit
      the scope of use of the invention.
TBL                Example 12                                                  
     ______________________________________                                    
     Hair Groomer                                                              
                          Percent by Weight                                    
     ______________________________________                                    
     Ethanol                70                                                 
     Isopropyl myristate    10                                                 
     Zinc pyridinethione    2                                                  
     Diethylene triamine    3.5                                                
     Perfume                0.4                                                
     Water                  14.1                                               
                            100.0                                              
     Example 13                                                                
     Phytotoxic Agent                                                          
                            Percent by Weight                                  
     ______________________________________                                    
     Zinc pyridinethione    10.0                                               
     Diethylene triamine    20.0                                               
     Water                  70.0                                               
                            100.0                                              
     Example 14                                                                
     Textile Treating Composition                                              
                            Percent by Weight                                  
     ______________________________________                                    
     Sodium tridecylbenzene                                                    
      sulfonate             10                                                 
     Sodium lauryl polyethoxamer                                               
      sulfate (average of 5                                                    
      ethylene oxide groups)                                                   
                            3                                                  
     Lauric-myristic (70:30)                                                   
      isopropanolamide      2.5                                                
     Lauric-myristic (70:30)                                                   
      diethanolamide        2.5                                                
     Sodium xylene sulfonate                                                   
                            8.6                                                
     Potassium pyrophosphate                                                   
                            15.0                                               
     Zinc pyridinethione    2.5                                                
     Diethylene triamine    5.0                                                
     Water                  50.9                                               
                            100.0                                              
     Example 15                                                                
     Diaper Treating Composition                                               
                            Percent by Weight                                  
     ______________________________________                                    
     Glycerine              15                                                 
     Zinc pyridinethione    0.5                                                
     Diethylene triamine    0.5                                                
     Perfume                0.5                                                
     Water                  83.5                                               
                            100.0                                              
     ______________________________________                                    
PAR  This composition is bactericidal for a variety of bacteria such as Staph.
      aureus, Staph. albus, E. coli, to mention a few.
PAR  The pH of any of the above solutions may be adjusted by mineral and organic
      acids such as hydrochloric, sulfuric, citric, oxalic, tartaric, maleic and
      malic and alkalies such as sodium hydroxide, potassium hydroxide and
      ammonium hydroxide.
PAR  Although the present invention has been described with reference to
      particular embodiments and examples, in particular the use of the
      preferred solubilizer (diethylene triamine), preferred heavy metal salt of
      pyridinethione (zinc pyridinethione) and preferred solvent (water) in most
      of the examples, it will be apparent to those skilled in the art that
      similar results may be obtained with the other ingredients disclosed and
      their equivalents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clear liquid composition for use as a bactericide or fungicide
      consisting essentially of 1/4 to 20% by weight of the zinc salt of
      1-hydroxy-2-pyridinethione, an aliphatic polyamine having the general
      formula
EQU  H.sub.2 N[CH.sub.2 CH.sub.2 NH].sub.n H
PAL  wherein n represents a number from 1 to 5, the weight ratio of said amine
      to said pyridinethione salt being from about 1/2 to 1 to about 5 to 1, and
      the balance being a solvent selected from the group consisting of water,
      C.sub.2 -C.sub.3 monohydric alcohols, C.sub.2 -C.sub.3 polyhydric
      alcohols, dimethyl formamide, dimethylacetamide, dimethylsulfoxide and
      mixtures thereof.
NUM  2.
PAR  2. A clear liquid composition in accordance with claim 1 wherein said
      solvent is a mixture of water and a C.sub.2 -C.sub.3 monohydric or
      polyhydric alcohol.
NUM  3.
PAR  3. A clear liquid composition in accordance with claim 1 wherein said
      solvent is ethanol.
NUM  4.
PAR  4. A clear liquid composition in accordance with claim 1 wherein said
      polyamine is diethylene triamine and the ratio of said polyamine to said
      pyridinethione salt is about 1 to 1 to about 2 to 1.
NUM  5.
PAR  5. A method of solubilizing the zinc salt of 1-hydroxy-2-pyridinethione for
      use as a bactericide or fungicide in a solvent selected from the group
      consisting of water, C.sub.2 -C.sub.3 monohydric alcohols, C.sub.2
      -C.sub.3 polyhydric alcohols, dimethyl formamide, dimethylacetamide,
      dimethylsulfoxide and mixtures thereof which consists essentially of the
      step of solubilizing said pyridinethione salt in said solvent by admixing
      with an aliphatic polyamine having the general formula H.sub.2 N[CH.sub.2
      CH.sub.2 NH].sub.n H wherein n represents a number from 1 to 5, said
      pyridinethione salt being 1/4 to 20% by weight of the resulting solution
      and the weight ratio of said aliphatic polyamine to said pyridinethione
      salt being from about 1/2 to 1 to about 5 to 1 and sufficient to improve
      the solubility of said pyridinethione salt.
NUM  6.
PAR  6. A method in accordance with claim 5 wherein said solvent is a mixture of
      water and a C.sub.2 -C.sub.3 monohydric or polyhydric alcohol.
NUM  7.
PAR  7. A method in accordance with claim 5 wherein said solvent includes water
      and the pH of said solution is about 9.
NUM  8.
PAR  8. A method in accordance with claim 5 wherein said solvent is ethanol.
NUM  9.
PAR  9. A method in accordance with claim 5 wherein said aliphatic polyamine is
      diethylene triamine.
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ABST
PAL  Dry solid antibiotic compositions are provided comprising a solid acidic,
      basic or amphoteric antibiotic and a suitable solid basic or acidic
      additive, for reconstitution as injectables upon addition of water.
PAL  A method is also provided for formulating injectable antibiotics.
PARN
PAR  This application is a continuation in part of application Ser. No. 113,105
      filed Feb. 5, 1971 now abandoned.
BSUM
PAR  Antibiotics of limited water solubility are currently formulated for
      parenteral application either as aqueous suspensions, or by preparing
      water soluble derivatives (e.g., salts, esters or complexes) of the parent
      compound, which upon administration are either in equilibrium with the
      parent compound, or which are transformed back into the parent compound in
      the patient's system. Inherent in these practices are several problems.
      Use of solids in suspension severely limits the mode of parenteral
      administration. Furthermore, preparation of pharmaceutically acceptable
      solid derivatives is frequently accompanied by significant yield losses.
      Moreover, some otherwise desirable derivatives cannot be isolated in
      suitable form altogether (e.g., in pure crystalline or other stable
      forms).
PAR  A new way has now been found which circumvents the problems inherent in
      pre-forming water soluble derivatives of antibiotics for parenteral
      administration in certain cases. Solid antibiotics of limited water
      solubility which are either acidic, basic, or amphoteric in nature, are
      blended as dry powders with suitable solid additives. Upon addition of
      water to such dry mixtures, physiologically acceptable solutions of water
      soluble salts of the antibiotic are formed in situ and can be administered
      without delay. Problems of storage stability or preparation yield losses
      are completely eliminated in this way. Combinations of antibiotics with
      desirable counter ions can often be selected that heretofore would be
      excluded because of their physical properties or their limited storage
      stability.
PAR  Accordingly, the present invention relates to dry solid antibiotic
      compositions comprising a solid acidic, basic or amphoteric antibiotic and
      a suitable solid basic or acidic additive, for reconstitution as
      injectables upon addition of water. Furthermore, a method is provided for
      formulating injectable antibiotics, which comprises blending solid acidic,
      basic, or amphoteric antibiotics with suitable solid basic or acidic
      additives to provide stable dry mixtures and adding sufficient sterile
      water thereto to form clear solutions suitable for injection.
PAR  Examples of amphoteric antibiotics of water solubility insufficient for
      direct formulation as injectables and useful in the present invention
      include, but are not limited to penicillins like
      .alpha.-aminobenzylpenicillin (ampicillin) and
      .alpha.-amino-2,5-dihydrobenzylpenicillin (epicillin), cephalosporins like
      .alpha.-aminobenzyl-3-desacetoxycephalosporin (cephalexin) and
      .alpha.-amino-2,5-dihydrobenzl-3-desacetoxycephalosporin (cephradine),
      tetracycline and oxytetracyline. Examples of suitable acidic antibiotics,
      useful in the present invention, include, but are not limited to
      phenoxymethylpenicillin (penicillin V) and substituted 4-isoxazolyl
      penicillins (e.g., oxacillin, cloxacillin, dicloxacillin). Erythromycin is
      an example of a basic antibiotic suitable for formulation according to the
      present invention.
PAR  Suitable additives for acidic antibiotics are usually of basic nature,
      while additives for basic antibiotics are commonly acidic. Suitable
      additives for amphoteric antibiotics may be of either acidic or basic
      character. These additives are substantially non-toxic and non-irritating
      in nature when used according to the present invention.
PAR  Examples of suitable basic additives useful in the present invention
      include, but are not limited to alkali metal carbonates, for example
      sodium carbonate, alkali metal bicarbonates, for example sodium
      bicarbonate, ammonium carbamate, alkali metal or ammonium phosphates, for
      example sodium or potassium phosphate, organic amines like
      N-methylglucamine, tris(hydroxymethyl)aminomethane and the like.
PAR  Examples of suitable solid acidic additives useful in the present invention
      include, but are not limited to, alkali metal hydrogen sulfates, for
      example sodium or potassium hydrogen sulfate, and organic acids like
      citric acid, tartaric acid or maleic acid.
PAR  The selected solid additive is usually employed in an amount just
      sufficient to assure complete dissolution of the antibiotic upon addition
      of a small volume of water. This amount may well be less than the
      stoichiometric quantity required for complete conversion to a salt. Herein
      lies another advantage of the present invention over the use of pre-formed
      salts; frequently, less extreme conditions of acidity or basicity are
      required for complete dissolution and superior stability of such solutions
      can be expected. For example, 95 mole-% of sodium carbonate is sufficient
      to dissolve ampicillin at pH 8.3, whereas an aqueous solution of preformed
      sodium ampicillin shows about pH 9.5.
PAR  The preferred antibiotic composition of the invention comprises cephradine
      in combination with sodium carbonate.
PAR  In forming the injectable solution, sufficient sterile water is added to
      the solid mixture to provide a concentration of active antibiotic of about
      50 to 500 milligrams per milliliter of water, preferably of above 200
      milligrams per milliliter to 500 milligrams per milliliter of water.
PAR  The injectables formulated in accordance with the invention can be employed
      in the same manner and for the same utility as the parent antibiotics.
DETD
PAR  The following examples further illustrate the invention. In each example, a
      solid antibiotic of limited water solubility is blended with a solid
      additive. The mixtures are then combined with small amounts of water and
      are subsequently gently shaken for about one minute. Clear solutions are
      obtained in all cases, indicating complete dissolution of the antibiotic
      and suitability of the mixture as an injectable formulation.
PAC  EXAMPLE 1
PAR  An intimate blend is prepared from 600 milligrams of penicillin V as the
      free acid with 265 milligrams of tris(hydroxymethyl)aminomethane. Addition
      of 1.5 ml of sterile water results in the formation of a clear solution of
      pH 7.9, suitable for injection.
PAC  EXAMPLE 2
PAR  A blend is prepared from 500 milligrams of dicloxacillin and 255 milligrams
      of N-methyl-glucamine. A clear solution of pH 8.6 is formed upon addition
      of 2.5 milliliters of sterile water, suitable for injection.
PAC  EXAMPLE 3
PAR  A dry mixture of 400 milligrams of epicillin and of 150 milligrams of
      sodium hydrogen sulfate is reconstituted with 10 milliliters of sterile
      water to give a clear solution, suitable for parenteral application.
PAR  EXAMPLE 4
PAR  An intimate blend is prepared from 400 milligrams of ampicillin trihydrate
      and of 100 milligrams of anhydrous sodium carbonate. The mixture is shaken
      gently with 12 milliliters of sterile water to give a clear solution of pH
      8.3, suitable for injection.
PAC  EXAMPLE 5
PAR  A dry mixture of 600 milligrams of .alpha.-amino-2,5
      -dihydrobenzyl-3-desacetoxycephalosporin (cephradine) and of 450
      milligrams of trisodium phosphate dodecahydrate is reconstituted with 10
      milliliters of sterile water to give a clear injectable solution of pH
      8.5.
PAC  EXAMPLE 6
PAR  An intimate blend is prepared from 500 milligrams tetracycline base with
      340 milligrams of anhydrous potassium carbonate. Addition of 2.5
      milliliters of sterile water results in formation of an injectable
      solution of pH 9.7.
PAC  EXAMPLE 7
PAR  A dry mixture of 250 milligrams of erythromycin base with 110 milligrams of
      maleic acid is reconstituted with 1.25 milliliters of sterile water. An
      injectable solution of pH 2.0 is obtained.
PAC  EXAMPLE 8
PAR  A dry mixture of 0.56 gram
      .alpha.-amino-2,5-dihydrobenzyl-3-desacetoxycephalosporin (cephradine) and
      of 0.15 gram anhydrous sodium carbonate is reconstituted with 2.5
      milliliters of sterile water. An injectable solution of pH 8.5 is
      obtained.
PAC  EXAMPLE 9
PAR  A dry mixture of 0.56 gram cephalexin and of 0.17 gram anhydrous sodium
      carbonate is reconstituted with 3 milliliters of sterile water. An
      injectable solution of pH 8.4 is obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dry solid antibiotic composition suitable for reconstitution as an
      injectable upon addition of water which comprises cephradine and sodium
      carbonate, the sodium carbonate being present in an amount sufficient to
      assure complete dissolution of the cephradine in an amount of sterile
      water which provides a concentration of active cephradine of from about 50
      to 500 milligrams per milliliter of water.
NUM  2.
PAR  2. A composition in accordance with claim 1 wherein the sodium carbonate is
      present in an amount sufficient to assure complete dissolution of
      cephradine in an amount of sterile water which provides a concentration of
      active cephradine of from above 200 milligrams per milliliter of water to
      500 milligrams per milliliter of water.
NUM  3.
PAR  3. A method for formulating cephradine in injectable form which comprises
      blending cephradine with sodium carbonate to provide a stable dry mixture
      and adding sufficient sterile water thereto to provide a concentration of
      active cephradine of from about 50 to 500 milligrams per milliliter of
      water, wherein the sodium carbonate is added in an amount sufficient to
      assure complete dissolution of the cephradine.
NUM  4.
PAR  4. A method in accordance with claim 3 wherein sufficient sterile water is
      added to the stable dry mixture to provide a concentration of active
      cephradine of from above 200 milligrams per milliliter of water to 500
      milligrams per milliliter of water.
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ABST
PAL  Insecticidal composition comprising a compound of the formula
      ##SPC1##
PAL  In which X is selected from the group consisting of oxygen and sulphur,
      R.sup.3 is selected from the group consisting of hydrogen and alkyl of 1
      to 4 carbon atoms, R.sup.4 is selected from the group consisting of alkyl
      of 1 to 10 carbon atoms and cycloalkyl of 3 to 10 carbon atoms, form a
      morpholino group optionally containing 1 to 4 methyl substituents attached
      to carbon atoms of the ring, together with a suitable carrier. The
      insecticidal compositions are of particular vaule against insects, e.g.,
      aphids, and against other pests, e.g., acarids.
PARN
     This application is a continuation-in-part of copending application Ser.
      No. 311,009, filed Nov. 30, 1972, now U.S. Pat. No. 3,868,458 issued Feb.
      25, 1975.
BSUM
PAR  The invention relates to new chemical compounds, pesticidal compositions
      containing the new compounds as active ingredient, and the use of the new
      compounds to control pests.
PAR  According to one feature of the invention there is provided a new group of
      compounds which may be represented by the general formula
      ##SPC2##
PAL  In which X is oxygen or sulphur, R.sup.3 is hydrogen, alkyl, alkenyl,
      alkylthio, alkenylthio, aralkylthio or alkoxyalkyl, R.sup.4 is alkyl or
      cycloalkyl, and (a) R.sup.1 and R.sup.2 are each lower alkyl or lower
      alkenyl (b) R.sup.1 is lower alkyl and R.sup.2 is alkoxyalkyl or lower
      haloalkyl, or (c) R.sup.1 and R.sup.2, together with the nitrogen atom to
      which they are attached, form a heterocyclic ring, optionally containing 1
      to 4 lower alkyl substituents attached to carbon atoms of the heterocyclic
      ring, selected from morpholino, thiamorpholino, 1-pyrrolidinyl and
      1-piperidino.
PAR  A preferred group of compounds is one in which (a) R.sup.1 is methyl and
      R.sup.2 is lower alkyl or lower alkenyl, (b) R.sup.1 and R.sup.2 are both
      ethyl, propyl or allyl, or (c) R.sup.1 and R.sup.2, together with the
      nitrogen atom to which they are attached form a heterocyclic ring,
      optionally containing 1 to 4 lower alkyl substituents attached to carbon
      atoms of the heterocyclic ring, selected from morpholino, thiamorpholino,
      1-pyrrolidinyl and 1-piperidino. Preferred compounds are often those in
      which X in the above general formula is oxygen.
PAR  The radical R.sup.3 may have a straight or branched chain and may contain,
      for example, up to 10 carbon atoms. Thus R.sup.3 may be, for example,
      hydrogen, methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec.butyl,
      tert.butyl, n-pentyl, isopentyl, n-hexyl, n-heptyl, 1,1-diethylpropyl,
      n-octyl, 2-ethylhexyl, n-nonyl, n-decyl, allyl, 1-propenyl 3-butenyl. Most
      suitably R.sup.3 is hydrogen, or lower alkyl such as propyl, isopropyl,
      n-butyl, sec.butyl, isobutyl, tert.butyl and especially methyl and ethyl.
      R.sup.3 can also be alkylthio, alkenylthio, aralkylthio or alkoxyalkyl.
      Preferably, an alkylthio radical, which can be branched or unbranched,
      contains 1 to 6 carbon atoms, and an alkenylthio radical contains from 1
      to 6 carbons atoms. An aralkylthio radical can be, for example,
      2-phenylethylthio and is preferably benzylthio or benzylthio substituted
      with one or more substituent such as for example, methyl, nitro, methoxy,
      trifluoromethyl or halo, especially chloro, there most suitably being one
      or two substituents on the phenyl ring. An alkoxyalkyl preferably contains
      2 to 5 carbon atoms. Examples of such radicals are methylthio, ethylthio,
      propylthio, isopropylthio, n-butylthio, sec.butylthio, n-pentylthio,
      isopentylthio, allylthio, 2-methylallylthio, but-2-enylthio, benzylthio,
      4-chlorobenzylthio, 2,4-dichlorobenzylthio, 2-methylbenzylthio,
      2,4-di-methylbenzylthio, 2-methyl-4-chlorobenzylthio,
      3-trifluoromethylbenzylthio, 3-nitrobenzylthio, 2-methoxybenzylthio,
      4-methoxybenzylthio, methoxymethyl, 2-methoxyethyl, 2-ethoxyethyl or
      3-methoxypropyl.
PAR  The radical R.sup.4 is alkyl or cycloalkyl and may contain, for example, up
      to 10 carbon atoms. Thus when R.sup.4 is alkyl it may have a straight or
      branched chain, may be a primary, secondary or tertiary radical, for
      example, methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec.butyl,
      tert.butyl, 1-methylbutyl, 1-ethylpropyl, n-pentyl, isopentyl,
      tert.pentyl, n-hexyl, 1,1,2-trimethylpropyl, n-heptyl, 1,1-diethylpropyl,
      2,3,3-trimethylbut-2-yl, n-octyl, 2-ethylhexyl, n-nonyl or n-decyl.
      Preferred values of R.sup.4 when it is an alkyl group, are tert.butyl,
      sec.butyl, propyl, 1-ethyl propyl, isopropyl and tert.pentyl. When R.sup.4
      is cycloalkyl it may contain, for example, up to 8, and more preferably
      from 3 - 7, carbon atoms in the cyclo ring. The cycloalkyl group may
      optionally contain one or more substituents on the ring, for example, one
      or more lower alkyl (especially methyl) substituents. A lower alkyl
      substituent is preferably in the 1-position, that is, it is attached to
      the cycloalkyl carbon atom joined to the imidazole ring. A further
      preferred group contains a lower alkyl (especially methyl) substituent in
      the 1-position and in addition one or more lower alkyl (especially methyl)
      substituents in other positions on the ring. When there is more than one
      substituent on the cycloalkyl group they may be the same or different.
      Thus, for example, typical values for R.sup.4 are cyclopropyl,
      1-methylcyclopropyl, 2-methylcyclopropyl, 2,2-dimethylcyclopropyl,
      cyclobutyl, 1-methylcyclobutyl, cyclopentyl, 1-methylcyclopentyl,
      1-ethylcyclopentyl, 2-3- or 4-methylcyclopentyl, cyclohexyl,
      1-methylcyclohexyl, 1-methylcyclohexyl containing 1, 2 or 3 further methyl
      substituents such as for example 1,3-dimethylcyclohexyl,
      1,4-dimethylcyclohexyl, 1,3,3-trimethylcyclohexy; 1-ethylcyclohexyl, 2-,
      3- or 4-methylcyclohexyl, 2,4-dimethylcyclohexyl, 2-, 3- or
      4-ethylcyclohexyl, cycloheptyl or cyclooctyl. Preferably, when R.sup.4 is
      cycloalkyl, it contans five or six carbon atoms in the cyclo ring and is
      cyclopentyl optionally containing one or more methyl substituents or
      cyclohexyl optionally containing one or more methyl substituents. Specific
      examples include cyclopentyl, 1-methylcyclopentyl, cyclohexyl,
      1-methylcyclohexyl, 1,3-dimethylcyclohexyl 1,3,3-trimethylcyclohexyl.
PAR  When the group NR.sup.1 R.sup.2 is an acyclic group both R.sup.1 and
      R.sup.2 may have a straight or branched chain and (a) R.sup.1 and R.sup.2
      are the same or different and are lower alkyl or lower alkenyl; examples
      of lower alkyl are methyl, ethyl, propyyl, isopropyl, n-butyl, isobutyl,
      sec.butyl, tert.butyl, n-pentyl, isopentyl, n-hexyl or n-heptyl; lower
      alkenyl may contain, for example, 2 to 4 carbon atoms, especially allyl,
      (b) R.sup.1 is lower alkyl and R.sup.2 is alkoxyalkyl, containing for
      example from 3 to 6 carbon atoms such as for example 2-methoxyethyl,
      2-ethoxyethyl or 3-ethoxypropyl, or lower haloalkyl containing for example
      from 1 to 6 carbon atoms and substituted by one or more halogen atoms
      preferably fluorine, chlorine or bromine, such as for example,
      2-chloroethyl. It is preferred that either (a) R.sup.1 is methyl and
      R.sup.2 is lower alkyl or (b) R.sup.1 and R.sup.2 are both ethyl or
      propyl. A specially preferred group of compounds is that in which R.sup.1
      is methyl and R.sup.2 is lower alkyl, preferably containing 1 - 4 carbon
      atoms and especially methyl.
PAR  As hereinbefore mentioned, when the group NR.sup.1 R.sup.2 is a
      heterocyclic group, it may contain 1 - 4 lower alkyl (especially methyl)
      substituents attached to carbon atoms of the heterocyclic ring. Such
      alkyl-substituted heterocyclic groups include, for example,
      2,6-dimethylmorpholino, 4-methyl-1-piperidino, 2-methyl-1-piperidino,
      2,6-dimethyl-1-piperidino and 2-ethyl-1-piperidino. When NR.sup.1 R.sup.2
      is heterocyclic it is preferably morpholino, 1-pyrrolidinyl or
      1-piperidino.
PAR  We have found that the compounds of the present invention have pesticidal
      activity and, for exmaple, can be used to combat insects. The compounds
      have activity against Diptera such as the larvae of the sheep blow fly,
      Lucilia sericata and species of Hemiptera. For example they are of use
      against California red scale, Acridiella aurantii, the Comstock mealybug,
      Pseudococcus comstocki and plant hoppers such as, for example, the green
      rice leafhopper, Nephotettix cincticeps. They are especially useful in
      controlling aphids such as Aphis fabae, Megoura viciae, Myzus persicae,
      Phorodon humuli, Eriosoma lanigerum, Brevicoryne brassicae and
      Acyrthosiphon pisum. The compounds also have acaricidal activity against
      adults of the two-spotted mite, Tetranychus urticae and the citrus red
      mite, Panonychus citri.
PAR  According to a further feature of the present invention there are provided
      pesticidal, in particular insecticidal such as for example aphicidal,
      compositions which comprise as an active ingredient a compound of the
      present invention together with a diluent or carrier. The diluent or
      carrier may be a solid or a liquid, optionally in association with a
      surface-active agent, for example, a dispersing agent, emulsifying agent
      or wetting agent.
PAR  The compositions of the present invention may take any of the forms known
      in the art for the formulation of pesticidal or insecticidal compounds,
      for example solutions, aqueous dispersions, aqueous emulsions, dusting
      powders, dispersible powders, fumigants, emulsifiable concentrates and
      granules. Such compositions include not only compositions in a suitable
      form for application but also concentrated primary compositions which
      require dilution with a suitable quantity of water or other diluent before
      application. Dispersible powders and emulsifiable concentrates are typical
      examples of such primary compositions.
PAR  As dispersions, the compositions comprise essentially a compound of the
      invention dispersed in an aqueous medium. It is convenient to supply the
      consumer with a primary composition which may be diluted with water to
      form a dispersion having the desired concentration; the primary
      composition may be in any one of the following forms. It may be provided
      as a dispersible solution which comprises a compound of the invention
      dissolved in a water-miscible solvent with the addition of a dispersing
      agent. Alternatively it may be provided as a dispersible powder which
      comprises a compound of the invention and a dispersing agent. A further
      alternative comprises a compound of the invention in the form of a finely
      ground powder in association with a dispersing agent and intimately mixed
      with water to give a paste or cream. This paste or cream may if desired be
      added to an emulsion of oil in water to give a dispersion of active
      ingredient in an aqueous oil emulsion.
PAR  Emulsions comprise essentially a compound of the invention dissolved in a
      water-immiscible solvent which is formed into an emulsion with water in
      the presence of an emulsifying agent. An emulsion of the desired
      concentraion may be formed from a primary composition of the following
      types. A concentrated stock emulsion may be supplied comprising a compound
      of the invention in combination with an emulsifying agent, water and
      water-immiscible solvent. Alternatively there may be supplied an
      emulsifiable concentrate comprising a solution of a compound of the
      invention in a water-immiscible solvent containing an emulsifying agent.
PAR  A dusting powder comprises a compound of the invention intimately mixed and
      ground with a solid pulverulent diluent, for example kaolin.
PAR  A granular solid may comprise a compound of the invention associated with
      similar diluents to those which may be employed in dusting powders, but
      the mixture is granulated by known methods. Alternatively they may
      comprise the active ingredient absorbed or adsorbed on a pre-formed
      granular diluent for example fullers earth, attapulgite and limestone
      grit.
PAR  The concentration of the active ingredient in the primary compositions of
      the present invention may vary widely and may be, for example 5-95% w/w of
      the composition. The concentration of the acitve ingredient in the
      compositions of the present invention for application to control pests,
      especially insects such as aphids, is generally within the range 0.001 -
      10% w/w, especially 0.005 - 5% w/w.
PAR  According to a further feature of the present invention there is provided a
      method for combating pests, especially insects, which comprises applying a
      compound of the present invention to the locus of the pests, i.e. the
      pests or their habitat. A particular embodiment of this feature is a
      method for protecting plants from insects, and in particular aphids, which
      comprises applying a compound of the present invention to the locus of the
      plants, i.e. the plants or their habitat.
PAR  In combating pests the active compound can be applied on its own or
      preferably as one of the compositions described above. Direect treatment
      is often the preferred method, by for example, spraying, dusting or
      fumigation of plants infested with insects. Alternatively the active
      compound can be applied to the soil in which plants are grown as granules
      or as a root drench. In such instances the active compound is absorbed by
      the roots of the plant and confers protection from the insects. A suitable
      application rate of the compound of the present invention is generally
      within the range 0.005 - 10 lb/acre, more usually 0.01 - 5 lb/acre. The
      compounds of the present invention may be used to protect a variety of
      plants from aphids, for example ornamental plants such as roses, and crop
      plants such as fruit trees, leguminous crops, potatoes, hops, sugar beet,
      cotton, maize, rice and tobacco.
PAR  A composition of the invention may comprise as active ingredient more than
      one compound of the general formula I and it may also comprise one or more
      additional pesticide or, for example, a fungicide or insecticide for
      example an organochlorine or organophosphorus insecticide.
PAR  The compounds of the present invention may be prepared by a process which
      comprises reacting an imidazole of the general formula
      ##SPC3##
PAL  in which R.sup.3 and R.sup.4 are as hereinbefore defined with a carbamoyl
      halide or thiocarbamoyl halide of the general formula Z-CXNR.sup.1 R.sup.2
      (III) in which R.sup.1, R.sup.2 and X are as hereinbefore defined and Z is
      halogen, for example, chlorine or bromine preferably chlorine. The
      reaction is suitably effected in the presence of an inert organic liquid
      as the reaction medium, which is preferably a solvent for the reactants.
      Advantageously the reaction is effected in the presence of a suitable
      acid-binding agent, for example a tertiary amine such as triethylamine or
      pyridine, in order to absorb the hydrogen halide produced in the reaction.
      In preparing the compounds by this route the reactants are preferably
      reacted together at a temperature of from 0.degree. to 120.degree.C., for
      example from 50.degree. to 95.degree.C.
PAR  The carbamoyl halides or thiocarbamoyl halides of the general formula III
      may be prepared by reacting a secondary amine of the general formula
      HNR.sup.1 R.sup.2 with a carbonyl halide or thiocarbonyl halide of the
      general formula CXZ.sub.2 in which Z is preferably chlorine, in accordance
      with known methods. The compounds of the present invention may also be
      prepared by a process which comprises reacting a carbamoyl halide or
      thiocarbamoyl halide of the general formula
      ##SPC4##
PAL  in which R.sup.3, R.sup.4 and Z are as hereinbefore defined, Z being
      halogen preferably chlorine, with a secondary amine of the general formula
      HNR.sup.1 R.sup.2, R.sup.1 and R.sup.2 being defined hereinbefore. The
      reaction is suitably effected in the presence of an inert organic liquid
      as the reaction medium, which is preferably a solvent for the reactants,
      at a temperature from -5.degree. to 50.degree.C. Advantageously the
      reaction is effected in the presence of a suitable acid-binding agent, for
      example a tertiary amine such as triethylamine or pyridine.
PAR  The compounds of the general formula IV are preferably prepared in situ
      from the imidazoles of general formula II by reaction with a carbonyl
      halide or thiocarbonylhalide CXZ.sub.2, in which Z is preferably chlorine,
      suitably in the presence of a solvent and acid-binding agent; the
      secondary amine reactant then being added to the reaction product.
PAR  The compounds of the present invention may also be prepared by a process
      which comprises reacting a carbonylbisimidazole or
      thiocarbonylbisimidazole of the general formula
      ##SPC5##
PAL  in which R.sup.3, R.sup.4 and X are as hereinbefore defined, with a
      secondary amine of general formula HNR.sup.1 R.sup.2, R.sup.1 and R.sup.2
      being defined hereinbefore. The reaction is suitably effected in the
      presence of an inert organic liquid as the reaction medium, which is
      preferably a solvent for the reactants, at a temperature of, for example,
      from -5.degree. to 50.degree.C.
PAR  The compounds of the general formula V are preferably prepared in situ by
      reacting an imidazole of the general formula II with about 0.5 molecular
      proportions of a carbonyl halide or thiocarbonyl halide CXZ.sub.2, in
      which Z is preferably chlorine; the secondary amine then being added to
      this reaction product. The reaction is preferably effected in the presence
      of a suitable acid-binding agent, for example a tertiary amine such as
      triethylamine or pyridine.
PAR  It will be appreciated that the reactions described above may give either
      or both of two isomeric products, depending on which nitrogen atom in the
      imidazole ring is substituted (the free hydrogen of the imdiazole molecule
      of formula II can be associated with either of the ring nitrogen atoms).
      Since we have not been able to distinguish between these isomers, the
      products of the present invention may be conveniently designated as
      1-(N,N-disubstituted-carbamoyl or thiocarbamoyl)-2-R.sup.3 -4(5)-R.sup.4
      -imidazoles. This designation corresponds to formula I which encompasses
      both of the isomeric forms. The current state of our knowledge indicates
      that the solid products of the reactions described above, after
      purification by conventional techniques such as crystallization, are
      obtained in many instances as substantially pure 4-substituted compounds.
      The current state of our knowledge also indicates that the liquid products
      of the reactions described above, after isolation by conventional
      techniques such as distillation in vacuo, are obtained in many instances
      substantially or predominantly in the 4-substituted isomeric form. It will
      be appreciated that such isomers may be designated as
      1-(N,N-disubstituted-carbamoyl)-2-R.sup.3 -4-R.sup.4 -imidazoles.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  To a stirred mixture of 173 g. 4 -tert.butylimidazole, 205 ml.
      triethylamine and 300 ml. dry tetrahydrofuran was gradually added 167 g.
      dimethylcarbamoyl chloride. An exothermic reaction ensued, and the rate of
      addition of dimethylcarbamoyl chloride was adjusted so as to maintain a
      gentle boiling of the reaction mixture under reflux. When addition of the
      dimethylcarbamoyl chloride was complete, the reaction mixture was boiled
      under reflux with stirring for 1 hour, and then cooled to room
      temperature. The reaction mixture was diluted with 200 ml. water and then
      extracted with diethyl ether (2 .times. 200 ml). The ethereal extracts
      were combined, dried over anhydrous sodium sulphate and evaporated. The
      resulting residue was crystallized from light petroleum (b.p. 100.degree.-
      120.degree.C.) and recrystallized from di-isopropyl ether to give
      1-dimethylcarbamoyl-4(5)-tert.butylimidazole, m.p. 85.degree. -
      86.degree.C. The current state of our knowledge indicates that this
      compound is 1-dimethylcarbamoyl-4-tert.butylimidazole.
PAC  EXAMPLE 2
PAR  In an analogous manner to that described in Example 1, there was prepared
      1-dimethylcarbamoyl-4(5)-methylimidazole, m.p. 58.degree. - 60.degree.C.
      (crystallized from light petroleum b.p. 100.degree. - 120.degree.C. and
      recrystallized from methylcyclohexane). The current state of our knowledge
      indicates that this compound is 1-dimethylcarbamoyl-4-methylimadazole.
PAC  EXAMPLE 3
PAR  A solution of 2.46 g. 4-tert.butylimidazole, 1.0 g. triethylamine and 2.42
      g. N-ethyl-N-methylcarbamoyl chloride in 20 ml. dry tetrahydrofuran was
      boiled under reflux for 6.5 hours. The reaction mixture was cooled to room
      temperature and filtered to remove triethylamine hydrochloride. Solvent
      was removed from the resulting filtrate by evaporation under reduced
      pressure and the residue was distilled under reduced pressure to give
      1-(N-methyl-N-ethylcarbamoyl)-4(5)-tert.butylimidazole, b.p. 99.degree. -
      101.degree.C./0.1 mm.
PAR  In an analogous manner to that described above, there were prepared the
      following compounds.
PA1  1-dimethylthiocarbamoyl-4(5)-tert.butylimidazole, b.p. 140.degree. -
      141.degree.C./1.0 mm.
PA1  1-(N-methyl-N-propylcarbamoyl)-4(5)-tert.butylimidazole, b.p. 120.degree. -
      122.degree.C./0.5 mm.
PA1  1-(N-methyl-N-heptylcarbamoyl)-4(5)-tert.butylimidazole, b.p. 154.degree. -
      156.degree.C./0.7 mm.
PA1  1-diallylcarbamoyl-4(5)-tert.butylimidazole, b.p. 120.degree. -
      121.degree.C./0.2 mm.
PA1  1-(N-methyl-N-allylcarbamoyl)-4(5)-tert.butylimidazole, b.p. 126.degree. -
      128.degree.C./1.0 mm.
PA1  1-dimethylcarbamoyl-2-ethyl-4(5)-methylimidazole, b.p. 85.degree.C./0.15
      mm.
PA1  1-dimethylcarbamoyl-4(5)-n-pentylimidazole, b.p. 120.degree.C./0.09 mm.
PA1  1-dimethylcarbamoyl-4(5)-isobutylimidazole, b.p. 104.degree.C./0.13 mm.
PA1  1-dimethylcarbamoyl-4(5)isopropylimidazole, b.p. 98.degree.C./0.13 mm.
      1-dipropylcarbamoyl-4(5)-isobutylimidazole, b.p. 104.degree. -
      106.degree.C./0.05 mm.
PA1  1-dipropylcarbamoyl-4(5)-isopropylimidazole, b.p. 108.degree.C./0.12 mm.
PA1  1-dimethylthiocarbamoyl-4(5)-isopropylimidazole, b.p. 107.degree. -
      114.degree.C./0.03 - 0.05 mm.
PA1  1-dimethylcarbamoyl-4(5)-(1-ethylpropyl)imidazole, b.p. 112.degree.C./0.15
      mm.
PA1  1-dipropylcarbamoyl-4(5-(1-ethylpropyl)imidazole, b.p. 100.degree. -
      106.degree.C./0.25 - 0.03 mm.
PA1  1-dimethylcarbamoyl-2-methyl-4(5)-methylimidazole, b.p. 80.degree. -
      84.degree.C./0.7  - 0.1 mm. 1-dimethylcarbamoyl-4(5)-isopropylimidazole,
      b.p. 98.degree.C./0.13 mm.
PA1   1-dimethylthiocarbamoyl-2-ethyl-4(5)-methylimidazole, b.p. 128.degree. -
      130.degree.C./0.3 mm.
PA1  1-dimethylcarbamoyl-4(5)-sec.butylimidazole, b.p. 95.degree.C./0.04 mm.
      1-(2,6-dimethylmorpholinocarbonyl)-4(5)-tert.butylimidazole, b.p.
      154.degree.C./1.0 mm.
PAR  The current state of our knowledge indicates that the 4(5) alkyl groups of
      the imidazoles listed above are predominantly or substantially in the
      4-position.
PAC  EXAMPLE 4
PAR  A mixture of 5.52 g. 4-tert.butylimidazole, 6.1 g. triethylamine, 8.95 g.
      morpholinocarbonyl chloride and 30 ml. dry tetrahydrofuran was boiled
      under reflux for 5 hours. The reaction mixture was diluted with 100 ml.
      methylene dichloride, cooled to room temperature, and washed with water to
      remove triethylamine hydrochloride. The resulting organic solution was
      dried over anhydrous magnesium sulphate and then evaporated to dryness.
      The resulting solid residue was recrystallized from ethanol to give
      1-morpholinocarbonyl -4(5)-tert.butylimidazole, m.p. 129.degree. -
      130.degree.C. The current state of our knowledge indicates that this
      compound is 1-morpholinocarbonyl-4-tert.butylimidazole.
PAC  EXAMPLE 5
PAR  A mixture of 5.0 g. 4-tert.butylimidazole, 4.4 g. triethylamine, 5.9 g.
      1-piperidinocarbonyl chloride and 30 ml. dry tetrahydrofuran was boiled
      under reflux for 5.5 hours. The reaction mixture was cooled, filtered to
      remove triethylamine hydrochloride, and evaporated to dryness. The
      resulting solid residue was recrystallized from petroleum (b.p. 62.degree.
      - 68.degree.C.) to give 1-piperidinocarbonyl-4(5-tert.butylimidazole, m.p.
      104.degree. - 105.degree.C.
PAR  The following compound was prepared in an analogous manner.
PAR  1-(1-pyrrolidinylcarbonyl)-4(5)-tert.butylimidazole m.p. 124.degree. -
      126.degree.C.
PAR  The current state of our knowledge indicates that the tert.butyl group in
      the above compounds is in the 4-position.
PAC  EXAMPLE 6
PAR  In an analogous manner to that described in Example 3, the following
      compounds were prepared.
PA1  1-dimethylcarbamoyl-4(5)-sec.butylimidazole b.p. 114.degree. -
      122.degree.C./0.1 mm.
PA1  1-(N-methyl-N-2-ethoxyethylcarbamoyl)-4(5)-tert.butylimidazole, b.p.
      137.degree. - 138.degree.C./0.4 mm.
PA1  1-dimethylcarbamoyl-4(5)-propylimidazole, b.p. 108.degree.C./0.27 mm.
PA1  1-dimethylcarbamoyl-4(5)-butylimidazole, b.p. 109.degree.C./0.1 mm.
PA1  1-morpholinocarbonyl-4(5)-sec.butylmidazole, b.p. 119.degree. -
      126.degree.C./0.05 mm.
PA1  1-morpholinocarbonyl-4(5)-isobutylimidazole, b.p. 136.degree. -
      138.degree.C./0.15 mm.
PA1  1-morpholinocarbonyl-4(5)-butylimidazole, b.p. 126.degree. -
      127.degree.C./0.02 mm.
PA1  1-(N-methyl-N-butylcarbamoyl)-4(5)-tert.butylimidazole, b.p. 152.degree. -
      154.degree.C./2.0 mm.
PA1  1-(N-methyl-N-pentylcarbamoyl)-4(5)-tert.butylimidazole, b.p. 160.degree. -
      162.degree.C./2.0 mm.
PA1  1-(N-methyl-N-hexylcarbamoyl)-4(5)-tert.butylimidazole, b.p. 170.degree. -
      172.degree.C./2.0 mm.
PA1  1-piperidinocarbonyl-4(5)-isopropylimidazole, b.p. 170.degree. -
      175.degree.C./3.0 mm.
PA1  1-piperidinocarbonyl-4(5)-sec.butylimidazole, b.p. 190.degree.C./8 mm.
PA1  1-pyrrolidinylcarbonyl-4(5)-sec.butylimidazole, b.p. 208.degree.C./22 mm.
PA1  1-diethylcarbamoyl-4(5)-sec.butylimidazole, b.p. 165.degree.C./6 mm.
      1-(N-methyl-N-ethylcarbamoyl)-4(5)-isopropylimidazole, b.p. 160.degree. -
      164.degree.C./9.0 mm.
PA1  1-morpholinocarbonyl-4(5)-isopropylimidazole, b.p. 180.degree.
      -185.degree.C./5.0 mm.
PA1  1-dimethylthiocarbamoyl-4(5)-(1-methylbutyl)imidazole b.p. 180.degree. -
      185.degree.C./5.5 mm.
PA1  1-dimethylthiocarbamoyl-4(5)-(1-methylbutyl)imidazole b.p. 165.degree. -
      170.degree.C./4  mm.
PA1  1-(N-methyl-N-ethylcarbamoyl)-4(5)-sec.butylimidazole, b.p.
      178.degree.C./28 mm.
PA1  1-(N-methyl-N-ethylthiocarbamoyl)-4(5)-sec.butylimidazole b.p.
      182.degree.C./7 mm.
PA1  1-dimethylcarbamoyl-4(5)-(1,2-dimethylbutyl)imidazole, b.p.
      125.degree.C./0.15 mm.
PA1  1-dimethylcarbamoyl-4(5)-(1-methylheptyl)imidazole, b.p. 125.degree.C./0.02
      mm.
PA1  1-dimethylcarbamoyl-4(5)-(1-methylpentyl)imidazole, b.p. 128.degree.C./0.5
      mm.
PA1  1-morpholinocarbonyl-4(5)-isopropylimidazole, b.p. 124.degree.C./ 0.14 mm.
PA1  1-dimethylthiocarbamoyl-4(5)-tert.pentylimidazole, b.p.
      180.degree.-185.degree.C./6.0 mm.
PA1  1-(N-methyl-N-2-methoxyethylcarbamoyl)-4(5)-tert. butylimidazole, b.p.
      116.degree.-118.degree.C./0.2 mm.
PA1  1-(N-methyl-N-3-ethoxypropylcarbamoyl)-4(5)-tert.butylimidazole, b.p.
      132.degree.-134.degree.C./0.3 mm.
PA1  1-(N-methyl-N-3-ethoxypropylcarbamoyl)-4(5)-sec.butylimidazole, b.p.
      131.degree.-132.degree.C./0.15 mm.
PA1  1-(N-methyl-N-2-ethoxyethylcarbamoyl)-4(5)-sec.butylimidazole, b.p.
      140.degree.-144.degree.C./0.4 mm.
PA1  1-dimethylcarbamoyl-4(5)-(1-methylnonyl)imidazole, b.p. 135.degree.C./0.04
      mm.
PA1  1-dimethylcarbamoyl-4(5)-(1-butylpentyl)imidazole, b.p. 135.degree.C./0.05
      mm.
PA1  1-dimethylcarbamoyl-4(5)-(1-ethylpentyl)imidazole, b.p.
      125.degree.-130.degree.C./0.2  mm.
PA1  1-(N-methyl-N-ethylthiocarbamoyl)-4(5)-tert.butylimidazole, b.p.
      118.degree.-121.degree.C./0.2 mm.
PA1  1-(N-methyl-N-3-methoxypropylcarbamoyl)-4(5)-tert.butylimidazole, b.p.
      116.degree.-122.degree.C./0.2 mm.
PAR  The current state of our knowledge indicates that the above compounds were
      obtained predominantly or substantially as the 4-substituted compounds.
PAC  EXAMPLE 7
PAR  To a stirred solution of 14 g. 4-tert.pentylimidazole in 100 ml. dry
      tetrahydrofuran and 28 ml. triethylamine was gradually added 13 g.
      dimethylcarbamoyl chloride. When addition of the carbamoyl chloride was
      complete the reaction mixture was boiled under reflux with stirring for
      one hour, then cooled to room temperature and poured on to 500 g. water
      and crushed ice. After extraction with ether, the ether layer was
      separated, washed with water and dried over anhydrous magnesium sulphate.
      The ether was evaporated and a residue remained which was crystallized
      from petroleum ether (b.p. 60.degree.-80.degree.C.) to give the product,
      1-dimethylcarbamoyl-4(5)-tert.pentylimidazole, m.p.
      60.degree.-61.degree.C. The current state of our knowledge indicates that
      this compound is 1-dimethylcarbamoyl-4-tert.pentylimidazole.
PAR  The 4-tert.pentylimidazole used in the above reaction was prepared in the
      following way:
PAR  A solution of 121.5 g. bromine in 150 ml. chloroform was added dropwise
      with stirring to a solution of 87 g. 3,3-dimethylpentan-2-one in 360 ml.
      methanol. The reaction was initiated by the addition of a few drops of
      bromine solution at 15.degree.C., then cooled to 0.degree.C. and addition
      of bromine continued whilst the temperature was maintained at
      0.degree.-5.degree.C. After completion of the bromine addition the
      reaction mixture was stirred at 0.degree.-5.degree.C. for ten minutes,
      then poured on to a mixture of crushed ice and water. The water layer was
      extracted with methylene dichloride and the extract added to the organic
      portion. The combined liquors were washed with water, saturated solution
      of sodium bicarbonate and then dried over calcium chloride. After
      evaporating the solvent under reduced pressure,
      1-bromo-3,3-dimethylpentan-2-one distilled over, b.p. 84.degree.c./9 mm.
PAR  A mixture of 111.5 g. 1-bromo-3,3-dimethylpentan-2-one and 300 ml.
      formamide was heated with stirring. A weak stream of ammonia was passed
      through the reaction mixture over a period of 1 hour, the temperature
      being maintained at from 140.degree.-160.degree.C. The stream of ammonia
      was then stopped and the reaction mixture maintained at a temperature of
      160.degree.C. for 2 hours. Excess of formamide was evaporated under
      reduced pressure, the residue diluted with a little warm water and
      basified with potassium carbonate. The imidazole was separated with ether,
      the ethereal extract being washed with water and dried over anhydrous
      sodium sulphate.
PAR  After evaporating the solvent under reduced pressure, the residue was
      distilled to give the product, 4-tert.pentylimidazole, b.p.
      114.degree.-116.degree.C./0.2 mm. On standing this liquid solidified and
      the solid crystallized from petroleum ether (b.p. 60.degree.-80.degree.C.)
      to give a pure product having a melting point of 95.degree.-96.degree.C.
PAR  In an analogous way to that described above, the following compounds were
      prepared.
PA1  1-dimethylcarbamoyl-4(5)-neopentylimidazole, m.p. 63.degree.-66.degree.C.
PA1  1-dimethylcarbamoyl-4(5)-(2,3,3 -trimethyl-but-2'-yl)imidazole, m.p.
      70.degree.-71.degree.C.
PA1  1-morpholinocarbonyl-4(5)-tert.pentylimidazole, m.p.
      98.degree.-99.degree.C.
PA1  1-pyrrolidinylcarbonyl-4(5)-tert.pentylimidazole, m.p.
      109.degree.-110.degree.C.
PA1  1-dimethylcarbamoyl-4(5)-(1,1,2-trimethylpropyl)imidazole, m.p.
      85.degree.-86.degree.C.
PA1  1-(n-ethyl-N-methylcarbamoyl)-4(5)-tert.pentylimidazole, m.p.
      38.degree.-40.degree.C.
PA1  1-morpholinocarbonyl-4(5)-(2,3,3 -trimethylbut-2'-yl)imidazole, m.p.
      122.degree.-123.degree.C.
PA1  1-(4-methylpiperidinocarbonyl)-4(5)-tert.butylimidazole, m.p. 87.degree.C.
PA1  1-(n-methyl-N-isopropylcarbamoyl)-4(5)-tert.butylimidazole, m.p.
      72.degree.-73.degree.C.
PA1  1-(n-methyl-N-2-chloroethylcarbamoyl)-4(5)-tert.butylimidazole, m.p.
      84.degree.-85.degree.C.
PA1  1-pyrrolidinylcarbonyl-4(5)-isopropylimidazole, m.p.
      70.degree.-71.degree.C. The current state of our knowledge indicates that
      the above imidazoles were obtained predominantly or substantially as the
      4-substituted compounds.
PAR  In the course of preparing the above compounds the following novel
      intermediates were made.
PA1  4-(2,3,3 -trimethyl-but-2-yl)imidazole, m.p. 149.degree.-150.degree.C.
PA1  4-(1,1,2-trimethylpropyl)imidazole, b.p. 110.degree.-114.degree.C./0.1 mm.
PA1  4-neopentylimidazole, b.p. 106.degree.-114.degree.C./0.15-0.19 mm.
PAC  EXAMPLE 8
PAR  To a stirred solution of 1.25 g. 2-methyl-4-tert.butylimidazole in 10 ml.
      tetrahydrofuran and 2 ml. triethylamine was added 1.2 g. dimethylcarbamoyl
      chloride. The resulting mixture was boiled under reflux with stirring for
      31/2 hours and then cooled to room temperature. The reaction mixture was
      diluted with 100 ml. methylene chloride, washed with water, and the
      methylene chloride solution dried over magnesium sulphate. After
      evaporating the solvent the residue was distilled under reduced pressure
      to give 1-dimethylcarbamoyl-2-methyl-4(5)-tert.butylimidazole, b.p.
      126.degree.-127.degree.C./1 mm. This liquid solidified on standing and
      when recrystallized from petroleum ether (b.p. 60.degree.-80.degree.C.)
      gave the pure product, m.p. 80.degree.-81.degree.C. The current state of
      our knowledge indicates that this compound is
      1-dimethylcarbamoyl-2-methyl-4-tert.butylimidazole.
PAR  The imidazole used in the above reaction was prepared in the following way.
      85 g. Bromopinacolone was added to a solution of 72 g. potassium acetate
      in 700 ml. methanol and the resulting mixture was refluxed on a steam bath
      for 2 hours. It was then cooled, filtered and the filtrate added with
      stirring to a solution of 190 g. cupric acetate monohydrate in 800 ml.
      water and 1000 ml. 25 percent ammonia. A solution of 26 g. acetaldehyde in
      200 ml. water was then added to the mixture which was heated on a steam
      bath for 5 hours with constant stirring.
PAR  After cooling the cuprous salt of the imidazole was collected, washed with
      water and suspended in 500 ml. of 4N acetic acid. While stirring, a
      solution of 78 g. potassium ferricycanide in 240 ml. water was added and
      the precipitated copper complex removed and washed well with water. The
      combined supernatant liquors were basified to pH 9-10 with 5N sodium
      hydroxide and extracted several times with ether. The ethereal extracts
      were combined, washed with water and dried over anhydrous sodium sulphate.
      After evaporation of the solvent under reduced pressure the residue
      distilled to give the imidazole product, b.p. 112.degree.-114.degree.c./
      0.05 mm. This solidified on standing and was recrystallized from a mixture
      of petroleum ether (60.degree.-80.degree.C.) containing a few drops of
      ethanol to give 2-methyl-4-tert.butylimidazole, m.p.
      155.degree.-156.degree.C.
PAR  In an analogous way to that described above, the following compounds were
      prepared.
PA1  1-dimethylcarbamoyl-2-ethyl-4(5)-tert.butylimidazole, b.p.
      108.degree.-109.degree.C./0.7 mm.
PA1  1-morpholinocarbonyl-2-ethyl-4(5)-tert.butylimidazole, b.p.
      124.degree.-126.degree.C./0.15 mm.
PA1  1-dimethylcarbamoyl-2-isopropyl-4(5)-tert.butylimidazole, b.p.
      86.degree.C./0.1 mm., m.p. 57.degree.-58.degree.C.
PA1  1-dimethylcarbamoyl-2-butyl-4(5)-tert.butylimidazole, b.p.
      108.degree.-110.degree.C./0.2 mm.
PA1  1-morpholinocarbonyl-2-butyl-4(5)-tert.butylimidazole, b.p.
      138.degree.-141.degree.C./0.4 mm.
PA1  1-dimethylcarbamoyl-2-isobutyl-4(5)-tert.butylimidazole, b.p.
      106.degree.-108.degree.C./0.25 mm.
PA1  1-dimethylcarbamoyl-2-(1-methylbutyl)-4(5)-tert.butylimidazole, b.p.
      98.degree.-100.degree.C./0.15 mm.
PA1  1-dimethylcarbamoyl-2-sec.butyl-4(5)-tert.butylimidazole, b.p.
      102.degree.-104.degree.C./0.25 mm.
PA1  1-dimethylcarbamoyl-2-(2,6-dimethylhept-5-enyl)-4(5)-tert.butylimidazole,
      b.p. 154.degree.-156.degree.C./0.4 mm.
PA1  1-dimethylcarbamoyl-2-(1-ethylpropyl)-4(5)-tert.butylimidazole, b.p.
      97.degree.-98.degree.C./0.15 mm.
PA1  1-(N-methyl-N-2-ethoxyethylcarbamoyl)-2-methyl-4(5)-tert.butylimidazole,
      b.p. 115.degree.-117.degree.C./0.1 mm.
PA1  1-(N-methyl-N-propylcarbamoyl)-2-methyl-4(5)-tert.butylimidazole, b.p.
      108.degree.-110.degree.C./0.3 mm.
PA1  1-dimethylcarbamoyl-2-(1-ethyl-2-methylpropyl)-4(5)-tert.butylimidazole
      b.p. 108.degree.-110.degree.C./0.2 mm.
PA1  1-morpholinocarbonyl-2-methyl-4(5)-tert.butylimidazole, m.p.
      113.degree.-114.degree.C.
PA1  1-dimethylthiocarbamoyl-2-methyl-4(5)-tert.butylimidazole, m.p.
      110.degree.-112.degree.C.
PA1  1-pyrrolidinylcarbonyl-2-methyl-4(5)-tert.butylimidazole, b.p.
      119.degree.-124.degree.C./0.1 mm.
PA1  1-dimethylcarbamoyl-2-propyl-4(5)-tert.butylimidazole, b.p.
      102.degree.-104.degree.C./0.3 mm.
PA1  1-(N-methyl-N-ethylcarbamoyl)-2-methyl-4(5)-tert.butylimidazole, b.p.
      106.degree.-108.degree.C./0.4 mm.
PA1  1-dimethylthiocarbamoyl-2-ethyl-4(5)-sec.butylimidazole, b.p.
      120.degree.-122.degree.C./0.1 mm.
PA1  1-dimethylcarbamoyl-2-propyl-4(5)-sec.butylimidazole, b.p.
      108.degree.-110.degree.C./0.15 mm.
PA1  1-dimethylcarbamoyl-2-ethyl-4(5)-sec.butylimidazole, b.p.
      110.degree.-112.degree.C./0.3 mm.
PA1  1-morpholinocarbonyl-2-methyl-4(5)-sec.butylimidazole, b.p.
      142.degree.-145.degree.C./0.1 mm.
PA1  1-dimethylthiocarbamoyl-2-methyl-4(5)-sec.butylimidazole, b.p.
      130.degree.-134.degree.C./0.3 mm.
PA1  1-dimethylcarbamoyl-2-methyl-4(5)-sec.butylimidazole, b.p.
      118.degree.-120.degree.C./0.2 mm.
PA1  1-morpholinocarbonyl-2-ethyl-4(5)-sec.butylimidazole, b.p.
      134.degree.-136.degree.C./0.1 mm.
PA1  1-dimethylcarbamoyl-2-methyl-4(5)-propylimidazole, b.p.
      104.degree.-107.degree.C./0.1 mm.
PA1  1-morpholinocarbamoyl-2-methyl-4(5)-propylimidazole, b.p.
      104.degree.-107.degree.C./0.1 mm.
PAR  The current state of our knowledge indicates that the above imidazoles were
      obtained predominantly or substantially as the 4-substituted compounds.
PAR  In the course of preparing the above compounds the following novel
      intermediates were made.
PA1  2-ethyl-4-tert.butylimidazole, m.p. 154.degree.-155.degree.C.
PA1  2-isopropyl-4-tert.butylimidazole, m.p. 182.degree.C.
PA1  2-butyl-4-tert.butylimidazole, m.p. 70.degree.-72.degree.C.
PA1  2-isobutyl-4-tert.butylimidazole, m.p. 128.degree.-129.degree.C.
PA1  2-(1-methylbutyl)-4-tert.butylimidazole, m.p. 108.degree.-109.degree.C.
PA1  2-sec.butyl-4-tert.butylimidazole, m.p. 136.degree.C.
PA1  2-(1-ethylpropyl)-4-tert.butylimidazole, m.p. 145.degree.-146.degree.C.
PA1  2-(1-ethyl-2-methylpropyl)-4-tert.butylimidazole, m.p. 148.degree.C.
PA1  2-propyl-4-tert.butylimidazole, m.p. 124.degree.-125.degree.C.
PA1  2-ethyl-4-sec.butylimidazole, b.p. 120.degree.-122.degree.C./0.25 mm.
PA1  2-propyl-4-sec.butylimidazole, b.p. 116.degree.-118.degree.C./0.15 mm.
PA1  2-methyl-4-sec.butylimidazole, m.p. 63.degree.-65.degree.C.
PAC  EXAMPLE 9
PAR  This example describes an alternative method of preparing
      1-dimethylcarbamoyl-4(5)-tert.butylimidazole.
PAR  A solution of 6.2 g. tert.butylimidazole (0.05 mole) and 4 g. pyridine in
      15 ml. dry tetrahydrofuran was added dropwise to a stirred solution of 2.5
      g. phosgene (0.025 mole) in 25 ml. dry tetrahydrofuran maintained at a
      temperature of 0.degree. to 5.degree.C. The mixture was stirred for an
      hour and filtered. To the filtrate was gradually added a cold solution of
      1.37 g. anhydrous dimethylamine (0.03 mole) in 15 ml. dry tetrahydrofuran
      at 0.degree.C. The mixture was stirred for two hours at 0.degree. to
      5.degree.C., filtered and the solvent evaporated. The residue distilled
      under reduced pressure to give a fraction having b.p. 102.degree.C./0.5
      mm. which solidified on cooling. After crystallization from petroleum
      ether (60.degree.-80.degree.C.) the pure product,
      1-dimethylcarbamoyl-4(5)-tert.butylimidazole m.p. 85.degree.-86.degree.C.,
      was isolated. The current state of our knowledge indicates that this
      compound is 1-dimethylcarbamoyl-4-tert.butylimidazole.
PAC  EXAMPLE 10
PAR  This example describes an alternative method of preparing
      1-dimethylcarbamoyl-4(5)-tert.butylimidazole.
PAR  A solution of 6.2 g. tert.butylimidazole (0.05 mole) and 16 g. pyridine in
      15 ml. dry tetrahydrofuran was added dropwise to a stirred solution of 5
      g. phosgene (0.05 mole) in 50 ml. dry tetrahydrofuran at a temperature of
      0.degree. to 5.degree.C. The mixture was stirred for an hour and filtered.
      To the filtrate was gradually added a cold solution of 3 g. anhydrous
      dimethylamine (0.065 mole) in 30 ml. dry tetrahydrofuran at 0.degree. to
      5.degree.C. The mixture was stirred for 2 hours at 0.degree.to
      5.degree.C., filtered and the solvent evaporated. The residue distilled
      under reduced pressure to give a fraction having b.p. 102.degree.C./0.5
      mm. which solidified on cooling. After crystallization from petroleum
      ether (60.degree.-80.degree.C.) the pure product,
      1-dimethylcarbamoyl-4(5)-tert.butylimidazole m.p. 85.degree.-86.degree.C.,
      was isolated. The current state of our knowledge indicates that this
      compound is 1-dimethylcarbamoyl-4-tert.butylimidazole.
PAC  EXAMPLE 11
PAR  To a stirred solution of 62 g. 4-(1-methylcyclohexyl)-imidazole in 85 ml.
      dry tetrahydrofuran and 56 ml. triethylamine was gradually added 45 g.
      dimethylcarbamoyl chloride. An exothermic reaction ensued and the rate of
      addition of dimethylcarbamoyl chloride was adjusted so as to maintain a
      gentle boiling of the reaction mixture under reflux. When addition of the
      dimethylcarbamoyl chloride was complete, the reaction mixture was boiled
      under reflux with stirring for 1 hour, and then cooled to room
      temperature. The reaction mixture was diluted with 200 ml. water and then
      extracted with ether (2 .times. 200 ml.). The ethereal extracts were
      combined, washed with water and dried over anhydrous sodium sulphate.
      After evaporation the resulting residue was crystallized from light
      petroleum (b.p. 60.degree.-80.degree.C.) to give the product,
      1-dimethylcarbamoyl-4(5)-(1-methylcyclohexyl)imidazole, m.p.
      72.degree.-73.degree.C. The current state of our knowledge indicates that
      this compound is 1-dimethylcarbamoyl-4-(1-methylcyclohexyl)imidazole.
PAR  The 4-(1-methylcyclohexyl)imidazole used in the above reaction was prepared
      in the following way.
PAR  A solution of 328 g. bromine in 300 ml. chloroform was added gradually to a
      stirred solution of 300 g. 1-methylcyclohexyl methyl ketone in 100 ml.
      methanol. After the addition of a few drops of bromine solution at
      15.degree.C. the reaction mixture was cooled and maintained between
      0.degree.-5.degree.C. The reaction mixture was stirred for 10 minutes,
      after the addition of bromine had been completed, and then poured on to a
      mixture of crushed ice and water. The water layer was separated from the
      organic liquid and extracted with methylene chloride. The extract and the
      organic portion were combined and washed with water followed by a
      saturated solution of sodium bicarbonate and then finally with water.
      After drying over calcium chloride the liquid was evaporated and distilled
      to give bromomethyl 1-methylcyclohexyl ketone, b.p.
      76.degree.-78.degree.C./0.1 mm.Hg.
PAR  A mixture of 387 g. bromomethyl 1-methylcyclohexyl ketone and 1000 ml.
      formamide was heated with stirring. A stream of ammonia was passed through
      the reaction mixture over a period of 1 hour, the mixture being maintained
      at a temperature of 140.degree.-160.degree.C. After the passage of ammonia
      had been completed the reaction mixture was heated to
      180.degree.-190.degree.C. The reaction mixture was maintained at this
      temperature for a period of 2 hours. Excess of formamide was evaporated
      under reduced pressure and the residue diluted with a little warm water
      and made alkaline with potassium carbonate. The resulting mixture was
      extracted with ether. After separation the ethereal extract was washed
      with water, dried over sodium sulphate, evaporated and distilled to give
      the novel intermediate 4-(1-methylcyclohexyl)imidazole, b.p.
      146.degree.-148.degree.C./0.2 mm. Hg.  The distillate crystallized from
      petroleum ether (b.p. 60.degree.-80.degree.C.) to give the product, m.p.
      73.degree.-75.degree.C.
PAR  In an analogous manner to that described above, there were prepared the
      following compounds.
PA1  1-dimethylcarbamoyl-4(5)-cyclohexylimidazole,  m.p.
      107.degree.-108.degree.C. (crystallized from petroleum ether, b.p.
      100.degree.-120.degree.C.)
PA1  1-dimethylcarbamoyl-4(5)-(1-methylcyclopentyl)-imidazole, m.p. 73.degree.C.
      (crystallized from petroleum ether, b.p. 60.degree.-80.degree.C.)
PAR  The current state of our knowledge indicates that the 4(5) cycloalkyl
      groups of the imidazoles listed above are predominantly or substantially
      in the 4-position.
PAR  In the course of preparing the above imidazoles, the following novel
      intermediate was made.
PA1  4-(1-methylcyclopentyl)imidazole, m.p. 33.degree.-35.degree.C; b.p.
      136.degree.-140.degree.C./0.5 mm.
PAC  EXAMPLE 12
PAR  To a stirred solution of 9.6 g of 4-(1-methylcyclohexyl) imidazole and 14
      ml. triethylamine in 80 ml. tetrahydrofuran was gradually added 11.9 g.
      morpholinocarbonyl chloride. An exothermic reaction ensued and the rate of
      addition of dimethylcarbamoyl chloride was adjusted so as to maintain a
      gentle boiling of the reaction mixture under reflux. When addition of the
      morpholinocarbonyl chloride was complete, the reaction mixture was boiled
      under reflux with stirring for five hours, and then cooled to room
      temperatue. The reaction mixture was diluted with 200 ml. water and then
      extracted with ether (2 .times. 200 ml.). The ethereal extracts were
      combined, washed with water and dried over anhydrous sodium sulphate.
      After evaporation the resulting residue was crystallized from petroleum
      ether (b.p. 80.degree.-100.degree.C.) to give the product,
      1-morpholinocarbonyl-4(5)-(1-methylcyclohexyl)imidazole, m.p.
      127.degree.-128.degree.C.
PAR  The 4-(1-methylcyclohexyl)imidazole used in the above reaction was prepared
      as in Example 11.
PAR  In an analogous manner to that described above, there was prepared the
      following compound.
PA1  1-morpholinocarbonyl-4(5)- (1-methylcyclopentyl)-imidazole, m.p.
      82.degree.-83.degree.C. (crystallized from petroleum ether, b.p.
      60.degree.-80.degree.C.)
PAR  The current state of our knowledge indicates that the 1-methylcycloalkyl
      groups of the above compounds are in the 4-position.
PAC  EXAMPLE 13
PAR  In an analogous way to that described in Example 11, there were prepared
      the following compounds.
PA1  1-piperidinocarbonyl-4(5)-(1-methylcyclohexyl)imidazole, m.p.
      85.degree.-87.degree.C.
PA1  1-pyrrolidinylcarbonyl-4(5)-(1-methylcyclohexyl)imidazole, m.p.
      110.degree.-111.degree.C.
PA1  1-pyrrolidinylcarbonyl-4(5)-(1methylcyclopentyl) imidazole, m.p.
      87.degree.-89.degree.C.
PA1  1-piperidinocarbonyl-4(5)-(1-methylcyclopentyl) imidazole, m.p.
      77.degree.-79.degree.C.
PA1  1-dimethylcarbamoyl-4(5)-(1-methylcyclopentyl) imidazole, m.p.
      64.degree.-65.degree.C.
PA1  1-(n-ethyl-N-methylcarbamoyl)-4(5)-(1-methylcyclopentyl) imidazole, m.p.
      47.degree.-49.degree.C.
PA1  1-dimethylcarbamoyl-4(5)-(1-cyclohexyl-1-methylethyl) imidazole, m.p.
      112.degree.C.
PAR  The current state of our knowledge indicates that the above compounds were
      obtained predominantly or substantially as the 4-substituted compounds.
PAC  EXAMPLE 14
PAR  A mixture of 20.1 g. 4-(1,3-dimethylcyclohexyl)imidazole, 150 ml. dry
      tetrahydrofuran, 28 ml. triethylamine and 16.2 g. dimethylcarbamoyl
      chloride were refluxed on a steam bath for an hour and then cooled.
      Methylene chloride was added and the solution washed with water, the first
      washing being re-extracted with methylene chloride. The methylene chloride
      extracts were dried over magnesium sulphate solution. After filtration the
      solution was evaporated to give the product,
      1-dimethylcarbamoyl-4(5)-(1,3-dimethylcyclohexyl)imidazole, b.p.
      138.degree.-140.degree.C./0.08 mm. The current state of our knowledge
      indicates that this product is predominantly
      1-dimethylcarbamoyl-4-(1,3-dimethylcyclohexyl) imidazole.
PAR  The 4-(1,3-dimethylcyclohexyl)imidazole used in the above reaction was
      prepared in the following way.
PAR  A solution of 75 ml. (1.465 mole) bromine in 250 ml. chloroform was added
      dropwise to a stirred soluton of 235 g. 1,3-dimethylcyclohexyl methyl
      ketone in 71 ml. methanol whilst maintaining the temperature of
      0.degree.-5.degree.C. (the reaction was started by addition of a few drops
      of bromine solution at 15.degree.C. then cooled to 0.degree.C. and
      continued). The reaction mixture was stirred at 0.degree.-5.degree.C. for
      ten minutes after the addition of bromine solution was complete, then
      poured on to crushed ice and water mixture. After extracting the water
      layer with methylene chloride, the methylene chloride was added to the
      organic portion and the mixture washed with water, saturated sodium
      bicarbonate solution and dried over calcium chloride. The solvent was
      evaporated and distillation gave bromomethyl-1,3-dimethylcyclohexyl
      ketone, b.p. 86.degree. - 89.degree.C./0.1 mm.
PAR  A mixture of 265 g. bromomethyl-1,3-dimethylcyclohexyl ketone and 645 ml.
      formamide was heated with stirring. A weak stream of ammonia was passed
      through at 140.degree.C. and the temperature raised from 140.degree. -
      160.degree.C. for 1 hour. The stream of ammonia was then stopped and the
      reaction mixture heated to 180.degree. - 190.degree.C, for 2 hours. Excess
      formamide was evaporated under reduced pressure, the residue diluted with
      a little warm water and basified with potassium carbonate. The imidazole
      was separated with ether, washed with water and dried over sodium
      sulphate. After evaporation of the ether, the novel product was distilled
      over, 4-(1,3-dimethylcyclohexyl)imidazole, b.p. 140.degree. -
      142.degree.C./0.15 mm.
PAR  In an analogous manner to that described above, there were prepared the
      following compounds.
PA1  1-diethylcarbamoyl-4(5)-(1-ethylcyclohexyl)imidazole, b.p.
      140.degree.C./0.2 mm.
PA1  1-morpholinocarbonyl-4(5)-(1,3-dimethylcyclohexyl)imidazole, b.p.
      160.degree. - 162.degree.C./0.02 mm.
PA1  1-dimethylthiocarbamoyl-4(5)-(1-methylcyclohexyl)imidazole, b.p.
      210.degree. - 214.degree.C./3.0 mm.
PA1  1-diethylthiocarbamoyl-4(5)-(1-methylcyclohexyl)imidazole, b.p. 159.degree.
      - 164.degree.C./0.3 mm.
PA1  1-dimethylcarbamoyl-4(5)-(1,3,3-trimethylcyclohexyl)imidazole, b.p.
      142.degree. - 144.degree.C./0.1 mm.
PA1  1-(N-methyl-N-2-butoxyethylcarbamoyl)-4(5)-(1-methylcyclohexyl)imidazole,
      b.p. 166.degree. - 175.degree.C. /0.6 mm.
PA1  1-(N-methyl-N-2-ethoxyethylcarbamoyl)-4(5)-(1-methylcyclohexyl)imidazole,
      b.p. 210.degree. - 215.degree.C./4.5 mm.
PA1  1-(N-methyl-N-2-methoxyethylcarbamoyl)-4(5)-(1-methylcyclohexyl)imidazole,
      b.p. 146.degree. - 149.degree.C./0.2 mm.
PA1  1-(N-methyl-N-3-ethoxypropylcarbamoyl)-4(5)-(1-methylcyclohexyl)imidazole,
      b.p. 153.degree. - 157.degree.C./0.15 mm.
PA1  1-(N-methyl-N-3-methoxypropylcarbamoyl)-4(5)-(1-methylcyclohexyl)imidazole,
      b.p. 155.degree. - 160.degree.C./0.2 mm.
PA1  1-dimethylcarbamoyl-4(5)-(1,4-dimethylcyclohexyl)imidazole, b.p.
      146.degree. - 148.degree.C./0.15 mm.
PAR  The current state of our knowledge indicates that the above compounds were
      obtained predominantly or substantially as the 4-substituted compounds.
PAC  EXAMPLE 15
PAR  To a solution of 12.8 g. 2-methyl-4(5)-(1-methylcyclopentyl)imidazole in a
      mixture of 60 ml. tetrahydrofuran and 20 ml. triethylamine was added 10.5
      g. dimethylcarbamoyl chloride. The resulting mixture was boiled under
      reflux with stirring for 31/2 hours, then cooled and diluted with 250 ml.
      methylene chloride. The solution thus formed was washed with water and
      then dried over anhydrous magnesium sulphate. After evaporating the
      solvent, the liquid residue distilled to give the product,
      1-dimethylcarbamoyl-2-methyl-4(5)-(1-methylcyclopentyl)imidazole, b.p.
      124.degree. - 6.degree.C./0.1 mm. The current state of our knowledge
      indicates that this product was predominantly the 4-substituted
      derivative, 1-dimethylcarbamoyl-2-methyl-4-(1-methylcyclopentyl)imidazole.
PAR  The 2-methyl-4(5)-(1-methylcyclopentyl)imidazole used in the above reaction
      was prepared in the following way.
PAR  42 g. Bromomethyl 1-methylcyclopentyl ketone was added to a solution of
      31.5 g. potassium acetate in 300 ml. methanol and the resulting mixture
      was refluxed on a steam bath for two hours. It was then cooled, filtered
      and the filtrate added with stirring to a solution of 83 g. cupric acetate
      monohydrate in a mixture of 500 ml. water and 435 ml. 25 percent ammonia.
      A solution of 18.5 g. acetaldehyde in 100 ml. water was then added and the
      mixture heated on a steam bath for 5 hours with constant stirring.
PAR  After cooling the cuprous salt of the imidazole was collected, washed with
      water and suspended in 270 ml. of 4N acetic acid. While stirring, a
      solution of 34 g. potassium ferricyanide in 100 ml. water was added, and
      the precipitated copper complex removed and washed well with water. The
      combined supernatant liquors were basified to pH 9 - 10 with 5N sodium
      hydroxide and extracted several times with ether. The ethereal extracts
      were combined, washed with water and dried over anhydrous sodium sulphate.
      After evaporation of the solvent, the residue was crystallized from
      acetone to give the novel imidazole,
      2-methyl-4(5)-(1-methylcyclopentyl)imidazole, m.p. 108.degree.C.
PAR  In an analogous manner to that described above, there were prepared the
      following compounds.
PA1  1-dimethylcarbamoyl-2-ethyl-4(5)-(1-methylcyclopentyl)imidazole, b.p.
      118.degree. - 120.degree.C./0.1 mm.
PA1  1-dimethylcarbamoyl-2-propyl-4(5)-(1-methylcyclopentyl)imidazole, b.p.
      128.degree. - 130.degree.C./0.15 mm.
PA1  1-dimethylcarbamoyl-2-methyl-4(5)-(1-methylcyclohexyl)imidazole, b.p.
      135.degree. - 136.degree.C./0.15 mm.
PA1  1-dimethylcarbamoyl-2-ethyl-4(5)-(1-methylcyclohexyl)imidazole, b.p.
      134.degree. - 136.degree.C./0.1 mm.
PA1  1-dimethylcarbamoyl-2-propyl-4(5)-(1-methylcyclohexyl)imidazole, b.p.
      140.degree. - 142.degree.C./0.1 mm.
PA1  1-(N-methyl-N-propylcarbamoyl)-2-methyl-4(5)-(1-methylcyclohexyl)imidazole
      b.p. 140.degree. - 144.degree.C./0.2 mm.
PA1  1-(N-methyl-N-ethylcarbamoyl)-2-methyl-4(5)-(1-methylcyclohexyl)immidazole,
      b.p. 133.degree. - 135.degree.C./0.25 mm.
PA1  1-dimethylcarbamoyl-2-methyl-4(5)-(1,3,3-trimethylcyclohexyl)imidazole,
      b.p. 132.degree. - 136.degree.C./0.15 mm.
PA1  1-morpholinocarbonyl-2-methyl-4(5)-(1-methylcyclohexyl)imidazole, m.p.
      134.degree.C.
PA1  1-dimethylthiocarbamoyl-2-methyl-4(5)-(1-methylcyclohexyl)imidazole, b.p.
      140.degree. - 144.degree.C./0.1 mm.
PAR  The current state of our knowledge indicates that these imidazoles were
      obtained predominantly or substantially as the 4-substituted compounds.
PAR  In the course of preparing the above imidazoles, the following novel
      intermediates were made.
PA1  2-ethyl-4-(1-methylcyclopentyl)imidazole, b.p. 128.degree. -
      131.degree.C./0.1 mm., m.p. 87.degree. -88.degree.C.
PA1  2-propyl-4-(1-methylcyclopentyl)imidazole, b.p. 132.degree. -
      136.degree.C./0.15 mm.
PA1  2-methyl-4-(1-methylcyclopentyl)imidazole, m.p. 112.degree. - 113.degree.C.
PA1  2-ethyl-4-(1-methylcyclopentyl)imidazole, b.p. 136.degree. -
      138.degree.C./0.15 mm.
PA1  2-propyl-4-(1-methylcyclohexyl)imidazole, b.p. 140.degree. -
      142.degree.C./0.15 mm.
PA1  2-methyl-4-(1,3,3-trimethylcyclohexyl)imidazole.
PAC  EXAMPLE 16
PAR  To a solution of 9.5 g of 2-ethyl-4-cyclopropylimidazole in 50 ml. dry
      tetrahydrofuran and 22 ml. triethylamine was added 8 g. dimethylcarbamoyl
      chloride. The resulting mixture was boiled under reflux for 31/2 hours,
      then cooled and diluted with 250 ml. methylene chloride. After washing
      with water, the methylene chloride solution was dried over magnesium
      sulphate. Evaporation of the solvent gave a residue which distilled under
      reduced pressure to give the product,
      1-dimethylcarbamoyl-2-ethyl-4(5)-cyclopropylimidazole, b.p. 118.degree. -
      119.degree.C./0.2 mm.
PAR  The current state of our knowledge indicates that this compound is
      1-dimethylcarbamoyl-2-ethyl-4-cyclopropylimidazole.
PAR  The imidazole reactant was prepared in the following way.
PAR  110 g. Cyclopropane carbonylchloride dissolved in 150 ml. of absolute ether
      was added dropwise into an ice-cold solution of 91 g. diazomethane in 1500
      ml. ether. After the addition was complete the temperature of the solution
      was allowed to rise to room temperature and to stand over night. The
      removal of the ether by distillation under reduced pressure left a yellow
      oil which was carefully mixed with 2000 ml. 2N sulphuric acid whilst
      cooling. This mixture was stirred at 50.degree.C. for 5 hours and was then
      cooled, neutralised with solid potassium carbonate and extracted with
      ether. The ethereal extract was evaporated the residue being distilled
      under reduced pressure to give cyclopropyl hydroxymethyl ketone, b.p.
      56.degree. - 60.degree.C./10 mm.
PAR  A solution of 40 g. cyclopropyl hydroxymethyl ketone in 350 ml. methanol
      was added with stirring to a solution of 160 g. cupric acetate monohydrate
      in 840 ml. water and 840 ml. 25 percent ammonia, followed by the addition
      of 28 g. propionaldehyde. The resulting mixture was heated on a steam bath
      for 5 hours with constant stirring. Precipitation of the cuprous salt
      occurred and, after cooling, the precipitate was collected, washed with
      water and suspended in 450 ml. 4N-acetic acid. While stirring, a solution
      of 66.5 g. potassium ferricyanide in 200 ml water was added. The
      precipitated copper complex was removed and washed with water. The
      combined supernatant liquors were basified to pH 9 with 5N sodium
      hydroxide and extracted several times with ether. After combining the
      ethereal extracts, washing with water and drying over sodium sulphate, the
      solvent was evaporated. On standing the residue solidified and was
      crystallized from petroleum ether to give the novel
      4-cyclopropyl-2-ethylimidazole, m.p. 104.degree. - 106.degree.C.
PAC  EXAMPLE 17
PAR  5.1 ml. Dimethylcarbamoyl chloride in 20 ml. dry dioxan was added to a
      mixture of 9.2 g. 2-ethylthio-4-tert.butylimidazole and 8.4 ml.
      triethylamine in 30 ml. dry dioxan. After heating the mixture on a steam
      bath for 24 hours, the triethylamine hydrochloride was removed and the
      product, 1-dimethylcarbamoyl-2-ethylthio-4(5)-tert.butylimidazole,
      distilled. It had a boiling point of 108.degree.-111.degree.C. at
      0.10-0.12 mm. Hg. and on cooling crystallised to a solid with a melting
      pont of 45.degree.C. The present state of our knowledge indicates that
      this is the 4-substituted compound.
PAR  The 2-ethylthio-4-tert.butylimidazole employed in the above reaction was
      prepared in the following way.
PAR  104 g. Potassium phthalimide was suspended in a solution of 100 g.
      bromopinacolone in 300 ml. dry toluene. This reaction mixture was stirred
      on a steam bath for 18 hours and the solid precipitate filtered off and
      washed with toluene. The washings were added to the filtrate which was
      heated on a steam bath in vacuo. The product,
      3,3-dimethyl-1-phthalimidobutan-2-one, crystallised out on cooling. It was
      washed with light petroleum (b.p. 80.degree.-100.degree.C.) and its
      melting point was 97.degree.-101.5.degree.C. 82.6 g.
      3,3-Dimethyl-1-phthalimidobutan-2-one was refluxed for 10 hours with a
      mixture of 460 ml. concentrated hydrochloric acid, 400 ml. water and 324
      ml. acetic acid. The mixture was taken to dryness by means of a rotatory
      evaporator after which 360 ml. water was added and the solution chilled in
      ice. Phthalic acid was filtered off and the solution again taken to
      dryness, the residual solid being dissolved in warm absolute alcohol.
      Ether was added to the cooled solution and 1-amino-3,3-dimethylbutan-2-one
      hydrochloride precipitated as product, melting point
      199.degree.-200.degree.C.
PAR  35.2 g. 1-Amino-3,3-dimethylbutan-2-one hydrochloride and 30 g. potassium
      thiocyanate in 50 ml. water was warmed on the steam bath for two hours.
      After cooling, the solid formed was collected, washed with water, dried
      and recrystallised from industrial methylated spirit to give
      4-tert.butylimidazole-2-thiol, melting point 232.degree.-234.degree.C. A
      solution/suspension of this in industrial methylated spirit was added to a
      solution of 4.5 g. sodium hydroxide in 100 ml. water. 17.6 g. Ethyl iodide
      was added forming a lower layer and the mixture was shaken for two minutes
      whilst the ethyl iodide reacted and dispersed. After 20 minutes the alkali
      was neutralised by passing in carbon dioxide and the methylated spirit
      removed by evaporation. The solid was collected, washed with water, dried
      and on recrystallisation from toluene gave
      2-ethylthio-4-tert.butylimidazole, melting point
      116.5.degree.-120.degree.C.
PAC  EXAMPLE 18
PAR  1.2 g. Sodium hydride in oil (50 percent dispersion) was added to 3.4 g.
      2-methylthio-4-tert.butylimidazole in dry tetrahydrofuran. When the
      evolution of hydrogen had ceased, 2.7 g. dimethylcarbamoyl chloride was
      carefully added. Heat was evolved and a precipitate formed. After a period
      of an hour the solid was removed and the product distilled. It was
      1-dimethylcarbamoyl-2-methylthio-4(5)-tert.butylimidazole, boiling point
      107.degree.C. at 0.07 mm. Hg. pressure. The present state of our knowledge
      indicates that this is the 4-substituted compound.
PAR  The imidazole reactant used in the above preparation was prepared in an
      analogous way to that of 2-ethylthio-4-tert.butylimidazole described in
      Example 17.
PAC  EXAMPLE 19
PAR  The following compounds are prepared in an analogous way to that described
      in Example 17.
PA1  1-dimethylcarbamoyl-2-benzylthio-4(5)-tert.-butylimidazole, m.p.
      65.degree.-67.degree.C.
PA1  1-dimethylcarbamoyl-2-(4-chlorobenzylthio)-4(5)-tert.-butylimidazole, m.p.
      96.degree.-97.degree.C.
PA1  1-dimethylcarbamoyl-2-propylthio-4(5)-tert.butylimidazole, m.p.
      69.degree.-71.degree.C.
PA1  1-diethylcarbamoyl-2-methylthio-4(5)-tert.-butylimidazole, b.p.
      114.degree.-116.degree.C./0.1 mm.
PA1  1-morpholino-2-methylthio-4(5)-tert.butylimidazole, m.p.
      70.degree.-72.degree.C.
PA1  1-dimethylcarbamoyl-2-isopropylthio-4(5)-tert.butylimidazole, m.p.
      64.degree.-66.degree.C.
PA1  1-dimethylcarbamoyl-2-allylthio-4(5)-tert.butylimidazole, m.p.
      65.degree.-67.degree.C.
PA1  1-dimethylcarbamoyl-2-n.pentylthio-4(5)-tert.butylimidazole, b.p.
      132.degree.-136.degree.C./0.08 mm.
PA1  1-dimethylcarbamoyl-2-n.butylthio-4(5)-tert.butylimidazole, b.p.
      126.degree.-128.degree.C./0.2 mm.
PA1  1-dimethylcarbamoyl-2-ethylthio-4(5)-sec.butylimidazole b.p.
      103.degree.C./0.08 mm.
PA1  1-dimethylcarbamoyl-2-methylthio-4(5)-sec.butylimidazole b.p.
      100.degree.C./0.05 mm.
PA1  1-dimethylcarbamoyl-2-propylthio-4(5)-sec.butylimidazole b.p.
      108.degree.C./0.06 mm.
PA1  1-dimethylcarbamoyl-2-ethylthio-4(5)-idopropylimidazole b.p.
      115.degree.C./0.11 mm.
PA1  1-dimethylcarbamoyl-2-methylthio-4(5)-isopropylimidazole
PA1  1-dimethylcarbamoyl-2-methylthio-4(5)-(1-methylcyclohexyl)imidazole
PA1  1-dimethylcarbamoyl-2-ethylthio-4(5)-(1-methylcyclohexyl)imidazole
PA1  1-dimethylcarbamoyl-2-propylthio-4(5)-(1-methylcyclohexyl)imidazole
PA1  1-dimethylcarbamoyl-2-methylthio-4(5)-(1-ethylpropyl)imidazole
PA1  1-dimethylcarbamoyl-2-ethylthio-4(5)-(1-ethylpropyl)imidazole
PA1  1-(N-methyl-N-ethylcarbamoyl)-2-ethylthio-4(5)-tert.butylimidazole
PA1  1-dimethylcarbamoyl-2-ethylthio-4(5)-cyclohexylimidazole
PA1  1-dimethylcarbamoyl-2-ethylthio-4(5)-(1-methylcyclopentyl)imidazole
PA1  1-dimethylcarbamoyl-2-(2-methylallylthio-4(5)-tert.butylimidazole
PA1  1-(N-methyl-N-2-methoxyethylcarbamoyl)-2-ethylthio-4(5)-tert.butylimidazole
     .
PA1  1-dimethylthiocarbamoyl-2-ethylthio-4(5)-tert.imidazole
PA1  1-dimethylthiocarbamoyl-2-methylthio-4(5)-tert.imidazole
PA1  1-pyrrolidinyl-2-ethylthio-4(5)-tert.imidazole
PA1  1-dimethylcarbamoyl-2-(2,4-dichlorobenzylthio)-4(5)-tert.butylimidazole
PA1  1-(N-methyl-N-propylcarbamoyl)-2-ethylthio-4(5)-sec.butylimidazole.
PA1  1-(N-methyl-N-ethylcarbamoyl)-2-methylthio-4(5)-sec.butylimidazole
PA1  1-dimethylthiocarbamoyl-2-allylthio-4(5)-sec.butylimidazole
PA1  1-dimethylthiocarbamoyl-2-benzylthio-4(5)-sec.butylimidazole
PA1  1-dimethylthiocarbamoyl-2-ethylthio-4(5)-(1-methylcyclohexyl)imidazole
PA1  1-(N-methyl-N-allylcarbamoyl)-2-ethylthio-4(5)-tert.butylimidazole.
PA1  1-morpholinocarbonyl-2-ethylthio-4(5)-(1-methylcyclohexyl)imidazole
PA1  1-dimethylcarbamoyl-2-propylthio-4(5)-isopropylimidazole
PA1  1-dimethylcarbamoyl-2-ethylthio-4(5)-tert.pentylimidazole
PA1  1-(N-methyl-N-2-ethoxyethylcarbamoyl)-2-methylthio-4(5)-(1-methylcyclohexyl
     )imidazole
PA1  1-piperidino-2-ethylthio-4(5)-ter.butylimidazole
PA1  1-(N-methyl-N-2-ethoxyethylcarbamoyl)-2-allylthio-4(5)-sec.butylimidazole
PA1  1-diallylcarbamoyl-2-ethylthio-4(5)-tert.butylimidazole
PAC  EXAMPLE 20
PAR  To a stirred solution of 11.3 g. 2-methoxymethyl-4-tert.butylimidazole in
      30 ml. tetrahydrofuran and 20 ml. triethylamine was added 8 g.
      dimethylcarbamoyl chloride. The resulting mixture was boiled under reflux
      for 3 hours and then diluted with methylene chloride, washed with water
      and the methylene chloride solution then dried over magnesium sulphate.
      Evaporation of the solvent left a residue which distilled under reduced
      pressure to give the product,
      1-dimethylcarbamoyl-2-methoxymethyl-4(5)-tert.butylimidazole, b.p.
      106.degree.-108.degree.C./0.1 mm. The present state of knowledge indicates
      that this is the 4-substituted compound.
PAR  The imidazole reactant used in the above preparation was prepared in the
      following way.
PAR  To a solution of 123 g. potassium acetate in 1200 ml. methanol was added
      143 g. bromopinacolone. This reaction mixture was refluxed for two hours,
      then cooled and filtered. The filtrate was added with stirring to a
      solution of 320 g. cupric acetate monohydrate in 1600 ml. 25 percent
      ammonia and 1400 ml. water, followed by addition of 100 g. 77 percent
      aqueous solution of methoxyacetaldehyde. The temperature of the reaction
      mixture was maintained at 30.degree.-40.degree.C. for an hour and the
      mixture then heated on a steam bath for a further four hours. After
      cooling overnight, the insoluble copper salt was collected, washed with
      water and suspended in 500 ml. of 4N-acetic acid. A solution of 133 g.
      potassium ferricyamide in 400 ml. water was added and the precipitated
      copper complex removed and washed with water. The combined supernatant
      liquors were basified (pH. 9-10) with 5N-sodium hydroxide and extracted
      with ether. The ethereal extracts were combined, washed with water and
      dried over magnesium sulphate. The solvent was evaporated and the residue
      crystallised from petroleum ether (b.p. 60.degree.-80.degree.C.) to give
      the product, 2-methoxymethyl-4-tert.butylimidazole, m.p.
      65.degree.-66.degree.C.
PAR  The following compounds were prepared in an analogous manner.
PA1  1-dimethylcarbamoyl-2-(3-methoxypropyl)-4(5)-tert.butylimidazole, b.p.
      96.degree.-100.degree.C./0.1 mm.
PA1  1-dimethylcarbamoyl-2-methoxymethyl-4(5)-sec.butylimidazole, b.p.
      108.degree.-110.degree.C./0.01 mm.
PA1  1-dimethylcarbamoyl-2-methoxymethyl-4(5)-(1-ethylpropyl)imidazole, b.p.
      118.degree.-120.degree.C./0.1 mm.
PA1  1-dimethylcarbamoyl-2-methoxymethyl-4(5)-(1-methylcyclohexyl)imidazole,
      b.p. 145.degree.-146.degree.C./0.1 mm.
PAR  The current state of our knowledge indicates that these imidazoles were
      obtained as the 4-substituted compounds.
PAR  The following intermediates were isolated in the course of preparing the
      above compounds.
PA1  2-methoxymethyl-4-sec.butylimidazole, b.p. 122.degree.-124.degree.C./0.6
      mm.
PA1  2-methoxymethyl-4-(1-ethylpropyl)imidazole, b.p.
      126.degree.-128.degree.C./0.2 mm.
PA1  2-methoxymethyl-4-(1-methylcyclohexyl)imidazole, b.p.
      142.degree.-144.degree.C./0.5 mm.
PAC  EXAMPLE 21
PAR  An emulsifiable concentrate suitable for dilution with water to form an
      aqueous emulsion was prepared from the following ingredients:
TBL                       % w/v                                                
     Compound of Example 1                                                     
                          20.0                                                 
     Calcium dodecylbenzenesulphonate                                          
                          2.0                                                  
     Nonylphenoxypolyethoxyethanol*                                            
                          4.0                                                  
     Cyclohexanone        15.0                                                 
     Xylene               to 100.0                                             
      *A nonylphenol-ethylene oxide condensate containing an average of 14 mols
      ethylene oxide per mol. nonylphenol.                                     
PAR  Similar emulsifiable concentrates were prepared in which the imidazole
      compound in the above formulation was replaced by the following compounds
      of Example 3:
PA1  1-dimethylthiocarbamoyl-4(5)-tert.butylimidazole
PA1  1-(N-methyl-N-ethylcarbamoyl)-4(5)-tert.butylimidazole
PA1  1-(N-methyl-N-propylcarbamoyl)-4(5)-tert.butylimidazole
PA1  1-dimethylcarbamoyl-2-ethyl-4(5)-methylimidazole
PA1  1-dimethylcarbamoyl-4(5)-n-pentylimidazole
PAC  EXAMPLE 22
PAR  Emulsifiable concentrates suitable for dilution with water to form an
      aqueous emulsion were prepared from the following ingredients:
TBL                      % w/v                                                 
     Compound            25.0                                                  
     Calcium dodecylbenzenesulphonate*                                         
                         2.5                                                   
     Nonylphenoxypolyethoxyethanol                                             
                         2.5                                                   
     Xylene              to 100.0  % vol                                       
      *A nonylphenol-ethylene oxide condensate containing an average of 14 mols
      ethylene oxide per mol. nonylphenol.                                     
PAR  Emulsifiable concentrates containing the following compounds were prepared.
PA1  1-dimethylcarbamoyl-4(5)-isobutylimidazole
PA1  1-dimethylcarbamoyl-4(5)-(1-ethylpropyl)imidazole
PA1  1-dimethylcarbamoyl-4(5)-sec.butylimidazole
PA1  1-dimethylcarbamoyl-4(5)-isopropylimidazole
PA1  1-dimethylthiocarbamoyl-4(5)-sec.butylimidazole
PA1  1-dimethylcarbamoyl-4(5)-propylimidazole
PA1  1-dimethylcarbamoyl-4(5)-tert.pentylimidazole
PA1  1-(N-2-ethoxyethyl-N-methylcarbamoyl)-4(5)-tert.butylimidazole
PAC  EXAMPLE 23
PAR  Granules containing 5% w/w of the imidazole compound of Example 1 were
      prepared by impregnating granules of fullers earth (mesh size 20/40
      British Standard Sieve) with a solution of the imidazole compound in
      xylene and then evaporating the xylene from the impregnated granules.
PAC  EXAMPLE 24
PAR  Granules containing 5% w/w of the
      1-dimethylcarbamoyl-4(5)-(1-methylcyclohexyl)imidazole were prepared by
      impregnating granules of fullers earth (mesh size 20/40 British Standard
      Sieve) with a solution of the imidazole compound in xylene and then
      evaporating the xylene from the impregnated granules.
PAC  EXAMPLE 25
PAR  An emulsifiable concentrate suitable for dilution with water to form an
      aqueous emulsion was prepared from the following ingredients:
TBL  1-dimethylcarbamoyl-4(5)-                                                 
     (1-methylcyclohexyl)imidazole                                             
                         25.0%      w/v                                        
     Calcium dodecylbenzenesulphonate                                          
                         2.5%       w/v                                        
     Nonylphenoxypolyethoxyethanol*                                            
                         2.5%       w/v                                        
     Cyclohexanone       20.0%      vol.                                       
     Xylene              to 100.0%  vol.                                       
      *A nonylphenol-ethylene oxide condensate containing an average of 14 mols
      ethylene oxide per mol. nonylphenol.                                     
PAR  Similar emulsifiable concentrates were prepared in which the imidazole
      compound in the above formulation was replaced by the remaining compounds
      of the invention described in Example 11.
PAC  EXAMPLE 26
PAR  A dispersible powder was prepared from the following ingredients:
TBL                       % w/w                                                
     1-dimethylcarbamoyl-4(5)-                                                 
     (1-methylcyclohexyl)imidazole                                             
                          25.0                                                 
     Nonylphenoxypolyethoxyethanol*                                            
                          1.0                                                  
     Dyapol PT*           5.0                                                  
     Kaolin               to 100.0                                             
      *A nonylphenol-ethylene oxide condensate containing an average of 14 mols
      ethylene oxide per mol. nonylphenol. Dyapol PT is an anionic dispersant  
      based on the sodium salt of a sulphonated condensation product of        
      urea/formaldehyde and cresol.                                            
PAC  EXAMPLE 27
PAR  Emulsifiable concentrates suitable for dilution with water to form an
      aqueous emulsion were prepared from the following ingredients:
TBL                   % w/v                                                    
     Active compound  25.0                                                     
     Calcium dodecylbenzenesul-                                                
     phonate*         3.0                                                      
     Nonylphenoxypolyethoxy-                                                   
     ethanol          3.0                                                      
     Xylene           to 100.0%    vol.                                        
      *A nonylthenol-ethylene oxide condensate containing an average of 14 mols
      ethylene oxide per mol. nonylphenol.                                     
PAR  Emulsifiable concentrates containing the following compounds were prepared:
PA1  1-dimethylcarbamoyl-2-methylthio-4(5)-tert.butylimidazole
PA1  1-dimethylcarbamoyl-2-ethylthio-4(5)-tert.butylimidazole
PA1  1-dimethylcarbamoyl-2-methoxymethyl-4(5)-tert.butylimidazole.
PAC  EXAMPLE 28
PAR  This example illustrates the preparation of granules according to the
      invention.
PAR  Granules containing 5% w/w of the carbamoylimidazole compounds of Examples
      17 and 18 were prepared by impregnating granules of fullers earth (mesh
      size 20/40 British Standard Sieve) with a solution of the
      carbamoylimidazole compound in xylene and then evaporating the xylene from
      the impregnated granules.
PAC  EXAMPLE 29
PAR  This example illustrates the preparation of dispersible powders according
      to the invention.
PAR  Dispersible powders were prepared from the following ingredients:
TBL                       % w/w                                                
     Active compound      25.0                                                 
     Silicic Acid         25.0                                                 
     Calcium lignosulphonate                                                   
                          10.0                                                 
     Sodium dioctylsulphosuccinate                                             
                          0.5                                                  
     Kaolin               to 100.0                                             
PAR  Dispersible powders containing the following compounds were prepared:
PA1  1-dimethylcarbamoyl-2-methylthio-4(5)-tert.butylimidazole
PA1  1-dimethylcarbamoyl-2-ethylthio-4(5)-tert.butylimidazole
PA1  1-dimethylcarbamoyl-2-methoxymethyl-4(5)-tert.butylimidazole.
PAC  EXAMPLE 30
PAR  Broad bean plants 3 - 5 cm. high were infested with aphids (Megoura viciae)
      and then sprayed with an aqueous dispersion containing 250 parts per
      million w/v of the imidazole compound of Example 1. Each plant was kept
      under a lamp glass for 24 hours and then examined. It was found that a
      complete kill of the aphids had been obtained. The aphid populations of
      control plants that had been treated with an aqueous spray not containing
      any test compound were not affected.
PAC  EXAMPLE 31
PAR  Broad bean plants 3 - 5 cm. high were infested with aphids (Megoura viciae)
      and then sprayed with an aqueous dispersion containing 250 parts per
      million w/v of each of the carbamoyl imidazole compounds described in
      Example 11. Each plant was kept under a lamp glass for 24 hours and then
      examined. It was found that all of the compounds completely kill off the
      aphids. The aphid populations on control plants that had been treated with
      an aqueous spray not containing any test compound were not affected.
PAC  EXAMPLE 32
PAR  Broad bean plants 3 - 5 cm. high were infested with aphids (Megoura viciae)
      and then sprayed with an aqueous dispersion containing 250 parts per
      million w/v of each of the carbamoyl imidazole compounds described in
      Examples 2 to 8 and 12 to 16. Each plant was kept under a lamp glass for
      24 hours and then examined. It was found that all of the compounds gave at
      least a 50 percent control of the aphids. The aphid populations on control
      plants that had been treated with an aqueous spray not containing any test
      compound were not affected.
PAC  EXAMPLE 33
PAR  Hop leaves infested with the hop aphid, Phorodon humuli, were treated with
      aqueous dispersions of various compounds.
PAR  Ten leaves were taken from each of four replicate plants and the average
      number of aphids per leaf calculated. The hop plants were sprayed with an
      aqueous dispersion of the test compound till run off. Assessment one day
      after spraying showed that with an aqueous dispersion containing 0.03
      percent by weight of the test compound, the following compounds achieved
      over 50 percent kill.
PA1  1-dimethylcarbamoyl-4(5)-tert.butylimidazole
PA1  1-dimethylcarbamoyl-4(5)-isopropylimidazole
PA1  1-dimethylcarbamoyl-4(5)-(1-ethylpropyl)imidazole
PA1  1-dimethylcarbamoyl-4(5)-sec.butylimidazole
PA1  1-dimethylthiocarbamoyl-4(5)-sec.butylimidazole
PA1  1-dimethylcarbamoyl-4(5)-propylimidazole
PA1  1-dimethylcarbamoyl-4(5)-(1-methylcyclohexyl)imidazole
PA1  1-dimethylcarbamoyl-4(5)-tert.pentylimidazole
PAC  EXAMPLE 34
PAR  An assessment of ovo-larvicidal activity against Tetranychus urticae was
      made in the following way.
PAR  Freshly laid eggs of Tetranychus urticae on a French bean leaf disc 2 cm.
      in diameter were sprayed with an aqueous dispersion of the compound test.
      After ten days any live larvae on the leaf disc were counted and the
      percentage mortality assessed. Triplicate assessments were made at various
      concentrations of test compound in order to obtain approximately LD.sub.50
      values, expressed as p.p.m. w/v of test compound.
PAR  The following two compounds were found to have an LD.sub.50 below 250
      p.p.m.
PA1  1-dimethylcarbamoyl-4(5)-(1-methylcyclopentyl)imidazole
PAR  1-dimethylcarbamoyl-4(5)-(1-methylcyclohexyl)imidazole
PAC  EXAMPLE 35
PAR  An assessment of the activity of
      1-dimethylcarbamoyl-4(5)-tert.butylimidazole against the green rice
      leafhopper was made in the following way.
PAR  The roots of a rice seedling were dipped in an aqueous emulsion containing
      0.005% by weight of the test compound. The rice seedling was enclosed in a
      glass cylinder into which fifteen adult green rice leafhoppers were
      inserted and the temperature was maintained at 25.degree.C. After 48 hours
      the insect mortality was observed. It was found that a complete kill of
      the insects had occurred.
PAC  EXAMPLE 36
PAR  Broad bean plants 3 - 5 cm. high were infested with aphids (Megoura viciae)
      and then sprayed with an aqueous dispersion containing 250 parts per
      million w/v of the following compounds:
PA1  1-dimethylcarbamoyl-2-methylthio-4(5)-tert.butylimidazole
PA1  1-dimethylcarbamoyl-2-ethylthio-4(5)-tert.butylimidazole
PA1  1-dimethylcarbamoyl-2-methoxymethyl-4(5)-tert.butylimidazole
PAR  Each plant was kept under a lamp glass for 24 hours and then examined. It
      was found that a complete kill of the aphids had been obtained. The aphid
      populations of control plants that had been treated with an aqueous spray
      not containing any test compound were not affected.
CLMS
STM  We claim:
NUM  1.
PAR  1. An insecticidal composition which comprises an insecticidally effective
      amount of a compound of the formula
      ##SPC6##
PAL  in which X is selected from the group consisting of oxygen and sulphur,
      R.sup.3 is selected from the group consisting of hydrogen and alkyl of 1
      to 4 carbon atoms, R.sup.4 is selected from the group consisting of alkyl
      of 1 to 10 carbon atoms and cycloalkyl of 3 to 10 carbon atoms, and
      R.sup.1 and R.sup.2, together with the nitrogen atom to which they are
      attached, and R.sup.1 and R.sup.2, together with the nitrogen atom to
      which they are attached, form a morpholino group optionally containing 1
      to 4 methyl substituents attached to carbon atoms of the ring, together
      with a suitable carrier. The insecticidal compositions are of particular
      value against insects, e.g., aphids, and against other pests, e.g.,
      acarids.
NUM  2.
PAR  2. The composition of claim 1 in which X is oxygen, R.sup.3 is selected
      from the group consisting of hydrogen, methyl and ethyl, R.sup.4 is
      selected from the group consisting of alkyl of 1 to 10 carbon atoms and
      cycloalkyl of 3 to 10 carbon atoms, and R.sup.1 and R.sup.2, together with
      the nitrogen atom to which they are attached, form a morpholino group.
NUM  3.
PAR  3. The composition of claim 2 in which R.sup.4 is selected from the group
      consisting of cyclopentyl and cyclohexyl, optionally contains 1 to 3
      methyl substituents.
NUM  4.
PAR  4. The composition of claim 2 in which R.sup.4 is alkyl of 1 to 10 carbon
      atoms.
NUM  5.
PAR  5. The composition of claim 4 in which R.sup.4 is selected from the group
      consisting of propyl, isopropyl, sec. butyl, tert. butyl, 1-ethylpropyl
      and tert. pentyl.
NUM  6.
PAR  6. The composition of claim 5 in which said compound is
      1-morpholinocarbonyl-2-methyl-4(5)-tert.-butylimidazole.
NUM  7.
PAR  7. A method of combatting insects which comprises applying to said insects
      or the locus thereof an insecticidally effective amount of a compound of
      the formula
      ##SPC7##
PAL  in which X is selected from the group consisting of oxygen and sulphur,
      R.sup.3 is selected from the group consisting of hydrogen and alkyl of 1
      to 4 carbon atoms, R.sup.4 is selected from the group consisting of alkyl
      of 1 to 10 carbon atoms, and R.sup.1 and R.sup.2, together with the
      nitrogen atom to which they are attached, form a morpholino group
      optionally containing 1 to 4 methyl substituents attached to carbon atoms
      of the ring.
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PAL  The within method contemplates the administration of a drug, effective as a
      cerebellar-vestibular harmonizing agent, as a prelude to reading for a
      patient who is or will become dysmetric dyslexic, the administered drug
      functioning in a sense like "eyeglasses" to improve the dynamic vision of
      the patient.
PAL  In a partially analogous situation, in a person who suffers from motion
      sickness, commonly known as seasickness, the rocking of the boat or like
      motion produces an increased or excessive input to his
      cerebellar-vestibular circuits, with the result that such excessive
      stimulation causes nauseousness and related adverse effects. In a
      dysmetric dyslexic-identified patient, while he never experiences symptoms
      of motion sickness, i.e. nauseousness, during reading, he nevertheless has
      an overloading and dysharmony (i.e. excessive input) to his
      cerebellar-vestibular circuits as a result, obviously not of boat rocking
      or the like, but as a result of a dysfunctioning cerebellar-vestibular, a
      dysfunctioning discovered to exist in dysmetric dyslexic patients. The
      administered drug, of the nature indicated, thus by its suppressing and
      harmonizing influence maintains the input to and within the patient's
      cerebellar-vestibular circuits at a diminished level which significantly
      enhances the patient's eye tracking, and thus reading, ability.
PARN
PAR  This application is a continuation-in-part application of Application Ser.
      No. 424,104, filed Dec. 12, 1973 now abandoned.
BSUM
PAR  The present invention relates to a method of preparing a patient previously
      identified as being dyslexic because of dysfunctioning
      cerebellar-vestibular circuits, for reading activity.
PAR  Underlying the preparation method of the present invention is the discovery
      that the condition of dysmetric dyslexia is attributable to a
      cerebellar-vestibular dysfunction. This is contrary to the more widely
      accepted belief in the medical profession that the condition of
      organically determined dysmetric dyslexia is due solely or at least
      primarily to a dysfunction of the cortex. It suffices, however, for the
      present purposes to indicate that the aforesaid cerebellar-vestibular
      dysfunction manifested in dysmetric dyslexic children is proved by
      positive Rombergs, difficulty in tandem walking, articulatory speech
      disorders, dysdiadochokinesis, hypontonia, and various dysmetric or past
      pointing disturbances during finger-to-nose, heel-to-toe, writing,
      drawing, as well as during ocular fixation and scanning testing.
PAR  Another significant medical discovery underlying the present invention is
      that there exists in dysmetric dyslexic children a sub-clinical nystagmus
      or eye vibration at an almost imperceptible frequency or number of beats
      per second. Here also, for present purposes, it suffices to indicate that
      the existence of this sub-clinical nystagmus or eye vibration is
      demonstrated by electronystagmographic recordings when the eyes were
      closed to eliminate fixation, as this tends to inhibit nystagmus.
PAR  With children suffering from the condition indicated, there is at all times
      movement in their eyes occurring at approximately one beat per second,
      which interferes with the vision of these children. This abnormal eye
      movement is, as noted, sub-clinical in nature, in that measurement thereof
      requires an electronystagmographic frequency recording under favorable
      conditions.
PAR  The foregoing sub-clinical dysfunction or nystagmus has, in turn, been
      traced to the presence of a cerebellar-vestibular dysfunction which
      prevents ocular fixation and sequential scanning of letters and words in a
      proper manner. Specifically, during sequential scanning or normal reading
      by dysmetric dyslexic children, letters and words are disordered, and
      letter and word scrambling or blurring results. For example, the biggest
      or first letter of the word is often fixated first during the slow
      right-to-left phase of the nystagmus. The rapid left-to-right phase often
      skips over several letters or a whole word until another letter is
      automatically fixated and scrambling or blurring results. The patient,
      therefore, confuses letters and words which differ only or mainly in
      spacial placement, i.e. b=d=p=q, a=e, .epsilon.=3, c=u, m=w, saw=was,
      no=on, et cetera. The aforesaid confusion of letters and words results in
      reading difficulties, as indicated below.
PAR  Specifically, a Position Paper on READING DISABILITIES IN YOUR CHILD of the
      American Association of Ophthalmology presented and distributed at the
      Forum, "THE RIGHT TO READ" of the White House Conference on Children,
      Washington, D.C., Dec. 14, 1970,  entitled, "DYSLEXIA" defines the term
      "dyslexia" as a difficulty in reading or reading disability because of a
      poor understanding of printed words. Dyslexia caused by obvious conditions
      such as prolonged absence from school, psychological problems, or obvious
      (generally cortical) brain defects is identified as "secondary dyslexia".
      The dyslexia which is stated to be of unknown origin is referred to as
      "specific primary dyslexia or developmental dyslexia". The paper continues
      with the teaching that eye defects do not cause specific primary dyslexia
      because the dyslexia is based on recognition and not on vision. This view
      is representative of the widely accepted belief of the medical profession
      that this form of dyslexia is caused by an inability of the brain to
      recognize what the eye sees (see, for example: "Reading Disability" edited
      by John Money, pp. 9-16 and 45-60, The Johns Hopkins Press (1962); and
      Vol. 20, No. 3, August 1973 issue of "Pediatric Clinics of North America,"
      pp. 587-597 and 599-605). Primary dyslexia was therefore attributed to a
      dysfunction of the cortex.
PAR  Since dyslexia was defined as a reading disability, children suffering from
      dyslexia were not found until they were discovered to be deficient
      readers. In many cases, the child is about 2 years behind its age group in
      reading by the time the reading difficulties are attributed to primary
      dyslexia rather than other causes. In most cases, the symptoms of this
      form of dyslexia tend to disappear when the child reaches about 10 to 12
      years of age, depending upon the child's rate of maturation. When the
      symptoms of primary dyslexia are no longer apparent, the child's ability
      to learn to read approaches normal. However, the child is often about 2
      years behind its age group with consequent emotional and behavior
      problems.
PAR  An important contribution of the present invention is therefore, firstly,
      the recognition that the aforesaid discovered conditions existing in a
      dysmetric dyslexic patient contribute to his poor response to reading
      instruction, and secondly, devising the within method according to which
      said patient can be properly prepared for reading so as to significantly
      improve his reading performance. For a better understanding of this
      contribution, it is worthwhile to make reference to a partially analogous
      situation. Specifically, in a person who suffers from motion sickness,
      commonly known as seasickness, the rocking of the boat or the like
      produces an increased or excessive input to his cerebellar-vestibular
      circuits and overloading thereof. As a result of this excessive
      stimulation and overloading, the person experiences nausea and other such
      symptoms, the same having an adverse effect on the autonomic nervous
      system which regulates and monitors the gastrointestinal tract and related
      centers.
PAR  In connection with motion sickness, use is therefore made of certain drugs
      which have the effect of harmonizing, suppressing or causing a diminution
      of the input to and within the cerebellar-vestibular circuits. How these
      drugs achieve this result is not exactly known.
PAR  In connection with a dysmetric dyslexic person, although this person never
      experiences nauseousness or other symptoms of motion sickness during
      reading, an important part of the present invention is the recognition
      that such a person, nevertheless, has an overloading or dysharmony of his
      cerebellar-vestibular as a result, obviously not of boat rocking or the
      like, but as the result of the dysfunction of the circuits thereof. It is
      during reading that the patient is called upon to exhibit ocular fixation
      and sequential scanning (tracking) or dynamic vision. Thus, whereas a
      dysmetric dyslexic person will perform as well as a normal person on eye
      tests measuring "static" vision or visual acuity - identification of
      stationary objects of fixed height at a specific distance, when said
      dysmetric dyslexic person is required to follow a moving target, i.e.
      track, the eye vibration or nystagmus and dysmetric ocular pursuit, which
      are the conditions discovered to exist in such a person, results in ocular
      overshooting and undershooting, and in turn, results in failure to focus
      and sequentially track the material being read.
PAR  As a result of the above dysfunction of the cerebellar-vestibular circuits,
      there is a failure to harmonize, regulate and control the
      cerebellar-vestibular input and this leads to an overloading of the
      cerebellar-vestibular circuits. The practice of the within method of
      preparing a dysmetric dyslexic person for reading thus contemplates the
      administration of drugs selected from those which have in the past been
      used as a treatment for motion sickness. This person, after taking the
      prescribed drug, is better able to track and therefore, better able to see
      objects in motion or, what amounts to the same thing, is better able to
      see stationary objects or reading material while his head and eyes are in
      motion, as during reading or scanning. In either case, there is relative
      motion which ordinarily adds to the eye vibration resulting from the
      dysfunctioning of the cerebellar-vestibular circuits that prevents proper
      fixation by the person, but which is diminished by the taking of the drug
      and, as a result, permits the person to better fix on the object and thus
      track it. In effect, therefore, a drug used as hereinafter prescribed,
      functions in a sense like "eyeglasses" to improve the dynamic vision of
      the person or dysmetric dyslexic patient. Such patient may be identified
      by the well known Barany's caloric stimulation of the vestibular
      apparatus, by utilizing electrostagmographic recordings, or by using the
      screening procedure of U.S. Pat. No. 3,842,822, issued on Oct. 22, 1974.
      Following identification, by any of the foregoing, and as preparation for
      improved reading and scanning performance according to the present
      invention, the patient for a selected period of time prior to scanning or
      reading is to have administered the below prescribed drugs, said period of
      time being that which is adequate to allow the administered drug or drugs
      to have its beneficial effect on the patient.
PAC  The Prescribed Drugs
PAR  The presently preferred cerebellar-vestibular harmonizing drugs are
      cyclizine, diphenhydramine, dimenhydrinate, diphenidol, cinnarizine,
      meclizine, buclizine, and promethazine. Cyclizine is particularly
      preferred. The daily dosage which may be continued over a period of months
      and even years varies with the characteristics of the child. For
      convenience, the dosage rate is broken down into the treatment of the age
      group 3-6 and 7-12. The older children can generally tolerate larger
      amounts of the drug. Since the preferred cerebellar-vestibular harmonizing
      drugs include antihistamines, which are known to have a tendency to induce
      drowsiness, the maximum amount which the child will tolerate is the amount
      at which the child does not become drowsy. The drug is preferably
      administered 3 times daily to minimize the tendency toward drowsiness.
PAR  The daily dosage for the 3-6 year age group with cyclizine is between about
      25 and 100 mg, and preferably between about 50 and 100 mg. The daily
      treatment is preferably about 25 mg three times daily. For the 7-12 age
      group, the treatment is between about 40 and 100 mg daily and preferably
      between about 75 and 100 mg daily. The preferred daily dosage is about 35
      mg 3 times daily or 50 mg twice daily.
PAR  The dosage of dimenhydrinate and diphenidol is the same as that of
      cyclizine. The dosage of cinnarizine is about one-half that of cyclizine.
      The dosage of meclizine and buclizine is about one-third that of
      cyclizine.
PAR  The dosage using diphenhydramine with the age group 3-6 is between 9 and 40
      mg per day and preferably between 20 and 30 mg per day. The preferred
      treatment is 10 mg 3 times daily. With the 7-12 age group, the daily
      dosage is from about 20 to 75 mg and preferably from about 50 to 75 mg,
      with treatments of 25 mg 3 times daily preferred.
PAR  With promethazine, the daily treatment for the 3-6 age group is from 6 to
      25 mg with between 6 and 15 mg preferred. The daily treatment is
      preferably 2 or 3 mg 3 times daily. With the 7-12 age group, the daily
      total is from about 12 to 30 mg with 15 to 25 mg being preferred. The
      preferred treatment for the 7-12 age group is about 5 mg 3 times daily.
PAR  The useful central nervous system stimulants are methylphenidate and
      structurally related compounds which are sympathominetic drugs reported to
      have some effect in combatting motion sickness. These compounds have the
      general structural formula
      ##EQU1##
      wherein each R is selected from the group consisting of --H, --OH,
      --COOCH.sub.3, and the phenyl group; and each R' group is hydrogen or
      methyl, or the two R' groups may be cyclicized to form the pyridine ring
      which would then include the hydrogen substituent on the alpha carbon
      atom.
PAR  Methylphenidate, pipradol, ephedrine sulfate, d-amphetamine,
      methamphetamine and amphetamine are illustrative of the compounds within
      the aforesaid structural formula.
PAR  Methylphenidate in the form of methylphenidate HCl, is used in the amount
      of between about 1 and 4 mg per day and preferably between 1 and 2 mg per
      day with the 3-6 year age group, with preferable dosage of between 0.5 and
      1.5 mg twice daily. The dosage for the 7-12 age group is from about 1 to
      10 mg and preferably between 4 and 10 mg daily with the preferred dosage
      being between 2 and 5 mg twice daily.
PAR  Ephedrine sulfate dosage for the 3-6 age group is between about 5 and 10 mg
      and preferably between 5 and 7 mg daily with a preferred dosage of between
      2 and 3 mg twice daily. The dosage for the 7-12 age group is between about
      10 and 50 mg and preferably 10 to 20 mg daily with a preferred dosage of
      between 5 and 10 mg daily.
PAR  The dosage for d-amphetamine in the form of the sulfate or phosphate, and
      for methamphetamine in the form of the hydrochloride, for the 3-6 age
      group is between about 0.5 and 2 mg, and preferably between about 0.5 and
      1 mg daily. The preferred unit does is 0.25-0.5 mg twice daily. With the
      7-12 age group, the dosage is from about 0.5 mg to 3 mg daily, and
      preferably from about 0.5 to 2 mg daily. The preferred unit dose is from
      about 0.5 to 1 mg twice daily.
PAR  The dosage for amphetamine in the form of the sulfate for the 3-6 age group
      is from about 1 to 4 mg and preferably from 1 to 2 mg daily. The preferred
      unit dosage is 0.5-1 daily. The dosage for the 7-12 age group is from
      about 1 to 6 mg and preferably from 1 to 4 mg daily. The preferred unit
      dosage is from 1-2 mg twice daily.
PAR  The foregoing stimulants are preferably used at the lowest effective level
      to avoid overstimulation of the child. They are preferably administered
      twice daily and not in the evening to avoid interference with sleep. The
      amphetamines have the known disadvantage of being habit forming. Although
      the aforesaid amphetamines may be effective, their use in protracted
      treatment of children is to be avoided. The use of methylphenidate is
      strongly preferred. Tests have indicated that it lessens the child's
      anxiety as well as contributing to improvement in the critical ocular
      fixation and sequential scanning function.
PAR  For many children, it appears that the most effective treatment is a
      combination of the treatment with an antihistamine together with the
      central nervous system stimulant and preferably methylphenidate. The
      dosage levels for the combined treatment is preferably the individual
      dosage for each of the two components. The therapy may comprise
      administering each of the two drugs separately. This may be an advantage
      when the indicated treatment is 3 times daily with the antihistamine drug
      because of susceptibility to drowsiness, and only 2 times daily with the
      other stimulant. For convenience, it is preferred that a single combined
      composition be administered twice daily and include both components. This
      preferred composition preferably contains cyclizine in an amount between
      25 mg and 50 mg and methylphenidate in an amount between 2.5 mg and 5 mg.
      The remainder of the composition in unit dosage form is a pharmaceutically
      acceptable carrier. The preferred compositions are liquid to avoid
      children forming the habit of taking pills and therefore the composition
      will preferably comprise the two active components together with an orally
      administerable liquid pharmaceutical carrier.
PAR  The specific active compounds disclosed herein are usually administered in
      the form of one of their pharmaceutically acceptable acid salts, such as
      the hydrochloride, the sulfate or the phosphate. The drugs may be
      administered orally or even by injection (subcutaneous or intermuscular)
      by suppository, by inhaling, e.g. a nasal spray, or even by skin
      absorption.
PAR  The dosage of cyclizine and/or methylphenidate used in the treatment of
      children (starting at the noted age) is disclosed in the following table.
      The treatment varied from about one month to eight months.
TBL  ______________________________________                                    
     AGE      CYCLIZINE       METHYLPHENIDATE                                  
                  mg        Unit Dose                                          
                                    mg      Unit Dose                          
     Year Month   Unit Dose Daily   Unit Dose                                  
                                            Daily                              
     ______________________________________                                    
     7    6       25        3.times.                                           
                                    5       2.times.                           
     8    2       25        3.times.                                           
                                    5       2.times.                           
     7    8       25        3.times.                                           
                                    5       2.times.                           
     7    9       50        2.times.                                           
                                    5       2.times.                           
     6     11     25        3.times.                                           
                                    5       2.times.                           
     14   4       50        2.times.                                           
                                    5       2.times.                           
     10    10     50        2.times.                                           
                                    10      2.times.                           
     11   5       50        2.times.                                           
                                    2.5     1.times.                           
     10   0       50        2.times.                                           
                                    2.5     2.times.                           
     7    9       2.5       3.times.                                           
     9    6       2.5       3.times.                                           
     7    7       2.5       3.times.                                           
     7    9       2.5       3.times.                                           
     7    4       12.5      3.times.                                           
     7     10     25        3.times.                                           
     7    6       50        2.times.                                           
     8    3       25        3.times.                                           
     7     10     21.5      3.times.                                           
     8    3       25        3.times.                                           
     7    0       25        3.times.                                           
     11   6                         10      2.times.                           
     10    10                       5       2.times.                           
     10   7                         5       2.times.                           
     7 to 8 years of age (5 children)                                          
                          5         2.times.                                   
     ______________________________________                                    
PAR  All of the children treated were selected because they exhibited symptoms
      of dysmetric dyslexia. They had been tested for sequential scanning and
      ocular fixation and both tests established that these children had
      substandard sequential scanning and ocular fixation.
PAR  Treatment of children with dimenhydrinate (25 mg--3.times. daily) and
      diphenhydramine (10-15 mg--2.times. daily) has recently been instituted.
      Treatment with a combination of the said dimenhydrinate or
      diphenhydramine, together with methylphenidate also has now been started.
      These initial tests involve only a few children at present.
PAR  As a consequence of the treatment or preparation method described herein,
      children exhibiting dysmetric dyslexia have improved ocular fixation and
      sequential scanning and when reading during the effective period of the
      administered drug exhibit a significant improvement in their reading
      ability.
PAR  A latitude of modification, change and substitution is intended in the
      foregoing disclosure and in some instances some features of the invention
      will be employed without a corresponding use of other features.
      Accordingly, it is appropriate that the appended claims be construed
      broadly and in a manner consistent with the spirit and scope of the
      invention herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of obviating eye tracking difficulties for a dysmetric dyslexic
      patient preparatory to said patient participating in reading or scanning
      activity, which method is based on the discoveries of a
      cerebellar-vestibular dysfunction and a resulting sub-clinical eye
      oscillation indicative of said dysfunction, said method comprising the
      steps of preceding any reading or scanning by such patient with an
      administered quantity of a cerebellar-vestibular harmonizing drug selected
      from the group consisting of cyclizine, cinnarizine, meclizine and
      buclizine in a dosage effective to suppress input to and within said
      patient's cerebellar-vestibular circuits, and only allowing reading or
      scanning activity by said patient during the effective period of said
      administered drug, whereby the adverse effect of said sub-clinical eye
      oscillation as input to said patient's cerebellar-vestibular circuits is
      obviated by said drug during said reading or scanning activity to thereby
      enhance said patient's eye tracking ability.
NUM  2.
PAR  2. The method of claim 1 wherein said cerebellar-vestibular harmonizing
      drug is cyclizine.
NUM  3.
PAR  3. The method of claim 1 wherein said cerebellar-vestibular harmonizing
      drug is cinnarizine.
NUM  4.
PAR  4. The method of claim 1 wherein said cerebellar-vestibular harmonizing
      drug is meclizine.
NUM  5.
PAR  5. The method of claim 1 wherein said cerebellar-vestibular harmonizing
      drug is buclizine.
NUM  6.
PAR  6. A method of obviating eye tracking difficulties for a dysmetric dyslexic
      patient preparatory to said patient participating in reading or scanning
      activity, which method is based on the discoveries of a
      cerebellar-vestibular dysfunction and a resulting sub-clinical eye
      oscillation indicative of said dysfunction, said method comprising the
      steps of preceding any reading or scanning by such patient with an
      administered quantity of a cerebellar-vestibular harmonizing drug having
      the formula
      ##EQU2##
      wherein each R is selected from the group consisting of --H, --OH,
      --COOCH.sub.3, and the phenyl group; and each R' group is hydrogen or
      methyl, or the two R' groups may be cyclicized to form the pyridine ring
      which would then include the hydrogen substituent on the alpha carbon
      atom; and the pharmaceutically acceptable acid salts thereof, said
      administration of said drug being in a dosage effective to suppress input
      to and within said patient's cerebellar-vestibular circuits, and only
      allowing reading or scanning activity by said patient during the effective
      period of said administered drug, whereby the adverse effect of said
      sub-clinical eye oscillation as input to said patient's
      cerebellar-vestibular circuits is obviated by said drug during said
      reading or scanning activity to thereby enhance said patient's eye
      tracking ability.
NUM  7.
PAR  7. The method of claim 6 comprising administering methylphenidate at least
      twice a day in a total daily dosage of between 1 and 4 mg for young
      children and between 21/2 and 5 mg for older children.
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PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein R.sub.1 represents lower alkyl, cycloalkyl or phenyl which is
      optionally substituted by halogen, lower alkyl or lower alkoxy, and one of
      the groups R.sub.2 and R.sub.3 represents phenyl which is optionally
      substituted by halogen, lower alkyl, hydroxy, lower alkoxy, lower
      alkylthio or lower alkylsulphonyl, and the other represents a 6-membered
      heteroaromatic radical containing 1 or 2 ring nitrogen atoms, their
      N-oxides and salts, with anti-inflammatory, antinociceptive and
      antipyretic activity, they are active ingredients of pharmaceutical
      compositions and can be used for the relief and removal of pain as well as
      for the treatment of rheumatic, arthritic and other inflammatory
      complaints; an illustrative example is
      2-isopropyl-4(5)-(p-methoxyphenyl)-5(4)-3-pyridyl-imidazole.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 247,431, filed on
      Apr. 25, 1972, now abandoned.
BSUM
PAR  The present invention relates to new imidazole derivatives which possess
      valuable pharmacological properties, processes for their manufacture,
      pharmaceutical preparations which contain the new imidazoles, and their
      use.
PAR  In particular, the invention relates to imidazole derivatives of the
      general formula
      ##SPC2##
PAL  Wherein R.sub.1 represents lower alkyl, cycloalkyl or phenyl which is
      optionally substituted by halogen, lower alkyl or lower alkoxy, and one of
      the groups R.sub.2 and R.sub.3 represents phenyl which is optionally
      substituted by halogen, lower alkyl, hydroxy, lower alkoxy, lower alkythio
      or lower alkylsulphonyl, and the other represents a 6-membered
      heteroaromatic radical containing 1 or 2 ring nitrogen atoms, and N-oxides
      thereof and salts of such compounds.
PAR  The compounds of the present invention possess valuable pharmacological
      properties, in particular anti-flammatory, antinociceptive and antipyretic
      action with favourable therapeutic index.
PAR  The antiphlogistic action of the new imidazole derivatives when
      administered orally is shown, for example, in the Bolus alba oedema test
      on rats according to G. Wilhelmi, Jap. J. Pharmacol, 15, 187 (1965).
PAR  The analgesic action of the new imidazole derivatives is demonstrated, for
      example, in mice according to the method described by E. Siegmund, R.
      Cadmus and G. Lu, Proc. Soc. Exp. Biol. Med. 95, 729 (1957). In this
      method, the amount of substance is determined which is necessary to
      prevent the syndrome caused by the intraperitoneal injection of
      2-phenyl-1,4-benzoquinone.
PAR  To determine the antipyretic action, the new compounds are administered
      perorally in suitable doses to rats which had been injected
      intramuscularly 16-18 hours previously with a suspension of 15% baker's
      yeast with 1% tragacanth and 1% sodium chloride in distilled water in an
      amount of 1 ml per 100 g body weight. The feverish temperatures induced by
      the yeast are taken rectally 1 hour and half an hour before the test
      substances are administered, and half-hourly at an interval of half an
      hour to 5 hours after the administration of the test substances. The
      maximum drop in temperature as well as the arithmetic average temperature
      fall during the 5 hours after the administration of the test substances
      are determined as basis of comparison contrasted with the average of the
      two measurements taken before the administration.
PAR  The new imidazole derivatives are suitable as active substances which may
      be administered orally, rectally or parentally for the alleviation and
      relief of pains of varying origin, as well as for the treatment of
      reumatic, arthritic and other inflammatory complaints.
PAR  In the imidazole derivatives of the general formula I and the corresponding
      starting materials which are further cited hereinbelow, a lower alkyl
      radical R.sub.1 contains in particular up to 6 carbon atoms and is
      primarily a branched alkyl radical or a cycloalkyl radical, preferably
      containing up to 6 carbon atoms, chiefly isopropyl or sec.butyl or
      preferably tert.butyl, also cyclopropyl. The substituent R.sub.1 as a
      phenyl radical which is optionally substituted, in particular
      monosubstituted, by halogen, for example fluorine, chlorine or bromine,
      lower alkyl, for example methyl or ethyl, or lower alkoxy, for example
      methoxy or ethoxy, represents a phenyl radical which is correspondingly
      substituted in the p-position, the halogen substituent being preferably a
      chlorine atom.
PAR  A substituted phenyl radical R.sub.2 or R.sub.3 is preferably
      monosubstituted and may contain a substituent in the o-, m- or p-position.
      As substituents there may be cited chiefly: chlorine, methyl, hydroxy,
      methoxy, ethoxy, methylthio, ethylthio, methylsulphonyl or ethylsulphonyl.
PAR  A monoazocyclic radical R.sub.2 or R.sub.3 is pyridyl, for example 2-, 3-
      or 4-pyridyl, while a diazacyclic radical R.sub.2 or R.sub.3 stands
      preferably for pyrazinyl.
PAR  Particularly valuable compounds are those of the formula I, wherein R.sub.1
      represents lower alkyl containing up to 6 carbon atoms, preferably
      branched lower alkyl containing 3 and, in particular, 4 carbon atoms, or
      represents phenyl which is optionally monosubstituted by methyl, methoxy
      or chlorine, and one of the radicals R.sub.2 and R.sub.3 represents phenyl
      which is optionally substituted by methyl, methoxy or chlorine and the
      other represents pyridyl, such as 2-pyridyl or 4-pyridyl, but especially
      3-pyridyl, and acid addition salts thereof.
PAR  As examples of pharmacologically valuable compounds of the kind indicated
      hereinabove particular mention may be made of the following:
PAR  2-tert.-butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole, and
      2-tert.-butyl-4(5)-(p-methoxyphenyl)-5(4)-(3-pyridyl)-imidazole,
      2-(p-chlorophenyl)-4(5)-(p-methoxyphenyl)-5(4)-(3-pyridyl)-imidazole,
      2-tert.-butyl-4(5)-(m-methylphenyl)-5(4)-(3-pyridyl)-imidazole and
      2-(p-chlorophenyl)-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole, also
      2-(p-chlorophenyl)-4(5)-(p-methoxyphenyl)-5(4)-(2-pyridyl)-imidazole,
      2-tert.-butyl-4(5)-(p-methoxyphenyl)-5(4)-(4-pyridyl)-imidazole,2-tert.but
     yl-4(5)-phenyl-5(4)-(4-pyridyl)-imidazole and
      2-(p-chlorophenyl)-4(5)-(p-methoxyphenyl)-5(4)-(4-pyridyl)-imidazole, and
      their salts, in particular the pharmaceutically tolerable acid addition
      salts.
PAR  The new compounds can be manufactured in known manner. Thus, for example,
      it is possible to react a substituted diketone of the general formula
      ##EQU1##
      a corresponding mono-oxime or N-oxide, with ammonia and an aldehyde of the
      general formula R.sub.1 --CHO (III), and, if desired, to convert a
      resulting compound into an N-oxide, or a resulting N-oxide into the free
      compound, and/or, if desired, to convert a resulting compound into a salt
      or a resulting salt into the free compound.
PAR  In the above reaction, the ammonia (also in the form of an agent which
      liberates ammonia) is used preferably in excess, with at least the dimolar
      amount being used in the case of a diketone and, in the case of the
      corresponding mono-oxime, which leads to the formation of an N-oxide of a
      compound of the formula I, at least the equimolar amount being used.
PAR  An agent which liberates ammonia is, for example, an ammonia salt of an
      organic carboxylic acid, such as an ammonium-lower alkanoate, preferably
      ammonium acetate, also ammonium formiate, in addition a suitable
      carboxylic amide, in particular of formic acid, for example formamide. An
      ammonium salt is usually used in substantial excess and in the presence of
      an acid, such as a lower alkanecarboxylic acid, for example formic or
      acetic acid or of another acid of the formula R.sub.1 --C(=O)--OH (IV),
      wherein R.sub.1 is preferably a radical of aliphatic character, it being
      possible to use such an acid simultaneously as solvent. It is also
      possible to use formamide simultaneously as solvent, preferably in excess,
      for example in a 5-25-fold excess. The reaction can be carried out in the
      presence of an additional solvent, thus formamide, for example, in the
      presence of dimethyl formamide, preferably at elevated temperature, for
      example at the boiling temperature of the reaction mixture, on using
      formamide at about 180.degree.C to about 200.degree.C (at which
      temperature the formamide decomposes), and, if desired, in a sealed
      vessel, optionally under pressure and/or in an inert gas atmosphere, for
      example in an atmosphere of nitrogen.
PAR  In the above process it is also possible to use the diketone of the formula
      II in the form of a compound which can be converted into the former, for
      example by carrying out the above reaction with an .alpha.-hydroxyketone
      of the formula
      ##EQU2##
      or with a mono-oxime derivative thereof, and in the presence of an oxidant
      conventionally used for the conversion into the diketone of the formula
      II, for example an oxidising heavy metal salt, preferably an organic
      copper-(II) salt, such as copper-(II)-acetate or copper-(II)-citrate, with
      the resulting imidazole derivative of the general formula I usually
      occuring in the form of a copper salt. The reaction is customarily carried
      out as described hereinabove, i.e. the ammonia or agent which liberates
      ammonia is used preferably in substantial excess, and the oxidation and
      simultaneous condensation is carried out, for example, in a lower alkanol,
      such as methanol or ethanol, preferably at elevated temperature, for
      example at about 30.degree.C to about 100.degree.C. The free imidazole
      derivative can be liberated from an occurring copper salt in conventional
      manner, for example by reaction with hydrogen sulphide in a lower alkanol
      and with the application of heat.
PAR  The diketones of the formula II or .alpha.-hydroxy ketones of the formula
      IIa are known or can be manufactured in a manner known per se. It is
      possible to obtain mono-oximes of compounds of the formula II, for
      example, by reacting a R.sub.3 - carboxylic ester, wherein R.sub.3
      represents the heterocyclic radical R.sub.2 or R.sub.3, such as a
      corresponding lower alkyl ester, for example ethyl ester, or optionally an
      N-oxide thereof, with an R.sub.2 - acetic acid ester, such as a lower
      alkyl ester, for example ethyl ester, in known manner to give the
      corresponding ketone of the formula
      ##EQU3##
      and reacting this latter with nitrous acid in an alcoholic solvent.
PAR  The new compound of the general formula I and their salts can also be
      manufactured, for example, by treating an amide of the general formula
      ##EQU4##
      with ammonia and, if desired, converting a resulting compound into an
      N-oxide, and/or, if desired, converting a resulting compound into a salt
      or a resulting salt into the free compound.
PAR  It is also possible to use the ammonia in the form of an agent which
      liberates ammonia, there being used as such, for example, the ammonia
      salts of carboxylic acids of the formula IV cited hereinabove, in
      particular the ammonium salt of a lower alkanecarboxylic acid, such as
      ammonium acetate, also formamide, usually in the presence of a lower
      alkanecarboxylic acid, for example acetic or formic acid. The reaction is
      carried out preferably at elevated temperature.
PAR  The starting materials of the general formula V can be manufactured, for
      example, by acylating 2-amino-1-oxo-1-R.sub.2 -2-R.sub.3 -ethane with
      halides, such as chlorides, of carboxylic acids of the formula IV or with
      corresponding anhydrides.
PAR  It is also possible to obtain the new imidazole derivatives of the general
      formula I and their salts by reacting a reactive ester of an
      .alpha.-hydroxy-ketone of the general formula IIa with an amidine of the
      general formula
      ##EQU5##
      or with a salt thereof, and, if desired, converting a resulting copound
      into an N-oxide, and/or, if desired, converting a resulting compound into
      a salt or a resulting salt into the free compound.
PAR  A reactive ester is, for example, a corresponding ester of a hydrohalic
      acid, in particular the corresponding chloride or bromide, also of a
      strong organic sulphonic acid, such as a lower alkanesulphonic or
      arenesulphonic acid, for example methane- or p-toluenesulphonic acid. The
      condensation can be carried out usually by heating the reactants in an
      inert solvent, such as a halogenated aliphatic hydrocarbon, for example
      chloroform, at moderately elevated temperature, if necessary in the
      presence of a suitable condensation agent, such as a base.
PAR  Salts of amidines of the formula VI are, for example, their more stable
      hydrochlorides, which before use are converted preferably into the free
      amidines, for example by carrying out to the reaction with advantage in a
      two-phase system consisting of a solution of a reactive ester of an
      .alpha.-hydroxy-ketone of the general formula IIa in an inert organic
      solvent, for example chloroform, and an aqueous solution of the salt, for
      example the hydrochloride, of the amidine of the general formula VI. While
      heating and stirring vigorously, a dilute aqueous solution of an alkali
      metal hydroxide, for example potassium hydroxide or sodium hydroxide, is
      added dropwise in dimolar amount in order, on the one hand, to liberate
      the amidine, and on the other, to bind the acid which becomes liberated on
      the ring closure.
PAR  The compounds of the general formula I can also be obtained likewise
      reacting an oxazole of the general formula
      ##SPC3##
PAL  with ammonia, and if desired, converting a resulting compound into an
      oxide, and/or, if desired, converting a resulting compound into a salt or
      a resulting salt into the free compound.
PAR  The ammonia may be used in the form of an agent which liberates ammonia,
      for example, formamide optionally together with ammonia. It is possible,
      for example, to heat an oxazole of the formula VII with a mixture of
      liquid ammonia and formamide in an autoclave to temperatures of about
      180.degree.C to about 220.degree.C, or a mixture of the above mentioned
      oxazole with formamide to the boiling or decomposition temperature of the
      formamide.
PAR  The new oxazoles of the general formula VII which are used as starting
      materials can be manufactured, for example, by reacting
      .alpha.-hydroxy-ketones of the general formula IIa with halides, for
      example chlorides, of carboxylic acids of the formula IV or corresponding
      anhydrides to form the corresponding esters. The latter are reacted with
      an ammonium salt of a lower alkane acid while heating; for example, they
      are boiled with excess ammonium acetate in glacial acetic acid under
      reflux, in the process of which the desired oxazole is formed.
PAR  According to a further process, the oxazoles of the general formula VII are
      obtained by dehydrating an amide of the general formula V, for example by
      boiling with thionyl chloride under reflux in the presence, or absence, of
      an inert solvent, for example benzene, until the evolution of hydrogen
      chloride has ceased, or by treatment with concentrated sulphuric acid at
      temperatures of about 0.degree.C to room temperature.
PAR  The above oxazoles of the general formula VII can likewise be obtained by
      reacting a nitrile of the formula R.sub.1 --CN (VIII) with a compound of
      the general formula IIa, in the presence of a mineral acid. For example,
      an equimolar mixture of the cited starting materials is treated with
      concentrated sulphuric acid at temperatures between 0.degree. and
      30.degree.C, or with polyphosphoric acid at about 80.degree.C to
      120.degree.C.
PAR  The oxazoles of the general formula VII can likewise be obtained by
      condensing reactive esters, in particular those of hydrohalic acids, of
      compounds of the general formula IIa, with amides of the formula
EQU  R.sub.1 --C(=O)--NH.sub.2                                  (IX)
PAL  preferably on heating to temperatures between about 130.degree.C and about
      170.degree.C, or by reacting them with tin-IV-chloride complexes of
      carboxylic nitriles of the formula VIII at room temperature to about
      100.degree.C.
PAR  A resulting compound can be converted into an N-oxide in known manner, for
      example by treatment with an N-oxidising agent, such as hydrogen peroxide
      or a suitable peracid, such as a lower alkanepercarboxylic acid, for
      example peracetic acid, a benzenepercarboxylic acid, for example
      perbenzoic acid, 3-chloro-perbenzoic acid or monoperthalic acid, or an
      organic persulphonic acid.
PAR  A resulting N-oxide can be converted into a compound of the formula I by
      reduction, for example by treatment with hydrogen in the presence of a
      catalyst, such as Raney nickel, and using as solvent, for example, a lower
      alkanol, in particular methanol or ethanol, or with a reducing agent
      conventionally used for the reduction of N-oxides, for example lithium
      aluminium anhydride, phosphorus trichloride or sodium dithionite (sodium
      hyposulphite), the latter also in the form of a hydrate, for example a
      dihydrate.
PAR  The process also comprises those embodiments of the invention in which
      compounds occurring as intermediate products are used as starting material
      and the missing steps of the process are carried out, or the process is
      interrupted at any stage; starting materials can also be used in the form
      of derivatives or be formed during the reaction.
PAR  Preferred starting materials and reaction conditions are those which lead
      to the compounds cited at the outset as being especially preferred.
PAR  The compounds of the general formula I which are obtainable according to
      the process of the invention, and N-oxides thereof, may, if desired, be
      converted in conventional manner into their salts, for example into
      addition salts of inorganic and organic acids. Suitable acids are
      primarily those which, with the free compounds, form pharmaceutically
      tolerable non-toxic salts, for example hydrochloric acid, hydrobromic
      acid, sulphuric acid, phosphoric acid, methanesulphonic acid,
      ethanesulphonic acid, .beta.-hydroxyethanesulphonic acid, acetic acid,
      malic acid, tartaric acid, citric acid, lactic acid, oxalic acid, succinic
      acid, fumaric acid, maleic acid, benzoic acid, salicyclic acid,
      phenylacetic acid, mandelic acid or embonic acid. The acid addition salts
      can be obtained in known manner, for example by treatment with an acid in
      the presence of a suitable solvent.
PAR  The new imidazole compounds of the general formula I and their N-oxides, as
      well as the pharmaceutically tolerable salts, such as the acid addition
      salts thereof, may be administered in the form of pharmaceutical
      preparations preferably enterally, for example perorally or rectally. The
      daily dose of the active substance is in the range between about 1 mg/kg
      and about 100 mg/kg. Suitable unit dose forms, such as coated tablets,
      tablets, suppositories or ampoules, contain the active substance
      preferably in an amount of 0.25 - 5 mg/kg body weight of the species to be
      treated.
PAR  Unit dose forms for the peroral administration contain preferably between
      10-90% of active substance. To manufacture these, the active substance can
      be combined, for example, with solid carriers in powder form, such as
      carbohydrates, for example lactose, saccharose, sorbitol or mannitol;
      starches, such as potato starch, maize starch or amylopectin, also
      laminaria powder or citrus pulp powder, cellulose derivatives or gelatine,
      optionally with the addition of lubricants, such as magnesium or calcium
      stearate or polyethylene glycols, for the manufacture of tablets or coated
      tablet cores. The latter can be coated, for example, with concentrated
      sugar solutions which contain in addition, for example, gum arabic, talcum
      and/or titanium dioxide, or with a lacquer which is dissolved in readily
      volatile organic solvents or solvent mixtures. It is possible to add dyes
      to these coatings, for example to distinguish different doses of active
      substance. Further suitable oral unit dose forms are push-fit capsules of
      gelatine, and also soft, sealed capsules of gelatine and a plasticiser,
      such as glycerol. The former contain the active substance preferably in
      granule form in admixture with lubricants, such as talcum or magnesium
      stearate, and optionally stabilisers, such as sodium metabisulphite
      (Na.sub.2 S.sub. 2 O.sub.5) or ascorbic acid. In soft capsules, the active
      substance is preferably dissolved or suspended in suitable liquids, such
      as liquid polyethylene glycols, it being possible likewise to add
      stabilisers.
PAR  Suitable unit dose forms for rectal administration are, for example,
      suppositories, which consist of a combination of an active substance with
      a suppository base composition based on natural or synthetic triglycerides
      (for example cocoa butter), polyethylene glycols or suitable higher fatty
      alcohols, and gelatine rectal capsules which contain a combination of the
      active substance with polyethylene glycols.
PAR  Further application forms which may be cited are, for example, lotions,
      tinctures and ointments for percutaneous administration which are prepared
      with the conventional adjuvants.
PAR  The following directions will serve to illustrate the manufacture of a
      number of typical application forms in more detail:
PAR  a. 1000 g of 2-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole are mixed
      with 550 g of lactose and 292 g of potato starch, the mix is moistened
      with an alcoholic solution of 8 g of gelatine and granulated through a
      sieve. After the granules have been dried they are mixed with 60 g of
      potato starch, 60 g of talcum and 10 g of magnesium and 20 g of highly
      disperse silica and the mixture is pressed into 10,000 tablets each
      weighing 200 mg and containing 100 mg of active substance. If desired, the
      tablets may be provided with breaking notches to adjust the dosage more
      finely.
PAR  b. 100 g of
      2-(p-chlorophenyl)-4(5)-(p-methoxyphenyl)-5(4)-(2-pyridyl)-imidazole are
      thoroughly mixed with 16 g of maize starch and 6 g of highly disperse
      silicium dioxide. The mixture is moistened with a solution of 2 g of
      stearic acid, 6 g of ethyl cellulose and 6 g of stearin in app. 70 ml of
      isopropanol and granulated through a sieve (Ph. Helv. V). The granules are
      dried for about 14 hours and then pressed through a sieve III-IIIa. They
      are subsequently mixed with 16 g of maize starch, 16 g of talcum and 2 g
      of magnesium stearate and pressed into 1000 coated tablet cores. These
      latter are coated with a concentrated syrup of 2 g of lac, 7.5 g of gum
      arabic, 0.15 g of dye, 2 g of highly disperse silicium dioxide, 25 g of
      talcum and 53. 35 g of sugar and dried. The resulting coated tablets each
      weight 260 mg and contain 100 mg of active substance.
PAR  c. 50 g of 2-tert.butyl-4(5)-p-methoxyphenyl)-5(4)-(4-pyridyl)-imidazole
      and 1950 g of finely ground suppository base composition (for example
      cocoa butter) are thoroughly mixed and then the mix is melted. From the
      melt, which is kept homogeneous by stirring, 1000 suppositories each
      weighing 2 g are cast. They each contain 50 mg of active substance.
PAR  d. 60 g of polyoxyethylene anhydrosorbitol monostearate, 30 g of
      anhydrosorbitol monostearate, 150 g of paraffin oil and 120 g of stearyl
      alcohol are melted together; then 50 g of
      2-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole(finely pulverised) are
      added and 590 ml of water preheated to 40.degree.C are emulsified in. The
      emulsion is stirred until it cools to room temperature and filled in
      tubes.
PAR  The following Examples illustrate in more detail the manufacture of the new
      imidazole derivatives of the general formula I, but without restricting
      the invention in any way. Temperatures are given in degrees centigrade.
DETD
PAC  EXAMPLE 1
PAC  2-tert.butyl-4(5)-(p-methoxyphenyl)-5(4)-(3-pyridyl)-imidazole
PAC  a. p-methoxybenzyl-(3-pyridyl)-ketone
PAR  The mixture of 56.6 g (0.375 mol) of nicotinic acid ethyl ester and 75.6 g
      (0.39 mol) of p-methoxyphenylacetic acid ethyl ester is treated under
      nitrogen in small amounts with 31.6 g (0.585 mol) of sodium methylate at
      20.degree.-25.degree.C. The reaction mixture is stirred for 20 hours at
      60.degree.-70.degree.C, in the process of which the alcohol which is
      formed is blown off with a weak flow of nitrogen. Then 118 ml of
      concentrated hydrochloric acid are added dropwise to the solid substance
      and the mixture is boiled for 3 hours under reflux. Upon cooling, the acid
      solution is washed with ether. The acid, aqueous phase is then adjusted to
      pH 5 with dilute ammonia and ice and made alkaline with sodium
      bicarbonate. The suspension is extracted with ethyl acetate. The organic
      phase is dried over sodium sulphate and evaporated to leave as residue the
      p-methoxybenzyl-(3-pyridyl)-ketone in the form of yellow crystals (m.p.
      86.degree.-87.degree.C).
PAC  b. 1-(p-methoxyphenyl)-2-(3-pyridyl)-glyoxal
PAR  The mixture of 6.8 g (0.03 mol) of p-methoxybenzyl-(3-pyridyl)-ketone, 3.32
      g (0.03 mol) of selenium dioxide and 80 ml of glacial acetic acid is
      boiled under reflux for 6 hours and subsequently filtered hot. The
      filtrate is evaporated in vacuo, the residue taken up in ethyl acetate and
      the solution filtered through a column filled with 240 g of silica gel.
      The filtrate is evaporated and the residue so obtained recrystallised from
      cyclohexane to yield 1-(p-methoxyphenyl)-2-(3-pyridyl)-glyoxal (m.p.
      70.degree.-72.degree.C).
PAC  c. 2-tert.butyl-4(5)-)p-methoxyphenyl)-5(4)-(3-pyridyl)-imidazole
PAR  The mixture of 10.0 g (0.0415 mol) of
      1-(p-methoxyphenyl)-2-(3-pyridyl)-glyoxal, 3.58 g (0.0415 mol) of
      pivalaldehyde, 20 g of ammonium acetate and 100 ml of glacial acetic acid
      is boiled under reflux for 22 hours and then, while stirring vigorously,
      poured into a mixture of 350 g of ice and 250 ml of concentrated ammonia
      solution. The crystal broth is extracted with ethyl acetate and the
      organic phase washed until neutral with sodium chloride solution, dried
      with sodium sulphate and evaporated. The residue is recrystallised from
      toluene and dried in a high vacuum at 120.degree.C. The
      2-tert.butyl-4(5)-(p-methoxyphenyl)-5(4)-(3-pyridyl)-imidazole is obtained
      in the form of white crystals (m.p. 202.degree.-204.degree.C).
PAR  The following compounds are manufactured by analogous methods:
PAR  2-isopropyl-4(5) -(p-methoxyphenyl)-5(4)-(3-pyridyl)-imidazole (m.p.
      160.degree.-162.degree.C), starting from 10.0 g of the above diketone and
      3.7 g of isobutyraldehyde:,
      2-(p-chlorophenyl)-4(5)-(p-methoxyphenyl)-5(4)-(3-pyridyl)-imidazole (m.p.
      200.degree.-203.degree.C), starting from 10.0 g of
      1-(p-methoxyphenyl)-2-(3-pyridyl)-glyoxal and 6.5 g of
      p-chlorobenzaldehyde;
PAR  2-(p-chlorophenyl)-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole (m.p.
      206.degree.-208.degree.C), starting from 10.0 g of
      1-phenyl-2-(3-pyridyl)-glyoxal and 6.7 g of p-chlorobenzaldehyde.
PAC  EXAMPLE 2
PAC  2-tert.butyl-4(5)-(o-chlorophenyl)-5(4)-(3-pyridyl)-imidazole
PAC  a. o-chlorobenzyl-(3-pyridyl)-ketone
PAR  The mixture of 25.0 g (0.126 mol) of o-chlorophenylacetic acid ethyl ester
      and 19.0 g (0.126 mol) of nicotinic acid ethyl ester is treated in small
      amounts under nitrogen with 10.2 g (0.196 mol) of sodium methylate at
      20.degree.-25.degree.C. The reaction mixture is stirred for 20 hours at
      60.degree.-70.degree.C, in the process of which the alcohol which is
      formed is blown off with a weak flow of nitrogen. After the dropwise
      addition of 40 ml of concentrated hydrochloric acid, the bath is boiled
      under reflux for 18 hours, then cooled and extracted with ether. The
      aqueous acid phase is adjusted to pH 5 with dilute ammonia solution and
      ice and made alkaline with sodium hydrogen carbonate solution. The
      resulting suspension is extracted with ethyl acetate. The organic phase is
      dried over sodium sulphate and evaporated, to yield yellow crystals of
      o-chlorobenzyl-(3-pyridyl)-ketone (m.p. 64.degree.-67.degree.C).
PAR  The following ketones are manufactured analoqously:
PAR  o-xylyl-(3-pyridyl)-ketone (oil), starting from 21.0 g of o-tolylacetic
      acid ethyl ester and 17.8 g of nicotinic acid ethyl ester;
      m-xylyl-(3-pyridyl)-ketone (oil), starting from 21.0 g of m-tolylacetic
      acid ethyl ester and 17.8 g of nicotinic acid ethyl ester;
PAR  p-xylyl-(3-pyridyl)-ketone, m.p. 90.degree.-91.degree.C (from ether),
      starting from 21.0 g of p-tolylacetic acid ethyl ester and 17.8 g of
      nicotinic acid ethyl ester; m-chlorobenzyl-(3-pyridyl)-ketone, m.p.
      65.degree.-67.degree.C, starting from 25.0 g of m-chlorophenylacetic acid
      ethyl ester and 19.0 g of nicotinic acid ethyl ester;
      p-chlorobenzyl-(3-pyridyl)-ketone (oil), starting from 25.0 g of
      p-chlorophenylacetic acid ethyl ester and 19.0 g of nicotinic acid ethyl
      ester; p-methoxybenzyl(4-pyridyl)-ketone, m.p. 130.degree.-132.degree.C,
      starting from 25.2 g of p-methoxyphenylacetic acid ethyl ester and 18.9 g
      of nicotinic acid ethyl ester; m-methoxybenzyl-(3-pyridyl)-ketone, b.p.
      160.degree.-165.degree.C/0.05 Torr, starting from 25.2 g of
      m-methoxyphenylacetic acid ethyl ester and 19.0 g of nicotinic acid ethyl
      ester.
PAC  b. 1-(o-chlorophenyl)2-(3-pyridyl)-glyoxal
PAR  The mixture of 13.2 g (0.057 mol) of o-chlorobenzyl-(3-pyridyl)-ketone,
      6.65 g (0.06 mol) of selenium dioxide and 50 ml of glacial acetic acid is
      boiled under reflux and subsequently filtered hot. The filtrate is
      evaporated in vacuo, the residue taken up in ethyl acetate and the
      solution filtered through a column filled with 450 g of silica gel. The
      filtrate is evaporated to leave as residue yellow crystals which melt at
      50.degree.-52.degree.C and are used direct by for further processing.
PAR  The following glyoxals are manufactured analogously:
PAR  1-(p-chlorophenyl)-2-(3-pyridyl)-glyoxal, m.p. 80.degree.-82.degree.,
      starting from 13,2 g of chlorobenzyl-(3-pyridyl)-ketone and 6,65 g of
      selenium dioxide;
PAR  1-(m-chlorophenyl)-2-(3-pyridyl)-glyoxal, m.p. 55.degree.-57.degree.,
      starting from 13,2 g of m-chlorobenzyl-(3-pyridyl)-ketone and 6,65 g of
      selenium dioxide;
PAR  1-(o-tolyl)-2-(3-pyridyl)-glyoxal, b.p. 150.degree./0,01 Torr, starting
      from 42,0 g of o-xylyl-(3-pyridyl)-ketone and 24,0 g of selenium dioxide;
PAR  1-(m-tolyl)-2-(3-pyridyl)-glyoxal, b.p. 160.degree./0,05 Torr, starting
      from 28,0 g of m-xylyl-(3-pyridyl)-ketone and 16,0 g of selenium dioxide;
PAR  1-(p-tolyl)-2-(3-pyridyl)-glyoxal, m.p. 38.degree.-40.degree., starting
      from 42,0 g of p-xylyl-(3-pyridyl)-ketone and 24,0 g of selenium dioxide;
PAR  1-(m-methoxyphenyl)-2-(3-pyridyl)-glyoxal, m.p. 48.degree.-50.degree.,
      starting from 4,9 g of m-methoxybenzyl-(3-pyridyl)-ketone and 2,6 g of
      selenium dioxide;
PAR  1-(p-methoxyphenyl)-2-(4-pyridyl)-glyoxal, m.p. 64.degree.-65.degree.,
      starting from 4,9 g of p-methoxybenzyl-(4-pyridyl)-ketone and 2,5 g of
      selenium dioxide.
PAC  c. 2-tert.butyl-4(5)-(o-chlorophenyl)-5(4)-(3-pyridyl)-imidazole
PAR  The mixture of 9.83 g (0.04 mol) of
      1-(o-chlorophenyl)-2-(3-pyridyl)-glyoxal, 3.79 g (0.044 mol) of
      pivaladehyde, 20 g of ammonium acetate and 100 ml of glacial acetic acid
      is boiled under reflux for 24 hours and then, while stirring vigorously,
      poured into a mixture of 350 g of ice and 250 ml of concentrated aqueous
      ammonia solution. The crystal broth is extracted with ethyl acetate and
      the organic phase washed until neutral saturated sodium chloride solution,
      dried with sodium sulphate and evaporated. The residue is recrystallised
      from toluene and dried in a high vacuum at 120.degree.C to yield
      2-tert.butyl-4-(5)-(o-chlorophenyl)-5-(4)-(3-pyridyl)-imidazole (m.p.
      205.degree.-206.degree.C).
PAR  The following compounds are manufactured analogously:
PAR  2-tert.butyl-4(5)-(p-chlorophenyl)-5(4)-(3-pyridyl)-imidazole, m.p.
      241.degree. - 244.degree.C, starting from 9,83 g of
      1-(p-chlorophenyl)-2-(3-pyridyl)-glyoxal and 3,79 g of pivaldehyde;
PAR  2-tert.butyl-4(5)-(m-chlorophenyl)-5(4)-(3-pyridyl)-imidazole, m.p.
      170.degree. - 174.degree.C, starting from 9,83 g of
      1-(m-chlorophenyl)-2-(3-pyridyl)-glyoxal and 3,79 g of pivalaldehyde;
PAR  2-tert.butyl-4(5)-(o-tolyl)-5(4)-(3-pyridyl)-imidazole, m.p. 215.degree. -
      217.degree.C, starting from 9,0 g of 1-(o-tolyl)-2-(3-pyridyl)-glyoxal and
      3,79 g of pivalaldehyde;
PAR  2-tert.butyl-4(5)-(m-tolyl)-5(4)-(3-pyridyl)-imidazole, m.p. 170.degree. -
      171.degree.C, starting from 9,0 g of 1-(m-tolyl)-2-(3-pyridyl)-glyoxal and
      3,79 g of pivalaldehyde;
PAR  2-tert.butyl-4(5)-(p-tolyl)-5(4)-(3-pyridyl)-imidazole, m.p. 228.degree. -
      229.degree.C, starting from 9,0 g of 1-(p-tolyl)-2-(3-pyridyl)-glyoxal and
      3,79 g of pivalaldehyde;
PAR  2-(p-chlorophenyl)-4(5)-(m-tolyl)-5(4)-(3-pyridyl)-imidazole, m.p.
      182.degree. - 183.degree.C, starting from 10,1 g of
      1-(m-tolyl)-2-(3-pyridyl)-glyoxal and 6,4 g of p-chlorobenzaldehyde;
PAR  2-tert.butyl-4(5)-(m-methoxyphenyl)-5(4)-(3-pyridyl)-imidazole, m.p.
      151.degree. - 152.degree.C, starting from 10,0 g of
      1-(m-methoxyphenyl)-2-(3-pyridyl)-glyoxal and 3,6 g of pivalaldehyde;
PAR  2-tert.butyl-4(5)-(p-methylthio-phenyl)-5(4)-(3-pyridyl)-imidazole m.p.
      199.degree. - 200.degree.C, starting from 11,0 g of
      1-(p-methylthio-phenyl)-2-(3-pyridyl)-glyoxal and 3,64 g of pivalaldehyde.
PAC  EXAMPLE 3
PAC  2-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole
PAR  The mixture of 14.0 g (0.0664 mol) of 1-phenyl-2-(3-pyridyl)-glyoxal, 5.76
      g (0.067 mol) of pivalaldehyde, 42 g of ammonium acetate and 110 ml of
      glacial acetic acid is boiled under reflux for 18 hours and, while
      stirring vigorously, subsequently poured into a mixture of 350 g of ice
      and 270 ml of concentrated aqueous ammonia solution. The crystal broth is
      extracted with ethyl acetate and the organic phase washed until neutral
      with saturated sodium chloride solution, dried with sodium sulphate and
      evaporated in a rotary evaporator. The residue is recrystallised from
      toluene and dried at 120.degree.C in a high vacuum to yield
      2-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole in the form of white
      crystals which melt at 188.degree.-189.degree.C.
PAR  The starting material is manufactured as follows:
PAC  a. benzyl-(3-pyridyl)-ketone
PAR  The mixture of 27.4 g (0.2 mol) of nicotinic acid methyl ester and 30 g
      (0.2 mol) of phenylacetic acid methyl ester is treated in small amounts
      under nitrogen with 16.2 g (0.3 mol) of sodium methylate at
      20.degree.-25.degree.C. The reaction mixture is stirred for 20 hours at
      60.degree.-70.degree.C, in the process of which the alcohol which is
      formed is blown off. Then 60 ml of concentrated hydrochloric acid is added
      dropwise to the solid substance and the mixture is boiled for 3 hours
      under reflux. The still hot yellow solution is treated with 30 ml of water
      and cooled to 50.degree.C. Then 60 ml of chloroform are added and the
      reaction mixture is cooled to 5.degree.C. The white crystals which form
      are collected by suction filtration and washed with chloroform; they melt
      at 225.degree.C (from ethanol).
PAC  b. 1-phenyl-2-(3-pyridyl)-glyoxal
PAR  23.4 g (0.1 mol) of benzyl-(3-pyridyl)-ketone-hydrochloride are taken up in
      180 ml of dimethyl sulphoxide and the solution is treated with 20 ml of
      48% hydrobromic acid. The reaction mixture is stirred for 18 hours at
      80.degree. - 85.degree.C and subsequently poured on a mixture of 800 g of
      ice and 1000 ml of water. The yellow emulsion is extracted with 2 .times.
      200 ml of ethyl acetate. The two organic phases are combined, washed with
      water and dried over sodium sulphate. The red solution is concentrated in
      a rotary evaporator until a residual oil is left which is distilled in a
      bulb tube at 140.degree. - 150.degree.C/0.1 Torr (m.p. 56.degree. -
      57.degree.C).
PAC  EXAMPLE 4
PAC  2-tert.butyl-4(5)-(p-methoxyphenyl)-5(4)-(4-pyridyl)-imidazole
PAR  The mixture of 3.7 g (0.015 mol) of
      1-(p-methoxyphenyl)-2-(4-pyridyl)-glyoxal, 1.32 g (0.015 mol) of
      pivalaldehyde, 12 g of ammonium acetate and 40 ml of glacial acetic acid
      is boiled under reflux for 13 hours and then, while stirring vigorously,
      poured into a mixture of 120 g of ice and 100 ml of concentrated aqueous
      ammonium solution. The crystal broth is extracted with ethyl acetate and
      the organic phase is washed until neutral with saturated sodium chloride
      solution, dried with sodium sulphate and evaporated in a rotary
      evaporator. The residue is recrystallised from toluene and dried in a high
      vacuum at 120.degree.C to yield
      2-tert.butyl-4(5)-(p-methoxyphenyl)-5(4)-(4-pyridyl)-imidazole in the form
      of white crystals which melt at 258.degree.-260.degree.C.
PAR  The following compounds are manufactured analogously:
PAR  2-tert.butyl-4(5)-phenyl-5(4)-(4-pyridyl)-imidazole (m.p. 266.degree. -
      268.degree.C), starting from 3.2 g of 1-phenyl-2-(4-pyridyl)-glyoxal and
      1.3 g of pivalaldehyde;
PAR  2-(p-chlorophenyl)-4(5)-(p-methoxyphenyl)-5(4)-(4-pyridyl)-imidazole (m.p.
      286.degree. - 288.degree.C), starting from 7.0 g of
      1-(p-methoxyphenyl)-2-(4-pyridyl)-glyoxal and 4.2 g of
      p-chlorobenzaldehyde.
PAC  EXAMPLE 5
PAC  2-tert.butyl-4(5)-(p-methoxyphenyl)-5(4)-(2-pyridyl)-imidazole
PAC  a. 1-(p-methoxyphenyl)-2-(2-pyridyl)-glyoxal
PAR  30 g (0.142 mol) of 2-(4'-methoxy-styryl)-pyridine are treated in small
      amounts at 200.degree.C and within 30 minutes with 34.5 g (0.31 mol) of
      selenium dioxide. The reaction mixture is kept for a further 30 minutes at
      about 200.degree.C and then cooled to 50.degree.C. The warm residue is
      taken up in 250 ml of methylene chloride and the solution is filtered
      through a chromatography column containing 1000 g of silica gel. Yellow
      crystals are obtained (m.p. 97.degree. - 98.degree.C).
PAC  b. 2-tert.butyl-4(5)-(p-methoxyphenyl)-5(4)-(2-pyridyl)-imidazole
PAR  7.2 g (0.03 mol) of 1-(p-methoxyphenyl)-2-(2-pyridyl)-glyoxal are boiled
      under reflux for 18 hours together with 2.6 g (0.03 mol) of pivalaldehyde,
      16 g of ammonium acetate and 70 ml of glacial acetic acid and, while
      stirring vigorously, the mixture is then poured into a mixture of 220 g of
      ice and 190 ml of concentrated ammonia solution. The crystal broth is
      extracted with ethyl acetate and the organic phase is washed until neutral
      with saturated sodium chloride solution, dried with sodium sulphate and
      evaporated in a rotary evaporator. The residue is recrystallised from
      cyclohexane and dried in a high vacuum at 110.degree.C to yield the
      2-tert.butyl-4(5)-(p-methoxyphenyl)-5(4)-(2-pyridyl)-imidazole in the form
      of white crystals which melt at 139.degree. - 140.degree.C.
PAR  The following compounds are manufactured analogously:
PAR  2-phenyl-4(5)-(p-methoxyphenyl)-5(4)-(2-pyridyl)-imidazole (m.p.
      207.degree. - 208.degree.C), starting from 2.5 g of the above diketone and
      1,1 g of benzaldehyde;
PAR  2-(p-chlorophenyl)-4(5)-(p-methoxyphenyl)-5(4)-(2-pyridyl)-imidazole (m.p.
      219.degree. - 220.degree.C) starting from 6.0 g of the above diketone and
      3.5 g of p-chlorobenzaldehyde;
PAR  2-tert.butyl-4(5)-phenyl-5(4)-(2-pyridyl)-imidazole (m.p. 162.degree. -
      164.degree.C), starting from 12.0 g of 1-phenyl-2-(2-pyridyl)-glyoxal and
      4.9 g of pivalaldehyde.
PAC  EXAMPLE 6
PAC  2-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole
PAR  38.4 g (0.18 mol) of .alpha.-hydroxybenzyl-3-pyridyl ketone (manufactured
      according to J. Chem. Soc. 1956, 2913) are dissolved with heating in 750
      ml of methanol. At 30.degree. to 35.degree.C, 36.6 g (0.18 mol) of
      copper(II)-acetate-monohydrate are added, and then 17.2 g (0.20 mol) of
      pivalaldehyde. Within 10 minutes, 375 ml of concentrated ammonia solution
      are then added dropwise, and the solution is then boiled for 3 hours under
      reflux and filtered hot. The copper salt of the desired imidazole obtained
      as filter product is washed with 2 .times. 50 ml of hot methanol and
      subsequently suspended in 1000 ml of 80% ethanol. The ethanolic suspension
      is saturated with hydrogen sulphide at 80.degree.C. After being stirred
      for 3 hours at 80.degree.C, the hot suspension is filtered with suction to
      remove the copper sulphide. The filtrate is evaporated, the residue
      recrystallised from toluene and dried in a high vacuum at 120.degree.C.
      The resulting 2-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole melts at
      188.degree. - 189.degree.C.
PAC  EXAMPLE 7
PAR  5.6 g (0.020 mol) of N-[.alpha.-(3-pyridyl-carbonyl)-benzyl]-pivalamide are
      boiled for 14 hours under reflux with 13.1 g (0.17 mol) of ammonium
      acetate in 60 ml of glacial acetic acid. The brown solution is then poured
      on 120 ml of 120 ml of concentrated ammonia and 120 g of ice and the whole
      mixture is extracted with ethyl acetate. The organic phase is isolated,
      washed until neutral with saturated sodium chloride solution, dried over
      sodium sulphate and evaporated. The residue is crystallised from ethyl
      acetate to yield 2-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole which
      melts at 188.degree. - 189.degree.C.
PAC  EXAMPLE 8
PAC  2-tert.butyl-4(5)-phenyl-5(4)-(2-pyridyl)-imidazole
PAR  4.10 g (0.03 mol) of pivalamidine hydrochloride in 15 ml of water are added
      to a solution of 6.90 g (0.025 mol) of 2-(.alpha.-bromo-phenacyl)-pyridine
      (manufactured according to B. Eistert and E. Endres, Ann. 734, 56 - 69
      (1970)) in 40 ml of chloroform. While stirring vigorously and introducing
      nitrogen, the amulsion is treated dropwise at 15.degree. - 20.degree.C
      with the solution of 2.9 g (0.06 mol) of potassium hydroxide in 15 ml of
      water, the bath boiled for 41/2 hours under reflux and, while still hot,
      poured into a separating funnel. The lower organic phase is isolated,
      washed with 2N sodium carbonate solution and saturated sodium chloride
      solution, dried over sodium sulphate and evaporated. The residue is
      recrystallised from toluene and dried in a high vacuum at 120.degree.C to
      yield the 2-tert.butyl-4(5)-phenyl-5(4)-(2-pyridyl)-imidazole which melts
      at 162.degree.  - 164.degree.C.
PAR  The following compound is obtained analogously:
PAR  2-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole (m.p.
      188.degree.-189.degree.C), starting from 6.9 g of
      3-(.alpha.-bromo-phenacyl)-pyridine and 4.1 g of pivalamidine
      hydrochloride.
PAC  EXAMPLE 9
PAC  a. (.alpha.-hydroxyimino-benzyl)-(3-pyridyl)-ketone
PAR  9.8 g (0.05 mol) of benzyl-(3-pyridyl)-ketone are dissolved in 250 ml of
      ethanol and 88 ml of 2N hydrochloric acid. A solution of 7.0 g of sodium
      nitrite in 100 ml of water is added dropwise at 20.degree. - 25.degree.C
      within 20 minutes. The reaction mixture is stirred for 15 hours at
      20.degree. - 25.degree.C and subsequently made alkaline with 2N sodium
      hydrogen carbonate solution. Then 1000 ml of water are added and the
      mixture is filtered with suction. The filter product is recrystallised
      from alcohol (m.p. 169.degree. - 172.degree.C).
PAR  The following compound is manufactured analogously:
PAR  (.alpha.-hydroximino-p-methoxybenzyl)-(3-pyridyl)-ketone (m.p.
      183.degree.-186.degree.C), starting from 11.3 g
      (p-methoxybenzyl)-(3-pyridyl)-ketone.
PAC  b. 2-tert.butyl-4-phenyl-5-(3-pyridyl)-imidazole-3-oxide
PAR  The mixture of 11.3 g (0.05 mol) of
      (.alpha.-hydroximinobenzyl)-(3-pyridyl)-ketone (m.p. 169.degree. -
      172.degree.C), 5.3 g (0.05 mol) of pivalaldehyde, 10 g of ammonium acetate
      and 50 ml of glacial acetic acid is boiled under reflux for 3 hours. The
      still hot solution is poured on ice and made alkaline with concentrated
      ammonia solution. The crystal broth is extracted with ethyl acetate. The
      organic phase is washed until neutral, dried over sodium sulphate and
      evaporated. The residue is recrystallised from ethyl acetate and dried in
      a high vacuum at 150.degree.C (m.p. 247.degree. - 248.degree.C).
PAR  The following compound is obtained analogously:
PAR  2-tert.butyl-4-(p-methoxyphenyl)-5(3-pyridyl)-imidazole-3-oxide (m.p.
      245.degree. - 247.degree.C), starting from 12.8 g of
      (.alpha.-hydroximino-p-methoxy-benzyl)-(3-pyridyl)-ketone.
PAC  c. 2-tert.butyl-4-(5)-phenyl-5(4)-(3-pyridyl)-imidazole
PAR  A solution of 5.0 g of
      2-tert.butyl-4-phenyl-5-(3-pyridyl)-imidazole-3-oxide in 30 ml of
      chloroform is treated dropwise, while cooling with ice, with 6.5 ml of
      phosphorus trichloride and the mixture is subsequently stirred for 2 hours
      at 100.degree.C. After the reaction mixture has cooled, it is treated with
      20 ml of water and adjusted to pH 7.5 with dilute ammonia. The mixture is
      extracted with ethyl acetate. The ethyl acetate solution is washed in
      saturated sodium chloride solution, dried over sodium sulphate and
      evaporated under 11 Torr. The residue is crystallised from toluene. The
      2-tert.butyl-4(5)-phenyl)-5(4)-(3-pyridyl)-imidazole melts at 188.degree.
      - 189.degree.C after being dried in a high vacuum at 120.degree.C.
PAR  The following compound is obtained analogously:
PAR  2-tert.butyl-4-(p-methoxyphenyl)-5-(3-pyridyl)-imidazole (m.p. 202.degree.
      - 204.degree.C), starting from
      2-tert.butyl-4-(p-methoxyphenyl)-5-(3-pyridyl)-imidazole-3-oxide.
PAC  EXAMPLE 10
PAC  a. benzyl-[3-(pyridyl-1-oxide)]-ketone
PAR  A mixture of 31.2 g of nicotinic acid ethyl ester-N-oxide (0.19 mol) and 31
      ml of phenylacetic acid ethyl ester (0.195 mol) is treated in small
      amounts under nitrogen with 15.8 g of sodium methylate (0.291 mol). The
      mixture is stirred for 1 hour at 20.degree.C and then for 20 hours at
      60.degree. - 70.degree.C, in the course of which the alcohol which forms
      is removed by the nitrogen which is passed in. The mixture is cooled to
      room temperature, treated with 60 ml of concentrated hydrochloric acid and
      boiled under reflux for 3 hours. The batch is then cooled to room
      temperature, 40 ml of water are added, the dark solution is extracted with
      2 .times. 50 ml of chloroform and adjusted to pH 5 with dilute ammonia and
      ice. Then 2N sodium carbonate solution is added until the reaction turns
      alkaline and the aqueous solution is extracted with saturated sodium
      chloride solution. The ethyl acetate solution is washed with saturated
      sodium chloride solution, dried over sodium sulphate and evaporated at
      40.degree.C under 11 Torr. The benzyl-[3-(pyridyl-1-oxide)]-ketone melts
      at 123.degree. - 125.degree.C.
PAC  b. 1-phenyl-2-[3-(pyridyl-1-oxide)]-glyoxal
PAR  A mixture of 8.2 g of benzyl-[3-(pyridyl-1-oxide)]-ketone (0.0385 mol), 5.0
      g of selenium dioxide and 50 ml of glacial acetic acid is boiled for 6
      hours under reflux, filtered hot and treated with 5000 ml of water. The
      mixture is extracted with ethyl acetate, the ethyl acetate solution washed
      with saturated sodium chloride solution, dried over sodium sulphate and
      evaporated at 40.degree.C under 11 Torr. To yield the
      1-benzyl-2-[3-(pyridyl-1-oxide)]-glyoxal in the form of an oil.
PAC  c. 2-tert.butyl-4(5)-phenyl-5(4)-[3-pyridyl-1-oxide)]-imidazole
PAR  A mixture of 9.5 g of 1-phenyl-2-[3-(pyridyl-1-oxide)]-glyoxal (0.042 mol),
      4.6 ml of pivalaldehyde, 20.0 g of ammonium acetate and 150 ml of glacial
      acetic acid is boiled for 5 hours under reflux, then cooled and poured
      into a mixture of 3000 g of ice and 200 ml of concentrated aqueous ammonia
      solution. The mixture is extracted with ethyl acetate and the ethyl
      acetate solution washed with saturated sodium chloride solution, dried
      over sodium sulphate and evaporated under 11 Torr, to yield the
      2-tert.butyl-4(5)-phenyl-5(4)-[3-(pyridyl-1-oxide)]-imidazole.
PAC  d. 2-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole
PAR  Using 2-tert.butyl-4(5)-phenyl-5(4)-[3-pyridyl-1-oxide)]-imidazole as
      starting material, the above compound (m.p. 188.degree. - 189.degree.C) is
      obtained by a method analogous to that described in Example 9 c).
PAC  EXAMPLE 11
PAR  A solution of 27.8 g (0.10 mol) of
      2-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole in 900 ml of acetone
      is treated at 20.degree. - 25.degree.C with 9.61 g (6.5 ml, 0.10 mol) of
      methanesulphonic acid and the reaction mixture is then stirred for about
      15 hours. The white crystals which form are collected by suction
      filtration. The
      3-tert.butyl-4(5)-phenyl-5(4)-(3-pyridyl)-imidazole-methanesulphonate
      obtained after recrystallisation from ethanol/ether melts at 238.degree. -
      240.degree.C.
PAC  EXAMPLE 12
PAC  a. phenyl-(pyrazinyl-2-methyl)-ketone
PAR  37.6 g of 2-methylpyrazine (0.4 mol) are added dropwise at -40.degree.C and
      over the course of 20 minutes to a sodium amide solution prepared from 9.2
      g of sodium (0.4 mol), 0.1 g of ferric chloride and 300 ml of liquid
      ammonia. The red solution is stirred for 2 hours at -40.degree.C and then
      a solution of 27.2 g of benzoic acid methyl ester (0.2 mol) in 30 ml of
      absolute ether is added dropwise within 20 minutes at -40.degree.C. The
      mixture is stirred for 1 hour at -40.degree.C and subsequently treated in
      small amounts with 25.0 g of ammonium chloride and 250 ml of absolute
      ether. The ammonia is evaporated off at -20.degree.C and after 2 hours a
      further amount of 150 ml of absolute ether is added. The batch is stirred
      for 1 hour at room temperature and the phenyl-(pyrazinyl-2-methyl)-ketone
      crystallises from the ether solution. The ketone is recrystallised from
      ethanol and melts at 97.degree. - 100.degree.C. The following compound is
      obtained analogously: p-methoxyphenyl-(pyrazinyl-2-methyl)-ketone (m.p.
      77.degree. - 85.degree.C), starting from 27.6 g of 2-methyl-pyrazine and
      34.2 g of anisic acid methyl ester.
PAC  b. 1-phenyl-2-(2-pyrazinyl)-glyoxal
PAR  A mixture of 7.2 g of phenyl-(pyrazinyl-2-methyl)-ketone, 6.1 g of selenium
      dioxide and 80 ml of absolute dioxan is heated to the boil under reflux
      for 6 hours and then filtered. The filter product is thoroughly washed
      with dioxan and the combined filtrates are evaporated under 11 Torr. The
      residual oil is dissolved in 100 ml of chloroform. The chloroform solution
      is shaken with florosil and filtered off. The filtrate is concentrated
      under 11 Torr and the residue distilled in a bulb tube. The
      1-phenyl-2-(2-pyrazinyl)-glyoxal boils at 170.degree.-180.degree.C/0.05
      Torr.
PAR  The following compound is obtained analogously:
PAR  1-(p-methoxyphenyl)-2-(2-pyrazinyl)-glyoxal, b.p. 190.degree. -
      210.degree.C/0.001 Torr, starting from 10.0 g of
      methoxyphenyl-(pyrazinyl-2-methyl)-ketone.
PAC  c. 2-tert.butyl-4(5)-(2-pyrazinyl)-5(4)-phenyl-imidazole
PAR  A mixture of 4.7 g of 1-phenyl-2-(2-pyrazinyl)-glyoxal, 2.9 ml of
      pivalaldehyde, 15.0 g of ammonium acetate and 50 ml of glacial acetic acid
      is heated to the boil under reflux for 2 hours and then, while stirring
      thoroughly, poured into a mixture of 170 g of ice and 120 ml of
      concentrated aqueous ammonia solution. The precipitated crystal broth is
      extracted with ethyl acetate. The ethyl acetate extract is washed with
      saturated sodium chloride solution, dried over sodium sulphate and
      evaporated at 40.degree.C under 11 Torr. The residue is crystallised from
      toluene. The 2-tert.butyl-4(5)-(2-pyrazinyl)-5(4)-phenyl-imidazole melts
      at 153.degree. - 156.degree.C.
PAR  The following compound is obtained analogously:
PAR  2-tert.butyl-4(5)-(2-pyrazinyl)-5(4)-(p-methoxyphenyl)-imidazole (m.p.
      161.degree. - 163.degree.C), starting from 6.5 g of
      1-(p-methoxyphenyl)-2-(2-pyrazinyl)-glyoxal.
PAC  EXAMPLE 13
PAC  a. (p-methylthiobenzyl)-(3-pyridyl)-ketone
PAR  A mixture of 14.6 g of nicotonic acid ethyl ester and 19.5 g of
      p-methylthiophenylacetic acid ethyl ester is treated in small amounts with
      9.4 g of sodium methylate. The mixture is then stirred for 1 hour at
      20.degree.C and subsequently for 4 hours at 65.degree.C. Then 40 ml of
      concentrated hydrochloric acid are added and the suspension is heated for
      7 hours to the boil under reflux, cooled, and after addition of 40 ml of
      water, extracted with ethyl acetate. The ethyl acetate solution is
      extracted with 2N hydrochloric acid, the hydrochloric acid extract made
      alkaline with 2N sodium carbonate solution, and the suspension is
      extracted with ethyl acetate. The ethyl acetate solution is washed with
      saturated sodium chloride solution, dried over sodium sulphate and
      evaporated under 11 Torr. The residue is crystallised from ethyl
      acetate/petroleum ether. The (p-methylthiobenzyl)-(3-pyridyl)-ketone melts
      at 125.degree. - 127.degree.C.
PAC  b. (p-methylsulphonylbenzyl)-(3-pyridyl)-ketone
PAR  A mixture of 5.0 g of (p-methylthiobenzyl)-(3-pyridyl)-ketone, 10 ml of 30%
      hydrogen peroxide and 100 ml of glacial acetic acid is stirred for 10
      hours at room temperature and then poured on 4000 ml of ice. The mixture
      is extracted with ethyl acetate. The ethyl acetate solution is washed with
      saturated sodium chloride solution, dried over sodium sulphate and
      evaporated at 40.degree.C under 11 Torr. The residue is crystallised from
      ethanol. The (p-methylsulphonylbenzyl)-(3-pyridyl)-ketone melts at
      146.degree. - 148.degree.C.
PAC  c. 1-(p-methylsulphonylphenyl)-2-(3-pyridyl)-glyoxal
PAR  The mixture of 27.0 g of (p-methylsulphonylbenzyl)-3-pyridyl)-ketone, 11.1
      g of selenium dioxide and 5000 ml of glacial acetic acid is heated to the
      boil for 8 hours under reflux and filtered through hyflo. The filtrate is
      diluted with 3000 ml of water and adjusted to pH 6-7 with ammonia. After
      extraction with ethyl acetate, the ethyl acetate solution is washed with
      saturated sodium chloride solution, dried over sodium sulphate and
      concentrated at 40.degree.C under 11 Torr. The yellow crystalline residue
      is crystallised from toluene. The
      1-(p-methylsulphonylphenyl)-2-(3-pyridyl)-glyoxal melts at 160.degree. -
      170.degree.C.
PAC  d. 2-tert.butyl-4(5)-(p-methylsulphonylphenyl)-5(4)-(3-pyridyl)-imidazole
PAR  A mixture of 9.0 g of 1-(p-methylsulphonylphenyl)-2-(3-pyridyl)-glyoxal,
      3.5 ml of pivalaldehyde, 20.0 g of ammonium acetate and 200 ml of glacial
      acetic acid is heated to the boil under reflux for 5 hours and then poured
      into a mixture of 300 ml of ice and 200 ml of concentrated aqueous ammonia
      solution. The suspension is extracted with ethyl acetate. The ethyl
      acetate solution is then washed with saturated sodium chloride solution,
      dried over sodium sulphate and evaporated under 11 Torr. The residue is
      chromatographed on 200 g of silica gel. The fractions 5 and 6, each eluted
      with 250 ml of ethyl acetate, contain the
      2-tert.butyl-4(5)-(p-methylsulphonylphenyl)-5(4)-(3-pyridyl)-imidazole,
      which melts at 120.degree. - 125.degree.C (from toluene).
CLMS
STM  I claim:
NUM  1.
PAR  1. A pharmaceutical composition for treating pain in mammals comprising an
      effective amount of a compound of the formula
      ##SPC4##
PAL  wherein R.sub.1 represents isopropyl, sec.butyl, tert.butyl or
      p-chlorophenyl, one of the groups R.sub.2 and R.sub.3 represents a phenyl
      group or a p-methoxyphenyl, and the other represents a pyridyl group, or a
      pharmaceutically acceptable acid addition salt thereof and a
      pharmaceutical carrier.
NUM  2.
PAR  2. A method of treating pain in mammals which comprises administering to
      said mammals an effective amount of a compound according to claim 1.
PATN
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TTL  Insecticide compositions comprising a carbamate and a
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ABST
PAL  Insecticidal compositions are described containing new insecticidal
      compounds. The insecticidal activity of certain carbamates is enhanced by
      addition of a compound derived from methylenedioxybenzene or
      ethylenedioxybenzene. The insecticidal compositions have an acceptable
      carrier which does not damage animals or plants or the locus to which they
      are applied or the life forms inhabiting the locus. The compositions are
      applied as sprays, aerosols or in other forms.
BSUM
PAR  This invention relates to insecticidal compositions and to certain novel
      insecticidal compounds and their manufacture.
PAR  Carbamates, that is compounds containing the -O.CO.N&lt; groups, are known to
      have insecticidal activity.
PAR  Many carbamate insecticides have the advantages of not containing organic
      phosphorus or chlorine or similar environmentally disadvantageous groups.
      Unfortunately it is frequently the case that their action is not as great
      as the organophosphorus and halogen containing insecticides so that a
      greater amount is sometimes required before achieving the same effect.
PAR  We have now found that the insecticidal activity of certain carbamates may
      be enhanced to a surprising extent by the addition of a further compound
      derived from methylenedioxybenzene or ethylenedioxybenzene.
PAR  Accordingly, the present invention provides an insecticidal composition
      comprising (a) 20 parts of a compound of formula (I):
      ##SPC1##
PAL  wherein n is 1 or 2, X is an oxygen atom or a bond joining the moiety
      R.sub.1 to the carbonyl group, and R.sub.1 is a hydrocarbon group of 1-12
      carbon atoms; (b) from 1 to 400 parts of a compound of the formula (II):
      ##EQU1##
      wherein R.sub.2 is a hydrogen atom or a lower alkyl group optionally
      substituted by a halogen atom, R.sub.3 is a lower alkyl group optionally
      substituted by a halogen atom and R.sub.4 is an optionally substituted
      aromatic or heteroaromatic group; and (c) an acceptable carrier
PAR  An "acceptable carrier" is one that allows the distribution of the mixed
      insecticides over the required locus without causing unacceptable damage
      to that locus or to desirable life forms which may inhabit that locus. For
      example, if the composition is to be applied to an animal such as a sheep,
      the carrier must not adversely effect the sheep or its handlers; or if the
      composition is applied to plants, then the carrier must not be phytotoxic.
PAR  Suitable values of R.sub.1 for compounds of formula (I) include aliphatic,
      alicyclic, aromatic, or araliphatic hydrocarbon groups such as straight or
      branched groups of 1-12 carbon atoms, which may contain 1, 2, 3 or more
      degrees of unsaturation, araliphatic groups such as benzyl, phenylethyl
      and the like, or cyclic systems such as alicyclic rings of 3 to 6 carbon
      atoms.
PAR  Preferred groups R.sub.1 are lower aliphatic groups such as the methyl
      ethyl, n-propyl, n-butyl, iso-butyl, sec-butyl, t-butyl, 2-methyl
      -prop-1-enyl, 1,2-dimethylbutyl, cyclohexylmethyl and like groups. The
      term "lower" when used herein means that the group contains from 1 to 8
      carbon atoms.
PAR  In compounds of formula (I), n is preferably 1 and X is a bond.
PAR  An especially preferred sub-group of formula (I) to be present in the
      insecticidal composition are those of formula (III):
      ##SPC2##
PAL  wherein R.sub.5 is a lower alkyl group.
PAR  Suitable values for R.sub.2 include the hydrogen atom and the methyl,
      chloromethyl and ethyl groups.
PAR  Suitable values for R.sub.3 include the methyl, chloromethyl, ethyl,
      propyl, hexyl and octyl groups.
PAR  Preferably the group --NR.sub.2 R.sub.3 is the --NHCH.sub.3,
      N(CH.sub.3).sub.2 or --NHCH.sub.2 Cl group.
PAR  Suitable groups R.sub.4 include the phenyl, naphthyl and imidazole groups
      each of which may be substituted by a lower aliphatic hydrocarbon group,
      and/or a methoxyl group, or by 2 t-butyl groups 1 methoxyl and 1 propenyl
      group or by 2 methyl groups and 1 propyl group.
PAR  Preferred groups R.sub.4 include the 1-naphthyl, 3,5-di-t-butyl phenyl,
      2-methoxyl-4(2-propenyl)phenyl and 1-(4,5-dimethyl-2-propylimidazole)
      groups.
PAR  Especially preferred compounds of formula (II) include 1-naphthyl-N-methyl
      carbamate, 3,5-di-t-butylphenyl-N-methyl carbamate,
      1-(2-methoxyl-4-prop-2-en)phenyl-N-methyl carbamate and
      4,5-dimethyl-2-propylimidazole-1-N,N-dimethyl carbamate.
PAR  The method of application of a composition of the invention should be
      chosen to suit the nature of the insect or its environment and may include
      those listed below. The nature of the composition which is used will also
      depend upon the factors which determine the method of administration.
PAR  Thus the active ingredient may be administered as a spray composition
      prepared by the dilution of emulsifiable concentrated solutions in
      solvents, for example, hydrocarbon solvents such as petroleum fractions,
      xylene and toluene; from emulsion concentrates; or from wettable
      dispersable powders which are diluted with water. The compositions in
      these cases will include suitable wetting, dispersing or emulsifying
      agents well known in the art.
PAR  Alternatively the active ingredients may be incorporated into powders with
      a solid carrier for direct application. Oily compositions for spraying
      without dilution may also be used.
PAR  The active ingredient may also be used as a concentrate for addition to
      dips or sprays or in the form of aerosol preparations for domestic,
      horticultural and veterinary use.
PAR  Where the insects are associated with animals, the active ingredient may be
      presented as a solution or emulsion for topical application to the animal.
      The present invention finds particular use in the control of blowfly on
      sheep for which purpose it is conveniently applied topically as a dip, jet
      or a spray. If the active ingredient is used systemically, then any
      preparations suitable for dermal application may be used, since the active
      ingredient is capable of penetrating through the skin of the animal
      resulting in insecticidal levels in the blood. Aqueous emulsions or
      alcoholic solutions of the active ingredient are suitable for dermal
      application. The active ingredient may also be presented orally in the
      form of a drench, i.e., an aqueous suspension or solution given by mouth.
PAR  The composition may include other insecticidal agents and/or plant
      fungicides in addition to the active ingredients of the present invention.
PAR  If the insecticidal composition is required for household use, for example,
      against Masca domestica, it may be presented in the form of an aerosol or
      an impregnated plastics body for sustained release or similar conventional
      presentation.
PAR  Certain of the compounds of formula (I) are novel. Thus in a second aspect
      the invention provides compounds of the formula (IV):
      ##SPC3##
PAL  wherein R.sub.6 is a hydrocarbon group of 1-12 carbon atoms.
PAR  Preferred compounds of formula (IV) include those wherein R is a lower
      alkyl group.
PAR  Compounds of the formula (IV) may be prepared by the base catalysed
      condensation of 2,3-methylenedioxybenzaldehyde and a ketone of formula
      (V):
EQU  r.sub.6 -- co-- ch.sub.3                                   (v)
PAL  wherein R.sub.6 has the same meaning as given above.
PAR  This reaction may be carried out in an aqueous ethanolic solution of the
      presence of a strong base such as sodium hydroxide under those conditions,
      commonly used to bring about such reactions.
PAR  The following examples serve to illustrate the invention. Where no melting
      points are given IR, UV, NMR and microanalysis were consistent to the
      structure.
DETD
PAC  EXAMPLE 1
PAR  3,4-Methylenedioxybenzylidine ter-butyl ketone-Ethanol (80 ml) was placed
      in a 250 ml conical flask equipped with a stirrer and dropping funnel.
      ter-Butyl methyl ketone (10 g; 0.1 mole) and piperonal (15 g; 0.1 mole)
      were added and stirring started. Sodium hydroxide (4 g; 0.1 mole) was
      dissolved in 40 ml of water and added dropwise to the above stirred
      mixture for 5-10 minutes. The reaction mixture was further stirred for ca.
      60 hours at room temperature. The precipitated solid was filtered, washed
      with water and dried. The solid was then recrystallized from n-hexane to
      give pale yellow needles, having a melting point 93.degree.-94.degree.C
      (reported m.p. 95.degree.C). Yield obtained was 22.2 g. This is equivalent
      to a yield of 94-95% of the theoretical.
PAC  EXAMPLES 2 - 23
PAR  The following compounds of the formula
      ##SPC4##
PAL  were prepared in a manner analogous to that of Example 1:
TBL  EXAMPLE  R                    m.p. .degree.C                              
     ______________________________________                                    
      2       --CH.sub.3                                                       
      3       --CH.sub.2 CH.sub.3                                              
      4       --(CH.sub.2).sub.2 CH.sub.3                                      
                                   56                                          
      5       --CH(CH.sub.3).sub.2 57                                          
      6       Cyclopropyl          80                                          
      7       --(CH.sub.2).sub.3 CH.sub.3                                      
                                   73                                          
      8       --CH.sub.2 CH(CH.sub.3).sub.2                                    
                                   68                                          
      9       --CH(CH.sub.3)CH.sub.2 CH.sub.3                                  
                                   35                                          
     10       --(CH.sub.2).sub.4 CH.sub.3                                      
                                   61                                          
     11       --CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                           
     12       --(CH.sub.2).sub.5 CH.sub.3                                      
                                   59                                          
     13       --(CH.sub.2).sub.6 CH.sub.3                                      
                                   52                                          
     14       --(CH.sub.2).sub.7 CH.sub.3                                      
                                   57                                          
     15       --(CH.sub.2).sub.8 CH.sub.3                                      
                                   60                                          
     16       --(CH.sub.2).sub.9 CH.sub.3                                      
                                   64                                          
     17       --CH=C(CH.sub.3).sub.2                                           
     18       --CH.sub.2 CH.sub.2 CH=C(CH.sub.3).sub.2                         
                                   60                                          
     19       --CH.sub.2 C(CH.sub.3).sub.3                                     
                                   59                                          
     20       --CH(CH.sub.3)CH.sub.2 CH.sub.2 CH.sub.3                         
                                   bpt 120.degree./                            
                                   0.3 mm                                      
     21       --CH(CH).sub.3 CH(CH.sub.3)C.sub.2 H.sub.5                       
     22       --CH.sub.2 C.sub.6 H.sub.5                                       
     23       --CH.sub.2 Cyclo C.sub.6 H.sub.11                                
                                   96-8                                        
     ______________________________________                                    
PAC  EXAMPLES 24-28
PAR  3,4-Ethylenedioxybenzaldehyde was prepared by the reaction of
      ethylenedibromide in the presence of copper oxide with
      3,4-dihydroxybenzaldehyde. This was further made to react with ketone in
      alkaline medium to isolate .alpha.,.beta.-unsaturated ketones in a manner
      analogous to that of example 1. The following compounds were prepared.
      ##SPC5##
TBL  Example            R                                                      
     ______________________________________                                    
     24                 Cyclopropyl                                            
     25                 --CH.sub.2 (CH.sub.2).sub.2 CH.sub.3                   
     26                 --CH.sub.2 CH(CH.sub.3).sub.2                          
     27                 --C(CH.sub.3).sub.3                                    
     28                 --CH.sub.2 --C(CH.sub.3).sub.3                         
     ______________________________________                                    
PAC  EXAMPLES 29-46
PAR  A method analogous to that of example 1 was used to prepare the following
      compounds:
      ##SPC6##
TBL  Example    R              B.P. .degree.C/m                                
     ______________________________________                                    
     29         --CH.sub.3     --                                              
     30         --CH.sub.2 CH.sub.3                                            
                               --                                              
     31         --(CH.sub.2).sub.2 CH.sub.3                                    
                               164/0.2                                         
     32         --CH(CH.sub.3).sub.2                                           
                               --                                              
     33         --Cyclopropyl  --                                              
     34         --(CH.sub.2).sub.3 CH.sub.3                                    
                               145-6/0.4                                       
     35         --CH.sub.2 CH(CH.sub.3).sub.2                                  
                               176/0.2                                         
     36         --CH(CH.sub.3) CH.sub.2 CH.sub.3                               
                               168/0.2                                         
     37         --C(CH.sub.3).sub.3                                            
                               M.P.71.degree.                                  
     38         --(CH.sub.2).sub.4 CH.sub.3                                    
                               170/0.2                                         
     39         --(CH.sub.2).sub.2 CH(CH.sub.3).sub.2                          
                               183/0.2                                         
     40         --(CH.sub.2).sub.5 CH.sub.3                                    
                               --                                              
     41         --(CH.sub.2).sub.6 CH.sub.3                                    
                               --                                              
     42         --(CH.sub.2).sub.7 CH.sub.3                                    
                               180/0.2                                         
     43         --(CH.sub.2).sub.8 CH.sub.3                                    
                               --                                              
     44         --(CH.sub.2).sub.9 CH.sub.3                                    
                               --                                              
     45         --CH.sub.2 --C(CH.sub.3).sub.2 CH.sub.3                        
                               --                                              
     46         --CH.sub.2 --cyclohexyl                                        
                               194/0.2                                         
     ______________________________________                                    
PAC  EXAMPLES 47-51
PAR  The following 3,4-Methylenedioxycinnamic acid esters were prepared by known
      methods:
      ##SPC7##
TBL  Example            R                                                      
     ______________________________________                                    
     47                 --CH.sub.3                                             
     48                 --CH.sub.2 CH.sub.3                                    
     49                 --CH.sub.2 CH.sub.2 CH.sub.3                           
     50                 --CH.sub.2 (CH.sub.2).sub.2 CH.sub.3                   
     51                 --CH.sub.2 --CH(CH.sub.3).sub.2                        
     ______________________________________                                    
PAC  EXAMPLE 52
PAR  Synergistic activities of 2,3- and 3,4-Methylene dioxyphenyl series.
PAR  The synergistic activity of the materials was tested by dissolving equal
      weights of the material and carbaryl in acetone, placing sufficient volume
      of the mixture to give the required weight of materials per sq. cm. of
      surface in glass Petri dishes and then evaporating to dryness in a stream
      of cold air. Twenty-five 4-day old Drosophila melanogaster adults were
      then confined in each dish, with a supply of 10% sucrose in water, for 24
      hours, at the end of which time the number of dead flies was counted.
      First tests were carried out at a concentration of 1.0 .mu.g/cm.sup.2 ; if
      a 100% mortality was obtained, tests were carried out to determine the
      LD.sub.50 of the mixture.
PAR  In the table below, the LD.sub.50 is expressed as the concentration of each
      material (synergist and carbaryl) in terms of .mu.g/cm.sup.2. (Carbaryl is
      1-naphthyl-N-methyl carbamate)
PAR  Carbaryl by itself at 10.mu.g/cm.sup.2 caused no deaths.
TBL  ______________________________________                                    
     COMPOUND OF EXAMPLE NO.                                                   
                         LD.sub.50 (in .mu.g/cm.sup.2 of                       
                         synergist and carbaryl                                
     ______________________________________                                    
      1                  0.02                                                  
      3                  0.2                                                   
      4                  0.15                                                  
      7                  0.5                                                   
      8                  0.1                                                   
      9                  0.09                                                  
     17                  0.28                                                  
     19                  0.5                                                   
     20                  0.13                                                  
     21                  0.05                                                  
     23                  0.6                                                   
     31                  0.2                                                   
     32                  0.4                                                   
     34                  0.1                                                   
     35                  0.06                                                  
     36                  0.09                                                  
     37                  0.08                                                  
     38                  0.1                                                   
     39                  0.09                                                  
     45                  0.06                                                  
     47                  0.8                                                   
     48                  0.08                                                  
     49                  0.04                                                  
     50                  0.05                                                  
     51                  0.09                                                  
     ______________________________________                                    
PAC  EXAMPLE 53
PAR  Using the test method of example 37 the following results were obtained.
TBL  ______________________________________                                    
     COMPOUNDS UNDER TEST LD.sub.50 (.mu.g/cm.sup.2)                           
     ______________________________________                                    
     X                    2.3                                                  
     X + Example 27       0.07                                                 
     Y                    0.9                                                  
     Y + Example 27       0.6                                                  
     X is 1-(2-methoxy-4-prop-2-en-phenyl)-N-methyl carbamate. Y is            
     1-(4,5-dimethyl-2-propylimidazole)-N,N.sup.1 -dimethyl carbamate.         
     ______________________________________                                    
PAC  EXAMPLE 54
PAR  Four-day old susceptible Musca domestica (housefly) adults were
      anaesthetized in CO.sub.2, 20 males being placed in one dish and 20
      females being placed in another dish, of two glass vessels and then dosed
      topically with a 1:1 mixture of the synergist/insecticide in acetone from
      a micro-pipette applicator. The flies were confined with sugar and water
      for 24 hours, when the number of deaths was recorded.
PAR  In the table below, the LD.sub.50 is expressed as the concentration of each
      material (synergist and insecticide) in terms of .mu.g/fly.
TBL  ______________________________________                                    
     COMPOUND       LD.sub.50 (.mu.g/fly) of synergist and                     
                    insecticide                                                
                  Males      Females                                           
     ______________________________________                                    
     Carbaryl       &gt;10          &gt;10                                           
     Carbaryl + Example 9                                                      
                    0.5          1.0                                           
     Carbaryl + Example 17                                                     
                    0.25         0.95                                          
     Carbaryl + Example 21                                                     
                    0.3          0.7                                           
     Carbaryl + Example 27                                                     
                    0.2          0.32                                          
     Carbaryl + Example 50                                                     
                    0.3          0.8                                           
     Carbaryl + Example 51                                                     
                    0.5          1.1                                           
     X              1.1          2.0                                           
     X + Example 27 0.3          0.5                                           
     Y              7.0          15.0                                          
     Y + Example 27 3.0          5.0                                           
     ______________________________________                                    
PAC  EXAMPLE 55
PAR  Synergistic activity with larvae of sheep blowflies was tested as follows.
PAR  0.5 ml of a 1000 ppm solution in acetone (equal weights of synergist and
      insecticide) was absorbed onto a strip of paper tissue and the acetone was
      then evaporated off. The tissue was then placed in a 75 .times. 19 mm
      glass tube, 0.5 ml of calf serum was added, 25, 12-hour old first instar
      larvae were placed on each tissue, and the tube was sealed with a "Tricel"
      cover. After 48 hours, the number of dead larvae in each tube were
      counted.
PAR  The synergists caused no deaths when tested by themselves.
PAR  In the table below, the LD.sub.50 is expressed as the concentration of each
      material (synergist + insecticide) in terms of parts per million (ppm).
TBL  ______________________________________                                    
     COMPOUND    LD.sub.50 (ppm)                                               
               (a)        (b)                                                  
               Susceptible                                                     
                          Resistant Lucilia                                    
               Lucilia sericata                                                
                          cuprina larvae                                       
               larvae     (strain RD)                                          
     ______________________________________                                    
     Z           1.6-1.8      15-21                                            
     Z + Example 1            3-4                                              
     X            9-11        26-28                                            
     X + Example 1                                                             
                  2-4         8                                                
     Y           310          660                                              
     Y + Example 1                                                             
                 180          250                                              
     Z is 3,5-di-t-butylphenyl-N-methyl carbamate.                             
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An insecticidal composition comprising equal parts of (a) a compound of
      formula (I):
      ##SPC8##
PAL  wherein X is an oxygen atom or a bond joining R.sub.1 to the carbonyl group
      and R.sub.1 is alkyl of 1 to 12 carbon atoms or alkenyl of up to 12 carbon
      atoms; and (b) 1-naphthyl-N-methyl carbamate;
      1-(2-methoxy-4-prop-2-en)-phenyl-N-methyl carbamate; or
      3,5-di-t-butyl-phenyl-N-methyl carbamate; in combination with an
      insecticidally acceptable carrier.
NUM  2.
PAR  2. A composition according to claim 1 wherein X is a bond and R.sub.1 is
      alkyl of 1-8 carbon atoms.
NUM  3.
PAR  3. A composition according to claim 1 wherein R.sub.1 is methyl, ethyl,
      n-propyl, n-butyl, iso-butyl, sec.-butyl, t-butyl, 2-methylprop-1-enyl,
      1,2-dimethylbutyl or cyclohexylmethyl.
NUM  4.
PAR  4. A composition according to claim 1 wherein the compound of (a) is
      3,4-methylenedioxybenzylidine terbutyl ketone, and the compound of (b) is
      1-naphthyl-N-methyl carbamate.
NUM  5.
PAR  5. A composition according to claim 1 wherein the compound of (a) is
      3,4-methylenedioxybenzylidine terbutyl ketone, and the compound of (b) is
      1-(2-methoxy-4-prop-2-en)phenyl-N-methyl carbamate.
NUM  6.
PAR  6. A composition according to claim 1 wherein the compound of (a) is
      3,4-methylenedioxybenzylidine terbutyl ketone, and the compound of (b) is
      3,5-di-5-butyl-phenyl-N-methyl carbamate.
NUM  7.
PAR  7. A composition according to claim 1 wherein the compound of formula (I)
      is of the formula:
      ##SPC9##
PAL  wherein R is alkyl of 1-10 carbon atoms, cyclopropyl, alkenyl of 4-8 carbon
      atoms or cyclohexylmethyl.
NUM  8.
PAR  8. An insecticidal composition comprising equal parts of (a) a compound of
      formula (III):
      ##SPC10##
PAL  wherein R.sub.5 is alkyl of 1-8 carbon atoms; and (b) 1-naphthyl-N-methyl
      carbamate, 3,5-di-t-butylphenyl-N-methyl carbamate or
      1-(2-methoxy-4-prop-2-en)-phenyl-N-methyl carbamate; in combination with
      an insecticidally acceptable carrier.
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ABST
PAL  Compositions and methods of using aminoalkyldithiocarbamic acids of the
      formula
      ##EQU1##
      in which Alk is an alkylene radical of 2 to 6 carbon atoms,
PAL  Some of which are new, which possess strong fungicidal and animal-repellent
      properties.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 358,221, filed May 8, 1973.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new active compositions in the form of mixtures with solid and
      liquid dispersible carrier vehicles of certain aminoalkyldithiocarbamic
      acids, some of which are new, and which possess valuable strong fungicidal
      and animal-repellent properties, and methods for using such compounds in a
      new way, especially for combating and controlling fungi and animals with
      other and further objects becoming apparent from a study of the within
      specification and accompanying examples.
PAR  The present invention relates to the use, as fungicides or rodent or
      ruminant repellents, of certain aminoalkyldithiocarbamic acids, some of
      which are known.
PAR  Some dithiocarbamates in the form of their salts and disulfides have
      already been known for a long time as fungicides. Heavy metal salts, for
      example the zinc salts and manganese salts of alkylene-bis-dithiocarbamic
      acids, have gained especial importance. The salts, for example the zinc
      salts, of .omega.-amino-alkyl-dithiocarbamic acids have also already been
      described as fungicides (see, for example, German Auslegeschriften (German
      Published Specifications) 1,023,921 and 1,094,729). However, because of
      their inadequate spectrum of activity, these previously known active
      compounds can only be used to a limited extent for combating diseases of
      cereals. Within the framework of the development of new seed dressings
      against diseases of cereals, which are intended to replace the
      toxicologically unsafe agents containing mercury, the previously known
      active compounds based on dithiocarbamate cannot be employed universally,
      largely because of their lack of activity, or inadequate activity, against
      species of Helminthosporium.
PAR  It is furthermore already known that zinc dimethyl-di-thiocarbamate and
      tetramethyl-thiuram-disulfide can be used for repelling rodents and
      ruminants. These two active compounds have gained considerable importance
      in practice (J. F. Welch, Proceedings Third Vertebrate Pest Conf., San
      Francisco, 1967, pages 36-40). The action is however not always
      satisfactory, especially against ruminants.
PAR  It has now been found that aminoalkyldithiocarbamic acids of the formula
      ##EQU2##
      in which Alk is an alkylene radical of 2 to 6 carbon atoms,
PAL  Are desirable compounds in the combating of pests, for example in
      agriculture, as they possess strong fungicidal properties and a good
      repellent action against rodents and ruminants.
PAR  One importance of the active compounds resides in their previously unknown
      fungicidal action against the pathogens of various diseases of cereals,
      especially against species of Helminthosporium. In view of the previous
      experience with dithiocarbamate fungicides, the newly discovered effect is
      particularly surprising. Furthermore, surprisingly, the repellent action
      of the active compounds is greater than that of the known rodent and
      ruminant repellents tetramethyl-thiuram-disulfide and
      zinc-dimethyl-dithiocarbamate. The compounds which can be used according
      to the invention thus represent an enrichment of the art.
PAR  The aminoalkyldithiocarbamic acids to be used according to the invention
      have been characterized by the formula (I) but they can alternatively be
      characterized by the formula
      ##EQU3##
      and hereafter when formula (I) is recited it is intended to apply to
      formula (Ia) as well, unless otherwise expressed.
PAR  The following may be mentioned as specific examples of preferred
      aminoalkyldithiocarbamic acids: 2-aminoethyl-dithiocarbamic acid,
      2-aminopropyl-dithiocarbamic acid, 3-aminopropyl-dithiocarbamic acid,
      1-aminopropyl-(2)dithiocarbamic acid, 3-aminobutyl-dithiocarbamic acid,
      4-aminobutyl-dithiocarbamic acid, 5-aminopentyl-dithiocarbamic acid and
      6-aminohexyl-dithiocarbamic acid, especially the
      .omega.-aminoalkyldithiocarbamic acids.
PAR  Several of the compounds to be used according to the invention are known
      (see, for example, Ber. 5, 241 (1872); 55, 3351 (1922), Hoppe-Seylers
      Zeitschrift f. phys. Chem. 180, 202 (1929)). Where they have not been
      previously described in detail, they can be prepared in accordance with
      customary processes known from the literature. Thus, they are as a rule
      obtained by the action of equimolar amounts of carbon disulfide on
      diaminoalkanes in diluents such as water, alcohols, hydrocarbons or
      ethers, at normal temperature.
PAR  The active compounds to be used according to the invention display a strong
      fungitoxic action and are distinguished by a broad spectrum of activity.
      Their low toxicity to warm-blooded animals and their good toleration by
      higher plants permits them to be used as plant protection agents against
      fungal diseases. They do not damage crop plants in the concentrations
      required for combating fungi. Fungitoxic agents in plant protection are
      employed for combating fungi from the most diverse classes of fungi, such
      as Archimycetes, Phycomycetes, Ascomycetes, Basidiomycetes and Fungi
      Imperfecti.
PAR  Thus they show a good action against seed-borne fungi, such as Ustilago
      avenae, Fusarium nivale and Helminthosporium and against soil fungi, such
      as Rhizoctonia species, Fusarium species, Pythium species, Phytophthora
      species, Verticillium alboatrum, Thielaviopsis basicola and Corticium
      rolfsii.
PAR  The active compounds are thus particularly suitable for soil treatment and
      seed dressing.
PAR  Furthermore, as already stated, the active compounds according to the
      invention display a repellent action towards harmful leporine animals and
      rodents, such as hares and rabbits (Leporidae), as well as sciurids
      (Sciuroidae), gophers (Geomyoidae) and muroids (Muroidae), with which
      there are classed essentially the glirids (Muscardinidae) and the mice
      (Muridae).
PAR  The hares and rabbits include, for example, the wild rabbit (Oryctolagus
      cuniculus); the sciurids include, for example, the European souslik
      (Citellus citellus) and the mantled ground squirrel (Citellus lateralis);
      and the gophers include, for example, the mountain pocket gopher (Thomomys
      talpoides). With the glirids there is classed, for example, the fat
      dormouse (Glis glis). The mice comprise essentially among the murines
      (Murinae) the rats (Rattus spec.), such as the black rat (Rattus rattus)
      and the Norway rat (Rattus norvegicus); the house mice (Mus spec.), such
      as Mus musculus; among the cricetines (Cricetinae) is the European hamster
      (Cricetus cricetus) and among the cricetids (Microtinae), for example, are
      the common vole (Microtus arvalis), the field vole (Microtus agrestis) and
      the water vole (Arvicola terrestris).
PAR  The substances according to the invention also repel harmful ruminants
      (Ruminantia), as the most important groups of which there are to be
      mentioned the deer (Cervidae) and the bovids (Bovidae).
PAR  The deer include, for example, the roe deer (Capreolus capreolus), the
      white-tailed or Virginia deer (Odocoileus spec.), the fallow deer (Dama
      dama), the wapiti (Cervus canadensis) and the red deer (Cervus elaphus).
      The bovids include, among the groups of the rupicaprine animals
      (Rupicaprinae), especially the sheep (Ovis spec.) and goats (Capra spec.).
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
      etc.), and/or water; as well as inert dispersible finely divided solid
      carriers, such as ground natural minerals (e.g. kaolins, clays, alimina,
      silica, chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides, rodent- or
      ruminant-repellents, or insecticides, acaricides, rodenticides,
      bactericides, nematocides, herbicides, fertilizers, growth-regulating
      agents, etc., if desired, or in the form of particular dosage preparations
      for specific application made therefrom, such as solutions, emulsions,
      suspensions, powders, pastes, and granules which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprises mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  To develop a repellent action, the active compounds to be used according to
      the invention, their formulations and the application forms prepared
      therefrom can furthermore be employed in the customary manner, for example
      again by treatment of seed, by spraying, dusting or sprinkling suitable
      preparations of active compound onto plants or parts of plants in danger
      of being eaten by rodents and/or gnawed by ruminants (for example deer
      gnawing), by soil treatment, by fumigation in chambers or in subterranean
      structures, by the application of repellent coverings and barriers above
      ground or below ground, and by impregnation of materials endangered by
      rodents and/or ruminants, such as wood, paper, rubber and plastics.
PAR  Spray liquors or pastes for producing rodent-repellent and
      ruminant-repellent coatings on, for example, endangered plants or parts of
      plants, in general contain from 0.1 to 20 per cent by weight of active
      compound, preferably 0.5 to 10%. Materials which are impregnated with the
      active compounds should possess an active compound concentration of about
      0.1 to 5 per cent by weight in the surface layer.
PAR  In the treatment of seed, amounts of active compound of 0.01 g to 10 g per
      kg of seed, preferably 0.05 to 5 g, are generally required. For the
      treatment of soil, amounts of active compound of 1 to 500 g per cubic
      meter of soil, preferably 10 to 200 g, are generally required.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. fungi, rodents and
      ruminants, which comprises applying to at least one of correspondingly (a)
      such fungi, and (b) the corresponding habitat of such fungi, rodents or
      ruminants, i.e. the locus to be protected, a correspondingly combative or
      toxic amount, i.e. a fungicidally, or rodent- or ruminant-repellent
      effective amount, of the particular active compound of the invention alone
      or together with a carrier vehicle as noted above. The instant
      formulations or compositions are applied in the usual manner, for instance
      by spraying, atomizing, vaporizing, scattering, dusting, watering,
      sprinkling, pouring, fumigating, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
PAR  The synthesis, unexpected superiority and outstanding activity of the
      particular new compounds of the present invention are illustrated, without
      limitation, by the following examples:
DETD
PAC  EXAMPLE 1
PAR  Seed dressing test/stripe disease of barley
PAR  (seed-born mycosis)
PAR  To produce a suitable dry dressing, the active compound was extended with a
      mixture of equal parts by weight of talc and kieselguhr to give a finely
      powdered mixture with the desired concentration of active compound.
PAR  To apply the dressing, barley seed, which was naturally infected by
      Helminthosporium gramineum, was shaken with the dressing in a closed glass
      flask. The seed, in moist compost earth in closed Petri dishes, was
      exposed to a temperature of 4.degree.C for 10 days in a refrigerator. The
      germination of the barley, and possibly also of the fungus spores, was
      thereby initiated. Two batches of 50 grains of the pregerminated barley
      was subsequently sown 2 cm deep in Fruhstorfer standard soil and
      cultivated in a greenhouse at temperatures of about 18.degree.C in seed
      boxes which were exposed to light for 16 hours daily. The typical symptoms
      of the stripe disease developed within 3 to 4 weeks.
PAR  After this time, the number of diseased plants was determined as a
      percentage of the total number of emerged plants.
PAR  The fewer plants were diseased, the more effective was the active compound.
PAR  The active compounds, the amounts of active compound used and the number of
      diseased plants can be seen from Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Seed dressing test/stripe disease of barley                               
     Active compound      Amount of active                                     
                                     Number of plants with stripe              
                          compound used, in                                    
                                     disease as % of the total                 
                          mg/kg of seed                                        
                                     number of emerged plants                  
     __________________________________________________________________________
     without dressing     --         26.4                                      
     [H.sub.2 N--CH.sub.2 --CH.sub.2 --NH--CS--S].sub.2 Zn                     
                          200        15.5                                      
                          600        17.2                                      
     (known)           (A)                                                     
                          1,200      9.2                                       
     [(C.sub.2 H.sub.5).sub.2 N--(CH.sub.2).sub.3 --NH--CS--S].sub.2 Zn        
                          200        26.8                                      
                          600        17.0                                      
     (known)           (B)                                                     
                          1,200      16.0                                      
     NH.sub.2 --(CH.sub.2).sub.4 --NH--CS--SH                                  
                       (1)                                                     
                          200        3.0                                       
                          600        0.0                                       
     .parallel.                                                                
     H.sub.2 N--CH.sub.2 --CH.sub.2 --NH--C--SH                                
                       (2)                                                     
                          600        6.2                                       
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Seed dressing test/snow mold
PAR  (seed-born mycosis)
PAR  To produce a suitable dry dressing, the active compound was extended with a
      mixture of equal parts by weight of talc and kieselguhr to give a finely
      powdered mixture with the desired concentration of active compound.
PAR  To apply the dressing, rye seed, which was naturally infected by Fusarium
      nivale, was shaken with the dressing in a closed glass flask. Two batches
      of 100 grains of this seed were sown 1 cm deep in seed boxes containing
      Fruhstorfer standard soil. The young plants developed in climatic chambers
      at 10.degree.C, at a relative atmospheric humidity of 95% and in diffused
      natural light; they showed the typical symptoms of snow mold within the
      first 3 weeks.
PAR  After this time, the number of Fusarium-infected plants was determined as a
      percentage of the total number of emerged plants. The smaller the number
      of diseased plants, the more effective was the active compound.
PAR  The active compounds, the amounts of active compound used and the number of
      diseased plants can be seen from Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Seed dressing test/snow mould                                             
     Active compound       Amount of active                                    
                                      Number of Fursarium-infected             
                           compound used in                                    
                                      plants as % of the total                 
                           mg/kg of seed                                       
                                      number of emerged plants                 
     __________________________________________________________________________
     without dressing      --         12.1                                     
     [(C.sub.2 H.sub.5).sub.2 N--(CH.sub.2).sub.3 --NH--CS--S--].sub.2         
                           600        8.6                                      
                           1,200      8.2                                      
     (known)            (B)                                                    
     .parallel.                                                                
     H.sub.2 N--(CH.sub.2).sub.4 --NH--C--SH                                   
                        (1)                                                    
                           600        0.0                                      
                           1,200      0.0                                      
     S                                                                         
     .parallel.                                                                
     H.sub.2 N--CH.sub.2 --CH.sub.2 --NH--C--SH                                
                        (2)                                                    
                           600        1.1                                      
                           1,200      0.5                                      
     S                                                                         
     .parallel.                                                                
     H.sub.2 N--(CH.sub.2).sub.6 --NH--C--SH                                   
                        (3)                                                    
                           600        0.5                                      
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  Seed dressing test/loose smut of oats
PAR  (seed-born mycosis)
PAR  To produce a suitable dry dressing, the active compound was extended with a
      mixture of equal parts by weight of talc and kieselguhr to give a finely
      powdered mixture with the desired concentration of active compound.
PAR  To apply the dressing, oat seed, which was naturally infested with loose
      smut (Ustilago avenae), was shaken with the dressing in a closed glass
      flask. Two batches of 100 grains of the seed were sown 2 cm deep in seed
      boxes containing a mixture of 1 part by volume of Fruhstorfer standard
      soil and 1 part by volume of quartz sand. The boxes were placed in a
      greenhouse at a temperature of about 18.degree.C, kept normally moist and
      exposed to light for 16 hours daily. After 10 - 12 weeks, the oats
      flowered and showed healthy and diseased panicles (smutted panicles).
PAR  After this time, the number of diseased panicles was determined as a
      percentage of the total number of developed panicles. 0% means that no
      diseased panicles were present; 100% means that all the panicles were
      diseased. The fewer diseased panicles were formed, the more effective was
      the active compound.
PAR  The active compounds, the amounts of active compound used and the number of
      diseased panicles can be seen from Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Seed dressing test/loose smut of oats                                     
     Active compounds       Active compound con-                               
                                       Number of smutted panicles              
                            centration in mg/kg                                
                                       as % of the total of                    
                            of seed    developed panicles                      
     __________________________________________________________________________
     Without dressing       --         7.8                                     
     .parallel.                                                                
     (C.sub.2 H.sub.5).sub.2 N--CH.sub.2 --CH.sub.2 --CH.sub.2 --NH--C--SH     
                            900        5.3                                     
     (known from German Offenlegungs-                                          
     schrift (German Published                                                 
     Specification) 1,693,179)                                                 
                         (C)                                                   
     S                                                                         
     .parallel.                                                                
     H.sub.2 N--CH.sub.2 --CH.sub.2 --NH--C--SH                                
                         (2)                                                   
                            900        0.0                                     
     S                                                                         
     .parallel.                                                                
     H.sub.2 N--(CH.sub.2).sub.6 --NH--C--SH                                   
                         (3)                                                   
                            900        0.0                                     
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  Repellent test/white footed mouse
PAR  Test animal: North American white footed mouse (Peromyscus maniculatus)
PAR  Solvent: Acetone
PAR  Concentration of active compound in the test feed: 2%
PAR  To produce a suitable preparation of active compound, 2 parts by weight of
      active compound were dissolved in as small an amount as possible of the
      abovementioned solvent, this solution was intimately mixed with 98 parts
      by weight of seed wheat and the solvent was allowed to evaporate.
PAR  5 white footed mice kept separately received, in addition to a disliked
      standard feed, 25 treated wheat grains on each of 3 successive days. The
      number of grains eaten by each animal was recorded daily.
PAR  The measure of the repellent action was the reduction in consumption, that
      is to say the percentage by which the effective consumption (in per cent
      of the total amount of wheat offered) was reduced compared to the 100%
      consumption always to be expected in the case of the untreated wheat. 100%
      reduction in consumption means that no wheat grains at all were eaten and
      the repellent action was thus complete. The values quoted comprise the
      result of the consumption of all test animals during the entire test.
PAR  The active compounds, the number of the individual tests and the results
      can be seen from Table 4:
TBL                Table 4                                                     
     ______________________________________                                    
     repellent test/white footed mouse                                         
     Active compound    Number of Reduction                                    
                        individual                                             
                                  in consump-                                  
                        tests     tion in %                                    
     ______________________________________                                    
     Zinc-dimethyldithio-                                                      
     carbamate              1         31.5                                     
     (known)         (D)                                                       
     .parallel.                                                                
     H.sub.2 N--(CH.sub.2).sub.4 --NH--C--SH                                   
                            1         62.4                                     
                     (1)                                                       
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Repellent test/house mouse
PAR  Test animal: white laboratory mouse (Mus musculus)
PAR  Concentration of active compound in the test fodder: 0.5%
PAR  To produce an appropriate preparation of the active compound, 3 parts by
      weight of active compound were mixed with 2.8 parts by weight of highly
      dispersed silica and 4.2 parts by weight of talc. To prepare the test
      bait, 1.67 parts by weight of this active compound concentrate were
      intimately mixed with 95 parts by weight of a meal-like standard feed
      customary for keeping test animals, with the addition of 3.33 parts by
      weight of methylcellulose and a little water. Spherical bait pellets were
      formed from 6 g of dry substance and were dried for 24 hours at room
      temperature prior to the start of the test.
PAR  These pellets were presented to white laboratory mice which were kept
      together for 24 hours, without additional feed. Water was available ad
      libidum. The remainders of the pellets were again dried after the end of
      the test, and weighed.
PAR  The measure of the repellent action is the re-weighed residual amount,
      expressed as a percentage of the amount originally employed. 100%
      repellent action means that nothing whatsoever had been eaten from the
      pellets.
PAR  The active compounds, the number of the tests and the results can be seen
      from Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
     repellent test/house mouse                                                
     Active compound    Number of Repellency                                   
                        individual                                             
                                  in %                                         
                        tests     (average                                     
                                  value)                                       
     ______________________________________                                    
     Tetramethylthiuram                                                        
     disulphide (known)                                                        
                     (E)    3         67.8                                     
     .parallel.                                                                
     H.sub.2 N--(CH.sub.2).sub.4 --NH--C--SH                                   
                     (1)    5         82.6                                     
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  In a re-run of Example 5 with a different group of mice the following
      results were obtained:
TBL                                    Table 6                                 
     __________________________________________________________________________
     Active compound        Number of                                          
                                  Repellency                                   
                            individual                                         
                                  in %                                         
                            tests (average                                     
                                  Valve)                                       
     __________________________________________________________________________
     (CH.sub.3).sub.2 N--(CH.sub.2).sub.3 NH--CO--S--C.sub.2 H.sub.5.HCl       
                            4     42.9                                         
     (known from German DOS                                                    
     1,643,040)                                                                
     .parallel.                                                                
     H.sub.2 N--(CH.sub.2).sub.4 --NH--C--SH                                   
                         (1)                                                   
                            4     61.25                                        
     __________________________________________________________________________
PAC  EXAMPLE 7
PAR  Game preserve test/black-tailed deer
PAR  Test animal: black-tailed deer (Odocoileus columbianus)
PAR  To produce a suitable preparation of active compound, 6 parts by weight of
      active compound and 10 parts by weight of a copolymer of methacrylic acid
      methyl ester and butadiene as the adhesion agent were dispersed in 84
      parts by weight of water. Two year old Douglas fir seedlings (Pseudotsuga
      taxifolia), 18 - 30 cm high, were entirely immersed in the preparation of
      the active compound. After drying, the plants were entirely covered with a
      thin layer of the adhesive, containing active compound, and were planted
      in a game preserve of size 1.01 ha. 10 test plots were laid out within the
      preserve, in each of which plots stood 20 seedlings which had been treated
      with active compound, 20 seedlings which had been treated with the
      standard agent tetramethylthiuram disulphide (TMTD) and 20 seedlings which
      were untreated and served as controls.
PAR  The game preserve was now populated with 10 black-tailed deer. The test ran
      until intermediate checks showed that the untreated seedlings had been
      gnawed to the extent of 60 to 80%. Thereafter the average degree of
      gnawing was determined. 100% denotes that all seedlings had been gnawed
      and 0 denotes that none of the seedlings had been gnawed.
PAR  The active compounds, dosages, number of treated seedlings and average
      degrees of gnawing can be seen from Table 7.
TBL                                    Table 7                                 
     __________________________________________________________________________
     game preserve test/black-tailed deer                                      
     Active compound  Dosage                                                   
                            Number                                             
                                  Average                                      
                      of the                                                   
                            of treat-                                          
                                  degree                                       
                      active                                                   
                            ed seed-                                           
                                  of                                           
                      compound                                                 
                            lings gnawing                                      
                      in treat-                                                
                      ment                                                     
                      medium in                                                
                      % by                                                     
                      weight                                                   
     __________________________________________________________________________
     tetramethylthiuram                                                        
     disulfide                                                                 
     (known)       (E)                                                         
                      6     200   47.91                                        
     untreated control                                                         
                      --    200   74.87                                        
     .parallel.                                                                
     H.sub.2 N--(CH.sub.2).sub.4 --NH--C--SH                                   
                      6     200   20.75                                        
                   (1)                                                         
     __________________________________________________________________________
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of repelling rodents or ruminants comprising applying to a
      rodent or ruminant habitat a repellent amount of a compound of the formula
      ##EQU4##
      in which Alk is an alkylene radical of 2 to 6 carbon atoms.
NUM  2.
PAR  2. The method according to claim 1 in which the compound is an
      .omega.-aminoalkyl-dithiocarbamic acid.
NUM  3.
PAR  3. The method of claim 1 in which said compound is
      2-aminoethyl-dithiocarbamic acid.
NUM  4.
PAR  4. The method of claim 1 in which said compound is
      4-aminobutyl-dithiocarbamic acid.
NUM  5.
PAR  5. The method of claim 1 in which said compound is
      6-aminohexyl-dithiocarbamic acid.
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ABST
PAL  A composition having bradycardia and isoproterenol antagonistic activity
      comprising at least one compound selected from the group consisting of
      racemates of 1-phenoxy-2-hydroxy-3-tert.-butylamino propanes of the
      formula
      ##EQU1##
      wherein R is selected from the group consisting of --(CH.sub.2).sub.x --CN
      where x is an integer from 0 to 3, COOH and COOR' where R' is alkyl of 1
      to 4 carbon atoms; R.sub.1 is selected from the group consisting of
      hydrogen, alkoxy and alkylthio of 1 to 4 carbon atoms, --CN and alkenyl
      and alkynyl of 2 to 4 carbon atoms and R.sub.2 is selected from the group
      consisting of hydrogen, halogen and alkyl and alkoxy of 1 to 4 carbon
      atoms, their optically active isomers and their non-toxic,
      pharmaceutically acceptable acid addition salts of said racemates and said
      optically active isomers and a major amount of a pharmaceutical carrier
      and a method of producing bradycardia and suppressing tachycardia effects
      of N-isopropyl-noradrenaline in warm-blooded animals.
PARN
PAC  PRIOR APPLICATION
PAR  This application is a division of our copending application Ser. No.
      408,743 filed Oct. 23, 1973, now U.S. Pat. No. 3,868,460 which is a
      division of application Ser. No. 294,226 filed Oct. 2, 1972, which in turn
      is a divisional application of our copending application Ser. No. 36,676
      filed May 12, 1970, now U.S. Pat. No. 3,740,444, which in turn is a
      continuation-in-part application of our copending commonly-assigned U.S.
      Pat. applicaton Ser. No. 700,376 filed Jan. 25, 1968, now U.S. Pat. No.
      3,541,130.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide novel compositions having
      bradycardia and isoproterenol activity.
PAR  It is another object of the invention to provide a novel method of inducing
      bradycardia and isoproterenol-antagonistic activity in warm-blooded
      animals.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel compositions of the invention having bradycardia and
      isoproterenol antagonistic activity are comprised of at least one compound
      selected from the group consisting of racemates of
      1-phenoxy-2-hydroxy-3-tert.-butylamino propanes of the formula
      ##EQU2##
      wherein R is selected from the group consisting of -(CH.sub.2).sub.x -CN
      and -(CH.sub.2).sub.x -NH.sub.2 where x is an integer from 0 to 3, COOH
      and COOR' where R' is alkyl of 1 to 4 carbon atoms; R.sub.1 is selected
      from the group consisting of hydrogen, alkoxy and alkylthio of 1 to 4
      carbon atoms, --CN and alkenyl and alkynyl of 2 to 4 carbon atoms and
      R.sub.2 is selected from the group consisting of hydrogen, halogen and
      alkyl and alkoxy of 1 to 4 carbon atoms, their optically active isomers
      and their non-toxic, pharmaceutically acceptable acid addition salts of
      said racemates and said optically active isomers and a major amount of a
      pharmaceutical carrier.
PAR  Examples of non-toxic, pharmacologically acceptable acids suitable for
      addition salts are inorganic acids such as hydrochloric acid, hydrobromic
      acid, sulfuric acid, phosphoric acid and organic acids such as methane
      sulfonic acid, acetic acid, lactic acid, tartaric acid, ascorbic acid,
      8-chlorotheophylline and the like.
PAR  The compounds according to the present invention may be prepared by a
      number of different methods involving known chemical reaction principles;
      however, among these, the following methods have been found to be most
      convenient and efficient:
PAC  METHOD A
PAR  By reacting an epoxide of the formula
      ##EQU3##
      where the R's have the same meanings as in formula I, with
      tert.-butylamine in the presence of an inert organic solvent, such as
      ethanol.
PAC  METHOD B
PAR  By reacting a 1-substituted phenoxy-2-hydroxy-3-halopropane of the formula
      ##EQU4##
      wherein the R's have the same meanings as in formula I and Hal is halogen,
      with tert.-butylamine in the presence of an inert organic solvent, such as
      ethanol.
PAR  The starting compounds of the formula II to III for the above methods are
      known compounds or may readily be prepared by known methods. For example,
      the substituted 1-phenoxy-2,3-epoxy propanes of formula II may be prepared
      by reacting a corresponding substituted phenolate under alkaline
      conditions with a 1-halo-2,3-epoxy propane such as epichlorohydrin. Most
      of the corresponding phenols are known in the prior art and they are
      easily obtainable by conventional methods. Cyanophenols, particularly
      those with alkyl and/or alkoxy groups, may be prepared by splitting off
      water from the correspondingly substituted phenolic benzaldoximes which
      are prepared from known phenolic benzaldehydes. Cyanophenols with an allyl
      substituent are obtained by reacting the cyanophenol with allyl bromide
      with rearrangement of the intermediate allyl ether into the final product.
      Halocyanophenols are obtained by reacting the cyanophenol with a hydrogen
      halide in the presence of H.sub.2 O.sub.2. Cyanomethylphenols can be made
      by introducing a nitro group into a benzylnitrile and converting it into a
      phenol group by reducing, diazotizing and boiling down. The aminoalkyl
      substituted compounds of formula I are prepared by reduction of the
      corresponding cyano or cyanoalkyl substituted compounds, which in turn can
      be obtained by method A.
PAR  The amino-substituted compounds of formula I are prepared by reacting the
      corresponding nitrophenols with epichlorohydrin to form the corresponding
      2,3-epoxy compound which is reacted with tert.-butylamine and then the
      nitro group is reduced to the amino group. Other processes are described
      in Belgian Pat. No. 641,133 and in the literature.
PAR  The free bases of formula I obtained by any of the above methods may
      subsequently be transformed into their nontoxic, pharmacologically
      acceptable acid addition salts by conventional methods, that is, by
      acidifying a solution of the free base with the desired acid and
      recovering the acid addition salt by evaporation of the solvent or by
      precipitation, for instance.
PAR  The compounds of the formula I possess on the --CHOH-grouping an asymmetric
      C-atom, and consequently, occur in the form of racemates as well as in the
      form of optically active antipodes.
PAR  The optically active compounds can be obtained in that one proceeds either
      from optically active starting compounds or that the racemates obtained
      are split into their optical antipodes in the usual manner, for example,
      by means of dibenzoyl-D-tartaric acid or D-3-bromocamphor-8-sulfonic acid
      or di-p-toloyl-d-tartaric acid.
PAR  The said compositions of the invention produce bradycardia and at the same
      time act as N-isopropylnoradrenaline (Isoproterenol) antagonists as shown
      in dogs and guinea pigs. Thus, the tachycardiac effects caused by the
      administration of N-isopropyl-noradrenaline are suppressed or eliminated
      by prior administration of one of the compositions of the present
      invention, and cardiac arrhythmia are equalized by them. In other words,
      the compositions of the invention block the sympathetic nervous system of
      the heart. Consequently, the areas of indication for the compositions, of
      the present invention are hypertension, angina pectoris, cardiac
      arrhythmia, digitalis intoxication and pheochromocytoma disorders. They
      may also be used in conjunction with coronary dilator or sympathicomimetic
      agents. The compositions may be in the form of injectable solutions or
      suspensions, tablets, dragees, sustained release tablets, etc. The usual
      dose is 1 to 300 mg, preferably 1 to 150 mg, for oral administration and 1
      to 20 mg for parental administration.
PAR  The novel method of the invention of inducing bradycardia and of
      suppressing tachycardiac effects of N-isopropylnoradrenaline in
      warm-blooded animals comprises administering to warm-blooded animals a
      safe and effective amount of at least one of the compounds of formula I.
      The said compounds may be administered orally, parentally or rectally. The
      usual dosage is 0.002 to 5 mg/kg, depending upon the method of
      administration.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiments.
PAC  EXAMPLE I
PAC  Preparation of 1-(2-cyano-3-methyl-phenoxy)-2-hydroxy-3-tert.-butylamino
      propane. HCl
PAR  1-(2-cyano-3-methyl-phenoxy)-2,3-epoxy propane, prepared from 17 gm (0.128
      mol) of 2-cyano-3-methylphenol and 12.2 gm (0.132 mol) of epichlorohydrin
      in 125 ml of 1 N NaOH, was dissolved as a dark, impure viscous oil in 200
      ml of methanol, and 29 ml of tert.-butylamine were added thereto. After
      refluxing the mixture for 2 hours, the solvent was distilled off under
      vacuum, and the brown residue was extracted with dilute HCl. The clear
      solution was filtered over charcoal and was made alkaline with NaOH. The
      precipitating base was taken up in ether and the organic phase was
      separated and was washed repeatedly with water and dried over MgSO.sub.4.
      After concentration up to weight constancy, 4.5 gm of a base remained and
      this was dissolved in a small amount of ethanol. The hydrochloride salt
      was precipitated by an addition of ethereal HCl and was isolated as a
      solid product. It was recrystallized from acetonitrile with an addition of
      ether followed by a second recrystallization from ethanol with an addition
      of ether to obtain
      1-(2-cyano-3-methyl-phenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride having a melting point of 178.degree. - 180.degree.C. Using
      this same procedure, there was obtained
      1-(2-cyanomethyl-3-methyl-phenoxy)-2-hydroxy-3-tert.-butylamino-propane
      hydrochloride.
PAC  EXAMPLE II
PAC  Preparation of 1-(2-cyano-4-chlorophenoxy)-2-hydroxy-3-tert.-butylamino
      propane. HCl
PAR  5.7 gm (0.02 mol) of 1-(2-cyanophenoxy)-2-hydroxy-3-tert.-butylamino
      propane (prepared analogous to Example I) were dissolved in 32 ml of
      concentrated HCl and while stirring at 45.degree. C, 2.27 gm of 35%
      hydrogen peroxide were added dropwise so that the temperature did not
      exceed 65.degree.C. Thereafter, the temperature was maintained at
      60.degree.C for 30 minutes and the mixture was concentrated in vacuo at
      the end of which a solid residue remained. The raw hydrochloride was
      recrystallized from ethanol under an addition of ether to obtain 3 gm of
      1-(2-cyano-4-chlorophenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride having a melting point of 180.degree. - 182.degree.C.
PAC  EXAMPLE III
PAC  Preparation of 1-(2-methyl-4-cyanophenoxy)-2-hydroxy-3-tert.-butylamino
      propane. HCl
PAR  24 gm of 1-(2-methyl-4-cyanophenoxy)-2,3-epoxy-propane in 150 ml of ethanol
      were reacted with 25 ml of tert.-butylamine. After refluxing the reaction
      mixture for 2 hours, the solvent was distilled off in vacuo, and the
      residue was dissolved in dilute HCl. After extraction with ether, the
      aqueous phase was made alkaline with NaOH and the precipitated base was
      taken up in ether. The ether solution was washed with H.sub.2 O, dried
      over MgSO.sub.4, and finally the ether was distilled off. The residue was
      dissolved in 100 ml of ethanol and ethereal HCl was added thereto. The
      precipitating crystalline hydrochloride was isolated and recrystallized
      from methanol with an addition of ether to obtain 17 gm of pure
      1-(2-methyl-4-cyanophenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride having a melting point of 230.degree. - 231.degree.C.
PAC  EXAMPLE IV
PAC  Preparation of 1-(2-methoxy-4-cyanophenoxy)-2-hydroxy-3-tert.-butylamino
      propane. HCl
PAR  9.9 gm (0.048 mol) of 1-(2-methoxy-4-cyanophenoxy)-2,3-epoxy propane in 100
      ml of ethanol were heated with 14.6 gm (0.02 mol; 21 ml) of
      tert.-butylamine for 3 hours over a water bath. After distillation of the
      solution in vacuo, the residue was digested with dilute HCl and the
      solution was separated from the insoluble matter. The aqueous phase was
      made alkaline with NaOH and the precipitated base was extracted with
      ether, washed with water, and the organic phase was dried over MgSO.sub.4.
      After distilling off the ether, the oily residue was dissolved in ethanol,
      admixed with ethereal HCl, and the precipitating crystals of
      1-(2-methoxy-4-cyanophenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride were vacuum filtered and recrystallized from ethanol with an
      addition of ether to obtain 7.1 gm of the product having a melting point
      of 210.degree. - 213.degree.C.
PAC  EXAMPLE V
PAC  Preparation of
      1-(2-aminomethyl-4-chlorophenoxy)-2-hydroxy-3-tert.-butylamino propane. 2
      HCl
PAR  6.3 gm (0.02 mol) of
      1-(2-cyano-4-chlorophenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride were dissolved in 100 ml of methanol containing 10 ml of
      NH.sub.3 and the mixture was hydrogenated under normal pressure at
      20.degree.C over Raney-nickel. After separation of the catalyst, the
      solvent was distilled off in vacuo, and the residue was admixed with ether
      and water. After an addition of a small amount of NaOH, the aqueous phase
      was separated and the organic phase was washed with water and dried over
      MgSO.sub.4. After distilling off the ether, a solid residue remained which
      was recrystallized from ethyl acetate with an addition of petroleum ether
      to obtain 1-(2-aminomethyl-4-chlorphenoxy)-2-hydroxy-3-tert.-butylamino
      propane. The base was dissolved in ethanol and ethereal HCl was added
      thereto. The precipitated crystals of the hydrochloride of the base were
      isolated to obtain 3.1 gm of the hydrochloride having a melting point of
      118.degree. - 120.degree.C.
PAC  EXAMPLE VI
PAR  Using the procedure of Example V,
      1(2-methoxy-4-cyanophenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride was hydrogenated to form
      1-(2-methoxy-4-aminomethylphenoxy)-2-hydroxy-3-tert.-butylamino propane
      dihydrochloride having a melting point of 235.degree. - 238.degree.C.
PAC  EXAMPLE VII
PAR  Using the procedure of Example V,
      1-(2-cyanophenoxy)-2-hydroxy-3-tert.-butylamino propane hydrochloride was
      hydrogenated to obtain
      1-(2-aminomethyl-phenoxy)-2-hydroxy-3-tert.-butylamino propane
      dihydrochloride having a melting point of 220.degree. - 222.degree.C.
PAC  EXAMPLE VIII
PAR  Using the procedure of Example IV,
      1-(2-methoxy-carbonylphenoxy)-2,3-epoxy-propane was reacted with
      tert.-butylamine to form
      1-(2-methoxycarbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride having a melting point of 144.degree. - 146.degree.C.
PAC  EXAMPLE IX
PAR  By saponification of
      1-(2-methoxycarbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane with
      sodium hydroxide, there was obtained
      1-(2-hydroxycarbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride having a melting point of 138.degree. -140.degree.C.
PAC  EXAMPLE X
PAR  Using the procedure of Example IV, tert.-butylamine and
      1-(2-methoxy-5-cyanophenoxy)-2,3-epoxy propane were reacted to obtain
      1-(2-methoxy-5-cyanophenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride having a melting point of 149.degree. - 152.degree.C.
PAC  EXAMPLE XI
PAR  Using the procedure of Example IV, tert.-butylamine and
      1-(4-methoxycarbonylphenoxy)-2,3-epoxy propane were reacted to form
      1-(4-methoxycarbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride having a melting point of 205.degree. - 207.degree.C.
PAC  EXAMPLE XII
PAR  1-(4-methoxycarbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane was
      chlorinated analogous to Example II to obtain
      1-(2-chloro-4-methoxycarbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane
      hydrochloride having a melting point of 208.degree. - 210.degree.C.
PAC  EXAMPLE XIII
PAC  Preparation of 1-(2-cyanophenoxy)-2-hydroxy-3-tert.-butylamino propane. HCl
PAR  15 gm (0.085 mol) of 1-(2-cyanophenoxy)-2,3-epoxy propane were dissolved in
      100 ml of ethanol and 18.6 gm (0.255 mol) of tert. -butylamine were added
      thereto. After standing for 1 hour at room temperature, the solution was
      heated at 60.degree. - 70.degree.C for 2 hours after which the volatile
      constitutents were distilled off in vacuo. The residue was digested with
      dilute HCl, and the insoluble constituents were vacuum filtered off. Then
      the filtrate was made alkaline with NaOH and the precipitating base was
      taken up in ether. After the ether solution had been dried over
      MgSO.sub.4, the ether was distilled off and the residue was dissolved in
      ethanol and by addition of ethereal HCl, the hydrchloride was precipitated
      therefrom in crystalline form which after recrystallization from ethanol
      with an addition of ether gave 9.8 gm of
      1-(2-cyanophenoxy)-2-hydroxy-3-tert.-butylamino propane hydrochloride
      having a melting point of 163.degree. - 165.degree.C.
PAC  EXAMPLE XIV
PAC  Preparation of 1-(4-cyanophenoxy)-2-hydroxy-3-tert.-butylamino propane. HCl
PAR  5.7 gm (0.02 mol) of
      3-tert.-butyl-5-(4-cyanophenoxymethyl)-oxazolidinone-(2) were dissolved in
      50 ml of ethanol. After addition of a solution of 10 gm of potassium
      hydroxide in 15 ml of water, the solution was refluxed for 2 hours and
      then the ethanol was distilled off in vacuo, and the residue was extracted
      with ether. The ethereal phase was separated, dried over MgSO.sub.4, and
      the MgSO.sub.4 was filtered off. After concentration of the ether
      solution, the solid raw base was recrystallized from ethyl acetate to
      obtain a product having a melting point of 100.degree. - 105.degree.C.
      After dissolving the crystalline base in ethanol, ethereal hydrochloric
      acid was added and the solid was isolated and again recrystallized from
      ethanol/ether to obtain 1.9 gm of
      1-(4-cyanophenoxy)-2-hydroxy-3-tert.-butylamino propane hydrochloride
      having a melting point of 187.degree. - 189.degree.C.
PAC  EXAMPLE XV
PAC  Preparation of 1-(3-cyanophenoxy)-2-hydroxy-3-tert.-butylamino-2-propane
      oxalate
PAR  9.6 gm (0.05 mol) of 1-(3-cyanophenoxy)-2-hydroxy-3-amino propane were
      dissolved in 40 ml of dimethylformamide and 100 ml of tetrahydrofuran and
      4.2 gm (0.05 mol) of pulverized sodium bicarbonate were added thereto.
      Then, 6.9 gm (0.05 mol) of tert.-butylbromide were added and the mixture
      was refluxed for 24 hours. After the mixture had been cooled, the
      inorganic solid was filtered off and the solvent mixture was distilled off
      in vacuo. The residue was dissolved by heating in ethyl acetate and the
      insoluble inorganic portions were vacuum filtered off and the filtrate was
      admixed with petroleum ether. The base precipitated in solid form and was
      isolated and recrystallized from ethyl acetate with an addition of
      petroleum ether to obtain 1-(3-cyanophenoxy)-2-hydroxy-3-tert.-butylamino
      propane having a melting point of 108.degree. - 110.degree.C.
PAR  After having been dissolved in ether, the said product was admixed with an
      ethereal oxalic acid solution whereby the oxalate precipitated in
      amorphous form. It was isolated, dissolved in a small amount of ethanol
      and slowly ether was added thereto. 2.7 gm of the oxalate salt occurred in
      colorless crystalline form and after being vacuum filtered and dried,
      melted at 154.degree. - 157.degree.C under decomposition.
PAC  EXAMPLE XVI
PAR  1-(2-nitro-4-chlorophenoxy)-2-hydroxy-3-tert.-butylamino propane was
      hydrogenated in the presence of Raney-nickel in methanol to obtain
      1-(2-amino-4-chlorophenoxy)-2-hydroxy-3-tert.-butylamino propane
      dihydrochloride having a melting point of 260.degree. - 262.degree.C.
PAR  Using the same procedure of hydrogenation, there were obtained
      1-(2-amino-4-fluorophenoxy)-2-hydroxy-3-tert.-butylamino-propane
      dihydrochloride and 1-(2-nitro-4-bromophenoxy)-2-hydroxy-
      3-tert.-butylamino propane dihydrochloride.
PAC  EXAMPLE XVII
PAC  Preparation of
      1-(2,4-dichloro-3-aminophenoxy)-2-hydroxy-3-tert.-butylamino-propane. HCl
PAR  8.05 gm of 1-(3-nitrophenoxy)-2-hydroxy-3-tert.-butylamino-propane were
      dissolved in 100 cc of concentrated hydrochloric acid with stirring and
      the resulting solution was heated to 45.degree.C. Then, 11.3 gm (0.1 mol)
      of 30% hydrogen peroxide solution were added dropwise while holding the
      temperature between 50.degree. and 60.degree.C with stirring. After 30
      minutes, an oil separated and excess hydrochloric acid was distilled off
      in vacuo. The residue was taken up in water and the mixture was made
      alkaline with sodium hydroxide. The resulting free base precipitated as an
      oil and was dissolved in ethyl acetate. The said solution was washed with
      water, dried and evaporated to dryness to obtain 9.2 gm (0.0273 mol) of
      1-(2,4-dichloro-3-nitrophenoxy)-2-hydroxy-3-tert.-butylamino-propane.
PAR  The 9.2 gm of the said base were dissolved in 150 cc of methanol and the
      said base was hydrogenated in the presence of a Raney-nickel catalyst at
      room temperature and normal pressure until the theoretical amount of
      hydrogen (1,240 cc) was adsorbed (21/2 hours). The catalyst was then
      removed by suction filtration and the solvent was distilled off in vacuo.
      The residue was dissolved in ethanol and the resulting solution was
      acidified with etherified hydrochloric acid and extracted with ether.
      After standing in the cold, the dihydrochloride of
      1-(2,4-dichloro-3-amino-phenoxy)-2-hydroxy-3-tert.-butylamino-propane
      crystallized out. After recrystallization twice from acetonitrile, there
      was obtained 2.5 gm of the dihydrochloride melting at 166.degree. -
      169.degree.C.
PAC  PHARMACEUTICAL EXAMPLES
     EXAMPLE A - TABLETS      gm                                               
     ______________________________________                                    
     1.  1-(2-cyano-3-methyl-phenoxy)-2-                                       
         hydroxy-3-tert.-butylamino pro-                                       
         pane hydrochloride       40.0                                         
         corn starch              164.0                                        
         potassium phosphate      240.0                                        
         magnesium stearate       1.0                                          
                                  445.0                                        
     2.  1-(2-cyano-3-methyl-phenoxy)-2-                                       
         hydroxy-3-tert.-butylamino pro-                                       
         pane hydrochloride       50.0                                         
         2,6-bis-(diethanolamino)-4,8-                                         
         dipiperidino-pyrimido-[5,4-d]                                         
     pyrimidine                                                                
         75.0                                                                  
         lactose                  164.0                                        
         corn starch              194.0                                        
         colloidal silicic acid   14.0                                         
         polyvinylpyrrolidone     6.0                                          
         magnesium stearate       2.0                                          
         soluble starch           10.0                                         
                                  515.0                                        
     ______________________________________                                    
PAR  The individual components are intensively admixed and the mixture is
      granulated in the usual manner. The granulate is compressed into 1,000
      tablets of 500 mg, 445 or 515 mg.
TBL  ______________________________________                                    
     EXAMPLE B - GELATIN CAPSULES                                              
     ______________________________________                                    
                          mg.                                                  
     ______________________________________                                    
     1-(2-cyano-4-chlorophenoxy)-2-                                            
     hydroxy-3-tert.-butylamino pro-                                           
     pane maleinate         25.0                                               
     corn starch            175.0                                              
                            200.0                                              
     ______________________________________                                    
PAR  The ingredients are intensively admixed and 200 mg portions of the mixtures
      are filled into gelatin capsules of suitable size. Each capsule contains
      25 mg of the optically active substance.
TBL  ______________________________________                                    
     EXAMPLE C - INJECTABLE SOLUTION                                           
     ______________________________________                                    
                             parts                                             
     ______________________________________                                    
     1-(2-methyl-4-cyanophenoxy)-2-                                            
     hydroxy-3-tert.-butylamino-pro-                                           
     pane hydrochloride            2.5                                         
     sodium salt of EDTA (ethylene-                                            
     diaminetetraacetic acid)      0.2                                         
     distilled water       ad.     100.0                                       
     ______________________________________                                    
PAC  Preparation
PAR  The active substance and the EDTA-salt were dissolved in sufficient water
      and distilled water to the desired volume was added. The solution was
      filtered free of suspended particles and filled into 1 cm-ampules under
      aseptic conditions. Then, the ampules were sterilized and sealed so that
      each of these ampules contained 25 mg of active substance.
TBL  ______________________________________                                    
     EXAMPLE D - SUSTAINED RELEASE TABLETS                                     
     ______________________________________                                    
                            gm                                                 
     ______________________________________                                    
     1.  1-(2-cyano-3-methyl-phenoxy)-2-                                       
         hydroxy-3-tert.-butylamino-pro-                                       
         pane hydrochloride       25.0                                         
         carboxymethylcellulose (CMC)                                          
                                  295.0                                        
         stearic acid             20.0                                         
         cellulose acetate phthalate (CAP)                                     
                                  40.0                                         
                                  380.0                                        
     2.  1-(2-cyanophenoxy)-2-hydroxy-                                         
         3-tert.-butylamino-propane . HCl                                      
                                  40.0                                         
         carboxymethylcellulose (CMC)                                          
                                  300.0                                        
         stearic acid             20.0                                         
         cellulose acetate phthalate                                           
                                  40.0                                         
                                  400.0                                        
     ______________________________________                                    
PAR  The active substance, the carboxymethylcellulose and the stearic acid are
      intensively admixed and the mixture is granulated in the usual manner, a
      solution of the cellulose acetate phthalate in 200 ml of a mixture of
      ethanol and ethylacetate is used for this purpose. The granulate is then
      compressed into 380 mg kernels, which are in the usual manner coated with
      a sugar containing 5% solution of polyvinylpyrrolidone in water. Each
      tablet contains 25 mg of active ingredients.
PAC  PHARMACOLOGICAL DATA
PAR  The compounds of the invention were tested for .beta.-adrenergic blocking
      activity in adult laboratory guinea pigs under urethane anaesthesia.
PAR  The bradycardia activity of the compounds was determined by administering
      the test compounds by intravenous injection at 5 progressively increasing
      dosages (0.1 mg/kg, 0.3 mg/kg, 1 mg/kg, 3 mg/kg and 10 mg/kg for each
      compound) to 4 animals per compound and ascertaining the decrease of the
      basic frequency of the heart beat by means of an electrical recorder.
PAR  After each determination of the decrease of the basic frequency, 1.mu./kg
      of isoproterenol [ = .alpha. (isopropylaminomethyl) protocatechuyl
      alcohol] was administered to the same animal by intravenous injection, and
      the maximum frequency change was determined.
PAR  The results of both determinations (bradycardia activity and isoproterenol
      antagonistic activity) were plotted as a doseactivity curve, and the curve
      for each compound was compared with a corresponding curve for the standard
      control compound dichlorisoproterenol (DCI), a known effective
      .beta.-adrenergic blocking agent. The following results were obtained.
TBL                TABLE I                                                     
     ______________________________________                                    
                                  Isoproterenol-                               
                       Bradycardia                                             
                                  Antagonistic                                 
     Compound          Activity   Activity                                     
     ______________________________________                                    
     1-(2-methoxy-5-cyanophenoxy)-                                             
                        6.5   .times. DCI                                      
                                       10.9 .times. DCI                        
     2-hydroxy-3-tert.-butylamino                                              
     propane . HCl                                                             
     1-(2-cyano-3-methylphenoxy)-                                              
                       10     .times. DCI                                      
                                      60    .times. DCI                        
     2-hydroxy-3-tert.-butylamino                                              
     propane . HCl                                                             
     1-(2-methyl-4-cyanophenoxy)-                                              
                       43     .times. DCI                                      
                                      33    .times. DCI                        
     2-hydroxy-3-tert.-butylamino                                              
     propane . HCl                                                             
     1-(2,4-dichloro-3-aminophen-                                              
                       59     .times. DCI                                      
                                      63    .times. DCI                        
     oxy)-2-hydroxy-3-tert.-buty-                                              
     lamino-propane . 2 HCl                                                    
     ______________________________________                                    
PAR  Various modifications of the compositions and method of the invention may
      be made without departing from the spirit or scope thereof and it is to be
      understood that the invention is to be limited only as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition having bradycardia and isoproterenol antagonistic activity
      comprising a small but effective amount of at least one active compound
      selected from the group consisting of racemates of
      1-phenoxy-2-hydroxy-3-tert.-butylamino propanes of the formula
      ##EQU5##
      wherein R is COOR' where R' is alkyl of 1 to 4 carbon atoms; R.sub.1 is
      selected from the group consisting of hydrogen, alkoxy and alkylthio of 1
      to 4 carbon atoms and alkenyl and alkynyl of 2 to 4 carbon atoms and
      R.sub.2 is selected from the group consisting of hydrogen, halogen and
      alkyl and alkoxyl of 1 to 4 carbon atoms, their optically active isomers
      and their non-toxic, pharmaceutically acceptable acid addition salts of
      said racemates and said optically active isomers and a major amount of a
      pharmaceutical carrier.
NUM  2.
PAR  2. A composition of claim 1 wherein the amount of active ingredient is 1 to
      300 mg.
NUM  3.
PAR  3. A composition of claim 1 wherein R.sub.1 is hydrogen.
NUM  4.
PAR  4. A composition of claim 1 wherein the active compound is
      1-(2-methoxy-carbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane and its
      non-toxic, pharmaceutically acceptable acid addition salts.
NUM  5.
PAR  5. A composition of claim 1 wherein the active compound is
      1-(4-methoxy-carbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane and its
      non-toxic, pharmaceutically acceptable acid addition salts.
NUM  6.
PAR  6. A composition of claim 1 wherein the active compound is
      1-(2-chloro-4-methoxycarbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane
      and its non-toxic, pharmaceutically acceptable acid addition salts.
NUM  7.
PAR  7. A method of producing bradycardia and suppressing tachycardiac effects
      of N-isopropyl-noradrenaline in warm-blooded animals which comprises
      administering to warm-blooded animals a safe and effective amount of at
      least one compound selected from the group consisting of racemates of
      1-phenoxy-3-hydroxy-3-tert.-butylamino propanes of the formula
      ##EQU6##
      wherein R is COOR' where R' is alkyl of 1 to 4 carbon atoms; R.sub.1 is
      selected from the group consisting of hydrogen, alkoxy and alkylthio of 1
      to 4 carbon atoms and alkenyl and alkynyl of 2 to 4 carbon atoms and
      R.sub.2 is selected from the group consisting of hydrogen, halogen and
      alkyl and alkoxy of 1 to 4 carbon atoms, their optically active isomers
      and their non-toxic, pharmaceutically acceptable acid addition salts of
      said racemates and said optically active isomers.
NUM  8.
PAR  8. The method of claim 7 wherein the active compound is
      1-(2-methoxycarbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane or its
      non-toxic, pharmaceutically acceptable acid addition salts.
NUM  9.
PAR  9. The method of claim 7 wherein the active compound is
      1-(4-methoxycarbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane or its
      non-toxic, pharmaceutically acceptable acid addition salts.
NUM  10.
PAR  10. The method of claim 7 wherein the active compound is
      1-(2-chloro-4-methoxycarbonylphenoxy)-2-hydroxy-3-tert.-butylamino propane
      or its non-toxic, pharmaceutically acceptable acid addition salts.
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PARN
PAR  This is a continuation of application Ser. No. 264,501, filed June 20,
      1972.
BSUM
PAR  The present invention relates to a series of derivatives having
      psychotropic activities which are derived from cresotic acid.
PAR  These new drugs have the overall formula:
      ##SPC1##
PA1  R may be a hydrogen, a straight or branched-chain lower alkyl radical, an
      alkenyl radical, an ethinyl radical, or an esterifying acid radical,
      namely acyl, thenoyl, halothenoyl or benzoyl.
PA1  R' may be an --OH, --OCH.sub.3, --O-alkyl, O-alkenyl, O-ethinyl,
      --NH.sub.2, straight or branched-chain N--dialkyl, --NH-alkyl,
      NR"--A--N-dialkyl, --O--A--N-dialkyl, NR"--A--N-morpholino, or
      --N-cycloalkyl radical.
PA1  A may be a straight or branched alkyl chain of 2 to 5 carbon atoms, which
      chain may be unsaturated.
PA1  R" may be a hydrogen or a lower alkyl.
PAR  Finally, the nitrogen atom may be included in a ring to form a piperidino,
      pyrrolidono, morpholino or piperazino group, for example:
      ##EQU1##
      X may be a hydrogen, halogen or an NO.sub.2 radical. N MAY BE EQUAL TO 0,
      1 OR 2.
PA1  The position of the CH.sub.3 radical on the ring may vary.
PAR  The invention also relates to therapeutically acceptable salts of
      derivatives having an amine function.
PAR  These derivatives may be obtained by different methods, namely:
PAC  METHOD A
PAC  (Aminolysis of the Corresponding Methyl Ester)
PAR  Principle:
      ##SPC2##
PAR  To 1 mol of Product A 1.5 mol of the corresponding amine is added. When the
      amine is gaseous it is used in alcoholic solution and the reaction can be
      carried out in an autoclave.
PAR  When the amine is crystalline, a solvent is employed; on the other hand,
      when it is liquid, we did not employ a solvent.
PAR  The reaction mixture is set aside for several hours at room temperature and
      then heated for a few hours at 90.degree.C. The solvent, if any, is
      distilled and the products are recovered by the customary techniques,
      namely:
PA1  Distillation under reduced pressure, or
PA1  Crystallization of the amide.
PAR  In the case of diamines, the products can be recovered in the form of
      hydrochloride.
PAC  EXAMPLES
PAC  Preparation of methyl 5-bromo 2-hydroxy 3-methyl benzoate
PAR  Add 300 g of cresotic acid to a solution of 90 g of sulfuric acid in
      anhydrous methanol; heat for 30 hours; the solution becomes dark red.
      Expel the methanol, dissolve the residue in chloroform and pour into ice
      water; the original cresotic acid crystallizes and can be removed. The
      chloroform phase is washed with a bicarbonate solution in water, dried
      over Na.sub.2 SO.sub.4 and concentrated and the residue distilled.
      (b.p..sub.15 = 104.degree.- 105.degree.C). Methyl 2-hydroxy 3-methyl
      benzoate is obtained; the yield is 77%. The index of refraction
      n.sub.D.sup.25 is equal to 1.5322.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether (5:95)
PAR  R.sub.f : 0.72.
PAR  The methyl 2-hydroxy 3-methyl benzoate in solution in the dioxane is added,
      drop by drop, to a chloroform solution of bromine maintained at
      0.degree.C. Excess bromine can be used since only one position is capable
      of bromination in the event that the methyl group is in 3 position.
PAR  Then set aside for several hours under nitrogen, recover the chloroform
      phase, wash with a bicarbonate solution and then with water, concentrate,
      and crystallize.
PAR  This product is obtained in the form of fine white needles.
PAR  Melting point: 107.degree.C.
PA1  Soluble in dimethyl formamide, dimethyl acetamide, methyl pyrrolidone,
      ether, and chlorinated solvents.
PAC  Preparation of 5-bromo 2-hydroxy 3-methyl benzamide
PAR  Add 900 cc of 20% ammonia to 49 g of methyl 5-bromo 2-hydroxy 3-methyl
      benzoate in 2 liters of ethanol at 95.degree.C. Set aside for 72 hours at
      room temperature, with agitation; cool with ice, add 300 cc of
      hydrochloric acid (6N), and then extract with ether; finally concentrate
      and crystallize by addition of petroleum ether; 29 g of 5-bromo 2-hydroxy
      3-methyl benzamide are obtained (yield: 63%).
PAR  The product is in the form of white crystals; it is soluble in alcohol,
      methyl pyrrolidone, propylene glycol and ether; it is insoluble in water
      and petroleum ether.
PAR  Melting point: 173.degree.C.
PAR  Plate Chromatography:
PAR  Support: Kiesel Gel F 254
PAR  Solvent: ethyl acetate/petroleum ether (50:50)
PAR  R.sub.f : 0.46
      ##SPC3##
PAR  Another example:
PAR  1. Dissolve 956 g of ortho-cresotic acid in 4 liters of acetone. Add 567 g
      of NaHCO.sub.3 and then add thereto 835 g of dimethyl sulfate. After
      refluxing for 5 hours, cool, filter off the salt which has formed, and
      concentrate to dryness. Subject the crude ester thus obtained to
      distillation under vacuum (b.p.: 100.degree.C at 5 mm Hg). 944 g of methyl
      ester (I) are obtained (yield 90%).
PAR  2. Dissolve the 944 g of ester (I) in about 6 liters of chloroform. Add a
      solution of 907 g of bromine in about 1.8 liters of chloroform. After the
      addition, which requires several hours, reflux the reaction medium for 2
      hours and then concentrate the solution until the appearance of crystals
      of bromo-ester. Cool and allow to crystallize, centrifuge and dry the
      crystals in a stove under vacuum. In this way there are obtained 1250 g of
      methyl p-bromo-orthocresotate (II) (yield 90%).
PAR  Melting point: 109.degree.C.
PAR  Thin-layer chromatography: a single spot.
PAR  3. Saturate 3.7 liters of absolute methanol with 750 g of ammonia and add
      the above 1250 g of bromo-ester.
PAR  Heat and maintain the temperature at 50.degree.-60.degree.C for 3 hours.
PAR  The maximum pressure recorded within the autoclave is about 6 kg/cm.sup.2.
      After elimination of the excess ammonia under vacuum, concentrate to
      dryness, wash the solid with water, and recrystallize from 25 liters of
      benzene.
PAR  1 kg of pure p-bromo-ortho-cresotamide is obtained. (yield of the
      amidation: 85%).
PAC  METHOD B
PAC  (Reaction of Acetylated Acid Chloride on the Corresponding Amine)
PAR  Basic reaction:
      ##SPC4##
PAR  The intermediate acetyl derivatives can be isolated or saponified to lead
      directly to the amides desired.
PAR  1 mol of acid chloride (Product C) is added in separate portions to a
      chloroform solution of an amine mol.
PAR  The reaction mixture is refluxed for several hours; the solvent is
      distilled.
PAR  The residual product is recovered by the customary techniques.
PAR  The deacetylation is effected by treating Product D with a 1N aqueous soda
      solution.
PAR  The following derivatives have been obtained by Method A as intermediates
      capable of undergoing further aminolysis:
PAR  Methyl 5-chloro-ortho-cresotate
EQU  (R' = OCH.sub.3, X = Cl)
PAR  Overall formula: C.sub.9 H.sub.9 Cl NO.sub.3
PAR  White crystals -- melting point: 62.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 35:60
PAR  R.sub.f : 0.48 (U.V. development)
PAR  Insoluble in water and propylene glycol;
PAR  2% soluble in ethanol and 8% soluble in DMF.
PAR  Methyl 5-iodo-ortho-cresotate
EQU  (R' = OCH.sub.3, X = I)
PAR  Overall formula: C.sub.9 H.sub.9 IO.sub.3
PAR  White crystals -- melting point: 97.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 35:60
PAR  R.sub.f : 0.51 (U.V. development)
PAR  Insoluble in water and propylene glycol;
PAR  2% soluble in ethanol and 10% soluble in DMF.
PAR  Methyl 5-nitro-ortho-cresotate
EQU  (R' = OCH.sub.3, X = NO.sub.2)
PAR  Overall formula: C.sub.9 H.sub.9 NO.sub.5
PAR  Yellow needles -- melting point: 126.degree.C.
PAR  Silica plate chromatography
PAR  Solvent: petroleum ether/ethyl acetate 95:5
PAR  R.sub.f : 0.60 (U.V. development)
PAR  Insoluble in water and propylene glycol.
PAR  Very slightly soluble in ethanol (0.5%).
PAR  By aminolysis of the methyl esters, a few examples of which have just been
      given, there have been obtained the following derivatives with amide
      function other than the 5-bromo 2-hydroxy 3-methyl benzamide described
      previously;
PAR  1. N(dimethyl N',N'-amino 2'-ethyl) 5-bromo-ortho-cresotamide
      hydrochloride:
      ##EQU2##
PAR  Overall formula: C.sub.12 H.sub.18 Br Cl N.sub.2 O.sub.2
PAR  White crystals -- melting point = 192.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: Butanol/acetic acid/water 6:2:2
PAR  R.sub.f =  0.72 (U.V. development)
PAR  Soluble in water (10%), ethanol (2%) and propylene glycol (4%).
PAR  2. N(diethyl-N',N'-amino 3'-propyl) 5-bromo-ortho-cresotamide
      hydrochloride:
      ##EQU3##
PAR  Overall formula: C.sub.15 H.sub.24 Cl Br N.sub.2 O.sub.2
PAR  White crystals -- melting point: 130.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: butanol/acetic acid/water 6:2:2
PAR  R.sub.f : 0.70 (U.V. development)
PAR  2% soluble in water, 8% in ethanol, and 30% in methyl pyrrolidone.
PAR  3. N(dimethyl N',N'-amino-3'-propyl) 5-bromo-ortho-cresotamide
      hydrochloride:
      ##EQU4##
PAR  Overall formula: C.sub.13 H.sub.20 Br Cl N.sub.2 O.sub.2
PAR  White crystals -- melting point: 203.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: butanol/acetic acid/water 6:2:2
PAR  R.sub.f : 0.66 (U.V. development)
PAR  Soluble in water, practically insoluble in ethanol.
PAR  4. N(dimethyl-N',N'-amino 2'-ethyl)5-bromo-ortho-cresotamide hydrochloride:
      ##EQU5##
PAR  Overall formula: C.sub.14 H.sub.22 Br Cl N.sub.2 O.sub.2
PAR  White crystals -- melting point: 132.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: butanol/acetic acid/water 6:2:2
PAR  R.sub.f : 0.72 (U.V. development)
PAR  Soluble in water, 6% soluble in ethanol and 9% soluble in ethylene glycol.
PAR  5. N(morpholino 3'-propyl) 5-bromo-ortho-cresotamide hydrochloride:
      ##EQU6##
PAR  Overall formula: C.sub.15 H.sub.22 Br Cl N.sub.2 O.sub.3
PAR  Pale yellow crystals, melting point: 174.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: butanol/acetic acid/water 6:2:2
PAR  R.sub.f =  0.80 (U.V. development)
PAR  0.3% soluble in water, 6% in ethanol and 7% in propylene glycol.
PAR  6. N(morpholino 2'-ethyl) 5-bromo-ortho-cresotamide hydrochloride:
      ##EQU7##
PAR  Overall formula: C.sub.14 H.sub.20 Br Cl N.sub.2 O.sub.3
PAR  White crystals -- melting point: 228.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: butanol/acetic acid/water 6:2:2
PAR  R.sub.f = 0.82 (U.V. development)
PAR  0.5% soluble in water, 0.3% in ethanol and 1% in DMF.
PAR  7. N(pyrrolidino 2'-ethyl) 5-bromo-ortho-cresotamide hydrochloride:
      ##EQU8##
PAR  Overall formula: C.sub.14 H.sub.20 Br Cl N.sub.2 O.sub.2
PAR  White crystals -- melting point: 184.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: butanol/acetic acid/water 6:2:2
PAR  R.sub.f =  0.75 (U.V. development)
PAR  10% soluble in water, 3% in ethanol, and 7% in propylene glycol.
PAR  8. 5-chloro-ortho-cresotamide:
EQU  (R' = --NH.sub.2 , R = H, X = Cl)
PAR  Overall formula: C.sub.8 H.sub.8 Cl NO.sub.2
PAR  White crystals -- melting point: 181.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 30:70
PAR  R.sub.f =  0.55 (U.V. development)
PAR  5% soluble in ethanol, 1% in propylene glycol, 20% in dimethyl acetamide,
      and 15% in methyl pyrrolidone.
PAR  Insoluble in water. 9. 5-iodo-ortho-cresotamide:
EQU  (R' = --NH.sub.2 , R = H, X = I)
PAR  Overall formula: C.sub.8 H.sub.8 INO.sub.2
PAR  Beige crystals, melting point: 180.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 30:70
PAR  R.sub.f =  0.60 (U.V. development)
PAR  Insoluble in water, 9% soluble in ethanol, 50% in dimethyl formamide, and
      25% in dimethyl acetamide.
PAR  10. 5-nitro-ortho-cresotamide
EQU  (R' = NH.sub.2 , R = H, X = NO.sub.2)
PAR  Overall formula: C.sub.8 H.sub.8 O.sub.4 N.sub.2
PAR  Orangeish-white crystals -- melting point: 245.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 25:75
PAR  R.sub.f =  0.41 (U.V. development)
PAR  20% soluble in dimethyl formamide, 6% in dimethyl acetamide, 12% in methyl
      pyrrolidone, and 0.5% in propylene glycol.
PAR  Insoluble in water and in ethanol.
PAR  11. N(methyl) 5-bromo-ortho-cresotamide:
EQU  (R' = NH -- CH.sub.3 , R = H, X = Br)
PAR  Overall formula: C.sub.9 H.sub.10 Br NO.sub.2
PAR  White crystals -- melting point: 162.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 30:70
PAR  R.sub.f =  0.76 (U.V. development).
PAR  12. N(ethyl) 5-bromo-ortho-cresotamide:
EQU  (R' = NH -- C.sub.2 H.sub.5 , R = H, X = Br)
PAR  Overall formula: C.sub.10 H.sub.12 Br NO.sub.2
PAR  White crystals -- melting point: 82.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 10:90
PAR  R.sub.f =  0.63 (U.V. development).
PAR  13. N(butyl) 5-bromo-ortho-cresotamide
EQU  (R' -- NH -- CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.3 , R = H, X = Br)
PAR  Overall formula: C.sub.12 H.sub.16 Br NO.sub.2
PAR  White crystals -- melting point: 76.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 5:95
PAR  R.sub.f =  0.41 (U.V. development).
PAR  14. N(isobutyl) 5-bromo-ortho-cresotamide
      ##EQU9##
PAR  Overall formula: C.sub.12 H.sub.16 Br NO.sub.2
PAR  White crystals -- melting point: 67.degree.C.
PAR  Silica plate chromatogrphy.
PAR  Solvent: ethyl acetate/petroleum ether 5:95
PAR  R.sub.f =  0.40 (U.V. development).
PAR  15. 5-bromo-meta-cresotamide (the methyl is in 4 position):
EQU  (R' = NH.sub.2, R = H, X = Br)
PAR  Overall formula: C.sub.8 H.sub.8 Br NO.sub.2
PAR  White crystals -- melting point: 239.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 25:75
PAR  R.sub.f =  0.39 (U.V. development)
PAR  The following derivatives, indicated by way of illlustration and not of
      limitation, were synthesized by Method B (reaction between acetylated acid
      chloride and the corresponding amine):
PAR  1. N(phenyl) 5-bromo-ortho-cresotamide
      ##EQU10##
PAR  Overall formula: C.sub.14 H.sub.12 Br NO.sub.2
PAR  Orange crystals -- melting point: 128.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 5:95.
PAR  R.sub.f =  0.48 (U.V. development)
PAR  2. N(cyclohexyl) 5-bromo-ortho-cresotamide
      ##EQU11##
PAR  Overall formula: C.sub.14 H.sub.18 NO.sub.2
PAR  Beige crystals -- melting point: 150.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 5:95.
PAR  R.sub.f =  0.50 (U.V. development).
PAR  3. N,N-diethyl, 5-bromo-ortho-cresotamide
      ##EQU12##
PAR  Overall formula: C.sub.12 H.sub.16 Br NO.sub.2
PAR  White crystals -- melting point: 77.degree.C.
PAR  Silica plate chromatography
PAR  Solvent: ethyl acetate/petroleum ether 30:70
PAR  R.sub.f : 0.67 (U.V. development).
PAR  4. N,N' -diisopropyl 5-bromo-ortho-cresotamide
      ##EQU13##
PAR  Overall formula: C.sub.14 H.sub.20 Br NO.sub.2
PAR  Pink crystals -- melting point: 147.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 5:95
PAR  R.sub.f : 0.28 (U.V. development)
PAR  The O-acetylated derivatives serving as intermediaries in Method B can also
      be obtained from the amides claimed by treatment with acetic anhydride.
PAR  Thus it was possible to synthesize the following derivative:
PAR  O-acetyl N,N-diethyl 5-bromo-ortho-cresotamide
      ##EQU14##
PAR  Overall formula: C.sub.14 H.sub.18 Br NO.sub.3
PAR  White crystals -- melting point: 90.degree.C.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 50:50.
PAR  R.sub.f : 0.53 (U.V. development).
PAR  The applicant was also able to test new derivatives satisfying the general
      formula, which derivatives are obtained from the etherification of the
      phenol function.
PAR  The preparation and physical-chemical characteristics of a derivative with
      ether function is given below by way of illustration but not of
      limitation:
PAR  O-allyl 5-bromo ortho-cresotamide
      ##SPC5##
EQU  (R' = NH.sub.2, R = CH.sub.2 -- CH = CH.sub.2, X = Br)
PAR  Preparation:
PAR  1 mol of 5-bromo ortho-cresotamide is added to a methanolic solution of 1.2
      mol of sodium; it dissolves immediately; thereupon 2 mol of allyl chloride
      are added drop by drop, reflux is effected for several hours, and
      evaporation to dryness is then effected.
PAR  The residue is treated with ether/water, the ether phase is washed with an
      aqueous solution of 1N soda and then with water until neutral; it is
      concentrated and crystallized by the addition of petroleum ether.
PAR  The white crystals obtained have a melting point of 147.degree.C.
PAR  Overall formula: C.sub.11 H.sub.12 Br NO.sub.2
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether 30:70.
PAR  R.sub.f : 0.41 (U.V. development).
PAR  Among the O-acyloylated derivatives, the applicant has more particularly
      studied methyl 2-(.alpha.-thenoyloxy) 3-methyl 5-bromo benzoate.
EQU  (R = thenoyl Radical R' = OCH.sub.3, X = Br)
PAR  To 6 g of methyl 5-bromo 2-hydroxy 3-methyl benzoate add 4 g of thenoyl
      chloride in the presence of 6 g of pyridine; there is obtained, in a yield
      of 93%, crystals of methyl 2-(.alpha.-thenoyloxy) 3-methyl 5-bromo
      benzoate which are soluble in acetone, chloroform, ether and methanol and
      insoluble in water, propylene glycol and glycerol.
PAR  Melting point: 88.degree.C.
PAR  The acute toxicity of these new derivatives is rather low; it has been
      determined as follows on mice (method of Miller and Tainter):
PA1  methyl 5-bromo 2-hydroxy 3-methyl benzoate
PA2  Dl.sub.50 /per os = about 1.600 mg/kg
PA1  5-bromo 2-hydroxy 3-methyl benzamide
PA2  Dl.sub.50 /per os = about 7.800 mg/kg
PA1  5-bromo 2-hydroxy 3-methyl benzamide
PA2  Dl.sub.50 /i.p. = about 1.500 mg/kg
PA1  2-hydroxy 3-methyl benzamide
PA2  Dl.sub.50 /i.p. = about 700 mg/kg
PA1  N (dimethyl N',N'-amino 3'-propyl) 5-bromo-ortho-cresotamide hydrochloride
PA2  Dl.sub.50 /i.p. = about 316 mg/kg
PA1  N (diethyl N',N' -amino 2'-ethyl) 5-bromo-ortho-cresotamide hydrochloride
PA2  Dl.sub.50 i.p. = about 178 mg/kg
PA1  N (morpholino 3'-propyl) 5-bromo-ortho-cresotamide hydrochloride
PA2  Dl.sub.50 /i.p. = about 237 mg/kg
PA1  N (morpholino 2'-ethyl) 5-bromo-ortho-cresotamide hydrochloride
PA2  Dl.sub.50 /i.p. = 562 mg/kg
PA1  N (pyrrolidino 2'-ethyl) 5-bromo-ortho-cresotamide hydrochloride
PA2  Dl.sub.50 /i.p. = 178 mg/kg
PA1  5-chloro ortho-cresotamide
PA2  Dl.sub.50 /i.p. = 560 mg/kg
PA1  methyl 5-chloro ortho-cresotate
PA2  Dl.sub.50 /i.p. = 178 mg/kg
PA1  methyl 5-iodo ortho-cresotate
PA2  Dl.sub.50 i.p. = 750 mg/kg
PA1  methyl 5-nitro ortho-cresotate
PA2  Dl.sub.50 i.p. = 178 mg/kg
PAR  The pharmacological properties of the new derivatives which are the object
      of the present description have been studied. During their primary
      pharmacological screening these various substances showed a definite power
      as depressant of the central nervous system -- sedative, muscular-relaxant
      and anticonvulsant properties and an anti-pyretic activity. Substantial
      musculolytic and choleretic properties have also been found. Finally all
      these derivatives have very definitely potentialized the antalgic power of
      derivatives such as aspirin, noramidopyrine and even morphine.
PAC  POTENTIALIZATION OF BARBITURATE NARCOSIS (MICE)
PAR  a. Technique:
PAR  Evaluation of the increase of the duration of the sleep induced by 60 mg/kg
      of mebubarbital (I.P.) (N = 10 mice).
PAR  b. Carrying Out of the Test:
PA1  t.sub.o .fwdarw. oral administration of the compound.
PA1  t.sub.o +  60' .fwdarw. injection of sodium mebubarbital and determination
      of the periods of narcosis.
PAR  c. Results Obtained: (Percentage of increase in the duration of the sleep).
     COMPOUNDS            mg/kg    % increase                                  
     ______________________________________                                    
     N (dimethyl N,N'-amino 2'-ethyl)                                          
                          100       +  78%                                     
     5-bromo ortho-cresotamide                                                 
     N (diethyl N,N'-amino 3'-propyl)                                          
                           50       +  72%                                     
     5-bromo ortho-cresotamide                                                 
                          100       + 130%                                     
     N (dimethyl N,N'-amino 3'-propyl)                                         
     5-bromo ortho-cresotamide                                                 
                          100       +  80%                                     
     N (diethyl N,N'-amino 2'-ethyl)                                           
     5-bromo ortho-cresotamide                                                 
                          100       + 102%                                     
     methyl 2 (.alpha.-thenoyloxy) 3-methyl                                    
     5-bromo benzoate     100       +  75%                                     
     N (morpholino 3'-propyl) 5-                                               
     bromo ortho-cresotamide                                                   
                          100       + 100%                                     
     N (pyrrolidino 2'-ethyl) 5-                                               
     bromo orthocresotamide                                                    
                          100       + 100%                                     
     5-chloro ortho-cresotamide                                                
                           50       +  70%                                     
                          100       + 140%                                     
     methyl 5-chloro ortho-cresotate                                           
                          100       +  92%                                     
     methyl 5-iodo ortho-cresotate                                             
                          100       +  90%                                     
     methyl 5-nitro ortho-cresotate                                            
                          100       +  60%                                     
     O-acetyl N,N-diethyl 5-bromo                                              
     ortho-cresotamide    100       +  40%                                     
     5-bromo meta-cresotamide                                                  
                          100       + 120%                                     
     methyl 5-bromo ortho-cresotate                                            
                          100       +  97%                                     
     5-bromo ortho-cresotamide                                                 
                           30       + 29.8%                                    
                          100       + 132 %                                    
                          300       + 134 %                                    
     ______________________________________                                    
PAR  The new derivatives which are the object of the present invention also
      potentialize the sleep induced by chloral hydrate. With respect to
      anticonvulsive activity (convulsive attacks induced by pentetrazole), the
      derivatives whose amide function is not substituted have proven to be of
      the greatest interest.
PAR  Technique:
PAR  The compound is injected in the mouse interparenterally 30 minutes before
      the I.V. injection of 75 mg/kg of pentetrazole.
PAR  The number of mice showing tonic convulsions is noted and the percentage
      mortality determined.
PAR  The vehicle is an oil solution; a volume of 0.2 mg/20 g of body weight is
      administered.
TBL  ______________________________________                                    
     Results:                                                                  
     COMPOUNDS           mg/kg     % protection                                
     ______________________________________                                    
     Controls (20 mice)  0         0                                           
     Mephenesine         100       0                                           
     N-(dimethyl N,N'-amino 2'-ethyl)                                          
     5-bromo ortho-cresotamide                                                 
                         100       25%                                         
     N (pyrrolidino 2'-ethyl) 5-bromo                                          
     ortho-cresotamide   100       32%                                         
     5-bromo ortho-cresotamide                                                 
                         100       39.5%                                       
                         300       49.3%                                       
     5-chloro orthocresotamide                                                 
                         100       38%                                         
                         200       44%                                         
     Methyl 5-chloro ortho-cresotate                                           
                         100       22%                                         
     Methyl 5-iodo ortho-cresotate                                             
                         100       20%                                         
     Methyl 5-nitro ortho-cresotate                                            
                         100       10%                                         
     5-bromo meta-cresotamide                                                  
                         100       28%                                         
     ______________________________________                                    
PAR  In view of the homogeneity of this family of new derivatives forming the
      object of the present patent, the applicant did not deem it necessary,
      after a prior study of chronic toxicity, to test all the new derivatives
      in man; however, it selected those which it considered most promising,
      this manner of procedure, of course, not being of a limitative character.
PAR  These derivatives were the subject of clinical tests carried out on
      volunteers suffering various algias and feverish conditions and, by
      themselves or associated with other active principles, gave the
      satisfactory therapeutic results which one had a right to expect.
PAR  The formulas of the different drugs containing some of the new derivatives
      forming the object of this patent are, by way of illustration:
TBL  Formula 1                                                                 
     Tablets, according to formula:                                            
     5-chloro ortho-cresotamide   300 mg                                       
     Excipients, q.s.p. 1 tablet                                               
     Formula 2                                                                 
     Tablets, according to formula:                                            
     5-chloro ortho-cresotamide   150 mg                                       
     Aspirin                      350 mg                                       
     Excipients, q.s.p. 1 tablet                                               
     Formula 3                                                                 
     Suppositories, according to formula:                                      
     N (morpholino 2'-ethyl) 5-bromo ortho-                                    
     cresotamide hydrochloride       200 mg                                    
     Promethazine                     1 mg                                     
     Excipient, q.s.p.    1 suppository                                        
     Formula 4                                                                 
     Injectable ampoules (intramuscular),                                      
     according to the formula                                                  
     5-bromo meta-cresotamide 100 mg                                           
     Neutralized oil excipient, q.s.p.                                         
                               5 ml                                            
     Formula 5                                                                 
     Tablets, according to formula                                             
     0-allyl 5-bromo ortho-cresotamide                                         
                                    150 mg                                     
     Excipient, q.s.p.     1 tablet                                            
     Formula 6                                                                 
     Tablets, according to formula                                             
     5-bromo 2-hydroxy 3-methyl benzamide                                      
                                    250 mg                                     
     Excipients, q.s.p.    1 tablet                                            
     Formula 7                                                                 
     Tablets, according to formula                                             
     5-bromo 2-hydroxy 3-methyl benzamide                                      
                                    150 mg                                     
     Acetyl salicylic acid          350 mg                                     
     Excipients, q.s.p.    1 tablet                                            
     Formula 8                                                                 
     Suppositories, according to formula                                       
     5-bromo 2-hydroxy 3-methyl benzamide                                      
                            125, 250 and                                       
                            500 mg                                             
     Excipients, q.s.p., 1 suppository, "infants," children,                   
     "adults"                                                                  
PAR  The present invention also relates to the pharmaceutical forms which can be
      administered by mouth, rectally, parenterally and locally in which there
      are associated with the active principles described in the present
      invention also other active principles which can usefully supplement the
      therapeutic properties of the new derivatives. An enumeration of these
      active principles which are widely known and used in therapy could only be
      limitative.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition useful as an anticonvulsant which comprises an
      anticonvulsant amount of an N--C.sub.1 to C.sub.4
      -alkyl-5-bromo-ortho-cresotamide in a pharmaceutically acceptable diluent.
NUM  2.
PAR  2. A composition of claim 1 wherein the compound is
      N-ethyl-5-bromo-ortho-cresotamide.
NUM  3.
PAR  3. A method of reducing convulsions in a host which comprises administering
      to the host an anticonvulsant amount of an N--C.sub.1 to C.sub.4
      -alkyl-5-bromo-ortho-cresotamide.
NUM  4.
PAR  4. A method of claim 3 wherein the compound is
      N-ethyl-5-bromo-ortho-cresotamide.
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ABST
PAL  The vitamin K is produced by bacteria which are a mixture of normal
      gastrointestinal flora which are fermented, spray dried and added to a
      feed supplement. The use is mainly for poultry but could be used also on
      other animals.
BSUM
PAR  This invention relates to vitamin K, and more particularly to a bacterial
      source of vitamin K which is mixed with animal feed to give a yound animal
      an internal source of vitamin K.
PAR  In a nutritional deficiency of vitamin K, chicks show a hemorrhagic
      syndrome characterized by internal bleeding and long blood clotting time.
      A severely affected bird may bleed to death as a result of pulling out a
      pin feather. In rats and other species it is difficult to produce a
      deficiency by feeding rations void of the vitamin. Such species are
      supplied with the vitamin from intestinal bacteria which synthesized it.
      The microorganisms are decomposed in part, and the vitamin thus becomes
      available for absorption. This also occurs normally in human beings.
PAR  Regardless of the way in which a deficiency is produced, the end result is
      a lowering of the blood plasma prothrombin. If this becomes severe, blood
      clotting time is lengthened and various manifestations of the hemorrhagic
      syndrome may ensue. The liver requires the vitamin for the synthesis of
      prothrombin. That vitamin K may interact with tissue cells seems clear
      since no amount of it has been demonstrated to affect the coagulation of
      normal or of K deficient blood in vitro. Vitamin K serves as prosthetic
      group for the APO enzyme required for the mechanism involved in
      prothrombin synthesis.
PAR  A new born infant is subject to the elementary vitamin K deficiency since
      the vitamin is not readily passed from mother to fetus. The disease is
      characterized by low prothrombin levels, and consequently, a tendency to
      hemorrhage. Often a spontaneous abatement of this tendency ensues, as a
      result probably of establishment of intestinal flora in the infant.
PAR  It is suggested that a bacterial source of vitamin K would be more
      efficacious than any of the presently available forms of vitamin K
      supplements. Mixed with animal feeds, the bacteria would give the young
      animal an internal source of vitamin K. The feasibility of this approach
      is supported by past literature. (The Bacteria 1962, I. C. Gunsalus and R.
      Y. Stainer)
PAR  The presently available product exhibits an exceedingly poor stability
      (e.g. 90 to 95% loss during pelleting) and cannot account for the level of
      prothrombin activity observed in chickens after five to six weeks diet of
      a given feed.
PAR  The recommended bacteria is a mixture of normal gastrointestinal flora
      consisting of non-pathogenic strains of clostridia, escherichia,
      aerobaster, microbacteria, and enterobacteriacease. A mixture is desirable
      as even non-pathogens can produce disease under optimum conditions (i.e.
      no growth competition). The mixture is fermented as a single batch with
      chicks to ensure proper growth of all organisms. The final beer can be
      spray dried and mixed with feed at levels to be sold either as a premix or
      as a final feed.
PAR  Since the primary intention of this feed is to ensure the early presence of
      intestinal flora, the loss of a percentage of the organism during any
      special treatment of the feed (such as pelleting) should be
      inconsequential.
PAR  A spontaneous appearance of vitamin K activity as measured by blood
      prothrombin clotting times were shown to occur at four to five weeks of
      age with chicks fed a low vitamin K diet. A "multiple biological"
      supplemented feed, prepared from cultured chick intestinal microorganisms,
      let into a low vitamin K diet fed to five day old chicks was shown to
      maintain nearly normal blood clotting time indicating biological induction
      of vitamin K activity. A "single biological" supplemented feed was
      prepared using the microorganism, Citrobacter isolated from the "multiple
      biological" supplement, and shown to be a major contributor for the in
      vivo induction of vitamin K activity in chicks.
PAR  The following examples will serve to illustrate the methods used and the
      results obtained in the present invention.
DETD
PAC  EXAMPLE I
PAR  SOURCE I. A "multiple biological" feed supplement cultured by incubating
      the fluid contained in the first 10 cm. of intestine (duedeno-jejunal
      flexure) following the proventrichulus of a six-week old Leghorn hen in
      fluid thioglycolate broth for 48 hours at 32.degree.C. The organisms
      present after incubation were isolated by centrifugation, washed with
      sterile distilled water, and mixed with a small amount of zein before
      drying under vacuum at room temperature. Bacterial identification tests
      (API-20 System for the Identification of Enterobacteriacease, Analytab
      Products, Inc., N.Y., N.Y.) revealed the presence of the following four
      types of organisms: Klebsilla pneumoniae, Streptococcus faecalus,
      Streptococcus liquifaciens, and Citrobacter.
PAC  EXAMPLE II
PAR  SOURCE II. A "single biological" feed supplement, was prepared from
      isolated Citrobacter in a manner similar to that described above.
PAC  Test Ration Preparation
PAR  Test diets were prepared as follows: Diet 0, a basal ration (void of
      vitamin K and containing 0.1% sulphaquinoxaline as a vitamin K
      antagonists); Diet 1, basal ration supplemented with menadione bisulfite
      and chemically assayed, to initially contain 1 ppm equivalence menadione;
      Diet 2, basal ration supplemented with "multiple biological" Source I and
      biologically assayed to contain 10.sup.4 organisms per gm; Diet 3, basal
      ration supplemented with "single biological" Source II and biologically
      assayed to contain 10.sup.4 Citrobacter organisms per gm.
PAC  Animal Treatment
PAR  Two separate treatments were used in this study as described below:
PAR  Treatment I. Eighteen 5-day old female Leghorn chicks which had been
      feeding on a commercial chick starter (high in alfalfa content) were
      divided into three groups of six and placed on each of the following
      diets; basal ration (Diet 0), menadione bisulfite supplement ration (Diet
      1), or "multiple biological" supplemental ration (Diet 2). Blood
      prothrombin clotting times (BPC) were determined at one week intervals.
PAR  Treatment II. Sixteen 1-day old female Leghorn chicks were divided into two
      groups of eight and placed on the "multiple biological" supplemented
      ration (Diet 2) or the Citrobacter "single biological" supplemented ration
      (Diet 3). BPC times were determined at ten day intervals as described
      above.
PAR  The chicks were kept in wire floor batteries and fresh water was supplied
      daily throughout both treatments.
PAC  Evaluation of Treatment I
PAR  A comparison of both BPC times and weight gains was made each week for six
      successive weeks with the five day old chicks placed on the basal ration
      (Diet 0), menadione bisulfite ration (Diet 1), or "multiple biological"
      ration (Diet 2).
PAR  The blood prothrombin clotting times (BPC) for the chicks placed on
      Treatment I (basal, menadione bisulfite, and "multiple biological"
      rations) are presented in Table 1. The chicks on Diet 1 containing the
      synthetic vitamin K supplement maintained normal BPC times at ca. 20
      seconds throughout the six week intervals. The chicks after one week on
      Diet 0, the vitamin K deficient basal reaction, showed an increase in BPC
      times from ca. 20 seconds to 40 seconds and maintained that BPC level
      through week four. Normally, chicks maintained only on a low K diet will
      have BPC times greater than 80 seconds. The chicks on Treatment I,
      however, were not severely stressed because they had been on a commercial
      chick starter high in alfalfa content for five days prior to being placed
      on the test diets. This probably accounts for the lower than expected BPC
      times observed for chicks on the basal and "multiple biological" rations.
PAR  As shown in Table I, the BPC times of the chicks fed the low K diet
      (containing no supplements) dropped from ca. 40 seconds at week four to 21
      seconds at week six indicating availability of vitamin K which quite
      likely was a result of intestinal microflora development. Additional
      evidence indicating the significance of available natural vitamin K via
      microflora is seen with the chicks fed the multiple biological ration
      (Diet 2). Nearly normal BPC times were observed (28.4 to 23.3 sec.) with
      this group throughout the six week interval with exception of the 36.5
      seconds at week three. The relatively low BPC times (ca. 28 sec.) for this
      group for the first two weeks on test could be attributed to natural
      vitamin K already present in the microorganisms, but there appears to be
      little doubt that after week four on the test diet (where the chicks are
      at five weeks of age) additional available vitamin K is being produced by
      the intestinal flora and made available to the chicks. A graphic
      representation of the results of Treatment I is presented in FIG. 1.
PAR  A graph of the weight gains observed with Treatment I is shown in FIG. 2.
      It is apparent that with respect to weight gain coupled with the fact that
      no mortalities were observed, the chicks on the multiple biological ration
      (Diet 2) suffered no adverse effects. Indeed, although the differences
      were not statistically significant, the weights of the chicks on Diet 2
      consistently were higher than the control vitamin K supplemented Diet 1.
PAC  Evaluation of Treatment 2
PAR  A comparison of BPC times was made during every ten successive days for 49
      days with the one day old chicks placed on either the "multiple
      biological" ration (Diet 2) or the Citrobacter ration (Diet 3).
PAR  BPC times for the chicks placed on Treatment II (multiple biological and
      Citrobacter single biological rations) are shown in FIG. 3. Placement of
      1-day old chicks on the test diets in Treatment II resulted in more stress
      relative to Treatment I. For this reason the BPC times of the chicks on
      the "multiple biological" ration (Diet 1) increased from 50 seconds at 10
      days to greater than 90 seconds at 20 days on test as compared to BPC
      times not being greater than ca. 40 seconds in Treatment I. However, the
      BPC times of chicks on the Citrobacter ration (Diet 3) ranged from about
      35 to 40 seconds throughout the first 30 days on test. It is clearly seen
      that the presence of Citrobacter has maintained blood clotting
      capabilities of the chicks and is probably the main source and/or producer
      of natural vitamin K in the intestinal microflora which is available to
      the chicks. After 30 days on test, indication of increased vitamin K
      activity is seen with both test Diet  2 and Diet 3 and after 40 days on
      tests nearly normal BPC times are observed with the Citrobacter
      supplemented Diet 3.
PAR  In conclusion, it appears that biological induction of vitamin K activity
      occurs in chicks between four to five weeks of age and that Citrobacter is
      the major contribution towards this phenomenon.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     BLOOD PROTHROMBIN CLOTTING TIME OF CHICKS                                 
     on TREATMENT I.sup.a                                                      
            BLOOD PROTHROMBIN CLOTTING TIME (Sec.) .+-. Coef. Var..sup.b       
            Basal   Menadione Bisulfite                                        
                                Multiple Biological                            
     Week/Diet                                                                 
             Diet O    Diet 1      Diet 2                                      
     __________________________________________________________________________
     1      40.5 .+-. 8.5                                                      
                      17.7 .+-. 10.7                                           
                                  28.3 .+-. 14.8                               
     2      38.4 .+-. 5.6                                                      
                      18.7 .+-. 12.2                                           
                                  28.4 .+-. 19.6                               
     3      39.5 .+-. 24.6                                                     
                      18.7 .+-. 10.5                                           
                                  36.5 .+-. 8.5                                
     4      39.9 .+-. 8.9                                                      
                      17.5 .+-. 12.8                                           
                                  26.1 .+-. 8.5                                
     5      29.4 .+-. 14.6                                                     
                      20.4 .+-. 2.7                                            
                                  25.3 .+-. 6.6                                
     6      21.2 .+-. 14.6                                                     
                      20.4 .+-. 4.2                                            
                                  23.3 .+-. 7.3                                
     __________________________________________________________________________
      .sup.a Chicks were placed on test diets after five days feeding on a     
      commercial chick started high in alfalfa content.                        
      .sup.b Each value represents an average of five chicks.                  
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for maintaining a proper level of vitamin K in animals
      comprising the steps of mixing a bacterial source of said vitamin K with
      an animal's feed and feeding said mixture to an animal.
NUM  2.
PAR  2. The method of claim 1 wherein said bacterial source is Citrobacter.
NUM  3.
PAR  3. The method of claim 1 wherein said bacterial source is Klebsilla
      pneumoniae.
NUM  4.
PAR  4. The method of claim 1 wherein said bacterial source is Streptococcus
      faecalus.
NUM  5.
PAR  5. The method of claim 1 wherein said bacterial source is Streptococcus
      liquifaciens.
PATN
WKU  039404927
SRC  5
APN  4830075
APT  1
ART  172
APD  19740625
TTL  Continuous fermentation process
ISD  19760224
NCL  8
ECL  1
EXA  Penland; R. B.
EXP  Monacell; A. Louis
NDR  1
NFG  1
INVT
NAM  Ehnstrom; Lars Karl Johan
CTY  Tullinge
CNT  SW
ASSG
NAM  Alfa-Laval AB
CTY  Tumba
CNT  SW
COD  03
PRIR
CNT  SW
APD  19730709
APN  7309617
CLAS
OCL  426 16
XCL  195 82
XCL  195115
EDF  2
ICL  C12C 1104
ICL  C12C 1108
FSC  426
FSS  28;29;30;16
FSC  195
FSS  17;82;115
UREF
PNO  2726957
ISD  19551200
NAM  Kunz
OCL  426 29
UREF
PNO  3627544
ISD  19711200
NAM  Bosewitz et al.
OCL  426 29
UREF
PNO  3746550
ISD  19730700
NAM  Ehnstrom
XCL  195 17
LREP
FR2  Hapgood; Cyrus S.
ABST
PAL  Wort is continuously supplied to a circuit including an elongated closed
      channel and through which micro-organisms are fed. After fermentation has
      taken place in the circuit, the mixture of wort and micro-organisms is
      centrifuged to separate it into fermented wort, a living cell mass and
      impurities, these three components being separately discharged from the
      centrifuge. The separate discharges of fermented wort and living cell mass
      are continuous, and the latter discharge includes an excess of living
      cells formed in the circuit, an amount of cell mass corresponding to this
      excess being discharged from the circuit.
BSUM
PAR  The present invention relates to a method for carrying out continuous
      fermentation in a wort or other substrate, microorganisms being fed in a
      circuit which includes an elongated, closed channel and to which wort is
      continuously supplied. An advantage of this kind of method is the fact
      that the concentration of cell mass (micro-organisms) in the wort can be
      kept high during the fermentation course, which circumstance leads to a
      desirably high fermentation velocity. However, it has proved that the
      fermentation process ceases after a certain period of operation, and for
      this reason the operation must be interrupted and the plant must be
      emptied and cleaned.
PAR  The present invention has for its principal object to improve the
      above-mentioned prior method so that no operating interruptions will be
      necessary for the continuation of the fermentation process.
PAR  According to the invention, the problem is solved by centrifugally
      separating the mixture of wort and cell mass, after fermentation has taken
      place in the circuit, into three components, namely, fermented wort,
      living cell mass and impurities, the fermented wort, and impurities and
      the formed excess of living cell mass being continuously discharged from
      the centrifuge. The fermentation process can thus be continued for
      practically an unlimited long time without interruption. The explanation
      of this is that the impurities, which have proved to consist of dead yeast
      cells as well as precipitations formed during the fermentation process
      (mainly proteins), are accumulated in the circuit in the prior method to
      such a concentration that their presence stops the fermentation process.
      The reason for this accumulation is the fact that when producing beer, for
      example, the discharge of cell mass from the circuit is as small as 1 to 2
      percent of the cell mass circulating in the circuit. According to the
      present invention, it was found that separating the dead cells and the
      precipitations (= impurities) from the living cell mass is possible
      because the impurities have a higher density than the living cells.
PAR  According to an additional feature of the invention, the centrifuging is
      carried out so that the living cell mass discharged from the centrifuge
      has a dry substance content of at least 10 percent by weight. The
      advantage of this is that it is possible to maintain a high cell
      concentration and consequently a low flow velocity in the circuit without
      any trouble due to sedimentation in the channels of the plant. In this way
      the plant can be made more compact, and at the same time the mixture of
      wort and cell mass can pass through the closed channel as a coherent plug
      without any risk of wort parts with different degree of fermentation being
      mixed.
PAR  Furthermore, according to the invention the cell growth in the circuit can
      be controlled by a controlled supply of oxygen, as in the form of air, to
      the living cell mass which is discharged from the centrifuge. More
      exactly, this takes place by means of a paring device which is caused to
      discharge a controlled mixture of oxygen-containing gas and living cell
      mass from the centrifuge. By means of this control of the oxygen supply,
      it is possible to effect an optimum production of the product which is to
      be produced by the method, such as beer or yeast. The control is effected
      by controlled throttling of the outlet of the paring device. Thus, a
      controlled covering of the opening of the paring device, and consequently
      a control of the ratio of gas to cell mass in the mixture discharged by
      the paring device, are obtained. At the same time a desired intense
      admixture of oxygen-containing gas into the cell mass is obtained.
PAR  The time of contact between the cell mass and the wort in the circuit can
      be controlled by control of the flow through the circuit, as by a control
      of the supply of wort to the circuit. By means of this control, it can be
      ensured that the content of different fermentable sugars of the wort will
      be consumed to a satisfactory degree.
PAR  Furthermore, according to the invention the temperature can be controlled
      by indirect heat exchange to different levels in different parts of the
      closed channel in accordance with a desired temperature program. Thus, it
      is desirable that the temperature of the fresh wort entering the circuit
      be rapidly increased to such a temperature that the cells will be active.
      Thereafter the temperature in the continuation of the channel should be
      reduced to such a degree that an optimum production of the product is
      obtained. If the temperature should be too high, especially due to the
      heat development of the cells themselves, the fermentation course ceases.
PAR  If the method is intended for alcohol production, it is suitable to
      discharge carbonic acid from one or more points of the closed channel for
      the reason that too high a carbonic acid pressure obstructs continued cell
      growth and also entails a risk of bursting the parts exposed to the
      carbonic acid pressure.
PAR  By carrying out the fermentation process in an elongated, closed channel,
      it is possible according to the invention to control the fermentation by
      additives such as enzymes, acid for the control of the pH value, etc.,
      supplied to different parts of the closed channel.
PAR  The closed channel also makes it possible to carry out the fermentation
      under superatmospheric pressure, so that the fermentation process can be
      caused to operate faster. The superatmospheric pressure can be effected by
      the carbonic acid development of the cells and, if this is not sufficient,
      by pumping in air, for instance, as by means of the paring device
      previously mentioned. The superatmospheric pressure can be kept different
      in different parts of the channel.
DRWD
PAR  The invention is described more in detail below, reference being made to
      the accompanying drawing in which the single illustration is a schematic
      view of an example of a plant for carrying out the present method.
DETD
PAR  A pipeline for the supply of fresh wort is shown at 1, and in this pipeline
      is a pump 2 which feeds a predetermined quantity of wort per unit of time
      into a mixer 3 of a type operating without movable parts. In this mixer
      the wort is mixed with a cell mass supplied through a pipeline 4. The
      mixture of wort and cell mass is fed from the mixer 3 to a helical heat
      exchanger 5, where the mixture flows in a helical path inwards to a center
      and in countercurrent to and under indirect heat exchange with a medium
      which flows through a similar helical path. The mixture flows from said
      center directly into a pipeline 6 which leads to a helical reactor 7,
      where the mixture first flows in a helical path inwards to a center and
      then outwards from this center in another helical path. No heat exchange
      is effected in the helical reactor 7, which serves as a holding zone for
      the mixture. The mixture is fed by a pump 8 from the reactor 7 through a
      pipeline 9 to a helical heat exchanger 10 of the same kind as the heat
      exchanger 5. The pump 8 is of a known kind capable of separating foam or
      gas from the mixture, such as an air excess or carbonic acid; and this gas
      is discharged via a pipeline 11 by a pump 12, which generates a weak
      vacuum. Pumps of the same type as the pump 8 are inserted in necessary
      parts of the closed channel formed by the different helical heat
      exchangers and the helical reactors. It is possible to use a combination
      of an expansion vessel and a pump instead of pumps of said kind, as shown
      by the details 13 and 14. The gas liberated in the expansion vessel 13 is
      sucked out through the pipeline 11, and the mixture of wort and cell mass
      is delivered by pump 14 from the bottom of the vessel 13 through a
      pipeline 15 to a centrifuge 16. The mixture also flows from the helical
      heat exchanger 10 through a pipeline 17 to a helical reactor 18 of the
      same kind as the reactor 7. When necessary, additional pairs of a helical
      heat exchanger and a helical reactor can be connected in series in the
      pipeline part 19, shown by a broken line.
PAR  Since heat is developed by the cell growth, a cooling medium such as cold
      water is supplied to the helical heat exchangers through a pipeline 20,
      and the heated cooling medium is discharged through a pipeline 21.
PAR  The entering mixture is divided in the centrifuge 16 into spent wort,
      living cell mass and impurities (dead cells and precipitations). The wort
      is discharged as the lightest phase by a paring tube 22 and is delivered
      in its entirety from the plant through a pipeline 23. The living cell mass
      is a phase of medium weight which collects as the next outermost layer 24
      in the sludge space of the centrifuge rotor, and it is led to tubes 25 to
      a central space 26 where it forms a peripheral layer 27. Living cell mass
      is discharged from this layer by a paring tube 28 and is mostly led back
      to the plant through a pipeline 29. Only a small part, corresponding to
      the quantity of living cell mass newly formed during the circulation
      through the circuit, is discharged via a valve 30, which keeps a constant
      pressure in the pipeline 29. The impurities separated in the centrifuge
      are collected as the heaviest phase to form an outermost layer 31 in the
      sludge space of the centrifuge rotor and are discharged from there through
      openings (not shown) provided at the periphery of the rotor, either in the
      form of permanently open nozzles or in the form of normally closed
      openings which are intermittently opened, as by an axially movable,
      annular piston valve. It is possible to return to the centrifuge inlet 15,
      through a pipeline 32, a part of the living cell mass so that the latter
      then can be discharged with a desirably high concentration through the
      paring tube 28. This concentration can be adjusted at the start of the
      process and also during operation by means of a control valve 33 inserted
      in the return pipeline 32. When producing beer, a part of the carbonic
      acid may be discharged from the pressure side 34 of the pump 12 so as to
      be led through a pipeline 35 under superatmospheric pressure into the beer
      being discharged through the pipeline 23. The beer thus acquires a desired
      carbonic acid percentage, the magnitude of which can be controlled by
      means of a valve 36.
PAR  When starting the process, the plant is first filled with a mixture of
      water and cell mass already available through pipeline 1. After the
      centrifuge 16, by dehydration of the mixture, has increased its
      concentration of cell mass to a value necessary for the operation, wort at
      about 20.degree. C is supplied through the pipeline 1. This wort gradually
      displaces the water in the mixture circulating in the plant, until the
      wort concentration has reached the value necessary for the operation. The
      diluted wort which has previously left the plant through the pipeline 23
      can go to drain or be sent to a suitable place of consumption. In order to
      avoid sedimentation in the channels of the plant, a certain flow velocity
      of the mixture of wort and cell mass must be maintained. With a dry
      substance content of the mixture of 15 percent by weight, a velocity of
      0.1 m/sec. is sufficient. If the dry substance content is below 10 percent
      by weight, flow velocities higher than 0.3 m/sec. are necessary. The
      channel system is so dimensioned that the holding time in it will be one
      to two hours, depending on the type of fermentation. The channel area
      should not be greater than 100 cm.sup.2, if the flow through the channels
      is to take place in the form of a coherent plug. By adjusting the
      counter-pressure by means of the valve 30, it is possible to effect such a
      covering of the opening of the paring tube 28 that a suitable amount of
      air is mixed into the cell mass which is pumped out by the paring tube 28.
      When the paring tube opening is completely covered, air admixture into the
      cell mass is prevented, which may be desirable in certain types of alcohol
      fermentation. If production of cell mass is the main object of the present
      method, great amounts of air are sucked in by the paring tube 28. Excess
      of cell mass, which gives a corresponding pressure increase in the paring
      tube 28, is discharged by the valve 30. Due to the high concentration of
      living cells in the wort, the fermentation takes place rapidly. By means
      of the different helical heat exchangers provided in the fermentation
      channel, the temperature can be kept under the necessary control in the
      different parts of the channel. It is possible to effect not only cooling
      but also heat supply, if the desired fermentation course should require
      this. The different places for gas discharge, such as at 8 and 13, can be
      arranged to provide intervals of 10 minutes of reaction time along the
      channel. Furthermore, preferably at the inlets of the helical heat
      exchangers or the helical reactors, it is possible to make additions of
      nutritive salts and enzymes and also additions for controlling the pH
      value, whereby the fermentation conditions can be optimized in the
      different phases of the fermentation course.
PAC  EXAMPLES
PAR  1. Production of Beer
PAR  The plant is filled with beer yeast which has been stored since the
      preceding production. The yeast mass, which has a dry substance content of
      about 15 percent by weight, contains beer and wort and need not normally
      be concentrated before the start. If the yeast mass is contaminated, it is
      diluted with water and is allowed to pass through the centrifuge, the wash
      water being separated off and the channel system being filled with the
      cell mass. Wort of the desired composition and concentration, usually with
      an extract content of 8 to 16 percent by weight and a temperature of
      10.degree. to 15.degree. C, is supplied to the circuit by means of the
      pump 2. The flow of the yeast mass is constant and has been adjusted by
      inserting suitable nozzles in the inner end of the tubes 25. The flow
      should be adjusted so that the holding time for a yeast cell will be 1 to
      2 hours during the passage through the fermentation channel, which is
      sufficient at the high cell concentration involved here. A flow velocity
      of about 0.1 m/sec. is necessary when the dry substance content of the
      yeast mass is about 15 percent by weight. The wort quantity being supplied
      to the circuit is mixed effectively with the yeast mass in the mixer 3.
      Preferably, the ratio of wort to yeast mass should be 1:5 to 1:10. By
      varying the addition of wort, the holding time (fermentation time) can be
      varied within certain limits, whereas the main adjustment is made by means
      of the yeast flow from the centrifuge. During the fermentation, about 10
      liters of carbonic acid are formed per one liter of wort, which gas must
      be discharged from the system, since the gas otherwise (due to its
      volume-occupying effect) reduces the contact time and thereby disturbs the
      fermentation course. Preferably, the channel is divided into sections,
      each corresponding to a contact time of 10 minutes, cooling (heat
      exchangers) and carbonic acid discharge being arranged for each section.
      Additions of chemicals, such as amino acids and enzymes, can be made
      during the passage through the channel, whereby the quality of the
      finished beer is controlled. Control of the fermentation course is carried
      out by measuring the specific gravity or the quantity of carbonic acid
      formed. In the centrifuge, the beer is separated in clarified state under
      superatmospheric pressure with a certain percentage of carbonic acid.
      Waste products formed, such as precipitated proteins and dead yeast cells,
      are separated off as a heavy phase. The yeast phase is discharged by means
      of a paring tube and is returned to the circuit. The yeast growth is
      controlled by means of the counter-pressure in the yeast outlet. The
      counter-pressure is proportional to the covering of the paring tube
      opening and inversely proportional to the air supply, whereby the yeast
      growth is controlled. Through the yeast growth, the pressure in the closed
      system increases, the valve 30 opening and giving off the excess yeast.
PAR  2. Production of Baker's Yeast
PAR  When producing baker's yeast, sterilized molasses (and nutritive salts) is
      usually used as substrate, the process being carried out mainly as in
      Example 1. The fermentation is aerobic, and for this reason the greatest
      possible quantity of air (or oxygen) must be supplied to the fermentation
      process in order to obtain a high yield. As has been mentioned earlier,
      air is supplied effectively in the centrifuge by means of the paring tubes
      for the yeast mass. The plant operates under superatmospheric pressure,
      great amounts of air dissolving in the suspension of molasses and yeast.
      Air or oxygen gas can also be added to other parts of the fermentation
      channel as well as nutritive salts, nitrogen gas, etc. After the mixture
      of molasses and yeast has passed a couple of holding sections, the air
      contaminated by gas development during this passage is sucked away and
      replaced by fresh air. The cell concentration in the suspension is also
      kept at a high level or at a dry substance content of about 15 percent by
      weight. Wash water may be added at the end of the fermentation channel and
      is then separated off in the centrifuge together with spent molasses. The
      formed yeast discharges automatically through the valve 30.
CLMS
STM  I claim:
NUM  1.
PAR  1. In carrying out continuous fermentation in a wort substrate, the method
      which comprises feeding a flow of micro-organisms in a circuit including
      an elongated closed channel, continuously supplying wort to said circuit,
      subjecting the mixture of wort and micro-organisms to a centrifugal
      separating operation after fermentation has taken place in the circuit,
      thereby separating said mixture into three components, namely, fermented
      wort, a living cell mass and impurities, separately discharging said
      impurities component from the centrifugal separating operation, and
      continuously and separately discharging from the separating operation said
      fermented wort component and said living cell mass including living cells
      formed in said circuit.
NUM  2.
PAR  2. The method of claim 1, in which the centrifugal separating operation
      provides said discharged living cell mass with a dry substance content of
      at least 10 percent by weight.
NUM  3.
PAR  3. The method of claim 1, which comprises also controlling the cell growth
      in said circuit by supplying oxygen in a controlled amount to the living
      cell mass being discharged from said separating operation, a controlled
      mixture of oxygen-containing gas and living cell mass being discharged
      from said operation by a paring step.
NUM  4.
PAR  4. The method of claim 1, which comprises also controlling the time of
      contact between the cell mass and the wort in said circuit by controlling
      the flow through said circuit.
NUM  5.
PAR  5. The method of claim 1, which comprises also maintaining different
      temperatures in different parts of said closed channel by effecting
      indirect heat exchange between the flow through said channel and a heat
      exchange medium.
NUM  6.
PAR  6. The method of claim 1 for the production of alcohol, which also
      comprises discharging carbonic acid from at least one point of the closed
      channel.
NUM  7.
PAR  7. The method of claim 1, which also comprises controlling the fermentation
      by supplying an additive to said closed channel.
NUM  8.
PAR  8. The method of claim 1, in which said fermentation is carried out under
      superatmospheric pressure.
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ABST
PAL  The feed product for ruminant animals is palatable and nontoxic and
      comprises an energy producing starch bearing substance such as initially
      ungelatinized grains or vegetable starches; a protein producing substance
      derived from a nonprotein nitrogenous material such as urea or ammonium
      salts; and an inert liquid absorbing substance such as bentonite. The
      three substances are initmately mixed in predetermined quantities and then
      supplied directly, without any preconditioning treatment and at ambient
      temperature, into an extruder-cooker in which by frictional heat alone, a
      substantial portion of the starch in the energy producing substance is
      gelatinized and integrated with the nonprotein nitrogenous substance to
      produce the feed product. The resultant feed product has a substantially
      neutral pH and is characterized by a very slow ammonia release from the
      non-protein nitrogenous substance.
PARN
PAR  This is a continuation of application Ser. No. 278,572, filed Aug. 7, 1972,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that bentonite used in conjunction with a nonprotein
      nitrogenous substance as urea in a ruminant feed product will react with
      the rumen fluid to provide a gel which effects a slow ammonia release in
      the rumen. Additionally it is known that bentonite provides a buffering
      effect in the rumen for countering an acid condition. The rumen fluid has
      a tendency toward acidity when high concentrate, low roughage rations are
      fed. When the pH of the rumen fluid drops below about 5.5 the normal
      protozoa and rumen bacteria do not function at optimum efficiency for feed
      digestive purposes.
PAR  A feed product composed of an energy bearing material, such as corn and a
      protein producing material, such as urea, is disclosed in U.S. Pat. No.
      3,642,489. This product is characterized by a slow ammonia release and
      resultant reduced toxicity. In its manufacture the mixture of corn and
      urea is preconditioned prior to being passed into an extruder cooker. The
      preconditioning treatment consists in heating and agitating the corn-urea
      mixture along with adding moisture thereto. As a result the product must
      be dried prior to storage. The cost of the final product is thus
      appreciably increased by the requirements of preconditioning and drying so
      as to limit both its availability and manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides for the economic production of a palatable, nontoxic
      feed for ruminants consisting of a starch bearing substance such as corn,
      a nonprotein nitrogenous substance such as urea, and a liquid absorbing
      substance such as bentonite. The untreated mixture of these substances on
      being fed into an extruder at ambient temperature; subjected to
      progressively increasing compressive pressures; and then suddenly released
      to atmosphere results in the melting of the urea; the absorption of the
      melted liquid urea by the bentonite and the encapsulating or sealing of
      the reacted bentonite and urea in the cells of the gelatinized starch. The
      liquid absorbing properties of the bentonite effects a very slow ammonia
      release over an extended period of time so as to substantially eliminate
      ammonia toxicity in a high protein feed. The extruder cooker is compact
      and operable from a usual farm tractor. Since the initial mixture of corn,
      urea and bentonite is untreated and fed into the cooker-extruder at
      ambient temperature, the feed product can be inexpensively produced
      directly at a feeding station by a cattle feeder. The extruded product has
      a relatively low moisture content so that is requires only cooling before
      being stored or fed.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a machine of extruder type for producing the feed product of
      this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Ruminant animals such as cattle, sheep and goats have a digestive tract
      that includes four stomachs, the first of which is called the rumen. A
      small portion of the food supplied to the rumen may pass directly to the
      second stomach, but the greater portion is continuously regurgitated,
      chewed and swallowed again. This action of the animal is commonly referred
      to as "chewing its cud." Following each regurgitation ans swallowing, an
      additional portion of the swallowed food is permitted to pass into the
      second stomach until all of the food has left the rumen. Experiments show
      that the eaten food remains in the rumen for an average time of about
      three days but some may remain as long as seven days.
PAR  The masticated mixture in the rumen is fermented by bacteria and protozoa.
      The bacteria are reproducible in large quantities in the rumen and exist
      in far lesser degree in the remaining stomachs. These rumen bacteria
      hydrolyze the urea and NPN sources such as biuret, ethylene urea and
      ammonia salts into ammonia when such are present in the food passed into
      the rumen. This ammonia is acted upon by the bacteria in the rumen to form
      microbial protein which is usable by the animal to supplement its normal
      protein diet. The natural protein intake of the animal can thus be reduced
      when nonprotein nitrogen is included in the animal's feed ration.
PAR  If sufficient carbohydrate is furnished in the ration, it is known that one
      pound of urea will theoretically be converted by the rumen bacteria to
      form about 2.62 to 2.875 pounds of microbial protein, so as to replace a
      like weight of natural protein in the ration. However, to reduce ammonia
      toxicity, it is desirable that the NPN substance and the carbohydrate
      material be broken down at substantially the same rate for a most
      efficient production of microbial protein. The toxic nature of the
      nonprotein nitrogen thus limits the amount of urea that can be used for
      animal feeding purposes.
PAR  If the hydrolyzation of the NPN substance is so rapid that excessive
      amounts of ammonia are developed, such excess is absorbed through the
      rumen wall, before conversion to microbial protein, and carried to the
      liver for conversion to urea and elimination through the kidneys. Should
      the rate of rumen wall absorption of the ammonia be more rapid than the
      rate of microbial protein conversion and natural elimination, death of the
      animal can result. Since animals are usually fed at least once a day it is
      desirable that hydrolyzation of the NPN substance be controlled so that
      the ammonia release takes place not only at substantially the same rate at
      which the carbohydrate is broken down or digested but that such release
      continue over an extended period of at least twenty-four hours. Stated
      otherwise, if the ammonia is released too fast the animal is not only
      subject to the toxic effects of the released ammonia, but the production
      of microbial protein is reduced whereby the efficiency of the animal's
      digestive process is impaired. In either event the full release of ammonia
      prior to the carbohydrate breakdown appreciably negatives the economic
      advantages derived from an efficient production of microbial protein.
PAR  To acheive these advantages the product of the present invention contains a
      gelatinized starch bearing substance such as corn, sorghum, barley, oats,
      wheat, hay, silage and the like combined with an NPN substance such as
      urea, biuret, ethylene urea or ammonium carbamate. These substances
      provide for the normally present ammonia in the rumen being converted into
      microbial protein by the metabolism of the NPN with such bacteria so as to
      reduce the quantity of natural protein that would otherwise be required in
      the feed ration. By gelatinizing substantially all of the starch bearing
      material the action of the rumen bacteria to hydrolyze the NPN into
      ammonia is inhibited and the release of ammonia controlled so that the
      greater portion of the released ammonia is metabolized by the bacteria to
      form the microbial protein available from the NPN substance.
PAR  Since animal toxicity results from a too rapid release of ammonia into the
      rumen, such release is additionally controlled and inhibited by the liquid
      absorbing inert substance bentonite, which appreciably extends the time
      period during which the ammonia is released relative to the release period
      of a feed product consisting of only urea and a gelatinized starch bearing
      material. By virtue of this prolonged release period of up to thirty hours
      and more and at a rate such that substantially all of the amounts produced
      is converted to microbial protein, animal toxicity is virtually
      eliminated, when the product is incorporated in a balanced feed ration.
      Additionally there is an appreciable increase in the amount of microbial
      protein available from the NPN substance.
PAR  In this regard it is to be noted that various forms of urea and bentonite
      have a pH value of up to 10 so that both of these substances are highly
      alkaline. However, the pH value of the product of this invention has been
      found to be substantially neutral, namely, about 7. As previously stated
      the rumen fluid has a tendency toward activity when high concentrate, low
      roughage rations are fed. When the pH value of the rumen fluid drops below
      about 5.5 the efficiency of the rumen bacteria for digestive purposes
      decreases. This acidity situation is taken care of by the normally
      alkaline characteristics of the ruminant saliva. Likewise, the rumen
      bacteria do not operate at optimum efficiency for digestive purposes when
      the pH of the rumen fluid is highly alkaline. However, there is no
      provision in the ruminant saliva for reducing an alkaline rumen fluid to a
      neutral condition. As a result digestion is slowed up by either a too high
      alkaline or too high acid characteristic of the rumen fluid so as to
      inhibit the population growth of the rumen bacteria. By virtue of the feed
      product having a pH value of about 7, it is apparent that the normal or
      existing pH value of the rumen fluid remains substantially unchanged on
      intake of the product so that the product is acted upon by the rumen fluid
      without effecting any retardation of bacteria growth.
PAR  In the following Table I there is listed preferred NPN substances for use
      in the present invention along with preferred ranges thereof in the
      completed food product.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                      NPN Compound                                             
                                Bentonite Grain Added                          
                      added to Pro-                                            
                                Added to  to Produce a                         
                      duce a Starch                                            
                                Produce a Starch, Ben-                         
                                                    PM In Starch               
     Nitrogen         & Bentonite                                              
                                Starch    tonite, NPN                          
                                                    and Bentonite              
     Content    PE.sup.1 of                                                    
                      Reacted NPN                                              
                                Bentonite,                                     
                                          reacted NPN                          
                                                    Reacted NPN                
     of NPN     NPN   Product   NPN Reacted                                    
                                          Product % Product.sup.2              
     Compound   Compound                                                       
                      % By Weight                                              
                                Product   By Weight % By Weight                
     PRODUCT                                                                   
           %    %     Min. Max. Min. Max. Min. Max. Min.                       
                                                       Max.                    
     __________________________________________________________________________
     Urea  45.00                                                               
                281.25                                                         
                      15.20                                                    
                           33.75                                               
                                3.80 8.40 57.80                                
                                               81.00                           
                                                    50 100                     
     Urea  42.00                                                               
                262.50                                                         
                      16.50                                                    
                           36.25                                               
                                4.10 9.10 54.70                                
                                               79.37                           
                                                    50 100                     
     Urea  46.00                                                               
                287.50                                                         
                      15.00                                                    
                           33.00                                               
                                3.75 8.25 58.75                                
                                               81.25                           
                                                    50 100                     
     Biuret                                                                    
           40.77                                                               
                254.81                                                         
                      16.80                                                    
                           37.40                                               
                                4.20 9.35 53.25                                
                                               79.00                           
                                                    50 100                     
     Ethylene                                                                  
     Urea  32.54                                                               
                203.38                                                         
                      21.50                                                    
                           47.50                                               
                                5.40 11.90                                     
                                          40.60                                
                                               73.10                           
                                                    50 100                     
     Ammonium                                                                  
     Carbamate                                                                 
           35.89                                                               
                224.31                                                         
                      19.30                                                    
                           42.70                                               
                                4.00 10.70                                     
                                          46.60                                
                                               75.90                           
                                                    50 100                     
     __________________________________________________________________________
      1. PE (protein equivalent) calculated by multiplying N by 6.25           
      2. Total of PE of corn containing 9% protein and PE of NPN               
PAR  From Table I it is seen that the total PE (protein equivalent) of the
      starch, lentonite reacted NPN product is preferably maintained within a
      range of from 50 to 100 percent by weight. It has been found that the
      optimum amount of lentonite in the mixture is about 25 percent by weight
      of the urea or NPN substance. Also tests have shown that from 5 to 15
      percent of the original moisture content in the mixture is lost in the
      extruder-cooker machine. The moisture content of the product is thus
      reduced relative to the moisture content of about 15 percent of the
      initially mixed grain, bentonite and urea materials and, after extrusion
      and cooling, is less than about 12 percent. Since less than about a 13
      percent product moisture content is acceptable for storage purposes the
      finished product requires no drying and after cooling may be stored
      directly without spoiling.
PAR  The time release of the ammonia in the rumen is shown in Table II for a
      starch NPN product relative to a starch, bentonite reacted NPN product
      over a thirty hour period. The slower release of the product of this
      invention is apparent after the third hour of product incubation.
TBL                TABLE II                                                    
     ______________________________________                                    
     PERCENT UREA REMAINING AFTER INCUBATION PERIOD AT 38.degree. C.           
     Incubation Time                                                           
                 Control        Extruded Urea,                                 
     In Hours    Urea Corn      Corn & Bentonite                               
     ______________________________________                                    
     3           94             98                                             
     9           79             92                                             
     12          71             89                                             
     16          59             81                                             
     23          38             65                                             
     30          13             53                                             
     ______________________________________                                    
PAR  FIG. 1 of the drawing shows a preferred method of processing the food
      product of this invention. The cooking of treating machine illustrated is
      of the extruder type. In this machine the mixed starch bearing material,
      bentonite and NPN are fed into the hopper of a feed auger which forces the
      mixture into the inlet end of the extruder screw. The starch bearing
      material, such as corn, is preferably ground in a hammer mill for passage
      through a 3/16 or 1/8 inch screen. As is known, bentonite is commercially
      available in a fine powdered form. Due to what might be termed a
      "fluffing" tendency of the powdered bentonite, a gravity flow of the
      mixture is incapable of providing a filled condition of the extruder
      screw. Stated otherwise, the bentonite tends to "fluff" the mixture about
      the extruder screw. However, this condition is eliminated by auger feeding
      the mixture directly into the extruder screw so as to assure an efficient
      compressive action of the screw on the mixture.
PAR  The mixture, without any preconditioning thereof, is thus supplied at
      ambient temperature to the extruder screw. This screw is comprised of
      several sections, separated by steamlock assemblies and terminating in a
      cone section having an adjustable nose cone formed with an extruder die. A
      temperature gauge in the cone section indicates the final cooking
      temperature of the mixture prior to the instant release or discharge
      thereof into the atmosphere from the extruder die. A preferred cooking
      temperature of from 260.degree.F to 320.degree.F is obtained by adjustment
      of the nose cone to restrict or open the adjustable passage in the cone
      section.
PAR  As the mixture travels through the machine it is subjected to progressively
      increasing compressive pressures and progressively heated by frictional
      heat only to the optimum cooking temperature indicated on the temperature
      gauge. The compressive pressures providing for such temperature are in the
      range of from about 150-200 p.s.i. From the time the mixture enters the
      extruder screw until it is discharged from the nose cone takes a minute or
      less so that the overall operation is completed efficiently and quickly.
PAR  In this operation it is thought that the urea of the mixture on reaching a
      melted condition at about 240.degree.F combines with the bentonite
      concurrently with a gelatinizing of the corn by the combined heat and
      pressure in the machine. The absorption of the melted area by the
      technique forms a lubricant like compound so as to assist or expedite the
      extruding process. At the moment of release into the atmosphere, the
      bentonite and urea are encapsulated in the cellular structure of the
      gelatinized corn. During this release the corn appears to be expanded to
      about two or three times it normal size so as to rupture the starch cells,
      which on expansion absorb the melted urea and bentonite, and on retraction
      encapsulated the urea and bentonite. In any event the urea and bentonite
      are retained and combined in the resulting homogenized, reacted product
      which is palatable, nontoxic and has a slow ammonia release over a time
      period that approaches the time period required for digestion of the
      carbohydrate in the feed ration.
PAR  For a more detailed description of the extruding machine illustrated in the
      drawing, reference is made to copending application Ser. No. 25,948, filed
      Apr. 6, 1970.
PAR  Although the invention has been described with respect to a preferred
      embodiment thereof it is to be understood that it is not to be so limited
      since changes and modifications can be made therein which are within the
      full intended scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of producing a palatable, nontoxic and substantially neutral
      pH food product for feeding ruminant animals comprising the steps of:
PA1  a. mixing together a predetermined quantity of an edible, ungelatinized
      starch-bearing food material selected from the group consisting of corn,
      sorghum, barley, oats, wheat, hay and silage, a predetermined amount of at
      least one nonprotein nitrogenous substance selected from the group
      consisting of urea, biuret, ethylene urea and ammonium carbamate, and a
      predetermined amount of bentonite,
PA1  b. the moisture content of the mixture being less than about 15% by weight,
      the amount of said nonprotein nitrogenous substance by weight in said
      mixture being about four times greater than the weight of the bentonite,
      and the starch bearing food being within a range of from 40.6 to 81.25
      percent by weight so that the resultant food product has a total protein
      equivalent of from 50 to 100 percent by weight,
PA1  c. providing a confined path,
PA1  d. introducing the mixture at ambient temperature into one end of said
      confined path,
PA1  e. compressing the mixture over the full course of said path under
      progressively increasing compressive pressures to progressively heat the
      mixture by frictional heat only to a temperature of from 260.degree.F. to
      320.degree.F., and then
PA1  f. substantially instantaneously reducing the compressive pressure on the
      mixture at the end of said path to atmospheric pressure to produce an
      expanded and gelatinized product having a moisture content of less than 13
      percent.
NUM  2.
PAR  2. The method of producing a palatable, nontoxic and a substantially
      neutral pH food for feeding ruminant animals according to claim 1
      including the steps of:
PA1  a. continuously advancing the mixture for a minute or less through said
      confined path, and
PA1  b. maintaining said compressive pressures at less than 200 p.s.i.
NUM  3.
PAR  3. The method of producing a palatable, nontoxic and a substantially
      neutral pH food for feeding ruminant animals according to claim 1
      including the step of:
PA1  a. applying a compressive pressure on the mixture being introduced into
      said one end of the confined path.
NUM  4.
PAR  4. The method of producing a palatable, nontoxic and substantially neutral
      pH food product for feeding ruminant animals comprising the steps of:
PA1  a. mixing together by weight 40.6 to 81.25 percent of an edible,
      ungelatinized starch-bearing food material selected from the group
      consisting of corn, sorghum, barley, oats, wheat, hay and silage, 15 to
      47.5 percent of at least one nonprotein nitrogenous substance selected
      from the group consisting of urea, biuret, ethylene urea and ammonium
      carbamate, and 3.75 to 11.9 percent of bentonite,
PA1  b. the moisture content of the mixture being less than about 15 percent by
      weight, so that with said nonprotein nitrogenous substance by weight being
      between 15 to 47.5 percent of the weight of the mixture the resultant food
      product has a total protein equivalent of from 50 to 100 percent by
      weight,
PA1  c. providing a confined path,
PA1  d. introducing the mixture at ambient temperature into one end of said
      confined path,
PA1  e. compressing the mixture over the full course of said path under
      progressively increasing compressive pressures to progressively heat the
      mixture by frictional heat only to a temperature of from 260.degree.F. to
      320.degree.F., and then
PA1  f. extruding the mixture from the opposite end of said path into the
      atmosphere to produce an expanded and gelatinized product having a
      moisture content of less than 13 percent.
NUM  5.
PAR  5. The method of producing a palatable, nontoxic and substantially neutral
      pH food product for feeding ruminant animals comprising the steps of:
PA1  a. mixing together by weight 57.8 to 81.00 percent of an edible,
      ungelatinized starch-bearing food material selected from the group
      consisting of corn, sorghum, barley, oats, wheat, hay and silage, 15.2 to
      33.75 percent of urea having a nitrogen content of about 45 percent, and
      3.8 to 8.4 percent bentonite,
PA1  b. the moisture content of the mixture being less than about 15 percent by
      weight, so that with said urea by weight being between 15.2 to 33.75
      percent of the weight of the mixture the resultant food product has a
      total protein equivalent of from 50 to 100 percent by weight,
PA1  c. providing a confined path,
PA1  d. introducing the mixture at ambient temperature into one end of said
      confined path,
PA1  e. compressing the mixture over the full course of said path under
      progressively increasing compressive pressures to progressively heat the
      mixture by frictional heat only to a temperature of from 260.degree.F. to
      320.degree.F., and then
PA1  f. extruding the mixture from the opposite end of said path into the
      atmosphere to produce an expanded and gelatinized product having a
      moisture content of less than 13 percent.
NUM  6.
PAR  6. The method of producing a palatable, nontoxic and substantially neutral
      pH food product for feeding ruminant animals comprising the steps of:
PA1  a. mixing together by weight 58.75 to 81.25 percent of an edible,
      ungelatinized starch-bearing food material selected from the group
      consisting of corn, sorghum, barley, oats, wheat, hay and silage, 15 to 33
      percent of urea having a nitrogen content of about 46 percent, and 3.75 to
      8.25 percent of bentonite,
PA1  b. the moisture content of the mixture being less than about 15 percent by
      weight, so that with said urea by weight being between 15 to 33 percent of
      the weight of the mixture the resultant food product was a total protein
      equivalent of from 50 to 100 percent by weight,
PA1  c. providing a confined path,
PA1  d. introducing the mixture at ambient temperature into one end of said
      confined path,
PA1  e. compressing the mixture over the full course of said path under
      progressively increasing compressive pressures to progressively heat the
      mixture by frictional heat only to a temperature of from 260.degree.F. to
      320.degree.F., and then
PA1  f. extruding the mixture from the opposite end of said path into the
      atmosphere to produce an expanded and gelatinized product having a
      moisture content of less than 13 percent.
PATN
WKU  039404943
SRC  5
APN  492830&
APT  1
ART  172
APD  19740729
TTL  Liquid ruminant feed supplement
ISD  19760224
NCL  3
ECL  1
EXP  Jones; Raymond N.
NDR  2
NFG  2
INVT
NAM  Wilson; Joseph F.
CTY  Bartlesville
STA  OK
INVT
NAM  Parish; Robert S.
CTY  Henderson
STA  CO
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
RLAP
COD  72
APN  295828
APD  19721010
PSC  03
RLAP
COD  82
APN  102885
APD  19701230
PSC  03
CLAS
OCL  426 69
EDF  2
ICL  A23K  122
FSC  426
FSS  69;213
FSC   71
FSS  29;30
UREF
PNO  3523798
ISD  19700800
NAM  Kail
OCL  426213
ABST
PAL  A feed supplement consisting essentially of 100 parts by weight of dry
      urea, 22.1 to 46.4 parts by weight of ammonium phosphate solids and 126 to
      174 parts by weight of water. In a further embodiment a feed supplement
      consisting essentially of urea, ammonium phosphate, molasses and water is
      disclosed.
PARN
PAR  This is a continuation-in-part of our application Ser. No. 295,828, filed
      Oct. 10, 1972, which in turn is a continuation-in-part of application Ser.
      No. 102,885, filed Dec. 30, 1970, both now abandoned.
BSUM
PAR  This invention relates to liquid ruminant feed supplement compositions. In
      another aspect, this invention relates to liquid supplement constituents
      which increase the utilization of non-protein-nitrogen compounds,
      convertible into organismal protein by ruminant animals. In yet another
      aspect, this invention relates to a liquid ruminant feed supplement
      composition characterized by low crystallization temperatures.
PAR  It has been recognized that non-protein nitrogenous compounds may be
      substituted for some of the protein in rations for ruminants. Some of the
      non-protein nitrogenous compounds which have been found to have high
      protein replacement values are urea and various ammonium salts. The
      addition of these compounds to livestock feed has been practiced for some
      time. Urea and the ammonium salts are economical and cost less than bona
      fide protein feed. These nitrogenous compounds when introduced to the
      rumen or pouch of an animal stimulate the microorganism present therein.
      Microorganisms in the stomach of the animal utilize the urea or ammonium
      salts to create protein. Protein is an essential constituent of all living
      cells, for the body tissues of all animals, muscle, internal organs,
      nervous systems, and external tissues are made up largely of protein
      materials. Animal life, accordingly, requires protein for growth, for
      replacement of body tissues and fluids and for the production of such
      animal products as milk, meat, and wool.
PAR  Heretofore, solutions containing a high content of urea have been shipped
      in heated containers or containers maintaining temperatures above the
      ambient in order to prevent crystallization. Such shipment involves higher
      transportation costs than materials which are liquid at ambient
      temperatures. As it may be some time between the mixing of a liquid
      supplement and its being made available to the ruminant, the liquid
      supplement is preferably not too viscous, does not crystallize, and is
      substantially immune to extremes of temperatures.
PAR  Urea in commercial form is crystalline, and it does not dissolve readily,
      especially at lower temperature ranges. Crystallization problems with urea
      and the various ammonium salts utilized as high protein supplements for
      ruminant animals continue to exist at relatively low ambient temperatures.
      The end use of the aforementioned supplement necessarily requires a
      solution wherein the supplements can be homogeneously dispersed with other
      feedstocks, for example, vitamins, roughage, and the like.
PAR  An object of this invention is to provide nitrogenous ruminant feed
      supplement compositions which can be maintained in a stable solution form
      over a period of time at relatively low ambient temperatures. Another
      object of this invention is to provide liquid ruminant feed supplement
      compositions characterized by relatively low crystallization temperatures.
      Other objects and advantages of this invention will become apparent to a
      person skilled in the art from the following detailed description of the
      invention, the appended claims and the drawing which shows two trilinear
      diagrams of the composition of the feed supplement.
PAR  We have discovered that certain nitrogenous compound solutions which have
      been found suitable for specialized applications in the chemical and
      fertilizer industries make excellent feed supplements for ruminants such
      as cattle, sheep, goats, and the like. These nitrogenous compounds
      constitute a class of aqueous, urea-ammonium polyphosphate solutions which
      can be readily shipped and stored in a liquid state due to their low
      crystallization temperatures. Ammonium polyphosphate is commonly supplied
      as a solution, 10-34-0 being commonly used. This solution is defined as an
      aqueous solution consisting of water and ammonium polyphosphate such as to
      have 10 weight percent nitrogen (N) and 34 weight percent P.sub.2 O.sub.5.
      The 10-34-0 has 58.05 weight percent solids and 41.95 weight percent
      water. Wherever 10-34-0 is mentioned, this composition is meant.
      Calculations on dry basis are also included.
PAR  The liquid ruminant feed supplement compositions of this invention utilize
      aqueous carriers selected from water and/or water-molasses blends. These
      solutions are characterized by crystallization temperatures below about
      40.degree.F. Many of these solutions are limited due to high viscosities
      at temperatures above the crystallization temperature. The solutions of
      this invention have acceptable viscosities below about 50,000 centipoises.
      The aforementioned class of solutions is characterized by a pH of between
      about 6 and about 7 with the urea content acting as a buffering agent.
PAR  Solutions only slightly outside the indicated ranges of proportions have
      crystallization temperatures well above 40.degree.F and, hence, cannot be
      shipped or stored as liquids whenever the temperature falls below this
      temperature. Solutions which could provide lower crystallization
      temperatures contain too little urea to provide the desired balance as
      required by ruminant animal nutritional demands. Within the range of
      compositions of this invention, the urea reduces the viscosity of the
      aqueous carrier utilized, thus alleviating problems resulting from, for
      example, molasses which can become highly viscous and difficult to handle
      under cool temperatures. Apparently, the aqueous molasses blends also
      function as solvents for the urea, thus sharply decreasing the
      crystallization temperatures.
PAR  This invention therefore resides in a composition consisting essentially of
      24.2 to 35.0 weight percent dry urea, 26.6 to 38.6 weight percent molasses
      solids, 8.6 to 15.8 weight percent ammonium phosphate solids, and 25.4 to
      27.9 weight percent water, said composition being characterized as having
      a temperature of crystallization less than +36.degree.F, and a viscosity
      that is sufficiently low for pumping the mixture at some temperatures less
      than about +36.degree.F. In another embodiment, the invention resides in a
      composition consisting essentially of 22.1 to 46.4 parts by weight
      ammonium phosphate solids per 100 parts by weight of dry urea, and 126 to
      174 parts by weight water per 100 parts by weight dry urea, said
      composition being characterized as having a temperature of crystallization
      less than about +40.degree.F and which remains liquid at temperatures as
      low as +32.degree.F and some of which remain liquid at temperatures as low
      as +14.degree.F. The words "consisting of" as used herein are intended to
      exclude any larger amount of additives (such as CaCl.sub.2) or any
      additives which would destroy the desired properties. However, trace
      amounts of additives such as vitamins, hormones, minerals and stimulants
      for the growth of microflora can be present. The compositions may be
      applied to various solid feed materials or fed directly as a liquid to the
      ruminant.
PAR  Molasses derived from, for example, sugar cane, beets, citrus fruits, or
      corn, as those skilled in the art will understand, can also be admixed
      with the foregoing solutions displacing a portion of water thereof. In
      determining the amount of water present in the liquid ruminant feed
      supplement composition, the amount of water in the urea solution as well
      as the amount of water in the ammonium phosphate salt must be taken into
      consideration. The amount of water has a considerable effect upon
      crystallization temperatures of the aforementioned solutions at the lower
      temperatures. For example, an increase from about 25 to 28 weight percent
      total water lowers the crystallization temperature from about 32.degree.F
      to about 9.degree.F under the approximate ratio by weight of from 1:0.80
      urea to 10-34-0 composition. Substituting molasses for a portion of the
      water has in effect improved the crystallization temperatures within the
      limits of the present invention. Apparently, the molasses also functions
      as a solvent for the urea, thus decreasing the crystallization
      temperature. Compositions of the aforementioned liquid ruminant feed
      supplement solutions contain the proper proportions of nitrogenous
      materials and can be readily transported in a tank car due to the
      aforementioned low crystallization temperatures for on site applications
      and mixing with carbohydrates and bulk feeds. The absence of acidic
      materials in the compositions greatly reduces corrosion of the storage
      vessels used. Various other urea feed supplement solutions have been made
      having compositions outside the above-defined range. These heretofore
      utilized compositions also have crystallization temperatures ranging far
      above the limitations set forth hereinabove and as exhibited by the
      composition of the present invention.
PAR  The term ammonium phosphate solids is used herein to designate the solids
      in the 10-34-0 or other ammonium phosphate solutions which are employed.
      In general, ammoniated phosphate solutions can be used which will supply
      the ammonium phosphate solids in the proper range of concentrations, such
      as, for example, 10-34-0, 11-37-0, solid ammonium phosphates or the
      ammonium phosphates can be prepared in situ by neutralizing phosphoric
      acids with ammonia. 11-37-0 Is defined as an aqueous solution consisting
      of water and ammonium phosphate such as to comprise 11 weight percent
      nitrogen (N) and 37 weight percent P.sub.2 O.sub.5.
DETD
PAR  The following Tables I and II further illustrate and define our invention
      as hereinabove descussed. Table I discloses seven example compositions of
      our invention wherein a portion of the aqueous carrier is comprised of
      87.7.degree. Brix molasses, for example, about 33 to 50  percent by
      weight. As can be seen from Table I, crystallization temperatures and
      viscosity limitations having temperatures below 40.degree.F are
      characteristic of all seven compositions.
PAR  Table I is constructed on the basis of materials generally available
      commercially, i.e., 10-34-0 is a commonly available aqueous solution of
      ammonium polyphosphate, Brix molasses, a water-thinned molasses.
PAR  Table IA shows a breakdown of solids versus water considering the various
      sources given above.
PAR  Table II illustrates five compositions according to the compositions of our
      invention, all of which are characterized by crystallization temperatures
      of 40.degree.F or below. The compositions of Table II use only water as
      the aqueous carrier and fully illustrate the preferred range of dry weight
      ratio, urea-to-ammonium polyphosphate compound to added water. Table IIA
      shows a breakdown of solids versus water based on the sources shown in
      Table II.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                              .degree.F High                   
               Added 87.7.degree.   .degree.F at which                         
                                              Viscosity                        
     Run                                                                       
        Dry                                                                    
           Urea                                                                
               Water Brix                                                      
                        Molasses                                               
                             10-34-0                                           
                                    Crystals Formed                            
                                              Limit.sup.(3)                    
     g     Wt. %                                                               
               g Wt. %                                                         
                     g  Wt. %                                                  
                             g  Wt. %                                          
     __________________________________________________________________________
     1  15 28.8                                                                
               5  9.6                                                          
                     20 38.5 12 23.1                                           
                                    None at -5                                 
                                              -5                               
     3  15 26.3                                                                
               5  8.8                                                          
                     25 43.9 12 21.0                                           
                                    None at +1                                 
                                              +1                               
     4  15 24.2                                                                
               5  8.1                                                          
                     30 48.3 12 19.4                                           
                                    None at -25                                
                                              -25                              
     6  15 27.3                                                                
               5  9.1                                                          
                     20 36.3 15 27.3                                           
                                    None at +9                                 
                                              +9                               
     2  21 35.0                                                                
               7 11.7                                                          
                     20 33.3 12 20.0                                           
                                    None at +26                                
                                              +26                              
     5  15 30.0                                                                
               5 10.0                                                          
                     20 40.0 10 20.0                                           
                                    None at +36                                
                                              +36                              
     7  15 31.9                                                                
               5 10.6                                                          
                     20 42.6  7 14.9                                           
                                      33      --                               
     __________________________________________________________________________
      .sup.(3) High viscosity limit is considered to be a mixture viscosity    
      greater than that at which the mixture can be pumped.                    
TBL                                    TABLE IA                                
     __________________________________________________________________________
     Solids and Water Breakdown                                                
                   87.7.degree. Brix.sup.(1)                                   
                            10-34-0 Solution.sup.(2)                           
     Urea Solution Molasses Phosphate                                          
     No.                                                                       
        Dry Urea                                                               
              Water                                                            
                   Solids                                                      
                        H.sub.2 O                                              
                            Solids                                             
                                  H.sub.2 O                                    
                                        Total Water                            
     __________________________________________________________________________
     1  28.8  9.6  30.8 7.7 13.4  9.7   27.0                                   
     3  26.3  8.8  35.1 8.8 12.2  8.8   26.4                                   
     4  24.2  8.1  38.6 9.7 11.3  8.1   25.9                                   
     6  27.3  9.1  29.0 7.3 15.8  11.5  27.9                                   
     2  35.0  11.7 26.6 6.7 11.6  8.4   26.8                                   
     5  30.0  10.0 32.0 8.0 11.6  8.4   26.4                                   
     7  31.9  10.6 34.1 8.5  8.6  6.3   25.4                                   
     __________________________________________________________________________
      .sup.(1) 87.7.degree. Brix molasses is 20% water                         
      .sup.(2) 10-34-0 is 58.05 wt. % solids and 41.95 wt. % H.sub.2 O?        
      All values in Table IA are weight percents.                              
TBL                TABLE II                                                    
     ______________________________________                                    
     Parts by Weight        Crystallization                                    
     Run                       Added  Temperature                              
     No.   Urea     10-34-0    Water  .degree.F                                
     ______________________________________                                    
     1     100      38         110    40                                       
     2     100      38         120    30                                       
     3     100      50         110    17                                       
     4     100      50         120    14                                       
     5     100      80         140    32                                       
     ______________________________________                                    
TBL                TABLE IIA                                                   
     ______________________________________                                    
     Solids and Water Breakdown                                                
     Run                                                                       
     No.    Urea (dry) Phosphate Solids                                        
                                      Total Water                              
     ______________________________________                                    
     1      100        22.1           126                                      
     2      100        22.1           136                                      
     3      100        29.0           131                                      
     4      100        29.0           141                                      
     5      100        46.4           174                                      
     10-34-0 is 58.05 wt. % solids and 41.95 wt. % H.sub.2 O.                  
     ______________________________________                                    
PAR  It is evident from the above examples that we have provided useful
      compositions of matter containing suitable urea-ammonium
      polysuperphosphate aqueous solution balance for use as a liquid ruminant
      feed supplement. The aforementioned supplement is characterized by low
      crystallization temperatures and can be shipped without requiring heated
      or insulated cars. Thus, the compositions of the invention can be readily
      transported and handled using standard pumping systems.
PAR  A study of the tables shows that where molasses is utilized, the
      composition is limited by either the temperature of crystallization of the
      composition or the viscosity of the composition which sharply increases to
      a value at which the mixture is not pumpable at very slight temperature
      changes to a lower temperature.
PAR  For a still better understanding of this invention the critical ranges of
      the liquid ruminant feed supplement are shown in the trilinear diagrams of
      FIGS. 1 and 2. The feed supplement, consisting essentially of water, urea
      and ammonium phosphate, has to have a composition of these three
      ingredients laying within the area defined by the quadrangle ABCD, a
      polygon having four corners defined by the weight percentages of urea,
      ammonium phosphate and water as follows:
TBL                 Ammonium                                                   
     Urea           Phosphate Solids                                           
                                    Water                                      
     ______________________________________                                    
     A       28.0       25.4            46.6                                   
     B       23.5       21.2            55.3                                   
     C       31.0       7.0             62.0                                   
     D       38.3       8.4             53.3                                   
     ______________________________________                                    
PAR  This area is shown in FIG. 1.
PAR  The values above have been calculated from the points defining the area of
      compositions for a feed supplement made from urea, 10-34 -0 and water.
      Since 10-34-0 contains 41.95 weight percent of water and 58.05 weight
      percent of ammonium phosphate solids, the quadrangle shown in FIG. 2 has a
      shape different from the area shown in FIG. 1, which is independent of the
      ammonium phosphate composition. The four corners ABCD of the polygon shown
      in FIG. 2 are defined by the weight percentages of urea, 10-34-0 and
      additional water as follows:
TBL  Urea          10-34-0     Additional Water                                
     ______________________________________                                    
     A       28.0      43.8        28.2                                        
     B       23.5      36.6        39.9                                        
     C       31.0      12.0        57.0                                        
     D       38.3      14.5        47.2                                        
     ______________________________________                                    
PAR  The lines A-D and B-C are actually crystallization temperature isotherms,
      A-D corresponding to a crystallization temperature of 32.degree.F and B-C
      to one of 9.degree.F; these isotherms are not quite straight; however the
      straight lines shown constitute a very good approximation, which is
      believed to be sufficient for the purpose of defining this invention.
PAR  Reasonable variations and modifications, which will be apparent to those
      skilled in the art, can be made in this invention without departing from
      the spirit and scope thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition of matter consisting essentially of urea, ammonium
      phosphate and water, the weight percentages of the constituents being such
      as to fall within the polygon of four corners ABC and D drawn in a
      trilinear diagram defined by the weight percentages of the constituents as
      follows and as shown in FIG. 1:
TBL                 Ammonium                                                   
     Urea           Phosphate Solids                                           
                                    Water                                      
     ______________________________________                                    
     A       28.0       25.4            46.6                                   
     B       23.5       21.2            55.3                                   
     C       31.0       7               62.0                                   
     D       38.3       8.4              53.3.                                 
     ______________________________________                                    
NUM  2.
PAR  2. Liquid animal feed supplement consisting essentially of:
PA1  urea, 22.1 to 46.4 parts by weight ammonium phosphate solids per 100 parts
      by weight urea and 126 to 174 parts by weight of water per 100 parts by
      weight of urea, the urea being calculated as urea in the water free state,
      said supplement having a crystallization temperature less than about
      40.degree.F.
NUM  3.
PAR  3. Liquid animal feed supplement consisting essentially of:
PA1  24.2 to 35.0 weight percent of urea calculated as urea in the water free
      state, 26.6 to 38.6 weight percent molasses solids, 8.6 to 15.8 weight
      percent ammonium phosphate solids, and 25.4 to 27.9 weight percent of
      water, said liquid feed supplement having a temperature of crystallization
      less than +36.degree.F. and a viscosity that is sufficiently low for
      pumping the mixture at temperatures less than about 36.degree.F.
PATN
WKU  039404951
SRC  5
APN  3242951
APT  1
ART  172
APD  19730117
TTL  Protein product and method for forming same
ISD  19760224
NCL  52
ECL  1
EXP  Jones; Raymond N.
NDR  1
NFG  1
INVT
NAM  Flier; Ronald J.
CTY  Ladue
STA  MO
ASSG
NAM  Ralston Purina Company
CTY  St. Louis
STA  MO
COD  02
RLAP
COD  71
APN  600471
APD  19661209
PSC  03
RLAP
COD  82
APN  381853
APD  19640710
PSC  03
CLAS
OCL  426104
XCL  426629
XCL  426632
XCL  426634
XCL  426656
XCL  426448
EDF  2
ICL  A23J  300
FSC  426
FSS  141;147;148;445;448;449;455;459;461;104;629;632;634;656
UREF
PNO  3119691
ISD  19640100
NAM  Ludington et al.
OCL  426 99
UREF
PNO  3139342
ISD  19640600
NAM  Linskey
OCL  426293
UREF
PNO  3142571
ISD  19640700
NAM  McAnelly
OCL  426141
UREF
PNO  3268336
ISD  19660800
NAM  Hale et al.
OCL  426284
OREF
PAL  Baer "The V. D. Anderson Co." Division of International Basic Economy
      Corp., Cleveland, Ohio, Feb. 1959, Food Processing, Sept. 1963.
LREP
FRM  Price, Heneveld, Huizenga & Cooper
ABST
PAL  A method of producing an expanded product which resembles meat, directly
      from soybean meal itself, including the steps of utilizing soybean meal
      that has substantially all the fat removed to an amount of about 5% or
      less, and preferably 2% or less, moistening the soybean meal such as
      mixing the soybean meal with water to obtain a moisture content of about
      20%-40% by weight, controlling the pH within the range of 5 to 12,
      preferably 6 to 9, preferably adding an edible pH altering electrolyte
      while maintaining the controlled pH, and then simultaneously, mechanically
      working, heating above 212.degree. F., and pressurizing the moistened
      soybean meal in an extruder chamber sufficiently to cause continuous
      conversion of the meal to a flowable substance, and forcing the substance
      through and out of restricted orifice means to expand it into a lattice
      network structure having resilience, body strength, and appearance
      approaching that of meat.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of my copending application entitled PROTEIN PRODUCT
      AND METHOD AND APPARATUS FOR FORMING SAME, filed Dec. 9, 1966, Ser. No.
      600,471, which in turn is a continuation-in-part of my application
      entitled PROTEIN PRODUCT, filed July 10, 1964, Ser. No. 381,853, both now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for producing a
      meat-simulating product from protein-containing vegetable materials,
      particularly soybean meal, and to a meat-simulating product produced from
      protein-containing vegetable materials.
PAR  During recent years, extensive research and development efforts have been
      applied toward the development of meat-like or meat-simulating food
      materials prepared from protein-containing vegetable substances. As is
      known, the chief nutritional value of meat is due to its protein content.
      However, although meat is a most desirable source of protein, from the
      consideration of eating pleasure, the production of meat is actually
      relatively inefficient, in terms of feed input to food output.
      Furthermore, certain crops such as soybeans, provide inexpensive
      by-products which have a high percentage of potentially available protein,
      but which are not normally palatable and/or edible.
PAR  One excellent technique for producing meat-simulating edible foods from
      protein-containing vegetable materials such as soybean meal is taught in
      U.S. Pat. No. 2,682,466 to Boyer, entitled HIGH PROTEIN FOOD PRODUCT AND
      PROCESS FOR ITS PREPARATION, issued June 29, 1954. This technique involves
      the creation of a large number of small diameter spun fibers which are
      then gathered into bundles or "tows" and thence formed into various type
      edible products with subsequent operations. While these products are of
      high quality, the process is complex and expensive, so that the products
      must be priced in the general range of the corresponding actual meat
      products. Moreover, the product output per expense unit of equipment is
      relatively small.
PAR  Consequently, there has existed a definite need for a relatively
      inexpensive method of treating protein-containing vegetable materials to
      produce a product which would bear resemblance to actual meat in
      appearance, physical structure and texture, and chewing and mouth-feel
      characteristics, and that could be practiced sufficiently inexpensively
      that the product could be priced at a small fraction of the price of
      actual meat products.
PAR  It is a primary object of this invention, therefore, to provide a unique
      relatively inexpensive method of treating protein-containing vegetable
      materials to convert them from a generally unpalatable substance to a
      highly palatable and desirable product that is restructured to resemble
      meat in appearance, physical structure and texture, chewing
      characteristics, and nutritional value. Further, these properties and
      characteristics can be controllably varied quite readily by the method.
PAR  Another object of this invention is to provide a novel method of producing
      highly nutritional, highly palatable meat-simulating food products from
      protein-containing vegetable materials, particularly soybean meal, such
      that the method is capable of relatively high production, continuous
      product output per expense unit of equipment. Moreover, the amount of
      protein in the product can be greatly varied as desired.
PAR  Another object of this invention is to provide a novel method of producing
      from protein-containing vegetable material a meat-simulating product which
      can be rapidly and inexpensively dried as it is produced, to be capable of
      conventional packaging for extended unrefrigerated storage in its dry
      condition. Further, the stored product can be rapidly rehydrated in a
      matter of seconds, in a very simple manner, without cooking, heating,
      autoclaving, or steaming, but rather merely by the addition of aqueous
      liquid.
PAR  Another object of this invention is to provide a novel highly palatable,
      highly nutritional meat-simulating food product from protein-containing
      vegetable materials, particularly soybean meal, capable of being dried,
      packaged, shipped, and stored for substantial periods, without
      refrigeration, and capable of rehydrating in moments merely by the
      addition of moisture, and without requiring cooking, autoclaving or
      pressurizing.
PAR  Another object of this invention is to provide, from a protein-containing
      vegetable material, particularly soybean meal, a meat-simulating food
      which has a fibrous lace network structure appearing and acting somewhat
      like the muscle fibers in actual meat, but which product costs only a
      fraction of that of meat.
PAR  Another object of this invention is to provide from protein-containing
      non-meat material, a meat-simulating product capable of inexpensive and
      rapid dehydration, and of subsequent simple and rapid rehydration, to
      effect a meat-simulating foodstuff having all the beneficial
      characteristics of meat but at a cost of about one-fifth of that of meat.
PAR  Another object of this invention is to provide novel extrusion apparatus
      capable of continuously, rapidly, and reliably converting
      protein-containing vegetable material, particularly soybean meal, into a
      restructured, excellent quality, meat-simulating product having a fibrous
      network structure resembling the muscle fiber structure of meat.
PAR  These and several other objects of this invention will become apparent upon
      studying the following specification in conjunction with the drawing.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  The drawing is a side elevational, sectional view of the basic extrusion
      apparatus preferred for practicing the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The concept of this invention pertains broadly to a unique processing
      treatment of protein-containing products to obtain a meat-like food
      material, the concept being intended for the treatment of
      protein-containing vegetable materials, with by far the most beneficial
      results being achieved when the novel concept is applied to soybean meal,
      in contrast to other vegetable protein materials such as peanut meal, corn
      meal, and cottonseed meal. In fact, by properly treating soybean meal
      according to this invention, a top grade, expanded product containing a
      fibrous network simulating the texture of meat tissues is obtained.
PAR  Soybean meal is the product resulting after oil is extracted from
      comminuted soybeans and is commonly called defatted soybean flakes.
      Soybean meal usually is in a flake-type particulate form. It could,
      however, be ground into a finer form such as powder. These various
      physical sizes and forms are broadly considered with the term soybean
      meal. In order to practice the present invention, it is important that the
      oil be extracted by chemical solvent techniques, such as with hexane
      rather than by mechanical pressing techniques, because the meal fed to the
      extruder in this process should be substantially free of oil. If
      mechanical pressing techniques are employed, the chemical solvent
      technique is subsequently employed before proceeding with the practice of
      this invention.
PAR  Specifically, it has been found that if the soybean meal is substantially
      free of residual oil, for example about 0.5% or less by weight, very
      excellent meat-simulating, fibrous formation occurs during extrusion, as
      well as the product exhibiting a controlled and excellent rate of
      expansion as ejected from the extruder. If the residual oil content in the
      soybean meal is present in a minor amount, e.g., about 2% by weight or
      less, a usable product can be obtained by the novel process, since some
      limited fibrous structure forms, but the fibrous structure is poor in
      comparison with that from substantially oil-free soybean meal.
      Furthermore, if the residual oil content is much above the minor amount,
      for example, about 5% by weight of the soybean meal, very little or no
      fibrous formation occurs. No other vegetable oil or animal oil or fats
      should be added to the soybean meal prior to extrusion. Either of the
      terms "oil" or "fat" are used herein to encompass what might be considered
      as vegetable oils and fats, or animal oil and fats, whether liquid or
      solid in form.
PAR  Another important criterion, which has been determined for the soybean meal
      composition, is the carbohydrate content. This component has an effect on
      the amount of product expansion. In this regard, it should be noted that,
      for an optimum meat-simulating product to be formed, the product must have
      an interconnected fibrous lace network formation that appears, feels, and
      acts in some respects like muscular meat fibers. For this to occur, the
      product should be controllably expanded or puffed when ejected from the
      extruder. However, the expansion is limited so that it is not unduly
      puffed. This excessive puffing destroys or at least seriously limits the
      formation of the interlaced nature of the fibrous product. Regarding this
      factor, it has been experimentally determined that the carbohydrate
      content, if present in an amount over a certain minimum, increases the
      amount of expansion of puffing sufficiently that the fibrous structure is
      at least partially or completely broken up and destroyed. Specifically,
      the natural carbohydrate content of about 35% by weight should not be
      increased by any more than about 5% by weight added carbohydrate. For
      example, if the carbohydrate content is increased by about 15% by weight
      added carbohydrate, fibrous formation is normally prevented or destroyed.
PAR  Prior to being fed into the extruder, the soybean meal is mixed with a
      predetermined amount of aqueous liquid, such as plain water, in order to
      effect a necessary mininum moisture content. The soybean meal and moisture
      are mixed into a generally homogeneous mass prior to being fed through the
      extruder. The moisture content can generally vary between the minimum of
      about 20% by weight of the total mixture to a maximum of about 40% by
      weight of the total mixture. If the moisture content is varied within this
      range from the low amount to the high amount, the temperature of the
      mixture in the meal should be varied as specifically explained below. This
      moisture assists in the chemical changes that occur in the extruder, is
      essential to the controlled expansion of the product leaving the extruder,
      and probably has other functions which are not fully understood.
      Preferably, the moisture content is between 30%-40% if the sodium
      hydroxide is not added as explained hereinafter. If it is added, the
      preferred moisture content is 23%-34%. At any rate, the moisture is an
      essential component in the soybean meal mixture.
PAR  Associated with the moisture addition is the control of the pH of the
      soybean meal. Control of this pH is also significant in this process. The
      normal pH of soybean meal after oil extraction is usually within the range
      of 6 to 7, typically 6.9 or so. Although experimentation has shown that
      soybean meal of widely varying pH can be beneficially extruded according
      to this process, it has been determined that the resulting product varies
      greatly in characteristics and qualilty with variation in pH.
      Specifically, it has been determined experimentally that is is preferably
      to have the meal just slightly acidic or slightly basic. That is, it is
      broadly desirable to keep the pH within the broad range of 5 to 12 since,
      below 5 and above 12, very poor fibrous formation occurs. Of this broad
      range, it preferably should be kept within a pH range of 6 to 9.
      Experimentation over an extended period of time shows that the best
      fibrous formation occurs when the meal is slightly basic, within a pH
      range of 7.5 to 8.7.
PAR  Control of this pH is achieved by adding a common acid such as hydrochloric
      acid, phosphoric acid, a base such as sodium hydroxide or other common
      edible electrolytes, to the aqueous liquid prior to mixing this aqueous
      liquid with the soybean meal to form the moist mixture. The above-noted
      experimentation clearly shows that the addition of an hydroxide is
      particularly beneficial since it apparently has a function in addition to
      acting as a pH control material. The amount of sodium hydroxide added
      should be sufficient to raise the pH to about 8.2-8.7, with 8.6 being
      optimum. It appears to have a beneficial chemical action on the complex
      protein molecular structure to catalyze the reaction. Whatever the
      technical explanation, the addition of sodium hydroxide causes a
      substantially better grade of fibrous formation in the resulting extruded
      product, and greatly eases control of the process. It further enables the
      protein content to be varied within a wider range without preventing
      excellent fibrous formation, as explained hereinafter. If the mixture
      formed from the aqueous solution of sodium hydroxide and the soybean meal
      is allowed to set and "cure" for several minutes prior to introduction to
      the extruder, these beneficial results are even further assured. Hence,
      control of the pH of the mixture, particularly with hydroxyl ions, is very
      significant to obtain a top quality product.
PAR  Another controlling factor, in addition to the fat content, carbohydrate
      content, moisture content, and pH of the soybean meal, is the protein
      content of the composition. Typically, soybean meal resulting from
      conventional oil extraction processes has a protein content of about 44%
      or 50% by weight, depending on the degree of refinement. Normally, a
      protein content of less than about 44% is not encountered, although this
      process is intended to encompass vegetable materials having a protein
      content less than this. A typical protein concentrate which can be added
      to increase the protein is commercially termed "isolated protein".
      Experimentation with this process shows that a soybean meal with a protein
      content of about 50% by weight produces the most desirable product, with
      optimum fibrous network formation and optimum expansion. Hence, preferably
      the operation is conducted on this material. However, the method does
      produce some fibrous formation in soybean meals having a protein content
      of about 30%, but below this value, the product is not very worthwhile.
      Furthermore, the protein content can be increased substantially about 50%,
      up to about 75%. Above this, the resulting product tends to have a gummy
      characteristic which is not desirable. Hence, preferably the protein
      content in the soybean meal should be between about 30% and 75% by weight,
      with the preferred amount being about 50% by weight.
PAR  The addition of a hydroxide, preferably sodium hydroxide, has a definite
      effect on the usable range of protein concentration which can be employed
      while operating with a minimum of production problems and producing a
      highly desirable product.
PAR  When a soybean mixture having the characteristics described above has been
      prepared, it is fed into an extruder assembly where it is subjected to
      elevated temperature and pressure and the extruder, as illustrated, is
      equipped with a restrainer plate 7. The rotating screw 5, in combination
      with this restrainer plate with its restricted outlet 11, creates a high
      pressure on the material in the extruder. The particulate, moist meal fed
      in changes form until it finally flows in a generally fluid manner even
      squeezing around the outer periphery of the screw in a recirculating
      fashion, to cause a severe mechanical working of the substance. The
      pressures in the extruder are elevated to several hundred psi, and
      normally fall within the range of about 300-600 psig. Part of the pressure
      is caused by the screw and restrainer plate. Part of the pressure is due
      to the high temperatures which result both from friction between the
      flowing product and components of the extruder, and from heat that is
      purposely added to the outside of the extruder in normal operation. This
      added heat is preferably obtained by passing steam through the forward or
      front annular jacket 15 within the extruder housing, around, but separated
      from, the forward end of the extruder chamber. The amount of steam heat
      applied is controlled by typical valving techniques in a manner to obtain
      temperatures which are not sufficiently high as to cause the product to
      scorch or burn, but which are sufficiently high to cause the desired
      chemical and physical reactions within the material. The amount of added
      heat to do this will vary with the particular extruder construction, but
      can be readily determined by trial and error during the initial stages of
      operation of the equipment.
PAR  The temperatures reached by the material in the extruder must be above
      212.degree. F. and actually should be considerably higher, within a
      certain specific range in order for a meat-simulating product with good
      fibrous structure to be formed. This varies with variations of the other
      mixture characteristics of which the most significant is moisture content.
      As the moisture content increases from about 20% to about 40%, the
      temperature may be decreased from about 310.degree. F. to about
      270.degree. F. Below about 270.degree. F., fibrous formation is poor. The
      preferred temperature range is about 270.degree.-300.degree. F., with
      optimum results having been obtained at about 280.degree. F.
PAR  In addition to the steam jacket for adding heat, an annular cooling jacket
      13 surrounds the rear portion of the extruder chamber. This has been found
      desirable in normal operation to maintain lower temperatures in the
      initial stages of mechanical working in the extruder. Cooling prevents the
      product from overheating to become scorched before it exits from the
      extruder. Again, the amount of cooling water and the temperature to cause
      the desired cooling effect will vary, but can be readily determined by
      trial and error during initial stages of operation.
PAR  The product outlet means from the extruder also includes a smaller
      secondary chamber into which the material discharges from orifice 11. The
      output from this second smaller chamber is also restricted by a die nozzle
      outlet 19. It has an area smaller than or about that of the restrainer or
      restrictor outlet 11. Without this two-stage restriction set up, it is
      extremely difficult to obtain acceptable fibrous formation in the product.
      In fact, another feature of the extruder has been found to be important to
      top quality fibrous formation when employing the cooperative makeup
      explained previously. This feature is the positioning of an elongated pipe
      member 17 between restrictor outlet 11 and die outlet 19. It has a
      diameter substantially smaller than the diameter of the extruder chamber
      to which it is attached, such diameter ratios normally being about 1/6 to
      1/10.  The product is longitudinally passed through this member while
      still radially restricted, along the length of the tube, under high
      pressures and at the elevated temperatures prior to being ejected into the
      lower pressure and temperature of the atmosphere. The tube has a length of
      about 8 to 12 times its internal diameter. In actual dimensions, a
      representative example of these components would include an extruder
      chamber diameter of about 5 inches, with a length of 3 to 4 feet or so,
      and a tube diameter of 3/4 of an inch and length of about 6 inches.
PAR  The exact scientific explanation of the functions of this hollow pressure
      tube into which the material is ejected prior to ejection to the
      atmosphere, cannot be given; but the efficacy of it is very definite and
      significant. In fact, with some soybean meals where the protein content is
      low, only very poor fibrous formation occurs unless this tube extension is
      employed.
PAC  OPERATION
PAR  In operation, the soybean meal obtained by solvent extraction of oil from
      the soybeans is checked so that it has only a minor oil content, i.e.,
      less than about 2%, and preferably is substantially oilfree, i.e., less
      than about 0.5% by weight of the meal. If the content is greater than
      this, the soybean meal must be treated with a chemical solvent such as
      hexane to extract the excess oil. Further, no other oil or fat material,
      animal or vegetable, is added to the meal prior to extrusion.
PAR  If desired, the meal may be ground more finely than the small flakes in
      which it normally occurs from the extraction process, but experimentation
      along this line indicates that this is not necessary.
PAR  Moisture is then added to the soybean meal, normally in the form of water,
      to bring the moisture content within the range of 20% to 40% by weight of
      the resulting mixture. The moisture and meal are mixed into a homogeneous
      mixture.
PAR  If the pH of the meal is to be adjusted, for example, to place it in the
      preferred range of 7.5 to 8.7, it is adjusted by adding the noted type of
      reagents, preferably. A basic material containing hydroxyl ions,
      preferably sodium hydroxide can be added by adding it to the water prior
      to moistening the meal. Enough is preferably added to bring the pH to
      about 8.6. If it is desired to adjust the pH into the acidic range, acid
      is added to the water and thus to the meal in the same fashion.
PAR  When the mixture is prepared and ready for the extrusion operation, it is
      fed into inlet 3 while the extruder screw 5 is rotated at a substantial
      speed, for example of about 150 rpm. During this operation, steam is
      passed through forward jacket 15, and normally, cooling water is passed
      through rear jacket 13. The meal mixture is advanced in the extruder by
      the screw while its temperature is increased to within the range of
      270.degree.-310.degree. F. by the steam heat added, by the mechanical
      working friction, and possibly by the chemical changes occuring. Since the
      screw tends to advance the material faster than it can be passed through
      the restricted outlet means, the pressure builds up in the chamber to
      several hundred pounds per square inch, usually about 300-600 psi, while
      the product is severely mechanically worked in the extruder. By the time
      the mixture reaches the restrictor plate, it is in the form of a flowable
      substance which is forced from the main extrusion chamber, after a
      retention time of usually 30-40 seconds, through restrictor plate outlet
      11 into the supplemental chamber. The material remains under elevated
      pressures and temperatures as it is advanced by pressure differential
      through the secondary chamber through the elongated tube, to die outlet
      means 19. As it emerges from outlet 19 under the high internal pressures
      into the much lower atmospheric pressure, the super heated moisture
      paritally flashes off by evaporation to cause product expansion and
      partial cooling. If the product is being processed properly, it emerges in
      the form of a continuous, elongated, expanded, fibrous member which is
      restructured and which can be kept in its continuous form or severed into
      individual chunks as it emerges by any ordinary cut-off means. The
      expanded product is very porous, and has a fibrous network or lace
      structure which somewhat resembles that of actual meat tissue fibers. If
      the product is kept moist in its freshly extruded condition, it can be
      directly used for simulated meat. Normally, it is desirable to add
      coloring materials to the product before extrusion, and to add flavorings
      before or after extrusion. The product is very nutritious as it emerges,
      is sterile, palatable, and wholesome. If portions of the product are
      pulled apart with one's fingers, the texture appears and acts somewhat
      like that of meat.
PAR  Instead of storing the product in its moist condition, wherein it should be
      kept under refrigeration or in hermetically sealed condition, it can be
      easily and quickly dried merely by passing it through a conventional
      drying chamber so that it can be packed and stored in a more convenient
      fashion. Its porosity enables it to dry quickly enabling simple and direct
      packaging in its dried form in a manner similar to cereal products. An
      important feature of this product is that it can be completely rehydrated
      extremely rapidly, i.e., in a few seconds, with great ease, i.e., merely
      by adding an aqueous liquid. Thus, whenever it is to be eaten, the dried
      chunks are rehydrated by mixing with aqueous liquid such as pure water,
      which is preferably warm so that it would be at a desirable eating
      temperature. The rehydrated product exhibits all of the desirable noted
      meat-simulating characteristics. No cooking, autoclaving, or pressurizing
      is necessary for rehydration.
PAR  The resulting product can be used for human food, e.g., "health foods", or,
      due to its cost being only about 1/5 or less of that of conventional meat,
      it can be economically used for pet foods. Palatability and nutrition
      tests have proven it to be an excellent and desirable food for pets or
      other animals. The material can be employed in a variety of forms, can be
      colored and/or flavored in a variety of fashions, and can be controllably
      varied in characteristics, to resemble various types of meat materials. By
      controlling the rate of feed of the product through the extruder,
      temperatures, degree of expansion, additives, protein content, moisture
      content, and the like, the character of the product can be widely varied
      while retaining its fibrous meat-simulating texture. The possibilities of
      this food product are many.
PAR  To assure that one having ordinary skill in the art will understand this
      invention, the following detailed illustrations are provided. It will be
      realized that literally thousands of various experimental runs have been
      made after discovery of the basic invention involved, over an extensive
      period of time. These were done in order to determine the critical
      limitations of the composition and method steps, and the operational
      criteria. To record the data of all of these runs here would unduly
      lengthen this document and would serve no good purpose.
PAC  ILLUSTRATION 1
PAR  Seventeen pounds of soybean meal, after oil extraction by hexane were
      employed. It had a protein content of 50% by weight of the soybean meal,
      and a fat content of 0.5% by weight. This soybean meal was mixed with 2600
      cc. of water, having sufficient sodium hydroxide added to the water to
      cause the mixture of moisture and soybean meal to have a final pH of 7.5.
      The mixture was allowed to set and cure for 5 minutes to obtain a good
      water and sodium hydroxide dispersion, penetration, and reaction. The
      mixture was then fed into the extrusion device illustrated, with steam
      being supplied to jacket 15 at a pressure of 20 psig and cooling water at
      room temperature being constantly passed through jacket 13. The opening in
      restraining plate 7 was 1/4 inch in diameter, with screw 5 being rotated
      at 150 rpm. The mixture was thus mechanically worked within the extruder
      at a temperature of around 300.degree. F., with the pressures varying
      somewhat but being generally above 300 psig. The material was continuously
      passed through the extruder, passing through the elongated tube and out an
      extruder nozzle having a size of 3/8 .times. 1/8 inch. The reaction time
      of the material within the extruder was about 30 seconds. The mixture was
      ejected from the nozzle in a continuous stream, and was a coherent fibrous
      structure which expanded with passage through the nozzle, to form a porous
      structure. The product, when removed, had a fibrous meat-like texture of
      excellent quality.
PAC  ILLUSTRATION 2
PAR  Another run similar to Illustration No. 1 was made, but in this instance
      the pH was adjusted to the acidic side with hydrochloric acid with the
      soybean meal being mixed with 1,000 cc. of water to which 15.5 grams of
      concentrated hydrochloric acid had been dissolved. The materials were
      mixed for approximately 13 minutes, and then an additional 1,850 cc. of
      water were added, with the resulting pH of the mixture being approximately
      6.6. The mixture was then fed to the extruder, and passed through the
      extruder at pressures generally of about 400 psig and at a temperature of
      about 300.degree. F. The resulting product had good fibrous formation, but
      inferior to the fibrous formation of Illustration No. 1, when the pH was
      on the basic side.
PAC  ILLUSTRATION 3
PAR  This operation was just like that in Illustration No. 1 above, except that
      the moisture content was about 25% and the pH was not adjusted. The
      product was completely acceptable, and the fibrous formation was good but
      not as good as when the pH was above 7.
PAC  ILLUSTRATION 4
PAR  The meal was substantially the same as that used in Illustration No. 2, but
      the pH was adjusted in the mixture to 5.5 by adding 52 grams of
      hydrochloric acid in solution in 2,300 cc. of water. Although fibrous
      portions did form, they did not bind the product together in the effective
      manner of previous runs, and fibrous formation was less than previously.
      In additional experiments, it appeared that the rate of fibrous formation
      tended to fall off quite rapidly as the pH is lowered below this amount.
PAC  ILLUSTRATION 5
PAR  In this illustrative run, the soybean meal was of the type described in
      Illustration No. 1. The mixture, however, was formed by adding 50 grams of
      sodium hydroxide and approximately 1,000 cc. of water were mixed with the
      soybean meal to obtain a resulting mixture pH of 8.6, after 1,300 cc. of
      additional water was subsequently added. The product was then extruded
      through the equipment illustrated, with the ultimate product exhibiting
      very substantial puffingg puffing but yet with complete coherence by
      reason of the fibrous network, and with excellent meat-simulating
      characteristics. It dried quickly and easily at temperatures above
      212.degree. F. to evaporate excess moisture. It rehydrated within a few
      seconds merely by adding warm water.
PAC  ILLUSTRATION 6
PAR  Parallel runs were made on soybean meals containing approximately 2%
      soybean oil, 2% animal fat, and 5% soybean oil in the meal. Seventeen
      pounds of the 50% protein soybean meal was mixed with 2,300 cc. of water
      in each instance and 7.5 grams of sodium hydroxide to bring the pH within
      the range of just above 7, but under 8.The meal was then extruded through
      the equipment as previously, with the result being that the product from
      the meal containing 2% soybean oil and the product from the meal
      containing the 2% animal fat exhibited some fibrous formation but of a
      generally poorer quality, while that containing the 5% soybean oil
      exhibited no fibrous formation at all. In fact, in this latter instance,
      the particulate meal was discharged in much the same form in which it went
      into the extruder.
PAC  ILLUSTRATION 7
PAR  Parallel runs were made on the 50% protein soybean meal containing 5%
      carbohydrate and 15% carbohydrate in the form of corn starch. The
      resulting products included a product of the 5% mixture which had poor
      fibrous formation, with excessive puffing breaking up the fibrous network
      and the 15% product having only puffing with no fibrous formation
      occurring so that it did not have meat-simulating characteristics.
PAC  ILLUSTRATION 8
PAR  Parallel experiments employing protein contents of 44% and below, run at
      various pH levels, at varying extruder temperatures and pressures
      exhibited differing types of fibrous formation. Experiments with and
      without the extruder tube extension were made.
PAR  As stated previously, the number of illustrations could be endlessly
      listed, but it is believed that, with the above illustrations and
      discussion of the criteria and critical factors involved, anyone having
      ordinary skill in this art could adapt the novel method and apparatus to
      various situations to obtain the desired type of product merely by a few
      trial-and-error variations in the moisture content, pH, fat or oil
      content, carbohydrate content, extrusion pressures and temperatures,
      restrainer plate restrictions, extrusion die nozzle sizes, and the like.
      In fact, it is realized that variations in these and related factors could
      be readily made within the concept taught herein. Hence, the invention is
      intended to be limited only by the scope of the appended claims and the
      reasonably equivalent methods, apparatuses, and products to those defined
      therein.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of treating a protein-containing vegetable material having no
      more than a minor amount of fat and a protein content of at least about
      that of solvent-extracted soybean meal to form a porous fibrous food
      product comprising the steps of: moistening the protein-containing
      vegetable material to a moisture content of at least about 20% by weight
      and maintaining the pH of the mixture in a range which is slightly above
      or slightly below the neutral point of the vegetable material;
      mechanically working the moistened protein-containing vegetable material
      under temperatures in excess of 212.degree.F. and elevated pressures;
      forcing the heated, pressurized, mechanically worked material through
      first restricted orifice means, maintaining the material under elevated
      temperatures and pressures as it emerges from said first restricted
      orifice means; the heat, pressure and mechanical working of the material
      prior to passage through said first restricted orifice means and the heat
      and pressure applied to said material after passage through said first
      restricted orifice means being such that upon release of the pressure it
      has the capability of forming a fibrous structure and then extruding the
      material through second restricted orifice means into an environment of a
      pressure substantially lower than said elevated pressures causing
      expansion of the product with moisture evaporation and the formation of a
      puffed and fibrous meat-like structure.
NUM  2.
PAR  2. The method of treating a protein-containing vegetable material recited
      in claim 1 wherein the protein-containing vegetable material is soybean
      meal having a fat content of approximately 0.5%.
NUM  3.
PAR  3. The method of treating a protein-containing vegetable material recited
      in claim 1 wherein an edible electrolyte is added to the material to
      adjust the pH of the material into said range of slightly acidic to
      slightly basic.
NUM  4.
PAR  4. The method of treating a protein-containing vegetable material recited
      in claim 3 wherein said edible electrolyte is a hydroxyl ion containing
      water-soluble reagent.
NUM  5.
PAR  5. The method of treating a protein-containing vegetable material recited
      in claim 4 wherein the edible electrolyte is sodium hydroxide.
NUM  6.
PAR  6. The method of treating a protein-containing vegetable material recited
      in claim 5 wherein the solution and said vegetable material are allowed to
      set and cure for several minutes prior to application of said mechanical
      working.
NUM  7.
PAR  7. The method of converting vegetable material in claim 1 wherein said
      elevated pressure is within the general range of 300 to 600 psi.
NUM  8.
PAR  8. A method of converting soybean meal into a fibrous meat-simulating
      product, comprising the steps of: providing a soybean meal having a
      protein content of at least about 50% and a fat content of no more than a
      minor amount; moistening the meal to a moisture content of at least about
      20% by weight; controlling the pH of the meal to a value between
      approximately 5 and 8; mechanically working the moistened soybean meal
      while simultaneously heating it to a temperature of at least about
      212.degree. F. and also applying an elevated pressure thereto to change
      the material to one capable of forming a fibrous structure upon release of
      the pressure; and then extruding the material through restricted orifice
      means into an environment of a pressure substantially lower than said
      elevated pressure to form an expanded material having a fibrous structure.
NUM  9.
PAR  9. The method of converting soybean meal recited in claim 8 wherein said
      material is expanded in stages by extruding the material through first
      restricted orifice means into a chamber within which it is maintained
      under elevated temperature and pressure, and then through second
      restricted orifice means into said substantially lower pressure
      environment.
NUM  10.
PAR  10. A method of forming a porous fibrous food product from a predominantly
      protein containing vegetable material wherein said material has a fat
      content of no more than a minor amount comprising the steps of: providing
      said protein-containing vegetable material having a protein content of at
      least about that of solvent-extracted soybean meal; adjusting the moisture
      content of said vegetable material to a content of at least about 25% by
      weight; mechanically working the moistened protein-containing vegetable
      material under temperatures in excess of 212.degree.F. and elevated
      pressures; forcing the heated, pressurized, mechanically worked material
      through first restricted orifice means, into an elongated zone of
      confinement while maintaining the material in confinement under elevated
      temperatures and pressures; advancing the material through said elongated
      zone of confinement for a period of time sufficient to cause the material
      to have a fibrous nature as it is finally discharged; and then discharging
      the material by extruding it through second restricted orifice means into
      an environment of a pressure substantially lower than said elevated
      pressures, causing expansion of the product with moisture evaporation and
      the formation of meat-simulating fiber structure.
NUM  11.
PAR  11. A method of forming a fibrous food product from a predominantly protein
      containing vegetable material, wherein said material has a fat content of
      no more than a minor amount, comprising the steps of: providing said
      protein-containing vegetable material having a protein content of at least
      about that of solvent-extracted soybean meal; adjusting the moisture
      content of said vegetable material to a content of at least about 25% by
      weight; mechanically working the moistened protein-containing vegetable
      material under temperatures substantially above 212.degree.F. and elevated
      pressures; forcing the heated, pressurized, mechanically worked material
      through first restricted orifice means into an elongated zone of
      confinement while maintaining the material in confinement under elevated
      temperatures and pressures; advancing the material through said elongated
      zone of confinement for a period of time sufficient to cause the material
      to have a fibrous nature as it is finally discharged; and then discharging
      the material by extruding it thorugh second restricted orifice means into
      an environment of a pressure substantially lower than said elevated
      pressures, causing expansion of the product with moisture evaporation and
      resulting in the formation of meat-simulating fiber structure.
NUM  12.
PAR  12. The method of treating the protein-containing vegetable material
      recited in claim 11 wherein said protein-containing vegetable material is
      soybean meal.
NUM  13.
PAR  13. The method of treating the protein-containing vegetable material
      recited in claima 11 wherein the porous food product is severed into
      chunks.
NUM  14.
PAR  14. A method of forming a fibrous food product from a predominantly protein
      containing vegetable material wherein said material has a fat content of
      no more than a minor amount, comprising the steps of: providing said
      protein-containing vegetable material having a protein content of at least
      about that of solvent-extracted soybean meal; adjusting the moisture
      content of said material to between about 20% and about 40% by weight;
      passing said moistened protein-containing vegetable material through a
      pair of zones of confinement under temperatures substantially in excess of
      212.degree.F. and elevated pressures and mechanically working said
      material in the first of said zones and separating said zones by a
      restricted orifice, the heat, pressure and mechanical working applied to
      said material being such as to convert said material to one capable of
      forming a fibrous structure upon release of the elevated pressure,
      discharging said material from the second of said zones through a
      restricted orifice into an environment of a substantially lower pressure
      to produce a puffed product characterized by a fibrous structure.
NUM  15.
PAR  15. The method of forming a food product by restructuring a predominantly
      protein-containing vegetable material wherein said material has no more
      than a minor amount of fat comprising the steps of providing said
      proteinaceous vegetable material having a protein content of at least
      about that of solvent-extracted soybean meal and mixing said material with
      sufficient water to provide a mixture having an added moisture content of
      at least 25% by weight; confining the mixture within an extruder and
      increasing the pressure and also increasing the temperature of the mixture
      to substantially above 212.degree.F. while subjecting it to mechanical
      working until the mixture, upon release of the pressure, is capable of
      becoming a fibrous structure; forcing the mechanically worked, heated
      mixture under pressure through a restricted orifice, upon discharge from
      which the pressure is suddenly released, whereby the mixture is
      restructured into a puffed product of reduced density having a meat-like
      texture.
NUM  16.
PAR  16. The method of restructuring the proteinaceous vegetable material as
      recited in claim 15 wherein the material while in the extruder is passed
      through two zones of confinement connected by a restricted passage and
      said restricted orifice is at one end of the second of said zones.
NUM  17.
PAR  17. The method of restructuring the proteinaceous vegetable material as
      recited in claim 16 wherein the mechanical working of said material is
      applied by a screw in the first of said zones.
NUM  18.
PAR  18. The method of restructuring a soybean material to form a food product
      from a predominatly solvent-extracted soybean material, comprising the
      steps of mixing said solvent-extracted soybean material having a protein
      content at least about that of solvent-extracted soybean meal with
      sufficient water to permit the resulting mixture to be passed through an
      extruder; confining the mixture within an extruder and increasing the
      pressure and temperature of the mixture while subjecting it to mechanical
      working until the mixture, upon release of the pressure, is capable of
      becoming a fibrous structure, said temperature during said mechanical
      working being increased substantially above 212.degree.F.; and forcing the
      mechanically worked, heated mixture under pressure through a restricted
      orifice, upon discharge from which the pressure is released, whereby the
      mixture is restructured into a puffed product of reduced density having a
      meat-like texture.
NUM  19.
PAR  19. The method of restructurihg the soybean material recited in claim 18
      wherein the quantity of added water is in the range of 20%-30% of the
      mixture.
NUM  20.
PAR  20. The method of restructuring the soybean material recited in claim 18
      wherein the quantity of added water is approximately 25% of the mixture.
NUM  21.
PAR  21. The method of restructuring the soybean material recited in claim 18
      wherein the pH of the mixture is adjusted to be within the range of
      slightly acidic to slightly basic.
NUM  22.
PAR  22. The method of restructuring the soybean material recited in claim 18
      wherein the mixture has a pH in the range of 5-8.
NUM  23.
PAR  23. The method of restructuring the soybean material recited in claim 18
      wherein the mixture has a pH in the range of 6.6-8.0.
NUM  24.
PAR  24. The method of restructuring the soybean material recited in claim 22
      wherein an edible electrolyte is added to the mixture to control the pH.
NUM  25.
PAR  25. The method of restructuring the soybean material recited in claim 18
      wherein the temperature of the mixture is increased to a range
      substantially above 212.degree.F.
NUM  26.
PAR  26. The method of restructuring the soybean material recited in claim 18
      wherein the pressure applied to the mixture is in the range of 300-600
      psi.
NUM  27.
PAR  27. The method of restructuring a solvent-extracted soybean meal to form a
      food product comprising the steps of mixing the soybean meal with water,
      the added water being in the range of 20-30% of the resulting mixture;
      maintaining the pH of the mixture in a range which is slightly above or
      slightly below the neutral point of soybean meal; introducing the mixture
      into a confined chamber and increasing the pressure on the mixture into
      the range of 300-600 psi and increasing the temperature of the mixture
      into the range of 212.degree.-310.degree.F.; mechanically working the
      mixture in the confined chamber until the mixture, upon release of the
      pressure, is capable of becoming a fibrous structure; forcing the
      mechanically worked, heated mixture under pressure through a restricted
      orifice upon discharge from which the pressure is released whereby the
      mixture is restructured into a puffed product of reduced density having a
      meat-like texture.
NUM  28.
PAR  28. The method of restructuring a solvent-extracted soybean meal to form a
      food product comprising the steps of adding water to the solvent-extracted
      soybean meal, the added water being in the range of 20-30% of the
      resulting mixture; maintaining the pH of the mixture in a range which is
      slightly above or slightly below the neutral point of the soybean meal;
      introducing the mixture into a confined chamber and increasing the
      pressure on the mixture into the range of 300-600 psi and increasing the
      temperature of the mixture into a range substantially above 212.degree.F.;
      mechanically working the mixture in the confined chamber until the
      mixture, upon release of the pressure, is capable of becoming a fibrous
      structure; forcing the mechanically worked, heated mixture under pressure
      through a pair of spaced restricted orifices upon discharge from the
      second of which orifices the pressure is suddenly released, whereby the
      mixture is restructured into a puffed product of reduced density having a
      meat-like texture.
NUM  29.
PAR  29. The method of restructuring a predominantly soybean material consisting
      of discrete particles of soybean from which the oil has been removed by
      solvent extraction to form a food product comprising the steps of mixing
      the material with sufficient water that the resulting mixture has about
      20% to about 40% moisture by weight; confining the mixture within an
      extruder and increasing the temperature of the mixture to substantially
      above 212.degree.F. and also increasing the pressure while subjecting it
      to mechanical working until the mixture, upon release of the pressure, is
      capable of becoming a fibrous structure; forcing the mechanically worked,
      heated mixture under pressure through a restricted orifice upon discharge
      from which the pressure is suddenly released, whereby the mixture is
      restructured into a puffed product of reduced density having a meat-like
      texture.
NUM  30.
PAR  30. The method of restructuring the soybean material as recited in claim 29
      wherein the material while in the extruder is passed through two zones of
      confinement connected by a restricted passage and said restricted orifice
      is at one end of the second of said zones.
NUM  31.
PAR  31. The method of restructuring the soybean material as recited in claim 30
      wherein the mechanical working of said material is applied by a screw in
      the first of said zones.
NUM  32.
PAR  32. A food product of restructured predominantly protein-containing
      vegetable material made by the method in claim 15.
NUM  33.
PAR  33. A food product of restructured predominantly protein-containing
      vegetable material made by the method in claim 29.
NUM  34.
PAR  34. A method of producing a porous expanded food product having meat
      simulating textural characteristics, from a protein-containing vegetable
      material comprising, the steps of: providing a protein-containing
      vegetable material of the group consisting of soybean meal, cotton seed
      meal, and peanut meal, having a fat content of no more than a minor amount
      and a protein content between about 30% and 75% by weight; moistening such
      material to a moisture content between about 20% and 40% by weight;
      controlling the pH of the meal to a value between about 5 and 12;
      mechanically working the moistened protein-containing vegetable material
      while simultaneously applying elevated pressures thereto and also heating
      it to elevated temperatures above 212.degree. F. for a time period
      sufficient to convert said meal into a flowable substance; and then
      extruding the heated, pressurized, mechanically worked material through
      restricted orifice means into an environment of a substantially lower
      pressure, causing expansion of the material and formation of an expanded
      network structure therein having textural, chewing and mouth feel
      characteristics similar to those of meat.
NUM  35.
PAR  35. A method of treating a protein-containing vegetable material to form a
      porous palatable and nutritious food product that bears resemblance to
      meat in appearance, physical structure and texture, and chewing
      characteristics, comprising the steps of: providing a protein-containing
      vegetable material of the group consisting of soybean meal, peanut meal,
      and cotton seed meal, having a fat content of no more than a minor amount
      and a protein content between about 30% and 75% by weight; moistening such
      material to a moisture content between about 20% and 40% by weight;
      controlling the pH of the material to a value between 5 and 12;
      mechanically working the moistened protein-containing vegetable material
      while simultaneously heating it to elevated temperatures above 212.degree.
      F. and also applying elevated pressures for a time period sufficient to
      convert said meal into a flowable substance; then forcing the heated,
      pressurized, mechanically worked material through first restricted orifice
      means, maintaining the material under elevated temperatures and pressures
      as it emerges from said first restricted orifice means; and then extruding
      the material through second restricted orifice means into an environment
      of a pressure substantially lower than said elevated pressures causing
      expansion of the product with moisture evaporation and the formation of
      meat simulating structure having textural, chewing and mouth feel
      characteristics similar to those of meat.
NUM  36.
PAR  36. A method of converting a protein containing material into a palatable
      and nutritious product that bears resemblance to meat in appearance,
      physical structure and texture, and chewing characteristics, comprising
      the steps of: providing a material from the group consisting of soybean
      meal, peanut meal, and cotton sead meal, having a protein content of
      between about 30% and 75% by weight, and a fat content of no more than a
      minor amount; moistening the meal to a moisture content of at least about
      20% by weight but less than about 40% by weight, and also adding to the
      meal a pH altering edible electrolyte while controlling the pH of the meal
      to a value between 5 and 12; mechanically working the moistened soybean
      meal while simultaneously heating it to a temperature of at least above
      212.degree. F. for a period of time sufficient to convert said meal into a
      flowable substance while also applying an elevated pressure thereto; and
      then extruding the mechanically worked, heated, and pressurized material
      through restricted orifice means into an environment of a pressure
      substantially lower than said elevated pressure to expand the material
      into a porous structure having textural, chewing and mouth feel
      characteristics similar to those of meat.
NUM  37.
PAR  37. The method of claim 36 wherein the pH is between 6 and 9.
NUM  38.
PAR  38. The method in claim 37 wherein said pH is adjusted to a value within
      the range of about 7.5 to 8.7.
NUM  39.
PAR  39. The method in claim 37 wherein said material is expanded in stages by
      extruding the material through first restricted orifice means into a
      chamber under elevated temperature and pressure, and then through second
      restricted orifice means into said substantially lower pressure
      environment.
NUM  40.
PAR  40. The method in claim 38 wherein said pH of 7.5-8.7 is obtained by
      adding, as said pH altering edible electrolyte, a hydroxyl ion containing
      water soluble reagent to water to form a solution, which is then added to
      the meal for the said moistening step.
NUM  41.
PAR  41. The method in claim 40 wherein said reagent is sodium hydroxide, and
      said solution and meal are allowed to set and cure for several minutes
      prior to said mechanical working step.
NUM  42.
PAR  42. The method in claim 36 wherein said elevated temperature is within the
      range of about 270.degree.-310.degree. F.
NUM  43.
PAR  43. The method in claim 41 wherein said elevated temperature is about
      280.degree.F.
NUM  44.
PAR  44. The method in claim 36 wherein said soybean meal is substantially free
      of oil.
NUM  45.
PAR  45. The method in claim 36 wherein said soybean meal has less than about 5%
      added carbohydrate content by weight.
NUM  46.
PAR  46. The method in claim 36 wherein said elevated pressure is within the
      general range of 300 to 600 psi.
NUM  47.
PAR  47. A method of converting soybean meal into a palatable and nutritious
      meat simulating product comprising the steps of: providing soybean meal
      having about 2% or less by weight of oil or fat, a protein content between
      about 30% and 75% by weight, and an added carbohydrate content less than
      about 5% by weight; controlling the pH of the meal to a value between 6
      and 9; adding moisture to the meal to form a mixture having a moisture
      content of about 20%-40% by weight of the mixture; mechanically working
      the mixture while simultaneously applying elevated pressures and also
      heating it to elevated temperatures within the range of about
      270.degree.-310.degree. F. for a time sufficient to convert it to a
      flowable substance; and then immediately extruding said flowable substance
      through restricted orifice means into an environment of substantially
      lower pressure, causing expansion of the substance and formation of a lace
      network formation in the product having textural, chewing and mouth feel
      characteristics similar to those of meat.
NUM  48.
PAR  48. The method in claim 35 wherein, after said material is forced through
      said first restricted orifice means, it is forced into and through an
      elongated zone of confinement while maintaining the material in
      confinement under said elevated temperatures and pressures; and then is
      extruded through said second restricted orifice means.
NUM  49.
PAR  49. The method in claim 48 wherein said protein-containing vegetable
      material is soybean meal.
NUM  50.
PAR  50. The method in claim 34 wherein the porous food product is formed into
      chunks with a tearing action to elongate the expanded material.
NUM  51.
PAR  51. A meat simulated food product formed by the method in claim 35.
NUM  52.
PAR  52. A meat simulated food product formed by the method in claim 51.
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ABST
PAL  A spiral wound can is described in which the body of the can is made up of
      a relatively heavy fiberboard base or body layer lined within by an oil
      and moisture impermeable barrier formed from a laminate of aluminum foil
      and paper. The heavy base layer includes a helically extending separation
      line or butt joint bonded together by the liner and a reinforcing tensile
      element in the form of a reinforcing strip. A discrete label covers the
      reinforcing strip and the body stock and is bonded to the body stock by at
      least two broken or unbroken lines of adhesive on opposite sides of the
      reinforcing strip. A circumferentially extending collar cut is made
      through both the label and the reinforcing strip to facilitate their
      removal. In one form of the invention, the reinforcing strip is bonded
      more strongly to the label than to the body and is removed when the label
      is removed. In another form of the invention, the label is not bonded to
      the reinforcing strip and is removed first. The reinforcing strip is in
      the second form provided with an adhesive free area under one corner which
      defines a lifting tab allowing it to be lifted manually and removed.
BSUM
PAC  THE PRIOR ART
PAR  A large number of pressurized cans for refrigerated dough products are
      currently made under U.S. Pat. Nos. 2,793,126 and 2,793,127 and 3,144,193.
      These patent describe helically wound fiber cans composed of a relatively
      thick central fiberboard bodystock layer covered on the inside and outside
      by helically wound liner and label layers respectively. The label is
      entirely removed before the can is to be opened. The can is then struck
      against a solid object causing the liner to split along a separation line
      defined by a helical butt joint in the fiber body stock that extends the
      entire length of the can. In these prior containers it is highly desirable
      to be able to inlude as much descriptive matter as possible to show the
      consumer how to open the package and use the product or to provide coupons
      and the like. Previously, little printed matter could be provided on the
      inside surface of the label because the label serves not only as a
      supporting medium for printed matter but also as an integral structural
      member of the container in maintaining the butt joint intact and it is
      necessary to glue the label to the body stock on either side of the butt
      joint. Moreover, to seal the butt joint successfully, the label must be
      made of material having the requisite strength, usually a super
      wet-strength paper (wet-strength 40% of dry-strength) with an additional
      foil grease and stain masking repellent layer which functions in addition
      as a printing surface. Labels of this material are expensive; at the
      present time about 7 to 9.5 cents per 1,000 square inches.
PAR  U.S. Pat. No. 3,366,493 describes a helically wound fiber can superficially
      similar to the present invention in that it is provided with a reinforcing
      strip bonded over a helical butt joint and a label. However, the
      reinforcing strip is never removed and the can when it is opened, opens
      along a series of perforations that extend parallel to the butt joint. The
      problem with this container is that the perforated separation line must be
      relatively difficult to rupture if the container is to have the requisite
      strength after the label is removed. While the can could be made easier to
      open by reducing the strength of the perforation line, the cans would then
      be more likely to burst prematurely either on the shelves or during the
      opening process which is, of course, a substantial disadvantage.
      Accordingly, a compromise must be made between a perforation line of
      relatively low strength which is easy to open but which might burst
      prematurely and a higher strength perforation line which securely retains
      the can intact but requires possibly two to three hard raps against a
      solid edge to be opened. In either case, a substantial safety margin has
      to be provided to allow for manufacturing tolerances in the liner,
      paperboard, bodystock and the precise dimensions of the perforation line
      including the changes from time to time in the length and width of the
      perforation cuts.
PAR  Other cans have been provided with reinforcing strips among these being
      U.S. Pat. Nos. 3,510,050 and 3,147,902 in which the strips are not removed
      at any time. U.S. Pat. No. 3,035,753 describes a helically wound fiber
      container for dough products with a removable reinforcing strip in which
      the label is not to be removed from the can but is instead torn by the
      reinforcing strip when the strip is removed. Thus, the label cannot
      provide space for additional printing on its inside surface which is an
      important object of the present invention.
PAC  THE OBJECTS
PAR  The primary objects of the invention are to provide an improved fiber can
      with the following characteristics and advantages for shipping and storing
      dough products under pressure: (a) the provision of substantially
      increased surface area for printing, for example, up to half again more
      printing area than the cylindrical surface of the can, (b) the provision
      of a single helical separation line with a means for substantially
      reducing the opening strength of this separation line e.g. by at least
      about 20% immediately before opening the can, (c) the provision of a can
      of the type described having a label of reduced cost, (d) a reinforcing
      strip bonded over the helical separation line and a reliable provision for
      allowing the reinforcing strip to be readily grasped and withdrawn when it
      is to be removed, (e) the provision of an alternative mode of opening
      wherein both the label and reinforcing strip can be removed at the same
      time, (f) the provision of an improved container of the type described
      wherein the cost of the label is reduced substantially by reliance upon a
      separate strip to provide a large portion of the strength needed to
      reinforce the separation line thereby dividing the label display function
      and the reinforcing functions between two different elements, (g) the
      provision of an improved can having as much as one half of its inside
      surface free from adhesive and printed indicia in the area that is free
      from adhesive.
PAC  SUMMARY OF THE INVENTION
PAR  A spiral wound can is described in which the body of the can is made up of
      a relatively heavy fiberboard base or body stock layer lined within by a
      relatively thin oil and moisture impermeable barrier formed, for example,
      from a laminate of aluminum foil and paper. The body stock layer includes
      a helically extending separation line which consists of a butt joint the
      edges of which are bonded together on the outside surface of the body
      stock by a reinforcing tensile element usually in strip form. A discrete
      label covers the reinforcing strip and body stock layer and is bonded
      thereto with adhesive. A circumferentially extending collar cut is made
      through both the label and the reinforcing strip to facilitate their
      removal. A means is provided to permit removal of the strip from the
      underlying body stock. This means can take one of several forms. In one
      form, the reinforcing strip is provided with adhesive bonds of differing
      strength on its opposed surfaces, the bond to the label being stronger
      than the bond to the body stock such that the strip is removed from the
      body stock when the label is removed. In another form of the invention,
      the reinforcing strip is not bonded to the label which is removed first.
      In this form of the invention the reinforcing strip is provided with an
      adhesive free area under one corner which defines a lifting tab allowing
      it to be lifted manually and removed.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 is a diagram illustrating the forming containers in accordance with
      one form of the invention.
PAR  FIG. 2 is a side elevational view of the can with a portion of the label
      removed.
PAR  FIG. 3 is a side elevational view of the can on a somewhat larger scale
      partially in section.
PAR  FIG. 4 is a vertical, sectional view taken on line 4--4 of FIG. 3.
PAR  FIG. 5 is a diagramatic view illustrating the manner of making another form
      of the invention.
PAR  FIG. 6 is a side elevational view of the can formed as shown in FIG. 5 with
      a portion of the label removed.
PAR  FIG. 7 is a side elevational view of the can of FIG. 6 on a somewhat larger
      scale with the label partially removed.
PAR  FIG. 8 is a vertical, sectional view taken on line 8-8 of FIG. 7.
PAR  FIG. 9 is a view similar to FIG. 7 showing the reinforcing strip partially
      removed and
PAR  FIG. 10 is a view similar to FIG. 9 showing the reinforcing strip almost
      completely removed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A winding mandrel of standard construction is provided with the usual
      winder W having a belt or the like entrained over the mandrel for drawing
      the various webs including the body stock 2 onto the mandrel. The body
      stock sheet 2 and liner 5 are wound continuously onto the mandrel and
      travel from left to right in the figures thereby forming a helically
      extending butt joint 7 where the adjacent convolutions of the body stock 2
      contact one another. Over the butt joint 7 is wrapped a reinforcing tape 6
      which can be thought of as a tensile member. The tensile member is adhered
      to the body stock by means of adhesive 6a suitably applied to the strip 6
      just before winding.
PAR  The liner 5 formed from a relatively tough barrier material such as the
      composite of kraft paper and aluminum foil is applied to the mandrel and
      wound inside the body stock 2 with adhesive applied to the body stock to
      bond the liner therein and to bond it to the body stock 2 in the area of
      the joint 7 to thereby reinforce the joint.
PAR  After the tensile member 6 has been bonded over the outside of the butt
      joint 7, a label 4 which functions as a protective coating and printing
      surface is applied and bonded by adhesive suitably applied to the
      underlying body stock in the locations described below and to the tape 6.
      After the tube has been completely formed in this manner, it is ultimately
      cut into can lengths as shown by dotted lines 3. The tube is then cut
      circumferentially only partially through its thickness specifically
      through the label 4 and the tensile element 6 at C. The cut C does not
      extend through the body stock layer 2 and is located relatively close to
      one end of the container, normally about one half of an inch from one end.
      By "relatively close to the end" is meant that the collar cut should be
      placed no more than about 2 or 3 inches from the end of the container. The
      container is now ready for filling and capping.
PAR  The finished package embodying the present invention is thus comprised of
      an elongated cylindrical container body. The butt joint 7 extends
      generally longitudinally and helically of the can. The inner protective
      layer formed from flexible sheet material is positioned adjacent and
      bonded to the inner wall of the body stock to help prevent the loss of
      moisture and oil from the can. The outer label 4 is positioned adjacent to
      the outer surface of the core 2 as mentioned above to provide a printing
      surface and to prevent ambient moisture from harming the container body
      and its contents. The tensile member 6 bridges the butt joint 7 and is
      adhered to the marginal edges of the container body element 2 adjacent and
      on either side of the butt joint by means of a suitable adhesive such as a
      resin emulsion or hot melt adhesive.
PAR  The bottom cap 14 is normally applied before filling. After the container
      is filled with dough products, the cover 12 is secured to the top. The
      bottom covers are secured in place conventionally by crimping or seaming
      with commercially available equipment.
PAR  As seen in FIGS. 2, 3 and 4, the body member is relatively thick compared
      with the liner and the label. It consists of heavy paperboard, for example
      0.026 inches in thickness and functions as a stiffening member to provide
      shape, thickness, and overall strength. The liner 5 consists, for example,
      of 25 lb. per 3000 ft. square kraft paper laminated to 0.00035 inch thick
      aluminum foil. The inner layer of liner 5 is bonded to the core 2 by means
      of adhesive and by bridging the butt joint 7, holds the butt joint intact
      even after the removal of the label and tensile member 6 as will be
      described below.
PAR  The label 4 on the outside of the package can be much lighter in
      construction than an ordinary label.
PAR  The label 4, since it need not provide the tensile requirements for bonding
      together the butt joint 7, can be formed from any relatively lightweight
      sheet material especially well-adapted as a printing surface. It can, for
      example, be formed from any suitable flexible sheet material such as
      laminates of paper and foil as mentioned above but can be of other
      construction such as 45-55 pounds per ream clay coated bleached kraft
      either super-calendered or machine glazed. The clay coating is of a type
      treated with a chrominum complex to reduce grease wicking. Moisture and
      oil surface resistance is provided by suitable coatings e.g. vinyl
      coatings applied on the printing press as a part of the printing
      operation.
PAR  Each surface of the tensile member 6 is adhesively bonded to the adjacent
      material on its outer and inner surfaces. An important feature of this
      form of the invention is the provision of differential bonding strength on
      the inner and outer surfaces of the tensile member 6 with the bond between
      the tensile member and the label being stronger than that between the
      tensile member and the body stock. The term "bond" as used herein with
      reference to the tensile member is concerned only with the separating
      force required and not the point at which the separation occurs. In a
      typical application of the invention, the body stock will have a surface
      composed of a relatively short fiber material and some or all of the
      rupturing will take place within the body stock itself. The important
      thing, however, is that the tensile member 6 delaminates from the body
      stock 2 rather than from the label 4. The inner surface of the label 4 is
      designated 6b (FIG. 4). The tensile member 6 is thus removed when the
      label 4 is removed. The tensile member 6 can be about one half inch or
      more (typically one inch) in width and can be formed, for example, from
      kraft paper of 25 pounds per ream laminated to 0.00035 inch aluminum foil.
      Another preferred material for the strip 6 is about 25-40 pounds per ream
      high wet strength machine glazed kraft having a glue receptive outer
      surface.
PAR  The label 4 can be relatively light in construction compared to the normal
      label, for example excellent results are accomplished with a foil and
      kraft paper label as light as 25 pounds per ream representing a saving of
      about 0.75 to 1.0 cents per thousand square inches compared with the
      current cost of an ordinary label. Since the tensile function is provided
      by tape 6, the label can be formed from practically any material. The
      strip 6 is highly receptive to glue on its outer surface. By the term
      "glue receptive" as used herein, is meant surfaces free from a coating
      which would render it poorly adherent to glue. Similarly the term "poorly
      adherent" means that the natural ability of the paper to be glued is
      reduced.
PAR  The label 4 thus serves only as an oil and moisture barrier and as a
      surface for printed indicia 4a but does not provide major support to butt
      joint 7 since this purpose is fulfilled by the tensile member 6. Since the
      bond strength differential causes the tensile element 6 to separate from
      the body stock 2, as soon as the label is withdrawn the can will open
      easily when struck against a solid object. Removal of the tensile element
      weakens the butt joint by a factor of about 50% (assuming the tensile
      element 6 is of about the same thickness and strength as the liner, but at
      the least by a factor of about 20%).
PAR  The label 4 is bonded to the body 2 by two adhesive strips 15 and 16 in
      addition to being bonded to the tensile member 6. It will be seen that the
      strip 16 is relatively narrow compared with 15 and that there are unglued
      areas 18 and 20 on either side of the tensile element 6. The unglued area
      18 is about an inch in width and the unglued area 20 is about a quarter of
      an inch in width. The extreme edges of the label 4 are free from adhesive.
      This is accomplished, for example, by scraping them free from adhesive
      just before the label is wound into tubular form with the underlying
      unglued edge 22 about an eighth of an inch wide or so and the overlying
      adhesive free edge 24 is about 3/32 of an inch wide. A glazed portion 26
      appears where one edge overlies the next adjacent material.
PAR  The filled container appears as shown in FIG. 3. To open the container, one
      grasps the edge of the label, the adhesive free edge 24 of the label edge
      adjacent the collar cut C which functions as a tab T and withdraws the
      label as shown in FIG. 2. As this is done, the reinforcing strip or
      tensile member 6 is also removed since the bond 6b has greater strength
      than the bond 6a between the tensile member 6 and the body material 2.
PAR  In FIGS. 5-10 is shown another embodiment of the invention. As in FIGS.
      1-4, a relatively heavy body stock sheet 52 and label 54 is wound
      continuously onto a mandrel and travels from left to right in the figures
      thereby forming a helically extending butt joint 57 where the adjacent
      convolutions of the body stock 52 contact one another. Over the butt joint
      57 is bonded a reinforcing tape 56 which can be thought of as a tensile
      member. The tensile member is adhered to the body stock 2 by means of
      adhesive 56a which does not extend all the way to the edges of the tensile
      member 56 for reasons to be described below. The liner 55 is formed from a
      relatively tough barrier material such as the composite of kraft paper and
      aluminum foil and is applied to the mandrel first so as to be wound inside
      the body stock 52.
PAR  After the tensile member 56 has been bonded over the butt joint 57, the
      label 54 which functions as a protective coating and printing surface is
      applied and bonded to the underlying body stock only in specific locations
      as will be described below but not to the tape 56. After the tube has been
      completely formed, it is cut circumferentially into lengths as shown by
      dotted line 53. The tube is then cut circumferentially only partially
      through its thickness but through the labels 54 and the tensile element 56
      at C.sub.1. The cut C.sub.1 does not extend through the body stock layer
      52. The circumferential cut C.sub.1 is preferably near one end of the
      container normally about one half of an inch from the end of the
      container. The container is now ready for filling and capping.
PAR  The finished package embodying the present invention is thus comprised in
      part of an elongated container body which is ordinarily cylindrical but in
      any case has circular configuration at all points on its longitudinal
      axis. The container body is composed of a plurality of layers of flexible
      sheet material. The butt joint 57 extends generally longitudinally of the
      core but as can be seen also extends helically. The inner protective liner
      55 is formed from a flexible sheet material positioned adjacent and bonded
      to the inner wall of the core 52 to help prevent the loss of moisture and
      oil from the can. The outer protective label 54 is positioned adjacent to
      the outer surface of the core 52 as mentioned above to prevent ambient
      moisture from harming the container body and its contents. The tensile
      member 56 bridges the butt joint 57 and is adhered to the marginal edges
      of the container body element 52 on either side of the butt joint 57 by
      means of a suitable adhesive such as a resinous emulsion or hot melt
      adhesive.
PAR  The bottom cap 60 is normally applied before filling. The container is then
      filled with dough products, the cover 62 is applied to the top. The bottom
      covers are secured in place conventionally by crimping or seaming in
      commercially available equipment.
PAR  As seen in FIGS. 2, 3 and 4 the core of body stock member 52 is relatively
      thick compared with the liner and the label. It consists, for example of a
      heavy paperboard strip four inches wide and 0.026 inches in thickness and
      functions as a stiffening member to provide thickness and overall
      strength. The liner 55 consists for example of 25 lb. per 3000 ft..sup.2
      kraft paper laminated to a 0.00035 inch aluminum foil to protect the core
      member 52 from moisture and oil. The outer surface or liner 55 is bonded
      to the core 52 by means of adhesive and as can be seen in FIG. 4, bridges
      the butt joint and secures the butt joint intact even after the subsequent
      removal of the label 54 and tensile member 56 as will be described below.
PAR  The label 54 is printed on its outside surface at 54a to provide
      information for the consumer concerning opening directions and baking
      directions for the packaged contents and functions as a moisture and oil
      barrier.
PAR  The label 54 is held in place by glue strips 65 and 66. While the width of
      the adhesive strips 56 and 66 can be varied widely and may comprise a
      series of dots or continuous strips, the strip 66 we have found convenient
      to make about half an inch in width while the strip 65 about five-eighths
      of an inch in width. This leaves, in a typical can, a copy zone 68 having
      a width about 25/8 inches which is printed with indicia 49 representing
      descriptive material or coupons and the like. Thus, only about 1 inch in
      width of a total of 4 inches in width is devoted to gluing the label to
      the body stock and the remaining 3 inches of available material are free
      from adhesive. It will be seen that the tensile element 56 thus makes it
      possible to provide a relatively wide unglued copy zone. There is an
      unglued area 68 between the glue strips 65 and 66. The unglued area 68 is
      about 25/8 inches in width and provides a surface for printed indicia 49
      such as directions for using the product, photographs of the finished
      product, etc. The extreme edges of the label 54 are free from adhesive for
      example by being scraped free from adhesive just before being wound into
      tubular form with the underlying unglued edge 72 being about an eighth of
      an inch wide or so and the overlying adhesive free edge 74 being about
      three-sixteenths of an inch wide. A glazed portion 76 appears where the
      edge overlies the next adjacent convolution.
PAR  As can be best seen in FIGS. 8, 9 and 10 the tensile element 56 is bonded
      at its center over the longtudinally extending butt joint but is not
      bonded at the periphery by providing two adhesive free areas 56b and 56c
      which define at the upper end thereof adjacent the collar cut C a lifting
      tab T.sub.2 (FIG. 9). The lifting tab T.sub.2 at the end of the strip 56
      can be thought of as a means for removing the reinforcing strip from the
      underlying body stock material 52.
PAR  The filled container appears generally as shown in FIG. 7. To open the
      container, one grasps the edge of the label, the adhesive free portion of
      the label edge adjacent the circumferential cut C which functions as a tab
      T.sub.1 and withdraws the label as shown in FIG. 6. When this is done the
      reinforcing strip or tensile member 56 is exposed and removed by tab
      T.sub.2.
PAR  The width of the tensile member can vary but usually is at least a half an
      inch wide. Since the tensile function is provided by tape 56, the label
      can be formed from practically any material.
PAR  The tensile members 6 and 56 are usually about an inch in width and can be
      formed, for example, from a composite aluminum foil and kraft paper
      laminate, for example kraft paper of 25 lbs. per 3,000 ft..sup.2 laminated
      to 0.00035 inch aluminum foil. The labels 4 and 54 can be relatively light
      in construction compared to the normal label. For example, excellent
      results are accomplished with a foil and kraft paper label as light as 25
      lbs. per 3,000 ft..sup.2 representing a saving of about 0.75 to 1.0 cents
      per thousand square inches compared with the current cost of ordinary
      label being about 7.5 to 9.5 cents per thousand square inches. It can thus
      be seen that the labels 54 and 4 serve only as oil and moisture barriers
      and have a surface for printed indicia but do not function as
      strengthening members for the butt joint, this purpose being fulfilled by
      the tensile member.
PAR  After the tensile element 56 is removed, the butt joint is weakened which
      allows the can to open easily when struck against a solid object. The
      strip removal usually weakens the butt joint by a factor of from about
      20%-50% or more assuming the tensile element 56 is of about the same
      thickness and strength as the liner.
PAR  The tensile strip 56 can be of the same material as strip 6 and need not be
      poorly adherent to glue provided that no glue is allowed to come in
      contact with the outer surface of the strip with a vinyl slip coating on
      its outer surface which makes it relatively poorly adherent to glue.
PAR  After the label and the reinforcing strip 6 or 56, as the case may be, has
      been removed the can is opened by striking the separation line against a
      solid object such as the edge of a table. This causes the liner bridging
      the butt joint on the inside surface to rupture along its almost full
      length simultaneously thereby causing the can to open from one end to the
      other. Then, by twisting the ends of the container lightly, the opening
      can be enlarged thereby allowing the biscuits or other dough products to
      be quickly removed.
PAR  It can thus be seen that the package in accordance with the invention
      provides typically 10% reduction in the label cost compared with packages
      not using a reinforcing strip and at the same time provides almost double
      the amount of available printing surface. Since no metallic labels are
      needed, the advantage of electro-assist printing can be obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spirally wound composite cylindrical can adapted to be opened in two
      stages and having discrete label and reinforcing elements for packaging
      fresh leavened dough products, said can comprising:
PA1  a. a stiffening bodystock sheet of spirally wound configuration,
PA1  b. a butt joint between the adjacent side edges of the bodystock sheet, the
      butt joint extending generally longitudinally and spirally thereof,
PA1  c. a liner composed of a flexible sheet material bonded within the
      bodystock sheet,
PA1  d. a tensile element comprising a reinforcing strip removably, adhesively
      bonded to the outer surface of the bodystock sheet over the butt joint,
      the adhesive bond between the reinforcing strip and the bodystock sheet
      being rupturable and serving to hold the adjacent edges of the butt joint
      in close proximity with one another until the reinforcing strip is
      removed,
PA1  e. a label formed from flexible sheet material removably bonded to the
      outer surface of the bodystock sheet but unbonded to the adjacent outer
      surface of the reinforcing strip and portions of the bodystock laterally
      of the reinforcing strip to define an unbonded center section intermediate
      the side edges of the label.
PA1  f. a circumferentially extending collar cut through the label and
      reinforcing strip, the collar cut being positioned relatively close to one
      end of the container,
PA1  g. a portion of the edge of the label adjacent to the collar cut being
      unbonded to the underlying bodystock layer whereby the lifting tab is
      defined for the label allowing the label to be lifted manually and peeled
      away from the underlying bodystock material during a first opening stage
      without removing the reinforcing strip and,
PA1  h. lifting tab means operatively associated with the reinforcing strip to
      thereafter permit the separate removal of the reinforcing strip in a
      second opening stage from the bodystock to thereby weaken the butt joint
      by a factor of at least about 20% when the reinforcing strip is removed,
PA1  i. whereby the butt joint can then be separated substantially its entire
      length from one end of the can to the other to provide an opening in the
      can sufficiently large to withdraw the contents therethrough.
NUM  2.
PAR  2. The container according to claim 1 wherein the means for removal of the
      reinforcing strip comprises an unsealed portion at the end of the
      reinforcing strip adjacent to the collar cut which is exposed after the
      label is removed, said unsealed portion of the reinforcing strip being
      unbonded to the underlying bodystock material thereby defining a pull tab
      allowing the reinforcing strip to be removed manually from the body in the
      second opening stage after the label has been removed.
NUM  3.
PAR  3. The container of claim 1 wherein the tensile element comprises an
      elongated strip of flexible sheet material bonded to the underlying body
      stock material and an adhesive free margin on at least one edge thereof
      between the container body stock and the strip to define a lifting tab at
      the upper edge thereof adjacent the collar cut for removal of the tensile
      element.
NUM  4.
PAR  4. The container of claim 1 wherein the tensile element is an elongated
      strip of flexible sheet material bonded to the underlying bodystock
      material, the tensile element being bonded to the bodystock with
      sufficient strength to cause the tensile element to remain bonded to the
      bodystock when the label is removed and printed indicia on the inside
      surface of the label in the area over the reinforcing strip and extending
      laterally thereof.
NUM  5.
PAR  5. The container of claim 1 wherein the tensile element comprises an
      elongated strip of flexible sheet material bonded to the underlying body
      stock material and an adhesive free margin on at least one edge thereof
      between the container body stock and the strip to define a lifting tab at
      the upper edge thereof adjacent the collar cut for removal of the tensile
      element, the label having an adhesive free area located over the tensile
      element and extending laterally beyond the side edges of the tensile
      element, said adhesive free area defining a printing surface and printed
      indicia located within said adhesive free area.
NUM  6.
PAR  6. The container of claim 1 wherein a dough product is packed within the
      can under pressure and top and bottom caps are sealed to the ends thereof.
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ABST
PAL  A method of preventing the adherence of food products by applying a fat
      material in powder form to at least one surface of the food product.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of Ser. No. 358,315 filed May 8, 1973, now
      Pat. No. 3,881,029 which in turn is a continuation-in-part of my
      application Ser. No. 299,920 filed Oct. 24, 1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to preventing food products in contact
      with one another from adhering. The present invention is particularly
      concerned with preventing food products such as uncooked meats including
      bacon, hamburger patties, pork patties, steaks, and mutton; uncooked
      poultry including chicken, turkey, and duck; and uncooked seafood
      including fish (i.e., cod fish and halibut) from adhering.
PAR  Various food products are available both in refrigerated and frozen
      sections in groceries. However, many food products, when packaged in
      contact with each other without any barrier between them, tend to adhere.
      It is believed that during contact of one portion of a food product with
      another portion, such as a slice of bacon with another slice of bacon, the
      soft oils in the food product blend at contact points forming loose bonds.
      The oils congeal during refrigeration or freezing and resist forces
      applied in separating the food portions. Adherence between oils in the
      different food portions in many instances results in tearing of the food
      product when separated.
PAR  Accordingly, it is an object of the present invention to prevent food
      products in general from adhering, and lose at most a minimum amount of
      water.
PAR  Another object of the present invention is to provide food products that
      when frozen do not adhere together and do not support mold growth.
PAR  One particular food product wherein adherence is a particularly acute
      problem is bacon. It has been noted that sales of packaged sliced bacon
      have increased during the last two decades only in proportion to the
      population growth. Sales growth for slices packaged bacon does not compare
      favorably with the sales growth of foods as meats, fish, and bakery
      products. Bacon sliced and in packages is available only in the
      refrigerated section and not in the frozen section. Some bacon slices are
      packaged stacked one slice against another slice under atmospheric
      conditions. Other bacon slices are packaged stacked one slice against
      another slice in an atmosphere of nitrogen. Both the nitrogen packed bacon
      and the atmospherically packaged bacon are sold refrigerated and are
      maintained refrigerated in households. Packaged bacon does not separate
      easily one slice from another slice and has limited quality shelf life.
PAR  The quantity of fat in bacon as well as the composition of the fat and its
      characteristics are major factors in the adherence of bacon slices. The
      quantity of fat is shown in Chart No. 1 below.
TBL  ______________________________________                                    
               Water    Protein    Fat                                         
     ______________________________________                                    
     Sliced bacon                                                              
                 19.3%      8.4%       69.3%                                   
     ______________________________________                                    
PAL  Values from Handbook No. 8 U.S.D.A. Page 8, Item 125.
PAR  The diet of hogs has a pronounced influence on the fatty acid composition
      of the fat. The softening point and the melting point of the bacon fat
      vary with its percentage of saturated and unsaturated fatty acids. The
      bacon fat is more firm when the percentage of saturated fatty acids
      predominate and are less firm when the saturated acids are low and the
      unsaturated acids predominate. Chart No. 2 below shows the effect of diet
      on fat of hogs and particularly the composition and characteristics of
      composite body fat of hogs raised on different feeds.
TBL  __________________________________________________________________________
                 Brewer's                                                      
                        Corn                                                   
                 rice with                                                     
                        with  Peanuts                                          
                                     Soybeans                                  
     Feed        tankage                                                       
                        tankage                                                
                              (grazed)                                         
                                     (grazed)                                  
     __________________________________________________________________________
     Oil content of feed %                                                     
                 0.8    4.3   33.1   17.5                                      
     Iodine number of oil                                                      
                 100.0  126.0 93.0   128.0                                     
     Analysis of fat:                                                          
     Iodine number                                                             
                 54.7   60.8  89.6   93.2                                      
     Refractive index                                                          
     at 40.degree. C                                                           
                 1.4585 1.490 1.4625 1.4630                                    
     Melting point, 0.degree.                                                  
                 37.3   39.1  19.4   26.0                                      
     Titer, 0.degree.                                                          
                 40.0   40.3  28.1   33.9                                      
     Saturated acids %                                                         
                 39.3   39.3  20.6   27.2                                      
     Oleic acid %                                                              
                 58.7   52.1  58.0   40.8                                      
     Linoleic acid %                                                           
                 2.0    8.6   21.4   32.0                                      
     __________________________________________________________________________
      N.R. Ellis and H.S. Isbell, J. Biol. Chem. 69-219-248 (1926)             
PAR  Variations in age of the animal has an influence on the fat
      characteristics. Chart No. 3 shows the influence of age on hogs raised on
      skim milk and corn.
TBL  __________________________________________________________________________
             Approxi-                                                          
     Approxi-                                                                  
             mate           Composition of Fatty Acids %                       
     mate    weight of                                                         
                   Fat I. No.                                                  
     age of  animals                                                           
                   Titer                                                       
                       of   Satd.                                              
                                 Oleic                                         
                                      Linoleic                                 
     animals (lb.) (.degree. C)                                                
                       fat                                                     
     __________________________________________________________________________
     6 weeks --    37.0                                                        
                       72.5 33.2 54.5 12.3                                     
     10-12 weeks                                                               
             --    37.5                                                        
                       71.0 31.4 54.8 13.8                                     
     5 months                                                                  
              70   37.8                                                        
                       66.1 36.9 51.4 11.7                                     
     6 months                                                                  
             100   37.9                                                        
                       63.2 37.3 53.9 8.8                                      
     7 months                                                                  
             170   39.2                                                        
                       59.7 38.4 54.3 7.3                                      
     8 months                                                                  
             225   39.1                                                        
                       58.8 38.6 54.4 7.3                                      
     __________________________________________________________________________
      N.R. Ellis and O.G. Hankins, J. Biol. Chem. 66-101-122 (1925)            
PAR  Variations in the fat make it difficult to prepare bacon slices made with
      the fat as a component part that will not adhere and will be flavorful.
PAR  Accordingly, another object of the present invention is to provide a method
      to prevent bacon slices from adhering during refrigeration or freezing
      when they are stacked one against the other without any non food barrier
      between them.
PAR  Another object of the present invention is to provide bacon slices that
      when frozen do not adhere together.
PAR  Another object of the present invention is to provide bacon slices that
      when frozen do not adhere together and do not support mold growth.
PAR  Another object of the present invention is to provide bacon slices that
      when frozen or refrigerated do not adhere together by employing a method
      that is economical to utilize and efficient to carry out.
PAR  This and other objects of this invention will become apparent from a
      reading of the following specification and claims.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a method of preventing the adherence
      during freezing or during refrigeration of food products in contact with
      one another which comprises applying a coating of hardened oil or fat in
      powder form in an amount effective to prevent adherence during freezing or
      refrigeration to at least one contacting surface of the food product. In
      addition, the process of the present invention makes it possible to
      provide food products which remain fresh during their expected shelf life.
      The present invention is also directed to food products obtained by the
      above-described process.
PAR  Moreover, the present invention is directed to a food product coated with a
      hardened fat in powder form in an amount sufficient to prevent adherence
      of the product to another during freezing or refrigeration in contact with
      another food product so coated.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIGS. 1, 2, and 3 illustrate equipment suitable for carrying out the
      process of the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The food products which can be treated according to the present invention
      include meats including bacon, hamburger patties, pork patties, steaks and
      mutton; poultry including chicken, turkey, and duck; and seafood including
      fish. The present invention is particularly advantageous for treating
      bacon slices and pork patties. The ability to obtain bacon slices which do
      not adhere when frozen is especially advantageous.
PAR  The fat material employed according to my invention must be in powder form
      and can be obtained from any source. While I prefer in the practice of my
      invention when treating bacon slices or pork patties to apply powder made
      from hog fat which is the same fat that is in bacon, I can use food grade
      powders made from other animal fats. I can use oils or fats obtained from
      vegetables, marine, mineral, or synthetic sources. I can also use fats
      from milk cream, or butter.
PAR  To prepare food products and particularly bacon slices that can be frozen
      stacked one slice against another slice without adhering I preferably
      apply a powdered lard fat to one or to both sides of the bacon slice or
      other food product. The powder is made from hardened fat from lard.
PAR  The fats in powder form employed in accordance with the present invention
      generally have iodine values of from 0 to about 10, Wiley melting points
      of from about 110.degree. to about 175.degree. F, free fatty acid values
      of about 0.5% maximum. The fats should remain in powder form at
      temperatures at least below about 95.degree. F.
PAR  To obtain substantially uniform coating over substantially the entire
      surface of the food product usually powders having a particle size small
      enough so that 100% will pass through a U.S. No. 30 sieve at 10.degree. F
      are employed. Preferably at least about 75% of the particles employed will
      pass through a U.S. No. 70 sieve at 10.degree. F. The minimum particle
      size of the powders is not particularly crucial and is primarily dependent
      upon production and economical considerations.
PAR  A particularly useful powdered lard fat suitable for the present invention
      has particle size whereby at least about 75% of the powder will pass
      through a U.S. No. 200 mesh sieve at 70.degree. F. Also, the powdered lard
      fat has a melting point of about 110.degree. to about 120.degree. F, an
      iodine value of about 10 maximum, and free fatty acid value of about 0.5%
      maximum.
PAR  Another particularly useful powdered fat suitable for the present invention
      is hardened vegetable oil described in my U.S. application Ser. No.
      299,920 filed Oct. 24, 1972 disclosure of which is incorporated herein by
      reference. Such hardened vegetable oil can be in powder form and is
      preferably a hydrogenated deodorized vegetable oil having a Wiley melt
      point of about 140.degree.-150.degree. F, and an iodine value of about 5
      maximum. Such fat material can be obtained by hydrogenation similar to
      that employed in preparing shortenings for use in baking, frying and other
      food operations, with the exception that the hydrogenations continued
      until the iodine value has reached approximately 5 units.
PAR  The amount of powder that adheres to the food product is a function of the
      temperature of the food product at the time the powdered fat is applied
      and the surface area of the food product that is being coated. The powder
      pick up increases as the temperature of the food product increases and as
      the surface area of the food product increases. Usually amounts of powder
      from about 0.07% by weight to about 0.3% by weight and preferably from
      about 0.1% to about 0.2% by weight based upon the weight of the food
      product are employed. The amount employed can vary so long as it is
      sufficient to prevent adherence during freezing or refrigeration of the
      food product. Also, the maximum quantity of powdered fat is primarily
      determined by economical and practical considerations.
PAR  The temperature of the food product during coating should be lower than
      that temperature which would cause melting of the powdered fat which in
      turn would cause excessive absorption of the powder into the food product
      thereby defeating the purposes of the present invention.
PAR  For commercial processes for preparing bacon slices, after the bacon is
      sliced, which is at a temperature of about 45.degree. F or less, it is
      most convenient to coat the bacon slices directly without increasing the
      temperature of the bacon by applying the powdered hardened fat particles.
      For treating food products according to the present invention including
      the bacon slices, fish, hamburger, and pork patties, it has been found
      preferable to maintain the food product at temperatures of about
      38.degree. F or less during the coating operation. It is noted that in the
      present process that the powder exists in only one physical state (i.e.,
      solid) throughout the entire coating process.
PAR  Charts 4 and 5 show the influence of the powder on their adherence during
      freezing and on the flavor quality. Chart No. 4 shows the influence of
      powdered fat applied to bacon slices on adherence during freezing storage.
TBL  ______________________________________                                    
     Adherence Status*                                                         
               Coated Slices                                                   
                           Uncoated Slices                                     
     ______________________________________                                    
     After 96 hours                                                            
                 Perfect release                                               
                               Adhered                                         
     After 1 month                                                             
                 Perfect release                                               
                               Adhered                                         
     After 2 months                                                            
                 Perfect release                                               
                               Adhered                                         
     After 3 months                                                            
                 Perfect release                                               
                               Adhered                                         
     After 6 months                                                            
                 Perfect release                                               
                               Adhered                                         
     ______________________________________                                    
      Legend:                                                                  
      *Freezing time at 0.degree. F                                            
PAL  One pound packages of bacon slices were used.
PAR  Pound packages of bacon slices were coated with about 0.2% by weight of
      hardened lard fat in powder form and stacked with no barrier except the
      powder between each slice. Each stack was placed in a plastic nonrigid bag
      like those commonly used in households to contain sandwiches. Each stack
      was frozen at 0.degree. F. At the time intervals indicated in the table, a
      stack was removed from the freezer and the slices were tested for ease of
      release. Uncoated bacon slices packaged the same way were used as a
      control.
PAR  Chart No. 5 shows the influence of freezing on flavor of the coated bacon
      slices.
TBL  ______________________________________                                    
     Freezing time  Flavor                                                     
     ______________________________________                                    
     96 hours       Original flavor retained                                   
     1 month        Original flavor retained                                   
     2 months       Original flavor retained                                   
     3 months       Original flavor retained                                   
     4 months       Original flavor retained                                   
     6 months       Original flavor retained                                   
     ______________________________________                                    
PAL  In the test 1 pound packages were frozen to 0.degree. F. In the test
      one-half of the bacon slices were broiled and the other half were fried.
      The flavor value of the uncoated slices decreases as the storage time
      increases.
PAR  The food products after application of the powdered fat are dry to the
      touch. It is believed that the food products are dry to the touch because
      the powdered fat enters the surfaces oil cells and congeals the loose oil
      in them.
PAR  Since there is no loose oil remaining on the surface of the food products,
      when handled there is less chance of mold spores being deposited from
      hands of the handlers. Also, any airborne mold spores and bacteria in the
      ice box will contact a nonfavorable media, and will not multiply to any
      great extent.
PAR  Oxidative rancidity is reduced by use of the coating of powdered fat, since
      the food product surface presented to oxygen are dry and are not
      susceptible to reactions with oxygen.
PAR  I can apply the powder by any powder coating process, and preferably to
      uniformly coat substantially the entire contacting surface of the food
      product, and to prevent excessive space between the powder particles of
      the powder since such space could defeat the purposes of this invention of
      the prevention of adherence during freezing or refrigeration. For
      instance, I can apply the powder first to one side by passing it on a belt
      through a curtain of the powder falling in a known amount then passing it
      under an exhaust arm that removes any excess powder that has not adhered.
      The food product would then be turned onto a second belt and the process
      repeated. This is the powder coating process I disclosed in U.S. patent
      application Ser. No. 358,315 filed May 8, 1973 disclosure of which is
      incorporated herein by reference.
PAR  When treating bacon slices, I prefer to apply the powder by spraying the
      powder using a process that applies the powder in a known and uniform
      amount and in which the powder not adhered like the amount in excess of
      that which uniformly coat substantially the entire surface of the slice is
      retrieved and reused.
PAR  The process of applying the powder by spraying it on to one side of the
      bacon slice and then on to the other side of the slice is carried out by
      using assembly FIG. No. 1 to hold and convey the powder, nozzles FIG. No.
      2 to apply the powder and exhaust unit FIG. No. 3 to trap the powder that
      does not adhere for reuse.
PAR  The process of applying the powder by spraying entails use of powder
      holding tank 6 which holds the quantity of powder that is required for a
      unit operation time. Self locking lid 4 keeps out foreign atmosphere.
      Compressed air forces the powder up through the pipe assembly 7. Ratchet
      1, a ring cap, allows metering of the powder in known amounts by adjusting
      needle valve 2 in the pipe assembly. Check valve 5 prevents back pressure
      from clogging the carburetor 3 and powder lines. Carburetor body structure
      assures long lasting uniform action (3).
PAR  Pipe assembly 7 is connected with the spray system with tubing (not shown)
      FIG. No. 2. The spray head system is completely flexible on all axes and
      the spray pattern is adjustable so the powder covers the slice area.
      Manifold extensions have positive locking devices to prevent accidental
      movement of heads 1a and 2a. Each manifold swings in 90.degree. arc and
      each spray nozzle head 1a and 2a swivels in a 360.degree. arc and
      15.degree. forward and backward. When desired, more than two spray heads
      can be utilized.
PAR  Exhaust unit FIG. No. 3 takes in powder not adhered. It is made up of
      receiving arm 9 conveying tube 10 and receiving tank 11.
PAR  In the process the powder in tank 6 is forced by air pressure through pipe
      assembly 7 into the spray nozzles 1a and 2a through the manifold to which
      they are attached. Spray nozzles are positioned so that nozzle 1a applies
      the powder to one side of the bacon slice, while substantially
      simultaneously nozzle 2a applies the powder to the bacon slice other side.
      The powder that does not adhere passes into exhaust arm 9 to tube 10 and
      into tank 11. Exhaust air moves out through 12.
PAR  Also, when desired the above-defined apparatus can be maintained at reduced
      temperatures to assure that the temperature of the powder remains low. For
      instance, frozen carbon dioxide (dry ice) can be placed in tank 6 or a
      coolant fluid such as cooled nitrogen gas, carbon dioxide gas, or water
      can be applied to the outer surface of each unit through coils (not shown)
      around the units.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preventing the adherence during freezing or during
      refrigeration of food products selected from the group consisting of meat,
      poultry and seafood in contact with one another which comprises applying a
      coating of hardened fat in powder form in an amount effective to prevent
      adherence during freezing or refrigeration to at least one contacting
      surface of said food products.
NUM  2.
PAR  2. The method of claim 1 wherein said food products are bacon slices.
NUM  3.
PAR  3. The method of claim 1 wherein said food products are pork patties.
NUM  4.
PAR  4. The method of claim 1 wherein said fat is hardened lard.
NUM  5.
PAR  5. The method of claim 1 wherein the hardened fat in powder form is sprayed
      onto the food products.
NUM  6.
PAR  6. The method of claim 2 wherein the hardened fat in powder form is sprayed
      onto both contacting surfaces of bacon slices substantially
      simultaneously.
NUM  7.
PAR  7. The method of claim 1 wherein said hardened fat has a Wiley melting
      point between about 110.degree. to about 175.degree. F, an iodine value of
      from about 0 to about 10, free fatty acid value of about 0.5% maximum, and
      remains in powder form at temperatures at least below about 95.degree. F.
NUM  8.
PAR  8. The method of claim 1 wherein 100% of the fat will pass through a U.S.
      No. 30 sieve at 10.degree. F.
NUM  9.
PAR  9. The method of claim 1 wherein said food products are bacon slices, and
      said fat is hardened lard having a Wiley melting point between about
      110.degree. to about 175.degree. F, an iodine value of from about 0 to 10,
      free fatty acid value of about 0.5% maximum, remains in powder form at
      temperatures at least below about 95.degree. F, and has a particle size
      whereby at least about 75% of the powder will pass through a U.S. No. 200
      mesh sieve at 70.degree. F.
NUM  10.
PAR  10. The method of claim 1 wherein said food products are bacon slices and
      wherein said bacon slices are packaged one on top of the other without any
      nonfood barrier between the slices.
NUM  11.
PAR  11. The method of claim 1 wherein said food products are fish.
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ABST
PAL  Undesirable protein and polyphenol molecules are removed from aqueous
      liquids or suspensions, such as wort, wine, or beer, by contacting the
      liquid with acid-treated synthetic magnesium silicates containing less
      than about 14% magnesium oxide. The resultant liquid is more resistant to
      chill haze formation. Even better results are obtained if a polyamide is
      blended with the acid-treated synthetic silicate prior to contact with the
      liquid. A filter aid, such as diatomite, can also be combined with the
      acid-treated synthetic magnesium silicate and/or the blends containing the
      polyamide.
BSUM
PAR  This invention relates to the use of acid-treated synthetic magnesium
      silicates, either alone or as a member of a blend, to remove or to reduce
      the concentration of undesirable ingredients in aqueous liquids or
      suspensions such as vinegar and fermented and/or nonfermented beverages or
      precursors. More particularly, this invention relates to the stabilization
      (chill-proofing) of vinegar and such beverages as beer, ale, wine, apple
      juice, apple cider, grape juice, pineapple juice, etc.
PAC  BACKGROUND OF THE INVENTION
PAR  Many beverages, juices, and vinegar develop a haze upon an elapse of time
      and/or change in temperature. For example, many freshly filtered beers, if
      not specially treated, are hazy at a temperature of about 0.degree.C. Some
      of this haze will usually disappear when the beer reaches room
      temperature. The fraction of the total haze which is temperature sensitive
      is called "chill haze." As the storage time in bulk, kegs, bottles, etc.,
      increases, the amount of haze formed on chilling will also increase and
      while some of the haze formation continues to be temperature sensitive,
      the amount of permanent haze increases until it finally becomes visible
      even at room temperature. The practice in this country of drinking cold
      beer aggravates the haze problem. Understandably, a hazy beer is
      undesirable.
PAR  The haze in beer is generally understood to contain substantial amounts of
      proteins, polyphenols, and other materials. It is likely that the haze is
      caused by the higher molecular weight proteins and polyphenols. Both the
      surface active protein molecules and the higher molecular weight
      polyphenol molecules contribute to the basic character of the beer.
      Therefore, selective removal is necessary to stabilize the beer without
      adversely affecting foam and producing an imbalance in the flavor, or a
      lack of character in the beer.
PAC  DESCRIPTION OF PRIOR ART
PAR  A large number of different treatments have been proposed for stabilizing
      or chill-proofing beer and other beverages.
PAR  One satisfactory method of chill-proofing beer, disclosed in U.S. Pat. No.
      3,251,693, involves the addition of certain silicates, particularly
      synthetic calcium, magnesium or zinc silicates, to the wort or beer at any
      stage prior to final filtration, either alone or along with a filter aid.
PAR  It is also known to use polyvinyl polypyrrolidone (PVPP) to combine with
      the polyphenols to precipitate them more quickly. The use of PVPP to
      stabilize beer is described in U.S. Pat. Nos. 2,688,550; 2,811,449;
      2,860,987; 2,875,062; 2,939,791; and 2,943,941.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It has now been discovered that when synthetic magnesium silicates normally
      having a magnesium content, on an oxide basis, of at least about 15 weight
      percent, such as the magnesium silicates disclosed in U.S. Pat. No.
      3,251,693, are treated with acid to reduce the magnesium oxide content to
      below about 14%, preferably below about 13%, and most preferably below
      about 12%, by weight, there results surprising improvements in the
      chill-proofing properties of the material, as compared with the
      conventional synthetic magnesium silicates.
PAR  The acid-treated synthetic magnesium silicates can either be used alone or
      as a member of a blend with one or more other members selected from the
      group comprising diatomite, perlite, polyamides such as PVPP or NYLON 66,
      cellulose, and other conventional haze control agents. Diatomite and
      perlite serve as filter aids to improve flow properties during filtering,
      as nucleating agents, and as drainage and filtration aids in the settled
      trub to cause less beer loss. The PVPP or NYLON 66 effects the removal of
      undesirable anthocyanagens or polyphenols. Such blends provide the user
      with a single product and avoid the necessity of adding separate
      stabilization agents individually at one or more locations in the process.
PAR  The acid-treated synthetic magnesium silicates, either alone or as a member
      of a blend, can be added in a brewing process to the kettles of hot or
      cold wort, to ruh beer, at more than one of these locations, or other
      locations in the process. If the acid-treated synthetic magnesium silicate
      is added alone, it is preferred to add it either in the brew kettle or
      during cellar storage. If added as a member of a blend, it is preferred to
      add the blend in cellar storage. In a wine process, or in the processing
      of vinegar and fruit juices, the acid-treated synthetic magnesium silicate
      or blend could be added before or after primary filtration.
PAR  The acid-treated synthetic magnesium silicates of the present invention are
      prepared by treating conventional synthetic magnesium silicates with an
      acid to convert the magnesium in the magnesium silicate to a soluble
      magnesium compound and then washing the acid-treated magnesium silicate to
      remove any excess acid and the soluble salts formed by the acid treatment.
      As known, many acids are available that will perform the above-described
      function, but it is preferred to use sulfuric acid. It is also preferred
      to dry the washed acid-treated magnesium silicate prior to using it as a
      chill haze control agent.
PAC  DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  Acid-treated synthetic magnesium silicates are useful as chill haze control
      agents. Mineral acid-treated magnesium silicates are preferred and most
      preferred are sulfuric acid-treated synthetic magnesium silicates.
PAR  The conventional synthetic silicates used in the present invention are well
      known and are produced by hydrothermal reaction of silica, such as
      diatomite, with magnesia. The reaction product is conventionally given a
      light acid wash, e.g., 160 pounds of concentrated sulfuric acid per ton of
      product to remove any excess and unreacted magnesia, followed by a water
      wash. This light acid wash conventionally used produces the precursor of
      the product used in the present invention, which product is the result of
      an additional acid treatment typically of about 740 lbs. of concentrated
      sulfuric acid per ton of the precursor material. Typical physical and
      chemical properties of a conventional magnesium silicate precursor
      material used to make a product useful in the present invention are shown
      in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Typical Chemical     Synthetic Magnesium                                  
       Analysis           Silicate                                             
     ______________________________________                                    
     SiO.sub.2            61 - 68                                              
     CaO                  1.0                                                  
     Al.sub.2 O.sub.3     4.3                                                  
     Fe.sub.2 O.sub.3     1.6                                                  
     MgO                  15 - 22                                              
     Na.sub.2 O + K.sub.2 O                                                    
                          1.0                                                  
     Ignition Loss        9.1                                                  
     Typical Physical                                                          
      Properties                                                               
     Color                Light gray                                           
     Brightness (TAPPI)   54                                                   
     Particle Size        2 wt. percent retained                               
                          on a 325 mesh screen                                 
     pH (10% water slurry)                                                     
                          7.6                                                  
     Surface Area         180 m.sup.2 /g                                       
     Specific gravity     2.41                                                 
     Refractive index     1.54                                                 
     ______________________________________                                    
PAR  The acid-treated synthetic magnesium silicate of the present invention is
      produced by contacting a conventional magnesium silicate, such as the one
      described in Table I, with an acid that will convert all or a portion of
      the magnesium contained in the silicate to a soluble salt, followed by
      washing the so-treated silicate to remove all or most of the soluble
      magnesium salt. Although many acids could be used, it is preferred to use
      sulfuric acid. The concentration of the acid used will depend upon the
      amount of magnesium oxide desired to be removed from the conventional
      magnesium silicate. For example, one mole of pure sulfuric acid should
      theoretically remove about one mole of magnesium oxide in the form of
      water soluble magnesium sulfate. Therefore, about 4.5 milliliters of 98%
      concentration sulfuric acid would theoretically be required to remove 100%
      of the magnesium oxide from 20 grams of synthetic magnesium silicate
      containing 16.6% magnesium oxide. It has been found, though, that the
      actual amount of magnesium oxide removed is less than that calculated.
      Thus, it is usually necessary to treat with concentrations that exceed
      concentrations stoichiometrically calculated. The completeness of the
      reaction is limited by available contact time, temperature, and other
      variables. For example, an amount of concentrated sulfuric acid
      stoichiometrically calculated to remove 50% of the magnesia from a
      conventional synthetic magnesium silicate actually removed only about 40%
      after two hours contact time at 80.degree.C.
PAR  Although drying of the washed product is not absolutely necessary, it is
      preferred from the standpoints of packaging the acid-treated product and
      of using the acid-treated product as a chill haze control agent.
      Conventional drying techniques, particularly flash drying techniques, are
      satisfactory, such as tumbling, fluid bed, etc.
PAR  The particle size of the acid-treated synthetic magnesium silicate is not
      critical, but if the particle size is too small, the requirements of the
      filtration step to remove the chill haze control agent would be more
      limited, and if the particle size is too large, its activity will be
      reduced, thus requiring larger dosages of the chill haze control agent to
      effect the same stability. A typical particle size of 95 to 100% minus 325
      mesh is satisfactory.
PAR  To determine the effectiveness of acid-treated synthetic magnesium
      silicates, a conventional synthetic magnesium silicate, and an
      acid-treated synthetic calcium silicate on chill haze control, the SASPL
      technique, was selected. The SASPL (saturated ammonium sulfate
      precipitation limit) technique is an accepted method for determining
      precipitable protein in liquids or liquid suspensions by titrating,
      preferably with a partially saturated ammonium sulfate (PSAS). In this
      technique, PSAS is slowly added to the liquid and the amount of PSAS
      required to cause a sudden increase in turbidity (breakpoint) is
      determined. The PSAS complexes with protein molecules of a specific size
      range to cause a precipitate. The resulting haze can be measured by a
      turbidimeter in terms of JTU's (Jackson Turbidity Units) or any other
      accepted turbidity units.
PAR  Since chill haze control agents adsorb some of the haze forming proteins
      and are then removed by filtration, the breakpoint should be higher for an
      effectively chill-proofed or stabilized liquid than for an untreated
      liquid. Consequently, the breakpoint value, in terms of PSAS addition, is
      an indication of the chill-proofing effectiveness of the adsorbent used.
DETD
PAR  The following examples demonstrate the unexpected chill-proofing
      effectiveness of the acid-treated synthetic magnesium silicates as
      compared with the conventional magnesium and calcium silicates disclosed
      in U.S. Pat. No. 3,251,693 and an acid-treated synthetic calcium silicate.
PAC  EXAMPLE 1
PAR  To make a wort for use in testing the chill haze control agents of this
      invention as well as conventional adsorbents and an acid-treated
      conventional synthetic calcium silicate, a concentrated light wort, BLUE
      RIBBON Hop Flavored Malt Syrup, was mixed with fourteen equal volumes of
      water. Sorbic acid was added in sufficient amounts to produce a
      concentration of 100 parts per million as a preservative, and the pH of
      the wort was adjusted to 4.2 using concentrated phosphoric acid. The
      resultant wort, which had been heated slightly to make sure all the
      soluble ingredients were in solution, was cooled to room temperature and
      filtered to brilliancy. A 50-milliliter sample of this wort was taken and
      labeled "No Treatment." Three 300-milliliter samples were taken and
      labeled "Acid-Treated Synthetic Magnesium Silicate," "Conventional
      Synthetic Magnesium Silicate," and "Acid-Treated Synthetic Calcium
      Silicate" respectively.
PAR  The actual acid treatment procedure used was as follows:
PAR  a. a 10% slurry, by weight, of conventional synthetic magnesium silicate in
      water was prepared;
PAR  b. the desired volume of concentrated sulfuric acid was added to this
      slurry;
PAR  c. the slurry was heated to 80.degree.C with agitation and the reaction was
      continued until the pH rose and leveled off with respect to time;
PAR  d. the slurry was filtered to separate the liquid from the acid-treated
      silicate particles;
PAR  e. the filter cake was washed with water, preferably distilled, to remove
      any excess acid and the soluble salts formed by the acid treatment; and
PAR  f. the washed filter cake was oven-dried to reduce the free moisture
      content to below about 5%, preferably below about 3% by weight.
PAL  The same treatment was used to prepare the acid-treated synthetic calcium
      silicate except that hydrochloric acid was used.
PAR  Next 0.2 gram, corresponding to a dosage of 16 lbs./100 bbls., of the
      indicated chill haze control agent was added to each 300-milliliter sample
      of wort and agitated in a shaker for 30 minutes to simulate a 30-minute
      contact time in a brewing process. The samples were then filtered through
      filter paper to remove the adsorbent. A 50 ml sample was removed from each
      300 ml sample and, along with the 50 ml untreated wort sample, were
      titrated in accordance with the SASPL technique described above using
      53.5% saturated ammonium sulfate solution.
PAR  The conventional magnesium silicate used was the same type of material as
      that disclosed in Table I of U.S. Pat. No. 3,251,693. The acid-treated and
      washed synthetic magnesium silicate chill haze control agent used was one
      produced by treating the conventional synthetic magnesium silicate with
      3.6 ml of concentrated sulfuric acid for each 20 grams of magnesium
      silicate. It was determined by chemical analysis that the synthetic
      magnesium silicate contained about 15% magnesia before the acid treatment
      and about 11% magnesia after treatment.
PAR  The conventional synthetic calcium silicate used was the same type of
      material as that described first in Table I of U.S. Pat. No. 3,251,693.
      The acid-treated synthetic calcium silicate used was prepared by treating
      the conventional synthetic calcium silicate with sufficient hydrochloric
      acid to theoretically remove about 80% of the calcium oxide contained in
      the conventional synthetic calcium silicate. Hydrochloric acid was used to
      treat the conventional synthetic calcium silicate because sulfuric acid
      does not produce a soluble calcium compound.
PAR  The turbidimeter used contained a light bulb which was a potential source
      of heat to the sample. Since the haze that forms in the wort during
      titration is at least partially temperature sensitive, each sample was
      maintained in the turbidimeter for the same length of time, 45 seconds,
      prior to recording the turbidity. The results of the SASPL test are shown
      in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                             Breakpoint (ml                                    
     Wort                    of 53.5% SAS per                                  
     Sample                  50ml of Wort                                      
     ______________________________________                                    
     Untreated Wort          3.3                                               
     Conventional Synthetic Magnesium                                          
     Silicate -- 15% MgO     5.4                                               
     Acid-Treated Synthetic Magnesium                                          
     Silicate -- 11% MgO     5.9                                               
     Conventional Synthetic Calcium                                            
     Silicate                6.6                                               
     Acid-Treated Synthetic Calcium                                            
     Silicate                5.4                                               
     ______________________________________                                    
PAR  As shown by the data in Table II, and as was expected from the disclosure
      in U.S. Pat. No. 3,251,693, the stability of the wort was improved by
      treatment with conventional synthetic magnesium silicate and the
      conventional synthetic calcium silicate. Although the conventional
      synthetic calcium silicate produced a higher stability than the
      conventional synthetic magnesium silicate, the latter is preferred for use
      because of the undesirability of calcium ions in beer. The data also show
      that acid treating the conventional synthetic magnesium silicate produced
      a material which unexpectedly produced a further and significant
      improvement in the stability of the wort. This result is even more
      surprising considering that the acid treatment of the synthetic calcium
      silicate produced a material which performed in an inferior manner as
      compared with the conventional synthetic calcium silicate.
PAC  EXAMPLE 2
PAR  To determine the effects of various degrees of acid treatment on
      conventional synthetic calcium and magnesium silicates the following tests
      were made. Conventional synthetic magnesium silicate, used in Example 1,
      was treated with various amounts of concentrated sulfuric acid. Also,
      conventional synthetic calcium silicate, used in Example 1, was treated
      with sufficient concentrations of hydrochloric acid to theoretically
      remove about 40% and 80% respectively of the calcium oxide content
      contained therein. These acid-treated materials, after having been washed
      thoroughly and dried, were then tested in the same manner as described in
      Example 1. The SASPL breakpoints obtained for these acid-treated materials
      are reported in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
                    Amount Conc. Breakpoint (ml                                
     Chill Haze     H.sub.2 SO.sub.4 per 20                                    
                                 of 53.5% SAS per                              
     Control Agent  gms. mtl. (ml)                                             
                                 50ml of Wort)                                 
     ______________________________________                                    
     Magnesium Silicate                                                        
                    0            5.4                                           
     Magnesium Silicate                                                        
                    1.8          5.72                                          
     Magnesium Silicate                                                        
                    2.7          5.85                                          
     Magnesium Silicate                                                        
                    3.6          5.9                                           
     Magnesium Silicate                                                        
                    4.5          5.94                                          
     Calcium Silicate                                                          
                    0            6.6                                           
     Calcium Silicate                                                          
                    5.2          5.9                                           
     Calcium Silicate                                                          
                    10.4         5.4                                           
     ______________________________________                                    
PAR  The data in Table III show that as more acid was used in the treatment, and
      thus as more of the magnesium oxide was removed from the conventional
      synthetic magnesium silicate by acid treatment, the chill haze control
      property of the resultant material increased significantly. In contrast,
      increasing the amount of calcium oxide removed from the conventional
      synthetic calcium silicate by acid treatment results in deterioration of
      the chill haze control property of the resultant product.
PAR  To obtain sufficient improvement in the chill haze control property of the
      acid-treated magnesium silicate to justify the cost of the acid treatment,
      the magnesium oxide contained in the conventional synthetic magnesium
      silicate starting material should be reduced to less than about 14% by the
      acid treatment. As shown in the chemical analysis from Table I, the
      conventional synthetic magnesium silicate starting material also contains
      minor amounts of calcium oxide, alumina, etc. The acid treatment will
      inherently remove portions of these minor ingredients in addition to
      magnesium oxide.
PAR  Another surprising result of the acid treatment is that the acid-treated
      magnesium silicate is significantly more hydrophillic than the
      conventional synthetic magnesium silicate resulting in a product that more
      rapidly and completely disperses when added to an aqueous liquid.
PAC  EXAMPLE 3
PAR  The purpose of these tests was to determine the relative concentrations of
      a conventional synthetic magnesium silicate, and one which had been acid
      treated in the same manner described in Example I, required to produce the
      same stability in the wort in the same contact time. The dosage of these
      two chill haze control agents was varied between 2 and 16 lbs./100 bbls.
      with a constant contact time of 30 minutes. The wort treated and the
      method of treatment were the same as described in Example 1. The results
      of these tests are shown in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                                  Breakpoint (ml                               
     Chill Haze Control                                                        
                    Dosage        53.5% SAS per                                
        Agent       lbs./100 bbls.                                             
                                  50ml of Wort)                                
     ______________________________________                                    
     Conventional Synthetic                                                    
     Magnesium Silicate                                                        
                    2             3.65                                         
     Acid Treated   2             4.0                                          
     Conventional Synthetic                                                    
     Magnesium Silicate                                                        
                    4             4.20                                         
     Acid Treated   4             4.50                                         
     Conventional Synthetic                                                    
     Magnesium Silicate                                                        
                    8             4.90                                         
     Acid Treated   8             5.30                                         
     Conventional Synthetic                                                    
     Magnesium Silicate                                                        
                    16            5.4                                          
     Acid Treated   16            5.9                                          
     ______________________________________                                    
PAR  The data from Table IV show a significant improvement in the chill-proofing
      property, as a result of the acid-treatment of the conventional synthetic
      magnesium silicate, throughout a broad dosage range. These data show that
      a significantly lower concentration of acid-treated synthetic magnesium
      silicate is required to produce equivalent stability in wort to that
      produced by the conventional synthetic magnesium silicate adsorbent. To
      the user, this advantage would be important in terms of lower costs. The
      same dosage of the acid-treated conventional synthetic magnesium silicate
      would also reduce the contact time required to produce the same stability
      produced by the conventional synthetic magnesium silicate adsorbent. Thus,
      the user would have a very desirable option of either producing a beverage
      having a superior stability by maintaining the dosage level and contact
      times essentially similar to those previously used with the conventional
      synthetic magnesium silicate adsorbent, or producing a beverage having
      conventional stability by reducing the adsorbent dosage level, the contact
      time, or both.
PAR  The above Examples show the use of acid-treated synthetic magnesium
      silicates used alone as a chill haze control agent, but these products can
      also be used in conjunction with other conventional chill-proofing agents
      such as the synthetic magnesium silicates disclosed in U.S. Pat. No.
      3,251,693, hectorite, acid activated bentonites, or any of the other
      conventional chill haze control agents known in the art. Also, the
      acid-treated conventional magnesium silicate of the present invention can
      be effectively used as a member of a blend with the other members of the
      blend including either a filter aid, such as perlite or diatomite or
      adsorbents for polyphenols such as polyamides like PVPP or NYLON 66 or
      both.
PAR  The degree of acid treatment used to make the products of the present
      invention and the amount of the resultant product used in stabilizing
      aqueous liquids will depend upon the amount of undesirable ingredients to
      be adsorbed. As shown above, this can be easily determined for each
      different application. It is also possible to reduce the amount of
      acid-treated conventional synthetic magnesium silicate needed by the
      addition of protein-modifying enzymes, such as those described in U.S.
      Pat. No. 3,251,693.
PAR  To determine the effectiveness of an acid-treated conventional magnesium
      silicate in blends containing PVPP the following tests were made.
PAC  EXAMPLE 4
PAR  Blends were prepared by dry mixing acid-treated synthetic magnesium
      silicate, made by treating a conventional magnesium silicate having a
      magnesium oxide content of 20.5% with 700 lbs. concentrated sulfuric acid
      per ton of magnesium silicate at a temperature of 80.degree.C for about
      three hours to reduce the magnesium oxide content to about 12.7%, with
      POLYCLAR AT, a polyvinyl polypyrrolidone marketed by GAF Corp., in various
      weight ratios as shown in Table V. A wort, prepared as described in
      Example 1, was treated with each of the blends at a dosage level of 16
      lbs./100 bbls. and a contact time of 30 minutes. The treated wort samples
      were then filtered to remove the adsorbent blends. The SASPL breakpoint,
      using 50% saturated SAS, and percent anthocyanogen, polymerized
      polyphenols, removal were determined. The results are reported in Table V
      along with the results obtained by treating with PVPP and acid-treated
      synthetic magnesium silicate alone.
TBL                TABLE V                                                     
     ______________________________________                                    
     Composition of                                                            
     Chillproofing Agent                                                       
                Acid-Treated                                                   
                            SASPL Break- Antho-                                
                Magnesium   point (ml 50%                                      
                                         cyanogen                              
     PVPP       Silicate    SAS/50 ml    Removal                               
     (%)        (%)         Wort)        (%)                                   
     ______________________________________                                    
     Control                                                                   
     (No Absorbent)         5.9          0                                     
     100        0           6.57         19.0                                  
     30         70          8.35         14.3                                  
     25         75          8.53         10.3                                  
     20         80          8.5          12.5                                  
     15         85          8.45         11.0                                  
     10         90          8.6          10.0                                  
     5          95          8.77         6.3                                   
     0          100         8.75         3.6                                   
     ______________________________________                                    
PAR  The SASPL breakpoints shown in Table V are generally higher than those
      reported earlier in the specification; however, their relative positions
      with respect to the control are about the same. This difference was caused
      by a different concentration of PSAS titrating solution than used in the
      tests reported in the earlier examples.
PAR  The results show that while the use of PVPP alone removed the most
      anthocyanogens, the SASPL breakpoint was relatively low indicating that
      PVPP was not removing the undesirable protein molecules. The best results
      were achieved with blends of PVPP and acid-treated magnesium silicate
      wherein the PVPP content was within the range of about 5 to about 30
      weight percent, preferably about 10 to about 30 weight percent. The
      preferred blends show a surprising cooperation between the separate
      adsorbents that results in an improved anthocyanogen removal without a
      significant decrease in SASPL breakpoint. This balance is desirable for
      the production of well stabilized beer having excellent taste and good
      foam characteristics.
PAR  It is possible, and in some cases desirable, to also include a filter aid
      with the acid-treated synthetic magnesium silicate, e.g., diatomite,
      perlite, cellulosic fibers, etc.
PAR  In describing the invention, certain embodiments have been used to
      illustrate the invention and the practice thereof. However, the invention
      is not limited to these specific embodiments as other embodiments and
      modifications within the spirit of the invention will readily occur to
      those skilled in the art on reading this specification. The invention is
      thus not intended to be limited to the specific embodiments disclosed, but
      instead is to be limited only by the claims appended hereto.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of stabilizing aqueous liquids or aqueous liquid suspensions
      against chill haze formation comprising contacting said liquid or said
      suspension with an acid-treated synthetic magnesium silicate containing
      13% or less by weight of magnesium, on an oxide basis, in an amount
      effective to eliminate or reduce said chill haze and seperating said
      silicate from said liquid or liquid suspension to provide an aqueous
      liquid or aqueous liquid suspension resistant to chill haze formation.
NUM  2.
PAR  2. The method of claim 1 wherein said acid is an acid that forms a
      water-soluble compound upon reaction with magnesium oxide.
NUM  3.
PAR  3. The method of claim 2 wherein the acid is a mineral acid.
NUM  4.
PAR  4. The method of claim 3 wherein the mineral acid is a sulfuric acid and
      the magnesium oxide content is less than about 12%.
NUM  5.
PAR  5. The method of claim 1 wherein the liquid suspension is wort.
NUM  6.
PAR  6. The method of claim 1 wherein the liquid or suspension is selected from
      the group consisting of vinegar, beer, malt liquor, and ale.
NUM  7.
PAR  7. The method of claim 1 wherein the liquid or suspension is wine.
NUM  8.
PAR  8. The method of claim 4 wherein the liquid suspension is wort.
NUM  9.
PAR  9. The method of claim 4 wherein the liquid or suspension is selected from
      the group consisting of vinegar, beer, malt liquor and ale.
NUM  10.
PAR  10. The method of claim 1 wherein in addition to the acid-treated synthetic
      magnesium silicate there is also added a conventional filter aid material
      which is later removed in a filtering step.
NUM  11.
PAR  11. The method of claim 1 wherein in addition to the acid-treated synthetic
      magnesium silicate there is also added one or more conventional chill haze
      control agents.
NUM  12.
PAR  12. The method of claim 10 wherein in addition to the acid-treated
      synthetic magnesium silicate and a filter aid material there is also added
      one or more conventional chill haze control agents.
NUM  13.
PAR  13. The method of claim 11 wherein the conventional chill haze control
      agent is polyvinyl polypyrrolidone.
NUM  14.
PAR  14. A method of stabilizing an aqueous liquid or aqueous liquid suspension
      selected from the group consisting of wort, beer and wine against chill
      haze formation comprising contacting said liquid or suspension with
      particles of acid-treated synthetic magnesium silicate, having a magnesium
      content of 13% or less by weight in an amount effective to stabilize said
      liquid or suspension against chill haze formation and separating said
      particles from said liquid or suspension to provide a liquid or suspension
      resistant to chill haze formation.
NUM  15.
PAR  15. The method of claim 14 wherein said acid contains sulfur as one of the
      constituents of the acid molecule.
NUM  16.
PAR  16. The method of claim 15 wherein the acid is a mineral acid.
NUM  17.
PAR  17. The method of claim 16 wherein the acid is sulfuric acid and the
      magnesium content, on an oxide basis is less than about 12%.
NUM  18.
PAR  18. The method of claim 14 wherein the acid-treated magnesium silicate is
      added in an amount to provide a concentration of at least 2 pounds of
      acid-treated synthetic magnesium silicate per 100 barrels of beer.
NUM  19.
PAR  19. The method of claim 18 wherein polyvinyl polypyrrolidone is also added
      in an amount less than the amount of acid-treated synthetic magnesium
      silicate added.
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PAL  Processes and compositions are described for the use in foodstuff flavor
      and aroma and as foodstuff aroma imparting materials of
      2,2,6-trimethyl-1-cyclohexen-1-ylacetaldehyde.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to
      2,2,6-trimethyl-1-cyclohexen-1-ylacetaldehyde (or "beta-cyclohomocitral")
      produced by, interalia, a novel process described and claimed in copending
      Application for U.S. Pat. No. 507,414 filed on Sept. 19, 1974 and novel
      compositions using such beta-cyclohomocitral to alter the flavor and/or
      aroma of consumable materials.
PAR  There has been considerable work performed relating to substances which can
      be used to impart (or enhance) flavors and fragrances to (or in) various
      consumable materials. These substances are used to diminish the use of
      natural materials, some of which may be in short supply and to provide
      more uniform properties in the finished product. Fruity, woody and tea
      aromas as well as woody-tea and fruity-tobacco tastes are particularly
      desirable for many uses in foodstuff flavors. Woody, camphoraceous, green
      and earthy notes are desirable in several types of perfume compositions.
      Sweet, rich-tobacco, floral, fruity, green, woody, "damascenone-like" and
      earthy notes are desirable in tobacco flavoring compositions.
PAR  Arctander, "Perfume and Flavor Chemicals", 1969 discloses the use in
      perfume compositions and flavors of "cyclocitral",
      "dehydro-beta-cyclocitral", "isocyclocitral", "alpha-cyclocitrylidene
      acetaldehyde" and "beta cyclotrylidene acetaldehyde", thus:
PA1  I. "760: CYCLOCITRAL
PA2  Alpha-cyclocitral = (2,2,6-trimethyl-5-cyclohexen-1-carboxaldehyde).
      beta-cyclocitral = (2,2,6-trimethyl-6-cyclohexen-1-carboxaldehyde). Both
      isomers are known and have been produced separately.
      ##SPC1##
PA2  Very rarely offered commercially. These particular cyclocitrals have little
      or no interest to the creative perfumer, but they have served as part of
      many pieces of proof that isomers (alpha-beta) do often have different
      odors."
PA1  Ii. "761: iso-CYCLOCITRAL
PA2  A mixture of two chemicals:
PA3  3,5,6-trimethyl-3-cyclohexen-1-carboxaldehyde (meta)cyclocitral).
      ##SPC2##
PA3  2,4,6-trimethyl-4-cyclohexen-1-carboxaldehyde (symmetric-iso-cyclocitral).
      ##SPC3##
PA3  Powerful, and diffusive, foliage-green, "dark" weedy and dry odor,
      sometimes described as "Flower-shop odor". The earthy and wet-green notes
      are quite natural in high dilution and resemble the odor of stems from
      plants and flowers fresh from the soil.
PA3  Finds use in perfume compositions where it blends excellently with Oakmoss
      products (compensates for sweetness and lifts the topnote), with Ionones
      (freshness), Geranium and Galbanum (enhances the green and "vegetable"
      notes), etc . . ."
PA1  Iii. "762: alpha CYCLOCITRYLIDENE ACETALDEHYDE
      ##SPC4##
PA1  Mild, floral-woody, somewhat oily-herbaceous odor, remotely reminiscent of
      Rose with similarity to the odor of hydrogenated Ionones.
PA1  Suggested for use in perfume compositions. It brings a certain amount of
      floral lift to Rose compositions, and performs fairly well even in soap.
      However, the cost of the rarely offered and never readily available lots
      are rather discouraging to the perfumer, and it is most conceivable that
      this material can be left out of the perfumer's library without any great
      loss . . . "
PA1  iv. "763: beta-CYCLOCITRYLIDENE ACETALDEHYDE
PA2  2,6,6-trimethyl-1-cyclohexenyl-beta-acrolein.
      ##SPC5##
PA2  Sweet-woody, rather heavy odor, resembling that of beta-Ionone. More fruity
      than really floral, but not as tenacious as the Ionone.
PA2  Suggested for use in perfume compositions, but since it does not offer any
      new or unusual odor characteristics, and it cannot be produced in
      economical competition to beta-Ionone, there is little or no chance that
      it will ever become a standard shelf ingredient for the perfumer . . . "
PA1  v. "869: DEHYDRO-beta-CYCLOCITRAL (Safranal)
PA2  2,6,6-trimethyl-4,4-cyclohexadiene-1-carboxaldehyde
      ##EQU1##
      Very powerful, sweet, green-floral and somewhat tobacco-herbaceous odor of
      good tenacity. In extreme dilution reminiscent of the odor of Safran
      (Saffron).
PA2  Interesting material for fresh topnotes, as a modifier for
      aldehydic-citrusy notes, as a green-floral topnote in flower fragrances,
      etc. It blends excellently with the aliphatic Aldehydes, with Oakmoss
      products and herbaceous oils . . . "
PAR  Safranal and beta-cyclocitral are disclosed as volatile constituents of
      Greek Tobacco by Kimland et al., Phytochemistry 11 (309) 1972.
      Beta-cyclocitral is disclosed as a component of Burley Tobacco flavor by
      Demole and Berthet, Helv, Chim. Acta. 55 Fasc-6, 1866 (1972).
PAC  THE INVENTION
PAR  It has now been discovered that novel solid and liquid foodstuff and
      flavoring compositions having fruity, woody and tea aromas and woody-tea
      and fruity-tobacco tastes, novel perfume compositions having woody,
      camphoraceous, green, earthy notes; as well as novel tobacco flavoring
      compositions having sweet, rich-tobacco, floral, fruity, green, woody,
      "damascenone-like" ("Damascenone" is a compound having the structure:
      ##SPC6##
PAL  Its organoleptic properties are set forth in Swiss Patent No. 520,479
      issued on May 12, 1972) and earthy notes may be provided by the
      utilization of beta-cyclohomocitral having the formula:
      ##SPC7##
PAL  in foodstuffs, perfume compositions, perfumed articles, colognes and
      tobaccos as well as tobacco substitutes.
PAR  The beta-cyclohomocitral so useful, may be produced, preferably, by
      processes which comprises either (A) a reaction carried out in two steps,
      the first of which is an oxidation reaction of beta-ionone with either
      performic acid, peracetic acid or perpropionic acid to form beta-ionone
      enol ester and, secondly, hydrolyzing the beta-ionone enol ester in the
      presence of base (either aqueous or alcoholic) to form the desired
      beta-cyclohomocitral or (B) forming beta-cyclohomocitral by oxidizing
      beta-ionone with hydrogen peroxide in the presence of inorganic base.
PAR  More specifically, the process (A) comprises the steps of:
PA1  i. Reacting beta-ionone having the formula:
      ##SPC8##
PA1  in the absence of dimethyl formamide with a peralkanoic acid having the
      formula:
      ##EQU2##
      (wherein R is hydrogen, methyl or ethyl) to form beta-ionone enol ester
      having the formula:
      ##SPC9##
PA1  and not the expected beta-ionone epoxide having one of the formulae:
      ##SPC10##
PA1  ii. hydrolyzing the beta-ionone enol ester in the presence of base (aqueous
      or alcoholic) to form beta-cyclohomocitral.
PAR  Insofar as the oxidation reaction is concerned:
PAR  A. where peralkanoic acids are used as the oxidizing agents, the reaction
      is preferably carried out in the presence of a buffer such as an alkali
      metal salt of a lower alkanoic acid or an alkali metal carbonate with a
      lower alkanoic acid such as propionic acid acetic acid or formic acid with
      the following provisos:
PA1  i. The reaction is preferably carried out at temperatures of from
      15.degree.C up to about 75.degree.C. Lower temperatures result in slower
      and less complete reaction and higher temperatures than 75.degree.C result
      in lower yields of the desired product and significantly higher
      percentages of by-products. The most preferred temperature of reaction is
      25.degree.C.
PA1  ii. A slight molar excess (from 10 up to 15 percent) of peracetic acid
      gives a slightly higher yield of product. A large excess (about 200
      percent), however, results in the formation of dihydroactinodiolide having
      the structure:
      ##SPC11##
PA1  in about 30-35 percent yield when no buffer (e.g., potassium acetate) is
      present in the reaction mass;
PA1  iii. Where potassium carbonate is substituted for potassium acetate as a
      buffer, the yield of product obtained is substantially the same;
PA1  iv. On the other hand, a slightly lower yield of product is obtained by
      substituting sodium acetate for potassium acetate as the buffer;
PA1  v. Substitution of formic acid for acetic acid in the reaction mass gives
      rise to a lower yield of product.
PA1  vi. Any solvent inert to the action of peralkanoic acids may be used in
      this first oxidation reaction using alkanoic acids. For instance, the use
      of cyclohexane or chloroform as a solvent does not have an appreciable
      effect on the yield of product;
PA1  vii. Omission of the buffer (i.e., thus performing the reaction under
      strongly acidic conditions) results in an incomplete reaction, lower yield
      and greater quantity of by-product(s);
PA1  viii. The use of dimethyl formamide as solvent results in the exclusive
      formation of beta-ionone epoxide having the structure:
      ##SPC12##
PA1  in about 70-75% yield and, accordingly, the presence of dimethyl formamide
      must be avoided;
PA1  ix. The use of monoperphthalic acid (formed in situ from phthalic anhydride
      and hydrogen peroxide) yields beta-ionone epoxide in 60-70 percent yield.
      The use of perbenzoic acid in place of peralkanoic acid has also been used
      to make beta-ionone epoxide R. Yves, et al., Hevl. Chim. Acta, 29, 880
      (1946).
PAR  It may be concluded that a peralkanoic acid such as peracetic acid in
      slight excess in the presence of a buffer system, preferably composed of
      acetic acid/potassium acetate is the preferred way to oxidize beta-ionone
      at 25.degree.C to the corresponding enol acetate.
PAR  The beta-ionone enol ester preferably is hydrolyzed by 10 percent alkali
      metal hydroxide (e.g., potassium hydroxide, lithium hydroxide or sodium
      hydroxide) in admixture with 50 percent aqueous methanol, although other
      mild hydrolysis conditions (such as aqueous potassium carbonate, sodium
      carbonate or lithium carbonate solution) may also be used. As a result of
      the hydrolysis, beta-cyclohomocitral is formed.
PAR  The resultant reaction product, beta-cyclohomocitral may then be refined
      according to standard techniques, e.g., preparative gas chromatography,
      extraction, distillation and the like as further exemplified herein.
PAR  B. Where hydrogen peroxide (in the presence of inorganic base) is used as
      the oxidizing agent, the beta-cyclohomocitral is formed in one step from
      beta-ionone. The strength of hydrogen peroxide used is from about 10
      percent up to about 50 percent. The inorganic base used may be an alkali
      metal hydroxide or alkali metal carbonate such as sodium carbonate,
      potassium carbonate, lithium carbonate, sodium hydroxide, potassium
      hydroxide or lithium hydroxide; preferably sodium hydroxide. The mole
      ratio of hydrogen peroxide: beta-ionone is preferably from about 1.1:1 up
      to about 3:1.
PAR  The aforementioned processes are specific to beta-ionone. As further
      exemplified infra, when the reaction conditions of this process are
      applied to alpha-ionone, as opposed to beta-ionone, epoxide formation
      occurs and neither a substantial amount of enol acetate nor isomers of
      beta-cyclohomocitral are formed.
PAR  The 2,2,6-trimethyl-1-cyclohexen-1-ylacetaldehyde (or beta-cyclohomocitral)
      of our invention is capable of supplying and/or potentiating certain
      flavor and aroma notes usually lacking in many fruit flavors as well as
      tobacco flavors heretofore provided. Furthermore, the beta-cyclohomocitral
      of our invention is capable of supplying certain fragrance notes usually
      lacking in many perfumery materials, for example, petitgrain fragrances.
PAR  When the beta-cyclohomocitral of our invention is used as a food flavor
      adjuvant, the nature of the co-ingredients included with the said
      beta-cyclohomocitral in formulating the product composition will also
      serve to alter the organoleptic characteristics of the ultimate foodstuff
      treated therewith.
PAR  As used herein in regard to flavors, the term "alter" in its various forms
      means "supplying or imparting flavor character or note to otherwise bland,
      relatively tasteless substances or augmenting the existing flavor
      characteristic where a natural flavor is deficient in some regard or
      supplementing the existing flavor impression to modify its quality,
      character or taste". As used herein, the term "foodstuff" includes both
      solids and liquids ingestible materials which usually do, but need not,
      have nutritional value. Thus, foodstuffs include soups, convenience foods,
      beverages, dairy products, candies, vegetables, cereals, soft drinks,
      snacks and the like.
PAR  Substances suitable for use herein as co-ingredients or flavoring adjuvants
      are well known in the art for such use being extensively described in the
      relevant literature. Apart from the requirement that any such material be
      "ingestibly" acceptable and thus non-toxic or otherwise non-deleterious
      nothing particularly critical resides in selection thereof. Accordingly,
      such materials which may in general be characterized as flavoring
      adjuvants or vehicles comprise broadly stabilizers, thickeners, surface
      active agents, conditioners, other flavorants and flavor intensifiers.
PAR  Stabilizer compounds include preservatives, e.g., sodium chloride;
      antioxidants, e.g., calcium and sodium ascorbate, ascorbic acid, butylated
      hydroxyanisole (mixture of 2- and 3- tertiary-butyl-4-hydroxyanisole),
      butylated hydroxy toluene (2,6-di-tertiarybutyl-4-methyl phenol), propyl
      gallate and the like and sequestrants, e.g., citric acid.
PAR  Thickener compounds include carriers, binders, protective colloids,
      suspending agents, emulsifiers and the like, e.g., agaragar, carrageenan;
      cellulose and cellulose derivatives such as carboxymethyl cellulose and
      methyl cellulose; natural and synthetic gums such as gum arabic, gum
      tragacanth; gelatin, proteinaceous materials; lipids; carbohydrates;
      starches pectins, and emulsifiers, e.g., mono-and diglycerides of fatty
      acids, skim milk powder, hexoses, pentoses, disaccharides, e.g., sucrose
      corn syrup and the like.
PAR  Surface active agents include emulsifying agents, e.g., fatty acids such as
      capric acid, caprylic acid, palmitic acid, myristic acid and the like,
      mono-and diglycerides of fatty acids, lecithin, defoaming and
      flavor-dispersing agents such as sorbitan monostearate, potassium
      stearate, hydrogenated tallow alcohol and the like.
PAR  Conditioners include compounds such as bleaching and maturing agents, e.g.,
      benzoyl peroxide, calcium peroxide, hydrogen peroxide and the like; starch
      modifiers such as peracetic acid, sodium chlorite, sodium hypochlorite,
      propylene oxide, succinic anhydride and the like, buffers and neutralizing
      agents e.g., sodium acetate, ammonium bicarbonate, ammonium phosphate,
      citric acid, lactic acid, vinegar and the like; colorants, e.g., carminic
      acid, cochineal, tumeric and curcuma and the like; firming agents such as
      aluminum sodium sulfate, calcium chloride and calcium gluconate;
      texturizers, anti-caking agents, e.g., aluminum calcium sulfate and
      tribasic calcium phosphate; enzymes; yeast foods, e.g., calcium lactate
      and calcium sulfate; nutrient supplements, e.g., iron salts such as ferric
      phosphate, ferrous gluconate and the like, riboflavin, vitamins, zinc
      sources such as zinc chloride, zinc sulfate and the like.
PAR  Other flavorants and flavor intensifiers include organic acids, e.g.,
      acetic acid, formic acid, 2-hexenoic acid, benzoic acid, n-butyric acid,
      caproic acid, caprylic acid, cinnamic acid, isobutyric acid, isovaleric
      acid, alpha-methyl-butyric acid, propionic acid, valeric acid,
      2-methyl-2-pentenoic acid, and 2-methyl-3-pentenoic acid; ketones and
      aldehydes, e.g., acetaldehyde, acetophenone, acetone, acetyl methyl
      carbinol, acrolein, n-butanal, crotonal, diacetyl, beta,
      beta-dimethyl-acrolein, n-hexanal, 2-hexenal, cis-3-hexenal, 2-heptanal,
      4-(p-hydroxyphenyl)-2-butanone, alpha-ionone, beta-ionone,
      methyl-3-butanone, 2-pentanone, 2-pentenal and propanal; alcohols such as
      1-butanal, benzyl alcohol, 1-borneol, trans-2-buten-1-ol, ethanol,
      geraniol, 1-hexanal, 2-heptanol, trans-2-hexenol-1, cis-3-hexen-1-ol,
      3-methyl-3-buten-1-ol, 1-pentenol, 1-penten-3-ol,
      p-hydroxyphenyl-2-ethanol, isoamyl alcohol, isofenchyl alcohol,
      phenyl-2-ethanol, alpha-terpineol, cisterpineol hydrate; esters, such as
      butyl acetate, ethyl acetate, ethyl acetoacetate, ethyl benzoate, ethyl
      butyrate, ethyl caproate, ethyl cinnamate, ethyl crotonate, ethyl formate,
      ethyl isobutyrate, ethyl isovalerate, ethyl alpha-methylbutyrate, ethyl
      propionate, ethyl salicylate, trans-2-hexenyl acetate, hexyl acetate,
      2-hexenyl butyrate, hexyl butyrate, isoamyl acetate, isopropyl butyrate,
      methyl acetate, methyl butyrate, methyl caproate, methyl isobutyrate,
      alpha-methylbutyrate, propyl acetate, amyl acetate, amyl butyrate, benzyl
      salicylate, dimethyl anthranilate, ethyl methylphenylgycidate, ethyl
      succinate, isobutyl cinnamate and terpenyl acetate; essential oils, such
      as jasmine absolute, rose absolute, orris absolute, lemon essential oil,
      Bulgarian rose, yara yara, natural raspberry oil and vanilla; lactones;
      sulfides, e.g., methyl sulfide and other materials such as maltol, acetoin
      and acetals (e.g., 1,1-diethoxyethane, 1,1-dimethoxyethane and
      dimethoxymethane.
PAR  The specific flavoring adjuvant selected for use may be either solid or
      liquid depending upon the desired physical form of the ultimate product,
      i.e., foodstuff, whether simulated or natural, and should, in any event,
      be capable of providing an environment in which the beta-cyclohomocitral
      can be dispersed or admixed to provide a homogeneous medium. In addition,
      selection of one or more flavoring adjuvants, as well as the quantities
      thereof will depend upon the precise organoleptic character desired in the
      finished product. Thus, in the case of flavoring compositions, ingredient
      selection will vary in accordance with the foodstuff to which the flavor
      and aroma are to be imparted. In contradistinction, in the preparation of
      solid products, e.g., simulated foodstuffs, ingredients capable of
      providing normally solid compositions should be selected such as various
      cellulose derivatives.
PAR  As will be appreciated by those skilled in the art, the amount of
      beta-cyclohomocitral employed in a particular instance can vary over a
      relatively wide range whereby to its desired organoleptic effects having
      reference to the nature of the product are achieved. Thus,
      correspondingly, greater amounts would be necessary in those instances
      wherein the ultimate food composition to be flavored is relatively bland
      to the taste, whereas relatively minor quantities may suffice for purposes
      of enhancing the composition merely deficient in natural flavor or aroma.
      The primary requirement is that the amount selected to be effective, i.e.,
      sufficient to alter the organoleptic characteristics of the parent
      composition, whether foodstuff per se or flavoring composition.
PAR  The use of insufficient quantities of beta-cyclohomocitral will, of course,
      substantially vitiate any possibility of obtaining the desired results
      while excess quantities prove needlessly costly and in extreme cases, may
      disrupt the flavor-aroma balance, thus proving self-defeating.
      Accordingly, the terminology "effective amount" and "sufficient amount" is
      to be accorded a significance in the context of the present invention
      consistent with the obtention of desired flavoring effects.
PAR  Thus, and with respect to ultimate food compositions, it is found that
      quantities of beta-cyclohomocitral ranging from a small but effective
      amount, e.g., 0.5 parts per million up to about 20 parts per million by
      weight based on total composition are suitable. Concentrations in excess
      of the maximum quantity stated are not normally recommended, since they
      fail to prove commensurate enhancement of organoleptic properties. In
      those instances, wherein the beta-cyclohomocitral is added to the
      foodstuff as an integral component of a flavoring composition, it is, of
      course, essential that the total quantity of flavoring composition
      employed be sufficient to yield an effective beta-cyclohomocitral
      concentration in the foodstuff product.
PAR  Food flavoring compositions prepared in accordance with the present
      invention preferably contain the beta-cyclohomocitral in concentrations
      ranging from about 0.1% up to about 15% by weight based on the total
      weight of the said flavoring composition.
PAR  The compositions described herein can be prepared according to conventional
      techniques well known as typified by cake batters and fruit drinks and can
      be formulated by merely admixing the involved ingredients within the
      proportions stated in a suitable blender to obtain the desired
      consistency, homogeneity of dispersion, etc. Alternatively, flavoring
      compositions in the form of particulate solids can be conveniently
      prepared by mixing the beta-cyclohomocitral with, for example, gum arabic,
      gum tragacanth, carrageenan and the like, and thereafter spray-drying the
      resultant mixture whereby to obtain the particular solid product.
      Pre-prepared flavor mixes in powder form, e.g., a fruit-flavored powder
      mix are obtained by mixing the dried solid components, e.g., starch, sugar
      and the like and beta-cyclohomocitral in a dry blender until the requisite
      degree of uniformity is achieved.
PAR  It is presently preferred to combine with the beta-cyclohomocitral, the
      following adjuvants:
PA1  p-Hydroxybenzyl acetone;
PA1  Geraniol;
PA1  Acetaldehyde;
PA1  Maltol;
PA1  Ethyl methyl phenyl glycidate;
PA1  Benzyl acetate;
PA1  Dimethyl sulfide;
PA1  Vanillin;
PA1  Methyl cinnamate;
PA1  Ethyl pelargonate;
PA1  Methyl anthranilate;
PA1  Isoamyl acetate;
PA1  Isobutyl acetate;
PA1  Alpha ionone;
PA1  Ethyl butyrate;
PA1  Acetic acid;
PA1  Gamma-undecalactone;
PA1  Naphthyl ethyl ether;
PA1  Diacetyl;
PA1  Ethyl acetate;
PA1  Anethole;
PA1  Isoamyl butyrate;
PA1  Cis-3-hexenol-1;
PA1  2-Methyl-2-pentenoic acid;
PA1  Elemecine (4-allyl-1,2,6-trimethoxy benzene);
PA1  Isoelemecine (4-propenyl-1,2,6-trimethoxy benzene); and
PA1  2-(4-hydroxy-4-methylpentyl) norbornadiene prepared according to U.S.
      Application for letters Patent 461,703 filed on Apr. 17, 1974
PAR  An additional aspect of our invention provides an organoleptically improved
      smoking tobacco product and additives therefor, as well as methods of
      making the same which overcome specific problems heretofore encountered in
      which specific desired woody "damascenone-like" flavor characteristics of
      natural tobacco are created or enhanced and may be readily controlled and
      maintained at the desired uniform level regardless of variations in the
      tobacco components of the blend.
PAR  This invention further provides improved tobacco additives and methods
      whereby various desirable damascenone-like, woody flavoring
      characteristics with sweet, floral, fruity, earthy and green notes may be
      imparted to smoking tobacco products and may be readily varied and
      controlled to produce the desired uniform flavoring characteristics.
PAR  In carrying out this aspect of our invention, we add to smoking tobacco
      materials or a suitable substitute therefor (e.g., dried lettuce leaves)
      an aroma and flavor additive containing as an active ingredient
      beta-cyclohomocitral.
PAR  In addition to the beta-cyclohomocitral of our invention other flavoring
      and aroma additives may be added to the smoking tobacco material or
      substitute therefor either separately or in mixture with the
      beta-cyclohomocitral as follows:
PA1  I. synthetic Materials:
PA2  Beta-ethyl-cinnamaldehyde;
PA2  Eugenol;
PA2  Dipentene;
PA2  Damascenone;
PA2  Maltol;
PA2  Ethyl maltol;
PA2  Delta undecalactone;
PA2  Delta decalactone;
PA2  Benzaldehyde;
PA2  Amyl acetate;
PA2  Ethyl butyrate;
PA2  Ethyl valerate;
PA2  Ethyl acetate;
PA2  2-Hexenol-1,2-methyl-5-isopropyl-1,3-nonadiene-8-one;
PA2  2,6-Dimethyl-2,6-undecadiene-10-one;
PA2  2-Methyl-5-isopropyl acetophenone;
PA2  2-Hydroxy-2,5,5,8a-tetramethyl-1-(2-hydroxyethyl)-decahydronaphthalene;
PA2  Dodecahydro-3a-6,6,9 a-tetramethyl naphtho-(2,1-b)-furan
PA2  4-Hydroxy hexanoic acid, gamma lactone;
PA2  Polyisoprenoid hydrocarbons defined in Example V of U.S. Pat. No. 3,589,372
      issued on June 29, 1971.
PA1  Ii. natural Oils
PA2  Celery seed oil;
PA2  Coffee extract;
PA2  Bergamot Oil;
PA2  Cocoa extract;
PA2  Nutmeg oil;
PA2  Origanum oil
PAR  An aroma and flavoring concentrate containing beta-cyclohomocitral and, if
      desired, one or more of the above indicated additional flavoring additives
      may be added to the smoking tobacco material, to the filter or to the leaf
      or paper wrapper. The smoking tobacco material may be shredded, cured,
      cased and blended tobacco material or reconstituted tobacco material or
      tobacco substitutes (e.g., lettuce leaves) or mixtures thereof. The
      proportions of flavoring additives may be varied in accordance with taste
      but insofar as enhancement or the imparting of natural and/or sweet notes,
      we have found that satisfactory results are obtained if the proportion by
      weight of the sum total of beta-cyclohomocitral to smoking tobacco
      material is between 250 ppm and 1,500 ppm (0.025- 0.15 %) of the active
      ingredients to the smoking tobacco material. We have further found that
      satisfactory results are obtained if the proportion by weight of the sum
      total of beta-cyclohomocitral used to flavoring material is between 2,500
      and 10,000 ppm (0.25- 1.5%).
PAR  Any convenient method for incorporating the beta-cyclohomocitral in the
      tobacco product may be employed. Thus, the beta-cyclohomocitral taken
      alone or along with other flavoring additives may be dissolved in a
      suitable solvent such as ethanol, pentane, diethyl ether and/or other
      volatile organic solvents and the resulting solution may either be spread
      on the cured, cased and blended tobacco material or the tobacco material
      may be dipped into such solution. Under certain circumstances, a solution
      of the beta-cyclohomocitral taken alone or taken further together with
      other flavoring additives as set forth above, may be applied by means of a
      suitable applicator such as a brush or roller on the paper or leaf wrapper
      for the smoking product, or it may be applied to the filter by either
      spraying, or dipping, or coating.
PAR  Furthermore, it will be apparent that only a portion of the tobacco or
      substitute therefor need be treated and the thus treated tobacco may be
      blended with other tobaccos before the ultimate tobacco product is formed.
      In such cases, the tobacco treated may have the beta-cyclohomocitral in
      excess of the amounts or concentrations above indicated so that when
      blended with other tobaccos, the final product will have the percentage
      within the indicated range.
PAR  In accordance with one specific example of our invention, an aged, cured
      and shredded domestic burley tobacco is spread with a 20% ethyl alcohol
      solution of beta-cyclohomocitral in an amount to provide a tobacco
      composition containing 800 ppm by weight of beta-cyclohomocitral on a dry
      basis. Thereafter, the alcohol is removed by evaporation and the tobacco
      is manufactured into cigarettes by the usual techniques. The cigarette
      when treated as indicated has a desired and pleasing aroma which is
      detectable in the main and side streams when the cigarette is smoked. This
      aroma is described as being sweeter, rich, less harsh, more tobacco-like
      and having woody, damascenone-like notes.
PAR  While our invention is particularly useful in the manufacture of smoking
      tobacco, such as cigarette tobacco, cigar tobacco and pipe tobacco, other
      tobacco products formed from sheeted tobacco dust or fines may also be
      used. Likewise, the beta-cyclohomocitral of our invention can be
      incorporated with materials such as filter tip materials, seam paste,
      packaging materials and the like which are used along with tobacco to form
      a product adapted for smoking. Furthermore, the beta-cyclohomocitral can
      be added to certain tobacco substitutes of natural or synthetic origin
      (e.g., dried lettuce leaves) and, accordingly, by the term "tobacco" as
      used throughout this specification is meant any composition intended for
      human consumption by smoking or otherwise, whether composed of tobacco
      plant parts or substitute materials or both.
PAR  The beta-cyclohomocitral and one or more auxiliary perfume ingredients,
      including, for example, alcohols, aldehydes, nitriles, esters, cyclic
      esters, and natural essential oils, may be admixed so that the combined
      odors of the individual components produce a pleasant and desired
      fragrance, particularly and preferably in petitgrain fragrances. Such
      perfume compositions usually contain (a) the main note or the "bouquet" or
      foundation stone of the composition; (b) modifiers which round off and
      accompany the main note; (c) fixatives which include odorous substances
      which lend a particular note to the perfume throughout all stages of
      evaporation and substances which retard evaporation; and (d) topnotes
      which are usually low boiling fresh smelling materials.
PAR  In perfume compositions, the individual components which contribute its
      particular olfactory characteristics, but the over-all effect of the
      perfume composition will be the sum of the effects of each of the
      ingredients. Thus, the beta-cyclohomocitral can be used to alter the aroma
      characteristics of a perfume composition, for example, by utilizing or
      moderating the olfactory reaction contributed by another ingredient in the
      composition.
PAR  The amount of beta-cyclohomocitral of our invention which will be effective
      in perfume compositions depends on many factors, including the other
      ingredients, their amounts and the effects which are desired. It has been
      found that perfume compositions containing as little as 0.1% of
      beta-cyclohomocitral (e.g., 0.05%) can be used to impart earthy, green
      odor to soaps, cosmetics or other products. The amount employed can range
      up to 10% of the fragrance components and will depend on considerations of
      cost, nature of the end product, the effect desired on the finished
      product and the particular fragrance sought.
PAR  The beta-cyclohomocitral is useful, taken alone or in perfume compositions
      as an olfactory component in detergents and soaps, space odorants and
      deodorants, perfumes, colognes, toilet water, bath preparations, such as
      bath oils, and bath solids; hair preparations, such as lacquers,
      brilliantines, pomades and shampoos; cosmetic preparations, such as
      creams, deodorants, hand lotions and sun screens; powders, such as talcs,
      dusting powders, face powders and the like. When used as an olfactory
      component as little as 1% of beta-cyclohomocitral will suffice to impart a
      green, earthy note to petitgrain formulations. Generally, no more than 3%
      of beta-cyclohomocitral based on the ultimate end product is required in
      the perfume composition.
PAR  In addition, the perfume composition or fragrance composition of our
      invention can contain a vehicle, or carrier for the beta-cyclohomocitral.
      The vehicle can be a liquid such as an alcohol, a non-toxic alcohol, a
      non-toxic glycol, or the like. The carrier can also be an absorbent solid,
      such as a gum (e.g., gum arabic) or components for encapsulating the
      composition (such as gelatin).
PAR  It will thus be apparent that beta-cyclohomocitral can be utilized to alter
      the sensory properties, particularly organoleptic properties, such as
      flavor and/or fragrance of a wide variety of consumable materials.
DETD
PAR  Examples I--VIII, X, XV, XVII, XXV and XXVI, following, serve to illustrate
      processes for producing beta-cyclohomocitral useful in our invention.
      Example IX, following, serves to illustrate the unworkability of this
      process where dimethyl formamide is used in the oxidation reaction of
      beta-ionone with peracetic acid. Example III, serves to illustrate the
      unworkability of the reaction where no buffer, e.g., sodium acetate, is
      used. Examples XI-XIV and XVIII-XXIV illustrate the utility of
      beta-cyclohomocitral. Example XVI illustrates the unworkability of the
      above process in forming alpha-ionone enol ester when operated on
      alpha-ionone rather than beta-ionone. It will be understood that these
      Examples are illustrative and the invention is to be considered restricted
      thereto only as indicated in the appended claims. All parts and
      percentages given herein are by weight unless otherwise specified.
PAC  EXAMPLE I
PAC  A. Production of Beta-ionone Enol Ester From Beta-ionone
PAR  Into a two liter reaction flask equipped with stirrer, thermometer, reflux
      condenser, addition funnel and cooling bath, the following materials are
      added:
PA1  i. Solution of 96 grams beta-ionone in 300 cc chloroform;
PA2  ii. 30 grams sodium acetate
PAR  95 Grams of 40 percent peracetic acid is then added, with cooling, slowly
      at 10.degree.C during a period of 1 hour. The reaction mass is stirred at
      10.degree.C for an additional hour and the solution is then allowed to
      slowly warm up to room temperature. The reaction mass is then poured into
      1 liter of water and the resultant organic and aqueous phases are
      separated. The aqueous phase is then extracted with 100 cc of chloroform
      and the resultant organic phases are then bulked. The solvent is
      evaporated from the organic phase to yield 99.5 grams of an oil which is
      then chromatographed on 1,000 grams of alumina deactivated with 5% w/w
      water and eluted as follows:
TBL  Fraction                                                                  
            Volume of Solvent                                                  
                           Quantity of Solute Eluted                           
     ______________________________________                                    
     1      750 cc hexane  8.0 grams                                           
     2      500 cc hexane  31.7 grams                                          
     3      300 cc hexane  13.5 grams                                          
     4      250 cc hexane  7.0 grams                                           
     5      250 cc hexane  1.9 grams                                           
     6      250 cc hexane  1.6 grams                                           
     7      600 cc 25% diethyl                                                 
                           15.6 grams                                          
            ether-75% hexane                                                   
     8      600 cc diethyl ether                                               
                           15.3 grams                                          
     ______________________________________                                    
PAL  Fractions 1-4 are composed mainly of beta-ionone enol ester.
PAR  The spectral data for a purified sample of this material obtained by
      preparative gas chromatography confirm the structure:
      ##SPC13##
PAL  The mass spectrum of this compound has the following fragmentation pattern,
      in decreasing order of ion abundance:
PAR  m/e 166 (100), 151 (81), 43 (30), 208 (30) (molecular ion) and 95 (18). The
      infrared spectrum shows the following characteristic absorption bands
      (cm.sup.-.sup.1):
TBL                   H                                                        
     3090             C=C.vertline.(C--H)                                      
                      .vertline.:                                              
                      H                                                        
     1752             C=O (vinyl ester)                                        
     1650             C=C (conjugated with oxygen)                             
     1360             CH.sub.3                                                 
                      .angle.C                                                 
     1380             CH.sub.3                                                 
     1365             --CH.sub.3                                               
     1215                                                                      
                      C--O (of the ester)                                      
     1080                                                                      
                      H                                                        
                      .vertline.                                               
      930             C=C                                                      
                      .vertline.                                               
                      H                                                        
PAL  The NMR spectrum exhibits in CDCl.sub.3 solution the following proton
      absorptions (chemical shifts in ppm):
TBL  Ppm      Multiplicity                                                     
                         Assignment  No. of Protons                            
     ______________________________________                                    
     1.00     (s)        CH.sub.3 CH.sub.3                                     
                                     6H                                        
                         .angle.                                               
                         C                                                     
     1.70-1.40                                                                 
              (m)        --CH.sub.2 --                                         
                                     7H                                        
     1.76     (s)        =C--CH.sub.3                                          
     2.00     (t)        =C--CH.sub.2 --                                       
                                     2H                                        
     2.16     (s)        O           3H                                        
                         CH.sub.3 --C.angle.                                   
                         O--                                                   
     5.86and  (m)        Olefinic    2H                                        
     7.20                protons                                               
     ______________________________________                                    
PAC  B. HYDROLYSIS TO FORM BETA-CYCLOHOMOCITRAL FROM BETAIONONE ENOL ESTER
PAR  Beta-ionone enol ester (60.2 grams from Fractions 1-4 produced in Part A)
      is added to 280 cc of 10 percent potassium hydroxide solution, (50:50
      water:methanol mixture) at room temperature and stirred for a period of 30
      minutes. Water 1,000 cc is added to the reaction mass which is then
      extracted with three 250 cc portions of diethyl ether. The combined ether
      extract is washed twice with two 100 cc portions of saturated sodium
      chloride solution, dried over anhydrous magnesium sulfate and evaporated
      to obtain 53 grams of an oil, beta-cyclohomocitral.
PAR  The crude beta-cyclohomocitral is distilled at 2 mm Hg pressure and the
      fraction boiling at 70.degree.-80.degree.C is collected (35.6 g).
PAR  Gas chromatographic analysis indicates that the product is about 85% pure.
      A pure sample of betacyclohomocitral is obtained by preparative
      chromatography (conditions: 10 feet .times. 1/4inch 10% carbowax 20M-
      packed stainless steel column at 220.degree.C isothermal) and is
      characterised by the following analytical data as:
      ##SPC14##
PAR  Mass spectral fragmentation, in decreasing order of ion abundance:
PAR  m/e (%) 107(100); 29(93); 151(90); 41(88); 81(80); 95(67); 123(57); 55(45);
      39(45); 27(43); 166(Mol ion)(35).
PAR  The infrared spectrum shows the following characteristic absorption bands
      (cm.sup.-1):
TBL                       O                                                    
                          .parallel.                                           
     2760                 C--H                                                 
     1770                 C = O (unconjugated)                                 
     1380, 1360           CH.sub.3 CH.sub.3                                    
                          .angle.                                              
                          C                                                    
     1375                 --CH.sub.3                                           
PAR  The NMR spectrum of the compound is in agreement with the above structure:
TBL  (PPM)   Multiplicity                                                      
                        Assignment Number of Protons                           
     ______________________________________                                    
     0.98    (s)        CH.sub.3                                               
                        .angle.C   6H                                          
                        CH.sub.3                                               
     1.58    (s)        =C--CH.sub.3                                           
                                   9H                                          
     1.80-1.42                                                                 
             (m)        --CH.sub.2 --                                          
                        O                                                      
                        .parallel.                                             
     2.00    (t)        =C--CH.sub.2 --C                                       
                                   2H                                          
     9.58    (t)        HC=O       1H                                          
     ______________________________________                                    
PAC  EXAMPLES II-X
PAR  The following examples, carried out using the same procedure as Example I,
      illustrate the results which occur when parameters of the oxidation
      reaction of beta-ionone with peracetic acid are varied, e.g., as to
      buffer, solvent, temperature presence of organic base and ratio of organic
      alkanoic acid to peracetic acid. The percentages given are obtained by gas
      chromatographic analyses of the reaction mixture after 30 minutes and do
      not represent yields of isolated material.
TBL  ______________________________________                                    
                                     Reactants and                             
     Example                                                                   
            % Enol  % Starting                                                 
                              % By-  Reaction                                  
     No.    Ester   Material  Products                                         
                                     Conditions                                
     ______________________________________                                    
     II     47      24        29     Acetic acid-                              
                                     (150 cc)                                  
                                     Sodium acetate                            
                                     (20 g) Beta-                              
                                     ionone-(30 g)                             
                                     40% peracetic                             
                                     acid-(30 g)                               
                                     Temperature:                              
                                     25.degree.C.                              
     III    12      52        36     Acetic acid-                              
                                     (150 g)                                   
                                     Beta-ionone-                              
                                     (30 g)                                    
                                     40% peracetic                             
                                     acid-(30 g)                               
                                     Temperature:                              
                                     25.degree.C.                              
     IV     40      29        31     Cyclohexane-                              
                                     (150 cc)                                  
                                     Sodium acetate-                           
                                     (20 g)                                    
                                     Beta-ionone-                              
                                     (30 g)                                    
                                     40% peracetic                             
                                     acid (30 g)                               
                                     Temperature:                              
                                     25.degree.C                               
     V      52      26        22     Acetic acid-                              
                                     (150 cc)                                  
                                     Potassium ace-                            
                                     tate (35 g)                               
                                     Beta ionone-                              
                                     (30 g)                                    
                                     40% peracetic                             
                                     acid (30 g)                               
                                     Temperature:                              
                                     25.degree.C                               
     VI     31      30        39     Formic acid-                              
                                     (150 cc)                                  
                                     Potassium                                 
                                     acetate-(50 g)                            
                                     Beta-ionone-                              
                                     (30 g)                                    
                                     40% peracetic                             
                                     acid (30 g)                               
                                     Temperature:                              
                                     25.degree.C                               
     VII    49      6         45     Acetic acid-                              
                                     (150 cc)                                  
                                     Potassium                                 
                                     acetate-(35 g)                            
                                     Beta-ionone-                              
                                     (30 g)                                    
                                     40% Peracetic                             
                                     acid (33 g)                               
                                     Temperature:                              
                                     25.degree.C                               
     VIII   36      21        43     Acetic acid-                              
                                     (150 cc)                                  
                                     Potassium                                 
                                     acetate-(35 g)                            
                                     Beta-ionone-                              
                                     (30 g)                                    
                                     40% Peracetic                             
                                     acid-(33 g)                               
                                     Temperature:                              
                                     50.degree.C                               
     IX     0       9         91     Dimethyl                                  
                              Beta-  formamide (150 cc)                        
                              ionone Beta-ionone-                              
                              epoxide                                          
                                     (30 g)                                    
                                     40% peracetic                             
                                     acid-(33 g)                               
                                     Temperature:                              
                                     4 days at a tem-                          
                                     perature of 18.degree.C.                  
     X      55      17        28     Acetic acid-                              
                                     (450 cc)                                  
                                     Potassium acetate-                        
                                     (105 g)                                   
                                     Beta-ionone-                              
                                     (96 g)                                    
                                     40% peracetic                             
                                     acid-(105 g)                              
                                     Temperature:                              
                                     25.degree.C.                              
     ______________________________________                                    
PAC  EXAMPLE XI
PAC  Petitgrain Formulation
PAR  The following mixture is prepared:
TBL  Ingredients        Parts by Weight                                        
     ______________________________________                                    
     Betacyclohomocitral                                                       
                        20                                                     
     Linalool           500                                                    
     Linalyl Acetate    600                                                    
     Dimethyl Anthranilate                                                     
                         2                                                     
     Terpineol          20                                                     
     Geraniol           30                                                     
     Terpinyl Acetate   10                                                     
     Geranyl Acetate     5                                                     
     Ocimene            20                                                     
     Limonene           50                                                     
     Pinene             20                                                     
     Nerolidol          10                                                     
     ______________________________________                                    
PAL  The beta-cyclohomocitral imparts the green, earthy note of petitgrain
      required in such petitgrain formulations.
PAC  EXAMPLE XII
PAC  Preparation of a Soap Composition
PAR  100 Grams of soap chips are mixed with 1 gram of the perfume composition of
      Example XI until a substantially homogeneous composition is obtained. The
      perfumed soap composition manifests an excellent petitgrain character with
      excellent green, earthy notes.
PAC  EXAMPLE XIII
PAC  Preparation of a Detergent Composition
PAR  A total of 100 grams of detergent powder is mixed with 0.15 grams of the
      perfume composition of Example XI, until a substantially homogeneous
      composition is obtained. This composition has an excellent petitgrain
      aroma with earthy green notes.
PAC  EXAMPLE XIV
PAC  Raspberry Flavor Formulation
PAR  The following basic raspberry flavor formulation is produced:
TBL  Ingredient             Parts by Weight                                    
     ______________________________________                                    
     Vanillin               2.0                                                
     Maltol                 5.0                                                
     Parahydroxybenzylacetone                                                  
                            5.0                                                
     Alpha-ionone (10% in propylene glycol)                                    
                            2.0                                                
     Ethyl Butyrate         6.0                                                
     Ethyl Acetate          16.0                                               
     Dimethyl Sulfide       1.0                                                
     Isobutyl Acetate       13.0                                               
     Acetic Acid            10.0                                               
     Acetaldehyde           10.0                                               
     Propylene Glycol       930.0                                              
     ______________________________________                                    
      Beta-cyclohomocitral is added to half of the above formulation at the rate
      of 0.2%. The formulation with the beta-cyclohomocitral is compared with
      the formulation without the beta-cyclohomocitral at the rate of 0.01
      percent (100 ppm) in water and evaluated by a bench panel.
PAR  The flavor containing the beta-cyclohomocitral is found to have a
      substantially more pleasant and better raspberry aroma. It is the
      unanimous opinion of the bench panel that the chemical,
      beta-cyclohomocitral rounds the flavor out and contributes to a very
      natural fresh aroma and taste as found in full ripe raspberries.
      Accordingly, the flavor with the addition of the beta-cyclohomocitral is
      considered as substantially better than the flavor without
      betacyclohomocitral.
PAC  EXAMPLE XV
PAC  Preparation of Beta-Cyclohomocitral By H.sub.2 O.sub.2 Peroxidation of
      Beta-Ionone
PAR  To 20 grams of beta-ionone in 100 ml methanol is added 12 ml of 30%
      hydrogen peroxide. The solution is then cooled to 15.degree.C and 18 ml 6
      molar aqueous sodium hydroxide is added over a period of 30 minutes while
      maintaining the reaction mixture at 15.degree.C. The reaction mixture is
      then allowed to warm up to 30.degree.C and then maintained at 30.degree.C
      with external cooling. The exotherm lasts approximately 60 minutes.
      Examination of the reaction product by gas chromatography indicates that
      some beta-ionone is still present. An additional 12 ml of 30% H.sub.2
      O.sub.2 and 18 ml 6 molar aqueous NaOH are added during a 30-minute period
      while maintaining the temperature at 25.degree.C. Again an exotherm occurs
      lasting approximately 60 minutes during which time the temperature is
      maintained at 30.degree.C. The reaction mass is then poured into excess
      water (500 ml) and the product is then extracted with three 150 ml
      portions of diethyl ether. The combined ether extracts are then washed
      with two 150 ml portions of saturated sodium chloride solution and dried
      over anhydrous MgSO.sub.4. The solvent is then evaporated to yield 16.8
      grams of a crude oil.
PAR  Examination of this material by gas chromatography indicates 22%
      beta-cyclohomocitral.
PAR  The desired product is obtained by preparative gas chromatography
      (conditions: 10 feet .times. 1/4 inch 10% Carbowax 20 M packed stainless
      steel column at 220.degree.C isothermal).
PAR  The structure is confirmed by IR, MS and NMR analyses as being:
      ##SPC15##
PAC  EXAMPLE XVI
PAC  Formation of Alpha-Ionone Epoxide From Alpha-Ionone
PAR  Into a 500 ml flask equipped with thermometer, stirrer, addition funnel and
      reflux condenser, the following materials are placed in the following
      order:
TBL  Ingredients         Amount                                                
     ______________________________________                                    
     Acetic Acid         150 cc                                                
     Potassium Acetate    35 grams                                             
     Alpha-Ionone         30 grams                                             
     ______________________________________                                    
PAR  33 grams of 40% peracetic acid is then added dropwise into the reaction
      mass with stirring at 25.degree.C over a 45-minute period. The reaction
      mass exotherms for approximately 1 hour and is then allowed to remain at
      room temperature for a period of 15 hours.
PAR  The reaction mass is then poured into 500 ml water and the product is
      extracted with three 150 cc portions of diethyl ether. The ether extracts
      are combined and washed with two 100 cc portions of saturated sodium
      chloride solution and dried over anhydrous magnesium sulfate. The residual
      oil obtained after stripping the solvent, is distilled at
      93.degree.-99.degree.C at 0.5 mm Hg pressure yielding 28.3 g of a clean
      colorless liquid.
PAR  IR, MS and NMR analyses confirm the fact that the product is alpha-ionone
      epoxide having the structure:
      ##SPC16##
PAC  EXAMPLE XVII
PAC  Production of Beta-Cyclohomocitral
PAR  Into a two liter reaction flask equipped with stirrer, thermometer,
      addition funnel and cooling bath, the following materials are placed in
      the following order:
TBL  Ingredients         Amounts                                               
     ______________________________________                                    
     Acetic Acid         450 cc                                                
     Potassium Acetate   105 g                                                 
     Beta-Ionone          96 g                                                 
     ______________________________________                                    
PAR  105 Grams of 40% peracetic acid is then added dropwise to the reaction mass
      with cooling while maintaining the reaction mass at 25.degree.C+2.degree.C
      over a 2-hour period. The reaction mass is then stirred for an additional
      three-hour period (during the first hour a slight exotherm occurs) at
      25.degree.C.
PAR  The reaction mass is then poured into 1,000 ml water and the resultant
      product is extracted with three 300 cc volumes of diethyl ether. The ether
      extracts are combined and washed with two 150 cc portions of saturated
      sodium chloride solution. The resultant washed ether extract is then
      evaporated whereby 118 grams of residual oil is obtained.
PAR  400 cc of 10% potassium hydroxide solution (50:50 mixture, water:methanol)
      is prepared and the 118 grams of residual oil obtained above is added
      thereto. The resultant solution warms up slightly and is stirred for a
      period of 45 minutes.
PAR  The solution is then poured into 500 ml water and the product is extracted
      with three 250 cc portions of diethyl ether. The diethyl ether extract is
      then washed with two 200 cc portions of saturated sodium chloride
      solution, dried over anhydrous magnesium sulfate and evaporated to obtain
      89 grams of a crude oil. This crude oil is distilled through a Vigreaux
      distillation column at 70.degree.-75.degree.C and 2.0 mm Hg pressure to
      obtain 40.2 grams of a compound having the structure:
      ##SPC17##
PAL  as confirmed by infrared (IR), nuclear magnetic resonance (NMR) and mass
      (MS) spectra.
PAC  EXAMPLE XVIII
PAC  Tobacco Formulation
PAR  A tobacco mixture is produced by admixing the following ingredients:
TBL  Ingredient         Parts by Weight                                        
     ______________________________________                                    
     Bright             40.1                                                   
     Burley             24.9                                                   
     Maryland           1.1                                                    
     Turkish            11.6                                                   
     Stem (flue-cured)  14.2                                                   
     Glycerine          2.8                                                    
     Water              5.3                                                    
     ______________________________________                                    
PAL  Cigarettes are prepared from this tobacco.
PAR  The following flavor formulation is prepared:
TBL  Ingredient         Parts by Weight                                        
     ______________________________________                                    
     Ethyl butyrate     .05                                                    
     Ethyl valerate     .05                                                    
     Maltol             2.00                                                   
     Cocoa extract      26.00                                                  
     Coffee extract     10.00                                                  
     Ethyl alcohol      20.00                                                  
     Water              41.90                                                  
     ______________________________________                                    
PAR  The above-stated tobacco flavor formulation is applied at the rate of 0.1%
      to all of the cigarettes produced using the above tobacco formulation.
      Half of the cigarettes are then treated with 500 or 1,000 ppm of
      beta-cyclohomocitral produced according to the process of Example XVII.
      The control cigarettes not containing the beta-cyclohomocitral produced
      according to the process of Example XVII and the experimental cigarettes
      which contain the beta-cyclohomocitral produced according to the process
      of Example XVII are evaluated by paired comparison and the results are as
      follows:
PAR  The experimental cigarettes are found to have more body and to be, on
      smoking, sweeter, richer, more tobacco-like and less harsh with woody,
      damascenone-like notes.
PAR  The tobacco of the experimental cigarettes, prior to smoking, has sweet,
      floral, fruity, earthy and green notes. All cigarettes are evaluated for
      smoke flavor with a 20 mm cellulose acetate filter.
PAR  The beta-cyclohomocitral produced according to the process of Example XVII
      enhances the tobacco-like taste and aroma of the blended cigarette
      imparting to it woody, damascenone-like notes.
PAC  EXAMPLE XIX
PAC  Preparation of a Cosmetic-Powder Composition
PAR  A cosmetic powder is prepared by mixing in a ball mill, 100 g of talcum
      powder with 0.25 g of beta-cyclohomocitral prepared according to Example
      XVII. It has an excellent woody, green, earthy aroma.
PAC  EXAMPLE XX
PAC  Perfumed Liquid Detergent
PAR  Concentrated liquid detergents with a woody, green, earthy odor are
      prepared containing 0.10%, 0.15% and 0.20% of beta-cyclohomocitral
      prepared according to Example XVII. They are prepared by adding and
      homogeneously mixing the appropriate quantity of beta-cyclohomocitral in
      the liquid detergent. The detergents all possess a woody, green, earthy
      fragrances, the intensity increasing with greater concentratons of
      beta-cyclohomocitral.
PAC  EXAMPLE XXI
PAC  Preparation of a Cologne and Handkerchief Perfume
PAR  Beta-cyclohomocitral prepared according to the process of Example XVII is
      incorporated in a cologne at a concentration of 2.5% in 85% aqueous
      ethanol; and into a handkerchief perfume at a concentration of 20% (in 95%
      aqueous ethanol). A distinct and definite woody, green, earthy fragrance
      is imparted to the cologne and to the handkerchief perfume.
PAC  EXAMPLE XXII
PAC  Preparation of a Cologne and Handkerchief Perfume
PAR  The composition of Example XI is incorporated in a cologne at a
      concentration of 2.5% in 85% aqueous ethanol; and into a handkerchief
      perfume at a concentration of 20% (in 95% aqueous ethanol). The use of the
      beta-cyclohomocitral in the composition of Example XI affords a distinct
      and definite strong petitgrain aroma with earthy and green notes to the
      handkerchief perfume and cologne.
PAC  EXAMPLE XXIII
PAC  Preparation of Soap Composition
PAR  One hundred grams of soap chips are mixed with 1 gram of
      beta-cyclohomocitral until a substantially homogeneous composition is
      obtained. The perfumed soap composition manifests an excellent woody,
      green and earthy aroma.
PAC  EXAMPLE XXXV
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder is mixed with 0.15 g of the
      beta-cyclohomocitral of Example XVII until a substantially homogeneous
      composition is obtained. This composition has an excellent woody, green,
      earthy aroma.
PAC  EXAMPLE XXV
PAR  Perpropionic acid is prepared in the following manner. A mixture of the
      following materials:
TBL  160 ml propionic acid                                                     
      1 ml sulfuric acid (concen-                                              
                           Referred to                                         
     trated)               hereinafter as                                      
      40 g 50% hydrogen peroxide                                               
                           "Mixture A "                                        
PAL  is allowed to stand for 20 hours at room temperature.
PAR  The following reactants are placed in a 500 ml reaction flask equipped with
      a stirrer and cooling bath:
TBL  140 ml propionic acid Referred to                                         
      75 g potassium acetate                                                   
                           hereinafter as                                      
      60 g beta-ionone     "Mixture B"                                         
PAL  To the stirred Mixture B is added, dropwise, Mixture A over a 60-minute
      period while maintaining the reaction temperature at 25.degree. .+-.
      2.degree.C by means of external cooling. When the addition is complete the
      reaction mixuture is stirred for an additional 2 hours at 25.degree.C.
PAR  The reaction mixture is then poured into 1,000 ml water and extracted twice
      with 250 ml portions of diethyl ether. The combined ether extracts are
      then washed first with water (three 100 ml portions) and then with a
      saturated solution of sodium chloride (150 ml). The ether solution is then
      dried over anhydrous magnesium sulfate and the solvent evaporated to yield
      78 g of crude oil containing propionic acid as well as product. The crude
      product is hydrolyzed with a solution of 40 g potassium carbonate in 300
      ml of water by heating under reflux, with stirring, for 15 hours. After
      cooling the organic layer is collected and the aqueous layer is extracted
      with 200 ml of diethyl ether. After combining the organic materials the
      solvent is removed by evaporation to yield 57.5 g of oil which is
      distilled to yield 19.5 g of betahomocyclocitral (Yield: 37%).
PAC  EXAMPLE XXVI
PAR  Performic acid is prepared in the following manner: 20 g 50% hydrogen
      peroxide and 80 ml of formic acid is admixed and the reaction mass is left
      at room temperature for 1.5 hours.
PAR  To a mixture consisting of 50 g of potassium acetate, 70 ml of acetic acid
      and 30 g of beta -ionone is added the preformed performic acid, prepared
      as described above, dropwise over a 30 minute period while maintaining the
      temperature of the stirred reaction mass at 25.degree.C by means of
      external cooling. After the addition is complete, the mixture is stirred
      for a further 90 minutes at 25.degree.C and is then poured into 800 ml of
      water. The product is extracted with two 200 ml portions of diethyl ether.
      The ether extracts are combined, washed with two 150 ml portions of
      saturated sodium chloride solution and then dried. Removal of the solvent
      by evaporation yields 32.5 g crude oil.
PAR  A gas chromatographic analysis of this material shows the following
      compositions:
      ##SPC18##
PAL  Other products 23%
PAR  The following mixture is prepared:
PAL  20 g Lithium carbonate
PA1  200 ml 50% aqueous methanol
PAR  To this is added the crude enol ester product obtained as described above.
      The mixture is then heated at 65.degree.-70.degree.C until substantially
      complete hydrolysis of the enol ester to beta-homocyclocitral as indicated
      by gas chromatographic analysis. Water is added to the reaction mass which
      is then extracted with three 100 cc portions of diethyl ether. The
      combined ether extracts are washed twice with two 100 cc portions of
      saturated sodium chloride solution, dried over anhydrous magnesium sulfate
      and evaporated to obtain an oil, beta-cyclohomocitral.
PAR  The crude is distilled at 2 mm Hg pressure and the fraction boiling at
      70.degree.-80.degree.C is collected.
PAR  Gas chromatographic analysis indicates that the product is about 85% pure.
      A pure sample of betacyclohomocitral is obtained by preparative
      chromatography and is characterized by the following analytical data as:
      ##SPC19##
PAR  Mass spectral fragmentation, in decreasing order of ion abundance:
PAR  m/e (%) 107(100); 29(93); 151(90); 41(88); 81(80); 95(67); 123(57); 55(45);
      39(45); 27(43); 166Mol ion) (35).
PAR  Infrared spectrum shows characteristic absorption at:
TBL                   O                                                        
                      .parallel.                                               
     2760 cm.sup.-.sup.1                                                       
                      C--H                                                     
     1770 cm.sup.-.sup.1                                                       
                      C = 0 (unconjugated)                                     
     1380, 1360 cm.sup.-.sup.1                                                 
                      CH.sub.3 CH.sub.3                                        
                      .angle.                                                  
                      C                                                        
     1375 cm.sup.-.sup.1                                                       
                      --CH.sub.3                                               
PAR  The NMR spectrum of the compound is in agreement with the above structure:
TBL  (PPM)   Multiplicity                                                      
                        Assignment Number of Protons                           
     ______________________________________                                    
     0.98    (s)        CH.sub.3   6H                                          
                        .angle.C                                               
                        CH.sub.3                                               
     1.58    (s)        =C--CH.sub.3                                           
                                   9H                                          
     1.80-1.42                                                                 
             (m)        --CH.sub.2 --                                          
                        O                                                      
                        .parallel.                                             
     2.00    (t)        =C--CH.sub.2 --C                                       
                                   2H                                          
     9.58    (t)        HC=O       1H                                          
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for altering, modifying or enhancing the aroma or taste of a
      foodstuff comprising the step of adding to said foodstuff in an amount of
      from 0.5 ppm up to about 20 ppm by weight based on the total composition
      of 2,6,6-trimethyl-1-cyclohexen-1-ylacetaldehyde having the structure:
      ##SPC20##
NUM  2.
PAR  2. A process for altering, modifying or enhancing the raspberry aroma or
      taste of a foodstuff which comprises adding thereto a small but effective
      amount of a composition consisting essentially of
      2,6,6-trimethyl-1-cyclohexen-1-ylacetaldehyde having the structure:
      ##SPC21##
NUM  3.
PAR  3. A red berry flavor or aroma modifying composition consisting essentially
      of (i) from about 0.1% up to about 15% by weight based on the total weight
      of said flavor modifying composition of
      2,6,6-trimethyl-1-cyclohexen-1-ylacetaldehyde having the structure:
      ##SPC22##
PAL  and (ii) a flavor adjuvant selected from the group consisting of
      p-hydroxybenzyl acetone, maltol, benzyl acetate, methyl cinnamate,
      geraniol, ethyl methyl phenyl glycidate, vanillin, methyl anthranilate,
      alpha-ionone, gamma undecalactone, ethyl pelargonate, isoamyl acetate,
      acetaldehyde, dimethyl sulfide, isobutyl acetate, acetic acid, ethyl
      butyrate, diacetyl, anethole, cis-3-hexenol-1, naphthyl ethyl ether, ethyl
      acetate, isoamyl butyrate, 2-methyl-2-pentenoic acid,
      2(4-hydroxy-4-methylphenyl norbornadiene, 4-allyl-1,2,6-trimethoxy benzene
      and 4-propenyl-1,2,6-trimethoxy benzene.
PATN
WKU  039405001
SRC  5
APN  3874966
APT  1
ART  172
APD  19730810
TTL  Flavoring seafood with S-methyl methionine salt
ISD  19760224
NCL  12
ECL  1
EXP  Golian; Joseph M.
INVT
NAM  Sortwell, III; Daniel Richard
STR  113 S. Main St.
CTY  Sherborn
STA  MA
ZIP  01770
CLAS
OCL  426535
EDF  2
ICL  A23L  1226
FSC  260
FSS  534 S
FSC  426
FSS  65;175;535
OREF
PAL  Chemical Abstracts, Vol. 70, 1969, 10474s.
PAL  Chemical Abstracts, Vol. 68, 1968, 57701m.
PAL  "Symposium on Foods: The Chemistry and Physiology of Flavors," Edited by
      Schultz, et al., 1967, Avi Publishing: Westport, Conn., pp. 364-367.
LREP
FRM  Merriam, Marshall, Shapiro & Klose
ABST
PAL  A comestible material, such as seafood, is given a scallop flavor by the
      addition of a compound containing a dimethylthio group, such as a S-methyl
      methionine salt, acceptable in foods.
BSUM
PAR  This invention relates to the flavoring of comestible materials. More
      particularly, this invention is concerned with the discovery that
      compounds having a dimethylthio group which release dimethyl sulfide such
      as a S-methyl methionine salt, improve the flavor of, and impart flavor
      to, comestible materials when added thereto.
PAR  It has been previously found that the primary flavor of scallops is due to
      the presence of dimethyl sulfide released by a natural precursor in the
      scallops. One identified natural precursor is dimethyl-beta-propiothetin
      at 0.14 to 0.18 mg/gm in scallop muscle as reported by Ackman and Hingley
      in Journal of Fisheries, Research Board of Canada, Vol. 25, No. 2, p. 267
      (1968). Since the scallop flavor is particularly delectable, it was
      thought that this flavor could be imparted to other comestible materials,
      and further enhanced in scallops themselves, by adding dimethyl sulfide to
      such materials. Efforts to flavor shrimp, conch, quahog, crab, lobster and
      even scallops by use of dimethyl sulfide have been commercially
      unsuccessful because of the extreme volatility of dimethyl sulfide (b.p.
      102.2.degree.F.; flash point -55.degree.F.). Because of the extreme
      volatility of dimethyl sulfide, the flavor escapes from the comestible
      material on storage. Even a dimethyl sulfide flavored, precooked and then
      frozen fish product retains the scallop flavor for only a very short
      residence time when it is subsequently warmed. In addition, the dimethyl
      sulfide flavoring agent is hazardous to work with and store. The release
      of dimethyl sulfide from flavored foods held in refrigerators in stores
      and markets is also a potential hazard because accumulations of dimethyl
      sulfide could present a fire hazard due to its extreme flammability. There
      is thus a need for a suitable means to impart scallop flavor to comestible
      materials.
PAR  According to the present invention, it has been found that when a compound
      containing a dimethylthio group is added to a comestible material there is
      a formation and release of dimethyl sulfide which imparts a delectable
      scallop flavor to the comestible material. It presently appears that any
      relatively stable compound acceptable in foods which contains a
      dimethylthio group can be used in the invention. An adjunct of the
      invention is the discovery that a dimethylthio containing compound can be
      added to a comestible material at a level below the threshold level which
      imparts a scallop flavor to enhance the natural or normal flavor of the
      comestible material.
PAR  Particular compounds which can be used in practicing the invention are
      S-methyl methionine salts, and particularly the chloride, bromide and
      iodide salts thereof. The salts of S-methyl methionine are readily
      produced by combining S-methyl methionine with methyl chloride, methyl
      iodide or methyl bromide following the procedures normally used to make
      sulfonium salts. Similar salts of methylthiopropionic acid can also be
      used in the invention.
PAR  S-methyl methionine chloride is the preferred salt for use in the
      invention. It is a solid stable material at room temperature and
      moderately elevated temperatures. It is safe and easy to handle and
      presents none of the problems inherent in the use of dimethyl sulfide. The
      following discussion will therefore be directed to the use of this
      compound in practicing the invention although it should be understood that
      any other suitable compound containing a dimethylthio group can be used in
      its place.
PAR  S-methyl methionine chloride can be added to any natural or synthetic
      comestible material which does not react adversely with it to suppress the
      desired flavor imparting or enhancing activity. Some comestible materials
      to which S-methyl methionine chloride can be added are flesh or meat of
      seafoods of the fish and crustacean types including croaker, flounder,
      sole, conch, shrimp, quahog, crab, lobster and scallops. S-methyl
      methionine chloride can also be added to plant derived materials of the
      protein, carbohydrate and starch types. It is especially useful in the
      flavoring of high protein products derived from soybeans, cottonseeds and
      other plant source protein products.
PAR  The S-methyl methionine chloride can be readily added as a solid by pouring
      or sprinkling it over the comestible material to be flavored. It can also
      be added in a liquid carrier such as water to facilitate its distribution
      throughout the comestible material. These and other means of achieving
      thorough and ready addition of a small amount of an added ingredient to a
      larger amount of a substance are well known to those skilled in the food
      art.
PAR  The amount of S-methyl methionine chloride to be incorporated in, or added
      to, a comestible material is not narrowly critical. Enough however should
      be added to obtain the desired flavor. In this regard, it is generally
      unnecessary to incorporate more than 0.5 % by weight of S-methyl
      methionine chloride in a comestible material to achieve the desired
      scallop flavor. It is, of course, feasible to use more than 0.5% by weight
      in comestible materials which have an unusually strong natural flavor that
      it is desired to overcome. For many foods, especially seafoods, an added
      amount of S-methyl methionine chloride up to 0.3% by weight is often
      adequate to impart the scallop flavor. There is no minimum amount of
      S-methyl methionine chloride to be added but it is generally advisable to
      add at least 0.01% by weight of the flavoring agent to obtain a scallop
      flavor. Lesser amounts can be used, however, in those instances in which
      it is desired to enhance the flavor of the comestible material and not
      impart any, or a modicum degree, of scallop flavor in the product. Thus,
      S-methyl methionine chloride can be used to enhance the flavor of foods if
      used sparingly at levels below the threshold identity of scallop flavor
      where flavor stability of a precursor for dimethyl sulfide is a necessary
      requirement.
PAR  The following examples are presented to further illustrate the invention.
      The S-methyl methionine chloride used in the examples is the product of
      Degussa Inc., Frankfort, West Germany.
DETD
PAC  EXAMPLE 1
PAR  A mixture was made of the following materials:
TBL                  Percent by Weight                                         
     ______________________________________                                    
     Deboned comminuted                                                        
     fish flesh                                                                
      (Gulf croaker)   99.9                                                    
     S-methyl methionine                                                       
     chloride          0.1                                                     
     ______________________________________                                    
PAL  The mixture was stirred well to obtain a uniform product and then frozen. A
      one-half ounce portion of the frozen mixture was then heated in an oven at
      450.degree.F. for 10 minutes together with a frozen fish flesh control
      containing no added S-methyl methionine chloride. The sample containing
      the added S-methyl methionine chloride had a delectable scallop flavor
      after cooking while the control sample had a fish flavor.
PAC  EXAMPLE 2
PAR  A mixture was prepared of the following materials:
TBL                  Percent by Weight                                         
     ______________________________________                                    
     Deboned comminuted                                                        
     fish flesh                                                                
      (Gulf croaker)   97.85                                                   
     Shrimp meat       2.00                                                    
     S-methyl methionine                                                       
     chloride          0.15                                                    
     ______________________________________                                    
PAL  A control sample was prepared of the same materials but without the added
      S-methyl methionine chloride. The test mixture and the control mixture,
      after thorough mixing, were frozen. Then one-half ounce portions of each
      frozen mixture were heated in an oven at 450.degree.F. for 15 minutes. The
      test sample containing the added S-methyl methionine chloride had a tasty
      scallop flavor while the control sample, without added S-methyl methionine
      chloride, tasted like fish.
PAC  EXAMPLE 3
PAR  A mixture was prepared of the following materials:
TBL                  Percent by Weight                                         
     ______________________________________                                    
     Deboned comminuted                                                        
     fish flesh                                                                
      (Gulf croaker)   96.9                                                    
     Crab meat         3.0                                                     
     S-methyl methionine                                                       
     chloride          0.1                                                     
     ______________________________________                                    
      The composition was thoroughly mixed. A one-half ounce portion of the
      composition was breaded and then fried at 385.degree.F. for 2 minutes. The
      cooked product had a good scallop flavor.
PAC  EXAMPLE 4
PAR  A mixture was prepared of the following materials:
TBL                  Percent by Weight                                         
     ______________________________________                                    
     Deboned comminuted                                                        
     fish meat                                                                 
      (Gulf croaker)   99.99                                                   
     S-methyl methionine                                                       
     chloride           0.01                                                   
     ______________________________________                                    
PAL  After being thoroughly mixed a one ounce portion of the mixture was
      breaded, pre-cooked by frying it at 290.degree.F. for 20 seconds, frozen
      and then cooked in an oven at 450.degree.F. for 10 minutes. The cooked
      product had a slight scallop flavor.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process which comprises adding to a seafood product an effective
      amount up to about 0.5% by weight of the seafood of a salt of S-methyl
      methionine to improve the flavor or impart flavor to the seafood product.
NUM  2.
PAR  2. The process of claim 1 in which the seafood product is at least 75% by
      weight fish flesh.
NUM  3.
PAR  3. The process of claim 1 in which up to about 0.3% by weight of a salt of
      S-methyl methionine is added to the seafood product.
NUM  4.
PAR  4. The process of claim 1 in which about 0.01% to 0.15% by weight of a salt
      of S-methyl methionine is added to the seafood product.
NUM  5.
PAR  5. The process of claim 4 in which the salt of S-methyl methionine is
      S-methyl methionine chloride.
NUM  6.
PAR  6. The process which comprises adding to a fish flesh product about 0.01%
      to 0.15% by weight of the fish flesh product of a salt of S-methyl
      methionine so that the flavor of the fish flesh product is improved upon
      subsequent cooking.
NUM  7.
PAR  7. A seafood product containing an effective amount up to about 0.5% by
      weight of the seafood product of a salt of S-methyl methionine to improve
      the flavor or impart flavor to the seafood product.
NUM  8.
PAR  8. A seafood product according to claim 7 in which the seafood is at least
      75% by weight fish flesh.
NUM  9.
PAR  9. A seafood product according to claim 7 containing up to about 0.3% by
      weight of a salt of S-methyl methionine.
NUM  10.
PAR  10. A seafood product according to claim 7 containing about 0.01% to 0.15%
      by weight of a salt of S-methyl methionine.
NUM  11.
PAR  11. A seafood product according to claim 10 in which the salt of S-methyl
      methionine is S-methyl methionine chloride.
NUM  12.
PAR  12. A seafood product according to claim 10 in which the seafood product is
      at least 75% by weight fish flesh.
PATN
WKU  039405010
SRC  5
APN  4881249
APT  1
ART  172
APD  19740712
TTL  Fontina cheese flavor
ISD  19760224
NCL  7
ECL  1
EXP  Golian; Joseph M.
INVT
NAM  Freytag; Wolfram Gustav
CTY  Halstenbek
CNT  DT
INVT
NAM  Ney; Karl Heinz
CTY  Hamburg
CNT  DT
INVT
NAM  Wirotama; I. Poetoe Gde
CTY  Rellingen
CNT  DT
ASSG
NAM  Lever Brothers Company
CTY  New York
STA  NY
COD  02
PRIR
CNT  LU
APD  19730717
APN  68032
CLAS
OCL  426535
XCL  426537
XCL  426538
XCL  426534
EDF  2
ICL  A23L  1226
FSC  426
FSS  65;534-538
FREF
PNO  7,204,792
ISD  19721000
CNT  NL
OREF
PAL  Chemical Abstracts, Vol. 77, 1972, 99731p.
PAL  Chemicals Used in Food Processing Publication 1274, National Academy of
      Science, Washington, D. C., 1965, pp. 179-180.
ABST
PAL  A Fontina-cheese flavor is given to a foodstuff by the addition of a flavor
      composition comprising .beta.-phenyl propionic acid and non-terminal
      mono-methyl substituted alkanoic acids having 4 to 6 carbon atoms.
      Addition of the flavor composition is particularly useful when the
      foodstuff is a cheese-product which is prepared from young Cheddar cheese.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a process for imparting to, or enhancing in, a
      foodstuff a Fontina-cheese flavor. The invention also relates to cheese
      flavor compositions suitable to be used in such a process.
PAR  2. Description of Prior Art
PAR  According to the invention, by "Fontina"-cheese should be understood the
      firm cheese originating from Italy, mainly from the Aosta valley, which is
      exclusively prepared from cow's milk. This cheese has a straw-yellow,
      elastic dough with only few holes. Its taste is characteristically sweet.
PAR  Up to now it has not yet been possible to impart to foodstuffs a
      Fontina-flavor, i.e. smell and taste, without the addition of Fontina
      cheese. In the literature nothing has been disclosed so far about
      Fontina-cheese flavor compositions. A few publications deal with the fatty
      acid composition of Fontina-cheese (cf. Atti Della Societa Italiana Delle
      Scienze Veterinarie, Vol. XXIV, 1970, pp. 372-379, and Dairy Science
      Abstracts, Vol. 27, No. 2, pp. 86-87, Abstr. 610).
PAR  While the first-mentioned work reports only in general on the occurrence of
      the various fatty acids in Fontina, the last-mentioned prior publication
      already indicates that acetic acid and isovaleric acid are among the main
      constituents of the free fatty acids in Fontina cheese. This knowledge,
      however, did not make it possible to prepare a flavoring composition which
      is suitable for imparting a Fontina-cheese flavor, after incorporation
      into foodstuffs.
PAR  It has now surprisingly been found that the typical Fontina-cheese flavor
      is essentially obtained by the addition of a flavoring composition
      comprising effective amounts of .beta.-phenylpropionic acid and alkanoic
      acids, having one side chain consisting of a methyl group, throughout this
      specification and the appended claims indicated as "non-terminal
      mono-methyl-substituted alkanoic acids", having 4 to 6 carbon atoms, said
      substituted alkanoic acids comprising at least 50%, preferably 55 to 70%,
      of iso-valeric acid.
PAR  Other taste activating flavor components can additionally be incorporated
      in the foodstuffs, but only in such amounts that they cannot dominate the
      taste. Thus it was found that the Fontina-cheese flavor of a foodstuff can
      be rounded off by the additional incorporation of flavor additives known
      for cheeses, such as fatty acids other than the above defined, alcohols,
      aldehydes, alkanones, esters, diacetyl, methional, indole and amino acids.
PAR  Up to now, .beta.-phenylpropionic acid has remained unknown in connection
      with Fontina-cheese. However, the use of .beta.-phenylpropionic acid to
      impart to foodstuffs another kind of flavor, viz. a Cheddar cheese flavor
      is known. For instance in Chemicals Used in Food Processing, Publication
      1274 of the National Academy of Sciences -- National Research Council,
      Washington D.C. (1965), pages 179 and 180, .beta.-phenylpropionic acid is
      mentioned as suitable for use in a cheese flavor without specifying the
      kind of cheese-flavor. According to this publication it can also be
      incorporated in foodstuffs other than cheese.
PAR  According to the Dutch patent application No. 7204792 (page 11)
      .beta.-phenylpropionic acid, iso-butyric acid and iso-valeric acid are
      used as components of a cheddar-cheese flavor to round off said flavor.
PAC  SUMMARY OF THE INVENTION
PAR  The invention therefore provides a process for imparting or enhancing a
      Fontina-cheese flavor to a foodstuff comprising adding to the foodstuff an
      effective amount of a cheese-flavor composition comprising
      .beta.-phenylpropionic acid and non-terminal mono-methyl-substituted
      alkanoic acids having 4 to 6 carbon atoms, said substituted alkanoic acids
      comprising at least 50% by weight of iso-valeric acid.
PAR  The process of the invention is useful to impart to foodstuffs, preferably
      cheese products, in particular processed cheese or similar cheeses, which
      have been prepared from young, relatively tasteless raw cheese, e.g. young
      Cheddar cheese, the flavor, viz. smell and taste of Fontina-cheese. The
      process is preferably carried out by adding such amounts of
      .beta.-phenylpropionic acid and non-terminal mono-methyl-substituted
      alkanoic acids having 4 to 6 carbon atoms to the foodstuff as to give 10
      to 100 mg/kg, more preferably 40 to 80 mg/kg and still more preferably 50
      to 70 mg/kg, .beta.-phenylpropionic acid and 20 to 30 mg/kg, more
      preferably 80 to 240 mg/kg and still more preferably 100- 150 mg/kg,
      non-terminal mono-methyl-substituted alkanoic acids in the flavored
      foodstuff.
PAR  The invention also provides a process for preparing a Fontina-cheese flavor
      composition comprising admixing .beta.-phenylpropionic acid and
      non-terminal mono-methyl-substituted alkanoic acids having 4 to 6 carbon
      atoms, said substituted alkanoic acids comprising at least 50% by weight,
      preferably 55 to 70% by weight of iso-valeric acid and optionally other
      known cheese flavor ingredients.
PAR  The cheese-flavor compositions according to the invention and to be used in
      the process thereof are synthetic compositions, i.e. the compositions are
      obtained by other means than by some treatment of some cheese in which the
      components of the composition according to the invention may happen to
      occur. The cheese-flavor compositions are preferably prepared by admixing
      the required components.
PAR  .beta.-phenylpropionic acid and the non-terminal mono-methyl-substituted
      alkanoic acids having 4 to 6 carbon atoms are components which can be
      prepared by methods well-known to the skilled chemist.
PAR  Suitable non-terminal mono-methyl-substituted alkanoic acids are methyl
      propanoic acid (iso-butyric acid), 2-methylbutanoic acid, 3-methylbutanoic
      acid (iso-valeric acid), 2-methylvaleric acid, 3-methylvaleric acid and
      4-methylvaleric acid (iso-caproic acid).
PAR  The ratio of .beta.-phenylpropionic acid to non-terminal
      mono-methyl-substituted alkanoic acids having 4 to 6 carbon atoms is in
      general 1 : (0.2- 30). Thus, for the flavoring of foodstuffs according to
      the invention, flavor compositions are used which contain 10 to 100 parts,
      preferably 40 to 80 parts of .beta.-phenylpropionic acid and 20 to 300
      parts, preferably 80 to 240 parts of non-terminal mono-methyl-substituted
      alkanoic acids having 4 to 6 carbon atoms, the proportion of the
      iso-valeric acid being at least 50%, preferably 55 to 70%, calculated on
      the total amount of the non-terminal mono-methyl-substituted alkanoic
      acids.
PAR  Preferably the amount of the non-terminal mono-methyl-substituted alkanoic
      acids is such that the concentration of the iso-valeric acid in the
      finished foodproduct is at least 40 mg/kg.
PAR  If such flavoring compositions are incorporated into the foodstuffs in the
      ranges mentioned, suitably below 80.degree.C, foodstuffs are obtained with
      a clear Fontina taste.
PAR  According to a further embodiment of the invention the Fontina-flavor of
      the foodstuffs as well as the Fontina-flavor composition can be improved
      by adding other known cheese flavor constituents. In this process one
      should take good care that these additional flavor constituents do not
      dominate the taste, i.e. they should not be present in the foodstuffs
      beyond the limits indicated. The lower limit in each case indicates the
      value at which the action of the corresponding additive is perceptible.
PAR  On flavoring with Fontina flavor it has appeared to be advantageous to
      incorporate additionally into the foodstuffs about 600 mg/kg, suitably 40
      to 450 mg/kg, preferably 250 to 350 mg/kg of straight-chain alkanoic acids
      having 2 to 8 carbon atoms, the amount of such fatty acids added
      comprising at least 20%, preferably 25 to 40% butyric acid, and
      supplemented up to 100%, possibly other straight-chain alkanoic acids, for
      example acetic acid, propionic acid, valeric acid, hexanoic acid,
      heptanoic acid an octanoic acid. In a preferred embodiment all the acids
      mentioned are used.
PAR  A further improvement of the Fontina flavor can be achieved by
      incorporating into the foodstuffs up to about 15 mg/kg, preferably not
      more than 8 mg/kg of a mixture of primary alcohols and secondary
      2-alkanols having 3 to 9 carbon atoms, although an amount of 2 mg/kg is
      already active. As examples of these substances propanol-1, propanol-2,
      n-butanol-1, butanol-2, n-hexanol-1, n-heptanol-2, n-octanol-1,
      n-octanol-2, n-nonanol-1 and n-nonanol-2 can be mentioned.
PAR  It has also proved advantageous to add aldehydes having 2 to 5 carbon atoms
      in an amount of up to about 20 mg/kg, preferably 5 mg/kg, 1 mg/kg already
      being active. Suitable aldehydes having 2 to 5 carbon atoms are for
      example ethanol, propanal, butanal, pentanal, 2-methylpropanal,
      2-methylbutanal and 3-methylbutanal.
PAR  The cheese flavor constituents which can be used in the present process
      also include the 2-alkanones having 5 to 9 carbon atoms, in the presence
      of which also an advantageous rounding of the taste in the foodstuff could
      be ascertained, provided that not more than 8 mg/kg, preferably not more
      than 4 mg/kg of the 2-alkanones are added, 0.5 mg/kg already being an
      effective amount. E.g. 2-pentanone, 2-heptanone and 2-nonanone have proved
      to be suitable 2-alkanones.
PAR  Also the ethyl esters of the straight-chain alkanoic acids with 4 to 8
      carbon atoms were successfully used in the flavoring process; their
      content in the foodstuff should not exceed 4 mg/kg, preferably 2 mg/kg.
      The smallest active amount is 0.3 mg/kg. Suitable ethyl esters are the
      ethyl esters of butyric acid, pentanoic acid, hexanoic acid, heptanoic
      acid and octanoic acid.
PAR  The Fontina flavor of the foodstuffs prepared by the present process can be
      rounded off with further known flavor constituents. These include
      diacetyl, methional and indole. Of these substances not more than 20
      mg/kg, preferably not more than 10 mg/kg should be added to the
      foodstuffs.
PAR  Fontina cheese flavor compositions according to the invention may contain
      10 to 100 parts, preferably 40 to 80 parts of .beta.-phenylpropionic acid,
      20 to 300 parts, preferably 80 to 240 parts of non-terminal
      mono-methyl-substituted alkanoic acids having 4 to 6 carbon atoms, the
      branched acids consisting for at least 50 wt.%, preferably 50 to 70 wt.%,
      of iso-valeric acid; 40 to 600 parts, preferably 250 to 350 parts of
      straight-chain alkanoic acids having 2 to 8 carbon atoms, the
      straight-chain acids consisting for at least 20 wt.% of butyric acid; 2 to
      15 parts, preferably not more than 8 parts of 1-alkanols and 2-alkanols
      having 3 to 9 carbon atoms; 1 to 20 parts, preferably not more than 5
      parts of alkanals having 2 to 5 carbon atoms; 0.5 to 8 parts, preferably
      not more than 4 parts of 2-alkanones having 5 to 9 carbon atoms; 0.3 to 4
      parts, preferably not more than 2 parts of ethyl esters of the
      straight-chain alkanoic acids having 4 to 8 carbon atoms; and 0.1 to 20
      parts, preferably not more than 10 parts of diacetyl, menthionine and
      indole.
PAR  Amounts in the range of about 100 to 1000 mg/kg, calculated on the
      foodstuff, have proved to be effective amounts of the Fontina-cheese
      flavoring compositions according to the invention.
PAR  The Fontina-taste of the foodstuff can be further strengthened by
      additionally incorporating into the foodstuffs a mixture of amino acids,
      which then applies to each of the flavoring steps described above. It was
      found that an effective mixture contains L-glutamic acid, glycine,
      L-lysine and DL-methionine.
PAR  Preferably such a mixture contains not more than 10% of amino acids other
      than L-glutamic acid, glycine, L-lysine and DL-methionine. Instead of the
      amino acids their salts can be used. Preferably L-glutamic acid is used in
      the form of its monosodium salt and L-lysine in the form of the
      hydrochloride. The composition of such an amino acid mixture can vary over
      a wide range. Preferred mixtures comprise about 40 to 60% of sodium
      glutamate, 5 to 25% of glycine, 10 to 40% of L-lysine HCl and 5 to 20% of
      DL-methionine.
PAR  In order to strengthen the Fontina taste, in the process of the present
      invention the amino acid mixture is incorporated into the foodstuffs in an
      amount of 1000 to 10,000 mg/kg, preferably 3000 to 6000 mg/kg.
PAR  It is preferred that the amount of the amino acids added should be such
      that in the final food product at least one, preferably at least three of
      the constituents glutamic acid, glycine, lysine and methionine are present
      in a concentration which is at least twice that of any free amino acid
      other than glutamic acid, glycine, lysine and methionine that is present
      in the foodstuff.
PAR  The amino acid mixture described above is advantageously used in such a
      composition and amount that in the final food product the concentration of
      L-glutamic acid or its monosodium salt and/or that of the L-lysine or the
      corresponding hydrochloride is at least double the concentration of any
      free amino acid other than glutamic acid, glycine, lysine and methionine
      that is present in the foodstuff.
PAR  Smaller amounts of amino acids are used if the foodstuff already contains
      an appreciable amount of amino acids, e.g. if an about 6 month-old Cheddar
      cheese is used as starting material for the preparation of a processed
      cheese with Fontina cheese flavor. Preferably, for obtaining a product
      having an intense and rounded Fontina flavor a Fontina cheese flavor
      composition as well as a mixture of amino acids are incorporated into the
      foodstuffs.
PAR  The foodstuffs to which a Fontina cheese flavor is imparted according to
      the invention by incorporation of the present flavoring compositions,
      include first of all cheese products, particularly cheese products
      prepared from young, relative tasteless raw cheeses, preferably young
      Cheddar cheese, for example processed cheese, cheese or processed cheese
      preparations, fresh cheese, margarine cheese, creamed cheeses, cheese
      fondu, cheese powder and the like. However, a Fontina flavor can also be
      imparted according to the process of the invention to other foodstuffs in
      which a cheese flavor is advantageous, e.g. soups, sauces, pies, sandwich
      spreads, cheese pastries, pizza and similar foodstuffs.
PAR  The process according to the invention is preferably intended to flavor
      cheese products which wholly or partly consists of unripened or not fully
      ripened cheese.
PAR  In the present specification percentages and parts are by weight, unless
      otherwise indicated.
PAR  The present invention will now be illustrated by the following Examples,
      without being limited thereto.
DETD
PAC  EXAMPLE I
PAR  From 1 kg about 6 week-old Cheddar cheese, 600 ml water and 30 g commercial
      melting salt, consisting of polyphosphates, a processed cheese was
      prepared with heating at about 80.degree.C. To the melt, while still hot,
      40 mg of .beta.-phenylpropionic acid, and 100 mg of a fat mixture
      consisting of 40% iso-butyric acid, 50% iso-valeric acid and 10%
      iso-caproic acid, were added with stirring. A processed cheese was
      obtained with a flavor of Fontina cheese, containing 24 mg/kg of
      .beta.-phenylpropionic acid and 61 mg/kg of the above-mentioned mixture of
      non-terminal mono-methyl-substituted alkanoic acids.
PAC  EXAMPLE II
PAR  The process of Example I was repeated, except that additionally 400 mg of
      the following fatty acid mixture were added with stirring:
     acetic acid         90.0     parts                                        
     propionic acid      110.0    parts                                        
     n-butyric acid      75.4     parts                                        
     n-valeric acid      7.5      parts                                        
     n-caproic acid      44.4     parts                                        
     n-caprylic acid     31.0     parts                                        
PAR  A processed cheese was obtained which additionally contained 306 mg/kg of
      the aforementioned mixture of straight-chain alkanoic acids and showed a
      stronger Fontina cheese flavor than the processed cheese prepared
      according to Example I.
PAC  EXAMPLE III
PAR  A Fontina cheese flavor composition was prepared by mixing of the following
      constituents:
TBL                      parts by weight                                       
     ______________________________________                                    
     beta-phenylpropionic acid                                                 
                           60.0                                                
     iso-butyric acid      41.0                                                
     iso-valeric acid      104.0                                               
     2-methyl-valeric acid 3.7                                                 
     iso-caproic acid      26.2                                                
     acetic acid           90.0                                                
     propionic acid        72.3                                                
     butyric acid          75.4                                                
     valeric acid          7.5                                                 
     caproic acid          44.4                                                
     caprylic acid         31.0                                                
     propanol-1            0.4                                                 
     propanol-2            0.2                                                 
     n-butanol-1           0.5                                                 
     butanol-2             0.1                                                 
     n-hexanol-1           0.2                                                 
     n-hexanol-2           0.5                                                 
     n-octanol-1           0.4                                                 
     n-octanol-2           0.6                                                 
     n-nonanol-1           0.3                                                 
     n-nonanol-2           0.1                                                 
     acetaldehyde          3.3                                                 
     propionaldehyde       2.1                                                 
     n-butyraldehyde       2.0                                                 
     n-valeraldehyde       0.7                                                 
     pentanone-2           0.4                                                 
     heptanone-2           0.2                                                 
     nonanone-2            0.8                                                 
     ethyl-n-butanoate     0.2                                                 
     ethyl-n-hexanoate     0.4                                                 
     ethyl-n-octanoate     0.5                                                 
     diacetyl              1.5                                                 
     methional             0.2                                                 
     indole                1.2                                                 
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  The procedure of Example I was repeated, except that in the melt, while
      still hot, 572 mg of a Fontina flavor composition according to Example III
      were added. A processed cheese was obtained having an intense and
      characteristic Fontina taste, the final product containing 350 mg/kg of
      the flavoring composition.
PAC  EXAMPLE V
PAR  The procedure of Example IV was repeated, except that additionally 3000 mg
      of an amino acid mixture consisting of 1170 parts of
      monosodium-L-glutamate, 630 parts of glycine, 300 parts of DL-methionine
      and 900 parts of L-lysine-HCl were added. A processed cheese was obtained
      having an intense and fully rounded Fontina taste.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for imparting or enhancing a fontina cheese flavor to a
      foodstuff selected from the group consisting of processed cheese,
      processed cheese preparations, fresh cheese margarine cheese, creamed
      cheese, cheese fondu, and cheese powder, which comprises:
PA0  A. preparing a fontina cheese flavoring composition by admixing
PA1  i. from 10 to 100 parts by weight of .beta.-phenylpropionic acid;
PA1  ii. from 20 to 300 parts by weight of non-terminal mono-methyl-substituted
      alkanoic acids having 4 to 6 carbon atoms, said substituted alkanoic acids
      comprising at least 50 percent by weight of iso-valeric acid;
PA1  iii. from 0 to 600 parts by weight of straight chain alkanoic acids having
      from 2 to 8 carbon atoms, consisting of at least 20 percent by weight of
      butynic acid;
PA1  iv. from 0 to 15 parts by weight of 1-alkanols and 2-alkanols having from 3
      to 9 carbon atoms;
PA1  v. from 0 to 20 parts by weight of alkanals having from 2 to 5 carbon
      atoms;
PA1  vi. from 0 to 8 parts by weight of 2-alkanones having from 5 to 9 carbon
      atoms;
PA1  vii. from 0 to 4 parts by weight of ethyl esters of straight chain alkanoic
      acids having from 4 to 8 carbon atoms; and
PA1  viii. from 0 to 20 parts by weight of other cheese flavoring ingredients
      selected from the group consisting of diacetyl, methional and indole; and
PA0  B. admixing the mixture obtained by step (A) with said foodstuff in an
      amount such as to give from 10 to 100 mg/kg of .beta.-phenylpropionic acid
      and from 20 to 300 mg/kg of the non-terminal mono-substituted alkanoic
      acids in the flavored foodstuff.
NUM  2.
PAR  2. Process according to claim 1, in which the amounts of
      .beta.-phenylpropionic acid and of non-terminal mono-methyl-substituted
      alkanoic acids having 4 to 6 carbon atoms are such as to give 40 to 80
      mg/kg of .beta.-phenylpropionic acid and 80 to 240 mg/kg of the
      non-terminal mono-methyl-substituted alkanoic acids in the flavored
      foodstuff.
NUM  3.
PAR  3. Process according to claim 1, in which the ratio by weight of
      .beta.-phenylpropionic acid to non-terminal mono-methyl-substituted
      alkanoic acids having 4 to 6 carbon atoms in the flavor composition is in
      the range of 1:0.2 to 1:30.
NUM  4.
PAR  4. Process according to claim 1, in which the non-terminal
      mono-methyl-substituted alkanoic acids having 4 to 6 carbon atoms comprise
      55 to 70% by weight of iso-valeric acid.
NUM  5.
PAR  5. A process according to claim 1, in which additionally a mixture of amino
      acids, consisting of rom 40 to 60 percent by weight of sodium 1-glutamate,
      from 5 to 25 percent by weight of glycine, from 10 to 40 percent by weight
      of L-lysine.HCl, from 5 to 20 percent by weight of DL-methionine, and from
      0 to 10 percent by weight of other amino acids, is admixed with the
      foodstuff in an amount of from 1000 to 10,000 mg of amino acids per kg of
      said foodstuff.
NUM  6.
PAR  6. A fontina cheese flavoring composition prepared by admixing:
PA1  i. from 10 to 100 parts by weight of .beta.-phenylpropionic acid;
PA1  ii. from 20 to 300 parts by weight of non-terminal mono-methyl-substituted
      alkanoic acids having 4 to 6 carbon atoms, said substituted alkanoic acids
      comprising at least 50 percent by weight of iso-valeric acid;
PA1  iii. from 0 to 600 parts by weight of straight chain alkanoic acids having
      from 2 to 8 carbon atoms, consisting of at least 20 percent by weight of
      butynic acids;
PA1  iv. from 0 to 15 parts by weight of 1-alkanols and 2-alkanols having from 3
      to 9 carbon atoms;
PA1  v. from 0 to 20 parts by weight of alkanols having from 2 to 5 carbon
      atoms;
PA1  vi. from 0 to 8 parts by weight of 2-alkanones having from 5 to 9 carbon
      atoms;
PA1  vii. from 0 to 4 parts by weight of ethyl esters of straight chain alkanoic
      acids having from 4 to 8 carbon atoms; and,
PA1  viii. from 0 to 200 parts by weight of other cheese flavoring ingredients
      selected from the group consisting of diacetyl, methional and indole.
NUM  7.
PAR  7. A foodstuff according to claim 6 containing additionally glutamic acid,
      glycine, lysine and methionine in relative proportions of
      (35-52):(5-25):(8-32):(5-20) and whereby each of at least three of these
      amino acids is present in a concentration which is at least twice as large
      as that of each amino acid present in the foodstuff other than glutamic
      acid, glycine, lysine and methioana.
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ABST
PAL  The enchancement of foodstuffs is effected by the addition of a small but
      effective flavor-modifying amount of a compound having the general formula
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 are hydrogen, alkyl, eg. methyl, ethyl; aryl;
      e.g. phenyl, alkylphenyl; furfuryl or alkylfurfuryl groups.
PARN
PAR  This is a division of application Ser. No. 243,866 filed Apr. 13, 1972 now
      abandoned, which is a division of application Ser. No. 70,560 filed Sept.
      8, 1970, now U.S. Pat. No. 3,702,253; which latter application is a
      continuation of now-abandoned application Ser. No. 543,069 filed Apr. 18,
      1966, which is a continuation-in-part of now-abandoned application Ser.
      No. 452,342 filed Apr. 30, 1965.
BSUM
PAR  The invention relates to flavor agents in general. More particularly the
      invention relates to chemical compounds or compositions which have been
      found to have utility in the alteration of flavor or flavor
      characteristics of substances, whether naturally occurring or synthetic.
      Still more particularly the invention relates to a group of chemical
      compounds which have been found to be useful in the area of flavor-note
      alteration, whether by the enhancement of flavors or flavor-notes that are
      characteristic in a substance, by the alteration of a flavor or a
      flavor-note from a less to a more desirable one, or by the complete or
      partial masking of a flavor or flavor-note.
PAR  As is generally recognized by those familiar with the art, the science of
      flavor technology is an extremely complex one. Although much is known
      about flavor and flavor technology there is still a great deal to be
      learned in the field and the body of scientific literature is being
      rapidly expanded by those working in the area. The technology of flavor
      synthesis and blending of various flavor elements to achieve certain
      desirable results is of great commercial importance at the present stage
      of industrial advance. Commercial production of consumer goods from
      synthetic starting materials is becoming more and more common, and
      desirable, as world population continues to increase its demands upon the
      finite capacity for the production of natural products. Industry is also
      continually seeking means of upgrading natural products -- methods of
      altering or enhancing the qualities of taste of less desirable natural
      products -- usually more abundant -- into more desirable product
      qualities. Often, for example, a product can be made commercially
      attractive only by masking or blanking out an undesirable flavor
      component. Formerly, before the advent of the flavor chemist and his
      technology, this unit of production would have been lost, or at least,
      would have had to have been re-processed to a useable quality. By the use
      of specifically designed flavoring agents, however, the undesirable flavor
      note can be eliminated or masked with another desirable one, and the
      expensive and time-consuming re-processing step eliminated or the
      production batch saved for use. Too, it is common in some segments of the
      industry, particularly the food industry, to add flavor agents to
      production units to enhance or bring out a desirable flavor
      characteristics of products 13  and by so doing to render the product more
      desirable from a consumer preference standpoint.
PAR  It is the object of this invention therefore, to provide the flavor
      technologist with additional tools for his use in the alteration of food
      flavors, whether it be flavor or flavor-note alteration generally or the
      enhancement or improvement of flavor or flavor notes specifically.
PAR  It is a further object of the invention to furnish a group of chemical
      compositions which have utility in the technology of flavor alteration,
      whether added to solid or liquid compositions for human consumption, and
      which may be used in either solid or liquid form.
PAR  A further object of the invention is to describe a group of chemical
      compounds having desirable utility as flavor agents which may be prepared
      synthetically, thus enabling the food technologist to alter or enhance his
      product without drawing upon a natural product for the flavor agent.
PAR  A still further object of the invention is to describe a group of chemical
      compounds capable of synthesis from readily available organic substances
      which may be used singly or in combination to alter the flavor or flavor
      notes of compositions for food use, whether used in micro-quantities such
      as parts-per-million or in larger quantities, as the dictates of the end
      results may require.
PAR  Other objects will become apparent to those skilled in the art as the
      description proceeds.
PAR  Thus, in accordance with the concept of the instant invention, there is set
      out below a group of compounds which have been found to have utility as
      flavor agents and to represent valuable materials to the food technologist
      who wishes to alter the flavor components of foods or food products either
      liquid foods or beverages, such as fruit and vegetable juices, milk,
      coffee, tea, cocoa, chocolate, and the like or solid foods such as
      cereals, flours, confections, vegetables, meats, etc. The flavor agents
      may be used either in liquid or solid form and are used in quantities
      designed to give the desired results, as will be more clearly explained as
      the description proceeds.
PAR  The chemical compounds which have been found to have utility as flavor
      agents may be generally classified as furan ether compounds.
PAR  The flavor agents or flavor modifying compositions of this invention are
      available to the food technologists in a variety of forms. It is usually
      preferable to use the agents in the form of a solution, for ease of
      dilution, exactitude of measurement, efficiency of distribution in the end
      use, etc. However the chemical nature of the compound, its solubility in
      acceptable solvents, its stability, and other characteristics may dictate
      the form in which it is used.
PAR  The amounts of the agents used is also subject to wide variation, of
      course. More concentrated materials, and those with the greatest degree of
      flavor modifying ability will be used in lesser amounts. Some degree of
      experimentation is, of course, required to achieve the desired results. A
      small, but flavor modifying amount, of the agents is blended with the
      material whose total flavor is to be altered, the amount depending upon
      the end result desired.
PAR  Two different types of methods were used in testing the compounds listed in
      this specification for their utility as flavor agents, flavor modifiers,
      flavor alteration agents, flavor-note enhancers, and the like. The first
      type method (A) served the purpose of determining the intrinsic taste,
      flavor and aroma of each individual compound. The second type methods (B)
      and (C) were used for testing the flavor- and aroma- modifying or
      -enhancing effects of the compounds hereinafter listed on coffee products
      and more particularly on spray-dried soluble coffee products commercially
      known as "instant coffee."
DETD
PAC  METHOD A
PAR  The vehicle used for testing the flavor compounds was a 65% solution of
      cane sugar in tap water. The flavor compounds were incorporated in this
      sugar syrup in the form of 1% or 1 per 1,000 by weight solutions in 96%
      ethyl alcohol. The concentration of the flavor compounds in the sugar
      syrup varied between about 0.005 and 5 g. for 100 liters of syrup
      according to the varying strength of flavor compounds. Samples of each
      flavored sugar syrup were submitted to the members of the testing panels.
      After tasting the samples each member had to give an evaluation of each
      flavor compound in terms of descriptive words.
PAR  In the evaluation of materials for the alteration or enhancement of coffee
      flavor or of coffee flavor notes it is essential that the equipment used,
      coffee pots, cups, spoons, measuring equipment, etc. be absolutely clean
      prior to use.
PAC  METHOD B
PAR  The coffee base was prepared by dissolving 1 g. of a commercial spray-dried
      soluble coffee in boiling water. A sufficient number of pots was prepared
      to provide one pot for each flavor agent to be evaluated plus one control.
      The flavor agent was added to the coffee base in the form of a 1% or 1 per
      1,000 by weight alcoholic solution at concentrations varying between 0.005
      and 5 g. of flavor agent for 100 liters of coffee base. The measured
      quantity of the flavor agent was added to a pot of the coffee base
      material, stirred well, and poured immediately into cups for the
      organoleptic evaluation. The taste tests were made within a short time
      (not more than 15 minutes) after the final composition to be tested was
      prepared.
PAR  The organoleptic evaluation involved grading a series of cups that were
      coded, the taster merely rating the coded cups against the standard or
      control which did not contain the flavor agent. The standard was placed at
      the first position in a series of cups. The tasters were asked to
      ascertain whether or not there existed differences in the flavor of the
      samples to be tested as compared with the control. The tasters were
      furthermore asked to describe and characterize the various flavor notes
      and types determined.
PAC  METHOD C
PAR  Using boiling Crystal Spring Water, to provide a clean starting taste, a
      1.35% solution of relatively bland tasting commercially available
      spray-dried soluble coffee was prepared. The containers used -- preferably
      the lower portion of a glass coffee maker -- was absolutely clean, as was
      the other equipment used, e.g. cups and spoons.
PAR  A sufficient number of containers, or pots, were used to accomodate each
      flavor fraction to be studied, plus one control. The flavor fraction was
      measured carefully with a micro-syringe, adding from 2 to 150 microliters
      of the flavor fraction per pot. The mixture of coffee solution and flavor
      fraction was stirred and immediately poured into cups for tasting. At
      least 5 experienced tasters are used. The tasting should begin at least
      within 15 minutes after the solution is prepared. If not, the solution
      should be discarded and fresh solution prepared.
PAR  The cups are coded and the samples are not identified. A standard sample is
      included in which no flavor fraction has been added. The taster is asked
      to identify and describe the flavor enhancement or modification noted.
PAR  In the following specific description of the furan ether compounds there is
      first given the structural formula followed by a list of members of the
      group which have been found to have outstanding utility in the concept of
      this invention. Immediately following the chemical name of each member
      there is given the commercial source or a literature reference giving a
      method for its preparation. Commercially available products will be
      identified by the abbreviation c.a., and may be obtained from FLUKA, A.G.,
      Buchs S.G., Switzerland; ALDRICH CHEM. CO., Milwaukee, Wis.; DR.F. RASCHIG
      GMBH, Ludwigshafen a. Rh., West-Germany; or K & K LABORATORIES INC.,
      Plainview, N.Y. 11803.
PAR  In those instances wherein new compounds are described a detailed method of
      preparation is given following the list of the group members. New
      compounds will be identified by the abbreviation n.c.
PAC  I. -- FURAN ETHERS
PAR  The compounds of this group have the general formula:
      ##SPC2##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen; alkyl, e.g. methyl, ethyl; aryl,
      e.g. phenyl, alkylphenyl; furfuryl, or alkylfurfuryl groups.
PAR  Compounds representative of this group include the following:
TBL  (1) a.                                                                    
           furfuryl methyl ether                                               
                              Ber. 56,1004 (1923)                              
     b.    furfuryl ethyl ether                                                
                              Ber. 56,1004 (1923)                              
     c.    furfuryl phenyl ether                                               
                              Bull. 1938, 1151                                 
     d.    5-methyl-furfuryl furfuryl ether                                    
                              n.c.                                             
     e.    difurfuryl ether   Am.Soc. 49,1006 (1927)                           
PAR  (1) d. 5-Methyl-furfuryl furfuryl ether was prepared by the procedure
      described by J. E. Zanetti in J.Am.Chem.Soc. 49, 1066 (1927) for the
      difurfuryl ether, starting with 5-methyl-furfuryl bromide (Compt.Rend.
      222, 1441 (1946)) instead of furfuryl bromide of Zanetti. The product was
      isolated by ether extraction of the crude mixture after having diluted
      with water. For purification the ether extract was distilled twice - b.p.
      68.degree.-70.degree.C. at 0.01 mm./Hg vacuum. The product was a viscous
      colourless liquid, darkening rapidly on contact with air.
PAC  ORGANOLEPTIC EVALUATIONS
PAR  As was described above, the compounds of this invention were subjected to
      organoleptic evaluation tests either in a syrup base (A), or one of the
      two soluble coffee bases (B and C). The following table give the results
      of these organoleptic evaluations. In the table, the Roman numeral refers
      to the number of the group from which the test compounds were selected.
      The column headed "Number" refers to the number of the test compound of
      the corresponding group. The column headed "Test" gives the Method of the
      Test, as described hereinbefore, and the column headed "Quantity" sets out
      the amount of the Test Compound used in grams per 100 liters of the base
      material.
TBL                TABLE I                                                     
     ______________________________________                                    
     Number Test   Quantity  Organoleptic Characterization                     
     ______________________________________                                    
     (1)a.  A      1.0       strong mustard taste                              
     (1)a.  B      1.0       nutty, coffee grounds-like                        
     (1)a.  C      0.27      sulfury, rioy, phenolic taste                     
     (1)b.  A      1.0       mustard taste                                     
     (1)b.  C      0.08      buttery, groundsy taste                           
     (1)c.  A      0.25-0.5  honey-like                                        
     (1)c.  B      1.0       coffee-grounds note                               
     (1)c.  C      0.04      rye bread, caraway seed-like                      
     (1)d.  A      1.0       green, water-cress like                           
     (1)d.  C      0.68      earthy, mushroom like                             
     (1)e.  A      1.0       salicylate; coffee-like                           
     (1)e.  C      0.14      mushroom-like                                     
     ______________________________________                                    
PAR  As has been stated above the compounds having utility in the concept of
      this invention may be added to substances in varying amounts to alter or
      to modify the flavor of the substance by masking or blanking out
      undesirable flavors, by enhancing or fortifying desirable flavor or flavor
      notes, or by adding to the original substance an entirely new and
      different flavor. As will also be apparent to those skilled in the art
      various mixtures or blends of the flavor agents described may be used to
      achieve a desired flavor or flavor note. If, for example, one wishes to
      enhance a certain flavor note, or group of flavor notes present in a
      substance such as coffee, one needs only mix together certain of the
      described flavor agents to obtain the desired result.
PAR  It should be kept in mind, as will be appreciated by those
      skilled-in-the-art, that with many flavors it is possible to imitate the
      natural flavor by selecting a limited number of the flavor enhancing
      substances examplified above. Coffee aroma, on the other hand, is much
      more complex than the ordinary flavoring materials and may necessitate the
      combination of many more of the examplified ingredients for reproduction.
PAR  It will also be understood that whereas the preferred embodiment of this
      invention is directed toward the enhancement or modification of coffee
      flavors, the concept of the invention has much wider application. While
      some of the compounds may be characterized by terms which are not directly
      related to coffee flavors, these compounds, when used in more complex
      formulas, may contribute desirable flavor notes to the overall flavor and
      aroma.
PAR  To summarize briefly this invention relates to a group of chemical
      compounds which have been found to have utility for the alteration or
      modification of the flavor of other materials. These compounds, called
      flavor agents or flavor modifiers, may be used in minute quantities to
      enhance the natural flavor of substances to which they are added, or to
      alter or modify a flavor which is undesirable, or to impart to a substance
      additional or different flavors or flavor notes. The flavor agents of the
      invention are used in minor, but flavor altering amounts, in any case, in
      quantities sufficient to obtain the desired results. The flavor modifiers
      are of particular importance and usefulness in the modification,
      alteration or enhancement of the flavor of coffee beverages made from
      soluble coffee and the preferred embodiment of the invention contemplates
      their use in conjunction with such products.
PAR  The flavor agents of the invention may be added at a convenient step in the
      soluble coffee process such as plating the dried soluble coffee with a
      desired dilution of the flavor agent in an acceptable solution followed by
      drying. In certain instances the desired agent may be added directly to a
      concentrated coffee extract and the mixture dried into a soluble coffee
      product which contains the flavor agent as an integral part thereof. Other
      methods of incorporation of the agents will suggest themselves to those
      skilled in the art and may, of course, be used without departing from the
      inventive concept, which may be described as being a composition of matter
      comprising a combination of a soluble coffee product, however prepared,
      whether liquid or solid, concentrated or dilute, which contains combined
      therewith a minor, but flavor modifying amount, of a flavor agent as
      described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As a new composition of matter of soluble coffee material having added
      thereto a minor, but flavor-modifying amount of a compound selected from
      the group consisting of furfuryl methyl ether, furfuryl ethyl ether,
      furfuryl phenyl ether, difurfuryl ether and mixtures thereof.
NUM  2.
PAR  2. The soluble coffee of claim 1 wherein the added compound is furfuryl
      methyl ether.
NUM  3.
PAR  3. The soluble coffee of claim 1 wherein the added compound is furfuryl
      ethyl ether.
NUM  4.
PAR  4. The soluble coffee of claim 1 wherein the added compound is furfuryl
      phenyl ether.
NUM  5.
PAR  5. The soluble coffee of claim 1 wherein the added compound is difurfuryl
      ether.
NUM  6.
PAR  6. A process for the alteration of the natural flavor of soluble coffee
      material which comprises adding thereto a minor, but flavor-modifying
      amount of a compound selected from the group consisting of furfuryl methyl
      ether, furfuryl ethyl ether, furfuryl phenyl ether, difurfuryl ether and
      mixtures thereof.
NUM  7.
PAR  7. The process of claim 6 wherein the added compound is furfuryl methyl
      ether.
NUM  8.
PAR  8. The process of claim 6 wherein the added compound is furfuryl ethyl
      ether.
NUM  9.
PAR  9. The process of claim 6 wherein the added compound is furfuryl phenyl
      ether.
NUM  10.
PAR  10. The process of claim 6 wherein the added compound is difurfuryl ether.
NUM  11.
PAR  11. A composition selected from the group consisting of foodstuffs and
      beverages to which has been added an effective flavor-improving amount of
      a compound selected from the group consisting of furfuryl methyl ether,
      furfuryl ethyl ether, furfuryl phenyl ether, difurfuryl ether and mixtures
      thereof.
NUM  12.
PAR  12. The composition of claim 11 wherein the added compound is furfuryl
      methyl ether.
NUM  13.
PAR  13. The composition of claim 11 wherein the added compound is furfuryl
      ethyl ether.
NUM  14.
PAR  14. The composition of claim 11 wherein the added compound is furfuryl
      phenyl ether.
NUM  15.
PAR  15. The composition of claim 11 wherein the added compound is difurfuryl
      ether.
NUM  16.
PAR  16. A process for the alteration of the flavor of a composition selected
      from the group consisting of foodstuffs and beverages which comprises
      adding thereto a minor, but flavor-modifying amount of a compound selected
      from the group consisting of furfuryl methyl ether, furfuryl ethyl ether,
      furfuryl phenyl ether, difurfuryl ether and mixtures thereof.
NUM  17.
PAR  17. The process of claim 16 wherein the added compound is furfuryl methyl
      ether.
NUM  18.
PAR  18. The process of claim 16 wherein the added compound is furfuryl ethyl
      ether.
NUM  19.
PAR  19. The process of claim 16 wherein the added compound is furfuryl phenyl
      ether.
NUM  20.
PAR  20. The process of claim 16 wherein the added compound is difurfuryl ether.
NUM  21.
PAR  21. As a new composition of matter a soluble coffee material having added
      thereto a minor, but flavor-modifying amount of 5-methyl-furfuryl furfuryl
      ether.
NUM  22.
PAR  22. A process for the alteration of the natural flavor of soluble coffee
      material which comprises adding thereto a minor, but flavor-modifying
      amount of 5-methyl-furfuryl furfuryl ether.
NUM  23.
PAR  23. A composition selected from the group consisting of foodstuffs and
      beverages to which has been added thereto an effective flavor-modifying
      amount of 5-methyl-furfuryl furfuryl ether.
NUM  24.
PAR  24. A process for the alteration of the flavor of a composition selected
      from the group consisting of foodstuffs and beverages which comprises
      adding thereto a minor, but flavor-modifying amount of 5-methyl-furfuryl
      furfuryl ether.
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PAL  Translucent substrates such as foodstuffs are colored by adding polymeric
      dyes. The dyes contain from 0.1 to 2.0 parts of nonchromophoric material
      for each part by weight of chromophore and are added in a weight amount
      equivalent to from 0.4 to 0.9 times the weight of monomeric chromophore
      required to give the equivalent visual shade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to artificially-colored, translucent substrates and
      a process for their manufacture. In a preferred embodiment, the substrates
      are foodstuffs.
PAR  2. The Prior Art
PAR  It is difficult to think of a product which does not contain artificial
      coloring or dyes. Most commonly, these colorings or dyes are monomeric
      chromophoric chemical species. There has been, however, substantial effort
      devoted to dyes and colorings which are polymeric. These materials have
      found application in textile dyeing, as evidenced by U.S. Pat. No.
      3,232,691, granted Feb. 1, 1966 to Wilhelm et al; photography, as
      evidenced by U.S. Pat. No. 3,073,699,  granted Jan. 15, 1963 to Firestine;
      dyeing of cellulose derivatives, as evidenced by U.S. Pat. No. 2,371,052,
      granted Mar. 6, 1945 to Kirby; and in coloring foods, as evidenced by the
      article "Studies on Polymeric Dyes I, Macromolecularization of Food Dyes"
      by Ida et al, appearing at pages 517-523 of Volume 89 (1969) of Yakugaku
      Zasshi.
PAR  Polymeric dyes and colors do not contain pure chromophore. Instead, they
      additionally contain nonchromophoric units, chemical groups and/or
      molecular segments which function to bind the chromophoric groups into a
      polymeric form. It is therefore quite understandable that, on a pound for
      pound basis, in most applications polymeric dyes are somewhat less potent
      colorants than monomeric dyes.
PAC  Statement of the Invention
PAR  While studying polymeric dyes and their applications, I made a most
      suprising discovery. When polymeric dyes are employed as colorants for
      translucent substrates, they exhibit a greater color potency, on a pound
      for pound basis, than do monomeric dyes.
PAR  In general terms, this means that to achieve a desired color shade in a
      translucent substrate, the weight of the polymeric dye needed would be
      less than the weight of the corresponding monomeric dye. This is true even
      though the polymeric dye contains substantial amounts of nonchromophoric
      material binding its chromophores together.
PAR  There are, of course, limitations to this discovery. It does not hold true
      for polymeric dyes which contain only very small amounts of chromophore
      and very large amounts of nonchromophore, such as more than about two
      parts by weight nonchromophore for each part by weight chromophore.
PAR  This invention, stated in more precise terms, involves colored products
      made up of a transparent substrate having admixed therewith a polymeric
      dye. The dye contains chromophoric groups and, to join the chromophoric
      groups into a polymer, nonchromophoric groups. The weight ratio of these
      groups ranges from about 1 part chromophore to 0.1 part nonchromophore.
      The weight of this polymeric dye which must be added to achieve a desired
      shade is but from 0.4 to 0.9 times the weight of monomeric dye needed to
      achieve that shade.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  Substrates
PAR  The substrates to which this invention applies are translucent substrates.
      "Translucent" is used herein in its classical sense; that is, it describes
      materials which trasmit light pellucidly or diffusively. Preferably, the
      substrate is transparent; that is, it transmits light pellucidly.
PAR  In a preferred embodiment, the substrates are three-dimensional.
      "Three-dimensional" as used herein, defines that the substrate, in
      addition to having a length and width, has a thickness which is relatively
      substantial. More preferably, the substrates are sized so that their
      thickness is not less than 1/20th the average of their length and width.
      Most preferably, none of the three dimensions is substantially less than
      0.1 inches.
PAR  Suitable substrates may be solids, gels or liquids, preferably stored in
      translucent containers which permit assumption of a three-dimensional
      geometry. Suitable substrates include translucent plastics and polymers,
      silicone oils, gasoline and other liquid hydrocarbons. A preferred class
      of substrates is made up of translucent edible materials such as
      beverages; for example, soft drinks, typically clear cherry soda, and
      clear and light diffusing orange sodas; beer, wine and distilled spirits,
      jellies, jelled desserts, hard rock candies, cough syrups and drops and
      other pharmaceutical elixers and the like.
PAC  The Dyes
PAR  Polymeric dyes give the effect of this invention. A polymeric dye contains
      two parts: a chromophore part, indicatable by Ch, which supplies the
      color; and a nonchromophore part (B) which joins the chromophores into a
      polymer. These dyes may assume the structure --ChB--.sub.n or the
      structure
      ##EQU1##
      wherein n is an integer greater than 1, such as from 2 to 4,000,
      especially 10 to 3,000. Although the average molecular weights which
      correspond to these values of n of course depend upon the size of B and
      Ch, it is generally preferred to employ polymeric dyes of molecular weight
      1,000 to 1,000,000 so long as they do contain a plurality of chromophores.
      A monomeric dye meeting this molecular size should not yield the effect of
      this invention. A preferred molecular weight range is from 2,000 to
      400,000.
PAR  While it is not my wish to limit my invention to any particular
      chromophore, Ch, or nonchromophore, B, there are restraints on these
      components. In the overall molecule, for each part by weight of Ch, there
      can be from 0.1 to 2 parts of B. If the amount of B is lowered below 0.1
      parts, there are problems with color predictability and
      reproductability--possibly, though not known for certain--due to steric
      interactions between too-proximate chromophores. If the amount of B is
      raised above about 2 parts, the extra color property of this invention is
      not observed--apparently because the B's diluent effect overrides it.
      Especially good results are obtained when for each part by weight of Ch
      there is from 0.2 to 1.5 parts of B.
PAR  The chromophores employed, Ch, are organic materials. Inorganic colors,
      such as the ferricyanides and the like are not suitable. Due to their
      polymeric nature, the final products can be made so large that they cannot
      be absorbed out of the gastrointestinal tract into the blood stream, and
      thus be totally nontoxic. This desirable property is achieved when
      molecular weights are 2,000 or 5,000 or larger. Thus, it is possible in
      the preferred food applications to incorporate chromophores which
      previously were not usable in foods because of toxicity.
PAR  Exemplary chromophores include known azo dyes such as CI Acid Yellow No. 36
      ##SPC1##
PAL  Ci mordant Orange No. I
      ##SPC2##
PAL  Fd&c yellow No. 6
      ##SPC3##
PAL  Fc&c yellow No. 5
      ##SPC4##
PAL  Fd&c red No. 2
      ##SPC5##
PAL  and FD&C Red No. 40
      ##SPC6##
PAL  indigoid dyes such as
      ##SPC7##
PAL  and triphenylmethane dyes such as FD&C Green No. 3
      ##SPC8##
PAL  Ci basic Violet No. 1
      ##SPC9##
PAL  Fd&c violet No. 1
      ##SPC10##
PAL  and
PAL  Ci basic Green No. 4
      ##SPC11##
PAL  and hetercyclic dyes such as CI Basic Blue No. 9
      ##SPC12##
PAL  and Uranine
      ##SPC13##
PAL  This list is intended merely to be illustrative and is not to be construed
      as limiting the specific chromophores or even classes of chromophores
      which can be employed.
PAC  The Linking Groups, B
PAR  The chromophores are linked into polymers via linking groups, B. The B
      groups are organic. They provide a plurality of active groups which attach
      to a plurality of chromophores; or, if the chromophores are so-called
      "reactive chromophores", having their own reactive groups, they can merely
      provide active cites to which the chromophores can attach.
PAR  Examples of the first type of B include simple links providing two active
      groups, such as the two olefinic groups in divinylbenzene or
      1,4-butadiene; the two hydroxyl groups ethylene glycol, or hydroquinone,
      or more complex links providing a large number of active groups, such as
      poly(1,2-butadiene), polyacrylic acid, polyethyleneimine (both linear and
      branched), poly-2 or 4-vinylpiperidine, polybuteneamine, polyvinylalcohol,
      polyvinyl-(3-aminopropyl)-ether, cyclopolydiallylamine,
      poly-2-aminoethylmethacrylate, polyvinyl(2-aminoethyl)-ether,
      polyacrolein, poly-2-amino-1-vinylethanol, and polyepichlorohydrin.
PAR  Examples of the second type of B include cellulose, polyethers,
      hydrocarbons, and the like.
PAR  The linking groups may also include nonchromophoric groups which modify the
      polymer's properties; for example, its solubility in water or oil.
PAR  These polymeric dyes can be made by methods known in the art. As this
      invention involves an application of these dyes rather than the dyes per
      se, a detailed description of the production will not be provided. The
      Examples contain a variety of representative preparations, however.
PAC  Coloring Substrates
PAR  Translucent substrates are colored by adding thereto a polymeric dye. In
      accordance with this invention, the amount of dye required is less than is
      required with monomeric dyes. So long as the polymeric dyes have the
      chromophore proportions specified, the amout of polymeric dyes required
      will range from 0.4 to 0.9 times the amount of monomeric dye required to
      yield the same shade. Thus, from 0.4 to 0.9 pounds of polymeric dye will
      color a translucent substrate to the same shade as will 1.0 pounds of
      monomeric dye. As a rule of thumb, those polymeric dyes containing
      relatively larger proportions of nonchromophoric material, such as one
      part per part of chromophore, will show less advantage than those
      polymeric dyes containing smaller proportions of nonchromophoric material.
PAR  The polymeric dyes will be added to the substrates by conventional
      techniques. No special precautions or efforts need be taken.
PAR  The invention will be further described by the following Examples. These
      are intended to be illustrative and not to limit the scope of the
      invention as defined by the appended claims.
PAC  EXAMPLE I
PAR  A. A 15 g portion of polyacrylic acid is dissolved in 75 ml of concentrated
      sulfuric acid with stirring at room temperature for 40 minutes. The
      polyacrylic acid solution is then stirred at 40.degree.C while 140 ml of
      2.15 M hydrazoic acid (HN.sub.3) in benzene is added dropwise with
      stirring over a period of 4.5 hours. The reaction, a Schmidt
      rearrangement, is continued at 40.degree.C for about 14 hours. The mixture
      is then stripped of benzene to give an almost clear yellow solution, which
      is cooled to 5.degree.C. Methanol (150 ml) is then added. The resulting
      emulsion is centrifuged at high speed for 30 minutes to separate the
      precipitate. The precipitate is dissolved in 50 ml of water and gives a
      yellow solution. This solution is precipitated by addition to methanol,
      the precipitate being once again dissolved and precipitated a third time
      for purification. 12.06 Grams of a white solid are recovered. Elemental
      analysis shows this product to be a copolymer of acrylic acid (mole ratio
      0.46) and vinylamine (mole ratio 0.54).
PAR  B. 10 Grams of the product of Part A are dissolved in 35 ml of water. An
      11% solution of sodium hydroxide is then dripped in to pH of 9. 28.5 Grams
      of N-acetylsulfanilyl chloride is added in small portions over a period of
      5.5 hours. The pH of the solution is increased throughout the addition in
      order to keep the polymer in solution, gradually increasing from an
      initial pH of about 9 to a final pH of about 12.5. After completing the
      addition of N-acetylsulfanilyl chloride, conditions are maintained
      constant for 1 hour and then the cloudy yellow solution which results is
      filtered. The resulting clear yellow solution is dripped into a stirred
      25% solution of acetic acid to give a white precipitate, which is
      collected, rinsed with water, and dried in vacuo to give 20.8 g of a white
      powder.
PAR  18.7 Grams of the white powder is suspended in 75 ml of 10% aqueous
      hydrochloric acid, and this mixture is heated at reflux with stirring
      under argon for 1 hour (to hydrolyze the N-acetyl group). A clear yellow
      solution results. This solution is cooled to about 50.degree.C and dripped
      warm into an aqueous solution of sodium acetate in an ice bath. The
      resulting slurry is filtered and washed with dilute aqueous acetic acid
      (pH3). After drying in vacuo, 11.5 g of a fine white powder is recovered,
      which upon NMR analysis is shown to be the following polymeric
      sulfanilamide
      ##SPC14##
PAR  C. 2.975 Grams of the polysulfanilamide product of Part B is dissolved in
      45 ml of 10% hydrochloric acid and 200 ml of water with stirring. 1.0 N
      aqueous sodium nitrite solution (11.0 ml) is added to give a dark yellow
      solution, which is then dripped gradually into a solution of 2.46 g of
      Schaeffer's salt in 67 ml of 10% aqueous sodium hydroxide and 90 ml of
      water, while stirring in an ice bath. The resulting deep red solution is
      stirred in the ice bath for 30 minutes, treated with 10% aqueous
      hydrochloric acid to a pH of 2 to yield an orange suspension which is
      centrifuged. The separated solids are purified by dialysis to yield 4.4 g
      of an intense orange dye having a color almost indistinguishable from that
      of Sunset Yellow (FD&C Yellow No. 6). Analysis showed that this dye has
      the following structure
      ##SPC15##
PAL  wherein X is NH.sub.2 and OH. This material contains 0.25 parts of
      nonchromophore for each part by weight of chromophore.
PAR  D. A 10 mg portion of the polymeric dye of part C is dissolved in 100 ml of
      distilled water. A rich orange color develops. This solution contains 100
      ppm weight of polymeric dye, which is equivalent in this case to about 80
      ppm weight of chromophore. A 100 ppm weight solution is prepared of the
      corresponding monomeric dye, Sunset Yellow,
      ##SPC16##
PAR  A visual comparison of the two solutions shows that the polymeric dye
      solution is distinctly darker in shade. The polymeric dye solution is
      gradually diluted until a visual color match is achieved, which occurs at
      a polymeric dye contentration of 45-50 ppm. The two matched solutions are
      then parallelly diluted in half and in half again. It is observed that the
      color match continues at these greater dilutions as well.
PAC  EXAMPLE II
PAR  The dye comparisons of Example I are repeated using a variety of different
      substrates:
PA1  1. A transparent colorless soft drink base,
PA1  2. A gelatin solution which is later set, and
PA1  3. A cloudy soft drink base.
PAR  In all cases the color intensity effect noted in part C of Example I is
      observed.
PAC  EXAMPLE III
PAR  The preparation of polysulfanilamide in accord with parts A and B of
      Example I is repeated, the product differing from the product of Example I
      only in insignificant variations in molar ratios.
PAR  1.0 Grams of the above product is dissolved in 10 ml of 10% aqueous
      hydrochloric acid and 40 ml of water to yield a clear yellow solution.
      This solution is stirred at room temperature while 2.48 ml of a 1.0 N
      aqueous sodium nitrite solution is added. This solution is then added over
      a period of 5 minutes to a solution of 738 ml of Pyrazolone T,
      ##SPC17##
PAL  in 15 ml of 10% aqueous sodium hydroxide and 20 ml of water while stirring
      in an ice bath. A deep red solution results. This solution is acidified
      with 10% hydrochloric acid. At pH 2 a yellow-orange precipitate forms,
      which is separated and purified by dialysis. This product is dried and
      upon analysis found to be the following polymeric coloring:
      ##SPC18##
PAL  (wherein X is NH.sub.2 or OH) which contains by weight about 2.3 parts of
      chromophore for each part of nonchromophore.
PAL  This coloring is virtually indistinguishable in color from Tartrazine --
      FD&C Yellow No. 5,
      ##SPC19##
PAR  When 100 ppm weight solutions of the polymeric color and Tartrazine are
      prepared, the polymeric material's solution is darker. When the polymeric
      solution is diluted to about 60 ppm it becomes a visual color match for
      the monomeric material solution.
CLMS
STM  I claim:
NUM  1.
PAR  1. A colored edible product comprising a translucent edible substrate
      having dissolved therein polymeric dye in a weight sufficient to yield a
      desired shade, said polymeric dye having a molecular weight of from about
      2000 to 400,000 and consisting of one part by weight of chromophoric
      groups represented by Ch joined together by from 0.1 to 2 parts by weight
      of nonchromophoric linking groups represented by B into a structure
      represented by a structural formula selected from -- Ch B --.sub.n and
      ##EQU2##
      wherein n is an integer greater than 1, said weight of polymeric dye being
      from about 0.4 to 0.9 times the weight of monomeric chromophoric groups Ch
      necessary to yield said desired shade.
NUM  2.
PAR  2. The product of claim 1, wherein said substrate is three-dimensional.
NUM  3.
PAR  3. The product of claim 2, wherein said substrate is selected from the
      group consisting of liquids solids and gels.
NUM  4.
PAR  4. The product of claim 3, wherein said substrate is a liquid.
NUM  5.
PAR  5. The product of claim 3, wherein said substrate is a gel.
NUM  6.
PAR  6. The process for coloring a translucent edible substrate to a desired
      shade which comprises dissolving in said edible substrate a weight of
      polymeric dye; said polymeric dye consisting of one part by weight
      chromphoric groups respresented by Ch, joined together by from 0.1 to 2
      parts by weight of nonchromophoric linking groups represented by --B--
      into a polymer represented by a structural formula selected from -- CH B
      --.sub.n and
      ##EQU3##
      wherein n is an integer greater than 1, said weight of polymeric dye being
      from about 0.4 to 0.9 times the weight of monomeric chromophoric groups
      necessary to achieve said desired shade.
NUM  7.
PAR  7. The process of claim 6 wherein said substrate is three dimensional.
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ABST
PAL  A yellow coloring agent for foodstuffs such as oleomargarine. Oleo resin of
      turmeric and oleo resin of paprika, in an amount of about 10% to 100% by
      weight based on the weight of the turmeric, is a yellow colorant for
      foodstuffs. The turmeric is used in an amount sufficient to impart a
      desired yellow color, and paprika is added in an amount sufficient to
      eliminate the greenish cast which would result from the use of the
      turmeric alone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a food colorant. More particularly, the invention
      relates to a yellow food colorant. Still more particularly, the invention
      relates to a yellow food colorant for oleomargarine.
PAR  Carotene and annatto are the coloring agents most commonly used to color
      oleomargarine at the present time in the United States. These colorants
      are used either alone or together and, while they are widely used, they
      cause certain off-color, particularly when concentrations are increased.
      For example, a typical commercial usage level of carotene is five
      milligrams (5 mg.) beta-carotene per pound of oleomargarine or 0.0011% by
      weight. Where the concentration is increased, the color becomes reddish.
      At a very high concentration of 0.11%, the color is orange-brown. A
      typical commercial level of annatto is 0.01%. At a high concentration of
      about 0.6%, the color is reddish brown.
PAR  Other yellow food colorants are known and have been used, both alone and in
      combination with other colorants, in oleomargarine. The oleo resin of
      turmeric, for example, has been used commercially in combination with
      annatto. Turmeric alone, at low concentration, produces a slight yellow
      color with a noticeable greenish cast and has not been used. It has been
      used commercially, however, in combination with annatto. At a base level
      of about 0.006%, the color is light yellow. At a high concentration of
      0.6% the color is orange-brown.
PAR  It will be apparent from the foregoing that while the yellow colorants in
      common commercial use are suitable at the lower concentrations, at higher
      concentrations needed to deepen the yellow color, there is a tendency to
      produce an off-color, most notably an orange, red, or even brownish
      off-color.
PAR  It is an object of the present invention to provide a yellow food colorant.
      It is a further object to provide a yellow food colorant for
      oleomargarine. It is still a further object to provide a yellow food
      colorant which can be used in high concentration to produce deep yellow
      color in oleomargarine without producing an off-yellow color.
PAC  Brief Summary of the Invention
PAR  The foregoing and other objects which will be apparent to those of ordinary
      skill in the art are achieved according to the present invention by
      providing a yellow food colorant including oleo resin of turmeric and,
      from 10% to 100% by weight, based on the weight of the turmeric, of the
      oleo resin of paprika. The turmeric is used in an amount sufficient to
      impart yellow color, generally up to about 3% based on the weight of the
      oleomargarine, and the paprika is used in an amount sufficient to
      eliminate the greenish cast which would result from the use of the
      turmeric alone.
DETD
PAC  DETAILED DESCRIPTION
PAR  The following examples, while not limiting the scope of the invention, will
      enable those of ordinary skill in the art to make and use the invention.
PAC  EXAMPLE I
PAC  Carotene Alone
PAR  Carotene is a common ingredient used in commercial colored oleomargarine to
      impart a yellow color. A typical useage level is five (5) milligrams
      beta-carotene per pound of oleomargarine, or 0.0011%. At this level, the
      color is light yellow. At 0.011% the color is still yellow. At 0.11%, the
      color is orange-brown and at 1.1%, the color is reddish-brown. This
      illustrates the fact that where the concentration of carotene is
      substantially increased beyond recommended base levels, a very
      objectionable off-color is produced.
PAC  EXAMPLE II
PAC  Annatto alone
PAR  Annatto is another common ingredient used to impart yellow color to butter
      and colored oleomargarine. A typical useage level, for imparting yellow
      color is 0.01%. At a base level of 0.006%, the color is pale yellow. At
      0.06%, the color is golden. At 0.6%, the color is reddish-brown. At 6.0%,
      the color is deep red. This illustrates that where the concentration of
      annatto is substantially increased beyond recommended base levels, a very
      objectionable off-color is produced.
PAC  EXAMPLE III
PAC  Annatto With Turmeric
PAR  Another commercial annatto product contains a small amount of turmeric
      blended in with the annatto. At a base level of 0.006%, the color is light
      yellow. At 0.06%, the color is golden. At 0.6%, the color is orange-brown.
      At 6.0%, the color is deep red. Results are thus substantially the same as
      with annatto alone.
PAC  EXAMPLE IV
PAC  Turmeric Alone
PAR  Turmeric oleo resin by itself, at 0.025% concentration imparts a light
      yellow color but with a greenish cast. At 0.25%, the yellowish color was
      enhanced and so was the greenish cast. At 2.5%, a golden color, with
      greenish cast, results while at 25.0%, a dark brown color is produced.
      These results illustrate that where turmeric is used to impart a yellow
      color, a noticeable greenish cast is produced.
PAC  EXAMPLE V
PAC  Paprika Alone
PAR  Paprika oleo resin by itself imparted colors not useful for oleomargarine:
TBL  Run      Concentration  Color                                             
     ______________________________________                                    
     A        0.05%          very light peach                                  
     B        .5%            medium peach                                      
     C        1.0%           very light orange                                 
     D        2.5%           light orange                                      
     ______________________________________                                    
PAC  EXAMPLE VI
PAC  0.25% Turmeric Plus Paprika
PAR  The discovery was made that adding paprika oleo resin to the turmeric oleo
      resin already present overcomes the greenish cast and allows an attractive
      and appealing yellow-gold color to come through, suitable for
      oleomargarine even at very high and very deep levels.
TBL  __________________________________________________________________________
     Run                                                                       
        Concentration Color                                                    
     __________________________________________________________________________
     A  0.25% Turmeric                                                         
                      Light yellow color, greenish cast                        
     B  "        +0.01%                                                        
                 Paprika*                                                      
                      Light yellow color, lt. greenish                         
                      cast                                                     
     C  "        +0.03%                                                        
                 Paprika                                                       
                      Light yellow color, no greenish                          
                      cast                                                     
     D  "        +0.05%                                                        
                 Paprika                                                       
                      Lt. med. yel. color, good oleo-                          
                      margarine color, no greenish                             
                      cast                                                     
     E  "        +0.10%                                                        
                 Paprika                                                       
                      Med. yel. color, good oleo                               
                      margarine color, no greenish                             
                      cast                                                     
     F  "        +0.25%                                                        
                 Paprika                                                       
                      Slightly darker yellow color                             
                      than Run E, no greenish cast                             
     __________________________________________________________________________
      *paprika concentration is given in examples in weight % based on weight o
      oleomargarine                                                            
PAL  These results illustrate that paprika oleo resin overcomes the greenish
      cast caused by the turmeric and permits an appealing yellow-gold color to
      come through. The amount of paprika should not, however, generally exceed
      the amount of turmeric since such excess amounts of paprika introduce a
      reddish off-color. The minimum amount of paprika needed to offset the
      greenish cast of the turmeric is generally about 10%.
PAC  EXAMPLE VII
PAC  Turmeric 2.5% Plus Paprika
PAR  The following results are obtained with 2.5% oleo resin of turmeric:
TBL  Run  Concentration  Color                                                 
     ______________________________________                                    
     A    2.5% Turmeric      Medium yellow color, greenish                     
                             cast                                              
     B    "          +0.1%                                                     
                     Paprika Medium yellow color, lt. green-                   
                             ish cast                                          
     C    "          +0.3%                                                     
                     Paprika Medium yellow color, no greenish                  
                             cast                                              
     D    "          +0.5%                                                     
                     Paprika Medium yellow/gold color, good                    
                             oleomargarine color, no                           
                             greenish cast                                     
     E    "          +1.0%                                                     
                     Paprika Deep yellow gold color - light                    
                             orange cast                                       
     F    "          +2.5%                                                     
                     Paprika Light orange cast                                 
     ______________________________________                                    
PAL  These results show that very high concentrations of turmeric may be used to
      provide good yellow color with no objectionable off color. The results
      also show that at higher concentrations of turmeric, it is preferred to
      use generally lower concentrations of paprika than may be employed at
      lower turmeric concentrations. Where the turmeric concentration exceeds
      about 2%, it is therefore preferred to keep the paprika concentration at
      from 10% to 50% of the turmeric concentration.
PAC  EXAMPLE VIII
PAC  Turmeric Plus 25% Paprika
PAR  The following runs are made using 25% oleo resin of paprika based on the
      amount of oleo resin of turmeric, the concentration of the latter being
      based on the margarine.
TBL  ______________________________________                                    
     Run  Turmeric Concentration                                               
                           Color                                               
     ______________________________________                                    
     A    0.125%           Light yellow color - no                             
                           greenish cast                                       
     B    0.25%            Medium yellow color - no                            
                           greenish cast                                       
     C    0.50%            Light golden color - no                             
                           greenish cast                                       
     D    1.0%             Deep golden color - no                              
                           greenish cast                                       
     E    2.0%             Very deep golden color - no                         
                           greenish cast                                       
     F    3.0%             Very deep golden color -                            
                           orange cast                                         
     G    4.0%             Light orange color                                  
     ______________________________________                                    
PAL  These results show that the maximum amount of turmeric for suitable yellow
      color is up to about 3% by weight, based on the margarine weight.
PAR  As indicated above, the amount of turmeric can be increased to very high
      levels without objectionable off-color according to the invention. This
      has the three fold advantage of: (1) providing an alternative yellow food
      colorant to those presently commercially available which could become
      scarce and costly due to any number of unforseen circumstances; (2)
      allowing increased colorant concentrations to produce deep golden yellow
      color without introducing off-color; and (3) permitting greater latitude
      in formulating. The last mentioned advantage is best understood with
      reference to the small quantities of colorants generally used. For
      example, a formulating error of an increase by a mere 5 milligrams in the
      amount of carotene colorant can double the amount of colorant in the
      margarine. Since off-colors are produced at higher carotene content, it
      follows that generally small formulating errors may result in an off-color
      product. Much greater latitude is achieved with the present invention
      since good color is produced at very high colorant levels.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oleomargarine comprising a yellow colorant agent, the improvement
      wherein the yellow coloring agent comprises oleo resin of turmeric in an
      amount of from 0.006 to 3% by weight based on the weight of the
      oleomargarine and sufficient to impart to the margarine a yellow color
      with a greenish cast and oleo resin of paprika in an amount from 10 to
      100% by weight based on the weight of the oleo resin of turmeric and
      sufficient to eliminate the greenish cast resulting from the use of oleo
      resin of turmeric alone.
NUM  2.
PAR  2. Yellow colored oleomargarine according to claim 1 wherein the oleo resin
      of turmeric is present in an amount of up to about 2% by weight based on
      the weight of the oleomargarine.
NUM  3.
PAR  3. Yellow colored oleomargarine according to claim 1 wherein the oleo resin
      of turmeric is present in an amount of up to about 1% by weight based on
      the weight of the oleomargarine.
NUM  4.
PAR  4. Yellow colored margarine according to claim 1 in which the turmeric
      concentration is at least 2% by weight and in which the amount of paprika
      is from 10 to 50% by weight of the turmeric.
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PAL  This invention relates to a rapid method for drying foodstuffs and the
      foods dried thereby. In particular, the method disclosed involves
      comminuting the foodstuff, blending therewith starch in an amount of 20 to
      96% by anhydrous weight of the total mixture and drum drying to a desired
      moisture level. The resulting dried and extended foodstuff is superior to
      conventionally dried foodstuffs in color, fragrance, flavor retention and
      storage stability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Since dried foodstuffs, particularly dried fruits and vegetables, can be
      stored for extended periods of time without deterioration and because
      tremendous savings in weight and volume are realized, drying has a very
      strong economic reason for being the preferred method for the preservation
      of foods, particularly those foods which are used commercially as
      intermediates in the production of consumer-oriented prepared foodstuffs.
      With the exception of the expensive freeze-drying technique, commercial
      drying procedures presently employed result in products which are
      appreciably reduced in color, flavor and fragrance. This reduction in
      natural properties is due to a number of factors, primarily the thermal
      requirements of the specific drying procedures.
PAR  Presently employed procedures for drying foods involve blanching or
      pre-cooking prior to drying; this blanching procedure results in the loss
      of volatile flavors as well as a loss in natural color and nutrition. Many
      of the remaining volatile constituents are further removed during
      conventional procedures such as tunnel drying, particularly in view of the
      fact that such drying usually requires exposure of the food to elevated
      temperatures for periods of anywhere from about 6 to about 24 hours. While
      drum drying does not require such lengthy heating periods, the successful
      use of this procedure has been limited to only a small number of foods and
      the resulting products have been deficient in quality and texture.
PAR  It is thus an object of the present invention to provide a method for the
      rapid drying of foodstuffs, particularly fruits and vegetables. It is a
      further object to provide a method for drying these foodstuffs without the
      necessity for blanching and with little or no loss in the natural
      properties of color, flavor and fragrance. It is also an object to provide
      a method for producing dried foodstuffs which are storage stable and which
      when reconstituted or otherwise added to foods will desirably contribute
      to the color, flavor and texture thereof. An ancillary object of the
      invention is to provide a method for extending foodstuffs with minimal
      loss of natural properties. These and other objects will become apparent
      from the description which follows.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, many foodstuffs, including
      virtually all fruit and vegetables, can be dried by comminuting and mixing
      therewith starch in an amount of 20 to 96% by anhydrous weight of the
      total mixture and thereafter drum drying the mixture to the desired
      moisture level under conventional conditions. The food is thus rapidly
      dried so that the final product suffers little or no loss in any of the
      natural volatile properties. Moreover, this novel procedure can be used to
      drum dry a wide range of foodstuffs, including such foods as beets,
      tomatoes, yellow onions, apples, blueberries, etc. Specifically, beets,
      which heretofore were drum dried to produce a product having poor flavor
      and quality can be drum dried in accordance with the method of the present
      invention to produce a product having superior color, flavor and other
      natural properties. Moreover, heretofore dried mild onion has produced an
      insipid rehydrated product and it is therefore necessary to breed special
      pungent hybrid onions for use only in drying in order to obtain a
      satisfactory product. surprisingly, we have found that when normal yellow
      onions are dried according to the method of this invention, a superior
      product having the taste and fragrance of onion is obtained. The vivid
      color of blueberries has been reduced in all previous drying procedures
      except freeze drying; now we have found that the natural color of
      blueberries is retained when they are dried as described herein.
      Furthermore, foodstuffs which are presently dried for extended periods of
      time in tunnel or other dryers may now be dried in conventional drum
      dryers when they are first treated with starch as disclosed herein.
PAR  In addition to retaining the natural properties of the food product, the
      method of the present invention has a number of other advantages. Not only
      are color and flavor retained by the avoidance of the blanching operation,
      the use of the method disclosed herein also results in the economies of
      saving one operational step and an appreciable amount of equipment in a
      commercial operation. Furthermore, the foodstuff thus produced has been
      extended by the addition of the starch component, yet the taste, color and
      fragrance of the food is not affected and when the thus extended food is
      reconstituted or added to other foodstuffs, the starch does not separate
      out, so the final product possesses the required textural characteristics
      while containing only a fraction of the actual foodstuff. Another feature
      of the present invention is the improved flow properties attained when the
      subject method is employed. Using conventional drying methods, many
      products were quite hydroscopic and often tended to form lumps which
      caused difficulties in proper metering as well as in effecting dissolution
      in the final food product; however, the dried products obtained using our
      novel method are free flowing and retain their flowability even after
      extended periods of storage. Yet another advantage of the method of the
      invention is the inactivation of the enzymes during the dormant or dry
      stage with prompt reactivation upon reconstitution of the foodstuff.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  We have found that a wide range of foodstuffs can be dried using the
      procedure disclosed herein. Thus, such diverse foodstuffs as beets,
      peppers, carrots, tomatoes, lemons, limes, oranges, blueberries,
      strawberries, cranberries, apples, onions, pineapples, bananas, meats,
      cheeses, garlic, shallots, etc. can be successfully drum dried when first
      blended with starch in accordance with the method of the present
      invention.
PAR  The method of the invention is not specific to any particular variety of
      starch and satisfactor results may be obtained using such starches
      suitable for use in food products as those derived from corn, potato,
      rice, sago, tapioca, waxy maize, wheat, etc. with tapioca, corn and waxy
      maize starches being preferred. The starch may be employed in its granular
      or pregelatinized form. Moreover, modified starches such as dextrins
      prepared by the hydrolytic action of acids and/or heat, oxidized starches
      prepared by treatment with oxidants, e.g. sodium hypochlorite, and
      fluidity or thin boiling starches prepared by enzyme conversion or by mild
      acid hydrolysis may also be employed. In addition, the starch may be
      chemically derivatized as by means of an esterification reaction to give
      esters, for example, the acetates, propionates, and butyrates; or by
      etherification to yield, for example, hydroxyethyl, hydroxypropyl or
      carboxymethyl ethers. It should also be noted that for the purpose of this
      invention the term "starch" is also meant to include flours and meals
      derived from any of the above described starches since these are also
      applicable for use in the novel process of this invention.
PAR  Depending upon the characteristics required by the use of the reconstituted
      foodstuff, the starch may be derivatized, crosslinked, etc.; for example,
      if the reconstituted foodstuff is to be used in a product which will be
      retorted, it may be desired to employ a suitably inhibited,
      hydroxypropylated foodstarch in the drying operation. Similarly, if
      freeze-thaw properties are required in the final product, the starch
      employed may be treated with both a polyfunctional etherification or
      esterification reagent and with acetic or propionic anhydride as taught in
      U.S. Pat. No. 2,935,510.
PAR  The amount of starch employed will vary from about 20 to about 96% by
      anhydrous weight of the total blend with the food and will preferably vary
      within a range of about 30 to 70%. The preferred amount will of course
      vary depending upon the particular foodstuff to be dried. Thus, in the
      case of beets, it is preferred to employ about 40% by weight starch while
      for lemons, amounts of up to about 70% by weight are desirable.
PAR  Prior to incorporation with the starch component, the foodstuff should be
      comminuted as by dicing, blending, shredding, chopping, mashing or a
      combination of these procedures. The final size will be a factor of the
      particular food being dried; thus while beets may be comminuted to about
      0.015 in. mesh, other foods such as blueberries will be reduced to a puree
      before the starch is added. While it is within the scope of the present
      invention to combine the starch and foodstuff prior to comminuting this
      procedure is not practical as it involves subjecting such a large quantity
      of the combined mixture to the comminuting operation.
PAR  Ordinarily, the comminuted foodstuff, prior to the addition of the starch,
      will contain from about 5 to 20% solids, depending on the particular
      foodstuff. It may be necessary to add additional water in order to
      facilitate application of the material on the drum dryer.
PAR  The starch is added to the comminuted foodstuff in the desired proportions
      by use of any suitable blending or mixing equipment.
PAR  Also, depending upon the particular foodstuff, it may be desirable to treat
      the food with a sulfiting operation such as with an aqueous solution of
      sodium bisulfate, sulfur dioxide, sulfurous acid, etc. or to employ
      another conventional operation prior to drying.
PAR  The blended mixture is then dried to a suitable moisture level, usually
      below about 5%, using conventional drum drying apparatus in accordance
      with such methods as are known to one skilled in the art. Thus, the drum
      dryer may be of an atmospheric or vacuum type and may have either a single
      or double drum. In accordance with a preferred embodiment, the wet blended
      material is fed onto the drum or drums through a perforated pipe or
      oscillating arm from a tank or vat provided with an agitator and a rotor.
      Generally, the drums are steam heated to a temperature within the range of
      about 290.degree. to 350.degree.F. with the capacity of the drum dryer
      being proportional to the effective drying area, i.e., the total surface
      from which drying can take place. The material is dried and removed before
      one complete revolution and for convenience, conveyors may be provided to
      remove the dry material from the vicinity of the drum. Then, the material
      may be flaked or pulverized as required. The drum speed, precise
      temperature, residence time, gap between drums, etc. combine to contribute
      to the success of the operation. The preferred conditions will also vary
      according to the particular food which is to be dried, as will be seen in
      the examples hereinbelow.
PAR  In general, it is desired to reduce the level of moisture to below about 5%
      by weight. This level may be readily reached using the procedure outlined
      above; however, if desired, the foodstuff may be partially dried, as to a
      level of about 10% moisture, using the novel technique of the invention
      and then subsequently further dried using any conventionally employed
      methods.
PAR  After drying, the dried food in sheet form is removed from the drum dryer
      and the food flaked or pulverized as desired for the particular end use.
      Any conventional equipment such as a Ritz mill or hammer mill may be used
      to effect suitable flaking.
PAR  In addition to maintaining the moisture content of the foodstuff below a
      certain level in order to prevent spoilage, it is also important to
      maintain the water activity level below about 0.6. Since microorganisms
      require an abundant supply of water to grow, depriving these organisms of
      sufficient amount of water is an effective method for prohibiting their
      growth. One method for determining the amount of water available for
      microbial growth in a substance is to measure the vapor pressure of water
      above the substance. This vapor pressure is most meaningfully expressed by
      dividing it by the vapor pressure of pure water at the same temperature
      and the same total pressure. The fraction thus obtained is called the
      water activity, a.sub.w, and is a measure of the effective concentration
      of water in the substance since the difference between the vapor pressure
      of the substance and that of pure water is due to the presence of
      dissolved solids in the substance.
PAR  Since one of the unique features of the method of the present invention is
      that the dried product contains its enzymes in an inactivated form, it is
      not necessary, or indeed desirable for most purposes, to blanch the
      foodstuff prior to drying,
PAR  As another option, artificial flavorings, colorings, etc. may be added to
      the final product although this is not deemed necessary since these
      natural properties are retained to such a large extent in our novel dried
      foodstuffs.
PAR  It is to be noted that the unique dried food products of this invention can
      only be adequately described by making reference to the process which has
      been utilized for their preparation.
DETD
PAR  The invention will be further explained by the examples which follow.
PAC  EXAMPLE I
PAR  In this example, beets were drum dried by combining with varying
      proportions of a waxy maize starch which had been inhibited with
      approximately 0.06% epichlorohydrin. The raw beets (13% solids) were
      washed and abraded, diced in 3/8 inch dice and comminuted in a
      Urschel-Cometrol 3600 machine. The comminuted beets were then combined
      with varying amounts of the starch as given in Table I below in a mixer
      and the mixture was pumped onto a drum dryer and dried at a temperature of
      295.degree.-300.degree.F. The dried sheet was removed before one
      revolution was complete and the material flaked and packaged.
PAR  As a control, a sample of drum dried beets was prepared without the
      addition of the starch component. The drum drying operation was very
      difficult and a satisfactory sheet was not formed.
PAR  The results of the example are shown in Table I below.
TBL                TABLE I                                                     
     ______________________________________                                    
     Approximate                    Final                                      
     Beet:Starch                                                               
                Drying   Drum Speed Moisture                                   
                                           Water                               
     Anhydrous Ratio                                                           
                Temp..degree.F.                                                
                         sec/rev    Content                                    
                                           Activity                            
     ______________________________________                                    
     60:40      295      30         2.58%  0.27                                
     50:50      295      27         4.81   0.40                                
     40:60      300      30         3.67   0.33                                
     25:75      300      30         4.43   0.425                               
     Control    300      30         3.40   0.30                                
     (no starch)                                                               
     ______________________________________                                    
PAR  The dried beet products containing the starch had excellent deep color,
      natural taste and after extended storage showed no loss in flowability nor
      any off-note in fragrance. The pure beet sample which contained no starch
      was difficult to drum dry, lost color, was sensitive to heat, had an
      off-note in taste and lost some flowability upon storage.
PAR  The dried beets containing 40% starch were then incorporated in an extended
      tomato paste formula in an amount of 9.0% by weight of the total. The
      beets readily reconstituted and the thus prepared tomato paste exhibited
      superior color and texture when compared with a similar product to which
      beets dried by conventional methods without the addition of starch had
      been added at the same level.
PAC  EXAMPLE II
PAR  This example illustrates the use of various starches in drum drying
      foodstuffs in accordance with the method of the present invention.
PAR  The procedure of Example I was repeated using levels of approximately 25%
      ground beets with 75% starch except in the case of the tapioca dextrin
      where 40% starch was employed.
TBL                TABLE II                                                    
     ______________________________________                                    
               A     B       C       D      E                                  
     ______________________________________                                    
     Wheat flour 85 g    --      --    --     --                               
     Amioca      --      85 g    --    --     --                               
     Corn Starch --      --      85 g  --     --                               
     Tapioca     --      --      --    85 g   --                               
     Tapioca Dextrin                                                           
                 --      --      --    --     12 g                             
     Ground Beets                                                              
                 200 g   200 g   200 g 200 g  200 g                            
     ______________________________________                                    
PAR  All the samples dried well and the foodstuffs retained their natural
      characteristics of color, taste and fragrance.
PAC  EXAMPLE III
PAR  The procedure and starch used in Example I were employed to drum dry yellow
      onions (10-12% solids) in the proportions shown in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
                                 Anhydrous base                                
     Sample Onion    Waxy Maize  Onion:Starch                                  
                                           Water                               
     ______________________________________                                    
     A      100g     300g         4:96     225g                                
     B      200g     200g        10:90     100g                                
     C      300g     100g        25:75     --                                  
     D      360g      40g        52:48                                         
     E      400g     --          --        --                                  
     ______________________________________                                    
PAR  All samples A through D dried very easily; however, with samples A and B it
      was necessary to add water to make the solution flowable for application
      onto the dryer.
PAR  Sample E, which did not contain any starch, could not be dried since the
      onion solution fried as soon as it was placed on the drum.
PAC  EXAMPLE IV
PAR  Canned crushed pineapple (12-15% solids) was ground and combined with
      sufficient waxy maize starch inhibited with 0.06% epichlorohydrin to give
      an anhydrous pineapple:starch ratio of 25:75. The foodstuff was easily
      drum dried to give an excellent product.
PAR  As a comparison, an attempt was made to drum dry the pineapple without the
      addition of the starch component; however, the pineapple bacame very tacky
      and would not form a satisfactory dry film.
PAC  EXAMPLE V
PAR  In accordance with the procedure of Example I, lemons (10-12% solids) were
      ground and mixed with varying proportions of the inhibited waxy maize
      starch used in Example I. The results are shown in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                              Anhydrous                                        
     Lemon  Starch   Water    Lemon:Starch                                     
                                        Results                                
     ______________________________________                                    
     100g   300g     300g      4:96     Excellent                              
     200g   200g     100g     12.5:87.5 Excellent                              
     300g   100g      50g     30:70     Excellent                              
     360g    40g      20g     55:45     Slightly tacky                         
     150g   --       --       --        Very tacky and                         
                                        unsatisfactory                         
     ______________________________________                                    
PAC  EXAMPLE VI
PAR  This example illustrates methods for drum drying whole tomatoes and canned
      tomato paste.
PAR  A-- Three parts canned whole tomatoes containing 12% solids were comminuted
      and blended with one part of an acetylated inhibited waxy maize starch and
      drum dried. No difficulties were encountered and the product possessed
      superior properties.
PAR  B-- Three parts tomato paste (28% solids) were combined with one part of
      the starch used in A above and drum dried. The dried product was darker in
      color than Sample A. When mixed with water, the product dispersed
      instantly.
PAC  EXAMPLE VII
PAR  The procedure and starch used in Example I were again used to drum dry a
      variety of fruits and vegetables. The results are shown in Table V below.
TBL                TABLE V                                                     
     ______________________________________                                    
     Foodstuff   % Solids Wt. Food  Wt. Starch                                 
                                            Water                              
     ______________________________________                                    
     Orange      20       600g      120g    --                                 
     Orange juice (conc.)                                                      
                 50       400g      400g    200g                               
     Peppers      7       500g      35g     --                                 
     Strawberry  10       500g      50g     --                                 
     Blueberry   15       600g      90g     --                                 
     Apple       15       500g      75g     --                                 
     ______________________________________                                    
PAR  In all cases the foods dried well and yielded products with natural color,
      taste and fragrance.
PAR  In summary it is seen that the blending of starch with a comminuted
      foodstuff permits easy and rapid drum drying of the foodstuff while
      producing an extended food product which has retained its natural
      propeties of color, fragrance and flavor.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for drying foodstuffs comprising the steps of:
PA1  a. comminuting the uncooked foodstuff,
PA1  b. blending therewith a starch in an amount of 20-96% by anhydrous weight
      of the total mixture, and
PA1  c. drum drying the mixture of uncooked foodstuff and starch to a moisture
      level of less than 10%.
NUM  2.
PAR  2. The method of claim 1 wherein the starch is blended with the foodstuff
      in an amount of 30 to 70% by anhydrous weight of the total mixture.
NUM  3.
PAR  3. The method of claim 1 wherein the foodstuff is drum dried at a
      temperature of 290.degree. to 350.degree.F.
NUM  4.
PAR  4. The method of claim 1 wherein the food starch employed is tapioca, waxy
      maize, corn starch or a derivative thereof.
NUM  5.
PAR  5. The method of claim 1 wherein the foodstuff is drum dried to a moisture
      level of less than 5%.
NUM  6.
PAR  6. An extended dried uncooked foodstuff comprising a blend of a foodstuff
      in comminuted form together with a starch in an amount of 20-96% by
      anhydrous weight of the total mixture, which blend has been drum dried at
      a temperature of 290.degree. to 350.degree.F. to a desired moisture level.
NUM  7.
PAR  7. The extended foodstuff of claim 6 wherein the foodstuff is a fruit or a
      vegetable.
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ABST
PAL  This invention relates to a method of selectively treating the surface of
      an article comprising silicon in part and either silica or silicon nitride
      in part wherein either the silicon or the silicon compound is etched at a
      greater rate or a fluoropolymer is deposited on the article by placing the
      article in a plasma containing fluorine, carbon and reducing species and
      adjusting the concentration of the reducing species to selectively etch
      the silicon at a greater rate, etch the silicon compound at a greater rate
      or deposit polymer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to plasma etching and polymer formation.
PAR  Equal proportions of oxidizing and reducing species are produced by
      supplying a plasma with carbon tetrafluoride, and the etch rate of silicon
      in such a plasma is typically found to be of the order of forty five times
      that of its oxide and twenty times that of its nitride. In semiconductor
      device manufacture many etching applications exist, such as in silicon
      planar technology, wherein a reduced, or preferably a reversed, etch rate
      ratio is desired.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to obtain a reduced etch rate
      ratio, and in some instances a reversed etch rate ratio by modifying the
      gas supply to the plasma so as to produce a preponderance of reducing
      species.
PAR  One way of achieving the above described preponderance is to add hydrogen
      to the supply of carbon tetrafluoride; another is to add the hydrogen in
      the form of a chemical compound such as ammonia. Hydrogen can
      alternatively be introduced into the plasma by using a partially fluorine
      substituted hydrocarbon, such as CHF.sub.3 or C.sub.2 HF.sub.5 in place of
      carbon tetrafluoride. Yet another way of achieving a reduced etch rate
      ratio involves increasing the proportion of carbon to fluorine in the
      plasma by replacing carbon tetrafluoride with an alternative fully
      fluorine substituted hydrocarbon such as perfluoro-ethane or
      perfluoropropane. The use of perfluoro-ethane provides a Si/SiO.sub.2 etch
      rate ratio lying typically in the range 7:1 to 3:1 whereas with
      perfluoro-ethane the etch rate ratio is reversed, its value lying
      typically in the range 1:1 to 1:5.
PAR  It is believed that when the treatment is used for etching silicon and
      silica a competitive process is involved between the etching of the two
      materials, and that the competitive etching of silica is favored by a
      preponderance of reducing species. This theory is supported by the
      observed reduction in the etch rate of silica which accompanies the
      addition of oxygen or other oxidizing gases to a plasma supplied with a
      fully fluorine substituted hydrocarbon whereas the etch rate of silicon is
      substantially unaltered. Thus the presence of oxygen or other oxidizing
      gases is undesirable when etching silica, though a small amount, present
      as an impurity in the gas supply, can be tolerated.
PAR  Another halogen can be substituted for part of the fluorine, thus for
      instance the plasma can be supplied with a gas mixture comprising hydrogen
      and, instead of carbon tetrafluoride, difluoro-dichloromethane or
      trifluoro-monochloromethane.
PAR  If, under specified conditions, the plasma is supplied with more than a
      certain amount of hydrogen gas the treatment changes its character from an
      etching process to a polymer film deposition process. Polymer film
      deposition can also result from plasma treatment under appropriate
      conditions using certain specific fluorine, carbon and hydrogen containing
      compounds such as trifluoromethane.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  There follows a description of processes embodying the invention in
      preferred forms.
PAR  An apparatus suitable for performing the treatment consists essentially of
      four items: a 12 inch diameter bell jar system, a gas train for leaking
      gases or mixtures of gases into the bell jar, an r.f. generator for
      sustaining a plasma within the bell jar, and a vacuum pump. Workpieces are
      supported in the bell jar upon a 10 inch diameter aluminum platform. The
      r.f. generator is capable of delivering 500 watts at 1.3 MHz, and the
      power is capacitatively coupled into the plasma using an aluminium foil
      cap fitted to the outside of the bell jar. A suitable vacuum pump consists
      of a single stage 450 l/min pump connected with the bell jar via 2 inch
      diameter copper piping.
PAR  In the etching of a semiconductor slice this apparatus, with a plasma
      established in carbon tetrafluoride at a pressure of 0.07 torr, the etch
      rate of silica is typically in the region of 200 A per minute, whereas
      that of silicon is typically forty five times greater. The addition of
      hydrogen gas to the plasma significantly reduces this etch rate ratio.
      Thus, with a plasma established in a gas mixture having a partial pressure
      of 0.07 torr carbon tetrafluoride and 0.03 torr hydrogen, the etch rate of
      silica is not substantially changed, whereas the etch rate of silicon is
      reduced to give an etch rate ratio of silicon to silica lying typically in
      the range 2:1 to 1:5. The actual value of etch rate ratio appears to
      depend upon a number of parameters including not only the gas pressures
      but also the gas flow rates.
PAR  Two further points should be noted in connection with etch rates. Firstly,
      the etch rates are modified not only by gases but also by reaction
      products from solids such as carbon. Thus the etch rate ratio of 45:1
      quoted in connection with the use of carbon tetrafluoride is a typical
      ratio obtained when using aluminium as a mask material, whereas if black
      wax is used for masking, the etch rate of silicon is significantly
      reduced, resulting in an etch rate ratio in the region of 12:1. Secondly
      it should be noted that, for etching, it is possible to add too much
      hydrogen. If more than a certain amount of hydrogen is added to the carbon
      tetrafluoride etching ceases and a polymer deposit forms. This deposit is
      removed if the hydrogen supply is cut off. The concentration of hydrogen
      sufficient to cause the formation of the deposit depends upon plasma
      conditions. In the apparatus described above more than 40% hydrogen tends
      to result in the formation of a polymer deposit.
PAR  The addition of hydrogen or carbon to the plasma established in carbon
      tetrafluoride has the effect of providing a preponderance of reducing
      species, and of reducing the etch rate ratio. It is not necessary for the
      increased proportion of hydrogen or carbon to be introduced into the
      plasma chemically uncombined with anything else. In the case of carbon
      however there is the disadvantage of using carbon per se that it is a
      solid, and hence its effect upon the etch rate ratio tends to be
      localized. By way of example an alternative way of increasing the
      proportion of carbon in the plasma, without the attendant disadvantages of
      using a solid, is to replace the supply of carbon tetrafluoride with a
      supply of perfluoropropane. This reduces the etch rate ratio typically to
      the extent that the ratio is reversed and silica is etched at a faster
      rate than silicon.
PAR  A reduction in the etch rate of silicon is generally also accompanied by a
      reduction in the etch rate of photoresists. Where this is the case thinner
      photoresist layers may be used and a higher resolution achieved.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for etching an article comprised in part of silicon and in
      part of a substance selected from a group consisting of silica and silicon
      nitride, said process comprising the steps of:
PA1  etching said article in a plasma containing fluorine, carbon and reducing
      species; and
PA1  adjusting the concentration of reducing species in the plasma to which the
      article is exposed, whereby the relative etch rates of silicon and the
      second substance is controlled by adjusting said concentration.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the plasma is supplied with a
      mixture of hydrogen and carbon tetrafluoride.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the plasma is applied with a
      mixture of ammonia and carbon tetrafluoride.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the plasma is supplied with a
      partially fluorine substituted hydrocarbon.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the plasma is supplied with a
      fully fluorine substituted hydrocarbon.
NUM  6.
PAR  6. A process as claimed in claim 5 wherein the plasma is supplied with
      perfluoro-propane.
NUM  7.
PAR  7. A process according to claim 1 further comprising the step of adding an
      alternative halogen for part of the fluorine in the fluorine containing
      compound.
NUM  8.
PAR  8. A process as claimed in claim 7 wherein part of the surface of the
      article is silicon and part silica.
NUM  9.
PAR  9. A process as claimed in claim 7 wherein part of the surface of the
      article is silicon and part silicon nitride.
NUM  10.
PAR  10. A process as claimed in claim 7 wherein the article is a semiconductor
      slice.
NUM  11.
PAR  11. In a process for selectively treating an article comprised in part of
      silicon and in part of a second substance selected from a group consisting
      of silica and silicon nitride, said treatment being selected from a group
      of treatments comprising: (a) etching said silicon at a rate greater than
      said second substance, (b) etching said second substance at a rate greater
      than said silicon and (c) depositing a polymer onto the surface of said
      article, said process comprising the steps of:
PA1  placing the article in a plasma containing fluorine, carbon and a reducing
      species; and
PA1  selecting the desired treatment by adjusting the concentration of reducing
      species in the plasma to which the article is exposed, whereby treatments
      (a), (b) and (c) are performed at relatively increasing concentrations,
      respectively.
NUM  12.
PAR  12. A process according to claim 11 wherein the plasma is supplied with a
      mixture of hydrogen and carbon tetrafluoride.
NUM  13.
PAR  13. A process according to claim 11 wherein the plasma is supplied with a
      mixture of ammonia and carbon tetrafluoride.
NUM  14.
PAR  14. A process according to claim 11 wherein the plasma is supplied with a
      partially fluorine-substituted hydrocarbon.
NUM  15.
PAR  15. A process according to claim 11 wherein the plasma is supplied with a
      fully chlorine-substituted hydrocarbon.
NUM  16.
PAR  16. A process according to claim 15 wherein the plasma is supplied with
      perfluoro-propane.
NUM  17.
PAR  17. A process according to claim 11 further comprising the step of adding
      an alternative halogen for part of the fluorine in a fluorine-containing
      compound.
NUM  18.
PAR  18. In a process for treatment of an article having a surface comprised in
      part of silicon and in part of a substance from the group consisting of
      silica and silicon nitride, said treatment comprising selectively (a)
      etching said surface wherein said silicon is etched at a greater rate than
      said silica or silicon nitride, (b) etching said surface wherein said
      silica or silicon nitride is etched at a greater rate than said silicon,
      or (c) depositing a polymer onto said surface, the steps comprising:
PA1  placing said article in a plasma containing fluorine, carbon and reducing
      species; and
PA1  adjusting the relative amount of reducing species to perform at will and in
      any desired sequence, the treatments defined above as (a), (b) and (c)
      wherein with the particular carbon fluorine and reducing species selected,
      the treatment (a) is performed at a certain concentration of reducing
      species and the treatments (b) and (c) are performed at relatively higher
      concentrations of reducing species.
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ABST
PAL  Recording media comprising films of a polydialdehyde are suitable for
      recording information with electron beams.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 448,825,
      filed May 3, 1974, now abandoned.
BSUM
PAR  This invention relates to novel electron beam recording media. More
      particularly, this invention relates to recording media for recording
      information with an electron beam, which media have excellent resolution
      and sensitivity.
PAC  BACKGROUND OF THE INVENTION
PAR  Information recorded in the form of a relief pattern has long been known
      using photoresists as the recording media. Such media, when exposed to a
      light pattern, change their solubility characteristics in the area struck
      by the light. Recently, suitably modulated electron beams have also been
      utilized for recording relief patterns. Some photoresists are useful as
      electron beam resists, but most of them are relatively insensitive to
      electrom beams, and recording must be performed at slow rates, slower than
      presently available equipment will permit.
PAR  Several polymeric materials are known to be electron beam sensitive,
      including polymethylmethacrylate, copolymers of certain olefins and
      SO.sub.2, disclosed by Kaplan and Davidson in copending application Ser.
      No. 401,213 filed Sept. 27, 1973, now U.S. Pat. No. 3,893,127 and certain
      alpha, beta-unsaturated ketone polymers, disclosed by Levine and Kaplan in
      copending application Ser. No. 314,975 filed Dec. 14, 1972. However, the
      search for additional materials that are particularly sensitive to
      electron beams and are capable of providing well resolved relief patterns
      has been continued.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that films of polydialdehydes are excellent electron beam
      resists having high sensitivity. These media do not form volatile
      decomposition products during recording.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 3 are electronmicrographs of developed information patterns in
      recording media described herein.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Polymers found useful as electron beam resists are homopolymers of
      dialdehydes having recurring units of the formula
      ##EQU1##
      wherein X can be a straight or branched chain alkylene group having 1-10
      carbon atoms or a saturated or unsaturated cycloalkylene or arylene group
      having up to 10 carbon atoms. The polymers can be acetylated for increased
      stability.
PAR  The above polymers are known and can be prepared by the polymerization of a
      dialdehyde in the cold in the presence of various catalysts. A solvent
      such as methylene chloride, toluene, tetrahydrofuran, and the like is
      generally also present. Suitable catalysts include ionic catalysts such as
      lithium t-butyrate, boron trifluoroetherate, triphenylmethylfluoroborate,
      triethylaluminum/water, Friedel Crafts catalysts, and the like, and
      coordination catalysts such as aluminum triethyl titanium tetrachloride,
      aluminum triethyl trichlorovanadate and the like. Polymerization by
      gamma-ray irradiation has also been reported. The monomer is reacted for
      some time, usually an hour or more, and then the reaction is quenched, as
      with pyridine. The resultant polymer can be precipitated from a suitable
      nonsolvent.
PAR  After polymerization, the polymer can be stabilized by terminating with
      acetate groups by reacting with acetic anhydride at slightly elevated
      temperatures. Reaction is continued until the terminal hydroxyl groups are
      acetylized and the resultant terminated polymer is precipitated, washed
      and dried. The terminated polymers are stable enough for long term
      storage.
PAR  In preparing the recording media of the invention, the purified polymer is
      solution cast or spun onto a support if desired. The nature of this
      support is conventional; suitable supports can be flexible, such as
      polyester tape, or inflexible such as glass plate; transparent or opaque,
      depending on the nature of the recording system in which it is to be
      employed. The concentration of the polymer in the solvent, which can be
      for example cellosolve acetate, is adjusted so as to deposit a film of the
      desired thickness onto the support. The solvent is then removed in any
      conventional manner, as by drying, evaporating, and the like.
PAR  An electrically conductive layer is also desirable to remove the charge
      after electron beam exposure. In the event that the support is
      nonconducting, a thin conductive film is applied either to the support
      prior to coating with the resist, or, applied onto the surface of the
      prepared recording medium. This conductive film can be coated glass, such
      as tin oxide or indium oxide coated glass, glass having a conductive metal
      film such as of nickel, and the like. Alternatively, an electron permeable
      conductive layer can be formed on the polymer film by vapor deposition of
      a thin film of copper, nickel, aluminum, chromium or other conductive
      metal or alloy in known manner. The conductive layer is suitably from
      about 50-10,000, preferably 100-1000 angstroms in thickness.
PAR  The recording medium is ready for exposure to electron beam recording. A
      variable speed scanning electron microscope is employed in known manner to
      record desired information in the polymer film.
PAR  After recording, the recording medium is developed by immersing in or
      spraying with a suitable solvent or solvent mixture. Suitable developer
      solvents include esters such as cellosolve acetate, propyl acetate, pentyl
      acetate, isopentyl acetate, t-butyl acetate, ethyl acetate, methyl
      acetate, cyclohexyl acetate, methyl cellosolve, butyl cellosolve, and the
      like; ketones such as acetone, methylethyl ketone, and the like;
      hydrocarbons such as hexane, toluene and the like; alcohols such as
      methanol, ethanol, isopropanol, hexanol, decanol, 2-ethyl-1-butanol,
      2-ethyl-1-hexanol, 1,5-hexanediol, octanol-1,octanol-2, cyclohexanol,
      3-methylcyclohexanol, 4-methylcyclohexanol, carbitol and the like; and
      aqueous solutions such as hexane/water, aqueous sodium bisulfite and the
      like. In general films about 350 millimicrons thick are deposited on the
      support and development is carried out until about 50 to 60  millimicrons
      of unexposed polymer are dissolved. Optimum solvents for each polymer and
      development time for each solvent can be readily determined by a series of
      test runs by one skilled in the art. In general, polymers having a cyclic
      alkylene or arylene group will be best developable with cyclic solvents.
      Aldehydes having fewer carbon atoms per recurring unit are more soluble
      and thus more sensitive to developer solvents. They can best be developed
      by solvent-nonsolvent mixtures.
PAR  The invention will be further illustrated by the following examples, but it
      is to be understood that the invention is not meant to be limited to the
      details described therein.
PAC  EXAMPLE 1
PAC  Part A: Preparation of Polymer
PAR  13.4 Grams (0.1 mol) of phthalaldehyde was polymerized in 134 mls of
      methylene chloride at -78.degree.C. using 0.076 ml (0.06 mol) of boron
      trifluoroetherate as catalyst. After reacting for one hour, the solution
      was quenched with 0.5 ml of pyridine. The polymer was precipitated with
      800 mls of diethyl ether, filtered, washed with 500 mls of ether and
      vacuum dried at room temperature.
PAR  The polymer was obtained in 92.5% yield and had a melting point of
      123.degree.-123.5.degree.C. The structure was confirmed by nuclear
      magnetic resonance spectroscopy.
PAR  The polymer product was reprecipitated from methylene chloride with
      methanol, filtered and dried. A yield of 82% was obtained of the polymer
      now having a melting point of 142.degree.-143.degree.C.
PAC  Part B: Termination of Polymer
PAR  Three grams of polymer product obtained as in Part A were reacted with 60
      mls of acetic anhydride at 35.degree.C. for 3 days. The solution was
      poured into ice water, the precipitated polymer filtered, washed with
      water, then methanol, and dried under vacuum.
PAR  The polymer product was purified by dissolving in 50 mls of
      tetrahydrofuran, reprecipitated with 800 mls of methanol, filtered and
      dried.
PAR  A yield of about 70% of a polymer having the structure
      ##SPC1##
PAL  was obtained having a melting point of 162.5.degree.-164.degree.C. The
      number average molecular weight of the polymer was 48,000 and the weight
      average molecular weight was 71,600.
PAC  Part C: Electron Beam Recording
PAR  A solution containing 1 part of the polymer in 9 parts of cellosolve
      acetate was made and spun coated onto nickel coated glass plates fitted
      with silver paste electrodes. The film thickness was about 300 nanometers.
      The films were given line exposures to the beam of a scanning electron
      microscope at an accelerating potential of 5 kV and a beam current of 3
      nA. The gaussian-shaped beam, having a width at 1/2 amplitude of 0.42
      micron, was scanned at several speeds to describe rasters on the surface
      of the films, thereby varying the total exposure of the films to the beam.
PAR  The exposed films were developed by immersing in a 65:35 mixture of
      cyclohexylacetate and butyl cellosolve for two minutes and 15 seconds.
      After drying, the films were measured for erosion of the unexposed area;
      about 60 nanometers of erosion had occurred.
PAR  A layer of gold about 200 angstroms thick was evaporated onto the developed
      films which were then examined using a scanning electron microscope. The
      width and depth of the raster lines were measured. The data are summarized
      below:
TBL          ELECTRON BEAM EXPOSURE     LINE                                   
             VELOCITY,     M COULOMBS/  WIDTHS,                                
     SAMPLE  CM/SEC.       CM.sup.2     MICRONS                                
     ______________________________________                                    
     1       2.5           26           1                                      
     2       10            6.7          0.925                                  
     3       25            2.6          0.6                                    
     ______________________________________                                    
PAR  The Figures show photomicrographs of the above samples wherein FIG. 1 is a
      photomicrograph of sample 1, FIG. 2 is a photomicrograph of sample 2, and
      FIG. 3 is a photomicrograph of sample 3. It can be seen that the trenches
      have an excellent geometry, that is, a clearly defined, straight walled
      trench.
PAC  Example 2
PAR  Polysuccinaldehyde was polymerized according to the method described by C.
      Aso et al., Die Makromolekular Chemie, 84, 126-136 (1965). A solution of
      4.3 grams of succinaldehyde (0.05 mol) in 80 mls of dry toluene was added
      to a dry polymerization tube and cooled to -78.degree.C. in a dry
      ice-acetone bath. 0.05 Mol of water and 0.335 gram (0.0029 mol) of
      triethylaluminum were added and the reaction was continued for 18 hours
      when it was quenched with 0.5 ml of pyridine. The polymer product was
      precipitated twice from solution in toluene with 80 mls of hexane. The
      polymer was then dissolved in benzene, filtered to remove gel particles,
      precipitated with hexane and dried at room temperature under vacuum.
PAR  The resultant polymer had the structure
      ##EQU2##
      a fusion temperature of 75.degree.-80.degree.C. and a melting point of
      105.degree.-110.degree.C. It remained stable in benzene solution.
PAR  A film was cast from cellosolve acetate solution onto nickel coated glass
      plates and exposed to an electron beam as in Part C of Example 1. The
      films were developed from hexane/water (50% by volume). Good raster lines
      were observed using a scanning electron microscope.
PAC  EXAMPLE 3
PAR  Polyglutaraldehyde was polymerized according to the method described by C.
      Aso et al., Die Makromolekulare Chemie 58, 195 (1962). Ten grams of
      glutaraldehyde were dissolved in 200 mls of toluene and cooled to
      -78.degree.C. in a polymerization tube. A catalyst (0.63 ml of boron
      trifluoroetherate) was added and reaction was continued for 1.5 hours when
      it was quenched with 1 ml of pyridine. The polymer was precipitated with
      hexane. A yield of 24% was obtained.
PAR  The polymer was purified by precipitating from benzene once and from
      tetrahydrofuran twice and drying under vacuum. 3.5 Grams of polymer were
      obtained.
PAR  The polymer was dissolved in 40 ml of benzene containing 30 mls of acetic
      anhydride and 6 mls of pyridine and stirred for 18 hours at 30.degree.C.,
      3 hours at 40.degree.C. and warmed to 90.degree.C. before pouring into
      hexane. The polymer was purified by precipitating from tetrahydrofuran
      three times and vacuum drying.
PAR  A 71% yield (2.5 grams) of a polymer of the formula
      ##EQU3##
      was obtained.
PAR  This polymer had a melting point of 115.degree.-120.degree.C., a number
      average molecular weight of 4270, a weight average molecular weight of
      6150 and a dispersivity of 1.44.
PAR  A film was cast from tetrahydrofuran onto nickel coated glass plates and
      exposed to an electron beam as in Part C of Example 1. The films were
      developed from cyclohexanol. Good raster lines were observed under a
      scanning electron microscope.
CLMS
STM  We claim:
NUM  1.
PAR  1. A medium for electron beam recording which comprises a film of a polymer
      having the formula
      ##EQU4##
      wherein R is H or
      ##EQU5##
      and R' is H or
      ##EQU6##
      and X is selected from the group consisting of branched or straight chain
      alkylene groups of 1 - 10 carbon atoms, saturated or unsaturated
      cycloalkylene groups and arylene groups of up to 10 carbon atoms and an
      electrically conductive layer on a support.
NUM  2.
PAR  2. A medium according to claim 1 wherein the polymer layer is about 350
      millimicrons thick and the conductive layer is about 50-10,000 angstroms
      thick.
NUM  3.
PAR  3. A medium according to claim 1 wherein the polymer is terminated by
      acetate groups.
NUM  4.
PAR  4. A medium according to claim 1 wherein X is o-phenylene.
NUM  5.
PAR  5. A medium according to claim 4 wherein the polymer is terminated by
      acetate groups.
NUM  6.
PAR  6. A medium according to claim 1 wherin X is alkylene.
NUM  7.
PAR  7. A medium according to claim 6 wherein X is ethylene.
NUM  8.
PAR  8. A medium according to claim 6 wherein X is propylene.
NUM  9.
PAR  9. A medium according to claim 8 wherein the polymer is terminated by
      acetate groups.
NUM  10.
PAR  10. A medium according to claim 1 wherein said electrically conducting
      layer is adjacent to the support.
NUM  11.
PAR  11. In the method of recording information whereby a modulated beam of
      electrons is scanned across the surface of a resist material which becomes
      more soluble in a developer solvent when impinged upon by a beam of
      electrons and the resist material is developed with a developer solvent so
      as to move the solubilized portion thereof, the improvement which
      comprises employing as the resist material a film of a polymer having the
      formula
      ##EQU7##
      wherein R is H or
      ##EQU8##
      and R' is H or
      ##EQU9##
      and X is selected from the group consisting of branched or straight chain
      alkylene groups of 1 - 10 carbon atoms, saturated or unsaturated
      cycloalkylene groups and arylene groups of up to 10 carbon atoms and an
      electrically conductive layer on a support.
NUM  12.
PAR  12. The method according to claim 11 wherein said electrically conducting
      layer is adjacent to the support.
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ABST
PAL  An improved precoat layer of highly insoluble, low molecular weight
      polyvinyl alcohol is uniformly thinly dispersed and dried upon the
      interior surface of a television picture tube faceplate panel. The precoat
      is applied by a slurry process with the aqueous slurry containing a
      predetermined amount of the normally soluble, low molecular weight
      polyvinyl alcohol and with the material being rendered highly insoluble by
      adjusting the pH value of the aqueous slurry to a value of less than about
      3. The uniformly dispersed and dried precoat provides a highly adherent
      layer on the glass faceplate panel and the subsequently deposited phosphor
      pattern is highly adherent to this layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the fabrication of color television
      picture tubes. In the manufacturing of such color television picture tubes
      an array of phosphor patterns are deposited upon the interior surface of
      the glass faceplate via a photoresist exposure process in which a
      polymerizable binder material is utilized to adhere the inert phosphor
      compositions to the glass faceplate. The phosphor patterns are laid down
      via a slurrying process, with repetitive washings which can remove
      non-adherent material. In order to promote good adherence of the
      polymerizable phosphor composition containing slurry, it has been the
      practice to first apply a thin precoat of highly insoluble, high molecular
      weight polyvinyl alcohol containing aqueous slurry upon the glass
      faceplate panel. The high molecular weight material is typically utilized
      in a concentration of about 0.075 weight percent polyvinyl alcohol, in the
      precoat slurry. To further improve the adherence of the precoat layer to
      the glass faceplate it has been the practice to include a predetermined
      amount of colloidal silica, about 0.075 weight percent, which is uniformly
      dispersed throughout the slurry to promote further adherence of the
      precoat to the glass faceplate, and to also promote adherence of the later
      applied polymerizable phosphor arrays.
PAR  The complete fabrication process for preparing such color television
      picture tubes is set forth in greater detail in U.S. Pat. No. 3,712,815
      issued Jan. 23, 1973, and owned by the assignee of the present invention.
      It should be understood that after deposition of the phosphor array layer
      and an opaque non-reactive material between the phosphor arrays that the
      polymerized organic constituents are removed from the picture tube prior
      to final seal of the picture tube during a high temperature lehr
      operation. In other words all the organic material which has been utilized
      in production and fabrication of the faceplate panel must now be removed
      via a decomposition and outgassing process. It is therefore desirable to
      minimize the required amount of organic material necessary in the
      fabrication process. The inclusion of the colloidal silica in the precoat
      slurry has been required to achieve high adherence of the precoat glass
      faceplate panel, yet its inclusion necessitates careful control of the
      dispersion and drying process to prevent formation of what are termed
      precoat stains. Such precoat stains are produced as a result of selective
      drying and accumulation of the colloidal silica on specific areas of the
      faceplate panel and constitute a visual defect which can be carried
      through to the completed picture tube.
PAC  SUMMARY OF THE INVENTION
PAR  A method of applying an insoluble highly adherent precoat layer on the
      glass faceplate panel of a color television picture tube. The phosphor
      layer and opaque material are to be deposited over and adhered to the
      precoat layer. An aqueous slurry is prepared containing from about 0.01 to
      0.1 weight percent of normally soluble, low molecular weight polyvinyl
      alcohol. The pH of the aqueous slurry is adjusted by addition of a
      selected acid to a value of less than about pH 3. The adjusted aqueous
      slurry is uniformly dispersed over the glass faceplate panel, and is dried
      thereon to form the insoluble adherent precoat layer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The generally rectangular spherically curved faceplate panel portion of the
      color television picture tube is cleaned and the interior surface is
      thoroughly washed prior to application of the precoat slurry material. An
      aqueous slurry is prepared by the addition of normally water soluble, low
      molecular weight polyvinyl alcohol, which by way of example can be the
      trademarked material Vinol 540, a trademark of AIRCO Chemical Corporation.
      The aqueous slurry contains from about 0.01 to about 0.1 weight percent of
      the polyvinyl alcohol. Other low molecular weight polyvinyl alcohol
      compositions can be utilized with a molecular weight preferably being less
      than about 50,000. The preferred weight percent concentration of polyvinyl
      alcohol in the aqueous slurry is about 0.05 weight percent.
PAR  The pH of this aqueous slurry will be about neutral, and the pH is then
      reduced to a value of less than about pH 3 by the addition of the selected
      acids, such as sulfuric acid or hydrochloric acid. The hydrochloric acid
      is preferred because it has a lower boiling point. The lower the boiling
      point of the acid used, the lower the lehring temperature needed to remove
      the acid residue during the subsequent drying and lehring of the tube. The
      hydrochloric acid facilitates formation of a present layer over which
      subsequently dispersed slurries flow more evenly. The pH of the aqueous
      solution is preferably adjusted to a value of about 2.5 by the addition of
      hydrochloric acid.
PAR  The adjusted pH aqueous slurry is thereafter uniformly dispersed upon the
      glass faceplate panel which is rotated to form a uniformly thin precoat
      layer thereon. The precoat layer is dried in place by heating the thinly
      coated faceplate panel to about 90.degree.F to complete insolubilization
      of the precoat by driving off the water from the slurry.
PAR  The color television picture tube fabrication is thereafter completed
      utilizing the teachings of the aforementioned U.S. Pat. No. 3,712,815.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of applying an insoluble adherent precoat layer on the faceplate
      of a color television picture tube over which the phosphor pattern is
      deposited, which method comprises:
PA1  preparing an aqueous slurry containing from about 0.01 to 0.1 weight
      percent of normally soluble, low molecular weight polyvinyl alcohol having
      a molecular weight of less than about 50,000;
PA1  adjusting the pH of the aqueous slurry to a value of less than about 3;
PA1  uniformly dispersing a predetermined amount of the adjusted slurry over the
      faceplate and drying it thereon to form the insoluble precoat layer.
NUM  2.
PAR  2. The method specified in claim 1, wherein the aqueous slurry preferably
      contains about 0.05 weight percent of normally soluble, low molecular
      weight polyvinyl alcohol.
NUM  3.
PAR  3. The method specified in claim 1, wherein the pH of the aqueous slurry is
      preferably adjusted by addition of an acid selected from hydrochloric and
      sulfuric acid.
NUM  4.
PAR  4. The method specified in claim 1, wherein the adjusted pH is preferably
      about 2.5.
NUM  5.
PAR  5. The method specified in claim 1, wherein the aqueous slurry is dispersed
      upon the faceplate by rotating the faceplate, and the drying is effected
      by heating the thinly coated faceplate by rotating the faceplate, and the
      drying is effected by heating the thinly coated faceplate to complete
      insolubilization of the precoat.
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ABST
PAL  Semi-conducting materials which may be used in preparing resistors may be
      prepared by treating a refractory oxide with a pyrolyzable organic
      compound at an elevated temperature and thereafter further treating the
      resultant semi-conducting pyropolymeric inorganic refractory oxide
      composite material at an elevated temperature with subsequently controlled
      cooling rate to provide a material which possesses a lower resistivity and
      a controllable temperature coefficient of resistance over a wide range.
BSUM
PAR  This invention relates to semi-conducting pyropolymeric inorganic
      refractory oxide materials and more specifically to semi-conducting
      pyropolymeric inorganic refractory oxide materials which possess a
      desirable temperature coefficient of resistance.
PAR  All resistive materials exhibit changes in resistance with changes in
      temperature to a greater or lesser extent. This is of particular
      importance when the resistive device may be subjected to a wide variance
      of temperature such as being used at a temperature up to about 100.degree.
      C. or down to about 0.degree. C. The resistors which are formed may
      possess a wide variety of temperature coefficients of resistance. The
      aforesaid temperature coefficient of resistance is, to some extent, a
      measure of quality for resistors, i.e., whether they be expensive or
      inexpensive to manufacture. The temperature coefficient of resistance is
      defined as the change in resistance per unit resistance for a given change
      in temperature in .degree.C., a standard unit for this quantity of change
      being designated by ppm/.degree. C. In many instances, expensive precision
      resistors will have a range of values extending from 10 to 50 ppm/.degree.
      C., examples of these precision resistors being wire-wound or metal film
      resistors. On the other hand, in inexpensive resistors the range of value
      may extend up to several thousand ppm/.degree. C., examples of these
      inexpensive resistors comprising carbon film resistors.
PAR  It is therefore an object of this invention to provide a method of
      manufacturing an inexpensive material, such as that which is used in
      composition resistors, which will possess a superior temperature
      coefficient of resistance similar to that which is found in the precision
      resistors.
PAR  A further object of this invention is to provide a semi-conducting
      pyropolymeric inorganic refractory oxide material which is inexpensive in
      cost and which will possess a range of controlled values of temperature
      coefficient of resistance.
PAR  In one aspect an embodiment of this invention resides in a method of
      manufacturing a semi-conducting pyropolymeric inorganic refractory oxide
      material which comprises treating a refractory oxide with a pyrolyzable
      organic compound at a temperature in the range of from about 400.degree.
      to about 800.degree. C. whereby a mono-layer of carbonaceous pyropolymer
      is formed on the surface of said refractory oxide, thereafter further
      treating the resultant semi-conducting pyropolymeric inorganic refractory
      oxide material in an inert atmosphere at a temperature in the range of
      from about 700.degree. to about 1200.degree. C., and recovering the
      resultant semi-conducting pyropolymeric inorganic refractory oxide
      material which possesses a temperature coefficient of resistance in a
      range of from about -20,000 to about +20,000 ppm/.degree. C. as a function
      of the cooling rate.
PAR  A specific embodiment of this invention is found in a method for
      manufacturing a semi-conducting pyropolymeric inorganic refractory oxide
      material which comprises treating alumina with cyclohexane at a
      temperature in the range of from about 400.degree. to about 800.degree. C.
      whereby a mono-layer of carbonaceous pyropolymer is formed on the surface
      of said alumina, thereafter further treating the resultant semi-conducting
      pyropolymeric inorganic refractory oxide material in an inert atmosphere
      at a temperature in the range of from about 800.degree. C. to about
      1200.degree. C. and recovering the resultant semiconducting pyropolymeric
      inorganic refractory oxide material which possesses a temperature
      coefficient of resistance in a range of from about +25 to about - 25
      ppm/.degree. C.
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth the present invention relates to a method for
      manufacturing a semi-conducting pyropolymeric inorganic refractory oxide
      material which possesses a controlled temperature coefficient of
      resistance. Heretofore, it has been known in the prior art that resistors
      may be prepared by utilizing a resistor ink or other resistive material
      such as a carbon or graphite. However, the use of carbon black or graphite
      in a resistor has a number of disadvantages, among them being: (a) the
      rheological properties of inks formed utilizing carbon black or graphite
      as a pigment are highly variable because of the variety of formulations
      required to produce a series of resistance values, (b) the electronic
      performance characteristics vary for the various formulations for the same
      reason, and (c) batch to batch reproducibility of a given formulation is
      poor because of the variability of carbon black and graphite properties.
      As hereinbefore set forth this is of particular importance inasmuch as
      when an electrical component system is operated over a wide range of
      temperature environments such as being operated at temperatures below
      0.degree. C. or above 100.degree. C. it is an advantage to have a
      stability of the specifications for the circuit system. In order to effect
      the stability, it is necessary that the temperature coefficient of
      resistance be within a relatively narrow range.
PAR  The disadvantages which have been hereinbefore enumerated may be eliminated
      by utilizing a semi-conducting pyropolymeric inorganic refractory oxide
      material which has been manufactured in a manner hereinafter set forth in
      greater detail either per se or as the pigment of an electrical resistor
      ink. By utilizing a pigment in an ink which comprises the semi-conducting
      pyropolymeric inorganic refractory oxide material, it is possible to
      obtain resistors in which the temperature coefficient of resistance values
      will vary over a relatively narrow range. The resistance values of the
      resistor prepared from an ink containing the desired semi-conducting
      pyropolymeric inorganic refractory oxide material is determined by
      selecting the resistivity of the oxide material and not by controlling the
      volume concentration of the resistive pigment in the vehicle, as in the
      case of carbon black or graphite inks. By having a constant and optimum
      volume concentration of the oxide material in the primary vehicle for all
      resistance values, it is possible to insure uniform rheological properties
      for screening purposes. Another advantage of utilizing the electrical
      resistor inks prepared from semi-conducting pyropolymeric inorganic
      refractory oxide material which is manufactured according to the process
      of the present invention is that there will be inherently lower current
      noise in the resulting resistors as contrasted with the noise level found
      when utilizing resistors based solely on carbon or graphite. In addition,
      there is no requirement for electrical lead attachments, and the inks,
      when dried, are easily trimmed by conventional laser and/or abrasive
      trimming techniques. Yet another advantage of utilizing the electrical
      resistor inks of the present invention is that the curing of the ink
      formulations can be effected at room temperature or can be air or oven
      dried if desired.
PAR  Electrical resistor inks may find a wide variety of uses in the electrical
      field. For example, one application of resistor inks is to produce direct
      substitutes for discrete resistors in all types of electrical circuits, a
      particularly advantageous use being in connection with laminated printed
      circuit boards. The electrical resistor ink can be applied to either side
      of the circuit board, that is, the component side or the foil side, prior
      to the final soldering step in which discrete components are electrically
      attached. In addition, either single- or multi-layered circuit boards are
      suitable. For example, in the latter case, where multiple layers of
      circuits are involved, direct incorporation of the printed resistors in
      the layers provides an obvious benefit in lowering component densities
      where discrete components must be attached, thus resulting in a
      significant saving of space. In addition to the use hereinbefore described
      in laminated printed circuit boards the electrical resistor ink can be
      used to produce radiant heating panels for use in building construction in
      which the ink is applied to an inner sheet of panel prior to final
      lamination; coating an insulating fiber; as an anti-static spray to
      protect surfaces from static charge accumulation or as window defrosters
      in which the electrical resistor ink is applied in the form of a fine line
      to a window surface and after drying will act as a heating element. It is
      therefore readily apparent that the uses of an electrical resistor ink of
      the type hereinafter set forth in greater detail are widely varied and
      therefore an electrical resistor ink which possesses certain advantageous
      properties will be very desirable. The term "ink" as used in the present
      specification will refer to a liquid composition which may be used in the
      form of an ink such as a paste, paint, etc. The ink will comprise a
      semi-conducting pyropolymeric inorganic refractory oxide material prepared
      in a manner hereinafter set forth in greater detail and which will possess
      a temperature coefficient of resistance value within a relatively narrow
      range in a vehicle. The vehicle may be a mixture of a synthetic or
      naturally occurring resin, a binder and a solvent in which the oxide
      materials are suspended, or may be an oil or a mixture of an oil and a
      separate binder. In addition, it is also contemplated within the scope of
      this invention that the ink may also contain added accessories such as
      anti-skinning agents, drying agents, colored pigments, dryers, waxes,
      talcs, extending or viscous varnishes, thinners, body gums, shorteners and
      lengtheners, perfumes, plasticizers, anti-foam compounds, etc.
PAR  As previously discussed, prior art inks or paints which contain carbon or
      graphite as the sole resistive component of the mixture are subject to
      certain disadvantages. For example, the temperature coefficient of
      resistance of carbon and graphite is relatively large in magnitude and
      therefore a resistor resulting from the use of these materials will not
      possess high stability when subjected to temperature changes. Graphites,
      both naturally occurring and synthetic in nature, are also subject to
      these same disadvantages and in addition may possess other disadvantages
      such as relatively high current noise characteristics. A further
      disadvantage is in batch to batch non-reproducibility of carbon and
      graphite ink formulation of .+-.25 to .+-.45% of the effective resistance
      values. By utilizing a semi-conducting pyropolymeric inorganic refractory
      oxide material of the type hereinafter set forth in greater detail as the
      resistive component of the finished composition of matter, it is possible
      to overcome these disadvantages and provide a resistor which is tough,
      flexible and flake-resistant; will compete cost-wise effectively with
      discrete carbon resistors while yielding equivalent or superior
      performance characteristics; will have a relatively low current noise as
      contrasted with carbon inks, and will also possess a controllable
      temperature coefficient of resistance and will be stable over a wide range
      of temperatures.
PAR  The semi-conducting pyropolymeric inorganic refractory oxide material may
      comprise a mono-layer of carbonaceous pyropolymer formed on the surface of
      a refractory oxide material. The semi-conducting pyropolymeric inorganic
      refractory oxide material may be prepared by heating an organic compound
      in the absence of oxygen and passing the pyrolyzable substance over the
      refractory oxide material in the vapor phase to deposit a carbonaceous
      pyropolymer thereon. The refractory oxide material which may be used as
      the base may be in any form such as loose or compacted dry powders, cast
      or calcined sols, heated sols, substrates in the form of flats, cylinders
      and spheres, rods, pellets, etc. In the preferred embodiment of the
      present invention the refractory oxide base will be characterized as
      having a surface area of from 1 to about 500 square meters per gram.
      Illustrative examples of the refractory oxides which may be used will
      include alumina in various forms such as gamma-alumina and silica-alumina.
      In addition, it is also contemplated that the refractory oxide may be
      preimpregnated with a catalytic metallic substance such as platinum,
      platinum and rhenium, platinum and germanium, platinum and tin, platinum
      and lead, nickel and rhenium, tin, lead, germanium, etc.
PAR  Examples of organic substances which may be pyrolyzed to form the
      pyropolymer on the surface of the aforementioned refractory oxides will
      include aliphatic hydrocarbons, cycloaliphatic hydrocarbons, aromatic
      hydrocarbons, aliphatic halogen derivatives, aliphatic oxygen derivatives,
      aliphatic sulfur derivatives, aliphatic nitrogen derivatives, heterocyclic
      compounds, organometallic compounds, etc. Some specific examples of these
      organic compounds which may be pyrolyzed will include ethane, propane,
      butane, pentane, ethylene, propylene, 1-butene, 2-butene, 1-pentene,
      2-pentene, 1,3-butadiene, isoprene, cyclopentane, cyclohexane,
      methylcyclopentane, benzene, toluene, the isomeric xylenes, naphthalene,
      anthracene, chloromethane, bromomethane, chloroethane, bromoethane,
      chloropropane, bromopropane, iodopropane, chlorobutane, bromobutane,
      iodobutane, carbon tetrachloride, chloroform, 1,2-dichloroethane,
      1,2-dichloropropane, 1,2-dichlorobutane, ethyl alcohol, n-propyl alcohol,
      isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, t-butyl alcohol,
      glycol, glycerol, ethyl ether, isopropyl ether, butyl ether, ethyl
      mercaptan, n-propyl mercaptan, butyl mercaptan, methyl sulfide, ethyl
      sulfide, ethyl methyl sulfide, methyl propyl sulfide, dimethyl amine,
      diethyl amine, ethyl methyl amine, acetamide, propionamide, nitroethane,
      1-nitropropane, 1-nitrobutane, acetonitrile, propionitrile, formic acid,
      acetic acid, oxalic acid, acrylic acid, formaldehyde, acid aldehyde,
      propionaldehyde, acetone, methyl ethyl ketone, methyl propyl ketone, ethyl
      propyl ketone, methyl formate, ethyl formate, ethyl acetate, benzyl
      chloride, phenol, o-cresol, benzyl alcohol, hydroquinone, resorcinol,
      catechol, anisole, phenetole, benzladelyde, acetophenone, benzophenone,
      benzoquinone, benzoic acid, phenyl acetate acid, hydrocinnamic acid,
      furan, furfural, pyran, coumarin, indole, carbohydrate derivatives such as
      sugars including dextrose, fructose, sucrose, starches, etc. It is to be
      understood that the aforementioned compounds are only representative of
      the class of compounds which may undergo pyropolymerization and that the
      present invention is not necessarily limited thereto.
PAR  As hereinbefore set forth the aforementioned organic compounds are admixed
      with a carrier gas such as nitrogen or hydrogen, heated and thereafter
      passed over the refractory oxide base of the type hereinbefore set forth.
      The deposition of the propolymer on the surface of the base is effected at
      relatively high temperatures ranging from about 400.degree. to about
      800.degree. C. and preferably in a range of from about 600.degree. to
      about 750.degree. C. It is possible to govern the electrical properties of
      the semi-conducting pyropolymeric inorganic refractory oxide material by
      regulating the temperature and residence time during which the refractory
      oxide base is subjected to the treatment with the organic pyrolyzable
      substance. The thus prepared semi-conducting pyropolymeric inorganic
      refractory oxide material when recovered will possess a resistivity in the
      range of from about 10.sup..sup.-2 to about 10.sup.8 ohm-centimeters.
PAR  The semi-conducting pyropolymeric inorganic refractory oxide material when
      recovered from the first stage of the process of the present invention
      will possess a negative temperature coefficient of resistance. In order to
      obtain a semi-conducting pyropolymeric inorganic refractory oxide material
      which possesses a positive temperature coefficient of resistance within
      the range from about +25 to about +20,000 ppm/.degree. C., it is necessary
      to subject the semi-conducting pyropolymeric inorganic refractory oxide
      material to further treatment. This further treatment consists of
      subjecting the semi-conducting pyropolymeric inorganic refractory oxide
      material to further heating in an inert atmosphere at a temperature in the
      range of from about 700.degree. to about 1200.degree. C. followed by a
      rapid cooling which is also referred to as a quench. The second heating
      step may be effected in various ways. For example, the semi-conducting
      pyropolymeric inorganic refractory oxide material may be cooled after the
      first heating stage prior to being reheated. The cooling must be
      accomplished in a rapid manner by subjecting the semi-conducting
      pyropolymeric inorganic refractory oxide material after the first heating
      step to a quench by being removed from the heater into the atmosphere or
      by being passed into liquid nitrogen. Alternatively, the semiconducting
      pyropolymeric inorganic refractory oxide material may be subjected to a
      slow cooling or annealing step in which a slow decrease of .DELTA. T
      (temperature differential) is accomplished over a period which will range
      from about 0.5 up to about 24 hours resulting in a product with a negative
      temperature coefficient of resistance. Upon completion of the second
      heating and quenching step, which will raise the temperature coefficient
      of resistance from a negative value up to zero or a positive temperature
      coefficient of resistance within the range hereinbefore set forth, the
      material is recovered and utilized in a manner hereinafter set forth in
      greater detail.
PAR  As an alternative process, it is also contemplated within the scope of this
      invention that the second heating stage of the process may be effected in
      a continuous manner after the first heating step has been accomplished.
      This is effected by placing the semi-conducting pyropolymeric inorganic
      refractory oxide material in a second heating zone or by raising the
      temperature in the first heating zone to the aforementioned range. The two
      heating stages may be effected on the semi-conducting pyropolymeric
      inorganic refractory oxide material which is in the form of a powder or,
      if so desired, the powder which results from the first heating stage may
      be formed into a desired shape and thereafter subjected to heating at the
      elevated temperature in the second stage of the process.
PAR  While the aforementioned discussion has been centered on the use of a
      single semi-conducting pyropolymeric inorganic refractory oxide material
      to be used in a resistor, it is also contemplated within the scope of this
      invention that a semi-conducting pyropolymeric inorganic refractory oxide
      material which results from the two-step process of the present invention
      and which will possess a positive temperature coefficient of resistance
      may be blended with the semi-conducting pyropolymeric inorganic refractory
      oxide material which has only been subjected to a first stage pyrolysis
      reaction, this material possessing a negative temperature coefficient of
      resistance, and thus the resulting material when thoroughly admixed will
      possess a temperature coefficient of resistance near zero.
PAR  The semi-conducting pyropolymeric inorganic refractory oxide material which
      has been prepared according to the two-step process of the present
      invention or which is admixed with another semi-conducting pyropolymeric
      inorganic refractory oxide material which has been prepared in only a
      single-step process, the mixture of the two materials having a desired
      temperature coefficient of resistance may be admixed with other components
      which make up the final electrical resistor ink. These other components
      will act as a medium in which the semi-conducting pyropolymeric inorganic
      refractory oxide material is carried, and will comprise ingredients which
      will impart suitable rheological and drying properties to the ink during
      the application of said ink and desirable physical and electrical
      properties to the resistor after the ink has set. The suitable rheological
      properties are dictated by the particular procedure during the
      application. For example, if the ink is to be applied by silk screening,
      the ink must have the pseudoplastic properties of low viscosity at high
      shear rates and high viscosity at low shear rates. This allowed the ink to
      be easily passed through the screen and at the same time will prevent an
      excessive flow after the application. In addition, drying times must be
      compatible with the application procedure, i.e. must be long enough to
      prevent equipment fouling but short enough to allow handling and resistor
      trimming at the earliest possible time. Another important aspect of the
      formulation of resistive inks is that an electrical continuity must be
      established between the conductive particles after the ink has dried.
      Therefore, setting of the ink must involve a certain amount of shrinkage
      so that the excess vehicle or medium by the inter-particle contact points
      is eliminated. Vehicles which do not have this shrinking property merely
      encapsulate the conductive particles and do not produce a suitable
      resistive material. Furthermore, the vehicle properties which are imparted
      to the finished product constitute another important aspect of resistive
      ink formulations. The finished resistor, in addition to adhering firmly to
      the surface on which it is applied, must also make good electrical contact
      to conductors on which it is applied as well as being reasonably resistant
      to abrasion and reasonably mechanically flexible.
PAR  Therefore, the medium in which the semi-conducting pyropolymeric inorganic
      refractory oxide material is carried must meet the aforementioned
      qualifications. This medium in which the semi-conducting pyropolymeric
      inorganic refractory oxide material is carried will comprise a binder and
      a solvent or oil. Examples of binders which may comprise synthetic or
      naturally occurring compounds will include naturally occurring compounds
      such as casein, soya bean oil derivatives, shellac, natural rubber,
      natural resins such as copals, congos, kauris, gum batu, gilsonite,
      asphaltic pitches, rosin, shellac, gum elemi, mastic, etc. or synthetic
      compounds including thermoplastic resins such as polystyrene, polyamide,
      alkyd resins, acrylic esters, cellulose esters and ethers, polyvinyl
      alcohol derivatives, etc. or thermosetting resins such as phenolic resins,
      epoxy resin, melamine resins, unsaturated polyesters, vinyl copolymer
      resins, urea resins, or varnish, etc., the varnish comprising an oil
      varnish, a spar varnish, a bituminous varnish, etc.; nitrocellulose, ethyl
      cellulose.
PAR  The oils and solvents which comprise the other component of the vehicle are
      differentiated on the basis of their viscosity. For example, liquids with
      a viscosity of less than 0.1 poise at 77.degree. F. are classified as
      solvents while liquids of a viscosity greater than 1.0 poise at 77.degree.
      F. are classified as oils, liquids with viscosities between the above two
      values being classified as either solvents or oils by convention. In
      addition, the oils may be classified into three groups depending upon
      their drying characteristics, these classes being (1) a drying oil, (2) a
      semidrying oil, and (3) a non-drying oil. In the preferred embodiment of
      the present invention the preferred oil which may be used as the vehicle
      for the ink will comprise a drying oil, although other oils may be used as
      special ingredients for special purposes such as providing plasticity to
      the ink. Examples of drying oils which may be used will include linseed
      oil, tung oil, oiticica oil, perilla oil, dehydrated castor oil, safflower
      oil, soya bean oil, rosin oil, hempseed oil, poppyseed oil, etc.
      Semi-drying oils which may be used will include cottonseed oil, rapeseed
      oil, corn oil, etc. Examples of non-drying oils will include castor oil,
      peanut oil, olive oil, neatsfoot oil, lard oil, sperm oil, etc. The drying
      oils may be used as bodying agents, the viscosity of which may be
      controlled by metal-catalyzed oxidation or thermally-induced
      polymerization. The solvents which may be used with resin binders and the
      conductive material may be classified on the basis of their composition,
      said solvents including hydrocarbon solvents, alcohols, aldehydes, acids,
      ethers, ketones, glycols and esters. Some specific examples of solvents
      which may be employed include n-pentane, n-hexane, benzene, toluene, the
      isomeric xylenes, ethylbenzene, ethyl alcohol, n-propyl alcohol, isopropyl
      alcohol, n-butyl alcohol, acetaldehyde, propionaldehyde, butyraldehyde,
      acetic acid, propionic acid, phthalic acid, acetone, methyl ethyl ketone,
      methyl propyl ketone, methyl isopropyl ketone, methyl isobutyl ketone,
      ethyl propyl ketone, etc., ethylene glycol diethylene glycol, triethylene
      glycol, mineral spirits, butyl acetate, amyl acetate, ethylene glycol
      monoethyl ether acetate, ethylene glycol monobutyl ether, ethylene glycol
      monoethyl ether, etc.
PAR  In addition to the three components hereinbefore set forth, it is also
      contemplated within the scope of this invention that the electrical
      resistor ink may also contain other components which will go to make up
      the finished composition of matter. The other components which are added
      to the ink will impart certain properties, said components including
      dryers, plasticizers, anti-skinning agents, waxes such as petroleum waxes,
      carnauba wax, talcs, perfumes to mask unpleasant odors or to hide the
      presence of vital ingredients, or a color pigment which may be used for
      coding purposes. Examples of dryers which may be added include metal
      powders such as cobalt powder, manganese powder, lead power, or zirconium
      powder, plasticizers which may be added include soft resins, tributyl
      phosphate, castor oil; while anti-skinning agents which may be added will
      include, for example, hydroquinone, catechol, resorcinol, guaiacol,
      pyrogallol, eugenol, 2,5-di-t-butylhydroquinone, 2-butanone oxime,
      2-pentanone oxime, etc. It is to be understood that the aforementioned
      examples of binders, oils, solvents and additives are only representative
      of the class of compounds which may be used as components of electrical
      resistor inks, and that the present invention is not necessarily limited
      thereto.
PAR  The electrical resistor ink may be prepared in any suitable manner. For
      example, the semi-conducting pyropolymeric inorganic refractory oxide
      material which had been prepared according to the method hereinbefore set
      forth, or by any other method known in the art, may be prepared by
      grinding the material to an appropriate particle size, said particle size
      being determined by the desired rheological property of the vehicle, and
      by the requirements for screening, i.e., lines/inch, etc. In the preferred
      embodiment of the invention the most desired particle size is that which
      produces a colloidal suspension of the semi-conducting pyropolymeric
      inorganic refractory oxide material in the vehicle. Generally speaking,
      the material should possess a particle size of less than 20 microns and
      preferably particles less than 10 microns are desirable, the optimum size
      being less than 1 micron. The semi-conducting pyropolymeric inorganic
      refractory oxide material or mixture of two semi-conducting pyropolymeric
      inorganic refractory oxide materials is then admixed with the medium by
      blending with the binder and with the oil or solvent. Alternatively, the
      semi-conducting pyropolymeric inorganic refractory oxide material will be
      admixed with the vehicle component such as the solvent and thereafter
      ground by means of a roll mill, colloidal mill, or ball mill until the
      particle size previously determined, that is, less than 10 microns, and if
      so desired, less than 1 micron, is obtained. Following this the components
      may be thereafter blended with the binder by means of an inverted blender,
      mill, etc. The semi-conducting pyropolymeric inorganic refractory oxide
      material may be present in the finished resistor ink in an amount
      determined by the rheological properties of the ink and the electrical and
      physical properties of the resistors which result therefrom. Generally
      speaking, the semi-conducting pyropolymeric inorganic refractory oxide
      material will be present in the finished electrical resistor ink in an
      amount in the range of from about 10% to about 95% by weight of the
      finished composition of matter and preferably in a range of from about 50
      to about 90% by weight. As hereinbefore set forth, the electrical resistor
      ink may also contain other components of the type hereinbefore set forth
      in greater detail such as preserving agents, color pigments, plasticizers,
      dryers, etc. these components also being added to the three component
      mixture of the ink in necessary amounts.
PAR  The electrical resistor inks which have been prepared according to the
      process hereinbefore set forth and which may contain a wide variety of
      components are formulated for application by any of a variety of methods.
      Some examples of the way in which the electrical resistor ink may be
      applied include silk screening, printing, painting, spraying, etc. each
      application method presenting a different set of rheological conditions
      which must be met by the particular formulation of the vehicle in which
      the conductive material is carried. The electrical resistor ink is applied
      to an appropriate surface such as a printed circuit board in convenient
      conveniennt manner and upon completion of the drying step will form the
      desired resistor. The wet inks may be either air dried or taken through a
      predetermined temperature cycle to produce the finished resistor. The
      particular temperature which is to be employed in the drying cycle will,
      of course, be dependent upon the particular formulation of the ink
      vehicle, i.e., whether the vehicle contains a drying oil, a non-drying
      oil, a semi-drying oil, a solvent or mixtures thereof and may be adjusted
      to satisfy the individual requirements. The resistors of the finished
      product will be a function of the resistivity of the conductive material
      which is present and also of the geometry of the printed resistor. The
      adjustment of the final value of the resistor can be effected by trimming
      the particular resistor using standard techniques such as physically
      removing some of the resistive material by means of grit blasting or by
      removal of the material utilizing a laser beam.
PAR  The resistor after removal of the solvent or oil will form a material, the
      surface of which possesses a considerable toughness and strength and will
      be able to withstand abrasion. Therefore, it is contemplated within the
      scope of this invention to employ the thus formed resistor as a variable
      resistor in which the electrical contact may be moved over the surface of
      said resistor utilizing a sufficient amount of pressure to insure complete
      contact at all times without changes in the resistance due to wear on the
      surface of the resistor caused by the aforesaid abrasion. In addition, the
      thus formed resistor will possess a temperature coefficient of resistance
      in a range of from about +25 to about +500 ppm/.degree. C., maintaining a
      relatively constant temperature coefficient when utilized over a wide
      range of temperatures.
DETD
PAR  The following examples are given to illustrate various semi-conducting
      pyropolymeric inorganic refractory oxide materials which may be prepared,
      and that the present invention is not necessarily limited thereto.
PAC  EXAMPLE 1
PAR  In this example a semi-conducting pyropolymeric inorganic refractory oxide
      material was prepared by treating a base comprising 0.75% platinum on a
      gamma-alumina. This base was placed in a reactor, the temperature of the
      reactor vessel was raised to 600.degree. C. and a charge comprising
      cyclohexane in a nitrogen atmosphere was passed over the alumina for a
      period of 6 hours. At the end of this time, the reaction was discontinued
      and the semi-conducting pyropolymeric inorganic refractory oxide material
      was recovered. This material had a resistivity of 3.7 .times. 10.sup.6
      ohm-centimeters and a temperature coefficient of resistance of -10,000
      ppm/.degree. C.
PAR  The semi-conducting pyropolymeric inorganic refractory oxide material which
      was prepared according to the above paragraph was divided into 4 samples.
      The first sample was reheated in an inert atmosphere of nitrogen for a
      period of 4 hours at a temperature of 700.degree. C. and thereafter was
      quenched by being placed in a room temperature, nitrogen environment
      immediately after the 4-hour period. This sample was labeled A. A second
      sample was heated in an identical manner for a period of 2 hours at a
      temperature of 900.degree. C. and thereafter was quenched by being placed
      in a room temperature, nitrogen environment, said sample being labeled B.
      A third sample labeled C was heated to a temperature of 700.degree. C. for
      a period of 1 hour and likewise quenched. The fourth sample labeled D was
      heated for a period of 0.25 hours at a temperature of 900.degree. C. and
      immediately quenched. The four samples all had a reduced resistivity and a
      positive temperature coefficient of resistance. These resistivities and
      temperature coefficients of resistance are set forth in Table I below:
TBL                TABLE I                                                     
     ______________________________________                                    
                   A   B      C        D                                       
     ______________________________________                                    
     Resistivity     890    50     2,000  190                                  
     Ohm-Centimeters                                                           
     Temperature Coefficient                                                   
                     +700   +950   +12,000                                     
                                          +19,800                              
     of Resistance, ppm/.degree.C.                                             
     ______________________________________                                    
PAR  It is therefore readily apparent from the above table that the resistivity
      and temperature coefficient of resistance of a semi-conducting
      pyropolymeric inorganic refractory oxide material can be varied over a
      relatively wide range by utilizing treatment parameters such as time,
      temperature and cooling rate, the desired resistivity and temperature
      coefficient of resistance being dependent upon these variables. The
      semi-conducting pyropolymeric inorganic refractory oxide material which
      possesses a positive temperature coefficient of resistance can be admixed
      with other semi-conducting pyropolymeric inorganic refractory oxide
      materials which possess a negative temperature coefficient of resistance
      similar to that which is obtained in the first stage of the process of the
      present invention and therefore it will be possible, by varying the
      amounts of the two materials, to obtain a temperature coefficient of
      resistance near zero, this temperature coefficient of resistance being the
      most desirable factor.
PAC  EXAMPLE II
PAR  In a manner similar to that hereinbefore set forth in Example I above, an
      inorganic refractory base comprising 0.75% Pt on gamma-alumina was placed
      in a reactor vessel which was thereafter heated to 600.degree. C. and
      cyclohexane in a nitrogen atmosphere was passed over the gamma-alumina for
      a period of 6 hours. At the end of this time, heating was discontinued and
      the resultant semi-conducting pyropolymeric inorganic refractory oxide
      material was recovered. The thus prepared material was thereafter reheated
      to a temperature of 700.degree. C. for a period of 4 hours and thereafter
      slowly cooled during a period of 20 hours to room temperature. The
      resulting material possessed a resistivity of 5400 ohm-centimeters and a
      temperature coefficient of resistance of -19,000 ppm/.degree. C.
PAC  EXAMPLE III
PAR  In this example gamma-alumina is impregnated with a dextrose solution for a
      period of 2 hours following which the impregnated alumina is dried at a
      temperature of 105.degree. C. for a period of 2 hours. The dried,
      impregnated alumina is then pyrolyzed at a temperature of 750.degree. C.
      for a period of 6 hours. Following this the resultant semi-conducting
      pyropolymeric inorganic refractory oxide material is reheated to a
      temperature of 900.degree. C. for a period of 4 hours and thereafter
      quenched by being exposed to a room temperature nitrogen environment. The
      resultant semi-conducting pyropolymeric inorganic refractory oxide
      material will be found to have a resistivity of 15 ohm-centimeters and a
      temperature coefficient of resistance of +250 ppm/.degree. C.
PAC  EXAMPLE IV
PAR  A base comprising silica-alumina is placed in a reactor which is thereafter
      heated to 600.degree. C. Following this toluene in a nitrogen atmosphere
      is passed over the silica-alumina for a period of 2 hours while
      maintaining the reactor temperature at 600.degree. C. At the end of this
      time, heating is discontinued as is the flow of toluene and the
      semi-conducting pyropolymeric inorganic refractory oxide material is
      recovered. The desired semi-conducting material is prepared by heating the
      precursor to a temperature of 1200.degree. C. for a period of 2 hours
      following with a quench is effected by immediately exposing the
      semi-conducting pyropolymeric inorganic refractory oxide material to
      liquid nitrogen. The resultant semi-onducting pyropolymeric inorganic
      refractory oxide material will be found to have a resistivity of 1.3
      ohmcentimeters and a temperature coefficient of resistance of +25
      ppm/.degree. C.
PAC  EXAMPLE V
PAR  In like manner a refractory oxide comprising silica-alumina is treated at a
      temperature of 600.degree. C. with an organic compound comprising
      n-pentane in a nitrogen atmosphere. After a period of 6 hours, the pentane
      flow and heating are discontinued and after cooling the semi-conducting
      pyropolymeric inorganic refractory oxide material is then reheated to a
      temperature of 900.degree. C. for a period of 1 hour following which a
      quench is effected by immediately exposing the material to ice water
      environment. The resultant semi-conducting pyropolymeric inorganic
      refractory oxide material will possess a resistivity of 2100
      ohm-centimeters and a temperature coefficient of resistance of 100
      ppm/.degree. C.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A method of manufacturing a semi-conducting pyropolymeric inorganic
      refractory oxide material which comprises heating a refractory oxide in an
      oxygen-free atmosphere with a pyrolyzable organic compound at a
      temperature in the range of from about 400.degree. to about 800.degree.C.
      for a sufficient time to form a mono-layer of carbonaceous pyropolymer on
      the surface of said refractory oxide, thereafter further heating the
      resultant semiconducting pyropolymeric inorganic refractory oxide material
      in an inert atmosphere at a temperature higher than the firstmentioned
      temperature and in the range of from about 700.degree. to about
      1200.degree.C. for a sufficient time to form a semi-conducting
      pyropolymeric inorganic refractory oxide material having a temperature
      coefficient of resistance in a range of from about +20,000 to about
      -20,000 ppm/.degree.C., and cooling and recovering the last-named
      material.
NUM  2.
PAR  2. A method of manufacturing a semi-conducting pyropolymeric inorganic
      refractory oxide material as set forth in claim 1 in which said material
      has a temperature coefficient of resistance in a range of from about +25
      to about -25 ppm/.degree. C.
NUM  3.
PAR  3. A method of manufacturing a semi-conducting pyropolymeric inorganic
      refractory oxide material as set forth in claim 1 in which said material
      possesses a resistivity in the range of from about 10.sup..sup.-2 to about
      10.sup.8 ohm-centimeters.
NUM  4.
PAR  4. A method of manufacturing a semi-conducting pyropolymeric inorganic
      refractory oxide material as set forth in claim 1 in which said refractory
      oxide is a platinum containing gamma-alumina and said pyrolyzable organic
      compound is cyclohexane.
NUM  5.
PAR  5. A method of manufacturing a semi-conducting pyropolymeric inorganic
      refractory oxide material as set forth in claim 1 in which said refractory
      oxide is gamma-alumina and said pyrolyzable organic compound is benzene.
NUM  6.
PAR  6. A method of manufacturing a semi-conducting pyropolymeric inorganic
      refractory oxide material as set forth in claim 1 in which said refractory
      oxide is gamma-alumina and said pyrolyzable organic compound is dextrose.
NUM  7.
PAR  7. A method of manufacturing a semi-conducting pyropolymeric inorganic
      refractory oxide material as set forth in claim 1 in which said refractory
      oxide is silica-alumina and said pyrolyzable organic compound is toluene.
NUM  8.
PAR  8. A method of manufacturing a semi-conducting pyropolymeric inorganic
      refractory oxide material as set forth in claim 1 in which said refractory
      oxide is silica-alumina and said pyrolyzable organic compound is
      n-pentane.
NUM  9.
PAR  9. A method as set forth in claim 1 in which said organic compound is
      passed over said refractory oxide material in an oxygen-free carrier gas.
NUM  10.
PAR  10. A method as set forth in claim 9 in which said carrier gas comprises
      nitrogen or hydrogen.
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ABST
PAL  The invention concerns a method for the manufacture of an electrode
      material containing silver-coated tungsten carbide for electrochemical
      cells, particularly fuel cells and storage cells. Silver is precipitated
      on finely-divided tungsten carbide particles by reduction of a silver
      salt, and the tungsten carbide particles are thereby joined to form
      particles of larger grain size.
BSUM
PAR  This invention relates to a process for the manufacture of an electrode
      material containing silver and tungsten carbide for electrochemical cells,
      particularly fuel cells and storage cells.
PAR  It is known to employ tungsten carbide as a catalyst for the anodic
      oxidation of fuels, for instance, hydrogen, in fuel cells with an acidic
      electrolyte. Tungsten carbide may be made, for instance, by carburizing
      metallic tungsten with carbon, carbon black, or carbon-containing gases,
      such as carbon monoxide and methane, at temperatures above about
      700.degree.C. For the manufacture of bonded gas electrodes, tungsten
      carbide powder may be mixed with polymers as binders and pore-forming
      agents or with porous additives, such as activated carbon, and can be cold
      or hot molded (see "Energy Conversion", Vol. 10, pp. 25-28 (1970)).
PAR  Difficulties are encountered in the manufacture of unbonded electrodes
      which contain the electrode or catalytic material in powder form. In the
      preparation of tungsten carbide from tungstic acid by reduction with
      hydrogen and carburation with carbon monoxide, for instance, the tungsten
      carbide thereby obtained has a mean particle size of less than about 1
      micron; particles of larger diameter have too little surface area for
      electrode purposes in electrochemical cells. Employing particles of small
      diameter in powder electrodes leads to various difficulties. For one, the
      application of electrical contacts is a problem, as a conducting screen or
      fabric which is gas-permeable cannot be made economically and furthermore
      has pores so fine that the catalyst particles cannot get through the
      fabric into the gas chamber. On the other hand, the diameter of the pores
      (interstices) which form between the particles, depends on the size of the
      particles. Narrow pores between small particles develop high capillary
      pressures if they are filled with liquid, and the presence of a
      three-phase boundary can be created only by the use of very high gas
      pressures.
PAR  These difficulties are not present in bonded electrodes, because during the
      manufacture of such electrodes transport pores can be produced, by the
      introduction of pore-forming agents according to known methods, which are
      filled with gas even at low gas pressures and thereby readily permit the
      transport of the reaction gas to the point of the reaction. The use of
      organic binders, however, can have a detrimental effect, particularly in
      high-performance electrodes, since the binders have insulating properties
      and thereby impede the conduction of the current, and exclude a portion of
      the particles entirely from the conduction of the current, and hence from
      participation in the electrochemical process.
PAR  German Offenlegungsschrift No. 1,939,127 describes a method for the
      manufacture of an electrode containing tungsten carbide for fuel cells in
      which the fine tungsten carbide particles are held together by silver, so
      that particles with a larger diameter are produced. For preparing the
      catalytic material, the silver salt of a tungstic acid, preferably silver
      metatungstate, is reduced and carburized at elevated temperature, whereby
      silver-containing tungsten carbide (Ag-WC) particles are formed. Such
      particles have a grain diameter approximately in the range of between
      about 10 and about 80 microns. The electrode material is distinguished by
      a high load capacity due to its advantageous structure; in addition to the
      diameter of the particles, which is well-suited for use in powder
      electrodes, the electrode material has a sufficiently large surface area,
      approximately in the range of 5 m.sup.2 /g (as determined by the BET
      method). In manufacturing larger quantities of electrode material,
      however, it is difficult to obtain uniform reproducibility which is
      particularly observable in the electrochemical properties of the product
      electrode.
PAR  It is an object of the invention to provide a simplified and further
      improved method for the manufacture of an electrode material containing
      silver and tungsten carbide for electrochemical cells, particularly fuel
      cells and storage cells. In addition, an electrode material having greater
      activity is obtained.
PAR  The electrode material prepared in accordance with the invention, which
      contains silver and tungsten carbide, exhibits a uniformly high
      electrochemical activity, and the reproducibility of the method is
      therefore established. In addition, the catalytic activity is increased
      over that of the electrode material prepared according to the
      above-described method; this can be observed, for instance, from the
      current-voltage characteristics of the electrode materials. Furthermore,
      the silver content in the end product may be varied within wide limits,
      whereas compared to the above-described method a reduction in silver
      content is particularly important, mainly for reasons of economy. Finally
      through the use of tungsten carbide as the starting material, it is also
      possible to conduct an intermediate check regarding the electrochemical
      activity of the product electrode material by determining the activity of
      the tungsten carbide so used.
PAR  Broadly stated, the process comprises forming a suspension of
      finely-divided particles of tungsten carbide in an alkaline liquid, adding
      to said suspension a reducing agent capable of reducing silver ions in
      alkaline medium and also a silver salt, and thereafter separating from
      said suspension silver-coated tungsten carbide particles.
PAR  In a particularly preferred embodiment of the process, a suspension of
      tungsten carbide particles having a mean grain size of less than about 1
      micron is suspended in an aqueous solution of potassium hydroxide. To this
      suspension and while it is being vigorously agitated, a mixture of
      formaldehyde and an aqueous solution of silver nitrate is slowly added,
      preferably dropwise. The amount of silver in such solution is preferably
      sufficient to provide in the range of from about 10 to 20 weight percent
      metallic silver on the tungsten carbide particles. After completion of the
      reaction, the precipitate is separated from the supernatant liquid, washed
      and dried, from which one obtains silver-coated tungsten carbide particles
      in the range of 10 to about 80 microns. Further details of the process are
      explained in the following paragraphs.
PAR  For the reduction of the silver salt, formaldehyde may be advantageously
      employed, particularly as an aqueous solution (formalin). The best results
      are obtained with formaldehyde as the reducing agent. The reduction also
      may be performed, however, in a known manner with other reducing agents,
      such as hydrazine or hydroxylamine.
PAR  Silver nitrate is preferably employed as the silver salt, but other soluble
      silver salts may be employed, for instance, silver acetate or silver
      fluoride. It is preferred to employ a weakly acidic aqueous solution of
      the silver salt. This avoids premature reduction of the silver, which
      occurs only in an alkaline environment. For this purpose the
      formaldehyde-silver nitrate solution is added slowly, e.g., dropwise to an
      alkaline suspension of tungsten carbide. Alternatively, the reducing agent
      and the silver salt solution may be added separately but concurrently to
      the suspension. The alkaline suspension is advantageously vigorously mixed
      during the addition of the silver salt solution and the reducing agent,
      because an electrode material with particularly high activity is thereby
      obtained. The reaction mixture may be cooled to dissipate the heat of
      reaction and to maintain the suspension at or below room temperature. The
      suspension may be made alkaline with a hydroxide, such as potassium or
      sodium hydroxide. In the process, the silver precipitates on the suspended
      tungsten carbide in the form of a gray-black deposit having a large
      surface area.
PAR  The ratio of silver to tungsten carbide in the finished electrode material
      may be varied within wide limits. Advantageously, however, the tungsten
      carbide and the silver salt are employed in such amounts that the silver
      content in the end product is about 10 to 20% by weight, and preferably
      about 15% by weight. An electrode material with a silver content in such
      range exhibits very good electro-catalytic properties. The electrode
      material has a grain size approximtely in the range of between about 10
      and about 80 microns.
DRWD
PAR  The invention will be explained in further detail with reference to an
      example of an embodiment and FIG. 1, which figure illustrates
      current-voltage characteristics of electrodes containing electrode
      material prepared in accordance with the invention.
DETD
PAR  Tungsten carbide is prepared as follows. 250 G of tungstic acid (H.sub.2
      WO.sub.4) in powder form are reduced in a tube furnace in hydrogen flowing
      at approximately 100 liters/hour. The reduction takes place first at
      540.degree.C for 3 hours and subsequently at about 700.degree.C for 2
      hours. After the reduction is completed, the temperature is raised to
      about 860.degree.C and the hydrogen is replaced by carbon monoxide flowing
      at about 200 liters/hour. The carburation is complete after about 4 hours.
      One obtains about 190 g of tungsten carbide with a mean grain size of less
      than 1 micron. In order to avoid oxidation (the tungsten carbide can be
      present as a pyrophorous powder), the material, which is cooled under a
      carbon monoxide atmosphere, can be suspended immediately in water. The
      tungsten carbide prepared in this manner is fabricated into a so-called
      supported electrode having a coating thickness of 20 mg/cm.sup.2. In a
      standard half-cell operated at room temperature (about 22.degree.C) with a
      hydrogen pressure of 30 N/cm.sup.2, a 2.5 m H.sub.2 SO.sub.4 electrolyte
      and a polarization of 200 mV, the current yield is 0.25 A/gram of
      electrode material and the current density is 5 mA/cm.sup.2.
PAR  Electrode material containing silver and tungsten carbide is prepared as
      follows. A suspension is made of 100 g of tungsten carbide in 140 ml of 6
      n KOH. A mixture of 34 g AgNO.sub.3 in 200 ml of water and 40 ml of an
      aqueous 35% formaldehyde solution (formalin) is added slowly, dropwise, to
      such suspension over the course of about 1 hour. While adding the drops,
      the reaction mixture is stirred vigorously and the reaction temperature is
      held between about 15.degree. and 20.degree.C by cooling with ice. After
      the reduction of silver is complete, the precipitate formed is allowed to
      settle and the supernatant clear liquid is decanted.
PAR  The precipitate is washed with water until the wash water reacts neutral.
      Then the residual water is removed under suction, the moist material is
      suspended in methanol and the methanol is decanted. Subsequently, the
      electrode material obtained is dried for about 2 hours in a drying cabinet
      at a temperature of about 110.degree.C, whereby a finely-divided
      gray-black powder is obtained.
PAR  The electrode material prepared in this manner, having a grain size in the
      range between about 10 and 80 microns, is fabricated into a supported
      electrode having an electrode area of 12.5 cm.sup.2. To this end,
      sufficient electrode material is deposited on a layer of asbestos paper,
      which may contain a binder, to furnish a coating of about 200 mg/cm.sup.2.
      The coating of electrode material is covered on the gas side with a carbon
      fabric which supports the coating and serves to make electrical contact.
      On the electrolyte side, the asbestos layer is supported by a perforated
      tantalum sheet.
PAR  The catalytic activity of such an electrode was tested in a half-cell
      arrangement, a gold sheet serving as the counterelectrode. An electrolyte
      of 2.5 m H.sub.2 SO.sub.4 at a temperature of 22.degree.C was used as the
      electrolyte liquid; hydrogen at different operating pressures served as
      the reaction gas. An Hg/Hg.sub.2 SO.sub.4 electrode in the same
      electrolyte was used as the reference electrode.
PAR  The results obtained in the investigations are depicted in FIG. 1 as
      current-voltage characteristics, current density in mA/cm.sup.2 versus the
      polarization (.eta.) in mV, measured against the Hg/Hg.sub.2 SO.sub.4
      reference electrode. The characteristics were obtained on electrodes with
      a coating thickness of 200 mg/cm.sup.2. Curve 11 was recorded at a
      hydrogen pressure of 15 N/cm.sup.2 ; curves 12 and 13 at a hydrogen
      pressure of 20 and 25 N/cm.sup.2, respectively.
PAR  As may be seen from curve 12, a current density of about 23 mA/cm.sup.2 is
      obtained with the electrode material prepared in accordance with the
      invention, with a coating of 200 mg/cm.sup.2 and an operating pressure of
      20 N/cm.sup.2 and with a polarization of 200 mV; from this, the calculated
      current yield is about 0.11 ampere per gram of catalytically active
      electrode material. Referred to tungsten carbide alone, the current yield
      is even greater, since the catalytic material contains silver. An
      important advantage of the electrode material prepared in accordance with
      the invention, as compared to pure tungsten carbide, is that electrodes
      made with it attain their optimum performance characteristic at lower
      hydrogen pressures; with pure tungsten carbide, an operating pressure of
      about 30 N/cm.sup.2 is required.
PAR  The attainable current density increases with increasing operating
      pressure. With a polarization of 200 mV, the current density is about 29
      mA/cm.sup.2 (curve 13) at a hydrogen pressure of 25 N/cm.sup.2. With a
      hydrogen pressure of 15 N/cm.sup.2, on the other hand, the current density
      attainable with the same polarization in only about 8 mA/cm.sup.2 (curve
      11).
PAR  In addition to fuel cells and storage cells, the electrode material
      prepared in accordance with the invention may also be employed in other
      electrochemical cells, particularly for electro-synthesis and
      electrolysis. If used in storage cells, the electro-catalyst prepared in
      accordance with the invention is particularly useful as the electrode
      material in the indicator and consumable electrodes in gastight storage
      cells, because in such cells provision must be made for preventing the
      gases which may be generated due to overcharging, and are generated during
      discharging, from exerting an excessively high pressure. In order to
      achieve this, the capacity of the positive electrode is, for instance,
      selected to be larger than that of the negative electrode, so that in case
      of overcharging, hydrogen develops first at the negative electrode (2
      H.sub.2 O + 2 e.sup.- .fwdarw. H.sub.2 + 2 OH.sup.-). In principle, two
      means of prevention are known. First, a so-called consumable electrode may
      be incorporated into the storage cell, at which the hydrogen which may be
      generated is electrochemically reacted and is brought into solution again.
      Secondly, the storage cell may comprise a so-called indicator electrode
      which is catalytically active and sets up the reversible hydrogen
      potential under the action of hydrogen. This potential, which is measured
      against a reference electrode, may then by used as a control signal to
      terminate the charging process. The electrode material prepared in
      accordance with the invention can be used for both kinds of the auxiliary
      electrodes mentioned, i.e., the consumable electrodes and the indicator
      electrodes.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A process for preparing silver-coated tungsten carbide particles adapted
      for use in manufacturing electrodes for fuel cells, which process
      comprises forming a suspension of finely divided particles of tungsten
      carbide in an alkaline solution, adding to said suspension a reducing
      agent capable of reducing silver ions in alkaline medium and also a silver
      salt soluble in said solution, the amounts of tungsten carbide and silver
      salt employed being sufficient to provide a silver content of
      approximately 10 to 20% by weight of said silver-coated tungsten carbide
      particles, and thereafter separating from said suspension silver-coated
      tungsten carbide particles.
NUM  2.
PAR  2. A process according to claim 1, wherein said silver salt and said
      reducing agent are mixed together in solution prior to being added to said
      suspension.
NUM  3.
PAR  3. The process according to claim 1, wherein said reducing agent is
      formaldehyde.
NUM  4.
PAR  4. The process according to claim 1, wherein said silver salt is silver
      nitrate.
NUM  5.
PAR  5. The process according to claim 2 wherein said solution of silver salt
      and reducing agent is an aqueous or weakly acid solution.
NUM  6.
PAR  6. The process according to claim 1, wherein said suspension is vigorously
      agitated during the addition thereto of said silver salt and said reducing
      agent.
NUM  7.
PAR  7. The process according to claim 1, wherein said fine-grained tungsten
      carbide particles have a mean grain size of less than about 1 micron.
NUM  8.
PAR  8. The process according to claim 1 wherein the amount of tungsten carbide
      and silver salt employed is an amount sufficient to provide a silver
      content of approximately 15% by weight in said silver-coated tungsten
      carbide particles.
NUM  9.
PAR  9. The process according to claim 1 in which said alkaline solution is one
      of the group consisting of potassium hydroxide and sodium hydroxide.
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ABST
PAL  A glare-reducing coating, as for a viewing surface of a cathode-ray tube,
      is prepared by (a) warming the surface of a support to about 30.degree. to
      100.degree.C, (b) coating the warm surface with an aqueous solution
      containing a lithium stabilized silica sol, (c) drying the coating, (d)
      baking the dry coating at about 150.degree. to 450.degree.C, and then (e)
      subsequent to said heating step (d), washing the dry coating with hot
      water. The coating may contain carbon particles or carbon particles and a
      color-correcting dye.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved method for producing a glare-reducing
      lithium-silicate coating on a surface.
PAR  In U.S. Pat. No. 3,635,751 to G. E. Long et al., there is described a
      glare-reducing coating for a glass surface, said coating having a rough
      surface and composed of a lithium-silicate material. That coating may be
      prepared by applying to a warm (30.degree. to 100.degree.C) glass surface
      a coating of an aqueous solution containing a lithium-stabilized silica
      sol, drying the coating, and then baking the dry coating to about
      150.degree. to 450.degree.C. Submicron-sized carbon particles may be
      included in the coating to provide a light-attenuating characteristic to
      the coating.
PAR  It has been observed that glare-reducing lithium-silicate coatings on
      cathode-ray-tube faceplates develop objectionable haze or "bloom" upon
      standing or storage, as in a warehouse, at normal ambient humidities and
      temperatures. The haze is objectionable esthetically and also it reduces
      the brightness and color fidelity of the transmitted image. A similar haze
      is observed for sodium and potassium silicate coatings that have been
      baked at temperatures of about 400.degree. to 500.degree.C.
PAR  It has also been observed that some glare-reducing lithium-silicate
      coatings which contain also light-attenuating particles therein transmit
      an image which appears to have a brownish or other tint. Such tint reduces
      the color fidelity of the video image and is frequently distracting to the
      viewer.
PAC  SUMMARY OF THE INVENTION
PAR  The novel method follows the prior method of applying to a warm glass
      surface a coating of an aqueous solution containing a lithium stabilized
      silica sol, drying the coating and then baking the dry coating at about
      150.degree. to 450.degree.C. Then, according to the novel method,
      subsequent to the baking step, the dry baked coating is washed or rinsed
      with hot water.
PAR  Washing the coating with hot water reduces or eliminates the tendency of
      the coating to form a haze or bloom. The washing treatment may be carried
      out either before or after the haze has formed. In the latter case, the
      washing also removes any haze that has formed. The washing is believed to
      remove soluble lithium compounds which may be present in the coating.
      Soluble lithium compounds in the coating are believed to react with
      atmospheric gases, such as carbon dioxide, to produce the haze.
PAR  To correct for any tint in the transmitted image which may be imparted by
      the glare-reducing coating, the coating may include a small amount of a
      color-correcting dye. The dye may be present in such proportions as to
      produce a neutral gray transmission of light to the human eye, or it may
      impart a desired tint to the coating.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE is a flow chart diagram of the novel method.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The novel method may be carried out as described in the above-cited patent
      to G. E. Long et al. except that, in addition, the dry baked coating is
      washed with hot water. The term "hot" is relative, but is used herein to
      mean temperatures in the range of about 40.degree.C up to the boiling
      point of water. Since, as a practical matter, boiling water cannot be used
      without a loss of heat, the range of about 40.degree. to 95.degree.C is
      given. The complete method is schematically illustrated in the sole FIGURE
      which shows the same flow sheet diagram as is shown in FIG. 3 of the
      above-cited patent to G. E. Long et al except that the additional step of
      washing with hot water is added as the last step in the method.
PAR  In each of the specific examples herein, a glass surface which is to carry
      the glare-reducing coating is carefully cleaned. The surface may be the
      outer surface of the faceplate panel of a cathode-ray tube, or the convex
      surface of a glass safety panel to be laminated to a cathode-ray tube, or
      may be the surface of any other glass panel which is to be a viewing
      surface, such as the glass for a framed picture. The surface may be
      cleaned by any of the known scouring and washing methods used to remove
      dirt, lint, oil, scum, etc. It is preferred to scrub the surface with a
      commercial scouring compound, then rinsing with deionized water, then
      swabbing with a 2 percent ammonium bifluoride solution, then again rinsing
      with deionized water, and then draining and air drying.
PAR  The surface is then heated to about 30.degree. to 100.degree.C in an oven.
      Temperatures between about 50.degree. and 70.degree.C are preferred. The
      surface is coated with a dilute aqueous solution containing a
      lithium-stabilized silica sol. The solution may contain optionally
      submicron-sized particles of carbon or other light-attenuating material.
      Carbon particles may be introduced as a suspension of carbon particles in
      water such as India ink, Aquadag (marketed by Acheson Colloids Company,
      Port Huron, Mich.), or CARBOLAC (marketed by Cabot Corporation, Boston,
      Mass.) for example
PAR  The aqueous solution may also include a tinting dye to compensate for any
      undesirable tint in the coating or to impart a desired tint to the
      coating. The dye should be uniformly dispersed in the coating and should
      not be leached by the subsequent washing step. It has been found that
      Anthraquinone Blue 3G and Pontamine Black E (both marketed by E. I. du
      Pont de Nemours) used in quantities of less than 0.01 weight percent of
      the dry coating may be used for a brown tint which may result from the use
      of India ink in the coating. Phenamine Black E-200 (marketed by GAF
      Corporation, New York, New York) may also be used for this purpose.
      Combinations of dyes may also be used.
PAR  The clean warm surface is coated with a dilute aqueous solution comprised
      of a lithium-stabilized silica sol. The preferred material is a
      lithium-stabilized silica sol having an SiO.sub.2 :Li.sub.2 O ratio of
      about 4:1 to 25:1. Some examples of suitable formulations are given at the
      end of this specification. The coating may be applied in one or several
      layers by any conventional process, such as by air spraying or airless
      spraying. It is preferred to employ a spray process which applies many
      spray passes over the warm surface. It is also preferred to turn the
      surface many times during the spray application process to obtain
      uniformity by changing the direction of the spray passes. It is also
      preferred to use an ionized-air spray as a method of coating application
      in order to obtain improved uniformity of the final coating. The
      uniformity of the ionized-air-spray-applied coating is better than with
      conventional air-spray-applied coating. The time required for applying a
      coating by ionized-air-spray is approximately one half that required for
      air-spray-applied coating.
PAR  The temperature of the surface, the specific technique for applying the
      coating and the number of layers applied are chosen empirically to produce
      a coating with the desired thickness. It has been found that, when
      applying the coating by spraying, the coating thickness should be such as
      to permit the operator to resolve the three bulbs of the reflection of a
      three-bulb fluorescent-light fixture located about 6 feet above the glass
      support. A thicker initial coating results in a thicker final coating.
      Generally, the thicker the coating, the greater the reduction in glare and
      the greater the loss in resolution of the transmitted image. Conversely,
      the thinner the coating, the lesser the reduction in glare and the lesser
      the loss in resolution of the transmitted image.
PAR  Also, when applied by spraying, the coating takes on an appearance of
      dryness. Greater dryness is achieved (1) by using higher panel temperature
      while applying the coating, (2) by using more air in the spray when
      spraying with compressed air, (3) by using a greater spraying distance
      when spraying on the coating, and (4) by increasing the mol ratio of
      SiO.sub.2 /Li.sub.2 O in the lithium-stabilized silica sol that is used.
      But, when this is overdone, the coating crazes. The greater the appearance
      of dryness, the greater the glare reduction and the greater the loss in
      resolution of the transmitted image. Conversely, the lesser the appearance
      of dryness, the lesser the glare reduction and the lesser the loss in
      resolution in the transmitted image.
PAR  After coating the warm glass support, the coating is dried in air with care
      to avoid the deposition of lint or other foreign particles on the coating.
      Finally, the dry coating is heated at about 150.degree. to 450.degree.C
      for about 10 to 60 minutes. The optimum conditions of time and temperature
      are determined empirically. Generally, the higher the heating temperature,
      the lower will be the glare reduction in the product and the higher will
      be the abrasion resistance. The coating may be recycled through the
      heating step. Recycling at a particular temperature has the effect of
      reaching a stable point. Where India ink and/or dye is included in the
      formulation, the baking temperatures should be in the range of 150.degree.
      to 300.degree.C.
PAR  After the baking is completed, the dry coating is washed with hot water
      which may be about 40.degree. to 95.degree.C. It is preferred to use the
      hottest water available for this purpose. The water washing may be
      conducted by dipping, or by flushing the water over the surface, but
      preferably is applied by a pressure spray. Acid reagents, such as 5
      percent acetic acid, may be included in the wash water. The use of either
      a pressure spray with hotter water or a pressure spray with acetic acid
      completely eliminates the tendency to form a haze on the coating.
PAR  The mechanism of haze formation with an alkaline-based coating of this type
      is believed to be the reaction of carbon dioxide or other gases from the
      atmosphere in the presence of moisture with free alkali in the coating to
      produce alkali carbonates or other alkali salts. Theoretically, lithium
      carbonate may be formed by the reaction of carbon dioxide with lithium
      hydroxide in the coating. Removal of lithium hydroxide from the coating by
      washing prevents the problem of haze formation from occurring. Removal of
      lithium carbonate from the coating by washing also removes any haze that
      has formed.
PAR  Sodium and potassium silicate coatings may be washed by the method of the
      invention to remove or prevent the formation of haze formed by weathering.
      A baking after washing is required for both sodium and potassium silicate
      coatings in order to maintain adequate abrasion resistance. A baking after
      washing is not required for lithium silcate coatings.
PAR  A fast test for determining the effectiveness of the water-washing
      treatment to prevent haze formation has been developed. This test consists
      of a simple pH measurement using pH paper. After washing with hot water,
      the pH paper is applied directly to the coated surface. The complete
      removal of alkali from the coating is indicated when a neutral pH is
      reached.
PAR  Table 1 sets forth eight different formulations in parts by weight which
      may be used in practicing the invention. Table 2 sets forth eight
      different examples each using the indicated formulation of Table 1. The
      spraying technique is an air spray. Airless spray or ionized-air-spray may
      be substituted.
TBL                                    Table 1                                 
     __________________________________________________________________________
                 Formulations                                                  
                 A     B     C     D     E    F    G    H                      
     __________________________________________________________________________
     Water, Distilled                                                          
      or Deionized                                                             
                 190   170   136   136   78   78   82.3 83.9                   
     Lithium Polysili-                                                         
      cate 48 Solution                                                         
                 10    30    24    24    20   20   13.0 13.0                   
      20 wt. %                                                                 
     India Ink (Higgins)                                                       
      4 wt. % Carbon                                                           
                 0     0     6.5   3.8   0    0    4.5  3.0                    
     Aquadag E (Acheson)                                                       
      22 wt. % Carbon                                                          
                 0     0     0     0     0.9  0.45 0    0                      
     Polyvinyl Pyr-                                                            
      rolodone   0     0     0     0     0.1  0.1  0    0                      
     Ammonium Hydrox-                                                          
      ide Concentrated                                                         
                 0     0     0     0     1.0  1.0  0    0                      
     Anthraquinone Blue                                                        
      G3 (du Pont)                                                             
                 0     0     0     0     0    0    0.2  0.12                   
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
              Examples                                                         
              1   2   3   4   5   6   7   8                                    
     __________________________________________________________________________
     Formulation                                                               
              A   B   C   D   E   F   G   H                                    
     Spraying                                                                  
      Technique                                                                
              Air Air Air Air Air Air Air Air                                  
     Glass Surface                                                             
      Temp. .degree.C                                                          
              80  50  45  45  50  50  50  50                                   
     Baking Temp. .degree.C                                                    
              400 450 200 300 425 425 150 150                                  
     Baking Time                                                               
      Minutes 12  60  30  60  30  30  30  30                                   
              Press-                                                           
                  Press-                                                       
                      Flush                                                    
                          Flush                                                
                              Press-                                           
                                  Press-                                       
                                      Press-                                   
                                          Press-                               
     Washing Tech-                                                             
              ure ure         ure ure ure ure                                  
      nique   Spray                                                            
                  Spray       Spray                                            
                                  Spray                                        
                                      Spray                                    
                                          Spray                                
     Washing Water                                                             
      Temp. .degree.C                                                          
              50  60  85  70  75  75  75  75                                   
     Washing Time                                                              
      Minutes 10  10  10  10   1   1   1   1                                   
     Transmission                                                              
      of Coating %                                                             
              100 100 61  77  60  80  63  80                                   
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing an optical viewing screen having glare-reducing
      viewing surface consisting essentially of the steps of
PA1  a. warming the surface of a glass support to about 30.degree. to
      100.degree.C,
PA1  b. coating said surface with an aqueous solution contining a
      lithium-stabilized silica sol,
PA1  c. drying said coating,
PA1  d. baking said dry coating to about 150.degree. to 450.degree.C,
PA1  e. and then, subsequent to said baking step (d), washing said dry coating
      with water having a temperature above about 40.degree.C.
NUM  2.
PAR  2. The method defined in claim 1 wherein said washing water is applied to
      said coating for about 0.5 to 20 minutes.
NUM  3.
PAR  3. The method defined in claim 1 wherein said dry coating includes 1 to 10
      weight percent of carbon particles, said particles having an average
      particle size of less than 100 millimicrons and said baking of step (d) is
      conducted at about 150.degree. to 300.degree.C.
NUM  4.
PAR  4. The method defined in claim 3 wherein said dry coating includes also a
      color-correcting dye in proportions sufficient to produce a neutral gray
      transmission of light to the human eye.
NUM  5.
PAR  5. The method defined in claim 1 wherein, in step (a), said surface is
      warmed to about 50.degree. to 70.degree.C.
NUM  6.
PAR  6. The method defined in claim 1 wherein said solution contains 1 to 10
      weight percent of a lithium-stabilized silica sol, said sol having an
      SiO.sub.2 :Li.sub.2 O ratio of about 4:1 to 25:1.
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ABST
PAL  A method for concomitant particulate deposition in electroless plating
      wherein objects to be plated are subjected to tumbling during the plating
      process.
PARN
PAR  This is a division of application Ser. No. 103,355, filed Jan. 25, 1971 now
      U.S. Pat. No. 3,853,094.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Generally, this invention comprises method and apparatus for concomitant
      particulate deposition in electroless plating comprising contacting
      articles to be plated with a continuously circulating electroless plating
      solution containing suspended particulate material which it is desired to
      deposit on said articles, and subjecting the articles to tumbling within
      the plating solution for a sufficient time to obtain a preselected amount
      of electroless plating with concomitant deposition of particulate material
      on the articles, and the product thereof.
DRWD
PAC  DRAWINGS
PAR  The following schematic drawings depict preferred embodiments of apparatus
      for carrying out the invention, in which:
PAR  FIG. 1 is a cross-sectional side elevation view of an apparatus wherein the
      plating solution is supplied in generally upward vertical flow,
PAR  FIG. 2 is a cross-sectional side elevation view of an apparatus for plating
      buoyant articles wherein the plating solution is supplied in generally
      downward vertical flow,
PAR  FIGS. 3A and 3B are, respectively, plan and side elevation cross-sectional
      views of a first design of apparatus for conducting plating in sequential
      stages,
PAR  FIG. 4 is a partially cross-sectional perspective view of a second design
      of apparatus for conducting plating in sequential stages, and
PAR  FIGS. 5A and 5B are, respectively, plan and side elevation cross-sectional
      views of an apparatus incorporating a continuous spiral baffle for
      effecting continuous, as distinguished from batch, plating.
DETD
PAC  PRESENT PRACTICE
PAR  Electroless metal plating of both electrically conductive and electrically
      non-conductive articles is known to the prior art; however, there exist
      serious problems as regards plating bath stability.
PAR  Thus, in a typical situation, described in U.S. Pat. No. 3,234,031,
      involving nickel plating as an example, the soluble nickel salt, in this
      instance dissolved NiCl.sub.2. 6H.sub.2 O, is reduced by an alkali metal
      borohydride (NaBH.sub.4) in order to plate out nickel on an object
      immersed in the bath. The Patent reported prior art difficulties with more
      or less sudden bath decomposition, during which Ni metal flakes either
      formed, or a heavy black precipitate dropped out when the concentration of
      the plating metal in the baths had decreased from 10 to 25% in the course
      of plating. The Patent solution to this problem was to add an organic
      divalent sulfur compound as stabilizer.
PAR  Also, U.S. Pat. No. 2,847,327 reported similar bath instability, which was
      reportedly cured by adding critical amounts of long chain aliphatic
      organic compounds.
PAR  Finally, U.S. Pat. No. 3,261,711 offered the solution of bubbling oxygen
      continuously through the bath to maintain the oxygen content at the
      saturated level.
PAR  None of these Patents was concerned with the concomitant deposition of
      suspended particulate material during the plating, and they are mentioned
      here only because they point up a serious problem of plating bath
      instability, even in the absence of suspended particulate substances.
PAC  THE INVENTION
PAR  This invention constitutes a method and apparatus for surface coating
      either electrically conductive or non-conductive articles, which can
      typically be metallic, polymeric, ceramic or even wooden objects, by
      electroless plating deposition of metal which concomitantly carries with
      it a particulate substance suspended in the plating bath, together with
      the product obtained. The coatings obtained comprises a metallic-alloy
      matrix within which is uniformly distributed the particulate substance as
      dispersed phase.
PAR  As an example, there is hereinafter described (Example 4) the deposition of
      a wear-resisting coating on a polymeric base, specifically a twisting jet
      utilized in the manufacture of synthetic textile yarns, wherein the
      objects coated have slots as narrow as 10 mils wide and bores as small as
      10 mils diameter, so that the problems of smooth uniform coating are
      formidable indeed, due to requirements of fine dimensional control
      maintainance. However, the invention is not, of course, limited to these
      items and is broadly applicable wherever a continuous metal coating
      incorporating distributed particulate material is the objective. Thus,
      catalyst preparation, super-conductor manufacture and many other
      utilizations are practicable.
PAR  Conventional electroplating processes have been hitherto utilized to effect
      simultaneous electrodeposition of metals and hard particles as additives,
      in order to provide enhanced wear resistance. However, these have not been
      entirely satisfactory, especially when the items to be coated have
      recesses or hollow interiors, because the throwing power is inadequate to
      give uniform coverage. This is particularly the case for yarn guides and
      yarn-treating jets, which require high uniformity in coating composition
      in all regions contacted by a moving yarn line.
PAR  Moreover, high coating adherence is an absolute requirement, and the
      coatings of this invention are extremely adherent, so that there is no
      requirement for additional bonding steps, such as pressure sintering, or
      the like.
PAR  The feasibility of fine-particle incorporations in electroless baths during
      plating has been doubted until now, because of the strong tendency towards
      spontaneous bath decomposition whenever suspensoids of any kind exist
      which can serve as nuclei for the random decomposition of the bath and the
      heavy drop out of black precipitate, hereinbefore reported in the prior
      art. Such precipitation brings further plating to an immediate halt or,
      alternatively, produces rough, unsightly deposits which are completely
      unacceptable.
PAR  Applicants have found, suprisingly, that by continuously circulating their
      plating baths in the course of plating and, at the same time tumbling
      their articles to be plated within the bath, they not only obtain complete
      bath stability but, equally as important, obtain greatly improved plate
      coatings within which the particulate additive distribution is extremely
      uniform.
PAR  Bath compositions suitable for use in this invention can cover a wide
      range; however, those operating at lower temperatures, e.g., in the range
      from about 30.degree. to 60.degree.C. are particularly preferred. The best
      available baths from the standpoint of inherent stability are, of course,
      preferred, and those of U.S. Pat. No. 3,234,031 utilizing amine boranes as
      reductants have worked well.
PAR  Typical metallic-alloy matrices deposited can consist of the Ni-P alloy
      coatings deposited by the processes taught in U.S. Pat. Nos. 2,532,283;
      2,658,841; 2,658,842, and others. Or one can equally well utilize the Ni-B
      alloy coatings of U.S. Pat. Nos. 3,096,182; 3,062,666; 3,338,729; and
      3,234,031.
PAR  Electroless plating, which is sometimes referred to as chemical reduction
      plating, occurs by catalytic reaction between metal ions or compounds and
      a reducing agent dissolved in an appropriate solvent. Thus, the
      electroless Ni-P coating processes hereinabove mentioned typically proceed
      when aqueous solutions containing the reductant H.sub.2 PO.sub.2 .sup.-
      ions exist within a bath containing nickel ions supplied by dissolved
      nickel salts. Similarly, the electroless Ni-B coating processes typically
      proceed when aqueous solutions containing a boron reducing agent, such as
      BH.sub.4 .sup.- ions or dimethylamin borane, are present in the nickel ion
      bath. All practical electroless plating baths also contain buffers, e.g.,
      salts of weak carboxylic or dibasic acids, to prevent rapid changes of pH,
      plus at least one of a large variety of chemical additives which have been
      found to stabilize against spontaneous bath decomposition.
PAR  Electroless plating is an autocatalytic process in the sense that the
      coating deposited serves as a catalyst for continuation of the plating
      action. Once plating has been initiated on the surface of a metallic,
      ceramic, or polymeric substrate, it continues as long as the substrate
      remains in contact with the plating solution. Because a uniform coating of
      any desired thickness can be applied by direct chemical reaction, without
      the passage of an electric current, the process was denoted "electroless
      plating" by Brenner and Riddell, who developed the first practical Ni-P
      processes (refer to J. Research, National Bureau of Standards, Vol. 37, p.
      31 (1946), Brenner, A. and Riddell, G.E.).
PAR  The phase dispersed in the metallic alloy coatings of this invention can
      consist of a broad variety of particulate materials. Where wear resistance
      is the desideratum, hard inorganic particles such as oxides, carbides,
      nitrides, silicides, borides, diamond, metallic or various intermetallic
      compounds are suitable.
PAR  The particles are preferably approximately equiaxial in shape, with an
      average size ranging from about 0.1.mu. to about 20.mu., and a
      lenth-to-width ratio ranging from about 2:1 to about 20:1. Typical powders
      are described in the following:
TBL                TABLE I                                                     
     ______________________________________                                    
                        Morphology                                             
     Chemical Crystal   Shape &                                                
     Formula  Structure Average Size, .mu.                                     
                                       Comments                                
     ______________________________________                                    
     .alpha.Al.sub.2 O.sub.3                                                   
              hexagonal equiaxed       levigated,                              
     (Linda A)          0.3.mu.        uniform                                 
                                       size                                    
     .alpha.Al.sub.2 O.sub.3                                                   
              hexagonal acicular       -600 mesh                               
     (Alundum)          1 = 20.mu.                                             
                        w = 10.mu.                                             
     .gamma.Al.sub.2 O.sub.3                                                   
              cubic     equiaxed       levigated,                              
                        0.1.mu.        uniform                                 
                                       size                                    
     TiO.sub.2                                                                 
              tetragonal                                                       
                        acicular                                               
                        1 = 3.mu.                                              
                        w = 0.2.mu.                                            
     ______________________________________                                    
PAR  Broadly, the process of this invention is concerned with the handling of
      particle additives in the range of about 0.05 .mu.-100.mu. particle size
      while controlling the bath agitation to maintain these particles in
      suspension for a time sufficient to effect composite plating of an
      immersed substrate, during which time bath conditions are maintained to
      achieve optimum stability and service life.
PAR  Particle settling rate is a function of particle size as well as the
      viscosity of the plating bath. Settling is also affected by particle
      concentrations, or loading, and degree of bath agitation. Plating rate, on
      the other hand, is influenced by many factors, which include among others
      (a) pH of the plating solution, (b) concentration of the reductant, (c)
      temperature of plating bath, (d) concentration of metal ions, and (e)
      ratio of bath volume to plating area.
PAR  Some plating of the metal onto the fine particles while they are in
      suspension can occur, depending upon the nature of the particles and
      whether they have been made catalytically active. Ordinarily, no
      preparatory treatment of the fine particles is necessary. The surface of
      the object to be plated will, in general, have been prepared to receive an
      adherent coating of metal and occluded particles by a suitable cleaning
      and chemical pretreatment prior to the electroless plating procedure. In
      all cases, for nonconductive substrates, the article to be plated will
      have been given a preliminary metal "strike" to help secure the particles.
      The additions of particles to be occluded in the metal matrix can be kept
      in suspension for the required time periods by agitating the bath
      solution, which also causes the particles to be moved into contact with
      the surface to be plated.
PAR  The nature of bath agitation can have an important effect on the coatings
      obtained, predominant orientations of the particles sometiems resulting as
      a function of bath motion. In prior art apparatus, it has been observed
      that there can be preferential particle settling on horizontal surfaces,
      depending, in part, on particle size.
PAR  With this invnetion, it is practicable to preselect the concentration of
      additive particles in the composite coating to suit the article end use.
      Thus, coatings containing as little as 3% by volume of additive particles
      have been produced, whereas heavier contents sometimes up to 15% by volume
      and greater were equally attainable.
PAR  The bath agitation resorted to in our process utilizes continuous
      circulation of the plating bath through a contacting zone of pregressively
      expanding cross-section in order to obtain a tumbling suspension of the
      articles to be plated at all times during which they are in the plating
      zone.
PAR  Previously, it has been the practice to use plating racks for the
      suspension within the bath of articles to be plated. However, these racks
      are objectionable, in that there occurs wasteful plate deposition thereon,
      which often requires "stripping" after each plating cycle. In addition,
      racks have not provided adequate support for parts having small-diameter,
      deep holes within which uniform penetration and distribution of the
      plating bath solution is required. Also, racks prevent complete
      encapsulation of articles to be plated, since there must be some point of
      attachment to, or bearing support provided by, the racks. Thus, the
      elimination of racks altogether, as has been done in our invention, is
      advantageous for numerous reasons.
PAR  In addition, the mode of agitation of this invention has increased the
      tolerance of electroless plating baths for particulate solids, so that
      very high levels, e.g., up to 15 g./1., have been utilized without
      inducing bath decomposition. This is an unexpected benefit, especially in
      electroless plating, which permits lay-down of very concentrated
      particulate inclusions. Moreover, effective particulate suspensions have
      been maintained over very long time periods, bath lives in excess of 60
      hours being routinely obtained using our process.
PAR  In tumble plating with the apparatus hereinafter described, small plastic,
      ceramic or metal parts are conveniently handled in groups ranging from 1
      to 100 in number.
PAR  The polymers employed were two varieties of commercially available plating
      grade acrylonitrile-butadiene-styrene, specifically, Borg Warner Co.
      EP3510 and the glass-fortified AF-1004 of Liquid Nitrogen Processing
      Corporation.
PAR  The pretreatment was in the following sequence with a given group of
      articles placed in a stainless steel wire basket for convenient
      step-by-step handling:
PA1  1. Cleaning consisted of immersion in a proprietary alkaline cleaner
      (Marbon C-15) for 5 mins. at 65.degree.C., in order to remove any grease
      or oil picked up in molding or handling operations.
PA1  2. The articles were then rinsed in hot and cold water for periods of 30
      secs. each.
PA1  3. To promote coating adhesion to the article surfaces, the articles were
      chemically roughened by immersion in a proprietary chromic-sulfuric acid
      etch (e.g., Marbon E-20), immersion being for 4-6 mins. at 65.degree.C.
      with mild agitation.
PA1  4. To remove any etch solution carry-over from step (3) the articles were
      rinsed in hot and cold water for 3 secs. each, followed by an ultrasonic
      water rinse of 2 mins. and a final rinse with running de-ionized water.
PA1  5. The articles were then sensitized by immersion in a proprietary
      (Enthone-432) bath which contains tin ions, the treatment being for 11/2
      mins. at room temperature, with the parts agitated in the bath.
PA1  6. Two de-ionized water rinses of 30 secs. duration under gentle agitation
      were next used to remove excess tin ions from the articles.
PA1  7. The articles were then placed in a proprietary activation bath (Enthone
      -440) containing Pd ions. The tin ions are thus further oxidized, under
      gentle agitation for 1.5 mins., thereupon reducing the Pd ions to metallic
      state.
PA1  8. The articles were then given two separate de-ionized water rinses of 30
      secs. duration each, under gentle agitation.
PA1  9. Finally, the articles were placed in a Ni-B strike bath for 8-10 mins.,
      the composition of this bath being identical with that of the particulate
      substance tumble plating bath hereinafter described, except free of
      particles for this pretreatment.
PAR  For ceramic parts, the preplate treatment is the same as hereinbefore
      described, except that a different treatment would be substituted for
      steps (2)-(4), inclusive, to achieve roughening of the ceramic surface.
      Thus, mechanical roughening might be substituted for chemical roughening.
PAR  For metal parts, yet another preplate treatment is required. Thus, a low C
      steel is prepared for plating by solvent degreasing (e.g., acetone or
      trichloroethylene), alkaline cleaner and then a rinse in 50 vol. % HCl
      solution with rinses in de-ionized water after each step. The parts could
      then be placed directly in the tumble plating bath.
PAR  Referring now to FIG. 1, a preferred design of tumble plater according to
      this invention utilizes a large frusto-conical funnel 10 coaxially
      disposed within, and somewhat above, a larger funnel 11 constituting a
      sump for reception of the gravity exhaust of plating solution 9 from
      funnel 10. Peripherally spaced small size ports 12 in funnel 10 permit
      free overflow of solution (and suspended particulate solids) from this
      funnel without escape of the articles 14 being plated.
PAR  The plating solution is continuously recycled from the apex 11a of the
      lower funnel via pump 15 and recirculating line 16, which latter
      discharges into the apex 10a of funnel 10. A typical plating bath
      composition can be as taught in U.S. Pat. No. 3,234,031 supra, with bath
      temperature maintained at about 55.degree.C.
PAR  Periodic analyses of the bath ingredients are made, with replenishments as
      required.
PAR  Pretreated articles to be plated are dumped into funnel 10 and initially
      tend to settle to the bottom under gravitational force. However, as they
      approach the bottom they encounter the upwardly directed jet stream of
      suspended particles recycled by pump 15 via line 16. A very complex
      article tumbling action results from the turbulence of the jet flow, the
      gradual deceleration of upward solution travel with progressive
      cross-sectional increase of funnel 10 and random collisions between the
      articles being plated. Most of these collisions tend to rotate the
      articles, causing a random non-directional agitation of the parts. The
      degree of bath agitation depends on the velocity of plating solution
      supply and the number of articles charged into the plater, as well as the
      size and degree of loading of suspended particles.
PAR  The advantage of a funnel 11 sump over a cylindrical reception vessel, for
      example, is that suspended solids are afforded no surfaces upon which they
      can deposit, so that uniform suspension concentrations are preserved
      indefinitely. In addition, the range of loading factor in terms of ratio
      of weight of powder to volume of solution is considerably broadened.
PAR  Prior practice has hitherto favored the use of more or less quiescent
      baths, free of turbulence. However, we have found that tumble plating is
      positively advantageous, because it favors the formation of uniform
      surface topography free from burrs and massive nodules. Moreover, there is
      obtained a more uniform dispersion of occluded particles in the plate
      coat. Elimination of article-holding racks permits easy inspection of
      individual articles in process by simply scooping them out as desired.
PAR  An extremely important advantage of tumble plating is the increased
      throwing power thereby obtained. This results from the impingement of a
      high-velocity stream of plating solution, containing suspended particles,
      which impacts all surfaces of the substrate plated in random manner within
      the bath. This unique action distinguishes tumble plating from
      conventional prior art barrel plating methods used in electroplating
      composites, affording the following advantages:
PA1  1. A high volume percentage of paricles is incorporated into the plate coat
      at relatively low bath loading factors of weight of powder/liter plating
      solution.
PA1  2. Incorporation of particles over the entire surface, and into small
      diameter holes and narrow slots occurs.
PA1  3. Greater breadth is achieved as regards the size and shape of particles
      which can be incorporated in composite coatings.
PAR  For example, our tests have shown that a composite electroless Ni-B coating
      with 13.1% of .alpha.Al.sub.2 O.sub.3 can be deposited from a plating bath
      containing 15 g./l. of Linde A alumina powder. Electrodeposition of a
      nickel composite coating with a comparable volume percent requires a bath
      loading factor of the order of 50 to 150 g./1.
PAR  Articles having a wide range of densities and geometries can be plated by
      the method of this invention. Thus, for buoyant articles 14', the
      apparatus of FIG. 2 can be employed, which utilizes an inverted
      frusto-conical funnel 10' provided with ports 18 at its upper, constricted
      end through which the articles can be conveniently introduced. With this
      design a cylindrical sump 19 is provided in open communication at its
      lower end with funnel 10', recirculation of plating solution being
      obtained by pump 15' having its intake connected via line 16'to the bottom
      of sump 19 and its discharge to the upwardly disposed apex 10a' of funnel
      10'.
PAR  It is, of course, practicable to separate the sump from the plating
      chamber, as by intermediate pipe connection, which can be desirable where
      the bath temperatures to be maintained in each are different.
PAR  Apparatus can be constructed from a wide variety of materials, such as
      Pyrex brand glassware, stainless steel, or stainless steel coated with a
      suitable corrosion-resistant polymer coating. Frequently, cleaning with
      nitric acid solution is desirable, and appropriate corrosion resistance
      must then be provided.
PAR  A specific apparatus constructed generally according to FIG. 1 utilized a
      frustoconical plating chamber 10 of 7 inches top diameter, the interior
      angle of the chamber being 48.degree.. A 2 inch high cylindrical rim was
      adhered to the top of the funnel and this was provided with twelve 1/4
      inch dia. liquid overflow holes spaced equally around the periphery.
PAR  The diameter of feed and outlet tubes was 3/8 inch i.d. and the pump 15
      utilized was a Cole-Parmer 1/35 H.P. sealless magnetic drive centrifugal
      pump with polypropylene body and impeller. The elbow connecting with
      orifice 10a was 3/4 inch vertical dimension.
PAR  Except where otherwise indicated, the plating bath composition employed in
      the following examples was a standard DMAB (i.e., dimethylamine borane)
      reductant bath, as follows:
     Nickel acetate        50.0    g./l.                                       
     Sodium citrate.2H.sub.2 O                                                 
                           25.0    g./l.                                       
     Lactic acid           25.0    g./l.                                       
     DMAB (i.e., dimethylamine                                                 
     borane) as reductant  2.5     g./l.                                       
     TDGA (i.e., thiodiglycolic                                                
     acid) as stabilizer   0.1     g./l.                                       
     Santomerse S (commercial                                                  
                           0.1     g./l.                                       
     wetting agent)                                                            
PAR  The bath was prepared from a number of stock solutions which are numbered
      as follows for convenient reference:
TBL  Solution I Nickel Acetate    62.5    g./l.                                
                Sodium Citrate    31.3    g./l.                                
                Lactic Acid       31.3    g./l.                                
     Solution II                                                               
                TDGA (i.e. thiodi-                                             
                glycolic acid)    20.0    g./l.                                
     Solution III                                                              
                Santomerse S      2.0     g./l.                                
     Solution IV                                                               
                DMAB (i.e., dimethyl-                                          
                amine borane)     30.0    g./l.                                
PAL  To prepare 1 liter of plating solution, the sequence and amount of stock
      solutions added was as follows:
PA1  1. Heat 800 ml of Solution I to 55.degree.C.
PA1  2. adjust pH (measured at room temperature) to 6.5 by addition of
      reagent-grade NH.sub.4 OH.
PA1  3. add 5 ml of Solution II.
PA1  4. add 50 ml of Solution III.
PA1  5. add 83 ml of Solution IV.
PA1  6. add distilled water to bring bath volume to 1 liter.
PAL  Once prepared, the DMAB bath was operated under the following conditions:
PA1  1. pH at room temperature -- 6.3 to 6.5
PA1  2. Temperature -- 55.degree.C.
PA1  3. area plating factor -- 5 to 10 sq.in./1.
PA1  4. Bath replenishment was made at intervals of 1 hr.
PAL  The bath-replenishment schedule was based on prior experimental work
      wherein wet chemical analyis of the DMAB and nickel ion concentrations
      were made during plating runs. The plating bath concentrations for each
      run were brought to standard levels during the "heat-up" period by making
      a wet chemical analysis and then adding the appropriate amounts of nickel
      ions, DMAB or TDGA.
PAR  For each run, the number of polymeric articles plated in the tumble plater
      (design of FIG. 1) were the same. The acrylonitrile-butadiene-styrene
      EP3510 articles consisted of five rectangles of dimensions 1/8 .times. 3/8
      .times. 3/4 inch, with a hole 1/8 inch diameter, 1/8 inch long, and a hole
      1/16 inch diameter, 1/8 inch long, together with five rectangles of
      dimensions 1/8 .times. 3/8 .times. 3/4 inch with a hole 1/32 inch
      diameter, 1/8 inch long, and a hole 1/64 inch diameter, 1/8 inch long.
      Finally, there were five glass-filled polymer articles
      (acrylonitrile-butadiene-styrene AF-1004) with approximate dimensions of
      3/4 .times. 3/8 .times. 3/8 inch having a hole 3/64 inch diameter, 1/4
      inch long, intersecting at right angles with a hole 0.028 inch diameter,
      1/8  inch long. The articles were first taken through the standard polymer
      preplate line hereinbefore described.
PAR  Wherever a "tumble plater" is referred to in this description, it will be
      understood that article tumbling was conducted, regardless of whether the
      plating solution contained suspended solids or not.
PAR  The tumbling in the reported Examples was gentle in nature, involving 5 or
      6 end-over-end rotations per minute of single articles, as observed with a
      stop watch. However, the tumbling rate can, of course, be varied broadly
      to suit particle requirements.
PAC  EXAMPLE 1
PAR  One lot of specimens as described was taken from the polymer preplate line
      and placed for 10 mins. in a 4-liter beaker which contained a standard
      DMAB plating bath, with gentle agitation being provided to the parts by
      manually imparting an up-and-down motion to the stainless steel basket in
      which they were contained. The specimens, plated with a thin nickel
      strike, were then transferred by dumping from the basket into the plating
      chamber of the tumble plater (FIG. 1), which also contained the standard
      DMAB plating bath. Plating ensued for 1 hr. in this bath, free of any
      hard-particle additions. Then a quantity of .alpha.Al.sub.2 O.sub.3 of
      hexagonal crystal structure and an aquiaxed shape with average particle
      size of 0.3.mu. was introduced into the tumble plater from a blended
      suspension of these particles in a separate beaker containing the DMAB
      plating bath. Over a period of 31/2 hr., 90 g. of .alpha.Al.sub.2 O.sub.3
      was added to the bath at hour intervals in 30 g. increments. Since the
      final tumble-plater bath volume was 6 liters, the .alpha.Al.sub.2 O.sub.3
      loading factor at the end of the run was 15 g./1.
PAR  Metallographic and X-ray examination confirmed the presence of a composite
      .alpha.Al.sub.2 O.sub.3 -electroless Ni-B deposit on the polymer
      substrates. Also, metallographic examination confirmed the presence of a
      composite coating in all hole diameters. Quantimet analysis (i.e., the
      Quantimet Image Analyzing Computer marketed by Metals Research, Ltd.,
      Hertz, England) indicated that 13.1 vol. % of .alpha.Al.sub.2 O.sub.3 was
      present in the composite layer. Yarn-line wear testing by running in
      contact with a coated specimen a 15-denier dull nylon monofilament with
      conditions of 5.degree. break angle 10 g. load, and 1000 yd./min. travel
      velocity indicated that the wear after 10 mins. was 0.113 .times.
      10.sup..sup.-6 cm.sup.3 or 0.678 .times. 10.sup..sup.-6 cm.sup.3 /hr.
PAC  EXAMPLE 2
PAR  A second lot of specimens was taken from the polymer preplate line and
      placed for 10 mins. in a 4-liter beaker which contained the standard DMAB
      plating bath. Gentle agitation was provided to the parts by manually
      imparting an up-and-down motion to the stainless steel basket in which
      they were contained. The specimens were then emptied from the stainless
      steel basket into the tumble plater (FIG. 1 design) and allowed to plate
      for 1 hr. in this bath. The tumble plater bath was the same one as used in
      Example 1, except that it had been carefully filtered at the end of the
      preceding run in order to remove any suspended hard particles. At the end
      of the 1Hr. plating period, .alpha.Al.sub.2 O.sub.3 of hexagonal crystal
      structure and an acicular shape with average particle size of 20  .times.
      10 .mu. was introduced into the tumble plater. Over a period of 41/2 hrs.,
      12 g. of .alpha.Al.sub.2 O.sub.3 was added to the bath at half-hour to
      hour intervals in 1.2 g. or 2.4 g. increments.
PAR  Metallographic and X-ray examinations confirmed the presence of a composite
      .alpha.Al.sub.2 O.sub.3 -- electroless Ni-B deposit. Also, metallographic
      examination confirmed the presence of a composite coating in all hole
      diameters. Quantimet analysis indicated that 10.1 vol % of .alpha.Al.sub.2
      O.sub.3 was present in the composite layer. Yarn-line wear testing for a
      period of 6 hrs. using 15-denier dull monofilament with conditions of
      5.degree. break angle, 10 g. load, and 1000 yd./min. running velocity
      indicated that the wear was 0.0163 .times. 10.sup..sup.-3 /hr. Since the
      tumble plater bath volume was 6 liters, the .alpha.Al.sub.2 O.sub.3
      loading factor at the end of the run was 2 g./1.
PAC  EXAMPLE 3
PAR  A third lot of specimens was taken from the polymer preplate line and then
      placed in a 4-liter beaker which contained the standard DMAB plating bath
      for 10 mins. Gentle agitation was provided to the parts by manually
      imparting an up-and-down motion to the stainless steel basket in which
      they were contained. The specimens were then emptied from the stainless
      steel basket into the tumble plater (FIG. 1 design) and allowed to plate
      for 1 hr. in this bath. The tumble plater bath was the same one used in
      Example 2, except that it had been carefully filtered at the end of the
      preceding run in order to remove any suspended hard particles. At the end
      of the 1-hr. plating period, acicular rutile (TiO.sub.2) of tetragonal
      crystal structure, and with a fiber diameter of 0.2 microns and a fiber
      length of 3 microns, was introduced into the tumble plater. The addition
      was 6 g., corresponding to a loading factor of 1 g./1. The composite
      plating period was 31/2 hrs.
PAR  Metallographic and X-ray examination confirmed the presence of a composite
      acicular rutile -- Ni-B deposit. Also, metallographic examination
      confirmed the presence of a composite coating in all hole diameters.
      Quantimet analysis indicated that 3.4 vol. % of acicular rutile was
      present in the composite layer. Yarn-line wear testing for a period of 1
      hr. using 15-denier dull monofilament with conditions of 5.degree. break
      angle, 10 g. load, and 1000 yd./min. running velocity indicated that the
      wear was 0.196 .times. 10.sup..sup.-6 cm.sup.3 /hr.
PAC  EXAMPLE 4
PAR  A small wear article fabricated from glass-filled AF-1004 polymer was
      formed with an injection molded flared entrance through slot measuring 7
      mils wide .times. 40 mils long .times. 200 mils deep.
PAR  The article, after the hereinbefore described polymer pretreatment, was
      coated by the following procedure, using the apparatus of FIG. 1:
PA1  a. 1 hour of electroless tumble plating in the standard DMAB plating bath,
      free of particulate additions,
PA1  b. 31/2 hours of electroless tumble plating in the standard DMAB plating
      bath containing 2 g./1. addition of suspended 9.mu. dia. diamond
      particles, and
PA1  c. 2 hours of electroless plating in a conventional magnetic-stirred beaker
      contained standard DMAB plating solution, free of particulate additions,
      this last step being added to provide metallographic edge protection.
PAR  A micrograph sectional plan view taken at the 100 mil level clearly showed
      an extraordinarily uniform coating over the slot walls of about 2 mil
      thickness, throughout which 9.mu. diamond particles were uniformly
      dispersed. This example illustrates the excellent "throwing power"
      capability of the invention method, particularly for plating the interiors
      of small holes and slots.
PAC  EXAMPLE 5
PAR  The following Table II reports a number of different plating runs made
      according to this invention in apparatus of FIG. 1 indicating composite
      dependence on particle size and also on particle nature (e.g., Ni-B baths
      were not effective to lay down titanium diboride or tungsten carbide on
      the polymer substrates involved and in the case of Ti metal a composite
      was not obtained in all areas).
PAR  All baths were of the Ni-B type, except the last reported, which was a
      commercial Ni-P type, marketed by the Shipley Co., Boston, Mass.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Description of Article                                                    
     Substrate    Holes or  Particulate                                        
                                   Total                                       
                                        Particle Size                          
     Material     Cavities  Material                                           
                                   g./l.                                       
                                        and Shape                              
                                                 Remarks                       
     __________________________________________________________________________
                            Al.sub.2 O.sub.3                                   
                                   2    equiaxed no composite observed         
                                        0.3.mu.                                
     EP 3510 polymer (size                                                     
                  1/8", 1/16"                                                  
     and shape 3/4" .times. 3/8"                                               
                  1/32", and                                                   
                            Al.sub.2 O.sub.3                                   
                                   5    equiaxed composite coating all         
     .times. 1/8")                                                             
                  1/64" diam.           0.3.mu.  areas, 9.1 vol. %             
                  holes 1/8"                                                   
                  deep      Al.sub.2 O.sub.3                                   
                                   15   equiaxed composite coating all         
                                        0.3.mu.  areas, 13.1 vol. %            
                            Al.sub.2 O.sub.3                                   
                                   0.1  acicular low loading of particles      
                                        20.mu. .times. 10.mu.                  
                                                 on surface; no composite      
                                                 in 1/64" hole                 
                            Al.sub.2 O.sub.3                                   
                                   2    acicular composite coating all         
     and                                20.mu. .times. 10.mu.                  
                                                 areas, 9.6 vol. %             
     AF-1004 glass-filled                                                      
                  3/64" and 1/32"                                              
                            TiO.sub.2                                          
                                   1    acicular composite coating all         
     polymer (size and                                                         
                  hole intersect-       0.2.mu. .times. 3.mu.                  
                                                 areas, 3.4 vol. %             
     shape approximately                                                       
                  ing at 90.degree.;                                           
     3/4" .times. 3/8" .times. 3/8")                                           
                  open-ended cavity                                            
                            TiO.sub.2                                          
                                   15   acicular composite coating all         
                  200 mil .times. 40 mil                                       
                                        0.2.mu. .times. 3.mu.                  
                                                 areas                         
                  .times. 7 mil                                                
                            diamond                                            
                                   2    equiaxed composite coating all         
                                        9.mu.    areas                         
                            MoSi.sub.2                                         
                                   2    equiaxed composite coating all         
                                        1-20 .mu.                              
                                                 areas                         
                            BN     2    equiaxed composite coating all         
     EP 3510 polymer                                                           
                  1/8", 1/16",          1-10 .mu.                              
                                                 areas                         
     (size and shape                                                           
                  1/32", and                                                   
     3/4" .times. 3/8" .times.                                                 
                  1/64" diam.                                                  
                            Ti     2    equiaxed no composite observed         
     1/8")        holes 1/8"            1-5 .mu.                               
                  deep                                                         
                            Ti     10   equiaxed composite observed in         
                                        1-5 .mu. some areas                    
     and                    SiC    2    equiaxed composite coating all         
                                        1-10 .mu.                              
                                                 areas                         
     AF-1004 glass-filled                                                      
                  3/64" and 1/32"                                              
                            TiB.sub.2                                          
                                   2    equiaxed no composite; plating         
     polymer (size and                                                         
                  hole intersect-       1-10 .mu.                              
                                                 on particles                  
     shape approximately                                                       
                  ing at 90.degree.;                                           
     3/4" .times. 3/8" .times. 3/8")                                           
                  open-ended cavity                                            
                            WC     2    equiaxed no composite; plating         
                  200 mil .times. 40 mil                                       
                                        1-10 .mu.                              
                                                 on particles                  
                  .times. 7 mil                                                
                            Al.sub.2 O.sub.3                                   
                                   2    acicular composite coating on          
                                        20 .times. 10 .mu.                     
                                                 exterior surfaces;            
                                                 no composite in 1/64"         
                                                 hole                          
     __________________________________________________________________________
PAR  Other designs of apparatus adapted to conduct plating in sequential stages,
      or continuously (as contrasted with batch-wise in FIGS. 1 and 2) are shown
      in FIGS. 3-5, inclusive.
PAR  Thus, FIGS. 3A and 3B illustrate a series arrangement comprising three
      funnel-type platers 22, 23 and 24, connected at their upper ends in order
      from right to left, so that articles 25 to be plated can be impelled in
      sequence from one plater to the next by appropriate manipulation of valves
      26 and 27 after preselected residence times in each plater. In the
      interim, with valves 26 and 27 turned down, pump 28 is operated to
      recirculate plating solution continuously via lines 32 and 33, without
      transfer of the articles, but, of course, maintaining tumbling at all
      times.
PAR  Finally, articles 25 are caught on screen 30, mounted across the outlet 24a
      of plater 24, from which they can be removed at will while the plating
      solution is recycled via line 31 connected to the intake of pump 28.
PAR  A somewhat similar design is depicted in FIG. 4, the platers 38a-38d being,
      in this instance, trough-like in form and generally V-type in transverse
      cross-section.
PAR  Weirs 39a and 39d, preferably of slightly decreasing height in the order
      recited, define the individual plater stages. A single pump 40 discharges
      into a common manifold 41 which is provided with individual discharge jets
      42a to 42d, inclusive, servicing individual platers. Transfer of articles
      from one plater to the next in sequence is readily effected by periodic
      manual manipulation of the individual valves 43a-43d, inclusive.
PAR  The terminal compartment, 38e, serves merely as a collector for articles 45
      having finished plate coatings, automatic article removal being obtained
      by an inclined, cleated belt conveyor 44, which is intermittently operated
      by a motor (not shown) to carry the articles out to a suitable
      finished-product collector.
PAR  Compartment 38e is provided with an inclined funnel bottom 46, covered with
      a sloped screen 47, through which plating solution is immediately
      withdrawn via pump intake line 48, so that suspended particles have no
      opportunity to settle out during solution recycle.
PAR  A modification in this design entails cutting vertically oriented
      alternately arranged slots in weirs 39a-39c (with, optionally, a shallower
      slot in weir 39d), so that there is continuous flow of plating solution
      and articles being plated through the apparatus. This has the disadvantage
      that certain articles might dwell longer within given plating cells than
      others, with corresponding variation in plating coats. However, acceptance
      by visual inspection cures this difficulty.
PAR  FIGS. 5A and 5B show a single funnel continuous plater 53 provided with a
      spiral baffle 54 defining a continuous plating path from the outside
      periphery to the center.
PAR  Baffle 54 is open at the bottom, so that a single jet 55 connected to the
      funnel apex 53a provides tumbling action throughout the entire plating
      path. Discharge of plating bath solution (and articles 57) is effected via
      drain connection 46 communicating with the terminal center of baffle 54.
PAR  Articles 57 are caught on screen 58 covering the exit end of sump funnel
      59, whereas plating solution is recycled from the outlet end 59a via pump
      intake line 60 through centrifugal pump 61 back into the plater via jet
      55.
PAR  Articles to be plated are supplied to the outside periphery of the plater
      by gravity feed through an inclined pipe chute 65.
PAR  Numerous other specific designs of apparatus can be provided to suit
      special requirements, utilizing the general principles hereinbefore
      elaborated with reference to FIGS. 1-5, inclusive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the electroless plating of preconditioned articles of metal, ceramic,
      glass, polymer, wood or other material of small enough mass affording
      buoyant suspension within an electroless plating solution incorporating a
      soluble salt of a platable metal together with a soluble reductant for
      said metal, the obtainment of concomitant particle inclusion with the
      electroless plate of insoluble, inert non-catalytic particles in the size
      range of about 0.05.mu. to about 100.mu. comprising subjecting said
      articles to buoyant tumbling within a continously circulating expanding
      jet stream of said electroless plating solution containing a suspension of
      said particles for a sufficient time to obtain a preselected amount of
      electroless plating with concomitant deposition of said particles on said
      articles.
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ABST
PAL  In U.S. Pat. Nos. 3,437,622 and 3,761,307 and U.S. Pat. application Ser.
      No. 323,944, filed January 15, 1973 and now abandoned, are disclosed
      pressure-sensitive adhesives, the required cohesive strength of which is
      provided by a polyurethane polymer in place of the natural or synthetic
      rubber of the prior art. However, some of such polyurethane-based
      adhesives are not highly resistant to moisture unless special procedures
      are used. For example, they may lose 20 to 75% of their adhesiveness after
      exposure for 3 days or less to 90% relative humidity at 150.degree.F. This
      invention discloses means of overcoming this problem by combinations of
      excluding moisture, adding minor proportions of the reaction-products of
      hydroxylated elastomers or of hexamethylene tetramine.
DETD
PAR  The following Examples illustrate detailed procedures for making my new
      adhesives, modifications and extensions of which within the scope of the
      appended claims, will be evident to those skilled in the art. (All
      proportions and amounts herein given are by weight unless otherwise
      noted.)
PAC  EXAMPLE 1
PAR  A. the polyoxypropylene ether of glycerin of molecular-weight (mw) 3000 and
      hydroxyl number 35 is mixed with tolylene diisocyanate (commercial
      material containing 80% 2,4 and 20% 2,6 isomers) in proportion to give a
      ratio of the number of equivalents of hydroxyl (OH) to isocyanate (NCO) of
      1:1.5. The mix is heated for 4 hours at 250.degree.F. and kept from
      exposure to moisture in the air or elsewhere.
PAR  B. A hydroxylated elastomer, polybutadiene of OH number 45, viscosity 200
      poises at 30.degree.C., 7.5 lbs./gal., iodine no. 355, 60% trans, 20% cis
      (1-4), 20% vinyl (1-2), dissolved in 20% of its weight of toluene is mixed
      with tolylene diisocyanate (TDI) in the proportion to give a ratio of
      OH:NCO of 1:1.5 and the mix heated for 4 hours at 250.degree.F. protected
      from moisture.
PAR  10% OF B by weight is blended with 90% of A. Tackifying resins in the form
      of the ethylene glycol ester of hydrogenated rosin and the triethylene
      glycol ester of hydrogenated rosin, each in amount of 25% of the weight of
      polyol plus elastomer are dissolved to a 70 weight % solution in toluene
      and added to the blend. Use of solvent slows the reaction and increases
      the pot-life of the prepolymers. Catalyst is then added in the form of
      stannous octoate in the amount of 1% of the weight of the 2 prepolymers.
      The mix is then coated on a polyurethane-impregnated paper (see U.S. Pat.
      Nos. 3,702,781; 3,752,700; 3,778,302; and U.S. patent applications Ser.
      Nos. 236,956, filed Mar. 22, 1972 and 323,944), both now abandoned, in
      amount to yield a final, dry coating-weight of 5 grams/sq.ft. The
      so-coated paper is heated for 1/2 to 11/2 minutes at 325.degree.F. The
      product was a tacky, pressure-sensitive (ps) adhesive tape which lost only
      5% of its initial adhesiveness after 3 days exposure to 90% relative
      humidity at 150.degree.F.
PAC  EXAMPLE 2
PAR  The procedure of Ex. 1 was followed, except that polyoxypropylene (the
      ethylene oxide adduct of polypropylene glycol) of OH no. 56 and mw 2000
      was used in place of the polyoxypropylene ether of glycerin. A similar
      moisture-resistent tape was produced.
PAC  EXAMPLE 3
PAR  The procedure of Ex. 1 was used, except that in part B, the hydroxylated
      polybutadiene was replaced by a styrene-butadiene copolymer with 20%
      styrene, 80% butadiene, OH no. 42, 60% trans, 20% cis (1-4), 20% vinyl
      (1-2), viscosity 295 poises at 30.degree.C., 7.6 lbs./gal., iodine no.
      335. A similar product was produced.
PAC  EXAMPLE 4
PAR  The procedure of Ex. 1 was followed, except that in part B, the
      hydroxylated polybutadiene was replaced by an acrylonitrile copolymer with
      15% acrylonitrile and 85% butadiene, OH no. 39, 60% trans, 20% cis (1-4)
      20% vinyl (1-2), viscosity 500 poises at 30.degree.C., 7.7 lbs./gal.,
      iodine no. 345. A similar product was produced.
PAC  EXAMPLE 5
PAR  The procedure of Ex. 3 was used, except that in part A, the
      polyoxypropylene ether of glycerin was replaced by the ethylene oxide
      adduct of polypropylene glycol, OH no. 56, mw 2000. A similar result was
      yielded.
PAC  EXAMPLE 6
PAR  The procedure of Ex. 1 was followed and to the final blend of parts A and B
      was added 2% of the weight of solids therein, of hexamethylene tetramine
      (HT). The product had increased moisture-resistance, losing inappreciably
      in adhesion after the humidity test.
PAR  It is found generally that addition of 0.6 to 5% HT based on total
      prepolymer wt., used as in Ex. 6, increases the moisture-resistance. In
      case the polyol polymer (as in part A of Ex. 1) contains moisture, the
      curability of the adhesive suffers but unless the moisture content is high
      this can be overcome by heating the polymer for about 30 minutes at
      150.degree. to 200.degree.F.
PAC  EXAMPLE 7
PAR  This is an example of a one-step procedure to made an excellent
      moisture-resistant ps adhesive without the use of solvent. The procedures
      are carried out with exclusion of moisture. 90 parts of the propylene
      oxide adduct of trimethylol propane of mw 2000 and OH no. 56, are warmed
      to 200.degree. to 220.degree.F. in order to dissolve therein 27 parts of
      the triethylene glycol ester of hydrogenated rosin and 27 parts of the
      glycerol ester of hydrogenated resin. With this solution is mixed 10 parts
      of the hydroxylated polybutadiene of Ex. 1, 2 parts of stannous octoate
      catalyst, TDI and polymethylene polyphenyl diisocyanate (WUC) in
      proportions to give a ratio of equivalents of total NCO to total OH of
      1.5:1, the TDI supplying 80% of the NCO and the WUC 20%. There is then
      mixed in 2 parts HT and the final mix promptly coated on the impregnated
      backing of Ex. 1 and heated at 250.degree. to 270.degree.F. for 1 to  2
      minutes. An excellent moisture-resistant ps adhesive tape was obtained.
PAR  The other herein disclosed hydroxylated elastomers may be used in the
      Examples in place of the polybutadiene. Other well-known catalysts of
      activity equal to that of stannous octoate can be used, such as stannous
      neodecanoate and lead octoate. If backings impregnated with natural rubber
      or synthetic rubber latices or solutions are used, the amount of
      polyisocyanate is increased to react with the active hydrogen of the
      impregnant and backing. If the WUC is not used (TDI alone), for example as
      in Ex. 7, the cure requires at least 2 minutes at over 300.degree.F. but
      the pot-life of the mix is longer; it requires only about 4 seconds at
      340.degree.F. or 20 sec. at 180.degree.F. if WUC alone is used and the
      pot-life is shorter. The hydroxylated elastomer polymer, as in part B of
      Ex. 1, may be used in the amount of 6 to 25% of the weight of the blend,
      the preference being for about 10%. A satisfactorily moisture-resistant
      product can also be made using the part B prepolymer without the part A
      prepolymer of Ex. 1, but the cure is slower, the adhesive has lower shear
      resistance, the resistance to high temperature is lower and the elastomer
      is more expensive. The blend of Ex. 1 can be used directly after mixing
      but the final adhesive is improved by letting the blend stand for 24 to 48
      hrs. at room temperature or by heating for 3 to 5 hrs. at 150.degree.F.
      The polyol reaction-product, as in Ex. 1, part A, may also be kept at room
      temperature for 24 to 48 hrs. out of contact with moisture with resulting
      improvement.
PAR  Tackifying resin may be used in amount of 40 to 150%, preferably about 50%,
      of the weight of the prepolymers used. Preferably the resins should have
      an acid no. below about 15 (otherwise enough additional NCO is used to
      react with the active hydrogen in them) and may be esters of rosin, tall
      oil, hydrogenated rosin, polymerized rosin or rosin stabilized by heating
      with a small amount of iodine (known in the trade as "Galex") or the
      cheaper resins such as the diethylene glycol esters of petroleum aromatic
      residues. Such esters may also be of ethylene glycol, glycerol or
      pentaerythritol. 10 to 40 (preferably 25) wt. per cent of the resin may be
      of low mw. Examples of low mw resins are the diethylene glycol and methyl
      esters of rosin, tall oil or hydrogenated, polymerized or stabilized
      rosin; of high mw are the glycerol and pentaerythritol esters of rosin,
      tall oil and hydrogenated polymerized or stabilized rosin. Resins of
      melting-point 100.degree. to 122.degree.C. I consider to be of high mw and
      are slightly less compatible. i.e. are not largely soluble in the solvent
      or in my polyols. Such resins are added either in solution in the warm
      polyols or dissolved, for example in toluene or toluene diluted with up to
      about 30% heptane, to about 70% concentration, The solvent also slows the
      reaction and lengthens the pot-life. I have found, however, that I can use
      a single resinof m.p. 74.degree.-122.degree.C. (preferably 100-122), for
      example pentaerythritol esters as noted above, with improved high
      temperature resistance. As in Ex. 2, the polyoxypropylene may be the
      propylene oxide adduct of polypropylene glycol. The polyol, as in Ex. 1 or
      2, part A, can vary in mw from 1500 to 5000, but 3000 to 4500 is
      preferred. The polyol OH no. can vary between 30 and 100, but 35 to 50 is
      preferred.
PAR  The hydroxylated elastomers, as in Ex. 1, part B are all liquids at room
      temperature and, although those of the Examples are preferred, they may
      also include hydroxylated polyisoprene and hydroxylated natural rubber.
      Their OH nos. may vary from 20 to 60, 39 to 56 being preferred; their
      viscosities, densities and iodine nos. may vary plus or minus 5% and their
      proportions of trans, cis and vinyl may vary from 57-63, 19-21 and 19-21,
      respectively. The per cent styrene in the hydroxylated butadiene-styrene
      can vary from 20-40; and of acrylonitrile in acrylonitrile-butadiene from
      13 to 17%.
PAR  The catalysts, as used in Ex. 1, may be the usual polyurethane catalysts
      such as stannous octoate and neodecanoate and lead octoate, and others of
      roughly equal activity. They are used in amounts from 0.3 to 5% of the
      total weight of prepolymers, preferably about 1%.
PAR  The adhesive is coated on the backing in amount from 3 to 11 grams per
      sq.ft. dry solids. The curing with polyols of OH no. 30-41 may be from 1/2
       to 11/2 min. at 310.degree. to 350.degree.F. while those of OH nos. from
      41 to 50 are cured at 250.degree.F. for 1 to 11/2 min. or for 1/2 min. at
      350.degree.F. When using polyols of higher OH nos., a satisfactory product
      may be made without preheating and without HT if kept dry but when using
      those of lower OH no., the preheating is required. In any case the use of
      HT improves the moisture-resistance. Preheating is not needed when
      moisture is excluded although this is a wise precaution as is standing at
      room temperature for 24-48 hrs.
PAR  I classify the polyols I use as of high, intermediate or low OH no. - those
      of about 41 to 100 are high and react faster with NCO and are cured for
      about 1/2 min. at 350.degree.F. or 1-11/2 min. at 250.degree.F. while
      those of 30 to 41 are low and the prepolymers from them often need to be
      preheated before use, for example, for 30 minutes at 150.degree. to
      200.degree.F. The latter are cured, for example, for 1/2 to 11/2 min. at
      310.degree. to 350.degree.F. The prepolymers from polyols of high OH nos.
      can be cured without preheat and, if kept dry, do not need HT, while those
      from low OH no. polyols usually have HT added. The polyols of low OH no.
      give more tacky final adhesive. Inert, volatile solvents other than
      toluene can be used, especially 30% heptane in toluene.
PAR  The backing materials used are as in Ex. 1 and are best those containing
      polyurethane polymers attached through urethane linkages to NCO-reactive
      hydrogen (active hydrogen) contained in the backing, and, of course, must
      be reasonably stable at the temperatures I use. If required, the backings
      can be provided with well-known release coatings on the backside and with
      anchor- or tie-coatings on the side coated with adhesive. Release-coatings
      include about 0.1 mil thick silicones, polyvinyl carbamate (U.S. Pat. No.
      2,532,011), acrylate copolymers, polyvinyl behenate, vinyl stearate and
      maleic or acrylic anhydride. Tie-coats include treating the surface to
      corona discharge (especially with film backings) or coating with emulsions
      of neoprene or butadienestyrene rubber and tackifying resin. If barrier
      coatings are needed, for example to prevent migration of adhesive and
      backing components, there can be used 0.3 to 0.4 mil coatings of
      cross-linking acrylic copolymer, polyvinyl chloride copolymer or a
      toluene, xylol or xylolmineral spirits solution containing 50% alkyd resin
      comprising phthalic acid-glycerin ester with 50% melamine-formaldehyde
      resin the ester containing 20% soybean oil or linoleic acid and using 0.5
      to 1% paratoluene sulfonic acid as resin condensation catalyst. Other
      backings may include impregnated cloth, glass-cloth, rayon, nylon,
      cellulose ethers and esters, polyesters, silk, polyethylene,
      polypropylene, polybutylene, polyvinyl esters and ethers, polyvinyl
      alcohol and partially hydrolyzed polyvinyl and cellulose ester. In order
      to save adhesive it is best to impregnate porous backings.
CLMS
STM  Having thus described by invention, what I claim is:
NUM  1.
PAR  1. A method of making a moisture-resistant, polyurethane-based,
      pressure-sensitive adhesive which comprises carrying out the following
      steps with substantial exclusion of moisture in steps (1) through (5): (1)
      reacting an aromatic polyisocyanate with polyols of average
      molecularweight between 1500 and 5000 and hydroxyl number between 30 and
      100 containing dissolved, compatible, tackifying resins in amount between
      40 and 150 per cent of the combined weight of the polyol of step (1) and
      the elastomer of the following step (2), in the proportion of from 1.1 to
      1.7 equivalents of isocyanate per equivalent of hydroxyl; (2) reacting a
      liquid hydroxylated elastomer of hydroxyl number between 20 and 60 with an
      aromatic polyisocyanate in the proportion of between 1.7 and 1.1
      equivalents of isocyanate per equivalent of hydroxyl; (3) adding to the
      product of step (1) an amount of the product of step (2) to make a mixture
      containing between 6 and 25% of the product of step (2); (4) adding active
      polyurethane catalyst to the product of step (3) in amount between 0.3 and
      5 per cent of the weight of polyurethane polymers therein; (5) coating the
      product of step (4) upon a stable, flexible, inert backing material in
      amount to leave a final weight of solids of between 3 and 11 grams per
      square foot; (6) heating the product of step (5) at a temperature of
      between 180.degree. and 360.degree.F. for a time sufficient to
      substantially complete the reaction of isocyanate and leave a dry coating,
      but not substantially longer.
NUM  2.
PAR  2. The method of claim 1 wherein the said polyisocyanate of step (1) is
      tolylene diisocyanate.
NUM  3.
PAR  3. The method of claim 1 wherein the said polyisocyanate is polymethylene
      polyphenyl diisocyanate.
NUM  4.
PAR  4. The method of claim 1 wherein the said polyisocyanate is a mixture of
      tolylene diisocyanate and polymethylene polyphenyl diisocyanate.
NUM  5.
PAR  5. The method of claim 1 wherein the said polyol of step (1) has a
      molecular-weight of between 3000 and 4500 and a hydroxyl number between 35
      and 50.
NUM  6.
PAR  6. The method of claim 1 wherein the said proportion of step (1) is 1.5.
NUM  7.
PAR  7. The method of claim 6 wherein the said proportion of step (2) is 1.2.
NUM  8.
PAR  8. The method of claim 1 wherein the said hydroxyl number of step (2) is
      about 45.
NUM  9.
PAR  9. The method of claim 1 wherein the said elastomer of step (2) is selected
      from the class consisting of hydroxylated polybutadiene, hydroxylated
      butadiene-styrene with 20 to 40 per cent styrene, hydroxylated
      butadiene-acrylonitrile with 13 to 17 per cent acrylonitrile, hydroxylated
      polyisoprene and hydroxylated natural rubber.
NUM  10.
PAR  10. The method of claim 1 wherein the said tackifying resin of step (1) is
      selected from mixtures containing 10 to 40 per cent of resins selected
      from the class consisting of the methyl, triethylene glycol and diethylene
      glycol esters of rosin, tall oil, hydrogenated polymerized and stabilized
      rosin with (2) resins selected from the class consisting of the glycerol
      and pentaerythritol esters of rosin, tall oil and hydrogenated polymerized
      and stabilized rosin.
NUM  11.
PAR  11. The method of claim 1 wherein the said catalyst of step (4) is at least
      as active as stannous octoate.
NUM  12.
PAR  12. A method of making a moisture-resistant, polyurethane-based,
      pressure-sensitive adhesive which comprises carrying out the following
      steps with substantial exclusion of moisture in steps (1) through (5): (1)
      reacting polyisocyanates selected from the class consisting of tolylene
      diisocyanate, polymethylene polyphenyl diisocyanate and mixtures of same,
      with polyols of molecular-weight between 2000 and 4500 and hydroxyl
      numbers between 35 and 50, in the proportion of 1.5 equivalents of
      isocyanate per equivalent of hydroxyl and adding thereto equal amounts of
      the resins of claim 10, (1) and (2), the total resin being 50 per cent of
      the weight of the said polyols plus the said polybutadiene of the
      following step (2), the said resins being dissolved to a 70 weight per
      cent solution in toluene; (2) reacting polybutadiene of hydroxyl number
      about 45 with the said polyisocyanates of step (1) in the proportion of
      1.2 equivalents of isocyanate per equivalent of hydroxyl and the said
      polybutadiene being dissolved in 20 per cent of its weight of toluene; (3)
      mixing the product of step (2) with the product of step (1) in amount to
      comprise 10 per cent of the combined weight of the polyurethane
      reaction-products of steps (1) and (2); (4) adding stannous octoate to the
      product of step (3) in the amount of between 0.3 and 5 per cent of the
      total weight of polyurethane polymers in step (3); (5) coating the product
      of step (4) upon a stable, flexible, inert backing material in amount to
      provide from 3 to 11 grams of dry coating per square foot; and (6) heating
      the product of step (5) to a temperature and for a time sufficient to
      evaporate the toluene and complete the reaction of the isocyanate but not
      substantially beyond this point.
NUM  13.
PAR  13. The method of claim 1 wherein the product of the said step (4) is
      allowed to stand for 24 to 48 hours at room temperature protected from
      moisture before use.
NUM  14.
PAR  14. The method of claim 13 wherein the product of the said step (4) is
      allowed to stand for 24 to 48 hours at room temperature protected from
      moisture before it is used.
NUM  15.
PAR  15. The method of claim 1 wherein the product of the said step (4) is
      heated for from 3 to 5 hours at about 250.degree.F. protected from
      moisture, before it is used.
NUM  16.
PAR  16. The method of claim 15 wherein the product of the said step (2) is
      heated for from 3 to 5 hours at about 250.degree.F. protected from
      moisture, before it is used.
NUM  17.
PAR  17. The method of claim 14 wherein there is added to the product of step
      (4) 0.6 to 5 per cent of the combined weight of polyurethane polymers
      therein, of hexamethylene tetramine.
NUM  18.
PAR  18. The method of claim 16 wherein there is added to the product of step
      (4) 0.6 to 5 per cent of the combined weight of polyurethane polymers
      therein, of hexamethylene tetramine.
NUM  19.
PAR  19. A simplified method of making a moisture-resistant, polyurethane-based,
      pressure-sensitive adhesive without the use of volatile solvent, which
      comprises carrying out the following steps with substantial exclusion of
      moisture in steps (1) through (4): (1) warming polyols of average
      molecular-weight between 1500 and 5000 and hydroxyl number between 30 and
      100, in order to dissolve therein the said tackifying resins of claim 10,
      in the amount of 40 to 150 per cent of the combined weight of the said
      polyols and the said elastomer of the following step (2), (2) adding to
      the product of step (1) a liquid hydroxylated elastomer of hydroxyl number
      between 20 and 60 in amount such that the said elastomer comprises from 6
      to 25 per cent of the combined weight of the said polyols and the said
      elastomer; (3) adding to the product of step (2) a polyisocyanate selected
      from the class consisting of tolylene diisocyanate, polymethylene
      polyphenyl diisocyanate and mixtures of same in the proportion to yield
      from 1.1 to 1.7 equivalents of total isocyanate per equivalent of
      hydroxyl; (4) adding to the product of step (3) an active polyurethane
      catalyst in amount from 0.3 to 5 per cent of the combined weight of the
      polymers of step (1) and the elastomer of step (2); (5) promptly coating
      the product of step (4) upon an inert, flexible backing material in amount
      between 3 and 11 grams per square foot of backing material and; (6)
      promptly heating the product of step (5) at a temperature of between
      180.degree. and 375.degree.F. for a time sufficient to complete the
      reaction of isocyanate but not substantially longer.
NUM  20.
PAR  20. The method of claim 19 wherein the said polyols of step (1) are of
      molecular-weight between 3000 and 4500 and of hydroxyl number between 35
      and 50; the said tackifying resins of claim 19, (1) and (2), are each in
      the amount of 25 per cent; the said elastomer of step (2) has an hydroxyl
      number of between 35 and 45 and its proportion is about 10 per cent of the
      combined weight of polyols plus elastomer; the catalyst of claim 19, step
      (4), is in the amount of about 1 per cent and is at least as active as
      stannous octoate; the polyisocyanate of step (3) is in the proportion of
      about 1.5 total equivalents of isocyanate per equivalent of hydroxyl; and
      the heating is for from 5 seconds to 2 minutes at a temperature between
      375.degree. and 180.degree.F., sufficient to completely react the
      isocyanate but not substantially beyond.
NUM  21.
PAR  21. The method of claim 19 wherein there is further added to the said step
      (3) hexamethylene tetramine in the amount of 0.6 to 5 per cent of the
      weight of the combined polyurethane polymers.
NUM  22.
PAR  22. The method of claim 20 wherein to the final mix is added 2 per cent of
      the weight of combined polyurethane polymers, of hexamethylene tetramine.
NUM  23.
PAR  23. The method of claim 20 wherein the said polyisocyanate is polymethylene
      polyphenyl diisocyanate and the said heating is for about 5 seconds at
      375.degree.F.
NUM  24.
PAR  24. The method of claim 1 wherein the said heating is for about 1 minute at
      about 340.degree.F.
NUM  25.
PAR  25. The method of claim 1 wherein the said backing material is paper
      impregnated with polyurethane polymers attached through urethane linkages
      to at least part of the active hydrogen of the paper.
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ABST
PAL  A method of coating electrostatographic carrier particles comprising
      introducing an upwardly flowing low pressure gas and a centrally located
      upwardly flowing high pressure gas at about one-third their full flow rate
      into a combined fluidized bed and spouted bed coating apparatus, loading
      carrier particles into the coating apparatus, increasing the flow rate of
      the low pressure gas to its full flow rate of about 305 cubic feet per
      minute with heating to heat the carrier particles, increasing the flow
      rate of the high pressure gas to its full flow rate of about 16 cubic feet
      per minute at about 1.5 atmospheres to form a fluidized bed of the carrier
      particles, introducing a solution or dispersion of coating material in a
      carrier liquid into the fluidized bed whereby the carrier particles are
      contacted with a cloud of atomized liquid droplets of the coating material
      in a disperse state resulting in a homogenous distribution of the liquid
      droplets among the carrier particles, and maintaining the fluidized bed of
      carrier particles at a temperature and for a time sufficient to volatilize
      and evaporate the carrier liquid.
PARN
PAR  This application is a continuation application of parent application Ser.
      No. 35,801, filed on May 8, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the production of coated carrier particles for
      use in xerographic developers.
PAR  Several systems for development of xerographic images are known. One system
      which has been found to be very satisfactory is that of cascade
      development. In cascade development, a mixture of finely divided marking
      particles, referred to as toner particles, and of larger sized carrier
      particles is caused to flow over the surface of a xerographic member
      bearing an electrostatic latent image. The triboelectric relationship
      between the toner particles and carrier particles is such that the toner
      particles bear an electrostatic charge opposite in sign to that of the
      electrostatic latent image. The forces of attraction between the
      electrostatic latent image and the toner particles are sufficient to
      overcome the forces of attraction between the toner particles and the
      carrier particles. Thus, the electrostatic latent image is developed into
      a visible image.
PAR  It is possible to modify the triboelectric characteristics of the carrier
      particles by applying a coating material to the surface of the particles.
      It is then the coating on the particles rather than the particles
      themselves which determines the triboelectric characteristics. In the
      past, it has been possible to achieve the application to carrier particles
      of such coatings by tumbling the particles with the coating material or
      with a solution of the coating material and evaporation of the solvent
      from this solution.
PAR  Consideration has recently been given to the use of xerographic developers
      containing carrier particles of much smaller size than has until now been
      common. It has been found that the use of developers of this type can be
      particularly advantageous in high speed automatic xerographic machines.
      However, attempts to apply coatings to carrier particles of such small
      size, for example of the order of 250 microns, by conventional tumbling
      techniques have not been very successful because of the tendency of the
      particles to stick together during the tumbling operation. Since most
      carrier coating techniques are deficient in one or more of the above
      areas, there is a continuing need for an improved carrier coating process.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore, an object of this invention to provide a carrier coating
      technique overcoming the above noted deficiencies.
PAR  It is another object of this invention to provide a carrier coating
      technique which reduces carrier particle agglomeration during coating.
PAR  It is a further object of this invention to provide a carrier coating
      technique capable of coating relatively small carrier particles.
PAR  It is a still further object of this invention to provide a carrier coating
      technique superior to those of known techniques.
PAR  The above objects and others are accomplished by fluidizing a bed of
      carrier particles, introducing a solution or dispersion of coating
      material in a carrier liquid into the fluidized bed and maintaining the
      bed at a temperature sufficient to evaporate the carrier liquid.
PAR  The advantages of the improved carrier coating system will become further
      apparent upon consideration of the following disclosure of the invention,
      particularly when taken in conjunction with the accompanying drawing
      wherein a schematic sectional view of a fluidized bed coating apparatus is
      illustrated.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In general, any of the materials known in the art to be suitable for
      carrier particles or coating materials can be used. Typical materials for
      coating carrier particles are disclosed in U.S. Pat. No. 2,618,551.
      However, the method of the invention is not restricted to the treatment of
      any particular type of carrier particle or the use of any particular
      coating material.
PAR  Where the coating material is soluble in readily available solvents it is
      usually preferable to employ a solution of the coating material rather
      than a dispersion but if the coating material is not sufficiently soluble
      in common solvents then a dispersion, including emulsions and suspensions,
      of the material in a suitable liquid can be used provided that any
      dispersing agent employed, if any, in formulating the dispersion does not
      adversely affect the triboelectric characteristics of the product.
PAR  The method of the invention can be carried out with the aid of equipment
      such as that commercially available from the firm of Vometec N.V. of
      Holland. A schematic drawing of this type of mixing equipment is shown in
      the accompanying drawing.
PAR  The Vometec mixing equipment comprises a vessel 1 having a cylindrical
      portion 2 above which is a frustoconical section 3 surmounted by an
      expension chamber 4.
PAR  Near the base of the cylindrical section 2 is a conical ring 5. This is
      finely perforated with holes, now shown, of about 1,000 microns. Low
      pressure air is passed through the perforations in the conical ring 5 from
      a chamber 6, this air being introduced through an inlet 7.
PAR  In the center of the conical ring 5 there is provided a conical plug 8
      which serves to block a discharge opening in the center of conical ring 5.
      The vessel 1 can be discharged by raising the plug 8.
PAR  The plug 8 seats on an annular member 9 which contains a ring of nozzles 10
      to which high pressure air is supplied from an inlet 11. Within each of
      the nozzles 10 there is located a supply pipe 12 to which liquid is passed
      from supply lines 13.
PAR  The liquid, comprising a solution or dispersion of a coating material,
      which is supplied through the lines 13, is atomised and conveyed into a
      fluid bed of carrier particles maintained within the cylindrical section 2
      of the vessel 1. In the fluid bed, dry carrier particles are entrained by
      the high pressure air emerging from the nozzles 10 and are intensively
      mixed with the atomised liquid emerging from the pipes 12. The temperature
      of the vessel 1 is maintained by heating the low pressure air introduced
      through inlet 7, at a temperature sufficient that the carrier liquid in
      the liquid supplied through the pipes 12 is volatilized and is removed
      from the vessel 1 by way of the expansion chamber 4. Any solid material is
      removed from the outlet gas by filter members 14.
PAR  It will be appreciated that the Vometec mixing equipment described with
      respect to the accompanying drawing uses a combination of "fluidized bed"
      and "spouted bed" principles. It is characteristic of such equipment that
      a cloud of liquid droplets are brought into a fluidized dry material in a
      disperse phase; this results in a homogeneous distribution of the liquid
      droplets among the solid particles. In general, any system may be used
      wherein the carrier particles are in the form of a fluidized bed, i.e.
      wherein the carrier particles are supported by a fluid so that there is a
      low mutual friction between the carrier particles.
PAR  By way of example, equipment of the type shown in the accompanying drawing
      is used for the production of carrier particles comprising particles of
      steel shot bearing a coating of a synthetic organic resin. The materials
      and operating procedures are as follows:
TBL  Shot charge    200 lbs.                                                   
     Bed temperature                                                           
                    40.degree.C. approximately.                                
     Shot density   7.4 gms/c.c.                                               
     Shot particle size                                                        
     analysis       through 600 microns sieve                                  
                    100 percent W/W.                                           
                    through 500 microns sieve                                  
                    95-100 percent W/W.                                        
                    through 355 microns sieve                                  
                    0-5 percent W/W.                                           
     Low Pressure air rate                                                     
                    305 c.f.m. at S.T.P. (used at                              
                    40.degree.C. 72" W.)                                       
     High pressure air rate                                                    
                    16 c.f.m. at S.T.P. (used at                               
                    1.5 atmosphere)                                            
     Weight of lacquer                                                         
                    7.9 lbs.                                                   
     Lacquer composition                                                       
                    Carbon black 0.95,                                         
     (percent by weight)                                                       
                    Terpolymer of methyl                                       
                    methacrylate, Styrene and                                  
                    Vinyl triethoxysilane 9.55, and                            
                    Toluene (solvent for                                       
                    terpolymer) 20.70                                          
                    Xylene 68.80                                               
PAR  In operation the low and high pressure air are first turned on at one-third
      the normal flow rate, the steel shot is loaded into the cylindrical
      section 2 and the low pressure air is increased to the normal rate with
      heating. When the steel shot charge is at the desired temperature the high
      pressure air is increased to the normal flow rate and the lacquer is
      pumped in through jets 13 through a metering pump. The lacquer injection
      time is about twenty minutes. The high pressure air is not heated.
      Fluidizing is continued for about five minutes after the lacquer injection
      has been completed.
PAR  The initial step of supplying air at one-third the normal rate is to
      prevent blinding of the holes in the perforated conical ring 5 and the
      ring of nozzles 10.
PAR  In practice, the lacquer injection rate has not been found a major process
      control variable, but the lacquer dilution is important to obtain
      uniformity of coating between particles. The balance is struck between
      solvent vapor concentration, lacquer dilution and lacquer injection rate.
      A highly volatile solvent, e.g. toluene, would evaporate too rapidly, so
      to avoid the need for cooling the fluidizing air, a less volatile solvent,
      e.g., xylene, is used with moderate heating of the fluidizing air to give
      the necessary process control.
PAR  Although specific materials and conditions are set forth in the foregoing
      examples, these are merely intended as illustrations of the present
      invention. Various other suitable carrier particles, carrier coating
      materials, solvents, air pressures and apparatus including those listed
      above may be substituted in the specific examples with similar results.
      Other materials may also be added to the carrier particles or coating
      material to sensitize, synergize or otherwise improve the coating
      properties or other desirable properties of the system.
PAR  Other modifications of the present invention will occur to those skilled in
      the art upon a reading of the present disclosure. These are intended to be
      included within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of coating electrostatographic carrier particles comprising
      introducing an upwardly flowing low pressure gas and a centrally located
      upwardly flowing high pressure gas at about one-third their full flow rate
      into a combined fluidized bed and spouted bed coating apparatus, loading
      said carrier particles into said coating apparatus, increasing the flow
      rate of said low pressure gas to its full flow rate of about 305 cubic
      feet per minute at S.T.P. with heating to about 40.degree.C to bring said
      carrier particles to said temperature, increasing the flow rate of said
      high pressure gas to its full flow rate of about 16 cubic feet per minute
      at S.T.P. at about 1.5 atmospheres to form a fluidized bed of said carrier
      particles, introducing a solution or dispersion of coating material in a
      carrier liquid into said fluidized bed whereby said carrier particles are
      contacted with a cloud of atomized liquid droplets of said coating
      material in a disperse state resulting in a homogeneous distribution of
      said liquid droplets among said carrier particles, and maintaining said
      fluidized bed of carrier particles at a temperature and for a time
      sufficient to volatilize and evaporate said carrier liquid.
NUM  2.
PAR  2. A method of coating electrostatographic carrier particles according to
      claim 1 including terminating contact of said carrier particles with said
      droplets and continuing suspension of said carrier particles until said
      coating material coated on said carrier particles is substantially dry.
NUM  3.
PAR  3. A method of coating electrostatographic carrier particles according to
      claim 1 wherein said carrier particles have an average particle size less
      than about 250 microns.
NUM  4.
PAR  4. A method of coating electrostatographic carrier particles according to
      claim 1 including maintaining said upwardly flowing low pressure gas as an
      upwardly flowing ring of low pressure gas surrounding an upwardly flowing
      ring of high pressure gas.
NUM  5.
PAR  5. A method of coating electrostatographic carrier particles according to
      claim 4 including supplying sufficient heat to said ring of low pressure
      gas to evaporate said carrier liquid.
NUM  6.
PAR  6. A method of coating electrostatographic carrier praticles according to
      claim 4 including introducing said coating material within said upwardly
      flowing ring of high pressure gas into said fluidized bed.
NUM  7.
PAR  7. A method of coating electrostatographic carrier particles according to
      claim 1 wherein said carrier liquid is selected from material which
      evaporates rapidly only upon heating to a temperature above ambient air
      temperature.
NUM  8.
PAR  8. A method of coating electrostatographic carrier particles according to
      claim 1 wherein said carrier particles comprise steel shot and said
      coating material comprises about 0.95 percent by weight of carbon black,
      about 9.55 percent by weight of a terpolymer of methyl methacrylate,
      styrene, and vinyl triethoxysilane, about 20.7 percent by weight of
      toluene, and about 68.8 percent by weight of xylene based on the weight of
      said coating material.
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ABST
PAL  An improved dry process for the finishing of organic material, particularly
      textile material made from natural or synthetic organic fibres ist
      described, which comprises applying to an inert carrier preparations
      containing at least one textile finishing agent transferring at
      atmospheric pressure above 80.degree.C to the organic material, optionally
      a bonding agent stable below 250.degree.C, water and/or an organic
      solvent; drying of the said preparation; bringing into contact then of the
      treated side of the inert carrier with the surface of the organic material
      to be finished; subjecting thereupon of carrier and the material to be
      finished, optionally under mechanical pressure, to a heat treatment at a
      temperature of at least 80.degree.C until the said textile finishing agent
      has transferred to the material to be finished, and separating of the
      finished material from the carrier.
PAL  The advantage of the new process is that, since there is no effluent
      produced, it is possible to use also textile finishing agents which are
      not biologically decomposable and it offers the possibility of obtaining
      finishing effects on the inside which differ from those on the outside
      surface of a fabric, such as is desired in the practice.
BSUM
PAR  The present invention relates to a dry process for the finishing of organic
      material, particularly textile material made from natural or synthetic
      organic fibres, as well as to the organic material, as an industrial
      product, finished by the new process.
PAR  The finishing of dyed fibre material is usually carried out as a second
      operation following dyeing; this is because many desired finishing effects
      cannot be obtained by simultaneous dyeing and finishing from an aqueous
      liquor. With the use in many cases of subliming or steam-volatile
      finishing agents, there easily occurs a contamination of the equipment.
      Furthermore, it is not possible by means of conventional aqueous finishing
      processes to obtain different finishing effects, e.g. on the inner and on
      the outer side of a fabric. The treatment of the effluent can moreover be
      very costly since many textile finishing agents are biologically difficult
      or impossible to break down and in some cases are even toxic.
PAR  A process has now been discovered which renders possible in a simple
      manner, and with avoidance of the stated disadvantages, the dry finishing
      of organic material. The new dry process for the finishing of organic
      material, particularly textile material made from natural and synthetic
      organic fibres, consists in the application to an inert carrier of
      preparations containing iat least one textile finishing agent transferring
      under atmospheric pressure above 80.degree.C, preferably above
      130.degree.C, to the organic material, optionally a bonding agent stable
      below 250.degree.C, water and/or an organic solvent, and the subsequent
      drying of the said preparations; the bringing into contact then of the
      treated side of the inert carrier with the surface of the organic material
      to be finished; the subjecting thereupon of the carrier and the material
      to be finished, optionally under mechanical pressure, to a heat treatment
      at a temperature of at least 80.degree.C, until the said textile finishing
      agent has transferred to the material to be finished; and the subsequent
      separation of the finished material from the carrier.
PAR  The inert carrier usable according to the process, i.e. a carrier which has
      no affinity to the employed textile finishing agents, is advantageously a
      flexible, preferably geometrically stable band, strip or metal sheet
      having advantageously a smooth surface, the said carrier being stable to
      heat and consisting of the most diverse materials, e.g. metal such as an
      aluminium or steel sheet, plastics, or paper or textile sheets optionally
      coated with a film of vinyl resin, ethylcellulose, polyureathane resin or
      Teflon. It is advantageous to use flexible sheets of aluminium or, on
      account of the low cost price, particularly of paper.
PAR  The following may be mentioned as textile finishing agents transferring at
      atmospheric pressure above 80.degree.C to the organic material: textile
      protective agents, especially biologically active protective substances
      which impart to the textile material, e.g. bacteriostatic and/or
      fungistatic and/or fungicidal properties, and finishing agents which
      produce on the textile material the desired effects, e.g. antistatic, oil-
      and water-repellent, handle-enhancing or fireproofing effects. The said
      textile protective agents and/or finishing agents can be applied
      optionally together with dispersion dyestuffs and/or optical brighteners,
      which convert under atmospheric pressure at temperatures of, e.g. between
      150.degree. and 220.degree.C to the vapour phase, to the material to be
      finished.
PAR  The textile protective agents and finishing agents useable according to the
      invention are in most cases known, or can be produced by processes known
      per se. They belong to the most diverse classes.
PAR  The compound of the formula
      ##SPC1##
PAL  may be given as an example of a bacteriostatic protective substance; and
      the compound of the formula
      ##EQU1##
      as an example of a fungistatic protective substance.
PAR  The compounds of the formulae
EQU  HO--(CH.sub.2 CH.sub.2 C).sub.7.sub.-15 H
      ##EQU2##
      ##SPC2##
      may be mentioned as examples of compounds imparting antistatic properties
      to the textile material; and paraffin or compounds of the formulae
EQU  C.sub.17 H.sub.35 NCO
      ##EQU3##
      as examples of compounds imparting water-repellent properties to the
      textile material.
PAR  Factors to be taken into account in the selection of the textile finishing
      agent(s) are, firstly, the desired effects and, secondly, the temperature
      at which these compounds transfer without decomposition to the organic
      material. Preferred compounds are ones having transfer temperatures of
      between 100.degree. and 200.degree.C. To obtain several finishing effects
      in one operation, it is preferable to use textile finishing agents
      possessing transfer properties of the greatest possible similarity, i.e.
      agents having transfer temperatures not differing from each other by more
      than 20.degree.C.
PAR  Bonding agents stable below 250.degree.C, i.e. such agents not melting at
      the transfer temperature, are obtainable commercially and are used on a
      large scale for the printing of textile materials. The bonding agents
      serve solely to retain on the treated area of the carrier the compounds to
      be transferred, without these being chemically modified by the said
      bonding agents. The bonding agents preferred are ones which, for example,
      dry rapidly in a warm air-stream and form on the carrier a fine film,
      advantageously non-adhesive. The following may be mentioned as suitable
      water-soluble bonding agents: alginate, tragacanth, carubin (from locust
      bean flour), dextrin, to a lesser or greater degree etherified or
      esterified mucilage, carboxymethylcellulose or polyacrylamide; and as
      suitable bonding agents soluble in organic solvents: cellulose esters such
      as nitrocellulose or cellulose acetate, and, in particular, cellulose
      ethers such as methyl-, ethyl-, propyl-, isopropyl-, benzyl- or
      hydroxyethyl- cellulose, as well as mixtures thereof.
PAR  Suitable organic solvents are water-miscible and non-water-miscible organic
      solvents or solvent mixtures having a boiling point at normal pressure of
      below 150.degree.C, preferably of below 120.degree.C. Preferred organic
      solvents are aliphatic or aromatic hydrocarbons such as toluene,
      cyclohexane, petroleum ether; lower alkanols such as methanol, ethanol,
      propanol, isopropanol; esters of aliphatic monocarboxylic acids such as
      acetic acidethyl or -propionic ester; ketones such as methyl ethyl ketone;
      and halogenated hydrocarbons such as perchloroethylene, trichloroethylene,
      1,1,1-trichloroethane or 1,1,2-trichloro-2,2,1-trifluoroethylene. It is
      advantageous moreover to use mixtures of these solvents, e.g. a mixture of
      methyl ethyl ketone and ethanol in the ratio of 1:1. The desired viscosity
      of the printing pastes can then be obtained by addition of the said
      bonding agents, or by dilution with water or with a suitable solvent.
PAR  Organic materials which can be treated according to the invention are
      natural and, in particular, synthetic fibres. Natural fibres which may be
      mentioned are: cellulose, wool or silk; and synthetic fibres: cellulose
      esters such as cellulose-21/2- and -triacetate, polyamides such as
      polyhexamethylenediamineadipate, poly- .epsilon.-caprolactam or
      poly-.omega.-aminoundecanoic acid, polyurethanes, polyesters such as
      polyethylene glycol terephthalate or
      polycyclohexanedimethyleneterephthalate, polyacrylonitrile, modified
      synthetic polyesters or polyamides, polyolefins such as polypropylene,
      regenerated cellulose such as viscose, or also mixtures of these materials
      with each other, or, e.g. mixtures of polyacrylonitrile/polyester,
      polyamide/polyester, polyester/viscose, polyester/cotton and
      polyester/wool, as well as leather, synthetic leather, paper and wood.
PAR  The organic materials can be in the most diverse stages of processing, e.g.
      in the form of films, sheets, bands, fleece, slubbing, woven and looped
      fabrics, non-woven or textile floor coverings such as needle-felt carpets,
      or yarn assemblies.
PAR  The preparations useable according to the invention are produced by a
      process in which the textile finishing agents which transfer at
      atmospheric pressure above 80.degree.C to the organic material are
      dissolved or finely dispersed in water and/or solvent or a solvent
      mixture, advantageously in the presence of a bonding agent stable below
      250.degree.C.
PAR  These preparations are applied to the carrier by means of, for example,
      spraying, coating or printing over the whole surface or over part of the
      surface of the carrier. Printing is carried out by the usual printing
      processes.
PAR  After application of the preparations to the carrier, they are dried, e.g.
      with the aid of a warm stream of air, or by infrared irradiation,
      optionally with recovery of the employed solvents.
PAR  The treated side of the carrier is thereupon brought into close contact
      with the surface to be finished of the organic material, and both carrier
      and material are then subjected to a heat treatment at a temperature of at
      least 80.degree.C, and preferably 100.degree. to 200.degree.C.
PAR  These temperatures are maintained until the textile finishing agents as
      defined have been transferred to the organic material to be finished, the
      treatment time being preferably between 5 and 120 seconds.
PAR  The action of heat can be applied in various known ways, e.g. by means of a
      heating plate, or by the passing of the material through a tunnel shaped
      zone heated, e.g. with hot air, or over a heating drum, advantageously in
      the presence of a pressure-exerting, unheated or heated plate or
      backingroll to ensure a uniform contact, or of a hot calender, optionally
      under vacuum, the said devices being pre-heated by steam, oil, infrared
      irradiation or microwaves to the required temperature, or located in a
      preheated heating chamber.
PAR  After completion of the heat treatment, the finished material is removed
      from the carrier.
PAR  The finished material requires no aftertreatment: it does not require a
      steam treatment to fix the textile finishing agent, or a condensation
      treatment or subsequent washing to improve the fastness properties.
PAR  Compared with known processes, the process according to the invention has
      noticeable advantages. The principal advantage is that, since there is no
      effluent produced, it is possible to use also textile finishing agents
      which are not biologically decomposable, so that hence there is no
      processing of waste-water containing toxic and/or biologically
      nondecomposable textile finishing agents necessary. Furthermore, the
      present process offers the possibility of obtaining, optionally
      simultaneously with the dyeing process, finishing effects on the inside
      which differ from those on the outside surface of a fabric; e.g., an
      anti-electrostatic and a bacteriostatic effect on the inside and a
      water-repellent effect on the outside surface of a fabric, such as is
      desired in practice, for example, in the case of raincoats or canvas
      materials.
DETD
PAR  In the following examples, which do not limit the scope of the invention,
      `parts` and `percentages` relate to weight, and temperatures are expressed
      in degrees Centigrade.
PAC  EXAMPLE 1
PAR  An amount of 100 g of the antistatic agent of the formula
      ##EQU4##
      is worked up with 100 g of ethylcellulose Type N (Hercules Co., USA) in
      900 g of a mixture of 450 g of methyl ethyl ketone and 450 g of ethyl
      alcohol by stirring for 1 hour at 35.degree. - 40.degree. to obtain a
      slightly viscous paste. This paste is applied by spraying, printing or
      coating (coating knife) to the whole surface of a paper strip so that the
      amount of antistatic agent present per square metre of strip is 5 g, and
      subsequently dried. A fabric made from polyethylene glycol terephthalate
      is placed onto the thus treated carrier and, by means of a heated plate,
      carrier and material are then brought into contact for 20 seconds at
      200.degree.. A second unheated plate ensures a uniform contact. The
      finished fabric is afterwards removed from the carrier.
PAR  A polyethylene glycol terephthalate fabric possessing anti-electrostatic
      properties is obtained in this manner.
PAR  Likewise excellent anti-electrostatic effects on the given materials are
      obtained by using, instead of a polyethylene glycol terephthalate fabric,
      a polyamide fabric (hexamethylenepolyadipamide or .epsilon.-caprolactam
      polymerisate), (185.degree.) a wool/polester mixed fabric (185.degree.), a
      polyacrylonitrile fabric (170.degree.) or a tricel-twill fabric (a
      triacetate fabric) (200.degree.), the procedure, with exception of the
      respective contact temperature given in brackets, being otherwise the same
      as that described in the example.
PAC  EXAMPLE 2
PAR  An amount of 100 g of the antistatic agent of the formula
      ##SPC3##
PAL  is stirred into 900 g of an aqueous polyvinyl alcohol thickening containing
      10 g of polyvinyl alcohol dissolved in 1000 ml of water, and the whole
      worked up by stirring for 1 hour at 30.degree. - 40.degree. into a
      slightly viscous paste. By means of coating with a hand-coater, 20
      g/m.sup.2 of the said paste is applied to a non-porous paper, and
      subsequently dried. Knitted articles made from polyethylene glycol
      terephthalate, 100 to 200 g/m.sup.2 in weight, are placed onto the thus
      treated carrier; carrier and material are then heated for 30 seconds at
      185.degree.-195.degree. as close contact betweem them is maintained. The
      finished knitwear is afterwards removed from the carrier.
PAR  There is obtained in this manner knitwear having good anti-electrostatic
      properties and good hydrophility.
PAR  Likewise excellent anti-electrostatic effects on the given materials are
      obtained by using with otherwise the same procedure as described in the
      above example, instead of a knitted article made from polyethylene glycol
      terephthalate, a knitted article made from polyacrylonitrile, or a mixed
      fabric from polyethylene glycol terephthalate and wool of 100 to 200
      g/m.sup.2 in weight.
PAR  Likewise excellent anti-electrostatic effects are obtained on the given
      materials by using with otherwise the same procedure as described in the
      example, instead of the aqueous polyvinyl alcohol thickening, one of the
      following listed thickening agents:
PA1  300 g of carboxymethylcellulose/1000 ml of water (40:1000),
PA1  30 g of Solidokoll K (polyacrylamide)/1000 ml of water,
PA1  300 g of Polyprint M 138 T (mucin derivative)/1000 ml of water (60:1000),
PA1  300 g of Solvitose C 5 (starch ether)/1000 ml of water (50:1000).
PAC  EXAMPLE 3
PAR  An amount of 200 g of the textile finishing agent of the formula
EQU  HO--(CH.sub.2 CH.sub.2 O).sub.7.sub.-15 H
PAL  is stirred into 900 g of a 0.6% aqueous alginate thickening, and the whole
      worked up as described in Example 2 to obtain a slightly viscous paste. By
      means of coating with a floating knife, 20 g of this paste is applied per
      square meter to tissue paper, 20 g per square meter in weight and
      calendered on one side, and subsequently dried. Fabric made from
      polyethylene glycol terephthalate of 130 g/m.sup.2 in weight is placed
      onto the thus treated carrier, and carrier and material held in close
      contact by means of a heating plate for 25 seconds at 190.degree.. The
      finished fabric is afterwards removed from the carrier.
PAR  Polyethylene glycol terephthalate fabric having an antistatic finish is
      obtained in this manner.
PAR  Similarly excellent antistatic effects on the given material are obtained
      by using, instead of a polyethylene glycol terephthalate fabric, a fabric
      made from polyacrylonitrile of 160 g per m.sup.2 in weight and a contact
      temperature of 185.degree., the procedure being otherwise as described in
      the example.
PAC  EXAMPLE 4
PAR  An amount of 60 g of the antimicrobic agent of the formula
      ##SPC4##
PAL  is worked up, as described in Example 1, with 100 g of ethylcellulose and
      940 g of methyl ethyl ketone to obtain a paste; the paste is subsequently
      applied to a paper sheet so that ca. 6 g of the antimicrobic agent per
      m.sup.2 is present, and then dried. There is thus obtained, with otherwise
      the same procedure as in Example 1, a polyethylene glycol terephthalate
      fabric possessing bacteriostatic properties, particularly against
      infestation by Staphylococcus aureus and Escherichia coli
PAC  EXAMPLE 5
PAR  An amount of 80 g of the bacteriostatic agent of the formula
      ##EQU5##
      is worked up with 100 g of ethylcellulose, 480 g of ethyl alcohol and 480
      g of methyl ethyl ketone, as described in Example 1, to obtain a paste. By
      means of coating with a hand-coater, 15 g of this paste is applied per
      m.sup.2 to an aluminium foil, and subsequently dried. Polyamide-6.6 fabric
      of 130 g/m.sup.2 in weight is placed onto the thus treated carrier; by
      means of a heated plate, carrier and material are then kept in contact for
      30 seconds at 195.degree.. A second plate ensures uniform contact. The
      finished material is thereupon removed from the carrier.
PAR  A polyamide-6.6 fabric having bactericidal and fungicidal properties is
      obtained in this manner.
PAC  EXAMPLE 6
PAR  200 g of the hydrophobic agent of the formula
      ##EQU6##
      and 100 g of ethylcellulose are worked up in 900 g of tetrachloroethylene
      to obtain a slightly viscous paste. By means of a coating knife, an amount
      of 30 g of this paste per m.sup.2 is applied to non-porous paper, and
      subsequently dried. Fabric made from polyethylene glycol terephthalate
      (130 g/m.sup.2) is placed onto the thus treated carrier, and by means of a
      heating plate carrier and material then kept in contact for 25 seconds at
      195.degree.; the fabric is afterwards removed from the carrier.
PAR  A polyethylene glycol terephthalate fabric having a water-repellent finish
      is obtained in this manner.
PAC  EXAMPLE 7
PAR  200 g of the hydrophobic agent of the formula
EQU  C.sub.17 H.sub.35 NCO
PAL  and 100 g of ethylcellulose are worked up in 900 g of a mixture consisting
      of 1 part of ethyl alcohol and 1 part of methyl ethyl ketone, as described
      in Example 1, to obtain a slightly viscous paste. By means of a
      hand-coater, the paste is applied to the whole surface of a tissue paper
      calendered on one side, so that an amount of 6 g of hydrophobic agent per
      m.sup.2 is present, and subsequently dried. Cotton popeline of 130
      g/m.sup.2 in weight is placed onto the thus treated carrier, and by means
      of a heating plate, carrier and material maintained in contact for 25
      seconds at 195.degree.; the finished material is afterwards removed from
      the carrier.
PAR  A cotton popeline having water-repellent properties and a soft handle is
      obtained in this manner.
PAC  EXAMPLE 8
PAR  200 g of the compound of the formula
      ##EQU7##
      and 100 g of ethylcellulose are worked up in a solvent mixture consisting
      of 400 g of ethyl alcohol and 400 g of methyl ethyl ketone, as described
      in Example 1, to obtain a slightly viscous paste. By coating with a
      coating knife, an amount of 15 g of this paste per m.sup.2 is applied to
      tissue paper of 20 g/m.sup.2 in weight, and subsequently dried.
PAR  If the treated surface of the carrier is placed onto cotton fabric 140
      g/m.sup.2 in weight, carrier and material heated by means of a flat iron
      for 20 seconds at 190.degree.C, and the material subsequently removed from
      the carrier, then a water- and oil-repellent cotton fabric having a soft
      handle is obtained.
PAR  If, instead of cotton fabric, a mixed fabric made from polyethylene glycol
      terephthalate and wool, cardboard, paper or wood are used, the procedure
      being otherwise as described in the example, then these materials too
      possess good oil- and water-repellent properties.
PAC  EXAMPLE 9
PAR  150 g of the compound of the formula
      ##EQU8##
      and 100 g of ethylcellulose are worked up in a solvent mixture consisting
      of 400 g of ethyl alcohol and 400 g of methyl ethyl ketone to obtain a
      paste. By means of coating, an amount of 15 g of this paste per m.sup.2 is
      applied to aluminium foil, and dried. Cotton fabric of 130 g/m.sup.2 in
      weight is placed onto the thus treated surface of the carrier, and carrier
      and material maintained in contact by being passed, under a paper runner
      cloth, through a hot drum for 25 seconds at 190.degree..
PAR  A cotton fabric having water- and oil-repellent properties is obtained in
      this manner.
PAR  Similarly good oil- and water-repellent effects which are also fast to
      washing are obtained on the below given substrates by using with otherwise
      the same procedure as described in the example, instead of a cotton
      fabric, a knitted article made from cellulose-21/2-acetate (25 seconds at
      170.degree.), cellulose triacetate or polyacrylonitrile, or a mixed fabric
      made from polyethylene glycol terephthalate and cotton.
PAC  EXAMPLE 10
PAR  200 g of the hydrophobic agent of the formula
      ##EQU9##
      and 100 g of ethylcellulose are stirred into a solvent mixture consisting
      of 400 g of ethyl alcohol and 400 g of methyl ethyl ketone, and the whole
      worked up, as described in Example 1, into a slightly viscous paste. By
      coating with a hand coater, an amount of 15 g of this paste per m.sup.2 is
      applied to non-porous paper, and subsequently dried. Fabric made from
      polyethylene glycol terephthalate of 180 g/m.sup.2 is placed onto the thus
      treated surface of the carrier, and by means of a heated plate, carrier
      and material kept in contact for 20 seconds at 190.degree.C. The fabric
      having on its outside water-repellent properties is afterwards removed
      from the carrier; the inside of the said fabric is then brought into
      contact with a carrier for 20 seconds at 185.degree.C, the said carrier
      having been pretreated as follows:
PAR  An amount of 100 g of the antistatic agent of the formula
      ##EQU10##
      is worked up, as described in Example 1, with 100 g of ethylcellulose, 450
      g of ethyl alcohol and 450 g of methyl ethyl ketone to form a paste; this
      is subsequently applied to the extent of 15 g/m.sup.2, by means of a hand
      coater, to non-porous paper, and then dried.
PAR  A polyethylene glycol terephthalate fabric is thus obtained which has on
      its outside hydrophobic and oil-repellent properties, and on its inside
      anti-electrostatic properties, and which can be used direct, e.g. for the
      production of raincoats.
PAC  EXAMPLE 11
PAR  An amount of 150 g of the hydrophobic agent of the formula
      ##EQU11##
      is worked up with 140 g of ethylcellulose, 425 g of ethyl alcohol and 425
      g of methyl ethyl ketone, as described in Example 1, to obtain a slightly
      viscous paste. By coating with a hand coater, 15 g of this paste per
      m.sup.2 is applied to non-porous paper, and subsequently dried. Knitted
      articles made from polyethylene glycol terephthalate (textured) of 150
      g/m.sup.2 in weight are placed onto the surface of the thus treated
      carrier, and carrier and material held in contact for 20 seconds at
      185.degree. by passing a tunnel heated zone heated with hot air. The
      knitted outer garment treated on its outside to have a water-, dirt- and
      oil-repellent finish is thereupon into contact on its inside with a
      carrier coated with a bacteriostatic agent for 20 seconds at 180.degree.C.
      The bacteriostatic carrier had been previously prepared as follows:
PAR  An amount of 50 g of the bacteriostatic agent of the formula
      ##EQU12##
      is worked up with 100 g of ethylcellulose, 475 g of ethyl alcohol and 475
      g of methyl ethyl ketone, as described in Example 1, to obtain a paste. By
      means of a hand coater, 15 g of this paste per m.sup.2 are applied to
      non-porous paper, and subsequently dried.
PAR  A textured polyethylene glycol terephthalate knitted article is obtained in
      this manner which has on its outside dirt-repellent and
      rain-drop-repellent properties, and on its inside odour-reducing and
      bacteriostatic properties.
PAC  EXAMPLE 12
PAR  100 g of the antistatic agent given in Example 2, 40 g of the antimicrobic
      agent given in Example 4 and 40 g of the blue dispersion dyestuff of the
      formula
      ##SPC5##
PAL  are stirred together with 80 g of ethylcellulose in 860 g of a mixture of
      430 g of acetone and 430 g of ethyl alcohol to form a homogeneouus paste.
      Paper is coated over its entire surface with the printing paste. A tricot
      made from polyethylene glycol terephthalate is placed onto the thus coated
      carrier, and carrier and tricot held in contact, by means of a heated
      calender, for 30 seconds at 190.degree.C. The printed and finished tricot
      is thereupon removed from the carrier.
PAR  A tricot is thus obtained which, simultaneously, has been dyed blue and
      given anti-electrostatic and bacteriostatic properties.
PAC  EXAMPLE 13
PAR  200 g of the compound given in Example 8 and 40 g of the red dyestuff of
      the formula
      ##SPC6##
PAL  are worked up, as described in Example 1, with 100 g of ethylcellulose in
      850 g of a mixture of 425 g of ethyl alcohol and 425 g of methyl ethyl
      ketone to obtain a paste. This paste is used to print designs on aluminium
      foil. The parts of the foil not printed with the dyestuff and textile
      protective agent are printed using a so-called negative-stencil with the
      textile protective paste given in Example 8.
PAR  A blouse material of polyethylene glycol terephthalate is brought into
      contact, by means of a press of which the one plate is heated, for 30
      seconds at 185.degree.C with the treated surface of the aluminium carrier.
      The printed and finished fabric is thereupon separated from the carrier.
PAR  Blouse material made from polyethylene glycol terephthalate is thus
      obtained which, simultaneously, has been printed red in parts and given
      overall oil- and water-repellent properties.
PAR  If, instead of the blouse material made from polyethylene glycol
      terephthalate, outer-garment materials made from cellulose-21/2-acetate or
      -triacetate are used, the procedure, with exception of a contact
      temperature of 170.degree. for cellulose-21/2-acetate, being otherwise a
      described in the example, then there are obtained on these fabrics too red
      printings in parts and an oil- and water-repellent finish over the whole
      surface.
PAC  EXAMPLE 14
PAR  Fine-screen printing designs having up to six colours or colour
      combinations, which are printed on paper with pastes, the pastes being
      obtained by the stirring-in of 100 g of each of the corresponding
      dispersion dyestuffs which convert at atmospheric pressure between
      160.degree. and 220.degree. to the vapour phase, and 100 g of
      ethylcellulose into 900 g of a mixture of 450 g of ethyl alcohol and 450 g
      of methyl ethyl ketone, and stirring at 35.degree.-40' for 1 hour to form
      a slightly viscous paste, are coated with an antistatic agent according to
      Example 2 or 3, and subsequently dried. A fabric made from polyethylene
      glycol terephthalate is placed onto the thus treated carrier, whereupon
      carrier and fabric are brought into close contact by means of a heated
      plate for 25 seconds at 190.degree.. A second unheated plate ensures a
      uniform contact. The carrier and the fabric are afterwards separated.
PAR  There are thus obtained, in one operation, sharp printing contures and,
      simultaneously, anti-electrostatic effects on polyethylene glycol
      terephthalate fabric.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dry process for the finishing of organic material, comprising the
      steps of
PA1  a. applying to an inert carrier a preparation containing a film-forming
      bonding agent which is stable below 250.degree.C and at least one textile
      finishing agent selected from the group consisting of bacteriostats,
      fungistats, fungicides, antistatic agents, oil repellants, water
      repellants, handle-enhancing agents, and fire proofing agents which is
      transferable at atmospheric pressure above 80.degree.C and below
      250.degree.C to the organic material,
PA1  b. contacting the treated side of the inert carrier with the surface of the
      organic material to be finished,
PA1  c. heating the inert carrier and the organic material in contact therewith
      to a temperature of above 80.degree.C and below 250.degree.C until a
      useful amount of the textile finishing agent has transferred to the
      organic material, and
PA1  d. separating the finished organic material from the inert carrier.
NUM  2.
PAR  2. The process of claim 1, wherein the inert carrier is paper or aluminum
      foil.
NUM  3.
PAR  3. The process of claim 1, wherein the textile finishing agent has a
      transfer temperature in the range of 100.degree. to 200.degree.C and the
      inert carrier and the organic material to be finished are heated in
      contact at a temperature above 100.degree.C.
NUM  4.
PAR  4. The process of claim 1, wherein the organic material is a textile
      material of cellulose, wool, cellulose ester, synthetic polyamide,
      polyester, polyacrylonitrile, or mixtures thereof.
NUM  5.
PAR  5. The process of claim 1, wherein the inert carrier and organic material
      are contacted and heated at a temperature in the range of 100.degree. to
      200.degree. for 5 to 120 seconds.
NUM  6.
PAR  6. The process of claim 1, wherein the preparation applied to the inert
      carrier further contains water or an organic solvent or mixtures thereof.
NUM  7.
PAR  7. The process of claim 1, wherein the inert carrier and the organic
      material are subjected to mechanical pressure at the point of contact,
      during the heating step.
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ABST
PAL  An inorganic fireproof protective coating composition consisting of 5 to 15
      percent by weight of a powdered silicate-oxide sinter or alloy, 15 to 35
      percent by weight of an anhydrous powdered alumosilicate substance, and 50
      to 80 percent of the acid phosphates of aluminum, chromium, magnesium or
      calcium, or mixtures thereof. All three ingredients of the coating form a
      suspensoid upon mixing and thereafter they are subjected to self-hardening
      at room temperature. The hardening process may be accelerated by heating
      up to 150.degree.C. The coating is designed for protection of products
      made of readily inflammable materials, particularly of wood and of
      wood-like materials, against destruction by fire or glow.
BSUM
PAC  Background of the Invention
PAR  The invention relates to a new fireproof inorganic protective coating, and
      to the method for preparation of said coating designed for protection of
      products made of readily inflammable materials, particularly of wood and
      of wood-like materials, against destruction by fire or glow. The coatings
      according to the invention can also be successfully used for covering the
      surface of products made of plastics, particularly of those made of
      polystyrene or polyurethane.
PAR  The fireproof materials and coatings used hitherto for impregnation and for
      covering the surface of readily inflammable wood and wood-like materials
      were based on ammonium and sodium phosphates, on alumosilicates or
      potassium silicates in the form of water glass, as well as on Portland
      cements or alumina cements. Such coatings are toxic or easy wettable and
      permeable by liquids, water-soluble and therefore they are not capable of
      being washed without damage.
PAC  Summary of the Invention
PAR  The fireproof protective coating according to the invention is not subject
      to the above mentioned limitations. It is insoluble in water, impermeable
      by liquids, washable and non-toxic. These good properties, as well as
      complete resistance against fire and glow, are obtained because the new
      coating material is produced from three specially selected and combined
      components.
PAR  The first ingredient actively reacts with the binding material of the
      coating, and is a silicate-oxide ceramic sinter or alloy, having the
      following chemical composition: 50--65 percent by weight of Fe.sub.2
      O.sub.3 +FeO in any proportion of (Fe.sub.2 O.sub.3 /FeO); 3-8 percent by
      weight of CuO+Cu.sub.2 O, in any proportion of (CuO/Cu.sub.2 O); 2 to 7
      percent by weight of CaO; and 20 to 30 percent by weight of of SiO.sub.2.
      It may also, include other oxides, for instance Al.sub.2 O.sub.3,
      TiO.sub.2, NiO, CoO, MgO, Na.sub.2 O and K.sub.2 O in any weight
      proportions, and in a total quantity from zero up to 10 percent by weight.
PAR  The second ingredient is an anhydrous aluminosilicate substance either in a
      natural state or after being subjected to sintering at a temperature above
      1000.degree.C, said substance including 40 to 75 percent by weight of
      SiO.sub.2 ; 10 to 45 percent by weight of Al.sub.2 O.sub.3 ; 0 to 15
      percent by weight of Fe.sub.2 O.sub.3 plus FeO in any proportion of
      (Fe.sub.2 O.sub.3 /FeO), as well as other oxides in a total of 0 to 10
      percent by weight, these oxides being TiO.sub.2, CaO, MgO, Na.sub.2 O and
      K.sub.2 O in any relative weight proportions. This ingredient constitutes
      the ceramic filler of the coating.
PAR  The third ingredient is an intensively binding inorganic binder either in
      the form of a water solution of the acid phosphate of aluminum, chromium,
      magnesium or calcium, having a density of 1.3 to 1.6 g/cc, or in the form
      of a mixture of these phosphates in any weight proportions. The best
      results are obtained by using the acid mono-and dibasic phosphates of the
      type Me.sup.III (H.sub.2 PO.sub.4).sub.3, Me.sub.2.sup.III
      (HPO.sub.4).sub.3, Me.sup.II (H.sub.2 PO.sub.4).sub.2 and Me.sup.II
      (HPO.sub.4), where Me.sup.III represents Al.sup.3.sup.+ and
      Cr.sup.3.sup.+, and where Me.sup.II represents Mg.sup.2.sup.+ and
      Ca.sup.2.sup.+.
PAR  The fireproof inorganic coating according to the invention consists of 5 to
      15 percent by weight of the first ingredient, 15 to 35 percent by weight
      of the second ingredient, and 50 to 80 percent by weight of the third
      ingredient.
PAR  The method of manufacturing the coating according to the invention consists
      in grinding the first and second ceramic ingredients until a grain size
      below 0.5 mm is reached, preferably until a grain size of 0.1 mm is
      reached; in preparing the third ingredient by dissolving the oxides or
      hydroxides of aluminum, chromium, magnesium or calcium in concentrated
      phosphoric acid at 60.degree. to 80.degree.C, diluting the reaction
      products with water to the required density of 1.3 to 1.6 g/cc; and mixing
      the coating ingredients in the above specified proportions until they
      produce a suspensoid. The coating is then applied on the surface of a
      readily inflammable material by means of brushing, by spraying or by
      immersion and is then dried in air at room temperature.
PAR  During the drying process the ingredients of the coating react with each
      other so that a self-hardening process takes place. This process may be
      accelerated by heating the coating up to a temperature of about
      150.degree.C.
DETD
PAC  Description of Preferred Embodiments
PAL  Exemplary compositions of the protective coatings are as follows:
TBL  Coating                                                                   
          Ingredient I                                                         
                  Ingredient II                                                
                           Ingredient III                                      
          percent by                                                           
                  percent by                                                   
                           percent by weight                                   
          weight  weight                                                       
     __________________________________________________________________________
     1    5       15       80-water solution of                                
                           Al(H.sub.2 PO.sub.4).sub.3 of a density             
                           about 1.45 g/cc, contain-                           
                           ing about 32 percent by weight of                   
                           P.sub.2 O.sub.5, and about 10 per-                  
                           cent of Al.sub.2 O.sub.3                            
     2    10      25       65-water solution of                                
                           Al(H.sub.2 PO.sub.4).sub.3 and Cr(H.sub.2 PO.sub.4).
                           sub.3                                               
                           at a density 1.55 g/cc                              
                           containing about 36 per-                            
                           cent of P.sub.2 O.sub.5, 9 percent                  
                           by weight of Al.sub.2 O.sub.3, and                  
                           3 percent of Cr.sub.2 O.sub.3.                      
     3    15      35       50-water solution of                                
                           Mg(H.sub.2 PO.sub.4).sub.2 at a density             
                           about 1.4 g/cc containing                           
                           about 8 percent by weight                           
                           of Mg and about 28 per-                             
                           cent of P.sub.2 O.sub.5.                            
     __________________________________________________________________________
PAL  An example of the method for the preparation of the coating according to
      the invention is presented below.
PAC  Example
PAR  The first ingredient, i.e. the silicate oxide sinter or alloy is ground,
      preferably in a ball mill or in a vibration mill, until a grain size below
      0.1 mm is reached. The second ingredient, i.e. the anhydrous
      aluminosilicate substance, is ground in the same manner.
PAR  The third ingredient, i.e. the phosphate binder, is obtained by dissolving
      either aluminum hydroxide, chromium oxide, magnesium oxide, or calcium
      oxide in phosphoric acid at a 60 percent concentration, while the
      quantities of individual substances are taken in accordance with the
      stoichiometric composition of mono- and dibasic phosphates. The reaction
      product is subjected to a slight dilution with water until the required
      density is obtained.
PAR  All three ingredients of the coating according to the invention are mixed
      together, preferably in a propeller mixer, thus obtaining a suspensoid of
      ceramic ingredients in a water solution of acid phosphates.
PAR  The coating is applied on a surface by spraying so that a protective layer
      of about 0.5 to 3.0 mm in thickness, preferably of about 1.0 mm, is
      obtained.
PAR  The coated material is then left for about 12 hours for drying in air at
      room temperature. During that time the setting and self-hardening of the
      coating occurs.
PAR  By heating a wet coating up to 150.degree.C, preferably by using infra-red
      radiators, the hardening process may be reduced down to about 30 minutes.
PAR  The invented fireproof inorganic coating is suitable for coating of
      products made of wood and wood-like materials, particularly for coating of
      fibre-, chip-, and shove boards of all kinds of plywood etc., in order to
      protect them against fire and glow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fireproof inorganic protective air hardenable coating mixture
      comprising (A) 5 to 15 percent by weight of a silicate oxide sinter or
      alloy comprising 50 to 65 percent by weight of Fe.sub.2 O.sub.3 plus FeO
      in any weight proportion, 3 to 8 percent of CuO plus CuO.sub.2 in any
      weight proportion, 2 to 7 percent by weight of CaO, 20 to 30 percent by
      weight of SiO.sub.2, and 0 to 10 percent of other oxides selected from the
      group consisting of Al.sub.2 O.sub.3, TiO.sub.2, NiO, CoO, MgO, Na.sub.2 O
      and K.sub.2 O in any weight proportion; (B) 15 to 35 percent by weight of
      an anhydrous aluminosilicate substance either in the natural state or
      sintered at a temperature above 1,000.degree.C, said substance comprising
      40 to 75 percent by weight of SiO.sub.2, 10 to 45 percent by weight of
      Al.sub.2 O.sub.3, 0 to 15 percent by weight of Fe.sub.2 O.sub.3 plus FeO
      in any weight proportion, and 0 to 10 percent by weight of other oxides
      selected from the group consisting of TiO.sub.2, CaO, MgO, Na.sub.2 O and
      K.sub.2 O in any weight proportions, and (C) 50 to 80 percent by weight of
      an acid solution of mono- or dibasic phosphates of aluminum, chromium,
      magnesium or calcium, or of their mixtures in any weight proportion, said
      acid solution having a density of 1.3 to 1.6g/cc.
NUM  2.
PAR  2. A method of producing a coated substrate comprising grinding to a grain
      size smaller than 0.5 mm (A) 5 to 15 percent by weight of a silicate oxide
      sinter or alloy comprising 50 to 65 percent by weight of Fe.sub.2 O.sub.3
      plus FeO in any weight proportion, 3 to 8 percent of CuO plus CuO.sub.2 in
      any weight proportion, 2 to 7 percent by weight of CaO, 20 to 30 percent
      by weight of SiO.sub.2, and 0 to 10 percent of other oxides selected from
      the group consisting of Al.sub.2 O.sub.3, TiO, NiO, CoO, MgO, Na.sub.2 O
      and K.sub.2 O in any weight proportion and (B) 15 to 35 percent by weight
      of an anhydrous aluminosilicate substance in the natural state or which
      has been sintered at a temperature above 1,000.degree.C, and said
      substance comprising 40 to 75 percent by weight of SiO.sub.2, 10 to 45
      percent by weight of Al.sub.2 O.sub.3, 0 to 15 percent by weight of
      Fe.sub.2 O.sub.3 plus FeO in any weight proportion, and 0 to 10 percent by
      weight of other oxides selected from the group consisting of TiO.sub.2,
      CaO, MgO, Na.sub.2 O and K.sub.2 O in any weight proportion; mixing the
      ground material in a water solution of mono- or dibasic acid phosphates of
      aluminum, chromium, magnesium, or calcium or a mixture of said acid
      phosphates, the solution of acid phosphate having a density of 1.3 to 1.6
      g/cc, and forming a suspensoid of said ground material in the solution;
      applying a coating of the suspensoid to the surface of a substrate and
      hardening the coating in air at a temperature from room temperature up to
      about 150.degree.C.
NUM  3.
PAR  3. The method according to claim 2 comprising grinding (A) and (B) to a
      grain size smaller than 0.1mm.
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ABST
PAL  Polyisocyanurate foams are produced by admixing from separate sources, an
      organic polyisocyanate, a diol, and a catalytic composition which
      comprises an alkali metal carboxylate and polyoxyethylene polyol.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of previously filed copending
      application Ser. No. 322,841, filed on Jan. 11, 1973, now abandoned.
BSUM
PAR  Polyisocyanurate foams containing a small amount of a polyol are known in
      the art and are described for example in United Kingdom Pat. No.
      1,155,768. Furthermore, alkali metal carboxylates and especially
      potassium-2-ethyl hexoate, more commonly known as potassium octoate, is a
      known trimerization catalyst. However, the potassium octoate is most often
      mixed with the polyol since the solubility of the alkali metal carboxylate
      in the polyol is generally sufficient to provide the entire composition
      with a sufficient amount of alkali metal carboxylate to trimerize the
      polyisocyanate. However, admixing the alkali metal carboxylate with the
      polyol is completely unsuitable for commercial operations for a number of
      reasons. First, the ratio of the alkali metal carboxylate to the polyol
      will be fixed for any given composition. Therefore, during processing with
      any given mixture, it is impossible to independently vary the ratio of
      alkali metal carboxylate to polyisocyanate independently of the ratio of
      polyol to polyisocyanate. Adding pure alkali metal carboxylate to the
      reaction mixture is not practical since pure alkali metal carboxylate is a
      solid. This solid does not become homogeneously distributed throughout the
      reaction mixture sufficiently rapidly to evenly catalyze the trimerization
      reaction. It is also known to add separately to the reaction mixture a
      catalyst composition comprising the alkali metal carboxylate and a solvent
      therefor. However, past solvents have in general resulted in undesirable
      properties in the resultant foam, such as an undesirably high friability,
      an undesirably great flammability, and a non-uniform resultant foam.
PAR  It is therefore an object of the present invention to provide an improved
      process for producing polyisocyanurate foams which are substantially free
      of the disadvantages of prior processes.
PAR  Another object is to provide an improved process for producing
      polyisocyanurate foam wherein the ratio of the polyol to the
      polyisocyanate can be varied independently of the ratio of the catalyst to
      the composition.
PAR  A further object is to provide an improved process wherein the resultant
      foam has a friability less than 20%.
PAR  A still further object is to provide an improved process wherein the
      resultant foam has a low flammability.
PAR  Yet another object is to provide an improved process wherein the resultant
      foam has uniform characteristics.
PAR  Still another object is to provide an improved polyisocyanurate foam.
PAR  Still another object is to provide an improved catalytic composition for
      the trimerization of polyisocyanates to produce polyisocyanurates.
PAR  Additional objects and advantages of the present invention will be apparent
      to those skilled in the art by reference to the following detailed
      description thereof and the single FIGURE of the drawings wherein there is
      schematically shown an apparatus suitable for practicing the process of
      the present invention.
PAR  The above and other objects are accomplished according to the present
      invention by the steps of:
PAR  I. admixing from separate sources, an organic polyisocyanate; a diol; a
      blowing agent; optionally a surfactant; and a catalyst composition
      comprising an alkali metal carboxylate and polyoxyethylene polyol having a
      molecular weight between 100 and 300 and then
PAR  II. recovering the resultant polyisocyanurate foam.
PAC  THE ORGANIC POLYISOCYANATE
PAR  In the broadest aspect of the present invention, any organic polyisocyanate
      can be employed. The preferred organic polyisocyanate is polymethylene
      polyphenylisocyanate having the indicated functionality and indicated
      equivalent weight. Those polymethylene polyphenylisocyanates having a
      functionality of less than 2.1 are generally not acceptable because the
      resultant foams exhibit an undesirably high friability. Polymethylene
      polyphenylisocyanates having a functionality greater than 3.2 also produce
      foams of too great a friability. Therefore, the polymethylene
      polyphenylisocyanates of the present invention generally having a
      functionality of 2.1 to 3.2 and preferably 2.5 to 3.2.
PAR  Polymethylene polyphenylisocyanates having an equivalent weight less than
      120 tend to produce foams having too great a friability. Those having an
      equivalent weight greater than 180 are generally too viscous to make their
      use practical. Therefore, the polymethylene polyphenylisocyanates employed
      in the present invention generally have an equivalent weight between 120
      and 180 and preferably have an equivalent weight between 130 and 145.
PAR  A preferred subclass of polymethylene polyphenylisocyanates especially
      useful in the present invention are a mixture of those of Formula I:
      ##SPC1##
PAL  wherein n is an integer from 0 to 8 and wherein the mixture has the
      above-described functionality and equivalent weight. This mixture should
      have a viscosity between 100 and 4,000 and preferably 250 to 2500
      centipoises measured at 25.degree. C in order to be practical for use in
      the present invention.
PAR  Examples of suitable polymethylene polyphenylisocyanates useful in the
      present invention include those of Formula I, wherein n is 1 as well as
      mixtures wherein n can have any value from 0 to 8 as long as the mixture
      has the specified equivalent weight. One such mixture, e.g. Mondur MRS,
      has 40 weight percent of n = 0, 22 weight percent of n = 1, 12 weight
      percent of n = 2, and 26 weight percent of n = 3 to about 8. The synthesis
      of polymethylene polyphenylisocyanates is described in Seeger et al U.S.
      patent 2,683,730 and in Powers U.S. Pat. No. 3,526,652 at column 3, lines
      6-21. It should, therefore, be understood that the polymethylene
      polyphenylisocyanate available on the market under the tradenames PAPI 20
      from Upjohn and E-418 from Mobay can successfully be employed within the
      spirit and scope of the present invention.
PAC  THE DIOL
PAR  In the broadest aspects of the present invention, any diol having a low
      equivalent weight generally between 30  and 100, and preferably between 30
      and 70, and having two hydroxyl groups which pass the Zerewitinoff Test,
      can be employed in the present invention. Triols and higher polyols can be
      admixed with these diols in minor amounts generally less than 10 percent
      provided the equivalent weight of the mixture is within the specified
      range. The preferred diols are those of Formula II:
EQU  HO--R.sup.1 --OH                                           II
PAR  wherein R.sup.1 is selected from the group consisting of lower alkylene and
      lower alkoxyalkylene with at least two carbon atoms. Examples of suitable
      diols include, among others, ethylene glycol, 1,2-propanediol, 1,3
      propanediol; 1,4-butanediol; diethylene glycol, dipropylene glycol,
      dimethylol dicyclopentadiene, 1,3-cyclohexanediol; and
      1,4-cyclohexanediol. Ethylene glycol and diethylene glycol are preferred.
PAR  In order to ensure complete reaction, the polymethylene
      polyphenylisocyanate and the diol are generally mixed in an equivalent
      ratio of 2:1 to 6:1 and preferably 3:1 to 5:1. In ranges outside these
      proportions the reaction yields a product having undesirable physical
      characteristics. At higher ratios the product has an undesirably high
      friability. At lower ratios the product has an undesirably high
      flammability.
PAC  ALKALI METAL CARBOXYLATES
PAR  In the broadest aspects of the present invention, any alkali metal
      carboxylate can be employed, however the preferred alkali metal
      carboxylates are those of Formula III:
      ##EQU1##
      wherein: M is an alkali metal and R.sup.2 is alkyl of 2 to 30 carbon
      atoms. The preferred alkali metal carboxylates are potassium salts of
      saturated aliphatic monocarboxylic acids of 2 to 12 carbon atoms, examples
      of which include among others:
PA1  potassium-2-ethylhexoate also known as potassium octoate,
PA1  potassium acetate,
PA1  potassium decanoate,
PA1  potassium butyrate,
PA1  potassium isobutyrate,
PA1  potassium nonate,
PA1  potassium stearate.
PAR  Other suitable but less preferred alkali metal carboxylates include among
      others:
PA1  sodium octoate,
PA1  lithium stearate,
PA1  sodium caprioate,
PA1  lithium octoate.
PAR  The preferred alkali metal carboxylate is potassium-2-ethylhexoate.
PAC  THE POLYOXYETHYLENE POLYOL
PAR  The polyoxyethylene polyol useful in the present invention is the ethylene
      oxide condensate of a lower polyhydric alcohol. Examples of suitable lower
      polyhydric alcohols include ethylene glycol, diethylene glycol, 1,4-butane
      diol, 1,3-butane diol, dipropylene glycol, glycerol, and
      trimethylolpropane. Ethylene glycol is preferred. The polyoxyethylene
      polyol must have a molecular weight between 150 and 450 and preferably
      between 200 and 300. At lower molecular weights, the flame retardancy of
      the resultant foam is adversely affected, whereas at higher molecular
      weights, a non-uniform foam results. The preferred polyoxyethylene polyols
      are those of Formula IV:
EQU  HO--CH.sub.2 CH.sub.2 O.sub.n H                            IV
PA1  wherein n is an integer from 3 to 10 inclusive and preferably from 4 to 7.
PAR  In the broadest aspects of the present invention, the alkali metal
      carboxylate and the polyoxyethylene polyol can be mixed in widely varying
      ratios, however, they are generally mixed in ratios of 1:1 to 1:10, and
      preferably 1:2 to 1:6. At much lower ratios an inordinately large amount
      of catalyst composition must be employed in order to catalyze the
      reaction, whereas at much higher ratios the viscosity of the resultant
      catalytic composition is so high that it becomes difficult to mix the
      catalytic composition with the remainder of the components which results
      in incomplete mixing and therefore a foam of non-uniform properties.
      Within the above-described range the viscosity of the catalytic
      composition is between 200 to 800 centipoises at 25.degree.C.
PAC  OTHER COMPONENTS IN THE CATALYTIC COMPOSITION
PAR  The catalytic composition of the present invention can contain a wide
      variety of components in addition to the alkali metal carboxylate and the
      polyoxyethylene polyol, as long as these additional components do not
      significantly adversely affect the catalytic function of the composition
      or adversely affect the physical properties of the resultant foam. For
      example, these components can be other materials known to catalyze
      trimerization reactions. Examples of other known catalytic materials
      include among others: benzyl trimethylammonium hydroxide, potassium
      hydroxide, sodium hydroxide, potassium adipate, potassium benzoate,
      tris(3-dimethylaminopropyl)hexahydro-5-triazine, potassium phthalimide,
      lead octoate, 1,4-diazabicyclo [2.2.2]octane, N,N-dimethylbenzyl amine,
      dibutyltin dilaurate, propylene oxide, phenyl glycidyl ether, diglycidyl
      ether of 2,2-bis(4-hydroxy-phenyl) propane and
      N,N-dimethylcyclohexylamine.
PAR  An especially preferred subclass of additional materials are certain
      tertiary amino phenols, the preferred species of which is
      2,4,6-tris(dimethylaminomethyl)phenol. A catalytic composition comprising
      this tertiary amino phenol and potassium-2-ethyl hexoate gives especially
      desirable results. This catalytic composition is described and claimed in
      U.S. application Ser. No. 322,842 filed concurrently herewith.
PAR  The alkali metal carboxylate and the tertiary amino phenol are generally
      present in an equivalent ratio of 1:3 to 3:1 and preferably 1:1.5 to
      1.5:1. The ideal ratio is 1:1. The equivalent weight is the molecular
      weight divided by the functionality. The functionality of the alkali metal
      carboxylate is one. The functionality of the tertiary amino phenol is
      equal to the number of amino nitrogen atoms present. The catalytic
      composition is used in an amount to give the desired cream time and firm
      time. The catalytic composition generally comprises from 0.01 to 5, and
      preferably from 0.1 to 2, weight percent of the polyisocyanurate foam.
PAC  THE BLOWING AGENT
PAR  Any blowing agent characteristically employed in similar prior art products
      can be employed in the composition of the present invention. In general,
      these blowing agents are liquids having a boiling point between minus
      50.degree.C and plus 100.degree.C and preferably between 0.degree.C and
      50.degree.C. Examples of suitable blowing agents include, among others,
      chlorinated and fluorinated hydrocarbons such as CCl.sub.2 F-CClF.sub.2,
      CCl.sub.2 F-CF.sub.3 and fluorotrichloromethane which is the preferred
      blowing agent. The blowing agents are employed in an amount sufficient to
      give the resultant foam the desired bulk density which is generally
      between 0.5 and 10, and preferably between 1 and 5 pounds per cubic foot.
      The blowing agent generally comprises from 1 to 30, and preferably
      comprises from 5 to 20, weight percent of the composition. When the
      blowing agent has a boiling point at or below ambient, it is maintained
      under pressure until mixed with the other components. Alternatively, it
      can be maintained at subambient temperatures until mixed with the other
      components. Difluorodichloromethane is the preferred blowing agent having
      a boiling point outside of the preferred range but within the broad range.
PAC  THE SURFACTANT
PAR  Successful results have been obtained with
      silicone/ethylene-oxide/propylene-oxide copolymers as surfactants. The
      surfactant molecules act as nucleating points from which bubbles can be
      initially formed and they further stabilize the bubbles after formation to
      allow preparation of foam. Among the many surface-active materials
      mentioned in the patent literature as cell-size control agents and
      stabilizers for urethane foams are alkoxy silanes, polysilylphosphonates,
      polydimethyl siloxane and polydimethylsiloxane-polyoxyalkylene block
      copolymers. For a more detailed explanation of the function of the
      surfactant in the manufacture of foamed polyurethane and polymethylene
      polyphenylisocyanate compounds, reference is made to an article entitled
      "How Silicone Surfactants Affect Polyurethane Foams" in Modern Plastics,
      January 1967 edition, pages 133ff, of which Robert J. Boudreau is the
      author.
PAR  Examples of surfactants useful in the present invention include, among
      others, polydimethylsiloxane-polyoxyalkylene block copolymers available
      from the Union Carbide Corporation under the tradenames L-5420 and L-5340
      and from the Dow Corning Corporation under the tradename DC-193.
PAR  The surfactant generally comprises from 0.05 to 4, and preferably comprises
      from 0.1 to 2, weight percent of the composition.
DETD
PAC  THE PROCESS
PAR  Referring now to the single FIGURE of the drawings, there is shown
      schematically an apparatus 10 suitable for use in connection with the
      present invention. The apparatus 10 comprises an isocyanate tank 11, a
      polyol tank 12, and a catalyst tank 13, each respectively connected to
      outlet lines 14, 15, and 16. The lines 14, 15, and 16 form the inlet to
      metering pumps 17, 18, and 19. The pumps 17, 18, and 19 discharge
      respectively through lines 20, 21, and 22 which are in turn respectively
      connected to flexible lines 23, 24, and 25. The flexible lines 23, 24, and
      25 discharge to mixing head 29. The apparatus 10 is also provided with a
      roll 30 of lower substrate material and a roll 31 of upper substrate
      material. The apparatus 10 is also provided with metering rolls 32 and 33,
      and an oven 35 provided with vents 36, 36' for blowing hot air. The
      apparatus 10 is also provided with pull rolls 38, 39 and cutting knife 44.
PAR  In operation, the isocyanate tank 11 is charged with the organic
      polyisocyanate admixed with the blowing agent, the polyol tank 12 is
      charged with the polyol admixed with the surfactant, and the catalyst tank
      13 is charged with the catalyst composition. The speeds of the pumps 17,
      18, and 19 are adjusted to give the desired ratios of the ingredients in
      the tanks 11, 12, and 13. These ingredients pass respectively through
      lines 20, 21, and 22 as well as lines 23, 24, and 25, whereupon they are
      mixed in the mixing head 29 and discharged therefrom. The pull rolls 38,
      39 each of which has a flexible outer sheath 40, 41 are caused to rotate
      in the direction of the arrows by a power source (not shown). By virtue of
      rotation of the pull rolls 38, 39 lower substrate material is pulled from
      the roll 30, whereas upper substrate material is pulled from the roll 31.
      The substrate material passes over idler rollers such as idler rollers 46
      and 47 and is directed to the nip between metering rolls 32, 33. The
      mixing head 29 is caused to move back and forth, i.e. out of the plane of
      the paper by virtue of its mounting on reversible mechanism 49. In this
      manner, an even amount of material can be maintained upstream of the nip
      between the metering rolls 32, 33. The composite structure at this point
      now comprising a lower substrate 51, an upper substrate 52 on either side
      of a core 53, now passes into the oven 35. While in the oven 35 the core
      expands under the influence of heat added by the hot air from vents 36,
      36' and due to the heat generated in the exothermic reaction between the
      polyol, the diol, and the isocyanate in the presence of the catalyst. The
      temperature within the oven is controlled by varying the temperature of
      the hot air from vents 36, 36', in order to insure that the temperature
      within the oven 35 is maintained within the herein described limits. The
      composite structure 55 then leaves the oven 35, passes between the nip of
      the pull rolls 38, 39 and is cut by knife 44 into individual panels 57,
      57'.
PAR  Numerous modifications to the apparatus 10 will be immediately apparent to
      those skilled in the art. For example, the tanks 11, 12, and 13 can be
      provided with refrigeration means in order to maintain the reactants at
      subambient temperatures.
PAC  EXAMPLES
PAR  The invention is further illustrated by the following examples in which all
      parts and percentages are by weight unless otherwise indicated. These
      non-limiting examples are illustrative of certain embodiments designed to
      teach those skilled in the art how to practice the invention and to
      represent the best mode contemplated for carrying out the invention.
PAC  EXAMPLE 1
PAR  This example illustrates the synthesis of a preferred catalytic composition
      of the present invention.
PAR  The following quantities of the following ingredients are combined as
      indicated.
TBL  ______________________________________                                    
                       Quantity                                                
     Item  Ingredient        Grams    Gram-moles                               
     ______________________________________                                    
     A     2-ethyl-hexanoic  15.2     0.104                                    
             acid                                                              
     B     polyoxyethylene glycol                                              
                             80.9     0.809                                    
     C     KOH               5.8      0.104                                    
     ______________________________________                                    
PAR  Items A and B are mixed, whereupon Item C is added until the resultant
      mixture has a pH of 7.0 as determined by a test with red litmus paper. The
      water of reaction is removed by contacting the reaction mixture with a
      molecular sieve supplied by the Union Carbide Corporation as Linde 3A.
PAR  Item B is the polyoxyethylene glycol supplied by the Union Carbide
      Corporation under the tradename Carbowax 200 and is the ethylene oxide
      adduct of ethylene glycol having an average molecular weight of 200;
      specific gravity 1.27 .+-.  0.002 at 20.degree.C; refractive index 1.459
      .+-. 0.003 at 25.degree.C and hydroxyl number of 560.
PAR  The resultant product is termed catalytic composition A.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated except that Item B is replaced by an
      equal weight of the following other commercially available polyoxyethylene
      glycols, such as DOW's polyglycol 200, tetraethylene glycol and
      polyoxyethylene glycol such as Carbowax 200 supplied by Cincinnati
      Milicon.
PAC  EXAMPLE III
PAR  This example illustrates the synthesis of a catalytic composition of the
      present invention employing an ingredient in addition to the alkali metal
      carboxylate.
PAR  The following quantities of the following ingredients are combined as
      indicated:
TBL                    Quantity                                                
     Item  Ingredient        Grams                                             
     ______________________________________                                    
     A     catalytic compo-  100                                               
           sition A                                                            
     B     2,4,6-tris(dimethyl-                                                
                             9.5                                               
           aminomethylphenol)                                                  
     ______________________________________                                    
PAR  The resultant catalytic composition is termed Catalytic Composition B.
PAC  EXAMPLE IV
PAR  The procedure of Example I is repeated except that Item A is replaced with
      an equal weight of the following alkali metal carboxylates to produce the
      following catalytic compositions.
TBL  ______________________________________                                    
                       Designation of                                          
     Alkali Metal Carboxylate                                                  
                       Catalytic Composition                                   
     ______________________________________                                    
     potassium acetate C                                                       
     sodium octoate    D                                                       
     potassium butyrate                                                        
                       E                                                       
     ______________________________________                                    
PAC  EXAMPLE V
PAR  This example illustrates the desirable physical characteristics of a
      polyisocyanurate foam produced in accordance with the present invention.
PAR  The following quantities of the following ingredients are combined as
      indicated:
TBL                    Quantity                                                
     Item  Ingredient           Grams                                          
     ______________________________________                                    
     A     polymethylene                                                       
           polyphenyl iso-                                                     
           cyanate              277                                            
     B     diethylene glycol    23                                             
     C     fluorotrichloromethane                                              
                                52                                             
     D     Catalytic Composition A                                             
                                12                                             
     E     DC-193               6                                              
     ______________________________________                                    
PAR  Items A through E are mixed in a vessel and permitted to stand, whereupon
      the mixture autogeneously cures to a polyisocyanurate foam. This foam has
      a friability of less than 20% and a burn extent of 9.8 inches.
PAC  EXAMPLE VI
PAR  This example illustrates the practice of the process of the present
      invention on a commercial scale by reference to the single FIGURE of the
      drawing. The following quantities of the following ingredients are
      combined as indicated:
TBL  Item   Ingredient       Parts by Weight                                   
     ______________________________________                                    
     A      polymethylene                                                      
            polyphenyl iso                                                     
            cyanate          277                                               
     B      CFCl.sub.3       52                                                
     C      diethylene glycol                                                  
                             23                                                
     D      DC-193           6                                                 
     E      Catalytic Com-                                                     
            position B       10                                                
     ______________________________________                                    
PAR  Items A and B are mixed with each other and placed in the tank 11. Items C
      and D are mixed with each other and placed in the tank 12. Item E is
      placed in the tank 13. The apparatus 10 is provided with kraft paper rolls
      30, 31. The oven 35 is heated to a temperature of
      150.degree.-200.degree.F. The rolls 38, 39 are started, as well as the
      pumps 17, 18, and 19 to discharge the contents of the tanks 11, 12, 13 in
      a weight ratio of 100:9:3. Under these conditions the resultant
      isocyanurate foam exhibits a cream time of 18 seconds and a firm time of
      35 to 45 seconds. Increasing the speed of the pump 19 and therefore the
      ratio of the catalytic composition to the other components reduces the
      cream time and the firm time, whereas slowing the pump 19 has the opposite
      effect. As will be readily apparent, the amount of catalyst added to the
      composition can be varied independently of the ratio between the polyol
      and the polyisocyanate. An inspection of the structure 55 indicates the
      core 53 is uniform.
PAC  Glossary
PAR  CREAM TIME
PAR  the time interval beginning with the addition of the catalyst and ending
      when the composition changes color from dark brown to cream colored. This
      color change is also accompanied by a simultaneous increase in volume.
      Unless otherwise indicated, the reactants are mixed at 15.degree.C under
      ambient conditions of atmospheric pressure and room temperature
      (25.degree.C).
PAC  EQUIVALENT WEIGHT
PAC  the molecular weight of the component divided by its functionality. For
      example, ethylene glycol has a molecular weight of 62.07 and has two
      hydroxyl groups or a functionality of 2. Therefore, the equivalent weight
      of ethylene glycol is 62.07/2 or approximately 31. The equivalent weight
      of the polymethylene polyphenylisocyanate is of course determined by
      dividing the average molecular weight by the average number of isocyanate
      groups present per molecule. These equivalent weights can also be
      determined empirically.
PAR  FIRM TIME- The time interval between catalyst addition and the firm point.
      Firm time is measured by periodically pressing by hand the top of the
      rising foam with a tongue depresser (a stick approximately 6 .times. 3/4
      .times. 1/16 inch). When the tongue depresser no longer penetrates the
      surface, the time is noted. The elasped time from addition of catalyst to
      this point is termed the firm time. At times prior to the firm point, the
      composition has the characteristics of viscous liquid or gel, whereas
      after the firm point it can be cut and otherwise handled.
PAR  BURN EXTENT
PAR  this is measured in terms of burn extent in the Monsanto Tunnel, as
      described by M. M. Levy, Journal of Cellular Plastics, April 1967, and by
      H. L. Vandersall, Journal of Paint Technology, 39 494 (1967). Conventional
      non-flame-retardant urethanes burn in excess of 23 inches (length of
      tunnel), while moderately flame-retardant conventional foams burn 15-20
      inches and highly flame-retardant conventional foams burn 10-15 inches in
      this tunnel.
PAR  FRIABILITY
PAR  the propensity of the foam to break expressed in percent weight loss. This
      is determined by the ASTM C-421 friability test conducted for 10 minutes.
PAR  THERMAL STABILITY
PAR  the ability of the foam to maintain its weight at elevated temperatures. A
      temperature of 300.degree.C is used for all tests. Thermal stability is
      expressed as percent weight loss and is measured by thermogravimetric
      analysis according to the technique described by J. E. Sheridan et al in
      the Journal of Cellular Plastics, May-June 1971.
PAR  OXYGEN INDEX
PAR  this is the measure of the flammability. The higher the number, the less
      flammable is the product. This is measured according to ASTM D-2863-70
      except that a sample measuring 1/2 .times. 1/2 inch and 6 inches is used.
      A reading of 24 or greater is desired.
PAR  Although the invention has been described in considerable detail with
      reference to certain preferred embodiments thereof, it will be understood
      that variations and modifications can be effected within the spirit and
      scope of the invention as described above and as defined in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a polyisocyanurate foam comprising the steps of:
PA1  I. admixing at one point from separate sources:
PA2  A. an organic polyisocyanate,
PA2  B. a diol having an equivalent weight of 30 to 100,
PA2  C. a catalytic composition comprising:
PA3   1. an alkali metal carboxylate which is a saturated aliphatic
      mono-carboxylic acid salt of an alkali metal,
PA3   2. polyoxyethylene polyol having a molecular weight between 150 and 450 in
      the presence of a blowing agent,
PA1  Ii. applying continuously the mixture comprising A, B, and C to a moving
      substrate, and then,
PA1  Iii. recovering the polyisocyanurate foam adhering to the substrate
PA2  wherein the equivalent ratio of A:B is 2:1 to 6:1, wherein the catalytic
      composition comprises from 0.01
PAL  to 5 weight percent of the polyisocyanurate foam.
NUM  2.
PAR  2. A process of claim 1 wherein the diol is selected from the group
      consisting of ethylene glycol, diethylene glycol, propylene glycol,
      dipropylene glycol, 1,4-butane diol, and 1,3-propane diol.
NUM  3.
PAR  3. A process of claim 1 wherein the catalytic composition additionally
      comprises co-catalysts.
NUM  4.
PAR  4. A process of claim 1 wherein the alkali metal carboxylate is one of the
      Formula III:
      ##EQU2##
      wherein M is an alkali metal and R.sup.2 is alkyl of 2 to 30 carbon atoms.
NUM  5.
PAR  5. A process of claim 1 wherein the alkali metal carboxylate is the alkali
      metal salt of a saturated aliphatic monocarboxylic acid having from 2 to
      30 carbon atoms.
NUM  6.
PAR  6. A process of claim 5 wherein the alkali metal is potassium.
NUM  7.
PAR  7. A process of claim 5 wherein the alkali metal carboxylate is
      potassium-2-ethyl hexoate.
NUM  8.
PAR  8. A process of claim 1 wherein the catalytic composition has a viscosity
      of 200 to 800 centipoises at 25.degree.C.
NUM  9.
PAR  9. A process of claim 1 wherein the polyoxyethylene polyol is the ethylene
      oxide condensate of a lower polyhydric alcohol.
NUM  10.
PAR  10. A process of claim 9 wherein the polyoxyethylene polyol is one of
      Formula IV:
EQU  HO--(CH.sub.2 CH.sub.2 O--).sub.n --H                      IV
PA1  wherein n is an integer from 3 to 10 inclusive.
NUM  11.
PAR  11. A process for producing a polyisocyanurate foam comprising the steps
      of:
PA1  I. admixing at one point from three separate sources:
PA2  A. a mixture of polymethylene polyphenyl isocyanates of Formula I, wherein
      n is an integer from 0 to 8 and the polyisocyanates have an equivalent
      weight of 120 to 180 and a functionality of 2.1 to 3.2 and the mixture has
      a viscosity of 250 to 2500 centipoises at 25.degree.C,
PA2  B. ethylene glycol or diethylene glycol, wherein the ration of A:B is in
      the range of 3:1 to 5:1,
PA2  C. a catalyst composition comprising:
PA3  1. potassium 2-ethyl hexoate
PA3  2. polyoxyethylene glycol having a molecular weight of 200 to 300 wherein
      the weight ratio of potassium 2-ethyl hexoate to polyoxyethylene glycol is
      in the range of 1:2 to 1:6,
PA3  3. 2, 4 6-tris (dimethylaminomethyl) phenol, 200 to 800 centipoises at
      25.degree.C, and is present to an extent of 0.1 to 2 weight percent of the
      polyisocyanurate foam,
PAR  in the presence of fluorotrichloromethane present to an extend of 5 to 20
      weight percent of the polyisocyanurate foam,
PA4  in the presence of polydimethylsiloxane-polyoxyalkylene block copolymers
      present ot an extent of 0.1 to 2 weight percent of the polyisocyanurate
      foam,
PA1  Ii. applying continuously the mixture comprising A, B, and C to a moving
      substrate, and then,
PA1  Iii. recovering the polyisocyanurate foam adhering to the substrate.
NUM  12.
PAR  12. A process for producing a polyisocyanurate foam comprising the steps
      of:
PA1  I. admixing at one point from separate sources:
PA2  A. an organic polyisocyanate,
PA2  B. a diol having an equivalent weight of 30 to 100,
PA2  C. a catalytic composition comprising:
PA3  1. an alkali metal carboxylate which is a saturated aliphatic
      mono-carboxylic acid salt of an alkali metal,
PA3  2. a compound of Formula IV:
EQU  HO--(CH.sub.2 CH.sub.2 O--).sub.n H                        IV
PAR  wherein n is an integer from 3 to 10 inclusive,
PA1  Ii. applying continuously the mixture comprising A, B, and C to a moving
      substrate, and then,
PA1  Iii. recovering the polyisocyanurate foam adhering to the substrate
PA2  wherein the equivalent ratio of A:B is 2:1 to 6:1,
PA1  wherein the catalytic composition comprises from 0.01 to 5 weight percent
      of the polyisocyanurate foam.
NUM  13.
PAR  13. A process for producing a polyisocyanurate foam comprising the steps
      of:
PA1  I. continuously admixing at one point from separate sources:
PA2  A. an organic polyisocyanate
PA2  B. a diol having an equivalent weight of 30 to 100,
PA2  C. a catalytic composition comprising
PA3   1. an alkali metal carboxylate which is a saturated aliphatic
      mono-carboxylic acid salt of an alkali metal,
PA3   2. a compound of Formula IV:
EQU  HO--CH.sub.2 CH.sub.2 O.sub.n H                            IV
PAL  wherein n is an integer from 3 to 10 inclusive, to form a mixture
      comprising A, B and C,
PA4  wherein the equivalent ratio of A:B has a specific value between 2:1 and
      6:1,
PA4  wherein the amount of catalytic composition is varied independently of the
      ratio A:B such that the catalytic composition comprises from 0.01 to 5
      weight percent of the polyisocyanurate foam, and then,
PA1  Ii. continuously applying the mixture comprising A, B and C to a moving
      substrate, and then
PA1  Iii. recovering the polyisocyanurate foam adhering to the substrate.
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PAL  A method for preparing polymer coated rolls for use in a xerographic
      reproducing apparatus is given whereby coatings of tetrafluoroethylene
      primer and enamel are applied, dried at low temperatures and baked at
      temperatures below the fusion temperature followed by a final heating step
      to fuse the tetrafluoroethylene enamel coating.
BSUM
PAR  This invention relates to improvements in heat fusing devices and, more
      particularly, to an improved apparatus for fixing xerographic powder
      images.
PAR  Specifically, this invention relates to an improved heatedroll fusing
      device. Although the invention is considered to have general application,
      it is particularly useful in the field of xerography and has an important
      application in the fusing of resinous powder images produced by
      electrophotography or xerography onto sheets of paper or other substrates
      upon which powder images have been transferred after they have been formed
      by deposition of developing powder on an electrostatic latent image
      bearing surface. Therefore, for the convenience of illustration only, the
      invention will be described with reference to its use as a heat fuser for
      xerographic powder images. However, it is to be understood that it may be
      employed with equal facility in other fields.
PAR  In the process of xerography as disclosed, for example, in U.S. Pat. No.
      2,297,691, a xerographic plate, comprising a layer of photoconductive
      insulating material on a conductive backing, is given a uniform electric
      charge over its surface and is then exposed to the subject matter to be
      reproduced, usually by conventional projection techniques. This exposure
      discharges the plate areas in accordance with the radiation intensity that
      reaches them, and thereby creates an electrostatic latent image on or in
      the photoconductive layer. Development of the latent image is accomplished
      with an electrostatically charged, finely-divided, developing material or
      toner which is brought into surface contact with the photoconductive layer
      and is held thereon electrostatically in a pattern corresponding to the
      electrostatic latent image. Thereafter, the developed powder image is
      usually transferred to a support surface, such as paper, to which it may
      be fixed by any suitable means.
PAR  One of the methods in common use for developing the electrostatic latent
      image is described in U.S. Pat. No. 2,618,551, and is known as cascade
      development. In this technique the powder or toner is mixed with a
      granular "carrier" material, and this two-component "developer" is poured
      or cascaded over the plate surface. The function of the carrier material
      is to improve the flow characteristics of the powder and to produce, on
      the powder, by triboelectrification, the proper electrical charge so that
      the powder will be attracted to the image. More exactly, the function of
      the carrier material is to provide the mechanical control to the powder,
      or to carry the powder to an image surface, and simultaneously, to provide
      homogeneity of polarity.
PAR  A variety of types of finely-divided electroscopic powders may be employed
      for developing electrostatic latent images. However, as the art has
      progressed, it has been found preferable to develop copy images with a
      powder or toner formed of any of a variety of pigmented thermoplastic
      resins that have been specifically developed for the purpose. A number of
      such developing materials are available commercially, and these developing
      materials are specifically compounded for producing dense images of high
      resolution and to have characteristics to permit convenient storage and
      handling. Such developing materials are compounded to permit them to be
      fixed to the surface of a transfer material either by heat fixing or vapor
      fixing techniques, in accordance with the particular application in which
      they are employed, that is, the individual particles of resin (toner)
      soften and coalesce when heated or plasticized by solvent, so that they
      become sticky or tackified and readily adhere to the surface of the
      transfer material.
PAR  The term "tackified" and the several variant forms thereof used throughout
      this specification are employed to define the condition of the powder
      particles of the electrostatic powder image when heated or plasticized by
      a solvent in a manner such that the individual particles soften and
      coalesce, and in which state they become sticky and readily adhere to
      other surfaces. Although this condition necessary requires a flowing
      together of the particles to effect a thorough fusion thereof, it is to be
      understood that the extent of such flowing is not sufficient to extend
      beyond the boundary of the pattern in which the particles are formed.
PAR  One of the important applications of the process of xerography comprises
      its use in automatic copying machines for general office use wherein
      powder images formed on a xerographic plate are transferred to paper and
      then fixed thereon by heat fusion. In order to fuse resinous images formed
      by the powdered resins now commonly used, it is necessary to heat the
      powder and the paper to which it is to be fused to a relatively high
      temperature, such as approximately 325.degree.F. It is undesirable,
      however, to raise the temperature of the paper substantially higher than
      375.degree.F. because of the tendency of paper to discolor at such
      elevated temperatures.
PAR  The art has long recognized that one of the fastest and most positive
      methods of applying heat for fusing the powder image to paper is to bring
      the powder image into direct contact with a hot surface, such as, for
      example, a heated flat plate.
PAR  But as the powder image is tackified by heat, part of the image carried by
      the support material will stick to the surface of the heated plate so that
      as the next sheet is placed on the heated plate, the tackified image
      partially removed from the first sheet will partially transfer to the next
      sheet and at the same time part of the tackified image from said next
      sheet would adhere to the heated plate. This process is commonly referred
      to in the art as "set off" or "offset".
PAR  The offset of toner onto the heating surfaces led to the development of
      improved methods and apparatus for fusing the toner images, notably the
      process and apparatus described in U.S. Pat. No. 3,268,351. The toner
      images there are fused by forwarding the sheet or web of paper bearing
      said image between two heated rolls, the roll contacting the image surface
      provided with a thin coating of tetrafluoroethylene resin and a silicone
      oil film to prevent toner offset. Tetrafluoroethylene resin is sold under
      the trademark "Teflon" by E. I. duPont De Nemours & Co. Both
      tetrafluoroethylene resin and silicone oil have physical characteristics
      such that they are substantially abhesive to dry or tackified xerographic
      developing materials. "Abhesive" defines a surface that has "release"
      characteristics such that it is highly repellent to sticky or tacky
      substances.
PAR  Although the use of a tetrafluoroethylene resin-coated roll in xerographic
      reproducing apparatus has been a great improvement, certain problems with
      respect to the resin-coated rolls have developed. For example, in the
      ordinary process for manufacturing the resincoated rolls, it is necessary,
      in order to attain sufficient resin thickness on the surface of the roll,
      to apply multiple coatings of resin. This has often resulted in resin
      coatings which are not homogeneous in thickness and which on occasion have
      been subject to blistering. Therefore, the durability of certain
      resin-coated rolls has been somewhat less than one would desire.
PAR  It is therefore the principal object of this invention to improve the
      construction of a fluorocarbon, that is, tetrafluoroethylene resin-coated
      rolls to provide adherent thicknesses of resin thereon and avoid
      blistering.
PAR  Another object of this invention is to provide a tetrafluoroethylene
      resin-coated roll which will have greater durability.
PAR  Still another object of this invention is to provide the method of
      manufacturing the resin-coated rolls so as to achieve improved efficiency
      and economy.
PAR  These and other objects of this invention are attained by the means of
      successively applying to the roll thin coatings of tetrafluoroethylene
      enamel film, and between each application, permitting the coating to
      substantially dry before baking the filmcoated roll to a temperature not
      exceeding the fusion temperature of tetrafluoroethylene. When the desired
      thickness of coating is attained, the coated rolls are subjected to a
      temperature of from about 700.degree. to 850.degree.F., preferably
      730.degree.-750.degree.F., in order to fuse the tetrafluoroethylene resin
      coating. This is in contrast to one previously employed method by which
      the rolls were heated to fusion temperature after each thin layer of
      tetrafluoroethylene enamel was applied.
PAR  There is thus provided a unique process for applying tetrafluoroethylene
      resin coatings to xerographic apparatus fusing devices. The resulting
      coating is very strong and will not blister. Another advantage derived
      from the practice of this invention is that the tetrafluoroethylene
      primer, which must be applied to the roll before application of the
      tetrafluoroethylene enamel, can be cured at a temperature significantly
      lower than has heretofore been required.
PAR  The process of this invention is a multiple step process involving: (1)
      application of a tetrafluoroethylene primer; (2) substantially drying the
      primer; (3) heating the primer-coated roll at a temperature sufficiently
      high to cause baking of the primer substance; (4) applying a thin coating
      of tetrafluoroethylene enamel liquid; (5) substantially drying the enamel
      liquid removing water and solvent; (6) baking the coating at a temperature
      below the fusion temperatures of tetrafluoroethylene; (7) repetition of
      steps (4), (5) and (6) until one attains the desired thickness of
      tetrafluoroethylene enamel on the roll; and (8) heating the coated roll to
      a high temperature in order to fuse the coating. In the final coating
      step, one may elect to omit the baking step and heat the coated roll to
      fusion.
PAR  Prior to applying the tetrafluoroethylene primer, it is essential that the
      surface of the roll be properly prepared. The surface should be clean and
      free of all greasy substances. Furthermore, adhesion of the primer is
      improved if the surface has been roughened in a uniform manner. Methods of
      properly preparing the surfaces, such as solvent cleaning, grit blasting,
      chemical etching, wheel sanding, etc. are well known to a person skilled
      in the art.
PAR  After the surface of the roll has been properly prepared, the
      tetrafluoroethylene primer is applied. A number of primer substances are
      available; duPont's Teflon 850-204 or 850-314 is especially suitable for
      application in xerographic reproducing machine fuser rolls. One coat of
      primer is generally applied and its thickness may be from about 0.2 mil to
      about 0.7 mil. The primer film, which is a liquid, may be conveniently
      applied by air atomization, either manually or, preferably, automatically.
PAR  The liquid primer film typically contains 30 to 50 percent water and other
      volatile materials. A drying step is necessary prior to curing the film.
      This may be done under ambient conditions. It is believed necessary to
      remove substantially all of the water and other volatile materials. In a
      preferred embodiment, the drying step can also be performed by forced air
      drying at between about 70.degree.F. and 80.degree.F. This is further
      advantageously done under low humidity conditions, preferably from about
      10 to 60 percent relative humidity. After the drying step has been
      completed, the rolls are ordinarily subjected to a sintering temperature
      of from about 700.degree. to 850.degree.F. in order to fuse the
      tetrafluoroethylene primer. It has previously been considered very
      important to use these high temperatures in the application of
      tetrafluoroethylene enamel. However, in the process of this invention, one
      employs only a single-fusion step in the application of the
      tetrafluoroethylene enamel. Under these circumstances, the baking of the
      tetrafluoroethylene primer can be accomplished at a significantly lower
      temperature, namely at about 400.degree.F. to about 550.degree.F., for
      from about 10 to about 30 minutes. Preferably, one may bake the primer at
      475.degree.F. for about 20 minutes. The use of these lower temperatures is
      one advantage derived from this invention. In addition to the obvious
      advantage of cost savings resulting from operation at lower temperatures,
      there is no danger of over baking the primer coat and running the risk of
      poor intercoat adhesion after the enamel is applied.
PAR  The application of the tetrafluoroethylene enamel coats is performed in a
      manner analogous to the primer coat. For purposes of this invention, one
      may use one of duPont's "high build" tetrafluoroethylene enamels. These
      are substances which can be applied in thicknesses up to about 2.5 to 3.0
      mils without running the risk of "mud cracking". Mud cracking is the
      phenomenon which occurs when a wet enamel film is too thick and the
      particles are pulled apart on drying because of shrinkage. Suitable for
      application in xerographic reproducing machine rolls of this invention is
      Teflon 851-224. Large thicknesses are not required for this invention and
      one may apply any thickness desired. Each individual coating thickness may
      be from about 0.2 to about 0.9 mil. Thicknesses of 0.2 to 0.5 mil are
      preferred because of the high quality fuser rolls produced.
PAR  After the application of each tetrafluoroethylene enamel coat, a roll is
      completely dried in a similar fashion to that used to dry the primer in
      order to flash off or remove the water and other volatile materials
      contained in the film. Again this may be done by drying under ambient or
      room temperature conditions or by using a controlled temperature and/or
      humidity as discussed above. After the drying is completed, the coated
      roll is baked by heating to a temperature below the fusion temperature of
      tetrafluoroethylene. Care should be used not to fuse the
      tetrafluoroethylene in this step. Baking at between about 600.degree.F.
      and the fusion temperature, normally considered about 680.degree.F., for
      from about 10 to about 30 minutes is usually satisfactory. Preferred
      results are achieved when the baking is accomplished at about
      650.degree.F. for about 20 minutes.
PAR  In many processes heretofore practiced, after each coating and drying step,
      the tetrafluoroethylene enamel-coated rolls were placed in an oven and
      heated at high temperatures (725.degree. to 800.degree.F.) in order to
      fuse the enamel coating. Under this invention, these repeated fusion steps
      are undesirable and should be avoided in order to achieve the unique
      product of this process.
PAR  It has been found that the optimum thickness of tetrafluoroethylene resin
      coating on rollers used for xerographic reproducing apparatus is between
      about 0.8 to 6 mils. Lower thicknesses are generally preferred. When the
      desired thickness has been achieved by successive coatings, drying, and
      baking, the coated roll is then subjected to a fusion temperature of from
      about 700.degree.F to 850.degree.F., preferably from about 730.degree. to
      750.degree.F. The fusion time is about 10 to 20 minutes.
PAR  The following specific example describes the method and technique of this
      invention. It is intended for illustrative purposes only and should not be
      construed as a limitation.
PAR  Fuser rolls for xerographic reproducing apparatus which have been coated
      with Teflon 850-314 primer and baked at a temperature of 475.degree.F.,
      are mounted on a moving conveyor. They are then carried through a spray
      booth past a spray gun apparatus from which they receive one coat of
      Teflon 851-224 enamel having a dry film thickness of 0.4 mil. The rolls
      pass through a flash-off zone where they are subjected to warm, dry air at
      the temperature of 75.degree.F. with a relative humidity of 30 percent.
      The volatile solvents and water in the enamel film are removed by this
      treatment in approximaterly 20 minutes. The roll is then baked at
      650.degree.F. for 20 minutes. The baked, Teflon coated roll is again
      presented to the spray guns. The cycle of spraying, drying, and baking is
      continued for two more passes until a film of about 1.2 mils is attained.
      The rolls are then removed immediately to a fusing oven where the
      temperature is maintained at about 740.degree.F. The rolls are subjected
      to this metal temperature for 15 minutes. They are observed to have a
      durable, uniform coating.
PAR  While the present invention has been described by the specification and
      examples, the invention is not so limited. Many modifications can be made
      by one skilled in the art without departing from the spirit and scope of
      the invention which should be viewed through the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a polymer coated roll for use in a
      xerographic reproducing apparatus comprising:
PA1  applying to the surface of the roll a tetrafluoroethylene primer;
PA1  drying the primer;
PA1  heating the primer-coated roll until the primer is baked;
PA1  applying to the surface of said roll a liquid coating consisting
      essentially of tetrafluoroethylene enamel;
PA1  drying said coating;
PA1  baking the coated roll at a temperature below the fusion temperature of
      tetrafluoroethylene resin;
PA1  applying at least one more additional liquid coating of tetrafluoroethylene
      enamel, drying, and baking of said coating after each application at a
      temperature below the fusion temperature of tetrafluoroethylene resin
      until the desired thickness of tetrafluoroethylene enamel on the surface
      is attained; and
PA1  heating the coated roll at a temperature sufficient to cause fusion of the
      tetrafluoroethylene coating.
NUM  2.
PAR  2. The method of claim 1 wherein drying is accomplished at ambient
      temperature.
NUM  3.
PAR  3. The method of claim 1 wherein drying is accomplished at a temperature of
      from about 70.degree.F. to about 80.degree.F.
NUM  4.
PAR  4. The method of claim 3 wherein drying is accomplished at between about 10
      percent and about 60 percent relative humidity.
NUM  5.
PAR  5. The method of claim 1 wherein the primer is baked at between about
      400.degree.F. and about 550.degree.F.
NUM  6.
PAR  6. The method of claim 1 wherein the primer is baked at about 475.degree.F.
      for between about 10 and about 30 minutes.
NUM  7.
PAR  7. The method of claim 1 wherein the tetrafluoroethylene enamel is baked at
      a temperature of between about 600.degree.F. and below the fusion
      temperature for between about 10 and about 30 minutes.
NUM  8.
PAR  8. The method of claim 1 wherein the tetrafluoroethylene enamel is baked at
      a temperature of about 650.degree.F. for about 20 minutes.
NUM  9.
PAR  9. The method of claim 1 wherein the tetrafluoroethylene coating is fused
      at a temperature of between 725.degree.F. and 800.degree.F.
NUM  10.
PAR  10. The method of claim 1 wherein the tetrafluoroethylene coating is fused
      at a temperature of about 750.degree.F.
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PAL  The present invention relates to a process for sizing cellulose fibers or
      cellulose fiber-containing materials by using modified starch containing
      hydrophobic groups having the general formula
      ##EQU1##
      wherein R.sub.1 is an organic, hydrophobic hydrocarbon group having 8-40
      carbon atoms and R.sub.2 is a C.sub.1 -C.sub.8 alkyl group or has the same
      meaning as R.sub.1.
BSUM
PAC  BACKGROUND
PAR  Cellulose fibers or cellulose fiber containing materials are usually made
      hydrophobic (or "sized") with rosin. With internal sizing an emulsion of
      saponified rosin is added to the cellulose fibers dispersed in the stock
      together with alum for precipitation of the rosin on the fibers. This
      limits the choice of the pH of the pulp, since the precipitation of rosin
      must occur in an acid medium. These sizing systems are sensitive to high
      temperatures and consequently problems do often arise in modern paper
      making machines with closed white water systems.
PAR  Another type of sizing agent, the synthetic internal sizes, have recently
      begun to come into more extensive use. One advantage of these is that the
      pH-dependence during the sizing has been eliminated thereby making sizing
      possible in a neutral system. This improves the tensile properties of the
      finished paper. These synthetic internal sizes must be added in the form
      of water dispersions and a great problem with these is that up to the
      present there have been difficulties in producing dispersions with
      sufficiently good storage stability. The dispersions may for example
      coagulate or the sizing agent may be hydrolyzed.
PAR  The synthetic internal sizes consist of compounds containing a group, e.g.
      a ketene dimer, an anhydride, an acid chloride or a carbamoyl chloride
      group, which is capable of reacting with the hydroxyl groups of the
      cellulose fiber to form an irreversible bond.
PAR  Since the hydrophobic effect is obtained after a chemical reaction between
      the sizing agent and the cellulose fiber there is a great demand for
      proper dosage and for the maintaining of suitable reaction conditions.
PAR  Starch is used in many cases during paper making. By incorporation of
      starch in the pulp the mechanical strength of the paper is improved. The
      polar hydroxyl groups of the starch form cellulose fiber-starch-cellulose
      fiber bonds and thereby the dry strength of the paper is increased.
PAC  THE PRESENT INVENTION
PAR  According to our invention it has been found that if a modified starch is
      used as sizing agent for cellulose fibers or cellulose fiber-containing
      materials (which starch is modified before the actual sizing step by
      reaction with a carbamoyl chloride substituted with at least one
      hydrophobic hydrocarbon group) the resulting cellulose fiber or cellulose
      fiber-containing material will have at least as good hydrophobic
      properties as if a synthetic internal size had been used.
PAR  One advantage of our process is that the starch can be modified under
      carefully controlled conditions outside the actual paper making process.
PAR  Another advantage is that the modified starch can be added in a simple
      manner to the fiber pulp without preceding dispersion problems, which
      facilitates the handling of the sizing agent and also means that the
      sizing agent easily can be produced by the paper manufacturer.
PAR  An additional advantage of very great importance is that by using modified
      starch according to our invention it is possible to add to the pulp in one
      single operation both a sizing agent and a material for improving the
      mechanical properties of the finished paper.
PAR  The modified starch derivatives used according to our invention are
      suitable not only for stock additions but can furthermore be used as
      surface sizing agents or surface modifying agents. It is known that the
      presence of hydrophobic groups can prevent hydrogen bonds, thus reducing
      the strength of the finished paper. It was therefore quite surprising that
      the hydrophobic groups in the starch derivatives according to our
      invention would be oriented in such a way as to confer to the paper good
      hydrophobic properties while they do not affect the strength of the paper.
PAC  THE MODIFIED STARCH DERIVATIVES
PAR  The modified starch derivatives which we contemplate bringing into contact
      with cellulose fibers or cellulose fiber containing materials for the
      purpose of sizing have the general formula:
      ##EQU2##
      wherein R.sub.1 is an organic, hydrophobic hydrocarbon group having 8-40
      carbon atoms and R.sub.2 is a C.sub.1 -C.sub.8 alkyl group or has the same
      meaning as R.sub.1.
PAR  The organic, hydrophobic groups R.sub.1 and R.sub.2 which have been found
      to confer to the starch properties suitable for sizing of cellulose fiber
      materials are those in which the hydrophobic group is a higher alkyl
      having at least about 8 carbon atoms, e.g. decyl, undecyl, dodecyl,
      tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl,
      tetracosyl and pentacosyl and higher alkyl up to about 40 carbon atoms, if
      desired, although those having about 12-30 carbon atoms are preferred; the
      corresponding alkenyl groups having from about 8 to about 40 carbon atoms,
      among which as examples can be mentioned decenyl, tridecenyl,
      heptadecenyl, octadecenyl, eicosenyl, tricosenyl, etc.; aralkyl, alkaryl,
      and alkyl substituted cycloalkyl having at least about 8 carbon atoms for
      example 4-tert.-butylphenyl, octylphenyl, dinonylphenyl, dodecylphenyl,
      tridecylphenyl, pentadecylphenyl, octadecylphenyl, heneicosylphenyl,
      nonylcyclopropyl, dodecylcylobutyl, tridecylcyclopentyl,
      tetradecylcyclohexyl, pentadecylcyclohepthyl, octadecylcylohexyl etc., and
      any of these alkyl, alkenyl, alkaryl and alkylcycloalkyl groups containing
      non-disturbing inert substituents. Among inert substituents can be
      mentioned carboalkoxy, alkyloxy, aryloxy, arylalkyloxy etc. Among examples
      of radicals which should not be present to any larger extent in the
      hydrophobic group hydroxyl groups, primary and secondary amino groups,
      amide groups containing amide hydrogen and carboxyl groups or other acid
      groups can be mentioned. It is obvious to persons skilled in the art which
      groups can be used in these compounds if undesired side reactions are to
      be avoided.
PAR  It is not necessary that both R.sub.1 and R.sub.2 be hydrophobic groups. It
      is within the scope of the invention that one of the substituents can
      consist of a group containing less than 8 carbon atoms, e.g. a lower alkyl
      group, a (lower) cycloalkyl group or a phenyl group. Suitably R.sub.1 is
      an alkyl group having 12 to 30 carbon atoms and R.sub.2 is a lower alkyl
      group having 1-8 carbon atoms or has the same meaning as R.sub.1, and
      preferably R.sub.1 and R.sub.2 are both an alkyl group having 12-30 carbon
      atoms.
PAC  PREPARATION OF MODIFIED STARCH DERIVATIVES
PAR  The modified starch derivatives used as sizing agents according to the
      invention are prepared by reacting starch and carbamoyl chloride which
      contains the above described groups R.sub.1 and R.sub.2.
PAR  According to one method of preparation an aqueous slurry of starch is
      brought into contact with the carbamoyl chloride, which can either be
      dispersed in a suitable way or can be added in solid form, preferably in
      the form of powder, to a warm starch solution. When the carbamoyl chloride
      is added to the starch in dispersed form a cationic dispersing agent is
      suitably used, e.g. quarternary amines or amine hydrochlorides.
PAR  Carbamoyl chlorides contain the reactive group,&gt;NCOCl, which can react with
      the hydroxyl groups of the starch. Owing to the high reactivity of the
      carbamoyl chloride with the starch the modification can be carried out in
      a simple way at the paper mills. The modification can for example be
      accomplished in connection with the warming of the starch at about
      80-120.degree.C for its gelatinization before the addition to the paper or
      the pulp. The reactivity of carbamoyl chlorides is somewhat enhanced if an
      alkyl chloroformate or an alkyl isocyanate is present during the reaction.
      In that case the alkyl chain preferably has 8 to 20 carbon atoms.
PAR  The amount of carbamoyl chloride relative to the starch can be varied
      within wide limits. When using the modified starch as a surface size the
      starch preferably contains 0.05-10% by weight of carbamoyl chloride based
      on the weight of the dry starch. Starch modified with this amount of
      carbamoyl chloride is also very suitable for use in internal sizing of
      cellulose fibers where large amounts of starch normally are added in order
      to confer to the finished paper desired physical strength properties, e.g.
      when making kraft paper. Starch modified in this way is also suitable in
      the production of paperboard, cardboard, mineral board, etc.
PAR  On the other hand when making printing paper, where small amounts of starch
      normally are used, it is advantageous to use starch containing a larger
      amount of carbamoyl chloride. Internal sizing can thus be carried out with
      starch containing 10-50% by weight of carbamoyl chloride, preferably
      10-30% by weight, based on the weight of the starch. Good hydrophobing of
      the finished paper is thus obtained without the need of unnecessary high
      amounts of starch.
PAR  As examples of starch which can be used as sizing agents in modified form
      according to the present process can be mentioned: native starch, such as
      potato starch, maize starch, tapioca starch etc., refined starch, such as
      amylose starch and etherified starch or starch which has been reacted with
      different cationic agents, e.g. diethylaminoethylchloride hydrochloride,
      glycidyltrimethyl ammonium chloride, phosphonium- or sulphoniumcompounds.
      The starch can be presented in gelatinized form or non-gelatinized form.
PAR  When carrying out our process the modified starch derivatives are brought
      into contact with the cellulose fibers or cellulose fiber-containing
      materials in a manner known per se. The starch derivatives in water
      solution can for example be added to a water suspension of cellulose
      fibers, so-called stock addition, or paper can be surface sized with a
      solution of the starch derivatives.
PAR  The starch derivatives are used in an amount exceeding 0.01% by weight
      based on dry fibers at internal or surface sizing. The upper limit is not
      critical but is primarily limited by economical considerations. The amount
      of starch derivative is naturally related to the amount of carbamoyl
      chloride present in the starch. Consequently, a smaller amount of starch
      derivative can be used when the starch is substituted with high amounts of
      carbamoyl chloride, while a higher amount of starch derivative based on
      cellulose fibers must be incorporated for achieving a desired hydrophobic
      effect when the degree of carbamoyl substitution is low. Generally the
      amount of starch derivative is within the range of from 0.01 to 5% by
      weight, based on dry fibers, and preferably 0.05 to 5% by weight and most
      preferably 0.05-2% by weight at paper making, while in the production of
      mineral boards 5 to 20% by weight based on dry fibers can be used.
PAR  The suspension of cellulose fibers can contain other additives useful in
      paper making, production of board, cardboard etc. such as alum, fillers,
      pigments, retention agents, antifoam agents, etc.
PAR  The invention is described in greater detail in the following examples,
      which, however, are not intended to limit the scope of the invention.
      Percentages and parts relate to percent by weight and parts by weight,
      unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  Distearyl carbamoyl chloride was prepared by charging 2.1 kg of toluene
      into a flask and then simultaneously adding 1.8kg of melted distearyl
      amine and 0.5 kg of phosgene under agitation at 55.degree.-60.degree.C.
      The temperature was then raised to 100.degree.C. The reaction was carried
      out under slight vacuum and reflux. When the conversion was almost 100%,
      corresponding to a yield of about 1.8 kg distearyl carbamoyl chloride,
      toluene and phosgene were evaporated.
PAC  EXAMPLE 2
PAR  In a flask were mixed at room temperature 12.5 g of potato starch and 150
      ml of water whereafter a dispersion of 1.12 g of distearyl carbamoyl
      chloride in 100 ml of water was added. The temperature was raised to
      90.degree.C for two hours, the mixture then being cooled. The nitrogen
      content was determined according to Kjelldahl and corresponded to a
      conversion of 83%.
PAC  EXAMPLE 3
PAR  The preparation procedure according to Example 2 was repeated with cationic
      starch. Instead of the above given amounts 1.69 g of distearyl carbamoyl
      chloride and 0.19 g of cetyl chloroformate in 100 ml of water were added.
      The nitrogen content was determined according to Kjelldahl, and
      corresponded to a conversion of 80%.
PAC  EXAMPLE 4
PAR  The preparation procedure of Example 3 was repeated. Instead of the above
      given amounts 2.26 g of distearyl carbamoyl chloride and 0.25 g of cetyl
      chloroformate in 100 ml of water were added. The nitrogen content
      according to Kjelldahl was determined and corresponded to a conversion of
      70%.
PAC  EXAMPLE 5
PAR  This example was carried out in accordance with Example 2 but without
      addition of distearyl carbamoyl chloride.
PAC  EXAMPLE 6
PAR  This example was carried out according to Example 3 but without addition of
      distearyl carbamoyl chloride and cetyl chloroformate.
PAC  EXAMPLE 7
PAR  5% water solutions were made from the starch derivatives according to the
      Examples 2-6. These solutions were added to a suspension of cellulose
      fibers in water. Paper sheets were formed in a laboratory sheet machine.
      The sheets were dried for 40 minutes at 60.degree.C and cured for 30
      minutes at 105.degree.C. After conditioning for 4 hours at 20.degree.C and
      65% relative humidity the Cobb number according to TAPPI Standard T
      444M-60 was determined. Unmodified starch was used as a reference. The
      results are shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Sample accor-                                   Reference                 
     ding to ex.                                                               
             2   2   3   3   3   4   4   5   6   6   (without                  
     number                                          addition                  
     Added starch                                    of starch                 
     in % of dry                                                               
     fibre weight                                                              
             1.0 1.0 1.0 0.75                                                  
                             0.50                                              
                                 1.0 1.0 1.0 1.0 0.75                          
                                                     --                        
     pH of the                                                                 
     pulp    7   7   7   7   7   7   5   7   7   7   7                         
     Pulp tempe-                                                               
     rature .degree.C                                                          
             20  45  20  20  20  20  20  20  20  20  20                        
     Cobb number                                                               
     g/m.sup.2                                                                 
             60.0                                                              
                 25.0                                                          
                     20.5                                                      
                         20.7                                                  
                             21.0                                              
                                 17.1                                          
                                     18.0                                      
                                         &gt;130                                  
                                             &gt;130                              
                                                 &gt;130                          
                                                     &gt;130                      
     Dry tensile                                                               
     strength                                                                  
             5.25                                                              
                 5.42                                                          
                     5.44                                                      
                         5.23                                                  
                             5.10                                              
                                 5.73                                          
                                     5.82                                      
                                         4.20                                  
                                             5.56                              
                                                 5.05                          
                                                     4.00                      
     km                                                                        
     Burst                                                                     
     factor  56.0                                                              
                 56.0                                                          
                     52.0                                                      
                         49.6                                                  
                             48.3                                              
                                 51.1                                          
                                     53.7                                      
                                         45.0                                  
                                             58.6                              
                                                 50.2                          
                                                     41.3                      
     % distea-                                                                 
     ryl carb-                                                                 
     amoyl chlo-                                                               
     ride based                                                                
     on the                                                                    
     amount of                                                                 
     starch  9   9   14  14  14  18  18  --  --  --  --                        
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  In a flask were mixed at room temperature 12.5 g of cationic starch and 250
      ml of H.sub.2 O, whereafter 1.88 g of distearyl carbamoyl chloride in
      pulverised form were added. The temperature was raised to 90.degree.C.
      Samples were taken after 2 and 4 hours respectively and were cooled. The
      nitrogen contents were determined according to Kjelldahl and corresponded
      to conversions of 75.0% and 80% respectively.
PAC  EXAMPLE 9
PAR  The preparation procedure of Example 8 was repeated. Instead of above given
      amounts 6.25 g of distearyl carbamoyl chloride were added. The nitrogen
      content determination corresponded to a conversion of 67% for a sample
      taken after three hours.
PAC  EXAMPLE 10
PAR  The preparation procedure of Example 8 was repeated with an alkaline buffer
      solution, pH 8-9. Samples were taken after 3 and 24 hours respectively, at
      90.degree.C. The nitrogen determination corresponded to conversions of 65%
      and 68% respectively.
PAC  EXAMPLE 11
PAR  The preparation procedure of Example 10 was repeated. Instead of the above
      given amount of distearyl carbamoyl chloride 2.5 g were added. A sample
      was taken after 4 hours, the nitrogen content corresponding to a
      conversion of 70%.
PAC  EXAMPLE 12
PAR  The preparation of Example 10 was repeated. Instead of above given amount
      of distearyl carbamoyl chloride 4.38 g were added. A sample was taken
      after 3 hours, the nitrogen content determination corresponded to a
      conversion of 72%.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Sample according                                                          
     to ex. number                                                             
               8    9    10   11   12                                          
     Added starch                                                              
     in % of dry                                                               
     fibre weight                                                              
               0.6  0.25 0.6  0.5  0.29                                        
     pH of the                                                                 
     pulp      7    7    7    7    7                                           
     Pulp temperature                                                          
     .degree.C 20   20   20   20   20                                          
     Cobb number g/m.sup.2                                                     
               20.0 22.0 20.4 18.2 20.7                                        
     Dry tensile                                                               
     strength km                                                               
               5.0  4.5  5.6  5.2  4.6                                         
     Burst factor                                                              
               47   45.2 48   47.5 46.4                                        
     % distearyl                                                               
     carbamoyl                                                                 
     chloride                                                                  
     based on the                                                              
     amount of                                                                 
     starch    15   50   15   20   35                                          
     __________________________________________________________________________
PAC  EXAMPLE 13a
PAR  The preparation procedures of the Examples 8 and 10 were repeated on an
      enlarged scale, whereby the following amounts were used: 7.5 kg of
      cationic starch, 1.275 kg of distearyl carbamoyl chloride, 0.225 kg of
      cetyl chloroformate and 91.0 kg of H.sub.2 O. Agitation was carried out
      with an anchor agitator rotating at 200 rpm. Samples were taken after 3
      and 5 hours respectively. The nitrogen content determinations corresponded
      to conversions of 77% and 80% respectively.
PAC  EXAMPLE 13b
PAR  The process according to Example 13a was repeated in a buffered medium,
      whereby a conversion of 74% was obtained after 3 hours and a conversion of
      76% was obtained after 5 hours.
TBL                Table 3                                                     
     ______________________________________                                    
     Sample accor-                                                             
     ding to ex.  13 a        13 b                                             
     number                                                                    
     Added starch                                                              
     in % of dry                                                               
     fibre weight 0.6         0.6                                              
     pH of the                                                                 
     pulp         7           7                                                
     Pulp tempera-                                                             
     ture .degree.C                                                            
                  20          20                                               
     Cobb number                                                               
     g/m.sup.2    17.9        17.8                                             
     Dry tensile                                                               
     strength km  5.2         4.7                                              
     Burst factor 47.6        44.7                                             
     % distearyl                                                               
     carbamoyl                                                                 
     chloride                                                                  
     based on the                                                              
     amount of                                                                 
     starch       17          17                                               
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  The preparation procedure of Example 2 was repeated. Instead of the above
      given amounts of distearyl carbamoyl chloride 1.48 g of dilauryl carbamoyl
      chloride were added. For a sample taken after 2 hours the nitrogen
      determination corresponded to a conversion of 74%.
PAC  EXAMPLE 15
PAR  The preparation procedure of Example 2 was repeated with 4.58 g of
      methyldecyl carbamoyl chloride. For a sample taken after 2 hours the
      nitrogen determination corresponded to a conversion of 82%.
PAC  EXAMPLE 16
PAR  The preparation procedure of Example 2 was repeated with 2.70 g of
      methyltetradecyl carbamoyl chloride. The nitrogen determination
      corresponded to a conversion of 74% for a sample taken after 2 hours.
PAC  EXAMPLE 17
PAR  The preparation procedure of Example 2 was repeated with 2.00 g of
      methylstearyl carbamoyl chloride. For a sample taken after 2 hours the
      nitrogen determination corresponded to a conversion of 77%.
TBL                Table 4                                                     
     ______________________________________                                    
     pH of the pulp = 7 Pulp temperature = 20.degree.C                         
     ______________________________________                                    
     Sample accor-                                                             
     ding to ex.                                                               
     number      14       15       16     17                                   
     Added starch                                                              
     in % of dry                                                               
     fibre weight                                                              
                 1.0      1.0      1.0    1.0                                  
     Cobb number                                                               
     g/m.sup.2   23.5     24.0     26.0   22.0                                 
     Dry tensile                                                               
     strength km 5.30     5.62     5.58   5.50                                 
     Burst factor                                                              
     according to                                                              
     Mullen      52       54       56     54                                   
     % distearyl                                                               
     carbamoyl                                                                 
     chloride                                                                  
     based on the                                                              
     amount of                                                                 
     starch      12       36       22     16                                   
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for preparing hydrophobic paper products by bringing an
      aqueous suspension of cellulose fibers or a paper product into contact
      with a sizing agent and thereafter effecting drying, said sizing agent
      being a modified starch containing hydrophobic group having the general
      formula
      ##EQU3##
      wherein R.sub.1 is an organic, hydrophobic hydrocarbon group having 8 to
      40 carbon atoms and R.sub.2 is either a C.sub.1 -C.sub.8 alkyl group or
      has the same meaning as R.sub.1, said modified starch being prepared by
      reacting starch with a carbamoyl chloride having substituents R.sub.1 and
      R.sub.2 as defined above.
NUM  2.
PAR  2. A process according to claim 1, characterized in that the organic,
      hydrophobic hydrocarbon group R.sub.1 is an alkyl group having 12 to 30
      carbon atoms, and R.sub.2 is an alkyl group having 1 to 8 carbon atoms or
      has the same meaning as R.sub.1.
NUM  3.
PAR  3. A process according to claim 1, characterized in that the modified
      starch contains 0.05 to 50% by weight of carbamoyl chloride, based on dry
      starch.
NUM  4.
PAR  4. A process according to claim 1, characterized in that the modified
      starch contains 0.05 to 10% by weight of carbamoyl chloride, based on dry
      starch.
NUM  5.
PAR  5. A process according to claim 1 characterized in that the modified starch
      contains 10 to 50% by weight of carbamoyl chloride, based on dry starch.
NUM  6.
PAR  6. A process according to claim 1 characterized in that the modified starch
      contains 10 to 30% by weight of carbamoyl chloride, based on dry starch.
NUM  7.
PAR  7. A process according to claim 1 characterized in that the cellulose
      fibers or paper product are brought into contact with from about 0.01 to
      5% by weight of the modified starch derivative, based on dry fibers.
NUM  8.
PAR  8. A process according to claim 1 characterized in that the cellulose
      fibers or paper product are brought into contact with from 0.05 to 2% by
      weight of the modified starch derivative, based on dry fibers.
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ABST
PAL  This invention relates to a process for improving the water wicking and
      moisture transport properties of synthetic resins, e.g., fiber form
      polyamides, polyesters, polyolefins, and polyacrylonitriles, which
      comprises sulfofluorinating said resins in a self-activating gaseous
      reaction medium containing from about 0.1-20% by volume elemental
      fluorine, 0.1-50% by volume of sulfur dioxide, 0-21% by volume oxygen, and
      the balance inert for providing from 1 .times. 10.sup.-.sup.9 to 1 .times.
      10.sup.-.sup.3 milligrams fluorine and sulfur per square centimeter of
      resin surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As has been pointed out in copending applications, Ser. No. 434,285 and
      Ser. No. 434,284, filed Jan. 17, 1974, fluorinating fiber form synthetic
      resins to a relatively low level of from 4 .times. 10.sup.-.sup.7 to 4
      .times. 10.sup.-.sup.1 mg F/cm.sup.2 creates a surface fluorinated and
      carboxylated product with good stain release antiredeposition properties
      and significant water transport properties. The improvement in water
      transport, or wicking properties, are believed attributable to chain
      scission and formation of carboxylic acid groups which occur as an
      incident to the fluorination reactions, with the carboxylate level
      increasing along with increased fluorine incorporation.
PAR  Existence of an inter-relationship between carboxylate formation and
      fluorination intensity limits the levels of water transport (or wicking)
      attainable through increasing fluorination intensity. Actually, beyond
      certain levels, more intensive fluorination can decrease water transport.
PAR  It has now been discovered that conduct of the fluorination in the presence
      of sulfur dioxide creates enhanced moisture transport.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the practice of the present invention, the surfaces of
      shaped articles formed from synthetic polymers are reacted with a gaseous
      treating medium comprising from 0.1-20% by volume elemental fluorine,
      0.1-50% by volume sulfur dioxide, not more than about 21% by volume of
      elemental oxygen, e.g. air, the balance may be inert. Particularly
      improved are fiber form synthetic resins selected from the group
      consisting of polyesters, polyamides, polyolefins, and polyacrylonitriles,
      these being the materials fluorinated and carboxylated according to
      practice of the inventions disclosed in the above mentioned copending
      patent applications, reference being made thereto for detailed description
      of these preferred fiber form materials and for further discussion of the
      fluorination/carboxylation reaction.
PAR  In general, the fiber form materials are surface fluorinated to a fluorine
      content of from 1 .times. 10.sup.-.sup.9 to 1 .times. 10.sup.-.sup.3 mg
      F/cm.sup.2, preferably 1 .times. 10.sup.-.sup.8 to 1 .times.
      10.sup.-.sup.5 mg F/cm.sup.2. The acidity increases as well. For example,
      the acidity of a typical nylon fabric will increase from 1.3 .times.
      10.sup.-.sup.5 meq/cm.sup.2 to 1.6 .times. 10.sup.-.sup.4 meq/cm.sup.2.
PAR  The significant process aspects for practice of this invention may be
      recapitulated as follows:
PAR  1. A reaction contact time between resin and reaction gases of less than
      about 60 minutes, less than 30 minutes being more desirable, and less than
      5 minutes preferred. For fiber form materials 0.5-5 minutes constitute the
      preferred treatment time.
PAR  2. A reaction gas composition having, by volume:
PA1  a. up to 20% elemental fluorine, less than 10% preferred, 0.5-5% being more
      desirable; specifically preferred is 1-3% for treatment of polyesters and
      polyacrylonitriles; 1-5% for treatment of polyamides and polyolefins.
PA1  b. limiting elemental oxygen content to not more than about 21%, i.e. air,
      desirably to less than 1%. For polyamides, polyolefins,
      polyacrylonitriles, and polyesters a reaction gas mixture substantially
      free of elemental oxygen is preferred. The polyolefins and
      polyacrylonitriles require (presence of) some oxygen, with 5% constituting
      an upper preferred level, the lower limit being the trace levels that
      normally cannot be removed from the reactor.
PAR  The above described overall conditions, and the presence of 0.1-50%
      SO.sub.2, preferably 0.1-20% SO.sub.2 in the reaction medium, increases
      the acidity (meq/cm.sup.2) of the treated article. The exact acidity
      (meq/cm.sup.2) obtained according to practice of this invention will
      depend upon the particular substrate. From 4 .times. 10.sup.-.sup.6 to 1
      .times. 10.sup.-.sup.1 mgS/cm.sup.2 may become incorporated on the resin
      surface. For brevity the reaction involved in practice of the present
      invention will hereafter be called sulfofluorination.
PAR  Within the context of this invention, fluorination in the presence of
      sulfur dioxide, i.e. sulfo-fluorination, is not limited to a gaseous
      reaction mixture containing elemental fluorine and free sulfur dioxide. It
      has been observed that elemental fluorine reacts with sulfur dioxide to an
      unknown degree to form sulfuryl fluoride. Confirmatory tests indicate a
      mixture of sulfuryl fluoride and fluorine can be employed for
      sulfo-fluorination and therefore, both sulfur dioxide, as such, and
      sulfuryl fluoride are considered sulfur dioxide for purpose of practice of
      this invention within the context thereof.
PAR  In the aforementioned copending applications, Ser. No. 434,284 and Ser. No.
      434,285, the desirability of maintaining a low level of oxygen in the
      fluorinating medium was set out. One of the major reasons for limiting
      oxygen was to allow a rapid fluorination rate. (Oxygen has been shown to
      retard fluorine incorporation). However, sulfur dioxide either as such or
      as sulfuryl fluoride in the gaseous sulfo-fluorination reaction medium
      inhibits substrate fluorine incorporation to an equal or greater degree
      than does elemental oxygen. Therefore, the presence of oxygen in the
      sulfo-fluorination medium will not have the same drastic effect of
      retarding fluorine incorporation. The reduced effect of oxygen on the rate
      of fluorine incorporation through sulfo-fluorination, permits use of air
      as the carrier gas. Addition of sulfur dioxide and elemental fluorine to
      air in order to create the sulfo-fluorination reaction gas is contemplated
      for practice of this invention.
PAR  Although sulfo-fluorination according to practice of this invention has
      been posed largely within a context of fiber form polyesters, polyamides,
      polyolefins and polyacrylonitriles, this invention is not limited to fiber
      forms of these resins, nor indeed even to the above specified preferred
      resin materials. Other instances exist where surface
      fluorination-carboxylation in the presence of sulfur dioxide, i.e.
      sulfo-fluorination, will greatly improve a shaped synthetic polymer,
      regardless of the substrate material involved.
PAR  Sulfo-fluorination according to practice of this invention is applicable
      across the board to synthetic resins as a class, including for example,
      those already named as well as polystyrene, polyvinyl acetate, polyvinyl
      chloride, polyacrylates, polyvinylidine chloride, polyimides,
      polyarylsulfanes, polyurethanes, polycarbonates, etc., in all shaped
      polymer, copolymer or admixture modes.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The sulfo-fluorination conducted according to practice of the present
      invention is of course particularly adapted to fiber form of polyesters,
      polyamides, polyolefins, polyacrylonitriles including, for example,
      fibers, filaments, yarns, threads, ribbons, etc. and articles formed
      therefrom, such as cloth and fabrics, knit, woven, non-woven. The
      treatment can be conducted on a continuous basis by passing polymeric
      fiber form materials through the gaseous treating medium within a suitable
      sealed reaction chamber equipped with gas-tight seals through which the
      material passes; if available on rolls the material may be treated by
      being rolled and rerolled within the sealed chamber. Alternatively the
      treatment may be a batch operation, in which the polymeric material (which
      may be in a roll) is exposed to the gas form reaction medium for a
      relatively short period of time, desirably at or near ambient temperature
      and pressures.
PAR  The gas composition and reaction conditions have been described above in an
      overall sense. To obtain best results with any particular material a cut
      and try approach may be required, reference being made to the specific
      examples hereinafter appended for sulfo-fluorination details which might
      be applicable thereto. Reference is also made to the aforementioned
      concurrently filed copending applications for a more elaborate discussion
      of the fluorination reactions, particularly as applied to the fiber forms.
PAR  Films, sheets, moldings, entire article, particularly of polyesters,
      polyamides, polyolefins and polyacrylonitriles can be sulfo-fluorinated
      under exactly the same conditions as fiber forms. Thus, in a preferred
      embodiment of this invention, polyolefin articles, notably blow molded
      containers made from polyethylene, are sulfo-fluorinated to achieve
      superior solvent resistance.
PAR  Fluorination of polyethylene containers has been suggested to the art as
      witness the teachings in U.S. Pat. Nos. 2,811,468 and 3,647,613 for
      improving the solvent barrier properties of polyethylene.
      Sulfo-fluorination further improves these properties. Copending
      application Ser. No. 358,985, filed May 10, 1973 relates to fluorinating
      during the course of the blow molding formation of a polyethylene
      container. A surface fluorination is affected within fractions of a
      second. Inclusion of sulfur dioxide as such or in the form of sulfuryl
      fluoride within the reaction gas as is herein contemplated, improves the
      resulting solvent barrier properties still further. Thus, the
      sulfo-fluorination of the present invention can, for shaped articles be
      affected much more rapidly than the 0.5-5 minute contemplated for fiber
      forms, and no lower limit for reaction time can reasonably be provided.
PAR  Although there is no intention of being bound by any one theoretical
      explanation of the nature of the treatment, it is believed that in
      sulfo-fluorination the fluorine randomly replaces hydrogen molecules in
      the polymeric chain under treatment and that chain scission and
      carboxylate formation takes place. It is believed that in addition the
      sulfur dioxide reacts with the fluorine to form --SO.sub.2 F radicals
      which (randomly) replace hydrogen atoms in the chain to add pendant acidic
      groups on the surface of the shaped polymeric material.
PAR  Sealed reaction chambers used for the method of the present invention must
      be constructed to withstand the corrosive nature of the reactive gases,
      especially the elemental fluorine. The chamber should be designed to
      permit uniform contact between the gaseous treating medium and the
      polymeric material to be treated.
PAR  The invention is further illustrated by reference to the following
      Examples.
PAC  EXAMPLES 1 - 3
PAR  Samples of nylon 6.6, Testfabrics style 358, were placed in a monel
      reactor, which was evacuated then purged with nitrogen four times to
      remove any oxygen present in the reactor. Various mixtures of
      fluorine/sulfur dioxide/nitrogen were then admitted to the reactor at the
      varying reaction treatment times set forth in Table I below. Each gaseous
      mixture contained about 0.001% by volume of oxygen. The reaction took
      place at ambient temperature and pressure.
PAR  The treated samples were tested by standard procedures for the percent
      fluorine and sulfur dioxide incorporated into the fabric.
PAR  The tensile strength (by ASTM:D 1682-64) of the treated fabric was measured
      immediately after treatment, and one month after the treatment, in order
      to determine the effect the sulfo-fluorination treatment has on tensile
      strength. (Table I)
PAR  An evaluation of the wettability of the samples was made (according to the
      AATCC Test Method 39-1971) by mounting a sample of the fabric on an
      embroidery hoop and allowing one drop of water at 21 .+-. 3.degree.C to
      fall on the taut surface of the sample every 5 seconds from a buret 1 cm
      above the surface. The time required for the specular reflection of the
      water drop to disappear was measured and recorded as wetting time, in
      seconds. As indicated by the results set forth in Table I below, the
      samples treated by the method of this invention have far superior wetting
      times than that of the control and negligible loss in strength has
      resulted.
PAR  The milliequivalents, according to Anal. Chem., Vol. 26, p. 1614 (1954),
      increases with increasing reaction time, a result which parallels
      fluorination in the absence of SO.sub.2. However, the presence of SO.sub.2
      has caused an increase in the acid content of the fabric over the values
      resulting from fluorination in the absence of SO.sub.2.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     TREATMENT OF NYLON FABRIC                                                 
     Gaseous                 Tensile Strength                                  
     Mixture     Treat                                                         
                     %F/%S   After                                             
                                  1 Mo.                                        
                                      Wicking                                  
                                             Wetting                           
     F.sub.2 /SO.sub.2 /N.sub.2                                                
                 Time,                                                         
                     Incorporated                                              
                             Treat                                             
                                  Later                                        
                                      Ht. 20min.                               
                                             Time Meq. Meg. per                
     Vol. %      Min.                                                          
                     by Weight                                                 
                             lbs/in                                            
                                  lbs/in                                       
                                      mm     Seconds                           
                                                  per gram                     
                                                       cm.sup.2 .times.        
                                                       10.sup.-.sup.5          
     __________________________________________________________________________
     Control                                                                   
          --     --   --     58.35                                             
                                  --  0      11,911                            
                                                  0.053                        
                                                       2.23                    
     1A   4/4/92 1   0.26/0.13                                                 
                             62.9 64.3                                         
                                      124    26.1 0.090                        
                                                       3.79                    
     1B   4/4/92 3   0.3/0.13                                                  
                             65.6 57.0                                         
                                      140    14.6 0.098                        
                                                       4.13                    
     1C   4/4/92 6   0.58/0.14                                                 
                             51.6 61.2                                         
                                      138    44.8 0.138                        
                                                       5.82                    
     2A   4/16/80                                                              
                 1   0.054/0.068                                               
                             67.3 54.7                                         
                                      145    8.7  0.073                        
                                                       3.08                    
     2B   4/16/80                                                              
                 3   0.065/0.068                                               
                             25.2 68.5                                         
                                      121    25.0 0.077                        
                                                       3.25                    
     2C   4/16/80                                                              
                 6   0.19/0.85                                                 
                             63.9 57.8                                         
                                      82     89.4 0.096                        
                                                       4.05                    
     3A   4/30/66                                                              
                 1   0.029/0.1                                                 
                             65.4 65.0                                         
                                      49     80.3 0.071                        
                                                       2.99                    
     3B   4/30/66                                                              
                 3   0.14/0.1                                                  
                             62.2 62.8                                         
                                      104    188.0                             
                                                  0.089                        
                                                       3.75                    
     3C   4/30/66                                                              
                 6   0.26/0.12                                                 
                             57.5 65.0                                         
                                      96     62.0 0.090                        
                                                       3.79                    
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  Polyester, 100%, was treated according to Examples 1-3 and tested for
      moisture transport and soil release properties. The table below summarizes
      the reaction conditions and test results.
TBL  __________________________________________________________________________
                        % X by Wt.                                             
            Reaction Conditions                                                
                        Incorporated                                           
                                  Wicking                                      
                                       Soil                                    
     Sample %F.sub.2                                                           
                 %SO.sub.2                                                     
                     Time                                                      
                        F    S    Hgt. mm                                      
                                       Rel.                                    
     __________________________________________________________________________
     Control                                                                   
            --   --  -- --   --   15   2                                       
     1870-33-1                                                                 
            1    1   1  0.067                                                  
                             --   97   5                                       
     1870-33-5                                                                 
            1    1   5  0.149                                                  
                             --   89    4.5                                    
     1870-32-1                                                                 
            1    10  1  0.044                                                  
                             --   106  5                                       
     1870-32-5                                                                 
            1    10  5  0.108                                                  
                             --   87   5                                       
     1870-34-1                                                                 
            4    10  1  0.105                                                  
                             --   91   5                                       
     1870-34-5                                                                 
            4    10  5  0.264                                                  
                             --   54   5                                       
     1833-2 4    1   6  0.07 0.017                                             
                                  108  --                                      
     1833-4 4    4   6  0.102                                                  
                             72ppm                                             
                                  115  --                                      
     1833-5 4    8   6  0.17 75ppm                                             
                                  116  --                                      
     1833-6 4    10  6  0.05 96ppm                                             
                                  --   --                                      
     __________________________________________________________________________
PAC  EXAMPLES 5-7
PAR  The greater enhancement in water transport and soil release attributable to
      sulfo-fluorination over fluorination can be seen well in the instance of
      nylon 6. For nylon 6, fluorination in the absence of SO.sub.2 can be
      carried out so as to have a nominal effect on water transport properties.
      Sulfo-fluorination increases water transport substantially and improves
      soil release properties.
PAR  Nylon tricot jersey (Table 5) and Nylon tricot Crepeset (Table 6) were
      sulfo-fluorinated. The so treated materials showed better water transport
      than the control and a fluorinated sample.
TBL                Table 5                                                     
     ______________________________________                                    
     Nylon 6 - Jersey                                                          
                         Wicking    % Incorporated                             
     Condition    Time   Hgt. mm    by wt.                                     
     Sample %F/%SO.sub.2                                                       
                      Mins   in 20 min                                         
                                      F      S                                 
     ______________________________________                                    
     Control                                                                   
             --       --     43       --     --                                
     1857-25                                                                   
            4/10      1      67       0.043  0.12                              
     1867-27                                                                   
            4/4       1      97       .21    0.033                             
     1857-28                                                                   
            4/16      1      102       .021  0.032                             
     1857-37                                                                   
            1/10      3      88       0.027  0.034                             
     1866-1 1/10      1      100      0.024  0.071                             
     1866-3 1/10      3      94       0.023  0.059                             
     1857-24                                                                   
            4/--      1      24       0.265  --                                
     1857-26                                                                   
            10/--     1      27       0.22   --                                
     ______________________________________                                    
TBL                Table 6                                                     
     ______________________________________                                    
     Nylon 6 - Crepeset                                                        
                         Wicking    % Incorporated                             
     Condition    Time   Hgt. mm    by wt.                                     
     Sample %F/%SO.sub.2                                                       
                      Mins   in 20 min                                         
                                      F      S                                 
     ______________________________________                                    
     Control                                                                   
             --       --     30       --     --                                
     1857-25                                                                   
            4/10      1      64       0.087  0.11                              
     1857-27                                                                   
            4/4       1      69       0.033  0.032                             
     1857-28                                                                   
            4/16      1      94       0.030  0.032                             
     1866-1 1/10      1      94       0.045  0.085                             
     1866-3 1/10      3      81       0.047  0.045                             
     1857-24                                                                   
            4/--      1      17       0.14   --                                
     1857-26                                                                   
            10/--     1      24       0.10   --                                
     ______________________________________                                    
PAR  Nylon carpet was sulfo-fluorinated (Table 7). This material showed better
      soil release (toward dyed mineral oil) than either the control or the
      fluorinated material.
PAR  The carpet was stained by mineral oil containing congo red and then placed
      in a beaker of warm water. The fluorinated carpet and the control did not
      release the mineral oil. In the sulfo-fluorinated carpet material, the
      mineral oil beaded and floated to the top of the water almost immediately.
TBL                Table 7                                                     
     ______________________________________                                    
     Nylon 6 Carpet                                                            
                                    % Incorporated                             
     Conditions    Time    Soil     by wt.                                     
     Sample  %F.sub.2 /SO.sub.2                                                
                       Min.    Release                                         
                                      F      S                                 
     ______________________________________                                    
     Control  --       --      No     --     --                                
     1866-6  1/--      3       No     0.029  --                                
     1866-7  5/--      3       No     0.039  --                                
     1866/10 1/10      1       No     0.015  0.031                             
     1866-10 1/10      6       Yes    0.015  0.029                             
     1866-12 4/16      1       Yes    0.007  0.043                             
     1866-12 4/16      6       Yes    0.007  0.091                             
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  Samples of 100% polypropylene fabric (fiber radius 21 .times.
      10.sup.-.sup.3 cm) were treated in the manner described in Examples 1-3,
      then tested for moisture transport and soil release properties against
      control specimens.
PAR  The soil release performance of each sample was measured by staining the
      fabric with a corn oil stain according to the AATCC Standard Test Method
      130-1969. The stain release rating ranges from 5.0 to 1.0 with 5.0
      measuring complete stain removal and 1.0 measuring absence of stain
      removal.
PAR  The moisture transport data for each sample was obtained by carrying out
      wicking height tests. In this test, a one-inch wide strip of the sample
      fabric was suspended above a container of water with a 1/4 inch of fabric
      immersed in the water. The height of the dry fabric-wet fabric interface
      (above the water level) was measured as a function of time.
PAR  The results (Table 8) show that moisture transport is greatly improved by
      sulfo-fluorination, but that fluorination alone achieves equally superior
      soil release properties.
TBL                                    Table 8                                 
     __________________________________________________________________________
     Treatment of Polypropylene Fabric                                         
     Gas Mixture Treatment                                                     
                        %F Incor-                                              
                                Wicking                                        
                                      Soil                                     
     F.sub.2 /SO.sub.2 /N.sub.2, Vol.%                                         
                 Time, Mins                                                    
                        porated by wt                                          
                                Hgt. mm                                        
                                      Rel. Rtg.                                
     __________________________________________________________________________
     A  --       --     --      0     1.2                                      
     B 1/0/99    1      0.17    85    3.6                                      
     C 1/0/99    5      0.49    47    5.0                                      
     D 5/0/95    1      0.49    16     4.75                                    
     E 1/0/98*   1      0.17    77    5.0                                      
     F 1/0/98*   5      0.18    71    5.0                                      
     G 1/0/94**  1      0.10    64    5.0                                      
     H 1/0/94**  5      0.26    50    5.0                                      
     I 4/0/95*   1      0.44    61    5.0                                      
     J 4/0/95*   5      1.03    52    5.0                                      
     A 1/1/98    1      0.098   131    4.75                                    
     B 1/1/98    5      0.152   128   5.0                                      
     A 1/10/89   1      0.079   125   4.5                                      
     B 1/10/89   5      0.204   122   5.0                                      
     A 4/10/86   1      0.353   116   5.0                                      
     B 4/10/86   5      0.367   127   5.0                                      
     __________________________________________________________________________
      *Gaseous mixture also contains 1 vol.%O.sub.2                            
      **Gaseous mixture also contains 5 vol.% O.sub.vol.% O                    
PAC  EXAMPLE 9
PAR  A spun Spandex fabric (3.9 oz/sq.yd.) was treated in the manner described
      in Examples 1-3. Spandex is a synthetic polymer which comprises at least
      85% by weight of a segmented polyurethane. The treated samples were tested
      against control specimens.
TBL                Table 9                                                     
     ______________________________________                                    
     Treatment of Polyurethane Fabric                                          
     Gaseous Mixture                                                           
                 Treatment %F Incorpor-                                        
                                      Wicking Hgt.                             
     F.sub.2 /SO.sub.2 /N.sub.2, Vol.%                                         
                 Time, min.                                                    
                           ated by wt.                                         
                                      mm.                                      
     ______________________________________                                    
      --         --         --        30                                       
     1/0/99      1         0.057      24                                       
     1/0/99      5         0.095      29                                       
     5/0/95      1         0.17       37                                       
     1/0/98*     1         0.076      78                                       
     1/0/98*     5         0.1        62                                       
     1/0/94**    1         0.061      71                                       
     1/0/94**    5         0.17       45                                       
     4/0/95*     1         0.10       57                                       
     4/0/95*     5         0.32       63                                       
     1/10/89     1         0.052      100                                      
     1/10/89     5         0.098      103                                      
     1/1/98      1         0.050      87                                       
     1/1/98      5         0.099      40                                       
     4/10/86     1         0.103      98                                       
     4/10/86     5         1.011      48                                       
     ______________________________________                                    
      *Gaseous mixture also contains 1 vol.% O.sub.2                           
      **Gaseous mixture also contains 5 vol.% O.sub.2                          
PAC  EXAMPLE 10
PAR  A polyurethane foam was sulfo-fluorinated according to the method of
      Examples 1-3, and the wetting time determined according to AATCC Test
      Method 39-1971. The results are shown in Table 10:
TBL                                    Table 10                                
     __________________________________________________________________________
            Reaction Conditions                                                
                          %F Incorporated                                      
                                    Wetting                                    
     Sample %F.sub.2                                                           
                %SO.sub.2                                                      
                    Time (min)                                                 
                          by wt.    Time-Sec.                                  
     __________________________________________________________________________
     Control                                                                   
            --  --  --    0.018     &gt;2700                                      
     1838-12-1                                                                 
            4   16  1     0.104      315                                       
     1838-12-3                                                                 
            4   16  3      .255       54                                       
     __________________________________________________________________________
PAC  EXAMPLE 11
PAR  An acrylic fiber sold under the trademark ACRILAN was treated according to
      the method of Examples 1-3. Table 11 summarizes the reaction conditions
      and results:
TBL                                    Table 11                                
     __________________________________________________________________________
     Reaction Conditions                                                       
                        %x Incorp. by wt.                                      
                                  Wicking Hgt.                                 
     %F.sub.2 %SO.sub.2                                                        
                  Time(min)                                                    
                        F    S    mm-20 min.                                   
     __________________________________________________________________________
     Control                                                                   
          --  --  --    --   --   38                                           
          1   1   1     0.021                                                  
                             0.14 92                                           
          1   1   3     0.019                                                  
                             0.15 111                                          
          1   1   6     0.025                                                  
                             0.18 109                                          
          1   1   25    0.18 0.18 107                                          
          1   5   1     0.018                                                  
                             0.19 99                                           
          1   5   3     0.032                                                  
                             0.21 113                                          
          1   5   6     0.03 0.23 106                                          
          1   5   25    0.16 0.19 114                                          
          1   10  1     0.015                                                  
                             0.22 121                                          
          1   10  3     0.024                                                  
                             0.22 95                                           
          1   10  6     0.031                                                  
                             0.18 130                                          
          1   10  25    0.023                                                  
                             0.20 121                                          
     __________________________________________________________________________
PAC  EXAMPLE 12
PAR  High density polyethylene bottles, average wall thickness 24 mil, were
      treated according to the method of Examples 1-3, then tested for toluene
      permeability. The test involves retaining a (weighed) solvent containing
      sealed bottle in an oven maintained at 122.degree.F for a total of 28 days
      and measuring the weight loss.
PAR  The test conditions and results are shown in Table 12:
TBL                Table 12                                                    
     ______________________________________                                    
     Treatment of Polyethylene Bottles                                         
                           %F/%S       %Wt. loss-                              
     Gaseous Mixture                                                           
                 Treatment Incorpor-   122.degree.F                            
     F.sub.2 /SO.sub.2 /N.sub.2, Vol.%                                         
                 Time (min)                                                    
                           ated by wt. for 28 days                             
     ______________________________________                                    
     Control     --          --        84.7                                    
     10/0/90     15        0.041/--    6.64                                    
     4/10/86     15        0.015/59ppm 5.9                                     
     4/4/92      15        0.015/16ppm 5.0                                     
     10/50/40    15        0.017/0.017 18.3                                    
     ______________________________________                                    
PAR  Aside from the improvement in the oil barrier property attributable to the
      SO.sub.2 reaction, it is noteworthy that lower fluorine incorporation
      levels may be employed, an economic advantage.
PAC  EXAMPLE 13
PAR  High density and low density polyethylene films were treated according to
      the method of Examples 1-3 and tested for tensile strength (ASTM D882-67)
      and percent elongation. The test results, shown in Tables 13A and 13B,
      show that the treatment can be conducted under circumstances which retain
      film strength.
TBL                Table 13-A                                                  
     ______________________________________                                    
     Treatment of High Density Polyethylene Film                               
                              Tensile                                          
     Gaseous Mixture,                                                          
                  Treatment   Strength  %Elonga-                               
     F.sub.2 /SO.sub.2 /N.sub.2, Vol.%                                         
                  Time, Min.  psi       tion                                   
     ______________________________________                                    
     Control      --          3591      180                                    
     4/0/96       60           742       10                                    
     4/0/80*      60          3754      200                                    
     1/10/89      60          3640      230                                    
     1/10/89      120         3787      160                                    
     ______________________________________                                    
      *Gaseous mixture contains 16% by volume of O.sub.2                       
TBL                Table 13-B                                                  
     ______________________________________                                    
     Treatment of Low Density Polyethylene Film                                
                              Tensile                                          
     Gaseous Mixture,                                                          
                  Treatment   Strength  %Elonga-                               
     F.sub.2 /SO.sub.2 /N.sub.2, Vol.%                                         
                  Time, min.  psi       tion                                   
     ______________________________________                                    
     Control      --          2973      1123                                   
     1/10/89       60         2925       833                                   
     1/10/89      120         2258       620                                   
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  Samples of high density polyethylene film were treated according to the
      method of Examples 1-3, then tested for oil barrier properties according
      to ASTM: F 119-70. The test results shown in Table 14 indicate that the
      sulfo-fluorination improves oil barrier resistance over fluorination
      treatment.
TBL                Table 14                                                    
     ______________________________________                                    
     Oil Barrier Properties of Treated                                         
     High Density Polyethylene Film                                            
     Gaseous Mixture,                                                          
                  Treatment   Penetration Time,                                
     F.sub.2 /SO.sub.2 /N.sub.2, Vol.%                                         
                  Time, min.  Hrs. at 140.degree.F                             
     ______________________________________                                    
     Control      --          12                                               
     5/0/95        5          15                                               
     5/0/95       10          27                                               
     5/0/95       15          27                                               
     5/0/95       35          47                                               
     5/0/95       75          102                                              
     4/1/95       60          192                                              
     4/4/92       60          53                                               
     4/8/88       60          53                                               
     4/10/80      60          167                                              
     4/40/56      60          192                                              
     5/10/85       5          32                                               
     5/10/85      10          43                                               
     5/10/85      15          27                                               
     5/10/85      30          72                                               
     5/10/85      45          72                                               
     5/10/85      63          72                                               
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  In order to demonstrate that SO.sub.2 inhibits fluorine incorporation,
      samples of polyolefin and polyacrylonitrile material were fluorinated, (a)
      in the absence of a coreactant gas, (b) in the presence of oxygen, and (c)
      in the presence of sulfur dioxide. Table 15 provides the reaction
      conditions and the resulting %F incorporated.
TBL                                    Table 15                                
     __________________________________________________________________________
     Reaction Conditions       %F Incorporated                                 
     %F.sub.2 /%X (by volume)                                                  
               Time-Mins.                                                      
                      Material  by wt.                                         
     __________________________________________________________________________
     1/--      1      Polypropylene                                            
                                0.17                                           
     1/1 O.sub.2                                                               
               1      Polypropylene                                            
                                0.17                                           
     1/1 SO.sub.2                                                              
               1      Polypropylene                                            
                                0.10                                           
     1/--      5      Polypropylene                                            
                                0.49                                           
     1/1 O.sub.2                                                               
               5      Polypropylene                                            
                                0.18                                           
     1/1 SO.sub.2                                                              
               5      Polypropylene                                            
                                0.15                                           
     5/--      15     Polyethylene                                             
                                0.36                                           
     5/10 O.sub.2                                                              
               15     Polyethylene                                             
                                0.25                                           
     5/10 SO.sub.2                                                             
               15     Polyethylene                                             
                                0.26                                           
     1/--      1      Polyacrylonitrile                                        
                                0.035                                          
     1/1 O.sub.2                                                               
               1      Polyacrylonitrile                                        
                                0.027                                          
     1/1 SO.sub.2                                                              
               1      Polyacrylonitrile                                        
                                0.021                                          
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for improving the water transport or wicking properties of a
      synthetic polymer material which comprises sulfo-fluorinating the
      polymeric materials in a sealed reaction chamber by reacting said
      polymeric material with a self-activating gaseous medium comprising about
      0.1 to about 20% by volume fluorine, 0.1 to about 50% by volume sulfur
      dioxide, not more than about 21% by volume oxygen, and the balance
      comprising inert gases for a time less than one hour and at a temperature
      for providing from 1 .times. 10.sup.-.sup.9 .times. 1 .times.
      10.sup.-.sup.3 mg fluorine and sulfur per square centimeter of polymeric
      material surface.
NUM  2.
PAR  2. The method of claim 1 wherein the treatment time is less than about 15
      minutes.
NUM  3.
PAR  3. The method of claim 1 wherein the treating medium contains from 0.1-10%
      F.sub.2 and 0.1-20% SO.sub.2.
NUM  4.
PAR  4. The method of treating fiber form synthetic resins selectd from the
      group consisting of polyamides, polyesters, polyolefins, and
      polyacrylonitriles for improving the water transport properties thereof,
      said method comprising sulfo-fluorinating said fibers by reacting said
      fibers with a self-activating gaseous reaction medium containing by volume
      from 0.1-10% fluorine, 0.1-20% sulfur dioxide, not more than about 5%
      oxygen, and the balance comprising inert gases for a time less than about
      15 minutes and of a temperature providing from 1 .times. 10.sup.-.sup.9 to
      1 .times. 10.sup.-.sup.3 mg of fluorine and sulfur per square centimeter
      of fiber surface.
NUM  5.
PAR  5. The method of claim 4 wherein the fiber form synthetic resin is selected
      from the group consisting of polyamides and polyesters and the gaseous
      reaction medium is substantially free of oxygen.
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ABST
PAL  An ornament which can be hung as a decoration from a Christmas tree or wall
      with a lamp bulb disposed inside and secured to the tree or wall. The
      ornament is a hollow decorated plastic member having a bulb receiving
      opening and clamping means secured to the inside of the member adjacent
      the opening to detachably receive and hold the bulb.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed toward an ornament for Christmas trees, building
      walls and the like, particularly trees or walls which support lamp bulbs
      thereon.
PAR  The ornament takes the form of a hollow decorated plastic member having a
      bulb receiving opening. Clamping means secured to the inside of the member
      adjacent the opening detachably receive and hold the bulb.
PAR  The member is a pleasing decoration when the bulb is dark and produces an
      enhanced decorative effect when the bulb is lit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 shows the invention in use;
PAR  FIG. 2 is an anlarged cross section of one embodiment of the invention;
PAR  FIG. 3 is an enlarged cross section of another embodiment of the invention;
PAR  FIG. 4 illustrates another use of the invention; and
PAR  FIG. 5 is a view taken along line 5-5 in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1, 2 and 4, wiring 10 carries spaced lamp sockets 12
      with lamp bulbs 14 disposed therein. The wiring can be disposed on a
      Christmas tree or can be hung adjacent or on a wall or can be disposed or
      hung in many other ways.
PAR  A hollow decorated plastic member 16 which can be generally rectangular
      with a side opening 20, or generally spherical with an opening 20, or star
      or tree shaped with a like opening contains a bulb receiving clip disposed
      inside adjacent the opening. The bulb is detachably dispoed inside the
      clip. Since the clip is secured to the member, the bulb is held in place.
PAR  The clip employs four equidistantly disposed leaf spring elements 22 which
      extend generally in the direction of the longitudinal axis of the bulb.
      Each element in vertical cross section has a central region 24 defining a
      shallow V, the apex 26 of the region pointing away from the bulb, the bulb
      resting within the central regions.
PAR  Extensions 28 at one end of each region extend outward from the bulb at
      right angles to the longitudinal axis and can terminate in flat extensions
      30 secured to the inside wall of the member as shown in detail in FIG. 2.
PAR  Alternatively, as shown in FIGS. 3 and 5, the top ends of elements 22 can
      be secured to a horizontal cylinder 46 having one end formed into a
      rounded tip 40. This tip fits pivotably into spherical recess 42 in an
      enlarged region 44 of the inside wall. Cylinder 46 can be pivoted about
      tip 40 to position bulb 14 as desired.
PAR  The bulb is thus held detachably in position in the member and acts as a
      support for the member.
PAR  While the invention has been described with detailed reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ornament for Christmas trees, walls or the like which is to be
      detachably secured to a lamp bulb disposed on the tree, said ornament
      comprising:
PA1  A hollow decorated plastic member having a bulb receiving opening and an
      inside wall having an enlarged region; said region having a recess;
PA1  A horizontal cylinder having a tip at one end, said cylinder being disposed
      within the member with said tip being pivotally disposed in the recess;
      and
PA1  elongated clamping means secured to the other end of the cylinder within
      said member adjacent said opening to detachably receive and hold said lamp
      bulb, said means extending at right angles to said cylinder.
NUM  2.
PAR  2. The ornament of claim 1 wherein said means includes a plurality of
      spaced elongated leaf spring elements, each element in vertical cross
      section having a central region in the shape of a shallow V, the vertex of
      the V pointing outward from the bulb, the bulb resting within the central
      regions.
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ABST
PAL  A cut pile fabric is produced using a grass-like fiber and, optionally, a
      crimped or crimpable fiber of lower denier than said grass-like fiber
      plied therewith. The pile fabric made from such fibers has improved
      aesthetics (e.g., appearance) and mechanical (e.g., frictional)
      properties, and closely simulates natural turf.
PARN
PAC  BACKGROUND OF THE INVENTION
PAL  Related Applications
PAR  The present application is a continuation of application Ser. No. 147,627,
      filed on May 27, 1971 which, in turn, is a continuation-in-part of
      co-pending application Ser. No. 46,609, filed June 16, 1970 both of which
      applications are now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to synthetic turf fibers and pile fabrics
      made therewith. More particularly, the invention relates to grass-like
      fibers and synthetic pile fabrics of such fibers either alone or in
      combination with lower denier crimped or crimpable fibers.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A number of synthetic products have been introduced to provide both indoor
      and outdoor surfaces which simulate the appearance and mechanical
      properties of natural grass but have far greater resistance to damage and
      require less maintenance. Ribbon-like fibers have been used to give the
      appearance of grass. However, the products heretofore have failed to
      simulate natural turf in several important respects. In appearance, prior
      art articifical turfs have shown an unnatural uniformity of fiber length,
      dimensions, luster and color. In feel and mechanical properties, the
      previously mentioned uniformities have also been unnatural. The unnatural
      appearance and behavior of artificial turfs of the prior art are due in
      part to the departure of the ribbon-like fibers from the mechanical
      response and non-uniformity of natural grass blades. In addition, the
      fibers have shown an inability to stand substantially perpendicular to the
      backing. Instead, they bend predominantly in one direction of the fabric,
      and have the flat sides of the fibers predominantly aligned in one
      direction. This is particularly annoying when the fabric is used as a golf
      putting green in which case the roll of the golf ball is affected by the
      direction in which the pile fibers bend. This tendency of ribbon pile
      fibers to bend is caused at least in part by the need for a certain length
      of fiber to provide the desired resiliency and other properties.
      Furthermore, fibers which are stiff enough to resist bending and yet long
      enough to provide resiliency tend to be unnaturally harsh and abrasive
      when a player falls on the surface, particularly in a direction opposed to
      the predominant bend of the fibers.
PAC  SUMMARY OF THE INVENTION
PAR  A fiber of a synthetic polymeric material having a unique cross-section
      comprising two webs joined together by a rib to form a V-cross-section
      having an included angle of not greater than 160.degree. is provided.
      Assemblies of this fiber are grass-like in appearance and mechanical
      response.
PAR  A cut pile fabric having a unique pile layer is also provided. The pile
      layer comprises a multiplicity of fibers extending from a backing and
      secured thereto by adhesive in a conventional manner. The multiplicity of
      fibers is unique in comprising grass-like fibers having two webs joined
      together and a rib to form a V-cross-section and having a denier per fiber
      of between about 200 and about 1500 and a major dimension of cross-section
      of at least about 0.02 inch and, optionally, crimped fibers having a
      denier per fiber of between about 6 and about 150. The grass-like fibers
      and the crimped fibers each comprise at least about 10 weight percent of
      the multiplicity of fibers. The denier-per-fiber ratio of the grass-like
      fibers to that of the crimped fibers is usually greater than about 3:1.
PAR  In the preferred process pile fabric is prepared by utilizing a unique pile
      yarn, namely a combined yarn comprising yarn of the above-mentioned
      grass-like fiber and yarn of the above-mentioned crimped fiber (wherein
      the crimp may be developed or latent).
PAR  The pile fabric has improved aesthetics (e.g., appearance) and mechanical
      (e.g., frictional) properties and closely simulates natural turf.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is the cross-section of a fiber useful as the grass-like portion of
      the combined pile yarn of this invention.
PAR  FIG. 2 is the cross-section of the orifice for making the preferred fiber
      of the invention which is useful as the grass-like portion of the combined
      yarn of the invention and which simulates closely the appearance and
      mechanical properties of natural grass.
PAR  FIG. 3 is a typical combined yarn of this invention as it appears when
      wound on a package.
PAR  FIG. 4 is an edge view of a tufted cut pile fabric after finishing.
PAR  FIG. 5 is the apparatus used for testing frictional properties of fabric of
      this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In FIG. 1, the thickness of the ribbon-shaped fiber is shown in
      cross-section having a thickness designated as 1. The width of the fiber
      cross-section is 2, and the ends of the fiber cross-section may be
      semi-circular, as illustrated.
PAR  In FIG. 2, the cross-section of an orifice for making a "grass-blade" fiber
      having a rib and two webs forming a partially folded cross-section is
      shown. The thickness of the webs is designated as 4, the width of the webs
      is 5, the diameter of the central semi-circular rib is 6, the angle of
      deviation between the two webs is 7, and the radius of the rounded ends of
      the web is 8. The included angle between the webs is 3.
PAR  In FIG. 3, a combined yarn 9 composed of yarn 10, a plurality of continuous
      fibers, and one or more grass-like fibers 11 is shown. Yarn 10 will
      usually show at least some degree of visible crimp when wound on the
      shipping package. One or more grass-like fibers 11 are plied with the yarn
      10 in such a way that a flat dimension of a grass-like fiber can
      continually shift its position in relation to the multifiber bundle and to
      the other grass-like fibers to that when the combined yarn becomes pile of
      an artificial turf fabric there is little chance that fibers of adjacent
      tufts will be aligned similarly.
PAR  In FIG. 4, combined yarn 12 penetrates backing material 13 at a series of
      holes 14 made by a tufting needle. This view is taken transverse to the
      normal direction of progression of the fabric through the tufting
      operation, for exapmle, from left to right. Grass-like fibers 15 retain
      nearly their length as when the pile loops are cut, less shrinkage of
      perhaps 15%. Fibers 16 of the multifiber yarn may have retracted
      considerably through crimp formation or enhancement, and in so doing they
      have pressed sideways to meet the fibers of the adjacent tufts 17 and thus
      fill the space between the tufts to hide the backing and support adjacent
      tufts perpendicular to the backing. The portions of the fibers 16, which
      are in or near holes 14, also attempt to develop additional crimp, and in
      so doing they expand to fill the hole tightly and grip the grass-like
      fibers to prevent them from sliding and being removed from the fabric
      accidentally before adhesive material 18 is applied to secure the fibers
      to the backing 13.
PAR  In FIG. 5, sledge 19, which consists of polished aluminum, rests on the
      surface of the pile fabric 20 which is attached to base 21. Weight 22 is
      added to sledge 19 to provide a loading typical of normal usage. Cord 23
      is attached to sledge 19, is turned 90.degree. about low friction pulley
      24, and is attached at the other end to crosshead 25 of an Instron Tensile
      Testing Machine which is instrumented to record the tension on cord 23 as
      sledge 19 is pulled across fabric 20.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAL  Grass-like Fibers
PAR  The term "grass-like fiber," as used herein, includes fibers having a
      generally elongated shape which may be rectangular in cross-section but
      may also be oval, diamond-shaped, arcuate, ribbon-like with a central rib
      to resist excessive bending and curling, or of substantially rectangular
      cross-section with a striated surface to deluster and improve the
      appearance. The major dimension of cross-section should be at least about
      0.02 inch since it has been found that the average human eye cannot
      distinguish a flattened fiber as grass-like at normal viewing distance if
      the major dimension is less than that amount. Preferably, the major
      dimension should be at least 0.03 inch. The lower limit of denier for
      fibers of such major dimension is about 200 without becoming impractically
      thin and limp.
PAR  The preferred grass-like fiber for use in this invention is that having a
      "grass-like" cross-section and, nominally, the configuration and
      dimensions of FIG. 2. Actually, such grass-like fibers prepared by melt
      spinning or wet spinning through an orifice having the configuration and
      dimensions of FIG. 2 exhibit cross-sections less nearly geometrically
      perfect than the orifice. The shrinkage and surface tension forces
      operating during the cooling and solidification of the spun fibers cause
      the thickness 4 of the web to decrease at the ends 8 of the web and each
      web to become arcuate so the grass-like fiber may be said to be
      "bi-arcuate" or "gullwing" in cross-section. Such a configuration has
      unexpectedly and surprisingly been found to exhibit desirable features.
      The optical density and color density of such fibers varies from the edge
      to the center in a manner not unlike natural grass and thus overcomes the
      unnatural and artificial oneness of color or monochromatic characteristic
      associated with filaments having a substantially rectangular
      cross-section. This reduces or eliminates the need for a plurality of
      filaments of different hues and colors. Furthermore, these grass-like
      fibers of "bi-arcuate" cross-section have less tendency to fibrillate than
      generally flat and ribbon-like fibers which have been delustered through
      the incorporation of longitudinal striations during the extrusion process.
PAR  Another outstanding characteristic of the grass-like fibers of "bi-arcuate"
      cross-section is the surprising and unexpected similarity of their
      mechanical behavior to that of natural grass. Ribbons of rectangular
      cross-section have only one mode or degree of bending, namely, in the
      direction perpendicular to the width dimension of the ribbon. In contrast,
      the grass-like fiber of bi-arcuate cross-section has at least three modes
      or degrees of bending. Perpendicular to the width dimension, the fiber is
      elastically stable when bent toward the side of the included angle but is
      elastically unstable and buckles when bent toward the side of the rib. The
      fiber may be bent sideways to either side as a third mode of bending. This
      variation and the cross-sectional shape of the fibers together importantly
      contribute to the performance characteristics of the fibers when made into
      a cut pile fabric so that such fabrics exhibit characteristics similar to
      natural grass or turf. In addition, the recovery of such filaments from
      deformation is both rapid and nearly complete. This wide variance in
      mechanical behavior in individual fibers produces in an assembly of such
      fibers a more uniform, and hence more natural, response to a wide variety
      of forces. Consequently, a pile fabric constructed of such fibers exhibits
      isotropic response and less matting.
PAR  These desirable characteristics are seen when the included angle 3 is
      160.degree. or less. When the included angle exceeds 160.degree., the
      mechanical behavior approaches that of fibers of substantially rectangular
      cross-section.
PAR  The departure of the shape of the cross-section of the fiber from the shape
      of the orifice is a function of the processing conditions. Using the same
      orifice, the cross-section will vary depending upon the length of the air
      gap between the spinnerette and the quench bath, the angle of approach to
      the surface of the bath, the temperature of the bath, the composition of
      the bath liquid, the travel through the bath, and so forth. For example,
      when the air gap was varied from 2 inches to 4 inches and the travel
      through the bath from 1 inch to 12 inches, the included angle of the
      grass-like fibers spun from 66 nylon under these conditions using an
      orifice having an included angle of 135.degree. was found to vary from
      153.degree. to 180.degree.. Thus, it is possible to introduce a randomness
      into the synthetic grass-like fibers to simulate the randomness of natural
      grass simply by according each fiber emerging from a multiorifice
      spinnerette slightly different treatment. Cut pile fabrics may be
      constructed from blends of such grass-like fibers; such fabrics closely
      simulate natural turf.
PAR  The grass-like fibers may be "bulked" - that is, subjected to a
      twist-setting, or false-twisting operation. Means of "bulking" are well
      known and are described in detail in books such as "Man-Made Textile
      Encyclopedia" or "Modern Yarn Production" by G. R. Wray. "Bulking" of
      grass-like fibers in a conventional false-twisting machine such as the
      "Superloft" No. 550 and No. 552 (Leesona Corp., Warwick, Rhode Island) is
      described in co-pending application U.S. Ser. No. 846,711 (filed Aug. 1,
      1969). Other means of "bulking" are described in U.S. Pat. Nos. 3,543,358,
      3,156,028, and 3,186,155.
PAR  In order to simulate the randomness of natural grass, it may be desirable
      to provide more than one denier of grass-like components. Alternatively,
      the grass-like component may have more than one cross-sectional shape in
      order to provide a variety of appearance and mechanical properties. It
      should preferably have a relatively low shrinkage less than 15%, when
      subjected to finishing operations.
PAR  The grass-like fibers may be made from any suitable synthetic polymer by
      usual spinning techniques. Pigments and materials may be added to the melt
      to protect the polymer from degradation by ultraviolet light, hydrolysis,
      oxidation or heat, etc. Where the grass-like fibers consist of more than
      one cross-sectional shape or fiber denier, these components may be
      produced separately and combined later or they may be spun simultaneously
      using spinnerets having differently sized or shaped capillaries.
PAL  Crimped or Crimpable Fibers
PAR  The crimped and/or latently crimpable fibers may be either continuous
      filament or staple and may have a variety of fiber cross-sectional shapes.
PAR  The term "latently crimpable" as used herein, and generally in the art,
      refers to an ability of particular fibers to spontaneously develop crimp
      (generally of spirallike configuration) when exposed to specific
      treatments such as dry heat, boil-off, dye baths, scour, etc., as more
      fully illustrated hereinafter. Such spontaneous development of crimp is to
      be distinguished from a mechanical crimp (e.g., saw-tooth crimp) provided
      by crimping fibers in a "stuffer-box" crimper.
PAR  The cross-sectional shape of the fibers preferably should provide good
      ability to accept and form crimp, to develop or intensify crimp during the
      scouring or dyeing operation, and to provide the desired resilience,
      resistance to matting, firm support for the grass-like fibers, friction,
      and the other necessary properties. Round and trilobal are among the
      preferred shapes.
PAR  The fibers should have, or have the latent capability of producing, crimp,
      generally at least about 5 crimps per inch (preferably 10-20 crimps per
      inch) with an amplitude of at least 5 fiber diameters is suitable.
PAR  The most desirable multifiber material is one which has a substantial
      amount (i.e., at least about 5 crimps per inch of at least the above
      mentioned amplitude) of crimp at the time of fabric formation, which
      spontaneously develops additional crimp during the after-treatment of the
      fabric and which forms crimp in individual fibers in as random as possible
      a manner, so that the crimps do not nest together but rather the
      individual fibers push apart as they crimp to form a dense mass giving
      good support to the grass-like fibers. Fibers which have a substantial
      amount of crimp in them at the time of tufting push apart to fill the
      needle hole, thus preventing slippage of both the crimped and the
      grass-like fibers. The fibers preferably should not draw down tightly
      against the backing but should remain in a somewhat extended condition to
      resist compressive load applied more or less axially to the general
      direction of the fiber. Since compressive resilience is desirable,
      filaments whose cross-section has not been deformed severely by the
      crimping operation are particularly useful. This combination of
      requirements is best met by products of U.S. Pat. No. 3,186,155 or ones
      made by the process of U.S. Pat. No. 3,156,028. The crimped or crimpable
      fibers may be spun on conventional equipment and subjected to conventional
      crimping operations. Crimpable fibers may be produced by introducing
      differential strains into the fibers at the time of spinning, or two or
      more polymers having different shrinkage properties may be combined into a
      single fiber. These fibers may be used either as continuous filament or
      may be cut to staple and spun by usual methods.
PAL  Combined Yarn
PAR  The combined yarn should be formed of particular percentage and denier
      combinations of the grass-like fibers and multifiber strands of crimped
      and/or crimpable fibers described. Specifically, the grass-like fibers and
      the fibers of the multifiber strands should each comprise at least about
      10 (preferably at least 25) weight percent of the total weight of pile
      fibers and the denier per fiber ratio of the grass-like fibers to the
      fiber of the multifiber strand should be greater than about 3:1,
      preferably greater than about 10:1. These requirements provide the desired
      mechanical properties in the pile structure made therefrom.
PAR  When the grass-like fiber constitutes about 10 weight percent of the pile
      yarn (and therefore results in the same weight percent of the pile surface
      of the fabric), the appearance of the pile fabric appears grass-like
      (rather than carpet-like) and the mechanical and frictional properties
      change. The most significant improvement in such properties are seen when
      the preferred amount, about 25 to 75 weight percent of grass-like fibers
      are utilized. When the crimped and/or latent crimpable fibers constitute
      less than 10 weight percent, the improvement in such properties becomes
      less significant and the fabric has the appearance approaching that of
      100% grass-like pile fabric.
PAR  The pile fibers preferably consist essentially of the grass-like fibers and
      the crimped and/or latently crimpable fibers described above, although
      small amounts of other fibers may be present without substantially
      affecting the properties of the pile structure.
PAR  If the fiber denier of the multifiber yarn is too close to that of the
      grass-like fiber, both the appearance and the mechanical properties are
      too uniform to simulate grass effectively. Therefore, the ratio of the
      single fiber denier of the multifiber component to that of the grass-like
      component should be less than one-third, and, preferably, less than
      one-eighth.
PAR  One or more of the grass-like fibers are combined with an appropriate
      multifiber strand of crimped and/or latently crimpable fibers, preferably
      by ply-twisting on conventional plying equipment. When a large number or
      denier of grass-like fibers is employed, it is preferable to ply-twist
      half of the grass-like fibers with half of the multifiber yarn and ply two
      of these yarns together with opposite-hand twist, thus producing a
      combined yarn which is not twist-lively. When more than two levels of pile
      are desired, two or more yarns which have been crimped or made crimpable
      by different processes or two different crimp levels may be utilized so
      that they will retract to different degrees. Yarns which have been crimped
      or made crimpable by the same process to the same degree may be tensioned
      by different amounts after crimping so that the fibers of one yarn are
      practically straight while those of the other have substantial crimp. When
      these yarns are plied at the same tension, the yarn having the most crimp
      will extend more than the other, and after the pile is cut, one will
      retract more than the other on release of tufting tension.
PAR  Yarns of Breen & Lauterbach U.S. Pat. No. 2,985,995 or Weiss & Prokesch
      U.S. Pat. No. 3,156,028 produced under equal bulking conditions may be
      treated with different amounts of water or finish under different tensions
      as described in Williams U.S. Pat. No. 3,271,943 to produce yarns having
      different degrees of retraction.
PAR  In certain instances, the plied yarn may be heat-set, giving the grass-like
      fibers a permanent spiral form as determined by the degree of ply-twist
      employed and eliminating twist-liveliness in a single-ply yarn. This
      spiral prevents the flat sides of the fibers from lying in some
      predominant plane if any factor in the fabric-making process tends to
      produce such alignment. Heat-setting, however, also reduces the ability of
      latently crimpable fibers to retract and, therefore, is usually employed
      with yarns having a great degree of crimp when wound on a package.
PAR  Alternately, the plied yarn may utilize grass-like fibers that have been
      bulked as previously described. This, too, results in helping to prevent
      the flat sides of these fibers from lying predominantly in parallel planes
      if any factor in the fabric-making process tends to produce such
      alignment. This result may be achieved without destroying the ability of
      latently crimpable fibers to retract.
PAR  The use of the combined yarn described above is preferred for obtaining the
      improved pile fabric. When fibers of elongated cross-section (e.g.,
      grass-like fibers) are used as the pile of woven, knitted or tufted
      fabrics, they tend to bend so that the portions of the filaments entering
      and leaving the base fabric have their major dimensions parallel to each
      other and to the filling direction of a woven base fabric because the
      bending modulus of a fiber is least when bent in this manner. In fact, a
      fiber will strongly resist bending in any other manner and will twist into
      its preferred parallelism if allowed to do so. However, when grass-like
      fibers herein are ply-twisted with multifiber yarn as in this invention,
      the ply twist randomizes the orientation of the grass-like fibers with
      respect to the backing material, and the multifibers yarn restricts the
      tendency of the grass-like fibers to twist into parallelism in the
      resultant pile structure.
PAL  Preparation of the Pile Fabric
PAR  Pile fabric may be made from the yarns of this invention by weaving,
      tufting, knitting, or the process of Koller U.S. Pat. No. 3,085,922. The
      term "pile fabric" as used herein and generally in the art, refers to a
      fabric with a pile surface; the pile comprises raised loops of fibers
      which are cut herein and the cut loops form all or part of the surface of
      the fabric. The yarn used in forming the pile is generally referred to as
      a "pile yarn." Since tufting is generally preferred for economic reasons,
      the preparation of tufted pile fabrics will be illustrated hereinafter.
PAR  Combined yarn is fed through the needles of a tufting machine and is
      inserted through a backing material, forming pile loops.
PAR  In an alternate procedure to the use of the combined yarn, the grass-like
      fibers and the crimped and/or latently crimpable fibers are fed to the eye
      of the same tufting needle each from its own supply package. In effect,
      this produces a combined yarn at the point of tufting. Feeding the
      grass-like fibers and the crimped and/or latently crimpable fiber each to
      its own tufting needle does not, as hereinbefore described, achieve the
      same results.
PAR  The pile loops are then cut by knives to form a "cut pile fabric." If
      desired, the cutting knives may be adjusted to cut one leg of the loop
      slightly longer than the other or at an angle so that the grass-like
      fibers will have somewhat random lengths in the final product, simulating
      the usual randomness of cut grass.
PAR  Unpigmented fabric may be scoured or dyed in water near the boiling point.
      At this time, crimped fibers which have been partially straightened by the
      tensions of drafting and spinning in the case of stable fibers or by the
      tensions of winding and tufting, in the case of continuous filaments, may
      recover a substantial portion of their previous crimp. Crimpable fibers
      develop crimp at this time through release of strains imposed during the
      spinning operation or through differential shrinkage of the individual
      components of a multicomponent fiber. If pigment is not introduced into
      the polymer of all components at spinning or if additional shading is
      desired, the finished fabric may be dyed. The grass-like and the crimpable
      fibers may accept different amounts of dye and thus dye to different
      intensities of the same dye color or they may accept different kinds and
      colors of dyes in a mixed dye bath.
PAR  After the fabric is dried, latex, foam, or other adhesive material is
      applied to the underside of the fabric to secure the pile fibers to the
      backing and prevent slippage or extraction of fibers. Latex is usually
      cured in an oven; and if the fabric has been made of pigmented fibers and
      has not been scoured or dyed, the crimp described above is developed at
      this time. Neither the backing nor the adhesive material is critical
      herein; any conventional material of this type can be used.
PAR  Both the pile and backing material of the fabrics of this invention are
      made from materials such as polyamides, polyacrylics, polyesters, and
      polyolefins which resist weathering and have good mechanical properties.
      In particular, the pile preferably should have exceptionally good
      resilience and resistance to light fading and weathering. The fibers
      preferably should resist tearing, fibrillating and permanently deforming.
      Polyamides such as nylon 6, nylon 66, nylon 610, nylon 612, and copolymers
      and blends of these are particularly preferred.
PAR  When pile fabric is made by the tufting method, it is desirable to use a
      backing material which is sufficiently resilient to close on the yarns
      after the tufting needle is withdrawn and to grip the fibers so that they
      will not slip through the backing before they have been secured by latex
      or other tuft-anchoring treatment. Backing materials composed in whole or
      in part of non-woven fiber mats, resilient foams, or closely woven ribbon
      fibers are preferred. For instance, when constructing a pile fabric for
      golf tees, the backing material is selected so that a golf tee may easily
      be inserted therein or therethrough.
PAL  The Pile Fabric
PAR  The pile fabric of this invention has improved appearance and mechanical
      properties in view of the unique pile structure, specifically, the unique
      combination of grass-like fibers and crimped and/or crimpable fibers of
      the required denier and percentages, described above. As should be
      apparent from the above description, the precise form of the fiber in the
      pile structure of course is dependent upon the pile fabric preparation.
      For example, when the pile fabric is produced by tufting, the pile will
      consist of tufts of the fibers. Similarly, when pile loops are cut, the
      pile fibers, if originally in continuous filament form, are now of staple
      length. Further, the latent crimpability, if any, will be developed. If
      some or all of the grass-like fibers have different shrinkage
      characteristics than other fibers in the pile and/or if latent crimp is
      developed in crimpable fibers, two or more different levels of pile fiber
      heights may be present. For example, when fibers are used which are
      already highly crimped when they are combined with the grass-like fibers,
      little or no additional crimp development is required during finishing of
      the fabric. When the pile tufts are cut and the fabric is finished, the
      height of the crimped filaments may be the same or slightly different from
      that of the grass-like fibers. On the other hand, when fibers having
      little visible crimp but having a latent potential for developing crimp,
      are combined with grass-like fibers, made into pile fabric, and crimp is
      developed, the crimpable fibers shorten (due mainly to crimp development),
      and at the same time press laterally against neighboring filaments, to
      form a distinctly lower pile layer. Although desirable, pile levels are
      not considered essential herein as long as the crimped fibers as described
      above, are present. Whether due to developed crimp and/or latent crimp in
      the yarn, the fibers in the pile structure should be crimped; generally at
      least about 5 crimps per inch (preferably 10-20 crimps per inch) with an
      amplitude of at least 5 fiber diameters is suitable. These crimped fibers
      support the grass-like fibers, contribute a major portion of the
      resilience of the pile surface and improve the mechanical and frictional
      properties thereof.
PAR  It will be seen that when a foot descends on a pile fabric of this
      invention, and contact is made with the grass-like fibers, they begin to
      buckle or bend. When contact is made with the ends of the crimped fibers,
      the crimped fibers are compressed, as they are pushed out sideways against
      each other and against the grass-like fibers, thus inhibiting further
      buckling or bending of the grass-like fibers and permitting them to resist
      further bending or buckling without the necessity for undue fiber
      stiffness. Thus, a pile fabric of grass-like fibers and crimpable fibers
      is less harsh and abrasive than one made entirely of grass-like fibers and
      the pile fabric of the invention will give superior resilience and
      recovery.
PAR  Particular frictional properties of a fabric may be obtained, for example,
      by using relatively slippery grass-like fibers and high-friction
      multifiber yarns, employing a larger proportion or greater pile height of
      the multifiber yarn if greater friction is desired. Resilience may be
      selected in a similar manner, so that both the height to which a ball
      bounces and the degree to which its forward progress is slowed upon
      contact with a fabric may be predetermined by the properties of the
      different components, their proportions, and their pile heights.
PAR  It has been found that the appearance of products of this invention can be
      greatly improved by differential coloration of the components. The crimped
      fibers are preferably a different shade of green from the grass-like
      fibers or may be a different color such as black or brown. In natural
      turf, new growing grass blades have a yellowish cast; healthy mature
      underturf, a deep green or blue-green; and dead stalks and clippings have
      shades of brown. A dense underturf appears dark. Therefore, it has been
      found that one desirable combination is a fabric consisting of grass-like
      fibers of two shades of green, with an underturf in deeper green,
      blue-green, brown, or black. Another desirable color combination consists
      of grass-like fibers in a yellow-green shade simulating rapidly growing
      grass with the underturf in deep blue-green. A third combination is
      similar except that the underturf consists of a mixture of deep blue-green
      fibers and black fibers. In the case of fabrics having two-level
      underturf, the grass-like fibers may, for example, be yellow-green, the
      higher underturf blue-green, and the lower level black. As the difference
      in pile heights between the grass-like and other fibers is reduced, color
      or luster contrast between the two species becomes increasingly desirable.
      In a fabric having no difference in pile heights, color or luster, the
      grass-like fibers are difficult to see and the fabric looks more like
      carpet than turf. However, if the grass-like fibers of such a fabric are
      made more lustrous than the others by providing a smooth reflecting
      surface or by providing a concave filament surface to concentrate
      reflected light, the grass-like nature of the fabric begins to be evident.
      Color contrast, either alone or combined with luster contrast and pile
      height difference, further enhances the simulation of turf.
PAL  Utility
PAR  Products of this invention may be used either indoors or outdoors to
      simulate the appearance, feel, and mechanical properties of natural turf.
      Football and baseball playing surfaces, golf greens, tennis courts, and
      high-wear areas of lawns are particularly suitable uses for this material.
      It is useful around swimming pools for absorbing water and furnishing a
      non-skid surface which is soft, non-abrasive, and resists wear.
PAR  The invention will be further illustrated by the following examples. Parts
      and percentages are by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  Two continuous grass-like fibers of Du Pont Ruvea polyamide having a denier
      of 450 each and a cross-section as shown in FIG. 1, having a thickness 1
      of 0.0015 inch, a length 2 of 0.050 inch, and semi-circular ends are
      combined by ply-twisting to 0.5 tpi Z twist with one end of 2600 denier
      136 filaments Type 846 Du Pont polyamide bulked continuous filament
      (referred to as BCF hereinafter) yarn having a denier-per-fiber of 19 and
      a trilobal filament cross-section. The BCF fiber has greater than about 5
      crimps per inch. The combined yarn is used as the pile material in a cut
      pile fabric tufted on a 5/32-inch gage machine into 31/2  oz. Du Pont
      Typar non-woven polypropylene backing. One fabric of 1/2-inch pile height,
      22 ozs. per square yard, and a second fabric having 5/16-inch pile height
      and 16 ozs. per square yard are fabricated. The fabrics are then dyed in a
      6-inch beck at 210.degree.F. (99.degree.C.) temperature in a bath
      consisting of 1.20% "Capracyl" yellow NW and 1.00% anthraquinone green
      GNN. After drying, the pile height of the grass-like fibers is found to be
      substantially the same as the original cut length, whereas the BCF fibers
      have retracted by crimp development (approximately 10-20 crimps per inch)
      to form a pile height of approximately 3/8-7/16 inch in the 1/2-inch
      fabric and about one-fourth inch in the 5/16-inch fabric. The backing is
      hidden by the BCF fiber. The grass-like fibers dye a yellow-green giving
      the appearance of young growing grass blades, whereas the BCF fibers dye a
      dark green giving the appearance of darker underturf. The color contrast
      and pile height difference accentuate the presence of the grass-like
      fibers. The flat side of the grass-like fibers is located randomly in
      adjacent tufts. A standard latex binder is applied to the back. Samples of
      the fabric are subjected to wear, crushing, and handling. The majority of
      the grass-like fibers are still substantially perpendicular to the backing
      and those which are noticeably bent are not aligned in any predominant
      direction.
PAC  EXAMPLE 2
PAR  Three fibers of the same grass-like 450 denier fiber are plied to 0.5 turns
      per inch Z twist with one end of 1300 denier 68 filament Type 846 bulked
      continuous filament polyamide having a trilobal fiber cross-section. They
      are tufted into fabrics and finished as in Example 1.
PAC  EXAMPLE 3
PAR  Cut pile fabric prepared as shown in Table I uses a combination of
      yellow-green melt-pigmented Ruvea fibers and yellow-green skein-dyed
      polyamide BCF yarn as pile. The yarn components are plied together by
      twisting and are converted into cut pile fabric by tufting, using 3.5 ozs.
      per square yard, Typar spunbonded polypropylene as backing. The fabric is
      coated with latex binder on the back and is cured in an oven at
      280.degree.F. (138.degree.C.). The mechanical properties of this fabric
      are quite satisfactory for use as artificial turf, but the uniform color
      gives an unnatural appearance.
PAC  EXAMPLE 4
PAR  A cut pile fabric is prepared as in Table I and Example 3. Both the
      grass-like and the crimped fibers are pigmented yellow-green.
PAC  EXAMPLE 5
PAR  A cut pile fabric is prepared as in Table I and Example 3. Both the
      grass-like and the crimped fibers are pigmented yellow-green.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Grass-  Multifiber                   Pile Pile                            
     like    BCF or                   Tuft-                                    
                                          Height                               
                                               Height                          
     fiber   Other Yarn               ing (as  (After   Oz./                   
     No. Den/                                                                  
             No.             Den/                                              
                                 Ply  Gauge                                    
                                          tufted)                              
                                               heating) sq.                    
     Fils.                                                                     
         Fil.                                                                  
             Ends                                                              
                Den.                                                           
                    Type     Fil.                                              
                                 Twist                                         
                                      (ins.)                                   
                                          (ins.)                               
                                               (ins.)   yd.                    
     __________________________________________________________________________
                                               Grass-                          
                                                   Crimped                     
                                               like                            
                                                   Fiber                       
                                               Fiber                           
     3   500 1  1300                                                           
                    Type 846 poly-                                             
                             19  1.5  5/32                                     
                                          7/16 7/16                            
                                                   5/16-                       
                                                        46                     
                    amide BCF                      3/8                         
     3   650 1  1600                                                           
                    Pigmented BCF                                              
                             19  3.0  3/16                                     
                                          1/2  1/2 7/16 42                     
                    (Round fils)                                               
     3   650 1  1600                                                           
                    Pigmented BCF                                              
                             40  3.0  3/16                                     
                                          1/2  1/2 7/16 42                     
                    (Round fils)                                               
     4   500 1  1.0cc                                                          
                    Spun Orlon                                                 
                             15   .75 1/8 1/2  1/2 3/8- 42                     
                                                   7/16                        
     6   700 2  1760                                                           
                    Pigmented BCF                                              
                             52  2.0Z/                                         
                                      3/16                                     
                                          7/16 7/16                            
                                                   3/8  42                     
                    (Round fils) 1.5S                                          
     4   700 2  1670                                                           
                    Pigmented BCF                                              
                             19  2.0Z/                                         
                                      3/16                                     
                                          7/16 7/16                            
                                                   3/8- 42                     
                    (Round fils) 1.5S              7/16                        
     4   500 7  1050                                                           
                    Vylor polyamide                                            
                             150 1.5  5/32                                     
                                          1/2  --  --   40                     
                    (Round fils)                                               
     8   450 1  2700                                                           
                    Vylor polyamide                                            
                             150 --   5/32                                     
                                          1/2  1/2 1/2  40                     
                    (Round fils)                                               
     8   450 -- --  --       --  --   5/32                                     
                                          5/8  1/2 --   39                     
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  A cut pile fabric is prepared as in Table I. Four fibers of 500 denier
      Ruvea are plied with one end of 1.00 cotton count Orlon acrylic spun
      staple yarn made from a mixture of equal parts of solution dyed black and
      green staple fibers. The fabric is prepared as in Example 3.
PAC  EXAMPLE 7
PAR  A polyamide fiber having a denier of 700 and a cross-section as shown in
      FIG. 2 has a web thickness 4 of 0.003 inch, arm length 5 of 0.015 inch,
      rib diameter 6 of 0.006 inch, an angle of deviation 7 of 20.degree., and
      end radius 8 of 0.0015 inch. Three of these filaments pigmented
      yellow-green and one end of 1760 denier blue-green pigmented BCF polyamide
      yarn are plied with 2.0 turns per inch Z twist. Two of these yarns are
      then plied together using 1.5 turns per inch S twist. The yarn has much
      less tendency to untwist and kink than those of the preceding examples,
      looking and behaving more like a braided yarn. The fabric is prepared as
      in Example 3. The fibers of FIG. 2 give an appearance more like natural
      grass than those of the previous examples. Mechanically, these filaments
      are stiffer, offering greater resistance to bending and giving greater
      resiliency.
PAC  EXAMPLE 8
PAR  The grass-like fibers of Example 7 are plied with one end of 1670 denier
      pigmented blue-green BCF polyamide yarn using 2.0 tpi Z twist. Two of
      these yarns are plied using 1.5 tpi S twist. The fabric is prepared as in
      Example 3.
PAC  EXAMPLE 9
PAR  Four continuous grass-like fibers of Du Pont Ruvea pigmented polyamide
      having a denier of 500 each and a cross-section as shown in FIG. 1, having
      a thickness 1 of 0.0023 inch, a length 1 of 0.033 inch and semicircular
      ends are combined by ply-twisting to 1.5 tpi Z twist with seven round
      fibers of Du Pont Vylor pigmented polyamide continuous filament having a
      denier per fiber of 150. The combined yarn is used as the pile material in
      a cut-pile fabric tufted on a 5/32 inch gauge machine into a 3.5 oz. Du
      Pont Typar non-woven polypropylene backing. A fabric of 1/2 inch pile
      height, 40 oz. per square yard is fabricated.
PAR  The grass-like fibers give the appearance of young growing grass blades
      extending above the dense formed fibers which look not unlike fescue. The
      difference in texture gives the appearance of a natural lawn of different
      grasses. A standard latex binder is applied to the back. Samples of fabric
      are subjected to wearing, cutting, and handling. The majority of the
      grass-like fibers are still substantially perpendicular to the backing and
      those which are noticeably bent are not aligned in any predominant
      direction.
PAC  EXAMPLE 10
PAR  Eight continuous grass-like fibers of Du Pont Ruvea polyamide having a
      denier of 450 each and a cross-section as shown in FIG. 2, having a web
      thickness 4 of 0.003 inch, an arm length 5 of 0.015 inch, a rib diameter 6
      of 0.006 inch, an angle of deviation 7 of 20.degree., and semicircular end
      radius 8 of 0.015 inch is combined by ply-twisting to 0.5 tpi Z twist with
      one end of 2700 denier 18 filaments Du Pont "Vylor" polyamide continuous
      filament yarn having a denier-per-fiber of 150 and a round cross-section.
      The combined yarn is used as the pile material in a cut pile fabric tufted
      on a 5/32-inch gage machine into 3 1/2 oz. Du Pont Typar non-woven
      polypropylene backing. A fabric of 1/2-inch pile height, 40 ozs. per
      square yard is fabricated. The backing is hidden by the "Vylor" fiber. The
      grass-like fibers give the appearance of young growing grass blades,
      whereas the "Vylor" fibers give the appearance of under-turf of fescue.
      The color contrast and pile height difference accentuate the presence of
      the grass-like fibers. The flat side of the grass-like fibers is located
      randomly in adjacent tufts. A standard latex binder is applied to the
      back. Samples of the fabric are subjected to wear, crushing, and handling.
      The majority of the grass-like fibers are still substantially
      perpendicular to the backing and those which are noticeably bent are not
      aligned in any predominant direction.
PAC  EXAMPLE 11
PAR  Four fibers having the same bi-arcuate cross-section as that of Example 10
      and that had been bulked using the process described in U.S. Pat. No.
      3,156,028 are plied with four other ends of the same fiber to 0.5 tpi Z
      twist. The combined yarn of eight ends is used as the pile material in a
      cut pile fabric tufted on a 3/8 inch gage machine into a 31/2  oz. Du Pont
      Typar non-woven polypropylene backing. A fabric having a pile height of
      one-half inch, 39 oz. per square yard, is fabricated. A latex binder is
      applied to the back and it is noted that binder penetration and holding
      power is improved by the presence of the bulked fibers. Compared to
      artificial turfs constructed similarly from ribbons of substantially
      rectangular cross-section, it feels less harsh.
PAR  The fabrics of Examples 3-8 have been tested for coefficient of friction,
      with two additional artificial turfs being added for comparison purposes.
      One consists of woven pile fabric in which the pile material is formed
      solely from three fibers, each of approximately 400 denier and having
      approximately dimensions of 0.002 inch thickness and 0.020 inch width,
      assembled in stacked relationship with flat sides parallel to each other
      and folded about the filling thread of the base fabric so that the flat
      sides of the fibers in the final cut pile construction are all essentially
      parallel to the filling of the base fabric. Furthermore, this fabric which
      has not been subjected to prior testing has all of the fibers deviating
      from vertical in a single warpwise direction by angles of
      15.degree.-60.degree.. The cut length of the pile filaments is
      approximately seven-sixteenths inch. An additional fabric is a knitted cut
      pile fabric wherein the pile is composed solely of approximately 50 denier
      pigmented crimped fibers. Pile height is one-half inch, and pile weight is
      approximately 48 oz./yd..sup.2.
PAL  Test Procedures
PAR  Coefficient of friction is measured using the apparatus of FIG. 5, in which
      the Instron Tensile Testing Machine crosshead 25 moves upward at a rate of
      10 inches per minute (25.4 cm. per minute). The sledge 19 is made of
      polished aluminum weighing 200 grams and has a surface in contact with the
      fabric of 55 mm. by 63.5 mm. and an area of 3630 sq. mm. An additional
      weight 22 of 2265 grams is placed on the sledge, giving a combined weight
      of 2465 grams or 68 grams per sq. cm. pressure. The force required to
      start the sledge moving is used to calculate the static coefficient of
      friction, .mu..sub.s. The average force to maintain motion is used in
      calculating the dynamic coefficient of friction, .mu..sub.d. Following
      measurements of coefficient of friction against the dry material, all
      samples are conditioned 24 hours at 65% relative humidity and 70.degree.F.
      (21.degree.C.) and are then wet by transferring 0.5 cc. of water per 1 sq.
      cm. of carpet from a sponge cloth. Wet friction measurements are then
      made.
PAR  Each fabric sample is tested for friction with the sledge moving in the
      machine direction (MD) which is the normal direction of motion of a base
      fabric through a tufting machine and again in a crosswise direction (XD)
      at right angles to the previous measurement. In the case of 100%
      grass-like fibers, where the fibers bend preferentially in the machine
      direction of the fabric, measurements are made both with and against the
      direction of bend. The results are shown in Table 2. Differences between
      friction measurements in the machine direction and the crosswise direction
      indicates the degree of directionality of the fabric. The large difference
      in friction measurements in the 100% grass-like fiber pile when measured
      with and against the direction of predominant bend of the fiber
      demonstrates the non-uniform properties of the fabric.
TBL                                    TABLE II                                
     __________________________________________________________________________
                         COEFFICIENT OF FRICTION                               
     EXAMPLE      DIRECTION                                                    
                         DRY     WET                                           
     __________________________________________________________________________
                         .mu..sub.s                                            
                             .mu..sub.d                                        
                                 .mu..sub.s                                    
                                     .mu..sub.d                                
      3           MD     .48 .42 .46 .40                                       
                  XD     .50 .44 .42 .40                                       
      4           MD     .48 .42 .40 .36                                       
                  XD     .48 .40 .48 .32                                       
      5           MD     .47 .33 .48 .39                                       
                  XD     .49 .36 .55 .44                                       
      6           MD     .45 .38 .48 .40                                       
                  XD     .44 .38 .40 .32                                       
      7           MD     .44 .38 .38 .32                                       
                  XD     .38 .38 .35 .31                                       
      8           MD     .48 .44 .44 .35                                       
                  XD     .42 .40 .38 .35                                       
     100% grass-like fiber                                                     
                  MD     .43 .36 .34 .28                                       
     (with bend)                                                               
     100% grass-like fiber                                                     
                  MD     .36 .26 .26 .20                                       
     (against bend)                                                            
                  XD     .36 .28 .30 .30                                       
     100% BCF crimped                                                          
                  MD     .50 .46 .52 .44                                       
     fibers                                                                    
                  XD     .52 .46 .48 .40                                       
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Fabric comprising a backing and a multiplicity of fibers extending from
      said backing in the form of a cut pile layer and being secured thereto by
      an adhesive, said multiplicity of fibers comprising:
PA1  grass-like fibers comprising a rib and two webs which form a partially
      folded structure of bi-arcuate cross-section and having a denier per fiber
      of about 200 to 1500 and a major dimension of cross-section of at least
      about 0.02 inch, and
PA1  crimped fibers having a denier per fiber of about 6 to 150,
PAL  with the proviso that:
PA1  1. said grass-like fibers and said crimped fibers each comprise at least
      about 10 weight percent of said multiplicity of fibers, and
PA1  2. the denier-per-fiber ratio of the said grass-like fibers to the said
      crimped fibers is greater than about 3:1.
NUM  2.
PAR  2. Fabric comprising a backing and a multiplicity of fibers extending from
      said backing in the form of a cut pile layer being secured thereto by an
      adhesive, said multiplicity of fibers comprising grass-like fibers of a
      polyamide of bi-arcuate cross-section having a denier-per-fiber of
      200-1500 and having two webs joined together and a rib of up to twice the
      thickness of said webs forming a V-cross-section having an included angle
      not greater than 160.degree..
NUM  3.
PAR  3. The fabric of claim 2 wherein said grass-like fiber is bulked.
NUM  4.
PAR  4. Fabric comprising a backing and a multiplicity of fibers extending from
      said backing in the form of a cut pile layer and being secured thereto by
      an adhesive, said multiplicity of fibers comprising:
PA1  grass-like fibers of bi-arcuate cross-section having a denier-per-fiber of
      200 to 1500 and two webs joined together and a rib forming an included
      angle of not greater than 160.degree. and crimped fibers having a
      denier-per-fiber of 6 to 330.
NUM  5.
PAR  5. A grass-like fiber of a synthetic polymeric material of bi-arcuate
      cross-section having a denier-per-fiber of 200 to 1500 and having two webs
      joined together and a rib.
NUM  6.
PAR  6. The fiber of claim 5 having an included angle of not greater than
      160.degree..
NUM  7.
PAR  7. The fiber of claim 5 wherein the length in cross-section of each of said
      webs is greater than 0.01 inch.
NUM  8.
PAR  8. The fiber of claim 7 wherein the thickness at said rib is up to twice
      that of said webs.
NUM  9.
PAR  9. The fiber of claim 8 wherein said webs are non-planar.
NUM  10.
PAR  10. The fiber of claim 9 whrein said synthetic polymeric material is a
      polyamide.
NUM  11.
PAR  11. The fiber of claim 10 wherein said fiber is bulked.
NUM  12.
PAR  12. A combined yarn comprising a first yarn comprising at least one
      grass-like fiber of a synthetic polymeric material having a
      denier-per-fiber of 200 to 1500 and having two webs joined together and a
      rib to form a V-cross-section having an included angle of not greater than
      160.degree., plied together with a second yarn comprising fibers having a
      denier per fiber of 6 to 330.
NUM  13.
PAR  13. The combined yarn of claim 12 wherein said second yarn comprises
      crimped or latently crimpable fibers.
NUM  14.
PAR  14. The combined yarn of claim 13 wherein said first yarn comprises crimped
      or latently crimpable fibers.
NUM  15.
PAR  15. The combined yarn of claim 12 which has been bulked.
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ABST
PAL  A decorative object comprising an acrylic glass support plate and
      differently colored polymethyl methacrylate layers and zones thereupon, on
      one or both major surfaces of the plate, differently colored zones and
      vertically superposed layers of polymethyl methacrylate being separated
      from each other and from the support plate by barrier elements and layers
      respectively which are optically and mechanically compatible with but
      completely insoluble in and unpenetrable by polymethyl methacrylate.
PARN
PAR  This is a continuation-in-part application of application Ser. No. 249,854,
      filed May 3, 1972, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to decorative objects for artistic use or for
      advertising purposes which are multilayer structures having an acrylic
      glass plate support.
PAR  Decorative colored glass panels, employing synthetic materials such as
      acrylic glass to replace conventional glass, have been known for many
      years. For such panels, methyl methacrylate based products are generally
      used. In the prior art, the sought-for decorative effects were produced by
      applying over one or both faces of a support panel of ordinary or acrylic
      glass, superimposed layers containing coloring pigments, diluted in a
      composition of the same chemical nature, so as to ensure incorportation or
      impregnation thereof in the object. The coloring effects were thus
      obtained by the distribution and/or the superimposition of colored or
      non-colored layers. In practice, these successive layers were applied in
      the form of a polymerisable solution using scraper blades or brushes. With
      a view to solidification and final hardening, known polymerisation
      catalysts were added. Up to the present time, methyl methacrylate based
      compositions in the form of acrylic-based colored pastes were used to
      provide the successive layers with corresponding coloring effects. It has
      however been observed that the distinctness of the shapes thus obtained
      was not always fully satisfactory. In particular, a more or less
      pronounced dispersion or "flashing" of certain colors is frequently
      encountered in the mass of the object, which caused mixing of the colors.
      This phenomenon is extremely disadvantageous in certain cases, for example
      when advertising or artistic layouts or patterns had to be reproduced with
      precision, for example for the accurate reproduction of printed script.
PAR  Furthermore, since advertising panels for outdoor and indoor use are most
      often constantly illuminated by lamps positioned behind the panels, in
      order to give them the desired attractive luminosity, the panels will heat
      to temperatures of the order of 40.degree. to 50.degree.C and sometimes
      more. In this case which is generally the normal one for luminescent
      advertising panels, it has been found that superposed and adjacent layers
      or zones of different colors migrate after a relatively short time one
      into the other thus producing most undesirable mixing effects which
      deteriorate rapidly the whole panel.
PAR  It has already been known from U.S. Pat. No. 3,509,002, published Apr. 28,
      1970, to improve the color stability of laminar constructions and to
      prevent migration between a lamina of polymethyl methacrylate and a
      reinforcing lamina which may also consist of polymethyl methacrylic,
      during the manufacturing process, by an interposed barrier layer
      comprising cellulose nitrate, nylon, ammoniated methyl
      methacrylate-glycidyl methacrylate copolymers, plasticized polyvinyl
      butyral polymers, polyvinyl chloride, acrylic lacquer or an acrylic sheet.
PAR  However, this barrier layer is only effective during the manufacturing of
      the laminar construction and fails completely when such constructions are
      in use at more or less elevated temperature and during illumination.
      Furthemore, such barriers are often not perfectly transparent or become
      cloudy and brittle.
PAR  For example, it is well known that plasticisers are liable to temperature
      induced migration, and that cellulose nitrate discolors rapidly.
PAR  It is therefore an object of the present invention to provide a laminar
      construction for decorative, artistic and advertising purposes free from
      these drawbacks.
PAR  A further object is to provide such a laminar construction giving a
      splendid, clear and luminous color appearance when seen in incident and in
      particular in traversing illumination.
PAR  Still a further object of the invention is a simple, rapid and economic
      method for the manufacture of a laminar construction having the
      characteristics mentioned above, wherein all compositions employed are
      hardenable under normal conditions and in reasonable times, without need
      for heating, pressing, molding, etc.
PAR  These above objects are accomplished according to the present invention by
      the improvement consisting in employing, in combination, horizontal
      heterogeneous barriers between adjacent differently colored polymethyl
      methacrylate zones, and vertical homogeneous barriers between superimposed
      polymethyl methacrylate laminae.
PAR  The horizontal heterogeneous barriers comprise strips or similar elements
      made of polyesters. These barrier elements may be applied in the form of
      cut-out pieces from polyester sheets like Mylar or Scotchcal. Mylar is a
      trademark for a high durable film of polyethylene terephthalate resin. The
      film may be used in transparent, uncolored form, or it may be colored or
      even opaque, as desired for special effects to be obtained. On the other
      hand, the horizontal barrier elements may be produced in situ by applying
      to the polymethyl methacrylate base plate a pattern of a liquid
      composition comprising an unsaturated polyester, a cross-linking agent and
      a catalyst, optionally also an accelerator, and the pattern is cured in
      situ.
PAR  Such curable or crosslinking polyester compositions are well known in the
      art. Polyesters obtained by the reaction of maleic acid or anhydride,
      propylene glycol or ethylene glycol, and phthalic anhydride are highly
      satisfactory as the unsaturated polyester component. This component is
      currently used together with styrene as a cross-linking agent, and with
      benzoyl peroxide as a catalyst and cobalt naphthenate as an accelerator.
PAR  It has been further found that the adherence of this curable polyester
      composition to the transparent polymethyl methacrylate base plate -- which
      may be colored or not -- may considerably be improved if monomeric or
      prepolymerized methyl methacrylate is added to the liquid, uncured
      polyester composition. Generally, an addition of from 0.5 to 30% by weight
      of monomeric methyl methacrylate, based on the total weight of the
      composition, preferably 1.5 to 10%, is highly satisfactory. It has been
      found that, during cross-linking and copolymerization, the composition is
      firmly bound to the base plate.
PAR  If preformed polyester elements cut from sheet material are used, they must
      firmly be compounded with the base plate. Although conventional adhesives
      may be used, it has been found that such preformed polyester elements,
      e.g. Mylar strips, are perfectly well fixed to the substrate and give
      perfect adherence to further laminae if a special curable adhesive is
      used, developed for this purpose, consisting of a solution of polymethyl
      methacryalte in a mixture of monomeric methyl methacrylate and a
      methacrylate cross-linking agent; this adhesive containing also a
      catalyst. Examples of cross-linking agents for this purpose are ethylene
      glycol dimethacrylate, 1,3-propylene glycol dimethacrylate, 1,2-propylene
      glycol dimethacrylate, glycerol dimethacrylate and glycerol
      trimethacrylate and their mixtures. This special adhesive is rapidly
      curable to an invisible, flexible, transparent and colorless composition
      being perfectly compatible with polyester and polymethyl methacrylate. A
      typical adhesive of the invention contains, by weight, 2 to 8% of ethylene
      glycol dimethacrylate, 10 to 20% of polymethyl methacrylate, 0.5% of an
      equal mixture of benzoyl peroxide and dibutylphthalate, the remainder
      being substantially monomeric methyl methacrylate. Such adhesives present
      the major advantage to be completely free from any remaining solvent.
      Furthermore, since the cured adhesive is no longer soluble in monomeric
      methyl methacrylate, it cannot be attached by further layers containing
      that monomer. The adhesive cures spontaneously at temperatures between
      15.degree. and 40.degree.C, preferably at room temperature during 5 to 24
      hours, preferably over night.
PAR  The preformed polyester or the in situ cured polyester horizontal barrier
      elements are preferably completely embedded into said adhesive composition
      of the invention.
PAR  When the polyester elements are fixed on the base plate, the interstices or
      interspatial zones between these barrier elements are filled with a liquid
      polymerizable acrylic composition intended to give pattern areas which may
      be colored or not. This liquid polymerizable acrylic composition comprises
      polymeric methyl methacrylate dissolved in monomeric methyl methacrylate
      and a catalyst and may further contain soluble dyestuffs or dispersable
      pigments. This type of composition is commercialized, e.g. under the trade
      name "Altufix P 10" by Altulor, Paris, France, having a polymer content of
      about 10% by weight. This composition also hardens at 15.degree. to
      40.degree.C during 5 to 24 hours, preferably overnight at room
      temperature.
PAR  After the polymerization in situ of this filling composition, if such one
      is employed (which is preferably the case), a vertical barrier layer is
      applied. This barrier layer of the invention which effectively prevents
      the age or heat induced migration and interpenetration of vertically
      adjacent polymethyl methacrylate layers or laminae consists of a
      cross-linked, transparent, generally uncolored acrylic composition
      comprising, as a solution in monomeric methyl methacrylate, a polymethyl
      methacrylate and a cross-linking polyfunctional methacrylic acid ester
      like those cited above. In other words, this vertical barrier layer has
      substantially the same composition as the curable adhesive of the
      invention. This vertical-barrier layer is curable in the same manner as
      the adhesive composition, i.e., at room temperature and during 10 to 24
      hours.
PAR  It should specially be noticed that all compositions employed in the
      practice of the invention are solvent-free, exempt of plasticizers and are
      curable to perfectly homogeneous layers which are invisible if they do not
      contain a desired dyestuff or pigment.
PAR  After the hardening of the vertical-barrier layer, one more acrylic layer
      may be applied, as a continuous layer, colored or not, or as a pattern,
      and so on.
PAR  In order to confer a radiating attractive and striking luminosity and a
      frosty appearance to the panel, irregularly shaped gravel-like bodies,
      coarse fragments, or grains of transparent, optionally colored polymethyl
      methacrylate may be fixed on and partly embedded into the uppermost
      barrier layer. These bodies are then brushed or sprayed with the adhesive
      composition of the invention for full fixation to the article, thus
      providing a final coating.
PAR  Long-time tests have shown that the horizontal-barrier and vertical-barrier
      elements and coatings, respectively, efficiently separate the colored
      polymethyl methacrylate zones and layers. No migration of these zones and
      layers which would have been detected by color migration, takes place.
PAR  The inventive idea should be emphasized here. This idea was to separate all
      polymethyl methacrylate layers and zones from another and from the base
      plate by inert, insoluble and compatible elements or layers which contain
      no solvent and which do not adversely affect the mechanical and optical
      stability of the finished object. The invention permits the perfect
      realization of this idea.
PAR  The object of the invention may be made for being viewed by direct
      observation in the manner of a painting, or by transparency in the manner
      of stained glass window.
PAR  The "direct" observation, a non-transparent composition or lamina may
      further be applied to the backside surface of the base plate. For this
      purpose, it is convenient to apply a layer of the curable adhesive of the
      invention, containing a black pigment like carbon black, or another
      pigment like TiO.sub.2, ZnO etc., on the rear surface of the plate and to
      cure the adhesive layer. Alternatively, an opaque Mylar sheet may be fixed
      to the rear surface using such curable adhesive, or even a metal foil.
PAR  For observation by transparency, no continuous opaque layer is applied. For
      special effects, the rear surace of the base plate may be provided with
      one or more of the elements and layers mentioned above, the gravel-like
      bodies included.
PAR  The thickness of the different layers and elements may be varied within
      relative large limits, depending principally on the kind of object to be
      manufactured. Typically, for an advertising panel, the thicknesses are
      about the following: Base plate, 2 to 40 mm; adhesive and vertical-barrier
      layers, 0.05 to 2 mm; horizontal barrier strips or elements, 0.05 to 4 mm;
      gravel-like bodies, 1 to 25 mm; final coating, 0.02 to 2 mm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will now be more fully understood from the following
      description made in conjunction with the accompanying drawings which are
      as follows:
PAR  FIG. 1 is a top view on a multilayer advertsing object made in accordance
      with the present invention;
PAR  FIG. 2 is an enlarged, cross-sectional view of the object of FIG. 1, taken
      along the lines A--A in FIG. 1; and
PAR  FIG. 3 is an enlarged, cross-sectional view of a second embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now first to FIGS. 1 and 2, the decorative object is designated
      generally 10. On a base plate 12 made of colorless and transparent acrylic
      glass, i.e., from polymethyl methacrylate, there is applied a continuous
      layer 14 of a cured adhesive on the base of cross-linked polymethyl
      methacrylate as described in the Examples. This layer 14 is the first
      vertical-barrier layer. This adhesive layer holds in place small strips of
      Mylar 16 cut from a 1 mm thick black and opaque Mylar sheet. The
      interspaces between strips 16 are filled with colored and polymerized
      methyl methacrylate layers 18 and 20 of different colors, as to be
      described later. These layers are about 1.5 mms thick. The strips 16 from
      the horizontal-barrier elements. A further continuous vertical-barrier and
      adhesive layer 22, being transparent and therefore not visible in FIG. 1,
      covers the strips 16 and the zones 18 and 20. Embedded into this adhesive
      layer 22 are colored gravel-like bodies 24, 26 of polymethyl methacrylate,
      having a particle size between about 2 and 4 mms. Bodies 24 have the same
      color as the zones 18 whereas bodies 26 have the same color as the zones
      20. In FIG. 1, some bodies have been omitted for sake of clarity, but in
      practice, the whole surface of the object with the exception of the
      regions on top of the strips 16, is covered with a "layer" of said
      gravel-like bodies.
PAR  A final adhesive coating 28, transparent and invisible, is applied on the
      top of the gravel-like bodies 24 and 26.
PAR  According to FIG. 3 showing another embodiment of the invention, the object
      which is generally designated 30, includes a base plate 32 formed of
      colorless, transparent polymethyl methacrylate. This plate 32 bears a
      first vertical-barrier continuous layer 34 of colorless transparent
      cross-linked polymethyl methacrylate. Horizontal-barrier elements 36 of an
      unsaturated polyester composition containing methyl methacrylate and
      TiO.sub.2 as a white pigment and which have been hardened in situ, are
      fixed to the vertical-barrier layer 34. The zones between the elements 36
      are filled with differently colored polymethyl methacrylate layers 38, 40.
      Layers 38 are white whereas layer 40 is blue. A second continuous
      vertical-barrier layer 42, colorless and transparent, is placed on the top
      of layers 38 and 40 and elements 36. Second colored layers 44, 46 which
      are separated by a second horizontal-barrier element 50, are provided on
      the surface of vertical-barrier layer 42. Layer 44 is yellow whereas layer
      46 is blue. A final vertical-barrier layer 48 which holds in place colored
      and transparent gravellike bodies 52 (yellow) and 54 (blue) constitutes
      the final layer.
PAR  The rear side of the plate 32 comprises colorless, transparent gravel-like
      bodies 56 held in place by the adhesive layer 58.
PAR  When illuminated by the radiation tube 60 from behind, the panel shows a
      strikingly luminous image giving the following color impressions.
PA1  Zone I: yellow
PA1  Zone II: green
PA1  Zone III: blue
PA1  Zone IV: dark blue
PA1  Zone V: blue
PAR  The following examples which are not to be construed as limiting the
      invention in any way since it is capable of other embodiments and of being
      carried out in other ways, further illustrate the invention. In these
      Examples, amounts and percentages are given by weight.
PAC  EXAMPLE I
PAR  This Example illustrates the manufacture of the embodiment according to
      FIGS. 1 and 2.
PAR  On a clear, colorless, transparent base plate made from polymethyl
      methacrylate, 100 .times. 100 .times. 2 cm, is poured 100 ml of a viscous
      liquid composition (A) consisting, by weight, of 85% monomeric methyl
      methacrylate, 10% of polymethyl methacrylate, 5% of ethylene glycol
      dimethacrylate, 0.5% of glycerol trimethacrylate and 1.5% of benzoyl
      peroxide. All components are dissolved in the methyl methacrylate. After
      curing at 21.degree.C for 8.5 hours, a 1 mm thick, invisible layer has
      been formed which is insoluble in liquid methyl methacrylate.
PAR  The pattern of FIG. 1, formed from 2.5 mm large strips cut from a 1 mm
      thick black Mylar sheet, is now placed on the substrate and fixed by
      brushing with the adhesive composition described above. Curing is
      effective as described, and into the interspatials between the Mylar
      strips, liquid acrylic compositions (B) are poured in a height of about 1
      mm. These compositions consist each of 4% of a soluble dyestuff, 10% of
      polymethyl methacrylate, 1% of benzoyl peroxide and 85% of monomeric
      methyl methacrylate.
PAR  After curing overnight at 20.degree.C, 200 ml of the composition (A) above
      are poured onto the hardened polymethyl methacrylate zones and the Mylar
      strips. When this coating is just gelling, after about 80 minutes, colored
      gravel-like bodies made by crushing from transparent colored polymethyl
      methacrylate cuttings and have a particle size of about 3 to 8 mm, are
      spread over the gelling layer and gently pushed into it. After curing
      overnight at 20.degree.C, all bodies are firmly bonded into the adhesive
      and barrier layer which has now a thickness of about 2 mm. It should be
      noticed that the gravellike bodies may have the same color as the
      underneath zones of polymethyl methacrylate, or they may be uniformly
      colored or colorless.
PAR  A final protective coating is applied by spraying 40 ml of composition (A)
      onto the gravel-like bodies and curing it overnight at
      20.degree.-22.degree.C. This coating is invisible.
PAC  EXAMPLE II
PAR  This example illustrates the manufacture of the embodiment according to
      FIG. 3.
PAL  Composition A (adhesive and vertical-barrier):
     Compound              parts by weight                                     
     ______________________________________                                    
     Monomeric methyl methacrylate                                             
                           90                                                  
     Polymethyl methacrylate                                                   
                           10                                                  
     Ethylene glycol dimethacrylate                                            
                            5                                                  
     ______________________________________                                    
PAR  A solution is made up from these components, and shortly before use, 5
      parts of a stabilized catalyst (benzoyl peroxide dissolved in dibutyl
      phthalate, weight ratio 1:2) are added with stirring.
PAL  Composition B (horizontal-barrier)
TBL  Compound               parts by weight                                    
     ______________________________________                                    
     Polyester from maleic acid and                                            
     propylene glycol       75                                                 
     Styrene                25                                                 
     Monomeric methyl methacrylate                                             
                            18                                                 
     Benzoyl peroxide (catalyst)                                               
                             1                                                 
     Cobalt naphthenate (accelerator)                                          
                            0.008 *)                                           
     TiO.sub.2              20                                                 
     ______________________________________                                    
      *) calculated as metallic cobalt                                         
PAL  (The catalyst and accelerator are added shortly before use)
PAL  Composition C (filling)
TBL           Compound       parts by weight                                   
     ______________________________________                                    
     Monomeric methyl methacrylate                                             
                             90                                                
     Polymethyl methacrylate 10                                                
     Catalyst (benzoyl peroxide) added                                         
     shortly before use       2                                                
     Pigment color (as desired)                                                
                             10                                                
     ______________________________________                                    
PAR  In general this procedure is substantially the same as in Example I, with
      the following exceptions:
PAR  On the first vertical-barrier layer made from composition A, traces of
      composition B are applied by brushing; these traces are about 0.5 mm thick
      and have the desired width, e.g. about 2 to 3 mm. These "strips" are cured
      at 20.degree.-22.degree.C overnight and are then firmly bonded to the
      first vertical-barrier layer. Composition C is applied in an amount of 50
      ml/m.sup.2 giving a thickness of about 0.5 mm.
PAR  In Example I, one colored filling layer has been applied. In this Example,
      two such layers are used, and these layers are separated by a further
      intermediate vertical-barrier layer having a thickness of about 0.5 mm.
PAR  Furthermore, the rear surface of the base plate is covered with a layer of
      composition A in which during its gelling gravel-like bodies of crushed
      colorless polymethyl methacrylate are fixed (see Example I).
PAR  The objects of the invention are particularly useful for all artistic and
      advertising purposes. Patterns and images of luminosity, clearness,
      durability and color separation which have been unknown hitherto, are
      obtained.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A decorative object comprising
PA1  a. a transparent support plate of polymethyl methacrylate, bearing at least
      on one surface,
PA1  b. at least one decorative layer of polymethyl methacrylate coated on said
      support and consisting of horizontally separated zones of different
      colors,
PA1  c. at least two transparent colorless vertical-barrier layer coatings of a
      cross-linked polymethyl methacrylate based composition, insoluble in
      monomeric and polymeric methyl methacrylate, the first layer being
      disposed between said support and said decorative layer and the second
      layer on the upper surface of said decorative layer, and
PA1  d. horizontal-barrier elements consisting of strips cut from thermoplastic
      polyester sheets, said elements being fixed to said support plate by said
      first vertical-barrier layer and separating said horizontally adjacent
      differently colored zones of said decorative layer.
NUM  2.
PAR  2. The decorative object of claim 1, further comprising gravel-like bodies
      of crushed transparent polymethyl methacrylate fixed to and in part into
      said second vertical-barrier layer.
NUM  3.
PAR  3. The decorative object of claim 2, further comprising a thin protective
      coating of a transparent cross-linked polymethyl methacrylate based
      composition applied to the upper surfaces of said gravel-like bodies.
NUM  4.
PAR  4. The decorative object of claim 1, further comprising gravel-like bodies
      of crushed transparent polymethyl methacrylate fixed to and in part into
      said second vertical-barrier layer, said gravel-like bodies being colored
      and the color of said bodies being substantially the same as the color of
      the respective zone of the decorative layer beneath these bodies.
NUM  5.
PAR  5. The decorative object of claim 1, further comprising gravel-like bodies
      of crushed transparent polymethyl methacrylate fixed to and in part into
      said second vertical-barrier layer, the zones above said
      horizontal-barrier elements being free from said gravel-like bodies.
NUM  6.
PAR  6. The decorative object of claim 1, wherein said strips are of an opaque
      polyester.
NUM  7.
PAR  7. The decorative object of claim 1, wherein said transparent colorless
      vertical-barrier layers comprise polymethyl methacrylate cross-linked by a
      minor proportion of a polyfunctional methacrylic acid ester.
NUM  8.
PAR  8. The decorative object of claim 7, wherein said polyfunctional
      methacrylic acid ester is selected from ethylene glycol dimethacrylate, a
      propylene glycol dimethacrylate, glycerol dimethacrylate or glycerol
      trimethacrylate.
NUM  9.
PAR  9. The decorative object of claim 1, further comprising another transparent
      colorless vertical-barrier layer on the rear surface of said support
      plate.
NUM  10.
PAR  10. The decorative object of claim 9, further comprising gravel-like bodies
      of crushed transparent polymethyl methacrylate fixed to and in part into
      said barrier layer on the rear surface of said support plate.
NUM  11.
PAR  11. A decorative object comprising
PA1  a. a transparent support plate of polymethyl methacrylate, bearing at least
      on one surface
PA1  b. a first decorative layer of polymethyl methacrylate coated on said
      support and consisting of horizontally separated zones of different
      colors,
PA1  c. at least two transparent colorless vertical barrier layer coatings of a
      cross-linked polymethyl methacrylate based composition, insoluble in
      monomeric and polymeric methyl methacrylate, the first layer being
      disposed between said support and said first decorative layer and the
      second layer on the upper surface of said first decorative layer,
PA1  d. horizontal-barrier elements consisting of strips cut from thermoplastic
      polyester sheets, said elements being fixed to said support plate by said
      first vertical-barrier and separating said horizontally different colored
      zones of said decorative layer,
PA1  e. a second decorative layer having horizontally adjacent zones of
      different colors coated on said second transparent colorless
      vertical-barrier layer which color zones are separated from each other by
      horizontal barrier elements consisting of strips cut from thermoplastic
      sheets fixed to said second transparent colorless vertical-barrier layer,
PA1  f. a third transparent colorless vertical-barrier layer coated on the upper
      surface of said second decorative layer and horizontal-barrier elements,
      said layer being a cross-linked polymethyl methacrylate based composition
      insoluble in monomeric and polymeric methyl methacrylate.
NUM  12.
PAR  12. A method for manufacturing a decorative object, comprising the steps of
PA1  a. providing a biplanar transparent support plate of polymethyl
      methacrylate,
PA1  b. pouring thereon a solvent free liquid composition comprising monomeric
      methyl methacrylate with polymethyl methacrylate dissolved therein, a
      polyfunctional ester of methacyrlic acid, and a catlayst,
PA1  c. curing said liquid composition at a temperature in the range of
      15.degree. to 40.degree.C during 5 to 24 hours,
PA1  d. placing on the surface of the cured liquid composition strips cut from a
      thin thermoplastic polyester sheet,
PA1  e. fixing said strips by brushing with said liquid composition, and curing
      it,
PA1  f. filling the horizontal spatial zones between said strips with a
      decorative composition comprising a solvent-free monomeric methyl
      methacrylate with polymethyl methacrylate dissolved therein, a catalyst
      and, if desired, a dyestuff or pigment,
PA1  g. hardening said decorative composition at a termperature in the range of
      15.degree. to 40.degree.C during 5 to 24 hours,
PA1  h. pouring another liquid composition as in step (b) onto said hardened
      decorative composition, and
PA1  i. curing this composition.
NUM  13.
PAR  13. The method of claim 12, further comprising the steps of applying onto
      said liquid composition of step (h) a layer of gravel-like irregularly
      shaped bodies of transparent, crushed polymethyl methacrylate, pressing
      same slightly into said liquid composition, and curing said liquid
      composition.
NUM  14.
PAR  14. The method of claim 13, further comprising the steps of brushing or
      spraying onto said gravel-like bodies a thin layer of said liquid
      composition, and curing this composition.
NUM  15.
PAR  15. The method of claim 12, further comprising repeating steps (d) to (i)
      at least once.
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ABST
PAL  An article such as a structural member composed of a core of foamed
      material having bonded thereto for strengthening thereof, a laminate made
      up of an outer skin and a reinforcing insert. The reinforcing insert
      comprises at least one mat-loose fiber sheet combination with the mat
      disposed adjacent the skin and the loose fiber sheet disposed adjacent the
      foamed core. The material forming the skin penetrates from the skin, at
      least partially through the insert to an outer portion of the foamed core,
      and at least through the outermost mat so that the outermost mat is
      completely embedded in the material forming the skin.
PARN
PAR  This is a continuation of application Ser. No. 250,942, filed May 8, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND
PAR  This invention relates to reinforced foam plastic articles, preferably made
      of polyurethane foam, which are provided with a reinforcing insert which
      is joined to the foam.
PAR  The invention is an improvement in or a modification of structures such as
      for example those disclosed in U.S. Pat. No. 3,591,444.
PAR  Said patent provides an article comprising foam plastic covered with an
      outer surface layer and comprising adjacent to the outer surface layer, a
      zone of reinforced foam plastic, the reinforcement of which comprises a
      reinforcing insert, each insert being embedded in the foam plastics, each
      insert comprising at least one mat which is firmly united to at least one
      loose fibre structure, each mat being more compact than a loose fibre
      structure to which it is united, one insert being arranged so that a mat
      thereof is adjacent to the outer surface layer of the article.
PAR  In one embodiment of the invention the article is produced by foaming in a
      mould and the outer surface layer comprises a gel coat which is a binder
      that has been applied to the inner wall of the mould before foaming.
PAR  The outer surface layer may simply consist of the gelcoat or some other
      layer which has a layer of the gel coat applied to its internal surface.
      In either case the gel coat is only anchored to the reinforced foam
      plastic along the interface and possibly also via the reinforcing mat
      which has one side embedded in the layer of the gel coat.
PAC  THE INVENTION
PAR  It has now been found that the bond between the gel coat and the reinforced
      foam plastic and the transmission of force between the outer surface layer
      and the reinforced foam plastics can be substantially improved, to produce
      heavy duty articles having higher mechanical strength values, if at least
      one mat of the reinforcing insert is completely embedded in the gel coat.
      As a result of this deep anchoring of the reinforcing insert in the outer
      surface layer, the outer surface layer is itself capable of withstanding
      higher tensions and in addition the transmission of force to the core of
      the article is improved.
PAR  Accordingly the present invention provides an article comprising foam
      plastic covered with an outer surface layer and comprising adjacent to the
      outer surface layer, a zone of reinforced foam plastic, the reinforcement
      of which comprises a reinforcing insert embedded in the foam plastic, each
      insert comprising at least one mat which is firmly united to at least one
      loose fibre structure, each mat being more compact than a loose fibre
      structure to which it is united, one insert being arranged so that a mat
      thereof is adjacent to the outer surface layer of the article and in which
      the outer surface layer comprises at least one gel coat immediately
      adjacent to the zone of reinforced foam plastic, at least one mat of the
      reinforcing insert being embedded completely in the said gel coat. If the
      reinforcing insert comprises a number of mats and loose fibre structures,
      then it is preferred that several of the mats be embedded in the gel coat.
      Thus not only the mats, which may consist e.g. of woven fabrics, metal
      wire fabrics or lattices, but also one or more of the loose fibre
      structures may be completely penetrated by the gel coat. The risk of
      delamination of the mats or fabrics is thus eliminated and the internal
      rigidity of the articles produced are optimised.
PAR  It is preferred that the reinforcing insert comprises at least two mats
      with associated loose fibre structures and that at least two of the said
      mats be embedded in the gel coat.
PAR  It should be understood that the thickness of the reinforcing insert which
      is penetrated by the gel coat may vary in different parts of the article
      according to the variation in the severity of the stresses which are
      expected to be exerted on the various parts of the article.
PAR  The innermost loose fibre structure is preferably at least partly embedded
      in the gel coat. The advantage thus obtained is that this loose fibre
      structure is partly penetrated both by the gel coat and by the foam.
PAR  The gel coat is preferably an epoxy resin, polyester-resin or polyurethane
      coating.
PAR  Reference should be made to the U.S. Pat. No. 3,591,444 for the choice of
      materials for the mats and loose fibre structures.
PAR  Thus, the invention is directed to an article such as a structural member
      and the like having high static and dynamic strength values, and
      comprising a core of foamed material having bonded thereto at an outer
      portion thereof a bonded laminate. The bonded laminate is composed
      essentially of an outer skin and a reinforcing insert. The reinforcing
      insert comprises at the least one mat-fibre sheet combination with the mat
      disposed adjacent the skin and the loose fibre sheet disposed adjacent the
      foamed core. According to the invention the material forming the skin
      penetrates from the skin, at least partially through the insert to an
      outer portion of the foamed core and at least through the outer most mat
      so that the outer most mat is completely embedded in the material forming
      the skin. Preferably, the foamed core penetrates partially through the
      reinforcing insert.
PAR  In the reinforcing insert, the loose fibre sheet can be a random fibre
      fleece. Preferably fibers of the loose fiber sheet intermesh with the mat
      to firmly join the loose fibre sheet to the mat.
DRWD
PAR  The accompanying drawings show sectional view of examples of articles
      according to the invention; in which
PAR  FIG. 1 shows an article having a reinforcing insert composed of four
      layers, (two mats with two associated loose fibre structures)
PAR  FIG. 2 shows an article having a reinforcing insert composed of eight
      layers 4 mats and 4 loose fibre structures, and
PAR  FIG. 3 shows an article having a six-layered reinforcing insert, the
      innermost loose fibre structure of which is connected on one side to the
      gel coat layer.
DETD
PAR  In FIG. 1, the outer surface layer 1' consists of a metal foil 8' and a gel
      coat layer 9'. A reinforcing insert 2' is composed of two reinforcing mats
      3' and two loose fibre structures 5'. Many of the fibres 4' of the fibre
      structure 5' are drawn through the reinforcing mats 3' by stitching so
      that the reinforcing insert 2' constitutes a single unit. The drawn
      through fibres can extend from one loose fibre structure 5' through the
      adjacent mat 3' into the other loose fibre structure 5', or into the other
      loose fibre structure 5' and into and through the other mat 3'. That
      reinforcing mat 3' which is directly adjacent to the outer surface layer
      8' is completely embedded in the gel coat layer 9'. The other layers are
      penetrated by the foam plastics core 6'.
PAR  In FIG. 2, the outer surface layer 1" consists of only one gel coat layer
      9". This layer is correspondingly thicker than that in the embodiment
      according to FIG. 1. It penetrates four layers of the reinforcing insert
      2", namely, the two reinforcing mats 3" and two loose fibre structures 5".
      Here again, the layers are united to form one unit by stitching of the
      fibres 4". The hard foam plastics core 6" penetrates four other layers of
      the reinforcing insert.
PAR  In FIG. 3, three layers of the reinforcing insert 3"' are embedded in the
      gel coat layer 9"' which constitutes the outer surface layer 1"', and the
      innermost layer of loose fibre structures 5"' is fixed on one side in the
      gel coat layer whilst the remainder is penetrated by foam.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an article such as a structural member and the like having high
      static and dynamic strength values comprising a core of foamed material
      having bonded thereto at an outer portion thereof a bonded laminate
      composed essentially of an outer skin and a reinforcing insert comprising
      at least one mat-fiber fleece combination in which the mat and fiber
      fleece are joined so as to constitute a single unit, with the mat disposed
      adjacent the skin and the fiber fleece disposed adjacent the foamed core
      and the foamed core penetrating the fiber fleece, the improvement which
      comprises the material forming the skin penetrating from the skin,
      partially through the insert to an outer portion of the foamed core, and
      at least through the outermost mat so that the outermost mat is completely
      embedded in the material forming the skin.
NUM  2.
PAR  2. The article of claim 1, the reinforcing insert comprising at least two
      mat-fiber fleece combinations joined together as a single unit, the
      material forming the skin penetrating at least through the two outermost
      mats so that the two outermost mats are completely embedded in the
      material forming the skin.
NUM  3.
PAR  3. The article of claim 1 in which the material forming the skin penetrates
      partially through the innermost fiber fleece.
NUM  4.
PAR  4. The article of claim 2 in which the material forming the skin penetrates
      partially through the innermost fiber fleece.
NUM  5.
PAR  5. The articles according to claim 1, the material forming the skin being
      an epoxy resin, polyester resin or polyurethane resin.
NUM  6.
PAR  6. The article according to claim 2, the material forming the skin being an
      epoxy resin, polyester resin or polyurethane resin.
NUM  7.
PAR  7. The article according to claim 1, the core being polyurethane foam.
NUM  8.
PAR  8. The article according to claim 2, the core being polyurethane foam.
NUM  9.
PAR  9. The article according to claim 5, the core being polyurethane foam.
NUM  10.
PAR  10. The article according to claim 6, the core being polyurethane foam.
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ABST
PAL  Improved process for preparing ethylene/vinyl acetate copolymer based
      hot-melt adhesive backsized tufted carpet wherein polyethylene,
      polypropylene or ethylene/vinyl acetate copolymer film is used as the
      secondary backing. Such carpets have unexpectedly and significantly
      improved tuft pull strength.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for preparing tufted carpets and more
      particularly it relates to the use of polyethylene, polypropylene and
      ethylene/vinyl acetate copolymer film as secondary backing in tufted
      carpets.
PAR  2. Description of the Prior Art
PAR  Presently most of the tufted carpet manufactured has jute as the secondary
      backing. As a result of the numerous disadvantages of jute there have been
      efforts made for finding a suitable substitute.
PAR  U.S. Pat. No. 3,560,284 discloses the method for preparing tufted carpets
      by using a plastisol composition as the backsizing agent and heat sealing
      a thermoplastic backing sheet, preferably a closed-cell foam to the
      plastisol coating.
PAR  U.S. Pat. No. 3,616,138 relates to bonding foamed thermoplastic resins such
      as polyethylene, ethylene/vinyl acetate, PVC, polyisobutylene, etc., foams
      to tufted carpets which are already backsized, for example, with a latex
      adhesive. The foamed underlayer is attached by sewing it in place or by
      gluing by pressure sensitive adhesive or latex of a natural or synthetic
      rubber, or by being applied to the partially dried bonding composition of
      the primary backing and thus eliminating the need for additional
      adhesives. After the foamed resin is applied to the carpet the adhesives
      or bonding composition is dried out.
PAR  U.S. Pat. No. 3,537,946 concerns a method of combining textile materials
      and a specific application for adhering a secondary backing web to a
      carpet by applying the adhesive from a heated manifold type distributing
      apparatus and using secondary backing materials such as rubber latex foam,
      polyurethane foam, butadiene-styrene foam and a rubber secondary backing
      sheet. This patent further discloses that "two or more components of
      various materials, such as fabrics of natural or synthetic fibers, natural
      or synthetic rubber sheet or foam, polyurethane and other polymeric foams,
      polypropylene woven and nonwoven backings, polymeric films and the like
      can be combined using hot melt adhesive according to the method of the
      invention."
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided in a process for
      backsizing a tufted carpet having a primary textile backing and tufts of
      yarn protruding therefrom which comprises heating an ethylene/vinyl ester
      copolymer based hot-melt adhesive backsizing composition to a temperature
      of about 160.degree. F. to about 400.degree. F., applying by a roll-coater
      a uniform coating of about 10-40 ounces per square yard of the composition
      in a molten state to the back side of the carpet while moving the carpet
      past the roll-coater, contacting the adhesive coated back side of the
      carpet with a secondary backing, pressing the primary and secondary
      backings together and solidifying the adhesive, the improvement comprising
      the use of a polymer film, selected from the group consisting of
      polyethylene, polypropylene and ethylene/vinyl acetate copolymers having a
      vinyl acetate content of up to about 18% by weight as the secondary
      backing.
PAR  Further provided according to the present invention are tufted carpets of
      unexpectedly improved tuft pull strength wherein the secondary backing is
      a polyethylene, polypropylene or ethylene/vinyl acetate film of up to
      about 18% by weight vinyl acetate content.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The FIGURE schematically depicts an arrangement of apparatus suitable for
      carrying out the process of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has been discovered that tufted carpets can be backsized with
      ethylene/vinyl ester, preferably ethylene/vinyl acetate copolymer based
      hot melt adhesive compositions using polyethylene, polypropylene, or low
      vinyl acetate content ethylene/vinyl acetate copolymer films as secondary
      backing. The process can be carried out on the presently operating
      commercial lines with only minor modifications. The resulting carpet is
      more desirable in several respects than carpet wherein the secondary
      backing is jute or other woven or nonwoven porous fabric or foam.
      Advantages of polyethylene (PE), polypropylene, or low vinyl acetate
      content ethylene/vinyl acetate copolymer film secondary backed carpet,
      often referred to hereinafter as advantages of PE film backing, are as
      follows:
PAR  1. Present tufted carpets nearly always have jute weighing 6-8 ounces per
      square yard as the secondary backing. Carpet manufacturers would prefer to
      eliminate jute secondary backing and let the adhesive which holds the
      tufts into the primary backing also serve as the back of the carpet. This
      style of carpet is called "unitary" carpet. It has several drawbacks--the
      backing adhesive may not wear well, it frequently is not attractive, and
      it may block against the face of the carpet when the carpet is rolled for
      storage or shipment. In addition, since several adhesive types can be used
      in making carpet, unitary carpet offers installation problems when it has
      to be bonded to subflooring. When a clear thin polyethylene film is used
      as the secondary backing and covers the adhesive, the carpet is improved
      in appearance over the appearance of unitary carpet, and the carpet
      adhesive cannot block or transfer to the face of the carpet when rolled
      up. In addition, the carpet bottom has better wear characteristics and, by
      presenting a standard bottom surface, simplifies some installation
      problems.
PAR  2. Surprisingly an unpredictable and very important effect was observed:
      tuft pull strength (the force required to pull one tuft from the carpet)
      was significantly higher for polyethylene film-backed carpet than for
      corresponding unitary or jute-backed carpet or foam-backed carpet.
PAR  3. The nonporous smooth surface of the polyethylene film backing cuts down
      on the minimum quantity (volume) of adhesive needed in the backsizing
      operation when compared to that required using jute or prefoamed
      substrates as the secondary backing. This is because the film backing
      allows the molten adhesive to be pressed into the primary backing and into
      the yarn bundles sufficiently to give good encapsulation without loss of
      adhesive volume into the secondary backing.
PAR  4. Polyethylene film-backed carpet is less bulky than jute or foam-backed
      carpet and is easier to handle. In the carpet mill and in warehouses it
      requires less storage volume.
PAR  5. Polyethylene film backing is rot and moistureproof. Film-backed carpet
      therefore can be used where it would not be practical to use jute-backed
      carpeting.
PAR  6. The back of clear polyethylene film-backed carpet has a neat and
      attractive appearance. However, if desired, this film surface can be
      printed with designs or reading material (trademarks, logos, instructions,
      etc.) much more readily than in the case of either unitary or jute-backed
      carpet or foam.
PAR  7. Polyethylene film-backed carpet offers the carpet mill substantial cost
      savings over jute- and even foam-backed carpet in the cost of raw
      materials since polyethylene film is much cheaper than these other
      substrates. Furthermore, adhesive cost reduction would also be expected to
      accompany the switch from jute or even foam to polyethylene film.
PAR  A process for carpet backsizing with an ethylene/vinyl ester, preferably
      ethylene/vinyl acetate copolymer based hot-melt adhesive system using a
      roll-applicator for the molten adhesive is disclosed in U.S. Pat. Nos.
      3,390,035; 3,583,936, and 3,551,231, for example, and the disclosures of
      these patents are hereby incorporated by reference. These hot-melt
      adhesives are nonaqueous, solvent free and generally comprise about 10-90%
      by weight of an ethylene/vinyl acetate copolymer containing about 15-40%
      by weight vinyl acetate, about 10-90% by weight of wax, preferably
      petroleum derived or synthetic wax, and 0 to about 80% by weight of a
      thermoplastic resin such as rosin, rosin derivatives, coumarone-indene
      resins, terpene resins, terpene-phenolic resins, permanently fusible
      phenolic resins, and petroleum hydrocarbon resins. Preferred thermoplastic
      resins are terpene-phenolic resins and alkyl-aromatic hydrocarbon resins
      such as the ones derived from the alkylation of aromatic compounds with
      dicyclopentadiene and having a softening point of about
      40.degree.-105.degree. F. The process comprises backsizing a tufted carpet
      having a primary textile backing and tufts of yarn protruding therefrom by
      heating an ethylene/vinyl ester copolymer based hot-melt adhesive backsize
      composition to a temperature of 160.degree. F. to about 400.degree. F.,
      applying by a roll-coater a uniform coating of about 10-40 ounces per
      square yard of the composition in a molten state to the backside of the
      carpet while moving the carpet past the roll-coater, contacting the
      adhesive coated backside of the carpet with a secondary backing, pressing
      the primary and secondary backings together and solidifying the adhesive.
      For use with polyethylene, polypropylene and low vinyl acetate content
      ethylene/vinyl acetate copolymer film secondary backings the above general
      process is modified in some minor aspects as described below.
      Aqueous-based adhesives cannot be used in the process because of the
      difficult drying problems that would be encountered. The process cannot be
      carried out in an effective manner using a drop of powdered adhesives
      followed by melting, smoothing of the carpet, and then lamination of the
      flexible film because currently available hot-melt adhesives which have
      the necessary flexibility and are suitable for bonding the soft carpet to
      the film secondary backing cannot be ground and handled at room
      temperatures as free-flowing powders. They block and otherwise resist
      flow.
PAR  Adhesive properties, application temperatures, nip settings, etc., where
      not defined otherwise will generally follow the teachings of the above
      referred to carpet backsizing patents.
PAR  The films that are used as secondary backings according to the present
      invention are those of polyethylene, polypropylene, and low vinyl acetate
      content (up to about 18% by weight, preferably from about 4% to about 12%
      by weight) ethylene/vinyl acetate copolymers. Films of low density
      polyethylene (LDPE) are preferred but high density polyethylene, tactic
      polypropylene and the low vinyl acetate content ethylene/vinyl acetate
      copolymer films are also suitable. The ethylene/vinyl acetate copolymer
      films offer control of slip characteristics (increase the coefficient of
      friction) of the back of the carpet.
PAR  The examples below were run on pilot scale equipment which could
      continuously backsize 16 inches to 18 inches wide sections of carpet of 10
      or more feet in length. Considerable experimental and development carpet
      backsizing work has been carried out on this equipment and the results
      obtained on it correlate very well with results obtained in carpet mills
      commercially operating hot-melt backsizing lines on 12-foot wide tufted
      broadloom carpet. This pilot process is schematically illustrated in the
      FIGURE. In general the major roll sizes on the pilot unit are essentially
      the same as they are or could be in a full-scale line in a carpet mill.
      Major differences are only found in the spacing and numbers of rolls,
      methods of heating and feeding the carpet through the line. In the pilot
      unit the applicator roll is internally heated with circulating hot oil and
      the adhesive supply is electrically heated. On full-scale equipment it may
      be more economical to use high pressure steam.
PAR  Soft carpet (pile faced fabric of carpet yarns tufted into a primary
      backing) 1 coming from a suitable feed roll passes downward over a
      straightening and smoothing roll 2 and then under hold-down rolls 3 and 4.
      The long loops of the carpet yarn are on the top side of the soft carpet.
      The hold-down rolls are adjustable and are set to press the carpet onto
      the surface of an 8 inch diameter hot-melt adhesive applicator roll 5
      firmly enough to cause the adhesive to be wiped onto the underside of the
      carpet and into the short loops of carpeting yarn. This wiping action is
      aided by the fact that the applicator roll 5 is driven at a slower surface
      speed than that at which the carpet is traveling. In the following
      examples the carpet speed was either set at 15 or 30 feet/minute, and the
      surface speed of the applicator roll was always one-half the carpet speed.
      The applicator roll 5 is heated internally by a circulating hot oil system
      and is held within .+-. 5.degree. F. of a set temperature selected within
      the range of 160.degree.-400.degree. F., depending on the melting point
      and viscosity of the adhesive being used, as well as its resistance to
      degradation at elevated temperatures. The molten adhesive 6 is stored in a
      shallow pan 7. The pan is electrically heated to maintain the main body of
      the adhesive at essentially the temperature of the applicator roll. The
      soft carpeting, now coated with molten adhesive, passes below a guide roll
      8 and then over a mating roll 9 where it meets the film secondary backing
      10 but is not significantly cooled in the process. The backing film itself
      arrives at 9 after passing over two guide and smoothing rolls 11 and 12,
      having come from a suitable feed supply roll. The adhesive layer in the
      joined carpet structure just beyond roll 9 still is molten, and the travel
      time from roll 9 to the nip 13 between a 10 inch diameter water-chilled
      roll 15 at 50.degree.-55.degree. F. and a 6 inch diameter rubber-covered
      roll 14 is such that the adhesive can wet and make a good bond to the film
      secondary backing. The complete distance from the coating roll to the
      first bonding nip 13 is approximately 24 inches. At a line speed of 30
      feet/minute this corresponds to 4 seconds time between application of the
      adhesive and chilling the bond. The mating roll 9, when located at the
      midpoint of this travel, allows the film about 2 seconds of hot contact
      with the adhesive at 30 feet/minute or 4 seconds' contact at 15
      feet/minute line speed. When the film 10 has a rather low softening point,
      perhaps lower than the application temperature of the adhesive, roll 9 can
      be brought closer to nip 13 to shorten the hot contact time. To further
      shorten the hot contact time, roll 9 can even be removed and the film 10
      allowed to mate with the hot adhesive coating on roll 14 after coming from
      roll 11 -- as indicated by the dashed line alternate path for the film.
      The rubber-covered roll 14 is movable so that the gap at the nip can be
      adjusted in relationship to the thickness of the carpet being backsized.
      Roll 15 is driven and furnishes, together with a rough-surfaced roll not
      shown, the pull to draw the carpet through the process. In commercial
      lines tenter frames serve this function. A secondary bonding nip 16 is
      available between rolls 15 and 17. Roll 17 is dead weight loaded to apply
      between 2-3 lbs. force per linear inch of carpet width. The quenched
      carpet structure with the adhesive set but not completely cooled passes
      180.degree. around the chilled water roll 15 and then under roll 18. From
      there it can go over a further cooling roll, or table, and then to a
      windup roll.
PAR  The weight of adhesive required to lock the carpet yarn loops to the
      primary backing, to encapsulate the yarn bundles and to bond the flexible
      film secondary backing to the basic carpet structure varies from about 10
      to 40 oz./sq. yd., depending on the adhesive, its density, the carpet
      structure, and the performance requirements needed for the finished
      structure. The weight of the adhesive is controlled primarily by the
      doctor blade 20 setting which governs the thickness of the adhesive pickup
      on the applicator roll 5. To a lesser extent, the adhesive pickup on the
      carpet, the coating weight, is also influenced by the temperature and
      viscosity of the adhesive, the line speed, and the hold-down roll
      settings.
PAR  The following examples are given for the purpose of illustrating the
      invention. All parts and percentages are by weight unless otherwise
      specified.
PAC  EXAMPLES 1 TO 3
PAR  The following adhesive formulation was prepared:
TBL                              Wt.%                                          
     ______________________________________                                    
     Experimental ethylene/vinyl acetate (E/VAc) copolymer                     
                                   50                                          
     Wt. % vinyl acetate = 20.8                                                
     Melt index          = 52                                                  
     "Pacemaker" 53 paraffin wax from Cities Service                           
                                    2                                          
      Oil Company; melting point 149.degree.F.                                 
     "Multiwax" 180M microwax from Moore and Munger;                           
                                   23                                          
      melting point 180.degree.F.                                              
     XPS-377, experimental terpene phenolic resin                              
                                   25                                          
      from PICCO Division of Hercules;                                         
      melting point 120.degree.C.                                              
     2,6-ditertiary butyl-4-methyl phenol (antioxidant)-                       
                                   0.1                                         
      added wt. %.                                                             
     Viscosity at:                                                             
     300.degree.F. = 16,500 cps                                                
     340.degree.F. =  8,600 cps                                                
     ______________________________________                                    
PAL  The above adhesive was used to backsize "Benefactor" grade of contract
      style low level loop tufted carpet of nylon yarn tufted into woven
      polypropylene backing. The soft carpet was obtained from Lees Carpet
      Division of Burlington Industries. Three different finished carpets were
      prepared on the 18 inch pilot coater line, one with jute secondary
      backing, one of unitary construction (no secondary backing), and one
      backed with 21/2 mil low density polyethylene film. When jute was applied
      as the secondaray backing the pilot line was modified from that depicted
      in the FIGURE so that the jute passed from roll 11 to, and around to the
      top of roll 8 where it mated with the hot adhesive coated soft carpet
      coming from hold down roll 4 to the top of roll 8. At roll 8 the joined
      carpet passed through a nip formed between roll 8 and a dead weight loaded
      roll (not shown in the FIGURE) located immediately above roll 8. This
      second roll applied a dead weight of 3 lbs/linear inch in bonding the
      secondary backing to the hot adhesive coated soft carpet. From there the
      backsized carpet passed over a 2 foot long stainless steel supporting
      table cooled on the bottom side with coils carrying water at approximately
      50.degree. F. and entered nip 16. The carpet then followed the path as
      indicated in the FIGURE. The method used here in applying the jute
      secondary backing is essentially that described and illustrated in U.S.
      Pat. No. 3,551,231. Data on these experiments and on the characteristics
      of the carpet produced are given below:
TBL                 Example                                                    
                     1      2        3                                         
     ______________________________________                                    
     Hold-down roll clearances                                                 
                      0.220"   0.250"   0.250"                                 
     Doctor blade clearance                                                    
                      0.160"   0.160"   0.160"                                 
     Backsizing line speed                                                     
                      15'/min. 15'/min. 15'/min.                               
     Adhesive Temperature, .degree.F.                                          
                      330      340      325                                    
     Nip (13) Clearance                                                        
                      --       0.100"   0.100"                                 
     Adhesive used, oz./sq. yd.                                                
                      15.8     16.5     15.5                                   
     Secondary backing                                                         
                      8 oz.    None.sup.(1)                                    
                                        21/2 mil                               
                      jute              polyethyl-                             
                                        ene film                               
     Average of 10 tuft pulls,                                                 
     lbs..sup.(2)     22+      25+      27+                                    
     No. of tuft breaks out of                                                 
                       2        5       11 9                                   
      10 tufts pulled                                                          
     Wire brush fuzz rating                                                    
                       0        0        0                                     
      of carpet.sup.(3)                                                        
     ______________________________________                                    
      .sup.(1) Run as described above except no film was fed to the unit and   
      roll (9) was removed.                                                    
      .sup.(2) Determined by ASTM Test D-1335-67 or by pulling individual tufts
      manually using a Chatillon 0-40 lb. gauge-R, Catalog No. 719-40 (obtained
      from John Chatillon and Sons, Kew Gardens, N.Y. 11415). They give very   
      similar results and both methods are used by carpet mills in testing thei
      carpets. When a plus (+) sign follows the number it means one or more of 
      the ten tufts gave yarn break rather than being pulled from the backing. 
      In these cases the value for pulling the loop of yarn from the carpet is 
      higher than the failure point of the yarn. Therefore the true average tuf
      pull is by an unknown amount greater than the numerical average of the   
      fail points of the ten loops pulled.                                     
      .sup.(3) Measured by 20 strokes of a wire brush and subjectively compared
      for fuzz with following ratings: O=no fuzz; N=noticeable fuzz; M=moderate
      fuzz; A=appreciable fuzz. Fuzz rating of O, N, or M is acceptable. No fuz
      indicates good wear performance.                                         
PAL  The results from these three experiments indicate that, using one adhesive
      at essentially a constant coating weight per square yard of carpet, the
      regular jute-backed carpet, although giving good tuft pull performance,
      nevertheless was poorer in both tuft pull strength and the number of loops
      that broke, rather than pulled out, than either "unitary" carpet or carpet
      backed with polyethylene film. The last carpet (Example 3) was, by a
      significant amount, the best of the three. This carpet, backed with
      polyethylene film, gave the highest average tuft pull. With this carpet
      only one of 10 tufts tested pulled from the carpet rather than giving
      complete yarn break.
PAC  EXAMPLES 4 TO 7
PAR  Four different hot-melt adhesives, compositions given in Table I, were used
      to backsize "Faculty" grade low, level loop pile contract style carpet.
      This was a high quality carpet obtained in soft form from Lees Carpet
      Division of Burlington Industries. Two secondary backings were applied to
      this soft carpet: 8 oz. jute and a 21/2 mil low density polyethylene film
      available from E. I. du Pont de Nemours & Co. The backsizing conditions
      and important properties of the carpet are given in Table II. In the four
      examples shown in Table II, when the jute-PE secondary backing pairs were
      matched as closely as possible with respect to machinery settings and
      adhesive add-on, the PE backed carpet was much better in major physical
      properties than the jute-backed carpet. Thus the tuft pulls on the PE
      backed carpet ranged from 24% to 36% higher than obtained with the
      jute-backed carpet. This must further be considered in the light of
      current commercial carpet performance. Commercial contract carpet tuft
      pulls generally lie in the range of 7 to 12 lb./tuft, with 15 lb. values
      being difficult to attain. Thus, in Examples 4 through 7 we have prepared
      jute-backed carpet of excellent tuft pull quality. Nevertheless switching
      from jute to a thin PE film for the secondary backing increases tuft pull
      performance of the carpet substantially. This performance of the PE
      backing is a surprising and unpredictable benefit obtained in going to
      this attractive new carpet structure.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                              Example                                          
     Ingredients in % by Weight                                                
                              4  5  6  7                                       
     __________________________________________________________________________
     "Elvax" 420, E/VAc resin from E. I. du Pont                               
                              46 -- -- 28                                      
     de Nemours, 18% VAc, 150 MI                                               
     "Elvax" 220, E/VAc resin from E. I. du Pont                               
                              -- -- -- 18                                      
     de Nemours, 28% VAc, 150 MI                                               
     Experimental E/VAc resin from E. I. du Pont                               
                              -- 34 29 --                                      
     de Nemours, 25% VAc, 10 MI                                                
     "Polywax" 2000, low mol. wt. polyethylene                                 
                               4  4  4  4                                      
     from Petrolite Corp. (Bareco                                              
     Div.), m.p.t. 257.degree.F.                                               
     "Nirez" 2040, Terpene phenolic resin from                                 
                              25 25 25 25                                      
     Reichhold Chem. m.p.t. 118.degree.C.                                      
     "Piccovar" L-60, alkyl aromatic resin from                                
                              25 25 31 25                                      
     Picco Division of Hercules                                                
     m.p.t. 60.degree.C.                                                       
     "Multiwax"               --  8  8 --                                      
     "Pacemaker" 53, Paraffin wax                                              
                              --  4  3 --                                      
     2,6-ditertiary butyl-4-methyl phenol, added %                             
                              0.1                                              
                                 0.1                                           
                                    0.1                                        
                                       0.1                                     
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
                       Example                                                 
                       4          5          6          7                      
     __________________________________________________________________________
     Secondary backing.sup.(1)                                                 
                       Jute  PE   Jute  PE   Jute  PE   Jute  PE               
     __________________________________________________________________________
     Hold-down roll clearances, in.                                            
                       0.250 0.250                                             
                                  0.250 0.250                                  
                                             0.250 0.250                       
                                                        0.250 0.250            
     Doctor blade clearance, in.                                               
                       0.160 0.140                                             
                                  0.160 0.150                                  
                                             0.160 0.155                       
                                                        0.160 0.160            
     Backsizing line speed, feet/min.                                          
                       15    15   15    30   15    30   30    30               
     Nip.sup.(13) clearance, in.                                               
                       --    0.100                                             
                                  --    0.100                                  
                                             --    0.100                       
                                                        --    0.100            
     Adhesive visc. Mcps. at 300.degree.F.                                     
                       12.4  12.4 20.7  20.7 9.90  9.90 12.0  12.0             
     Adhesive application temp., .degree.F.                                    
                       330   340  340   340  310   300  320   310              
     Adhesive used, oz./sq. yard.                                              
                       18.4  17.8 19.9  19.6 18.7  19.0 17.4  19.0             
     Avg. of 10 tuft pulls, lbs.                                               
                       24+   32+  25+   31+  22    30+  21    26+              
     No. of tuft breaks out of                                                 
                       1     5    1     4    0     4    0     1                
     10 tufts pulled                                                           
     Wire brush fuzz rating.sup.(2)                                            
                       A     N    A     N-M  A     N    A     M                
     __________________________________________________________________________
      .sup.(1) 8 oz./sq. yd. jute, and 21/2 mil low density polyethylene film, 
      respectively.                                                            
      .sup.(2) A (appreciable) = unacceptably high                             
       N (noticeable) = very good, very low fuzz                               
       M (moderate) = borderline to being acceptable                           
PAR  In addition, the PE backing permits better bonding of the individual fibers
      in each yarn bundle than when using a jute backing. Thus the wire brush
      fuzz ratings of the PE backed carpet were significantly better than
      obtained with the jute-backed carpet.
PAC  EXAMPLES 8 AND 9
PAR  None of the polyethylene film backing runs described in Examples 1 through
      7 were run with mating roll 9 in place. All were based on the alternate
      film path shown in the FIGURE. In some cases it was possible with care to
      pull the thin PE film from the back of the finished carpet and end up with
      a unitary type of carpet (no secondary backing). In other cases the PE
      film-adhesive bond was so firm that the PE film could not be pulled from
      the carpet structure. It was also demonstrated, where separation could be
      affected, that 1-5 seconds' added hot contact time between the PE film and
      the adhesive gave bonds which could no longer be separated. In the case of
      the runs described in Examples 5 and 6 the PE film could be separated from
      the carpet structure. Tuft pull measurements were determined for the
      unitary carpet thus produced. The data are given below.
TBL  ______________________________________                                    
                   Avg. Tuft  Breaks/                                          
                   Pull, lbs. 10 Tufts                                         
                   (10 Tufts) Pulled                                           
     ______________________________________                                    
     Example 5 polyethylene                                                    
     backed          31           4                                            
     Example 8 (Example 5                                                      
     stripped of polyethylene                                                  
     film)           26           0                                            
     Example 6 polyethylene                                                    
     backed          30           4                                            
     Example 9 (Example 6                                                      
     stripped of polyethylene                                                  
     film)           27           0                                            
     ______________________________________                                    
PAL  These results further indicate that the 21/2 polyethylene film secondary
      backing contributes to a surprising and significant extent to the high
      tuft pull performance of the carpet structure.
PAC  EXAMPLE 10
PAR  Example 7 was repeated using 4 mil low density polyethylene film (both the
      21/2 mil and 4 mil films were used in the backsizing operation such that
      the adhesive was bonded to the untreated side of the film). The results
      with the 4 mil film were similar to those with 21/2 mil film:
TBL                  Coating   Avg.     Tuft                                   
                     Wt.       Tuft     Breaks                                 
            Polyethylene                                                       
                     oz./sq.   Pull,    per 10                                 
            Film     yd.       lbs.     Pulls                                  
     ______________________________________                                    
     Example 7                                                                 
              21/2 mil   19.0      26     1                                    
     Example 10                                                                
              4  mil     18.7      28     1                                    
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  The performance of a filler containing ethylene/vinyl
      acetate/copolymer-based adhesive with a somewhat lower performance level
      was checked using 8 oz. jute, 21/2 mil PE film, 3 mil calcium
      carbonate-filled PE film, very low density 1/16 inch thick polypropylene
      foam sheeting ("Microfoam" from E. I. du Pont de Nemours and Company), and
      1/2 mil uncoated polyethylene terephthalate film (Du Pont "Mylar" Type 50
      A) as the secondary backing for "Faculty" grade contract style carpet. The
      adhesive composition is given in Table III. Table IV shows the major
      operating conditions and the properties of the finished backsized carpet.
      The jute-backed carpet gave a lower level of tuft pull with the lower
      performance filled backsize composition than given in the jute examples
      reported earlier but again when polyethylene film was used as the
      secondary backing, tuft pull performance went up. In this case switching
      from jute to polyethylene film gave a 50% improvement in tuft pull
      strength, even though the adhesive coating weight went down slightly.
      Carpet with secondary backings of a calcium carbonate-filled polyethylene
      film, "Mylar" and "Microfoam"  gave better tuft pull values than jute but
      not as good as polyethylene film. These results again indicate the
      improvement in carpet performance associated with the use of thin,
      flexible polyethylene film secondary backings.
TBL                                    TABLE III                               
     __________________________________________________________________________
                                  Example 11, wt%                              
     __________________________________________________________________________
     Experimental E/VAc resin, 25% VAc, 10 MI                                  
                                  20                                           
     "Polywax" 2000               3                                            
     "Piccovar" L-60 resin        45                                           
     "Pacemaker" 53 paraffin wax  2                                            
     No. 9 Whiting - ground calcium carbonate filler                           
                                  30                                           
     2,6 ditertiary butyl - 4 - methyl phenol (added wt %)                     
                                  0.2                                          
     Adhesive Viscosity at 300.degree.F. in cps                                
                                  12,200                                       
     __________________________________________________________________________
TBL                                    TABLE IV                                
     __________________________________________________________________________
                      Example II                                               
     Secondary Backing                                                         
                      jute  PE film                                            
                                  Filled PE                                    
                                         "Microfoam"                           
                                                 "Mylar" 50A                   
     __________________________________________________________________________
     Hold-downroll clearances, in.                                             
                      0.300 0.250 0.250  0.250   0.250                         
     Doctor blade clearance, in.                                               
                      0.155 0.155 0.170  0.165   0.170                         
     Backsizing line speed, feet                                               
                      30    30    15     15      15                            
     Nip (13) clearance, in.                                                   
                      --    0.110 0.110  0.115   0.110                         
     Adhesive Application temp., .degree.F                                     
                      320   320   320    320     320                           
     Adhesive used, oz./sq. yard                                               
                      24.1  22.8  19.3   19.7    19.6                          
     Avg. of 10 tuft pulls, lbs.                                               
                      15    22    18     19      18                            
     No. of tuft breaks out of 10                                              
     tufts pulled     0     0     0      0       0                             
     Wire brush fuzz rating                                                    
                      A     A     --     A-M     A                             
     __________________________________________________________________________
PAR  In general, replacing the jute secondary backing with a flexible
      polyethylene film, such as the 21/2 mil low density film used in several
      of the above examples, carpet hand goes slightly soft. The hand of the
      film-backed carpet has been rated "satisfactory," "good," "no problem,"
      etc., by various people with experience in this field.
PAR  These polyethylene film-backed contract carpets, based on either unfilled
      or on filled hot-melt adhesive backsizing sytems, all passed the
      methenamine pill test (ASTM D-2859-70T) for carpet fire resistance. This
      was true whether the test was applied normally to the face of the carpet
      or to the back of the carpet where the pill burned directly on the film
      backing.
PAC  EXAMPLES 12 TO 14
PAR  The performances of three hot melt formulations of rather high total E/VAc
      polymer content were checked as backsizing adhesives using "Faculty" grade
      contract style carpeting. Three different secondary backings were included
      in the program. They were: 8 oz./sq. yd. jute, 2.4 mil low density
      polyethylene film (without any surface treatment for adhesion promotion)
      and 1/16 inch thick, very low density, polypropylene foam sheeting.
      ("Microfoam" from E. I. du Pont de Nemours & Co.).
PAR  The adhesive compositions are given in Table V. Table VI shows the major
      operating conditions and the properties of the finished backsized carpet.
      The target for adhesive coating weight for this study was 16 .+-. 1 oz.
      per square yard of carpet. This was met in seven of the eight runs and was
      just barely missed in the other which had a 17.1 oz./sq. yd. coating
      weight. Thus, it is believed that fair comparisons may be made among these
      eight runs.
PAR  Taking the jute backed carpet as the standard for comparison it is seen
      that average tuft strength varies from adhesive to adhesive. All the jute
      based data (16, 22 and 23 pound average tuft pulls) indicate high
      performance for all three adhesives. However, PE film backed carpet always
      gave higher (20 to 40% higher) tuft pulls than the comparable jute backed
      carpet. This is a very significant and desirable increase in performance
      and is particularly interesting when representing improvement over a tuft
      pull level that already is in a range of very good performance. It is
      interesting to note that, in the two cases where comparable data were
      available for thin foam backed carpet the tuft pull level was either in
      the range of that of jute backing, or close to it. The foam backed carpet
      did not show the tuft pull levels possessed by the PE film backed carpet.
TBL                                    TABLE V                                 
     __________________________________________________________________________
                                Blend Composition, Weight Percent              
     Example No.                12    13    14                                 
     __________________________________________________________________________
     "Elvax" 410 (E/VAc polymer from E. I. du Pont                             
     de Nemours & Co., 18% VAc, 500 MI)                                        
                                30    30    34                                 
     "Elvax" 420                30    30    34                                 
     "Polywax" 2000              4     4     4                                 
     "Picco" XPS-445 (experimental terpene-phenolic                            
     resin from Picco Division of Hercules,                                    
     melting point 126.degree.C.)                                              
                                18    18    28                                 
     "Piccovar" L-60            18    --    --                                 
     "Foral" 85 (ester of hydrogenated rosin from                              
     Hercules, melting point 82.degree.C.)                                     
                                --    18    --                                 
     2,6 ditertiary butyl-4-methyl phenol, added wt. %                         
                                0.2   0.2   0.2                                
     __________________________________________________________________________
TBL                                    TABLE VI                                
     __________________________________________________________________________
     Example No.       12        13             14                             
                            PE        PE  Micro-     PE   Micro-               
     Secondary Backing Jute Film Jute Film                                     
                                          foam  Jute Film foam                 
     __________________________________________________________________________
     Holddown roll clearances, ins.                                            
                       0.230                                                   
                            0.250                                              
                                 0.230                                         
                                      0.250                                    
                                           0.250                               
                                                0.230                          
                                                     0.250                     
                                                          0.250                
     Doctor blade clearance, ins.                                              
                       0.170                                                   
                            0.160                                              
                                 0.180                                         
                                      0.165                                    
                                           0.165                               
                                                0.170                          
                                                     0.170                     
                                                          0.170                
     Backsizing line speed, ft./min.                                           
                       15   15   15   30   15   15   30   15                   
     Nip (13) clearance, ins.                                                  
                       --   0.100                                              
                                 --   0.110                                    
                                           0.115                               
                                                --   0.110                     
                                                          0.115                
     Adhesive viscosity M cps. at                                              
     300.degree.F.     16.0 16.0 17.9 17.9 17.9 31.1 31.1 31.1                 
     Adhesive application temperature,                                         
     .degree.F.        320  320  340  340  320  340  350  340                  
     Adhesive used, oz./sq. yard                                               
                       15.8 16.1 16.8 17.1 15.5 16.4 16.1 16.1                 
     Average of 10 tuft pulls, lbs./                                           
     tuft              16   22   22+  26+  21   23   29+  25+                  
     No. of tuft breaks out of 10                                              
     tufts pulled      0    0    1    1    0    0    5    2                    
     Wire brush fuzz rating                                                    
                       A    N    A    A    A    A    M    M                    
     __________________________________________________________________________
PAC  EXAMPLES 15 AND 16
PAR  The performance of two hot melt formulations for backsizing "Faculty" grade
      contract style carpet with thin polymer films was determined using the
      improved machine configuration indicated in the FIGURE.  In this modified
      process the secondary backing film passes over roll 9 and meets the hot
      adhesive coating about 15 inches before passing through nip 13. This gives
      the hot adhesive approximately 2 seconds, at a line speed of 30 feet per
      minute, to wet and establish a good bond to the secondary backing film,
      before the adhesive-film system is quenched in the rubber roll-chill roll
      nip. When jute is used as the secondary backing the process as indicated
      in the FIGURE can not be used to advantage. This is because: (1) too much
      of the adhesive is forced into the jute secondary backing and is lost with
      respect to doing an effective job of locking the individual tufts into the
      primary backing and (2) the adhesive which is forced through the jute can
      contaminate the top surface of the carpeting when the carpet is rolled for
      storage and shipment. Therefore, when jute was applied the backing process
      was carried out as indicated in Example 1.
PAR  The performances of three different thin films were compared to that of 6
      oz./sq. yard jute as secondary carpet backings. The three films were (1)
      21/2 mil low density polyethylene film (the treated side of the film
      contacted the adhesive); (2) 2 mil film prepared from "Alathon" 3120
      (available from E. I. du Pont de Nemours and Co.). This is a 1.2 MI
      ethylene/vinyl acetate copolymer containing about 7.5 weight percent
      copolymerized vinyl acetate; (3) 1 mil surface treated polypropylene film
      obtained from Hercules, Inc. Surface treatments such as mentioned above
      usually involve exposing the film surface to a hot flame or some type of
      electric discharge. The treatments are designed to improve the ease with
      which printing inks and/or adhesives can wet and adhere to these films.
      The composition of the adhesive used in Example 15 was the same as that
      used in Example 11 and is given in Table III. The composition of the
      adhesive used in Example 16 is given in Table VII. It is very high in
      E/VAc polymer content.
TBL                TABLE VII                                                   
     ______________________________________                                    
                   Example 16, blend composi-                                  
                   tion weight percent                                         
     ______________________________________                                    
     "Elvax" 410     85                                                        
     "Polywax" 2000   3                                                        
     "Picco" XPS-445 12                                                        
     2,6 ditertiary butyl-4-                                                   
     methyl phenol (added                                                      
     weight percent) 0.2                                                       
     ______________________________________                                    
PAR  Table VIII shows the major operating conditions and the properties of the
      backsized carpets. Carpets having a secondary backing of film showed
      30-50% greater tuft pull strength than the carpets with the jute secondary
      backing. These three films are of related compositions - being either
      polyolefins or an olefin polymer containing a rather low amount of
      copolymerized vinyl acetate. These results further demonstrate the
      significant advantages certain film secondary backings have over the
      secondary backings which are presently in general usage.
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     Example No.         15                  16                                
                              PE   E/VAc                                       
                                        PP        PE    E/VAc                  
                                                             PP                
     Secondary backing   Jute Film Film Film Jute Film  Film Film              
     __________________________________________________________________________
     Holddown roll clearances, ins.                                            
                         0.270                                                 
                              0.250                                            
                                   0.250                                       
                                        0.250                                  
                                             0.250                             
                                                  0.250 0.250                  
                                                             0.250             
     Doctor blade clearance, ins.                                              
                         0.120                                                 
                              0.110                                            
                                   0.100                                       
                                        0.100                                  
                                             0.125                             
                                                  0.105 0.100                  
                                                             0.100             
     Backsizing line speed, ft./min.                                           
                         30   30   30   30   30   30    30   30                
     Nip (13) clearance, ins.                                                  
                         --   0.115                                            
                                   0.110                                       
                                        0.110                                  
                                             --   0.110 0.110                  
                                                             0.110             
     Adhesive Viscosity M cps. at 300.degree.F.                                
                         12.0 12.0 12.0 12.0 29.9 29.9  29.9 29.9              
     Adhesive application temperature,                                         
     .degree.F.          320  310  310  310  340  350   345  330               
     Adhesive used, oz./sq. yard                                               
                         26.3 24.9 25.8 25.2 18.9 18.0  18.1 18.7              
     Average 10 tuft pulls, lbs./tuft                                          
                         16   23   23   23   14   19    18   19                
     No. of tuft breaks out of 10 tufts                                        
     pulled              0    1    1    1    0    0     0    0                 
     __________________________________________________________________________
PAR  In Examples 15 and 16 the use of the alternate film path around roll 9 gave
      about 2 seconds of hot contact time between the film and the backsizing
      adhesive. This increased contact time allowed such a firm bond to be
      established between the film secondary backing and the adhesive layer that
      the film could not be pulled from the carpet structure. Complete film
      failure occurred in all such attempts.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for backsizing a tufted carpet having a primary textile
      backing and tufts of yarn protruding therefrom which comprises heating an
      ethylene/vinyl ester copolymer based hot melt adhesive backsizing
      composition to a temperature of about 160.degree. F. to about 400.degree.
      F., applying by a roll-coater a uniform coating of about 10-40 ounces per
      square yard of the composition in a molten state to the back side of the
      carpet while moving the carpet past the roll-coater, contacting the still
      molten adhesive coated back side of the carpet with a secondary backing,
      pressing the primary and secondary backings together and solidifying the
      adhesive, the improvement comprising the use of a polymer film, selected
      from the group consisting of polyethylene, polypropylene and
      ethylene/vinyl acetate copolymers having a vinyl acetate content of up to
      about 18% by weight as the secondary backing.
NUM  2.
PAR  2. The process of claim 1 wherein the ethylene/vinyl ester copolymer of
      said adhesive composition is ethylene/vinyl acetate copolymer having a
      vinyl acetate content of from about 10 to 40% by weight.
NUM  3.
PAR  3. The process of claim 2 wherein said secondary backing is a polyethylene
      film.
NUM  4.
PAR  4. The process of claim 3 wherein said secondary backing is a low density
      polyethylene film.
NUM  5.
PAR  5. The process of claim 2 wherein said secondary backing is a polypropylene
      film.
NUM  6.
PAR  6. The process of claim 5 wherein said secondary backing is a tactic
      polypropylene film.
NUM  7.
PAR  7. The process of claim 2 wherein said secondary backing is an
      ethylene/vinyl acetate copolymer film having a vinyl acetate content of
      from about 4 to about 12% by weight.
NUM  8.
PAR  8. In a carpet comprising a primary backing stitched with closely spaced
      erect loops of yarn to form a tufted structure, an ethylene/vinyl ester
      copolymer based hot melt adhesive backsizing composition on the back side
      of said primary backing and a secondary backing adhered by said backsizing
      composition to said primary backing, the improvement comprising a
      secondary backing selected from the group consisting of polyethylene film,
      polypropylene film and ethylene/vinyl acetate copolymer film having a
      vinyl acetate content of up to about 18% by weight.
NUM  9.
PAR  9. The carpet of claim 8 wherein the ethylene/vinyl ester copolymer of said
      adhesive composition is ethylene/vinyl acetate copolymer having a vinyl
      acetate content of from about 10 to about 40% by weight.
NUM  10.
PAR  10. The carpet of claim 9 wherein said secondary backing is a polyethylene
      film.
NUM  11.
PAR  11. The carpet of claim 10 wherein said secondary backing is a low density
      polyethylene film.
NUM  12.
PAR  12. The carpet of claim 9 wherein said secondary backing is a polypropylene
      film.
NUM  13.
PAR  13. The carpet of claim 12 wherein said secondary backing is a tactic
      polypropylene film.
NUM  14.
PAR  14. The carpet of claim 9 wherein said secondary backing is an
      ethylene/vinyl acetate copolymer film having a vinyl acetate content of
      from about 4 to 12% by weight.
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ABST
PAL  The invention relates to insulating elements particularly intended for use
      as a supporting core material in wall structures and the like, e.g. of the
      sandwich type. The insulating element consists of an insulating body of a
      non-supporting material such as mineral wool, which is intersected by a
      plurality of parallel, relatively thin sheet-formed bracing members of a
      stiffer material, such as polyester, polyethylene or the like, imparting
      to the element improved rigidity in one or more directions. The invention
      also relates to a beneficial method of producing such insulating elements,
      the method mainly comprising placing mats of the non-supporting insulating
      material in layers with intermediate coatings of the stiffer bracing
      material, and then cutting or dividing the assembled layers into slices
      with a thickness corresponding to the desired thickness of the insulation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an insulating element, particularly as
      used in prefabricated wall structures and the like, as a supporting and
      insulating core material, and a beneficial method for the manufacture of
      such supporting insulating elements.
PAR  Known insulating elements of this type may consist of plates of
      self-supporting, porous light weight materials, for example foam plastics.
      Although such materials usually have good insulation properties their use
      as a core material is limited by their insufficient shear strength
      properties and relatively low rigidity. If sufficient strength properties
      are to be obtained, the self-supporting insulating material must have a
      relatively high weight per volume, thus resulting in heavier and more
      expensive structures.
PAR  Cheap insulating materials such as mineral wool do not have any supporting
      properties at all, and if such materials are employed as core material in
      prefabricated wall structures or the like, the structure must be braced by
      supporting elements, such as ribs, corrugated plates, honeycomb structures
      or the like, made from a stiffer material which transmits the shear forces
      between the outer surfaces of the structure, the cavities between the
      supporting and bracing elements being filled with the soft insulating
      material. This requires a rather complicated process when producing the
      wall structures, and in addition as seen from the point of view of fire
      safety, it is disadvantageous in that the free insulating material easily
      drops out in case the outer plates catch fire or melt.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide an insulating element
      wherein cheap materials with good insulating properties, but with poor
      strength properties, such as mineral wool or foamed plastics with low
      weight per volume, are combined with supporting bracing elements in a
      rational manner, and continuously bonded thereto, such that the
      disadvantages and drawbacks involved in previously known insulating
      elements are avoided, and a technically and economically beneficial method
      for the manufacture of the novel insulating element.
PAR  This object is accomplished according to the invention by means of an
      insulating element and a method as disclosed below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more clearly understood a detailed
      description thereof will be given below with reference to the drawings in
      which:
PAR  FIG. 1 illustrates a first step in the production of insulating elements
      according to the invention.
PAR  FIG. 2 illustrates a first embodiment of an insulating element according to
      the invention.
PAR  FIG. 3 illustrates a step in the production of a second embodiment of
      insulating elements according to the invention.
PAR  FIG. 4 illustrates the second embodiment of the invention.
PAR  FIG. 5 illustrates a step in the production of a third embodiment of
      insulating elements according to the invention.
PAR  FIG. 6 illustrates the third embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As basic material in the production process is used a rectangular sheet or
      a mat 1 of soft non-supporting (i.e., having very low strength properties)
      insulating material, such as mineral wool. The insulating mat may be of a
      common type with standard dimensions, i.e., having a thickness up to about
      10 cm. On one of its flat sides the mat 1 in a known manner is provided
      with a relatively thin coating 2 of a stiffer, yet flexible material, for
      instance polyester or the like, i.e., a coating which is rigid in the
      general plane of the coating and flexible in a direction perpendicular
      thereto. The plastic is applied preferably in liquid form, for instance by
      spraying or spreading, such that the plastic coating 2 after setting is
      fixedly adhered to the adjacent insulating material 1. If desired
      preformed plates of the stiffer material my also constitute the coating 2
      which then is bonded to the insulating material for example by means of an
      adhesive.
PAR  The insulating mat 1 with applied coating 2 is then cut or divided normal
      to the coating 2 along parallel lines s into identical, parallelepipedic
      strips, each of which thus consists of an insulating part 1a and a coating
      or bracing part 2a of width h corresponding to the desired thickness of
      the insulating layer of the wall structure for which the element is
      intended.
PAR  A predetermined number of the thus cut out strips are then placed adjacent
      each other as shown in FIG. 2, in such a manner that the coating or
      bracing part 2a of each strip forms a backing against an uncovered side
      face of an adjacent strip.
PAR  The adjacent strips 1a, 2a, when provided with outer facings or panels for
      use in a wall structure or the like, thus constitute an insulating element
      A which is orthotropically braced, i.e., braced in one cross direction.
PAR  FIG. 3 illustrates a step in the manufacture of a second embodiment of an
      insulating element according to the invention. Here a predetermined number
      of sheets or mats 1 of the non-supporting insulating material are placed
      above each other in a stratified manner with intermediate coatings 2 of
      the stiffer material, each coating 2 being fixedly bonded to adjacent
      layers of insulating material 1. The building up of the layers is
      preferably accomplished by applying liquid plastic in known manner on the
      lowermost mat layer, as described above in connection with FIG. 1, and
      then placing the next insulating layer upon the plastic layer 2 before
      this has set, and by repeating the process for each new insulating mat 1
      placed on top. If desired, also in this case the coating 2 may consist of
      preformed sheets of an appropriate material which suitably is bonded to
      the insulating material.
PAR  The thus formed parallelepipedic body 3 is then cut or divided normal to
      the coatings 2 along parallel lines s into a plurality of slices each of
      which constitutes an insulating element B as shown in FIG. 4, with
      thickness h corresponding to the desired thickness of the insulation. The
      second embodiment B of the insulating element according to the invention
      is thus equal to the first embodiment A as described above in connection
      with FIGS. 1 and 2, except that the individual strips 1b with bracing
      layers 2b in the second embodiment B are continuously coherent, and thus
      the element constitutes a self-supporting unit prior to the application of
      outer panels. If desired one or more of the uncovered or exposed surfaces
      of the parallelepipedic body 3 extending normal to the cutting plane may
      be provided with a coating of the stiffer material prior to the cutting or
      dividing operation. Thereby it will be achieved that the cut out
      insulating element B will have bracing layers 2b along all four edge faces
      thereof.
PAR  FIG. 5 shows a step in the manufacture of a third embodiment of the
      invention. Here a predetermined number of insulating elements B according
      to the second embodiment of the invention shown in FIG. 4 or, if desired,
      of insulating elements A according to the first embodiment shown in FIG.
      2, are placed in layers above each other with intermediate coatings 2 of
      the stiffer material, preferably plastic, in the same manner as explained
      in connection with the manufacture of the second embodiment B, i.e., in
      connection with FIG. 3. The parallelepipedic body 4 thus produced is then
      divided into slices along parallel planes s normal to the first bracing
      layer 2a cutting through the elements B (or A) as well as to the lastly
      applied coating 2 on the flat sides of the elements B (or A), the
      thickness of the slices being equal to the desired thickness of
      insulation.
PAR  The resulting cut out slices or insulating elements C, as shown in FIG. 6,
      thus consist of quadrangles or cells 1c of soft insulating material
      enclosed by and fixedly bonded to bracing ribs 2c extending in parallel
      planes in orthogonal directions. Also in the manufacturing of this
      embodiment C coatings of the stiffer material may be applied to the
      uncovered surfaces of the parallelepipedic body 4 prior to division into
      slices C, such that the cut out insulating elements C will have bracing
      ribs 2c along all edge faces thereof.
PAR  The embodiment of the invention hereinbefore described have an advantageous
      light weight structure which, as a result of the intersecting relatively
      stiff coating parts, is braced in a direction parallel to the plates of
      the coating ribs, the necessary rigidity in the general plane of the
      insulating element being provided by the areal extention of the mat. The
      insulating elements are thus self-supporting and easily handled during
      further fabrication of wall structures or the like. The insulating element
      according to the third embodiment C of the invention having orthogonally
      intersecting coating ribs is particularly advantageous in that it is
      braced in all directions (orthotropically braced).
PAR  Furthermore, the method according to the invention as described above, is
      especially advantageous in that it permits a very rational manufacture of
      the insulating elements and is well adapted for an automatic production
      process. An additional advantage of the method according to the invention
      is that the more advanced embodiments of the invention each builds upon
      the production step of a less advanced embodiment, such that at different
      steps in the production process insulating elements are provided with
      different properties regarding stiffness, supporting ability and
      dimensions, and also regarding price. It is also possible to select that
      embodiment of the insulating element according to the invention which is
      the most suitable for the particular requirements.
PAR  It should be noted that the sheet formed coatings 2 which constitute the
      bracing of the insulating elements, are relatively thin and flexible in a
      direction normal to the sheet plane. Thus the insulating element according
      to the invention is not compareable to known insulating elements in which
      the bracing comprises a framework of relatively thick, stiff and unelastic
      ribs.
CLMS
STM  I claim:
NUM  1.
PAR  1. A braced insulating element, particularly for use as a core material in
      a wall structure, said element comprising:
PA1  a first plurality of parallelly spaced bracing members;
PA1  a second plurality of parallelly spaced bracing members;
PA1  said first and second pluralities of bracing members extending orthogonally
      and intersecting each other to form therebetween a plurality of closed
      quadrangular cells;
PA1  each of said cells being filled by a building insulating material having
      low strength properties;
PA1  said bracing members being rigid in directions of the respective planes
      thereof and individually flexible in directions perpendicular to said
      respective planes;
PA1  said bracing members being continuously bonded to the respective adjacent
      insulating material;
PA1  said element having a pair of major surfaces extending in planes
      perpendicular to said planes of said bracing members, said major surfaces
      being formed substantially by said insulating material; and
PA1  said element having plural edge surfaces extending perpendicular to said
      major surfaces, each of said edge surfaces being formed by a bracing
      member.
NUM  2.
PAR  2. A method for manufacturing a braced insulating element, particularly for
      use as a core material in a wall structure, said method comprising:
PA1  providing a plurality of parallelepipedshaped mats formed of a building
      insulating material having low strength properties;
PA1  applying a first adhesive coating to at least one surface of each of said
      mats;
PA1  stacking the thus coated mats in layers one above the other to form a first
      body;
PA1  cutting said first body perpendicular to said layers to form first slices
      each formed of a number, equal to said plurality, of strips of insulating
      material separated by strips of said first adhesive coating;
PA1  applying a second adhesive coating to at least one surface of each of said
      first slices;
PA1  stacking the thus coated first slices in layers one above the other to form
      a second body; and
PA1  cutting said second body in a direction perpendicular to said strips of
      said first adhesive coating and to the planes of said second adhesive
      coatings to form second slices, each comprising a braced insulating
      element formed of a plurality of quadrangular-shaped portions of
      insulating material separated by layers of adhesive coating.
NUM  3.
PAR  3. A method as claimed in claim 2, wherein said first and second adhesive
      coatings are applied in a viscous state.
NUM  4.
PAR  4. A method as claimed in claim 2, further comprising applying said first
      and second adhesive coatings in sufficient amounts to form rigid bracing
      members upon hardening thereof.
NUM  5.
PAR  5. A method as claimed in claim 2, further comprising inserting a sheet of
      reinforcement material into said first and second adhesive coatings.
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ABST
PAL  Fluoroelastomers, including ultra high temperature, thermally stable
      fluoroelastomers, are bonded to a metal backing member by (a) compounding
      the fluoroelastomers with CaO, (b) curing the fluoroelastomers in contact
      with a pretreated surface of the metal member, and (c) postcuring the
      fluoroelastomers/metal unit at elevated temperatures.
PARN
PAR  This is a division of Ser. No. 307,420, filed Nov. 17, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bonding fluoroelastomers to metal. More
      particularly, the invention relates to a method of bonding
      fluoroelastomers to metal by non-adhesive means.
PAR  The fluoroelastomers of this invention are typically relatively chemically
      inert, thermally stable polymers, owing primarily to the strength of the
      carbon-fluorine bonds present in the molecule. Because of the thermal
      stability of these molecules, the fluoroelastomers are desirable in many
      applications which require elastomeric materials which will withstand high
      bulk temperature moduli. However, a great number of these applications,
      particularly in mechanical fields, require the elastomer to be used in
      conjunction with stiffening, or back-up members, most often fabricated
      from metal, and hence require a method of bonding the elastomer to the
      metal member which will provide a bond capable of withstanding high
      temperatures and sustained or heavy loading. Particular examples include
      clutch plates and brake linings, where high friction coefficients result
      in very high ambient temperatures; many other examples will be apparent.
PAR  Unfortunately, the inherent properties of the fluoroelastomers, in
      particular chemical inertness, have made it difficult and, in some
      instances, impossible to effectively adhere these fluoroelastomers to a
      metal, especially where high shear or impact strength is required in the
      finished fluoroelastomer-metal laminate, or where the finished laminate
      will be exposed to high ambient temperatures. The problem of bonding the
      ultra-high temperature thermally stable fluoroelastomers has been
      particularly troublesome.
PAR  Prior art methods which have been employed for bonding some types of
      fluoroelastomers to metal have most commonly involved chemical bonding of
      the fluoroelastomer to the metal substrate with an adhesive bonding agent.
      These methods have limited application, however, since with both
      structural and non-structural adhesives, the bond achieved is not
      generally capable of withstanding sustained or heavy loading, or high
      ambient temperatures. Further, the adhesive bonding agent is highly
      subject to scuffing and wiping during injection and transfer molding of
      the product, which deactivates or destroys this agent, and therefore
      molding techniques and mold configurations for fluoroelastomer-metal
      laminates have heretofore been highly restricted.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention provides for the inclusion of an alkaline earth oxide
      in the fluoroelastomer, which oxides provide the fluoroelastomers with
      strong bonding abilities when properly applied to a metal back-up member.
      Calcium oxide is particularly useful for this purpose.
PAR  According to the process of this invention, fluoroelastomers are compounded
      with small amounts of calcium oxide. The compounded CaO-fluoroelastomer is
      then applied to the metal substrate and cured.
PAR  The fluoroelastomers that are particularly benefited by addition of CaO are
      those available copolymers of hexafluoropropylene and polyvinylidene
      fluoride, known variously as Viton E60, E60C, and LD2873, available from
      E. I. du Pont de Nemours and Company, Wilmington, Delaware. and Fluorel
      2160, 2170, and FC2170, available from 3M Company, St. Paul, Minnesota.
PAR  Broadly, the invention comprises incorporating an amount of calcium oxide,
      conveniently in powdered form, into the uncured fluoroelastomer to achieve
      an even dispersion of the CaO therein, applying the compounded
      fluoroelastomer to a pretreated metal substrate, and then curing the
      fluoroelastomer. The laminate obtained thereby is then post-cured for a
      sufficient period of time at elevated temperatures to impart the desired
      bond strength and obtain the desired physical properties in the cured
      fluoroelastomer.
PAR  It is of importance to pretreat the metal substrate to provide a surface on
      the substrate receptive to the bond. This can be accomplished, for
      example, by sandblasting the bonding surface of the substrate, and then
      oxidizing the sandblasted bonding surface. To achieve a satisfactory bond,
      the oxidized surface of the metal should be substantially free from
      foreign substances, including oil or grease.
PAR  The compounded fluoroelastomer may be applied to the metal substrate by
      conventional methods to obtain the desired product, for example by
      injection, compression or transfer molding techniques, depending generally
      on the intended configuration of the finished laminate. The
      fluoroelastomer is then cured at elevated temperatures while in intimate
      contact with the metal bonding surface; adequate pressure is maintained on
      the elastomer/metal unit during curing to insure a bond at least
      sufficient to permit demolding of the laminate.
PAR  A stronger bond may in some instances be required to permit successful
      demolding of the laminate from transfer or compression molds or from
      complex mold configurations. The fluoroelastomer-metal laminate is then
      post-cured at elevated temperatures to increase bond strength to desired
      levels.
PAR  Accordingly, it is an object of this invention to provide a method of
      bonding a fluoroelastomer to a metal backing member without the use of a
      bonding agent.
PAR  It is another object of this invention to provide a method of bonding a
      fluoroelastomer to a metal member which will produce a
      fluoroelastomer-metal bond capable of withstanding sustained or heavy
      loading and/or high ambient temperatures.
PAR  It is a further object of this invention to provide a simple method of
      treating a fluoroelastomer to provide a high strength
      fluoroelastomer-metal bond when the fluoroelastomer is cured on a metal
      substrate.
PAR  It is an additional object of this invention to provide a simple method of
      bonding an ultra high temperature thermally stable fluoroelastomer to a
      metal substrate to achieve a high strength, highly temperature-resistant
      fluoroelastomer-metal bond.
PAR  It is a further object of this invention to expand the molding techniques
      and mold configurations available for use with fluoroelastomer-metal
      laminate components.
PAR  Additionally, it is another object of this invention to increase the use of
      fluoroelastomers in applications requiring a strong elastomer-metal bond
      and high bond strength.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It is preferred that the metal back-up member be treated by gritblasting to
      produce a medium-rough bonding surface; this may conveniently be
      accomplished by blasting the metal surface with a suitable abrasive. For
      example, a steel member may be satisfactorily roughened by blasting the
      bonding surface with Al.sub.2 O.sub.3 particles having a grit of about 60
      to about 180 to produce a surface roughness of about 50 to about 250
      microinches. Other abrasives of larger or smaller grit may be found to be
      more suitable for use in conjunction with other metals, however, or for
      use in bonding applications other than those specifically illustrated
      herein.
PAR  The sandblasted metal bonding surface is then treated to oxidize the
      bonding surface thereof. In the case of steel, for example, heating in a
      forced air oven for from about one hour up to about 6 hours at about
      600.degree.F produces a surface oxidation satisfactory for the purposes of
      this invention. Generally, broad ranges of temperatures, for example from
      about 300.degree.F to about 1,000.degree.F, with the time varying
      accordingly, are employable to produce adequate surface oxidation of the
      metal substrate during heating.
PAR  Any other conditions that produce a similar surface oxidation of the metal
      may alternatively be employed, including the use of appropriate chemical
      reagents to oxidize the bonding surface. Where oxidation is accomplished
      by heating the metal, the fluoroelastomer may be applied to the bonding
      surface while the metal is still hot, or after it has cooled.
PAR  Generally, adequate bonds can be obtained for at least up to about two
      months after a heat oxidation treatment, provided the bonding surface is
      kept relatively moisture-free, e.g., under humidity-controlled storage,
      and oil-free. The latter is of importance, as even excessive handling
      resulting in fingerprints on the bonding surface may interfere with the
      bonding mechanism.
PAR  The particular fluoroelastomer selected for bonding will depend primarily
      on the intended application of the bonded product. In applications where
      the product must withstand high bulk temperatures, one of the ultra high
      temperature, thermally stable fluoroelastomers such as Viton E60, Viton
      E60C, and Viton LD2873, or Fluorel 2160, Fluorel 2170, and Fluorel FC2170
      will usually be selected. In some instances it may be advantageous to
      combine two or more fluoroelastomers, including those of differing thermal
      stability properties, to obtain desired properties in the finished
      laminate.
PAR  The fluoroelastomer or a combination of fluoroelastomers is compounded with
      sufficient amounts of calcium oxide to provide a satisfactory bond between
      the fluoroelastomer and the metal member under conditions of the process
      of this invention. Typically, from about three to about 15 parts CaO
      powder per 100 parts (php) polymer will provide a compounded
      fluoroelastomer formulation which will have satisfactory bonding
      properties. Preferably, when the ultrahigh temperature, thermally stable
      fluoroelastomers such as Viton E60C are to be compounded, a CaO
      concentration of about 5 php is used.
PAR  CaO may of course be incorporated into the elastomer in a form other than
      powder. A number of dispersions of CaO, both in liquid and paste form are
      commercially available for incorporation into polymeric materials for
      conventional use as e.g., dessicants, curing agents, and viscosity agents.
      These forms of CaO may usually be substituted for the CaO powder at an
      equivalent actual CaO rate, provided other ingredients in these
      dispersions do not interfere with the bonding mechanisms.
PAR  The calcium oxide is incorporated into the fluoroelastomer by conventional
      mixing procedures, e.g., in a Banbury mixer, to achieve an even dispersion
      of the CaO throughout the fluoroelastomer. Other desired ingredients may
      appropriately be incorporated into the fluoroelastomer in this step, for
      example, curing agents and accelerators, and carbon black will usually be
      included.
PAR  The compounded fluoroelastomer is then applied to the metal bonding surface
      by appropriate molding techniques, such as transfer, injection or
      compression molding. By the process of this invention, many molding
      techniques and part configurations heretofore unavailable with
      conventional bonding agents may now be employed. Owing to the nature of
      transfer and injection molding, and the complexity of many proposed mold
      configurations, conventional bonding agents for fluoroelastomers are
      subject to scuffing and/or wiping during the molding process, thereby
      deactivating or destroying the intended bond, and rendering these
      techniques and configurations useless.
PAR  The process of this invention permits the use of these previously
      unsuitable molding techniques and mold configurations in addition to the
      conventional molding techniques and mold configurations employable in
      prior art processes of fluoroelastomer bonding with bonding agents. Since
      there is no discrete bonding agent employed in the process of the
      invention, scuffing and wiping problems are eliminated.
PAR  In any event, the fluoroelastomer is pressed into intimate contact with the
      metal member, while curing of the elastomer takes place, thus insuring an
      adequate bond between the fluoroelastomer and the metal member. Pressures
      generally from about 250 to about 1,500 psi of bonding surface will
      suffice, and pressures of about 800 to about 1,200 psi are generally
      preferred. Cure times from about 20 minutes at about 325.degree. F to
      about 90 seconds at about 390.degree. F are generally contemplated;
      however, the cure time will of course vary according to the ambient
      temperature, and also individual elastomers and their compounding
      ingredients may require varying periods of cure time to effect a
      satisfactory cure. Sufficient curing conditions and adequate pressure to
      enable the product to be demolded as a unit are at least required. Beyond
      this, curing conditions may be varied according to the nature of the
      fluoroelastomer to achieve the desired properties in the cured polymer.
PAR  Demolding will usually be facilitated by use of recommended fluorocarbon
      release agents in the mold. After demolding, the laminate product is
      postcured for from about 3 to about 20 hours at relatively high
      temperatures. The preferred temperature range of postcure is from about
      400.degree.F to about 500.degree.F, with the time varying accordingly.
      However, in many instances, depending on the specific fluoroelastomer
      formulation, including the specific fluoroelastomer employed, temperatures
      outside this range, for example, above about 350.degree.F will be
      sufficient to increase bond strength to the desired characteristics, when
      the post-cure time period is accordingly adjusted. Again, within these
      ranges, post-curing conditions may be varied according to the nature of
      the fluoroelastomer to achieve the desired properties in the finished
      polymer. In general, it may be expected that the bond strength will
      increase during postcure to levels where the bond strength exceeds stock
      tear strength over a broad temperature range, at least from about
      0.degree.F to about 500.degree.F.
PAR  Importantly, a satisfactory elastomer to metal bond will be obtained within
      the broad mold cure and postcure conditions disclosed herein. Thus,
      specific conditions within these ranges under which these cures are
      accomplished, are selected according to the final physical properties
      desired, and the particular demands of the specific fluoroelastomer.
PAR  The following chart contains examples of specific fluoroelastomer
      formulations which were bonded to a steel member according to the process
      of this invention:
TBL  Elastomer  PHP    PHP     PHP      PHP  PHP                               
     ______________________________________                                    
     Viton B        100                                                        
           B 50            100                                                 
           E60C                  80            100                             
           A-HV                  20                                            
           LD 2873                        100                                  
     ______________________________________                                    
     MT Black    60    30-60   30-100    60  30-65                             
       CaO       15     15     5-10      5    5                                
     Accelerators                                                              
                .rarw.     As Required                                         
                                      .fwdarw.                                 
     ______________________________________                                    
     Curatives  .rarw.     As Required                                         
                                      .fwdarw.                                 
     ______________________________________                                    
PAR  The following charts tabulate the effect of calcium oxide addition on the
      black-loaded fluoroelastomer formulations based on Viton E60C:
TBL  Composition  Parts/100 parts polymer                                      
     Compound     A       B       C     D     E                                
     ______________________________________                                    
     Viton E60C   80      80      100   100   100                              
     Viton A      20      20                                                   
     MT Black (N990)                                                           
                  60      60      60    60    60                               
     Ca(OH).sub.2 6       6       6     6     6                                
     MgO (Maglite D)                                                           
                  3       3       3     3     3                                
     CaO          --      5       --    5     10                               
     ______________________________________                                    
PAL  Mix technique: Preblend all powder ingredients, Banbury mixer
TBL  Mix        0       minutes                                                
                             -- add polymer                                    
                30      "    -- add 1/2 preblend                               
                60      "    -- add 1/2 preblend                               
                150     "    -- bump and brush down                            
                240"-300                                                       
                        "    -- dump at 250.degree.F. discharge                
                              temperature                                      
                    A    B    C    D    E                                      
     Cure Times:                                                               
      Min./.degree.F                                                           
                    3/370                                                      
                         3/370                                                 
                              1/2/390                                          
                                   1/2/390                                     
                                        1/2/390                                
     Note: Parts compression  1-1/2/390                                        
                                   1-1/2/390                                   
                                        1-1/2/390                              
     molded at 1500                                                            
     to 6000 psi (2500 psi    1-1/2/370                                        
                                   1-1/2/370                                   
                                        1-1/2/370                              
     molding pressure is normal)                                               
     Post Cures:                                                               
      Hrs./.degree.F.                                                          
                    24/450                                                     
                         24/450                                                
                              2    4    6/500                                  
                              5    8    12/475                                 
                                   16   24/450                                 
PAL  Steel Preparation:
PAR  Grit blasted at 40-70 psi with 60 to 100 grit Al.sub.2 O.sub.3 depending on
      grade and heat treatment of steel.
PAR  100 grit Al.sub.2 O.sub.3 at 40 psi is satisfactory for SAE 1040 - 1080
      R.sub.B 85 steel, and SAE 4140 R.sub.C 30 steel.
PAR  60 grit at 40 psi or 100 grit at 70 psi is satisfactory for nitrided
      steels.
PAR  Treatment in air at 500.degree.- 750.degree.F.
PAR  E.g. 6 hrs./500.degree.F; 2-3 hrs./600.degree.F; 1-2 hours/ 750.degree.F.
PAR  Mold part with steel temperature .apprxeq. same as that of mold, .+-.
      20.degree.F.
TBL  __________________________________________________________________________
     Bond Test Results:    Bond Condition                                      
            Test Tem-                                                          
     Postcure                                                                  
            perature                                                           
                    A        B     C     D     E*                              
     __________________________________________________________________________
     As molded                                                                 
            Demold  Falls Off                                                  
                           OK-Peels                                            
                                 Won't OK-Peels                                
                                             OK                                
     2/500 hrs/.degree.F                                                       
                500              Falls Off                                     
                                       Good  Exc.                              
     4/500 "    500              Falls Off                                     
                                       VG-Exc.                                 
                                             Good                              
     6/500 "    500              Falls Off                                     
                                       Exc.  Peels                             
     +24/520                                                                   
           "    520              --    Peels Falls Off                         
     + 6/600                                                                   
           "    600              --    Falls Off                               
                                             Falls Off                         
     4/475 "    475              Falls Off                                     
                                       VG-Exc.                                 
                                             Exc.                              
     8/475 "    475              Falls Off                                     
                                       Exc.  Good                              
     12/475                                                                    
           "    475              Falls Off                                     
                                       Exc.  Peels                             
     16/450                                                                    
           "    450 Falls Off                                                  
                           Excellent                                           
                                 Falls Off                                     
                                       Exc.  --                                
     24/450                                                                    
           "    450 Falls Off                                                  
                           Exc.  Falls Off                                     
                                       Exc.  --                                
     +6/500                                                                    
           "    500 Falls Off                                                  
                           Exc.  Falls Off                                     
                                       Good  --                                
     16/450 + 1000 hours                                                       
     in oil at 350.degree.F.                                                   
                450        Exc.        Exc.                                    
     2/520 "    520                    VG                                      
     4/520 "    520                    Good                                    
     6/520 "    520                    Poor-                                   
                                       Fair                                    
     __________________________________________________________________________
       *With addition of approximately .3% H.sub.2 O to base mix (simulated hig
      humidity) Compound E will give results comparable to those shown for     
      Compund D. All test data taken for materials mixed and molded under      
      conditions of controlled humidity 55% R.H. at 75.degree.F.               
PAR  From the above formulations and test results it will be apparent that the
      addition of CaO to the fluoroelastomer formulations advantageously affects
      the bonding to metal backings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high shear and impact resistant friction article useful in clutch
      assemblies and brake assemblies, comprising a metallic back-up member, a
      roughened and oxidized surface comprising at least a portion of said
      metallic back-up member, and a fluoroelastomer selected from the group
      consisting of copolymers of hexafluoropropylene and vinylidene fluoride,
      and mixtures thereof, with from about 3 to about 15 parts of calcium oxide
      per hundred parts of fluoroelastomer evenly dispersed therethroughout,
      said fluoroelastomer being applied to said roughened oxidized surface and
      simultaneously cured and in the same operation directly bonded without use
      of a bonding agent other than said fluoroelastomer-calcium oxide
      dispersion to said roughened and oxidized surface.
NUM  2.
PAR  2. The friction article of claim 1 wherein said metallic back-up member is
      steel.
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ABST
PAL  Rigid composite impact resistant textured tiles having a pliable and
      essentially void-free plastics facing component and a rigid backing
      component, are prepared by a specified sequential operation.
PARN
PAC  RELATED APPLICATIONS:
PAR  This application is a division of application Ser. No. 22,117, filed Mar.
      30, 1971 (now abandoned), which is a continuation of application Ser. No.
      526,605, filed Feb. 10, 1966 (now abandoned) which, in turn, is a
      continuation-in-part of applications Ser. Nos. 455,764 filed May 14, 1965
      (now U.S. Pat. No. 3,405,026), 475,989 filed July 30, 1965 (now U.S. Pat.
      No. 3,414,456), 523,778 filed Jan. 28, 1966 (now U.S. Pat. No. 3,419,455)
      and 525,667 filed Feb. 7, 1966 (now U.S. Pat. No. 3,420,729), each of the
      last four-mentioned applications being a continuation in-part of
      application Ser. No. 22,002, filed Apr. 13, 1960 (now abandoned).
BSUM
PAR  This invention relates to novel, rigid, impact resistant tiles and methods
      and means for their manufacture. In the prior art, tiles were made of
      ceramic or plastics materials. These prior art articles of manufacture
      have the disadvantage of either being fragile or sensitive to temperature
      changes.
PAR  An object of this invention is to provide tiles with improved properties
      and without the disadvantages of the prior art tiles. A further object is
      to provide a process for producing tiles of plastics with improved
      resistance to cold flow, chipping and breakage, and which is distinctly
      superior to prior art processes and the products produced thereby.
PAR  The articles of manufacture of my parent application are rigid,
      three-dimensional and hollow. They comprise two components: (1) an outer
      layer component, also called the "shell" and (2) an inner layer component,
      also called the "flesh" or "rigidifier." In most of the cases varying
      parallel cross sections of a single article show varying dimensions and
      shapes or configurations, indicating curved sidewalls and undercuts. In
      other cases the cross sections may be identical, indicating box-shaped or
      cylindrical objects. In an alternative form of said parent applications,
      the outer layer component and inner layer component jointly form a cavity
      and this cavity is then filled with a reinforcing spine, such as a rigid
      plastics foam material. The outer layer component is made of a flexible
      plastics material, illustrated by plastisol and polyethylene, whereas the
      inner layer component in the various parent applications is illustrated
      for instance by asphalt, plaster of paris and a composition comprising a
      filler which is bonded by the elastomer solids of a latex. In one of the
      parent applications the rigidifier component is a rigid cellular plastics,
      as illustrated by rigid polyurethane foams. In another one of the parent
      applications the rigidifier component is a resinous composition comprising
      rigid polyester resins or rigid epoxy resins.
PAR  The composite tiles of the instant invention are rigid and resistant to
      impact. The tiles comprise a facing component and a backing component. The
      facing component has a front surface and a rear surface. The front surface
      of the facing component is textured. For this invention the term
      "textured" includes raised and incised discontinuous patterns of
      decoration, such as embossed and carved designs, respectively. It also
      includes discontinuously curved surfaces. The facing component is made of
      a premolded pliable plastics and has preferably a wall thickness of from
      about 151/2 to about 250 mils. The term "pliable" means that the facing
      component, when free of the backing component, is itself at least
      temporarily deformable by hand pressure. The backing component is a rigid
      structural member that is in supporting relationship to the facing
      component and rigidly maintains the latter in its preset and premolded
      shape. The backing component is in intimate contact with the entire rear
      surface of the facing component.
PAR  When discussing the measurements of the tile, it is useful to talk about
      its length, width and thickness. The tiles are preferably rectangular in
      their dimensions of length and width. The measurements of length and width
      are not critical. If the dimensions in length and width are comparatively
      larger, as for instance, when they are longer than a foot, the tile could
      well be called a panel. The measurements of length and width are more or
      less dictated by the manufacturing process or the intended end-use of the
      tile or panel. The thickness of the tiles and panels preferably range from
      about 1/8 of an inch to about 2 inches. These limits correspond to a
      thickness ranging from about 125 to about 2000 mils.
PAR  In many instances it is advantageous to place an adhesive layer between the
      facing and backing components in order to enhance their adhesion. It can
      also be of advantage to further support the backing component with an
      ancillary reinforcing element.
PAR  The materials suitable for the individual components of the composite tiles
      of this invention will be discussed under their respective headings
      further below.
PAR  The manufacturing procedures vary according to the selection of the facing
      component and of the backing component. They will also be discussed
      further below.
PAR  All percentages, parts and proportions in this specification are by weight.
PAR  In some cases the total thickness of the tiles of this invention can be
      made satisfactorily at 1/16th of an inch.
PAC  THE FACING COMPONENT
PAR  Plastisols illustrate an eminently suitable material to form the facing
      component. They are dispersions of finely divided polyvinyl resin powders
      in liquid organic plasticizers. The resins contain vinyl chloride in a
      polymerized state with or without other copolymerized monomers. They are
      polymerized to a degree where they have very low solubility at room
      temperature. Therefore, instead of dissolving them, the plastisols contain
      the resins in a dispersed state; the dispersions are usually of creamy
      consistency at room temperature and are always fluid to a certain degree.
      A great variety of plasticizers can be used, such as dioctyl phthalate or
      dioctyl adipate. The plastisols usually contain stabilizers and may
      contain pigment, if so desired. Formulations and application methods are
      described for instance, in the following publications: (a) Geon Resin 121
      in Plastisol Compounding. Service Bulletin PR-4, Revised October 1958, B.
      F. Goodrich Chemical Company. 24 Pages. (b) The Vanderbilt News. Vol 26,
      No. 3, June 1960. R. T. Vanderbilt Company, Inc. Page 12. (c) Modern
      Plastics Encyclopedia Issue for 1961, published in September 1960. Vinyl
      polymers and copolymers. Pages 129 to 132. Plastisol Molding, pages 765 to
      771. (d) Modern Plastics Encyclopedia 1965, (issued 1964). Vinyl Polymers
      and Copolymers, page 271. Plastisol Molding, page 690.
PAR  Recently a reactive vinyl plastisol system was introduced on the market.
      This consists of a mixture of a vinyl dispersion resin and a reactive
      monomer. The former is dispersed in the latter. When heat is applied to
      this system, also used to cause gelation and fusion, the reactive monomer
      polymerizes and produces a more rigid product than previously produced
      with conventional plastisols. Reactive acrylic monomers illustrate
      examples of such reactive monomers.
PAR  When molding plastisols, the material is heated to a gelling temperature
      and a gelled film or layer is formed which is very weak and cheesy, but
      which does not flow. Further heating is required to "fuse" the deposit,
      causing the resin to dissolve in the plasticizer and form a tough
      homogeneous resinous mass in which the powdered resin and liquid
      plasticizer have formed a single uniform phase. The fusion transforms the
      cheesy deposit or film to a tough leatherlike homogeneous shell.
PAR  With regard to temperatures required, these are well known in the art. They
      vary from composition to composition. They vary with time. There are,
      further, three types of temperatures involved: (1) oven temperature, (2)
      mold (die) temperature and (3) temperature of the plastisol. Gelation
      temperature may be accomplished by heating the oven from 150 to
      600.degree. F. and usually is between a plastisol temperature of 150 to
      300.degree. F. The necessary times vary with the temperature used. Fusion
      is accomplished by heating the gelled layer in ovens from about
      350.degree. F. to about 650.degree. F. The achieved plastisol temperature
      for fusion should advantageously range from about 350.degree. to
      450.degree. F. The gelation temperature and fusion temperature depend on
      the formulation of the plastisols. Therefore some divergence from the
      above temperature ranges may occur if special formulations are prepared.
PAR  The most useful molding methods for plastisol shells are illustrated by (a)
      slush molding, also called slush casting and (b) rotational molding, also
      called rotational casting. The expression "casting" is used because the
      plastisols are applied in fluid state and for this reason the operation
      has similarity to metallurgical casting.
PAR  Whereas the casting by slush molding or rotational molding is preferred to
      form the facing component from plastisols, other methods known in the art
      may also be followed to achieve the same purpose. In a suitable
      alternative the polyvinyl resins may be compounded on plastic mills,
      calendered to a sheeting and embossed, to yield suitable facing
      components.
PAR  Polyolefins, such as polyethylene and polypropylene are other illustrative
      examples for the production of the facing component of this invention.
      Polyethylene is made today of varying properties with the low pressure and
      high pressure polymerization processes. It is supplied with varying
      densities, molecular weights, flexibility and other characteristics. The
      types of polyethylene most suitable for this invention are pliable,
      flexible and show some degree of elasticity. Polyethylene is preferred in
      this invention over polypropylene since it is more easily formed into
      pliable and flexible facings. Polyethylene copolymers, such as
      ethylene-vinyl acetate and ethylene-ethyl acrylate copolymers, offer
      improved flexibility and resilience. They are rubberlike and similar to
      elastomeric plastics. Polyallomers belong to this class of materials, as
      they are copolymers of ethylene and propylene.
PAR  The facing component may be formed of other materials such as vulcanized
      natural and synthetic rubber. The facing components may be formed
      according to known procedures of rubber technology. Latex molding or
      casting, utilizing plaster or paris molds, is an illustration.
PAR  Other suitable plastics materials, which can form the facing component of
      this invention are illustrated by methyl methacrylate polymer, ethyl
      cellulose, polycarbonates, polyurethane elastomers, flexible epoxy
      compounds, flexible polyesters, amongst others. Some illustrative examples
      are given below:
PAC  EXAMPLE A.
PAC  METHYL METHACRYLATE.
PAR  All percentages in this example and in this specification are weight
      percentages. A mixture was prepared of 62.5% methyl methacrylate monomer,
      0.6% benzoyl peroxide, 2.1% white color paste concentrate, compatible with
      methyl methacrylate, 34.3% polymethylmethacrylate, DuPont's Lucite "30",
      0.5% dimethyl-p-toluidine, totaling 100%. The facings were prepared by
      casting into suitable molds. The composition of this example polymerizes
      at room temperature. Heating to 100.degree.-120.degree. F. accelerates
      polymerization considerably. Latex molds can be used. Plaster and clay
      molds may also be used, if coated with gelatin, cellulose acetate, sodium
      silicate or tin foil. Casting was carried out in a latex mold in three
      subsequent coats and yielded a molded facing with acceptable flexibility
      and adequate mold surface reproduction. Plasticizers may be incorporated,
      if desired. Harflex 340 of Harchem Division, Wallace & Tiernan, Inc. is a
      suitable resinous-type, primary, non-migrating, saturated polyester
      plasticizer, compatible with methyl methacrylate monomer. The color paste
      was used to stain the facing. Its use is optional.
PAC  EXAMPLE B.
PAC  POLYCARBONATE
PAR  Polycarbonates can be cast from organic solvent solutions. Polycarbonates
      dissolve, with ease e.g. in methylene chloride. A solution was prepared
      from Lexan No. 105 (General Electric Co.) powder to form a solution of
      83.3% polycarbonate in 16.7% methylene chloride, yielding 100% of the
      solution. As an example, this solution can be slush cast in latex molds,
      and air can be blown in to assist in volatilizing the solvent. The latex
      molds are standard in casting plaster of paris objects. The polycarbonate
      facing component remains in the mold. It is very strong, flexible and
      durable, and can easily be stripped from the mold. To reduce the effect of
      shrinkage, fillers may be incorporated. A ratio of equal weights of filler
      to polycarbonate is an illustrative example. The resulting facing
      component is still strong. Polycarbonate resins are marketed by General
      Electric under the trade name of Lexan. Polycarbonates can be described as
      polymeric combinations of bi-functional phenols or bisphenols, linked
      together through a carbonate linkage. They can also be blow molded and
      vacuum formed.
PAC  EXAMPLE C.
PAC  FLEXIBLE EPOXY RESIN
PAR  The proper composition has at least three ingredients. (1) a low molecular
      weight epoxy resin of the epichlorhydrin-bisphenol A--condensation product
      type, like Shell Chemical's Epon 828. (Epon is a registered trademark of
      Shell); (2) low viscosity liquid aliphatic polyepoxides, like Epon Resin
      871, which imparts increased flexibility to Epon resin compositions; and
      (3) a curing agent, illustrated by diethylenetriamine and
      triethylenetetramine, respectively known as DTA and TETA. Other
      comparative items, known in the trade, may be replaced for the commercial
      products mentioned. Fillers may be present as additional ingredients. A
      suitable additive to regulate viscosity is a submicroscopic pyrogenic
      silica prepared in a hot gaseous environment, marketed by Cabot
      Corporation under the tradename of Cab-O-Sil. A satisfactory composition
      to obtain facings if 44.25% Epon Resin 828, 44.25% Epon Resin 871, 2.65%
      of Cab-O-Sil and 8.85% diethylenetriamine, totaling 100%. This composition
      sets at room temperature in about 5 hours and at 80.degree. C. it sets in
      2 hours. The composition may be varied according to principles known in
      the art. Facings can be molded in latex molds or other elastomer molds.
      These are actually multipieced plaster of paris molds externally
      reinforcing an entirely separate second flexible elastomer mold, having
      one opening for pouring in the composition to be molded and set. The
      rubber surface is coated with a parting agent and the epoxy composition is
      slush cast into the molds. The slit mold here described is used to mold
      facings showing undercuts. Other molds and molding methods can also be
      used, depending on the article to be manufactured. Epoxy plasticizers
      include epoxy compounds of fatty oils and their acids. Epoxy novolac
      resins and cycloaliphatic epoxies are other illustrative members of this
      group. Polyamids and acid anhydrides may also be used as curing agents.
PAC  EXAMPLE D.
PAC  FLEXIBLE POLYESTERS
PAR  Polyester resins are usually made in two steps. In the first step a
      condensation reaction is carried out between a dibasic acid and a diol and
      this is then blended with a monomer. Maleic anhydride and fumaric acid are
      examples of the dibasic acids. Other unsaturated acids could also be used,
      like itaconic. Phthalic anhydride and isophthalic acid may be part
      components of the acids, to secure desired modifications. The useful
      glycols form a long list known in the art. Propylene glycol, ethylene
      glycol, diethylene glycol and dipropylene glycol are illustrative
      examples. Neopentyl glycol is another example. Styrene is most frequently
      used as the crosslinking monomer. Vinyl toluene is another example.
      LAMINAC Polyester Resin EPX-126-3 is a flexible polyester resin containing
      styrene monomer. LAMINAC is a registered trademark of American Cyanamid. A
      composition was prepared from LAMINAC Polyester Resin EPX-126-3 92.6%, MEK
      peroxide 2.7%, Cobalt Naphthenate solution (6% Co) 0.27%, LAMINAC Additive
      No. 10, 1.73% and Cab-O-Sil 2.7%, totaling 100%. MEK peroxide is
      methylethyl ketone peroxide. LAMINAC Additive No. 10 is a petroleum wax
      composition dispersed in styrene, for ease of incorporation into
      polyesters. It improves surface characteristics. The peroxide is the
      crosslinking agent and the cobalt assists the crosslinking. Flexible
      polyesters usually contain long chain acids or glycols. The gel time at
      room temperature is about 10 minutes for this composition. The Cab-O-Sil
      assists in regulating the thickness of the deposit if slush casting is
      used for molding. Two or three coats can be slushed to obtain a desired
      facing thickness. The facing formation occurs at room temperature. More
      rigid polyesters can be blended with the flexible one used in this
      example, to vary properties. Latex molds and those utilized for epoxy
      resins, may be used with polyesters.
PAC  EXAMPLE E.
PAC  ISOCYANATE ELASTOMERS (URETHANE ELASTOMERS)
PAR  Liquid urethane polymers, such as DuPont's ADIPRENE L-100, can be
      transformed into tough, rubbery solids by reaction of the isocyanate group
      with polyamine or polyol compounds. In addition, some materials which do
      not contain active hydrogens, such as the titanate esters, appear to
      catalyze cross-linking. ADIPRENE L-100 can be cured with diamines, or
      moisture (water), or polyols, or by catalysts, such as lead or cobalt
      naphthanate, potassium acetate and titanate esters. Tetrabutyltitanate is
      an example of the esters. One of the popular polyamines is MOCA, which is
      4,4'-Methyelene-bis-(2-chloroaniline). A formulation is illustrated by 100
      parts of ADIPRENE L-100 and 12.5 parts of MOCA, which gives a MOCA
      %-equivalent of 95. Parts are by weight. Conditions were: Mixing
      temperature: 212.degree. F., cure temperature: 212.degree. F., curing
      time: 3 hours. LD-420 is a different type of liquid urethane elastomer,
      which yields high quality vulcanizates when cured with MOCA. A respective
      formulation is illustrated by 100 weight parts of LD-420 (DuPont) and 8.8
      weight parts of MOCA. This is mixed and cured the same way as ADIPRENE
      L-100, for the same length of time. It is improved by aftercuring 1 week
      at 75.degree. F. at 60% relative humidity. In making a facing rotational
      molding is recommended both for ADIPRENE L-100 and for LD-420. A silicone
      mold release is advantageously used to assist separation from the molds.
PAC  EXAMPLE F.
PAC  ETHYL CELLULOSE
PAR  Ethylcellulose facing components can be molded by various methods suitable
      for this plastics. Injection molding and stamping preformed sheets are
      illustrative. The same applies to cellulose acetate and cellulose
      acetobutyrate. Where proper hot melt compositions can be formulated, a
      combination of casting and hot melt methods may also be used.
PAR  The preset molded facing components can be prepared by various molding
      processes suitable for the respective selected plastics and known in the
      art. For illustrative purposes a few examples are given. Casting, such as
      slush casting or rotational casting: Plastisol, flexible polyester,
      flexible epoxy resins, methyl methacrylate, polycarbonates from solution,
      rubber from latex, etc. Injection molding: Plastisol, polycarbonates,
      ethylcellulose, polyethylene, cellulose acetate, cellulose acetobutyrate,
      etc. Hot melt process: Ethylcellulose, plastisol or other plasticized
      polyvinyl chloride composition, polyethylene, etc. Vacuum forming:
      Polyethylene, polycarbonates, polyallomers, etc.
PAR  Depending on the plastics material selected and the design of the object,
      one-piece or multi-piece molds are used. The molding process also
      influences the mold selection. Plastisol illustrates a facing component
      forming material which permits the use of one-piece molds even if the
      texture design has many undercuts in its shape.
PAR  The expression that the facing component materials are flexible, pliable
      and resilient is meant in a relative manner in comparison with the backing
      component of the composite manufactured tiles which are relatively rigid.
      The composite tile itself is rigid. It resists indentation, chipping, etc.
      The backing component rigidifies the flexible facing component and
      improves resistance to cold flow and heat distortion. The facing component
      protects the rigidifier backing component from fracture and improves its
      resistance to impact. This mutual improving effect between the facing and
      backing components is unexpected and surprising, and the effect obtained
      could be described as synergistic. In many cases the tensile strength of
      the composite tile shows improvement when compared separately with that of
      the facing or backing component. These observations apply to facing
      components made of plastisols, flexible polyesters, flexible epoxy resins,
      polyethylene, polypropylene, polyallomers, polyurethane elastomers,
      rubber, polycarbonate, ethylcellulose, methyl methacrylate, amongst
      others. The degree of the above discussed improvements may vary according
      to the selection of the facing component forming material, its secondary
      compounding ingredients, thickness and shape of the facing component,
      selection and formulation of the material used for the backing component
      and its thickness, amongst other factors.
PAR  According to a more recent type of molding method facing components can be
      molded by rotational casting of powders. Polyethylene in powder form
      illustrates suitability for this method. The powder is rotated to obtain
      uniform distribution over the interior surface of the mold. The mold is
      then heated to obtain the required molding temperature.
PAR  For the purposes of forming the facing component the thermoplastic plastics
      materials are preferred. These are illustrated by plastisols and
      polyethylene. The reactive vinyl plastisol systems containing reactive
      acrylic monomers, discussed further above, are considered as thermoplastic
      for the purposes of this invention and are included in the preferred group
      of plastics for forming the facing component of the tiles.
PAR  Latex molding of the facing component, as discussed above, is described in
      my prior application Ser. No. 475,989 (now U.S. Pat. 3,414,456) and
      related data are in The Vanderbilt News, Vol. 27, No. 4, Dec. 1961. This
      is a publication of the R. T. Vanderbilt Co. and deals with latex
      compounding and molding.
PAC  THE BACKING COMPONENT
PAR  The backing component of the composite tiles is applied in a fluid state
      and is formed by a solidification process carried out during the
      manufacturing process. The solidification may be caused by various
      factors. Plaster of paris solidifies by adjustment of combined crystal
      water. Asphalt is applied hot and solidifies by cooling. Latex
      compositions solidify by evaporation of water and in many cases
      additionally by vulcanization. Polyurethane foams, rigid polyester resins
      and rigid epoxy resins solidify by polymerization and/or condensation
      reactions. After the respective solidification process is completed the
      backing component becomes rigid and is suitable for its role to rigidify
      the pliable facing component of the composite tiles.
PAR  Plaster of paris is a calcium sulfate hemihydrate. It contains 1 mol of
      water per 2 mols of calcium sulfate in its structure. By the addition of
      water, plaster of paris is converted to a fluid composition and in time
      solidifies to a solid product. Its setting time can be accelerated by
      adding suitable accelerators known in the art and it can also be retarded
      by adding plaster retarders, such as glue, dextrin, etc. My prior
      applications Ser. No. 22,002 (now abandoned) and 455,764 (now U.S. Pat.
      3,405,026) discuss further details of the application of plaster of paris
      as a rigidifier.
PAR  Asphalts vary in their properties depending on the source and location of
      their derivation. They contain a large number of diversified chemical
      compounds in admixture, most of them being hydrocarbons by nature. Melting
      points, hardness, resistance to fracture, softening points, aging
      properties may vary to a great extent, amongst other properties. Based on
      available properties and the desired end-use it is not a difficult task to
      select the proper asphalt composition. Asphalt is applied preferably from
      a molten and liquid state. It solidifies by cooling. My prior applications
      Ser. Nos. 22,002 (now abandoned) and 455,764 (now U.S. Pat. 3,405,026)
      contain data on the use of asphalts as rigidifiers for specific purposes.
PAR  One of the favored backing components for the purposes of this invention
      are rigid compositions comprising a filler bonded by the elastomer solids
      of a latex. Illustrative for suitable elastomer solids are latex solids of
      natural rubber, or a copolymer comprising an acrylic ester and an acrylic
      acid, of a nitrile rubber, amongst others. Latex solids comprising vinyl
      chloride and an acrylic acid, or vinyl chloride and an acrylic ester in a
      polymerized state, are other examples. My prior application Ser. No.
      475,989 (now U.S. Pat. 3,414,456) has more detailed data on the various
      latices suitable to prepare rigidifiers. An illustrative list of latices
      useful in the preparation of backing components are: (1) Natural rubber
      latex, like centrifuged natural Hevea latex; (2) Gutta Percna latex; (3)
      Balata latex; (4) Styrene-butadiene copolymer latices of varying monomer
      ratios; (5) Polyisoprene latex; (6) Neoprene latex; (7)
      Butadiene-acrylonitrile latices of varying monomer ratios; (8) Butyl
      rubber latex; (9) Polyvinyl chloride latices, plasticized, either
      internally or by plasticizer emulsion addition; (10) Polyvinyledene
      chloride latex; (11) Vinyl chloride-acrylic copolymer latices; (12)
      Ethylene-propylene copolymer latex, emulsified as a cement, after
      polymerization is completed; (13) Acrylic copolymer latices made of
      various monomer mixtures, amongst others.
PAR  Examples of commercial latex products available and the names under which
      they are marketed, are as follows:
PAR  Centrifuged natural rubber latex: UNITEX (Stein Hall). Polyisoprene latex:
      Shell Isoprene Latex 700 (Shell Chemical Company). Styrene-Butadiene
      latex: Pliolite 5352 (Goodyear) with a 30:70 styrene to butadiene ratio
      and Polyco 2422 (Borden Chemical Co.) with a 90:10 styrene to butadiene
      ratio. Neoprene (Polychloroprene) Latices: Neoprene Latex 571 and Neoprene
      Latex 400 (duPont). Butadiene-Acrylonitrile Latices: (a) Non-reactive
      copolymers: Hycar 1551 and 1561 (high acrylonitrile), Hycar 1562 (medium
      acrylonitrile) (Hycar is a registered trademark of B. F. Goodrich Chemical
      Company). (b) Reactive terpolymers containing in addition to butadiene and
      acrylonitrile a small quantity of an acrylic acid in a copolymerized
      state; Hycar 1571 (high acrylonitrile) and Hycar 1572 (medium
      acrylonitrile). Polyvinyl chloride Latices: Geon 151. (Geon is a
      registered trademark of B.F. Goodrich Chemical Company). Polyvinyl
      chloride (P.V.C.) is not suitable as a binder as such and its latices have
      to be internally plasticized or mixed with a plasticizer emulsion or
      plasticizing elastomer latex. Latex plasticized polyvinyl chloride latex
      is illustrated by Geon 552 latex, which is an intermixture of a PVC latex
      and a latex of a butadieneacrylonitrile copolymer. Geon 576 illustrates an
      internally plasticized PVC latex, produced by copolymerizing vinyl
      chloride with methyl acrylate. A plasticizer plasticized PVC latex is
      illustrated by a latex containing in its solid content 100 parts of a
      copolymer of 80 parts of vinyl chloride and 20 parts of methyl acrylate
      and, in addition to said 100 parts, 35 parts of dioctyl phthalate in an
      emulsified state. Polyvinylidene chloride latices are rarely made as
      homopolymers. Examples of internally plasticized terpolymers are: (1)
      copolymer of 46 parts of vinyl chloride, 27 parts of vinylidene chloride
      and 27  parts of methacrylic acid. (2) Copolymer of 46 parts of vinyl
      chloride, 27 parts of vinylidene chloride and 27 parts of methylhexyl
      acrylate. A product, which is an internally plasticized polyvinyl chloride
      and polyvinyledene chloride copolymer is Geon 450 .times. 167. Various
      other latices containing polyvinyl chloride or polyvinylidene chloride are
      Geon 351, Geon 652, Dow Latex 700 (Dow Chemical), Pliolite 300 (Goodyear).
      Polyvinyl acetate homopolymer is illustrated by Polyco 117-H (Borden
      Chemical Company).
PAR  The expression "acrylic polymer" is considered for the purposes of this
      invention as a generic term which includes acrylic copolymers, i.e.
      polymers made of more than one acrylic monomer. An acrylic monomer is an
      acrylic type acid, its derivatives and substitution products of the acid
      and its derivatives. The term "derivative" includes esters and nitriles.
PAR  The term "an acrylic type acid" is a polymerizable alpha-beta unsaturated
      monovinylidene carboxylic acid, such as acrylic acid, methacrylic acid,
      ethacrylic acid, alpha-chloroacrylic acid, cinnamic acid, atropic acid,
      crotonic acid. Preferred are acrylic and methacrylic acids. Halogen
      substituted acrylic acids are also advantageous.
PAR  The elastomers of this invention comprising an acrylic polymer are
      insoluble in water.
PAR  Examples of nitrile derivatives are: acrylonitrile and methacrylonitrile.
PAR  Examples of ester-forming alcohols are the following: Alkyl alcohols, such
      as methyl, ethyl, n-propyl, iso-propyl, 2-methyl pentanol,
      3,5,5,-trimethylhexyl, tertiary butyl, octadecenyl alcohol. Substituted
      alkyl alcohols, such as chloroethyl, chlorobutyl, 2-methoxyethyl,
      2-butoxyethyl, 2-nitro-2-methyl propyl, oxoalcohol of an isobutylene
      cimer, alkoxyethyl; Alicyclic alcohols, such as cyclohexanol and
      methylcyclohexanol; Aromatic alcohols, like phenols and araliphatic
      aochols, like benzyl alcohol; Heterocyclic alcohols, like furfuryl and
      tetrahydrofurfuryl alcohol. Preferred alcohols have 1 to 18 C atoms in
      their aliphatic chain and the most commonly used ones have no more than 8
      C atoms.
PAR  Acrylic acid homopolymers do not belong to this class, as they are water
      soluble. Acrylic esters as homopolymers, or copolymerized alone, cannot be
      crosslinked with ease. Acrylic nitriles as homopolymers yield products
      that are too tough. Binary copolymers of acrylic acids with acrylic
      nitriles and binary copolymers of acrylic acids with acrylic esters can be
      crosslinked. One of the good copolymers is at least ternary and contains
      acrylic esters, nitriles and acids copolymerized. The acrylic acids in
      copolymers run between 2 and 15% of the total copolymer. Nitriles do not
      exceed, if used, 40% of the total, and 15 to 30% represents a satisfactory
      range. Acrylic ester content of the copolymers may go as high as 95 to
      98%, if nitriles are absent. Where nitriles are present, the ester content
      may range from 40 to 80%. Elastomer content can be varied by intermixing
      the respective individual latices.
PAR  Prepolymerized elastomers may be emulsified in the presence or absence or
      organic water-immiscible solvents, to form latex-type binders. Royalene
      P-3520 is an emulsified cement, made by U.S Rubber, from prepolymerized
      ethylene-propylene copolymer. Neoprene cements can also be emulsified.
PAR  So Called carboxy-modified copolymers can be crosslinked many times by the
      action of heat alone or by the addition of vulcanizing agents with or
      without application of heat. Hycar 1570 .times. 20 is a carboxy-modified
      butadiene/acrylonitrile latex suitable for coagulant dipping. It has high
      tensile strength, outstanding abrasion resistance and good oil and solvent
      resistance. Its acrylonitrile content is characterized as medium-high. Its
      stress-strain properties can be varied from those characteristic of a
      rubber elastomer to those typical of a polyurethane elastomer. It can be
      vulcanized by certain metal oxides or salts alone. Zinc oxide or sodium
      aluminate may be used as sole vulcanizing agent. A standard sulfur/zinc
      oxide/accelerator system may be used for vulcanization also. Zinc oxide
      levels and pH changes can vary its properties, greatly. Calcium nitrate in
      methanol solution is a recommended coagulant.
PAR  A carboxy-modified butadiene-styrene polymer is illustrated by Good-rite
      2570 .times. 5. (Good-rite is a registered trademark of B.F. Goodrich
      Chemical Co.) It has the ability to cure by the application of heat alone.
      Heat crosslinking can be catalyzed by the addition of oxalic acid or
      ammonium chloride, permitting lower curing temperatures. Of course regular
      cures with conventional curing systems are also useful. A third curing
      system is zinc oxide or sodium aluminate. These act upon the carboxylic
      portion of the polymer. Sodium aluminate cures in 3 days at room
      temperature. Zinc oxide performs similarly in the presence or absence of
      sulfur.
PAR  A useful class of reactive acrylic copolymers is illustrated by Hycar 2671,
      Hycar 2600 .times. 92 and Hycar 2600 .times. 113. Hycar 2671 is anionic
      and yields, upon air-drying at room temperature, properties which are
      valuable for many applications. For curing, it requires temperatures of
      from about 300.degree. to about 325.degree. F. Acid salts, like diammonium
      acid phosphate and ammonium chloride, lower the curing temperature.
      Crosslinking agents can be utilized, like glyoxal, butylene glycol,
      triazine resins, melamine-acrylic resins, etc. It has good resistance to
      discoloration. Hycar 2600 .times. 92 is a modification of Hycar 2671 with
      improved resistance to discoloration by light and heat, otherwise having
      similar hardness or softness properties. It has greater modulus and less
      elongation than 2671 after 3 days room-temperature drying. Oxalic acid
      catalyizes its cures and lowers curing temperature. Zinc oxide is a
      favorable additive. Hycar 2600 .times. 113 is heat reactive and much
      softer than 2671 or 2600 .times. 92. A cure cycle of 3-7 minutes at
      300.degree. F. is suitable. Oxalic acid or ammonium chloride catalyze the
      crosslinking and lower the required temperature. It shows remarkable
      stability to multivalent ion salts, alcohols, solvents, etc. It can be
      cured at 212.degree. F. in 3 minutes to acceptable strength. Hycar 2600
      .times. 112 is a similar copolymer with film forming heat reactivity at as
      low as 150.degree. F. It has increased hardness compared to 2671 and 2600
      .times. 92. Hycar 2600 .times. 112 does not form films at room temperature
      and requires elevated temperatures for performance.
PAR  It will be realized that physical strength of the backing component will
      depend on the particular latex binder applied, presence or absence of
      crosslinking or curing and the filler combination used.
PAR  It is possible to vulcanize natural rubber particles in dispersed state,
      i.e. in latex form. Upon drying, such latex immediately forms strong
      vulcanized films. Such a latex was marketed under the trade name of Vultex
      with about 30-33% N.V. and in concentrated form under the trade name of
      Revultex with about 60-65% N.V. Such vulcanized or crosslinked elastomer
      latices are also useful in this invention.
PAR  The fillers used in the backing component with latices may be varied.
      Pigments, like titanium dioxide, lithopone, zinc sulfide, zinc oxide and
      others used in emulsion paint formulations may be used. Extender pigments
      and coarse fillers may also be used. Various types of clays or Kaolins,
      calcium carbonate (natural or precipitated), such as whiting, and coarser
      materials, like flint (SiO.sub.2) can be utilized. A 60 mesh silica
      illustrates the coarser materials. Talc and magnesium silicate, barium
      sulfate, colored pigments, like iron oxides, ochres, etc. may be used.
      Addition of small quantities of fibrous materials to the fillers may help
      to strengthen the backing layer portion of this invention. Asbestos
      fibers, short staple fiberglass may be mentioned as examples. The
      illustrative example here below uses a combination of whiting, McNamee
      Clay and flint (silica) in a satisfactory proportion.
PAR  Other examples of fillers are: sheel flour, carbon black, diatomaceous
      earth, aliminum hydroxide, hydrated alumina, bauxite powder, magnesium
      carbonate, dolomite powder (calcium-magnesium carbonate), mica, etc. For
      the coarse particle size component vitreous rock of igneous origin may be
      used. Portland cement forms with latices interesting compositions, while
      it binds part of its water content. With proper care portland cement may
      be incorporated as part of the fillers.
PAR  Coarse fillers have greatly reduced surface area, compared with fine
      particle size fillers, Therefore, a coarse filler can be loaded into a
      latex mix in comparatively high proportion, without requiring additional
      binder content. The coarse fillers help to reduce the danger of cracking
      during drying and assist in decreasing shrinkage to a considerable extent.
PAR  When using clays as part of the filler, the soft clays, like McNamee clay,
      are more advantageous, than the hard clays, like Dixie clay.
PAR  The latex solids may have a varying relationship to the fillers. A
      practical relationship is illustrated by a range from about 200 weight
      parts to about 2000 weight parts of filler for each 100 weight parts of
      the elastomer binder. The latex solids are considered as the elastomer
      binder of a particular latex. In my copending application Ser. No. 475,989
      (now U.S. Pat. No. 3,414,456) numerous illustrative examples are listed
      showing a range of from about 300 weight parts to about 1000 weight parts
      of filler per 100 weight parts of elastomer. Generally speaking, the water
      containing mixes forming the backing component of this type are highly
      loaded latex compositions, that is, they have comparatively high filler
      content. The coarse particle size fillers in the filler portion of the
      highly loaded latex type backing component range from about 40% to about
      70% by weight of the said filler portion. It is preferred that the coarse
      particle size fillers exceed 50% of the total weight of the fillers used.
      The coarse particle size fillers pass through a 60 mesh screen and the
      fine particle size fillers pass through a 200 mesh screen. A suitable
      filler portion of elastomer containing backing components is illustrated
      by about 10 to 11% of clay, about 30 to 33% of whiting and about 56 to 60%
      of 60 mesh silica.
PAR  A composition of matter suitable to form the elastomer bonded filler type
      backing component comprises a filler component, an elastomer solids
      component and water. The water ranges from about 10% to about 20% by
      weight of the wet composition. The filler component is present in
      proportions ranging from about 300 weight parts to about 1500 weight parts
      for each 100 weight parts of elastomer solids and the coarse fillers are
      present in quantities ranging from about 40% to about 70% of the total
      weight of the fillers. 60 mesh silica illustrates a suitable coarse filler
      and it is advantageous if its proportion in the total weight of the filler
      portion is at least 50%.
PAR  Example 1 illustrates a useful latex composition.
PAC  EXAMPLE 1.
PAC  Hevea Latex Composition for Backing Component.
TBL  __________________________________________________________________________
                              Dry Con-                                         
                        Wet   tent in Dry                                      
                        Weight                                                 
                              wet weight,                                      
                                      Weight                                   
                        %     %/Weight                                         
                                      %                                        
     __________________________________________________________________________
     PART A                                                                    
     Water              8.64  --      --                                       
     10% Aqueous KOH solution                                                  
                        0.53  0.05    0.06                                     
     60% Aqueous zinc oxide                                                    
       dispersion       0.26  0.16    0.19                                     
     25% Aqueous Darvan 7 solution                                             
                        0.77  0.19    0.22                                     
     68% Aqueous sulfur dispersion                                             
                        0.11  0.07    0.08                                     
     McNamee Clay (Kaolin)                                                     
                        8.32  8.32    9.75                                     
     Yorkshire Whiting  24.87 24.37   29.14                                    
     Subtotal for Part A                                                       
                        43.50 33.66   39.44                                    
     PART B                                                                    
     Natural centrifuged latex,                                                
       62.5% N.V.       11.75 7.34    8.60                                     
     10% Aqueous KOH solution                                                  
                        0.36  0.04    0.05                                     
     25% Aqueous Darvan 7 solution                                             
                        0.07  0.02    0.02                                     
     65% Aqueous dispersion of                                                 
       Agerite Spar     0.11  0.07    0.08                                     
     Setsit 51 accelerator 100%                                                
                        0.11  0.11    0.13                                     
     Subtotal for part B                                                       
                        12.40 7.58    8.88                                     
     PART C                                                                    
     Mix Parts A + B = Subtotal                                                
                        55.90 41.24   48.32                                    
     PART D                                                                    
     Silica 60 mesh     44.10 44.10   51.68                                    
     Total              100.00                                                 
                              85.34   100.00                                   
     __________________________________________________________________________
     Parts A and B are first prepared separately and then                      
     they are mixed. Part D is added last.                                     
PAR  In another embodiment of this invention the backing component is a rigid
      cellular plastics. This may have open or closed cell structures. They are
      illustrated by rigid foams of polyurethanes, polystyrene, silicones, epoxy
      resins, polyvinyl chloride, phenolic resins, cellulose acetate, acrylic
      compositions, polyesters, urea resins, asphalts, amongst others. Syntactic
      foams represent a special group. Rigid plastics foams are well known in
      the art and are discussed by T. H. Ferrigno in "Rigid Plastics Foams,"
      Reinhold Publishing Corp., 1963. The rigid plastics foams are not equally
      suitable for the instant invention. Thermosetting plastics foams are
      preferred. The most preferred rigid plastics foam formers are the rigid
      polyurethane foam compositions. The next preferred foam formers are the
      rigid epoxy resin compositions. Low curing temperatures and fast foam
      setting rates are an advantage. The setting rate should not be so fast as
      to prevent adequate distribution of the foaming composition over the
      entire rear surface of the facing component. My prior patent application
      Ser. No. 523,778, filed Jan. 28, 1966, (now U.S. Pat. No. 3,419,455)
      discusses rigid foam compositions and their chemistry in detail.
PAR  Rigid polyurethane foam layers can be prepared according to this invention
      by any one of the three major methods: (1) prepolymer method, (2)
      quasi-prepolymer method and (3) the one-shot method. The quasi-prepolymer
      method is preferred. The application by poured-in-place or foamed-in-place
      method is satisfactory. In the quasiprepolymer method the diisocyanates
      are prereacted with a portion of the chemically equivalent quantity of
      polyols or polyetheralcohols leaving a desired excess reactive --NCO
      groups free and available for a second stage reaction.
PAR  Quasi-prepolymer two-package systems are marketed by various suppliers with
      varying qualities. As illustration Nopcofoam H-102N and Nopcofoam H-103N
      systems are mentioned, supplied by Nopco Chemical Company. The components
      are marketed as T-component and R-component. The T-component is the
      quasi-prepolymer formed by the diisocyanate and a polyether polyol. It has
      reactive --NCO groups. It supplies the isocyanate radicals for the foaming
      reaction. The T-component may also contain surface active agents, such as
      silicones. The R-component contains the polyether polyols supplying
      additional OH-grouping for the foaming and polyurethane forming reaction.
      In this H-Series the R-component contains the fluorocarbon blowing agent,
      the catalyst, such as N-ethyl morpholine and dibutyltin dilaurate and may
      also contain all or part of the surface active agents, such as the
      silicones. The suitable fluorocarbon is illustrated by Freon No. 11, which
      is trichlorofluoromethane, having a boiling point of about 74.7.degree. F.
      The H-series of Nopcofoam compounds have a fast curing cycle. With
      formulation changes the curing speed and the pcf (pounds per cubic feet)
      of the resulting foam may be varied. The same applies to the start of the
      rise and rise time of the foaming. Nopcofoam H-102N supplies a rigid foam
      close to 2 pcf.
PAR  The foaming instructions are as follows for Nopcofoam H-102N: The
      temperature of both components should not be higher than about
      70.degree.-75.degree. F. The mixing ratio is about 52% R and 48% T, by
      weight. The R-component is poured into the T-component in the proper
      weight ratio. This is followed by mixing with a high speed drill motor,
      having a minimum RPM of 1800, using proper mixing blades, such as an
      impeller type. Mixture becomes creamy white and volume increase is noticed
      in about 25 to 30 seconds. The mold containing the facing component, or
      the facing component acting as a mold, may advantageously be preheated to
      100.degree. to 130.degree. F. This is advantageous particularly where the
      foam has to fill areas of small cross-section. The higher the temperature
      the more rapid the foaming action. The foam cures at room temperature in
      about 24 hours.
PAR  The foaming instructions for Nopcofoam H-103N are similar to those of
      H-102N with regard to temperature, mixing, mixing time, and curing.
      However, the mixing proportions of the components are about 50%
      R-component and about 50% T-component, by weight. The average core density
      is 2.6 pcf; the "K" Factor, Aged (BTU/hr/sq.ft/.degree.F./in.thick) is
      0.120; maximum recommended service temperature is 180.degree.F.
PAR  Carbon dioxide blown rigid foams can also be prepared from prepolymers or
      quasi-prepolymers.
PAR  One of the advantages of rigid polyurethane foams and rigid epoxy resin
      foams for the purposes of this invention is that they can be cured at room
      temperature or at comparatively low elevated temperatures.
PAR  According to still another embodiment of this invention the backing
      component comprises rigid resinous compositions. These are either rigid
      polyester resin compositions or rigid epoxy resin compositions. Both of
      these types can be cured to a thermoset stage at low temperatures, such as
      at room temperature.
PAR  Copending application Ser. No. 525,667 (now U.S. Pat. No. 3,420,729),
      contains detailed discussion of rigid polyester resins and rigid epoxy
      resins. Polyester resins are made in two steps. In the first step a
      condensation and esterification reaction occurs between a dibasic acid and
      a diol. In the second step the condensation product is blended with a
      reactive monomer, such as a vinyl monomer. The dibasic acids can be
      saturated and unsaturated. The "saturated" ones are illustrated by
      phthalic anhydride and isophthalic acid. These aromatic dibasic acids
      behave like saturated acids and this is why they are so considered in the
      chemistry of polyesters. Maleic anhydride, fumaric acid and itaconic acid
      are examples of the unsaturated dibasic acids. Propylene glycol, ethylene
      glycol, diethylene glycol, dipropylene glycol, amongst others, are
      examples of suitable diols. Styrene and vinyl toluene are examples of the
      crosslinking vinyl monomer. The monomer content ranges from about 25 to
      about 50%. It is customary in the trade to consider the modulus of
      elasticity in flexure, expressed in psi, as an indicator whether a
      polyester is rigid or flexible. The respective values are: Semi-rigid to
      rigid polyesters  3 to 6 .times. 10.sup.5 psi, semi-flexible polyesters 1
      to 3 .times. 10.sup.5 psi and flexible polyesters less than 1 .times.
      10.sup.5 psi. For flexible polyesters many times the flexural strength and
      flexural modulus are lower than what could be measured on conventional
      testing machines. Elongation at break in percents ranges between 1 and 2
      for rigid polyesters and may range as high as 75 to 200 for flexible
      polyesters. Examples 2 and 3 illustrate compositions suitable to form
      rigid polyesters for the backing component of the tiles. The latter one is
      suitable for fiberglass reinforcement.
PAC  EXAMPLE 2:
PAC  Rigid polyester for backing component.
PAR  A rigid polyester slush casting composition is prepared by mixing 41.34% of
      LAMINAC Polyester Resin 4128, 0.10% cobalt naphthenate (6% Co), 41.34% of
      325 mesh silica (flint), 16.53% of 60 mesh silica (flint), and 0.69% MEK
      peroxide, totaling 100%. The ingredients are mixed in the order of
      listing. The setting time of this filled polyester composition can be
      varied by changing the proportions of the catalyst (MEK peroxide) and
      cobalt metal content. The polyester resin used in this example gels at
      room temperature in absence of fillers in time intervals ranging from
      about 10 minutes with 1% catalyst and 0.3% cobalt naphthenate (6% metal
      content), to about 180 minutes with 0.5% catalyst and absence of cobalt
      naphthenate. In these gelling tests the MEK peroxide is applied as
      catalyst in a 60% solution. The setting time of the filled composition of
      this example may be varied from about 4 minutes to about several hours at
      room temperature.
PAC  EXAMPLE 3:
PAC  Rigid polyester composition for backing component, suitable with fiberglass
      reinforcement.
PAR  A composition suitable for use with fiberglass reinforcement has the
      following weight parts: LAMINAC Polyester Resin 4128 100 parts, cobalt
      naphthenate (6% metal content) 0.2 parts, 325 mesh silica 100 parts and
      MEK peroxide 1 part, totaling 201.2 parts. This composition sets in about
      one half hour. By varying the quantities and proportions of the catalyst
      and accelerator the speed of setting can be changed and regulated.
      Increased ambient temperature accelerates setting time.
PAR  Epoxy resins are characterized by the presence of epoxy groupings. They are
      well known in the art. Reference is made to Modern Plastics Encyclopedia
      1966, referred to above, pages 165 to 169. One of the commercially
      available types is made by condensation of bisphenol A with
      epichlorhydrin. Generally 2 mols of epichlorhydrin are reacted with 1 mol
      of bisphenol A. Polymerization may occur during the condensation reaction
      in varying degree. All of these resins have epoxide groupings in the two
      end positions in a linearly written formula. The polymerized center
      positions show ether linkages and hydroxyl groupings, both formed by the
      epoxy grouping of the epichlorhydrin. If we consider the number of the
      linkages converted to ether-hydroxyl groupings as n, one can visualize
      that n can be equal to zero or more. The resins containing n=0-1 are
      liquid and are preferred for the purposes of this invention. The types
      where n is higher than 1 become gradually more solid and brittle and are
      more suitable for esterification reactions, for instance, with fatty acids
      for coating material purposes. A few EPON resins are listed here for
      illustrative purposes. EPON is a registered trademark of Shell Chemical
      Company. EPON Resin 828 is designed in theory to give n=0, but in practice
      its n content is between 0 and 1. Its epoxide equivalent is 185 to 192.
      EPON Resin 830 is similar to EPON Resin 828, but its n is slightly nearer
      to 1 than with the 828 type. This indicates the presence of some higher
      homologues. Its epoxide equivalent is 190 to 210. EPON Resin 834 is
      formulated in theory to have n=1, but in practice its n is between 1 and
      2. This is also indicated by the epoxide equivalent of 230 to 280 for this
      resin. All 3 of these resins are liquid at room temperature.
PAR  Another type of epoxy resins is the group of lowviscosity, liquid,
      aliphatic polyepoxides. They are prepared by the oxidation of olefins with
      peracetic acid. Other examples of epoxy resins are cycloaliphatic epoxy
      resins and epoxidized fatty oils and fatty acid esters. EPON Resin 871 is
      an illustration of liquid aliphatic polyepoxides with an epoxide
      equivalent of 390 to 470. It is compatible with EPON Resin 828 in all
      proportions and is suitable to increase the flexibility of the latter. The
      list herein given is illustrative and does not limit the scope of suitable
      epoxy resins.
PAR  The selection of a curing agent or hardener for epoxy resins depends on the
      application. Factors considered in selection of the hardener include: (1)
      viscosity; (2) pot life; (3) curing cycle; (4) end-use property
      requirements; and (5) environmental conditions expected in the end-use.
      The curing agents fall into the broad categories of (a) amines, (b) acids
      and anhydrides and (c) catalysts and latent hardeners. Suitable curing
      agents include DTA (diethylenetriamine, also called DETA), AEP
      (N-aminoethylpiperazine), TETA (triethylenetetramine), NMA (NADIC Methyl
      Anhydride), AA (adipic anhydride), DDSA (dodecenylsuccinic anhydride).
      Catalysts include borontrifluoride-monoethylamine, dicyandiamide and
      benzyldimethylamine.
PAR  Flexibility and rigidity is regulated, for example, by the percentual
      proportion of the bisphenol-A comprising rigid epoxy resins and of the
      flexible liquid aliphatic polyepoxide. Epoxidized fatty acid esters may
      also be used as flexibilizing additives.
PAR  Epoxy plasticizers include epoxy compounds of fatty oils and their acids.
      Epoxy novolac resins and cycloaliphatic epoxies are other illustrative
      members of the epoxy resin group. Polyamids and acid anhydrides may also
      be used as curing agents.
PAR  A limit of 10% elongation at break is a reasonable top limit to
      characterize rigid epoxy resins. Higher elongation values indicate
      flexibility to a greater or lesser degree, and characterize flexible epoxy
      resins.
PAR  Example 4 illustrates a rigid epoxy composition for the backing component.
PAC  EXAMPLE 4:
PAC  Epoxy Resin composition for backing component.
PAR  A suitable composition has the following weight parts: EPON Resin 828 100
      parts, Epoxide No. 7 (Procter & Gamble) 5 parts, 325 mesh silica 100
      parts, 60 mesh silica 100 parts, diethylenetriamine 10 parts, totaling 315
      parts. A small quantity of Cab-O-Sil can be added to regulate viscosity
      and drainage time. This additive increases viscosity and decreases
      drainage time on vertical surfaces. The composition of this example is
      suitable for fiberglass reinforced applications.
PAR  The backing component may advantageously be reinforced by fibrous
      materials. Fiberglass illustrates such fibrous materials. Fiberglass
      reinforcements are supplied as continuous strands, fabrics, mats, chopped
      strands, and other forms. Other useful fibrous reinforcements may include
      sisal, cotton, jute, asbestos, synthetic fibers, and metallic fibers,
      amongst others. Suitable aftertreatment of fiberglass fibers, prior to
      their application in the instant invention, may be advantageous to improve
      their processing characteristics, including their ease to be wetted by
      resins. Treatment with chromium compounds and with silanes (silicones)
      illustrates aftertreatment methods.
PAR  Fiberglass is a suitable illustration for fibrous reinforcement. It can be
      applied by a number of processes. Suitable application methods are, for
      instance, the ones known as hand lay-up method, spray-up method and
      centrifugal casting method. For each particular method the glass fibers
      are selected in a proper form. For instance, continuous roving can be used
      with spray-up and centrifugal casting, and mats, fabrics, woven rovings
      can be used for hand lay-up. In one application method chopped strands and
      the polyester composition are sprayed simultaneously from a special gun,
      depositing both the fiberglass and the polyester resin composition in
      proper proportion on the interior surface of the outer shell component,
      that is the facing component. In another application method the chopped
      strands are preimpregnated with the resinous composition and jointly
      applied. This requires a dispersion of the chopped strands in the resinous
      composition. In the hand lay-up method the polyester composition is
      applied first by brushing or spraying and the fiberglass can then be
      applied as a mat by hand and rolled over by a special roller to remove air
      pockets. This is followed by another coat of the polyester composition. In
      still another method the chopped strands are distributed by a suitable
      method over the surface of the freshly applied resinous composition, for
      instance, by the aid of a blow gun and this step is followed by an
      additional application of the polyester composition.
PAR  What is stated above for rigid polyester compositions applies also for
      rigid epoxy resin compositions. The former are preferred because of their
      faster setting and curing time, particularly where fibrous reinforcement
      is also utilized. Combinations and modifications of the above outlined
      illustrative methods are used where special circumstances require such
      changes.
PAR  Whereas unfilled rigid polyester and epoxy resins can be used to form the
      backing component according to this invention, filled compositions are
      preferred.
PAR  The fillers reduce shrinkage during curing and have other additional
      advantages. Silica (flint) illustrates a suitable filler. 325 and 60 mesh
      qualities are presented in the illustrative examples. When 60 mesh silica
      is used, the composition may require the use of a special type of spray
      gun, on account of the large particle size of some of the filler
      particles.
PAR  The backing components here above listed are not equivalent. The most
      preferred backing components are the reinforced rigid polyesters, followed
      by the reinforced rigid epoxy resins. In most cases they do not require
      ancillary reinforcing elements. The others follow in the order of
      declining preference, as follows: rigid nonreinforced polyesters, rigid
      non-reinforced epoxy resins, compositions containing fillers bound by
      elastomer latex solids, asphalt and plaster of paris. The latex type
      compositions require evaporation of water during manufacturing. Asphalts
      are frequently sensitive to heat and require the additional use of an
      ancillary reinforcing element. The plaster of paris containing tiles
      require in many cases an ancillary reinforcing element to improve their
      resistance to impact.
PAR  The above listing of suitable backing components of the composite tiles of
      this invention are intended for illustrative purposes and do not intend to
      limit the herein claimed invention.
PAC  IMPROVING ADHESION BETWEEN THE FACING AND BACKING COMPONENTS.
PAR  In many instances it is advantageous to apply an adhesive as an
      intermediate layer between the facing and backing components. This is
      particularly true when the facing component is derived from plastisol and
      the backing component comprises a rigid polyester.
PAR  Neoprene adhesive illustrates a suitable adhesive. A neoprene cement is
      diluted, for example, with methylethyl ketone in the proportion of 20%
      cement and 80% solvent. This solution may be applied by slush casting or
      spraying, depending on the conditions of the manufacturing method used.
      For individual purposes suitable adhesives may be selected from the group
      of resorcinol adhesives, rubber emulsions, rubber solutions (cements),
      epoxy resins, special polyester resins, latex adhesives, latex modified
      cements, hot asphalt adhesives, amongst others.
PAR  Other adhesives suitable for individual purposes are: (1) Solutions of
      VINYLITE Resin VAGH in solvents, as in methylethyl ketone, or in mixtures
      of toluene and methylethyl ketone. This is a copolymer of vinyl acetate,
      vinyl chloride and vinyl alcohol, and is compatible with alkyd resins and
      polyesters. (2) Polyurethane adhesives of the 2 part and 1 part systems.
      (3) An adhesive containing vinyl resins, methylethyl ketone, dioctyl
      phthalate and methylene-bis(4-phenyl isocyanate). (4) Nitrile rubber
      adhesives. (5) Nitrile-phenolic adhesives as discussed on Page 490, Col.
      2, Par. 6 of Handbook of Adhesives, by Irving Skeist, Reinhold Publishing
      Corp., 1962/64. See also pages 236 to 241 of same publication.
PAR  According to one embodiment of this invention, improved adhesion can be
      achieved by the application of a joint "contact resin" ingredient being
      simultaneously present in the facing component and the backing component.
      This contact resin is compatible with the composition of both components
      and its simultaneous presence promotes the adhesion of the two components,
      thereby eliminating the need for a special adhesive layer placed between
      them. A peracetic epoxy resin is a suitable illustration. BAKELITE Epoxy
      Resin ERL-4289 is bis(4,4-epoxy-6-methylcyclohexylmethyl) adipate. In one
      step 20 phr (parts per hundred resin) of this peracetic epoxy resin is
      incorporated into the plastisol composition and
      borontrifluoride-monoethylamine is added thereto in a proportion of 2%
      additive based on the weight of the epoxy resin. This plastisol compound
      is then molded at about 275.degree. F. for a time sufficient to gel, but
      not to fuse the plastisol. The mold is opened and the rigid polyester
      forming composition is applied. The polyester composition contains about
      10% of the peracetic epoxy resin ERL-4289 based on the weight of the
      polyester resin. The curing is then continued to complete the fusion of
      the plastisol component and the setting and polymerization of the rigid
      polyester containing backing component. This process results in a
      satisfactory adhesion between the two components, however, it is not
      suitable for facings which have undercuts that make removal from the mold
      difficult after rigidification.
PAC  ANCILLARY REINFORCING ELEMENTS
PAR  With the manufactured composite tiles of this invention it is in many cases
      useful and desirable to apply an ancillary reinforcing element as an
      additional layer behind the backing component. Such ancillary reinforcing
      elements improve the resistance of the composite tile to strong stresses,
      pressures or impact. They assist the rigidifying action of the backing
      component and toughen the manufactured composite tile. The ancillary
      reinforcing element may be of metal, paper chipboard, cardboard, cement
      board, plaster board, Masonite, or of a synthetic resin layer, amongst
      other suitable materials. The element may be continuously or
      discontinuously applied to the rear surface of the backing component. When
      it is to be continuous and is liquid at the time of application, it may be
      applied by casting, such as slush casting and rotational casting. Low
      melting point metal alloys, used as ancillary reinforcing elements, may be
      applied by casting. The same applies to the suitable synthetic resin
      compositions, illustrated by flexible polyester resins and essentially
      flexible epoxy resins. Rigid plastics foams may also be utilized as
      ancillary reinforcing elements. These are illustrated by rigid
      polyurethane foams. The foam can form either a layer on the entire rear
      surface of the backing component or fill only joint cavities formed by the
      facing and backing components in the position of textured areas. The foams
      are advantageously applied by the foam-in-place method, wherever other
      conditions permit such an application.
PAR  Some of the favored ancillary reinforcing elements of this invention are
      the flexible epoxy resins and flexible polyester resins. The flexible
      epoxy resins are preferred for this purpose. They can be applied in many
      cases by slush casting and they set overnight at room temperature to a
      sufficient degree so that the tiles can be handled. Completion of the
      polymerization to the desired degree is achieved in an additional few days
      during room temperature storage. The epoxy layers are very tough. Example
      5 illustrates a flexible epoxy resin composition suitable as ancillary
      reinforcing element.
PAC  EXAMPLE 5:
PAC  Epoxy Resin composition for ancillary reinforcing elements.
PAR  A flexible epoxy resin composition is prepared of the following
      ingredients: 15.05% EPON Resin 871, 15.05% EPON Resin 828, 6.15% Epoxide
      No. 7 (an epoxy plasticizer of Procter & Gamble), 30.20% of 325 mesh grade
      silica, 30.20% of 60 mesh grade silica, 3.00% of diethylenetriamine (DTA)
      and 0.35% of Cab-O-Sil, totaling 100%. The nature of some of the
      ingredients are described further above in this specification. The
      Cab-O-Sil regulates viscosity, flow and stoppage of flow. EPON Resin 871
      comprises unsubstituted 2,3-epoxyalkyl esters of mixtures of dimer and
      trimer fatty acids having 12-30 carbon atoms.
PAR  An illustration of desirable thickness for the resinous ancillary
      reinforcing elements is from about 151/2 mils to about 250 mils. Many of
      the resinous compositions can be applied by spraying. When the backing
      component is a resinous material, useful proportions between the
      thicknesses of the resinous backing component and of the resinous
      ancillary reinforcing element are between a proportion of 1:1 and a
      porportion of 1:3. These proportions and thickness ranges are illustrative
      and are not given to limit the scope of the claimed invention.
PAR  When the ancillary reinforcing element is a prefabricated board or
      sheeting, the application of an adhesive may be required to achieve proper
      adhesion between said board or sheeting and the rear surface of the
      backing component.
PAR  A fiberglass reinforced rigid polyester composition may also be used as an
      ancillary reinforcing element.
PAC  METHODS OF MANUFACTURE AND DRAWINGS
PAR  The tiles of this invention can be manufactured by various methods and
      process steps. Without limiting the scope of the invention herein claimed,
      four processes will be listed for the purposes of illustration.
PAC  Method 1:
PAR  A facing component is premolded. It has a front surface, a back surface and
      sidewalls. The composition forming the backing component is deposited in a
      liquid state in the cavity of the facing component which has sidewalls.
      Casting, such as slush, casting, is a suitable method of deposition. No
      supporting mold is required during the application and solidification of
      the composition forming the backing component. FIG. 11 illustrates a tile
      made by this method.
PAC  Method 2:
PAR  In this method a tile press, suitable for making ceramic tiles, is used.
      The facing component and the backing component are formed in the same
      equipment in subsequent steps. FIG. 4 illustrates the equipment for this
      process. This method is applicable to the production of tiles with facing
      components prepared from prefabricated sheetings, among others.
PAC  Method 3:
PAR  The facing component in this method is prepared with a marginal area not
      covered by the backing component. The facing is placed in a holder,
      illustrated by FIG. 7 and FIG. 8. The marginal area of the preformed
      facing component assists in holding the latter in position during the
      application of the composition forming the backing component.
PAC  Method 4:
PAR  This method is related to Methods 1 and 3. The facing component has
      sidewalls in addition to its front surface and back surface. With its
      sidewalls this type of facing component forms a cavity. The facing
      component is premolded in a holder illustrated by FIG. 8A. The holder also
      permits keeping the facing component in a supporting mold during the
      formation of the backing component. The mold may be the same as used to
      premold the facing component.
PAR  In contrast to the products of my parent applications the tiles of the
      instant invention are substantially flat objects. Their predominant
      dimensions are length and width and they have a relatively low height or
      thickness. For this reason the sidewalls of the facing component, whenever
      such sidewalls exist, are low. The preferred thickness of the tiles is
      from about 1/4 inch to about 1 inch. In some instances the thickness may
      be as low as 1/8th of an inch and as high as about 2 inches.
PAR  Methods of molding the compositions forming the facing component have been
      discussed further above. Depending on the composition selected the methods
      of premolding may vary greatly. Slush casting, calendering, vacuum forming
      are some of the methods which can be utilized. The compositions forming
      the backing component are advantageously applied from a liquid state. They
      can be applied by pouring, slushing, spraying, knife coating, troweling,
      amongst others. If the composition forming the backing component is
      thermoplastic, the application may be from solid state, such as from
      powder, and pressure combined with elevated temperatures may be used for
      the formation.
PAR  In forming the backing component, a retaining sidewall is used. This can be
      formed by the facing component itself and remain a part of the tile so
      formed, or it may be created by a mold that is removable after the
      composition forming the rigidifying backing component sets to a solid.
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PAR  FIGS. 1, 2 and 3 illustrate the cross-sectional views of molds 25 suitable
      to form facing components. They are electroformed molds, and are suitable
      to form plastisol into tile or panel shapes. FIG. 1 shows, additionally, a
      facing component 26 formed in the mold 25. The front surface of the facing
      components formed in these molds are textured. The facing component
      produced in the mold of FIG. 1 is suitable for Method 1,  described above.
      After the facing component is removed from the mold the backing component
      may be formed in the facing component having sidewalls. The composition
      forming the backing component by this method is applied from a liquid
      state.
PAR  FIG. 4 illustrates the cross-sectional view of a tile press and tile die.
      The die is mounted in the special tile press. The press may be operated by
      hydraulic pressure or other means. The sides 29 of the die are fastened to
      the press. The bottom platen 30 of the die rests on the bottom plate 48 of
      the die 49 which in turn rests on the bed of the press. The top platen 28
      of the die is attached to a shaft 27. This shaft 27 is attached to the
      drive of the press and is able to move up and down. The material to be
      molded into the facing component is placed on the top surface of the
      bottom platen 30. After the material to be molded is in place, the top
      platen 28 is lowered by means of the shaft 27, thus applying pressure on
      the material. This pressure compacts or presses the material into its
      desired shape, and forms the premolded facing component 26. The die may be
      heated, if so desired. Depending on the pressures and molding temperatures
      applied, the material to be molded may be a liquid, like plastisol, may be
      a powder, like polyethylene, may be granules or be a prefabricated
      sheeting. After the molding is completed, the top platen is withdrawn
      upward and the bottom platen is pushed up by the aid of shaft 31 until the
      facing component 26 is free of the sides 29 of the die. The facing
      component is then stripped from the bottom platen. In an alternative of
      this method the top platen 28 is withdrawn after molding of the facing
      component is completed; the composition forming the backing component is
      then applied in a liquid or powdery state to the rear surface of the
      premolded facing component while the latter is still in its original
      position. The top platen 28 then descends again and forms the backing
      component behind the rear surface of the facing component. Temperatures
      and pressures are adjusted to yield the desired results with the
      particular composition selected to form the backing component. FIG. 4
      shows the so formed backing component 32. If so desired, an adhesive can
      be sprayed on or applied by a suitable means to the rear surface of the
      premolded facing component, prior to applying thereto the composition
      forming the backing component. Neoprene adhesive is a suitable
      illustration if the facing component is made of plastisol and the backing
      component is made of a rigid polyester. After the setting of the backing
      component is completed the upper platen is raised and the lower platen is
      pushed up to facilitate removal of the tile from the die.
PAR  FIG. 5 is the cross-section of the tile removed from the die of FIG. 4. 26
      is the facing component and 32 is the backing component.
PAR  FIG. 6, is the cross-section of a facing component prepared in a die
      similar to that of FIG. 4. 26 is the facing component. 33 is an extension
      portion of the facing component useful in the method illustrated by FIGS.
      7, 8 and 9. This extension portion is removed after the backing component
      has been applied.
PAR  FIG. 7 is a planar view of a holder frame, showing sides 35 holding the
      facing component 26. The sides are held in place by fasteners 36, such as
      nuts and bolts.
PAR  FIG. 8 is a cross-sectional view of the holder illustrated by FIG. 7
      holding the facing component illustrated by FIG. 6. 35 designates the four
      sidewalls of the holder. 35 reaches over the extensions 33 of FIG. 6 and
      holds the facing component in position. 26 is the facing component. 36
      designates the fasteners of the holder. 34 is a bottom rest for the facing
      component and is a part of the equipment. The sides 35 form a type of a
      wall permitting the application of the composition forming the backing
      component by slush casting. If an ancillary reinforcing element is to be
      applied, which can be slush cast, the composition forming the ancillary
      reinforcing element can also be applied by using the equipment illustrated
      by FIG. 8. There are four holder sides 35 in this equipment and the sides
      can be made, for instance, of wood or metal. 32a is the same as in FIG. 9.
PAR  FIG. 9 illustrates a cross-sectional view of the facing and backing
      produced in the holder equipment of FIG. 8. 26 is the facing component. 33
      is the same as in FIG. 6. It is not rigidified by the backing component
      and is removed by trimming. 32a is the backing component applied in a
      fluid state. Section line a is where the trimming is performed. Rigid
      polyester and rigid epoxy resin compositions are examples of suitable
      materials for forming the backing component by this method.
PAR  FIG. 10 is the cross-section of a tile produced in the equipment
      illustrated by FIGS. 7 and 8. 32a is the backing component formed from a
      fluid state. 26 is the facing component. The non-backed portions of the
      facing have been removed by trimming. 37 is an ancillary reinforcing
      element formed from fluid state in the equipment of FIGS. 7 and 8. A
      flexible epoxy resin composition is an example for such element. The rear
      surface of the tile may be ground to a flat surface. The composition
      forming the ancillary reinforcing element is poured into the cavity formed
      by the holder sidewalls and the rear surface of the backing component.
PAR  FIG. 8A is the cross-section of a multi-piece mold with clamps 44. The mold
      sides 45 are removable. There are four such sides. 46 is the mold bottom.
      As an alternative, the mold may be a two-piece mold in which case there is
      a split in the center area of 46. Facing component 26 is slush cast and
      has sidewalls in addition to its facing portion. 32a is a slush cast
      backing component. FIG. 24 shows a tile which can be made in a similar
      equipment to that shown in FIG. 8A. The application of a mold release
      agent on the mold enhances ease of removal of the articles produced
      therein. A silicone mold release illustrates such a product. This figure
      illustrates equipment suitable for carrying out Method 4 of the
      manufacturing process discussed further above. It may be stated, that
      various alternative steps are available. In one such alternative, the
      facing component is made by pouring and therefore does not form sidewalls.
      The same applies to the composition forming the backing component. If an
      ancillary reinforcing element is to be formed from a composition being in
      a fluid state, the said element can also be formed in the equipment of
      this figure.
PAR  FIG. 11 is the cross-section of a tile produced with the facing component
      premolded in the mold of FIG. 1. The facing is first formed in the mold of
      FIG. 1. Then the composition forming the backing component is applied from
      fluid state by, for instance, slush casting. The backing component is
      formed in the facing component without the use of a supporting mold. This
      is made possible by the shape of the facing component which has low
      sidewalls. 26 is the facing component and 32a is the backing component
      formed from a fluid composition. Section "14" shows the position of cut
      made for FIG. 14.
PAR  FIG. 12 is the cross-sectional view of a tile similar to that illustrated
      in FIG. 11, where, however, an ancillary reinforcing element 37 is
      applied. The composition forming the ancillary reinforcing element is
      applied from fluid state by pouring. A flexible epoxy resin composition
      illustrates a suitable material for this purpose. 26 and 32a have the same
      meaning as in FIG. 11. Section "13" is the position where the cut is made
      for FIG. 13.
PAR  FIG. 13 is the same as FIG. 12 with the difference, that at position "13"
      of FIG. 12 the tile has been cut and/or ground flat, thus producing the
      tile of FIG. 13.
PAR  FIG. 14 is the same as FIG. 11 with the difference, that at position "14"
      of FIG. 11 the tile is cut and/or ground flat, thus producing the tile of
      FIG. 14.
PAR  FIG. 15 is the tile of FIG. 14 with the additional feature that as an
      additional layer a prefabricated board 38 is applied as an ancillary
      reinforcing element. The board may be cement board, plywood, chipboard,
      amongst others. 39 is an adhesive layer providing adhesion between the
      board and the backing component.
PAR  FIG. 16 shows the cross-sectional view of a tile where the facing component
      has been prepared in the mold of FIG. 2 with a backing component 32a. The
      composition forming the backing component is applied from fluid state. The
      rear surface of the backing component is cut and/or ground smooth. 26 is
      the facing component.
PAR  FIG. 17 shows the cross-sectional view of a tile with a facing component
      premolded in the mold of FIG. 2. 26 is the facing component. 32a is a
      backing component. The composition producing the backing component is
      applied in a fluid state and does not fully fill the cavity formed by the
      texture of the facing component. The remaining cavity jointly formed by
      the facing component and the backing component is then filled with a rigid
      polyurethane foam 42 as an ancillary reinforcing element. The rigid
      polyurethane foam is applied from a fluid state and is foamed-in-place.
      The crest points of the rear surface of the facing component and the rear
      surface of the foam are ground smooth, an adhesive 39 is applied and a
      board 38 is applied to the rear surface. As an alternative to the product
      illustrated by FIG. 17, the joint cavity may be left unfilled and the
      adhesive applied only to the crests of the rear surface of the facing
      component. The board is applied as the last step in both alternatives.
PAR  FIGS. 18 and 21 are planar views of the facing of two tiles with raised
      scupltured effects of texture. In both figures, 26 is the facing, and 40
      is a protuberance indicating the raised scupltured texture of the facing.
      40 may have undercuts. Section "19" in FIG. 18 shows the position of a cut
      taken for the cross-section illustrated by FIG. 19. Section "22" in FIG.
      21 shows the position of a cut taken for the cross-section illustrated by
      FIG. 22.
PAR  FIGS. 19 and 20 are two alternative cross-sections of tiles taken at
      position "19" of FIG. 18. 26 is the facing component. 32-a is the backing
      component formed from a fluid state. 40 is the sculptured raised texture
      of the facing of the tile. In FIG. 20 39 is an adhesive layer and 38 is a
      board applied as an ancillary reinforcing element. It should be noted that
      40 is a part of 26.
PAR  FIGS. 22 and 23 are two alternative cross-sections of tiles taken at
      position "22" of FIG. 21. 26 is the facing component. 32a is the backing
      component formed from a fluid composition. In the protuberance area 40 of
      the textured surface of the facing component a hollow 43 is formed in a
      discontinuous manner. 41 in FIG. 22 is the rear surface of the backing
      component ground to a smooth surface. In FIG. 23 a board backing 38 is
      applied as an ancillary reinforcing element with the aid of the adhesive
      39. In an alternative of either one of these two tiles the hollow cavity
      43 may be filled with a rigid polyurethane foam formed from a fluid
      composition by the foam-in-place method.
PAR  FIG. 24 is another example of a tile. 26 is the facing component. 32-a is a
      backing component formed from a fluid composition. The facing and backing
      component form a joint cavity. A rigid polyurethane foam 42 fills out the
      said cavity.
PAR  In FIG. 7 33 is the same as in FIG. 6. In FIG. 8a 39 is an adhesive. The
      use of the adhesive is optional.
PAR  It should be noted that whereas FIG. 8 is a cross-sectional view of FIG. 7,
      the latter does not show the backing component 32a.
PAR  The election of the manufacturing method to be used for a particular tile
      of this invention depends on the materials chosen for the components. This
      includes the election whether a supporting mold should be present during
      the formation of the backing component.
PAR  Rigid foams have been discussed further above as rigidifying components of
      the herein claimed rigid tiles. One of the interesting embodiments of
      rigid foams are polystyrene rigid foams. These are discussed in detail in
      my prior application Ser. No. 523,778, now U.S. Pat. No. 3,419,455, in my
      applications Ser. No. 760,415, which has been continued by copending
      applications Ser. No. 141,481 and 142,037 (now U.S. Pat. 3,703,571) Ser.
      No. 760,415 is a continuation of U.S. Pat. No. 3,419,455. Polystyrene
      rigid foams are discussed in Ser. No. 141,481 under the heading of "THE
      INNER RIGIDIFIER COMPONENT", under the subtitle: "(2) Polystyrene Rigid
      Foams:". Essentially polystyrene beads are used which contain volatile
      materials encapsulated therein. The latter cause foaming upon heating. The
      beads can be partially pre-expanded. Polystyrene Rigid Foams are dealt
      with in detail in the book of T. H. Ferrigno, "RIGID PLASTICS FOAMS",
      Reinhold Publishing Corporation, New York, N.Y. 1963., to which reference
      was made in my said earlier U.S. Pat. No. 3,419,455 and said copending
      applications Ser. Nos.  141,481 and 142,037 (now U.S. Pat. No. 3,703,571).
PAR  One of the important embodiments of the herein claimed process is the
      utilization of a pliable plastics material comprising an acrylic monomer
      in a polymerized state. Acrylic monomers in a polymerized state are
      discussed in this specification under the heading "THE FACING COMPONENT"
      as Example A, and under the heading "THE FACING COMPONENT." Acrylics are
      discussed in detail also under the heading of "THE BACKING COMPONENT".
      They are also well known in the art.
PAR  As indicated above, molding of the facing component can be performed, for
      example, by calendering and embossing.
PAR  The facing components of the herein claimed tile have a wall thickness of
      from about 151/2 mils to about 250 mils. These limits are not arbitrary
      but are required by the success of the process. If the wall thickness is
      higher than the top limit, it is difficult to remove the facing component
      from its mother mold. This difficulty is aggravated when the molded
      texture has several undercuts. On the other hand, if the wall thickness is
      too low, the facing component deforms or even wrinkles while the
      rigidifier backing component is applied and set. Such deformation cannot
      be prevented even in cases where a supporting mold is present during the
      application of the composition forming the backing component. Reference is
      made to portions of my earlier patents and applications wherein the wall
      thickness is discussed. As explained for example in U.S. Pat. No.
      3,414,456, the backing component (flesh portion) improves the resistance
      to cold flow or heat distortion. Also, the backing component rigidifies
      the shell component to reduce flexibility of the latter. The skin
      materials protect the rigidifier flesh portion (backing component) from
      fracture. This mutual improving effect is synergistic. It is obvious that
      when the facing component is too thin it cannot perform its intended
      function, such as preventing the fracturing of the backing component. The
      backing component of the tiles herein claimed are plastic materials
      solidified from a fluid state in adherent contact with the entirety of the
      rear surface of the facing component.
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NUM  1.
PAR  1.  A rigid composite impact resistant tile comprising a facing component
      and a backing component, the facing component being a premolded pliable
      organic plastic material having a textured front surface and a wall
      thickness ranging from about 151/2 mils to about 250 mils, the backing
      component being a rigid structural member that is in supporting
      relationship to the facing component, rigidly maintaining the latter in
      its premolded shape, said backing component being solidified from a fluid
      state in intimate adherent contact with the entire rear surface of the
      facing component, said composite tile having a thickness of from about
      1/16 of an inch to about 2 inches, said facing component, when free of the
      backing component, being itself at least temporarily deformable by hand
      pressure and being essentially void-free and having been premolded to its
      final shape and its final and textural characteristics, said premolded
      textured front surface of the facing component having a texture which
      embodies in a positive form the texture of its negative mother mold,
      wherein the completed tile is free of composite sidewalls at its
      extremities that would have rear surfaces which would define a cavity with
      the rear surface of the composite front wall of the tile, and wherein the
      backing component comprises a plastic material which is a member of the
      class consisting of (a) a rigid polyester composition, (b) a rigid epoxy
      resin composition, (c) a rigid elastomer composition comprising a filler
      and an elastomer, wherein there is at least about 200 weight parts of
      filler for each 100 weight parts of elastomer, (d) a rigid thermosetting
      plastic foam composition in a thermoset state, and (e) asphalt, said
      polyester composition comprising the condensation product of a dibasic
      acid and a diol and also comprising a cross-linking monomer reactant in a
      crosslinked state.
NUM  2.
PAR  2. The rigid composite tile of claim 1, wherein the backing component is
      solidified from a liquid.
NUM  3.
PAR  3. The rigid composite tile of claim 1, wherein there is an adhesive layer
      between the two components.
NUM  4.
PAR  4. The rigid composite tile of claim 1, wherein the facing component is a
      premolded thermoplastic plastic material.
NUM  5.
PAR  5. The rigid composite tile of claim 1, wherein the facing material is
      characterized by the presence of vinyl chloride in a polymerized and
      plasticized state.
NUM  6.
PAR  6. The rigid composite tile of claim 1, wherein the facing component
      comprises ethylene in a polymerized state.
NUM  7.
PAR  7. The rigid composite tile of claim 1, wherein the facing component is
      characterized by the presence of a member of the class consisting of
      homopolymers of ethylene, homopolymers of propylene, copolymers of
      ethylene and propylene, and copolymers of ethylene with unsaturated
      esters.
NUM  8.
PAR  8. The rigid composite tile of claim 1, wherein a board is adherently
      attached to the rear surface of the backing component as an ancillary
      reinforcing element.
NUM  9.
PAR  9. A rigid composite impact resistant tile comprising a facing component
      and a backing component, the facing component being a premolded pliable
      organic plastic material having a textured front surface and a wall
      thickness ranging from about 151/2 mils to about 250 mils, the backing
      component being a rigid structural member that is in supporting
      relationship to the facing component, rigidly maintaining the latter in
      its premolded shape, said backing component being solidified from a fluid
      state in intimate adherent contact with the entire rear surface of the
      facing component, said composite tile having a thickness of from about
      1/16 of an inch to about 2 inches, said facing component, when free of the
      backing component, being itself at least temporarily deformable by hand
      pressure and being essentially void-free and having been premolded to its
      final shape and its final physical and textural characeristics, said
      premolded textured front surface of the facing component having a texture
      which embodies in a positive form the texture of its negative mother mold,
      wherein the completed tile is free of composite sidewalls at its
      extremities that would have rear surfaces which would define a cavity with
      the rear surface of the composite front wall of the tile, and wherein the
      backing component comprises plaster of parts.
NUM  10.
PAR  10. A rigid composite impact resistant texturally decorated tile comprising
      a facing component, a backing component and an ancillary reinforcing
      element, said facing component being a premolded pliable organic plastic
      material having a textured front surface, a nonplanar back surface that
      follows the contour of the textured front surface in at least a dulled
      manner and said facing component having a wall thickness ranging from
      about 151/2 mils to about 250 mils, the backing component being a rigid
      structural member that is in supporting relationship to the facing
      component, rigidly maintaining the latter in its premolded shape, said
      backing component being a plastic material solidified from a fluid state
      in intimate contact with the entirety of the rear surface of the facing
      component, said composite tile having a thickness of from 1/16th of an
      inch to about 2 inches, said facing component, when free of the backing
      component, being in itself at least temporarily deformable by hand
      pressure, being essentially void-free and having been premolded to its
      final shape and its final physical and texturally decorative
      characteristics, said backing component being by itself more fragile than
      the completed composite tile, said ancillary reinforcing element being
      adherently attached to the rear surface of the backing component in a
      supporting position, thereby improving the resistance of the tile to
      impact, said premolded textured front surface of the facing component
      having a texture which embodies in a positive form the texture of its
      negative mother mold, wherein the completed tile is free of composite
      sidewalls at its extremities that would have rear surfaces which would
      define a cavity with the rear surface of the composite front wall of the
      tile, and wherein the ancillary reinforcing element comprises a member of
      the class consisting of a flexible epoxy resin composition and a flexible
      polyester composition.
NUM  11.
PAR  11. A rigid composite impact resistance tile comprising a facing component
      and a backing component, the facing component being a premolded pliable
      organic plastic material having a textured front surface and a wall
      thickness ranging from about 151/2 mils to about 250 mils, the backing
      component being a rigid structural member that is in supporting
      relationship to the facing component, rigidly maintaining the latter in
      its premolded shape, said backing component being solidified from a fluid
      state in intimate adherent contact with the entire rear surface of the
      facing component, said composite tile having a thickness of from about
      1/16 of an inch to about 2 inches, said facing component, when free of the
      backing component, being itself at least temporarily deformable by hand
      pressure and being essentially void-free and having been premolded to its
      final shape and its final physical and textural characteristics, said
      premolded textured front surface of the facing component having a texture
      which embodies in a positive form the texture of its negative mother mold,
      wherein the completed tile is free of composite sidewalls at its
      extremities that would have rear surfaces which would define a cavity with
      the rear surface of the composite front wall of the tile, and wherein the
      plastic material of the backing component is a fiber reinforced rigid
      epoxy resin composition.
NUM  12.
PAR  12. A rigid composite impact resistant tile comprising a facing component
      and a backing component, the facing component being a premolded pliable
      organic plastic material having a textured front surface and a wall
      thickness ranging from about 151/2 mils to about 250 mils, the backing
      component being a rigid structural member that is in supporting
      relationship to the facing component, rigidly maintaining the latter in
      its premolded shape, said backing component being solidified from a fluid
      state in intimate adherent contact with the entire rear surface of the
      facing component, said composite tile having a thickness of from about
      1/16 of an inch to about 2 inches, said facing component, when free of the
      backing component, being itself at least temporarily deformable by hand
      pressure and being essentially void-free and having been premolded to its
      final shape and its final physical and textural characteristics, said
      premolded textured front surface of the facing component having a texture
      which embodies in a positive form the texture of its negative mother mold,
      wherein the completed tile is free of composite sidewalls at its
      extremities that would have rear surfaces which would define a cavity with
      the rear surface of the composite front wall of the tile, and wherein the
      plastic material of the backing component is a fiber reinforced rigid
      polyester composition, said polyester composition comprising the
      condensation product of dibasic acid and a diol and also comprising a
      cross-linking monomer in a cross-linked state.
NUM  13.
PAR  13. A rigid composite impact resistant tile comprising a facing component
      and a backing component, the facing component being a premolded pliable
      organic plastic material having a textured front surface, a back surface
      that follows the contour of the texture of the front surface in at least a
      dulled manner, and a wall thickness ranging from about 151/2 mils to about
      250 mils, the backing component being a rigid structural member that is in
      supporting relationship to the facing component, rigidly maintaining the
      latter in its premolded shape, said backing component being solidified
      from a fluid state in intimate adherent contact with the entire rear
      surface of the facing component, said composite tile having a thickness of
      from about 1/16th of an inch to about 2 inches, said facing component,
      when free of the backing component, being itself at least temporarily
      deformable by hand pressure and being essentially void-free and having
      been premolded to its final shape and its final physical and textural
      chracteristics, said premolded textured front surface of the facing
      component having a texture which embodies in a positive form the texture
      of its negative mother mold, wherein the completed tile has composite
      sidewalls at its extremities that have rear surfaces which define a cavity
      with the rear surface of the composite front wall of the tile.
NUM  14.
PAR  14. The rigid composite tile of claim 12, wherein a board is adherently
      attached to the rear surface of the backing component as an ancillary
      reinforcing element.
NUM  15.
PAR  15. A rigid textured composite impact resistant hollow tile comprising an
      outer premolded facing component of a preset shape and a backing
      component, the facing component being a pliable organic plastic material
      having an outer textured front surface and inner walls, and a wall
      thickness ranging from about 151/2 mils to about 250 mils, said facing
      component having an excess opening formed therein, said facing component
      enclosing an internal cavity defined by said inner walls accessible
      through said opening, and said backing component being a rigid structural
      member that is in supporting relationship to the facing component, rigidly
      maintaining the latter in its premolded shape, being solidified from a
      fluid state within said internal cavity and in intimate adherent contact
      with the entire inner surface of said walls of the facing component, said
      composite tiles having a thickness of from about 1/16th of an inch to
      about 2 inches, said facing component, when free of the backing component,
      being itself at least temporarily deformable by hand pressure and being
      essentially void-free and having been premolded to its final shape and its
      final physical and textural characteristics, said premolded textured front
      surface of the facing component having a texture which embodies in a
      positive form the texture of its negative mother mold, wherein the
      composite tile has sidewalls at its extremities that define a cavity with
      the front wall of the tile, said cavity being jointly formed by the facing
      and backing components.
NUM  16.
PAR  16. A rigid composite impact resistant texturally decorated tile comprising
      a facing component and a backing component, the facing component being a
      premolded organic plastic material having a textured front surface, a
      non-planar back surface that follows the contour of the textured front
      surface in at least a dulled manner and a wall thickness ranging from
      about 151/2 mils to about 250 mils, the backing component being a rigid
      structural member that is in supporting relationship to the facing
      component, rigidly maintaining the latter in its premolded shape, said
      backing component being a plastic material solidified from a fluid state
      in intimate adherent contact with the entirety of the rear surface of the
      facing component, said composite tile having a thickness of from 1/16th of
      an inch to about 2 inches, said facing component, when free of the backing
      component, being in itself at least temporarily deformable by hand
      pressure, being essentially void-free and having been premolded to its
      final shape and its final physical and textural characteristics, said
      backing component being by itself more fragile than the completed
      composite tile, said premolded textured front surface of the facing
      component having a texture which embodies in a positive form the texture
      of its negative mother mold, wherein the completed tile has composite
      sidewalls at its extremities that have rear surfaces which define a cavity
      with the rear surface of the composite front wall of the tile.
NUM  17.
PAR  17. The rigid composite impact resistant texturally decorated tile of claim
      16, wherein there is additionally present as a component an ancillary
      reinforcing element.
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ABST
PAL  Disclosed is a non-nested, two-ply, absorbent fibrous sheet material
      consisting of two webs which each have a plurality of crests and
      depressions on its surface facing the other web. The crests on each web
      are positioned between the crests of the other web and are spaced from the
      depressions of the other web to leave spaces in the sheet material for
      increased absorbency and bulk. The two webs are joined together at
      locations intermediate the crests and depressions of at least one of the
      webs, preferably by mechanical welding in a manner which produces
      perforations in the sheet material. Also disclosed is the method and
      apparatus for making the two-ply sheet material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an absorbent fibrous sheet material made from two
      or more webs plied together and to a method and apparatus for forming it.
      Such webs are preferably made from papermaking fibers by conventional
      papermaking techniques and are useful for sanitary paper products such as
      towels and other wiper products.
PAR  2. Brief Description of the Prior Art
PAR  A strong trend exists in the paper industry to develop disposable products
      from papermaking fibers to serve as substitutes for conventional cloth
      products which are used as wipers and towels in both the home and
      industrial shops. To successfully gain consumer acceptance of these paper
      products, they must closely simulate cloth in both consumer perception and
      in performance. Thus, certain physical properties must be present in a
      successful product. Among these properties are softness, strength,
      stretchability, absorbency, ability to wipe dry, and bulk. Bulk is
      particularly important not only because it enables the paper product to
      feel like cloth, but also because it favorably interrelates with other
      desirable properties, such as softness and absorbency. And, of course,
      absorbency is very important where the product is to be used to wipe up
      spills.
PAR  Probably the most commonly employed method to produce a wiperlike paper
      product having the desirable bulk and absorbency is to laminate two or
      more embossed conventional paper webs together. One such method which has
      been found particularly advantageous is disclosed in U.S. Pat. No. Re
      27,453. The "27,453 method" employs a pair of meshed embossing rolls which
      mechanically work two webs passed through the nip formed by the two rolls
      to produce crests and depressions in the webs and join them together by
      mechanical working of the webs at locations intermediate the crests and
      depressions. The "27,453 method" offers many advantages, one of which is
      an efficient web joining process due to the web working being performed on
      the sides of the embossing knuckles and involving shearing action in
      addition to compression against the webs. Another advantage is that the
      shearing action can be employed to perforate the webs and thus increase
      stretch and softness due to flexibility of the product. One disadvantage
      in the "27,453 method" is that the two webs are nested together as a
      result of being embossed together without spaces between the two webs. The
      addition of spaces between two webs would be beneficial because it creates
      additional bulk and absorbency in the product, as well as increased
      softness due to compressibility.
PAR  There are methods of laminating two or more webs together which avoid
      nesting the two webs together. In those methods, the two webs are embossed
      separately to produce crests and depressions on the webs and then brought
      together after applying adhesive to the crests on at least one of the
      webs. The two webs are joined together in a non-nested manner, which
      provides spaces between the two webs to increase the absorbency and bulk
      of the product.
PAR  In one such example of the prior art, disclosed in U.S. Pat. No. 3,414,459,
      the crests of each web on the sides facing each other are joined together
      with an adhesive. In another example of the prior art, disclosed in U.S.
      Pat. No. 3,556,907, the embossed configuration of each web is different
      from the other web, and the crests on one web are joined with adhesive to
      the depressions of the other web. In yet another example of the prior art,
      disclosed in U.S. Pat. No. 3,708,366, the height of the crests of the
      first web is greater than the height of the crests on the second web, and
      the higher crests on the first web are joined with adhesive to the
      depressions on the second web.
PAR  All of the prior art examples of two-ply laminated webs where the webs are
      embossed before being joined together generally require the use of
      adhesive, which results in a harsher product, a more complex process, and
      additional expense. There is some suggestion in the prior art that the
      webs can be joined by the application of moisture and pressure to the webs
      at their crests to compress the webs together, but such pressure would
      have to be excessive to provide satisfactory joining strength, if even
      possible. On the other hand, the "27,453 method", while avoiding the
      described disadvantages of the other plying methods, does not create the
      amount of bulk and absorbency in the product which can be created in the
      non-nested products. Practice of the present invention combines the
      advantages of the joining technique and increased stretch and softness due
      to flexibility of the "27,453 method" with the increased bulk and
      absorbency and softness due to compressibility of the non-nested two-ply
      prior art methods.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a two-ply, non-nested, fibrous sheet material made
      preferably from papermaking fibers and which consists of two webs joined
      together with inner surfaces facing each other. Each web has a plurality
      of crests and depressions on its inner surface. The crests on each web are
      positioned between the crests on the other web and extend beyond the
      crests of the other web toward but spaced from the depressions on the
      other web to form spaces between the two webs. The two webs are connected
      to each other at locations intermediate the crests and depressions on at
      least one of the webs, and preferably on both. In the preferred embodiment
      the webs are connected to each other by mechanically welding in a manner
      which perforates the webs at the joining locations. The perforations
      permit additional stretch in the sheet material, and by controlling the
      alignment of the perforations, stretch can be increased in web directions
      such as the cross-machine direction where most paper webs have little
      stretch.
PAR  The invention also consists of a method for forming the above-described
      two-ply sheet material by the steps of separately embossing each of the
      two webs to form a plurality of crests and depressions on the inner side
      of each web, bringing the two webs together to position the crests on the
      inner side of each web between the crests on the inner side of the other
      web with the crests on each web extending beyond the crests on the other
      web toward but spaced from the depressions on the other web, and
      connecting the two webs to each other at locations intermediate the crests
      and depressions on at least one of the webs, and preferably on both. In
      the preferred method, the webs are connected to each other by mechanical
      welding in a manner which creates perforations in the sheet material at
      the locations where the webs connect to each other.
PAR  The invention also consists of an apparatus for performing the
      above-described method and which consists of two rotatably mounted
      embossing rolls, each having outwardly extending embossing knuckles and at
      least one of the embossing rolls having outwardly tapering knuckles. The
      embossing rolls are positioned with respect to each other to cause contact
      of successive embossing knuckles of one of the embossing rolls with
      successive embossing knuckles of the other embossing roll at locations
      along the sides of the embossing knuckles. The embossing rolls are further
      arranged with respect to each other to maintain a space between the top of
      each knuckle and the base of the knuckles meshed with it on the other
      embossing roll. The apparatus further includes an elastomer covered press
      roll in nipping relationship with each of the embossing rolls for pressing
      a web against each embossing roll to contour the web to the knuckle
      configuration of that embossing roll.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic elevation view of the apparatus of the invention
      producing the product of the invention.
PAR  FIG. 2 is an enlarged sectional elevation view taken from FIG. 1 showing
      the preferred form of the product of the invention.
PAR  FIG. 3 is an enlarged sectional plan view taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is an enlarged sectional elevation view of the apparatus of the
      invention taken along line 4--4 of FIG. 1 (the webs are not shown).
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the apparatus of the invention. It consists of upper
      embossing roll 11, lower embossing roll 12, upper press roll 13 and lower
      press roll 14, each rotatably mounted and driven by conventional means not
      shown. Each of the press rolls are in nipping relationship with its
      respective embossing roll. The embossing rolls 11 and 12 have embossing
      knuckles 17 and 18 extending outwardly from their circular periphery, and
      the press rolls 13 and 14 each have an elastomer cylindrical cover. The
      embossing rolls 11 and 12 are positioned with respect to each other
      through gears or other conventional means not shown to mesh knuckles 17 on
      upper embossing roll 11 with knuckles 18 on lower embossing roll 12.
PAR  A first fibrous web 15 is shown passing through the nip formed by upper
      embossing roll 11 and upper press roll 13 where the web is pressed against
      and conformed to the configuration of the knuckles 17. The web 15 then
      continues in rotation with upper embossing roll 11 to the nip formed by
      the two embossing rolls 11 and 12. A second fibrous web 16 is passed
      through the nip formed by lower embossing roll 12 and lower press roll 14
      where it is pressed against and conformed to the configuration of the
      knuckles 18. The fibrous web 16 then continues in rotation with lower
      embossing roll 12 to the nip formed by the two embossing rolls 11 and 12.
      At the nip formed by the embossing rolls 11 and 12, knuckles 17 and 18 are
      positioned with respect to each other to mesh as illustrated in FIGS. 3
      and 4, where they are illustrated contacting each other at locations on
      their sides between their crests and depressions. The contact between
      knuckles 17 and 18 is made with sufficient force to mechanically work the
      two webs 15 and 16 together and join them. The two webs 15 and 16 are
      joined together by the intermeshing knuckles into a two-ply sheet material
      19, and pulled from the embossing rolls 11 and 12 by conventional means
      not illustrated.
PAR  The two-ply sheet material 19 is the product of the invention and is more
      clearly illustrated in FIG. 2 where the first web 15 displays on its inner
      surface crests 21 and depressions 28, and the second web 16 also displays
      on its inner surface crests 29 and depressions 22. The two webs 15 and 16
      are connected to each other at locations 20 intermediate the crests and
      depressions of both webs. The crests 21 of web 15 are spaced from the
      depressions 22 of web 16, and the crests 29 of web 16 are spaced from the
      depressions 28 of web 15. Thus, spaces are provided between the two webs
      15 and 16 to increase absorptive capacity and product bulk, as well as
      softness due to compressibility.
PAR  The webs 15 and 16 are joined together by mechanical welding, which
      consists of pressing selected portions of the webs together and working
      those portions through movement of one knuckle against another with
      sufficient pressure to intermesh the fibers of one web with the fibers of
      the other webs so that the two webs are held together. The degree to which
      the two webs 15 and 16 are mechanically joined together is governed by the
      configuration of the embossing knuckles 17 and 18 and the amount of nip
      pressure between the two embossing rolls 11 and 12. By applying sufficient
      nip pressure, the webs 15 and 16 can be perforated by the intermeshing
      knuckles in addition to being joined together. Perforating the webs
      increases flexibility or softness of the web and also increases
      extensibility of the web, an advantage which is particularly useful when
      it is in the cross-machine direction of the web. U.S. Pat. No. Re 27,453,
      which is hereby incorporated by reference into the specification,
      discloses advantages of perforating the web in this manner.
PAR  The embossing knuckles 17 and 18 are more clearly illustrated in FIGS. 3
      and 4. The interference of the embossing knuckles 17 and 18 with each
      other is clearly shown in FIG. 4 where the distal ends 25 of embossing
      knuckles 17 extend beyond distal ends 23 of embossing knuckles 18. The
      knuckles 17 and 18 are tapered outwardly (the sides converge in the
      outward direction) to permit contact with each other at their sides 27.
      The knuckles 17 and 18 illustrated in FIG. 4 each have an equally-sloped
      straight-line taper along their contact sides 27, causing mechanical
      welding of the two webs over relatively large areas of the locations 20
      where the webs join together. However, the contact sides 27 of the
      knuckles 17 and 18 could be convexly curved if smaller areas of the
      locations 20 where the webs join together were desired. It is readily
      apparent that the depth to which distal ends 23 or 25 of embossing
      knuckles on one embossing roll extend beyond the distal ends 23 or 25 of
      embossing knuckles on the other embossing roll and thus the size of the
      spaces between webs 15 and 16 in product 19, can be regulated by the shape
      of each embossing knuckle 17 and 18. This depth is referred to as the
      degree of interference, with 100% meaning that the distal ends 23 and 25
      contact the depressions 24 and 26 on the other embossing roll.
PAR   FIG. 3 illustrates knuckles 17 of upper embossing roll 11 overlapping in
      the machine direction (direction of roll rotation) knuckles 18 of lower
      embossing roll 12. The mechanical working of the webs 15 and 16 which
      causes welding of the webs to each other and creates perforations in the
      webs, if desired, is confined to the areas of overlap of the knuckles 17
      and 18. Thus, the amount of overlap offers one control on the size of the
      perforations, with greater overlap producing longer perforations in the
      machine direction. By making the perforations longer in the machine
      direction than they are in the cross-machine direction, the product has a
      greater increase in stretch and flexibility in the cross-machine direction
      than in the machine direction. Still referring to FIG. 3, the knuckles 17
      and 18 on both embossing rolls 11 and 12 are illustrated as being arranged
      in rows which are diagonally disposed with respect to the embossing roll
      axis. This arrangement has been found to produce the preferred product
      having diagonally disposed rows of crests, but the knuckles could also be
      arranged in axially aligned rows with good results.
PAR  Referring back to FIG. 2, the preferred form of product 19 is one of
      fibrous webs 15 and 16 which were formed by deposition of an aqueous
      slurry of lignocellulosic fibers, although webs of other natural and
      synthetic fibers, formed from aqueous slurries or dry formed, could be
      used. Each web 15 and 16 preferably has a basis weight of from about 10 to
      about 30 pounds per ream of 2,880 square feet. The preferred form of the
      product 19 is also one which has from about 70 to about 300 crests or
      embossed areas per square inch on each side of the product 19 and
      perforations in the webs at joining locations 20 which extend in the
      machine direction of the webs from about 0.010 inch to about 0.100 inch.
      The number of perforations is preferably from about 140 to about 600,
      there being one on each side of each crest. The preferred spacing of the
      crests 21 or 29 on one web from the depressions 22 or 28 on the other web
      is from about 10% to about 70% of the bulk thickness of the product 19.
      Producing this spacing requires knuckle interference of from about 30 % to
      about 90%. The preferred finished sheet material will have a bulk
      thickness of from about 0.010 inch to about 0.050 inch.
PAR  To further illustrate a preferred form of the invention, the following
      example is given. Two paper webs were formed by conventional papermaking
      techniques from a pulp slurry of 50% bleached sulfate softwood and 50%
      bleached sulfate hardwood. The two webs were identical to each other and
      each had the following physical properties:
TBL  Tensile Strength MD                                                       
                        40.5oz./in.                                            
     Stretch MD         22.1%                                                  
     Tensile Strength CD                                                       
                        21.5oz./in                                             
     Stretch CD         4.6%                                                   
     Bulk               .080in/24 sheets                                       
     Basis Weight       14.4lbs/2880ft..sup.2                                  
     Absorbency (1cc of H.sub.2 O)                                             
                        418 seconds                                            
PAR  The two webs were passed through the apparatus of the invention having the
      following specifications. The embossing rolls were made from hardened
      steel and had a diameter of 8 inches and embossing knuckles about the
      periphery at a concentration of 128 per square inch and of a size of .0325
      inch .times. .090 inch, with the longer dimension extending
      circumferentially about the roll. The depth of each embossing knuckle from
      distal end to depression was .021 inches, and they were set to interfere
      with each other to a depth of .015 inches. The embossing knuckles tapered
      outwardly in a straight taper at equal slopes on both embossing rolls. The
      press rolls each had an overall diameter of 4.5 inches, including a 1/4
      inch thick rubber cover having a hardness of 45 durometer. The nip loading
      of each press roll with its embossing roll was set at 120 pounds per
      linear inch. The two webs were passed through the embossing rolls at a
      speed of 50 fpm. The physical properties of the finished two-ply web
      product were the following:
TBL  Tensile Strength MD                                                       
                        52.3oz./in.                                            
     Stretch MD         11.8%                                                  
     Tensile Strength CD                                                       
                        16.0oz./in.                                            
     Stretch CD         13.7%                                                  
     Bulk               .429 in/24 sheets                                      
     Basis Weight       26.5lbs/2880ft.sup.2                                   
     Absorbency (1cc H.sub.2 O)                                                
                        1.8 second                                             
PAR  The preferred forms of the invention have been described, but it should be
      recognized that variations may be practiced with many of the advantages of
      the preferred forms. One example is the use of knuckles which contact only
      one knuckle on the other embossing roll, joining the webs only on one side
      of the crests. Another example is the use of knuckles on one embossing
      roll which do not taper outwardly, joining the edge of the crests of one
      web to areas on the other web intermediate the crests and depressions. And
      another example is the use of an adhesive to replace or supplement the
      mechanical welding of the web. Also, one or more additional webs could be
      passed through the embossing rolls either along with the first or second
      webs through the nip formed by a press roll or by avoiding the press
      rolls.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A soft, absorbent, fibrous sheet material of papermaking fibers
      comprising:
PA1  two webs joined together with inner surfaces facing each other, each web
      having a plurality of crests and depressions on its inner surface,
PA1  the crests on each web being positioned between the crests on the other web
      and extending beyond the crests on the other web toward and spaced from
      the depressions on the other web, and
PA1  the two webs being connected to each other at locations intermediate the
      crests and depressions on at least one of the webs.
NUM  2.
PAR  2. Fibrous sheet material according to claim 1, wherein the two webs are
      connected to each other at locations intermediate the crests and
      depressions on both of the webs.
NUM  3.
PAR  3. Fibrous sheet material according to claim 2, wherein each web is
      connected to the other web on two sides of each crest.
NUM  4.
PAR  4. Fibrous sheet material according to claim 1, wherein the two webs are
      connected to each other by mechanically welding.
NUM  5.
PAR  5. Fibrous sheet material according to claim 4, wherein the webs are
      perforated at the locations where they connect to each other.
NUM  6.
PAR  6. Fibrous sheet material according to claim 5, wherein the perforations
      are elongated in the machine-direction of the webs and are from about
      0.010 inch to about 0.100 inch long.
NUM  7.
PAR  7. Fibrous sheet material according to claim 4, wherein the crests in each
      web are arranged in diagonally disposed rows, and the webs are perforated
      at the locations where they connect to each other.
NUM  8.
PAR  8. Fibrous sheet material according to claim 4, wherein the webs are formed
      by deposition of an aqueous slurry of lignocellulosic fibers and each web
      has a dry basis weight of from about 10 to about 30 lbs/2,880/ft.sup.2.
NUM  9.
PAR  9. Fibrous sheet material according to claim 8, wherein the crests on each
      web are spaced from the depressions on the other web a distance from about
      10% to about 70% of the bulk thickness of the sheet material formed by the
      two webs.
NUM  10.
PAR  10. Fibrous sheet material according to claim 9, wherein each web has from
      about 70 to about 300 crests per square inch on its inner surface, and the
      bulk thickness of the sheet material is from about 0.010 inch to about
      0.050 inch.
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ABST
PAL  Pellicles of para-xylylene polymers are used as the sole support media for
      masses of objects supported thereon. The supported objects can be combined
      with the pellicle either during the formation of the pellicle or after the
      pellicle has been manufactured. The composite article is used wherever it
      is desirable to provide a support media which has as little detrimental
      influence as possible on the intended function of the supported object.
PARN
PAR  This is a division of application Ser. No. 256,531 filed May 24, 1972, now
      U.S. Pat. No. 3,864,202, which in turn is a division of application Ser.
      No. 167,252 filed July 29, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to composite articles comprising a support medium
      supporting a mass thereon.
PAR  2. Description of the Prior Art
PAR  Para-xylylene polymers have been used for various protective coating and
      encapsulation purposes as disclosed for example in U.S. Pat. Nos.
      3,246,627; 3,268,773; 3,288,728; 3,300,332; 3,301,707; 3,319,141;
      3,327,184; 3,332,891; 3,333,169; 3,342,754 and 3,375,110.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that para-xylylene polymers can be used as innocuous
      support media for the purposes of supporting thereon an active or passive
      device or material if extremely thin films or pellicles of the
      para-xylylene polymer are used as the support media.
PAR  An object of the present invention is to provide innocuous support media
      for active or passive articles which are to be supported on said media.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 3 show a simulated dust field supported on a pellicle.
PAR  FIG. 4 shows an electron beam mask supported on a pellicle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the preferred teachings of the present invention
      pellicles of p-xylylene polymers are used as innocuous support media to
      wholly support thereon active or passive masses. These masses may be
      incorporated into the pellicle either during the formation of the pellicle
      or after the pellicle has been manufactured.
PAR  The expression "wholly supporting" means that the poly-para-xylylene
      pellicle is the sole support for the objects supported thereon, and, in
      the plane of the film, the object is completely surrounded by such film.
      Because of the resulting geometric isolation of the pellicle supported
      objects, relative to any other objects not so supported by the pellicle,
      the supported objects are rendered ohmically isolated from such
      non-supported objects.
PAC  The Pellicles
PAR  The pellicles which are used as the innocuous support media for the
      purposes of the present invention are essentially flat films of
      para-xylylene polymers which have a thickness of up to about 25,000, and
      preferably in the range of about 250 to 5,000, angstrom units. These films
      have a mass of up to about 400, and preferably in the range of about 2.5
      to 75, micrograms per square centimeter. These pellicles, for the purposes
      of the present invention, have a total surface area, on each face thereof,
      of about .gtoreq. 25 square millimeters, and preferably of about 100 to
      500 square centimeters.
PAR  The mass of a pellicle will vary depending on the thickness of the films
      and the density of the polymer which is used to form the film. The
      paraxylylene polymers which are used to form the films have densities of
      the order of about 1.0 to 1.5.
PAR  The term "essentially flat" means that the free film, when observed under
      monochromatic light in the visible region will exhibit .ltoreq. 4
      interference fringes in any given square centimeter of surface area on the
      surface of the pellicle.
PAR  The films or pellicles of the para-xylylene polymers are prepared, as
      disclosed in the above mentioned patents, by condensing vapors of
      p-xylylene monomer which can be produced by the pyrolytic cleavage of one
      or more cyclic dimers represented by the following structure
      ##SPC1##
PAL  wherein R is an aromatic nuclear substituent, x and y are each integers
      from 0 to 3, inclusive, and R' is H, Cl and/or F. The thus formed vaporous
      monomers may be in the form of diradicals having the structures
      ##SPC2##
PAL  and
      ##SPC3##
PAL  and/or moieties having the tetraene or quinoid structures:
      ##SPC4##
PAL  and
      ##SPC5##
PAR  It is believed that the tetraene or quinoid structure is the dominant
      structure which results when the dimer is pyrolyzed, but that the monomer
      polymerizes as though it were in the diradical form.
PAR  Thus, where x and y are the same, and the aromatic nuclear substituent on
      each monomer is the same, and all the R's are the same, two moles of the
      same p-xylylene monomer are formed, and when condensed, yield a
      substituted or unsubstituted p-xylylene homopolymer. When x and y are
      different or the aromatic nuclear substituents on each monomer are
      different, or the R's are different, condensation of such monomers will
      yield copolymers as hereinafter set forth. Examples of the R substituent
      groups which may be present in the dimers and monomers are organic groups
      such as alkyl, aryl, alkenyl, cyano, alkoxy, hydroxy alkyl, carbalkoxy and
      like radicals and inorganic radicals such as hydroxyl, halogen and amino
      groups. COOH, NO.sub.2 and SO.sub.3 H groups may be added as R groups to
      the polymer after it is formed. The unsubstituted positions on the
      aromatic rings are occupied by hydrogen atoms.
PAR  The particularly preferred substituent R groups are the C.sub.1 to C.sub.10
      hydrocarbon groups, such as the lower alkyls, i.e., methyl, ethyl, propyl,
      butyl and hexyl, and aryl hydrocarbons such as phenyl, alkylated phenyl,
      naphthyl and like groups; and the halogen groups, chlorine, bromine,
      iodine and fluorine. Hereinafter the term "a di-p-xylylene" refers to any
      substituted or unsubstituted cyclic di-p-xylylene as hereinabove
      discussed.
PAR  Condensation of the monomers to form the p-xylylene polymers can be
      accomplished at any temperature below the decomposition temperature of the
      polymer, i.e., at &lt;250.degree.C. The condensation of the monomers will
      proceed at a faster rate, the colder is the substrate on which the
      condensation is to take place. Above certain temperatures, which might be
      defined as a ceiling condensation temperature, the monomers will only
      condense at rates which are relatively slow for commercial applications.
      Each monomer has a different ceiling condensation temperature. For
      example, at 0.5 mm Hg pressure the following condensation and
      polymerizations ceilings are observed for the following monomers:
TBL                    Degrees centigrade                                      
     ______________________________________                                    
     p-Xylylene          25-30                                                 
     Chloro-p-xylylene   70-80                                                 
     Cyano-p-xylylene    120-130                                               
     n-Butyl-p-xylylene  130-140                                               
     Iodo-p-xylylene     180-200                                               
     ______________________________________                                    
PAR  Thus, homopolymers may be made by maintaining the substrate surface at a
      temperature below the ceiling condensation temperature of the particular
      monomer species involved, or desired in the homopolymer. This is most
      appropriately termed "homopolymerizing conditions."
PAR  Where several different monomers existing in the pyrolyzed mixture have
      different vapor pressure and condensation characteristics as for example
      p-xylylene, or cyano-p-xylylene and chloro-p-xylylene, or any other
      mixture thereof with other substituted monomers, homopolymerization will
      result when the condensation and polymerization temperature is selected to
      be at or below that temperature at which only one of the monomers
      condenses and polymerizes. Thus, for the purpose of this invention the
      term "under homopolymerization conditions" is intended to include those
      conditions where only homopolymers are formed.
PAR  Therefore it is possible to make homopolymers from a mixture containing one
      or more of the substituted monomers when any other monomers present have
      different condensation or vapor pressure characteristics, and wherein only
      one monomer species is condensed and polymerized on the substrate surface.
      Of course, other monomer species not condensed on the substrate surface
      can be drawn through the apparatus as hereinafter described in vaporous
      form to be condensed and polymerized in a subsequent cold trap.
PAR  Inasmuch as the p-xylylene monomers, for example, are condensed at
      temperatures of about 25.degree. to 30.degree.C., which is much lower than
      that at which the cyano p-xylylene monomers condense, i.e., about
      120.degree. to 130.degree.C., it is possible to have such p-xylylene
      monomers present in the vaporous pyrolyzed mixture along with the
      cyano-substituted monomers when a homopolymer of the substituted dimer is
      desired. In such a case, homo-polymerizing conditions for the cyano
      p-xylylene monomers are secured by maintaining the substrate surface at a
      temperature below the ceiling condensation temperature of the substituted
      p-xylylene but above that of the unsubstituted p-xylylene, thus permitting
      the unsubstituted p-xylylene vapors to pass through the apparatus without
      condensing and polymerizing, but collecting the poly-p-xylylene in a
      subsequent cold trap.
PAR  It is also possible to obtain substituted copolymers through the pyrolysis
      process hereinabove described. Copolymers of p-xylylene and substituted
      p-xylylene monomers, as well as copolymers of substituted p-xylylene
      monomers wherein the substituted groups are all the same radicals but
      wherein each monomer contains a different number of substituent groups,
      can all be obtained through such pyrolysis process.
PAR  Copolymerization also occurs simultaneously with condensation, upon cooling
      of the vaporous mixture of reactive monomers to a temperature below about
      200.degree.C. under polymerization conditions.
PAR  Copolymers can be made by maintaining the substrate surface at a
      temperature below the ceiling condensation temperature of the lowest
      boiling monomer desired in the copolymer, such as at room temperature or
      below. This is considered "copolymerizing conditions," since at least two
      of the monomers will condense and copolymerize in a random copolymer at
      such temperature.
PAR  In the pyrolytic process, the reactive monomers are prepared by pyrolyzing
      a substituted and/or unsubstituted di-para-xylylene at a temperature less
      than about 750.degree.C., and preferably at a temperature between about
      600.degree.C. to about 680.degree.C. At such temperatures, essentially
      quantitative yields of the reactive monomers are secured. Pyrolysis of the
      starting di-p-xylylene begins at about 450.degree.C. regardless of the
      pressure employed. Operation in the range of 450.degree.-550.degree.C.
      serves only to increase the time of reaction and lessen the yield of
      polymer secured. At temperatures above about 750.degree.C., cleavage of
      the substitutent group can occur, resulting in a tri-/or polyfunctional
      species causing cross-linking or highly branched polymers.
PAR  The pyrolysis temperature is essentially independent of the operating
      pressure. It is preferred, however, that reduced or subatmospheric
      pressures be employed. For most operations, pressures within the range of
      0.0001 to 10 mm. Hg absolute are most practical. However, if desired,
      greater pressures can be employed. Likewise, if desirable, inert vaporous
      diluents such as nitrogen, argon, carbon dioxide, steam and the like can
      be employed to vary the optimum temperature of operation or to change the
      total effective pressure in the system.
PAR  When the vapors condense on the substrate to form the polymer, the polymer
      forms as a continuous film of uniform thickness. The films are transparent
      and pinhole free. The surface area and thickness of the film can be varied
      by various procedures, as by varying the size of the substrate, by varying
      the amount of dimer used, and by varying the reaction temperature, time
      and pressure.
PAC  The Supported Masses
PAR  The masses which are to be supported on the para-xylylene films may be
      active or passive devices or objects. The thus supported devices or
      objects are used where it is desirable that the action of the support
      medium has as insignificant an influence as possible on the intended
      function of the supported active or passive device or object. The
      para-xylylene polymer pellicles, therefore, are used as relatively
      massless, non-existent positioning media, such that any detrimental effect
      of various types of influences such as thermal influences, mass and
      gravitational influences, radiated energy types of influences and magnetic
      or electrostatic field influences due to the pellicle is insignificant
      while the supported article or object performs its intended function
      relative to such influences.
PAR  Examples of passive objects or devices which may be supported on pellicles
      are droplets of encapsulated fluid such as water, or particles of sand or
      glass which may be deposited or used on the para-xylylene polymer films in
      order to simulate dust fields, ice fields, and rain fields. These
      simulated dust fields, ice fields and rain fields are used as a means for
      measuring the amount of erosion which a natural dust field, ice field or
      rain field might cause when a ballistic vehicle is fired or passed through
      such fields. Thus, the simulated dust fields, ice fields or rain fields
      can be prepared by placing particles of sand or glass or encapsulated
      fluids on the pellicles and mounting the thus simulated field in the path
      of a simulated ballistic missile and photographing or otherwise monitoring
      the impact of the missile on the simulated field, and by measuring the
      amount of erosion on the ballistic missile which the simulated field
      causes. When the simulated dust or ice fields are prepared, they are
      usually prepared in such a way as to have the supported particles of
      simulated dust or ice cover up to about 10% of the supporting surface of
      the pellicle. When the simulated rain fields are prepared, they are
      usually prepared in such a way as to have the supported droplets of
      encapsulated liquid which is used to simulate the rain cover up to about
      80% of the supporting surface of the pellicle. The particles of liquid can
      be encapsulated in poly-p-xylylene or other known agents for encapsulating
      droplets of liquids. The droplets or particles which are used for the
      purposes of simulating the dust, ice or rain usually have a diameter of up
      to about 5 mm, and preferably of about 0.05 to 2 mm. The supported
      particles may be mounted on the pellicles in an ordered or random pattern.
      The pellicles on which these simulated dust, ice or rain fields are
      mounted usually have a surface area, on each face thereof, of about
      300-400 square centimeters.
PAR  Examples of the active types of devices or objects which may be mounted on
      the para-xylylene polymer pellicles of the present invention are devices
      or objects which are adapted to absorb, transmit, and/or reflect radiated
      energy in a perceptible manner. Examples of electromagnetic radiation
      which may be encountered in this regard include gamma rays, X-rays,
      infrared rays, ultraviolet light rays, radio rays, visible light rays and
      electrons. These types of radiation usually have a wave length of at least
      10.sup.-.sup.14 meters, and preferably a wave length of about
      10.sup.-.sup.12 to 10.sup.+.sup.2 meters. In the case of ionizing
      radiation, the preferred range of energy values is .gtoreq. 0.01 Kev (kilo
      electron volt). These types of devices or objects include those which are
      more opaque to the electromagnetic  radiation than is the para-xylylene
      polymer film and which may be used in mounted form as masks for the
      radiation beams, such as electron beam masks. These masks provide a
      pattern for the radiated energy wherein the radiated energy can be
      transmitted in some areas and be absorbed or reflected in other areas.
PAR  Another type of the active devices or objects which may be mounted on the
      pellicles are those which are adapted to absorb and perceptibly respond to
      mechanical energy, such as sound waves or thermal energy, such as
      bimetallic strips for sensing temperature changes. A further type of the
      active device or object which may be mounted on the pellicle are those
      which are adapted to sense and perceptibly respond to a magnetic field,
      and these would include all magnetisable materials.
PAR  A further type of active device or object which may be mounted on the
      pellicles are those which are adapted to sense and perceptibly respond to
      an electrostatic field such as a capacitive device.
PAR  When these active type of devices or objects are mounted on the surface of
      the pellicles they are mounted in such a way as to cover up to about 90%,
      and preferably about 0.5 to 75%, of the surface of the pellicle on which
      they are mounted. They are usually mounted or positioned on the pellicles
      in an ordered manner. The pellicles on which these active types of devices
      or objects are mounted have surface areas in the range of 3 to 100 square
      centimers.
PAR  It may be seen, therefore, that the interaction of the supporting pellicle
      is insignificant when compared to the action of the suspended device or
      object which is supported on the pellicle. Also, because of the nature of
      the poly-para-xylylene materials they are not perceptibly influenced by
      the other forces which may be directed against the supported device or
      object such as thermal influences, magnetic influences, electrostatic
      influences, and electromagnetic radiation influences. Thus, the pellicle
      acts almost as an invisible or non-existant support medium for the
      purposes of subjecting the supported object or device to a specific
      influence without having the support media either contribute to such
      influence or be affected by such influence.
PAR  The devices or objects may be mounted or supported on the pellicle by
      either embedding them in one or both of the faces of the pellicle or by
      mounting them on one or both of the faces of the pellices. Normally the
      devices or objects are only mounted on one of the two faces of the
      pellicle. The devices or objects can be mounted on a preformed pellicle,
      or the pellicle can be formed on top of the desired arrangement of the
      devices or objects.
PAR  It may be desirable in some instances, but it is not always necessary, to
      use an adhesive material for the purposes of assuring a proper mounting of
      the device or object on the pellicle. The adhesives which may be used in
      this regard include the silicone greases or silicone rubbers which are
      made from polydimethyl siloxane materials; vegetable oil greases;
      cyano-acrylate polymers; and a 50% solution of polystyrene in xylene.
      Embedding of the device or object in the poly-para-xylylene is desirable
      when the particle size of the device or object to be supported is of the
      order of about 50 to 200.mu.m in diameter.
PAR  The following examples are illustrative of the present invention but are
      not intended as a limitation upon the scope thereof.
PAC  EXAMPLE I
PAR  This example relates to the preparation of a simulated ice or dust field.
      The particles which were to be used to simulate the dust or ice field were
      glass beads which were 100 to 1,000.mu.m in diameter. A 5 inch .times. 5
      inch glass plate was treated with a release agent by wiping the agent on
      so as to provide a thin film of the agent thereon. The release agent was
      an aqueous soap solution. Before the release agent dried, the glass beads
      were sprinkled onto the treated glass plate in a random pattern which
      covered an area of about 1 to 5 square centimeters. The release agent was
      allowed to air dry and the glass plate was then placed in a
      poly-para-xylylene coating chamber. The plate was laid flat in the chamber
      with the side having the glass beads thereon facing upward. A film of
      poly-monochlorinated-para-xylylene of 1,000A thickness was then deposited
      over the glass beads on the glass plate. Following the removal of the thus
      coated glass beads and glass plate from the coating chamber, a 5 inch
      diameter aluminum ring was attached to the polymer coated glass plate with
      an RTV silicone adhesive. When the adhesive cured, in about 1 hour, the
      glass plate exterior to the ring was scored with a razor blade. The glass
      plate and ring were then partially submerged in tepid, about 35.degree. to
      40.degree.C., water which dissolved the release agent from between the
      para-xylylene polymer and the glass plate thus allowing the
      poly-para-xylylene to be removed from the glass plate and water while
      suspended on the aluminum ring. The glass beads, which were also polymer
      coated, were now incorporated into the pellicle in the same random pattern
      configuration in which they were applied to the glass plate. The glass
      beads covered about 2% of the face of the pellicle to which they were
      attached.
PAR  A second simulated dust field was prepared as described above using
      particles of sand instead of the glass beads. The sand was deposited in a
      random fashion on the glass plate over an area of about 1 to 5 cm.sup.2,
      and the sand particles covered about 2% of the face of the pellicle on
      which they were supported.
PAR  A third simulated dust field was made as described above from glass beads
      and by applying thereto a polymeric film of the
      poly-monochlorinated-para-xylylene which was about 2.5.mu.m thick.
PAR  In FIG. 1, of the drawings, there is shown pellicle 1 which has dispersed
      thereon the particles of sand or glass 2 which may be used to form the
      simulated dust field.
PAR  In FIG. 2 there is shown a cross section of the thin film of the pellicle
      1a which supports the glass bead or sand particle 2a thereon. In this
      embodiment of the invention, the para-xylylene polymer is deposited on the
      glass beads or sand particles and the film covers and envelopes all but
      that portion of the glass bead or sand particle which is resting on the
      glass plate on which the supported glass or sand particles were first
      deposited as described above.
PAC  EXAMPLE II
PAR  A para-xylylene polymer pellicle was made as described in Example I except
      that no glass beads or sand particles were applied to the release agent
      beforehand. Following the formation of the pellicle, glass beads 100 to
      1,000.mu.m in diameter were partially submerged in a polycyano acrylate
      adhesive and then applied directly to one face of the pellicle before the
      adhesive cured. The glass beads were placed on one face of the pellicle in
      an ordered fashion so as to cover about 2% of the supporting face of the
      pellicle.
PAR  After cure of the adhesive, which took place in about 5 minutes, the beads
      were permanently attached to the pellicle. This is shown in FIG. 3 wherein
      the glass bead 2b is mounted on the thin film of polymer 1b with adhesive
      3.
PAR  Instead of a poly-cyano-acrylate adhesive, a 5% solution of polystyrene in
      xylene; or silicon grease; or vegetable grease can also be used for the
      purposes of bonding the glass beads to the pellicle support.
PAC  EXAMPLE III
PAR  The mounted glass beads or sand particles prepared as in Examples I and II
      are used to simulate dust or ice fields which may be encountered during
      the flight of space vehicles or ballistic missiles. A series of up to
      about 150 of such simulated dust or ice fields, 6 inches to 8 inches in
      diameter, are mounted along the length of a 100 foot flight tunnel. A test
      missile is shot down the length of the tunnel so as to cause it to impinge
      on, and traverse through, each of the simulated fields or screens in
      succession. Laser and X-ray cameras take pictures of the missile after
      impingement to record the effect of the erosion thereon during the test
      flight.
PAC  EXAMPLE IV
PAR  A reactive mass center such as a bead of lithium is formed in a pellicle as
      in Examples I and II above. The lithium is then removed in a predictable
      fashion, as by the reaction with water vapor to liberate hydrogen for the
      purposes of monitoring the presence of extremely small amounts of residual
      water vapor in a test atmosphere.
PAC  EXAMPLE V
PAR  A release agent is applied to the surface of a glass plate as in Example I,
      and the thus treated surface of the plate is coated with a film of
      unsubstituted p-xylylene polymer about 1,000A thick. The glass slide is
      then placed in a vacuum evaporator with the polymer coated surface facing
      the evaporant source. About 30 to 50% of the surface of the polymer film
      is then coated with gold metal through a mask to a thickness of about
      2,000A so as to form an ordered pattern of an electronic circuit on the
      film of p-xylylene polymer 11. The pattern is represented by the four
      rectangular and one circular areas 12 shown in FIG. 4. The metal coated
      film 11 is then removed from the glass slide as in Example I and placed in
      the cavity of a modified electron microscope so as to position the gold
      coated film between an electron beam source and a silicon wafer coated
      with an electron sensitive resist, which is positive or negative in
      activity. The electron beam having an energy of 10-100 Kev is turned on
      and directed towards the silicon wafer through the gold coated film of
      poly-p-xylylene. The gold coated film acts as an electron beam mask which
      only allows the electrons to pass through those areas of the gold coated
      film which are not coated with gold with the result that the electrons
      reach the electron sensitive resist on the silicon wafer in a pattern
      which represents an image of the pattern of the gold on the mask. The
      resist is then processed, so as to provide the desired pattern on the
      silicon wafer.
PAC  EXAMPLE VI
PAR  A release agent is applied to the surface of a glass plate as in Example I,
      and the thus treated surface of the plate is coated with a film of
      unsubstituted p-xylylene polymer about 1,000A thick. The glass slide is
      then placed in a vacuum evaporator with the polymer coated surface facing
      the evaporant source. The polymer coated surface is then coated through a
      mask with nickel metal so as to provide a .about.1000A thick pattern of a
      plurality of squares of nickel which are each 1 mm.sup.2 in area and which
      are each positioned on a 2 mm.sup.2 center. After being removed from the
      glass plate the nickel coated film is placed in proximity to a defined
      electromagnetic field. A beam of visible light is then made to be incident
      upon the metal coated film at an angle of about 90.degree. to the plane of
      the film. When discrete portions of the electromagnetic field are
      activated those nickel metal squares which are in proximity to the
      activated portions of the electromagnetic field are deflected from the
      plane of film to which they are attached without disrupting their
      attachment to the film. The flexibility of the film allows for this
      deflection. As a result of this deflection the incident light is reflected
      from the deflected nickel squares at an angle different from the light
      incident upon those nickel squares which were not deformed or deflected
      out of the plane of the film. The pattern of deflected light provides an
      alpha numeric display which can be used for visual display purposes or
      computer memory purposes.
CLMS
STM  We claim:
NUM  1.
PAR  1. An article of commerce which is a simulated rain field consisting
      essentially of an essentially flat film of p-xylylene polymer having a
      thickness of up to about 25,000 A and wholly supporting one or more
      discrete objects which are bonded thereto on at least one face thereof,
      said objects being in the form of encapsulated liquid droplets, the total
      surface area of said objects facing said film being less than the total
      surface area of the supporting face of said film, said supported objects
      being ohmically isolated with respect to non-supported objects; each of
      said objects having a particle size of up to about 5 millimeters and
      supported on said film so as to cover up to about 80 per cent of the
      surface of said field.
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ABST
PAL  A method for producing decorated glass-ceramic articles is disclosed. The
      method involves contacting a surface of a crystallizable glass with molten
      tin and thereafter applying to the tin-contacting surface a stain
      decorating composition. The article is then fired at a temperature such
      that the glass simultaneously crystallizes and the stain diffuses into the
      article to form the decoration.
PARN
PAR  This is a division of application Ser. No. 340,513, filed Mar. 12, 1973,
      now U.S. Pat. No. 3,852,052.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the production of decorated glass-ceramic
      articles.
PAR  2. Brief Description of the Prior Art
PAR  Glass-ceramics are produced through the controlled crystallization of
      glass. A glassforming batch to which a nucleating agent is added is first
      melted and the melt then cooled to form a glass article of the desired
      shape. The glass article is then subjected to a crystallizing heat
      treatment in which the glass is first heated to a temperature in the
      vicinity of its annealing point to induce nucleation. The nucleated
      article is then heated to a higher temperature to cause the growth of
      crystals on the nuclei. The glass-ceramic article is composed of
      relatively uniformly fine-grain crystals dispersed in a glassy matrix, the
      crystals comprising the predominant portion of the article. The physical
      properties exhibited by the glass-ceramic article normally are very
      different from those exhibited by the original glass; the principal
      differences being that the glass-ceramics have greater mechanical
      strength, better thermal shock resistance and lower electrical
      conductivity, making glass-ceramics useful for dinnerware, cooking
      surfaces, electrical insulators and other domestic and technical
      applications. Glass-ceramics have been described in detail in U.S. Pat.
      No. 2,920,971 to S. D. Stookey.
PAR  With the increasing prominance and importance of glass-ceramic materials,
      it has become desirable and necessary to decorate articles made from such
      materials. For example, attractive floral decorations on dinnerware makes
      the articles more appealing to look at and easier to sell. Also, there is
      a need to decorate glass-ceramic cooking surfaces to mark the location of
      heaters under the surface.
PAR  The art of decorating ceramic articles in an ancient one, with evidence
      that glazing of lustrous decorations onto ceramics was common in the
      Persian Empire. A variety of ceramic decorating techniques have been
      developed during the long history of the art. Colorants in the form of
      ceramic glazes, particularly colored spinels, have been coated onto
      glass-ceramic articles, and colorants in the form of stain decorating
      compositions have also been used. Stain decorating compositions are
      different from the glazes in that in stain decorating the colorant
      migrates into the crystal matrix of the glass-ceramic, whereas in glazing
      the colorant remains on the surface. By far the most popular decorating
      compositions are the stain decorating compositions. The ceramic glazes
      have high coefficients of thermal expansion and normally cannot be fired
      onto low-expansion glass-ceramic bodies without severe crazing and
      peeling. Stain decorations, on the other hand, in which the colorant
      diffuses into the body of the glass-ceramic, are far more durable.
PAR  Application of stain decorating to glass-ceramic is accomplished by mixing
      a colorant such as platinum resinate with a flux such as a bismuth
      compound and adding the mixture to a vehicle such as an oil, alcohol or
      water, and then applying this composition to the surface of a
      crystallizable glass article and firing the article to simultaneously
      crystallize the glass and to fix the color to the surface. Methods for
      decorating glass-ceramic articles using colorant stains are described in
      U.S. Pat. No. 3,266,912 to Murphy and U.S. Pat. No. 3,313,644 to
      Morrissey.
PAR  It has been found in stain decorating glass-ceramics that it is extremely
      difficult to decorate compositions which are free of arsenic and antimony
      oxides. Arsenic and antimony oxides have been traditionally used in glass
      compositions as fining agents and act to remove entrapped bubbles of glass
      which have been generated during the melting of the batch ingredients.
      However, arsenic and antimony oxides present numerous disadvantages in
      melting crystallizable glass compositions. Crystallizable glass
      compositions require rather high melting temperatures on the order of
      about 200.degree. to 300.degree.F. above the melting temperature of
      conventional soda-lime-silica glass. To reach these high melting
      temperatures, it is desirable to supply an electrical source of heat in
      addition to the conventional form of heating in which oil or gas streams
      are burned above the glass melt and the heat is conveyed downwardly into
      the glass mass. The electrical source of heating is direct resistance
      heating and involves passing an alternating electric current between
      electrodes usually made of graphite or molybdenum which are immersed in
      the glass melt. Glass compositions containing arsenic and antimony oxides
      attack the electrodes making electric melting impractical for such
      compositions. Removing arsenic and antimony oxides from the compositions,
      although solving the electrode problem, creates another problem in that
      crystallizable glass compositions free of the oxides cannot be
      satisfactorily stain decorated. The resultant stain decoration is fuzzy
      and very faint.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a method for stain decorating a glass-ceramic
      article which has been made from a crystallizable glass composition which
      is substantially free of arsenic and antimony oxides. The method involves
      a first contacting of the crystallizable glass with molten tin, preferably
      by floating the glass on the top of a molten tin bath, for a sufficient
      period of time so that tin will diffuse into the tin-contacting glass
      surface and preferably for a sufficient period of time in an enclosed
      atmosphere so that tin will diffuse into all the major surfaces. The glass
      is then separated from the tin and the stain decorating composition
      containing a colorant is applied to a selected portion of a surface of the
      crystallizable glass into which tin has diffused. The glass is then heated
      to a temperature sufficient to simultaneously crystallize the glass and to
      cause the colorant to penetrate and to stain decorate the surface of the
      glass.
DETD
PAC  DETAILED DESCRIPTION
PAR  In carrying out the invention, a batch of glass-making ingredients
      consisting essentially of silica, alumina, lithia and a nucleating agent
      such as titania are first mixed together and thereafter melted to dissolve
      and react various ingredients. Glass compositions suitable for producing
      glass-ceramic articles are well known in the art and are disclosed, for
      example, in U.S. Pat. No. 2,920,971 to Stookey and U.S. Pat. No. 3,625,718
      to Petticrew. The glass compositions are preferably substantially free or
      arsenic and antimony oxides which thereby permits the use of electric
      melting. By substantially free of arsenic and antimony oxide is meant that
      no arsenic or antimony compounds are added to the batch ingredients and
      that any arsenic and antimony oxide which should show up in the final
      glass composition is due to an impurity present in the batch ingredients
      and in all instances will be less than 0.02 percent by weight based on
      total weight of the glass composition.
PAR  After the batch glass-making ingredients have been uniformly mixed with one
      another, the batch is charged, usually on a continuous basis, to a furnace
      or tank where the glass is melted and fined. The temperatures for melting
      and fining of crystallizable glasses are higher than the melting and
      fining temperatures of conventional soda-lime-silica glasses. For example,
      melting and forming temperatures of crystallizable glass compositions are
      about 3100.degree.F., whereas conventional soda-lime-silica glasses are
      melted and fined at temperatures of about 2700.degree.F.
PAR  To homogeneously melt and fine the crystallizable glass compositions of
      this temperature, it has been found desirable to provide an electric
      melting source in addition to the usual source of heat in which gas
      streams are burned above the glass melt and the heat is conveyed
      downwardly into the glass mass. Conventionally, electric melting can best
      be used by placing the electrodes through the bottom or sides of the tank
      underneath the melted batch.
PAR  Electric melting can, of course, be used as the sole source of heat for
      melting and fining of the glass, in which case additional electrodes have
      to be selectively positioned throughout the tank. However, economic
      considerations indicate that electric melting be used in conjunction with
      the standard convection-type of heating.
PAR  After the crystallizable glass has been suitably melted and fined, usually
      for a period of about 12 to 24 hours, it is shaped by blowing, pressing or
      rolling. The glass article is then contacted with molten tin. By molten
      tin is meant a molten tin-containing melt which may contain other
      ingredients such as is the case with various tin alloys. The most
      convenient way of contacting the glass with a molten tin-containing melt
      is to float the crystallizable glass on the upper surface of a molten tin
      or tin alloy bath. The crystallizable glass can be floated on the molten
      tin bath in essentially two ways. Preferably, the crystallizable glass is
      first formed into a shape-retaining article as described above and then
      floated on top of a molten tin bath. Thus, for example, the glass could be
      formed into a continuous ribbon by passing it between water-cooled rolls
      as it is discharged from the furnace such as is disclosed in U.S. Patent
      application Ser. No. 222,627, filed Feb. 1, 1972, by Henry M. Demarest,
      Jr. now U.S. Pat. No.3,771,984. After the glass has been formed, and while
      it is still hot, i.e. at a temperature of about
      1,400.degree.-1,600.degree.F., it could then be passed onto a molten tin
      bath of annealing. The annealing temperature should be controlled so that
      the glass will not crystallize. Although some nucleation may occur,
      conditions should be controlled so that nucleation and crystallization are
      minimized. This annealing temperature should be below the nucleation and
      crystallization temperatures of the glass. Also, quite obviously, the
      glass could first be annealed by conventional thermal air treatment in a
      lehr and then subsequently contacted with the molten tin bath. Further, it
      is within the scope of this invention that the necessary contact with the
      molten tin could be achieved by directly forming the crystallizable glass
      to a shape-retaining article on the molten tin bath. Techniques for
      forming glass sheets on the molten tin bath are well known in the art and
      are disclosed, for example, in U.S. Pat. No. 3,083,551 to Pilkington.
PAR  The crystallizable glass should be contacted with the molten tin bath for a
      period of time and at a temperature so that sufficient tin will be
      incorporated into the glass surface so that the crystallizable glass will
      be susceptible to subsequent stain decorating. The length of time the
      crystallizable glass has to be in contact with the molten tin to achieve
      the desired tin concentration and penetration will depend on many
      variables, such as the temperature of the tin bath, the percentage of
      oxygen in the atmosphere, whether the crystallizable glass is formed on a
      molten tin bath on whether the crystallizable glass is contacted with
      molten tin after being formed, and on whether the tin-contacting or the
      opposed surface is to be stain decorated. In gneral, the glass should be
      contacted with the molten tin at a glass temperature of about
      1,000.degree.-2,500.degree.F. for at least 2 minutes, and preferably in a
      reducing atmosphere. Much longer contact times, up to one hour or longer,
      can be used but are not necessary, although longer contact times should be
      used with lower glass temperatures.
PAR  It is estimated based on electron microprobe analysis of various
      crystallizable glass samples which have been contacted with molten tin,
      that the tin should penetrate at least 5 microns, preferably at least 10
      microns, into the surface of the glass to make the glass surface
      susceptible to stain decorating.
PAR  It has been found in the practice of this invention that it is not
      necessary in all cases that the stain decorating composition be applied to
      tin-contacting surface of the crystallizable glass. If the glass is
      contacted with a molten tin bath in an enclosed environment, such as
      disclosed in the aforementioned U.S. Pat. No. 3,083,551 to Pilkington, it
      is known that tin will penetrate the upper surface of the glass which is
      not in contact with the tin. Therefore, this surface would be acceptable
      for stain decorating as long as it had the required concentration and
      penetration of tin in the surface. What is necessary is that tin be
      diffused into the surface layers of the crystallizable glass to be stain
      decorated. Whether or not the surface to be decorated has been in contact
      with the molten tin is not the critical factor.
PAR  After the glass has been contacted with the tin for a sufficient period of
      time to achieve the proper penetration and concentration, the glass is
      separated from the tin bath and made ready for stain decorating.
PAR  The stain decorating is accomplished by applying to a selected portion of
      the tin-contacting surface of the glass the stain decorating composition.
      The stain decorating composition comprises a coloring agent and,
      optionally, a fluxing agent dissolved in an oil base. In addition, a
      diluent to improve the uniformity of the resultant coloration may
      optionally be used. The coloring agents are preferably selected from the
      precious metals, such as platinum, palladium, silver and gold.
PAR  Decorating compositions containing platinum for use on glass-ceramics are
      known in the art and have been described in Chemnitius Spechsaal 60,226
      (1927); such compositions contain a platinum resinate prepared by causing
      a platinum salt to react with a sulfurized terpene such as sulfurized
      Venetian terpene. The platinum resinate is dissolved in vehicles such as
      oils of lavender, rosemary, aniseed, sassafras, wintergreen and fennel,
      turpentine, various terpenes, nitrobenzene and the like. Other
      platinum-containing decorating compositions are platinums containing
      halogeno, platinous mercaptide-alkyl sulfide complexes such as are
      described in U.S. Pat. No. 3,022,177 to Fitch.
PAR  It is well known in the art that a palladium compound may be prepared in
      the same manner as the above-mentioned platinum resinate. Other
      palladium-containing decorating compositions are the bis-thioether
      palladious salt coordination compounds which are described in U.S. Pat.
      No. 3,216,834 to Fitch.
PAR  Besides a colorant, a fluxing agent such as resinates of bismuth or
      chromium may optionally be used in the staining composition. The function
      of the fluxing agent is not completely understood in the stain decorating
      art, although their presence is supposed to improve the appearance of the
      decoration.
PAR  The above-recited glass coloring agents may be used in concentrated form or
      they may be diluted by mixing them with an inert powder such as TiO.sub.2
      and ZrO.sub.2. Uniform coloration may be obtained with amounts of diluent
      up to about 90 percent by weight based on weight of the colorant plus
      diluent, but intensity of color diminishes with the higher percentage of
      diluent.
PAR  The staining composition is usually applied to a portion of the surface of
      the crystallizable glass by any suitable means or procedure which produces
      an even, uniform coating, such as by spraying, brushing or screen
      stenciling. Of the several methods available for applying decorations to
      glass, screen stenciling is preferred. Decorating screens, made of 230
      mesh perlon, supported in wooden frames can be placed over the glass and
      the decorating material placed on the screen. A rubber or plastic squeegee
      is pulled across the screen, forcing the decorating material through the
      screen openings and into the glass surface. Spacer blocks should be placed
      under the screen frame so that the screen falls within three-sixteenths of
      an inch from the glass when it is over the glass. If the screen is too
      close or too far from the glass, poor decorations will result. The
      decorating composition must be of the correct viscosity for good
      screening, about 50,000 centipoises (20.degree.C.). If the material is too
      thick, a thinner, such as pine oil, can be added to reduce the viscosity.
      After the decorating composition has been screen stenciled onto the glass,
      the glass is air dried at room temperature for about 30 minutes before the
      crystallizing heat treatment, which involves heating the article to a
      temperature to simultaneously crystallize the glass and to cause the
      colorant to penetrate the surface of the glass in the portion where the
      stain decorating composition was applied.
PAR  For the heat treatment, the decorated article is normally placed in an
      oven, kiln or the like and the temperature steadily raised over a period
      of about 3-4 hours from about room temperature to about 1,300.degree.F.
      The temperature is maintained at about 1,300-1,325.degree.F. for
      approximately 8 hours to initiate nucleation of crystallization sites
      within the glassy body of the article being treated. The temperature is
      then raised at the rate of about 75.degree.F. per hour to about
      1,850.degree.F. and held there for about 3-4 hours to cause the glass to
      crystallize throughout the body of the article and to simultaneously
      integrate the colorant and the flux into the crystalline matrix. The
      temperature is then reduced as rapidly as possible consistent with
      avoiding damage to the refractories and structural members of the heating
      chamber. After the article is cooled, a slight residue of the diluent is
      removed and the article is cleaned.
PAR  The resulting decorated article should be opaque and milky white. The
      decoration should be uniform in appearance and a sharp demarkation between
      the areas colored by the decoration and the white body of the
      glass-ceramic should be apparent. The depth of coloration should be at
      least about 1 mil and has been found to be in the range of 1 to 40 mils as
      determined by cutting through the stain decoration and measuring the depth
      of the stain with a measuring eyepiece such as a 50X microscope.
PAR  In carrying out the invention, it should be realized that the decorating
      composition should be applied to the glass body before it has been
      crystallized, because crystallization of the glass and coloration of the
      semi-crystalline body are thereby accomplished at the same time.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  To a commercial-size glass tank capable of containing about 35 tons of
      molten glass and designed for continuous melting and forming are added on
      a continuous basis at the feed end of the tank the following well-mixed
      batch ingredients which were free of arsenic and antimony oxides.
TBL  ______________________________________                                    
      Ingredient       Parts by Weight                                         
     ______________________________________                                    
     Silica            700                                                     
     Hydrated alumina  296                                                     
     Lithium carbonate 83                                                      
     Zinc zirconium silicate                                                   
                       31                                                      
     Zinc oxide        10.5                                                    
     Titanium dioxide  15.0                                                    
     Lithium fluoride  13.5                                                    
     Soda ash          4.0                                                     
     Lithium sulfate   6.0                                                     
     Potassium carbonate                                                       
                       2.5                                                     
                       1161.5                                                  
     Cullet.sup.(1)    1360                                                    
     ______________________________________                                    
      .sup.(1) The glass cullet has the following composition, expressed as    
      percent by weight: Na.sub.2 O, 0.31%; Li.sub.2 O, 4.13%; F.sup.-, 0.27%; 
      SiO.sub.2, 70.92%; Al.sub.2 O.sub.3, 19.46%; ZrO.sub.2, 1.54%; ZnO, 1.53%
      Fe.sub.2 O.sub.3, 0.05%; TiO.sub.2, 1.56% and K.sub.2 O, 0.18%.          
PAR  The glass batch is melted and fined for about 8 hours at a temperature of
      about 3,200.degree.F. (melting zone) to 2,900.degree.F. (fining zone). In
      the melting zone, molybdenum electrodes, extending through the sides and
      bottom of the tank, are positioned under the melted batch. These
      electrodes provide a booster source of heat to the hot flames combustion
      products which pass through ports opening into the melting tank above the
      level of glass. The molten glass is removed from the tank at the working
      zone at a temperature of 2,600.degree.F. The molten glass is then
      continuously formed between a pair of heavy cast iron, water-cooled rolls.
      As the glass passes from the water-cooled forming rolls, the surfaces have
      become sufficiently chilled to form a more or less self-sustaining sheet
      or ribbon, even though the body of the glass is still very hot.
PAR  The formed sheet then enters the annealing lehr at a temperature of about
      1,500.degree.F. Consequently, in this area, the glass loses heat rapidly
      and the temperature falls from about 2,300.degree.F. The annealing lehr is
      essentially an enclosed molten tin bath which is under a reducing
      atmosphere of 95 percent nitrogen and 5 percent hydrogen gas. The
      temperature of the lehr is maintained by the heat loss of the glass and
      convection heaters and is graduated, being about 1,500.degree.F. at the
      entrance and tapering to about 95.degree.F. at the end. The overall length
      of the lehr is about 400 feet. Because the glass is less dense than the
      molten tin, it floats on top of the tin bath.
PAR  After annealing, the glass is rapidly cooled to room temperature and
      removed from the lehr, inspected and cut to size. The glass at this stage
      should have a thickness of about 0.2 inch and have the following
      composition (exclusive of tin) as determined by wet chemical analysis and
      X-ray fluorescence.
TBL  ______________________________________                                    
      Component    Percent by Weight                                           
     ______________________________________                                    
     SiO.sub.2    70.67                                                        
     Al.sub.2 O.sub.3                                                          
                  19.39                                                        
     Li.sub.2 O   4.13                                                         
     TiO.sub.2    1.56                                                         
     ZrO.sub.2    1.54                                                         
     Zno          1.53                                                         
     Na.sub.2 O   0.31                                                         
     K.sub.2 O    0.18                                                         
     F.sup.-      0.27                                                         
     ______________________________________                                    
PAR  Electron microprobe analysis should indicate that the tin is principally
      located in the tin-contacting surface of the glass. The tin should have
      penetrated to the extent of at least 5 mils into the surface of the glass.
PAR  After the glass was annealed on the tin bath, it was inspected, cut to
      kitchen range top size and set aside for stain decoration.
PAR  A stain decorating composition comprising 50 grams of a colorant and
      colorant modifier which is known in the art as "dark brown" A-1454 and
      available from Engelhard Industries Inc. containing 2.26 weight percent
      palladium and 0.42 weight percent bismuth dissolved in an essential oil is
      mixed with 450 grams of titanium dioxide diluent. The mixture of colorant
      and diluent is then further mixed with pine oil to make a paste having a
      volume of about 1 pint. The paste is mixed in a roller mill, running
      through about 3 times. Additional pine oil is mixed into the paste until
      the viscosity is about 50,000 centipoises.
PAR  A screen made of 230 mesh perlon supported on a wooden frame and having an
      open floral design was then placed on the tin-contacting surface of the
      crystallizable glass article to locate the burner areas. Spacers were
      placed under the frame to space the screen about three-sixteenths of an
      inch from the crystallizable glass surface. The open design of the screen
      is sized to compensate for shrinkage of the crystallizable glass during
      heat treatment. The decorating paste as described above is placed on the
      screen, and a polyurethane squeegee is drawn across the screen forcing the
      paste through the screen openings onto the crystallizable glass. The
      paste, in its decorative configuration on the crystallizable glass
      article, is then air dried for about 30 minutes. While drying is not
      absolutely necessary, it is done to eliminate any stickiness that could
      result in dirt adherence to the design while placing the article in the
      heat treatment chamber. The article is then heat treated to crystallize
      the glass-ceramic and to integrate the colorant into the crystal matrix of
      the resultant glass-ceramic article.
PAR  For heat treating, the glass is stored on racks or the like and put into a
      kiln. The temperature of the kiln is raised from room temperature to
      1,325.degree.F. (nucleation temperature) over the period of 3 hours and
      held at this temperature for 8 hours. The glass is then slowly heated at a
      rate of about75.degree.F. per hour to a temperature of about
      1850.degree.F. and held at this temperature for 4 hours. The kiln
      temperature is then lowered at a rate of 150.degree.F. per hour to
      1,300.degree.F. and then the kiln is slowly cooled to room temperature.
      The glass is removed from the kiln and inspected. Upon visual inspection,
      the glass should be opaque in appearance and the decoration dark gray with
      well defined edges. X-ray diffraction analysis should indicate that the
      glass has crystallized to about 95 percent beta-spodumene solid solution.
      The palladium stain should have penetrated to a depth of about 8 mils into
      the glass-ceramic surface, and a slight residue of TiO.sub.2 should appear
      on the glass surface.
PAR  The durability of the coloration should be excellent as determined by:
PA1  a. 100 rubs with a household cleaning powder,
PA1  b. 25 rubs with a gold eraser,
PA1  c. 25 rubs with an aluminum bar,
PA1  d. 3,000 revolutions with a taber abraser-CS-10F calibrate wheel
PA1  e. 15 minutes contact 10 percent citric acid
PA1  f. 15 minutes contact 10 percent sulfuric acid
PA1  g. 15 minutes contact 10 percent sodium hydroxide
PA1  h. firing at 1,300.degree.F. for 16 hours with cooking oil in contact
PA1  i. heating at 1,300.degree.F. maintained for 168 hours.
PAR  No change in design color or quality should be observed except some
      lightening associated with the taber abraser test. Upon repeating the
      above experiment, but without annealing on a molten tin bath, but
      annealing in a conventional gas-fed lehr, no stain decoration would be
      obtained.
PAC  EXAMPLES I TO IX
PAR  The following examples show the effect of various staining compositions on
      arsenic and antimony-free crystallizable glasses which have, and have not,
      been floated on a tin bath. For a control, a crystallizable glass
      containing antimony oxide was also evaluated for staining. The control
      glass (Glass C) had the following composition, on an oxide basis:
TBL  Component    Percent by Weight                                            
     ______________________________________                                    
     Na.sub.2 O   0.29                                                         
     Li.sub.2 O   4.05                                                         
     F.sup.-      0.24                                                         
     SiO.sub.2    70.84                                                        
     Al.sub.2 O.sub.3                                                          
                  19.45                                                        
     ZrO.sub.2    1.52                                                         
     ZnO          1.47                                                         
     Fe.sub.2 O.sub.3                                                          
                  0.05                                                         
     TiO.sub.2    1.58                                                         
     K.sub.2 O    0.18                                                         
     As.sub.2 O.sub.3                                                          
                  0.02                                                         
     Sb.sub.2 O.sub.3                                                          
                  0.30                                                         
     ______________________________________                                    
PAR  The arsenic and antimony-free glasses had the following compositions, on a
      weight basis:
TBL                   Percent by Weight                                        
     Component         Glass A  Glass B                                        
     ______________________________________                                    
     Na.sub.2 O        0.54     0.17                                           
     Li.sub.2 O        3.82     4.15                                           
     F.sup.-           0.10     0.22                                           
     SiO.sub.2         71.07    70.20                                          
     Al.sub.2 O.sub.3  19.57    18.76                                          
     ZrO.sub.2         1.48     1.31                                           
     ZnO               1.74     1.93                                           
     Fe.sub.2 O.sub.3  0.03     0.04                                           
     TiO.sub.2         1.54     3.00                                           
     K.sub.2 O         0.10     0.19                                           
     As.sub.2 O.sub.3  0.00     0.00                                           
     Sb.sub.2 O.sub.3  0.01     0.01                                           
     ______________________________________                                    
PAR  Three button-shaped glass samples, one of each composition, each having a
      diameter of about 21/2 inches and a thickness of about 0.35 inch, were
      treated with various stain decorating compositions without first
      contacting the glass samples with molten tin. The stain decorating
      compositions were prepared as follows:
     Staining                                                                  
     Composition                                                               
              Coloring Agent                                                   
                           Parts by        Parts by                            
     No.       (Resinate)  Weight   Diluent                                    
                                           Weight                              
     ______________________________________                                    
     1        Palladium     5       TiO.sub.2                                  
                                           95                                  
     2        Platinum     5        TiO.sub.2                                  
                                           95                                  
     3        Gold         5        TiO.sub.2                                  
                                           95                                  
     4        Silver       5        TiO.sub.2                                  
                                           95                                  
     5        Nickel       10       TiO.sub.2                                  
                                           90                                  
     6        Cobalt       10       TiO.sub.2                                  
                                           90                                  
     7        Copper       10       TiO.sub.2                                  
                                           90                                  
     8        Iron         15       TiO.sub.2                                  
                                           85                                  
     9        Chromium     15       TiO.sub.2                                  
                                           85                                  
     ______________________________________                                    
PAR  The coloring agents were mixed with pine oil to form a paste having a
      viscosity of about 50,000 centipoises at 20.degree.C. The paste was then
      applied to the various glass samples with a brush in the form of a fine
      line. In all, nine lines, one representing each staining composition, was
      applied to each of the glass samples.
PAR  After the stain decorating compositions were applied to the crystallizable
      glass samples, the glass was air dried for 30 minutes and then put in an
      oven for a crystallizing heat treatment. The crystallizing heat treatment
      was conducted for the time and temperature described above in the
      preferred embodiment of the invention. The glass was then removed from the
      oven and inspected. Upon visual inspection, all the glass samples were
      found to be opaque in appearance and upon X-ray diffraction analysis, were
      found to be crystallized to at least 95 percent by weight beta-spodumene
      solid solution. The results of the stain decorations are reported in Table
      I below.
TBL                Table I                                                     
     ______________________________________                                    
     Stain Decoration Results on Arsenic and Antimony-Free Glasses             
     Staining                                                                  
     Composition                                                               
              Stain Decoration                                                 
     No.      Glass A     Glass B     Control                                  
     ______________________________________                                    
     1 (Pd)   no decoration                                                    
                          no decoration                                        
                                      dark gray                                
                                      decoration                               
     2 (Pt)   do.         do.         do.                                      
     3 (Au)   do.         do.         no decoration                            
     4 (Ag)   do.         do.         do.                                      
     5 (Ni)   light gray  light gray  light gray                               
              decoration  decoration  decoration                               
     6 (Co)   dark blue   dark blue   dark blue                                
              decoration  decoration  decoration                               
     7 (Cu)   no decoration                                                    
                          no decoration                                        
                                      no decoration                            
     8 (Fe)   do.         do.         do.                                      
     9 (Cr)   do.         do.         do.                                      
     ______________________________________                                    
PAR  The depth of the stains ranged from 1 mil for the light gray nickel stain
      to 34 mils for the dark gray platinum stain.
PAR  The above series of experiments were repeated to samples A and B with the
      exception that the samples were first floated on a molten tin bath before
      the staining compositions were applied. In each of these experiments, a
      flat disc of solid tin having a diameter of about 31/2 inches and a
      thickness of about three-fourths of an inch was placed in the bottom of a
      4 inch diameter lavasil crucible. A piece of glass having a weight of
      about 40 grams was placed on top of the tin and a 21/2 inch carbon ring
      was also placed on top of the tin surrounding the glass piece. The purpose
      of the carbon ring was to prevent the glass upon heating from flowing
      beyond the confines of the ring and contacting the sides of the lavasil
      crucible. After the glass and the carbon ring were in place, the crucible
      was purged with a 95:5 mixture of nitrogen and hydrogen gas at a rate of
      about 10 cubic feet per hour to create a reducing atmosphere in the
      crucible. The crucible, with continued purging, was then inserted in a
      furnace which was preheated to a temperature of about 2550.degree.F. The
      crucible was contained in the oven until the temperature inside the
      crucible reached about 2350.degree.F. At this temperature the tin became
      molten and the glass sample liquified somewhat and flowed upon the molten
      tin until it contacted the carbon ring. The samples were contained in the
      furnace for an additional 14 minutes at a furnace temperature of
      2550.degree.F. The crucible was then removed from the furnace and slowly
      cooled to room temperature while continuously purging with the reducing
      gas. The glass sample was then removed from the crucible and coated with
      the various stain decorating compositions as described above on both the
      tin-contacting (lower) and upper surfaces. After the stain decorating
      composition was applied to the crystallizable glass samples, the coated
      glass was air dried for 30 minutes and put in an oven for a crystallizing
      heat treatment. The crystallizing heat treatment was conducted for the
      time and temperature described above in the preferred embodiment of the
      invention. The glass was then removed from the oven and inspected. Upon
      visual inspection, all the glass samples were found to be opaque in
      appearance and upon X-ray diffraction analysis, were found to be
      crystallized to at least 95 percent by weight beta-spodumene solid
      solution. The results of the stain decorations are reported in Table II
      below.
TBL                                    Table II                                
     __________________________________________________________________________
     Stain Decoration Results on Arsenic and Antimony-Free                     
     Glasses Which Have Been Floated on a Molten Tin Bath                      
            Stain Decoration                                                   
            Glass A          Glass B                                           
     Staining                                                                  
            Bottom or        Bottom or                                         
     Composition                                                               
            Tin-Contacting   Tin-Contacting                                    
     No.    Surface  Top Surface                                               
                             Surface  Top Surface                              
     __________________________________________________________________________
     (Pd)   dark gray                                                          
                     dark gray                                                 
                             dark gray                                         
                                      dark gray                                
            decoration                                                         
                     decoration                                                
                             decoration                                        
                                      decoration                               
     2 (Pt) do.      do.     do.      do.                                      
     3 (Au) dark brown                                                         
                     dark brown                                                
                             dark brown                                        
                                      dark brown                               
            decoration                                                         
                     decoration                                                
                             decoration                                        
                                      decoration                               
     4 (Ag) dark gray                                                          
                     light gray                                                
                             dark gray                                         
                                      light gray                               
            decoration                                                         
                     decoration                                                
                             decoration                                        
                                      decoration                               
     5 (Ni) light gray                                                         
                     do.     light gray                                        
                                      do.                                      
            decoration       decoration                                        
     6 (Co) dark blue                                                          
                     dark blue                                                 
                             dark blue                                         
                                      dark blue                                
            decoration                                                         
                     decoration                                                
                             decoration                                        
                                      decoration                               
     7 (Cu) no decoration                                                      
                     no decoration                                             
                             no decoration                                     
                                      no decoration                            
     8 (Fe) do.      do.     do.      do.                                      
     9 (Cr) do.      do.     do.      do.                                      
     __________________________________________________________________________
PAR  In the above results, the depth of penetration of the darker stains was
      about 5 to 20 mils and the lighter stains about 1 to 10 mils.
CLMS
STM  I claim:
NUM  1.
PAR  1. A stain-decorated glass-ceramic article comprising:
PA1  a solid body of fine-grain crystals dispersed in a glassy matrix, the
      crystals forming the major portion thereof, and including silica, alumina,
      lithia, and a crystal-nucleating agent, but substantially free of arsenic
      and antimony oxides;
PA1  a tin-penetrated zone extending into said body at least 5 microns from at
      least one surface of said body and in which the tin ion concentration is
      greater than that in interior portions of said body;
PA1  a colorant-penetrated zone extending into said body from 1 to 40 mils from
      portions of said at least one surface of said body and in which the
      concentration of colorant, selected from the group consisting of platinum,
      palladium, silver, and gold, is greater than in interior portions of said
      body.
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ABST
PAL  There is provided a needled textile fabric having high bulk density,
      entangled fibers, a controlled axis of flexure and a bulk density gradient
      wherein the bulk density increases from the back surface to the face
      surface thereof. The products are made by needling layers of fibers having
      a needle pick-up gradient into a dense structure, with a bulk density
      gradient. The needled fabric is coated with a polymeric coating on the
      face surface of the structure where the thickness of the coating is from 4
      to 20 mils. The fabric is suitable for use as an artificial leather.
PARN
PAR  This application is a divisional application of copending application Ser.
      No. 221,614, filed Jan. 28, 1972, and now U.S. Pat. No. 3,817,820.
BSUM
PAR  The present invention relates to textile fabrics, and more particularly to
      textile fabrics for use in the production of artificial leather,
      especially for shoe upper materials.
PAC  BACKGROUND OF INVENTION
PAR  Natural leather has, until recently, been the primary material used in the
      production of shoe uppers. While leather has many properties which are
      desirable for shoe uppers, certain disadvantages thereof have caused
      difficulties in the production of shoes. For example, quality variation
      between hides and defects and differences within a hide vary the quality
      of shoe uppers produced from hides. Additionally, quality control of
      leather is difficult to achieve, and this renders somewhat unpredictable
      the quality of individual hides or a portion thereof. Considerable wastage
      also occurs in making shoes due to the irregular shape of hides.
PAR  For these and other reasons, considerable efforts have been made in the art
      to produce man-made leather substitutes for the production of shoe uppers.
      These substitute materials are commonly referred to, collectively, as
      artificial leathers, although this term is not completely accurate in that
      the substitute materials vary widely in their properties and some of the
      substitute materials have few properties in common with leather. In one
      respect, these differences between the properties of leather and
      substitute materials are the results of efforts to provide properties for
      shoe uppers which are not provided by leather, and, in another respect,
      these differences are the results of the inability of the art to reproduce
      certain of the desirable properties of leather.
PAR  Natural leather is, essentially, a fibrous material having bundles of
      fibrils which overlap and entwine to form a porous material. The fibrous
      structure of leather provides the desirable properties of flexure,
      suppleness, relatively high modulus, tear resistance and good tensile
      strength, which properties are important for providing a very wearable and
      durable material. Although leather is somewhat abrasion resistant, it is
      susceptible to scuffing on the surface and requires relatively frequent
      polishing to maintain a pleasing appearance. While the macroporous nature
      of the leather provides relatively high moisture transmission rates and
      liquid moisture absorption capacity, it also allows liquid water to
      penetrate through the leather, which requires the wearer of leather shoes
      to avoid getting the shoes wet.
PAR  In the efforts by the art to provide artificial leathers, considerable
      attention has been given to improving scuff resistance and to reduce
      liquid water transmission, thus obviating some of the disadvantages of
      leather in shoe uppers. Artificial leathers are, generally, compositions
      which contain substantial proportions of synthetic polymers, e.g.,
      polyurethane or polyvinyl chloride, usually as a film on the outer surface
      of the artificial leather, and these compositions usually provide a
      relatively tough, water impermeable and chemical resistant polymeric outer
      surface. Artificial leathers of this nature have met with some success,
      but the consuming public has not accepted these artificial leathers as a
      general substitute for leather due to other undesirable properties
      thereof. Low cracking resistance with continued flexing of the artificial
      leather has presented a significant problem, and, in some cases of
      artificial leather, cracks will appear with only several months of wear.
      Also, while the artificial leather can present good scuff resistance, the
      material is often subject to peeling of the outer polymeric film as a
      result of relatively deep scuffs or cuts. This peeling cannot be
      effectively repaired by polishing, as is the case with leather. The
      consuming public has also been well aware of the relatively low moisture
      transmissions from the inside of the shoe made with artificial leather
      uppers, which results in an uncomfortable dampness on the feet of the
      wearer. This difficulty is accentuated with increased thicknesses of the
      outer polymeric film and with the total content of polymeric materials in
      the artificial leather composition.
PAR  While the above disadvantages are quite serious and have reduced the
      acceptance of artificial leathers, several other disadvantages have been
      of overriding difficulty and have severely restricted the acceptability of
      artificial leathers for a large segment of the consuming public. Films or
      layers of synthetic polymers, alone, have serious disadvantages in that
      they do not resist tearing, particularly when portions of a shoe upper are
      stitched together. Also, when the polymeric materials are sufficiently
      soft to provide an acceptable hand and feel, they are inherently so
      flexible and of so low modulus that they stretch and have little
      shape-retention ability (stability). Thus, it has been generally necessary
      to provide a composite of a polymeric film material and a reinforcing
      backing, which reinforcing backing gives extended wear to the shoe upper
      and provides shape retention properties. Additionally, the reinforcing
      backing is required to provide sufficient tensile strength of the material
      so that it is capable of being stretched over a shoe last without tearing
      or other related damage. Reinforcing backings are, generally, either a
      nonwoven textile or woven or knitted textiles or a combination thereof. A
      woven or knitted textile is sometimes positioned between the polymeric
      film and a nonwoven textile to make up a conventional artificial leather.
      Such a nonwoven textile is typically made by needling a mat of fibers and
      then splitting the needled fibers in planes parallel to the running length
      thereof to produce a plurality of "wafers" each having a thickness of
      about one thirty-second to one-sixteenth inch.
PAR  The reinforcing backing material used with these artificial leathers, while
      necessary for the above reasons, has resulted in a material which is not
      yieldable in the manner of leather. The fibrous nature of leather allows
      the fibers to slip, relative to one another, under continued stress and
      thereby take a new permanent configuration, which is known as "set" in the
      art. The consuming public experiences this phenomena in the wearing of
      shoes and generally refers to the phenomena as "breaking in a new pair of
      shoes". As a new pair of leather shoes is worn, individual differences in
      foot shape apply stress to the leather uppers, and the fibers of the
      leather under this stress slowly slip relative to one another and take a
      set which conforms to the individual shape of the foot. After only a
      reasonable amount of wear, the leather has, in effect, been custom molded
      to the foot of the particular wearer and provides exceptional comfort to
      the wearer. In addition, leather will take a set up to a maximum
      elongation or stretch. After that maximum stretch, the leather will
      further stretch only under considerable stress. Unfortunately,
      conventional artificial leathers with the relatively large proportions of
      polymer film and woven reinforcing backing have not provided these set
      properties of leather.
PAR  While some elasticity is provided in conventional artificial leathers, this
      elasticity does not result in a permanent set in the nature of leather.
      Conventional artificial leathers may be extended according to the
      individual shape of the foot during wear on any one day, but after the
      shoe is removed from the foot for a significant length of time, e.g.,
      overnight, the artificial leathers return, essentially, to the shape
      originally provided in the manufacture of the shoe. This characteristic is
      known in the art as the "memory" of the artificial leather. Thus, the
      wearer is required to "break in" the shoes each day that the wearer uses
      the shoes, at least until sufficient wear during the day has been
      accomplished to once more extend the artificial leather uppers to conform
      to the particular shape of the individual foot. The degree of "memory"
      varies somewhat with various conventional artificial leathers, but all of
      the materials conventionally used suffer from the effects of memory. The
      effects of memory are particularly acute with thick polymer films and with
      backings which use a textile woven of tightly spun yarns. When the backing
      is in part a woven product, the strength of the artificial leather is
      greatly improved, but the woven textile in the backing makes the memory
      effect extraordinarily serious. Accordingly, discomfort is experienced by
      the wearer of conventionally backed artificial leather at least for part
      of each day that the wearer uses the shoes made thereof.
PAR  The degree of the discomfort, noted above, depends upon how closely the
      feet of the wearer approximates the shape of the particular shoes. If the
      wearer's feet closely approximate the shape of the shoes, then this
      discomfort is minimized, but if the wearer's feet do not closely
      approximate the shape of the shoes, then this discomfort can be totally
      unacceptable. Thus, a proper fit of the shoes made with artificial leather
      is necessary in order that the shape of the shoes approximate the shape of
      the feet of the wearer as closely as possible. However, the accuracy of
      the fit, when purchasing shoes, is complicated by the degree of care
      exercised by individual shoe salesmen and by the practice in the art of
      limiting the number of sizes and widths of shoes to a relatively small
      number. Thus, if a proper fit for an individual foot is not provided by a
      standard size or width and the buyer accepts a somewhat improper fit, then
      the discomfort noted above is accentuated.
PAR  In addition to the foregoing, the last used in forming shoes varies
      somewhat with the particular manufacturer and with the style of shoes.
      Thus, for example, a size 9-D in one style or from one manufacturer may
      fit a particular wearer whereas a 9-D in another style or from another
      manufacturer may not. While these differences, generally, are overcome by
      "breaking in" leather shoes, these differences can be critical with shoes
      made of artificial leather, and the confusion to the buyer in selecting a
      proper size accentuates the problem of obtaining the correct fit required
      for shoes of artificial leather. All of the foregoing is additionally
      complicated by the fact that the shape of feet changes during the day and
      during seasons, which can render a proper fit selected during the morning
      or in the winter an improper fit during the evening or in the summer.
PAR  A further serious problem of artificial leathers is the position of axis of
      flexure. The axis of flexure of leather is essentially parallel to and
      displaced toward the upper or face surface of the leather, as opposed to
      the center or the back surface of the leather. With the axis of flexure
      being near the face surface of the leather, as opposed to, particularly,
      the back surface of the leather, leather may bend with only relatively low
      face surface strains and is, therefore, able to withstand flex cracking of
      the face surface. Additionally, in walking, leather bends -- grain
      inwardly -- in the vamp of a shoe and the radius of curvature of the bent
      leather results in wrinkles on the face surface of the leather, commonly
      called the "break". A coarse "break" makes an unsightly appearance on the
      face surface while a fine "break" provides a pleasing appearance. A fine
      "break", e.g., up to about 20 wrinkles per inch, results from the flex
      axis being near the surface and connotes good quality leather. Conversely,
      a coarse "break", e.g., as low as six wrinkles per inch, is characteristic
      of "split" leather with a flex axis near the center of the material and
      indicates poor quality leather. Observing the "break" in leather has been
      a traditional customer test for good quality leather. Artificial leathers
      without a highly woven fabric near the face surface have not provided an
      axis of flexure sufficiently close to the face surface to provide a
      pleasingly fine "break" in the nature of quality leather.
PAR  Closely akin to break, is the folding in the vamp of a shoe, and the
      folding is related to the position of the flex axis of the material and
      the bulk density of the material of the vamp. As a wearer walks forward,
      the folds begin to form, and at the instant before the foot leaves the
      ground, the folds are at a maximum curvature. If the folds have large
      radii of curvature, then the amount of material in the folds becomes large
      and effectively reduces the amount of material forming the wearing length
      of the vamp, which correspondingly decreases the internal volume of the
      shoe. The wearer experiences this action as a tightening or pinching of
      the foot when the fold curvatures are excessive. Thus, in many artificial
      leathers, the radius of curvature of the folds have not been in an
      acceptable range. In some shoes of artificial leather, the break and fold
      in the vamp will be quite excessive and make the shoes both unsightly and
      uncomfortable.
PAR  One form of artificial leather has been made by laminating a relatively
      high modulus structure, e.g., a woven or knitted fabric, between a thick
      polymeric coating and a reinforcing backing. This approach, inherently,
      will somewhat shift the axis of flexure toward the face surface of the
      artificial leather, but the high modulus woven or knitted structure
      accentuates the problem of set, noted above, and correspondingly increases
      the discomfort experienced each day when the shoe is worn.
PAR  Artificial leathers also have suffered from very serious disadvantages in
      the manufacture of shoes. When shoes are made of leather, the cut leather
      (sometimes wet) is stretched over the last in the forward direction toward
      the toe of the shoe. This stretching causes a contraction of the leather
      in the widthwise direction (across the vamp) and allows the leather to
      tightly conform to the shape of the last without bulges or wrinkles across
      the vamp. In effect, the leather has a relatively constant surface area
      under stress, i.e., if elongated in one direction it correspondingly
      contracts in the transverse direction and the elongated area is about the
      same as the area before elongation. Artificial leathers have not provided
      this property of relatively constant area under stress and it has been
      necessary to significantly complicate the traditional shoe making process
      with additional and difficult processing steps. Even with special patterns
      and special processing, it has not been possible to make certain styles
      and some shoes when removed from the shoe forming lasts loose their
      intended shape. These difficulties have severly limited the economic use
      of and number of styles produced with artificial leather.
PAR  As can be easily appreciated from the foregoing, artificial leathers suffer
      from numerous disadvantages, as opposed to leather, which have severely
      restricted the use of artificial leather. Most of the disadvantages are
      results of the inability in the art to provide artificial leathers with
      certain of the properties of leather. It would, therefore, be desirable to
      provide an artificial leather which provides such certain desirable
      properties of leather and which also provides the desirable advantages of
      conventional artificial leather.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an artificial
      leather which closely approximates desirable properties of leather. More
      particularly it is an object of the invention to provide an artificial
      leather which allows a sufficient but limited permanent set with use by
      the wearer of shoes made therewith. A further object is to provide an
      artificial leather which does not require a woven or knitted textile as a
      part thereof. It is a further object to provide an axis of flexure very
      close to the face surface of the artificial leather and to provide a high
      bulk density thereof.
PAR  It is yet another object of the invention to provide an artificial leather
      which is scuff resistant, but which allows easy repair of scuffs with
      conventional waxes and polishes.
PAR  It is a further object to provide artificial leather which can be formed
      into shoes with use of conventional shoe-making processes and machinery
      and without any special additional processing or machinery modifications.
PAR  It is a further object to provide processes and apparatus for producing the
      present artificial leather.
PAR  Other objects will be apparent from the following disclosure and claims.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly stated, the foregoing objects are accomplished by providing a
      fibrous textile structure or fabric of high bulk density and controlled
      physical properties. The configuration of the fibers of the fabric allows
      the fibers to slip a limited amount relative to one another, with
      continued pressure in use, to provide a permanent set in the nature of
      leather. No woven or knitted textiles are required in the present
      artificial leather. The axis of flexure is near the face surface of the
      fabric and allows breaks and folds similar to leather, and which,
      therefore, provides comfort to the wearer and a pleasing appearance.
      Additionally, the fibrous structure provides good liquid absorption and
      vapor transmission through the material and prevents dampness on the feet
      of the wearer. The fabric also retains a relatively constant surface area
      during deformation stress, similar to leather; it also has directional
      moduli similar to leather. These properties allow the production of shoes
      on conventional shoe machinery. Other advantages of the present artificial
      leather will be explained hereinafter.
PAR  The fabric comprises textile fibers needled together into an integral
      structure with a face surface and back surface and having coherent fiber
      entanglement wherein the overall bulk density of the structure is at least
      6 pounds per cubic foot, and the structure may have a bulk density
      gradient which increases from the back surface to the face surface. The
      bulk density gradient provides an axis of flexure which lies within about
      0.4, preferably within 0.3, e.g., within 0.2 or 0.1, of the distance from
      the face surface to the back surface. Preferably, the overall bulk density
      is at least 8 pounds per cubic foot, especially at least 16 pounds per
      cubic foot and the ratio of bulk density at or near the back surface to
      the bulk density at or near the face surface is at least 1:2 and as high
      as 1:8, preferably 1:3 to 1:5.
PAR  The bulk density gradient may be in part provided by a needle pick-up
      gradient, e.g., a fiber denier gradient wherein the denier of the fibers
      decreases from the back surface to the face surface. Thus, the structure,
      before needling, may have a plurality of superimposed layers, each of
      which layers has different average fiber deniers so that the average
      denier of the fibers in the layers decreases with adjacent layers from the
      back surface to the face surface, and, after needling, the distinct layers
      are not substantially preserved but the decreasing fiber denier gradient
      of the structure is substantially preserved. The deniers of the fibers in
      the layers may vary from 1/2 to 8, e.g., to 5 denier.
PAR  The needle pick-up gradient and, thus, the bulk density gradient may also
      be provided by the plurality of superimposed layers of different average
      fiber lengths where, prior to needling, the average fiber length decreases
      from the back surface to the face surface and defines a decreasing fiber
      length gradient, and, after needling, the decreasing fiber length gradient
      is substantially preserved in the structure. Fiber lengths of up to 4
      inches, preferably from 3/4 or 1 inch to 3 inches, may be used in building
      this gradient.
PAR  Additionally, at least one layer of relatively short fibers may be
      superimposed and needled on and into the face surface of the first needled
      structure. The relatively short fibers may have unstressed lengths of less
      than 1 inch, preferably 3/4 inch and as low as 1/8 inch, e.g., 3/8 to 5/8
      inch. Thus, the short fibers increase the bulk density at and adjacent to
      the face surface of the needled structure and in the resulting further
      needled structure define a dense region of bulk density higher than the
      bulk density of the remaining portion of the structure. Preferably, the
      axis of flexure will lie at least close to this dense region, and more
      preferably the axis of flexure will lie in this dense region.
PAR  Further, fibers of the structure at and adjacent to the face surface of the
      needled fabric may be shrunk, e.g., heat shrunk, and define a compacted
      region, after shrinkage, which extends into the structure a distance less
      than the thickness of the structure.
PAR  The fabric has open interstices between the fibers and preferably the
      interstices may have a filler, e.g., a conventional leather filler,
      disposed therein, although the same is not required. The filler is in a
      form of solid particles, and the particles are preferably in clusters of
      particles which are predominently loosely bonded to the fibers of the
      structure. The amount of filler in the structure is insufficient to fill
      all of the interstices between the fibers of the structure, and the amount
      of filler in the structure corresponds to as little as 5% up to 200% of
      the weight of the fibers in the structure, but add-ons of 10% to 150%,
      especially 20% to 100% are preferred. The bulk density of the structure
      with the filler therein is preferably between 20 and 45 pounds per cubic
      foot.
PAR  The filler impregnated fabric may be buffed or sanded on the face surface
      and/or back surface whereby the surfaces are cleaned, smoothed and
      rendered suitable as a finished product or as a product for receiving a
      finish. The finish may be a conventional textile finish, e.g., a softener
      such as wax esters, polyethylene dispersions, or a conventional leather
      finish, e.g., a leather softener, such as a sulfonated oil or fat,
      pigments in hardening vehicles such as proteins (shellac or albumin),
      boiled linseed oil, acrylic polymers and polyurethanes.
PAR  The preferred fabric has fiber entanglement throughout to provide a
      predetermined overall modulus as well as other characteristics. At least
      part of the fibers of the structure at and adjacent to the face surface
      are shrunk, e.g., heat shrunk, to tighten the needled entanglement of
      fibers and define a region adjacent to the face surface having a higher
      modulus than the region adjacent the back surface. The shrunk fibers
      provide increased bulk density in that region and reduce the structure
      thickness with substantially no reduction in planar area. The fabric is
      preferably needled so that coherent fiber entanglement of said structure
      is accomplished wherein some of the fibers are oriented into closely
      spaced rows of fiber chain entanglement, the rows extending lengthwise of
      the structure. This preferred needled structure is known in the art as
      fiber chain entanglement.
PAR  In a preferred embodiment of the process a plurality of layers of fibers is
      superimposed on one another, e.g., by carding, to form a web of loosely
      matted fibers having an increasing needle pick-up gradient in the Z
      direction, i.e., from the back surface to the face surface, needling the
      web into an integral structure of cohering entangled fibers, wherein the
      needled structure has an overall bulk density of at least 6 pounds per
      cubic foot and has an increasing bulk density in the Z direction with a
      ratio of the bulk density of the back surface to the face surface in the
      range of at least 1:2 to as high as 1:8, preferably 1:3 to 1:5, and the
      axis of flexure lies at least within 0.4, e.g., 0.3 and especially 0.2 or
      0.1 of the distance from the face surface to the back surface. The needle
      pick-up gradient and thus the resulting bulk density gradient is
      preferably accomplished by positioning the plurality of superimposed
      layers of fibers so that the average fiber denier decreases from the back
      surface to the face surface and/or is accomplished by positioning the
      plurality of superimposed layers of fibers so that the average fiber
      length of the layers decrease from the back surface to the face surface.
      Further bulk density is accomplished by laying on the face surface of this
      first so needled fabric a layer of relatively short, loosely matted fibers
      and then needling the layer of short fibers to increase the bulk density
      of the web to at least 8 pounds per cubic foot. Preferably, the needled
      fabric is thereafter wetted with a needling fluid and then further needled
      while wet to increase the bulk density to at least 14 pounds per cubic
      foot.
PAR  The structure is then relaxed to adjust the moduli in at least the machine
      direction and then densified by shrinking the fibers at least at and
      adjacent to the face surface. At least part of the fibers at and adjacent
      to the face surface are, therefore, at least in part shrinkable
      thermoplastic fibers and densification may be accomplished by applying
      heat to the face surface, optionally while maintaining the back surface of
      the structure relatively cool, although other conventional means of
      shrinkage, e.g., solvent shrinkage, may be used so long as the shrinkage
      is at or near the face surface. Pressure may also be applied in connection
      with the shrinkage step to further densify the structure.
PAR  The needled and shrunk fabric is preferably impregnated with a filler,
      e.g., an elastomer, to an add-on of the dried and cured impregnated fabric
      of between 5% and 200% of the weight of the fabric to raise the bulk
      density. Thereafter, the cured impregnated fabric may be buffed or sanded
      on the face surface and conventional textile or conventional leather
      finishes are applied thereto, e.g., on the face surface.
PAR  For purposes of this specification, the terms "needle pick-up gradient" are
      defined as a gradient of fiber characteristics and/or needle
      characteristics which produce differential abilities of the fibers to be
      picked up by the barbs of a needle and needled into an entangled
      structure. Any differences in fiber characteristics which produce
      differential abilities of the fibers to be picked up by the barbs of a
      needle and entangled may be used to provide a "needle pick-up gradient."
      While needle penetration, barb depth, barb spacing and barb shape may be
      used to provide a needle pick-up gradient, with or without a fiber
      characteristic gradient, it is preferred that this needle pick-up gradient
      be provided, mainly, by the fiber characteristics such as differential
      fiber friction, fiber stiffness (modulus), fiber geometry, fiber surface,
      etc. For a detailed explanation of a suitable needle pick-up gradient see
      U.S. Pat. No. 3,206,351, which patent is incorporated herein by reference.
      The preferred fiber characteristic to provide the needle pick-up gradient
      is fiber geometry, e.g., fiber denier and/or length. The needle pick-up
      gradient is chosen so that the needles operate on the fibers to build a
      density gradient increasing from the back surface to the face surface.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall schematic flow sheet of a process according to the
      invention.
PAR  FIG. 2 is a diagrammatic illustration of a product of the invention.
PAR  FIG. 3 is a diagrammatic illustration of the disposition of the cured
      filler.
PAR  FIGS. 4 through 6 are typical stress-strain (modulus) diagrams of leather,
      the present material and conventional artificial leather, respectively.
PAR  FIGS. 7 through 10 are typical planar stress-strain (modulus) diagrams of
      the present product, conventional artificial leathers, product A and
      product B, and leather, respectively.
PAR  FIG. 11 is a diagrammatic illustration of a means for relaxing the needled
      structure.
PAR  FIG. 12 is an idealized illustration of the movement of fibers caused by
      the action of the machine of FIG. 11.
PAR  FIG. 13 is a planar stress-strain diagram (modulus) of a fabric prior to
      treatment by the machine of FIG. 11.
PAR  FIG. 14 is a stress-strain diagram of an isotropic fabric as may be
      prepared by the machine of FIG. 11.
PAR  FIG. 15 is a detailed drawing of a suitable wire for use with the machine
      of FIG. 11.
PAR  FIG. 16 is a microphotograph of a cross section of leather.
PAR  FIG. 17 is a microphotograph of a cross section of the present material.
PAR  FIG. 18 is a microphotograph of a cross section of a first commercial
      artificial leather.
PAR  FIG. 19 is a microphotograph of a cross section of a second commercial
      artificial leather.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is an overall schematic flow sheet of a preferred embodiment of the
      process. Textile fibers, e.g., crimped polyester fibers, are carded on
      conventional carding machines, e.g., a woolen carding machine, to build up
      layers of carded fibers. In order to provide a needle pick-up gradient,
      the first layer is of a relatively coarse denier and of somewhat longer
      length than succeeding superimposed layers of fibers as shown in the
      drawing. While any number of superimposed layers of decreasing denier
      and/or fiber length may be used, three separate layers are suitable for
      building a density gradient in the resulting fabric. As shown in FIG. 1,
      for example, the first layer of three superimposed layers may have an
      average denier of approximately 4 with an average fiber length of 21/4
      inch; the second layer may have an average denier of approximately 3, with
      an average fiber length of 11/2  inch; and a third layer may have an
      average denier of approximately 11/2  with an average fiber length of 11/2
       inch. However, deniers between about 1/2 and 8 and fiber lengths between
      3/4 and 4 inches (unstressed lengths of the crimped fibers) can be used in
      these layers of fibers. For convenience of manufacture, and for more
      efficient use of conventional machinery, it is preferable to build two
      separate composites of layers, the two separate composites being mirror
      images of each other, as shown by the carding station of FIG. 1. The two
      separate composites of layers are each cross laid on a conveyor and the
      composites are successively positioned to form a mat of the two
      superimposed composites. The mat may then be compacted by a conventional
      compacting roll and passed to a first needle loom. The mat of the two
      superimposed composites is needled in the first needling loom, which
      builds the overall bulk density of the mat and provides an integrity of
      each composite by fiber entanglement so that the mat can be split or
      pulled apart by conventional machinery (not shown) to produce two separate
      and essentially identical batts of needled fabric. After separating the
      two batts of needled fibers, the lower batt is reversed bottom to top and
      then proceeds through the process in a manner identical to the top batt.
      However, only one composite of layers may be carded and used in producing
      the first needled batt if desired, but in this case, the needle loom will,
      preferably, have only a top or only a bottom needle board since it is
      preferred that this first needling is performed from only one side of the
      composite of layers. In this first needling operation, relatively coarse
      needles are preferably used, e.g., needles of 24 to 36 gauge. For example,
      20 .times. 36 .times. 31/4  RB needles may be used, although needles with
      other than regular barbs are preferred, e.g., barb spacing of 1/8 inch to
      1/4 inch with barb throat depths of 5 mils or less. Further, relatively
      low penetrations of the composite of layers are used, e.g., foremost barb
      penetrations of just beyond the opposite face (e.g., up to about 1/8 inch
      beyond). Or penetrations of about 7/8 to 1/2, e.g., 5/8 the thickness of
      the composite may be used, although a small percentage of the needles,
      e.g., less than 30%, may penetrate all the way through the composite of
      layers to provide additional coherence for handling. In this first
      needling operation, at least 500 needle punches per square inch,
      especially between about 1,000 and 3,000 to 4,000 punches will provide a
      satisfactory degree of needling.
PAR  It should be noted in connection with the present process which uses a
      needle pick-up gradient that a needle with a given size barb will
      preferentially pick up and entangle fibers of lower denier. Also, shorter
      length fibers have greater mobility than longer length fibers and more
      readily enter into the entangling process after the structure begins to
      develop. Since the layers of fibers carded to provide the batt or batts
      for this first needling operation are of decreasing fiber denier from the
      first layer to the succeeding superimposed layers, the smaller denier
      fibers are presented to the needles of the needling machine at the surface
      of the batt. These smaller denier fibers can be picked up by the barbs of
      the needles and entangled at or near the surface of the batt in a more
      dense and compacted configuration than can be accomplished with the larger
      denier fibers in the layers thereunder. Therefore, in this first needling
      operation a bulk density gradient which increases from the back surface to
      the face surface has been accomplished, although at this point, the
      density gradient and the overall bulk density is not sufficient to provide
      the properties desired for the present textile fabric. The same mechanism
      operates in the succeeding needling operations to increase the overall
      bulk density and bulk density gradient. It should also be noted that the
      needle pick-up gradient can be provided by the choice of size and
      configuration, as well as spacing, of the barbs of the needles.
PAR  This first needling step may be accomplished with a conventional double
      needle board loom or a single needle board loom but when two mirrow image
      composites are used a double board loom is required.
PAR  After the first needling step, one or more layers of very short fibers,
      e.g., up to 2, e.g., 1/8 to 3/4 inch in length and 1/2 to up to 2, e.g.,
      up to 11/2  denier, are placed on to the top of the needled batt. As shown
      in FIG. 1, two layers of short and fine denier fibers provide a very
      satisfactory result. The first layer placed thereon, e.g., carded with a
      wool carding machine, may have a higher denier than the second layer and,
      additionally, the first layer may have a longer fiber length than the
      second or topmost layer (this latter embodiment being satisfactory).
      However, the first layer of fibers carded on the needled batt may have
      both a higher denier and a longer fiber length than the second or topmost
      layer carded on the needled batt.
PAR  After carding the short fibers on the needled batt, the batt and layer or
      layers of short fibers are needled in a second needling operation. In this
      second needling operation, the barbs of the needles engage the short
      fibers and needle these fibers into the face surface of the batt. Since
      the batt has already been needled in the first needling operation, and
      some bulk density increase and fiber entanglement were accomplished
      thereby, the batt presents resistance to penetration by the short fibers
      and the short fibers are needled into the batt, predominantly, at or just
      under the face surface of the batt. By thus disposing the short fibers at
      or just under the face surface of the batt, an additional bulk density
      increase is accomplished at or near the face surface with a corresponding
      increase in bulk density gradient across the thickness of the batt.
PAR  As in the first needling operation, conventional needles may be used, but
      it is preferred to use somewhat finer needles. Thus, for example, needles
      of 32 to 43 gauge are satisfactory, e.g., a 15 .times. 18 .times. 40
      .times. 31/2  RB needle may be used, although here again needles with
      other than regular barbs are preferred, e.g., barb spaces of 1/8 to 1/4
      inch with barb depths of 4 mils or less. In this second needling operation
      at least 2,000 needle punches per square inch are satisfactory, e.g.,
      4,000 and up to about 6,000 or 7,000 punches.
PAR  This second needling operation may be accomplished by any known needle
      loom, which may needle from either one or both sides of the structure. It
      will be appreciated, however, that the structure must be reversed, bottom
      to top, and needled on the reversed side when a loom which needles from
      only one side is used. The needles may be disposed at 90.degree. to the
      plane of the structure or inclined at angles up to 30.degree. thereto.
      However, it is preferred that the second needle loom be one which can
      accomplish fiber chain entanglement of the needled material. Fiber chain
      entanglement is a specific type of needling which produces an
      exceptionally strong needled product and which terms have an accepted
      meaning in the art. Generally, fiber chain entanglement is characterized
      by a large degree of fiber curvature, over-and-under orientation,
      interlooping and Z-direction chaining. A complete explanation and
      definition of fiber chain entanglement and a complete description of the
      fiber chain entanglement producing looms are disclosed in U.S. Pat. Nos.
      3,112,552; 3,090,099; 3,090,100; 3,112,549; 3,112,548 and 3,132,406 which
      disclosures are incorporated herein by reference. Fiber chain entanglement
      needling is referred to in the art by way of the trademark FIBERWOVEN or
      FIBERWOVEN looms, and for convenience in this specification, that
      terminology will be used hereinafter.
PAR  With the second needling, the overall bulk density of the needled product
      becomes quite high and the fiber entanglement accomplished produces a
      needled fabric of considerable strength and integrity. The product from
      the second needling step has sufficient properties, e.g. bulk densities of
      at least 8 pounds per cubic foot to allow its use for various purposes
      such as a garment backing and the like, as well as for an artificial
      leather, but it is preferred that the fabric be further densified by yet a
      third needling operation.
PAR  As noted above, the product from the second needling operation is quite
      dense, and this dense fabric presents considerable difficulty in
      performing yet a third needling operation thereon. Since the fibers of the
      needled fabric are closely entangled, especially at the face surface,
      considerable resistance is presented to the penetration of needles in a
      further needling operation. In order to mitigate the difficulty of this
      further third needling, it is preferred that the needled fabric be first
      treated with a needling fluid which is a surface active and/or thickening
      agent, such as a concentrated aqueous solution of a wetting agent, soap or
      thickening agent. Preferably the fabric is completely soaked with the
      fluid. While the phenomena provided by the needling fluid is not fully
      understood, it appears that the fluid, especially in combination with
      essentially fabric saturation amounts thereof, accomplishes a physical
      state in the dense needled fabric which allows penetration of the needles
      in the third needling operation without the third needling operation
      ripping, tearing and otherwise destroying the configuration and fibers of
      the fabric. At least, the needling fluid enables the continuation of the
      needling to provide higher densities and more intimate fiber entanglement
      than is possible without such an aid. Thus, as shown in FIG. 1, the
      needled fabric from the second needling step is preferably padded with a
      concentrated aqueous solution of a wetting agent, soap or thickening agent
      and then passed through nip rolls to remove excess of the solution prior
      to being needled in the third needling step. As a specific example, a
      satisfactory needling fluid is provided by a 10% water solution of
      Penetrant GWX (Woonsocket Color & Chemical). Penetrant GWX is principally
      a coconut oil salt. As another example, a 10% water solution of locus bean
      gum (Solvatose 260) is satisfactory.
PAR  As in the second needling operation, it is preferred that the third
      needling operation be performed by a FIBERWOVEN loom, although here again,
      a conventional loom may be used. In the third needling operation, the
      final overall bulk density and bulk density gradient, which is to be
      provided by needling, is accomplished. Hence, the third needling step
      should perform sufficient needling to raise the overall bulk density of
      the fabric to within the present preferred relatively high bulk densities.
      Thus, needling densities of at least 6,000, especially between 10,000 and
      20,000, e.g., 10,000 to 14,000, needle punches per square inch will
      provide these high bulk densities and entanglement. In any regard, it is
      preferred that the needling be sufficient to provide an overall bulk
      density of at least 13 pounds per cubic foot, and more preferably at least
      14 pounds per cubic foot. This third needling operation can readily
      accomplish overall bulk densities of 15 pounds per cubic foot and with
      sufficient needling overall bulk density of 16 to 18 pounds per cubic foot
      and up to 20 or 21 pounds per cubic foot can be obtained. As can be
      readily appreciated, this is an extremely dense needled product and is far
      more dense than conventional needled products. To accomplish these high
      densities, multiple passes through conventional needle looms will normally
      be required. For example, a standard FIBERWOVEN loom has four sets of top
      and bottom needle boards and at least two, preferably at least three
      passes through the loom will be required. However any number of passes to
      achieve the foregoing densities may be used. Also, as can be easily
      appreciated, while three needling operations have been described above,
      the needling may be carried out in less than three or more than three
      operations, so long as the final accumulative needling densities and final
      overall bulk densities and entanglement, as described above, are
      accomplished. However, for convenience and ease of operation about three
      or four separate needling operations are preferred.
PAR  In both the second and third needling operations, the foremost barb of the
      needles of one needle board will penetrate the fabric from the face
      surface to well toward the back surface and preferably until the foremost
      barb is just at or just through the back surface. Likewise, the needles of
      the second needle board will penetrate to well within the fabric and
      preferably until the foremost barb is just to or just through the face
      surface.
PAR  In each of the needling operations, it is preferred that the composite be
      fed into the needling looms with a minimum amount of tension consistent
      with feeding the composite through the looms in a uniform manner. This
      minimum tension will provide two desired results. Firstly, the fully
      needled fabric will have less machine direction length increase over the
      length of the original composite. Secondly, the minimum tension will allow
      some degree of freedom for random movement in the transverse direction as
      the composite passes into and through the needle looms. This random
      transverse movement improves the effectiveness of the needle operations.
PAR  As will be illustrated hereinafter in connection with Example 1, the low
      barb penetrations and high degree of needling produce a needled fabric of
      unusual characteristics and form a feature of the invention.
PAR  Of course, during the three needling operations described above, the
      overall thickness of the needled fabric decreases with each needling step
      (as indicated in FIG. 1). Hence, the amount of fibers forming the various
      layers prior to the first needling operation and the amount of short
      fibers added prior to the second needling operation should be consistent
      with ultimately producing a needled fabric in the third needling step with
      an overall bulk density of at least 14 to 18 pounds per cubic foot and
      with the desired thickness of the final needled product. The calculation
      of the required amount of various fibers to produce any desired final
      needled thickness is well within the skill of the art. However, final
      thickness between one thirty-second and three-sixteenths inch are
      preferred, especially between one-twelfth and one twenty-fourth inch,
      e.g., one-sixteenth inch.
PAR  After the third needling step, the needled fabric is then washed in a
      conventional manner to remove the needling fluid added to the fabric prior
      to the third needling step unless the needling fluid can acceptably remain
      in the fabric consistent with an intended use. After drying the washed
      fabric in any conventional manner, including heated cans, hot air or
      superheated steam ovens, infrared ovens and the like, the needled fabric
      is essentially completed insofar as needling operations are used to
      provide the desired overall bulk density and bulk density gradient.
PAR  However, in order to accomplish yet a further increase in overall bulk
      density and especially to increase the bulk density gradient, the fabric
      is processed to accomplish a shrinkage of the fibers at least at or near
      the face surface of the needled fabric. It is important that the fibers of
      the fabric structure be essentially relaxed prior to this shrinkage step,
      since otherwise the tensions in the fibers resulting from the prior
      processing steps will prevent the required degree of shrinkage and the
      required modulus of the resulting fabric. With the fibers of the structure
      being relaxed, the surface shrinkage will not produce significant planar
      shrinkage of the needled fabric.
PAR  In view of the above, and additionally for the reasons which follow, prior
      to the shrinkage step the fabric is treated in such a manner as to loosen
      the fibers so that they are not significantly stressed by one another,
      i.e., they are relaxed. In one aspect, the pulling of the fabric through
      the needle looms sets up a machine direction stress and accordingly, a
      machine direction modulus which is considerably higher than the transverse
      or widthwise direction modulus. The machine direction and transverse
      modulus are, therefore, unacceptably out of balance for use of the fabric
      as an artificial leather and a relaxing of the fibers in the machine
      direction is required. A relaxation of the fibers in the machine direction
      can be achieved by simply over-feeding the fabric through a conventional
      tenter which will stretch the fabric widthwise and therefore allow the
      fabric to relax lengthwise. After passing through the tenter, the
      widthwise dimension of the fabric will be greater than the dimension prior
      to tentering, but after a period of time, the widthwise dimension will
      return, essentially, to the original dimension. However, to hasten this
      return to, essentially, the width dimension prior to tentering, the fabric
      may be heated, e.g., by hot air or a flame, to temperatures below
      significant shrinkage temperatures of the fibers. This heating will
      provide more mobility to the fibers and also immediately return the fabric
      to the widthwise dimensions, essentially, prior to tentering. Hence, the
      net effect of the tentering and heating steps is to accomplish a decrease
      in length in the machine direction of the fabric and, correspondingly, a
      loosening of the fibers of the structure. The transverse stretch in the
      tenter should be sufficient to decrease the machine direction modulus to
      approximately the same as the transverse modulus, e.g., the ratio of the
      machine direction modulus to the transverse direction modulus is no
      greater than 2:1, preferably less than 1.5:1, e.g., less than 1.2:1 or
      1.1:1. Simple modulus tests can establish the correct widthwise stretch
      for any particular needled material.
PAR  Another method for relaxing the machine direction stress is that of passing
      the fabric through the nip of two rolls, at least one of which has a
      wire-like surface. When only one of the rolls has a wire-like surface, the
      other roll should have a friction surface, e.g., sand impregnated rubber
      and the like. This latter embodiment is shown in FIG. 1. The friction roll
      has a peripheral surface speed different than the peripheral surface speed
      of the wire roll, e.g., a peripheral surface speed between 10% and 45%
      different. By passing the fabric in the machine direction through this
      nip, in a single pass or multiple passes (or through a plurality of nips
      between a plurality of rolls), the wires of the one roll will work the
      structure in a mechanical manner to loosen the fibers in the machine
      direction. A decrease in the length (machine direction) of the fabric will
      be accomplished and this decrease will be chosen so that the resulting
      balance of machine direction and widthwise modulus are as desired, and,
      preferably for purposes of the present fabric for artificial leather, so
      that these moduli, essentially, corresponding to the head to tail and
      transverse moduli of leather, e.g., at least so that the ratio of the
      perpendicular moduli is no greater than 1:2, especially no greater than
      1:1.5.
PAR  After relaxing the structure and adjusting the machine direction modulus,
      as explained above, fibers at least on or near the face surface are
      shrunk. While chemical shrinkage in a known manner may be used, it is
      preferred that the fibers be heat shrunk. All of the fibers of the
      structure may be heat shrunk and the structure may contract in the Z
      direction, with or without substantial planar contraction of the
      structure, but it is preferred that the shrinkage be without substantial
      planar contraction of the structure and the shrinkage of the fibers be,
      mainly, at or near the face surface only. Thus, the preferred embodiment
      may be accomplished by heating the face surface of the fabric, optionally
      while cooling the back surface thereof. This can be accomplished by a
      blast of hot air on the face surface for a duration sufficient to heat and
      shrink the fibers in a region at, and adjacent to, the face surface, but
      insufficient to heat and shrink the fibers below this region adjacent the
      face surface. Thus, in the preferred embodiment heat is applied in such a
      manner that only the fibers at or near the face surface are heated
      sufficiently that shrinkage will occur and the fibers toward the middle
      and near the back surface will not be sufficiently heated to cause any
      substantial shrinkage thereof. Therefore, conveniently, the face surface
      is heated while the back surface is cooled in order to ensure this
      required differential heating.
PAR  The shrinkage at the face surface, thus, further compacts a region close to
      the face surface and accomplishes a corresponding increase in bulk density
      of that region. This shrunk and compacted region near the face surface
      further builds a bulk density gradient across the thickness of the fabric.
PAR  A preferred method of accomplishing the heating and shrinkage at or near
      the face surface, as described above, is to pass the relaxed fabric
      between two continuous travelling belts, e.g., metal belts, the top belt
      being heated to a temperature sufficiently high to shrink the fibers at or
      near the face surface and the bottom belt being cooled or otherwise
      maintained, e.g., due to its mass and the like, at a temperature
      consistent with preventing heating of the fibers toward the middle and at
      the back surface of the fabric to a temperature which will allow
      shrinkage. The top belt is heated to above the heat shrinkage temperature
      of the fibers, preferably at least 10.degree.F, e.g., at least 50.degree.F
      or 100.degree.F above the minimum heat shrinkage temperature. Generally,
      temperatures of at least 300.degree.F and up to 700.degree.F will be
      required for most fibers. The bottom belt is kept, preferably, at least
      10.degree.F, e.g., at least 50.degree. to 100.degree.F below the minimum
      heat shrinkage temperature. For example, with low shrinkage polyester
      fibers, the top belt is suitably heated to 475.degree.F while the bottom
      belt is maintained at a temperature of about 175.degree.F or lower. When a
      combination of an upper and lower travelling belt is used, this step may
      also accomplish a further overall densification of the fabric by applying
      pressure on the fabric during the heating step. Pressures up to 60 to 75
      pounds are suitable for this purpose. The material should be cooled, e.g.,
      to 175.degree.F or less, prior to release of the pressure thereon and this
      can be accomplished simply by heating only a forward portion of the
      travelling belt or providing a positive cooling means, e.g., an air blast
      or water spray, in the rearward portion of the travelling belt or belts.
      Accordingly, the use of travelling belts, as described above, as opposed
      to other means of heating where pressure cannot be applied, is a preferred
      embodiment of the invention and is diagrammatically illustrated in FIG. 1.
      Preferably, the shrinkable fibers at or near the face surface will be
      shrunk between about 5 to 25% on an average basis. The belt press also can
      prevent substantial planar shrinkage of the structure, i.e., planar
      shrinkages of less than 10%, and for this additional reason is a preferred
      method of accomplishing the shrinkage.
PAR  After the shrinkage step, the fabric has been fully densified and will
      have, suitably, an overall bulk density of about at least 14 pounds per
      cubic foot, and preferably at least 16 pounds per cubic foot. With the use
      of travelling belts, exerting pressure on the fabric, densities greater
      than 17 pounds per cubic foot, in the range of 20 to 30 pounds per cubic
      foot, can be easily obtained. For example, a bulk density of about 24
      pounds can be readily accomplished.
PAR  The textile fabric is then of suitable properties for use as an artificial
      leather, but in order to provide a hand and feel and even greater density
      for support of a surface finish, the fabric is preferably impregnated with
      a filler, although the use of a filler is not required.
PAR  The filler may be any inert solid, either organic or inorganic which
      contributes to the overall bulk density of the structure, e.g., finely
      divided inorganic fillers such as bentonite, chalk, kaolin, talc, clays,
      asbestos, diatomaceous earth, silica flour, mica, magnesium silicate,
      zeolites, carbon black, zinc oxide, barytes, ferric oxide and the like.
      Preferably, the inorganic fillers are loosely bonded to the fibers of the
      structure with an adhesive, especially an elastomeric adhesive such as
      plasticized polyvinyl chloride, natural rubber, butadiene rubbers,
      polychloroprene rubbers, polyurethane rubbers, silicon rubbers, etc. Also,
      the filler may be an organic material such as a natural polymer, e.g.,
      collagen or a synthetic polymer or copolymer such as acrylonitrile
      polymers, silicon rubbers, chlorosulfonated polyethylene, polyethylene and
      polypropylene, plasticized polyvinyl chloride, Kel-F type copolymers of
      tetrafluoroethylene and chlorotrifluoroethylene, fluorosilicone rubbers
      such as Silastic LS 35, poly(alkylene oxide) polymers and natural rubber
      or any of the conventional leather fillers.
PAR  The loosely bonded particles of filler provide additional suppleness,
      density and shape retention to the structure and also prevent collapse of
      the interstices between individual fibers. Accordingly, it is preferred
      that the filler be elastomeric in the nature of conventional leather
      fillers. Generally, elastomers will have a Shore A hardness of about 40 to
      90, a modulus of about 200 to 4,000 psi at 100% to 300% elongation, and a
      brittle temperature of at least -10.degree.C (brittle temperature
      approximates the glass-transition temperature). Any of the natural and
      synthetic elastomers may be used, including polymers and copolymers of
      butadiene, isobutylene, butene and pentene, polysulfides, polychloroprene,
      polyesters, e.g., the Paraplex and Norepol rubbers, polyurethane and
      copolymers of alkyl acrylates with vinyl ethers. Natural rubber is a
      preferred filler since it meets all of the required elastomer properties,
      is inexpensive and easy to use. Natural rubber is vulcanized for use as
      the present filler and any of the conventional vulcanizing agents may be
      used such as sulfur compounds, peroxides, diazoaminobenzenes,
      tetraalkylthiuram disulfides, bisthiol acids and salts, quinones, imines,
      oximes anilines, thiazides and phenols in the presence of oxidizing
      agents, and azodicarbonamidines. Conventional accelerators such as
      thiazoles, dithiocarbamates, aldehydeamines and guanidines may be used in
      vulcanizing the natural rubber, along with conventional antioxidants and
      other conventional compounding ingredients (see Fisher, Harry L. Chemistry
      of Natural and Synthetic Rubbers, Reinhold Pub. Corp., N.Y. 1957).
PAR  The method of impregnating the filler can be as desired and any of the
      conventional procedures may be used, including solvent deposition, in situ
      polymerization, and the like, but for convenience and simplicity, it is
      preferred to simply impregnate the fabric by padding to the correct
      add-ons with a pad and nip. This method is especially convenient when a
      latex, e.g., natural latex, is used as the filler elastomer. Thereafter
      the elastomer latex is precipitated or coagulated. Any conventional means
      of coagulation may be used, but it is preferred to coagulate the latex
      with steam, e.g., of up to about 6.degree.F superheat, since an additional
      advantage is obtained thereby.
PAR  In this latter regard, it has been found that when the latex is coagulated
      with live steam, the precipitated solid particles of the latex form in
      adhered clusters, somewhat similar to a cluster of grapes, and that after
      curing and drying, these clusters are predominantly only loosely bonded to
      fibers of the fabric. With this predominantly loose bonding of the
      clusters of latex particles, the resulting structure is soft and may be
      mechanically worked, in the same manner as leather is worked, to further
      improve the drape and hand.
PAR  Thereafter, the latex impregnated fabric is cured and dried. The curing and
      drying temperatures will be those consistent with the particular latex
      being used, all of which is well known in the art. However, for example,
      temperatures for natural latex between 200.degree.F and 300.degree.F and
      times between 10 minutes and 30 minutes are satisfactory. Curing may be
      accomplished with the live steam coagulation step.
PAR  After curing and drying the impregnated fabric at conventional temperatures
      and times, the fabric may be finished as desired, but conveniently,
      conventional textile and leather finishes are applied thereto. In this
      regard, sizings, softeners and like textile finishes, and grain improvers,
      tie coats, top coats and like leather finishes may be applied to the
      textile. For example, the fabric may be sanded or buffed, to clean and
      smooth the surface, as is conventional in the leather art, and a
      conventional acrylic leather finish may be applied thereto, preferably
      after a filler coat of low molecular weight acrylic, polyurethane or the
      like is placed on the fabric, as conventionally practiced with leather
      finishes. The leather finish may then have a water-resistant coating
      and/or pigment-containing finish, such as a nitrocellulose lacquer
      coating, applied thereto and again as conventionally practiced in the
      leather art. Additionally, a textile fabric softener may be applied to the
      back surface of the finished fabric so as to improve the hand, drape and
      feel thereof. Of course, the films or impregnant or both may be colored or
      dyed similar to treatments of leather with pigments and textile dyes.
PAR  After application of the finish and/or other coatings, as described above,
      the product is dried, if required according to the particular finishes, at
      elevated temperatures, or the like, and then is ready for embossing to any
      particular surface which is desired. For example, the surface may be
      embossed to that resembling a fine-grained calf skin, a reptile leather, a
      crushed grain type finish, or an ornamental design, if desired. Any
      conventional leather or artificial leather embossing press may be used,
      and the platens of the press will have a pattern therein consistent with
      the pattern desired. The embossing temperatures, pressures and times are
      not critical and it is only necessary that sufficient conditions be used
      to accomplish an embossing on the surface to the depth desired. For
      example, with conventional acrylic leather finishes, embossing pressures
      of about 25 pounds per square inch up to about 500 pounds per square inch
      may be used, with temperatures between 150.degree.F and 400.degree.F.
      Within this range of temperature and pressure, times of as little as 10
      seconds may be used, but it is preferred that longer times, e.g. 20
      seconds up to three minutes be used in order to fully emboss the desired
      design on the fabric. Of course, the product is cooled after embossing.
PAR  After the embossing operation, the product is cut to desired lengths and is
      ready for fabrication into shoe uppers and like artificial leather goods.
PAR  The type of product resulting from the foregoing process can be illustrated
      by the diagrammatic drawing of FIG. 2. The fabric will have a face surface
      region of high bulk density 1, a back surface region of low bulk density
      2, and be made of entangled needled fibers 3. The bulk density will
      increase from the back surface 2 to the face surface 1 and this increase
      is illustrated as regions 4 through 7. Thus, the bulk density of region 5
      will be greater than the bulk density of region 4, and likewise the bulk
      density of region 6 will be greater than 5 and region 7 will be greater
      than 6. As an illustration, if one were to measure the bulk density of the
      material (without filler therein) just at or near the back surface, the
      bulk density would fall within a range of about 6 to 10 pounds per cubic
      foot. Likewise, the bulk density in region 4 would be about 10 to 14
      pounds per cubic foot; the bulk density in region 5 would be about 14 to
      16 pounds per cubic foot; the bulk density in region 6 would be about 16
      to 22 pounds per cubic foot; the bulk density in region 7 would be about
      22 to 26 pounds per cubic foot; and the bulk density at or near the face
      surface would be about 26 to 30 pounds per cubic foot. With filler in the
      above noted ranges each of the foregoing bulk densities would be increased
      about 2 to 20 pounds per cubic foot. It is to be understood that the
      foregoing bulk densities are for illustration purposes only and it should
      be clearly understood that the present invention has greater latitude than
      the narrow ranges noted in that illustration. By so building a structure
      with a bulk density gradient, in the nature described above, the axis of
      flexure is shifted from the center line of a cross section of the
      structure to near the face surface, and the axis of flexure 8 is
      illustrated in FIG. 2 at near the face surface.
PAR  FIG. 3 is a diagrammatic illustration of the disposition of a latex filler
      in the structure, as could be viewed by a microphotograph thereof. In FIG.
      3, the individual fibers 10 make up a network of entangled fibers and
      among and on the fibers, particles of cured latex 11 are disposed in
      clusters 12 of individual particles. While the latex contacts and touch
      the fibers 10, the latex is loosely bound onto the fiber, generally in
      clusters as shown, and incompletely fill the interstices between the
      fibers. Thus, the structure remains open and porous, while at the same
      time the overall bulk density of the structure is increased by the
      presence of the latex and the latex provides some resiliency and stability
      to the structure. The latex should be precipitated from the suspension of
      the latex particles and cured in such a manner that the latex does not
      tightly bond to the fibers of the structure. In this regard, it has been
      found that precipitating the latex with live steam, as noted above, is
      well suited for this purpose, although other means of precipitation may be
      used.
PAR  As a result of the foregoing process, the product produced thereby exhibits
      many properties quite similar to that of leather. Among these important
      properties is that of modulus and FIGS. 4 through 6 show a typical modulus
      for leather, the present material and conventional artificial leather.
      FIGS. 4 through 6 are illustrations of stress-strain curves wherein the
      sample is extended from a normal length of 3 inches to 31/2 inches,
      relaxed to 31/4 inches and then cycled in that manner for approximately 12
      times. Thereafter the sample is extended until break, the break not being
      shown on the stress strain diagram. As can be seen from comparing FIGS. 4
      and 5, the increase in load required to extend the sample from 31/4 inches
      to 31/2 inches is quite similar for both leather and the present material.
      However, the load required to extend a sample of conventional artificial
      leather having a woven fabric backing layer from 31/4 inches to 31/2
      inches is considerably greater than that of either leather or the present
      material. Thus, the modulus of the present material is quite similar to
      leather, while the modulus of the conventional artificial leather is
      considerably different from and much higher than that of the present
      material or leather.
PAR  Just as importantly, the modulus in the various directions of the material
      should enable the material to function in a manner similar to leather when
      being fabricated into a shoe upper, and especially the artificial leather
      should have moduli which will allow the drawing over a shoe last. FIGS. 7
      through 10 compare the modulus in the machine, transverse and 45.degree.
      directions of the present material to conventional artificial leathers
      (product A and product B) and leather. These figures illustrate the
      modulus as determined with an Instron tensile machine using a cross-head
      speed of 1 inch per minute, a chart speed of 20 inches per minute, with a
      full-scale load of 40 pounds and a strain rate of 40% per minute. The
      sample size was 1 inch by 21/2 inches. The elongation at loads of 10, 20,
      30 and 40 pounds was determined in each of the machine direction,
      transverse direction and 45.degree. direction. The results of those data
      are plotted at FIGS. 7 through 10. As can be seen from comparing FIG. 7
      (the present material) with FIG. 10 (leather), the modulus of the present
      material in the machine, transverse and 45.degree. direction is quite
      similar to leather, while the modulus in those same directions for product
      A and product B are considerably different. Note particularly the great
      differences in modulus of products A and B in the machine direction as
      compared to the transverse direction.
PAR  Leather has a slightly higher modulus in the head to toe direction of the
      hide and this slightly different modulus is advantageously utilized in
      producing shoes. Thus, the hide is cut so that when the leather is
      stretched over the vamp of the last, toward the toe of the shoe, the
      leather also contracts across the vamp of the last and can, therefore, be
      snugly pulled over the last in a tight-fitting configuration. This allows
      the vamp of the shoe to be made without folds or wrinkles or without any
      additional processing, as discussed before in this specification. In
      contrast thereto, conventionally produced artificial leathers do not have
      modulus characteristics similar to leather and when pulling the
      conventional artificial leather over a last to produce the vamp, the
      artificial leather does not contract across the vamp of the last and leave
      unsightly folds and wrinkles. Thus, it is necessary to eliminate these
      folds and wrinkles by excessive stretching and/or pre- or post-thermal
      molding processes with the attendant expense thereof, as noted
      hereinbefore. Deep draw lasts cannot be conveniently used since the
      conventional artificial leather cannot pull across the last in the nature
      of leather; in many cases even with further processing, the shoe would be
      commercially unacceptable. The present material, however, does not suffer
      from the disadvantages of conventional artificial leather in that it has a
      modulus quite similar to that of leather and can be formed on a last in
      the same manner as leather, and no auxilliary processing or special
      considerations must be followed when using the present material.
PAR  In regard to stretching a shoe upper material over the vamp of a last, an
      important property of leather in allowing a tightly fitted vamp area is
      that of an essentially constant surface area while deformation takes place
      under stress. A constant area under stress can be defined as the property
      wherein a material elongated in a first direction contracts in the
      transverse direction so that the planar area is substantially the same as
      the planar area prior to elongation, i.e., the area remains the same
      within .+-. 5%. A material can be tested for constant area under stress in
      the following manner. A one inch wide strip of the material is marked with
      a circle of one-half inch diameter. The strip is then elongated by 30%.
      With the elongation of the material, the circle will take the general
      configuration of an ellipse. If the area of the ellipse is substantially
      the same as the area of the circle prior to elongation, then the material
      has the property of constant area under stress. Leather has a constant
      area under stress and the area of the ellipse on elongated leather is very
      close to the area of the originally marked circle prior to elongation. Of
      course, the area of the ellipse may be, substantially, the area of the
      circle only if the material contracts in the direction transverse to the
      direction of the elongation. In other words, the minor axis of the ellipse
      must always be less than the diameter of the originally marked circle in
      order for the material to have a constant area under stress.
PAR  As a comparison of the foregoing, tests were conducted on polyurethane
      film, a commercial artificial leather, the present material and a standard
      shoe upper leather. Each material marked with a 1/2 inch circle, was
      elongated 30%. This elongation caused the diameter of the circle, in
      forming the minor axis of the ellipse, to decrease by the following
      percentages for each material; polyurethane film 5%; a commercial
      artificial leather 15%; the present material 25%; and a shoe upper leather
      26%. Thus, shoe upper leather maintains a relatively constant area under
      stress and the present product closely approximates that property of
      leather, while the conventional artificial leather deviates considerably
      from constant area under stress and the polyurethane film has essentially
      no property of constant area under stress. It is also noted that the force
      exerted in the transverse direction, during elongation of the present
      material, is within about .+-. 5% of the force exerted in the transverse
      direction with leather. In this specification a material which has a
      relatively constant area under stress is defined as one which, when
      elongated 30%, has an area under elongation which is within .+-. 8%,
      preferably within 5% of the area prior to the elongation.
PAR  Accordingly, when the present material, similar to leather, is stretched
      over the vamp of a shoe last from heel to toe, that stretching force also
      causes a considerable contracting force across the width of the vamp. This
      allows the present material, in the same manner as leather, to be snugly
      and tightly pulled across the vamp of the shoe last without unsightly
      bulges and the like, as opposed to conventional artificial leather.
PAR  It is emphasized that the unique properties of the present material result
      from a combination of characteristics built into the textile fabric. Thus,
      the overall high bulk density, the bulk density gradient and highly
      entangled nature of the needled fabric all contribute to the properties of
      the present material. The needling procedure arranges the fibers into a
      highly entangled network wherein a large percentage of the fibers in the
      body of the structure are oriented in the Z direction, while at the same
      time fibers near the face of the structure are densely entangled with
      their primary axis largely oriented in the plane of the structure. The
      interrelationship between the needled fibers closely approximates that of
      leather. This is accomplished by the use of the needled pick-up gradient,
      by the large number of relatively low penetration needle punches and by
      the graduated increase in the intensity of needling, i.e., reduced spacing
      between successive penetrations of a given barbed needle, as well as in
      the preferred embodiment by needling with the FIBERWOVEN technique. In a
      general sense, the present artificial leather depends primarily upon the
      physical characteristics of the textile, as opposed to primary reliance
      upon laminations of textiles and polymers in commercial artificial
      leather.
PAR  An important operation in producing the present textile fabric, as
      discussed above, is the relaxation prior to the differential shrinking
      step. In FIG. 1, this step is noted as the mechanical relaxation step.
      While the general operation of the mechanical relaxation step is discussed
      above, specific details as to the construction of that machine is given
      below.
PAR  FIG. 11 shows a diagrammatic illustration of the mechanical relaxation
      machine. In that FIGURE, the fabric 20, i.e., the needled fabric of the
      present invention, is passed between the nip formed by two counter
      rotating rolls, large roll 21 and smaller roll 22. Larger roll 21 carries
      on its periphery a plurality of relatively stiff pins or pointed wires
      such as a card wire 23 having upstanding wires 24. These upstanding wires
      are mounted in a flexible base, and the wires preferably having a kink or
      bend therein which positions the outer portion or tip of the wires in a
      direction opposite to the direction of rotation of the roll. Small roll 22
      has a friction surface 25, which may have stiff upstanding wires or a
      non-slip rubber coating or more preferably a rubber coating with an
      abrasive or grit therein to provide a friction surface. The revolutions
      per minute of rolls 21 and 22 are so adjusted that there is a difference
      in the linear speed of the rolls on the periphery thereof. In other words,
      the peripheral surface speed of roll 22 will be different from the
      peripheral surface speed of roll 21. This difference in peripheral surface
      speeds of the two rolls may be accomplished in any way desired, such as
      gear and chain assemblies driven from a common motor or other power
      source, or independent adjustable speed motor drives.
PAR  In operation, the fabric to be mechanically relaxed is passed between the
      nip of the roll carrying the wire on its periphery and the roll having the
      friction surface. Since the peripheral surface speeds of roll 21 and roll
      22 are different, counter forces are applied to the fabric in the
      direction of the movement of the fabric, i.e., by the wire tips and the
      friction surface. This force mechanically works fibers of the fabric,
      relative to one another, and moves the fibers in the direction of the
      movement of the fabric through the nip of rolls 21 and 22, which movement
      correspondingly reduces the relative distance between fibers. FIG. 12 is a
      highly idealized illustration of the foregoing. In FIG. 12, a fabric 30
      having a plane of fibers 31 is moved between the nip of rolls 21 and 22
      and opposing forces illustrated by arrows 32 and 33 are applied to the
      fabric by wire points and/or friction surface as it passes through the
      nip. These forces work and push the fibers in the direction of movement of
      the fabric and reduce the distance between fibers. Thus, the distance A
      between fiber planes before the fabric is passed through the nip of rolls
      21 and 22 is reduced to distance B after passing through the nip. The
      overall effect on the fabric is that of decreasing the length of the
      fabric as it passes through the nip between the rolls. By applying force
      at discrete points, the fibers in the structure have the possibility of
      movement over one another so as to bring about relaxation and an overall
      change in the dimensions of the structure.
PAR  As can be appreciated from FIG. 1, needled fabric is pulled through a
      number of different operations during the processing thereof. This machine
      direction pull of the fabric inherently builds into the fabric stresses
      between the fibers and in the overall fabric in the machine direction, and
      causes some fibers to be oriented in the machine direction. This machine
      direction stress is considerably greater than the transverse direction
      stress, and the resulting modulus in the machine direction is much greater
      than the modulus in the transverse direction. If no relaxation of the
      structure were to take place, then the modulus diagram, in the nature of
      those illustrated in FIGS. 7 through 10, might well appear in the general
      configuration as that shown in FIG. 13. This, of course, is considerably
      different from the modulus diagram of leather and would suffer from the
      disadvantages which have been noted above in connection with conventional
      artificial leather.
PAR  By adjusting the difference in peripheral surface speed between rolls 21
      and 22, and the pressure therebetween, the amount of working and movement
      of fibers, during one pass between rolls 21 and 22, can likewise be
      adjusted. This adjustment of the rolls, essentially, correspondingly
      adjusts the forces 32 and 33 exerted on the fibers passing between the nip
      of rolls 21 and 22. By then utilizing multiple passes through the nip of
      rolls 21 and 22, the modulus diagram can be changed during these plurality
      of passes from that illustrated in FIG. 13 to one similar to that
      illustrated in FIG. 7, or a desired modulus diagram. It is important to
      note that the modulus diagram could be adjusted so that the fabric is
      completely isotropic in modulus characteristics, i.e., the modulus of the
      fabric is the same in every direction, as illustrated in FIG. 14. This is
      a unique textile fabric with obvious advantages. However, for the purposes
      of the present artificial leather, it is preferred that the modulus
      diagram be similar to that of leather, and, for this reason, the fabric is
      mechanically relaxed by passing through the nip of rolls 21 and 22 a
      sufficient number of times to produce a modulus diagram essentially the
      same as that of leather. With such modulus characteristics, the resulting
      artificial leather can be formed on a last by the identical methods used
      for forming leather uppers on a last. No additional steps or special
      considerations are therefore required in processing the present artificial
      leather into shoes.
PAR  While, for the present purposes of artificial leather, it is only necessary
      to adjust modulus in the machine direction, for the reasons noted above,
      if desired for other purposes or to build special modulus diagrams for the
      fabric, the fabric may additionally be run through the nip of rolls 21 and
      22 in both the machine direction and the transverse direction, as well as
      at angles therebetween. This will allow the building of a modulus diagram
      as desired.
PAR  While the difference in peripheral surface speeds of rolls 21 and 22 may
      vary from as little as 1% to as great as 100%, it is preferred that this
      difference in peripheral surface speeds be between approximately 10% and
      45%, especially between 20% and 35%. Also, while not required it is
      preferred that roll 22 be the roll of greater peripheral surface speed.
      The normal pressure exerted on the fabric passing through the nip of rolls
      21 and 22 can be adjusted simply by changing the distance between roll 21
      and roll 22. This distance adjustment may be carried out by any expedient
      mechanical means, but simply adjusting pillow blocks holding the axles of
      the rolls is suitable. Alternately, this may be done with worm screw
      adjustments, hydraulic cylinders, movable bearings and the like.
PAR  The wire used on roll 21 is suitably a conventional carding wire, but any
      wire may be used so long as the wire has sufficient stiffness to apply
      force on the fabric at discrete points and thereby move individual fibers
      relative to one another, as discussed above. Some flexibility is desired
      and results from the character of the fabric base in which the wire points
      are mounted as well as from the length and diameter of the pointed wire.
      Of course, different sizes and modulus of wire can be used depending upon
      the number of upstanding wires per square inch on the card wire surface.
      Thus, wires of smaller diameter and hence lower modulus may be used if
      greater numbers of the wires per square inch are present on the surface of
      roll 21. Conversely, small numbers of wires per square inch may be used
      when the wires are thicker and of greater modulus. Irrespective of the
      foregoing, it is necessary that the wires present a total surface on roll
      21 which is sufficient to apply substantial forces to the individual
      fibers of the fabric and move those individual fibers relative to one
      another, as discussed in connection with FIG. 12. This can be determined
      by simple experiment with any specific fabric and any degree of relaxation
      desired.
PAR  It is preferred that the wires used on roll 21 have a curvature or bend
      therein (the latter embodiment being shown in FIG. 11). The bent
      configuration of the wires assist in applying nonslip force to the fabric
      and makes it easier to withdraw the wire points without disrupting or
      otherwise displacing fibers in a non-desired manner.
PAR  A suitable wire is shown in FIG. 15. The dimensions A and B may be
      approximately equal, while C is about two-thirds of A or B. The angle
      theta is about 20.degree. to 45.degree., more preferably about 30.degree..
      The wire is preferably pointed as shown at F. As a specific embodiment, A
      and B are about three-sixteenths inch, theta is about 30.degree. and the
      diameter of the wire D is approximately 10 to 20 mils.
PAR  It should be appreciated from the above, however, that the direction of
      bend in the wire will be in a generally opposite direction to the movement
      of the fabric. Thus, as illustrated in FIG. 11, the bend in the wire, as
      viewed in the nip between the rolls, is in a direction generally opposite
      to the direction of the movement of the fabric. It should also be noted
      that while FIG. 11 shows roll 21 to be of greater diameter than roll 22,
      this arrangement is simply for convenience and the rolls may be of the
      same diameters, or any combination of diameters, as long as the peripheral
      surface speeds of the rolls are different, as described above.
PAR  The needled fabric may be composed of any desired fibers or combination of
      fibers, but the combination of fibers must have the capacity to shrink if
      the heat-shrinking step is practiced. Preferably, the fibers or
      combination of fibers, taken as a unit, should be capable of shrinking at
      least 5% and up to 40%, although shrinkages between about 10 and 20% are
      preferred. Also, as can be easily appreciated, mixtures of various fibers
      having various degrees of shrinkability may be used so long as the total
      combination, as a unit, has shrinkage capabilities within the
      above-defined ranges. Alternately, the shrinkable or more shrinkable
      fibers may be placed predominately near the face surface, for example, by
      using those fibers, mainly, in the outermost layer or layers in the first
      carding operation and/or in the second carding of the fine fibers.
PAR  It is also desired that the fibers be crimped since the crimping allows a
      more random orientation of individual shafts of fibers and also
      facilitates entanglement during the needling operations. Natural fibers,
      such as wool, have a natural crimp therein, but synthetic fibers, such as
      polyesters, do not have a natural crimp, and it is, therefore, preferred
      that crimped synthetic fibers be used. The degree of crimping can vary
      considerably, but it is preferred that the crimped length be from 7/8 to
      1/4 the uncrimped length of the fiber, preferably between 1/2 and 3/4 of
      the uncrimped length. Generally, the number of crimps per inch of fiber
      will be between three and 20, but preferably between six and 20.
PAR  As noted above, the particular composition of the fiber is not critical to
      the invention, and various combinations of fibers may be used. These
      combinations may include natural fibers of plant or animal origin such as
      cotton, collagen and wool, and synthetic fibers such as nylon, acrylics,
      olefins, e.g. polyethylene, polypropylene, polyvinyl chloride, polyvinyl
      acetate/polyvinyl alcohol, polyvinyl chloride/polyvinyl vinylidene and
      polyester. The preferred fibers, however, are commercial nylon and/or
      polyester fibers, since these fibers provide excellent workability in the
      process and have inherent chemical properties which resist degradation due
      to perspiration and the like.
PAR  It should be appreciated from the above that the basic structure of the
      invention is the needled fabric and that the fabric is such a coherent,
      entangled and dense material that the fabric alone closely resembles
      leather. With this basic fabric, any desired finish and technique for
      placing the finish on the fabric may be used as is practiced with
      conventional leather finishes. These finishes may be applied with
      conventional leather filler, base and top coats, the polymers of which may
      be, among others, acrylics, polyurethane, nitrocellulose and the like, all
      of which are well known in the art. However, it is usually desirable that
      the finish or finishes be applied in such a manner and in such quantities
      that the fabric of the invention does not carry an impervious coating
      thereof. In other words, the quantity of base coat and finish applied to
      the present fabric should be in the range applied to leather. On the other
      hand, while not preferred, the finish may be impervious in the manner of
      some artificial leather, e.g., impervious or substantially impervious
      coatings of polyvinyl chloride or polyurethane. Also, it will be
      appreciated that leather is finished with conventional base coats and top
      coats only with sufficient quantity to provide color, luster and
      smoothness to the surface of the leather and not, usually, to the extent
      to prevent the transmission of water vapor. This required quantity of
      coating and/or finishing can be conveniently applied by way of a flexible
      doctor blade. By doctoring the coating and/or finish with a flexible
      doctor blade, the irregularities and depressions on the face surface of
      the present fabric can be effectively coated by action of small flexures
      of the flexible doctor blade. Hard rubber, thin flexible steel and the
      like can be used for the doctor blade.
PAR  Alternately, the coats and finish may be sprayed or otherwise applied to
      the fabric, but preferably the coats, finish and technique of application
      thereof should result in products being resistant to transmission of
      liquid water but not impervious to the transmission of water vapor. Thus,
      preferably the coats and finishes will be disposed on the face surface of
      the fabric as a discontinuous and pervious film.
PAR  While any conventional leather finish and technique for application thereof
      may be used with the present needled fabric, as discussed above, it has
      been found that a novel surface treatment technique prior to conventional
      finishing procedures produces an exceptionally snag resistance artificial
      leather. Additionally, this surface treatment allows the development of
      aesthetically pleasing surfaces with the finishing materials and enables
      applications of finishes which have greater permeability to water vapor.
      According to this aspect, the face surface has a plurality of short
      upstanding fibers projecting therefrom. After the sanding, a polymer is
      applied to the surface in a manner to coat the upstanding fibers but not
      to allow penetration into the textile fabric. Thus, a solution, suspension
      or melt or a polymer may be used so long as the foregoing function is
      obtained. Any excess polymer is removed, e.g., by scraping with a doctor
      blade or the like, and the polymer is allowed to gel. In this regard,
      gellation can take place by solvent evaporation, precipitation and
      cooling, respectively, from a solution, suspension or melt. Alternately,
      the monomers of the polymer, along with a suitable catalyst and initiator
      if required, may be disposed on the surface and polymerization thereof may
      take place. Irrespective of the mode of depositing the polymer on the
      surface, after scraping, the surface is subjected to heat and pressure
      which causes the fibers to be pressed in directions parallel to the
      surface of the fabric and bonded in that plane. Accordingly, a surface
      matrix consisting primarily of fibers randomly arranged in directions
      parallel to the surface of the fabric is obtained. One end of the fibers
      in that surface matrix is rooted in the structure of the fabric and the
      surface matrix is smooth but porous and has a high snag resistance. The
      so-obtained surface is most suitable for application of finishing coats.
      It should also be noted that during the heating and pressing step, the
      pressure need not be entirely perpendicular to the surface and may have a
      component of movement parallel to the surface. Thus, an ironing in a
      random or oriented direction may take place on the surface. Of course, in
      any regard, the fabric must be cooled after the surface matrix has been
      formed and before release of the pressure.
PAR  As can be appreciated from the foregoing, the dense fibrous nature of the
      fabric surface allows the use of conventional leather finishes and
      techniques and thus the finished product is porous in nature, similar to
      leather, and has a multitude of interlocking fibers at the surface
      thereof, again in the nature of leather. With these properties, any scuff
      or abrasion of the face surface of the material can easily be repaired by
      polishing in the same way that similar damage is repaired with leather
      shoes. Since there is no thick polymeric film coating which can peel or
      crack, the difficulties of conventional artificial leather, in this
      regard, are obviated.
PAR  The present artificial leather also has a unique advantage in that while a
      grain may be embossed therein, as described above, a grain can be imposed
      on the material simply by bending or flexing the material, in the same
      manner that leather may be so grained (the use of conventional boarding
      machines). Commercial artificial leathers with relatively thick surface
      films do not have this property.
PAR  Additionally, it should be noted that, if desired, a polymeric film coating
      can be applied to the face surface of the present fabric in the same
      manner as applied to conventional artificial leathers and sometimes to
      leather, i.e., a "patent" finish. Thus, for a very glossy finish, a
      relatively thin polymeric film coating of a conventional polymer, such as
      polyurethane or polyvinyl chloride may be applied. The coating may or may
      not be microporous or macroporous to allow liquid or vaporous water
      transmission therethrough. However, with the present artificial leather,
      the polymeric coating can be considerably thinner than those required by
      conventional artificial leathers, and this substantially mitigates the
      problems associated with the coating of conventional artificial leathers.
      Generally speaking, coatings, such as polyurethane coatings, of only 3 to
      20 mils thick may be used, and more preferably, coatings between 4 and 12
      mils may be used. Coating techniques and compositions useful with the
      present invention are described in detail in U.S. Pat. Nos. 3,000,757;
      3,067,482; 3,100,721; 3,190,766; 3,208,875; 3,284,274 and 3,483,015, the
      entire disclosures of which are incorporated herein be reference.
PAR  While a polymeric coating may be applied in the manner of conventional
      artificial leathers, i.e., in the manner well known for the production of
      Corfam, as illustrated by the above referenced U.S. patents, it is
      preferred that the film of polyurethane be prepared by heating and
      pressing open celled foamed polyurethane until the foamed polyurethane
      produces a microporous to macroporous film. This film can then be simply
      laminated to the present artificial leather by use of an adhesive coat.
      The films produced by heating and pressing foamed polyurethane are well
      known in the art, for example, the films of U.S. Pat. No. 3,325,338, the
      entire disclosure of which is incorporated herein by reference.
PAR  Because relatively thin films can be applied to the present fabric, the
      memory inherent with polymeric films is insufficient to prevent the fibers
      of the textile fabric from retaining a permanent set as shoes made from
      the material are worn. In other words, the thin films which can be used
      with the present artificial leather do not significantly deteriorate the
      otherwise desirable properties of the present material to take the set in
      the nature of leather. Likewise, the films do not significantly
      deteriorate the desirable properties of the present materials to form over
      conventional shoe lasts without special processing steps or machinery. The
      essential modulus diagrams, discussed above, are retained even when the
      present thin films of polyurethane are laminated thereto.
PAR  Some of the unique aspects of the present invention can be understood from
      FIGS. 16 through 19. These FIGURES are photomicrographs, of approximately
      60 X to 80 X enlargement, of leather, the present material, a first
      commercial artificial leather and a second commercial artificial leather,
      respectively. From FIG. 16, it can be seen that leather is very fibrous in
      nature and has bundles of fibers intimately entangled in all directions.
      It can also be noted that leather has a density gradient from the back
      surface, the lowermost part of the photograph, to the face surface.
      Comparing FIGS. 16 and 17, it can be seen that the present material,
      similar to leather, is made of bundles of fibers disposed in directions
      similar to leather and having a density gradient quite like leather. In
      contrast to both leather and the present material, the first commercial
      artificial leather is clearly a laminate with a polymeric film A, a woven
      intermediate portion B, and a textile substrate C. The polymeric coating,
      while porous, is relatively thick and the textile substrate bears little
      relationship to the disposition of fibers of leather, or for that matter
      of the present material. No density gradient similar to leather or the
      present material is detectable from FIG. 18. Likewise, FIG. 19, showing a
      second commercial artificial leather is even more different from leather
      than the first commercial artificial leather. That second commercial
      artificial leather has a relatively thick polymer surface film D which
      extends into and around fibrous substrate E. Again, the substrate has
      fibers disposed in directions most dissimilar to leather and to the
      present invention.
PAR  From viewing FIGS. 16 through 19, the unique properties of the present
      invention, as compared with commercial artificial leathers, and the
      properties of the present invention which are most similar to leather, can
      be understood. The present structure could be characterized as a man-made
      textile equivalent to leather in many respects. Thus, the present material
      does not suffer from the disadvantages of commercial artificial leathers,
      noted hereinbefore, but yet, at the same time, provides most of the
      desirable properties of leather and eliminates some of the undesirable
      properties of leather.
PAR  In one aspect, the present desirable properties are obtained in connection
      with the present depth and number of needle penetrations which produces a
      fabric which is unique in regard to the character of the fiber
      entanglement. Generally speaking, conventional needled fabrics are
      produced by needling a batt with depth of needle penetration such that the
      foremost barb of the needles passes about three-eights of an inch beyond
      the opposite face of the batt, i.e., the face opposite the face from which
      needle three-eights commences. The foremost barb, as well as other barbs
      on the shank of the needle, carries into and through the batt bundles of
      fibers in a looped configuration and the curved end of the loop of fibers
      passes through the batt entirely when the barbs of the needles penetrate
      through the batt to the foregoing extent. Also, in a fairly large percent
      of the needle penetrations, the fibers of the loops are so pulled through
      the batt that the loop configuration is destroyed and the needling
      produces only shanks of fibers extending beyond the face of the batt.
      Further, when the so-needled structure is then similarly needled from the
      opposite side, the needles pick up the protruding loops and shanks of
      fibers and again force these, at least in part, entirely through the batt
      and lodges them beyond the opposite face. Thus, the net result of this
      type of needling operation is to produce a structure wherein the majority
      of fibers are bound and/or held together as though the batt was a sewed
      structure and this structure has been referred to in the art as a ligated
      structure.
PAR  In contrast thereto, with the present invention the foremost barbs of the
      needles do not penetrate the opposite face of the composite to any
      substantial extent, and, therefore, the end of the loop of fibers carried
      by that foremost and other barbs, if any, do not protrude through the
      opposite face of the composite and a series of potential interlooping and
      interlocking of loop centers are produced. When the composite is then
      needled from the opposite face with similar low penetrations, the ends of
      the loops formed from one face and then from the opposite face can
      interloop and interlock.
PAR  With the very large number of needle penetrations, e.g., 12-25,000 per
      square inch, used in the present invention and with the looping procedure
      as discussed above, an entanglement network of interloopings and
      interlockings of the loops is accomplished in the present fabric by the
      needling operations even though the needles penetrate the composite in a
      random manner in comparison with the more systematic FIBERWOVEN process
      which uses precise positioning and angles of the needles, as well as a
      precise advance of the batt through the FIBERWOVEN loom. These
      interloopings and interlockings of loops provide a system of random fiber
      entanglement which, thusly, provides a structure or network which has the
      mechanical properties in the nature of leather.
PAR  Thus, for purposes of the present invention, the terms "random fiber
      entanglement" refers to random interlooping and interlocking of loops of
      fibers which is produced by needling a composite of staple fibers wherein
      the foremost barb of at least 75% of the needles does not penetrate,
      substantially or only slightly, through the opposite face of the composite
      being needled, and wherein the number of needle penetrations per square
      inch is sufficient that the final density of the fully needled fabric is
      at least 12 pounds per cubic foot. In this regard, the terms
      "substantially" or "slight," in connection with the needle penetrations is
      defined to mean not more than one-sixteenth inch beyond the opposite face.
      This amount of penetration beyond the opposite face is acceptable and in
      keeping with the foregoing disclosure, since depending on the
      characteristics of a given fiber, some retraction of the loops may take
      place when the needles are withdrawn. The density consideration is
      directly related to the extent of needling, since a normal number of
      needle punches at low depth of penetration will produce densities far less
      than the 12 pounds per cubic foot. The density referenced is the density
      accomplished by needling only and not by any other means, such as fillers,
      heat, pressure and the like, for increasing the overall bulk density of
      the fabric.
PAR  Thus, it is a feature of the invention to provide a fabric comprising
      needled staple fibers having random fiber entanglement and the fabric
      having an overall bulk density of at least 12 pounds per cubic foot. It is
      another feature of the invention to provide a process for producing such
      fabric wherein a composite of staple fibers is needled with a plurality of
      needles and wherein the foremost barbs of at least 75% of all the needles
      do not substantially penetrate the opposite face of the composite and
      wherein the needling is continued to produce random fiber entanglement and
      an overall bulk density of the fabric of at least 12 pounds per cubic
      foot.
PAR  The invention will be illustrated by the following specific Examples, but
      the invention is not limited thereto and is fully applicable to the
      foregoing disclosure.
PAC  EXAMPLE 1
PAR  The procedure and apparatus of this example is, substantially, in
      accordance with that illustrated in FIG. 1. Onto a conveyor was carded a
      first layer of polyester staple fibers, Type HT, High-crimp, 11/2 denier
      and 11/2 inch length, produced by the American Enka Corporation.
      Sufficient fibers were deposited and cross-layed on the conveyor to
      provide 2 ounces of fibers per square yard.
PAR  A second layer of staple waste polyester fibers was carded on the first
      layer. This layer was a blend of fibers having deniers between 2 and 5 and
      lengths between 11/2 and 3 inches, with an average denier of 3 and an
      average length of 21/2 inches. The fibers were cross-layed on the first
      layer of fibers until 6 ounces per square yard of fibers were carded. This
      second layer of fibers is a combination of the two inner layers of FIG. 1,
      thus illustrating that there is latitude for convenience and economy in
      practicing the present invention.
PAR  A lightly bonded nonwoven light-weight polyester web was placed on top of
      the second layer of fibers and an identical additional web was placed on
      top of the first web. These nonwoven webs are used only to improve
      handling and subsequent separation of the composites of layers and do not
      remain in the structure as a separate entity but during the needling
      operations are completely disintegrated and the fibers thereof function in
      the same manner as the carded fibers of the layers.
PAR  On top of the webs was carded a third layer of fibers which was identical
      to the second layer of fibers and on top of the third layer of fibers was
      carded a fourth layer of fibers which was identical to the first layer of
      fibers. Thus, the carding steps produced two composites of loosely matted
      fibers which composites are mirror images of each other and separated by
      the lightly bonded nonwoven light-weight polyester webs.
PAR  The two composites were passed by way of a conveyor and under a compacting
      roll to a first needling station. The first needling station consisted of
      a FIBERWOVEN loom with the standard four needling positions, each position
      having two needle boards, and each needle board having 32 needles per
      widthwise inch of the fabric passing through the loom. The needles were
      Foster 1-16-4 C (one barb-16 mil triangular blade-4 mil barb depth). The
      plate opening in position 1 was 3/4 inch and the remaining plate openings
      were 3/8 inch. In positions 1 and 2 of this first needling operation, the
      barb of the needles of each needle board penetrated through the mirror
      image composites, but in positions 3 and 4, the needles of each needle
      board penetrated only slightly through each respective mirror image. The
      so-needled fabric was then run through a second FIBERWOVEN loom where all
      of the positions were arranged in the same manner as positions 3 and 4 of
      the first loom. In this first needling operation each needle penetrates
      each mirror image composite eight times per linear inch and each composite
      has, therefore, 1,330 needle penetrations per square inch.
PAR  After the first needling operation, the two needled mirror image composites
      were mechanically separated by pulling apart at the nonwoven webs, and
      after reversing the bottom composite, it proceeded through the process in
      the same manner as the top composite.
PAR  The composite was passed through a FIBERWOVEN loom having Foster 1-16-3 C
      needles and plate openings in all positions of five-sixteenths inch. The
      barbs of the needles of the top needle board penetrated slightly through
      the back surface of the composite, while the barbs of the needles of the
      bottom needle board penetrated just to the face surface of the composite.
      Each needle penetrated each side of the composite 12 times per linear inch
      which corresponds to 1540 needle penetrations per square inch for each
      side of the composite. As will be appreciated, this is an additional
      needling operation performed between the first needling and second
      needling operations as shown in FIG. 1. This further needling operation
      illustrates that various combinations of needling may be used in carrying
      out the present invention, consistent with the function of the needling as
      disclosed hereinbefore.
PAR  Onto the surface of the so-needled composite was carded a first layer of
      relatively short fibers in an amount of 3 ounces per square yard. The
      denier of the fibers was 1.5 and the length was 1.5 inches. The fibers
      were polyester staple fibers, Type HT, High-crimp, manufactured by the
      American Enka Corporation. Thereafter, a second layer of fibers was carded
      on the first layer of carded fibers. The second layer was identical to the
      first layer except that the length of the fibers was five-eighths inch.
PAR  The composite with the carded fibers thereon was then needled in a
      FIBERWOVEN loom with a plate opening of three-fourths inch in position 1
      and three-eighths inch in positions 2 through 4. The needles, the barb
      penetrations, the needle punches per inch per needle and the total needle
      penetrations per square inch were the same as in the previous needling
      step. Thus, there were 1,540 needle penetrations for each side of the
      composite.
PAR  The so-needled composite was immersed in a bath of needling fluid (amine
      salt of coconut fatty acids, Penetrant GWX, Woonsocket Color and Chemical
      Co., diluted to 6% solids with water). The composite had add-ons of the
      needling fluid between 150% and 200%. The composite with the needling
      fluid was passed to a FIBERWOVEN loom where the plate opening in all
      positions was five-sixteenths inch; thereafter the composite was passed to
      a second FIBERWOVEN loom with the same plate openings; and thereafter the
      composite was passed to yet a third FIBERWOVEN loom where the plate
      openings were three-sixteenths inch. The needles in each of these looms
      were the same as in the previous needling operation. In the first two
      looms, the barb penetrations were the same as the previous needling
      operation, but in the third loom, the barbs of the top needle boards
      penetrated through the composite by one-eighth inch. Each needle
      penetrated 12 times per linear inch in the first loom and 20 times per
      linear inch in the second and third looms; thus, there were 6,658 needle
      punches per square inch for each side of the composite.
PAR  The needled fabric was washed in clean water to remove the needling fluid
      and squeezed to remove the wash water therefrom. The fabric was heated
      with an open flame and dried at temperatures less than 250.degree.F.
PAR  During the needling operations described above, the composite was fed into
      the looms in a manner to minimize machine direction tension on the
      composite. This minimum tension also allowed the composite to wander or
      wobble slightly in the transverse direction while passing through the
      looms. However, even with this minimum machine direction tension, the
      length of the resulting needled fabric was increased over the length of
      the original composite by about 40%, i.e., the length of the fully needled
      fabric was 40% greater than the length of the composite of layers of
      fibers immediately after carding.
PAR  In order to correct the out-of-balance modulus produced by this elongation
      of the composite and to relax the fiber structure of the resulting needled
      fabric, the fabric was passed through the apparatus of FIG. 11. Roll 22
      carrying a grit impregnated rubber surface operated at a peripheral
      surface speed 35% greater than roll 21 carrying a wool card wire surface,
      i.e., a 35% overfeed. The fabric was passed in the machine direction
      through the nip between rolls 21 and 22, six times which resulted in a
      decrease of 15% in the length (machine direction) of the fabric. The rolls
      of the machine were adjusted so that the outermost portion of the wires of
      roll 21 lightly touched the surface of roll 22. It is optimal that the
      fabric may be heated while in the machine of FIG. 11 by contacting a
      heated shoe (e.g., heated to 250.degree.F) after passing through the nip
      of rolls 21 and 22 but before release from roll 21.
PAR  The material was heated from the face surface by a blast of air at
      500.degree.F for approximately 4 to 5 seconds, with subsequent light
      sanding of the back face to even the thickness of the fabric, and
      immediately passed to a travelling belt press. A portion of the top belt
      was heated to 460.degree.F so that the fabric passing between the top and
      bottom belts was in contact with the 460.degree.F heated portion of the
      belt for only about 6 seconds. The face surface of the fabric contacted
      the top heated belt. Latter portions of both the top and bottom belts were
      cooled by circulating cooling water through a flat heat exchanger over
      which the belts passed and these latter portions of the belt were
      maintained at temperatures below about 200.degree.F. Before releasing the
      pressure on the fabric exerted by the belts, the fabric was cooled to
      below 200.degree.F. The pressure on the belts contacting the fabric was 60
      p.s.i.
PAR  The fabric, after passing through the belt press, had a thickness of about
      66 mils and a weight of about 14 ounces per square yard, i.e., a density
      of about 17 pounds per cubic foot.
PAR  The fabric was impregnated with a natural rubber latex having the following
      compositions:
TBL                       Parts By Weight                                      
     A-Component at 50% solids:                                                
      Natural rubber latex-(Lotol                                              
      GX-3289 Uniroyal Chemical)                                               
                           100                                                 
     Water                 34                                                  
     Sodium polyacrylate water soluble                                         
      latex thickner (Acrysol ASE 60                                           
      Rohm & Haas)        0.34                                                 
     Ammonium Hydroxide   To adjust pH to 8.0                                  
                          Parts By Weight                                      
     B-Component                                                               
     Water                4.91                                                 
     Potassium oleate     2.77                                                 
     Ammonium Chloride (20% with                                               
      ammonia added to pH 10)                                                  
                          0.96                                                 
     Zinc Mercaptobenzothiazide                                                
      (Uniroyal NX-503-C, OXAF)                                                
                          1.09                                                 
     Sulfur (in dispersion from -                                              
      Uniroyal NX-762-B)  1.09                                                 
     Zinc Oxide (in dispersion from -                                          
      Uniroyal NX-935)    1.04                                                 
     Zinc dibutyldithiocarbamate                                               
      (Uniroyal Butazate-50-D)                                                 
                          0.58                                                 
     Aqueous carbon black pigment                                              
      dispersion at 30% solids                                                 
                          2.84                                                 
PAL  Components A and B are mixed at 3 parts A to 1 part B.
PAR  The fabric was immersed in the impregnant composition, and then squeezed
      lightly to produce a weight add-on of approximately 200%.
PAR  The impregnated fabric was passed immediately into a steam chamber
      maintained at atmospheric pressure and containing steam superheated to
      about 218.degree.F. The fabric remained in the chamber for about 10
      minutes with minimum contact of the fabric with the surfaces of the
      chamber. The solids of the impregnant composition were coagulated and
      cured during this steam treatment.
PAR  The fabric is then passed out of the steam chamber and dried at
      temperatures less than 250.degree.F.
PAR  The back surface of the fabric was lightly buffed with 180-grit abrasive
      paper to remove about 2 mils of material from the back surface. The face
      surface was buffed with the same paper to remove up to about 5 mils from
      the face surface. The face surface was polished by further sanding with
      400-grit abrasive paper.
PAR  A urethane tie coat was applied to the face surface of the fabric with a
      thin flexible steel doctor blade having a generally rounded tip and
      inclined at 80.degree. from the horizontal in the direction opposite to
      the movement of the fabric. The doctor blade had a pressure of 21/2
      pounds per linear inch. The urethane tie coat had the following formula:
TBL                         Parts per 100                                      
     ______________________________________                                    
     Prepolymer of polytetramethyleneether glycol                              
      (MW 1000) and tolylene-2,4-diisocyanate*                                 
                              100                                              
     Phenyl diisocyanate      22                                               
     Trichloroethylene        30                                               
     ______________________________________                                    
      *The Adiprene L series produced by E. I. du Pont and the Daltoflex A-40  
      series produced by ICI America are urethane rubber prepolymers and are   
      equivalents for the present purposes.                                    
PAL  The fabric with the tie coating thereon was dried under infrared lamps. The
      amount of dried tie coat on the fabric was about 1.3 grams of tie coat per
      square foot.
PAR  The fabric was then allowed to lag at room temperature for about three
      hours until the urethane tie coat cured to approximately 30% of the
      maximum potential cure (cross-linking). This partial curing of the
      urethane tie coat brings the resin on the surface fibers into such a
      condition that when normal mechanical pressure and heat is exerted
      thereon, the upstanding fibers at the surface are oriented in the plane of
      the fabric and join together in a fiber polymer surface matrix that is
      both porous and very highly scuff resistant.
PAR  The fabric with the tie coat thereon was then passed through a heated belt
      press to accomplish the perpendicular mechanical pressure noted above. The
      speed of the fabric was 7 feet per minute. The forward portion of the top
      belt, next to the face surface of the fabric, was heated to 400.degree.F
      and the forward portion of the bottom belt, next to the back surface being
      cooled to less than 100.degree.F. The latter portions of both the top and
      the bottom belts were cooled to about 75.degree.F. The belt press exerted
      a pressure of approximately 20 pounds per square inch. The fabric going
      into the belt press had a thickness of about 75 mils, and the fabric
      exiting the belt press had a thickness of about 72 mils.
PAR  A base color coat was sprayed onto the pressed tie coat, using an atomizing
      nozzle with a pressure of 45 pounds per square inch. The base color coat
      had the following formula:
TBL                        Parts by Weight                                     
     ______________________________________                                    
     Primal Ochre (pigment)  15                                                
     Primal White 264 (pigment)                                                
                             9                                                 
     Primal Red (pigment)    1                                                 
     Water                   38.5                                              
     Flexible unplasticized emulsion of                                        
      74/20/3/3 copolymer of ethyl acrylate,                                   
      methyl acrylate, methylol acrylamide                                     
      and methacrylic acid*  36.5                                              
     ______________________________________                                    
      *Primal 510, Rohm & Haas Co. is equivalent for purposes of the present   
      invention.                                                               
PAR  The base color coat was then dried under infrared heaters (temperatures
      less than 200.degree.F on base coat) to provide a dried coating of about
      0.8 gram per square inch. The spraying and drying of the base coat was
      repeated two additional times with each repeat providing an additional 0.8
      gram per square foot of base color coat. In the last spraying of the base
      color coat, four parts of wax solution was added per 100 parts of base
      color coat in order to provide a mold release surface for the subsequent
      embossing step.
PAR  The fabric was then embossed at 345.degree.F for 15 seconds using a
      Sheridan Batch Press with a pressure of about 500 pounds per square inch.
      The embossing step reduced the thickness of the fabric about 10% and
      produced a leather grained surface texture.
PAR  A top finish coat was then sprayed on the fabric. The spraying was
      accomplished with an atomizing spray nozzle using 45 p.s.i. pressure. The
      spray was inclined at an angle to the fabric of about 30.degree. in order
      to highlight the embossed surface texture. The top finish coat was dried
      under infrared heaters (temperatures of finish coat of less than
      200.degree.F) to produce a dried coating of about .3 gram per square foot.
      The formula of the top finish coat was as follows:
TBL                      Parts by Weight                                       
     ______________________________________                                    
     Nitrocellulose lacquer                                                    
                           50.0                                                
     Methyl ethyl ketone   15.0                                                
     di-isobutyl ketone    30.00                                               
     Carbon black          5                                                   
     ______________________________________                                    
PAL  The fabric was then fully cured at 330.degree.F for 2 minutes in a tunnel
      drier.
PAR  The back surface of the fabric was sprayed with a solution of a leather
      softener of the following formula:
TBL  Sulfonated animal and vegetable fat,                                      
      21/2-5% SO.sub.3 content    12                                           
     Water                        88                                           
PAL  The leather softener was applied in an amount of about 3 grams per square
      foot. The leather softener improves the hand of the fabric, in terms of
      leather, and also provides a leather odor to the fabric.
PAR  The fabric was mechanically softened by boarding in a conventional leather
      boarding machine with the face surface contacting the rolls of the
      boarding machine.
PAR  The resulting product was supple, having the feel, grainy appearance, color
      and texture of leather. The density of the material was approximately 35
      pounds per cubic foot. The bending break had 18 wrinkles per inch
      indicating the flex axis very near the face surface. The bulk density
      gradient from the back surface to the face surface was approximately
      1:2.5. The material was fabricated into a number of pairs of shoes (shoe
      uppers), in the same manner as leather and wear tests showed that the
      material functioned at least equal to leather in shoe uppers.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that the initial carding of
      fibers produced two composites of layers of fibers which composites had
      three different layers of fibers. The first layer had an average denier of
      4 and an average length of 21/4 . The second layer had an average fiber
      denier of about 3 and an average length of about 11/2 , the third layer
      had an average fiber denier of 11/2  and an average fiber length of 11/2 .
      The product resulting from the process exhibited the similar properties as
      the product of Example 1, except that the density gradient was 1:3.
PAR  The terminology used in this specification is for the purpose of
      description and not limitation, the scope of the invention being defined
      in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An artificial leather comprising
PA1  1. a needled textile fabric base of high bulk density and a controlled axis
      of flexure and being composed of needled textile fibers coherently
      entangled into an integral structure with a face surface and back surface,
      said structure having an overall bulk density of at least 6 pounds per
      cubic foot and a bulk density gradient wherein the bulk density increases
      from the back surface to the face surface, said needled structure having
      an axis of flexure which lies within about 0.4 of the distance from the
      face surface to the back surface; and
PA1  2. a polymeric coating disposed on the face surface of the said fabric base
      and where the thickness of the coating is from 4 to 20 mils.
NUM  2.
PAR  2. The artificial leather of claim 1 wherein the bulk density gradient of
      the structure is provided by a needle pick-up gradient which decreases
      from the back surface to the face surface.
NUM  3.
PAR  3. The artificial leather of claim 1 wherein the bulk density gradient of
      the structure is provided by a needled plurality of layers of fibers and
      the average fiber length and/or the average fiber denier of the layers
      decreases from the back surface to the face surface, the denier of the
      fibers being between 1/2 and 8 and the unstressed length being between
      about one-fourth inch and 4 inches.
NUM  4.
PAR  4. The artificial leather of claim 3 wherein the plurality of layers of
      fibers have relatively long unstressed fiber lengths of at least
      three-fourths inch and wherein at least one layer of fibers superimposed
      and needled on and into the face surface of said structure has relatively
      short unstressed fiber lengths of less than three-fourths inch, whereby
      the bulk density at or near to the face surface of the structure is
      increased and defines a dense region of bulk density higher than the bulk
      density of the remaining portion of the structure.
NUM  5.
PAR  5. The artificial leather of claim 4 wherein the axis of flexure of the
      structure lies at least close to the dense region.
NUM  6.
PAR  6. The artificial leather of claim 1 wherein the coherent fiber
      entanglement of the structure includes some of the fibers being oriented
      into rows of fiber chain entanglement, the rows extending lengthwise of
      the structure.
NUM  7.
PAR  7. The artificial leather of claim 1 wherein the overall bulk density of
      the structure is at least 8 pounds per cubic foot.
NUM  8.
PAR  8. The artificial leather of claim 1 wherein the overall bulk density of
      the structure is at least 12 pounds per cubic foot.
NUM  9.
PAR  9. The artificial leather of claim 1 wherein fibers of the structure at and
      adjacent to the face surface have been shrunk and define a compacted
      region after shrinkage which extends into the structure a distance less
      than the thickness of the structure and wherein no substantial reduction
      in planar area of the structure has taken place.
NUM  10.
PAR  10. The artificial leather of claim 1 wherein the structure has open
      interstices between the fibers and the interstices have a filler
      impregnated therein.
NUM  11.
PAR  11. The artificial leather of claim 10 wherein the filler is an elastomer
      in the form of solid particles.
NUM  12.
PAR  12. The artificial leather of claim 11 wherein the particles are in the
      form of clusters of particles which are predominantly loosely bonded to
      the fibers of the structure.
NUM  13.
PAR  13. The artificial leather of claim 10 wherein the filler impregnated in
      the structure has a weight between 10% and 200% of the weight of the
      fibers in the structure.
NUM  14.
PAR  14. The artificial leather of claim 13 wherein the bulk density of the
      filled structure is between 20 and 45 pounds per cubic foot.
NUM  15.
PAR  15. The artificial leather of claim 10 having a buffed or sanded face
      surface whereby the face surface of the structure is cleaned, smoothed and
      rendered suitable for receiving a finish and/or coating.
NUM  16.
PAR  16. The artificial leather of claim 1 wherein the polymeric coating is
      microporous or macroporous.
NUM  17.
PAR  17. The artificial leather of claim 16 wherein the polymeric coating is a
      preformed film of open-celled foamed polyurethane which has been heated
      and pressed to form a microporous to macroporous film which is laminated
      to the said base.
NUM  18.
PAR  18. The artificial leather of claim 1 wherein the thickness of the coating
      is from 4 to 12 mils.
NUM  19.
PAR  19. The artificial leather of claim 1 wherein the elastic memory of the
      polymeric coating is insufficient to prevent the fibers of the base from
      retaining a permanent set.
NUM  20.
PAR  20. The artificial leather of claim 1 wherein the polymeric coating is
      composed of a plurality of individual layers of coatings.
NUM  21.
PAR  21. The artificial leather of claim 20 wherein at least some of the layers
      of coatings are composed of different polymers.
NUM  22.
PAR  22. An artificial leather comprising a fabric base of textile fibers
      needled together into an integral structure having coherent fiber
      entanglement, an overall bulk density of at least 12 pounds per cubic
      foot, a bulk density gradient wherein the bulk density increases from the
      back surface of the fabric base to the face surface of the fabric base and
      the axis of flexure of the fabric base lies within 0.4 of the distance
      from the face surface to the back surface, a relatively constant area
      under stress and capable of taking a permanent set, and a polymeric
      coating disposed on a face surface of the base and having a thickness of
      from 4 to 20 mils.
NUM  23.
PAR  23. The artificial leather of claim 22 wherein the fiber entanglement is
      fiber chain entanglement.
NUM  24.
PAR  24. The artificial leather of claim 22 wherein the structure has a filler
      disposed therein and has an overall bulk density of at least 13 pounds per
      cubic foot.
NUM  25.
PAR  25. An artificial leather comprising a fabric base of staple fibers needled
      into an integral structure having random fiber entanglement and an overall
      bulk density of at least 12 pounds per cubic foot, a bulk density gradient
      wherein the bulk density increases from the back surface of the fabric
      base to the face surface of the fabric base and the axis of flexure of the
      fabric base lies within 0.4 of the distance from the face surface to the
      back surface, and a polymeric coating disposed on a face surface of the
      base and having a thickness of from 4 to 20 mils.
NUM  26.
PAR  26. The artificial leather of claim 25 wherein the overall bulk density of
      the structure is at least 13 pounds per cubic foot.
NUM  27.
PAR  27. The artificial leather of claim 25 wherein the overall bulk density of
      the strucutre is at least 14 pounds per cubic foot.
NUM  28.
PAR  28. The artificial leather of claim 25 wherein the overall bulk density of
      the structure is at least 13 pounds per cubic foot and wherein the
      structure includes some of the fibers being oriented into rows of fiber
      chain entanglement.
NUM  29.
PAR  29. The artificial leather of claim 1 wherein the fibers at the face
      surface of the structure have polymer thereon and the fibers are bonded
      together to form a surface matrix consisting primarily of fibers randomly
      arranged in directions parallel to the surface of the fabric with an end
      of the fibers of the surface matrix rooted in the structure of the fabric
      and the polymeric coating is disposed on the said surface matrix.
NUM  30.
PAR  30. The artificial leather of claim 1 having from 12,000 to 25,000 needle
      punches per square inch.
NUM  31.
PAR  31. An artificial leather comprising a fabric base of textile fibers
      needled together into an integral structure having coherent fiber
      entanglement, an overall bulk density of at least 12 pounds per cubic foot
      and the axis of flexure which lies within 0.3 of the distance from the
      face surface to the back surface and a polymeric coating disposed on a
      face surface of the base and having a thickness of from 4 to 20 mils.
NUM  32.
PAR  32. An artificial leather comprising a textile base of textile fibers
      needled together into an integral structure having coherent fiber
      entanglement, an overall bulk density of at least 8 pounds per cubic foot,
      a ratio of bulk density at or near the back surface of the structure to
      the bulk density at or near the face surface of the structure of at least
      1:2 and the axis of flexure of the needled structure lies within 0.3 of
      the distance from the face surface to the back surface and a polymeric
      coating disposed on the face surface of the base and having a thickness of
      from 4 to 20 mils.
NUM  33.
PAR  33. The artificial leather of claim 32 wherein the bulk density ratio is at
      least 1:3.
NUM  34.
PAR  34. The artificial leather of claim 33 wherein the bulk density ratio is
      between 1:3 and 1:8.
NUM  35.
PAR  35. The artificial leather of claim 32 wherein the ratio of perpendicular
      moduli of the structure is no greater than 1:2.
NUM  36.
PAR  36. The artificial leather of claim 35 wherein the ratio of perpendicular
      moduli is no greater than 1:1.5.
NUM  37.
PAR  37. The artificial leather of claim 32 wherein the artificial leather has a
      constant area under stress.
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ABST
PAL  A method of attaching metal compounds to articles formed from synthetic
      polymers wherein the articles are subjected to the action of hydrogen
      sulfide under pressure or to the action of an aqueous solution of a
      thioacetamide or thiourea, and then to the action of an aqueous solution
      of a silver, copper (cupric or cuprous), lead, tin or mercury salt. This
      method makes it possible to obtain articles, particularly textile
      articles, of improved electrical conductivity.
BSUM
PAR  This invention relates to a method of attaching metal compounds to articles
      of synthetic polymers which makes it possible to increase the electrical
      conductivity of these articles. The invention applies more particularly to
      the obtaining of antistatic textile articles such as heating floor or wall
      coverings, garments, articles of furnishings, and the like.
PAR  One simple method of making articles electrically conductive consists in
      incorporating metal wires in them. This method, however, has the drawback
      that only the metal wires are made conductive; as a result, if the article
      is used as a heating surface, the heat is not liberated at all points of
      the article and remains localized around the metal wires.
PAR  There is also known, in accordance with French Patent No. 644,429, a method
      which consists in metallizing fibrous materials in the following manner:
      the material is immersed in a cuproammonium bath to which silver nitrate
      has been adeed, and then in a coagulation bath; it is then subjected to
      the action of hydrogen sulfide and passed into an electrolytic bath. Such
      a process is not fully satisfactory because the numerous processing steps
      required make it an expensive process.
PAR  An object of the present invention is to provide a simple and economical
      method for making articles of synthetic polymers uniform conductors of
      electricity without their mechanical properties being extensively
      modified.
PAR  The objects of the invention are accomplished by providing a method of
      adhering metal compounds to articles of synthetic polymers wherein the
      articles are subjected to the action of hydrogen sulfide under pressure or
      to the action of an aqueous solution of thioacetamide or thiourea, and
      then subjected to the action of an aqueous solution of a metal salt.
PAR  The invention also concerns the articles obtained by this method.
PAR  Articles which are capable of being treated by the method of the invention
      may be present in very different forms, such as fibers, threads, films or
      other shaped articles, namely knitted or woven fabrics or nonwoven
      polymeric materials. As polymeric materials which are particularly well
      suited for the carrying out of the method of the invention, mention may be
      made preferably of the synthetic polymers such as polyamides
      (polyhexamethylene adipamide, polycaproamide), the polyesters (ethylene
      polyterephthalate) and the thermostable polymers of the polyamide-imide
      type, and aromatic polyamides.
PAR  The application of these sulfur compounds to the article is effected by
      conventional impregnation, by immersion at ordinary temperature in an
      aqueous solution of the sulfur compound. In the particular case of
      hydrogen sulfide, the impregnation is effected at a pressure slightly
      above atmospheric in gaseous or liquid phase. Preferably, the pressure is
      from about 2 to 5 kg. per square centimeter, for instance in an autoclave
      which is brought to saturated steam pressure. Positive gage pressures are
      not required when an aqueous solution of a sulfur compound is used.
      Solutions containing from about 3% to 10% by weight of the sulfur compound
      are preferably used.
PAR  The duration of the impregnation varies as a function of the nature of the
      sulfur compound used, the nature of the polymer of which the article is
      formed, and the amount of conductivity which it is desired to obtain. In
      general, this time varies from 3/4 of an hour to 2 hours. Good results are
      obtained with an average time of one hour.
PAR  The article which has thus been impregnated in the liquid phase has the
      liquid removed in conventional manner, for instance in a centrifuge, in
      order to eliminate the excess solution remaining on the surface of the
      article. In case of treatment by gaseous hydrogen sulfide, this question
      of inking is needless.
PAR  The metal salts used in the method of the invention are those which react
      with the sulfur compounds to give stable combinations which adhere well to
      the article and withstand the customary conditions of its use and
      maintenance. For example, the water soluble salts of copper (cuprous or
      cupric), silver, tin, lead and mercury, may be used. The cuprous salts may
      be made soluble in water by preparing an aqueous ammonium solution
      thereof. The metallic salts most frequently used are the copper chlorides
      (cuprous chloride being possibly in ammoniacal medium), copper sulfate and
      nitrate, mercuric chloride, silver nitrate, and the like. Silver nitrate
      is preferably used with thiourea and thioacetamide. Generally, solutions
      containing from about 3% to about 10% metal salt by weight may be used.
PAR  The application of the metal salts to the article is effected by
      impregnation. In general, in order to simplify the process, it is carried
      out in a manner similar to that employed for the sulfur compound, that is
      to say, the article is immersed in an aqueous solution of the metal
      compound under substantially identical conditions of temperature and time.
      After the impregnation has been completed, the article is then rinsed with
      water, centrifuged and dried by any suitable known means.
PAR  The article treated in accordance with the method of the invention has a
      deposit of metal product resulting from the combination between the sulfur
      compound and the metal salt, this deposit taking place uniformly on the
      surface of the article and/or within it, the amount of the penetration
      being a function of the nature of the polymer of which the article is
      formed, the nature of the reagents and finally the conditions of the
      treatment. The deposit of metal product imparts upon the article a
      sufficient electrical conductivity substantially to improve its antistatic
      properties and to permit its use as a heating surface.
PAR  it is well known that the antistatic properties of a product are related to
      the quality of its conductivity. By utilizing the properties of
      conductivity obtained in accordance with the process of the invention, it
      is possible to improve the antistatic properties of articles of synthetic
      polymers such as floor coverings (rugs, carpets), wall coverings, articles
      of clothing and the like. This improvement in the antistatic properties is
      very resistant to wear and to the different washing and dry cleaning
      treatments due to the good adherence of the metal product to its support.
PAR  When the improvement in the electrical conductivity is sufficient, the
      articles may be used in interesting fashion as a heating surface and may
      be suitable, for instance, for heating wall coverings, heating clothes,
      articles for industrial heating and the like. In order to obtain the
      heating, it is sufficient to connect the article by any known means to a
      source of electricity. The method of the invention has the advantage of
      permitting a uniform heating at all points of the article since the
      conductive metal product is arranged regularly on the support.
DETD
PAR  The following examples are given by way of illustration and not of
      limitation of the invention.
PAC  EXAMPLE 1
PAR  A thread of polyhexamethylene adipamide of a size of 235 dtex (210 den)/34
      ends is introduced into an autoclave fed with hydrogen sulfide under a
      pressure of 5 kg at a temperature of 22.degree.C. After treatment for one
      hour, it is immersed into a 3% aqueous copper sulfate solution for 1 hour
      at 22.degree.C, rinsed with running water and dried in an oven at
      60.degree.C for 30 minutes.
PAR  The mechanical properties of the treated thread are measured on a
      dynamometer and compared with those of an identical control thread which
      has not been treated; the results are given in the following table;
TBL  Thread        Load         Elongation                                     
     ______________________________________                                    
     Control thread                                                            
                   1500 g       18%                                            
     Treated thread                                                            
                   1500 g       18%                                            
     ______________________________________                                    
PAL  It is seen that the treatment in accordance with the invention does not
      affect the mechanical properties of the articles treated.
PAC  EXAMPLE 2
PAR  A fabric weighing 60 g/m2 formed in warp and filling of ethylene
      polyterephthalate yarns of 72 dtex (65 den)/33 ends is introduced into an
      autoclave fed with hydrogen sulfide under a pressure of 5 kg at a
      temperature of 22.degree.C. After treatment for 1 hour, the fabric is
      immersed in a 4% aqueous silver nitrate solution for 1 hour at
      22.degree.C, then rinsed for 30 minutes with running water and dried in an
      oven at 60.degree.C for 30 minutes.
PAR  The potential assumed by the fabric as well as its half-discharge time at
      22.degree.C in an atmosphere containing 47% relative humidity is measured
      by means of a Lhomargy electrostatimeter (Model ES 01) in accordance with
      an induction method, the inductor electrode being brought to a potential
      of 4100 volts. The electrostatimeter makes it possible to determine the
      potential assumed by the fabric as well as the time necessary in order for
      this potential to decrease by half (half-discharge time). In accordance
      with the principle, the greater the conductivity of the fabric, the lower
      the potential and the shorter the half-discharge time.
PAR  The same measurements were carried out on the fabric after 20 successive
      washings effected under the following conditions: the fabric is immersed
      for 30 minutes in an aqueous bath, heated to 60.degree.C, maintained in
      agitation and containing 5 g/l of soap and 2 g/l of sodium carbonate, in a
      ratio of 1:50,  whereupon the fabric is rinsed for 5 minutes with running
      water and then dried in an oven at 60.degree.C.
PAR  The results obtained, compared with those of a control fabric which is
      identical but did not undergo the treatment of the invention, are
      indicated in the following table:
TBL               Potential    Half-discharge                                  
     Fabric       (volts)      time in seconds                                 
     ______________________________________                                    
     Control fabric                                                            
                  750          436                                             
     Treated fabric                                                            
                  0                                                            
     Treated after                                                             
     20 washings  260          1                                               
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  A fabric weighing 60 g/m2, formed in the warp and filling of
      polyhexamethylene adipamide yarns of 78 dtex(70 den)/23 ends, is treated
      as in Example 2, except that the aqueous silver nitrate solution is
      replaced by a saturated ammoniacal cuprous chloride solution.
PAR  The results obtained as in Example 2, and also compared with a control
      fabric which is identical but not treated are indicated in the following
      table:
TBL               Potential    Half-discharge                                  
     Fabric       (volts)      time in seconds                                 
     ______________________________________                                    
     Control fabric                                                            
                  720          79                                              
     Treated fabric                                                            
                  0                                                            
     Treated fabric                                                            
     after 20 washings                                                         
                  300          12                                              
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A fabric identical to that described in Example 3 is immersed for one hour
      at 22.degree.C and atmospheric pressure in an 8% aqueous thioacetamide
      solution, and then centrifuged in a centrifuge rotating at 1500 rpm for 10
      minutes. The fabric is then immersed in a 4% aqueous silver nitrate
      solution, rinsed in running water for 30 minutes, and then dried in an
      oven at 60.degree.C for 30 minutes.
PAR  The results obtained, as in the preceding examples, are indicated in the
      following table:
TBL               Potential    Half-discharge                                  
     Fabric       (volts)      time in seconds                                 
     ______________________________________                                    
     Control fabric                                                            
                  720          79                                              
     Treated fabric                                                            
                  0                                                            
     Treated fabric                                                            
     after 20 washings                                                         
                  160          42                                              
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  A nonwoven fabric of the spun-bonded type, formed of continuous filaments
      of polyhexamethylene adipamide of 22 dtex (20 den) is introduced into an
      autoclave fed with hydrogen sulfide under a pressure of 5 kg at a
      temperature of 22.degree.C. AFter 1 hour of treatment, the fabric is
      immersed for 1 hour at 22.degree.C in a 3% aqueous copper sulfate
      solution, then rinsed under running water for 30 minutes and dried in the
      oven at 100.degree.C for 30 minutes.
PAR  Two electrodes spaced 35 cm apart are connected to this fabric under a
      voltage of 11 volts. It was found that the power dissipated is about 300
      watts/m2.
PAC  EXAMPLE 6
PAR  A fabric weighing 75 g/m2, formed in the warp and filling of a
      polyhexamethylene adipamide yarn of 235 detex(210 den)/34 ends is treated
      as in Example 5. Two electrodes spaced 15 cm apart are connected under a
      voltage of 11 volts to the fabric. The power developed is about 100
      watts/m2.
PAC  EXAMPLE 7
PAR  A fabric similar to the one described in Example 3 is treated as in Example
      4, except for replacing the 8% thioacetamide solution with an 8% thiourea
      solution. The concentration of the silver nitrate solution is 3%. Test
      results are listed in the following table:
TBL               Potential    Half-discharge                                  
     Fabric       (volts)      time in seconds                                 
     ______________________________________                                    
     Untreated fabric                                                          
                  720          79                                              
     Treated fabric                                                            
                  0                                                            
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  A fabric similar to the one described in Example 3 is treated as in Example
      2, except for replacing the treatment with a 4% aqueous silver nitrate
      solution with a 5% lead nitrate aqueous solution for three-quarters of an
      hour at 50.degree.C. Test results are listed in the following table:
TBL               Potential    Half-discharge                                  
     Fabric       (volts)      time in seconds                                 
     ______________________________________                                    
     Untreated fabric                                                          
                  720          79                                              
     Treated fabric                                                            
                  0                                                            
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  A fabric similar to the one of Example 3 is treated as in Example 2, except
      for replacing the treatment with a 4% silver nitrate solution with an
      aqueous 5% stannous sulfate solution for three-quarters of an hour at
      50.degree.C. Test results are listed in the following table:
TBL               Potential    Half-discharge                                  
     Fabric       (volts)      time in seconds                                 
     ______________________________________                                    
     Untreated fabric                                                          
                  720          79                                              
     Treated fabric                                                            
                  70           1                                               
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  A fabric similar to the one described in Example 2 is treated as in Example
      2, except for replacing the treatment with a 4% silver nitrate solution by
      a treatment with a 5% aqueous lead nitrate solution for three-quarters of
      an hour at 50.degree.C. Test results are listed in the following table:
TBL               Potential    Half-discharge                                  
     Fabric       (volts)      time in seconds                                 
     ______________________________________                                    
     Untreated fabric                                                          
                  750          436                                             
     Treated fabric                                                            
                  0                                                            
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  A fabric similar to the one described in Example 2 is treated as in Example
      2, except for replacing the treatment with a 4% silver nitrate solution by
      a treatment with a 5% stannous sulfate solution for three-quarters of an
      hour at 50.degree.C. Test results are listed in the following table:
TBL               Potential    Half-discharge                                  
     Fabric       (volts)      time in seconds                                 
     ______________________________________                                    
     Untreated fabric                                                          
                  750          436                                             
     Treated fabric                                                            
                  450          2                                               
     ______________________________________                                    
PAR  Although the invention has been described in detail for the purpose of
      illustration, it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the spirit and scope of the invention except as
      it may be limited by the claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for improving the antistatic properties of a fiber selected
      from the group consisting of polyamide, polyester, polyamide-imide and
      aromatic polyamide fibers, which comprises treating the fiber with
      hydrogen sulfide under a pressure slightly over atmospheric or with an
      aqueous bath of thioacetamide or thiourea and thereafter impregnating the
      resulting product by immersing it in an aqueous solution containing a
      water soluble salt of copper, silver, tin, lead or mercury which will
      react with the said sulfur compound and form an electrically conductive
      deposit on the said fiber.
NUM  2.
PAR  2. The method of claim 1 wherein the metallic salt is a chloride, nitrate
      or sulfate of copper, silver, tin, lead or mercury.
NUM  3.
PAR  3. The process of claim 1 wherein the said pressure is within the range of
      about 2 to 5 kilograms per square centimeter.
NUM  4.
PAR  4. A conductive fabric made from fibers obtained by the process of Claim 1
      having a continuous, regular and uniform coating of a metallic compound.
NUM  5.
PAR  5. A method of attaching a metallic compound to a fiber selected from the
      group consisting of polyamide, polyester, polyamide-imide and aromatic
      polyamide fibers, which comprises treating the fiber, for about 45 minutes
      to about 2 hours, at ambient temperature or above, with hydrogen sulfide
      under a pressure between 2 to 5 kg. per square centimeter or with an
      aqueous bath of thioacetamide or thiourea, with a concentration of about
      3% to about 10% by weight, and exposing the resulting product for about 45
      minutes to about 2 hours, at ambient temperature or above and at
      atmospheric pressure to the action of an aqueous solution of a silver,
      copper, lead, tin or mercury salt with a concentration of about 3% to
      about 10% by weight.
NUM  6.
PAR  6. The method of claim 5 wherein the fiber is subjected to the action of an
      aqueous solution of thioacetamide or thiourea at atmospheric pressure.
NUM  7.
PAR  7. The method of claim 5 wherein the silver, copper, lead, tin or mercury
      salt is a chloride, a nitrate or a sulfate.
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ABST
PAL  A mechanically sound electrically stable substrate for use in an electrical
      laminate wherein the substrate supports at least one electrically
      conductive metallic layer. The substrate portion comprises a woven glass
      cloth base pad which is interposed between a pair of outer substrate
      layers of a polyester mat. The polyester mat comprises a mat of spunbonded
      continuous filament polyester fibers, preferably polyethylene
      terephthalate fibers, calendered, with the fibers including a mixture of
      bulk fibers of relatively high melting point retained in place or bonded
      by a binder fiber of essentially the same polyester material but with a
      relatively lower melting point. In fabrication, the mat, along with the
      glass cloth, is saturated with a curable resin, for example a heat curable
      resin, preferably polybutadiene, which is cured in-situ.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a Continuation-in-Part of our co-pending
      application Ser. No. 413,695, filed Nov. 7, 1973, entitled "ELECTRICAL
      LAMINATE", now abandoned and assigned to the same assignee as the present
      application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an improved electrical laminate
      system, and more specifically to an improved electrical laminate utilizing
      a substrate having desirable physical, chemical and electrical properties.
      The substrate comprises, in combination, a woven glass cloth base pad
      interposed, preferably along the neutral plane, between a pair of outer
      substrate layers of polyester mat. The glass cloth is a conventional woven
      glass cloth while the mat layers disposed along the surfaces include a mat
      of spunbonded continuous filament polyester fibers including primarily
      fibers having a predominately thermoplastic characteristic with some
      modest thermoset characteristics, the thermoplastic fibers being utilized
      to bind the thermoset fibers in place in the mat. The polyester fibers
      hold the glass cloth out of contact with the electrical conductors.
PAR  The laminate structure further includes an impregnating or bonding resin,
      with the resin being employed to substantially saturate or impregnate the
      interstices of the laminate in order to provide solvent resistance,
      mechanical durability, rigidity, and also to enhance the chemical,
      physical and electrical properties. When a selfextinguishing or
      flame-retardant product is required, combinations of antimony oxide with
      highly chlorinated hydrocarbons and/or antimony oxide with brominated
      compounds may be employed as fillers.
PAR  In the preparation of electrical laminate materials, such as those
      electrical laminate materials which are designed for use as either printed
      wiring or printed circuitry devices, or the like, it is normally necessary
      to provide a substrate member between opposed metallic sheet members so as
      to provide a laminate having sound mechanical and chemical properties, to
      permit exposure of the structure to manufacturing operations including
      chemical etching, high temperature soldering and the like, and also to
      provide a finished product with desirable electrical properties. The
      substrate material must, therefore have electrical properties including
      high resistivity, and also proper dielectric strength.
PAR  In the past, it has been conventional to provide substrate materials which
      will provide either a flexible or a rigid laminate substance. For flexible
      materials, layers of films of stress oriented polyethylene terephthalate,
      such as that certain film sold by E. I. DuPont deNemours Corporation of
      Wilmington, Delaware under the name "Mylar" or other thin flexible films
      have been employed to support one or more surface layers of metallic
      electrical conductors. These substrate materials have found considerable
      utility and acceptance in the electrical field.
PAR  For rigid circuitry, either single or double-sided, it has been
      conventional to employ layers of phenolic-glass, phenolic-canvas, or other
      resinous materials such as epoxy resins with similar reinforcement
      materials, as well as other combinations to provide a rigid, durable
      board. Obviously, it is important to control the electrical properties of
      the supporting substrate so as to render them compatible with the ultimate
      end application of the laminate.
PAC  SUMMARY OF THE INVENTION
PAR  The substrate material of the present invention provides a laminate
      material susceptible of continuous production, with the technique
      providing a generally flexible laminate having the physical
      characteristics of a flexible electrical laminate, and the temperature and
      dimensional stability of a rigid electrical laminate board. As such, the
      material finds considerable application in the printed circuitry field.
PAR  Briefly, in accordance with the present invention, an electrical laminate
      is formed which includes a pair of opposed electrically conductive
      metallic layers disposed on opposite sides of a substrate surface. The
      substrate portion comprises a woven glass cloth base pad interposed
      between a pair of outer substrate layers of polyester mat, preferably
      along the neutral plane of the system. The woven glass cloth base pad is a
      weave of filamentary glass yarn or fibers of modest thickness, with the
      polyester mat comprising a calendered mat of spunbonded continuous
      filament polyester fibers, with the entire substrate material being
      impregnated with a heat curable synthetic resin, preferably a
      polybutadiene mixture which comprises in its unsaturated portion, a
      significant amount of 1,2-polybutadiene.
PAR  The butadiene monomer has the chemical structure:
EQU  CH.sub.2 = CH--CH = CH.sub.2
PAL  Polymerization of this monomer normally leads to a polymer having the
      following repeating units:
      ##EQU1##
      According to some procedures, a cyclicized repeating unit is formed having
      the following repeating structural unit:
      ##EQU2##
      Each of these various repeating units may be present in the polybutadiene
      resin in varying amounts. A large number of such resins are, of course,
      commercially available.
PAR  Examples of such resins are found disclosed in U.S. Pat. No. 3,686,158,
      while other patents such as U.S. Pat. No. 3,786,087 and 3,786,009 disclose
      techniques for preparing typical polybutadiene resins. A large number of
      such resins may be suitably employed in connection with the preparation of
      products pursuant to the present invention.
PAR  Therefore, it is a primary object of the present invention to provide an
      improved electrical laminate which includes a pair of opposed outer
      electrically conductive metallic layers disposed upon an intervening
      substrate layer, with the substrate layer being moderately flexible and
      having enhanced electrical, chemical and physical properties.
PAR  It is yet a further object of the present invention to provide an improved
      electrical laminate having a pair of opposed layers or sheets of a
      metallic conductor arranged on opposite sides of a substrate layer, with
      the substrate layer consisting essentially of a layer of woven glass cloth
      interposed between layers of spunbonded continuous filamentary fiber
      polyester mat material, the substrate substance being modestly compressed
      and substantially entirely impregnated with curable resin consisting
      primarily of 1,2-polybutadiene.
DRWD
PAR  Other and further objects of the present invention will become apparent to
      those skilled in the art upon a study of the following specification,
      appended claims, and accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow diagram illustrating the various steps involved in
      carrying out the preparation of a product pursuant to the preferred
      embodiment of the present invention;
PAR  FIG. 2 is a perspective view, partially in section, and showing a finished
      printed electrical circuit prepared on the electrical laminate substance
      of the present invention;
PAR  FIG. 3 is a detail perspective view, with the individual layers of the
      laminate shown in exploded disposition, with the arrangement being similar
      to that illustrated in FIG. 2;
PAR  FIG. 4 is a perspective view of a simple platen laminator which may be
      utilized in laminating the components together to form the improved
      laminate of the present invention; and
PAR  FIG. 5 is a plot of the time versus temperature profile of the product as
      it passes through the laminator during the final bonding operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the preferred embodiment of the present invention, a
      laminate having the following arrangement of component layers is prepared:
PA1  1. Sheet copper (1 oz.) having an adherent oxide film on the inner surface
      thereof;
PA1  2. Polyester mat;
PA1  3. Woven glass cloth;
PA1  4. Polyester mat; and
PA1  5. Sheet copper (1 oz.) having an adherent oxide film on the inner surface
      thereof.
PAL  These individual component layers are held together by a resinous material,
      preferably such a material consisting essentially of polybutadiene.
PAC  THE METALLIC CONDUCTOR LAYER
PAR  As has been indicated hereinabove, a layer of a metallic conductor is
      disposed on the outer surface of the laminate. This material is preferably
      copper, although it will be appreciated that other conductive metals such
      as aluminum or the like may be employed if desired. The copper, when
      employed, is also preferably treated so as to enhance its bondability to
      the laminate system.
PAR  Oxide treated copper is preferably utilized, this material being
      commercially available, and being oxide treated along one surface thereof.
      Oxide treated copper is available commercially, such as, for example, that
      certain copper identified by the code name "Treatment A" , by Yates
      Industries of Bordentown, New Jersey. For most electrical purposes, one
      ounce copper may be employed, although, of course, the application may
      dictate that other thicknesses of copper be utilized. Copper foil, either
      rolled or electro-deposited, is available in a wide variety of gauges,
      with those of from 1 ounce to 3 ounce material being widely commercially
      utilized.
PAC  THE POLYESTER MAT
PAR  The polyester mat material is utilized to contribute to the flexibility of
      the material, and also to enhance the electrical properties of the
      substrate. The mat material is preferably fibrous polyester of spunbonded
      continuous filamentary fiber, preferably an oriented polyethylene
      terephthalate polyester fiber, such as "Dacron" which is available from E.
      I. DuPont deNemours Corporation of Wilmington, Delaware, mixed with a
      second lower melting, primarily thermoplastic polyester material, the
      second material being, for example, non-oriented polyethylene
      terephthalate. The combination of fibers provides a finished product which
      may be described as a randomly arranged array of oriented fibers.
PAR  The bulk of the polyester mat material consists of a material which is
      primarily oriented fibers. Oriented polyethylene terephthalate fibers have
      a somewhat higher melting point than non-oriented fibers, and preferably
      comprise between about 85-92% of the entire polyester mat, with 88% being
      considered most preferable. The lower melting material, which is
      essentially non-oriented polyethylene terephthalate fiber, comprises the
      balance. Other lower melting fibers of polyester material may be utilized.
PAR  The polyester mat material is preferably random in its fiber orientation,
      and has a thickness of approximately 6 to 7 mils, with a weight of
      approximately 20 grams per square yard. The individual spunbonded fibers
      are normally between about 31/2 to about 4 denier. Polyester mat material
      of this type is available commercially from the E. I. DuPont deNemours
      Corporation of Wilmington, Delaware under the code name "Remay 2011".
      Calendered polyester mat material of this type is also commercially
      available and may be prepared by exposure of the "Remay 2011" material to
      a calender under modest pressure (i.e. 300 psi) until the cross-sectional
      thickness is reduced from about 6 to 7 mils to about 2 to 3 mils.
PAR  The polyester mat material may be a calendered version of the loosely
      packed material, with commercially available versions having a nominal
      thickness of about 2.5 mils. The preferred mat material has a composition
      which includes 88% thermosetting fibers, with 12% thermoplastic fibers.
      Such material has a capability of withstanding temperatures in the range
      of approximately 400.degree. F.
PAC  WOVEN GLASS CLOTH
PAR  The glass cloth component preferably has a thickness of about 2 to 21/2
      mils, and is preferably of a plain weave. One material which has been
      found desirable has a weave with 60 ends and 47 picks per inch. Such
      material is, of course, commercially available having either 1 or 2 fibers
      per strand. Specific glass cloth weaves which have been found useful are
      Standard Style No. 108, No. 1080, as well as others. These materials have
      a weight of approximately 1.4 ounces per square yard, and of course,
      weaves of from 40 to 80 ends as well as from 35 to 60 picks may be
      utilized.
PAR  The glass cloth has an extremely low elongation, ranging from less than
      about 3% to 4% of elongation. The tensile strength of the cloth is in the
      range of about 200,000 psi, with some strengths as high as 400,000 psi,
      with the modulus being in the range of approximately 10 .times. 10.sup.6.
PAR  The finish applied to the glass material has been found to be helpful in
      certain instances. Silane-treated glass, such as vinyl triacetoxysilane
      treated glass has been found desirable. Vinyl-tris (beta-methoxyethoxy)
      silane has also been used. This treatment on the glass cloth appears to
      improve wetting characteristics, as well as to improve humidity aging and
      humidity surface insulation resistance.
PAR  Glass cloth which has been scoured and either heatset or heat-cleaned may
      also be employed, it also being desirable that such heat-treated glass
      cloth be subsequently coated with the silane material referred to above.
      Such heated and treated cloth is, of course, commercially available.
PAC  RESIN
PAR  As has been indicated, the entire laminate structure is impregnated with a
      curable resin preferably dispersed or retained in a solvent mixture. The
      preferred resin from chemical, electrical and mechanical considerations is
      polybutadiene, with this material also being commercially available. The
      polybutadiene is normally retained in a solvent, toluene, along with a
      curing agent, for example organic peroxides, with about 2% up to about 10%
      of such an oxide, normally dicumylperoxide, based on resin solids being
      preferred. Normally, the dicumylperoxide is dispersed in substantially
      equal parts of toluene for dispersal in the resin-solvent mixture.
PAR  In the polybutadiene resins, a 1,2 vinyl content of from between about 40%
      and up to 90% or more may be employed. In the higher vinyl content
      materials, the balance of 10% is normally 1,4 combined cis and trans
      versions.
PAR  As has been previously indicated, the polybutadiene resins employed may
      preferably contain a significant amount of 1,2-polybutadiene. This is the
      vinyl portion of the resin polymer, and is normally described as such. The
      remaining portion is the 1,4-polybutadiene, which is present in either the
      cis or trans form. As the proportion of vinyl, 1,2-polybutadiene
      decreases, the quantity of curing agent, such as dicumylperoxide is
      normally increased. Thus, for a resin containing 45% 1,2-polybutadiene,
      balance of 55% 1,4-polybutadiene, approximately 9 to 10 parts of
      dicumylperoxide is required per 100 parts of resin. The same quantity of
      curing agent may be required if the resin contains 45% 1,2-polybutadiene,
      25% 1,4-polybutadiene, 30% cyclic with pendant vinyls thereon.
PAR  Polybutadiene resins having an average molecular weight ranging from
      approximately 1,000 up to about 30,000 may be employed, with those
      materials having a molecular weight in the range of about 20,000 having
      been found to be particularly useful. A highly useful range may be from
      about 2,000 up to about 20,000. For consistency in the final product, it
      is normally preferable for the molecular weight range of the individual
      components to be within a relatively narrow range, so as to avoid
      plasticization of the product.
PAR  It will be appreciated that other resin substances may be employed, the
      requirement being that the resin selected be curable under heat and
      pressure. In addition to 1,2-polybutadiene, other resins such as epoxy
      resin, as well as polyester resins or melamines may be found useful.
PAC  THE LAMINATION OPERATION
PAR  In order to prepare one typical laminate, a polybutadiene-solvent mixture
      is coated onto the copper to a layer of approximately 5 to 6 mils. The
      polybutadiene is one having a vinyl content of 90%, with the 10% balance
      being a mixture of cis and trans 1,4-polybutadiene. The average molecular
      weight of this material is approximately 20,000, with a fairly narrow
      range of molecular weight materials being incorporated in the resin to
      provide this finished product. Such polybutadiene resins are commercially
      available, and may be prepared by the techniques disclosed in U.S. Pat.
      No. 3,786,009. A curing agent, dicumylperoxide, in an amount of 2 parts of
      dicumylperoxide per 100 parts of resin solids being employed. The
      dicumylperoxide is dispersed in substantially equal parts of toluene for
      achieving dispersal in the resin-solvent mixture.
PAR  The coated material is then tacked to the polyester mat material at a
      temperature of about 300.degree. F. This temperature is selected since it
      is below any temperature at which the material has a significant curing
      rate, but is sufficiently high to drive off the solvent, toluene, without
      picking up substantial quantities of oxygen. This material can be treated
      by merely placing the material on a heated surface, or by oven drying. In
      this particular operation, one of the copper sheets is tackbonded to one
      polyester mat, while the other copper sheet is tack-bonded to the
      polyester mat component of a prelaminate of polyester mat and woven glass
      cloth.
PAR  Following the tacking between the copper and the polyester and/or
      polyester-glass mat to form first and second laminate components, these
      components are combined and bonded together in a second laminating
      operation. With the copper layers on the outside, the components are
      placed in face-to-face relationship and subjected to simultaneous heat and
      pressure, such as in a platen press or within the nip of a pair of heated
      laminating belts.
PAR  The temperature within the press is increased rapidly from room temperature
      to about 380.degree. F. and held at that temperature for a period of
      approximately 3 minutes. Somewhat longer cure times at lower temperatures
      may be utilized, for example, 360.degree. F. for 6 minutes. It is
      preferred that a system be employed wherein the temperature is increased
      from room temperature at a rate such as is illustrated in FIG. 5, with the
      initial introduction of the material into the press occurring at
      approximately 120.degree. F. to 200.degree. F. A desirable method for
      laminating the product is set forth in that certain co-pending patent
      application of Herbert J. Fick, et al entitled "METHOD OF PREPARING
      ELECTRICAL LAMINATE HAVING POLYESTER MATGLASS CLOTH SUBSTRATE" , Ser. No.
      413,694, filed Nov. 7, 1973, and assigned to the same assignee as the
      present application.
PAR  The combining force employed preferably is between 15 and 45 psi, with a
      combining force of approximately 30 psi being preferred.
PAR  If pressures less than approximately 15 psi are employed, the force is
      sufficiently weak so as to provide a finished product of limited
      durability. If pressures of greater than about 45 psi are employed, the
      resin mixture may be extruded from between the layers, thereby permitting
      some non-uniform properties to develop. When non-calendered polyester mat
      is employed, somewhat higher unit pressures may be employed. For the
      normally non-calendered polyester mat materials, exposures to unit
      pressures of approximately 100 psi may be appropriate for a period of time
      sufficient to reduce the overall thickness of the polyester mat portion
      from, for example, about 6 to 7 mils thickness down to about 2.5 mils.
PAC  USE OF FILLERS
PAR  As has been indicated, fillers may be employed in the resin mixture so as
      to enhance the characteristics of the finished product. Antimony oxide
      with chlorinated hydrocarbons and/or brominated resins may be employed to
      provide flame-retardancy or self-extinguishing characteristics. The
      addition of the silane material referred to hereinabove to the resin has
      been found to improve the wetting of the fillers by the resin and the
      adhesion of the resin to the fillers as well as the glass cloth surface.
PAR  With attention now being directed to FIGS. 2 and 3 of the drawings, it will
      be seen that the laminate product generally designated 10 includes an
      electrical circuit configuration with copper conductors as at 11, the
      conductors being disposed on the surface of substrate 12. Substrate 12 is
      shown in better detail in FIG. 3, which is an exploded view of the
      laminate utilized in the preparation of the circuit product as at 10. In
      this system, the copper sheets 15 and 16 are secured to the surface of the
      substrate so as to provide a durable laminate structure. The substrate
      includes the polyester mat members 17 and 18, which are arranged on
      opposite sides of the woven glass cloth member 19.
PAR  The copper members 15 and 16 each have an oxide film adherently arranged
      thereon, as at 21 for example, with this oxide layer enhancing the
      adhesion between the copper surface and the substrate.
PAR  The laminator arrangement which may typically be used is illustrated
      generally at 25, with platens 26 and 27 being employed to provide a nip
      such as is shown generally at 28. Motion is provided for the platen as
      indicated. Platen laminators of this type are, of course, commercially
      available.
PAR  As has been indicated, it is preferred that the belt be substantially at
      120.degree. F. to 200.degree. F. upon receiving the initial charge of
      laminate material. With the resin already being tacked to the substrate
      components, the individual materials are then effectively "wet" by the
      resin. The polybutadiene is a good impregnate for the glass and improves
      the electrical properties of the composite arrangement. As has been
      indicated, however, resins which cure under heat and pressure may be
      suitable for this particular process.
PAR  In the resin mixture employed, approximately 50 to 80% by weight of solids
      are preferred, balance toluene solvent, with a range of from 70 to 75%
      being specifically preferred. Such resin mixtures are, of course, readily
      commercially available.
CLMS
STM  We claim:
NUM  1.
PAR  1. In laminate means for electrically isolating and supporting an
      electrically conductive metallic layer; the laminate consisting of at
      least one electrically conductive layer disposed upon a substrate surface,
      the substrate portion comprising, in combination:
PA1  a. woven glass cloth base pad means interposed between a pair of outer
      substrate layers of polyester mat, said woven glsss cloth consisting
      essentially of glass filamentary fibers with a thickness of between about
      1 and 5 mils, and woven together to form a fabric;
PA1  b. said polyester mat comprising a mat of spunbonded continuous filamentary
      polyester fibers with the fibers having a bulk fiber content of between
      about 85% to 92% of first polyester fibers consisting essentially of
      oriented polyethylene terephthalate with a certain first melting point,
      balance of a second thermoplastic polyester fibers consisting essentially
      of non-oriented polyethylene terephthalate and having a significantly
      lower melting point than said first polyester fibers, and with said
      polyester mat having a weight of between about 20 and 30 grams per square
      yard.
NUM  2.
PAR  2. The laminate means as defined in claim 1 being particularly
      characterized in that said electrically conductive layers are bonded to
      said substrate by a synthetic resin consisting essentially of a mixture of
      1,2-polybutadiene and 1,4-polybutadiene in the polymer chain.
NUM  3.
PAR  3. The laminate means as defined in claim 1 being particularly
      characterized in that the filamentary fibers comprising said woven glass
      cloth are coated with a film of a silane selected from the group
      consisting of vinyl triacetoxysilane and vinyl-tris (betaethoxymethoxy)
      silane.
NUM  4.
PAR  4. The laminate means as defined in claim 2 being particularly
      characterized in that the filamentary fibers comprising said woven glass
      cloth are coated with a film of silane selected from the group consisting
      of vinyl triacetoxysilane and vinyl-tris (betaethoxymethoxy) silane.
NUM  5.
PAR  5. The laminate means as defined in claim 1 being particularly
      characterized in that said laminate is secured together by a resin curable
      under heat and pressure and selected from the group consisting of
      polybutadiene, epoxy, polyester, and melamine.
NUM  6.
PAR  6. The laminate means as defined in claim 1 being particularly
      characterized in that said polyester mat consists of a mixture of at least
      two polyester fibers having distinctly different melting points, wherein
      the lower melting polyester fiber is a binder and contained in said mat in
      a quantity ranging from between about 5 and 15%.
NUM  7.
PAR  7. The laminate means as defined in claim 1 being particularly
      characterized in that said substrate layers and said electrically
      conductive layers are bonded together by a synthetic resin consisting
      essentially of polybutadiene, said polybutadiene containing between about
      45% and 90% 1,2-polybutadiene, balance 1,4-polybutadiene, said synthetic
      resin having an average molecular weight of between about 2,000 and
      20,000.
NUM  8.
PAR  8. In laminate means for electrically isolating and supporting an
      electrically conductive metallic layer; the laminate consisting of at
      least one electrically conductive layer disposed upon a substrate surface,
      the substrate portion comprising, in combination:
PA1  a. a woven glass cloth base pad having a high modulus of elasticity in the
      range of approximately 10 .times. 10.sup.6 and a tensile strength ranging
      from between about 200,000 psi to 400,000 psi, and being interposed
      between a pair of outer substrate layers of polyester mat, said woven
      fiber being bonded directly to said polyester mat;
PA1  b. said polyester mat comprising a mat of spunbonded continuous filamentary
      polyester fibers with the fibers having a bulk fiber content of between
      about 84% to 92% of first polyester fibers consisting essentially of
      oriented polyethylene terephthalate and having a certain first melting
      point, the balance being binder polyester fibers consisting essentially of
      non-oriented polyethylene terephthalate and with a certain second and
      significantly lower melting point than said first polyester fibers, and
      with said mat having a weight of between about 20 and 30 grams per square
      yard.
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ABST
PAL  Reversibly moisture-vapor-absorptive sheet materials and a process for
      their manufacture in which water-soluble polymers of vinyl ethers are
      combined with base materials and crosslinked thereon.
BSUM
PAR  This invention relates to reversibly moisture-vapor-absorptive sheet
      materials such as artificial leather and clothing materials and to a
      process for their manufacture.
PAR  It is known to produce moisture-vapor-absorptive sheet materials by
      applying carboxyl-containing polymers to base materials and crosslinking
      them thereon. The resulting structures, for example artificial leathers or
      clothing materials, show good moisture absorption but this may be impaired
      by the action of heavy metal salts. Furthermore, such structures tend to
      delaminate.
PAR  It is an object of the present invention to provide synthetic
      moisture-vapor-absorptive sheet materials which do not suffer from the
      drawbacks of the prior art structures. Thus the invention relates to a
      reversibly moisture-vapor-absorptive sheet material consisting of a base
      material containing crosslinked vinyl ether polymer which is embedded in
      said base material and is water-soluble in the uncrosslinked state.
PAR  Another object is the manufacture of reversibly moisture-vapor-absorptive
      sheet materials by combining base material with water-soluble vinyl ether
      polymers and crosslinking the latter on said base material.
PAR  Suitable base materials are web structures which are preferably premeable
      to gases. Particularly suitable structures are web structures formed from
      fibers of organic or inorganic origin, e.g. non-woven webs, woven or
      knitted fabrics, felts and close-mesh nets. Foamed web structures having a
      major proportion of open cells are also suitable.
PAR  It is advantageous to impregnate the base materials, particularly non-woven
      webs and felts, with high molecular weight substances which are
      non-swellable or only slightly swellable in water, before the polyvinyl
      ethers are applied to said materials. Suitable substances for such
      impregnation are all natural and synthetic binders provided they do not
      hinder the passage of gases through the web structure in the amounts
      applied.
PAR  In the present invention, water-soluble vinyl ether polymers are used for
      combination with said base materials. Suitable polymers are homo- and/or
      co-polymers of vinyl ethers. Examples of suitable polymers or copolymers
      are those of the vinyl ethers of methanol, methyl glycol, methyl diglycol,
      tetrahydrofurfuryl alcohol and 3-oxytetrahydrofuran. Suitable comonomers
      include vinyl ethers which, when polymerized alone, produce polyvinyl
      ethers which are water-insoluble, e.g. ethyl, propyl and high alkyl ethers
      or alkylene vinyl ethers such as allyl vinyl ethers or cycloaliphatic
      vinyl ethers such as cyclohexyl or dialkyl ethers, when used in such
      proportions that the copolymers are soluble in water.
PAR  The use of aqueous solutions of homo- and/or co-polymers of vinyl ethers
      for combination with the base materials naturally has the well-known
      advantages over the use of solutions in organic solvents. However, the
      main additional advantage in using aqueous solutions of homo- and/or
      co-polymers of vinyl ethers is that these latter compounds become
      insoluble at elevated temperatures and flocculate out of the aqueous
      solution. The commencement of flocculation is characterized by clouding of
      the aqueous solution, the temperature at which this occurs being known as
      the cloud point (see Encyclopedia of Polymer Science and Technology, Vol.
      XIV). The cloud point is essentially dependent on the constitution of the
      polyvinyl ether and also on the concentration of the aqueous solution and
      on the additives used. Examples of cloud points are approx. 33.degree. C
      for polyvinyl methyl ether, 60.degree. C for polyvinyl methyl glycol
      ether, about 75.degree. C for polyvinyl methyl diglycol ether and
      18.degree. C for a copolymer of 80% molar of vinyl methyl ether and 20%
      molar of vinyl ethyl ether.
PAR  In our process, the base materials may be combined with the vinyl ether
      polymers by conventional methods, e.g. by rolling and extruding techniques
      and preferably by even application of the polymer to the base material
      from an aqueous solution, for example by dipping, knife-coating, pouring,
      padding and other impregnating techniques. Thus by "combination" of the
      polymers with the base material we mean distribution of the polymer in the
      base material or embedding of the base material in the polymer.
PAR  By heating the base material impregnated with the aqueous polyvinyl ether
      solution above the cloud point, the polyvinyl ether is caused to
      flocculate and thus becomes fixed in the base material. Further operations
      such as drying cannot cause it to migrate to the surface with the solvent.
      The normally inevitable appearance of accumulated solids at the surface
      and thus the separation of delamination which normally occurs, after
      drying, in the case of base materials impregnated with solutions is
      obviated in the process of the invention and there is obtained a structure
      which is homogeneous throughout its cross-section.
PAR  Although the vinyl ether polymers may be dissolved in organic solvents and
      combined with the base materials in this form, such a method has no added
      advantages over application from aqueous solution.
PAR  The vinyl ether polymers combined with the base material are then
      crosslinked. By crosslinking we mean the joining of the main valencies of
      the polymer chains to form three-dimensional structures by radical
      combination (see B. Vollmert "Grundrisse der makromolekularen Chemie" or
      Houben-Weyl "Methoden der organischen Chemie", Vol. XIV/2 "Makromolekulare
      Stoffe"). The crosslinking destroys in known manner the solubility of the
      high molecular weight compounds except for residues of low molecular
      weight portions. However, the crosslinked products remain swellable in the
      solvents for the uncrosslinked substance. In the process of the invention,
      it is preferred to effect crosslinking to such an extent that when the
      structure is exhaustively extracted with water at 23.degree. C, not more
      than 15% of the vinyl ether polymers which were water-soluble before
      crosslinking is dissolved out of the crosslinked gel.
PAR  In a particularly advantageous embodiment, the base materials are
      impregnated with aqueous solutions of polyvinyl ethers already containing
      the crosslinking catalyst, e.g. in the form of peroxide. When this aqueous
      polyvinyl ether solution is heated, the polymer is precipitated onto the
      fibrous base material and at the same time crosslinked. After drying, for
      example at room temperature but preferably at an elevated temperature of,
      say, 80.degree. - 120.degree. C, there is obtained a structure having a
      high moisture vapor absorptive capacity and remaining soft, flexible and
      tackfree even when completely free from water.
PAR  The web structures, preferably fibrous web structures and in particular
      non-woven webs, which are used as base materials for the polyvinyl ether
      may be pre-impregnated prior to application of the polyvinyl ethers in
      order to influence the mechanical properties of the finished
      moisture-vapor-absorptive web structure, for example its strength,
      toughness, hardness and elasticity. The substances used for this purpose
      are conventional substances such as natural or synthetic high molecular
      weight materials subject to low or very little modification of their
      properties by water, e.g. rubbers, polymers of vinyl and acrylic compounds
      with other copolymerizable compounds, urea or melamine or phenol resins,
      epoxide resins and polyurethane, either alone or in various combinations.
      In view of the great variety of embodiments of the process of the
      invention, it is only possible to state, in a general manner, that the
      pretreatment should be carried out in such a manner that the
      pre-impregnated base materials remain capable of allowing the passage of
      gases and liquids therethrough.
PAR  The concentration of the preferably aqueous solution of vinyl ether polymer
      is dependent on the desired rate of application onto the base material and
      on the viscosity of the solution. The concentration of the solution is
      generally between 1 and 50% and preferably between 10 and 30% by weight.
      The rate of application is governed by the desired
      moisture-vapor-absorptivity of the web structure and ranges from 10 to 70%
      and preferably from 20 to 60% by weight of polymer based on the final
      weight of the impregnated base material, as measured after drying in air
      at 110.degree. C. If necessary, the rate of application may be increased
      by impregnating a number of times using, for example, solutions of low
      solids content.
PAR  The base materials impregnated with the aqueous solutions of polyvinyl
      ether already containing crosslinking catalysts are heated to a
      temperature of at least 5.degree. above the cloud point of the polyvinyl
      ether solution used and are preferably also dried above this temperature.
      Crosslinking is then effected at from 80.degree. to 160.degree. C.
      advantageously in a medium containing less than 2% v/v of molecular
      oxygen.
PAR  Flocculation of the polymer onto the base material, drying and crosslinking
      may form separate operations. It is particularly advantageous to effect
      flocculation of the polyvinyl ethers by passing hot gases or vapors
      containing not more than 2% v/v of oxygen, preferably steam, e.g.
      saturated steam, at atmospheric pressure or at superatmospheric pressure,
      possibly superheated steam, to cause flocculation, i.e. fixation, of the
      polyvinyl ether and simultaneously crosslinking thereof, so that it is
      then only necessary to remove the residue of solvent remaining as swelling
      agent. Alternatively, flocculation and crosslinking may be carried out in
      appropriately heated liquid media, e.g. in water heated at 100.degree. C.
PAR  Another method of effecting crosslinking is to treat the base material
      impregnated with polyvinyl ethers with high-energy radiation in known
      manner.
PAR  It will be appreciated that other additives or so-called cocrosslinkers may
      be added to the solutions of polyvinyl ether, for example sulfur and di-
      or poly-functional monomers such as triallyl cyanurate, ethylene glycol
      diacrylate and ethylene glycol dimethacrylate and diene-containing
      polymers such as natural or synthetic latices. It is also possible to add
      stabilizers to the aqueous polyvinyl ether solutions, e.g. known
      antioxidants, flame-proofing agents, fillers and other dispersions or
      solutions of natural or synthetic high molecular weight substances.
PAR  It may also be advantageous to effect stabilization after crosslinking, for
      example by treating the crosslinked web structure with solutions or
      dispersions or slurries of suitable antioxidants based on phenol,
      aldehyde, amine, phosphite, mercaptan, ammonium sulfide, ammonium
      polysulfide or thio-urea.
PAR  The resulting structures may also be treated to attain other properties,
      for example to increase or reduce the water-vapor absorptivity, the
      stiffness and elasticity. Further impregnation with, say, dyes, fats,
      salts, etc. may be carried out before or after drying. It is advantageous
      to effect post-impregnation with aqueous solutions or dispersions of
      compounds having large anions such as oxaryls, arylcarboxylic and
      arylsulfonic acids or salts thereof, aliphatic di- or poly-carboxylic or
      sulfonic acids having molecular weights of more than 100 or salts thereof
      and acid dyes having large anions.
PAR  Finally, the web structures may be surface-ground, roughened, varnished or
      embossed by known methods.
PAR  It is a particular advantage of the process of the invention or of the web
      structures produced thereby that the vinyl ether polymers may be evenly
      distributed in the base material from aqueous solution in a highly
      economical manner and that this even distribution over the entire
      cross-section remains after further operations, particularly drying. This
      makes the mechanical properties of the composite structures particularly
      advantageous. Since sandwiching is virtually completely avoided, these
      structures have a pleasant soft and full handle. Their reversible
      absorption of moisture vapor is similar to that of natural textile
      filaments or natural leather without giving a feeling of wetness. Thus
      these web structures are particularly suitable for use as synthetic
      leathers for clothing purposes, e.g. for shoes and outerwear.
DETD
PAC  EXAMPLE 1
PAR  A non-needle-punched web weighing 200 g/m.sup.2 and made of polycaprolactam
      fibers of 1.7 dtex and a staple length of 60 mm is placed between gauzes
      of polycaprolactam monofilaments and thus impregnated with an aqueous
      dispersion consisting of 14 parts by weight of a 50% synthetic latex based
      on 6:4 butadiene/styrene,
PA0  86 parts by weight of water,
PA0  0.1 part by weight of aluminum sulfate,
PA0  0.25 part by weight of an adduct of ethylene oxide and sperm oil alcohol,
PAL  followed by squeezing between rollers to give a wet pickup of 400% by
      weight. The gauzes are removed and the impregnated material is coagulated
      with steam at 100.degree. C over 4 minutes, whereupon the structure is
      dried in air at 130.degree.C. There is obtained a nonwoven web weighing
      256 g/m.sup.2 and readily permeable to air and water vapor.
PAR  The thus pre-impregnated web is then impregnated with a solution of
PA0  23 parts by weight of polyvinyl methyl ether (K value 45) in
PA0  77 parts by weight water, to which
PA0  2.3 parts by weight of a 50% slurry of dibenzoyl peroxide in dibutyl
      phthalate has been homogeneously added by stirring
PAL  at room temperature and then squeezed between rollers coated with
      polytetrafluoroethylene to give a wet pickup of 400%. The web is then
      steamed with saturated steam at 100.degree.C for 20 minutes, this
      operation being followed immediately by removal of excess water by roller
      squeezing of the web while it still has a temperature of about 90.degree.
      C, after which it is passed into a solution of
PA0  0.5 part by weight of ammonium sulfide,
PA0  5 parts by weight of morpholine and
PA0  94.5 parts by weight of water
PAL  and is left in this solution at room temperature. After drying in air at
      110.degree. C, there is obtained a soft flexible structure weighing 500
      g/m.sup.2.
PAR  The web is conditioned for 48 hours at a relative humidity of 50% and a
      temperature of 23.degree. C and then stored for 24 hours in an atmosphere
      of 100% relative humidity (r.h.) and a temperature of 23.degree.C and then
      shows a weight increase of 14%. The soft and dry handle remains unspoiled.
      This is followed by storage for 2 hours in an atmosphere of 50% r.h. at
      23.degree. C, after which period the loss of weight is measured to be
      12.6%, i.e. an excess weight of only 1.4% remains over the material
      conditioned for 48 hours at 50% r.h. and 23.degree. C.
PAC  EXAMPLE 2
PAR  As in Example 1, a web is impregnated with synthetic latex, coagulated and
      dried. The thus pre-impregnated web is impregnated at room temperature
      with a solution of
PA0  25 parts by weight of polyvinyl methyl glycol ether (K value 34) in
PA0  75 parts by weight of water, into which
PA0  2 parts by weight of a 50% slurry of dibenzoyl peroxide in dibutyl
      phthalate and
PA0  0.1 part by weight of pentaerythrityl
      tetrakis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PAL  have been homogeneously stirred, whereupon the web is squeezed to give a
      wet pickup of 400% and is then treated with boiling water at 100.degree. C
      for 95 minutes. After drying in air at 110.degree. C, there is obtained a
      soft firm structure weighing 500 g/m.sup.2.
PAR  After conditioning for 48 hours at 50% r.h. and 23.degree.C followed by
      storage for 24 hours at 100% r.h. and 23.degree. C there is obtained a
      weight increase of 29%, the dry soft handle remaining unspoiled.
PAC  EXAMPLE 3
PAR  A non-needle-punched web weighing 160 g/m.sup.2 and made from 60% w/w of
      polycaprolactam fibers of 1.7 dtex and a stable length of 60 mm and 40%
      w/w of polyterephthalate fibers of 3.0 dtex and a staple length of 30 mm
      is impregnated with an aqueous dispersion consisting of
PA0  10 parts by weight of a 50% emulsion polymer of n-butyl acrylate,
PA0  90 parts by weight of water,
PA0  0.2 part by weight of aluminum sulfate and
PA0  0.3 part by weight of an adduct of polyethylene oxide and sperm oil
      alcohol,
PAL  whereupon the web is squeezed to give a wet pickup of 500% by weight,
      coagulation then being effected in saturated steam at 100.degree. C over 3
      minutes. After drying at 110.degree. C, there is obtained a non-woven web
      weighing 205 g/m.sup.2 and permeable to air.
PAR  This prebonded non-woven web is impregnated at room temperature with a
      mixture consisting of
PA0  20 parts by weight of polyvinyl methyl ether (K value 45),
PA0  4 parts by weight of a 50% synthetic latex based on 7:3
      butadiene/acrylonitrile,
PA0  2 parts by weight of a 50% paste of dibenzoyl peroxide in dibutyl
      phthalate,
PA0  0.1 part by weight of sulfur,
PA0  0.002 part by weight of hydroquinone and
PA0  71.9 parts by weight of water,
PAL  squeezing being effected to give a wet pickup of 500%. The web is then
      treated with saturated steam at 100.degree. C for 20 minutes and then in a
      bath of
PA0  10 parts by weight of the condensation product of phenolic and
      cresolsulfonic acids with formaldehyde,
PA0  1.0 part by weight of dodecyl sulfonate and
PA0  89 parts by weight of water
PAL  at room temperature for 30 minutes, followed by drying in air at
      105.degree. C. There is obtained a soft structure having a fully resilient
      hand and a weight of 470 g/m.sup.2. The weight increase after storage for
      24 hours at 100% r.h. and 23.degree. C is 31% over the material
      preconditioned for 48 hours in an atmosphere of 50% r.h. and 23.degree. C.
PAC  EXAMPLE 4
PAR  The web base materials listed in the following Table, of which some have
      been pre-impregnated with synthetic rubber, are impregnated at room
      temperature with a mixture consisting of 250 parts by weight of polyvinyl
      methyl ether (K value 50),
PA0  25 parts by weight of a 50% paste of dibenzoyl peroxide in dibutyl
      phthalate,
PA0  12.5 parts by weight of ethylene glycol diacrylate,
PA0  0.25 part by weight of hydroquinone,
PA0  50 parts by weight of a 50% synthetic latex based on 1:8 butadiene/styrene
      and
PA0  900 parts by weight of water
PAL  followed by squeezing and crosslinking with saturated steam at 100.degree.
      C for 18 minutes. It is then treated at room temperature for
PA0  20 minutes in a bath of
PA0  5 parts by weight of morpholine,
PA0  1 part by weight of thiourea and
PA0  94 parts by weight of water.
PAL  In all cases there is obtained a structure having a soft resilient hand and
      the following properties:
TBL  Base material   Pre-impregnated                                           
                              Proportion                                       
                                    Moisture-                                  
     Fiber      Type of                                                        
                     with 10% syn-                                             
                              of polyvi-                                       
                                    vapor-ab-                                  
                bonding                                                        
                     thetic rubber                                             
                              nyl ether                                        
                                    sorptivi-                                  
                              in web                                           
                                    ty                                         
                              structure                                        
                                    50-100%                                    
                              (% w/w)                                          
                                    r.h. at                                    
                                    23.degree.C                                
     __________________________________________________________________________
     1:1:1 cellulose/                                                          
                needle-                                                        
                     yes      56.5  19.0%                                      
     polyester/nylon 6                                                         
                punched                                                        
     1:1:1 cellulose/                                                          
                "    yes      37.5  16.5%                                      
     polyester/nylon 6                                                         
     6:4 nylon 6/                                                              
                "    yes      44.5  17.1%                                      
     polyester                                                                 
     6:4 nylon 6/                                                              
                "    yes      29.8  11.7%                                      
     polyester                                                                 
     cotton     woven                                                          
                     no       41.2  17.5%                                      
     cotton     knitted                                                        
                     no       61.5  26.0%                                      
     polyester  "    no       44.4  20.1%                                      
     nylon 6    woven                                                          
                     no       50.5  21.2%                                      
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of reversibly moisture-vapor-absorptive
      sheet material which comprises:
PA1  a. applying an aqueous solution of a water-soluble vinyl ether polymer to a
      base material which is gas permeable; whereby said base material is
      impregnated with said aqueous solution;
PA1  b. heating said impregnated base material sufficiently to cause said water
      soluble vinyl ether polymer to precipitate from said solution whereby said
      polymer is fixed in said base material;
PA1  c. cross-linking said vinyl ether polymer; and
PA1  d. drying said sheet material, the amount of water soluble vinyl ether
      polymer applied to said base in a) being sufficient to produce a final
      sheet material containing from 10 to 70% by weight of said polymer.
NUM  2.
PAR  2. A process as set forth in claim 1 wherein said gas permeable base
      material has a web structure and is formed from organic or inorganic
      fibers.
NUM  3.
PAR  3. A process as set forth in claim 1 wherein cross-linking of said vinyl
      ether polymer is affected by applying high energy radiation to said base
      material.
NUM  4.
PAR  4. A process as set forth in claim 1 wherein the final web structure
      contains from 20 to 60% by weight of said vinyl ether polymer.
NUM  5.
PAR  5. A process as set forth in claim 1 wherein said flocculation and
      cross-linking steps are carried out in hot water.
NUM  6.
PAR  6. Moisture-vapor-absorptive sheet material prepared by the process of
      claim 1.
NUM  7.
PAR  7. A process as set forth in claim 1 wherein said aqueous solution of ether
      polymer contains a cross-linking catalyst and whereby said precipitation
      step and said cross-linking step occur at the same time.
NUM  8.
PAR  8. A process as set forth in claim 7 wherein said cross-linking catalyst is
      a peroxide.
NUM  9.
PAR  9. A process as set forth in claim 7 wherein said base material impregnated
      with an aqueous solution of vinyl ether polymer containing a cross-linking
      catalyst is heated to a temperature of at least 5.degree. C above the
      cloud point of the vinyl ether solution.
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PAL  A separator for a galvanic element wherein partially fused glass fibers are
      coated by a coating consisting of grains of thermo-hardening synthetic
      material immersed in a natural or synthetic latex to mechanically
      reinforce the knots in the glass fiber network resulting from partial
      fusion of the glass fibers without blocking the pores of the partially
      fused fiber network.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a separator for a galvanic element.
PAR  2. Description of the Prior Art
PAR  It is known that separators for galvanic elements must fulfil numerous and
      sometimes contradictory technical and technological requirements.
PAR  Separators must prevent short-circuits between the elements by standing in
      the way of the particles. However, the electrical resistance of the
      separator to the circulation of ions must be as low as possible.
PAR  Separators have the mechanical role of supporting the active material which
      tends to become dislodged from the plates. They also ensure the
      displacement of these plates.
PAR  Separators must also facilitate the release of gas and be resistant to the
      chemical products contained in the battery.
PAR  Various types of separators are known, the best being those made of fiber
      glass. It was first proposed to use conventional separators, for example,
      cellulose separators, covered on one or two of their faces with a layer of
      fiber glass. The features of these separators were then improved by
      replacing the cellulose fiber part with fiber glass agglomerated by
      partial fusion.
PAR  This improved separator has the bond obtained by fusing the fiber glass
      could be reinforced by impregnating it with a suitable synthetic resin of
      a hydrophilic nature.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a separator which has
      superior mechanical and electrical features to those of the separators
      known hitherto.
PAR  Another object of the invention is to provide a separator, the mechanical
      features of which permit the use of modern accumulator battery assembly
      techniques, particularly as far as automation is concerned.
PAR  The invention also relates to a separator for a galvanic element comprising
      glass fibers agglomerated by partial fusion and having a diameter of a few
      microns, characterized in that it also comprises a coating consisting of
      grains of synthetic, thermo-hardening material immersed in a suitable
      natural or synthetic latex bonding agent.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      made apparent from the following detailed description provided with
      reference to the single FIGURE. The FIGURE shows by way of example the
      voltage curves for various known separators and for the separator
      according to the invention as a function of the discharge time of a 12 V
      lead accumulator battery discharged at full rate and at a low temperature.
DETD
PAR  In the accompanying FIGURE, curve 1 applies to a conventional cellulose
      separator covered on one face with a fiber glass coating. Curve 2 applies
      to a separator described in the French Pat. No. 1 175 515. This separator
      comprises a central, partially fused, glass fiber portion covered on its
      two faces with a glass fiber coating.
PAR  It was desired to improve the following features:
PAR  1. To increase the mechanical resistance to stress, to allow the use of
      automatic assembly machines.
PAR  2. To increase the initial voltage of the battery during rapid discharges.
PAR  3. To increase the discharging time.
PAR  It is known that the initial voltage may be increased by reducing the
      electrical resistance of the separator. This may be reduced by removing
      the fiber glass coating.
PAR  Curve 4 shows the features obtained by modifying the separator
      corresponding to curve 2 by removing the fiber glass coating. It will be
      noted that the removal of the fiber glass coating considerably improves
      the initial voltage and to some extent increases the discharging time,
      thus fulfilling aims 1) and 2) mentioned above. On the other hand, aim 1),
      i.e., the mechanical resistance, is not only not attained but as the fiber
      glass separator has been subject to partial fusion it is particularly
      fragile and unable to withstand any industrial treatment, particularly
      automatic handling.
PAR  With reference to the prior patent cited above, it was sought to increase
      the mechanical resistance by impregnating the sheet consisting of
      partially fused agglomerated fibers, with a synthetic resin, more
      particularly a phenolic resin, while eliminating the fiber glass coating
      so as to retain the benefit of the improvement in the electrical features
      described above.
PAR  Contrary to the statements made in the prior patent and contrary ot the
      expectations of the specialists, it was found that this combination
      (impregnation with a phenolic resin and elimination of the coating
      provided a marginally satisfactory result as far as the mechanical
      features were concerned, but a clearly unsatisfactory result as far as the
      electrical features were concerned. Curve 3 shows that the initial voltage
      has been reduced slightly with respect to the preceding case (curve 4)
      while the discharging time is considerably lower, almost reaching the
      insufficient values corresponding to the conventional separators
      represented by curves 1 and 2.
PAR  The various tests have shown that the impregnation of fibers by a synthetic
      resin results in the reduction in the electrical features of the
      separator. In the first certificate of addition No. 69 573 to the French
      Pat. No. 1 149 289 (cited in French Pat. No. 1 175 515) it was proposed to
      improve the mechanical features of glass fiber sheets by impregnating them
      with various resins (polyvinyls, phenolic resins, melamines, polystyrenes,
      polyesters, epoxy) or with mixtures of these resins. It was also proposed
      to use impregnations of gums, starches, gelatin or Bakelite. Tests made
      along these lines produced results similar to those represented by curve 3
      in the accompanying drawing. It thus appeared that the problem of
      simultaneously improving the mechanical features and the electrical
      features could not be solved by impregnation. The tests showed that the
      difficulties encountered seemed to be due to the fact that the
      impregnating material blocked the pores of the separator, thus increasing
      the electrical resistance and losing the benefit of the removal of the
      fiber glass coating.
PAR  However, the problem was solved when it was discovered that the desired
      results could be obtained by coating the separator with a product
      consisting of a special mixture of thermo-hardening, synthetic resin and a
      natural or synthetic bonding agent.
PAR  More particularly, it was discovered that the impregnation of partially
      fused fiber glass with a mixture of synthetic latex and
      phenol-formaldehyde resin made it possible to obtain the desired aim,
      i.e., to simultaneously improve the electrical and mechanical properties
      of the separator so that it could be used industrially without requiring a
      fiber glass coating.
PAR  Curve 5 shows the electrical properties obtained with a separator provided
      with a coating consisting of a mixture of substantailly equal parts of a
      phenol formaldehyde resin plus urea in an aqueous solution and of a
      copolymer -styrene-butadiene latex dispersed in water. The separator
      coated in this way was treated in the drying oven to dry the latex and
      polymerize the resin.
PAR  Curve 5 shows in particular that the initial voltage is not reduced with
      respect to that of the non-impregnated separator without a coating, but
      that on the other hand it is greater than that obtained in the case of the
      separator not provided with a coating but impregnated with a synthetic
      resin alone.
PAR  In addition, curve 5 shows that the discharging time is considerably
      increased with respect to that of the known separators.
PAR  The improvement in the electrical properties can be considered as being due
      to the fact that the microscopic grains of resin attach themselves to the
      nodes formed by the glass fibers and improve the mechanical properties
      while leaving the porosity of the separator intact. The porosity of the
      separator according to the invention is greater than the porosity of the
      conventional separators due to the removal of the fiber glass coating.
PAR  The separator according to the present invention is particularly suitable
      for use in lead accumulator batteries.
PAR  The present invention is obviously not limited to the embodiment which has
      been described and represented and which was provided purely by way of a
      non-limitative example. Without departing from the scope of the invention,
      it is possible to change certain arrangements and replace certain means by
      equivalent means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a separator for a galvanic element comprising glass fibers
      agglomerated by partial fusion and having a diameter of a few microns, the
      improvement comprising: a thermal hardened coating on said agglomerated
      fibers, said coating consisting of grains of thermo-hardened, synthetic
      material immersed in a natural or synthetic latex; said synthetic material
      and said natural or synthetic latex being in sufficient amount such that
      said thermal hardened coating of grains of thermo-hardened synthetic
      material immersed in said natural or synthetic latex acts to mechanically
      reinforce the knots in the glass fiber network resulting from partial
      fusion of the glass fibers without blocking the pores of the partially
      fused fiber network.
NUM  2.
PAR  2. A separator for a galvanic element according to claim 1, characterized
      in that the grains of thermo-hardening material are selected from the
      phenolic resins, the melamines, polystyrenes, polyesters or epoxy resins.
NUM  3.
PAR  3. A separator for a galvanic element according to claim 2, characterized
      in that the thermo-hardening material is a phenol-formaldehyde resin.
NUM  4.
PAR  4. A separator for a galvanic element according to claim 2, characterized
      in that the latex is a copolymer-styrene-butadiene.
NUM  5.
PAR  5. A process for the manufacture of a separator comprising the steps of:
PA1  agglomerating by partial fusion glass fibers having a diameter of a few
      microns,
PA1  coating said agglomerated fibers with a coating comprising equal parts of a
      thermo-hardening resin in an aqueous solution and synthetic latex
      dispersed in water, and
PA1  drying said coated separator in a drying oven to dry the latex and
      polymerize the resin.
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PAL  Fibrous mats which are insoluble in styrene are disclosed. The mats
      comprise a fibrous material and a binder resin which is the reaction
      product of
PA1  (a) a first monomer selected from the group consisting of styrene, lower
      alkyl acrylates, lower alkyl methacrylates, lower alkyl itaconates, lower
      alkyl maleates, lower alkyl fumarates, vinyl esters, and vinyl chloride;
PA1  (b) a second monomer selected from the group consisting of acrylic acid,
      methacrylic acid, itaconic acid, maleic acid, fumaric acid, acrylamide,
      lower alkyl acrylamides, N-alkoxy modified acrylamides, diacetone
      acrylamide, maleamic acid, meleamide, furamide, N-monoalkyl/aryl
      substituted amides, hydroxyethyl acrylate, and hydroxypropyl methacrylate;
      and
PA1  (c) a modifier selected from the group consisting of epoxy resins, melamine
      formaldehyde resins, and urea formaldehyde resins.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to styrene insoluble fibrous mats
      and to a method of preparing said mats. More particularly, the invention
      relates to fibrous mats comprising a fibrous material and a binder resin,
      said resin comprising
PA1  A. a first alpha-beta ethylenically unsaturated monomer selected from the
      group consisting of styrene, lower alkyl acrylates, lower alkyl
      methacrylates, lower alkyl itaconates, lower alkyl maleates, lower alkyl
      fumarates, vinyl esters, and vinyl chloride;
PA1  B. a second alpha-beta ethylenically unsaturated monomer selected from the
      group consisting of acrylic acid, methacrylic acid, itaconic acid, maleic
      acid, fumaric acid, acrylamide, lower alkyl acrylamides, N-alkoxy modified
      acrylamides, diacetone acrylamide, maleamic acid, maleamide, furamide,
      N-monoalkyl/aryl substituted amides, hydroxyethyl acrylate, and
      hydroxypropyl methacrylate; and
PA1  C. a modifier selected from the group consisting of epoxy resins, melamine
      formaldehyde resins, and urea formaldehyde resins.
PAL  The mats are prepared by combining the fibrous material and binder resin
      and heating at a mat temperature of at least about 150.degree.C. for a
      time sufficient to cure the resin to an insoluble state.
PAR  2. Description of the Prior Art
PAR  Fiber reinforced plastics, such as glass reinforced materials, are well
      known in the art. These materials are generally prepared by combining
      fibers in the form of a continuous layer or mat with a suitable resinous
      composition. The resinous compositions most frequently employed comprise a
      polyester resin and a vinyl monomer. Of the numerous vinyl monomers which
      may be employed in the resinous compositions, styrene is most generally
      used because of its availability and low cost.
PAR  Fibrous mats for use in producing these reinforced materials are also known
      and can be produced in any one of several ways. In the production of said
      mats, it is important that the fibers therein be bonded to one another at
      points of contact by a relatively flexible binder, so that such a mat can
      be handled and fitted to the contours of a mold in which a fiber
      reinforced plastic is to be produced without substantial disruption of the
      mat. Accordingly, a mat binder must be capable of adhering glass fibers to
      one another and must be sufficiently flexible so that the mat can be
      handled and shaped as required prior to the time that a reinforced plastic
      is produced therefrom.
PAR  After a glass fiber mat has been packed into a suitable mold, a suitable,
      curable resinous composition is then associated therewith in the mold; and
      the molding operation, which may involve heat and pressure, is carried
      out. The molding operation may be matched die compression molding, hand
      lay-up molding, vacuum bag molding, or another process known to those
      skilled in the art. To be suitable for use in this part of the operation,
      the mat binder must be compatible with the resinous composition and,
      preferably, be copolymerizable therewith.
PAR  Mat binder resins which have relatively fast solubility rates in the vinyl
      monomers employed in the resinous compositions utilized in the preparation
      of said reinforced plastics are used principally in the preparation of
      mats which are utilized in low pressure molding operations. In the low
      pressure operations, there is only a slight tendency for the bonded
      fibrous material to be displaced and it is, therefore, permissible for the
      binder resin to dissolve fairly rapidly in the vinyl monomer component of
      the resinous composition since it is not necessary for the binder resin to
      maintain the bonded fibers in a set position for a prolonged period of
      time.
PAR  However, in high pressure operations, there is a greater tendency for the
      bonded fibrous material to become displaced resulting in a product in
      which the fibers are unevenly distributed. This is undesirable for a
      variety of reasons and it is, therefore, essential that the binder resin
      employed in a mat which is to be used in this type of operation be capable
      of holding the fibrous material firmly in place. To do this, the mat
      binder resin must have a relatively slow solubility rate in the vinyl
      monomer component of the resinous composition.
PAR  Previously, the classification of a bonded mat as either of the soluble or
      insoluble type was determined by the nature of the resin employed in the
      preparation of said mat. Thus, it was possible to produce a mat having the
      desired solubility properties by carefully selecting the binder resin
      employed in said mat. See, in this regard, U.S. Pat. No. 3,340,136 issued
      to Burns et al.
PAR  However, it would be desirable to be able to utilize a single binder resin
      in the preparation of either soluble or insoluble fibrous mats. In
      accordance with the present invention, it has been found that certain
      resins, as hereinafter defined, may be utilized in the preparation of
      insoluble mats by carefully controlling the conditions under which said
      mats are cured. Operating outside these conditions, the same resins are
      useful in the preparation of soluble fibrous mats.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has been found that styrene
      insoluble fibrous mats may be prepared by heating for an extended period
      of time a mat which would otherwise be soluble in styrene. This result is
      achieved by the use in said mat of a binder resin selected from a
      particular class of resins as is hereinafter defined.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As mentioned above, the present invention relates to styrene insoluble
      fibrous mats comprising a fibrous material and a binder resin.
PAR  Any fibrous material conventionally employed in the preparation of bonded
      mats may be utilized in accordance with the present invention.
      Representative materials include, for example, glass; glass wool; natural
      fibers such as cellulose, silk, wool, and cotton; and synthetic fibers
      such as polyamides, polyesters, polyolefins, and vinyl polymers. Of these,
      it is especially preferred to employ glass fibers in the preparation of
      the insoluble mats of the present invention.
PAR  In preparing the improved mats of the present invention, the fibrous mat is
      prepared in a conventional manner as is well known to those skilled in the
      art. The resin may be introduced into the mat during the formation thereof
      or deposited in the mat subsequent to its formation. The resin may be
      deposited in the mat by drawing the mat through a chamber in which a
      suspension of the powdered resin is maintained by turbulent air flow or
      spraying the mat with a latex containing the resin.
PAR  As mentioned above, the resins which are employed in the styrene insoluble
      fibrous mats of the present invention comprise the reaction product of
PA1  a. a first alpha-beta ethylenically unsaturated monomer, sometimes referred
      to hereinafter as the main monomer;
PA1  b. a second alpha-beta ethylenically unsaturated monomer, sometimes
      referred to hereinafter as the reactive monomer; and
PA1  c. a modifier.
PAL  Each of these components is described in detail below.
PAR  The first alpha-beta ethylenically unsaturated monomer is selected from the
      group consisting of styrene, vinyl esters, vinyl chloride, lower alkyl
      methacrylates, lower alkyl acrylates, lower alkyl itaconates, lower alkyl
      maleates, and lower alkyl fumarates. As used herein, the term lower alkyl
      refers to alkyl groups containing from 1 to about 4 carbon atoms. Vinyl
      esters which may be utilized include, for example, vinyl acetate, vinyl
      butyrate, vinyl 2-ethyl hexoate, vinyl propionate, and vinyl stearate.
PAR  Preferred main monomers include styrene and methyl methacrylate. When more
      than one monomer is present as the main monomer, the preferred monomer
      combinations are styrene/butyl acrylate, methyl methacrylate/butyl
      acrylate, styrene/butyl methacrylate, and methyl
      methacrylate/styrene/butyl acrylate.
PAR  The second alpha-beta ethylenically unsaturated monomer is selected from
      the group consisting of acrylic acid, methacrylic acid, itaconic acid,
      maleic acid, fumaric acidm acrylamide, lower alkyl acrylamides, N-alkoxy
      modified acrylamides such as N-hydroxymethyl acrylamide and N-butoxymethyl
      acrylamide, diacetone acrylamide, maleamic acid, maleamide, furamide,
      N-monoalkyl/aryl substituted amides, hydroxyethyl acrylate, and
      hydroxypropyl methacrylate. The preferred reactive monomer is methacrylic
      acid. Here, also, combinations of two or more reactive monomers may also
      be utilized.
PAR  The modifier is selected from the group consisting of epoxy resins,
      melamine formaldehyde resins, and urea formaldehyde resins. As used
      herein, epoxy resins refers to those materials containing a reactive
      epoxide
      ##EQU1##
      group. Representative epoxy resins which may be employed include, for
      example, "Cardura" E, available from Shell Chemical Company, which is a
      glycidyl ester produced by reaction of epichlorohydrin and a mixture of
      saturated, highly branched, mainly tertiary monocarboxylic acids having a
      c.sub.9, C.sub.10, and C.sub.11 chain length ("Versatic" acid); "Genepoxy"
      M205 which is a modified diglycidyl ether of bisphenol A, available from
      General Mills Inc.; "Epon" 812 which is a diglycidyl ether of glycerol,
      available from Shell Chemical Company; "Epon" 826 which is substantially
      pure diglycidyl ether of bisphenol A, also available from Shell Chemical
      Company; and "Epon" 828 which is a slightly resinified form of "Epon" 826,
      available from Shell Chemical Company.
PAR  Melamine formaldehyde resins refers to those materials which are well known
      in the art and are prepared by reacting melamine with formaldehyde.
      Modified melamine formaldehyde resins such as the alkylated melamine
      formaldehyde resins including butylated melamine formaldehyde resins may
      also be employed in the preparation of the resins utilized in accordance
      with the present invention. Representative melamine formaldehyde resins
      which may be employed include, for example, such commercially available
      resins as "Cymel" 300, "Cymel" 301, and "Cymel" 303, all of which are
      available from American Cyanamid Company; "Uformite" MM83, available from
      Rohm & Haas Company; and "Resimene" 740, available from Monsanto Company.
PAR  Similarly, urea formaldehyde resins include those materials which are well
      known in the art and are prepared by reacting urea and formaldehyde.
      Substituted urea formaldehyde resins such as alkylated urea formaldehyde
      resins may also be employed in accordance with the present invention.
PAR  Of the above materials, it is preferred to employ an epoxy resin as the
      modifier in the preparation of the binder resins useful in accordance with
      the present invention.
PAR  The amounts of the various components utilized in the binder resins of the
      present invention may be varied over a wide range. Preferred results are
      achieved with resins containing a modifier in an amount equal to from
      about 1% to about 15% by weight based on the weight of total solids, a
      reactive monomer in an amount equal to from about 1% to about 10% by
      weight based on the weight of total solids, and a main monomer in an
      amount equal to from about 75% to about 98% by weight based on the weight
      of total solids.
PAR  In preparing the materials useful as binder resins in the present
      invention, there may be utilized various surface active agents, suspension
      agents, or mixtures thereof. Representative surface active agents which
      may be employed include, for example, "Benax" 2 Al, sodium dodecyl
      diphenyl ether disulphonate, available from Dow Chemical Company;
      "Ingepal" CO 730, nonyl phenoxypoly(ethyl-enoxy 15)ethanol, available from
      General Aniline and Film Corporation; "Igepon" T 77, sodium
      N-methyl-N-oleoyllaurate, also available from General Aniline and Film
      Corporation; "Aerosol" TR, the bis(tridecyl) ester of sodium
      sulphosuccinic acid, available from American Cyanamid Company; "Triton"
      X-200, sodium alkylaryl polyether sulphonate (28% solids solution),
      available from Rohm & Haas Company; "Sipon" WD, sodium lauryl sulphate,
      and "Siponate" DS-10, sodium dodecyl benzene sulphonate, both of which are
      available from Alcolac Chemical Corporation.
PAR  Representative suspension agents include, for example, small quantities of
      water soluble polymers, e.g., partially hydrolyzed polyvinyl acetate,
      and/or small amounts of water insoluble inorganic salts such as trisodium
      phosphate.
PAR  Conventional polymerization initiators may also be employed. For example,
      persulphates, hydrogen peroxide, perborates, peroxides, hydroperoxides,
      and azo compounds soluble in the monomers or in water with convenient
      radical forming reactions rates, including redox systems, can be used.
PAR  The binder resins useful in the present invention are prepared by known
      emulsion polymerization techniques. Preferred methods for preparing the
      binder resins include the following four procedures:
PAR  In the first process, the monomers, modifier, a portion of the surface
      active substance, and a portion of the water are emulsified by vigorous
      agitation. These are slowly charged to the reaction vessel which contains
      all of the other components. The addition of the emulsion may continue for
      as long as 6 to 8 hours depending on the solubilities of the monomers and
      modifier. Agitation of the emulsion may be continued over the time of
      addition if necessary.
PAR  In the second method, all of the water soluble components of the system and
      water are charged to the reaction vessel and the monomer or monomers and
      modifier are added over a period of several hours. This time of addition
      is, of course, dependent on the solubilities of the various components.
PAR  In the third method, all of the soluble components, the modifier, and the
      water are charged to the reaction vessel and the monomer or monomers are
      added over a period of several hours. Again, the addition time depends on
      the solubilities of the monomer or monomers.
PAR  In the final preferred method, some of the surface active agent,
      polymerization initiator, and water are charged to a vessel and heated;
      and an emulsion of all of the remaining ingredients is added over a period
      of several hours.
PAR  The polymer dispersions described above may be used as such in the
      preparation of fibrous mats or they may be converted to dry particulate
      form by removing the water by known means, e.g., by evaporation carried
      out under reduced pressure, spray during or fluidized bed techniques. The
      polymer particles may also be separated from the water by centrifuge and
      then allowed to dry. These powders may also be used as binder resins in
      preparing the styrene insoluble fibrous mats of the present invention.
      However, when powder forms of the resins are employed, it is essential
      that the size of the particles be such that the particles are retained by
      the fibrous mat during preparation thereof.
PAR  The amount of binder resin employed should be sufficient to bind the
      fibrous material together. Preferred results are achieved with an amount
      of binder resin equal to from about 3% to about 8% by weight based on the
      total weight of said mat.
PAR  Catalysts to accelerate the curing reaction may be included in the resin
      compositions useful in the present invention.
PAR  When a catalyst is employed, it has been found that the time required to
      cure the mat to an insoluble state is reduced.
PAR  Representative catalysts which may be utilized include, for example,
      amines, such as diethanolamine, dimethylethanolamine, di-n-propyl amine,
      ethylene diamine, hexane diamine, isophorone diamine, triethanol amine,
      tetraethylene pentamine, and trimethyl hexane diamine; and metal-amine
      complexes, such as zinc bis(dimethylethanol-amine) acetate. Other types of
      catalysts include copolymerized acids and external acids, usually strong
      inorganic or organic acids having a pK&gt;4. Latent catalysts may also be
      used, such as the morpholine salt of p-toluene sulphonic acid. Of these,
      it is preferred to employ dimethylethanol amine. The amount of catalyst
      may also be varied over a wide range and the actual amount employed
      depends upon the results desired. Preferred results have been achieved
      with an amount of catalyst equal to from about 0.5% to about 1.0% by
      weight based on the weight of the resin solids utilized. If less than
      about 0.5% is employed, it has been found that the resulting compositions
      are not significantly different from the uncatalyzed compositions to make
      the use of a catalyst desirable. Similarly, if above about 1.0% catalyst
      is employed, no further advantage is noted in the curing of the
      compositions and it is, therefore, not preferred to include additional
      catalyst. However, either more or less than the above amounts of catalyst
      may be utilized within the scope of the present invention.
PAR  After the mat comprising the fibrous material and binder resin is prepared,
      the mat is heated resulting in the preparation of a styrene insoluble
      bonded fibrous mat. The actual conditions employed in the curing operation
      may be varied depending upon the drying apparatus employed and the degree
      of styrene insolubility desired in the final product. What is essential in
      the drying operation is that all of the water, if a latex is used, must
      first be removed from the mat and the resin then cured to an insoluble
      state. For most applications, the desired degree of insolubility can be
      achieved by heating the mat to a temperature of at least about
      150.degree.C. The actual time required in the heating operation is that
      which is sufficient to cure the resin to the desired state. The following
      table indicates the relationship between the temperature of the mat and
      the time which is required at that temperature to produce a styrene
      insoluble mat when no catalyst is employed. If a catalyst is added these
      times may be reduced.
TBL  ______________________________________                                    
     Mat Temperature    Time                                                   
     ______________________________________                                    
     150.degree.C.      96 minutes                                             
     175.degree.C.      18 minutes                                             
     200.degree.C.       3 minutes                                             
     225.degree.C.      33 seconds                                             
     250.degree.C.       5 seconds                                             
     ______________________________________                                    
PAR  In connection with the above table, it should be noted that the
      temperatures given are the temperatures of the mat itself and not of the
      oven in which the mat is cured. In this way, the present invention can be
      defined independently of the actual drying apparatus employed since
      differences in various ovens are attributable primarily to the time
      required to, first, remove water from the mat and, subsequently, raise the
      temperature of the mat to the desired level.
PAR  In the preparation of styrene insoluble fibrous mats of the present
      invention, preferred results are achieved when the mat is cured by heating
      the mat to a temperature of from about 175.degree.C. to about
      225.degree.C. and maintaining the mat at that temperature for from about
      33 seconds to about 18 minutes. Especially preferred results are achieved
      when the mat is maintained at a temperature of at least about
      200.degree.C. for a period of time equal to at least about 3 minutes. As
      will be appreciated by those skilled in the art, the mat may be cured for
      times longer than those indicated above. However, once the mat has become
      insoluble, no further advantage is achieved by prolonged heating and
      extended times are, therefore, not preferred.
PAR  The fibrous mats of the present invention are insoluble in styrene. As used
      herein, the term "styrene insoluble" refers to a mat which maintains its
      integrity for at least 10 minutes when suspended in styrene. Styrene
      solubility is determined in accordance with the following procedure:
PAR  A 14 inch .times. 14 inch mat is prepared from 60 grams of fibrous
      material. A binder resin in amount equal to from about 3% to about 8% by
      weight based on the total weight of the mat is included in said mat and
      cured by heating a forced draft oven maintained at 200.degree.C. for a
      total time of 25 minutes. This included the time required to remove water
      from the mat (about 10-12 minutes) and the time required to raise the
      temperature of the mat to 200.degree.C. (about 10 minutes) as well as the
      time the mat is maintained at about 200.degree.C. (about 3 minutes). The
      solubility of the mat is determined by suspending a 4 inch .times. 5 inch
      section of the above prepared mat in a styrene bath at 25.degree.C. A
      100-gram clip is attached to the section and the length of time the mat
      supports the weight while submerged in the bath is measured as an
      indication of the solubility rate in styrene. Styrene insoluble mats are
      those which will support the weight for at least 10 minutes.
PAR  The sytrene insoluble fibrous mats of the present invention are useful in
      the preparation of fiber reinforced plastics. These materials are prepared
      utilizing the mats of this invention by methods which are known in the art
      for preparing said plastics.
DETD
PAR  In order to describe the present invention so that it may be more clearly
      understood, the following examples are set forth. These examples are set
      forth primarily for the purpose of illustration and any specific
      enumeration of detail contained therein should not be interpreted as a
      limitation on the concept of the present invention.
PAC  EXAMPLE 1
PAR  Into a 5-liter flask, there was added a first charge comprising:
PA1  7.07 grams of Benax 2Al,
PA1  2.36 grams of Igepal CO 730,
PA1  353.70 grams of water, and
PA1  3.54 grams of sodium bicarbonate.
PAR  A second charge was prepared by dissolving
PA1  33.01 grams of Benax 2A1 and
PA1  10.02 grams of Igepal CO 730
PAL  in a mixture of
PA1  1,650.6 grams of styrene,
PA1  117.9 grams of methacrylic acid, and
PA1  117.9 grams of Epon 826
PAL  and adding to the resulting solution a dispersion of
PA1  3.54 grams of sodium persulfate in
PA1  1,697.80 grams of water.
PAR  The first charge was heated to 85.degree.C. and there was then added 3.54
      grams of sodium persulfate followed by the second charge which was added
      over a period of 5.5 hours while maintaining the temperature of the
      reaction mixture at from 83.degree.C. to 85.degree.C. The mixture was
      cooled to room temperature and allowed to stand for 64 hours. At the end
      of this time, the reaction mixture was heated to 80.degree.C. and there
      was added thereto
PA1  1.5 grams of sodium hydrosulfite,
PA1  15.0 grams of water, and
PA1  6.0 ml. of t-butyl hydroperoxide. The reaction mixture was maintained at
      80.degree.C. for 45 minutes at the end of which time it was cooled
      resulting in a latex having a pH of 5.0 and a solids content of 48.0%.
PAC  EXAMPLE 2
PAR  A sample of the resin prepared in Example 1 was diluted with water to a
      resin solids content of 4.5% by weight. This material was evaluated as a
      fibrous mat binder in the following manner.
PAR  In a laboratory scale mat making machine, 4 successive 15-gram layers of
      2-inch chopped glass fibers were sprayed with 25-gram portions of the 4.5%
      resin solids latex. No air blowing was used in this operation. The glass
      mat was removed and heated for 30 minutes in a forced draft oven
      maintained at 200.degree.C. The oven employed was an Aminco Model No.
      4-3520 available from American Instrument Company, Silver Springs, Md. The
      mat was then cooled between 2 Teflon plates and cut into sections for
      testing.
PAR  When tested, the mat had the following properties:
TBL  Styrene solubility over 20 minutes                                        
     Tensile strength   7.1 pounds/inch                                        
     Fold tensile strength                                                     
                        3.7 pounds/inch                                        
     Tensile retention  52%                                                    
PAR  In the examples, the following standard tests were employed:
PAR  The styrene solubility of the mats was determined by suspending a 4 inch
      .times. 5 inch section of the mat in a styrene bath at 25.degree.C. A
      100-gram clip was attached to the mat and the length of time that the mat
      supported the weight while submerged in the bath was measured as an
      indication of the resin solubility rate in styrene. Thus, a material
      having a styrene solubility of 30 seconds would indicate that the mat
      disintegrated in the above test in a period of 30 seconds. As mentioned
      above, the styrene insoluble mats of the present invention are those which
      have styrene solubility values equal to at least about 10 minutes.
PAR  Tensile strength, fold tensile strength, and tensile retention were
      determined by mounting a 3 inch .times. 5 inch section of the mat along
      the 3 inch dimension in the jaws of a tensile testing machine (a Tinius
      Olsen 30,000-pound capacity Electromatic Universal Testing Machine) with 1
      inch of the sample in each jaw of the tester, leaving a 3 inch .times. 3
      inch area of the mat visible. The force necessary to tear the mat apart
      was recorded as tensile strength. Because of the difficulty in measuring
      the thickness of the mat, the tensile strength is arbitrarily expressed in
      pound per inch. The fold tensile strength was determined in a similar
      manner after a 3 inch .times. 5 inch sample had been folded 180.degree. at
      the center line of the long dimension. The piece was then returned to its
      normal position and the tensile strength measured as described above. The
      tensile retention refers to the ratio of fold tensile strength to the
      initial tensile strength expressed in percent and is an indication of the
      brittleness of the binder resin and the handability of the mat during
      subsequent operations. The actual values given in the examples are
      averages based on 6 samples.
PAC  EXAMPLE 3
PAR  To the resin solution containing 4.5% by weight resin solids, described in
      Example 2, there was added 1% by weight based on the weight of resin
      solids of dimethylethanolamine. Employing the procedure described in
      Example 2, fibrous mats were prepared utilizing this resin composition and
      heated fro 20 minutes in the oven described in Example 2.
PAR  The resulting mats had the following properties:
TBL  Styrene solubility over 60 minutes                                        
     Tensile strength   7.25 pounds/inch                                       
     Fold tensile strength                                                     
                        4.42 pounds/inch                                       
     Tensile retention  61%                                                    
PAC  EXAMPLE 4
PAR  A second mat, prepared as described in Example 2, was cured by heating in
      the oven described in Example 2 at 200.degree.C. for 25 minutes. The
      resulting mat had a styrene solubility equal to greater than 30 minutes.
PAC  EXAMPLE 5
PAR  To the resin solution containing 4.5% by weight resin solids, described in
      Example 2, there was added dimethylethanolamine in an amount equal to 0.5%
      by weight based on the weight of resin solids in said solution.
PAR  A fiberglass bonded mat was prepared, as described in Example 2, utilizing
      the resulting resin composition. The mat was cured by heating in a
      200.degree.C. oven for 22 minutes. The resulting mat had a styrene
      solubility equal to greater than 30 minutes. A second sample of the mat
      was cured by heating in the oven for 25 minutes. This sample also had a
      styrene solubility equal to greater than 30 minutes. A third sample of the
      mat, cured for 30 minutes, had a styrene solubility equal to greater than
      60 minutes. By comparison, a fourth sample of the mat, cured for 20
      minutes, had a styrene solubility equal to about 3 minutes.
PAC  EXAMPLE 6
PAR  To the resin solution containing 4.5% by weight resin solids, described in
      Example 2, there was added 2.0% by weight based on the weight of resin
      solids of dimethylethanolamine. A mat was prepared utilizing this resin
      composition by the procedure described in Example 2. A sample of the mat
      was cured by heating for 20 minutes in an oven maintained at 200.degree.C.
      The resulting mat had the following properties:
TBL  Styrene solubility                                                        
                     greater than 60 minutes                                   
     Tensile strength                                                          
                     9.87 pounds/inch                                          
     Fold tensile strength                                                     
                     4.62 pounds/inch                                          
     Tensile strength                                                          
                     46.8%                                                     
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A styrene insoluble fibrous mat comprising a fibrous material and a
      binder resin, said resin comprising the single step reaction product of
PA1  a. a first alpha-beta ethylenically unsaturated monomer selected from the
      group consisting of styrene, vinyl esters, vinyl chloride, lower alkyl
      methacrylates, lower alkyl acrylates, lower alkyl itaconates, lower alkyl
      maleates, and lower alkyl fumarates;
PA1  b. a second alpha-beta ethylenically unsaturated monomer selected from the
      group consisting of acrylic acid, methacrylic acid, itaconic acid, maleic
      acid, fumaric acid, maleamic acid, maleamide, furamide, N-monoalkyl/aryl
      substituted amides, hydroxyethyl acrylate, and hydroxypropyl methacrylate;
      and
PA1  c. a modifier selected from the group consisting of epoxy resins, melamine
      formaldehyde resins, and urea formaldehyde resins; wherein the amount of
      binder resin is equal to from about 3 percent to about 8 percent by weight
      based on the total weight of said mat and said binder resin comprises from
      about 75% to about 98% by weight of said first monomer, from about 1% to
      about 10% by weight of said monomer, and from about 1% to about 15% by
      weight of said modifier.
NUM  2.
PAR  2. A fibrous mat, as claimed in claim 1, wherein the fibrous material is
      glass.
NUM  3.
PAR  3. A fibrous mat, as claimed in claim 1, wherein the binder resin is the
      reaction product of styrene, methacrylic acid, and an epoxy resin.
NUM  4.
PAR  4. A method of preparing a styrene insoluble fibrous mat, said method
      comprising
PA1  a. preparing a mat comprising a fibrous material and a binder resin,
      wherein the amount of binder resin is equal to from about 3 percent to
      about 8 percent by weight based on the total weight of said mat, said
      resin comprising a mixture of
PA2  i. from about 75% to about 98% by weight of a first alpha-beta
      ethylenically unsaturated monomer selected from the group consisting of
      styrene, vinyl esters, vinyl chloride, lower alkyl methacrylates, lower
      alkyl acrylates, lower alkyl itaconates, lower alkyl maleates, and lower
      alkyl fumarates;
PA2  ii. from about 1% to about 10% by weight of a second alpha-beta
      ethylenically unsaturated monomer selected from the group consisting of
      acrylic acid, methacrylic acid, itaconic acid, maleic acid, fumaric acid,
      maleamic acid, maleamide, furamide, N-monoalkyl/aryl substituted amides,
      hydroxyethyl acrylate, and hydroxypropyl methacrylate; and
PA2  iii. from about 1% to about 15% by weight of a modifier selected from the
      group consisting of epoxy resins, melamide formaldehyde resins, and urea
      formaldehyde resins; and
PA1  b. heating said mat to a temperature of from 150.degree.C. to about
      250.degree.C. for a time sufficient to cure said mat to a styrene
      insoluble state.
NUM  5.
PAR  5. A method, as claimed in claim 4, wherein the mat is maintained at a
      temperature of from about 175.degree.C. to about 225.degree.C. for a
      period of time equal to from about 33 seconds to about 18 minutes.
NUM  6.
PAR  6. A method, as claimed in claim 4, wherein the mat is maintained at a
      temperature of at least about 200.degree.C. for a period of time equal to
      at least about 3 minutes.
NUM  7.
PAR  7. A method, as claimed in claim 4, wherein the binder resin includes a
      catalyst to accelerate the curing reaction.
NUM  8.
PAR  8. A method, as claimed in claim 7, wherein the catalyst is
      dimethylethanolamine.
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ABST
PAL  High yield resin saturable papers containing total lignin, based on paper
      weight, in amounts from about 8 up to 15 percent are employed as core
      stock for high pressure decorative melamine laminates. At least 65 percent
      of the fibers should be hardwood fibers. Up to 35 percent of softwood
      fibers may be present but then the softwood lignin, based on paper weight,
      should not be greater than about 2.8 percent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  High-pressure decorative laminates have been widely employed in the
      building industry as counter and table tops, bathroom and kitchen work
      surfaces, furniture and cabinets, wall paneling and partitions and doors.
      Because they are durable and resistant to scratching and various liquids
      and heat, the high-pressure decorative laminates have been popular in the
      furniture industry, primarily as tops for furniture where they not only
      provide an attractive appearance matching adjacent natural wood finishes
      but also a surface more desirably durable than wood.
PAR  In the production of such furniture tops, it is necessary to cut or
      otherwise machine the top to the desired dimensions and configuration.
      This may be accomplished by simultaneously machining a stack of laminates
      which are thereafter individually bonded to a rigid structural base member
      or by first bonding a laminate sheet to a rigid base member of substantial
      thickness and then machining the composite. Irrespective of the method,
      the laminate must be machined. The hard durable surface provided by the
      laminate is relatively difficult to machine and carbide-tipped tools are
      frequently employed to reduce tool wear and minimize the down-time
      involved in sharpening tools. Machinability and tool wear are,
      accordingly, particularly important factors in the use of high-pressure
      decorative laminates for furniture because of the extensive machining that
      must be done. It is also a factor in most other applications because some
      machining is generally necessary.
PAR  Another property factor exists in handling such laminates, particularly
      large sheets, such as 5 .times. 12 foot sheets. A sheet that large and
      only 1/16 inch thick will deflect or bend considerably if not completely
      supported during handling. If not handled carefully, the large sheets may
      crack and thus render the entire sheet or a major portion thereof useless.
      It should be apparent that increasing the amount of deflection at rupture
      (flexural strength) would alleviate the handling problem. The foregoing
      problem is, of course, even more severe with thinner laminates such as the
      standard 1/32 inch thick laminates which are growing in commercial
      significance.
PAR  High-pressure decorative laminates are, of couse, themselves laminated
      articles comprising plural layers of synthetic resin impregnated paper
      sheets consolidated or bonded together into a unitary structure under heat
      and pressure. Conventionally, the decorative or print layer is a sheet of
      high quality purified alpha cellulose fiber and/or certain rayon fibers
      impregnated with a thermosetting condensation resin such as aminotriazine
      aldehyde resins, for example melamine formaldehyde resins. An overlay
      sheet, transparent when cured, may be employed to protect the decorative
      or print layer and is also a sheet of alpha cellulose, or the like,
      impregnated with an aminotriazine aldehyde. The overlay and print sheets
      are bonded to a plurality of core or body sheets of fibrous cellulosic
      material, usually kraft paper, most generally impregnated with a
      thermosetting phenol-formaldehyde resin. The major portion of the paper in
      a decorative laminate is composed of the core or body sheets rather than
      the print or overlay sheets. Typically seven or eight core sheets are
      consolidated with only a single print and single overlay sheet to form a
      conventional 1/16 inch decorative laminate.
PAR  Although the core sheets are less expensive than the print or overlay
      sheets, it is apparent that the core sheets are a significant cost factor,
      because of their volume in a decorative laminate. It is also apparent that
      many of the properties of the paper-base decorative laminates are derived
      from the papers employed as well as the resins employed. The properties of
      the core stock paper, then, will influence the properties of the end
      product decorative laminate.
PAR  Historically, in high-pressure decorative laminates, the core stock paper
      has been a relatively extensively cooked, low yield, high purity
      saturating grade kraft paper having a lignin content in the order of 2 to
      5%, by weight. All percentages hereinafter expressed are weight
      percentages unless otherwise stated. The purpose of cooking is to dissolve
      the lignin and other noncellulose portions of the wood which bind the
      cellulose fibers together, thereby providing a pulp of free fibers which
      can be formed into a sheet of paper. Mixtures of hardwood and softwood
      species may be employed, the former providing relatively short fibers (0.5
      to 2 mm. avg. length) and the latter providing relatively long fibers (2.5
      to 5 mm. avg. length) in the paper. The paper must be well formed, have
      uniform texture, density and finish and be free of fiber bundles, hard
      lumps, large wood slivers, streaks, light areas and wrinkles. One of the
      most important properties of the paper is its absorbency. The paper must
      absorb a high percentage of resin to provide a satisfactory laminated
      product.
PAR  The properties of the laminated product, e.g. tensile strength, flexural
      strength, impact strength, the amount of absorption and thickness swell
      from immersion in boiling water and dimensional changes over an extreme
      range of relative humidity, are significantly influenced by the core stock
      paper. The laminated product should meet the standards set forth in NEMA
      Publication No. LD1-1971 for Laminated Thermosetting Decorative Sheets and
      the core stock papers must not preclude the obtention of the properties
      set forth in those standards.
PAR  The extensively cooked, low yield core stock papers are, of course,
      relatively high in cost. The advantages of a high yield paper for core
      stock in terms of lower relative cost and decreased pollution of water and
      air have provided the incentive for a considerable effort on the part of
      applicants and others to develop a high yield paper that could be used for
      the core stock of high-pressure decorative laminates. The most obvious
      direction, because of cost and the general and conventional desirability
      for long fibers in paper making, appeared to be a high yield kraft sheet
      made from a pulp containing a high proportion of soft or coniferous woods,
      particularly Southern pine species.
PAR  Working extensively with pulps containing in the order of 90% or more of
      the long fibered pine, a saturating core sheet was developed and
      successfully used to produce excellent high-pressure decorative laminates
      meeting all of the requirements set forth in the NEMA standards.
      Unexpectedly, we discovered that the laminates made from such core sheets
      caused severe wear and rapid deterioration of the carbide cutting tools
      conventionally employed in the normal fabrication into finished forms,
      particularly in furniture goods where extensive machining must be done.
      These core stock sheets, made from essentially all pine furnishes, at one
      point had relatively high lignin contents, in the order of fifteen (15)
      percent. We further discovered that the same pine furnishes, cooked to
      lower yield levels having lignin contents of 7-8 percent and below,
      produced laminates which met the NEMA standards, as one might then expect,
      but the tool degradation persisted to an unacceptable degree.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered a high yield saturating core stock paper with lignin
      contents as high as 15 percent that can be employed as the core stock for
      high-pressure decorative laminates. The laminates meet all of the
      requirements set forth in the NEMA Standards. More importantly, the
      laminates do not cause rapid tool wear. The paper is characterized by a
      high yield hardwood component, preferably 65 percent or higher. Up to
      about 35 percent of a lower yield softwood component such as southern pine
      may be present. The core stock paper contains from about 8 to 15 percent
      lignin, but the lignin must be primarily hardwood lignin to avoid rapid
      tool deterioration. Laminates with this core stock are also tougher.
      Because they can deflect more before rupturing, they are less susceptible
      to damage during handling.
DRWD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 of the accompanying drawing is a schematic view of an assembly of
      sheets constituting a make-up for a high-pressure decorative laminate;
PAR  FIG. 2 is a cross-sectional view of a consolidated laminate; and
PAR  FIG. 3 is a flow chart illustrating the preparation of an example of a core
      stock paper of this invention.
DETD
PAR  Referring now to FIG. 1, the make-up assembly 10, is composed of a
      plurality of core sheets 11 prepared by impregnating the core stock paper
      (described in detail hereinafter) with a phenol-formaldehyde resin
      solution. The impregnated paper is heated to drive off the solvent and to
      advance the thermosetting resin to a dry non-tacky but fusible "B" stage.
      Similarly a print or pattern sheet 12 is prepared by impregnating an alpha
      cellulose paper with a melamine-formaldehyde solution, heating to drive
      off the solvent and advance the resin to a dry non-tacky but fusible "B"
      stage. The print or pattern sheet 12 carries the decorative print or
      pattern provided by either pigmenting the paper or by printing a design
      thereon. An overlay sheet 13, similar to sheet 12 but carrying no print or
      pattern, may be employed to provide additional protection for the
      decorative pattern. Sheets 12 and 13 are superposed upon the core sheets
      11, as shown, and the assembly 10 is placed between stainless steel caul
      paltes and inserted into a hydraulic press with heated platens. At a
      temperature in the order of 260.degree. F to 300.degree. F and a pressure
      of 700-1500 psi, the assembly is cured and consolidated into the unitary
      structure illustrated in FIG. 2 after a total residence time in the order
      of 1 hour.
PAR  Referring now to FIG. 2, the high-pressure decorative laminate 20 is
      composed to a core 21, a decorative print or pattern sheet 22 and a
      transparent protective overlay sheet 23 consolidated and bonded together
      to form a unitary structure.
PAR  The core stock paper, in accordance with the present invention, is a high
      yield, high lignin paper. The paper contains lignin in the order of from
      about 8 up to 15 percent. It is essential, however, that a major portion
      of the total lignin be hardwood lignin. Any softwood lignin present must
      constitute less than a major portion and preferably only a minor portion
      of the total lignin. It should be understood that in accordance with our
      discovery, the major amounts of softwood lignin that are present in a high
      yield softwood core stock paper, for example, a kraft-cooked essentially
      all Southern pine pulp, will produce laminates that will rapidly wear
      carbide cutting tools, even though other standard property requirements,
      particularly NEMA standards, may be met. Well-cooked all Southern pine
      pulps, containing softwood lignin in the order of 8 percent will, when
      employed as core stock, produce laminates with somewhat lower but
      nonetheless unacceptably rapid tool wear.
PAR  According to the general principles of our invention, therefore, an
      essentially all hardwood high yield pulp, containing from about 8 up to 15
      percent by weight of hardwood lignin will prove to be a decorative
      laminate core stock saturating paper that will provide laminates that not
      only meet all of the requirements of the NEMA standards but will not cause
      rapid tool wear. It may, however, be advantageous for the purpose of
      forming the paper on the screen to include some longer-fibered softwood
      pulp. Small or minor amounts of softwood will contribute only minor
      amounts of softwood lignin and the laminates made from such core stocks
      will still provide the advantages of our discovery. As the softwood
      content increases, however, it should be cooked more to remove more of the
      softwood lignin and lower softwood yields must be tolerated. Up to about
      35 percent of softwood is the maximum practical upper limit for the
      benefits of our discovery.
PAR  The softwood lignin should not be present in amounts greater than about 2.8
      percent of the total weight of paper. As noted heretofore, if only small
      amounts of softwood are to be included, the softwood does not have to be
      extensively cooked. It will not require substantial cooking to make a
      softwood component that will not contribute more than about 2.8 percent of
      softwood lignin. As the amount of softwood in the blend increases, more
      cooking or digesting will be necessary to assure a softwood lignin content
      not greater than 2.8 percent. At the maximum total lignin content of 15
      percent, the softwood lignin can be about 2.8 percent while the hardwood
      lignin is about 12.2 percent. At the lower total lignin limit, the
      softwood again may be about 2.8 percent while the hardwood lignin is about
      5.2 percent. The softwood lignin may, of course, be less or be totally
      absent without encountering machining and tool wear problems.
PAR  We recognize that it is extremely difficult, if not impossible, to
      quantatively distinguish between hardwood and softwood lignins,
      particularly in a finished paper sheet. It is, however, possible to
      measure total lignin content in individual pulps before blending and/or in
      the chips before treatment to design a process for a particular
      combination of wood chips that will produce a paper in accordance with the
      foregoing principles. If a paper is not designed so that the softwood
      lignin does not exceed about 2.8 percent, machining problems will be
      encountered and efforts to use high yield papers will be frustrated.
PAR  It should also be understood that the stated respective amounts of hardwood
      and softwood fibers in the high yield, high lignin core stock paper of
      this invention, refer to the respective amounts of hard and soft wood
      chips, by weight, that are employed to make the paper. Those stated
      amounts also apply to the respective proportions of the fibers in the
      finished paper, which may be estimated in an accuracy range of about .+-.
      5 wt.% by staining and counting the fibers under a microscope in
      accordance with known principles.
PAR  There are, of course, a substantial number of different pulping processes
      that are in general use in the paper making industry and those generally
      used chemical, semi-chemical and chemi-mechanical pulping processes,
      individually or in combination for pulp blends, may be used to prepare the
      pulp or furnish for the core stock papers of this invention. The
      principles of our discovery are believed to be applicable to any process.
      It should be recognized, however, that in general hardwoods contain
      somewhat smaller amounts of lignin than softwoods and that the hardwood
      lignin is more readily removed than softwood lignin in most chemical
      pulping processes. If a mixture of hardwood and softwood chips is to be
      exposed to a kraft cook as a mixture, for example, one should recognize
      that the hardwood contains a smaller concentration of lignin which will be
      more rapidly removed. The proportion of hardwood to softwood chips should
      be selected in view of this knowledge so that the paper contains lignins
      in accordance with our discovery. It may be advantageous, for example, to
      separately pulp the hardwood and softwood chips and later blend the pulps.
      Recognizing that the individual paper maker is influenced by various
      factors such as cost of chemicals and cost and availability of individual
      wood species, particularly because of geographic location, we believe our
      discovery can be advantageous to the industry in general.
PAR  It should be understood that a wide veriety of processes or combinations of
      processes can be employed to make a core stock paper for use in decorative
      laminates in accordance with our discovery. The process generally known as
      the semi-chemical process, however, is particularly advantageous in
      preparing high yield, high lignin hardwood pulp because only small amounts
      of lignin are inherently removed. The semi-chemical cook is designed to
      primarily soften the lignin. The subsequent mechanical treatment,
      variously called defiberizing, refining or beating, reduces the pulp or
      chips to the fibrous state suited for paper making. Yields from this
      process are generally higher than other conventional pulping processes
      because less lignin and less hemicellulose are removed. Suitable
      semi-chemical (and other suitable conventional pulping processes) are
      described in various tests, for example Pulp and Paper Science and
      Technology, Vol. 1, C. Earl Libby, Editor, McGraw-Hill Book Co. (1962),
      pp. 133-346 and Pulp and Paper, Vol. 1, J. P. Casey, Interscience
      Publishers, Inc. (1952) pp. 66-218.
PAC  EXAMPLE 1 -- PREPARATION OF PAPER
PAR  Referring now to FIG. 3, a mixture of oak, gum, maple and poplar (hardwood)
      chips is subjected to a semi-chemical sulfite cook in digester 30, the
      details of which are well known. After sufficient digestion to primarily
      soften the lignin which cements the cellulose fibers together (some lignin
      is, of course, removed), the cooked chips are dropped and led to the
      mechanical refiner 31 where, for example, disk mills break down and
      defiber the chips. The pulp must be sufficiently refined to provide a
      uniform pulp essentially free of large slivers of wood.
PAR  In a separate operation, a mixture of hardwood (as above) and softwood
      (southern pine species) chips in a weight proportion of about 20 parts
      hardwood: 80  parts softwood is fed to a kraft or sulfate digester 40
      where the chips are cooked, in a known manner, to a Kappa No. of 52 (about
      7.3 percent lignin). It should be noted at this point that standard
      methods were employed to determine the amount of lignin (TAPPI T-13) and
      the KAPPA or "K" number (TAPPI T-236), the latter also an indication of
      the lignin content. The coarse raw pulp is passed through a refiner 41
      where fiber bundles are broken up. The refined pulp is washed in washer 42
      both for the purpose of purifying the fibers and recovering alkali which
      may be reused in a known manner.
PAR  The semi-chemical pulp and the kraft pulp are blended together in a weight
      proportion of about 70 parts of semi-chemical pulp and 30 parts of kraft
      pulp. The blended pulp has a Kappa No. of 94 and contains about 13.6
      percent lignin. The blended pulps are jointly refined in refiner 50. Some
      care must be taken in the respective refining operations so that the pulp
      fed to the paper machine 60 will provide a finished saturating core stock
      paper 70 that can be penetrated by the impregnating resin. The paper
      should have an apparent density of about 2.7-3.1 as pounds per 1,000
      square feet per point (mil) of caliper and an air porosity (with a 1 inch
      orifice and 20 inch cylinder) of 5 to 15 seconds/100 cc. of air per ADTM
      D20 or TAPPI T412. This more "open" sheet is desired for rapid and
      thorough resin penetration in the resin paper treater.
PAR  To obtain a proper apparent density and air penetration in the foregoing
      example, the normal refining of the kraft cooked pump was reduced so that
      the pulp resulting from the joint refining could be refined to a Canadian
      freeness number of 575-600. Without that reduction in the kraft refining,
      the pulp after the joint refining produced too dense a sheet. A dense
      sheet would be more difficult to impregnate with resin and undesirable
      lower paper treating speeds would have to be employed. The refining of the
      semi-chemical cooked pulp had to be carried out to the point of
      eliminating large wood slivers and could not be reduced below that point.
PAR  It should be understood that although other papers are suitable, the
      combination of a semi-chemical sulfite cooked hardwood component and a
      kraft sulfate cooked hardwood-softwood mixture does offer unique
      advantages because the processes most conveniently and economically
      provide the proper lignin balance for this invention. Thus, papers
      containing from about 8 up to 15 percent lignin with a major portion
      thereof being hardwood lignin may be produced from a blend of (A) about 65
      to 80 percent of semi-chemical hardwood pulp fibers and (B) about 20 to 35
      percent of a kraft pulp mixture of (1) between about 50 to 90 percent
      softwood fibers and (2) between about 10 to 50 percent hardwood fibers,
      said kraft mixture being cooked to a Kappa or "K" between about 25 and 60.
      A blend of 70 percent of (A) and 30 percent of (B) is particularly
      suitable, as noted in Example 1. An apparent density of 2.7-3.1 and an air
      porosity of about  5-15 seconds will permit the paper to be rapidly and
      properly penetrated with the phenol-formaldehyde resin in the paper
      treater.
PAR  Hardwoods, also known as angiosperms, of deciduous trees, have short fiber
      lengths of about 0.5  to 2.0 mm, and lignin contents in the order of 17-26
      percent. Examples of suitable hardwood species are oak, elm, poplar,
      gumwood, maples, basswood, birch, beech and hickory. Softwoods, also known
      as gymnosperms, of evergreen or coniferous trees have long fiber lengths
      of about 2.5 to 3.0 mm for eastern species and 3.5 to 5.0 mm for southern
      and western species and lignin contents in the order of 25 to 32 percent.
      Examples of suitable softwood species are pine, fir, hemlock, redwood,
      cypress and cottonwood. Examples of pine species are yellow, white, jack,
      longleaf, shortleaf, lodgepole and slash.
PAR  Commercially available corrugating medium paper used extensively for
      corrugated boxes is a blend of semi-chemical sulfite cooked hardwood pulp
      and a kraft cooked mixture of hardwood and softwood contain large wood
      slivers, has a porosity of 20-25 seconds, and a total lignin content of
      16-17 percent (Kappa No. 107.8). This commercially available paper or
      liner board was not suitable for the core stock of high pressure NEMA
      decorative laminates because of large slivers which transfer to designs in
      the print sheet.
PAR  Both the resin saturability and the rate of penetrability by the resin also
      make this corrugating medium paper generally unsuitable for use as core
      stock in NEMA grade high pressure decorative laminates. In addition to the
      more general problems of appearance because of transfer through the
      melamine impregnated sheets, it was not possible to produce laminates
      which meet the NEMA water boil test. It was, in any event, apparent that
      the total lignin content of over 16 percent did not provide a paper that
      was suitable for use as core stock in NEMA grade high pressure decorative
      laminates. As should be apparent from Example 1, the semi-chemical cook
      had to be extended, primarily to additionally soften the lignin so that
      the pulp would be free of clumps, large slivers of wood, etc. after
      refining. The kraft cook was extended for the same reason and, more
      importantly, to remove the softwood lignin which creates the problems in
      machining. The softwood lignin in the blend was less than 2.8 percent.
PAC  EXAMPLE 2 -- LAMINATE PREPARATION
PAR  A make up assembly of standard B-staged melamine formaldehyde resin
      impregnated overlay and print sheets and seven (7) sheets of the core
      stock paper described in Example 1 impregnated with B-staged
      phenol-formaldehyde resin are superimposed in a known manner and inserted
      into a press where they are subjected to a standard press cycle of
      approximately one hour at 1000-1500 psi and heated to a peak temperature
      of about 300.degree.F. This laminate will meet all of the standards set
      forth in NEMA specifications and machine as well as better than laminates
      made with the typical low yield highly refined saturating kraft grade core
      stock paper. It should be noted that the low yield grades contain in the
      order of 2.5 to 5 percent lignin and are, of course, much more expensive
      than the high yield paper of Example 1. Moreover, the laminates with the
      high yield core stock papers are less susceptible to cracking during
      handling than the low yield papers. Laminates with the high yield core
      will exhibit a deflection at rupture at least in the order of 0.08-0.09
      inches compared to about 0.06-0.07 for the low yield papers when tested in
      accordance with ASTM Method D790-61.
PAR  The machinability test was run on a stack of 12 inch .times. 18 inch
      samples of 1/16 inch laminates. Each laminate sample was separated from
      another by an easily machinable 1/8 inch Luan veneer separator. A stack of
      samples was simultaneously machined on a shaper employing a three inch
      shaper blade head with a carbide tip. The blade was supplied by Lineberry
      Foundry under the number 32,278 and had a K-1 hardness. Feeding the sample
      stack at a moderate speed, about 0.035 inches was removed at each pass.
      After 750 passes, the carbide tip was examined at 10.times. magnification.
      It was relatively simple to identify portions of the blade tip with
      specific laminate samples because the Luan separators gave no observable
      wear. Laminates having a core of the high yield core stock in accordance
      with this invention machined as easily as those having the expensive low
      yield saturating kraft core, both showing only slight dulling and
      cratering of the blade. Laminates having a core of a high yield all pine
      kraft cooked paper (Kappa number of 90 ) severely dulled and cratered the
      blade. Laminates having a core of a medium yield all pine kraft cooked
      paper (Kappa number of 38) exhibited some improvement in machinability but
      the tool wear was still excessive and more severe than with the high yield
      high hardwood cores of our invention.
PAR  It should be understood that this invention is applicable to the variety of
      resin systems known and available to those skilled in the art of high
      pressure decorative laminates. The melamine-formaldehyde resins in the
      print and overlay sheets and the phenol-formaldehyde resins in the core
      sheets may be modified in accordance with principles known in the art
      without foregoing the advantages which attend the use of the high yield
      high hardwood core stock of this invention.
PAR  It should also be understood that the high yield high hardwood core stock
      can be substituted either in whole or in part of the traditionally
      employed highly refined low yield saturating kraft core stock, which
      contains no more than 5 percent total lignin, in the laminate assembly.
      Where, for example, the decorative print on the print sheet is
      particularly susceptible to observable transfer of occasional large fibers
      in the core sheet adjacent thereto, one or more low yield core sheets may
      be disposed between the print sheet and the high yield core sheets.
      Alternatively, the high yield core sheets may be sandwiched between low
      yield core sheets. Even those low yield sheets should contain no more than
      about 2.8 percent softwood lignin.
PAR  The advantages of lower cost, improved machinability and increased
      deflection before rupture for those making and/or using high pressure
      decorative laminates should be readily apparent from the foregoing
      description. It should also be noted, however, that a broader advantage
      also exists insofar as the use of high yield papers reduces the cutting of
      trees and reduces both the volume of chemicals used and the wastes
      therefrom which must be disposed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high pressure decorative laminate comprising a unitary consolidated
      combination of (1) a melamine formaldehyde resin impregnated decorative
      paper layer bonded to (2) a base of a plurality of core sheets impregnated
      with a phenol formaldehyde resin, at least a portion of the core sheets
      having an apparent density of about 2.7-3.1 and an air porosity of about
      5-15 seconds and having an essentially homogeneous distribution of both
      hardwood and softwood cellulosic fibers and essentially free of wood
      slivers containing from about 8 up to 15 percent total lignin based on
      total weight, at least about 65 percent of said fibers being hardwood
      fibers, a major portion of said lignin being hardwood lignin, the softwood
      lignin not exceeding about 2.8 percent of the total weight.
NUM  2.
PAR  2. The decorative laminate of claim 1 wherein said softwood fibers comprise
      about 35 percent of the fibers.
NUM  3.
PAR  3. The decorative laminate of claim 2 wherein at least a portion of said
      hardwood fibers are derived from a sulfite semi-chemical pulping process
      and said softwood fibers are derived from a kraft pulp process.
NUM  4.
PAR  4. The decorative laminate of claim 1 wherein a highly refined low yield
      saturating kraft core sheet containing no more than about 5 percent total
      lignin is disposed between the decorative layer and said portion of core
      sheets.
NUM  5.
PAR  5. The decorative laminate of claim 4 wherein said portion of core sheets
      is sandwiched between sheets of said low yield saturating kraft.
NUM  6.
PAR  6. A high pressure decorative laminate comprising a unitary consolidated
      combination of (1) a melamine formaldehyde resin impregnated overlay paper
      bonded to (2) a melamine formaldehyde resin impregnated print sheet bonded
      to (3) a base of a plurality of core sheets impregnated with a phenol
      formaldehyde resin, at least a portion of said core sheets having an
      apparent density of about 2.7-3.1 and an air porosity of about 5-15
      seconds and containing a total of from about 8 up to 15 percent total
      lignin, the softwood lignin not exceeding about 2.8 percent of the total
      weight, comprising a blend of:
PA1  A. about 65 to 80 percent of semi-chemical hardwood pulp fibers, and
PA1  B. about 20 to 35 percent of a kraft pulp mixture of (1) between about 50
      to 90 percent softwood fibers and (2) between about 10 to 50 percent
      hardwood fibers, said kraft mixture having a "K" number between about 25
      and 60.
NUM  7.
PAR  7. The decorative laminate of claim 6 wherein said hardwood fibers are
      selected from the group consisting of gum, maple, poplar and oak fibers
      and mixtures thereof and the softwood fibers are selected from the group
      pine species consisting of yellow, jack, longleaf, shortleaf, lodgepole
      and slash pine fibers and mixtures thereof.
NUM  8.
PAR  8. A high pressure decorative laminate comprising a unitary consolidated
      combination of (1) a decorative layer comprising a sheet of alpha
      cellulose paper and (2) a core layer comprising at least one resin
      saturable paper sheet having an apparent density of about 2.7-3.1 and an
      air porosity of about 5-15 seconds and having an essentially homogeneous
      distribution of both hardwood and softwood cellulosic fiber and
      essentially free of wood slivers containing from about 8 up to 15 percent
      total lignin based on the total weight of the saturable sheet, at least
      above 65 percent of said fiber being hardwood fibers, the softwood lignin
      in said saturable sheet not exceeding about 2.8 percent of the said total
      weight, said decorative layer impregnated with a melamine-formaldehyde
      resin and said core layer impregnated with a phenol-formaldehyde layer.
NUM  9.
PAR  9. The decorative laminate of claim 8 wherein said saturable sheet consists
      essentially of about 70 percent semi-chemical pulp hardwood fibers and
      about 30 percent of kraft pulp mixtures of hardwood and softwood fibers.
NUM  10.
PAR  10. The decorative laminate of claim 8 further characterized in having a
      machined surface.
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ABST
PAL  A pressure-sensitive sheet recording system is disclosed in which the
      components of the system are arranged and related so that the system is
      particularly resistant to smudge and accidental marking due to incidental
      contacting forces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a pressure-sensitive sheet recording
      system. It more particularly relates to a pressure-sensitive recording
      system in which formation of smudge is prevented. "Smudge", as used
      herein, means the undesired colored product of reaction between a
      colorless, color-forming, material contained in microcapsules and a
      polymeric color-developing material, wherein the smudge is a result of
      incidental or accidental microcapsule rupturing contact. Smudge resistance
      is accomplished, in the present invention, by careful selection of
      solvents and careful arrangement of component materials.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,576,660 issued Apr. 27, 1971 discloses a smudge-resistant,
      pressure-sensitive sheet wherein there is an encapsulated, acid-reactive,
      chromogenic material in liquid solution and an encapsulated acid reactant
      in liquid solution. The two liquid solutions are contained in different
      kinds of capsules and are coated together onto sheet substrates. Smudge
      resistance is achieved, in that patent disclosure, by taking advantage of
      the different component releasing character of the two kinds of capsule
      walls.
PAR  U.S. Pat. No. 3,617,334 issued Nov. 2, 1971 discloses a smudge-resistant,
      pressure-sensitive sheet of a coating of encapsulated, acid-reactive,
      chromogenic material in liquid solution. The sheet is to be used with
      another surface containing the acid reactant. Smudge resistance is
      achieved, in that patent disclosure, by providing capsules which contain
      only diluent solvent in addition to the microcapsules containing
      chromogenic dye material. The diluent-containing capsules are provided in
      larger size than those containing dye; and the diluent-containing capsules
      are said to protrude above the dye-containing capsules in any capsule
      coating. Incidental, normally-smudge-producing, forces tend to contact
      only the larger capsules and be buffered away from the smaller capsules.
      The diluent capsules are solely for pressure buffering purposes and have
      contents-selected to have no effect on the color-producing components of
      the sheet.
PAR  U.S. Pat. No. 3,738,857 issued June 12, 1973 discloses a smudge-resistant,
      pressure-sensitive sheet wherein there are, both, encapsulated chromogenic
      material and encapsulated diluent material. The chromogenic material and
      the diluent material are encapsulated as individual, finely-divided,
      droplets aggregated together to yield a capsule unit of both kinds of
      materials separated, but present in the same capsules. The droplets of
      diluent are provided in larger size than droplets of the chromogen; and
      the diluent droplets serve as force buffers in much the same way as
      discussed in the previous paragraph.
PAC  SUMMARY OF THE INVENTION
PAR  Generally, a pressure-sensitive sheet recording system is based on the
      color-forming reaction of a colorless electron-donating color-forming
      material such as Crystal Violet Lactone (CVL) or Benzoyl Leucomethylene
      Blue (BLMB) with an electron-accepting developing material comprising clay
      minerals, such as activated clay and bentonite, or polymeric materials,
      such as phenol-aldehyde polymer, phenolacetylene polymer and maleic acid
      resin. From viewpoint of structure, a pressure-sensitive recording system
      is constructed from one sheet onto which both the microcapsules containing
      color-forming material and the color-developing material are applied or
      two sheets of which one has a layer of the microcapsules and the other has
      a layer of the color-developing material.
PAR  In the usual types of pressure-sensitive recording systems, features of the
      systems which provide for prevention of smudge (hereinafter sometimes
      called color-pollution) before use, detract from excellence of
      color-forming potential at the time of use;--satisfaction of one feature
      forcing sacrifice of the other. For example, in a pressure-sensitive
      recording system constructed from one sheet carrying a layer of
      microcapsules containing color-forming material or agent and another sheet
      carrying a layer of color-developing material or agent which is devoted to
      actual use by placing the transfer sheet (the microcapsule sheet) on the
      take-up sheet (the developing sheet), a solvent having a low viscosity,
      good transfer property and strong affinity to the developing agent is
      desirable from the viewpoint of obtaining an intense color. However, such
      solvent is undesirable from the viewpoint of preventing smudge caused by
      accidental pressure unavoidably applied to the sheet prior to its intended
      use. A few techniques have so far been proposed for the purpose of
      overcoming such disadvantages; they are, for example, a technique to
      control the hardness of capsule wall, wall thickness and capsule size, the
      use of different kinds of capsule wall materials, and a technique for
      preventing fracture of microcapsules prior to use by adding cellulose
      fiber, glass beads or starch granules to the liquid slurry of
      microcapsules to be applied to the sheet. However, none of the techniques
      has been completely successful.
PAR  The color-pollution is caused by unavoidable pressure exerted under
      conditions of winding, cutting, printing, overlapping, storing and
      transporting the sheets, and is characterized by the fact that the
      fracture of microcapsules does not take place over the whole pressed area
      but that the capsules more susceptible to fracture, such as those having
      smaller thickness of wall, lower hardness of wall or greater capsule size,
      are ruptured first of all. It follows that the usual type of
      pressure-sensitive recording sheets, in which a solvent with good transfer
      property, low viscosity and strong affinity to color-developing material
      is used for dissolving the color-forming material and in which the
      encapsulated solution, once a capsule has been ruptured, immediately
      reacts with the color-developing material, quite frequently suffer
      color-pollution.
PAR  In light of the above-mentioned facts, it is an object of the present
      invention to provide a pressure-sensitive sheet recording system in which
      the color-pollution is effectively prevented without sacrificing the high
      potential of color development. In the present invention, the
      color-forming material is dissolved in a solvent having only a weak
      affinity to the polymeric color-developing material and then is
      encapsulated. Furthermore, in the invention, apart from the microcapsule
      containing the solution of color-forming material, there is another
      microcapsule containing only a solvent having strong affinity to the
      color-developing material. If necessary, the latter microcapsule may
      contain additionally a polymeric substance. Thus, in the invention the
      color-forming material is isolated from the only solvent which is suitable
      as the medium of color-forming reaction. Accordingly, the invention is
      applicable to all types of pressure-sensitive recording sheets. The
      invention is applicable to the two-sheet type of recording manifold in
      which a multitude of microcapsules containing a color-forming agent are
      applied to the back side of a transfer sheet and a developing agent,
      encapsulated or not, is applied to the front side of a take-up sheet, as
      well as the three-sheet and multi-sheet types of manifold in which one or
      plural middle sheets are inserted between the transfer and the take-up
      sheets, the middle sheet having a layer of developing agent on its front
      side and a layer of encapsulated color-forming agent on its back side. In
      these cases, the microcapsule containing the solvent of high affinity to
      developing agent may be incorporated either in the layer with the
      developing agent or in the layer with the color-forming agent so long as
      all of the components are contiguously located in the recording system.
PAR  If the single-sheet type is desired, a multitude of capsules containing
      color-forming agent, a multitude of capsules containing the solvent of
      strong affinity to the developing agent and the developing agent, either
      encapsulated or not, are blended together to give a homogeneous mixture
      and then applied to a surface of a single sheet. This type of single sheet
      can be placed one on another repeatedly until the desired number of sheets
      have been assembled into a manifold set having any number of contiguous
      surfaces. The system components can all be located on the same surface,
      thus, establishing a requirement that the system of this invention must
      have at least one surface.
PAR  In another embodiment of the invention, a polymeric material is dissolved
      into a solvent having a strong affinity to the said polymer and then
      encapsulated. Combination of the obtained microcapsule with another
      microcapsule containing color-forming agent permits a very ready
      preparation of pressure-sensitive recording sheet.
PAR  In this invention, the solvent having weak affinity to the color-developing
      material and used for the purpose of dissolving the color-forming agent is
      selected from the group comprising, for example, castor oil, esters of
      trimellitic acid, chlorinated paraffin, esters of phthalic acid,
      diphenylether, diisopropylnaphthalene and hydrogenated terphenyl. Each of
      these solvents may be used by itself alone. If desired, however, it may be
      used in combination with one or more other members of the group. In a
      particularly effective embodiment, one of the above-mentioned solvents is
      mixed with a low-viscosity solvent having a relatively weak affinity to
      the developing agent. The viscosity of the resultant mixture is adjusted
      to a value somewhat higher than the viscosity of the solvent having strong
      affinity to developing agent, to be further discussed, below, which is
      encapsulated together with or not together with a polymeric material. The
      viscosity adjustment, while not necessary, permits the color-forming agent
      to flow out at a most satisfactory rate at the time of rupture of the
      microcapsules.
PAR  As the solvent having a strong affinity to the color-developing material
      and encapsulated together with or not together with a polymeric material,
      diarylmethane, diarylethane, monoisopropylnaphthalene, esters of maleic
      acid, triaryldimethane and lower-alkyl diphenyl, can be cited. Each of
      these solvents may be used by itself alone. If desired, however, each
      solvent may be used in combination with one or more members of the group.
      In a particularly effective embodiment, one of the group is combined with
      a low-viscosity solvent which will not interfere with the developing
      agent, so that the viscosity of the mixture is adjusted to a value lower
      than the solvent for the color-forming agent. The solvent having a strong
      affinity to the color-developing material must also be miscible with the
      solvent having a weak affinity for the color-forming material.
PAR  Eligible color-forming agents or materials other than the CVL and BLMB,
      above-mentioned, include any colorless, chromogenic dye-precursor
      materials such as those materials disclosed in U.S. Pat. No. 3,672,935 and
      U.S. Pat. No. 3,681,390.
PAR  Eligible color-developing agents or materials are polymers which include
      the preferred paraphenyl phenol polymer and other phenol-formaldehyde
      polymers such as those disclosed in U.S. Pat. No. 3,672,935 and U.S. Pat.
      No. 3,663,256.
PAR  Thus there are presented two kinds of microcapsules in the embodiments of
      the invention; one is that containing the color-forming material and the
      other is that containing the solvent. If the two kinds of microcapsules
      are simultaneously fractured under an unavoidable pressure before the
      final use of the recording sheet -- namely, in the stages of winding,
      cutting, printing, piling, storing and transporting the product, a
      color-pollution will result. This pollution can be reduced by proper
      selection of capsule wall thicknesses and hardnesses and relative capsule
      sizes between the kinds of microcapsules.
PAR  If the pressure-sensitive recording sheet is submitted to a pressure before
      its intended use, those capsules to be fractured are not the total of the
      microcapsules located on the considered pressed area, but those capsules
      particularly weaker among them. Thus only one of the two kinds of
      microcapsules is fractured to release its content, which fracture causes
      no color-formation. This makes it possible to achieve prevention of
      color-pollution more significantly than in the case of usual
      pressure-sensitive recording sheets. For example, in the prior art
      pressure-sensitive recording sheet, if the microcapsule containing
      color-forming agent is fractured, an immediate formation of
      color-pollution is observed. In the case of the pressure-sensitive
      recording sheet of this invention, however, the solvent which flows out
      with color-forming agent has so weak an affinity to the color-developing
      agent that no color-pollution results.
PAR  Under conditions of final use, where a localized pressure is applied to the
      sheet by the use of pencil or typewriter, almost all of the microcapsules
      existing on the pressed area are fractured. As a consequence, the
      color-forming agent from one kind of capsule flows together with the
      solvent of strong affinity to the color-developing agent from the other
      kind of capsule. This enables intentional development of intense color on
      the area.
PAR  The following examples will further illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  A. Six grams of CVL and 4 grams of BLMB as colorless couplers are dissolved
      in 30 grams of castor oil as oil substance. The solution thus obtained is
      mixed with 60 grams of alkyl benzene as viscosity compensating oil and the
      entire liquid is emulsified in 85 grams of 10 percent, by weight, gelatin
      solution so that an oil-in-water emulsion is prepared having oil droplets
      about 3-4 microns in diameter.
PAR  Next, 85 grams of 10 percent, by weight, gum arabic solution and the
      aforementioned emulsion are mixed, and then combined with 200 grams of
      water at 55 degrees centigrade. Using 15 percent, by weight, acetic acid,
      the pH is lowered to 4.5 so that a coacervate can be formed and deposited
      about the oil droplets.
PAR  Then, after the system of capsules is cooled so that the coacervate part is
      gelled, it is cured with formalin in such a way that pH of the system is
      raised to 10.3 to react with the gelatin of the capsule walls and obtain
      microcapsules containing coupler having sufficient strength for practical
      use.
PAR  B. Seventy-five grams of diaryl ethane oil (such as the material sold under
      the trademark "Hisol SAS" by Nihon Petrochemical Co., Ltd.) is emulsified
      in 85 grams of 10 percent, by weight, gelatin solution until oil droplets
      are about 1-2 microns in diameter. The emulsion is mixed with gum arabic
      solution as indicated in (A), and by treating it in the same way as
      indicated above it is microencapsulated. Other oils which can be used in
      the capsules of this part (B) are ethyldiphenylmethane and
      dibenzylethylbenzene and combinations of those oils.
PAR  Amounts of each kind of microcapsules made in (A) and (B), above, are
      blended equally, based on capsule wall gelatin content. After it is coated
      on the back of an upper sheet and dried, a sharply coupled record is
      obtained, when writing pressure is applied thereto while laminating it
      with a lower sheet having a surface coating of paraphenyl phenol polymer.
      The coupled record has excellent light resistance, water resistance and
      coupled density; and, further, shows excellent smudge preventive
      properties.
PAR  As a test, when only microcapsules containing coupler (A) are coated on the
      back of upper sheet and when writing pressure is applied while laminating
      it on the aforementioned lower sheet, there is no indication of any
      coupling reaction.
PAR  The test demonstrates that unless there is use of a solvent having a strong
      affinity to paraphenyl phenol polymer (such as, in this example, diaryl
      ethane) the coupler does not react with the colorizing agent to form
      color.
PAC  EXAMPLE 2
PAR  A. The microcapsule containing color-forming agent is the same as that
      mentioned in the foregoing Example 1, part (A).
PAR  B. Finely powdered p-phenylphenol resin (such as the material sold under
      the commercial designation, "PP-810", by GUNEI-KAGAKU) is dispersed into
      85 grams of 10 percent, by weight, gelatin solution using a homogenizer.
      The resulting suspension is combined with 85 grams of 10 percent, by
      weight, solution of gum arabic and then with 200 grams of water at 55
      degrees centigrade. A treatment similar to that mentioned in Example 1 (A)
      results in a microcapsule containing finely powdered p-phenylphenol resin.
PAR  C. A microcapsule containing a solvent with strong affinity to developing
      agent, similar to that in Example 1 (B), is prepared.
PAR  The microcapsules from parts (A), (B) and (C) are mixed together in equal
      proportion based on capsule wall gelatin content. The mixture is
      substantially homogeneously distributed on the surface of a paper and
      dried to give a single-sheet type of recording sheet. Three of the sheets
      are placed one on another and writing pressure is applied to the top
      sheet. An intensely colored image develops on each of the sheets. The
      sheet is excellently prevented against formation of color-pollution and is
      characterized by its high color intensity after development.
PAC  EXAMPLE 3
PAR  A. Into 30 grams of trimellitic acid ester (such as the material sold under
      the trademark "Trimex", by KAO-SEKKEN), 6 grams of CVL and 4 grams of
      BLMB, as colorless color-forming agents, are dissolved. Viscosity of the
      solution is regulated by mixing it with 60 grams of kerosene to give an
      oily solution.
PAR  The oily solution is emulsified with 85 grams of 10 percent, by weight,
      gelatin solution to give an oil-in-water emulsion with an oil droplet
      diameter of 3-4 microns.
PAR  The emulsion is combined with 85 grams of 10 percent, by weight, solution
      of gum arabic followed by 200 grams of water at 55 degrees centigrade.
      After a thorough mixing, 15 percent, by weight, acetic acid is slowly
      added until pH of the mixture has reached 4.5 and coacervate is deposited
      around the oil droplets. The coacervate is gelled by reducing the
      temperature of the system and then is hardened with formalin at a pH of
      about 10.3. Thus, microcapsules with commercially satisfactory strength
      are obtained.
PAR  B. Ninety-five grams of triaryldimethane (such as the material sold under
      the trademark "MARUTHERM-S", by Orient Chemicals) is emulsified with 85
      grams of 10 percent, by weight, gelatin solution to give an oil-in-water
      emulsion with an average oil droplet diameter of 1-2 microns. Treatments
      similar to Example 3 microcapsule product.
PAR  The microcapsule (A) and (B) are mixed together, as in previous examples,
      in the proportion to give an identical level of gelatin quantity. The
      mixture is applied onto a paper already coated by paraphenyl phenol
      polymer to give a singular type of recording sheet. When three of the
      sheets are placed one on another and writing pressure is applied, clear
      colored images develop on each sheet. The sheet exhibits excellent
      resistance to formation of color-pollution. As was taught in the three
      examples, above, smudge resistance in the present invention is increased
      by utilizing microcapsules containing the solvent with weak affinity for
      the color-developing material in droplets about 1 to 3 microns larger than
      the droplets in microcapsules containing solvent with strong affinity for
      the color-developing material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A smudge-resistant pressure-sensitive sheet recording system having at
      least one surface and four components for producing a colored mark on
      application of pressure, comprising:
PA1  i. solid polymeric color-developing material located on a surface of the
      recording system;
PA1  ii. colorless, color-forming material reactive with (i) to yield a colored
      mark;
PA1  iii. liquid solvent including (ii) dissolved therein, having only a weak
      affinity for (i) and contained in a multitude of microcapsules located on
      a surface of the recording system;
PA1  iv. liquid solvent miscible with (iii), having a strong affinity for (i)
      and contained in a multitude of microcapsules located on a surface of the
      recording system;
PA1  the microcapsules containing (ii) and (iii) having droplets of liquid with
      an average diameter of about 1 to 3 microns greater than the average
      diameter of droplets in the microcapsules containing (iv) and;
PA1  the components being contiguously located in the recording system such that
      when a microcapsule containing (ii)) and (iii) is ruptured, released
      liquid contacting (i) nevertheless forms insignificant color due to lack
      of affinity of (iii) for (i) and when a microcapsule containing (iv) is
      ruptured, released liquid contacting (i) forms insignificant color because
      no (ii) is present and when microcapsules containing (i) and (iii) and
      microcapsules containing (iv) are ruptured, (ii), (iii), and (iv) combine
      and, on contact with (i), yield a colored mark.
NUM  2.
PAR  2. The recording system of claim 1 wherein microcapsules containing (ii)
      and (iii) and microcapsules containing (iv) are located on the same
      surface.
NUM  3.
PAR  3. The recording system of claim 2 wherein the microcapsules containing
      (ii) and (iii) and the microcapsules containing (iv) are substantially
      homogeneously distributed over the surface.
NUM  4.
PAR  4. The recording system of claim 2 wherein microcapsules containing (ii)
      and (iii) and microcapsules containing (iv) are located on the same
      surface with (i).
NUM  5.
PAR  5. The recording system of claim 2 wherein (i) is located on one surface of
      the system and microcapsules containing (ii) and (iii) and microcapsules
      containing (iv) are located on another, but contiguous, surface of the
      system.
NUM  6.
PAR  6. The recording system of claim 1 wherein microcapsules containing (ii)
      and (iii) are located on one surface of the system and microcapsules
      containing (iv) are located on another, but contiguous, surface of the
      system.
NUM  7.
PAR  7. The recording system of claim 1 wherein the viscosity of liquid in
      microcapsules containing (ii) and (iii) is higher than the viscosity of
      liquid in microcapsules containing (iv).
NUM  8.
PAR  8. A smudge-resistant pressure-sensitive sheet recording system having at
      least one surface and four components for producing a colored mark on
      application of pressure, comprising:
PA1  i. solid polymeric color-developing material located on a surface of the
      recording system;
PA1  ii. colorless, color-forming material reactive with (i) to yield a colored
      mark;
PA1  iii. liquid solvent selected from the group consisting of castor oil,
      esters of trimellitic acid, chlorinated paraffin, esters of phthalic acid,
      diphenylether, diisopropylnaphthalene and hydrogenated terphenyl,
      including (ii) dissolved therein, having only a weak affinity for (i) and
      contained in a multitude of microcapsules located on a surface of the
      recording system;
PA1  iv. liquid solvent selected from the group consisting of diarylmethane,
      diarylethane, monoisopropylnaphthalene, esters of maleic acid,
      triaryldimethane and lower-alkyl diphenyl, miscible with (iii), having a
      strong affinity for (i) and contained in a multitude of microcapsules
      located on a surface of the recording system;--
PA1  the components being contiguously located in the recording system such that
      when a microcapsule containing (ii) and (iii) is ruptured, released liquid
      contacting (i) nevertheless forms insignificant color due to lack of
      affinity of (iii) for (i) and when a microcapsule containing (iv) is
      ruptured, released liquid contacting (i) forms insignificant color because
      no (ii) is present and when microcapsules containing (ii) and (iii) and
      microcapsules containing (iv) are ruptured, (ii), (iii), and (iv) combine
      and, on contact with (i), yield a colored mark.
NUM  9.
PAR  9. The recording system of claim 8 wherein microcapsules containing (ii)
      and (iii) and microcapsules containing (iv) are located on the same
      surface.
NUM  10.
PAR  10. The recording system of claim 9 wherein the microcapsules containing
      (ii) and (iii) and the microcapsules containing (iv) are substantially
      homogeneously distributed over the surface.
NUM  11.
PAR  11. The recording system of claim 9 wherein microcapsules containing (ii)
      and (iii) and microcapsules containing (iv) are located on the same
      surface with (i).
NUM  12.
PAR  12. The recording system of claim 11 wherein (i) is contained in
      microcapsules.
NUM  13.
PAR  13. The recording system of claim 9 wherein (i) is located on one surface
      of the system and microcapsules containing (ii) and (iii) and
      microcapsules containing (iv) are located on another, but contiguous,
      surface of the system.
NUM  14.
PAR  14. The recording system of claim 8 wherein microcapsules containing (ii)
      and (iii) are located on one surface of the system and microcapsules
      containing (iv) are located on another, but contiguous, surface of the
      system.
NUM  15.
PAR  15. The recording system of claim 8 wherein the microcapsules containing
      (ii) and (iii) have droplets of liquid with an average diameter of about 1
      to 3 microns greater than the average diameter of droplets in the
      microcapsules containing (iv).
NUM  16.
PAR  16. The recording system of claim 8 wherein the viscosity of liquid in
      microcapsules containing (ii) and (iii) is higher than the viscosity of
      liquid in microcapsules containing (iv).
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ABST
PAL  Built-up roofing employing precoated felts are inhibited from slipping by
      the use of bituminous emulsions to bind the felts. A minor amount of a
      compatible latex is incorporated into the emulsion to increase the
      adhesion of the bonded felts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  Built-up bituminous roofing, commonly known as "tar and gravel" roofing,
      has been used successfully for many years. This type of roofing has
      enjoyed widespread use because of several factors: its relatively low
      cost, ability to prevent the spread of fire compared with wood shingle
      roofing, long life, and ease of repair. Thus, this type of roofing has
      been used extensively on both residential and commercial structures.
PAR  The construction of built-up roofing has been more or less standardized in
      the United States for at least the last 40 years. A typical roofing
      procedure is as follows: Base sheets of lightweight sheathing paper (e.g.,
      15 lbs./100 sq. ft.) are cemented in overlapping fashion with asphalt or
      tar to the roof deck, which may be of wood, gypsum, concrete, etc. A
      cementing layer of molten asphalt or molten tar is then applied by mopping
      or rolling it evenly over the sheathing paper at a typical rate of about
      25 lbs./ 100 sq. ft. A layer of asphalt- or tar-saturated roofing felt is
      then placed over the cementing layer, overlapped, and (with steep-pitched
      roofs), nailed to the roof base. Another coat of cementing bitumen is then
      applied over the felt, and alternate layers of felt and cementing bitumen
      are applied in the manner described above until a total of 3 to 5 or more
      felts are in place. A final heavy layer of bitumen, called a flood coat,
      is applied over the top layer of felt at a rate of about 60  to 100
      lbs./100 sq. ft. A layer of mineral surfacing material is then placed on
      the flood coat. This material is usually gravel, slag, or crushed stone,
      and is ordinarily applied at a rate of from about 300 to 500 lbs./100 sq.
      ft.
PAR  A recent development in built-up roofing has been the use of precoated
      asphalt felts with a consequent modification of the roofing construction.
      These felts which, in addition to being asphalt-saturated, are coated at
      the factory on both sides with asphalt which may contain a mineral filler.
      They are used in roofing systems which employ but two felts, yet are
      comparable in service life to conventional roofs constructed with 3 to 5
      asphalt-saturated felts. The construction techniques employ the same
      sheathing layer, first cementing coat, flood coat, and mineral surface as
      used in forming the conventional roofs, but substitute the two precoated
      felts bonded with one cementing coat for the 3 to 5 saturated felts and
      their cementing layers.
PAR  Many advantages inhere in the use of roofing systems using precoated felts.
      Probably foremost is the reduction in labor costs resulting from the
      necessity of applying only two coated layers, rather than the three to
      five as in ordinary construction techniques. Other advantages which result
      from use of the coated sheets are enhanced resistance to water and
      mechanical damage of the sheets during construction and the greatly
      increased uniformity of the asphalt coating on each sheet, eliminating the
      possibility of air pocket formation, etc.
PAR  While for most applications and in most parts of the world where the
      precoated felt has been used, its performance has been highly
      satisfactory, in certain geographic areas, problems of roof slipping have
      resulted. In these cases, where the roof is pitched, a complete layer of
      the coated felt (usually the top one), topped with flood coat and gravel,
      will often separate from the first felt and be displaced a significant
      distance. This generally necessitates complete roof replacement. The
      problem has usually arisen in those areas where elevated summer heat
      caused a sufficient rise in temperature within the roof laminate to reduce
      the viscosity of the cementing layers of asphalt and allow flow and
      breakage of the cementing bonds.
PAR  My copending application, U.S. Ser. No. 812,315, filed Apr. 1, 1969,
      teaches one method for reducing the tendency of built-up roofs to slide.
      In that application, sand particles or the like are placed between the
      felt layers to inhibit sliding. This subject invention is directed to an
      alternative method for inhibiting sliding.
PAR  From my studies of sliding roofs, the conclusion has been reached that the
      sliding rate of roofs made with coated felts, when hot mopped asphalt is
      used as the binder, is proportional to the film thickness of the mopping
      asphalt. As the thickness of the mopped asphalt is reduced, the sliding
      rate correspondingly is reduced. And, since the hot mopped asphalt acts
      primarily as a binder of the felts (it is not needed for waterproofing the
      roof), the thinner the coat of asphalt which can be formed between the
      felt layers, the more economical the roof and the less the chances of
      failure of the roof structure.
PAR  Since the application of thin films of hot mopped asphalt is a practical
      impossibility, the use of another form of binder is necessary. This
      invention then is directed to the use of asphalt emulsions to bind the
      roofing felts, since they have the ability to form thin films. However, as
      will become evident from the specific examples set forth hereafter, only
      certain types of asphalt emulsions are satisfactory. The initial adhesion
      and tack of the emulsion bonded systems must be sufficiently high to (1)
      stay in place without sliding out of position and to (2) stay in place
      when the wind attempts to get under the sheets and peel them off. Simple
      bituminous emulsions bind the felt layers by slight softening of the
      layers being bonded and diffusion of the emulsion residuum into the
      asphalt coating of the felt layers to form a cohesive unitary mass. This
      process does not proceed fast enough to give the good initial adhesion
      strength required. This invention is directed to a method for making
      bituminous emulsions satisfactory binding agents for built-up roofs.
PAC  SUMMARY OF THE INVENTION
PAR  Roof coatings and a method of applying them are provided which have a
      greatly reduced tendency to slip. The roof coatings comprise laminated
      precoated asphalt felts cemented together with bituminous emulsions, the
      bituminous emulsions contain, a minor amount of a latex compatible with
      the bituminous emulsion sufficient to inhibit initial slippage and to
      increase tack and adhesion of the felt layers.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Roof coatings are provided which have a reduced tendency to slide by
      adhering a plurality of layers of asphalt-precoated felt by use of a
      bituminous emulsion containing from 10 to 30 percent by weight based on
      the total weight of the composition) of a latex compatible with the
      bituminous emulsion.
PAR  The bituminous emulsion as modified by the addition of the latex (hereafter
      referred to as "a modified bituminous emulsion") is applied to the felts
      to be adhered at a rate of from 0.2 to 1.0 gallon per 100 square feet of
      surface. "Per 100 square feet of surface" refers to the surface of one
      sheet only.
PAR  When two sheets of 100 square feet each are to be adhered to each other,
      the total gallonage of the modified bituminous emulsion utilized would be
      from 0.2 to 1.0 gallon. That is, the modified bituminous emulsion can all
      be applied to one sheet or used to coat both sheets. For example if 0.2
      gallon were being used "per 100 square feet of surface", 0.1 gallon could
      be applied to each of the two sheets being bonded together.
PAR  A preferred range on the rate of application is from 0.3 to 0.6 gallon per
      100 square feet of surface. A particularly preferred rate of application
      is 0.4 gallon per 100 square feet. A particularly preferred embodiment is
      a 60 percent residue bituminous emulsion combined with 20 percent by
      weight of a latex having from 40 to 60 percent by weight dispersed
      elastomer, the said emulsion being applied at a rate of 0.4 gallon per 100
      square feet.
PAR  Felts
PAR  The precoated felts which are employed in the invention as previously
      mentioned can be a typical organic felt made of assorted scrap material
      such as rags, paper, and other organic matter, or it may be a glass felt,
      which is made of loosely woven glass fibers. The precoated organic felt
      materials are illustrated by "Dual 80 Ply Sheet" manufactured by
      Certain-Teed Products Corporation. The Dual 80 Ply Sheet is a heavy felt
      structure saturated with asphalt and coated on one side with a fine
      mineral filler to reduce tack and adhesion of the sheet to itself when
      rolled up. The precoated glass materials are illustrated by Fiberglas
      Permacap or the Fiberglas Smooth Surface Roll Roofing, manufactured by the
      Owens-Corning Fiberglas Corporation.
PAR  The bitumens which are used to impregnate the felt fibers are typical roll
      roofing saturants and are comparatively lowmelting, slightly blown or
      straight-run products. The specifications for the various roofing grade
      asphalts are set forth in "Specifications for Roofing Asphalts," D-312-44
      (1944 Standards), American Society for Testing Materials, page 651, and
      D-49-49 (Standards), page 939. The materials have an ASTM Ring and Ball
      softening point of 105.degree. to 155.degree. F. Other materials of higher
      melting point are sometimes employed and are described as shingle
      saturants. These materials have softening points of 145.degree. to
      165.degree. F.
PAR  The precoated felts are prepared by saturating with the felt saturant and,
      after cooling of the saturant asphalt, coating both sides with layers of
      coating asphalt. The precoating asphalts are similar to the asphalts
      conventionally used for mopping or cementing asphalts, but usually have
      somewhat higher softening points (e.g., 210.degree. to 220.degree. F.) and
      are generally filled with mineral fillers, such as limestone, dust, or
      slate flour, from 20 to 40, typically about 30, percent by weight. The
      layers are generally applied in unequal amounts. Thus, the layer which is
      to be on the bottom in the laminate usually contains about double the
      amount of that on the top surface.
PAR  Emulsions
PAR  The bituminous emulsions suitable for use in the subject invention are
      typical anionic or cationic emulsions having a residuum ranging from 40 to
      70 percent by weight, preferably from 50 to 65 percent. They can be either
      cationic or anionic in nature. Typical of the emulsifiers which can be
      used are those disclosed in U.S. Pat. No. 3,445,258 including, among
      others, the ethylene oxide adducts of fatty amines and various quaternary
      ammonium salts.
PAR  The invention is illustrated in the present specification by examples which
      involve preparation and testing of emulsions of asphalt. Emulsions of
      other bituminous materials, for instance, those of coal tar, pitch, and
      the like may also be similarly formulated for use in this invention. It
      may be noted that penetration of the bitumen (asphalt) is not critical,
      and any bitumen capable of being emulsified may be used in accordance with
      the invention.
PAR  A bituminous emulsion used in this invention must meet two criteria. First,
      it must be compatible with the latex to be blended with it. Secondly, it
      should not break too fast entrapping water in the coalescing asphalt
      particles since the diffusion of water out of the system is impeded when
      the bitumen-in-water emulsion inverts too soon.
PAR  In view of this second criterion, the bituminous emulsions may include
      minor amounts of stabilizing agents such as nonionic emulsifiers to aid in
      preventing too fast a breakdown of the emulsion and to aid wetting of the
      ply sheets. Among the stabilizers which may be used are Igepal CO-997, an
      ethoxylated nonyl phenol having 100 ethyleneoxy units (product of GAF
      Corp.), and being 70 percent active. Other nonionic stabilizers such as
      condensation products of ethylene oxide and (1) fatty alcohols, (2) fatty
      amines and (3) fatty amides may also be used. When present, the
      stabilizers will constitute no more than 5 percent by weight of the total
      modified emulsion and will generally be in the range of from 0.2 to 2.0
      percent by weight.
PAR  Latices
PAR  The latices which may be used in this invention have elastomeric solids
      contents ranging from 20-70 percent by weight, preferably from 30 to 55
      percent. They must be compatible with the bituminous emulsions with which
      they are blended, i.e., an anionic latex should be blended only with
      anionic bituminous emulsions. Similarly, cationic latices should only be
      blended with cationic emulsions. Nonionic latices can be used in either
      type of emulsion.
PAR  Among the latices which can be utilized are the ordinary styrene-butadiene
      rubber latices such as GR-S, Type I latex which contains 75/25
      butadiene/styrene copolymer stabilized with 1.5- 2.0 percent
      N-phenyl-2-naphthylamine antioxidant and containing from 28-30 percent
      total solids.
PAR  Also useful are the Pliopave latices (products of the Goodyear Co). Among
      these are Pliopave L-165K, a cationic latex of a copolymer of styrene and
      butadiene having a solids content of 40 to 60 percent by weight.
PAR  Pliopave L-170, an anionic latex of a copolymer of styrene and butadiene
      having a solids content of 40 to 60 percent by weight is also useful.
PAR  The latex can be any natural or synthetic rubber latex or latex
      combination. A preferred group of latices are those derived from
      conjugated dienes, such as those derived from butadiene-styrene, isoprene,
      and butadiene-acrylonitrile.
PAR  Also, latices prepared from ethylene-vinyl ester copolymers may be used.
      The esters are derived from monocarboxylic fatty acids of 1 to 6 carbon
      atoms. Thus, esters of formic, acetic, propionic, butanoic, pentanoic, and
      hexanoic acids are suitably employed. The copolymers will generally have a
      molecular weight on the order of 100,000 or greater.
PAR  These emulsions or latices will generally have a solids content of from 20
      to 80 percent, preferably from 40 to 60 percent by weight. The emulsions
      may contain either a nonionic or ionic emulsifier as colloid-stabilizing
      agents such as polyvinyl alcohol, partially acetylated polyvinyl alcohol,
      casein, etc.
PAR  The ethylene-vinyl acetate emulsion copolymers are described in the article
      by M. K. Lindemann, "Vinyl Acetate-Ethylene Emulsion Copolymers," Paint
      Manufacture (Sept., 1968). Examples of the materials are disclosed in
      British Pat. No. 1,068,976, published May 17, 1967. The materials are
      produced by copolymerization of vinyl acetate and ethylene in an aqueous
      medium under pressures not exceeding 100 atmospheres in the presence of a
      free-radical-forming catalyst and a nonionic emulsifying agent, the
      aqueous system being maintained by a suitable buffering agent at a pH of 2
      to 6.
PAR  The ratio of ethylene to vinyl acetate in the vinyl copolymer is influenced
      by the pressure, agitation, and viscosity of the polymerization medium.
      Thus, increasing ethylene content will occur with higher pressures,
      greater agitation of the mixture, and low viscosity of the polymerization
      mixture.
PAR  A specific example of an ethylene-vinyl ester latex is Aircoflex 510
      (product of Air Reduction Company). Aircoflex 510 is an ethylene-vinyl
      acetate copolymer aqueous latex containing 55 percent by weight solids.
      The copolymer contains 19 parts of vinyl acetate per 100 parts of
      ethylene.
PAR  The latices may be added to the bituminous emulsions to form the modified
      bituminous emulsions by simple blending of the latices into the emulsions
      with stirring.
PAR  Method of Construction
PAR  The modified emulsions of this invention can be applied to the felts by
      conventional methods of emulsion application. A spray gun can be used or
      the modified emulsion may be applied by use of ordinary rollers of the
      type used to apply paint. The modified emulsion can be applied to either
      of the sheets or to both of the sheets. Normally, when a sheet such as
      Dual 80-Ply Sheet is used (which has one side sanded) the sanded side of
      one sheet is adhered to the unsanded side of the next sheet. This is not,
      however, required. Two sanded sides may be adhered to each other.
PAR  The quantity of emulsion applied must be carefully controlled within the
      limits specified. If too much is used, run-off and slow cure results. If
      too little is used, the adhesive strength will be too low.
PAR  Formed Structure
PAR  The resultant structure of the process of this invention is a built-up roof
      comprised of a plurality (2 or more) of layers of asphalt-precoated felt
      bound together by the nonvolatile residuum of the modified bituminous
      emulsion.
PAR  By nonvolatile portion is meant the bitumen and elastomer which remain as
      adhesive agents after the water and any other volatile material have
      evaporated at the temperatures encountered on roofs. Minor amounts of
      stabilizer and emulsifier may also be present.
PAR  The thickness of the applied coating will be between about 0.002 and about
      0.01 inch and preferably from about 0.003 to about 0.006 inch. The
      thickness for a given rate of application will of course vary depending on
      (1) the percent residuum in the modified bituminous emulsion and (2) the
      density of the residuum.
PAR  The ratio of latex solids to bitumen in the resultant structure must be in
      the range of from 1:2.0-30, preferably in the range of from 1:4.0-10. A
      particularly preferred composition has a ratio of 1 part latex solids to
      about 6 parts bitumen.
PAR  The following examples are offered by way of illustration and not by way of
      limitation. All parts and percent are by weight unless otherwise indicated
     .
DETD
PAC  EXAMPLE 1
PAR  An experimental roof (1) was constructed by first nailing a fifteen-pound
      saturated felt (A) to a one-half inch plywood deck.
PAR  Then, using an ordinary paint roller, an emulsion having the composition
      set forth in Table I below was applied to the unsanded side of a Dual 80
      felt at a rate of 0.18-0.20 gallon per 100 square feet. After a few
      minutes drying (until all the emulsion turned black), the sheet (B) was
      turned over, placed on the underlying felt (A) and rolled to insure
      complete contact between sheets (A) and (B).
TBL                TABLE I                                                     
     ______________________________________                                    
     60%      by weight of an asphalt having a penetration                     
              of 100/200                                                       
      2%      by weight Vinsol resin                                           
      0.23%   by weight sodium hydroxide                                       
     Balance to make 100%: water                                               
     ______________________________________                                    
PAR  In a similar manner, a second sheet of Dual 80 felt (C) was coated on the
      unsanded side with the emulsion of Table I at a   rate of from 0.16 to
      0.24 gallon per 100 square feet, allowed to dry as above, and rolled to
      insure complete contact between (B) and (C).
PAR  The composite structure comprised of the plywood deck, and felts (A), (B)
      and (C) was then coated with a clay emulsion and coated with gravel.
PAR  The peel strengths of the adhering felts were then tested after several
      days' cure with the results shown in Table II.
PAC  EXAMPLES 2-4
PAR  In a similar manner other roof structures were constructed and tested with
      the results shown in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     PROPERTIES OF EXPERIMENTAL ROOFS                                          
                      Between A and B Plies Between B and C Plies              
                      Application Rate                                         
                                Peel Strength                                  
                                            Application Rate                   
                                                     Peel Strength             
                      Gal./100 Ft.sup.2                                        
                                g/In.       Gal./100 Ft.sup.2                  
                                                     g/In.                     
                      Sanded                                                   
                           Unsanded                                            
                                Peel Rate                                      
                                      Peel Rate                                
                                            Sanded                             
                                                Unsanded                       
                                                     Peel Rate                 
                                                            Peel Rate          
     Adhesive         Side/A                                                   
                           Side/B                                              
                                2 cm/Min.                                      
                                      10 cm/Min.                               
                                            Side/A                             
                                                Side/B                         
                                                     2 cm/Min.                 
                                                            10                 
     __________________________________________________________________________
                                                            cm/Min.            
     SS-1 Emulsion.sup.5   0.18-0.20                                           
                                Too Low.sup.2                                  
                                      Too Low.sup.2                            
                                                0.16-0.24                      
                                                     Too Low.sup.2             
                                                            Too Low.sup.2      
     SS-1 Emulsion    0.37 0.17-0.20   850.sup.1                               
                                            0.15                               
                                                0.16-0.24   85.sup.1           
     DM-1h.sup.6 + 1% by weight                                                
                           0.20        50.sup.1 0.19-0.24   55.sup.1           
     Igepal 997 (based on                                                      
      the DM-1h emulsion)                                                      
     80% by volume DM-1h + 0.35-0.44                                           
                                225-900.sup.3                                  
                                      800-900.sup.3                            
                                                0.33-0.34                      
                                                      500-900.sup.3,4          
                                                             800-1800.sup.3,4  
      1% by weight Igepal 997                                                  
                           0.35-0.44                                           
                                804-1100.sup.1,4                               
                                      965-2680.sup.1,4                         
                                                0.33-0.34                      
                                                     1010-1050.sup.1,4         
                                                            3115-3170.sup.1,4  
      (based on total emulsion)                                                
      + 20% by volume Pliopave L-170                                           
     __________________________________________________________________________
      Notes                                                                    
      A 15 lb. Asphalt Saturated Felt                                          
      B First Ply of Dual-80 Ply Sheet                                         
      C Second Ply of Dual-80 Ply Sheet                                        
      .sup.1 Seven Days' Curing Time                                           
      .sup.2 Too Weak to Mount and Test                                        
      .sup.3 Four Days' Curing Time                                            
      .sup.4 Felt Failure                                                      
      .sup.5 60% by weight of a 100/200 penetration asphalt, 2% by weight of   
      Vinsol resin (a pinewood resin, product by Hercules, Inc.) emulsifier,   
      0.23% by weight sodium hydroxide, the balance being water.               
      .sup.6 60% by weight of a 56/60 penetration asphalt, 2% by weight of     
      Vinsol resin (a pinewood resin, a product of Hercules, Inc.) emulsifier, 
      0.23% by weight sodium hydroxide, the balance being water.               
PAR  It is apparent that many widely different embodiments of this invention may
      be made without departing from the scope and spirit thereof; and,
      therefore, it is not intended to be limited except as indicated in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a built-up roof using at least two layers of asphalt-precoated felts
      in layers, the improvement comprised of said layers bound together by at
      least one binding layer of the residuum of an aqueous latex modified
      bituminous emulsion, in which (1) the weight ratio of the latex solids to
      bitumen is in the range of from 1:2.0-30 and (2) said binding layer has a
      thickness of from about 0.002 to about 0.01 inch.
NUM  2.
PAR  2. Claim 1 wherein said ratio is in the range of 1:4.0-10.
NUM  3.
PAR  3. Claim 2 wherein said binding layer has a thickness of from about 0.003
      to about 0.006 inch.
NUM  4.
PAR  4. Claim 3 wherein said ratio of the said latex solids to said bitumen is 1
      to 6.
NUM  5.
PAR  5. Claim 1 wherein said binding layer has a thickness of from about 0.003
      to about 0.006 inch.
NUM  6.
PAR  6. In a process for preparing built-up roofing employing at least two
      asphalt-precoated felts the improvement comprised of:
PA1  I. applying to the surfaces of said felts a modified bituminous emulsion at
      a rate of from 0.2 to 1.0 gallon per 100 square feet of surface, said
      modified bituminous emulsion comprised of (1) from 70 to 90 parts by
      weight of a bituminous emulsion having a residuum of from 40 to 70 percent
      by weight and (2) from 30 to 10 parts by weight of a latex having a solids
      content of from 20 to 70 percent by weight with the proviso that said
      modified bituminous emulsion has 100 total parts by weight, and
PA1  Ii. contacting said felt sheets to bind said felts together.
NUM  7.
PAR  7. Claim 6 wherein said rate of application is from 0.3 to 0.6 gallon per
      100 square feet of surface.
NUM  8.
PAR  8. Claim 6 wherein said emulsion has a residuum of from 50 to 65 percent by
      weight.
NUM  9.
PAR  9. Claim 8 wherein said latex has an elastomeric solids content of from 30
      to 55 percent by weight.
NUM  10.
PAR  10. Claim 9 wherein the bitumen in said bituminous emulsion is asphalt.
NUM  11.
PAR  11. Claim 10 wherein said rate is from 0.3 to 0.6 gallon per 100 square
      feet of surface.
NUM  12.
PAR  12. Claim 11 wherein the elastomer in said latex is a copolymer of styrene
      and butadiene.
NUM  13.
PAR  13. Claim 11 wherein said bituminous emulsion is cationic in nature.
NUM  14.
PAR  14. Claim 11 wherein said bituminous emulsion is anionic in nature.
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ABST
PAL  In the production of decorative gypsum board, wherein a hemihydrate gypsum
      slurry is continuously injected between decorative gypsum board card paper
      and conventional gypsum board card paper and the thus slurry-injected
      sheets are pressed by a suitable means to form the sheets in a
      predetermined thickness and then dried to form the decorative gypsum
      board, the improvement comprising coating with an urethane resin solution
      over decorative low-weight basis paper such as tissue paper or machine
      glazed white paper, drying the coated paper and laminating the resultant
      paper to a gypsum board card paper to obtain said decorative gypsum board
      card paper.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to an improved method for the production of
      decorative gypsum board and a product obtained thereby.
PAR  Gypsum board has generally industrially been produced by mixing gypsum
      hemihydrate, a light weight additives such as of pealite, a setting-time
      adjusting agent and a suitable amount of water by means of a mixer to give
      a slurry, continuously injecting the mixture between gypsum board card
      papers, pressing the mixture-injected boards between rollers to form the
      boards in a predetermined thickness, and then subjecting the boards to a
      drying step.
PAR  While in the production of decorative gypsum boards, gypsum board card
      paper on one surface of which a suitable pattern such as of a wood grain
      type has been preliminarily printed is generally used. Decorative gypsum
      board card paper is generally required to have suitable water permeability
      since the bonding between gypsum and the card paper, which is one of
      important properties of decorative gypsum board as well as of gypsum
      board, is derived from permeation of a gypsum hemihydrate slurry into card
      paper and hardening of the gypsum hemihydrate into gypsum. Moreover, the
      card paper is also required to have suitable gas permeability so as to
      allow water vapor, which is generated in a drying step, to escape without
      causing any trouble of separation between layers of card paper.
PAR  In order to meet the requirements mentioned above, there is generally used
      as decorative gypsum board card paper on the surface of which a suitable
      pattern is merely directly printed, so that a pattern of the decorative
      gypsum board finally obtained lacks tone and depth in color, when compared
      with that of decorative plywood, due to poor printability of the gypsum
      board card paper used.
PAR  Moreover, where a decorative surface is discolored or stained, in use, it
      is difficult to cleanse the surface with washing.
PAR  It has been once proposed to use as a decorative material a synthetic resin
      film, synthetic resin-coated printing paper, or gypsum board card paper
      which is laminated with the above-mentioned synthetic resin film or the
      synthetic resin-coated printing paper because the synthetic resin or its
      film is excellent in properties such as water repellency, weatherability
      and resistance to stains. However, such materials are considered
      unsuitable for use as a gypsum board card paper due to their low gas
      permeability.
PAR  There has been further proposed a method for the production of a decorative
      gypsum board wherein a gypsum board is first produced by a conventional
      method and then a decorative material having excellent surface properties
      is laminated with or pressed on the gypsum board. However, this method is
      not necessarily industrially advantageous in that the gypsum board
      originally has a change in thickness ranging 0.3 - 1.0 mm, so that it is
      necessary to subject the substrate to a sanding or other suitable
      treatment before the pressing or laminating step for making the thickness
      thereof uniform. Moreover, it is disadvantageous to additionally require a
      pressing or laminating step from the economical point of view.
PAR  Furthermore, a method for the production of a decorative gypsum board has
      been known wherein a conventional printed gypsum board card paper is used
      and then the decorative gypsum board is coated with a synthetic resin by
      means of a roll coater or a flow coater. However, this is also
      disadvantageous in that the resin coated is absorbed in the gypsum board
      card paper, that the coated resin film is not made uniform due to a
      considerable change in thickness of the gypsum board substrate, and that
      it is difficult to uniformly coat edge portions of the gypsum board
      substrate with a resin, thus it being difficult to produce decorative
      gypsum boards having a predetermined quality level.
PAR  It is therefore an object of the present invention to provide a method for
      the production of a decorative gypsum board which overcomes the
      aforementioned disadvantages.
PAR  It is a further object of the invention to provide an improved method for
      the production of a decorative gypsum board which will improve surface
      properties of the board.
PAR  It is another object of the invention to provide an improved method for the
      production of a decorative gypsum board wherein the board is obtained
      using a laminated gypsum board card paper of a paper sheet having
      excellent printability and a conventionally used gypsum board card paper.
PAR  The present inventors have found through intensive studies on decorative
      gypsum board having excellent surface properties that when gypsum board
      card paper laminated with an urethane resin-coated paper sheet is used as
      decorative gypsum boards which have excellent surface properties can be
      produced in an industrial scale. That is, there is provided a method for
      the production of a decorative gypsum board wherein the decorative gypsum
      board comprises two sheets of card paper and gypsum which is sandwich
      between decorative card paper and conventional card paper, characterized
      in that the decorative gypsum board card paper is obtained by coating
      low-weight basis decorative paper with an urethane resin solution, drying
      the solution-coated paper, and bonding the resultant paper to a gypsym
      board card paper.
PAR  In this connection, a suitable pattern may be printed on the paper sheet
      prior to the urethane coating step for enhancing decorative effects of
      gypsum boards by printing. Examples of the low-weight basis and good
      quality paper which should have excellent printability include tissue
      paper, machine glazed white paper, etc.
PAR  As described hereinbefore, a gypsum board card paper should have excellent
      gas- and water-permeable properties so as not to cause any trouble
      concerning separation between layers of the board per se in a forming or
      drying step. In general, air resistance of the gypsum board card paper is
      required to be within 30 min when determined in accordance with "Test on
      Permeability" prescribed in Japanese Industrial Standard P-8117 (wherein a
      time period required for allowing 100 ml of air to be passed through a
      test specimen having an area of 645.16 cm.sup.2 is determined). In this
      connection, when an urethane resin is applied onto a substrate board in an
      amount as small as 1 - 5 g/m.sup.2, weather resistance, resistance to
      stains, etc., are remarkably improved and the air resistance of the board
      is maintained within the range.
PAR  The decorative gypsum boards obtained by the method of the present
      invention which use gypsum board card paper laminated with an urethane
      resin-coated paper sheet are excellent in depth and tone in color, as well
      as in weatherbility, resistance to stains, and surface strength since the
      printed paper is coated with an urethane resin.
PAR  The present invention is particularly illustrated in the following examples
      and comparative examples employing an aminoalkyd resin as a coating
      material.
DETD
PAC  EXAMPLE 1
PAR  A teak wood grain-like pattern was printed on tissue paper having weight
      basis of 23 g/m.sup.2. Then, the printed tissue paper was coated with an
      urethane resin solution in an amount of 2 - 4 g/m.sup.2 based upon a solid
      component by means of a roll coater and the coated paper was dried. The
      thus dried tissue paper was laminated by means of a laminator with gypsum
      board card paper with use of an vinyl acetate emulsion adhesive to obtain
      decorative card paper. Decorative gypsum board was produced in a
      conventional industrial manner by the use of the decorative gypsum board
      card paper and a hemihydrate gypsum slurry at a forming speed of 17 m/min.
      The resultant decorative gypsum board was cut into three test specimens,
      which were then subjected to an adhesion test (in accordance with "Test
      for adhesion between Gypsum and Gypsum board card paper" which is
      prescribed in Japanese Industrial Standard A 6904. 6.4). The three
      specimens passed the test without separation between the gypsum board card
      paper and gypsum.
PAR  As for surface properties of the decorative gypsum board, various kinds of
      tests were conducted in a manner as summarized in Table 1. The test
      results are shown in Table 2. As is apparent from Table 2, the decorative
      gypsum board of the present invention is superior in the surface
      properties to a prior-art decorative gypsum board using directly printed
      gypsum board card paper.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Methods for Testing Surface Properties                                    
     Test Item      Test Method                                                
     __________________________________________________________________________
     1. Resistance to                                                          
                 (1)                                                           
                    Two kinds of red and black inks and                        
        Stains      two kinds of fast-drying red and                           
                    black inks were dropped on test                            
                    specimens, respectively. 2 hours                           
                    after the dropping, the dropped                            
                    surface of the specimens was wiped                         
                    with use of a piece of cloth                               
                    moistened with a solvent or a                              
                    detergent.                                                 
                 (2)                                                           
                    Two 10 mm wide lines were drawn on                         
                    a test specimen by the use of two                          
                    sticks of orange and black crayons,                        
                    respectively. 2 hours after the                            
                    drawing, the line-drawn surface was -   rubbed by means of 
                    a cloth moistened                                          
                    with a detergent                                           
                 (3)                                                           
                    A higher alcohol-base neutral                              
                    detergent was dropped on a test                            
                    specimen. 2 hours after the dropping,                      
                    the detergent-dropped surface was                          
                    rinsed with water.                                         
     2. Water repellency                                                       
                    Water was dropped on a test specimen.                      
                    2 hours after the dropping, the water                      
                    was wiped with a cloth.                                    
     3. Resistance to                                                          
                    Surfaces of a test specimen was                            
        abrasion    strongly rubbed with a piece of gauze                      
                    moistened with water.                                      
     4. Adhesive tape                                                          
                    A commercially available 12 mm wide                        
        test        adhesive tape was bounded to a test                        
                    specimen. The tape was strongly peeled                     
                    off in the vertical direction or in                        
                    the horizontal direction with respect                      
                    to the surface of the test specimen.                       
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     Test Results                                                              
     Test Item     Decorative Gypsum Board                                     
                                  Prior-art Decora-                            
                   of the Invention                                            
                                  tive* Gypsum board                           
     __________________________________________________________________________
     1. Resistance to stains                                                   
     (1)   Red ink Extremely excellent                                         
                                  Bad                                          
           Black ink                                                           
                   Good           Bad                                          
           Fast-drying                                                         
                   Extremely excellent                                         
                                  Bad                                          
           red ink                                                             
           Fast-drying                                                         
                   Relatively good                                             
                                  Bad                                          
           black ink                                                           
     (2)   Orange crayon                                                       
                   Extremely excellent                                         
                                  Good                                         
           Black crayon                                                        
                   Extremely excellent                                         
                                  Good                                         
     (3)   Neutral Extremely excellent                                         
                                  Bad                                          
           detergent                                                           
     2. Water repellency                                                       
                   Extremely excellent                                         
                                  Good                                         
     3. Resistance to                                                          
                   Extremely excellent                                         
                                  Bad                                          
        abrasion   (No change appeared even                                    
                                  (Substantial changes                         
                    at 300 times of rubbing)                                   
                                   appeared at 10 times                        
                                   rubbings)                                   
     4. Adhesive tape test                                                     
        Vertical peeling                                                       
                   No change      Separation between                           
        direction                 layers of board                              
        Horizontal peeling                                                     
                   No change      Separation between                           
        direction                 layers of board                              
     __________________________________________________________________________
      *Note: A prior-art decorative gypsum board means one which uses a gypsum 
      board card paper on which a suitable pattern is directly printed.        
PAC  EXAMPLE 2
PAR  A zelcova wood grain-like pattern was printed on machine glazed white paper
      having a weight basis of 35 g/m.sup.2. Then, the printed machine glazed
      paper was coated with an urethane resin solution in an amount of 3 - 5
      g/m.sup.2 based on a solid component by means of a roll coater, and the
      coated paper was dried. The thus dried paper was laminated to gypsum board
      card paper with use of a vinyl acetate emulsion adhesive by means of a
      laminator.
PAR  Decorative gypsum board was produced in a conventional industrial manner by
      the use of the decorative card paper and a gypsum slurry at a forming
      speed of 20 m/min.
PAR  The resultant decorative gypsum board was cut into three test specimens,
      which were then subjected to an adhesion test (which is prescribed in
      Japanese Industrial Standard A 6904. 6.4 as "Test for Adhesion between
      Gypsum and Gypsum board card paper"). The three specimens passed the test
      without separation between the gypsum board card paper and gypsum.
PAR  As for surface properties of the decorative gypsum board, the same tests as
      in Example 1 were conducted. The test results are shown in Table 3 below.
      It is apparent from the Table that the decorative gypsum board of the
      present invention is far superior in the surface properties to a prior-art
      decorative gypsum board.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Test Item     Decorative Gypsum Board                                     
                                  Prior-art Decora-                            
                   of the Invention                                            
                                  tive Gypsum Board                            
     __________________________________________________________________________
     1. Resistance to stains                                                   
     (1)   Red ink Extremely excellent                                         
                                  Bad                                          
           Black ink                                                           
                   Good           Bad                                          
           Fast-drying                                                         
                   Relatively good                                             
                                  Bad                                          
           red ink                                                             
           Fast-drying                                                         
                   Relatively good                                             
                                  Bad                                          
           black ink                                                           
     (2)   Orange crayon                                                       
                   Extremely excellent                                         
                                  Good                                         
           Black crayon                                                        
                   Extremely excellent                                         
                                  Good                                         
     (3)   Neutral Extremely excellent                                         
                                  Bad                                          
           detergent                                                           
     2. Water repellency                                                       
                   Extremely excellent                                         
                                  Good                                         
     3. Resistance to                                                          
                   Excellent      Bad                                          
        abrasion   (No change appeared even                                    
                                  (Change appeared on                          
                    at 200 times of rubbings)                                  
                                   surfaces only at                            
                                   10 times of rubbings                        
     4. Adhesive tape test                                                     
        Vertical peeling                                                       
                   No change      Separation between                           
        direction                 layers of board                              
        Horizontal peeling                                                     
                   No change      Separation between                           
        direction                 layers of board                              
     __________________________________________________________________________
PAR  The following two comparative examples were shown for the production of
      decorative gypsum boards having aminoalkyd resin-coated gypsum board card
      paper, for comparison with the decorative gypsum board of the present
      invention as obtained in the foregoing examples.
PAC  Comparative Example 1
PAR  A teak wood grain-like pattern was printed directly on a gypsum board card
      paper. Then, the printed board was coated with 8 - 11 g/m.sup.2 of an
      aminoalkyd resin by means of a roll coater, and the thus coated board was
      dried at 70.degree. - 115.degree.C.
PAR  The thus obtained decorative gypsum board card paper had air resistance of
      65 min when determined by the method described hereinbefore. Then,
      decorative gypsum board was produced in a conventional industrial manner
      by the use of the decorative gypsum board card paper and a gypsum slurry
      at a forming speed of 17 m/min.
PAR  The resultant decorative gypsum board had blisters on the surface thereof.
      The decorative gypsum board was cut into three test specimens, which were
      then subjected to a test for adhesion between gypsum and the decorative
      gypsum board card paper in the same manner as described in Example 1. As a
      result, two test specimens did not pass the test, thus the aminoalkyd
      resin-coated decorative gypsum board being unsatisfactory.
PAC  COMPARATIVE EXAMPLE 2
PAR  A zelkova wood grain-line pattern was printed on white machine glazed paper
      having a weight basis of 35 g/m.sup.2. The printed paper was coated with 2
      - 4 g/m.sup.2 of an aminoalkyd resin by means of a roll coater, and the
      thus coated paper was dried. The dried paper was laminated on a gypsum
      board card paper with use of a vinyl acetate emulsion adhesive. The thus
      laminated decorative gypsum board card paper had an air resistance of 23
      min when determined in accordance with a method of Japanese Industrial
      Standard P 8117.
PAR  Then, a decorative gypsum board was produced in a conventional industrial
      manner by the use of the decorative card paper and a gypsum slurry at a
      forming speed of 20 m/min.
PAR  The resultant decorative gypsum board was cut into three test specimens for
      conducting an adhesion test in the same manner as in Comparative Example
      1. As a result, the three test specimens passed the test with separation
      between the board and gypsum. Moreover, the decorative gypsum board was
      subjected to tests for surface properties in a manner similar to those of
      Example 1. Test results are shown in Table 4. It is apparent from the
      Table that the aminoalkyd resin-coated decorative gypsum board is inferior
      in surface properties to the decorative gypsum board of the invention.
TBL                                    Table 4                                 
     __________________________________________________________________________
                                  Decorative Gypsum                            
     Test Item     Decorative Gypsum Board                                     
                                  Board of Compara-                            
                   of the Invention                                            
                                  tive Example 2                               
     __________________________________________________________________________
     1. Resistance to stains                                                   
     (1)   Inks                                                                
           Red ink Extremely excellent                                         
                                  Good                                         
           Black ink                                                           
                   Good           Bad                                          
           Fast-drying                                                         
                   Extremely excellent                                         
                                  Good                                         
           red ink                                                             
           Fast-drying                                                         
                   Relatively good                                             
                                  Bad                                          
           black ink                                                           
     (2)   Crayons                                                             
           Orange crayon                                                       
                   Extremely excellent                                         
                                  Good                                         
           Black crayon                                                        
                   Extremely excellent                                         
                                  Good                                         
     (3)   Neutral Extremely excellent                                         
                                  Bad                                          
           detergent                                                           
     2. Water repellency                                                       
                   Extremely excellent                                         
                                  Good                                         
     3. Resistance to                                                          
                   Extremely excellent                                         
                                  Good                                         
        abrasion   (No change occurs even at                                   
                                  (Streak observed                             
                    200 times of rubbing)                                      
                                   at 50 times of                              
                                   rubbings)                                   
     4. Adhesive tape test                                                     
        Vertical peeling                                                       
                   No change      Separation between                           
        direction                 gypsum board card                            
                                  paper                                        
        Horizontal peeling                                                     
                   No change      Separation between                           
        direction                 layers of board                              
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Decorative gypsum board which comprises gypsum sandwiched between sheets
      of gypsum board card paper, at least one of said sheets comprising a
      low-weight basis decorative paper coated with 1-5 g/m.sup.2 based upon the
      solid component of a urethane resin and laminated to gypsum board card
      paper.
NUM  2.
PAR  2. The decorative gypsum board according to claim 1 wherein said low-weight
      basis paper is selected from the group consisting of tissue paper and
      machine glazed white paper.
NUM  3.
PAR  3. In the production of decorative gypsum board wherein a hemihydrate
      gypsum slurry is placed between sheets of gypsum board card paper, at
      least one of which is decorative, and dried to produce said board, the
      improvement comprising coating low-weight basis decorative paper with a
      urethane resin in an amount of 1-5 g/m.sup.2 based on the solid component,
      drying the resin-coated paper, laminating the resultant paper to a gypsum
      board card paper, and utilizing said laminated paper as the decorative
      card paper upon which the slurry is placed.
NUM  4.
PAR  4. A method according to claim 3, further comprising printing a suitable
      pattern on the low-weight basis decorative paper prior to the coating
      step.
NUM  5.
PAR  5. A method according to claim 3, wherein said low-weight basis paper is
      selected from the group consisting of tissue paper and machine glazed
      white paper.
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ABST
PAL  Method for the production of water swellable, lightly crosslinked, hydrogel
      polymer tapes or fibers comprises extruding an isocyanato terminated
      prepolymer of a poly(alkyleneoxy) polyol and an organic diisocyanate into
      a coagulant or crosslinking bath containing water or organic polyamine as
      the crosslinker.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of fibrous materials as absorbents for moisture is a well known
      widespread practice. In this application many of the natural and synthetic
      fibers have been used and extensive efforts have been made to improve the
      absorption properties of the materials. One of the major deficiencies of
      the natural and synthetic materials heretofore used has been the tendency
      for them to release the absorbed moisture when pressure has been applied
      to the moisture containing material. The fact that pressure causes the
      absorbed fluid to be expelled from the fibers is known as reversible
      absorption. For many applications, however, irreversible absorption is
      desired, for example, in surgical dressings, diapers, bed pads,
      catamenials, and the like, whereby the absorbed moisture is retained in
      the absorbent material under an applied pressure.
PAR  Within the past few years recent innovations have resulted in the
      production of materials having such irreversible absorption properties;
      these materials are now known as hydrogels. In most instances they have
      been produced in powder or particulate form and even, in some instances,
      in film form. However, few if any hydrogel fibers are known to exist. An
      especially interesting characteristic of the hydrogel polymers is that
      when in contact with water they absorb it and swell to a certain point and
      stop and the final swollen polymer is still similar in shape to its
      initial unswollen shape. Many of the hydrogels have the ability to absorb
      many times their original weight in water without becoming soggy or
      deformed. In general, the hydrogels are used in conjunction with other
      materials as supports. Among the United States patents that have issued in
      this field are U.S. Pat. Nos. 3,669,103; 3,589,364; 3,694,301; 3,670,731;
      3,164,565. This is but an exemplary listing and should not be considered
      complete.
PAC  SUMMARY OF THE INVENTION
PAR  Water swellable, lightly crosslinked hydrogel polymer fibers and tapes or
      ribbons are produced by extruding or spinning a solution of an isocyanato
      terminated prepolymer comprising the reaction product of a
      poly(alkyleneoxy) polyol having an average molecular weight up to about
      25,000 and an organic diisocyanate into a coagulant bath whereby said
      prepolymer is lightly crosslinked by a crosslinking agent which is either
      water or an organic polyamine. The crosslinking agent is present in the
      coagulant bath at a very dilute concentration.
PAC  DESCRIPTION OF THE INVENTION
PAR  It was recently discovered that a new class of polyurethane hydrogels could
      be produced by the formation of an isocyanato terminated prepolymer
      obtained by the reaction of poly(alkyleneoxy) polyol and organic
      dissocyanate followed by light crosslinking with water or an organic
      polyamine in which the amount of crosslinker used is sufficient to produce
      an essentially water insoluble hydrogel rather than the end-capped
      product. The manner in which these hydrogels are produced is the subject
      of another invention but will become apparent hereinafter. Attempts to
      produce fibers and tapes or ribbons from said hydrogels presented problems
      in spinning of the final product; as a consequence it was necessary to
      seek some other method for the production of fibers and tapes of these
      water insoluble, water swellable, lightly crosslinked hydrogels.
PAR  It has now been found that fibers or tapes can be produced by extruding or
      spinning a solution of an isocyanato terminated prepolymer, which is the
      reaction product of a poly(alkyleneoxy) polyol having an average molecular
      weight up to about 25,000 and an organic diisocyanate, into a crosslinking
      bath that contains a critical quantity of crosslinker; the crosslinker
      being water or an organic polyamine. As the prepolymer solution enters the
      bath, the free isocyanato groups react with the crosslinker to produce the
      hydrogel polymer and in the same operation the prepolymer solvent is
      removed and an insoluble, lightly crosslinked hydrogel fiber or tape is
      produced which retains the shape of the extruded stream. Thus, the
      crosslinking and/or coagulating bath serves two separate and distinct
      functions, reaction of the isocyanato terminated prepolymer to produce the
      hydrogel and removal of the prepolymer solvent to permit coagulation. The
      use of this bath as a means for completing the reaction between the
      isocyanato terminated prepolymer and the crosslinker in the production of
      fibers is distinctive since it is not ordinarily used in this manner. The
      ordinary usage is as a coagulant bath; it has not heretofore, to our
      knowledge, been used as the means for reacting a component of the molecule
      with another reactive component that must be present at a critical
      concentration so as to produce the desired final molecule in fiber or tape
      form.
PAR  The poly(alkyleneoxy) polyols that are used in producing the isocyanato
      terminated prepolymers are those having a molecular weight up to about
      25,000. These polyols can be diols, triols, or tetrols, with the molecular
      weight of the polyol varying depending upon which is used.
PAR  The suitable diols are the poly(ethyleneoxy) glycols which have a molecular
      weight of from about 4,000 to about 25,000, preferably from about 6,000 to
      about 20,000. These diols are well known and many are commercially
      available. Minor amounts, preferably up to about 35 weight percent, of a
      poly(propyleneoxy) glycol or a poly(butyleneoxy) glycol can also be
      present. The polyols can be block or random copolymers containing mixtures
      of ethyleneoxy, propylenoxy, or butyleneoxy units.
PAR  The triols and tetrols that can be used are those having a molecular weight
      of from about 92 to about 5,000, preferably from about 500 to about 1,500.
      These can be the poly(alkyleneoxy) polyols wherein the alkyleneoxy group
      contains from 2 to 4 carbon atoms and they can be homopolymers or block or
      random copolymers having three or four reactive hydroxyl groups. One can
      also use the aliphatic polyhydroxyl compounds of the formula C.sub.n
      H.sub.2n +.sub.2.sub.-m (OH).sub.m wherein n is an integer having a value
      of from 3 to 6 and m has a value of 3 or 4.
PAR  Illustrative of the suitable polyols are poly(ethyleneoxy) diol,
      poly(propyleneoxy) diol, poly(butyleneoxy)diol
      copoly(ethyleneoxy-propleneoxy) diol, poly(ethyleneoxy) triol,
      poly(ethyleneoxy)tetrol, poly(propyleneoxy) triol,
      copoly(ethyleneoxy-propyleneoxy) triol, copoly(ethyleneoxy-butyleneoxy)
      triol, glycerine, sorbitol, 1,2,6-hexanetriol, trimethylolpropane,
      pentaerythritol, dipentaerythritol, and the like. The alkyleneoxy adducts
      of the mono or polyamines such as ethylamine, ethanolamine,
      diethanolamine, ethylenediamine, propylenediamine, isopropanolamine,
      hexamethylenediamine, and the like mixtures thereof can be used if
      desired. In addition, one can include some polycaprolactonepolyol or
      conventional polyester polyol.
PAR  The isocyanato terminated prepolymers can be produced by reacting the
      poly(alkyleneoxy) diol with the organic diisocyanate. In another
      embodiment, the isocyanato terminated prepolymers can be produced by
      reacting a mixture of poly(alkyleneoxy) diol and poly(alkyleneoxy)triol
      and/or tetrol with the organic diisocyanate. When a mixture of polyols is
      used in producing the hydrogels the mole ratio of the diol to the higher
      polyols is at least 6:1 and can be as high as about 40:1. Preferably this
      mole ratio is from about 15:1 to about 30:1, and more preferably from
      about 20:1 to about 25:1. It has been observed that the mole ratio of diol
      to higher polyol has an effect on water uptake; the higher the mole ratio,
      the higher the water uptake.
PAR  Any of the known organic diisocyanates can be used in the reaction with the
      polyol to produce the isocyanato terminated prepolymer. are well known to
      those skilled in the polyurethane art and illustrative thereof one can
      mention, tolylene diisocyanate, phenylene diisocyanate, hexamethylene
      diisocyanate, isophorone diisocyanate, methylene bis(4-phenylisocyanate),
      4,4'-methylenebis( 0-tolylene isocyanate), dimer acid diisocyanate,
      2,2,4-trimethylpentane diisocyanate, aniline-formaldyhyde polyisocyanates
      having an average of from about 2 to about 3 isocyanato groups per
      molecule. If desired a small amount of higher functionality
      polyisocyanates can be present. In producing the isocyanato terminated
      prepolymer one reacts an excess of the diisocyanate with the polyol. The
      ratio of isocyanato groups to hydroxyl groups is from about 1.2 to 1.6
      equivalents of isocyanato per equivalent of hydroxyl. An equivalent amount
      of isocyanato sufficient to react with any water present in the reactants
      can also be added. It has been observed that at the lower ratios the final
      hydrogel polymer becomes too soluble, while at ratios above 1.6:1 the
      water uptake of the final hydrogel decreases. In this reaction any of the
      known catalysts can be used, such as, dibutyltin dilaurate, stannous
      octoate, triethylenediamine, lead octoate, bis(dimethylamino) ethyl ether,
      and the like. The catalyst is present at a concentration of from about
      0.001 to about one percent by weight. The conventional catalytic amounts
      are employed.
PAR  Production of the isocyanato terminated prepolymer is carried out in the
      presence of an inert anhydrous organic solvent such as benzene, toluene,
      trichloroethylene, trichloroethane, bis(2-chloroethyl) ether, methyl ethyl
      ketone, ethylene dichloride, ethyl acetate, xylene, and the like.
PAR  The temperature at which the prepolymer is produced can vary from about
      50.degree. C. to about 170.degree. C. and is not critical to the reaction.
      The time required to carry the reaction to completion will vary depending
      upon the particular reactants and catalyst used, the size of the batch and
      other factors known to those skilled in the art. The reaction for the
      preparation of the prepolymer is preferably carried out under anhydrous
      conditions and under an inert gas atmosphere.
PAR  The isocyanato terminated prepolymer concentration in the spinning solution
      can vary from about 20 to about 40 weight percent. It will vary depending
      upon the particular prepolymer, its molecular weight, the solvent, and
      other factors, as is known to those skilled in the fiber spinning
      technology. The preferred concentration is one which yields a solution
      having a proper spinning viscosity, between 20,000 and 150,000 centipoises
      at the spinning temperature, generally about 40.degree. C to about
      50.degree. C. The solution should not be so dilute as to present problems
      during spinning or so concentrated as to gel on standing before spinning.
PAR  In producing the hydrogel fibers the isocyanato terminated prepolymer
      solution is extruded through a spinnerette, or for tapes as a thin flat
      stream, into the crosslinking and coagulating bath. This bath contains a
      solvent in which the solvent of the prepolymer solution is soluble and a
      crosslinking agent. The coagulant bath solvent can be any inert organic
      solvent and can be aliphatic or aromatic; the important considerations
      here are that it is not reactive to the isocyanato group and that the
      prepolymer solvents are soluble in it. Illustrative of suitable coagulant
      bath solvents one can mention hexane, heptane, dipropyl ether, naphtha,
      dibutyl ether, octane, nonane, and the like. The preferred coagulants are
      the aliphatic hydrocarbons boiling below about 150.degree. C. It is also
      desirable to add a small quantity of the prepolymer solvent to the
      coagulant bath.
PAR  The crosslinking agent is dissolved in the coagulation bath and reacts with
      the free isocyanato groups on the prepolymer molecule to join them
      together and form a crosslinked fiber as the prepolymer solution is
      extruded or spun into the bath. The concentration of crosslinking agent in
      the coagulation bath is critical since too high a concentration will lead
      to a simple endcapping reaction yielding a water soluble polymer rather
      than the desired hydrogel fiber. On the other hand, if the concentration
      of the crosslinker in the bath is too low, the product will have free
      isocyanato groups and the polymer will not be adequately crosslinked; this
      product will be too soluble in water and will not have adequate hydrogel
      properties.
PAR  The concentration of crosslinking agent in a specific coagulating bath is
      dependent upon many factors but it is readily determined by a simple
      preliminary spinning run by one skilled in the art. Thus, it is dependent
      upon the free isocyanato content of the prepolymer, the concentration of
      prepolymer in the spinning solution, the number of filaments spun or the
      size of the tape or ribbon extruded, the rate of spinning, the bath size,
      the residence time of the fiber in the bath, the temperatures of the
      spining solution and the bath, plus many other variables that are known to
      those skilled in the art as having an effect on fiber spinning processes
      and which such individuals know how to overcome. In the laboratory runs
      set forth in the attached examples, it was found that a crosslinker
      concentration of from about 0.000001 N to about 0.05 N will produce water
      swellable, water insoluble, lightly crosslinked hydrogel fibers or tapes.
      The preferred crosslinker concentration in the bath is from about 0.0001 N
      to about 0.001 N. The important feature is the use of a concentration
      sufficient to lightly crosslink the isocyanato terminated prepolymer as it
      passes through the bath with a minimum of end-capping. Thus, any
      concentration sufficient to react with all the terminal isocyanato groups
      in the prepolymer and effect light crosslinking thereof without effecting
      excessive end-capping can be used. A desired concentration is one in which
      the number of equivalents of reactive groups in the crosslinking agent
      used is equivalent to the number of equivalents of isocyanato groups
      present in the prepolymer. The term lightly crosslinked hydrogel polymer
      signifies a hydrogel that contains not more than an average of about one
      crosslink unit per 50,000 average molecular weight of the hydrogel.
      Preferably there is an average of about one crosslink unit for each
      100,000 to 300,000 hydrogel molecular weight and more preferably about one
      crosslink unit for each 150,000 to 250,000 hydrogel molecular weight.
PAR  The suitable crosslinkers are water or the organic polyamines, such as the
      primary or secondary diamines or triamines. The polyamines can be any of
      the known aliphatic or aromatic polyamines such as ethylene diamine,
      diethylene triamine, propylene diamine, hexamethylene diamine,
      methylenebis(aniline), tolylene diamine, isophorone diamine,
      trimethylpentane diamine, aniline-formaldehyde adduct polyamines, and the
      like.
PAR  When the isocyanato terminated prepolymer is obtained by the reaction of
      poly(alkyleneoxy) diol and organic diisocyante, the preferred crosslinking
      agent is a mixture of organic diamine and organic triamine. However, when
      the prepolymer is obtained by the reaction of a mixture of
      poly(alkyleneoxy) diol and poly(alkyleneoxy) triol and/or tetrol and
      organic diisocyanate, the preferred crosslinker is water, organic diamine,
      or a mixture thereof.
PAR  The spinning operation can be carried out in the manner known to those
      skilled in the art using spinnerrettes of different hole sizes and
      containing different numbers of holes. The preferred method is to extrude
      the solution downward into the coagulant bath to avoid blockage of the
      holes, then use guides to control the direction through the bath and from
      the bath. The solid, lightly crosslinked, hydrogel fibers can be conducted
      over wash rolls to remove solvents and thence to drying rolls. The fibers
      may be collected as continuous filament, tow or chopped into stable by
      known means; if desired they can be subjected to a stretching treatment at
      any stage of the process. The equipment required and its operation in
      producing fibers and tapes are well known in the art.
PAR  The fibers and tapes can be blended with other natural and synthetic
      fibers, films or tapes to make composite blends. The amount of the
      hydrogel polymer in such composite can vary from 0.1 weight percent to
      99.9 weight percent. This amount is dependent upon the desires of the user
      and how much water absorbency he wishes to impart to the finished article.
      Among the other materials that can be used in the blend one can mention
      cotton, wool, linen, flax, polyamides, polyesters, acrylics, modacrylics,
      acetates, celluloses, polyolefins, polyurethanes, or blends thereof.
PAR  The hydrogel fibers produced by this invention have several advantages over
      previously produced hydrogel powders and granular particles. They can be
      accurately placed in woven and non-woven articles when combined with other
      fibers, and they remain in place during handling and even after swelling
      during use. The water absorbency of the finished article can be controlled
      or regulated by selecting the reactants and their relative proportions in
      producing the isocyanato terminated prepolymer used to manufacture the
      hydrogel fiber and by regulating the amount of hydrogel fiber used in
      making the composite. A distinct advantage in our invention is the ability
      to produce, to our knowledge for the first time, a hydrogel fiber of any
      desired length or denier. Further, the polyurethane hydrogel fibers
      produced have been found to possess a high absorption capacity for salt
      solutions in addition to their high capacity for water. The absorption
      capacities of the fibers can very from about 5 to about 50 times or more
      their original weight.
PAR  The fibers can be used per se or in blends in diapers, bandages, bed pads,
      catamenials, facial tissues and paper towels, agricultural uses, filters
      and a plurality of other articles in which moisture absorbency is desired.
PAR  The following examples serve to illustrate the invention. Parts are by
      weight unless otherwise indicated.
DRWD
PAC  EXAMPLE 1
PAR  Two hundred grams of a poly(oxythylene) diol having a molecular weight of
      about 8,565 and 1.19 grams of a poly(oxyethylene)triol (made by reacting
      glycerol with ethylene oxide) having a molecular weight of about 1190 were
      dissolved in 905 grams of thiophene free benzene. About 110 grams of
      distillate was removed and a 111 gram sample was taken and analyzed for
      its water content. The polyols/benzene mixture was found to contain 0.0046
      percent water. About 793 grams of solution containing 175.4 grams of the
      polyoxyethylene diol and 1.04 grams of the triol were left in the reactor
      after the distillation.
PAR  To the polyol/benzene mixture there were added 7.28 grams of 98 percent
      pure methylenebis(4-phenylisocyanate), (an amount giving an isocyanato to
      hydroxyl equivalent ratio of 1.3 to 1) and 118.5 grams of benzene. The
      resulting solution was warmed to 35.degree. C and 2 drops of dibutyltin
      dilaurate were added from a medicine dropper. The solution was heated to
      reflux and held at a temperature of 79.degree.-80.degree. C for 11/4
      hours. Analysis of the kettle contents showed that the isocyanate had
      completely reacted with the polyols and water; the isocyanate equivalent
      weight of the isocyanato terminated prepolymer solution produced was found
      to be 89,500 (theory for complete reaction is 67,000).
PAR  About 50 ml of the above isocyanato terminated solution was transferred to
      a syringe fitted with a long stainless steel needle (No. 15), and the
      syringe was placed in a Compact Infusion Pump, Model 975 (Harvard
      Apparatus Company). The pump and needle were elevated at an angle and the
      tip of the needle was placed under the surface of a 50/50 volume percent
      n-hexane/benzene mixture in a long, shallow enameled pan. The pan
      contained 3 liters of the solvent in which was dissolved 0.2 gram of
      ethylene diamine. The prepolymer solution was slowly extruded using the
      infusion pump to control the rate. The stream of solution quickly
      solidified in the bath to produce the lightly crosslinked hydrogel fiber
      and it was drawn away from the needle and through the bath by hand using
      glass and wooden rods. The resulting thread was dried overnight at
      50.degree. C to remove residual solvent. In this manner, about 1.5 grams
      of a benzene insoluble, lightly crosslinked, water insoluble,
      water-swellable, hydrogel fiber was recovered. This thread absorbed 37
      times its weight of water after 24 hours immersion in distilled water.
      During the 24 hour immersion, about 46 percent by weight of the fiber
      dissolved
PAC  EXAMPLE 2
PAR  About 450 grams of the poly(oxyethylene)diol having a molecular weight of
      about 8,565 and 2.67 grams of the poly(oxyethylene) triol having an
      average molecular weight of about 1190 were dissolved in 1,156 grams of
      benzene. The mixture was azeotropically distilled to remove 108 grams of
      distillate, (until distillate was clear) and a 103 gram sample of the
      benzene/polyol mixture was analyzed and found to contain 0.0062 percent
      water by weight. Some 1,303 grams of solution containing 417 grams of the
      diol, 2.4 grams of triol, and 883 grams of benzene were left in the
      reactor flask, in which the diol/triol mole ratio was 23.4 to 1.
PAR  The solution was heated to 79.degree. C and 17.2 grams of
      methylenebis(4-phenyl-isocyanate) were added, together with 65 grams of
      benzene. A 0.09 gram portion of dibutyltin dilaurate was added, and the
      mixture was maintained at reflux for 1 hour. Analysis indicated that the
      reaction had not gone to completion, the isocyanate equivalent weight of
      the solution was 50,500 (theory: 60,300). The Brookfield viscosity of the
      isocyanato terminated prepolymer solution was measured using a Brookfield
      LVT viscometer, No. 4 spindle, and found to be 5000 cps. at 55.degree. C
      and 9,100 cps. at 32.degree. C. Films were cast from the solution on glass
      plates and cured or crosslinked to produce a hydrogel film, both at
      51.degree. C for 303/4 hours in an oven and at room temperature exposed
      only to atmospheric moisture for 56 hours. The oven cured film had an
      equilibrium water absorption capacity equal to 26.5 times its weight and
      contained 6 percent by weight of water soluble material. The room
      temperature cured film has a water uptake of 29.5 times it weight and
      contained 6.5 percent by weight of water soluble material.
PAR  The isocyanato terminated prepolymer solution remaining after removal of
      samples for analysis and film casting was transferred to a 900cc jacketed,
      stainless steel pot connected to a 1/2 B Zenith metering pump. The pump
      was connected via flexible stainless steel piping to a spinnerrette
      containing 50 holes of about 0.07 mm diameter each in its face. The
      spinnerette was placed in a manner such that its face was turned
      vertically or downwards into the coagulation bath. Attempts to spin with
      the spinnerette face on a horizontal plane gave sticking of the solution
      to the face of the spinnerette as it was extruded.
PAR  The coagulation bath contained 3 gallons of n-heptane and it was
      approximately 0.05 N in ethylene diamine. The pump was operated at 8
      revolutions per minute, and 10 psi nitrogen pressure was held on the tank.
      The prepolyer solution was extruded through the spinnerette vertically
      downwards into the bath, the multifilament yarn of about 520 denier was
      taken under a guide roll and out of the bath diagonally upwards, over a
      roll and taken up by hand. As the prepolymer exited into the bath, it
      reacted to form lightly crosslinked hydrogel polymers and coagulated to a
      solid. Some 2 to 3 meters of open, multi-filament hydrogel yarn was
      collected. The hydrogel filaments did not stick together (i.e., they were
      open) and were opaque and soft in texture. Immersion of a sample in
      distilled water for 24 hours resulted in the hydrogel fiber absorbing 35
      times its weight of water. Evaporation of the filtrate from the water
      immersion test showed that 42 percent of the fiber had dissolved in the
      water. After aging for 12 days at room temperature, exposed to the room
      light, the fibers still absorbed 32 times their weight of water upon
      immersion in distilled water for 24 hours. In this example, the prepolymer
      preparation and spinning were carried out under nitrogen.
PAC  EXAMPLE 3
PAR  A solution containing 650 grams of a poly(oxyethylene) diol of an average
      molecular weight of about 8,330, 3.97 grams of the same triol used in
      Example 1 and 1,400 grams of benzene was distilled to remove 134 grams of
      distillate. The resulting mixture as assumed to be free of water and 25.67
      grams of 98 percent pure methylenebis( 4phenylisocyanate) together with 94
      grams of dry benzene were added. The mixture was warmed to 78.degree. C
      and 68 grams of a stock solution made from 1 gram of dibutyltin dilaurate
      and 999 grams of benzene was added (contained 0.068 gm of catalyst). The
      solution was heated at reflux for 1.5 hours, under nitrogen, then
      analyzed. The isocyanato equivalent weight of the solution was found to be
      84,000 (theory: 56,000). The solution of the isocyanato terminated
      prepolymer had a Brookfield viscosity (LVT Viscometer, No. 4 spindle) of
      43,200 cps at 46.degree. C. The solids content was approximately 33
      percent by weight.
PAR  The isocyanato terminated prepolymer solution was transferred from the
      reaction flask to a 900 cc stainless steel tank under a nitrogen
      atmosphere. The spinning system used was the same as that described in
      Example 2 except that a 20 gallon coagulation bath was used. The
      spinnerette used had 15 holes, each hole having a diameter of 0.13 mm. The
      filaments were extruded vertically downwards at 42.degree. C. into the
      coagulation bath, which contained a solution of n-heptane that was 7.5
      .times. 10.sup.-.sup.5 N in ethylene diamine and which was held at a
      temperature of 42.degree. C. As the prepolymer extrudate entered the bath
      it coagulated and reacted with the crosslinker to produce a solid, lightly
      crosslinked hydrogel fiber tow. The fibers were taken over a guide near
      the bottom of the bath then passed diagonally upwards over a roll which
      had a dip bath beneath it. Fifteen laps of the hydrogel fibers were placed
      around the roll, and as they traversed it, they passed through the dip
      bath. The dip bath contained 1/2inch of water in the bottom and a top
      layer of heptane (covering the water) through which the hydrogel fibers on
      the roll passed. The hydrogel fibers were thus washed with heptane
      saturated with water. A water/acetone mixture (50/50 weight percent) was
      added to the dip bath as needed to maintain a constant liquid level. The
      acetone was used to act as a coupling agent to increase the concentration
      of water in the heptane layer. The purposes of the wash bath were to
      remove any residual benzene and amine retained in the fiber as it came
      from the coagulation bath and to ensure the complete reaction of any
      residual isocyanato groups in the fiber, using water as a secondary
      cross-linking reagent. The fibers were conducted from the wash roll to two
      drying rolls, with several laps of fiber on each roll. The drying rolls
      were held at 30.degree. C via circulation of tempered water through their
      interiors. From the drying rolls, the fibers passed to a take-up device
      and were wound onto a standard fiber package. Two packages of 15-filament
      yarn were collected as follows:
TBL                           Drying     Take-up                               
     Spin Pump     Wash Roll  Roll Speed Speed                                 
     Run   rpm     psi     Speed, fpm                                          
                                    fpm      fpm                               
     ______________________________________                                    
     1     13      160     45       85       120                               
     2     11      220     45       85       120                               
     ______________________________________                                    
PAL  Run 1 contained 105 grams of yarn; Run 2 contained 54 grams of yarn. The
      hydrogel fibers of Run 1 were 89 percent insoluble in benzene at
      25.degree. C, they showed a water absorption capacity 25 times their
      weight, and a water solubility of 7 weight percent. The hydrogel fibers of
      Run 2 were 83 percent insoluble in benzene, they showed a water absorption
      capacity 27 times their weight, a water solubility of 2 weight percent.
      and absorbed 27 times their weight of 0.3N sodium chloride solution.
PAR  The results show that the hydrogel fibers were essentially lightly
      crosslinked when taken from the drying roll, insoluble in benzene and
      water, and had the same absorption capacity for water and aqueous salt
      solutions.
PAR  Using a similar isocyanato terminated prepolymer solution and following the
      spinning procedure similar to that described in Example 3, fibers were
      spun from a seven hole spinnerette, each hole 0.09 mm, in diameter. In
      this series the coagulant baths contained 0.05 N, 0.5 N and 1.0N ethylene
      diamine as the crosslinker. Under these particular small scale spinning
      conditions, the higher concentration of crosslinker produced end-capped,
      linear urea-urethane polymers that were completely soluble in water on
      immersion and agitation for 8 hours. While these laboratory spinning
      conditions did not produce a hydrogel fiber, it is likely that commercial
      operations can be carried out with the higher crosslinker concentrations.
PAC  EXAMPLE 4
PAR  An isocyanato terminated prepolymer was prepared using the same ingredients
      and the same amounts of each ingredient as was employed in Example 3.
      After 2 hours of reflux, the isocyanate equivalent weight of the 33
      percent solids solution was 77,000 (theory for complete reaction is
      56,000). The Brookfield viscosity, as determined with a Brookfield Model
      LVT viscometer, No. 4 spindle was 33,200 cps. at 51.degree. C., 62,000 at
      44.degree. C and 165,000 at 35.degree. C.
PAR  The prepolymer solution was transferred to a 900 cc dope tank under a
      nitrogen atmosphere and heated to 40.degree. C during spinning. The tank
      was sealed under a positive nitrogen pressure of 30 psi, and samples were
      spun at 4 different coagulation bath conditions using the same spinning
      equipment described in Example 3 except that the spinnerette has 7 holes,
      each 0.09 mm. in diameter, the dip bath under the first roll was omitted,
      and the drying rolls were not heated but held at ambient temperature.
PAR  Run 1 was spun at a Zenith Pump pressure of 500 psi. into a coagulant bath
      containing wet heptane (water as the crosslinker) at a bath temperature of
      38.degree. C. The coagulation roll speed was 45 fpm, the drying roll speed
      was 80 fpm and the take-up roll speed was 120 fpm.
PAR  Run 2 was spun at a Zenith Pump pressure of 300 psi into a heptane
      coagulant bath at 42.degree. C that was 0,001 N in ethylene diamine.
      Drying roll speed, however, was 85 fpm.
PAR  Run 3 was spun at a Zenith Pump pressure of 520 psi into a heptane
      coagulant bath at 39.degree. C that was 0.0001 N in ethylene diamine; roll
      speeds were as in Run 1.
PAR  Run 4 was spun at a Zenith Pump pressure of 350 psi into a heptane
      coagulant bath at 42.degree. C that was 0.005 N in ethylene diamine; roll
      speeds were as in Run 2.
PAR  Portions of the fibers from each run were rolled in distilled water for
      about 8 hours to determine water uptake and percent solubility.
     ______________________________________                                    
     Run    Water Absorbency Water Solubility                                  
     ______________________________________                                    
     1      29 Fold           6%                                               
     2      42 Fold           46%                                              
     3      37 Fold           4%                                               
     4      --               100%                                              
     ______________________________________                                    
PAR  The results show that a concentration of 0.0001 N ethylene diamine in the
      heptane or the use of wet heptane produced good hydrogel fibers of high
      water absorption and low water solubility. The use of a heptane solution
      that was 0.001 N in ethylene diamine produced a hydrogel fiber, but it had
      a higher than desired water solubility, and the use of 0.005 N ethylene
      diamine in the bath failed to produce a hydrogel under the particular
      spinning conditions used with this specific composition.
PAC  EXAMPLE 5
PAR  Two separate isocyanato terminated prepolymer solutions were prepared for
      spinning using the same ingredients and the same proportions of reactants
      in each. The basic formulation used 960 gm of a polyoxyethylene diol
      having a molecular weight of 8330, 5.86 gm of a polyoxyethylene triol
      having a molecular weight of 1190 (made from glycerol and ethylene oxide),
      and 2200 grams of thiophene free benzene. After drying the polyols/benzene
      solution via distillation until the distillate was no longer cloudy, 38.26
      gm of methylenebis(4-phenylisocyanate) was added, together with enough
      benzene so that the final solids content of the mixture would be 32
      percent by weight. The resulting solution was heated to reflux and 100 gm
      of a benzene solution containing 0.1 gm, 100 ppm on the total weight of
      solids, of dibutyltin dilaurate was added. The isocyanate-polyol reaction
      was carried out by refluxing for 2 hr., the material remaining in the
      reactors was weighed, and enough benzene was added to each to replace that
      lost in reflux in order to bring the solids concentration to 32 percent by
      weight. The two prepolymer solutions were analyzed for isocyanate content.
      The isocyanate equivalent weights of the solutions were 115,000 and
      108,900 respectively (theory: 57,700)).
PAR  The isocyanato terminated prepolymer solutions were combined and
      transferred to a 5-gallon dope pot under a nitrogen atmosphere, and the
      pot was placed under 40 psi nitrogen pressure. The prepolymer solution was
      heated by circulating water at 55.degree. C through the jacket of the pot.
      The solution was circulated through a candle filter (150 mesh stainless
      steel) to supply 2 dual port spinning pumps (1/2 B Zenith; each supplied 2
      spinnerettes). Four spinnerettes, each having 25 holes of 0.10 mm
      diameter, were immersed in a coagulation bath. The spinning set-up used
      was similar to that described in Example 3 except for the use of guides to
      separate the four yarn bundles in the bath. A Teflon rod in the bottom of
      the bath was used to direct the fiber upwards diagonally to the wash bath.
      The four bundles were brought together into a single 100 filament tow
      bundle as they emerged from the bath. The coagulation bath contained
      heptane which was 0.0001 N in ethylene diamine. The yarn was lapped on the
      first roll (15 laps) and washed as in Example 3, then taken to 2-drying
      stretch rolls, thence taken up on a take-up device. Fresh heptane which
      was 0.0001 N in ethylene diamine was fed at a constant rate to the wash
      bath and allowed to cascade into the coagulation bath, which overflowed to
      a waste receptacle. Four packages containing 200-250 grams of hydrogel
      yarn each were collected. The hydrogel yarn had a denier of about 1880 and
      was open. The hydrogel yarn had a water absorption capacity equal to 22
      times its weight and a water solubility of 15.5  percent by weight.
PAR  A hydrogel tape was spun by replacing the spinnerettes and pumps by a
      single pump which fed the isocyanato terminated prepolymer solution into a
      1/2 inch steel tube flattened on one end to form a slit which was 1/2 inch
      wide and had an aperture of approximately 0.04 inch. The slit end of the
      tube was immersed in the coagulant bath in a manner so that the jet of
      prepolymer solution extruded vertically downwards. The hydrogel tape was
      carried under the rod at the bottom of the bath, which contained heptane
      0.0001 N in ethylene diamine, thence diagonally upwards onto the wash
      roll. Three laps of tape were lapped on the washed roll and allowed to
      pass through the wash bath. The hydrogel tape was taken up on a package by
      hand.
PAR  After drying at room temperature until no odor of benzene or heptane could
      be detected, the hydrogel tape was about 1/8 inch wide. Upon immersion in
      water for 8 hours (rolled in bottle) it absorbed 42.8 times its weight and
      8.5  percent by weight dissolved in the water.
PAC  EXAMPLE 6
PAR  An isocyanato terminated prepolymer solution was prepared in the same
      manner as described in Example 5 except that trichloroethylene solvent was
      used instead of benzene. A solution containing 700 grams of a
      poly(oxyethylene) diol of an average molecular weight of about 8468
      (hydroxyl number of 13.25), 3.92 grams of a poly(oxyethylene) triol of an
      average molecular weight of about 1,170 (hydroxyl number of 141.5) and
      1,714 grams of trichloroethylene was distilled to azeotropically remove
      2.0 grams of water. The mixture was cooled to 56.degree. C and 30.7 grams
      of methylenebis(4-phenylisocyanate) and 0.2105 gram of dibutyltin
      dilaurate were added to the kettle contents. The solution was heated at
      reflux for 2 hours, then the heat was removed and 7 grams of solvent
      replaced. The resulting solution had a total solids content of 30 percent
      and an isocyanate equivalent weight of 52,763 with a Brookfield viscosity
      of 42,500 centipoises at 22.degree. C.
PAR  The isocyanato terminated prepolymer solution was transferred to a
      stainless steel dope tank under a nitrogen atmosphere. The spinning system
      and equipment used were the same as described in Example 5. Two hydrogel
      fiber samples were produced using a 60 hole spinnerette, each hole having
      a diameter of 0.1 mm. The first fiber was extruded at a pot temperature of
      48.degree. C. (Fiber 1) and the second fiber at a pot temperature of
      34.degree. C. (Fiber 2). The coagulation bath was 0.0001 N ethylene
      diamine in heptane and was at a temperature of about 35.degree. C. The
      wash bath was also 0.0001 N ethylene diamine in heptane at 22.degree. C.
      Twenty-six laps of the hydrogel fiber were placed around the roll dipping
      into the wash bath; this was turning at a speed of 38 fpm. The drying roll
      was 22.degree. C.; it had eight laps of the fiber around it and was
      rotated at a speed of 55 fpm. The stretch roll had five laps of the fiber
      and rotated at 130 fpm. The fiber take up speed was 150 fpm.
PAR  The lightly crosslinked hydrogel fibers produced were white, opaque and had
      a soft hand. Somewhat slower coagulation tendencies were noted for the
      trichloroethylene solution of this example compared with the previous
      examples wherein benzene was used. However, it was found that decreasing
      the temperature of the coagulation bath increased the rate of coagulation.
      The fibers were insoluble in trichlorethylene solvent and had the
      following properties:
TBL  Fiber  Denier   Water Absorbency                                          
                                    Water Solubility                           
     ______________________________________                                    
     1      173      21.53 Fold     0.42%                                      
     2      131      20.94 Fold     0.44%                                      
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  An isocyanato terminated prepolymer solution was prepared using the same
      ingredients, ratio of amounts and procedure as employed in Example 6.
      After 2 hours of reflux the isocyanate equivalent weight of the solution
      was 68,072 and the Brookfield viscosity was 45,700 centipoise at
      22.degree. C (R.T.) with a total solids content of 30 percent.
PAR  The isocyanato terminated prepolymer solution was tranferred to a stainless
      steel dope tank under a nitrogen atmosphere. The spinning system and
      equipment used were the same as described in Example 5. Three lightly
      crosslinked hydrogel fiber samples were produced using the conditions
      summarized in the following table. They were white, opaque and had a soft
      hand. They were insoluble in trichloroethylene after crosslinking.
     __________________________________________________________________________
     Fiber Sample    1     2     3                                             
     __________________________________________________________________________
     Spinning Conditions                                                       
     Spinnerette, holes (0.1 mm)                                               
                     25    25    40                                            
     Dope Pot Temp. .degree.C                                                  
                     40    43    42                                            
     Dope Pump, rpm. 10    10    10                                            
     Coagulation Bath                                                          
                     Heptane                                                   
                           Heptane                                             
                                 Heptane                                       
     Ethylane diamine                                                          
                     0.0001 N                                                  
                           0.0001 N                                            
                                 0.0001 N                                      
     Temperature (.degree.C)                                                   
                     34    34    34                                            
     Wash Bath       Heptane                                                   
                           Heptane                                             
                                 Heptane                                       
     Ethylene diamine                                                          
                     0.0001 N                                                  
                           0.0001 N                                            
                                 0.0001 N                                      
     Temperature, .degree.C                                                    
                     22    22    22                                            
     Fiber Laps No.  7     5     5                                             
     Roll Speed, fpm 52    46    50                                            
     Drying Roll                                                               
     Temperature, .degree.C                                                    
                     22    22    22                                            
     Speed, fpm      60    60    70                                            
     Fiber Laps, No. 14    8     10                                            
     Stretch Roll                                                              
     Temperature, .degree.C                                                    
                     22    22    22                                            
     Speed fpm       95    95    105                                           
     Fiber Laps, No. 5     5     5                                             
     Fiber Takeup Speed, fpm                                                   
                     150   150   150                                           
     Water Absorbency, fold                                                    
                     20.04 27.81 27.21                                         
     Water Solubility, %                                                       
                     3.46  12.70 13.68                                         
     Denier          242   262   232                                           
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  An isocyanato terminated prepolymer solution was prepared with
      trichloroethylene solvent using the same procedure, ingredients and ratios
      as in Example 6, except that the total solids content was 32 weight
      percent. A viscous prepolymer solution resulted which had an isocyanate
      equivalent weight of 48,353.
PAR  The isocyanato terminated prepolymer solution was transferred to a
      stainless steel dope tank under a nitrogen atmosphere. The procedure and
      equipment used were the same as that used in Example 7 to obtain a
      hydrogel fiber except that the prepolymer solution was extruded via a 0.01
      inch by 1.5 inches slit type die and no wash roll was employed. In this
      manner a lightly crosslinked hydrogel tape was obtained that was white,
      translucent, smooth, flexible with good dimensional characteristics and
      had excellent appearance. The tape was insoluble in trichloroethylene. The
      isocyanate terminated prepolymer was extruded at 30.degree. C into a
      coagulant bath containing a 0.0001 N ethylene diamine in heptane solution.
      The dwell time in the bath was 11 seconds and there was produced a lightly
      crosslinked hydrogel tape. This was dried on a drying roll at 32 fpm at
      22.degree. C. The dry hydrogel tape was 0.435 inch wide, 0.006 inch thick,
      had a water absorbency of 23.45 grams of water per gram of tape, and a
      water solubility of 5.18 weight percent.
PAC  EXAMPLE 9
PAR  An isocyanato terminated prepolymer solution was prepared as described in
      Example 8 except that the total solids content was 30 percent. The
      resulting prepolymer solution had an isocyanate equivalent weight of
      45,426 and a Brookfield viscosity of 47,500 centipoises at 22.degree. C.
      This solution was stored for a period of 20 days during which time the
      Brookfield viscosity increased to 600,000 centipoises.
PAR  The stored isocyanato terminated prepolymer solution was transferred to a
      stainless steel dope tank under a nitrogen atmosphere. The equipment and
      procedure used were the same as described in Example 8 except that a
      conveyor belt was employed in the coagulating bath to support the tape,
      naphtha was used instead of heptane as coagulant, and the slit type die
      was positioned about 2 inches above the bath surface extruding the
      prepolymer first into air thence onto the conveyor belt. Continuous
      lightly crosslinked hydrogel tape was produced using a slit die 0.007 inch
      by 3 inches. The isocyanato terminated prepolymer solution was extruded at
      80.degree. C into a 95/5 naptha/trichloroethylene coagulation bath that
      was 0.0001 N in ethylene diamine and that was kept at 23.degree. C. The
      tape was conveyed through the coagulation bath at a speed of 8 fpm for a
      37 seconds dwelling time and then dried at 23.degree. C. The lightly
      crosslinked, hydrogel tape was smooth, flexible, white, and translucent.
      It had good dimensional characteristics, being 0.687 inch wide and 0.006
      inch thick. It had an excellent appearance and was not soluble in
      trichloroethylene. Its water absorbency was 32.1 fold and 31.1 percent was
      water soluble.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article of manufacture comprising a composite of (I) a tape or fiber
      of a water swellable, lightly crosslinked, hydrogel polymer of the
      isocyanato terminated prepolymer comprising the reaction product of:
PA1  i. a poly(alkyleneoxy) polyol having an average molecular weight up to
      about 25,000 wherein the alkyleneoxy group contains from 2 to 4 carbon
      atoms, and
PA1  ii. an organic diisocyanate, said prepolymer lightly crosslinked with an
      equivalent amount of a crosslinking agent of the group:
PA1  iii. water or organic polyamine; wherein said poly(alkyleneoxy) polyol is a
      mixture of a major amount of a poly(ethyleneoxy) diol having an average
      molecular weight of from about 4,000 to about 25,000 and a minor amount of
      a higher polyol of the group poly(alkyleneoxy) triol or poly(alkyleneoxy)
      tetrol or aliphatic polyhydroxyl compound of the formula C.sub.n
      H.sub.2n.sub.+2.sub.-m (OH).sub.m wherein n has a value of 3 to 6 and m
      has a value of 3 to 4 or mixtures thereof, said triol or tetrol having an
      average molecular weight of from about 92 to 5,000 wherein the mole ratio
      of diol to higher polyol in said mixture is from about 6:1 to 40:1;
      wherein the equivalents ratio of isocyanato groups to hydroxyl groups is
      from about 1.2:1 to about 1.6:1; wherein the organic polyamine is a
      primary or secondary diamine or triamine and wherein the equivalents of
      reactive crosslinking groups in said crosslinking agent used in equivalent
      to the number of equivalents of isocyanato groups present in said
      prepolymer; in combination with (II) a natural or a different synthetic
      fiber or film.
NUM  2.
PAR  2. A method for producing a lightly crosslinked, water swellable, hydrogel
      polymer tape or fiber which comprises the steps of:
PA1  A. producing an organic solvent solution of an isocyanato terminated
      prepolymer comprising the reaction product of:
PA2  i. poly(alkyleneoxy) polyol having an average molecular weight up to about
      25,000, wherein the alkyleneoxy group contains from 2 to 4 carbon atoms,
      and ii. organic diisocyanate,
PAL  wherein said poly(alkyleneoxy) polyol is a mixture of a major amount of a
      poly(ethyleneoxy) diol having an average molecular weight of from about
      4,000 to about 25,000 and a minor amount of a higher polyol of the group
      poly(alkyleneoxy) triol or poly(alkyleneoxy) tetrol or aliphatic
      polyhydroxyl compound of the formula C.sub.n H.sub.2n.sub.+2.sub.-m
      (OH).sub.m wherein n has a value of 3 to 6 and m has a value of 3 to 4 or
      mixtures thereof, said triol or tetrol having an average molecular weight
      of from about 92 to 5,000, wherein the mole ratio of diol to higher polyol
      in said mixture is from about 6:1 to 40:1; and wherein the equivalents
      ratio of isocyanato groups to hydroxyl groups is from about 1.2:1 to about
      1.6:1;
PA1  B. extruding or spinning said isocyanato terminated prepolymer solution
      into a crosslinking bath comprising:
PA2  i. a crosslinking agent for the isocyanato terminated prepolymer of the
      group (a) water or (b) organic polyamine,
PAL  wherein said polyamine is a primary or secondary diamine or triamine and
      wherein the equivalents of reactive crosslinking groups in said
      crosslinking agent used is equivalent to the number of equivalents of
      isocyanato groups present in said prepolymer; and
PA1  C. recovering the lightly crosslinked, water swellable, hydrogel tape or
      fiber.
NUM  3.
PAR  3. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 1, wherein said poly(alkyleneoxy)
      polyol is poly(ethyleneoxy) diol having an average molecular weight of
      from 4,000 to 25,000.
NUM  4.
PAR  4. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said poly(alkyleneoxy)
      polyol is poly(alkyleneoxy) diol having an average molecular weight of
      from about 6,000 to 20,000.
NUM  5.
PAR  5. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said poly(alkyleneoxy)
      polyol is a mixture of poly(ethyleneoxy) diol having an average molecular
      weight of from about 6,000 to 20,000 and a poly(ethyleneoxy) triol having
      an average molecular weight of from about 500 to 1,500, wherein the mole
      ratio of diol to triol is from about 15:1 to about 30:1.
NUM  6.
PAR  6. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said organic
      diisocyanate is tolylene diisocyanate.
NUM  7.
PAR  7. The method for producing water swellble, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 3, wherein said organic
      diisocyanate is tolylene diisocyanate.
NUM  8.
PAR  8. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 4, wherein said organic
      diisocyanate is tolylene diisocyanate.
NUM  9.
PAR  9. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 5, wherein said organic
      diisocyanate is tolylene diisocyanate.
NUM  10.
PAR  10. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said organic
      diisocyanate it methylenebis(4-phenylisocyanate).
NUM  11.
PAR  11. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 3, wherein said organic
      diisocyanate is methylenebis(4-phenylisocyanate).
NUM  12.
PAR  12. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 4, wherein said organic
      diisocyanate is methylenebis(4-phenylisocyanate).
NUM  13.
PAR  13. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 5, wherein said orgnaic
      diisocyanate is methylenebis(4-phenylisocyanate).
NUM  14.
PAR  14. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said crosslinking
      agent is water present in said coagulant bath at a concentration up to
      0.05 N.
NUM  15.
PAR  15. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 5, wherein said crosslinking
      agent is water present in said coagulant bath at a concentration up to
      0.05 N.
NUM  16.
PAR  16. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 6, wherein said crosslinking
      agent is water present in said coagulant bath at a concentration up to
      0.05 N.
NUM  17.
PAR  17. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 9, wherein said crosslinking
      agent is water present in said coagulant bath at a concentration up to
      0.05 N.
NUM  18.
PAR  18. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 10, wherein said crosslinking
      agent is water present in said coagulant bath at a concentration up to
      0.05 N.
NUM  19.
PAR  19. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 13, wherein said crosslinking
      agent is water present in said coagulant bath at a concentration up to
      0.05 N.
NUM  20.
PAR  20. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said crosslinking
      agent is an organic diamine present in said coagulant bath at a
      concentration up to 0.05 N.
NUM  21.
PAR  21. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said crosslinking
      agent is ethylene diamine present in said coagulant bath at a
      concentration up to 0.05 N.
NUM  22.
PAR  22. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 5, wherein said crosslinking
      agent is ethylene diamine present in said coagulant bath at a
      concentration up to 0.05 N.
NUM  23.
PAR  23. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 6, wherein said crosslinking
      agent is ethylene diamine present in said coagulant bath at a
      concentration up to 0.05 N.
NUM  24.
PAR  24. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 9, wherein said crosslinking
      agent is ethylene diamine present in said coagulant bath at a
      concentration of up to 0.05 N.
NUM  25.
PAR  25. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 10, wherein said crosslinking
      agent is ethylene diamine present in said coagulant bath at a
      concentration up to 0.05 N.
NUM  26.
PAR  26. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 11, wherein said crosslinking
      agent is ethylene diamine present in said coagulant bath at a
      concentration up to 0.05 N.
NUM  27.
PAR  27. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2 wherein said crosslinking agent
      is a mixture of organic diamine and organic triamine present in said
      coagulant bath at a concentration up to 0.05 N.
NUM  28.
PAR  28. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 3, wherein said crosslinking
      agent is a mixture of organic diamine and organic triamine present is said
      coagulant bath at a concentration up to 0.05 N.
NUM  29.
PAR  29. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 4, wherein said crosslinking
      agent is a mixture of organic diamine and organic triamine present in said
      coagulant bath at a concentration up to 0.05 N.
NUM  30.
PAR  30. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 7, wherein said crosslinking
      agent is a mixture of organic diamine and organic triamine present in said
      coagulant at a concentration up to 0.05 N.
NUM  31.
PAR  31. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 8, wherein said crosslinking
      agent is a mixture of organic diamine and organic triamine present in said
      coagulant bath at a concentration up to 0.05 N.
NUM  32.
PAR  32. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 11, wherein said crosslinking
      agent is a mixture of organic diamine and organic triamine present in said
      coagulant bath at a concentration up to 0.05 N.
NUM  33.
PAR  33. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 12, wherein said crosslinking
      agent is a mixture of organic diamine and organic triamine present in said
      coagulant bath at a concentration up to 0.05 N.
NUM  34.
PAR  34. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein the crosslinking agent
      is a mixture of ethylene diamine and diethylene triamine present in said
      coagulant bath at a concentration up to 0.05 N.
NUM  35.
PAR  35. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 3, wherein the crosslinking agent
      is a mixture of ethylene diamine and diethylene triamine present in said
      coagulant bath at a concentration up to 0.05 N.
NUM  36.
PAR  36. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 4, wherein the crosslinking agent
      is a mixture of ethylene diamine and diethylene triamine present in said
      coagulant bath at a concentration up to 0.05N.
NUM  37.
PAR  37. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 7, wherein the crosslinking agent
      is a mixture of ethylene diamine and diethylene triamine present in said
      coagulant bath at a concentration up to 0.05 N.
NUM  38.
PAR  38. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 8, wherein the crosslinking agent
      is a mixture of ethylene diamine and diethylene triamine present in said
      coagulant bath at a concentration up to 0.05 N.
NUM  39.
PAR  39. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 11, wherein the crosslinking
      agent is a mixture of ethylene diamine and diethylene triamine present in
      said coagulant bath at a concentration up to 0.05 N.
NUM  40.
PAR  40. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 12, wherein the crosslinking
      agent is a mixture of ethylene diamine and diethylene triamine present in
      said coagulant bath at a concentration up to 0.05N.
NUM  41.
PAR  41. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said poly(alkyleneoxy)
      polyol is poly(ethyleneoxy) diol, said organic diisocyanate is tolylene
      diisocyanate, and said crosslinker is a mixture of ethylene diamine and
      diethylene triamine present in said coagulant bath at a concentration up
      to 0.05 N.
NUM  42.
PAR  42. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said poly(alkyleneoxy)
      polyol is poly(ethyleneoxy) diol, said organic diisocyanate is methylene
      bis(4-phenylisocyanate), and said crosslinker is a mixture of ethylene
      diamine and diethylene triamine present in said coagulant bath at a
      concentration up to 0.05 N.
NUM  43.
PAR  43. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said poly(alkyleneoxy)
      polyol is a mixture of poly(ethyleneoxy) diol and poly(ethyleneoxy) triol,
      said organic diisocyanate is tolylene diisocyanate, and said crosslinker
      is water present in said coagulant bath at a concentration up to 0.05 N.
NUM  44.
PAR  44. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said poly(alkyleneoxy)
      polyol is a mixture of poly(ethyleneoxy) diol and poly(ethylenoxy) triol,
      said organic diisocyanate is methylenebis(4-phenylisocyanate), and said
      crosslinker is water present in said coagulant bath at a concentration up
      to 0.05 N.
NUM  45.
PAR  45. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said poly(alkyleneoxy)
      polyol is a mixture of poly(ethyleneoxy) diol and poly(ethyleneoxy) triol,
      said organic diisocyanate is tolylene diisocyanate, and said crosslinker
      is ethylene diamine present in said coagulant bath at a concentration up
      to 0.05 N.
NUM  46.
PAR  46. The method for producing water swellable, lightly crosslinked, hydrogel
      polymer tape or film as claimed in claim 2, wherein said poly(alkyleneoxy)
      polyol is a mixture of poly(ethyleneoxy) diol and poly(ethyleneoxy) triol,
      said organic diisocyanate is methylene bis(4-phenylisocyanate), and said
      crosslinker is ethylene diamine present in said coagulant bath at a
      concentration up to 0.05 N.
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PAL  A novel unitary spun polyester composite filament is provided. The
      composite filament consists essentially of (a) a block copolymer, as the
      first component, having a melting point of not lower than 170.degree.C and
      consisting essentially of 35-80 wt. % of a polyester, as the hard segment,
      predominantly containing a tetramethylene terephthalate unit and 20-65 wt.
      % of a long-chain glycol having a molecular weight of 500 to 5,000 as the
      soft segment, and (b) a polyester, as the second component, predominantly
      containing a tetramethylene terephthalate unit. The composite filament
      produces crimps superior particularly in percent of crimp and percent of
      crimp retentivity when drawn and relaxed.
BSUM
PAR  This invention relates to a unitary spun polyester composite filament
      excellent in crimp characteristics and dyeing properties. More
      particularly, it relates to a unitary spun composite filament containing
      polytetramethylene terephthalate as one component, which have an enhanced
      soft feel and are superior in elastic properties and dyeing properties, as
      compared to conventional crimped polyester filaments. It further relates
      to a process for producing such a unitary spun composite filament.
PAR  Crimped filaments consisting of two or more polymer components different in
      shrinkage and eccentrically disposed in the cross-section are known in the
      art. Even in the limited field of polyester composite filaments, various
      combinations of polymer components and various processes for their
      production have been hitherto proposed. However, these composite polyester
      filaments do not have satisfactory crimp characteristics. That is, they
      have a poor crimp-developing force, and the crimps are poor in fastness.
PAR  In order to improve crimp characteristics, it has been proposed to employ
      an elastomer such as polyurethane and N-substituted polyamide as one
      component of a composite filament as disclosed in Japanese Patent No.
      9852/1972, British Pat. No. 1,095,147 and Belgian Pat. No. 741,367. The
      other component of such a composite filament is a polyamide filament. It
      is difficult, however, to employ an elastomer as one component of a
      polyester composite filament for the following reasons. First, an
      elastomer such as polyurethane and N-substituted polyamide is poor in
      adhesion to a polyester component. Secondly, since such elastomer
      components tends to stick to each other at an elevated temperature, both
      melt-spinning and drawing of the composite filaments cannot be performed
      without trouble. Particularly, the polyurethane elastomer is inferior in
      thermal stability, and is usually subject to intense degradation in a
      molten state at temperatures exceeding 220.degree.C.
PAR  It is an object of the present invention to provide a unitary spun
      polyester filament having greatly improved crimp characteristics and
      elastic recovery as compared to known polyester composite filaments.
PAR  It is another object of the present invention to provide a unitary spun
      polyester composite filament which has a soft feel and which is superior
      in dyeing properties and abrasion resistance to known polyester composite
      filaments.
PAR  Other objects and advantages of the present invention will be apparent from
      the following description.
PAR  In accordance with the present invention, there is provided a unitary spun
      composite filament consisting essentially of (a) a block copolymer, as the
      first component, having a melting point of not lower than 170.degree.C and
      consisting essentially of 35 to 80% by weight of a polyester containing
      not less than 80% by mole of a tetramethylene terephthalate unit as the
      hard segment and 20 to 65% by weight of a long-chain glycol having a
      molecular weight of 500 to 5,000 as the soft segment, and (b) a polyester,
      as the second component, containing not less than 80 % by mole of a
      tetramethylene terephthalate unit.
PAR  One feature of the invention is the employment of the block copolymer of
      (a) above as the first component of the composite filament. It has
      hitherto been difficult to spin block copolyesters into filaments by a
      melt spinning procedure without trouble because most block copolymesters
      have a poor thermal resistance and tend to stick to each other at the
      spinning temperature. The tendency of sticking to each other is a serious
      problem because this tendency prevents a stable spinning and wind-up
      operation and the withdrawal of filaments from the bobbin. In order to
      produce filaments therefrom without trouble, it is necessary to either
      employ a special process or apparatus, or accept a reduction in
      productivity.
PAR  It has now been found that a block copolyester, which contains 35 to 80% by
      weight, preferably 45 to 80% by weight, of a polyester block component
      predominantly composed of a tetramethylene terephthalate unit and has a
      melting point of not lower than 170.degree.C, preferably not lower than
      190.degree.C, does not have such undesirable tendency. It is speculated
      that the above fact is due to the high crystallinity of the
      polytetramethylene terephthalate block component. This is substantiated by
      the fact that the more the proportion of the tetramethylene terephthalate
      unit in a copolyester increases, the more the crystallinity of the
      copolyester increases. The term "melting point" as used in this
      specification means that point expressed by a temperature at which the
      heat absorption reaches maximum when determined by using a DSC-1 type
      Differential Scanning Calorimeter (made by Perkin Elmer) at a temperature
      elevation rate of 10.degree.C/min in an atmosphere of nitrogen.
PAR  When the block copolymer having a melting point of not lower than
      170.degree.C and containing 35 to 80% by weight of a polyester
      predominantly containing a tetramethylene terephthalate unit as the hard
      segment is employed as one component of a composite filament, all the
      process steps from spinning and wind-up to drawing and heat treatment can
      be smoothly performed. This advantage leads to an increase of the
      productivity and an improvement of the crimp characteristics and the
      dyeing properties.
PAR  As hereinbefore referred to, when a conventional block copolymer containing
      polyethylene terephthalate as the hard segment is employed as one
      component of a composite filament, it is difficult to withdraw undrawn
      filaments at a high speed from the bobbin because of their high
      stickiness. This leads to fluffing of the filaments and, sometimes,
      breakage of the filaments, and reduction of the spinning and wind-up
      speed.
PAR  When the block copolymer used as one component of the composite filament of
      the invention contains the polyester component predominantly containing a
      tetramethylene terephthalate unit, in a proportion of more than 80% by
      weight, the resulting crimped composite filament has poor crimp
      characteristics which are approximately equal to those of conventional
      composite filaments containing polyethylene terephthalate as one
      component, although the spinning and drawing can be performed without
      trouble. It is to be noted that the block copolymer used as one component
      of the composite filament of the invention is of little or no practical
      use when the copolymer is intended to be used as a raw material for a
      single component filament. That is, melt-spun, undrawn filaments of the
      copolymer are far inferior in elastic recovery to conventional elastomer
      filaments such as polyurethane filaments because the copolymer has a high
      crystallinity. For example, an elastic recovery of the filament is only 40
      to 70% at an elongation exceeding 100%. This seems to be due to the fact
      that the single component filament, in an undrawn state, has a crystal
      structure such that the soft segment, which is conductive to the elastic
      properties, is enveloped in the hard, crystalline matrix. However, when
      the undrawn filament is drawn, the filament becomes good in elastic
      recovery, because a rubber-like microcrystalline structure is formed, i.e.
      the released soft segment behaves like rubber in a structure such that the
      crystalline portion consisting of the polytetramethylene terephthalate
      hard segment is a false cross-linked point.
PAR  Therefore, a drawn composite filament containing, as one component, the
      polymer predominantly containing a tetramethylene terephthalate unit
      exhibits improved crimp characteristics. When the drawn filament is
      subjected to heat treatment, the filament exhibits for improved elastic
      recovery and crimp retentivity.
PAR  The block copolymer, which is used as one component of the composite
      filament of the invention, should contain 20 to 65% by weight of a
      long-chain glycol having a molecular weight of 500 to 5,000 as the soft
      segment. When the long-chain glycol has a molecular weight of lower than
      500, the resulting filament has a high stickiness and exhibits poor
      operational stability in the spinning and drawing steps. Further, since
      the block copolymer has a reduced elastic recovery, the resulting
      composite filament is inferior in crimp characteristics. In contrast, when
      the long-chain glycol has a molecular weight of higher than 5,000, it
      becomes difficult to obtain a block copolymer having a high molecular
      weight. This seems to be because the long-chain glycol of an excessively
      high molecular weight has reduced compatibility with the
      polytetramethylene terephthalate component. The long-chain glycol of an
      excessively high molecular weight results in a block copolymer having poor
      elastic and mechanical properties and hence, a composite filament having
      poor operational stability in the spinning and drawing steps and poor
      crimp characteristics.
PAR  As the long-chain glycol having a molecular weight of 500 to 5,000,
      polyalkyleneether glycols such as polyethylene-ether glycol,
      polypropyleneether glycol, polytetramethylene-ether glycol and a random or
      block copolymer of ethylene oxide and propylene oxide may be used. Also,
      polybutadiene glycol, polyisoprene glycol and their hydrogenated products
      may be used.
PAR  The block copolymer should have an intrinsic viscosity [.eta.] of at least
      1.3 in order to produce a crimped composite filament of the desired
      mechanical properties. By the intrinsic viscosity used herein is meant
      that determined as a solution in a 1 : 1 mixture of tetrachloroethane and
      phenol at a temperature of 25.degree.C. The intrinsic viscosity of the
      block copolymer has a close relation to the melt viscosity, and influences
      the occurrence of undesirable kneeling at the time of melt extrusion and
      the uniformity in a bonded state of two components. Therefore, the
      intrinsic viscosity should be suitably chosen.
PAR  The hard segment of the block copolymer predominantly contains the
      tetramethylene terephthalate unit as hereinbefore referred to. However,
      the hard segment may contain a minor amount of up to 20% by mole of other
      components. For example, in order to give oxidation resistance and light
      resistance to the block copolymer, a phenol compound represented by the
      following formula (I) or a triazine compound represented by the following
      formula (II) may be incorporated as the minor component.
      ##SPC1##
PAL  wherein R signifies a hydrogen atom, an alkyl group having 1 to 8 carbon
      atoms or a phenyl group and OH group is attached to O- or m-position to
      COOR group.)
      ##SPC2##
PAL  (wherein R.sub.1 signifies an alkyl group having 1 to 7 carbon atoms or a
      phenyl group, and R.sub.2 signifies an alkylamino or dialkylamino group,
      the alkyl moiety having 1 to 12 carbon atoms.) The phenol compound of the
      formula (I) includes, for example, 5-hydroxyisophthalic acid,
      2-hydroxyisophthalic acid, 4-hydroxyisophthalic acid, dimethyl
      5-hydroxyisophthalate, dimethyl 2-hydroxyisophthalate, dimethyl
      4-hydroxyisophthalate, diethyl 5-hydroxyisophthalate, diethyl
      2-hydroxyisophthalate, diethyl 4-hydroxyisophthalate, diphenyl
      2-hydroxyisophthalate and diphenyl 4-hydroxyisophthalate. The triazine
      compound of the formula (II) includes, for example,
      2,6-dimethoxy-4-dimethylamino-S-triazine,
      2,6-dimethoxy-4-diethylamino-S-triazine,
      2,6-dimethoxy-4-n-propylamino-S-triazine,
      2,6-dimethoxy-4-n-butylamino-S-triazine,
      2,6-dimethoxy-4-di-n-butylamino-S-triazine,
      2,6-dimethoxy-4-n-laurylamino-S-triazine,
      2,6-diphenoxy-4-diethylamino-S-triazine,
      2,6-diphenoxy-4-n-propylamino-S-triazine,
      2,6-diphenoxy-4-n-butylamino-S-triazine,
      2,6-diphenoxy-4-n-butylamino-S-triazine and
      2,6-diphenoxy-4-n-laurylamino-S-triazine.
PAR  If desired, when the block copolymer is prepared, a suitable amount, e.g.
      0.01 to 7% by weight, of antioxidant or light-stabilizer may be
      incorporated such as sym.-di-.beta.-naphthyl-p-phenylene diamine and other
      aromatic amine compounds; or a metal-containing compound represented by
      the following formula (III)
      ##EQU1##
      wherein R.sub.3 and R.sub.4 are the same or different and signify a
      hydrogen atom or a hydrocarbon radical having 1 to 10 carbon atoms;
      R.sub.5 signifies a hydrocarbon radical having 1 to 10 carbon atoms and M
      signifies nickel or manganese. The metal-containing compound of the
      formula (III) includes, for example,
      ##EQU2##
PAR  Another feature of the invention is the employment of a polyester
      containing not less than 80% by mole of a tetramethylene terephthalate
      unit, as the second component of the composite filament. this polyester
      component exhibits a good adhesion to the first component, i.e. the block
      copolymer component hereinbefore mentioned, because the block copolymer
      contains at least 35% by weight of a polyester predominantly containing a
      tetramethylene terephthalate unit. The polyester component predominantly
      containing a tetramethylene terephthalate unit, when melt-spun singly,
      results in undrawn filaments which are capable of being cold-drawn and
      exhibit good molecular orientation and crystallization. These
      characteristics of the polyester component contribute to enhancement of
      the crimp developing faculty of the resulting composite filament. Further,
      the undrawn filaments of the above polyester component are characterized
      as being superior in elastic recovery. This characteristic and the similar
      characteristic of the block copolymer component hereinbefore referred to
      are correlative to improve the crimp characteristics of the composite
      filament.
PAR  When a composite filament is produced from the above polyester component
      and the block copolymer component, the two components can be melt-spun at
      a temperature close to their melting points, usually at a temperature of
      230.degree. to 270.degree.C. As a consequence, undrawn filaments are
      obtained without the deterioration of polymers and, therefore, uneven
      dyeing and crimping can be avoided or minimized. The polyester component
      should contain at least 80% by mole, preferably almost 100% by mole, of a
      tetramethylene terephthalate unit. However, the polyester component may
      contain a minor amount of other monomer unit unless the cristallinity and
      the filament characteristics are badly influenced.
PAR  The monomer used in a minor amount includes, for example, terephthalates of
      an alcohol such as ethylene glycol, trimethylene glycol, 1,4-cyclohexane
      dimethanol, glycerin and pentaerythritol; and isophthalates, 1,4- or
      1,5-naphthalates, adipates or sebacates of an alcohol such as ethylene
      glycol, trimethylene glycol, tetramethylene glycol, 1,4-cyclohexane
      dimethanol, glycerin and pentaerythritol. Of these monomers, esters of
      tri- or tetrafunctional alcohols such as glycerin and pentaerythritol
      result in a composite filament having a more improved elastic recovery;
      and adipates and esters of 1,4-cyclohexane dimethanol result in polymers
      of a suitable melt viscosity which advantageously prevents occurrence of
      kneeling at melt-spinning. Further, the monomer includes dicarboxylates,
      such as terephthalates, isophthalates and 1,4- or
      1,5-naphthalenedicarboxylates, of polyalkyleneether glycols such as
      polyethyleneether glycol, polypropyleneether glycol,
      polytetramethyleneether glycol and a copolymer of ethylene oxide with
      propylene oxide, and polybutadiene glycol, polyisoprene glycol and their
      hydrogenated products.
PAR  When the polyester component contains less than 80% by mole of a
      tetramethylene terephthalate unit, i.e. more than 20% by mole of the above
      monomers, the polyester possesses reduced crystallinity and melting point
      and the resulting composite filaments become poor in thermal resistance
      and dimensional stability.
PAR  The polyester component further should have an intrinsic viscosity [.eta.]
      of at least 0.6. An intrinsic viscosity [.eta.] of lower than 0.6 leads to
      the fluffing and breakage of filaments, and the reduction of the
      mechanical properties of filaments.
PAR  A process for producing the composite filaments will now be described.
PAR  The block copolymer composed of the hard segment and the soft segment may
      be prepared, for example, in a manner similar to that disclosed in the
      Journal of the Society of Fiber Science and Technology, Japan, Vol. 27,
      153-161 (1971). For example, a mixture of stated amounts of dimethyl
      terephthalate, 1,4-butanediol and a long-chain glycol are heated at a
      temperature of 150.degree. to 220.degree.C in the presence of a titanium
      compound catalyst to effect ester-interchange. Then, the reaction mixture
      is heated at a temperature of 230.degree. to 260.degree.C under a reduced
      pressure of lower than 5 mmHg to effect polycondensation. The entire
      amount of the long-chain glycol used herein may be considerered as
      converted into the block copolymer. Therefore, the ratio by weight of the
      soft segment to the hard segment contained in the block copolymer may be
      easily calculated from the amount of the long-chain glycol used.
PAR  The two polymer components, i.e. the block copolymer of (a) and the
      polyester of (b) are separately molten and extruded through orifices and
      joined together at a temperature of 230.degree. to 270.degree.C. The block
      copolymer component generally degrades to a considerable extent at
      temperatures exceeding 270.degree.C. Therefore, the upper limit of the
      spinning temperature is 270.degree.C. The extrusion of the two components
      may be performed in side-by-side relationship or in an eccentrically
      disposed sheath-core arrangement. The proportion of the block copolymer of
      (a) to the polyester of (b) may be suitably varied, depending upon the
      particular block copolymer of (a) and the intended crimp characteristics,
      and usually falls within the range of 15/85 to 85/15 by weight. For
      optimum results, the ratio is generally approximately 50 : 50 by weight.
PAR  Undrawn filaments so obtained are not sticky, and therefore can be
      withdrawn at a high speed from the bobbin. It is said that side-by-side
      relationship is usually advantageous over an eccentrically disposed
      sheath-core arrangement in view of the crimp characteristics and the
      evenness of crimps. However, this only true if both components of the
      composite filaments exhibit no undesirable stickiness, because, if one
      component of the composite filaments in the side-by-side relationship is
      sticky, the filaments cannot be withdrawn at a high speed. Thus,
      side-by-side relationship is usually preferred in the production of the
      composite filament of the present invention because the filaments are not
      sticky.
PAR  However, when staple fibers suitable for an elastic spun yarn and fillings
      for bedding and cushions are desired, an eccentrically disposed
      sheath-core arrangement is adopted so as to control the level of crimps
      and impart a variety of properties. In this case, it is possible to
      provide a composite filament of desired properties.
PAR  The block copolymer component of (a) and the polyester component of (b)
      preferably have intrinsic viscosities of at least 1.3 and at least 0.6,
      respectively, in order to obtain the desired mechanical properties and
      crimp characteristics, as mentioned hereinbefore. However, in order to
      achieve a completely stable spinning operation, it is most preferable that
      the difference ([.eta.].sub.1 - [.eta.].sub.2) in intrinsic viscosity
      between the block copolymer component of (a) and the polyester component
      of (b) satisfy the following relation,
EQU  -0.1 .ltoreq.[.eta.].sub.1 - [.eta.].sub.2 .ltoreq. 1.0
PAL  wherein .eta..sub.1 is the intrinsic viscosity of the block copolymer
      component of (a) and [.eta.].sub.2 is that of the polyester component of
      (b). When the difference ([ .eta.].sub.1 - [.eta.].sub.2) does not satisfy
      the above relation, the composite filament tends to kneel and, sometimes,
      adhere to the surface of a spinning nozzle, leading to the breakage of the
      filament.
PAR  Undrawn filaments may be drawn at a speed nearly equal to that employed in
      the drawing of conventional polyester filaments. In order to far enhance
      the crimp developing faculty, it is preferable to draw the filaments at
      room temperature without employment of any heating means. The drawing may
      be performed either in a one step process or a two or more step process.
      The one step drawing process is usually performed by drawing the filament
      not less than 0.75 times the maximum draw ratio. For optimum results, the
      drawing is performed in two steps, for example, the filament is drawn, in
      the first step, 0.7 to 0.75 times its maximum draw ratio and then in the
      second step, 1.05 to 1.35 times its length as drawn in the first step. By
      the term "maximum draw ratio" is meant a maximum ratio at which the
      filament can be drawn without breakage at the drawing conditions employed.
      The maximum draw ratio varies depending upon the conditions under which
      undrawn filaments are produced, such as spinning temperature, spinning
      velocity and polymerization degree of the polymers employed, and the
      conditions under which the filaments are drawn, such as drawning
      temperature, drawing velocity and the type of drawing employed. It now has
      been found that, when the filaments are drawn by a two step process an
      optimum draw ratio in the first drawing step is 0.7 to 0.75 times the
      maximum draw ratio irrespective of the above spinning and drawing
      conditions. The undrawn filament may be drawn at an elevated temperature
      or subjected to heat treatment under tension by using a hot plate, for the
      purpose of controlling the dimensional stability of the crimped filament
      at an elevated temperature and the percentage crimp thereof.
PAR  Drawn filaments may be woven or knitted into fabric after they are wound up
      on a pirn or a cheese. Drawn filaments may be subjected to heat treatment
      under a relaxed condition prior to weaving or knitting, for the purpose of
      enhancing the crimp fastness and the bulkiness. From the point of view of
      productivity this heat treatment is preferably carried out successively
      after the drawing. It is most preferable to use an ejector to feed a
      bundle of drawn filaments in a relaxed state into a heated box where the
      filaments are subjected to heat-set under a relaxed condition. In order to
      realize the relaxed condition, the filaments are fed into the heated box
      at an over-feed rate of 15 to 70%, preferably 20 to 50%. The over-feed
      rate may be calculated from the following equation.
EQU  Over-feed rate = (V.sub.f - V.sub.D)/V.sub.f
PAL  wherein V.sub.f is a feeding velocity of the filament and V.sub.D is a
      withdrawal velocity of the filament. Since the composite filaments of the
      invention are readily separated when the bundle is loosened, uniform and
      bulky crimped composite filaments can be stably produced at a high
      velocity.
PAR  The crimped composite filaments have a softer feel, and are superior in
      crimp retainability and dyeing properties, as compared to conventional
      polyester composite filaments. Particularly, the crimped composite
      filaments of the invention can be advantageously dyed at atmospheric
      pressure at a temperature of 100.degree.C without employment of any
      carrier. This forms a marked contrast to the conventional crimped
      polyester filaments which cannot by dyed without employment of a special
      costly dyeing procedure such as high pressure dyeing and carrier dyeing.
PAR  The crimped composite filaments of the invention may be woven or knitted
      into fabric or cut into staple fibers. The staple fibers are useful as
      fillings for bedding and cushions because they are soft and bulky and
      excellent in crimp retentivity.
PAR  Further, the crimped composite filaments of the invention are superior in
      abrasion resistance. This would not be expected from the conventional
      polyester filaments. This advantage seems to be due to the structure of
      polytetramethylene terephthalate, and shows that the crimped composite
      filaments of the invention are useful in manufacturing as socks and
      stockings because they have a soft feel and a high percentage crimp, in
      addition to their abrasion resistance.
DETD
PAR  The following examples are given to illustrate the invention and are not to
      be considered as limiting in any sense.
PAR  In the Examples, the percentage crimp and percentage crimp retentivity are
      determined as follows.
PAR  Percentage crimp: The specimen filament is wound five times to prepare a
      skein. The length (l) of the skein is measured when a load of 2 mg/d is
      applied to the skein, and the length (m) is measured when a load of 200
      mg/d is applied. The percentage crimp is calculated from the following
      equation:
EQU  Percentage crimp = m - l/m .times. 100 (%)
PAL  Percentage crimp retentivity: An initial percentage crimp (CP.sub.o) is
      determined as mentioned above. Then, a load of 200 mg/d is applied to the
      skein over a period of 24 hours and, thereafter a percenrage crimp
      (CP.sub.24) is similarly determined. The percentage crimp retentivity is
      expressed by the following equation:
PAR  Percentage crimp retentivity = CP.sub.24 /CP.sub.o .times. 100 (%)
PAC  EXAMPLE 1
PAR  A mixture of 5.00 kg of dimethyl terephthalate, 3.70 kg of 1,4-butanediol
      and 5.00 kg of polytetramethyleneether glycol having a molecular weight of
      approximately 1,000 was heated, in the presence of 5 g of titanium
      tetrabutoxide, and maintained at a temperature of from 150.degree. to
      210.degree.C for two hours to effect an ester interchange reaction. Then,
      the reaction product was heated to a temperature of 240.degree.C under a
      gradually reduced pressure and finally maintained at the temperature under
      a reduced pressure of 1 mmHg for two hours to effect polycondensation.
PAR  The resultant block copolymer was composed of 53% by weight of
      polytetramethylene terephthalate component as a hard segment and 47% by
      weight of polytetramethyleneether glycol component as a soft segment, and
      had an intrinsic viscosity [.eta.] of 1.78 and a melting point of
      202.degree.C.
PAR  This block copolymer and polytetramethylene terephthalate having an
      intrinsic viscosity [.eta.] of 0.9 were spun by a melt spinning procedure
      at a ratio of 1 : 1 by weight and a temperature of 243.degree.C into
      side-by-side composite filaments having a fineness of 163 denier/24 fils.
      The undrawn composite filaments could be smoothly withdrawn from the
      bobbin without adhesion between the filaments. The undrawn filaments were
      drawn 3.25 times their original length at room temperature by using a
      porcelain pin of a 10 mm diameter but not using any heating means, and
      wound on a pirns. The operation of drawing and winding could be smoothly
      performed without such trouble as fluffing of the filaments or undesirable
      winding of the filaments on a roller. When the drawn filaments were
      unwound from the pirn, very fine, helical crimps developed. The crimped
      filaments had a percentage crimp of 62% and a percentage crimp retentivity
      of 67%. This percentage crimp retentivity is higher than that of a crimped
      polyamide filament which is said to be superior in crimp retentivity to
      other conventional crimped filaments.
PAR  The crimped filaments, after being knitted into hosiery, were dyed at a
      temperature of 100.degree.C at atmospheric pressure without employment of
      any carrier by using Resolin blue FBL (CI Generic name; CI Disperse Blue
      56) at a concentration of 4% owf. The dyed hosiery exhibited no uneven
      dyeing and had a uniform texture and soft feel. The dye receptivity was
      approximately three times that observed when a commercially available
      polyethylene terephthalate textured filament was dyed.
PAC  Examples 2 - 7 and Comparative Examples 1 - 4
PAR  From the same polytetramethylene terephthalate as that used in Example 1
      and various block copolymers denoted (A) through (H) in Table I below
      crimped side-by-side composite filaments were produced in the same manner
      as those of Example 1. Spinnability, drawability and crimp characteristics
      of the filaments are shown in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
            Block copolymer                                                    
                     Intrinsic     Crimp                                       
            Ratio of hard                                                      
                     viscosity     characteristics                             
            segment/soft                                                       
                     [.eta.]and                                                
                            Spinnability                                       
            segment  melting                                                   
                            and          % Crimp                               
            (by weight                                                         
                     point (m.p.)                                              
                            drawability                                        
                                   % Crimp                                     
                                         retentivity                           
                                                Remarks                        
     __________________________________________________________________________
                            Poor in                                            
     Comparative            drawability;                                       
     Example 1                                                                 
            PET 45/(A) 55                                                      
                     [.eta.] 1.65                                              
                            increased           Difficult to                   
                     m.p. 223 .degree.C                                        
                            adhesions                                          
                                   --    --     obtain crimped                 
                            between             filaments                      
                            filaments                                          
                            on drawing                                         
                            Poor in             Hosiery had poor               
     Example 2                                                                 
            PTMT 85/(A) 15                                                     
                     [.eta.] 1.55                                              
                            operational         elastic property               
                     m.p. 215.degree.C                                         
                            stability                                          
                                   38    25     and bulkiness                  
                            in drawing                                         
                            Very sticky         Inferior in level              
                            and poor in         dyeing property,               
     Example 3                                                                 
            PTMT 30/(A) 70                                                     
                     [.eta.] 1.89                                              
                            operational                                        
                                   30    18     tensile strength               
                            stability           and uniformity                 
                            in drawing          of crimps                      
                                                Hosiery was thin               
     Example 4                                                                 
            PTMT 50/(D) 50                                                     
                     [.eta.] 1.45                                              
                            "      35    27     and poor in                    
                                                elastic property               
                     [.eta.] 1.88                                              
                            not sticky                                         
                                   67    65     Hosiery had good               
     Example 2                                                                 
            PTMT 52/(E) 48                                                     
                     m.p. 205.degree.C                                         
                            and good            elastic property               
                            drawability                                        
     Example 3                                                                 
            PTMT 50/(F) 50                                                     
                     [.eta.] 1.63                                              
                            "      60    63     " -          m.p.              
                                                            194.degree.C       
                                                Composite filaments            
                                                as spun were slightly          
     Example 4                                                                 
            M-PTMT 52/                                                         
                     [.eta.] 1.68                                              
                            "57    60    yellowish, but dyed                   
            (G) 48   m.p. 190.degree.C          hosiery was bright and         
                                                good in elastic                
                                                            property           
     Example 5                                                                 
            PTMT 50/(H) 50                                                     
                     [.eta.] 1.65                                              
                            "      50    45     Superior in both crimp         
                     m.p. 195.degree.C          characteristic and             
                                                dyeing property                
     Example 6                                                                 
            PTMT 60/(I) 40                                                     
                     [.eta.] 1.72                                              
                            "      50    47      "                             
                     m.p. 202.degree.C                                         
     Example 7                                                                 
            PTMT 60/(J) 40                                                     
                     [.eta.] 1.83                                              
                            "      53    51     "                              
                     m.p. 200.degree.C                                         
     __________________________________________________________________________
     Note:                                                                     
     PET   Polyethylene terephthalate                                          
     PTMT  Polytetramethylene terephthalate                                    
     M-PTMT:                                                                   
           Polytetramethylene terephthalate containing                         
           5% by mole of a diethylamino-S-triazine unit                        
     (A):  Polytetramethyleneether glycol having a                             
           molecular weight of approximately 1,000                             
     (D):  Polytetramethyleneether glycol having a                             
           molecular weight of approximately 380                               
     (E):  Hydrogenated polybutadiene glycol having a                          
           molecular weight of approximately 1,000                             
     (F):  Poly(ethylene-propylene)ether glycol having                         
           a molecular weight of approximately 2,000                           
           (copolymer of 40% by mole of ethylene oxide - and 60% by mole of    
           propylene oxide)                                                    
     (G):  Polytetramethyleneether glycol having a                             
           molecular weight of approximately 1,000                             
     (H):  Polytetramethyleneether glycol having a                             
           molecular weight of approximately 4,000                             
     (I):  Polyethyleneether glycol having a molecular                         
           weight of approximately 1,500                                       
     (J):  Polypropylene glycol having a molecular                             
           weight of approximately 1,500                                       
PAC  EXAMPLE 8
PAR  Polytetramethylene terephthalate containing 10% by mole of a tetramethylene
      isophthalate unit and having an intrinsic viscosity [.eta.] of 1.0 and the
      same block copolymer as that used in Example 1 were spun by a melt
      spinning procedure at a ratio of 1 : 1 by weight into side-by-side
      composite filaments having a fineness of 245 denier/24 fils. The undrawn
      composite filaments were drawn 3.50 times their original length at room
      temperature, by using a porcelain pin of a 10 mm diameter, and wound up on
      a pirn. Withdrawal of the undrawn filaments from the bobbin and the
      operation of drawing and winding could be smoothly performed without such
      troubles as fluffing of the filaments or the undesirable winding of the
      filaments on a roller. The crimped filaments which were obtained by
      unwinding the drawn filaments from the pirn had a percentage crimp of 58%
      and a percentage crimp retentivity of 63% and were excellent in
      stretchability and bulkiness.
PAR  The crimped filaments, after being knitted into hosiery, were dyed in the
      same manner as those in Example 1. The resultant hosiery had a soft feel
      and was excellent in elastic properties. The dye receptivity was
      approximately 3.5 times that observed when a commercially available
      polyethylene terephthalate textured filament was dyed.
PAC  EXAMPLE 9
PAR  The undrawn composite filaments obtained in the same manner as those in
      Example 1 were drawn 3.25 times their original length by using a chromium
      plated pin of a 32 mm diameter and heated at a temperture of 60.degree.C.
      The drawing could be smoothly performed. The drawing filaments were
      continuously fed at an overfeed rate of 45% through an ejector into a box
      heated to a temperature of 150.degree.C to effect the heat-setting and the
      development of crimps. The crimped filaments had very fine, uniform
      crimps. The percentage crimp and the percentage crimp retentivity were 55%
      and 70%, respectively.
PAC  EXAMPLE 10
PAR  The polycondensation of Example 1 was repeated wherein the ratio of
      dimethyl terephthalate : 1,4-butanediol : polytetramethyleneether glycol
      was varied to 100 : 74 : 76, to prepare a block copolymer consisting of
      60% by weight of polytetramethylene terephthalate component and 40% by
      weight of polytetramethyleneether glycol component and having an intrinsic
      viscosity [.eta.] of 1.63.
PAR  This block copolymer having 1% by weight, based on the copolymer, of a
      nickel compound of the formula:
      ##EQU3##
      incorporated therein, as a first component, and polytetramethylene
      terephthalate having an intrinsic viscosity of 0.95, as a second
      component, the weight ratio of the first and second components being 1 :
      1, were spun at a temperature of 250.degree.C, into side-by-side composite
      filaments having a fineness of 160 denier/5 fils. The filaments were then
      drawn 3.56 times their original length by means of a chromium plated pin
      having a diameter of 30 mm, maintained at a temperature of 60.degree.C,
      and wound up on a pirn. The product had a percentage crimp of 59% and a
      percentage crimp retentivity of 61%. Light resistance of the product was
      tested. In the test, a filament specimen fixed on a paper frame at a
      relaxation of 3% was exposed to a carbon arc for 50 hours at a temperature
      of 65.degree.C in a Fade Ometer (supplied by Toyo Rika Kogyo Co., Ltd.).
      Tenacities of the sample before (S.sub.o) and after (S) the exposure were
      determined, and a percent of tenacity retentivity was calculated in
      accordance with the following equation:
PAR  % tenacity retentivity = (S/S.sub.o) .times. 100
PAL  The product of this Example had a percent tenacity retentivity of 75%,
      whereas a comparable sample containing no stabilizer that of 50%.
PAC  EXAMPLE 11
PAR  The polymerization of Example 1 was repeated except that the ratio of
      dimethyl terephthalate : 1,4-butanediol : polytetramethyleneether glycol
      was varied to 100 : 74 : 20. A block copolymer was obtained consisting of
      85% by weight of polytetramethylene terephthalate and 15% by weight of
      polytetramethyleneether glycol and having an intrinsic viscosity [.eta.]
      of 1.23.
PAR  This block copolymer and a block copolymer prepared in a manner as
      described in Example 10, the weight ratio of these block copolymers being
      1 : 1, were spun at a temperature of 250.degree.C into side-by-side
      composite filaments of 160 denier/5 fils. The filaments were then drawn at
      an ambient temperature 3.7 times their original length by means of a
      ceramic pin, and wound up on a pirn. The drawn product had a percentage
      crimp of 72% and a percentage crimp retentivity of 67%.
PAR  A hosiery knitted from the product of this Example was highly stretchable
      and had a soft feel.
PAC  EXAMPLE 12
PAR  The procedure of Example 10 was repeated except that the spun composite
      filaments were drawn by means of a ceramic pin of 10 mm in diameter in two
      stages, at draw ratios of 3.1 and 1.15 in the first and second drawing
      stages. During the drawing in both stages, no fluffing or breakage of
      filaments was observed and the drawn filaments could be stably wound up on
      a pirn. The product had a percentage crimp of 65% and a percentage crimp
      retentivity of 67%.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A unitary spun composite filament consisting essentially of (a) a block
      copolymer, as the first component, having a melting point of not lower
      than 170.degree.C and consisting essentially of 35 to 80% by weight of a
      polyester, as the hard segment, containing not less than 80% by mole of a
      tetramethylene terephthalate unit and 20 to 65% by weight of units derived
      from polytetramethyleneether glycol having a molecular weight of 500 to
      5000 and (b) a polyester, as the second component, containing not less
      than 80% by mole of a tetramethylene terephthalate unit, said components
      (a) and (b) being present in the filament in a side-by-side relationship
      and bonded together.
NUM  2.
PAR  2. A unitary spun composite filament according to claim 1, wherein said
      polyester as the hard segment consists essentially of not less than 80% by
      mole of a tetramethylene terephthalate unit and not more than 20% by mole
      of a condensate unit of terephthalic acid with at least one alcohol
      selected from ethylene glycol, trimethylene glycol,
      1,4-cyclohexane-dimethanol, glycerin and pentaerythritol.
NUM  3.
PAR  3. A unitary spun composite filament according to claim  1, wherein said
      polyester as the hard segment consists essentially of not less than 80% by
      mole of a tetramethylene terephthalate unit and not more than 20% by mole
      of a condensate unit between at least one alcohol selected from ethylene
      glycol, trimethylene glycol, tetramethylene glycol,
      1,4-cyclohexanedimethanol, glycerin and pentaerythritol and at least one
      dicarboxylic acid selected from isophthalic acid, 1,4- or 1,5-naphthalene
      dicarboxylic acid, adipic acid and sebacic acid.
NUM  4.
PAR  4. A unitary spun composite filament according to claim 1, wherein said
      block copolymer as the first component contains 0.05 - 15% by weight,
      based on the copolymer, of copolymerized unit derived from at least one
      compound selected from the compounds of the formula:
      ##SPC3##
PAL  wherein R is a member selected from hydrogen atom, alkyl group having 1
      through 8 carbon atoms and phenyl group, and OH group is attached to o- or
      m-position to COOR group; and the compounds of the formula:
      ##SPC4##
PAL  wherein R.sub.1 is a member selected from alkyl groups having 1 through 7
      carbon atoms and phenyl group, and R.sub.2 is an alkyl- or dialkyl-amino
      group having 1 through 12 carbon atoms.
NUM  5.
PAR  5. A unitary spun composite filament according to claim 1, wherein said
      block copolymer as the first component contains 0.01 - 7% by weight, based
      on the copolymer of at least one compound incorporated therein selected
      from sym-di-.beta.-naphthyl-p-phenylenediamine and the compounds of the
      formula:
      ##EQU4##
      wherein R.sub.3 and R.sub.4 are the same or different and represent a
      hydrogen atom or a hydrocarbon radical having 1 through 10 carbon atoms,
      R.sub.5 represents a hydrocarbon radical having 1 through 10 carbon atoms
      and M represents Ni or Mn.
NUM  6.
PAR  6. A unitary spun composite filament according to claim 1, wherein said
      block copolymer as the first component, has a melting point of not lower
      than 190.degree.C and consists essentially of 45 to 80% by weight of a
      polyester, as the hard segment, containing not less than 80% by mole of a
      tetramethylene terephthalate unit and 20 to 55% by weight of units derived
      from polytetramethyleneether glycol having a molecular weight of 500 to
      5000.
NUM  7.
PAR  7. A unitary spun composite filament according to claim 1, wherein said
      polyester as the second component consists essentially of not less than
      80% by mole of a tetramethylene terephthalate unit and not more than 20%
      by mole of a condensate unit of terephthalic acid with at least one
      alcohol selected from ethylene glycol, trimethylene glycol,
      1,4-cyclohexanedimethanol, glycerin and pentaerythritol.
NUM  8.
PAR  8. A unitary spun composite filament according to claim  1, wherein said
      polyester as the second component consists essentially of not less than
      80% by mole of a tetramethylene terephthalate unit and not more than 20%
      by mole of a condensate unit between at least one alcohol selected from
      ethylene glycol, trimethylene glycol, tetramethylene glycol,
      1,4-cyclohexanedimethanol, glycerin and pentaerythritol and at least one
      dicarboxylic acid selected from isophthalic acid, 1,4- or 1,5-naphthalene
      dicarboxylic acid, adipic acid and sebacic acid.
NUM  9.
PAR  9. A unitary spun composite filament according to claim 1, wherein said
      polyester as the second component consists essentially of not less than
      80% by mole of a tetramethylene terephthalate unit and not more than 20%
      by mole of a condensate unit between at least one glycol selected from
      polyethyleneether glycol, polypropyleneether glycol,
      poly-tetramethyleneether glycol, a copolymer of ethylene oxide and
      propylene oxide, polybutadiene glycol, polyisoprene glycol and
      hydrogenated products of polybutadiene and poly-isoprene glycols and at
      least one dicarboxylic acid selected from terephthalic acid, isophthalic
      acid, 1,4- or 1,5-naphthalene dicarboxylic acid, adipic acid and sebacic
      acid.
NUM  10.
PAR  10. A unitary spun composite filament according to claim 1, wherein said
      first component has an intrinsic viscosity [.eta.] of at least 1.3 and
      said second component has an intrinsic viscosity [.eta.] of at least 0.6.
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ABST
PAL  An improved polyethylene terephthalate tire yarn is prepared by applying to
      the yarn a finish composition comprising a polyalkylene glycol compound
      having the formula
EQU  R--(O--R.sub.1 --O--R.sub.2).sub.n --OH
PAL  in which R.sub.1 and R.sub.2 are the same or different lower alkylene units
      such as ethylene, propylene and so forth up to 5 carbon atoms, R is an
      alkyl group containing 1 to 8 carbon atoms, and n has a value to produce a
      molecular weight of at least about 300; and about 5 to 35 parts per 100
      parts, by weight, of said polyalkylene glycol compound of a triol compound
      having the formula:
      ##EQU1##
      WHEREIN R and R' are independently at each occurrence hydrogen, methyl or
      ethyl and r, s, and t are integers from 1 to about 20. This method of
      finishing the tire yarn results in an improved adhesion of the fiber to
      rubber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to multifilament polyester yarns and particularly to
      improved multifilament polyethylene terephthalate yarns for industrial
      uses. More particularly, it relates to an improved multifilament
      polyethylene terephthalate yarn and a new fiber finishing process for
      polyethylene terephthalate yarns in which novel fiber finish compositions
      are applied to said yarns. Still more particularly, it relates to a fiber
      finish composition designed specifically for tire cord processing for
      polyethylene terephthalate yarns.
PAR  Many fiber finish compositions are known. Some are quite specific in
      composition and relate to specific type fibers. Small changes in fiber
      finish composition frequently result in tremendous improvements in not
      only processing but also in end use of the fiber.
PAR  Polyester tire yarn finishes generally consist of a combination of a
      lubricant, an antistat, and several emulsifiers. For example, U.S. Pat.
      No. 3,687,721 discloses an improved polyester tire yarn treated with a
      composition comprising decaglycerol tetraoleate, glycerol monooleate,
      ethoxylated tall oil fatty acid, sulfated glycerol trioleate, ethoxylated
      alkylamine and hexadecyl stearate. Obviously, maintaining the proper ratio
      of lubricant, antistat and emulsifiers is essential for consistent
      performance of the tire yarn. Moreover, many prior art processes require
      applying a first finish composition during spinning of the yarn and a
      subsequent overfinish in order to obtain optimum physical properties.
      Clearly, it would be a significant advance in this art to find a finish
      that could be used as a single finish for polyester yarn or as an
      overfinish to provide a tire yarn with excellent properties for use in
      tires.
PAR  Linear high molecular weight polyethylene terephthalate fiber forming
      polyesters are well known. Such knowledge is well illustrated in U.S. Pat.
      Nos. 2,465,319; 3,050,533; 3,051,212; 3,427,287 and 3,484,410 as well as
      many others. Although polyester tire yarn is a highly successful
      commercial product, even further improvements are desirable. Greater
      strength is always being sought, and in order to obtain improved thermal
      stability, lower carboxyl end groups are necessary. Upon obtaining lower
      carboxyl end groups either by chemical or physical means, adhesion loss of
      the final textile material to rubber becomes significant. The production
      of a thermally stable polyester with good adhesion to rubber is, to a
      great degree, the substance of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of this invention to provide an improved
      polyester multifilament yarn which is treated with an improved finish
      composition.
PAR  It is another object of this invention to provide a method of finishing
      polyester tire yarn which results in an improved adhesion of the fiber to
      rubber.
PAR  Further, this invention provides a process for the modification of the
      surface of a polyester fiber having fewer than 25 meq/kg carboxyl end
      groups, to improve adhesion of the fiber to rubber.
PAR  These and other object are accomplished in accordance with this invention
      with a finish for polyester yarns comprising a polyalkylene glycol
      compound having the formula
EQU  R--(O--R.sub.1 --O--R.sub.2).sub.n --OH
PAL  in which R.sub.1 and R.sub.2 are the same or different alkylene units
      having up to 5 carbon atoms, R is an alkyl group containing 1 to 8 carbon
      atoms and n has a value to produce a molecular weight of at least about
      300; and about 5 to 35 parts per 100 parts by weight of said polyalkylene
      glycol compound of a triol compound having the formula
      ##EQU2##
      wherein R and R' are independently at each occurrence hydrogen, methyl or
      ethyl and r, s, and t are integers from 1 to about 20. The finish
      composition may be diluted with water to a water content up to about 80
      weight percent of the diluted composition. The finish composition is
      applied to polyester yarns including, for example, polyethylene
      terephthalate yarns by any known means including bath, spray, padding,
      kiss roll application or the like. The finish composition may be used as a
      single finish or as an overfinish. Normally, the composition is applied to
      the yarn in an amount sufficient to supply 0.5 to 1.5 percent of the
      polyalkylene glycol compound, based on the weight of the yarn. Preferably,
      the polyalkylene glycol compound has a molecular weight of 300 to 600 and
      a viscosity of 100 to 200 S.U.S. at 100.degree. F. The yarn may be made
      into tire cord by known procedures.
PAR  In preferred embodiments of the invention, designed for superior
      performance under the most adverse conditions, the above finish
      composition also contains 1 to 6 parts per 100 parts, by weight, of the
      polyalkylene glycol compound of a polyepoxide compound having at least two
      epoxy groups, a melting point below 150.degree. C. and a molecular weight
      below 3,000. The preferred epoxy compounds are the liquid aliphatic epoxy
      compounds which are soluble or easily dispersible in water. Such compounds
      are commonly prepared by the reaction of halohydrins with polyhydric
      alcohols as, for example, the reaction of epichlorohydrin with glycerol.
      Such compounds are disclosed in Epoxy Resins by Lee and Neville,
      McGraw-Hill Book Company, Inc. (New York 1957), pages 1-21.
PAR  As mentioned above, the value of n in the formula
EQU  R--(O--R.sub.1 --O--R.sub.2).sub.n --OH
PAL  is such as to yield a molecular weight of at least about 300. There is no
      known maximum limitation for the molecular weight although the lower
      range, particularly that of from 300 to 600, is preferred since compounds
      in this range are more water soluble as well as being more available and
      economical. The critical nature of the minimum molecular weight of the
      polyalkylene glycol compound results from the fact that excessive fuming
      during processing of the fiber and poor static protection results when the
      molecular weight is less than about 300.
PAR  The preferred polyalkylene glycol compounds of the present invention are
      so-called random copolymers, preferably, random copolymers made from
      ethylene oxide and propylene oxide. Ethylene oxide and propylene oxide are
      reacted simultaneously to form mixed polyalkylene glycol compounds. For
      example, with alcohols, mixed polyoxyethylated-polyoxypropylated
      monoethers result in accordance with the following equation:
      ##EQU3##
      where R is as described above, where x is the number of moles of propylene
      and y is the number of moles of ethylene oxide. We prefer to use such
      compounds which are condensation products of 40 to 60 percent ethylene
      oxide and 40 to 60 percent propylene oxide on a mole basis, terminated
      with an alcohol containing 3 to 5 carbon atoms. Typical prior art in this
      field includes U.S. Pat. Nos. 2,425,755 and 2,425,845.
PAR  Polyalkylene glycols and their derivatives made by such procedures are sold
      under the trade-name Ucon (Union Carbide Corporation). The code number
      after the series designation indicates the viscosity at 100.degree. F. in
      Saybolt universal seconds (S.U.S.) in the Ucon series. All members of the
      Ucon 50-HB and Ucon 75-H series are water soluble while the Ucon LB and
      Ucon D series are water-insoluble. -insoluble. For use in the present
      invention, the water-soluble compounds are preferred. Optimum results have
      been obtained with polyoxyethylated-polyoxypropylated monoethers which are
      condensation products of 50 percent ethylene oxide and 50 percent
      propylene oxide terminated with butyl alcohol, said monoethers having a
      viscosity of 75-300 S.U.S., preferably 100 to 200 S.U.S. at 100.degree. F.
PAR  The triol compounds of the present invention are known compounds and some
      are readily available. They are preferably prepared from
      tris(2-hydroxyethyl)isocyanurate by reaction with propylene oxide and/or
      ethylene oxide. The triol compounds are similar to the triol compounds of
      U.S. Pat. No. 3,728,305 but have a significantly lower molecular weight.
PAR  In addition to the critical nature of the finish composition, it has also
      been found that the heat treatment of the yarn subsequent to the
      application of the process finish composition is likewise desirable for
      achieving optimum results in accordance with the invention. The use of too
      high a temperature of heat treatment will cause fusion of the fibers as
      well as causing a drop in strength properties. The maximum temperature
      will be governed by the melting point or degradation of the particular
      fibers used. The minimum temperature necessary to achieve optimum heat
      stability of the tire cord in this process has been found to be about
      200.degree. C. when polyethylene terephthalate is the polyester fiber. The
      preferred temperature is from about 210.degree. to 230.degree. C.
PAR  Furthermore, the time/temperature relationship of the heat treatment must
      be carefully controlled so that the fiber properties do not suffer
      impairment. Too long a treatment, even a preferred temperatures will tend
      to degrade the fibers. Normally, the heat treating step will be carried
      out so that the surface of the fibers will be raised rapidly to a
      temperature of 200.degree. to 230.degree. C., preferably 210.degree. to
      230.degree. C. and kept at that temperature for several seconds,
      preferably 45 to 120 seconds, although no absolute time can be set for
      optimum results. A satisfactory criterion for determining the best
      time/temperature relationship is to measure the heat stability of the
      fiber, both heat treated and untreated. Of course, the instant heat
      treatment should significantly improve the adhesion of the fiber to
      rubber. Any means for heating the surface of the fiber may be used and a
      large variety of suitable apparatus is available in the trade.
PAR  Certain tests utilized in illustrating this invention are defined below.
      First, the strip adhesion test is carried out as follows:
PAC  STRIP ADHESION TEST
PAR  1. A layer of rubber is placed on a fabric winding drum.
      ##SPC1##
PAR  2. The test cord is wound onto the drum at 20 ends per inch to obtain a 5
      inch width. 3. This rubberized fabric is used to fabricate specimens
      having the composition shown in the following sketch:
      ##SPC2##
PAR  4. This "sandwich" is cured in a mold for 6 minutes at a pressure of 4 tons
      and a temperature of 350.degree. F.
PAR  5. Three 1 .times. 3 inches strip having the cord parallel to the long
      dimension are cut from the cured sandwich.
PAR  6. These are pre-heated for 30 minutes at 250.degree. F. and peeled on an
      Instron tester using 5 inch per minute cross head speed and 0.5 inch per
      minute chart speed. Adhesion strength is recorded in pounds.
PAR  7. The peeled samples are visually rated on a 1 to 5 scale. If no cord is
      visible, the rating is 5.0. If equal amounts of rubber and cord are
      visible in the peeled sample, the rating is 2.5, etc.
PAC  "H" ADHESION TEST
PAR  The H adhesion test is carried out by a modification of ASTM D 2138-67. One
      quarter inch rubber strips are used to prepare 1,000 denier, 3 ply cord
      samples and 3/8-inch rubber strips are used to prepare 1,300 denier, 3 ply
      cord samples. Tests are conducted both at room temperature and at elevated
      temperature (250.degree. F). The samples for elevated temperature testing
      are pre-heated for 3 minutes at 250.degree. F. before being tested at
      250.degree. F. on an Instron Tester which is outfitted with an
      environmental chamber.
PAR  Other terms used throughout the specification and claims are either defined
      when first used or are known within the art.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In order to demonstrate the invention, the following examples are given.
      They are provided for illustrative purposes only and are not to be
      construed as limiting the scope of the invention, which is defined by the
      appended claims. In these examples, parts and percentages are by weight.
PAR  The yarns of this invention can be processed by any spin draw process or
      spinning and separately drawing process available to the art in the patent
      and technical literature, using any suitable polyester which provides the
      high tenacity yarn of about 9 grams per denier and minimum elongation of
      about 13 percent.
PAR  The preferred polyesters are the linear terephthalate polyesters, i.e.,
      polyesters of a glycol containing from 2 to 20 carbon atoms and a
      dicarboxylic acid component containing at least about 75% terephthalic
      acid. The remainder, if any, of the dicarboxylic acid component may be any
      suitable dicarboxylic acid such as sebacic acid, adipic acid, isophthalic
      acid, sulfonyl-4,4'-dibenzoic acid, or 2,8-di-benzofurandicarboxylic acid.
      The glycols may contain more than two carbon atoms in the chain, e.g.,
      diethylene glycol, butylene glycol, decamethylene glycol, and
      bis-1,4-(hydroxymethyl)cyclohexane. Examples of linear terephthalate
      polyesters which may be employed include poly(ethylene terephthalate),
      poly(butylene terephthalate), poly(ethylene
      terephthalate/5-chloroisophthalate) (85/15), poly(ethylene
      terephthalate/5-[sodium sulfo]isophthalate) (97/3),
      poly(cyclohexane-1,4-dimethylene terephthalate), and
      poly(cyclohexane-1,4-dimethylene terephthalate/hexahydroterephthalate)
      (75/25).
PAR  In accordance with one preferred embodiment of the invention, a synthetic
      filamentary yarn comprised of polyethylene terephthalate filaments is
      first treated with from about 0.3 to about 0.6 weight percent based on the
      weight of the yarn of a liquid composition consisting essentially of about
      10 to about 20 weight percent of said composition of each hexadecyl
      stearate and refined coconut oil, about 3.0 to about 6.0 weight percent of
      said composition of ethoxylated tallow amine, about 10 to about 20 weight
      percent of said composition of ethoxylated lauryl alcohol, about 8.0 to
      about 12.0 weight percent of said composition of sodium salt of alkylarly
      sulfonate, about 1.0 to about 3.0 weight percent of
      dinonyl-sodium-sulfosuccinate, about 1.0 to about 3.0 weight percent of
      said composition of 4,4'-thio-bis-(3-methyl-6-tert-butylphenol), about 35
      to 50 weight percent of said composition of white mineral oil having a
      boiling point of between 510.degree. and 620.degree. F. wherein at least
      about 0.15 to about 0.30 weight percent is retained on said yarn. The yarn
      is then treated with the novel finish composition of the present invention
      in the manner described hereinabove.
PAC  EXAMPLE 1
PAR  First, a polyethylene terephthalate tire yarn was prepared as described in
      U.S. Pat. No. 3,672,977, i.e., a 1,300 denier, 192 filament yarn was
      prepared comprised of polyethylene terephthalate filaments treated with
      about 0.45 percent based on the weight of the yarn of a liquid spin finish
      consisting of 14.7 parts refined coconut oil, 14.7 parts hexadecyl
      stearate, 12.7 parts ethoxylated lauryl alcohol, 9.8 parts sodium
      petroleum sulfonate, 4.9 parts ethoxylated tallow amine, 2 parts of sodium
      salt of sulfonated succinic ester, 2 parts
      4,4'-thio-bis(6-tert-butyl-m-cresol) and 39.2 parts mineral oil having a
      boiling point between 510.degree. F. and 620.degree. F. Drawing
      performance of the yarn was excellent. The yarn had an intrinsic viscosity
      (I.V.) of 0.89 dl/g and carboxyl end group content (COOH) of 21 meq/kg.
      Finish oil on the fiber was 0.2 weight percent.
PAR  Next, the finish composition of the present invention was applied as an
      overfinish to the yarn. This overfinish consisted of 44 parts of
      polyglycol ether, 5 parts of propoxylated
      tris(2-hydroxyethyl)-isocyanurate, 1 part of 1,2,3 triglycedyl propane,
      and 50 parts of water. The polyglycol ether was a condensation product of
      50 percent ethylene oxide and 50 percent propylene oxide terminated with
      butyl alcohol, having a viscosity of 100 S.U.S. at 100.degree.to F. The
      propoxylated tris(2-hydroxyethyl)-isocyanurate contained about 3.5 mols of
      propylene oxide per mol of the isocyanurate. The overfinish was applied
      onto the yarn at 1.14 percent, based on the weight of the yarn. The
      resulting yarn was tested as follows. Three ply 8S .times. 8Z cord was
      made and treated on a Litzler single end unit with dips consisting of
      first blocked diisocyanate and diepoxide and second resorcinol
      formaldehyde-butadiene styrene, vinyl pyridine latex. After the first dip
      the cords were heat treated at 149.degree. C. for 80 seconds and
      227.degree. C. for 40 seconds. After the second dip the cords were heat
      treated at 149.degree. C. for 80 seconds and 210.degree. C. for 60
      seconds. The treated cords were cured within rubber and tested for
      adhesion using the 3/8 inch H test, hot and cold and the strip adhesion
      test. Results are presented in Table I. The adhesion average values shown
      are based on 6 to 42 replications of the test and the standard deviation
      (.sigma.) was less than 1 pound.
TBL                TABLE I                                                     
     ______________________________________                                    
     MEASURED ADHESION OF TIRE CORDS                                           
     ______________________________________                                    
     Cold H    Hot H       Strip                                               
     Adhesion* Adhesion*   Adhesion                                            
     n X(lbs)  n X(lbs)    n X(lbs)    Rating                                  
     ______________________________________                                    
     42  60    42  42      6  27       4.9                                     
     ______________________________________                                    
      *These results show that the overfinish of the present invention         
      significantly improves rubber adhesion as compared with the finish of U.S
      Patent 3,672,977.                                                        
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was followed except that the overfinish
      consisted of 38 parts of polyglycol ether, 10 parts of propoxylated
      tris(2-hydroxyethyl)-isocyanurate, 2 parts of 1,2,3 triglycedyl propane,
      and 50 parts of water. The polyglycol ether was a condensation product of
      50 percent ethylene oxide and 50 percent propylene oxide terminated with
      butyl alcohol, having a viscosity of 100 S.U.S. at 100.degree. F. The
      propoxylated tris(2-hydroxyethyl)-isocyanurate contained about 6.5 mols of
      propylene oxide per mol of the isocyanurate. The overfinish was applied
      onto the yarn at 1.18 percent, based on the weight of the yarn. The
      resulting yarn was made into three ply cord and tested as shown in Example
      1. Results are presented in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     MEASURED ADHESION OF TIRE CORDS                                           
     ______________________________________                                    
     Cold H    Hot H       Strip                                               
     Adhesion  Adhesion    Adhesion                                            
     n X(lbs)  n X(lbs)    n X(lbs)    Rating                                  
     ______________________________________                                    
     42  62    42  35      6  27       5.0                                     
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  This example shows that the finish of the present invention may be used
      with excellent results as a single finish.
PAR  The polyglycol ether finish used contained 44 parts of a condensation
      product of 50 percent ethylene oxide and 50 percent propylene oxide
      terminated with butyl alcohol and having a viscosity of 100 S.U.S. at
      100.degree. F., 5 parts of an ethoxylated
      tris(2-hydroxyethyl)-isocyanurate containing about 3.5 mols of ethylene
      oxide per mol of the isocyanurate, and 1 part of 1,2,3 triglycedyl
      propane. This finish was applied as initial finish to polyethylene
      terephthalate tire yarn (approximately 1300 denier, 192 filaments) by
      means of a kiss roll during spinning. After drawing the yarn was heated to
      215.degree.-230.degree. C. for a few seconds. The finish yarn was readily
      twisted and plied into greige cord. The resulting cords were then
      tensilized as in Example 1. To show the effect of application rate, the
      application level ranged from 0.23 to 1.5 percent based on the weight of
      fiber. Yarns with finish levels from 0.8 to 1.0 percent were considered
      most desirable in view of relatively low finish required and significantly
      improved durability in rubber. Similar results were obtained when the 5
      parts of ethoxylated tris(2-hydroxyethyl)-isocyanurate in the finish was
      replaced with 5 parts of propoxylated tris(2-hydroxyethyl)-isocyanurate
      containing about 3.7 mols of propylene oxide per mol of the isocyanurate.
CLMS
STM  We claim:
NUM  1.
PAR  1. A synthetic filamentary yarn comprised of polyethylene terephthalate
      filaments having a carboxyl end group content of less than 25 meq./kg.,
      which are first treated with from about 0.3 to about 0.6 weight percent
      based on the weight of the yarn of a liquid finish composition consisting
      essentially of about 10 to about 20 weight percent of said composition of
      each hexadecyl stearate and refined coconut oil, about 3.0 to about 6.0
      weight percent of said composition of ethoxylated tallow amine, about 10
      to about 20 weight percent of said composition of ethoxylated lauryl
      alcohol, about 8.0 to about 12.0 weight percent of said composition of
      sodium salt of alkylaryl sulfonate, about 1.0 to about 3.0 weight percent
      of dinonyl-sodium-sulfo-succinate, about 1.0 to about 3.0 weight percent
      of said composition of 4,4'-thio-bis-(3-methyl-6-tert-butylphenol), about
      35 to 50 weight percent of said composition of white mineral oil having a
      boiling point of between 510.degree. and 620.degree.  F. wherein at least
      about 0.15 to about 0.30 weight percent is retained on said yarn, and then
      said yarn is treated with 0.5 to 1.5 weight percent based on the weight of
      the yarn of a finish composition consisting essentially of a polyalkylene
      glycol compound having the formula
EQU  R--(O--R.sub.1 --O--R.sub.2).sub.n --OH
PAL  where R.sub.1 and R.sub.2 are the same or different alkylene units having 1
      to 5 carbon atoms, R is an alkyl  group containing 1 to 8 carbon atoms,
      and n has a value to produce a molecular weight of 300 to 600; about 5 to
      35 parts per 100 parts by weight of said polyalkylene glycol compound of a
      triol compound having the formula
      ##EQU4##
      wherein R and R' are independently at each occurrence hydrogen, methyl or
      ethyl and r, s, and t are integers from 1 to about 20; and 1 to 6 parts
      per 100 parts by weight of the polyalkylene glycol compound of a
      polyepoxide compound having at least two epoxy groups, a melting point
      below 150.degree. C. and a molecular weight below 3,000.
NUM  2.
PAR  2. The polyester yarn of claim 1 wherein the polyalkylene glycol compound
      is a condensation product of ethylene oxide and propylene oxide terminated
      with butyl alcohol, having a molecular weight of 300 to 600 and a
      viscosisty of 100 to 200 S.U.S. at 100.degree. F.
NUM  3.
PAR  3. The polyester yarn of claim 1 wherein the triol compound is propoxylated
      tris(2-hydroxyethyl)-isocyanurate and the polyepoxide compound is
      1,2,3-triglycedyl propane.
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ABST
PAL  A process for reducing the static charge and binding glass fibers is
      disclosed, wherein the glass fibers are contacted with a composition
      comprising an alkylene polyol, such as an alkylene glycol, a lower
      alkanol, a polybasic acid, and a siliconate compound. The composition is
      applied to siliceous fibers, especially glass fibers, in either loose or
      blanket form, to reduce the static charge thereon and to function as a
      binder for the fibers. Glass fibers treated by the composition of the
      present invention are useful in various applications such as for blown
      insulation.
PARN
PAR  This is a division of application Ser. No. 276,314 filed July 31, 1972, now
      U.S. Pat. No. 3,827,900.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art has used many different compositions as binders for glass
      fibers, with most such binders being polyester resins, producing
      fiberglass compositions. Typical polyester resins include linear polymers
      of a dibasic acid and a diol.
PAR  The Wismer et al. U.S. Pat. No. 2,999,834 discloses a process wherein a
      catalyst-containing coating is applied to glass fibers, which glass fibers
      can then be used as a reinforcing material in an interpolymerizable
      material matrix. The catalyst-containing coating comprises a catalyst for
      the matrix material contained in a coating vehicle, with the coating
      vehicle being typically a diester or a dicarboxylic acid and a monohydric
      alcohol, such as, e.g. terephthalic acid and ethanol, or a linear
      polyester of such acid and a glycol, such as ethylene glycol. The glass
      fiber coating of Wismer functions merely as a catalyst-carrying material,
      and to some extent, as a coupling material, and is not used as a binder
      per se.
PAR  The Varlet U.S. Pat. No. 3,271,182 discloses a process for producing
      mechanically shapable reinforced polyester resin sheets, with the
      reinforcing agent being, e.g. glass fibers. The glass fibers are first
      impregnated with a polyvalent metal salt in a diluent which is a
      polyhydric alcohol or a vinyl monomer, then the glass fibers are
      impregnated with a mixture of an interpolymerizable thermosetting
      polyester and a catalyst therefor. The polyesters may be made of maleic
      acid, or the like, and ethylene glycol, or the like.
PAR  Marzocchi et al., U.S. Pat. No. 3,287,096 discloses the use of amylopectin
      as a lubricant for glass fibers, used in connection with a plasticizer
      which may be a polyalkalene glycol, a fatty ester of glycols, or an ester
      of citric acid.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a composition and process for
      functioning as an antistatic agent and a binder for siliceous fibers,
      especially glass fibers, and most preferably for blown glass fibers which
      are used for thermal insulation. The composition which is applied to the
      glass fibers, preferably applied at the point wherein glass fibers are
      entrained in an air stream, comprises a four-component system including:
PA1  A. An alkylene polyol, preferably a lower alkylene glycol, such as ethylene
      glycol, propylene glycerol, and the like, or a poly (lower alkylene
      glycol)
PA1  B. A lower alkanol, preferably a lower alkanol containing 1-4 carbon atoms,
      such as methanol, propanol, butanol, and most preferably ethanol.
PA1  c. A polybasic water soluble acid, preferably a polybasic water soluble
      acid having 2 or 3 acidic groups per molecule and a molecular weight of
      less than 250, such as malaic acid, tartaric acid, succinic acid and the
      like, especially citric acid.
PA1  d. A water-soluble siliconate which reduces the surface tension of water,
      especially those siliconates which reduce the surface tension of pure
      distilled water by at least 50 percent, when used in an amount of 0.04
      weight percent therein, such as, for instance, methyl sodium siliconate
      (sold commercially under the trade name Dow Corning 772.)
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to an antistat and binder for siliceous
      fibers, especially glass fibers. When applied to siliceous fibers, the
      composition of the present invention reduces or dissipates the static
      electical charge thereof, and serves as a binder for the fibers.
PAR  The composition comprises four essential ingredients, as follows:
PA1  a. An alkylene polyol, preferably an lower alkylene glycol or poly (lower
      alkylene glycol), such as ethylene glycol, propylene glycol, glycerol,
      polyethylene glycol of molecular weight up to 600, and the like.
PA1  b. A lower alkanol, preferably a lower alkanol containing 1-4 carbon atoms,
      such as methanol, propanol, butanol, and most preferably ethanol.
PA1  c. A polybasic water soluble acid, preferably a polybasic water soluble
      acid having 2 or 3 acidic groups per molecule and a molecular weight of
      less than 250, such as maleic acid, tartaric acid, adipic acid, succincic
      acid and the like, especially citric acid.
PA1  d. A water-soluble siliconate which reduces the surface tension of water,
      especially those siliconates which reduce the surface tension of pure
      distilled water by at least 50 percent, when used in an amount of 0.04
      weight percent therein, such as, for instance, methyl sodium siliconate.
PAR  In addition to the above components, it will be readily appreciated by
      those in the art that additional ingredients may be included in the
      composition of the present invention, without departing from the spirit
      thereof. For instance, a coupling agent may be added to the composition,
      or may be present upon the silicious fiber surface when the fibers are
      contacted by the composition of the present invention, to improve the
      adhesion of the composition of the present invention to such fibers. When
      applied to glass fibers used in the blown insulation field, the coupling
      agents may assist in producing improved fire retardant or fireproofing
      results, and may allow improved control of the resultant insulation
      density.
PAR  The preferred coupling agent is a silane coupling agent sold under the
      trade name Dow Corning Z-6031 Silane which is a catonic, methacrylate
      functional silane coupling agent having the typical physical properties:
TBL  Percent Solids     50%                                                    
     Color              Amber Brown                                            
     Refractive Index a 25.degree.C                                            
                        1.457                                                  
     Specific Gravity a 25.degree.C                                            
                        1.06                                                   
     Viscosity a 25.degree.C                                                   
                        70 cs.                                                 
     Flash Point, open cup                                                     
                        130.degree.F                                           
     Solvents           Mostly diacetone alcohol                               
     Suitable diluents  Alcohols, Water                                        
PAL  Typical other known coupling agents include the vinyl silane coupling
      agents, such as, for instance, vinyltriethoxy silane, vinyl trichloro
      silane, vinyl triethoxy silane, vinyl triacetoxy silane and the like, as
      well as .gamma.-aminopropyl triethoxy silane, and
      .gamma.-methacryloxypropyl trimethoxy silane. Other conventional additives
      for glass fiber reinforced resins may be added, if desired, such as
      ultraviolet stabilizers, interpolymerization catalysts, and the like. It
      will be appreciated, of course, that the siliceous fibers, including glass
      fibers, may contain conventional sizes thereon.
PAR  A significant advantage of the present invention resides in the fact that
      atmospheric pollution by skin and membrane irritants and suspended glass
      fibers and glass fiber dust is greatly reduced, or even eliminated. For
      instance, in the insulation of buildings with blown glass fibers, prior
      art systems involve a substantial respiratory problem with floating glass
      fibers and glass fiber dust. Also, most of the prior art antistat and
      binder compositions involved the use of components which were irritating
      to lung tissues, skin, eye and nose membranes, and the like. Thus, the
      compositions of the present invention and particularly the preferred
      embodiment involving ethylene glycol, citric acid, and ethanol, in
      addition to the siliconate, greatly reduce environmental pollution when
      used as a binder and antistat agent for glass fibers in the blown
      insulation field.
PAR  In the installation of blown insulation, it is conventional to pass fibrous
      glass rovings through a so-called chopping device and then entrain the
      chopped fibrous glass in an air stream which delivers the chopped fribrous
      glass to the desired points of application. Various additives may be added
      to the air stream, either before or after the entrainment of the chopped
      fibrous glass. In an especially preferred embodiment of the present
      invention, the anntistat and binder composition of the present invention
      is added to the air stream, either just prior to the point where the air
      stream entrains the chopped fibrous glass, or just after such entrainment.
      It will be appreciated, however, that the antistat and binder composition
      can be added to the entrained chopped fibrous glass stream after discharge
      from the entrainment apparatus, but this is not preferred. It may be
      desirable in some instances to add one or more components of the present
      invention at a point in the entraining air stream different than the
      points wherein other additives are added. It is preferred that the
      composition contain at least one silane coupling agent, as described
      hereinabove, as the coating components appear to interract at a faster
      rate in the presence of such a silane coupling agent.
PAR  The alkylene polyol is a substantially water-soluble polyol, preferably a
      lower alkylene polyol of 2-4 carbon atoms, most preferably containing 2-3
      hydroxyl groups, although it will be appreciated that more carbon atoms
      and/or a greater number of hydroxyl groups may be present in the alkylene
      polyol. Preferred lower alkylene polyols include propylene glycol,
      glycerol, and, most preferably, ethylene glycol. Poly lower alkylene
      glycols, such as polyethylene glycol and polypropylene glycol, can also be
      used. Mixtures of alkylene polyols may be used.
PAR  The lower alkanol is most preferably ethanol, as the properties of the
      resulting composition are most satisfactory when ethanol is used, and the
      use of ethanol eliminates health hazards associated with most other lower
      alkanols. It will be appreciated, however, that alkanols of 1-4 carbon
      atoms, such as methanol, propanol, isopropanol, and the like, may be used
      to replace all or part of the ethanol, but precautions should be taken to
      insure that the fumes of these lower alkanols are not inhaled by workers.
      If a denaturant is present in the ethanol, it should be checked to insure
      that it does not interfere with the reaction of the ethanol with the other
      components of the composition of the present invention. Mixtures of lower
      alkanols may be used.
PAR  The polybasic acid is preferably citric acid, as most favorable results
      have been obtained with the use of citric acid. However, other polybasic
      acids may be used to replace all or part of the citric acid, including
      polybasic water soluble acids, preferably polybasic water soluble acids
      having 2 or 3 acidic groups per molecule and a molecular weight of less
      than 250, such as maleic acid, tartaric acid, succincic acid, and the
      like. It is essential that the polybasic acid, like the other components
      of the present composition, be substantially water soluble (i.e. soluble
      at least to the extent of 3 percent by weight in pure distilled water at
      room temperature.) Mixtures of polybasic acids may be used.
PAR  The fourth component of the present invention is at least one water soluble
      siliconate which reduces the surface tension of water. As mentioned
      hereinabove, the siliconate should reduce the surface tension of pure
      distilled water by at least 50 percent, when present in an amount of 0.4
      percent by weight. The preferred siliconate is methyl sodium siliconate,
      sold under the trade name Dow Corning 772.
PAR  The order of addition of the components of the coating composition of the
      present invention is extremely important, and, in fact, critical. The
      alkylene polyol and the lower alkanol are first mixed together and then
      the polybasic acid is added to such mixture. While the sodium siliconate
      can be added prior to the addition of the polybasic acid, this approach is
      definitely not preferred for lower temperature application, e.g.,
      60.degree. F, as greatly improved results are obtained if the water
      soluble siliconate is added after the polybasic acid has been added to the
      mixture of alkylene polyol and lower alkanol. However, for higher
      temperature applications, e.g., 80.degree.F applications, it is preferred
      to add the siliconate prior to the acid. While the silane coupling agent
      may be added at any point in the production of the antistat and binder
      composition, as long as adequate care is taken to insure that the coupling
      agent is not precipitated, it is greatly preferred to add the silane
      coupling agent after the addition of the siliconate.
PAR  The composition of the present invention is applied in an aqueous system,
      and the water may be added to the composition at various points in the
      formation of same. However, it has been found greatly preferred to add the
      siliconate to the composition in the presence of at least 400 weight
      percent of water, based on the weight of the siliconate. Likewise, it has
      been found greatly preferred to add the silane coupling agent in an
      aqueous system, wherein the weight ratio of water:silane is at least 20:1,
      preferably about 100:1, or greater.
PAR  The amount of water in the aqueous system may vary widely. it is generally
      best to use at least 30 percent by volume of the system of water, as lower
      amounts of water result in a system which is difficult to use in spray
      applications. If amounts of water in excess of 70 percent or so by volume
      of the mixture are used, problems may be encountered in that insufficient
      amounts of the active coating components may be applied, or else too much
      water must be removed in order to readily produce a dried coating
      composition upon the sileceous fibers. For these reasons, the amount of
      water used is generally from 30-70 percent by volume of the mixture, most
      preferably about 50 percent by volume of the mixture.
PAR  In the preferred embodiment of producing the compositions of the present
      invention, the alkylene glycol and the lower alkanol are mixed together,
      the dibasic acid is added, and then an amount of water is added,
      corresponding to at least 30 percent by volume of the mixture, preferably
      about 50 percent by volume of the mixture. Thereafter, the siliconate and
      the silane are added to this aqueous mixture, with the aqueous dilution of
      these ingredients set forth hereinabove.
PAR  The mixing of the ingredients described hereinabove is preferably conducted
      at substantially room temperature, although higher and lower temperatures
      may be used if desired, e.g., from 35.degree. to about 100.degree.F,
      preferably between 45.degree. and 75.degree.F. The four-component
      composition, optionally containing the silane coupling agent, is generally
      stable for at least 12 hours. If the composition is to be stored for a
      greater time, the final step of mixing the siliconate (and the silane, if
      used) may be omitted, and the aqueous system of alkylene polyol, lower
      alkanol, and polybasic acid is generally storage stable for several days
      under ambient conditions if stored in an inert container.
PAR  It has generally been found that ferrous metal containers and polyvinyl
      chloride containers are to be avoided, and polyethylene, aluminum, copper
      and bronze containers are satisfactory, with polyethylene preferred for
      extended storage times.
PAR  The composition of the present invention will be applied to silicious
      fibers in widely varying amounts. For instance, in the case of glass
      fibers, it is preferred to apply about 4 oz. of the composition of the
      present invention to 30 lbs. of fiber, at an application temperature of
      70.degree.-80.degree.F. Because of component volatilization, lower amounts
      of the composition may be used at lower temperatures, and vice versa. The
      use of the composition of the present invention within the aforesaid range
      results in a coating of substantial continuity on the silicious fibers, in
      the case of glass fibers of a type and diameter typical of the blown
      insulation field. Of course, lower amounts of the composition of the
      present invention may be used to produce a discontinuous coating upon the
      fibers. Broadly speaking, the composition will be applied to the fibers in
      an amount of about 1-10 oz., or even higher, of the coating composition
      per 30 lbs. of silicious fiber.
PAR  The ratio of the ingredients in the four-component composition of the
      present invention may vary, according to the application temperature,
      humidity, and fiber composition and free fiber content. In the typical
      Southern application involving temperatures of 80.degree. F., the
      composition will contain about 16 oz. per gallon of ethylene glycol, 10
      oz. per gallon of ethanol, 9 oz. per gallon of citric acid, 4.5 oz. per
      gallon of methyl sodium siliconate, and about 0.1 percent by weight of
      silane coupling agent. The aforesaid amounts may be varied if ingredients
      other than those specified above are used, although it is generally
      preferred to use substantially molar equivalent amounts, based on the
      amounts of the preferred ingredients. If lower application temperatures
      are utilized, the amount of alkylene glycol will generally be raised, and
      the amount for lower alkanol and polybasic acid will be lowered. For
      instance, for application at 60.degree.F., about 18 oz. per gallon of
      ethylene glycol, about 8 oz. per gallon of citric acid and about 8 oz. per
      gallon of ethanol, or equivalents thereof, will be used. Generally, the
      amounts of siliconate and silane, if the latter is used, are relatively
      independent of the application temperature.
PAR  Broadly speaking, however, the ingredients of the coating composition of
      the present invention will be used in the molar ratios set forth below:
TBL  lower alkanol     1 mole                                                  
     polybasic acid    0.15 - 1.0 mole                                         
     alkylene polyol   0.7 - 3.7 moles                                         
PAR  In addition to the above components of the present invention, the
      composition will preferably contain the weight ratios set forth below,
      based on 1 part by weight of ethanol:
TBL  citric acid       0.8 - 4 parts by weight                                 
     ethylene glycol   1 - 5 parts by weight                                   
     sodium methyl     0.1 - 1 part by weight                                  
      siliconate                                                               
PAL  The above composition may optionally contain from 0.001, or less, percent
      by weight of silane coupling agent, up to 5 percent by weight or so of
      silane coupling agent, although generally no substantial advantage will be
      noted using levels of silane coupling agent greater than 0.5 percent by
      weight.
PAR  The amount of siliconate in the above formulation is quite critical, and
      each composition within the aforesaid range should be checked to insure
      that the siliconate is within the proper range, as too much siliconate
      results in the production of a floury powder, or a granulation product, on
      the surface of the composition upon exposure to air. Preferably,
      therefore, the siliconate will be used in an amount of less than 0.7 parts
      per part of lower alkanol.
PAR  The content of the citric acid or other polybasic acid is critical in that
      amounts of acid in excess of the stoichiometric amount, based upon the
      alkylene glycol and lower alkanol, taking into consideration, of course,
      possible volatilization of these components and especially volatilization
      of the lower alkanol, is liable to result in filament breakage, producing
      an undesirably high fuzz level. Therefore, in the above coating
      composition ranges, it will be understood that the polybasic acid will not
      be present in an amount substantially in stoichiometric excess of the
      alkylene glycol and lower alkanol combined.
PAR  In addition to the application of the compositions of the present invention
      to insulating fibers, it will be readily appreciated that the composition
      of the present invention may be applied to loose silicious fibers to bind
      such fibers into mats or boards for use in application which may or may
      not involve thermal insulation. In such applications, the fibers are
      generally contacted with the composition of the present invention on a
      production line, and it will generally be found advantageous to utilize a
      heating step to insure a rapid, full cure of the composition of the
      present invention. Generally, the heating step will involve a temperature
      of at least 100.degree.F, more preferably at least 180.degree.F. The
      heating temperature may be much greater than the aforesaid temperatures,
      as long as the heating temperature is less than the decomposition
      temperature of the components of the coating composition. Generally,
      however, the heating temperature will not involve a temperature above
      400.degree.F, although higher temperatures may be used, if much shorter
      times of exposure are involved.
DETD
PAC  EXAMPLES OF THE INVENTION
PAR  The invention will be understood more readily by reference to the following
      examples; however, these examples are intended to illustrate the invention
      and are not to be construed to limit the scope of the invention.
PAC  EXAMPLE I
PAR  The following materials were mixed at room temperature, in the order
      indicated, to produce 1 gallon of coating composition.
PAR  First, 16 oz. of ethylene glycol and 10 oz. of ethanol were stirred
      together in a flask at room temperature. 9 oz. of concentrated citric acid
      were stirred into the mixture, and then distilled water was added to
      amount to 50 volume percent of the resulting mixture. Thereafter, 4.2 wt.
      percent of sodium methyl siliconate in an aqueous solution having a
      water-siliconate weight ratio of 4:1, was added to the above mixture with
      stirring at room temperature. Next, 0.1 percent by weight of
      .gamma.-methacryloxy-propyltrimethoxy silane in 100 parts of water was
      added to the mixture at room temperature with stirring.
PAR  The resulting coating composition solution had a room temperature shelf
      stability of at least 24 hours.
PAR  The above described composition was applied to chopped glass fiber rovings
      in a Universal Insulating Volumatic Machine, with injection of the coating
      composition into the glass fiber-entrained air stream downstream of the
      chopper. The coated glass fibers were directed into the attic areas of a
      typical residential home, with no noticeable chemical odor and a minimum
      amount of "dusting" of glass fibers at 80.degree.F. Within 24 hours, the
      coating composition had solidified into a firm adherent binder for the
      glass fibers, and no noticeable water content was noted thereon (a
      noticeable setting of the composition was noted immediately after
      discharge from the machine nozzle).
PAR  From the above, it will be appreciated that this example resulted in
      substantially no environmental pollution, wherein prior art efforts, using
      other antistatic and binder compositions generally result in substantial
      health hazards from inhalation of the glass fibers into the respiratory
      system, as well as exposure of lung and skin surfaces and other body
      surfaces to irritants in the prior art coating composition. In addition,
      the prior art compositions generally involved substantial amounts of
      overspray, wherein the glass fibers adhered to attic walls, ceilings, and
      the like, so that the insulating effectiveness of a given amount of
      applied glass fibers was greatly reduced.
PAR  The results obtained above suggested that other polyols may be used to
      replace part or all of the ethylene glycol. For instance, it should be
      possible to replace all or part of the ethylene glycol with an equal
      molecular amount of one or more straight or branched chain alkane of up to
      10 carbon atoms, having at least one hydroxyl group on each secondary or
      tertiary carbon atom. Examples of such polyols are pentaerythitol,
      sorbitol, sucrose, and the like. The results obtained above also suggest
      that polymeric polyols should be useful in the practice of the present
      invention, as replacement, in whole or in part, for the ethylene glycol or
      other alkylene polyol. Such polymeric polyols include polysaccharides,
      such as dextrin, and polyvinyl alcohol or the like.
PAR  The above results also suggest that certain acids not substantially soluble
      in pure distilled water might be suitable for use in the practice of the
      present invention if rendered soluble by the use of an alkaline agent to
      raise the pH of the coating composition. For instance, prior to the
      addition of such acid, the aqueous solution of the polyol and the alcohol
      may be mixed with sodium hydroxide or even sodium methyl siliconate, which
      is quite alkaline, to a pH of at least about 8.0, preferably at least 8.5.
      This approach should allow less water-soluble acids, such as fumaric acid,
      to be utilized in the practice of the present invention. In following this
      approach, the use of the siliconate to raise the pH appears particularly
      preferred.
PAC  EXAMPLE II
PAR  Example I was repeated, except the siliconate and the silane were added to
      the aqueous mixture of ethylene glycol and ethanol prior to the addition
      of the citric acid. This composition was somewhat more suitable for use in
      applications involving higher ambient temperatures, i.e., 80.degree.F., as
      less polymeric residue was found in the composition storage tanks of the
      application equipment.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for reducing the static charge and binding siliceous fibers,
      said process comprising first forming an aqueous composition comprising
      about 30 to about 70 percent by weight of water, 1 part of at least 1
      lower alkanol of 1 to 4 carbon atoms, about 0.8-4 parts of at least 1
      polybasic water-soluble acid having 2 or 3 acidic groups per molecule and
      a molecular weight of less than about 250, about 1-5 parts by weight of a
      lower alkylene polyol or poly(lower alkylene glycol), and about 0.1-1
      parts of at least 1 water-soluble siliconate which reduces the surface
      tension of pure distilled water by at least 50 percent when used in an
      amount of 0.4 weight percent therein, wherein said lower alkanol and said
      lower alkylene polyol or poly(lower alkylene glycol) are mixed together
      prior to the addition thereto of said polybasic acid, applying the
      resulting composition to siliceous fibers at a temperature from about
      35.degree. to about 100.degree.F in an amount corresponding to at least 1
      oz. of said composition per 30 lbs. of siliceous fibers, and then drying
      said fibers to form a dried coating of said composition thereon.
NUM  2.
PAR  2. Process as claimed in claim 1, wherein said composition additionally
      contains a coupling amount of at least 1 silane coupling agent.
NUM  3.
PAR  3. Process as claimed in claim 1, wherein said alkylene glycol is ethylene
      glycol.
NUM  4.
PAR  4. Process as claimed in claim 3, wherein said lower alkanol is ethanol.
NUM  5.
PAR  5. Process as claimed in claim 4, wherein said polybasic water-soluble acid
      is citric acid.
NUM  6.
PAR  6. Process as claimed in claim 5, wherein said water-soluble siliconate is
      methyl sodium siliconate.
NUM  7.
PAR  7. Process as claimed in claim 1, wherein said composition is applied to
      chopped glass fibers.
NUM  8.
PAR  8. Process as claimed in claim 7, wherein said chopped glass fibers are
      entrained in an airstream when contacted by said composition.
NUM  9.
PAR  9. Blown glass fiber insulation when produced by the process of claim 8.
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ABST
PAL  A material having a siliceous framework of a phyllosilicate in which 5--80%
      by weight of the octahedral layers are removed and chlorine atoms are
      linked to the framework through Si--Cl bonds are used as fillers in the
      preparation of polymers or are reacted with organic compounds by
      substituting the Cl, these organic compounds having a polymerizable
      portion in the molecule.
PARN
PAR  This is a division of application Ser. No. 270,625 filed July 11, 1972, now
      U.S. Pat. No. 3,839,062, issued Oct. 1, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a process for preparing a siliceous inorganic
      material especially in the form of fibers particularly suitable for
      obtaining organomineral copolymers, and more particularly to be used as a
      filler for strengthening polymers and elastomers. It concerns also
      siliceous materials as obtained in this process and their applications for
      the achievement of organomineral composites, chiefly as strengthening
      fillers for polymers or elastomers.
PAR  The main object of the invention is to make possible the grafting of
      organic radicals on a mineral siliceous framework, and more particularly
      on the two-dimensional siliceous framework of the phyllosilicates.
PAR  This last word refers to minerals having in their structure at least a
      tetraedral layer of silica and oxygen and at least an octaedral layer that
      can be eliminated by acid hdyrolysis and containing particularly
      magnesium, aluminum and/or iron. Within the scope of the invention, these
      minerals are preferably fibrous, such as chrysotile or optionnaly
      sepiolite, or lamellar as mica, hydromica and vermiculite. All these
      minerals are cited as particularly common but these examples are not
      intended to be restrictive.
PAR  In fact, the use of phyllosilicates or products derived from
      phyllosilicates as strengthening fillers in polymers or elastomers is
      already well known. The grafting of polymerizable organic radicals on
      phyllosilicates by means of silanes has been already proposed.
PAR  With regard to such known processes, the invention aims at making the
      preparation of such products easier and at decreasing their cost price, in
      particular by avoiding the use of silanes.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the invention is to obtain chlorinated phyllosilicates in
      which the atoms of chlorine are directly fixed upon the mineral framework
      and then can be substitued by organic radicals.
PAR  More precisely, the invention relates to a process for preparing a
      siliceous material, particularly useful for obtaining organomineral
      composites, which is characterized in that it comprises, as a first step,
      the acid hydrolysis of mineral of the phyllosilicate type and, as a second
      step, the chlorination of the hydrolyzed mineral. This chlorination is
      particularly effected with thionyl chloride or with phosgene, and
      preferably under the following conditions:
PAR  THE HYDROLYSIS STEP IS CARRIED OUT BY REACTING THE MINERAL WITH A SOLUTION
      OF A STRONG MINERAL ACID AT A CONCENTRATION OF 1 VOLUME PER 1 TO 20
      VOLUMES OF SOLVENT AND PREFERABLY OF 1 VOLUME PER 1 TO 10 VOLUMES OF
      SOLVENT;
PAR  THE CONCENTRATION OF MINERAL IN THE SOLUTION OF HYDROLYSIS IS COMPRISED
      BETWEEN 10 AND 75 G/L, AND PREFERABLY BETWEEN 35 AND 55 G/L;
PAR  THE CHLORINATION STEP IS EFFECTED BY REACTING THE HYDROLYZED MINERAL WITH
      THIONYL CHLORIDE AT A CONCENTRATION OF 1 VOLUME PER 0 TO 50 VOLUMES OF
      SOLVENT, AND PREFERABLY OF 1 VOLUME PER 1 TO 20 VOLUMES OF SOLVENT, THE
      CONCENTRATION OF THE HYDROLYZED MINERAL BEING COMPRISED BETWEEN 10 AND 75
      G/L, AND PREFERABLY BETWEEN 25 AND 40 G/L.
PAR  The siliceous material according to the invention, and particularly the
      material obtained by the above-mentioned process has a siliceous mineral
      framework and reactive atoms of chlorine which are linked to the said
      framework through Si--Cl bonds. Preferably the mineral framework is that
      of a phyllosilicate and the proportion of the octahedral layer removed and
      partly substituted by the atoms of chlorine is advantageously comprised
      between 5 and 80% by weight, and preferably between 10 and 40% by weight.
PAR  According to a special embodiment, the process of the invention comprises a
      third grafting step of organic radicals. It consists of a reaction of the
      chlorinated mineral with at least one organic compound having at least an
      organic group making a later polymerization possible and having, on the
      other hand, a reactive function that enables its grafting on the mineral
      framework by reaction on the atoms of chlorine. Such a reactive function
      can be particularly brought about by a hydroxyl group, a halogen, a
      metallic atom, for instance in an organo-metallic compound.
PAR  A siliceous material comprising organic radicals grafted upon the siliceous
      framework in the place of part or all the atoms of chlorine is obtained.
      Preferably, these radicals comprise at least one olefinic double bond in
      order to enable the polymerization.
PAR  According to a preferred embodiment of the process, the grafting of the
      organic radicals on the mineral framework is achieved through the
      mechanism of chain transfer by reacting the chlorinated mineral with at
      least one polymerizable monomer in the presence of initiators of free
      radicals and more particularly in the presence of organic peroxides.
PAR  The siliceous materials as obtained by the process of the invention in a
      chlorinated and/or grafted form, are most suitable for the obtention of
      organomineral composites and more particularly, they are advantageously
      used as strengthening fillers for polymers or elastomers.
PAR  For carrying out the invention, phyllosilicates in a fibrous form which can
      be magnesium or magnesium-ferric minerals in which the tetraedral layers
      of silica alternate with magnesium or magnesium magnesio-ferric layers
      such as chrysotile, are advantageously used. The invention however is not
      confined to the fibrous form; minerals with a similar bi-dimensional
      structure, but in a lamellar form, as for instance micas, hydromicas and
      vermiculite can be used also, the tetraedral layers of silica and the
      octaedral layers being in this case plane instead of wound.
PAR  The treatment of such minerals by the process according to the invention,
      in the course of both hydrolysis and chlorination steps may be explained
      as follows:
PAR  1. -- a varying proportion of the octaedral layer (magensium more
      particularly) is removed by the acid treatment,
PAR  2. -- the accessibility of silanolic sites to chlorination reagent is
      ensured by achieving an "opening" of the mineral either by defibering or
      defiolating,
PAR  3. -- a chemical linkage of the chlorine atoms upon the so-liberated
      tetraedral layers of silicas having an acid character takes place.
PAR  The process according to the invention is easy to carry out, and besides it
      enables a large substitution of the octaedral layers (magnesium more
      particularly) by atoms of chlorine to be obtained on the whole. Depending
      on the properties which are looked after for the product, the rate of
      substitution can vary within very large limits, in general from about 1%
      to 50% whereas without any intermediary hydrolysis, this rate would be
      limited to values inferior to 2%. Nevertheless, the outside morphology of
      the treated phyllosilicate is preserved, for the reactions of hydrolysis
      and chlorination keep the integrity of the basic siliceous framework. A
      considerable increase of the specific surface compared with the basic
      mineral is observed. In the case of chrysotile for instance it can exceed
      25 square meters per gram (m2/g).
PAR  The materials according to the invention show specific properties that make
      them very useful, more particularly as strengthening agents in the
      polymerizable products.
PAR  In a preferred embodiment of the process, the materials according to the
      invention seem to comply with the following formula:
      ##EQU1##
PAR  The atom of chlorine fixed upon the starting mineral material represents
      the reactive grafting site of the polymer, either through the direct
      grafting of a growing polymeric chain during the reaction of
      polymerization of a monomer or the reticulation of a polymer, according to
      the chain transfer mechanism, or through a coupling agent having the
      formula: R--X
PAL  where X is an organic radical with 2 to 12 atoms of carbon and a reactive
      group able to be subjected to a reaction of polymerization,
      copolymerization or polycondensation with the polymeric matrix to be
      strengthened, and where X represents a group or an atom able to react
      chemically with the chlorine atom grafted upon the mineral. According to a
      preferred embodiment of the process of the invention, the X group will be
      a hydroxyl group or the inorganic part of an organo-metallic compound,
      organo-magnesian or organo-lithium compound for instance, this enumeration
      being not limitative in any way. More particularly the R--X compound is an
      unsaturated alcohol.
PAR  The complete formula of the material closely depends upon the conditions of
      preparation. Thus, the preliminary hydrolyzed reaction is achieved in the
      presence of a mineral acid, such as hydrochloric acid, sulphuric acid,
      nitric acid or an organic acid as acetic acid with a concentration and a
      temperature suitable for the desired reaction kinetics. These acids are
      dissolved into a solent generally constituted by water, preferably admixed
      with a saturated alcohol such as methanol, ethanol or isopropanol or a
      saturated ketone such as acetone or methylethylketone.
PAR  In general the reaction is effected at high temperature, this temperature
      remaining compatible with the boiling point of the alcohol or ketone used
      together with the acid. A similar hydrolysis reaction was described in
      patent Ser. No. 84120 filed Oct. 26, 1970 by M. della FAILLE and al., and
      now U.S. Pat. No. 3,692,816, and the conditions of reaction described in
      this application for a patent are advantageously used in the working out
      of the process according to the invention.
PAR  The chlorination reaction is achieved in the presence of a strong
      chlorination agent as thionyl chloride for instance, either pure or
      diluted into a "bearing" solvent. This solvent preferably belongs to the
      class of aromatic solvents as benzene toluene of xylene for instance, or
      to the class of saturated aliphatic solvents as heptane, octane, etc.
      According to a preferred eembodiment of the process of the invention, the
      temperature is close to the boiling point of the used chlorination
      reagent. A preferred solvent is heptane. Chlorination by means of
      solutions of thionyl chloride in toluene or heptane, and at a temperature
      close to the boiling point of thionyl chloride, that is to say around
      79.degree.-82.degree.C has proved to be particularly advantageous. An
      advantageous process uses pure thionyl chloride at this very temperature.
      The treatment time is preferably comprised between 1 and 10 hours, and
      more preferably is about 4 hours. Besides, the best chlorination yields
      are obtained when the previous hydrolysis is carried out in a solvent at
      least partly made of an alcohol or a ketone and more particularly in
      isopropanol or methylethylketone. The chlorinated mineral finally obtained
      can be submitted to a drying treatment under vacuum in order to desorb the
      reagents (thionyl chloride and toluene more particularly) that may remain.
PAR  Organomineral sequenced polymers can be obtained as well through
      polymerization of monomers derived from mono or diolefins on the material
      obtained in compliance with the present invention. Likewise such polymers
      can be produced through polycondensation on the said material. They can
      also be produced by said polymerization or polycondensation in the
      presence of the coupling agent as described above.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following examples are given to illustrate the present invention in a
      non restrictive way.
PAC  EXAMPLE 1
PAR  In a 2000 ml reactor, provided with an agitator and a reflux cooler, 80 g
      of chrysotile fiber, 1000 ml of concentrated hdyrochloric acid and 1000 ml
      isopropanol were introduced. After heating at 50.degree.c during 52 hours,
      the fiber hydrolyzed by centrifugation was washed with methanol until no
      trace of acidity remains. 94% of the magnesium octaedral layer were
      removed and the hydrolyzed fiber thus obtained showed a specific surface
      of 480 m2/g. After drying, 10 g of this hydrolyzed fiber were introduced
      into the Kumagawa reactor and treated with the thionyl chloride at its
      boiling temperature for 4 hours. After drying a chlorinated fiber
      containing 12% by weight of elementary chlorine was thus obtained. This
      chlorinated fiber can be directly incorporated into a mixture during
      polymerization in order to obtain an organomineral copolymer.
PAC  EXAMPLE 2
PAR  25 ml of monomer styrene and 75 ml of benzene were distilled under vacuum
      in a reaction vessel containing 10 g of the chlorinated fiber produced
      according to Example 1 and 1.25 g of benzoyl peroxide. After removing the
      gas, the vessel was sealed and put into a thermostatically controlled
      polymerization vessel at 45.degree.c during 24 hours, then at 60.degree.c
      for 96 hours.
PAR  Then the grafted fiber thus synthesized was extracted with benzene during
      24 hours, so as to remove the formed exclusively organic homopolymer, then
      dried. The so-treated fiber contained 29.5% of elementary carbon by
      weight. The average molecular weight of the styrene polymer grafted upon
      the mineral fiber amounted to 11,500 approximately. The so-obtained
      organomineral product is a strengthening filler for the manufacture of
      polymer of elastomer composites.
PAC  EXAMPLE 3
PAR  10 g of chlorinated fiber as obtained according to Example 1, 100 ml
      pyridine and 200 ml allyl alcohol were introduced into a 500 ml reactor
      provided with an agitator and a reflux cooler. The reaction was carried on
      during 4 hours at the refluxing temperature of alcohol. The grafted fiber
      thus obtained was washed with dry methanol, extracted then with ether
      during 24 hours and dried. Through this process, 13% by weight of
      elementary carbon was grafted onto the fiber.
PAR  The same reaction was carried out by replacing the chlorinated fiber by 10
      g of hydrolyzed fiber as in Example 1 and a grafted fiber containing 7.3%
      of carbon by weight was finally obtained. The grafting yield of allyl
      alcohol then is notably superior in the case of the chlorinated fiber and
      therefore the strengthening quality is increased.
PAC  EXAMPLE 4
PAR  80 g of chysotile fiber, 1000 ml of concentrated hydrochloric acid and 1000
      ml of isopropanol were introduced into a 2000 ml reactor, provided with an
      agitator and a reflux cooler. After heating at 40.degree.c for 7 hours and
      neutralizing the hydrolysis solution with NaOH, the hydrolyzed fiber was
      treated as in Example 1. Forty percent of the magnesium octaedral layer
      were then removed and the so-achieved hydrolyzed fiber showed a specific
      surface of 125 m.sup.2 /g. After drying, 10 g of this fiber were
      introduced into a Kumagawa apparatus and treated with thionyl chloride at
      its boiling temperature for 4 hours. After drying, then a chlorinated
      fiber containing 20.4% by weight of elementary chlorine was obtained.
PAC  EXAMPLE 5
PAR  15% of octaedral layer of a non-expanded vermiculite were removed by a
      hydrolysis process similar to that described in Example 1. Five grams of
      this hydrolyzed vermiculite were placed into a Kumagawa apparatus and
      treated with thionyl chloride at its boiling temperature for 4 hours.
      After drying, a chlorinated vermiculite containing 5.4% by weight of
      elementary chlorine was obtained. The obtained chlorinated vermiculite can
      be directly incorporated into a polymerization mixture in order to produce
      an organomineral copolymer.
PAC  EXAMPLE 6
PAR  80 g of chrysotile fiber, 800 ml of concentrated hydrochloric acid and 800
      ml of water were placed into a 2000 ml reactor provided with an agitator
      and a reflux cooler. The reaction was carried out at 25.degree.c for 4
      hours. The hydrolyzed fiber was recovered by centrifugation and then
      washed with water until all traces of acid disappeared. Twenty percent of
      the magnesium octaedral layer were removed and the so-obtained hydrolyzed
      fiber showed a specific surface of 60 m.sup.2 /g. After drying, 10 g of
      this hydrolyzed fiber were introduced into a Kumagawa reactor and treated
      with thionyl chloride at its boiling temperature for 4 hours. After
      drying, a chlorinated fiber containing 7.6% by weight of elementary
      chlorine was obtained.
PAC  EXAMPLE 7
PAR  Chrysotile fiber was hydrolyzed by treating a mixture of concentrated
      hydrochloric acid and isoporpanol at equal volumes at 40.degree.c for 20
      mn.
PAR  The hydrolyzed fiber was then treated with thionyl chloride in benzene for
      4 hours under reflux. The rate of chlorine of the so-treated fiber
      amounted to 1.28% by weight.
PAC  EXAMPLE 8
PAR  6 g of the same hydrolyzed fiber as in Example 7 were used in 100 g
      benzene. Phosgene was bubbled into the mixture during 3 hours, at room
      temperature. A chlorinated fiber with a chlorine rate of 3.05% by weight
      was obtained.
PAC  EXAMPLE 9
PAR  The chlorination treatment was applied to the same hydrolyzed fiber
      obtained in Example 7, but the reaction was effected in a column, without
      any solvent, by passing a gaseous COCl.sub.2 current at room temperature
      for 3 hours.
PAR  A chlorine rate of 1.84% by weight was obtained.
PAC  EXAMPLE 10
PAR  Chrysotile fibers, hydrolyzed as described in Example 6 in order to remove
      20% by weight of the octahedral layer (magnesium), were submitted to a
      chlorination treatment by a solution of thionyl chloride in toluene. For
      this purpose, 10 g of hydrolyzed chrysotile fibers, 270 ml of toluene and
      30 ml of distilled thionyl chloride were introduced into a flask fitted
      with a reflux cooler. The whole was heated and refluxed during 4 hours,
      then a classical distillation apparatus was substituted for the reflux
      cooler and the excess of thionyl chloride was distilled until pure toluene
      was obtained. The reaction mixture was left to cool and put into a glass
      tube having a porous bottom, in the absence of air and moisture, for 12
      hours in order to remove most toluene by draining the fiber. Finally the
      chlorinated fiber was dried under vacuum (10 .sup..sup.-2 torr) for 48
      hours at a room temperature, then for 24 hours at 60.degree.c and kept
      under P.sub.2 O.sub.5 in order to avoid the action of moisture.
PAR  Thus, a chlorine rate (percentage of elementary chlorine fixed upon the
      mineral by weight) of 2.9% was obtained.
PAR  The following results were obtained by varying toluene and SOCl.sub.2
      proportions:
PAR  for 150 ml of toluene and 150 ml of SOCl.sub.2, chlorine rate: 3.0%.
PAR  for 200 ml of toluene and 100 ml of SOCl.sub.2, chlorine rate: 2.9%.
PAR  for 285 ml of toluene and 15 ml of SOCl.sub.2, chlorine rate: 2.5%.
PAL  a chlorine rate of 2.9% was obtained by using 300 ml of pure SOCl.sub.2 for
      10 g of hydrolyzed mineral.
PAR  By varying the time of treatment of a mixture of 270 ml toluene and 30 ml
      SOCl.sub.2, chlorine rates of 2.5% for 2 hours and of 3.3% for 8 hours
      were obtained.
PAC  EXAMPLE 11
PAR  Asbestos fibers of the chrysotile type, hydrolyzed under various
      conditions, were submitted to a chlorination treatment with a solution of
      thionyl chloride at 10% by volume in toluene. The reaction was carried on
      for 4 hours under reflux, that is to say at a temperature of about
      79.degree. to 82.degree.C. The chlorinated mineral was dried under vacuum
      of 10.sup..sup.-2 torr for 48 hours.
PAR  For an hydrolysis rate of about 10%, 20%, 40%, 80%; (percentage by weight
      of removed octahedral layer), the respective chlorine rates of the
      chlorinated mineral (percentage of fixed chlorine, by weight) were:
PAR  2.1%, 2.6%, 7.8%, 12.2%; when the hydrolysis was carried out with
      hydrochloric acid diluted with water to 6N;
PAR  2.1%; 3.4%; 8.2%; 13.7% when the hydrolysis was carried out with
      hydrochloric acid 12N diluted by adding an equal volume of isopropanol;
PAR  2.1%; 3.9%; 9.0%; 13.4% when the hydrolysis was carried out with
      hdyrochloric acid 12N diluted by adding an equal volume of
      methylethylketone.
PAC  EXAMPLE 12
PAR  A chlorination treatment was carried out under the same conditions as in
      Examples 10 and 11, replacing toluene by heptane on chrysotile fibers
      hydrolyzed at various hydrolysis rates. More particularly, chlorine rates
      of 2.1%, 2.4%, 6.9% were obtained for respective hydrolysis rates of 10%,
      20% and 40%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process which comprises reacting a chlorinated mineral with at least
      one polymerizable monomer in the presence of a free radical initiator,
      said chlorinated mineral having a siliceous framework of a phyllosilicate
      in which 5-80% by weight of the octahedral layers are removed and chlorine
      atoms linked to the said framework through Si--Cl bonds.
NUM  2.
PAR  2. A process according to claim 1, wherein said mineral comprises
      chrysotile fibers.
NUM  3.
PAR  3. A process according to claim 1, wherein 10-40% of the octahedral layers
      are removed.
NUM  4.
PAR  4. A process which comprises reacting a chlorinated mineral with at least
      one organic compound having:
PA1  a. at least one function capable of reacting with the chlorine atoms of the
      chlorinated mineral so as to graft said organic compound onto said
      mineral; and
PA1  b. at least one polymerizable double bond, said chlorinated mineral having
      the siliceous framework of a phyllosilicate in which 5-80% by weight of
      the octahedral layers are removed and chlorine atoms linked to the said
      framework through Si--Cl bonds.
NUM  5.
PAR  5. A process according to claim 4, wherein said mineral comprises
      chrysotile fibers.
NUM  6.
PAR  6. A process according to claim 4, in which the said organic compound is an
      alcohol or an organometallic compound.
NUM  7.
PAR  7. A process according to claim 5, in which the said organic compound is an
      alcohol or an organometallic compound.
NUM  8.
PAR  8. A process according to claim 4, in which the said organic compound is
      allyl alcohol.
NUM  9.
PAR  9. A process according to claim 5, wherein the said organic compound is
      allyl alcohol.
NUM  10.
PAR  10. A process according to claim 4, wherein 10-40% of said octahedral
      layers are removed.
NUM  11.
PAR  11. A material which comprises a siliceous framework of a phyllosilicate in
      which 5-80% by weight of the octahedral layers are removed with chlorine
      atoms linked to the said framework through Si--Cl bonds, said material
      having organic radicals grafted upon the said siliceous framework, said
      organic radicals having at least one group enabling a later polymerization
      and grafted onto the framework by substitution of a part of the chlorine
      atoms.
NUM  12.
PAR  12. A material according to claim 11, in which the mineral comprises
      chrysotile fibers.
NUM  13.
PAR  13. A material according to claim 11, wherein said group enabling a later
      polymerization is an olefinic double bond.
NUM  14.
PAR  14. A material according to claim 12, wherein said group enabling a later
      polymerization is an olefinic double bond.
NUM  15.
PAR  15. A material according to claim 11, in which 10-40% of the octahedral
      layers are removed.
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ABST
PAL  Combination of a polyolefin; a crosslinking agent; a halogenated
      phosphorous-nitrogen compound having the formula
      ##EQU1##
      where R' is selected from the group consisting of hydrogen and alkyl
      radicals having 1 to 3 carbon atoms, R is a cyano alkyl radical having 2
      to 6 carbon atoms and X is chlorine, bromine, or iodine; ammonium
      polyphosphate; and hexachlorocyclopentadiene dimer yields a composition
      which is strong, fire-retardant and also strongly adherent to certain
      surfaces including aluminum.
BSUM
PAR  This invention relates to the bonding of polymers to other materials. In
      another aspect it relates to the use of fire-retardant additives to
      increase the bonding strength of polymers. In still another aspect it
      relates to the use of adhesive polymers to form laminates. In yet another
      aspect it relates to fire-retardant coatings.
PAR  Various flame-retardant additives have been used in the past to reduce the
      flammability rating of polymers or polymeric systems. During the course of
      experiments to develop fire-retardant polymers, it has been unexpectedly
      discovered that combining certain fire-retardant additives and a
      cross-linking agent with a polyolefin yields a polymeric product which has
      a significant improvement in useful adhesive qualities. In addition to
      forming a strong bond with polyamides, polyesters, other polyolefins,
      rubbers, and similar polymeric compositions, the improved composition is
      particularly adherent to aluminum. The composition is, therefore, useful
      as a fire-resistant coating for any of those materials to which it adheres
      and is also a good adhesive for use in forming laminates of such
      materials.
PAR  Accordingly, an object of this invention is to provide an improved polymer
      having both a high resistance to fire and good adhesive characteristics. A
      further object is to provide a process for bonding a fire-resistant
      polymer to aluminum. Still another object is to provide a useful
      combination of a fire-resistant polymer bonded to another material. Yet
      another object is to provide laminates using a fire-resistant polymer as a
      bonding material. Another object is to provide fire-retardant coatings for
      a variety of materials.
PAR  In accordance with the invention, a normally solid, thermoplastic
      polyolefin is combined with a crosslinking agent, a halogenated
      phosphorus-nitrogen compound, ammonium polyphosphate, and a
      hexachlorocyclopentadiene dimer. The resulting composition is both strong
      and fire resistant and is capable of forming a strong bond with certain
      other materials.
PAR  Although the use of any polyolefin is considered to be within the scope of
      this invention, the preferred polyolefin is polyethylene, more
      particularly an ethylene homopolymer, a copolymer of ethylene and at least
      one acyclic straight or branch chain mono-1-olefin hydrocarbon having 3 to
      8 carbon atoms per molecule, or mixtures of such homopolymers, of such
      copolymers, or of at least one such homopolymer and at least one such
      copolymer. A presently preferred group of such hydrocarbon comonomers are
      the straight chain 1-olefin hydrocarbons, particularly those straight
      chain 1-olefin hydrocarbons having 3 to 6 carbon atoms per molecule. The
      copolymers are usually formed with ethylene constituting at least 75
      weight percent of the total monomers. Specific copolymers of ethylene
      include, for example, copolymers of ethylene and 1-butene, copolymers of
      ethylene and propylene, copolymers of ethylene and isobutene, copolymers
      of ethylene and 1-pentene, copolymers of ethylene and 3-methyl-1-butene,
      copolymers of ethylene and 1-hexene, copolymers of ethylene and
      4-methyl-1-pentene, copolymers of ethylene and 1-heptene, copolymers of
      ethylene and 1-octene, copolymers of ethylene and 4-ethyl-1-hexene, and
      blends thereof.
PAR  In general, the polymer of ethylene employed will have a melt index of at
      least about 10, based on ASTM D1238-70, Condition E, a density in the
      range of about 0.92 to about 0.97, based on ASTM D-1505-68, preferably in
      the range of about 0.940 to about 0.965. The polymer used will generally
      have a melt index in the range of about 10 to about 200, with polymers
      having a melt index in the range of about 10 to about 50 being presently
      preferred. The polymers can be produced by any suitable method and can be
      selected from among those commercially available where desired.
PAR  Crosslinking compounds which are considered to be suitable are the
      acetylenic diperoxy compounds, which includes the hexynes having the
      formula
      ##EQU2##
      octynes having the formula
      ##EQU3##
      and octadiynes having the formula
      ##EQU4##
      wherein R" is selected from the group consisting of tertiary alkyl,
      alkoxycarbonyl, and benzoyl. In general, the molecular weight of the
      diperoxy compounds will fall within the range of about 230 to about 500.
      Excellent results are received with the above-noted hexynes. Among the
      compounds encompassed within the above-noted hexynes, octynes, and
      octadiynes are:
PA1  2,7-dimethyl-2,7-di(t-butylperoxy)octadiyne-3,5;
PA1  2,7-dimethyl-2,7-di(peroxy ethyl carbonate)octadiyne-3,5;
PA1  3,6-dimethyl-3,6-di(peroxy ethyl carbonate)octyne-4;
PA1  3,6-dimethyl-3,6(t-butylperoxy)octyne-4;
PA1  2,5-dimethyl-2,5-di(peroxybenzoate)hexyne-3;
PA1  2,5-dimethyl-2,5-di(peroxy-n-propyl carbonate)hexyne-3;
PA1  2,5-dimethyl-2,5-di(peroxy isobutyl carbonate)hexyne-3;
PA1  2,5-dimethyl-2,5-di(peroxy ethyl carbonate)hexyne-3;
PA1  2,5-dimethyl-2,5-di(alpha-cumyl peroxy)hexyne-3;
PA1  2,5-dimethyl-2,5-di(peroxy beta-chloroethyl carbonate)hexyne-3;
PA1  2,5-dimethyl-2,5-di(t-butylperoxy)hexyne-3.
PAR  A preferred crosslinking agent for use in the present invention is
      2,5-dimethyl-2,5-di(t-butylperoxy)-hexyne-3. In general, the amount of the
      crosslinking agent will be in the range of about 0.1 to about 10,
      preferably in the range of about 0.5 to about 3, parts by weight per 100
      parts by weight of the polymer of ethylene.
PAR  The halogenated phosphorus-nitrogen compound employed is represented by the
      formula
      ##EQU5##
      where R' is H or an alkyl radical having from 1 to 3 carbon atoms, R is a
      cyano alkyl radical having from 2 to 6 carbon atoms, and X is Cl, Br, or
      I. Specific examples of compounds considered to be suitable include
      propylene 1,2-bis[tris(2-cyano-butyl)phosphonium chloride],
      2,3-butylene-bis[tris(cyano-propyl)phosphonium iodide], and the presently
      preferred ethylene 1,2-bis[tris(2-cyano-ethyl)phosphonium bromide]. The
      concentration of this component can be within the range of about 2.0 to
      about 7.5 percent by weight based on the polyolefin with a value in the
      range of about 2.5 weight percent to about 5 weight percent preferred.
PAR  The ammonium polyphosphate additive can be produced by the reaction of
      ammonia and phosphoric acid, with at least 45 percen of the resulting
      phosphate being in the form of polyphosphates, i.e., a mixture of dimers,
      trimers, and tetramers of phosphoric acid. The concentration of ammonium
      polyphosphate can be within the range of about 2 percent to about 7.5
      percent by weight based on the weight of polyolefin, with a range of about
      2.5 weight percent to about 5 weight percent being preferred.
PAR  The dimer of hexachlorocyclopentadiene (C.sub.10 Cl.sub.12) employed in the
      invention is characterized by a melting point of 485.degree.C., a
      refractive index (20.degree.C.) of 1.627, and a density of 2.02 g/cc. The
      concentration of this component can be within the range of about 5 percent
      to about 20 percent by weight based on the weight of polyolefin with a
      range of about 7 weight percent to about 14 weight percent being
      preferred.
PAR  The polyolefin base, crosslinking agent, and other ingredients can be
      combined by any method to form a mixture of substantially uniform
      composition. Blending by means of tumble mixing, pelletizing the
      components of the composition, or a combination of these procedures are
      considered to be satisfactory means of mixing the ingredients. A preferred
      method is to tumble mix a pelletized combination of polyolefin and
      crosslinking agent with other components.
PAR  The mixed polyolefin composition can be bonded or laminated to a desired
      surface using any technique suitable for bonding a polyolefin to another
      material. Compression molding has been found to work well when laminating
      a polyolefin to a thin material such as metal foil. Suitable bonding
      conditions include a pressure within the range of 0 psi to about 1000 psi
      or above and a temperature within the range of about 350.degree.F. to
      about 500.degree.F. for a period of time suitable to permit a crosslinking
      reaction to take place within the polyolefin composition, usually within
      the range of about 4 to about 10 minutes. The preferred conditions for
      laminating a polyethylene composition with aluminum foil of approximately
      5 mil thickness are a pressure of about 600 psi and a temperature of about
      400.degree.F. for a period of about 5 minutes.
PAR  Bonded products and laminates manufactured in accordance with the invention
      using suitable substrates have strongly adherent bonds, as fire retardant
      and, in some cases, fire resistant, and have the high strength and stress
      crack resistance of the crosslinked polyethylene used as a base for the
      composition. Uses of laminates so formed, for example, include, but are
      not limited to, metal surfaced boards for printed circuits, etch plates,
      heat shields, and other similar items. Because the polyolefin composition
      acquires adhesive properties and flame-retardant qualities without giving
      up the aesthetic appearance, strength and electrical insulating properties
      of the crosslinked polyolefin, the new composition lends itself to
      hundreds of uses which would otherwise require the use of a separate
      adhesive to bond the polyolefin to another surface.
PAR  The composition is also considered to be useful in bonding with many other
      normally solid organic thermoplastic materials, including polyamides such
      as nylon 6-6 and nylon 6, polyesters such as polyethylene terephthalate,
      other uncrosslinked polyolefins such as polypropylene, natural rubber and
      synthetic rubbers such as acrylonitrile-butadiene-styrene terpolymers,
      ethylene, propylene, diene terpolymers, and butadiene-styrene copolymers.
      In addition to bonding a polyolefin composition to these and other
      substances, formation of laminates using various substrates or
      combinations of substrates bonded with the composition of the invention
      and coating of suitable surfaces are considered to be within the scope of
      the invention. In a preferred embodiment, polyethylene in combination with
      a crosslinking agent and fire-retardant compounds is bonded to aluminum.
PAR  It has been found that an improved polyethylene composition which bonds
      well with aluminum dows not show improved adherence to copper. A
      composition which bonds well with aluminum has in fact been shown to bond
      less readily to copper than crosslinked polyolefin without additives.
DETD
PAC  EXAMPLE I
PAR  An ethylene homopolymer having a density of 0.965 and a melt index of 30;
      2,5-dimethyl-2,5-di(t-butylperoxy)-hexyne-3;
      ethylene-bis[tris(2-cyanoethyl)phosphonium bromide]; ammonium
      polyphosphate with 45% of the phosphates being in the form of
      polyphosphates; and hexachlorocyclopentadiene dimer were admixed in
      various proportions. Each of the resulting blends was applied in powder
      form to a substrate of 5 mil aluminum foil strip 1 inch wide which had
      been cleaned by wiping with acetone and air dried. The cleaned aluminum
      and polyethylene mixture were compression molded at a pressure of 600 psi
      at 400.degree.F. for 5 minutes. Control runs were made using ethylene
      homopolymer alone and using only the ethylene homopolymer-crosslinking
      agent combination. The strength of the bond formed with aluminum for the
      various combinations is shown in the following table:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Additive Concentration as Percentage    Peel                              
     by Weight of Polyethylene               Strength                          
                                             lbs.                              
                      Ethylene bis-                                            
           2,5-dimethyl-2,5-                                                   
                      [tris(2-cyano-                                           
                                Ammonium                                       
                                      Hexachloro                               
           di(t-butylperoxy)-                                                  
                      ethyl)phosphonium                                        
                                poly- cyclopenta-                              
     Run No.                                                                   
           hexyne-3   bromide]  phosphate                                      
                                      diene Dimer                              
     __________________________________________________________________________
     1     0          0         0     0      2.1                               
     2     0          0         0     14     1.7                               
     3     0          5         5     0      4.0                               
     4     0          5         5     14     1.0                               
     5     0.75       0         0     0      5.3                               
     6     0.75       0         0     7      7.9                               
     7     0.75       2.5       2.5   0      3.5                               
     8     0.75       0         0     14     4.7                               
     9     0.75       5         5     0      6.5                               
     10    0.75       2.5       2.5   7      13.3*                             
     11    0.75       5         5     14     13.3*                             
     __________________________________________________________________________
      *Bonding strength was sufficient to cause the foil to tear or break at   
      13.3 lbs. peel strength instead of pulling away from the polymeric       
      composition.                                                             
PAR  As shown by the table, maximum usable bonding strength was obtained using
      fairly low concentrations of fire-retardant additives, and increasing
      these concentrations to obtain increased fire resistance did not adversely
      affect the usable bonding strength. Separate testing of the polymeric
      composition with the composition of Run 11 from Table I showed the
      composition to be self-extinguishing in air.
PAC  EXAMPLE II
PAR  The procedure of Example I was used to test bonding strength for copper
      using copper foil 6 mils thick which had been cleaned by wiping with
      acetone and air dried. The results of this procedure are shown in Table
      II:
TBL                                    TABLE II                                
     __________________________________________________________________________
     Additive Concentration as Percentage by                                   
                                          Peel                                 
     Weight of Polyolefin                 Strength                             
                                          lbs.                                 
     __________________________________________________________________________
                   Ethylene bis-                                               
          2,5-dimethyl-2,5-                                                    
                   [tris(2-cyano-                                              
                             Ammonium                                          
                                   Hexachloro-                                 
          di(t-butylperoxy)-                                                   
                   ethyl)phosphonium                                           
                             poly- cyclopenta-                                 
     Run No.                                                                   
          hexyne-3 bromide]  phosphate                                         
                                   diene Dimer                                 
     __________________________________________________________________________
     12   0.75     0         0      0     5.1                                  
     13   0.75     0         0     14     4.7                                  
     14   0.75     5         5     0      1.1                                  
     15   0.75     2.5       2.5   7      3.2                                  
     16   0.75     5         5     14     3.2                                  
     __________________________________________________________________________
PAR  As shown by Table II, bonding strength with copper was not improved by
      addition of flame-retardant materials. This further points out the unique
      and unexpected nature of the bonding strength with aluminum.
PAR  Reasonable variations and modifications are possible within the scope of
      the foregoing disclosure and the appended claims to the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A laminate comprising a first layer of a first material selected from
      the group consisting of suitable metals, elastomers, resins, and
      combinations thereof and a second layer bonded to said first layer, said
      second layer being formed of a composition comprising a polyolefin, an
      acetylenic diperoxy crosslinking agent, a halogenated phosphorus-nitrogen
      compound represented by the formula
      ##EQU6##
      where R' is selected from the group consisting of hydrogen and alkyl
      radicals having 1 to 3 carbon atoms, R is a cyano alkyl radical having 2
      to 6 carbon atoms, and X is chlorine, bromine, or iodine; ammonium
      polyphosphate having at least 45 percent of phosphate in the form of
      polyphosphates; and dimer of hexachlorocyclopentadiene; said first
      material being a material to which said composition of said second layer
      will adhere.
NUM  2.
PAR  2. A laminate in accordance with claim 1 wherein said first material is
      selected from the group consisting of aluminum, polyamides, polyesters,
      polyolefins, synthetic rubber, natural rubber, and combinations thereof.
NUM  3.
PAR  3. A laminate in accordance with claim 2 additionally comprising a third
      layer of a material selected from the group consisting of suitable metals,
      elastomers, resins, and combinations thereof bonded to said second layer.
NUM  4.
PAR  4. A laminate in accordance with claim 3 wherein said third layer comprises
      aluminum.
NUM  5.
PAR  5. A laminate in accordance with claim 3 wherein said third layer comprises
      material selected from the group consisting of aluminum, polyamides,
      polyesters, polyolefins, synthetic rubber, natural rubber, and
      combinations thereof.
NUM  6.
PAR  6. A laminate comprising a first layer of aluminum and a second layer
      bonded to said first layer, said second layer being formed of a
      composition comprising:
PA1  a polyolefin;
PA1  an acetylenic diperoxy crosslinking agent;
PA1  from about 2 percent to about 7.5 percent by weight based on the weight of
      said polyolefin of ammonium polyphosphate having at least 45 percent of
      phosphate in the form of polyphosphates;
PA1  from about 5 percent to about 20 percent by weight based on the weight of
      said polyolefin of a dimer of hexachlorocyclopentadiene; and
PA1  from about 2 percent to about 7.5 percent by weight based on the weight of
      said polyolefin of a halogenated phosphorus-nitrogen compound represented
      by the formula
      ##EQU7##
      where R' is selected from the group consisting of hydrogen and alkyl
      radicals having 1 to 3 carbon atoms, R is a cyano alkyl radical having 2
      to 6 carbon atoms, and X is chlorine, bromine, or iodine.
NUM  7.
PAR  7. A laminate in accordance with claim 6 additionally comprising a third
      layer of a material selected from the group consisting of suitable metals,
      elastomers, resins, and combinations thereof bonded to said second layer.
NUM  8.
PAR  8. A laminate in accordance with claim 7 wherein said third layer is
      selected from the group consisting of aluminum, polyamides, polyesters,
      polyolefins, synthetic rubber, natural rubber, and combinations thereof.
NUM  9.
PAR  9. A laminate in accordance with claim 8 wherein said third layer comprises
      aluminum.
NUM  10.
PAR  10. The process of bonding a suitable first surface to a suitable second
      surface, said process comprising combining a polyolefin, an acetylenic
      diperoxy crosslinking agent, ammonium polyphosphate having at least 45
      percent of phosphate in the form of polyphosphates, dimer of
      hexachlorocyclopentadiene, and a halogenated phosphorus-nitrogen compound
      represented by the formula
      ##EQU8##
      where R' is selected from the group consisting of hydrogen and alkyl
      radicals having 1 to 3 carbon atoms, R is a cyano alkyl radical having 2
      to 6 carbon atoms, and X is chlorine, bromine, or iodine; depositing the
      thus-prepared polyolefin composition between said suitable first surface
      to which it is capable of adhering and said suitable second surface to
      which it is capable of adhering; heating said polyolefin composition, said
      first surface, and said second surface to a temperature above the melting
      point of said polyolefin composition; maintaining said polyolefin
      composition, said first surface, and said second surface at said
      temperature for a period of time sufficient to permit a crosslinking
      reaction to take place; and cooling said polyolefin, said first surface,
      and said second surface.
NUM  11.
PAR  11. A process in accordance with claim 10 wherein said first surface is
      selected from the group consisting of aluminum, polyamides, polyesters,
      polyolefins, synthetic rubber, natural rubber, and combinations thereof
      and wherein said second surface is selected from the group consisting of
      aluminum, polyamides, polyesters, polyolefins, synthetic rubber, natural
      rubber, and combinations thereof.
NUM  12.
PAR  12. A process in accordance with claim 10 wherein said first surface
      comprises aluminum.
NUM  13.
PAR  13. A process in accordance with claim 12 wherein said second surface
      comprises aluminum.
NUM  14.
PAR  14. A process in accordance with claim 12 wherein said second surface
      comprises a polymeric material.
NUM  15.
PAR  15. A process of bonding a polyolefin to a surface of a suitable material,
      said process comprising combining with polyolefin, an acetylenic diperoxy
      crosslinking agent, ammonium polyphosphate having at least 45 percent of
      phosphate in the form of polyphosphates, dimer of
      hexachlorocyclopentadiene, and a halogenated phosphorus-nitrogen compound
      represented by the formula
      ##EQU9##
      where R' is selected from the group consisting of hydrogen and alkyl
      radicals having 1 to 3 carbon atoms, R is a cyano alkyl radical having 2
      to 6 carbon atoms, and X is chlorine, bromine, or iodine; mixing the
      combined ingredients to form a substantially uniform composition;
      contacting the thus-prepared polyolefin compostion and said surface with
      the temperature of said polyolefin composition being above the melting
      point of said polyolefin composition; maintaining said polyolefin
      composition and said surface above said melting point for a period of time
      sufficient to permit a crosslinking reaction to take place; and then
      cooling said polyolefin composition below said melting point.
NUM  16.
PAR  16. A process in accordance with claim 15 wherein said polyolefin is a
      polymer of ethylene having a density in the range of about 0.92 to about
      0.97 and wherein said crosslinking agent comprises about 0.1 to about 10
      percent by weight of said polymer of ethylene.
NUM  17.
PAR  17. A process in accordance with claim 16 wherein said crosslinking agent
      is selected from the group consisting of hexynes having the formula
      ##EQU10##
      octynes having the formula
      ##EQU11##
      and octadiynes having the formula
      ##EQU12##
      wherein R" is selected from the group consisting of tertiary alkyl,
      alkoxycarbonyl, and benzoyl.
NUM  18.
PAR  18. A process in accordance with claim 17 wherein the concentrations of
      each of said halogenated phosphorus-nitrogen compound and ammonium
      polyphosphate are in the range of from about 2 percent to about 7.5
      percent by weight based on the weight of said high density polyethylene,
      and wherein the concentration of dimer of hexachlorocyclopentadiene is
      within the range of from about 5 percent to about 20 percent by weight
      based on the weight of said high density polyethylene.
NUM  19.
PAR  19. A process in accordance with claim 18 wherein said halogenated
      phosphorus-nitrogen compound is ethylene bis[tris(2-cyanoethyl)phosphonium
      bromide].
NUM  20.
PAR  20. A process in accordance with claim 19 wherein the material forming said
      surface is selected from the group consisting of aluminum, polyamides,
      polyesters, polyolefins, synthetic rubber, natural rubber, and
      combinations thereof.
NUM  21.
PAR  21. A process of bonding a polyolefin to an aluminum surface, said process
      comprising:
PA1  combining with said polyolefin an acetylenic diperoxy crosslinking agent,
      from about 2 percent to about 7.5 percent by weight based on
PA1  the weight of said polyolefin of ammonium polyphosphate having at
PA1  least 45 percent of phosphate in the form of polyphosphates, from about 5
      percent to about 20 percent by weight based on
PA1  the weight of said polyolefin of a dimer of hexachlorocyclopentadiene, and
      from about 2 percent to about 7.5 percent by weight based on
PA1  the weight of said polyolefin of a halogenated phosphorus-nitrogen compound
      represented by the formula
      ##EQU13##
      where R' is selected from the group consisting of hydrogen and alkyl
      radicals having 1 to 3 carbon atoms, R is a cyano alkyl radical having 2
      to 6 carbon atoms, and X is chlorine, bromine, or iodine;
PA1  mixing the combined ingredients to form a substantially uniform
      composition;
PA1  contacting the thus-prepared polyolefin composition and said aluminum
      surface with the temperature of said polyolefin composition being above
      the melting point of said polyolefin composition;
PA1  maintaining said polyolefin composition and said aluminum surface above
      said melting point for a period of time sufficient to permit a
      crosslinking reaction to take place; and
PA1  subsequently cooling said polyolefin composition below said melting point.
NUM  22.
PAR  22. A process in accordance with claim 21 wherein said polyolefin is a
      polymer of ethylene having a density in the range of from about 0.92 to
      about 0.97 and wherein said crosslinking agent comprises from about 0.1 to
      about 10 percent by weight of said polymer of ethylene.
NUM  23.
PAR  23. A process in accordance with claim 22 wherein said crosslinking agent
      is selected from the group consisting of hexynes having the formula
      ##EQU14##
      octynes having the formula
      ##EQU15##
      and octadiynes having the formula
      ##EQU16##
      wherein R" is selected from the group consisting of tertiary alkyl,
      alkoxycarbonyl, and benzoyl.
NUM  24.
PAR  24. A process in accordance with claim 23 wherein said halogenated
      phosphorus-nitrogen compound is ethylene bis[tris(2-cyanoethyl)phosphonium
      bromide].
NUM  25.
PAR  25. A process of bonding a first suitable surface to a second suitable
      surface, said process comprising:
PA1  combining
PA2  a polyolefin;
PA2  an acetylenic diperoxy crosslinking agent;
PA1  from about 2 percent to about 7.5 percent by weight based on the weight of
      said polyolefin of ammonium polyphosphate having at least 45 percent of
      phosphate in the form of polyphosphates;
PA1  from about 5 percent to about 20 percent by weight based on the weight of
      said polyolefin of a dimer of hexachlorocyclopentadiene; and
PA1  from about 2 percent to about 7.5 percent by weight based on the weight of
      said polyolefin of a halogenated phosphorus-nitrogen compound represented
      by the formula
      ##EQU17##
      where R' is selected from the group consisting of hydrogen and alkyl
      radicals having 1 to 3 carbon atoms, R is a cyano alkyl radical having 2
      to 6 carbon atoms, and X is chlorine, bromine or iodine;
PA1  depositing the thus-prepared polyolefin composition between a first surface
      to which it is capable of adhering and a second surface to which it is
      capable of adhering;
PA1  heating said polyolefin composition, said first surface, and said second
      surface to a temperature above the melting point of said polyolefin
      composition;
PA1  maintaining said polyolefin composition, said first surface, and said
      second surface above said melting point for a period of time sufficient to
      permit crosslinking reaction to take place; and
PA1  cooling said polyolefin, said first surface, and said second surface below
      said melting point.
NUM  26.
PAR  26. A process in accordance with claim 25 wherein the material forming said
      first surface is selected from the group consisting of aluminum,
      polyamides, polyesters, polyolefins, synthetic rubber, natural rubber, and
      combinations thereof and wherein the material forming said second surface
      is selected from the group consisting of aluminum, polyamides, polyesters,
      polyolefins, synthetic rubber, natural rubber, and combinations thereof.
NUM  27.
PAR  27. A process in accordance with claim 26 wherein the material forming said
      first surface is aluminum.
NUM  28.
PAR  28. A process in accordance with claim 27 wherein the material forming said
      surface is aluminum.
PATN
WKU  039405486
SRC  5
APN  445894&
APT  1
ART  162
APD  19740226
TTL  Surface treatment of rubber articles with an alkyl hypohalite
ISD  19760224
NCL  14
ECL  1
EXA  Childs; Sadie L.
EXP  Gwinnell; Harry J.
INVT
NAM  Todani; Yoshihiro
CTY  Kamakura
CNT  JA
INVT
NAM  Ohkawa; Toshio
CTY  Yokohama
CNT  JA
ASSG
NAM  Nippon Zlin Co. Ltd.
CTY  Tokyo
CNT  JA
COD  03
RLAP
COD  72
APN  290409
APD  19720919
PSC  03
CLAS
OCL  428492
XCL  427444
XCL  428500
XCL  427400
XCL  427430
EDF  2
ICL  B32B 2504
ICL  B32B 2512
FSC  117
FSS  47 A;138.8 UA;138.8 B;139
FSC  427
FSS  430;400;322;444
FSC  428
FSS  492;500
UREF
PNO  1491265
ISD  19240400
NAM  Hopkinson
OCL  117139
UREF
PNO  2102456
ISD  19371200
NAM  Brill et al.
OCL  117139
UREF
PNO  2878519
ISD  19590300
NAM  Wolinski
OCL   18 48
UREF
PNO  2929825
ISD  19600300
NAM  Stephens
OCL  117139
UREF
PNO  3080252
ISD  19630300
NAM  Freier et al.
OCL  117139
UREF
PNO  3080255
ISD  19630300
NAM  Winkelmann
OCL  117 47
UREF
PNO  3352818
ISD  19671100
NAM  Meyer et al.
OCL  260 45.7
LREP
FRM  Sherman & Shalloway
ABST
PAL  A process for treating the surfaces of shaped articles of rubber, which
      comprises contacting the surfaces of shaped articles of rubber containing
      carbon-to-carbon unsaturated double bonds, with an alkyl hypohalite.
PARN
PAR  This application is a continuation-in-part application of U.S. Ser. No.
      290,409 filed Sept. 19, 1972, now abandoned.
BSUM
PAR  This invention relates to a process for treating surfaces of shaped rubber
      articles. More particularly, the invention relates to a process comprising
      contacting the surface of shaped articles of rubber containing
      carbon-to-carbon unsaturated double bonds, with an alkyl hypohalite,
      thereby producing rubber articles having low friction factor, improved
      ozone resistance, hydrocarbon impermeability, and adhesion.
PAR  Frequently attempts have been made to reduce the friction factor of shaped
      rubber articles, for the purpose of improving the workability of
      unvulcanized rubber before and during vulcanization, the workability of
      vulcanized rubber for handling and packing, as well as the workability and
      durability of rubber products under use. As such means, it is known to
      contact the surfaces of shaped rubber articles with an inorganic acid or
      halogen. Known methods of this type are admittedly effective for reducing
      the friction factor, but are defective in that the so treated vulcanized
      rubber products easily develop cracks when exposed to ozone-containing
      atmospheres.
PAR  Hydrocarbons, for example those exhausted from the fuel systems of traffic
      conveyances are one of the great causes of air pollution. Hydrocarbons
      exhausted through the wall of a rubber tube of the fuel system account for
      a substantial amount of those hydrocarbons exhausted from such fuel
      systems. A method of preventing or controlling the permeation of
      hydrocarbons through such a rubber tube has not yet been found. Such a
      method has been greatly desired socially from the viewpoint of controlling
      air pollution.
PAR  In the field of bonding, a bonding agent which adhers firmly to rubber has
      scarcely been available in the past. Thus, even though a bonding agent
      having a high bond strength to a bonding material such as a metal, fiber,
      wood, or glass is used to bond rubbers, the composite article obtained
      tends to be separated easily between the bonding agent and the rubbers.
      Accordingly, various treatments have so far been performed on the surface
      of the shaped rubber article used as a base material. For instance, there
      can be enumerated a method (1) wherein any sulfur, accelerator, wax,
      process oil, and/or plasticizer bloomed on the surface of the base
      material and preventing adhesion are removed, and the surface of the base
      material is roughened by mechanical abrading; a method (2) wherein the
      surface of the base material is immersed in concentrated sulfuric acid for
      2 to 10 minutes, washed first with cold water and then with hot water, and
      dried; and a method (3) wherein the surface of the base material is
      treated with a solution consisting mainly of a mixture of an organic
      monocarboxylic acid and phosphoric acid. However, the abrading method (1)
      tends to cause non-uniform bonding strength by uneven abrading, and
      process control is difficult. Additionally the abrading needs much time
      and considerable labor to reduce processability, and rubber powders
      generated in abrading pose a sanitary problem. The method (2) of treating
      with concentrated sulfuric acid is complicated takes much time, and does
      not bring forth sufficient bonding strength. In methods (2) and (3) a
      polar group is introduced in the surface of the base material to adhere
      the surface thereof to the bonding agent physically and improve the
      bonding strength. But even by these methods it is difficult to improve the
      adhesion between the rubber and bonding agent.
PAR  Accordingly, an object of this invention is to provide shaped articles of
      rubber which have a low friction factor and improved resistance to ozone.
PAR  Another object of this invention is to provide a method of restraining
      permeation of hydrocarbons through a shaped article of rubber such as a
      rubber tube or rubber sheet, wherein the "hydrocarbon" to be used herein
      means a hydrocarbon which is liquid at room temperature and evaporated at
      room temperature and may be halogenated, for example, gasoline or freon.
PAR  Still another object of this invention is to provide a method of bonding
      shaped articles of rubber to each other or a shaped article of rubber to
      another substance very firmly.
PAR  These objects of the invention are achieved by contacting the surfaces of
      shaped articles of rubber containing carbon-to-carbon unsaturated double
      bonds, with an alkyl hypohalite.
PAR  The rubber articles to be treated in accordance with the invention may be
      defined as the shaped articles of rubber containing carbon-to-carbon
      unsaturated double bonds in their molecules, such as natural rubber,
      polyisoprene, polybutadiene, butadiene-isoprene copolymer,
      styrene-butadiene copolymer, acrylonitrile-butadiene copolymer,
      acrylonitrile-butadieneisoprene ternary copolymer,
      ethylene-propylene-diene ternary copolymer, polychloroprene,
      epichlorohydrin-unsaturated epoxide copolymer, and isobutylene-isoprene
      copolymer rubbers, optionally blended with other rubbers and/or
      conventional additives, as well as the shaped articles obtained by
      vulcanizing such blends. Additionally, a reinforcing agent, filler,
      softener, plasticizer, anti-oxidant, and other known additives to
      facilitate processing, can be used, when suitably selected according to
      the intended utility of the rubber articles.
PAR  As the alkyl hypohalite to be used for the surface treatment of such shaped
      rubber articles, tertiary alkyl hypohalites, such as tertiary butyl
      hypohalite, tertiary amyl hypohalite, are more preferable to normal or
      secondary alkyl hypohalites, because of their higher stability. The most
      preferred are tertiary butyl hypochlorite and tertiary butyl hypobromite.
      Halogen-substituted alkyl hypohalites, for example, di- or
      tri-chloromethyl hypochlorite, di- or tri-fluoromethyl hypochlorite, can
      also be used. According to the invention, those alkyl hypohalites may be
      used as they are, or as solutions in organic solvents, for the surface
      treatment of shaped rubber articles. It should be noted, however, that the
      organic solvent must be such that it may swell, but never dissolve, the
      rubber surfaces. Suitable solvents include aliphatic hydrocarbons such as
      heptane, n-hexane, and cyclohexane; aromatic hydrocarbons such as benzene,
      nitrobenzene, halogenated benzene, toluene and xylene; ethers such as
      diethylether and dioxane; esters such as ethyl acetate; ketones such as
      methyl ethyl ketone and cyclohexanone; chlorinated hydrocarbons such as
      ethyl chloride, chloroform, and carbon tetrachloride; tertiary alcohols
      such as tertiary butyl alcohol; and carbon disulfide. Those solvents may
      be used as mixtures. When an alkyl hypohalite is used in the form of a
      solution dissolved in these solvents, the concentration of the alkyl
      hypohalite in the solution is not limited particularly but selected
      suitably according to the properties to be imparted to the shaped articles
      of rubber. Generally, it is preferable that the concentration be at least
      0.5% by weight.
PAR  The invention can be practiced either by immersing the rubber articles in
      alkyl hypohalite, or by coating or spraying alkyl hypohalite onto the
      rubber articles. In the former embodiment, the immersion time varies
      depending on such factors as the type of rubber, concentration of the
      alkyl hypohalite solution, type of solvent, and the intended utility of
      the rubber articles, normally ranging from 1 second to 10 hours,
      preferably from 3 seconds to 60 minutes. The temperature at which the
      alkyl hypohalite is contacted with the surfaces of shaped articles of
      rubber is from 0.degree.C to the boiling point of alkyl hypohalite,
      preferably from 0.degree.C to 30.degree.C.
PAR  It is thus possible according to this invention to reduce the friction
      factor, and improve ozone resistance, hydrocarbon impermeability, and the
      adhesion of shaped articles of specified rubbers. However, the mechanism
      by which such favorable results are achieved is not yet fully clear.
      Presumably, however, the effect is brought about through the reaction of
      carbon-to-carbon unsaturated double bonds on the rubber surfaces with the
      alkyl hypohalite, thereby introducing halogen and alkoxy groups into the
      former. In the known process of directly reacting a halogen gas with
      shaped articles of rubber, the friction factor of the rubber is reduced
      probably due to addition of the halogen to the double bonds. Whereas,
      since according to the invention alkoxy groups are also introduced besides
      halogen, the surface hardness of treated articles changes only slightly.
      Furthermore, because the reaction reaches relatively great depths into the
      surface layer, concurrently with the reduction in the friction factor, an
      improvement in ozone resistance is also achieved. As the halogen and
      alkoxy groups are introduced in the treated surface, the affinity of the
      shaped article of rubber with hydrocarbons becomes poor, and the diffusion
      permeability of hydrocarbons to the shaped article of rubber is reduced.
      As a result, the hydrocarbon impermeability of the shaped article of
      rubber is improved. As the halogen introduced in the treated surface
      reacts with the bonding agent, the bonding strength is improved. The
      shaped articles of rubber treated in accordance with this invention have
      the wide utilities known for rubber in general. As only some of the
      recommended utilities, parts of industrial equipments such as packings,
      seals, gaskets, rolls, hoses, belts, bands, wipers, diaphragms, and the
      like may be named. The shaped articles of rubber treated according to the
      method of this invention can be applied to the production of a composite
      article by bonding the shaped articles of rubber to each other or the
      shaped article of rubber to another substance such as a vulcanized rubber,
      unvulcanized rubber, synthetic resin, metal, fiber, leather, wood, glass
      or concrete. An epoxy bonding agent is suitable as a bonding agent used in
      this case.
PAR  Hereinafter the invention will be explained more concretely with reference
      to working examples, in which the parts are by weight.
DETD
PAC  EXAMPLE 1
PAR  One-hundred parts of acrylonitrile-butadiene copolymer rubber (Nipol 1042
      AL: product of Nippon Zeon Co.), 5 parts of zinc oxide, 0.5 part of
      sulfur, 1.5 parts of stearic acid, 20 parts of a silica-containing
      reinforcing agent (Carplex No. 1120: product of Shionogi Pharmaceutical
      Co. This same reinforcing agent was used also in the following examples),
      10 parts of titanium oxide, 2.5 parts of tetramethylthiuram disulfide, and
      2 parts of dibenzothiazyl disulfide, were milled with 8-inch open rolls,
      and the mixture was heated and pressed at 150.degree.C. for 30 minutes.
      Thus obtained sheets were immersed in tertiary butyl alcohol solutions of
      tertiary butyl hypochlorite at the concentrations ranging from 1 to 100%,
      for 30 seconds. Thereafter the sheets were washed first with methyl
      alcohol and then with water, and dried at room temperature. The friction
      factors and ozone resistance of each sheet were determined by the
      following methods.
PAR  Static friction factor :
PAR  This was determined by slope method, using a metal piece of SUS 27 which
      was ground with emery cloth No. 600 (weight: 13.565 g, apparent contact
      area: 1.63 cm.sup.2). [Refer to Norimune Soda: Masatsu no Hanashi
      (Friction), p. 15, Iwanami Shinsho.]
PAR  Dynamic friction factor :
PAR  The sample rubber sheet was inclined at an angle to elevation of
      35.degree., and the above metal piece was caused to slide down on the
      sheet. The friction factor was calculated from the change in the sliding
      velocity of said metal piece (Ibid., pp. 41-42).
PAR  Ozone resistance :
PAR  The sample sheet was elongated by 20%, and left standing in an atmosphere
      of 35.degree. .+-. 5.degree.C. and containing ozone to the concentration
      of 100 PPHM, for 45 hours (static ozone resistance). Separately, the
      sample was repeatedly elongated by 0-20% at a rate of 60 times per minute,
      continuously for 45 hours in the same atmosphere (dynamic ozone
      resistance). Thereafter the sample's ozone resistance was graded according
      to the degree of crack occurrance. As the norm of grading, JIS K-6301 as
      below was followed.
PAR  Number of cracks: A : few; B : many; C : numerous;
PAR  Size and depth of cracks;
PA1  1 : Cracks confirmable through a 10X magnifying lens, although invisible to
      naked eyes,
PA1  2 : Cracks recognizable with naked eyes,
PA1  3 : Deep cracks of relatively large sizes (less than 1 mm),
PA1  4 : Deep and large cracks (1 mm - less than 3 mm),
PA1  5 : Cracks larger than 3 mm, or those which are about to cause breakage of
      the sheet. The test results were as shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Run No.                                                                   
              1    2    3    4    5    6    7    8                             
     __________________________________________________________________________
     Tertiary butyl                                                            
     hypochlorite                                                              
              1    5    10   25   50   75   100  (un-                          
     concentration                               treated)                      
     (volume %)                                                                
     Static friction                                                           
               1.37                                                            
                    1.33                                                       
                        1.54 0.63 0.55 0.49  0.45                              
                                                 immeasur-                     
     factor                                      able*                         
     Dynamic                                                                   
     friction factor                                                           
               0.41                                                            
                    0.43                                                       
                        0.38 0.38 0.43 0.42  0.40                              
                                                 do.                           
     Static ozone                                                              
     resistance                                                                
              B-3  B-3  B-3  A-3  A-3  A-2  A-4  C-4                           
     Dynamic ozone                                                             
     resistance                                                                
              C-3  B-3  B-3  A-2  B-3  B-4  B-4  C-4                           
     __________________________________________________________________________
      *The friction factor is regarded as infinite (.infin.). In the following 
      tables, "immeasurable" always means the same.                            
PAR  As clearly demonstrated in Table 1 above, the rubber sheet not treated with
      tertiary butyl hypochlorite has immeasurably high friction factor, and is
      severely cracked in the ozone-containing atmosphere. In contrast, the
      sheets treated according to the subject process exhibit low friction
      factors and excellent ozone resistance. Particularly favorable results are
      obtained when the tertiary butyl hypochlorite concentration is not lower
      than 25 volume %.
PAC  EXAMPLE 2
PAR  Example 1 was repeated as to Run No. 4, except that the immersion time was
      varied for each run as 10, 20, and 60  seconds. The results of measuring
      the friction factors and ozone resistance of the treated sheets are given
      in Table 2 below. In all runs, excellent results were obtained.
TBL                Table 2                                                     
     ______________________________________                                    
     Run No.                                                                   
                       1        2        3                                     
     ______________________________________                                    
     Immersion time (sec.)                                                     
                       10       20       60                                    
     Static friction factor                                                    
                       1.43     0.67     0.78                                  
     Dynamic friction factor                                                   
                       0.44     0.39     0.38                                  
     Static ozone resistance                                                   
                       B-3      B-4      A-3                                   
     Dynamic ozone resistance                                                  
                       C-3      C-3      C-3                                   
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Example 1 was repeated except that the tertiary butyl alcohol used as the
      solvent was changed for each run as specified in Table 3 below. In all the
      treating solutions, tertiary butyl hypochlorite concentration was 25
      volume %. The test was again given also to an untreated sample and the
      results are given in Table 3, concurrently with the results of runs within
      the scope of this invention.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Run No.                                                                   
              1   2   3   4   5   6     7                                      
     __________________________________________________________________________
                                  benzene/                                     
                                  tertiary                                     
                              methyl                                           
                                  butyl                                        
     Solvent  ben-                                                             
                  ben-                                                         
                      ben-                                                     
                          n-  ethyl                                            
                                  alcohol                                      
                                        (un-                                   
              zene                                                             
                  zene                                                         
                      zene                                                     
                          hexane                                               
                              ketone                                           
                                  (=30/70)                                     
                                        treated)                               
     __________________________________________________________________________
     Treating time                                                             
     (sec.)   10  30  60  30  30  30    --                                     
     Static   0.21                                                             
                  0.21                                                         
                      0.18                                                     
                          0.51                                                 
                              0.36                                             
                                  0.40  immeasur-                              
     friction factor                    able                                   
     Static ozone                                                              
              B-3 A-2 A-1 --  --  A-3   B-4                                    
     resistance                                                                
     Dynamic ozone                                                             
              B-4 B-3 A-2 --  --  B-3   C-4                                    
     resistance                                                                
     __________________________________________________________________________
PAR  As shown in Table 3, excellent results were obtained in all runs excepting
      the control run. Particularly when a solvent which tends to swell rubber,
      such as benzene, is used, the reduction in friction factor is conspicuous,
      and the treated sheet also exhibits excellent ozone resistance.
PAC  EXAMPLE 4
PAR  Example 1 was repeated as to Run No. 4, except that the vulcanized
      acrylonitrile-butadiene copolymer rubber was replaced by various types of
      vulcanized rubber as indicated in Table 4 (vulcanized at 150.degree.C. for
      30 minutes), and static friction factor of the treated rubber sheets was
      measured. Compositions of the rubbers and the measured results are given
      in Table 4, in which the parts given for the compositions are by weight.
TBL                                    Table 4                                 
     __________________________________________________________________________
            Run No.                                                            
                     1     2     3     4     5                                 
     Composition                                                               
     __________________________________________________________________________
     Natural rubber (RRS No. 1)                                                
                     100   --    --    --    --                                
     Polybutadiene rubber*.sup.1                                               
                     --    100   --    --    --                                
     Ethylene-propylene-diene                                                  
     copolymer rubber*.sup.2                                                   
                     --    --    100   --    --                                
     Isobutylene-isoprene                                                      
     copolymer rubber*.sup.3                                                   
                     --    --    --    100   --                                
     Styrene-butadiene copoly-                                                 
     mer rubber*.sup.4                                                         
                     --    --    --    --    100                               
     Zinc oxide      5     5     5     5     5                                 
     Sulfur          2.5   3     1     1.5   1.8                               
     Stearic acid    2     1     1     2     1.5                               
     Silica-containing                                                         
     reinforcing agent                                                         
                     20    20    20    20    --                                
     Light calcium carbonate*.sup.5                                            
                     20    20    20    20    --                                
     Activated calcium                                                         
     carbonate*.sup.6                                                          
                     --    --    --    --    30                                
     Hard clay       --    --    --    --    30                                
     Titanium oxide  10    10    10    10    --                                
     Dibenzothiazyl di-sulfide                                                 
                     0.7   1.5   1.0   5.0   1.5                               
     Diphenyl guanidine                                                        
                     0.3   0.3   --    --    0.7                               
     Para-quinone dioxime                                                      
                     --    --    --    2.0   --                                
     Elastpar                                                                  
     (vulcanization promotor)                                                  
                     --    --    --    1     --                                
     Static friction factor                                                    
      Untreated      Immeasur-                                                 
                           Immeasur-                                           
                                 Immeasur-                                     
                                       Immeasur-                               
                                             Immeasur-                         
                     able  able  able  able  able                              
      Treated        1.19  0.51  0.40  1.54  0.60                              
     __________________________________________________________________________
      *.sup.1 Nipol BR 1220: product of Nippon Zeon Co.                        
      *.sup.2 Mitsui EPT 40 45: product of Mitsui Sekiyu Kagaku K.K.           
      *.sup.3 Enjay butyl 218: product of Esso Standard Oil Co.                
      *.sup.4 Nipol 1502: product of Nippon Zeon Co.                           
      *.sup.5 Akadama (red ball): product of Shiraishi Kogyo K.K.              
      *.sup.6 Hakuenka CC: product of Shiraishi Kogyo K.K.                     
PAC  EXAMPLE 5
PAR  Example 1 was repeated as to Run No. 4, except that the tertiary butyl
      hypochlorite was replaced by tertiary butyl hypobromite. The results of
      measuring the friction factors and ozone resistance of the so treated
      rubber sheets are given in Table 5. Furthermore, the tertiary butyl
      hypochlorite treatment and omission of the treatment were repeated, the
      results of which are concurrently given in the same Table.
TBL                Table 5                                                     
     ______________________________________                                    
     Run No.                                                                   
                 1           2           3                                     
     ______________________________________                                    
     Treating    Tertiary butyl                                                
                             Tertiary butyl                                    
                                         Un-                                   
      solution   hypobromite hypochlorite                                      
                                         treated                               
     Static friction                                                           
                 0.50        0.58        Immeas-                               
      factor                             urable                                
     Dynamic friction                                                          
                 0.30        0.38        do.                                   
      factor                                                                   
     Static ozone                                                              
                 A-2         A-2         C-4                                   
      resistance                                                               
     Dynamic     A-2         A-2         C-4                                   
      ozone resistance                                                         
     ______________________________________                                    
PAR  As shown in Table 5, favorable results were obtained also when tertiary
      butyl hypobromite was used.
PAC  EXAMPLE 6
PAR  One-hundred parts of acrylonitrile-butadiene copolymer rubber (Nipol
      1042AL: product of Nippon Zeon Co.), 5 parts of zinc oxide, 1 part of
      stearic acid, 0.3 part of sulfur, 40 parts of HAF carbon, 3 parts of
      tetramethyl-thiuram disulfide and 1 part of cyclohexyl benzothiazyl
      sulfenamide were milled together with 8-inch rolls, and heated and pressed
      at 160.degree.C. for 35 minutes. The sheets obtained were treated
      according to the treating method shown in Table 6 and dried. Then, the
      rubber sheets were elongated by 20%, and left standing in an
      ozone-containing atmosphere in a concentration of 100 ppHM, which was
      maintained at 35.degree. .+-. 5.degree.C. Thereafter their static ozone
      resistances were evaluated similarly to Example 1. The results are shown
      in Table 6.
TBL                                    Table 6                                 
     __________________________________________________________________________
     Run No. 1     2         3       4       5       6                         
                   (this invention)                                            
     __________________________________________________________________________
                   The sheet was                                               
                             The sheet was                                     
                                     The sheet was                             
                                             The sheet was                     
                                                     The sheet was im-         
                   immersed in a                                               
                             exposed in a                                      
                                     exposed in a                              
                                             immersed in                       
                                                     mersed in a mixed         
     Treating      25 volume %                                                 
                             chlorine gas                                      
                                     hydrogen                                  
                                             water of 3%                       
                                                     solution consisting       
     method  untreated                                                         
                   tertiary butyl                                              
                             for 10  chloride gas                              
                                             bromine for                       
                                                     of 100 ml water, 6 ml     
                   hypochlorite                                                
                             minutes.                                          
                                     for 5 hours.                              
                                             1 minute.                         
                                                     aqueous solution of       
                   solution in                       sodium hypochlorite       
                   tertiary butyl                    (6% effective chlorine),  
                   alcohol for                       and 0.8 ml of 35%         
                   30 seconds                        hydrochloric acid for     
                                                     1 minute                  
     __________________________________________________________________________
     Static ozone                                                              
     resistance                                                                
     Exposing                                                                  
     time                                                                      
        1 hr.                                                                  
             C-1   no crack  C-1     C-1     C-2     C-1                       
        2    C-1   no crack  C-1     C-1     C-3     C-1                       
        3    C-2   no crack  C-2     C-2     C-3     C-2                       
        4    C-3   A-3       C-2     C-2     C-3     C-2                       
        7    C-4   A-3       C-3     C-3     C-3     C-3                       
     __________________________________________________________________________
PAR  As is clear from Table 6, the treating agent of this invention provides to
      the rubber sheet a superior ozone resistance to that of the conventional
      halogenation agent.
PAC  REFERENCE EXAMPLE
PAR  This Example proves that the treating agent used in this invention does not
      harm a metal and therefore is usable safely in factories.
PAR  The same treatment as in Runs Nos. 2-6 of Example 6 was performed on a
      stainless steel plate (SAE 1020) wherein the immersion time was changed to
      one minute in Run No. 2. Then, the stainless steel plate was left standing
      for a day, and the surface of the sample plate was observed. As a result
      it was found that corrosion occurred on the surface of the sample plate
      treated with the treating agent of Runs Nos. 3-6, but there was no
      corrosion on the surface of the sample plate treated with the treating
      agent of Run No. 2 (this invention).
PAC  EXAMPLE 7
PAR  100 Parts of acrylonitrile-butadiene copolymer rubber (Nipol 1042: product
      of Nippon Zeon Co.), 5 parts of zinc oxide, 1 part of stearic acid, 1.5
      parts of sulfur, 40 parts of FEF carbon black, 1.5 parts of dibenzothiazyl
      disulfide, and 0.5 part of diphenyl guanidine were milled with 8-inch
      rolls and hot-pressed at 150.degree.C for 30 minutes. The 2 mm sheets
      obtained were immersed in a 25 volume % tertiary butyl alcohol solution of
      tertiary butyl hypochlorite at normal temperature (about 25.degree.C) for
      30 minutes. Thereafter the sheets were washed first with methyl alcohol
      and then with water, and dried at room temperature.
PAR  The sheet obtained cut into a circular shape with a diameter of 63 mm. The
      amount (g) of a gasoline permeated through the cut sheet per cm.sup.2 a
      day at 40.degree.C was measured (the gasoline is an ASTM Fuel B, a mixture
      of isoctane and toluene with a volume ratio of 70 to 30). It was found to
      be 4.2 .times. 10.sup..sup.-3 g/day .times. cm.sup.2. On the other hand,
      in the case of the untreated sheet, the amount was 13.5 .times.
      10.sup..sup.-3 g/day .times. cm.sup.2.
PAC  EXAMPLE 8
PAR  100 Parts of a blend consisting of acrylonitrile-butadiene copolymer rubber
      and polyvinyl chloride, a weight ratio being 70 to 30 (Nipol 1203J:
      product of Nippon Zeon Co.), 5 parts of zinc oxide, 1 part of stearic
      acid, 0.3 part of sulfur, 40 parts of FEF carbon black, 2.5 parts of
      tetramethylthiuram disulfide, and 2.0 parts of cyclohexylbenzothiazyl
      sulfenamide were milled with 8-inch rolls and hot pressed at 150.degree.C
      for 30 minutes. The 2 mm sheets obtained were immersed in tertiary butyl
      alcohol solutions of tertiary butyl hypochlorite in the concentrations of
      20 volume % (sample 1), 25 volume % (sample 2), and 30 volume % (sample 3)
      at normal temperature (about 25.degree.C) for 30 minutes. The sheets were
      washed first with methyl alcohol and then with water, and dried at room
      temperature. The amount of gasoline permeated through the sheets so
      obtained was measured. The results are shown in Table 7.
TBL                Table 7                                                     
     ______________________________________                                    
                     Amount of gasoline permeated                              
                     (10.sup.-.sup.3 g/day .times. cm.sup.2)                   
     ______________________________________                                    
     Control (untreated)                                                       
                       9.38                                                    
     Sample 1          3.53                                                    
     Sample 2          2.66                                                    
     Sample 3          2.43                                                    
     ______________________________________                                    
PAR  The physical and chemical properties of the control and samples 1, 2, 3
      were inspected. The results are shown in Table 8.
PAR  It is found from Table 8 that the other properties of the samples even
      treated according to this invention are not changed substantially.
TBL                                    Table 8                                 
     __________________________________________________________________________
                             Control                                           
                                    Example 1                                  
                                           Example 2                           
                                                  Example 3                    
     __________________________________________________________________________
     Normal physical properties                                                
     Tensile strength (Kg/cm.sup.2)                                            
                             180    168    178    165                          
     100% modulus (Kg/cm.sup.2)                                                
                             49     49     51     53                           
     300% modulus (Kg/cm.sup.2)                                                
                             140    138    142    140                          
     Hardness (JIS)          77     77     76     78                           
     Tear strength (kg/cm)   64     67     71     69                           
     Heat ageing test (Test tube 120.degree..times.70hrs)                      
     Change ratio of tensile strength(%)                                       
                             +8.3   +14.9  +5.6   +12.7                        
     Change ratio of elongation (%)                                            
                             -50.0  -46.7  -45.7  -46.3                        
     Change ratio of 100% modulus (%)                                          
                             +100.2 +102.0 -117.6 +84.9                        
     Change of hardness      +4     +6     +7     +5                           
     Oil resistance test (Ratio(%) of                                          
     volume change caused by immesion)                                         
     ASTM No. 3 oil                                                            
     (100.degree.C .times. 70 hars.)                                           
                             +12.6  +9.9   +9.0   +5.9                         
     __________________________________________________________________________
PAC  CONTROL EXAMPLE
PAR  Example 8 was repeated with a treating agent shown in Table 9 instead of
      the treating agent of this invention used in Example 8. The results are
      shown in Table 9.
TBL                Table 9                                                     
     ______________________________________                                    
                      Amount of gasoline permeated                             
     Treating agent   (10.sup.-.sup.3 g/day .times. cm.sup.2)                  
     ______________________________________                                    
     Hypochlorous acid aqueous                                                 
     solution of 2% chlorine                                                   
                      7.11                                                     
     content                                                                   
     2% aqueous solution of                                                    
                      6.20                                                     
     bromine                                                                   
     ______________________________________                                    
PAR  Even the treating agent of the control shown in Table 9 is somewhat
      effective but inferior to that of the present invention.
PAC  EXAMPLE 9
PAR  100 Parts of a blend (Nipol 1203J: product of Nippon Zeon Co.) consisting
      of acrylonitrile-butadiene copolymer rubber and polyvinyl chloride, a
      weight ratio being 70 to 30, 5 parts of zinc oxide, 1 part of stearic
      acid, 0.3 part of sulfur, 40 parts of FEF carbon black, 2.5 parts of
      tetramethylthiuram disulfide, and 2.0 parts of cyclohexylbenzothiazyl
      sulfenamide were milled with 8-inch rolls, and hot-pressed at 150.degree.C
      for 30 minutes.
PAR  The 2 mm sheets obtained were treated with a toluene solution of tertiary
      butyl hypochlorite at normal temperature (about 25.degree.C) under
      conditions of concentrations and treating times shown in Table 10.
TBL                Table 10                                                    
     ______________________________________                                    
              Concentration of tertiary                                        
                                  Treating time                                
     Sample No.                                                                
              butyl hypochlorite (volume %)                                    
                                  (second)                                     
     ______________________________________                                    
     1         5                  30                                           
     2        15                  30                                           
     3        25                  30                                           
     4        25                  30                                           
     ______________________________________                                    
PAR  The amount of gasoline permeated through sheets so treated and untreated
      sheets (control) was measured in the same manner as in Example 7. The
      results are shown in Table 11.
TBL                Table 11                                                    
     ______________________________________                                    
                     Amount of gasoline permeated                              
                     (10.sup.-.sup.3 g/day .times. cm.sup.2)                   
     ______________________________________                                    
     Control (untreated)                                                       
                       22.4                                                    
     Sample 1          2.7                                                     
     Sample 2          0.6                                                     
     Sample 3          0.6                                                     
     Sample 4          0.7                                                     
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  Example 7 was repeated with a rubber containing carbon-to-carbon double
      bonds shown in Table 12 instead of the acrylonitrile-butadiene copolymer
      rubber used in Example 7. The results are shown in Table 12.
TBL                                    Table 12                                
     __________________________________________________________________________
                          Amount of gasoline permeated                         
     Rubber         Treatment                                                  
                          (10.sup.-.sup.3 g/day .times. cm.sup.2)              
     __________________________________________________________________________
     Acrylonitrile-butadiene-                                                  
                    untreated                                                  
                          14.2                                                 
     isoprene ternary copolymer*                                               
                    treated                                                    
                          4.7                                                  
     Acrylonitrile-isoprene                                                    
                    untreated                                                  
                          9.2                                                  
     copolymer**    treated                                                    
                          2.3                                                  
     __________________________________________________________________________
      *Product of Nippon Zeon Co., Nipol DN-1201                               
      **Product of Polymer Corp., Ltd., Polysar Krynac 833                     
PAC  EXAMPLE 11
PAR  100 Parts of styrene-butadiene rubber (Nipol 1502: product of Nippon Zeon
      Co.), 5 parts of zinc oxide, 1.8 parts of sulfur, 1.5 parts of stearic
      acid, 40 parts of HAF carbon black, 1.5 parts of dibenzothiazyl disulfide,
      and 0.7 part of diphenyl guanidine were milled with 6-inch rolls, and the
      blend obtained was pressed and vulcanized at 150.degree.C for 20 minutes
      to prepare a shaped article of rubber having a thickness of 2 mm.
PAR  The surface of the shaped article was washed with acetone, immersed in a
      treating agent shown in Table 13 for 30 seconds, and left standing for a
      day. On the other hand, the surface of a steel SAE-1020 also was washed
      with methyl ethyl ketone.
PAR  Thereafter, an epoxy bonding agent (Sanyu resin A-460 produced by Sanyu
      Kogyo K.K.) was coated on the shaped article of rubber and steel. Both
      were bonded under pressure at 80.degree.C and 100-200 g/cm.sup.2 for an
      hour. The composite article obtained was subjected to the 180.degree.
      peeling test according to JIS K-6301. The results are shown in Table 13.
TBL                Table 13                                                    
     ______________________________________                                    
                       Peel strength                                           
     Treating agent    (kg/cm)                                                 
     ______________________________________                                    
     untreated         not bonded                                              
     25 volume % tertiary butyl                                                
                        3.2                                                    
     hypochlorite solution in                                                  
     tertiary butyl alcohol                                                    
     Tertiary butyl hypochlorite                                               
                       20.0                                                    
                       (rubber breakage)                                       
     ______________________________________                                    
PAR  Superior bonding strength is obtained using tertiary butyl hypochlorite on
      the surface of the vulcanized rubber having a great chlorination capacity
      as a treating agent.
PAC  EXAMPLE 12
PAR  100 Parts of styrene-butadiene rubber (Nipol 1502: product of Nippon Zeon
      Co.), 5 parts of zinc oxide, 1.8 parts of sulfur, 1.5 parts of stearic
      acid, 40 parts of HAF carbon black, 1.5 parts of dibenzothiazyl disulfide,
      and 0.7 part of diphenyl guanidine were milled with 6-inch rolls, and the
      blend obtained was pressed and vulcanized at 150.degree.C for 15 minutes
      to prepare a shaped article of rubber having a thickness of 2 mm. The
      shaped article was washed with acetone, immersed in a mixed solution of a
      0.1 mol tertiary butyl hypochlorite and 90 g tertiary butyl alcohol at
      room temperature for 2 minutes, taken out, washed with water, and dried.
PAR  On the other hand, 100 parts of vinyl chloride resin (Zeon 131: product of
      Nippon Zeon Co.), 60 parts of dioctyl phthalate, 3 parts of stabilizer
      (S-67J: product of Katsuta Kako K.K.), and 40 parts of epoxy resin
      (Epikote: product of Shell International Chemicals Corp.) were milled with
      a mixer. The blend was further milled with 4 parts of diethylene triamine
      for 5 minutes and defoamed by a vacuum defoamation machine.
PAR  The sol obtained was coated on said shaped article of rubber and heated in
      a hot blast circulation-type oven at 180.degree.C for 10 minutes. The
      bonding strength of the composite article obtained was measured. The
      results are shown in Table 14.
TBL                Table 14                                                    
     ______________________________________                                    
     Treatment of shaped rubber                                                
                     un-                                                       
     article by tertiary butyl                                                 
                     treated  treated                                          
     hypochlorite                                                              
     ______________________________________                                    
     Bonding strength (kg/cm)                                                  
                     2        &gt;5                                               
     Breakage        surface  Breakage of vinyl                                
                     breakage chloride resin sheet                             
     ______________________________________                                    
PAC  EXAMPLE 13
PAR  Example 11 was repeated using a rubber shown in Table 15 instead of the
      styrene-butadiene rubber used in Example 11.  The results are shown in
      Table 15.
TBL                Table 15                                                    
     ______________________________________                                    
            Rubber    Acrylonitrile*                                           
                                    Polybutadiene**                            
     Treating         butadiene rubber                                         
                                    rubber                                     
     agent                                                                     
     ______________________________________                                    
     untreated    not bonded    non bonded                                     
     25 volume % tertial                                                       
     butyl hypochlorite                                                        
     solution in tertiary                                                      
                   2.5           3.0                                           
     butyl alcohol                                                             
     tertiary butyl                                                            
                  19.0          18.5                                           
     hypochlorite (rubber breakage)                                            
                                (rubber breakage)                              
     ______________________________________                                    
      *Product of Nippon Zeon Co.: Nipol 1042AL                                
      **Product of Nippon Zeon Co.: Nipol BR 1220                              
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for treating the surfaces of shaped articles of rubber, which
      comprises contacting the surfaces of shaped articles of rubber containing
      carbon-to-carbon unsaturated double bonds, with an alkyl hypohalite
      selected from one of the group consisting of C.sub.1.sub.-5 alkyl
      hypohalites and halo- C.sub.1.sub.-5 alkyl hypohalites.
NUM  2.
PAR  2. The process of claim 1, in which the alkyl hypohalite is a tertiary
      alkyl hypohalite.
NUM  3.
PAR  3. The process of claim 2, in which the alkyl hypohalite is tertiary butyl
      hypochlorite.
NUM  4.
PAR  4. The process of claim 2, in which the alkyl hypohalite is tertiary butyl
      hypobromite.
NUM  5.
PAR  5. The process of claim 1, in which the alkyl hypohalite is contacted with
      rubber articles in the form of an organic solvent solution in which the
      organic solvent is incapable of dissolving the surfaces.
NUM  6.
PAR  6. A process for treating the surfaces of shaped articles of rubber, which
      comprises immersing the shaped articles of rubber containing
      carbon-to-carbon unsaturated double bonds, in an alkyl hypohalite selected
      from one of the group consisting of C.sub.1.sub.-5 alkyl hypohalites and
      halo- C.sub.1.sub.-5 alkyl hypohalites.
NUM  7.
PAR  7. A process for treating the surfaces of shaped articles of rubber, which
      comprises immersing the shaped articles of rubber containing
      carbon-to-carbon unsaturated double bonds, in at least 0.5 volume % alkyl
      hypohalite which is selected from one of the group consisting of
      C.sub.1.sub.-5 alkyl hypohalites and halo- C.sub.1.sub.-5 alkyl
      hypohalites solution in an organic solvent in which the organic solvent is
      incapable of dissolving the surfaces at from 0.degree.C. to the boiling
      point of the alkyl hypohalite for from 1 second to 10 hours.
NUM  8.
PAR  8. A shaped article of rubber originally containing carbon-to-carbon
      unsaturated bonds the surface of which has been treated by the process of
      claim 1.
NUM  9.
PAR  9. The process of claim 5, in which the alkyl hypohalite concentration in
      the solution is at least 25% by volume.
NUM  10.
PAR  10. The process of claim 5, in which the organic solvent is tert-butyl
      alcohol, benzene, n-hexane, methyl ethyl ketone, or toluene.
NUM  11.
PAR  11. The process of claim 7, in which the immersion is from 3 seconds to 60
      minutes.
NUM  12.
PAR  12. The process of claim 7, in which the alkyl hypohalite concentration in
      the solution is at least 25% by volume.
NUM  13.
PAR  13. The process of claim 7, in which the organic solvent is tert-butyl
      alcohol, benzene, n-hexane, methyl ethyl ketone, or toluene.
NUM  14.
PAR  14. The process of claim 7, in which the temperature is from 0.degree.C. to
      30.degree.C.
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ABST
PAL  A liquid polymerizable material which may be used, for instance, for the
      coating of wood or other substrate, which material, when cured, is
      fire-resistant and protects the substrate. The material cures without
      application of heat and is formed from methyl methacrylate monomer, a
      hydroxy alkylacrylate or diacetone acrylamide monomer, a chlorinated
      hydrocarbon, an antimony compound, a zinc compound, a filler, and a
      catalyst-promoter system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The potential use of synthetic polymeric materials in the building
      construction industry has long been recognized. The low cost, ease of
      handling, and desirable maintenance characteristics, make plastics obvious
      materials for use in the manufacture of building components such as
      coatings, panels, and trim. One problem which has held back the progress
      of polymer compositions in this area is that they are generally quite
      flammable and, as thin coatings, they provide little fire protection to
      substrates on which they are laminated. Furthermore, the combustion of
      organic polymers usually generates billows of malodorous smoke which not
      only hampers firefighting efforts but also turns even small fires into
      major problems. Additionally, the "kindling" effect of the burning
      polymers often elevates the flame temperature, thereby igniting articles
      which would not have been effected. Another problem is that most polymers
      cure slowly, require addition of heat to cure, or release dangerous
      solvents during curing, all of which make manufacture difficult. In the
      case of pre-polymerized materials the mechanical fabrication requires very
      expensive molds and the like. One of the most desirable types of polymers
      are polyacrylates. Attempts have been made to reduce the combustibility of
      these materials by adding "flame-proofing agents" such as chlorinated
      paraffin wax, tricresyl phosphate and tris (2,3-dichloropropyl) phosphate
      (see British Patent No. 1,157,436 to Norman Wilkins, 1969). Such a prior
      art material, as seen in Example 2, has a Flame Spread Rating (F.S.R.) of
      100 as determined by the Steiner Tunnel Test (A.S.T.M. E84) (using an
      equivalent 2 ft. tunnel). An F.S.R. of 25 or below would be far more
      desirable. These and other difficulties experienced with the prior art
      compositions have been obviated in a novel manner by the present
      invention.
PAR  It is, therefore, an outstanding object of the invention to provide a
      liquid polymerizable composition which, after curing, is fire resistant.
PAR  A further object is to provide a bulk molding compound from which can be
      molded fire-resistant articles that will not necessarily be attached to
      any substrate.
PAR  Another object of this invention is the provision of a liquid polymerizable
      composition from which fire-resistant articles can be fabricated.
PAR  A further object of the present invention is the provision of a polymeric
      composition which can be used as a coating not only to render inexpensive
      substrates (such as construction-grade plywood) more attractive, but also
      protect the substrate from both moisture and fire.
PAR  It is another object of the instant invention to provide a polymeric
      composition which is non-burning and self-expanding, thereby forming a
      thermal barrier when exposed to intense heat.
PAR  A still further object of the invention is the provision of a liquid
      polymerizable composition which is applied to a substrate in liquid form,
      adhers well, increases in viscosity quickly, and cures at room
      temperature.
PAR  It is a further object of the invention to provide a polymeric composition
      which gives off little or no smoke when exposed to flame and has little
      objectionable smell when exposed to flames or when used in manufacturing a
      product.
PAR  A further object of the invention is the provision of a building material
      that changes from liquid to solid without the release of solvent or other
      objectionable volatile component.
PAR  A still further object is to provide a fire-resistant gel coat on a
      reinforced fiberglass laminate having load-bearing capabilities, such as
      building components, boats, car and truck bodies and the like.
PAR  With the foregoing and other objects in view, which will appear as the
      description proceeds, the invention resides in the combination and
      arrangement of steps and the details of the composition hereinafter
      described and claimed, it being understood that changes in the precise
      embodiment of the invention herein disclosed may be made within the scope
      of what is claimed without departing from the spirit of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  In general, this invention involves a liquid polymerizable composition of
      the acrylate type which is fire resistant and can be used as a coating to
      protect substrates which are not fire resistant. The composition cures to
      a hard surface which is wear and moisture resistant, but which is
      non-burning and self-expanding when exposed to intense heat. These latter
      properties cause the thin coating to expand into a thick layer of thermal
      insulation which protects the substrate.
PAR  The mixture contains thermoplastic components, a flame-retarding component,
      a blowing or puffing component, and fillers. More specifically the mixture
      includes methyl methacrylate monomer, a hydroxy alkylacrylate or diacetone
      acrylamide monomer, an antimony compound, a zinc compound, a chlorinated
      hydrocarbon, and a catalyst-promoter system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawing, in which is shown a structural panel embodying the
      principles of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In order to place the characteristic of the composition that will be
      described in this disclosure in proper perspective, an example of a
      practical use is shown in the drawing. A wall panel 10 is shown with a
      magnified cutaway of the layers with which it is fabricated. The base
      layer or substrate 11 is three-fourths inch construction-grade plywood. To
      this substrate is applied a thin tiecoat 12 of a polyester resin. This
      coat seals the plywood and provides a uniform surface for further layers.
      While the tiecoat is still tacky, the fire-retardant coat 13 is applied.
      This coat is applied with a thickness of about one-sixteenth inch. In
      addition, a cosmetic coat 14, which in the preferred embodiment consists
      of a sprinkling of small stones, can be applied to enhance the appearance
      of the exposed surface.
PAR  The low-cost mass production of articles similar to the one described above
      requires that the fire-resistant composition have a plurality of desirable
      characteristics. Obviously, it must be resistant to wear and moisture when
      cured and be capable of holding a consistant opaque color to hide the
      grain of the plywood. Additionally, the composition must gel quickly and
      set to avoid sagging and must also cure to hardness quickly to permit
      handling. This curing process should take place at room temperature. Also,
      the various components should desirably be of low volatility and free of
      noxious odor during both mixing and curing.
PAR  Equally important in this case is the reaction of the cured composition to
      flames and high temperature. Obviously, it must not add to the flames and,
      in addition, it should protect from high temperature and ignition the
      substrate which, in this case, is wood. The latter effect is accomplished
      by self-expansion or puffing of the composition to many times its cure
      thickness with the resulting creation of a foam-thermal barrier. This
      property of foaming or puffing with exposure to heat is called
      intumescence. Also, exposure to intense heat should not cause the
      composition to give off undesirable smoke or odor.
PAR  The invention involves a combination of compounds which, when added to a
      batch of a suitable monomer, combine synergistically to impart not only
      desirable curing and physical properties but also fire resistance and
      intumescence. The character of the invention should be made clear by the
      following examples. Unless otherwise noted, compositions are expressed in
      parts by weight. The invention also involves various useful forms of the
      composition in symbiotic combination with compatable substrates, such as
      wood, plastic and reinforced plastic composites.
PAC  EXAMPLE 1
PAR  The first step in the reduction to practice was the preparation of the
      mixture of monomers and flame-retardant chlorinated organic material. The
      formula W18-222-1 was as follows:
TBL                        %       g                                           
     ______________________________________                                    
     Hydroxy propylacrylate monomer (CX-2383,                                  
      Dow Chemical Company)  17.95     718                                     
     Methyl methacrylate monomer                                               
      (Union Carbide Corp.)  17.95     718                                     
     Chlorez 700AX (Dover Chemical Co.)                                        
      chlorinated paraffin (70% chlorine)                                      
                             63.50     2540                                    
     Super Airout (Isochem Resins Co.)                                         
      (an air release agent comprising a silane                                
      modified product of a silicone reacted                                   
      with a tallate)        0.10      4                                       
     wetting agent           0.50      20                                      
                             100.00    4000                                    
     ______________________________________                                    
PAL  The ingredients were added, in the order shown to a 1-gallon friction-top
      can, with mechanical agitation.
PAR  The second step was the establishment of a suitable curing system which
      will give an initial cure at room temperature without application of heat.
      The following systems were tried:
TBL                     W18-222-                                               
                        2     3       4                                        
     ______________________________________                                    
     W18-222-1            100 g.  100 g.  100 g.                               
     2,4-Pentanedione (Union Carbide                                           
      Corp.)              0.4     --      --                                   
     Lupersol PDO (50% t-butyl peroctoate)                                     
      (Lucidol Division, Pennwalt Corp.)                                       
                          2       --      --                                   
     Luperco ANS-50 (50% benzoyl peroxide)                                     
      Lucidol Division, Pennwalt Corp.)                                        
                          --      0.70    0.70                                 
     Cobalt Catalox 12% (Ferro Chemical                                        
      Division, Ferro Corporation)                                             
      12% coblat catalytic paint dryer                                         
                          0.4     --      --                                   
     N,N-Dimethyl-p-toluidine (Naftone,                                        
      Inc.)               --      0.14    --                                   
     N,N-Dimethylaniline (American                                             
      Cyanamide Company)  --      --      0.14                                 
     ______________________________________                                    
PAR  In each experiment, the ingredients were added, in the order shown, to a
      6-oz. plastic-coated paper hot-drink cup with hand mixing with a wooden
      spoon after each addition. The timing for gel time was begun at the time
      of mixing in of the cobalt or amine promoter. Each cup was allowed to
      stand at room temperature (about 72.degree.F) without external heating.
      Experiment W18-222-2 began to gel in 30 minutes; W18-222-3 in 5 to 8
      minutes; W18-222-4 in about 20 minutes. Of the three systems tested, the
      dimethyl-p-toluidinebenzoyl peroxide (W18-222-3) was considered most
      suitable.
PAR  An antimony oxide masterbatch, W18-222-5, was prepared by the addition of
      400 g. of Thermogard S (M & T Chemicals, Inc.) to 400 g. of monomer
      mixture W18-222-1 with mechanical agitation. The Thermogard-monomer mix
      was passed once through a laboratory hand homogenizer (Scientific Glass
      Apparatus Co., Inc., 1969 Catalog No. H-2585).
PAR  The next step was the preparation of a cast cured panel for evaluation of
      flame-retardant properties. The formula for this preparation (W18-222-6)
      was as follows:
TBL                              g                                             
     W18-222-1 monomer mix       600                                           
     W18-222-5 antimony oxide masterbatch                                      
                                 76                                            
     Industrial ground gypsum (United States Gypsum Co.)                       
                                 825                                           
     Iron oxide                  15                                            
     Luperco ANS-50 (50% benzoyl peroxide)                                     
                                 4.2                                           
      (Lucidol Division, Pennwalt Corp.)                                       
     N,N-Dimethyl-p-toluidine (Naftone, Inc.)                                  
                                 0.60                                          
PAL  The ingredients were added, in the order shown, to a one-quart friction-top
      can with mechanical agitation. Immediately following the mixing in of the
      dimethyl-p-toluidine, the mix was poured into a steel mold 223/4 inches
      long, 3 9/16  inches wide and 1 inch deep, lined with 0.5-mil Mylar film.
      The mix was smoothed out to form a layer 1/4 inch deep. Gelation occurred
      without application of heat in 15 to 20 minutes at 80.degree.F. The panel
      appeared to be well cured after overnight standing, as judged by
      qualitative surface hardness. After 3 days, the Barcol hardness was 10-20
      as determined with the Barcol Impressor (Barber-Colman Co., Model GYZJ
      934-1).
PAR  The F.S.R. of the cast panel was determined by a modification of the method
      described in Special Report No. 6090 entitled Use of a Small Flame Tunnel
      in the Laboratory Evaluation of Flame Spread Rating, dated May 5, 1964,
      prepared by H. L. Vandersall of Monsanto Company. The Flame Tunnel was
      constructed in accordance with the descriptions on page III-2 and in FIGS.
      1 and 2 of the Appendix of the above report and is known as a "Two-Foot
      Tunnel". It should be noted that this two-foot tunnel setup is generally
      equivalent to the official 25 ft. tunnel used in the standard Steiner
      Tunnel Test (A.S.T.M. E 84) (see Example 8). The fuel source for the Type
      3-900 Fisher burner flame source was bottled propane gas (suggested as a
      modification on page V-1 of the above report). The determination of F.S.R.
      was made in accordance with the procedure described on pages IV-1 through
      IV-4 of the above report, with the following modifications:
PA1  1. Thermocouples for measuring insulative ability were not used.
PA1  2. The position of the flame front was recorded every 30 seconds for the
      first 4 minutes, and every 60 seconds for an additional 6 minutes.
PAL  The maximum flame length (average of the three highest values obtained
      during the first four minutes) was 10 inches; the maximum flame length
      during the last six minutes was 101/2 inches. The F.S.R. was calculated
      from the above data, together with calibration data obtained with the same
      equipment and by the same procedure using asbestos and red oak standards.
      The F.S.R. for the W18-222-6 test panel calculated as described above was
      17.5. No afterflaming was observed, and the afterglowing (length of time
      after all flaming ceases but while red-glowing embers are still visible)
      was 10 seconds. The char length was 121/2 inches. The foam thickness at
      the point of flame impingement on the panel was about 12 millimeters
      (original panel thickness about 6 millimeters). The results of the F.S.R.
      tests show that the composition described is capable of being fabricated
      into a panel with excellent flame-retardant properties, and that a
      successful reduction to practice of the invention has been achieved.
PAC  EXAMPLE 2
PAR  In order to establish a basis of comparative flame resistance, a
      composition presented in British Patent No. 1,157,436, published on July
      9, 1969, and purporting to contain a "flameproofing agent", was set up as
      a standard in the above-mentioned test.
PAR  The material was formed in two syrups as follows:
TBL  SYRUP A                                                                   
     Methyl methacrylate monomer                                               
                              70.                                              
     Methyl methacrylate polymer                                               
                              30.                                              
     Ethylene glycol dimethacrylate                                            
                              1.5                                              
     Dimethyl-p-toluidine (DMPT)                                               
                              .5                                               
                              101.9                                            
     SYRUP B                                                                   
     Tricresyl phosphate      30.                                              
     Tris (2,3-dichloropropyl) phosphate                                       
      (Fyrol FR-2)            10.                                              
     Unichlor 70 AX (Chlorinated Paraffin)                                     
                              40.                                              
     ANS-50 (benzoyl peroxide paste)                                           
                              2.                                               
                              82.                                              
PAR  The syrups were then combined (230 parts by wt. of Syrup A and 100 parts by
      wt. of Syrup B) to form a 4 inches .times. 23 inches laminate with one ply
      of 11/2 oz. glass mat. The material gelled in 15 to 18 minutes and had a
      F.S.R. of 100+, much higher than that of the composition of Example 1.
PAC  EXAMPLE 3
PAR  A mixture similar to Example 2 was filled with antimony oxide (a known
      flame retardant) and hydrated alumina.
TBL  ______________________________________                                    
     Syrup A                 300.                                              
     Syrup B                 135.                                              
     KR-LTS antimony oxide (Harshaw)                                           
                             21.5                                              
     C-31 coarse hydrated alumina (Alcoa)                                      
                             500.                                              
                             956.                                              
     ______________________________________                                    
PAR  This composition was cast into a 4 inches .times. 23 inches sheet, and
      gelled in 15 to 18 minutes. It had a F.S.R. of 70, much higher than the
      composition of Example 1.
PAC  EXAMPLE 4
PAR  The effect of filler addition on the mixture of Example 1 was examined. A
      base resin, similar to that of Example 1,
TBL  Hydroxy propylacrylate monomer                                            
                              18.0                                             
     Methyl methacrylate monomer                                               
                              27.0                                             
     Chlorinated paraffin (70% chlorine)                                       
                              55.0                                             
PAL  was mixed with filler to form:
TBL  Base resin              100.                                              
     Antimony oxide          5.5                                               
     Zinc oxide              20.0                                              
     Hydrated alumina        150.0                                             
     50% benzoyl peroxide paste (ANS-50)                                       
                             1.0                                               
     N,N-Dimethyl-p-toluidine                                                  
                             0.2                                               
PAR  The result was a mixture that gelled at 75.degree.F in 5 to 8 minutes, had
      a Barcol of 40 and a F.S.R. of 25 in a 2' tunnel.
PAC  EXAMPLE 5
PAR  In order to examine further the effect of inorganic fillers, a basic resin
      (No. 8248),
TBL  Hydroxy propylacrylate                                                    
                         18.                                                   
     Methyl methacrylate 27.                                                   
     Unichlor 70 AX      55.                                                   
     Emersol 233 (oleic acid)                                                  
                         .5                                                    
     Super Airout        .1                                                    
     Hydroquinone        .009                                                  
                         100.                                                  
PAL  was filled with various fillers.
TBL  ______________________________________                                    
     No. 8248 resin       600.                                                 
     KR-LTS antimony oxide                                                     
                          33.                                                  
     No. 17 Zinc oxide    120.                                                 
     Ground gypsum        700.                                                 
     ANS-50 BP paste      6.                                                   
     Dimethyl-p-toluidine (DMPT)                                               
                          1.2                                                  
                          1460.2                                               
     ______________________________________                                    
PAR  This mixture gelled in 8 minutes, and had a F.S.R. of 17.5. It gave off a
      trace of smoke, had some puff, and had a slight sag.
PAC  EXAMPLE 6
TBL  No. 8248 resin     600.                                                   
     KR-LTS antimony oxide                                                     
                        33.                                                    
     No. 17 Zinc oxide  120.                                                   
     Ground bauxite     600.                                                   
     ANS-50 BP paste    6.                                                     
     DMPT               1.2                                                    
                        1360.2                                                 
PAR  This mixture gelled in 12 to 13 minutes and had a F.S.R of 25. It gave off
      more smoke than Example 4 containing hydrated alumina.
PAC  EXAMPLE 7
TBL  No. 8248 resin         600.                                               
     KR-LTS antimony oxide  33.                                                
     No. 17 Zinc oxide      120.                                               
     No. 1 terra alba (Purified gypsum                                         
      from U.S. Gypsum Co.) 600.                                               
     ANS-50 BP paste        6.                                                 
     DMPT                   1.2                                                
                            1360.2                                             
PAR  This mixture gelled in 10 to 11 minutes with very bad sag (no backing). The
      F.S.R. was 8.8, and more smoke was generated than Example 1.
PAC  EXAMPLE 8
TBL  No. 8248 resin     39.50                                                  
     Vanadium (6% solution)                                                    
                        .08                                                    
     Manganese Naphthenate                                                     
      (6% solution)     .2                                                     
     2,4-Pentanedione   .2                                                     
     No. 17 Zinc oxide  7.9                                                    
     KR-LTS antimony oxide                                                     
                        2.17                                                   
     Coarse hydrated alumina                                                   
                        50.                                                    
     Cumene hydroperoxide                                                      
                        .6                                                     
                        100.                                                   
PAR  This mixture had a viscosity of 8.000 c.p.s. after 6 minutes and gelled at
      15 to 18 minutes, both at 72.degree.C. It had a density of 15.35
      lbs./gallon. It was cast onto regular construction-grade plywood and
      sprinkled before gelation with 3/4 inch granite roofing chips. The F.S.R.
      was 6 and the smoke was undetectable when tested in the 2 foot tunnel. It
      should be noted that this same material was run in a 25 foot tunnel which
      is the official setup for the Steiner Tunnel Test (A.S.T.M. E 84),
      resulting in a F.S.R. of 2.5 and the smoke generated was zero. This
      slightly better result not only shows the general equivalence of the two
      setups, but also suggests that the 2 foot tunnel test is somewhat more
      severe.
PAC  EXAMPLE 9
PAR  An essentially unfilled mixture consisting of:
TBL  No. 8248 resin      100.                                                  
     Van. 6%             .2                                                    
     Mang. 6%            .5                                                    
     2,4-Pentanedione    .5                                                    
     Cumene hydroperoxide                                                      
                         1.5                                                   
                         102.7                                                 
PAL  was formed into a laminate with two plies of 11/2 oz. glass mat. The F.S.R.
      is 100.
PAC  EXAMPLE 10
PAR  The above mixture was formed with antimony oxide as follows:
TBL  No. 8248 resin       400.                                                 
     Van. 6%              .4                                                   
     Mang. 6%             1.                                                   
     2,4-Pentanedione     2.                                                   
     KR-LTS antimony oxide                                                     
                          20.                                                  
     Cumene hydroperoxide 6.                                                   
                          429.4                                                
PAL  and formed into a laminate with 11/2 oz. glass mat. The F.S.R. was 41 which
      demonstrates the fire-retarding qualities of antimony oxide.
PAC  EXAMPLE 11
PAR  Following the same line of thought used in Examples 9 and 10, the mixture
      was filled with hydrated alumina.
TBL  ______________________________________                                    
     No. 8248 resin         600.                                               
     KR-LTS antimony oxide  33.                                                
     No. 17 Zinc oxide      120.                                               
     C-31 coarse hydrated alumina                                              
                            900.                                               
     ANS-50 BP paste        6.                                                 
     DMPT                   1.2                                                
                            1660.2                                             
     ______________________________________                                    
PAR  This mixture gelled in 25 minutes. It had a F.S.R. of 8.8, gave off no
      smoke, and did not sag.
PAC  EXAMPLE 12
PAR  In this case, terra alba was used as the filler.
TBL  ______________________________________                                    
     No. 8248 resin       600.                                                 
     KR-LTS antimony oxide                                                     
                          33.                                                  
     No. 17 Zinc oxide    120.                                                 
     No. 1 terra alba     500.                                                 
     ANS-50 BP paste      6.                                                   
     DMPT                 .9                                                   
                          1259.9                                               
     ______________________________________                                    
PAR  The liquid mixture had a density of 14.5 lbs./gallon and gelled in 12
      minutes. The F.S.R. was 12, but the material sagged and smoked badly, and
      smoldered after the flame died.
PAC  EXAMPLE 13
PAR  In order to encourage cross-linking and thus a more rigid panel, a
      dimethacrylate was added.
TBL  ______________________________________                                    
     No. 8248 resin         600.                                               
     KR-LTS antimony oxide  33.                                                
     No. 17 Zinc oxide      120.                                               
     No. 1 terra alba       500.                                               
     Ethylene glycol dimethacrylate                                            
                            30.                                                
     ANS-50 BP paste        6.                                                 
     DMPT                   .9                                                 
                            1289.9                                             
     ______________________________________                                    
PAR  The more rigid panel gelled in 10 to 12 minutes, had a F.S.R. of 25, had no
      sag or puff, and generated more smoke than Example 4.
PAC  EXAMPLE 14
PAR  To make a lightweight panel, glass bubbles were added.
TBL  ______________________________________                                    
     No. 8248 resin       600.                                                 
     KR-LTS antimony oxide                                                     
                          33.                                                  
     No. 17 Zinc oxide    120.                                                 
     No. 1 terra alba     400.                                                 
     3M Glass bubbles     60.                                                  
     ANS-50               6.                                                   
     DMPT                 .9                                                   
                          1219.9                                               
     ______________________________________                                    
PAR  The liquid had a density of 10.74 lbs./gallon and gelled in 10 to 12
      minutes. It had a F.S.R. of 17, slight sag, and generated more smoke than
      Example 4.
PAC  EXAMPLE 15
PAR  The mixture of Example 11 was cast onto 3/4 inch fire-resistant plywood to
      a thickness of about one-sixteenth inch. 1/4 inch diameter stones were
      spread on top and the resin was allowed to cure. The F.S.R. was 111/2.
PAC  EXAMPLE 16
PAR  The mixture of Example 13 was cast onto 3/4 inch fire-resistant plywood to
      a thickness of about one-sixteenth inch. 1/4 inch diameter stones were
      spread on top and the resin was allowed to cure. The F.S.R. was 6.
PAC  EXAMPLE 17
PAR  In this case, ethyl acrylate replaced hydroxy propylacrylate. The resin
      (25-51-1) was prepared as follows:
TBL  Ethyl acrylate    18.                                                     
     Methyl methacrylate                                                       
                       27.                                                     
     Unichlor 70 AX    55.                                                     
     Emersol 233       .5                                                      
     Super Airout      .1                                                      
                       100.                                                    
PAR  A mixture analogous to that of Example 11 was formed.
TBL  ______________________________________                                    
     25-51-1 resin         39.5                                                
     Van. 6%               .08                                                 
     Mang. Nap. 6%         .2                                                  
     2,4-Pentanedione      .2                                                  
     No. 17 Zinc oxide     7.9                                                 
     KR-LTS antimony oxide 2.17                                                
     C-31 coarse hydrate alumina                                               
                           50.0                                                
                           100.                                                
     ______________________________________                                    
PAR  This material had a F.S.R. of 25, and cured very slowly, gelling after 30
      minutes. It also had a relatively low heat distortion temperature.
PAC  EXAMPLE 18
PAR  In this case, the hydroxy propylacrylate of Example 11 was replaced by
      normal-butyl acrylate,
TBL                         21-51-2                                            
     N-Butyl acrylate       18.                                                
     Methyl methacrylate    27.                                                
     Unichlor 70 AX         55.                                                
     Emersol 233            .5                                                 
     Super Airout           .1                                                 
                            100.                                               
     25-51-2 resin          39.5                                               
     Van. 6%                .08                                                
     Mang. Nap. 6%          .2                                                 
     2,4-Pentanedione       .2                                                 
     No. 17 Zinc oxide      7.9                                                
     KR-LTS antimony oxide  2.17                                               
     C-31 coarse hydrated alumina                                              
                            50.0                                               
                            100.                                               
PAR  As with Example 17, the cure of this mixture was very slow, with gel
      occuring after 25 minutes. The F.S.R. was 25 and heat distortion
      temperature was very low.
PAC  EXAMPLE 19
PAR  Here, ethyl acrylate was substituted for the methyl methacrylate. The
      F.S.R. was 30.
TBL  ______________________________________                                    
     Resin No. 7670            Wt.%                                            
     ______________________________________                                    
     Ethyl acrylate     24.75      19.92                                       
     Hydroxy propylacrylate                                                    
                        24.87      20.02                                       
     Chlorez 70 AX (chlorinated                                                
     hydrocarbon paraffin)                                                     
                        74.63      60.06                                       
                        124.25     100.                                        
     No. 7670 resin     250        42.7                                        
     Antimony oxide grind 50%                                                  
                        30         5.1                                         
     Ground gypsum      305        52.2                                        
                        585        100.                                        
     ______________________________________                                    
PAC  EXAMPLE 20
PAR  In another attempt without methyl methacrylate, the mixture below was cured
      with 0.66% t-butyl peroctoate, had a F.S.R. of 20 and gave off no smoke.
TBL  ______________________________________                                    
     Hydroxy propylacrylate                                                    
                       200.        19.42                                       
     Chlorowax 70      300.        29.14                                       
     Therm. S (antimony oxide)                                                 
                       30.         2.91                                        
     Ground gypsum     500.        48.53                                       
                       1030.       100.                                        
     ______________________________________                                    
PAC  EXAMPLE 21
PAR  In this experiment, a composition is prepared with a high concentration of
      chlorinated hydrocarbon. The mixture gelled in 15 to 20 minutes and had a
      F.S.R. of 20.5. It burned with a trace of smoke and some odor.
TBL  ______________________________________                                    
     No. 7747 Resin                                                            
     ______________________________________                                    
     Hydroxy propylacrylate         17.95                                      
     Methyl methacrylate            17.95                                      
     Chlorez 70 AX (chlorinated                                                
     hydrocarbon)                   63.50                                      
     Super Airout                   .10                                        
     wetting agent                  .50                                        
                                    100.                                       
     No. 7747 resin    600          39.85                                      
     Antimony oxide grind 50%                                                  
                       76           5.05                                       
     Ground gypsum     825          54.80                                      
     DMPT              .6           .04                                        
     ANS-50            4.2          .28                                        
                       1505.8       100.02                                     
     ______________________________________                                    
PAC  EXAMPLE 22
PAR  Conversely to Example 21, the amount of chlorinated hydrocarbon was reduced
      to zero. The surface cured very poorly, remaining tacky for a long period.
      The F.S.R. was 25, but a bad sag was noted. The burning produced sparks,
      but no smoke, little char and almost no odor.
TBL  ______________________________________                                    
                               Wt.%                                            
     ______________________________________                                    
     Hydroxy Propylacrylate                                                    
                          200.       13.08                                     
     Methyl methacrylate  300.       19.62                                     
     C-31 coarse          1000.      65.40                                     
     Oncor 75RA (N L Industries, Inc.)                                         
     (an antimony trioxide                                                     
      based fire retardant)                                                    
                          15.        .98                                       
     Cadox 40-E 40% Benzoyl Peroxide                                           
     in dibutyl phthalate 12.5       .81                                       
     DMPT                 2.         .13                                       
                          1529.5     100.02                                    
     ______________________________________                                    
PAC  EXAMPLE 23
PAR  In a slightly different mixture, made without chlorinated hydrocarbon, the
      material gelled in 15 to 18 minutes and cured with a hard surface. The
      F.S.R. was 25, producing no smoke but many sparks.
TBL  ______________________________________                                    
                               Wt. %                                           
     ______________________________________                                    
     Methyl methacrylate                                                       
                       225.          24.46                                     
     Hydroxy propylacrylate                                                    
                       75.           8.15                                      
     E/G dimethacrylate                                                        
                       6.            .65                                       
     C-31 coarse       600.          65.2                                      
     Aerosil           7.            .76                                       
     ANS-50            6.            .65                                       
     DMPT              1.2           .13                                       
                       920.2         100.                                      
     ______________________________________                                    
PAC  EXAMPLE 24
PAR  A mixture was prepared without hydroxy propylacrylate. The material poured
      well, had a F.S.R. of 60 and flaked off of substrate during flame test.
TBL  ______________________________________                                    
                                     Wt.%                                      
     Methyl methacrylate                                                       
                      200.           19.265                                    
     Unichlor 70 AX   200.           19.265                                    
     E/G dimethacrylate                                                        
                      20.            1.926                                     
     KR-LTS           10.            .964                                      
     C-31 coarse      600.           57.80                                     
     Cadox 40-E       7.             .675                                      
     DMPT             1.6            .015                                      
                      1038.6         99.910                                    
     ______________________________________                                    
PAC  EXAMPLE 25
PAR  In developing the role of hydroxy propylacrylate in flame-retardance, this
      mixture was prepared with a lower than normal concentration of the hydroxy
      propylacrylate. The material gelled in 8 minutes and cured well. It had a
      F.S.R. of 30, no sag and good puff.
TBL  ______________________________________                                    
     Methyl methacrylate                                                       
                        70.           13.38                                    
     Chlorowax          130.          24.85                                    
     Hydroxy propylacrylate                                                    
                        8.75          1.67                                     
     E/G dimethacrylate 8.75          1.67                                     
     Oncor 75RA         12.8          2.44                                     
     C-31 coarse        290.          55.4                                     
     Cadox 40-E         2.62          .5                                       
     DMPT               .28           .05                                      
                        523.20        99.96                                    
     ______________________________________                                    
PAC  EXAMPLE 26
PAR  The remaining tests (Examples 26-35) were all carried out with a plywood
      backing as the substrate. The plywood was pretreated with a tiecoat of
      polyester. The polyester was allowed to partially cure before the mixtures
      were applied. Furthermore, these remaining examples were executed as a
      group with great care taken to eliminate unintended variation in
      parameters.
PAR  A mixture without the stones gelled in 16 to 18 minutes. It had a F.S.R. of
      12, good adhesion and protected the wood from charring.
TBL  ______________________________________                                    
     No. 8248 resin        600.                                                
     Van. 6%               1.2                                                 
     Mang. 6%              3.0                                                 
     2,4-Pentanedione      3.0                                                 
     KR-LTS                33.                                                 
     C-31 coarse           762.                                                
     Cumene hydroperoxide  9.                                                  
     No. 17 Zinc oxide     120.                                                
                           1531.2                                              
     ______________________________________                                    
PAC  EXAMPLE 27
PAR  The above mixture was then made up without antimony oxide. It gelled in 18
      to 20 minutes, had a F.S.R. of 25, had good adhesion and protected wood
      from charring.
TBL  ______________________________________                                    
     No. 8248 resin        600.                                                
     Van. 6%               1.2                                                 
     Mang. 6%              3.                                                  
     2,4-Pentanedione      3.                                                  
     No. 17 Zinc oxide     120.                                                
     C-31 coarse           762.                                                
     Cumene hydroperoxide  9.                                                  
                           1498.2                                              
     ______________________________________                                    
PAC  EXAMPLE 28
PAR  The antimony oxide was replaced by Firebrake ZB (zinc borate). The
      resulting mixture gelled in 16 to 18 minutes. It had a F.S.R. of 18, had
      good adhesion and protected the wood from charring.
TBL  ______________________________________                                    
     No. 8248 resin         600.                                               
     Van. 6%                1.2                                                
     Mang. 6%               3.                                                 
     2,4-Pentanedione       3.                                                 
     No. 17 Zinc oxide      120.                                               
     Firebrake ZB           33.                                                
     C-31 course            762.                                               
     Cumene hydroperoxide   9.                                                 
                            1531.2                                             
     ______________________________________                                    
PAC  EXAMPLE 29
PAR  A mixture was then prepared without either zinc oxide or antimony oxide.
      The resulting material gelled in 12 to 14 minutes, had a F.S.R. of 30, had
      very poor adhesion and allowed wood to become charred.
TBL  ______________________________________                                    
     No. 8248 resin         600.                                               
     Van. 6%                1.2                                                
     Mang. 6%               3.                                                 
     2,4-Pentanedione       3.                                                 
     C-31 coarse            762.                                               
     Cumene hydroperoxide   9.                                                 
                            1378.2                                             
     ______________________________________                                    
PAC  EXAMPLE 30
PAR  The mixture was then prepared with antimony oxide, but no zinc oxide. The
      gel formed in 30 minutes, and the cured product had a F.S.R. of 25, had
      good adhesion, and protected the wood. The puff was not as good as Example
      26.
TBL  ______________________________________                                    
     No. 8248 resin         600.                                               
     Van. 6%                1.2                                                
     Mang. 6%               3.0                                                
     2,4-Pentanedione       3.0                                                
     KR-LTS                 33.                                                
     C-31 coarse            762.                                               
     Cumene hydroperoxide   9.                                                 
                            1411.2                                             
     ______________________________________                                    
PAC  EXAMPLE 31
PAR  A mixture without zinc oxide, but with Firebrake ZB (zinc borate), gelled
      in 20 to 23 minutes, had a F.S.R. of 18, protected the wood, and had good
      adhesion.
TBL  ______________________________________                                    
     No. 8248 resin         600.                                               
     Van. 6%                1.2                                                
     Mang. 6%               3.0                                                
     2,4-Pentanedione       3.0                                                
     Firebrake ZB           33.                                                
     C-31 coarse            762.                                               
     Cumene hydroperoxide   9.                                                 
                            1411.2                                             
     ______________________________________                                    
PAC  EXAMPLE 32
PAR  Hydroxy butyl acrylate (HBA) was substituted for the hydroxy
      propylacrylate. The resulting mixture gelled in 10 to 12 minutes, had a
      F.S.R. of 9, and had good adhesion. It also had good puff and protected
      the wood. The uncured monomer was extremely smelly, however. The adhesion
      to the wood was fair.
TBL  ______________________________________                                    
     Batch 25-59-2                                                             
     MMA                     270                                               
     Unichlor                55                                                
     Super Airout            1                                                 
     Emersol                 5                                                 
     Hydroquinone            0.09                                              
     25-59-2 (MMA/Unichlor)  246.                                              
     24-236-1 HBA            54.                                               
     Van. 6%                 .6                                                
     Mang. 6%                1.5                                               
     2,4-Pentanedione        1.5                                               
     KR-LTS                  16.5                                              
     No. 17 Zinc oxide       60.                                               
     C-31 coarse             381.                                              
     Cumene hydroperoxide    4.5                                               
                             765.6                                             
     ______________________________________                                    
PAC  EXAMPLE 33
PAR  Here the hydroxy propylacrylate was replaced by Cellosolve acrylate
      (ethylene glycol monoethyl ether acrylate). The uncured mixture gave off a
      very strong odor and gelled in 10 to 11 minutes. The cured material had a
      F.S.R. of 12, exhibited very good adhesion to the wood, and protected the
      wood from char. It also had a good puff and gave off no smoke.
TBL  ______________________________________                                    
     25-59-2 (MMA/Unichlor)  246.                                              
     Cellosolve acrylate     54.                                               
     Van. 6%                 .6                                                
     Mang. 6%                1.5                                               
     2,4-Pentanedione        1.5                                               
     KR-LTS                  16.5                                              
     No. 17 Zinc oxide       60.                                               
     C-31 coarse             381.                                              
     Cumene hydroperoxide    4.5                                               
                             765.6                                             
     ______________________________________                                    
PAC  EXAMPLE 34
PAR  In this example, the hydroxy propylacrylate was replaced by hydroxy
      ethylacrylate. The resulting material gelled in 3 to 4 minutes, had a
      F.S.R. of 15, and protected the wood. It had only fair adhesion.
TBL  ______________________________________                                    
     Batch 25-59-1                                                             
     ______________________________________                                    
     MMA                   270                                                 
     HEA                   180                                                 
     Unichlor              55                                                  
     Super Airout          1                                                   
     Emersol               5                                                   
     Hydroquinone          0.09                                                
     25-59-1 (18% HEA)     300.                                                
     Van. 6%               .6                                                  
     Mang. 6%              1.5                                                 
     2,4-Pentanedione      1.5                                                 
     KR-LTS                16.5                                                
     No. 17 Zinc oxide     60.                                                 
     C-31 coarse           381.                                                
     Cumene hydroperoxide  4.5                                                 
                           765.6                                               
     ______________________________________                                    
PAC  EXAMPLE 35
PAR  Here, the hydroxy propylacrylate was replaced by diacetone acrylamide. The
      resulting material gelled in 5 to 6 minutes and had a F.S.R. of 12. It
      gave a good puff that was only half charred and the adhesion was good.
TBL  ______________________________________                                    
     25-59-2 (MMA/Unichlor) 246.                                               
     Diacetone acrylamide   54.                                                
     Van. 6%                .6                                                 
     Mang. 6%               1.5                                                
     2,4-Pentanedione       1.5                                                
     KR-LTS                 16.5                                               
     No. 17 Zinc oxide      60.                                                
     C-31 coarse            381.                                               
     Cumene hydroperoxide   4.5                                                
                            765.6                                              
     ______________________________________                                    
PAC  EXAMPLE 36
PAR  In an attempt to discover reasonable replacements for MMA, a batch 25-115-1
      was prepared involving styrene, and combined as shown below. A 70 mil.
      casting of the resulting material was made on mylar, backed up with 2
      plies of 11/2 oz. glass mat and a rigid polyester resin. The material
      gelled in 45 minutes and was very slow in cure. The resulting structure
      had a F.S.R. of 35, no intumescence, slight sag, and medium smoke
      generation.
TBL  ______________________________________                                    
     Batch 25-115-1                                                            
     ______________________________________                                    
     Styrene monomer         270.                                              
     Hydroxy propylacrylate  180.                                              
     Unichlor 70 AX          550.                                              
     Super Airout            1.                                                
     Emersol 233             5.                                                
     Hydroquinone            0.09                                              
                             1006.                                             
     W25-115-1               300.                                              
     Antimony oxide KR-LTS   16.5                                              
     No. 17 Zinc oxide       60.                                               
     C-31 coarse hydrated alumina                                              
                             381.                                              
     6% Vanadium Ten-Cem (Mooney)                                              
                             0.6                                               
     6% Manganese Naphthenate (Ferro)                                          
                             1.5                                               
     2,4-Pentanedione        1.5                                               
     Cumene hydroperoxide    4.5                                               
                             765.6                                             
     ______________________________________                                    
PAC  EXAMPLE 37
PAR  In this experiment, acrylamide was examined in the mixture shown below. The
      V-pyrol was required to dissolve the acrylamide. A 70 mil. casting was
      made on mylar film, back with 2 plies of 11/2 oz. glass mat and a flame
      retardant resin from Diamond Shamrock Corp. The material gelled in 3 to 4
      minutes but remained soft and cheezy after overnite cure.
PAR  The cured structure had a F.S.R. of 30, no intumescence, slight sag and
      heavy smoke.
TBL  ______________________________________                                    
     Acrylamide               50.                                              
     GAF V-pyrol (N-vinyl-2-pyrrolidone)                                       
                              115.                                             
     Unichlor 70 AX           170.                                             
     6% Van. Ten-Cem          0.6                                              
     6% Mang. Naph.           1.5                                              
     2,4-pentanedione         1.5                                              
     Antimony oxide KR-LTS    16.5                                             
     No. 17 Zinc oxide        60.                                              
     C-31 coarse hydrated alumina                                              
                              381.                                             
     Cumene hydroperoxide     4.5                                              
                              800.6                                            
     ______________________________________                                    
PAC  EXAMPLE 38
PAR  The mixture in Example 35 was used as a gel coat and cast on a mold at the
      thickness of 70 mils. After gelling and partially curing, the gel coat was
      layed up with a general purpose rigid unsaturated polyester resin
      reinforced with fiberglass mat giving a laminate of approximately
      one-eigth inch. After curing, the laminate was tested for fire resistance
      in the 2 foot tunnel with the flame on the gel coat side. The F.S.R. was
      18, with good puff and no smoke.
PAC  EXAMPLE 39
PAR  The experiment in Example 38 was repeated but this time using a
      fire-resistant back-up resin claimed to have an F.S.R. of 25. In the fire
      test on this laminate in the 2 foot tunnel the gel coat side was again
      exposed to the flame. The results were the same as with the general
      purpose back-up resin, F.S.R. 18, good puff and no smoke.
PAC  EXAMPLE 40
PAR  In this experiment Dechlorane Plus (non paraffin) (Hooker Chemical Co.) was
      substituted for the Unichlor 70-AX chlorinated paraffin in the gel coat
      from Example 35. The fire-resistant back-up resin was used as in Example
      39. The F.S.R. was 35 and there was considerable smoke.
PAC  EXAMPLE 41
PAR  In this experiment Chlorowax 50 (Diamond Shamrock chlorinated paraffin
      containing 50% chlorine) was used in place of Unichlor 70-AX in the gel
      coat from Example 35. The F.S.R was 41 with medium smoke.
PAC  EXAMPLE 42
PAR  In this experiment Firemaster RBF-1 was used in place of the Unichlor 70-AX
      in the gel coat from Example 35. RBF-1 is a liquid brominated organic
      compound of Michigan Chemical Corp. The F.S.R. was 30, there was light
      smoke, and good adhesion.
PAC  EXAMPLE 43
PAR  In this experiment Firemaster BP-6 (Michigan Chemical Corp.) was used in
      place of the Unichlor 70-AX in the gel coat from Example 35. The F.S.R.
      was 30 and there was heavy white smoke.
PAR  While it will be apparent that the illustrated embodiments of the invention
      herein disclosed are well calculated adequately to fulfill the objects and
      advantages primarily stated, it is to be understood that the invention is
      susceptible to variation, modification, and change within the spirit and
      scope of the subjoined claims.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. A fire-resistant product comprising a flammable substrate and a layer of
      fire-retardant material bonded to the surface of the substrate, said
      material resulting from polymerization of a mixture comprising from 4-50
      wt.% of a first monomer chosen from the group consisting of hydroxy
      ethylacrylate, hydroxy propylacrylate, hydroxy butylacrylate, ethylene
      glycol monoethyl ether acrylate and diacetone acrylamide, from 0-50 wt.%
      of an alkyl methacrylate monomer, and from 30-70 wt.% of a chlorinated
      paraffin containing from 40-75 wt.% chlorine and including a heat
      intumescents substance.
NUM  2.
PAR  2. A first-resistant product as recited in claim 1, wherein the first
      monomer is hydroxy propylacrylate.
NUM  3.
PAR  3. A fire-resistant product as recited in claim 1, wherein an antimony
      containing material is a component of said mixture.
NUM  4.
PAR  4. A fire-resistant product as recited in claim 1, wherein ground gypsum,
      also known as hydrated calcium sulphate, is a component of said mixture.
NUM  5.
PAR  5. A fire-resistant product as recited in claim 1, wherein hydrated alumina
      is a component of said mixture.
NUM  6.
PAR  6. A fire-resistant product as recited in claim 1, wherein ground bauxite
      is a component of said mixture.
NUM  7.
PAR  7. A fire-resistant product as recited in claim 1, wherein a peroxide
      catalyst is a component of said mixture.
NUM  8.
PAR  8. A fire-resistant product as recited in claim 1, wherein an amine
      promoter is a component of said mixture.
NUM  9.
PAR  9. A fire-resistant product as recited in claim 1, wherein said mixture
      includes a catalyst system comprising a solution containing vanadium, a
      solution containing manganese, 2,4-pentanedione, and cumene hydroperoxide.
NUM  10.
PAR  10. A fire-resistant product as recited in claim 3, wherein the antimony
      containing material is antimony oxide.
NUM  11.
PAR  11. A fire-resistant product, comprising
PA1  a. a substrate having high strength characteristics, and
PA1  b. a protective layer bonded to the surface of the substrate, the layer
      being comprised of
PA2  i. a first monomer chosen from the group consisting of hydroxy
      ethylacrylate, hydroxy propylacrylate, hydroxy butylacrylate, ethylene
      glycol monoethyl ether acrylate, diacetone acrylamide, and combinations
      thereof,
PA2  ii. a chlorinated paraffin containing 40-75 wt.% of chlorine,
PA2  iii. a hydrated mineral filler,
PA2  iv. an inorganic flame retardant, and
PA2  v. a catalyst-promoter system to cure the mixture.
NUM  12.
PAR  12. A fire-resistant product as recited in claim 11, wherein the substrate
      is a fiberglass reinforced plastic on which the protective layer is bonded
      as a gel coat and the protective layer includes a second monomer.
NUM  13.
PAR  13. A fire-resistant product as recited in claim 11, wherein the inorganic
      flame retardant is a combination of antimony oxide and zinc oxide.
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ABST
PAL  A coated paper comprising an ultrafine natural calcium carbonate as a
      pigment, which has an average statistical particle diameter of from 0.5 to
      0.7 .mu.m, a maximum diameter of from 3.0 to 4.0 .mu.m, and a specific
      surface area of at least 12sq.m./g.
BSUM
PAR  Applicants' German Patent Application No. P 22 51 099.2 relates to a mill
      for grinding minerals which are used as pigments or fillers, said mill
      being characterised in that the grinding elements consist of 30 - 70% by
      weight of zirconium oxide, 0.1 - 5% by weight of aluminium oxide and 5 -
      20% by weight of silicon oxide.
PAR  This mill makes it possible to produce ultrafine minerals. For example,
      chalk from coccolith shells can be ground ultrafine. This mill is
      described in our copending U.S. application Ser. No. 401,487 filed Sept.
      27, 1973, which specifies the characteristics of the grinding elements
      mentioned above. Such grinding elements are used to produce the ultrafine
      mineral pigments used in the papers according to the present invention.
      The disclosure of Ser. No. 401,487 is incorporated herein by reference.
PAR  The use of natural calcium carbonates as coating pigments in coated papers
      is already known.
PAR  From British Patent Specification No. 1,223,102 there is known a coating
      pigment for coated papers which is mainly characterised in that at least
      60% by weight of the particles have a diameter smaller than 2 .mu. m and
      not more than 5% by weight of the particles have a diameter greater than
      10 .mu.m and that 0.05% by weight of the particles are greater than 300
      mesh B/S sieve. Preferably, 70 - 95% by weight of the particles should
      have a diameter smaller than 2 .mu..
PAR  From British Patent Specification No. 1,223,414 there is known a pigment
      consisting of 60 - 25% by weight of clay and 40 - 75% by weight of natural
      lime, 75% by weight of the clay particles having a diameter smaller than 2
      .mu. m and 30 - 50% by weight of the natural lime having a diameter
      smaller than 2 .mu.m.
PAR  Compared with coarser pigments, these natural calcium carbonates have good
      rheological properties; a comparatively high degree of whiteness; low
      binding agent requirements; an improved air permeability; a good mat
      effect if larger amounts are used; and, in comparison with kaolin, the
      costs for the coating material recipes are reduced. However, it has not
      yet been possible to overcome the reduced coating gloss when small amounts
      are used; the reduced print gloss; the poorer knock-loose properties and
      poorer drying of printing inks; and the tendency to build up and dust in
      offset machines.
PAR  In order to obviate these disadvantages, precipitated calcium carbonates
      with a higher degree of fineness and higher specific surface have already
      been used. However, this led to other problems, particularly to a poorer
      dispersion (agglomerates), high viscosity, and high binding agent
      requirements.
PAR  Calcium carbonates of various degrees of fineness and different geological
      origin have been tested in extensive series of experiments over many years
      for their usefulness as coating pigments in coated papers. Surprisingly,
      it has now been found in further developing the invention of German Patent
      Application No. P 22 51 099.2 that ultrafine natural calcium carbonates
      with an average statistical particle diameter of 0.5 to 0.7 .mu.m, a
      maximum of 3 - 4 .mu. m and a specific surface of at least 12 sq.m/g can
      be produced and used as coating pigments in coated papers. As mentioned
      previously, the grinding mill disclosed in our copending application Ser.
      No. 401,487 is especially suited for producing such ultrafine natural
      calcium carbonates.
PAR  The desired properties in comparison with kaolin are only achieved if the
      calcium carbonates have a specific surface of at least 12 sq.m/g. The
      calcium carbonates used according to the invention are primarily suitable
      as coating pigments in roll offset, sheet offset and mat papers.
PAR  Suitable natural calcium carbonates are mainly chalk from coccolith shells
      or crystalline calcite.
DETD
PAR  Other advantages and features of the invention follow from the following
      comparative tests:
TBL  A. Recipes: (weight units)                                                
     __________________________________________________________________________
     Examples:  1    1a   2    2a    3     3a   4    4a   5    5a              
     __________________________________________________________________________
     kaolin     100  100                        70   70   70   70              
     nat. calcium                                                              
     carbonate of appr.   100  100              30   30                        
     35% &lt; 2.mu.m diameter                                                     
     nat. calcium                                                              
     carbonate acc. to               100   100            30   30              
     invention                                                                 
     polysalt CA                                                               
                0.4  0.4  0.4  0.4   0.4   0.4  0.4  0.4  0.4  0.4             
     Acronal PR 12   8    12   8     12    8    12   8    12   8               
     8073 (solid)                                                              
     Amisol 5582     6         6           6         6         6               
     (solid) (starch)                                                          
     blade coat 12 g/sq.m/page; 800 m/min;                                     
     body paper: suphite cellulose (8% ash), non-sized; -final weight: 92      
     g/sq.m                                                                    
     calendering: 12-roll supercalender; 200 kp/cm; 200 m/min.                 
     __________________________________________________________________________
TBL  B. Evaluation                                                             
     __________________________________________________________________________
     Examples:   1    1a   2    2a   3    3a   4    4a   5     5a              
     __________________________________________________________________________
     surface     92   92   92   92   92   92   92   92   92    92              
     weight g/sq.m                                                             
     gloss (Tappi) %                                                           
                 62   59   19   17   56   53   38   36   60    57              
     print gloss, % at                                                         
     1.2 g/sq.m  80   72   25   20   77   70   59   53   79    71              
     printing ink                                                              
     knock-loose                                                               
     properties, sec.                                                          
                 300  600  900  9-1800                                         
                                     120  300  600  900  120-300               
                                                               3-600           
     (final value)                                                             
     K + N, %    52   45   35   30   69   61   48   42   57    51              
     porosity,   20   22   23   26   11   12   18   20   13    14              
     Bekk, sec.                                                                
     degree of whiteness, %                                                    
                 81.5 81.3 84.3 84.0 84.9 84.7 83.2 83.1 83.4  83              
     R 457                                                                     
     opacity, %  81.  80.6 78.5 78.2 81.5 81.2 80.6 80.4 81.3  81              
     __________________________________________________________________________
PAR  As is recognized in the art, the "polysalt CA" referred to in the Recipes
      used in the Examples is an organic dispersing agent of the family of
      polyacrylates or alkaline polymethacrylates. Similarly, "Acronal PR" is a
      latex additive of the type commonly in use. Those skilled in the art will
      recognize that many dispersing agents and other additives could be used in
      accordance with the teachings of the present invention, in addition to the
      exemplary substances mentioned in the Examples.
PAR  The use of the ultrafine natural calcium carbonates of the invention as
      coating pigments in coated papers has mainly the following advantages:
PAR  An increased gloss, increased print gloss, improved porosity, improved
      degree of whiteness and improved opacity.
PAR  According to the state of the art (British Patent Specification No.
      1,223,414), mat papers are produced at a low calender pressure. The result
      is poor printability. By contrast, mat papers which have outstanding
      printability, even when high calender pressures are applied, are obtained
      according to the invention with the following pigment composition, for
      example:
PA1  50% of natural calcium carbonate according to the invention
PA1  25% of natural calcium carbonate with about 35% &lt; 2.mu. m diameter
PA1  25% kaolin.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Paper coated with a composition comprising an ultrafine natural calcium
      carbonate as a pigment, said pigment having an average statistical
      particle diameter of from 0.5 to 0.7 .mu.m, a maximum diameter of from 3.0
      to 4.0 .mu.m, and a specific surface area of at least 12 sq.m./g.
NUM  2.
PAR  2. Paper according to claim 1, in the form of roll offset paper or sheet
      offset paper.
NUM  3.
PAR  3. Paper according to claim 2, which is a mat paper.
NUM  4.
PAR  4. Paper according to claim 1, wherein the pigment is chalk derived from
      coccolith shells.
NUM  5.
PAR  5. Paper according to claim 1, wherein the pigment is crystalline calcite.
NUM  6.
PAR  6. Paper according to claim 2, wherein the pigment is chalk derived from
      coccolith shells.
NUM  7.
PAR  7. Paper according to claim 2, wherein the pigment is crystalline calcite.
NUM  8.
PAR  8. Paper coated with a pigment composition,  comprising a mixture of: 70
      parts by weight of kaolin; and 30 parts by weight of an ultrafine natural
      calcium carbonate having an average statistical particle diameter of from
      0.5 to 0.7 .mu.m, a maximum diameter of from 3.0 to 4.0 .mu.m, and a
      specific surface area of at least 12 sq.m./g.
NUM  9.
PAR  9. Paper according to claim 8, wherein the natural calcium carbonate is
      chalk derived from coccolith sheels.
NUM  10.
PAR  10. Paper according to claim 8, wherein the natural calcium carbonate is
      crystalline calcite.
NUM  11.
PAR  11. Paper coated with a pigment composition comprising a mixture of: 25
      percent by weight kaolin; 25 percent by weight natural calcium carbonate
      having approximately 35 percent by weight of particles smaller than 2
      .mu.m; and 50 percent by weight of an ultrafine natural calcium carbonate
      having an average statistical particle diameter of from 0.5 to 0.7 .mu.m,
      a maximum diameter of from 3.0 to 4.0 .mu.m, and a specific surface area
      of at least 12 sq.m./g;
NUM  12.
PAR  12. Paper according to claim 11, wherein the ultrafine natural calcium
      carbonate is chalk derived from coccolith shells.
NUM  13.
PAR  13. Paper according to claim 11, wherein the ultrafine natural calcium
      carbonate is crystalline calcite.
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ABST
PAL  A tubular electrode contains a feeding tube forming an annular passage
      between its outside and the inside of the electrode. With the electrode
      forming a cathode, an arc is formed between it and a carbonaceous iron
      bath in an enclosed hearth having a gas outlet. Iron oxide material in
      flowable form is fed through the inner tube to the arc while a
      non-oxidizing gas is fed via the passage formed between the two tubes, to
      the arc. The carbonaceous iron bath is made the anode and the action of
      the current forms an upward bulge in the metal in the arc, gravitationally
      freeing the bath from any slag at the arc. In this way the iron oxide
      material is melt reduced, the iron component being continuously added to
      the bath which may be continuously tapped to provide a supply of crude
      iron.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the melt reduction of iron oxides, which may include other components as
      in the case of iron ore, the iron oxide material in powder or granular
      form is continuously fed to a molten carbonaceous iron bath where the
      carbon reacts with the oxygen to form the crude iron bath which is tapped
      continuously or as required from the hearth containing the bath.
PAR  When practicing this technique, it is often the second stage of a two-stage
      reduction of the iron oxides, the first stage comprising a prereduction
      effected by heating the iron oxide material while in a reducing gas, this
      first stage only partially reducing the iron oxide content of the material
      involved. In the case of iron ore, the gangue, of course, results in a
      slag floating on the molten bath, and the latter may also support a layer
      of carbonaceous material such as coke particles. Such layers floating on
      the bath prevent direct contact with the latter by the iron oxide
      material, preventing a rapid reduction of the iron oxide.
PAR  The above slow-reaction disadvantage can be corrected if the bath is heated
      to keep it molten via properly designed induction heating arrangements,
      but induction heating is relatively expensive as compared to arc heating.
PAR  It is desirable to feed both the iron oxide material and the carbonaceous
      material, and possibly flux, to the bath in the form of streams of powder
      having a relatively fine particle size. Particularly when arc heating is
      used, this practice involves the disadvantage that the powder material is
      blown about above the carbonaceous bath, making difficult its feeding to
      any desired location.
PAR  Also, for the melt reduction technique the hearth containing the
      carbonaceous bath is ordinarily enclosed so that the gas resulting from
      the reaction of the iron oxide with the carbon can be carried away via an
      exhaust arrangement. Therefore, if the powdered material is floating
      around within the enclosed hearth, an undesirably large amount may be
      drawn off by the exhaust instead of contacting the bath.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to eliminate the above
      disadvantages, or at least, substantially reduce the problems they cause.
PAR  In the melt reduction practice using arc heating, the electrode is normally
      made the cathode and the carbonaceous bath is made the anode, the bath
      being contained by a suitable conductive hearth. The current is, of
      course, a direct current and has adequate power and a suitable voltage for
      forming the arc.
PAR  According to the present invention, a tubular electrode is used, the arc
      between it and the molten carbonaceous bath causing a meniscus to be
      formed where the arc is drawn via the bath. This meniscus is an upward
      bulge formed in the iron bath which rises high enough so the carbonaceous
      material floating on the bath, and slag if it is present, gravitationally
      flow from the crown of the meniscus leaving this crown exposed as naked
      metal.
PAR  The tubular electrode contains a refractory tube having a smaller outside
      diameter than the inside diameter of the tubular electrode, thus forming
      an annular passage exending through the electrode together with the
      passage formed by the inside of the refractory tube. The iron oxide
      particles, which may be in the form of partially or prereduced iron ore,
      is fed via the refractory pipe to the arc, while at the same time a
      non-oxidizing gas is fed through the annular passageway so as to
      circumferentially surround the falling stream of iron oxide material.
      Thus, the latter is confined by the annular gas stream until it contacts
      the naked metal at the crown of the meniscus. This annular flow of gas is
      ejected under pressure and confines the powdered particles to prevent them
      from adhering to the arcing tip of the tubular electrode. Also, in the
      case of very fine grain powdered materials, the magnetic and electric
      forces of the arc have the effect of further confining the flow of
      powdered particles. The combined effects of the annular gas stream and of
      these magnetic and electric forces are such that practically all, if not
      all, of the powdered particles of the iron oxide material, impinge on the
      naked iron bath exposed by the meniscus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The presently preferred mode of carrying out the invention is schematically
      illustrated by the accompanying drawings, in which:
PAR  FIG. 1 is a vertical section showing the enclosed hearth, the electrode
      assembly, and the feeding of the particulated iron oxide material; and
PAR  FIG. 2 is a vertical section on a greatly enlarged scale relative to FIG. 1
      and showing the action involved.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 the tubular electrode 11 is shown operating as a cathode and
      powered by direct current, the anode connection to the bath being shown at
      12. The electrode 11 may be made of any of the usual graphite materials.
      The fully enclosed hearth is shown at 13 and here again, the construction
      may be in accord with electric furnace practice in general.
PAR  The annular passage is shown at 14 as being fed with non-oxidizing gas at
      A--A, this annular passage being formed by the refractory feeding tube 15
      for the powdered iron oxide material, such as the partially reduced ore,
      assuming the two-stage reduction practice is used. This tube 15, as shown
      by FIG. 2, terminates a short distance above the bottom or arcing end of
      the electrode 11, to prevent the tube 15 from being excessively heated by
      the arc. The tube 15 is, of course, electrically non-conductive, it
      preferably being made of ceramic material.
PAR  The gas fed at A--A may be argon, nitrogen, helium, carbon monoxide,
      hydrogen, etc. It should be a non-oxidizing gas relative to the iron oxide
      material. The tube 15 is fed via a batching vessel or chamber 16 via a
      supply tube 17 under the control of the valve 18 which permits adjustment
      of the flow rate. The batching vessel 16 is maintained only partially full
      so that a gas space exists above the material, this preventing pulsations
      or other irregularities in the supply of the powdered material to the bath
      in the hearth.
PAR  In FIG. 2 the molten crude iron bath is shown at 19 with the carbonaceous
      material 20 floating on the bath. This carbonaceous material may be coke
      having a particle size of between 3 and 8 mm supplied directly to the
      hearth 13 or through the tube 15 either in batches or mixed with the
      powdered iron oxide material.
PAR  The enclosed hearth or furnace contains an atmosphere of carbon monoxide
      and possibly hydrogen, and of the inert gas, and this is drawn off through
      the gas exhaust port 21, shown in FIG. 1, preferably in such a manner as
      to keep the atmosphere within the enclosed furnace slightly below
      atmospheric pressure, assuring that all of the gases can be drawn off via
      the exhaust port 21 and not elsewhere. The molten metal bath level may be
      maintained preferably by continuously withdrawing the crude iron from a
      tapping hole indicated at 22. It is to be understood that the anode
      connection 12, powered by the line 23, must carry current to the molten
      bath, this being done by making the bottom of the furnace, shown at 24, of
      electrically conductive material, such as graphite.
PAR  The arcing distance between the bottom end of the cathode electrode and the
      top level of the molten bath 19 should, of course, be kept relatively at a
      constant value. This may be done by controlling the rate by which the
      molten bath is tapped at 22.
PAR  FIG. 2, in particular, shows the action obtained by the practice of this
      invention. The meniscus which is formed by the action of the currents, is
      shown at 25, the carbonaceous material 20 being floated downhill to an
      extent exposing a crown 26 of naked metal. The flow of powdered iron oxide
      material is shown at 15a and it will be noted that here this flow impinges
      on the crown 26, the latter being indented somewhat, thus indicating the
      very effective contact obtained between the powdered material and the
      naked crown of the meniscus 25. The distance h indicates the arcing
      distance and as can be seen here, as is illustrated only on the right-hand
      side of FIG. 2, the arc 11a is drawn inward to form an annular converging
      space 27 containing the annular jet of the non-oxidizing gas under
      pressure.
PAR  In addition to including possibly the powdered carbonaceous material, such
      as the coke powder referred to, the powdered stream 15a may also contain
      powdered fluxing materials, but any slag layer, as indicated at 28, is
      gravitationally kept free from the active reaction zone at the crown 26.
PAR  As in all arc heating applications, the electrode 11 gradually burns away,
      requiring successive attachments of new electrodes to its upper ends as by
      the usual threaded arrangement. To make the connection, the tube 15 must
      be withdrawn, putting the desired continuous operation in a shut-down
      condition for the time required to make the connection and handle the
      various parts. However, completely continuous operations may be obtained
      by making the electrode 11 as a longitudinally split electrode (not
      shown), this avoiding the need for any handling of the tube 15 and its
      associated parts, while one section of electrode is used after another.
      The distance h should be kept at a constant value as is common in electric
      furnace practices. This may be done by continuously lowering the electrode
      11 as required to maintain this distance, or the reduction operation may
      start out with a very shallow bath layer in the furnace 13, which level,
      by judicious tapping at 22, is permitted to rise as required to keep the
      distance h at the desired value.
PAR  In addition to the feeding advantages made obvious by the foregoing, such
      as keeping the powdered material confined to its stream form so that it
      does not blow about in the furnace, there is the additional advantage that
      the tubular electrode forms an arc of rather extensive cross-sectional
      area. The gas pressure of the gas introduced at A--A should be high enough
      to form a strong confining sheath in the area 27, holding the stream of
      powdered iron oxide material together until it impinges on the crown 26 of
      the meniscus 25, the desired force of this impingement being indicated in
      FIG. 2 by the fact that this crown is shown as slightly depressed by the
      force of the stream of powdered metal oxide. As previously indicated, this
      stream may include the powdered coke or other carbonaceous material.
PAR  Although the electrode has been described as being made of graphite, it may
      be formed with an electron emitting zone comprising, for example, thorium,
      barium or substances with similar properties, thus obtaining a spot or
      zone for electron emission.
PAR  In addition to a high deoxidation or reduction rate obtained by the
      formation of the arc on the naked metal of the crown 26 of the meniscus
      25, the arc operates in a relatively quiet manner. Because of the annular
      gas jet and possibly a confining effect due to the annular arc,
      practically all of the powdered iron oxide material and any powdered
      carbonaceous material added with it, is confined directly to the bath
      where, as just indicated, the reaction rate is very rapid, this avoiding
      the problem of excessive dust floating around above the molten bath within
      the furnace enclosure.
PAR  As pointing out the production possibilities provided by the present
      invention, using a furnace power of 30 MW, and assuming that the two-stage
      reduction practice is followed so that the iron oxide material is
      partially prereduced, a feeding rate of the powdered metal oxide material
      can be in the area of 30 tons of powder per hour.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for the melt reduction of iron oxide material and
      comprising a hearth having an electrically conductive lower portion, a
      tubular electrode extending downwardly towards said hearth and having a
      lower end, means conducting direct current to said conductive portion and
      to said electrode with the latter forming a cathode and causing the
      formation of a melt meniscus extending above the level of a melt in said
      hearth and positioned beneath the lower end of said electrode, and means
      for feeding iron oxide material in particle form through said electrode
      and its said lower end so as to fall on said meniscus.
NUM  2.
PAR  2. The apparatus of claim 1 in which said feeding means comprises a
      refractory tube extending through said tubular electrode and forming
      therewith an annular passage extending through said electrode, and having
      means for feeding said material through said tube, and means for supplying
      said passage with gas under pressure.
NUM  3.
PAR  3. The apparatus of claim 2 in which said tube has an upper end and said
      feeding means includes a batching vessel connected to said upper end for
      substantially uniformly feeding said iron oxide material thereto, and
      means including a flowcontrol valve for feeding said material to said
      vessel.
NUM  4.
PAR  4. The apparatus of claim 3 in which said hearth has a cover and said
      electrode passes downwardly through said cover, said hearth having means
      for exhausting gases therefrom and means for continuously withdrawing
      molten metal therefrom, said feeding means including means for providing a
      continuous feed of said iron oxide material to said valve.
NUM  5.
PAR  5. A method for the melt reduction of iron oxide material and comprising
      forming a direct current arc between an electrode and a carbonaceous iron
      melt with the electrode the cathode so as to cause the formation of a melt
      meniscus extending above the level of the iron melt, and feeding iron
      oxide material to said melt meniscus and directly within said arc.
NUM  6.
PAR  6. The method of claim 5 in which said arc is annular and said material is
      fed as a stream inside of said arc.
NUM  7.
PAR  7. The method of claim 6 in which said stream is enclosed by an annular jet
      of non-oxidizing gas.
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ABST
PAL  A water-cooled panel as provided in an arc furnace so as to form a portion
      of the furnace wall has an outer surface exposed to the inside of the arc
      furnace. The exposed surface is provided with a plurality of fins.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improvement in water-cooled panels for use in
      arc furnaces, particularly for steel making to avoid the production of
      hot-spots.
PAR  2. Description of the Prior Art
PAR  Recently, in arc furnaces, particularly large arc furnaces for use in steel
      works, it has been proposed that an electric power 1.5 to 2 or more times
      as much is fed to the furnaces for the purpose of facilitating temperature
      raising operation after melting so as to effectively shorten refining time
      as well as for the purpose of shortening melting time so as to increase
      productivity. However, it has been found that the supply of such a large
      electric power to the arc furnaces leads to an increase in the number of
      melting-lost portions as produced due to arc heat in a local area of the
      furnace wall close to its electrode and called "hot-spot."
PAR  Among measures therefor it has been proposed to provide an arc furnace with
      a water-cooled panel having a smooth surface at an area of the furnace
      wall which is so close to its electrode that hot-spots intend to be
      produced therein, whereby the furnace wall is prevented from being locally
      melted and lost. In this proposed arrangement, since the water-cooled
      panel is located behind the furnace wall made of refractory material such
      as refractory bricks, some of the refractory bricks covering the box have
      intended to be subject to hot-spot and be melted and lost. In addition to
      this, since the refractory bricks covering the panel is heated at its
      outer surface by arc heat and is cooled at its inner surface by the
      cooling effect of the panel, there have occurred distortions due to the
      difference between thermal expansions at the outer and inner surfaces,
      resulting in "spalling" to the extent that the outer surface of the panel
      is exposed to the inside of the furnace. Therefore, since the outer
      exposed surface of the panel is subject directly to arc heat, it has been
      necessary to increase the flow of water coolant circulating through the
      panel in order to prevent overheating of the panel surface. As a result,
      the thermal efficiency of the furnace has been lowered. Although slugs
      have been scattered to and deposited on the exposed surface of the
      water-cooled panel to form a layer of deposited slug which would play the
      same role as that of the covering refractory bricks mentioned above, the
      layer of deposited slug has been so thin and fragile as to peel off very
      often, thereby resulting in a lowering of thermal efficiency of the
      furnace.
PAR  The main object of this invention is to provide an improved water-cooled
      panel for arc furnaces which eliminates the above described disadvantages
      of the prior art and requires a smaller flow of water coolant circulating
      therethrough, whereby the thermal efficiency of the furnace can be
      increased.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, a water-cooled panel as provided in an arc
      furnace so as to form a portion of the furnace wall has an outer surface
      exposed to the inside of the arc furnace, said exposed surface being
      provided with a plurality of fins so that a thicker layer of slug can be
      deposited on and more strongly sticks to the exposed surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section showing the furnace wall of a three-phase arc
      furnace having water-cooled panels as an example of this invention;
PAR  FIG. 2 is a sectional view as taken along a line X--X of FIG. 1;
PAR  FIG. 3 is an enlarged front view of one of the water-cooled panels of FIGS.
      1 and 2; and
PAR  FIG. 4 is a longitudinally sectional view of a water-cooled panel of this
      invention showing a layer of slug deposited on the surface of the panel as
      exposed to the inside of a furnace.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, there is illustrated a three-phase arc
      furnace A comprising a furnace wall 1 made of refractory material such as
      refractory bricks, a furnace cover 2 and electrodes 3. The furnace wall 1
      is provided with water-cooled panels 4 at the closest areas thereof to the
      respective electrodes 3, said water-cooled panels being made of a desired
      steel sheets.
PAR  The upper ends of the water-cooled panels abut on the furnace wall 1 and
      the panels are latched thereby. One side surface of the water-cooled panel
      4 is exposed to the inside of the furnace A to form a portion of the
      furnace wall. As best shown in FIGS. 3 and 4, the exposed side surface 5
      is provided with a plurality of projecting fins 6 in grid or checkerboard
      pattern which fins have a desired size and are upwardly inclined. The
      water-cooled panels 4 are provided with a water coolant inlet 7 and a
      water coolant outlet 8. Reference numeral 9 indicates an outlet for molten
      steel and reference numeral 10 an outlet for sludge in the embodiment of
      FIG. 3, the fins in the rows of odd number are in the shape of a bar
      having a rectangular cross section, horizontally oriented and inclined
      upwardly, while in the rows of even number they are in the shape of a bar
      having the same rectangular cross section but they are vertically
      oriented.
PAR  In operation, water coolant circulates constantly through the panel 4 from
      the inlet 7 to the outlet 8, thereby effecting water cooling of the
      exposed surface 5. Some of fluid slugs as scattered due to arcing will be
      deposited on the exposed surface 5 and strongly stick thereto due to the
      above-mentioned cooling effect to form a layer T of refractory material
      wherein the fins 6 serve as cores thereof, as shown in dotted line in FIG.
      4. Thus the refractory layer T of slug formed on the surface 5 of the
      panel 4 is strong enough to permanently work as a portion of the furnace
      wall.
PAR  Water-cooled panels constructed and mounted on a 70t arc furnace according
      to this invention have been tested for the thickness and strength of the
      refractory layers T of slug deposited on the exposed surfaces of the
      panels. The results will now be described in comparison with conventional
      water-cooled panels.
PAR  The thicknesses of the refractory layers T of slug in the panels of this
      invention were 15 to 20 mm, while in conventional panels they were 5 to 10
      mm. The strength of the refractory layers T deposited in the panels of
      this invention was such that they cannot be peeled off without being
      considerably strongly scratched by means of a steel bar, while in
      conventional panels they could easily be peeled off by only being tapped.
      For a same flow of water coolant, the temperature rise of water coolant in
      the boxes of this invention was 3.degree. to 5.degree.C, while in
      conventional panels it was 8.degree. to 10.degree.C.
PAR  The thickness of the refractory layer grown on the exposed surface of the
      water-cooled panel depends on the thermal balance between the cooling
      effect in the box and the arc heat produced in the arc furnace. In the
      panel of this invention, since the exposed surface 5 is provided with the
      fins 6, the slug layer T grows thicker and more strongly sticks to the
      exposed surface 5 as compared with conventional panels having a smooth
      exposed surface without any fins. Therefore, in the water-cooled panel 4
      of this invention having such thicker and more strongly sticked refractory
      layer T, the temperature rise of water coolant can be maintained very low.
      Thus the flow rate of water coolant circulating through the water-cooled
      panel can be reduced and the thermal efficiency of the arc furnace itself
      can be increased.
PAR  Furthermore, since the layer of deposited slug as mentioned above serves as
      a thermally and electrically insulating layer, this invention has the
      advantage that the inwardly exposed wall of the water-cooled panel can be
      prevented from being damaged due to cuttings by oxygen lance carried out
      as a measure for removing the steel scraps deposited on the wall or due to
      sparkings produced between the panel and steel scraps in melting operation
      of steel scraps. Thus the water-cooled panel of this invention itself is
      more stable and has a longer life.
PAR  Although an embodiment of this invention has been illustrated and described
      with fin members being welded to the exposed surface of the panel, the fin
      members may be formed integrally with the inwardly exposed wall of the
      panel by press, molding, etc., other than welding. Although in the
      illustrated embodiment of this invention the fins 6 are in the form of a
      strip, and upwardly inclined and arranged in grid or checkerboard pattern,
      further, it is obvious that the panels of this invention can be given a
      variety of constructions, not being limited to the aforesaid specific
      examples. For example, the fins may be trapezoidal or fan shaped in
      section. The fins may be perpendicular to the inwardly exposed wall
      surface of the panel. Furthermore, the fins may be in the form of bars and
      arranged at random over the inwardly exposed wall surface of the panel to
      present the appearance of a forest.
CLMS
STM  I claim:
NUM  1.
PAR  1. A water-cooled panel of an arc furnace so as to form a portion of the
      furnace wall, characterized in that the panel has an outer surface exposed
      to the inside of the arc furnace, said exposed surface being provided with
      a plurality of fins, said fins being welded to said exposed surface and
      being upwardly inclined and arranged in grid or checkerboard pattern.
NUM  2.
PAR  2. A water-cooled panel of an arc furnace so as to form a portion of the
      furnace wall, characterized in that the panel has an outer surface exposed
      to the inside of the arc furnace, said exposed surface being provided with
      a plurality of fins, wherein said fins are formed integrally with the
      exposed surface wall by press, molding, etc., other than welding and are
      upwardly inclined and arranged in grid or checkerboard pattern.
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ABST
PAL  A device for spacing overhead, parallel subconductors of a conductor bundle
      and for damping vibrations of the subconductors. The device comprises
      rigid, elongated arms pivotally connected together at one end of each arm
      and having a clamp at the other end of each arm for attaching the arms to
      respective subconductors. A resilient, viscoelastic pad or disc is
      disposed between the arms in opposed recesses provided in the arms at the
      location at which the arms are pivotally connected together, the pad or
      disc providing the primary damping mechanism for the device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a damping spacer for overhead
      conductor bundles, and particularly to a compact damping spacer that has
      no central frame, is economical to manufacture, is light in weight and
      requires a minimum of parts and material.
PAR  There are presently available a large variety of devices for spacing
      overhead, parallel conductors and for damping vibrations and oscillations
      of such conductors. However, all of these devices have certain
      disadvantages that the damping spacer of the present invention does not
      have. Many of the presently available damping spacers, for example, employ
      a central frame on which conductor clamps are mounted, as a part of the
      structure designed to effect spacing of the conductors, and stop or motion
      limiting structures associated with the frame and clamps for protecting
      damping elements of the spacer from excessive forces tha may be
      encountered in overhead bundle conductors. The clamps of these devices
      usually have relatively short arms, and are often connected to the frame
      only through the agency of the damping elements so that the damping
      elements are required to support the weight of the frame. This tends to
      reduce the life and damping efficiency of the damping elements.
PAR  The use of a frame and motion limiting structures is also costly in that
      the components involved, and the process of assembling them, involve costs
      that are reflected in the ultimate selling price of the spacer. Further,
      the short arms of the clamps do not provide a sufficiently effective lever
      for working rather stiff, higher tensile strength damping elements that
      are employed because of their higher strength and longer life
      characteristics. Such elements require high thresholds of vibration energy
      before damping action is initiated in comparison to softer, shorter lived
      damping devices.
PAR  A further disadvantage of the frame type of spacer is the fact that the
      mass and weight of the frame add to the overall weight of the spacer,
      which weight must be borne by the conductors to which the spacer is
      attached. Also, the additional weight involves additional cost in the
      process of shipping and transporting such spacers.
PAR  Examples of damping spacers employing a central frame and relatively short
      clamp arms are shown in U.S. Pat. Nos. 3,083,258; 3,443,019; 3,474,184;
      3,613,104; 3,748,370 and 3,777,047. Examples of spacers in which damping
      elements support the weight of a frame are shown in the above U.S. Pat.
      Nos. 3,083,258; 3,443,019; 3,748,370; 3,777,047, as well as in U.S. Pat.
      Nos. 3,582,983; 3,617,609 and 3,702,371.
PAR  Another problem encountered with certain of the presently available damping
      spacers is the inability of the arms of the spacers to return to their
      original, normal position after the arms are moved in response to
      conductor motion. The large power authorities, such as the Tennessee
      Valley and Bonneville Power Authorities, generally require that the spacer
      arms of a spacer return to a normal position under their own effort.
      Damping spacers using friction discs as the damping elements, for example,
      either depend upon the return movement of the conductors, to return the
      spacer arms to their normal, original position, or a spring element is
      required to return the arms. Further, a spring element is required to
      compensate for wear of the friction discs. A damping spacer using such
      friction discs and spring elements is shown in U.S. Pat. No. 3,474,184,
      listed above. In FIGS. 4 and 5 of British Patent No. 1,084,102, a damping
      spacer is shown in which friction discs are used without a spring element
      to return the spacer arms to a normal position. Spring elements, however,
      are used to preload the friction discs against the arms of the spacer in
      the British patent.
PAR  Another disadvantage of the presently available and prior devices for
      spacing conductors is the inability of these devices to insure spacing of
      the conductors under severe, short circuit conditions. Short circuits on a
      conductor bundle involve flows of heavy current through the conductors
      that generate a corresponding strong magnetic field component that directs
      the conductors rapidly inwardly in a straight line toward the geometric
      center of the bundle, and thus toward each other. Unless a rigid spacing
      structure is provided to directly resist these forces, the conductors will
      come together and become entangled with one another.
PAR  A central, rigid frame, used in the type of spacer discussed above, is
      helpful in this regard but suffers from the disadvantages of frame type
      spacers outlined above. U. S. Pat. No. 3,230,295 shows a conductor spacing
      device that would function as an effective spacer under short circuit
      conditions, if constructed of suitably rigid, high strength materials, but
      the device is not an effective damper of conductor vibration or
      oscillation since it does not employ a mechanism that is capable of
      dissipating the energy of such vibration or oscillation in any significant
      manner.
PAR  A further problem with certain, presently available damping spacers is the
      heavy stresses and cycling imposed upon the damping elements of the
      spacers by "articulation" of the spacer within a bundle of conductors.
      Individual conductors in a span of a conductor bundle tend to move
      relative to one another in a lengthwise or longitudinal direction of the
      conductors due to unequal contraction and stretching of the conductors,
      and due to the wind blowing across the conductors at velocities that bow
      the conductors in the direction of the wind by different amounts. These
      relative conductor movements and bows are large and thus cause any spacers
      clamped to the conductors to articulate within the bundle by corresponding
      large amounts. If the clamps clamping the spacer in the bundle are
      connected to a frame of the spacer through the agency of the damping
      elements, the damping elements are heavily worked and stressed by such
      articulation, such heavy working greatly shortening the life of the
      damping elements. This is true even when resilient bushings are employed
      between the spacer clamps and the conductors. In order for such bushings
      to effectively protect the damping elements from such articulating
      movements, and the resulting heavy stresses, the bushings would have to be
      soft to the point that they would not effectively grip the conductor.
      Examples of damping spacers in which the damping elements of the spacers
      would be unprotected from such articulation stresses are shown in the
      above-listed U.S. Pat Nos. 3,582,983 and 3,702,371. An example of a spacer
      particularly designed to provide articulation movements within the spacer
      is shown in U.S. Pat. No. 3,263,021. Such a structure, however, provides
      little or no damping of conductor vibration or oscillation.
PAR  Another problem associated with certain, presently available damping
      spacers is the general inefficiency of the mechanism associated with the
      spacers that provides the damping function. For example, the damping means
      associated with frame type spacers generally work independently of each
      other in damping vibration of one conductor of a bundle of conductors so
      that only one damping element is operable to dampen the vibration, the
      other elements remaining inactive and unused.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Broadly, the present invention is directed to a damping spacer that does
      not have the disadvantages of the spacers discussed above and has,
      therefore, the advantages of being light in weight, economical to make,
      rigid in the direction of the forces produced by short circuits on a line
      so as to resist collapse of the spacer and the bundle, and efficient in
      damping oscillations and vibrations of the conductors, while
      simultaneously providing the damping elements of the spacer with
      articulation protection. These advantages result from a frameless spacer
      structure comprised simply of rigid spacer arms pivoted together at one
      end of each arm by means of a single pin or bolt, for example, with the
      arms extending radially outwardly from the location of their pivoted ends
      to respective conductors of a bundle, the arms having clamps at the
      conductor ends for clamping to respective ones of the conductors. Damping
      of oscillation or vibration of one or more of the conductors is
      efficiently effected by rotational shear of a viscoelastic pad or disc
      held against rotation between overlapping portions of the arms at the
      location of the pivot when a conductor vibrates. The shear of the disc is
      sufficient to generate heat within the disc, the dissipation of this heat
      to the arms and to the atmosphere being effective to dissipate the energy
      of the motion of the conductor. Since the arms of the spacer are rigid and
      radiate outwardly from a center location of the conductor bundle, spacing
      of the conductors is assured under short circuit conditions, the forces
      generated by such conditions being in line with the rigid arms which
      directly oppose such forces. With such a structure and function, no frame
      is necessary and no motion limiting means is needed to protect the damping
      pad or disc from such forces, though such a means can be inexpensively
      provided in a manner explained in detail hereinafter. Rather, the rigid
      pin at the pivot location receives the forces generated by such short
      circuiting, as well as receiving other forces and stresses, such as caused
      by articulating movements of the spacer. Also, in the spacer of the
      present invention, the viscoelastic disc is not required to carry the
      weight of a spacer frame, with the resulting stresses, so that the life of
      the disc is thereby lengthened and the damping efficiency of the disc
      maintained.
DRWD
PAC  THE DRAWINGS
PAR  The invention, along with its advantages and objectives, will be better
      understood from consideration of the following detailed description and
      the accompanying drawings in which:
PAR  FIG. 1 is a side elevation view of a three conductor damping spacer of the
      invention;
PAR  FIG. 2 is a sectional view of the structure of FIG. 1 taken along line
      II--II in FIG. 1;
PAR  FIGS. 3a to 3d are plan views of damping bushings suitable for use in the
      spacer of FIGS. 1 and 2; and
PAR  FIG. 4 is a side elevation view of another embodiment of the invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawing, FIG. 1 of the drawing shows a damping spacer
      10, having three, elongated, rigid arms 12, 14 and 16 connected together
      at one of their ends and at or adjacent a common, central location of the
      spacer by a rigid pin 18 extending through aligned openings 20 (FIG. 2)
      provided in overlapping end portions of the arms. Preferably, pin 18 is
      riveted at each of its ends to secure the arms together, thereby
      eliminating the use of threaded fasteners which may become loose under the
      vibrating conditions encountered by the spacer. The securing function is
      effected by a flange portion 19 formed on each end of the pin when the pin
      is riveted. In FIG. 2, metal washers 21 are shown located immediately
      beneath the flange portions and around the pin, and second, heat resistant
      washers 22 are located beneath the metal washers.
PAR  The diameters of the openings 20 in the arms and the diameter of the pin
      are substantially the same so that a snug fit is provided between the pin
      and the arms. However, the snug fit is such that the arms are allowed to
      pivot relatively on and about the pin when the conductors to which the
      arms are attached undergo oscillation or aeolian vibration.
PAR  As best seen in the view of FIG. 2, one of the three arms (arm 14) is
      located between two outside arms (12 and 16), the two outside arms being
      preferably offset, as best seen in FIG. 2, to place the major extent of
      the arms in planes closely approximating a common plane. The offset of the
      outside arms provides relatively deep, opposed recesses or cavities 23 in
      the outside arms, which recesses accommodate therein the end of the center
      arm.
PAR  The overlapping end portions of the arms are separated from each other by
      two, relatively thick, viscoelastic, resilient discs 24, as shown in
      section in FIG. 2, the discs being located in opposed recesses 25 provided
      in each two adjacent arms and generally centered on the openings 20
      provided in the arms. Viscoelastic materials suitable for the discs
      include rubber, neoprene and butyl, which may be electrically insulating
      or semiconductive. Openings 26 are provided in the discs, the openings 26
      being aligned with each other and with the openings 20 provided in the
      arms to receive therethrough pin 18. The breadth dimension and
      configuration of the recesses 25 and the discs 24 are substantially the
      same, as indicated in the figures, so that the discs are held firmly in
      place in the recesses and about the pin. As indicated in hidden outline in
      FIG. 1, the viscoelastic discs 24 and the recesses 25 in the arms may have
      a hexagonal configuration, in plan view, such a configuration providing
      the discs and recesses with planar sides 27. The hexagonal configuration
      has been found particularly suitable for the three conductor spacer of
      FIGS. 1 and 2, though the invention is not limited to such a spacer nor to
      such a shape for the discs 24 and recesses 25.
PAR  At the end of each of the arms 12, 14 and 16 opposed to the ends connected
      to each other by pivot pin 18 is located means 30 for clamping the arms
      respectively to three subconductors 32 of a three conductor bundle,
      one-half of each clamping means being fabricated preferably as an integral
      part of its associated arm, as shown in FIG. 1. The arms and integral
      clamp halves, for example, may be formed by a casting or forging process
      in a relatively simple manner, using a suitable aluminum alloy to provide
      a spacer device that is light in weight yet has a rugged, high strength
      characteristic. The clamp halves may directly engage the conductors 32,
      or, the curved seats of the clamp halves may contain bushings 34 made of a
      semiconducting, resilient material, as indicated in FIG. 1.
PAR  The ends of each of the arms 12, 14 and 16 adjacent the location of the
      pivot (18) are preferably provided with opposed, planar surfaces 36, 37
      and 38, respectively, the planar surfaces 36 and 38 defining the sides of
      the recesses 23 provided in outside arms 12 and 16. Further, the planar
      surfaces 37 at the end of the inside arm 14, in combination with surfaces
      36 and 38, define a relatively narrow space (23) between the ends of the
      arms adjacent pin 18. Numeral 23 is here used to define this space since
      the pivot end of the center arm 14 occupies the recesses (23) provided in
      outside arms 12 and 16. The planar surfaces are angularly disposed with
      respect to each other, the end of the inside arm having four such planar
      surfaces (37) which face in an outwardly direction, while the planar
      surfaces (36 and 38) defining the recesses 23 of the outside arms face
      inwardly. Thus, the inwardly facing surfaces 36 and 38 of the outside arm
      are disposed opposite the outwardly facing surfaces 37 of the inside arm,
      and in close proximity thereto across space 23.
PAR  In a similar manner, the planar surfaces 37 of the inside arm form
      outwardly facing corners 40 (FIG. 1) at the intersections of the surfaces
      which are disposed opposite inwardly facing corners 42 of the outside
      arms, as indicated in FIG. 1, when the arms of the spacers are in a normal
      or rest position.
PAR  The operation of the damping spacer of FIGS. 1 and 2 is as follows. With
      the spacer installed in a conductor bundle, and with movement of at least
      one of the conductors of the bundle in the general plane of the spacer 10,
      as would occur with air currents causing aeolian vibration or oscillation
      of the conductor, the spacer arm associated with the moving conductor
      pivots on pin 18 and rotates relatively to the other arms about pin 18.
      This relative movement places the associated viscoelastic disc 24 in
      torsional shear, the disc being held against relative rotation with
      respect to the arms by virtue of the planar sides 27 of the hexagonal
      shape of the discs 24 and of recesses 25 in the arms. The torsional shear
      of the one disc will tend to rotate the adjacent spacer arm such that
      torsional shear is placed upon the next adjacent disc, the motion of the
      one conductor thereby tending to place both discs in shear. In this
      manner, both discs will function to dissipate the energy of vibration of a
      single conductor. The material of each disc has a hysteresis
      characteristic that produces heat in the disc when the shearing motion
      occurs, and this heat is immediately dissipated into the spacer arm
      portions in contact with the disc and to the atmosphere surrounding the
      disc and arms, the dissipation of this heat functioning to rapidly
      dissipate the energy that the vibrating conductor receives from the air
      currents causing vibration of the conductor. In this manner, vibration of
      the conductor is stopped before the vibration has opportunity to work the
      conductor in any substantial manner, the hardware (not shown) supporting
      the conductor at supporting towers, and the spacer 10, including the
      viscoelastic discs, the invention thereby increasing the life of the discs
      over less efficient damping devices.
PAR  Since the viscoelastic discs 24 are resilient elements and retain the
      memory of their original configuration, the discs return the arms of the
      spacers and the associated conductors 32 to a normal, original position
      when the conductors are moved from their normal position by any
      substantial amounts.
PAR  In addition to the energy dissipated by shear of the viscoelastic discs 24,
      sliding friction occurring between the bearing surfaces of the spacer arms
      provided by openings 20 and pin 18, and between the arms and washers 22
      and/or the flanges 19 of the pivot pin, also provide vibration damping by
      dissipating the energy of the vibration in the form of heat.
PAR  Further, the clamp arms of spacer 10 are relatively long such that they
      provide substantial leverage (over the short arm extensions of some prior
      damping spacers) that is more effective in placing relatively heavy or
      stiff viscoelastic elements in shear. Thus the spacer of the present
      invention can be provided with a greater threshold of damping action in
      comparison to those devices providing small leverage on the damping
      mechanism, with the added advantage of the higher tensile strengths
      accompanying such elements.
PAR  As explained earlier, with certain prior damping spacers, articulation of
      the spacer within a bundle, which is due to large, longitudinal movements
      of the conductors (32), places heavy stresses on the damping elements. In
      the present invention, the close, snug fit existing between the rigid pin
      18 and the rigid, pivot ends of the spacer arms prevents the damping
      elements, i.e., discs 24, from being worked and stressed by such
      articulation. Rather, in the spacer of FIGS. 1 and 2, articulation
      stresses are absorbed by the thick resilient bushings 34 provided in the
      clamps 30 of the spacer arms. In the case where the clamps 30 directly
      engage the conductors, the spacer arms can then be resiliently spaced
      apart on the pivot pin 18 to permit relative movement of the arms along
      the pin for the purpose of accommodating relative longitudinal movements
      of the conductors.
PAR  Another advantage of the damping spacer of the invention is associated with
      the location of the spacer arms and pivot pin 18 and their relation to the
      general center location of the spacer. As discussed earlier, short
      circuits on a line generate forces that are directed inwardly to the
      center of the bundle such that the conductors are forced toward the center
      and thus toward each other. Since the pivot pin and arms of the spacer of
      the invention are rigid structures, and since the arms extend directly
      into the center of the bundle when installed in the bundle, and to the
      pin, the arms and pin are directly in line with such forces such that
      these forces are easily and directly resisted by the structural columns of
      the arms and by the pin. In this manner, the conductors of the bundle are
      prevented from coming together when a short circuit occurs on the bundle.
      The size and material of the arms and pin are such that their strength is
      sufficient to handle shear and compression forces that act on the pin and
      arms.
PAR  In addition, since such inwardly directed forces are in line with the rigid
      arms and pin, the necessity for mechanical stop or motion limiting means
      to protect the damping cables from such forces is removed.
PAR  A further advantage of the spacer 10 is that during the time at which the
      conductors are at rest, and therefore the arms of the spacer are at rest,
      the damping elements (viscoelastic discs 24) are free of supporting
      stresses, there being no frame or other structure to be supported by the
      elements. In this manner, the life of the discs and their effective
      operation as the primary damping mechanism are extended.
PAR  With the occurrence of a predetermined amount of relative rotation of the
      arms of the spacer 10 about pin 18, the outwardly facing corners 40 of the
      inside arm 14 will engage the planar surfaces 36 or 38 of the outside arms
      12 and 16 to stop further relative rotation. The amount of such rotation
      is predetermined by the dimension of the narrow space 23 between the inner
      and outer planar surfaces of the arms. In this manner, with excessive
      relative movement of one or more of the conductors 32, the corners 40 of
      arm 14 and the planar surfaces 36 and 38 of arms 12 and 16 move to engage
      each other and thereby function to protect the viscoelastic discs from
      excessive working by stopping further relative rotation of the arms in the
      rotational direction involved. This protection afforded by such a stop
      means is inexpensive to provide since the planar surfaces can be formed
      when the arms are fabricated, such as by a casting or forging process.
PAR  Further, the spacer 10 is itself economical to manufacture since only a
      minimum of simple, inexpensive components are required. For a three
      conductor bundle spacer, for example, only two viscoelastic discs are
      required. Further, as indicated earlier, no frame is required, and the
      spacer arms and clamps are easily cast or forged. The viscoelastic discs,
      the pin, and the washers associated with the pin are relatively
      inexpensive components that are readily assembled enabling manufacture of
      the spacer of the invention on a mass-produced basis, the consequent unit
      cost of the spacer being quite low. This, coupled with the fact that the
      minimum number of components involved provides a light weight device,
      providing further economies in shipping and handling the device, makes the
      damping spacer 10 economically attractive over heavier, more costly and
      more complicated spacing devices, while simultaneously providing a
      structurally sound and rugged device.
PAR  The viscoelastic discs 24 can be provided with an enhanced, variable
      damping characteristic by providing the structural corners of discs with a
      sharpness that gradually increases from a thicker and broader base
      structure, as shown in FIGS. 3a to 3d of the drawings. In FIG. 3a, disc
      24a is shown in which the sides 44 thereof are inwardly curved to provide
      peripherally spaced, outwardly pointed corners 46 that have a greater
      sharpness than the corners of the hexagon shaped disc of FIG. 1. The
      curved sides and pointed corners of the disc provide relatively thin disc
      body portions, outwardly pointed corners 46, and thick disc body portions
      45.
PAR  In FIG. 3b of the drawings, a disc 24b has the outside, hexagon
      configuration of the disc of FIG. 1, while the inside of disc 24b is
      provided with an opening defined by inwardly curved sides 48 which, in
      turn, form outwardly extending, sharpened corners 50, the curved sides and
      sharpened corners providing respectively, circularly spaced apart,
      relatively thick and thin wall portions 51 and 52 respectively.
PAR  FIG. 3c shows a viscoelastic disc 24c having at least one circular portion
      54 and an integral hexagonal portion 55, the hexagonal portion being of
      reduced thickness, in the axial direction of the disc, in comparison to
      the overall axial thickness of the disc. This provides the disc with
      corners that are more flexible than the corners of the disc of FIG. 1, and
      more flexible than the circular portion 54 of the disc.
PAR  In FIG. 3d of the drawings, a viscoelastic disc 24d is shown having
      elongated, radially extending extensions 60 peripherally spaced apart by
      indented areas 61. Like the disc structure of FIGS. 3a to c, the structure
      of FIG. 3d provides a disc body having circularly spaced apart, narrow and
      thick wall or body areas. These relatively narrow and thick wall areas
      provide an enhanced, variable damping characteristic for the spacer of the
      invention since the peripheral, thin wall portions are more easily worked
      to provide damping of small amplitude, low energy vibrations of the
      conductors spaced by the spacer of the invention, while the thicker
      portions of the disc require larger amplitude and higher vibration forces
      to effect rotational shear of the thicker portions and thus to effect
      damping action. In using the disc structures of FIGS. 3a to d, the spacer
      arms are provided with recesses having configurations and dimensions
      corresponding to those of these discs.
PAR  FIG. 4 of the drawings shows a damping spacer embodiment of the invention
      in which only two arm structures 65 and 66, and a single viscoelastic disc
      or pad 24, are sufficient to space and dampen a four conductor bundle.
      Each of the arm structures comprises two angularly disposed, unitary,
      rigid arms or columns 67, and conductor clamps 68 at the respective ends
      of the columns. The structures 65 and 66 may be two identical castings,
      and, as indicated in FIG. 4 by numeral 18, are pivotally secured together
      adjacent a center location thereof, with the disc 24, in the manner
      described above in connection with FIGS. 1 and 2. With vibration or
      oscillation of any one of the conductors of the bundle to which the arms
      of the spacer of FIG. 4 are attached, relative motion occurs between the
      two structures 65 and 66 to place the viscoelastic disc in rotational
      shear to thereby dampen the vibration or oscillation.
PAR  The principle of using two castings to space and dampen four conductors, as
      discussed above, is applicable to spacing three conductors, and to spacing
      more than four conductors, since one of the castings may comprise any
      number of integrally formed, rigid arms or columns.
PAR  Whereas particular embodiments of the invention have been described above
      for purposes of illustration, it will be evident to those skilled in the
      art that numerous variations of the details may be made without departing
      from the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lightweight, inexpensive frameless damper spacer for parallel,
      overhead conductors comprising at least two, rigid, spacer arms, rigid pin
      means pivotally connecting the arms together adjacent a central location
      of the spacer, means at the end of each arm remote from said central
      location for clamping each of the arms to a respective overhead conductor,
      opposed recesses provided respectively in the arms adjacent said central
      location, a relatively thick, resilient viscoelastic disc located and
      secured between said arms and in said recesses, the opposed recesses and
      disc having matching configurations that function to hold the viscoelastic
      disc against relative rotation with respect to the arms when relative
      rotation of the arms occurs about said rigid pin means.
NUM  2.
PAR  2. The structure of claim 1 in which the damping spacer comprises three
      rigid spacer arms and conductor clamps, with each two adjacent arms of the
      three arms having opposed recesses receiving a viscoelastic disc
      therebetween.
NUM  3.
PAR  3. The structure of claim 1 in which the recesses and discs have a
      hexagonal configuration.
NUM  4.
PAR  4. The structure of claim 1 in which the spacer arms and disc are provided
      with aligned openings at the location of the rigid pin means pivotally
      connecting the arms together, the rigid pin means pivotally connecting the
      arms together extending through the aligned openings.
NUM  5.
PAR  5. The structure of claim 4 in which the diameters of the openings and
      rigid pin means are substantially the same.
NUM  6.
PAR  6. The spacer of claim 1 in which the viscoelastic disc has inwardly
      extending side portions providing outwardly directed, relatively sharp,
      pointed corners, the pointed corners providing an enhanced, variable
      damping characteristic for the spacer.
NUM  7.
PAR  7. The spacer of claim 1 in which the viscoelastic disc has a hollow,
      center configuration providing the disc with relatively narrow wall
      portions peripherally spaced apart by relatively thick wall portions, the
      relatively narrow and thick wall portions providing an enhanced, variable
      damping characteristic for the spacer.
NUM  8.
PAR  8. The spacer of claim 1 including at least three spacer arms for spacing
      at least three parallel conductors, with two of the spacer arms being a
      unitary structure pivotally connected to the third arm.
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ABST
PAL  An automatic frequency control device is disclosed wherein the S-shaped
      waveform character voltage derived by the FM detection of the video
      intermediate frequency signal is applied to a local oscillator so as to
      correct its oscillation frequency. The S-shaped waveform character voltage
      is corrected in response to the output voltage derived by the detection of
      the sound carrier of the adjacent receiving channel so that the pull-in
      range may be increased.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention generally relates to an automatic frequency control
      device which will not pull in the sound carrier in the adjacent receiving
      channel.
PAR  There has been known an automatic frequency control device for a television
      receiver of the type in which the oscillation frequency of a local
      oscillator is corrected in response to the output voltage derived by the
      FM detection of the video intermediate frequency signal.
PAR  However, the prior art automatic frequency control device of the type
      described has some defects. Firstly, it tends to pull in the sound carrier
      of the adjacent receiving channel because the inversed S-shaped character
      voltage is induced by the sound carrier of the adjacent receiving channel
      when the electric intensity thereof is high; when the oscillation
      frequency of the local oscillator is too low or deviates to a lower
      frequency by about 1.5 MHz. Secondly, when the oscillation frequency is
      too high or deviates to a higher frequency by more than 1.3 MHz, the video
      carrier drops at or in the proximity of the tuning frequency of 60.25 MHz
      of a sound carrier trap for the adjacent receiving channel so that the
      upper pull-in range is limited only to about 1.3 MHz. As a result, the
      erratic operations tends to occur very often.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is therefore to substantially
      eliminate the defects encountered in the prior art automatic frequency
      control devices of the type described above.
PAR  Another object of the present invention is to provide an automatic
      frequency control device especially adapted for use with television
      receivers and capable of preventing the pull-in of the aural or sound
      carrier of the adjacent receiving channel even when the deviation of the
      oscillation frequency of the local oscillator occurs.
PAR  A further object of the present invention is to provide an automatic
      frequency control device with an increased pull-in range so that the
      stabilized operation of a television receiver may be ensured.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of one example of the prior art automatic
      frequency control devices for television receivers;
PAR  FIG. 2 is a view used for the explanation of the defects thereof;
PAR  FIG. 3 is a block diagram of one preferred emodiment of the present
      invention;
PAR  FIG. 4 is a view used for the explanation of the mode of operation thereof;
PAR  FIG. 5 is a detailed circuit diagram of the first embodiment; and
PAR  FIG. 6 is a view used for the explanation of the mode of operation of a
      clamping circuit thereof.
PAR  The same reference numerals are used to designate similar parts throughout
      the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Prior Art, FIGS. 1 and 2
PAR  Prior to the description of the preferred embodiment of the present
      invention, one example of the prior art automatic frequency control device
      to be referred to as the "AFC device" hereinafter for brevity in this
      specification will be described briefly in order to specifically point out
      the problems thereof.
PAR  Referring to FIG. 1 illustrating in block diagram of one prior art AFC
      device for a television receiver, the television signal intercepted by a
      receiving antenna 1 is amplified by a radio-frequency amplifier 2, the
      output of which is coupled to a mixer 3 to which is also coupled the
      output of a local oscillator 11 so that it is converted into the
      intermediate frequency signal to be referred to as the "IF signal"
      hereinafter for brevity in this specification. The output of the mixer 3
      is coupled through a video IF amplfier 4, a video detector 5, and a video
      amplifier 6 to a picture tube 7. The output of the video IF amplifier 4 is
      also coupled through a tuned amplifier 8 (which is tuned to the video IF)
      to an FM detector such as a ratio detector whose output is coupled through
      an amplifier 10 to the local oscillator 11. More particularly, the inverse
      S-shaped waveform output voltage of the amplifier 10 is applied to a
      varactor diode in the local oscillator 11 so that the output frequency
      thereof to be applied to the mixer 3 may be automatically corrected. In
      other words, the automatic frequency control device of the type described
      provides a feedback system so that the video IF signal may be maintained
      at a specific frequency.
PAR  However, when the oscillation frequency of the local oscillator 11
      decreases or deviates by -1.5 MHz when the electric field of the next
      channel is strong, an inverse S-shaped waveform character voltage is
      produced by the sound carrier of the next channel so that the AFC device
      pulls in the sound carrier, thus resulting in the erratic operation.
PAR  The prior AFC device of the type described has another undesirable feature
      that when the oscillation frequency of the local oscillator 11 increases
      or deviates by more than +1.3 MHz to a higher frequency, the video signal
      carrier drops at the tuning frequency of 60.25 MHz of a sound take-off
      trap for the next channel. Therefore the upper range of the inversed
      S-shaped character voltage is limited within +1.3 MHz so that the upper
      pull-in range is also limited within about 1.3 MHz.
PAR  In summary, the prior art AFC device of the type described has the two
      distinct undesirable features that the sound carrier in the adjacent
      channel is pulled in so that the erratic operation tends to occur very
      often and that the pull-in range, especially the upper pull-in range is
      very limited.
PAC  The Invention, FIGS. 3 - 6
PAR  Referring to FIGS. 3 through 6 the preferred embodiment of the present
      invention will be described in detail hereinafter. Referring first to FIG.
      3, the output of the video detector 5 is coupled to a sync separator 12 so
      as to separate the sync signals from the composite picture signal. The
      sync signals applied from the separator 12 to a sync signal clamper 13 are
      clamped by the horizontal flyback pulses applied to an input terminal 19.
      The output of the sync signal clamper 13 is coupled to a peak detector 14
      which detects the clamped sync pulses, and the output E14 of the peak
      detector 14 is coupled to a first switching circuit 15.
PAR  The effect of the output voltage E14 of the peak detector 14 upon the
      deviation of the oscillation frequency f.sub.LO of the local oscillator 11
      is shown in FIG. 4 at (b), in which the deviation in frequency from the
      reference video intermediate frequency (= 58.75 MHz) is plotted along the
      abscissa. When the deviation of the oscillation frequency f.sub.LO is 1.0
      MHz higher than the reference frequency, the sync pulses are reduced or
      elminated by the sound-take-off trap so that the output voltage E14 drops.
      When the oscillation frequency f.sub.LO is precisely tuned to the
      reference frequency or it deviates to a lower frequency, the output
      voltage E14 rises because the normal sync signals are derived. Therefore,
      the output voltage E14 is stepped down from a frequency about 1.5 MHz
      higher than the reference frequency as shown in FIG. 4b.
PAR  Referring back to FIG. 3, in response to the output voltage E14 of the peak
      detector 14, the switching circuit 15 is actuated so that the output
      voltage E.sub.S of the AFC device may have a waveform indicated by the
      solid lines B in FIG. 4a. The waveform obtained by the prior art device is
      indicated by the broken lines. Thus, it is seen that the pull-in range of
      the AFC device in accordance with the present invention has a wider upper
      range extending over about 3 MHz from the reference frequency.
PAR  The output of the video IF or common amplifier 4 is also coupled to a tuned
      amplifier 16 tuned to 57.25 MHz, and the output of the tuned amplifier 16
      is coupled to a detector 17 for detecting the frequency of 57.25 MHz. The
      output E17 of the detector 17 is shown in FIG. 4c. That is, when the
      oscillation frequency f.sub.LO deviates to a lower frequency by 1.5 MHz,
      58.75 MHz (the video IF) - 1.5 MHz = 57.25 MHz is detected. Therefore the
      inversed V-shaped output voltage E17 is obtained as shown at C in FIG. 4c.
      On the other hand, when the oscillation frequency f.sub.LO deviates to a
      higher frequency by 3 MHz, the 54.25 MHz (sound IF) + 3 MHz = 57.25 MHz is
      detected so that the output voltage is derived as shown in FIG. 4c at D.
      In summary, when the oscillation frequency f.sub.LO deviates to a lower or
      higher frequency, the inverted V-shaped output voltage E17 centered at
      57.25 MHz is detected as shown in FIG. 4c, and in response to this output
      voltage E17, a second switching circuit 18 (see FIG. 3) is actuated.
PAR  When the oscillation frequency f.sub.LO deviates to a lower frequency by
      1.5 MHz, it would tend to be pulled in by the sound carrier in the next
      channel, but at this instant, according to the present invention, the
      video carrier is 57.25 MHz and the high output voltage E17 is derived from
      the detector 17. Therefore the switching circuit 18 is turned on so that
      the output voltage E.sub.S of the AFC device may have a waveform (B) as
      shown in FIG. 4a. Thus the AFC circuit is prevented from pulling in the
      sound carrier in the next channel. The output of the first switching
      circuit 15 is also coupled to the second switching circuit 18 so that in
      response to the output of the switching circuit 15 the second switching
      circuit 18 is turned off when the local oscillation frequency f.sub.LO
      deviates to a higher frequency by 3 MHz. Thus, the ideal characteristic
      curve as shown at B in FIG. 4a is obtained so that the pull-in range may
      be increased and the erratic operation may be prevented.
PAR  Next referring to FIG. 5, the AFC device in accordance with the present
      invention will be described in more detail hereinafter. The tuned
      amplifier 8 is a differential amplifier comprising, in general, two
      transistors 20 and 21. The FM detector 9 is a ratio detector comprising,
      in general, two diodes 22 and 23. The amplifier 10 is a differential
      amplifier comprising, in general, two transistors 24 and 25.
PAR  An output terminal of the sync separator 12 is coupled through a capacitor
      27 to the cathode of a diode 28 in the clamper 13 for clamping the sync
      signals. The anode of the diode 28 is grounded through a resistor 29 and
      is coupled to the terminal 19 to which are applied the horizontal flyback
      pulses. That is, the clamper 13 is made up of the capacitor 27, the
      clamping diode 28 and the resistor 29.
PAR  The cathode of the clamping diode 28 of the clamper 13 is coupled to the
      anode of a sync signal detecting diode 30 in the peak detector 14, and the
      cathode of the diode 30 is grounded through a capacitor 31. The cathode of
      the diode 30 is connected through a resistor 32 to the base of a
      transistor 34 in the first switching circuit 15. The base of the
      transistor 34 is grounded through a resistor 33 while the emitter,
      grounded directly, and the collector is connected through a resistor 35 to
      a DC power source terminal 52 and to the base of a transistor 36. The
      emitter thereof is grounded while the collector is coupled through
      resistors 37 and 38 to the collector of the transistor 25 in the amplifier
      10. In summary, the first switching circuit 15 is made up of the
      transistors 34 and 36, and their associated resistors 32, 33, 35 and 37.
PAR  The sync signals applied to the terminal 26 are coupled through the
      capacitor 27 to the clamping diode 28 so that they are clamped by the
      horizontal flyback pulses applied to the terminal 19. The waveforms of the
      voltage at the cathode of the clamping diode 28 are shown in FIG. 6a and
      6b. That is, FIG. 6a shows the waveform when the oscillation frequency
      f.sub.LO of the local oscillator 11 is maintained at the reference
      frequency or deviates to a lower frequency while FIG. 6b, the waveform
      when the local oscillation frequency f.sub.LO deviates to a higher
      frequency by more than 1 MHz. When the output voltage with the waveform as
      shown in FIG. 6a of the clamper 13 is detected by the peak detector, a
      high DC voltage is obtained while when the output voltage with the
      waveform as shown in FIG. 6b is detected, a low DC voltage output is
      derived. In response to the high DC output voltage of the peak detector
      14, the transistor 34 in the first switching circuit 15 is turned on while
      the transistor 36 is turned off. Therefore, the AFC output voltage, that
      is the collector voltage of the transistor 25 in the amplifier 10 is
      coupled through the resistor 38 and an output terminal 51 to the varactor
      diode in the local oscillator 11 (see FIG. 3) so that the local
      oscillation frequency may be maintained at prescribed frequency.
PAR  When the peak detector 14 gives a low DC output voltage to the first
      switching circuit 15, the transistor 34 is turned off while the transistor
      36 is turned on so that the AFC output voltage, that is the output of the
      transistor 25 in the amplifier 10, is divided by the voltage divider
      consisting of the resistors 37 and 38. Therefore, the output voltage E1 is
      derived as shown in FIG. 4a, and is applied to the varactor in the local
      oscillator 11. Thus, in response to the sync signals, the AFC output
      voltage is controlled so that the waveform indicated by the solid lines B
      in FIG. 4a may be obtained.
PAR  The tuned amplifier 16 comprises, in general, two transistors 39 and 40,
      and the detector 17, a diode 41 and a capacitor 42. The cathode of the
      diode 41 is grounded through a series circuit of resistors 43 and 44 whose
      junction is coupled to the base of a transistor 45 in the second switching
      circuit 18. The emitter of the transistor 45 is coupled to the collector
      of a transistor 46 whose emitter is grounded and whose base is coupled to
      the collector of the transistor 36 in the first switching circuit 15. The
      collector of the transistor 45 is coupled through resistors 47 and 48 to
      the DC power source terminal 52. The junction between the resistors 47 and
      48 is coupled to the base of a transistor 49 in the second switching
      circuit 18. The emitter of the transistor 49 is coupled to the terminal 52
      while the collector is coupled through a resistor 50 to the junction
      between the resistors 37 and 38.
PAR  The tuned amplifier 16 gives the sound carrier output of 57.25 MHz of the
      next channel to the detector 17 in the next stage so that the output whose
      waveform as shown in FIG. 4c is obtained. When the local oscillator
      frequency is slow or deviates to a lower frequency by -1.5 MHz, it tends
      to pull in the sound carrier of the next channel. However, the output
      voltage E17 is derived from the detector 17 so tat both the transistors 45
      and 46 in the second switching circuit 18 are turned on. The transistor 49
      is also turned on. As a result, the output voltage, which appears at the
      output terminal 51, is raised so that the waveform or inversed S-shaped
      output voltage may be corrected as shown at A in FIG. 4a. Therefore, the
      frequency of the received TV signal is pulled in by the video carrier, and
      is prevented from being pulled in by the sound carrier of the next
      channel. When the local oscillator frequency is high or deviates to a
      higher frequency, all of the transistors 45, 46, and 49 in the second
      switching circuit 18 are turned off.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic frequency control device for a television receiver
      comprising
PA1  a. a mixer for mixing a received TV signal with the output of a local
      oscillator,
PA1  b. said local oscillator coupling its output of a predetermined oscillation
      frequency to said mixer,
PA1  c. a video intermediate frequency amplifier for amplifying the output of
      said mixer,
PA1  d. an FM detector for detecting the output of said video intermediate
      frequency amplifier, the S-shaped output voltage of said FM detector being
      coupled to said local oscillator so as to automatically correct the
      oscillation frequency thereof,
PA1  e. means connected to said video intermediate amplifier and bypassing said
      FM detector for detecting the signal with a frequency equal to the video
      intermediate frequency minus the difference between said video
      intermediate frequency and the sound intermediate frequency of the
      adjacent receiving channel, and
PA1  f. means for correcting said S-shaped output voltage in response to the
      output of said detecting means so as to prevent the pull-in of the sound
      carrier of the adjacent receiving channel.
NUM  2.
PAR  2. An automatic frequency control device as defined in claim 1 further
      comprising
PA1  a. video detector means connected to said video intermediate frequency
      amplifier for detecting said received TV signal,
PA1  b. synchronizing signal separating means connected to said video detector
      means for separating and for deriving synchronizing signal from a video
      signal in said received TV signal,
PA1  c. means for detecting the sync signals in said received TV signal,
PA1  d. synchronizing signal clamping means connected to said sync signal
      separating means for clamping the sync signal derived from the sync
      separating means by horizontal flyback pulses, and
PA1  e. means for correcting, in response to the output of said sync signal
      detecting means, said S-shaped output voltage so as to increase the
      pull-in range, said corrected S-shaped output voltage comprising an AFC
      voltage.
NUM  3.
PAR  3. An automatic frequency control device for a television receiver
      comprising
PA1  a. a mixer for mixing the received TV signal with the output of a local
      oscillator,
PA1  b. said local oscillator coupling its output of a predetermined oscillation
      frequency to said mixer,
PA1  c. a video intermediate frequency amplifier for amplifying the output of
      said mixer,
PA1  d. an FM detector for detecting the output of said video intermediate
      frequency amplifier, the S-shaped voltage output of said FM detector being
      coupled to said local oscillator so as to control automatically the
      oscillation frequency of said local oscillator,
PA1  e. a clamping circuit, consisting of a capacitor, a clamping diode and a
      resistor serially connected, for clamping the sync signals by horizontal
      flyback pulses,
PA1  f. a peak detector for detecting the peak voltage of the output of said
      clamping circuit, and
PA1  g. means for correcting, in response to the output of said sync signal
      detecting means, said S-shaped voltage output so as to increase the
      pull-in range.
NUM  4.
PAR  4. An automatic frequency control device as defined in claim 3 further
      comprising
PA1  a. a switching circuit consisting of two transistors, and a plurality of
      resistors connected thereto, in which said switching circuit is connected
      to said peak detector, and is adapted to be turned on or off in response
      to the output of said sync signal detecting means, and
PA1  b. a voltage divider consisting of two resistors, in which said voltage
      divider is coupled to said switching circuit for dividing the output of
      said FM detector, whereby an AFC voltage may be controlled in response to
      said switching circuit.
NUM  5.
PAR  5. An automatic frequency control device as defined in claim 1 further
      comprising
PA1  a tuned amplifier connected to the output of the video intermediate
      frequency amplifier for tuning the tuning frequency of the tuned amplifier
      equal to the video intermediate frequency minus the difference between
      said video intermediate frequency and the sound intermediate frequency of
      the adjacent receiving channel,
PA1  b. a detector for detecting the output of said tuned amplifier, and
PA1  c. a switching circuit connected to said detector and adapted to be turned
      on or off in response to the output of said detector, a differential
      amplifier connected to the output of said switching circuit for supplying
      an AFC correcting voltage derived from the output of said FM detector to
      the local oscillator, wherein said switching circuit is turned on only
      when the oscillation frequency of the local oscillator deviates over a
      predetermined value.
NUM  6.
PAR  6. An automatic frequency control device as defined in claim 2 further
      comprising
PA1  a. a first switching circuit adapted to be turned on or off in response to
      the output signal of said sync signal detecting means,
PA1  b. a voltage divider consisting of at least two resistors which are coupled
      to said first switching circuit and to the differential amplifier
      respectively for dividing the output of said FM detector, whereby the AFC
      voltage may be controlled in response to said first switching means, and
PA1  c. a second switching circuit adapted to be turned on or off in response to
      the output of said frequency detecting means, the output of said second
      switching circuit when the latter is turned on being applied to the output
      voltage of said FM detector so as to correct the latter, said second
      switching circuit being turned off when the output of said FM detector is
      divided by said voltage divider coupled to said first switching circuit.
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ABST
PAL  A picture signal transmission system for transmitting after coding a
      picture signal obtained by scanning at least one picture to be
      transmitted, in which a difference between a representative level value of
      each picture element unit formed by at least one picture element and a
      forecast value obtained in accordance with a predetermined rule and based
      on a representative level value of adjacent ones of said picture element
      units is detected, and in which first level information and second level
      information are transmitted. The first level information indicates, for
      each picture element by a bit of binary information, whether or not the
      difference exceeds a predetermined threshold value for a group of picture
      elements corresponding to a predetermined area of the picture. The second
      level information indicates level information of particular picture
      elements on each of which said difference exceeds the threshold value.
BSUM
PAR  This invention relates to a picture signal transmission system, in which
      picture signals produced by scanning a television picture or a document
      are transmitted at high efficiency after coding.
PAR  In accordance with high development and complication of social and economic
      activities and with rapid progress of technology, attention is now being
      paid to picture transmission such as picturephony and facsimile telegraphy
      utilizing the sense of sight in addition to telephony based on the sense
      of hearing only. However, their picture signals usually have a very wide
      frequency band, so that the cost for transmission is very high and this is
      a cause of arresting the spread of the picture transmission service. To
      avoid this, many attempts have heretofore been made for the band
      compression by the utilization of statistical properties of the picture
      signal or visual characteristics of human eyes. The method utilizing the
      statistical properties of the picture signal makes use of the fact that
      the picture signal has a very close interrelationship between adjacent
      picture elements in the same picture or between picture elements at the
      same position of adjacent frames (both of these picture elements will
      hereinafter be referred to as "adjacent picture elements"). Many methods
      of this kind such as a forecast encoding method, an interpolation method,
      a method of utilizing the interrelationship between adjacent frames and so
      on are well known in the art. However, since almost all of these methods
      do not make effective use of the property of the picture signal, the band
      compression ratio is about one-half at the highest. For example, in a
      difference coding method belonging to the forecast coding method on which
      many studies have recently been made, each picture element is coded in
      three or four bits by coding the level difference (hereinafter referred to
      as "difference") between respective picture elements and the transmission
      band width is compressed into about one-half of that in a usual PCM coding
      method. However, even where the difference is below a minimum quantization
      level, that is, where substantially no level change exists, the difference
      is coded in the same number of bits as that for other differences.
      Theoretically, even if the difference information below the minimum
      quantization level is not transmitted, reproduction of an original picture
      at the receiving side is possible, so that it might be said that such
      difference coding method still transmits an appreciable amount of
      redundant information. This is a defect of the difference coding method
      and also in common to the other forecast coding method, the interpolation
      method and soon. Further, in a difference coding method for the band
      compression of usual television signals, the minimum quantization level is
      generally selected at a value corresponding to about 2 percent of the
      overall amplitude of the picture signal. Moreover, it is considered that
      such a value does not present any problem in picture quality. Regarding
      this, results obtained by practically measuring the distribution of the
      difference between the adjacent picture elements of various television
      pictures have been published (for example, in a publication (1):
      "Statistic Properties of Television Signal" by Suzuki et al., Television
      vol. 25, No. 8, 1971). This publication shows that those picture elements,
      whose absolute value of the difference exceeds the minimum quantization
      level, account for about 11 percent of all picture elements on an average
      and that effective use of the difference distribution characteristic would
      enable further band compression.
PAR  On the other hand, a band compression system of the type utilizing the
      above difference distribution characteristic has been proposed such that,
      in television signal transmission, information of only those picture
      elements whose differences between frames exceed a certain level are
      transmitted (for example, in a publication (2): "Transmitting Television
      as Clusters of Frame-to-Frame Differences", by J. C. Candy et al., The
      Bell System Technical Journal, vol. 50, No. 6, Aug. 1971). This system has
      such defects that a considerable number of transmission bits are required
      for the transmission of position information of those picture elements
      whose differences exceed a certain level and that the picture quality is
      greatly deteriorated in the case of speedily moving pictures.
PAR  Many methods of the type utilizing the visual characteristic of human eyes
      have been proposed in addition to those utilizing the statistic properties
      of the picture signal but any of them does not provide the satisfactory
      band compression.
PAR  An object of this invention is to provide a system for transmitting a
      picture signal after coding, which is based on the aforesaid difference
      distribution characteristic of the picture signal, and in which level
      information of only these picture elements whose differences against
      adjacent picture elements or errors of the respective picture elements
      against the respectively forecast values exceed a predetermined level is
      transmitted, thereby providing a picture of higher efficiency and quality
      than those obtainable by the prior art systems.
DRWD
PAR  The principle, construction and operations of this invention will be
      clearly understood from the following detailed description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram illustrating an example of a picture formed
      by a plurality of divided groups of picture elements in this invention;
PAR  FIG. 2 is a diagram illustrating an example of a transmission code unit in
      this invention;
PAR  FIG. 3 is a diagram illustrating an example of a transmission signal train
      formed by the transmission code units shown in FIG. 2;
PAR  FIG. 4 is a clock diagram illustrating an embodiment of the sending side of
      this invention;
PAR  FIG. 5 is a block diagram illustrating an embodiment of the receiving side
      of this invention;
PAR  FIGS. 6 and 7 are block diagrams each illustrating another example of the
      sending side of this invention; and
PAR  FIGS. 8, 9 and 10A, 10B and 10C are diagrams each illustrating another
      example of a picture formed by different groups of picture elements.
DETD
PAR  A description will be given first with regard to the principle of this
      invention. In order that only the level information of those picture
      elements (hereinafter referred to an "changed picture elements") whose
      differences against adjacent picture elements or errors of the respective
      picture elements against the respective forecast values exceed a
      predetermined value may be transmitted and that an original picture may be
      reproduced at the receiving side in response to the transmitted level
      information, information indicating the position of each changed picture
      element in the picture is generally required. For this purpose, it is
      possible to use a method emloying address information, which is obtained
      by directly coding the positional coordinates of the changed picture
      elements. However, since this method requires a lot of transmission bits
      for the positional information, a great amount of band compression cannot
      be expected. By the way, even a certain group of picture elements of the
      sufficiently large number appropriately selected from those of a picture
      can provide substantially the same difference distribution characteristic
      as the aforementioned one and, from the measured results given in the
      aforesaid publication (1), it might be said that the number of the changed
      picture elements in this group is smaller than about 0.2 n.sub.0 on an
      average. In view of this, the present invention employs a principle, in
      which all the picture elements of one picture are divided into groups each
      including n.sub.0 's picture elements in accordance with a predetermined
      rule, in which a channel for transmitting change information indicating
      the presence and absence of a change in each picture element and a channel
      for transmitting level information of (n.sub.1 =.alpha.. n.sub.0)'s
      changed picture elements are provided respectively for each group of the
      picture elements, and in which only information of the changed picture
      elements is transmitted through these channels for each picture element
      group. In this case, a notation .alpha. is a coefficient dependent upon
      the difference distribution characteristic of each picture element of the
      picture element groups and .alpha. is selected to be about 0.2 to 0.3 to
      leave a margin. For example, all the picture elements of one picture are
      divided into groups, each comprising the picture elements aligned in a
      horizontal direction (the number of the picture elements n.sub.0 = 100).
      Moreover, the change information that whether each picture element is a
      changed one or not is indicated by binary information 1 or 0 (in this
      case, n.sub.0 = 100 bits in all) and the level information of (n.sub.1 =
      20)'s changed picture elements (assuming that .alpha. = 0.2) are
      transmitted for each picture element group. In this system, since the
      positional indication of the changed picture elements is achieved by the
      use of the change information of one bit per each picture element (this
      bit rate can be decreased as will be described hereinafter), a great
      amount of band compression can be obtained in view of the transmission of
      only the level information of the changed picture elements. Namely, in the
      case of transmitting one picture element group, if the level information
      is coded in four bits according to the conventional difference coding
      method (4n.sub.0 = 400)'s bits are required. However, the system of this
      invention requires only (n.sub.0 + 4n.sub.1 = 180)'s bits, so that the
      required transmission band width can be further reduced to below one-half
      of that obtainable by the difference coding method.
PAR  The present invention will hereinafter be described in detail in connection
      with some examples thereof. FIG. 1 shows an example of a principle that
      the picture elements of one picture are divided into a plurality of
      groups. In FIG. 1, reference characters P11, P12, . . . P1j, P21, P22, . .
      . P2j, . . . Pi1, Pi2, . . . Pij surrounded by circles represent picture
      elements respectively. In the present example, the picture 1 is divided
      into i's picture element groups h.sub.1, h.sub.2, . . . h.sub.i, each
      including j's picture elements aligned on each horizontal scanning line.
      In each picture element group, each picture element and that on its
      left-hand side (for example, in the picture element group h.sub.1, the
      picture elements P.sub.11 and P.sub.12 ; P.sub.12 and P.sub.13 ; . . . ;
      P.sub.1.sub.-j and P.sub.1j) are sequentially compared with each other to
      obtain the differences there between, and only picture information of the
      changed picture elements is transmitted. FIG. 2 illustrates an example of
      the transmission code configuration in this case. FIG. 2 shows an example
      of the configuration of transmission code groups (hereinafter referred to
      "code units") each corresponding to each picture element group. In the
      code units, a reference numeral 2 designates a unit synchronizing code
      indicating the start of the code unit, 3 a change information group
      including change information indicating the presence or absence of a
      change in each picture element of the picture element groups, and 4 a
      level information group indicating the levels of only those picture
      elements which have been indicated as changed picture elements in the
      change information group 3. The change information group 3 is composed of
      No bits of information a.sub.1, a.sub.2, . . . an.sub.0 which indicate by
      1 and 0 the presence and absence of a change in each picture element P of
      n.sub.0 's (n.sub.0 = j in FIG. 1) picture elements making up the picture
      element groups. The example of FIG. 2 shows that 1st, 2nd, 5th, 6th, . . .
      n.sub.0 (=j)th picture elements (in the case of, for example, the picture
      element group h.sub.1, the picture elements P.sub.11, P.sub.12, P.sub.15,
      P.sub.16, . . . P.sub.1j) are the changed picture elements. Since the
      left-hand end picture element of each group, for example P.sub.11 , has no
      mating picture element for comparison therewith, its level is compared
      with a predetermined level. On the other hand, the level information group
      4 is composed of (n.sub.1 = .alpha..sub.1. n.sub.0)'s time slots t.sub.1,
      t.sub.2, . . . t.sub.n1 for inserting the level information of only the
      changed picture elements (.alpha..sub.1 will be described later on.) and
      only the level information of the picture elements indicated as the
      changed picture elements in the change information group 3 is successively
      inserted from t.sub.1. In the above example, the level information of the
      picture elements P.sub.11, P.sub.12, P.sub.15, P.sub.16, . . . P.sub.1j is
      successively inserted into the time slots t.sub.1, t.sub.2, t.sub.3,
      t.sub.4, . . . and transmitted. In this case, the level information of the
      changed picture element P.sub.1j is not always inserted into the time slot
      t.sub.n1.
PAR  The constant .alpha..sub.1 is a constant which is dependent on the
      distribution characteristic of the difference of each picture element of
      the groups h.sub.1, h.sub.2, . . . h.sub.i shown in FIG. 1, and it is
      selected so that the probability of the number of changed picture elements
      in one picture element group exceeding n.sub.1 = .alpha..sub.1 . n.sub.0 =
      .alpha..sub.1.j may be sufficiently low. From the view point of band
      compression, it is desired to minimize the constant .alpha..sub.1.
      However, if the constant .alpha..sub.1 is too small, the number of the
      changed picture elements exceeds n.sub.1, which often introduces the
      possibility that some of the changed picture elements cannot be
      transmitted (which will hereinafter be referred to as "shutout"),
      resulting in the deterioration of picture quality. To avoid this, the
      constant .alpha..sub.1 is selected at an appropriate value of the
      relationship between the difference distribution characteristic and an
      allowable shutout ratio. Accordingly, if the number of the changed picture
      elements in one picture element group is smaller than n.sub.1, the last
      time slots become blank. In this case, it is also possible to regard an
      appropriate number of non-changed picture elements as changed ones, insert
      their level information into the blank time slots and transmit n.sub.1 's
      level information in all.
PAR  FIG. 3 shows an example of the configuration of a transmission signal which
      is formed by an assembly of such code units as shown in FIG. 2 and
      transmits picture information of the entire area of the picture. In FIG.
      3, a reference numeral 5 designates a start code showing the start of the
      picture, and 6, 7, 8, . . . 9 i's code units each corresponding to each of
      picture element groups (h.sub.1,h.sub.2, h.sub.3, . . . h.sub.i in the
      example shown in FIG. 1). With this signal configuration, picture
      information on the changed picture elements of the picture element groups
      h.sub.1,h.sub.2, h.sub.3, . . . h.sub.i in a picture is transmitted in the
      form of the code units 6, 7, 8, . . . 9.
PAR  The foregoing has described for the principle of transmitting one picture
      and, in the case of continuously transmitting a plurality of pictures as
      in television transmission, the operations described above with reference
      to FIGS. 1, 2 and 3 are achieved for each picture (for example, one field,
      one frame) to obtain a continuous signal of the code system of FIG. 3,
      which is then transmitted.
PAR  The following will describe for the construction of the picture information
      transmitting system of this invention described above. FIG. 4 illustrates
      one example of a transmission unit, in which a reference numeral 11
      indicates an input terminal for picture signal, that is, a train of level
      information of picture elements which is produced by scanning a picture;
      12 an input terminal for a start timing signal indicating the instant of
      starting the scanning of a picture; 13 an input terminal for a series of
      transmission codes converted by this apparatus; 14 a reference value
      memory for storing level information of a picture element previously
      scanned (which is the picture element on the left of each picture element
      in the example of FIG. 1 and which will hereinafter be referred to as "a
      preceding picture element"); 15 a comparator for comparing the level
      information of each picture element applied to the input terminal 11
      (which information will hereinafter referred to as "level information of
      an input picture element") with that of an immediately preceding picture
      element; 16 a code generator for generating patterns predetermined as the
      starting code 5 and the unit synchronizing code 2 respectively; 17 a
      picture element-address counter for indicating the position of the input
      picture element in the picture; 18 a transmission change information
      memory for storing change information of each picture element; 19 a
      transmission level information memory for storing level information of
      only the changed picture element; and 20 a transmission combiner, by which
      output signals from the change information memory 18 and the level
      information memory 19 are arranged in terms of time into such a
      transmission signal train as shown in FIG. 3.
PAR  The operations of this apparatus will hereinabelow be described. It is
      assumed that the picture is scanned in a horizontal direction, that is, in
      the example of FIG. 1, the picture is scanned in the order of the picture
      elements P.sub.11, P.sub.12, . . . P.sub.1j, P.sub.21, . . . P.sub.2j, . .
      . P.sub.il, . . . P.sub.ij and that a PCM signal representing the level
      value of each picture element in the form of a digital code is applied to
      the input terminal 11. In this case, the level value of each picture
      element is compared with the picture element scanned immediately before
      it, so that the reference value memory 14 serves as a memory for one
      picture element. The level information of the picture element in the input
      picture PCM signal applied to the terminal 11 is temporarily stored in the
      reference value memory 14. On the other hand, the input signal is fed to
      the comparator 14, in which the level information of the input picture
      element and the level information of the immediately preceding picture
      element (i.e.; the left picture element on the picture) fed from the
      reference value memory 14 are compared with each other, thus judging
      whether or not the level difference therebetween exceeds a predetermined
      value, that is, whether or not the input picture element is a changed
      picture element. However, when the level information of the picture
      elements on the left-hand end (P.sub.11, P.sub.21, . . . P.sub.il in the
      example of FIG. 1) is supplied to the input terminal 11, predetermined
      level information is previously stored in the reference value memory 14 so
      that the former level information is compared with the latter one to judge
      whether or not the picture elements are the changed one. Dependent upon
      whether the picture element is a changed one, binary information 1 to 0 is
      stored in response to a changed picture element or an unchanged picture
      element respectively through a lead 24 at a corresponding position in the
      transmission change information memory 18 having a memory capacity for one
      picture element group. At the same time, in the case of a changed picture
      element, its level information is stored in the transmission level
      information memory 19 having a memory capacity for n.sub.1 's picture
      elements. At each time such processing of all the picture elements on one
      horizontal line is completed, the code unit shown in FIG. 2 is constructed
      by the transmission combiner 20 and derived from the terminal 13. At
      first, in accordance with the signal configuration shown in FIG. 3, the
      transmission combiner 20 reads out the start code 5 from the code
      generator 16 based on a timing signal derived from the picture element
      address counter 17, and provides it at the terminal 13. Then, after
      completion of the processing of the first picture element group hd.sub.1,
      the unit synchronizing code 2 is read out from the code generator 16 based
      on the timing signal from the picture element address counter 17 and the
      change information and the level information of the changed picture
      elements are sequentially read out from the change information memory 18
      and the level information memory 19 respectively at the terminal 13.
      Accordingly, the code unit 6 is sent out from the terminal 13. In a like
      manner, upon completion of the processing of each of the picture element
      groups h.sub.2, h.sub.3, . . . h.sub.i, the code units 7, 8, . . . 9 are
      sequentially derived from the terminal 13, thus sending out the signal
      train of such configuration as depicted in FIG. 3.
PAR  The transmission change information memory 18 is formed by two sets of
      serial memories having a bit capacity equal to the number of the picture
      elements n.sub.0 (=j) of one picture element group, and they are
      alternately switched for writing or reading every processing of each of
      the picture element groups (h.sub.1, h.sub.2, . . . h.sub.i). Namely, in
      the case of processing the picture element group h.sub.1, the one memory
      M.sub.1 is used for writing the processing result and then, in the case of
      processing the picture element group h.sub.2, the other memory M.sub.2 is
      switched for writing and, at the same time, the memory M.sub.1 is switched
      for reading to read out the change information of the picture element
      group h.sub.1 previously written. On the other hand, the transmission
      level information memory 19 is formed by two sets of serial memories,
      which are capable of storing the level information of (n.sub.1 =
      .alpha..sub.1.n.sub.0)'s picture elements and are alternately switched
      every picture element group, as is the case with the above-mentioned
      change information memory 18.
PAR  The picture element address counter 17 is a counter, which makes a clear
      start upon application of a start timing signal through the terminal 12
      and advances step by step at every arrival of the picture element
      information at the terminal 11, and which is used for indicating the
      position of each input picture element in the picture. Further, this
      counter 17 serves as a timing control circuit for the aforesaid circuits.
PAR  Next, an example of the construction of a receiving apparatus is shown in
      FIG. 5. In FIG. 5, a reference numeral 31 indicates an input terminal for
      a received signal train; 32 an output terminal for a reproduced picture
      PCM signal; 33 an output terminal for a start timing signal representing
      the instant of scanning start of one picture; 34 a receiving separator; 35
      a shift pulse generator; 36 a receiving change information memory; 37 a
      receiving level information memory; 38 a reproduced picture signal memory;
      39 a write and read control circuit; and 40 a gate circuit.
PAR  The received signal train of the configuration shown in FIG. 3 is applied
      to the terminal 31 and fed to the receiving separator 34 to detect the
      start code 5 having a predetermined pattern, which is derived from the
      start timing signal output terminal 33 at a certain time after the
      detection timing. Then, at every reception of each code unit, the
      receiving separator 34 detects first the unit synchronizing code 2 and
      then separates the change information 3 and the level information 4
      received at a certain time after the detection timing in accordance with
      the configuration of the code unit of FIG. 2 to write them in the
      receiving change information memory 36 and the receiving level information
      memory 37 respectively. The operation of the receiving separator 34 is
      usually similar to the operation for the detection of a frame
      synchronizing code and channel separation based on the detection timing in
      a time-divisional multiplex transmission system, so that the techique
      employed in the latter can be applied. After all the information of one
      code unit has thus been received and stored, an original picture is
      reproduced from the received and stored change information and level
      information under the control of the control circuit 39, and the gate
      circuit 40 and the reproduced original picture is stored in the reproduced
      picture signal memory 38. Namely, in the case where a certain picture
      element is a changed picture element, the received level information
      stored in the receiving level information memory 37 is read out and
      writing in the reproduced picture signal memory 38 at a position
      corresponding to the picture element. On the other hand, in the case of an
      unchanged picture element, the same level information as the preceding
      picture element (i.e.; the picture element on the left of each picture
      element in the picture) is written in the reproduced picture signal memory
      38 at a position corresponding to the picture element. Such processing of
      all the information of one code unit implies the reproduction of the level
      information of all the picture elements of one picture element group (in
      the example of FIG. 1, all the picture elements on one horizontal scanning
      line), and the reproduced level information is read out in a certain
      sequential order and sent out from the terminal 32.
PAR  The receiving change information memory 36 and the receiving level
      information memory 37 are respectively constructed as is the case of the
      transmission change information memory 18 and the transmission level
      information memory 19 of FIG. 4. Further, the reproduced picture signal
      memory 38 is provided with two sets of serial memories each having a
      capacity capable of storing the level information of all the picture
      elements (i.e.; n.sub.0 's picture elements) of one picture element group,
      and these memories are alternately switched for writing and reading.
PAR  Next, the aforesaid original picture reproducing process will be described
      more in detail. The shift pulse generator 35 starts at the detection
      timing of the unit synchronizing code 2 supplied from the receiving
      separator circuit 34 and produces n.sub.0 's shift pulses at predetermined
      intervals T.sub.1, which are applied to the receiving change information
      memory 36 and the control circuit 39. At every application of the shift
      pulse, the receiving change information memory 36 reads out the change
      information of the picture elements in the order of a.sub.1, a.sub.2, . .
      . a.sub.n0 and supplies them to the gate circuit 40. On the othe hand, the
      control circuit 39 produces a pulse at a certain time T.sub.2 after each
      of the anove-mentioned shift pulses and applies it to the gate circuit 40.
      Consequently, if the change information is 1, that is, if the
      corresponding picture element is a changed one, the output pulse from the
      control circuit 39 is applied through the gate circuit 40 to the receiving
      level information memory 37, by which level information of the changed
      picture element is read out from the memory 37 and applied to the
      reproduced picture signal memory 38. On the other hand, if the change
      information is 0, that is, in the case of an unchanged picture element,
      the gate circuit 40 is closed, so that new level information is not read
      out from the reproduced level information memory 37, and the level
      information read out previously remains unchanged at the output end of the
      memory 37 and applied as the level information of the unchanged picture
      element to the reproduced picture signal memory 38. The level information
      thus read out from the receiving level information memory 37 is
      sequentially stored in the reproduced picture signal memory 38 by a write
      pulse fed through a lead 41 from the control circuit 39 (which pulse is
      generated at the time T.sub.3 after the aforementioned shift pulse, where
      T.sub.2 T.sub.3 T.sub.1 ), thus reproducing the original picture in the
      reproduced picture signal memory 38.
PAR  The reception of the code unit of the picture element group h.sub.1 in the
      examples of FIGS. 1 and 2 will hereinbelow be described. With a first
      shift pulse, the change information a.sub.1 = 1 of the picture element
      P.sub.11 is read out from the change information memory 36 and applied to
      the gate circuit 40, so that a read pulse is applied to the level
      information memory 37 and the level information transmitted at the time
      slot t.sub.1 in FIG. 2 is written as the level information of the first
      picture element P.sub.11 in the reproduced picture signal memory 38. In a
      similar manner, since the change information of the picture element
      P.sub.12 is a.sub.2 = 1,  the level information in the time slot t.sub.2
      is written as the level information of the second picture element P.sub.12
      in the reproduced picture signal memory 38. However, since the change
      information of the picture element P.sub.13 is a.sub.3 = 0, the level
      information of the preceding picture element P.sub.12 (i.e.; the
      information in the time slot t.sub.2) is written as the level information
      of the third picture element P.sub.13 in the reproduced picture signal
      memory 38. All the picture signals of the picture element group h.sub.1
      are reproduced by processing the signals of one code unit as described
      above, so that they are read out by a read pulse applied through a lead 42
      and derived from the output terminal 32.
PAR  In the foregoing, the receiving change information memory 36, the received
      level information memory 37 and the reproduced picture signal memory 38
      have been described to be serial memories, but they may be random-access
      type memories, in which case the shift pulse generator 35 should be
      replaced by an address counter for indicating the write address of these
      memories.
PAR  In the example of this invention described above, the unit synchronizing
      code 2 is inserted at the start of each code unit, but since the length of
      the code unit is predetermined, the start position of each code unit can
      be known from the position of the start code 5 on the receiving side, and
      consequently the unit synchronizing code 2 is not indispensable to this
      invention.
PAR  In the foregoing example, two picture elements on the same horizontal
      scanning line, that is, two adjacent picture elements in the same picture
      element group are compared with each other, but it is also possible to
      adopt the principle of comparing two picture elements on two adjacent
      horizontal scanning lines with each other, for example, P.sub.11 and
      P.sub.21, P.sub.12 and P.sub.22, . . . P.sub.1i and P.sub.2j. With respect
      to the picture information of each picture element group in this case, the
      change information of each picture element and the level information of
      the changed picture element obtained by such comparison of two picture
      elements as mentioned above are arranged in the form of such a code unit
      as shown in FIG. 2 and transmitted in such a form of transmission signal
      train as shown in FIG. 3. However, since the picture elements P.sub.11,
      P.sub.12, . . . P.sub.1i of the first picture element group h.sub.1 have
      no picture elements for the comparison therewith, use is made of the
      principle of detecting the difference between the level of each of these
      picture elements and a predetermined level or transmitting the level
      information of all the picture elements only in connection with this
      picture element group. From the constructional point of view, apparatus
      for this purpose is substantially the same as that described previously
      with regard to FIGS. 4 and 5 except the following points. Namely, a
      transmitting apparatus is different from that (FIG. 4), in which the
      comparator 15 is required to have a level information memory capacity for
      all the picture elements on one horizontal scanning line for comparing
      picture elements with those on the preceding horizontal scanning line, and
      receiving apparatus is different from the aforementioned one in which when
      the original picture signal is reproduced in the reproduced picture signal
      memory 38, the level information of the picture element on the preceding
      horizontal scanning line (i.e.; the picture element immediately above in
      the picture) is employed as the level information of the unchanged picture
      element.
PAR  The foregoing has described the principle of this invention in connection
      with its concrete examples, but further various modifications can be
      considered. One of them is a system of transmitting difference information
      of the changed picture element instead of transmitting the level
      information itself of the varying picture element as in the foregoing
      example, by which the number of coded bits can be reduced by one half.
      FIG. 6 shows one example of a transmitting apparatus therefore. This
      apparatus is identical in construction with that shown in FIG. 4 except
      that a difference coder 50 is provided, by which the difference between
      the changed picture element and the immediately preceding picture element
      is coded and stored in the level information memory 19 through a lead 51.
      This requires receiving apparatus to have a converter circuit for
      obtaining the original level information from the difference information,
      but this circuit can be easily constructed by applying a known difference
      coded signal decoder as it is.
PAR  Another system is to construct the input section of the reference value
      memory 14 (FIG. 4) as shown in FIG. 7, in which the reference value for
      the difference is not limited specifically to the level information of the
      left-hand picture element but based on the level information of a varying
      picture element transmitted prior thereto. In FIG. 7, a reference numeral
      54 indicates a temporary memory for storing the level information of one
      picture element; and 55 a switch which is switched by the change
      information of each picture element applied through a lead 57 from the
      comparator 15. When the input picture element is a changed one, the switch
      55 is turned down to the side of the temporary memory 54, and the input
      picture element information is stored in the reference value memory 14.
      However, in the case where the input picture element is an unchanged one
      or a changed one which has not been transmitted in practice by the
      shutout, the switch 55 is turned down to a lead 56, by which the picture
      element information stored in the reference value memory 14 is rewritten
      in the reference value memory 14. As a result of this, the level
      information of the picture element practically transmitted is stored as a
      reference value in the reference value memory 14.
PAR  In the above-described system (FIG. 4) if the picture is such that the
      difference between two adjacent picture elements is below the threshold
      value for judging the changed picture element and gradually changes, it
      can not be transmitted with accuracy. However, in this system, the
      difference between the picture element and the preceding one practically
      transmitted is used, so that when this difference exceeds the
      above-mentioned threshold value the level information is always
      transmitted, and consequently such a gentle level change as mentioned
      above can also be transmitted with accuracy.
PAR  Further, the principle of dividing the picture elements of the picture into
      the picture element groups can also be considered variously other than
      that described previously in connection with FIG. 1. FIG. 8 shows one
      example in which the picture elements arranged in a vertical direction are
      divided into j's picture element groups: v.sub.1 = P.sub.11, P.sub.21, . .
      . P.sub.il , v.sub.2 = P.sub.12 , P.sub.22, . . . P.sub.i2 , . . . v.sub.j
      = P.sub.1j, P.sub.2j , . . . P.sub.ij. In this case, respective picture
      elements and those immediately above them in the picture, for example,
      (P.sub.11 and P.sub.21), (P.sub.21 and P.sub.31), . . . (P.sub.i.sub.-1
      and P.sub.i1), are compared with each other or the respective picture
      elements and those on their left, for example, (P.sub.11 and P.sub.12),
      (P.sub.21 and P.sub.22), . . . (P.sub.i1 and P.sub.i2), are compared with
      each other to construct only the picture information of the changed
      picture elements with the code unit of FIG. 2 for every picture element,
      which is transmitted in the form of the code train of FIG. 3. In this
      system, the picture is subjected to horizontal canning in the order of
      P.sub.11 , P.sub.12 , . . . P.sub.21 , . . . P.sub.2j , . . . P.sub.i1 , .
      . . P.sub.ij, so that transmission becomes possible only when all the code
      units have been produced after the processing of the entire area of the
      picture. Consequently, from the viewpoint of the apparatus construction,
      each of the transmission change information memory 18, the transmission
      level information memory 19 (FIG. 4), the receiving change information
      memory 36, the receiving level information memory 37 and the reproduced
      picture signal memory 38 (FIG. 5) is required to have a memory capacity
      corresponding to one picture.
PAR  Further, a modification of the principle of FIG. 8 may also be considered
      to be such as shown in FIG. 9, in which picture elements arranged aslant
      are assembled into picture element groups, that is, the picture elements
      are divided into picture element groups v'.sub.1 = P.sub.11, P.sub.22, . .
      . P.sub.ii , v'.sub.2 = P.sub.12, P.sub.23, . . . P.sub.i, P.sub.i + 1 , .
      . . , v'.sub.j = P.sub.1j, P.sub.21, . . . P.sub.i, P.sub.i.sub.-1 ,
      respectively. Since the difference characteristic has usually a statistic
      deviation according to the position in the picture, that is, such a
      deviation that, for example, the change is little in the peripheral area
      of the picture and much in the central area thereof, the above principle
      is intended to make the difference characteristics of the respective
      picture element groups by dispersing the picture elements of the
      respective picture element groups over the entire area of the picture. In
      accordance with an extension of this concept, if the picture elements on
      each horizontal scanning line are selected as at random as possible in
      accordance with a predetermined rule, more effective band compression can
      be expected. This is advantageous in the point of the picture quality,
      since the influence of a bit error of a transmission line is dispersed in
      the picture.
PAR  In view of such properties of the picture in that changed picture elements
      are usually few in the peripheral area of the picture but many in the
      central area there of, it is also possible to employ the principle of
      forming each picture element group by picture elements spaced apart from
      each other in the picture. For example, as shown in FIG. 10a, by
      constructing (j/2)'s picture element groups: U.sub.1 = P.sub.11, P.sub.21,
      . . . , P.sub.i1, P.sub.1, j/2 + 1, P.sub.2,j/2 + 1, . . . P.sub.i, j/2 +
      1 , U.sub.2 = P.sub.12, P.sub.22, . . . , P.sub.i2, P.sub.1, j/2 + 2,
      P.sub.2 j/2 + 2, . . . , P.sub.i, j/2 + 2 , . . . , Uj/2 = P.sub.1, j/2,
      P.sub.2 j/2, . . . , P.sub.i, j/2,  P.sub.1j, P.sub.2j, . . . P.sub.ij
      only with those picture elements which are spaced apart from each other by
      one-half of the width of the picture, maldistribution of the changed
      picture elements can be averaged, so that more band compression can be
      expected. This is of particular utility when employed in the case of
      picture-phone signals of such a picture as shown in FIG. 10B. In this
      case, the distribution of the number of changed picture elements is such
      that the changed picture elements are many in the central area and few on
      both peripheral areas on an average, as indicated by a curve 62 in FIG.
      10C. Consequently, the numbers of the changed picture elements on vertical
      lines 60 and 61 corresponding to the picture element group U.sub.1 are
      L.sub.1 and L.sub.2 expressed by the lengths of segments 63 and 64 in FIG.
      10C respectively. For the transmission of the picture information of the
      picture element group U.sub.1, it is sufficient only to prepare a
      transmission capacity of (L.sub.1 + L.sub.2)'s changed picture element
      information (corresponding to the number of the time slots in the level
      information group 4 in FIG. 2). However, in the case of transmitting this
      picture element group U.sub.1 by the principle of FIG. 8, group U.sub.1 is
      divided into two picture element groups V.sub.1 and V.sub.j/2, and they
      are transmitted in the form of different code units. In this case, a
      capacity capable of transmitting the information of at least L.sub.2 's
      changed picture elements with respect to each of the groups V.sub.1 and
      V.sub.j/2 is required, so that a transmission capacity of 2L.sub.2 's
      changed picture elements for the transmission of picture information of
      the two picture element groups V.sub.1 and V.sub.j/2, from which it
      appears that the principle of FIG. 10A is advantageous as compared with
      that of FIG. 8, since the required capacity is less than that in the
      latter by a value (L.sub.2 - L.sub.1). This effect results from averaging
      the number of the changed picture elements of each picture element group
      by combining an area containing many changed picture elements (for
      example, the picture element group V.sub.j/2) with an area containing few
      changed picture elements (for example, V.sub.1) into one picture element
      group (for example,  U.sub.1).
PAR  It is also possible to employ the principle of constructing one picture
      element group with picture elements on two or more spaced horizontal
      scanning lines, in addition to the principle of the example of FIG. 10A.
PAR  In the case of a television signal, it is also possible to employ the
      principle of constructing each picture element group by all the picture
      elements of one frame of the television signal. In this case, the picture
      element groups are constructed such that all the picture elements (n.sub.0
      = i, j) of a first frame make up a first picture element group and that
      all the picture elements of a second frame make up a second picture
      element group. Those picture elements of a certain picture element group
      and that immediately prior thereto (an immediately preceding frame) which
      are at the same position in the picture, for example, the picture elements
      P.sub.11, those P.sub.12, . . . are compared with each other to detect the
      difference therebetween, which is transmitted in the form of such a code
      unit as shown in FIG. 2 which consists of the change information a.sub.1,
      a.sub.2, . . . a.sub.n0 of (n.sub.0 = i.j )'s bits and the level
      information t.sub.1, t.sub.2, . . . t.sub.n1 of (n.sub.1 =
      .alpha..sub.1.i.j)'s changed picture elements. In this case, since n.sub.0
      is large, the statistically averaging effect of the difference
      characteristic can be hightened and the constant .alpha..sub.2 can be
      reduced as compared with the constance .alpha..sub.1 mentioned previously.
      At the view point of apparatus, the transmitting section (see FIG. 4) is
      required to employ a memory having a level information memory capacity of
      (n.sub.0 = i.j )'s picture elements of one frame as the reference value
      memory 14, two sets of memories having a memory capacity of n.sub.0 's
      bits as the transmission change information memory 18 and two sets of
      memories having a level information memory capacity of n.sub.1 's picture
      elements as the transmission level information memory 19, respectively.
      Further, the receiving section (see FIG. 6) is required to employ two sets
      of memories having a level information memory capacity of n.sub.0 's
      picture elements as the reproduced picture signal memory 34. In this
      principle, the required amount of memory increases, but since the changed
      picture element ratio .alpha..sub.2 can be reduced as mentioned
      previously, greater band compression can be expected to provide for
      enhanced the tranmission performance. This principle is of particular
      utility when employed for the transmission of stationary pictures.
PAR  In the foregoing examples, the change information bit is one for each
      picture element but this can be further reduced. Namely, the levels of
      adjacent picture elements usually undergo a similar change on account of
      the property of the picture, one change information bit is allotted to a
      picture element unit including m's adjacent picture elements (m being an
      integer greater than two), by which the change information bit is reduced
      down to 1/m in the foregoing examples. This will be described with regard
      to the example of FIG. 1. For example, each of pairs of two adjacent
      picture elements (P.sub.11 and p.sub.12), (P.sub.13 and P.sub.14) is
      regarded as one unit, and one change information bit is allotted to each
      unit. Moreover, if either one of the two picture elements is a changed
      picture element, a change is indicated by the change information bit. In
      the case of reception by the receiving apparatus, the two picture elements
      of each unit are both regarded as changed picture elements, and they are
      subjected to such processing as described previously to reproduce the
      original picture. Another principle for indicating the change is to
      indicate the picture element unit as a changed one only when its two
      picture elements are both changed ones. In this principle, the picture,
      quality is a little inferior to that obtainable with the anove example,
      but transmission efficiency is improved. In accordance with another
      principle, the sum (or a mean value) of two picture elements of each of
      the pairs of the picture elements (P.sub.11 and P.sub.12), (P.sub.13 and
      P.sub.14), . . . is obtained; the difference in the aforementioned sum (or
      mean value) between two adjacent pairs (for example, the pair (P.sub.11,
      P.sub.12) and the pair (P.sub.13, P.sub.14), the pair (P.sub.13, P.sub.14)
      and the pair P.sub.15, P.sub.16), . . . is obtained; and only when this
      difference exceeds a predetermined threshold value, the two picture
      elements making up the pair are regarded as changed ones and their level
      information is transmitted. In this case, noise components superimposed on
      the picture signal are averaged in the process of obtaining the sum (or
      mean value) of the two picture elements of each pair, there is possibility
      in that the number of the picture elements which are regarded as changed
      ones due to the noise components is reduced thus providing for the
      equivalently enhanced transmission efficiency.
PAR  By the way, in any one of the above principles, if the number of changed
      picture elements in one picture element group is in excess of n.sub.1
      =.alpha..sub.1. n.sub.0 or .alpha..sub.2. n.sub.0, the shutout occurs to
      deteriorate the picture quality. To avoid this, for example, by dispersing
      in the picture the picture elements to be shut out by preferentially
      transmitting the level information of the picture elements of large
      difference to shut out the picture elements of small difference, the
      deterioration of picture quality due to the shutout is made unnoticiable
      on the picture. If the number of changed picture elements exceeds n.sub.1,
      it is also possible to use a principle of decreasing the number of the
      coded bits of the level information of some picture elements to reduce or
      eliminate the shutout. For example, if the number of usual coded bits is
      four, and if the number of the changed picture elements is larger than
      n.sub.1 by one, only the level information of three changed elements is
      coded into three bits, by which all the information of (n.sub. 1 + 1)'s
      changed picture elements can be transmitted. This principle is very
      effective for the improvement of the picture quality, because the shutout
      is removed although a quantizing error a little increases in the portion
      in a case where the number of the coded bits has been reduced. In this
      case, if the number of the changed picture elements indicated by the
      change information group 3 (FIG. 2) is known, the number of the picture
      elements having the number of reduced coded bits can easily be obtained.
      Accordingly, if the order of the picture elements whose coded bit number
      is reduced is predetermined, there is no need of transmitting the
      information indicating the change in the number of the coded bits.
PAR  While the foregoing examples of this invention have been described in
      connection with the case of utilizing the difference characteristic of the
      picture signal, this invention is also possible of utilizing a forecast
      error characteristic of the picture signal. The difference can also be
      regarded as an error from a zero forecast value but this is a principle
      such that a higher forecast is effected and, only in connection with those
      picture elements whose errors from their forecast values exceed a
      predetermined level (these picture elements corresponding to the varying
      picture elements, in this case), their level information or the value of
      their errors are transmitted.
PAR  Refer to J. B. Millard and H. I. Maunsell "Digital Encoding of a Video
      Signal" B.S.T.J. Vol. 50, No. 2, February, 1971). In this case, the
      aforementioned various principles can be applied for dividing the picture
      into picture element groups transmitting of the error information and so
      on. As to the construction of the apparatus, forecasting circuits from
      adjacent picture element information are required in the transmitting and
      receiving sections respectively, but the other constructions are
      substantially identical with the aforementioned ones, so that no
      description will be repeated. In this principle, the ratio of the number
      of the varying picture elements to the number of all the picture elements
      can be reduced by using an effective forecasting principle as compared
      with that in the foregoing examples utilizing the difference, so that
      further band compression is possible.
PAR  Further, this invention is also applicable to the case of transmitting the
      picture signal after subjecting it to such an orthogonal conversion as an
      Hadamard conversion. This transmitting principle employing the orthogonal
      conversion is a system in which, for example, the level information
      x.sub.1, x.sub.2, . . . , x.sub.8 of eight picture elements
      P.sub.f,.sub.g.sub.+1, P.sub.f,.sub.g.sub.+2, . . . P.sub.f,.sub.g.sub.+8
      aligned on a horizontal scanning line are subjected to the following
      orthogonal conversion:
TBL          y.sub.1                x.sub.1                                    
             y.sub.2    = H         x.sub.2                                    
             .                      .                                          
             .                      .                                          
             y.sub.8                x.sub.8                                    
PAL  by using the following orthogonal conversion matrix:
TBL                   h.sub.11 ,                                               
                              h.sub.12                                         
                                   , . . .                                     
                                          h.sub.18                             
                      h.sub.21 ,                                               
                              h.sub.22                                         
                                   , . . .                                     
                                          h.sub.28                             
     H =              .       .           .                                    
                      .       .           .                                    
                      h.sub.81 ,                                               
                              h.sub.82                                         
                                   , . . .                                     
                                          h.sub.88                             
PAL  and the resulting conversion level information groups y.sub.1, y.sub.2, . .
      . y.sub.8 are transmitted after coded into an appropriate number of bits
      respectively. With the application of the present invention to this
      method, it is possible to employ a method such that the conversion level
      information groups y'.sub.1, y'.sub.2, . . . , y'.sub.8 obtained by the
      orthogonal conversion of the level information of the eight picture
      elements P.sub. f.sub.+1,.sub.g.sub.+1, P.sub.f.sub.+1, .sub.g.sub.+2, . .
      . P.sub.f.sub.+1,.sub.g.sub.+8 on a subsequent horizontal scanning line
      are compared with the aforementioned y.sub.1, y.sub.2, . . . , y.sub.8
      respectiely, and only those conversion level information of y'.sub.1,
      y'.sub.2, . . . y.sub.8 whose difference exceeds a predetermined level are
      transmitted. In the method described previously, the level information of
      each picture element is processed but, in this method, only the conversion
      level information is processed, so that the principle described previously
      in connection with FIGS. 2 and 3 can be applied to the transmission of the
      changed conversion level information. Further, the apparatus construction
      is also substantially identical with the above one except the additional
      provision of an orthogonal conversion circuit. The orthogonal conversion
      transmission method is capable of band compression by itself, so that
      considerable band compression can be expected by the application of this
      invention.
PAR  As has been described in detail in the foregoing, in this invention, only
      the information (level or forecast error) of those changed picture
      elements whose error (the difference is considered as an error from a zero
      forecast value) with respect to a forecast value from a preceding adjacent
      picture element exceeds a discrimination level of an observer is
      transmitted by making effective use of the statistic properties of the
      picture signal. Hence, this invention enables very large band compression,
      coupled with the method of indicating the position of the changed picture
      element with change information of less than one bit per one picture
      element. For example, if all the picture elements of one frame of a
      television signal are regarded as one picture element group, and if the
      changed picture element ratio .alpha..sub.2 = 0.25,  if the number of
      error level coded bits of the varying picture element is four, and if the
      number of the change information bits per one picture element is one-half,
      it follows that 0.25 .times. 4 + 1/2 i.j = 1.5 i.j bits for the
      transmission of the picture of one frame. (See FIG. 2. However, the
      portion of the unit synchronizing code 2 is slight, and hence is omitted.)
      Accordingly, in the cases of 6-bit PCM coding and 4-bit coding according
      to the conventional system, (6.i.j's bits and (4.i.j)'s bits are required
      respectively. Consequently, it will be seen that, with this invention, the
      required transmission band width can be reduced down to one-fourth to
      three-eighths, as compared with the conventional system under practically
      no deterioration of picture quality. Further, high order forecasting means
      such as first order forecasting, second order forecasting and so on can be
      used as the forecasting method.
PAR  Accordingly, this invention is an extremely effective system as a highly
      efficient picture phone signal transmission system which requires a very
      large band width and is expected of a rapid increase of channels in the
      near future. The present system is of particular utility when employed in
      international picture communication employing expensive communication
      circuits.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a picture signal transmission system having a transmission medium for
      transmitting therethrough after coding a picture signal obtained by
      scanning at least one picture to be transmitted, and
PA1  detection means provided for detecting a difference between a
      representative level value of each picture element unit formed by one
      picture element and a forecast value, obtained in accordance with a
      predetermined rule and based on a representative level value of adjacent
      ones of said picture element units; the improvement comprising:
      transmission means connected to the detection means and said transmission
      medium for transmitting first level information and second level
      information to said transmission medium, said first level information
      indicating for each picture element by a bit of binary information,
      whether or not the said difference exceeds a predetermined threshold value
      for a group of picture elements corrresponding to a predetermined area of
      the picture, said second level information indicating level information of
      particular picture elements on each side of which said difference exceeds
      the threshold value.
NUM  2.
PAR  2. A picture signal transmission system according to claim 1, in which said
      second level information is representative of the levels of said
      particular picture elements.
NUM  3.
PAR  3. A picture signal transmission system according to claim 1, in which said
      second level information is representative of difference each between the
      level of said particular picture element and said forecast value.
NUM  4.
PAR  4. A picture signal transmission system according to claim 1, in which said
      group of picture elements comprises all the picture elements on one of
      horizontal scanning lines of said scanning.
NUM  5.
PAR  5. A picture signal transmission system according to claim 1, in which said
      group of picture elements comprises all the picture elements on one of
      vertical scanning lines of said scanning.
NUM  6.
PAR  6. A picture signal transmission system, comprising:
PA1  first input terminal means for receiving a picture signal obtained by
      scanning a picture to be transmitted;
PA1  second input terminal means for receiving timing pulses each indicating the
      start timing of said scanning of said picture;
PA1  address counter means operatively coupled to said second input terminal
      means for successively assuming addresses of picture elements of said
      picture signal in response to said timing pulses;
PA1  reference value memory means operatively coupled to said first input
      terminal means and said address counter for successively storing level
      information of an immediately prior one of said picture elements scanned;
PA1  comparator means operatively coupled to said first input terminal means and
      said reference value memory means for comparing the level information of
      an instant picture element in said picture signal with said stored level
      information of prior stored picture elements of the picture being scanned
      to produce change information indicating whether or not the instant
      picture element changes against said stored level information;
PA1  change information memory means operatively coupled to said comparator
      means and said address counter means for successively storing said change
      information of the picture elements;
PA1  code generator means operatively coupled to said address counter means for
      generating a first signal train including start code units and
      synchronizing code units;
PA1  level information memory means operatively coupled to said first input
      terminal means, said address counter means and said comparator means for
      successively storing level information of changed picture elements;
PA1  combiner means operatively coupled to said address counter means, said code
      generator means, said change information memory means and said level
      information memory means for combining outputs of said code generator,
      said change information memory means and said level information memory
      means to produce an output signal train; and output terminal means
      operatively coupled to said combiner means for applying said output signal
      train to transmission medium.
NUM  7.
PAR  7. A picture signal transmission system according to claim 6, further
      including difference code means provided between said first input terminal
      means and said level information memory means and connected to said
      reference value memory means for coding said change information.
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ABST
PAL  A timing error detecting and speed control system is provided for a video
      playback system. Signal information which recurs at the horizontal line
      scanning rate of a prerecorded video signal is derived during playback of
      a record medium. The signal information is delayed for a period of time
      which corresponds to the normal duration of one horizontal line of the
      video signal. An error signal is generated by a comparison of the delayed
      and undelayed signal information. The error signal is utilized to control
      a drive mechanism for the playback system. The drive mechanism is adjusted
      to control the speed of the relative motion between the record medium and
      a pickup device to reduce timing errors in the recovered video signal.
PARN
PAR  This is a continuation of Ser. No. 284,511 filed August 29, 1972. su
PAR  The present invention pertains to video playback systems and more
      particularly to a timing error detecting and speed control system for a
      video playback system.
PAR  In video playback systems, prerecorded video information is recovered by
      establishing relative motion between a record medium and a pickup device.
      Examples of such video playback systems are video tape players where a
      magnetic tape is moved across magnetic pickup heads and video disc players
      wherein a pickup engages the groove of a rotating disc record. In systems
      of this type, it has been recognized that a predetermined speed
      relationship must be maintained between the record medium and pickup
      device for proper operation.
PAR  The predetermined speed relationship between the record medium and pickup
      device is necessary to assure that the recovered horizontal and vertical
      synchronizing information is stable and of a frequency which is within the
      lockup range of the horizontal and vertical deflection circuits of the
      television receiver to which the video playback system is connected.
      Moreover, where the recorded information is a color television signal with
      the chrominance information recorded as a modulated carrier signal which
      requires processing by the playback system, the recovered signal must also
      be stable and of a frequency within the lockup range of the playback
      system color processing circuits.
PAR  It has been recognized that the predetermined speed relationship can be
      maintained between the record medium and pickup device through a speed
      control system for the video playback system record medium drive motor.
      One suitable speed control system is disclosed in a U.S. Pat. application
      Ser. No. 284,510. filed on Aug. 29, 1972 and now U.S. Pat. No. 3,829,612
      for Billy Wesley Beyers and entitled, "SPEED CONTROL SYSTEM." The
      application is assigned to RCA Corporation. In such speed control systems,
      however, it is necessary to determine the speed relationship between the
      record medium and the pickup device. Specifically, it is necessary to
      provide information to the speed control system concerning the direction
      and extent of any changes from the predetermined speed relationship
      between the record medium and pickup device.
PAR  When the information concerning the direction and extent of deviation in
      the speed relationship between the record medium and pickup device is
      based upon sensing the speed of the moving parts of the playback system,
      the information provided to the control system is not necessarily directly
      related to the problem of maintaining the stability and frequency of the
      recovered television signal within a desired lockup range of the signal
      processing circuits. Thus, for example, improper operation of the playback
      system due to slippage between the record medium and drive mechanism would
      not be sensed, nor corrected.
PAR  Systems have been proposed where a timing signal is recorded along with an
      information signal on a record medium. In such systems, during playback,
      the recovered timing signal is utilized to provide information concerning
      the speed relationship between the record medium and pickup device. An
      example of a system of this type is shown in U.S. Pat. No. 2,913,652
      granted to Greenberg et al. Again, the information provided to the control
      system is not directly related to the problem of maintaining the stability
      and frequency of the recovered television signal within a desired lockup
      range of the signal processing circuits. As a consequence, if the recorded
      timing signal is not precisely related to the information record, or if a
      timing distortion is introduced between the timing and information signals
      during playback, as for example by a bending or stretching of the record
      medium, the timing error in the recovered television signal would not be
      sensed nor corrected.
PAR  A system embodying the present invention includes means for supplying a
      video signal which is subject to timing errors and includes a train of
      pulse components having a normal time interval between adjacent
      components. A signal processing circuit is coupled to the video signal
      supplying means for processing the video signal to develop an information
      signal which is related to the video signal pulse components. Delay means
      are coupled to the video signal processing circuits for delaying the
      signal information for a period of time which corresponds to the normal
      time interval between adjacent video signal pulse components. Comparator
      means compare the delayed and undelayed information signal to develop an
      error signal representative of timing errors in the video signal.
      Compensation means are coupled to both the comparator means and the video
      signal supplying means. The compensation means is responsive to the error
      signal and reduces timing errors in the video signal.
DRWD
PAR  A complete understanding of the present invention may be obtained from the
      following detailed description of a specific embodiment thereof, when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic circuit diagram, partly in block form, of a timing
      error detecting and speed control system embodying the present invention;
      and
PAR  FIG. 2 is an alternate embodiment of the timing error detecting and speed
      control system which is particularly suitable for use with prerecorded
      color video signal playback systems.
DETD
PAR  Reference is now made to FIG. 1 wherein a speed error detecting and control
      signal generating arrangement embodying the principles of the present
      invention is employed, together with disc drive apparatus of a deformable
      belt type (as described in detail in a copending application, Ser. No.
      284,509, of James C. Schoop and Frederick R. Stave, filed on Aug. 29,
      1972), in a speed control system of the disc braking type disclosed in the
      aforesaid copending Beyers application. A continuation of said Schopp, et
      al. application is now issued as U.S. Pat. No. 3,873,365. A video disc
      record 12 is mounted on a video disc player turntable 14. The turntable is
      fabricated from a conductive material and is driven through a drive belt
      15 and a pulley 17 by a motor 16. The motor is a synchronous motor having
      a synchronous speed of 3600 RPM. The diameter of the turntable 14 and the
      diameter of the pulley 17 are selected to provide a free running turntable
      speed (455 RPM) slightly above the normal operating speed (449.55 RPM) of
      the turntable. A suitable drive motor for the player is the synchronous
      motor shown in a U.S. patent application, Ser. No. 240,037, filed Mar. 31,
      1972, for John Allen Tourtellot and Frederick Roland Stave and entitled,
      "AC MOTOR". The patent application, now U.S. Pat. No. 3,848,146, is
      assigned to RCA Corporation. It should be noted that the number of
      laminations in the rotor and stator sections of the synchronous motor are
      selected to give the desired motor torque. A braking system 18 slows the
      speed of rotation of the turntable 14 to compensate for the overdrive of
      the turntable by the motor 16.
PAR  A video disc pickup device 20 engages the video disc record 12. When
      relative motion is established between the record 12 and pickup device 20,
      prerecorded video information from the disc 12 is detected and applied to
      terminal 22 of the playback system signal processing circuits 24. The
      signal processing circuits 24 process the signals applied to the terminal
      22 to develop a composite video signal including synchronizing pulse
      components at the signal processing circuits output terminal 26. A video
      disc system and suitable signal processing circuits are disclosed in U.S.
      patent application Ser. No. 126,772, filed Mar. 22, 1971, now U.S. Pat.
      No. 3,842,194, for Jon Kaufman Clemens and entitled, "INFORMATION RECORDS
      AND RECORDING PLAYBACK SYSTEMS THEREFOR," and in another U.S. patent
      application Ser. No. 126,678, filed Mar. 22, 1971, and now U.S. Pat. No.
      3,783,196, for Thomas Osborne Stanley and entitled, "HIGH-DENSITY
      INFORMATION RECORDS AND PLAYBACK APPARATUS THEREFOR." Both applications
      are assigned to the RCA Corporation.
PAR  The composite video signal developed at the terminal 26 is applied via a
      terminal 28 to the video signal processing circuits of a television
      receiver 30. If desired, the composite video signal developed at the
      terminal 26 may be modulated onto a carrier signal and applied to the
      antenna terminals, not shown, of the television receiver 30. The composite
      video signal at the terminal 26 is coupled by a lead 32 to terminal 34 of
      a sync separator stage 36. The sync separator stage 36 and other related
      circuitry provide signal information which recurs at the horizontal line
      scanning rate of the recovered composite video signal. The signal
      information is applied to a delay line to delay the signal information for
      a period of time corresponding to the normal duration of one horizontal
      line of the video signal. An error signal, which is applied to the braking
      mechanism 18, is generated by a comparison of the delayed and undelayed
      signal information. The braking mechanism 18 reduces the speed of the
      turntable 14 and adjusts the speed of the relative motion between the
      video disc 12 and the pickup device 20 to reduce timing errors in the
      recovered video signal.
PAR  The terminal 34 is coupled by a resistor 35 and capacitor 37 to a
      differential amplifier stage 38. The differential amplifier stage 38 may
      be an integrated circuit type CA 3028A sold by the RCA Corporation. The
      integrated circuit is described in an RCA publication entitled. "Linear
      Integrated Circuits, File No. 400", which may be obtained from RCA
      Electronic Components, Harrison, N.J. The differential amplifier stage 38
      is biased to operate in a non-linear region. Bias resistors 40, 42, 44, 46
      and 48 apply an operating potential to the differential amplifier from a
      terminal 50 which is adapted to be energized by a +15 volt DC supply. The
      terminal 50 is bypassed for signal frequencies by a capacitor 56. External
      load resistors 52 and 54 for the differential amplifier are coupled
      between the terminal 50 and the integrated circuit.
PAR  The output signal from the differential amplifier stage 38 is applied to an
      emitter follower stage 58. The voltage waveforms at the terminal 34, the
      input to the sync separator 36, and at the emitter electrode of the
      emitter follower stage 58 are shown. As is apparent, the composite video
      signal applied to the terminal 34 is amplified in a non-linear manner with
      the negative components of the signals (the synchronizing pulse
      components) amplified to a greater extent than less negative and positive
      components. The emitter follower stage 58 is connected through a low pass
      filter 60 including resistors 62 and 64 and capacitors 66 and 68 to the
      base electrode of a sync separator transistor 70. Resistors 72 and 74 bias
      transistor 70 to its threshold of conduction. The negative going sync
      pulses cause the transistor to be biased heavily into conduction and a
      voltage is established across the resistor 76.
PAR  The voltage waveform at the collector electrode of transistor 70 is shown
      adjacent the device. The synchronizing pulse components are applied
      through a blocking diode 78 to an integrator circuit including the
      resistors 80 and 82 and the capacitor 84. The integrating circuit prevents
      transient voltage having a duration of less than approximately five
      microseconds (the duration of a horizontal synchronizing pulse) from
      biasing transistor 86 into conduction. When the voltage across resistor 82
      and capacitor 84 reaches a level that biases transistor 86 into
      conduction, the voltage at the junction of resistors 88 and 90 drops
      toward ground potential and actuates a one shot multivibrator 92.
PAR  The one shot multivibrator 92 provides a negative going output pulse having
      a 45 microsecond duration. As a result, during the vertical blanking
      interval, when equalizing pulse components are applied to the sync
      separator input terminal 34, they do not affect the operation of the
      system. Specifically, the equalizing pulse components are applied to
      terminal 34 approximately every 31 1/2 microseconds during the vertical
      blanking interval. The first equalizing pulse actuates the one shot
      multivibrator 92 and the next equalizing pulse occurs after the
      multivibrator has been actuated and during a 45 microsecond output pulse.
      The second equalizing pulse has no effect on the multivibrator and does
      not initiate another output pulse from the multivibrator.
PAR  The output signal of the one shot multivibrator 92 is applied to another
      one shot multivibrator 94. Multivibrator 94, when actuated, provides a
      negative going output pulse having a five microsecond duration. This
      generates a train of pulses which corresponds in duration and timing to
      the horizontal synchronizing pulse components contained in the input
      signal applied to terminal 34. Multivibrators 92 and 94 increase the
      reliability of the system by preventing spurious signal information from
      being supplied to the remaining portion of the system.
PAR  Output pulses from the sync separator stage 36 are applied over a lead 98
      and capacitor 99 to the base electrode of a normally conducting transistor
      100. Operating potential for the transistor is obtained from the +15 volt
      DC supply at terminal 50 through resistors 101 and 103. The pulses
      periodically bias transistor 100 out of conduction. The positive voltage
      pulses which develop at the collector electrode of transistor 100 are
      applied to the base electrode of transistor 102 through capacitor 105.
      Resistor 107 allows transistor 102 to be normally conducting. The
      resulting pulse at the junction of capacitor 105 and resistor 107 biases
      the normally conducting transistor 102 out of conduction thereby
      interrupting the current flow to ground from terminal 50 through resistor
      109, the emitter-collector electrode current path of transistor 102, and a
      3.58 MHz tuned circuit 111.
PAR  The 3.58 MHz tuned circuit 111 includes the adjustable inductor 104 and
      capacitor 106. A resistor 110, bypassed for signal frequencies by
      capacitor 108, provides a collector electrode load impedance when
      transistor 102 is conducting. When transistor 102 is biased out of
      conduction, the tuned circuit 111 is caused to ring at a 3.58 MHz
      frequency. When transistor 102 becomes biased for conduction again after
      the positive voltage at its base electrode subsides, the ringing ceases.
      The generated burst of 3.58 MHz signal is applied to the base electrode of
      an emitter-follower transistor stage 112. The output signal from the
      emitter-follower stage 112 is applied via a resistor 114 and capacitor 116
      to a one shot multivibrator 118. The leading edge of each generated pulse
      of 3.58 MHz signal corresponds in timing to the leading edge of each
      horizontal pulse component in the video signal applied to the input
      terminal 34 of the sync separator stage 36. The output from the
      emitter-follower stage 112 is additionally applied via a resistor 120 to
      the input terminal 122 of a 63.5 microsecond delay line 124, often termed
      a "1H" delay line because the delay corresponds to the duration of one
      horizontal scan line of video signal information. The delay line 124 is a
      glass, acoustical type delay line. One suitable delay line is a DL45 delay
      line made by the Amperex Electronic Corporation and having a bandpass
      characteristic centered at 3.58 MHz.
PAR  The input impedance of the delay line 124 is tuned to 3.58 MHz by an
      adjustable inductor 126. Similarly, the output impedance of the delay line
      124 is also tuned to 3.58 MHz by an adjustable inductor 130 coupled to the
      delay line output terminal 128. It should be recognized that the tuned
      circuit 111 is selected to be at the center frequency of the delay line
      124. Should the center frequency of the delay line 124 be changed, the
      frequency of the tuned circuit 111 would likewise be changed to correspond
      to the new center frequency.
PAR  Each burst of 3.58 MHz signal is applied to the delay line input terminal
      122 and is developed at the delay line output terminal 128 after a 63.5
      microsecond delay. The delayed bursts of 3.58 MHz signal are applied by
      resistor 132 and capacitor 134 to an amplifier stage 136 including a
      grounded base amplifier 138 and emitter-follower amplifier 140. The
      amplified delayed bursts of 3.58 MHz signal are coupled through a
      capacitor 142 to a one shot multivibrator 144.
PAR  The output signal from both the one shot multivibrator 118, actuated by the
      leading edge of each undelayed burst of 3.58 MHz signal, and the one shot
      multivibrator 144, actuated by the leading edge of each delayed burst of
      3.58 MHz signal, are applied to a comparator stage 146. The comparator
      stage 146 may be a bistable multivibrator which is conditionable between
      either of two stable states depending on which of its input terminals 148
      and 150 is energized. The comparator stage 146 provides a +4 volt DC
      potential at its output terminal 152 when terminal 148 is energized and a
      ground potential at its output terminal 152 when terminal 150 is
      energized. Simultaneous energization of terminals 148 and 150 causes the
      comparator stage output terminal voltage level to remain unchanged from
      its preceding condition. The comparator stage provides an output signal
      representative of the order in which the one shot multivibrators 118 and
      144 are actuated. This, in turn, is directly related to the frequency of
      the horizontal synchronizing pulse components of the video signal applied
      to the input terminal 34 of the sync separator stage 36.
PAR  When the speed of the relative motion between the video disc record 12 and
      pickup 20 increases, the undelayed burst of 3.58 MHz signal actuates the
      one shot multivibrator 118 before the delayed burst of 3.58 MHz signal
      actuates the multivibrator 144. It should be recognized that the delayed
      burst of 3.58 MHz signal is due to the immediately preceding generated
      burst of 3.58 MHz signal and occurred at a time before the increase in
      speed of the relative motion. Under this condition, the one shot
      multivibrator 118 provides an output signal to comparator terminal 148
      slightly before the one shot multivibrator 144 provides an output signal
      to comparator terminal 150. The combination of signals at terminals 148
      and 150 causes the potential at the comparator output terminal 152 to
      first rise to +4 volts and then drop to ground potential. The ground
      potential remains for approximately 63.5 microseconds. At that time,
      another burst of 3.58 MHz signal will actuate the two one shot
      multivibrators 118 and 144, causing signals to be applied to the
      comparator.
PAR  If the relative speed between the video disc record 12 and pickup 20
      remains high or further increases, a burst of 3.58 MHz signal is applied
      to multivibrator 118 before the delayed burst of 3.58 MHz signal
      (previously applied to multivibrator 118) is applied to multivibrator 144
      and the sequence repeats. If the speed of the relative motion between the
      video disc record 12 and pickup 20 has decreased such that bursts of 3.58
      MHz signal are applied to the one shot multivibrators 118 and 144
      simultaneously, the ground potential at the terminal 152 remains unchanged
      for approximately another 63.5 microseconds.
PAR  When the speed of the relative motion between the video disc record 12 and
      pickup device 20 decreases below the normal desired proper operating
      speed, the one shot multivibrator 144 is actuated by a delayed burst of
      3.58 MHz signal before the one shot multivibrator 118 is actuated by a
      burst of 3.58 MHz signal. It should be recognized that the undelayed burst
      of 3.58 MHz signal is due to an output signal from the sync separator
      stage 36 occurring after the decrease in speed of the relative motion has
      occurred, while the delayed burst of 3.58 MHz signal is due to the
      immediately preceding generated burst of 3.58 MHz signal which occurred at
      a time before the decrease in speed of the relative motion. Under this
      condition, a signal from multivibrator 144 is applied to the comparator
      input terminal 150 slightly before a signal from multivibrator 118 is
      applied to the comparator input terminal 148. This combination of signals
      at terminals 148 and 150 causes the voltage at comparator output terminal
      152 to first drop to ground potential and then rise to +4 volts. This
      positive potential remains for approximately 63.5 microseconds at which
      time bursts of 3.58 MHz signal are again applied to both of the two one
      shot multivibrators 118 and 144 causing signals to be applied to the
      comparator 146.
PAR  If the speed of relative motion between the video disc record 12 and pickup
      device 20 remains low or further decreases, a burst of 3.58 MHz signal
      (previously applied to multivibrator 118) is applied to multivibrator 144
      before a burst of 3.58 MHz signal is applied to multivibrator 118 and the
      sequence is repeated. If the speed of the relative motion between the
      video disc record 12 and the pickup device 20 increases such that bursts
      of 3.58 MHz signal are applied to the one shot multivibrators 118 and 144
      simultaneously, the positive potential at the terminal 152 remains
      unchanged for approximately another 63.5 microseconds. When the speed of
      the relative motion between the video disc record 12 and pickup device 20
      increases above the normal desired operating speed, the system operates in
      the manner previously described.
PAR  The comparator 146 provides a binary output signal representative of the
      frequency of the horizontal synchronizing pulse components of the video
      signal recovered from the record medium and processed in the signal
      processing circuits 24. Where the frequency of these components is too
      great for any reason, the comparator 146 provides output signals at the
      terminal 152 which cause the speed of the relative motion to decrease. The
      decrease in the speed of the relative motion decreases the frequency of
      the horizontal synchronizing pulse components. On the other hand, where
      the frequency of the horizontal synchronizing pulse components is too low
      for any reason, the comparator 146 provides output signals at terminal 152
      which causes the speed of the relative motion to increase. The increase in
      speed of the relative motion increases the frequency of the horizontal
      synchronizing pulse components. It should be recognized that the
      comparator 146 may be other than a bistable multivibrator and may be
      designed to provide an analog output signal at terminal 152 based on the
      timing of the input signals applied to the comparator input terminals 148
      and 150. Appropriate circuitry would then be used following this stage to
      cause the analog signal to control the speed of the drive system.
PAR  The comparator output terminal 152 is connected by a diode 154 to the base
      electrode of a normally conducting transistor 156. The transistor 156 is
      biased for conduction from the source of DC potential at terminal 50 by
      the resistors 158 and 160. When the comparator output terminal 152 is at
      ground potential, transistor 156 is biased out of conduction, and when the
      comparator output terminal 152 is at +4 volts, transistor 156 remains
      biased for conduction. The collector electrode of transistor 156 is
      directly connected to the base electrode of a normally non-conducting
      transistor 164. The collector-emitter electrode current path of transistor
      164 is connected in series with an iron core inductor 166 between a
      terminal 168 and ground. The terminal 168 is adapted to be energized by a
      +40 volt DC potential and is bypassed to ground for AC signals by a
      capacitor 170.
PAR  The iron core inductor 166 is positioned adjacent the metal video disc
      turntable 14 such that the metal turntable becomes a part of the magnetic
      flux path for the field of the iron core inductor. When current flows
      through the iron core inductor 166, a magnetic field is established which
      induces eddy currents in the metal turntable 14. The eddy currents in the
      metal turntable set up a magnetic field which interacts with the magnetic
      field of the iron core inductor 166 creating a braking force which tends
      to oppose the rotation of the video disc turntable 14. The magnitude of
      the device induced by the eddy currents is sufficient to slow the rotation
      of the turntable to establish the proper operating speed of the relative
      motion between the video disc record 12 and pickup device 20 to provide
      the desired horizontal synchronizing pulse component frequency of the
      recovered video signal.
PAR  The braking force produced by the eddy currents causes the turntable 14 to
      rotate at an asynchronous speed with respect to the 3600 RPM pulley
      rotation speed. The asynchronous operation is provided by virtue of the
      drive belt 15. Drive belt 15 is fabricated from an elastic material such
      as neoprene rubber or polyurethane and has a rectangular cross section
      0.230 inch by 20 milli-inches. The belt provides a controllable,
      repeatable linear speed change mechanism utilizing the creep of the belt.
      The drive belt 15 is mounted in non-slip relation around the periphery of
      the pulley 17 and turntable 14 being stretched approximately 10 percent
      over its non-mounted inner circumference of 29.0 inches. The stretch is
      controlled by selecting the distance (6.188 inches) between the axis of
      rotation for the 1.145 inch diameter pulley 17 and 9.236 inch diameter
      turntable 14.
PAR  It has been found that the braking action produced by the eddy currents can
      reduce the turntable rotational speed from its free running speed of 455
      RPM to as low as 445 RPM without introducing slippage between the drive
      belt 15 and either the pulley 17 or turntable 14. Because of the elastic
      yieldable property of the drive belt 15, the braking action causes the
      belt to creep. Specifically, the braking action tends to stretch the
      portion of the belt coming off the turntable and compress the portion of
      the belt coming onto the turntable without causing slippage between the
      drive belt and either the pulley 17 or turntable 14.
PAR  The turntable can also be caused to rotate at an asynchronous speed with
      respect to the pulley 17 with other types of drive means. For example, the
      pulley 17 and turntable 14 can be coupled by an idler wheel similar to
      audio phonographs, with the braking action causing slippage between either
      the turntable or pulley. However, it has been found that slippage type
      coupling between the pulley and turntable, either by means of an idler
      wheel or a belt, does not provide as controllable and repeatable a speed
      change mechanism as the creep belt coupling described above.
PAR  Where the motor 16 is an induction type motor, a slip speed exists between
      the speed of the rotating stator field and the rotating rotor structure.
      The slip speed of the motor is a function of the motor load. Consequently,
      the braking action produced by the eddy currents changes the motor load
      and thereby varies the slip speed of the motor to control the speed of
      rotation of the turntable. The slip speed effect of the motor 16 can be
      combined with the creep belt coupling drive described above.
PAR  In operation, when the comparator output terminal 152 drops to ground
      potential, transistor 156 is biased out of conduction which in turn biases
      transistor 164 for conduction. This represents a condition where the
      frequency of the horizontal synchronizing pulse components of the
      recovered video signal is above its desired level. Conduction of
      transistor 164 causes current to flow through the iron core inductor 166
      which establishes a braking force tending to slow the rotation of the
      turntable 14. The rotation of the turntable 14 is slowed to the point
      where the frequency of the horizontal synchronizing pulse components of
      the recovered video signal is below the desired level. At this time, the
      comparator output terminal 152 rises to a positive potential, the
      transistor 156 is biased for conduction. This biases transistor 164 out of
      conduction, stopping the current flow through the iron core inductor 166
      and thereby removing the braking force. With the braking force removed,
      the rotational speed of the turntable 14 increases toward its free running
      speed. When the speed reaches the point that the frequency of the
      horizontal synchronizing pulse components of the recovered video signal is
      too high, the process repeats itself. It can be seen that the rotational
      speed of the video disc turntable is continuously adjusted to provide the
      normal desired proper operating frequency for the horizontal synchronizing
      pulse components of the recovered video signal.
PAR  Color encoding systems for video playback systems have been proposed in
      which the recovered video signal is decoded by circuits which include a
      delay line. One color encoding system of this type is shown in U.S. Pat.
      No. 3,560,635 granted to Walter Bruch. For proper operation of these
      systems, however, it is necessary that the time interval between each
      horizontal scan line of the recovered video signal precisely match the
      delay of the delay line utilized in the decoding circuits. If the speed
      relationship between the record medium and pickup device causes the
      interval between the horizontal scan lines of the recovered video signal
      not to match the delay of the delay line, the decoding circuits will not
      operate properly.
PAR  Reference is now made to FIG. 2. A video playback system 200 is provided
      for playback of prerecorded color video signal information. The system 200
      shown enclosed by a dashed line is similar to that shown and described in
      U.S. Pat. No. 3,560,635 granted to Walter Bruch. A drive mechanism 202
      drives a record medium to establish a relative motion between the record
      medium and a pickup device 204. The color video signal is recorded in a
      line sequential manner with the color information encoded over a three
      line period (one color per line) as a low frequency signal (0-600 KHz).
      The luminance information above 600 KHz is continuously recorded on a line
      by line basis.
PAR  The detected prerecorded composite video signal is applied to a low pass
      filter 206 (0-600 KHz). Filter 206 separates the low frequency color
      information from the composite video signal. The output signal from the
      low pass filter 206 is applied to two series connected 63.5 microsecond
      "1H" type delay lines 208 and 210. The entire composite video signal is
      applied to a delay network 212 which delays the composite video signal to
      match the delay of the low frequency color information signal by the low
      pass filter 206.
PAR  The output signals from the low pass filter 206 and the delay network 212
      are applied to a subtractor 214 where the low frequency color information
      is subtracted from the delayed composite video signal. As a result, the
      high frequency luminance information signal is developed at the subtractor
      output terminal. The high frequency luminance information signal and the
      delayed low frequency color information signal from the delay line 208 are
      summed in an adder 216. Similarly, the high frequency luminance
      information signal and the twice delayed low frequency color information
      signal from the delay line 210 are summed in an adder 218. The output
      signals from the adders 216 and 218, as well as the output signal from the
      delay network 212, are applied in parallel to each of three decommutating
      switches 220, 222 and 224.
PAR  A decommutating timing circuit 228 is energized by the recovered color
      video signal and detects synchronizing information recorded on the record
      medium. The synchronizing information marks the beginning of each three
      line sequence of color information. The decommutating timing circuit 228
      controls a synchronizer 226 which is coupled to the three decommutating
      switches 220, 222 and 224. The decommutating switches are controlled by
      the synchronizer 226 to operate in synchronism with each other and with
      the line sequential color information signals. The decommutating switches
      cycle in a manner such that a signal representing only one of the three
      color information signals and the luminance information signal is
      continuously developed at the output terminal from each of the switches.
      Thus, a low frequency red information signal and a high frequency
      luminance information signal is provided at the output terminal 230 of the
      decommutating switch 220. A low frequency green information signal and a
      high frequency luminance information signal is provided at output terminal
      232 of the decommutating switch 222. Finally, a low frequency blue
      information signal and a high frequency luminance information signal is
      provided at the output terminal 234 of the decommutating switch 224.
PAR  It has been discovered that the delay lines utilized in the video playback
      system 200 as well as signals already passing through the delay lines can
      be advantageously used as part of a speed control system 235 for the
      playback system. It will be noted that the horizontal synchronizing pulse
      components of the recovered video signal occur at a 15.734 KHz rate. This
      is within the 0-600 KHz pass band of the low pass filter 206.
      Consequently, the horizontal synchronizing pulse components passing
      through either of the delay lines 208 or 210 may be incorporated as part
      of a speed control system similar to the one described in FIG. 1. It
      should be recognized that any other signal which passes through either
      delay line and occurs at the horizontal line scanning rate may be utilized
      as the signal information for the speed control system 235.
PAR  In the embodiment of FIG. 2, the horizontal synchronizing pulse components
      of the recovered color video signal pass through each of the delay lines
      208 and 210. The input and output of delay line 208 is connected
      respectively to horizontal synchronizing pulse component separator stages
      236 and 238. The separated horizontal synchronizing pulse component output
      signal from the separator stage 236 is applied through a pulse shaping
      network 239 to a comparator 240. The delayed separated horizontal
      synchronizing pulse component output signal from the separator stage 238
      is likewise applied through a pulse shaping network 242 to the comparator
      240.
PAR  The comparator provides output signal information representing the
      frequency of the horizontal synchronizing pulse components of the
      recovered video signal. The comparator 240 is coupled to an error signal
      generator 244 which controls the drive mechanism 202. The drive mechanism
      is controlled by the output signal from the error generator to adjust the
      speed of the relative motion between the record medium and pickup to
      correct for the frequency variations of the horizontal synchronizing pulse
      components of the recovered video signal. The comparator 240, error signal
      generator 244 and drive mechanism 202 operate in a manner similar to the
      corresponding structure shown in FIG. 1 to achieve the same results.
PAR  It should be noted that many "1H" type delay lines are extremely precise
      and are held to tolerances that exceed the stability and lockup range of
      the deflection and color processing circuits of many television receivers.
      However, since the timing error detecting and speed control system is
      matched to the delay of the playback system's delay lines, the recovered
      color video signal will be maintained at exactly the precise frequency
      required for proper operation of the playback system signal processing
      circuits with less precise delay lines. Consequently, the present system
      enables lower cost delay lines to be employed in the playback system
      signal processing circuits without sacrificing performance.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a video playback system wherein a prerecorded composite video signal
      is recovered from a record medium by a pickup device when relative motion
      is established between said record medium and said pickup device, a timing
      error detecting and speed control system comprising:
PA1  drive means for establishing a relative motion between said record medium
      and said pickup device;
PA1  means coupled to said drive means and responsive to an error signal for
      adjusting said drive means to control the speed of said relative motion;
PA1  signal processing circuits coupled to said pickup device including means
      for deriving signal information from said composite video signal which
      nominally recurs at the desired horizontal line scanning rate of said
      composite video signal;
PA1  means coupled to said deriving means for delaying said signal information
      for a period of time corresponding to one horizontal period at the desired
      horizontal line scanning rate;
PA1  error signal generating means coupled to said delay means for developing an
      error signal by comparison of said delayed and undelayed signal
      information, said error signal being representative of the deviation of
      said signal information recurrence rate from said desired horizontal line
      scanning rate; and
PA1  means for applying said error signal to said adjusting means such that said
      adjusting means adjusts said drive means to cause the speed of said
      relative motion to change in a direction tending to reduce the deviation
      of said signal information recurrence rate from said desired horizontal
      line scanning rate;
PA1  wherein said error signal generating means comprises a bistable
      multivibrator, having a pair of input terminals and an output terminal,
      and subject to operation in either of two stable states;
PA1  wherein said error signal generating means also includes first pulse
      generating means coupled to said recurring signal information deriving
      means and responsive to said undelayed signal information for developing a
      trigger pulse in response to each appearance of said recurring signal
      information at the output of said deriving means, and second pulse
      generating means coupled to said delaying means and responsive to said
      delayed signal information for developing a trigger pulse in response to
      each appearance of said recurring signal information at the output of said
      delaying means;
PA1  wherein said error signal generating means further includes means for
      applying the trigger pulse output of said first pulse generating means to
      a first of said pair of multivibrator input terminals, and means for
      applying the trigger pulse output of said second pulse generating means to
      a second of said pair of multivibrator input terminals; said multivibrator
      being subject to switching to one stable state when trigger pulse
      appearance at said first multivibrator input terminal occurs during pulse
      absence at said second input terminal and under conditions of
      multivibrator operation in the other stable state, and being subject to
      switching to said other stable state when trigger pulse appearance at said
      second multivibrator input terminal occurs during pulse absence at said
      first input terminal and under conditions of multivibrator operation in
      said one state; and
PA1  wherein said adjusting means is coupled to said output terminal, and
      comprises braking means subject to energization only when said
      multivibrator is in said other of said two stable states.
NUM  2.
PAR  2. A timing error detecting and speed control system in accordance with
      claim 1:
PA1  wherein said delaying means comprises an acoustic delay line having a
      bandpass characteristic;
PA1  wherein said recurring signal information deriving means comprises means
      for separating recurring horizontal synchronizing pulse components from
      said composite video signal, and means responsive to the pulse output of
      said separating means for generating bursts of oscillations of a frequency
      falling within the passband of said acoustic delay line, said generated
      bursts recurring at a rate substantially matching the recurrence rate of
      said separated synchronizing pulse components, and the output of said
      burst generating means being applied to the input of said acoustic delay
      line; and
PA1  wherein said first pulse generating means is coupled to the output of said
      burst generating means to respond to an undelayed version of said
      generated bursts, and said second pulse generating means is coupled to the
      output of said acoustic delay line to respond to a delayed version of said
      generated bursts.
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ABST
PAL  A method and apparatus is described for performing controlled erosion of
      electrical signals relating to detected features in an image which is
      scanned. The erosion is performed by counting (in an up or down counter) n
      timing pulses in each sequence corresponding to a detected signal pulse
      before an overflow signal indicating that n timing pulses have been
      received is generated. The overflow signal is used to release subsequent
      timing pulses which are then analysed by counting. The timing pulses so
      released correspond to the portion of a detected feature left after
      erosion from the leading edge.
PAL  The method is applied parallel, perpendicular and at non-orthogonal angles
      to the line scan direction.
PAL  The apparatus required can be minimised by applying down-counting
      techniques and storing a signal to indicate complete erosion in one
      direction instead of recirculating large quantities of information from
      line to line. An overflow signal indicating that erosion has been
      successfully completed in a second subsequent direction together with the
      indicator signal from a previous erosion is used to instigate another
      direction of erosion or to release an output pulse for counting.
BSUM
PAC  AREA OF INVENTION
PAR  This invention concerns the analysis of images using line scanning
      techniques for generating a video signal which is converted into a series
      of constant amplitude pulses by threshold detection for subsequent
      processing and computation.
PAC  BACKGROUND TO INVENTION AND PRIOR ART
PAR  It is known that if access is available to multiple points in a two
      dimensional array of delay lines supplied with constant amplitude pulses
      obtained from threshold detection of a video signal then the output from
      an AND gate supplied with signals from selected ones of the delay lines
      will represent an eroded or reduced in size representation of the original
      feature from which the video signal pulses were derived. Conversely the
      output of an OR gate supplied with the same signals will be enlarged or
      dilated version of the signals from the original feature.
PAR  It is also well known that the same end result can be obtained using two
      one dimensional operations in sequence thus reducing the hardware
      required. Thus a series of short delay lines may be employed to obtain
      access to the signal corresponding to points at small intervals along a
      line scan and the outputs from the short delay lines can be supplied to an
      AND gate the output of which can then be supplied to the input of a series
      connected line of longer duration delay lines each representing one line
      scan period and the input and outputs of these lines supplied as the
      inputs to a further AND gate the output of which will be signals
      representing an eroded version of the original feature.
PAR  Also as is well known it is possible to compare signal values in an AND
      gate derived from points along a line which is not parallel or
      perpendicular to the direction of line scan but which lies at an angle to
      the scan by delaying the signals which are to be compared by a time
      interval not equal to the line scan period but to the line scan period
      plus or minus a small increment of time depending on how acute the
      inclined line is to be to the direction of line scan.
PAR  In exactly the same way as previously mentioned with regard to operation
      parallel and subsequently perpendicular to the direction of line scan, so
      the operation of comparison of points along lines which are inclined to
      the line scan direction and are not perpendicular thereto can be performed
      subsequent to the first two operations by supplying the output of the
      second AND gate previously referred to to the input of a series of
      appropriate duration delay lines the outputs of which are supplied to the
      inputs of a further AND gate. The output of this AND gate will then be
      signals representative of a further erosion of the original feature shape
      this time in accordance with the direction of the inclined line.
PAR  Further erosion on other inclined lines can be performed in similar ways
      using subsequent operators.
PAR  Such techniques are acceptable provided small amendments only are required
      to the features but the systems necessary and the hardware required become
      impossibly cumbersome if a large number of line scans of erosion are
      required.
PAR  One technique to reduce the hardware is to sample every nth line and hold
      the data in that line static for the intervening (n-1) lines. Although
      this reduces hardware it creates harmonic responses when the features are
      not solid and incorrect results are obtained from the analysis.
PAC  OBJECTS OF INVENTION
PAR  It is an object of the invention to provide an improved method and
      apparatus therefor, for performing controlled erosion on the signals
      relating to detected features in a scanned image which does not require
      the considerable hardware required by known erosion systems.
PAR  According to the present invention a method of analysing a feature in a
      field comprises scanning the field to produce a video signal; converting
      the video signal amplitude excursions to constant amplitude pulses by
      threshold detection; releasing a series of timing pulses for the duration
      of each constant amplitude pulse and counting each series of timing pulses
      so released, the counting circuit being reset in the absence of a timing
      pulse during a timing interval; generating an overflow signal when the
      counter reaches a value n and releasing timing pulses for the duration of
      each overflow signal so generated and analysing (e.g. counting) the timing
      pulses so released.
PAR  The method according to the invention will erode a feature along its
      leading edge by an amount along each line scan commensurate with the value
      n.
PAR  The invention may be extended to provide operation in more than one
      direction. Thus erosion can be performed additionally in a direction
      perpendicular to the direction of line scan by feeding the timing pulses
      released by an overflow signal from the first counter to a second counting
      circuit the function of which is to increment by unity each of the numbers
      held in a store and made available in sequence once during each line scan
      period, depending on the value in the output of the first counter at the
      corresponding points during each line scan period, and comparing the
      re-circulated and incremented count values at each point during each line
      scan period with a numerical value equivalent to m and releasing a first
      signal for each point during a line scan period when the number which is
      re-circulated is equal to or greater than m and a second signal,
      conveniently zero for all points where this is not the case. It will be
      seen that a first value signal will be obtained from the second counting
      circuit for any point in respect of which feature has been detected over n
      points in m consecutive line scans in advance of that point. Features in
      the field of view will thus have been eroded in two directions by n points
      in the direction parallel to line scan and by m line scans perpendicular
      to the direction of line scan.
PAR  The second counting circuit is adapted to circulate a zero into the store
      in place of any other count value for every point along each line scan for
      which there is no overflow signal from the first counter.
PAR  The accumulating numerical value in the store is conveniently in binary
      coded decimal form and shift registers are employed to store the binary
      signals, a parallel array of a sufficient number of shift registers being
      employed to accommodate the maximum number of line scans over which
      erosion is required.
PAR  In the second counting circuit, the first value of the output signal is
      used to control a number override device for inserting into the store a
      number which when released by the store one line scan period later will,
      when incremented by unity, produce a value of m, and a zero condition in
      the output of the second counting circuit will simply cause the
      incremented numerical value from the store to be transmitted into the
      input of the store.
PAR  In addition to erosion parallel and perpendicular to the direction of line
      scan, erosion can be performed along a line inclined to the direction of
      line scan by incorporating an additional second counting circuit supplied
      with the output signals from the first mentioned second counting circuit
      and in which the re-circulation time for the store is less or greater than
      the line scan period by an appropriate amount. The output signals from the
      further second counting circuit will therefore only correspond to points
      in the frame scan in respect of which feature has been detected along n
      points along each of m successive line scans and that q such n by m
      rectangles have been located on q successive line scans with the position
      of each successive rectangle being displaced relative to the last by the
      appropriate angle.
PAR  It can be shown that by eroding in this manner first of all parallel,
      secondly perpendicular, thirdly at 45.degree. and fourthly at 135.degree.
      to the line scan direction, the number of output signals obtained from the
      last counting circuit in respect of any detected feature will correspond
      to the number of times that an octagonal area whose actual dimensions are
      governed by the chosen values of n, m, and q, the spacing between the line
      scans and the magnification of the feature in forming the image which is
      actually scanned will fit into the detected feature area.
PAR  Preferably the spacing between points along each line scan at which
      detected feature is looked for is made equal to the spacing between line
      scans perpendicular to the line scan direction. in this situation, a
      preferred shape of octagon is given by making the values n, m and q equal
      so that an octagon is produced whose diameter measured perpendicular and
      parallel to the line scan direction is in each case equal to three times n
      (or m or q). This shape is a good approximation to a circle and analysis
      can therefore be carried out virtually independently of the orientation of
      the field relative to the scanning direction.
PAR  The invention is of considerable application in the field of determining
      the porosity of rock or similar material to molecular flow.
PAR  Although the method and apparatus described above represents a considerable
      saving in the quantity of hardware required over and above previous
      proposals for performing a similar form of analysis, it is possible to
      make even greater savings in the number of shift register required.
PAR  According to a preferred feature of the present invention erosion or
      subtractive image analysis is undertaken by counting down rather than
      counting up. To this end an overflow condition is indicated by zero value
      in a counter.
PAR  The alternative mode of counting makes little difference to the horizontal
      erosion, that is erosion in a direction parallel to the line scan
      direction. However great savings in the number of shift registers required
      can be made by using a counting down principle for the erosion carried out
      perpendicular and at an angle to the line scan direction.
PAR  The preferred feature of the invention derives from the realisation that
      each of the succession of erosions is formed separately and independently
      of the others and that once erosion in one direction has been completed
      this fact alone is sufficient information to carry forward. Thus a single
      counting circuit including a lone line scan period store is sufficient to
      store all the count values for all the different modes or erosion provided
      a parallel memory is available which is read in synchronism with the
      counting circuit memory to identify what particular mode of erosion each
      count value in the counting circuit memory refers to.
PAR  Although the memory referred to above has been described as a one line scan
      period memory it will be appreciated that in order to perform erosion at
      an angle to the direction of line scan access is needed to information
      delayed by just less than or just greater than one line scan period.
      Accordingly the single memory device in the counting circuit and the
      associated memory for storing signals indicating the mode of erosion to
      which the numerical values refer, contains a tapping or similar access at
      a point just less than the line scan period, another tapping at exactly
      the line scan period and a further tapping beyond the line scan period.
      The increments of time before and after the line scan period are made
      equal and correspond to the time between the timing pulses with which the
      detected signal pulses are gated.
PAR  As mentioned above a preferred form of scanning involves selecting a
      frequency for the gating pulses such that if the pulses were displayed on
      the screen in synchronism with the scanning, they would appear spaced
      apart in the line scan direction by the same distance as the line scans
      are separated measured perpendicular to the direction of line scan.
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings.
DETD
PAC  DESCRIPTION OF THE DRAWINGS.
PAR  FIG. 1 is a block circuit diagram of part of an image analysis system
      incorporating the invention,
PAR  FIG. 2 illustrates one octagonal shape which is produced for fitting into
      feature shapes for analysis, by erosion in four directions, in accordance
      with the method of the invention, and
PAR  FIGS. 3 to 12 are the circuit diagrams of a complete logic system
      constructed in accordance with the preferred feature of the invention.
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS.
PAR  As shown in FIG. 1 a field (such as a microscope slide) containing features
      is imaged via e.g. a microscope 10 onto a television camera 12 and a video
      signal produced from scanning the field image is subjected to threshold
      detection in a comparator 14 having an adjustable reference voltage source
      16. The amplitude excursions of the video signal which satisfy the
      threshold criterion (e.g. exceeds the reference voltage) are converted to
      constant amplitude pulses (in known manner) having duration equal to the
      durations of the amplitude excess over the reference voltage.
PAR  The output from the comparator 14 is gated by a high frequency oscillator
      18 acting on a gate 20, the frequency of the oscillator being very much
      greater than the line scan frequency and made equal to a multiple of the
      line scan frquency such that the horizontal spacing between the points
      along each line scan at which the gate 20 is opened (shown by the dots 22
      in FIG. 2) is equal to the vertical spacing between the line scans 24 (see
      FIG. 2). Each point at which the gate 20 is opened is termed a picture
      point (pp.) and a line can therefore be thought of as being made up of
      Npp.
PAR  The effect of gating the output of the comparator 14 is to convert each
      constant amplitude pulse into a number of spaced apart, shorter duration
      constant amplitude pulses (known as pp. pulses) one for each picture-point
      which lies along the horizontal chord across the feature formed by the
      intersection of that particular line scan with the feature image.
PAR  The pp. pulses are supplied to a counter 26 which is reset in the absence
      of a pp. pulse for the duration of one picture point interval (re the time
      between two of the gating pulses from the oscillator 18). This is achieved
      using an inverting amplifier 28 between the counter input and its reset
      terminal.
PAR  The numerical count value in the counter is compared after each pp. pulse
      with a selected number n in a digital comparator 30. This device produces
      a 1-signal on line 32 whenever the count value in counter 30 .gtoreq. n.
      The number of 1-signals so produced may be counted on a counter 34 by
      turning switch 36 to position 1.
PAR  The line 32 also provides input signals to a second counting circuit. This
      latter is comprised of a four line shift register memory 34 whose inputs
      are connected to its outputs via an adding stage 38 and subtraction stage
      40. The adding stage 38 takes the output signals from the memory 34 and
      adds 1 to each value transmitted thereto. In the absence of a 1-signal at
      any pp., the adding stage 38 cancels any numerical value therein and
      transmits zero.
PAR  The output from the adder 38 is supplied by subtraction stage 40 to the
      inputs of the shift register memory 34, and is also compared by digital
      comparator 42 with a second selected number m.
PAR  The output of the comparator 42 is supplied as a control signal to the
      subtraction stage 40 such that when there is a 1-signal at a pp. the
      subtraction stage reduces the numerical value being supplied to the
      subtraction stage for that pp. where the control signal is zero at any
      pp., then the numerical value of the signal appearing in te output of the
      adder 38 is transmitted unchanged through the subtraction stage 40, for
      onward transmission to the outputs of the shift registers of the memory
      34. Conveniently the shifting pulses for the shift registers are derived
      from the output of the oscillator 18.
PAR  The output pulses from the comparator 42 are supplied to terminal 2 of
      switch 36 and also to the input of a further counting circuit 44 which is
      identical to that shown above in FIG. 1, in that it comprises an adder 38'
      a set of shift registers forming a memory 34, (each of the shift registers
      having a time delay equal to one line scan period less 1pp. interval), a
      subtraction stage 40 and a comparator 42', and the circuit functions in
      exactly the same manner as described with reference to the appropriate
      circuit of FIG. 1 the output pulses of the one corresponding to the input
      signals for the other.
PAR  One of more further counters such as 44 are provided so that further
      erosion can be performed if required at different angles to the direction
      of line scan. For example, by using shift registers having a total time
      shift equal to a line scan period plus a 1 pp. interval, the erosion, will
      be performed at 135' to the direction of line scan.
PAR  By making the count capacities of the various counter 26, 34 34' etc. the
      same (i.e. n=m=q=r), the resulting inspection shape is a regular octagon
      as shown at 46 in FIG. 2.
PAR  As shown in FIG. 1 the output from any one of the comparators 30, 42, 42'
      etc. can be selected by switch 36 and the signals released by the
      comparator 30 counted by the counter 34.
PAR  If the count in counter 34 relates to a single frame scan (or average of a
      plurality of frame scans) the count value will be the total number of time
      the inspection shape can be fitted into the entire detected feature area
      in the image.
PAR  If the counter 34 is replaced by an associated parameter computer of the
      type described in U.S. Pat. No. 3,619,494 with the computing circuit
      elements A, B, C set to count the number of pulses released by the
      comparator 30 (or 42, or 42' depending on the setting of switch 36) the
      count values released by gating pulses defining the ACP of each feature
      will be the number of times the inspection shape can be fitted into each
      such detected feature.
PAR  The logic system of FIGS. 3 to 12 is used for handling the information
      arising during a frame scan and for performing erosion on the detected
      signal content arising from scanning features in a field and for
      generating as an output signal gating pulses which can be counted to
      indicate the number of times that a given shape can be fitted into either
      each of the detected features in the field or all of the detected features
      in the field depending on whether an associated parameter counting circuit
      is used, or whether the total field count is employed.
PAR  Reference is made to FIG. 1 for an indication of the overall system into
      which a logic system illustrated in FIGS. 3 to 12 can be incorporated.
PAR  By way of general background, the logic system which will now be described
      is designed to take in digital signals from three digital switches or
      similar adjustable devices so that three values m, q, r can be selected by
      the operator to give the number of lines over which each particular
      erosion operation is to be performed. In the example shown m is the number
      of line scans of vertical erosion, q is the number of lines of erosion to
      the right, r is the number of lines over which erosion is carried to the
      left. For simplicy it is assumed that the scanning rate and repetition
      frequency of the gating pulses is such as to give a square matrix of
      inspection points throughout the field as described with reference to our
      co-pending application so that the picture points at which the signal is
      sampled by the gating signals are equally spaced apart in both the line
      scan and perpendicular directions. Furthermore it is assumed that the
      angle at which left hand and right hand erosion is undertaken is
      45.degree. so that the short increment of delay before and after the line
      scan period in the memory device is the time between two adjacent picture
      points. A delay having such a time interval is described as a one picture
      point delay.
PAR  Referring first of all to FIG. 12 the output from a horizontal erosion
      circuit is supplied as the input signal to the system incorporating the
      present invention. The horizontal erosion circuit takes the form of a down
      counter (not shown) which is loaded with the numerical value in binary
      coded demical form or similar corresponding to the number of picture
      points of erosion required and the counter produces a one output signal
      until such time as the counter has been reduced to zero by successive down
      counting as a result of continued detection of a feature.
PAR  When the signal from the horizontal counting circuit reaches zero,
      inverting amplifier 110 produces a 1-signal. Assuming I.sub.1 is zero, a
      detect zero circuit 112 produces a zero condition in the input of
      inverting amplifier 114 so that both inputs of AND gate 116 are satisfied
      and a 1-signal is transmitted known as L.sub.L to one input of an AND gate
      118. Although shown as a single device in FIG. 6, AND gate 118 is in fact
      a complex gate for transmitting a binary coded decimal signal from a
      digital switch or similar device arranged for operator control to select a
      numerical value r.
PAR  Whenn gate When is enabled, r' is transmittted as the value for the number
      of line scans of left hand erosion and this is applied to one input of a
      multiple OR gate 120. The output of OR gate 120 is supplied to the inputs
      of a plurality of parallel connected sift registers generally designated
      122 each having a delay equivalent to one line scan period less one
      picture point interval.
PAR  The outputs from the shift registers are fed to a substraction circuit
      adjusted to subtract one from the numerical value made thereto and this
      numerical value signal is transmitted as information signal A, via a first
      picture point interval delay device 126 as information signal B and via a
      second picture point interval delay device 128 as information signal C.
PAR  Simultaneously the 1-condition represented by signal L.sub.L is transmitted
      via OR gate 130 to a shift register 132 having a total time period
      equivalent to one line scan period less one picture point period, and
      thereafter is delayed by two 1-picture point delays 134 and 136. In this
      way three delayed signals are obtained whose value depends on whether or
      not feature was detected at that point in the line scan on the previous
      line scan.
PAR  For left hand erosion to be performed the signal L.sub.c from delay 136 is
      supplied as one input to an AND gate 138 (see FIG. 7) the other input of
      which is supplied with a one condition if C is not zero. The output from
      the AND gate constitutes signal L.sub.x which will be referred to later
      and also provides one input to an AND gate 140 whose collective input is
      supplied with the binary coded decimal signal C. The gated output version
      of this signal is described as X and this is supplied as another input to
      OR gate 120.
PAR  A circuit for deriving signals indicating when A, B, and C become zero is
      also shown in FIG. 3. To this end a zero detector 142 is connected to the
      output of the subtraction stage 124 and the outputs from the zero detector
      are supplied along a line containing two one picture point delay devices
      144 and 146. The output from the zero detector constitutes A.sub.o the
      output from the first one picture point delay device 144 constitutes
      signal B.sub.o and the output from one picture point delay 146 constitutes
      C.sub.o.
PAR  Thus for all the time that the input signal to amplifier 110 in FIG. 12 is
      zero, a numerical value r is supplied to the group of shift registers 122
      and a one signal is injected into the shift register 132.
PAR  As soon as the input signal becomes a `1', AND gate 116 is inhibited and
      the value r is prevented from being inserted into the delay line array 122
      (compare FIg. 6 with FIG. 12). For all such points along the line scan,
      zero is entered into the shift register array 122.
PAR  Approximately one line scan period later information re-appears in the
      output of each shift register array 122 and one is subtracted from the
      numerical value at each picture point by subtraction stage 124.
PAR  The reduced numerical value appears successively as signals A, B and C and
      provided the output from shift register 146 is not zero and that from
      shift register 136 is also not zero the reduced numerical value C is
      applied as information signal X to another input of the OR gate 120. It
      will be seen that provided feature is detected on each of the line scans
      in the appropriate place, a reducing numerical value will be re-circulated
      from the output of the parallel shift register array 122 to the input
      thereof via the OR gate 120. Assuming tyat feature continues to be
      detected, the 1-condition in the output of delay 146 inhibits the further
      re-circulation of a reducing value for C via input X in OR gate 120.
PAR  Turning now to FIG. 10, at this condition, both inputs of AND gate 148 are
      satisfied as also are then all the inputs to AND gate 150 so producing a
      load V signal V.sub.1. This satisfied AND gate 152 of FIG. 4 and causes
      the numerical value m to be inserted into the bank of shift registers 122
      and the V line. Signal V.sub.1 also causes a one signal to appear in the
      output of OR gate 154 and to be transmitted into the shift register 156
      made up at its end by two one picture point delays 158 and 160.
PAR  When a zero is detected by zero detector 142 and appears as a one signal in
      the output of delay 144 (i.e. B.sub.o is equal to 1) all the conditions
      for AND gate 162 are satisfied and a 1-signal is transmitted via OR gate
      164 to AND gate 66 which is therefore fully satisfied and a signal R.sub.L
      (i.e. an instruction to load r's instead of v's) is generated. Note that
      in this condition AND gate 150 is not satisfied and no further V.sub.1 are
      produced.
PAR  Turning now to FIG. 5 when rl is one, AND gate 168 is satisfied and the
      numerical value q is inserted via the line R through OR gate 120 into the
      bank of shift register 122 and in the same manner as previously described,
      provided the detected feature continues down the scan raster, the value of
      q is successively reduced by one during each consecutive line scan period
      until detector 142 detects a zero condition in the output of subtraction
      stage 124 once again.
PAR  While signal R.sub.L is 1, 1-signals are inserted into the third shift
      register 170 forming the third shift register of the type memory shown in
      FIG. 11.
PAR  When a zero is detected by detector 142 the output A.sub.o becomes 1 and at
      this point in time since R.sub.B is 1, both conditions for AND gate 176
      are satisfied and this in turn via OR gate 164 produces all the necessary
      conditions to satisfy AND gate 178 and a 1-signal along line 180 is caused
      to generate a suitable signal for continual recirculation through the
      memory 122 along line R.sub.1. In this way, provided the feature is
      continually detected on each line scan, and all the other conditions are
      satisfied, the circuit generates a value R.sub.1 for each line scan which
      is subsequently re-inserted into the shift register array 122 via OR gate
      120. This will continue until the input signal I.sub.1 becomes zero or one
      of the other conditions indicating a successful completion of previous
      erosions in other directions fails.
PAR  The output signals are counted as described above with reference to FIG. 1.
      The total number of picture point pulses counted by the counter for any
      one detected feature is the number of times that the inspection shape can
      be fitted within the feature and if the total number of pulses arising
      during the complete field scan are counted then the number will be the
      total number of times that a particular shape can be fitted into all the
      features in a field. As mentioned above the first measurement can be made
      by using an associated parameter computing technique in which the number
      of times the inspection shape can be fitted into each feature is counted
      separately for each feature and that number released uniquely at the end
      of scanning each feature.
PAR  Reference has been made to a down counter in the description of FIG. 12.
      The down counter of the type described constitutes a horizontal erosion
      circuit since gated constant amplitude pulses from gate 20 of FIG. 1 if
      supplied to such a down counter will not cause the output of the down
      counter to become zero (the condition looked for by the following
      circuits) until after a programmed number of gated pulses have been
      received by the counter. Thus in effect the first n gated pulses from the
      gate 20 are ignored. Thus if a constant amplitude pulse from the detector
      14 corresponds to 25 gating pulses from the oscillator 18 and n is set to
      4, the duration of the constant amplitude pulse is effectively eroded to
      21 gating pulse durations.
PAR  The circuit shown in FIG. 1 or the subsequent modification shown in FIGS. 3
      to 12 serves to remove or erode information from the constant amplitude
      pulses (or more accurately the gated versions of these pulses). The
      constant amplitude pulses are obtained by comparing the video signal
      amplitude with a reference voltage. The comparator can be programmed to
      produce a 1- level constant amplitude pulse whenever the video signal
      amplitude exceeds the reference voltage (and a zero level at all other
      times) or it can be programmed to perform the reverse or inverse function
      i.e. to produce a 1-level constant amplitude pulse whenever the video
      signal amplitude falls below the reference voltage. The video signal
      amplitude can be related to the information within the field which is
      scanned. If the features are darker than the background and the video
      signal amplitude is low for dark areas which are scanned and is high for
      light or white areas constant amplitude pulses relating to the line scan
      intersections with dark features can be obtained by programming the
      comparator to produce the 1-level constant amplitude pulses whenever the
      video signal amplitude drops below a certain reference voltage between the
      dark amplitude level value and the light or white amplitude level value.
      With the comparator 14 so programmed, the operation of the scanned circuit
      of FIG. 1 or FIGS. 3 to 12 will erode the information relating to the line
      scan intersections with the dark features. If however with the same input
      signal to the comparator 14 it is programmed to perform the reverse
      function i.e. to produce a 1-level constant amplitude pulse when the video
      signal amplitude exceeds the reference voltage, then the function of the
      following circuit of FIG. 1 or FIGS. 3 to 12 will serve to dilate or
      enlarge the information relating to the line scan intersections.
PAR  The signals from e.g. output 4 in FIG. 1 or the corresponding output in
      FIGS. 3 to 12 can be supplied as an input to a second circuit basically
      comprising that of FIG. 1 or FIGS. 3 to 12 as described herein, for the
      purpose of performing an opposite function to that performed by the first
      such circuit, i.e. erosion of feature information may be followed by
      dilation.
PAR  Where the overall function of the circuit beginning with counter 26 (or the
      horizontal erosion counter described with reference to FIGS. 3 to 12) is
      reversed i.e. to cause dilation instead of erosion of the detected
      features, it is necessary to include an inversion circuit to convert
      1-levels to zeros and zero levels to 1-levels in the final output of that
      circuit.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of analysing a feature in a field comprising:
PA1  converting the video signal amplitude excursions to constant amplitude
      pulses by threshold detection;
PA1  releasing a series of timing pulses for the duration of each constant
      amplitude pulse and counting each series of timing pulses so released;
PA1  resetting the counting circuit in the absence of a timing pulse during a
      timing interval;
PA1  generating an overflow signal when the counter reaches a value n;
PA1  releasing timing pulses for the duration of each overflow signal so
      generated; and
PA1  analysing the timing pulses so released.
NUM  2.
PAR  2. A method as set forth in claim 1 further comprising counting the
      released timing pulses.
NUM  3.
PAR  3. A method as set forth in claim 1 further comprising the steps of
      resetting the counting circuit, in the absence of a timing pulse during a
      timing interval, to a numerical value N, decrementing the numerical value
      in the counter by one for each timing pulse supplied to the counter, and
      generating the overflow signal when the numerical value in the counter is
      zero.
NUM  4.
PAR  4. A method as set forth in claim 1 comprising the steps of:
PA1  Counting the timing pulses released by an overflow signal from the first
      counter in a second counting circuit in which a plurality of numbers are
      held in a store and are made available in sequence once during each line
      scan period;
PA1  incrementing by one each number so made available if the first counter is
      generated an overflow signal at the time;
PA1  comparing the incremented count value at each point during each line scan
      period with a numerical reference value m;
PA1  generating at each such timing point an output signal pulse having a first
      value when the incremented count value is equal to or greater than m and a
      second value at all points where this is not the case; and
PA1  inserting a numerical value signal into the store to be recycled and to be
      available for further incrementation at the appropriate point during the
      next line scan.
NUM  5.
PAR  5. A method as set forth in claim 4 further comprising counting the first
      value output signal pulses.
NUM  6.
PAR  6. A method as set forth in claim 4 further comprising inserting a zero
      into the store in place of a count value at any point along each line scan
      for which there is no overflow signal from the first counter.
NUM  7.
PAR  7. A method as set forth in claim 4 further comprising:
PA1  inserting into the store a signal having a numerical value of (m-1) in
      response to a first value of the output signal from the second counting
      circuit, so that if the output signal from the second counting circuit is
      at its said first value at the appropriate point along the next line a
      numerical value of m will again be generated.
NUM  8.
PAR  8. A method as set forth in claim 4 in which the numbers held in the store
      are made available from line to line at intervals of exactly one line scan
      period.
NUM  9.
PAR  9. A method as set forth in claim 4 in which the numbers held in the store
      are made available from line to line at intervals of less than one line
      scan period.
NUM  10.
PAR  10. A method as set forth in claim 4 in which the numbers held in the store
      are made available from line to line at intervals of greater than one line
      scan period.
NUM  11.
PAR  11. A method of analysing a feature in a field set forth in claim 4 further
      comprising the steps of:
PA1  counting the first value output signal pulses generated by the said second
      counting circuit in a third counting circuit in which a plurality of
      numbers are held in a store and made available in sequence once during
      each line scan period;
PA1  incrementing by one each number so made available if the second counter is
      generating a first value output signal pulse at the time;
PA1  comparing each incremented count value in the second counting circuit at
      each point during each line scan period with a numerical reference value
      n; and
PA1  generating at each such timing point a second output signal pulse having a
      first value when the incremented count value is equal to or greater than n
      and a second value at all points where this is not the case.
NUM  12.
PAR  12. A method as set forth in claim 11 further comprising counting the said
      second output signal pulses of first value.
NUM  13.
PAR  13. A method of analysing a feature in a field as set forth in claim 12
      further comprising the steps of counting the said second output signal
      pulses having a first value in a fourth counting circuit in which a
      plurality of numbers are held in a store and made available in sequence
      once during each line scan period;
PA1  incrementing by one each number so made available if the third counting
      circuit is generating a said second output signal of first value at the
      time;
PA1  comparing each incremented count value at each point during each line scan
      period with a numerical reference value q; and
PA1  generating at each such timing point a third output signal pulse having a
      first value when the incremented count value is equal to or greater than q
      and a second value at all points where this is not the case.
NUM  14.
PAR  14. A method as set forth in claim 13 further comprising counting the said
      third output signal pulses having first value.
NUM  15.
PAR  15. A method as set forth in claim 14 further comprising the step of making
      available the numbers held in the respective stores of the said second,
      third and fourth counting circuits at different intervals of time, the
      interval being exactly one line scan period for one store, less than one
      line scan period for another store and greater than one line scan period
      for the other store.
NUM  16.
PAR  16. A method of analysing a feature in a field comprising the steps of:
PA1  scanning the field to produce a video signal;
PA1  converting the video signal amplitude excusions to constant amplitude
      pulses by threshold detection;
PA1  generating constant frequency timing pulses;
PA1  sampling the signal made up of the constant amplitude pulses K times during
      each line scan by K equally spaced apart signals derived from the timing
      pulses occurring during this line scan, generating an electrical signal
      corresponding to a numerical value N, inserting the generated signal into
      an electrical store having at least K series locations;
PA1  operating the electrical store in synchronism with the timing pulses to
      shift signals therein from one location to the next so that the signals
      therein are caused to appear in turn at the output thereof during each
      line scan;
PA1  reducing by one the numerical value of the signal in the output of the
      store and transferring this reduced value signal to the store input for
      recirculation;
PA1  comparing the reduced value signal with a programmed value;
PA1  generating a first output signal pulse whenever the signal transferred to
      the input of the store is zero;
PA1  counting all such first output signal pulses; generating in response to a
      detected zero signal condition a signal corresponding to one; and
PA1  inserting the signal having a numerical value of one into the store in
      place of the zero condition, so that a zero condition will be produced
      after reduction by one on the next line scan if an overflow signal is
      again available at that timing position on the next line scan.
NUM  17.
PAR  17. A method as set forth in claim 16 in which the steps of counting the
      first output signal pulses, detecting the zero signal condition and
      generating in response thereto a signal corresponding to one for inserting
      in the store are replaced by the steps of:
PA1  detecting the zero signal condition;
PA1  generating in response thereto a signal corresponding to M; inserting the
      signal corresponding to M into the store in place of the zero condition,
      simultaneously generating a first indicator signal;
PA1  inserting the first indicator signal into a second store operating in
      synchronism with the first store, the second store also having at leat K
      series locations so that all the indicator signals are caused to appear at
      the output thereof in turn;
PA1  generating a first output signal pulse whenever the signal to be
      transferred from the output of the first store to the input thereof
      becomes zero and for which signal there is also a first indicator signal
      in the second store;
PA1  counting all such first output signals;
PA1  detecting the zero output signal condition; and
PA1  generating in response thereto a signall corresponding to one and inserting
      the one value signal into the first store in place of the zero signal and
      generating again a first output signal pulse at that timing position if
      the first indicator signal is still available from the second store at
      that timing position.
NUM  18.
PAR  18. Apparatus for analysing a feature in a field comprising, in
      combination;
PA1  means for forming an image of the field;
PA1  means for scanning the field in a series of parallel lines to produce a
      video signal;
PA1  means for threshold detecting the video signal amplitude excursions to
      produce a signal comprised of constant amplitude pulses;
PA1  means for gating the signal comprised of constant amplitude pulses at
      regular intervals along each line scan thereby to produce a series of
      timing pulses for the duration of each constant amplitude pulse;
PA1  means for counting timing pulses so released;
PA1  means for resetting the counting circuit in the absence of a timing pulse
      during the timing interval between timing pulses;
PA1  means for generating an overflow signal when the counter reaches a value n;
PA1  means for releasing timing pulses for the duration of each overflow signal
      so generated; and
PA1  means for analysing the timing pulses so released.
NUM  19.
PAR  19. Apparatus as set forth in claim 18 further comprising means for
      counting the timing pulses released during each overflow signal.
NUM  20.
PAR  20. Apparatus as set forth in claim 18 further comprising a second counting
      circuit for counting the timing pulses released by an overflow signal,
      said second counting circuit comprising:
PA1  a store for storing a plurality of numbers;
PA1  means for stepping the store in synchronism with the timing pulses to make
      available the said plurality of numbers in sequence during each line scan
      period;
PA1  means for incrementing each number so made available by one if the  first
      counter is generating an overflow signal during that timing interval;
PA1  means for comparing the incremented count value at each point during each
      line scan period with a numerical reference value m; and means for
      generating at each such timing point an output signal pulse having a first
      value when the incremented count value is equal to or greater than m and a
      second value at all points where this is not the case.
NUM  21.
PAR  21. Apparatus as set forth in claim 20 further comprising means for
      counting output signal pulses having a first value.
NUM  22.
PAR  22. Apparatus for analysing a feature in a field comprising;
PA1  means for forming an image of the field;
PA1  means for scanning the field in a series of parallel lines to produce a
      video signal;
PA1  means for threshold detecting the video signal amplitude excursions to
      produce a signal comprised of constant amplitude pluses;
PA1  means for sampling the signal comprised of constant amplitude pulses at
      regular intervals during each line scan to produce a series of timing
      pulses for the duration of each constant amplitude pulse;
PA1  counting means for receiving timing pulses released during each such
      constant amplitude pulse;
PA1  means for generating a signal corresponding to a programmed numerical value
      N;
PA1  means for inserting the generated electrical signal corresponding to N into
      the counting circuit whenever a timing pulse is not released during a
      timing interval;
PA1  means for reducing the numerical value in the counter by one for each
      timing pulse supplied to the counter;
PA1  means for generating an overflow signal when the numerical value in the
      counter reaches a programmed value;
PA1  means for releasing subsequent timing pulses for the duration of each
      overflow signal so generated; and
PA1  means for analysing the timing pulses so released.
NUM  23.
PAR  23. Apparatus as set forth in claim 22 further comprising means for
      counting the timing pulses released during each overflow signal.
NUM  24.
PAR  24. Apparatus as set forth in claim 22 wherein the means for analysing the
      timing pulses comprises:
PA1  a store having at least K series locations and operable in synchronism with
      the timing pulses for shifting signals from location to the next so that
      each signal is caused to appear at the output of the store in turn during
      each line scan;
PA1  means for generating an electrical signal having a numerical value M;
PA1  means for inserting the generated electrical signal M into the store at
      each of said locations;
PA1  means for transferring the signal appearing at the output of the store to
      the input thereof for recirculation;
PA1  means operable by an overflow signal pulse from the first counter to reduce
      by one the numerical value of the signal transferred at any timing
      interval;
PA1  means for generating a first output signal pulse whenever the output
      becomes zero;
PA1  means for counting all such first output signal pulses;
PA1  means for detecting when the decremented signal reduces to zero;
PA1  means for generating in response to a detected zero condition a signal
      corresponding to one; and
PA1  means for inserting the signal corresponding to one into the store in place
      of the zero signal to produce a zero condition after reduction by one on
      the next line scan if an overflow signal is again available at that timing
      position on that next line scan.
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PAL  A clock for locally distributing a synchronized signal derived from a
      remotely transmitted signal. The clock normally operates in the slave
      mode, phase locked to the remotely transmitted signal, when that signal is
      deemed available. If it is not available the clock switches to a master
      mode in which it independently generates the necessary signal.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The clock of this invention provides a stable reliable clock for local
      distribution synchronized with a remotely transmitted signal and, for
      times, independently producing said signal when said remotely transmitted
      signal is unavailable.
PAC  BACKGROUND OF THE INVENTION
PAR  Systems for the transmission of the digital information, over line wire
      links, microwave or other radio links, are well known to the art. Some of
      these systems, either now operating or planned for operation, are
      thousands of miles in length or more. For those systems which employ
      synchronous data handling a clock must be available at each data handling
      locality which is synchronized with the clock at the originating station.
      To enable any station in the system to communicate with any other station,
      then, each station must have a local clock available which is synchronized
      with every other local clock at every other station. In order to effect
      this a single station is selected as the master and its clock employed for
      data transmission. The adjacent station generates a synchronous clock for
      distribution and retransmission. Of course, due to signal degradation, as
      a result of transmission, the remotely transmitted signal (or clock) must
      be reconditioned or regenerated at each of the stations. In order to
      provide a stable synchronized signal for local distribution a phase lock
      loop, which is a well known circuit configuration, is an obvious choice.
      However, the very high data transmission rates, up to 20 M bits per
      second, coupled with the serious consequences at any station of losing the
      clock, require that in addition to stability, the local clock generation
      equipment must be highly reliable.
PAR  One well known method of increasing reliability of any apparatus is to
      provide that apparatus in redundant form, that is to provide more than one
      copy of the apparatus and, when a failure of an operating apparatus is
      indicated a switch over can be effected to the redundant apparatus. It
      should be apparent to those skilled in the art that due to the high data
      rates employed in typical data transmission systems, one cannot rely upon
      manual switch over between redundant apparatus. Therefor, automatic
      operating apparatus must be provided to effect a switching operation. In
      addition, as a further corollary of the reliability requirements, the
      automatic switching apparatus must be capable of sensing of any one of a
      number of possible failures (including failure of the failure detecting
      apparatus) and properly responding thereto in a short a time as posssible.
PAR  Merely providing redundant apparatus in automatic equipment to switch out a
      "failed" unit and switch in a "good" unit will not, however, porvide a
      complete solution. In addition to the possibility that one of the
      redundant apparatus may fail, this system must also handle the possibility
      that the local station will not receive the remotely transmitted signal,
      or if a remotely transmitted signal is received it is so degraded that
      synchronizing the local oscillator thereto will actually be detrimental to
      system operation. Thus, not only must the apparatus respond to effective
      loss of the remotely transmitted signal but some means must be provided
      for independently generating the signal and furthermore, such independent
      local generated signal must meet system specifications.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention meets the forgoing and other requirements for data
      transmission systems by providing a station clock which is responsive to a
      remotely transmitted signal for locally generating a synchronized signal.
      In order to meet the reliability requirements three independent phase lock
      loops are provided, each of which is responsive to the remotely
      transmitted signal for generating a synchronized signal. Means are
      associated with each phase lock loop for detecting a failure thereof. More
      particularly, signals of various components of one phase lock loop are
      compared with corresponding signals of another of the phase lock loops as
      well as absolute standards. Majority voting logic means responsive to
      these comparisons determines whether or not a particular one of the phase
      lock loops has failed, and if that is the case, which of the phase lock
      loops has failed. Switching means selectively connects one or more of the
      phase lock loop outputs to an output port for local distribution. The
      switching means is, of course, controlled by the majority voting logic so
      that the output of a failed phase lock loop will not be connected to the
      output port.
PAR  In addition to the foregoing apparatus, each phase lock loop independently
      detects the quality of the remotely transmitted signal it receives and
      independently determines whether or not it is acceptable. The clock then
      determines whether or not the remotely transmitted signal is acceptable
      based upon a majority voting logic comparison of the signal received from
      each of the phase lock loop detectors responsive to the remotely
      transmitted signal. If the majority voting logic analysis indicates that
      the remotely transmitted signal is deemed unavailable, i.e., it is
      unacceptable, the apparatus switches from the slave mode to the master
      mode.
PAR  Each of the phase lock loops includes an A/D convertor connected to the
      output of the low pass filter to receive the loop error voltage. The
      output of the A/D converter is, of course, a digital representation of the
      phase lock loop error voltage. This output is connected as one input to a
      multiplexer whose output is connected to a D/A converter. The analog
      output of the D/A convertor controls the voltage controlled oscillator in
      the phase lock loop. A serial combination of a digital filter and a
      digital modifiable memory is connected between the output of the A/D
      converter and the second input of the multiplexer. In the slave mode the
      multiplexer passes, to the D/A convertor, the output of the A/D convertor.
      However, in this mode the digital filter maintains a running "average" of
      a number of previous samples of error voltage. Of course, the sampled
      error voltage is indicative of the proper frequency for the voltage
      controlled oscillator. When the clock switches to the master mode the
      digital filter output is loaded into the memory and the multiplexer is
      controlled to block its first input and to pass its second input to the
      A/D convertor. This action effectively opens the phase lock loop and
      causes the voltage controlled oscillator to be driven by the sample error
      voltage. Since the "average" of the sampled error voltage which is
      generated by the digital filter is now resident in the memory, the voltage
      controlled oscillator generates a frequency corresponding to the "average"
      error voltage. Since the digital filter generates a time average error
      voltage the error voltage will correspond to a frequency which is
      acceptable. So long as the phase lock loops remote transmitted signal is
      unacceptable the clock remains in the master mode. In this mode only one
      of the locally generated signals is allowed to reach the output port. When
      the remotely transmitted signal is detected as again acceptable a recovery
      mode is entered.
PAR  During the time when the remotely transmitted signal was unacceptable it is
      possible for the voltage controlled oscillator to "drift" in frequency
      and/or phase. As a result, at the time the remotely transmitted signal
      again becomes acceptable, there may be an accumulated error between the
      remotely transmitted signal and the voltage controlled oscillator output.
      To ensure proper data handling this accumulated error must be compensated
      for. This is accomplished in the recovery mode, where the modifiable
      memory is incremented or decremented to adjust the oscillator frequency.
      After a predetermined period of time during which the frequency of the
      voltage controlled oscillator may be adjusted to compensate for the
      accumulated errors the recovery mode terminates and the clock again enters
      the slave mode.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A specific embodiment of our inventive remote master/slave clock is
      disclosed in this specification when taken in conjunction with the
      attached drawings in which like reference characters identify identical
      apparatus and, in which;
PAR  FIG. 1 is a block diagram of our remote master/slave clock illustrating the
      major functional units;
PAR  FIG. 2 is a detailed block diagram of the clock receiver and selector and
      select control switch;
PAR  FIG. 3 is a block diagram of a timing generator;
PAR  FIGS. 4A and 4B illustrate two types of typical majority logic analysis
      circuits employed in various portions of the inventive apparatus.
PAR  FIGS. 4C and 4D are detailed block diagrams of automatic mode control
      circuit;
PAR  FIG. 5 is a detailed block diagram of the majority logic circuit;
PAR  FIG. 6 is a detailed block diagram of a clock switch 15;
PAR  FIG. 7 is a detailed block diagram of the phase lock loop frequency
      division chain and timing generation;
PAR  FIG. 8 is a detailed block diagram of the connections between A/D convertor
      37, multiplexer 40, filter 38 and memory 39;
PAR  FIGS. 9A and 9B are respectively typical wave forms and a detailed block
      diagram of a portion of a phase failure detector; and
PAR  FIG. 10 is a detailed block diagram of the filter 38.
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the apparatus of the clock built in accordance
      with the teachings of the present invention. Before discussing this Figure
      in detail it will be helpful to briefly set out the context in which this
      station clock operates. A data transmission system includes a plurality of
      stations which may be connected one to another via a transmission link
      such as line wires, microwaves or other radio links. Each of the stations
      includes a station clock as illustrated in FIG. 1. One of the stations,
      preferably a station located near the geographic center of the system, may
      be designated as a master station. This station generates a signal which
      is used in transmitting, to stations adjacent thereto, any data which the
      station may be transmitting. Each of the stations receiving the
      transmission operates in a slave mode and generates a signal which is
      synchronized with the remotely transmitted signal. This signal, in
      addition to being employed locally at the station, is also transmitted to
      stations downstream of the receiving station. In this fashion, each of the
      stations receives a remotely transmitted signal which is synchronized with
      a signal generated at the master station.
PAR  The station clock illustrated in FIG. 1 includes a clock receiver and
      selector 10 which has connected to it a plurality of inputs one, two and
      three. Only one input is selected and this is the input to which the
      remotely transmitted signal is applied. The effective input is selected by
      the select control switch 11 connected to the clock receiver in selector
      10. Switching apparatus within the clock receiver and selector 10 is
      operated by the select control switch 11 to route the remotely transmitted
      signal to each of at least three timing generators 12, 13 and 14. Each of
      the timing generators 12, 13 and 14 are identical with one another and
      each provides an output to switching circuit 15. In the slave mode of
      operation the output of each of timing generators 12, 13 and 14 provided
      to switch 15 is a locally generated signal which is synchronized with the
      remotely transmitted signal. In a manner to be described hereinafter
      switch 15 combines its inputs and provides the combination to driver 16.
      Driver 16 is connected to the output port to thus make available the
      locally generated signal which is synchronized with the remotely generated
      signal. For some applications signals synchronized with the signal but at
      sum-multiples thereof are also desired at the stations. To effect this
      switch 15 also includes one or more divider chains to provide such
      synchronized signals at sub-multiple frequencies of the remotely generated
      signal. Illustratively, driver 17 and 18 are illustrated as receiving
      divided outputs from switch 15 and making available such lower frequency
      signals to still other output ports for local distribution and use.
PAR  As has been mentioned above the station clock operates in one of three
      modes, in the slave mode the clock provides, to an output port, a locally
      generated signal synchronized with the remotely transmitted signal. If,
      based on criteria to be explained hereinafter, the station clock
      determines that the remotely transmitted signal is unavailable the station
      clock enters the master mode in which a signal is locally generated which
      is independent from the remotely transmitted signal. Finally, when the
      remotely transmitted signal is again detected as being available the
      station clock enters the recovery mode to compensate for the effects of
      drift in the master mode. At the conclusion of a predetermined interval of
      time, the recovery mode terminates and station clock again enters the
      slave mode.
PAR  As used in the foregoing description the term "unavailable" as applied to
      the remotely transmitted signal is intended to mean that either the
      remotely transmitted signal is completely unavailable or, the remotely
      transmitted signal which is available is so degraded in amplitude and/or
      frequency, that it would be detrimental to synchronize the locally
      generated signal thereto.
PAR  Based upon signals received from each of the timing generators 12, 13 and
      14 with respect to the quality of the remotely transmitted signal, each of
      a plurality of automatic mode control circuits 19, 20 and 21 may determine
      that it is necessary to switch from a slave to a master mode. Furthermore,
      each of the timing generators 12, 13 and 14 include failure detecting
      circuits of two types. One type of failure detecting circuit is
      independent from any other timing generator and may determine a failure
      based on an absolute standard. For instance, the phase failure detector
      circuit is included in each timing generator 12, 13 and 14. A voltage
      comparator triggers an alarm whenever the output of the phase detector
      reaches a predetermined level indicating an improper phase relation
      between the local generator signal and the remotely transmitted signal.
      The other type of failure detecting circuit is a relative failure
      detecting circuit which compares corresponding signals from two timing
      generators and detects a failure if a difference between these signals
      exceeds a pre-established minimum.
PAR  Based upon the foregoing plurality of failure detecting signals each of the
      automatic mode controls 19, 20 and 21 determines whether the remotely
      transmitted signal is acceptable, whether any timing generators has an
      absolute failure or a relative failure. A plurality of majority voting
      logic means 22, 23, 24 and 25 responds to signals received from each of
      the automatic mode control circuits 19, 20 and 21 on a majority voting
      principal selects both the mode of the station clock, which of the timing
      generator outputs to pass switch 15 to the output port and what status and
      alarm signals to be transmitted by the status and alarm circuit 27. In
      addition, if the majority voting analysis determines that the clock should
      enter the recovery mode then a recovery gate is generated by the majority
      voting logic means 24 and transmitted to the recovery mode interface 26.
      The recovery mode interface 26 interfaces the station clock with
      associated equipment at the station. In response to the recovery gate,
      transmitted to it, the associated equipment may request either a frequency
      increase or frequency decrease. Whichever signal is received (if any) is
      then passed on to all three of the timing generators 12, 13 and 14 for
      appropriate modification of the locally generated signal in a manner to be
      explained hereinafter.
PAR  Before discussing the detailed block diagrams which illustrated the
      configuration of the various components of the station clock illustrated
      in FIG. 1, a brief recitation of the system operation in its various modes
      will enable the reader to more easily understand the functions which are
      required by the various components.
PAR  The remotely transmitted signal which is received by the clock receiver and
      selector 10 is reshaped and sent in parallel to the triple redundant
      timing generators 12, 13 and 14. If more than one remotely transmitted
      signal input is connected, the select control switch 11 determines which
      input is effective. Each timing generator consists of a stable voltage
      controlled oscillator in a phase lock loop and a loop control. Together
      they operate as a narrow band, high stability phase lock loop with
      controlable memory internal to the loop. The timing generators also
      contain a number of failure detectors for determining the status of the
      remotely transmitted signal as well as the internal status of each
      generator. The results of all failure detectors are fed in triple
      redundant fashion, to three automatic mode control circuits 19, 20 and 21
      where control decisions are made. The outputs of the automatic mode
      control circuits 19, 20 and 21 are fed to the plurality of majority logic
      circuits 22, 23, 24 and 25. When two or three of the automatic mode
      circuits 19, 20 and 21 indicate a certain control should exist or that a
      failure has occurred then the output of the respective majority logic
      means will implement the control function or send an alarm via the status
      and alarm circuit 27.
PAR  When the remotely transmitted signal is at proper amplitude and within a
      predetermined frequency limits the remotely transmitted signal will be
      considered "good" by the failure detectors and the automatic mode controls
      19, 20 and 21 will vote a slave mode. In an embodiment of our invention
      which has been constructed in which the signal was nominally 21.504 MHz we
      employed frequency limits of .+-. 3 Hz in the slave mode and .+-. 2 Hz in
      the master mode. In the slave mode all three timing generators will
      independently phase lock to the remotely transmitted signal. The output of
      all three timing generators will be identical to the input frequency and
      within 40.degree., for example in phase but there will be about a 30 or
      40:1 reduction in RMS jitter. The remotely transmitted clock originates on
      a clock recovery loop in the above mentioned embodiment employing a PSK
      demodulator with a double sided band width of about 2 KHz. The timing
      generator's phase lock loops have band widths of about 6 Hz, accomplishing
      a large reduction in jitter. In the slave mode the output of all three
      timing generators are fed to the switch 15. If all three generators are
      operating properly the output of the switch is a combination of these
      outputs. If one timing generator fails in amplitude or frequency the
      majority logic will disable the "bad" input and properly bias the input to
      the majority logic gate. If non-like failures occur in two of the three
      timing generators then the automatic mode controls and the majority logic
      will turn off both bad inputs and the output would be from the one good
      timing generator. The status and alarm circuit 27 generates an alarm
      indicating that a failure or failures have occurred.
PAR  The combined outputs from the timing generators 12, 13 and 14 then goes in
      parallel to buffers and internal dividers in switch 15. The various
      outputs from the switch 15 then drive the drivers 16, 17 and 18.
PAR  If the remotely transmitted clock becomes unavailable i.e., the amplitude
      or frequency depart from the nominal by greater than the pre-established
      standards then the failure detectors in each timing generator 12, 13 and
      14 will provide a "bad" input signal to the automatic mode controls 19, 20
      and 21. Based on a majority vote of the automatic mode controls 19, 20 and
      21 the associated timing generators 12, 13 and 14 will be commanded to the
      master mode.
PAR  Shortly prior to entering the master mode each phase lock loop of the
      timing generators were tracking normally. Each loop has an A/D convertor,
      a low cut-off frequency digital filter a modifiable digital memory and a
      D/A converter plus associated control circuitry. The A/D - memory - D/A
      apparatus provides a means of storing frequency (actually, a loop error
      voltage) long term. During normal slave operation a new sample of error
      voltage is taken and converted to a digital word. Periodically (for
      example every 0.1 seconds) during normal slave mode operation one of these
      words is loaded into the digital filter which effectively updates an
      n-sample long "running average" of the error voltage with every new
      sample. In the embodiment referred to above we employed a filter
      containing 256 samples.
PAR  When the remotely transmitted signal fails and switch over to the master
      mode occurs, the stored error voltage is passed to the modifiable memory
      and the phase lock loop is opened. No further samples of the error voltage
      are taken and the modifiable memory is employed as an holding register to
      drive the D/A convertor. Therefore, a constant DC voltage is sent from the
      D/A convertor to the voltage controlled oscillator. This value of error
      voltage is relatively old since the filter acts as a delay by reason of
      its time constant (in the referred to embodiment the time constant of
      approximately 26 seconds was employed). A "good" frequency is therefor
      establihsed as the secondary master clock. As long as the remotely
      transmitted signal is deemed unavailable the phase lock loop simply holds
      the last known good frequency.
PAR  In the master mode the three timing generators are not phase locked but
      tend to drift slowly in phase, relative to each other. Majority logic
      combining cannot, therefore, be used to derive the output clock. Instead,
      the automatic mode controls 19, 20 and 21 select, again by a majority
      logic, one and only one of the timing generators 12, 13 and 14 as the
      effective output from switch 15. Normally, timing generator 12, for
      example, would be selected as the effective clock unless it is determined
      to have failed.
PAR  The digital filters and memories in the timing generators are monitored in
      the master mode. If one of these memories departs, in numerical content,
      from the other two by greater than a pre-established standard (12.5% in
      our referred to embodiment) then that timing generator is considered
      failed and rendered ineffective.
PAR  When the remotely transmitted signal returns to normal the clock reverts
      back to its slave mode through the recovery mode. Normally the recovery
      mode is only entered when the remotely transmitted signal returns to
      within pre-established frequency limits (such as plus and minus 2 Hz).
      However, if the stored error voltage exceeds a pre-established standard a
      different limit (.+-. 6 Hz) is employed.
PAR  By reason of drift in the master mode each of the timing generators may
      have slipped out of synchronism with the unavailable transmitted signal.
      When the fault in the remotely transmitted signal clears the failure
      detectors in each of the timing generators indicate an acceptable remotely
      transmitted signal. The automatic mode control circuits 19, 20 and 21
      then, based on a majority vote, determine to enter the recovery mode and
      the associated timing generators are appropriately operated. The recovery
      gate is generated by the majority voting logic means and is sent to the
      associated equipment. That equipment may respond with a signal to either
      increase or decrease the locally generated frequency. The manner in which
      this signal is employed to change the voltage controlled oscillator
      frequency will be explained hereinafter. Suffice to say here, however,
      that the recovery mode last for a pre-established period of time. During
      the switch over from the master mode - recovery mode - slave mode, a
      "master mode extended" signal is provided to prevent false alarm signals
      from being generated.
PAR  FIG. 2 is a detailed block diagram of the clock receiver and selector 10
      and select control switch 11. Three input terminals connect, respectively
      signal 1, signal 2 and signal 3. Each input terminal is connected to a
      pair of receiving amplifiers 28 and thus, each input signal generates a
      pair of outputs from its respective associated receivers. A plurality of
      AND gates 29 are provided, each with a pair of inputs. One input of each
      of the AND gates 29 is connected to a single receiver output. Each pair of
      AND gates 29 associated with each of the input terminals has its second
      input connected to one of three possible terminals in the select control
      circuit 11. The select control switch can enable any pair of AND gates
      associated with a single one of the inputs, or it can enable none of the
      AND gates (in the OFF position). The output of each of the AND gates 29
      are fed to each of three exclusive OR combining circuits 30, 31 and 32.
      Each of the exclusive OR combining circuits 30, 31 and 32 includes three
      OR gates, each with two inputs. Each of the OR gates are connected to the
      outputs of a pair of AND gates associated with a single input. Thus,
      exclusive OR circuit 30 has three two input OR gates, one connected to the
      output of gates 29-1 and 29-2, a second connected to the output of gates
      29-3 and 29-4 and a third connected to the output of AND gates 29-5 and
      29-6. The output of each of the OR gates is then applied as an input to
      one of two exclusive OR gates. The output of one exclusive OR gate forms a
      second input to the second exclusive OR gate. The output of the second
      exclusive OR gate, in exclusive OR circuit 30 is then connected as the
      input to timing generator 12. Identical circuitry is contained in each of
      exclusive OR circuits 31 and 32 which are respectively inputs to timing
      generators 13 and 14.
PAR  The purpose of the clock receiver and selector is to receive, amplify and
      buffer anyone of the three input signals, which are the remotely
      transmitted signals. As is illustrated in FIG. 2 the selection is done
      with manual switch positioning. However, it is within the scope of our
      invention to provide electronic switching or remove and/or automatic input
      selection. Self failure detectors 33 are connected, via plurality of
      exclusive OR gates to several key points for comparing proper frequency
      and phase relationships.
PAR  FIG. 3 is a block diagram of any one of the timing generators 12, 13 and
      14. In particular, the timing generator is a narrow band width highly
      stable phase lock loop with memory. It provides the basic local signal
      from which all outputs of the station clock are derived. The timing
      generator may operate in a slave or a master mode. The loop tracks the
      received signal when in the slave mode, and is capable of maintaining the
      same frequency in the event the remotely transmitted signal is unavailable
      by means of a memory that stores a digitally filtered representation of a
      previous good loop error voltage. The loop band width is typically very
      narrow (in our embodiment between 1 and 4 Hz) so, in order to remain
      locked at the nominal frequency the voltage controlled crystal oscillator
      of the loop is very stable with temperature and time. The noise band with
      the loop is also quite narrow (typically between 2 and 8 Hz) thus
      providing substantial jitter reduction. A damping factor of about 0.61 is
      selected representing a compromise between loop stability and jitter
      immunity.
PAR  The timing generator includes the phase lock loop and associated control
      and failure detecting circuitry, illustrated in FIG. 3. The input to any
      of the timing generators 12, 13 and 14 is connected to an amplitude
      detector 34 for detecting whether or not the amplitude of the remotely
      transmitted signal is acceptable. This detector performs an RC integration
      of the rectified remotely transmitted signal and is provided with a time
      constant of approximately 100 nanoseconds so that the detection of
      amplitude failure may be done rapidly. As illustrated in FIG. 3 the loop
      actually operates at one-fourth the frequency of the input by reason of
      the divide by 4 flipflops connected to each of the inputs of phase
      detector 35. Those of ordinary skill in the art will understand that the
      actual operating frequency of the loop may be varied and that division by
      other factors can be employed, or can be omitted. The output of the phase
      detector 35 comprises the loop error voltage along with high frequency
      components which are filtered out by the low pass filter 36. The output of
      the low pass filter 36, after amplification, is provided as an input to
      the analog to digital convertor 37. The output of analog to digital
      convertor 37 is provided as one input to multiplexer 40. The output of the
      analog to digital convertor 37 is also provided to digital filter 38 whose
      output is provided to memory 39. The output of memory 39 is connected as
      the second input to multiplexer 40. The output of the multiplexer 40 is
      fed to digital to analog convertor 41 whose output, after amplification,
      controls the voltage controlled oscillator 42. As is illustrated in FIG. 3
      the error voltage input to the voltage controlled oscillator may be
      monitored by means of a meter. The output of the voltage controlled
      oscillator is, after amplification, and frequency division provided as the
      second input to the phase detector 35. In addition, the output of the
      voltage controlled oscillator 42 is also provided to an amplitude detector
      42 which provides a local amplitude failure signal. This amplitude
      detector is an RC integrator following a diode rectifier with a time
      constant of approximately 100 nanoseconds. This relatively fast time
      constant allows switch over in response to amplitude failure detection in
      less than 400 nanoseconds.
PAR  The output of the voltage controlled oscillator is also provided as an
      input to a frequency division chain and timing generation circuit 45. One
      of the outputs of this frequency division chain 45 is a signal CONVERT
      which controls the rate at which A/D convertor 37 provides digital
      samples. A second timing signal from circuit 45 is LATCH which is applied
      to digital filter 38 to determine the rate at which new error voltage
      samples are added to the filter. Other control and timing signals include
      a timing signal to upcount or downcount the memory 39 in the recovery
      mode, a timing signal to terminate the recovery mode and a signal
      MASTER/SLAVE to control the multiplexer 40 when switching from slave to
      master mode.
PAR  Each timing generator includes a total of five failure detectors. The
      first, the remotely transmitted amplitude detector 34 has been discussed
      above as well as the detector 43 to detect a failure in the local
      oscillator amplitude. These two detectors are absolute in the sense that
      the input amplitude or local oscillator amplitude is compared with a
      predetermined standard for failure determination. If either of these two
      detectors indicate a failure the signal is due, either to the signal
      amplitude falling below the predetermined level or a failure in the
      detector itself. Detector 34 produces a signal which will be hereinafter
      referred to as RAMP (Remote Amplitude) and the detector 43 produces a
      signal SAMP (Self Amplitude).
PAR  Another failure detector is phase comparator 44 which compares the phase of
      the local oscillator signal with the phase of the local oscillator signal
      on another timing generator. When the output voltage of this phase
      detector 44 exceeds a predetermined threshold (and meets other criteria --
      see FIG. 9B) the signal PFAB is produced where A identifies the timing
      generator associated with the phase comparator 44 and B identifies the
      timing generator which provides the other input to phase comparator 44.
      This failure detector is, of course, relative in that which of the two
      timing generators has failed has not been uniquely identified.
PAR  Failure detector 47 senses the output of phase detector 35 and, if the
      phase detector output exceeds the predetermined standard (and meets other
      criteria -- see FIG. 9B) a failure detection signal PFAR is produced where
      A identifies the timing generator associated with the detector 47 and R
      refers to the remotely transmitted signal input.
PAR  Finally, failure detector 46 comprises a memory comparator which compares
      the most significant bits (in the referred to embodiment the four most
      significant bits are employed) of memory 39 with corresponding bits in a
      memory on an adjacent timing generator. The unit actually accomplishes a
      one's complement addition and declares a failure if the two memories
      differ by more than a predetermined amount. This comparison is effected
      every time the memory is updated or when the clock is in the master mode.
PAR  Now the various circuits which make up the automatic mode control (AMC)
      will be discussed. As is shown in FIG. 1 there are three identical AMC's,
      19, 20 and 21. Each AMC performs essentially two types of failure checks
      including;
PAR  a. a self amplitude failure, remotely transmitted signal amplitude failure,
      and a self phase versus a remotely transmitted signal phase check
PAR  b. a self versus other check including a self phase versus next phase
      check, and a self memory versus next memory check.
PAL  The failure signals come from each of the three timing generators 12, 13
      and 14. Based upon an analysis of these signals the status of each timing
      generator is determined.
PAR  FIG. 4A illustrates the majority voting logic analysis employed in the
      first type of check. In this example signals from each of the received
      amplitude detectors 34 are fed to a majority logic network 50. These
      separate inputs are labled RAMP-12, referring to the amplitude detector 34
      from timing generator 12, RAMP-13, referring to the amplitude detector 34
      in timing generator 13 and, finally RAMP-14, referring to the amplitude
      detector 34 in timing generator 14. Each of these input signals is also
      provided as one input to an exclusive OR gate 51, 52 or 53. The output of
      the majority logic network 50 is also provided, as the second input to
      each of the exclusive OR gates 51, 52 and 53. The majority logic network
      50 tally's the voting and the status of the RAMP. If two or more signals
      indicate a failure than the signal MASTER MODE (19) is generated to
      indicate that AMC 19 has detected a failure of the remotely transmitted
      signal amplitude. The function of the exclusive OR gates 51, 52 and 53 is
      to determine if there is any variance between the three inputs from that
      of the majority logic gate output. If one input is different from the
      majority logic gate output, the timing generator associated with that
      input is indicated as having failed. Thus, exclusive OR gate provides the
      signal 12-34 failed indicating that detector 34 associated with timing
      generator 12 has failed. An additional check is accomplished to determine
      if the output of the majority logic gate 50 differs from all three inputs.
      In this case, then the associated AMC itself labled as a failure.
PAR  The remaining two failure detector checks provide failure signals
      indicating that one of a pair of timing generators do not agree, either in
      memory content or in phase. That is the output of either detector 46 or
      44. For instance, the phase of timing generator 12 is compared with that
      of 13 in phase comparator 12-44 the output from this detector is sent to
      all three AMC units 19, 20 and 21. The phase of timing generator 13 is
      compared with that of timing generator 14 in detector 13-44 and a failure
      signal is sent to all three AMC units 19, 20 and 21. Finally, the phase of
      timing generator 14 is compared with that of timing generator 12 in
      detector 14-44 and a failure signal is sent to all three AMC units. If,
      for example, we assume that timing generator 12 is not phased locked and
      is slowly drifting then signals PF 12-13 and PF 14-12 will indicate a
      failure implying that timing generator 12 has failed. If timing generator
      13 fails then PF 12-13 and PF 13-14 will indicate failure. If timing
      generator 14 fails then PF 13-14 and PF 14-12 will indicate failure. Thus,
      for a valid failure at least two failure signals must be enabled and the
      common generator is identified as having failed. However, if only one
      failure signal is enabled this implies that the detector itself has
      failed. The same principal is applied to the memory failure detector and
      signals as follows MF 12-13, MF 13-14 and MF 14-12 are generated. These
      signals are also sent into all three AMC units 19, 20 and 21. Again, two
      failure signals must be enabled for a valid failure and if only one fails,
      the detector is labeled as having failed.
PAR  The apparatus illustrated in FIG. 4B is typical of the analysis described
      above. As shown in FIG. 4B three AND gates 55, 56 and 57 are provided each
      having two inputs and having their inputs connected to different
      combinations of the signals MF 12-13, MF 13-14 and MF 14-12. The output of
      AND gate 55 indicates that a memory on timing generator 13 has failed, the
      output of AND gate 56 indicates that the memory on timing generator 14 has
      failed and the output of AND gate 57 indicates that the memory on timing
      generator 14 has failed and the output of AND gate 57 indicates that the
      memory on timing generator 12 has failed. If the outputs of each of AND
      gates 55, 56 and 57 are low, that indicates that no memory failures have
      been detected. Thus, the output of OR gate 58, each of whose inputs is
      connected to a different one of the outputs of AND gates 55, 56 and 57
      will also be low. This output, negated, is applied as an input to each of
      AND gates 59, 60 and 61. The other input to each of these AND gates is
      derived from a different one of the signals MF 12-13, MF 13-14 and MF
      14-12. If any of AND gates 59, 60 and 61 produce a high output it will
      only be because a single memory failure detector signal has been
      generated. This, as referred to above, indicates, not a failure of a
      memory, but a failure of a memory detector. Thus, the output of AND gate
      59 indicates that the detector 12-46 has failed (detector 46 associated
      with timing generator 12) where as the output of AND gate 60 indicates
      that detector 13-46 has failed and the output of AND gate 61 indicates
      that detector 14-46 has failed.
PAR  There are several other signals that come from the timing generators which
      are not error signals but status signals. MASTER EXTENDED is one of them.
      This is received from all three timing generators and a majority vote is
      performed. An error analysis as explained above is also accomplished. The
      majority vote is used to inhibit some of the error signals while in master
      mode since they would have no meaning. The only failure signals enabled
      during master modes are the SAMP and MFAB. The MASTER EXTENDED signal is
      enabled for approximately 3 seconds after the timing generator goes to the
      slave mode. During the transistion many error signals are generated since
      each timing generator switches semi-independently to slave. However, these
      signals are disregarded since we are still disabled by MASTER EXTENDED.
      Finally, when the MASTER EXTENDED drops, the system is stabilized and all
      failure signals are activated again.
PAR  Another status signal received from all three timing generators is the
      recovery mode signal. This is also majority voted on and an error analysis
      takes place as explained above. The generation of the recovery mode signal
      will be explained. All the error signals associated with timing generator
      12, for instance, are combined in a multi-input OR gate to form a timing
      generator 12 failed signal. The same is done with timing generators 13 and
      14.
PAR  Based upon these failures a selection is made as to which timing generator
      will be effective. In the slave mode all three timing generators are
      selected. Upon a failure only the failed one is turned off. In the master
      mode, however, only one timing generator at a time is selected, or turned
      on. The decision is weighted to select timing generator 12, for instance,
      unless that is failed. If timing generator 12 has failed, then 13 is
      selected. If all three are indicated as failed, then the AMC unit is
      considered failed.
PAR  This may occur whenever a majority logic gate fails and its outputs are
      compared with the three inputs. All three will register as bad and thus
      all three timing generators will be labled as failed by this particular
      AMC unit only. The AMC failed signal drives the status light and is also
      sent to the majority logic means.
PAR  FIG. 4c schematically illustrates a number of the inputs and outputs of a
      typical AMC unit. And as has been discussed above the RAMP signals, and
      PFAR signals are voted on in circuits similar to FIG. 4A. In addition, the
      RECOVERY A (where A refers to the timing generator producing the signal)
      as well as MASTER EXTENDED A signals are also provided to circuits similar
      to FIG. 4A. The circuit of FIG. 4A determines whether or not at least a
      majority of the inputs agree, if they do then, for instance, the RAMP
      signals result in a MASTER ON/OFF; similarly the PFAR signals also can
      produce a MASTER ON/OFF; RECOVERY A can produce RECOVERY X and MASTER
      EXTENDED A can produce MASTER EXTENDED X (where X refers to the AMC unit).
      If anyone of the inputs dissents, it is labled as failed. Finally, if the
      inputs do not agree with the output, then the AMC unit itself is labled as
      failed.
PAR  The relative failure signals MFAB and PFAB are provided to circuits similar
      to the one illustrated in FIG. 4B. The outputs of these circuits indicate
      that either the memory or the detector of a particular timing generator
      has failed or that the majority logic itself has failed.
PAR  All signals which indicate that a timing generator, or a component thereof
      have failed are brought together at OR gate 60, relative to timing
      generator 12, which produces a 12 fail signal, directed to the majority
      logic unit to be described hereinafter. A number of failure signals are
      conducted directly to OR gate 60; i.e., those related to a memory or
      memory detector failure and the signal indicating a local oscillator
      amplitude failure (SAMP). The remaining signals indicating a failure of a
      timing generator or a component thereof are directed to OR gate 65 which,
      of course, produces an output if it receives any input, except in the case
      when its inhibit signal is present. OR gate 65 is inhibited when the clock
      is in the master mode or for a short period of time thereafter when the
      MASTER EXTENDED signal is high. In the master mode these failure signals
      have no meaning. For a predetermined short (such as 3 seconds) period
      subsequent to the master mode, that is during the recovery mode and to
      some extent into the slave mode, these failure signals are suppressed
      because they may be generated by switching transients. Similarly OR gates
      61 and 62 generate 13 fail and 14 fail signals for the majority logic. The
      RECOVERY X and MASTER EXTENDED X signals, if produced are also directed to
      the majority logic. All signals which indicate that an AMC unit has failed
      are brought together in OR gate 63, which produces AMCX fail (where X
      indicates the identity of the automatic mode control unit). This signal is
      also directed to the majority logic unit. Finally, OR gate 64 produces the
      signal MASTER ON/OFF, indicating the master mode, if either the majority
      of the RAMP or PFAR signals so indicate. This signal is directed to the
      majority logic unit and to the timing generator associated with the
      automatic mode control unit.
PAR  As is illustrated in FIG. 1 there are three automatic mode control units
      each of which provide the plurality of inputs illustrated in FIG. 4C to a
      majority logic unit.
PAR  FIG. 4D illustrates the apparatus in the automatic mode control unit which
      produces the signals governing the selection of the effective timing
      generator or generators. The signals produced by OR gates 60, 61 and 62,
      which are respectively 12 fail, 13 fail and 14 fail are provided as inputs
      to inverters 118, 120 and 122, respectively, as well as to the D, E and F
      inputs of a multiplexer 124. The output of inverter 118 is provided as the
      input to inverter 119 whose output is provided as the A input to
      multiplexer 124 and is also provided as one input to NAND gate 121. The
      output of inverter 120 provides the second input to NAND gate 121, whose
      output is provided as the B input to multiplexer 124. The output of
      inverter 122 is provided as one input to NAND gate 123. The other two
      inputs for NAND gate 123 are derived from the output of inverter 119 and
      NAND gate 121, respectively. The output of NAND gate 123 is provided as
      the C input to multiplexer 124. The multiplexer 124 also receives the
      MASTER EXTENDED signal on the control input. When in the slave mode, the
      MASTER EXTENDED is low and thus the D, E and F inputs of multiplexer 124
      are effective. Assuming that the timing generator fail signals are all low
      then the multiplexer 124 produces a low output corresponding to SELECT 12,
      SELECT 13 and SELECT 14. After majority voting in the majority logic unit,
      these signals will allow the outputs of each of the timing generators to
      pass the clock switch and be combined for output to the output port. If,
      however, any one or more of the timing generator fail signals go high the
      corresponding multiplexer outputs will also go high to disable the
      associated timing generator output from passing the clock switch, in a
      manner which will be explained with respect to FIG. 6.
PAR  In the master mode, and for the short period of time subsequent thereto,
      when the MASTER EXTENDED signal is high then the D, E and F inputs to
      multiplexer 124 are rendered ineffective and the A, B and C inputs are
      effective. In this condition, and assuming that the 12 fail signal is low
      the SELECT 12 output of multiplexer 124 will also be low thus selecting
      timing generator 12. However, neither NAND gate 121 nor 123 will be
      enabled and thus their respective outputs will be high providing high
      outputs on SELECT 13 and SELECT 14 which signals, after majority voting,
      will deselect the outputs of timing generators 13 and 14. However, if in
      the master mode timing generator 12 fails the 12 fail signal going high
      will cause NAND gate 121 to be enabled and thus timing generator 13 will
      be selected rather than 12 or 14.
PAR  The primary function of the majority logic unit is to control the various
      modes of the clock based on the majority combination of the control
      signals generated by the various AMC units. If the clock has no failures,
      then each of the AMC generated signals will coincide and the majority vote
      will always be unanimous. However, should a component in the AMC unit fail
      then one of its outputs to the majority logic unit may differ from the
      other two corresponding AMC outputs. This will be registered as an AMC
      failure by a comparison of the majority voted outputs versus its inputs.
      The timing generator selection signals (12 SEL X, 13 SEL X, 14 SEL X,
      where X identifies the AMC unit generating the selection signal) are
      majority voted on. The timing generator 12 selected signal is disabled by
      SAMP-12 and enables 13 selected. The timing generator selection signals
      from the majority logic unit go to two places, the switch 15 and the
      timing generator. At switch 15 they select one of the three timing
      generator outputs. At the timing generator this signal may serve to
      illuminate indicators to indicate the unit which is on line.
PAR  FIG. 5 illustrates, diagrammatically, the more important functions of the
      majority logic which is a composite of the majority logic modules 22, 23,
      24 and 25 illustrated in FIG. 1.
PAR  As shown in FIG. 5, the signals from the various automatic mode control
      units 19, 20 and 21 are combined, in the majority voting logic module,
      which, in the main, employs the circuit illustrated in FIG. 4A. This
      circuit allows a majority or unanimous vote between the different inputs,
      and, if one of the input signals are different from the other two
      identifies a failure of the unit providing that signal. Thus, the
      MASTER/SLAVE signal is majority voted on as is the 12 SELECT, 13 SELECT
      and 14 SELECT signals as well as the recovery signals and master mode
      signals. All signals which indicate a particular automatic mode control
      unit failure are brought together in a different OR gate, such as OR gate
      69, 70 and 71. If any of these OR gates receives an input it produces a
      signal indicating that either automatic mode control 19 has failed,
      automatic mode control 20 has failed or automatic mode control 21 has
      failed. If all three mode control units are identified as having failed,
      AND gate 72 produces a signal indicating that the majority logic itself
      has failed.
PAR  In order to provide rapid switch over, in the master mode, if a timing
      generator fails a special circuit employing AND gate 124, OR gate 127 and
      inverters 126 and 128 is employed. In the master mode, timing generator 12
      is normally selected and therefore the signal 12 SELECT would be high.
      Assuming there is no local oscillator failure the SAMP-12 will also be
      high. Thus, NAND gate 124 will produce the 12 SELECT signal which will be
      low. At the same time, however the 13 SELECT signal will be low, inverter
      126 will produce a high output and OR gate 127 will produce a low output.
      Thus, inverter 128 will produce a high output ensuring that timing
      generator 13 is not selected. If, however, the local oscillator in timing
      generator 12 fails then the signal SAMP-12 will go low. This will have two
      effects. At NAND gate 124 a high output will be produced, immediately
      deselecting timing generator 12. At the same time, the output of OR gate
      127 will go high, forcing the output of inverter 128 to go low thus
      selecting timing generator 13.
PAR  This arrangement merely speeds up the switch over inasmuch as each AMC unit
      would make the same decision and eventually the 13 SELECT will go high.
PAR  FIG. 6 illustrates the apparatus included within the switch 15 (FIG. 1).
      Three amplifiers 73, 74 and 75 each provide an input to a different AND
      gate of AND gates 79, 80 and 81. The second input to each of these AND
      gates comes from a different one of buffer amplifiers 76, 77 and 78. The
      output of each of the AND gates 79, 80 and 81 are connected, respectively
      through resistors R1, R2 and R3 to one terminal of capacitor C1, the other
      terminal of capacitor C1 is connected, through limiter 82 and band pass
      filter 83 to one terminal of a capacitor C2. The other terminal of
      capacitor C2 is connected to the input of limiter 84. One output of
      limiter 84 provides an input for output amplifier 87. The other output of
      limiter 84 provides an input to a divide by 8 circuit 85 whose output
      drives output amplifier 88. The output of divider 85 is also provided to a
      divider 86 whose output amplifier 89.
PAR  The inputs to each of amplifiers 73, 74 and 75 come, respectively, from the
      local oscillator of timing generators 12, 13 and 14. The input to
      amplifier 76, 77 and 78 are respectively a 12 SELECT signal, 13 SELECT
      signal and 14 SELECT signal. Normally, in the slave mode, each of the
      select signals is activated and thus each of the AND gates 79 through 81
      are enabled. As a result, the oscillator outputs pass the gates and are
      summed through resistors R1, R2 and R3. Capacitor C1 provides capacitive
      coupling to a limiter 82 to generate a square wave and then feeds a band
      pass filter. The filter is provided to smooth any transients produced by
      the switching process and allows only the fundamental frequency to pass.
      The filter output is again limited and then is provided as the primary
      output, to driver 16 (FIG. 1). The output of the limiter is divided and
      the sub-multiple frequency is provided to drive driver 17 through output
      amplifier 88. Similarly the output of the divider 85 is again divided to
      provide a further sub-multiple frequency which drives driver 18 through
      output amplifier 89. If any one or two timing generators fail, in the
      slave mode, the output of the majority logic module will turn that
      oscillator off and thus, the resistive summing network will receive only
      to or one inputs respectively. In the master mode only one timing
      generator is selected, since the timing generators are not phase locked.
      However, if the normally selected timing generator fails, another will be
      selected.
PAR  Mention has been made, in the discussion with respect to the apparatus
      illustrated in FIG. 3 that a number of control and timing signals are
      generated by the chain and timing generation apparatus 45. Two of the
      signals CONVERT and LATCH are merely (except that LATCH is inhibited by
      MASTER/SLAVE) divided replicas of the local oscillator input to that
      apparatus. However, MASTER/SLAVE and RECOVERY are generated in response to
      the MASTER ON/OFF derived from the associated AMC unit. The manner in
      which these signals are derived will now be explained with reference to
      the detail block diagram of FIG. 7.
PAR  As shown in FIG. 7 the MASTER ON/OFF provides a set input to a flipflop
      100, whose D and C inputs are grounded. The Q output of flipflop 100
      provides the MASTER/SLAVE signal. The set input of flipflop 100 is
      provided as one input to AND gate 105, whose other input is provided by
      the Q output of flipflop 100. The output of AND gate 105 provides inputs
      to OR gate 111 and inverter 116. The INCREASE FREQUENCY and DECREASE
      FREQUENCY signals are the inputs to an OR gate 110 whose output provides
      the set input to flipflops 100 and 102 as well as the input to inverter
      115. The D and C inputs of both flipflops 101 and 102 are grounded. The Q
      output of flipflop 101 provides the remaining input to OR gate 111 and the
      output of inverter 116 provides the reset input to flipflop 101. The
      output of OR gate 111 provides the reset input to a counter 103 which is
      provided with a 1.28 Hz clocking signal. Counter 103 produces an output
      approximately 1.5 seconds after its reset signal is removed and this
      provides an input to NOR gate 112. The Q output of flipflop 102 provides
      an input to a NAND gate 109, another of whose inputs is provided by the
      inverter 115. The last input to NAND gate 109 is a 0.52 Hz clocking
      signal. The output of NAND gate 109 is provides as the clocking input to a
      counter 104. The output of NAND gate 109 is also provided as one input to
      a NAND gate 108. The other input to NAND gate 108 and the two inputs to
      NAND gate 107 are derived from different outputs of counter 104 such that
      NAND gates 107 and 108 are both enabled 256 seconds after counter 104
      begins counting. The outputs of NAND gates 107 and 108 form the inputs to
      AND gate 106 which is, consequently, enabled 256 seconds after counter 104
      begins counting. The output of AND gate 106 provides the remaining input
      to NOR gate 112 as well as the reset input to flipflop 102 and an input to
      NOR gate 113. The other input to NOR gate 113 is provided by the MASTER
      ON/OFF signal previously referred to. The output of NOR gate 113 forms the
      input for inverter 114 whose output provides the reset input for counter
      104. The output of NOR gate 112 is the input for inverter 117 whose output
      is the reset input for flipflop 100.
PAR  When the apparatus of our invention is in the SLAVE mode, the MASTER ON/OFF
      signal is low and flipflop is reset as will be shown in the subsequent
      discussion. As a result, AND gate 105 is not enabled. In addition,
      flipflops 101 and 102 are also reset as will be shown hereinafter.
      Consequently, NAND gate 109 is not enabled. As will be shown hereinafter
      counter 104 is normally reset, thus NAND gates 107, 108 and AND gate 106
      are not enabled.
PAR  When the apparatus determines that the remotely transmitted signal is
      unavailable the MASTER ON/OFF goes high setting flipflop 100 which
      directly produces the MASTER/SLAVE signal. As previously explained, this
      has the effect of opening the phase lock loop at multiplexer 40. In
      addition, the MASTER ON/OFF signal which provides an input to NOR gate 113
      ensures that counter 104 will be reset in the MASTER mode. When the
      remotely transmitted signal is again detected as available, the MASTER
      ON/OFF signal drops. Flipflop 100, however, does not change state at this
      time and thus the MASTER/SLAVE signal continues to be available. However,
      gate 105 is now enabled to produce the RECOVERY signal. The signal is
      transmitted to the associated AMC unit which, assuming a unanimous or
      majority vote of the various timing generators indicate that recovery is
      to be initiated, will transmit a RECOVERY signal to the majority logic
      module where, again, assuming a majority or unanimous vote, the RECOVERY
      gate (see FIG. 1) will be transmitted to the RECOVERY mode interface 26.
      In the event that the interface 26 does not respond with an increase or
      decrease frequency signal, the timing generator will, after timing a
      period of 1.5 seconds, terminate the RECOVERY mode and enter the SLAVE
      mode. Since flipflop 101 was reset, its Q output was high. However,
      previous to the generation of the RECOVERY signal, the output of gate 105
      was low, this ensuring a high output of OR gate 111 maintaining counter
      103 reset. However, when the RECOVERY signal is produced, this, going
      high, removes the high output of gate 111. Thus, counter 103 begins
      counting. If it is allowed to count for a period of 1.5 seconds, its
      output will go high forcing NOR gate 112 to produce a low output (the
      other input to OR gate 112 is low). The low output of NOR gate 112
      produces a high output of inverter 117 and this resets flipflop 100. This
      has the effect of terminating the MASTER/SLAVE signal as well as the
      RECOVERY signal. As a result of the termination of the MASTER/SLAVE signal
      multiplexer 40 is now allowed to pass the phase lock loop error voltage
      and thus the loop is then closed. Termination of the RECOVERY signal
      ensures that flip-flop 101 is reset as well as resetting counter 103.
PAR  However, assuming that the interface 26 responds with either an increase or
      decrease frequency signal prior to the expiration of the 1.5 second
      period, then flipflops 101 and 102 become set. At flipflop 101, this has
      the effect of producing a low output from Q ensuring that counter 103 is
      reset, through OR gate 111. At flipflop 102, the Q output goes high. At
      the termination of the increase or decrease frequency signal, from the
      recovery interface, inverter 115 again produces a high output. At this
      point NAND gate 109 is enabled to pass clocking signals to counter 104. As
      has previously been explained, counter 104 was held reset when the MASTER
      ON/OFF signal was high. When that signal terminated, there was nothing
      holding counter 104 reset but, however, until NAND gate 109 was enabled,
      the counter did not receive any clocking signals. Thus, counter 104 now
      begins counting and at the expiration of 256 seconds after the termination
      of the increase or decrease frequency signal, gates 107 and 108 are
      enabled to produce low outputs which produces a high output from AND gate
      106. The signal has a number of effects. In the first place, through NOR
      gate 113 and inverter 114, counter 104 is reset. In addition, flipflop 102
      is reset to disable NAND gate 109. Finally, flipflop 100 is reset through
      OR gate 112 and inverter 117. The effect of resetting flipflop 100 has
      previously been explained.
PAR  In addition to the foregoing the MASTER/SLAVE signal provides a set input
      for flipflop 165 and a reset input for counter 166, Counter 166 provides
      flipflop 165 with a reset signal a predetermined (3 seconds in the
      referred to embodiment) time after it is reset is removed. The Q output of
      flipflop 165 is the MASTER EXTENDED signal.
PAR  Thus, the MASTER ON/OFF signal immediately generates the MASTER/SLAVE and
      MASTER EXTENDED signals. When the MASTER ON/OFF signal terminates, the
      MASTER/SLAVE and MASTER EXTENDED signals are maintained but, however, the
      RECOVERY signal is produced. If no response is received from the recovery
      gate interface within a period of 1.5 seconds following appearance of
      RECOVERY, the recovery mode terminates, the MASTER/SLAVE signal drops, and
      the phase lock loop is closed for normal operation. If, however, in a
      period of 1.5 seconds following appearance of RECOVERY, the recovery gate
      interface responds with an increase or decrease frequency signal, then
      counter 104 counts a period of 256 seconds following the termination of
      the increase or decrease frequency signal. Only at the termination of that
      256-second interval does the recovery period terminate, the MASTER/SLAVE
      signal drop, and the loop return to normal closed loop operation. Finally,
      approximately 3 seconds after MASTER/SLAVE drops the MASTER EXTENDED also
      drops.
PAR  As has been explained above the purpose of the recovery mode is to allow
      the control of the local oscillator to be modified to achieve synchronism
      with the now available remotely transmitted signal. Furthermore, as has
      been explained above in the master mode, or in the recovery mode, the
      local oscillator is commanded by an error voltage which is derived from
      memory 39. Of course, in the memory 39 the error voltage exists in digital
      form and, in the master mode this value is a digital representation of the
      "average" error voltages accumulated by filter 38. When the recovery mode
      is entered the contents of the memory 39 still control the oscillator
      frequency; however, the contents of the memory 39 may be slowly varied as
      a result of signals received at the recovery mode interface. FIG. 8 is a
      detailed block diagram of a portion of the apparatus shown in FIG. 3,
      particularly the analog to digital convertor 37, filter 38, memory 39
      (which in FIG. 8 is labeled U/D counter) and multiplexer 40. As is shown
      in FIG. 8 the digital values pass from unit to unit and they include a
      plurality of bits on a number of line wires connecting the units equal in
      number to the number of bits in a digital value. As has been previously
      explained the CONVERT signal allows the A/D convertor to convert the
      analog error voltage from the low pass filter 36 to a digital equivalent.
      At predetermined intervals the LATCH signal allows the most recently
      converted error voltage to be inserted into the filter 38 to update the
      running "average". The output of filter 38 is continuously available to
      U/D counter 39 although it has no effect thereon. When the MASTER ON/OFF
      signal is provided to U/D counter 39 the filter output is inserted
      therein. As a result, shortly thereafter U/D counter makes available to
      multiplexer 40 the digital value provided by filter 38. Furthermore, this
      value is retained in the counter 39 which therefore serves as a memory.
      When the MASTER/SLAVE signal is generated (as explained with reference to
      FIG. 7) the multiplexer 40 allows the input from counter 39 to pass to the
      D/A convertor instead of the output of A/D convertor. So long as the
      MASTER/SLAVE signal is present then the phase lock loop is effectively
      opened.
PAR  In order to prevent the filter 38 from accumulating samples of error
      voltage during the MASTER/SLAVE or RECOVERY, the signal LATCH is
      terminated at the initiation of the master mode (by the Q output of
      flipflop 100) and LATCH does not reappear until the recovery mode
      terminates when the Q output of flipflop 100 again goes high. Thus, as
      soon as MASTER ON/OFF appears filter 38 ceases to accumulate new averages
      and the only manner in which the contents of U/D counter 39 can be varied
      is via a co-joint action of the signals frequency increase and timing. The
      timing signal (shown as an input to U/D counter 39 in FIG. 8) is provided
      by the timing chain 45 (FIG. 3) and is a sub-multiple of a local
      oscillator frequency. During the recovery mode the associated equipment,
      with which a station clock of this invention communicates through the
      recovery mode interface, determines the extent to which the station clock
      oscillator and remotely transmitted signal vary in frequency as well as
      the polarity of this difference. The polarity of the signal FREQUENCY
      INCREASE determines whether the U/D counter 39 counts up or down. The
      duration of the signal determines the amount by which U/D counter 39
      counts up or down from the initial count provided by filter 38. In this
      fashion the digital quantity provided by the counter 39 to multiplexer 40
      can be varied during the recovery mode to thereby compensate for possible
      drift between the local oscillator of any timing generator and the
      remotely transmitted signal during the master mode.
PAR  FIG. 9B is a detailed block diagram which is typical of a phase failure
      detector. FIG. 9A illustrates typical wave forms which are helpful in the
      explanation of the operation of the phase failure detectors.
PAR  FIG. 9A shows typical phase detector outputs as a function of time with
      respect to a phase detector threshold level. This level is established by
      a voltage comparator preceeding gate 130. In the first curve (A) the phase
      detector output changes abruptly at time T.sub.1, to exceed the threshold
      level. The phase detector output then decays, exponentially, approaching
      0. The phase failure detectors employed in FIG. 3 establish a pair of time
      periods. A first period I is called the integration period, and the second
      period A is referred to as the aperture period. After the phase threshold
      detector produces an output the apparatus delays for the integration time
      and then looks for subsequent phase detector outputs exceeding the
      threshold level during the aperture period. If, during the aperture
      period, the phase detector output again exceeds the threshold level, a
      failure is declared and a corresponding signal is generated. If, after a
      failure, there are no subsequent excursions beyond the phase detector
      threshold for a third time, called the clear time, then the declared
      failure is indicated as having cleared. The theory behind this operation
      is based on the fact that the A curve indicates a phase hit, wherein phase
      abruptly changes and then returns to normal. The B curve, however,
      indicates a change in frequency for the phase detector output indicates
      that the voltage controlled oscillator is unable to synchronize with the
      input to the phase lock loop. The apparatus to determine the integration
      period, the aperture period and the clear period and signal the failure is
      illustrated in FIG. 9B. As has been mentioned above the phase detector
      outputs are compared, in a voltage comparator with a threshold level and
      the output of that comparator (comprising a voltage signal termed PHASE
      THRESHOLD DETECTOR) is provided as the set input to a flipflop 131. The Q
      output of flipflop 131 is provided as one input to an AND gate 132 which
      controls the input to a counter I 133. At a predetermined count of counter
      133 an output is provided to AND gates 134, 135 and the reset input of
      flipflop 131. The same signal also provides the second input to AND gate
      130. AND gate 135 controls the state of a counter A 136. When counter A
      reaches a predetermined count it provides a reset input to counter I 133.
      The PHASE THRESHOLD DETECTOR signal also provides an input to an inverter
      137 which provides the second input to AND gate 134. The output of AND
      gate 134 provides the set input for a flipflop 138. The counter C 139 is
      reset by the PHASE THRESHOLD DETECTOR signal. Upon reaching a
      predetermined count, counter 139 provides a reset input to flipflop 138.
      Clocking signals which may be at different frequencies are provided to
      counter C, AND gate 135 and AND gate 132. The output of flipflop 138 is
      the failure signal.
PAR  In operation when a phase detector output exceeds the threshold level an
      input is provided to AND gate 130. So long as counter 133 is not at its
      preset count AND gate 130 is enabled and sets flipflop 131. This enables
      AND gate 132 to begin counting. Counter 133 sets the integration delay
      interval for any subsequent voltage signals, during the integration
      interval, are ineffective to affect the apparatus of FIG. 9B. When counter
      I 133 reaches the predetermined count a number of actions occur. In the
      first place, AND gate 135 is enabled to allow counter A 136 to begin
      counting the aperture time. In addition, AND gate 134 is enabled, flipflop
      131 is reset and AND gate 130 is disabled. During the period in which
      counter A 136 is counting any excursions of the phase detector above the
      threshold will be considered a failure. Thus, the signal evidencing any
      such excursion will, after being inverted by inverter 137 and passing AND
      gate 134, set flipflop 138. This provides the failure signal. If, however,
      during the aperture period set by counter 136, the phase detector output
      does not exceed the threshold, counter 136 will count up to its
      predetermined count providing the reset input for counter 133. The only
      effect this has is to remove the disabling input from AND gate 130 so now
      further PHASE THRESHOLD DETECTOR signals can again set flipflop 131. In
      the embodiment previously referred to the integration delay counted 200
      milliseconds and the aperture counter counted 400 milliseconds. Finally,
      after a failure has been detected, the failure indication is cleared if,
      for an unbroken period of time (in the referred to embodiment 500
      milliseconds) the phase detector output does not exceed the threshold. The
      failure is cleared by the co-joint action of the counter C 139 and
      flipflop 138. Each time the PHASE THRESHOLD DETECTOR signal is produced
      counter C 139 is reset. This is a free running counter which counts the
      clear period, in the referred to embodiment 500 milliseconds. Any time
      counter C 139 is allowed to reach its predetermined count it will reset
      flipflop 138 and thus clear the failure signal.
PAR  FIG. 10 is a detailed block diagram of the digital filter 38.
PAR  Digital filter 38 comprises substractor 140, shifter and adder 150 and
      latching unit 160. The digital output from A/D convertor 37 is provided as
      one input to subtractor 140. The second input to subtractor 140 comprises
      the output of the filter derived from the latching unit 160. As has been
      previously mentioned digital filter 38 is supplied with samples of the
      phase lock loop error voltage at a rate which is effectively determined by
      the LATCH signal. Thus the output of subtractor 140 is the difference
      between the "running average" supplied by the filter and the latest sample
      from A/D convertor 37. This difference is shifted and added in shifter and
      adding unit 150 to the "running average". The output of shifter and adder
      150 is stored, in response to the LATCH signal in the latching unit 160.
PAR  The recovery mode interface 26 (shown in FIG. 1) need not be described in
      any further detail. The associated equipment, with which the station clock
      of this invention cooperates, requires push pull signals whereas the
      signals employed in the control portion of the station clock of this
      invention, are single ended. The recovery mode interface 26 therefor,
      merely translates the signal ended single RECOVERY GATE transmitted from
      the station clock to the associated equipment from a single ended to a
      double ended signal and, correspondingly, translates the FREQUENCY
      INCREASE and FREQUENCY DECREASE signals from the associated equipment
      which are generated in push pull form to single ended signals for
      operating the various timing generators 12, 13 and 14.
PAR  Although it is believed that the operation of the apparatus heretofore
      described is clear from the previous description, the operation will be
      briefly summarized, as an aid to the reader. In normal, operation, select
      control switch 11 (FIG. 1) selects the effective remotely transmitted
      signal which is then provided to each of the timing generators 12, 13 and
      14. Assuming normal operation with an effective input signal, the phase
      lock loop in each of timing generators 12, 13 and 14 will operate closed
      loop, that is with multiplexer 40 passing the output of A/D convertor 37
      to the input of D/A convertor 41. During this time, however, filter 38
      maintains a "running average" of the loop error voltage. Furthermore,
      assuming correct operation, there will be no failure signals generated by
      the timing generators 12, 13 and 14. As a result, the signals SELECT 12,
      SELECT 13, and SELECT 14 (FIG. 4D) will all be low. As a result, each of
      gates 79, 80 and 81 will be enabled (FIG. 6) and the output of each of the
      timing generators 12, 13 and 14 will be summed and provided to limiter 82
      for eventual distribution to the output port. Assuming, however, that an
      amplitude detector 43 on a single timing generator, or a pair of memory
      comparators 46 or pair of phase comparators 44 in two different timing
      generators indicate a failure, then the majority logic of the automatic
      mode control unit (FIG. 4C) will indicate which unit has failed.
      Furthermore, the SELECT A signal corresponding to that timing generator
      will go high this will result in a corresponding gate 79, 80 or 81 being
      disabled, and thus the outputs of only the two good timing generators will
      be summed and provided to the output port.
PAR  If, however, the detectors 34 or 47 indicate that the remotely transmitted
      input has failed, failure signals will be generated. At the automatic mode
      control units (FIGS. 4C and 4D) the concurrence of the various generators
      will be determined. If the vote is unanimous, or at lease a majority
      indicate a failure of the remotely transmitted signal, then OR gate 64
      will generate MASTER ON/OFF. Since this signal is directed to the
      respective timing generator, as well as to the majority logic unit, the
      associated timing generator will begin operating open loop. That is, the
      MASTER ON/OFF will, back at the timing generator, generate the
      MASTER/SLAVE (see FIG. 7). The co-joint actions of MASTER ON/OFF and
      MASTER/SLAVE will cause memory 39 to be loaded with the present average
      maintained in the filter 38 and will switch multiplexer 40 so as to
      control the oscillator by the now stored error signal. Furthermore,
      appearance of the MASTER/SLAVE signal will also generate MASTER EXTENDED
      (see FIG. 7). At the automatic mode control unit (see FIG. 4D) this will
      cause each of the SELECT 13 and SELECT 14 to go high and allow only SELECT
      12 to go low. At the clock switch 15 (see FIG. 6) only the output of
      timing generator 12 will pass its associated gate 79. Gates 80 and 81 will
      be disabled and thus only the output of timing generator 12 will be
      provided to the output port.
PAR  At the time that the failure is cleared, either the remotely transmitted
      signal again increases in amplitude or corrects its frequency deviation,
      the automatic mode control unit associated with the timing generator now
      indicates no failures (see FIG. 4C) which will cause the MASTER ON/OFF to
      drop. At the associated timing generator, the change in MASTER ON/OFF,
      will generate the RECOVERY signal (see FIG. 7). Majority votes are then
      taken at each of the automatic mode control units (see FIG. 4C) as well as
      the majority logic module (see FIG. 5). If at least a majority are voting
      for recovery, then the RECOVERY gate will be generated. As is shown in
      FIG. 1 this is applied to the recovery mode interface 26 which then
      requests a frequency increase or a frequency decrease signal. If no such
      signal is provided within the 1.5 second period set by counter 103 (see
      FIG. 7) the recovery mode terminates and the loops are again allowed to
      operate in closed loop form. If either a frequency increase or frequency
      decrease signal is provided, the memory 39 is either incremented or
      decremented corresponding to the received signal. At the conclusion of the
      increase frequency or decrease frequency signal a 256 second period is
      timed out at the conclusion of which the recovery mode terminates.
      Approximately 3 seconds thereafter the MASTER EXTENDED signal drops and
      the clock then operates in a normal slave mode.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phase lock loop for generating a stable reconditioned signal in
      response to a remotely transmitted signal and for independently producing
      said signal when said remotely transmitted signal is unavailable,
      comprising;
PA1  an input port responsive to said remotely transmitted signal and having
      serially connected thereto,
PA1  a phase detector,
PA1  a low pass filter,
PA1  an analog to digital convertor,
PA1  a multiplexer,
PA1  a digital to analog convertor, and to a voltage controlled oscillator, said
      voltage controlled oscillator providing a second input to said phase
      detector,
PA1  memory means, including filter means, serially connected between said
      analog to digital convertor and said multiplexer for storing a filtered
      digital representation of the output of said analog to digital convertor,
PA1  means for detecting unavailability of said remotely transmitted signal, and
PA1  switch means responsive to detected failure of said remotely transmitted
      signal for controlling said multiplexer to be responsive only to said
      memory means.
NUM  2.
PAR  2. The apparatus of claim 1 in which said means for detecting
      unavailability of said remotely transmitted signal includes an amplitude
      detector means for producing a signal if amplitude of said remotely
      transmitted signal drops below a predetermined threshold.
NUM  3.
PAR  3. The apparatus of claim 1 in which said means for detecting
      unavailability of said remotely transmitted signal includes a phase
      detector means producing a signal when said oscillator fails to
      synchronize with said remotely transmitted signal.
NUM  4.
PAR  4. The apparatus of claim 1 in which said filter means includes means for
      deriving an n-sample average of outputs of said analog to digital
      convertor and means, responsive to operation of said means for detecting
      unavailability of said signal for storing said n-sample average in said
      memory means.
NUM  5.
PAR  5. Synchronized Master/Slave clock for locally distributing, from an output
      port, a stable reconditioned signal synchronized with a remotely
      transmitted signal and also capable of independently producing said signal
      when said remotely transmitted signal is unavailable, comprising;
PA1  a. at least three timing generator means, each of said timing generator
      means including,
PA2  i. a phase lock loop responsive to said remotely transmitted signal for
      producing said stable reconditioned signal,
PA2  ii. memory means, including filter means, connected to said phase lock loop
      retaining a quantity indicative of the frequency generated thereby,
PA2  iii. loop switch means for opening said phase lock loop and connecting said
      memory means to control said loop oscillator,
PA2  iv. means for detecting unavailability of said remotely transmitted signal
      and for producing a signal indicative thereof, and
PA2  v. means for detecting failure of said phase lock loop and for producing a
      signal indicative thereof,
PA1  b. switch means selectively connecting said stable reconditioned signals to
      said output port,
PA1  c. majority voting logic means responsive to said plurality of failure
      indicating signals and connected to said switch means for selectively
      controlling said switch means to connect one or more of said stable
      reconditioned signals to said output port, said majority voting logic
      means also connected to said loop switch means and responsive to signals
      indicative of failure of said remotely transmitted signal for operating
      said loop switch means.
NUM  6.
PAR  6. The apparatus of claim 5 in which said means for detecting
      unavailability of said remotely transmitted signal includes an amplitude
      detector means for producing a signal if amplitude of said remotely
      transmitted signal drops below a predetermined threshold.
NUM  7.
PAR  7. The apparatus of claim 5 in which said means for detecting
      unavailability of said remotely transmitted signal includes a phase
      detector means producing a signal when said oscillator cannot synchronize
      with said remotely transmitted signal.
NUM  8.
PAR  8. The apparatus of claim 5 in which said means for detecting failure of
      said phase lock loop includes an amplitude detector means for producing a
      signal if amplitude of said loop oscillator signal drops below a
      predetermined threshold.
NUM  9.
PAR  9. The apparatus of claim 5 in which said a (v) means includes a phase
      detector connected to said loop oscillator output and to a loop oscillator
      of another said timing generator and voltage comparator means to produce a
      voltage signal when said phase detector output exceeds a predetermined
      threshold.
NUM  10.
PAR  10. The apparatus of claim 9 in which said a (v) means further includes a
      failure signal generating means, means for enabling said failure signal of
      generating means a predetermined period after said voltage comparator
      produces said voltage signal, said failure signal generatius means
      producing a failure signal if, and only if, said voltage comparator
      produces said voltage signal when said failure signal generating means is
      enabled.
NUM  11.
PAR  11. The apparatus of claim 10 in which said a (v) means includes means for
      disabling said failure signal generating means if, within a second
      predetermined period after being enabled said failure signal generating
      means does not generate a failure signal.
NUM  12.
PAR  12. The apparatus of claim 11 which further includes means for clearing
      said failure signal generating means after generating said failure signal,
      means for responding to an absence of said voltage signal within a third
      predetermined period after any of said voltage signals, said means for
      clearing operating in response to said means for responding.
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PAL  A compatible four channel sound system for use in conjunction with a
      recording system for recording four individual audio signals designated
      L.sub.f, L.sub.b, R.sub.b and R.sub.f on a recording medium having first
      and second primary information channels and first and second subsidiary
      information channels, the first and second primary information channels
      carrying information that is consistent and compatible with existing
      monophonic and stereophonic standards. In accordance with the preferred
      embodiment of the invention, means are provided for forming a first
      composite signal designated L.sub.T which contains, to the extent they are
      present, L.sub.f in a dominant proportion and L.sub.b and R.sub.b in
      sub-dominant proportions, L.sub.b and R.sub.b being phase shifted with
      respect to each other. Means are also provided for forming a second
      composite signal designated R.sub.T which contains, to the extent they are
      present, R.sub.f in a dominant proportion and L.sub.b and R.sub.b in
      sub-dominant proportions, L.sub.b and R.sub.b being phase shifted with
      respect to each other. Further means are provided for forming a first
      auxiliary signal by combining all of the individual audio signals,
      L.sub.f, L.sub.b, R.sub.b and R.sub.f, to the extent they are present, and
      for forming a second auxiliary signal by combining all of these individual
      audio signals, L.sub.f, L.sub.b, R.sub.b and R.sub.f, to the extent they
      are present, the individual audio signals being combined in different
      relative phase relationships in the first and second auxiliary signals.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to audio systems and, in particular, to a sound
      system adapted to record four or more individual channels of audio
      information containing directional information on a two track record
      medium and to reproduce the recorded information as four discrete audio
      output signals having the directionality of the original input signals.
      The subject matter of this application is related to subject matter in the
      co-pending application Ser. No. 462,044 entitled "Compatible Four Channel
      Radio Broadcast and Receiving System" filed of even date herewith and
      assigned to the same assignee as the present application.
PAR  In commercial stereophonic systems, two independent signals respectively
      modulate the two tracks (left and right walls) of a single groove record
      in two perpendicular directions. Typically, the groove is cut with
      modulation in each wall of the groove representing one of the signals and
      with lateral modulation representing the sum of the signals and vertical
      modulation representing the difference between the signals.
PAR  In my U.S. Pat. No. 3,761,628 there is disclosed a sound system wherein
      four individual audio signals, designated L.sub.f, L.sub.b, R.sub.b and
      R.sub.f are encoded in accordance with the "SQ" quadraphonic technique to
      produce two composite signals designated L.sub.T and R.sub.T and are also
      encoded to produce two additional "conjugate" composite signals which may
      be designated L.sub.T * and R.sub.T *. The composite signals L.sub.T and
      R.sub.T can be recorded at baseband frequency on the respective walls of
      stereophonic disc records and the "conjugate" composite signals L.sub.T *
      and R.sub.T * can be used to modulate carrier signals which are also
      recorded on the walls of the record groove. The referenced patent
      demonstrates that L.sub.T and R.sub.T can be decoded in conventional
      fashion using an "SQ" decoder matrix to produce four signals designated
      L.sub.f ', L.sub.b ', R.sub.b ' and R.sub.f ', each of these signals
      containing, in predominant proportion, a corresponding one of the four
      individual audio signals, along with certain "unwanted" components in
      sub-dominant proportions. For reproducing equipment that is capable of
      obtaining only L.sub.T and R.sub.T, these four signals L.sub.f ', L.sub.b
      ', R.sub.b ' and R.sub.f ' suffice as satisfactory although not fully
      "discrete" outputs for audio reproduction. The patent demonstrates that
      L.sub.T * and R.sub.T *, which can be obtained using more sophisticated
      reproducing equipment, can also be processed using a "SQ" type of decoder,
      to produce four signals which may be designated L.sub.f '*, L.sub.b '*,
      R.sub.b '* and R.sub.f '*, and these latter four signals can be added to
      L.sub.f ', L.sub.b ', R.sub.b ', and R.sub.f ', respectively to recover
      the original four individual audio signals in fully discrete form. Thus,
      by providing the record with appropriate "auxiliary signals" (i.e.,
      L.sub.T * and R.sub.T *), consumers are given a choice as to the level of
      sophistication and expense of their reproducing equipment. Consumers
      having equipment with full capability can obtain four fully discrete audio
      outputs and those having less expensive matrix decoding equipment alone
      can obtain four conventional "SQ" outputs. Also, since the "SQ" composite
      signals on the disc basebands are fully compatible with stereophonic and
      monophonic reproduction, the needs of consumers having only the basic
      stereo or mono players are satisfied.
PAR  The sound system of the above-referenced patent is satisfactory, but it is
      an object of the present invention to provide a compatible four channel
      system which offers even greater flexibility options to the consumer and
      also offers certain performance advantages.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a compatible four channel sound system
      for use in conjunction with a recording system for recording four
      individual audio signals designated L.sub.f, L.sub.b, R.sub.b and R.sub.f
      on a recording medium having first and second primary information channels
      and first and second subsidiary information channels, the first and second
      primary information channels carrying information that is consistent and
      compatible with existing monophonic and stereophonic standards. In
      accordance with the preferred embodiment of the invention, means are
      provided for forming a first composite signal designated L.sub.T which
      contains, to the extent they are present, L.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other. Means are also provided
      for forming a second composite signal designated R.sub.T which contains,
      to the extent they are present, R.sub.f in a dominant proportion and
      L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b being
      phase shifted with respect to each other. Further means are provided for
      forming a first auxiliary signal by combining all of the individual audio
      signals, L.sub.f, L.sub.b, R.sub.b and R.sub.f, to the extent they are
      present, and for forming a second auxiliary signal by combining all of
      these individual audio signals, L.sub.f, L.sub.b, R.sub.b and R.sub.f, to
      the extent they are present, the individual audio signals being combined
      in different relative phase relationships in the first and second
      auxiliary signals. The first and second composite signals are applied to
      the first and second primary information channels and the first and second
      auxiliary signals are applied to the first and second subsidiary
      information channels, respectively. In accordance with the preferred
      embodiment of the invention, a decoder responsive to the signals carried
      by the recording medium is provided and includes matrix means for
      combining the first and second composite signals in predetermined
      amplitude and phase relationships to obtain four intermediate signals,
      each of which has a different one of the individual audio signals
      predominant. The decoder also includes means for combining the first
      auxiliary signal with each of the intermediate signals to obtain four
      enhanced intermediate signals each of which has a different one of the
      individual audio signals predominant. Finally, the decoder includes means
      for combining the second auxiliary signal with each of the enhanced
      intermediate signals to recover the four individual audio signals,
      L.sub.f, L.sub.b, R.sub.b and R.sub.f, in substantially their original
      form.
PAR  In the preferred embodiment of the invention the composite signals L.sub.T
      and R.sub.T are encoded in accordance with the "forward looking" type of
      "SQ" code. This facilitates the use of auxiliary signals which can be
      provided at reduced relative amplitudes with respect to the components of
      the composite signals.
PAR  Further features and advantages of the invention wll become more readily
      apparent from the following detailed description when taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram of a recording system of a type
      suitable for use in conjunction with the invention;
PAR  FIG. 2 is a block diagram of a reproducing system in accordance with the
      invention;
PAR  FIG. 3 is a block diagram of an encoding matrix useful in the system of
      FIG. 1;
PAR  FIG. 4 is a block diagram of a decoder matrix useful as part of the part of
      the reproducing system of FIG. 2;
PAR  FIG. 5A is a block diagram of a circuit used to generate an auxiliary
      signal in accordance with the invention;
PAR  FIG. 5B is a block diagram of the combining circuitry of FIG. 2 in
      accordance with a particular embodiment of the invention;
PAR  FIG. 6A is a block diagram of circuitry used to generate auxiliary signals
      in accordance with an embodiment of the invention; and
PAR  FIG. 6B is a block diagram of the combining circuitry of FIG. 2 in
      accordance with another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown an embodiment of a four channel
      recording system arranged according to the present invention. Four
      individual and independent audio signals, designated L.sub.f, L.sub.b,
      R.sub.b and R.sub.f, are received by an encoding block 20 which includes,
      inter alia, an "SQ" encoder for producing "SQ" composite signals
      designated L.sub.T and R.sub.T and additional encoding circuitry for
      generating auxiliary signals designated S.sub.1 and S.sub.2. The composite
      signals L.sub.T and R.sub.T are amplified by respective amplifiers 350 and
      352 and filtered with respective filter networks 354 and 356, each of
      which has a high frequency cutoff at a frequency f.sub.1, which is at or
      near the highest audio frequency of interest, typically 15,000 Hz. The
      outputs of filters 354 and 356 are respectively passed through suitable
      delay networks 358 and 360, the purpose of which will be described later,
      and applied to the left and right input terminals, respectively, of a
      stereophonic cutter 362 in cooperative relationship with a disc 364. Thus,
      the two composite signals delivered by the encoder 20 are recorded on the
      two walls of the disc groove in a manner entirely similar to that used in
      making a conventional matrix stereophonic disc.
PAR  The auxiliary signals S.sub.1 and S.sub.2 produced by encoder 20 are
      recorded on the walls of the disc groove as modulation on respective
      carrier signals. These two composite signals are first amplified by
      respective amplifiers 370 and 372 and then applied to respective
      modulators 374 and 376, each of which may have a self-contained source of
      carrier signal or, as illustrated, they may be energized by external
      carrier frequency generator 378. A function of the modulators 374 and 376
      is to translate the frequency of the auxiliary signals to a frequency
      range above the baseband spectrum. Typically, the carrier frequency is of
      the order of 20 KHz and is amplitude modulated from about 5 to 35 KHz. The
      modulated carriers delivered by the two modulators are passed through
      respective filters 380 and 382, each designed to reject the lower sideband
      (i.e., frequency below a lower cutoff frequency f.sub.2) leaving
      essentially only the carrier and upper sideband. The signals passed by the
      filters are delayed by respective delay networks 384 and 386 and then
      combined with the output signals from delay networks 358 and 360,
      respectively, for application to the cutter 362. The delay networks 358,
      360, 384 and 386 are provided to equalize the delays present in the four
      paths of the system due to the modulation process and filtering so that
      signals recorded on the disc bear a relative time-domain relationship such
      that upon replay they can be decoded and recombined with a minimum of
      time-delay error.
PAR  For purposes of the present application an information "channel" is defined
      as that portion of a recording medium utilized to carry an audio signal
      having a specified bandwidth of interest. No particular physical location
      on a recording medium need be identifiable with a particular channel.
      Thus, in the present embodiment, each wall of the record groove carries
      two "channels"; viz., a primary information channel which carries a
      composite signal (L.sub.T or R.sub.T) at baseband frequency range and a
      subsidiary information channel which carries the auxiliary signal (S.sub.1
      or S.sub.2) at the carrier sideband frequency range. However, it will be
      appreciated that the primary and subsidiary information channels can
      occupy any desired physical location or frequency range on a recording
      medium, such as four independent tracks on a magnetic tape medium.
PAR  FIG. 2 shows an embodiment of a four channel record reproducing system
      which includes a stereophonic disc phonograph pickup transducer 310
      including a stylus 312 that responds to the modulations in the groove of a
      record disc recorded in the above-described manner to supply the L.sub.T
      signal and the S.sub.1 single sideband signal with carrier, and the
      R.sub.T signal together with the S.sub.2 single sideband signal with
      carrier, along a pair of conductors 314 and 316, respectively, to a pair
      of preamplifiers 318 and 320, respectively. The stereophonic pickup has a
      good frequency response up to the highest frequency of interest of the
      modulated carrier recorded on the record; viz., up to about 35 KHz. The
      output from preamplifer 318 is applied in parallel to a low pass filter
      322 designed to transmit audio frequencies up to a frequency f.sub.1 which
      is at or near the upper frequency of the baseband signals being
      reproduced, and to a high pass filter 324 designed to transmit frequencies
      above the frequency f.sub.2 which, typically, includes a part of the
      carrier and all of the upper sideband of the modulated signal. The signal
      from preamplifier 320 is likewise applied in parallel to a low pass filter
      326 and a high pass filter 328, each having characteristics corresponding
      to the characteristics of the described filters 322 and 324, respectively.
PAR  The signals transmitted by low pass filters 322 and 326, namely the
      composite signals L.sub.T and R.sub.T, are applied to the input terminals
      of an "SQ" type decoder matrix 120 which may be of various types as set
      forth in applicant's copending U.S. application Ser. No. 338,691, filed
      Mar. 7, 1973, now U.S. Pat. No. 3,835,255, and which is preferably of the
      type described herein and below in conjunction with FIG. 4. The matrix 120
      produces four output signals designated L.sub.f ', L.sub.b ', R.sub.b ',
      and R.sub.f ' which respectively contain, in predominant proportion, the
      original independent audio signals L.sub.f, L.sub.b, R.sub.b, and R.sub.f.
      Each of the four output signals also contains, in sub-dominant proportion,
      two "unwanted" components from among the four original signals. The four
      output signals from matrix 120 are coupled to combining circuitry 130. The
      output signals from high pass filters 324 and 328 are applied to
      respective detectors 332 and 334 which are operative to detect the
      modulation on the carriers and recover the original auxiliary signals
      S.sub.1 and S.sub.2, respectively. These auxiliary signals are also
      coupled to the combining circuitry 130 which utilizes the auxiliary
      signals to further process the outputs of matrix 120 in order to obtain
      "enhanced" audio signals or to obtain the four individual audio signals in
      substantially their original form.
PAR  The recording and reproducing systems set forth in FIGS. 1 and 2 are of the
      type disclosed in the abovereferenced U.S. Pat. No. 3,761,628 and that
      patent can be referred to for further detail. However, it will be
      appreciated that this invention applies equally well to any suitable
      technique of recording and reproducing signals which are encoded and
      decoded in accordance with the present teachings.
PAR  The encoder 20 includes a matrix of the type disclosed in applicant's
      copending application Ser. No. 384,334 now U.S. Pat. No. 3,890,466, and
      shown in FIG. 3. The matrix has four input terminals 61, 62, 63 and 64
      which respectively receive the four independent audio signals L.sub.f,
      L.sub.b, R.sub.b and R.sub.f which are available as inputs to the encoder
      20 (FIG. 1). Phasor representations of these four signals are depicted
      next to their respective input terminals. As described in detail in the
      referenced application, the L.sub.f signal is added to 0.71 of the L.sub.b
      signal by the summing circuit 65 and the output is applied to an all-pass
      phase shifter 68 which introduces a reference phase shift .PSI. at all
      frequencies of interest. The R.sub.f signal at input terminal 64 is added
      to 8.71 of the R.sub.b signal by the summing circuit 66 and the output is
      applied to an all-pass phase shifter 69 which also introduces a reference
      phase shift .PSI.. The L.sub.b and R.sub.b signals are also applied to
      respective all-pass phase shift networks 70 and 71, each of which provides
      a phase shift of .PSI. - 90.degree..  The output of network 68 is added to
      0.71 of the output of network 71 by summing circuit 72 to produce the
      composite signal L.sub.T. Similarly, the output of network 69 is added to
      0.71 of the output of network 70 by summing circuit 73 to produce the
      composite signal R.sub.T. The encoder of FIG. 3 is known as a
      "forward-looking"  type of "SQ" encoder and produces the composite signals
      L.sub.T and R.sub.T illustrated by the phasor groups 74 and 75.
      Characteristically, L.sub.T includes L.sub.f in a dominant proportion and
      L.sub.b and R.sub.b in subdominant proportions (0.71) and in phase
      quadrature with respect to each other while R.sub.T includes R.sub.f in a
      dominant proportion and R.sub.b and L.sub.b in subdominant proportions and
      in phase quadrature with respect to each other. Also, the L.sub.b
      component in L.sub.T is in its original phase relationship with the
      R.sub.b component in R.sub.T and the R.sub.b component in L.sub.T is in
      its original phase relationship with the L.sub.b component in R.sub.T.
      Using conventional phasor notation, the composite signals can be
      represented by the equations
EQU  L.sub.T =  L.sub.f +  0.71L.sub.b -  j0.71R.sub.b
EQU  R.sub.T =  R.sub.f +  0.71R.sub.b -  j0.71L.sub.b
PAR  A suitable decoder matrix 120 (FIG. 2) is illustrated in FIG. 4 which shows
      a matrix that is functionally the same as one disclosed in my copending
      application Ser. No. 338,691, filed and assigned to the same assignee as
      the present invention. Four all-pass phase shift networks 151, 152, 153
      and 154 and a pair of summing circuits 155 and 156 are arranged in the
      manner shown to decode L.sub.T and R.sub.T and obtain the four output
      signals L.sub.f ', L.sub.b ', R.sub.b ' and R.sub.f '. The phasor groups
      157 and 158 represent L.sub.T and R.sub.T, respectively, and the phasor
      groups 159, 160, 161 and 162 represent the decoded outputs L.sub.f ',
      L.sub.b ', R.sub.b ' and R.sub.f ', respectively. In equation form, the
      decoded outputs can be expressed as follows:
EQU  L.sub.f ' =  L.sub.f +  0.71L.sub.b -  j0.71R.sub.b
EQU  L.sub.b ' =  L.sub.b +  0.71 L.sub.f +  j0.71R.sub.f
EQU  R.sub.b ' =  R.sub.b +  0.71R.sub.f +  j0.71L.sub.f
EQU  R.sub.f ' =  R.sub.f +  0.71R.sub.b -  j0.71L.sub.b
PAR  FIGS. 5A and 5B illustrate an embodiment of the invention wherein only a
      single auxiliary signal, S.sub.1, need be recorded and this auxiliary
      signal can be utilized by consumers having relatively simple combining
      circuitry 130 to obtain significantly enhanced audio output signals. The
      signal S.sub.1 can be recorded and reproduced in the manner described in
      FIGS. 1 and 2 (i.e., with S.sub.2 =  0) but, preferably, S.sub.1 will be
      recorded on and reproduced from both walls of the record groove; that is,
      with S.sub.2 =  S.sub.1. FIG. 5A shows the portion of encoder block 20
      (FIG. 1) which is used to generate S.sub.1 for this embodiment. A summing
      circuit 201 adds -.5L.sub.b to -.5R.sub.b and this sum is phase shifted
      (.PSI. - 45.degree.) by an all pass phase shift network 202. At the
      reproducing end, the detectors (FIG. 2) recover S.sub.1 which is coupled
      via all-pass phase shift network 219 (FIG. 5B) to combining circuit 130
      along with the decoded "SQ" outputs L.sub.f ', L.sub.b ', R.sub.b ' and
      R.sub.f '. As shown in FIG. 5B, the combining circuit 130 for this
      embodiment includes four summing circuits labelled 211 through 214. The
      network 219 introduces a reference phase shift .PSI. to S.sub.1. This
      establishes the proper phase reference for S.sub.1 since all the decoded
      "SQ" outputs had experienced this same reference phase shift during
      decoding (see FIG. 4). The four enhanced outputs, designated L.sub.f ",
      L.sub.b ", R.sub.b " and R.sub.f " can be seen to have the following
      formulations:
EQU  L.sub.f " =  L.sub.f ' +  S.sub.1
EQU  L.sub.b " =  0.7L.sub.b ' -  0.7S.sub.1
EQU  R.sub.b " =  0.7R.sub.b ' -  0.7S.sub.1
EQU  R.sub.f " =  R.sub.f ' + S.sub.1
PAR  The phasor representations of the enhanced outputs are illustrated by
      phasor groups 215 through 218. In addition to infinite front separation,
      the enhanced outputs exhibit 6dB separation from front-to-back and 9dB
      separation between the back channels. Thus, front-to-back separation is
      about twice the separation normally achieved with ordinary "SQ"decoded
      outputs.
PAR  FIGS. 6A and 6B illustrate an embodiment of the invention wherein a
      preferred pair of auxiliary signals, S.sub.1 and S.sub.2, are recorded,
      and these auxiliary signals are utilized by consumers having a certain
      type of combining circuitry 130 to recover the original four independent
      audio signals in fully discrete form. In the present embodiment an
      advantage is that certain consumers having less sophisticated (and less
      expensive) combining circuitry can utilize only one of the two auxiliary
      signals to obtain significantly enhanced audio output signals while
      consumers having a more sophisticated type of combining circuitry can
      utilize both auxiliary signals to obtain fully discrete audio output
      signals. Thus, an advantage of greater flexibility is achieved and the
      consumer is given viable purchase options. FIG. 6A shows the portion of
      encoder block 20 (FIG. 1) which is used to generate S.sub.1 and S.sub.2
      for this embodiment. S.sub.1 is generated using a pair of summing circuits
      401 and 402 to respectively form the signals (-.5L.sub.b -  .5R.sub.b) and
      (-.5L.sub.f -  .5R.sub.f). The former signal is passed through an all-pass
      phase shift network 403 which introduces a relative phase shift of (.PSI.
      - 45.degree.) and the latter signal is passed through an all-pass phase
      shifter 404 which introduces a relative phase shift of (.PSI. -
      135.degree.). The outputs of these phase shifting networks are added by
      summing circuit 405 to produce the auxiliary signal S.sub.1 which is
      illustrated by the phasor group labelled 406. The auxiliary signal S.sub.2
      is formed in a similar manner. In this case, summing circuits 411 and 412
      are used to form signals (.5R.sub.f +  .5L.sub.b) and (-.5R.sub.b -
      .5L.sub.f). The outputs of the summing circuits are coupled through
      all-pass phase shift networks 413 and 414 which introduce relative phase
      shifts of (.PSI. - 135.degree.). The resultant signals are added by
      summing circuit 415 to produce auxiliary signal S.sub.2 shown by phasor
      grouping 407. It can be noted that each of the auxiliary signals S.sub.1
      and S.sub.2 contains a component of each of the four original independent
      audio signals but that the phase relationships are different in the two
      auxiliary signals. Again, at the receiving end, detector 110 (FIG. 5)
      recovers S.sub.1 and S.sub.2 which are coupled via reference phase
      shifters 439 and 449 to combining circuit 130 along with the decoded "SQ"
      outputs L.sub.f ', L.sub.b ', R.sub.b 'and R.sub.f '. As shown in FIG. 6B,
      the combining circuit 130 consists of two stages 130A and 130B, each being
      shown in a dashed enclosure. The stage 130A consists of four summing
      circuits labelled 431 through 434. As shown, the summing circuits are used
      to combine L.sub.f ', L.sub.b ', R.sub.b ' and R.sub.f ' in accordance
      with the following relationships:
EQU  L.sub.f " =  L.sub.f ' +  S.sub.1
EQU  L.sub.b " = L.sub.b ' -  S.sub.1
EQU  R.sub.b " =  R.sub.b ' -  S.sub.1
EQU  R.sub.f " =  R.sub.f ' +  S.sub.1
PAL  The outputs of stage 130A are represented by the phasor groupings labelled
      435 through 438. It will be appreciated that the outputs of the stage 130a
      can be utilized as the final audio outputs by consumers whose combining
      circuitry consists solely of the stage 130A. These outputs exhibit channel
      separation of 9dB for all adjacent channels. The stage 130A requires only
      the four relatively inexpensive summing circuits and the phase shifter
      439, so a consumer who choses this compromise can obtain enhanced "SQ"
      outputs without undue expense.
PAR  Consumers having the more sophisticated combining circuitry 130 will have a
      second stage 130B which receives the four outputs L.sub.f ", L.sub.b ",
      R.sub.b ", and R.sub.f ", and couple each of these outputs through
      respective all-pass phase shift networks 441 through 444, each of these
      phase shift networks introducing a reference phase shift of .PSI.. The
      auxiliary signal S.sub.2 is coupled through reference phase shift network
      449 to a pair of phase shift networks 445 and 446, the network 445
      introducing a reference phase shift of .PSI. and the network 446
      introducing a relative phase shift of (.PSI. -90.degree.). Four summing
      circuits 451 through 454 are also provided in the stage 130B. The summing
      circuit 441 adds the output of phase shifting network 441 to S.sub.2. As a
      result of this addition, the components L.sub.b, R.sub.b and R.sub.f all
      cancel out and the resultant output, L.sub.f '", equals L.sub.f, the
      original independent audio signal. Similarly, the output of network 445 is
      subtracted from the output of network 444 by summing circuit 454 to obtain
      R.sub.f '" which equals R.sub.f, the original independent audio signal.
      The output of all-pass phase shift network 446 is added to the output of
      phase shift network 443 by summing circuit 453 to obtain R.sub.b '" which
      equals R.sub.b, the original independent audio signal. Finally, the output
      of network 446 is subtracted from the output of network 442 to obtain
      L.sub.b '" which equals L.sub.b, the original independent audio signal.
      Thus, by employing seven additional all-pass phase shift networks and four
      additional summing networks, a consumer having the full equipment can
      further discretize the outputs of the first stage 130A to obtain four
      fully discrete audio signals.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compatible four channel sound system for use in conjunction with a
      recording system for recording four individual audio signals designated
      L.sub.f, L.sub.b, R.sub.b and R.sub.f on a recording medium having first
      and second primary information channels and a subsidiary information
      channel, said first and second primary information channels carrying
      information that is consistent and compatible with existing monophonic and
      stereophonic standards, comprising:
PA1  a. means for forming a first composite signal designated L.sub.T which
      contains, to the extent they are present, L.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  b. means for forming a second composite signal designated R.sub.T which
      contains, to the extent they are present, R.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  c. means for forming an auxiliary signal which consists of only the
      individual audio signals L.sub.b and R.sub.b, in equal proportion, to the
      extent they are present, both components of said auxiliary signal being in
      a 45.degree. phase relationship with the L.sub.b and R.sub.b components in
      said composite signals, L.sub.T and R.sub.T ;
PA1  d. means for applying said first and second composite signals to said first
      and second primary information channels, respectively; and
PA1  e. means for applying said auxiliary signal to said subsidiary channel.
NUM  2.
PAR  2. A system as defined by claim 1 wherein the composite signals L.sub.T and
      R.sub.T are formed such that L.sub.b in one composite signal is in its
      original phase relationship with R.sub.b in the other composite signal and
      R.sub.b in said one composite signal is in its original phase relationship
      with L.sub.b in said other composite signal.
NUM  3.
PAR  3. In a compatible four channel audio system for use in conjunction with a
      recording system for recording four individual audio signals designated
      L.sub.f, L.sub.b, R.sub.b and R.sub.f, on a recording medium having first
      and second primary information channels and a subsidiary information
      channel, said first and second primary information channels carrying
      information that is consistent and compatible with existing monophonic and
      stereophonic standards, wherein said first primary information channel
      carries a first composite signal designated L.sub.T which contains, to the
      extent they are present, L.sub.f in a dominant proportion and L.sub.b and
      R.sub.b in subdominant proportions, L.sub.b and R.sub.b being phase
      shifted with respect to each other, said second primary information
      channel carries a second composite signal designated R.sub.T which
      contains, to the extent they are present, R.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other, and said subsidiary
      channel carries an auxiliary signal which consists only of the individual
      audio signals L.sub.b and R.sub.b, to the extent they are present; a
      decoder responsive to the signals carried by said medium, comprising:
PA1  a. matrix means for combining said first and second composite signals in
      predetermined amplitude and phase relationships to obtain four
      intermediate signals each of which has a different one of said individual
      audio signals predominant; and
PA1  b. means for combining said auxiliary signal with each of said intermediate
      signals to obtain four output signals, each having a different one of said
      individual audio signals predominant, said combining means comprising
      means for phase shifting said auxiliary signal and means for adding said
      phase shifted auxiliary signal to two of said intermediate signals and
      means for subtracting said phase shifted auxiliary signal from the other
      two of said intermediate signals.
NUM  4.
PAR  4. A compatible four channel sound system for use in conjunction with a
      recording system for recording four individual audio signals designated
      L.sub.f, L.sub.b, R.sub.b and R.sub.f on a recording medium having first
      and second primary information channels and first and second subsidiary
      information channels, said first and second primary information channels
      carrying information that is consistent and compatible with existing
      monophonic and stereophonic standards, comprising:
PA1  a. means for forming a first composite signal designated L.sub.T which
      contains, to the extent they are present, L.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  b. means for forming a second composite signal designated R.sub.T which
      contains, to the extent they are present, R.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  c. means for forming a first auxiliary signal by combining all of the
      individual audio signals, L.sub.f, L.sub.b, R.sub.b, and R.sub.f, to the
      extent they are present, L.sub.b and R.sub.b being added in their original
      phase relationship and L.sub.f and R.sub.f being added in their original
      phase relationship and in phase quadrature with the sum of L.sub.b and
      R.sub.b ;
PA1  d. means for forming a second auxiliary signal by combining all of the
      individual audio signals, L.sub.f, L.sub.b, R.sub.b, and R.sub.f, to the
      extent they are present, said individual audio signals being combined in
      different relative phase relationships in said first and second auxiliary
      signals;
PA1  e. means for applying said first and second composite signals to said first
      and second primary information channels, respectively; and
PA1  f. means for applying said first and second auxiliary signals to said first
      and second subsidiary channels respectively.
NUM  5.
PAR  5. A system as defined by claim 4 wherein the composite signals L.sub.T and
      R.sub.T are formed such that L.sub.b in one composite signal is in its
      original phase relationship with R.sub.b in the other composite signal and
      R.sub.b in said one composite signal is in its original phase relationship
      with L.sub.b in said other composite signal.
NUM  6.
PAR  6. In a compatible four channel audio system for use in conjunction with a
      recording system for recording four individual audio signals designated
      L.sub.f, L.sub.b, R.sub.b, and R.sub.f, on a recording medium having first
      and second primary information channels and first and second subsidiary
      information channels, said first and second primary information channels
      carrying information that is consistent and compatible with existing
      monophonic and stereophonic standards, wherein said first primary
      information channel carries a first composite signal designated L.sub.T
      which contains, to the extent they are present, L.sub.f in a dominant
      proportion and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b
      and R.sub.b being phase shifted with respect to one another, said second
      primary information channel carries a second composite signal designated
      R.sub.T which contains, to the extent they are present, R.sub.f in a
      dominant proportion and L.sub.b and R.sub.b in sub-dominant proportions,
      L.sub.b and R.sub.b being phase shifted with respect to each other, said
      first and second subsidiary channels carrying first and second auxiliary
      signals, each of said auxiliary signals including all of the individual
      audio signals L.sub.f, L.sub.b, R.sub.b and R.sub.f, to the extent they
      are present, with the individual audio signals being combined in different
      relative phase relationships in said first and second auxiliary signals; a
      decoder responsive to the signals carried by said medium, comprising:
PA1  a. matrix means for combining said first and second composite signals in
      predetermined amplitude and phase relationships to obtain four
      intermediate signals each of which has a different one of said individual
      audio signals predominant;
PA1  b. means for combining said first auxiliary signal with each of said
      intermediate signals to obtain four enhanced intermediate signals, each
      having a different one of said individual audio signals predominant, said
      combining means comprising means for phase shifting said auxiliary signal
      and means for adding said phase shifted auxiliary signal to two of said
      intermediate signals and means for subtracting said phase shifted
      auxiliary signal from the other two of said intermediate signals, and
PA1  c. means for combining said second auxiliary signal with each of said
      enhanced intermediate signals to recover said four individual audio
      signals in substantially their original form.
PATN
WKU  039405605
SRC  5
APN  5458315
APT  1
ART  232
APD  19750131
TTL  Quadriphonic sound pick-up and reproduction devices
ISD  19760224
NCL  3
ECL  1
EXP  Olms; Douglas W.
NDR  3
NFG  7
INVT
NAM  Condamines; Roland J.
CTY  Chatillon-sous-Bagneux
CNT  FR
ASSG
NAM  Etablissement Public, Telediffusion de France
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19740131
APN  74.03269
CLAS
OCL  179  1GQ
XCL  1791004ST
XCL  1791001TD
EDF  2
ICL  H04R  500
FSC  179
FSS  1 G;1 GQ;100.1 TD;100.4 ST
UREF
PNO  3686471
ISD  19720800
NAM  Takahashi
OCL  179  1G
FREF
PNO  984,601
ISD  19620400
CNT  UK
OCL  179  1G
OREF
PAL  Audio, Mar. 1961, Stage Sound, by Richard S. Levy, pp. 26-28 and 59.
PAL  IRE Transactions on Audio, Enhanced Stereo, by Benson, May-June 1961, pp.
      63-  65.
LREP
FR2  Saffitz; Abraham A.
ABST
PAL  A sound pick-up and reproducing system, comprising a first and a second
      pair of directional microphones respectively disposed at a first and a
      second given distance from the sonic scene to be transmitted, said second
      distance being greater than said first distance, said four microphones
      being closely coupled; the system is characterized in that the spacing
      between the microphones of the second pair is substantially less than that
      between the microphones of the first pair, and in that the angular
      divergence between the sound pick-up axes of the second pair is
      substantially less than the angular divergence between the sound pick-up
      axes of the first pair of microphones.
BSUM
PAR  The invention relates in general to multiphonic sound, i.e. to
      electro-acoustic methods of sound pick-up and reproduction using a number
      of electro-acoustic channels processing separate signals. The invention
      more specifically relates to quadriphonic sound. The term "quadriphonic
      sound" used hereinafter denotes all methods and devices in which four
      separate transmission and/or recording channels are used for sound pick-up
      and playback, without all or any of the processed signals being
      intentionally mixed at any time so as to prevent the mixed signals from
      being efficiently separated.
PAR  For several years, those skilled in the art have been attempting to improve
      methods and devices which provide a listener to a broadcast or recorded
      concert with the illusion that the "sonic scene" (e.g. the orchestra or
      singers) is in front of him or, preferably, he himself is in the sound
      pick-up studio or the concert room. Naturally, attempts have been made to
      provide this additional illusion by increasing the number of pick-up,
      transmission and/or recording, and playback channels. Systems in present
      use are limited to four channels for practical reasons (e.g. difficulties
      in picking up the sound, the bulk and complexity of the playback
      equipment, the frequency passband, and the limitations of recording
      media).
PAR  Apparently, the prior-art systems are not satisfactory. In some systems,
      which are designed to provide true quadriphonic sound in the
      aforementioned sense, the pick-up and reproduction channels are separated
      as thoroughly as possible from each other. The result, as we shall see
      hereinafter, is that the listener has unpleasant sensations of breaks or
      discontinuities in the space of the sonic scene, which of course destroy
      the desired illusion. In other systems, an attempt is made to obviate
      these disadvantages by mixing some of the signals. In such cases, there is
      very low compatibility with stereophonic sound, and the result is usually
      less pleasing and less accurate than that obtained by ordinary
      stereophonic equipment.
PAR  It appears that the inventors of the known systems involving separate (i.e.
      completely separate) channels have not been aware of the psycho-acoustic
      conditions which will be explained hereinafter and which must be respected
      if it is desired to give an unitary impression of the sonic scene and of
      the concert-room environment. Those inventors, on the other hand, who have
      attempted more of less consciously to restore unity by mixing the
      low-frequency transmission and/or playback electric signals, have
      disregarded the fact that the mixture has nothing to do with the synthesis
      of the overall sonic phenomena reaching a person listening to a concert,
      the phenomena having been dissociated by a sound pick-up method based
      entirely on acoustic physics.
PAR  Of course, we are not concerned here with "decoding" methods or devices
      which are designed to extract additional quadriphonic information from a
      stereophonic recording, the additional information being "reproduced" by
      phase-shifting and mixing the two channels.
PAR  An object of the invention is to provide a truly multiphonic, inter alia
      quadriphonic, method and device for sound pick-up, wherein separate
      channels are used and electro-acoustic playback units are disposed so as
      to provide more realistic, vivid reproduction than ordinary stereophonic
      systems, while ensuring the necessary compatibility with existing
      stereophonic reproduction equipment.
PAR  Before describing the invention, comparing it with prior-art systems and
      attempting to explain the advance which has been achieved, we must first
      set out some psycho-acoustic principles; some of these are known but
      others have been discovered during research carried out by the Applicant.
DRWD
PAR  In the following description, we shall refer to the accompanying drawings
      in which:
PAR  FIGS. 1 and 2 show how the sonic subjective space appears to a listener;
PAR  FIGS. 3a to 3d diagrammatically show how microphones and loudspeakers are
      disposed in prior-art systems; and
PAR  FIG. 4 diagrammatically shows how the microphones are disposed in the
      system according to the invention.
DETD
PAR  First, we shall define the term "sonic subjective space." A listener may be
      considered as the origin of the coordinates of a geometrical space which
      has the same limits as the concert room or the room where the listener is
      sitting. It has been found, however, that the same listener tends to
      locate his auditory perceptions in one or more regions of the space which
      are relatively closely associated with the sonic scene, his preceptions
      being relatively dissociated from their place of origin if the origin does
      not coincide with the sonic scene. In other words, the listener mentally
      superposes the physical space on a psycho-acoustic space which we shall
      hereinafter call the "sonic subjective space" and the coordinates of which
      are determined by the "place" where sonic or visual objects are perceived
      and attract the listener's attention.
PAR  In a concert room, for example, where the listeners' attention is
      acoustically and also visually attracted by the sonic scene, all acoustic
      phenomena (e.g. echoes from the back of the room) which can be attributed
      to the sonic scene, appear to come from the said scene, i.e. from the
      front. Likewise, a person in a room listening to a recorded or broadcast
      concert will project a sonic subjective space; one aim of a playback
      method, therefore, should be to help the listener to construct a
      subjective space which is as similar as possible to the space which he
      would construct in the concert room.
PAR  The term "sonic subjective space" can be more precisely understood by
      referring to FIG. 1. If the listener 0 is the origin, the reference
      coordinates of the subjective space can be represented by a horizontal
      plane and a vertical plane intersecting at an axis Ox coinciding with the
      axis of that region of the sonic scene to which the listener O is paying
      attention. The directions in which the listener is relatively attentive
      can be bounded by conical surfaces with the listener at the apex. In the
      present case, the term "conical surfaces" is taken in its most general
      sense, including e.g. pyramidal surfaces. We can therefore distinguish a
      presence cone P, inside which the listener spontaneously tends to locate
      all sonic phenomena which appear immediately connected with the sonic
      scene, and a vigilance cone V inside the presence cone, the vigilance cone
      being narrower and varying in direction depending on the part of the sonic
      scene on which the listener's attention is fixed. The width of cones P and
      V can be estimated from the values of their maximum angular widths along
      the sight direction .theta. and the azimuth direction .phi. along the
      vertical and horizontal reference planes.
PAR  The distinctions we have made may appear extremely summary, compared with
      the complexity and richness of the auditory perceptions and reactions of a
      listener, but they are a sufficient basis for the following arguments.
PAR  The subjective sonic space can be represented less concretely but more
      conveniently by considering its projection on a spherical surface
      surrounding the listener and applied to a plane. We then obtain a diagram
      of the kind shown in FIG. 2, wherein the angular coordinates .theta. and
      .phi. are referred to Cartesian axes in the plane of the drawing in a
      Mercator projection. Note that the general layout of the sonic scenes
      (e.g. the orchestral or operatic stage and the piano) is such that the
      presence region to be restored is considerably more extensive in the
      horizontal plane than in the vertical plane and is more extensive upwards
      that downwards. By way of example, we can say that an accurate
      stereophonic playback produces a presence region which is approximately
      inscribed in the contour 1 and that the aim of the inventors of the
      prior-art systems using four channels, whether separate or not, is to
      restore the entire surface 2.
PAR  After giving these preliminary definitions, we can say that an acoustic
      transmission and playback system should enable the listener, in the room
      where the reproduction is taking place, to form the same sonic subjective
      space as he would form in the room where the sound was picked up; i.e. the
      two subjective spaces should have the same extent and attract the
      listener's attention in the same manner. We must now, therefore, briefly
      analyse the characteristics of the sonic field which is directly heard,
      e.g. in a concert room. A given sound transmission coming from the sonic
      scene can be subjectively characterized, apart from any musical criterion,
      by its relief, i.e. by the manner in which it stands out from the sonic
      scene owing to the timbre, the entry of instruments, the intensity, etc,
      and owing to the time sequence in which perceptions occur. This time
      sequence is not only associated with the instant at which sound is
      received by the listener's ears. Actually, the relief and the time
      sequence are subjectively coordinated and we can say that the perception
      of a sound appears to be more rapid in proportion as the relief of the
      sound can be more easily distinguished from the sonic environment of the
      concert-room. Consequently, the physical distinction made in the
      conventional acoustics of rooms between direct sound and echoed sound
      cannot be directly applied to the problems of sonic perception. Instead,
      from a subjective point of view, it is necessary to distinguish the "core"
      from the "halo" of the sonic phenomenon in the sonic field perceived at a
      given instant by a listener.
PAR  The core involves not only the sound coming directly from the sonic scene,
      but also the first echoes from the room, i.e. the fraction of the sonic
      field which gives a direct, vivid auditory impression. The halo is made up
      of the other perceptible echoes and gives the effect of a sonic halo or
      corona which contributes to the impression of a more extensive
      environment. In short, the core corresponds to a time window relating to a
      period of perception t1 and the halo corresponds to a time window relating
      to a later period t2. Clearly, there is no discontinuity between the two
      time windows and there is a varying amount of interference between them.
PAR  In the subjective space in the diagram in FIG. 2, the core can be
      represented by a surface N also characterized by a dimension corresponding
      to the average time t1. The halo can be represented by a relatively
      limited region H of the diagram surrounding the core N and having an
      average time dimension t2, with t2.cent.t1 if the beginning of the
      peception of the sonic phenomenon is taken as the time origin.
PAR  We shall now, by briefly mentioning their main features, show why the
      various methods of true quadriphonic sound in present use cannot give
      satisfaction.
PAR  By way of example, FIGS. 3a and 3b show two methods of disposing
      microphones used for quadriphonic sound pick-up. A studio A contains the
      sonic scene S and four directional microphones m1-m4, which are usually
      having a cardioid characteristic. In FIG. 3a, the microphones are placed
      at the apices of a square and their diaphragms are directed towards the
      exterior of the square. The four microphones can be secured to a
      diffracting member or head C. In FIG. 3b, microphones m1 and m2 form a
      first stereophonic pair, which may or may not be mounted in a head C1, and
      m3 and m4 form a second pair and, if required, are mounted in a head C2.
      The spacing 1, e.g. 17 cm, between m1 and m2 is identical with the spacing
      between m3 and m4, and the distance d between the pairs is of the same
      order. All the diaphragms are obliquely oriented and face the sonic scene.
PAR  FIGS. 3c and 3d show how loudspeakers (or groups of loudspeakers) are
      disposed so as to reproduce the sounds picked up by microphones m1 to m4
      respectively. Four loudspeaers h1 to h4 are respectively connected to the
      channels corresponding to microphones m1 to m4. It is assumed that the
      listener 0 is substantially in the center of the room B where sound is
      received. In FIG. 3c, the loudspeakers occupy the apices of a rectangle
      inscribed in the rectangle forming room B. In FIG. 3d they are all
      disposed in the front hemisphere of the listener's subjective space. The
      arrangements of microphones in FIGS. 3a and 3b do not give really
      satisfactory reception, whether they are associated with one or the other
      of the loudspeaker arrangements in FIGS. 3c and 3d.
PAR  We shall now analyse the impressions received and try to explain the causes
      thereof.
PAR  Aesthetically, the combination 3a-3c is the most defective. Microphones m1
      and m2 form a stereophonic pair picking up the direct sound from sonic
      source S and microphones m3 and m4 form a second pair mainly picking up
      the echoed sound from the rear of studio A. The listener's attention is
      divided between the front group of loudspeakers and the rear group outside
      the presence cone, and he also has an unpleasant impression of lack of
      unity in the playedback sonic scene. This impression is reduced when all
      the loudspeakers are disposed in the front, as in FIG. 3c, but groups
      h3-h1, h1-h2 and h2-h4 form three stereophonic pairs corresponding to the
      stereophonic sound pick-up pairs m3-m1, m1-m2, m2-m4 and, if the listener
      turns his attention from the central pair, he may be attracted by one of
      the side pairs, in which case he experiences a sudden shift in the sonic
      scene.
PAR  Similar criticisms can be made with regard to the sound pick-up system in
      FIG. 3b, if used in combination either with the playback system in FIG. 3c
      or in FIG. 3d. The two pairs of microphones m1-m2 and m3-m4 have the same
      spacing and diverge in the same manner. In addition, the spacing between
      them is small. In the case of both loudspeaker arrangements, the listener
      perceives the complex received signal as if it came on the one hand from
      the loudspeaker group h1--h3 on the other hand from the group h2-h4. The
      impression is similar to that which would be given by a stereophonic
      system wherein the loudspeakers were too far apart.
PAR  Apparently, the defects in the prior-art systems are due to the fact that
      they are based on the distinction between direct and echoed sound (a
      physical distinction which does not allow for psycho-acoustic phenomena)
      so that the auditor's attention is equally attracted by the front and rear
      loudspeakers in FIG. 3c and by the central and side loudspeakers in FIG.
      3d.
PAR  By contrast, the sound pick-up system according to the invention,
      diagrammatically shown in FIG. 4, is based on the psychoacoustic
      distinction between the sonic core and the sonic halo and is designed so
      that the listener's attention is captured by the central loudspeakers in
      FIG. 3d, i.e. so that the sound transmitted by the central loudspeakers,
      which determines the orientation of the presence cone, substantially
      corresponds to the sonic core, whereas the sound transmitted by the side
      loudspeakers corresponds to the halo. In the sound pick-up devices
      according to the invention, use is made (as in FIG. 3b) of two
      stereophonic pairs of directional microphones facing the sonic source, but
      there is a considerable difference between the position and orientation
      parameters of the microphones in the two pairs. If l1 is the distance
      between the pair of microphones nearer the sonic scene and l2 is the
      distance between the more remote pair of microphones, and .alpha..sub.1
      and .alpha..sub.2 respectively are the divergence between the axes of the
      microphones in each pair, then, according to the invention, l2 is
      substantially less than l1 and .alpha..sub.2 is substantially less than
      .alpha..sub.1. The loudspeakers are disposed as in FIG. 3d. In addition:
PA1  the distance d between the two pairs of microphones is between 45 and 65 cm
      and is advantageously of close to 55 cm;
PA1  the distance l1 between the microphones in the first pair is between 15 and
      20 cm, and is advantageously close to 17 cm;
PA1  the angle of divergence .alpha..sub.1 of the sound pick-up axes of the
      microphones in the first pair is between 90 and 120.degree., and is
      preferably substantially equal to 110.degree..
PAR  With regard to the corresponding parameters for the second pair of
      microphones, l2 is between 4 and 10 cm and is advantageously of the order
      of 6 cm and .alpha..sub.2 is between 30 and 90.degree. and is
      advantageously close to 60.degree.. The parameters of the first pair of
      microphones are those which have been adopted to the Applicant for most
      stereophonic musical sound pick-ups.
PAR  In most cases, for reasons well known to the skilled addressee, the
      characteristics of the microphones should be cardioids. In some
      circumstances, however, where recording is difficult or where special
      effects are desired, some or all of the cardioid microphones may be
      replaced by more directional microphones or, on the contrary, by
      omni-directional microphones.
PAR  There are striking differences between the results obtained by the features
      acording to the invention and those obtained by the most similar prior-art
      features, as shown in FIG. 3b. The listeners who were selected as controls
      during a number of tests felt that the advance over ordinary stereophonic
      reproduction was as great as the advance of stereophonic over
      monoreproduction. Reception is spatially determined in the same manner as
      in stereophonic systems, but the environment is much more complete. The
      reasons for this may be explained as follows:
PAR  The front pair m1-m2 of microphones provides a conventional stereophonic
      pick-up. The rear pair m3-m4, which is considerably more distant, picks up
      practically the same sounds, but after an appreciable delay, and adds more
      echoes. Owing to this delay, which corresponds to the time difference
      (t2-t1) and which has been defined with reference to the subjective time
      windows corresponding to the sonic core and halo, the side loudspeakers
      appear to transmit the halo and consequently attract the listener's
      attention less than the central loudspeakers.
PAR  The playback characteristics are very sensitive to slight variations in the
      position of the rear pair of microphones, m3 and m4. If the rear pair is
      too near the front pair, the effects are observed which were mentioned in
      conjunction with FIG. 3b. If the rear pair of microphones are too near one
      another, or if their divergence is too small, the sound reproduced by the
      side loudspeakers becomes thinner and reduces the feeling of an
      environment and of space. If the rear microphones are too far away or
      diverge too much, there appears to be a dissociation between the accurate
      reproduction by the central loudspeakers and the fuzzy reproduction by the
      side loudspeakers, and the sonic scene loses its unity.
PAR  The ranges previously given for the different parameters d, l1, l2,
      .alpha..sub.1 and .alpha..sub.2 are adequate in practice for all problems
      relating to sound pick-up. In most cases, however, it is advantageous to
      adopt the recommended preferential values.
PAR  Tests have shown that is is usually necessary for all the loudspeakers to
      be disposed in the front hemisphere of the reception space. If the
      loudspeakers corresponding to microphones m3 and m4 moved backwards, they
      produce the unpleasant feeling of dissociation which has already been
      mentioned. In this case, however, a pleasant impression can be given by
      ensuring that the axis of the rear loudspeakers does not point directly
      towards the listener.
PAR  Finally, during tests in the course of development of the system according
      to the invention, the Applicant examined the conditions which must be
      satisfied by a multiphonic system using more than four separate channels.
      It was found that the best results are obtained when a pair of microphones
      m5-m6 or a succession of such pairs is disposed behind the pair m3-m4,
      microphones m5-m6 being substantially further apart than microphones
      m3-m4, and the spacing between the subsequent pairs increasing in
      proportion to their distance from the sonic scene. With regard to the
      corresponding side loudspeakers, their distance from the reception axis
      should vary in direct proportion to the distance between the sonic scene
      and the pair of microphones.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A sound pick-up device for multiphonic broadcasting and recording,
      comprising a first stereophonic pair of directional microphones disposed
      at a first given distance from a sonic scene to be transmitted and having
      a second stereophonic pair of directional microphones disposed at a second
      given distance from said sonic scene, said second distance being greater
      than said first distance by a quantity d, each microphone having a sound
      pick-up axes, the four microphones being disposed so that the spacing l2
      between the microphones of the second pair is substantially less than the
      spacing l1 between the microphones of the first pair, and the angle of
      divergence .alpha..sub.2 of the sound pick-up axes of the second pair of
      microphones in the direction of the sonic scene is substantially less than
      the angle of divergance .alpha..sub.2 of the sound pick-up axes of the
      first pair of microphones; said device being characterized in that each of
      said pairs of microphones is arranged symmetrically with respect to a
      median vertical plane of said sonic scene.
NUM  2.
PAR  2. A multiphonic sound transmission system, using a sound pick-up device in
      accordance with claim 1, in which the sound pick-up signals from the four
      microphones are reproduced respectively by two pairs of electro-acoustic
      playback units disposed in the front hemisphere of a reception space and
      at unequal distances from the axis of said space, the two playback units
      nearer the axis of said reception space respectively reproducing the sound
      picked-up by the microphones of said first pair and the two playback units
      further away from said axis respectively reproducing the sound picked-up
      by the microphones of said second pair.
NUM  3.
PAR  3. A multiphonic sound transmission system according to claim 1, using a
      third pair of microphones which are more distant from the sonic scene than
      said second pair, in which the spacing between the microphones of said
      third pair is substantially greater than that between the microphones of
      the second pair, and in which the sounds picked-up by the microphones of
      said third pair are respectively reproduced by two additional playback
      units disposed one on either side of the playback units corresponding to
      said second pair of microphones.
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ABST
PAL  A simplex intercommunication system and a two-way intercommunication system
      comprising an electronic trunking scheme and being suitable for connection
      of about ten to a thousand subscriber stations. For example, an average
      system is designed to permit the connection of a maximum of 100
      subscribers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of this Invention
PAR  This invention relates a simplex or two-way intercommunication system for
      offices, factories and the like, which, while costing substantially the
      same or only slightly more than conventional systems of this nature, can
      be constructed with a considerable reduction in cabling and still enable a
      large number of separate conversations to be carried on simultaneously.
PAR  2. Description of the Prior Art
PAR  In the case of all known simplex intercommunication systems or two-way
      intercommunication systems, the speech signals are transmitted
      substantially analog, for which reason, a couple of lines must be
      available per speaking circuit apart from the wires for the trunking
      scheme. This results from the fact that a considerable amount of cabling
      is required for systems of this nature - nevertheless only a limited
      number of conversations can be carried on simultaneously. Basically, the
      same difficulties apply to conventional telephone-crosstalk installations.
      A summary of the generally known intercommunication systems is to be found
      in the "NTZ-Kurier (Courier), supplement to NTZ (1970) 9, NTZ (1971) 2,
      NTZ (1971)".
PAC  BROAD DESCRIPTION OF THIS INVENTION
PAR  An object of this invention is to provide a simplex or two-way
      intercommunication system for offices, factories and the like, which,
      while costing substantially the same or only slightly more than
      conventional systems of this nature, can be constructed with a
      considerable reduction in cabling and still enable a large number of
      separate conversations to be carried on simultaneously.
PAR  It has been found that this task can be fulfilled by means of an
      intercommunication system which is characterized in that both the
      transmission of signals and the trunking scheme are covered by the
      time-division multiple method, in that all subscriber stations are
      connected to a wiring system for directed information transmission, a
      central synchronizing generator being provided in the wiring system to
      supply synchronizing signals for the time multiplex operation, and in that
      signal transmission in the wiring system is affected in digital form, the
      conversion of the (analog) speech signals taking place in the subscriber
      station. According to a preferred embodiment of this invention, the
      simplex or two-way intercommunication system is designed in such a way
      that each subscriber station is only adapted to respond via a time channel
      which is rigidly connected thereto. The establishment of connections is
      considerably facilitated by the provision of a fixed (rigid) channel for
      each subscriber station. As compared to known telephone exchange systems
      comprising time-multiplex operation, this scheme eliminates devices for
      selecting a free connection path, engagement of the path, etc. In
      addition, with the simplest switching means, the simultaneous calling of a
      plurality of subscribers or even all the subscribers is made possible
      (group call or collective call); conversations can be carried on via all
      the channels simultaneously and independent of the other channels. The
      speech paths or channels made available per subscriber by the one-way or
      two-way intercommunication system according to the invention do not
      involve a noticeable increase in cost over systems having a smaller number
      of channels. If this system were constructed on the principle of known
      telephone exchanges with bundling of the speech paths, it would be
      considerably more expensive and additional disadvantages (limited number
      of conversations, no possibility of group calls or collective calls) would
      have to be taken into account. Each station can also be provided with a
      fixed transmission channel or the individual subscriber stations can be
      provided with free conversation path which are selected according to
      different operating patterns directly before conversation construction.
      Numerous variants are possible as the system according to this invention
      provides for the use of electronic switching means such as accumulators,
      shift registers, and the like.
PAR  According to this system, the wiring system may be in the form of a
      (closed) ring system or in the form of an open "double spiral," consisting
      of two loops disposed in parallel, namely a transmission loop and a
      receiving loop, the end of the transmission loop being electrically
      connected to the beginning of the receiving loop.
PAR  The conversion of the analog speech signals into digital form takes place
      within the framework of this invention preferably according to the delta
      modulation process. Although it is generally more expensive, it is
      obviously also possible to use the pulse-code-modulation process for
      converting signals.
PAR  Another preferred embodiment of this invention consists in that in each
      subscriber station a local synchronizing generator is provided which
      consists essentially of a phase arrested loop (known as a "phase locked
      loop," abbreviated to: PLL) of a meter, the counting capacity of which
      depends on the maximum number of subscribers and the necessary
      synchronizing impulses, and of at least two digital comparators. The local
      synchronizing generator is synchronized by the central synchronizing
      generator and the particular time channel to which the subscriber station
      is connected in a fixed manner and also the time channels of the
      subscriber stations called (which may be selected freely by means of a
      keyboard) may be determined by means of the meter and the comparator. In
      this case, the local synchronizing generator also serves to produce the
      answering impulses for the modulation and demodulation stages in the
      individual subscriber stations.
PAR  According to this invention it is also possible to provide an additional
      holding memory in the subscriber station of the calling device. On
      determining the engaged tone of the subscriber station or stations called
      (in the case of a group or a collective call), this holding memory stores
      the time channel number or the subscriber number which has been called and
      repeats the call after the conversation is over.
PAR  The arrangement of the holding memory in the calling subscriber station has
      the advantage that this type of storage device does not have to be
      installed in all subscriber station but only in privileged stations.
PAR  The simplex or two-way intercommunication system according to this
      invention also possesses the decisive advantage in that in
      contradistinction to the wire bundles of conventional systems, it only
      requires a single ring system or a so-called "double spiral," to which all
      subscribers can then be connected. If a fixed channel is connected to each
      subscriber station, it is possible to change the position or connection of
      the subscriber station to any desired spot along the line, without having
      to change the sequence of numbers to which the particular device responds.
PAR  Another important advantage of this invention over all known systems
      consists in that conversations can be carried on simultaneously between
      all subscriber systems.
PAR  The completely electronic construction of the entire system and the use of
      the time-division multiplex system means that numerous special devices can
      be provided at no extra cost or with a minimum of expense. For example,
      the above-described holding device can be provided in a very simple manner
      -- this consisting essentially of a relatively simple structural element,
      namely, a commercially available accumulator, which can also be installed
      at a later date if a little forethought is used.
PAC  DETAILED DESCRIPTION OF THIS INVENTION
PAR  Other objects, features and advantages of this invention will be made
      apparent from the following detailed description of the preferred
      embodiments thereof when reference is had to the accompanying drawings.
DRWD
PAR  The drawings are in the form of block diagrams, wherein:
PAR  FIG. 1 shows an embodiment of the simplex or two-way intercommunication
      system according to this invention;
PAR  FIG. 2 shows the system according to FIG. 1 provided with a "double
      spiral";
PAR  FIG. 3 shows a subscriber station of the system according to FIG. 1, in
      this case the subscriber station of a simplex intercommunication system;
PAR  FIG. 4 shows the modulator or transmission stage of the subscriber station
      according to FIG. 3; and
PAR  FIG. 5 shows the receiving part of the subscriber station according to FIG.
      3.
DETD
PAR  According to the embodiment shown in FIG. 1, the simplex or two-way
      intercommunication system according to this invention consists of ring
      line 1, a coaxial cable or a normal telephone double line, to which
      individual subscribers 2 are connected by means of connector receptacle 3.
      The direction of signal transmission is shown in the drawings by means of
      arrows. Ring line 1 is supplied with synchronizing signals by central
      synchronizing generator 4.
PAR  In the system shown by way of example in the drawing and which comprises a
      maximum of a hundred subscriber stations, synchronizing generator 4
      supplies synchronizing impulse sequences for the subscriber stations of 30
      impulses and then allows 100 impulse spaces for the transmission of 100
      time channels. The sum, in this case, 130 impulse places, forms a frame,
      duration of which in the case of the present embodiment of this invention
      amounts to 25.mu.s. After a transit period occasioned by the limited
      propagation speed of the signals on ring line 1 the synchronizing
      impulses, and if they are present, also the information impulses, reach
      central synchronizing generator 4. In this generator, the information
      impulses are stored until the next frame transmitted by the same and are
      then blended in at the appropriate place in this frame.
PAR  Connector receptacles 3 comprise a mechanical or electrical bridge so that
      the signal is allowed to pass unhindered in the case of a subscriber
      station 2 which is not connected.
PAR  So-called "double spiral" 6 may be used in place of ring line 1 according
      to FIG. 2. This "double spiral" consists of two loops laid in parallel,
      namely transmitting and receiving loop 6a and 6b, respectively. The end of
      the transmitting loop (at point 7) is electrically connected to the
      beginning of the receiving loop. This eliminates the use of an accumulator
      arranged in central synchronizing generator 4 when ring line 1 is used and
      which, as described, initially stores the information impulses and then
      blends them into the frames at the correct point.
PAR  FIG. 3 shows the construction principle of subscriber station 2 for simplex
      operation. Each subscriber station 2 possesses its own local synchronizing
      generator 8 which is synchronized by the synchronizing impulse sequences
      transmitted on ring line 1 or double spiral 6 from central synchronizing
      generator 4 in such a way that not only phase synchronism but absolute
      phase uniformity is obtained.
PAR  This absolute phase uniformity may be obtained, for example, by means of a
      phase locked loop consisting in a known manner of a voltage controlled
      oscillator, a phase comparator (or phase discriminator), an amplifier
      (loop amplifier) and a low-pass filter (loop filter). Through the voltage
      control oscillator and the signal at which the oscillator is to be
      synchronized, the phase comparator is controlled. The output signal of
      this phase comparator is conveyed to the voltage control oscillator as a
      control signal via the low-passs filter after passing the loop amplifier.
PAR  In the case of the phase locked loop provided in the described embodiment
      of this invention, to obtain the desired absolute phase uniformity, a
      digital phase comparator is used which immediately issues (maximum)
      control signal upon only a very slight deviation from the phase identity.
PAR  Apart from the phase locked loop each local synchronizing generator 8
      contains a meter, the capacity of which, in a system with a maximum of 100
      subscribers, taking into consideration the places for the synchronizing
      impulses, should be about 130. Each local synchronizing generator 8 also
      contains at least two digital comparators, by means of which the time
      channel fixedly connected to each subscriber station and the freely
      selectable time channel of the station called can be determined. In this
      case, each subscriber station 2 is only adapted to respond via the time
      channel associated therewith. For this reason, to answer a call, the
      subscriber station must be informed of the identity of the calling
      subscriber. As the caller is probably only able to respond via a specific
      time channel, the station which has been called must now send its answer
      in the time channel of the subscriber making the call.
PAR  According to the present embodiment of this invention, the analog speech
      signal coming from microphone 18 is converted into digital signal form in
      modulator stages 16 according to the delta modulation process. In this
      modulation process, the analog speech signal is constantly checked by
      interrogation impulses to ascertain whether the amplitude of the speech
      signal has become smaller or larger since the preceding interrogation
      impulse. An increase in amplitude produces an L impulse, while, when the
      amplitude has decreased, no impulse (O) is issued. If no speech signal is
      present, L and O are produced constantly in an alternating manner. When
      the amplitude of the speech signal increases, the number of L's follow in
      succession. When the amplitude of the speech signal decreases the O
      signals increase.
PAR  The original analog speech signal is recovered from the digital impulse
      sequence by integration from the arriving impulse sequence in demodulator
      17 which is shown in FIG. 3 on the demodulation or receiving side of the
      subscriber circuit. In FIG. 3, the loudspeaker connected to the
      demodulator 17 is designated by 19.
PAR  In the present embodiment of this invention, the interrogation impulse
      sequence for the delta modulation is recovered from the synchronizing
      cycle for local synchronizing generator 8 and amounts, for example, to 40
      kHz. Accordingly, this is a synchronized delta modulation process.
PAR  The individual subscriber stations also comprise the necessary electronic
      devices for producing and terminating a conversation, for indicating when
      a line is occupied, for recognizing the caller, etc.
PAR  The establishment of a connection when a subscriber is called is generally
      as follows:
PAR  If subscriber A wishes to speak to another subscriber B, he has to cut into
      the other time channel. To effect this, he supplies the number of
      subscriber B via his keyboard 9 into accumulator 10. The number which has
      been called appears for control in indicator field 11 (in this case a two
      place indicator field). Logic unit 12, which is controlled by local
      synchronizing generator 8, selects the desired time channel of subscriber
      B. Local synchronizing generator 8 is itself synchronized by central
      synchronizing generator 4 shown in FIG. 1. Subscriber A who is making the
      call then automatically checks whether the subscriber station being called
      is free or busy. Components 13 for recognizing the busy signal are used
      for this purpose.
PAR  The method of recognizing the busy signal is relatively simple. If
      subscriber B, who has been called is free, there are no L signals present
      in his time channel. This also applies to a decreasing amplitude of the
      speech signal but only for a short period of time which is immediately
      followed by a period in which L signals predominate.
PAR  Accordingly, all that needs to be checked, is whether an L has occurred in
      the time channel of subscriber B within a sufficiently long period of time
      (less than 0.1 seconds).
PAR  There are obviously numerous other ways of recognizing when a line is busy.
PAR  The station making the call also constantly issues L signals in its own
      channel to indicate to other stations that it is in the busy state. If the
      subscriber who has been called is busy, his number is eliminated from the
      indicator field of subscriber A. If B is free, the number of the station
      making the call is automatically transmitted to accumulator 10 of the
      station which has been called where it is indicated in indicator field 11.
      An acoustic call signal is simultaneously released. If subscriber B who
      has been called is busy, the call signal can be supplied to additional
      holding memory 30 indicated in FIG. 3 by the perforated line. On
      termination of the conversation being carried on, this additional holding
      memory 30 indicates the number of the waiting caller in indicator field
      11. It is also possible to store information regarding a number of
      callers. With a suitable switching layout, subscriber A can speak to a
      third subscriber while he is waiting for subscriber B to become free.
PAR  In the case of a subscriber station of an intercommunication system shown
      in FIG. 3, to reply to the call, called subscriber B has to activate an
      interception blocking key and can then announce himself. Calling
      subscriber A controls the course of the conversation with his speech turn
      key 14. In the case in question, this is provided to prevent an acoustical
      reaction which would occur in a two-way intercommuncation system, if no
      preventive measures were used. Called subscriber B does not have to
      activate any other keys apart from the interception blocking key. Means
      for automatically reversing the amplitude to avoid reactions can also be
      employed in place of the speech turn key.
PAR  To terminate the conversation, both persons involved in the conversation
      activate termination key 15, thereby switching off their particular
      accumulator 10. The time channels of the two subscribers are then free
      again.
PAR  Other modifications of the system in question consist in that the time
      channel is kept free for collective calls or emergency calls. This time
      channnel releases a signal in all subscriber stations. Group call
      arrangements would be constructed in the similar manner.
PAR  If the system in question is not constructed as a simplex
      intercommunication system but as a two-way intercommunication system,
      additional measures are required to reliably exclude an acoustical
      reaction. For this purpose, directional microphones in combination with
      loudspeakers acoustically disengaged by the microphone may, for example,
      be used. An acoustical reaction may be avoided and thus two-way operation
      made possible by other measures, for example, by maintaining a minimum
      distance between the microphone and the loudspeaker.
PAR  The essential construction of transmitting or modulation stage 16, which
      operates according to the delta modulation process may be obtained from
      FIG. 4.
PAR  The LF signal coming from microphone 18 (see FIG. 3) passes through
      pre-amplifier 20, another amplifier 22 and is supplied to comparator
      arrangement 23 which operates in the manner of a trigger. The comparative
      magnitude provides the output signal of the delta modulator evaluted at
      integrator 24. The stage of comparative trigger 23 is transmitted to
      bistable sweep stage 25 by the interrogation impulse from local
      synchronizing generator 8, which in this case is indicated by the
      perforated lines. (see FIG. 3). Bistable sweep stage 25 provides the
      output signal.
PAR  The circuitry of demodulation or receiving stage 17 according to FIG. 3 is
      shown in detail in FIG. 5. Once during each frame local synchronizing
      generator 8 interrogates the time channel which is connected to the
      particular subscriber station and then transmits its state to bistable
      sweep stage 26. The output signal of this sweep stage is evaluated by
      integrator 27 and its frequency is then limited by low-pass filter 28. The
      output signal is then amplified by LF power amplifier 29 to a capacity
      which is capable of modulating loudspeaker 19 (see FIG. 3).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A simplex or two-way intercommunciation system for a large number of
      subscriber stations, for example, permitting the connection of about 10 to
      1000 subscribers, and having an electronic trunking scheme or system of
      establishing the connections, characterized in that both the transmission
      of signals and the establishment of connections is effected by the
      time-division multiplex process, in that all of the subscriber stations
      are connected to a wiring system for directed information transmission,
      said wiring system comprising a central synchronizing generator which
      supplies synchronizing signals for the time division multiplex operation,
      and in that the signal transmission to the wiring system is digital, the
      conversion of the analog speech signal into digital signal form and the
      recovery of the speech signal taking place in the subscriber stations, the
      conversion of the speech signals into digital signal form being effected
      according to the delta modulation process, and each subscriber being able
      only to respond via a time channel fixedly connected thereto, and a local
      synchronizing generator is provided in each subscriber station, said local
      synchronizing generator consisting essentially of a phase arrested loop, a
      meter, the counting capacity of which depends on the maximum number of
      subscribers and the requisite synchronizing impulses, and at least two
      digital comparators, the local synchronizing generator being synchronized
      by the central synchronizing generator and the particular time channel
      which is fixedly connected to the subscriber stations and the freely
      selectable time channels of the subscriber stations called being adapted
      to be determined by the meter and the comparator, and wherein the local
      synchronizing generator is designed to be used simultaneously for
      producing the interrogation impulses for the modulation and demodulation
      stages.
NUM  2.
PAR  2. A simplex or two-way intercommunication system according to claim 1
      wherein an additional holding memory is provided in the subscriber station
      of the caller, said holding memory storing the number of the time channel
      or the subscriber calling when its own particular station is busy and
      repeating the call when the station called is again free.
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ABST
PAL  The present invention relates to a transit exchange for the transmission of
      asynchronous data signals having a given character structure and data
      rate, with the aid of a control equipment, including a computer and a
      sampling device, which is common to a number of sending terminal
      equipments and works on the time division multiplex principle. The
      instantaneous values of the data signals received over each of a number of
      incoming lines are sampled at a frequency so selected in relation to the
      asynchronous data rate that at least one sampling pulse falls within a
      distortionless region of the respective character element. The transit
      exchange includes a detector working synchronously with the sampling
      device to establish, by means of the successive processing of the sampling
      pulses, the binary value of each character element. Corresponding binary
      indication values are stored in an intermediate memory at an addressed
      location associated with the receiving terminal equipment and from there
      are transferred cyclically by a read-out device to a regeneration device
      corresponding to the receiving terminal equipment. From the indication
      values the regeneration device forms data signals which change value in
      synchronism with the indication signals.
BSUM
PAR  The present invention relates to a transit exchange for transmission of
      asynchronous data signals with given character structure and data speed by
      means of a control equipment working with the time division multiplex
      principle.
PAR  A method known through German Offenlegungsschrift 1437794 for transmission
      of asynchronous data signals using the time division multiplex principle
      is characterized in that data signals arriving on a line to the transit
      exchange are decoded and stored, character by character, in a receiving
      line equipment, from which the characters are fetched by a transfer unit,
      usually a computer, and placed in a sending line equipment for forwarding
      on the associated line. The disadvantage of this method if the large costs
      associated with the storage of data characters both in receiving and
      sending line equipments and in the transfer unit, and the considerably
      delay to which the data signals are subjected due to this storage, a delay
      which will be especially troublesome in the passage through a number of
      tandem-connected exchanges.
PAR  According to another method known through published Swedish application No.
      347407, changes of state of incoming data signals are detected, i.e.
      switching from binary 0 to binary 1 and vice versa, by a receiving line
      equipment, after which these changes, with the aid of address information
      stored in a computer, are transferred to a sending line equipment. This
      method admittedly eliminates the delay occurring with the foregoing method
      but has instead two other disadvantages. On the one hand no regeneration
      of the transmitted characters takes place with respect to the pulse times
      of the individual character elements, and on the other the switching
      process contributes a certain time distortion which is dependent on the
      momentary load on the computer, i.e. a random prolongation of the pulse
      times.
PAR  An object of the invention is to minimize the transit time for the
      switching of asynchronous data signals with the simultaneous characterwise
      regeneration of the pulse times of the character elements. This is
      achieved in the manner that the data signals arriving from a receiving
      line equipment, after polarity determination in a detector, are stored,
      element by element, in an intermediate memory from which they are
      transferred, still element by element, to a read-out device in which the
      characters are regenerated by means of a synchronous clock signal in
      conjunction with feed-out to a sending line equipment. The characteristics
      of the invention appear from the claims.
PAR  The invention will be explained below by means of an embodiment with
      reference to the accompanying drawing, in which FIG. 1 shows a transit
      exchange for switching of TELEX signals, FIG. 2 shows a number of timing
      diagrams which illustrate the mode of operation of the transit exchange,
      FIG. 3 is the block diagram of the device according to the invention, FIG.
      4 shows a number of timing diagrams for illustration of the operation of
      the device according to FIG. 3, and FIGS. 5 and 6 show two alternatives
      for extension of the capacity of a transit exchange.
PAR  FIG. 1 shows a transit exchange FS to which 4 .sup.. 16 = 64 terminal
      equipments T 101 - T 416 are connected on their respective circuits L 101
      - L 416 and associated line equipments LU 101 - LU 416. All terminal
      equipments are assumed to work at the asynchronous modulation rate of 50
      bauds and utilize a character structure and signalling scheme according to
      the international TELEX standard. This implies that every character signal
      comprises 7 binary character elements, of which the first constitutes the
      start element and the last the stop element, and the five intermediate
      elements are information-carrying data elements. The standard structure
      also implies that the nominal length of each of the first six elements
      corresponds to a unit interval of 20 ms, while the stop element is
      prolonged to normally 1.5 unit intervals = 30 ms. The resulting nominal
      character speed will therefore be 50/7.5 = 6.67 characters/s. With manual
      transmission from a terminal, however, the average character speed will be
      lower, which is noticeable since the stop elements will be still longer.
      Typical of the asynchronous method of transmission, therefore, is that the
      phase position of a character element is correlated only to the phase
      position of the other elements within the same character and that the
      receiver must derive the element phase from each start element and change
      to a waiting condition during every stop element.
PAR  Each of the 16 line equipments, e.g. LU 101 - LU 116, is connected to a
      multiplexor unit, e.g. MUX 1, and to a demultiplexor unit, e.g. DEX 1, the
      purpose of which is, in selected time slots, to through-connect a circuit
      to an incoming bus MUB and to an outgoing bus DEB. The multiplexor units
      MUX 1-4 together constitute a sampling device SA for the values of the
      incoming signals, and the demultiplexor units DEX 1-4 together constitute
      a read-out device UA for transmission of indication values relating to the
      values of the outgoing signals to a regeneration device RA in each line
      equipment, as will be described in greater detail. In addition to the
      regeneration device the line equipments contain circuits of conventional
      type for translation between the signal representations used on the line
      and exchange sides respectively.
PAR  On the busses MUB and DEB the character elements are transmitted, which
      were received and sent, respectively, via the line equipment LU, in the
      form of sampling and indication values, respectively, in a time sequence
      determined by an address counter ADR and with a density determined by a
      clock or timing generator TG, e.g. 15 per unit element and line. See the
      timing diagram in FIG. 2, lines a), c), i) and j). Interconnection of a
      calling terminal equipment, the A subscriber, with the desired other
      terminal equipment, the B subscriber, takes place in a central switching
      equipment comprising a control equipment SU with a control processor SD.
      The switching equipment also comprises a buffer memory BM connected to an
      output buffer UB, which form part of an intermediate memory FM, and a
      switch memory KM, in which received character elements are temporarily
      stored while being processed by a logic equipment KL. The logic equipment
      comprises the subunits MBL, TRL, ARL, SBL and UKL, which interact with
      their respective associated memory fields in memory KM - viz. MBM, TRM,
      ARM, SBM, UKM - as will be described in greater detail. The transit
      exchange also contains a detector device AA which, on the basis of the
      sampling values, establishes the informational content of the received
      signals and, depending on the value established, produces a binary
      indication signal. According to the example, however, it is assumed that
      the detector device consists of a device according to the Swedish patent
      application 73.10968-8. The device thus comprises a decoder memory AKM and
      a decoder logic AKL, as will be explained below.
PAR  Each memory field in the switch memory, as also the decoder memory and
      buffer memory, has 64 memory positions corresponding to each of the 64
      line equipments, and these positions are addressed at the same time as the
      respective line equipment obtains access to the busses MUB and DEB for
      writing into the decoder memory and reading out from the output buffer of
      the associated sampling and indication values respectively. The addressing
      takes place cyclically and every addressing cycle, in order to facilitate
      the read-out from the inermediate memory to the read-out device, is
      divided into 16 sequences of five steps each. During the first of the five
      steps four indication values are transmitted from the buffer memory BM to
      the output buffer UB, each relating to a line equipment in its respective
      100-line group, e.g. LU 101, LU 201, LU 301 and LU 401. During the other
      four steps in the same sequence addressing of these line equipments takes
      place, the sampling and indication values being transmitted from and to
      them, respectively, via the busses MUB and DEB respectively. This will be
      seen from FIG. 2 lines b) - f).
PAR  When the A subscriber's terminal, e.g. equipment T 101, is in its rest
      position, the sampling values occurring during addressing stage No. 101 on
      bus MUB represent a binary zero (0). On receipt of a call the state
      changes to binary one (1), whereupon the decoder logic AKL is activated
      and stores information concerning the event in the corresponding position
      in the decoder memory AKM. After 15 sampling values have been recorded,
      which corresponds to one unit interval, the information content of the
      element is evaluated. If it is found to be 1, it is transferred via the
      logic unit MBL to the memory position of the A subscriber in the receive
      buffer MBM, after which the next unit interval is scanned, and so on. In
      the receive buffer, seven signal elements, corresponding to the length of
      a TELEX character, are stored and, if all are 1, a call indication is
      transferred to the logic unit TRL for updating of the memory position of
      the A subscriber in the state register TRM, at the same time as the A
      subscriber's address is written into the corresponding position in the
      address register memory ARM. An acknowledgement of the call, independent
      of the control processor, is also made in such manner that output data to
      the A subscriber are changed from 0 to 1 by writing into the buffer memory
      BM in the manner described later.
PAR  The call indication is also transferred to the control processor SD, which
      identifies the A subscriber by means of the information in the address
      register. If the control processor is prepared to receive selection
      information from the A subscriber, the TELEX character G is first written
      into the A subscriber's position in the send buffer memory SBM, from which
      it is fetched, element by element, by the encoder logic UKL, and is stored
      in the associated memory UKM. From there indication pulses, the values of
      which represent the respective character elements, are transferred to the
      A subscriber's position in the buffer memory BM, from which, via the
      output buffer UB, they are fed on bus DEB and, in the A subscriber's time
      slot, directed through the demultiplexor DEX 1 to line equipment LU 101.
      Here, with the aid of the regeneration device RA 101, the indication
      values are combined into character elements which are transmitted on line
      L 101. When the entire character G has been collected from the send
      buffer, the control processor writes the character A, the second character
      in the signal GA (Go Ahead), which is also sent to the A subscriber. The
      control processor SD marks in the state register that this phase in the
      procedure has been completed.
PAR  The A subscriber is now expected to send selection information in the form
      of a specific number of TELEX characters, identifying a B subscriber (or a
      special service), within a specified period of time. If this transmission
      does not take place, the control processor initiates the clearing of the A
      subscriber by restoring the output data to 0 and restoring the A
      subscriber's memory word in the switch memory. If, on the other hand,
      selection information arrives, the characters are analysed, element by
      element, by the decoder logic and combined in the receive buffer as
      previously described, from which the characters are fetched one at a time
      by the control processor. When the necessary number of characters has been
      received for identification of the B subscriber, the control processor
      enters the corresponding position in the state register and investigates
      whether the subscriber is accessible. If not, this fact is sent to the A
      subscriber in the form of a number of characters, a so-called service
      signal, after which the A subscriber is cleared. If the B subscriber is
      accessible, the control processor writes the call state into the state
      register, after which output data in the B subscriber's memory position in
      the buffer memory BM are changed from 0 to 1, implying a call signal to
      the B subscriber's terminal, e.g. equipment T 416. During the first
      addressing step in the sequence in which line equipment LU 416 is
      addressed, i.e. during stage 016, the indication values of the call signal
      are transferred to the output buffer UB, whence, during addressing step
      416, they are transmitted via bus DEB and demultiplexor DEX 4 to line
      equipment LU 416 for combination into a continuous signal in regeneration
      device RA 416.
PAR  When answering, the terminal T 416 executes a shift from 0 to 1 in the
      direction towards the transit exchange, which, after being decoded, is
      sent to the control processor via the receive buffer. The control
      processor writes a connect-through message CT in the send buffer positions
      of both subscribers and, when this signal has been transmitted, the fact
      is marked in the state register and at the same time the information in
      the address register is changed. Hitherto the memory position of each
      subscriber in the address register has addressed its own line equipment
      but, on connect-through, these addresses are reversed. Furthermore the
      through-connection has the result that the character elements which are
      decoded in the decoder are directly transmitted to the encoder for storage
      in the encoder memory. The receive buffer, however, continues to receive
      all elements in order to be able to detect a clearing signal from with
      ther A or B subscriber. The reversal of the addresses in the address
      register has the result that the indication values read out of the encoder
      memory in the A subscriber's memory position can be written into the B
      subscriber's memory position in the buffer memory, and vice versa. The
      through-connection thus takes place by change of the time slot on
      transmission from switch memory to buffer memory.
PAR  The request for clearing consists of the continuous transmission of 0 by
      either terminal. When the receive buffer finds a character with solely 0
      elements, this is noted in the state register, while the control processor
      identifies the associated addresses. Both terminals are then cleared and
      the associated memory positions in the address register are zeroed.
PAR  The above described connecting and clearing process in itself does not
      constitute a part of the invention but is described here solely in order
      to present a more complete picture of the mode of operation of the transit
      exchanges. The computer may be a real time computer of any known type used
      in telecommunications.
PAR  The basic principle of the invention can very well be explained by means of
      the description of a stationary state when two subscribers are connected
      to one another, without taking into consideration how the connection has
      been set up.
PAR  FIGS. 3 and 4 show in simplified form the functions which are of interest
      when describing a stationary state, when information in the form of
      asynchronous TELEX characters is exchanged between two connected
      subscribers.
PAR  FIG. 3, accordingly, shows the detector device AA with decoder memory AKM
      and decoder logic AKL, the address register memory ARM with associated
      address register logic ARL in control equipment SU, and the intermediate
      memory FM containing the buffer memory BM and output buffer UB.
PAR  The A and B subscribers are represented by the memory addresses 101 and
      416. Corresponding to each address there is a memory word in each of the
      memory fields AKM, ARM, and a memory bit in the buffer memory BM. The
      memory bits in memory BM are arranged in 4-bit words which can be accessed
      via special address inputs, in the example 001 and 016.
PAR  The bus ADB is in connection with the address counter ADR shown in FIG. 1.
      The busses MUB and DEB are in connection with the multiplexor and
      demultiplexor units respectively, also shown in FIG. 1.
PAR  The timing diagram of FIG. 4 illustrates the course of events in the
      transmission of TELEX characters from A to B subscriber. The pulse train
      on line a) indicates the times when the address counter is in position
      101, i.e. when the memory words of the A subscriber are addressed in the
      memory fields AKM and ARM and the line equipment LU 101 of the A
      subscriber is addressed in the multiplexor unit MUX 1. This addressing
      step recurs at the repetition frequency 15 times per unit interval of the
      TELEX characters, which implies that the sampling values, relating to
      characters incoming from the A subscriber, are transmitted at this
      frequency to the decoder logic AKL via bus MUB. On line b) are shown
      character elements incoming from line L 101, where the first switching
      from Z to A state marks the beginning of a start element. The start
      element is accompanied by 5 data elements, the first of which is shown in
      its entirety, and by a stop element which corresponds to Z state. The Z
      state shown in the far left represents such a stop element associated with
      the preceding TELEX character. See also FIG. 2, lines c), i) and j). From
      the multiplexor unit there are received from bus MUB in synchronism with
      the pulse train on line a) in FIG. 4 sampling values which follow the
      changes of polarity of the received character elements. From line c),
      representing the signal state on bus MUB, it appears that the decoder
      logic AKL is supplied with positive pulses during the intervals when
      received character elements have start polarity, i.e. A state. The first
      of these pulses starts in logic AKL a timing counter function which
      establishes a reference for the incoming character. On line d) this is
      shown schematically in the form of a rule with markings for the nominal
      extent of the various character elements in relation to the first received
      pulse on line c). In the decoder logic an evaluation is also made of the
      informational content in each character element having regard to specific
      decision criteria in order to eliminate false sampling values caused by
      imperfections in the received character. The start element in this case is
      thus assumed to have been shortened to a length corresponding to 13-14
      sampling intervals, against the nominal length of 15 sampling intervals,
      owing to distortion in transmission. A manner of executing the decoder
      logic is described in the Swedish patent application 73.10968-8.
PAR  After completion of signal processing of the sampling values of a character
      element, i.e. 15 sampling values, information concerning the binary value
      of the element is stored, in this case 1, in the A subscriber's memory
      word, address 101, in the decoder memory AKM. This information is
      symbolized in FIG. 3 by the upper shaded portion of AKM. For character
      elements arriving from the B subscriber, information is stored
      correspondingly in the address 416, i.e. the lower shaded portion.
      Simultaneously with the start of processing of data element No. 1 the
      decoder logic AKL maks the stored information concerning the start element
      accessible on an output AKU during the addressing step 101 shown by the
      fully drawn pulse on line e) in FIG. 4. On this occasion a transfer of the
      element information takes place from the decoder memory AKM to the buffer
      memory BM. On write-in in the buffer memory BM the element information
      derived from the A subscriber is placed in the B subscriber's memory cell,
      and vice versa. For this purpose address information is used which has
      been stored in the address register memory during a switching phase when
      selection information was received from the A subscriber and analysed by
      the control processor shown in FIG. 1. In memory ARM the latter has
      written the B subscriber's address, 416, into the A subscriber's memory
      word 101 and the A subscriber's address 101 into the B subscriber's memory
      word 416. At each read-in, according to line e), the buffer memory thus
      fetches, via output ARU from the logic unit ARL of the address register,
      information concerning the memory cell in BM to which the simultaneously
      received element information from the decoder logic AKL is to be taken, in
      the example accordingly to address 416.
PAR  As earlier described, the addressing from the address counter ADR takes
      place cyclically, each addressing cycle comprising 16 sequencies of 5
      steps each. During each of the four steps a different line in each of four
      groups of 16 lines is addressed, whereas during the immediately preceding
      step a read-out took place from the buffer memory BM to the output buffer
      UB serving as parallell-series converter of element information to the
      four outgoing lines addressed during the aforesaid four steps. As
      indicated in FIG. 3, the word in the buffer memory BM containing the
      memory cells 101, 201, 301 and 401 is addressed with address 001 and the
      word containing cells 116-416 with address 016. On line f) in FIG. 4 there
      is shown by means of the fully drawn pulses how the new element
      information in memory cell 416 is transferred to the output buffer UB
      during addressing step 016 and, during the first subsequent step 416, is
      fed out on bus DEB as shown on line g) in FIG. 4. The time relation
      between addressing steps 101, 016 and 416 will be seen from FIG. 2, lines
      c), g) and h).
PAR  In the same way as described for the start element the subsequent data
      element is processed which in FIG. 4 has Z state. According to FIG. 4,
      line c), no sampling pulses occur during this interval, so that the
      element information which will be stored in the decoder memory AKM, memory
      word 101, will have the value 0. On lines e), f) and g) in FIG. 4 this
      value is represented by dotted pulses.
PAR  On line h) in FIG. 4 is shown the appearance of the regenerated start
      element as it is transmitted to the B subscriber after reconstitution in
      the line equipment with the aid of the indication pulses as shown on line
      g). The regeneration device RA consists of a bistable flip-flop which is
      set to one or the other position in dependence on the values of the
      indication pulses. As is seen, the element has been reproduced with length
      equal to a unit interval.
PAR  According to the example the read-out of the indication values takes place
      at a frequency equal to the sampling frequency, i.e. in the example 15 per
      unit interval. But it is equally possible to transmit the indication
      values at a lower frequency, for example one third of the sampling
      frequency.
PAR  The reason for the high sampling frequency used is the desired resolution
      of received character elements. For the subsequent processing of the
      element information a lower rate, however, suffices. The fact can be
      utilized for extension of the equipment in the manner that several
      sampling devices or read-out devices, each with its line group, interwork
      with a common extended buffer memory while retaining a common control
      equipment furnished with a correspondingly extended switching memory. The
      switch logic of the control equipment must then work on the time division
      principle, in which case, in FIG. 5, for example three sampling devices
      AA1 - AA3 for each 64 lines, numbered L 1101 - 1416, L 2101 - 2416 and L
      3101 - 3416 respectively, and three corresponding readout devices UA 1 -
      UA 3 are successively served in a cyclical pattern. According to an
      example which will be explained with reference to lines i) - o) in FIG. 4
      the element information relating, for example, to line L 1101 is made
      accessible on the output AKU 1 from the decoder device AA 1 during three
      successive addressing steps 1101, as is illustrated on line i). The time
      division principle is illustrated by means of the three lines j), k) and
      l), which show the times at which the first memory word in each sampling
      device is processed, i.e. 1101, 2101 and 3101. Every time coincidence
      occurs between the pulses on line i) and line j) shown by the pulses on
      line m) a transfer of the element information takes place via output AKU 1
      from decoder device AA 1 to the buffer memory BM, where, according to the
      example, it is placed in memory cell 2416 in a memory area belonging to
      the line group of the second read-out device UA 2.
PAR  The write-in in the buffer memory takes place in accordance with the
      address information in the address register memory, while the transfer to
      the output buffer takes place cyclically and successively for the
      respective line groups in such a way that the memory words in the
      respective groups, e.g. 2001- 2016, are transferred in a sequence in
      coordination with the addressing of corresponding line equipments in the
      read-out device. It is thus apparent that, while the sampling devices work
      in parallel with one another at the same sampling speed as in the case
      when the transit exchange contains a single line group, the read-out
      devices will work at an average speed which is one-third of the sampling
      speed due to the sequential addressing of the respective line groups. In
      FIG. 4 there is shown on line n) the transfer of memory word 2016 from the
      buffer memory BM to the output buffer UB. The times for this transfer come
      immediately before the pulses on line m), which relate to the processing
      times for address 2101. The appearance of the regenerated start element is
      shown on line o).
PAR  Another advantage of the invention is that one can very simply achieve an
      extension to, for example, twice or three times the capacity merely by
      increasing the capacity of the buffer memory and output buffer in a number
      of identical units of the type described in conjunction with FIG. 1-4 and
      interconnecting these identical units with one another with simple OR
      circuits, G1 - G3 in FIG. 6. This requires a prolongation of the memory
      words in all units so that, in each buffer memory, memory cells are
      arranged not only for the addresses in its own unit but also for the
      addresses in all other units. The read-out then takes place in parallel
      from corresponding memory cells in all units, while of course only one of
      the simultaneously addressed memory cells contains any information.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus in a transit exchange for the transmission of asynchronous
      data signals representing character elements having a given character
      structure and data rate from sending terminal equipments to receiving
      terminal equipments with the aid of a control equipment, including a
      computer, at least one sampling device common to a number of sending
      terminal equipments and arranged for working with the time division
      multiplex principle for sampling with the aid of sampling pulses a number
      of incoming lines for the instantaneous values of received data signals,
      and a detector means operating synchronously with said sampling device,
      said detector means including a decoder logic, operating in a time
      division mode, successively processing the sampling pulses to establish
      the binary value of each character element and, in correspondence with
      said binary value, to produce a binary indication signal, the improvement
      comprising an intermediate memory connected to said decoder logic for
      successive storage of indication values represented by the indication
      signal in an addressed location associated with the receiving terminal
      equipment, a read-out device including means for transferring cyclically
      from the intermediate memory the indication values, and a regeneration
      means associated with the receiving terminal equipment receiving said
      indication values for forming therefrom data signals which switch value in
      synchronism with the indication signals.
NUM  2.
PAR  2. In the transit exchange according to claim 1, said intermediate memory
      comprises a parallel-series converter including means for receiving
      simultaneously a number of said indication values relating to a
      corresponding number of said receiving terminal equipments and means for
      reading out sequentially said indication values.
NUM  3.
PAR  3. In the transit exchange according to claim 2, wherein said intermediate
      memory is arranged for the storage of said indication values in memory
      words, each memory word having a number of bit positions corresponding to
      a number of indication values to be transferred simultaneously.
NUM  4.
PAR  4. In the transit exchange according to claim 1, wherein said read-out
      device is arranged for the transfer of said indication values to said
      regeneration means at a specific repetition frequency.
NUM  5.
PAR  5. In the transit exchange according to claim 4, wherein said sampling
      frequency is equal to said repetition frequency.
NUM  6.
PAR  6. In the transit exchange according to claim 4, wherein said sampling
      frequency is a multiple of said repetition frequency.
NUM  7.
PAR  7. In the transit exchange according to claim 1, the apparatus further
      comprising a plurality of said sampling devices arranged to cooperate with
      a group of said sending terminals and to operate at said sampling
      frequency, a corresponding number of said read-out devices arranged to
      cooperate with an assigned portion of said intermediate memory, and said
      intermediate memory including means for controlling the storage and
      read-out of said indication values to occur sequentially and successively
      for each of said sampling and read-out devices, respectively.
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ABST
PAL  A reframing method for a T1 carrier type pulse code modulation digital data
      system utilizes the combination of the terminal frame code and the
      signalling code wherein four consecutive framing bits provide a unique
      four bit code indicating any one frame of a 12 frame. The method includes
      the steps of searching for the terminal frame code, synchronizing the
      framing code generator with the unique 4 bit code, and thereafter checking
      the three subsequent frames to insure proper reframing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to a reframing method and apparatus
      therefor for a carrier system having a serial digital bit stream and more
      particularly to a telephone type pulse code carrier system of the D2 or D3
      type used in T1 systems.
PAR  In the D2/D3 PCM line format each frame consists of 193 bits; the first bit
      being a framing bit (BF or DF) the remaining 192 bits consisting of 24
      channels of data with eight bits per channel. As is well known in the art
      each eight bit channel of a particular frame represents the analog voltage
      level of an incoming voice signal. Twelve such frames form a multiframe.
PAR  Within each multiframe the framing bit is divided into two codes; first the
      terminal frame code, F.sub.T, which is presently used for frame detection
      and reframing and which consists of an alternating patter of one and zero
      bits every other frame; and secondly, the framing bits form a signalling
      frame code, F.sub.S, which is used for signaling frame detection and
      consists of three 0 bits followed by three 1 bits, again every other
      frame. The two frame bit codes taken together repeat themselves every 12
      frames which forms a multi-frame. FIG. 1 illustrates the foregoing
      patterns.
PAR  Since only the F.sub.T or terminal frame code is utilized for reframing and
      detecting framing errors single frequencies such as a 2 kHz tone which are
      transmitted over the carrier system may cause false reframing. In
      addition, merely using the terminal frame code for reframing incurs
      excessive time delays.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of the present invention to provide an
      improved reframing method for a digital data carrier system which operates
      in a faster mode and is more resistent to false framing information which
      may be carried on the system lines.
PAR  In accordance with the above object, there is provided a reframing method
      for a carrier system having a serial digital data bit stream having
      framing and multiframes. The multiframes consist of a predetermined number
      of frames with each frame having an additional frame bit used as a
      terminal frame code which is an alternating pattern of 1 and 0 bits every
      other frame and used as a signalling frame code for signalling frame
      detection. This is a pattern of three 0 bits followed by three 1 bits on
      every other frame the frame bit codes repreating themselves every
      multiframe. The carrier system includes a frame code generator for
      generating the frame bit codes. The method comprises the steps of storing
      a plurality of corresponding data bits from each of at least four
      consecutive frames and searching for a valid terminal frame code in a
      group of 4 bits consisting of one corresponding bit from each of said four
      frames. The 4 bits, if valid, represent a unique frame of the multiframe.
      A comparison is made of the group of four bits in which a valid terminal
      frame code was found to 4 consecutive bits generated by the frame code
      generator. The generator is synchronized to generate the multiframe code
      corresponding to the 4 valid bits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a table indicating the general framing scheme of a T1 carrier
      system including the framing codes and how the present invention utilizes
      these codes in a unique manner;
PAR  FIG. 2 is a block diagram embodying the present invention;
PAR  FIGS. 3A and 3B are more detailed logic diagrams of FIG. 2; and
PAR  FIG. 4 is a table useful in understanding the method of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As discussed above, FIG. 1 illustrates the terminal framing code F.sub.T
      and the signalling code F.sub.S. Their sum is represented by the line
      designated framing bit (BF). Four consecutive framing bits represents a
      unique four bit binary or hexidecimal code for each frame of the 12 frame
      multiframe. In addition, these 4 bits also have the characteristic that
      the F.sub.T or alternating frame code may be tested for validity with
      respect to this code. This is utilized to eliminate the four invalid codes
      that do not include the F.sub.T code which are the hexidecimal 0, 5, A and
      F as illustrated.
PAR  Referring now to FIG. 2, the frame bit register 10 serves in essence as a
      serial to parallel and accepts the first 9 bits of four consecutive frames
      designated FR1 through FR4 from the received data input. These bits are
      clocked in by the channel 1 clock which is a combination of the receive
      clock on line 11 and the channel 1 control input from the unit 12. The
      first bit of each of the bit registers is coupled out on lines 13 and
      searched by unit 14 for a valid terminal frame bit code F.sub.T. If this
      is found, it is indicated on line 16 to search unit 17. If not found, the
      second bit of each register which, of course, are all in the corresponding
      time slots for each frame, is searched. This continues until all nine bits
      have been searched unsuccessfully. Line bit to counter 18 provides
      control. If all 9 bits are searched unsuccessfully, the registers are
      reloaded with the next 9 bits of four consecutive frames. The procedure is
      repeated until the proper F.sub.T code is found. Once the code is found,
      such 4 bits, if valid, would of course represent a unique frame of the
      multiframe.
PAR  In order to synchronize to that specific multiframe the 4 valid bits are
      compared by comparator 14 to 4 consecutive bits generated by the frame
      code generator 19. If they do not compare, line 21 designated "no BF
      errors" actuates sync unit 22 to clock the frame code generator 19 rapidly
      until the frame code out of the generator is synchronized with the 4 bits
      stored in the register. Thereafter, three subsequent frames, under the
      control of four frame counter 25, are checked for errors by the check unit
      23 and if no further errors are found, the system is properly in frame.
      Reframe unit 24 determines when the system is in a frame or nonframe
      condition. An out-of-frame indication occurs on line 26 when more than one
      error occurs in the comparison of the frame code with the four consecutive
      framing bits.
PAR  FIGS. 3A and 3B indicate the more detailed operation of the circuit of FIG.
      2. The received data input indicated by the heavy line in FIG. 3B is
      connected to the frame bit register 10. This register consists of four 8
      bit shift registers 31 through 34 for holding the respective information
      from four consecutive frames and in addition has associated with it four 1
      bit registers 31a-34a. These provide the four consecutive bits which are
      first examined for the purpose of finding a F.sub.T alternating code and
      then compared with the frame code. Such frame code is generated by the
      frame code generator generally indicated at 19 whose output is stored in
      the frame code register 36. Line 1 to flip-flops 31a, 32a, 33a and 34a
      provides a channel 1 clock input and during the time slot of this channel
      provides for the nine pulses to shift in the bit information to the
      register 10. The line 2 input is the framing code output of the framing
      code generator 19 (FIG. 1) and the line 3 input is the framing clock which
      occurs once per frame. This serves to update the contents of the frame
      code register.
PAR  With respect to the testing for the F.sub.T terminal framing code there are
      provided exclusive OR gates 37 and 38. OR gate 37 compares the second and
      fourth bits in registers 32a and 34a for a alternation and OR gate 38
      checks the first and third bits of one of these indicates an alternation
      in accordance with the F.sub.T code, the output of an OR gate 39 is driven
      true and an F.sub.T found indication is coupled to the proper control
      circuits. At the same time, a comparison is made of the framing code
      generated by the frame code generator with the four consecutive bits by
      means of exclusive OR gates 41, 42, 43 and 44. If true outputs are present
      on all four OR gates the AND gate 46 is closed to provide on the line 21
      an indication of no framing bit (BF) error.
PAR  Lastly, each of the set of four AND gates 47 respectively have three inputs
      from a permutation of the exclusive OR gates 41, 42, 43 and 44 thus
      providing for an ERROR output on line 26 from the OR gate 45 if there is
      one error or less. As discussed above, reframing is therefore not
      initiated unless greater than one framing bit error in the unique 4 bit
      multiframe code is sensed.
PAR  Referring now to FIG. 3A and FIG. 4 there are four essential flip-flops;
      that is, reframe, search, sync and check which control the different modes
      of operation. These, of course, also have their associated control
      circuitry. As indicated by FIG. 4, the reframe flip-flop in the framed
      condition is in the reset mode with the remaining search, sync and check
      flip-flops being set. If line 26 indicates more than one error in the
      unique 4 bit multiframe code, the AND gate 51 is closed which in turn
      closes gate 52 and drives the OR gate 53 whose output activates the skip
      flip-flop causing the bit counter to skip one bit. The Q output of the
      skip flip-flop on line 54 is connected to the S or set terminal of the
      reframe flip-flop to set it.
PAR  Referring to Table 4, this places the circuit in the load mode. Here the
      first 9 bits of four consecutive frames are loaded into the register 10
      (FIG. 3B). Four frame counter 25 as also illustrated in FIG. 2 indicates
      such loading and upon completion resets the search flip-flop by means of
      the clocking input on line 56.
PAR  The search mode search for a valid terminal frame code F.sub.T in the group
      of 4 bits. If there is a valid F.sub.T indication on line 16 of FIG. 3B,
      this activates the AND gate 57 which has as its inputs the F.sub.T line 16
      through an AND gate 58 and the Q output of the search flip-flop. If no
      valid F.sub.T indication if found after the 9 bits have been exhausted,
      then the 9 bit counter 18 by means of the AND gate 58 does not allow the
      AND gate 57 to be closed and thus the sync flip-flop remains in its
      initial condition. Also, the 9 bit counter by the AND 59 and OR gates 61
      and 62 resets the search flip-flop and thereby returns the circuit to the
      load mode where 9 more bits are loaded into register 10.
PAR  However, assuming a valid F.sub.T is found, the Q output of the sync
      flip-flop on line 63 activates an AND gate 64 to couple the clocking
      frequency on line 66 to clock line 3. Such clocking frequency represents
      one clock per channel. Previously AND gate 66 was supplying a frame clock
      both to the frame code generator 19 and the frame code generator 36 of
      FIG. 3B. Now, however, this action is speeded up to 1 clock per channel
      and both the frame code generator and its associated register 36 are
      speeded up or clocked rapidly until the frame code out of the generator is
      synchronized with four bits stored in registers 31a through 34a. When this
      occurs, no BF error is indicated on line 21 which sets the sync flip-flop
      and resets the check flip-flop. In accordance with the table of FIG. 4
      this is check condition.
PAR  The next three multiframe codes are checked for accuracy. If no error is
      found, the four frame counter 25 causes the check flip-flop to be set
      which allows the reframe flip-flop to be reset wherein the control circuit
      is returned to the original framed condition.
PAR  In such framed condition, as discussed above, one error can be tolerated in
      the 4 bit comparison of the multiframe code. More than one error on line
      26 will again start the reframing as discussed above.
PAR  Thus, the present invention has provided an improved method of reframe
      control which is highly immune to false reframing information. Also, by
      means of the unique four bit multiframe code, rapid framing is provided.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a reframing method for a carrier system having a serial digital data
      bit stream having frames and multiframes which consist of a predetermined
      number of frames each frame having an additional frame bit used as a
      terminal frame code which is an alternating pattern of 1 and 0 bits every
      other frame and used as a signalling frame code for signalling frame
      detection which is a pattern of three 0 bits followed by three 1 bits
      every other frame said frame bit codes repeating themselves every
      multiframe said carrier system including a frame code generator for
      generating said frame bit codes said method comprising the following
      steps: storing a plurality of corresponding bits from each of at least
      four consecutive frames; searching for a valid terminal frame code in a
      group of four bits consisting of 1 corresponding bit from each of said
      four frame, said 4 bits, if valid, representing a unique frame of said
      multiframe; comparing said group of 4 bits in which a valid terminal frame
      code was found to 4 consecutive bits generated by said frame code
      generator; and synchronizing said generator to generate said multiframe
      code corresponding to said 4 valid bits.
NUM  2.
PAR  2. A method as in claim 1 including the step of checking the next three
      subsequent frames for error.
NUM  3.
PAR  3. A method as in claim 1 where in an in frame condition at least one error
      is tolerated in said multiframe code before reframing.
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ABST
PAL  A time division multiplex system is provided with a conference link to a
      common transmission highway. The conference link includes a plurality of
      incoming conference lines with in-gates disposed therein, and a plurality
      of outgoing conference lines with respective out-gates disposed therein. A
      common control containing a cyclic memory controls the in-gates for
      sequentially connecting the incoming conference lines to the common
      transmission highway during specific time slots, and controls the
      out-gates to connect an outgoing conference line to the common highway
      during a specific time slot to establish the conference connection. Each
      outgoing conference line is connected to a sample and hold circuit for
      reconstruction of the sampled signal transmitted thereto from the
      transmission highway, and thereafter to a common adder before being
      coupled to the incoming lines of the conference link.
PAL  An operator's console is provided from which the conference connections are
      established. Override means are controlled at the console to enable the
      operator to gain access to the common transmission highway and override
      the ingates of the subscriber links without disconnecting the subscriber
      links.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a time division multiplex system, and
      particularly to such a system useful as a private automatic branch
      telephone exchange.
PAR  At the present time there is an increasing demand by administrative,
      business, and other types of organizations for private automatic branch
      exchanges to provide efficient means of internal communication as well as
      access to public telephone networks. The exchanges are expected to
      accommodate a wide-range of service classes including special features
      required by the customer. Substantial progress in the field of private
      branch exchanges (PBX's) has been attained, the trend being towards
      automatic exchanges (PABX's) which allow direct internal and outgoing
      dialing, requiring the operator to deal only with incoming calls and
      special services.
PAR  A PABX is characterized by the organization of the control and switching
      network. The control may be either step-by-step, with direct set-up of
      calls according to subscriber's dialing; or by common-control, where the
      dialed number is stored and the call process according to the classes of
      services available between the calling and called subscribers.
PAR  The control section of a modern exchange is usually made of solid-state
      electronic components. The switching network of the modern PABX may,
      however be either electromechanical or electronic.
PAR  Electromechanical switching networks (relay, crossbar, etc.) all belong to
      a class called space division (SDS) networks, where the connections
      between subscribers are established by means of a physical link between
      them at the time of the call. Electronic switching networks, however, are
      of two classes, namely: space division (SDS) networks, utilizing stages of
      solid-state switching matrices; or time division (TDM) networks.
PAR  Time division switching is based on the technique of sampling a
      subscriber's speech and applying the samples in an appropriate time-slot
      to a common transmission highway. The sampling rate is always equal to or
      more than twice the highest frequency in the speech frequency band.
      Connections between two subscribers are established by opening their
      respective gates to the highway at the proper time-slot. The sampled
      speech of each subscriber is reconstructed to its analog form and is then
      received by the other subscribers.
PAR  The conventional time division multiplex system includes a plurality of
      subscriber links each for connection to a subscriber line, the subscriber
      links including a switching network having an in-gate and an out-gate for
      each subscriber line for accessing it to a common transmission highway,
      and a common control controlling the in-gate to sequentially connect a
      calling subscriber link to the common transmission highway in the
      time-slot of the calling subscriber.
PAR  In order to set up a conference link between subscribers in the
      conventional time division multiplex system, the conferees are directed
      through the switching network to an analog-multiport circuit in which the
      speech signals are combined. As each subscriber is connected to the
      multiport circuit, he receives the speech signals from all the conferees
      except his own. Adding of the signals may be accomplished either in space
      or time.
PAR  Adding the signals directly in a conventional time division multiplex
      exchange, by adding the appropriate time-slots, requires the writing of
      all the conferee addresses in each line of the memory. Such a system
      therefore requires a memory having a large capacity. In addition, if the
      switching network has sample and hold circuits, the conferee signals
      cannot be added in the same frame, as they will be distorted. That is, a
      sample and hold circuit, whether of the pulse lengthener type or of the
      box-car type, can receive information in one frame from only one source
      without causing distortion. Thus, such a system does not permit the use of
      sample and hold circuits, but rather requires the use of a more
      complicated speech reconstruction network.
PAR  In addition, the conventional time division multiplex system usually
      provides for operator's intercept by having the operator disconnect one of
      the connected lines and connect instead the operator's line. One
      disadvantage of this arrangement is that it requires an additional
      manipulation on the part of the operator. Another disadvantage is that the
      disconnected party may not be aware that the disconnection is only
      temporary and may therefore on-hook, i.e. hang-up.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the invention, there is provided an improvement
      in a time division multiplex system wherein the system further includes a
      conference link to the common transmission highway, the conference link
      including a plurality of incoming conference lines and a plurality of
      outgoing conference lines for effecting at least one conference connection
      between a plurality of the subscriber lines, the switching network
      including an in-gate in each incoming conference line and an out-gate in
      each outgoing conference line for accessing the lines to the common
      transmission highway, the common control controlling the conference
      in-gates for sequentially connecting the incoming conference lines to the
      common transmission highway in specific time-slots allotted to them, and
      controlling the conference out-gates to connect a called outgoing
      conference line to the common transmission highway in the time-slot of a
      calling conferee subscriber.
PAR  According to a further feature of the invention, the system includes an
      operator's console having means controlled by the operator enabling only
      the operator to set-up the conference connection.
PAR  In the preferred embodiment of the invention described below, the common
      control includes a cyclic memory and means for recording therein the
      address of the called subscriber link or outgoing conference line in
      relation to the time-slot of the calling subscriber, and for recording
      therein the address of the calling subscriber link in relation to the
      time-slot of the called subscriber link or incoming conference line.
PAR  In the described embodiment, the in-gates of the subscriber links and of
      the incoming conference lines are sequentially opened in accordance with a
      fixed sequence of time-slots, but it is contemplated that these time-slots
      could be allotted on a floating basis.
PAR  According to another feature of the present invention, each outgoing
      conference line is connected to a sample and hold circuit for
      reconstructing the signal transmitted thereto from the common transmission
      highway through its respective out-gate. The outputs of the sample and
      hold circuits of all the outgoing conference lines are connected to the
      input of a common adder, the output of the adder being fed through a
      common low-pass filter to the incoming lines of the conference link. A
      second adder is provided for adding the operator's signal to the output of
      the low-pass filter before the signal is fed to the incoming lines of the
      conference link.
PAR  According to a further feature of the invention, the operator's console
      includes a conference switch manually actuatable by the operator to set-up
      a conference connection between a plurality of subscriber links and the
      conference link, a line switch for each of the incoming conference links
      and manually actuatable by the operator to enable the incoming conference
      line, and means controlled by the operator enabling the common control to
      connect a calling subscriber link to a selected incoming conference line.
PAR  According to another aspect of the invention, the system further includes
      an in-gate for providing access of the operator's line to the common
      transmission highway, and override means enabling the in-gate of the
      operator's line to override the in-gates of the subscriber links and the
      conference lines without actually disconnecting the latter.
PAR  According to another feature, the system further includes tone sources and
      in-gates for providing access thereof to the common transmission highway,
      said override means enabling the in-gates of the tone sources to override
      the in-gates of the subscriber links and of the conference lines, but not
      that of the operator's line.
PAR  In the preferred embodiment of the invention described below, the in-gates
      are maintained at different DC levels, the DC level of the subscriber
      links and of the conference lines being at one extreme value, that of the
      operator's line being at the opposite extreme value, and that of the tone
      sources being between the two extreme values.
PAR  Further features of the invention will be apparent from the description
      below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is herein described, by way of example only, with reference
      to a preferred embodiment thereof illustrated in the drawings, wherein:
PAR  FIG. 1 is a block diagram of the time division multiplex system in
      accordance with the present invention;
PAR  FIG. 2 is a block diagram illustrating the common control in the system of
      FIG. 1;
PAR  FIG. 3 is a diagram illustrating how the subscriber links and conference
      lines are provided access to the common transmission highway;
PAR  FIG. 4 illustrates for purposes of example one condition of several of the
      subscriber links and conference lines;
PAR  FIGS. 5 and 6 are diagrams illustrating how the operator controls the
      setting-up of a conference connection;
PAR  FIG. 7 illustrates an in-gate used in the system; and
PAR  FIG. 8 illustrates an out-gate used in the system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  General System Arrangement
PAR  The system illustrated in the drawings is a private automatic branch
      exchange (PABX) including a common control unidirectional time division
      multiplex switching arrangement. It uses a single highway HW for
      transmitting all the analog information (speech and signalling tones)
      within the system. A single highway is used in this case because of the
      small number of terminals within the system. As one example, the system
      may include the possibility for connecting 24 central battery subscriber
      terminals 2, including the operator terminal 4, plus four trunk line 6,
      and four tie-lines 8 to similar private automatic branch exchanges.
PAR  The line circuit 10 connects the terminals 2 to a switching network 12 via
      a hybrid circuit 14 which effects a 2-wire to 4-wire transformation. The
      hybrid circuit and the switching network in the standard subscriber's unit
      are commonly called a standard link, this link being indicated by the
      broken-line box 16 in FIG. 1. Two 2-wire subscribers are ties by
      connecting a loop of hybrid circuits.
PAR  The line circuit 10 supplies the direct current needed in the subscriber's
      set for signalling and for driving the subscriber's microphone. In
      addition, it connects the set to the ringer 18 supplied by a relatively
      high voltage from power supply 20. The line circuit also contains the
      signaling detectors (off-hook and dialing) which detect the foregoing
      conditions and produce a signal which is fed to the common control 22 via
      the LHW bus to control the tone generators 23. It further includes the
      transfer order detector which detects a transfer order (by the subscriber
      shorting one of the line wires to earth) which transfer order is also fed
      to the common control 22 via bus THW.
PAR  The common control 22 supplies all the timing information to the switching
      network 12, and also functionally supervises every terminal and every link
      of the telephone exchange.
PAR  Our co-pending U.S. Pat. Application discloses an arrangement for a
      subscriber unit, including a specific line circuit 10 and standard link
      16, which may be used in the system illustrated in FIG. 1.
PAC  Common Control and Switching Network
PAR  FIG. 2 illustrates, in block diagram form, one common control arrangement
      which may be used in the system of FIG. 1.
PAR  The common control illustrated in FIG. 2 comprises a cyclic memory divided
      into two parts, namely, a main memory 24 which contains the information
      about the connections between terminals, and an auxiliary memory 26 which
      contains the information concerning the status of the terminals. Both the
      main memory 24 and the auxiliary memory 26 contain a row (word) for each
      terminal. In addition, the number of rows in the memory is greater than
      the number of terminals. The redundancy of rows in the memory permits the
      organization of special terminals (preferred, blocked, tie-line, trunk and
      conference links) into defined groups for easy identification, while at
      the same time simplifying the logic organization. In addition, it provides
      capacity for temporary storage if and when needed.
PAR  A serial type of memory is preferably used rather than a parallel one,
      primarily because of economic considerations. Many types of memories are
      known which can be used, a preferred example being the LSI MOS shift
      register memory.
PAR  The storage and read-out of the information from the memory is controlled
      by a central processor 28 via an interface 30 to the main memory 24 and an
      interface 32 to the auxiliary memory 26. The central processor 28 also
      receives the terminal state information from auxiliary memory 26 and
      updates it according to the incoming information.
PAR  The information concerning the state of the terminals originates at the
      respective terminal line circuits 10 mentioned earlier, producing the
      offhook and dialing signals on bus LHW and the transfer signals on bus
      THW. The dialing and off-hook signals from the LHW bus are first applied
      to the registers 34 via an interface unit 35 and an allotting circuit 36.
      Registers 34 extract the dialing information, process it, and supply it to
      the central processor 28. The transfer information is supplied by bus THW
      via an interface 37 and a transfer system 38 to the central processor 28.
      The information from the external lines is fed to central processor 28 via
      an allotting circuit 39.
PAR  The common control 22 further includes a main clock 40 which supplies the
      timing pulses to the registers 34 and also to a coded counter 42. Counter
      42 controls a decoding matrix 44 to supply pulses, via line 46, to the
      in-gates of the terminals in the exchange to access them to the common
      transmission highway HW.
PAR  In the arrangement illustrated in FIG. 2, the terminal in-gates are
      sequentially opened by coded counter 42 in accordance with a fixed
      sequence of time-slots. However, coded counter 42 could be replaced by a
      memory to provide a floating system of time-slots allocated by the common
      control during the operation of the exchange.
PAR  Specific time-slots are thus allotted to all the in-gates (excluding the
      tone gates) for accessing their respective terminals to the common
      transmission highway HW in accordance with a fixed sequence. The
      information is extracted from the common transmission highway HW through
      the out-gates which are operated in accordance with the addresses written
      in the main memory of the system. For this purpose, main memory 24
      controls a decoding matrix 50 to produce pulses on line 51 to the terminal
      out-gates in accordance with the information written in the main memory.
PAR  Auxiliary memory 26, which contains the information concerning the state of
      the terminals, controls a further decoding matrix 52 which supplies pulses
      via line 53 to the out-gate of the tone generators 23 for producing the
      tone signals.
PAR  Central processor 28 is a multi-input, multi-output combinational network.
      As briefly described above, its inputs include the auxiliary memory 26,
      the registers 34, the signalling information from the signal bus LHW, and
      the transfer information from the transfer bus THW. Decisions regarding
      the state of the terminals are made by central processor depending upon
      the input information.
PAR  Briefly, the central processor operates as follows: A subscriber may be in
      any one of the following states: "Idle," "Dial Tone," "Dialing,"
      "Ringing," "Busy," or "Connected." Transitions from the states occur
      during the sequence of actions resulting from the establishment of a
      connection, transfer, or disconnection. For example, transitions from
      "idle" to "dial tone" occur when a subscriber goes "off-hook." The
      off-hook information is received by the processor 28 from the registers
      34, and the processor then modifies the contents of the auxiliary memory
      26 accordingly. After the registers 34 have notified the processor that
      the first digit has been dialed correctly, the processor changes the
      contents of the auxiliary memory, thus transferring the subscriber to the
      "dialing" state. After the remaining digits have been dialed and received
      at the registers 34, a check is made by the processor 28 of the state of
      the called subscriber. If the called subscriber is occupied, the calling
      subscriber becomes "busy." If the called subscriber is "idle," the
      processor 28 changes its state in the auxiliary memory to "ringing," and
      that of the calling subscriber to "connected."
PAR  The processor 28 also sends writing instructions to the main memory 24
      where the addresses of all the terminals are stored. This information is
      processed to effect a crossing of the addresses and a connection between
      terminals, as will be described more fully below.
PAR  After the called subscriber answers, his state is changed to "connected,"
      and the appropriate release instructions are sent to the associated
      register 34.
PAR  If one of two connected subscribers goes "on-hook," its stage changes to
      that of "idle," and the associated subscriber is also disconnected and
      becomes "idle." A request of a "connected" subscriber for a transfer,
      effected by shorting out one of the line wires, alters the state of the
      subscriber to "dial tone," and a request to return to his previous state
      will again put him in "connected state."
PAR  The foregoing operation of a time division multiplex system generally is
      known and is not essential for an understanding of the present invention.
      The functional supervision of the terminals by the processor 28 may be
      provided by fixed hard-wired instructions or by software programs, as also
      well known.
PAC  The Conference Connection
PAR  As pointed out earlier, in the conventional time division multiplex system,
      the conferees are directed through the switching network to an
      analog-multiport circuit in which the talks are combined. One disadvantage
      of such an arrangement is that it requires a much larger memory since it
      must have the capacity to record a plurality of addresses with respect to
      each time-slot. Another disadvantage is that the switching network cannot
      use sample and hold circuits since the conferee signals cannot be added in
      the same frame without distortion, and therefore less efficient and/or
      more complicated speech reconstruction arrangements must be provided.
PAR  According to the present invention, means are provided for enabling each
      conferee to enter the conference in the same way as a usual connection,
      namely, by cross-addressing in the memory. However, in the system
      illustrated, only the operator can make the conference connection.
PAR  More particularly, a conference link is provided including a plurality of
      incoming conference lines and a plurality of outgoing conference lines for
      effecting at least one conference connection between the subscriber links.
      The switching network includes an in-gate in each incoming conference line
      and an out-gate in each outgoing conference line, for accessing the lines
      to the common transmission highway HW. The common control 22 controls the
      conference in-gates in the same manner it controls the subscriber links,
      namely by sequentially connecting the incoming conference lines to the
      common transmission highway in specific time-slots allotted to them. The
      common control, i.e. its main memory 24, also controls the conference
      out-gates to connect a called outgoing conference line to the common
      transmission highway HW in the time-slot of a calling conferee subscriber.
PAR  FIG. 3 illustrates, for purposes of example, a standard link 54 (for
      subscribers, trunks, and the operator), a tie-link 56, and the conference
      link 58, and how they are provided access to the common transmission
      highway HW.
PAR  With respect to the standard link 54, illustrated in FIG. 3 are the line
      circuits 10 for two subscribers S1, S2, each subscriber line circuit 10
      being connected via its line transformer 60 to the standard link which
      includes the hybrid circuit 14, and in-gate (IG1, IG2) for enabling the
      information to flow from the line circuit into the common transmission
      highway HW, and an out-gate (OG1, OG2) enabling the information to flow
      from the highway HW to the line circuit via hybrid circuit 14 of the
      subscriber terminal. The foregoing designation of subscribers S1, S2, as
      well as their in-gates and out-gates, is based on allocating them to
      time-slots TS1, TS2, respectively.
PAR  The standard link, enclosed by the broken-line box 16, is the same for
      subscribers, trunks and the operators. Each standard link also includes a
      low-pass filter 62 between the hybrid circuit 14 and its in-gate, and a
      sample and hold circuit and a low-pass network 64 between its out-gate and
      the hybrid circuit.
PAR  The filters are operational amplifiers constructed as RC active low-pass
      filters having about 50 db/octave slope outside the needed range and a
      special dip in the sampling frequency. The sample and hold circuits are
      used to improve the signal-to-noise ratio and to construct the sampled
      information.
PAR  The tie link 56 illustrated in FIG. 3 is a 4-wire system with the analog
      and signaling information passing in one direction only in each pair of
      wires. The incoming side of the link includes an in-gate, arbitrarily
      designated IG 30 to indicate that it has been allocated time-slot TS 30,
      and a low-pass filter 62.sup.1. The outgoing side of the link includes an
      out-gate OG 30 and a sample and hold filter and low-pass network 64.sup.1.
PAR  The conference link 58 illustrated in FIG. 3 includes four incoming
      conference lines (CI41-CI44) each connected by an in-gate IG41-IG44 to the
      common transmission highway HW, and four outgoing conference lines
      (CO41-CO44) each connected by an out-gate (OG41-OG44) to the common
      transmission highway. The above designation of the conference lines, and
      their in-gates and out-gates, is based on an arbitrary allocation to them
      of time-slots TS41-TS44. Each outgoing conference line includes a sample
      and hold circuit 68 for reconstructing the signals transmitted thereto
      from the common transmission highway through its respective out-gate. The
      outputs of the sample and hold circuits of all the outgoing conference
      lines are connected to the input of a common adder 68, the output of the
      adder being fed through a common low-pass filter 70 to a second adder 72
      for adding the operator's signal introduced therein from the operator's
      hybrid circuit 74. The output of adder 72 is applied via path 76 to the
      four incoming conference lines.
PAR  The tone source 23 are connected by gates TG1-TG4 to the common
      transmission highway HW. These tone source gates are not operated
      according to fixed time-slots, as the in-gates of the standard links 54,
      tie links 56, conference links 58, but rather are operated in accordance
      with the status of the auxiliary memory 25 via the coding matrix 52 (FIG.
      2).
PAR  FIG. 3 also illustrates the guard circuit 86 which shorts the common
      transmission highway during the guard intervals to eliminate cross-talk.
      As one example, each time-slot could be 2 microseconds duration, which
      includes a 1 microsecond information interval, and a 1 microsecond guard
      interval during which the common transmission highway is shorted by the
      guard circuit. Such guard circuits are known in time division multiplex
      systems.
PAC  Operation of Switching Network Including Conference Connection
PAR  The operation of the switching network including the conference connection
      is as follows:
PAR  It is first to be noted that the switching network enables a simultaneous
      connection in any time-slot of one in-gate to a number of out-gates. In
      one interval frame, one in-gate can be connected to all out-gates (as in
      the case of the transmission of signaling tones) without influencing the
      signal levels at the output of the out-gate. However, one out-gate cannot
      be connected in one frame to more than one in-gate. That is to say, a
      sample and hold circuit can receive information in one frame only from one
      source, since otherwise the signals would be distorted in the respective
      sample and hold circuit, whether it be a pulse lengther type or a box-car
      type.
PAR  The flow of information from the standard links 54, tie link 56 and
      conference link 58 into the common transmission highway HW is according to
      a fixed sequence of time-slots. This sequence is controlled by coded
      counter 42 via decoding matrix 44 to produce the pulses on line 46 applied
      to the in-gates. As indicated earlier, the time-slots for the conference
      link 58 are arbitrarily designated TS41-TS44 in FIG. 3, but it will be
      appreciated that any otherwise unused time-slots could be allotted to
      them.
PAR  Since the system illustrated contains only a small number of terminals,
      fixed time-slots are given to all the in-gates, i.e. except the tone
      signaling gates (TG1-TG4) as noted above. As also indicated earlier, a
      floating system of time-slots could be used, controlled by the common
      control, in which case coded counter 42 would be replaced by an additional
      memory.
PAR  All the out-gates are operated in accordance with the address written in
      the main memory 24 (FIG. 2). All the out-gates (except the time signaling
      gates) are controlled by the pulses produced from decoding matrix 50
      appearing on the output line 51.
PAR  The tone signaling gates TG1-TG4 are controlled by pulses produced by
      decoding matrix 52 from the information written in the auxiliary memory
      26, these pulses appearing on output line 53. Only one address can be
      written with respect to one time-slot in the memory.
PAR  FIG. 4 illustrates the condition of the exchange when subscribers S1 and S2
      are in normal connection state, subscriber S3 is in a "busy" state, and
      subscribers S4-S7 are in a four-party conference connection state. Table
      1, below illustrates the corresponding condition of the main and auxiliary
      memories.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Time-                                                                     
         In-gate to   Address  Out-gate                                        
                                     Status record-                            
     slot                                                                      
         which allotted                                                        
                      recorded in                                              
                               controlled                                      
                                     ed in auxiliary                           
                      main memory 24 memory 26                                 
     __________________________________________________________________________
     TS1 IG1 (Subscriber S1)                                                   
                      TS2      OG2   connected                                 
     TS2 IG2 (Subscriber S2)                                                   
                      TS1      OG1   connected                                 
     TS3 IG3 (Subscriber S3)                                                   
                      TG1      TG1   dial tone(busy)                           
     TS4 IG4 (Subscriber S4)                                                   
                      TS41     OG41  connected                                 
     TS5 IG5 (Subscriber S5)                                                   
                      TS42     OG42  connected                                 
     TS6 IG6 (Subscriber S6)                                                   
                      TS43     OG43  connected                                 
     TS7 IG7 (Subscriber S7)                                                   
                      TS44     OG44  connected                                 
     TS8 IG8 (Subscriber S8)                                                   
                      TS9      OG9   connected                                 
     TS9 IG9 (Subscriber S9)                                                   
                      TS8      OG8   connected                                 
      --  --           --       --    --                                       
      --  --           --       --    --                                       
     TS41                                                                      
         IG41 (Conference CI41)                                                
                      TS4      OG4   connected                                 
     TS42                                                                      
         IG42 (Conference C142)                                                
                      TS5      OG5   connected                                 
     TS43                                                                      
         IG43 (Conference CI43)                                                
                      TS6      OG6   connected                                 
     TS44                                                                      
         IG44 (Conference CI44)                                                
                      TS7      OG7   connected                                 
      --  --           --       --    --                                       
      --  --           --       --    --                                       
     TS60                                                                      
         IG60 (Operator)                                                       
                      TS8      OG8   connected                                 
     __________________________________________________________________________
PAR  The normal connection between subscribers S1 and S2 is effected by crossing
      addresses in the main memory 24. Thus, in time-slot TS1 allotted to
      subscribers S1, there is recorded the address of subscriber S2, namely its
      time-slot TS2. Similarly, in time-slot TS2 allotted to subscribers S2,
      there is recorded the address of subscriber S1, namely its time-slot TS1.
      Thus, during time-slot TS1 when the in-gate IG1 of subscriber S1 is opened
      to connect its line to the common transmission highway HW, the outgate OG2
      of subscriber S2 is also opened to connect its line to the common
      transmission highway. Similarly, in time-slot TS2 when the in-gate IG1 of
      subscriber S2 is opened, the out-gate OG1 of subscriber S1 is also opened.
      A flow of information thus passes from subscriber S1 to subscriber S2 in
      time-slot TS1, and from subscriber S2 to S1 in time-slot TS2.
PAR  The "connected" status of subscribers S1 and S2 is recorded in the
      auxiliary memory 26 in the two time-slots TS1, TS2.
PAR  Dial and busy tones are passed in the subscriber's own time-slot. This is
      shown by the condition of the memory with respect to time-slot TS3
      allotted to subscriber S3, wherein it will be seen that the address of
      tone-gate TG1 (allotted to the "busy" tone) is recorded in the main memory
      24. The "busy" signal status of subscriber S3 is recorded in the auxiliary
      memory 26 also in its time-slot TS3.
PAR  As will be more fully explained below, the DC level of the dial and busy
      tone gates is lower than that of the usual gates (but not of the
      operator's gate) so that the subscriber's in-gate is blocked. Thus, the
      tone will not be distorted by the sample and hold circuit in the
      subscriber's link and will not be influenced by the noise or speech in the
      subscriber's environment. This prevents the development of oscillations in
      the loop even without lowering the DC level of the tone gate, even though
      the in-gate and out-gate are connected in the same time slot.
PAR  The conference connection is made in the same way as the normal
      connections, by crossing addresses in the main memory 24. However, only
      the operator can effect the conference connection, this being
      schematically illustrated in FIG. 4 by operator switch 80 which enables
      the conference link 58. The specific manner in which this is accomplished
      by the operator is more fully explained below with reference to FIGS. 5
      and 6.
PAR  From FIG. 4 and Table 1, it will be seen that the time-slots TS4-TS7 of
      subscribers S4-S7 are crossed in the main memory 24 with the time-slots
      TS41-TS44 of the four conference lines. Thus, in time-slot TS4 allotted to
      subscriber S4, there is recorded in the main memory the address of
      out-gate OG41 of outgoing conference line CO41, and the "connected" status
      is recorded in the auxiliary memory 26; while in time-slot TS41 allotted
      to conference line IC41, there is recorded the address of out-gate OG4
      allotted to subscriber S4, and the "connected" status is recorded in the
      auxiliary memory. A similar crossing of addresses is effected with respect
      to subscriber lines S5-S7 and the other conference lines CI42-CI44.
PAR  Thus, the four subscribers S4-S7 are connected together via the four
      conference lines during time-slots TS4-TS7 and TS41-TS44.
PAR  The signals leaving the common transmission highway HW during this
      conference connection are reconstructed in the sample and hold circuits 66
      and are then added together in adder 68. The added signals pass through
      the single low-pass filter 70 and from there return, without distortion,
      to the operator's hybrid circuit 74. The operator's signal is added
      through hybrid circuit 74 and adder 72 before being introduced via path 76
      to the incoming conference lines.
PAR  Each conferee increases the possibility of oscillation in the system as
      there may be leakage through the hybrid circuits. Also, each conferee
      increases the gain of the conference loop. The number of the conferees is
      therefore limited in accordance with the possible range in line impedance
      and the permitted transmission loss between the conferees. A practical
      limit is four conference lines.
PAC  Operator's Intercept
PAR  The system illustrated also enables the operator to intercept an internal
      subscriber even if he is connected to another. This is also shown in the
      diagram of FIG. 4, with reference to time-slots TS8 and TS9 allotted to
      subscribers S8 and S9, and time-slot TS50 arbitrarily allotted to the
      operator; the condition of the memory for this operation is also
      illustrated in Table 1.
PAR  Thus, as shown in FIG. 4 and Table 1, subscribers S8 and S9 (time-slots
      TS8, TS9), are cross-addressed in the main memory as in a normal
      connection, but in the operator's time-slot TS50, the address of
      subscriber S8 (TS8) is recorded in the main memory. The operator will thus
      be connected to subscriber S8 in time-slots TS8 and TS50.
PAR  As can be seen from Table 1, subscriber S8 is not disconnected from
      subscriber S9 during this operator's intercept, but rather the connection
      remains. Instead, the operator's signal overrides that of subscriber S9,
      this being effected by maintaining the DC level of the operator's in-gate
      IG50 lower than the other usual in-gates, as will be described more fully
      below. The communication between subscriber S8 and the operator will be in
      the normal signal levels, and subscriber S9 will also hear subscriber S8
      at a normal level. Subscriber S8 will also hear subscriber S9, but at a
      much lower level, since subscriber S9 is not disconnected or blocked.
      Because of leakage through the hybrid circuits, subscriber S9 and the
      operator will also hear each other, but again at a very low level.
PAR  Such an arrangement, where subscriber S9 hears subscriber S8 and the
      operator during the operator's intercept, is desirable since otherwise
      subscriber S9 may feel he was disconnected and may therefore on-hook.
      Another advantage of the foregoing arrangement is that the addresses in
      the main memory are not changed on operator intercept, and when the
      operator intercept is terminated the connection returns to normal while
      erasing only the address in the operator's in-gate time-slot.
PAR  The specific manner of providing this overriding arrangement during the
      operator's intercept is described below with reference to the construction
      of the transmission gates.
PAC  Operator Set-up of Conference Connection
PAR  As mentioned earlier, and as indicated schematically by manual switch 80 in
      FIG. 4, only the operator can set-up the conference connection. The system
      for accomplishing this, which is located in the operator's console, is
      illustrated in FIGS. 5 and 6.
PAR  It will be recalled from the earlier description that during the off-hook
      and dialing condition of a subscriber terminal, a line signal is produced
      on bus LHW for the respective subscriber line, this signal being applied
      to the registers 34 (FIG. 2) which extract the dialing information,
      process it and supply it to the central processor 28. The foregoing
      applies with respect to all the subscriber lines, but does not apply with
      respect to the conference lines CI41-CI44 (FIG. 3). Only the operator can
      dial "in the name of" the conference lines CI41-CI44, but from there on
      the dialing information is processed by the system, particularly the
      common control 22, in the same manner as it processes the information when
      dialed by a subscriber.
PAR  As shown in FIG. 5, the operator's console includes an "arrange conference"
      switch OAC which is normally in the 0, or inactive position. When the
      operator desires to set-up a conference, he moves the switch to the 1 or
      active position. Switch OAC is connected to an OR-gate OAT, which supplies
      a 1 output whenever switch OAC has been actuated to set-up a conference.
PAR  The operator's console also includes four operator buttons 81-84 each
      providing the operator with access to one of the conference lines
      CI41-CI44. Further included in the operator's console are four signal
      lamps SL1-SL4 which provide an indication of the condition of each of the
      conference lines, as to be described below.
PAR  The operator's off-hook and dialing signal appears on line 90 in FIG. 5. On
      line 92 in FIG. 5 appears a varying voltage which is used to produce a
      flickering signal on signal lamp SL1-SL4 as to be described below.
PAR  The operator sets-up a conference in the following manner:
PAR  First, the operator actuates the "arrange conference" switch OAC to its 1
      position, this producing a 1 output from OR-gate OAT as mentioned earlier.
      In addition, the operator actuates one of the conference line buttons
      (e.g. B1) to its 1 position, and then dials the number of the subscriber
      to be connected to the corresponding conference line (e.g. CI41). Button
      B1 is of the type that, when depressed, it makes a momentary contact and
      then returns to its normal inactive state. Therefore, when button B1 is
      depressed by the operator, a 1 is applied to flip-flop FF1, which is
      thereby put in its "set" state to produce a 1 output. The flip-flop
      remains in this state even when the conference button B1 returns to its
      normal B condition upon release by the operator.
PAR  A 1 output from flip-flop FF1 is applied to two AND-gates BT1, CT1. The
      flickering voltage signal on line 92 is therefore applied via OR-gate OT1
      to signal lamp SL1, the latter lamp producing a flickering light
      indicating this condition. In addition, the operator off-hook and dialing
      signal on line 90 is passed via AND-gate CT1, OR-gate ET1, and line L41 to
      the common control where it is processed as if it had been dialed by the
      incoming conference line CI41.
PAR  In other words, by depressing conference button B1, the operator acts for
      conference line CI41, and dials "in its name" the line of the subscriber
      to be connected to that conference line. The common control 22 processes
      the dialing information as if it came from conference line CI41, making
      the connection in the same manner as when a regular subscriber dialed,
      including cross-addressing its address (time-slot) with that of the dialed
      subscriber to participate in the conference.
PAR  When the dialed subscriber (e.g. 54 in FIG. 4 and Table 1) off-hooks, a
      continuous signal is applied to OR-gates DT1 and ET1 from CK1, in the
      manner to be described below with respect to FIG. 6. The continuous signal
      on OR-gate DT1 causes lamp SL1 to provide a continous light, thereby
      indicating that the connection of subscriber S4 to conference line CI41
      has been completed. The continuous signal applied to OR-gate ET1
      establishes a holding signal for line L41, which holding circuit is
      disconnected only when that conferee subscriber on-hooks, which terminates
      the continuous signal CK1.
PAR  When the second conferee subscriber is to be connected to the conference
      link, the operator depresses the second conference button B2, which sets
      its flip-flop FF2 to 1. At the same time, all the other flip-flops (FF1,
      FF3, FF4) are reset to 0 by means of OR-gate OAT and the OR-gates AT1,
      AT3, AT4 for the respective flip-flops. Thus, flip-flop FF1 resets back to
      0, but circuit CK1 holds the signal on line L41, this circuit being
      maintained, as described above, until the subscriber on conference line
      CI41 hooks-on, which terminates the CK1 signal.
PAR  The other subscribers to participate in the conference are connected in the
      same manner, namely by the operator depressing the respective conference
      button (e.g. B3), and then dialing the address of the subscriber to be
      connected to that conference line.
PAR  FIG. 6 illustrates how the CK1-CK4 signals used for holding the connections
      to the conference lines L1-L4 are produced and terminated.
PAR  As will be recalled from the description of FIG. 2, LHW is the digital bus
      on which appear all the line signals from all the subscribers when in the
      off-hook or dialing condition. These signals pass through an AND-gate GT
      (whose function is described below) and are applied to four further
      AND-gates FT1-FT4. Each of the latter AND-gates includes, as a second
      input, the signals from the main memory applied to the out-gates OG41-OG44
      of the outgoing conference lines GO41-GO44. Thus, AND-gates FT1-FT4
      extract, from all the line signals on bus LHW, those signals applicable to
      the selected conferees. The outputs of gates FT1-FT4 are a series of
      pulses, these being integrated in the respective integrating circuits
      IN1-IN4 to produce the continuous signals CK1-CK4.
PAR  The signals on lines CK1-CK4 thus constitute a reconstruction of the DC
      signals of the respective conferees containing the off-hook and dialing
      signals. Accordingly, if the conferee on-hooks, the respective signal
      CK1-CK4 will terminate. As noted above from the description of FIG. 5, the
      CK1-CK4 signals are used to hold the subscribers connected on the
      conference line, and therefore when a signal CK1-CK4 terminates, the
      respective subscriber automatically becomes disconnected from the
      conference line.
PAR  Should, by some malfunction of the system, the memory content two
      conference lines together, there would be no way of disconnecting them.
      Therefore, AND-gate GT is provided and receives, as one input, the signals
      on the LHW bus, and as another input, the inverted signals from time-slots
      41-44 allotted to the incoming conference line IG41-IG44. Therefore,
      AND-gate GT assures that no conference line can be connected to another
      conference line.
PAC  The Transmission Gates
PAR  As indicated earlier, the in-gate of the operator and the in-gate of the
      tone generators are maintained at different DC level with respect to the
      in-gates of the subscriber lines and of the conference lines so that the
      signal from the operator will override all the other signals, and the
      signal from the tone generators will override those of the subscriber
      lines and of the conference lines, without actually disconnecting these
      lines. This is produced by a "minimum gate" arrangement for the in-gates,
      whereby if more than one in-gate is opened simultaneously, only the
      in-gate with the lowest DC signal will in effect be connected to the
      highway. The operator's in-gate IG50 carries the lowest DC signal, those
      of the tone generators carry a higher DC signal, and those of the
      subscriber lines and conference lines carry the highest DC signal.
PAR  The construction of an in-gate is illustrated in FIG. 7. There is one
      in-gate for each subscriber line, one for each conference line (four in
      this case), one for each of the tone generators (four in this case), and
      one for the operator. All the in-gates are of the same structure, as shown
      in FIG. 5, except they carry different DC levels, as mentioned above, to
      provide the override feature as described more fully below.
PAR  Each in-gate includes two transistors Q1 and Q2. The base of transistor Q1
      receives the gating signal from decoding matrix 44 (FIG. 2), except those
      for the tone generators receive their gating signals from decoding matrix
      52 as mentioned earlier. The emitter of transistor Q1 is grounded, and its
      collector is coupled to the base of transistor Q2. The emitter of
      transistor Q2 receives the audio signal via amplifier A1 and diode D1. A
      second diode D2 is connected between the emitter and base of transistor
      Q2, and the collector of transistor Q2 is connected via diode D3 to the
      common transmission highway HW.
PAR  The in-gate of FIG. 7 operates as follows: In the absence of a gating pulse
      applied to the base of transistor Q1 (from decoding matrix 44 or 52, FIG.
      2), transistor Q1 is in saturation, and current passes through diode D2,
      whereby transistor Q2 is cut-off. Diode D1 is cut-off. Thus, the audio
      signal applied to the input of amplifier A1 cannot pass to the common
      transmission highway HW.
PAR  When the base of transistor Q1 receives a gating pulse from the respective
      decoding matrix, transistor Q1 is cut-off, thereby making the base of
      transistor Q2 more positive, whereby transistor Q2 conducts. The current
      through resistor R2 assures that transistor Q2 saturates. Diodes D1 and D3
      are opened, whereas diode D2 is cut-off. Opening diode D3 clamps highway
      HW to the input audio signal Vs, whereby the input audio signal Vs is
      passed to the common transmission highway HW.
PAR  The voltage on diode D2 assures that transistor Q2 will be cut-off when no
      gate pulse is applied to transistor Q1. Diode D4 is provided between
      amplifier A1 and coupling diode D1, and assures that the emitter of
      transistor Q2 will not go negative; this prevents parasitic oscillations
      which might otherwise appear when there is a connection.
PAR  All the in-gates are constructed as illustrated in FIG. 7, except that
      their respective input amplifiers A1 are biased at different DC levels, to
      provide a different bias on their respective diode D3. This connection of
      the gate to the highway HW through diode D3 provides a "minimum gate" to
      the highway so that if more than one gate is opened simultaneously, only
      the gate with the lowest signal will be effectively connected to the
      highway. The other gates will in effect be cut-off. Thus, diode D3 of
      in-gate IG50 for the operator is biased at the lowest DC level, so that if
      it is opened coincidentally with that of a tone generator gate, subscriber
      line gate, or conference line gate, the operator's in-gate will override
      all the others. The DC level of the tone generator in-gates TG1-TG4 (FIG.
      3) is higher than that of the operator's in-gate, but lower than that of
      the in-gates for the subscriber lines and conference lines, so that
      opening of a tone generator in-gate will override the simultaneously
      opened in-gate of a subscriber line or conference line.
PAR  As mentioned earlier, all the in-gates are opened by pulses from decoding
      matrix 44 (via line 46), except that the tone generator gates are opened
      by pulses from decoding matrix 52 (via line 53).
PAR  As also mentioned earlier, the foregoing arrangement provides a number of
      advantages. First, it assures that the connection of the operator's line
      to the common transmission highway will override the connection of the
      subscriber lines. Thus, a subscriber's line need not be disconnected
      during an operator's intercept, and the overridden subscriber can still
      hear the other parties on the line, but very weakly, so that he is aware
      he is still connected to the line.
PAR  This arrangement further simplifies the control system, since no special
      orders are required to be generated to disconnect the other party. As soon
      as the operator's intercept is completed, and the operator's connection is
      broken, the existing connection of the subscriber is automatically resumed
      with no special instructions or control being required.
PAR  Further, providing the intermediate DC level for the tone generator
      in-gates assures that the tones will not be distorted by the sample and
      hold circuits of the subscriber lines, and also that the tones will not be
      influenced by the noise or speech in the subscriber's environment. In the
      "dial" and "busy" tone conditions, the tone generator gate is opened in
      the same time-slot as the in-gate for the respective subscriber line.
      Thus, there are two signals being transmitted from two separate sources,
      i.e., the environmental signal from the subscriber's line, and the tone
      signal from the tone generator. The "minimum gate" arrangement described
      above thus assures that the tone signal will override the extraneous audio
      signals from the subscriber's line, and will not be distorted.
PAR  Another advantage of this arrangement is that the same time-slot of the
      subscriber line can be used for the dial tone and busy tone signals
      without using special time-slots for such tones.
PAR  As one example, the DC level of the in-gates of the subscriber's lines and
      conference lines may be +4 volts, the DC level of the dial and busy tone
      generators may be +2 volts, and the DC level of the operator's in-gate may
      be +1 volt.
PAR  The construction of the out-gates is shown in FIG. 8. In the described
      system, there is an out-gate for each of the subscriber's lines, trunk and
      operator, and an out-gate for each of the four conference lines. These
      out-gates connect the common transmission highway HW to the sample and
      hold network of each individual line, and therefore there is a sample and
      hold circuit for each out-gate.
PAR  As shown in FIG. 8, the construction of the out-gate is substantially the
      same as the in-gate (and therefore the elements are correspondingly
      numbered, but with a "prime" notation), except that diode D4 is omitted
      since the highway cannot go negative. Also, the biased amplifier A1 is
      omitted, so that the out-gates do not have the foregoing overriding
      feature of the in-gates, nor is such feature necessary for the out-gates.
      Usually, but not necessarily always, only one out-gate is opened in the
      same time-slot so that the highway HW will be connected to only one sample
      and hold circuit at any one time.
PAR  Many variations will be apparent. For example, a floating system of
      time-slots could be used instead of a fixed system for opening the
      in-gates. In addition, the common control could include a programmable
      computer instead of the fixed wiring system illustrated, as also indicated
      earlier. Larger systems could include a plurality of common transmission
      highways instead of the one used in the above-described system.
PAR  Many other versions, modifications and applications of the illustrated
      embodiment will be apparent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A time division multiplex system including a plurality of subscriber
      links each for connection to a subscriber line, the subscriber links
      including a switching network having an in-gate and an out-gate for each
      subscriber line for accessing it to a common transmission highway, and a
      common control for controlling the in-gates to sequentially connect a
      calling subscriber link to the common transmission highway in time-slots
      allotted to the called subscriber links and for controlling the out-gates
      to connect a called subscriber link to the common transmission highway in
      the time-slot of the calling subscriber, the improvement wherein the
      system further includes a conference link to the common transmission
      highway, the conference link including a plurality of incoming conference
      lines and a plurality of outgoing conference lines for effecting at least
      one conference connection between a plurality of the subscriber lines, a
      switching network including an in-gate in each incoming conference line
      and an out-gate in each outgoing conference line for accessing the lines
      to the common transmission highway, the common control including means for
      controlling the conference in-gates for sequentially connecting the
      incoming conference lines to the common transmission highway in specific
      time-slots allotted to them, and controlling the conference out-gates to
      connect a called outgoing conference line to the common transmission
      highway in the time-slot of a calling conferee subscriber, said means for
      controlling being comprised of a cyclic memory and means for recording
      therein the address of the called subscriber link or outgoing conference
      line in relation to the time-slot of the calling subscriber, and for
      recording therein the address of the calling subscriber link in relation
      to the time-slot of the called subscriber line or incoming conference
      line.
NUM  2.
PAR  2. The system according to claim 1, wherein each outgoing conference line
      includes a sample and hold circuit coupled to the out-gate therein for
      reconstructing the signals transmitted thereto from the common
      transmission highway.
NUM  3.
PAR  3. The system according to claim 2, including a common adder to which the
      outputs of the sample and hold circuits of all the outgoing conference
      lines are coupled, and a common low-pass filter, said common adder having
      an output the output of the adder coupled to said low-pass filter, and
      said low-pass filter having an output coupled to the incoming lines of the
      conference link.
NUM  4.
PAR  4. The system according to claim 1, including an operator console having a
      conference switch manually actuatable by an operator to establish a
      conference connection between a plurality of subscriber links and the
      conference link, a line switch for each of the incoming conference lines
      and manually actuatable by the operator to enable the incoming conference
      line, and means controlled by the operator for enabling the common control
      to connect a calling subscriber link to a selected incoming conference
      line.
NUM  5.
PAR  5. The system according to claim 4, further including an operator in-gate
      for providing access of the operator's line to the common transmission
      highway, tone sources and tone source in-gates for operatively coupling
      said tone sources to the common transmission highway, and override means
      for enabling said operator in-gates to override the in-gate of the
      subscriber links and the conference lines without disconnecting the
      latter, said override means having means for enabling the in-gates of the
      tone sources to override the in-gates of the subscriber links and of the
      conference lines and wherein said subscriber and conference in-gates, said
      tone source in-gates and said operator in-gates are maintained at
      different DC voltage levels, the DC voltage levels of the subscriber links
      and of the conference lines being at one extreme value, that of the
      operator's line being at the opposite extreme value, and that of the tone
      sources being between the two extreme values.
NUM  6.
PAR  6. The system according to claim 4, wherein said operator's console
      includes a signal lamp for each incoming conference line, said system
      further including a source of varying voltage and means connecting said
      varying voltage to each signal lamp to produce a flickering light signal
      when its incoming conference line is enabled by the operator, a source of
      continuous voltage, and means connecting said continuous voltage to each
      signal lamp to produce a continuous light signal when its incoming
      conference line is connected by the operator and the common control to a
      subscriber link.
NUM  7.
PAR  7. A time division multiplex system including a plurality of subscriber
      links each for connection to a subscriber line, the subscriber links
      including a switching network having an in-gate and an out-gate for each
      subscriber line for accessing the respective subscriber line to a common
      transmission highway, a common control for controlling the subscriber line
      in-gates to sequentially connect the calling subscriber links to the
      common transmission highway in time-slots allotted to the subscriber
      links, and for controlling the out-gates to connect a called subscriber
      link to the common transmission highway in the time-slot of the calling
      subscriber; an operator line; an operator in-gate for providing access of
      the operator line to the common transmission highway; a tone source; and a
      tone source in-gate for providing access of the tone source to the common
      transmission highway; said in-gates being maintained at different DC
      voltage levels, the DC voltage level of the subscriber links being at one
      extreme value, that of the operator line being at the other extreme value
      and that of the tone source being between the two extreme values whereby
      in the event of simultaneous opening of a plurality of said in-gates the
      voltage level of the operator line is effective to override the other
      lines, and that of the tone source is effective to override a subscriber
      link.
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ABST
PAL  A time domain speech recognition system is disclosed wherein a speech
      signal is infinitely clipped in order to derive its zero crossover
      pattern. A pitch pulse detector generates standardized marker pulses in
      synchronism with the glottal pressure pulses occurring during voiced
      sounds. Using these marker pulses as trigger signals, a sampling gate
      samples the infinitely clipped speech signal in synchronism with the
      glottal pulses. In the absence of a voiced signal, sampling is performed
      at a pseudo random rate. The zero crossing samples obtained are normalized
      with respect to voice pitch and are classified as belonging to a
      particular set of speech sounds called phonemes in accordance with a
      number of parameters including number and length of the zero crossover
      intervals, the length of the pitch pulse interval and the relative number
      of changes in the duration of the crossover intervals in a pitch pulse
      interval.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a time domain speech recognition system which
      utilizes the zero crossing pattern of infinitely clipped voice signals to
      determine and classify speech sounds.
PAR  In the past automatic recognition of speech signals has been beset by a
      fundamental problem, namely, the difficulty of abstracting from a complex
      input speech signal those parameters which are necessary for the
      recognition of the speech signal. The inability to overcome this
      difficulty has led to recognition systems which are unnecessarily complex,
      inefficient and error prone. Thus despite the intense interest in the
      automatic recognition of speech signals and the great body of literature
      written on this subject, none of the systems developed to date have been
      successful enough to be commercially practicable.
PAR  Speech recognition systems suffer from two major difficulties; the first of
      these is the wide difference in individual speech characteristics and the
      second is that an increase in system vocabulary typically requires a
      correspondingly substantial increase in system hardware for deciphering
      the speech signal. With respect to the problem of the variance of
      characteristics of individual speakers, a number of experimental systems
      have been developed which perform well when the sounds of a single
      individual speaker are detected. Thus in one prior art system, word
      recognition is based on digital autocorrelation analysis followed by
      computer pattern matching. The speech signal is split into two frequency
      bands and the signals in each band are then quantized into two amplitude
      levels, autocorrelated, and delivered to a computer for identification
      with respect to a predetermined pattern. Despite a severe vocabulary
      restriction, i.e., ten words, recognition accuracies for individual
      speakers varied from 78% to 90%. When three speakers were tested in the
      system, the accuracy dropped to 57%.
PAR  In a second prior art system, a low Q dispersive delay line was used as a
      model of the human cochlea which system produced slightly better results.
      In this system vowel sounds were investigated and the system's accuracy
      approached a reasonable 90% limit only when male speakers were tested.
      None of the prior art systems, however, have been capable of detecting and
      recognizing the speech of a wide variety of people including both men and
      women.
PAR  With respect to the second major difficulty with speech recognition
      systems, namely, that system hardware increases substantially with
      vocabulary, systems have been designed to recognize syllables or words
      rather than individual speech sounds in order to reduce system complexity.
      Thus, for example, in a speech recognition system which was designed to
      recognize digits, it was not necessary to differentiate precisely between
      the vowel sound o as in "oh" and the vowel sound ee as in "eeh" since
      "eeh" is not one of the words for which the system is designed to detect.
      As long as "ee" does not correlate closely with one of the vocabulary
      words "one" through "nine," the machine can either define it as "oh" or
      reject it altogether as undefinable. Whichever alternative the machine
      elects, the necessity for precise differentiation between o and ee is
      circumvented. Such a system also obviates the problem that individual
      speech sounds appear to have different characteristics depending upon
      their phonetic context. These systems are still limited to a small
      vocabulary because reasonable accuracy has been difficult to attain and
      because of the extensive hardware required for recognizing more than a
      limited vocabularly.
PAR  The advent of high speed digital computers has alleviated a third major
      problem inherent in many of the prior art speech recognition systems,
      namely, the problem of real time operation of the recognition system.
      Historically the predominate approach to speech recognition has been via
      the frequency domain, either by investigating the frequency spectrum of
      the speech signal directly or by tracking only the peaks of the spectral
      energy distribution of the signal with respect to time. In either case,
      the recognition system must usually perform either short-time Fourier
      transformations on the signal or perform auto and crosscorrelation
      calculations in the pattern comparison and matching phases. These
      calculations are difficult to perform in real time because high speed
      computers are necessary to perform the extensive calculations as rapidly
      as the speech sounds are generated.
PAR  Relatively few investigations have dealt with the temporal structure of the
      speech signal. From the earliest investigations through the development of
      the speech spectrograph and Vocoder to the most recent systems, the
      emphasis has been almost exclusively on spectral analysis of the speech
      signal. The research dealing with such temporal speech signal properties
      as the rate of zero crossings thereof often treats such properties merely
      as a reflection of the frequency domain properties of the signal. It has
      now been discovered, however, that the analysis of the distribution or
      pattern of zero crossings of a signal, the relationships among the
      adjacent intervals between zero crossings, and voice pitch together with
      pitch synchronous sampling of the speech signal can lead to an accurate
      means of identifying individual speech sounds. It has further been found
      that such a method is largely insensitive to individual speaker
      differences and phonic context.
PAR  In view of the foregoing it is an object of this invention to provide an
      accurate time domain speech recognition system which is capable of
      recognizing the speech sounds generated by individuals having a wide
      variety of speech characteristics.
PAC  SHORT STATEMENT OF THE INVENTION
PAR  Accordingly, this invention relates to a time domain speech recognition
      system including means for infinitely clipping the speech signal in order
      to derive its zero crossing pattern. Means are provided for deriving the
      glottal pulse repetition rate when glottal excitation is present and for
      generating a marker pulse in synchronism with each glottal pulse. The
      infinitely clipped signal is synchronously sampled with every Nth glottal
      pulse wherein N ranges as high as 5. In the absence of glottal pulses,
      sampling takes place at a pseudo random rate which approximates the last
      measured glottal repetition rate. The parameters of the zero crossing
      pattern are then determined, such as, for example, the glottal pitch pulse
      period, the total number of zero crossover intervals in a pitch pulse
      period, the length of each of the intervals and the relative number of
      changes of length of the intervals within the pitch pulse period. These
      various pattern characteristics or parameters are then utilized by means
      of logic circuitry to determine the speech sound, i.e., phoneme, to which
      a particular speech input signal corresponds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features, and advantages of this invention will become more
      fully apparent from the following detailed description, appended claims
      and the accompanying drawings in which:
PAR  FIG. 1 is a schematic circuit diagram of the zero crossing and zero
      crossover time interval reversal detector of this invention;
PAR  FIG. 2 is a circuit for determining the number of intervals in the zero
      crossing pattern;
PAR  FIG. 3 is a logic circuit for determining if the number of zero crossover
      intervals is equal to 4, 6, 8 or 10;
PAR  FIG. 4 is a logic circuit for determining if the individual intervals in
      the zero crossover pattern include intervals having lengths 1 or 2 and for
      determining the number of intervals of length 1 or 2 in a pitch pulse
      interval;
PAR  FIG. 5 is the pitch pulse detector of the present invention;
PAR  FIG. 6 is a logic circuit for deriving the interval lengths and frequency
      of occurrence of intervals of predetermined length in the input speech
      zero crossover pattern;
PAR  FIG. 7 is a circuit for determining and classifying the pitch periods;
PAR  FIGS. 8a and 8b illustrate the logic circuits for classifying the
      parameters derived from the zero crossover pattern into six different
      sound categories;
PAR  FIG. 9 is a schematic block diagram of the time domain speech recognition
      system of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the act of speaking the human articulatory apparatus produces a complex
      acoustic wave. To transmit this wave with good fidelity, a transmitting
      channel capacity in excess of fifty thousand bits per second is required.
      However, a large number of psychophysical experiments indicate that the
      human auditory system which is the primary receiver of speech has a
      channel capacity of only 50 bits per second. This disparity between
      apparent signal complexity and receiver capability means that those
      parameters which are necessary for recognizing sounds must be relatively
      few in number and must vary rather slowly in time. In addition, it is
      apparent that the speech signal is highly redundant. Accordingly, a large
      part of the acoustical wave is unnecessary and may well act as noise as
      far as the human auditory system is concerned. For example, it has been
      found that amplitude variations of a speech signal do not carry much
      useful information in the recognition process. A large body of
      experimental evidence has been gathered which shows that intelligibility
      of a speech signal is quite insensitive to amplitude distortion and in
      fact, in certain high noise environments, infinitely clipped speech in
      which all amplitude information is disregarded is often more intelligible
      than normal speech.
PAR  It also has been found that the signal frequency per se of speech does not
      carry much speech information. Thus, a change in the frequency content of
      a voice signal may or may not result in a change of the word or syllable
      perceived depending upon the context of the changed portion of the signal.
      Further, speech conveyed by means of radio or telephone although often
      severly distorted or bandwidth limited does not present any difficulty to
      the human listener in deciphering the speech being transmitted.
      Accordingly, applicant has investigated the zero crossover pattern within
      one pitch pulse interval in order to determine whether it contains
      decipherable information relating to the recognition of speech sounds.
PAR  Voice pitch is defined as a fundamental frequency of vibration of the vocal
      cords. Thus speech sounds which are accompanied by vocal cord vibrations
      are said to be voiced while sounds which do not involve vocal cords are
      unvoiced. The frequency range of the voice pitch ranges from zero Hz up to
      300 Hz. Voice pitches above 300 Hz rapidly become unintelligible.
PAR  Applicant has discovered that the zero crossing pattern of an infinitely
      clipped voiced signal contains enough information to recognize the speech
      signal and that at least part of the information in the zero crossing
      pattern is encoded in the pattern rather than in the number of crossings.
      In addition, it has been discovered that the parameters in the zero
      crossing pattern for recognizing speech sounds vary relatively slowly and
      that the zero crossing pattern is highly redundant, e.g., a 20% sample
      thereof was taken and fairly good intelligibility was found to remain in
      the signal. Accordingly, it has been found that by sampling the voice
      signal in pitch synchronism with glottal pulses most of the intelligence
      conveyed by the signal can be recovered.
PAR  This discovery is particularly important because the relationship between
      glottal frequency and a corresponding change in the formant frequency of
      the infinitely clipped input speech signal is approximately linear. An
      increase in glottal frequency means that glottal pulses will occur more
      ofen per unit of time, i.e., they will be more closely spaced. Since
      formant frequencies rise proportionately, the overall effect is to
      compress the zero crossing pattern in time. Accordingly, the structure of
      a zero crossing sample when taken pitch synchronously will remain
      unchanged. Thus the differences between the speech of men and women which
      are primarily due to differences in glottal frequencies as well as the
      resonant frequencies of their vocal cavities can be substantially
      cancelled out of the input speech signal by taking pitch synchronous
      samples of the zero crossing pattern of the speech signal. The
      corresponding sounds for both men and women will therefore provide similar
      zero crossing patterns. Thus the traditional problem of recognizing both
      the speech of men and women can be overcome by pitch synchronous sampling
      and infinitely clipping a voiced signal.
PAR  It has been found experimentally that each of the 6 vowel sounds /ae/,/a/,/
      /,/i/,/u/, and /o/ provide a distinct zero crossover pattern having a
      characteristic depending upon the following parameters:
PAR  l. Pitch period, which is the length of the speaker's glottal pulse
      interval in milliseconds,
PAR  2. the time duration of the intervals between zero crossovers,
PAR  3. the number of time or zero crossover intervals in a pitch pulse period,
      and
PAR  4. the number of times that the respective intervals of the zero crossover
      pattern change from a pattern of increasing intervals between zero
      crossovers to decreasing intervals, and vice versa, which changes are
      designated the jaggedness of the voice pattern. The formula for the
      jaggedness of the pattern is given as follows:
PAC  .DELTA.S = (number of time interval reversals + 1)/(number of intervals -
      1)
PAL  where a time interval reversal occurs when the next succeeding zero
      crossover interval decreases in length after a succession of time
      intervals of increasing duration or, vice versa. In defining the
      jaggedness of the voice pattern, successive time intervals of the same
      duration are not considered to be time interval reversals. With these
      aforementioned parameters, the speech signal can be recognized by
      infinitely clipping the speech signal, deriving the values of the
      aforementioned parameters and appropriately classifying the aforementioned
      speech parameters in the manner which will now be explained.
PAR  The classification must be performed in the exact sequence to be given,
      i.e. /i/,/ae/,/u/,/o/,/ /,/a/. The classification criteria at any step
      rest upon the assumption that the pattern has failed to satisfy all prior
      criteria. The criteria for determining that the input speech signal
      contains the sound or phoneme /i/ is as follows:
PAR  1. The pattern must contain at least one crossover interval of length equal
      to one tenth of a millisecond, hereinafter designated length 1, and the
      sum of the total number of intervals one tenth of a millisecond long plus
      the total number of intervals two tenths of a millisecond long,
      hereinafter designated length 2, must be at least half of the total number
      of intervals of the pattern.
PAR  In order for the zero crossing pattern to be classified as /ae/, it must
      satisfy at least one of the following criteria:
PAR  a. The zero crossover pattern must contain at least one interval of length
      1, or
PAR  2. The pattern must have a pitch period greater than 9 milliseconds
      (p.p..gtoreq.9) and contain at least one zero crossover interval of length
      2.
PAR  It can be seen that the crossover interval for /i/ has high frequency
      components therein because the length of the zero crossover intervals are
      relatively short. This classification holds true regardless of the pitch
      period of the pattern. The classification of /ae/ is affected somewhat by
      the voice pitch and oral resonances. Although this sound still has
      predominant high frequency components, these components are not as strong
      as those of the /i/ sound and for very long pitch periods, the downward
      shift of these components becomes important. This is reflected in the
      second criteria wherein when the pitch pulse interval is greater than 9
      milliseconds, there must be at least one zero crossover interval of length
      2.
PAR  The classification of the sound /u/, must satisfy one of the following
      three criteria:
PAR  1. Contain exactly four zero crossover intervals, or
PAR  2. the pitch period must be greater than 5.7 milliseconds but less than or
      equal to 7.5 milliseconds, contain less than nine zero crossover intervals
      and contain three or more intervals having a length greater than 10, or
PAR  3. the pitch period must be greater than 7.5 milliseconds, contain less
      than nine zero crossover intervals and contain three or more intervals of
      length greater than 12.
PAR  Criterian 1 is a result of the fact that /u/'s have a very short zero
      crossover pattern. If, however, low pitched voices are detected, the
      shifting or resonant frequencies downward is taken into account as is the
      extra intervals present in the longer pitch periods. In this case the
      /u/'s are identified by the second or third criteria.
PAR  In order for a pattern to be classified as the sound /o/, the pattern must
      satisfy one of the following six sets of criteria:
PAR  1. The pitch period must be less than or equal to 5.7 milliseconds and
      contain exactly six zero crossover intervals; or
PAR  1. the pitch period must be less than 4 milliseconds, contain exactly eight
      zero crossover intervals and contain at least one interval of length
      greater than 9; or
PAR  3. the pitch period must be between 4 milliseconds and 5.7 milliseconds,
      contain exactly eight zero crossover intervals and contain at least one
      interval of length greater than 13 or at least two intervals of length
      greater than 8; or
PAR  4. the pitch pulse period must be greater than 5.7 milliseconds and the
      zero crossover pattern must contain less than nine intervals; or
PAR  5. the pitch pulse period must be between 5.7 milliseconds and 7.5
      milliseconds, contain exactly ten zero crossover intervals and contain at
      least two intervals of length greater than 1 millisecond; or
PAR  6. the pitch pulse period must be greater than 7.5 milliseconds, contain
      exactly ten zero crossover intervals and contain at least one interval of
      length greater than 1.2 milliseconds.
PAR  From the classification of /O/ it can be seen that it is necessary to split
      the pattern into four distinct groups on the basis of pitch period. For
      the high pitch voices i.e., voices having a pitch period of less than or
      equal to 5.7 milliseconds, the identification of /O/ is based on the
      length of the pattern, that is, the number of intervals being 6 or 8
      together with the appearance of rather long zero crossover intervals
      within the pattern. For the lower pitch ranges, the /o/ patterns resemble
      the /u/ pattern except that they lack the extremely long intervals
      associated with /u/.
PAR  The criteria for classifying /e/ includes one of the following two rules:
PAR  1. The jaggedness, or .DELTA.S, value, of the pattern as defined by the
      aforementioned equation (1) must be less than 0.6; or
PAR  2. the pitch pulse period must be greater than 5.7 milliseconds and the
      zero crossover pattern must contain exactly ten intervals.
PAR  All remaining patterns are classified as /a/. The / / and /a/ patterns
      typically have a large number of zero crossover intervals for a given
      pitch pulse interval. Thus for pitch periods shorter than 5.7 milliseconds
      any pattern having 8 or more zero crossover intervals is places in one of
      these two categories, which for pitch periods greater than 5.7
      milliseconds any pattern having more than ten intervals is assigned to the
      / / or /a/ sounds. The sound /a/ is separated from / / by the .DELTA.S
      criteria.
PAR  The aforementioned rules were derived from examining the zero crossover
      patterns of a number of subjects. It should be understood that with
      further testing of a greater plurality of subjects, the aforementioned
      rules will vary somewhat. However the principle remains the same, namely,
      that speech can be recognized if it is infinitely clipped and the
      following parameters are isolated and determined: pitch pulse period, the
      number and length of zero crossover intervals in a pitch pulse period and
      the value of .DELTA.S which is designated the jaggedness of the pattern.
PAR  Refer now to FIG. 9 which is a schematic block diagram of the domain speech
      recognition system of the present invention. Speech from a subject is
      received by a microphone and converted into an electronic signal which is
      coupled to the input terminal 11 of the system. The signal is coupled to a
      clipping circuit 301 which obtains the zero crossover pattern of the input
      signal. The output of the clipping circuit 301 is coupled to a time
      duration reversal pattern circuit 302 which provides an output when a
      shorter crossover interval follows a longer one or vice versa, but not
      when a series of successive zero crossings intervals are progressively
      longer, shorter or remain the same. The output of the time duration
      reversal pattern circuit 302 is coupled to a jaggedness, .DELTA.S,
      determining circuit 303 which determines whether the jaggedness, .DELTA.S,
      is greater than or equal to 0.6. The output of this circuit is coupled to
      terminal I-18 of the logic circuit 304. As will be explained hereinbelow,
      the logic circuit 304 determines the presence of the phonemes /ae/, /a/,
      /e/, /i/, /u/, and /o/. In addition, a zero crossover qualifier, more
      fully disclosed in connection with the discussion of FIG. 3, provides
      outputs indicating that the number of zero crossings in a pitch pulse is
      equal to 4, 6, 8 or 10. These outputs appear on output lines I-5, I-6, I-7
      and I-12.
PAR  As will be more fully discussed in connection with FIG. 4, the duration of
      the zero crossover interval must be determined and this is accomplished by
      circuit 309. At the input of circuit 309 is a signal corresponding to the
      occurence of a zero crossing of the clipped input signal and in addition
      the output of 10 kHz clock pulse generator is coupled thereto. The output
      of the duration of zero crossover interval circuit 309 is coupled to
      circuit 311 which computes the duration and number of intervals in each
      zero crossover pattern. The output of the number and duration of intervals
      computing circuit 311 is also coupled to the logic circuit 304. In
      addition, the output of the duration of zero crossover interval circuit
      309 is coupled to a circuit 313 which determines the number of intervals
      having a preset time duration. This circuit is more fully disclosed in
      FIG. 4 and functionally sums the number of intervals having a duration of
      between 0.1 and 0.2 milliseconds and compares this summation signal with
      one-half of the total number of intervals in the pitch pulse perios. The
      output of this circuit is also coupled to the logic circuit 304.
PAR  Finally, the time duration interval ciruit 315 illustrated in greater
      detail in FIG. 7 is provided which computes five different time duration
      intervals into which each pitch pulse periods falls. The output of this
      circuit is also coupled to the logic circuit 304 for determining what
      phonemes are present in the input speech signal.
PAR  Now refer to FIG. 1, for a detailed description of the preferred embodiment
      for carrying out applicant's time domain speech recognition system. Speech
      from a subject is received by a microphone and converted into an
      electronic signal which is coupled to the input terminal 11 of the speech
      recognition system of the present invention. This signal is coupled to a
      zero crossover detector, generally designated by the numeral 13, through a
      differentiating capacitor 15. The zero crossover detector 13 includes an
      operational amplifier 17 of conventional design and a diode array 19 in
      the feedback path thereof. Thus for input signals having a relative low
      amplitude, the diodes provide a high resistance in the feedback path
      thereby increasing the amplification or gain of the operational amplifier
      17. Conversely, when the input signals are of a higher magnitude, the
      diodes present a low feedback resistance thereby substantially decreasing
      the amplification of amplifier 17. Accordingly, it can be seen that the
      zero crossover detector is essentially a device for limiting the input
      thereto wherein the detector has very little hysteresis. The signal
      provided at the output 18 of the zero crossover detector can be considered
      to be infinitely clipped since substantially all the amplitude information
      has been removed therefrom. This signal is coupled to the inputs of
      amplifiers 21 and 23. Amplifiers 21 and 23 serve two functions, namely, to
      clamp and amplify the square wave so that the output of amplifier 21 can
      be utilized to drive one-shot multivibrator 25 and the output of amplifier
      23 can be utilized to drive one-shot 27. The output of amplifier 21 is a
      square wave signal having a positive going voltage during the time when
      the output of the zero crossover detector 13 is negative. The output of
      amplifier 23 is the complement of the output of amplifier 21, with its
      output going positive when the output of detector 13 is positive. The
      signals from amplifiers 21 and 23 are clamped to a reference potential,
      such as, ground by means of diodes 22 and 24, respectively.
PAR  The outputs of one-shot multivibrators 25 and 27 which are of conventional
      design are coupled to the input of a third one-shot circuit 29, which
      produces an output pulse for each input pulse coupled thereto from
      one-shots 25 and 27. Thus one-shot 29 produces an output pulse for each
      zero crossing of the infinitely clipped input speech signal. The Q output
      of one-shot 29 appears on line 31 and is coupled directly to an FET 35.
      The complement of the output, Q, appears on line 33 and is coupled to a
      one-shot multivibrator 37 which generates an output on line 39 which has
      the same waveform as the Q output of circuit 29 but which is time delayed
      by the inherent time delay of one-shot 37. One shot 37 also provides on
      line 41 the complement of the output on line 39 which signal is coupled to
      FET 61 and terminal 40.
PAR  One-shot 43 provides an output pulse each time the input thereto goes in a
      positive direction. This pulse enables bistable circuit 45 to generate an
      output pulse on line 47 having a duration which depends on when the next
      negative going transition at the output of one-shot 37 on line 39 occurs.
      This negative going transition occurs when the next succeeding zero
      crossover occurs, and accordingly the output of bistable circuit 45
      provides an output signal having a duration equal in time to the time
      period between zero crossings of the infinitely clipped input speech
      signal.
PAR  The output signal on line 47 is integrated by integrating circuit 49 which
      includes an operational amplifier 51 of conventional design and a feedback
      capacitor 53 which must be of suitable value to provide linear integration
      over a time period of greater than 2 milliseconds. The output of the
      integrating circuit 49 is coupled to a sample and hold circuit which
      includes FETs 55 and 57 and and holding capacitor 59.
PAR  In operation when the output of one-shot circuit 29 goes positive to
      indicate a zero crossover condition, FET 55 is turned on to thereby permit
      the voltage output of the integrator 49 to be stored in holding capacitor
      59. At the end of the pulse generated by one-shot 29, one-shot circuit 37
      provides an output pulse which turns on FET 61 which then rapidly
      discharges capacitor 53, to thereby reset the integrator 49 for charging
      during a second cycle. It thus can be seen that the integrator circuit
      provides a ramp signal having an instantaneous value which is proportional
      to the elapsed time from the occurrence of a first zero crossing of the
      infinitely clipped input speech signal and has a maximum value which
      occurs at the next succeeding zero crossing thereof. At the next zero
      crossing, FET 35 is turned on by the Q output of one-shot 29 and the value
      of the ramp function is stored in the sample and hold circuit. The
      integrator is then reset for a second charging cycle.
PAR  If the zero crossover pattern consists of successively longer time
      intervals, the output of FET 57 will be an upwardly going staircase wave,
      while successively shorter time intervals between crossovers will produce
      a downwardly going staircase. Alternately shorter and longer intervals
      will produce upward and downward going steps respectively. Capacitor 63
      differentiates these steps thereby producing positive spikes for positive
      going steps and negative spikes for negative going steps. These spikes or
      pulses are amplified and inverted by amplifier 65. The positive going
      spikes or pulses are coupled to one shot 67 via diode 71, and negative
      going spikes are coupled to one shot 69 via diode 73 and invertor 75. One
      shot circuits 67 and 69 provide output pulses which trigger flip-flop
      circuit 77. Accordingly, a positive transition at the output of FET 57
      causes flip-flop 77 to be cleared. Further positive transitions have no
      effect thereon, since the flip-flop only changes state when a negative
      going pulse or spike appears at the input of amplifier 65. Accordingly,
      the flip-flop remains in the same state until the time interval between
      zero crossings of successive time intervals of the infinitely input signal
      reverses. Once the state of the flip-flop 77 is changed, i.e., flip-flop
      77 is reset, a subsequent setting thereof will not occur until a positive
      going spike is coupled to one shot 67.
PAR  It can be seen that the flip flop 77 changes state only when the time
      intervals between successive zero crossings of the infinitely clipped
      input speech signal changes from a state of progressively increasing to
      one of progressively decreasing or vice versa. Stated in another manner,
      the flip flop 77 provides an output when a shorter crossover interval
      follows a longer one or vice versa, but not when a series of successive
      zero crossing intervals are progressively longer, shorter or remain the
      same. Thus, this circuit generates pulses which indicate the number of
      time inteval duration reversals required to calculate the .DELTA.S
      criteria of formula (1) for determining the jaggedness of the infinitely
      clipped speech pattern. The Q and Q outputs of flip flop 77 are coupled to
      one shot circuits 79 and 81, respectively, the outputs of which are
      coupled to OR gate 83. The number of pulses per pitch pulse period
      appearing at the output of OR gate 83 is equal to the number of time
      interval duration reversals of the infinitely clipped input signal. These
      output pulses are coupled to output terminal 80.
PAR  Refer now to FIG. 2, which is a circuit for determinign whether the
      jaggedness measure, .DELTA.S is greater than or equal to 0.6. As
      aforementioned, the following formula is utilized to determine the
      magnitude of the jaggedness of the speech crossover pattern which is
      determined in terms of time interval duration reversals:
PAC  .DELTA.S = no. of time interval reversals + 1/number of intervals - 1
PAL  When applied against the critical jaggedness value of 0.6, this formula can
      be recast in terms of the following inequality:
PAC  5 (TIR + 1).gtoreq.3 (I - 1)
PAL  wherein TIR is the number of time interval reversals and I is the number of
      intervals per pitch pulse period.
PAR  With respect to FIG. 2, eight bit binary counter 85 receives the output of
      flip flop 29 which appears on line 31. Accordingly, this counter
      determines the number of zero crossings of the infinitely clipped speech
      pattern. Eight bit binary counter 87 counts the number of interval
      reversals which are represented by the pulses at the output of OR gate 83.
      The count of the zero crossover counter 85 is preset to a count of minus 1
      and the time interval reversal counter 87 is preset to a count of positive
      1. Each of these counters is of conventional design and can be easily
      obtained commercially. The output of zero crossover counter 85 is coupled
      to an eight bit arithmetic unit 91 which computes the following quantity:
PAC  3 (I - 1)
PAL  Arithmetic unit 89 receives the output of the time interval reversal
      counter 87 and calculates the following quantity:
PAC  5 (TIR + 1)
PAL  The output of the arithmetic units 89 and 91 are coupled to a digital
      comparator 93 which determines whether the quantity 5 (TIR +1) is greater
      than or equal to 3 (I -1). This output is coupled to OR gate 95 and will
      be utilized, as will be seen hereinbelow, to classify the phonemes /a/ and
      / /. This if the quantity 5 (TIR +1) is less than 3 (I -1), the speech
      recognition system of this invention will indicate the occurrence of an /
      /, provided of course, that the other aforementioned criteria for
      detecting / / are satisfied.
PAR  The arithmetic comparator units are not disclosed herein in detail since
      such circuits are well known to those skilled in electronic circuitry.
PAR  Refer now to FIG. 3, which is a logic diagram for determining whether the
      number of zero crossings of the infinitely clipped input voice signal is
      equal to 4, 6, 8 or 10. The binary coded outputs from the eight bit
      counter 85 designated by the numerals 101-108 are connected to the
      associated inputs 101'-108' of the logic circuitry illustrated in FIG. 3.
      Since the eight bit counter 85 is preset to the count of minus 1, the
      logic circuitry of FIG. 3 is arranaged so that when a binary coded 3
      appears at the input thereof, AND gate 109 will provide an output of
      logical one. Thus in the case where 4 intervals have been counted by eight
      bit counter 85, the output thereof will be a logical one at inputs 101'
      and 102' and zeroes at each of the remaining intputs. The input signals at
      terminals 101' and 102' are coupled directly to AND gate 109 while the
      inputs at the terminals 103' and 104' are coupled to NOR gate 110 which
      provides a logical one output when both inputs thereto are logical zeroes.
      In addition, since each of the inputs at terminals 105'-108' are logical
      zeroes, NOR gates 111 and 112 each provide a logical one at their
      respective outputs. Accordingly, AND gate 113 provides a logical one to
      the fourth input terminal of AND gate 109. Thus the output of the AND gate
      109 is a logical one while the remaining AND gates provide a logical zero
      output.
PAR  As a second illustrative example of the operation of the logic circuit of
      FIG. 3, assume that the counter 85 counts 6 crossover intervals. The
      output of counter 85 will be 5 in binary format. Accordingly, the inputs
      on lines 101' and 103' will be a logical one and on the remaining input
      lines will be logical zeroes. AND gate 114 will therefore be enabled to
      provide a logical one output to indicate that 6 binary intervals have been
      counted. It can be seen from the logical diagram that whenever a binary
      coded digit representing a 3, 5, 7 or 9 is provided at the output of
      counter 85, AND gates 109, 114, 115 and 116, respectively, will provide a
      logical one at the output thereof. If any other binary coded output values
      apppear on lines 101'-108', the AND gates 109, 114, 115 and 117 will
      provide logical zeroes at the output thereof.
PAR  Refer now to FIG. 4, which is a circuit for timing the duration of the
      individual zero cross-over intervals. A 10 KHz clock 117 which may be of
      any suitable type provides a train of clock pulses to a four bit counter
      119. The outputs of the four bit counter 119 are coupled to an associated
      series of AND gates 121-124. The other input to these AND gates is
      connected to the output of one -- shot 29, which output is a pulse train
      representing the time position and number of zero crossings of the
      infinitely clipped input speech signal. Thus when a pulse at the output of
      oneshot 29 appears at one input of AND gate 121 and the first counter
      output is in a logical one state representing a time interval of 0.1
      milliseconds, AND gate 121 is enabled to thereby provide a logical one
      output, this output is coupled directly to AND gate 125 and via invertor
      126 to a second AND gate 127. Each of the remaining AND gates 122-124 have
      outputs in the logical zero state. These outputs are inverted by inverters
      128-130 and coupled to AND gate 125. Because each of the inputs at AND
      gate 125 is in a logical one state, flip flop 131 is set. At the same time
      AND gate 127 is inhibited because of the logical zero input thereto from
      AND gate 121. Accordingly, flip flop 132 remains in the reset state. With
      flip flop 131 set, the Q output thereof is a logical one which indicates
      that a time interval of duration 1, i.e., 0.1 milliseconds, is present in
      the infinitely clipped zero crossover pattern.
PAR  It can be seen by inspection of the circuit that when there simultaneously
      occurs an input on line 31 from one shot 29 and a logical one output at
      the second terminal of counter 119, flip flop 132 is set to indicate that
      an interval of length 2, i.e., 0.2 milliseconds, is present in the zero
      crossover pattern.
PAR  Since information relating to the occurrence of intervals having a length
      of 3 to 8 in the zero crossover pattern is not important for detecting
      sounds, the circuitry is so designed that when a logical one appears at
      either the third or fourth terminals of the four bit counter 119
      simultaneously with an input on line 31, neither flip flop 125 nor 127
      will be enabled since the output of AND gates 123 and 124 is inverted by
      invertors 129 and 130, respectively. Thus at least one input to AND gates
      125 and 127 will be zero thereby inhibiting the gates. After a
      predetermined period of time, the flip flops 131 and 132 along with
      counter 119 are reset by a reset pulse received at terminal 118, which
      pulse is in time concidence with the end of a pitch pulse interval. The
      derivation of the pulse will be explained hereinbelow.
PAR  Whenever a logical one appears at the output of AND gates of 125 or 127,
      this output is coupled via OR gate 133 to an eight bit binary counter 134.
      Thus counter 134 counts the number of intervals of length 1 and 2 in the
      zero crossover pattern. The output of eight bit counter 134 is coupled to
      one input of comparator 135. The other input to comparator 135 is derived
      from a zero crossover interval counter 136 which counts the number of
      pulses generated by one shot circuit 29. Accordingly, the output of
      counter 136 is equal to the number of intervals in the zero crossover
      pattern. The function of comparator 135 is to determine whether the sum of
      the number of intervals of length 1 and 2 is greater than or equal to
      one-half the intervals counted by counter 136. If such is the case a
      logical one appears at the output of OR gate 137. It will be recalled that
      when the sum of the total number of intervals of length 1 or 2 in a pitch
      pulse period is greater than half the total number of intervals, the
      occurrence of the sound /i/ is confirmed.
PAR  Comparator 135 includes a pair of binary intergrated counter circuits so
      wired that a logical one pulse is generated when the input from the
      counter 134 is either greater than or equal to one-half the input from
      interval counter 136. Such circuits are well known in the art and
      accordingly are not illustrated herein in detail. After the maximum
      duration of the sampling interval has expired, a reset pulse resets the
      counters 134 and 136.
PAR  Refer now to FIG. 5 which discloses a pitch pulse detector circuit. It will
      be recalled that the input speech signal is sampled in synchronism with
      the glottal puffs or pitch pulses. The pitch pulses are the highest
      similar and repetitive peaks occurring in the speech signal. Since the
      magnitude and frequency of the repetitive peaks are both variable, a
      simple frequency filtering scheme is not sufficient for reliable detection
      thereof. Accordingly, a system such as disclosed in FIG. 5 is provided
      which includes three peak detectors in cascade which successively enhance
      the largest signal peaks while suppressing smaller ones. The input signal
      is coupled to a first amplifier stage 150 which has a gain determined by
      the values of the feedback resistor 151 and the input resistor 152. The
      output of amplifier 150 is coupled to an RC integrator circuit 153 via a
      rectifying diode 154. The diode 154 is connected so as to allow only the
      position peaks of the signals to reach the RC integrator. Capacitor 155 of
      the integrator charges quickly through diode 154 and the low output
      impedance of the amplifier 150.
PAR  When the amplifier output voltage drops below the voltage stored in
      capacitor 155, the diode 154 stops conducting and the capacitor begins to
      discharge slowly through the large variable resistor 156. Thus only those
      signal peaks which bring diode 154 into conduction are transmitted to the
      next stage. Each of the succeeding amplifier stages 157 and 158 are
      identical peak detectors which enhance the largest signal peaks at the
      output of amplifier 150 and which suppress smaller peak signals.
      Accordingly, only relatively high signal peaks are isolated and detected
      by the detectors 150, 157 and 158 so that only the glottal pitch pulses
      are isolated from the input signal.
PAR  The output of the last stage 158 of the pitch pulse detector is coupled to
      an amplifier 159 which amplifies the detected glottal pitch pulses. The
      output of amplifier 159 drives a bistable circuit 160 which acts as a
      pulse shaping circuit and which provides output pulses which are uniform
      in magnitude and duration and which are in synchronism with the input
      pitch pulses. The complementary output of bistable circuit 160 is coupled
      to a one-shot circuit 161, the output of which is utilzed to reset the
      counter circuit 85 shown in FIG. 2, the counters 134 and 136 shown in FIG.
      4 and the flip-flops 131 and 132 illustrated in FIG. 4. The Q output of
      bistable circuit 160 is utilized to trigger a readout device. Counter 119
      of FIG. 4 is reset by the output of oneshot 37 of FIG. 1.
PAR  Refer now to FIG. 6 which discloses logic circuitry for computing the
      number of the intervals in the input infinitely clipped, zero crossover
      pattern and for determining the frequency of occurrence of various
      interval lengths. It will be remembered that the number of intervals and
      the frequency of occurrence of specific intervals is important to
      determine which phonemes are in the input speech signal. At the inputs to
      the logic circuit on lines 171-174 are binary coded signals derived from
      the output of AND gates 121-124, respectively, of FIG. 4. These inputs
      which are in binary form indicate the time duration of respective
      crossover intervals having a time duration of up to 1.6 milliseconds.
      Logic circuit 175 determines when there is an occurrence of the interval
      of length greater than 8, i.e., 0.8 milliseconds duration. When such an
      interval occurs a logical one signal is coupled via OR gate 176 to a 4 bit
      counter 177. Four bit counter 177 counts the number of occurrences of
      intervals having a length greater than 8 during a pitch pulse period with
      the output thereof being coupled to an OR gate 178. The counter 177 is
      preset to provide a high or logical one output when two or more input
      pulses are derived from OR gate 176. Thus the output of OR gate 178 is a
      logical one signal when two or more intervals of length greater than 8 are
      present in the input zero crossover pattern.
PAR  Logic circuit 179 determines when an interval having a length greater than
      9 is present in the input zero crossover pattern. The output of circuit
      179 is coupled to a 4 bit counter 180 which counts the number of
      occurrences of intervals greater than 9 during a given pitch pulse period.
      The output of counter 180 is coupled to an OR gate 181 which provides a
      logical one output when one or more intervals of length greater than 9 are
      present in the input zero crossover pattern. Circuit 182 determines when
      an interval of length greater than 10, that is, 1 millisecond, is present
      in the input zero crossover pattern. The output of this circuit is coupled
      to a 4 bit counter 183 which provides an output to OR gate 184, AND gate
      185 and OR gate 186. OR gate 184 provides a logical one output when two or
      more intervals of length greater than 10 are present in the input zero
      crossover pattern. This can be accomplished by presetting counter 183 to a
      count of minus one or by coupling only the binary 2.sup.1, 2.sup.2 and
      2.sup.3 output terminals to OR gate 184. AND gate 185 is enabled when
      there are three intervals of length greater than 10 present in the input
      zero crossover pattern. The output of AND gate 185 plus the remaining
      outputs of the 4 bit counter 184 are coupled to OR gate 186 which provides
      a pulse output when three or more intervals greater than 10 are present in
      the input signal.
PAR  Logic circuit 187 determines when an input zero crossover interval of
      length greater than 12 occurs. The output of circuit 187 is coupled to a 4
      bit counter 188 which counts the number of occurrences of intervals of
      length greater than 12. The output of counter 188 is coupled to a first OR
      gate 189 and to an AND gate 190 and a second OR gate 191. OR gate 189
      provides a pulse output when one or more intervals of length greater than
      12 is present. The combination of AND gate 190 and OR gate 191 provides an
      output pulse when three or more intervals having a length greater than 12
      are present in the input zero crossover pattern.
PAR  Finally, AND gate 193 is enabled when an interval greater than 13 is
      present in the input infinitely clipped, zero crossover speech pattern.
      The output of AND gate 193 is coupled to four bit counter 194 and the
      output of counter 194 is coupled to an OR gate 195 which provides a
      logical one output when 1 or more intervals have been counted which have
      an interval of length 13 or greater. Each of the logic elements including
      the AND and OR gates and the 4 bit counters are covnentional circuit
      components which are readily available commercially. Accordingly, the
      manner in which these circuits are wired to provide the logical signals
      aforementioned are not described in detail herein. Each of the counter
      circuits are reset at the end of a pitch pulse interval by means of pulses
      derived at the output of one shot circuit 161 illustrates in FIG. 5. The
      signals derived at the output of the various OR gates will be utilized in
      a manner disclosed more fully in connection with the discussion of FIGS.
      8a and 8b.
PAR  Refer now to FIG. 7 which is a circuit for determining the five time
      duration ranges into which the pitch pulse period falls. At eight bit
      counter 190 is driven by the output clock pulses from clock, pulse
      generator 118 illustrated in the circuit of FIG. 4. The output of counter
      190 is in binary form and is utilized to drive comparators 191,192, 193
      and 194. Counter 190 counts the number of clock pulses occurring between
      the start and termination of a pitch pulse period, which period is
      determined by the occurrence of a reset pulse on line 118 and derived from
      one-shot circuit 161 illustrated in FIG. 5. Comparators 191-194 are each
      comprised of a pair of conventional digital integrated comparator circuits
      which may be readily obtained commercially. As an illustrative example,
      Signetics IC circuit 7485 may be utilized. Each of these comparators is
      hard wired in a known manner to provide the appropriate comparison levels
      referred to hereinbelow. Thus, for example, comparator 191 provides a
      pulse signal at terminal 194 when the input count from counter 190 is less
      than 4 milliseconds. Terminals 195 and 196 provide pulse outputs when the
      time period as counted by counter 190 is equal to or greater than 4
      milliseconds, respectively. These outputs are coupled to an OR gate 197
      with the output of OR gate 197 coupled to AND gate 198. When the time
      interval as counted by counter 190 is less than 5.7 milliseconds, a pulse
      is provided at output terminal 194 of comparator 192. When the time
      interval is equal to 5.7 milliseconds, a pulse is provided at output
      terminal 195 and a pulse is provided at output terminal 196 which is
      connected to AND gate 200 when the time interval of the pitch pulse period
      is greater than 5.7 milliseconds. Accordingly, it can be seen that AND
      gate 198 will be enabled when the input pitch pulse period is equal to or
      greater than 4.0 milliseconds, but less than or equal to 5.7 milliseconds.
PAR  Refer now to comparator 193 which provides pulse outputs on line 194 and
      195 when the pitch pulse interval is determined by counter 190 is less
      than or equal to 7.5 milliseconds. These outputs are coupled via OR gate
      201 to AND gate 200. The other input to AND gate 200 is derived from
      terminal 196 of comparator 192 which provides a pulse output when the
      duration of the pitch pulse interval is greater than 5.7 milliseconds.
      Thus AND gate 200 is enabled when the duration of the pitch pulse period
      is greater than 5.7 milliseconds, but less than or equal to 7.5
      milliseconds.
PAR  Comparator 194 provides a pulse at output terminals 194 and 195 when the
      time duration of the pitch pulse period is less than or equal to 9
      milliseconds, respectively. These outputs are coupled to AND gate 202. The
      other input to AND gate 202 is derived from output terminal 196 of
      comparator 193 which provides a pulse when the duration of the pitch pulse
      interval is greater than 7.5 milliseconds. Accordingly, gate 202 is
      enabled when the pitch pulse period is greater than 7.5 milliseconds, but
      less than or equal to 9.0 milliseconds. The output 196 of comparator 194
      provides a pulse when the pitch pulse period is greater than 9
      milliseconds. The output signals from the comparators illustrated in FIG.
      7 are utilized to classify the speech signals into one of the
      classifications of aforementioned phonemes in a manner to be discussed
      more fully in connection with the description of the circuit of FIGS. 8a
      and 8b.
PAR  Refer now to FIGS. 8a and 8b which are schematic logic diagrams of the
      output circuit for classifying the various phonemes which constitute the
      speech elements to be decoded. The output of flip-flop 131 in FIG. 4 which
      indicates when a zero crossover interval of length 1 is present in the
      input zero crossover pattern, is coupled to AND gate 210 via input
      terminal I-1. The other input to AND gate 210 is derived from the output
      of OR gate 137 in FIG. 4 which output is an indication of whether the
      number of intervals of length 1 and 2 is greater than or equal to one-half
      the total number of intervals in the pitch pulse period. This inequality
      may be set forth as follows:
PAC  I/2 .ltoreq. (No. of 1's + no. of 2's)
PAL  Thus when at least one interval of length 1 exists in the zero crossover
      pattern and the number of intervals of length 1 and 2 is greater than or
      equal to one-half the total intervals in the pitch pulse period, AND gate
      210 is enabled to provide a logic one output whicn indicates that the
      sound being detected is the phoneme /i/.
PAR  The inputs to AND gate 211 is derived directly from terminal I-1 and from
      I-2 via an invertor 212. Hence AND gate 211 is enabled when there exists
      at least 1 interval of length 1 and the total number of intervals of
      length 1 and 2 is less than one-half the total number of intervals in the
      pitch pulse period. The appearance of a logic one at the output of AND
      gate 211 indicates that the sound /ae/ is present in the input speech
      signal. This logic signal is coupled through OR gate 212 to an appropriate
      output terminal. One input to AND gate 213 is derived directly from input
      terminal I-3 which is connected to the output of comparator 194 in FIG. 7,
      which output indicates that the pitch pulse period is greater than 9.0
      milliseconds. A second input to AND gate 213 is derived from input
      terminal I-1 via inverter 214. The third input to AND gate 213 is derived
      from input terminal I-4 which is connected to flip-flop 132 in FIG. 4. A
      pulse at terminal I-4 indicates that an interval of length 2  appears in
      the crossover pattern of the input speech signal. The AND gate 213 is
      enabled when at least one interval of length 2 appears in the pattern, no
      intervals of length 1 occur, and the pitch pulse period is at least 9
      milliseconds in length. The output of AND gate 213 is coupled to an
      appropriate output terminal via OR gate 212.
PAR  The inputs to AND gate 215 are derived from input terminal I-1 via invertor
      214 and from input terminal I-5 via invertor 216. Input terminal I-5 is
      derived from the outut of AND gate 109 in FIG. 3 which provides a pulse
      when the number of zero cross-over intervals in the pitch period is equal
      to 4. Accordingly, AND gate 215 is enabled when the number of crossover
      intervals in a pitch pulse period is not equal to 4 and when no intervals
      of length 1 appear in the input signal. The output of AND gate 215 is
      coupled to AND gates 217 and 218.
PAR  The inputs to AND gate 219 are derived from input terminal I-4 via logical
      invertor 220 and directly from input terminal I-3. Accordingly, AND gate
      219 is enabled when an interval of length 2 does not appear in the input
      crossover pattern and the pulse pitch period is greater than 9
      milliseconds. The output of AND gate 219 is coupled to one input of OR
      gate 280. The other input to OR gate 280 is derived from input terminal
      I-10 which is connected to the output of comparator 194 shown in FIG. 7.
      The signal on input line I-10 is a logical one when the pulse pitch period
      is greater than 7.5 milliseconds and less than or equal to 9 milliseconds.
      The output of OR gate 280 is coupled to one input of AND gate 221 and to
      one input of AND gate 222. A second input to AND gate 221 is derived from
      an input terminal I-11 which is coupled to the output of OR gate 191 shown
      in FIG. 6, which gate provides a logical one signal when three or more
      intervals of length greater than 12 are present on the input crossover
      pattern. The other input to AND gate 221 is derived from the output of OR
      gate 223 which has its input terminals coupled to I-6 and I-7. Terminals
      I-6 and I-7 are coupled to the outputs of AND gates 114 and 115,
      respectively, shown in FIG. 3. AND gate 114 generates an output pulse when
      the number of intervals in the input crossover pattern is equal to 6, and
      AND gate 115 generates an output pulse when the number of input crossover
      intervals is equal to 8.
PAR  Accordingly, AND gate 221 is enabled when the number of zero crossover
      intervals in the input signal is equal to 6 or 8, the pitch pulse period
      is greater than 7.5 milliseconds but less than or equal to 9 milliseconds
      and there are three or more intervals of length greater than 12. When the
      aforementioned conditions occur, AND gate 221 provides an output which
      indicates that the sound /u/ exists in the input speech signal. The output
      of AND gate 221 is coupled to OR gate 225, the output of which is coupled
      to AND gate 217. The other input to AND gate 217 is derived from AND gate
      215. The output of AND gate 217 is coupled to an output terminal via OR
      gate 226. When a pulse appears at the output of OR gate 226, the sound /u/
      has been detected. The logic circuitry of FIG. 8a provides a second test
      to determine whether the sound /u/ appears in the input signal. Thus, AND
      gate 227 is provided having one input coupled directly thereto from input
      terminal I-5 which terminal is connected to the output of AND gate 109 in
      FIG. 3. An input pulse at terminal I-5 indicates that there are four zero
      crossover intervals in the pitch period being examined. The outer input to
      AND gate 227 is derived from input terminal I-1 via invertor 214.
      Accordingly, an input pulse at this terminal of AND gate 227 exists when
      no zero crossover intervals of length 1 exist in the input signal. The
      output of AND gate 227 is coupled directly to OR gate 226. When AND gate
      227 is enabled, an output pulse is generated at the output of OR gate 226
      to indicate that the sound /u/ has been detected. A third test for the
      occurrence of the sound /u/ is provided. Thus AND gate 228 has three
      inputs which are connected to the output of OR gate 223, the input
      terminal I-8 and the input terminal I-9. Input terminal I-9 is connected
      to the output of OR gate 186 illustrated in FIG. 6. Accordingly, when a
      signal pulse appears at terminal I-9, three or more intervals of length
      greater than 10 appear in the input speech signal. Input terminal I-8 is
      connected to the output of AND gate 200 shown in FIG. 7. Accordingly, an
      input signal at terminal I-8 is an indication that the pitch pulse period
      is greater than 5.7 milliseconds, but less than or equal to 7.8
      milliseconds. It therefore can be seen that if three or more intervals of
      length greater than 10 appear in a pitch pulse period, wherein the total
      number of intervals in the pitch period is either 6 or 8 with the pitch
      period having a duration between 5.7 milliseconds and 7.5 milliseconds,
      AND gate 228 will provide an output which is coupled to the input of OR
      gate 225. The output of OR gate 225 is coupled to AND gate 217 with an
      output therefrom indicating that the sound /u/ exists in the input speech
      signal.
PAR  Input terminal I-12 which is connected to the output of AND gate 116 shown
      in FIG. 3 at one end is connected at the other end to one input terminal
      of AND gates 230, 231, 232, and 233. An input signal at this terminal
      indicates that there are 10 zero crossover intervals in a pitch pulse
      interval of the input speech signal. Input terminal I-13 is connected to a
      second input of AND gate 230 on one side thereof and to the output of OR
      gate 184 shown in FIG. 6. A pulse appearing at the input terminal I-13
      indicates that two or more intervals having a length greater than 10 are
      present in the input zero crossover pattern. The final input to AND gate
      230 is derived from terminal I-8 which indicates by the presence of a
      pulse that the pitch pulse period is greater than 5.7 milliseconds but
      less than 7.5 milliseconds. The output of AND gate 230 is coupled directly
      to OR gate 234 with the output of OR gate 234 connected to one input of OR
      gate 235. The output of OR gate 235 is connected to one input of AND gate
      218. Accordingly, with AND gate 218 enabled, an output pulse will occur at
      the output thereof to indicate that the sound /o/ has been detected.
PAR  AND gate 231 has one input connected directly to input terminal I-8, a
      second input connected to input terminal I-13 via invertor 236 and the
      third input connected to terminal I-12. When AND gate 231 is enabled an
      output pulse is provided which indicates that the sound / / has been
      detected in the input signal. The output of AND gate 231 is coupled to OR
      gate 236 illustrated in FIG. 8b. AND gate 232 is enabled when the inputs
      thereto indicate the occurrence of a zero crossover pattern having one or
      more intervals of length greater than 12, at least one interval of length
      10 and the occurrence of an output from OR gate 200. It will be recalled
      that OR gate 200 provides an output when the pitch pulse interval is
      greater than 7.5 milliseconds. When AND gate 232 is enabled, the sound /O/
      has been detected in the input signal. The output of the AND gate 232 is
      coupled to the input of OR gate 234, as illustrated in the drawings.
PAR  AND gate 233 is enabled when input thereto indicates that there are no
      intervals of length 12 or greater in a pitch period interval, the number
      of crossover intervals is equal to 10 and the pitch pulse interval is
      greater than 7.5 milliseconds. Thus, when AND gate 233 is enabled, the
      sound / / has been detected at the input. The output of AND gate 233 is
      coupled to OR gate 236 with the output of OR gate 236 being coupled to OR
      gate 240.
PAR  AND gate 281 is enabled when the pitch pulse period is greater than 5.7
      milliseconds and there are either 6 or 8 zero crossover intervals in the
      pitch pulse period. When AND gate 281 is enabled, the sound /O/ appears in
      the input speech signal. The output of AND gate 281 is coupled to AND gate
      218 via OR gate 235.
PAR  Input terminals I-6, I-7 and I-12 are each coupled to the input of NOR gate
      242. Accordingly, NOR gate 242 provides a pulse output when the number of
      zero crossover intervals in a pitch pulse period is not equal to 6, 8 or
      10. The output of NOR gate 242 is coupled to one input of AND gate 243.
      The other input to AND gate 243 is connected to the output of OR gate 244.
      It can be seen that OR gate 244 has a pulse output when the pitch pulse
      interval is greater than 5.7 milliseconds. Accordingly, ANd gate 243 is
      enabled when the pitch pulse interval is greater than 5.7 milliseconds and
      there are more than ten intervals in the pitch pulse period. Thus when AND
      gate 243 is enabled, the sound /o/ is detected in the input speech signal.
      The output of AND gate 243 is coupled to OR gate 245.
PAR  Input terminal I-18 is connected to the output of OR gate 95 in FIG. 2. A
      pulse appears at this terminal when the number of time interval reversals
      as given by the following formula is greater than 0.6:
PAC  .DELTA.S = (TIR + 1)/(I - 1)
PAR  Terminal I-18 is coupled to AND gate 246 and is logically inverted by
      inverter 247 and coupled AND gate 248. Thus, AND gate 246 is enabled when
      there is a simultaneous occurrence of a pulse at the output of AND gate
      215, NOR gate 245 and a pulse at terminal I-18. When AND gate 246 is
      enabled, the sound /a/ has been detected at the input. It can also be seen
      that when the value for .DELTA.S is less than 0.6 and AND gate 243 has
      been enabled, ANd gate 248 is enabled to thereby provide a pulse to the
      input of AND gate 253 thereby indicating that the sound / / has been
      detected in the input speech signal. Input terminal I-19 is connected to
      the output of comparator 191 of FIG. 7 and conveys a pulse to AND gate 255
      and OR gate 256 when the pitch pulse interval is less than 4 milliseconds.
      The output of AND gate 255 is coupled to AND gates 257 and 258. The other
      input to AND gate 257 is derived from terminal I-21 which is connected to
      the output of OR gate 181 shown in FIG. 6. A pulse at the terminal I-21
      indicates that one or more intervals greater than 9 appear in the input
      zero crossover pattern. Accordingly, when AND gate 257 is enabled, the
      sound /o/ has been detected. The logical inverse of the signal at I-21 is
      coupled to AND gate 258, the output of which is coupled directly to OR
      gate 245.
PAR  Input terminal I-20 is connected to one end to the output of AND gate 198
      shown in FIG. 7, and at the other end, to one input of OR gate 256 and one
      input of AND gate 262. When a pulse appears at terminal I-20, the pitch
      pulse period is greater than or equal to 4 milliseconds, but less than or
      equal to 5.7 milliseconds. The output of OR gate 156 is coupled to one
      input of AND gate 263 with the other input of AND gate being connected to
      input terminals I-15 and I-16 via NOR gate 265. The output of AND gate 263
      is connected to one input of OR gate 245. When AND gate 263 is enabled,
      either an /a/ or an / / is detected in the input signal depending on
      whether the value of .DELTA.S at terminal I-18 is greater than or less
      than 0.6, respectively.
PAR  The output of AND gate 262 is connected to one input of AND gate 267 and to
      one input of AND gate 269. Input terminal I-22 is connected at one end to
      the output of OR gate 178 shown in FIG. 6 and at the other end to AND gate
      267 and via an inverter 270 to AND gate 269. Accordingly, when AND gate
      267 is enabled, the sound /o/ appears in the input speech signal. Finally,
      input terminal I-23 is connected at one end to the output of OR gate 195
      shown in FIG. 6, and at the other end, to one input terminal of AND gate
      269 and via a logical invertor 273 to one input terminal of AND gate 271.
      Thus it can be seen that AND gate 269 is enabled when the pitch pulse
      period is between 4 and 5.7 milliseconds has exactly eight intervals and
      contains at least one interval of length greater than 13. When this
      criteria is satisfied, the sound /o/ has been detected in the input speech
      signal.
PAR  Finally, AND gate 271 is enabled when the pitch pulse period is between 4
      and 5.7 milliseconds long and has exactly eight zero crossover intervals
      therein. This condition can be satisfied by either the /a/ or / / sounds.
      However, the output of AND gate 271 is coupled to AND gates 246 and 248.
      It will be recalled that AND gate 246 is enabled when the value .DELTA.S
      at input terminal I-18 is greater than 0.6, thereby indicating that the
      sound /a/ has been detected. When the value of S is less than 0.6, AND
      gate 248 is enabled thereby indicating that the sound / / has been
      detected. It can be seen from examining FIGS. 8A and 8B that by operating
      on the signals derived in the circuits disclosed in FIGS. 1-7 by an
      appropriate logic circuitry, the phonemes /ae/, /a/, /i/, /i/, /u/, and
      /o/ can be derived from an infinitely clipped input speech signal.
PAR  It should be understood that other circuits could be utilized to practice
      applicants' invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A speech recognition system comprising means for detecting the pitch
      pulse period of an input speech signal,
PA1  means for clipping said input speech signal to obtain the zero crossover
      pattern thereof,
PA1  means responsive to said pitch pulse period detecting means for quantizing
      the zero crossover pattern of said clipped input speech signal, and
PA1  means for classifying the quantized zero crossover pattern in accordance
      with the pattern of one of a plurality of phonemes.
NUM  2.
PAR  2. The speech recognition system of claim 1 wherein said means for
      quantizing the zero crossover pattern of said clipped input speech signal
      comprises,
PA1  means for determining the number of zero crossover intervals per pitch
      pulse interval,
PA1  means for deriving the time duration of said zero crossover intervals,
PA1  means for detecting when the time duration of successive zero crossover
      intervals changes from increasing to decreasing, and vice versa, and means
      responsive to said time duration interval change detecting means for
      computing the jaggedness, .DELTA.S, of the zero crossover pattern, said
      jaggedness being proportional to the number of times the duration of said
      zero crossover intervals changes from successively increasing to
      successively decreasing.
NUM  3.
PAR  3. The speech recognition system of claim 2 wherein said means for
      detecting the pitch pulse period of said input speech signal comprises
      peak detecting means for enhancing the glottal pulses generated by the
      voicing of said speech signal, and
PA1  means for generating pitch period pulses in time synchronism with said
      enhanced glottal pulses.
NUM  4.
PAR  4. The speech recognition system of claim 3 wherein said means for
      detecting said pitch pulse period further comprises clock means for
      generating a plurality of clock pulses, counter means for counting said
      clock pulses during the time period between successive pitch period
      pulses, and comparator means for determing the level of the count of said
      counting means, said comparator means indicating the time duration of the
      pitch pulse period relative to at least one predetermined time interval.
NUM  5.
PAR  5. The speech recognition system of claim 4 wherein said means for
      detecting when the time duration of successive zero crossover intervals
      changes from increasing to decreasing, and vice versa, comprises
PA1  means for generating a signal which is proportional to the time duration of
      said zero crossover intervals, first detector means for generating a pulse
      only when said signal increases in amplitude, second detector means for
      generating a pulse only when said signal decreases in amplitude, and
      bistable means having its inputs connected to said first and second
      detecting means, said bistable means changing its state only when said
      first and second detecting means successively generate pulses.
NUM  6.
PAR  6. A time domain speech recognition system for detecting phonemes in a
      voiced speech signal comprising
PA1  means for detecting the pitch pulse period of the glottal pulses generated
      by said voiced speech signal,
PA1  means for generating a train of pulses in synchronism with the zero
      crossover pattern of said voiced speech signal,
PA1  means responsive to said pitch pulse period detecting means for quantizing
      the zero crossover pattern of said speech signal, and
PA1  means for classifying the quantized zero crossover pattern in accordance
      with the pattern of one of a plurality of phonemes.
NUM  7.
PAR  7. The speech recognition system of claim 6 wherein said pulse train
      generating means generates said pulses in synchronism with said pitch
      pulse period.
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ABST
PAL  The present invention relates to an arrangement in a time division
      multiplex link having at least two pairs of multiplexors and
      demultiplexors interconnected by separate transmission lines, i.e.,
      redundant transmission systems, with delay, in which time division
      multiplex channels are formed through the cyclic scanning of the
      multiplexor inlets and demultiplexor outlets, respectively so that data
      signals presented to the multiplexor inlets are transferred via the time
      division multiplex channels in the form of sampling signals to
      regeneration arrangements connected to the demultiplexor outlets. The
      sampling signals passed over the separated (redundant) time division
      multiplex channels are interlaced, i.e., different delays on different
      transmission lines, thereby producing a resultant sampling density which,
      when a fault occurs, is reduced by a factor corresponding to the share of
      the faulty channel in the total number of channels.
BSUM
PAR  The present invention relates to an arrangement for use in a time division
      multiplex transmission link handling binary data in the form of sampling
      signals. In such links the binary data received on a number of inlets are
      multiplexed through time division onto a common transmission line and
      subsequently separated to be fed out on a corresponding number of outlets.
      The multiplexing takes place in a so-called multiplexor and the separation
      or demultiplexing in a so-called demultiplexor, both of which are
      generally built up of gate networks controlled by means of addressing
      devices. Furthermore, the gate networks generally have a hierarchic
      configuration, meaning that the multiplexing and demultiplexing,
      respectively, are made gradually and in several steps. Therefore the
      reliability of all the channels of the link, formed by the time division,
      rests heavily on a few components close to the transmission line. See the
      report TRITA-TTS-7203 of the Royal Institute of Technology: "Digital
      telephone exchanges. A comparative study of time division multiplexed
      switching networks."
PAR  It is necessary to eliminate the effect of component failures on the
      function of the link as far as possible. In order to reduce the effect of
      a fault to only a limited number of channels one can divide the channels
      among a number of physically separated units which can be reached by all
      inlets and outlets. If a fault occurs in such a unit, the traffic in
      progress on the corresponding channels will be interrupted. This
      disadvantage can be avoided if the number of channels is increased so that
      each data connection can be established via at least two channels, chosen
      from different units, working completely in parallel. With this method
      interruptions are prevented, but at the cost of a considerable quantity of
      redundant components.
PAR  An object of the invention is to prevent interruptions while maintaining a
      high component efficiency in time division multiplex transmission of
      signals. In accordance with the invention, the object is satisfied by
      establishing each data connection via parallel channels, including in
      physically separated units, which transfer the sampling signals
      alternatingly. The effective sampling density is thus proportional to the
      number of active channels and therefore a fault in a channel results in a
      corresponding reduction of the sampling density for the data connections
      in question as long as the fault exists.
PAR  The characteristics of the invention appear from the claims.
PAR  The invention will be explained below by means of an embodiment with
      reference to the accompanying drawing, in which FIG. 1 is a block diagram
      of an arrangement according to the invention and FIG. 2 is a timing
      diagram which illustrates the operation of the arrangement.
PAR  FIG. 1 shows a time division multiplex transmission link for transfer of
      binary data from, according to the example, N inlets Li 1 - Li N to the
      same number of outlets Lu 1 - Lu N via two multiplexor arrangements MUX1,
      MUX2 and two demultiplexor arrangements DEX1, DEX2, which are
      interconnected by two transmission lines Lt 1, Lt 2, and a number N of
      regenerators RA 1 - RA N. To each multiplexor and demultiplexor
      arrangement belongs one of the addressing units AA1 to AA4. A typical
      addressing unit AAN comprises an address memory AMN, a write-in
      arrangement IAN and a read-out arrangement UAN, where N=1 to 4. The
      addressing units receive clock signals from a clock generator TG which
      controls the scanning of the address memories. Each address memory, for
      example memory AM1, contains 2n memory cells in which a corresponding
      number of addresses can be written in by means of the write-in arrangement
      IA1 and be read out by means of the read-out arrangement UA1,
      respectively, in step with the scanning. At every read-out occasion the
      read-out arrangement transfers the address in question to the respective
      multiplexor and demultiplexor units, the corresponding inlet and outlet
      being through-connected via the transmission line. As concerns the outlet,
      however, the connection is via the regeneration unit in question. The
      memory cells are scanned cyclically, the cycle frequency being equal to
      the quotient of the clock signal frequency divided by the number of memory
      cells per address memory, i.e. 2n. This is illustrated in FIG. 2, in which
      is shown on line (a) a pulse train constituting the clock signals from the
      timing device TG while on the lines (b) - (g) pulses are shown, which
      represent the read-out occasions for the memory cells 1, 2, 3, n, 1+n and
      2n. When establishing a connection between an inlet Li x and an outlet Lu
      y the address x is written into a free memory cell in each of the address
      memories AM1 and AM2, the memory cells being chosen so that the time
      displacement at read-out will be half a cycle time, i.e., n addresses.
      Simultaneously the address y is written into the corresponding memory
      cells in the address memories AM3 and AM4. If, for example, as indicated
      in FIG. 1 the memory cells 1 and 1+n are chosen, the addresses x and y
      will be read out from the address memories AM1 and AM3 on the occasions
      represented by the pulses on line (b) in FIG. 2 and from the address
      memories AM2 and AM4 according to line f. The pulses according to the
      lines (b) and (f) are reproduced in a compressed scale on lines (h) and
      (i) which clearly illustrates that they appear alternatingly with each
      other and at regular intervals. Line (j) reproduces a unit interval of a
      binary data signal coming in on inlet Li x which is to be transferred to
      outlet Lu y. The through-connection being executed on every read-out
      occasion according to the lines (h) and (i) implies that the data signal
      is being sampled by the multiplexor arrangements MUX1, MUX2 on every such
      occasion and that sampling signals according to lines (k) and (l) are
      being transferred by the transmission lines Lt 1, Lt 2 and then forwarded
      by the demultiplexor arrangements DEX1, DEX2 to the regeneration
      arrangement RA y. As appears from FIG. 2 the sampling signals follow the
      level changes of the binary data signal. The sampling signals are fed to a
      bistable flip-flop circuit included in a way known per se in the
      regeneration arrangement. The flip-flop circuit adopts the one or the
      other of its two conditions in correspondence to the level changes of the
      sampling signals. By means of the flip-flop circuit thus a regenerated
      data signal is obtained on the outlet Lu y in accordance with line (m)
      which reproduces the signal on line (j) with an accuracy being determined
      by the density of the sampling pulses.
PAR  If malfunction occurs in, for example, the multiplexor arrangement MUX1 so
      that the sampling pulses according to line (k) do not appear, no
      interruption in the transmission arises because of this fault, as the
      sampling signals according to line (l) still can be transferred. The
      regenerated data signal is then according to line (n), from which it is
      that the reproduction accuracy has been halved. For a system which
      normally works with a reproduction accuracy of for example 1% of the unit
      interval a halving thus would mean a reduction of the accuracy to 2%, a
      reduction which only has marginal effects. For systems normally working
      with considerably less reproduction accuracy a halving of the accuracy may
      not be tolerated. It is in such cases suitable, for every established
      connection to use a greater number of parallel channels included in a
      correspondingly greater number of physically separated units. The
      probability that a fault, occurring on such a channel, should influence
      the reproduction accuracy is then correspondingly less.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a time division multiplex transmission link for the transfer of
      binary data from a number of inlets to a corresponding number of outlets,
      the combination comprising a first multiplexor, a first transmission line
      and a first multiplexor connecting the inlets to the outlets, a second
      multiplexor, a second transmission line and a second demultiplexor also
      connecting the inlets to the outlets, each of said multiplexors generating
      sampling values resulting from the cyclical scanning of the inlets in
      response to the receipt of first addressing signals wherein each
      addressing signal is associated with one of the inlets, each sampling
      value representing the instantaneous value of the data when an inlet is
      scanned, means for transferring the sampling values from said multiplexors
      via the associated transmission line to the associated demultiplexor,
      means in the demultiplexors for transferring the received sampling values
      to the outlets in response to the receipt of second addressing signals,
      wherein each second addressing signal is associated with one of the
      outlets, a first addressing means for sequentially generating a first set
      of said first addressing signals for transfer to said first multiplexor, a
      second addressing means for sequentially generating a second set of said
      first addressing signals for transfer to said second multiplexor, said
      first and second sets being interleaved in time, a third addressing means
      for sequentially generating a first set of said second addressing signals
      for transfer to said first demultiplexor, a fourth addressing means for
      sequentially generating a second set of said second addressing signals for
      transfer to said second demultiplexor, said first and second sets of said
      second addressing signals being interleaved in time, and synchronizing
      means for intersynchronizing said addressing means.
NUM  2.
PAR  2. The combination of claim 1 wherein each of said addressing means
      comprises an address memory with a number of memory cells, a write-in
      arrangement including means for writing into said memory cells scanning
      addresses in correspondence to the inlets or outlets, and a read-out
      arrrangement including means for cyclically scanning said memory cells at
      a rate at which said sampling values are to be transferred to said
      transmission lines and means for converting the addresses to the
      addressing signals.
NUM  3.
PAR  3. The combination of claim 2 wherein the memory cells of address memories
      are sequentially scanned in sychronism in response to said synchronizing
      means.
NUM  4.
PAR  4. The combination of claim 3 wherein the memory cells in said first
      addressing means storing the address associated with any inlet is scanned
      a fixed period of time before the scanning of the memory cell in said
      second addressing means storing the address associated with the same
      inlet.
NUM  5.
PAR  5. The combination of claim 1 further comprising signal regenerating means
      connecting said demultiplexors to the outlets.
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PAL  Control pulses of highest positive level, clock pulses of negative middle
      level and reset pulses of lowest negative level are transmitted through
      one or more transmission lines. Separation of those pulses in the receiver
      is performed by means of simple rectifiers connected to the transmission
      lines. In both transmitter and receiver, binary counters and decimal
      decoders are utilized for repeatedly producing channel pulse sequences.
BSUM
PAR  The present invention relates to a multiplex signal transmission system
      capable of transmitting and receiving a plurality of signals with a time
      division mode by using a minimum number of transmission lines.
PAR  In industrial machines which are controlled from a remote control station,
      it is necessary to interconnect a control board in the control station and
      the machine with signal transmission lines. It has been the practice to
      provide two transmission lines for each signal. However, with the
      development of high grade control and increased complexity of control the
      number of signals is also increased thus requiring a great many signal
      transmission lines of the order of several hundreds to several thousands.
      Such large number of transmission lines are not only expensive but
      requires long period of installation. Further, reliability of the control
      system is decreased and troublesome maintenance is required. To obviate
      these difficulties, it has been proposed to transmit the control signals
      in a multiplex mode. However, prior art multiplex signal transmission
      systems are extremely complicated and expensive. Moreover, since control
      signals utilized to control industrial machines etc. are generally of the
      simple ON-OFF type, it is not economical to use complicated multiplex
      system to transmit these signals.
PAR  Accordingly, it is an object of the present invention to provide an
      improved multiplex transmission system which requires only one or two
      transmission lines.
PAR  Another object of the present invention is to provide a novel ON-OFF signal
      multiplex transmission system which is not required to use expensive
      shielded conductors and further free from influence by noise.
PAR  Yet another object of the present invention is to provide a new and
      improved ON-OFF signal multiplex transmission system capable of
      standardizing the transmitting and receiving apparatus, thereby decreasing
      the cost of installation and maintenance.
PAR  According to the present invention there is provided a multiplex
      transmission system comprising transmitting apparatus, receiving apparatus
      and a transmission circuit interconnecting the transmitting and receiving
      apparatus. The transmitting apparatus comprises a plurality of control
      switches, means to generate a clock pulse, a first counting circuit
      operated in synchronism with the clock pulse for periodically and
      sequentially detecting the ON-OFF states of respective control switches
      thereby repeatedly producing a first pulse train corresponding to the
      ON-OFF states, means for producing a reset pulse for the first counting
      circuit for resetting the same at each one period, and means for
      transmitting the first pulse train, the clock pulse and the reset pulse
      over the transmission circuit.
PAR  The receiving apparatus comprises a trigger pulse generator, a plurality of
      flip-flop circuits for storing and sending out the states of the pulses of
      the first pulse train received from the transmission circuit at an instant
      when the trigger pulse is applied to the flip-flop circuits, a second
      counting circuit operated synchronously with the clock pulse received from
      the transmission circuit for applying the trigger pulse successively to
      the flip-flop circuits, means for applying the reset pulse received from
      the transmission circuit to the second counting circuit for resetting the
      same at each period and a plurality of output circuits which are
      controlled in accordance with the outputs from the flip-flop circuits.
      With this system the ON-OFF states of the control switches in the
      transmitting apparatus are sent with a time division mode and reproduced
      on the output circuits of the receiving apparatus.
PAR  Where the transmission circuit comprises a single transmission line, the
      transmitting apparatus is provided with means for combining the first
      pulse train, the clock pulse and the reset pulse into a second pulse train
      having four levels and means for transmitting the second pulse train over
      the single transmission line, and the receiving apparatus is provided with
      means for decomposing the received second pulse train into the first pulse
      train, the clock pulse and the reset pulse.
PAR  Where the transmission circuit comprises two transmission lines, the
      transmitting apparatus is provided with means for combining the first
      pulse train and the clock pulse into a second pulse train with one of the
      first pulse train and the clock pulse positive and the other negative,
      means for transmitting the second pulse train over one of the transmission
      lines, and means for transmitting the reset pulse over the other
      transmission line, whereas the receiving apparatus is provided with means
      for decomposing the second pulse train received from the one transmission
      line into the first pulse train and the clock pulse and a logical
      converter for converting a negative logic pulse into a positive logic
      pulse.
DRWD
PAR  The invention can be more fully understood from the following detailed
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram showing one example of the transmitting apparatus
      embodying the invention which utilizes a single transmission line;
PAR  FIG. 2 is a block diagram showing one example of the receiving apparatus
      embodying the invention;
PAR  FIGS. 3A-G and 4G-R shown waveformes at various portions of the
      transmitting and receiving apparatus, respectively, shown in FIGS. 1 and
      2;
PAR  FIGS. 5 and 6 are block diagrams showing the transmitting and receiving
      apparatus of a modified embodiment of this invention utilizing two
      transmission lines; and
PAR  FIGS. 7A-H and 8G-P show waveforms at various portions of the transmitting
      and receiving apparatus shown in FIGS. 5 and 6, respectively.
DETD
PAR  The transmitter shown in FIG. 1 and the receiver shown in FIG. 2
      constitutes one embodiment of this invention wherein a single transmission
      line is utilized to transmit and receive a plurality of ON-OFF signals.
PAR  The transmitter shown in FIG. 1 comprises a clock pulse generator 1 for
      generating clock pulses, a level adjustor 2 for converting the clock pulse
      into a pulse having lines of +1 and -1, a binary counter 4 which produces
      4 bit binary code pulse, a reset pulse generator 3 for producing only one
      reset pulse for resetting the binary counter 4 when the transmitter is
      supplied with electric power, and a decimal decoder 5 for converting the
      binary outputs from binary counter 4 into decimal code pulse signals. The
      output of the level adjustor 2 is applied to a transmission line 7 through
      a diode D.sub.1 and an output terminal 6. One input terminal of a NAND
      gate circuit 8 is connected to the output of level adjustor 2 whereas the
      other input is connected to the overflow output terminal OVF of the binary
      counter 4 through an NOT gate circuit 9. The output of the NAND gate
      circuit 8 is connected to the base electrode of a control transistor
      TR.sub.3 through an NOT gate circuit 10 and a resistor R.sub.3. The
      emitter electrode of transistor TR.sub.3 is connected to output terminal 6
      while the collector electrode of transistor TR.sub.3 is connected to the
      emitter electrodes of transistors TR.sub.2-1, TR.sub.2-2, . . .
      TR.sub.2-16. The base electrodes of transistors TR.sub.2-1, TR.sub.2-2, .
      . . TR.sub.2-16 are connected to output terminals 1, 2, . . . 16 of the
      decimal decoder 5, respectively and to a source terminal +V.sub.cc through
      resistors R.sub.2-1, R.sub.2-2, . . . R.sub.2-16, respectively. The
      collector electrodes of transistors TR.sub.2-1, TR.sub.2-2, . . .
      TR.sub.2-16 are connected to the juncture between the level adjustor 2 and
      diode D.sub.1 via a plurality of control switches S.sub.1, S.sub.2, . . .
      S.sub.16 and a diode D.sub.2 having a polarity opposite to that of diode
      D.sub.1. The output terminal OVF of binary counter 4 is also connected to
      the base electrode of transistor TR.sub.1 through a resistor R.sub.1. The
      collector electrode of transistor TR.sub.1 is connected to output terminal
      6 and the emitter electrode is connected to a source of -V.sub.2cc.
PAR  The receiver shown in FIG. 2 comprises an input terminal 11 connected to
      the transmission line 7, a level-up circuit 12 connected to the input
      terminal 11 through a diode D.sub.3 and functions to raise the level of
      the received pulse by +V.sub.cc. The output from the levelup circuit 12 is
      applied to a trigger terminal CP of a binary counter 14 via NAND gate
      circuit 17 and an NOT gate circuit 21. The juncture between diode D.sub.3
      and level-up circuit 12 is grounded through serially connected diode
      D.sub.5, a Zener diode ZD.sub.2 and resistor R.sub.5 which is shunted by a
      noise by-pass capacitor C.sub.1. The juncture between the Zener diode
      ZD.sub.1 and resistor R.sub.5 is connected to the base electrode of
      transistor TR.sub.4 via resistor R.sub.6. The emitter electrode of
      transistor TR.sub.4 is grounded whereas its collector electrode is
      connected to a source terminal -V.sub.1cc via a resistor. This collector
      electrode is also connected to the reset terminal R of binary counter 14
      through serially connected NOT gate circuits 19 and 20, the intermediate
      point thereof being connected to the other input of the NAND gate circuit
      17. The output of the NOT gate circuit 21 is connected to the input
      terminal of a stroke pulse generator 16 having its output connected to
      input terminals of NAND gate circuits 18a, 18b, 18c and 18d. The other
      input terminals of NAND gate circuits 18a, 18b, 18c and 18d are connected
      to output terminals Q1, Q2, Q3 and Q4 of the binary counter 14 and the
      output terminals of the NAND gate circuits 18a, 18b, 18c and 18d are
      connected to input terminals of a decimal decoder 15 via NOT gate circuits
      22a, 22b, 22c and 22d, respectively. There are provided a plurality of JK
      flip-flop circuits 25-1 through 25-16. The J terminals of these flip-flop
      circuits are connected to the juncture between a diode D.sub.4 and a
      resistor R.sub.4 which are connected in series between input terminal 11
      and the ground, through an inverter 13 and an NOT gate circuit 23. The CP
      terminals of flip-flop circuits 25-1 through 25-16 are connected to output
      terminals 1 through 16, respectively of the decimal decoder 15, whereas
      the K terminals of the flip-flop circuits are connected to the output of
      NOT gate circuit 23 through an NOT gate circuit 24. The output terminals
      of JK flip-flop circuits 25-1 through 25-6 are connected to the base
      electrodes of transistors TR.sub.5-1 through TR.sub.5-16 via resistors
      R.sub.7-1 through R.sub.7-16, respectively. The emitter electrodes of
      transistors TR.sub.5-1 through TR.sub.5-16 are commonly grounded whereas
      the collector electrodes are connected to output terminals L.sub.1,
      L.sub.2, . . . L.sub.16, respectively.
PAR  The operations of the circuits shown in FIGS. 1 and 2 will now be described
      with reference to waveforms shown in FIGS. 3 and 4 in which A through G
      show waveforms at portions of FIGS. 1 and 2 designated by the same
      symbols.
PAR  The clock pulse generator 1 generates clock pulses as shown in FIG. 3A
      which is converted into pulses shown in FIG. 3B and having levels between
      +1 and -1 by the action of the level adjustor 2. (In FIG. 3B, +1 and -1
      are indicated by +V.sub.cc and -V.sub.cc respectively.) These pulses are
      also used as the clock pulse for the decimal decoder 4 thereof. The reset
      circuits 3 produces a reset signal C for this purpose.
PAR  The binary counter 4 is constructed such that it produces 4 bits that is
      2.sup.4 = 16 binary code pulses which are supplied to the decimal decoder
      5 through its output terminals Q.sub.1 through Q.sub.4 and that a positive
      pulse is produced at its OVF terminal at each one cycle (16 counts).
      Accordingly, the outputs from the OVF terminal of the binary counter 4
      have waveforms as shown by FIG. 3F. The OVF pulses are inverted by the
      transistor TR.sub.1 is applied to the output terminal 6 as a pulse of the
      negative logic having a level of -2 (in FIG. 3 shown as -V.sub.2cc).
PAR  Upon receiving a binary code from the binary counter 4 the decimal decoder
      5 sequentially produces outputs on its terminals 1, 2, - - - 16 at the
      same repetition period as the clock pulse. These pulses are shown in FIG.
      3D and are applied to the base electrodes of transistors TR.sub.2-1
      through TR.sub.2-16, respectively.
PAR  The output pulses from the level adjustor 2 are converter into positive
      pulses shown in FIG. 3E by the operation of diode D.sub.2 and the positive
      pulses are impressed upon the collector electrodes of transistors
      TR.sub.2-1 through TR.sub.2-16 respectively through control switches
      S.sub.1 through S.sub.16. Accordingly, among these transistors those
      having collector electrodes which are supplied with the pulse of FIG. 3E
      when pulse of FIG. 3D are impressed upon their base electrodes become
      conductive. In other words, among transistors TR.sub.2-1 through
      TR.sub.2-16 those associated with control switches which are closed will
      become conductive whereas those associated with control switches which are
      open will not become conductive. As a result, a pulse train corresponding
      to the opened and closed states of control switches S.sub.1 through
      S.sub.16 is impressed upon the collector electrode of transistor TR.sub.3.
      Since the base electrode of transistor TR.sub.3 is supplied with a signal
      corresponding to the logical product of the inverted signal of pulses of
      FIG. 3F and pulses of FIG. 3B, the transistor TR.sub.3 is rendered ON only
      when pulses of FIG. 3F are at a low negative level, that is, there is no
      reset signal and pulse of FIG. 3B is at a high level. Accordingly, channel
      pulses according to the opened and closed conditions of the control
      switches S.sub.1 through S.sub.16 are sent to the output terminal 6 in
      synchronism with the pulses of FIG. 3B. In FIG. 3G, pulses on transmission
      line is illustrated when two control switches S.sub.2 and S.sub.15 are
      closed.
PAR  The negative pulse of FIG. 3B is supplied to the output terminal 6 through
      diode D.sub.1 having a polarity opposite to that of diode D.sub.1.
      Accordingly, as shown in FIG. 3G, the pulse sent out to the transmission
      line 7 from the output terminal 6 is a pulse train consisting of positive
      channel pulses, negative pulses of a -1 level, and negative reset pulses
      of a -2 level sent from transistor TR.sub.1.
PAR  The receiver shown in FIG. 2 operates as follows. The pulses of FIG. 3G are
      applied to the input terminal 11, and are decomposed into negative pulses
      shown in FIG. 4H and positive pulses as shown in FIG. 4P by the action of
      diodes D.sub.3 and D.sub.4. Thus, the diodes D.sub.3 and D.sub.4
      constitutes a separator. The negative pulses are applied to Zener diode
      ZD.sub.1 through diode D.sub.5 for blocking positive voltage. It is
      assumed now that the Zener voltage V.sub.ZD of the Zener diode ZD.sub.1 is
      set to be expressed by an equation .vertline.V.sub.1cc .vertline.&lt;V.sub.ZD
      &lt;.vertline. V.sub.2cc .vertline.. Then when the crest value of the
      negative pulse of FIG. 4H is equal to -V.sub.1cc, the base potential of
      transistor TR.sub.4 becomes equal to the ground potential so that this
      transistor will not become conductive. On the other hand, when the crest
      value of the negative pulse of FIG. 4H is equal to -V.sub.2cc, the base
      potential of transistor TR.sub.4 becomes equal to -V.sub.2cc +V.sub.ZD,
      with the result that the collector potential of transistor TR.sub.4  will
      become equal to the output F at the reset pulse of the binary counter 4 is
      produced.
PAR  The negative pulses of FIG. 4H are also supplied to the level-up circuit 12
      and converted into positive pulses having two levels of 0 and +1V.sub.cc
      as shown in FIG. 4I. Positive pulses of FIG. 4M corresponding to the
      logical product of pulses at a point K inverted from pulses at a point J
      and pulses at a point I is used as the clock pulses for binary counter 14.
      The positive pulse at a point M is also applied to the strobe pulse
      generator 16.
PAR  The strobe pulse generator comprises a circuit including a delay element
      which operates at the buildup portion of the positive pulse at M applied
      thereto, and a circuit connected in series therewith and operates to
      differentiate the output thereof, thereby producing strobe pulses at a
      point N having a narrow pulse width and becoming positive at points
      slightly later than the points at which the pulse at the point E becomes
      the high level as shown in FIG. 4N. The logical product of the strobe
      pulses at the point N and the output pulses at the output terminal Q1
      through Q4 of the binary counter 14 are applied to the decimal decoder 15.
      Consequently, the output from the decimal decoder 15 appears at points P
      all having the same pulse width as the strobe pulse N as shown in FIG. 4P.
      These pulses are applied to the trigger gates CP of respective JK
      flip-flop circuits 25-1 through 25-16.
PAR  The positive pulses at a point Q are applied to the J terminals of
      respective JK flip-flop circuits 25-1 through 25-16 via inverter 13 and
      NOT gate circuit 23. Pulses at a point R shown in FIG. 4R represents
      pulses which correspond to pulses which are formed in accordance with the
      opened and closed states of the control switches S.sub.1 through S.sub.16
      in the transmitter. Pulses inverted from the pulses at the point R by the
      NOT gate circuit 24 are applied to the K terminals of respective JK
      flip-flop circuits 25-1 through 25-16.
PAR  As a consequence, each one of the JK flip-flop circuits stores the pulses
      at R at the time when it receives the trigger pulse at P from the decimal
      counter 15 and produces the stored condition as an output. These outputs
      are applied to the base electrodes of respective transistors TR.sub.5-1
      through TR.sub.5-16. Thus, by connecting controlled apparatus to the
      collector electrodes of these transistors through output terminals L.sub.1
      through L.sub.16 it becomes possible to control the controlled apparatus
      in accordance with the opening and closing of the control switches S.sub.1
      through S.sub.16 in the transmitter shown in FIG. 1.
PAR  Reset pulses at L inverted from pulses at K by the NOT gate circuit 20 are
      applied to the reset terminal R of the binary counter 14. In other words
      the binary counter 14 is reset at each one cycle (16 counts) in
      synchronism with the binary counter shown in FIG. 1. In this manner, both
      binary counters 4 and 14 are forcibly brought into synchronism at each one
      cycle, so that there is no fear of accumulation of the difference in the
      counts of both counters.
PAR  Furthermore, as has been described hereinabove, as the JK flip-flop
      circuits are triggered by the strobe pulses having a narrow pulse width it
      is possible to prevent misoperation of these JK flip-flop circuits caused
      by noises.
PAR  Where, the controlled apparatus are connected to the output terminals
      L.sub.1 through L.sub.16 through relays or other intervening apparatus
      instead of directly connecting controlled apparatus to the output
      terminals, it is possible to assure correct operation thereof even when
      the JK flip-flop circuits are caused to misoperate by noises by selecting
      the response time of such relays or the like to be longer than the
      repetition period (the interval of said one cycle consisting of 16 counts)
      of the decimal decoder 15. Thus, for example, where the oscillation
      frequency of the clock pulse oscillator 1 is selected to be equal to 10
      KH.sub.z, the repetition period of the decimal counter 16 would be equal
      to 1.6 ms so that respective JK flip-flop circuits continuously produce
      outputs of 1.6 ms (= 0.1 ms .times. 16) of the same value. Assuming now
      that the relays connected to output terminals L.sub.1 through L.sub.16
      respectively require an operating time of 6 ms, the relay would not be
      operated unless the JK flip-flop circuits produce outputs of the same
      value at least four times (1.6 .times. 4 = 6.4 &gt; 6 ms). In other words,
      only when JK flip-flop circuits produce outputs of the same value for four
      cycles relay are operated. For this reason, even when the JK flip-flop
      circuits are caused to misoperate by noises, such misoperation will not
      affect the correct operation of the controlled apparatus.
PAR  According to the embodiment described above it is possible to transmit and
      receive a plurality of ON-OFF signals by utilizing a single transmission
      line with time division mode by transmitting clock pulses, control pulses
      and reset pulses over the transmission line.
PAR  While in the foregoing embodiment 16 types of ON-OFF signals were used, it
      should be understood that the types of the signals may be larger or
      smaller than 16. Further, instead of utilizing the positive portion of the
      pulse transmitted over the transmission line as the control signal and the
      negative portion as the counting and synchronizing signals, it is also
      possible to use the positive portion as the control signal and the
      negative portion as the clock and reset pulses. Thus, the invention not
      only enables multiplex transmission of a plurality of ON-OFF signals but
      also greatly decreases the number of transmission lines between the
      controlling apparatus and controlled apparatus. This not only decreases
      cost of installation but also makes easy maintenance and inspection. Since
      the signal flowing through the transmission line is a small pulse signal
      and since the apparatus is constructed not to be affected by noise it is
      possible to use not shielded fine conductor as the transmission line, thus
      decreasing the cost of construction. It is also possible to standardize
      the transmitter and receiver thereby making it possible to simplify the
      manufacturing facilities. Where multi-contact type relays are used on the
      receiving side, it is possible to simplify the control panel. By observing
      the waveform of the pulse transmitted over the transmission line by means
      of a synchroscope or the like it is possible to judge the operating
      condition of the control system thus making it possible to supervise at a
      remote position the load condition of the entire system.
PAR  FIGS. 5 and 6 show the transmitter and receiver of a modified multiplex
      system utilizing two transmission lines 7 and 7A. The construction of the
      transmitter shown in FIG. 5 is a similar to that shown in FIG. 1 except
      that a circuit including NOT gate circuits 9 and 10 and NAND gate circuit
      8 is omitted, that the base electrode of transistor TR.sub.3 is connected
      to the output of level adjustor 2 through resistor R.sub.3 and the
      collector electrode of transistor TR.sub.1 is connected to the second
      transmission line 7A.
PAR  In the receiver shown in FIG. 6, the arrangement of binary counters 14,
      decimal counter 15, strobe pulse generator 16, JK flip-flop circuits 25-1
      through 25-16, transistors TR.sub.5-1 through TR.sub.5-16, output
      terminals L.sub.1 through L.sub.16 and the connections to the J and K
      terminals of the flip-flop circuits from input terminal 11 are identical
      to those shown in FIG. 2. However, connections to the CP and R terminals
      of the binary counter 14 are modified in the following manner. Thus, the
      output from the level-up circuit 12 is directly connected to the CP
      terminal of the binary counter 14 and a logical converter 33 for
      converting a negative logic pulse into a positive logic pulse is connected
      between the reset terminal R of the ring counter 14 and an input terminal
      11A of the second transmission line 7A.
PAR  The operation of this modified embodiment will now be described with
      reference to FIGS. 7A-7H and 8G-8P. In the transmitter shown in FIG. 5,
      the clock pulse generator 1 generates clock pulses having such waveforms
      as shown in FIG. 7A and the clock pulses are converted by the level
      adjustor 2 into pulses at a point B having levels of +1 and -1 as shown in
      FIG. 7B level adjustor 2. The clock pulses are also applied to the binary
      counter 4. It is necessary to reset to zero binary counter 4 at the time
      of energizing the system. Reset circuit 3 is used to supply a reset pulse
      at C for this purpose. When reset in this manner, the binary counter 4
      produces a positive pulse at a point F on its CO terminal, as shown in
      FIG. 7F.
PAR  The binary counter 4 is constructed to produce 4 bits or 2.sup.4 = 16
      binary codes which are supplied to the decimal decoder 5, and to produce
      the positive pulse on its output terminal OVF at each one cycle (or 16
      counts), as shown in FIG. 7F. The polarity of the pulses of FIG. 7F are
      inverted by transistor TR.sub.1 to produce negative logic pulse at G which
      is transmitted over the second transmission line 7A. The purpose of
      converting the pulse into the negative logic pulse for transmission over
      the transmission line 7A is to prevent mistransmission of the signal.
PAR  Upon receiving the binary codes from the binary counter 4, the decimal
      decoder 5 successively produces pulses on its output terminals 1 through
      16 in synchronism with the period of the clock pulses, as shown in FIG.
      7D. These output pulses are applied to the base electrodes of transistors
      TR.sub.2-1 through TR.sub.2-16 in the same manner as in FIG. 1.
PAR  The output pulses at B from the level adjustor 2 are converted into
      positive pulses as shown in FIG. 7E by the action of diode D.sub.2 and the
      positive pulses at E are impressed upon the collector electrodes of
      transistors TR.sub.2-1 through TR.sub.2-16 through control switches
      S.sub.1 through S.sub.16, respectively. Accordingly, among these
      transistors those which are supplied with the pulses of FIG. 3E upon their
      collector electrodes become conductive when one of pulses at D are applied
      to their cathode electrodes. In other words, among transistors TR.sub.2-1
      through TR.sub.2-16, those having associated control switches closed will
      become conductive but those having associated control switches opened will
      be held nonconductive. As a consequence, to the collector electrode of
      transistor TR.sub.3 is applied a pulse train corresponding to the opened
      and closed states of the control switches S.sub.1 through S.sub.6. Since
      pulses at B from the level adjustor 2 are impressed upon the base
      electrode of transistor TR.sub.3, this transistor will become conductive
      only when the pulse at B are positive. As a consequence, a pulse train
      (hereinafter termed a control signal) corresponding to the opened and
      closed states of the control switches is sent over the first transmission
      line 7 through output terminal 6. FIG. 7H shows the waveform when two
      control switches S.sub.2 and S.sub.15 are closed.
PAR  To the output terminal 6 is also applied the negative pulse of the pulses
      at B through diode D.sub.1. As a consequence, the pulse train sent over
      the transmission line 7 consists of a control signal of a positive pulse
      and a negative pulse for counting, as shown in FIG. 3H.
PAR  The operation of the receiver shown in FIG. 6 will be described hereunder
      with reference to FIGS. 8G-8P. Signals at H and G transmitted over the
      transmission lines 7 and 7A are received as input terminals 11 and 11A,
      respectively. The pulses at H received at the input terminal 11 is
      decomposed into such negative pulses as shown in FIG. 8I and such positive
      pulses as shown in FIG. 8L by the action of diodes D.sub.3 and D.sub.4.
      The level of the negative pulses at I is raised by the level-up circuit 12
      thus forming such positive pulses as shown in FIG. 8J which are supplied
      to the binary counter 14 to act as trigger pulses and to the strobe pulse
      generator 16.
PAR  The strobe pulse generator 16 has the same construction as that shown in
      FIG. 2 and produces strobe pulses at K having a narrow pulse width as
      shown in FIG. 8K. Again, a logical product of the strobe pulses and the
      outputs of the binary counter 14 are made by AND gate circuits and applied
      to the decimal decoder 15. Accordingly, the outputs from the decimal
      decoder 15 are pulses having the same pulse width as the strobe pulse. The
      output pulses at P shown in FIG. 8P are applied to the trigger gates CP of
      respective JK flip-flop circuits 25-1 through 25-16.
PAR  The positive pulses at L are applied to the J terminals of respective
      flip-flop circuits through inverter 13 and NOT gate circuit 20. The pusles
      at N correspond to the opened and closed states of the control switches
      S.sub.1 through S.sub.16 in the transmitter shown in FIG. 5. The pulses at
      N are inverted by the NOT gate circuit 24 and then applied to the K
      terminals of the JK flip-flop circuits 25-1 through 25-16, whereby these
      flip-flop circuits store the pulses at N at an instant when the channel
      pulses P are applied thereto from the decimal decoder 15. The outputs from
      the JK flip-flop circuits are applied to the base electrodes of respective
      transistors TR.sub.5-1 through TR.sub.5-16 thus turning them ON. Thus, the
      controlled apparatus, not shown, connected to the collector electrodes of
      respective transistors TR.sub.5-1 through TR.sub.5-16 are controlled in
      accordance with the opened and closed state of the control switches
      S.sub.1 through S.sub.16 in the transmitting apparatus.
PAR  The pulses at G received at the input terminal 11A is converted into
      positive logic pulses at M by the logical converter 33, and the pulses at
      M is applied to the reset terminal of the binary counter 14. As a
      consequence, the binary counter 14 is reset at each one cycle (16 counts)
      in synchronism with the binary counter 4 shown in FIG. 5. In this manner,
      as both binary counters 4 and 14 in the transmitter and receiver are
      forcibly synchronized at each one cycle there is no fear of accumulating
      the difference in the counts of both binary counters. Thus only when JK
      flip-flop circuits produce outputs of the same value during four cycles,
      the relays, not shown, are operated. Accordingly, even when the JK
      flip-flop circuits are caused to misoperate by noise, or the like, no
      output will be provided for the controlled apparatus.
PAR  It will be clear that according to this modified embodiment the clock
      pulses and the control pulses are transmitted over one transmission line
      and the reset or synchronizing pulses are transmitted over the other
      transmission line. This modification has the same advantages as the first
      embodiment except that it utilizes two transmission lines. Accordingly,
      this modification can be advantageously applied where the distance between
      the transmitting apparatus and the receiving apparatus is relatively
      short.
PAR  While the invention has been shown described in connection with two
      preferred embodiments, it should be understood that many changes and
      modifications may be made without departing from the true spirit and scope
      of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiplex transmission system for transmitting a plurality of ON-OFF
      signals respectively corresponding to a plurality of channels through at
      least one transmission line, which comprises:
PA1  a transmitter including a clock pulse generator for generating clock
      pulses, a first level adjuster connected to said clock pulse generator for
      adjusting the top level of said clock pulses at a positive or negative
      level and the bottom level at a negative or positive middle level, first
      pulse sequence generator having the same number of output lines as the
      channels, for repeatedly producing pulse sequences in accordance with said
      clock pulses, each pulse sequence consisting of the same number of channel
      pulses respectively appearing on said output lines in synchronizm with
      said clock pulses, said first pulse sequence generator producing reset
      pulses each appearing at a leading position of each pulse sequence and
      each having an utmost negative or positive level of amplitude and applying
      said reset pulses to said transmission line, first gate means for passing
      therethrough the negative or positive component of the level-adjusted
      clock pulses to said transmission line, and a first gate circuit connected
      to said output lines, for passing therethrough the positive or negative
      component of the level-adjusted clock pulses to said transmission line in
      accordance with said channel pulses and said ON-OFF signals; and
PA1  a receiver including a separator for separating from each other negative
      and positive pulse signals on said transmission line, a reset pulse
      separator for separating said reset pulses from said negative pulse
      signal, a second level-up circuit connected to said separator for
      adjusting the top level of said negative pulse signal at said utmost
      positive or negative level second pulse sequence generator having the same
      number of output lines as the channels, for repeatedly producing the same
      pulse sequences as said pulse sequence in accordance with the separated
      reset pulses and the level-adjusted negative or positive pulse signal, the
      channel pulses respectively appearing on said output lines of said second
      pulses sequence generator, a plurality of second gate circuits connected
      to said output lines of said second pulse sequence generator, each for
      passing therethrough the separated positive or negative pulse signal when
      it is triggered by one of said channel pulses.
NUM  2.
PAR  2. A multiplex transmission system as set forth in claim 1, in which said
      first pulse sequence generator includes a binary counter of a capacity of
      the same number as the number of said channels, said binary counter
      producing an overflow pulse when it overflows, a decimal decoder having
      the input terminals thereof connected to the output terminals of said
      binary counter and the output terminals thereof connected to said output
      lines, for producing one pulse on one of said output terminals in
      accordance with input signals applied thereto from said binary counter.
NUM  3.
PAR  3. A multiplex transmission system as set forth in claim 1, in which said
      first gate means includes a rectifier having the cathode terminal thereof
      connected to the output of said level adjuster and the anode terminal
      thereof connected to said transmission line.
NUM  4.
PAR  4. A multiplex transmission system as set forth in claim 2, in which said
      first gate circuit includes a plurality of gate transistors each having
      the base terminal thereof connected to one of said output lines of said
      decimal decoder, a plurality of control switches each having one terminal
      thereof connected to the collector of one of said gate transistors, a
      rectifier having the cathode terminal thereof connected to all of the
      remaining terminals of said control switches and the anode terminal
      thereof connected to the output terminal of said level adjuster, a control
      transistor having the collector connected to all of the emitters of said
      gate transistors and having the emitter thereof connected to said
      transmission line, and an AND circuit having one input terminal thereof
      connected to said outpu terminal of said level adjuster and the other
      input terminal thereof connected to said overflow terminal of said binary
      counter, the output terminal of said AND gate being connected to the base
      of said control transistor.
NUM  5.
PAR  5. A mutiplex transmission system as set forth in claim 1, in which said
      separator includes a first rectifier having the cathode terminal thereof
      connected to said transmission line, and a second rectifier having the
      anode terminal thereof connected to said transmission line, and a resistor
      grounding therethrough the cathode terminal of said second rectifier.
NUM  6.
PAR  6. A multiplex transmission system as set forth in claim 5, in which said
      reset pulse separator includes a third rectifier having the cathode
      terminal thereof connected to the anode terminal of said first rectifier,
      a zenor diode having the anode terminal thereof connected to the anode
      terminal of said third rectifier, and a gate circuit having the input
      terminal thereof connected to the cathode terminal of said zenor diode.
NUM  7.
PAR  7. A multiplex transmission system as set forth in claim 6, in which said
      second pulse sequence generator includes an AND circuit having one input
      terminal thereof connected to the output of said level adjuster and the
      other input terminal thereof connected to the output of said gate circuit,
      a binary counter having the trigger terminal thereof connected to the
      output of said AND circuit and the reset terminal connected to the output
      of said gate circuit, a strobe pulse generator for generating strobe
      pulses in accordance with the output signal from said AND circuit, a
      plurality of AND gates respectively connected to the output terminals of
      said binary counter for passing therethrough output signals from said
      binary counter when it is triggered by said strobe pulses, and a decimal
      decoder having the input terminals thereof respectively connected to the
      output terminals of said AND gates and the output terminals thereof
      connected to said output lines, for producing decimal code pulses on said
      output terminals in accordance with input signals applied thereto from
      said AND gates.
NUM  8.
PAR  8. A multiplex transmission system as set forth in claim 1, in which said
      second gate circuits includes a plurality of memory circuits for
      memorizing therein said separated positive pulse signal when triggered by
      said one of the channel pulses, and a plurality of output gate circuits
      connected to said memory circuits for producing output pulse signals in
      response to the memorized positive pulse signal.
NUM  9.
PAR  9. A multiplex transmission system for transmitting a plurality of ON-OFF
      signals respectively corresponding to a plurality of channels through at
      least two transmission lines, which comprises:
PA1  a transmitter including a clock pulse generator for generating clock
      pulses, a level adjuster connected to said clock pulse generator for
      adjusting the top level of said clock pulses at a positive or negative
      level and the bottom level at a negative or positive level, first pulse
      sequence generator having the same number of output lines as the channels,
      for repeatedly producing pulse sequences in accordance with said clock
      pulses, each pulse sequence consisting of the same number of channel
      pulses respectively appearing on said output lines in synchronism with
      said clock pulses, said first pulse sequence generator producing reset
      pulses each appearing at a leading position of each first pulse sequence
      and applying said reset pulses to one of said transmission lines, first
      gate means for passing therethrough the negative or positive component of
      the level-adjusted clock pulses to the other transmission line, and a
      first gate means for passing therethrough the positive or negative
      component of the level-adjusted clock pulses to said the other
      transmission line in accordance with said ON-OFF signals; and
PA1  a receiver including a separator for separating from each other negative
      and positive pulse signals on said one transmission line, a second
      level-up circuit connected to said separator for adjusting the top level
      of said signal at said positive or negative level, second pulse sequence
      generator having the same number of output lines as the channels, for
      repeatedly producing the same pulse sequences as said pulse sequence in
      accordance with said reset pulses from said one transmission line and the
      level-adjusted negative or positive pulse signal, the channel pulses
      respectively appearing on said output lines of said second pulse sequence
      generator, a plurality of second gate circuits connected to said output
      lines of said second pulse sequence generator, each for passing
      therethrough the separated positive or negative pulse signal when it is
      triggered by one of said channel pulses.
NUM  10.
PAR  10. A multiplex transmission system as set forth in claim 9, in which said
      first pulse sequence generator includes a binary counter of a capacity of
      the same number as the number of said channels, said binary counter
      producing an overflow pulse when it overflows, a decimal decoder having
      the input terminals thereof connected to the output terminals of said
      binary counter and the output terminals thereof connected to said output
      lines, for producing one pulse on one of said output terminals in
      accordance with input signals applied thereto from said binary counter.
NUM  11.
PAR  11. A multiplex transmission system as set forth in claim 9, in which said
      first gate means includes a rectifier having the cathode terminal thereof
      connected to the output of said level adjuster and the anode terminal
      thereof connected to said the other transmission line.
NUM  12.
PAR  12. A multiplex transmission system as set forth in claim 10, in which said
      first gate circuit includes a plurality of gate transistors each having
      the base terminal thereof connected to one of said output lines of said
      decimal decoder, a plurality of control switches each having one terminal
      thereof connected to the collector of one of said gate transistors, a
      rectifier having the cathode terminal thereof connected to all of the
      remaining terminals of said control switches and the anode terminal
      thereof connected to the output terminals of said level adjuster, a
      control transistor having the collector connected to all of the emitters
      of said gate transistors and having the emitter thereof connected to said
      the other transmission line and the base thereof connected to the output
      terminal of said level adjuster.
NUM  13.
PAR  13. A multiplex transmission system as set forth in claim 9, in which said
      separator includes a first rectifier having the cathode terminal thereof
      connected to said the other transmission line and a second rectifier
      having the anode terminal thereof connected to said the other transmission
      line, and a resistor grounding therethrough the cathode terminal of said
      second rectifier.
NUM  14.
PAR  14. A multiplex transmission system as set forth in claim 9, in which said
      second pulse sequence generator includes a binary counter having the
      trigger terminal thereof connected to the output terminal of said level
      adjuster and reset terminal thereof connected to said one transmission
      line, a strobe pulse generator for generating strobe pulses in response to
      the output signal from said level adjuster, a plurality of AND gates
      respectively connected to the output terminals of said binary counter for
      passing therethrough output signals from said binary counter when it is
      triggered by said strobe pulses, and a decimal decoder having the input
      terminals thereof respectively connected to the output terminals of said
      AND gates and the output terminals thereof respectively connected to said
      output lines, for producing decimal code pulses on said output terminals
      in accordance with input signals applied thereto from said AND gates.
NUM  15.
PAR  15. A multiplex transmission system as set forth in claim 9, in which said
      second gate circuits includes a plurality of memory circuits for
      memorizing therein the separated positive pulse signal when triggered by
      said one of the channel pulses, and a plurality of output gate circuit
      connected to said memory circuits for producing output pulse signals in
      response to the memorized positive pulse signal.
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PAL  A circuit arrangement for long distance telephone communication
      installations having a central apparatus comprising a central control unit
      and individual apparatus of different types; for example, internal
      connection sets, long distance line repeaters, exchange office repeaters
      in subscriber installations with extension stations, registers, dial
      receivers and the like. Correspondingly different information, for example
      dial impulse series, control criteria and the like are exchanged between
      the central control unit and the individual apparatus. Messages of
      different information content are transmitted by the same information
      signals by means of address information added to said signals. The address
      identifies a specific type of individual apparatus, and the evaluation of
      that address provides the correct interpretation of the information.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation in part of copending U.S. application
      Ser. No. 780,461, filed Dec. 2, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns a circuit arrangement for telephone communication
      installations. The latter comprises a central control unit and individual
      apparatus of different types; for example, internal connection sets, long
      distance line repeaters, exchange office repeaters in subscriber
      installations with extension stations, registers, dial receivers and the
      like. Correspondingly, different information and different types of
      information, for example dial impulse series, control signals and the like
      are exchanged between the central control unit and the individual
      apparatus.
PAR  2. Description of the Prior Art
PAR  In recent times many exchange installations of this type having central
      control means, e.g., special purpose control computers, have become known
      in the telephone art. To a plurality of individual apparatuses there is
      assigned a common apparatus, also designated as central control unit,
      which exchanges information with the individual apparatuses and carries
      out the largest part of the logical information processing for these
      apparatuses. Due to this centralization of the logical function of an
      exchange installation, the total expenditures therefore, may, as is known,
      be considerably increased. However, changes in the mode of functioning can
      advantageously be made in exchange installations of this type as
      appropriate circuitry changes need only be made at the central location.
PAR  Thus, circuitry requirements are to a great extent centralized in centrally
      controlled exchange installations. The individual apparatuses are
      developed in such a way that they require the least possible expenditures.
      Their operating speed is also relatively low, because of the circuit
      conditions of lines and to switching devices included in connections. In
      contrast, the central control means has a very much higher operating
      speed, as it must work with all of the individual apparatuses in
      succession. Even the extent of its operational range depends on its
      operating speed; the faster its functional programs are carried out, the
      more individual apparatus can be served by a single central control means.
PAR  The time requirements for each functional program of the central control
      means include information reception, logical information processing, and
      information transmission. To speed up the functional programs of a central
      control unit, only the time requirement for the information processing can
      be restricted, if it is equipped with appropriately fast working switching
      devices. However, the time requirement for information reception and
      transmission depends on those of the individual apparatuses with which the
      central control means is, at the time, exchanging information. To reduce
      the time requirements for the functional programs of the central control
      unit there have, therefore, previously been provided buffer stores between
      it and the individual apparatus with which exchanges of information are
      carried out.
PAR  With regard to the above, reference is made to U.S. Pat. No. 3,113,184. In
      this patent the individual apparatus consists of coupling groups of a
      switching matrix. To each coupling group one buffer store each is
      assigned. Two types of coupling groups are provided, i.e., subscriber
      coupling groups and connection line coupling groups. Accordingly, two
      types of information collector lines are provided between the buffer
      stores and the central control means. Depending on their assignment to
      subscriber coupling groups or to connection line coupling groups, the
      buffer stores are connectable to one of two information collector lines
      with the aid of gate circuits individually assigned to the buffer stores.
      These gate circuits are corresponding to the two types of coupling groups
      controllable from the direction of the central control unit over two
      separate multiple control lines which are provided in addition to the
      information collector lines, so that in each case only a single buffer
      store is connectible to the information collector line leading to the
      central control.
PAR  A prominent characteristic of the known arrangement thus resides in the
      fact that the address of the individual apparatus to be connected in each
      case to the central control unit lies in a control command transmitted by
      the central control unit over the multiple control line. The type of the
      individual apparatus in question is expressed, not in its address, but in
      the use of the multiple control line and information collector line in
      each case, over which the information transmission is prepared and carried
      out.
PAR  It must also be considered that the further individual apparatus in the
      known arrangement, i.e., subscriber line circuits (subscriber circuits),
      connection line circuits (connection sets for internal and external
      connections) and announcement registers (customary dial receiving
      registers), contain storage means, as the central control unit cannot
      receive arbitrarily the information collecting therein, but it must also
      control the information exchange with these individual apparatuses so that
      it can be carried out gradually. It must further be assumed as a matter of
      course that just as the switching matrix is developed of many individual
      apparatuses (coupling groups), there are also provided several connection
      sets each for internal and external connections, several registers each,
      etc. Thus for these individual apparatuses too the previously stated
      principle that in the known arrangement the address of the individual
      apparatus to be connected in each case to the central control unit lies in
      a control command transmitted by the central control unit over the control
      multiple line, whereas the type of the individual apparatus in question is
      expressed not in its address, but in the use of the multiple control line
      and information collector line in each case, over which the information
      transmission is prepared and carried out.
PAR  The individual apparatuses are, among others, those from which the central
      control unit must receive information, which differs not only in the
      address of the individual apparatus from which they originate, but also in
      their type; for example, there are offered to the central control unit on
      one hand by registers - dial signals, and on the other hand, by connection
      sets - line signals received therein. Such different information is
      distinguishable with regard to the specimen of the individual message, in
      each case by its address, but with regard to its specific type (connection
      set, register) only with the aid of the specific multiple information.
      Thus, in the known arrangement several multiples of information are
      required for the central control unit so that it can distinguish the
      various types.
PAC  SUMMARY OF THE INVENTION
PAR  The problem is thus presented to restrict the requirements for storage and
      connection devices between the central control unit and the individual
      apparatus and to standardize them according to types, in order to increase
      directly, as well as by reason of an extensive compatibility of these
      devices, their degree of utility.
PAR  This and other objects are achieved in this invention through the fact that
      there is provided for information exchange, a central information line
      proceeding from the central apparatus to the individual apparatus of
      different types, and that addresses of the individual apparatus of an
      installation which serve for the individual connection of the individual
      apparatus to the central information line are arranged in groups. Further,
      there are transmittable over the central information line, different
      messages (information contents) by the same data signals, through the fact
      that by reason of the address added to each data signal, not only its
      assignment to the individual apparatus in each case in recognizable to the
      central apparatus, but also, corresponding to which group the address
      pertains, the specific type of information may be determined.
PAR  Thus, according to the invention, a common apparatus information line
      serves for the information exchange with the different individual
      apparatuses. Messages from different types of individual apparatus are
      transmitted over the common information line. Because these messages
      emanate from different types of individual apparatus, the messages
      themselves are divided into equally different types of messages. These
      messages of different types can, however, be expressed by like
      information. In the prior art installations different information lines
      were provided so that information from the various types of individual
      apparatus could be distinguished. The invention contemplates providing an
      address whereby the sources of various messages can be determined. This
      address indicates, inter alia, from which type of individual apparatus the
      information came from, and the address is used to determine the
      interpretation to be given the message in central control. The address can
      be determined in different ways and communicated to the central control.
      For example, a scanning system (scanner) can be provided which scans, in
      succession, all individual apparatus as to whether there exists the
      necessity for a connection of the individual apparatus to the central
      contol unit and, if so, transmits the address of the individual apparatus
      to the central control unit.
PAR  On the other hand, it also is possible to provide an identification means
      which receives connection stimuli from the individual apparatus, makes a
      selection among possibly several, and transmits the address of the
      selected individual apparatus to the central control unit. It is also
      possible to carry out the connection of the individual apparatus to the
      central control unit in a different manner and after such a connection to
      always cause the individual apparatus in question to first transmit its
      address to the central control unit over the information line. It is
      possible, as well, to provide an identification means in several
      connection systems, and to subject the several connection systems, of
      which each is assigned to a group of individual apparatus of differrent
      types, to a cyclic test through a scanning system assigned to the central
      apparatus. In this case, the address of the individual apparatus is formed
      in the connection system and is transmitted to the central control unit
      together with the information.
PAR  But, no matter how the address of the individual apparatus is determined
      and transmitted to the central control unit, the latter not only receives
      the address in order to retain the assignment of information to a certain
      individual apparatus, but it additionally evaluates the address so that it
      can be ascertained from its group assignment of which nature the message
      received in each case is, i.e., in what manner the corresponding
      information is to be interpreted. For this no special pre-information need
      be introduced, but, by reason of the group assignment of the addresses
      these can be co-utilized as means of information distinction.
PAR  The difference in the messages is not limited to their characters, but it
      can also refer to differences in form, for example, non-coded signals,
      decade and binary coded signals and the like.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 comprising FIGS. 1a and 1b is a block diagram of a preferred
      embodiment of a telephone exchange according to the invention;
PAR  FIG. 2 is a circuit diagram in which the operating matrix control means of
      FIG. 1 is shown in greater detail;
PAR  FIG. 3 is a diagrammatic representation of the major elements of the
      central control unit illustrated in the FIG. 1 embodiment; and
PAR  FIG. 4 consisting of FIGS. 4a and 4b taken together, is a schematic diagram
      of the internal circuitry of the program control in the FIG. 1 embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a general view of a telephone exchange installation according
      to the invention. Several groups AF1 to AF11, AFF, etc., of individual
      apparatus are shown. These groups are designated in the following, as
      operating matrices. Further, there are individually assigned connection
      systems to the operating matrices which are designated in the following as
      operating matrix control means, e.g., metrix control AS1 is assigned to
      AF1 and matrix control ASF is assigned to AFF, etc. They control, inter
      alia, the connection of individual apparatus, for example, ST1, RS1, VS1,
      etc., to a transmission line of a first type U11, which jointly with a
      transmission line of a second type U2, represents the described central
      information line. Differently designated lines are needed to accommodate
      the several operating matrix controls and the branches extending
      therefrom.
PAR  The operating matrix control means AS1 to AS11 of the exchange installation
      are connected over transmission lines of the second type U2 (which
      represents a part of the previously mentioned information line) with two
      central apparatuses, i.e., the central control units ZS1 and ZS2. The
      arrangement of two central control units, operating in parallel fashion,
      serves in known manner to increase the operating reliability of the entire
      exchange system with regard to the possibility of a mulfunction or
      operational interruption of a central control unit as well as to check
      errors by comparing two information supplied independently from one
      another by two different central control units. As this is not essential
      for the understanding of the invention, one single central control unit is
      generally discussed in the following.
PAR  The part of the central information line formed by transmission line U2 is
      connected to the central control unit (ZS1 and ZS2). Thus, the individual
      apparatus and the central control unit are in connection over a central
      information line. This information line proceeds over the operating matrix
      control means which, inter alia, contains a conventional intermediate
      storage and code converter system. The central information line is divided
      through the operating matrix control means into a transmission line of the
      first type U11 and a transmission line of the second type U2.
PAR  The operating matrix control means also serves, among other things, for the
      determination of the address of an individual apparatus which preceeds the
      information in an information transmission to the central control unit.
      This address designates the point of origin, i.e., a specific individual
      apparatus of an information, to which it refers and must continue to refer
      for accurate logical processing by the central control unit. The central
      control unit must know, for example, from which the several dial sets, for
      example WS1, dial information has arrived, so that the right subscriber
      receives the correct connection dialed by him.
PAR  Information arriving in the central control unit over transmission line U2
      of the second type is thus always accompanied by an address. The
      information contains messages of different kinds, depending on from what
      kind of individual apparatus it originates. The kinds of apparatus will be
      described later in more detail. Different messages can in part be
      transmitted by means of similar information. In order that they can be
      distinguished and that no additional differentiation criteria need be
      added to the transmitted information, in the first place the addresses of
      the individual apparatus are divided into address groups according to the
      types of different individual apparatus, and secondly the central control
      unit, for example ZS1 is equipped with an address evaluator, for example
      AW1. This evaluator is not for the reception of the addresses of the
      individual apparatus added to the information, but only to recognize their
      group assignment.
PAR  The information can be distinguished regarding their type not only by the
      character of the message, for example, dialed digits or line signals, but
      also by their form, for example non-coded or decade or binary coded
      signals. Both of these differences are recognized by the central control,
      for example ZS1, with the aid of an evaluator, for example, AW1, from the
      address. The central control unit ZS1 obtains a signal as to the nature of
      the received message over circuit aw1/2, receives the information
      transmitting the message over circuit aw1/1 and the address of the
      individual apparatus added to the information over circuit aw.sup.-.
PAR  The central control device ZS1 is represented in further detail in FIG. 3
      and is described only insofar as further description will contribute to a
      better understanding of the invention. Insofar as further structural or
      operating details are required, reference may be had to the November 1958
      issue of Bell System Technical Journal, pages 1,342 through 1,382, and the
      September 1964 issue of the same publication at pages 2,055 through 2,096.
PAR  The information received in the central control device over the
      transmission line of the second type U2 are, as will be explained in
      further detail below, supplemented by a length indication and an address
      of the given individual apparatus. Each information in conjunction with
      the length indication and the address will then be received in a shift
      register and further supplemented by a prefixed address of the pertinent
      operating matrix control device. The address of the pertinent individual
      apparatus prefixed to each information is comprised of two parts. A first
      part contains an indication of the special type of the given individual
      apparatus, i.e., about the special address group. A second part contains,
      for example, the number identifying the given individual apparatus with
      this group. The information received in the shift register SR of the
      central control device ZS1, together with the length indication and
      address of the individual apparatus, will be thereafter routed to the
      central information memory (information storage) ZJS, which has a number
      of memory rows, shown horizontally in FIG. 3, and indeed, a memory row is
      available for each information to be stored. The central information
      memory ZJS is subdivided in a plurality of sections corresponding to the
      component parts explained above in detail (address of the operating matrix
      control device, length indication, address of the individual apparatus in
      two parts, information in four parts) in the same way as in the shift
      register SR.
PAR  With the transfer of information contained in the shift register SR along
      with addresses and length indication to the central information memory
      ZJS, one part of the address of the individual apparatus, and indeed, that
      part which designates the address group, or which characterizes its
      special type, will be evaluated therewith, for deriving the pertinent
      information. FIG. 3 shows that two identical data signals given off by the
      shift register SR arrive at different individual apparatuses as
      distinguishable data signals over the output of the coincidence gates Gt1
      and Gt2 at the central information memory ZJS, because of different
      addresses of their type.
PAR  In the course of the further description, the circuit details of an
      exchange installation according to the invention insofar as they are shown
      in the drawings, are described in detail. Preparatorily it shall be
      pointed out that in addition to the addresses of individual apparatus
      which are divided into several groups depending on the type of the
      individual apparatus, there are also provided addresses of the operating
      matrix control means which must not be confused with the first mentioned
      addresses. These addresses of the operating field control units have no
      direct relation to the invention.
PAR  FIG. 1 shows a telephone exchange installation according to the invention
      having a plurality of groups of individual apparatuses comprising
      operating matrices AF1...AF11, and AFF which are part of a larger exchange
      installation. Each operating matrix comprises a group of spatially
      combined individual apparatus having assigned joint operating matrix
      control means. Intermediate storage and recording systems AS1...AS11
      comprise operating matrix control means for operating matrices AF1...AF11,
      respectively. The operating matrix control means AS1...AS11 of the
      exchange installation are connected by transmission lines U2 of the second
      type with first and second central control means ZS1 and ZS2,
      respectively. The arrangement of the two central control means serves, in
      known manner, to increase the operational reliability of the entire
      exchange installations with regard to the possibility of a malfunction or
      an interruption of the operation of a central control means. It also
      functions to supervise errors by comparing two informations supplied
      independently of one another by the two different central control means.
      As this is not essential for understanding the invention, a single central
      control means is usually discussed hereafter.
PAR  First data transmission apparatuses D1, D2,..., are also connected to
      transmission lines U2. In each case these form with second individually
      assigned data apparatuses D1', D2',..., respectively and a corresponding
      connection line, data transmission paths which individually make it
      possible for distant operating matrices, for example AFF, to exchange
      information with central control means ZS1 and ZS2. Data apparatus D2 thus
      pertains to a second data transmission path and a further (not shown)
      distant operating matrix. Moreover, it is also possible to provide a
      common data path for several operating matrices located at the same
      distant location. Such devices are known in the prior art and will not be
      further discussed here.
PAR  The operating matrices each comprise, inter alia, coupling stages A and B
      of the three-stage switching matrix having coupling groups consisting of
      individual coordinate couplers, for example KG1 to KGn in the instance of
      operating matrix AF1 and KGF1, KGF2..., in the instance of distant
      operating matrix AFF. To each coupling group an individual control means,
      for example ST1 in the instance of coupling group KG1, is assigned, and it
      carries out the setting orders received from the operating matrix control
      means. In each case, one coupling group and its assigned individual
      control means constitutes an individual apparatus. Further, the entirety
      of the couplers of coupling stage C with its control means STc are
      individual apparatus.
PAR  It is also possible to combine these couplers in an operating matrix in
      several individual apparatus having individual control means. Further,
      connection sets, for example VS1, for connections to be switchedthrough
      within the exchange installation consisting of operating matrices AF1 to
      AF11, are individual apparatus. Relay sets, for example RS1 and RS2, are
      individually assigned by connection lines (local and long distance lines)
      to exchange installations at other locations for arriving and/or departing
      connections. The individual apparatus also includes dial receivers, for
      example WS1, which serve subscribers for reception of dial information
      signals; preferred coupling groups, for example KGv having individual
      control means STv; and preferred one-stage couplers, for example Kt,
      having individual control means STt. These preferred coupling groups and
      one-stage couplers are of an importance which corresponds to the larger
      and smaller dial star switches known in customary exchange installations.
      Moreover, not shown individual subscriber connection circuits can be
      arranged as individual apparatus or in groups.
PAR  All of these individual apparatuses of an operating matrix for example AF1,
      are connected over a network of transmission lines of the first type, for
      example U11, with the operating matrix control means in question, for
      example AS1. The transmission lines of the first type represent, together
      with the above mentioned transmission lines of the second type U2, the
      central information line according to the invention. The transmission
      lines of the first and second types are each branched lines. For the
      purpose of understanding the invention one can proceed from the fact that
      the mentioned central information line comprises the segment of the
      transmission line U2 of the second type, proceeding between the central
      control unit ZS1 and the operating matrix control unit AS1, and of the
      transmission line U11 of the first type, the latter being looped to all
      individual apparatus of the operating matrix AF1. As will be explained in
      detail later with the aid of FIG. 2 the central information line proceeds
      in operating matrix control means AS1 over storage device as well as over
      connection devices. However, this is one peculiarity of the working
      example of the present invention and therefore of no essential importance
      for the latter. Each individual apparatus contains connection devices
      which are controllable by the operating matrix control means. For this, if
      the requirement for a connection exists in the individual apparatus, a
      connection impulse is given therefrom to the identified operating matrix
      control means which leads to the transmission of an order to effect
      connection to the individual apparatus in question.
PAR  The coupling switching devices of several operating matrices in one
      location form a single common switching matrix, which is divided, only for
      reasons which have no causal connection with the grouping of the switching
      matrix (for example reliability, expansion possibilities, and questions of
      traffic load) into several applicability areas having several operating
      matrix control means.
PAR  The switching matrix formed from the coupling switching devices in coupling
      stages A, B and C of operating matrices AF1 to AF11 corresponds in its
      development to that which is the principal object of British Pat. No.
      1,058,893. This switching matrix as shown therein is developed of couplers
      in several (preferably three) coupling stages, connected over intermediate
      lines to the inputs of the first coupling stage. Subscriber lines,
      connection lines and all inputs and outputs of switching devices necessary
      for connection establishment and connection supervision for each
      connection, are similarly connected. Outputs of the couplers of the first
      until the next to the last coupling stage which are connected individually
      to the inputs of the couplers of the coupling stage switched subsequently
      in each case, are connectible in each case in pairs in this subsequent
      coupling stage. Such a switching matrix is shown and described in the
      above referenced British patent.
PAR  The special characteristic of the development of such a known switching
      matrix resides, according to the above identified British patent in the
      fact that from one switching matrix input the outputs of each of the
      couplers can be reached over one single connection path at the most.
      Thereby during pathfinding from the direction of a switching matrix input,
      through selection of one of these outputs, the path to be switched through
      over the switching matrix for the desired connection is already clearly
      fixed. The switching matrix, viewed from its inputs to the outputs of its
      couplers, is developed in purely fan-shaped fashion. Nevertheless, two
      switching matrix inputs can alternatively be connected over different
      paths because there are always accessible, from the direction of the two
      switching matrix inputs, several common coupler outputs, or several time
      two coupler outputs each, pertaining to the last coupling stage in
      different operating matrices and connected over one intermediate line
      each.
PAR  The operating matrices, for example AF1, thus possess three coupling stages
      each, the couplers whereof are connected over intermediate lines in such a
      way that to one coupler output each in the first to the next to the last
      coupling stage A and B, one coupler input each in the second to the last
      coupling stage B and C is individually fixedly assigned. The outputs of
      the couplers of coupling stage C in all operating matrices AF1 to AF11 and
      AFF are at least partially disconnected. In operating matrices AF1 to AF11
      a part of these outputs is individually connected in pairs over
      intermediate lines ZLC leading from one operating matrix to another.
PAR  To the two central control means ZS1 and ZS2 arranged next to each other
      there are respectively assigned program storage means PS1 and PS2. The
      central control means reads from the program storage means according to
      which program comprising information transmitted by an operating matrix
      control means to be processed is received in the central control means. In
      addition, a common multi-part information storage means ZJS is assigned to
      the two central control means, the entire storage capacity whereof is
      available to the two central control means according to the needs in each
      case.
PAR  To the network of transmission lines U2 there is assigned input-output
      apparatus FS for the input and output of information by which central
      control means ZS1 and ZS2 can be reached directly. For this purpose, any
      conventional means such as a teleprinter may be used. It is possible
      through apparatus FS to check the mode of functioning of the central
      control means and change the storage contents of program storage means PS1
      and PS2 (take out of storage and/or store).
PAR  There is further assigned to the network of transmission lines U2, an
      operating matrix control mechanism ASE, which, in case of a disturbance in
      one of the operating matrix control means AF1 to AF2, can be connected
      temporarily thereto as a substitute for it. Thus, the operating matrix
      control means are uniform among one another and can be exchanged for one
      another.
PAR  FIG. 2 gives further details of an operating matrix control means (AS1)
      shown in FIG. 1. The operating matrix control means is in connection, over
      transmission lines of the first type, for example U11, with individual
      apparatus, for example control system ST1 of coupling group KG1, and over
      transmission lines of the second type (U2) with the central control means
      shown in FIG. 1. The operating matrix control means can be requested by
      individual members, for example coupling group control ST1. With the aid
      of identification device Jd, the operating matrix control means is in a
      position to select one from several simultaneously present connection
      impulses, which are actuated over request contacts such as contacts an,
      and transmits a corresponding order to connect to the connection relay Mo
      which corresponds to the connection impulse in question.
PAR  The request circuits are connected individually to the operating matrix
      control means from each individual apparatus. However, it is also possible
      to provide request contacts, such as the one designated an of the
      individual apparatus ST1 in a coordinate matrix. Thereby, the number of
      request circuits may be reduced substantially and, in the most favorable
      instance, to twice the square root of the number of individual apparatus
      served by an operating matrix control means. The connection relays, such
      as Mo, of the individual apparatus are located in a control matrix
      extending over all individual apparatus.
PAR  With the aid of contact mo, of connection relay Mo, transmission switching
      device S and receiving switching device E of switching matrix control
      means ST1 are switched effective. It is pointed out that there are a
      plurality of transmission switching devices s and receiving switching
      devices E of coupling group control means ST1, and that information
      applied to and from the latter is transmitted over transmission line U11
      using a parallel code. This means that the transmission lines connected to
      transmission switching device s and receiving switching device E are of a
      multi-conductor type. The entire information to be transmitted in each
      case simultaneously appears in the conductors of multi-conductor
      transmission line U11.
PAR  The transmission lines of the first type, for example U11, do not extend
      over long distances. Further, relatively inexpensive transmission and
      receiving switching devices can be inserted because these, utilizing the
      parallel code transmission method, fully satisfy the speed requirements
      for the information transmission. Therefore, the relatively large number
      of circuits of the transmission lines of the first type, as well as the
      transmision and receiving switching devices for connection and
      transmission, do not present unfavorably high switching and other
      technical expenses. In the present case the receiving and transmitting
      switching devices comprise electromagnetic relays, or contacts thereof.
      However, it is also possible to substitute other equivalent switching
      devices therefor.
PAR  Preparatory to the description of the mode of operation of the operating
      matrix control means some definitions of terms will be given. As already
      evident from the above explanation, information is transmitted from the
      individual apparatus to the central control means, as well as from the
      central control means to the individual apparatus. In any case, the
      operating matrix control means serves as an intermediate member.
      Information transmission from one individual member to the central control
      means is subsequently always designated as "reading." The reverse
      information transmission from the central control means to an individual
      apparatus is always designated as "writing." Accordingly, the criteria
      "reading" and "writing" are formed in the operating matrix control means.
PAR  The "reading" signal is always formed in the operating matrix control means
      if a request by an individual member, for example coupling group control
      means ST1, is present over request contact an, and if all switching
      processes preceding functional programs are terminated. However, if no
      such request by an individual member is present, the "writing" signal is
      formed in the operating matrix control means which expresses the readiness
      of the operating matrix control means to receive information which may be
      present in the central control means and is to be transmitted to the said
      operating matrix control means.
PAR  Moreover, it can also be the case that neither a request by an individual
      member is present, nor that the operating matrix control means is ready to
      receive information. This operational state exists in the case when an
      operating matrix control means has not yet completed processing certain
      information. The operating matrix control means is thus not ready for any
      kind of information exchange with the central control means. A "block"
      signal is then formed in the operating matrix control means.
PAR  As is evident from FIG. 1, and as has already been described, two central
      control means are provided. Accordingly transmission lines of the second
      type such as U2 are also provided in duplicate. Further, systems and
      circuits which serve to transmit information are also in part provided
      twofold in the operating matrix control means. For reasons of simplicity
      this is not shown in FIG. 2. Further, at different locations comparison
      arrangements (not shown) are provided. It is thereby possible to supervise
      the accuracy of information transmission and processing. Furthermore, it
      can be assured, in simple manner, that upon the occurrence of a
      disturbance at any point of the central information transmission paths,
      operation of the exchange installation can still be continued. As these
      advantages of duplicating central parts are known per se, this duplication
      is shown in the working example only at some points. The foregoing are
      wellknown expedients in the telecommunications art.
PAR  A common transmission line U2 is connected from central control means ZS1
      to all operating matrix control means. It scans cyclicly and in
      succession, all operating matrix control means to determine in each case
      whether a "reading," "writing" or "block" signal is present. For this
      purpose each operating matrix control means has a connection system GA. An
      address receiver AE is assigned to this connection system GA. In order
      that, during scanning of the operating matrix control means by the central
      control means, always only one single operating matrix control means is
      connected, each connection is effected by the transmission of the address
      corresponding to the operating matrix control means in question from the
      central control means. (Under no circumstances should this address be
      confused with the addresses of the individual apparatus described in
      detail later.)
PAR  This address transmission from the central control means to an operating
      matrix control means for temporary connection of the latter to
      transmission line U2 can be carried out in different ways. It is possible
      to assign a separate address line to transmission line U2. The central
      control means transmits, for the duration required for connection, the
      address of the operating matrix control means in question. The beginning
      and end of the connection is determined in simple manner through the
      beginning and end of the address transmission over the address line.
PAR  It is also possible to transmit the address of the operating matrix control
      means in question which is to be connected to or disconnected from
      transmission line U2 over the latter. The address receiver of each
      operating matrix control means must thereby the permanently connected to
      transmission line U2. The connection and disconnection of the operating
      matrix control means through its connection system GA in this case is
      always caused, from the direction of the central control means, through
      the fact that the address of the operating matrix control means in
      question is transmitted with an additional "connect" or "disconnect"
      signal on the transmission line U2 from the direction of the central
      control means to all operating matrix control mechanisms. This connection
      guarantees that the addresses with the additional signal in each case will
      not be confused with the remaining information to be transmitted over the
      transmission line U2, because only the connection system of the operating
      matrix control means in question reacts thereto in the desired manner.
PAR  If the connection or disconnection of an operating matrix control means to
      or from transmission line U2 is caused by the central control means, only
      the address receiver of the operating matrix control means in question
      reacts and opens or closes the coincidence gates, G16, G17, G18 and G19,
      of connection system GA.
PAR  The signals "reading," "writing" and "block" are formed in program control
      AB of the operating matrix control means. The "reading" signal is
      transmitted over output L of program control AB, and the "writing" signal
      over output S of the program control. The "block" signal results from the
      fact that the "reading" and "writing" signals are transmitted at the same
      time. It is, however, also possible to identify the block signals by the
      absence of "reading" and "writing" signals, or to provide a third signal
      circuit therefor.
PAR  The "reading," "writing" and "block" signals are offered to the central
      control means. When the central control means causes, over connection
      system GA, the connection of an operating matrix control means to
      transmission line U2, it always receives one of these three signals. For
      the transmission of these signals, special signal lines can be assigned to
      transmission line U2. However, it is also possible to offer these signals
      to the central control means over transmission line U2.
PAR  There is also shown in FIG. 2 one of the two end apparatuses D of a data
      transmission path. As is evident from FIG. 1, it is possible to remotely
      control operating matrix control means such as AFF from the direction of
      the central control means. In this case, it is suitable to include into
      the branch of transmission line U2 leading to a remotely controlled
      operating matrix control means a data transmission path, the end
      apparatuses (data transmitters and receivers) whereof are D1 and D1' in
      FIG. 1. These are merely conventional data transmitters and receivers. The
      mode of operation of data transmission lines in itself is not the object
      of the invention and for this reason is not described in any further
      detail. Such devices are known in the art, and it is contemplated that any
      of the known devices may be used.
PAR  If in an operating matrix control means the "writing" signal is present,
      there is thus transmitted a corresponding signal to the central control
      means as soon as the latter causes, in the already described manner, the
      connection of the operating matrix control means over the connection
      system GA thereof. If the central control means has stored in its
      information storage means information to be transmitted to the operating
      matrix control means in question, it then carries out the transmission of
      such information to the said operating matrix control means in a manner
      described in more detail hereafter. However, if no such information is
      present, the central control means causes again in the manner described
      disconnection of the operating matrix control means from transmission line
      U2 by its connection system GA.
PAR  However, if in an operating matrix control means the "block" signal is
      present, when the central control means causes the connection of this
      operating matrix control means, the central control means causes in the
      manner described, the disconnection of the operating matrix control means
      in question, independently from the fact as to whether or not information
      to be transmitted from the central control means to the operating matrix
      control means is present.
PAR  However, if the "reading" signal is present in an operating matrix control
      means, it is also transmitted over gates G15 and G17 upon connection of
      the operating matrix control means to the central control means. There
      upon the central control means returns a signal to the operating matrix
      control means which initiates transmission of the information in question
      from the operating matrix control means over transmission line U2 to the
      central control means. The information is transmitted in several segments.
      Each information segment is separately initiated and acknowledged by
      special signals. This and the transmission of information in segments will
      be explained hereafter in more detail.
PAR  Each information is subdivided into several information segments. All
      information is preferably coded in binary code, i.e., the information
      transmitted over transmission lines U11 and U2, as well as the information
      temporarily stored in the operating matrix control means and recoded.
      Recoding in the operating matrix control means is for adapting information
      transmission on transmission lines of the first type, for example U11 in
      parallel code, to information transmission on the transmission line of the
      second type, U2, in series code. That is, a parallel to series conversion
      takes place. The information is transmitted on transmission lines of the
      first type with the aid of electromagnetic relays and on the transmission
      line of the second type with the aid of electronic switching devices, for
      example transistors. The high operating speed of the latter not only
      serves to decrease the transmission time on central transmission line U2
      of the second type, but also makes possible information transmission in
      the mentioned series code, by reason of which only a few transmission
      channels are required. In contrast, over transmission lines of the first
      type, information is transmitted over multi-conductor lines. As these
      extend only over relatively short distances, and pose no high costs in
      their multi-conductor construction due to information transmission by
      means of parallel code, suitable transmission times can also be achieved
      with electromagnetic relays, or equivalent switching devices that are
      favorably inexpensive.
PAR  Further, as transmission lines of the second type extend over relatively
      long distances, with the aid of a data transmission path, for example one
      encompassing the radius of a large city or of a junction exchange office
      area, series code transmission operating slower compared to parallel code
      transmission can be employed for information transmission due to the use
      of electronic transmission and receiving switching devices because the
      switching time of the latter is smaller by a factor of from four to five
      orders of magnitude than that of electromechanical relays. This permits
      limiting the cost of transmission lines U2.
PAR  It has already been explained that the information is subdivided into
      several information segments, the transmission whereof is carried out in
      segments over the transmission line U2 of the second type with the aid of
      controlling signals.
PAR  All subscriber information is transmitted simultaneously over the
      multi-conductor transmission line U11 to the operating matrix control
      means. Information storage means JS comprises a separate part for each of
      four information segments: JS1, JS2, JS3, and JS4. Further, command
      storage means BS provides a separate part for each of the four information
      segments: BS1, BS2, BS3, and BS4. The different designation of information
      storage means JS and command storage means BS also indicates that in one
      case the central control means has "readable" information, and in the
      other case "writable" commands. These definitions are retained in
      subsequent portions of the specification.
PAR  For transmission on transmission line U2, each information transmission
      consisting of several information segments, and each command consisting of
      several command segments is supplemented by a length specification and an
      address. (These are the addresses of individual apparatus; they should not
      be confused with the addresses of the operating matrix control means.)
PAR  Prior to an information or command transmission, the length data are first
      transmitted. It indicates the quantitative extent of the subsequently
      transmitted information or of the command. If the total contents thereof
      can be expressed by less than four information or command segments, the
      information or command transmission is limited to fewer information or
      command segments. Due to prior receipt of prior length data, the receiver
      in each case, i.e., the operating matrix control means or the central
      control means knows when the information or command transmission will be
      completed.
PAR  In addition, each such transmission is preceded by an address indication.
      These are the addresses designating the individual apparatus, which must
      not be confused with the operating matrix control unit addresses. In such
      a transmission there is thus always previously indicated by the address
      from which individual apparatus an information emanates or for which
      individual apparatus a command is intended.
PAR  It has already been explained that each operating matrix, for example AF1
      embraces several types each of individual apparatus, which are all in
      connection with the thereto assigned operating matrix control means over
      the corresponding transmission line of the first type U11. These
      individual apparatus of the different types include among other coupling
      controls, for example ST1; connection sets, for example VS1; relay
      connection sets, for example RS1; dial receivers WS1, and the like; they
      are provided several times each. The addresses of these individual
      apparatus of different types are arranged into address groups, each of
      which corresponds to one of the different types of individual apparatus.
      Thus, it is recognizable from the group to which an address pertains, of
      which specific type a certain individual apparatus is. As will be
      explained in detail below, the central control unit is able, upon the
      receipt of information and with the aid of the added address, first to
      store both together and to further evaluate the information in continued
      reference to the address, and secondly, to see from the address, with the
      aid of its evaluator AW1, of which type the individual apparatus is from
      which the information originates, i.e., of which type the message which
      was transmitted by the information is. The address group ascertained by
      the central control unit thus to an extent represents the key with which a
      specific message is ascertained from an ambiguous information.
PAR  Further, an address indication precedes each such transmission. Thus, it is
      always specified beforehand from which individual apparatus an information
      emanates or for which individual apparatus a command is intended.
PAR  It has already been explained that information transmitted is divided into
      several information segments, with the largest number of such segments
      being limited to four. The address data immediately preceding the
      information segments on transmission line U2 may additionally comprise
      segments, the largest number thereof being limited to two. The length data
      preceding the address data maximally comprises one segment in the present
      working example.
PAR  The length data, the address data and the maximum of four information or
      command segments are temporarily stored in equally large groups of binary
      code elements in the operating matrix control means and recoded and
      transmitted therefrom or thereto; this recoding can be limited to a
      conversion from parallel to series code or vice versa, and can, together
      with the intermediate storage form a single common process. The mentioned
      group of binary code elements is designated a byte. A first byte
      containing the data concerning length, a second and a third byte
      concerning the address data, and according to the present working example
      a maximum of four further bytes containing information or commands in each
      case jointly from a "word." The transmission of a word over transmission
      line U2 is controlled with the aid of auxiliary signals. These auxiliary
      signals are "reading" (L), "writing" (S), "block" (L+S), as already
      described, and "acknowledged" (Q).
PAR  It has already been indicated in what manner information to be read by the
      central control means is transmitted from an individual member, for
      example switching matrix control means ST1 to the operating matrix control
      means in FIG. 2. A request over request contact an precedes this
      transmission. Thereupon, this request is identified with the aid of
      identification means Jd. The result thereof is the address of the
      individual apparatus ST1. This address is maintained available by
      identification means Jd for transmission to code converter CU1. It also
      excites, over a coordinate control matrix, connection relay Mo assigned to
      individual member ST1. With the aid of contact mo of the latter,
      transmission switching device s, as well as receiving switching device E
      of the individual apparatus ST1 are switched effective. Over a plurality
      of circuits of transmission line U11, the entire information present in
      the individual apparatus is offered, simultaneously, for example in a
      parallel code transmission process, to information storage means JS of the
      operating matrix control means. The information is received in partial
      storage means JS1 to JS4 of information storage means JS, whereupon the
      coupling group control means ST1 is again disconnected through release of
      relay Mo in question.
PAR  The information is divided, corresponding to storing in partial storage
      means JS1 to JS4 of the information storage means, into several bits.
      Together with the information there is also present the quantitative
      extent thereof in information storage means JS. The length data is offered
      to one of the two inputs of gate G4. The individual bits stored in
      information storage means JS are offered to one input each of gates G5,
      G6, G7 and G8. Gates G4 to G8 symbolically express here that the
      information placed at one of their inputs, mentioned in each case, can
      only be conveyed on when a corresponding signal is placed, in each case
      over the other input of the gate, for transmission. This signal is
      connected by distributor V, with the aid of its switching arm v,
      successively to the different gates G1 to G12, so that successively the
      individual bits can be transmitted; i.e., first the data as to length,
      then the address and then the information or the command.
PAR  Before the further details of the switching arrangement according to FIG.
      2, are explained, the program control AB will be described in detail. An
      exemplary construction of program control AB is illustrated in FIGS. 4a
      and 4b. A program control of the illustrated type comprises in its basic
      structure of a shift register formed from bi-stable trigger stages KL7
      through KL18. Therebeyond, the program control utilizes ordinary gating
      circuits. The program control is further contains a time switching member
      Z with which the time requirements of the program control for each cycle
      of operation are monitored. A current measuring device is assigned to the
      operating control, which monitors the consumption of current of the
      trigger stages during a cycle of operation of the program control. This
      current measuring device comprises principally the transistor Tr and the
      magnetic core X, which has a hysterisis loop exhibiting a square
      characteristic. The switching devices B1 through N, which may be diode
      switches, are under the switching influence of the program control all
      having the same internal resistance. They lie at plus voltage which in the
      usual manner is brought in over supply lines to each of the switching
      devices under the switching influence of the program control. At some of
      the switching devices B1 through N switching commands solely are given
      off. A receipt of the previously given switching command will be received
      by some of these switching devices; namely, the switching devices E1, G
      and H. The circuits e1, g and h serve to indicate receipt of such a
      switching command.
PAR  The gate circuits used in the program control are all NOR gates. The
      voltage potentials arising in the represented principal circuits are
      ground potential and positive potential. The switching commands will be
      given off by the trigger stages KL8 through KL18 in the form of ground
      potential to the switching devices B1 through N. All trigger stages are
      beatcontrolled in the known manner. A beat generator TG delivers beat
      impulses over a beat line TL, common to all trigger stages. Each of the
      trigger stages has a rest position and a working position. The rest
      position will be designated in the following as "position 0" and the
      working position as "position 1". The position 0 and the position 1 each
      corresponds on each of the trigger stages to a preparation input. If
      ground potential is switched on at the preparation input of a trigger
      stage corresponding to position 0 early enough in the time between two
      beat impulses, then the trigger stage triggers to position 0, if is
      previously had taken position 1; otherwise, it remains in the position 0.
      The same holds for the position 1 of each of the trigger stages, which
      also are constructed completely symetrically. Each of the trigger stages
      has a corresponding output for the position 0 and one for the position 1.
      Depending on which of the two positions a trigger stage is in, ground
      potential is switched on to the output for the given stage by the trigger
      stage. The trigger stages have further an input for return position. These
      last mentioned inputs of all trigger stages are connected with the line SR
      for return. As long as the program control is at rest, plus potential is
      switched on over the output gate 9 onto the line SR. This potential has
      the effect that all trigger stages take the position 0.
PAR  The gate switches designated only with numbers give off plus potential over
      their outputs insofar as ground potential is applied to one or more of
      their inputs. They give off ground potential over their outputs only when
      plus potential is switched to all of their inputs. If different potentials
      from the outputs of different gates, for example 31 and 32, meet at a
      switching point, then the ground potential always prevails.
PAR  A control operation is described below. A start impulse in the form of
      ground potential will be given off over the terminal St on to the program
      control. The gate 10, on the two inputs of which a plus potential had
      existed and on the outputs of which consequently, ground potential had
      existed, now gives instead plus potential to the gate 11. Because the
      trigger stage KL18 takes the position 0, ground potential reaches one of
      the inputs of the gate 43, which as a result, gives off plus potential
      over its output to gate 11. This gate receives, then, plus potential over
      both of its inputs, so that it applies ground potential to its output.
      This ground potential reaches the other input of the gate 10. With the
      switching off of the input side of the terminal St, the two gates 10 and
      11 retain their last given switching position. The ground potential given
      off from the gate 11 reaches further to the beat generator TG, which will
      be caused thereby to give off beat impulses over the beat line TL, common
      to all trigger stages. The mentioned ground potential reaches therebeyond,
      to the inputs of the gate 8, at whose outputs plus potential now appears
      in place of ground potential. As a result, ground potential appears at the
      output of the gate 9, which, as is not shown in detail, is an output gate,
      consequently, having a relatively large switching output (switching
      power), whereby all of the trigger stages will be set in position 0. The
      mentioned ground potential at the outputs of the gate 11 reaches finally
      also to the gate 12, at whose output the ground potential which until then
      had been applied there, will thereby be replaced by plus potential.
      Because plus potential had also been applied at gate 13 from the trigger
      stage KL7, ground potential now appears at its output in place of plus
      potential.
PAR  Through the above described switching process, the trigger KL8 is prepared
      to trigger from its position 0 to its position 1 at the next beat impulse.
      When this arrives over the beat line TL, ground potential will be switched
      on over its position 1 output to the switching device B1, as well as to
      the 1 input of the trigger stage KL7. Thereby the switching device B1 is
      the first to receive a switching command. During the period between the
      previous and the following beat impulse at the given inputs of the trigger
      stages KL7 and KL9 corresponding to position 1, these trigger stages will
      be prepared to switch to their position 1 at the occurrence of said
      following beat impulse. As soon as this beat impulse arrives, ground
      potential will be consequently switched on to the outputs of the trigger
      stages KL7 and KL9 corresponding to position 1. Thereby, circuits will be
      switched on over the resistance A1 and the switching device C1. The ground
      potential at the outputs of the trigger stage KL7 corresponding to the
      position 1, reaches further to the gate 13, which heretofore had received
      plus potential over its two inputs, and consequently, had given off ground
      potential over its outputs to the input of the trigger stage KL8,
      corresponding to position 1. Now, instead, it gives off plus potential.
PAR  The trigger stage KL8 receives from now on, instead of over its 1 inputs,
      ground potential over its 0 input from the output of the trigger stage KL9
      corresponding to position 1. The trigger stage KL8 is thereby prepared to
      trigger once again to its position 0 at the occurrence of the next beat
      impulse. The trigger stage KL7 in contrast remains in its position 1,
      until the entire program control returns to its rest position, where as
      will be described later in detail, plus potential will be switched on to
      the lines SR. With the event that the trigger stage KL9 has taken its
      position 1 as described, the ground potential which until then had been
      applied at the single input of the gate 31, was exchanged for plus
      potential. Consequently, the plus potential which until then had existed
      at the output of the gate 31 was replaced by ground potential. This
      prepared the trigger stage KL10 to trigger to its position 1 during said
      next beat impulse. When this heat impulse arrives, the trigger stage KL8
      triggers back to its position 0, while in contrast the trigger stage KL10
      triggers to its position 1. Thereby, the commands to the switching device
      B1 will be switched off, and instead, a command to the switching device D
      will be switched on. The command given to the switching device C remains
      switched on. The ground potential switched on to the output of the trigger
      stage KL10 corresponding to position 1 reaches the input of the trigger
      stage KL9 corresponding to position 0 and the input of the trigger stage
      KL11 corresponding to position 1. These two trigger stages are thereby
      prepared to trigger to their last named positions during the next beat
      impulse.
PAR  The two trigger stages KL9 and KL11 trigger during the next beat impulse to
      their last named positions. Therewith, the switching command given to the
      switching device C1 will be ended, and a switching command will be
      switched onto the switching device E1. The switching command given to the
      switching device D continues. Because the trigger stage KL9 triggers back
      to its position 0, ground potential will be given off over its output
      corresponding to this position, which ground potential goes to gate 31. As
      a result thereof, it changes its output signal from ground potential to
      plus voltage. The ground potential given off over the outputs of the
      trigger stage KL11 corresponding to stage 1 reaches not only to the
      switching device E1 as a switching command, but also to the input
      corresponding to position 0 of the trigger stage KL10, as well as, to the
      input of the same corresponding to position 1 of the trigger stage KL12.
      Thereby, the trigger stage KL10 will be triggered to its position 0 and
      the trigger stage KL12 will be triggered to its position 1 at the
      occurrence of the next beat impulse in the described manner. The switching
      command given to the switching device D will be ended therewith and a
      switching command will be given off to the switching device F.
PAR  The further switching processes can now proceed further in two ways,
      depending on whether or not a receipt signal is given over the circuit e1.
      This receipt signal will be given by the switching device E1 when the
      switching command previously given over the trigger stage KL11 has been
      received in the switching device E1 and carried out. This receipt signal
      can also pertain to the two switching commands received by the switching
      devices D and E1. The receipt signal is positive, when ground potential is
      applied in a manner not shown over the circuit e1; in contrast, it is
      negative when plus potential is applied. Before the pertinent switching
      command is carried out - or the pertinent switching commands are carried
      out - plus potential lies at the input of the gate 14, and consequently,
      ground lies at its output. The former reaches the gates 32, 33 and 35. In
      addition, before the trigger stage KL12 has taken its position 1, ground
      potential reaches the three named gates over others of their inputs, so
      that they give off plus potential over their outputs.
PAR  Next the case will be considered in which switching device E1, after
      receiving the switching command given to it, carries out the command
      without delay and transmits back to the program control a positive receipt
      signal over the circuit e1. This can occur in the beat period immediately
      before or after the described triggering of the trigger stage KL12. As
      previously explained, this receipt signal consists of the switching on of
      ground potential instead of plus potential over the circuit e1. This
      ground potential reaches the gates 32, 33 and 35. The ground potential
      applied to the circuit e1 as a positive receipt signal reaches, in
      addition, the inputs of the gate 14, at the output of which plus potential
      now appears in place of ground potential. The latter plus potential
      reaches an input of gate 36. If now, as described, the trigger stage KL12
      triggers from its position 0 to its position 1, plus potential will appear
      in place of ground potential at its output corresponding to position 0.
      Therewith, plus potential lies at both inputs of the gate 36 and
      consequently, ground potential lies at its output. This reaches the input
      of the trigger stage KL13 corresponding to position 1. Further, it is to
      be noted that the ground potential from the ground output of the trigger
      stage KL12 corresponding to position 1 reaches the input of the trigger
      stage KL11 corresponding to position 0.
PAR  When the next beat impulses now arrives over the beat line TL, the trigger
      stage KL11 will be triggered to its position 0, and the trigger stage KL12
      will be triggered to its position 1. The switching command given off to
      the switching device E1 will be thereby ended, and a switching command
      will be given off to the switching device G. The ground potential given
      off by the gate 36 reaches, in addition, the input of the trigger stage
      WK2 corresponding to position 0. Because this trigger stage already is in
      the position 0, the last named potential can accomplish nothing in this
      case. Further, because ground potential is applied to one of the inputs of
      each of the gates 32, 33 and 35 over the circuit e1, plus potential lies
      on the outputs of the three named gates, and this plus potential releases
      no switching process.
PAR  The case will be considered in which the switching command given to the
      switching device E1 is not carried out in order thereby (by the switching
      device). Thus, no positive receipt signal arrives over the circuit e1, but
      rather, ground potential remains thereafter switched to this circuit. This
      leads, as will be hereafter described, to the result that the switching
      commands given off to the switching devices D, E1 and F will be repeated a
      single time, and insofar as the expected receipt signal still remains on
      the circuit e1, an alarm signal will be given off over the gate 35 to the
      circuit all.
PAR  We will now proceed from the assumption that the trigger stages KL7 and
      KL12 have taken their position 1 and that a positive potential remains
      switched on to the circuit e. The latter will be transformed to ground
      potential by gate 14. The latter potential reaches among other things, the
      gate 36, at the other input of which a positive potential is applied from
      the trigger stage KL12. Consequently, plus potential is also applied
      thereafter, at the output of the gate 36 as before, so that the trigger
      stage KL13 cannot trigger as previously described, from its position 0 to
      its position 1, at the occurrence of the next following beat impulse. The
      plus potential from the circuit e1 reaches the gates 32 and 33. Because
      the trigger stage KL12 is triggered from its position 0 to its position 1,
      plus potential is applied to its output corresponding to position 0,
      instead of ground potential. Thereby, plus potential is applied to both
      inputs of the gate 33 and to all three inputs of the gate 32 (trigger
      stage WK2 is not yet triggered from its position 0 to its position 1), so
      that ground potential appears from then on at their outputs instead of
      plus potential. Thereby, the trigger stages KL10 and WK2 will be prepared
      to trigger from their position 0 to their position 1 at the occurrence of
      the next following beat impulse. At the occurence of the same beat impulse
      the trigger stage KL11 triggers back from its position 1 to its position
      0. Thereby, the switching command given off to the switching device E1
      will be switched off, and the switching command to the switching device D
      will be switched on for the second time. Because with the exception of the
      trigger stage KL12, the two trigger stages KL10 and WK2 now take their
      position 1, plus potential lies at the two inputs of the gate 34, and
      ground potential lies at its output. This ground potential reaches the
      input corresponding to the position 0 of the trigger stage KL12. Further,
      the ground potential from the output corresponding to the position 1 of
      the trigger stage KL10 is applied to the 1 input of the trigger stage
      KL11. At the occurrence of the next beat impulse, the trigger stage KL12
      will, consequently, be triggered to its position 0 and the trigger stage
      KL11 will, consequently, be triggered to its position 1. Thereby, the
      switching command given off to the switching device F will be ended, and
      the switching command to the switching device E1 will be switched on for
      the second time. At the occurrence of the following beat impulse, the
      trigger stage KL10 triggers back to its position 0, and the trigger stage
      KL12 triggers to its position 1, as described. Thereby, the switching
      command given off for the second time to the switching device D will be
      ended, and the switching command to the switching device F will be
      switched on for the second time.
PAR  The special development of the described switching arrangement proceeds
      from the assumption that the switching commands given off for the first
      time to the switching device E may have been lose because of some
      unfavorable spurious condition. It is assumed that these conditions occur
      relatively infrequently and do not result from an error arising in the
      switching arrangement, but rather from a short time disturbance. Insofar
      as the loss of the switching command does pertain to such a disturbance,
      it is to be expected that the disturbance will not arise again when the
      switching command is given the second time, because it is very unlikely
      that the same disturbing influence which arises very seldom, will occur
      twice by chance successively and concurrently with the heat impulse. It
      is, however, assumed that when the switching command given off twice to
      the switching device E1, in addition to the one switching command to the
      switching command to the switching device D the one switching command to
      the switching device F is not received over the circuit e1 in the
      described manner. In such case a switching error has arisen in the program
      control.
PAR  It is now assumed that this receipt signal also remains outstanding in this
      case. The trigger stages KL11 and KL12 have taken their position 1. The
      trigger stage WK2 is also to be found in its position 1, whereby, it is
      recorded that a one-time repetition of the switching commands given off to
      the switching devices E, E1 and F has taken place. A positive potential
      will be applied from the three last named trigger stages to the three
      corresponding inputs of the gate 35.
PAR  Because, as a consequence of the fact that the receipt signal expected over
      the circuit e1 remains outstanding, a plus potential remains on the
      circuit e1. This causes a plus potential to occur at all of the inputs of
      the gate 35, as soon as the trigger stage KL12 is triggered, as described,
      from its position 0 to its position 1. As a consequence thereof, at this
      point of the switching process, the plus potential which until then had
      been applied to the outputs of the gate 35 will be exchanged for ground
      potential. This change in potential releases an alarm signal over the
      circuit all, which indicates, that the control operation was interrupted
      because the receipt signal which confirms the carrying out of a switching
      command or of switching commands has remained outstanding over the circuit
      e1. Therewith, the further release of commands will also be interrupted,
      as will be explained hereafter.
PAR  As soon as the trigger stage KL12 is triggered from its position 0 to its
      position 1, plus potential lies also at both inputs of the gate 33 and,
      consequently, ground potential lies at its output. This achieves, however,
      nothing in the trigger stage WK2, because this stage is already triggered
      to its position 1. In the same way plus potential lies also at two of the
      three inputs of gate 32; however, ground potential from the output of the
      trigger stage WK2 corresponding to position 1 lies at the third input of
      gate 32. Thereby, the plus potential at the output of gate 32 cannot be
      switched for ground potential at this point in the switching. The
      switching commands for the switching devices D, E1 and F cannot,
      therefore, be repeated.
PAR  By disconnecting the output corresponding to position 1 of the trigger
      stage WK2 and the one input of the gate 32, it can be achieved in the
      presence of an error, that the switching commands for the switching device
      D, E1 and F are continually repeated in the previously described manner.
      For this case it is provided that over the circuit all a subsequent
      evaluation of these switching commands in the switching devices D, E1 and
      F will be cut off. Because the trigger stages KL10, KL11 and KL12 trigger
      in a continually repeating cycle, the error which has arisen can be easily
      determined with the assistance of known measuring devices, for example an
      oscillograph.
PAR  In contrast to the previously described processes, we now proceed from the
      assumption that after a one time repetition of a switching command to the
      switching devices D, E1, the expected receipt signal arrives over the
      circuit e1, which consists, as described, of a switch from plus potential
      to ground potential. The latter reaches, among other things, to an input
      of the gate 35 and prevents there the giving off of the alarm signal over
      the circuit all at the triggering of the trigger stage KL12 from its
      position 0 to its position 1. The ground potential reaches, in addition,
      the gates 32 and 33 and prevents the ground potential from being given off
      by these gates over their outputs. The receipt signal given in the form of
      ground potential over the circuit e1 reaches also to the gate 14 and is
      transformed, by gate 14, into plus potential, which is given to gate 36.
      As soon as the trigger stage KL12 triggers from its position 0 to its
      position 1, plus potential appears at the trigger stage KL12 output
      corresponding to position 0 in place of ground potential, which plus
      potential also reaches the gate 36. At the gate 36 output, as a
      consequence, the plus potential applied there until then will be switched
      to ground potential. This reaches the inputs of the trigger stage WK2
      corresponding to position 0 and to the input of the trigger stage KL13,
      corresponding to position 1. When the next beat impulse now arrives, the
      trigger stage KL13 triggers from its position 0 to its position 1, and the
      trigger stage WK2 triggers from its position 1 to its position 0. In the
      same way the trigger stage KL11 triggers from its position 1 to its
      position 0, as already described. A switching command will now be given
      off to the switching device G.
PAR  The reaction time of the switching device G is, as a rule, smaller than the
      time difference between two beat impulses; it can, however, in exceptional
      cases, be even larger. Therefore, the further continuation of the
      switching of the program control is brought into switching dependence on a
      receipt signal on the side of the switching device G.
PAR  It is, however, in contrast to the above explanations, also possible to
      utilize the circuit g as well as the circuit h, to bring the release of
      the series of commands given by the program control, additionally into
      switching dependence on external criteria. If one proceeds from the
      assumption that an external signal should influence the release of
      commands over the circuit g, then the giving off of the switching commands
      for the switching devices H through N must depend on the event that said
      signals previously arrives over the circuit g. Through appropriate
      supplementation of the present switching arrangement, it is also easily
      possible for the professional to bring the continuation of the release of
      commands into switching dependence on external signals at chosen points of
      the operation control.
PAR  Because the trigger stage KL13 is triggered from its position 0 to its
      position 1, plus potential from its output corresponding to position 0
      lies at the gates 78 and 38. If one or more beat impulses arrive over the
      beat line TL before the receipt signal, or external signal, has arrived
      over the circuit g, on which until then plus potential exists then ground
      potential from the outputs of gate 37 lies at the other inputs of the
      gates 78 and 38. At the two outputs (the outputs of gates 78 and 38) there
      occurrs thereafter plus potential as it did before, which leaves the
      trigger stages KL12 and KL14 uninfluenced. As soon as the receipt signal
      (ground potential), which is expected over the circuit g, arrives, plus
      potential will be applied from gate 37 to the inputs of the gates 78 and
      38 in place of ground potential, so that these gates, for their part,
      apply ground potential on the one hand to the input corresponding to
      position 0 of the trigger stage KL12 and on the other hand to the input
      corresponding to position 1 of the trigger stage KL14. These two trigger
      stages are thereby prepared for a reaction to the next beat impulse. As
      soon as this beat impulse arrives, the trigger stage KL12 triggers from
      its position 1 to its position 0, and the trigger stage KL14 triggers from
      its position 0 to its position 1. The switching command given off to the
      switching device F will be thereby ended, and a switching command will be
      given off to the switching device.
PAR  The further continued switching of the trigger stages occurs in the same
      manner as has been described already for the trigger stages KL10/KL11 and
      KL11/KL12. If the two trigger stages KL15 and KL16 have taken their
      position 1, then the next beat impulse and also further beat impulses can
      become functional, when a receipt signal or, as previously described with
      reference to circuit g, an external switching signal appears over the
      circuit h. The switching device H must also have reacted to the switching
      command given to it before a switching command may be given off to the
      switching device M. If now a beat impulse arrives, before the receipt
      signal expected over the circuit h, is present, then ground potential lies
      once again thereafter, as it did before, at the output of the gate 40. In
      spite of the fact that plus potential from the output corresponding to
      position 0 of the trigger stage KL16 is applied to an input of gate 41, no
      ground potential can appear immediately thereafter at its output, because
      at its input connected with the output of gate 40, ground potential is
      still applied. As soon as, however, the receipt signal in the form of
      ground potential in place of plus potential arrives over the circuit h,
      then also at the output of the gate 41, the plus potential, which has
      until then been applied there, will be switched for ground potential,
      which reaches the trigger stages KL15 and KL17. The former triggers to its
      position 0 and the latter triggers to its position 1. A switching command
      given off to the switching device K will thereby be ended and a switching
      command to the switching device M will be given off.
PAR  The plus potential released from the output of the trigger stage KL17
      corresponding to position 0 (in place of ground potential) reaches an
      input of gate 42. From the output of gate 42 ground potential for the
      preparation on the one hand for the return positioning of the trigger
      stage KL16 from the position 1 to the position 0 and on the other hand,
      for the engagement of the trigger stage KL18 from its position 0 in the
      position 1 can then be given off, when a start signal received over the
      terminal in the form of ground potential is ended. Until then, further
      arriving beat impulses can achieve nothing at the trigger stages KL16 and
      KL18. However, as soon as the start signal is ended, the trigger stage
      KL16 will be triggered into position 0, and the trigger stage KL18 will be
      triggered to its position 1. Therewith, the switching command given off to
      the switching device L will be ended, and a switching command will be
      given to the switching device N. This last mentioned switching command is
      the last of the switching commands. It represents the programming command.
PAR  The ground potential switched on over the output of the trigger stage KL18
      corresponding to position 1, reaches the inputs of the trigger stage KL17,
      corresponding to position 0. As soon as the next beat impulse arrives, the
      last named trigger stage triggers back to its position 0. From there on
      plus potential reaches both inputs of gate 43. As a consequence thereof,
      gate 43 gives off ground potential over its output, which reaches an input
      of the gate 11. The ground potential lying at the output of the gate 11
      during the previously described switching processes will be switched to
      plus potential. This plus potential reaches an input of gate 10, on the
      output of which ground potential appears in place of plus potential. The
      last given switching condition of the gate 11 will be retained, as a
      consequence thereof, independently of gate 43. The input of the gate 11
      connected with the output of the gate 10 will once again be brought under
      the switching influence of the terminal St, over which a next start signal
      can be received. The plus potential given off over the output of the gate
      11 at the last mentioned point in time of the switching process reaches,
      in addition, the input of the gate 12, at the output of which the plus
      potential, which until then had been applied there, will be switched to
      ground potential. Thereby, the plus potential will be made to remain at
      the output of gate 13 until the arrival of the next start signal. In spite
      of the fact, as will be hereafter described, that the trigger stage KL7
      triggers back from its position 1 to its position 0, over its (KL7) output
      corresponding to the position 1, plus potential reaches the other input of
      gate 13.
PAR  The plus potential given off from the gate 11 reaches further to the gate
      8, which as a result, gives off to the gate 9, which is connected thereto,
      ground potential. The gate 9, constructed as an output gate (power gate),
      now gives off over its output plus potential in place of ground potential
      to the line SR. This line is provided for the return of all trigger stages
      to their position 0. As soon as plus potential is applied to it (line SR),
      as described, the trigger stages KL7 and KL18, which at this point of the
      switching still had taken the position 1, trigger back to their position
      0. Therewith, the current flowing over the resistance A1 and the current
      flowing over the switching device N will be switched off. Further, the
      current flowing over the resistance B will be switched off, as soon as the
      ground potential at the outputs of the gate 9 is switched to plus
      potential.
PAR  Upon the termination of operation of the program control AB, the ground
      potential, which was heretofore applied to the output of gate 11 will be
      switched to a positive potential, and the beat generator TG will be
      switched off, which ends its transmission of beat impulses over the beat
      line TL.
PAR  The program control AB has been described in detail hereinabove in
      conjunction with FIGS. 4a and 4b, and it is now necessary to correlate
      that description with the diagrammatic representation in FIG. 2.
PAR  As was explained with reference to the FIGS. 4a and 4b, a series of
      switching devices are activated by the program control shown herein, which
      switching devices are designated with the letters B1 through N. Further,
      the switching arrangement shown in the FIGS. 4a and 4b has a terminal St,
      over which the aforementioned switching arrangement receives a start
      impulse, whereby the cycle of a control operation will be commenced.
PAR  The program control shown in the FIGS. 4a and 4b operates as described
      above to perform the necessary control operations for either reading or
      writing. Hereafter, reference will be made to a reading operation. The
      description given below for a reading process is equally applicable to
      writing, so that the process for writing need not be described as well.
      The program control according to FIGS. 4a and 4b for reading is connected
      in FIG. 2 with the similarly designated connections. The control operation
      for reading (information transmission from the individual apparatus to the
      central control unit) is commenced by a signal introduced over the
      coincidence gate G20 (FIG. 2) so that (a). an identification and switching
      on process (see above) is effected, (b). an information is present in
      storage in the information memory JS, (c). the central control unit has
      brought about the switching of the pertinent operating matrix control unit
      on to the transmission line U2 of the second type (over AE in FIG. 2) and
      (d). the "write" signal is not present in program control AB in FIG. 2.
PAR  The program control AB shown in FIG. 2 has, in addition, a bi-stable
      trigger stage L for the formation of the read signal and a second
      bi-stable trigger stage S for the formation of the write signal. These two
      bi-stable trigger stages, which may be of conventional construction, have
      a common return device, not designated, having an input M. The two
      bi-stable trigger stages have inputs E1 and G. Each of these two trigger
      stages react as follows: If it receives a signal over its given input, for
      example E1, then it gives off a signal corresponding to the stage
      function, for example, read. If a signal is given off over the input M,
      then the read and/or write signal will be erased.
PAR  The program control AB, shown in FIG. 2, has in addition, two connections H
      and h, over which it is connected with the distributor V. If the operating
      control AB gives a signal to the distributor V over the connection H, then
      the switching arm v will be advanced by one step over its winding W in the
      previously described manner. The advancement of one step will be indicated
      over the connection h to the operation control AB by the distributor V
      with the assistance of the contact w.
PAR  In the following detailed plan, the control operation during the process of
      reading will be given.
PAR  1. Identification process ended (Jd); length indication present (JS);
      switching on of the operating matrix control unit carried out on the part
      of the central control unit; write signal(s) is not present.
PAR  2. Program control produces signal on E1.
PAR  3. Trigger stage L gives off the read signal (over G15, G17 and U2 to the
      central control unit).
PAR  4. Central control unit receives read signal.
PAR  5. Central control unit reads (JS, G4, G13, G18 and U2) the length
      indication.
PAR  6. Central control unit transmits back receipt signal (over U2, G16, G21
      and Q).
PAR  7. Program control AB (compare FIGS. 4a and 4b) transmits signal to
      switching device G.
PAR  8. Program control AB (FIG. 2) forms the write signal and supplements the
      previous read signal to the common block signal.
PAR  9. Central control unit receives (over G15, G17 and U2) block signal.
PAR  10. Central control unit ends receipt signal.
PAR  11. Operation control AB transmits the signal over connection H, i.e., the
      further switching impulse for the distributor V.
PAR  12. Distributor V receipts the switching advance over contact w and
      connection h.
PAR  13. The program control according to FIGS. 4a and 4b returns to its
      beginning position; the cycle begins anew at 1.
PAR  Distributor V is controlled by program control AB. From this program
      control the "writing" signal (S) is offered, in rest position, to the
      central control means over gates G15 and G17. As has already been
      explained, this means with respect to the central control means that the
      operating matrix control means is ready to receive a command from the
      central control means. However, if the operating matrix control means was
      requested by one of the individual apparatus, then as soon as the length
      data and the address and information are present, stored and ready to be
      transmitted in the operating matrix control means, corresponding signals
      are transmitted to program control AB which causes it to offer the
      "reading" signal over gates G15 and G17 to the central control means. If
      this causes, in its connection cycle, the connection system GA of the
      operating matrix control means in question to connect this to transmission
      line U2, the central control means receives first the "reading" signal (L)
      of the individual apparatus in question. Thus, the central control means
      is to receive information from the just connected operating matrix control
      means. As soon as the central control means is ready to receive, through
      connection to a free storage line in the central information storage means
      ZJS, it receives the length data, which is already offered by the
      operating matrix control means on transmission line U2. It is pointed out
      here that gate G4 of the operating matrix control means was already
      enabled or opened for transmission of the length data as soon as the
      program control AB had ascertained that the length data and the address
      and information segments were present, stored, and ready for transmission
      in the operating control means. Thus, the length data is already present
      on transmission line U2 when the central control means has caused
      connection of the operating matrix control means with the aid of
      connection system GA.
PAR  The central control means receives the length data transmitted from the
      operating matrix control means over transmission line U2. As soon as it
      has received it, it transmits the "acknowledged" signal (Q) over
      transmission line U2 or over a separate signal line to the operating
      matrix control means. This signal arrives in program control AB at
      terminal Q. Thereupon, program control AB transmits, in the already
      described manner, the "block" signal to the central control means.
PAR  At this time, the program control AB transmits an advance pulse to
      distributor V. This switches the distributor switching arm v forward by
      one step. Thereby, gate G4 is blocked for transmission of the length data,
      and gate G1 is enabled or opened for transmission of the address from
      identification means JD to code converter CU1. As soon as this switching
      forward is completed, the program control AB disconnects the "block"
      signal and connects the "reading" signal. This causes the central control
      means to receive the address data conveyed over gates G1, G13 and G18 on
      to transmission line U2. The central control unit additionally evaluates
      the address of the individual apparatus with the aid of its evaluator AW1.
      This evaluator does not receive and process the address in its total
      information content, but only determines to which group of individual
      apparatus the individual apparatus designated by the received address
      pertains. With the aid of evaluator AW1 the central control unit ZS1
      ascertains as to whether the individual apparatus in each case is a
      coupling group control, for example, ST1; a connection set, for example
      VS1; a relay set, for example RS1; a dial set, for example WS1; or the
      like. Depending on this group assignment the central control unit ZS1 is
      able to recognize the nature of the message contained in the subsequently
      received information, and in what specific manner it must evaluate this
      ambiguous information. As soon as this has taken place, the central
      control means transmits over the transmission line U2 an acknowledgement
      through open gate G16 to program control AB. The central control means has
      received the address. As has already been explained, the address can be
      transmitted in the form of one or two bytes.
PAR  Referring to FIG. 3, a byte word (in the sense of the above given
      definition) is comprised of a byte containing the length indication, which
      gives the length of the information to be received in the central control
      device ZS1 over the transmission line further bytes which contain the
      address of the given individual apparatus, and a maximum of four
      additional bytes for the actual information. A shift register SR is
      provided in the central control device ZS1 for each byte, and is
      illustrated in FIG. 3 as a part bounded by heavy lines. Each such part has
      a multiplicity of storage elements, the exact number of which is not
      important to this description. Each of these parts bounded by heavy lines
      of the shift register SR serves to receive one byte.
PAR  A word received in the shift register SR will have prefixed to it, in a
      manner not shown in detail, the address designating the given operating
      matrix control device. After reception of a word, its parts are taken up
      in the corresponding parts of the shift register, SR, according to the
      labeling in FIG. 3. A word received in the shift register SR will, as
      well, be passed on to the central information memory ZJS. At this point, a
      part of the address of the individual apparatus, and indeed, that part
      which designates the address group and which designates the given address
      of the individual apparatus, i.e., its special type, will be evaluated
      therewith for deriving the pertinent information. FIG. 3 shows, with
      reference to the wiring of the inputs of the coincidence gates Gt1 and
      Gt2, that two identical data signals given off by the shift register SR,
      because of different addresses indicating type, arrive at different
      individual apparatus as distinguishable information over the outputs of
      the two coincident gates. The inputs of the coincidence gates Gt1 and Gt2
      are, respectively, connected to a combination of the same outputs of those
      storage elements of the shift register SR, which receive the information
      bits of the given word. Further inputs of the coincidence gates Gt1 and
      Gt2 are, respectively, connected to two different combinations of outputs
      of those storage elements of the shift register, which receives the parts
      of the address of the individual apparatus which designates, the address
      group, i.e., the special type of the given individual apparatus. With the
      transmission of a word from the shift register SR to the central
      information memory ZJS the address of the operating matrix control device,
      the length indication, and the entire address of the individual apparatus
      will be written unchanged in a memory row of the central information
      memory. With the transmission of the pertinent information of the given
      word from the shift register to the central information memory the origin
      of this information will, however, be evaluated therewith. Identical data
      signals will be evaluated using the coincidence gates Gt1 and Gt2 as
      different pieces information, according to which type of individual
      apparatus an information came from. Thus, the central control unit is able
      to interpret information signals by analyzing the address from which that
      information came.
PAR  The information segments are transmitted in the same manner after the
      address, in the form of further bytes from the operating matrix control
      means towards the central control means. The length data was stored
      previously in distributor V. Therefore, the regular end of information
      transmission can be determined in the operating matrix control means. As
      the length data was transmitted to the central control means, the same is
      also true for the central control means.
PAR  After receipt of the last information segment of a word, the central
      control means returns for the last time the "acknowledged" signal to the
      program control of the operating matrix control means. Due to the
      transmission of the length data in the beginning, the quantitative extent
      of the information to be transmitted was stored in the operating matrix
      control means, as well as in the central control means. It is possible in
      a simple manner to supervise the proper course of information
      transmission. If after transmission of one of the information segments, no
      acknowledgement signal is transmitted from the central control means to
      the operating matrix control means, the latter sounds an alarm in a manner
      not shown after a predetermined time period has elapsed. An alarm is also
      sounded if the central control means, instead of the expected "reading"
      signal, recieves the "writing" or "block" signal without having already
      received the number of information segments which was indicated by the
      length data. In one of the two preceding cases the central control means
      requested insufficient information, and in the other case insufficient
      information was offered to the central control means.
PAR  Commands are transmitted from the central control means to operating matrix
      control means in the same manner as information. It has already been
      outlined that an operating matrix control means which is ready to receive
      commands keeps available the "writing" signal at gate G17 over gate G15.
      As soon as the central control means causes, in the manner already
      described, over connection system GA, the operating matrix control means
      to connect to transmission line U2, it receives the "writing" signal (S).
      It is assumed that it has stored a command destined for the operating
      matrix control means. The central control means now transmits over gate
      G16, the acknowledgment signal (Q) to program control AB of the operating
      matrix control means. The program control AB, as a consequence, causes in
      a manner not shown, over destributor V, gate G3 to be switched open to
      pass the first byte expected from the central control means over gates G19
      and G14. This first byte again contains the length data which is received
      by distributor V and stored. It thereby knows after how many switchings
      forward of its switching arm v the command transmission is concluded.
PAR  As soon as the program control AB has received the "acknowledged" signal,
      it disconnects the "writing" signal. First, the operating matrix control
      means processes the length data; thereupon, it conveys an advance pulse to
      distributor V, which as a consequence thereof, switches its switching arm
      v forward by one step. Thereupon, the program control AB again connects
      the "writing" signal. The last mentioned signal causes the central control
      means to now transmit the address of that individual apparatus for which
      the subsequent information is intended, instead of the length data, over
      the transmission line U2 to the operating matrix control means. In
      addition, the central control means transmits the "acknowledged" signal to
      program control AB of the operating matrix control means whereupon this,
      in a manner not shown, causes over distributor V gate G2 to be switched
      open to pass the second byte expected from the central control means over
      gates G19 and G14. This byte which contains the address of that individual
      apparatus for which the subsequent information is intended or a portion
      thereof is received over code converter CU2 and transmitted over gate G2
      to identification means Id. It is thereby converted by code converter CU2.
      Identification means Jd causes over the coordinate control matrix the
      connection of the connection relay, for example Mo, of that individual
      apparatus (ST1) designated by the address.
PAR  There are now successively received in the same manner, with the aid of the
      "writing" and "acknowledgement" signals the bytes containing the command
      to be transmitted. These are passed over gates G9 to G12 and received in
      partial storage means BS1, BS2, BS3 and BS4 of command storage means BS,
      and stored therein temporarily. Thereafter, the central control means
      causes in the already described manner, the operating matrix control means
      in question to again be disconnected by connection system GA from
      transmission line U2.
PAR  The command stored in command storage means BS is transmitted over a
      plurality of circuits of transmission line U11, in a parellel code
      transmission, to receiving switching devices E of individual apparatus
      ST1, Relay E represents one of many receiving relays provided.
PAR  The code converter CU1 or CU2 for a byte pertaining to information or
      command, in each case containing the address, comprises in conjunction
      with identification means Jd the storage and code conversion system
      previously mentioned. With regard to the further bytes of a word which
      contains the information or the command, information storage means JS or
      command storage means BS represents this storage and code conversion
      system. The recoding can be limited to a conversion parallel-series code
      and vice versa, and can form together with the intermediate storage a
      single common process. Code converters CU1 and CU2 contain on their sides
      facing connection system GA, conventional electronic transmission and
      receiving switching devices. The same is true for information storage
      means JS and command storage means BS.
PAR  The preferred embodiment of the invention described hereinabove is only
      exemplary of the principles of the invention. The scope of the invention
      is defined by the appended claims, and it is anticipated that many
      modifications and changes to the preferred embodiment will be within the
      ambit of the claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A circuit arrangement for telecommunication installations wherein
      different types of messages, the type being a function of the origin of
      the message, are transmitted between a central control means and
      individual apparatuses, comprising:
PA1  transmission line means connecting said central control and said individual
      apparatuses for information exchange,
PA1  said individual apparatuses being formed into groups of like type,
PA1  means associated with each said group of individual apparatuses for
      transmitting over said line means address information particularized to
      that group, indicating the identity of the group, and thereby the type of
      apparatus in that group,
PA1  said individual apparatuses otherwise being operative to transmit
      information signals of like characteristics,
PA1  a plurality of connection control means interposed in said transmission
      line means between said individual apparatuses and said central control
      means, each of said connection control means being connected to a
      plurality of individual apparatuses, each said connection control means
      including means for selecting one of a plurality of information signals
      received from the respective individual apparatuses connected thereto and
      for effecting a connection of the individual apparatus causing the
      transmission of the selected information signal to said transmission line
      means, said connection control means further including means for
      determining the address of an individual apparatus upon the production of
      an information signal from said individual apparatus and for transmitting
      said address jointly with the information to be transmitted to said
      central control means and
PA1  means in said central control means for evaluating said information signals
      and said address information and for interpreting said evaluated
      information signals in accordance with the result of the evaluation of
      said address information.
NUM  2.
PAR  2. The circuit arrangement defined in claim 1 wherein said connection
      control means includes transmission switching devices for information and
      addresses, respectively, and said central control means includes receiving
      switching devices for information and addresses, respectively.
NUM  3.
PAR  3. The circuit arrangement defined in claim 4 wherein said central control
      means includes means for evaluating received address information for
      determining from which of the type groups of individual apparatuses a
      received signal was issued.
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ABST
PAL  A toll restrictor for use in determining whether attempts to complete a
      trunk call are unrestricted is responsive to at least a first successively
      dialed three digit code of the call from the trunk to provide a control
      signal in response to this code being a restricted code to prevent the
      completion of the call having this code. The restrictor includes a
      registration portion which comprises relay means responsive to the dialed
      digits for initially registering the first two successively dialed digits
      of the code as a first tens digit group and the last successively dialed
      digit of the code as a second ones digit group. The first tens digit group
      enables the provision of a family of ten three digit codes having a common
      first two dialed digits. The registration portion also comprises second
      relay means responsive to at least the first tens digit group for
      providing the control signal when at least the tens digit group indicates
      a restricted three digit code. Only a portion of the three digit codes in
      a family of such codes can be restricted by the interposition of a relay
      means, such as a reed relay means; which is operable in response to the
      provision of at least one unrestricted three digit code in a restricted
      family of such codes to prevent the operation of the second relay means
      when the reed relay means is operated. The toll restrictor may also
      include means operatively connected to the first relay means which are
      responsive to the first provided digit being a predetermined digit, such
      as a unique long distance access code, for resetting the toll restrictor
      to the initial state thereof in response thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to toll restrictors for use in determining
      whether attempts to complete a trunk call are unrestricted and for
      preventing the completion of a call having a restricted code.
PAR  2. Description of the Prior Art
PAR  Toll restrictors are well known in the art, such as toll restrictors which
      recognize any three digit code. An example of such prior art toll
      restrictors is disclosed in U.S. Pat. Nos. 3,692,951; 3,736,383; 3,014,989
      and 2,916,555. However, these prior art toll restrictors are complex and
      require a large quantity of relays, such as a cascade arrangement of the
      type disclosed in U.S. Pat. No. 3,692,951, wherein 120 relays or the
      equivalent thereof may be required. Such a complex arrangement is costly,
      inefficient and introduces a greater likelihood of failure due to the
      large number of components involved. Prior art toll restrictors which are
      responsive to a three digit code, normally consider each digit in the
      three digit code separately thus requiring the large number of relays
      previously mentioned in order to handle all possible combinations.
      Furthermore, such prior art toll restrictors cannot readily and simply be
      modified to provide all possible restriction combinations, such as one
      code in a group of three digit codes having the same first two digits
      being unrestricted or more than one code in such a group, but less than
      all, being unrestricted. These disadvantages of the prior art are overcome
      by the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  A toll restrictor for use in determining whether attempts to complete a
      trunk call are unrestricted is provided. The toll restrictor is responsive
      to at least a first successively dialed three digit code of the call from
      the trunk to provide a control signal in response to the first dialed
      three digit code being a restricted code to prevent the completion of a
      call having the first dialed three digit code. The toll restrictor
      comprises a digit registration portion and means, such as a binary
      counting chain portion, responsive to dial pulses associated with each of
      the dialed digits in the code for successively individually providing the
      dialed digits, such as the binary equivalents thereof, to the registration
      portion for registration of the dialed digits. The dialed digits are
      successively individually provided to the counting chain one at a time.
PAR  The registration portion comprises first relay means responsive to the
      provided digits for initially registering the first two successively
      dialed digits of the first dialed three digit code as a first tens digit
      group and the last successively dialed digit of the first dialed three
      digit code as a second one digit group. The first tens digit group enables
      the provision of a family of ten three digit codes having a common first
      two dialed digits. The registration portion also comprises second relay
      means responsive to at least the first tens digit group for providing the
      control signal when at least the tens digit group indicates a restricted
      three digit code.
PAR  The binary counting chain provides binary equivalents of the dialed digits
      to the registration portion, and the registrations portion further
      comprises binary-to-decimal conversion chain means responsive to the first
      two dialed digit binary equivalents. The first relay means comprises a
      plurality of tens relay means, each tens relay means providing a different
      family of tens digit groups having a different common first digit,
      operatively connected to the binary-to-decimal conversion chain for
      providing the first tens digit group in response thereto.
PAR  The registration portion may also include relay means such as reed relay
      means, operatively connected in parallel between the conversion chain
      means output and at least one of the plurality of tens relay means
      associated with a restricted code, which reed relay operates in response
      to the provision of at least one unrestricted three digit code in a
      restricted family of ten three digit codes having a common first two
      dialed digits provided by the tens relay means. The second relay means is
      operated when the restricted dialed code comprises the first tens digit
      group associated with this tens relay except when the reed relay is
      operated whereby only a portion of the three digit codes in a family of
      three digit codes having a common first two digits may be restricted.
PAR  In addition, the toll restrictor, which has an initial state prior to the
      provision of the first successively dialed digit thereto, may also include
      in the registration portion thereof, means operatively connected to the
      first relay means responsive to the first successively dialed digit of the
      first two digits being a predetermined digit, such as a unique long
      distance access code, for resetting the toll restrictor to the initial
      state in response thereto.
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PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a portion of a detached type schematic of the preferred
      embodiment of the present invention showing the binary counting chain
      portion thereof; and
PAR  FIGS. 2 and 3 when taken together from another portion of a detached type
      schematic of the preferred embodiment of the toll restrictor of the
      present invention, showing the registration portion thereof;
PAR  FIGS. 1, 2 and 3 taken together forming the composite detached type
      schematic of the preferred embodiment of the toll restrictor of the
      present invention, wherein an "  " indicates a normally open contact which
      closes or makes when the relay is energized or operated and a "  "
      indicates a normally closed contact which opens or breaks when the relay
      is energized or operated.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, FIGS. 1, 2 and 3, taken together
      forming a composite detached type schematic of the preferred toll
      restrictor of the present invention, generally referred to by the
      reference numeral 1000, the toll restrictor 1000 preferably includes a
      binary counting chain portion 1,002, which is preferably a conventional
      binary counting circuit which is responsive to dial pulses associated with
      the successively dialed digits of a call, such as preferably the first
      three digits thereof, for providing a binary equivalent thereof, and a
      registration portion 1004 for registration of these dialed digits and the
      provision of a control signal in response to the first dialed three digit
      code from a trunk (not shown) being a restricted code to prevent the
      completion of a call having this first dialed three digit code. It should
      be noted that as used herein throughout the specification and claims, the
      term "dialed digits" is meant to include a Touch-Tone (Trademark) input as
      well as conventional rotary dial input to the counting chain portion 1002.
PAR  In the detached schematic of FIGS. 1, 2 and 3, each rectangle represents a
      single coil or relay winding (R.W.) of an associated relay and an "  "
      represents a normally open or make contact of the relay identified by the
      same number as the relay followed by a letter a,b,c,d,e,f,g,h,j,k,m,n, and
      p, each letter representing a different contact by way of example for that
      relay. Similarly, a "  " represents a normally closed or break contact of
      that relay and is identified in the same fashion as described above with
      respect to a normally closed contact. Additionally, make and break
      contacts formed by the same contacts of a relay are indicated by a
      reference character drawn to the junction of the contacts. For example,
      the reference character 1050m drawn to a junction of such contacts
      designates that the normally closed contacts adjacent the junction will
      open and the normally open contacts adjacent the junction will close when
      relay winding 1050 is energized. Furthermore, those relays that have the
      symbol "S.R." within the rectangle are preferably a conventional slow to
      release relays whose release time is set by an RC time constant in
      conventional fashion, and those having the symbol "S.O." are preferably
      conventional slow to operate relays. All of the relays described
      hereinafter are preferably conventional relays, such as wire spring,
      Western Electric type relays, or reed relays, or any other satisfactory
      conventional relay which functions in the manner to be described in
      greater detail hereinafter, those relays not being indicated as slow
      release relays or slow to operate relays, being conventional relays having
      a normal operating release time, such as on the order of 25 milliseconds
      versus 300 milliseconds for a slow to release relay.
PAR  The binary counting circuit 1002 preferably comprises twelve relays 1006,
      1008, 1010, 1012, 1014, 1016, 1018, 1020, 1022, 1024, 1026, and 1028, with
      all these relays preferably being single winding relays except for relay
      1006 which has two windings. Preferably, the pulsing relay of the register
      or trunk circuit (not shown) is connected via a pulsing contact to relay
      1006 of the toll restrictor 1000. Relay 1006 is the pulse relay and
      preferably follows the dialed pulses of the telephone instrument (not
      shown). Relay 1008, which is preferably a slow to release relay, is
      actuated by relay 1006 and does not release during dial pulses. Relay
      1010, which is also preferably a slow to release relay, follows relay 1006
      inversely, operating when relay 1006 releases and releasing slowly when
      relay 1006 operates. Relay 1012, which is also preferably a conventional
      slow to release relay, operates auxiliarly to relay 1010 and releases
      slightly after relay 1010 due to its slow to release nature. Relays 1014,
      1016, 1018, 1,020, 1022, 1024, 1026 and 1028 count and hold the dialed
      information in conventional fashion as follows. After the first dial
      pulse, relays 1014 and 1016 are operated. After the second pulse, relays
      1014 and 1016 are released and relays 1018 and 1020 are operated. After
      the third pulse, relays 1014 and 1016 are operated and relays 1018 and
      1020 remain operated. After the fourth pulse, relays 1014, 1016, 1018 and
      1020 are released and relays 1022 and 1024 are operated. After the fifth
      pulse, relays 1014 and 1016 are operated and relays 1022 and 1024 remain
      operated. After the sixth pulse, relays 1014 and 1016 are released and
      relays 1018 and 1020 are operated and relays 1022 and 1024 remain
      operated. After the seventh pulse, relays 1014 and 1016 are operated and
      relays 1018, 1020, 1022 and 1024 remain operated. After the eighth pulse,
      relays 1014, 1016, 1018, 1020, 1022, and 1024 are released and relays 1026
      and 1028 are operated. After the ninth pulse, relays 1014 and 1016 are
      operated and relays 1026 and 1028 remain operated. Finally, after the
      tenth pulse, relays 1014 and 1016 are released, relays 1018 and 1020 are
      operated, and relays 1026 and 1028 remain operated. The above discussion
      is summarized in the following chart which shows the manner in which the
      relays 1014 through 1028 inclusive, count and hold the dialed information,
      an X indicating an operated relay.
TBL  __________________________________________________________________________
     COUNTING CHAIN                                                            
     __________________________________________________________________________
                       Relays Operated                                         
                1014,1016                                                      
                       1018,1020                                               
                              1022,1024                                        
                                     1026,1028                                 
     __________________________________________________________________________
     After first pulse                                                         
                x                                                              
     After second pulse                                                        
                       x                                                       
     After third pulse                                                         
                x      x                                                       
     After fourth pulse       x                                                
     After fifth pulse                                                         
                x             x                                                
     After sixth pulse x      x                                                
     After seventh pulse                                                       
                x      x      x                                                
     After eighth pulse              x                                         
     After ninth pulse                                                         
                x                    x                                         
     After tenth pulse x             x                                         
     __________________________________________________________________________
PAR  The above chart illustrates a conventional operating scheme for the
      counting chain and is given by way of example and not by way of
      limitation.
PAR  The operation of the pulsing circuit or counting chain 1002 is as follows.
      Relay 1006 releasing operates relay 1010. Relay 1010 in turn operates
      relay 1012. During the time that relay 1010 is operated and relay 1006 is
      released, a ground is passed through the normal 1014h contact to operate
      relay 1014. A ground to contact 1012h of relay 1012 is waiting to form a
      holding path for relay 1014 and relay 1016 through a relay contact 1014h
      operated via path 1030. Relay 1016 does not operate at this time because
      of the shunting ground through contact 1016a normal. As relay 1006
      re-operates completing the first pulse, the shunting ground is removed
      from relay 1016 and it operates through relay contact 1014h operated and
      relay contact 1012h operated. Therefore, at the end of the first dial
      pulse, relay 1014, and 1016 are operated and will remain so until relay
      1012 releases.
PAR  If a second successively dialed pulse were now to follow, during the period
      when relay 1006 is released and relay 1010 is operated, a ground would be
      passed through the operated 1016a relay contact, operating relay 1018
      through contact 1018h normal and at the same time would shunt relay 1014
      through a conventional shunting diode 1032 connected to the relay coil of
      relay 1014. Relay 1018 would hold to the ground on contact 1018h operated
      through contact 1012h operated. Relay 1020 is shunted at this time in
      exactly the same manner as previously described with reference to relay
      1016. When relay 1006 re-operates for the end of the second pulse, relay
      1016 will have fallen down through the loss of its holding path via relay
      contact 1014h and relay 1020 will operate through relay contact 1018h
      operated now that its shunting ground has been removed.
PAR  At the next dial pulse, relay 1014 and relay 1016 will re-operate in the
      manner previously described, and, therefore, at the end of this third
      pulse, relays 1014, 1016, 1018 and 1020 will remain operated. The fourth
      pulse will shunt down relays 1014, 1016, 1018 and 1020 in the manner
      previously described with reference to the shunting of relays 1014 and
      1016 after the second pulse, and operate relays 1022 and 1024 in the same
      manner as previously described with reference to relays 1018 and 1020. The
      course of the operation and the position of these relays 1014 through
      1028, inclusive, at the end of each pulse, is illustrated in the above
      chart.
PAR  Referring now to FIGS. 2 and 3, the registration portion 1004 of the toll
      restrictor 1000 is shown. At the end of a dialed digit, the counting chain
      1002 is in the following position. Relay 1010 is released and relay 1012
      is operated along with thr group of counting relays 1014 through 1028,
      inclusive, which correspond to the number of pulses representing the digit
      dialed. For example, if the digit dialed is a 6 represented by 6 pulses,
      at the end of the dialed digit relays 1018, 1020, 1022 and 1024 of the
      counting relays will be operated. The registration portion 1004 preferably
      includes a relay configuration comprising relays 1040, 1042, 1044 and
      1046, which are all preferably single coil relays, which temporarily store
      the dialed digit information in a binary manner. When one or more of these
      relays 1040 through 1046, inclusive, is operated it preferably remains
      operated through its own holding contact, contact 2074a of relay 2074 and
      a contact 1008m of relay 1008 to ground via path 1048, relays 1040, 1042,
      1044 and 1046 being connected in parallel through their respective holding
      contacts 1040h, 1042h, 1044h, and 1046h.
PAR  The first digit dialed is registered by a ground being passed through relay
      contact 1050a normal of a relay 1050, whose function is to be described in
      greater detail hereinafter with reference to the operation of the
      registration portion 1004, 1008j operated, normal 1010c normal, 1012k
      operated, relay contact 1052a of another single coil relay 1052 which is
      preferably a slow to operate relay forming part of registration portion
      1004 and whose operation will be discussed in greater detail hereinafter,
      through one or more operated contacts 1014j, 1018j, 1022j , or 1026j of
      relays 1014, 1018, 1022, 1026 of counting chain 1002 depending on which of
      these relays has been operated at this time in response to the pulse
      dialed digit. Which of these relays 1014, 1018, 1022 and 1026 is operated
      in forms  the circuit which digit has actually been dialed as previously
      described. This first digit dialed operates one or more of the
      registration relays 1040, 1042, 1044 and 1046, depending on which of the
      relays 1014, 1018, 1022 and 1026 has been operated, in order to
      temporarily store this information in a binary manner within the
      appropriate relay configuration 1040 through 1046, inclusive. Conventional
      isolation diodes 1054, 1056, 1058, and 1060 are provided in the input path
      to the relay configuration 1040, 1042, 1044, 1046, respectively. As was
      previously mentioned, relays 1040 through 1046, inclusive, remain operated
      through their respective holding contacts 1040h through 1046h,
      respectively, through a ground through relay contacts 2074a of relay 2074
      and 1008m of relay 1008. As will be described in greater detail
      hereinafter, when the toll restrictor 1000 is ultimately released at the
      end of the call, relay 1008 releases and, in turn, through path 1048,
      releases relays 1040, 1042, 1044 and 1046.
PAR  Registration portion 1004 also preferably includes another single winding
      relay 1062 which is preferably connected in parallel to relays 1040, 1042,
      1044 and 1046 through conventional isolation diodes 1064, 1066, 1068 and
      1070, respectively. The same ground that operates one or more of the
      registration relays 1040 through 1046, inclusive preferably operates relay
      1062. This relay 1062 opens the path for the operation of transfer relay
      1052 until after the first digit actuating ground is removed. At this
      point, relay 1062 releases and relay 1052 operates through an operated
      contact of one or more of the registration relays 1040 through 1046,
      inclusive, depending on which of these relays has been operated in
      accordance with the value of the first dialed digit, as was previously
      mentioned. Transfer relay 1052 is preferably a slow to operate relay. This
      is preferably to insure that only the registration relays 1040 through
      1046, inclusive, are operated by the first digit actuating ground.
PAR  The operation of relay 1052 preferably transfers the registration leads
      from the registration relays 1040 through 1046, inclusive to a plurality
      of tens relays 1072, 1074, 1076, 1078, 1080, 1082, 1084, 1086, 1088, and
      1090, which also form part of the registration portion 1004, to register
      the second dialed or tens digit in the manner to be described in greater
      detail hereinafter.
PAR  Relay 1012 of the counting chain, as was previously mentioned, is
      preferably a slow to release relay so that after relay 1010 has released,
      relay 1012 subsequently releases after a predetermined time interval, such
      as 300 milliseconds. At the end of this time, the counting chain 1002 is
      released to its initial state and is ready for receipt of a new digit and
      the previously dialed digit is temporaruly stored in the registration
      relay configuration 1040, 1042, 1044, and 1046, as previously described.
PAR  At the end of this first dialed digit, relay 1008 has been operated, as
      previously described, and a ground is passed through relay contact 1008n
      of relay 1008 through a conventional binary-to-decimal conversion chain
      1092 which converts the binary equivalent of the dialed digit into its
      decimal equivalent, and a ground is provided on one and only one of the
      outputs of this binary-to-decimal conversion chain 1092, indicated by the
      symbols 0 to 9 corresponding to the respective digits, corresponding to
      the decimal equivalent of the dialed digit. This ground point at the
      selected output of the binary-to-decimal conversion chain 1092 is
      preferably carried forward to one contact of each of the tens relays 1072
      to 1090, inclusive, to be utilized subsequently as described in greater
      detail hereinafter. The particular contact to which this ground has been
      carried forward depends on the value of the first dialed digit. For
      example, if this digit is a one, then this ground is carried forward in
      parallel, as shown in FIGS. 2 and 3, to contacts 1072a through 1090a,
      inclusive, of tens relays 1072 through 1090, inclusive, respectively.
      Similarly, if this first digit is a nine, then this ground would be
      carried forward in parallel to contacts 1072j through 1090j, inclusive, of
      tens relays 1072 through 1090, inclusive, respectively, and similarly to
      contacts b,c,d,e,f,g, and h for tens relays 1072 through 1090, inclusive,
      if the first digit dialed is a 2,3,4,5,6,7, or 8, respectively.
      Accordingly, at this point, there is a ground sitting on a multiplie of
      ten contacts, one from each of the tens relay 1072 through 1090 inclusive,
      through the binary-to-decimal conversion chain 1092 through relay contact
      1008n.
PAR  With respect to the 0 digit output of conversion chain 1092, this output is
      connected via a path 1094 to another relay 1096, which is preferably a two
      winding relay. Relay 1096, which is the control signal providing relay, in
      operating passes a control signal through its contact 1096a to the
      equipment attached to the toll restrictor 1000, indicating that a
      restricted code has been dialed, release the call. For example, as
      illustrated in FIGS. 2 and 3, if the toll restrictor 1000 is attached to a
      register, the control signal will be passed to a conventional release
      relay 1098 of the register. The purpose of the connection path 1094 to the
      0 digit output of the binary-to-decimal conversion chain 1092 is that it
      is presently preferred that the call be restricted if a 0 is dialed as the
      first digit so that the operator cannot be reached to circumvent the toll
      restrictor 1000. Thus, when a 0 is the first dialed digit, the ground will
      be passed via path 1094 to relay 1096 which will then operate. However, if
      it is desired to permit the toll restrictor 1000 permit calls with a 0 as
      the first dialed digit, then this connection path 1094 may be omitted.
      Furthermore, if it is desired to restrict any other first dialed digit,
      then a path similar to path 1094 may be provided from that digit output of
      conversion chain 1092 to relay 1096.
PAR  At the same time that the registration relay configuration 1040 through
      1046, inclusive is operated through the unoperated relay 1010 and the
      operated relay 1012, relay 1062 operates. When one or more of the
      registration relays 1040 through 1046, inclusive operates, ground is
      passed to the winding of relay 1052, as previously mentioned, which is a
      slow to operate relay, which ground would normally operate relay 1052 in
      approximately 100 milliseconds, by way of example, however, relay 1062
      operating at the same time as the relay configuration 1040 through 1046,
      inclusive opens this path and, therefore, does not allow relay 1052 to
      operate until such time as relay configuration 1040 through 1046 remains
      operated and relay 1062 returns to its normally unoperated state. This
      takes place when relay 1012 releases, releasing the digit registration
      ground from the input to the registration relays 1040 to 1046, inclusive.
      At this time, relay 1052 operates slowly and transfers the path of the
      digit registration ground from the relay configuration 1040 through 1046,
      via path 2000 to another binary-to-decimal conversion chain 2002, which is
      a conventional binary-to-decimal conversion chain similar to conversion
      chain 1092, with the symbols 0 to 9 indicating the decimal equivalent of
      the binary digits supplied thereto, this chain 2002 converting the binary
      input into a decimal output in conventional fashion, this conversion chain
      2002 being connected through a normally closed or non-operated contact
      1050b, 1050c, 1050d, 1050e, 1050f, 1050h, 1050j, 1050k, 1050m, and 1050n
      of relay 1050 to the respective tens relays 1090, 1088, 1086, 1084, 1082,
      1080, 1078, 1076, 1074, 1072, respectively. At the end of the second
      dialed digit, a ground is passed through the again normally closed relay
      1010 contact and the operated relay 1012 contact and the now operated
      relay 1052a contact to the binary-to-decimal conversion chain 2002 which
      operates one of the tens relays 1072 through 1090, inclusive, depending on
      which digit has been dialed. For example, if a 0 has been dialed as a
      second digit, the ground is passed through 1018k operated, 1022k normal,
      2006c normal, 1028b operated, via path 2008, through 1050n normal through
      diode 2010 to the relay winding of tens relay 1072. At the same time, this
      ground also preferably goes through diode 2012 and operates another relay
      2014 which is also preferably a single winding relay to which all of the
      tens second successively dialed digit was a o, 1072 through 1090,
      inclusive, are all preferably connected in parallel. When one of the tens
      relays 1072 through 1090, inclusive, operates, relay 1072 being utilized
      in the example, the ground which was left sitting at one contact of each
      of these relays 1072 to 1090, which ground was provided from conversion
      chain 1092 in response to the first dialed digit, is now passed through to
      a terminal point and indicates the identity of the first two successively
      dialed digits that have been dialed as a tens group. For example, if the
      first digit dialed was a 1 and the second successively dialed digit was o,
      there would be a ground through relay contact 1008n operated, relay
      contact 1042b normal, relay contact 1040m operated, relay contact 1044k
      normal, relay contact 1046c normal, to contact one of each of the tens
      relays 1072 through 1090, inclusive. In the example given, when relay 1072
      operates, the ground is passed through to terminal point 2020, also
      designated by the symbol 1-0, which would indicate that the tens group
      which has been dialed is 1-0. The tens relay that has been operated, 1072
      in the example given, holds through its own contact through contact 1008m
      via path 2022 to ground and will only release, preferably, when the toll
      restrictor 1000 is subsequently released. When any of the tens relays 1072
      through 1090, inclusive, is operating, relay 2014 is also operating.
      Ground is passed through operated contact 1072m, in the example given, of
      operated tens relay 1072 through a normally closed contact 2014a of relay
      2014 to the relay winding of relay 1050. Relay 1050 is preferably not a
      slow to operate relay; however, relay 1050 generally cannot operate,
      preferably, until relay 2014 has released. The releasing of relay 2014
      indicates the completion of the second dialed digit information. Relays
      1062 and 2014 are preferably guard relays to insure that the transfer
      relay 1052 or 1050 does not operate before the end of the digit
      transmission period to insure that only one digit is registered for each
      digit registration period. The operation of relay 1050 first causes a
      change from ground to battery on path 2050 via operated contact 1050a in
      preparation for the third dialed digit. Relay 1050 when operated,
      transfers the outputs of the binary-to-decimal conversion chain 2002 to
      the third digit identification leads 2030 through 2048, inclusive, as
      previously mentioned, through operated contacts 1050n, 1050m, 1050k,
      1050j, 1050h, 1050f, 1050e, 1050d, 1050c, and 1050b, respectively, from
      tens relays 1072 through 1090, inclusive. In addition, relay 1050 operates
      relay 2006 through operated relay contact 1050g. Relay 2006 is preferably
      a slow to operate relay similar to relay 1052. The operation of relay 2006
      preferably enables another relay 2052, which is also preferably a single
      winding slow to operate relay, by providing a ground through operated
      relay contact 2006a of relay 2006 so as to pass through a ground to one
      side of the winding of relay 2052. Since this ground is only provided
      after relay 1050 operates, relay 2052 can never operate until the third
      digit is dialed.
PAR  When the third successively dialed digit is dialed, supplied to the
      counting chain 1002 and therefrom, provided to the registration portion
      1004, a battery is provided via path 2050, relay 1050 having switched from
      ground to battery, through relay contact 1052a operated, via path 2000 to
      binary-to-decimal conversion chain 2002, through the appropriate relay
      contact 1050n, 1050m, 1050k, 1050j, 1050h, 1050f, 1050e, 1050d, 1050c,
      1050b, operated to the appropriate point on the third digit identification
      leads 2030 through 2048, inclusive. For example, if the third dialed digit
      is a 6, then the path through the binary-to-decimal conversion chain 2002
      to the appropriate third digit identification lead 2042, in the example
      given, would be as follows. From path 2000, through 1018k operated, 1022k
      operated, 1016b normal, via path 2058, through contact 1050e operated to
      path or lead 2042. At the same time, the battery present on path 2050
      starts to operate relay 2052, which, as previously mentioned, is a
      slow-to-operate relay, so that at the end of the third digit transmission,
      relay 2052 will operate, indicating that the last registered digit has
      been received. If no strapping or connection has been provided between the
      tens group lead or path, such as path 2020, and the third or ones digit
      lead or path, for example path 2042 in the example given, then this three
      digit code would be an unrestricted code, relay 2052 would operate, and
      relay 2052 in operating would hold through its own contact 2052j and would
      disable the counting chain through contact 2052 k from counting any
      further digits.
PAR  If desired, the circuit may be modified so as to return to its initial
      state when a predetermined digit, such as a long distance access code,
      such as the digit 1, is dialed as the first digit. The toll restrictor
      1000 is normally in this initial state prior to the provision of a three
      digit code thereto, such as an area code or telephone exchange. Presently,
      a long distance access code is utilized in certain areas of the United
      States, such as the digit one, which preceds the dialing of the area code.
      There are presently no exchanges or area codes beginning with the digit
      one so that this is presently a unique first digit situation. However, it
      will be apparent to one of ordinary skill in the art, that the
      modification to be described in greater detail hereinafter may be utilized
      for any digit or plurality of digits desired. For example, let us assume
      that the one digit is utilized for long distance access and, it is desired
      to initialize or return the toll restrictor 1000 to its initial state
      whenever a one is dialed as the first digit. Accordingly, a wire 2070 is
      preferably provided to a first connector terminal 2071 and a jumper 2072
      is provided to a second connector terminal 2073 which is preferably
      connected to another conventional single winding relay 2074. Terminals
      2071 and 2073 are provided by way of illustration so as to indicate that
      jumper 2072 may be removed if it is not desired to have toll restrictor
      1000 to return to its initial state when a one is dialed as the first
      digit. Of course, if desired this option need not be provided and path
      2070, terminals 2071 and 2073, jumper 2072 and relay 2074 may be omitted.
      In the example given, if a one is dialed as the first digit, a ground will
      be present at output point 2076 as previously mentioned. This ground will
      prepare relay 2074 for operation when relay 1052 operates, which occurs
      after the first dialed digit in the manner previously described. When
      relay 1052 operates, relay 2074 is connected to battery through operated
      contact 1052e . Relay 1074 operates and through contact 2074a knocks down
      all of the registration relays 1040 through 1046, inclusive which have
      been operated which, in turn, releases relay 1052 and the toll restrictor
      1000 has then been reset to its initial state so as to recognize the first
      dialed digit again.
PAR  As will be explained in greater detail hereinafter, the preferred toll
      restrictor 1000 of the present invention is capable of providing various
      restriction possibilities with respect to a given family of three digit
      codes having a common tens digit group; that is, the first two
      successively dialed digits being common for ten three digit codes, such as
      100 through 109 or 910 through 919. These restriction posibilities are
      preferably that the entire group is restricted, that is all the three
      digit codes in the family of ten three digit codes in a common tens digit
      group; only one three digit code in the group is unrestricted with the
      balance of the codes being restricted; or more than one code but less than
      all the codes in the group are unrestricted. All of these restriction
      possibilities are shown by way of example in FIGS. 2 and 3. However, it is
      of course obvious that mutually exclusive possibilities cannot be present
      at the same time, such as a connection which enables the entire group to
      be restricted and a connection which enables less than the entire group to
      be restricted; however, both such connections are shown in FIGS. 2 and 3
      for purposes of illustration, the user obviously omitting the connection
      not desired.
PAR  The first restriction possibility to be discussed is a situation in which
      the entire tens digit group of ten codes, for example, the 1-0 group, is
      to be restricted independent of the third digit. In this instance, where
      the entire group is restricted, a strap or connection 2100 is preferably
      placed from terminal point 2020 corresponding to the 1-0 tens group to a
      point 2102 connected to path 1094. At the end of the second successively
      dialed digit, the ground would be passed through to point 2020 in the
      manner previously described, and this ground would be passed through strap
      2100 to point 2102 and, via path 1094 to relay 1096 which would then
      operate. Relay 1096 in operating passes a control signal through its
      contact 1096a to the equipment attached to the toll restrictor 1000,
      indicating a restricted code has been dialed, release the call. As
      previously mentioned, in the example shown, if the restrictor 1000 is
      attached to a register, this signal will be passed to the release relay
      1098 of the register.
PAR  In the next two restriction possibilites to be considered, that is where
      only one code in the tens digit group is unrestricted or where more than
      one code but less than all the codes in the group are unrestricted, it is
      to assumed that strap 2100 has been omitted. First, considering the
      restriction possibility wherein only one three digit code in the group or
      family of three digits codes having a common tens digit group, is
      unrestricted. By way of example, it shall be assumed that code 106 is to
      be unrestricted and all other codes in the 1-0 group are to be restricted.
      In such an instance, a strap or connection 2104 is connected from terminal
      point 2020 through a diode 2106 to a point 2107. A conventional reed relay
      2108 is connected between terminal point 2020 on the tens digit group
      identification leads and lead 2042 corresponding to the digit 6 on the
      third digit identification leads. A diode 2110 is shown interposed between
      the reed relay 2108 and lead 2042. However, this diode, which is an
      isolation diode, is preferably omitted in the instance where only one
      strapping connection is made to third digit lead 2042, isolation diode
      2110 being utilized when more than one such connection is made to this
      lead 2042, as in the instance where codes 106 and 107 are to be
      unrestricted, as will be described in greater detail hereinafter. When
      diode 2110 is omitted, a direct connection is provided from reed relay
      2108 to lead 2042. At the end of the second successively dialed digit, as
      was previously described, a ground will be found at terminal point 2020.
      This ground is passed through strap 2104 and diode 2106 to point 2107.
      Since relay 2052 is not operated at this time, ground remains at point
      2107 and does not operate relay 1096 at this time. At the end of the third
      digit, battery is found on one of the leads 2030 through 2048, inclusive,
      of the third digit identification leads. In the example given, if the
      third digit dialed is not a six; that is, if battery is not found on lead
      2042, reed relay 2108 does not operate; However, relay 2052 operates from
      that battery, as previously described. When relay 2052 operates, it passes
      the ground found on point 2107 through to relay 1096 indicating a
      restricted code and, as previously discussed a control or release signal
      is passed to the associated equipment to release the call. If, however, in
      the example given, a six is dialed as the third digit so as to provide the
      unrestricted code 106 as the dialed code, the operation will be as
      described above with respect to the first two digits 1 and 0 of the tens
      digit group. However with respect to the dialing of the six as the third
      digit, battery will be found on lead 2042 which will cause reed relay 2108
      to operate while at the same time starting slow to operate relay 2052 to
      operate. Relay 2108 in operating, passes a ground through its operated
      contact to the winding of another conventional single winding relay 2112
      and causes relay 2112 to operate. Relay 2112 preferably operates before
      slow to operate relay 2052 has had an opportunity to operate. This relay
      2112 in operating, opens the path from point 2107 to the relay 1096
      through contact 2052m which would have caused relay 1096 to operate. Relay
      2112 holds and remains operated through its own holding contact 2112J.
      Shortly after, relay 2052 operates which, through contact 2052k, disables
      the counting chain 1002 from counting any further digits and the
      restrictor 1000 has completed its operation.
PAR  If the release or control signal from the restrictor 1000 is to be
      transferred to a register, then the restrictor 1000 would preferably
      immediately be taken off line; however, if the restrictor 1000 is attached
      directly to a trunk circuit, then the restrictor 1000 preferably would not
      be taken off line until the call was completed, or its function had been
      completed.
PAR  Now considering the possibility where more than one three digit code but
      less than all of the codes in the family of three digit codes having a
      common tens digit group is unrestricted, such as 106 and 107, by way of
      example. In this instance, strap 2104 through diode 2106 is once again
      connected between terminal point 2020 and point 2107. Reed relay 2108 is
      connected in parallel via path 2120 to third digit lead 2042 corresponding
      to the digit 6 in the illustration and via parallel path 2122 to third
      digit lead 2044 corresponding to the digit 7 in the illustration. The
      connection of reed relay 2108 via path 2120 is preferably through
      isolation diode 2110 and the connection of reed relay 2108 in parallel to
      lead 2044 via path 2122 is preferably through another isolation diode
      2124. The operation of the circuit in this instance is as previously
      described above, with the exception that when either 106 or 107 is the
      dialed three digit code, then reed relay 2108 operates due to battery
      being present on lead 2042 or 2044, and indicates an unrestricted code, as
      previously described with respect to the operation of reed relay 2108 when
      only the code 106 was unrestricted. Diodes 2110 and 2124, as well as diode
      2106, serve to isolate the selected code combinations from other three
      digit code combinations that may also be connected in the restrictor 1000.
      For example, if an addition to 106 and 107 being unrestricted codes, code
      916 is to be unrestricted, there would be a common connection to lead
      2042, the other connection being from terminal point 2126 corresponding to
      the tens digit group 9-1, through another conventional reed relay 2128, to
      lead 2042 corresponding to the digit 6 as the third digit, via connection
      2130. If diodes 2110, 2124 and 2106 were not present to provide isolation,
      and, for example, the three digit code 917 were dialed, battery would be
      present on lead 2044 corresponding to the third digit 7, would go through
      strap 2122 to reed relay 2108, back on strap 2120 to point 2042, and via
      strap or connection 2130 to reed relay 2128 to operate this relay 2128
      incorrectly, giving a false indication that code 917 was unrestricted.
      Therefore, the presence of diode 2110 in this instance would block this
      from happening.
PAR  FIGS. 2 and 3 also illustrate the instance where the entire 9-0 tens digit
      group is restricted via path 2132 in the same manner as the restriction of
      the entire 1-0 group previously described; as well as the instance where
      the code 918 is unrestricted in addition to code 917, which is
      accomplished in the same fashion as previously described with reference to
      codes 106 and 107 being unrestricted, isolation diodes similar to diodes
      2110, 2124 and 2106 being utilized in this instance. Thus, any combination
      of restrictor and unrestricted codes can be accomplished in simple fashion
      through the interposition of reed relays and isolation diodes. Thus, by
      the use of a basic building block comprising a group of ten codes having
      the same tens digit group comprising the first two successively dialed
      digits, toll restriction may be accomplished in a simple and efficient
      manner to provide any desired combination of restriction possibilities.
PAR  It is to be understood that the above described embodiments of the
      invention are merely illustrative of the principles thereof and that
      numerous modifications and embodiments of the invention may be derived
      within the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toll restrictor for use in determining whether attempts to complete a
      trunk call are unrestricted, said toll restrictor being responsive to at
      least a first successively dialed three digit code of said call from said
      trunk and providing a control signal in response to said first dialed
      three digit code being a restricted code to prevent the completion of a
      call having said first dialed three digit code, said toll restrictor
      comprising a binary counting chain portion and a digit registration
      portion, said binary counting chain being responsive to dial pulses
      associated with each of said dialed digits in said code for providing a
      binary equivalent thereof, said dialed digits being successively
      individually provided to said counting chain one at a time; said counting
      chain portion successively individually providing said dialed digit binary
      equivalents to said registration portion for registration of said dialed
      digits; and said registration portion comprising a first and a second
      binary to decimal converter means for converting said first and second
      dialed digit binary equivalents to respective first and second signals
      corresponding to the equivalent decimal digit, said second binary to
      decimal converter means being further operable to convert said third
      dialed digit binary equivalent to a third signal corresponding to the
      equivalent decimal digit, first relay means responsive to said first and
      second signals for initially registering the first two successively dialed
      digits of said first dialed three digit code as a first tens digit group
      and responsive to said third signal for registering said last successively
      dialed digit of said first dialed three digit code as a second ones digit
      group, said first tens digit group enabling the provision of a family of
      ten three digit codes having a common first two dialed digits, and second
      relay means responsive to at least said first tens digit group for
      providing said control signal when at least said tens digit group
      indicates a restricted three digit code.
NUM  2.
PAR  2. A toll restrictor in accordance with claim 1 wherein said first relay
      means further comprises a registration relay chain storage means
      responsive to said counting chain provided dialed digit binary equivalents
      for temporarily storing at least said first two of said successively
      provided equivalents, said counting chain portion returning to its initial
      state after each provision of a dialed digit binary equivalent to said
      temporary storage means, said temporary storage means being operatively
      connected to the input of said conversion chain means for providing said
      first two dialed digit binary equivalents thereto.
NUM  3.
PAR  3. A toll restrictor in accordance with claim 1 wherein said first relay
      means comprises a plurality of tens relay means, each tens relay means
      providing a different family of tens digit groups having a different
      common first digit.
NUM  4.
PAR  4. A toll restrictor in accordance with claim 3, wherein said first binary
      to decimal converter means engages only one contact of each of said tens
      relay means in response to the provision of said first dialed digit of
      said code, said second binary to decimal conversion means responsive to
      the next provided successively dialed digit for operating only one of said
      engaged plurality of tens relay means depending on the identity of said
      provided second dialed digit, a different tens relay means being operated
      in response to the provision of a different second dialed digit, said
      operated tens relay means providing said first tens digit group.
NUM  5.
PAR  5. A toll restrictor in accordance with claim 4 wherein said second relay
      means is operatively connected between said first and second binary to
      decimal converter means outputs to at least one of said plurality of tens
      relay means associated with a restricted code, said second relay means
      being operated when said restricted dialed three digit code comprises at
      least said first tens digit group associated with said one operated
      associated tens relay means, whereby said entire family of ten three digit
      codes having a common first two dialed digits is restricted.
NUM  6.
PAR  6. A toll restrictor in accordance with claim 4 wherein said second relay
      means is operatively connected between said first and second conversion
      means outputs to at least one of said plurality of tens relay means
      associated with a restricted code, said registration portion further
      comprising third relay means operatively connected in parallel between at
      least one of said first and second conversion means outputs and said one
      tens relay means, said third relay means operating in response to the
      provision of at least one unrestricted three digit code in a restricted
      family of ten three digit codes having a common first two dialed digits
      provided by said one operated restricted code associated tens relay means,
      said second relay means being operated when said restricted dialed code
      comprises said first tens digit group associated with said one operated
      associated tens relay means except when said third relay means is
      operated, whereby only a portion of the three digit codes in a family of
      three digit codes having a common first two digits may be restricted.
NUM  7.
PAR  7. A toll restrictor in accordance with claim 6 wherein isolation means are
      connected in parallel between said third relay means and each of the
      outputs of the second conversion means associated with an unrestricted
      code in said restricted family of codes for isolating said unrestricted
      codes from other codes connected in common to said second conversion means
      outputs.
NUM  8.
PAR  8. A toll restrictor in accordance with claim 1 wherein said toll
      restrictor is in an initial state prior to the provision of the first
      successively dialed digit thereto, and said registration portion further
      comprises means operatively connected to said first relay means responsive
      to said first successively dialed digit of said first two digits being a
      predetermined digit for resetting said toll restrictor to said initial
      state in response thereto.
NUM  9.
PAR  9. A toll restrictor in accordance with claim 8 wherein said predetermined
      digit is a unique long distance access code.
NUM  10.
PAR  10. A toll restrictor in accordance with claim 9 wherein said predetermined
      digit is the number 1.
NUM  11.
PAR  11. A toll restrictor in accordance with claim 1 wherein said toll
      restrictor is in an initial state prior to the provision of the first
      successively dialed digit thereto, and said registration portion further
      comprises means operatively connected to said conversion chain output
      responsive to said first successively dialed digit of said first two
      digits being a predetermined digit for resetting said toll restrictor to
      said initial state in response thereto.
NUM  12.
PAR  12. A toll restrictor in accordance with claim 11 wherein said
      predetermined digit is a unique long distance access code.
NUM  13.
PAR  13. A toll restrictor for use in determining whether attempts to complete a
      trunk call are unrestricted; said toll restrictor being responsive to at
      least one digit in a successively dialed three digit code of a call from
      said trunk to provide a control signal in response to said one digit in
      said first dialed three digit code being a restricted code to prevent the
      completion of a call having said one digit; said toll restrictor
      comprising binary counting means for sequentially encoding dialed decimal
      digits into corresponding binary signals; and a digit registration means
      for registering the dialed digits; said registration means comprising
      first converter means for converting the first binary encoded digit of
      said code into a first signal representative of the corresponding decimal
      digit, second converter means for converting the second and third binary
      encoded digits of said code into respective second and third signals
      representative of the corresponding second and third dialed decimal
      digits, and disable relay means responsive to at least said first signal
      for generating said control signal when said first signals indicates a
      restricted code.
NUM  14.
PAR  14. A toll restrictor as in claim 13, in which said second converter means
      comprises a binary to decimal converter, and tens relay means connected to
      said binary to decimal converter responsive to said first and second
      signals for initially registering the first two successively dialed digits
      of said code as a first tens group signal, said disable relay means being
      responsive to at least a selected one of said tens group signal for
      generating said control signal.
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PAL  A system for combining a central telephone trunk line with the trunk line
      of a customer exchange wherein said central telephone exchange is provided
      with means for separating the dial, talk, and ring functions into a first
      partial circuit for providing a service signal to and from said customer
      trunk line, and a second partial circuit for providing a ring signal to
      said customer trunk line, an interface device comprising a first circuit
      controlling the power feed, ring trip and dial pulse of said customer
      exchange and a second circuit controlling the ring signal from said
      telephone exchange. The first circuit of said interface system includes a
      first relay activated by said customer trunk line having a contact located
      in said first partial circuit responsive to said activation for closing
      said first partial circuit to establish service with said telephone
      exchange trunk line. The first relay has at least two windings and a
      single core, said relay being operable by a current through either of said
      windings, one of said windings being connected between a DC battery source
      of power and one lead of said customer trunk line, the other of said
      windings being connected between ground and the other lead of said
      customer trunk line, said relay being operable on looping of the leads of
      said customer trunk line and on grounding of said one of said leads. A
      second relay located in said second partial circuit is activated by a ring
      pulse in said telephone exchange trunk line, said second circuit of said
      interface system including a contact movable by said second relay to
      connect said customer trunk line to an AC source of ringing current.
PARN
PAR  This is a continuation of Ser. No. 167,418, filed July 29, 1971
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to interface systems for connecting telephone
      company voice connecting arrangements to customer owned loop or ground
      start trunk PABX or key systems.
PAR  Until recently the installation of customer owned equipment on customer's
      premises by the customer was unlawful. It was necessary for the customer
      to contract with the local telephone company or common carrier for
      installation of all internal equipment. Recently Federal Tariff
      Regulations have been amended and customers have been allowed to install
      their own equipment and to connect it with the telephone company's local
      and country wide systems. Current regulations now provide that the
      telephone company supply only a voice connecting arrangement (sometimes
      referred to as VCA units), by which the talk, dial and ring functions are
      separated for safety; to which the customer installs an interface or
      intermediate unit connecting the PABX system or Key system to it. The
      interconnect interface unit is intended to safeguard the operating
      conditions of the telephone company system against excess power, and cross
      switching defects.
PAR  It is the object of the present invention to provide an interface device
      for joining customer owned systems with standard telephone systems.
PAR  It is another object of the present invention to provide an interface
      device which simplifies the installation of PABX, Key or other customer
      owned systems with local telephone connecting systems.
PAR  It is yet another object of the present invention to provide an interface
      unit which protects and safeguards telephone and customer equipment.
PAR  These objects as well as other together with numerous advantages will be
      seen from the foregoing description of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention an interface system is provided for
      combining a telephone exchange trunk line and a customer provided trunk
      line comprising a first circuit controlling the power feed, ring trip and
      dial phase of said customer exchange and a second circuit controlling the
      ring signals from the telephone exchange. The circuits are connected
      between the trunk lines to selectively enable the telephone exchange and
      the customer to establish two way voice communication.
PAR  In the system a pair of relays are used with V.C.A. units with which the
      ringing, dialing and talk functions have been separated from the trunk
      line and recombines wires associated with each of the functions so as to
      enable sequential operation and proper functioning for each trunk
      connection. The battery power source may be 24 or 48 V and the trunk line
      connections may be ground start or loop start as the common carrier may
      require.
PAR  Full details of the present invention are disclosed in the following
      description and in the attached drawings.
DRWD
PAC  BRIEF SUMMARY OF DRAWING
PAR  FIG. 1 is a circuit diagram of a VCA unit;
PAR  FIG. 2 is a circuit diagram of an interface unit according to the present
      invention; and
PAR  FIG. 3 shows variant embodiments of the interface unit of FIG. 2.
DETD
PAC  DESCRIPTION
PAR  Turning to FIG. 1, a typical voice connecting arrangement (V.C.A.)
      installed by the common carrier local telephone company is shown. The
      telephone company provides various VCA systems for a variety of functions;
      all, however, whether called CED, CD or CD through CD9 etc. operate in
      basically the same manner and separate the ring, dialing and talking
      functions from the trunk line. The V.C.A. unit is generally installed on
      the customers' premises and is intended as a block between the nearest
      telephone exchange office, defined by the numeral 10 and the customer's
      equipment such as a PABX or key system, defined by the numeral 12 in FIG.
      2. As seen in the drawings the V.C.A. unit is shown only schematically and
      in its simplest form as controlling a single telephone company trunk line
      and a single PABX trunk line via an interface device 14. The V.C.A.
      arrangement is designed to handle communication in both directions through
      transmission lines 16 and 18 and includes a voice signal limiter 20, a
      ring detector 22 and a signal transformer 24 by which the transmitted
      voice signals are controlled.
PAR  The customer's end of the V.C.A. is provided with a pair of partial
      circuits 26 and 28 for supervisory and signal alert functions
      respectively. Each of the partial circuits includes a normally open
      switches 30 and 32 and a pair of terminals; terminals CBS 1 and CBS 2,
      being associated with contact 30 while C1 and C2 are associated with
      contact 32. A third partial circuit 34 for service request function is
      also included in the V.C.A. and comprises a ground lead 36, a low voltage
      (24V) service request relay system 38 and a pair of terminals CS and CG.
      The terminals CBS 1, CBS 2 C1, C2, CS and CG are all mounted on a
      connecting block 42. The transmission line leads 16 and 18 also terminate
      in block 42 as connector terminals CR and CT. The telephone exchange end
      of the V.C.A. unit is provided with a ground detector and supervisory
      circuit relay system 44 by which the telephone exchange controls these
      circuits and the contacts.
PAR  Suitable relay contacts interconnect the service request relay 38 and the
      ground detector relay 44 for cooperative action on outgoing calls while
      similar relay contacts interconnect the ground detector 44 and the
      supervisory contact 30 on incomming calls.
PAR  Briefly the V.C.A. unit operates so that when the customer requires service
      the contacts CS and CG are closed or looped in a manner to be described
      later. The relay 38 is then activated, alerting the telephone exchange or
      service. The response of the telephone exchange, is obtained through the
      detector and supervisory relay 44 which causes closing of relay contact
      switch 30 transmitting the response through supervisory leads CBS 1 and
      CBS 2 to the customer. This condition of the telephone company trunk line
      via the transmission leads 16 and 18 will maintain the relay contact 30
      closed so long as the V.C.A. is connected to the central office. The
      telephone company trunk line is released only on termination of a call
      when the customer opens the contacts of the service request circuit, as by
      going on-hook. This causes a disconnect signal, via service request relay
      38 to be transmitted to the telephone exchange.
PAR  In reverse, to reach the customer from the outside, the telephone exchange
      applies a ring to the signal alert circuit via the ring detector by
      closing switch 32 passing a signal via the C1 and C2 terminals. The
      customer's PABX attendant answers by closing the service request circuit
      34. The system then acts in the manner aforedescribed. The PABX attendant
      disconnects by opening the service request while the telephone exchange
      disconnect by opening the switch 30 of the supervisory circuit 26.
PAR  Two types of systems are employed by the telephone company to start
      operation as by going off-hook or by ringing in. Namely, the operation may
      be initiated by a ground start contact in which the circuit effect is
      started by a surge of power through a ground connection, or by the loop
      condition in which the circuits are prelooped so that immediately upon
      off-hook or ringing-in the circuit is initiated. The above described
      device is suitable for both. For loop start the ground detector and
      supervisory contacts CBS 1 and CBS 2 and contact 30 may be omitted.
PAR  The above V.C.A. unit and its operation is more fully described in the Bell
      System Voice Communications Technical Reference entitled "Voice Connecting
      Arrangement, CED,"  published by the American Telephone and Telegraph
      Company, 1970. Reference can be made to this document which is
      incorporated herein by reference for further details if required. It is
      readily available through the Engineering Director, Customer Telephone
      Systems, 195 Broadway, New York, N.Y. 10007.
PAR  As seen in FIG. 2, the interface unit 14 shown is adapted for operation
      under 24V DC battery power source 46, and 105V AC current ring source 48.
      The interface unit comprises a pair of relays A and R. The A relay is a
      one core three winding device adapted to provide battery feed, ring trip
      and dial pulse reaction incorporated in the signal alert function.
      Activation of any one of the coils of the A relay will operate the relay.
      The R relay is a single core-single winding device adapted to transmit the
      ringing signal to the customer. A common ground as by connection to frame
      or cabinet is provided for both the AC and DC power sources. The common
      ground is necessary for both the 24V and 105V power sources to provide
      automatic ring trip.
PAR  The R relay is connected to the C1 terminal of the signal alert circuit and
      the 24 Volt-battery source 46. The A relay has one winding 50 connected
      between the CR' terminal and the battery source 46 via resistor R2; a
      second winding 52 connected between the CT' terminal and the CBS 1
      terminal of the supervisory circuit via resistor R.sub.1 and normally
      closed switch 60; and a third winding 54 connecting the battery source 46
      and an open switch 64 connected to the C2 terminal of the signal alert
      circuit. The CBS 2 terminal is grounded.
PAR  The R relay has at least three switch contacts, each of which are
      early-make-break (EMB) switch contacts which are normally active in one
      circuit and shiftable into active condition as part of a second circuit.
      The first switch contact 56 is located to switch between the CT terminal
      and the terminal CT' of the PABX trunk and source 48 of 105 V.AC. The
      second switch contact 58 is connected in circuit to switch between the
      third coil 54 of the A relay and the C2 terminal via auxiliary services
      terminals 90 and 88. The third switch contact 60 is located to switch
      between the second coil 52 of the A relay and the CBS 1 terminal and the
      CT terminal.
PAR  The A relay has two switch contacts. One switch contact 62 is located in
      the CG and CS service request circuit. The other switch contact 64 is
      located in the line of the C2 terminal to switch a ground connection
      between the third coil of the A Relay and a terminal 88 of the auxiliary
      service which is part of the signal alert circuit. The switch contacts of
      the A relay are break-make (BM) contacts being normally out of circuit.
PAR  Located in series with the first winding 50 of the A relay is a resistor
      66. A similar resistor 68 is located in series with the second winding 52.
      A short 70 junping the second contact of the R relay and the second
      winding 52 of the A relay is provided. The PABX trunk is schematically
      shown as being provided with a telephone set hook 72 which when off-hook
      loops R and T via terminals CR' and CT' so that voice communications can
      be had.
PAR  In the arrangement of FIG. 1 the system is ground start and consequently
      the R line is connected to ground when the hook 72 is off-hook (i.e. for
      outgoing calls) while T lead is connected to ground when the hook 72 is
      on-hook (i.e. for incoming calls).
PAR  In this circuit the A relay is XWJ - 16G unit, and the R relay is WK - 3G
      unit, both supplied by OK1 okl The A relay operates on the impression of
      current through anyone of three of the windings which are respectively
      100,100 and 300 ohms rated each. Both resistors are standard 150 ohm, 1
      watt units.
PAR  In FIG. 3 a similar circuit is shown for use with a 48 Volt power source.
      The circuit itself is the same, including the relays; however, the
      resistors are different and the short 70 is omitted. Here the resistors
      are both 270 ohm, 2 watt.
PAR  In addition, third and fourth resistors 74 and 76 are inserted between the
      C1 terminal and the winding of the A relay and the third winding of the A
      relay and the battery, respectively. The third resistor is 680 ohm 1 watt,
      while the fourth resistor is a 270 OHM 1 watt unit.
PAR  FIG. 3 also shows another variant which may be applied to either of the
      interface units when the PABX trunk terminal CR' and CT' are connected for
      loop start. As noted earlier, in loop start the CBS 1 and CBS 2 terminal
      are omitted. Therefore, in the interface unit of FIG. 3 a direct
      connection is made between the resistor 68 in the second coil of the A
      Relay line and the ground and the off-hook position of hook 72 affects a
      direct loop between the R and T leads.
PAR  In operation of the interface of either FIG. 2 or 3 when a customer wishes
      to dial out he lifts the hook 72 to the of-hook position. This immediately
      grounds the CR' lead completing a circuit through the first coil 50 of the
      A Relay with the battery via the resistor 66. The A Relay contacts
      instantaneously shift (the shift being measured in milli-seconds) closing
      contact 62 in the service request circuit 34. The completion of a circuit
      in the V.C.A. through terminals CS and CG activates the service request
      relay 38 activating the series of contacts connecting it with the ground
      detection relay 44. The ground detection relay passes a pulse to the
      telephone exchange advising the exchange of the desire to dial out from
      the PABX Unit. If a telephone company trunk line is available, the
      telephone exchange seizes the trunk and returns a ready signal to the
      ground detector 44. The ground detector 44 is connected to the switch
      contact 30 in the supervisory pair circuit 26 and closes it so that a
      circuit is completed between the ground, CBS 2, Contact 30, terminal CBS
      1, resistor 68, the second coil 52 of the A Relay and the CT' lead holding
      the A Relay closed during subsequent operation. A dial tone or voice
      communication is then established in lines 16 and 18 to the CR' and CT'
      leads directly from the PABX unit to the telephone company trunk line.
      Dialing out is pulsed via the CR' lead.
PAR  On incoming calls from the telephone company trunk the circuit of FIG. 2
      acts as follows. The initial ring is first of all sensed by the ground
      detection circuit which on incoming service acts as the signal to close
      the contact 30 in the supervisory circuit, completing the circuit of the
      CR' and CT' leads with the ground as previously described, except for the
      fact that hook 72 remains on hook and circuit is incomplete. Instantly
      thereafter the ring detector 22 in the VCA unit senses the telephone
      company ring pulse. The ring detector is provided with a relay which
      activates contact 32 in the signal alert circuit closing the same and
      completing a circuit via terminal C- and C2 across the winding of the R
      relay. Activation of the R relay shifts contact 56 connecting the CT' lead
      to the source of 105V current. Since in the on hook condition CT' lead is
      grounded via hook 72 a circuit is completed for bell ringing. Ringing
      continues in intervals determined by the pulse signal from the detector
      44.
PAR  On ringing of the bell the PABX operator goes off hook completing the
      circuits via the A relay as aforedescribed signaling to the telephone
      exchange that receiption is ready and establishing voice communication
      over the CR and CT leads. Simultaneously, however, the R relay has also
      shifted its second contact 60 into the short circuit 70 about the second
      coil of the A relay. This shorting of the second coil 52 prevents the coil
      from establishing an inductive force on the first coil 50 of the A relay
      and neutralizes the effect of this coil or the A relay until the ringing
      pulses are stopped. Because the telephone company ring signal is in
      pulsing form the R relay pulses on and off to close contacts 56 and 60.
      Without the short the inductive force would create both a chatter or noise
      in the CR' and CT' communication leads and also create the possibility
      that the ring would be heard through the headset, being momentarily
      deafening to the outside customer. As soon as the PABX operator goes off
      hook a signal is passed to the ground detector 44 advising the telephone
      exchange to cease ringing. Once this occurs normal communication can take
      place between via pulsing closure of contacts 62 the lead CR' and CT' and
      CR and CT respectively. Also once the PABX operator goes off-hook and
      circuits are completed through the A relay, the contact 64 of the A relay
      opens breaking ground connection of the C2 lead, releasing the R relay and
      thus completely tripping the ring as soon as a voice connection is made
      whether during the silent or ringing interval.
PAR  It will be observed that an important reason for the operation of this
      circuit lies in the use of the short 70 across the second winding. Also
      the fact that both the 24 V and 105 V sources are commonly grounded
      permits the same circuit components to function in two separate systems.
PAR  The circuit of FIG. 3 will operate in virtually the same manner. As far as
      the loop start is concerned the off-hook of hook 72 completes a circuit
      immediately between ground, the second winding 52 of the A relay, the
      leads CR' and CT', the first winding of the A relay and the battery. The
      CG, CS service request circuit is closed and the telephone exchange signal
      to provide or seize a trunk line as previously described. On incoming
      calls the ring detector 22 actuates the signal alert circuit 28 and the
      previous situation is repeated. In the loop circuit the ground detector --
      supervising circuit is omitted from the VCA unit. In the circuit of FIG. 3
      the extra resistors 74 and 76 and the higher ohm value for resistors 66
      and 68 serves to chain the higher power input from the 48 V DC source.
      Because of the higher power parameters, however, the creation of an
      inductive force between the first and second windings of the A relay is
      eliminated and therefore the short 70 seen in FIG. 2 is not needed in this
      embodiment.
PAR  Each of the circuits of FIGS. 2 and 3 are adaptable for a number of
      auxiliary service. The first being for the connection of auxiliary
      ringers, which can be placed remote from the PABX or answering extension.
      A circuit 80 is provided between a pair of terminals 82 and 84 in which a
      contact 86 being part of the R relay is inserted. Terminal 84 is connected
      to ground while the terminal 82 is connected to the 105V ring power source
      via the contact 86 so that on activation of the R relay by the signal
      alert circuit the auxiliary bell system would be caused to operate.
PAR  Other auxiliary devices may be connected to the C 2 -- A relay circuit by
      tapping a pair of terminals 88 and 90 across the contact 64 activated by A
      relay. Such an auxiliary service for example can be a toll or call
      restrictor, permitting incoming calls during certain hours of the day. An
      external key may be provided across terminal 88 and 90 which may be closed
      as desired. This closure will act as an answering device upon receipt of
      an incoming call on the first receipt of a ringing signal. The A relay
      will then operate via the third winding 54 of the A relay in milliseconds
      preventing the ringing voltage from being applied to the PABX CR' and CT'
      leads. The circuit will response upon the on-hook or release of the
      incoming calls.
PAR  It will thus be observed that the present system embodied in the devices
      shown easily and successfully recombines the pairs of talk, ring, and dial
      function wires separated by the telephone exchange making the telephone
      exchange compatible with customer key systems and PABX systems.
PAR  The system provides talking battery current for the customer. On outgoing
      calls it repeats dial pulses and supervisory signals. On incoming calls it
      transmits the ring signal and also prevents the signal from interfering
      with voice communication, by immediately tripping the ring when talk is
      established. Various telephone company V.C.A. units restrict the customer
      to only incoming calls. The present interface units may also be adapted to
      use interconnecting voice arrangements.
PAR  The interface units aforedescribed are adapted to control and operate a
      single trunk of the PABX or key systems. In the event multiple trunks are
      supplied the interface units are merely duplicated. The relays noted
      above, as being preferable, all have duplicate winding systems so that in
      certain instances the same relays may be employed in two independent
      interface systems. This provides an advantage in enabling space reduction
      and weight reduction while increasing service capacity.
PAR  Although FIG. 2 illustrates a 48V power source with a loop start system it
      will be obvious that the two are exchangeable for the 24V power source and
      ground start of FIG. 1. Thus a number of combination of systems and
      circuit parameters can be obtained as desired.
PAR  The present invention therefore provides a simple, effective, and
      economical means for connecting customer telephone systems with the local
      telephone company equipment. The present interfaces are adaptable to both
      the various customer systems as well as the various telephone systems. The
      circuitry is extremely simple, reducing the possibility of failure. Only
      two relays are used per trunk circuit. Pulse repetition is accurate and no
      false pulses are transmitted. Unlike known devices allegedly providing the
      same result the present device does not require a timing circuit to match
      with the V.C.A.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for combining a central telephone trunk line of a central
      telephone exchange with the trunk line of a customer exchange having power
      feed, ring trip and dial pulse functions, wherein said central telephone
      exchange is provided with means for separating the dial, talk, and ring
      functions into a first partial circuit for providing a service signal to
      and from said customer trunk line, a second partial circuit for providing
      a ring signal to said customer trunk line, and a third partial circuit for
      voice transmission operable by completion of said first partial circuit,
      an interface system comprising a first circuit connected to said first
      partial circuit for controlling the operation of each of the power feed,
      ring trip and dial pulse of said customer exchange, a second circuit
      connected to said second partial circuit for controlling the ring signal
      from said telephone exchange, and a third circuit connected to said third
      partial circuit, a first relay located in a said second circuit having a
      winding connected between a DC source of current and ground, said first
      relay having a normally closed contact located in said third circuit
      operable on activation of said first relay to connect a lead of said
      customer trunk line to a source of AC ring current, a second relay located
      in said third circuit having at least two windings and a single core, said
      relay being operable by a current through either of said windings, one of
      said windings being connected between a DC source of current and one lead
      of said customer trunk line, the other of said windings being connected
      between ground and the other lead of said customer trunk line, said second
      relay having a normally open first contact in said first circuit operable
      on looping of said customer trunk line to complete said first partial
      circuit and establish service with said telephone exchange, and a normally
      closed second contact in said second circuit operable on looping of said
      customer trunk line to disconnect said first relay from said DC source of
      current and discontinue the AC ring current.
NUM  2.
PAR  2. The system according to claim 1 wherein said other winding of said
      second relay is connected through the telephone exchange to ground on
      providing a loop closure in said telephone exchange.
NUM  3.
PAR  3. The system according to claim 1 wherein said ground connections for the
      DC and AC sources are common.
NUM  4.
PAR  4. The system according to claim 1 wherein said first relay includes a
      second contact bypassing said second winding of said second relay to short
      said second winding on activation of said first relay.
NUM  5.
PAR  5. The system according to claim 1 wherein said second relay includes a
      third contact interposed between said source of ring current and at least
      one auxiliary bell to provide a ring signal remote from said customer
      exchange.
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ABST
PAL  Apparatus is disclosed for sensing and determining whether or not exactly a
      predetermined proper number (N) of lines, part of a larger number of lines
      (M) are being driven, i.e., an "N of M Detector." It includes resistances
      connected to each of the lines, and connected together at a common summing
      point juncture, whose voltage is proportional to the number of lines being
      driven. The summing point is sensed by two comparators ("greater than" and
      "less than") followed by Exclusive Or logic which can deliver a "Not
      Exactly N" error signal. Also disclosed therewith is a transistor
      crosspoint switching array circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to circuitry for supplying drive power to any of a
      number of paths. More particularly, it is concerned with drive circuitry
      including arrangements for determining if the proper number of paths are
      being driven.
PAR  Crosspoint switching arrays employing solid state devices have been
      developed for use in switching networks of communication systems. An array
      of switching circuits employing solid state devices is described and
      claimed in U.S. Pat. No. 3,826,873 entitled "Switching Circuit Employing
      Latching Type Semiconductor Devices and Associated Control Transistors"
      which issued on July 30, 1974 to A. Frederick Susi and is assigned to the
      assignee of the present invention. As described in the patent to Susi a
      switching circuit of an array is connected to one control line in each of
      two sets of control lines. An individual switching circuit is activated to
      permit the transmission of signals by the simultaneous application of
      momentary pulses of opposite polarity on its two control lines. The two
      sets of control lines, one for positive-going control pulses and the other
      for negative-going control pulses, are connected to the switching circuits
      of the array so that only one switching circuit is selected when a
      positive-going pulse is applied to one of the control lines of one set and
      a negative-going pulse is applied to one of the control lines of the other
      set.
PAR  In switching arrays of the foregoing type it is desirable before
      accomplishing the activation of a switching circuit during a switching
      operation to ascertain that one and only one switching circuit is being
      selected. That is, it is desirable to be able to determine that a control
      pulse will be present on one and only one positive-going control line and
      also that a control pulse will be present on one and only one
      negative-going control line. Thus, it is assured that one and only one
      switching circuit of the array will be activated during the switching
      operation to permit the transmission of signals therethrough.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus in accordance with the present invention permits the monitoring
      of a set of paths, such as control lines, to determine whether or not
      signals are present on only a predetermined number of the paths, for
      example, a single one of the control lines of the set. The apparatus
      employs a plurality of signal paths. A first detecting means is coupled to
      the signal paths and produces a first indication when a predetermined
      number (N, for example one) or more signal paths have signals present
      thereon during a detection period. The first detecting means produces a
      second indication when less than the predetermined number (N) of signal
      paths have signals present thereon during a detection period. A second
      detecting means is also coupled to the plurality of signal paths and
      produces a first indication when less than the predetermined number plus
      one (N+1, for example two, if the predetermined number (N) is one) signal
      paths have signals present thereon. The second detecting means produces a
      second indication when the predetermined number plus one (N+1) or more
      signal paths have signals present thereon. The apparatus also includes an
      output means which is coupled to the first and to the second detecting
      means. The output means produces an error signal in response to a second
      indication from the first detecting means or from the second detecting
      means. That is, if the predetermined number (N) of paths is one, the
      output means produces an error signal during a detection period if there
      is no signal present on any of the paths or if there are signals present
      on two or more signal paths. If only one path is transmitting a signal, no
      error signal is produced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Additional objects, features, and advantages of apparatus in accordance
      with the present invention will be apparent from the following detailed
      discussion together with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic circuit diagram of a 2-by-2 matrix from an array of
      crosspoint switching circuits;
PAR  FIG. 2 is a schematic circuit diagram of drive circuitry and detection
      circuitry in accordance with the present invention for providing
      positive-going control pulses to one set of control lines of the array
      illustrated by FIG. 1;
PAR  FIG. 3 is a schematic diagram of drive circuitry and detection circuitry in
      accordance with the present invention for providing negative-going control
      pulses to the other set of control lines of the array illustrated by FIG.
      1;
PAR  FIG. 4 is a schematic circuit diagram of one of the crosspoint switching
      circuits of the matrix of FIG. 1 illustrating the manner in which a
      switching circuit is activated to provide signal transmission paths
      therethrough; and
PAR  FIG. 5 is a set of voltage curves useful in explaining the operation of the
      circuits of FIGS. 2 and 3 when activating a switching circuit as shown in
      FIGS. 1 and 4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Shown in FIG. 1 is a portion of a switching array which for simplicity is a
      2-by-2 matrix of switching crosspoints. In the array of crosspoint
      switching circuits 10, 11, 12, and 13 as illustrated, either the first or
      second group of transmission lines 14 and 15 of a first set can be
      connected to either the first or second transmission line groups 16 or 17
      of a second set as desired. That is, any transmission line group 14 or 15
      of the first set may be connected to any transmission line group 16 or 17
      of the second set by activation of the appropriate crosspoint switching
      circuit 10, 11, 12, or 13. Each of the transmission line groups 14, 15,
      16, and 17 as illustrated includes two signal lines 21 and 22, 23 and 24,
      25 and 26, and 27 and 28, and a single control line 29, 30, 31, and 32,
      respectively.
PAR  As explained in detail in the aforementioned patent to Susi, an individual
      switching circuit is activated by applying a momentary positive-going
      pulse to one of control lines 29 or 30 and simultaneously applying a
      momentary negative-going pulse to one of control lines 31 or 32. For
      example, a positive P+DRIVE 1 signal on control line 29 and a negative
      P-DRIVE 2 signal on line 32 causes the transistors 43 and 50 of the
      crosspoint switch 12 to become conductive. Conduction in transistors 43
      and 50 causes controlled latching semiconductor devices 35 and 36 to be
      triggered on. As is well known, the controlled latching semiconductor
      devices remain on after termination of the control pulses to provide
      signal transmission paths between lines 21 and 22 and lines 27 and 28.
PAR  As can be seen from FIG. 1, if control pulses are present on more than one
      positive control line or on more than one negative control line, more than
      one switching circuit undesirably will be activated. For example, if
      during a positive-going P+DRIVE 1 pulse on line 29 negative-going P-DRIVE
      1 and P-DRIVE 2 pulses occur on both lines 31 and 32, both switching
      circuits 10 and 12 will be activated. In order to avoid such an occurrence
      it is desirable to check the control signals being applied to the control
      lines prior to the switching action taking place in order to insure that
      one and only one of the switching circuits of the array will be activated.
PAR  FIG. 2 illustrates circuitry in accordance with the present invention for
      producing positive-going drive pulses to several of the control lines of
      one set and also for detecting whether or not a drive pulse is being
      produced on one and only one control line. The circuit of FIG. 2 receives
      switching information for selecting a switching circuit of the array in
      the form of negative-going logic signals P+DATA 1 - P+DATA 8 at the eight
      data input terminals of the circuit. The circuit provides P+DRIVE 1 -
      P+DRIVE 8 signals at corresponding output terminals which are connected to
      positive control lines such as 29 and 30 of FIG. 1. A P+DRIVE signal is a
      positive-going relatively high voltage signal which by itself is not
      sufficient to activate a switching circuit, but which in combination with
      a signal on the negative control line to a switching circuit will activate
      the circuit.
PAR  The apparatus includes an arrangement of eight drive circuits 60, one in
      each of the lines. The drive circuits 60 are open-collector inverters with
      each collector connected through a resistance R4 through R11 to a power
      supply 62. The power supply 62 includes a 30 15 volt supply connected to
      the emitter of a PNP transistor Q1. The collector of transistor Q1 is
      connected to resistances R4 through R11 and through resistance R12 to
      ground. The collector of transistor Q1 is also connected to the drive
      circuits 60 through a zener diode CR2 to provide operating potential to
      the drive circuits. A resistance R2 is connected between the base and the
      emitter of transistor Q1. The base of transistor Q1 is connected by a
      resistance R1 and a zener diode CR1 to the output of a NAND gate connected
      as an inverter 61. The power supply 62 is turned on to provide operating
      potential to the drive circuits 60 and driving power to the drive circuit
      outputs only when the inverter 61 produces a high logic level at its
      output. The input to the inverter 61 is connected to the output of a NOR
      gate 63. There are three inputs to the NOR gate 63, two labeled P+ENABLE
      signals and one P+CLOCK signal. Only when all three of these inputs to the
      NOR gate 63 are low will the power supply 62 be activated and permit a
      drive circuit 60 to produce a P+DRIVE output signal in response to a
      corresponding P+DATA input signal.
PAR  The detection circuitry of the apparatus for determining whether one and
      only one P+DRIVE signal is being produced includes a network of equal
      resistances R14 through R21. Each resistance has one end connected to a
      different one of the output terminals from the drive circuits 60 and its
      other end connected to a common juncture 70. A diode CR3 is connected
      between the common juncture and ground, and a resistance R22 is connected
      between the common juncture and a power supply of -6 volts. The voltage at
      the common juncture 70 is determined by the number of lines having P+DRIVE
      signals thereon. The resistance network R14-R21 together with resistance
      R22 and the -6 volt supply provides a summing of voltages at the common
      juncture 70, so that the voltage varies in increments depending upon the
      number of resistances having a voltage drop thereacross due to current
      passing therethrough from the associated lines having P+DRIVE signals
      thereon.
PAR  A first comparator circuit 65 has its positive input connected directly to
      the common juncture 70 of the resistance network and its negative input
      connected to the -6 volt supply through a resistance R23 and to ground
      through a resistance R24. The reference voltage applied to the negative
      input of the first comparator 65 is such that in the absence of P+DRIVE
      signals on all the lines the voltage at the common juncture 70 causes the
      output of the comparator 65 to be low. If a P+DRIVE signal is present on
      any one or more than one of the lines, the voltage produced at the common
      juncture 70 is sufficiently high so that the output of the comparator 65
      is at a relatively high level.
PAR  A second comparator 66 has its positive input connected to the common
      juncture 70 and its negative input connected to ground through a
      resistance R42. The second comparator 66 operates to produce a low output
      level when the voltage at the common juncture 70 is that produced by no
      P+DRIVE signals or by a P+DRIVE signal on only one line. If two or more of
      the lines have P+DRIVE signals present, the resulting voltage at the
      common juncture 70 causes the output of the second comparator 66 to be
      high.
PAR  The output of the first comparator 65 is applied to one of the inputs of an
      exclusive-OR gate 67. The other input to the exclusive-OR gate 67 is from
      a NOR gate 69. The inputs to the NOR gate 69 are the P+ENABLE signals
      previously discussed with respect to the NOR gate 63 for controlling the
      power supply 62. As explained previously the P+ENABLE signals must both be
      low to activate the power supply 62. Under these conditions the output of
      the NOR gate 69 is high. While the output of the NOR gate 69 is high if,
      at the same time, the output from the first comparator 65 is low
      indicating that there are no P+DRIVE signals present on any of the drive
      lines, the output of the exclusive-OR gate 67 is high. If the output from
      the first comparator 65 is high indicating that there is a P+DRIVE signal
      present on at least one of the drive lines, the output of the exclusive-OR
      gate 67 is low.
PAR  The outputs from the second comparator 66 and from the exclusive-OR gate 67
      are applied to a NOR gate 68. The NOR gate 68 produces a high level output
      signal while both the output of the second comparator 66 and the
      exclusive-OR gate 67 remain low. If either of these outputs is high, a low
      level P+ERROR signal is produced by the NOR gate 68. A low level P+ERROR
      signal from the NOR gate 68 indicates an error; either none of the drive
      lines has a P+DRIVE signal thereon, or two or more drive lines have
      P+DRIVE signals thereon.
PAR  FIG. 3 illustrates apparatus which produces negative-going P-DRIVE 1 -
      P-DRIVE 8 signals in response to corresponding P-DATA 1 - P-DATA 8 low
      logic level input signals. Eight open-collector buffer drive circuits 75
      are connected between the input and output terminals of the eight lines.
      When activated, a buffer drive circuit 75 produces a negative-going
      P-DRIVE signal which is essentially at ground level. The output terminal
      of each of the drive circuits 75 is connected to one of zener diodes CR5
      through CR12 for reasons which will be explained hereinbelow.
PAR  Operating potential to the drive circuits 75 is provided by a power supply
      77 which includes a +5 volt supply and a PNP transistor Q2 having its
      emitter connected to the voltage source and its collector to the drive
      circuits 75. A resistance R29 is connected between the base and the
      emitter of transistor Q2 and the base is connected through a resistance
      R28 to the output of a NAND gate connected to form an inverter 78. The
      input to the inverter 78 is from a NOR gate 79 which has three inputs
      including two P-ENABLE signals and a P-CLOCK signal. The combination of
      the NOR gate 79 and inverter 78 requires that both the P-ENABLE signals
      and the P-CLOCK signal be at a low logic level in order for the power
      supply 77 to be activated and provide operating potential to the drive
      circuits 75.
PAR  A network of eight equal resistances R33 through R40 each have one end
      connected to a respective output terminal of a drive circuit 75 and the
      other end connected to a common juncture 76. The common juncture 76 is
      connected through a transistor Q4 arranged as a diode and a resistance R30
      to a +15 volt supply. A capacitance C1 is connected between the voltage
      source and the common juncture 76 to eliminate transient effects. A PNP
      transistor Q3 has its base connected directly to the common juncture 76
      and its emitter connected through a resistance R31 to the +15 volt supply.
      Its collector is connected through a resistance R41 to a -6 volt power
      supply.
PAR  The voltage at the common juncture 76 depends on the number of drive lines
      having P-DRIVE signals present. The currents flowing through the network
      resistances R33-R40 are summed with a fixed gain of R30/R31 (less than
      one) to produce a resultant collector current through resistance R41. Thus
      the voltage at the collector of transistor Q3 depends on the number of
      drive lines having P-DRIVE signals.
PAR  The collector of transistor Q3 is connected to one of the inputs of an
      exclusive-OR gate 81. The other input to the exclusive-OR gate 81 is from
      the output of a NOR gate 82. The two P-ENABLE signals are the inputs to
      NOR gate 82. The output of the exclusive-OR gate 81 is connected to one
      input of a NOR gate 83. The collector of transistor Q3 is also connected
      to the emitter of a PNP transistor Q5. The base of transistor Q5 is
      connected to the +5 volt supply and its collector is connected through a
      resistance R27 to a -6 volt supply. The collector of transistor Q5 is also
      connected to the base of another PNP transistor Q6 which has its collector
      connected to ground. The emitter of transistor Q6 is connected through a
      resistance R26 to a +5 volt supply and also to the other input of the NOR
      gate 83.
PAR  The arrangement of the various resistances and transistor Q3 is such that
      when there is no P-DRIVE signal on any of the drive lines, the voltage at
      the common juncture 76 biases transistor Q3 to a low or essentially
      non-conducting condition. The resulting voltage at its collector presents
      a low logic level to the exclusive-OR gate 81 and biases transistor Q5 to
      a low or essentially non-conducting condition. Transistor Q5 in turn
      biases Q6 to a low or essentially non-conducting condition producing a low
      logic level to the NOR gate 83.
PAR  If a P-DRIVE signal is present on one of the lines, the voltage at the
      common juncture 76 decreases sufficiently to bias the transistor Q3 to a
      first high conduction condition. This condition produces a voltage at the
      collector of transistor Q3 which is a high logic level signal to the
      exclusive-OR gate 81 but is not sufficiently high to change the conduction
      condition of transistor Q5.
PAR  If two or more of the drive circuits 75 are activated and produce P-DRIVE
      signals on their associated lines, the voltage at the common juncture 76
      is sufficiently low to bias transistor Q3 to a second more highly
      conductive condition. Under these conditions a higher voltage is produced
      at its collector. This voltage is a high level logic signal to the
      exclusive-OR gate 81 and in addition is sufficient to bias transistor Q5
      to conduction. With transistor Q5 conducting, transistor Q6 is also biased
      to conduction. The resulting voltage at the emitter of transistor Q6 is a
      high level logic signal to the NOR gate 83.
PAR  Thus, if during the presence of P-ENABLE signals which produce a high level
      input to the exclusive-OR gate 81 none of the drive lines has a P-DRIVE
      signal thereon, transistor Q3 produces a low level logic signal to the
      input to the exclusive-OR gate 81, and the output of the exclusive-OR gate
      81 to the NOR gate 83 is a high level signal. As a result a low level
      P-ERROR signal is produced by the NOR gate 83. If only a single line has a
      P-DRIVE signal thereon during the P-ENABLE signals, then both inputs to
      the exclusive-OR gate 81 are high, and its output is low. The resulting
      output from the NOR gate 83 is a high level signal. When two or more of
      the drive circuits 75 are operating, transistor Q3 is in its second high
      conduction condition turning transistors Q5 and Q6 on. The resulting high
      level signal at the emitter of transistor Q6 causes the P-ERROR output
      signal of the NOR gate 83 to be low.
PAR  The manner in which the drive and error detection circuitry of FIGS. 2 and
      3 operate in conjunction with a crosspoint switching array employing
      semiconductor switching circuits as shown in FIGS. 1 and 4 during a
      switching operation is best explained by a discussion of the voltage
      curves of FIG. 5. As can be seen from FIGS. 2 and 3 each circuit is
      capable of handling eight control lines. As shown each circuit has two
      enable inputs which provide a unique address for four circuits to be used
      in a system. That is, the particular combination as shown can be utilized
      with an array of 1024 switching circuits arranged in a 32-by-32 matrix.
PAR  In order for one of the switching circuits of the array, specifically
      switching circuit 12, to be turned on P+DRIVE 1 and P-DRIVE 2 signals must
      occur simultaneously on its control lines 29 and 32, respectively. In
      accordance with the previous discussion, a P+DRIVE 1 signal is produced
      during a P+DATA 1 input while both P+ENABLE signals and the P+CLOCK signal
      are present. Similarly, a P-DRIVE 2 signal is produced during a P-DATA 2
      input while both P-ENABLE signals and the P-CLOCK signal are present.
PAR  FIG. 5 shows various signals and resulting voltage during a switching
      operation. To select the particular circuits, the P+ENABLE and P-ENABLE
      signals must be low as shown in curve 91. Also the appropriate P+DATA and
      P-DATA signals 92 must be low. It is the purpose of the error detection
      circuitry to determine that there is one and only one P+DATA signal and
      one and only one P-DATA signal.
PAR  While the low level data and enable signals are present, a first
      negative-going P-CLOCK pulse 93a is applied to NOR gate 79. Since all the
      inputs to the NOR gate 79 are low during the pulse, power supply 77 is
      turned on providing operating potential to the drive circuits 75. A
      P-DRIVE signal 95a is produced on any drive lines having corresponding
      P-DATA signals present at their input terminals. A P-DRIVE 2 signal is
      produced on control line 32, but by itself this signal is not sufficient
      to trigger switching circuit 12 or any other switching circuit on. Also
      during this detection period the network of resistances R33-R40,
      transistors Q3, Q5, and Q6, exclusive-OR gate 81, and NOR gate 83, and
      their associated components operate as previously explained to detect
      errors. If only a single P-DRIVE signal is present, the P-ERROR signal 97a
      is positive. If there is no P-DRIVE signal or more than one P-DRIVE
      signal, the P-ERROR signal is low as indicated by the dotted line 97a'. A
      P-ERROR signal may be used by other apparatus which is not part of the
      present invention to perform suitable functions in view of an error having
      been detected.
PAR  After termination of the first P-CLOCK pulse 93a and consequently the
      P-DRIVE signal 95a, a negative-going P+CLOCK pulse 94 is applied to the
      NOR gate 63 of FIG. 2. As shown in FIG. 5 the first portion 94a of the
      P+CLOCK pulse occurs while the P-CLOCK signal is high. In combination with
      the two low level P+ENABLE signals the P+CLOCK signal causes the power
      supply 62 to turn on and activate the drive circuits 60. Thus,
      positive-going P+DRIVE signals 96 are produced on any drive lines having
      P+DATA signals thereon. A P+DRIVE 1 signal is produced on the control line
      29 but by itself this signal is not sufficient to trigger switching
      circuit 12 or any other switching circuit on. During this period the
      network of resistances R14-R21, comparators 65 and 66, exclusive-OR gate
      67, and NOR gate 68 operate as previously explained to detect errors. If
      only a single P+DRIVE signal is present, the P+ERROR signal 98a is
      positive. If there is no P+DRIVE signal or more than one P+DRIVE signal,
      the P+ERROR signal is low as indicated by the dotted line 98a'. A P+ERROR
      signal may also be used by other apparatus of the system to perform
      suitable functions in view of an error having been detected.
PAR  The use of separately occurring P-CLOCK 93a and P+CLOCK 94a pulses as shown
      in FIG. 5 permits separate checking for P-DRIVE signals and P+DRIVE
      signals on the corresponding control lines. During this testing period of
      the switching operation none of the switching circuits of the array is
      activated. If an error is detected during the testing period suitable
      equipment can be activated by the error signal to terminate the operation
      before an incorrect switching situation occurs.
PAR  Upon completion of the testing period the P+CLOCK pulse 94b continues and a
      second P-CLOCK pulse 93b is applied to the NOR gate 79. In the absence of
      an error, with the P-ENABLE and P+ENABLE signals 91 still low and the
      P-DATA 2 and P+DATA 1 signals also still low, a P-DRIVE 2 pulse 95b and a
      P+DRIVE 1 pulse 96b are produced simultaneously. As illustrated in phantom
      in FIG. 4 these signals provide a positive voltage on control line 29 and
      ground on control line 32. These conditions occurring simultaneously cause
      the two switching transistors 43 and 50 to conduct. The zener diode CR6
      causes the combination of the two drive pulses P+DRIVE 1 and P-DRIVE 2 to
      properly bias the transistors in their active region. Conduction in the
      transistors triggers the latching semiconductor devices 35 and 36 on
      thereby connecting signal transmission lines 21 and 22 to signal
      transmission lines 27 and 28.
PAR  Specific embodiments of drive circuits as illustrated in FIGS. 2 and 3 were
      fabricated employing the components listed below.
TBL  ______________________________________                                    
     Inverter Driver 60    SN5406J                                             
     Buffer Driver 75      SN5407J                                             
     Comparators 65 and 66 MC1514L                                             
     NOR gates 63 and 79   SN5427J                                             
     NOR gates 68, 69, 82, and 83                                              
                           SN5402J                                             
     NAND gates 61 and 78  SN5438J                                             
     Exclusive-OR gates 67 and 81                                              
                           SN5486J                                             
     Transistors Q1-Q6     2N2907                                              
     Zener diodes CR1 and CR2                                                  
                           1N757A (9.1 v)                                      
     Diode CR3             1N4148                                              
     Zener diodes CR5-CR12 1N754A (6.8 v)                                      
     C1                    .01 .mu.f                                           
     R1                    330 .OMEGA.                                         
     R2                    1 k .OMEGA.                                         
     R4-R12                1.21 k.OMEGA.                                       
     R14-R21               36.5 k.OMEGA.                                       
     R22                   10 k.OMEGA.                                         
     R23                   16.2 k.OMEGA.                                       
     R24                   3.16 k.OMEGA.                                       
     R26                   10 k.OMEGA.                                         
     R27                   3.16 k.OMEGA.                                       
     R28                   1 k.OMEGA.                                          
     R29                   1 k.OMEGA.                                          
     R30                   100 .OMEGA.                                         
     R31                   133 .OMEGA.                                         
     R33-R40               1.21 k.OMEGA.                                       
     R41                   1.21 k.OMEGA.                                       
     R42                   6.81 k.OMEGA.                                       
     ______________________________________                                    
PAR  The apparatus of FIGS. 2 and 3 as described may be operated in conjunction
      with an array of switching circuits as shown, for example, in FIGS. 1 and
      4. Any suitable apparatus may be employed to generate the various input
      signals to the system and to utilize the error signals. The apparatus of
      FIGS. 2 and 3 each provide an arrangement for producing driving signals on
      any of a number of paths, for determining whether or not signals are being
      transmitted on a particular predetermined number of the paths or on more
      or less than the predetermined number of paths, and for producing an error
      signal if signals are present on more or less than the predetermined
      number of paths.
PAR  Thus, while there has been shown and described what are considered
      preferred embodiments of the present invention, it will be obvious to
      those skilled in the art that various changes and modifications may be
      made therein without departing from the invention as defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for transmitting signals along a plurality of paths and for
      determining whether or not signals are being transmitted on a
      predetermined number of the paths, said apparatus including in combination
PA1  a plurality of signal paths;
PA1  a resistance network comprising an equal plurality of resistances, each
      resistance having one end connected to a different one of said signal
      paths and the other end connected to a common juncture, the voltage level
      produced at the common juncture being proportional to the number of signal
      paths having signals present thereon;
PA1  first detecting means coupled to said common juncture and operable to
      produce a first indication in response to a voltage level at said common
      juncture produced by a predetermined number (N) or more signal paths
      having signals present thereon during a detection period, and operable to
      produce a second indication in response to a voltage level at said common
      juncture produced by less than the predetermined number (N) of signal
      paths having signals present thereon during a detection period;
PA1  second detecting means coupled to said common juncture and operable to
      produce a first indication in response to a voltage level at said common
      juncture produced by less than said predetermined number plus one (N+1)
      signal paths having signals present thereon, and operable to produce a
      second indication in response to a voltage level at said common juncture
      produced by said predetermined number plus one (N+1) or more signal paths
      having signals present thereon; and
PA1  output means coupled to said first and second detecting means for producing
      an error signal in response to a second indication from the first
      detecting means or from the second detecting means.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 including
PA1  enabling means for producing an enabling signal in response to
      predetermined input conditions being applied thereto;
PA1  said first detecting means being coupled to said enabling means, said first
      detecting means being operable to produce said first indication when said
      predetermined number (N) or more signal paths have signals present thereon
      during an enabling signal and being operable to produce said second
      indication when less than the predetermined number (N) of signal paths
      have signals present thereon during an enabling signal.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 including
PA1  activating means for activating said signal paths to permit the passage of
      signals therealong; and
PA1  control means coupled to said activating means for preventing said
      activating means from activating said signal paths in the absence of said
      predetermined input conditions being applied thereto.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 wherein
PA1  each of said plurality of signal paths includes
PA2  an input terminal adapted to receive input signal data,
PA2  an output terminal, and
PA2  a driving means connected between said input and output terminals for
      producing a driving voltage at the output terminal in response to input
      signal data at the input terminal;
PA1  said activating means is coupled to said driving means of the plurality of
      signal paths and is operable to activate said signal paths by applying
      operating potentials to said driving means; and
PA1  said one end of each of said resistances is connected to the output
      terminal of its associated signal path.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein
PA1  said first detecting means includes
PA2  a first comparator means having one input connected to said common juncture
      and another input connected to a first point of reference potential, said
      first comparator means being operable to produce a first output signal
      when the voltage at the common juncture is that produced by less than the
      predetermined number (N) of signal paths having signals present thereon,
      and to produce a second output signal when the voltage at the common
      juncture is that produced by the predetermined number (N) or more signal
      paths having signals present thereon, and
PA2  exclusive-OR means connected to the first comparator means and to said
      enabling means, said exclusive-OR means being operable to produce said
      first indication during an enabling signal in response to a second output
      signal from the first comparator means and to produce said second
      indication during an enabling signal in response to a first output signal
      from the first comparator means;
PA1  said second detecting means includes a second comparator means having one
      input connected to said common juncture and another input connected to a
      second point of reference potential, said second comparator means being
      operable to produce said first indication when the voltage at the common
      juncture is that produced by less than the predetermined number plus one
      (N+1) signal paths having signals present thereon, and to produce said
      second indication when the voltage at the common juncture is that produced
      by the predetermined number plus one (N+1) or more signal paths having
      signals present thereon.
NUM  6.
PAR  6. Apparatus in accordance with claim 4 including
PA1  first transistor means coupled to said common juncture, said first
      transistor means being biased to a low conduction condition when the
      voltage at the common juncture is that produced by less than the
      predetermined number (N) of signal paths having signals present thereon,
      being biased in a first high conduction condition when the voltage at the
      common juncture is that produced by the predetermined number (N) of signal
      paths having signals present thereon, and being biased in a second high
      conduction condition when the voltage at the common juncture is that
      produced by the predetermined number plus one (N+1) or more signal paths
      having signals present thereon;
PA1  exclusive-OR means connected to the first transistor means and to said
      enabling means, said exclusive-OR means being operable to produce said
      first indication during an enabling signal when said first transistor
      means is in the first or second high conduction condition and to produce
      said second indication during an enabling signal when said first
      transistor means is in the low conduction condition;
PA1  second transistor means coupled to said first transistor means, said second
      transistor means being biased to a low conduction condition when said
      first transistor means is in the low conduction condition or in the first
      high conduction condition, and being biased to a high conduction condition
      when said first transistor means is in the second high conduction
      condition; and
PA1  third transistor means coupled to the second transistor means and to said
      output means, said third transistor means being biased to a low conduction
      condition when said second transistor means is in the low conduction
      condition thereby producing said first indication to said output means,
      and being biased to a high conduction condition when said second
      transistor means is in the high conduction condition thereby producing
      said second indication to said output means.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 wherein
PA1  said first transistor means includes
PA2  a first transistor having its base connected to said common juncture, its
      emitter connected through a resistance to a first source of voltage, and
      its collector connected through a resistance to a second source of voltage
      and to said enabling means; and
PA2  a resistance connected between said first source of voltage and said common
      juncture;
PA2  the conducting condition of the first transistor being determined by the
      voltage produced at the common juncture by the number of signal paths
      having signals present thereon;
PA1  said second transistor means includes a second transistor having its
      emitter connected to the collector of the first transistor, its base
      connected to a source of voltage, and its collector connected through a
      resistance to a source of voltage; and
PA1  said third transistor means includes a third transistor having its base
      connected to the collector of the second transistor, its collector
      connected to a point of reference potential, and its emitter connected
      through a resistance to a voltage source and also to said output means.
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PAL  A power supply for a key telephone system provides regulated dc for the
      talk and relay circuits and various ac voltages for buzzer, lamp and
      ringer signaling. The power supply visually indicates dc overload, and at
      the same time provides effective voltage regulation and is compact in size
      by the use of foldback current limiting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to a power supply for a key telephone
      system.
PAR  Present power supplies for key telephone systems must provide a variety of
      ac and dc voltages. These include a negative 24 volt dc talk and relay
      voltages which are carefully regulated and filtered, a 10 volt ac lamp
      voltage, a 20 volt ac buzzer signal and a 110 volt ac ring signal of half
      the line frequency or 30 Hz. Prior power supply units which would perform
      the foregoing functions were unduly bulky due in part to ferro-resonant
      ringing components, had relatively poor voltage regulation and required
      fusing to prevent short circuiting of many of the supply voltage sections.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      power supply for a key telephone system which is of relatively small size
      and which produces all necessary voltages and has improved dc output
      voltage regulation.
PAR  In accordance with the above object, there is provided a power supply for a
      key telephone system having talk and relay circuits requiring a dc voltage
      and having lamps, buzzers and ringers requiring ac voltages. Foldback
      current means supply the dc voltage. Overload means include visual
      indicating means responsive to the dc voltage decreasing below a
      predetermined value for actuating the visual means. Transformer means
      supply a plurality of ac voltages for respective use with the lamps,
      buzzers, ringers and for supplying the dc foldback current means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are electrical schematics of a power supply embodying the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now referring to both FIGS. 1 and 2, the line input is schematically
      indicated as a plug 10 which has a nominal voltage of from 111 to 123
      volts rms. Primary 11 of a transformer T1 is connected to plug 10 by one
      of multiple taps which include 111, 117 and 123 volts. The three secondary
      windings of T1 respectively provide the 20 volt ac buzzer signal through
      circuit breaker CB2, a 10 volt ac lamp supply through circuit breaker CB3
      and a 25 volt input to a bridge rectifier 12 to provide dc voltages for
      the talk and relay circuits of the key telephone system.
PAR  A 110 volt ac 30 Hz ring voltage is provided by a second transformer T2
      coupled to terminals A and B of the line input 10 as indicated.
      Transformer T2 is actually a magnetic amplifier which includes primary
      windings 13 and 14 and a secondary winding 16. Primary windings 13 and 14
      are series connected through a rectifier CR3 which is in parallel with a
      resistor R12. They are wound so that the respective fields are in
      opposition to one another. The primary to secondary turns ratio is
      approximately 1:2.5. The secondary tap is offset on winding 16 such that
      one third of the secondary voltage appears across the pins 3 and 4 and two
      thirds of the secondary voltage appears across pins 4 and 5.
PAR  In operation, the application of the 60 Hz line voltage across the whole of
      the primary winding, pins 1 and 6,  produces back emfs in each of the
      primary half windings in opposition to each other, thus causing saturation
      in the transformer core material. Due to the presence of CR3, each primary
      half winding will alternately saturate the core and produce a
      differentiated current pulse in the loaded secondary winding 16 at one
      half the input frequency or 30 Hz. This will be current limited at a value
      determined by R12. Capacitor C5 resonates the inductance to provide a
      sinusoidal ring voltage.
PAR  Bridge rectifier 12 as discussed above has a 25 volt ac rms voltage applied
      to its input. This ac voltage is converted to full wave rectified dc. A
      capacitor filter C1 smooths the ripple content to produce on the positive
      side 18 of the line 30 to 35 volts dc unregulated. The remainder of the
      circuit is for the purpose of providing a regulated 24 volts dc. It
      includes a monolithic integrated voltage regulating circuit 17 which is
      connected to be foldback current limited. Such connection is well known in
      the art. The integrated circuit itself is available from National
      Semiconductor as LM376.
PAR  More specifically, the unregulated relatively positive dc voltage of 30 to
      35 volts on line 18 is applied to the power input or pin 3 of the
      monolithic integrated circuit 17. In addition, line 18 is coupled to the
      emitter of transistor Q3 and the collectors of power transistor Q1 and Q2.
      The unregulated negative dc voltage on line 19 is applied to pin 4 and
      also provides for the final -24 volt dc relay and talk voltages. The
      current boosting output of the voltage regulator 17 occurs at pin 2 and is
      connected to the base of Q3. Such negative boost current is approximately
      25 milliamperes maximum which is coupled to the relatively positive output
      or ground line 21 through resistors R1 and R4. Moreover, this current is
      amplified by power amplifiers Q1 and Q2 which are connected in a common
      collector configuration and supply through emitter swamping resistors R8
      and R9 additional current to output line 21.
PAR  Diode CR1 connected between the collector of Q2 and line 21 insures against
      a possible positive back biasing of the voltage regulator 17. Diode CR2
      connected to output lines 19 and 21 similarly insures against the possible
      back biasing of voltage regulator 17.
PAR  Voltage regulator circuit 17 includes a current limiting input, CL, which
      is coupled between voltage dividing network R2, R3 which selects the
      current foldback minimum value. A current sensing input on pin 8, CS, is
      connected to the regulated output of line 21 and resistor R4 which has a
      nominal resistance of 0.5 ohms which is the resistance of the current
      sensing function of the voltage regulator 17. Resistors R5, R6 and R7 are
      connected across output lines 19 and 21 and serve as a voltage dividing
      network which senses the output voltage and feeds it back on the feedback
      terminal of pin 6 of voltage regulator 17. Capacitor C2 is coupled from
      pin 6 back to pin 7 and provides for voltage compensation. This limits the
      frequency response of the regulator.
PAR  A built-in overload test is provided by a light emitting diode LED1 and a
      Zener diode VR1 which are series connected between output line 21 and
      unregulated input line 18. The light emitting diode provides a visual
      indication of short circuit conditions. In normal operation, since the
      input line 18 is at 30 to 35 volts and the output line 21 is at a positive
      24 volts, the normal voltage difference will be approximately five to ten
      volts across the overload network. However, when the voltage on line 21 is
      reduced to 17 to 35 volts, due to the operation of the voltage regulator
      under overload or short circuit conditions, this will produce a sufficient
      voltage difference across Zener diode VR1 which will then conduct to
      activate LED 1.
PAR  In normal operation the dc voltage regulation takes place as follows. A
      greater load requires increased current on line 21 which will cause a
      voltage decrease. This is sensed by the divider R5, R6, R7, and the
      voltage input to pin 6 is reduced. The voltage regulator then responds by
      increasing V.sub.out at pin 2 to cause transistor Q3 to conduct more
      heavily. This in turn increases the base currents of Q1 and Q2 to provide
      a current boost and, therefore, increases the voltage to its nominal 24
      volt value.
PAR  On the other hand, an increase in the voltage across the output terminals
      is sensed by voltage regulator 17 causing Q3 to conduct less, decreasing
      the base currents of Q1, Q2, and decreases the final output voltage.
PAR  Thus, an improved power supply for key telephone systems has been provided.
CLMS
STM  I claim:
NUM  1.
PAR  1. A power supply for a key telephone system having talk and relay circuits
      requiring a dc voltage and having lamps, buzzers and ringers requiring ac
      voltage said power supply comprising: voltage regulator means having an
      output line for supplying said dc voltage including foldback current means
      for sensing an overload output current for decreasing said dc voltage to
      provide a foldback voltage operating characteristic; transformer means for
      supplying a plurality of ac voltages for respective use with said lamps,
      buzzers and ringers and for supplying said voltage regulator means, said
      transformer means including a first transformer having a primary winding
      connection to a line input and three secondary windings for respectively
      providing said buzzer and lamp voltages and for supplying voltage
      regulator means, and including second transformer means having a primary
      winding connection to said line input for producing a ring voltage;
      rectifier means having a dc output and an input connected to one of said
      three secondary windings for producing at its dc output an unregulated dc
      voltage, said dc output being connected to and supplying said voltage
      regulator means; and overload means for visually indicating when said dc
      voltage on said output line decreases below a predetermined value
      including a series connected Zener diode and light emitting diode both
      connected between said output line and said unregulated dc output, said
      light emitting diode being activated when a sufficient voltage difference
      across said Zener diode causes it to conduct.
PATN
WKU  039405737
SRC  5
APN  4861116
APT  1
ART  232
APD  19740705
TTL  Manually actuable repertory dialer
ISD  19760224
NCL  11
ECL  1
EXA  Brigance; Gerald L.
EXP  Claffy; Kathleen H.
NDR  2
NFG  6
INVT
NAM  Healy; James W.
CTY  Wakefield
STA  MA
INVT
NAM  Lautzenhiser; Argyle G.
CTY  Magnolia
STA  MA
ASSG
NAM  DASA Corporation
CTY  Andover
STA  MA
COD  02
CLAS
OCL  179 90BB
XCL  360105
EDF  2
ICL  H04M  146
FSC  179
FSS  90 BB;90 B;90 BD
FSC  360
FSS  82;83;101;105;107;134;104
UREF
PNO  2921142
ISD  19600100
NAM  Tinus
OCL  179 90BB
UREF
PNO  3104288
ISD  19630900
NAM  Kobler
OCL  179 90BB
UREF
PNO  3207453
ISD  19650900
NAM  Kilburg
OCL  179 90BB
UREF
PNO  3301958
ISD  19670100
NAM  Blakeslee et al.
OCL  179 90BB
UREF
PNO  3364314
ISD  19680100
NAM  Huizinga et al.
OCL  179 90BB
UREF
PNO  3428758
ISD  19690200
NAM  Hall et al.
OCL  179 90BB
LREP
FRM  Weingarten, Maxham & Schurgin
ABST
PAL  A telephone repertory dialer having a manually actuable mechanism
      mechanically operative for providing relative motion between a magnetic
      head and a magnetic recording surface. An elongated tape includes a
      magnetic recording surface and an opposite visual writing surface, the
      tape being carried by a transport mechanism manually movable to selected
      positions at which telephone number data is to be recorded or read out.
      Upon manual actuation of a control button the magnetic head is moved to a
      start position and then is caused to return at a controlled uniform rate
      to a home position during which return motion telephone number data is
      recorded or read out via the magnetic head in accordance with a selected
      recording or playback mode.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to telephone repertory dialers and more particularly
      to a repertory dialer especially suited for home or office use and having
      a manually actuable mechanism mechanically operative for reading and
      recording telephone numbers on a magnetic storage surface.
PAC  BACKGROUND OF THE INVENTION
PAR  Telephone repertory dialers are known in which a plurality of telephone
      numbers are stored in a suitable data format in a storage medium for later
      readout of a selected number. A well-known repertory dialer sold under the
      trademark MAGICALL employs as elongated web contained in a cartridge and
      having a magnetic recording surface for recording a plurality of telephone
      numbers across the width thereof in respective tracks and an opposite
      visibly readable surface for entering the names or numbers recorded on the
      magnetic surface. A magnetic transducing head is disposed in operative
      association with the magnetizable surface, and a motor driven mechanism is
      provided for longitudinally moving the web to a selected number to be
      dialed and to cause transport of the transducer relative to the
      magnetizable surface to read out the number stored therein for
      transmission over the telephone line. Such a dialer operates in an
      accurate and highly reliable manner. However, the cost of the device is
      governed in large part by the mechanical drive assembly which includes an
      accurate motor drive for transport of the tape head relative to the
      magnetic surface in order to provide accurate pulse information compatible
      with the requirements of a telephone switching system. It would be
      advantageous and it is an object of this invention to provide a repertory
      dialer in which a relatively low cost and simple mechanical assembly is
      employed in the recording and readout of telephone number data from a
      magnetic storage surface.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a telephone repertory dialer is provided
      which is manually actuated and mechanically operable to produce relative
      motion between a record/reproduction head and a magnetic recording surface
      for the recording and readout of telephone number data. The dialer
      includes electronic circuitry having a temporary memory for storage of a
      single number, which number may be transmitted over the telephone line or
      recorded on the magnetic surface or both. The telephone number data is
      generated electronically in a precise and repeatable manner and there is
      no direct dependence upon mechanical motion between the magnetic storage
      surface and transducing head for accurate telephone number generation or
      reproduction. Electrical power is required in minimal amount only for the
      electronic circuitry of the dialer, and such power can be provided for
      example by small batteries or from the telephone line.
PAR  In brief, the novel dialer includes a mechanical assembly which is manually
      actuable by depression of a control button to cause relative movement
      between a record/reproduction head and a magnetic recording surface for
      recording or reading out a telephone number, in accordance with a
      particular selected operative mode. In a recording mode, telephone number
      data, such as from a numerical keyboard, is entered into a temporary
      memory and upon a suitable command, such as from manual actuation of an
      operating button, is conveyed to the magnetic head for recording on the
      associated magnetic surface. The operating button also serves to initiate
      relative motion between the head and the recording surface. For playback
      operation, manual actuation of an operating button causes readout of the
      telephone number stored on the recording surface into the memory and
      thence in an accurately timed manner governed by the associated electronic
      circuitry out to the telephone line.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The objects, advantages and features of this invention will become readily
      apparent from the following detailed description when taken in conjunction
      with the accompanying drawing in which:
PAR  FIG. 1 is a pictorial view of an automatic repertory dialer constructed in
      accordance with the invention;
PAR  FIG. 2 is a sectional elevation view of the dialer of FIG. 1;
PAR  FIG. 3 is a cutaway pictorial view of the major structure of the dialer of
      FIG. 1; and
PAR  FIGS. 4, 5 and 6 are elevation views of the dialer structure illustrating
      the operation thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention is shown in its external aspect in FIG. 1. The novel
      telephone repertory dialer is contained within a housing 10 affixed to
      base plate 12 and which includes electronic circuitry for storing a
      representation of a telephone number, together with associated controls
      for accomplishing the recording and dialing of telephone numbers. The
      housing includes a transparent cover 14 beneath which is a portion of an
      elongated tape 16 which includes a writing surface visible in FIG. 1,
      having lines 17 thereacross defining areas for entering the names of
      called parties, the telephone numbers of which are recorded on an opposite
      surface of the tape. The opposite surface of tape 16, not visible in FIG.
      1, is of magnetizable material for magnetically recording signals thereon
      representing telephone numbers and which are recorded by means of a known
      magnetic recording head. The cover 14 can be raised for access to the
      writing surface of tape 16 for entry of called party names thereon.
PAR  A keyboard 18 is provided on housing 10 having individual push buttons 19
      for actuation of switches corresponding to the numerals 0 - 9 and special
      functions. The housing 10 also includes control buttons 20, 22, 24, 26 and
      27 labelled respectively, reset, redial, continue, record and call for
      governing operation of the dialer for recording and reading out telephone
      numbers. A manually rotatable knob 28 extends from one side of housing 10,
      the knob being coupled to the transport mechanism on which tape 16 is
      wound, and by which the position of tape 16 is controlled to select a
      particular telephone number for dialing, or a particular area of the tape
      for recording of a number thereon.
PAR  The dialer mechanism is shown in FIGS. 2-6. The general arrangement of the
      mechanism and associated electronic circuitry within housing 10 is
      depicted in FIG. 2, and includes a bracket 30 secured to housing 10 by
      appropriate means such as housing flanges 32 and fasteners 34. A printed
      circuit board 36 is attached to bracket 30 as shown, the circuit board
      containing circuit components 38 comprising the electronic circuitry
      associated with the dialer mechanism. The circuit board also has mounted
      thereon the switches associated with the operating control buttons, such
      as switch 40 illustrated in FIG. 2. A bracket 42 is affixed to base plate
      12 and is configured cooperatively with the confronting portion of bracket
      30 to retain a pair of batteries 44 therebetween. The base plate 12 is
      detachably affixed to housing 10 by means of front and rear latches 46 and
      48 respectively. The latches may be of the spring type as illustrated, or
      of any other suitable type to retain the housing and base plate in
      engagement. The base plate also has secured therein a cable 50 for
      interconnecting the dialer to a telephone line.
PAR  The novel dialer in the mechanical configuration illustrated is adapted for
      either table-top or wall-mounted use. The dialer depicted in FIG. 2 is
      arranged for table-top use and provides a downwardly sloping top surface
      for ready visibility and ease of operator usage. Wall mounting is
      accomplished by rotating base plate 12 by 180.degree. from the position
      shown in FIG. 2, such that rounded portions 52 of bracket 30 mate with
      bracket 42 to retain batteries 44, and in which disposition the front
      surface of housing 10 slopes downward and outward from a mounting wall for
      ease of visibility and use. It will be appreciated that the dialer can be
      contained within different housing configurations suitable to particular
      requirements and need not employ the mounting apparatus illustrated.
PAR  Cover 14 is pivotally attached to housing 10 by means of pin 54 at the
      rearward end thereof, and the cover is retained in a closed position by
      means of a lip portion 56 at the forward end thereof engaging a
      cooperative ridge 58 of the housing. The tape 16 is wound on a tape spool
      60 and extends over guide rollers 62 and 64 around a sprocket wheel 66 and
      thence to a second tape spool 68. The tape includes an array of sprocket
      holes 70 along one edge thereof, as seen in FIG. 1, which cooperate with
      the sprocket teeth 67 of wheel 66 for driving the tape forward and
      backward along its travel path in response to rotation of knob 28. An
      idler wheel 72 is in meshing relationship with the geared flanges 73 and
      75 of tape spools 60 and 68. A magnetic head 74 is disposed adjacent the
      magnetizable surface of tape 16 at a position between guide rollers 62 and
      64, the head being affixed to a mounting assembly 77 linearly movable
      along a rod 76 for relative scanning of the recording surface. A plate 78
      is disposed adjacent the recording surface of tape 16 in a position
      illustrated to serve as a platen against the tape is urged when writing
      called party names on the writing surface of the tape.
PAR  As best shown in FIG. 3, tape spools 60 and 68 include respective springs
      61 and 69 therein for biasing the spools in opposite directions to
      maintain tension on tape 16 wound thereon. In the embodiment as
      illustrated in FIG. 3, spool 60 is biased in a clockwise direction while
      spool 68 is biased counterclockwise. The tape transport mechanism is
      manually controlled by means of knob 28 and upon forward or reverse
      rotation of knob 28, sprocket wheel 66 is driven correspondingly by means
      of meshed gears 122, 124 and 126. Tape 16 is driven by sprocket teeth 67
      with spools 60 and 68 being rotatable according to accommodate the tape
      motion. The tape spools 60 and 68 are in meshing relationship by means of
      gears 73, 72 and 75 to rotate in synchonism in response to tape motion.
PAR  Referring now to FIGS. 3-6, a lever 80 has an end to which record/dial
      button 26 is affixed and by which the recording or dialing of telephone
      number information is accomplished. Arm 80 is pivotally movable on pin 82
      and has a rearward portion which is biased downward by means of a spring
      84 mounted around pin 82. An idler lever 86 is disposed generally parallel
      to arm 80 and has a forward end pivoted to pin 82 and a rearward end
      engaging flexible cord 88 by means of pulley 106 rotatably affixed at the
      rearward end thereof. Latch 90 is pivoted to lever arm 80 by means of a
      pin 92 and includes a hook 94 which engages a pin 96 affixed to arm 86. A
      bias spring 200 urges latch into engagement with pin 96. A stop member 98
      is mounted to the mechanism support structure for engagement of the
      confronting end of latch 90 to cause disengagement of hook 94 from pin 96
      when latch 90 reaches the uppermost point of travel.
PAR  Cord 88 to which magnetic head 74 is coupled extends across the dialer
      mechanism between pulleys 100 and 102. An end of cord 88 is affixed to
      pulley 100 which is coupled to a biasing means 102, such as a spring
      around the shaft 103 of pulley 100, operative to urge cord 88 and magnetic
      head 74 coupled thereto to its rest or home position, illustrated in FIG.
      3. From pulley 102, cord 88 passes around pulleys 104 and 106 and is
      anchored to a pin 108 mounted to the support structure. Pulley 104 has
      grooves of different diameters about both of which cord 88 is wound. As
      best seen in FIGS. 4-6, cord 88 is disposed around larger portion 110 of
      pulley 104 and thence around smaller portion 112.
PAR  As seen in FIG. 3, gear wheel 114 is affixed to pulley 104 and is rotatable
      therewith on a common shaft 115. Gear 114 meshes with gear 116 which is
      supported by the shaft of tape spool 60 and to which shaft is coupled a
      governor 118. Knob 28 is connected to shaft 120 also carrying gear 122
      disposed adjacent knob 28. Gear 122 is coupled by gear 124 to gear 126
      mounted to shaft 128 to which is secured sprocket wheel 66 and star wheel
      130. An arm 132 is pivotally affixed to pin 82 and has a pawl 134
      engageable with the notches defined by the adjacent teeth of star wheel
      130. Arm 132 is biased such as by an over-center spring (not shown). In
      one position, as depicted in FIG. 4, pawl 134 is disengaged from the star
      wheel when arm 80 is in its uppermost position. In a second position,
      illustrated in FIG. 5, pawl 134 is disposed between the teeth of star
      wheel 130 but not fully engaging the teeth, this position occurring at an
      intermediate downward position of arm 80. Upon additional downward
      movement of arm 80, the over-center spring causes pawl 134 to snap into
      engagement with star wheel 130, as shown in FIG. 6. In this latter
      position the star wheel and the sprocket wheel 66 coupled thereto, is
      positively positioned to remain in predetermined position such that upon
      full depression of arm 80 to cause dialer operation, the tape 16 remains
      in fixed position. A spring 136 urges arm 80 to its normal raised
      position.
PAR  Upon rotation of knob 28, the star wheel 130 is correspondingly moved
      causing pawl 134 to be urged outward by an amount sufficient to cause the
      over-center spring to urge the pawl out of engagement with the star wheel
      to permit free rotation of sprocket wheel 66 and tape 16 supported
      therearound.
PAR  For dialer operation, call button 27 is manually depressed to cause
      movement of magnetic head 74 to a position at the opposite edge of tape
      16, after which the magnetic head is caused to return its home position at
      a controlled rate for recording telephone number data onto the recording
      surface of tape 16 or for reading out number data previously recorded
      thereon. Upon depression of arm 80 by operating button 27, the rearward
      portion of arm 80 moves upward also raising arm 86 and pulley 106 carried
      thereby. Upward movement of pulley 106 causes rotation of pulley 104 which
      in turn draws cord 88 and magnetic head 74 to a start position, which is
      the opposite position from that shown in FIG. 3. When the rearward portion
      of arm 80 and arm 86 reach the uppermost portion of their travel, latch 90
      engages stop 98 causing disengagement of hook 94 from pin 96, as shown in
      FIG. 6. Such disengagement of pin 96 causes arm 86 and pulley 106 to drop
      downward releasing the restraining force on cord 88 and causing the cord
      to retract by action of biased pulley 100, and causing corresponding
      return of magnetic head 74 to the home position. By means of mechanical
      amplification provided by two-diameter pulley 104, a greater travel extent
      is provided for magnetic head 74 in response to a lesser travel extent of
      the rearward portion of arm 80. Return motion of magnetic head 74 is
      controlled by governor 118 coupled via gears 114 and 116 to pulley 104 to
      provide accurate and uniform return motion of the magnetic head for
      magnetic recording and readout purposes.
PAR  To employ the novel dialer for recording a telephone number on tape 16, the
      tape is manually conveyed by means of control knob 28 to a position at
      which a number is to be entered. The tape includes reference lines 17
      across the visual writing surface to define transverse areas in which the
      name or other indication of the recorded number is written. The area at
      which an entry is to be made is visually aligned with the reference lines
      19 provided across the width of cover 14. After alignment of the area in
      which a number is to be entered, cover 14 is raised and the identifying
      information written into the defined area. Platen 78 disposed beneath tape
      16 in a position adjacent the recording surface serves as a backing member
      to permit the writing of data onto the visual tape surface.
PAR  To record a magnetic representation of a telephone number, the number is
      selected by means of keyboard 19 and entered by record button 26 into an
      electronic memory which is part of the circuitry associated with the
      dialer, but which is not the subject of this application. The call button
      27 is depressed to cause movement of magnetic head 74 to a start position,
      as described above, and controlled transport of the magnetic head across
      the magnetic recording surface of tape 16 back to a home position. During
      such controlled movement of head 74 across the recording surface of tape
      16, telephone number data derived from the number data in memory is
      provided to head 74 for the recording of the number data onto the
      recording surface. A telephone number is thereby stored along a
      predetermined transverse area of tape 16 for later use. Other telephone
      numbers are similarly recorded on respective transverse areas of tape 16,
      and corresponding visual identification of such telephone numbers
      similarly entered onto the corresponding transverse areas of the visual
      surface of tape 16.
PAR  It is contemplated that telephone number data can be recorded on tape 16 in
      areas across the tape width which are transverse or generally transverse
      to the longitudinal axis of the tape depending upon the specific path of
      motion of head 74 relative to tape 16. In the embodiment shown, head 74 is
      caused to move in a linear substantially transverse path across the tape.
      In alternative implementation, the head can be caused to move in a skewed
      or arcuate path across the tape width as determined by the particular
      mechanism employed.
PAR  To dial a number recorded on tape 16, the number to be dialed is selected
      by rotation of knob 28 to a position aligning the visual indication of the
      intended number within the reference lines 19 on cover 14, at which
      position the corresponding recorded data on the recording surface of tape
      16 is generally aligned with the magnetic head 74. Precise alignment
      between the magnetic head and the recorded area is achieved by operation
      of the star wheel mechanism described above. Upon depression of call
      button 27, magnetic head 74 is again caused to move to a start position
      and then to return to its home position at a controlled rate during which
      return movement the recorded telephone number data is sensed by the head
      74 to provide electrical signals representative of the recorded data which
      signals are conveyed to the electronic memory of the associated circuitry
      for temporary storage of the sensed telephone number data. The telephone
      number data stored in electronic memory is then read out and applied to a
      telephone line for transmission to complete the call.
PAR  The control buttons 20, 22 and 24 respectively labelled reset, redial and
      continue are employed in conjunction with the electronic circuitry
      associated with the novel dialer but form no part of this invention. These
      control buttons are useful in providing operator control of desired
      functions during dialer use.
PAR  It will be appreciated that various modifications and alternative
      implementations will occur to those versed in the art without departing
      from the true scope of the invention. Accordingly, it is not intended to
      limit the invention by what has been particularly shown and described
      except as indicated in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telephone dialer comprising:
PA1  a magnetic recording medium;
PA1  means for recording representations of telephone numbers on respective
      portions of said recording medium including a magnetic record/reproduction
      head disposed in operative association with said magnetic recording
      medium;
PA1  means for selectively providing a recording and readout mode;
PA1  manually actuable mechanically operative means for causing during a first
      travel portion of a control button relative movement of said magnetic head
      and said medium to a start position and during a second travel portion of
      said control button controlled relative movement between said head and
      said medium from said start to a home position to selectively record or
      readout said representations of a telephone number.
NUM  2.
PAR  2. A telephone dialer according to claim 1 wherein said magnetic recording
      medium includes:
PA1  an elongated web having a magnetic recording surface on one side thereof;
PA1  and further including;
PA2  a manually operable transport mechanism coupled to said elongated web and
      including a manually operable control knob for causing movement of said
      web along the length thereof in either a forward or rearward direction to
      position said web at selected portions for recording or reproducing said
      representations of telephone numbers.
NUM  3.
PAR  3. A telephone dialer according to claim 1 wherein said manually actuable
      mechanically operative means includes a control arm coupled to said
      control button and movable upon actuation of said control button through a
      predetermined extent including said first travel portion and said second
      travel portion contiguous with said first travel portion such that
      movement of said head relative to said recording medium to said start
      position and thence from said start position to said home position occurs
      in a sequential manner during continuous movement of said control arm.
NUM  4.
PAR  4. A telephone dialer according to claim 1 wherein said manually actuable
      mechanically operative means includes a control arm coupled to said
      control button, said arm being normally at a rest position and movable
      along a predetermined travel path including said first travel portion and
      said second travel portion, said second travel portion being contiguous
      with said first travel portion such that manual operation of only said
      button provides operational relative movement of said magnetic head and
      said medium.
NUM  5.
PAR  5. A telephone dialer comprising:
PA1  an elongated magnetic recording tape having a magnetic recording surface
      and an opposite visual writing surface, said tape being adapted for
      recording representations of telephone number data on said recording
      surface and visual representations on said visual writing surface;
PA1  a transport mechanism for said magnetic recording tape including a manually
      operable control knob for causing movement of said tape along the length
      thereof in either a forward or rearward direction;
PA1  a magnetic record/reproduction head disposed in operative association with
      the magnetic recording surface of said tape;
PA1  means defining a travel path generally transverse of said tape along which
      said magnetic head is movable in alignment with selected transverse
      positions on said recording surface; and
PA1  a manually actuable mechanically operative mechanism coupled to said
      magnetic head and including a control button, the manual actuation of
      which causes during a first travel portion of said control button movement
      of said magnetic head to a start position and during a second travel
      portion of said control button controlled substantially uniform velocity
      movement of said magnetic head from said start position to a home
      position.
NUM  6.
PAR  6. A telephone dialer according to claim 5 wherein said travel path
      defining means includes means operative in association with said control
      button for aligning said magnetic tape at a selected one of said
      transverse positions on said recording surface for centering the aligned
      position with respect to said magnetic head during said second travel
      portion of said control button.
NUM  7.
PAR  7. A telephone dialer comprising:
PA1  an elongated tape having a magnetic recording surface and an opposite
      writing surface;
PA1  a tape transport mechanism supporting said tape for forward and rearward
      motion along a longitudinal axis thereof and having a manually rotatable
      control knob for causing longitudinal movement of said tape to selected
      positions;
PA1  a magnetic head assembly including a read/reproduction head disposed
      adjacent said recording surface and adapted for motion transversely along
      said recording surface;
PA1  means defining a travel path transverse of said tape;
PA1  support means coupled to said path defining means for slidable movement
      thereon and supporting said head in operative association with said
      recording surface;
PA1  an elongated cord affixed to said support means;
PA1  biasing means disposed adjacent a home position of said head and coupled to
      one end of said cord for urging said cord and said head to said home
      position;
PA1  pulley means coupled to the opposite end of said cord and adapted to permit
      movement of said head transversely of said recording surface in a forward
      and return direction; and
PA1  manually actuable mechanically operative means for causing movement of said
      head relative to said recording surface in said forward direction to a
      start position during a first travel portion of a control button and
      controlled substantially uniform velocity movement of said head in said
      rearward direction back to said home position during a second travel
      portion of said control button.
NUM  8.
PAR  8. A telephone dialer according to claim 7 wherein said pulley means
      includes:
PA1  first and second grooves of different diameters about both of which said
      cord is wound such that said head is caused to move transversely of said
      recording surface by a greater amount than the movement of said control
      button.
NUM  9.
PAR  9. A telephone dialer according to claim 7 wherein said travel path
      defining means includes means operative in association with said control
      button for aligning said magnetic tape at a selected one of a plurality of
      transverse positions on said recording surface for centering the aligned
      position with respect to said magnetic head during said second travel
      portion of said control button.
NUM  10.
PAR  10. A telephone dialer comprising:
PA1  an elongated tape having a magnetic recording surface;
PA1  a tape transport mechanism supporting said tape for forward and rearward
      motion along a longitudinal axis thereof and having a manually rotatable
      control knob for causing longitudinal movement of said tape to selected
      positions;
PA1  a magnetic head assembly including a read/reproduction head disposed
      adjacent said recording surface and adapted for motion transversely along
      said recording surface;
PA1  means defining a travel path transverse of said tape;
PA1  support means coupled to said path defining means for slidable movement
      thereon and supporting said head in operative association with said
      recording surface;
PA1  a mechanically operative magnetic head driving assembly coupled to said
      magnetic head assembly and operative to move said magnetic head along said
      travel path to a start position against the urging of mechanical bias
      means and operative at the urging of said bias means to move said magnetic
      head along said travel path from said start position to a home position at
      controlled substantially uniform velocity; and
PA1  a manually actuable mechanism including a control button for causing during
      a first travel portion of said control button movement of said head to
      said start position and during a second travel portion of said control
      button movement of said head from said start position to said home
      position.
NUM  11.
PAR  11. A telephone dialer according to claim 10 wherein said tape transport
      mechanism includes:
PA1  first and second tape spools about which said elongated tape is wound for
      forward and rearward motion along said longitudinal axis;
PA1  bias means in operative association with said tape spools for maintaining
      tension of said elongated tape extending between said spools; and
PA1  a sprocket coupled to at least one of said spools and rotatable therewith,
      said sprocket being in meshing engagement with corresponding sprocket
      holes provided along an edge of said elongated tape for driving said tape
      along said longitudinal axis in response to manual rotation of said
      control knob.
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ABST
PAL  Reproducing the information stored in the spiral track of a record-type
      information-bearing disc is achieved by uniformly charging the surface of
      the disc by means of a corona-generating device disposed in proximity to
      the disc, and, thereafter, using a conductive stylus riding in the track
      of the disc to pick up the charge from only the peak points of the track.
      All peaks are at the same height. The system preferably uses FM encoding,
      and the information is carried by the track according to the peak-to-peak
      spacing. The stylus is shaped in relation to the track such that it may
      not touch the peaks in the track. The stylus contacts the sides of the
      track for tracking purposes. An air breakdown between the peaks and the
      metallic portion of the stylus results in the signal picked up by the
      stylus.
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PAC  BACKGROUND OF THE INVENTION
PAR  In recent years systems have been devised which record information on a
      storage medium and provide a subsequent reproduction of the information
      from the storage medium. For the recording of high frequency information,
      such as video information, the systems now in use generally employ
      magnetic tapes as the storage medium. These tapes have proved fairly
      successful in recording signals representative of information and in
      obtaining the reproduction of the information. However, the magnetic
      structure of the tape limits the fidelity of the recording and
      reproduction so that the magnetic tapes have to be manufactured with
      considerable precision. The information recorded on the magnetic tapes
      also has a limited density of information so that a relatively great
      amount of tape is required to store information such as that required for
      a television program having a duration of one-half an hour or an hour. The
      limited density of information packing on the tape has resulted from
      limitations in the speed of response of the magnetic transducer heads
      which are disposed in contiguous relation to the tape.
PAR  In the systems now in use, a transducing head is generally disposed
      adjacent to the tape to record information in magnetic form on the tape
      and to reproduce the magnetic information as electrical signals from the
      tape. The adjacent relationship between the transducing head and the tape
      occasionally causes the tape to rub against the head so that magnetic
      particles become removed from the tape and deposited on the head to effect
      the operation of the head. The magnetic particles on the tape tend to
      produce an abrasive action on the head, thereby permanently affecting the
      response characteristics of the head.
PAR  It is also disadvantageous to use a magnetic tape as a master for the
      reproduction of a large quantity of data because of the considerable
      length of tape required for the master. It would, therefore, be more
      desirable to use discs as the master since they tend to store information
      in a more compact form than tapes. The disc systems of the prior art are
      generally of two types. In one system the light transmission
      characteristics of a spiral track in the discs is varied during the
      recording operation by an electron beam whose characteristics are
      controlled by signals representative of the video information to be
      stored. Reproduction of the signals from the disc is accomplished by
      directing a light beam at the disc and by modifying the light beam in
      accordance with the light transmission characteristics previously provided
      at successive portions on the spiral track of the disc. The modified light
      beam is detected to obtain a recovery of information previously recorded
      on the disc. This type of system is described in U.S. Pat. No. 3,361,873.
PAR  In another type of prior art system, a disc having a spiral track and a
      stylus similar to that used in high fidelity phonograph records is used.
      The information is recorded as vertical variations in the depth of the
      groove in a frequency-modulated form, and the stylus is coupled to a
      pressure transducer. Due to the abrupt trailing edge of the stylus, a
      pressure signal is detected indicative of the peak-to-peak spacing and
      hence the frequency modulated information.
PAR  Another type of readout device is the electrostatic pickup. This type of
      pickup is similar to the electrostatic pickup used in phonograph records
      wherein capacitive relief or a capacitor needle is used. The variation of
      the capacity of the needle or the instantaneous capacity at the peak in
      the track cause the oscillation frequency of a tuned circuit to vary above
      and below the normal mid-frequency, thereby resulting in a frequency
      modulated signal which is delivered to a suitable output circuit, as
      described in U.S. Pat. No. 2,423,208, and British Pat. No. 153,300.
PAR  The disc systems of the prior art have had certain important deficiencies;
      for example, the latter systems have a frequency response that may be too
      low to allow for a reasonable length of play time or for color encoding.
      In addition, the stylus constuction of those systems using capacitive
      relief is often very complicated, as disclosed in U.S. Pat. No. 2,423,208.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide for improved
      reproduction of information stored on a record-type disc.
PAR  It is another object of the present invention to provide an improved system
      for reproducing information directly from a record-type disc.
PAR  It is a further object of the present invention to increase the information
      content that can be reproduced from the track of a record-type disc.
PAR  In accordance with the invention, conversion of the mechanical variations
      in a track of a disc into an electrical signal is achieved by exposing the
      disc to a corona source just prior to the disc being played to thereby
      deposit a charge on the surface of the disc, and then passing a conductive
      stylus through the track. Due to the design of the stylus, which is shaped
      to just barely touch the high points or peaks in the track, the charge on
      the peaks is collected, resulting in a current which is indicative of the
      variation or modulation of the peaks in the track. The surface charge in
      the "valleys" would not be collected. The charge collected is usable
      directly, after amplification, as the frequency modulated signal, there
      being no variation in oscillator frequency as in the "capacitive-relief"
      systems. To have a sufficiently high field to hold the charge on the
      surface of the disc, it may be necessary to manufacture the disc with a
      thin metallic layer within or on the side of the disc opposite the track;
      however, a grounded turntable might be sufficient. Also, the stylus could
      be elongated to reduce the pressure against the sides of the track. A
      slight separation may exist between the peaks and the conductive portion
      of the stylus, resulting in signal pickup by an air breakdown between the
      peaks and the conductive portion of the stylus.
PAR  Othe objects of the invention will become readily apparent to those skilled
      in the art in view of the following detailed disclosure and description
      thereof, especially when read in conjunction with the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a system suitable for recording
      information in the spiral track of a disc.
PAR  FIG. 2 is a block diagram of an electrical system for controlling the
      operation of the motor that rotates the disc shown in FIG. 1, and for
      controlling the recording of information on the disc.
PAR  FIG. 3 is a schematic of the novel information reproducing system according
      to the present invention.
PAR  FIG. 4 is an elongated view of the stylus needle and the peaks and valleys
      of a portion of the track in the disc shown in FIG. 3.
PAR  FIG. 5 is a sectional view of the corona charging apparatus shown in FIG.
      3, and a schematic diagram of a control circuit used for corona charging
      apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The system and method described herein provides a novel technique for
      converting the modulations in the track or groove on the surface of a
      plastic or other non-conducting disc directly into an electrical
      information-bearing signal. The modulations are desirably in a frequency
      modulation encoding, with the information carried in the peak-to-peak or
      ripple-to-ripple spacing, and the electrical signal having an FM encoding.
      The technique, involving applying a corona charge to the surface of the
      disc, is particularly useful in relation to T.V. records wherein T.V.
      programs are recorded, stored on the disc, and then played back. The disc,
      acting as a storage medium, would be in a form which would allow them to
      be mechanically reproduced and marketed as pre-recorded records. The user
      would have a player of the type described hereinafter which would retrieve
      the information pre-recorded on the disc and develop therefrom an
      appropriate T.V. or other electrical signal.
PAR  Referring now to FIG. 1, which illustrates an exemplary system for
      recording information on the spiral track of a disc 10, disc 10 is driven
      by a motor 12 to rotate at a substantially constant speed. The disc 10 may
      be made of glass, or quartz or any other suitable non-conducting material.
      Disc 10 has on its surface a photographic coating 16 which is responsive
      to charge particle bombardment in the form of a beam 18. The intensity of
      the beam of charge particles may be controlled by adjusting the potential
      on the grid (not shown) of stationary electron gum 20 in accordance with
      the characteristics of the information to be recorded. In the case where a
      frequency modulated signal is produced in coating 16, the beam may be
      switched on and off, or between set amplitude limits, to produce the
      required frequency modulation, that is, constant amplitude peaks with the
      peak-to-peak spacing carrying the frequency modulated information. An
      electromechanical scheme also could be used to record the information in
      coating 16.
PAR  The disc 10 is moved longitudinally by means of a carriage 22 and driver
      23, as indicated by the arrow 24. As the disc 10 rotates and moves
      longitudinally, a spiral track of information is accordingly produced in
      photographic form on the coating 16 of the disc 10. Apparatus for
      controlling errors in rotational and longitudinal movement of disc 10, and
      eccentric rotation of disc 10, are described in U.S. Pat. No. 3,361,873.
PAR  FIG. 2 shows a circuit for controlling motor 12 to obtain a rotation at a
      constant speed. A tachometer 28 is mechanically coupled to the motor 12 to
      develop an electrical signal having a frequency in accordance with the
      speed of rotation of the motor 12. The signal from the tachometer 28 is
      applied to a phase discriminator 30 which also receives a constant
      frequency signal from a crystal oscillator 32. The phase discriminator
      detects any difference in phase between the signals supplied by the
      tachometer and by the crystal oscillator to produce a control signal
      having a polarity and intensity dependent upon any difference in phase.
      The control signal from the phase discriminator 30 passes through an
      amplifier 34 to control the speed of motor 12.
PAR  Another feature of the circuit of FIG. 2 is frequency control of a
      horizontal sync generator in accordance with the speed of the motor 12.
      This ensures that the information supplied to the electron gun 20 is at
      the same rate at which the motor 12 is rotating. As shown in FIG. 2,
      horizontal sync generator 36 is connected to amplifier 34 to produce
      signals at a variable frequency related to the controlled speed of the
      motor 12. Horizontal sync generator 36 is connected to a television camera
      38 to control the rate at which the information detected by the television
      camera is applied to the electron gun 20 illustrated in FIG. 1. For
      example, if motor 12 is driven at a rate of 30 cycles per second, the
      horizontal sync generator generates a sync signal of 15,750 cycles per
      second. This is the normal sync signal in a television system to produce a
      frame rate of 30 cycles per second when there are 525 lines in the
      television picture. Therefore, all of the information recorded on the
      spiral track of the disc 10 along a radial line extending from the center
      of the disc represents the same position on the television screen in
      successive frames when the information on the disc is reproduced. Thus,
      each complete revolution of the disc 10 causes a successive frame to be
      recorded or reproduced, and each adjacent radial position on the disc
      represents the same position on a picture in the successive frames.
PAR  Since there is usually very little difference between successive frames of
      a television picture, the difference between the level of the information
      on adjacent radial points of the spiral track would usually be small. This
      is desirable since it minimizes cross-talk between information at
      successive radial positions on the disc. Also, should the reproducing
      system somehow skid slightly across the track, picture distortion would
      not be greatly affected.
PAR  FIG. 3 shows a schematic representation of a system, in accordance with the
      invention, for reproducing information from an information-bearing disc.
      Either the disc 10 can be used directly or a mechanical transfer of the
      information may be made to a relatively thin disc, illustrated as 40 in
      FIG. 3. The disc 40 rests on a turntable 42 and, when reproduction is
      occurring, is rotated at a constant speed by a motor 44. A needle or
      stylus 48 is mounted in a block of insulating material 50 carried by a
      head 52 forming part of a pick-up arm 54 which is pivotably mounted on a
      mounting member 56 for swinging movement over disc 40 in a well known
      manner. Needle 48 is connected to a wire 60 by which the desired video
      signal flows due to the interaction of the needle 48 and the charge on the
      peaks in the track of disc 40. FIG. 4 shows a side view of a small portion
      of the track of disc 40 with the needle 48 therein. As shown, the needle
      just barely touches the tops of peaks, the peak-to-peak spacing providing
      the frequency modulation encoding. The needle 48 has an elongated,
      non-conductive position 48a to reduce the pressure against the sides of
      the track and a thin, for example 0.25 micron thick, strip of a suitable
      conductor 48b, e.g., aluminum. The wire 60 is connected to conductor 48b.
PAR  Also shown in FIG. 3 is a corona generating or electrostatic charging
      device 60 which is exemplary of one practical embodiment of a structure
      for providing a corona charge on the surface of disc 40. As seen in FIG.
      5, which includes a sectional view of the corona generating device 60, the
      corona structure comprises an electrode shield 62 partially surrounding a
      corona discharge wire 64. The sidewalls of shield 62 terminate in
      converging portions, each arranged at an angle of approximately 45.degree.
      to its sidewall and spaced apart to effect a corona discharge opening or
      aperture 66 at the bottom of approximately 1/2 inch width. The wire 64 can
      be any suitable non-corrosive material such as stainless steel, a platinum
      alloy or other suitable material, having a uniform exterior and a diameter
      of approximately 0.0035 inches. The high voltage wire 64 is stretched
      between and attached to blocks 68 and 70 of insulating material which are
      arranged between the sidewalls and attached at the ends of the shield by
      means of fastening screws (not shown) extending through the top walls and
      into the insulating blocks, or in any other suitable fashion. The mounting
      block 68 has attached thereto a conductive finger (not shown) for
      engagement with a suitable conductor 90 carrying a high voltage as is
      usual in this type of device. The shield 62 is provided with a terminal
      (not shown) which is grounded in any suitable fashion.
PAR  If desired, a wire 72, approximately the length of the corona wire 64 and
      parallel to it, is positioned near the opening 66. The wire 72 acts as a
      current, or corona detector, detectingg a portion of the current from
      corona discharge that it attracted to the shield 62. It has been
      determined (see U.S. Pat. No. 3,604,925) that the current detected by wire
      72 is related to the potential on the charging surface, disc 40. The
      source of current in wire 72 is believed to be the current which normally
      flows to the shield, and hence no effect upon corona charging efficiency
      is experienced. The cross-sectional structure of the corona wire shield is
      not necessarily limited to a rectangular configuration. Such a form is
      preferred from the standpoint of ease of manufacture and assembly.
      Obviously, a circular or similar configuration can be employed.
PAR  Referring again to FIG. 5, an illustrative embodiment of the charging
      circuit for the corona discharge device 60 is shown. A d.c. source 74 is
      connected to a source of alternating-current, such as a commercial outlet
      of 110 volts a.c., for producing a potential difference in the range of
      approximately 6,000 to 11,000 volts. The positive terminal of source 74 is
      connected via a conductor to one terminal of a resistor 76, the other
      terminal of which is connected to a terminal of variable resistor 78. The
      negative terminal of source 74 is connected to the other terminal of
      resistor 78 and to disc 40. To provide a sufficiently high electrostatic
      field to hold charges on the surface of the disc 40, it may be necessary
      to manufacture the disc 40 with a thin metallic plate inside the surface
      of the disc; the plate would be grounded. Grounding could be accomplished
      at the hub of the disc or by using a conductive plastic as the primary
      substrate of the disc. Hence, the disc could be a thin (0.5 mil) layer of
      non-conducting plastic sandwiched to a thick (20 mil) sheet of conducting
      plastic. During the pressing operation, the grooves would be impressed
      into the thin non-conducting layer. Another method of constructing the
      disc would be to manufacture it in a process similar to the process used
      to make long-play records. The vinyl surface would be coated first with a
      layer of aluminum, and then with a layer of silicon dioxide. The disc
      track would be stamped into the silicon dioxide layer with the aluminum
      layer being grounded.
PAR  Returning again to FIG. 5, the wire or probe 72 is connected to one input
      of differential amplifier or comparator 80. The junction point of
      resistors 76 and 78 is coupled to the other input of amplifier 80. The
      shield is connected to ground, as shown. The positive terminal of power
      supply 74 is also coupled to one input of a variable impedance device 82.
      The output of amplifier 80 is connected to the other input of variable
      impedance means 82. Resistors 76 and 78 and variable impedance means 82
      form a voltage divider network supplying voltage to corona wire 64. The
      variable impedance means 82 may take many forms, and it is schematically
      illustrated as comprising a photoconductor 84, the resistance value of
      which is dependent upon the amount of light energy produced by adjacent
      light bulb 86. The light generated by light bulb 86 is dependent, in turn,
      upon the current output of amplifier 80.
PAR  In operation, variable resistance 78 is initially adjusted to a value to
      produce a corona wire-to-plate potential which will produce the desired
      amount of electrostatic charge on plate 40, desirably about 500 volts. In
      this initial or quiescent condition, the current output from amplifier 80,
      by varying the light output of bulb 86, has adjusted the resistance value
      of photoconductor 84 such that the voltage drop across photoconductor 84
      will be of a magnitude so that the proper corona wire-to-plate potential
      is attained. The above is true as long as all the conditions, such as
      temperature, humidity, pressure, voltage potential on the disc, spacing
      between the wire 64 and the disc 40, and the evenness of the plate 40
      remain constant. In the event that there is any change in any of these
      conditions, there will be a corresponding variation in the corona current
      produced by wire 64. This change is detected by wire or probe 72. It
      should be noted that the detector may take other forms than that recited
      hereinabove. This current variation changes the current appearing at the
      input to amplifier 80 from the balanced condition. If the current detected
      by wire 72 is less than the quiescent value determined by resistor 78,
      amplifier 80 will generate a current which is larger than the quiescent
      current. This increased current will increase the light output from light
      bulb 86, thereby decreasing the resistance value of photoconductor 84. The
      voltage drop across the variable impedance 82 will therefore be less than
      the quiescent voltage drop and the resulting potential between wire 64,
      and the plate 40 will be increased until the initial quiescent potential
      value is attained. The converse is true if the current detected by wire 72
      is greater than the initial quiescent current produced by resistor 78.
      More detailed descriptions of suitable corona charging devices may be
      found in U.S. Pat. Nos. 2,868,989, 2,576,047, and 3,604,925.
PAR  In practice, the record disc 40 would be exposed to the corona-generating
      device 60 just prior to being played, that is, disc 40 would be rotated
      and corona generator device 60 would be energized, for example, for 3
      seconds, and then deenergized. There must be sufficient rotation of disc
      40 while generator 60 is energized such that a change of about 500 volts
      is deposited uniformly across the entire upper, grooved surface of disc
      40. It is also contemplated that the corona-generating device 60 may
      rotate to produce the required charging of disc 40. After deenergization
      of the corona source, the needle 48 is placed, either manually or
      mechanically, into the track in disc 40. As the conductive portion 48b of
      needle 48 comes in contact with the peaks of the mechanical ridges of the
      track, a charge collection, in the form of current pulses, will occur.
      Charge collection may result from air breakdown. The charge collection
      will result in an FM signal, the frequency modulation corresponding to the
      peak-to-peak spacing modulation (indicated as video in FIG. 3), which can
      be amplified, demodulated, encoded into a proper T.V. signal and applied
      to a conventional T.V. receiver as the video signal. As previously noted,
      the charges in the valleys of the mechanical ridges of the track do not
      contribute to the video signal.
PAR  A summary of acceptable exemplarly disc parameters are: disc speed: 1,800
      rpm; grooves per inch: 5,400 groove spacing: 0.185 .times. 10.sup.-.sup.3
      inches; groove depth: 0.93 .times. 10.sup.-.sup.3 inches; and groove
      valley depth: 0.185 .times. 10.sup.-.sup.3 inches. With the foregoing disc
      dimensions and assuming a needle contact area of (2.5 .times.
      10.sup.-.sup.6 meters).sup.2, a dielectric constant of 4, a dielectric
      thickness of 10.sup.-.sup.5 meters, a dwell time of 5 .times.
      10.sup.-.sup.7 seconds, and a surface voltage of 500 volts, a stylus
      current, from the formula I.sub.s = CV/t, of 2.2 .times. 10.sup.-.sup.8
      amps, is generated at each peak point. With a load resistance of 50K, the
      output voltage would be about 1 millivolt, a reasonable signal voltage.
PAR  The advantages of the technique disclosed are that: (1) the pressure
      between the record or disc and the stylus may be less, providing greater
      stylus and record life; (2) that the stylus assembly may be less expensive
      to manufacture since a complicated needle is not necessary; and, most
      important, (3) it may be possible to increase the information content
      along the length of the track, thereby providing higher information
      content per disc. The latter advantage would allow the playng time per
      disc to be increased, or color encoding to be added, or both.
PAR  As an alternate technique, the stylus could be constructed such that it
      would charge the surface of the disc as well as collect charges from the
      peaks in the disc. The stylus need not touch the peaks in the track as
      long as the stylus passes close enough to the peaks such that charge will
      be collected by an air breakdown or corona effect.
PAR  While the invention has been described with reference to preferred
      arrangments thereof, it will be understood to those skilled in the art
      that various changes may be made without departing from the true spirit
      and scope of the invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of reproducing information from a surface of an
      information-bearing disc wherein information is stored in accordance with
      the spacing between area of peak amplitude of a spiral track on said
      surface of said disc, and a stylus rides in the spiral track of said disc
      comprising:
PA1  depositing electrostatic charges uniformly on said surface of said disc,
      and
PA1  collecting said electrostatic charges from only the areas of peak amplitude
      of said spiral track of said surfaces of said disc, said collection of
      charge being achieved by the flow of said electrostatic charge from said
      areas of peak amplitude of said spiral track of said surface of said disc
      to said stylus riding in said spiral track of said disc.
NUM  2.
PAR  2. A method of reproducing information from a surface of an
      information-bearing disc wherein the information is stored in accordance
      with the spacing between areas of peak amplitude of a spiral track of said
      surface of said disc, and a stylus riding in the spiral track of said disc
      comprising:
PA1  uniformly electrostatically charging said surface of said disc, and
PA1  collecting said electrostatic charge from only the areas of peak amplitude
      of said spiral track of said surfaces of said disc; said collection of
      charge being achieved by the flow of said electrostatic charge from said
      areas of peak amplitude of said spiral track of said surface of said disc
      to said stylus riding in said spiral track of said disc.
NUM  3.
PAR  3. Apparatus for reproducing information from an information-bearing disc
      wherein the information from an information-bearing disc wherein the
      information is stored in accordance with the spacing between areas of peak
      amplitude of a spiral track on a surface of said disc, and a stylus riding
      in the spiral track of said disc comprising:
PA1  first means for uniformly electrostatically charging said surface of said
      disc, and
PA1  stylus means riding in said spiral track for collecting said electrostatic
      charge from only the areas of peak amplitude of said spiral track of said
      surface of said disc by a flow of said charge from said areas of peak
      amplitude of said spiral track to said stylus means.
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ABST
PAL  A pressure gradient directional microphone of the moving coil type in which
      the acousto-mechanical function of the transducer is achieved by a
      vibratile diaphragm the major area of which is of coneiform shape and the
      central portion of which is of dome shape and of significantly smaller
      area and provides a surround for attaching the coil. One side of the
      diaphragm is exposed to the sound field surrounding the microphone, and
      the other side is exposed to two cavities, one of relatively large volume
      behind that portion of the diaphragm which is of coneiform shape, and a
      second behind the dome portion which is sufficiently smaller that it is
      unnecessary to provide any phase-shift action for any sound pressure
      generated therein. The diaphragm is secured at its periphery to a support
      ring having a plurality of openings formed therein which serve as acoustic
      ducts from the ambient into the larger cavity.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to microphones of the pressure
      gradient type, and more particularly to a dynamic microphone which
      displays a cardioidal directional pickup sensitivity.
PAC  BACKGROUND OF THE INVENTION
PAR  For use in areas where ambient noise levels are quite high, or where
      extraneous sounds would tend to become confused with principal voices or
      music, it is desirable to provide a microphone which can be aimed at a
      chosen source of sound with its back to unwanted noise. Microphones having
      a cardioid pattern of response are well known for use under these
      conditions, it being an object of the present invention to provide an
      improved microphone of this type. More particularly, the microphone
      according to the present invention embodies certain features and
      principles of directional microphones described in applicant Bauer's U.S.
      Pat. No. 2,237,298 and continuations-in-part thereof which issued as U.S.
      Pat. Nos. 2,305,596, 2,305,597 and 2,305,598, and in an article entitled
      "A Review of Cardioid Type Uni-Directional Microphones" appearing in the
      January 1940 issue of The Journal of the Acoustical Society of America,
      Volume 11, Page 296. Some of the material presented in these references is
      repeated here in summary form as background to an understanding of the
      present invention.
PAR  The directional characteristics of microphones are commonly described by a
      directional sensitivity, or polar, pattern of the kind illustrated in FIG.
      1, in which the circle 10 depicts that a microphone 11 located at the
      center thereof has equal sensitivity, in terms of the output voltage, E,
      produced at the microphone terminals 12 and 13, to a plane progressive
      sound wave of r.m.s. sound pressure, p, regardless of the directional
      angle .theta. from which the sound wave .theta. impinges upon the
      microphone in the plane of the graph. Since microphones usually are
      symmetrical about an axis 0.degree.-180.degree. through the length of the
      microphone body, the circle 10 can also be regarded as the circumference
      of an imaginary sphere surrounding the microphone; that is, that the
      microphone is equally sensitive from all directions in space, or
      "omnidirectional." Assuming that the radius of the circle 10 represents
      the reference sensitivity of the microphone in terms of the signal voltage
      produced by sound pressure at the microphone, then half the radius would
      represent a 50 percent drop in sensitivity, corresponding to a level
      change of 20log0.5 =  -6db, a quarter of the radius would represent a drop
      in sensitivity of 75 percent, corresponding to a level change of 20log0.25
      = -12db, etc. In other words, the polar pattern of FIG. 1 is based on a
      linear voltage-pressure relationship along the radius vector; thus, if the
      sensitivity of an omnidirectional microphone is designated S, then in
      terms of the angle arrival .theta. in a plane through the axis of
      symmetry, S is defined by the expression:
EQU  S = 1(.theta.)                                             (1)
PAL  This equation simply shows that the value of S as a function of the angle
      .theta. is unity for all directions of sound arrival.
PAR  An important family of directional characteristics based on the so-called
      limacon family of patterns is characterized by the equation:
EQU  S = (1-k) + kcos.theta.                                    (2)
PAL  which when k = 0 yields the omnidirectional pattern expressed by Eq. (1).
      For a value of k = 1/2, Eq. (2) becomes S=0.5 + 0.5cos.theta., and the
      dashed-line pattern 14 in FIG. 1 is produced, this being the familiar
      "cardioid" pattern. When k has a value of 0.75, Eq. (2) becomes S=0.25 +
      0.75cos.theta., and the pattern shown in dash-dot line is produced, with
      its major lobe 15a directed toward the front and with a smaller lobe 15b
      directed toward the back of the microphone. Finally, when k has a value of
      1.0, a "cosine pattern" is produced which is, in effect, bi-directional
      because it has lobes of equal sensitivity toward the front and the back as
      depicted by the dotted line circles 16a and 16b, respectively.
PAR  The nature of the present invention and the applicability thereto of the
      above theoretical discussion will be better understood from the following
      description of two different types of directional microphones disclosed in
      the aforementioned patents. FIG. 2 shows in stylized cross-section a
      microphone mechanism having a curvalinear coneiform diaphragm 20, the
      outer surface of which is exposed to the oncoming sound wave designated
      p.sub.1. Normally this mechanism is mounted in a suitable foraminous case
      (not shown) for protection and ease of handling. Assuming that the wave
      arrives from the head-on or 0.degree. direction as indicated, it must
      travel, because of the presence of the microphone case 22, an additional
      equivalent distance d before it arrives to the passages 24 in the back of
      the case. At this point the sound wave has a pressure p.sub.2 of the same
      magnitude as p.sub.1, but differs from it in phase by an angle .phi. =
      2.pi.fd/c. If the wave arrives at an angle other than 0.degree., the
      effective distance becomes d.sub..theta., which differs from d by
      cos.theta., as depicted by the double arrow 25, which represents the
      equivalent distance d projected upon the axis at 0.degree.. Thus, the
      phase angle between p.sub.1 and p.sub.2 becomes (2.pi.fd/c) cos.theta.,
      this factor being important to the explanation of the directional
      performance of the microphone.
PAR  The sound pressure p.sub.2 causes an acoustical flow through apertures 24,
      which are usually covered by a fabric 26, causing compression of the
      volume of air within the cavity 28 defined by the inner surface of the
      diaphragm and the microphone case and development of a sound pressure
      p.sub.3 therein. The pressure differential between p.sub.1 and p.sub.3
      acting upon the diaphragm causes it to move, and via a connecting rod 30
      to actuate a transducer 32 which generates an output voltage E at the
      transducer terminals 34 and 36.
PAR  Analyzing the acoustical elements of the microphone in terms of their
      electrical network equivalents, the mass of air in apertures 24 may be
      considered to approximate an inductance L.sub.A, the flow resistance of
      the fabric 26 may be considered as a resistance R.sub.A, and the volume of
      air within the cavity 28 may be considered as a capacitance C.sub.A. When
      these elements are properly selected relative to the distance d as taught
      in the aforementioned references, the pressure p.sub.3 at the inner
      surface of the diaphragm can be made substantially equal to the pressure
      p.sub.2 but displaced from it in phase by a preselected phase angle
      .phi..sub.1. By designing the microphone so that the phase angle
      .phi..sub.1 has a predetermined relationship with the phase angle .phi.
      the microphone can be made to have any desired sensitivity pattern within
      the range encompassed by Eq. (2). For example, when .phi. and .phi..sub.1
      are equal in magnitude the microphone has a cardioid polar pattern, as
      will be seen by examination of the phasor diagrams of FIGS. 2A and 2B. In
      FIG. 2A, which shows the sound pressure relationships corresponding to a
      0.degree. incidence of the wound wave, the phase angle .phi.=2.pi.fd/c is
      the same as that produced by the phase shift network, .phi..sub.1, the
      latter angle being selected to be equal to 2.pi.fd/c. The pressure
      difference across the diaphragm may be thought of as the length of a
      phasor connecting the ends of the arrows p.sub.1 and p.sub.3 as the
      direction of sound incidence changes as the sound source moves around the
      microphone, the phase angle .phi. is modified by the change of the
      equivalent distance d.sub..theta. by the factor cos.theta., and the
      pressure phasor p.sub.1 may be thought of as moving along the dashed-line
      from point g (for 0.degree. incidence) down to point h (for 90.degree.
      incidence) and finally down to point i (for 180.degree. incidence). The
      latter situation is portrayed by the phasor diagram in FIG. 2B which shows
      that for rear incidence the two phasors p.sub.1 and p.sub.3 are
      coincident, there being, therefore, no pressure difference to actuate the
      diaphragm with the consequence that the output of the microphone is zero.
      The net sensitivity, as a function of the azimuth angle .theta. is clearly
      related to equation S=0.5 + 5cos.theta., which defines the cardioid
      pattern described previously.
PAR  The aforementioned patents teach that acoustical networks for giving
      various type of transducers desired directional properties can take on a
      number of different forms and also describes ways of proportioning such
      networks, and the underlying theory need not be repeated here. Of
      particular significance to the present invention is that when a coneiform
      diaphragm is used to drive a transducer via a slim drive rod, the area of
      the diaphragm exposed to the interior cavity of the microphone is very
      nearly the same as the area exposed to the sound field, thereby ensuring
      that the forces across the diaphragm have very nearly the same
      relationship as the pressures whereby the desired limacon pattern is very
      nearly followed.
PAR  Because a moving coil or dynamic microphone is more rugged, and its
      impedance lower than the microphone just described, it would be desirable
      to incorporate the advantages of a coneiform diaphragm into a transducer
      of the moving coil type. However, this poses the design and structural
      problems exemplified by the moving coil microphone shown in stylized
      cross-section in FIG. 3. The diaphragm 40 of this known type of microphone
      consists of a dome 42 and a flexible rim 44, and has a circular coil of
      wire 46 attached at the juncture between the rim and the dome, the
      terminal leads 48 and 50 thereof which collect the voltage generated in
      the coil being brought out to the exterior of the microphone. The coil is
      immersed in a strong magnetic field produced in the gap between an inner
      pole-piece 52 and an outer pole-piece 54 produced by a magnet 56 and the
      surrounding return path member 58. In the conventional dynamic microphone,
      the dome 42 (also known as a piston) constitutes the most pertinent active
      area of the diaphragm and therefore is the principal contributor to the
      acousto-mechanical function of the transducer. The rim portion 44a
      provides a seal to the microphone case and flexibility, but because it
      rests upon the edge of the case, part of the force of the incident sound
      pressure is borne by the case and is not transmitted to the moving coil.
      Thus, the rim portion 44 has appreciably less influence upon the
      performance of the microphone than the dome portion, the main concern of
      the designer being to keep the rim axially flexible and tangentially stiff
      (to avoid spurious resonances), which is usually accomplished with
      corrugations and/or other stiffening devices.
PAR  The above-outlined advantage of having substantially equal inner and outer
      surfaces in the active region of the diaphragm would suggest that the dome
      area of the diaphragm in a moving coil microphone be made as large as
      possible, that spaced entrance ducts 60, depicted by the dashed lines, be
      provided around the rim of the diaphragm, and that these openings be
      covered with a fabric 62 to introduce a suitable acoustical flow
      resistance. This design approach has the shortcoming, however, that the
      sound pressure p.sub.3 developed at the exit of ducts 60 would act upon
      the backside of the relatively ineffective rim area 44 of the diaphragm,
      and the acoustical flow would have to travel the added path between the
      moving coil and the magnetic structure indicated by the arrow 64 before
      generating the sound pressure p.sub.4 within the cavity behind the dome
      area, the only significant active area in this type of microphone. These
      complications make it difficult to design a phase-shift network having
      appropriate interaction with the dome activity to achieve the desired
      directional sensitivity. Although the aforementioned patents suggest that
      the rim area be eliminated and the diaphragm be suspended on flexible
      metal tabs to allow main entry into the dome area to take place through a
      slit between the moving coil and the inner pole-piece of the magnetic
      structure, and other more contemporary designs attempt to circumvent the
      problem by providing passages between the moving coil and the diaphragm,
      all of these designs are complicated, are difficult to construct and
      suffer from a lack of mechanical strength and stability.
PAR  Accordingly, it is the primary object of the present invention to provide a
      directional microphone of the moving coil type having a relatively larger
      active diaphragm area than is exhibited by the diaphragms of known
      microphones of this type, and which is relatively simple to construct.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Briefly, in the moving coil microphone according to this invention, the
      diaphragm has an outer portion of coneiform shape which intersects with a
      central portion of dome shape to form a surround for attaching the coil,
      the active area of the outer portion being much larger than the area of
      the dome portion. One side of the diaphragm is exposed to the sound field
      surrounding the microphone, and the other side is exposed to two cavities,
      one of relatively large volume behind the coneiform outer portion of the
      diaphragm, and the other of much smaller volume behind the dome portion,
      the larger cavity communicating with the smaller one via the air gap for
      the moving coil. The diaphragm is secured at its periphery to a support
      ring, which, in turn, is secured to the main body of the microphone, the
      support ring having a plurality of openings therein which serve as
      acoustic ducts through which the sound pressure enters to produce a volume
      velocity flow into the larger cavity. The ratio of the areas of the
      coneiform and dome portions of the diaphragm is such that the coil-driving
      force contributed by the dome area is so small relative to the
      contribution of the coneiform area that to first approximation it can be
      disregarded, thereby permitting application of known phase-shifting
      techniques to only the larger cavity to provide the desired directional
      properties. As a result of this, it is not necessary to provide special
      ducts between the two volumes under the dome and cone portions of the
      diaphragm, which results in a simple and sturdy structure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the construction and operation of the invention
      will be had from the following description taken in conjunction with the
      accompanying drawings, in which:
PAR  FIGS. 1, 2, 2A and B and 3 are diagrams useful in explaining the background
      of the invention, to which reference has already been made;
PAR  FIG. 4 is an enlarged cross-sectional view of the microphone according to
      the invention;
PAR  FIG. 4A is a perspective view of the diaphragm of the microphone of FIG. 4;
      and
PAR  FIG. 4B is a perspective view of one form of the diaphragm mounting ring of
      the microphone of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The microphone cartridge shown in cross-section in FIG. 4 comprises a main
      body portion 70 of cylindrical shape closed at one end by an annular
      pole-piece 72 and closed at the other end by a magnetic plate 74 secured
      to the wall of the main body, as by circumferentially distributed screws
      76, for example, two of which are visible in FIG. 4. An inner pole-piece
      78, centered within the central opening in the pole-piece 72, defines
      therewith an annular air gap for the moving coil (to be described), the
      centering being accomplished by a non-magnetic washer 80 tightly
      surrounding the inner pole-piece and engaging an annular recess formed on
      the inner surface of the annular pole-piece 72. A polarizing magnet 82 is
      held in axial alignment with the inner pole-piece 78 by the plate 74, and
      with the inner wall of the main body defines an annular cavity of volume
      designated V.sub.5.
PAR  An important feature of the microphone is the construction of the diaphragm
      86, which is of circular shape as shown in FIG. 4A, the major area of
      which is of coneiform shape 88 and the central portion 90 of which is of
      dome shape, with the intersection of the dome portion and the coneiform
      portion providing a circular surround for attaching a circular moving coil
      92. The diaphragm is preferably made of mylar and is formed into the
      desired shape by pressing at elevated temperature utilizing known
      techniques. The diaphragm is cemented at its periphery to a support ring
      94, shown in perspective in FIG. 4B, having a plurality of openings in the
      form of slots 96 milled in the lower edge thereof, the ring, in turn,
      being attached by cement to the main body 70 of the microphone.
      Alternatively, the ring may have a plurality of openings formed in the
      wall thereof. The ring and the body portion preferably are of the same
      diameter, with the ring 94 supported on a shelf 70a formed at the upper
      end of the body portion. The openings 96 serve as acoustic ducts 98
      through which the sound pressure  p.sub.2 is adapted to produce a volume
      velocity flow into the interior of the microphone to produce a desired
      phase-shifted pressure p.sub.3 within the cavity designated V.sub.3
      defined by the coneiform portion 88 of the diaphragm and the upper surface
      of the annular pole-piece 72. These openings also provide a convenient and
      direct way of bringing out the leads 92a and 92b from the moving coil 92.
      The magnetic field for the coil 92 is produced across the coil-receiving
      gap defined by the annular pole-piece 72 and the inner pole-piece 78
      centered therein by the non-magnetic washer 80.
PAR  Reverting to the description of the diaphragm, in the preferred embodiment
      the diameter of the dome portion 90 is approximately one-fourth of the
      diameter of the unsupported diaphragm, thus having only approximately
      one-sixteenth of the net diaphragm area. Even considering that the
      coneiform portion 88 by reason of its being supported at its rim may be
      only approximately 80% effective, since the diameter of the dome portion
      is approximately (1/4)/0.80) or 0.312 of the active diaphragm diameter,
      its area is approximately 0.312.sup.2 or only 0.099 of the active area of
      the diaphragm. Thus, the force contributed by the dome portion 90 is only
      approximately 10% of the total force available to drive the transducer
      coil 92 and its effect, therefore, on the overall performance of the
      microphone is quite small, sufficiently small that the dome area of the
      diaphragm may be disregarded and only the larger volume cavity behind the
      coneiform portion 88 need be considered in designing the phase-shifting
      networks necessary to give the microphone the desired directional
      properties.
PAR  The phase-shifting network design thus becomes straightforward, consisting
      of a band of fabric 100 affixed, as by cementing, to the outer periphery
      of support ring 94, with its lower edge supported on a narrow ledge 70b
      formed on the outer wall of the main body. The fabric 100 covering the
      entries 98 introduces an acoustical resistance of a suitable value to
      produce the proper phase-shift action. Another element of the acoustical
      network is provided by a plurality (eight in successfully operated
      embodiment) of apertures 102 in the annular pole-piece 72, two of which
      are shown in FIG. 4, for coupling the cavity V.sub.3 behind the coneiform
      portion 88 of the diaphragm to the cavity V.sub.5 within the main body
      portion of the microphone. The ends of apertures 102 remote from the
      diaphragm are covered with an acoustical resistance material, such as a
      strip of fabric 104. Alternatively, the fabric may be applied to the upper
      surface of the annular pole-piece 72 to cover the ends of the apertures
      nearest the diaphragm. The acoustical impedance of the ducts 98 and fabric
      100, through which air flows from the atmosphere to the cavity V.sub.3,
      followed by the fabric-covered apertures 102 which serve as acoustic ducts
      between the cavity V.sub.3 and the cavity V.sub.5, is essentially a
      counterpart of the acoustical elements of the phase-shift network shown in
      FIG. 10 of the aforementioned U.S. Pat. No. 2,237,298. Alternatively,
      instead of the apertures 102 and fabric 104, the non-magnetic washer 80
      may be formed of a porous material having suitable acoustical impedance
      which, together with the air gap provides an acoustic duct between the
      cavity V.sub.3 and the cavity V.sub.5.
PAR  Because of the small area of the dome portion 90 relative to the overall
      effective area of the diaphragm, and consequently its small contribution
      to the acousto-mechanical function or directional characteristic of the
      transducer, it is unnecessary to provide any special phase-shift action
      for any pressure p.sub.4 produced within the small cavity defined by the
      dome and the upper end of the inner pole-piece 78.
PAR  Although not essential to the main purpose of this invention, the
      performance of the microphone may be improved by filling a recess 78a
      formed in the free end of the inner pole-piece 78 with sound-absorbent
      material 106, such as felt, for preventing resonances within the small
      cavity under the dome. The presence of the absorbent material allows the
      pressure p.sub.3 in the larger cavity V.sub.3 to become equalized with the
      pressure p.sub.4 in the small cavity at very low frequencies to assist in
      the proper functioning of the microphone. At high frequencies, the
      impedance of the passage around the moving coil is too high to allow
      equalization of pressure, and the presence of the sound-absorbent material
      improves the high frequency performance.
PAR  The described construction of the microphone cartridge also makes it
      convenient to adjust its sensitivity pattern. For this purpose, a shutter
      108 in the form of a sleeve or ring formed of a sound-impervious material,
      such as metal or plastic, for example, closely fitting around the outer
      periphery of the microphone, is adapted to be moved longitudinally of the
      body of the microphone, as by a small knob 108a, so as to cover a
      controlled fraction of the area of inlets 98 and thereby modify the
      impedance introduced by the ducts 98 and the fabric 100. When the shutter
      is positioned as shown in FIG. 4, the phase-shift network may be
      proportioned so that the microphone exhibits a hypercardioid polar
      pattern, whereas when the shutter covers approximately one-half of the
      area of the openings 98 a cardioid sensitivity pattern is obtained. When
      the shutter is moved to a position to completely close the openings 98, no
      sound flow from outside can enter the cavity V.sub.3 and the microphone
      will then be responsive only to the outside pressure and approximately
      exhibit an omnidirectional sensitivity pattern. Thus, the provision of the
      sleeve 108 enables conversion of the otherwise unidirectional microphone
      to a microphone of the omnidirectional type.
PAR  The described construction enables making the microphone cartridge of
      practicable size while providing superior directional and response
      characteristics over the audible frequency range. In a preferred
      embodiment, the cartridge is 1 inch in diameter, 1 3/16 inches long, and
      has a substantially flat frequency response over a range from about 100
      Hz. to 15,000 Hz. at a sensitivity level of about -75db. Its mechanical
      simplicity gives the cartridge ruggedness and performance in adjustment
      and operation, and makes its parts simple to construct and assemble. The
      impedance of the microphone is adjustable, by proper choice of winding for
      the coil, from about 50 ohms to about 150 ohms.
PAR  Since the invention resides in the construction of the microphone
      cartridge, a description of how it is mounted in the usual outer body has
      not been included. It will be understood, however, that the cartridge is
      to be shock-mounted within one end of a tubular outer body member,
      preferably of metal, shaped as a handle, with the front end allowing free
      access to the diaphragm and the acoustical ducts, and provided with a
      suitable terminal plug at the other end, and that the diaphragm would be
      surrounded with a suitable protective grille. Any other method of mounting
      which allows the sound waves to freely reach the diaphragm and the
      acoustical ports would be satisfactory.
PAR  It will now be apparent to those skilled in the art that the embodiment
      herein described may be variously changed and modified without departing
      from the spirit of the invention, the intended scope of which is defined
      in the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a dynamic microphone, the combination comprising,
PA1  a body closed at one end by an annular magnetic pole-piece,
PA1  an inner magnetic pole-piece supported coaxially within said annular
      pole-piece and therewith defining a circular air gap,
PA1  an annular diaphragm support having a diameter much larger than the
      diameter of said air gap supported on said body generally coplanar with
      said air gap,
PA1  a circular vibratile diaphragm secured at its periphery to said annular
      support, said diaphragm having an active outer area portion of coneiform
      shape which intersects with a central portion of dome shape, the active
      area of said outer portion being larger than the area of said dome
      portion,
PA1  a circular coil having a diameter substantially equal to the diameter of
      said dome portion secured to said diaphragm concentrically with said dome
      portion and supported within said air gap, one side of said diaphragm
      being adapted to receive external sound pressure and said coil producing
      electric output signals as a function of the sound pressure impinging upon
      the diaphragm,
PA1  said diaphragm, said diaphragm support, and the surfaces of said annular
      and inner pole-pieces which confront said diaphragm enclosing a total
      volume divided by said air gap into two portions, the partial volume under
      the dome portion of the diaphragm being much smaller than the partial
      volume under the coneiform portion of the diaphragm,
PA1  first duct means formed in said diaphragm support having acoustical
      impedance adapted to serve as an acoustic duct between the external
      atmosphere and said total volume,
PA1  a second volume within said body enclosed in part by the surface of said
      annular pole-piece opposite the surface thereof which confronts said
      diaphragm,
PA1  second duct means formed in said annular pole-piece having acoustical
      impedance adapted to serve as an acoustic duct between said total volume
      and said second volume,
PA1  the acoustical impedance of said first and second duct means and said total
      and second volumes being so interrelated as to give the microphone a
      predetermined directional sensitivity pattern,
PA1  the partial volume under the coneiform portion of said diaphragm being
      sufficiently larger than the partial volume under the dome portion of said
      diaphragm that any sound pressure generated within the partial volume
      under the dome portion does not significantly affect the directional
      sensitivity pattern.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said annular support is a ring,
      and wherein said first duct means comprises at least one opening through
      said ring in which an acoustic resistance is provided, and further
      including means for adjusting the directional response of the microphone
      comprising,
PA1  a sound impervious sleeve surrounding said body and adapted for adjustment
      therealong from a position at which it does not obstruct the openings in
      said ring to a position at which it effectively closes said openings to
      sound flow from the external atmosphere into said total volume.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said annular support is a ring,
      and wherein said first duct means comprises at least one opening through
      said ring in which an acoustic resistance is provided.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said said second duct means
      comprises at least one aperture through said annular pole-piece in which
      an acoustic resistance is provided.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein the area of said dome portion is
      approximately ten percent of the total active area of said diaphragm.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein the end of said inner pole-piece
      confronting said diaphragm has a recess therein filled with
      sound-absorbent material for preventing resonances within the partial
      volume under the dome portion of said diaphragm.
NUM  7.
PAR  7. In a dynamic microphone, the combination comprising,
PA1  a hollow cylindrical magnetic structure closed at one end by a flat annular
      pole-piece and at the other end by a magnetic plate,
PA1  a polarizing magnet supported on said magnetic plate coaxially within said
      cylindrical structure and with the inner wall of said structure enclosing
      a cavity of annular shape,
PA1  an inner pole-piece supported colinearly with said polarizing magnet and
      supported within said annular pole-piece and therewith defining an air
      gap,
PA1  an annular diaphragm support having substantially the same diameter as said
      magnetic structure supported on said one end of said structure and
      extending beyond the outer surface of said annular pole-piece,
PA1  a vibratible diaphragm secured at its periphery to said annular support,
      said diaphragm having an active annular outer portion of coneiform shape
      which intersects with a central portion of dome shape, the active area of
      said outer portion being larger than the area of said dome portion,
PA1  a coil having substantially the diameter of said dome portion secured to
      said diaphragm concentrically with said dome portion and supported within
      said air gap, one side of said diaphragm being adapted to receive external
      sound pressure and said coil producing electric output signals as a
      function of the sound pressure impinging upon the diaphragm,
PA1  said diaphragm, said diaphragm support and the said one closed end of the
      magnetic structure enclosing a total volume divided by said air gap into
      two partial volumes, a first partial volume under the coneiform portion of
      said diaphragm and a second partial volume under the dome portion,
PA1  first duct means formed in said diaphragm support and having acoustical
      impedance adapted to serve as an acoustic duct between the external
      atmosphere and said first partial volume,
PA1  means engaging said inner pole-piece and said annular pole-piece for
      acoustically sealing said air gap from said annular cavity, and
PA1  second duct means formed in said annular pole-piece and having acoustical
      impedance adapted to serve as an acoustic duct between said first partial
      volume and said annular cavity,
PA1  said first partial volume being sufficiently larger than said second
      partial volume that any sound pressure generated within said second
      partial volume does not significantly affect the directional sensitivity
      pattern of the microphone.
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PAL  An elliptically tapered tube or funnel shaped element is fixed to a
      loudspeaker so that its large diameter end overlies a central region of
      the loudspeaker diaphragm and such that its small diameter end extends
      away from the diaphragm. The loudspeaker diaphragm need not extend beyond
      the line on which it is connected to the funnel element, but does in the
      preferred embodiment. The funnel element has a cross-sectional shape that
      differs on planes parallel to the plane of the base which lie at different
      distances from the base. A funnel that is circular in cross-section at all
      of those parallel planes does not exhibit high fidelity response with the
      brilliance and clarity that distinguishes speakers having the non-uniform
      cross-sectional shape.
BSUM
PAR  This invention relates to improvements in loudspeakers of the kind that
      convert the electrical output of radio and television receivers and sound
      systems and other apparatus in which output signals are to be broadcast as
      sound.
PAR  An object of the invention is to produce a speaker having substantially
      greater fidelity than has heretofore been provided by speakers of
      comparable cost. Most loudspeakers include a paper diaphragm of circular
      or elliptical shape. The outer margin of the diaphragm is held in a frame
      and its center is fixed to an electromagnetic actuator. The
      electro-magnetic actuator comprises two parts, one of which is fixed to
      the diaphragm frame and the other one of which is attached to the central
      region of the diaphragm.
PAR  In an ideal speaker, the diaphragm vibrates in a way which would result in
      the development and radiation of acoustic compressions and rarefactions
      corresponding exactly to the variations of the electrical signal applied
      to the speaker. Ideal operation, however, is not reached in practice
      because the physical elements comprising the speaker have mass which moves
      in varying degrees in response to a given level of power input and
      different frequencies.
PAR  The frequency response characteristic of an actual speaker depends upon its
      physical dimensions, the velocity of wave propogation through the
      materials of its elements, and a number of other factors. In all but a few
      cases the complexity of the problem precludes rigorous pre-calculation of
      the frequency response characteristic of a given speaker. That means that
      synthesis of a speaker design to produce a speaker with uniform frequency
      response is simply not possible. Speaker designs evolve primarily on the
      basis of emperical relationships.
PAR  Notwithstanding the difficulty in evolving a design, it is possible by
      observing speakers with different frequency response characteristics to
      determine what happens in a speaker when its response to an input signal
      is good.
PAR  It can be demonstrated that the different parts of a speaker, and in
      particular the regions that encircle the central part of the diaphragm at
      different distances from the center, exhibit different natural frequencies
      of resonance. This means, instead of a single resonant frequency which is
      applicable to the whole of a speaker element, there appear to be natural
      resonant frequencies that are identified with different sections of the
      structure. When the natural resonant frequency of a particular section of
      a speaker element corresponds closely to the input vibration frequency
      that will make that section vibrate, then the amplitude of vibration will
      be enhanced. The result of this phenomenon is that a speaker will
      reproduce signals of one or more frequencies with greater amplitude, for a
      given input power, than it will reproduce signals at other input
      frequencies. That disparity in sound output levels for a given input level
      and frequency may be referred to as a non-uniformity of response. By
      definition, that is less than perfect fidelity.
PAR  Speaker manufacturers have devised a number of expedients with which to
      minimize this frequency selective effect. In general, such expedients
      result in increased speaker manufacturing costs whereby the terms
      "inexpensive speaker" and "poor fidelity" have become synonymous.
      Similarily, the terms "expensive speaker" and "high fidelity" have become
      closely associated. Speakers of small size are generally expected to have,
      and usually do have, relatively poor frequency response characteristics.
      It is an object of this invention to provide a speaker which adds little
      cost to the conventional speaker while greatly adding to its fidelity.
      Another object is to make possible a given fidelity level in smaller size
      speakers than has heretofor been possible.
PAR  Most loudspeakers use a cone shaped diaphragm. The cone is relatively
      shallow in that the height of the cone is a small fraction of the diameter
      of the cone at its base. When a speaker has such a circular diaphragm,
      sound emanates from a circular area around the central axis of the
      diaphragm. The vibrations at individual points in that circular area tend
      to cancel one another in certain directions and to reinforce one another
      in other directions. The result is that such speakers are substantially
      omnidirectional in their operation, which is generally true for all
      frequencies. Speakers tend to become unidirectional when the speaker cone
      is tapered in greater degree such that the height-to-base ratio is
      increased.
PAR  Not all speaker diaphragms are circular. It has become common to
      manufacture speakers in which the margins form an ellipse and are mounted
      in an elliptical frame. While there are claims that specific speakers of
      one form or another provide better fidelity, there appears to be no
      evidence that one form is generally better than the other for high
      fidelity sound production. The comparison between the fidelity of circular
      and elliptically shaped speakers is made because this invention, with an
      elliptical shape, provides a higher fidelity than it does with a circular
      shape. In the invention, a conventional speaker diaphragm, or speaker
      cone, is supplemented with a "funnelling" element which is fixed to the
      forward side of the diaphragm. The term "funnelling" is used to denote a
      tubular member which is tapered along its length from a large opening at
      one end to a smaller opening at the other. In the preferred form of the
      invention, the margin at the large opening is elliptical. The
      cross-sectional configuration becomes less elliptical on successive
      transverse planes. That is, the member becomes more circular toward the
      smaller opening and has a substantially circular cross-section at the
      smaller opening.
PAR  The margin of the larger opening is called the base. The base is fixed to
      the diaphragm of the speaker. That diaphragm may be either elliptical or
      circular. In the preferred embodiment it is elliptical, and is larger in
      area than the area of the funnel base by approximately two times. One
      function of the funnel is to direct sound waves from the diaphragm to a
      region outside of the funnel opening. The sound waves proceed from that
      region as from a point source. There is somewhat greater sound
      transmission in the direction of the axis, the center line, of the funnel.
      However, that effect is minimal and speakers made according to the
      invention are essentially omnidirectional.
PAR  The surface of the funnel vibrates greatly as the speaker is excited. When
      excited by a sinusoidal wave, a single frequency, surface vibrations occur
      in maximum degree in a band around the circumference of the funnel at that
      distance. The distance from the base to that band increases with
      frequency. Shortening the funnel and making its slant angle more acute
      would extend high frequency response. Making the base wider and adding to
      the area of the speaker diaphragm would extend low frequency response.
PAR  The effect is to greatly increase the area that can vibrate in response to
      electrical stimulation. Thus, each area vibrates in response to excitation
      by a smaller range of frequencies. The result is faithful reproduction of
      complex signals with increased brilliance and clarity then exhibited in
      smaller speakers heretofore.
PAR  This advantage is not fully achieved if the funnel is a regular cone. It
      appears that the attempt to make a conical funnel vibrate in a circular
      area results in greatly diminished selectivity of area of vibration. Such
      a unit vibrates in a mode which is not as frequency selective. However, if
      the funnel is not symmetrical about the center line of the speaker, the
      wide band response characteristic is exhibited. That appears to be the
      criteria. When it is desired to practice the invention at lowest cost, it
      is advantageous to add the funnel structure to conventional circular or
      elliptical speaker with its center line substantially coincident with the
      speaker axis. That arrangement will provide the improved result with a
      minimum cost funnel, and without need for basic redesign of existing
      speakers. It is the currently preferred arrangement or mode of practicing
      the invention. A conical funnel or right circular cone is avoided by
      making the funnel elliptical in cross-section at its base and less
      elliptical at successively greater distances from the funnel base. The
      limit of that change in cross-sectional shape is a circle. The funnel
      terminates in a circular opening in the preferred embodiment because that
      provides the strongest construction.
PAR  The funnel should have physical characteristics like those of the
      diaphragm, if possible. Its outer end is unsupported and may be subject to
      damage. To add strength, a thin coating of rubber and a metal reinforcing
      ring may be added to the funnel. The expedient is also useful in
      strengthening the conventional speaker diaphragm, and, if that is done,
      the elastomeric covering of one is bonded to the covering of the other to
      aid in continuity between the funnel element and the diaphragm.
PAR  The connection between funnel and diaphragm should be continuous around the
      base of the funnel, and may be made using any effective adhesive material.
      "White glue" was used as the bonding agent on the proto-types.
PAR  The novel features which I consider characteristic of my invention are set
      forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and mode of operation, together with
      additional objects and advantages thereof, will best be understood from
      the following description of specific embodiments when read in connection
      with the accompanying drawings, in which:
DRWD
     In the drawings:
PAR  FIG. 1 is a pictorial view of a speaker that embodies the invention;
PAR  FIG. 2 is a view in side elevation of the speaker of FIG. 1;
PAR  FIG. 3 is a view in front elevation of the speaker of FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken on line 4--4 of FIG. 3 showing the
      speaker diaphragm, the voice coil and the sound funnel;
PAR  FIG. 5 is a view in front elevation of another embodiment of the invention;
PAR  FIG. 6 is a view in front elevation of a third embodiment; and
PAR  FIG. 7 is a cross-sectional view taken on line 7--7 of FIG. 6 showing parts
      of the third embodiment.
DETD
PAR  To facilitate understanding of the invention, and to enable a comparison of
      a speaker made according to the invention with a prior art speaker, as
      well as to describe what is now considered to be the best mode of
      practicing the invention, the unit of FIG. 1, 2, 3 and 4 was constructed
      by adding a funnel element to an elliptical speaker. The latter is
      representative of many of the smaller, less expensive speakers that are
      widely used in electronic apparatus made for the consumer market. In this
      case, the speaker measures nine inches across its widest dimension and six
      inches across its narrow dimension. The center of the diaphragm, or cone,
      is displaced from the plane of its outer margins by about one inch. The
      central region of the diaphragm is fixed to a voice coil that cooperates
      with a permanent magnet carried by the frame. The diaphragm is made of
      common felt paper.
PAR  The funnel element is approximately four and five-eighths inches high. The
      small end is circular and its opening is approximately one and one-half
      inches in diameter. The base of the funnel is about five inches wide
      across its widest side and approximately three and one-third inches wide
      across its narrow dimension. The margin of the larger opening, the base,
      lies on a plane and is secured by an adhesive, such as white glue, to the
      diaphragm of the speaker so that the center line of the funnel element,
      "the axis of the circular end," is coincident with the axis of the speaker
      diaphragm.
PAR  In this embodiment, the margins of the smaller opening lie on a plane that
      is parallel to the plane of the base. The funnel element was formed by
      bending a piece of calendered paper into conical shape and by gluing
      together overlapping portions of the board to form a truncated cone. The
      board was trimmed to form the margins of the larger end along a line such
      that that margin would lie on a plane when the opposite sides of the cone
      were compressed toward one another, such that the large end of the funnel
      assumed an elliptical shape. The funnel element, thus formed and
      compressed, was glued to the cone. It was coated with a thin layer of a
      polymer that hardened to a synthetic rubber surface. The result being a
      strong funnel of which the surface is capable of vibrating.
PAR  The speaker, thus constructed, exhibited the ability to produce sound in a
      frequency range of approximately 27 Hz to 18.5 kHz. The free air resonant
      frequency of the speaker before addition of the funnel shaped element was
      measured to be approximately 137 Hz. After addition of the funnel element,
      the free air resonant frequency decreased in measurement to approximately
      68 Hz. Some variation in measurements existed in the second speaker
      constructed. Its before and after measurements were 130 Hz to 71 Hz. In
      the completed unit, the radius, R.sub.1, of the small end of the funnel
      was 0.812 inches. The average dimension of R.sub.2, from the center line
      of the cone to the margin at the base was 2.03 inches and the height, h,
      from the plane of the base to the plane of the small end of the funnel was
      4.625 inches.
PAR  Applying the formula:
PAR  Volume = 1/3 .pi. h (R.sub.1.sup.2 + R.sub.2.sup.2 + R.sub.1 R.sup.2), the
      volume of the "elliptical cone" or the funnel element is approximately
      29.76 cubic inches. The average wave length over the range from 68 Hz to
      20 kHz can be found by integration to be 386 Hz. The formula for that
      calculation is given as follows:
      ##EQU1##
PAR  V = 1.12.times.10.sup.3 feet/sec = velocity of sound in air
PAR  b = 0.05 feet = wavelength of 20 kHz
PAR  a = 16.5 feet = wavelength of 68 Hz
PAR  Helmholtz has developed a formula well known in acoustical engineering for
      finding the frequency of natural resonance in ported containers, which
      would include those shaped like a funnel, on the basis of its volume and
      port area. That formula is written:
EQU  F.sub.r = 2070 (A/V.sup.2).sup.1/4
PAR  The conversion efficiency of the speaker appears not to be altered
      substantially by addition of the funnel element. That is, the speaker
      produced about as much sound energy in response to a given exciting signal
      with the funnel in place as it did without the funnel. That result was
      unexpected. The mechanical impedance of a speaker exceeds air impedance.
      For that reason, coupling elements intended for matching a speaker source
      to the air to insure maximum energy transfer have their small diameter end
      at the speaker source and their larger diameter end coupled to the air.
      Those matching devices would be conically shaped. In this invention, the
      acoustic transformer, here called the funnel, is turned around so that the
      large diameter end is coupled to the speaker and the small end is coupled
      to the air. What is unexpected is that coupling efficiency appears not to
      have been lost and broad band response is gained.
PAR  In FIG. 1, the speaker, which is generally designated 10, comprises a
      conventional elliptical speaker 12, having an outer frame 14, to which the
      margins of a diaphragm 16, are fixed. Extensions 20, of the frame 12,
      extend rearwardly toward the central axis of the speaker and they are
      fixed to a magnet 18. As previously indicated, the speaker thus far
      described is old and it is substantially like many currently used
      permanent magnet speakers.
PAR  The frustrated elliptical cone, or funnel element 22, has the dimensions
      previously described, as best shown in FIGS. 2, 3 and 4. The funnel
      element is centered over the central region of the diaphragm 16, and its
      voice coil 30. The fact that the funnel is elliptical at its base and
      round at its outer end is best shown in FIG. 3.
PAR  It appears that an important factor in successful operation of the
      invention is the fact that the funnel element is not circular in
      cross-section on planes parallel to the plane of the margins of the
      diaphragm, or to the average plane of the base of the funnel. It may be
      circular at one plane without loss of the advantages of the invention.
      Thus, the speaker of FIGS. 1 through 4 is not rendered inoperative and its
      function is not degraded by the fact that the funnel ends at its outer end
      in a circular shape.
PAR  It is necessary in the invention that the funnel be tapered from its base
      opening to a smaller opening at the outer end. The degree of that taper
      does not appear to be especially critical as long as volume and port size
      are maintained. The proportions given in the example have exhibited good
      performance. It is considered that the funnel should be at least half as
      long as the base at its greatest width and the opening, or port, at the
      end of the funnel element is best made with a diameter that is between
      one-half and one-fourth of the funnel length. The mathematical expressions
      given previously may be employed to discover appropriate dimensions for a
      funnel to be used with a given speaker and desired range of response.
PAR  The embodiment of FIG. 5 employs a round speaker 50, in which a circular
      diaphragm 52, is fixed at its margins to a circular frame in 54. The
      diaphragm 52 describes a shallow cone and extends rearwardly into the
      frame, to a central region 56, at which point the voice coil is attached
      to the rear of the speaker. A funnel element 58, is centered on the
      diaphragm 54. The margin of the cone that defines its base is designated
      60, and it is circular. The funnel element extends upwardly in FIG. 5,
      toward the viewer, from a fixed connection to the diaphragm 52, at the
      base and terminates in an elliptical opening 62. Except at the base, the
      cross-section of the funnel taken on a plane parallel to the plane of its
      base is not circular at any point other than at the base, and the degree
      of circularity at one plane is different from the degree of circularity
      and the degree of ellipticity at any other parallel plane. That
      construction falls within the invention. It will produce a broad band,
      high fidelity response, and is one of the preferred embodiments.
PAR  Another embodiment is shown in FIGS. 6 and 7. This embodiment is more
      costly and is now considered to be less desirable than the others, but it
      illustrates that the invention is applicable to other shapes. In this
      case, the funnel is conical, but its upper and lower margins are cut on a
      bias so that both the upper and lower openings describe an ellipse.
      However, the degree in which the funnel is elliptical differs at each
      different distance from the base. As best shown in FIG. 7, the funnel
      element is mounted with its base lying on a plane that is parallel to the
      plane of the margins of the diaphragm and that means that it lies on a
      plane that is substantially perpendicular to the axis of the speaker. The
      center line, the axis about which the funnel is symmetrical, is not
      coincident with the center line of the speaker, but extends at an angle to
      it. This speaker is harder to produce. It has an appearance that implies
      lack of symmetry in its output and is generally considered to be less
      desirable than the others. Nonetheless, it does illustrate that the
      invention is not limited to the preferred embodiments shown in FIGS. 1
      through 5.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a speaker of the kind in which a diaphragm is suspended at its
      margins from a frame and is caused to move in response forces applied to
      its mid region, the improvement which comprises:
PA1  a funnelling member in the form of a tapered tube having a larger opening
      at one of its ends than the smaller opening at the other;
PA1  said funnelling member having the margin of its larger opening in
      engagement with and fixed to said diaphragm such that it encompasses said
      mid region at which said forces are applied;
PA1  means in the form of said smaller opening for permitting flow of air into
      and out of the interior of said funnelling member as an incident to
      application of force to said diaphragm;
PA1  said funnelling member having generally elliptical cross-sectional shape in
      planes extending to it parallel to the plane of the margin of said larger
      opening; and
PA1  said funnelling member having a length greater than the avereage diameter
      of said mid region encompassed by said larger end of the funnelling member
      such that it extends beyond the plane of said frame.
NUM  2.
PAR  2. The invention defined in claim 1 in which said funnelling member is
      formed about an axis perpendicular to the plane of said frame and in which
      the length of the funnelling member exceeds the lesser width of said
      member at its greater opening and in which the area of the smaller opening
      is less than one-third of the area of said larger opening.
NUM  3.
PAR  3. In a speaker of the kind in which a diaphragm is suspended at its
      margins from a frame and is caused to move in response to forces applied
      to its mid region, the improvement which comprises:
PA1  a funnelling member in the form of a tapered tube having a larger opening
      at one of its ends than the smaller opening at the other;
PA1  said funnelling member having the margin of its larger opening in
      engagement with and fixed to said diaphragm such that it encompasses said
      mid region at which said forces are applied;
PA1  means in the form of said smaller opening for permitting flow of air into
      and out of the interior of said funnelling member as an incident to
      application of force to said diaphragm;
PA1  said diaphragm being elliptical and conical;
PA1  said funnelling member being elliptical and conical and having its central
      line substantially coincident with that of said diaphragm; and
PA1  said funnelling member becoming less elliptical and approaching circularity
      in the direction away from said diaphragm and having a taper such that the
      diameter of the smaller opening is no greater than half of the greatest
      width of the larger opening of said member.
NUM  4.
PAR  4. The invention defined in claim 3 in which the ratio of the larger width
      to the smaller width of said funnelling member at the margin of the larger
      opening is between three and four to two; and in which the ratio of the
      height of the funnelling element to its largest width is between one and
      one and one-half to one.
NUM  5.
PAR  5. In a speaker of the kind in which a diaphragm is suspended at its
      margins from a frame and is caused to move in response to forces applied
      to its mid region, the improvement which comprises:
PA1  a funnelling member in the form of a tapered tube having a larger opening
      at one of its ends than the smaller opening at the other;
PA1  said funnelling member having the margin of its larger opening in
      engagement with and fixed to said diaphragm such that it encompasses said
      mid region at which said forces are applied;
PA1  means in the form of said smaller opening for permitting flow of air into
      and out of the interior of said funnelling member as an incident to
      application of force to said diaphragm;
PA1  the area of said diaphragm encompassed by said funnelling member being less
      than its total area;
PA1  said funnelling member having a length greater than the average dimension
      across said larger end of the funnelling member.
NUM  6.
PAR  6. The invention defined in claim 5 in which said funnelling member is
      formed around an axis perpendicular to the plane of said frame and in
      which the length of the funnelling member exceeds the width of said member
      at its greater opening and in which the area of the smaller opening is
      less than one-third of the area of said larger opening.
NUM  7.
PAR  7. The invention defined in claim 6 in which the smaller opening at the end
      of said funnelling element has an average width that is between one-half
      and one-fourth of the funnel length.
NUM  8.
PAR  8. The invention defined in claim 6 in which the area of the speaker
      diaphragm is approximately twice that of the area of the funnelling member
      at its larger end.
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ABST
PAL  A remote control method and apparatus for use in association with a movable
      carriage illustrated as a transfer car for handling radioactive materials.
      The car has a self-contained drive motor energized from a remote power
      source, and travels in forward and reverse directions in a predetermined
      path between at least two predetermined operating stations in a closed
      operating space defined by protective walls. The travel of the car in both
      directions is automatically halted by means of limit switch means located
      outside the closed space, to de-energize the power source for the drive
      motor. A rotary shaft extending through a wall of the enclosed space is
      rotated in one direction in response to forward travel of the car and in
      the opposite direction in response to the reverse travel of the car. An
      adjustable switch means is located on the outside of the chamber wall to
      halt the car at the predetermined limit position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the remote control of material handling equipment
      such as for handling radioactive material as radioactive waste material.
      More particularly, the invention relates to a method and apparatus for
      controlling and energizing, if desired, from a remote station, a movable
      carriage such as a car located in an operating space defined at least in
      part by a wall. Although useful for other purposes, the invention provides
      particular advantages in connection with the handling of radioactive
      materials produced or used in nuclear power generating stations, and it
      will be described below in connection with radioactive waste materials.
PAR  Nuclear power generating stations develop radioactive waste materials that
      must be disposed of, usually by placing them in containers that are
      removed to burial sites. These radioactive wastes usually are in the form
      of fluent slurries of radioactive particles in liquids but may take other
      forms such as radioactive cotton waste or radioactive portions of
      equipment.
PAR  The placing of radioactive waste material into a suitable container and
      handling a container having such material is a complex operation and must
      be accomplished in such a way that operating personnel will not be exposed
      to harmful radiation. Accordingly, the operation of introducing the waste
      material into the container must be performed in an enclosed chamber with
      walls that shield against passage of radioactivity harmful to human
      operators. It is particularly important that the operation be controlled
      in such a way that operators need not enter the space in which the
      radioactive material is placed in the container which, because of the high
      level of radioactivity present therein, is sometimes referred to as a
      "hot" area. Likewise, the external space shielded from harmful radiation
      and wherein operating personnel may work safely is often called a "safe"
      area.
PAR  Some previous techniques have utilized vehicles such as transfer cars for
      transporting the container between a filling station wherein radioactive
      material is introduced into the container, and a removal station whereat
      the container containing the radioactive material is removed from the car
      and carried away for storage. In order to operate the car, it is necessary
      to have equipment such as motors, electrical switches and other mechanisms
      within the "hot" area for energizing or control purposes. These all must
      have periodic maintenance that requires personnel to enter the "hot" area
      and thus, be exposed for periods of time to considerable radiation. This
      is, of course, undesirable and it is this type of operation that the
      present invention is intended to eliminate or greatly minimize.
PAR  The method and apparatus of the present invention reduce the types of
      dangers described above and afford other features and advantages
      heretofore not obtainable.
PAC  SUMMARY OF THE INVENTION
PAR  It is among the objects of the invention to control the operation of a
      movable carriage such as a car or the like adapted for travel between at
      least two stations, from a safe location remote from an enclosed operating
      space defined by protective walls.
PAR  Another object is to substantially reduce the danger to human opertors of
      exposure to radioactive contamination during the handling and movement of
      radioactive material, to a level where the radiation is not harmful to
      such operators in normal operation.
PAR  A further object is to minimize the number of mechanical and electrical
      connections which must be made between a shielded operating space wherein
      radioactive materials are handled and moved and a "safe" area outside such
      space, from which operations therein are controlled.
PAR  These and other objects are accomplished by the method and apparatus of the
      invention which are adapted to automatically indicate and halt the travel
      in forward and reverse directions at remotely adjustable predetermined
      limit positions of a movable carriage such as a transfer car or the like
      with its own drive motor. The power source for the drive motor is remote
      from the carriage which is located in a closed operating space (or "hot"
      area) defined by protective walls.
PAR  In accordance with the apparatus of the invention, a rotatable shaft
      extends through a wall with its inner and outer ends respectively
      extending into the "hot" area and into the outside space or "safe" area.
      Means associated with the shaft rotates the shaft in one direction as a
      linear function of the forward travel of the movable support such as a
      transfer car and in the opposite direction as a linear function of the
      reverse travel of the movable support. Adjustable means are provided
      external to the "hot" space and operatively connected to the shaft for
      stopping the drive motor in response to the direction and the amount of
      rotation of the shaft. Accordingly the movable support is stopped
      automatically when reaching one of the respective limit positions and the
      limit positions are adjustable from a remote location in the safe area.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view in somewhat diagrammatic form of
      apparatus embodying the invention comprising a transfer car adapted to
      carry a container holding radioactive waste material, between a filling
      position and an unloading position, in an enclosed chamber sealed by thick
      walls of concrete illustrated in dashed lines, together with associated
      control apparatus, the car being shown in an intermediate position between
      the ends of its path of travel, the direction of travel of the car and of
      the flexible control member being shown by arrows;
PAR  FIG. 2 is a side elevation illustrating the apparatus of FIG. 1;
PAR  FIG. 3 is a fragmentary plan view of the chamber and transfer car with
      control apparatus illustrated in FIGS. 1 and 2;
PAR  FIG. 4 is a fragmentary sectional view taken on the line 4--4 of FIG. 3
      showing the radioactive waste material handling equipment illustrated in
      FIGS. 1, 2 and 3;
PAR  FIG. 5 is a fragmentary sectional view on an enlarged scale illustrating
      the external portion of the control system of the invention;
PAR  FIG. 6 is a cross sectional view taken on the line 6--6 of FIG. 5;
PAR  FIG. 7 is a perspective view in somewhat diagrammatic form similar to FIG.
      1 illustrating an alternate form of control apparatus embodying the
      invention; and
PAR  FIGS. 8 and 9 are both fragmentary elevational views indicating the two
      limit positions for the external portion of the control apparatus of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings and initially to FIGS. 1
      through 4, there is shown a carriage taking the form of transfer car 10
      located in a shielding chamber 11, enclosed by thick concrete walls 12,
      ceiling 13 and floor 14 in which radioactive waste material is handled.
      The walls, ceiling and floor of chamber 11 are of such thickness and
      formed of such material that passage of radiation through them is greatly
      reduced to a level that is not harmful to human operators in locations
      outside the chamber. The transfer car 10 is adapted to carry at least one
      container 15. After the container 15 has the desired radioactive material
      put in it, it is removed and transported to a safe storage area.
PAR  The transfer car 10 has flanged wheels 16 which ride on parallel rails 17
      supported on floor 14 and extending endwise in the chamber 11 so that the
      transfer car 10 is movable in a fixed path between a position illustrated
      in dashed lines in FIG. 2 and 3, below suitable known filling means 18 by
      which radioactive waste material is introduced into the container 15, and
      a removal hatch 19 at the opposite end of the chamber through which the
      containers are removed by a known overhead crane or the like. The removal
      hatch 19 is of sufficient size that the transfer car 10 itself may be
      lifted therethrough from the chamber 11 for repair and replacement.
PAR  The transfer car 10 has a drive means taking the form of a drive motor 20
      connected through a clutch and reduction gear unit to a pair of wheels 16
      at an end of the car. The motor 20 receives electrical power through a
      flexible cable 21 with electrical power conductors, that extends to and is
      removably connected to a junction box 22 mounted on an arm 23 extending
      from the front of the car 10. Cable 21 also contains circuits forming part
      of known control means, not shown, for causing the motor to rotate in
      opposite directions to move the car 10 in opposite directions. The cable
      21, which is a flexible elongated power conveying member, extends
      generally parallel to the direction of travel of the transfer car 10 from
      the arm 23 to a pulley 25 supported in bearing brackets 26 mounted on the
      inside of the wall 12. From the pulley 25 the cable 21 passes upward to a
      drum 27 rigidly secured to a hollow shaft 28 that extends through the wall
      12 perpendicular thereto and which is journaled in bearings 29 mounted on
      opposite side of the wall 12.
PAR  With this arrangement, forward movement of the car 10 from the position
      shown in dashed lines in FIGS. 2 and 3 to the forward limit position shown
      in solid lines in FIGS. 2 and 3 (i.e., the unloading position below the
      hatch 19 causes the cable to be pulled along by the arm 23 and thus
      rotates the drum 27 in a counterclockwise direction which in turn causes
      rotation of the shaft 28 in a counterclockwise direction. Movement of the
      transfer car 10 in the reverse direction from the position shown in solid
      lines in FIGS. 2 and 3 to the reverse limit position shown in dashed lines
      in FIG. 3 causes the shaft 28 to turn in the reverse direction and the
      drum 27 to wind up the cable due to a force urging the shaft 28 in a
      clockwise direction as will be described in detail below.
PAR  The end of the shaft 28 that extends into the safe area has rigidly secured
      to it another drum 32 around which the cable 21 is wound after it passes
      through the hollow shaft. From the drum 32, the cable 21 passes downwardly
      to a sheave 33 and then back up to a known fixed termination unit 34
      mounted on the wall 12. Unit 34 connects the cable 21 to another conductor
      that extends to the power source (not shown).
PAR  The sheave 33 is rotatably mounted on a sheave carrier unit 35 best
      illustrated in FIGS. 5 and 6. The carrier unit 35 comprises two parallel
      generally square plates of substantial comprises two parallel generally
      square plates of substantial weight with the sheave 33 rotatably mounted
      therebetween. Mounted at the corners of the carrier unit 35 are guide
      rollers 36 that define a V-shaped groove and which are adapted to travel
      along vertical guide tracks 37 and 38 as the cable 21 is either wound or
      unwound from the outer drum 32 to raise or lower the sheave 33 and the
      carrier unit.
PAR  As indicated in FIGS. 5 and 6, the sheave 33, sheave carrier unit 35 and
      tracks 37 and 38, are all located in a protective sheet metal enclosure 39
      which is open at the top and extends vertically throughout the range of
      vertical travel of the sheave 33. The enclosure 39 has an access door 40
      which is used to obtain access to the position and control elements to be
      described below.
PAR  Bolted to the front plate of the sheave carrier unit 35 at opposite sides
      are switch actuator cams 41 and 42 best shown in FIGS. 5 and 6. The cams
      41 and 42 are adapted to operate upper and lower position control switches
      43 and 44 respectively which are used to control the electrical power for
      operating the motor 20. Thus when either one of the switches is open the
      power supply is switched off and the transfer car 10 will stop at one of
      its predetermined limit positions. The upper and lower position control
      switches 43 and 44 each have a switch operating element 45 and 46
      respectively with cam rollers that are engaged by the cams 41 and 42. The
      operating elements have double arms so that the switches 43 and 44 are
      opened when engaged by the respective cam 41 or 42 moving in one direction
      and closed when engaged by the respective cam moving in the opposite
      direction.
PAR  The switches 43 and 44 are mounted in vertical mounting brackets 47 and 48
      in the form of U-shaped channels. The brackets 47 permit a range of
      vertical adjustment of the switches 43 and 44 in order to permit accurate
      adjustment of the limit positions of the transfer car 10. It will be noted
      that the switch 43 controls the reverse limit position of the transfer car
      (i.e., the position shown in dashed lines in FIG. 2) while the upper
      position control switch 44 controls the forward limit position of the
      transfer car 10.
PAR  The sheave 33 and carrier unit 35, in the embodiment, have a range of
      vertical travel that is one-half the distance between the limit positions
      of the transfer car 10 as will be apparent in view of the mechanical
      advantage achieved with the particular class of pulley system utilized.
      Thus, the distance between the switches 43 and 44 is half the range of
      travel of the transfer car 10. FIGS. 8 and 9 illustrate the upper and
      lower limit positions of the sheave 33 throughout its travel within the
      enclosure 39.
PAR  FIG. 7 illustrates a modified form of the invention wherein the switches 43
      and 44 and switch operator cams 41 and 42 are eliminated and replaced by
      an alternate limit switch arrangement although the sheave 33 and sheave
      carrier unit 35 are still utilized to maintain proper tension on the cable
      throughout the forward the reverse travel of the transfer car 10. In
      accordance with the embodiment of FIG. 7, the automatic switching for the
      purpose of halting the transfer car 10 in its forward and reverse limit
      positions is accomplished by means of a geared rotary limit switch 50
      connected to the end of the shaft 28 that projects into the safe area
      beyond the wall 12. The geared rotary limit switch 50 may be, for example,
      a type of switch identified by the trade designation CR115E, manufactured
      by General Electric Company. The geared rotary limit switch 50 opens the
      power supply circuit to the motor 20 after the switch mechanism has been
      rotated through an adjustable preselected number of turns and/or portions
      thereof to provide the desired amount of travel by the transfer car 10.
      The switch 50 is provided with a switching mechanism at both clockwise and
      counterclockwise limits of its rotary motion. The predetermined number of
      turns is adjustable to permit fine adjustment of the forward and reverse
      limit positions of the transfer car 10.
PAR  The operation of the equipment will be described for the purpose of
      illustration with respect to the embodiment of FIGS. 1 through 6, the
      operation of the embodiment of FIG. 7 being readily apparent from the
      discussion below and differing only with respect to the manner of making
      remote adjustments of the transfer car limit positions. For present
      purposes, the transfer car will be considered as initially positioned at
      its reverse limit position, or in other words directly below the filling
      means 18, with a container 15 carried thereon. The filling means will be
      lowered into the chamber to a position for discharging radioactive waste
      material and other components, if desired, such as solidifying material as
      cement, through a filling opening in the top of the container 15. When the
      container 15 has the desired amount of material, means 18 is withdrawn.
PAR  An operator then actuates the power source to deliver current to the motor
      20. This causes the transfer car 10 to move forward toward its extended
      position or to the right as viewed in FIG. 2. As the car travels, the
      cable 21 is pulled along which causes the drums 27 and 32 and axle 28 to
      rotate in a counter clockwise direction as viewed in FIGS. 1, 8 and 9.
      This movement causes the sheave 33 to move from its lowermost position
      illustrated in FIG. 8 to its uppermost position illustrated in FIG. 9. The
      distance between these two positions is half the distance between the
      forward and reverse limit positions of the transfer car as illustrated in
      FIG. 2. As the transfer car 10 approaches the forward limit position
      beneath the unloading hatch 19, the cam 42 engages the switch actuator arm
      46 of the upper limit switch 44. This opens the switch 44 cutting off the
      power to the motor 20 and the transfer car 10 stops in the forward limit
      position shown in FIG. 2.
PAR  From this position the filled container 15 is removed from the chamber and
      disposed of according to the procedures being used. Also an empty
      container is normally lowered onto the transfer car 10. The transfer car
      10 is then returned to its loading position as desired. The reverse travel
      begins when an operator switches on the power supply to the motor 20. As
      the transfer car 10 begins its reverse travel, the sheave 33, which is
      keeping tension on the cable 21, will move from the upper position shown
      in FIG. 9 downward to the lower limit position shown in FIG. 8. The weight
      of the sheave carrier unit 35 is sufficient to maintain the desired
      tension on the cable 21 throughout the reverse travel of the transfer car.
PAR  As the transfer car moves in its reverse direction of travel or to the left
      as viewed in FIG. 2, the switch actuator cam 41 on the sheave carrier unit
      35 engages the switch operating element 45 of the lower limit switch 43.
      This opens the switch 43 to cut off power to the motor 20 and thus halts
      the transfer car 10 in its reverse limit position.
PAR  The forward and reverse limit positions of the transfer car 10 may be
      adjusted merely by changing the vertical positions of the switch units 43
      and 44 in their vertical mounting brackets 47 and 48.
PAR  Of particular importance in the operation of the equipment, is the taking
      up of slack in the cable 21 during the movement of the transfer car 10 in
      the reverse direction. It will be noted that during the reverse travel of
      the transfer car 10 tension is maintained in the cable 21 as it is wound
      on the drum 27. This function assures that the cable will not become
      entangled or interfere in any way with the movement of the transfer car.
PAR  The tensioning forces necessary to take up the slack in the cable 21 is
      provided by the sheave 33 and carrier unit 35 which urge the shaft 28 in a
      clockwise direction to wind the cable 21 on the drum 27.
PAR  A particular advantage of the invention thus described as compared with
      mechanisms available in the prior art is that it avoids the use of sliding
      electrical contacts such as slip rings for transmitting power to the
      transfer car motor. Sliding electrical contacts such as slip rings are
      vulnerable to failure resulting from breakage and wear, which would
      increase the need for maintenance service within the hot area with
      consequent possibilities of exposure of maintenance personnel to harmful
      radiation.
PAR  While the invention has been shown and described with respect to preferred
      embodiments thereof this is intended for the purpose of illustration
      rather than limitation and other modifications and variations of the
      specific forms herein shown and described will be apparent to those
      skilled in the art all within the intended spirit and scope of the
      invention. Accordingly, the patent is not to be limited to the specific
      embodiments herein shown and described nor in any other way that is
      inconsistent with the extent to which the progress in the art has been
      advanced by the invention.
CLMS
STM  I Claim:
NUM  1.
PAR  1. Transfer apparatus comprising a wall, a carriage on one side of said
      wall adapted to move in a predetermined path between predetermined limit
      positions, said carriage having drive means adapted to move said carriage
      in either direction in said path; an elongated flexible control member
      connected to said carriage and passing through said wall to the other side
      of said wall; a rotatable member at the side of said wall at which said
      carriage is located onto which said flexible member winds as the carriage
      travels in one direction and from which it unwinds as the carriage travels
      in the other direction; a rotatable member at the other side of said wall
      to which said flexible member extends and on which said flexible member
      winds when said carriage is traveling in one direction and from which it
      unwinds when said carriage is traveling in the other direction; and means
      at the side of the wall opposite the side at which said carriage is
      located for controlling said drive means in response to the direction and
      amount of rotation of at least one of said rotatable members, whereby said
      carriage is stopped when reaching said limit positions.
NUM  2.
PAR  2. The apparatus of claim 1 in which said flexible member winds onto said
      rotatable member at the side of said wall at which said carriage is
      located as said carriage travels in a first direction and unwinds from
      said rotatable member as said carriage travels in a second opposite
      direction; and in which said flexible member unwinds from said rotatable
      member on the other side of said wall as said carriage travels in said
      first direction and winds on said rotatable member as said carriage
      travels in said second opposite direction.
NUM  3.
PAR  3. The apparatus of claim 2 in which said rotatable member are rigidly
      mounted on a common axle to rotate in unison.
NUM  4.
PAR  4. The apparatus of claim 1 in which said flexible control member transmits
      power from a source on the side of said wall opposite that at which said
      carriage is located to energize said drive means on said carriage.
NUM  5.
PAR  5. The apparatus of claim 4 in which said flexible control member transmits
      electrical power and said drive means includes an electrical switch
      adapted to be energized by said electrical power.
NUM  6.
PAR  6. Apparatus as defined in claim 4 wherein said means for controlling said
      drive means comprises limit switches adapted to interrupt the supply of
      power from said power source.
NUM  7.
PAR  7. Apparatus as defined in claim 6 wherein said drive means comprises an
      electrical motor and said limit switches are adapted to open and close the
      power supply circuit to said motor.
NUM  8.
PAR  8. Apparatus as defined in claim 1 wherein movement of said carriage in
      said one direction pulls said flexible control member to turn said
      rotatable members in one direction and said flexible control member
      includes means biasing said rotatable members in their opposite direction
      whereby movement of said carriage in said other direction causes rotation
      of said rotary members in said opposite direction.
NUM  9.
PAR  9. Apparatus for controlling the travel in forward and reverse directions,
      at predetermined limit positions, of a carriage having drive means
      therefor and being located in an operating space defined at least in part
      by a wall comprising:
PA1  an axle extending through said wall,
PA1  a flexible elongated power conveying member connected to said carriage at
      one end and operatively associated with said axle and adapted to transmit
      power to said drive means from a power source, said axle being rotated in
      one direction as a linear function of the forward travel of said carriage,
      and in the opposite direction as a linear function of the reverse travel
      of said carriage, and at which said carriage is located for controlling
      said power source said means including electrical switch means operable in
      response to the direction and amount of rotation of said axle,
PA1  whereby said carriage is stopped automatically when reaching said limit
      positions.
NUM  10.
PAR  10. Apparatus for controlling from a remote outside location, a transfer
      car adapted for travel in a path between limit positions in a closed
      operating space defined by protective walls and having a drive means,
      comprising:
PA1  a rotary shaft extending through said wall,
PA1  an inner drum fixed to said shaft within said space,
PA1  an outer drum fixed to said shaft on the outside of said wall,
PA1  a first cable length connected at one end to said transfer car and having
      the opposite end portion wrapped around said inner drum,
PA1  a second cable length having one end wrapped around said outer drum, its
      outer end fixedly supported and having a fall therebetween supporting a
      weight element connected to a sheave that is raised and lowered in a
      vertical path by said cable fall
PA1  whereby said shaft and inner and outer drums move in one direction when
      said first cable length is pulled by said transfer car and in the opposite
      direction when said second cable length is pulled by said weight element
      moving downward as said transfer car moves in the opposite direction, and
PA1  means responsive to the position of said weight element for de-energizing
      said drive means when said transfer car reaches a predetermined position
      in said closed operating space.
NUM  11.
PAR  11. A method for automatically halting the travel in forward and reverse
      directions at remotely adjustable predetermined limit positions, of a
      transfer car having a drive means and being located in a closed operating
      space within protective walls comprising the steps of:
PA1  converting linear motion of said transfer car in its forward direction
      between said limit positions into rotation in one direction of a shaft
      extending through said wall
PA1  operating a first switch means outside of said wall to stop said drive
      means, in response to a preselected number of turns of said shaft in said
      one direction whereby said transfer car is automatically halted at one of
      its predetermined limit positions,
PA1  converting linear motion of said transfer car in its reverse direction
      between said limit positions into rotation in the opposite direction, of
      said shaft,
PA1  operating a second switch means outside of said wall to stop said drive
      means in response to a preselected number of turns of said shaft in said
      opposite direction whereby said transfer car is automatically halted in
      its other predetermined limit position.
NUM  12.
PAR  12. A method as defined in claim 11 wherein said linear motion of said
      transfer car in its forward and reverse directions is converted into
      rotation of said shaft in said one direction and in said opposite
      direction respectively, by means of an elongated flexible control member
      connected to said carriage and operatively associated with said shaft
      within said closed operating space to wind and unwind thereabout in
      response to forward and reverse travel of said transfer car.
NUM  13.
PAR  13. A method as defined in claim 12 wherein said flexible member extends
      through said shaft and is operatively associated with said shaft on the
      outside of said wall to unwind relative to said shaft on the other side of
      said wall as said tranfer car travels in one of its directions and winds
      relative to said shaft on the other side of said wall as said transfer car
      travels in the other of its directions.
NUM  14.
PAR  14. A method as defined in claim 13 wherein said flexible control member
      transmits power from a source outside of said wall to energize said drive
      means on said carriage.
NUM  15.
PAR  15. A method as defined in claim 13 wherein travel of said transfer car in
      one of its directions pulls said flexible control member to turn said
      shaft in one direction of rotation as said control member unwinds and
      wherein said shaft is biased in the opposite direction of rotation to wind
      said flexible control thereabout as said transfer car travels in the other
      of its directions.
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ABST
PAL  An electronic keyboard has a chassis with keys each utilising a parallel
      motion linkage to permit movement of an operating member towards an
      electric circuit element. The main structure of the keys and linkage may
      be formed as a unitary plastics moulding.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention.
PAR  This invention relates to keyboards for providing an electrical output
      signal on depression of a key.
PAR  2. Prior Art.
PAR  Many forms of keyboard are used or have been proposed for providing
      electrical outputs corresponding to the keys which have been operated. The
      electrical signal output may be provided for example by direct mechanical
      operation of contacts in an electrical circuit or by changing the
      inductance or capacitance in an electrical circuit or by use of
      magnetically operated switches, e.g. reed switches or Hall effect devices.
      All such keyboards require a mechanically movable key member and it is the
      usual practice to make the key member slidable in a suitable guide.
      Resilient means have to be provided to return the key member after it has
      been depressed.
PAR  Various methods have been proposed in the past to simplify the key
      construction, in particular by combining the movement supporting structure
      with the resilient return means, for example, by forming a whole keyboard
      of resilient sheet material but such techniques have raised further
      problems.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved form of key
      board construction substantially simplifying the construction for
      supporting each movable key member.
PAR  According to this invention, a keyboard for providing an electrical output
      on depression of a key comprises a chassis and a plurality of keys, each
      key being formed of two substantially rigid members joined by at least a
      pair of parallel spaced resilient strips lying in separate planes, one of
      said rigid members being mounted on the chassis with the planes of the
      strip parallel to the chassis whereby the second of the rigid members is
      movable towards and away from the chassis without tilting with respect to
      the chassis, the second rigid member carrying an operating element
      arranged for co-operation with an electric circuit element on the chassis.
PAR  The operating element may be of any of a number of forms. For example, it
      may be a conductive element, e.g. of elastomeric material either made
      conductive or carrying a metal plate or metal/plastics laminate, arranged
      to co-operate with conductive elements on the chassis to provide an
      electrical coupling between the conductive elements or it may be a
      permanent magnet to co-operate with a reed switch or it may be a
      ferro-magnetic slug to co-operate with an inductance on the chassis.
PAR  The rigid members conveniently are formed of a plastics material. The
      strips may be of metal which may be located in slots in the rigid members
      or the strips may be of plastics material. In the latter case, the two
      rigid members and the strips joining them may be formed as a single
      unitary structure, e.g. by moulding or machining.
PAR  A key top or cap member may be provided on the top of each of said second
      rigid members. Preferably such a key top resiliently grips an upstanding
      portion formed on or secured to the second rigid member.
PAR  It is possible to have more than two strips, e.g. three or more strips one
      above the other, or two or more pairs of strips which may be side by side.
PAR  The second rigid element may carry a key top. It is possible however to
      provide three or even more rigid elements, one being mounted on the
      chassis and connected by parallel resilient strips to a second rigid
      member which in turn is connected by parallel strips to a further rigid
      member carrying a key top.
PAR  The chassis conveniently is a metal or moulded plastics chassis and, for
      each key, the chassis may have a pair of upstanding lugs, e.g. upset
      portion of a sheet metal chassis, between which said first rigid member of
      the key is gripped. Preferably however a single lug is employed for each
      key, said one rigid member being formed with a slot or otherwise shaped to
      embrace or partially embrace the lug so that the member is positioned by
      the lug and held against lateral movement. Each upstanding lug may have a
      hole into which a projection in said one rigid member enters so that the
      member is secured after being positioned on a lug, the resilience of the
      lugs and/or rigid member permitting the projections to enter the holes.
PAR  Alternatively said one of the rigid members for each key may be located by
      means of a projection extending into an aperture in the chassis.
      Conveniently the projection fits tightly and is resiliently gripped in the
      aperture.
PAR  The aforementioned operating element may be carried below the chassis on a
      stem extending through an aperture in the chassis, and, in this case, may
      co-operate with a printed circuit board below the chassis. Alternatively
      the chassis may be constituted by a printed circuit board or by a support
      for a printed circuit board.
PAR  It will be seen that this method of construction permits of making a
      keyboard with relatively few components which are readily assembled. The
      keyboard can readily be made substantially noiseless in operation. It can
      have a low profile, that is to say the vertical height of the structure
      can be kept very small.
PAR  To permit overtravel, a spring or springs or other resilient element or
      elements may be incorporated below the second of said rigid members and
      the operating element. Such springs or resilient elements are preferably
      constructed to allow slight tilting of the operating element so that it
      aligns when it makes contact with the printed circuit board or other
      co-operating member.
PAR  It is sometimes required that the tactile characteristic or "feel" on
      operation of a key should be such that, after the key has been partially
      depressed against a gradually increasing resistance, this resistance
      should suddenly decrease and then increase gradually on further
      depression. To achieve this a further resilient strip may be formed on or
      secured to either one of said rigid members to co-operate with a
      projection on the other rigid member, this further strip gradually
      deflecting as its free end engages the projection until it has bent
      sufficiently to ride over and snap past the projection, the strip being
      subsequently restored to normal by the action of the parallel leaf spring.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic side elevation illustrating one embodiment of a
      key mounted on a chassis;
PAR  FIG. 1A is an underside plan view of part of the construction of FIG. 1
      taken along the line X--X;
PAR  FIG. 2 is a view similar to FIG. 1 of a second embodiment of the invention;
PAR  FIG. 3 is a view similar to FIGS. 1 and 2 of a third embodiment of the
      invention;
PAR  FIG. 4 is a view in the direction of the arrow A of the key of FIG. 3;
PAR  FIG. 4A is a view showing, in elevation, a lug of the construction of FIGS.
      3 and 4;
PAR  FIG. 5 is a plan view of a member used in the key of FIGS. 3 and 4 for
      fitting over the lug shown in FIG. 4A;
PAR  FIG. 6 illustrates one construction for providing a required tactile
      characteristic for a key;
PAR  FIGS. 6A and 6B are diagrams illustrating the operation of the construction
      of FIG. 6;
PAR  FIG. 7 illustrates an alternative to the construction of FIG. 6 for
      providing a required tactile characteristic;
PAR  FIGS. 8 and 9 are respectively a side and end elevation of part of the
      movable element of a key showing the spring means for permitting
      overtravel;
PAR  FIG. 9A is a view similar to FIG. 9 but showing the springs deformed under
      overtravel conditions;
PAR  FIGS. 10, 10A and 11 illustrate a mechanical switch for operation by a key
      of the present invention;
PAR  FIGS. 12 and 13 illustrate a second form of mechanical switch for a key of
      the present invention;
PAR  FIGS. 14 and 15 are a side elevation and a plan view of one form of strip
      used in the embodiments of FIGS. 1, 2 and 3;
PAR  FIG. 16 is a side elevation of another form of strip;
PAR  FIG. 17 shows a construction similar to FIG. 1 but in which the parallel
      motion linkage, instead of being formed integrally of plastics elements
      12, 15, 16 and 17, is formed of two metal strips 116 and 117 which strips
      are located in slots in the plastics members 12, 15.
PAR  FIG. 18 illustrates the use of a reed switch operated by the key. The
      construction of FIG. 18 is similar to that of FIG. 1 except in so far as
      the member 20 is a permanent magnet; the magnet, when the key is depressed
      operates a reed switch 118.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 1A there is shown diagrammatically a chassis 10
      typically formed of sheet metal which chassis carries, a printed circuit
      board 11 below the chassis. For instance, the chassis may be bent down at
      each end as shown at 102 and is rivetted or otherwise secured to the
      printed circuit board. Obviously many constructions are possible for
      fixing the printed circuit board below the chassis. A key mounted on the
      chassis comprises a fixed substantially rigid plastics element 12, the
      base portion 13 of this member having a part 14 which extends downwardly
      secured as press fit into an aperture 14A (FIG. 1A) in the chassis, the
      part 14 being secured as press fit in the aperture 14A. The key has a
      second substantially rigid member 15 which, like the upright of the
      L-shaped member 12 is substantially in a flat plate in a vertical plane,
      the upright portion of the member 12 and the member 15 being joined by
      flat resilient strips 16, 17 spaced apart in vertical plane and parallel
      to one another. The strips 16, 17 are of equal length and, with the
      members 12, 15, form a parallel motion linkage. These strips 16, 17 may be
      metal spring strips secured in slots in the members 12, 15, as shown in
      FIG. 17 but preferably they are formed, as shown in FIG. 1 integrally with
      members 12, 15 and are thus of the same plastics material. The strips 16,
      17 are made thin compared with the members 12, 15 so as to permit vertical
      deflection of the member 15 (with a slightly outward movement) relative to
      the member 12. The spring strips 16, 17 form a parallel motion linkage
      ensuring that the member 15 cannot tilt although it could be depressed
      downward against the resilient force provided by the members 16, 17. The
      member 15 carries on its upper end a key top 18 which, in the conventional
      way would have an alphanumeric character or other symbol on its top
      surface or be provided with a transparent cap through which such a symbol
      is visible. The key top 18 is shaped to be a press fit on the top end of
      member 15.
PAR  The member 15 extends downwardly through an aperture 15A in the chassis 10
      and, below the chassis, carries a block 20 of elastomeric material which
      co-operates with the printed circuit board 11, which board has conductive
      elements, such as elements 11A, on its upper surface. This block 20 may be
      of conductive elastomeric material or may carry a metal plate or
      metal/plastics laminate to constitute an electrical conductor. The block
      20 may for example bridge two conductive areas on the printed circuit
      board to form a conductive, possibly resistive path between these two
      areas or to provide capacitive couplings between these two conductive
      areas on the printed circuit board.
PAR  FIG. 2 illustrates a modification of the construction of FIG. 1 in which a
      printed circuit board 30 constitutes the chassis, the key being mounted on
      this printed circuit board by means of a portion 31 which is a press fit
      with an aperture in the chassis. Above the portion 31 there is a
      substantially rigid plate 32 connected by parellel strip portions 33, 34
      to a second rigid plate 35 to form a parallel motion linkage similar to
      that of FIG. 1. The member 35 carries a key top 36 on its upper end and,
      at its lower end has an inverted cup shape element 37 with a shaped
      projection 38 extending around the periphery of the inner surface of the
      cup to grip a conductive elastomeric element 39. This co-operates with
      conductive areas on the printed circuit board 30 in a manner similar to
      the previously described embodiment.
PAR  FIGS. 3, 4, 4A and 5 illustrate another embodiment of the invention in
      which a metal chassis 40 has an upstanding lug portion 41 with an aperture
      42. The lug is illustrated in FIG. 4A which is a view of the lug, with the
      key removed, looking in the direction of the arrow A in FIG. 3. The fixed
      element 43 of the parallel motion linkage is shaped as shown in FIG. 5 to
      have arms 44 (see FIG. 5) which partically embrace the upstanding lug. A
      projecting portion 45 on the member 43 fits into the aperture 42 when the
      member 43 is forced down over the lug 41. The member 43 preferably has a
      wedge shaped outer surface so that, by reason of the slight resilience of
      the plastics material, the member 43 can be forced downwardly until the
      projection snaps into the hole whereupon the member 43 is secured in
      positon. As in the previously described construction there are parallel
      strips 47, 48 of resilient material, conveniently moulded integrally with
      the plastics material 43 to form a parallel motion linkage supporting a
      plate 50 which carries the key top 51. The plate at its lower end carries
      a block 52 of conductive elastomeric material which co-operates with
      conductive elements 53A on a printed circuit board 53. In the embodiment
      illustrated, there is shown an additional spring strip 54 which passes
      through slots in the members 43 and 50, one end of the strip 54 having an
      upstanding portion 55 which fits within a recess in the member 43 so as to
      be held in position by the lug 41 when the member 43 is positioned over
      the lug. Such a metal spring strip 54 can be inserted in the key before
      assembly to provide increased resistance to motion. This arrangement thus
      provides a simple means of adjusting the key construction to provide any
      required spring rate for the depression motion of the key.
PAR  For some purposes, in a keyboard, it is required to have a tactile
      characteristic or feel such that, as the key is depressed, the resistive
      force gradually increases and then suddenly decreases before further
      gradually increasing. This may be achieved in a number of ways. FIG. 6
      illustrates one construction in which the movable element 60 of the
      parallel motion linkage is connected by strips 61, 62 fixed element 63. To
      provide the required characteristic, a further resilient strip 64 is
      mounted on or formed integrally with the movable element 60 and
      co-operates with a rounded projection 65 on the fixed element 63. As the
      key is depressed, the free end of the element 64 gradually rides over the
      rounded projection 65, the strip 64 bending (as shown in FIG. 6A) and thus
      giving gradually increased resistance to the motion of the key until the
      bending is sufficient as shown in FIG. 6B for the free end to ride
      completely over the element 65. This gives the sudden reduction in the
      resistive force. Further depression of the key is then against the
      resistive force provided by the resilience of the strip 61, 62.
PAR  FIG. 7 illustrates a modification of the construction of FIG. 6 in which
      there is a rounded projection 70 on the movable element 71. This movable
      element is connected by the spring strips 72, 73 to the fixed member 74.
      The additional spring strip 75 is secured on the member 74. In this
      construction the projection 70 moves past the free end of the strip 75 to
      give an operation similar to that of the FIG. 6 construction.
PAR  After the elastomeric element has come in contact with the printed circuit
      board or other co-operating structure, certain limited amount of
      overtravel is possible by reason of the resilience of this element.
      However it may be required to have more overtravel than is possible in
      this way. FIGS. 8, 9 and 9A illustrate one construction for permitting
      overtravel. Referring to these FIGS. there is shown a plunger stem 80
      which is carried on the movable element of the key and which at its lower
      end carries the elastomeric element 81. In the construction of FIGS. 8 and
      9, two resilient loop springs 82, 83 are provided between the stem 80 and
      the elastomeric element 81. Each of these elements is in the form of a
      flat loop of strip metal or plastics material. The axes of the two loops
      are at right angles. The overtravel is permitted by deformation of each of
      these two loops which can compress to bring, in each loop, the two
      flattened portions of the loop closer together as shown in FIG. 9A. The
      flattened resilient loops each permit a limited amount of tilting of the
      elastomeric element 81 with respect to the stem 80. By providing the two
      loops with their axes orthogonal, tilting about any axis parallel to the
      plane of the printed circuit board is possible. This tilting results in
      the element 81 being self-aligning so that its lower surface engages the
      printed circuit board and lies parallel thereto despite any misalignment
      of the key or board.
PAR  As previously indicated, many forms of circuit operating element may be
      employed which cause a modification of circuit conditions when a key is
      depressed. FIGS. 10A and 11 illustrate a mechanical switch suitable for
      operation by the mechanisms previously described. In FIGS. 10 and 11,
      there is shown a metal ring 90 having two inwardly extending radial arsm
      91 carried on a part circular resilient element 92 which resiliently grips
      in a recess 93 extending around a stem 94 of the movable element of the
      key. It will be seen that, as the key is depressed, when the ring 90 comes
      into contact with a fixed abutment 18, the arms 91 will gradually be
      deflected outwardly. This outward deflection of the ring at opposite ends
      of a diameter deforms the ring 90 as shown in FIG. 10A and brings a part
      of the ring into contact with a fixed element 89 to effect completion of a
      circuit. The outer ring 90 may be divided to provide a snap action.
PAR  FIGS. 12 and 13 illustrate a modification of the switch of FIGS. 10 and 11
      in which a metal ring 90 is carried on four arms 96 which in this
      construction are non-radial. One pair of these arms carries a part
      circular element 97 and the other pair of arms 96 carries a second part
      circular element 98, these two part circular elements fitting in a groove
      99 in the stem 100 of the movable element of the key. It will be seen that
      the switch of FIGS. 12 and 13 operates in a similar manner to that of
      FIGS. 10 and 11.
PAR  In constructions using parallel strips of plastics material, to increase
      the operational life, it is preferred to use polyamide material which is
      shaped to suitably align the crystal structure and to make the stresses
      uniform. FIGS. 14 and 15 are respectively a side elevation and a plan view
      of one form of strip 102 formed by coining (i.e. pressing as in a coin
      press) after moulding. It will be noted that the strip is narrower in
      width at its centre and also thinner. FIG. 16 is a side elevation of
      another form of strip 103 which is rectangular in plan.
CLMS
STM  I claim:
NUM  1.
PAR  1. A keyboard for providing an electrical output on depression of a key,
      said keyboard comprising a chassis and a plurality of keys, wherein each
      key is formed of two substantially rigid members spaced apart with facing
      surfaces and at least a pair of parallel spaced resilient strips lying in
      separate planes spaced in a direction normal to said surfaces, said strips
      being of equal length, each extending between said rigid members and
      joining said rigid members to form a parallel motion linkage, one of said
      rigid members being mounted on the chassis with the planes of the strip
      parallel to the chassis, a key top mounted on the upper end of the second
      of said rigid members whereby, by depression of the key top, the second of
      the rigid members is movable towards and away from the chassis without
      tilting with respect to the chassis, and an operating element on the lower
      end of the second rigid member arranged for co-operation with an electric
      circuit element fixedly located with respect to the chassis.
NUM  2.
PAR  2. A keyboard as claimed in claim 1 wherein said operating element is a
      permanent magnet arranged to co-operate with a reed switch.
NUM  3.
PAR  3. A keyboard as claimed in claim 1 wherein said rigid members are formed
      of a plastic material.
NUM  4.
PAR  4. A keyboard as claimed in claim 3 wherein said strips are formed of metal
      located in slots in the rigid members.
NUM  5.
PAR  5. A keyboard as claimed in claim 3 wherein the strips are formed of
      plastics material.
NUM  6.
PAR  6. A keyboard as claimed in claim 5 wherein the two rigid members and the
      strips joining them are formed as a single unitary structure.
NUM  7.
PAR  7. A keyboard as claimed in claim 1 wherein said second rigid member has an
      upstanding portion and wherein said key top resiliently grips said
      upstanding portion.
NUM  8.
PAR  8. A keyboard as claimed in claim 1 wherein, for each key, a single lug is
      provided on said chassis, and wherein said one rigid member is shaped to
      at least partially embrace the lug so that the member is positioned by the
      lug and held against lateral movement.
NUM  9.
PAR  9. A keyboard as claimed in claim 1 wherein, for holding each key, at least
      one upstanding lug is provided on said chassis and wherein said one rigid
      member on each key has a lateral projection and wherein each upstanding
      lug has a hole into which said projection eneters so that the member is
      secured after being positioned on a lug.
NUM  10.
PAR  10. A keyboard as claimed in claim 1 wherein, on each key, said one of the
      rigid members is provided with a locating projection adapted to extend
      into a locating aperture in the chassis.
NUM  11.
PAR  11. A keyboard as claimed in claim 10 wherein the projection fits tightly
      and is resiliently gripped in the aperture.
NUM  12.
PAR  12. A keyboard as claimed in claim 1 wherein said second rigid member
      includes a stem extending through an aperture in said chassis and wherein
      said operating element is carried below the chassis on said stem.
NUM  13.
PAR  13. A keyboard as claimed in claim 1 wherein the chassis is constituted by
      a printed circuit board.
NUM  14.
PAR  14. A keyboard as claimed in claim 1 and having a printed circuit board
      below said chassis to form said electric circuit element.
NUM  15.
PAR  15. A keyboard as claimed in claim 1 wherein at least one resilient element
      is provided on the second of said rigid members and wherein said operating
      element is mounted on said one resilient element to permit overtravel.
NUM  16.
PAR  16. A keyboard as claimed in claim 1 wherein a further resilient strip is
      carried by one of said rigid members, said further resilient strip, in its
      unstressed condition, extending parallel to the aforesaid strips and
      wherein the other rigid member has a projection to engage said resilient
      strip on depression of the key top, said further strip being dimensioned
      and arranged so that it gradually deflects as its free end engages the
      projection until it has bent sufficiently to ride over and snap past the
      projection.
NUM  17.
PAR  17. A keyboard as claimed in claim 1 wherein a printed circuit board with
      conductive elements comprises said circuit element, said chassis carrying
      said printed circuit board, wherein said operating element is a further
      conductive element arranged to co-operate with said firstmentioned
      conductive elements on the printed circuit board to provide electrical
      coupling between the conductive elements.
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ABST
PAL  A switch particularly for steering columns of automobiles for the selective
      operation of both light circuits and windshield wiper and washer circuits
      comprises a U-shaped spring contact having a first spring contact portion
      in a first plane and a second spring contact portion in a second plane.
      The switch includes a lever which is pivotal in both the first and second
      planes and which carries a rod member which may be engaged with the spring
      first portion to deflect it into engagement with a fixed contact for
      example for actuating a windshield wiper washer fluid supply circuit and
      which may be engaged during its pivotal movement for example in a vertical
      direction to move the spring second portion to engage a fixed contact
      which for example may operate a by-pass light circuit. The double spring
      contact actually includes the first spring portion which extends
      substantially vertical and at right angles to a horizontal portion. The
      switching lever is hollow and the rod portion is displaceable therein
      under a button control to engage one of the several spring contact
      portions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to the construction of switches and in
      particular to a new and useful switch which is adapted to be mounted on a
      steering column of an automobile and which may be used for selectively
      actuating one or more vehicle operating circuits.
PAR  2. Description of the Prior Art
PAR  The known steering column switches are preferably used as either wiper and
      washer fluid operating switches in an automobile vehicle in order to
      control the windshield wiper and windshield washing fluid installation.
      The switching lever of such a steering column switch carries a driver and
      a switching member when it is moved in a horizontal direction and a
      switching member cooperates with contacts fixed to the housing in the
      various switching positions to effect the switching connections for the
      windshield wiper installation. The additional switching arrangement is
      actuated when the switching lever is moved in a vertical direction and
      serves for actuating the by-pass light signals. An additional switch is
      provided for the control of the windshield washing fluid or an additional
      switch arrangement is located in the steering column switch housing and
      this can be controlled by means of a switching rod which is axially
      displaceable in the switching lever. Such a further switching arrangement
      for the control of the windshield washing installation is located at the
      end of the switching lever and therefore impairs the movement of the
      driver or the switching member.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention there is provided a steering column switch
      which includes a pivotal lever which cooperates with a double spring
      contact and which includes a displaceable switching rod which may be
      displaced axially within the lever for the control of the switching
      movement. With the inventive arrangement the contact comprises a double
      contact spring having one contact portion in one plane and another in
      another plane so that they may be selectively operated by pivotal movement
      of the lever in one or both planes. The lever is mounted so that its
      pivotal movement may be accomplished without hindrance of the displacement
      movement of the driver or the switching member. This is possible because
      of the use of the U-shaped double spring contact which includes a first
      spring portion which is movable by means of the switching rim of the
      switching lever and a second spring portion which extends in a different
      plane from the first spring portion and which is operable by means of a
      switching rod axially displaceable inside the switching lever. For this
      purpose the end of the switching rod is brought out of the switching lever
      at the lower side of the switching lever. With this design only a movable
      double spring contact is necessary and this can be easily arranged below
      the driver or the switching member and can be actuated by movement of the
      switching lever in a vertical direction or by the axial displacement of
      the switching rod in the switching lever. The double spring contact is
      used advantageously for the control of two separate contacts with the same
      control potential. A feature of the construction is that a single
      connection for the double spring may be made to each spring portion so
      that it forms a terminal contact for both spring portions.
PAR  In order to insure that additional switch circuits may be controlled
      independently from the position of the switching lever when it is moved in
      a horizontal switching plane one of the spring portions is arranged to
      extend in a vertical plane with its broad side nearly vertical to the
      longitudinal axis of the switching rod carried by the lever and with its
      longitudinal axis located in the horizontal switching plane of the
      switching lever. The coupling between the double spring contact located
      under the driver of the switch or under the switching lever is achieved by
      arranging the switching lever in the switch housing so that it is bent
      away from the longitudinal axis of the part which projects from the switch
      housing and a switching rod is axially guidable in the part which projects
      from the remaining portion of the lever which is brought out of the
      housing. For this purpose the lever is made as an angle member with an
      outer portion defining a guideway for the rod so that the rod extends
      below the inner portion of the lever and may be easily positioned to
      contact the switch portion which is disposed in a vertical plane. The
      outer end of the rod is provided with a push button which is biased by a
      spring to a position in which the rod is in an off position. A locking
      element carried by the lever may be displaced by overcoming the biasing
      pressure of a locking spring.
PAR  Accordingly it is an object of the invention to provide a new improved
      switch construction which includes a U-shaped spring contact having a
      first portion which is disposed in a first plane and a second portion
      disposed in a second distinct plane wherein a switching lever cooperates
      with the spring may displace a first portion in its plane for actuating a
      first electrical device or an associated actuating rod portion may
      displace a second spring contact portion for operating another device.
PAR  A further object of the invention is to provide a switch for mounting on a
      steering column of an automobile which includes a pivotal lever portion
      which is pivotal both in horizontal and vertical directions and which
      carries an axially movable rod member, the lever being displaceable
      against a first portion of a U-shaped spring contact to move it into
      engagement with a fixed contact arranged in spaced relationship therefrom
      in order to actuate a first circuit and carrying a rod member which is
      displaceable axially in respect to the lever to displace a second spring
      contact portion into association with a second contact for actuating a
      second circuit.
PAR  A further object of the invention is to provide a spring contact switch
      construction which is simple in design, rugged in construction and
      economical to manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of a typical embodiment thereof as
      illustrated in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a partial vertical sectional view of a steering column and switch
      housing therefor constructed in accordance with the invention;
PAR  FIG. 2 is a view similar to FIG. 1 but of the upper portion of the lever
      shown in FIG. 1; and
PAR  FIG. 3 is a section taken along the line 3--3 of FIG. 1.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular the invention embodied therein
      comprises a steering column switch including a bracket housing 20 having a
      bore 20a for accommodating a steering column and supporting a switch base
      plate 23. The base plate 23 is located below an extension 20a of the
      bracket housing to form a receiving chamber or housing for a switching
      lever generally designated 10. A hollow driver 25 surrounds the inner end
      of the lever 10 and provides a means for its pivotal support on bearings
      21 and 22 at diametrically opposite locations on the housing part 20a and
      switch plate 20 respectively. The bearings 21 and 22 support the lever 10
      and the driver 25 for horizontal shifting movement. In addition the lever
      10 is pivotable in a vertical plane about a pivot pin 17. During the
      horizontal displacement of the lever 10 and driver 25 contact blocks 27
      and 28 carried by the driver are shifted in respect to various terminals
      29 which are spaced laterally on the base plate 23 and which are connected
      through external terminals 24 to various operating circuits for example
      light or other similar vehicle operating circuits. Such circuits may for
      example comprise left and right signal turn lighting circuits which will
      operate in dependence upon in which direction the lever 10 is shifted.
PAR  In accordance with the invention the lever 10 may also be shifted about a
      horizontal pivot 17 so as to move in a vertical direction within the
      driver 25 and during this movement a locking bolt 18 is displaced against
      the force of a compression spring 19 as the outer end of the locking bolt
      rides over an inner camming surface of the driver 25. The camming surfaces
      of the driver 25 are such that by the action of the spring 19 the lever 10
      is urged into a neutral or off position shown in FIG. 1.
PAR  In accordance with a feature of the invention a double spring contact
      generally designated 30 is mounted on the contact plate 23 and it includes
      a first arm portion 30a which is disposed flat in a horizontal plane and
      overlies a contact 31 which for example actuates a by-pass light circuit
      and a second arm portion 30b which is disposed in a vertical plane or
      normal to the plane of the first portion 30a. The second contact arm
      portion 30b is arranged in spaced location to a contact 32 which is
      provided for actuating another circuit for example for actuating a washer
      pump for the discharge of windshield wiper washer fluid. The spring
      contact 30 is mounted on the plate by means of a contact terminal 33 which
      forms a common contact terminal for both leg portions or arm portions 30a
      or 30b. The spring 30 is shown in particular detail in FIG. 3 and it may
      be adjusted in a horizontal switching plane and is located under a
      switching rim 26 of the switching lever 10. When the switching lever 10 is
      moved so that it pivots about the axis 17 the switching rim 26 deflects
      the spring leg at 30a into engagement with the contact 31.
PAR  The spring arm 30b of the double spring contact 30 may also be adjusted in
      a horizontal switching plane of the switching lever 10 and its broad side
      is located approximately vertical to the switching plane. The lever 10 is
      angled and includes an offset upper or outer portion 10a arranged at an
      angle to a normally horizontal portion 10b. The upper portion is provided
      with a bore which accommodates a switching rod 11. The switching rod 11 is
      axially slidable in the bore of the lever 10 and its lower end extends
      outwardly from the lever and may be engaged with the spring arm 30b to
      shift this arm into engagement with the contact 32 when desired. For this
      purpose the outer or upper end of the rod 11 carries a push button 13
      which is biased outwardly by a spring 14 to position the rod 11 in a
      non-actuated position. The switching rod 11 may be secured in the lever 10
      by a locking element 15 of a guide section or widened section 12 at the
      outer end thereof. The guiding section 12 may be locked in a recess 16 of
      the switching lever 10 and the end of the recess limits the axial
      displacement of the switching rod 11 in the lever at least in the
      switching off position as shown in FIG. 2. When the push button 13 is
      displaced manually the free end of the switching rod projects further from
      the switching lever 10 and displaces the spring 30b into engagement with
      the stationary contact 32 which is fixed on the plate 23. This switching
      connection is advantageously used for another auxiliary circuit for
      example for actuating the washing fluid pump for the windshield wiper. As
      best seen in FIG. 3 it is obvious that the switching to actuate the arm
      30b to contact the contact 32 can be effected in each horizontal position
      of the switching lever 10. The common control potential for the two
      springs 30a and 30b is supplied via the terminal 33 which is located
      between the arms 30a and 30b of the double spring contact 30.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the invention
      it will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A switch, comprising a housing, a U-shaped spring contact in said
      housing having a first spring contact portion in a first plane and a
      second spring contact portion in a second plane disposed at an angle from
      said first plane, a switch lever, means disposed on and within said
      housing pivotally supporting said switch lever for pivotal movement in
      said first plane and said second plane, a first contact spaced from said
      first spring contact portion for operating a first operating circuit, a
      second contact spaced from said second spring contact portion for
      operating a second operating circuit, and a switching rod carried on said
      lever and being movable relatively thereto, said rod being displaceable
      independently of the pivotal position of said lever and having a rod
      portion engageable with said second spring contact portion to move it into
      engagement with said second contact and to permit disengagement therefrom,
      said lever being pivotal at least in one direction and having a lever
      portion engageable with said first spring contact portion to move it into
      engagement with and permit its disengagement from said first contact.
NUM  2.
PAR  2. A switch according to claim 1, including a contact terminal mounted on
      said housing and connected to said spring contact between said first and
      second contact portions.
NUM  3.
PAR  3. A switch according to claim 1, wherein said first spring contact portion
      is located in a substantially horizontal plane, said switch lever being
      pivotal to move a portion thereof through said plane to engage said first
      spring contact portion, said second spring contact portion being disposed
      in a substantially vertical plane with its longitudinal axis located in
      the horizontal switching plane of the switching lever.
NUM  4.
PAR  4. A switch according to claim 1, wherein said lever comprises an angle
      shape lever having an offset outer end, said offset outer end having a
      bore, said switching rod being slidable in said bore and projecting
      outwardly at the lower end thereof adjacent the other portion of said
      lever in a position to be displaced to engage said second spring contact
      portion.
NUM  5.
PAR  5. A switch according to claim 4, wherein said rod portion comprises one
      end of said switching rod, said rod having an opposite outer end with a
      push button thereon projecting outwardly from said lever, means biasing
      said lever to an off position, said push button being deflectable to
      deflect said switching rod to engage said second spring contact portion.
NUM  6.
PAR  6. A switch according to claim 1, wherein said means pivotally supporting
      said switch lever includes a first set of pivotal bearings for pivoting
      said switching lever about a substantially horizontal axis so as to move
      the switching lever through a vertical plane, and a second set of bearings
      for pivoting the switching lever for movement about a vertical axis, said
      lever portion comprising a driver surrounding an end of said switching
      lever at a spaced location from said pivots having driver contact means
      thereon, said lever being shiftable in a horizontal plane to move said
      driver to move said contact, said housing having a plurality of stationary
      contacts arranged in the path of horizontal movement of said driver
      contact means for selective engagement therewith, said first spring
      contact portion comprising a spring disposed flat in a horizontal plane
      below said lever in a position to be moved by movement of said lever
      through a vertical plane, said second spring contact being disposed in a
      vertical plane being movable by displacement of said switching rod
      relative to said switching lever.
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ABST
PAL  The control mechanism described herein includes an instrument panel-mounted
      shift control knob assembly which serves to selectively rotate a pulley
      and belt arrangement to thereby move a pivotally mounted bellcrank lever
      connected to the belt and to which a transmission shift control cable is
      operatively attached. Associated with the control knob assembly and with
      an adjacent lock mechanism is a series of linkage members which serve to
      concurrently lock the steering wheel and the parking brake in response to
      the positioning of an ignition key in the "Lock" position in the lock
      mechanism only after the control knob is manually placed in the "Park"
      position and the parking brake is manually applied. Additionally, a
      starter switch is associated with the control mechanism whereby the switch
      may be operated only in the Park or Neutral positions.
PARN
PAR  This a division of U.S. application Ser. No. 325,325, filed Jan. 23, 1973,
      now U.S. Pat. No. 3,844,180 dated Oct. 29, 1974.
BSUM
PAR  This invention relates generally to automotive control mechanisms and, more
      particularly, to an instrument panel-mounted cable-actuating type.
PAR  An object of the invention is to provide an improved automotive instrument
      panel-mounted control mechanism suitable for performing variety of
      functions.
PAR  Another object of the invention is to provide an instrument panel-mounted
      control mechanism having a rotary control knob assembly for actuating
      selected transmission drive ratios, and a cooperating lock and linkage
      mechanism for locking the steering wheel and parking brake and permitting
      ignition key removal when the control knob is in the "Park" position and
      the parking brake is manually applied.
PAR  A further object of the invention is to provide a control mechanism
      including a rotary control knob type transmission control arrangement for
      rotating a flexible belt and pulley and associated bellcrank lever
      assembly through six (6) selected positions to produce five (5)
      transmission drive ratios, namely, Reverse [R], Neutral [N], Drive [D],
      and two Low [S] and [L], via an interconnecting cable.
PAR  Still another object of the invention is to provide such a rotary control
      knob and pulley arrangement which is adaptable to having an additional
      linkage system operatively connected thereto for locking the steering
      wheel and parking brake automatically upon the manual positioning of an
      ignition key in the "Lock" position after the control knob has been
      manually rotated into the "Park" position and the parking brake has been
      manually applied.
PAR  A still further object of the invention is to provide an instrument
      panel-mounted control mechanism wherein a rotary control knob serves to
      rotate a toothed pulley and an associated toothed flexible belt, to
      thereby move a pivotally mounted bellcrank lever which is pivotally
      secured at one end thereof to the belt and to the other end of which a
      transmission control cable is pivotally attached, with the further
      provision of a lock mechanism and a first linkage member extending
      therefrom to a first pivotally mounted plate member which is both
      operatively connected to a second pivotally mounted plate via a second
      linkage member, and directly pivotally connected to cables leading to the
      steering wheel and the parking brake, there being an additional linkage
      member pivotally connected to the second plate member and operable to
      engage the toothed pulley to prevent rotation thereof once the rotary
      control knob is placed in the "Park" position and in response to rotating
      the ignition key in the "Lock" position in the Lock mechanism.
DRWD
PAR  These and other objects and advantages of the invention will be apparent
      when reference is made to the following description and accompanying
      drawings, wherein:
PAR  FIG. 1 is a perspective view of a vehicular instrument panel illustrating
      the inventive control mechanism mounted therein;
PAR  FIG. 2 is a top view of a control mechanism embodying the invention;
PAR  FIG. 3 is an end view taken along the plane of line 3--3 of FIG. 2, and
      looking in the direction of the arrows;
PAR  FIG. 4 is a cross-sectional view taken along the plane of line 4--4 of FIG.
      2, and looking in the direction of the arrows;
PAR  FIG. 5 is a fragmentary cross-sectional view taken along the plane of line
      5--5 of FIG. 2, and looking in the direction of the arrows;
PAR  FIG. 6 is a cross-sectional view taken along the plane of line 6--6 of FIG.
      3, and looking in the direction of the arrows;
PAR  FIG. 7 is a cross-sectional view taken along the plane of line 7--7 of FIG.
      3, and looking in the direction of the arrows;
PAR  FIG. 8 is a cross-sectional view taken along the plane of line 8--8 of FIG.
      7, and looking in the direction of the arrows; and
PAR  FIG. 9 is an enlarged cross-sectional view taken along the plane of line
      9--9 of FIG. 5, and looking in the direction of the arrows;
PAR  FIG. 10 is a fragmentary enlargement of a portion of the FIG. 6 structure.
DETD
PAR  Referring now to the drawings in greater detail, FIG. 1 illustrates a
      control mechanism 10 mounted on an instrument panel 12 of an automotive
      vehicle, in the vicinity of the steering wheel 14. The control mechanism
      10 includes a control knob assembly 16 rotatably mounted adjacent a
      starter switch 18 extending through an opening 20 formed in the instrument
      panel 12. A lock mechanism 22, including a key slot 24, is also mounted on
      the instrument panel 12, adjacent the control knob 16 but at a
      predetermined angle with respect thereto. A key 26 is insertable into the
      key slot 24.
PAR  As may be noted in FIGS. 2 and 3, the control mechanism 10 and the lock
      mechanism 22 are rigidly secured with respect to one another by an
      interconnected bracket assembly 28. The assembly 28 includes a first flat
      plate member 30 (FIG. 3) whose plane is positioned perpendicular to the
      axis of the control knob 16 and which includes a pair of end openings 32
      and 34 providing means for mounting the plate member 30 to the engine side
      of the instrument panel 12. A second flat plate member 36 (FIG. 2) is
      formed along an edge 38 of the first plate member 30, extending
      perpendicularly from the plane of the latter. A third flat plate member 40
      including a pair of leg-like extensions 41 and 42 (FIG. 3) is formed along
      an edge of the plate member 36, perpendicular to the plane thereof, and
      serves as a base for the mounting thereon of the lock mechanism 22. This
      is accomplished by extending two pairs of bolts 44 and 46 through openings
      formed in the respective extensions 41 and 42 and, thence, threadedly
      attaching the bolts to two pairs of bosses 48 and 50 formed on the outer
      casing 52 of the lock mechanism 22.
PAR  As shown in FIG. 2, three parallel slots 54, 56, and 58 are formed in the
      plate member 36, the slot 54 having an enlarged opening 60 formed on one
      end thereof for assembly purposes, and the slot 56 having a short
      transverse or off-set slot 62 formed adjacent one end thereof opposite the
      opening 60. Three retainer flanges 64, 66, and 68, each larger in diameter
      than the width of the respective slots 54, 56, and 58, are slidably
      mounted on the plate member 36 adjacent such respective slots.
PAR  As may be noted in FIGS. 4, 6, 7, and 8, a pair of toothed pulleys 70 and
      72 are rotatably mounted on respective shafts 74 and 76 extending through
      the plate member 30 and operatively interconnected by an endless toothed
      flexible belt 78. The pulleys 70 and 72 are axially retained adjacent the
      plate member 30 by respective wall members 80 and 82 formed on the plate
      member 36 and extending therefrom parallel to the plate member 30.
PAR  A linkage member of bellcrank lever 84 (FIG. 7) is pivotally connected at
      one end thereof by a pivot pin member 86 and suitable clamp 88 (FIG. 4) to
      the outer surface of the belt 78, with lost-motion means in the form of a
      slot 90 (FIG. 7) formed in the other end of the bellcrank lever 84. The
      pivot pin member 86 also extends through the slot 58, and it is the
      retainer flange 68 which retains the pivot pin member 86 for slidable
      movement in the slot 58. A second pivot pin member 92 (FIG. 7) is formed
      on and extends from the bellcrank lever 84 at an intermediate point
      therealong, the retainer flange 66 (FIG. 2) serving to retain the pivot
      pin member 92 for slidable movement in the interconnected slots 56 and 62
      (FIG. 4). Still a third pivot pin member 94 (FIG. 7) extends through the
      slot 90 formed in the bellcrank lever 84, and, thence, through the slot 54
      (FIG. 2) formed in the plate member 36. The pivot pin member 94 is
      retained for slidable movement in the slot 54 by the retainer flange 64
      and a washer member 96, the latter being slidably mountable adjacent the
      slot 54 through the enlarged end opening 60 of the slot 54.
PAR  Adjacent the end of the pivot pin member 94 opposite the retainer flange 64
      are formed a pair of spaced collars 98 (FIG. 8), between which is secured
      the end of a transmission cable 100 (FIG. 7), the latter cable 100
      extending from the pivot pin member 94 through a sheave 102 secured by
      nuts 104 in an opening 105 formed in a wall member 106 formed along an
      edge of the plate member 36.
PAR  A support plate member 108 (FIGS. 7 and 8) extends parallel to the
      bellcrank lever 84 and includes a flange 110 (FIG. 8) secured to the
      bracket assembly plate member 30 by a bolt 111. A pivot pin 112 extends
      between the support plate member 108 and an adjacent parallel plate member
      114 for pivotally supporting the latter. A pair of linkage rods 116 and
      118 (FIG. 7) are pivotally mounted at predetermined points on the plate
      member 114 and secured thereon by retainer rings 117 (FIG. 7) and 119
      (FIG. 8), respectively. The linkage rod 116 extends through the opening
      between the extensions 41 and 42 of the plate member 40 and through a
      slotted opening 120 formed on the outer casing 52 of the lock mechanism 22
      to pivotally connect to a member 121 (FIG. 7) mounted therein and
      rotatably controlled by the key 26. As may be realized from FIG. 7, the
      member 121 is rotatable by the key 26 into four (4) positions, namely,
      Lock [L], Accessory [A], Off [O], and Run [R]. The key 26 is removable
      from the lock mechanism 22 only when in the Lock [L] position.
PAR  The linkage rod 118 extends to still another plate member 122 and is
      pivotally secured thereon by a retainer ring 123. The plate member 122 is
      pivotally mounted on a centrally located pivot pin 124 secured to the
      plate member 36 (FIG. 2). An arcuate or curved cam slot 126 is formed in
      the plate member 122 on the side thereof opposite the linkage rod 118
      connection, the pivot pin 124 being located in the center thereof. The cam
      slot 126 is positioned around a pin member 128 for slidable movement
      thereon. The pin member 128 includes a bent center portion 127 (FIG. 6)
      and is retained aligned with the pivot pin 124 by virtue of extending
      through an opening 129 (FIG. 7) formed in the fixed wall member 80. One
      end of the pin member 128 is thus retained in the slot 126 by a retainer
      clip 130, while the other end thereof is at times insertable into an
      opening 131 (FIG. 7) formed in the adjacent face 132 of the pulley 70, as
      will be explained.
PAR  Referring once again to the plate member 114 of FIGS. 6-8, it may be noted
      that a pin member 133 is mounted thereon and extends from both sides
      thereof (FIG. 8). A brake cable 134 (FIG. 7) extends from one end of the
      pin member 133 through a sheave 136 secured by nuts 138 in an opening 140
      formed in the wall member 106, while a steering cable 142 (FIG. 7) extends
      from the other end of the pin member 133 through a second sheave 144
      secured by nuts 146 in an opening 148 (FIG. 8) also formed in the wall
      member 106.
PAR  As may be noted in FIG. 6, the control knob 16 includes an inner
      cylindrical member 150 formed of a suitable insulating material and
      press-fitted on the shaft 74 on the end thereof opposite the toothed
      pulley 70, the shaft 74 being supported on the plate member 30 by virtue
      of extending through a cylindrical hub member 152 formed on the plate
      member 30. An outer casing 154, which is also formed of a suitable
      insulating material is axially slidably mounted on the inner cylindrical
      member 150 by means of intermeshed splines 153. A spring 155 is mounted
      between the inner member 150 and the outer casing 154, urging the casing
      154 away from the inner member 150. An arcuate opening 156 (FIG. 2) is
      formed a predetermined distance around the outer casing 154, providing
      progressively stepped parallel side walls 157, 158, and 159 along one edge
      thereof. A pin member 160 is mounted on a bracket 161 which is formed on
      and extends from the interconnecting edge 38 between the plate members 30
      and 36, the pin member 160 extending into the arcuate opening 156 and
      being urged against the adjacent side wall 157, 158, or 159 by the spring
      155.
PAR  A hub member 162 is formed on the outer end of the cylindrical member 150.
      A pocket 164 is formed on the hub member 162. An inwardly extending collar
      166 is formed adjacent the end of the hub member 162. A starter button
      assembly 168 includes a sleeve member 170 formed of a suitable insulating
      material and slidably mounted within the pocket 164 and having a
      circumferential shoulder 172 formed on the outer periphery thereof. A
      button 174 is integrally molded on the exposed end of the sleeve member
      170, and a spring 176 is mounted in the sleeve member 170 between the
      inner surface of the starter button 174 and the bottom of the pocket 164,
      urging the shoulder 172 into contact with the collar 166 providing a
      predetermined clearance between the inner end of the sleeve member 170 and
      the bottom of the pocket 164.
PAR  As shown in FIG. 6, the starter switch 18 is formed in two halves (FIG. 2)
      located circumferentially by projections 177 and receiving apertures 179
      (FIGS. 9 and 10), and mounted around the hub member 152 and includes two
      sets of contacts 178 and 180 (FIG. 5) positioned at predetermined
      locations therearound. A pair of terminals 182 and 184 extend outwardly
      from the starter switch 18. Referring now to FIG. 9, it may be noted that
      a rod-like member 186 is formed on the starter button 174, extending
      therefrom and being slidably mounted through a longitudinal passage 188
      formed through the inner cylindrical member 150 parallel to the axis of
      the pocket 164. It may be further noted that, as the button 174 is
      depressed against the force of the spring 176, thereby moving the sleeve
      member 170 toward the bottom of the pocket 164, a metal end 190 formed on
      the member 186 may be projected into one of the sets of contacts 178 or
      180, provided either of the latter is properly aligned therewith, as
      illustrated by the phantom line shown in FIG. 9. The precise
      circumferential locations of the contacts 178 and 180 are such that the
      end 190 may enter respectively therein only when the control knob assembly
      16 is positioned in the Neutral [N] or Park [P] position, respectively.
      Hence, start-up may occur only in the latter conditions.
PAR  As may be realized from FIG. 2, the conventional indicia P-R-N-D-S-L are
      formed on the outer casing 154 of the control knob 16, such indicia
      corresponding to five (5) transmission drive ratio positions of the
      transmission cable 100 resulting from the movement of the pivot pin member
      86 (FIG. 7) in the slot 58 (FIG. 2) formed in the plate member 36, the six
      (6) drive ratios being well known as Park [P], Reverse [R], Neutral [N],
      Drive [D], and two Lows [S] and [L]. If desired, a housing member 192
      (FIGS. 1 and 9) may be formed of a suitable insulating material and
      mounted on the outer casing 154 to cover the starter button assembly 168.
PAR  In operation, from FIGS. 3, 4, 6, and 7, it is apparent that as the housing
      member 192 or the control knob outer casing 154 is manually rotated, the
      inner cylindrical member 150, the shaft 74, the pulley 70, and the
      flexible belt 78 are correspondingly rotated to thereby cause the
      bellcrank lever 84, through the pivot pin member 86, to slide the pivot
      pin 92 along the slot 56, thus sliding the pivot pin member 94 along the
      slot 54, initiating movement of the cable 100 leading to the transmission
      shift lever (not shown).
PAR  As may be noted from FIG. 2, the slots 56 and 54 formed in the plate member
      36 appropriately position the respective pivot pin members 92 and 94, in
      response to the sliding movement of the pivot pin member 86 in the slot
      58, so as to produce the desired transmission drive ratio through the
      transmission cable 100. By virtue of the off-set or short transverse
      opening 62 (FIG. 2) formed at the end of the slot 56, it may be noted from
      FIG. 2 that, as the pivot pin member 92 (FIG. 7) moves therein in response
      to the pivot pin member 86 being positioned in the Park [P] position in
      the slot 58, the retainer flange 64 and its associated pivot pin member 94
      will seek the same point in the slot 54 for the Park [P] position of the
      retainer flange 68 and its associated pivot pin member 86 in the slot 58
      as would result from positioning the pivot pin member 86 in the Neutral
      [N] position in the slot 58.
PAR  As may now be realized from FIGS. 6 and 7, rotation of the member 121 of
      the lock mechanism 22 via the key 26 (FIG. 1) produces a corresponding
      movement of the linkage rod 116, (FIG. 7) which, in turn, pivots the plate
      member 114 about the pivot pin 112. This correspondingly moves the linkage
      rod 118, causing the plate member 122 to pivot about the pivot pin 124 and
      forces the pin member 128 toward or away from the axis of the pivot pin
      124, depending upon the positioning of the cam slot 126. It is only when
      the control knob casing 154 is rotated to Park [P] that the opening 131 is
      aligned with the adjacent end of the pin member 128. The shape of the cam
      slot 126 is such that the pin member 128 is caused to enter the opening
      131 in its Park [P] location only when the key-controlled member 121 is
      rotated into the Lock [L] position (FIG. 7). The resultant movement of the
      linkage rod 116 and the plate member 114, when the lock mechanism member
      121 is rotated into the Lock [L] position, is such that the brake and
      steering cables 134 and 142, respectively, which are pivotally secured to
      the plate member 114 by the pin member 133 are caused to move to lock the
      steering wheel 14 and the parking brake (not shown). This, of course, as
      indicated above, would not occur unless the control knob assembly 16 is
      first rotated to the Park [P] position.
PAR  It should be apparent that the invention provides an improved, compact
      instrument panel-mounted control mechanism wherein manual rotation of a
      control knob serves, through an associated pulley and belt arrangement, to
      efficiently move a cable to selectively shift the transmission. It should
      also be apparent that the control mechanism further includes a lock
      mechanism and associated linkage means for actuating two additional cables
      and a linkage rod to respectively lock the steering wheel and parking
      brake and to permit key removal automatically, provided the control knob
      has first been rotated into the Park [P] position, and the parking brake
      is manually applied.
PAR  While but one embodiment of the invention has been shown and described,
      other modifications thereof are possible.
CLMS
STM  We claim:
NUM  1.
PAR  1. An actuating mechanism comprising a fixed hub member having an axial
      opening formed therethrough, a starter switch secured about said hub
      member and having two spaced sets of contacts mounted in a predetermined
      circle therein, a shaft rotatably mounted and axially located in said
      axial opening, rotary knob means secured on an end of said shaft and being
      manually rotatable into a plurality of predetermined positions including
      first and second positions, an axial pocket formed in the outer end of
      said rotary knob means, a starter button having a cylindrical extension
      formed thereon and slidably mounted in said axial pocket, a longitudinal
      passage formed through said rotary knob means parallel to said axial
      pocket and having the axis thereof aligned with said predetermined circle,
      a spring partially compressed and mounted through said cylindrical
      extension between said starter button and the bottom of said axial pocket,
      stop means formed on said cylindrical extension and around said axial
      pocket for limiting the outward movement of said cylindrical extension in
      said axial pocket under the force of said spring, and a rod-like member
      formed on said starter button and slidably mounted through said
      longitudinal passage and being operable to enter and thereby close one of
      said respective sets of contacts only when said rotary knob means is
      positioned in one of said respective first and second positions upon
      manual depression of said starter button against the force of said spring.
NUM  2.
PAR  2. For use with an automobile engine and a starter therefor, an instrument
      panel-mounted engine starting mechanism comprising a fixed hub member
      having an axial opening formed therethrough, a starter switch secured
      around said hub member and having two spaced sets of contacts mounted in a
      predetermined circle therein, a shaft rotatably mounted and axially
      located in said axial opening, a rotary control knob secured on an end of
      said shaft and being manually rotatably into a plurality of transmission
      ratio control positions including Park and Neutral, said rotary control
      knob including an inner member secured to said shaft, a casing slidably
      mounted around said inner member, a plurality of stepped circumferential
      slots formed in the outer periphery of said casing and including said Park
      and Neutral positions, a fixed pin member extending into said slots, a
      first spring mounted between retainer means formed on each of said inner
      member and said casing for urging said casing away from said inner member
      and into contact at one of said stepped circumferential slots thereof with
      said fixed pin member in some one of said plurality of ratio control
      positions, an axial pocket formed in the outer end of said inner member, a
      starter button assembly slidably mounted in said axial pocket, and a
      longitudinal passage formed through said inner member parallel to said
      axial pocket and having the axis thereof in alignment with said
      predetermined circle of said two sets of contacts, said starter button
      assembly including a sleeve member formed shorter than the depth of said
      axial pocket and being slidably mounted in said axial pocket, a
      button-shaped end portion formed on the outer end of said sleeve member, a
      second spring partially compressed and mounted through said sleeve member
      between said end portion and the bottom of said axial pocket, stop means
      formed on said sleeve member and around said axial pocket for limiting the
      outward movement of said sleeve member in said axial pocket under the
      force of said second spring, and a rod-like member formed on said end
      portion and slidably mounted through said longitudinal passage and being
      operable to enter and thereby close one of said respective sets of
      contacts and start said engine only when said casing is rotated into one
      of said respective Park and Neutral positions against the force of said
      first spring and upon manual depression of said button-shaped end portion
      against the force of said second spring.
PATN
WKU  039405818
SRC  5
APN  5018404
APT  1
ART  217
APD  19740829
TTL  Switch construction, particularly for indicating automobile seat loading
ISD  19760224
NCL  3
ECL  1
EXP  Smith, Jr.; David
NDR  1
NFG  3
INVT
NAM  Door; Helmut
CTY  Sachsenheim
CNT  DT
ASSG
NAM  SWF-Spezialfabrik fur Autozubehor Gustav Rau GmbH
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730915
APN  2346578
CLAS
OCL  200 85A
XCL  340277
XCL  200153M
EDF  2
ICL  H01H  314
FSC  200
FSS  85 A;153 M;61.18;61.19
FSC  340
FSS  277
UREF
PNO  1422318
ISD  19220700
NAM  Stevens
OCL  200 85A
UREF
PNO  1668929
ISD  19280500
NAM  Westervelt
OCL  200 85A
UREF
PNO  3761659
ISD  19730900
NAM  Eberle et al.
OCL  200 85A
LREP
FRM  McGlew and Tuttle
ABST
PAL  A switch, particularly one for indicating whether an automobile seat is
      occupied or unoccupied, comprises a switch housing with a spring contact
      secured at a base portion to respective side walls of the housing and
      extending inwardly from the respective side walls into biased contacting
      engagement. An actuating rod is guided for axial sliding movement through
      the housing and it includes a switching member having an upstanding
      portion of insulating material which extends between the spring contacts
      in a non-actuated position. The actuating rod is provided with a
      connection at its one end to a spring suspension of the seat so that the
      whole rod is shifted together with the switching member during the loading
      of a seat to move the insulating material away from its position between
      the spring contacts to permit the contacts to come together into
      conducting relationship.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates in general to the construction of electrical
      switches and, in particular, to a new and useful switch for sensing the
      loading and unloading a a vehicle seat, which includes a movable rod
      member carrying a switching member which is disposed between spring
      contacts which are biased toward engagement and which will move out of
      position to separate the spring contacts in order to permit them to move
      together.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention is particularly concerned with a switch of a type
      which is employed for indicating whether an automobile vehicle seat is
      loaded or unloaded. For such a purpose, the electrical switch for
      actuating an alarm circuit or a seat belt setting circuit is connected to
      the seat suspension so that an actuating part of the switch is moved
      during the occupation of a seat to provide an indication of the loading
      thereof.
PAR  A principal difficulty in the construction of switches for indicating the
      loading of seats is that their operation depends on the amount of seat
      deflection and they must be free to move between certain wide limits in
      accordance with the different weights of the passengers who use the
      vehicle. This means that special attention must be paid to insure that the
      electrical switch is not damaged during deflections beyond a certain
      predetermined range. The conventional devices for such purposes include
      coupling members between the seat suspension and the switching member
      which are designed so that they can absorb the various deflections of the
      seat suspension and thus prevent damage to the switch. For this purpose,
      complicated coupling members which are not very reliable in operation are
      usually necessary.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a switch for
      indicating vehicle seat loads, which includes an actuating rod which is
      connectible to the seat suspension and which carries a switching member
      which may move between wide ranges through a path and intercepts the
      contact between two spring contact elements in a non-operative position
      and permits their contacting engagement in an operative position. The
      switch is of simple construction and permits a large range of operative
      movement of the actuating rod and the switching member without any
      possibility of damage to the switch. The actuating rod which carries the
      switching member is advantageously provided with a connection at its one
      end which facilitates its easy fastening to the seat suspension. The
      opposite end may, for example, be left free so that it can travel for a
      considerable distance in its guidance within a switch housing. It is
      disengaged from the spring contacts by moving it beyond the contact range
      of the two spring elements so that the spring elements come together under
      their own biasing forces. The actuating rod can directly follow the
      deflection of the seat suspension and the switching member of the electric
      switch only makes small movement in order to effect actuation of the
      contacts but may move a much larger amount if the deflection of the seat
      requires. The initial setting of the switching member may be easily
      effected during engagement of the actuating rod to the seat suspension and
      the securing of the switch housing in a position in which the spring
      contacts are first aligned with the switching member so that they do not
      interengage. Any errors which are made in the securement of the housing or
      the actuating rod in position on the seat are automatically compensated
      due to the constructional arrangement of the invention because the
      movement of the switching member may be very great without changing the
      immediate actuation of the switching circuit. The only alignment that need
      be made is the alignment of the switching member between the two spring
      contacts in the initial or off position of the switch and any substantial
      movement of the suspension of the seat thereafter will cause an actuation
      of the switch. The switching member itself may move between defined limits
      of the switch housing and the securement of the switch member in the off
      position is effected by frictional engagement which may be easily
      overcome. The switch member itself may be frictionally engaged on its
      associated actuating rod so that it can be moved in the event of any
      changes in the connection position or seat suspension location. With a
      frictional engagement of the actuating member on the actuating rod, an
      automatic adjustment is effected when there is any possiblity of over-ride
      of the rod in the guidance of the housing. The construction is such that
      the necessary switching movement is retained and the associated control
      position may be easily set in the rest condition.
PAR  In the preferred form of the invention, the switching member has a
      sleeve-shaped extension provided with slots which extend radially
      outwardly from a central bore through which the actuating rod extends. The
      actuating rod is supported in bores in each of the housing end walls which
      provide for easy sliding movement thereof. The switching member which is
      frictionally engaged over the rod is displaceable between the two end
      walls of the switch housing.
PAR  In the preferred arrangement, the switching member comprises a member
      having a bore therethrough and a projection which is guidable in a recess
      on the switching rod so that it may be displaced axially but not rotated.
      The actuating rod itself may advantageously have an end which is flattened
      and widened transversely so that it cannot be displaced out of the bores
      of the housing. The opposite end of the rod advantageously carries a
      widened sleeve of a material, such a plastic, which has an engaging eyelet
      which may be snap-fastened to a spring wire of the spring suspension of
      the seat.
PAR  Accordingly, it is an object of the invention to provide an improved
      switch, particularly for indicating the loading and unloading of an
      automobile vehicle seat which includes an actuating rod member which is
      movable in a housing centrally in respect to springs mounted on respective
      side walls of the housing and extending into biased contacting engagement
      therebetween and further including a switching member which is
      advantageously frictionally engaged on the rod and which carries an
      upstanding portion of insulating material which may be positioned to
      separate the spring contacts so that they do not make contact and which
      may be moved with the rod during loading of the seat to move out of the
      separating position to permit the spring contacts to interengage.
PAR  A further object of the invention is to provide a seat particularly for
      actuating a circuit or signal for indicating or responding to the loading
      and unloading of a vehicle seat which is simple in design, rugged in
      construction and economical to manufacture.
PAR  For understanding of the principles of the invention, reference is made to
      the following description of a typical embodiment thereof as illustrated
      in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the Drawing:
PAR  FIG. 1 is a longitudinal sectional view of a switch for indicating the
      loading of an automobile vehicle seat constructed in accordance with the
      invention and taken on the line I--I of FIG. 2;
PAR  FIG. 2 is a front elevational view of the switch shown in FIG. 1; and
PAR  FIG. 3 is a section taken on the line III--III of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing in particular, the invention embodied therein,
      comprises a switch for indicating the loading and unloading of an
      automobile vehicle seat, which includes a rectangular switch housing,
      generally designated 25, having end walls 25a and 25b and side walls 25c
      and 25d and a bottom wall 25e which is secured on a wall 10 of a vehicle
      or a seat suspension which includes a seat 11 having a spring wire 12 at
      its underside.
PAR  In accordance with the invention, the switch includes first and second
      resilient contacts or spring contacts 18 and 19 which have base portions
      18a and 19a which are secured to side walls 25b and 25c, respectively, by
      rivets 17. The base portions extend outwardly through end wall 25d and
      terminate in terminals 26 and 27, respectively. The springs 18 and 19 are
      held so that the natural biasing force thereof tends to bring them into
      touching engagement centrally between the side walls 25c and 25d. An
      actuating rod 15 is journalled in bores in each of the end walls 25a and
      25b and it may slide axially therein. An end 16 of the rod is flattened
      and widened so that it cannot move outwardly through the accommodating
      bore for the rod. The opposite end is provided with a plastic sleeve 14
      having an eyelet 13 which is snap-fastened to the suspension wire 12.
PAR  In accordance with a feature of the invention, the switching member 20 is
      provided with a hollow bore to accommodate the rod 15 and it includes
      radially extending slots 21 to permit a snug fit of the rod within the
      bore in frictional engagement. The natural elasticity of the switching
      member 20 provides a snug interengagement with the rod 15.
PAR  Switching member 20 is provided with an outstanding or upstanding extension
      or switch separating element 22 of insulating material which in the off
      position extends between the ends of the spring contacts 18 and 19 and
      separates them and prevents electrical connecting engagement. With the
      switching member 20 set in the position shown in FIG. 2, the deflection of
      the spring wire 12 will cause a downward shifting movement of the rod 15
      and a shifting of the member 22 so that it moves out from between the
      spring contacts 18 and 19 and permits them to engage and complete the
      electrical circuit. When the seat is again unloaded, the suspension wire
      12 rides upwardly again and positions the insulating member 22 between the
      ends of the springs to break the electric circuit. If the spring wire 12
      returns to a higher position, the switching member 20 will engage the top
      wall 25a and it will be shifted along the rod 15 without having any damage
      occur. Rod 15 will only be drawn up out of the housing when frictional
      engagement between it and the associated switching member 20 is overcome.
      This will merely change the rest position but it will not change the
      operation of the switch.
PAR  When seat suspension 11 is deflected downwardly by a load, the wire 12
      displaces actuating rod 15 downwardly. Switching member 20 is also moved
      downwardly until it moves out of separating position between spring
      elements 18 and 19 and permits them to move together to effect actuation
      of the electrical circuit. An extension 23 of switching member 20 engages
      in a recess 24 which is defined along the length of the bottom wall or
      inner wall 25e. This prevents switching member 20 from twisting on the
      actuating rod 15 during any adjustment of movement thereof.
PAR  After moving over the operating path of switching member 20, actuating rod
      15 can be displaced further downwardly. At the same time, the frictional
      engagement between the switching member 20 and the actuating rod 15 is
      released by the overcoming of the frictional contact therebetween. The
      deflecting movement of the actuating rod 15 can therefore be much greater
      than the operating movement of the switching member 20 without the switch
      becoming damaged in any respect.
PAR  If the seat is again relieved of load, the actuating rod 15 will continue
      to drive the switch member 20 upwardly until it assumes the inoperative
      position shown in FIGS. 1 and 2. The actuating rod 15 is then retracted
      further again upon release of the frictional engagement between the
      switching member 20 and actuating rod 15 if an over-ride occurs. Thus, in
      the embodiment of the switch shown, the switching positions of the
      switching member 20 are not positively and firmly associated with the end
      positions of the actuating rod 15. In addition, automatic adjustment of
      the switch positions is obtained by release of the frictional engagement
      between switching member 20 and actuating rod 15. In order to reset the
      switch, it is only necessary for the actuating rod 15 to be adjusted in
      respect to the switching member 20 only to the extent that it effects at
      least the operating movement of switching member 20 when the seat is
      loaded. The electrical switch is therefore not damaged if the displacement
      of the actuating rod 15 is much greater than expected. The frictional
      engagement between switching member 20 and actuating rod 15 provides a
      coupling which cancels the connection between the two parts when the
      switching member 20 has reached its end position but actuating rod 15
      continues to be displaced.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A switch, particularly a load responsive switch for indicating
      automobile seat loading, comprising a pair of first and second contact
      springs, means mounting said first and second contact springs so that
      their ends are biased together in electrical contacting engagement, a
      movable actuating rod having one end with means for connecting it to the
      seat which is to bear the load, and a switching member having a portion of
      non-conductive material carried by said actuating rod and movable
      therewith through a path to come between said first and second contact
      springs to separate them and to break the electrical connection
      therebetween, a housing having end walls with bores through which said
      actuating rod extends and which provide means for guiding said actuating
      rod for axial movement, said switching member having a sleeve portion with
      a bore through which said rod extends and being frictionally engaged with
      said rod so as to be displaceable therealong, said portion of
      non-conductive material comprising an upstanding switch contact separating
      member which is movable between said spring contacts.
NUM  2.
PAR  2. A switch, according to claim 1, including a guide defined along said
      housing, said switching member having a portion extending into said guide
      and being held by said guide during its movement against rotation in
      respect to said rod.
NUM  3.
PAR  3. A switch, according to claim 1, wherein said means for connecting said
      rod to the seat comprises a fitting on the one end of said rod having a
      resilient partial eyelet which opens outwardly at its end whereby said
      eyelet may be engaged over a wire or rod element, the opposite end of said
      rod being flattened, and including a housing having a bore at each end for
      guiding said rod therethrough being of a size equal to the diameter of
      said rod and smaller than the flattened end so that it will not pass
      therethrough.
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ABST
PAL  Gas-blast circuit interrupter of the puffer type comprising sealed
      compressed-gas filled arc-extinguishing chambers and support insulators.
      The enclosures of the chambers and of the support insulator thereof are
      traversed by control rods which operate the contacts and which are
      assembled in situ through a door managed in a junction housing which
      secures the enclosures together and accomodates the confronting end
      portions of the rods. The junction housing is gastight and may be filled
      with the same gas as the enclosures so as to avoid pressure differentials
      across the seals causing leakage of gas. A fluid communication is
      established between the enclosures after mounting thereof on the junction
      housing.
BSUM
PAR  This invention relates to gas-blast puffer type circuit interrupters
      comprising one or more arc-extinguishing chambers the separable contacts
      of which are operated by a control rod traversing a seal mounted in the
      wall of each chamber.
PAR  Circuit interrupters of this kind are well known in medium, high and
      very-high voltages stations. The use of gases having a high
      arc-extinguishing and dielectric power, such as sulfur hexafluoride
      SF.sub.6, makes it unnecessary to use double-pressure systems and systems
      in which the arc-extinguishing gas is exhausted to atmosphere at each
      interrupting operation, and thus with costly compressor stations in situ.
      The arc between the separating contacts, which are operated by a
      translational control rod, is quenched by a blast of gas generally
      produced by relatively movable piston and cylinder means constituting a
      puffer mechanism. In the following specification and claims the term
      "puffer-type" is to be understood as relating to compressed-gas circuit
      interrupters comprising sealed arc-extinguishing chambers in which an
      appropriate gas-blast mechanism directs a blast of arc-extinguishing gas
      to the arc during the circuit-opening operation.
PAR  The factory-sealed units of circuit interrupters of this kind, such as the
      arc-extinguishing chambers and the hollow supporting insulators, are
      shipped already filled with the often toxic compressed gas (that is gas
      under pressure above atmospheric pressure), and the units are assembled by
      the user. In conventional units, the dynamic seal of the translational
      control rod traversing the wall of a pressurized enclosure often causes
      leakage of gas bleeding through the differential-pressure seal so that
      provision must be made against the toxic effects of gas leaks thereby
      causing costly maintainance.
PAR  Collection of the leakage gas in a gastight vessel has been suggested but
      this provision does not do away with the problem of the leakage itself.
PAR  It is an object of the invention to provide a puffer-type circuit
      interrupter in which the leakage through the sealing parts of the
      pressurized enclosure is largely prevented and under any case completely
      harmless in normal service conditions.
PAR  It is a related object of the invention to provide a circuit interrupter
      which is very simple to assemble by the final user under increased
      security conditions without needing a filling of the enclosures in situ
      with the compressed gas.
DRWD
PAR  These and other objects and advantages will become apparent upon reading of
      the following description of some embodiments of the invention, given by
      way of examples only and shown in the annexed drawings, in which:
PAR  FIG. 1 is a diagrammatic view, partially in section, of a part of a circuit
      interrupter according to the invention;
PAR  FIG. 2 is a fragmentary sectional view at an enlarged scale of another
      embodiment, the left part of the FIGURE showing the coupling sleeve in
      retracted position, and the right half representing the sleeve in extended
      working position;
PAR  FIG. 3 is a sectional view showing a protection cap for a disassembled
      element; and
PAR  FIG. 4 is a diagrammatic view, partially in section, of another embodiment.
PAR  In the different FIGURES, identical reference numerals designate like
      elements.
DETD
PAR  Referring now to FIGS. 1 and 2, there is shown a circuit interrupter unit
      10 comprising two arc extinguishing units 12, 14 which are only partially
      shown in FIG. 1 and which are of the well-known puffer-type comprising
      separable contact means (not shown) and for example a piston-and-cylinder
      puffer mechanism (not shown) drivingly connected to the movable contact.
      An extension 16 of the enclosure of the arc-extinguishing chambers is
      equipped with a projection 18 having a connection flange 20. The unit 10
      constitutes a sealed off unit filled with a compressed arc-extinguishing
      gas under a pressure above atmospheric pressure, such as sulfur
      hexafluoride SF.sub.6, whereby a translational control rod 22 traverses
      the bottom 24 of the projection 18 through a seal 26 to permit operation
      of the chambers 12, 14, generally through actuation of the movable
      contacts without affecting the gas tightness of the unit.
PAR  In conventional manner, the unit 10 is supported an adequate distance from
      ground potential (generally, from ground) by a hollow supporting insulator
      28 of which only the upper part is shown in FIG. 1. The insulator is
      closed at both ends thereof by gastight wall members the upper wall member
      being arranged as a connection flange 30 traversed by the control rod
      slidably mounted in a seal which is identical to the seal 26. The control
      rod 22 is subdivided into two parts, the upper part 34 being associated
      with the unit 10 and the lower part 36 extending through the entire length
      of the insulator 28 to permit the actuation of the contacts of the
      chambers 12 and 14 from a control post (not shown) disposed at ground
      potential at the lower end (not shown) of the insulator 28. The
      confronting end portions of the control rods 34 and 36 are coupled through
      a tongue and groove joint 38 assembled by means of a pin 40. The gastight
      supporting insulator 28 is filled with the same gas under a pressure above
      atmospheric pressure as the enclosure of the unit 10 (for example
      SF.sub.6). The insulator 28 is supplied factory-sealed, as is the unit 10.
PAR  The enclosures of the units 10 and 28 are assembled in situ by insertion of
      a sleeve or junction housing 42 of cylindrical or polygonal shape, for
      example, duly fastened to the flanges 20, 30, respectively, by means of
      stud bolts and nuts 44. The housing 42 secures the unit 10 rigidly and
      mechanically to the insulator 28 in a gastight manner and defines an inner
      volume 46 accomodating the confronting coupling end portions of the
      control rods 34, 36. An exhaust conduit 48 which may be closed by a plug
      50, traverses the wall of the upper part of the sleeve 42. The latter
      comprises a relatively large lateral opening 52 giving ready access to the
      coupling pin 40 to permit the mounting and removal thereof in assembled
      position of the units 10, 42 and 28, thereby permitting the coupling and
      uncoupling of the rods 24 and 36. The opening 52 can be closed in a
      gastight manner by a door 54 which is fastened through stud bolts and nuts
      56 with interposition of a sealing joint 58.
PAR  The flange 30 presents an aperture 60 which permits free fluid
      communication between the inside of the gastight enclosure of the
      insulator 28 and the volume 46 within the sleeve 42 whereby a valve 62
      permits closing of the conduit 60. Conduits 64, 66 traverse the flanges
      20, 30, respectively, and communicate in a gastight manner through a pipe
      68 associated with a coupler 70. In assembled position, the inside of the
      enclosures of the unit 10 and of the insulator 28 communicate through the
      conduits 64, 66 and the pipe 68 equipped with the coupler 70. The latter
      is of the self-closing type ensuring in a well-known manner the automatic
      closing of the conduits 64, 66 in uncoupled position of the coupler 70.
PAR  The circuit interrupter is assembled in the following manner:
PAR  The factory-pressurized and factory-sealed unit 10 and insulator 28 are
      secured together by the user through the housing 42 which is fastened by
      means of the bolts and nuts 44. The door 54 is removed and the coupling
      pin 40 installed after due engagement of the tongue and groove joint of
      the confronting end portions of control rods 34, 36 which are then ready
      to operate the arc-extinguishing chambers 12 and 14 from the ground level.
      The door 54 is hermetically closed and the plug 50 removed. The air
      contained in the volume 46 is swept away by the entry into the volume 46
      of compressed gas (SF.sub.6) from the inside of the insulator 28 through
      the aperture 60 upon opening of the valve 62. The density of the sulfur
      hexafluoride gas being higher than the density of air, the latter is
      readily driven upwardly whereupon it can exhaust through the conduit 48.
      The complete clearing of the volume 46 is detected by the finding of
      sulfur hexafluoride gas at the outlet of conduit 48 which is then closed
      by the plug 50. The coupler 70 is installed to cause free fluid
      communication between the inside of the enclosures of unit 10 and
      insulator 28. It will be seen that the volume 46 and the inside of the
      enclosures of the unit 10 and of the insulator 28 are all filled with
      SF.sub.6 at the same pressure and communicate through the conduit 60 and
      the pipe 68. Because of the absence of any pressure differential, a fault
      in the sealing of seals 26, 32 is without any consequence and entry of air
      is excluded.
PAR  The connection device permits of course the disassembling of the unit 10
      without loss of the pressure in the insulator 28 and in the unit 10. It
      suffices thereto to uncouple the coupler 70 and to close the valve 62 in
      order to isolate the gastight enclosures of the unit 10 and of the
      insulator 28.
PAR  During the removal of the door 54, the sulfur hexafluoride of the volume 46
      exhausts to atmosphere but the quantity of lost gas is relatively small
      and harmless. The subsequent removal of the coupling pin 40 permits the
      disengagement of the control rods 34, 36 and the unfastening of the nuts
      44 causes the unmounting of the unit 10 which, as the case may be, can be
      replaced by a stock unit.
PAR  FIG. 2 shows an embodiment in which certain apertures and conduits arranged
      in the fastening flanges are left out. The connection between the unit 10
      and the supporting insulator 28 is ensured by the rods 72 which are
      fastened to the flanges 20, 30 by nuts 74. In mounted position of the
      pole, the portion of the control rod 22 extending between the flanges 20
      and 30 is surrounded by a sleeve 76, which may be of cylindrical shape,
      and the front parts 78, 80 in which are inserted sealing joints 82, here
      against the flanges 20 and 30 in order to define a gastight volume 46. As
      in the FIG. 1 embodiment, the sleeve 76 comprises a door 54 and a draining
      aperture 48. The sleeve 76 has a telescopic portion 84, the extension and
      contraction movement of which is controlled by a screw ring 86 having a
      right-handed and a left-handed thread 88, 90 threadably engaging
      corresponding threads 92, 94, respectively, on the outer surface of the
      upper part 76 and the lower part 84 of the sleeve so that rotation of the
      ring 86 in one sense or the other causes the telescopic portion of the
      sleeve to extend or contract, respectively. A joint 96 ensures the sealing
      between the telescopically engaging parts.
PAR  The sealing joints 26 and 32 sealing the control rod 22 where the latter
      traverses the wall of unit 10 and of insulator 28, respectively, are of
      the lip type, whereby the lips 98 are maintained against the rod 22 by
      resilient rings 100. The gas-tightness of the joints 26, 32 may be broken
      by deflecting the lips 98 under the action of the wedging of the chamfered
      edges 102, 104, respectively, of rings 108, 106, respectively, which are
      carried by the end portions 78, 80, respectively, of the sleeve 76 and
      moved by turning of the ring 86.
PAR  This device operates as follows:
PAR  The sleeve 76 being in the contracted position thereof (see left part of
      FIG. 2), the unit 10 is positioned on the insulator 28 with interposition
      of the sleeve 76. The rods are connected by insertion of the coupling pin
      40 through the opening 52 and the door 54 is closed and fastened by means
      of the nuts 56. The sealing joints 26, 32 are still sealing off the inside
      of the enclosures 10 and 28 from the volume 46 within the sleeve 76. A
      rotation of the ring 86 in the desired direction causes the sleeve to
      lengthen telescopically so as to take the position represented in the
      right half of FIG. 2, wherein the front edges bear against the flanges 20,
      30 ensuring thereby the sealing of the volume 46. The lengthening of the
      telescopic sleeve 76 causes the axial movement of the ring members 106,
      108 which lift the lips 98 from the rod 22 by the wedging action of the
      portions 102, 104 causing thereby free communication of the inside of the
      enclosures 10 and 28 with the volume 46. The air in volume 46 is exhausted
      through conduit 48 after removal of the plug 50. The different parts are
      preferably so arranged that the sealing of joint 32 is broken before the
      sealing of joint 26, taking advantage of the relative high density of the
      SF.sub.6 gas. In this case, after breaking of the seal 32, the continued
      turning of the ring 86 after plugging of the conduit 48 causes the
      breaking of the other joint 26. In the final position the three volumes
      are at the same pressure. The communication pipe 70 is thus superfluous.
      On the other hand, in the working position the lips 98 of the joints 26,
      32 are withdrawn from the rod 22 and are thus preserved from wearing.
      After an eventual disassembling of the sleeve 76, the joints 26, 32 ensure
      again their sealing action.
PAR  Of course, the mechanical details of the embodiment shown in FIG. 2 are
      largely diagrammatically represented, more particularly in connection with
      the telescopic portion of sleeve 76 and the sealing front parts thereof.
      Preferably, the sealing action of the latter should begin before breaking
      of the sealing action of the seals 26, 32 in order to prevent the gas from
      leaking away.
PAR  The joints 26, 32 ensure the sealing of the units 10 and of the insulators
      28 during the transport and storage thereof. In order to avoid any
      accidental loss or leakage of the gas, it may be useful to double the
      sealing, for instance by a protection cap 110 (FIG. 3) covering the end
      portions of the control rod 22 and hermetically connected to the flange 24
      (in the case of unit 10).
PAR  In the embodiment shown in FIG. 4, a hollow supporting insulator 28 carries
      at the upper end thereof through a gastight housing 120 two
      arc-extinguishing chambers 12, 14 disposed in a well-known generally
      V-shaped manner. Each arc-extinguishing chamber 12 and 14 comprises a
      sealed gastight enclosure filled with sulfur hexafluoride gas and having
      its own control rod 122, 124, respectively, traversing the wall of the
      enclosure through sliding sealing joints. The end portions of the control
      rods 122, 124 are pivotally connected to bell cranks 126, 128,
      respectively, which are in turn pivotally connected to fixed axes 130,
      132, respectively, and which have a common pivot connection to a common
      control rod 138 extending through the inside of the insulator 28. Again,
      the latter is filled with pressurized SF.sub.6 gas and the upper end of
      the insulator is closed by a cover 136 shaped as a fastening flange which
      is traversed by the control rod 134 cooperating with a seal 138. The
      gastight housing 120 has three fastening flanges 140, 142 and 144 which
      are rigidly secured in a gastight manner to the cover 136 and to the
      bottom flanges of the arc-extinguishing chambers 12 and 14, respectively.
      A draining opening closed by a plug 148 is provided at the uppermost part
      of the housing 120 and flexible conduits 150, 152 extend within the
      housing 120 to establish a free fluid communication between the inside of
      the arc-extinguishing chambers 12, 14 and of the insulator 28. The
      flexible conduits 150, 152 are connected to the gastight enclosures by
      means of self-checking coupling devices, which may be of the well-known
      spring-loaded ball type ensuring the automatic sealing of the enclosures
      upon withdrawal of the flexible conduit. A window (not shown in FIG. 4) is
      provided in the housing 120 opposite the cranks 126 and 128 and a closable
      filling orifice 154 at the lower part of the housing permits the filling
      thereof with the sulfur hexafluoride gas.
PAR  This connection device is assembled in the following manner:
PAR  The factory-filled and -sealed units 12, 14 are mounted on top of the
      insulator 28 by means of the casing 120. The coupling pins of the
      different control rods to the bell cranks 126, 128 are inserted through
      the window in the wall of the casing 120 after which the flexible conduits
      150 and 152 are installed to establish the desired fluid communication
      between the inside of the units 12, 14 and of the insulator 28. The window
      is then hermetically closed and the plug 148 withdrawn. The air in housing
      120 is exhausted by introducing SF.sub.6 through stud 154. Care is taken
      in order that the pressure in the housing 120 be substantially the same as
      the pressure existing in the interconnected units 12, 14 and 28 so as to
      avoid any pressure differential across the seals surrounding the control
      rods. In this way, as before, a sealing failure of the seals remains
      without any consequence.
PAR  During the disassembling of the device, the window is opened to exhaust the
      SF.sub.6 gas from the housing 120. The flexible conduits 150 and 152 and
      the coupling pins are withdrawn from the units 12, 14 and 28 so that it
      becomes possible to exchange the units, as desired.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gastight gas-blast circuit interrupter of the puffer-type comprising:
PA1  at least one arc-extinguishing chamber having a gastight separable contact
      means containing enclosure filled with an arc-extinguishing gas under a
      pressure above atmospheric pressure, a seal in the wall of said enclosure,
      and a movable contact-operating rod traversing said wall in a gastight
      manner through said seal;
PA1  hollow insulating support means to support said chamber an appropriate
      distance from ground potential and having a gastight enclosure containing
      the same gas under a pressure above atmospheric pressure as the enclosure
      of said chamber, a seal in the wall of said enclosure of said support
      means, and a movable control rod traversing said wall of said enclosure of
      said support means in a gastight manner through the seal thereof,
PA1  said contact-operating rod and said control rod having confronting end
      portions extending externally of said enclosures and adapted to be coupled
      together in motion-transmitting relation to permit operation of said
      contact-operating rod by actuation of said control rod;
PA1  a gastight hollow junction housing joining said enclosures and
      accommodating said end portions,
PA1  said seals being disposed in the partition wall portions common to said
      housing and to said enclosures, respectively, said housing having
      removable wall means permitting the coupling and uncoupling of said end
      portions therethrough from the outside of said housing, and means for
      filling said housing with said gas under a pressure above atmospheric
      pressure.
NUM  2.
PAR  2. A circuit interrupter according to claim 1, further comprising fluid
      communication means establishing a free fluid communication between said
      enclosures.
NUM  3.
PAR  3. A circuit interrupter according to claim 2, wherein the pressure in said
      housing is substantially equal to the pressure existing in said
      enclosures.
NUM  4.
PAR  4. A circuit interrupter according to claim 2, wherein said fluid
      communication means comprises self-closing check means automatically
      sealing off said enclosures upon removal of said fluid communication
      means.
NUM  5.
PAR  5. A circuit interrupter according to claim 4, wherein said fluid
      communication means extends through said housing.
NUM  6.
PAR  6. A circuit interrupter according to claim 4, wherein said fluid
      communication means comprises flexible conduit means extending through
      said housing in gastight relation therewith.
NUM  7.
PAR  7. A circuit interrupter according to claim 1, wherein said housing
      comprises means to release said seals upon mounting of said housing
      between said enclosures thereby establishing a free fluid communication
      between said enclosures through the inside of said housing.
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ABST
PAL  An arrangement for quenching an arc in a gas-flow circuit breaker in which
      at least one check valve is arranged in a flow canal leading through a
      portion of the insulating material to the quenching gap, the check valve
      insuring that a reverse flow from the quenching gap into the inlet canals
      of the quenching gas is prevented.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas flow circuit breakers in general, and more
      particularly to an improved arc quenching arrangement for a blast piston
      circuit breaker.
PAR  Arc quenching, by blowing a gaseous quenching medium at the arc to quench
      it, is well known in the art with a number of different circuit breaker
      systems having been developed using this principle.
PAR  One of these which is generally referred to as the two-pressure system,
      stores the quenching medium in a high-pressure tank. During the switching
      process, the quenching medium flows from the tank through valves, ducts
      and flow conduits to the quenching chamber, which is at a lower pressure.
      Thus, in this system, a flow results from a pressure gradient.
PAR  In what is referred to as a single-pressure system, a predetermined static
      pressure is maintained in the switching chamber. During the switching
      process, the necessary flow of quenching medium is obtained by a
      compression of part of the volume therein. Typical of this type of system
      is that known as the blast-piston circuit breakers, in which the motion of
      a cylinder or a piston is coupled to the motion of the circuit breaker. As
      the piston moves along with the opening contact, a portion of the volume
      of the quenching gas is compressed. At a predetermined position of the
      nozzle or electrode arrangement in the circuit breaker, flow cross
      sections are opened, permitting the flow of the quenching medium to begin.
PAR  In this type of circuit breaker, the quenching gas can interact with the
      arc. The arc in a gas flow circuit breaker burns between two contacts, one
      of which is generally a tubular contact. The flow acting against the arc
      takes place in a nozzle arrangement. The tubular contact can also serve as
      the nozzle or a separate nozzle preceding the contacts can be provided. It
      is a general characteristic of all circuit breaker arrangements of this
      type that the arc must burn through a cavity which can have the shape of a
      cylinder, a cone or a Laval tube and can be of different length. The arc
      must burn and the quenching medium must flow through this cavity which
      forms the nozzle. The arc will impede this flow of quenching medium. As an
      arc burns through a nozzle, two different zones can be distinguished: an
      inner, hot zone of lower density and an outer, cold zone of high density.
      The major portion of the total mass of the quenching means passing through
      the nozzle will flow through the outer, cold zone. As the arc becomes
      thicker, the hot zone becomes wider and the cold outer zone becomes
      correspondingly smaller. As a result, the mass throughput through the
      nozzle decreases with increasing thickness of the arc. If the arc
      increases in size, to fill the cross section of the nozzle completely, the
      mass throughput becomes a minimal.
PAR  In a-c circuit breakers, the arc current varies according to the sinuoidal
      shape of the half-waves of the current. When a short-circuit current is
      interrupted, an arc almost completely filling the cross section of the
      nozzle will occur at the time of maximum current. Due to the reduced mass
      flow, a correspondingly reduced cooling effect is obtained. As a result,
      the energy given up in the quenching chamber can no longer be carried off
      by the quenching medium. As a result of this, the pressure in the
      quenching chamber sharply rises. The pressure increase can lead to a
      situation where the inflow from the high-pressure portion of the breaker
      is not only reduced but, in some cases, that the direction of flow is even
      reversed, causing the hot gas to get into the inlet ducts. As a result,
      after the current decreases and normal flow direction is again resumed, a
      quenching medium which is heated and contaiminated with metal vapor from
      the electrodes will initially flow into the quenching arrangement.
PAR  Aside from the effects resulting from the hot quenching gas getting back
      into the inlet ducts, the pressure increase in the quenching chamber in a
      blast-piston type breaker can also brake the movement of the piston and
      with it the contact movement. As the force difference between the force
      driving the circuit breaker, i.e., driving the blast-piston and the
      circuit breaker contacts and the opposite force of the compressed gas
      becomes increasingly smaller, a change in direction of motion is even
      possible. That is to say, the piston and contacts can be driven in a
      direction to close rather than open the contacts. Clearly this is
      undesirable.
PAR  Thus, it can be seen that there is a need for an improved arrangement in a
      circuit breaker of this type which avoids the undesirable effects of the
      back pressure which can be generated when high currents are being
      interrupted.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves this problem by providing in the flow conduit,
      in the vicinity of the quenching gap, at least one check valve arranged in
      a canal leading to the quenching gap through a portion of the insulating
      material. This valve allows flow of the quenching medium only in a
      direction toward the quenching gap and prevents backflow. Various possible
      arrangements are disclosed. It is thought advantageous to provide a
      plurality of check valves disposed in canals, distributed over the
      circumference of a portion of the insulating material serving as a lining
      for the quenching gap, which canals may have a circular or other cross
      section.
PAR  As disclosed herein, it is particularly advantageous that the canal be
      shaped as an annular gap extending over the entire circumference of the
      switching tube and sealed by a kick-back washer. With such an arrangement,
      the annular gap will be concentric with the quenching gap.
PAR  In another illustrated embodiment, resilient reeds are provided as check
      valves, sealing flow canals of corresponding cross section in the manner
      of reeds in musical instruments. This arrangement is particularly
      attractive because of the simplicity of design of the check valves. In
      addition, the check valves, rather than being reeds fixed at one end, can
      be blades hinged at one end with their open position fixed by appropriate
      stops.
PAR  In another disclosed arrangement, the annular gap is subdivided into
      individual chambers by rib-like partitions. The ribs, which are arranged
      behind the check valves, can be made of insulating material or of metal or
      a composite of these materials.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross section through a blast piston circuit
      breaker system according to the present invention.
PAR  FIG. 2 is a similar view of the upper half of a similar arrangement using
      an annular piston and having a slightly different type of check valve.
PAR  FIG. 3 is a view similar to FIG. 2, showing a different type of piston and
      different type of check valve.
PAR  FIG. 4 is a cross sectional view along the section IV--IV of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the embodiment of FIG. 1, a stationary contact electrode 2 is firmly
      connected to a portion of insulating material 4 having a nozzle-shaped
      design. The shape of the insulating material 4 is such as to cause a
      favorable quenching flow onto an arc 6, which is drawn between the fixed
      electrode 2 and a movable electrode 8. In the portion of the insulating
      material 4, which serves to guide the quenching flow, a plurality of flow
      canals 10 are provided, distributed over the circumference of the
      insulating material. Quenching gas contained within a volume 26 is
      compressed by the cylinder 12 and flows through these flow canals 10 to
      get into the annular chamber 14 and adjoining quenching chamber 16.
      Cylinder 12 is closed off in a gastight manner against the contact
      electrode 2 and slides thereon and on a portion of the insulating material
      4, which thereby serves to guide the cylinder 12. At the outlet of each of
      the flow canals 10, a check valve 18 is provided. This check valve permits
      gas flow only in a direction toward the quenching gap 16 as indicated by
      the arrow 24. These check valves 18 are of conventional design and need
      only be such as to insure that the gas can only flow in one direction. The
      illustrated type of valve comprises a disc valve having a sealing member
      19 which is pressed against a corresponding seat surface by a spring 20.
      The spring 20 slides on an extension 21, supported in a hole 22 and
      movable in an axial direction.
PAR  It should be noted, however, that other types of flap systems can be used
      as the check valve, in particular those working according to the heart
      flap principle.
PAR  In the closed starting position shown in dotted lines, the movable
      electrode 8 is under an initial pressure which is the same throughout the
      entire system. For example, if sulfur hexafluoride is used as the
      quenching medium, a pressure of 6 atmg may be used. In this position,
      electrical contact is established between contacts 2 and 8. For opening of
      the breaker, conventional driving means (not shown) drive both the movable
      contact 8 and the blast cylinder 12 to the right in the direction of the
      arrow. These two elements, i.e., contact 8 and cylinder 12, are
      mechanically connected to move together. The movement of the cylinder 12
      results in an increased pressure in the space 26 and also in the flow
      canals 10 and the space 14. However, up until the point where the movable
      electrode 8 no longer contacts the fixed electrode 2, the space 14 remains
      sealed off by the moving electrode 8. Thus, when this point is reached, a
      precompression has already taken place and when the contacts separate,
      quenching gas will flow from the space 26 through the flow canals and
      through the ring space 14 onto the arc 6 formed between the two ends of
      the electrodes 2 and 8. The gas flows through the electrode 2 and also,
      after the edge of the movable contact 8 moves past the insulating member
      4, in the direction of arrow 34 into the space 28.
PAR  With this arrangement, if the current flowing in the arc 6 in the quenching
      chamber 16 becomes so great that the power generated can no longer be
      removed by the flow indicated by the arrows 32 and 34, the pressure in the
      quenching chamber 16 will rise. If this pressure reaches the value of the
      pressure in the space 26 or if it exceeds that value, the valves 18 will
      be pushed against their seat, closing off the space 26 so that no reverse
      flow can take place.
PAR  As a result, the hot gases in the quenching space which may be contaminated
      with metal vapor from the material of the electrodes 2 and 8, are forced
      to flow to the quenching chamber 16 and out through the electrode 2. In no
      case can they flow back into the space 26 which forms the quenching "gas
      tank" of the circuit breaker. Thus, during this period of over-pressure, a
      further compression of gas occurs in the space 26, which gas is not
      contaminated or heated. The drive of the piston 12 need only suppy the
      energy needed to obtain this compression. It does not need to act against
      the higher pressure in the ring space 14 and quenching chamber 16 and
      thus, a reduction in the capacity of the drive system over what would
      otherwise be required, is possible. Reverse motion of the cylinder 12 and
      the switching tube 8 connected therewith is impossible. As soon as the
      pressure in the quenching chamber 16 is reduced as a result of current
      reduction in the course of the half-wave, the flow from the quenching gas
      tank 26 resumes and new quenching gas flows into the switching gap.
PAR  In addition to obtaining improved switching properties in the a-c circuit
      breaker, this arrangement provides an improved design of the movable parts
      of the blast-piston circuit breaker in terms of dimensions.
PAR  Another particularly advantageous design is illustrated by FIG. 2, showing
      the upper half of a longitudinal cross section similar to FIG. 1. In this
      arrangement, a ring piston 36 coupled to the movable contact 8 for motion
      therewith is used for compressing the gas in chamber 26. In this figure,
      the movable contact is shown in its fully off position. In a manner
      similar to that described above, in connection with FIG. 1, an arc 6 is
      drawn between the fixed contact tube and the movable contact 8. The ring
      piston 36 compresses the quenching gas in the gas tank being driven, along
      with the contact, by a linkage of which only the rod 38 coupled to the
      piston 36 is shown on FIG. 2. Again, a ring canal 14 is used to direct the
      flow of gas onto the arc. In this embodiment, the ring canal 14 is sealed
      by a valve 40 which is in the form of a kick-back washer 40. The kick-back
      washer 40 will be an annular washer sealing an opening extending
      circumferencially around the insulating member 4. The washer 40 is guided
      by a plurality of pins 41 distributed over its circumference, on which
      pins coil springs are placed to generate contact pressure.
PAR  A similar arrangement can also be used in a two pressure system with the
      valves placed in the same manner in the inlets from the high-pressure part
      of the system and in the vicinity of the switching gap.
PAR  A further embodiment of the invention is illustrated of FIG. 3. As in FIGS.
      1 and 2, an arc 6 is drawn between a fixed contact 2 and a movable contact
      8. Similarly, quenching gas flows through a gas flow canal 10 and a ring
      canal 14 which directs it onto the arc 6. A valve arrangement 50 is built
      into the nozzle-shaped insulating member 4. The gas flow is generated by a
      blast-piston 42 which is shaped so that the smallest possible dead volume
      is left when compressing the gas in the space 26.
PAR  The nozzle member 4, is secured within a cylindrical breaker housing part
      44 and is also firmly connected to the fixed electrode 2. The piston 42
      can be moved by a drive, in conventional fashion, much in the manner
      described above in connection with FIG. 2. Alternatively, the insulating
      member 4 may be ridgedly connected only with the fixed contact 2 making
      sliding contact with the housing 44 and the piston 42 attached to that
      housing. In that case, the housing and movable contact together may be
      moved causing the piston 42 to move therewith compressing the gas in space
      26. Alternatively, the contact 2 may be made movable and moved to the left
      along with the insulating member 4 while the piston 42, the housing 44 and
      contact 8 remain fixed. In any case, the relative movement between the
      insulating member 4 and the piston 42 will result in the initial pressure
      being increased with the "tank" 26, causing it to flow through the canals
      10 and into the flow canal 14, from which it is directed onto the arc
      burning between the electrodes 2 and 8. Typically, if sulfur hexafluoride
      SF.sub.6 is used as the quenching gas, the initial pressure of quenching
      gas in the space 26 may be, for example 6 .times. 10.sup.5 N/m.sup.2.
PAR  In this embodiment, the valves 40 will preferably be springs or flaps which
      are pressed away from corresponding openings by the pressure in the tank
      26. The amount of opening of the valves 50 can be controlled by stops 52
      located on the insulating member 4. The use of these stops insures that an
      over pressure will properly act on the springs or flaps to close them, and
      prevent reverse flow. A particular advantage of this embodiment is that
      the movable valves 50 can be made very light thereby permitting fast
      opening and closing motions.
PAR  The arrangement of FIG. 3 is shown in cross section of FIG. 4. From that
      figure, the housing 44, fixed electrode 2 and insulating member 4 are
      illustrated. A plurality of openings 56 distributed circumferentially
      around the insulating member 4 are provided as illustrated with the
      openings extending between the lines 54 and 55. The total cross section of
      these openings which form the outlet of the canals 10 should be at least
      as large as the sum of the cross section within the fixed electrode 2 and
      the nozzle formed by the insulating member 4. In the illustrated
      embodiment, the closure elements 58 which are thin reed-like members are
      attached at one end by a screw 60 or the like. It will be recognized that
      they can also be clamped at this end in a suitable designed arrangement.
      Instead of clamping or screwing the closure elements 58 to attach them,
      they may instead be hinged at one end. Since their open position is fixed
      by the stops 52 as shown on FIG. 3, mechanical pretensioning in order to
      keep the openings 56 closed in the rest position of the closure elements
      58 is unnecessary. Furthermore, the valve action of the closure elements
      58 will not be disturbed even if some of the closure elements are open in
      their rest position due to the effect of gravity, since the quenching gas
      flowing in from the tank 26 opens all the closure elements in any case,
      and their closing is assured by the force of the reverse flow almost
      instantaneously.
PAR  When using a hinged support of the closure elements 58, the elements can be
      metal as well as plastic of a sufficient strength. If the elements are
      fastened at one end by a screw or a clamp, closure elements will
      preferably be made of metal, e.g., stainless steel, although resilient
      plastic may also be used.
PAR  On FIG. 4, closure elements 58 of approximately rectangular shape are
      shown. It should be noted that round, trapezoidal or other shapes of
      openings 56 and closure elements 58 may also be used.
PAR  An evenly distributed flow in the ring canal 14 of FIG. 3 can be obtained
      by a large number of relatively small openings 56. The use of many small
      closure elements 58 has as a further advantage that a relatively large
      total cross section of openings is released with a small opening stroke,
      i.e., a small deflection of the free ends of the closure elements 58. In
      place of the single closure element 58 for each of the canals 56 shown on
      FIG. 4, it is also possible to use several closure elements for a single
      canal.
PAR  Another particularly advantageous arrangement illustrated by FIG. 3 is the
      arrangement of ribs extending radially and in the axial direction of the
      overall arrangement such that the ring volume of the canal 14 is divided
      into individual chambers. These ribs designated as 15 on FIG. 3 may
      comprise plastic, an insulating material or may be made of metal. Through
      the use of these ribs, a uniform flow in the ring canal 14 is obtained in
      a direction toward the quenching chamber 16 and thus toward the arc 6.
PAR  When the breaker is closed, the quenching gas tank 26 must be refilled with
      quenching gas. It will be recognized that during the closing motion, the
      volume of the tank area 26 will be increased resulting in a reduction in
      pressure with respect to the remaining portion of the breaker, and will
      thus cause the valves 50 to close. As a result, the tank cannot be filled
      through the canal 14 and openings 10. To provide for refilling, the blast
      portion 42 is equipped with one or more check valves 43 of a design
      similar to the valve 50 of FIG. 3 of valves 18 of FIG. 1. Since these
      valves do not need to operate in a particularly fast manner, it is
      sufficient to use a suction valve or only a few valves of relatively large
      cross section.
PAR  Thus, an improved design for a gas flow type circuit breaker has been
      shown. Although specific embodiments have been illustrated and described,
      it will be obvious to those skilled in the art that various modifications
      may be made without departing from the spirit of the invention, which is
      intended to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a gas-flow circuit breaker, such as a blast piston breaker, in which
      gas is directed from a space of higher pressure to the vicinity of a
      quenching gap, said breaker including a fixed contact and a movable
      contact which when separated from an arc in said quenching gap, an
      improved arrangement for quenching and arc in said gap comprising:
PA1  a. insulating material arranged to form a plurality of flow canals to
      direct the flow of gas from the space of higher pressure onto the
      quenching gap, said flow canals being evenly spaced concentric to said
      quenching gap; and
PA1  b. a check valve in each of said canals arranged to permit flow only from
      the space of higher pressure toward said quenching gap.
NUM  2.
PAR  2. An arrangement according to claim 1 wherein said plurality of check
      valve are installed in annular flow conduit concentrically surrounding
      said quenching gap.
NUM  3.
PAR  3. An arrangement according to claim 1 wherein said check valve comprise a
      plurality of openings into an annular flow conduit concentrically
      surrounding said quenching gap with each of siad openings covered by a
      resilient reed.
NUM  4.
PAR  4. An arrangement according to claim 1 wherein said check valve comprises a
      plurality of openings into an annular canal surrounding said quenching gap
      with hinged flaps covering said openings.
NUM  5.
PAR  5. The arrangement according to claim 3 and further including radial ribs
      in said canal.
NUM  6.
PAR  6. The arrangement according to claim 4 and further including radial ribs
      in said canal.
NUM  7.
PAR  7. The arrangement according to claim 1 wherein a blast piston is used to
      generate a higher pressure in said space and further including a suction
      valve in said blast piston.
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ABST
PAL  Disclosed is an improved switch particularly adapted to be used as a
      coaxial cable switch for cable television systems because of its superior
      isolation of the signal inputs. The switch comprises an electrically
      insulating body, first, second and third terminals located on the body in
      spaced relationship, a movably mounted contact, which is movable along a
      predetermined path to form alternative conductive paths between the first
      terminal and either of the second or third terminals, and a partition
      means between said terminals and located adjacent the path of the contact
      to form a barrier to radiated signals from whichever of the second and
      third terminals that is not in contact with the movable contact.
      Additionally, terminating means for the unused terminal and/or shielding
      means to further isolate the unused terminal from the used terminal can be
      provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to an improved switch particularly adapted to be
      used as a coaxial cable switch for cable television systems because of its
      superior isolation of different inputs.
PAR  Switches capable of handling high frequency signals, i.e., up to 300 MHz,
      are frequently ineffective because of shielding problems. Either the
      switch itself is not sufficiently shielded from the surrounding
      environment or the inputs to the switch are not adequately shielded from
      one another. Such switches may be used, for example, in selecting inputs
      between cable and antenna, or between different cable inputs. In CATV
      systems these are known as A-B switches.
PAR  Presently available input switches have a rather low isolation between
      inputs, and are also of rather complicated construction. Therefore, it is
      desired to make a switch that is simple and economical in construction,
      and also provides high isolation between inputs.
PAR  Many high frequency input switches only deal with shielding the inputs from
      the environment, and not shielding one input from another input. This is
      generally done by a shielding chamber which encloses all of the terminals,
      including both input terminals and the output terminal, i.e., the housing
      merely serves as a high frequency shielded chamber. Usually, the chamber
      is designed so that it forms a waveguide below cutoff for the principal
      waveguide mode in the operating frequency range of the switch. This merely
      isolates the inputs in the switch. It does not isolate one input from
      another input.
PAR  U.S. Pat. No. 3,648,000 discloses a switch for selecting between high
      frequency cable TV inputs, and teaches a grounding means for providing
      increased isolation of the respective cables. It isolates by grounding the
      unused input contact and the contact member which makes the connection
      between the input and the output. No other isolation of the unused
      terminals is provided for or taught. This patent states that 75 decibels
      (db) of isolation are provided with such a construction.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is broadly directed to an improved switch possessing improved
      isolation between the input terminals into the switch, whereby it may be
      used as a coaxial cable TV switch.
PAR  The switch of the invention can be provided an isolation of at least 90
      decibels (db) at 300 Megahertz (MHz), and isolations as high as 97 db have
      been achieved. These values can be compared with a typical push or toggle
      switch which provides an isolation of about 20 db at 300 MHz, or the
      aforementioned patented switch which claims an isolation of 75 db.
PAR  The isolation of the terminals in the switches of the invention is
      primarily achieved by the use of simple partitions or barriers which
      isolate the unused input terminal from the cable input in use.
      Additionally, the unused input terminal may be terminated in a resistor to
      provide further isolation, and in the preferred embodiment, a grounding
      shield is located so as to provide an additional barrier to any radiated
      signals from the unused terminal.
PAR  The preferred structure is a rotary or toggle switch wherein a contact
      located on the peripheral surface of the rotor selectively makes the
      connection between first and second input spring contacts and an output
      spring contact located centrally between the inputs. The partitions are
      located between the respective inputs and the output, so that there is no
      straight line path for radiated energy between the unused input terminal
      and the connection in use. The partitions can be made of any conductive
      material, such as metal and the like, as long as they restrict the
      radiation of the high frequency emissions from the unused terminal. In the
      preferred embodiment, the partitions are made of the same material as the
      switch housing, i.e., cast aluminum or zinc. The partition can be made an
      integral part of the case or housing, and so can be molded along with the
      housing or casing. The result is a simple, inexpensive and highly
      effective shield for the coaxial input terminals.
PAR  The termination means for the unused terminal is basically a further
      contact located on the peripheral surface rotor which contacts the unused
      terminal and which is wired to a resistor, preferably a 75 ohm resistor.
      The other end of the resistor will be wired to a ground. In the preferred
      embodiment, a terminating means, i.e., a contact and resistor, are
      provided for each unused terminal and both terminating means are connected
      to the shielding means which provides six different contacts connected to
      ground.
PAR  The shielding means is basically a "U-shaped" contact of a conductive
      material wherein the arms of the "U" are spring contacts. The shielding
      means is located on the rotor such that it at least partially surrounds
      the rotor contact and further isolates the connection made by the rotor
      contact, between one of the input terminals and the output terminal, and
      the unused input terminal. The arms of the shield will contact the casing
      of the switch, grounding the shield, and providing the further isolation.
      In the preferred embodiment, the shielding means will have four other
      "arms" or contacts. Two of the arms will be located above and two below
      the plane of the "U" which will provide additional grounding contacts for
      both the shield and the terminating means.
PAR  It is therefore an object of this invention to provide an improved high
      frequency switch which is simple in construction and yet effectively
      shields the input terminals from one another; and to provide such an
      improved switch particularly adapted for use with cable television.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of one embodiment of the switch of the invention
      particularly adapted for use with cable TV;
PAR  FIG. 2 is a side view, partially broken away, of the switch of FIG. 1;
PAR  FIG. 3 is an end view of the switch of FIG. 2;
PAR  FIG. 4 is a perspective view of the shielding means used to isolate and
      terminate the unused input terminal in accordance with the teachings of
      the invention; and
PAR  FIG. 5 is a side view of another embodiment of the switch, similar to FIG.
      2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, which represent preferred embodiments, and in
      particular to FIGS. 1, 2 and 3, one embodiment of the invention is shown
      generally as switch 10. Switch 10 comprises a substantially rectangular
      casing or housing 11, which may be cast of metal such as aluminum, zinc
      and the like, having a rotor 12 mounted therein for rotation about pin 13
      via hole 14. Rotor 12 is generally constructed from a synthetic plastic
      material, such as nylon, acrylonitrile-butadiene-styrene (ABS), and the
      like, but could be made from other materials including wood and the like.
PAR  As illustrated in FIGS. 1 and 2, pin 13 is an integral part of housing 11,
      with rotor 12 rotating freely about pin 13. Pin 13 will be made of the
      same material as the casing. Alternatively, pin 13 may be keyed to hole 14
      in rotor 12, with pin 13 free to rotate about its axis in a hole (not
      shown) in housing 11, and may be made of a nonconductive material, such as
      plastic and the like, or a conductive material. Rotor 12 possesses handle
      15 which extends through an appropriate edge opening 16 in housing 11, and
      which is grasped to rotate rotor 12.
PAR  Housing 11 is divided conveniently into a plurality of small compartments,
      such as compartment 20, to house the terminals of the switch. One end wall
      of housing 11 is extended outwardly to form integral coaxial ferrules 21,
      22 and 23. Located centrally is output terminal 22, and located on either
      side of the output are the input terminals 21 and 23. Terminals 21-23 are
      conventional coaxial terminals wherein the outsides 24, 25 and 26 are
      electrically grounded to housing 11 and the insides 27, 28 and 29 are
      adapted to receive connectors (not shown), such as coaxial cable TV
      connectors and the like. The outsides 24-26 of ferrules 21-23 may be
      threaded, as shown in FIG. 2, so that a connector having an internally
      threaded jacket may be threaded on and secured to the coaxial ferrules.
      The ferrules need not be integral with housing 11, and so could be made
      separately and subsequently welded, threaded or the like to housing 11.
PAR  The insides 27-29 of ferrules 21-23, respectively, will normally be lined
      in some way with annular, cylindrical insulating material, such as linings
      30, 31 and 32, which are comprised of plastic or the like so as to
      insulate the outer portions 24-26 from contact with the portion of a
      connector (not shown) inserted into the insides 27-29 of ferrules 21-23,
      which contact would short out the cable connector. The linings 30-32 can
      be separately formed and inserted, or, as shown in FIGS. 1-3, may be an
      integral part of the contact plugs.
PAR  Plugs, such as plug 40, are mounted within compartments, such as
      compartment 20, and are molded of a nonconductive material such as a
      synthetic plastic or the like. They are of a conventional construction,
      and are shown as cylindrically shaped. But, they could be other suitable
      shapes. The plugs hold spring contacts 41, 42 and 43 which are of a
      conventional construction. Spring contacts 41 and 43 are shown as
      comprised of resilient free ends which are in the shape of an open hook
      and extend interiorly of housing 11 and encapsulated ends which are within
      the plugs. The encapsulated ends are adapted to resiliently receive and
      make secure electrical contact with a cable inserted into the interiors 27
      and 29 of the ferrules 21 and 23. Spring contact 42 is constructed
      similarly to contacts 41 and 43 except, as shown, the resilient free end
      is in the shape of an almost closed loop.
PAR  A metal contact 45, of copper, copper beryllium and the like, is mounted on
      the circumference of rotor 12. Contact 45 is for the purpose of contacting
      one of the inputs and the output to complete a conductive path from the
      input selected to the output. Thus, a TV signal from a coaxial cable
      inserted in, for example, input 21, travels from spring contact 41 across
      contact 45 to output 22 where it exits from the switch. A similar
      conductive path can be created between spring contact 43 of input 23 and
      the output 22.
PAR  Rotating rotor 12 via handle 15 selectively brings contact 45 into
      engagement with either of spring contacts 41 or 43. Spring contact 42
      being centrally located is engaged when either of contacts 42 or 43 is
      energized. Rotor 12 will be rotatably held in the various switching
      positions by the pressure of the spring contacts alone. But, it may be
      desirable to include some additional means (not shown) to hold the rotor
      in the various switching positions. Such a means could also provide the
      toggle action of the switch. One such means would be to provide a pin on
      the rotor which would act against a leaf type spring held by some
      stationary part of the switch, e.g., the bottom face of the switch.
      Another toggle means might be to use a ball and detent means, i.e., a
      spring biased ball located in the casing which acts against an indent or
      series of indents in the peripheral surface of the rotor. Such
      constructions are conventional in the art.
PAR  Even though an input is separated from and not electrically connected to
      the output when it is not in use, it may interfere with the output because
      of signals radiated from the exposed spring contact. In order to prevent
      the unused input from interfering with the input in use, barriers 50 and
      51 are provided which isolate and shield the unused input. Barriers 50 and
      51 are shown as trapezoidially shaped chambers which are integral with and
      of the same material as casing 11. But, they could be made separate and
      attached by some appropriate means, and could comprise other shapes such
      as rectangular wall-like pieces and the like. There is no criticality in
      the length, shape or spatial location of the barriers, as long as they
      serve to prevent straight line radiation between the unused terminal and
      spring contact and the connection in use. It may be desirable to provide a
      further shielding and/or terminating means for use with and in addition to
      barriers 50 and 51. In this regard, any conventional terminating system
      employing a resistance means can be used in conjunction with the barrier
      system of the invention. The shielding means is set forth in greater
      detail hereinafter.
PAR  Contacts 41 and 43 will normally be spring biased toward contact 45 to
      insure firm physical and electrical contact when they are in use by being
      engaged by contact 45. When they are not in use, contacts 41 and 43 will
      be engaged by a terminating means. The terminating means comprises
      terminating contacts 54 and 55, which are also located on the peripheral
      surface of rotor 12, and resistors 56 and 57 which are connected to a
      ground and can comprise, e.g., 75 ohm resistors. Contacts 54 and 55 are
      spaced further around the rotor from contact 45, such that when, as shown
      for example in FIG. 2, input contact 41 is engaged by rotor contact 45,
      unused input contact 43 is engaged by terminating contact 55. Similarly,
      when contact 43 is in contact with contact 45, contact 41 is engaged by
      terminating contact 54. Contacts 54 and 55 comprise conductive rivets or
      eyelets, as shown in FIG. 2, which pass through the peripheral surface of
      rotor 12. Other structures or configurations can be used as long as they
      provide an electrical contact with the respective unused input. Resistors
      56 and 57 may be conveniently wired to shielding means 58 for grounding
      purposes, and are connected to the eyelets 54 and 55 and shielding means
      58 by soldering or other appropriate fastening means.
PAR  Shielding means 58, as shown in FIG. 4, is broadly a unitary, generally
      U-shaped, generally full width (as compared to the width of rotor 12)
      conductive strip which is principally comprised of a body portion 59 and
      arms 60 and 61 which are spring contacts. Shield 58 is located on rotor 12
      such that it partially surrounds rotor contact 45, with arms 60 and 61
      being located on either side of contact 45 and on the circumference
      surface of rotor 12. Contact arms 60 and 61 make grounding contact with
      the sides of casing 11, as at bosses 66 and 67, or with facing sides 68
      and 69 of barrier chambers 60 and 51, respectively. Although the principal
      shield portions, including body portion 59 and arms 60 and 61, are shown
      as a bent, generally rectangular, flat sheet having further arms or
      contacts 62-65 extending therefrom, its shape is not critical. What is
      important is that grounded shield 58 provides an additional barrier to the
      transmission of interfering signals from the unused terminal and spring
      contact. Because the shield is located on the rotor, it provides a
      "moving" shield which is always located around the active terminals.
      Further, the combination of barriers 50 and 51 and shield 58 provides a
      barrier which essentially totally surrounds and isolates the active
      terminals, such as in FIG. 2, input 21 and output 22, from the unused
      terminal, e.g., terminal 23.
PAR  Additionally, four spring contacts or wiper fingers 62-65 may be located on
      shield 58 to provide additional grounding contacts, with two of the
      fingers 62 and 63 being above the plane of the U-shaped, while the other
      two contacts 64 and 65 are located below the plane of the U-shape.
PAR  The other fingers 62-65 also provide either direct or indirect grounding
      contacts. Fingers 64 and 65 will be in contact with the bottom 70 of
      casing 11, while fingers 62 and 63 will contact metal shield 71 which
      covers the switch and acts as an electrostatic shield. Shield 71 is made
      of copper and the like and provides ground contact for fingers 62 and 63
      since it is attached to casing 11 by screws 72 in appropriate holes 73 in
      shield 71 and screw holes 74 in casing 11. The locations and number of
      screws are not critical and so could be varied. Further, other attaching
      means could be employed.
PAR  The housing may be removably mounted in synthetic plastic housing of a
      material such as ABS, nylon or the like, such as outer covers 75 and 76.
      Covers 75 and 76 are preferably somewhat resilient, and protect the switch
      from possible physical damage, as well as providing shock hazard
      protection. The plastic covers are not necessary, though, and the switch
      can be used without them. Further, holes 77 and 78 in shield 71 and casing
      11, respectively, are provided so that the switch can be attached by
      screws or the like (not shown) to a television or other support, or
      combined with other switches.
PAR  In the embodiment shown in FIG. 5, the switch is adapted to be used as a
      300 ohm switch, as compared to FIGS. 1-3 where the output would be an
      unbalanced 75 ohms, so a conventional impedance matching circuit is
      provided to transform the unbalanced 75 ohm input of the coaxial TV cable
      to a 300 ohm balance output. A transformer is used as an impedance
      matching device and converts an unbalanced system to a balanced system.
      The structure and operation of the switch are identical with that of the
      embodiment of FIGS. 1-3 and so the same reference numerals are accordingly
      used for identical parts.
PAR  Spring contact 42 receives the signal from contact 45 on rotor 12. Contact
      42 is connected to one of the loads of the primary side of a transformer
      80 through a first DC blocking capacitor 81. The opposite primary lead of
      the transformer is connected to one lead of a second DC balancing
      capacitor 82, the opposite end of which is grounded to the housing. The
      secondary of the transformer 80 is connected to a pair of screws 83 and
      84, which are adapted to be connected to the antenna input of the
      television set. The center lead of the transformer secondary is
      electrically grounded by means not shown in the drawings.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of this invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention which is
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A switch for use in wide band systems handling high frequency signals,
      comprising:
PA1  a hollow body having at least an inner surface which is electrically
      conductive,
PA1  first, second and third terminals on said body located in spaced relation,
PA1  each of said terminals having contact portions connected to said conductive
      surface of said body and also having contacts projecting into said body,
PA1  a rotor of electrically non-conductive material,
PA1  a movable contact carried on the circumference of said rotor and of a
      length to connect the contact of said first terminal alternatively with
      the contacts of either said second or third terminal,
PA1  means rotatably supporting said rotor in said body for arcuate movement of
      said movable contact to alternative positions connecting the first
      terminal to either the second or third terminal,
PA1  means connected to said rotor and extending externally of said body for
      moving said rotor,
PA1  electrically conductive partition means incorporated in said body and
      extending inwardly to adjacent the circumference of said rotor to form
      barriers to radiation from the exposed terminal contacts to each other.
NUM  2.
PAR  2. A switch as defined in claim 1, including an electrically conductive
      shielding means on said rotor surrounding said movable contact and
      constructed and arranged to contact said conductive surface of said body.
NUM  3.
PAR  3. A switch as defined in claim 1 including terminating contacts on said
      rotor arranged to engage whichever of the second and third terminal
      contacts is not contacting said movable contact, and terminating impedance
      means connected between said terminating contacts and the conductive
      surface of said body.
NUM  4.
PAR  4. A switch for use in wide band systems handling high frequency signals,
      comprising:
PA1  a hollow body which is electrically conductive,
PA1  first, second and third coaxial terminals on said body located in spaced
      relation,
PA1  each of said terminals having outer contact portions connected to said body
      and also having inner contacts projecting into said body, the inner
      contacts of said second and third terminals being on opposite sides of and
      equally spaced from the inner contact of said first terminal,
PA1  a rotor of electrically non-conductive material,
PA1  a movable contact of arcuate shape carried on the circumference of said
      rotor and of a length to connect the inner contact of said first terminal
      alternatively with the inner contacts of either said second or third
      terminal,
PA1  means rotatably supporting said rotor in said body for arcuate movement of
      said movable contact to alternative positions connecting the inner
      contacts of either the second or third terminal to the inner contact of
      the first terminal,
PA1  means connected to said rotor and extending externally of said body for
      moving said rotor between said positions, and
PA1  partition means integral with said body and extending inwardly from between
      said terminals to adjacent the circumference of said rotor to form
      barriers to radiation between the exposed and unconnected inner contacts.
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PAL  A heavy duty push-button switch for the direct closing and opening of a
      high-current electrical circuit, such as the starter motor circuit for an
      internal combustion engine, comprising a casing containing at least two
      contact points engageable by a contactor disk mounted on a movable
      carriage member. The contactor disk is freely rotatable on the carriage
      member when the contactor disk is in transit between the contact points
      and a backstop. The contact points are preferably made of a silver alloy.
      Moreover, at least the surface portion of the contactor disk, presented to
      the contact points, is made of a silver alloy. The transfer of silver is
      equalized in both directions between the disk and the contact points. The
      switch preferably includes first spring means for biasing the contactor
      disk against the backstop. The switch has a movable push-button, and
      second spring means disposed between the push-button and the carriage
      member to move the contactor disk into engagement with the contact points,
      against the biasing action of the first spring means. The push-button is
      hollow with an opening within which the carriage member is telescopically
      slidable.
BSUM
PAR  This invention relates to a heavy duty pushbutton switch which may be
      employed very advantageously for directly completing and interrupting a
      high current electrical circuit, such as the starter motor circuit for an
      internal combustion engine.
PAR  In one advantageous application, two push-button switches are employed in
      the starter motor circuit for an outboard boat motor. One push-button
      switch is manually operable to complete the starter motor circuit so as to
      turn over the motor. The other push-button switch may function as a
      neutral safety switch, which is closed when the transmission for the motor
      is in neutral, but is opened when the transmission is shifted from its
      neutral position into one of its driving positions. In both cases the
      push-button switch must be capable of handling the full starter motor
      current, which may amount to 50 or 60 amperes, or even more, for example.
PAR  Heretofore, it has been the common practice to use solenoid operated
      switches in the starter motor circuit for an internal combustion engine.
      However, such switches are expensive and bulky. The push-button switch of
      the present invention is much more economical and compact.
PAR  Thus, one object of the present invention is to provide a new and improved
      heavy duty electrical switch which is fully capable of completing and
      interrupting a high current electrical circuit, yet is inexpensive and
      compact.
PAR  A further object is to provide such a new and improved heavy duty
      push-button switch which is capable of giving highly dependable service
      for a great many cycles of operation, so that the switch will normally
      last for the entire life of the internal combustion engine.
PAR  In accordance with the present invention, the push-button switch preferably
      comprises at least two contact points mounted in a casing. A contactor
      disk is engageable with the contact points and is mounted on a carriage
      member which is linearly movable within the casing. Preferably the
      contactor disk is freely rotatable on the carriage member, so that the
      contactor disk will be freely rotatable when it is in transit between the
      contact points and a backstop, against which the contactor disk is biased
      by first spring means. Vibration and other environmental factors cause
      rotation of the contactor disk when it is in transit, so that the
      contactor disk presents fresh surfaces to the contact points during
      repeated cycles of use. The engagement between the contactor disk and the
      backstop prevents the contactor disk from being shaken loose by heavy
      vibration, even over a long period of time. When the switch is mounted on
      an outboard motor or some other internal combustion engine, it is subject
      to such vibration.
PAR  At least the tip portions of the contact points are preferably made of a
      silver alloy, so that the switch will be capable of handling and
      interrupting a heavy current. At least the surface of the contactor disk,
      as presented to the contact points, is also preferably made of a silver
      alloy. Due to the random rotation of the contactor disk, the transfer of
      silver is equalized between the contactor disk and the contact points.
PAR  The switch includes a push-button which preferably is arranged with second
      spring means between the push-button and the carriage member. When the
      push-button is actuated, the biasing force of the first spring means is
      overcome by the second spring means. The bush-button and the carriage
      member are preferably telescopically related. Thus, the push-button may be
      hollow with an opening in which the carriage member is telescopically
      slidable. The second spring means may take the form of a coil spring which
      is disposed in the hollow push-button and is compressible between the
      push-button and the carriage member. The outward movement of the
      push-button is preferably limited by stop means on the push-button and the
      casing. Such spring arrangement provides for over-travel of the
      push-button, which is an important advantage when the push-button is
      mechanically operated, which is the case when the push-button switch is
      employed as a neutral safety switch.
DRWD
PAR  Further objects, advantages and features of the present invention will
      aappear from the following description, taken with the accompanying
      drawings in which:
PAR  FIG. 1 is a side view of a push-button switch to be described as an
      illustrative embodiment of the present invention.
PAR  FIG. 2 is a rear view of the switch.
PAR  FIG. 3 is another side view, taken at right angles to the view of FIG. 1.
PAR  FIG. 4 is a front view of the switch.
PAR  FIG. 5 is an enlarged longitudinal section with the switch in its open
      position.
PAR  FIG. 6 is a view similar to FIG. 5 but showing the switch in its closed
      position to complete an electrical circuit.
PAR  FIG. 7 is an exploded or disassembled view of the switch.
DETD
PAR  As just indicated, the drawings illustrate a push-button switch 10 which is
      well adapted for heavy duty service as in the starter motor circuit 12 for
      an internal combustion engine, for example.
PAR  As illustrated in FIG. 6, the switch 10 may be connected in series with the
      starter motor circuit 12 which also comprises a battery 14 and a starter
      motor 16. The circuit 12 preferably includes a second push-button switch
      10a which may be the same as or very similar to the switch 10. As
      previously indicated, one of the push-button switches, such as the switch
      10, may be manually operable to close the motor circuit 12 so as to
      energize the motor 16, which is then effective to turn over the internal
      combustion engine. The other push-button switch such as the switch 10a,
      may be employed as a neutral safety switch which is closed when the
      transmission is in its neutral position while being opened when the
      transmission is shifted to any of its driving positions. The neutral
      safety switch 10a prevents the starting of the internal combustion engine
      when the transmission is not in its neutral position. Moreover, the
      neutral safety switch tends to prevent the actuation of the starter motor
      16 when the internal combustion engine is running.
PAR  The illustrated switch 10 comprises a casing 18, which may be made of a
      resinous plastic material, or any other suitable material. At least two
      contact points 20a and b are mounted in the casing 18. In this case, the
      contact points 20a and b are in the form of rivets 22a and b extending
      through and secured to a terminal head or plate 24, preferably made of an
      electrically insulating material which is highly resistant to heat. An
      example of such a material is Bakelite, which is a paper reinforced heat
      setting phenolic resin, preferably coated on both sides with a heat
      resistant melamine plastic material. Terminal lugs or prongs 26a and b are
      secured to the rivets 22a and b.
PAR  The illustrated contact points 22a and b have spherically rounded tip
      portions 28a and b which are preferably made of a metal material having an
      extremely high electrical conductivity, such as silver or a silver alloy
      which is composed predominantly of silver. Copper may also be employed.
      While it is highly advantageous to make the tip portions 28a and b out of
      silver alloy, the base portions 30a and b of the contact points 20a and b,
      and also the rivets 22a and b, may be made of a less expensive material,
      such as copper, which is also highly conductive. The base portions 30a and
      b may take the form of heads formed integrally with the rivets 22a and b.
      The silver alloy tip portions 28a and b may be welded, brazed or otherwise
      secured to the base portions 30a and b.
PAR  The casing 18 also contains a conductive contactor 32 which is movable into
      and out of engagement with the contact points 22a and b. In FIG. 5, the
      contactor 32 is shown in its disengaged position. In FIG. 6, the contactor
      has been moved against the contact points 22a and b so as to complete the
      electrical circuit therebetween. In this way, the starter motor 16 is
      energized assuming that the neutral safety switch 10a is closed.
PAR  A push-button 34 is preferably provided to operate the contactor 32.
      Depressing the push-button 34, as shown in FIG. 6, causes the contactor 32
      to move against the contact points 22a and b.
PAR  The illustrated contactor 32 is mounted on a carriage member 36 which is
      movable within the casing 18 along a linear path. The carriage member 36
      is biased by first spring means 38 which may take the form of a
      compression coil spring, arranged to bias the contactor 32 away from the
      contact points 22a and b. The connection between the push-button 34 and
      the carriage member 36 may utilize second spring means 40, preferably in
      the form of a second compression coil spring which is adapted to be
      compressed when the push-button 34 is depressed. The force thus developed
      by the second spring 40 is sufficiently great to overcome the biasing
      action of the first spring 38, so that the contactor 32 is moved against
      the contact points 22a and b.
PAR  Preferably, the push-button 34 and the carriage member 36 are
      telescopically movable, one within the other. In this case, the
      push-button 34 is hollow and is formed with a cylindrical opening 42,
      within which the carriage member 36 is telescoped. As illustrated, the
      carriage member 36 comprises a generally cylindrical shaft or pin 44
      having an enlarged portion 46 which is slidable within the opening 42 in
      the push-button 34. The illustrated carriage member 36 has a reduced upper
      end portion 48 on which an electrically insulating washer 50 is mounted.
PAR  The spring 40 may be disposed within the opening 42 in the push-button 34,
      so as to be compressible between the push-button and the washer 50 on the
      carriage member 36.
PAR  The push-button 34 is slidably mounted in the casing 18. As shown, the
      push-button 34 is slidably received within a cylindrical opening 52 formed
      in a reduced front portion 60 on the casing 18. The illustrated front
      portion 60 is formed with screw threads 62 to recive a mounting nut or
      some other fastener not shown.
PAR  The illustrated push-button 34 has an enlarged rear portion 64 which is
      slidable within an enlarged opening 66 communicating with the rear end of
      the opening 52. The enlarged portion 64 acts as a stop element to engage a
      shoulder 68 within the casing 18, so as to limit the outward movement of
      the push-button 34. Initially, the springs 38 and 40 are effective to bias
      the enlarged portion 64 against the shoulder 68.
PAR  As previously indicated, the contactor 32 is preferably in the form of a
      circular disk which is mounted on the rear end of the carriage member 36.
      The mounting of the disk 32 is preferably such as to permit the free
      rotation of the contactor disk 32 relative to the carriage member 36.
      Thus, the illustrated disk 32 has a central circular opening 70 which is
      loosely fitted around a reduced rear portion 72 of the carriage member 36.
PAR  In the assembly of the carriage member 36 and the contactor disk 32, the
      disk is slipped over the reduced rear portion 72 and then a washer 74 is
      slipped over a still further reduced end portion 76. Finally, the end
      portion 76 is riveted or upset, as indicated at 78, to retain the washer
      74 and the contactor disk 32.
PAR  The fit between the contactor disk 32 and the carriage member 36 is
      sufficiently loose to provide for a slight rocking movement of the
      contactor disk 32, as well as free rotation thereof, so that the disk 32
      will align itself with the contact points 20a and b. In this way, the
      contact pressure will be equalized between the contactor disk 32 and the
      contact points 20a and b.
PAR  The contactor disk 32 is free to rotate when it is in transit between its
      initial position, as shown in FIG. 5, and its actuated position, as shown
      in FIG. 6, in which the disk engages the contact points 20a and b. The
      engagement between the disk 32 and the contact points 20a and b prevents
      rotation of the disk when the switch is closed.
PAR  It is preferable to provide means for preventing rotation of the contactor
      disk 32 when the switch is in its initial position, as shown in FIG. 5. In
      the illustrated switch 10, this result is achieved by providing a backstop
      80 which is engaged by the disk 32 when the push-button 34 is released.
      The backstop 80 may take the form of a wall member in the casing 18. In
      this instance, the backstop 80 is a separate piece in the form of an
      insulating disk, mounted within the casing 18. The illustrated backstop
      disk 80 has a central opening 82 through which the carriage member 36 is
      slidable. The contactor 32 is movable between the backstop disk 80 and the
      contact points 20a and b. In this instance, the coil spring 38 is
      compressed between the backstop disk 80 and the enlarged portion 46 of the
      carriage member 36. The coil spring 38 is received around the carriage
      member 36.
PAR  In the illustrated switch 10, the backstop disk 80 is mounted at the front
      end of a cylindrical cavity or opening 86 formed within the casing 18. A
      cylindrical bushing 88 is mounted within the opening 86, between the
      backstop disk 80 and the terminal head 24. The backstop disk 80 and the
      sleeve 88 are preferably made of heat-resistant resinous plastic
      materials.
PAR  It is preferred to provide a flexible resilient boot 90 between the
      push-button 34 and the casing 18, to act as a seal, so as to exclude
      moisture, dust and the like from the switch. In this case, the boot 90 is
      made of natural or synthetic rubber, or some other suitable flexible
      material. It will be seen that the boot 90 is generally cup-shaped and is
      formed with an inwardly projecting annular flange 92 at its front end,
      adapted to be received in an annular groove 94 formed in the push-button
      34. Another annular flange 96 projects inwardly at the rear end of the
      boot 90 and is adapted to be received in an annular groove 98 in the front
      end of the casing 18.
PAR  FIGS. 5 and 7 show the initial shape of the boot 90. When the push-button
      34 is depressed, the boot 90 is flexed in the manner shown in FIG. 6.
PAR  In addition to the rivets 22a and b which are formed integrally with the
      contact points 20a and b, it is preferred to employ rivets 100a and b to
      secure the terminal lugs 26a and b to the terminal head or plate 24.
PAR  The switch 10 is operated by depressing the pushbutton 34, either manually
      or mechanically. When the switch is used as a starter switch it will be
      depressed manually. When the switch is used as a neutral safety switch the
      push-button 34 may be operated mechanically by a cam or the like,
      associated with the selector device of the transmission.
PAR  When the push-button 34 is depressed, as shown in FIG. 6, the coil spring
      40 is compressed. The added force developed in the spring 40 is applied to
      the carriage member 36 and is effective to overcome the biasing action of
      the spring 38 so that the carriage member 36 is moved rearwardly. In this
      way, the contactor disk 32 is brought into engagement with the contact
      points 20a and b. In this way, an electrical circuit is established
      between the contact points.
PAR  The provision of the switch 40 makes it possible for the push-button 34 to
      travel a considerably greater distance than the distance through which the
      contactor 32 is moved. This ability to accept over-travel is important
      when the push-button 34 is mechanically operated.
PAR  When the push-button 34 is released, it is returned outwardly by the
      springs 38 and 40. The contactor 32 is moved away from the contact points
      20a and b and is returned into engagement with the backstop 80, as shown
      in FIG. 5.
PAR  Due to the free rotatable mounting of the contactor disk 32 on the carriage
      member 36, the contactor disk is free to rotate when it is in transit
      between the backstop 80 and the contact points 20a and b. This arrangement
      is highly advantageous because random rotation will be imparted to the
      contactor disk 32 by vibration, vehicle movement and other environmental
      factors. Thus, the contactor disk 32 will not always present the same
      surface elements to the contact points 20a and b. Instead, the contactor
      disk 32 will present fresh surface elements to the contact points during
      repeated cycles of use. Thus, the wear on the contactor disk 32 will be
      distributed around the disk.
PAR  The engagement of the contactor disk 32 with the backstop 80 prevents the
      rotation of the contactor disk 32 when the push-button 34 is released, as
      shown in FIG. 5. Vibratory movement of the contactor disk 32 is also
      prevented. Thus, the switch is able to withstand heavy vibration over a
      long period of time. In the absence of the restraint provided by the
      backstop 80, heavy vibration might tend to shake the contactor disk 32
      loose from the carriage member 36. Thus, the switch is well suited for
      applications in which it is mounted directly upon an outboard motor or
      some other internal combustion engine.
PAR  As previously indicated, at least the tip portions 28a and b of the contact
      points 20a and b are preferably made of silver or a silver alloy, so as to
      increase the current handling capacity of the switch. Similarly, at least
      a portion of the contactor disk 32 is preferably made of silver or an
      alloy composed predominately of silver, such as the previously described
      alloy. The silver portion is preferably provided on the surface of the
      contactor disk 32 which is presented to the contact points 20a and b.
      Specifically, this portion of the contactor disk 32, or the entire disk,
      may be silver plated.
PAR  Erosion of the contact points 20a and b tends to occur during normal use of
      the switch, due primarily to the arcing which occurs when the current is
      interrupted. The erosion is greater at the contact point which is given a
      positive polarity in the electrical circuit because the silver tends to be
      transferred from the positive contact point to the contactor disk 32. On
      the other hand, at the other contact point, the silver tends to be
      transferred from the contactor disk 32 to the negatively polarized contact
      point.
PAR  Due to the fact that the contactor disk 32 rotates freely in a random
      manner when the disk is in transit between the backstop 80 and the contact
      points 20a and b, the transfer of silver to and from the disk 32 tends to
      be equalized over an extended period of use. This factor greatly prolongs
      the useful life of the contactor disk.
PAR  Thus, the switch provides high dependability and an extremely long useful
      life, generally exceeding the life of the internal combustion engine.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical switch,
PA1  comprising a casing,
PA1  a carriage member mounted in said casing for linear movement,
PA1  a conductive contactor disk mounted on said carriage member for free
      rotation relative thereto,
PA1  at least two conductive contacts mounted in said casing opposite said
      contactor disk for engagement by said disk to complete an electrical
      circuit between said contacts,
PA1  spring means acting between said carriage member and said casing for
      biasing said carriage member in a direction to move said contactor disk
      out of engagement with said contacts,
PA1  and a backstop in said casing and engageable by said contactor disk when
      said contactor disk is moved away from said contacts under the impetus of
      such spring means,
PA1  the engagement between said backstop and said contactor disk being
      effective to prevent rotation of said contactor disk,
PA1  the engagement between said contactor disk and said contacts also being
      effective to prevent rotation of said contactor disk,
PA1  said contactor disk being freely rotatable when in transit between said
      contacts and said backstop,
PA1  whereby vibration and other environmental factors cause said contactor disk
      to rotate relative to said carriage member so that said contactor disk
      presents fresh surface elements to said contacts during repeated cycles of
      use.
NUM  2.
PAR  2. A switch according to claim 1,
PA1  in which said backstop comprises a wall member in said casing,
PA1  said wall member having an opening through which said carriage member is
      movable,
PA1  said contactor disk being engageable with one side of said wall member,
PA1  said spring means being connected between said wall member and a portion of
      said carriage member.
NUM  3.
PAR  3. A switch according to claim 2,
PA1  in which said spring means comprises a coil spring mounted around said
      carriage member,
PA1  said coil spring having one end engaging said wall member,
PA1  said carriage member having a shoulder engaging the opposite end of said
      coil spring.
NUM  4.
PAR  4. A switch according to claim 3,
PA1  including a push-button for operating said carriage member against the
      biasing action of said spring.
NUM  5.
PAR  5. A switch according to claim 3,
PA1  including a push-button movably mounted in said casing,
PA1  and a second spring connected between said push-button and said carriage
      member for moving said carriage member against the biasing action of the
      first mentioned spring.
NUM  6.
PAR  6. A switch according to claim 5,
PA1  including stop means for limiting the outward movement of said push-button
      under the biasing action of said springs.
NUM  7.
PAR  7. A switch according to claim 6,
PA1  in which said push-button is hollow and includes an opening in which said
      carriage member is movably received, said second spring taking the form of
      a coil spring disposed in said opening within said push-button between
      said push-button and said carriage member.
NUM  8.
PAR  8. A switch according to claim 7,
PA1  including a flexible boot connected between said push-button and said
      casing.
NUM  9.
PAR  9. An electrical switch,
PA1  comprising a casing,
PA1  at least two contact points mounted in said casing,
PA1  a contactor movable in said casing into and out of engagement with said
      contact points,
PA1  said contactor being effective to complete an electrical circuit between
      said contact points when said contactor engages said contact points,
PA1  said contact points being made of a metal material composed predominantly
      of silver,
PA1  said contactor having a surface portion engageable with said contact
      points,
PA1  said contactor being rotatable by vibration and other environmental factors
      so as to present fresh surface elements to said contact points during
      repeated cycles of use,
PA1  whereby the transfer of silver in both directions between said contactor
      and said contact points tends to be equalized over an extended period of
      use,
PA1  and a backstop in said casing and engageable by said contactor when said
      contactor is moved away from said contact points, said backstop preventing
      rotation of said contactor,
PA1  said contactor being prevented from rotating when engaged with said contact
      points,
PA1  said contactor being freely rotatable when in transit between said contact
      points and said backstop.
NUM  10.
PAR  10. A switch according to claim 9,
PA1  including spring means for biasing said contactor into engagement with said
      backstop.
NUM  11.
PAR  11. An electrical switch,
PA1  comprising a casing,
PA1  at least two contact points mounted in said casing,
PA1  a carriage member mounted in said casing for linear movement,
PA1  a conductive contactor mounted on said carriage member for free rotation
      relative thereto,
PA1  said contactor being movable with said carriage member into and out of
      engagement with said contact points,
PA1  said contactor being effective to complete an electrical circuit between
      said contact points when said contactor engages said contact points,
PA1  said contact points being made of a metal material composed predominantly
      of silver,
PA1  and spring means acting between said carriage member and said casing for
      biasing said carriage member in one direction of its linear movement,
PA1  said spring means being out of engagement with said contactor so that said
      contactor is freely rotatable by vibration and other environmental factors
      so as to present fresh surface elements to said contact points during
      repeated cycles of use,
PA1  whereby the transfer of silver in both directions between said contactor
      and said contact points tends to be equalized over an extended period of
      use.
NUM  12.
PAR  12. An electrical switch,
PA1  comprising a casing,
PA1  a carriage member mounted in said casing for linear movement,
PA1  a conductive contactor mounted on said carriage member for free rotation
      relative thereto,
PA1  at least two conductive contacts mounted in said casing on one side of said
      contactor for engagement by said contactor to complete an electrical
      circuit between said contacts,
PA1  a stop in said casing on the opposite side of said contactor from said
      contacts and engageable by said contactor when said contactor is moved
      away from said contacts,
PA1  spring means acting between said carriage member and said casing for
      biasing said carriage member in one direction of said linear movement,
PA1  the engagement between said stop and said contactor being effective to
      prevent rotation of said contactor,
PA1  the engagement between said contactor and said contacts also being
      effective to prevent rotation of said contactor,
PA1  said contactor being freely rotatable when in transit between said contacts
      and said stop,
PA1  whereby vibration and other environmental factors cause said contactor to
      rotate relative to said carriage member so that said contactor presents
      fresh surface elements to said contacts during repeated cycles of use.
NUM  13.
PAR  13. A switch according to claim 12,
PA1  in which said stop comprises a wall member in said casing,
PA1  said spring means being connected between said wall member and a portion of
      said carriage member.
NUM  14.
PAR  14. A switch according to claim 13,
PA1  in which said spring means comprises a coil spring mounted around said
      carriage member,
PA1  said coil spring having one end engaging said wall member,
PA1  said carriage member having a shoulder engaging the opposite end of said
      coil spring.
NUM  15.
PAR  15. A switch according to claim 12,
PA1  including a push-button for operating said carriage member against the
      biasing action of said spring means.
NUM  16.
PAR  16. A switch according to claim 12,
PA1  including a push-button movably mounted in said casing,
PA1  and second spring means connected between said push-button and said
      carriage member for moving said carriage member against the biasing action
      of the first mentioned spring means.
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PAL  An electric arc welding system includes a welding torch having a head
      supporting a nonconsumable, elongated electrode for establishing an arc
      and between a work piece and an outer end of the electrode. The system
      further includes nozzle means for supplying an inert gas shield around the
      longitudinal axis of the electrode and said arc and conductor means for
      supplying current to the electrode for establishing and maintaining the
      arc. Means are provided for feeding filler wire toward the longitudinal
      axis of the electrode and the arc along a feed path intersecting the axis
      at an acute angle. The feeding means includes means for advancing the
      filler wire along the feed path in repetitive incremental strokes
      separated by alternating periods of stationary dwell.
BSUM
PAR  The present invention relates generally to electric arc welding and more
      particularly to a new and improved manual arc welding system for unskilled
      welders which is provided with an automatic feed system for advancing
      filler wire into the arc or weld puddle.
PAR  In presently existing hand welding systems using the tungsten inert gas
      (TIG) process an arc welding gun or torch is manipulated in one hand while
      a discrete length of filler wire held in the other hand is manipulated and
      dipped intermittently into the arc or molten weld puddle to form the weld.
      Present manual welding systems have many drawbacks and disadvantages, for
      example welding speeds are reduced because of the requirement for hand
      manipulation and feeding of the filler wire into the arc or molten weld
      puddle. Moreover, welding speed is reduced because the weld process must
      be stopped when each discrete length of filler wire become too short for
      convenience. The welder is required to throw away the short piece and pick
      up a new piece of weld filler wire before continuing the weld. Another
      disadvantage is that inclusions and foreign matter are created in the weld
      because of stoppage of the welding process and when this happens gouging
      out and rewelding of the area is required. Another difficulty encountered
      in present processes is the possibility of the welder grabbing the wrong
      type of filler wire and hence costly systems of color coding and
      identifying the discrete lengths of filler wire have been initiated to
      reduce the possibility of the wrong type of filler rod being used.
      However, even with marking and coding systems a welder often inadvertently
      reaches and grabs the wrong type of filler material thereby spoiling the
      weld joint and weakening the weld.
PAR  Hand manipulation and feeding of the filler wire causes contamination in
      the weld due to dirt, grease or salt present on the operator's hand and
      the full length of each piece of filler wire is not available because the
      short stub portion gets too hot to handle and is either thrown away (stub
      losses sometimes reach as high as 30% of the total quantity of filler
      material used) or time must be taken to weld the stub to a new piece of
      filler before proceeding. One of the most difficult problems with the
      presently existing hand welding systems is the requirement for a high
      degree of operator skill and training in addition to a high level of
      manual dexterity needed to produce high quality welds. It is difficult to
      make high quality welds in tight corners and cramped spaced when both
      hands are required. The present invention overcomes the aforementioned
      disadvantages of presently existing manual welding systems and it is
      therefore an object of the present invention to provide a new and improved
      arc welding system. More specifically it is an object of the present
      invention to provide a new and improved manual arc welding system wherein
      only one hand is required and feeding of the filler wire into the arc or
      weld puddle is automatically controlled.
PAR  Another object of the invention is to provide a new and improved manual arc
      welding system wherein the need for cutting filler wire into discrete
      lengths for convenient handling is not required. Another object is to
      provide a manual welding system wherein a continuous length of filler wire
      on a coil or spool is automatically fed into the weld puddle in a
      precisely controlled manner thereby eliminating waste and preventing
      contamination of the wire entering the weld area.
PAR  Another object of the present invention is to provide a new and improved
      manual arc welding system of the character described wherein the process
      of intermittently dipping of the filler wire into the weld puddle or arc
      region is automatically controlled and mechanically duplicates the normal
      hand process with results of drastically reducing operator fatigue and
      skill requirements while providing higher welding speeds and higher
      quality welds.
PAR  Another object of the present invention is to provide a new and improved
      manual arc welding system which can utilize unskilled persons without
      previous training, yet still provide high quality welds.
PAR  Another object of the present invention is to provide a new and improved
      arc manual welding system requiring only one hand of a welder to control
      and manipulate thus reducing fatique of the welder and achieving better
      accessibility in corners, joints and tight or cramped spaces.
PAR  Another object of the present invention is to provide a new and improved
      manual arc welding system wherein only one hand is requird to manipulate
      the torch and automatically feed the welding filler wire in a precisely
      controlled manner into the arc region or weld puddle.
PAR  Still another object of the present invention is to provide a new and
      improved manually controlled automatic filler rod feed system for
      advancing weld filler wire into the arc or weld puddle at selected feed
      rates on advance strokes of selected discrete intervals between alternate
      periods of dwell of selected duration.
PAR  Another object of the invention is to provide a novel control system for
      feeding a continuous elongated member such as weld filler wire in a series
      of successive, discrete intermittent feed strokes of selected rate and
      interval between periods of dwell of selected interval.
PAR  Another object of the present invention is to provide a new and improved
      manual arc welding torch which is readily handled with one hand for easy
      manipulation into cramed or tight corners or spaces yet affording the
      welder a better view of the immediate weld area.
PAR  Another object of the invention is to provide a new and improved hand held
      arc welding torch of the TIG type which can be used to produce high
      quality welds with less operator fatigue and without requiring extensive
      training or manual skill for the operators.
PAR  Another object of the present invention is to provide a new and improved
      manual arc welding torch wherein weld filler wire is fed over the top of
      the torch to intersect the weld puddle or arc from the front side at an
      acute angle in the range of 30.degree. to 45.degree. relative to the axis
      of nonconsumable electrode.
PAR  Still another object of the invention is to provide a new and improved
      manual arc welding torch which is compact in size and affords excellent
      visibility of the arc and weld filler wire feed and which does not use the
      weld filler wire as a means of locomotion of the hand manipulated torch.
PAR  Yet another object of the present invention is to provide a new and
      improved manual arc welding torch of the character described in
      combination with automatically controlled feed means for intermittently
      feediing weld filler wire into the arc or weld puddle directly
      controllable by conveniently located switch means on the torch itself.
DRWD
PAR  For a better understanding of the invention reference should be had to the
      following detailed description taken in conjunction with the drawings in
      which:
PAR  FIG. 1 is a longitudinal cross-sectional view, partially broken away, of a
      new and improved manual arc welding torch constructed in accordance with
      the features of the present invention, and
PAR  FIG. 2 is a schematic diagram of a control circuit for an automatic weld
      filler wire feed system constructed in accordance with the features of the
      present invention.
DETD
PAR  Briefly, the foregoing and other objects and advantages of the present
      invention are disclosed in an embodiment by way of illustration and not
      limitation which comprises a manual arc welding torch having a head
      supporting a nonconsumable electrode for establishing an arc between the
      lower end of the electrode and a workpiece. Annular nozzle means is
      provided for supplying an inert gas shield around the longitudinal axis of
      the electrode and arc and electrical conductor means is provided for
      supplying electrical current to the electrode for said arc. The torch
      includes handle means and control means for controlling the feed of weld
      filler wire toward intersection with a longitudinal axis of the electrode
      on a feed path which intersects the axis at an acute included angle from
      the front. The feeding means includes means for advancing the filler wire
      along said feed path in repetitive incremental advancing strokes between
      alternate periods of dwell. Means is provided for selectively controlling
      the feed velocity, the length of time or duration of each advancing
      stroke, and the length of dwell or idle time between successive strokes.
      Means is provided for continuous feeding of the filler wire if desired.
PAR  Referring now more particularly to the drawings, therein is illustrated a
      new and improved manual arc welding torch constructed in accordance with
      the features of the present invention and referred to generally by the
      reference numeral 10. The torch 10 is adapted to use the tungsten inert
      gas process, commonly known at TIG welding, and includes an elongated,
      hollow tubular body 12 having an axial bore extending therethrough and an
      outwardly extending radial flange 14 spaced intermediate the upper and
      lower ends thereof. The body 12 of the torch is adapted to support an
      elongated, nonconsumable tungsten electrode 16 extended through the axial
      bore and the lower end of the electrode is adapted to establish and
      maintain an arc with a workpiece spaced therebelow which is to be welded.
      For the purpose of supporting the electrode in coaxial alignment within
      the bore of the body 12, the lower end of the axial bore is formed a
      frustroconical shaped wedging surface 20 and a threaded section 18
      extending upwardly thereof. An elongated tubular electrode holder 22 is
      adapted to be threaded into the threaded section 18 and for this purpose
      includes threaded upper end portion 24. The electrode holder is formed
      with a plurality of longitudinal slots which form deflectable fingers 25
      adjacent the lower end and each finger has an enlarging tapered lower end
      portion which bears against the frustroconical surface 20 of the tubular
      body. When the electrode holder 22 is tightened in the threaded bore
      section 18, the fingers 25 are biased inwardly against the electrode to
      firmly hold and establish electrical contact therewith. The upper end
      portion of the electrode extends upwardly into the hollow axial bore of
      the torch body or housing 12 and one or more radially spaced centering
      lands 26 are provided in the bore to coaxially align the electrode. The
      longitudinal slots in the holder 22 and the spaces between the lands 26
      permit the passage of inert gas downwardly through the hollow bore of the
      body to form an inert gas shield around the electrode and the arc which is
      established between the lower end thereof and a workpiece. In order to
      guide the gas flow downwardly from the lower end of the body 12 to form
      the inert gas shield, there is provided a tubular gas nozzle having an
      upper end portion formed with a slightly tapered frustroconical bore
      adapted to slip onto a similarly tapered outer surface 29 on the lower end
      portion of the tubular body 12 below the radial flange 14. The tubular gas
      nozzle 28 is formed of an electrically nonconductive and relatively inert
      Pyrex glass or ceramic material. At the upper end, the tubular body 12 is
      connected to a gas supply conduit 30 for supplying inert gas (for example,
      a mixture of Helium and Argon) to shield the arc and weld puddle as is
      known.
PAR  In order to provide for cooling of the torch body 12 and carrying away the
      intense heat generated in the region of the arc and weld puddle, the torch
      10 is provided with an annular upper body or sleeve 36 having an inside
      diameter substantially equal to the outer diameter of the radial flange
      portion 14 on the body 12. The upper end of the sleeve 36 is closed by an
      integral end wall 38 having a central opening therein for the upper end
      portion of the tubular body structure which is connected to the gas tube
      30. Suitable sealing means, such as brazing, is used to seal between the
      upper end wall 38 of the sleeve 36 and the upper section or tubular stem
      of the body 12. At the lower end, the sleeve 36 is similarly sealed and
      joined to the outer surface of the radial flange portion 14 thus forming
      an annular cooling chamber 40 around the body intermediate the ends for
      the circulation of coolant water. The coolant water is directed into the
      torch head from a supply tube 42 and after it passes through the chamber
      40, the water is discharged through a water discharge tube 44. The water
      tubes 42 and 44 are attached to the upper end wall 38 of the outer housing
      sleeve 36 and are sealed into the opening ports of the wall, as by
      brazing.
PAR  As in conventional TIG torches, the tubes 30, 42 and 44 are enclosed in an
      electrically insulating handle 45 over cover 25a permitting the torch to
      be held by an operator. The handle is provided with a trigger 46 or the
      like, arranged to actuate a switch 78 to be described hereinafter. Also,
      welding current for the arc is conducted to the electrode 16 via these gas
      and water conduits. The tubular body 12 and sleeve 36 are electrically
      connected to the electrode 16 via the electrode holder 22.
PAR  In accordance with the present invention, a continuous length of weld
      filler wire 50 supplied from a remotely positioned spool or reel 52 (FIG.
      2) is fed into the arc or weld puddle at an acute included angle relative
      to the longitudinal axis of the electrode 16 as best shown in FIG. 1. A
      preferred angle range for introduction of the filler wire is
      30.degree.-45.degree. in contrast to angles of 75.degree. used for spot
      welding and angles in the range of 10.degree.-25.degree. for the process
      of U.S. Pat. No. 3,588,464. The weld filler wire is fed through a tube 54
      which extends over the top side of the torch and bends downwardly on the
      forward or front side of the body 12 as viewed in FIG. 1. The tube 54 is
      connected at its rearward end to a flexible guide conduit 56 (FIG. 2)
      leading to the wire supply spool or reel 52. The lower forward end portion
      of the filler wire supply tube 54 extends into the upper end portion of
      the bore of hollow guide sleeve 58 having external threads thereon and
      mounted in a threaded opening provided in a radial arm 60 connected to a
      hollow sleeve 62 mounted on the body sleeve 36. The sleeve 62 and radial
      arm 60 are preferably integrally formed of reinforced resinous, insulating
      plastic and the guide sleeve 58 is secured firmly in place on the arm by a
      lock nut 64. The filler wire tube 54 is detachably secured to the sleeve
      with a compression ring 66 and internally threaded hexagonal coupling nut
      68.
PAR  The body sleeve 36 is formed with an outwardly extending annular flange 36a
      adjacent the upper end, which flange seats within a mating recess 62a
      formed at the upper end of the axial bore of the sleeve 62. The sleeve 36
      is provided with an inwardly extending annular groove 36b intermediate its
      ends in order to accommodate the inner end of a threaded set screw 70 for
      securing the outer sleeve 62 in a selected rotational position on the
      sleeve 36.
PAR  From the foregoing it will be seen that the radial position of the guide
      sleeve 58 may be adjusted as desired to suit an individual welder by
      loosening the set screw 70, rotating the arm 60 to a desired position and
      then retightening the set screw. Selective adjustment of the angular
      position of the arm 60 relative to the body 12 makes the torch extremely
      handy to use by both right and left hand welders. Similarly, the angular
      position of the arm 60 relative to the body can be adjusted to accommodate
      out-of-position welding.
PAR  At the lower end, the guide tube 58 is coupled to the upper end of a
      tubular guide structure 72 which directs the weld filler wire 50 towards
      the axis of the electrode 16 at the desired acute included angle,
      preferably in the range of 30.degree. to 45.degree.. A compression ring 74
      is provided on the upper end portion of the guide structure 72 and a
      hexagonal internally threaded compression nut 76 is provided to secure the
      guide structure 72 in selected angular alignment with respect to the
      longitudinal axis of the electrode 16.
PAR  As will be described hereinafter in greater detail, the manual arc welding
      system of the present invention includes automatic means for feeding the
      weld filler wire 50 in respective advancing strokes of finite duration at
      a controlled feed rate between alternate dwell or idle periods of finite
      duration between successive strokes. In order to control and initiate the
      feed of the weld filler wire 50, the torch 10 is provided with a switch 78
      (FIG. 2), which is controlled by a trigger, or the like, suitably mounted
      on the torch handle. Thus when an operator wants to initiate the feed of
      the weld filler wire 50, the switch 78 is closed. As long as the switch 78
      remains closed, the wire is fed automatically into the arc or weld puddle.
      This permits the operator's other hand to be completely free of the normal
      task of feeding the filler wire as in present hand held torches.
PAR  A control circuit 90 (FIG. 2) is provided for feeding the weld filler wire
      50 from the spool or reel 52 through the conduit 56 to the torch 10. The
      weld filler wire 50 is fed by a pair of pinch feed rollers 92 and 94. At
      least one of the rollers 92 or 94 (for example, as shown in FIG. 2, roller
      94) is driven by a shaft 96 coupled to the output shaft of a clutch 98.
      The input side of the clutch 98 is driven by a shaft 99 which is rotated
      by a variable speed, DC motor 100 adapted to run continually when the
      circuit 90 is energized.
PAR  The circuit 90 includes a pair of AC power lines 102 and 104 connected to a
      suitable source of AC power (not shown). At least one of the lines 102 or
      104 is provided with a switch or circuit breaker 106 for de-energizing or
      interrupting the circuit when desired. When the circuit breaker 106 is
      closed, a pilot light 108 is energized and the primary winding of a
      stepdown voltage transformer 110 is energized. In addition, a plurality of
      rectifiers 112, 114 and 116 are utilized to supply DC output power.
PAR  The rectifier 114 is supplied with a variable AC input voltage through an
      auto-transformer 118 having an adjustable tap 120 which is adjustable to
      supply the desired AC voltage for input to the rectifier 114. By varying
      the position of the tap 120 of the auto-transformer 118, the AC input
      voltage to the rectifier 114 is adjusted to thereby also adjust the DC
      output voltage from the rectifier 114. The variable DC output voltage from
      the rectifier 114 is used to control the speed of the motor 100. The speed
      of the motor 100 determines the feeding rate of the weld filler wire 50.
      The feeding rate of the weld filler wire 50 is thus selectively
      controllable by the positioning of the tap 120 of the autotransformer 118.
      Preferably, a feeding rate range is visually displayed on the
      auto-transformer 118 designating the required position for the tap 120 in
      order to achieve the desired feeding rate of the weld filler wire 50.
PAR  AC voltage surges across the auto-transformer 118 are suppressed by means
      of a surge suppressor 122. Similarly, voltage surges across the power
      lines 102 and 104 are suppressed by a surge suppressor 124.
PAR  The low voltage secondary coil of the stepdown transformer 110 is connected
      in series with the normally-open switch 78 for energizing or de-energizing
      a relay 126. The switch 78 may be closed by depressing the trigger on the
      handle of the welding torch 10. Energizing the relay 126 closed a pair of
      normally open relay contacts 128 to thereby energize a relay 130 serially
      connected with the contacts 128 and a pair of normally closed relay
      contacts 132 controlled by a relay 134. The contacts 128 and 132 are
      serially connected with the relay 130 across the DC output voltage
      terminals of the rectifier 116.
PAR  Energizing the relay 130 closes two pairs of normally open relay contacts
      140 and 152. Closure of the contacts 140 energizes and engages the clutch
      98. Energizing the clutch 98 transfers the motive power of the motor 100
      to the drive roller 94 to feed the weld filler wire 50 at the feeding rate
      selected by the positioning of the tap 120 of the auto-transformer 118.
      De-energizing the relay 130 de-energizes and disengages the clutch 98 to
      interrupt the feeding of the weld filler wire 50. The DC output voltage of
      the rectifier 116 is used to energize the relay 134 through a double pole,
      single throw switch 150. The switch 150 is used to select either
      repetitive intermittent feeding or continuous feeding of the welding
      filler wire 50. With the switch 150 in its open position as shown, the
      clutch 98 is continuously energized through the closed contacts 140
      controlled by the relay 130. The feeding of weld filler wire 50 is thus
      continuous at the feeding rate selected by the positioning of the tap 120
      of the auto-transformer 118 until the switch 78 is opened.
PAR  In order to provide automatically controlled, repetitive, intermittent
      feeding cycles of a variably preselectable time duration and separated by
      dwell cycles of a variably preselectable time duration, the switch 150 is
      placed in its closed position to thereby energize the relay 134 through
      the contacts 152. Energizing the relay 134 opens the contacts 132 to
      disconnect the relay 130 from the rectifier 116.
PAR  After the opening of the contacts 132, the relay 130 is maintained in an
      energized condition for a time period determined by a time delay circuit
      TD1. The circuit TD1 includes a resistance 154 serially connected with a
      single pole, quadruple throw selector switch 156 and a selected one of a
      plurality of capacitors 158, 160, 162 and 164, each having a different
      capacitance value resulting in different RC time constants. while the
      contacts 132 are closed, the selected capacitor 158, 160, 162 or 164 is
      charged by the DC output voltage from the rectifier 116. When the contacts
      132 are opened in response to the energization of the relay 134, the
      charged capacitor 158, 160, 162 or 164 discharges through the resistance
      154 to maintain the relay 130 in an energized condition for a time period
      corresponding to the RC time constant of the resistor 154, the resistance
      of the winding of the relay 130 and of the selected capacitor. Typical
      values for the capacitors 158, 160, 162 and 164 are 10, 20, 30 and 40
      microfarads, resepctively. Using a 47 ohm resistor 154, and the resitance
      of the winding of the relay 130 feeding cycle time durations of 0.4, 0.64,
      0.8 and 1.0 seconds are possible. When the selected capacitor has
      discharged, the relay 130 is de-energized to open the contacts 140 and
      152. The opening of the contacts 140 de-energizes the clutch 98 to
      disconnect the motive power from the motor 100 to the feed roller 94; and
      the opening of the contacts 152 disconnects the DC output voltage from the
      rectifier 116 to the relay 134.
PAR  The circuit 90 further includes a second time delay circuit TD2 for
      controlling the time duration of the dwell cycle between repetitive
      feeding cycles of the weld filler wire 50. The circuit TD2 includes a
      resistor 166 serially connected through a single pole, quadruple throw
      selector switch 168 to a selected one of a plurality of capacitors 170,
      172, 174, and 176, each having a different capacitance value resulting in
      different RC time constants. While the relay 130 is energized and the
      contacts 152 are closed, charging current from the rectifier 116 is
      supplied to charge the capacitor 170, 172, 174 or 176 selected by the
      placement of the switcvh 168. At the end of each feeding cycle when the
      relay 130 is de-energized, the contacts 152 are opened to disconnect the
      relay 134 from the DC output voltage of the rectifier 116. The relay 134
      is maintained in an energized condition to provide the dwell portion of
      the operating cycle of the circuit 90 until the selected one of the
      capacitors 170, 172, 174 and 176 has discharged its stored charge. The
      discharge period or dwell cycle is determined by the values of the
      resistance of the resistor 166, the resistance of the winding of the relay
      134 and the capacitance of the selected one of the capacitors 170, 172,
      174 and 176. When the selected capacitor 170, 172, 174 or 176 is
      discharged, the relay 134 is de-energized to close the contacts 132.
      Closure of the contacts 132 energizes the relay 130 to close the contacts
      140 and 152 resulting in the initiation of another feeding cycle of the
      welding filler wire 50. Typical values for the capacitors 170, 172, 174
      and 176 are 10, 20, 30 and 40 microfarads respectively. Using a 47 ohm
      resistor 166, and the resistance of the winding of the relay 134 dwell
      cycle time durations of 0.4, 0.64, 0.8 and 1.0 seconds are possible.
PAR  The time duration of the feeding cycle of the circuit 90 is controlled by
      the positioning of the selector switch 156; and the time duration of the
      dwell cycle is controlled by the positioning of the selector switch 168.
      The positioning of the switch 150 determines whether the wire 50 is fed in
      a continuous manner or in a series of repetitive intermittent feeding
      cycles. The positioning of the tap 120 of the autotransformer 118 controls
      the feeding rate of the weld filler wire 50. The trigger on the handle
      initiates and terminates the feeding of the weld filler wire 50. The
      circuit 90 thus enables an operator of the torch 10 to select an optimum
      feeding pattern for the wire 50 for a particular application from a wide
      variety of available feeding patterns.
PAR  Although the present invention has been described with reference to a
      single illustration embodiment thereof, it should be understood that
      numerous other modifications and embodiments can be devised by those
      skilled in the art that will fall within the spirit and scope of the
      principles of this invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A manual arc welding torch comprising a handle to be guided by an
      operator, a head mounted on said handle, said head supporting a
      non-consumable electrode which is elongated along its longitudinal axis
      and having an outer end for establishing and maintaining an arc which
      extends substantially along said longitudinally axis outwardly from said
      outer end of said electrode toward a work piece spaced therefrom;
      conductor means for supplying current to said electrode for establishing
      and maintaining said arc; and means for feeding filler wire disposed such
      that a fed filler wire forms a feed path intersecting an extension of said
      longitudinal axis at a point outwardly of said outer end of said
      electrode, said feeding means including means for automatically,
      repetitively, advancing said filler wire after said arc is established and
      during the duration of said arc, said automatic, repetitive, advancing
      means advancing said filler wire along said feed path relative to said arc
      in repetitive incremental advancing strokes between alternate periods of
      dwell.
NUM  2.
PAR  2. The arc welding torch of claim 1 wherein said feeding means further
      comprises electrical control means comprising first presettable means for
      variably selecting and controlling the time duration of each stroke and
      second presettable means for variably selecting and controlling the time
      duration of each dwell period, and said advancing means further comprises
      a motor, at least one drive roll drivingly engaging said filler wire and
      clutch means for intermittently interconnecting said motor to rotate said
      roll upon receipt of time pulses of electrical energy from said first
      presettable means.
NUM  3.
PAR  3. The arc welding torch of claim 2 wherein said head includes an elongated
      tubular body in coaxial alignment around an upper portion of said
      electrode, spaced from said outer end and supporting said body including a
      lower end in communication with an upper end of said nozzle means for
      supplying gas thereto, said feeding means including a hollow tubular guide
      means supported by said body defining a portion of said feed path for said
      filler wire for guiding the same toward said intersection with said axis
      wherein said first presettable means includes a first time delay circuit
      for maintaining said clutch connected to said motor and wherein said
      second presettable means includes a second time delay circuit for
      maintaining said clutch disconnected from said motor.
NUM  4.
PAR  4. The arc welding torch of claim 2 wherein said guide means includes an
      elongated sleeve in parallel relation with said body and arm means
      interconnecting said guide means and said sleeve including means for
      securing said sleeve in a selected one of several radial positions
      relative to said body.
NUM  5.
PAR  5. The arc welding torch of claim 4 wherein said feed path and said axis
      intersect at an acute angle ranging between 30.degree. and 45.degree. and
      wherein said handle has a trigger electric switch and said guide means is
      located on substantially opposite sides of said handle from said switch.
NUM  6.
PAR  6. The arc welding torch of claim 1 including means for initiating and
      terminating the operation of said automatic, repetitive, advancing means
      during at least a portion of the duration of said arc.
NUM  7.
PAR  7. The arc weldiing torch of claim 6 wherein said automatic, repetitive,
      advancing means comprises first presettable means for variably selecting
      and controlling the time duration of each stroke and second presettable
      means for variably selecting and controlling the time duration of each
      dwell period.
NUM  8.
PAR  8. The arc welding torch of claim 7 including nozzle means for supplying a
      gas for forming an inert gas shield around the longitudinal axis of said
      electrode and said arc.
NUM  9.
PAR  9. The arc welding torch of claim 2 wherein said automatic, repetitive,
      advancing means comprises first presettable means for variably selecting
      and controlling the time duration of each stroke and second presettable
      means for variably selecting and controlling the time duration of each
      dwell period.
NUM  10.
PAR  10. The arc welding torch of claim 1 including nozzle means for supplying a
      gas for forming an inert gas shield around the longitudinal axis of said
      electrode and said arc.
NUM  11.
PAR  11. The arc welding torch of claim 1 wherein the angle formed between said
      extension of said axis and said outer end is an acute angle.
NUM  12.
PAR  12. A manual arc welding torch comprising a handle to be guided by an
      operator, a head mounted on said handle, said head supporting a
      non-consumable electrode which is elongated along its longitudinal axis
      and having an outer end for establishing and maintaining an arc which
      extends substantially along said longitudinal axis outwardly from said
      outer end of said electrode toward a work piece spaced therefrom;
      conductor means for supplying current to said electrode for establishing
      and maintaining said arc; said welding torch having a device for
      controlling the feeding of a filler wire from a supply reel along a feed
      path into said arc, said device comprising
PA1  means for feeding said filler wire along said path, after said arc is
      established and during the duration of said arc,
PA1  means for initiating the operation of said feeding means,
PA1  a first presettable means for variably controlling the rate of feeding of
      said filler wire by said feeding means
PA1  bistable means for preselectably automatically controlling said feeding
      means to feed said filler wire in a continuous manner in the first state
      of said bistable control means or in a series of repetitive, intermittent
      feeding cycles in the second state of said bistable control means, each of
      said feeding cycles being followed by a dwell or non-feeding cycle,
PA1  a second presettable means for variably selecting and controlling the time
      duration of each of said feeding cycles, and
PA1  a third presettable means for variably selecting and controlling the time
      duration of each of said dwell cycles.
NUM  13.
PAR  13. The welding torch as defined in claim 12 wherein said first presettable
      means includes a transformer having an adjustable output tap for providing
      an output voltage of a preselectable magnitude.
NUM  14.
PAR  14. The welding torch of claim 12 including means for initiating and
      terminating the operation of said feeding means, wherein said feeding
      means includes a variable speed motor, the speed of said motor being
      responsive to said magnitude of said output voltage of said transformer.
NUM  15.
PAR  15. The welding torch as defined in claim 12 wherein said feeding means
      further includes a pair of feed rollers and a clutch for connecting and
      disconnecting the output motive power of said motor to at least one of
      said feed rollers to rotate at least one of said feed rollers, and means
      for energizing said clutch to connect said motive power to at least one of
      said feed rollers in response to said initiating means.
NUM  16.
PAR  16. The welding torch as defined in claim 15 wherein said second
      presettable means includes a first time delay circuit for maintaining said
      clutch energizing means in an operative state to thereby maintain said
      clutch in an energized state for a first variably preselectable time
      duration.
NUM  17.
PAR  17. The welding torch as defined in claim 16 wherein said third presettable
      means includes a second time delay circuit for maintaining said clutch
      energizing means in an inoperative state to thereby maintain said clutch
      in a de-energized state for a second variably preselectable time duration.
NUM  18.
PAR  18. The welding torch as defined in claim 17 wherein said second variably
      preselectable time duration immediately follows said first variably
      preselectable time duration when said bistable means is placed in said
      second state.
NUM  19.
PAR  19. The welding torch as defined in claim 17 wherein said second time delay
      circuit is inactivated and rendered inoperative when said bistable means
      is placed in said first state.
NUM  20.
PAR  20. A manual arc welding torch comprising a handle to be guided by an
      operator, a head mounted on said handle, said head supporting a
      non-consumable electrode which is elongated along its longitudinal axis
      and having an outer end for establishing and maintaining an arc which
      extends substantially along said longitudinal axis outwardly from said
      outer end of said electrode toward a work piece spaced therefrom;
      conductor means for supplying current to said electrode for establishing
      and maintaining said arc; said welding torch having a device for feeding a
      filler wire from a supply reel along a path of travel to said arc, said
      device comprising
PA1  means for feeding said filler wire along said path in a series of
      repetitive, intermittent feeding cycles, each of said feeding cycles being
      followed by a dwell or nontransporting cycle, after said arc is
      established and during the duration of said arc,
PA1  first means for variably preselecting the feeding rate of said feeding
      means,
PA1  second means for variably preselecting the time duration of each of said
      feeding cycles, and
PA1  third means for variably preselecting the time duration of each of said
      dwell cycles.
NUM  21.
PAR  21. The welding torch as defined in claim 20 wherein said second means
      includes a first time delay circuit for maintaining said feeding means
      operative during said feeding cycles.
NUM  22.
PAR  22. The welding torch as defined in claim 22 wherein said third means
      includes a second time delay circuit for maintaining said feeding means
      inoperative during said dwell cycles.
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ABST
PAL  A welding gun for a capacitor discharge bolt welding device includes a
      thrust unit axially movably positionable within the housing. A collet
      chuck is fitted on the forward end of the thrust unit and holds individual
      bolts in position for the welding operation. A stop threadedly secured
      within the housing is adjustably positionable in the axial direction of
      the thrust unit relative to the housing for selectively adjusting the lead
      between the forward end of a bolt held in the collet chuck and the forward
      end of the supporting feet extending axially from the forward end of the
      housing.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a welding gun for a capacitor
      discharge bolt welding device and, more particularly, it concerns an
      adjustably positionable stop for the welding gun. The welding gun includes
      a housing having supporting feet extending from its forward end and thrust
      unit mounted within the housing so that it can be displaced in its axial
      direction and extend forwardly from the forward end of the housing. A
      collet chuck is fitted on the forward end of the thrust unit for holding
      individual bolts to be welded to a workpiece. Within the housing, a
      holding magnet retains the thrust unit in a rearward position, ready to
      displace the bolt forwardly against the workpiece in carrying out the
      welding operation. In its forward position the thrust unit is at rest and
      is biased against the stop by the force of a spring. When the thrust unit
      is at its forward or rest position an axial distance or lead is provided
      between the free or forward ends of the supporting feet and the outwardly
      facing end of a bolt held in the collet chuck. The extent to which the
      bolt is inserted into the collet chuck is determined by a limiting
      surface. The lead can be adjusted by adjusting the stop relative to the
      housing.
PAR  In welding operations using known welding guns of the general type
      described above, the bolt to be welded is lifted off the surface of the
      workpiece by a certain dimension, the air gap, and is accelerated in a
      direction of the workpiece by the force of the spring. The movement of the
      bolt toward the workpiece is accomplished by a thrust unit which is
      axially movable over a certain distance within the housing of the welding
      gun and is retained in position ready for the welding operation against
      the biasing spring force, by a holding magnet.
PAR  To provide good welding results, the leading bolt surface must strike the
      workpiece with a defined force. In other words, at the moment the bolt
      strikes the workpiece, the thrust unit must not have reached its most
      forward position. Therefore, in the rest position of the welding gun, a
      bolt held in the collet chuck can lead or extend forwardly from the front
      ends of the supporting feet by a certain axial dimension. The force with
      which the bolt strikes the workpiece depends on this dimension which, as
      indicated above, is also called the lead.
PAR  Up to the present time, the only lead adjustments which have been known
      involved considerable disadvantages.
PAR  As an example, known welding guns have supporting feet extending from the
      gun housing which are adjustable in length. To provide a geometrically
      defined support, three supporting feet are normally used. However, when a
      triple adjustment is required it becomes difficult to position the welding
      gun precisely perpendicular to the workpiece surface, as is required for
      optimum welding. Furthermore, such adjustment is very time-consuming.
PAR  Therefore, limiting pins have been used as a stopping or limiting surface,
      adjustably positionable within the collet chuck and adaptable to the
      length of a respective bolt. However, the adjustment of such a limiting
      pin requires special measuring means and, in addition, makes the handling
      of the welding gun more difficult for the operator. Additionally, there is
      a considerably amount of wasted time caused by the need to readjust over
      and over again for different bolt lengths.
PAR  An object of the present invention is to provide a welding gun in which the
      axial distance between the free or forward end of the supporting feet and
      the forwardly facing surface of the bolt is adjustable in a simple manner
      without any special tool expense.
PAR  In accordance with the present invention, the adjustment problem is solved
      by providing a stop for the thrust unit which is adjustable relative to
      the housing.
PAR  The adjustability of the stop is particularly advantageous because the
      adjustment can be made within a short period of time because the
      adjustment involves the movement of only one member relative to another.
      In contrast to adjusting supporting feet, the axial movement of the stop
      does not alter the perpendicular position of the welding gun relative to
      the surface of the workpiece. Moreover, as compared to an adjustable
      limiting pin, the stop has the advantage that the adjustment need only be
      made once. Therefore, the need for an adjustable limiting pin is obviated.
      In carrying out the welding operation the bolt is simply inserted into the
      collet chuck until its shoulder rests against the end face of the chuck.
      If the bolts do not have a shoulder which can provide this limiting
      surface, it is possible to use fixed limiting pins adaptable to the
      respective bolt lengths, such pins are exchangeable and are inserted into
      the collet chuck.
PAR  It is advantageous to form the stop in the shape of a bushing. From a
      production point of view, such a shape is easy to manufacture. Moreover,
      such a bushing-shaped stop can be easily guided in the housing.
PAR  It is expedient for design reasons that the thrust unit be guided, if
      possible, adjacent to the collet chuck. Since, for reasons of
      accessibility, the stop extends outwardly from the forward end of the
      housing to permit adjustment, it is advantageous to arrange the stop as
      the forward guiding means for the thrust unit with its inside diameter
      providing a sliding fit for the outside diameter of the thrust unit which
      passes through the guiding means.
PAR  For the adjustability of the stop it is preferable to afford a threaded
      connection between it and the housing. Such a connection makes any
      additional and complicated adjusting elements not necessary.
PAR  It is advantageous if the threaded connection is formed with fine threads
      for the precise adjustment of the stop. The use of fine threads
      facilitates the adjustment and improves the non-reversibility of the stop.
PAR  To facilitate the adjustment it is preferable if the forward end of the
      stop directed outwardly from the housing is provided with radial slots
      into which adjusting tools can fit. Such slots are easy to form and they
      avoid the need of expensive special tools for performing the stop
      adjustment.
PAR  The spring travel is made up of the preload of spring in assembly, the lead
      and the air gap. The maximum spring force is determined by the spring
      constant and the total spring travel. To assure that any adjustment of the
      lead will not result in modification of the total spring travel and, as a
      result, effect no change in the maximum spring force, it is advantageous
      if the holding magnet which secures the thrust unit in the ready position
      is in positive connection with the stop so that both of them move through
      the same distance. This arrangement causes the stroke made up of the lead
      and the air gap to remain the same and the holding magnet is always in
      position to overcome the maximum spring force.
PAR  To bridge the separation between the stop and the holding magnet, it is
      preferable if a bushing-shaped adapter is positioned between and in
      contact with these two parts. The adaptor transmits axial motion between
      the stop and the holding magnet.
PAR  To facilitate the operation of the welding gun, it is advantageous to
      position a compression spring between the holding magnet and the rearward
      end of the housing. As an independent positioning member, the compression
      spring assures that the magnet is constantly disposed in positive
      connection with the stop. Additionally, the spring automatically equalizes
      any length changes due to temperature variations.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated and described a preferred embodiment of the invention
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a side view, partly in section, of a welding gun embodying
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawing a welding gun 1 is illustrated with its forward end
      extending to the left and its rearward end extending to the right. The
      welding gun includes a housing 2 forming an axially extending space
      between the forward and rearward ends of the gun and a handle 3 is
      attached to the housing and extends outwardly from it, intermediate the
      ends. The handle contains a trigger 4, and electric leads 5 and 6 for the
      welding and control current terminate in the handle 3 and can be seen
      extending from the bottom of the handle. The left or forward end of the
      housing 2 has a number of supporting feet 7 extending axially outwardly
      from the housing. A thrust unit 8 is mounted in the housing for movement
      in the axial direction between its forward and rearward ends. A collet
      chuck 10 is fitted to the forward end of the thrust unit 8 by means of a
      cap unit 9. As shown in the drawings, a bolt 11 is inserted into the
      collet chuck 10 and, as illustrated, the shoulder 11a extending outwardly
      from one end of the bolt, rests against the forward end of the collet
      chuck. It is also possible to insert the bolt 11 into the collet chuck 10
      until its rearward end 11b contacts an exchangeable limiting pin in the
      collet, the limiting pin being adaptable to the length of a respective
      bolt. Such limiting pins are known and, as a result, have not been shown.
PAR  The forward end of the thrust unit 8 is positioned within the housing so
      that it is axially movable within an adjustable stop 12. In its forward or
      rest position, that is, when the thrust unit is displaced toward the left
      or forward end of the housing, such as when the welding gun is not in
      operation or has not been placed against a workpiece, a shoulder 8b on the
      thrust unit is biased by a spring 13 against the rearwardly facing surface
      12a of the adjustable stop 12. The stop 12 is in threaded engagement with
      the housing 2 by means of a fine thread 12b formed on its outer surface.
      Radially extending slots 12c are provided on the left or forward end of
      the stop 12 which extends outwardly from the forward end of the housing.
      The slots 12c facilitate the adjustment of the stop 12 relative to the
      housing 2. As shown at the lefthand end of the welding gun, a lead x
      extends between the forwardly facing end of the bolt 11 and the forward or
      free ends of the supporting legs 7 and it is adjustable by a certain
      amount. The adjustment of the lead is necessary, for instance, to
      compensate for manufacturing tolerances. Normally, the adjustment is made
      in the manufacturer's plant.
PAR  Within the housing 2 adjacent its rearward end is a holding magnet 14
      disposed laterally about the rearward or righthand end portion of the
      thrust unit. The holding magnet 14 serves as a guide for a rearward
      portion 8c of the thrust unit. When a bolt 11 is placed in the collet
      chuck 10, the entire thrust unit 8 can be simultaneously moved in the
      righthand direction of the drawing against the force or spring 13 until an
      armature disc 15 on the thrust means contacts the holding magnet 14. The
      holding magnet secures the thrust unit in its rearward position, that is,
      its ready position so that the bolt can be displaced forwardly against a
      work surface or workpiece in performing the welding operation.
PAR  With the thrust unit 8 of the welding gun 1 in the ready position, it can
      be placed against a workpiece or work surface for carrying out the welding
      operation. In the ready position, the bolt 11 is spaced from the surface
      to which it is to be welded by a certain amount called the gap. When the
      trigger button 4 is actuated, the circuit of the holding magnet is broken
      and the thrust unit is accelerated in the leftward or forward direction as
      viewed in the drawing by the force of the spring 13. Shortly before the
      forward end of the bolt contacts the workpiece or work surface, the arc is
      ignited and the actual welding operation initiated.
PAR  A positive connection or biasing of the holding magnet 14 with the stop 12
      is provided so that any adjustment of the stop does not result in a change
      in the thrust and, accordingly, in the force imparted to the bolt. In the
      example shown in the drawing, the connection or biasing action between the
      holding magnet 14 and the stop 12 is provided over a bushing-shaped
      adapter 16. Rearwardly of the holding magnet, a cylindrical compression
      spring 17 is provided around the thrust means 8 and constantly biases the
      magnet against the stop by means of the intermediate adapter 16.
PAR  For precise spot welding it is possible to move the bolt 11 into the ready
      position after the welding gun is placed against the work surface, by
      removing a cap 18 on the rearward end of the housing and by retracting the
      rearward end 8d of the thrust unit 8.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Welding gun for a capacitor discharge welding device comprising a
      housing forming an axially extending space therein having a forward end
      from which a bolt is welded to a workpiece and a rearward end, a plurality
      of supporting feet secured to and extending axially outwardly from the
      forward end of said housing, a thrust unit mounted in the space in said
      housing for movement in the axial direction of the space between a forward
      rest position and a rearward position in which position the thrust unit is
      held ready to be displaced forwardly for carrying out the welding
      operation, said thrust unit having a forward end adjacent the forward end
      of said housing and an oppositely directed rearward end closer to the
      rearward end of said housing, a collet chuck supported at the forward end
      of said thrust unit and extending axially outwardly therefrom and arranged
      to hold a bolt in position prior to the welding operation, a holding
      magnet located within and adjacent the rearward end of said housing, said
      holding magnet arranged to releaseably hold said thrust unit in its
      rearward position, a stop positioned within said housing in the path of
      movement of said thrust unit toward its forward rest position, said thrust
      unit including a spring biasing said thrust unit toward said stop and
      holding said thrust unit against said stop when said thrust unit is in the
      forward rest position, said collet chuck including stop means limiting the
      extent to which a bolt is inserted into the collet chuck, the axial
      dimension denominated as the lead in the forward rest position of said
      thrust unit between the free ends of said supporting feet spaced forwardly
      from the forward end of said housing and the forwardly located end of the
      bolt held in said collet chuck against said stop means and facing
      outwardly from said housing and forwardly of the free ends of said
      supporting feet being adjustable, wherein the invention comprises that
      said stop is axially adjustable relative to said housing and affords
      adjustment for the lead between the free ends of said supporting feet and
      the outwardly facing end of the bolt held in the collet chuck.
NUM  2.
PAR  2. Welding gun, as set forth in claim 1, wherein said stop is in the form
      of an axially extending bushing.
NUM  3.
PAR  3. Welding gun, as set forth in claim 2, wherein said bushing-shaped stop
      forms axially extending guide means for said thrust unit.
NUM  4.
PAR  4. Welding gun, as set forth in claim 3, wherein the diameter of the guide
      means provided by said bushing-shaped stop fits in sliding engagement with
      the diameter of said thrust unit for which it provides a guide.
NUM  5.
PAR  5. Welding gun, as set forth in claim 2, wherein the outer surface of said
      stop is threaded to provide a screw connection with a threaded surface in
      the interior of said housing.
NUM  6.
PAR  6. Welding gun, as set forth in claim 5, wherein the threaded portion of
      said stop and of said housing are formed with fine threads.
NUM  7.
PAR  7. Welding gun, as set forth in claim 2, wherein the end of stop facing in
      the same direction as the forward end of said housing has radially
      extending slots.
NUM  8.
PAR  8. Welding gun, as set forth in claim 1, wherein means are arranged for
      providing a positive connection between said holding magnet and said stop.
NUM  9.
PAR  9. Welding gun, as set forth in claim 8, wherein said means for providing a
      positive connection comprises a bushing-shaped adaptor located within said
      housing laterally enclosing said thrust unit and extending between and in
      contact with said holding magnet and said stop.
NUM  10.
PAR  10. Welding gun, as set forth in claim 9, wherein a second spring is
      positioned within the rearward end of said housing rearwardly of said
      holding magnet and extending between and in contact with said holding
      magnet and said housing for biasing said holding magnet forwardly against
      said bushing-shaped adaptor.
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ABST
PAL  A bolt welding gun is provided with supporting legs extending outwardly
      from the gun housing which can be displaced to accommodate different
      bolt-attaching situations. The supporting legs can be mounted in a
      ring-shaped housing part which is rotatable about the driving axis of the
      gun. Alternatively, the ring-shaped housing part can be formed of
      individual segments with at least one segment arranged to be pivoted about
      an axis parallel to the driving axis. In another embodiment, the part of
      the housing to which the supporting legs are secured, can be provided with
      a plurality of receptacles greater in number than the supporting legs used
      so that the legs can be moved between the receptacles in accordance with
      the support arrangement desired.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a bolt-welding gun having supporting
      legs at its front end and, more particularly, it concerns an arrangement
      of the supporting legs so that they can be moved to accommodate different
      bolt-attaching situations.
PAR  Bolt-welding guns are known which have supporting legs rigidly secured to
      the front end of the housing. To afford a suitable bearing of the gun on a
      surface to which a bolt is to be attached, normally three supporting legs
      are used, that is, a three-point support. Generally, the supporting legs
      are arranged symmetrically about the bolt holder on the front end of the
      gun so that one supporting leg is aligned with the handle and the other
      two supporting legs are arranged one on the left side and the other on the
      right side of the handle.
PAR  In certain bolt attaching situations such an arrangement is not favorable.
      For example, when welding along an edge or a corner, it is better to
      position the supporting legs in a different manner, for instance, with one
      leg located on one side of the handle and the other two legs on the
      opposite side of the handle.
PAR  Furthermore, there are situations where the support for the welding gun
      adjacent the bolt to be welded in not possible. In such cases a portion of
      the supporting legs must be removed from the welding gun. However,
      aligning the bolt-welding gun into a perpendicular position to the work
      piece surface by sight does not usually afford good welding results.
PAR  Therefore, it is the primary object of the present invention to provide a
      bolt-welding gun in which the positions of the supporting legs can be
      adjusted to accommodate the various bolt-attaching situations encountered.
PAR  In accordance with the present invention, the problem of adjustably
      positioning the bolts can be solved by rotating the member supporting the
      legs about the driving axis of the gun or by arranging the part supporting
      the legs so that individual legs can be pivoted about an axis parallel to
      the driving axis.
PAR  If the supporting legs are positioned on a ring-shaped housing part which
      rotates about the driving axis of the gun, there is the advantage that the
      legs can be turned into any position symmetrically arranged with regard to
      the driving axis of the gun. In other words, the handle can be turned into
      a position which is best suited for operating the welding gun.
PAR  Turning the ring-shaped housing part about an axis parallel to the driving
      axis of the gun is advisable where support for the welding gun in the
      range of the bolt to be welded on is not possible. In such an instance,
      the bolt is then moved out of the triangle determined by the three
      supporting legs. Such an arrangement also improves the ability to view the
      welding site.
PAR  Since the collet in which the bolt to be welded is positioned, is, in most
      cases, mounted on the end face of the housing, it is advantageous if the
      ring-shaped housing part is formed of ring segments so that at least one
      of the segments can be pivoted about an axis parallel to but spaced from
      the driving axis of the gun. With this arrangement, an individual
      supporting leg can be displaced out of and then returned to a symmetrical
      position without involving the removal of the collet. Frequently, it is
      sufficient to turn one of the supporting legs into a mirror inverted
      position with regard to the connecting line of the other two legs.
PAR  Because the supporting legs are subject to considerable wear, it is
      advisable if they are detachably connected to the ring-shaped housing
      part. It is then possible to rapidly replace worn or damaged supporting
      legs, for instance, legs damaged by dropping the bolt welding gun. In
      situations where the bearing surface of the welding gun is not compatible
      with the surface to which the bolt is to be welded, for example, when the
      bolt is to be welded into a depression or on a raised surface, the
      differences can be easily compensated by replacing the legs.
PAR  To permit rapid replacement of the supporting legs, it is advantageous if
      the legs are threaded into the ring-shaped housing part. A threaded joint
      requires no special safety means and the supporting legs can be removed
      and replaced with the use of a few tools. Preferably, the supporting legs
      have a male thread and the ring-shaped housing part is provided with
      corresponding threaded bores.
PAR  Since a symmetrical distribution of the supporting legs is not always
      feasible, it is preferable if the ring-shaped housing part is provided
      with a greater number of receptacles than the number of supporting legs to
      provide an adequate support. Since a three-point support usually affords
      an adequate bearing surface for the welding gun, it is advantageous if the
      housing part contains at least four receptacles. However, a greater number
      of receptacles is possible, for instance, six or 12, positioned in an
      annular array on the ring-shaped housing part. In such an arrangement, the
      supporting legs can form the corners of a right-angled or equilateral
      triangle. For protection against metal slashes during welding, it is
      advantageous if the unused receptacles are closed with plugs or caps.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the invention
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing FIG. 1 is an elevational view, partly in section, of a bolt
      welding gun embodying the present inventions;
PAR  FIG. 2 is a partial front view of the welding gun illustrated in FIG. 1,
      with the part of the gun mounting the supporting legs rotated through an
      angle .alpha.;
PAR  FIG. 3 is a front view of a bolt-welding gun setting forth another
      embodiment of the invention with the part mounting the supporting legs
      consisting of individual ring segments with one segment pivoted outwardly;
      and
PAR  FIG. 4 is a partial front view of another bolt setting gun embodying the
      present invention in which a plurality of individual receptacles are
      provided for the supporting legs.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 a bolt-welding gun is illustrated which includes a housing 1 with
      a handle 2 containing a release button 3 depending downwardly from the
      handle. A collet 4 is displaceably mounted on the front end of the housing
      and contains a bolt 5 in position to be welded to a receiving surface or
      work piece. At the front end of the housing 1, that is the end from which
      the bolts are welded to a surface, the supporting legs 7 are threaded into
      a ring-shaped housing part 6. A bush 8 is screwed into the housing by
      means of thread 8a. The bush 8 has a cylindrical part 8b which centers the
      ring-shaped housing part 6 and it also has an adjoining collar 8c which
      secures the housing part 6 in the direction of the driving axis.
PAR  In FIG. 2 the front end of the welding gun is illustrated with its
      ring-shaped housing part mounting the supporting legs 7 turned
      counterclockwise through the angle .alpha.. The extent of the angle of
      rotation illustrated in the drawing is provided only by way of example,
      any degree of rotation about the driving axis of the gun is possible.
PAR  In FIG. 3 the ring-shaped housing part 6 is formed of ring segments. One
      ring segment 10 is rigidly connected to the housing 1 or, as with the
      ring-shaped housing part in FIG. 2 it can be positioned for rotation about
      the driving axis of the gun. Segment 10 has two supporting legs 12, 13
      fixed to it. A ring-segment 11 is mounted on the housing for pivotal
      movement about the supporting leg 13. A third supporting leg 14 is secured
      to the pivotally mounted second ring segment 11. Though only one of the
      ring segments is illustrated in FIG. 3 as being pivotally mounted, the
      ring-shaped housing part can be constructed so that two or all three of
      the supporting rings can be pivoted about an axis parallel but spaced
      radially outwardly from the driving axis of the gun.
PAR  In FIG. 4 the front end of the bolt welding gun has a ring-shaped housing
      part containing 12 receptacles 16 into which the three supporting legs 17
      can be selectively fitted. The legs 17 can be arranged in the receptacles
      16 in accordance with the conditions encountered in individual bolt
      welding situations. The receptacles are distributed in a uniform manner in
      an annular array around the driving axis of the gun. To protect the bores
      and the threaded surfaces within the receptacles which do not contain
      supporting legs at a particular time, it is advisable to cover or close
      the receptacles with a plug or cap.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bolt-welding gun having a front end from which bolts are welded to a
      surface, comprising a housing having a central axis extending in the
      direction in which the axes of bolts are oriented for attachment to a
      surface, a ring-shaped housing part secured to said housing at the front
      end of the gun, supporting legs mounted on and extending outwardly from
      the ring-shaped housing part in angularly spaced relation to provide at
      least a 3-point support for the gun as a bolt is welded onto a surface,
      wherein the improvement comprises that said ring-shaped housing is
      constructed for varying the positional relation of said supporting legs at
      least in relation to the central axis of said housing so that the position
      of said supporting legs can be changed in accordance with various
      conditions experienced in welding the bolts to a surface, and at least a
      portion of said ring-shaped housing part having at least one said
      supporting leg mounted thereon is pivotally displaceable about an axis
      disposed in spaced parallel relation with the central axis of the housing.
NUM  2.
PAR  2. A bolt-welding gun, as set forth in claim 1, wherein said supporting
      legs are detachably connected to said ringshaped housing part.
NUM  3.
PAR  3. A bolt-welding gun, as set forth in claim 2, wherein said supporting
      legs are threadedly connected to said ring-shaped housing part.
NUM  4.
PAR  4. A bolt-welding gun, as set forth in claim 1, wherein said ring-shaped
      housing part has at least four receptacles formed therein for receiving
      and securably positioning said supporting legs on the welding gun.
NUM  5.
PAR  5. A bolt-welding gun, as set forth in claim 4, wherein said receptacles
      are formed as threaded bores in said ring-shaped housing part and a cap
      member is provided for each of said receptacles for closing said
      receptacle when not in use for receiving one of the supporting legs to
      prevent damage to the interior of the receiving bore forming the
      receptacle.
NUM  6.
PAR  6. A bolt-welding gun, as set forth in claim 1, wherein said ring-shaped
      housing part consists of a first ring segment rigidly connected to said
      housing, two of said supporting legs secured to said first ring segment,
      and a second ring segment pivotally mounted on said housing with one of
      said supporting legs secured to said second ring segment and being
      pivotally displaceable with said ring segment.
NUM  7.
PAR  7. A bolt-welding gun, as set forth in claim 6, wherein said second ring
      segment is pivotally mounted about one of said supporting legs secured on
      said first ring segment.
NUM  8.
PAR  8. A bolt-welding gun, as set forth in claim 1, wherein said ring-shaped
      housing part is rotatably displaceable about an axis co-axial with the
      central axis of said housing.
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ABST
PAL  A portable cooking installation consists of a heat-insulated enclosure
      containing a plurality of separately controllable electrical-resistance
      heating element surrounding and at least partially defining a space to
      receive a cooking vessel. For instance, two, three or four strip elements
      formed into circles of progressively increasing diameter (reckoning
      upwards) lie horizontally around a common axis to define a space to
      receive a suitably tapering cooking vessel; the elements can have aligned
      planar inner surfaces and be mounted on a resilient common support to
      improve vessel/element contact.
PARN
PAR  This invention relates to cooking utensils and equipment and is a
      continuation-in-part of my earlier application Ser. No. 311545, filed Dec.
      4, 1972, now abandoned and entitled "Cooking equipment."
PAR  Conventionally, cookery is done over a fixed source of heat in a kitchen.
      This is a very wasteful method of utilizing the heat available for
      cooking, and any extended cookery either renders conditions unpleasant in
      the kitchen or necessitates the use of additional equipment such as
      extractor fans. Moreover, it is customary to use a source of heat for
      cooking which is subdivided into a number of different types of applied
      heat, such as an oven, grill or broiler, or radiant hot plates. All of
      these are generally assembled in one piece of equipment, which is
      accordingly large and non-portable and must be permanently wired or piped
      in a fixed place.
PAR  The present invention sets out to overcome these disadvantages and in one
      major aspect provides a portable article of cooking equipment consisting
      of: an enclosure member, open at the top, comprising a surrounding wall
      formed of heat-insulating material and a base formed of heat-insulating
      material; a plurality of strip electrical resistance heating elements,
      formed into a series of like loop-shaped members of different sizes and
      being horizontally disposed and vertically sapced around a common vertical
      axis with the smallest such element at the bottom, thereby defining a
      space for receiving a cooking vessel resting by gravity against each
      element; electrical insulation means spacing said elements at least from
      said enclosure member; separate electrical connections, one to each
      heating element; and electrical switching means connected to said
      electrical connections whereby said heating elements can be selectively
      controlled.
PAR  In a preferred form of the invention (two-,three-,) or four-strip
      electrical resistance heating elements formed into circles of
      progressively decreasing diameter are held horizontally around a common
      axis within a heat-insulated enclosure so that the space within the
      heating elements may receive a cooking vessel or like utensil.
PAR  The heating elements may each be provided with a planar innermost surface,
      all said surfaces defining the space for receiving the cooking vessel.
PAR  All said elements may be mounted on a resilient support means to
      accommodate small deformations of fit between the elements and a cooking
      vessel held therein.
PAR  It is particularly advantageous that the heating elements are separately
      controllable.
PAR  No restriction need be placed upon the exact shape of the cooking vessel or
      like utensil although generally, since the object of the invention is to
      apply heat from essentially the sides of the vessel it will be shaped as a
      fairly deep saucepan. Needless to say, it is possible to provide an
      auxiliary heater beneath the base of the vessel, especially when the
      latter is relatively large. However, such auxiliary heater is not strictly
      necessary according to the invention.
PAR  It will be apparent that such a heat-insulated enclosure can be placed upon
      the dining room table itself, since it does not throw out a large amount
      of heat and damage the table or undesirably heat the room. Moreover, the
      use of heating elements surrounding the cooking vessel, especially when
      these are separately operable, leads to more efficient utilization of
      heat. Moreover, any heat reflected from the surface of the vessel (which
      in a conventional piece of equipment is reflected downwards) in the
      present equipment is reflected outwards so that it is absorbed by
      heat-insulated sides of the enclosure whereby heat insulation on the
      bottom need not be of an undesirable thickness. Another advantage of the
      equipment is that, because the heat is so effectively utilized, the power
      consumption of the equipment is much less than that of a conventional hot
      plate. This not only has the advantage of economy, but also obviates the
      need for a special wiring circuit to permit use of the equipment in a
      dining room, as distinct from a kitchen.
PAR  To cope with occasional spillage from the vessel, it is preferably to
      provide a trough-like annular rim on the cooking vessel. This rim is
      preferably integral with, but can be detachable from, the vessel and may
      itself be provided with suitable lifting handles so that the vessel may be
      removed from the space within the surrounding heating elements. Of course,
      a conventional lid can be provided for the cooking vessel, and/or an
      overall lid to stand in the annular rim so that in use the device is an
      acceptable feature of the dining table.
PAR  The surrounding enclosure may be of any shape, i.e., square or hexagonal,
      but is preferably circular in horizontal cross-section. It can be provided
      with the necessary switches for selecting one or more of the heating
      elements.
PAR  As will be apparent, the invention extends not only to the cooking
      equipment itself but also to the cooking equipment in combination with a
      suitable cooking vessel.
PAR  When the heating elements (if more than one is present) are selectively
      operable, it may be possible to use more than one different vessel in the
      same enclosure at different times. Generally speaking, however, it is
      envisaged to have a particular vessel and enclosure in combination. If
      desired, the cooking vessel may be a pressure cooker rather than a simple
      saucepan.
DRWD
PAR  The invention will be further described with reference to the accompanying
      drawing, FIG. 1 of which shows a sectioned perspective view of a portable
      article of cooking equipment according to the invention, and
PAR  FIG. 2 of which shows a scrap section of the heating element.
DETD
PAR  The equipment according to the invention consists of a generally
      cylindrical enclosure 1 having an outwardly and downwardly turned upper
      rim 2. Within this enclosure there is a layer of heat-insulating material
      3 extending all around the curved wall and a bottom layer of
      heat-insulating material 4. Standing within the cylindrical enclosure is a
      resilient support member 5, generally cylindrical in shape, but formed
      with an outer wall 5a standing within enclosure 1, a resilient inner wall
      5b and a base 5c. The inner wall 5b surrounds a generally conical space
      and supports heating element structures, generally referenced as 6, 7 and
      8. Heating element structure 6 consists of a cylindrical electrical
      resistance heating element 6a with circular layers of insulating material
      6b and 6c, the inner layer 6b having a planar innermost contact face 6d,
      and the outer layer 6c being held on the support wall 5b by stamped lugs
      5d (see FIG. 2). Of course, elements 7 and 8 have similar structures to
      element 6. These heating elements jointly define a space suitable for
      receiving (in contact with the insulating layer 6b or, if the vessel is of
      electrically insulating material, possibly directly in contact with the
      elements, omitting such insulating layer) a cooking vessel 10 which is
      bent over at its rim to cover and fit against the downturned rim 2 of the
      enclosure 1 and to define an annular trough 11.
PAR  The various heating elements 6, 7 and 8 are separately connected by leads
      generally indicated at 12 to a control box 13 by means of which one or
      more heating elements may be selected depending upon the nature and amount
      of the material to be cooked in the cooking vessel.
PAR  The equipment is completed by a lid 14 which rests in the annular trough 11
      and has a conventional handle 15. Lid 14 has a downwardly sloping inner
      surface 14a.
PAR  The dotted lines show that the elements 6, 7 and 8 completely surround the
      vessel.
PAR  In use the cooking vessel not only stands within the various elements 6, 7
      and 8 but rests against them to assure effective heat transfer, since the
      planar contact face 6d and like planar faces in element structures 7 and 8
      define the enclosed space accurately while the resilient support 5
      accommodates any small deformations to the extent necessary.
PAR  It is also envisaged that the heating elements can be attached to the
      support member 5b by additional ceramic or other refractory lugs or clips,
      provided that such attaching devices not affect the desired contact
      between the cooking vessel and the elements 6, 7 and 8. This requirement
      will present no difficulty to the man skilled in the art, whether the
      support member 5 be made of metal or of electrically non-conductive
      material.
PAR  Alternatively, and especially where the support member is made of metal,
      the elements can be covered with insulating material such as asbestos, and
      attached directly to the support member.
PAR  Of course, the equipment shown in the drawings is capable of wide variation
      within the scope of the invention, provided that at least one surrounding
      heating element within the insulated enclosure defines a space to receive
      the cooking vessel 10. Thus, the cooking vessel can be a pressure cooker,
      the surrounding annular rim can be detachable from the pot or be dispensed
      with altogether if there is no danger of spillage, and/or lifting handles
      can be provided (e.g., recessed into the walls of the cooking pot) instead
      of the lifting arrangement with the annular rim. Also, the surrounding
      enclosure can be of any desired cross-section and appearance, and may be
      provided with decorative or instructional panels on its outer surface. If
      desired, and to improve heat insulation, spacing feet may be provided on
      the base of the enclosure to support it clear of, for example, a
      dining-room table.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable article of cooking equipment consisting of: an enclosure
      member, open at the top and comprising a surrounding wall formed of
      heat-insulating material and a base formed of heat-insulating material: a
      resilient support member within said enclosure member and having an
      internal wall portion defining an inner chamber open at the top and of
      decreasing cross-section from top to bottom, and a resilient support for
      said internal wall portion, said internal wall portion being spaced from
      said surrounding wall and from said base of said enclosure member; a
      plurality of strip electrical-resistance heating elements formed into a
      series of like loop-shaped members supported on the inner surface of said
      internal wall portion in a horizontal disposition and vertically spaced
      one from the other, thereby defining a space for receiving a cooking
      vessel resting by gravity against each element; resilient support means on
      said internal wall portion, said elements being mounted on said resilient
      support means to accommodate small deformations of fit between the
      elements and a cooking vessel held therein; electrical insulation means
      spacing said elements at least from said internal wall portion; separate
      electrically insulating electrical connections, one for each heating
      element; and electrical switching means mounted to the outer wall of said
      enclosure member and connected to said electrical connections, whereby
      said heating elements can be selectively controlled.
NUM  2.
PAR  2. A portable article of cooking equipment as claimed in claim 1 wherein
      said heating elements are each provided with a planar innermost surface,
      all said surfaces defining the space for receiving the cooking vessel.
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ABST
PAL  A fushed eyeletting machine which constitutes an improvement over the
      structure disclosed by U.S. Pat. No. 3,739,141, the improvement features
      being in the upper setting tool mount structure.
PAL  The upper arm of the C-shaped frame terminates in a pair of spaced apart
      tool support fingers, and a double stop toggle mechanism is mounted
      between the fingers, joined to a mandrel portion of the upper tool at a
      location thereon between the fingers.
PAL  The electrical connection to the upper tool is adjacent the tool top and
      above the fingers.
BSUM
PAR  This invention relates to a fused eyeletting machine. In particular, this
      invention constitutes certain improvements over the fused eyeletting
      machine disclosed by U.S. Pat No. 3,739,141, issued June 12, 1973,
      reference being made thereto for a complete description of the machines as
      a whole.
PAR  Experience with the machine of U.S. Pat. No. 3,739,141 has indicated that
      the user may be somewhat inconvenienced by the structure of the upper tool
      mount, including notably the attachment of an electrical cable directly at
      the tool and adjacent the working region of the machine and with the
      limited working space between the tools available for work piece insertion
      purposes.
PAR  Experience with the machine of U.S. Pat. No. 3,739,141 has indicated also
      that users often desire to lay the machine on its back. Unfortunately, the
      design of the machine involved a relatively massive base, placement of the
      toggle structure above the upper arm, and attachment of an electrical
      connection to the upper tool mount, the total of which prevented efforts
      to satisfy users' desire for placing the machine on its back.
PAR  The object of the present invention is to provide a portable fused
      eyeletting machine with an electrical cable connection to the upper tool
      well spared from the tool.
PAR  A further object of this invention is to provide a portable fused
      eyeletting machine with an improved bearing and tool actuating structure
      for the upper tool.
PAR  Still another object is to provide a portable machine with a substantial
      tool gap for insertion of a work piece between the upper and lower tools.
PAR  Yet another object of this invention is to provide a balanced machine
      alternatively usable upright or on its back.
PAR  Further objects and the advantages will be apparent from the detailed
      description of the invention which follows.
DRWD
PAR  Referring now to the drawing:
PAR  FIG. 1 is a perspective of an improved eyeletting machine as a whole;
PAR  FIG. 2 is an enlarged fragmentary plan view taken on the line 2--2 of FIG.
      1;
PAR  FIG. 3 is an enlarged vertical section through the upper support arm taken
      on the line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged horizontal section through the support arm of FIG. 3
      taken on the line 4--4 of FIG. 1; and
PAR  FIG. 5 is an enlarged fragmentary section taken on line 5--5 of FIG. 2.
DETD
PAR  As may be seen from FIG. 1, the machine 10 for setting eyelets and the like
      has a squared off C-shaped frame 12 which suitably is a cast member having
      lower arm 13, an upper arm 15 and a back 17 connecting the base ends of
      arms 13,15. At the bottom of frame 12 front and rear foot members 14
      extend downward to receive plates 51 with screws so that eyeletting
      machine 10 may stand upright on a work table or other flat surface. A
      similar pair of foot members 14' extend outward from connecting back leg
      17 where plates 51' may be screwed so the machine may rest on its back.
PAR  Since a complete description of the machine as a whole, and of all features
      associated with lower setting tool 24 is present in U.S. Pat. No.
      3,739,141, reference being made for such purposes, no further description
      thereof need be provided here.
PAR  Attention is however directed to an improvement feature in the structure of
      back 17, namely presence of foot members 14' and plates 51' thereon.
      Machine 10 can be placed on its back, resting on the foot members 14' and
      plates 51' only because the size, weight, etc. of arms 13,15 and of back
      17 have been related so that machine 10 is equally stable on either set of
      foot members 14,14'. In addition, operation of machine 10 when on its back
      has been made convenient by repositioning and restructuring of the upper
      tool mount and tool operating mechanism.
PAR  As may be seen in FIGS. 1 and 3, upper setting tool 22 is of extended
      length, including a mandrel portion 78 at the top of the tool. Optionally
      mandrel portion 78 and tool 22 may be separate members joined together.
      The forward end of the C-frame upper arm 15 terminates in a pair of spaced
      apart tool support fingers 21,23 through which mandrel portion 78 extends.
      Toggle mechanism 82 is pivotally secured by a pin 84 to mandrel 78, the
      securement pin 84 being disposed on that part of mandrel 78 which rides
      between fingers 21 and 23. Toggle mechanism 82 is pivotally secured also
      to the sides of lower finger 23 through attachment of links 87 by pins 86
      (see FIG. 5). A flanged (nylon) bushing interposed between link 87 and pin
      86 allows pivotal movement of toggle link 87. Toggle mechanism 82 is a
      double locking push-pull system. Up and down tool movement is stopped by
      contact of toggle links 81 with the cross plate 83 on the toggle limiting
      thereby each movement extreme by activating handle 88. The stop features
      constitute safety measures for machine 10 since the tool 22 moved by the
      toggle mechanism 82 into eyelet setting engagement is thereby prevented
      from applying excessive force to a work piece positioned between the
      setting tools 22,24.
PAR  Toggle handle 88 is mounted to the side of outside cross plate 83, while
      the toggle links 81 are inside the cross plate 83. Toggle handle 88 freely
      pivots alongside the upper tool mount and the upper arm 15, and in fact
      travels essentially 180.degree. from the tool setting position when toggle
      handle 88 is alongside upper arm 15, lying generally parallel thereto, to
      the maximum tool open position when the toggle handle seems to be an
      extension of upper frame arm 15. It may be noted that the entire
      (180.degree.) sweep of toggle handle 88 is above (the bottom edge of)
      lower finger 23, so that tool actuation by toggle mechanism 82 in no way
      interferes with a work piece disposed between the setting tools or
      manipulative movement of the work piece. The 180.degree. sweep of toggle
      handle 88 creates a wide tool spacing (in open position), allowing
      relatively bulky work pieces to clear the setting tools. Normally the
      entire 180.degree. sweep of handle 88 is not required. Pivoting toggle
      about 90.degree. to the upright position shown in the drawing will spread
      the tools 22,24 enough for work piece insertion purposes.
PAR  In the fused eyeletting machine of the present invention the connection to
      electrical cable 66 is made at the top of mandrel 78, and the connection
      therefore is spaced well away from the working region between tools 22,24.
      The location of the toggle mechanism between fingers 21,23 on mandrel 78
      leaves the top of mandrel 78 clear, allowing placement of the connection
      to cable 66 at the top of mandrel 78.
PAR  The mandrel 78 is, of course, electrically isolated from toggle mechanism
      82 and support fingers 21,23 by insulator bushings and washers. FIG. 3
      shows the (nylon) insulator bushings 91 that isolate mandrel 78 from
      fingers 21, 23. FIG. 4 shows the washers 93 (nylon) which isolate mandrel
      78 from toggle links 81. Pin 84 may be made from a (phenolic) resin
      insulator material.
PAR  Bifurcation of the forward end of upper arm 15 into spaced apart electrode
      support fingers 21,23 improves the electrode support function of upper arm
      15. Two well spaced apart bushing members 91 (of an electrically
      insulating nature such as nylon), one in each finger, guide tool 22 in the
      desired (exactly) rectilinear to and fro eyeletting setting movement
      relative to a circuit board or other work piece placed between tool 24,22.
      Adjustment in movement of tool 22 can, however, be made through the set
      screws 90 which serve to retain each bushing 91 in place, a set screw 90
      being appropriately provided on each face of finger 21 and of finger 23.
PAR  Mounting the toggle connection of pin 84 between the guide and bearing
      bushings 91 facilitates true rectilinear movement reducing off-center
      forces on individual bushings. All told the upper tool mounting and
      actuating structure of the present invention is believed to be
      substantially superior to the comparable structure of the machine
      disclosed in U.S. Pat. No. 3,739,141.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a portable machine for setting eyelets and the like comprising a
      C-shaped frame adapted to rest on a work surface; a lower setting tool
      mounted on the lower arm of the frame, an upper setting tool opposing said
      lower tool movably mounted on the upper arm of the frame, and a manually
      operated stop arrested travel actuating means associated with said upper
      tool for moving said upper tool into setting engagement with said lower
      tool; the improvement which comprises:
PA1  a bifurcated upper arm of the frame split into two tool mounting fingers, a
      mandrel portion of said upper tool being mounted in apertures in said
      fingers movable relative thereto; and
PA1  the travel actuating means mounted on the upper tool mandrel portion at a
      location thereon between said fingers.
NUM  2.
PAR  2. In a portable machine for setting eyelets and the like comprising a
      C-shaped frame adapted to rest on a work surface; a lower tool mounted on
      the lower arm of the frame movable; an upper tool opposing said lower tool
      movably mounted on the upper arm of the frame, a manually operated stop
      arrested travel actuating means for moving said upper tool into setting
      engagement with said lower too, both said tools having electrical cables
      connected thereto, and both said tools being electrically isolated from
      the frame, the improvement which comprises:
PA1  a bifurcated upper arm of the frame split into two tool mounting fingers, a
      mandrel portion of said upper tool being mounted in apertures in said
      fingers movable relative thereto;
PA1  the travel actuating means mounted on the upper tool mandrel portion at a
      location thereon between said fingers; and
PA1  the electrical cable connection to said upper tool being adjacent the top
      of said tool mandrel portion and above said fingers.
NUM  3.
PAR  3. The portable machine of claim 1 wherein the back member of the C-shaped
      frame thereon is provided with foot members whereby the machine may be
      rested on its back.
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ABST
PAL  A self-regulating heater comprising a housing having a chamber therein and
      a heating element in the chamber. The heating element is a self-heating,
      positive temperature coefficient (PTC) resistor having low initial
      resistance which increases abruptly as its temperature rises above a given
      level. It has first and second substantially parallel surfaces spaced from
      one another, these surfaces each having a layer of electrically conductive
      material applied thereto for forming an ohmic contact surface. The heater
      further comprises a heat sink plate of thermally and electrically
      conductive material, the plate being positioned within the housing chamber
      so that one face of the plate is in heat-transfer relation with a first
      inside surface of the housing and so that the other side of the plate is
      in electrical contact and in heat transfer relationship with the first
      surface of the element. Spring means of electrically conductive material
      is disposed in the chamber between a trough-shaped second inside surface
      of the housing and the second surface of the element for biasing the
      heating element and the plate toward and into close heat-transfer
      relationship with the first inside surface of the housing. The spring
      means includes a first portion engageable with the surface of the element
      and a pair of outer marginal portions bent back on the first portion at an
      acute angle and resiliently engageable with the trough-shaped surface to
      guide the spring means as it is inserted into the chamber and to hold the
      spring means substantially centered with respect to the housing after
      assembly. First and second terminal means are carried by the plate and by
      the spring means, respectively, for supplying electrical power to the
      element. A dual-sealant seal comprising an inner cast-in place layer of
      room-temperature vulcanizing rubber material covered by a layer of cast-in
      place epoxy resin potting material is provided about the electrical leads
      connected to the first and second terminal means for closing the housing
      chamber and sealing the leads with respect thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to heaters and more particularly to self-regulating
      heaters such as may be applied to the exterior of a refrigeration system
      compressor housing to maintain the lubricant therein above a predetermined
      temperature level.
PAR  In conventional refrigeration components, a refrigerant, such as those sold
      under the trademark "Freon" by E. I. du Pont de Nemours & Co., may, in
      liquid form, migrate from the condenser into the compressor lubricant.
      Upon start-up of the compressor, the sudden reduction in crankcase
      pressure may cause the refrigerant to boil, thus causing the lubricant to
      form with consequent loss of lubrication to other mechanical parts of the
      compressor. It has been conventional to employ a crankcase heater to
      maintain the compressor crankcase at a temperature above that of the rest
      of the refrigeration system so as to prevent the migration of refrigerant
      into the crankcase lubricant.
PAR  Formerly, fixed constant-resistance heaters were used for heating the
      crankcase. However, these heaters were not self-regulating and thus
      required further temperature controls to limit the heat output of the
      heater so as to prevent damage to the lubricating oil. These
      constant-resistance heaters and their associated temperature controls were
      complicated and expensive. Self-regulating sump heaters are disclosed in
      the coassigned U.S. Pat. Nos. 3,564,199 and 3,748,439. Briefly, these
      prior art self-regulating heaters employed a heater made of ceramic
      material having a positive temperature coefficient (PTC) of resistivity.
      Such heaters have a relatively low resistance at usual ambient
      temperatures, but after initial energization by a source of electrical
      power will self-heat and increase their temperature and resistance. Heat
      will be generated and the resistance will increase rapidly above a
      threshold or anomaly temperature until the heat generated balances the
      heat dissipated at which time the temperature and resistance stabilize
      with the resistance many times the initial value. Thus, these heaters are
      self-regulating at a temperature that will not exceed a safe value.
      Reference may be made to the above-mentioned prior art references for a
      more complete disclosure of the operating and physical characteristics of
      PTC heaters.
PAR  Many prior art self-regulating heaters utilized potting compounds to
      electrically insulate the PTC heater from the heater case, to provide
      increased heat transfer from the heater to the case and to locate the
      heater within the case. However, it has been found that certain potting
      compounds, such as epoxy resin materials or the gases emitted therefrom,
      may deleteriously affect the PTC heater (i.e., react with the PTC material
      and poison it) when it is operated at high temperatures.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of this invention may be noted the provision of a
      self-regulating heater for application to a surface to be heated in which
      a PTC heater and heat sink means are positively held in optimum
      heat-transfer relation with the heater housing for insuring the efficient
      transfer of heat from the heating element to the surface to be heated; the
      provision of such a self-regulating heater in which the PTC heating
      element is isolated from any material which may poison the element; the
      provision of such a self-regulating heater in which at least a portion of
      the heat emitted from the surface of the heater distal from the surface to
      be heated is transferred to the heated surface; and the provision of such
      a self-regulating heater which is easy to assemble, inexpensive in
      construction and reliable in operation, and which may readily be applied
      at any desired location to the surface to be heated. Other objects and
      features of this invention will be in part apparent and in part pointed
      out hereinafter.
PAR  Briefly, a self-regulating heater of this invention comprises a housing
      having a chamber therein. In the chamber is positioned a heating element
      which is a self-heating, positive temperature coefficient resistor having
      low initial resistance which increases abruptly as its temperature rises
      above a given level. The element has first and second substantially
      parallel surfaces spaced from one another, these surfaces each having a
      layer of electrically conductive material applied thereto for forming an
      ohmic contact surface. The heater further comprises a heat sink plate of
      thermally and electrically conductive material, the plate being positioned
      within the housing chamber so that one face of the plate is in
      heat-transfer relation with a first inside surface of the housing and so
      that the other side of the plate is in electrical contact and in heat
      transfer relationship with the first surface of the element. Spring means
      of electrically conductive material are disposed in the chamber between a
      second inside surface of the housing and the second surface of the element
      for biasing the heating element and the plate toward and into close
      heat-transfer relationship with the first inside surface of the housing.
      First and second terminal means are carried by the plate and by the spring
      means, respectively, for supplying electrical power to the element.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a self-regulating heater of this invention
      as applied to the exterior of a refrigeration compressor crankcase (shown
      in phantom);
PAR  FIG. 2 is an exploded view of the self-regulating heater of FIG. 1;
PAR  FIG. 3 is an enlarged vertical cross section of the heater as it is applied
      to the compressor crankcase;
PAR  FIG. 4 is a horizontal cross-sectional view taken on line 4--4 of FIG. 3;
      and
PAR  FIG. 5 is an enlarged plan view of a heat-transfer plate and PTC heating
      element of the heater of this invention.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a self-regulating heater of this invention,
      indicates in its entirety at 1, is shown secured to the exterior of a
      refrigeration system compressor crankcase 3 for heating the lubricant L
      (see FIG. 3) in the crankcase, thereby to prevent the migration of
      refrigerant from the refrigeration system condenser (not shown) into the
      lubricant.
PAR  More particularly, heater 1 comprises a housing or case 5 of an
      electrically insulative material, such as a molded phenolic resin or the
      like, having a chamber 7 therewithin. The heater includes a
      self-regulating heating element 9 which is a self-heating positive
      temperature coefficient (PTC) resistor of a ceramic material, e.g., a
      doped barium titanate, having low initial resistance which increases
      abruptly as the temperature rises above a given temperature (i.e., this is
      referred to as its anomaly temperature). Element 9 has a relatively low
      resistance at usual ambient temperatures (e.g., 550-1000 ohms at
      25.degree. C. at 240 volts). Due to its internal resistance, element 9
      will self-heat and its resistance will increase until an anomaly
      temperature (e.g., 115.degree. C.) is reached where its resistance
      increases abruptly upon further increase in temperature until an
      equilibrium temperature (e.g., 140.degree. C.) is attained and its
      resistance may be in the order of 50,000 ohms. At its equilibrium
      temperature, the heat generated by element 9 is equal to the heat
      dissipated. Reference may be made to the above-mentioned U.S. patents for
      a more detailed description of PTC heaters and their resistivity
      characteristics. This heating element is preferably of a generally
      rectangular pill-shaped construction with its dimension being
      apprxoimately 1 inch .times. 0.5 inch .times. 0.2 inch but can also be of
      round or other configuration if desired. The heating element has first and
      second substantially parallel surfaces 11 and 13, respectively, spaced
      from one another by the thickness of the element. These surfaces each have
      a layer of electrically conductive material 15 (e.g., a flame-sprayed
      aluminum-copper material) applied thereto for forming an ohmic contact
      surface. This conductive material stops short of the edges of surfaces 11
      and 13 (see FIG. 5) and does not extend along the sides of the element.
PAR  A heat-sink plate 17 of an electrically and thermally conductive material
      (e.g., copper) is positioned in chamber 7 so that one face of the plate is
      in heat-transfer relation (i.e., in contact) with a first inside surface
      19 of housing 7. The other face of plate 17 is in electrical contact and
      heat-transfer relation with surface 11 of heating element 9.
PAR  As generally indicated at 21, a spring of electrically conductive material
      (e.g., a beryllium-copper alloy) is disposed in chamber 7 between a second
      inside surface 23 of housing 3 (i.e., inverted trough-shaped surface) and
      the second surface 13 of heating element 9 for biasing the heating element
      and the plate toward and into closed heat-transfer relationship with the
      first inside surface 19 of the housing.
PAR  As best shown in FIG. 2, first and second terminals 25 and 27 are carried
      by plate 17 and by spring 21, respectively, for supplying electrical power
      to heating element 9. These terminal members will be described more fully
      hereinafter.
PAR  More particularly, housing 7 has an outside surface 29 adapted to be placed
      in heat-transfer relationship with a surface to be heated (e.g., in
      heat-transfer relationship with crankcase 3). This outside surface is
      immediately adjacent inside surface 19. One end of the housing is closed,
      as indicated at 31, so that chamber 7 is blind. As best shown in FIG. 4,
      both housing 5 and chamber 7 therewithin are pentagon-shaped in cross
      section with the thickness of the walls of the housing being substantially
      the same (e.g., approximately 0.065 inch). Housing 3, for example, may be
      approximately 2 inches long, 1 inch wide, and about 0.5 inch thick. The
      mouth of chamber 7 is somewhat enlarged (see FIGS. 3 and 4), thereby to
      provide a shoulder 33 within the chamber for purposes as will appear.
PAR  Plate 17 is sized to have a relatively close fit within chamber 7 and is of
      somewhat greater width and length than heating element 9 (see FIG. 5). The
      heating element is secured to the second face of plate 17 to insure good
      electrical and thermal conduction between the heating element and the
      heat-transfer plate. Preferably, element 9 is soldered, as indicated at
      34, to plate 17 (see FIG. 4). Thus, with plate 17 positioned in chamber 7,
      heating element 9 is centered substantially widthwise within the chamber.
PAR  Spring 21 comprises a one-piece compression spring made of resilient sheet
      material (e.g., beryllium-copper) having a first or center portion 35
      adapted to heat against and to be in good electrical and heat-transfer
      relation with the second surface 13 of heating element 9 and also has
      outer marginal portions 37a, 37b bent back over the center portion 35 at
      an acute angle (as shown in FIG. 4). When unrestrained, marginal portions
      37a, 37b extend up from the center portion 35 at an angle substantially
      steeper than the slope of the trough-shaped surface 23. Thus, with spring
      21 positioned within chamber 7, marginal portions 37a, 37b are resiliently
      forced inwardly to exert a biasing force on heating element 9 and plate 17
      to hold the latter in heat-transfer relationship with housing 5. It will
      be understood that the trough-shaped surface 23 is particularly
      advantageous as it serves to guide spring 21 into the chamber upon
      assembling the heater and also maintains the spring centered widthwise
      with respect to the housing chamber and with respect to element 9
      positioned on plate 17.
PAR  Heat-transfer plate 17 has terminal 25 extending from the rear or outer end
      thereof. This terminal is offset to raise it clear of the adjacent inside
      chamber surface. Similarly, spring 21 has terminal 27 extending rearwardly
      from center portion 35. Terminals 25 and 27 each have a respective lead 39
      and 41 secured thereto, as by crimping. These leads each include a
      flexible conductor 43 and an insulative sheat 45 surrounding the
      conductor. Preferably insulation 45 is sealed with respect to the
      conductor and prevents transmission of moisutre between the insulator and
      the conductor.
PAR  Heating element 9, plate 17, and spring 21 are hermetically sealed within
      housing chamber 7 by means of a seal generally indicated at 47 (see FIG.
      1) which closes the mouth of the chamber. More particularly, seal 47
      comprises a rigid barrier 49 of fish paper or the like conforming
      generally to the cross section of the mouth of chamber 7. This barrier is
      adapted to close off the chamber adjacent the rear ends of plate 17 and
      spring 21 and to abut against shoulder 33 thereby to locate the barrier in
      the chamber and to maintain it substantially centered in the chamber. As
      best shown in FIG. 2, barrier 49 has rectangular openings 51 and 53
      therethrough for reception of terminals 39 and 41, respectively. It will
      be understood that the terminals are inserted through their respective
      openings 51 and 53 prior to leads 39 and 41 being crimped thereto.
PAR  Seal 47 further includes a first cast-in-place resilient sealant 55 (see
      FIG. 3) of resilient sealing material such as a room-temperature
      vulcanizing (RTV) rubber (e.g., such as that sold under the trade
      designation "1890 Protective Coating" manufactured by Dow Chemical
      Company). This RTV sealant material is applied to barrier 49 for sealing
      the barrier with respect to all adjacent inside housing chamber surfaces
      and for sealing terminals 25 and 27 relative to their respective openings
      51 and 53 through barrier 49. Seal 47 further includes a second
      cast-in-place seal 57 of a rigid potting compound, such as a two-part
      epoxy resin material manufactured and sold by the Amicon Corporation under
      the trademark "T-219". This second cast-in-place sealant 57 surrounds
      insulation 45 of each lead and closes the mouth of the chamber, seals the
      leads with respect to the chamber, and relieves strain from the junction
      of each terminal and its respective lead crimped thereto. This
      dual-sealant seal 47 is particularly advantageous because the rigid
      cast-in-place epoxy sealing material 57 effectively and positively seals
      the leads and hermetically closes the opening to chamber 7. Furthermore,
      epoxy sealants are stable when exposed to water, and thus effectively
      prevent long-term water or moisture incursion with attendant damage to the
      heater. The resilient RTV sealant 55 prevents the epoxy material or any
      gases emitted therefrom from coming into contact with heating element 9
      and thus avoids poisoning of the PTC heating element.
PAR  Heater 1 may be readily applied to crankcase 3 by means of adhesive-tape
      strips 59 and 61. As shown in FIG. 1, strip 59 is applied to the outer and
      side faces of housing 5 with the outer ends of the tape strip extending
      from the sides of the housing for being adhered to crankcase 3. Tape strip
      61 extends lengthwise of the housing beyond the ends thereof generally at
      right angles to the strip 59. If preferred, strips 59 and 61 can also be
      applied directly on top of each other in an in-line fashion, thus making
      strip 61 parallel to strip 59 instead of perpendicular to strip 59 as
      shown in FIG. 1. Both tape strips are preferably of a heavy-gauge aluminum
      foil tape and each has adhesive (not shown) applied to one face thereof
      for adhering the heater to the crankcase. Strip 61 is held in place on
      housing 9 by means of the adhesive applied to strip 59 adjacent the sides
      of the housing.
PAR  Spring 21 and tape strip 59 constitute a second heat-sink means for
      conducting a portion (e.g., approximately 20%) of the heat generated by
      heating element 9 from the second surface 13 of the heating element to
      crankcase 3. As previously mentioned, tape strip 59 is an aluminum foil
      tape which is a good thermal conductor, and spring 21 is made of a good
      thermal conductor (e.g., beryllium-copper). Thus, heat may readily be
      conducted from the second surface 13 of heating element 9 to surface 23 of
      housing 5 via the spring. The heat is then conducted through the housing
      wall to tape strip 59 and through the tape to the crankcase.
PAR  In view of the above, it will be seen that the several objections of the
      invention are achieved and other advantageous objects attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-regulating heater comprising:
PA1  a housing having a chamber therein;
PA1  a heating element constituted by a self-heating positive temperature
      coefficient resistor having low initial resistance which increases
      abruptly as its temperature rises above a given level, said element having
      first and second substantially parallel surfaces spaced from one another,
      said surfaces each having a layer of electrically conductive material
      applied thereto for forming an ohmic contact surface;
PA1  a heat sink comprising a plate of thermally and electrically conductive
      material, said heat sink plate being positioned in said housing chamber so
      that one face of said plate is in heat-transfer relation with a first
      inside surface of said housing, and so that the other side of said plate
      is in electrical contact and heat-transfer relation with said first
      surface of said element;
PA1  spring means of electrically conductive material disposed in said chamber
      between a second inside surface of said housing and said second surface of
      said element for biasing said heating element and said plate toward and
      into close heat-transfer relationship with the first inside surface of
      said housing;
PA1  first and second terminal means carried by the plate and spring means,
      respectively, for supplying electrical power to said element;
PA1  said second inside surface of said housing being generally trough-shaped
      and said spring means comprising a spring member having a first portion
      engageable with said second surface of said element and an outer marginal
      portion on each side of said first portion bent back on said first portion
      at an acute angle, said outer marginal portions being resiliently
      engageable with said trough-shaped surface thereby to guide the spring
      member as it is inserted into the chamber, to hold the spring member
      substantially centered widthwise with respect to the housing after said
      heater is assembled, and to resiliently maintain said element in heat
      transfer relationship with said plate and to maintain the latter in heat
      transfer relationship with said housing.
NUM  2.
PAR  2. A self-regulating heater comprising:
PA1  a housing having a chamber therein which is open at one end to form a
      chamber mouth and which is closed opposite said mouth;
PA1  a heating element constituted by a self-heating positive temperature
      coefficient resistor having low initial resistance which increases
      abruptly as its temperature rises above a given level, said element having
      first and second substantially parallel surfaces spaced from one another,
      said surfaces each having a layer of electrically conductive material
      applied thereto for forming an ohmic contact surface;
PA1  a heat sink comprising a plate of thermally and electrically conductive
      material, said heat sink plate being positioned in said housing chamber so
      that one face of said plate is in heat-transfer relation with a first
      inside surface of said housing, and so that the other side of said plate
      is in electrical contact and heat transfer relation with said first
      surface of said element;
PA1  spring means of electrically conductive material disposed in said chamber
      between a second inside surface of said housing and said second surface of
      said element for biasing said heating element and said plate toward and
      into close heat transfer relationship with the first inside surface of
      said housing;
PA1  first and second terminal means carried by the plate and spring means,
      respectively, for supplying electrical power to said element, said first
      and second terminal means each having an electrical lead secured thereto
      extending endwise from the mouth of the housing chamber; and a seal
      closing the mouth of said chamber for hermetically sealing said plate,
      said element and said spring means within said chamber, said seal
      comprising a rigid barrier conforming substantially to the cross section
      of said housing chamber, said barrier having openings for reception of
      said terminal means, a cast-in-place resilient hermetically sealing
      material applied to the exterior side of said barrier for sealing the
      barrier relative to all adjacent inside housing chamber surfaces and for
      hermetically sealing said terminal means relative to the barrier and
      cast-in-place potting material surrounding said leads exteriorly of said
      sealing material for closing said housing chamber, for sealing said leads
      with respect to the housing chamber, and for relieving strain from the
      junction of each terminal means and its respective lead.
NUM  3.
PAR  3. A self-regulating heater as set forth in claim 1 wherein said
      cast-in-place resilient sealing material is a room-temperature vulcanizing
      rubber and said cast-in-place potting material is an epoxy resin, said
      sealing material preventing the epoxy resin or any gases emitted therefrom
      from poisoning said element.
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ABST
PAL  A pad comprising at least one sheet of material having a thermoplastic
      resinous composition and a heater actuable to heat and soften the sheet,
      the pad being for use in alignment of machine equipment, rails, beams,
      girders, or other constructional elements relative to a horizontal base,
      vertical or inclined line, or to other constructional elements. In use the
      pad is placed between the equipment, rail or the like and a support or
      abutment therefor, and the heater is actuated so as to soften the pad just
      sufficiently that the weight of object or a force thereon reduces the
      thickness of the pad an amount equal to the desired movement of the object
      necessary to achieve the desired alignment.
BSUM
PAR  The present invention relates to an improved alignment means for levelling,
      aligning or padding beam girders, rails, or other constructional elements,
      and more particularly to an electrically heated alignment pad comprising
      one sheet of thermoplastic resin of suitable thickness and an associated
      electrical heating means, the pad being placed between a base, or other
      reference support, and a constructional element and, thereafter, the
      heater being actuated to soften the thermoplastic sheet, whereby pressure
      from the constructional element compresses the pad, and reduces the
      thickness thereof, and the constructional element moves into a new
      alignment. And, when the pad has been compressed to the required thickness
      for holding the constructional element in the required alignment, the
      heater is turned off, and the thermoplastic sheet cools and hardens and
      supports the constructional element at the required alignment.
PAR  In the construction of bridges, railroads, or installation of machine it is
      frequently necessary to ensure that certain constructional elements are at
      a set level relative to a certain base, or in a set alignment relative to
      a certain line. Since it is not practically possible to immediately lay a
      constructional element or machine in a required alignment, the usual
      procedure is to first install the constructional element or machine at
      approximately the required alignment, and then carry out finer
      adjustments. In work such as laying railroad tracks, alignment or
      levelling must be carried out repeatedly and accurately, and there have
      accordingly been proposed various methods and means for facilitating this
      procedure. A conventional method and means has been to provide a bag
      between a base and an element to be laid level, for example, a rail, and
      to inject into the bag a certain amount of fluid resin, which subsequently
      hardens and supports the rail at the required level. Another conventional
      method has been to hold a rail in a required alignment by certain amounts
      of concrete poured into various interstices between the rail and base or
      other supports. These methods have the disadvantages that much time is
      required, both to effect the injection or pouring, and to wait for
      concrete to harden, and that it is difficult to calculate the required
      amounts of resin or concrete to be injected or poured. It has also been
      known to align or level rails or machines by means of adjustable anchor
      bolts. But this method also requires considerable time for drying
      concrete.
PAR  It is accordingly an object of the present invention to provide an improved
      alignment means for use in alignment of machine equipment, rails, beams,
      girders, or other constructional elements relative to a horizontal base,
      vertical or inclined line, or to other constructional elements and for
      padding the space, or the interstice, between a certain element and
      another element.
PAR  It is another object of the invention to provide an alignment means that is
      easily applied, and lends itself to large-scale alignment operations.
PAR  It is a further object of the invention to provide an alignment means that
      functions rapidly, and brings a required object into a required alignment
      or to a required level in a short time.
PAR  It is yet another object of the invention to provide a levelling means that
      is cheap and simple in construction and manufacture, and easily
      mass-produced. It is a still further object of the invention to provide an
      alignment means that requires a minimum of attendant personnel in
      alignment operations.
PAR  In accomplishing these and other objects, there is provided, according to
      the present inventiona, a pad, which is a single unit comprising at least
      one sheet of thermoplastic resin of suitable thickness and an associated
      electrical heating means. The pad is placed beneath, and supports, or
      partially supports an object which is to be installed at a particular
      level, and current is passed through the electrical heating means, which
      thereupon heats, and softens, or partially melts the sheet of
      thermoplastic resin. The softened, or partially melted resin offering less
      resistance to the downward-acting weight of the object to be levelled, the
      object sinks downwards, and simultaneously compresses the sheet to a
      certain extent, whereby the sheet is made thinner. When the object to be
      levelled has been lowered to a required extent, current to the electrical
      heating means is cut, whereupon the sheet of thermoplastic resin cools,
      and hardens, the resultant solid sheet being thinner than the original
      sheet, whereby the object to be levelled is supported by the levelling pad
      at the required level.
PAR  The pad may be similarly employed to align objects to lines other than the
      horizontal, and one or a plurality of pads may be used, according to
      requirements. If a plurality of pads is employed, current to the
      electrical heating means of the different pads may conveniently be
      supplied from a single source. It is not essential for there to be one
      electrical heating means for each thermoplastic resin sheet. For example,
      a pad may comprise two heaters, one on either side of a single
      thermoplastic resin sheet, or a single heater sandwiched between two resin
      sheets, or three or more resin sheets alternated with heaters.
PAR  The resin sheet is preferably shaped or formed in a manner facilitating the
      alteration in the thickness thereof under the combined effect of heat from
      an electrical heater and pressure of an object to be levelled or aligned.
      The surface of a resin sheet in contact with a heater may, for example, be
      undulatory in form, in which case the protuberating portions of the sheet
      surface are easily compressed. However, the inventors have found that the
      most satisfactory manner of facilitating alteration of the thickness of a
      thermoplastic resin sheet is to provide a sheet with a porous or cellular
      structure, as produced, for example, by incorporating a volatile agent in
      a plastic powder which is subsequently sintered, or by thermal
      decomposition of a blowing agent added to a plastic composition.
      Alteration of the thickness of a thermoplastic resin sheet is also
      facilitated by molding a sheet which contains a plurality of holes. In any
      of these cases, when the sheet is softened, or partially melted, and
      compressed, various portions within the sheet may expand laterally into
      the cavities contained in the sheet. The proportion of the total volume of
      such cavities to the total volume of a sheet is generally determined on
      the basis of the required eventual decrease in the thickness of the sheet.
      For example, if it is estimated that a sheet with an original thickness of
      10 mm will be required to be reduced to a thickness of about 6 mm at the
      conclusion of a levelling or other alignment operation, the percentage of
      cavities to total volume of the sheet is advantageously made 40 %. The
      provision of cavities in resin sheets employed in alignment pads also has
      the advantage that a compressed pad still possesses a good finish.
      Externally, thermoplastic resin sheets may be plain rectangular sheets. It
      is sometimes advantageous, however, to provide sheets having bevelled
      edges, and to assemble sheets in pairs in which the bevelled edges meet to
      form a V, thereby presenting certain advantages of assembly together with
      a heater, and also further providing for lateral expansion of a pad.
      Needless to say, in addition to thermoplasticity, resin sheets are
      required to have various characteristics, according to the intended use.
      For example, in laying rails, the thermoplastic resin sheets of the
      alignment pads would also be required to have good weatherability, good
      resistance to chemical attack or to attack by heat, water, or oil and
      also, from considerations of vibration and noise, would be required to
      possess a certain degree of elasticity.
PAR  The heating means associated with the alignment pad of the invention may be
      simply in the form of an electrical surface heater in contact with the
      surface of a thermoplastic resin sheet. From consideration of economy,
      however, the heater is preferably contained in the interior of an
      alignment pad, for example, between two thermoplastic sheets. The heater
      in this case is advantageously given a porous structure, to permit melted
      portions of the thermoplastic sheets to pass through the heater and fuse
      together, whereby, on subsequent cooling and hardening, the termoplastic
      sheets form a unitary block, providing a solid support. While various
      types of heaters may be successfully employed in the alignment pad of the
      invention, the most satisfactory type of heater has been found to be a
      woven heater, comprising a woven glass-fibre mat and electrically
      conductive wire coiled or wound therein to form a heat-emissive surface.
      The winding pitch of the electrical wire should be small enough to ensure
      even softening, or melting, of thermoplastic sheets in contact with the
      heater, but, of course, not so small that there is a risk of short circuit
      between different turns of the wire. For example, using copper wire 0.18
      mm, the wire is suitably wound with a density of 15-30 coils per inch.
      Also, since the heating effect is greater in the center of the pad, it is
      advantageous to increase the winding density of the heating wire near the
      periphery of the pad, to effect even heating over the whole surface of the
      heater. Also, in locations where an alignment pad may come into contact
      with metallic objects, the pad may be provided with an insulating case, to
      prevent lowering of heater efficiency due to transfer of heat therefrom to
      the metallic objects. Such an insulating case is of particular effect in
      an alignment pad comprising a heater sandwiched between two thermoplastic
      sheets.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from the following description taken by way of example with
      reference to the accompanying drawings, in which;
PAR  FIG. 1 is a perspective view, partially in section, of an electrically
      heated alignment pad according to one embodiment of the invention, in an
      assembled condition,
PAR  FIG. 2 is a plan view of a thermoplastic resin sheet employed in the
      alignment pad of FIG. 1,
PAR  FIG. 3 is a plan view of a heater employed in the alignment pad of FIG. 1,
PAR  FIG. 4 is a cross-sectional view taken along the longitudinal axis of the
      alignment pad of FIG. 1,
PAR  FIG. 5 is a cross-sectional view taken along the transverse axis of the
      alignment pad of FIG. 1,
PAR  FIG. 6 is a cross-sectional view, on an enlarged scale, of a side portion
      of the alignment pad of FIG. 5,
PAR  FIG. 7 is a cross-sectional view taken along a transverse axis and
      illustrating the employment of the alignment pad of FIG. 1 for laying a
      railroad rail, and
PAR  FIG. 8 is a cross-sectional view taken along a longitudinal axis and
      illustrating the employment of a plurality of alignment pads of FIG. 1 for
      laying a rail, or rails.
DETD
PAR  Before the description of the present invention proceeds, it is to be noted
      that like parts are designated by like reference numerals throughout the
      accompanying drawings.
PAR  Referring initially to FIG. 1, there is shown an alignment pad 24, which is
      preferably employed in the laying of railroad rails, and which comprises a
      woven heater 5 sandwiched between two sheets of thermoplastic resin 1, and
      a cover 9 made of an insulating sheet-like material, and enclosing the
      thermoplastic sheets 1 and heater 5.
PAR  In consideration of the purpose for which the pad 24 is utilized, desirable
      characteristics of the material for the thermoplastic sheets 1 are (a)
      easy formability under pressure, when heated to 100.degree.-300.degree.C,
      (b) sufficient elasticity to absorb vibrations produced by trains passing
      above the pad, (c) good creep properties, and low compressibility when
      solidified (d) good resistance to physical change in ambient conditions,
      and over a temperature range of -40.degree. -(+)80.degree.C. Material
      meeting these requirements is, for example, a polyester plastic
      manufactured by Toyo Boseki Kabushiki Kaisha (trading under name of Toyobo
      Co., Ltd.) of Osaka, Japan and available under the trademark "Pelprene".
PAR  Referring now to FIGS. 1 and 2, each sheet 1 constitutes a flat rectangular
      sheet which is 185 mm long, 125 mm wide, and 5 mm thick. Approximately 40
      % of the surface area of each sheet 1 is constituted by round holes 2,
      which pass completely through the sheet 1, and which each have a diameter
      of 10 mm.
PAR  As shown in FIGS. 1 and 5, the long sides 3 of each sheet 1 are bevelled.
      The sheets 1 are laid on one another in such a manner that the bevelled
      sides 3 thereof are inclined in opposite directions, and together
      constitute V-shaped notch portions 4 on opposite sides of the assembled
      pad 24.
PAR  The woven heater 5 sandwiched between the sheets 1 is shown in FIGS. 1 and
      3. The heater 5 comprises a thin fibre-glass mat 6 and a continuous
      heating element 7, which is woven into the mat 6 and follows a coiled path
      therein. The heating element 7 employed is a copper wire having a diameter
      of 0.18 mm, and the coil density thereof is 15-30 per inch of the mat 6,
      that is, each coil section is separated from the next by 1/15-l/30 of an
      inch. The opposite ends of the heating element 7 are brought out on the
      same side of the pad 6, which is a short side thereof. The heater 5 is
      equal in length to, but several millimeters wider than the sheets 1, 1.
      The short sides of the heater 5 may therefore be aligned exactly with the
      short sides of the sheets 1, but the heater 5 projects a little beyond
      each long side of the sheets 1. These projecting portions along the long
      sides of the heater 5 are bound with insulating tape, then rolled inwards,
      and bonded in this rolled condition to form roll-back portions 8 which are
      accommodated in the notch portions 4, as shown most clearly in FIG. 6.
      These roll-back portions 8 increase the effectiveness of the heating
      element 7 along the sides of the pad 24, and compensate for the fact that
      heating is generally greater in the center of the pad 24. Therefore, when
      current is passed through the heating element 7, the meeting surfaces of
      the sheets 1 are heated evenly.
PAR  As shown in FIG. 1, the free end portions of the heating element 7 are
      contained and guided in insulation tubes 11, and brought to terminals 10
      which are partially embedded in, and project from a short side of the
      sheets 1. Opposite ends of the heater element 7 are connected to different
      terminals 10. The terminals 10 are also connected by external leads 12 to
      a jack 13, which may be plugged into a suitable conventional power supply.
PAR  Still referring to FIG. 1, the sheets 1 and heater 5 assembly is covered by
      a sheet-like, heat insulation material 9, which is 0.1-0.2 mm thick, and
      is made of unwoven polyester resin.
PAR  FIGS. 7 and 8 illustrate the utilization of the above-described pad 24 in
      the laying of railroad track. In the drawings, there is shown a track base
      21 which supports concrete slabs 22. Each concrete slab 22 is
      approximately 5 mm long and is aligned with the longitudinal axis of rails
      to be laid. Tie plates 23 are fixedly mounted on the concrete slabs 22, at
      intevals of about 0.6 m. The tie plates 23 comprise upwardly projecting
      portions 23a which receive the lower portion of a rail 26 to be laid. At
      the base of the upwardly projecting portion 23a of each tie plate 23 there
      is placed an alignment pad 24, and above the alignment pad 24 there is
      placed a block of rubber 25. The purpose of the rubber blocks 25 is to
      absorb vibrations produced by trains subsequently travelling on the rail
      26 to be laid. The thickness of the rubber blocks 25 remains unchanged
      throughout the track-laying operation.
PAR  Next, the rail 26 is lowered into the upwardly projecting portions 23a of
      the tie plates 23, and onto the rubber blocks 25 and pads 24. At the same
      time, the jacks 13 of the pads 24 are connected to a power source in a
      known manner, and current is supplied through the external leads 12 to the
      heaters 5 of the pads 24, whereby the thermoplastic sheets 1 of the pads
      24 are heated and softened, or partially melted, and the pads 24 lose
      sufficient solidity to support the weight of the rail 26, and may be
      compressed by the rail 26. The rail 26 is allowed to move downwards under
      its own weight, compressing the pads 24, until it settles at the required
      level, at which point the current to the heaters 5 is cut. Hereupon, the
      sheets 1 cool and harden, and the pads 24 acquire sufficient solidity to
      support the rail 26. All other supports for lowering or holding the rail
      26 may therefore now be removed, and the rail 26 remains supported at the
      required level by the pads 24.
PAR  With respect to the abovedescribed procedure, it is to be noted that the
      cooling and hardening time of the thermoplastic sheets 1 is extremely
      short, being only about few minutes and, in general, electric current to
      the heaters 5 may be cut simultaneously when the rail 26 reaching the
      required level. Also, any unevenness in the track base 21 or concrete
      slabs 22 is automatically compensated by the pads 24. In addition to the
      abovedescribed procedure, it may be, at will, possible to employ not only
      a means for detecting and securing the required level such as a level
      gauge, a member positioned on the required level, or the like, but also a
      means for facilitating the downward movement of the rail such as a jack, a
      press, or the like, in a known manner according to the condition to be
      aligned.
PAR  As is well known, it is technically impossible, or prohibitive in terms of
      cost and time, to form a track base or concrete slabs exactly on a
      required level over a considerable distance, and it is common experience
      that some portions of track base or concrete slabs are higher than others.
      Conventionally, this unevenness of a track base or concrete slabs has
      presented a further problem in the laying of railroad track. With the
      means of the invention, however, this problem is automatically eliminated,
      since pads 24 are compressed different amounts according to their
      positions relative to a base line. For example, in FIG. 8, if a pad 24' is
      on a higher portion of a concrete slab 22 than another pad 24", when the
      rail 26 is lowered onto the pads 24, and current is supplied to the
      heaters 5, the higher pad 24' is compressed more than the lower pad 24".
      Upon subsequent cooling and hardening of the pads 24, the lower pad 24" is
      thicker than the higher pad 24'. The same principle applies to other pads
      24 on other portions of concrete slabs 22. That is, after solidification
      of the sheets 1, the pads 24 may have different thicknesses, but the top
      surfaces of the pads 24 are all level, whereby support for the rail 26 is
      even and level.
PAR  The rail 26 may be lowered straight onto the pads 24, or may be temporarily
      supported at opposite ends by alignment support means in a conventionally
      known manner. Also according to the requirements of different situations,
      actuating and stopping of heating of the pads 24 may be effected by an
      operator, or may be effected by time switches. Also, of course, the pads
      24 function in exactly the same manner, if the concrete slabs 22 are
      replaced by another support, such as wooden sleepers spaced at intervals
      of several tens of centimeters.
PAR  In all the above-mentioned cases, it is to be noted that the initial
      placement of the alignment pads of the invention may be effected rapidly
      and efficiently, and does not required skilled personnel, adjustments
      requiring the attention of personnel are minimum, the time required for a
      rail to be set at a required level is very short, and also the material
      required for levelling, that is, the pads themselves, is easy and
      economical to produce.
PAR  From the foregoing, it is believed that the objects, advantages,
      construction and operation of the present invention will be readily
      comprehended by persons skilled in the art, without further description.
      Although the invention has been herein shown and described as applied to
      the laying of railroad track, by way of example, it will be appreciated
      that the invention is applicable to various other purposes, including the
      mounting, levelling, or alignment of machines, beams, girders, or other
      items of equipment or construction. It will also be appreciated that
      certain parts or elements disclosed herein are representative of other
      parts or elements which may be used in the same or a similar manner to
      accomplish the same or similar results. The scope of the present invention
      should therefore be determined from the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrically heated aligment pad which comprises at least one plate
      member of thermoplastic resin and at least one thin flat electric heater
      lying against said plate member for heating said plate member to soften
      said plate member, said plate member having a large plurality of apertures
      therein spread substantially uniformly over the whole area of said plate
      member and into which portions of said plate member around said apertures
      flow laterally when said plate member is in the heat softened condition
      and an external compression force is applied thereto for reducing the
      thickness of said plate, whereby an object through which the compression
      force is applied can be moved by the reduction of thickness of the
      alignment pad for adjusting the position thereof in the direction of the
      force being applied to the alignment pad.
NUM  2.
PAR  2. An electrically heated alignment pad as defined in claim 1, further
      comprising a heat insulation means on at least two sides of said plate
      member and heater.
NUM  3.
PAR  3. An electrically heated alignment pad as defined in claim 1, wherein said
      apertures are in the form of holes extending completely through the
      thickness of said plate member.
NUM  4.
PAR  4. An electrically heated alignment pad according to claim 1, wherein each
      of said apertures is a recess on one surface of said plate member.
NUM  5.
PAR  5. An electrically heated alignment pad as defined in claim 1, wherein said
      pad comprises a plurality of plate members, and a heater interposed
      between each pair of adjacent plate members, each said heater being a
      surface heater.
NUM  6.
PAR  6. An electrically heated alignment pad according to claim 1, wherein said
      plate member has an outer peripheral edge, the thickness of said plate at
      said outer peripheral edge being less than that of the remaining portion
      of said plate member.
NUM  7.
PAR  7. An electrically heated alignment pad according to claim 1 wherein said
      heater comprises means at the peripheral edge of said pad for generating a
      greater amount of heat, when energized, than the remainder of said pad
      generates at the portion thereof corresponding to the remainder of said
      plate member.
NUM  8.
PAR  8. An electrically heated alignment pad as defined in claim 5, wherein said
      surface heater is a woven heater which comprises a woven mat having a
      metallic heating element woven thereinto.
NUM  9.
PAR  9. An electrically heated alignment pad which comprises a plurality of
      plate members of thermoplastic resin, each of said plate members having a
      plurality of openings therein each of which openings extends completely
      through the thickness of said plate member, and a plurality of surface
      heaters, one between each two adjacent plate members, each of said heaters
      being a woven mat having a metallic heating element woven therethrough,
      said heaters, when energized, heating said plate members to soften the
      latter so that the thickness of said pad is reduced when an external
      compression force is applied thereto, whereby an object through which the
      compression force is applied can be moved by the reduction of thickness of
      the alignment pad for adjusting the position thereof in the direction of
      the force being applied to the alignment pad.
NUM  10.
PAR  10. An electrically heated alignment pad which comprises; a pair of plate
      members of thermoplastic resin, each of said plate members having a
      plurality of holes each extending completely through the thickness of said
      plate member; a planar heater comprised of a woven mat having a continuous
      metallic heating element woven therethrough in a substantially zigzag
      manner, said planar heater being held in position between said plate
      members and adapted to, when energized, heat said plate members to soften
      the latter so that the thickness of said pad is reduced when an external
      compression force is applied thereto, whereby an object through which the
      compression force is applied can be moved by the reduction of thickness of
      the alignment pad for adjusting the position thereof in the direction of
      the force being applied to the alignment pad; a covering of electrically
      insulating material enclosing the assembled plate members and planar
      heaters; and said heating element having both encs extending outwardly
      through said covering and having terminal members thereon for electrical
      connection with an electric power source.
NUM  11.
PAR  11. An alignment pad according to claim 10, wherein said plate members are
      bonded to each other through interstices in said mat and said heating
      element of said planar heater.
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ABST
PAL  An electronic process controller is disclosed having analog circuitry for
      generating an analog control signal, a digital memory for generating a
      manual control signal and digital circuitry for sequencing of the analog
      functions. This controller provides drift-free manual control in the
      manual control mode, tracking of the process control signal in the
      automatic mode to allow bumpless transfer from automatic mode to manual
      mode and output ramping to allow bumpless transfer to and from direct
      digital control mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The instant invention is related to the automatic control of industrial
      processes. In a typical installation a process variable monitor or
      transmitter, such as a temperature probe, is used to generate a process
      value signal or PVS related to the present value of a process variable,
      such as temperature. A setpoint generator provides a set-point signal or
      SPS which is equal to or related to the desired value of the process
      variable signal as determined by process requirements. An automatic
      process controller is used to generate a process control signal or PCS
      which is used to control a final operator intimately related to the
      process variable such as a flow valve operator. In this manner the
      temperature of a liquid in a boiler, for example, may be controlled
      automatically by varying fluid flow through a valve.
PAR  This invention further relates to multi-mode process controllers of the
      type having automatic, manual and direct digital control modes of
      operation.
PAR  In the automatic control mode of operation a control circuit is used to
      generate an automatic control signal or ACS by applying a control
      algorithm, selected to fulfill process requirements, to a deviation signal
      related to the deviation of the process value signal from the set-point
      signal. In the automatic mode ACS is utilized as PCS to control the final
      operator to minimize the deviation of the process value from the set
      point.
PAR  In the manual control mode an adjustable memory device called the manual
      memory is used to generate a constant manual control signal or MCS related
      to a value stored in the memory which may be adjusted by a process
      operator or process engineer according to process requirements.
PAR  In the direct digital control or DDC mode a digital computer is used to
      generate a computer control signal of CCS by applying a control algorithm,
      selected to fulfill process requirements, to a deviation signal related to
      the deviation of the process value signal from the set-point signal. In
      this mode CCS is used as PCS to control the final operator to minimize the
      deviation of the process value from the set point.
PAR  This invention still further relates to automatic process controllers for
      use with process installations in which an abrupt change in the process
      control signal is undesirable. Such abrupt changes in PCS, called bumps,
      may be caused by transfer between modes of operation. This invention
      therefore particularly relates to automatic process controllers providing
      automatically bumpless transfer between modes of operation.
PAR  2. Description of the Prior Art
PAR  Early automatic process control installations utilized a non-automatic
      transfer system requiring a "balance" mode in order to achieve bumpless
      transfer. In such systems an operator was required to physically adjust
      certain values during the balance mode in accordance with other values
      displayed by the controller to avoid bumps during transfer between modes.
      Conventional approaches provide bumpless transfer between automatic and
      manual modes of control in various ways. A particularly good example of
      this type is shown in our copending U.S. application Ser. No. 497,097
      filed on even date herewith. The approach shown therein provides bumpless
      transfer between automatic and manual modes of operation and also allows
      switching between set-point sources and adjustment of set-point values and
      control parameters to be accomplished bumplessly. Conventional approaches
      do not, however, provide for bumpless transfer between the DDC mode of
      operation and the other modes.
PAR  The conventional approach for providing a manual memory in order to
      generate MCS during the manual mode of operation is shown, for example, in
      U.S. Pat. Nos. 3,550,014; 3,523,193; and 3,655,992 in which a capacitor in
      the feedback circuit of an amplifier configured as an integrator is
      required to store the value of MCS during the manual mode. The obvious
      problem inherent with the utilization of a capacitor as a memory device is
      drift. Such conventional devices are reliable only in the short term and
      will change value by leakage of current from the critical high impedance
      node at the input to the integrator. It is difficult to maintain the
      integrity of a capacitor used as a memory device and under the best of
      conditions a capacitor cannot be prevented from drifting. Drift in the
      memory results in a slowly changing MCS and PCS making the process
      controller unreliable in the manual mode for long periods of time.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention provides a manual memory which may be utilized to
      generate MCS without drifting by utilizing an up-down counter to store a
      digital value representative of the MCS. A digital-to-analog converter
      responsive to the value stored in the counter is utilized to generate MCS.
      A comparator is provided at the up-down input of the counter and is
      arranged to cause the value stored in the counter to be equal to the
      analog value at one input to the comparator. The other input to the
      comparator is provided by the output of the digital-to-analog converter.
      Digital logic circuitry is provided to control and sequence switches
      provided in the process controller to allow the digital manual memory to
      track PCS during the automatic and DDC modes so that transfer from
      automatic or DDC to manual is bumpless.
PAR  The logic circuitry, in conjunction with the switches, allows transfer to
      the DDC mode of operation to be performed bumplessly because, upon
      transfer to DDC mode, MCS is used as PCS. MCS is then ramped to be equal
      to the value of the CCS at a predetermined clock rate compatible with
      process requirements whereupon CCS is used as PCS thereby completing the
      bumpless transfer.
PAR  In addition, a static fail function is provided in which the logic, when a
      static fail condition is detected by external means, bumplessly transfers
      the controller to the manual mode of control and changes MCS at a
      predetermined rate to be equal to a preselected static fail value.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing an automatic process controller according
      to the instant invention including an operator's interface, digital logic
      circuitry and analog control circuitry with a digital memory.
PAR  FIG. 2 is a block diagram schematic of the analog control circuitry with
      digital memory shown in FIG. 1.
PAR  FIG. 3 is a series of graphical representations of the conditions of the
      switches shown in the analog circuitry in FIG. 2 on a common time axis
      depicting the sequence of changes caused by the digital logic circuitry in
      FIG. 1 in response to activity in the operator's interface of FIG. 1.
PAR  FIG. 4 is a graphical representation of the value of the process control
      signal supplied to the process on the same time axis used in FIG. 3.
PAR  FIG. 5 is a block diagram schematic of the digital logic circuitry shown in
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment of the instant invention will be described in
      general terms with reference to FIG. 1 which shows process controller 10
      supplying the process control signal PCS to the process 12 and receiving
      the process value signal PVS therefrom. Computer 14 provides the computer
      control signal CCS to controller 10.
PAR  Operator's interface 16 within controller 10 allows the process operator or
      process engineer to vary the functions of the process controller. In
      particular, an automatic to manual transfer in either direction or a
      transfer from DDC to manual may be initiated by activation of pushbutton
      22 which generates the signal AMX.
PAR  Transfer to computer control may be initiated by activation of the
      pushbutton 24 which generates the signal CX.
PAR  The occurrence of a static fail situation is detected by static fail
      detector 26, which may be a pushbutton available for activation by the
      operator, an alarm or monitor circuit or any external source not
      necessarily positioned in the operator's interface 16. For convenience,
      static fail detector 26 is shown in interface 16 and generates the signal
      SFX.
PAR  The process engineer may change the valve of the process control signal
      during the manual mode by activation of pushbutton 28 which generates the
      status signal MU to increase MCS or activation of pushbutton 30 which
      generates the status signal MD to decrease MCS. Set-point source 32, which
      is also shown in the operator's interface 16 for convenience, is an
      adjustable signal generator which generates set-point source signal SPS.
      Source 32 may also be a computer for providing supervisory control,
      another controller for providing cascade control or a combination of the
      above sources.
PAR  Digital logic circuitry 18 may be discrete digital electronic components or
      a time-shared portion of a digital computer. Digital logic 18 provides
      analog control circuitry 20 with MAN, AUTO, RAMP, DDC, SF, MD, and MD
      status signals and receives therefrom the EQ status signal, all in a
      manner described below with reference to FIG. 3.
PAR  FIG. 5 shows a block diagram schematic of digital logic circuitry 18. The
      heart of digital logic circuitry 18 is a pair of synchronous JK flip-flops
      86 and 90, the outputs of which, B, B, A and A, are combined in AND gates
      92, 94, 96 and 98 to generate the signals MAN, AUTO, RAMP and DDC
      respectively. In particular, the inputs to AND gate 92 are A B, to AND
      gate 94 are A B, to AND gate 96 are AB and to AND gate 98 are A B. The set
      input of flip-flop 90 is provided as the output of AND gate 70, the inputs
      of which are AUTO, CX and SFX after inversion in inverter 100. The
      synchronous reset input to flip-flop 90 is the output of AND gate 72, the
      inputs of which are DDC, AMX and SFX inverted. The set input to flip-flop
      86 is the output of AND gate 74, the inputs of which are MAN and AMX. The
      synchronous reset input to flip-flop 86 is the output of OR gate 82, the
      inputs to which are the outputs of AND gates 78 and 80. The inputs for AND
      gate 78 are AMX and AUTO and the inputs to AND gate 80 are RAMP, SFX
      inverted and EQ which is supplied from analog control circuitry 20. The
      signal SF is provided by flip-flop 84 which receives SFX as its
      corresponding set input. SFX also directly resets flip-flops 86 and 90.
      The synchronous reset input to flip-flop 84 is provided by EQ. All three
      flip-flops are driven by clock 88 the period of which is equal to the
      width of the pulses for CX, AMX and SFX.
PAR  It is convenient at this point to describe in detail the configuration of
      the devices within analog control circuitry 20 by reference to FIG. 2.
      Thereafter the required operation of digital logic circuitry 18 may be
      easily explained with reference to FIG. 3.
PAR  FIG. 2 shows the circuitry contained in analog control circuitry 20 to FIG.
      1 in which a basic analog automatic process controller is represented by
      control algorithm comparator 26 which generates an automatic control
      signal ACS in response to the deviation between PVS and SPS. Manual memory
      36 generates the manual control signal MCS and computer 14 generates the
      computer control signal CCS.
PAR  Switches 30, 32 and 34 are utilized to apply ACS, CCS, or MCS to the input
      of buffer 28 to be used as PCS in response to digital status signals
      generated by digital logic circuitry 18. In particular AUTO activates
      switch 30, DDC activates switch 32, and MAN, RAMP and SF are combined in
      OR gate 35 to activate switch 34.
PAR  Manual memory 36 is a track and store circuit which, by proper activation
      of certain switches, serves to track an analog input signal used as the
      manual value signal MVS and/or generate the manual control signal MCS
      based upon the value stored in its memory.
PAR  Manual memory 36 includes a conventional up-down counter 50 which has an
      "up" input and a "count" input. The digital value stored in counter 50 is
      converted to the analog MCS value by a conventional digital-to-analog
      converter 54.
PAR  The up input of counter 50 is supplied by the output of OR gate 59 which
      combines the signal MU and the output of comparator 58. Comparator 58
      receives as inputs MCS and an analog manual value signal MVS.
PAR  The count input of counter 50 is provided by clock 60 through AND gate 62
      when a track signal TRK is received. OR gate 66 combines the digital
      signals DDC, RAMP, AUTO, MU and MD to generate TRK. When OR gate 66
      generates TRK this arrangement causes counter 50 to increase the digital
      value stored in counter 50 if MVS is greater than MCS and alternately
      causes counter 50 to reduce the digital value if MCS is greater than MVS.
      This obviously results in MCS being maintained equal to MVS within the
      resolution of the counter.
PAR  Switches 42, 44 and 48 serve to connect PCS, CCS or the output of static
      fail source 40 to the input of comparator 58 as MVS. Switch 42 is
      activated by AUTO, switch 44 is activated by the output of OR gate 45
      which combines DDC and RAMP, and switch 48 is activated by SF.
PAR  Equality comparator 68 is utilized to generate the status signal EQ when
      MCS equals CCS.
PAR  The operation of digital logic circuitry 18 may be best explained with
      reference to FIG. 3. The actual logic circuitry or the programming
      required to generate signals MAN, AUTO, RAMP, DDC and SF in response to
      the input signals AMX, SF, CX, and EQ may easily be configured by
      reference to FIG. 3. In addition, FIG. 3 also shows the result of the
      presence of the output signals of logic 18 on the analog circuitry present
      in FIG. 2. That is, on the same time scale, a graphical representation of
      the source of PCS and MVS is shown together with TRK.
PAR  An arbitrary sequence of signals generated in operator's interface 16 will
      be used to explain the operation of the instant invention. At time T0 the
      controller is in the manual control mode. This means that logic circuitry
      18 is generating the MAN signal, TRK is not present so that memory 36 is
      in its store condition and switches 42, 44 and 48 are not activated so
      that no signal is present to be utilized as MVS. In addition PCS supplied
      to the process is determined by switch 34 and is MCS.
PAR  FIG. 4 is helpful in invisualizing the bumplessness of the transfers to be
      described hereinbelow. At time T0 the value of PCS which is plotted
      against the same time scale as FIG. 3 is shown at an arbitrarily chosen
      level. Until time T1 when AMX is generated by activation of pushbutton 22
      PCS may be adjusted manually by activation of pushbutton 28 to increase
      its value or pushbutton 30 to decrease its value.
PAR  At time T1 the operator activates pushbutton 22 to transfer the controller
      to the automatic mode of control. This requires logic 18 to generate the
      AUTO signal. The AUTO signal results in the presence of TRK and means that
      PCS is supplied by ACS and PCS is used as MVS. With reference again to
      FIG. 4 it can be seen that PCS moves to the level required by control
      algorithm 26 shown in FIG. 4 as level ACS.
PAR  At time T2 static fail detector 26 detects a static fail condition so that
      digital logic circuitry 18 generates SF. This results in the presence of
      TRK so that memory 36 follows the signal generated by the static fail
      source as MVS. In this condition the controller is in the manual mode of
      control as evidenced by the fact that PCS is supplied by MCS. With
      reference to FIG. 4 it can be seen that PCS ramps from the value
      determined by control algorithm 26 to the static fail value. This ramping
      occurs at a rate determined by clock 60. It may be convenient to provide
      additional circuitry so that the clock rate under this condition may be
      different than the clock rate under other conditions.
PAR  Time T3 is the end of the static fail condition. The output of logic
      circuitry 18 is MAN resulting in the absence of TRK and MVS. PCS is
      supplied by MCS. With reference to FIG. 4 it can be seen that PCS is
      maintained at its last value.
PAR  At time T4 the operator activates the computer control pushbutton 24 which
      generates CX. In response digital logic circuitry 18 generates RAMP which
      results in the presence of TRK. MVS is supplied by CCS and PCS is supplied
      by MCS. With reference to FIG. 4 it can be seen that the value of PCS is
      ramped toward the value of CCS. During this period the value stored in
      memory 36 is being changed to be equal to CCS generated by the computer
      14.
PAR  At time T5 comparator 68 generates the EQ signal signifying that MCS has
      been made equal to CCS. Logic circuitry 18 therefore generates the DDC
      signal. This results in the presence of TRK with CCS being supplied as
      MVS. The PCS is now supplied by CCS also. Under these conditions the
      computer is in control of the process control signal. Any changes required
      by the computer result in a change in CCS which directly changes PCS.
PAR  At time T6 auto manual pushbutton transfer 22 is activated to remove the
      controller from the computer control mode. Even if it is desired to
      transfer the controller to the automatic mode of control from the DDC mode
      of control it is first necessary to transfer to the manual mode of
      control. Therefore at time T6, logic circuitry 18 generates the MAN signal
      resulting in the absence of TRK and MVS. PCS is supplied by MCS. As can be
      seen with reference to FIG. 4 PCS is maintained at its last value by
      manual memory 36. At time T7 pushbutton 22 is activated to return the
      controller to the automatic mode of control. Logic circuitry 18 therefore
      generates AUTO which results in TRK. PCS is supplied to memory 36 as MVS
      and ACS is supplied to the process as PCS. It can be seen with reference
      to FIG. 4 that upon transfer to the automatic mode of control PCS returns
      to the value determined by control algorithm 26.
PAR  It must be noted here that transfer from manual to automatic is not
      necessarily bumpless unless ACS is caused to be equal to MCS at the time
      of such transfer. Apparatus for causing such a result forms no part of the
      instant disclosure.
PAR  Logic circuitry 18 may therefore be configured in any conventional manner
      to accept the above described inputs and generate the above described
      outputs in the proper sequence in order to control analog circuitry 20 in
      the sequence described with reference to FIGS. 3 and 4.
PAR  The operation of controller 10 may therefore be summarized as follows with
      respect to a transfer from the DDC mode to the manual mode. During the DDC
      mode manual memory 36 is caused to generate MCS equal to CCS. Therefore at
      the instant of transfer PCS is not bumped. A transfer from the automatic
      mode or the manual mode is accomplished bumplessly by placing the
      controller in the manual mode of operation while adjusting MCS to be equal
      to CCS at a predetermined clock rate compatible with the process. When MCS
      is equal to CCS, CCS is then supplied to the process as the process
      control signal PCS.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved automatic process controller operable in manual, automatic
      and DDC modes, of the type having;
PA1  automatic control means for generating an automatic control signal during
      the automatic mode related to the deviation of a process value signal from
      a set-point signal and tracking a manual control signal during the manual
      mode;
PA1  manual control means for generating the manual control signal during the
      manual mode and tracking the automatic control signal during the automatic
      mode;
PA1  computer control means for generating a DDC signal related to a value
      generated in a computer during the DDC mode,
PA1  an output switch for selectively applying one of the control signals to the
      process to be controlled, wherein the improvement comprises:
PA1  a DDC switch for initiating a transfer to the DDC mode;
PA1  logic means responsive to the DDC switch for operating the output switch to
      apply the manual control signal to the process when a transfer to the DDC
      mode is initiated;
PA1  means responsive to the logic means for adjusting the manual control signal
      to become equal to the DDC signal at a rate compatible with process
      requirements; and
PA1  equality detecting means responsive to the logic means for operating the
      output switch to apply the DDC signal to the process after the manual
      control signal has become equal to the DDC signal.
NUM  2.
PAR  2. The improved controller of claim 1 wherein the improvement further
      comprises:
PA1  means to cause the manual control signal to track the DDC signal during the
      DDC mode;
PA1  a transfer switch for initiating transfer from the DDC mode; and
PA1  means responsive to the transfer switch for operating the output switch to
      apply the manual control signal to the process when a transfer is
      initiated.
NUM  3.
PAR  3. An improved process controller operable in manual and automatic modes of
      the type having
PA1  automatic control means for generating an automatic control signal applied
      to the process during the automatic mode, wherein the improvement
      comprises:
PA1  a digital-to-analog converter for generating a manual control signal
      applied to the process during the manual mode based on a digital value;
PA1  an up-down counter for storing the digital value;
PA1  a clock pulse generator applied to a count input of the counter; and
PA1  a comparator applied to an up input of the counter receiving a manual value
      signal and the manual control signal;
PA1  and means to apply the automatic control signal as the manual value signal
      during the automatic mode.
NUM  4.
PAR  4. The improved controller of claim 3 of the type having a DDC control
      means for generating a DDC signal during a DDC mode, wherein the
      improvement further comprises:
PA1  a a DDC switch for initiating a transfer to the DDC mode;
PA1  means responsive to the DDC switch for applying the manual control signal
      to the process when a transfer is initiated;
PA1  means responsive to the DDC switch to apply the DDC signal to the
      comparator as the manual value signal when a transfer is initiated; and
PA1  means to apply the DDC signal to the process after the manual control
      signal becomes equal to the DDC signal.
NUM  5.
PAR  5. The improved controller of claim 4 wherein the improvement further
      comprises:
PA1  a second transfer switch for initiating a transfer from the DDC mode;
PA1  means responsive to the second transfer switch for applying the manual
      control signal to the process when a transfer from the DDC mode is
      initiated.
NUM  6.
PAR  6. The method of bumplessly operating a process controller to transfer to a
      DDC mode, comprising the steps of:
PA1  applying a manual control signal to the process when a transfer is
      initiated equal to the value of the signal applied to the process before
      the transfer was initiated;
PA1  adjusting the manual control signal to be equal to a DDC signal at a rate
      compatible with process requirements; and
PA1  applying the DDC signal to the process when the manual control signal has
      been made equal to the DDC signal to complete the transfer.
NUM  7.
PAR  7. The method of operating the process controller as claimed in claim 6 to
      transfer from the DDC mode, comprising the steps of:
PA1  adjusting the manual control signal to track the DDC signal during the DDC
      mode, and
PA1  applying the manual control signal to the process to transfer from the DDC
      mode.
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ABST
PAL  An electronic process controller is disclosed having automatically bumpless
      operation. Changes such as transfer between manual and automatic modes,
      switching between set point sources and adjustment of control parameter
      values are all accomplished bumplessly with the aid of a settle circuit
      which adjusts the automatic control signal for bumpless switching while
      the manual memory freezes the process control signal at its last value
      before the change was initiated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The instant invention is related to the automatic control of industrial
      processes. In a typical installation a process variable monitor or
      transmitter, such as a temperature probe, is used to generate a process
      value signal or PVS related to the present value of a process variable,
      such as temperature. A set-point generator provides a set-point signal or
      SPS which is equal to or related to the desired value of the process
      variable signal as determined by process requirements. An automatic
      process controller is used to generate a process control signal or PCS
      which is used to control a final operator intimately related to the
      process variable such as a flow valve operator. In this manner, the
      temperature of a liquid in the boiler, for example, may be controlled
      automatically by varying fluid flow through a valve.
PAR  This invention further relates to multi-functional process controllers of
      the type having both automatic and manual modes of operation.
PAR  In the automatic control mode of operation, a control circuit is used to
      generate an automatic control signal or ACS by applying a control
      algorithm, selected to fulfill process requirements, to a deviation signal
      or DS related to the deviation of the process value signal from the
      set-point signal. In this mode the ACS is used as the PCS to control the
      final operator to minimize the deviation of the process value from the set
      point. A typical control algorithm may require the ACS to be equal to or
      related to the sum of two or more terms or parameters including, for
      example, the DS multiplied by a proportionality or gain constant, the
      derivative of the DS called the rate term, and the integral of the DS
      called the reset term. These terms are usually adjustable by external
      means to vary the proportionality constant and the time constants of the
      rate and reset terms.
PAR  The set-point signal may be supplied by a local signal generator called the
      local set-point source or by a remote set-point source which may be the
      PCS of another controller arranged in cascade fashion or the output of a
      supervisory computer.
PAR  In the manual control mode an adjustable memory device called the manual
      memory is used to generate a constant manual control signal or MCS related
      to a value stored in the memory which may be adjusted by a process
      operator or process engineer according to process requirements. Manual
      memories may be constructed from analog components or, preferably, from a
      digital value storage device as described in our copending U.S. patent
      application Ser. No. 497,098 filed on even date herewith. Each patent
      application relates to different features of the same automatic process
      controller.
PAR  This invention still further relates to automatic process controllers for
      use with process installations in which an abrupt change in the process
      control signal is undesirable. Such abrupt changes in the PCS, called
      bumps, may be caused by transfer between modes, adjustment of the control
      parameters or switching between set-point sources. This invention
      therefore particularly relates to automatic process controllers providing
      automatically bumpless operation.
PAR  2. Description of the Prior Art
PAR  Early automatic process control installations utilized a non-automatic
      transfer system requiring a "balance" mode in order to achieve bumpless
      operation. In such systems an operator was required to physically adjust
      certain values during the balance mode in accordance with other values
      displayed by the controller to avoid bumps.
PAR  The conventional approach to providing automatically bumpless operation of
      a process controller is to provide bumpless transfer between automatic and
      manual modes of control. A bumpless transfer between automatic and manual
      modes of control. A bumpless transfer between automatic and manual modes
      occurs when ACS, PCS and MCS are all equal at the instant of transfer. The
      conventional approach therefore causes ACS to track PCS during the manual
      mode and MCS to track PCS during the automatic mode so that at the instant
      of transfer in either direction ACS = MCS. Automatic transfer between
      automatic and manual modes of control according to the above described
      philosophy is shown in U.S. Pat. Nos. 3,523,193; 3,550,014 and 3,655,992.
PAR  A major drawback of such approaches is that they provide automatically
      bumpless operation only for transfer between manual and automatic modes of
      operation. Switching between set-point sources and/or adjustment of the
      parameters cannot be accomplished bumplessly during the automatic mode of
      control with conventionally known systems.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention accomplishes bumpless transfer between automatic and
      manual modes of operation by providing a settle circuit which causes ACS
      to track PCS during the manual mode and by switching the input of the
      manual memory during automatic mode so that MCS tracks PCS.
PAR  In a preferred embodiment, during a transfer, the settle circuit modifies
      ACS by supplying an additional input to the reset generator which is equal
      to the deviation of ACS from PCS while PCS is frozen in the manual mode.
      When the controller is returned to the automatic mode of control PCS
      changes to the value required by the new settings in accordance with the
      control algorithm.
PAR  In a typical installation this change would occur at a rate primarily
      determined by the reset rate which is chosen as an acceptable rate of
      change with respect to the time constants of the particular process being
      controlled.
PAR  The settle circuit is also used to provide bumpless switching between
      set-point sources and bumpless adjustment of the set-point and parameter
      settings by the process operator. Logic circuitry is provided so that when
      switching between set-point sources is initiated the controller is
      bumplessly transferred to the manual mode of control in order to freeze
      PCS whereupon the set-point sources are switched without causing a bump.
      After switching, the settle circuit is utilized to make ACS equal to PCS
      whereupon the controller may be returned to the automatic mode of
      operation bumplessly. PCS then changes to the value required by the new
      set-point source in accordance with the control algorithm.
PAR  Parameter and set-point value adjustments are accomplished bumplessly in
      the same manner, that is, when a parameter adjustment is initiated logic
      circuitry is provided to place the controller in the manual mode of
      operation while the parameter or set-point value changes are made. The
      controller is returned to the automatic mode of operation with the new
      values only after the settle circuit has caused ACS to be equal to PCS so
      that the transfer is bumpless. PCS then changes to the value required by
      the new set-point source in accordance with the control algorithm.
PAR  In a preferred embodiment a dynamic fail function is also provided in which
      the logic automatically switches from the currently used set-point source
      to a preselected dynamic fail set-point source when a dynamic fail
      situation is detected. A dynamic fail situation may be detected by any
      external means, including a command by the operator, a computer, another
      controller or an alarm circuit. The dynamic fail set-point source may be
      equal to the local set-point source, the remote set-point source, the
      process value signal, or any other level desired during a dynamic fail
      situation as determined by the process operator in view of the process
      requirements. Automatically bumpless switching in response to a dynamic
      fail situation is accomplished by the settle circuit and logic as
      described immediately above.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS.
PAR  FIG. 1 is a schematic in block diagram form of the analog control circuitry
      portion of an automatic process controller including means for automatic
      bumpless operation according to the instant invention.
PAR  FIG. 2 is a series of graphical representations of the positions of the
      switches shown in the controller in FIG. 1, on a common time axis,
      depicting a typical sequence of position changes during automatic bumpless
      operation.
PAR  FIG. 3 is a more detailed schematic of the portion of the automatic process
      controller shown in FIG. 1.
PAR  FIG. 4 is a block diagram of a complete automatic process controller
      according to the instant invention.
PAR  FIG. 5 is a schematic in block diagram form of the digital logic circuitry
      portion of the automatic process controller shown in FIG. 4.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A preferred embodiment of the instant invention will be described with
      reference to FIG. 1. The components are shown in block diagram form using
      conventional symbols. These components may be constructed from devices
      currently available in the market, for example, high gain operational
      amplifiers. In the alternative, these components could be constructed from
      discrete electronic parts such as resistors and transistors. Various
      constructions of these components are well known in the art and form no
      part of this disclosure.
PAR  To generate the process control signal PCS in the automatic mode the
      process value signal PVS is combined with the set-point signal SPS in
      comparator 10. The output of comparator 10 is the deviation signal DS. In
      the simplest form of controller this signal is applied to an adjustable
      gain stage, shown as amplifier 12, the output of which is the automatic
      control signal or ACS. Adjustment of gain amplifier 12 provides the gain
      parameter adjustment in the control signal provided to the process.
      Additional terms or parameters in PCS are conventionally provided by reset
      and rate generators which may be arranged as follows. Rate generator 14
      receives DS as an input and generates a signal related to the derivative
      of DS. This rate term is combined in summer 16 with DS before it is
      supplied to gain stage 12. Similarly, reset generator 18 receives DS as an
      input and provides a reset term related to the integral of DS to summer
      16. The time constants of both the reset and rate terms are normally
      externally adjustable parameters. In this manner ACS may include
      proportioinal, rate and reset terms in any desired combination. In the
      automatic mode ACS is supplied to buffer amplifier 20 through position A
      of switch S1. Buffer 20 generates the process control signal PCS supplied
      to the final operators.
PAR  Manual memory 22 may be conveniently described as a track and hold
      component which serves to track PCS through position A of switch S2 during
      the automatic mode. Manual memory 22 is caused to store the last value it
      was tracking when switch S2 is moved to the M position. In the M position
      of S2 the value stored in memory 22 may be externally changed by
      manipulation of manual signal source 38. The output of memory 22 is the
      manual control signal or MCS which is supplied to buffer 20 to provide PCS
      during the manual mode through position M of switch S1.
PAR  The configuration described above is completely conventional. To this
      conventional configuration is added comparator 24 which receives as inputs
      ACS and PCS. The output of comparator 24 is therefore a signal equal to
      the deviation between ACS and PCS. In other words, the output of
      comparator 24 represents the potential bump that would be applied to the
      process if a mode transfer or other change was not accomplished
      bumplessly. This deviation signal is supplied through the closed position,
      position C, of switch S3 as an additional input to reset generator 18. As
      will be described hereinbelow, it is convenient to supply this deviation
      signal to reset generator 18 in such a manner than the effective time
      constant of this deviation signal is different than the effective time
      constant of the reset term in the algorithm. In particular a shorter time
      constant in the settle loop is desirable to allow the settle circuitry to
      "override" the normal reset parameter of the controller.
PAR  The set-point signal SPS may be supplied to comparator 10 from adjustable
      local set-point source 28, remote set-point source 30 or dynamic fail
      set-point source 32 through positions L, R and DF of switch S4,
      respectively.
PAR  Switches S1, S2 and S4 may conveniently be groups of field-effect
      transistors, FET's, and switch S3 may conveniently be the contacts of an
      electromagnetic relay as shown in FIG. 3.
PAR  As shown in FIG. 3, reset generator 18 is typically an integrator
      configurated from a high gain operational amplifier having a capacitor in
      its feedback loop. Typical process requirements demand reset time
      constants such that the input of the amplifier described immediately above
      is a high impedance point. Simply stated, this means that even normally
      acceptable current leakage paths from this point tend to degrade
      controller operation unacceptably. An electromagnetic relay, or other
      switching device which has an extremely high impedance in the "off"
      position, must be used when attempting to connect an additional input,
      especially one with a relatively short time constant, to the high
      impedance point of the reset generator. Special care, in a manner known in
      the art of electromechanical equipment packaging, must be exercised to
      further protect this point. These four switches may be actuated in the
      sequence described below with reference to FIG. 2 in order to achieve
      bumpless operation of the controller.
PAR  FIG. 2 is a graphical representation of the states of switches S1, S2, S3
      and S4 shown on a common time axis. Time increases to the right but the
      time periods shown are arbitrary. At time T1 the switches are shown in
      positions corresponding to the manual mode of operation. That is, S1 and
      S2 are in the M position, S3 is in the C position and S4 is arbitrarily
      shown in the L position.
PAR  A series of changes will be described below with reference to the positions
      of switches S1 through S4 as controlled by the logic to provide bumpless
      operation. The following description is exemplary of the function of the
      logic and may easily be extrapolated to provide bumpless balanceless
      switching for other functions not shown herein. The sequence of transfers
      and switching represented by FIG. 2 is purely arbitrary and was chosen
      merely to illustrate the possible changes that would occur during
      operation of an installed controller.
PAR  At time T2 a transfer from manual to automatic mode is accomplished.
PAR  At this time switches S1 and S2 are moved to the A position and switch S3
      is opened. This action places the controller in the automatic mode of
      operation after ACS has been forced equal to PCS in order to prevent a
      bump in the process control signal.
PAR  At time T3 a change is initiated from the local set-point function to the
      remote set-point function. S1 is moved to the M position so that PCS is
      supplied from manual memory 22. At some time thereafter switch S4 is moved
      to the R position, effectively changing the set-point source. After this
      change has been made, switch S3 is closed for a time period designated as
      the settle time to adjust ACS to be equal to PCS so that at time T4, when
      S3 is opened, switch S1 may be moved to the A position returning the
      controller to the automatic mode of operation with a new set-point source
      without causing a bump in the process control signal.
PAR  The settle time must be sufficiently long to allow reset generator 18 to
      cause a full-scale change in ACS in order to accommodate the worst case
      condition of a full-scale difference between ACS and PCS. This minimum
      time period is dependent upon the time constant associated with reset
      generator 18 for the signal supplied by comparator 24. In the preferred
      embodiment this settle time period has a predetermined length greater than
      the minimum required settle time. In alternate embodiments it is possible
      to control the length of the settle time to correspond to the minimum
      required settle time by opening switch S3 when the output of comparator 24
      reaches zero.
PAR  At time T5 a dynamic fail situation is detected. Switch S1 is moved to the
      M position, causing PCS to be supplied by manual memory 22. Switch S4 may
      be then moved to the DF position, providing the dynamic fail source as the
      set-point signal. Switch S3 is then closed for the settle time so that at
      time T6, at the end of the settle time period, switch S3 may be opened and
      switch S1 returned to the A position, placing the controller in the
      automatic mode of operation with the dynamic fail set-point source.
PAR  At time T7 a transfer from the automatic mode to the manual mode is
      accomplished bumplessly by moving switches S1 and S2 to the M position so
      that PCS is supplied by manual memory 22 which was tracking PCS until the
      instant before transfer.
PAR  It must be noted in all of the above changes of operation that the transfer
      of S1 from the A position to the M position is accomplished in a bumpless
      fashion because when S2 is in the A position the manual memory 22 is
      caused to track PCS. Therefore, at the instant of transfer of S1 MCS
      equals ACS.
PAR  At time T8 a transfer is initiated from the dynamic fail set-point source
      function to the local set-point source function. This is accomplished
      bumplessly by merely moving switch S4 from the DF position to the L
      position. Since, during the manual mode PCS is supplied from manual memory
      22, a change in the set-point source cannot affect PCS. At time T9 a
      transfer is initiated back to the automatic mode of operation. This
      transfer is identical to the transfer beginning at time T2. This action
      switches S1 and S2 are returned to the A position. This action provides
      bumpless transfer to the automatic mode even though the set-point sources
      had been switched while in the manual mode. At time T9 the controller is
      in the automatic mode of operation with a local set-point source.
PAR  At time T10 a parameter change is initiated. Switches S1 and S2 are moved
      to the M position so that the PCS is supplied from manual memory 22.
      Switch S3 is then maintained in the closed position until the parameter
      changes are completed. The actual parameter adjustments are usually
      completed externally by, for example, manipulation of a potentiometer
      knob, such as parameter adjust source 39, by a human process operator.
      During this time PCS is generated by manual memory 22 at its stored value
      which is equal to the value of PCS before the transfer was initiated. In
      this way it can be seen that PCS is frozen at its last value by manual
      memory 22 while any required changes or switching is accomplished. After
      the switching is accomplished, comparator 24 is allowed to adjust ACS to
      be equal to PCS which is in fact the signal stored in memory 22. Drift of
      memory 22 for the few moments required is not noticeable even in the
      analog track and hold circuits currently available. At time T11 switch S3
      may then be opened and switch S1 and S2 returned to the A position,
      returning the controller to the automatic mode of operation bumplessly.
PAR  It is necessary however to assure that switch S3 will remain closed for a
      period equal to the settle time after the parameter change has been
      completed in order to guarantee that the settle circuit has sufficient
      time to make ACS equal to PCS.
PAR  FIGS. 3 and 4 will be used to describe in greater detail the controller of
      the instant invention.
PAR  In FIG. 3 sources 28, 30 and 32, comparator 10, rate generator 24, summer
      16, gain stage 12, settle comparator 24, manual memory 22 and buffer
      amplifier 20 are the same as shown in FIG. 1.
PAR  Reset generator 18 is shown in greater detail as follows. Resistor 40
      connects the deviation signal to the input of amplifier 42 which is
      provided with capacitor 44 in its feedback loop to serve as an integrator
      as discussed above. The time constant of the reset term in PCS is
      therefore dependent upon resistor 40 and capacitor 44. The deviation
      signal generated by settle comparator 24 is provided to the input of
      amplifier 42 through resistor 46. The time constant of the settle circuit
      is therefore dependent on resistor 46 and capacitor 44.
PAR  Operation of switches S1-S4 in FIG. 3 are controlled by certain logic
      signals which will be described with reference to FIG. 4.
PAR  Switch S1 has been replaced by FET's 48 and 50 in FIG. 3 which, when
      activated, correspond to positions A and M respectively as shown in FIG.
      1. S2 has similarly been replaced by FET's 52 and 54, which correspond to
      positions M and A, respectively. Switch S3 is shown as relay 56 and relay
      driver 58. Switch S4 has been replaced by FET's 60, 62, and 64, which
      corresponds to positions DF, L and R, respectively.
PAR  The FET's and relay shown in FIG. 3 are controlled by digital status
      signals generated by the logic shown in FIG. 4 in response to demands for
      changes by the operator or other external means as described below.
PAR  FIG. 4 shows a complete process controller 66 for supplying PCS to process
      68 and receiving therefrom PVS. Controller 66 includes analog control
      circuitry 70 which has been described in detail with respect to FIGS. 1
      and 3. Controller 66 also includes digital logic circuitry 72 which may be
      configured from discrete digital electronic components or a time shared
      portion of a digital computer. Logic circuitry 72 provides the status
      signals AUTO, MAN, SET, LSP, RSP, and DF in response to process operator
      initiated signals AMX, PAX, LRX and DFX. Logic circuitry 72 may be
      configured in any convenient manner to accept the above reference inputs
      and generate the above referenced outputs to control the switches in
      analog circuitry 70 in the sequence described with reference to FIG. 2.
PAR  FIG. 5 is a schematic in block diagram form of logic circuitry 72. AUTO and
      MAN are generated alternately by auto/manual flip-flop 84 which may
      conveniently be a clocked and directly resettable JK flip-flop. AMX and
      the return to auto signal, described hereinbelow, are combined in OR gate
      86 at the set input of flip-flop 84. The synchronous reset input is
      connected directly to AMX so that flip-flop 84 toggles every time AMX is
      present. Flip-flop 84 is directly reset to provide MAN by DFX.
PAR  SET is the output of SET flip-flop 90. The synchronous set input to
      flip-flop 90 is provided by the output of OR gate 92, one input of which
      is PAX. The output of OR gate 92 is inverted by inverter 94 and combined
      with one side of switch 96 in AND gate 98. The output of AND gate 98 is
      connected to the synchronous reset input of flip-flop 90. In a first
      position switch 96 serves to connect the output of time delay 100 to the
      input of AND gate 98. The input to time delay 100 is SET. Therefore, in
      this position of switch 96, flip-flop 90 will generate SET for a time
      period equal to the time delay of delay 100 or the period of time PAX is
      present, whichever is longer. This switch position is therefore the fixed
      settle time period position.
PAR  The other position of switch 96 connects the output of comparator 102 to
      the input of AND gate 98. One side of comparator 102 is grounded. The
      other input is provided by the output of comparator 24 shown in FIG. 1 and
      FIG. 3. When switch 96 is in this position, therefore, flip-flop 90
      generates SET until ACS is made equal to PCS as determined by comparator
      24 or until PAX is no longer present, whichever is longer. The reset
      output of flip-flop 90 is combined with LRX in AND gate 104, the output of
      which is connected to OR gate 92 so that SET will also be generated in
      response to LRX.
PAR  The output of AND gate 104 is also applied to the synchronous set input of
      local/remote flip-flop 106 which generates RSP. The synchronous reset
      input of flip-flop 106 is the output of OR gate 108, the inputs of which
      are DFX and the output of AND gate 104. The synchronous reset output of
      flip-flop 106 is LSP
PAR  DFX is also applied to the synchronous set input of the return to automatic
      flip-flop 110 by being combined with AUTO in AND gate 112. The set output
      of flip-flop 110 is combined with DF, to be described below, in AND gate
      114 to generate the return to automatic signal described above and applied
      to the input of OR gate 86. The synchronous reset input to flip-flop 110
      is MAN. DFX is also applied to the synchronous set input of dynamic fail
      flip-flop 116, the set output of which is DF. DF is applied to delay 118
      which is connected to the synchronous reset input of flip-flop 116. DF is
      therefore generated for the time period determined by the delay of delay
      118.
PAR  Clock 120 provides clock pulses for the above-described flip-flops. The
      clock frequency is dependent upon the pulse width of AMX, PAX, LRX and
      DFX. The period of the clock is conveniently equal to the width of the
      pulses.
PAR  It can be seen from the above description that logic circuitry 72 generates
      the above-described outputs to control the switches and circuitry 70 in
      response to the above-described inputs in the sequence described with
      reference to FIG. 2. Times T2, T7 and T9 correspond to receipt by digital
      logic circuitry 72 of the signal AMX, T3 and T8 represent signal LRX, T5
      represents DFX and T10 represents PAX.
PAR  These signals are generated by operator's interface 74 in the following
      manner. The human operator may initiate a transfer between automatic and
      manual modes of operation by activation of pushbutton 76 which, with
      proper signal conditioning not shown, generates time pulse AMX. In a
      similar manner the operator may initiate a local remote transfer by
      activation of pushbutton 78 which generates LRX.
PAR  The operator may adjust the parameter values in analog control circuitry 70
      in a bumpless fashion by adjusting parameter adjust source 39 while
      depressing parameter adjust pushbutton 80 which generates the signal PAX
      until a settle time period after pushbutton 80 has been released. Dynamic
      fail detector 82 is shown for convenience within operator's interface 74
      and may indicate a dynamic fail condition by generating pulse DFX.
PAR  For convenience the adjustable local set-point source 28, remote set-point
      source 30, dynamic fail set-point source 32 and MCS value source 38 are
      shown within operator's interface 74.
PAR  The status signals are utilized to control the switches in the analog
      control circuitry shown in FIG. 3 in the following manner. SET and MAN are
      combined in OR gate 106 to activate relay driver 58 which closes the
      contacts of relay 56. Status signals DF, LSP and RSP activate FET's 60, 62
      and 64 to connect comparator 10 to sources 32, 28 and 30, respectively.
      SET is inverted by inverter 108 and then combined with AUTO in AND gate
      110 to activate FET 48. MAN and SET are combined in OR gate 112 to
      activate FET 50 and MAN and AUTO are utilized to activate FET's 52 and 54,
      respectively.
PAR  Operation of the logic shown in FIGS. 3 and 4 may be summarized as follows.
      Initiation of an auto/manual transfer, a local/remote switching or a
      dynamic fail status places the controller in the manual mode so that the
      required switching may be accomplished and the settle circuit activated to
      adjust the ACS to be equal to the PCS so that return to automatic control
      may be accomplished bumplessly. Similarly, the time constants of the rate
      and reset generators, the proportionality constant of the gain stage, the
      values of the set-point sources and any other adjustments of values in the
      controller may be accomplished when pushbutton 80 is depressed. Activation
      of pushbutton 80 places the controller in the manual mode freezing PCS at
      its last value until after the changes have been made and the settle
      circuit has adjusted ACS so that return to automatic may be accomplished
      bumplessly. The controller is returned to the automatic mode when
      pushbutton 80 is released. PCS then changes to the value required by the
      new settings in accordance with the control algorithm.
PAR  The controller disclosed herein thereby provides automatically bumpless
      operation. An especially important function is also provided by means of
      which a human operator may guarantee, by temporarily depressing a
      pushbutton, that any change or alteration of the controller conditions he
      causes will not result in a bump in the process control signal supplied to
      the field.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved automatic process controller having adjustable parameters
      operable in manual and automatic modes of the type having:
PA1  automatic control means for generating an automatic control signal during
      the automatic mode related to the deviation of a process value signal from
      a set-point signal,
PA1  manual memory means for generating an adjustable manual control signal
      during the manual mode,
PA1  an output switch for selectively applying one of the control signals to the
      process to be controlled,
PA1  means to cause the automatic control signal to track the signal applied to
      the process during the manual mode, and
PA1  means to cause the manual control signal to track the signal applied to the
      process during the automatic mode, wherein the improvement comprises:
PA1  bumpless adjust means for initiating a change in the operation of the
      automatic control means;
PA1  first logic means responsive to actuation of the bumpless adjust means to
      operate the output switch to apply the manual control signal to the
      process;
PA1  a settle circuit for causing the automatic control signal to become equal
      to the signal applied to the process only when actuated;
PA1  second logic means responsive to actuation of the bumpless adjust means for
      generating a settle time period and for activating the settle circuit
      during the settle time period; and
PA1  third logic means for operating the output switch to apply the automatic
      control signal to the process at the end of the settle time period.
NUM  2.
PAR  2. The improved controller of claim 1 wherein:
PA1  the bumpless adjust means is a set-point selector switch for initiating a
      change between sources of the set-point signal applied to the automatic
      control means.
NUM  3.
PAR  3. The improved controller of claim 1 wherein the settle time period has a
      predetermined duration sufficiently long to allow the settle circuit to
      cause a full scale change in the value of the automatic control signal.
NUM  4.
PAR  4. The improved controller of claim 1 wherein:
PA1  the bumpless adjust means is a dynamic fail situation detector for
      initiating a change from the current source of the set-point signal to a
      predetermined dynamic fail set-point source.
NUM  5.
PAR  5. The improved controller of claim 1 wherein:
PA1  the bumpless adjust means is a pushbutton; and
PA1  the settle time period exceeds the period of time during which the
      pushbutton is actuated by a period of time sufficiently long to allow the
      settle circuit to make a full scale change in the values of the automatic
      control signal.
NUM  6.
PAR  6. The improved controller of claim 5 wherein the change means comprises
      means to change the value of the set-point signal.
NUM  7.
PAR  7. The improved controller of claim 1 wherein the settle circuit comprises:
PA1  a comparator arranged to generate a deviation signal related to the
      deviation between the automatic control signal and the signal applied to
      the process; and
PA1  means to apply the deviation signal to the automatic control means to
      reduce the deviation signal to zero.
NUM  8.
PAR  8. The improved controller of claim 7 wherein the settle time period is
      terminated when the deviation signal becomes zero.
NUM  9.
PAR  9. The improved controller of claim 1 wherein the settle circuit comprises:
PA1  means to provide a first term in the analog control signal related to the
      integral of the deviation of the automatic control signal from the control
      signal applied to the process.
NUM  10.
PAR  10. The improved controller of claim 9 of the type further having a reset
      generator to provide a term in the analog control signal related to the
      integral of the deviation of the process value signal from the set-point
      signal, wherein the time constant of the first term is shorter than the
      time constant of the second term.
NUM  11.
PAR  11. The method of automatically bumplessly operating a process controller
      having automatic means for generating an automatic control signal and
      manual means for generating a manual control signal while changing the
      operation of the automatic means, comprising the steps of:
PA1  applying the automatic control signal to the process to be controlled
      during an automatic mode while causing the manual control signal to track
      the signal applied to the process;
PA1  applying the manual control signal to the process during a manual mode
      while causing the automatic control signal to track the signal applied to
      the process;
PA1  determining a transfer period when a change is initiated that would result
      in a bump in the signal applied to the process;
PA1  applying the manual control signal to the process during thhe transfer
      period;
PA1  accomplishing the change during the transfer period,
PA1  providing a settle circuit to make the automatic control signal equal to
      the manual control signal during the transfer period, and
PA1  reapplying the automatic control signal to the process at the end of the
      transfer period.
NUM  12.
PAR  12. The method of claim 11 wherein:
PA1  the transfer period has a predetermined duration sufficiently long to allow
      the settle circuit to cause a full scale change in the value of the
      automatic control signal.
NUM  13.
PAR  13. The method of claim 11 wherein:
PA1  the transfer period is terminated when the automatic control signal is
      equal to the manual control signal.
NUM  14.
PAR  14. The method of claim 13 further comprising:
PA1  initiating a change when a bumpless adjust pushbutton is manually actuated.
NUM  15.
PAR  15. The method of claim 14 wherein:
PA1  the transfer period exceeds the period of time during which the pushbutton
      is actuated by a predetermined period sufficiently long to allow the
      settle circuit to cause a full scale change in the value of the automatic
      control signal.
NUM  16.
PAR  16. The method of claim 15 wherein:
PA1  the change is accomplished while the pushbutton is actuated.
NUM  17.
PAR  17. The improved controller of claim 1 wherein:
PA1  the change means is a set point source switch actuated in response to the
      bumpless adjust means to change the source of the set point signal applied
      to the automatic control signal.
NUM  18.
PAR  18. The improved controller of claim 5 wherein:
PA1  the change means is a manually operable parameter adjustment means for
      adjusting the parameters of the automatic means for generating an
      automatic control signal, said parameter adjustment means being operable
      while the pushbutton is actuated.
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ABST
PAL  An electronic thermometer system for measuring and displaying temperature
      in more than one power of a radix comprising a first radix counter for
      counting pulses representative of the temperature measured; a first
      display device for displaying the count in the first radix counter; a
      radix power increment circuit responsive to the first radix counter
      cycling through a first radix count for indicating that the first next
      radix power has been reached; a second display device for displaying the
      first radix power; and a decoder responsive to the radix power increment
      circuit for indicating that the first next radix power has been reached
      for setting a first predetermined number in the second display device.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to an electronic thermometer system which measures
      and displays temperature or temperature and time in a predetermined number
      of powers of radix, using less than that number of counters.
PAC  BACKGROUND OF INVENTION
PAR  Electronic thermometers are becomingly increasingly more attractive as
      their cost decreases. Although their initial cost may be relatively high,
      the cost over their extended period of use is comparable to that of
      mercury thermometers, especially when the electronic thermometers are used
      with disposable probe covers and the cost of repeated sterilization and
      breakage allowances for mercury thermometers is considered. Some
      electronic thermometers employ circuitry similar to digital volt meters
      which is neither the best suited nor most inexpensive approach for
      implementing thermometer systems. Thermometer systems, especially those
      used in patient care, require only limited range capability which admits
      of much simplification relative to broader range systems and renders
      redundant many circuits used in such instances.
PAC  SUMMARY OF INVENTION
PAR  It is therefore an object of this invention to provide an electronic
      thermometer system which measures and displays temperature in a
      predetermined number of powers of radix using less than that number of
      counters and less associated circuitry.
PAR  It is a further object of this invention to provide such a system which is
      small, compact, inexpensive, light weight and uses a minimum of circuitry
      yet provides high speed and accurate measurement.
PAR  It is a further object of this invention to provide such a system which in
      addition measures and displays a fixed period of time as a reference for
      the user.
PAR  The invention features an electronic thermometer system for measuring and
      displaying temperature in more than one power of a radix. There is a first
      radix counter for counting pulses representative of the temperature
      measured. A first display device displays the count in that first radix
      counter. A radix power increment circuit is responsive to the first radix
      counter cycling through a first radix count for indicating that the first
      next radix power has been reached. A second display device displays the
      first next radix power and a first decoder is responsive to the radix
      power increment circuit giving an indication that the first next radix
      power has been reached for setting a first predetermined number in the
      second display device.
PAR  In a preferred embodiment there is a third display device for displaying
      the second next radix power and the radix power increment circuit is
      responsive to the first radix counter cycling through a second radix count
      for indicating that the second next radix power has been reached. The
      decoder is responsive to the radix power increment circuit indicating that
      the second next radix power has been reached for displaying a different
      predetermined number in the second display device in place of the first
      predetermined number and displaying a second predetermined number in the
      third display device.
DRWD
PAC  DISCLOSURE OF PREFERRED EMBODIMENT
PAR  Other objects, features and advantages will occur from the following
      description of a preferred embodiment and the accompanying drawings, in
      which:
PAR  FIG. 1 is a simplified block diagram of an electronic thermometer system
      using a display circuit according to this invention;
PAR  FIG. 2 is a more detailed block diagram of the system of FIG. 1;
PAR  FIG. 3 is a more detailed block diagram of the digital counting and
      decoding circuit and digital display shown in FIG. 2;
PAR  FIG. 4 is a diagram of a matrix unit which may be used in the displays as
      shown in FIG. 3; and
PAR  FIG. 5 is a detailed schematic diagram of the display decoder and control
      circuits shown in FIG. 3.
DETD
PAR  The invention may be accomplished in an electronic thermometer system for
      measuring and displaying both time and temperature in more than one power
      of a radix, wherein the time is measured and displayed in a time mode
      period and the temperature is displayed in a temperature mode period.
PAR  In a preferred embodiment there are four display devices: a least
      significant digit display device, a next to least significant digit
      display device, a next to most significant digit display device, and a
      most significant digit display device.
PAR  A least significant digit radix counter counts the pulses representative of
      the temperature being measured and the least significant digit display
      device displays that count. A next least significant digit display counter
      counts the number of times that the least significant digit radix counter
      has cycled through a radix count and the count in that next to least
      significant digit counter is displayed in the next least significant digit
      display device. There is a radix power increment circuit responsive to the
      next to least significant digit radix counter having cycled through a
      first radix count for indicating that the first next radix power has been
      reached. The radix power increment circuit also responds to the next to
      least significant digit radix counter having cycled through a second radix
      count for indicating that the second radix power has been reached. The
      next most significant digit display device displays the first next radix
      power and the most significant digit display device displays the second
      next radix power.
PAR  A decoder, responsive to the radix power increment circuit having indicated
      that the first next radix power has been reached sets a first
      predetermined number in the next most significant digit display device and
      responds to the radix power increment circuit having indicated that the
      second next radix power has been reached to set a different predetermined
      number in the next most significant digit display device and a second
      predetermined number in the most significant digit display device.
PAR  If the system is used to measure both time and temperature the least
      significant digit display counter will count pulses representative of the
      temperature measurement in the temperature mode period and pulses
      representative of the time measurement during the time mode period. The
      least significant digit display device displays the count in the least
      significant digit radix counter during the temperature mode period but
      need not display the count in the least significant digit radix counter
      during the time mode period if the accuracy of the time measurement is not
      required to be as precise as that for the temperature measuring period. In
      both the time mode period and temperature mode period the radix power
      increment circuit responds to the next to least significant digit radix
      counter having cycled through a first radix count to indicate that the
      first next radix power has been reached and responds to the next to the
      least significant digit radix counter having cycled through a second radix
      count to indicate that the second next radix power has been reached. The
      decoder responds to the radix power increment circuit indicating that the
      first next radix power has been reached, in each period, to set a
      predetermined number in the next most significant digit display device and
      to an indication that the second next radix power has been reached during
      the temperature mode period, but not necessarily during the time mode
      period, to set a different predetermined number in the next most
      significant digit display device and a second predetermined number in the
      most significant digit display device. In this manner the system permits
      temperature measurement to four place accuracy using all four display
      devices while providing a two place accuracy for time measurement. These
      provisions are sufficient where, for example, as in the medical field the
      temperature range may be limited to 90.0.degree.F through 110.0.degree.F
      and the time to be measured may be on the order of 20 seconds, typically
      to be used to measure human pulse rate.
PAR  While four display devices have been suggested as few as two may be used in
      accordance with this invention. The radix used is most typically 10 since
      conventionally temperature is measured in the decimal system.
PAR  There is shown in FIG. 1 an electronic thermometer system 10 according to
      this invention including a temperature sensing circuit 12 which senses
      variation in temperature and provides a signal representative thereof to
      temperature measuring circuit 14 which provides a signal representative of
      the temperature sensed to timing and control circuit 16. Timing and
      control circuit 16 establishes an operation interval including a time mode
      period and a temperature mode period during which the time and temperature
      are displayed by display circuit 18. Timing and control circuit 16
      generates pulses for measuring a fixed period of time during the time mode
      period and selectively provides at its output either those pulses during
      the time mode period or the signal measuring the sensed temperature during
      the temperature mode period. Power is provided to each of circuits 12, 14,
      16 and 18 by power circuit 17.
PAR  In one specific embodiment temperature sensing circuit 12 may include a
      probe 20, FIG. 2, for sensing a temperature to be measured and producing
      an analog signal representative thereof which is submitted through
      internal reference circuit 22 to bridge circuit 24. Internal reference
      circuit 22 selectively connects a matching circuit to bridge circuit 24 in
      place of the input from probe 20 so that the accuracy and operation of the
      system can be verified. Bridge circuit 24 provides a reference output on
      line 26 and on line 28 provides a varying output as a function of the
      bridge imbalance representing the analog signal which is a function of the
      temperature sensed by probe 20. In this system used primarily to take the
      temperatures of humans the measurement range is from 90.degree. to
      110.degree.F. Thus reference output 26 of bridge circuit 24 represents the
      level of 90.degree.F; when output 28 of bridge circuit 24 is equal to
      reference output 26 thermometer probe 20 is measuring a temperature of
      90.degree.F. When output 28 is at a predetermined deviation from the level
      of output 26 probe 20 is measuring 110.degree.F. Output 28 is fed to
      anticipation circuit 30 which senses the rate of change of the temperature
      being sensed by probe 20 and adds to the signal on output 28 from bridge
      circuit 24, thereby providing a signal at summing point 32 in voltage to
      rate converter 14 representative of the final value of the temperature
      being sensed in advance of the actual sensing of that final value.
PAR  In measuring circuit 14 the signal at summing point 32 is directed to the
      negative input of integrator circuit 34 whose positive input receives
      reference output 26 from bridge circuit 24. A difference between summing
      point 32 and reference output 26 at the input to integrator 34 causes it
      to provide a positive slope ramp at its output to constant width pulse
      generator 26, which provides a negative going pulse of fixed width when
      the ramp reaches a predetermined voltage level. The fixed width pulse is
      delivered along feedback line 38 to reference current switch 40 which
      produces a positive going pulse having fixed width and fixed amplitude and
      delivers it to summing point 32. The presence of this pulse momentarily
      restores summing point 32 to the level of output 26 causing the integrator
      circuit output to drop resulting in a sawtooth output signal. Constant
      width pulse generator 36 then produces no further pulses to reference
      current switch 40. Therefore no pulses are delivered to summing point 32
      and the level at summing point 32 once again moves away from that at the
      reference output 26. This causes integrator circuit 34 to provide another
      positive ramp and the cycle to begin again. Since the pulses fed back to
      summing point 32 have fixed width and fixed amplitude it is the rate of
      those pulses which must adjust to the relative imbalance between summing
      point 32 and reference output 26. Thus the greater the difference between
      these two inputs to integrator circuit 34 the higher will be the
      repetition rate of the pulses provided at the output of constant width
      pulse generator 36 and this repetition rate is proportional to the
      temperature being sensed by probe 20. The illustrated configuration of
      measuring circuit 14 in FIG. 2 which includes summing point 32, integrator
      circuit 34, constant width pulse generator 36, feedback line 38 and
      reference current switch 40 is but one example of a voltage to rate
      converter which may be used. For example a voltage controlled oscillator
      or other means for producing an output whose frequency varies in
      proportion to an analog input signal may be used.
PAR  Control and display circuit 18 includes digital counting and decoding
      circuit 42 which counts the digital pulses provided at the output of
      constant width pulse generator 36 and decodes that count to display the
      measured temperature in digital display 44.
PAR  All power to the system from power supply 46 is controlled by automatic
      on-off switch 48 which is turned on by actuation of start switch 58 and
      remains on independently of further operation of switch 58 until the
      operation interval including the time mode and temperature mode periods
      has ended and then automatically turns off. Precision voltage regulator 50
      provides regulated voltage, PVR, to bridge circuit 24, reference current
      switch 40, integrator circuit 34, constant width pulse generator 36 and
      low battery voltage sensing circuit 52. The other input to low battery
      voltage sensing circuit 52 is the unregulated power supplied at the output
      of automatic on-off electronic switch 48. When the unregulated power
      supply voltage decreases to a predetermined level relative to the
      regulated voltage output provided by precision voltage regulator 50, low
      battery voltage sensing circuit 52 provides a signal to digital counting
      and decoding circuit 42 causing it to extinguish the least significant
      digit of the temperature appearing in digital display 44.
PAR  Electronic thermometer system 10 operates in two modes: a time mode and a
      temperature mode. Digital control logic 54 supervises system performance
      in each of these modes and controls the transistion between them. In the
      time mode digital control logic 54 passes time measuring pulses from clock
      56 to digital counting and decoding circuit 42, while in the temperature
      mode digital control logic 54 directs temperature measuring pulses from
      constant width pulse generator 36 to digital counting and decoding circuit
      42. The system is operated by actuation of start switch 58.
PAR  In operation when start switch 58 is actuated automatic on-off electronic
      switch 48 is turned on to supply power from power supply 46 to the rest of
      the system and digital control logic 54 and digital counting and decoding
      circuits 42 are reset. Probe 20 in contact with the patient whose
      temperature is to be measured begins to sense the temperature. The voltage
      E at output 28 of bridge circuit 24 decreases, increasing the negative
      current I at summing point 32. The difference in levels of output 26 and
      summing point 32 causes pulses to be generated at the output of constant
      width pulse generator 36 at a repetition rate required to restore summing
      point 32 to the proper level. The repetition rate of the pulses at the
      output of constant width pulse generator 36 stabilizes in a short period
      of time to represent the final value of the temperature being sensed. This
      time may be reduced still further by the use of anticipation circuit 30 as
      explained previously.
PAR  Simultaneously with this action, upon the actuation of start switch 58,
      automatic on-off electronic switch 48 is latched by a signal on line 60
      from digital control logic 54 to sustain automatic on-off switch 48 in the
      on condition during the time and temperature mode periods. In this
      particular embodiment, the time mode period precedes the temperature mode
      period and their durations are typically 20 seconds and 10 seconds,
      respectively. Simultaneously with the actuation of start switch 58 digital
      control logic 54 passes clock pulses from clock 56 to digital counting and
      decoding circuit 42. These clock pulses may have a duration of 100
      milliseconds so that a count of 10 such clock pulses by digital counting
      and decoding circuit 42 indicates 1 second. At the end of each second so
      accumulated digital display 44 is enabled to display the numbers 1 through
      19 representing the time. At the end of the 20th second digital control
      logic 54 transfers the system into the temperature mode by permitting
      passage, for the period of one clock pulse, of the pulses at the output of
      constant width pulse generator 36 to digital counting and decoding circuit
      42 which accumulates and decodes the count and causes the temperature to
      be displayed.
PAR  Digital display 44 may include four displays, FIG. 3, arranged to provide a
      four place digit display including least significant digit display 70,
      next to least significant digit display 72, next to most significant digit
      display 74 and most significant digit display 76. In the decimal system,
      radix 10, display 70 will represent the power 10 to the minus 1 or tenths;
      display 72 the power 10 to the one or units; display 74 10 to the two or
      tens position; and display 76 10 to the three or hundreds position.
      Display 72 also controls decimal point display 78.
PAR  Digital counting and decoding circuit 42 includes the first power counter
      80, and second power counter 82 which are directly connected to their
      associated displays 70, 72. Counter 80 is also connected directly to
      counter 82 so that each time counter 80 reaches a full count of ten a
      signal is provided to counter 82. Time and temperature pulses are
      selectively fed to the input of counter 80. Digital counting and decoding
      circuit 42 also includes a decoder circuit 84 including decoder 86 and
      decoder 88. Control circuit 90 includes control 92 and control 94. Control
      92 initially provides a low output on line 96 and a high output on line 98
      to decoder 86. After counter 82 has counted to a full count representing
      the accumulation of ten cycles or a hundred counts by counter 80 the
      output on line 96 goes from low to high and the output on line 98 goes
      from high to low. During the initial state of control 92 the high output
      on line 98 does not constitute the end of time mode period on line 100 nor
      a temperature enable signal on line 102: it provides a high output on line
      102 which in conjunction with the high output on line 104 causes the
      output of control 94 on line 106 to go low and inhibit decoder 88 so that
      no output is produced on line 108 to energize bars b and c of display 74.
      Upon the first signal from counter 82 the output on line 96 goes high and
      that on line 98 goes low. This negative going transition and subsequent
      negative level on line 98 does not constitute an end of time mode period
      signal on line 100; it does provide a low level on line 102 which despite
      the presence of the high level on line 104 will cause the output of
      control 94 on line 106 to go high enabling decoder 88 to provide an output
      on line 108 and energize bars b and c in display 74.
PAR  At the next signal from counter 82 to control 92 upon completion of the
      second counting cycle of counter 82, line 96 will again go low and line 98
      will go high. This positive transition on line 98 does constitute an end
      of time mode period on line 100 signifying the end of the time mode period
      to timing and control circuit 16. In response, timing and control circuit
      16 removes the time enable signal on line 104 so that even though the
      signal on line 102 is high the low signal on line 104 is sufficient to
      keep the output of control 94 on line 106 high so that decoder 88 remains
      enabled and the output on line 108 sustains the operation of bars b and c
      in display 74.
PAR  During this first two cycles of operation of counter 82 temperature display
      enable line 110 was low inhibiting decoder 86 so that regardless of the
      state of the outputs on lines 96 and 98 no outputs were provided on lines
      112, 114 and 116 of decoder 86 to energize bars a, d, and f in display 74
      or bar e in display 74 and bars b and c in display 76, or bar g in display
      74, respectively.
PAR  Each of the displays 70, 72, 74 and 76 includes a matrix 118, FIG. 4 which
      includes seven bars labelled a, b, c, d, e, f and g. When bars b and c are
      energized the matrix displays a 1; when bars a, b, c, d, f and g are
      energized the matrix displays a 9; when bars a, b, c, d, e and f are
      displayed the matrix displays a 0; and so on.
PAR  The temperature mode thus begins with bars b and c of display 74 enabled by
      the output on line 108 and the bars a, d, f and decimal point of display
      72 energized by output on line 112 regardless of the condition of the
      outputs on lines 96 and 98 from control 92. At the beginning of the
      temperature mode period, a high output on line 98 of control 92 causes
      decoder 86 to provide an output on line 116 which energizes bar g in
      display 74 so that the combination of energized bars b and c from lines
      108, a, d and f from line 112 and bar g from line 116, form the number 9.
      If the temperature reaches 100.degree.F or above a signal from counter 82
      changes the state of control 92 so that the output on line 96 goes high
      and the output on line 98 goes low. This removes the enabling output on
      line 116 and provides instead an output on line 114 which enables the e
      bar in display 74 and the b and c bars of display 76. Thus the combination
      of energized bars in display 74, b, c, a, d, f and e, produce the number
      zero while the enabled bars b and c in display 76 produce the number 1.
      The absence of the temperature display enable signal on line 110 may be
      used on line 119, connected to the display enable input of counter 80, to
      prevent the contents of counter 80 from being displayed in display 70
      during the time mode period but enabling the contents of counter 80 to be
      displayed in display 70 during the temperature mode period. The signal on
      line 120 from timing and control circuit 16 to the clock input of counter
      80 enables counter 80 to count time pulses on line 122 for the entire
      duration of the time mode period and to count temperature pulses on line
      122 during only the first clock pulse of the temperature mode period. At
      the end of the temperature mode period, the power on line 124 ceases to be
      supplied to the decoders 86 and 88 and the display is extinguished.
PAR  In operation upon initiation of the system, power is supplied on line 124
      to decoders 86 and 88 and primary control 92 has its output on line 96 low
      and its output on line 98 high. The signals on lines 102 and 104 to
      control 94 are high so that the output on line 106 to decoder 88 is low
      and decoder 88 is inhibited providing no output on line 108. The output on
      temperature display enable line 110 is low so that decoder 86 is inhibited
      producing no output on lines 112, 114, and 116. The system is in the time
      mode period and 100 millisecond clock pulses are being fed on line 122 to
      counter 80. Each time counter 80 completes a full radix count e.g., 10, it
      constitutes a measurement of 1 second of time and a carry signal is sent
      to counter 82. A count of 1, representing 1 second, in counter 82 is
      directly displayed in display 72 indicating a time of 1 second; one-tenth
      second counts being accumulated in counter 80 are not displayed in display
      70 because of the signal on line 119. Each time counter 80 completes a
      cycle, counter 82 is stepped so that counter 82 successively causes to be
      displayed the numbers 1, 2, 3, 4, 5, 6, 7, 8 and 9 in display 72. With the
      next count from counter 80, counter 82 completes its cycle and provides a
      signal to control 92 which changes the output on line 96 from low to high
      and that on line 98 from high to low. The low output appears on line 102
      and causes the output of control 94 to go high on line 106 enabling
      decoder 88 to provide an output on line 108 which enables bars b and c in
      display 74, so that a 1 appears in display 74.
PAR  Counter 80 continues to count 100 millisecond clock pulses and counter 82
      once again counts each carry signal from counter 80 and immediately
      displays the number in display 72. Now the numbers provided by counter 82
      to display 72 from 1 through 9 represent the times 11 through 19 seconds
      due to the conjunction of the number in display 72 with the number 1 in
      display 74.
PAR  When counter 82 completes its second cycle of counting, it again supplies a
      signal to control 92 which causes the output on line 96 to revert to the
      low state and that on line 98 to revert to the high state. This signals
      the end of the time mode period on line 100 and once again provides a high
      input on line 102 to control 94. The end of the time mode period signal on
      line 100 causes the system to enter the temperature mode period pursuant
      to which a temperature display enable signal on line 110 enables decoder
      86 to produce an output on line 112 to enable bars a, d and f in display
      74 in addition to the already enabled bars b and c. Bars b and c remain
      enabled by the output on line 108 from decoder 88 even though the output
      on line 102 to control 94 has gone high, because the output on line 104 to
      control 94 has gone low beginning at the beginning of the temperature mode
      period so that the output of control 94 on lines 106 remains high.
PAR  During the temperature mode period, temperature pulses arriving on line 122
      are counted for 1 clock time in accordance with the signal on line 120. In
      addition to the energization of bars a, d and f line 112 also energizes
      line 125, the decimal point input, which through display 72 lights decimal
      point 78.
PAR  The temperature range being measured by this system is 90.degree. to
      110.degree.F. The temperature sensing circuit 12 and temperature measuring
      circuit 14 are calibrated so that temperature measuring circuit 14
      produces output pulses at the rate of 2,000 pulses per second at a
      110.degree.F and zero pulses per second at 90.degree.F. Thus at
      100.degree.F 1,000 pulses per second would be produced; at 99.degree.F,
      900 pulses per second would be produced, and so on. Since the pulses are
      sampled for one clock time or 100 milliseconds only one-tenth of that
      number is actually counted by counter 80. For example, assume that the
      temperature 99.9.degree.F has been sensed; temperature pulses would then
      be supplied on line 122 at the rate of 990 pulses per second but only 99
      of the pulses would be counted by counter 80 during the 100 millisecond
      clock time. As the counting begins bars a, d and f and bars b and c are
      enabled in display 74. In addition the high output on line 98 provides an
      output on line 116 to enable the g bar in display 74 so that a 9 appears
      in display 74. Counter 80 counts from 1 to 99 in tenths of degrees and
      each count is displayed in display 70 which now represents tenths of
      degrees Fahrenheit. Each time counter 80 has counted a full cycle of 10
      counts i.e. at the counts of 10, 20, 30, 40, 50, 60, 70, 80 and 90 a carry
      signal is sent to counter 82 which in turn registers the numbers 1, 2, 3,
      4, 5, 6, 7, 8 and 9, respectively, which are successively displayed in
      display 72. Since counter 80 stops counting at 99 in this example, counter
      82 will never reach a full count and so the output states on lines 96 and
      98 of control 92 will not be switched. The final reading from the most
      significant digit to the least significant digit of displays would be as
      follows: display 76 would be blank and display 74, 72 and 70 in
      conjunction with decimal point 78 will read 99.9. Had the temperature
      sensed been 105.degree.F, temperature pulses would have had a frequency of
      1,500 pulses per second which sampled for the one clock time of 100
      milliseconds would have caused counter 80 to count 150 counts so that
      control 92 would have changed state once providing a high output on line
      96 and a low output on line 98 which would stop the output on line 116,
      extinguishing bar g in display 74 and turn on the output on line 114
      enabling bar e in display 74. Thus a 0 appears in display 74; enabled bars
      b and c in display 76 make a 1  appear in display 76 so that display 76,
      74, 72 and 70 read 105.0.degree.F.
PAR  Control 92 may include a flip-flop 92' FIG. 5, and control 94 may include
      NAND gate 94'. Decoder 86 includes transistor 130 whose emitter is
      connected to line 112 and whose collector is connected through resistor
      132 to positive power supply bus 134. The base of transistor 130 is
      connected through diode 136 to temperature display enable line 110 and
      through resistor 138 to line 124 from automatic on-off electronic switch
      48. The emitter of transistor 140 drives line 116. The collector of
      transistor 140 is connected through resistor 142 to bus 134 and transistor
      140 has its base connected through diodes 144 and 146 to lines 110 and
      124, respectively. The base of transistor 140 is also connected through
      resistor 148 to line 98 at the output of flip-flop 92'. Transistor 150 has
      its emitter connected to line 114 and its collector through resistor 152
      to bus 134. The base of transistor 150 is connected through diodes 154 and
      156 to lines 134 and 124, respectively. The base of transistor 150 is also
      connected through resistor 158 to the output of flip-flop 92' on line 96.
PAR  Decoder 86 includes transistor 160 whose emitter is connected to line 108
      and whose collector is connected through resistor 162 to bus 134. The base
      of transistor 160 is connected through resistor 164 to line 106 at the
      output of NAND gate 94' and through diode 166 to line 124.
PAR  During the time mode period the temperature display enable signal on line
      110 is low. Diodes 136, 144 and 154 are forward biased holding the bases
      of their respective transistors 130, 140 and 150 in the low state so that
      those transistors are not conducting; decoder 86 is disabled and there are
      no outputs on lines 112, 114 and 116. Also in the time mode period during
      the first cycle of counter 82, i.e., the first 10 seconds line 106 is low
      so that transistor 106 is also not conducting. However, following that in
      the remaining 10 seconds of the time mode period and the entire
      temperature mode period line 106 is high so that transistor 160 is
      conducting and there is a signal on line 108. At the end of the time mode
      period and at the beginning of the temperature mode period, the
      temperature display enable signal appears on line 110 causing it to go
      high and back bias diodes 136, 144 and 154. Therefore transistor 130 whose
      base is connected directly through resistor 138 to line 124 immediately
      begins to conduct providing an output on line 112. Diodes 146 and 156
      prevent transistors 140 and 150, respectively, from conducting in response
      to line 124. However, one of transistors 140 and 150 will be conducting to
      provide a signal on line 116 and 114, respectively, depending upon the
      state of flip-flop 92'. If the output on line 96 is high transistor 150
      will conduct to provide an output on line 114. If the output on line 98 is
      high transistor 140 will conduct and provide an output on line 116.
PAR  Other embodiments will occur to those skilled in the art and are within the
      following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic thermometer system for measuring and displaying
      temperature in more than one power of a radix comprising:
PA1  a first radix counter for counting pulses representative of the temperature
      measured;
PA1  a first display device for displaying the count in said first radix
      counter;
PA1  a radix power increment switching circuit responsive to said first radix
      counter cycling through a first radix count for indicating that the first
      next radix power has been reached; and to said first radix counter cycling
      through a second radix count for indicating that the second next radix
      power has been reached;
PA1  a second display device for displaying said first next radix power;
PA1  a third display device for displaying said second next radix power; and
PA1  a decoder responsive to said radix power increment circuit indicating that
      the first next radix power has been reached for setting a first
      predetermined number in said second display device and responsive to said
      radix power increment switching circuit indicating that said second next
      radix power has been reached for displaying a different predetermined
      number in said second display device in place of said first predetermined
      number and displaying a second predetermined number in said third display
      device.
NUM  2.
PAR  2. An electronic thermometer system for measuring and displaying
      temperature in more than one power of a radix comprising:
PA1  a least significant digit radix counter for counting pulses representative
      of the temperature measured;
PA1  a least significant digit display device for displaying the count in said
      least significant digit radix counter;
PA1  a next least significant digit radix counter for counting the number of
      times least significant digit radix counter has cycled through a radix
      count;
PA1  a next least significant digit display device for displaying the count in
      said next least significant digit radix counter;
PA1  a radix power increment switching circuit responsive to said next least
      significant digit radix counter cycling through a first radix count for
      indicating that the first next radix power has been reached and through a
      second radix count for indicating that the second next radix power has
      been reached;
PA1  a next most significant digit display device for displaying said first next
      radix power;
PA1  a most significant digit display device for displaying said second next
      radix power;
PA1  a decoder responsive to said radix power increment switching circuit
      indicating that the first next radix power has been reached for setting a
      first predetermined number in said next most significant digit display
      device and responsive to said radix power increment switching circuit
      indicating that the second next radix power has been reached for setting a
      predetermined number in said next most significant digit display device
      and a second predetermined number in said most significant digit display
      device.
NUM  3.
PAR  3. An electronic thermometer system for measuring and displaying time in a
      time mode period and temperature in a temperature mode period in more than
      one power of a radix comprising:
PA1  a least significant digit radix counter for counting pulses representative
      of the temperature measured during said temperature mode period and pulses
      representative of the time measured during said time mode period;
PA1  a least significant digit display device for displaying the count in said
      least significant digit radix counter during said temperature mode period;
PA1  a next least significant digit radix counter for counting the number of
      times said least significant digit counter has cycled through a radix
      count;
PA1  a next least significant digit display device for displaying the count in
      said next least significant digit radix counter;
PA1  a radix power increment switching circuit responsive in each said period to
      said next least significant digit radix counter cycling through a first
      radix count for indicating that the first next radix power has been
      reached and through a second radix count for indicating that the second
      next radix power has been reached;
PA1  a next most significant digit display device for displaying said first next
      radix power;
PA1  a most significant digit display device for displaying said second next
      radix power;
PA1  a decoder responsive to said radix power increment switching circuit
      indicating that the first next radix power has been reached for setting
      during each period a predetermined number in said next most significant
      digit display device and responsive to said radix power increment
      switching circuit indicating that the second next radix power has been
      reached for setting during said temperature mode period a different
      predetermined number in said next most significant digit display device
      and a second predetermined number in said most significant digit display
      device.
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ABST
PAL  Dynamic logic counting circuits are disclosed using recirculating latched
      memory stages having parallel shift circuits operating in synchronism with
      the latch circuits to control stepping of the counts. An alternate
      embodiment employs steering circuit controlled subcounters, each
      subcounter having a parallel shift circuit operating in synchronism with
      its respective subcounter to step the next succeeding subcounter when its
      respective subcounter reaches a predetermined count such as 9 for a binary
      coded decimal counter or 15 for a binary counter.
PARN
      INVENTION
PAR  This is a continuation of application Ser. No. 369,022 filed June 11, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  Digital counting circuits are most often implemented using flip-flop
      circuits connected in propagating daisy chain fashion so that whenever one
      stage switches from a logical 1 to a logical 0, the next following stage
      is activated to change state. Another common embodiment for a digital
      counting circuit is in the form of an adder which adds the amount by which
      the counter is to be advanced to the current count within the counter.
PAR  Neither of these well known counting circuit configurations lend themselves
      well to implementation using dynamic logic circuits because of the
      substantial time required within each dynamic logic gate to perform a
      decision. For this reason, daisy chain flip-flop counters operate at very
      low speed when implemented in dynamic logic. Although often capable of
      being operated faster than daisy chain counters, the adder implemented
      counters described above also are slower than is often desired and require
      substantially higher numbers of logic decisions circuits and, therefore,
      occupy much more integrated circuit chip area than is optimally desired.
PAR  A third dynamic logic counter known in the art includes a substantially
      complex steering logic circuit having inputs from all counting stages to
      allow parallel logical decisions to change the state of the proper counter
      stages thereby incrementing the counter to the next count. Because all
      logical decisions are made substantially in parallel and, therefore,
      substantially during the same time interval, a steering circuit controlled
      counter requires a very short time to increment. An example of such a
      third embodiment is U.S. Pat. No. 3,654,441. The steering circuit
      controlled counter, however, has the serious drawback of requiring complex
      logic circuits. In addition, counters having a large number of counting
      stages cannot be built because the maximum number of AND gate inputs or OR
      gate inputs specified for the dynamic logic circuit family being used,
      will quickly be exceeded when connecting the dynamic logic circuits to
      ensure that all logical decisions are made at the same time. The maximum
      number of inputs which can be connected to a logic circuit are, of course,
      determined by such considerations as series device impedance, device
      capacitance and so forth.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to increase the counting speed of a
      dynamic logic digital counter while at the same time keeping the number of
      dynamic logic circuits required to implement the counter to a minimum.
PAR  It is a still further object of this invention to make use of the inherent
      time delay required by a dynamic logic circuit to make a logical decision,
      in shift stages which propagate the signal for advancing the count within
      the counter, in synchronism with recirculation of the contents of each
      dynamic logic recirculating memory stage of the counter.
PAR  It is an even still further object of this invention to exploit the speed
      of steering circuit controlled counters while at the same time overcoming
      the disadvantages thereof by employing such counters as multistate memory
      stages or subcounters in combination with dynamic logic shift circuits for
      advancing the state or count of a next succeeding subcounter when the
      respective subcounter of the shift circuit reaches a predetermined state
      or count.
PAR  These and other objects which will become apparent upon a reading of the
      specification and drawings are obtained by employing dynamic logic shift
      circuits in synchronous and parallel operation with dynamic logic memory
      stages so as to propagate an advance signal to a next succeeding memory
      stage when the count of a respective memory stage associated with a shift
      circuit equals a predetermined value.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the first three stages of a counter according to a preferred
      embodiment of the invention in logic block diagram form.
PAR  FIG. 2 includes time waveforms of pertinent circuit node voltages of the
      diagram of FIG. 1.
PAR  FIG. 3 is an example logic block diagram of a logical AND/OR/INVERT circuit
      as used in the embodiments of FIGS. 1, 5, 6 and 7.
PAR  FIG. 4 is the detailed circuit schematic of a field effect transistor
      implementation of the logical block diagram of FIG. 3.
PAR  FIG. 5 shows a block diagram of an alternate embodiment of the invention.
PAR  FIG. 6 is a logical block diagram of the shift circuits of FIG. 5.
PAR  FIG. 7 is a logical block diagram of a three stage subcounter, five of
      which subcounters are incorporated into FIG. 5.
DETD
PAC  EXAMPLE DYNAMIC LOGIC CIRCUITS
PAR  Inasmuch as the preferred embodiments of the instant invention have been
      implemented using dynamic field effect transistor logic, it is believed
      that a more clear understanding of the invention is facilitated by
      reference to FIG. 3 and 4 wherein example dynamic logic field effect
      transistor circuits are shown. These circuits per se do not constitute the
      invention; however, the use of their inherent delay characteristics when
      connected in the described inventive combinations do provide the
      advantages which are claimed for the instant invention. It will be
      recognized by those skilled in the art that various substitutes for the
      below described dynamic logic circuits can be selected in replacement
      thereof without departing from the teachings which follow later in this
      specification.
PAR  Each dynamic logic circuit includes a minimum of three field effect
      transistor devices, at least two of which are connected to different ones
      of four non-overlapping phase clock signals labeled 01, 02, 03 and 04. For
      example, inverter 350 of FIG. 3 as shown in FIG. 4 includes field effect
      transistor 451 having drain and source connected to positive voltage
      supply +V and node 452, respectively, and a gate connected to phase 3
      clock. Transistor 451 precharges node 452 to a positive voltage level
      during each phase 3 time interval. Transistors 453 and 455 are connected
      in series between node 452 and ground reference potential as shown in FIG.
      4. Thus if a positive voltage signal F appears at the gate of transistor
      453, transistor 453 will be rendered conducting and will discharge node
      452 to ground reference potential through transistor 455 during a phase 4
      time decision interval during which time transistor 455 is rendered
      conducting. During the following phase 1 and 2 time intervals, a down
      level signal G will have been caused to appear at node 452 by the up level
      signal F which appeared at node 444 during the previous phase 4 time
      interval. In this manner inverter 350 both inverts and delays a signal as
      it passes therethrough.
PAR  In like manner, transistors 441 and 443 are connected drain-to-source
      between the positive voltage supply and nodes 446 and 444 respectively.
      Thus during phase 1 time interval nodes 446 and 444 are charged to a
      positive voltage level. Likewise, transistors 445 and 449 are connected
      drain-to-source between nodes 444 and 446 and 448 and ground reference
      potential, respectively, so that the charge at node 444 and 446 is
      conducted to ground reference voltage during phase 2 time decision
      interval if the transistors between node 446 and 448 are such as to
      provide a conductive path. The transistors between the nodes 446 and 448
      comprise the logical AND circuits 320, and 330 and logical OR circuit 310.
      For example, if positive voltage signals A and B are applied to the gates
      of transistors 431 and 433, they will be rendered conductive and a path
      will be completed between node 446 and node 448 satisfying the AND
      function. Likewise, if a positive voltage signal C and either a positive
      voltage signal D or a positive voltage signal E is applied to transistors
      321 and transistor 411 or transistor 413, respectively, a second path is
      provided from node 446 to node 448 thereby fulfilling the logical AND
      function of circuit 320 and the OR function of OR INVERT circuit 340. To
      the extent that either transistor 411 or transistor 413 can provide a
      conductive path between node 412 and node 448, the OR function of OR gate
      310 is implemented. During the following phase 3 and phase 4 time
      intervals an up level signal F will have been generated if neither AND
      circuit 320 nor 330 connected to OR INVERT circuit 340 provided the above
      described conductive path between node 446 and node 448.
PAC  A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Three stages of a binary counter implemented in accordance with the
      invention is shown in FIG. 1. The counter of FIG. 1 includes a plurality
      of dynamic logic recirculating memory stages taking the form of logical
      AND, OR, INVERT latch circuits 11, 33, and 39. The latch of each memory
      stage includes a true output labeled +BIT 1, +BIT 2 and +BIT 3. Likewise,
      each latch circuit includes an inverse output labeled -BIT 1, -BIT 2 and
      -BIT 3. The latch circuit of each memory stage also includes a recirculate
      inverse input for receiving a step signal and an inhibit recirculate true
      input for receiving a reset signal. For purposes of example, the true and
      inverse output of latch 11 are labeled 13 and 15, respectively, while the
      recirculate inverse and inhibit recirculate true inputs are labeled 17 and
      19, respectively.
PAR  Each of the above described latches is made up of an inventory AND/OR gate
      or two INVERT circuits. For example, the latch of memory stage 11 includes
      an AND/OR gate comprising AND circuits 43 and 45 having outputs connected
      to the input of OR/INVERT circuit 41. The output of OR/INVERT circuit 41
      is connected to an input of INVERT circuit 47. The output of INVERT
      circuit 47 is the true output of the latch 11 which is connected to an
      input of AND circuit 43 providing a gated positive feedback path thereby
      implementing the latch function. The output of INVERT circuit 47 is
      connected to an input of INVERT circuit 49, the output of which is the
      inverse output of the latch of memory stage 11. The output of INVERT
      circuit 49 is connected to an input of AND circuit 45 to provide an
      inverse feedback path for changing the state of the latch 11 when an
      active step signal is received at input 17 to condition AND circuit 45 and
      an active reset signal is received at input 19 to decondition AND circuit
      43 thereby opening the positive feedback path while closing the negative
      feedback path.
PAR  Each of the aforementioned memory stages act to store the binary face value
      (a logical one or a logical zero) of a bit position having a place value
      such as 1, 2, 4, 8, etc., of a binary number in much the same manner as is
      known in the art. It is primarily in the area of incrementing the count
      stored within the above described memory stages that the invention departs
      from the teachings of the prior art.
PAR  In order to change the state of the proper memory stages so as to increment
      a count stored within the counter of FIG. 1, each memory stage has an
      associated shift stage. For example, the latch circuit 33 of bit position
      1 has an associated shift stage 35, latch 11 has an associated shift stage
      21, and latch 39 has an associated shift stage 37. Each shift stage has an
      advance input for receiving a signal to advance the counter. Again for
      purposes of example, the advance input to shift stage 21 is labeled 23.
      Each shift stage contains dynamic logic circuits for delaying the advance
      signal and, in the proper circumstances, for inhibiting the advance
      signal. When not inhibited, the delayed advance signal is provided to a
      step output such as output 25 for providing a recirculate inverse signal
      to its associated latch circuit to complete a feedback path from an
      inverse output of the latch circuit causing the latch to change state from
      a logical 1 to a logical 0 or from a logical 0 to a logical 1. The change
      of state of the latch circuit of a memory stage associated with a shift
      stage is completed by inhibiting the feedback path from the true output of
      the latch with a reset signal from an output such as output 27 of the
      shift stage.
PAR  In addition to changing the state of its associated memory stage, each
      shift stage propagates the advance signal received at its input to an
      output after delaying the advance signal by the time required for one
      recirculation of the dynamic logic latch circuit. In this manner the
      advance signal is propagated to the next following shift stage. Each shift
      stage, for example stage 21, also has an inhibit input such as inhibit 31
      connected to the true output of the next preceding memory stage. The
      inhibit input to each shift stage inhibits the previously described step,
      reset, and delayed advance outputs from a shift stage whenever the
      preceding memory stage to which it is connected contains a logical zero
      before being stepped. In this manner, when the memory stage of a bit
      position is changed from a logical zero to a logical one by its respective
      shift stage, the propagated advance signal is inhibited from changing the
      state of following higher order bit position memory stages.
PAR  Referring again to FIG. 1, a detailed logic diagram is shown within the
      dotted line 21 representing the shift stage associated with latch 11. The
      previously described advance signal is connected to one input of a logical
      AND gate 51 while the previously described inhibit input 31 is connected
      to another input of AND gate 51 through an INVERT circuit 53. Thus
      whenever the inhibit input is not active, AND gate 51 is activated to
      generate the step signal at its output which is connected to output 25 as
      well as to the input of inverter circuits 55 and 57. The output of
      inverter circuit 57 is connected to output 27 to provide the reset signal
      while the output of INVERT circuit 55 is connected to output 29 to provide
      the delayed and propagated advance signal for use by a next following
      shift stage such as stage 37.
PAC  OPERATION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 2, a step by step description of the operation of the
      counter of FIG. 1 will be set forth. For purposes of explanation, let it
      be assumed that the counter of FIG. 1 contains the binary number 100.
      Thus, bit position 1 contains a logical 1 while bit positions 2 and 3
      contain logical zeros. As was previously described with respect to the
      example dynamic logic circuits of FIG. 3 and 4, each dynamic logic circuit
      acts during a repeating series of non-overlapping phase times 1 through 4.
      Referring to the waveform labeled +BIT 1 of FIG. 2, it can be seen that
      INVERTER 61 of FIG. 1 always charges +BIT 1 line to a positive voltage
      during phase 3 times. It is for this reason that the numeral 3 appears
      within the block diagram of inverter 61. Since it has been assumed that
      latch 33 is set to contain a logical 1, it follows that the output of
      inverter 61 is not discharged during phase 4 time decision interval 202
      and, therefore, a positive level signal is available at the +BIT 1 output
      of latch 33 of FIG. 1 during the following phase 1 and 2 time intervals.
      Inasmuch as latch 11 has been assumed to contain a logical zero, the
      waveform +BIT 2 of FIG. 2 shows output +BIT 2 being charged to a positive
      voltage during each phase 3 time interval and being discharged to ground
      reference potential during phase 4 decision time intervals 202 and 206.
      Therefore, during the following phase 1 and phase 2 time intervals, +BIT 2
      waveform is at the ground reference potential. Likewise, -BIT 1 and -BIT 2
      waveforms of FIG. 2 are inverted from and delayed by a single phase time
      interval with respect to +BIT 1 and +BIT 2 waveforms, respectively. With
      the continued recirculation of logical ones and zeros within latches 33
      and 11 as shown in FIG. 2 in mind, attention is directed to the STEP BIT 1
      waveform of FIG. 2 which is an output from shift stage 35. Inasmuch as
      shift stage 35 is the first stage of the counter, the state of latch 33
      must be changed every time an advance pulse is received. Therefore, no
      inhibit input or inhibit gate logic is needed and the advance input can be
      used directly as the STEP BIT 1 output so long as its decision interval
      occurs during phase 4 clock time. As a result of STEP BIT 1 waveform being
      at a positive voltage level during phase 1 time 203, the RESET BIT 1
      output from inverter 67 of FIG. 1 is caused to go to a ground reference
      potential. Thus the STEP BIT 1 and RESET BIT 1 waveforms of FIG. 2 will be
      at a positive voltage and at ground reference potential, respectively,
      during phase 2 clock time 204 which is the first decision interval of
      importance with respect to the counter of FIG. 1.
PAR  The STEP BIT 1 waveform of FIG. 2 acts on AND circuit 73 to complete a
      feedback path from the inverse output -BIT 1 of the recirculating dynamic
      logic latch circuit 33 during phase 2 time decision interval 204.
      Likewise, the feedback path from the true output, +BIT 1, is inhibited
      during phase 2 time decision interval 204 at AND circuit 71 by RESET BIT 1
      waveform being at ground reference potential. Therefore, the output of
      AND/OR gate 63 labeled BIT 1 GATE in FIG. 2 remains at a positive level
      during phase 3 and 4 time intervals 205 and 206, respectively, since
      neither AND circuit 71 nor AND circuit 73 provided a conductive path
      during phase 2 time decision interval 204. Latch 33 has thus begun to
      change state from a logical 1 to a logical 0.
PAR  Although latch 33 has begun to change state during a first decision time
      interval 204, its output signals +BIT 1 and -BIT 1 are still at positive
      and ground reference potentials, respectively. Therefore, during this same
      first decision time interval 204, INVERT circuit 53 of shift stage 21 is
      able to invert the positive potential true output from the first memory
      stage 33, providing a negative voltage potential to allow the advance
      signal to propagate through inverting OR gate 51 of shift stage 21. The
      advance signal is provided to shift stage 21 by INVERT circuit 69 during
      this same first decision time interval 204. As a result of INVERT circuit
      53 and 69 having positive voltage level signals at their input during
      decision time interval 204, the outputs of INVERT circuit 53 and 69 will
      be at a negative ground reference potential during phase three clock time
      205 and phase four clock time 206 as exemplified by the propagate INHIBIT
      waveform of FIG. 2.
PAR  The second decision interval of importance with respect to the counter of
      FIG. 1 is phase 4 clock time 206. It is during clock time 206 that the
      output of OR gate 51 is allowed to remain at a positive voltage level
      because neither of its inputs are at a positive voltage level, thereby
      generating STEP BIT 2 waveform as shown in FIG. 2. The STEP BIT 2 waveform
      in FIG. 2 is inverted by INVERT circuit 57 during the third decision time
      interval of importance, namely phase 1 clock time 207 to generate the
      waveform RESET BIT 2 of FIG. 2. Thus, with reference to FIG. 2, it can be
      seen that the STEP BIT 2 and the RESET BIT 2 waveforms are at a positive
      voltage level and a ground reference voltage level, respectively, during
      the fourth decision time of importance with respect to the counter of FIG.
      1, namely phase 2 clock time 208. These waveforms are, therefore, in
      condition to complete a feedback path from the inverse output -BIT 2
      output of stage 11 via AND gate 45 and to inhibit a feedback path from the
      true or +BIT 2 output via AND gate 43 during the fourth decision interval
      208. Just as the binary 1 bit which has been assumed to have been stored
      in latch stage 33 was able to gate the propagated advance signal from
      shift stage 35 into shift stage 21 during the same first decision interval
      204 as latch stage 33 was stepped from a binary 1 to contain a binary 0,
      so too does the binary 0 bit assumed to have been stored in latch stage 11
      inhibit propagation of the advance signal into shift stage 37 during the
      same fourth decision interval 208 as latch stage 11 is stepped to contain
      a binary 1. The advance signal is propagated out of shift stage 21 via
      INVERT circuit 55 but is inhibited from changing the state of memory stage
      latch 39 by the positive voltage level signal provided by INVERT circuit
      71 which causes the STEP BIT 3 line to be discharged to ground reference
      potential during the fifth decision interval 210.
PAR  Although latch stage 11 has started to change state during the fourth
      decision interval 208, it will not have completely changed state until the
      sixth and seventh decision intervals at which time the new +BIT 2 and -BIT
      2 outputs become available as the new contents of latch 11 is
      recirculated. It can be seen that it takes approximately four clock phase
      times or one full clock cycle to change the state of each stage of the
      instant embodiment of the invention. Thus for the three stage counter
      shown, it takes 10 phase times or 21/2 clock cycles to step the first two
      stages from 100 to 010. For a 14 stage counter it would take 141/2 clock
      cycles of four phases each to change the state of all stages.
PAR  Although it takes more than one clock cycle of four phase times to
      completely step a plural stage counter, all stages need not have changed
      state before the counter can be stepped again. This is due to the
      propagation mechanism provided by the shift stages by which a counter of
      the present invention is stepped. So long as the lowest order stage has
      completely changed state, the counter can be advanced again. Thus a
      stepping rate of once per clock cycle is possible with a plural stage
      counter of any length. All outputs of such a plural stage counter will, of
      course, not be valid until the last advance pulse has propagated until it
      is inhibited by encountering a stage containing a binary 0 bit which is
      flipped to a binary 1 state.
PAC  AN ALTERNATE EMBODIMENT AND ITS OPERATION
PAR  An even faster dynamic logic counting circuit will now be described which
      utilizes the shift logic stage teachings of the preferred embodiment in
      combination with steering logic controlled subcounters. This alternate
      embodiment of the invention has the advantages of reduced complexity and
      the ability to implement counters having a virtually unlimited number of
      counting stages while at the same time exhibiting an increase in speed of
      operation over the counter of the preferred embodiment.
PAR  Merely for purposes of example, it is envisioned that this alternate
      embodiment be an instruction counter as might be used in any of a number
      of digital computers using dynamic logic circuits. Thus the signal STEP IC
      is synonymous with "advance instruction counter". Likewise the signal
      INHIBIT STEP is included in this specification to give a flavor of how a
      counter of the invention might be actually used in conjunction with other
      dynamic logic wherein decisions are often made only to be inhibited at a
      last available decision interval. The technique of making a decisison and
      later inhibiting the decision is especially useful in dynamic logic
      because dynamic logic is inherently slower than other forms of digital
      logic.
PAR  Referring briefly to FIG. 5, a plurality of three stage steering circuit
      controlled subcounters 501 through 509 are shown having inverse outputs
      labeled -IC-14 through -IC-0 from lowest order to highest order
      respectively. As an example, the three stage steering circuit controlled
      subcounter 509 is shown in FIG. 7. FIG. 5 includes five such subcounters.
      The only differences between the subcounters 501 through 509 are the clock
      phase times during which their dynamic logic circuits make logical
      decisions. Thus the inverting AND/OR gates 701, 711, and 721 of FIG. 7
      make logical decisions during a phase 2 clock time. Reference is made to
      FIGS. 3 and 4 along with their foregoing description to show that gates
      713, 715 and 731 operate in conjunction with and are a part of inverting
      gate 711 and, therefore, all will make logical decisions during a phase 2
      clock time. The same reference applies to gates 703, 705 and 723, 725, 733
      which are associated with and a part of inverting AND/OR gates 701 and
      721, respectively.
PAR  Likewise INVERT circuits 707, 717, and 727 make logical decisions during a
      phase 4 clock time and INVERT circuits 709, 719 and 729 make logical
      decisions during a phase 1 clock time. The dynamic logic circuits of both
      subcounters 501 and 509 make logical decisions during the clock phase
      times indicated in FIG. 7. For purposes of easier explanation, the phase 2
      clock time during which the inverting AND/OR gates of subcounter 501 make
      logical decisions is later referred to as clock 2 phase 2, or a fourth
      decision time. Likewise, the phase 2 clock time during which the inverting
      AND/OR gates of subcounter 509 make logical decisions is later referred to
      as clock 3 phase 2 or an eighth decision time.
PAR  With further reference to FIG. 7, the inverting AND/OR gates of subcounter
      503 will make their logical decisions during a fifth decision time, namely
      clock 2 phase 3 time. The inverting AND/OR gates of subcounter 505 will
      make their logical decisions during the sixth decision time clock 2 phase
      4 and the inverting AND/OR gates of subcounter 507 will make their logical
      decisions during the seventh decision time clock 3 phase 1. Just as INVERT
      circuits 707 and 709 of counter 509 made their logical decisions two and
      three phase times after the decision time of inverting AND/OR gate 701,
      respectively, so the decision times of the INVERT circuits of counters 501
      through 507 are delayed from their inverting AND/OR gate decision times to
      accomplish recirculating latched memory stage operation. With the
      knowledge of one of ordinary skill of the art of dynamic logic circuits
      and the foregoing description in mind, it becomes merely repetitive to
      further recite details of the subcounters 501 through 509 except to note
      that the steering circuits referred to earlier herein take the form of OR
      gates 731 and 733, and AND gates 715 and 725 connected as shown in FIG. 7.
PAR  In order to sample the contents of a first subcounter 501 during a first
      time interval, attention is drawn to FIG. 6 wherein shift logic 503 of
      FIG. 5 is shown in more detailed schematic form. Referring then to FIG. 6,
      sampling gates in the form of dynamic logic inverting OR gates 601 through
      607 are provided. Each of gate 601 through 607 has three inputs which are
      connected to the three inverse outputs of each of the lower order four
      subcounters 501 through 507. Thus the inputs of OR gates 601 are connected
      to -IC-12, -IC-13, and -IC-14 outputs of subcounter 501. Thus when
      subcounter 501 contains a predetermined binary count of seven, -IC-12
      through -IC-14 being the inverse outputs of subcounter 501 are all at a
      logical 0 state or, in other words, at ground reference potential. Thus no
      input is available to OR gate 601 to discharge its output node during a
      first time interval, more explicitly identified as clock 1 phase 3, and
      therefore a ground reference potential inhibit propagate signal is
      generated at the output of INVERT circuit 611 during the third and fourth
      time intervals, i.e. clock 2 phases 1 and 2 allowing propagation of an
      advance signal. Sampling gates 603 through 607 and their respective
      inverters 613 through 617 are connected in a corresponding manner as shown
      in FIG. 6 to one another and to counters 503 through 507 of FIG. 5.
PAR  In order to increment the first subcounter 501 in response to an advance
      signal labeled +STEP IC, an inverting OR gate 621 and an INVERT circuit
      623 are provided. The output of OR gate 621 is labeled STEP G1 and
      corresponds to the signal line of the same name shown in FIG. 5. The
      output of OR gate 621 is also connected to the input of INVERT circuit
      623, the output of which is the RESET G1 signal also shown in FIG. 5.
PAR  In order to further improve the operating speed of this alternate
      embodiment of the invention, the advance signal is propagated through
      shift logic 511 in two parallel paths, each including dynamic logic
      inverting OR gates and INVERT circuits to control increasingly higher
      order subcounter stages 501 through 509 in a sequential propagating
      manner.
PAR  The +STEP IC advance signal is received at the inputs to inverters 619 and
      625. Inverters 619 and 625 provide proper timing relationships so that the
      advance signal will be able to control gate 621 during a second time
      interval clock 1 phase 4 and gate 627 during a third time interval clock 2
      phase 1. To this end, the output of INVERT circuits 619 and 625 are of
      course connected to inputs of inverting OR gates 621 and 627.
PAR  The output of inverting OR gate 621 is connected to the input of INVERT
      circuit 641 at the extreme left of FIG. 6, serially through INVERT circuit
      623, inverting OR gate 631, INVERT circuit 633, and inverting OR gate 639
      to control subcounters 501, 505, and 509 during fourth, sixth and eighth
      time intervals, respectively. These intervals correspond to clock 2 phase
      2, clock 2 phase 4 and clock 3 phase 2. Likewise, the output of INVERT
      circuit 625 is connected to the input of INVERT circuit 637 serially
      through inverting OR gate 627, INVERT circuit 629, and inverting OR gate
      635 to control subcounters 503 and 507 during the fifth and seventh time
      intervals, corresponding to clock 2 phase 3 and clock 3 phase 1,
      respectively.
PAC  OPERATION OF THE ALTERNATE EMBODIMENT
PAR  The following description of the operation of the counter of FIGS. 5, 6,
      and 7 is presented in a tabular paragraph form. Each paragraph is keyed to
      a sequential decision time and recites the logical decisions made by some
      of the more important decision blocks of the counting circuit. For the
      purposes of this description it is assumed that the counter contains the
      binary count of 000001111111111 in stages IC-0 through IC-14,
      respectively, and that a single STEP IC advance signal will be received to
      advance the counter. Only subcounters 501, 503, 505, and 507 will,
      therefore, be required to change state.
PAC  First Decision Time -- Clock 1 Phase 3
PAR  Gates 601 and 603 sample the contents of subcounters 501 and 503 finding
      the predetermined count of a binary seven in each subcounter as was the
      assumption for this example.
PAR  Subcounter 503 inverting AND/OR gates make logical decisions to recirculate
      true.
PAC  Second Decision Time -- Clock 1 Phase 4
PAR  Gate 621 in response to an advance signal +STEP IC makes a logical decision
      to step subcounter 501 during the fourth decision time if +INHIBIT STEP
      signal is not present.
PAR  INVERT circuit 611 makes the logical decision to provide a ground reference
      output signal during third and fourth decision times thereby not
      inhibiting advance signal propagation.
PAR  INVERT circuits 707, 717, and 727 of subcounters 501 and 509 make logical
      decisions to generate the true outputs of their respective latches during
      third and fourth decision times, i.e. not to discharge nodes +IC-14,
      +IC-13, and +IC-12 to ground reference potential but to discharge +IC-2,
      +IC-1 and +IC-0.
PAR  INVERT circuits 709, 719, and 729 of subcounter 507 make logical decisions
      to generate the inverse outputs of their respective latches during third
      and fourth decision times, i.e. to discharge node -IC-5 but not to
      discharge nodes -IC-4 and -IC-3 to ground reference potential.
PAC  Third Decision Time -- Clock 2 Phase 1
PAR  Gates 605 and 607 sample subcounters 505 and 507, respectively, finding the
      predetermined count of seven in subcounter 505 but a count less than seven
      in subcounter 507.
PAR  INVERT circuit 613 makes the logical decision to provide a ground reference
      potential output during fourth and fifth decision times thereby not
      inhibiting advance signal propagation.
PAR  INVERT circuit 623 makes the logical decision to provide a ground reference
      output during the fourth decision time in order to inhibit recirculation
      of true outputs of each latch of counter 501 and to propagate the advance
      signal.
PAR  Inverting OR gate 627 makes the logical decision to provide a positive
      voltage output during fourth and fifth decision times to step counter 503
      by recirculating the inverse output of each latch during the fifth
      decision time.
PAC  Fourth Decision Time -- Clock 2 Phase 2
PAR  Subcounter 501 increments from a count of seven to a count of zero, by all
      of its latches recirculating their inverse outputs.
PAR  The advance signal is propagated through gate 631 which makes the logical
      decision to provide a positive voltage output during fifth and sixth
      decision times to step subcounter 505 during the sixth decision time.
PAR  INVERT circuits 615 and 617 make logical decisions to provide ground
      reference and positive voltage outputs, respectively, during fifth and
      sixth decision times to not inhibit gate 635 but to inhibit gate 639
      thereby preventing propagation of the advance signal through gate 639.
PAC  Fifth Decision Time -- Clock 2 Phase 3
PAR  Subcounter 503 increments from a count of seven to a count of zero, all of
      its latches recirculating their inverse outputs.
PAR  The advance signal propagates through gate 635 which makes the logical
      decision to provide a positive voltage output during sixth and seventh
      decision times to step subcounter 507 during the seventh decision time.
PAR  INVERT circuits 709, 719, and 729 of subcounter 505 make logical decisions
      to generate the inverse outputs -IC-8, -IC-7, and -IC-6 during sixth and
      seventh decision times by discharging their outputs to ground reference
      potential.
PAR  INVERT circuits 707, 717, and 727 of subcounter 507 make logical decisions
      to generate the true outputs +IC-5, +IC-4, and +IC-3 during sixth and
      seventh decision times by not discharging the output of circuit 707 but
      discharging the outputs of circuits 717 and 727.
PAC  Sixth Decision Time -- Clock 2 Phase 4
PAR  Subcounter 505 increments from a count of seven to a count of zero.
PAR  The advance signal is inhibited from propagating through gate 639 by the
      output of INVERT circuit 617 as a result of sampling gate 607 having found
      subcounter 507 to contain a count of less than seven.
PAR  INVERT circuits 709, 719, and 729 of subcounter 507 make logical decisions
      to generate the inverse outputs -IC-5, -IC-4, and -IC-3 during seventh and
      eighth decision times by discharging the output of circuit 709, but not
      discharging the outputs of circuits 719 and 729.
PAR  INVERT circuits 707, 717, and 727 of subcounters 501 and 509 make logical
      decisions to generate the true outputs +IC-14, +IC-13, and +IC-12, and
      +IC-2, +IC-1, and +IC-0 during seventh and eighth decision times. Since
      subcounter 501 was stepped to zero during the fourth decision time,
      circuits 707, 717, and 727 of both subcounters will all discharge their
      outputs to ground reference potential.
PAR  Note that gate 621 has been precharged and could accept a second advance
      signal at this decision time thereby stepping the counter of FIG. 5 at the
      rate of once each clock cycle without causing interference with previous
      advance pulses being presently propagated to higher order subcounters.
PAC  Seventh Decision Time -- Clock 3 Phase 1
PAR  Subcounter 507 increments from a binary count of one to a count of two at
      its outputs +IC-5, +IC-4, and +IC-3, respectively. This increment is
      accomplished by recirculating the inverse output -IC-5 through AND circuit
      705 while inhibiting recirculation of true output +IC-5 through AND
      circuit 703. Likewise the inverse output -IC-4 being at a logical one
      positive voltage level is gated through AND circuit 715 by virtue of the
      fact that both +IC-5 and STEP G4 signals are also at a positive voltage
      level. Since neither -IC-5 nor RESET G4 signals are at positive voltage
      levels OR circuit 731 does not provide a conductive series path with AND
      circuit 713. Therefore, the true output +IC-4 is inhibited from
      recirculating. To aid in comprehending the foregoing sentences, reference
      is again made to FIGS. 3 and 4 and supporting description appearing herein
      under the heading of Example Dynamic Logic Circuits. Note that steering
      circuits 725 and 733 prevent inverting AND/OR gate 721 from recirculating
      inverse output -IC-3 and, therefore, the latch of this highest order stage
      of subcounter 507 does not change state.
PAR  INVERT circuits 709, 719, and 729 of subcounters 501 and 509 make logical
      decisions to generate positive voltage outputs -IC-14, -IC-13, -IC-12, and
      -IC-2, -IC-1, -IC-0, respectively, during eighth and ninth decision times.
PAR  Likewise INVERT circuits 707, 717, and 727 of subcounter 503 make logical
      decisions to generate ground reference potential outputs +IC-11, +IC-10
      and +IC-9, respectively, during eighth and ninth decision times since
      subcounter 503 has been stepped to zero.
PAC  Eighth Decision Time -- Clock 3 Phase 2
PAR  Subcounter 509 does not increment because the advance signal was not
      propagated through gate 639.
PAR  The INVERT circuits 707, 717, and 727 of subcounter 505 discharge their
      outputs +IC-8, +IC-7, and +IC-6 to ground reference making the new count
      of zero in subcounter 505 available at outputs for the first time during
      the ninth decision time.
PAR  INVERT circuits 709, 719, and 729 of subcounter 503 do not discharge their
      outputs -IC-11, -IC-10, and -IC-9 thereby making the inverse of the new
      count of zero in subcounter 503 available for the first time during the
      ninth decision time.
PAC  Ninth Decision Time -- Clock 3 Phase 3
PAR  The INVERT circuits 707, 727, and 717 of subcounter 507 are now discharging
      outputs +IC-5, +IC-3 and not discharging +IC-4, respectively, to provide
      true outputs of subcounter 507 during 10 and 11 decision times.
PAC  10th Decision Time -- Clock 3 Phase 4
PAR  The INVERT circuits 707, 717, and 727 are now discharging outputs +IC-2,
      +IC-1 and +IC-0 of subcounter 509, respectively, to provide true outputs
      of subcounter 509 during 11th and 12th decision times.
PAR  The foregoing description of an example operation of the alternate
      embodiment makes it apparent that the counter of FIG. 5 can be completely
      incremented from advance signal to appearance of outputs of highest order
      subcounter within 2 1/2 clock cycles of four phases each.
PAR  It will be apparent to those of skill in the art of dynamic logic design
      that the teaching of the preferred embodiment showing shift stages
      connected in a single serial path can be applied to the subcounter
      teachings of the alternate embodiment to yield a counter capable of
      operating at a speed between that attainable by the preferred and
      alternate embodiments. Likewise, it will be apparent to such
      aforementioned one of skill in the art to increase the number of parallel
      paths comprising serially connected shift stages to obtain even further
      increases in speed than expressly set forth with respect to the alternate
      embodiment without departing from the spirit and scope of this invention.
      Such aforementioned one need merely follow the teachings as portrayed in
      FIGS. 6 and 7 being cognizant of the maximum number of inputs which can be
      provided to dynamic logic AND circuits and OR circuits in view of
      switching device impedance and capacitance. For example, three advance
      signal propagation paths operating to increment binary coded decimal
      subcounters, each having four latch memory stages, can easily be
      implemented according to the foregoing teachings in combination with well
      known binary coded decimal number system art.
PAR  It will be understood by those of skill in the art that the foregoing and
      other changes in form and details may be made to the preferred and
      alternate embodiments expressly described herein without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A counter comprising:
PA1  a plurality of dynamic logic circuit steering circuit controlled
      subcounters;
PA1  shift logic means having an advance input for receiving an advance signal
      to advance said counter, said shift logic further comprising:
PA1  first sampling logic having inputs connected to outputs of a first of said
      subcounters for sampling the contents thereof before the outputs of said
      first subcounter have changed state;
PA1  first incrementing logic having an input for receiving said advance signal
      and an output connected to an input of said first subcounter, said first
      incrementing logic being synchronized with dynamic logic memory stages of
      said first subcounter to increment said first subcounter in response to
      receipt of said advance signal and to propagate said advance signal;
PA1  second incrementing logic having an input for receiving said advance
      signal, an input connected to the output of said first sampling logic and
      an output connected to an input of a second of said subcounters, said
      second incrementing logic being synchronized with dynamic logic memory
      stages of said second subcounter to increment said second subcounter and
      to propagate said advance signal if said sampled contents of said first
      subcounter equal a predetermined count.
NUM  2.
PAR  2. The counter of claim 1 wherein said first and second incrementing logic
      means receives said advance signal from said advance input of said shift
      logic means and said shift logic means further comprises:
PA1  third incrementing logic having an input connected to an output of said
      first incrementing logic for receiving said advance signal therefrom, said
      third incrementing logic being synchronized with dynamic logic memory
      stages of a third of said subcounters to increment said third subcounter;
PA1  second sampling logic having inputs connected to outputs of said second
      subcounter for sampling the contents thereof before the outputs thereof
      have changed state, an output of said second sampling logic being
      connected to an input of said third incrementing logic to inhibit
      incrementing of said third subcounter if said sampled contents of said
      second subcounter do not equal said predetermined count.
NUM  3.
PAR  3. A counter comprising:
PA1  a plurality of dynamic logic steering circuit controlled counters;
PA1  shift logic means having an advance input for receiving an advance signal
      to advance said counter, said shift logic further comprising:
PA1  first sampling logic having inputs connected to outputs of a first of said
      subcounters for sampling the contents thereof during a first decision
      time;
PA1  first incrementing logic having an input connected to said advance input of
      said shift logic, and an output connected to an input of said first
      subcounter, said first incrementing logic making a logical decision during
      a second decision time to step said first subcounter and to propagate said
      advance signal during a fourth decision time;
PA1  second incrementing logic having an input connected to said advance input
      of said shift logic for receiving said advance signal, an input connected
      to the output of said first sampling logic to inhibit incrementing higher
      order subcounters if the sampled contents of said second subcounter do not
      equal a predetermined count, and an output connected to an input of a
      second of said subcounters, said second incrementing logic making a
      logical decision during a third decision time to increment said second
      subcounter and propagate said advance signal during a fifth decision time
      if said sampled contents of said first subcounter do equal said
      predetermined count.
NUM  4.
PAR  4. The counter of claim 3 wherein said shift logic further comprises second
      sampling logic having inputs connected to outputs of said second
      subcounter for sampling the contents thereof before the outputs thereof
      have changed state in response to an output from said second incrementing
      means;
PA1  third incrementing logic having an input connected to an output of said
      first incrementing logic for receiving said advance signal therefrom, and
      an input connected to an output of said second sampling logic to inhibit
      incrementing of higher order subcounters if said sampled contents of said
      second subcounter does not equal a predetermined count, an output of said
      third incrementing logic being connected to an input of a third of said
      subcounters, said third incrementing logic making a logical decision
      during a fourth decision time to increment said third subcounter and to
      propagate said advance signal during a fifth decision time if said sampled
      contents of said second subcounter do equal said predetermined count.
NUM  5.
PAR  5. The counter of claim 4 wherein said shift logic further comprises third
      sampling logic having inputs connected to outputs of said third subcounter
      for sampling the contents thereof before the outputs thereof have changed
      state in response to a signal from said third incrementing logic;
PA1  fourth incrementing logic having an input connected to an output of said
      second incrementing logic for receiving said advance signal therefrom, an
      input connected to an output of said third sampling logic to inhibit
      incrementing of higher order subcounters if the sampled contents of said
      third subcounter do not equal said predetermined count, said fourth
      incrementing logic having an output connected to an input of said fourth
      subcounter, said fourth incrementing logic making a logical decision
      during a fifth decision time to increment said fourth subcounter during a
      seventh decision time if said sampled contents of said third subcounter do
      equal said predetermined count.
NUM  6.
PAR  6. A counter comprising:
PA1  a dynamic logic recirculating memory stage for recirculation of a count
      stored therein, said memory stage having a true output, and a recirculate
      inverse input;
PA1  a dynamic logic shift stage having an advance input for receiving an
      advance signal to advance said counter, said shift stage propagating said
      advance signal in synchronism with said recirculation of said memory
      stage;
PA1  said shift stage further having a step output connected to said recirculate
      inverse input of said memory stage;
PA1  said shift stage further having a delayed advance output for connection to
      said advance input of a next following shift stage, and an inhibit input
      for connection to said true output on a next preceding memory stage for
      inhibiting said advance signal, thereby inhibiting signals from said step
      output and from said delayed advance output of said shift stage whenever
      said preceding memory stage contains a logical zero before being stepped.
NUM  7.
PAR  7. The counter of claim 6 wherein each of said memory stages further
      comprise an inhibit recirculate true input; and wherein each of said shift
      stages further comprise a reset output connected to said inhibit
      recirculate true input of said memory stage.
NUM  8.
PAR  8. The counter of claim 7 wherein each of said memory stages further
      comprise:
PA1  a logical AND/OR gate for making logical decisions at a first time
      interval, said AND/OR gate having a first AND circuit for recirculating
      the true output, said first AND circuit having an input for receiving said
      reset output signal from said shift stage, said AND/OR gate having a
      second AND circuit for recirculating said inverse output, said second AND
      circuit having an input for receiving said step output signal from said
      shift stage,
PA1  a first logical INVERT circuit capable of making logical decisions at a
      second time interval having an input connected to the output of said
      AND/OR gate, an output of said first INVERT circuit being said true
      output;
PA1  a second logical INVERT circuit capable of making logical decisions at a
      third time interval having an input connected to said output of said first
      INVERT circuit, an output of said second INVERT circuit being an inverse
      output.
NUM  9.
PAR  9. The counter of claim 7 wherein each of said shift stages further
      comprises:
PA1  a logical AND gate capable of making logical decisions at said second time
      interval, said AND gate having a first input for receiving said advance
      signal;
PA1  a first logical INVERT circuit capable of making a logical decision at said
      first time interval having an input connected to said inhibit input and an
      output connected to a second input of said logical AND gate for
      synchronizing said inhibit input with said advance signal;
PA1  said logical AND gate having an output connected to said step output and to
      an input of second and third logical INVERT circuits capable of making
      logical decisions at said first and said third time invervals,
      respectively;
PA1  said second logical INVERT circuit having an output connected to said
      delayed advance output and said third logical INVERT circuit having an
      output connected to said reset output.
NUM  10.
PAR  10. The method of counting in the binary number system characterized by the
      arrangement of digits in sequence wherein successive digits are
      coefficients of successive powers of two comprising the steps of:
PA1  completing an inverse feedback path associated with a first recirculating
      dynamic logic memory stage in response to an advance signal during a first
      clock cycle to begin changing the state of said first memory stage;
PA1  propagating said advance signal as a delayed advance signal during said
      first clock cycle to a second recirculating dynamic logic memory stage for
      completing an inverse feedback path associated with said second memory
      stage; and
PA1  inverting a true output from said first memory stage during said first
      clock cycle to generate a propagate inhibit signal for inhibiting said
      delayed advance signal from completing said inverse feedback path
      associated with said second memory stage if said first memory stage
      contains a logical zero during said first clock cycle;
PA1  completing an inverse feedback path associated with said second memory
      stage in response to said delayed advance signal during a second clock
      cycle to begin changing the state of said second memory stage if said
      first memory stage contains a logical one during said first clock cycle;
PA1  propagating said delayed advance signal as a further delayed advance signal
      during said second clock cycle; and
PA1  inverting a true output from said second memory stage during said second
      clock cycle to generate a propagate inhibit signal for inhibiting said
      further delayed advance signal if said second memory stage contains a
      logical zero during said second clock cycle.
NUM  11.
PAR  11. The method of claim 10 further comprising the step of:
PA1  inhibiting a true feedback path associated with said first memory stage
      during said first clock cycle in response to said advance signal.
NUM  12.
PAR  12. The method of claim 11 further comprising the step of:
PA1  inhibiting a true feedback path associated with said second memory stage
      during said second clock cycle if said first memory stage contains a
      logical one during said first clock cycle.
NUM  13.
PAR  13. The method of claim 12 wherein said first clock cycle steps are all
      accomplished during a first decision interval which is only a portion of
      said first clock cycle; and
PA1  wherein said second clock cycle steps are accomplished during a fourth
      decision interval which is only a portion of said second clock cycle.
NUM  14.
PAR  14. The method of counting utilizing a plurality of steering circuit
      controlled dynamic logic subcounters comprising the steps of:
PA1  sampling the contents of a first subcounter with a dynamic logic gate;
PA1  completing an inverse feedback path associated with a recirculating dynamic
      logic memory stage of said first subcounter in response to an advance
      signal during one decision time to begin changing the state of said first
      subcounter;
PA1  propagating said advance signal to a second subcounter as a delayed advance
      signal during said one decision time for incrementing said second
      subcounter;
PA1  inverting the output of said gate to provide an inhibit propagate signal
      during said one decision time for inhibiting said delayed advance signal
      from incrementing said second subcounter if said sampled contents of said
      first subcounter did not equal a predetermined count,
PA1  sampling the contents of said second subcounter with a second dynamic logic
      gate;
PA1  completing an inverse feedback path associated with a recirculating dynamic
      logic memory stage of said second subcounter during a next decision time
      in response to said delayed advance signal if the contents of said first
      subcounter did equal said predetermined count;
PA1  propagating said delayed advance signal as a further delayed advance signal
      during said next decision time;
PA1  inverting the output of said second gate to provide a second inhibit
      propagate signal during said next decision time.
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PAL  An arrangement for correcting errors incurred in airborne navigational
      systems. A ground installation in the form of a radar determines the
      positions of a multiple number of aircrafts, and communicates the
      positional information of the aircraft, simultaneously to all aircrafts
      involved. Each individual aircraft, thereupon, compares the position
      determined by its own navigational system, with the position communicated
      from the ground radar. On the basis of the resultant comparison, the
      navigator of each individual aircraft, is enabled to correct his position
      and compensate for the error inherent in the airborne navigational system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the use of airborne navigational systems to indicate to aircraft
      personnel, their own position with respect to the ground, errors inherent
      in the sensors of the navigational system and the computations must be
      taken into account.
PAR  Thus, navigational sensors which are self-contained and independent of
      linkages or communication with ground personnel or installations, provide
      data which has predetermined uncertainty associated with it. In processing
      the data obtained from the navigational sensors, further uncertainty in
      the results may be introduced, by the subsequent computation for the
      position of the airborne vehicle. The computation, for example, may
      involve various assumptions, for the purpose of simplifying the
      computations to obtain the aircraft position from the data supplied by the
      sensors. Additional computational error may be introduced, if the
      computation is carried out by, for example, an analog computer. Depending
      on the number of decimal places or significant figures used in the
      computation, errors may be incurred even if the computation is performed
      by a digital computer. The sensors used for deriving the position of the
      aircraft may be in the form of, for example, inertial, stellar, doppler,
      radar, and systems which measure wind speed and air speed, or combinations
      thereof. In the use of such navigational sensing arrangements,
      dead-reckoning procedures are required and the resultant positional
      information has inherent error or uncertainty associated with it, in view
      of the errors or uncertainties prevailing with respect to the sensors and
      the dead-reckoning procedures.
PAR  Accordingly, it is an object of the present invention to provide a
      navigational error correcting system, which corrects the position of an
      aircraft, derived from an airborne navigational system.
PAR  Another object of the present invention is to provide a navigational error
      correcting system for use in conjunction with multiple aircraft, without
      requiring that each aircraft be addressed individually.
PAR  A further object of the present invention is to provide a navigational
      error correcting system of the foregoing character, which operates in
      conjunction with a ground-based installation for determining the position
      of an individual aircraft.
PAR  A still further object of the present invention is to provide a
      navigational error correcting system, as described, which is highly
      reliable in operation, and which is secured for use in defense
      applications as well as for peacetime use.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of the present invention are achieved by providing an
      arrangement in which a ground-based radar follows or tracks a multiple
      number of aircrafts, and determines the ground position of each individual
      aircraft or airborne vehicle. The resultant positional information
      determined by the radar installation, is communicated simultaneously to
      all aircrafts which are involved. The navigator in each aircraft compares
      all of the different positions communicated or transmitted by the radar,
      with his own position determined by his own airborne navigational system.
      If the error of the airborne navigational system is less than half the
      distance to the nearest aircraft, then the navigator may correct his own
      positional information, in accordance with the data derived from the
      ground installation. If, thereupon, the navigator finds that the
      difference D between the compared positions is less than the error E of
      his airborne navigational system, for only one of the communicated
      positions, then the navigator can correct his position in an unambiguous
      manner, in accordance with the position communicated from the ground
      installation. If, on the other hand, the quantity D is not less than E for
      any position, than the position with the smallest difference may be
      selected by the navigator, but with less confidence than in the first
      instance. Should D be less than E for several positions, than the position
      communicated from the ground installation is ambiguous, and the position
      with the smallest D is not necessarily correct. Under these last
      conditions, the navigator should not apply any correction in his ground
      position.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction or its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic view and shows the navigational error correcting
      system with a ground-based installation transmitting data to multiple
      airborne vehicles, in accordance with the present invention;
PAR  FIG. 2 is a schematic view of the arrangement in an individual aircraft for
      comparing the data communicated from the ground-based installation with
      the data derived from the airborne navigational system, to apply
      appropriate correction to the vehicle's position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing, a plurality or multiple number of airborne
      vehicles 10 are in communication with a ground-based radar installation,
      generally indicated by 12. The ground-based installation comprises
      substantially of an antenna 14 which tracks the individual vehicles or
      aircrafts in a conventional manner. The positional information derived
      from the radar antenna 14 is in substantially spherical coordinates
      involving angles of azimuth, elevation, and range. These coordinates are
      transmitted to a computer 16 for converting the coordinates derived from
      the radar into coordinates of longitude and latitude, for example, which
      are useable by the navigator of the aircraft 10. Other coordinates to be
      transmitted to the airborne vehicles may also be in the form of, for
      example, omega, loran, or substantially any one of various grid
      coordinates useable for this purpose.
PAR  The appropriate coordinates derived from the computer 16, are transmitted
      to the airborne vehicles 10 by means of a transmission antenna 18. At the
      same time, the positional information derived from the computer 16 may
      also be displayed on a monitoring display unit 20 used by ground
      personnel, for example, to monitor the relative positions of the airborne
      vehicles. The display unit 20, for example, may be situated within the
      control tower of an airport.
PAR  In communicating the positional data tracked by the radar installation 12,
      the antenna 18 transmits the positional information simultaneously to all
      airborne vehicles.
PAR  Each individual vehicle 10 has, in turn, a receiver 22 for receiving the
      data derived from the ground-based installation 12. The receiver 22,
      thereby receives the positional information for all of the airborne
      vehicles, including his own, since the installation 12 transmits the
      positional data without addressing each individual aircraft separately.
PAR  The communication between the ground and the airborne vehicle may be by
      voice or any one of the radio links or electromagnetic means. For defense
      purposes, furthermore, the information can be coded by the computer 16 or
      a separate encoder 24, so that the transmitted data is secure and can be
      understood only by the designated or friendly aircraft. The receiver 22 in
      each individual aircraft, thereby, operates in conjunction with a decoder
      26, to decode the information encoded by the ground-based installation 12.
PAR  The information received by the unit 22 is applied to a comparator 28.
      Automatic transmission of the information from the receiver 22 to the
      comparator 28 may be obtained by interconnecting these two units directly.
      If, on the other hand, the communication link between the ground and the
      air is by means of a voice link, then the radio operator aboard the
      vehicle 10 receives the information by means of earphones 30, for example,
      and inserts the received information into the comparator 28 by means of a
      keyboard 32, for example. The airborne system may include both the
      automatic transmission between units 22 and 28, as well as the manual
      insertion arrangement 30, 32, in the event of malfunctioning of the
      automatic system.
PAR  The comparator 28 has also applied to it, the positional data derived from
      the individual airborne navigational system present in the vehicle 10.
      Assuming, for example, that the positional information as transmitted by
      the ground installation 12, is in the form of longitude and latitude, then
      the positional information derived from the individual airborne
      navigational system 34 present in the aircraft 10 is also transmitted to
      the comparator 28 in that form of coordinates. Should the coordinates
      transmitted by the ground installation 12 through the antenna 18 not be
      consistent with the coordinates derived from the airborne navigational
      system 34, then computation is required to convert one set of coordinates
      to the other. Such computation or conversion of coordinates may be carried
      out by, for example, a computer 36 connected between the airborne
      navigational system 34 and the comparator 28. This same result may be
      achieved, of course, if a similar computer were inserted between the
      receiver 22 and the comparator 28, for example.
PAR  The comparator 28 compares the positional data derived from the receiver
      unit 22, with the positional data obtained from the airborne navigational
      system 34. For purposes of comparison, the comparator 28 subtracts the
      data of airborne navigational system 34, from the data obtained from the
      receiver unit 22. The difference D of these two sets of data is applied in
      the form of a signal to a correction unit 38. The correction unit 38, in
      turn, compares the quantity D with the error E inherent in the airborne
      navigational system 34. Such an error or uncertainty may be determined by
      systematic test and evaluation of the airborne navigational system 34.
      Thus, the quantity E representing the error or uncertainty of the values
      obtained from the system 34, is a predetermined quantity.
PAR  Upon evaluation of the quantity D by the correction unit 38, the navigator
      in each individual aircraft 10 may apply a correction to the positional
      information derived from the navigational system 34, based on the
      following conditions:
PAR  1. If the quantity D is less than the error E for only one of the positions
      transmitted by the ground installation 12, then that one position is
      unambiguous, and the navigator may apply an appropriate correction to the
      data provided by the system 34.
PAR  2. If, on the other hand, the quantity D is not less than the error E for
      any position, then the position with the smallest difference may be
      selected. The data from the airborne navigational system 34 may be
      correspondingly corrected in this case, but with less confidence than
      under the set of conditions prevailing in the situation (1) above.
PAR  3. If the quantity D is less than E for several positions, then there is
      ambiguity in the position calculated. In this case, the position with the
      smallest D associated with it, is not necessarily the correct position,
      and the navigator does not apply a correction to the data from the unit
      34.
PAR  To compare the various positions transmitted by the ground installation 12
      with the position obtained from the airborne navigational system 34, the
      computer 36 may be used to store the data from the unit 34, so that it may
      be compared in sequence with the data from the unit 22 by the comparator
      28. At the same time, the comparator 28 may include memory components of
      conventional construction, for the purpose of storing the data from either
      one or both of the units 22 or 34, so that the various positions received
      by the unit 22 may be compared sequentially.
PAR  The correction applied to the airborne navigational system 34, in view of
      the evaluation made by the correction unit 38, may be in an automatic
      manner by connecting the correction unit 38 directly to the unit 34. At
      the same time, it is possible to manually obtain a read-out from the unit
      38, and then apply, in turn, the desired correction to the unit 34 in a
      manual manner.
PAR  If the ground position actually measured by the radar installation 12 is
      broadcast simultaneously to all of the vehicles 10, then it is necessary
      to take into account the time delay between the measurement and the
      broadcasting or comparison actually performed by the individual airborne
      vehicle. If such time delay is not taken into account, the broadcast
      position will be in error by the distance travelled between the instant of
      measurement and the instant of broadcast. A similar error is incurred if
      there is any time delay associated with receiving and decoding the
      positional data.
PAR  The error associated with the preceding time delays may be avoided by
      noting the time in conjunction with the measurement taken. Thus, in
      addition to the positional data broadcast by the ground-based system 12,
      the time is also broadcast in conjunction with each measurement taken. The
      airborne navigational system 34 notes, correspondingly, the time
      associated with the positional data provided by this unit 34, and a
      meaningful comparison may then be carried out by the comparator unit 28.
      Thus, the comparator 28 then compares positional data only at the same
      instants of time.
PAR  As noted previously, the coordinate transmitted for positional data by the
      ground installation 12, may be in the form of latitude and longitude, a
      grid, position, or omega or loran lines of position, for example. If omega
      lines of position are transmitted, then the difference or quantity D can
      be computed separately for each line of position and compared with the
      corresponding line associated with the error E. This type of comparison
      can provide less ambiguous results than that obtained from a vector
      difference between two sets of position in latitude and longitude, for
      example.
PAR  Ambiguity with respect to the results obtained from the comparator 28 and
      evaluation unit 38, may be reduced by supplying information on the
      altitude in conjunction with the positional data of latitude and
      longitude, for example. Thus, with multiple aircraft tracked by a ground
      radar installation 12, the ambiguity conditions described above, may be
      reduced significantly by taking into account the altitude associated with
      each set of positional data. When questionable results are obtained from
      the units 28 and 38, the navigator can possibly arrive at a decision on
      whether the results are useable, by taking into account the altitude
      associated with the data that is broadcast by the installation 12. Thus,
      if the navigator is uncertain whether a particular set of positional
      coordinates apply to him, and he finds that the altitude associated with
      the broadcast data is substantially remote from the altitude which he
      knows to prevail in conjunction with his own aircraft, then the navigator
      can simply reject or disregard that particular set of coordinates. For
      this purpose, the comparator unit 28 may also be fed with a parameter
      designating the altitude of his own aircraft, as derived from an altimeter
      40. Accordingly, positional data transmitted by the ground installation
      involves not only the parameters of latitude and longitude, for example,
      but also the parameters of time and altitude in addition thereto. These
      parameters may be applied or transmitted by means of separate
      communication lines, or they may be transmitted over a single line in a
      coded manner which is conventional and well known in the art. For purposes
      of clarity and illustration, these parameters are shown in FIG. 2 as being
      transmitted over separate lines 42-45 from the receiver 22, and lines
      46-49 from the unit 34, 40.
PAR  In accordance with the present invention, therefore, it is possible to
      correct an airborne navigational system by data obtained from a precision
      ground-based radar, without addressing each individual aircraft
      separately, provided that the error or uncertainty of the airborne
      navigational system is less than half the distance to the nearest
      aircraft. If the error of the airborne navigational system is greater than
      half the distance to the nearest aircraft, a navigator may mistakenly
      apply a correction using data which is, in fact, applicable to another
      aircraft. With such a large error in the airborne navigational system,
      therefore, the navigator cannot distinguish with any confidence, between
      his own position and the position of the nearest aircraft.
PAR  Whereas the comparison between the broadcast data and the data obtained
      from the airborne navigational computer, was illustrated as being
      performed automatically by the comparator unit 28, it is also quite
      possible to perform such comparison manually by the navigator, and thereby
      avoid the use of the required automatic equipment. Manual comparison may
      also be necessary in the event of breakdown or malfunctioning of the
      automatic system.
PAR  The use of the arrangement, in accordance with the present invention,
      described above, allows precision navigation for aircraft landings
      locating of airports, ground-controlled collision avoidance, and enroute
      navigation, as well as map display.
PAR  In accordance with another embodiment of the present invention, the ground
      radar installation 14 operates in conjunction with the computer 16 and a
      track predictor 15 used for predicting the position of each aircraft at a
      predetermined time interval in the future. Thus, the radar installation 14
      provides the real-time position of each aircraft, and the computer 16
      converts the coordinate information derived from the radar into X-Y
      coordinates or coordinates of longitude and latitude, for example. The
      respective coordinates of the instantaneous positions of each aircraft are
      then passed to the track predictor 15 which traces mathematically the path
      or trajectory of each aircraft over the time that real-time data is
      obtained from the radar installation. From this traced path of each
      aircraft, the track predictor extrapolates the trajectory of each aircraft
      over a predetermined time interval as, for example, five minutes. By such
      an extrapolation of the trajectory, the future position of each aircraft
      is, thereby estimated.
PAR  In conjunction with the track predictor 15, the computer 36 in the airborne
      vehicle stores in memory the aircrafts position, as estimated by the
      navigational system 34. The data is stored in the computer 36 for the same
      time interval corresponding to the interval of prediction carried out by
      the unit 15. Thus, the time interval for storing the position data by the
      computer 36 is to be commensurate with the time interval for prediction
      used by the unit 15, so as to result in a commensurate basis for comparing
      positions. The comparator 28 and correction unit 38 are then operated in
      the manner previously described for applying corrections to the airborne
      navigation system 34.
PAR  In applying corrections to the airborne navigation system 34, it is to be
      noted that the correction is a function of the parameters D-E, and this
      function f (D-E) is operative in accordance with the rules described above
      in relation to FIG. 2.
PAR  The arrangement, in accordance with the present invention, when used in
      conjunction with a precision radar, can be used as a differential omega or
      differential loran navigational system to correct diurnal propagation
      errors in each line of position (LOP). Such operation removes a
      substantial source of error in these navigational aid systems.
PAR  Whereas the arrangement of the present invention was illustrated in
      conjunction with airborne vehicles, it is also feasible to use the
      arrangement of the present invention for ships at sea, for example.
PAR  Furthermore, the track predictor 15 may be directly a part of computer 16,
      or it may be a separate unit. The computational method of extrapolating
      trajectories is well known in the art and is, for this reason, not
      described here in further detail.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A method for determining the position of a predetermined vehicle in a
      group of vehicles comprising the steps of: measuring the position of said
      vehicle from aboard said vehicle; measuring the positions of all vehicles
      within said group from a predetermined reference position; transmitting
      from said reference position the measured positions of all vehicles to
      said group simultaneously; comparing in said predetermined vehicle all
      said measured positions with the position measured from said predetermined
      vehicle and deriving a comparison value; selecting the position associated
      with said vehicle from the transmitted positions of all vehicles of said
      group in dependence on predetermined selection rules; and applying a
      correction in the position of said predetermined vehicle dependent on said
      comparison value; said correction being applied when said comparison value
      is within predetermined limits related to the accuracy of measuring the
      position of said vehicle from aboard said vehicle, said correction being
      not applied when said comparison value is ambiguous by being less than a
      predetermined limit of said accuracy.
NUM  2.
PAR  2. The method as defined in claim 1 including the step of transmitting from
      said reference position in coded form the measured positions of all
      vehicles to said group simultaneously, said correction in the position of
      said predetermined vehicle being applied when the accuracy of measuring
      the position of said vehicle from aboard said vehicle is less than half
      the distance to the nearest other vehicle in said group, said correction
      being applied when said comparison value is less for only one position
      than said accuracy of measuring the position of said vehicle from aboard
      said vehicle, said correction being applied dependent on the smallest
      comparison value when said comparison value is not less than said accuracy
      for only one position, said correction being not applied when said
      comparison value is less than said accuracy for several positions measured
      and transmitted from said reference position; transmitting the prevailing
      time in conjunction with each one of said measured positions; and
      transmitting the prevailing altitude in conjunction with each one of said
      measured positions.
NUM  3.
PAR  3. The method as defined in claim 1 including the step of transmitting from
      said reference position in coded form the measured positions of all
      vehicles to said group simultaneously.
NUM  4.
PAR  4. The method as defined in claim 1 wherein said correction in the position
      of said predetermined vehicle is applied when the accuracy of measuring
      the position of said vehicle from aboard said vehicles is less than half
      the distance to the nearest other vehicle in said group.
NUM  5.
PAR  5. The method as defined in claim 1 wherein said correction is applied when
      said comparison value is less for only one position than said accuracy of
      measuring the position of said vehicle from aboard said vehicle.
NUM  6.
PAR  6. The method as defined in claim 5 wherein said correction is applied
      dependent on the smallest comparison value, when said comparison value is
      not less than said accuracy for only one position.
NUM  7.
PAR  7. The method as defined in claim 6 wherein said correction is not applied
      when said comparison value is less than said accuracy for several
      positions measured and transmitted from said reference position.
NUM  8.
PAR  8. The method as defined in claim 1 including the step of transmitting the
      prevailing time in conjunction with each one of said measured positions.
NUM  9.
PAR  9. The method as defined in claim 1 including the step of transmitting the
      prevailing altitude in conjunction with each one of said measured
      positions, said vehicles being airborne vehicles.
NUM  10.
PAR  10. The method as defined in claim 1, including the step of predicting the
      positions of all vehicles at a predetermined instant in the future;
      storing in said predetermined vehicle the measured position corresponding
      to said instant in the future; and comparing the predicted positions with
      said stored position.
NUM  11.
PAR  11. An arrangement for determining the position of a predetermined vehicle
      in a group of vehicles, comprising, in combination, first measuring means
      in said vehicle for measuring the position of said vehicle from aboard
      said vehicle; second measuring means at a predetermined reference position
      for measuring the positions of all vehicles within said group from said
      predetermined reference position; means for transmitting from said
      reference position the measured positions of all vehicles to said group
      simultaneously; means in each of said vehicles for receiving the measured
      positions transmitted from said reference position; comparison means in
      said vehicle for comparing all said measured positions transmitted from
      said reference position, with the position measured from said
      predetermined vehicle, the output of said comparison means comprising a
      comparison value; means for selecting the position associated with said
      vehicle from the transmitted positions of all vehicles of said group in
      dependence on predetermined selection rules; and correcting means for
      applying a correction in the position of said predetermined vehicle
      dependent on said comparison value; said correction being applied when
      said comparison value is within predetermined limits related to the
      accuracy of measuring the position of said vehicle from aboard said
      vehicle, said correction being not applied when said comparison value is
      ambiguous by being less than a predetermined limit of said accuracy.
NUM  12.
PAR  12. The arrangement as defined in claim 11 including encoding means for
      transmitting said measured positions from said reference position in
      encoded form; and decoding means in said vehicle for decoding the encoded
      form received from said reference position.
NUM  13.
PAR  13. The arrangement as defined in claim 11 wherein said accuracy of
      measuring the position of said vehicle from aboard said vehicle is less
      than half the distance to the nearest vehicle in said group.
NUM  14.
PAR  14. The arrangement as defined claim 11 wherein said comparison value is
      less for only one position than said accuracy of measuring the position of
      said vehicle from aboard said vehicle.
NUM  15.
PAR  15. The arrangement as defined in claim 14 wherein said correction is
      applied dependent on the smallest comparison value when said comparison
      value is greater than said accuracy for any position.
NUM  16.
PAR  16. The arrangement as defined in claim 15 wherein said correction is
      inhibited from being applied when said comparison value is less than said
      accuracy for several positions.
NUM  17.
PAR  17. The arrangement as defined in claim 11 including means for transmitting
      the prevailing time in conjunction with each one of the positions measured
      from said reference position.
NUM  18.
PAR  18. The arrangement as defined in claim 11 including means for transmitting
      the prevailing altitude in conjunction with the measured positions
      transmitted from said reference position, said vehicles comprising
      airborne vehicles.
NUM  19.
PAR  19. The arrangement as defined in claim 11 including means for converting
      the coordinates of the positions measured by at least one of said
      measuring means.
NUM  20.
PAR  20. The arrangement as defined in claim 11 including information storage
      means connected to said comparator means for storing the positions from at
      least one of said measuring means.
NUM  21.
PAR  21. The arrangement as defined in claim 11 including means for predicting
      the positions of all vehicles within said group at a predetermined instant
      of time in the future; and means for storing the position of said vehicle
      from aboard said vehicle until said instant of time in the future, said
      stored position being compared with said predicted positions.
NUM  22.
PAR  22. The arrangement as defined in claim 11 including encoding means for
      transmitting said measured positions from said reference position in
      encoded form; decoding means in said vehicle for decoding the encoded form
      received from said reference position, said accuracy of measuring the
      position of said vehicle from aboard said vehicle being less than half the
      distance to the nearest vehicle in said group, said comparison value being
      less for only one position than said accuracy of measuring the position of
      said vehicle from aboard said vehicle, said correction being applied
      dependent on the smallest comparison value when said comparison value is
      greater than said accuracy for any position, said correction being
      inhibited from being applied when said comparison value is less than said
      accuracy for several positions; means for transmitting the prevailing time
      in conjunction with each one of the positions measured from said reference
      position; means for transmitting the prevailing altitude in conjunction
      with the measured positions transmitted from said reference position;
      means for converting the coordinates of the positions measured by at least
      one of said measuring means; information storage means connected to said
      comparator means for storing the positions from at least one of said
      measuring means; means for predicting the positions of all vehicles within
      said group at a predetermined instant of time in the future; and means for
      storing the position of said vehicle from aboard said vehicle until said
      instant of time in the future, said stored position being compared with
      said predicted positions.
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ABST
PAL  In a method of controlling the roll gap of a cold rolling mill of the class
      wherein the rolling load is first estimated and then the roll gap is
      calculated, the deformation resistance of the material being rolled is
      determined in accordance with a constant determined by the reduction, the
      strain rate, and the temperature and quality of the strip being rolled;
      the exit strip temperature is determined by taking into consideration the
      reduction and the characteristics of the rolling mill; the mean
      deformation resistance of the strip is determined from the deformation
      resistance and the exit strip temperature; the rolling pressure is
      calculated in accordance with the equation as hereinbelow defined for
      determining the rolling pressure by using the mean deformation resistance;
      and then the roll gap is determined and controlled in accordance with the
      equation of a gauge meter as hereinbelow defined.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for controlling the roll
      gap of a cold rolling mill designed to roll steel sheets or sheets of
      nonferrous metals, such as aluminum, to obtain products having definite
      thickness.
PAR  In order to set the roll gap of a rolling mill to a desired value, it is
      necessary to measure or estimate the rolling pressure. Generally, however,
      the rolling pressure is not distributed uniformly along the contact arc
      between the working rolls of the mill and the strip being rolled due to
      variations in the coefficient of friction between the working rolls and
      the strip and variations in the deformation resistance of the strip.
      Accordingly, it is necessary to precisely calculate the distribution of
      the rolling pressure in order to correctly determine the rolling pressure.
      The use of such calculation as a model for controlling a cold mill with an
      electronic computer complicates the calculation and hence is not
      practical. Accordingly, it has been the general practice to predetermine
      the rolling pressure by using the following equation 1 which is usually
      used to obtain the rolling pressure of a cold mill in which the
      coefficient of friction and the deformation resistance are expressed as
      mean definite values.
EQU  p = Z . Km.sqroot.R'. .DELTA.h . Qp                        1
PAL  Where
PA1  p : the rolling load per unit width in kg/mm,
PA1  Z : the compensation coefficient for tension,
PA1  KM : the mean deformation resistance in kg/mm.sup.2,
PA1  R' : the roll radius in mm after the roll has been slightly flattened by
      contact with the material being rolled,
PA1  .DELTA. h : the amount of reduction mm, and
PA1  Qp : the function regarding the rolling force.
PAR  Although it is necessary to determine the mean deformation resistance Km,
      in the case of cold rolling, the resistance is different at the entrance
      and the exit sides of the mill due to the hardening of the material caused
      by rolling. For this reason, it is usual to calculate the mean total
      reduction r which is used to determine the mean deformation resistance Km
      from the overall reduction rate of the material at the entrance and exit
      sides on the assumption that the deformation resistance of the material is
      a function of the total reduction (the reduction at an instant after the
      strain becomes zero). The values of Km and r at this time are expressed by
      the following equations 2 and 3.
EQU  Km = 1.15 Kf (r)                                           2
EQU  r = .beta..sub.1 r.sub.E + (1 - .beta..sub.1)r.sub.x       3
PAL  where
PA1  Kf : the deformation resistance in kg/mm.sup.2,
PA1  r : the mean total reduction,
PA1  r.sub.E : the total reduction of the strip on the entrance side,
PA1  r.sub.x : the total reduction of the strip on the exit side,
PA1  .beta..sub.1 : the distribution coefficient of the reduction (to be
      described later in detail in connection with the distribution coefficient
      of temperature)
PAR  However, the strain rate of the strip during rolling varies depending upon
      the rolling conditions. Further, the deformation resistance decreases due
      to the heat generated by plastic deformation of the material. In modern
      cold mills operating at high rolling speeds, it is impossible to ignore
      the effects of the strain rate and the strip temperature upon the
      deformation resistance of the material.
PAR  Accordingly, in order to improve the quality of the product it is important
      to accurately determine the deformation resistance of the material whereby
      to more accurately control the setting of the roll gap. To this end, the
      deformation resistance should be determined as a function of the total
      reduction, the strain rate and the strip temperature.
PAR  When determining the mean deformation resistance on the assumption that the
      deformation resistance is a function of the total reduction, the strain
      rate and the strip temperature, how to determine the mean total reduction
      or the strip temperature presents a problem.
PAR  As above described, the coefficient of friction between the rolls of a cold
      rolling mill and the material and the deformation resistance thereof are
      unknown factors involved in the mathematical model for setting the roll
      gap of the mill, so that the accuracy and the complexity of the
      mathematical model are determined by the manner of handling these two
      factors.
PAR  Although it is possible to determine relatively easily the deformation
      resistance of the material in a factory or laboratory by using a tension
      testing machine or the like, the coefficient of friction must be
      determined by using a commercial rolling mill to which the invention is to
      be applied and where there is a number of types of the material, such as
      aluminum, it is not only difficult to determine at high accuracies the
      coefficient of friction for all types of the material but this also
      requires much time. For this reason, it is possible to more readily form
      the model and to simplify the form thereof by determining a correct value
      of the deformation resistance for each material and to make simpler the
      form of the model.
PAR  Since the recrystallization temperature of aluminum is low, it is not
      permissible to ignore the effect of lowering the deformation resistance
      caused by the temperature rise due to rolling. Rolling oil is often used
      to make flat and smooth the surface of the rolled product so that it is
      necessary to use oil having a low boiling point and hence it vaporizes at
      a relatively low temperature. For this reason, when the temperature of the
      material increases due to the rolling operation there is a danger of a
      fire hazard. Accordingly, it is necessary to determine the extent of
      temperature rise of the material caused by rolling for the purpose of
      reflecting it upon the deformation resistance.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a method of
      controlling the roll gap of a cold rolling mill wherein the deformation
      resistance of the material being rolled is determined at a high accuracy
      for the purpose of setting the initial value of the roll gap at a high
      accuracy.
PAR  Another object of this invention is to provide a novel method of
      controlling the roll gap of a cold rolling mill wherein the temperature of
      the strip on the exit side is forecast from the strip temperature on the
      entrance side and the reduction for correcting the rolling schedule thus
      limiting the strip temperature on the exit side below a predetermined
      value.
PAR  Still another object of this invention is to provide a novel control
      apparatus for carrying out the method described above.
PAR  A feature of the invention lies in a control in which the mean deformation
      resistance of a strip being rolled is accurately determined thereby
      providing a most suitable roll gap in accordance with the difference in
      the quality of the material and with the variation in the rolling
      conditions.
PAR  According to this invention, these and further objects can be accomplished
      by providing a method of controlling the roll gap of a cold rolling mill
      comprising the steps of determining the deformation resistance of the
      material being rolled in accordance with a constant determined by the
      reduction, the strain rate, and the temperature and quality of the strip
      being rolled, determining the temperature of the strip on the exit side of
      the mill from the entrance strip temperature by taking into consideration
      the reduction and the characteristics of the rolling mill, determining the
      mean deformation resistance of the strip from the deformation resistance
      and the exit temperature, calculating the rolling load in accordance with
      an equation for determining the rolling pressure by using the mean
      deformation resistance, then determining the roll gap in accordance with
      the equation of a gauge meter as hereinbelow defined and controlling the
      roll gap of the mill in accordance with the roll gap determined as above
      described.
PAR  More particularly, in accordance with this invention, the deformation
      resistance is determined in accordance with an equation
EQU  K.sub.f = 1 . (r + m).sup.n .sbsp.1 . .epsilon. .sup.n .sbsp.2 exp
      (.alpha./T)
PAL  where K.sub.f represents the deformation resistance in kg/mm.sup.2, r the
      total reduction, .epsilon. the strain in sec.sup..sup.-1, T the strip
      temperature in .degree. K, l and m constants, n.sub.1 an exponent
      dependent upon the reduction, n.sub.2 an exponent dependent upon the
      strain rate, and .alpha. an exponent dependent upon the temperature in
      .degree. K. Then the temperature T.sub.EX in .degree. K of the strip on
      the exit side of the mill is determined in accordance with the following
      equation
      ##EQU1##
      where T.sub.EN represents the temperature in .degree. K of the strip on
      the entrance side, .l r the reduction, .rho. the density of the material
      in kg/mm.sup.3, S the specific heat of the material in K cal/kg .degree.C,
      J the work equivalent of heat in kg mm/K cal, and Km the mean deformation
      resistance in Kg/mm.sup. 2.
PAR  Then the mean deformation resistance is determined in accordance with the
      following equations
EQU  Km = 1.15. .l (r.sub.m + m) .sup.n .sbsp.1 . .epsilon. .sup. n.sbsp.2. exp
      (.alpha./Tm)
EQU  rm = .beta..sub.1 r.sub.EN + (1 - .beta..sub.1)r.sub.EX
EQU  Tm = .beta..sub.2 T.sub.EN + (1 - .beta..sub.2) T.sub.EX
PAL  where l, m, n.sub.1, n.sub.2, .epsilon. , .alpha. and .beta. , have the
      same meanings as defined hereinabove, and .beta..sub.2 represents the
      distribution coefficient of temperature and Tm represents the mean value
      of the strip temperature.
PAR  Then the value of the mean deformation resistance Km thus determined is
      substituted in the following equation to determine the rolling load p
EQU  p = Z . KM .sqroot.R'. .DELTA. h . QP
PAL  where p represents the rolling load in Kg/mm per unit width, Z a correction
      term for tension, R' the roll radius in mm of the roll after it has been
      slightly flattened by contact with the material, .DELTA. h the amount of
      reduction and Qp the function regarding the rolling force. Finally, the
      value of p Kg/mm thus determined is substituted in the following equation
      to determine the roll gap S.sub.o.
      ##EQU2##
      where h represents the thickness of the strip on the exit side, b the
      width of the strip in mm, and M the mill constant in Kg/mm. Stated in
      another way, the method of controlling the roll gap of this invention
      comprises the steps of forecasting the temperatures of the strip on the
      exit sides of respective mill stands in accordance with various parameters
      including the mill constant, the thickness of the strip, the temperature
      of the strip, etc., correcting the forecast exit strip temperatures to
      predetermined permissible values when the forecast exit strip temperatures
      are different from the predetermined permissible values, determining the
      deformation resistance in accordance with the reduction, the strain rate,
      the distribution coefficient of the total reduction, etc. of each mill
      stand and controlling the extent of screw down of each mill stand in
      accordance with the mean deformation resistance.
PAR  In accordance with another aspect of the invention there is provided
      apparatus for controlling the roll gap of a cold rolling mill comprising a
      rolling mill having a pair of rolls for rolling a metal strip and a screw
      down device for adjusting the gap between the rolls, a driving motor for
      driving the rolls, a speed control device of the motor, a computer having
      its output connected to the screw down device and the speed control
      device, means for measuring the temperature of the strip before it is
      rolled and for setting the measured temperature in the computer, means for
      setting constants and functions related to the quality of the strip in the
      computer, means for setting a predetermined rolling schedule in the
      computer and means for setting the mill constant in the computer.
PAR  According to this invention, the roll gap is set by using readily
      detectable parameters and equations of simple forms so that it is possible
      to accurately control the roll gap by means of a simple computer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a chart illustrating one example of the distribution coefficient
      of reduction;
PAR  FIG. 2 is a chart illustrating one example of the distribution coefficient
      of temperature;
PAR  FIG. 3 is a block diagram of the roll gap control apparatus embodying the
      invention, and
PAR  FIGS. 4a, 4b and 4c, when combined, show a flow chart explaining the
      operation of the computer shown in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Preferred embodiments of the method and apparatus of the invention will now
      be described in detail.
PAR  One example of an equation for calculating the deformation resistance of
      the material being rolled as a function of the total reduction, the strain
      rate and the strip temperature as described above is shown by the
      following equation 4.
EQU  K.sub.f = l (r + m) .sup.n.sbsp.1 .epsilon. n.sbsp.2 exp (.alpha./T) 4
PAL  where
PA1  K.sub.f : the deformation resistance in Kg/mm.sup.2.
PA1  r : the total reduction,
PA1  .epsilon. : in the strain rate in sec..sup..sup.-1,
PA1  T : the strip temperature in .degree. K,
PA1  l and m : constants,
PA1  n.sub.1 : the exponent depending upon the reduction,
PA1  n.sub.2 : the exponent depending upon the strain rate, and
PA1  .alpha. : the exponent dependent upon temperature in .degree. K.
PAR  In equation 4, constants that are determined by the quality of the material
      being rolled are l, m, n.sub.1, n.sub.2 and .alpha. and these variables
      can be readily determined by using a compression testing machine or a
      tension testing machine or the like.
PAR  Regarding the strip temperature T, in the case of a high speed deformation
      as in cold rolling, since it is possible to consider that the deformation
      is performed under an adiabatic state, we may assume that neraly all work,
      that is energy, is converted into heat and the strip temperature is
      elevated by this heat. The following equation 5 shows one example of the
      equation for calculating the heat generated by reduction.
      ##EQU3##
      where T.sub.EX : the strip temperature in .degree. K on the exit side
PA1  T.sub.en : the strip temperature in .degree. K on the entrance side
PA1  r : the reduction
PA1  .rho. : the density of the material being rolled in Kg/mm.sup.3
PA1  S : the specific heat of the material in K cal/kg .degree. C
PA1  j : the work equivalent of heat in Kg . mm / K cal
PA1  Km : the mean deformation resistance in Kg/mm.sup.2
PAR  While the mean deformation resistance Km is obtained by substituting
      equations 4 and 5 into equation 6 to be described later we use a mean
      reduction rm and a mean strip temperature Tm which are calculated from the
      mean total reduction r.sub.EN and r.sub.EX on the entrance side and exit
      side respectively, and from the strip temperatures T.sub.EN and T.sub.EX
      on the entrance side and exit side respectively in accordance with the
      following equations 7 and 8.
PAR  Thus,
EQU  Km = 1.15.l (rm + m) .sup.n.sbsp.1..epsilon..sup.n.sbsp.2 exp (.alpha.Tm) 6
EQU  rm = .beta..sub.1 r.sub.EN + (1 - .beta..sub.1) r.sub.EX   7
EQU  Tm = .beta..sub.2 T.sub.EN + (1 - .beta..sub.2) T.sub.Ex   8
PAL  where l, m, n.sub.1, n.sub.2, .epsilon., .alpha. and .beta..sub.1 have the
      same meanings as defined above and .beta..sub.2 represents the temperature
      distribution coefficient.
PAR  The temperature distribution coefficient .beta..sub.2 and the reduction
      distribution coefficient .beta..sub.1 (See equation 3) are obtained as
      follows. Thus, approximate values of the deformation resistance and the
      strip temperature at respective points of strip in contact with the rolls
      are firstly determined, and the mean values Km and Tm of the deformation
      resistance and the strip temperature are calculated. Then, .beta..sub.1
      and .beta..sub.2 are determined by substituting the mean values Km and tm
      in equations 7 and 8.
PAR  One example of the values of the distribution coefficient of reduction
      .beta..sub.1 is shown in FIG. 1. These values were obtained for JIS 5052
      aluminum alloy. The curves shown in FIG. 1 clearly show that the value of
      .beta..sub.1 varies greatly depending upon the rolling conditions.
      Accordingly, .beta..sub.1 can be expressed as follows as a function of the
      rolling conditions.
EQU  .beta..sub.1 = f.sub.1 (r.sub.EN . r . .epsilon.)          9
PAR  FIG. 2 shows the relationship between the reduction r and the distribution
      coefficient of temperature .beta..sub.2 for the same aluminum (JIS 5052).
      In this manner, the distribution coefficient of temperature .beta..sub.2
      can also be expressed as a function of the rolling conditions. But as can
      be noted from FIG. 2, since the variation of .beta..sub.2 with regard to
      the variation in the reduction r is small even when we treat .beta..sub.2
      as a constant, the error caused thereby is small.
PAR  Let us consider a simple case wherein an aluminum strip is rolled with a
      single stand rolling mill. When the strip thickness on the entrance side
      is denoted by H (mm), the strip thickness on the exit side by h (mm), and
      the strip thickness when the strain is zero, that is the thickness of the
      blank by H.sub.o (mm), respective reductions r, r.sub.EN and r.sub.EX can
      be expressed as follows:
EQU  r = l - (h/H)                                              10
EQU  r.sub.EN = l - (H/H.sub.o)                                 11
EQU  r.sub.EX = l - (h/H.sub.o)                                 12
PAR  When the radius of the work rolls is denoted by R (mm) and the peripheral
      speed thereof by V (m/min), then the strain rate can be expressed by the
      following equation
      ##EQU4##
PAR  The entrance strip temperature T.sub.EN can be measured before rolling.
      Accordingly, unknown data Km, Tm and T.sub.EX in equations 5, 6, 7 and 8
      can be determined by numerical calculations.
PAR  Instead of using equation 5, T.sub.EX can be expressed as a function of
      known values as shown by equation 14 and it is possible to predetermine
      the model of such function.
EQU  T.sub.EX = f.sub.2 (T.sub.EN . r.sub.EN . r . .epsilon. )  14
PAR  By the process described above, it is possible to correctly determine the
      mean deformation resistance irrespective of the rolling conditions or the
      quality of the material being rolled. The rolling load p can be obtained
      by substituting the value of the mean deformation resistance in equation
      1, and the value of p thus determined is substituted in the following
      equation 15, which is well known in the art as the equation of a gauge
      meter, to obtain the roll gap S.sub.o at high accuracies.
      ##EQU5##
      wherein S.sub.o : the set value of the roll gap in mm,
PA1  b : the width of the strip in mm and
PA1  M : the mill constant in Kg/mm
PAL  The rolling oil utilized in the cold rolling of aluminum comprises oil that
      evaporates at low temperature and is used for the purpose of preventing
      contaminations caused by the oil remaining on the surface of the strip so
      that such oil has a low flash point thus resulting in a fire hazard. In
      this manner, the strip temperature comprises one of the factors that
      determines the rolling schedule. Accordingly, where the exit strip
      temperature calculated in accordance with equation 4 or 5 is higher than
      the permissible temperature, it is necessary to correct the rolling speed
      so as to decrease the exit strip temperature to be less than the
      permissible temperature. Where the mill stand in question does not
      correspond to the last mill stand it is possible to correct the stip
      thickness on the exit side.
PAR  FIG. 3 is a block diagram of one example of control apparatus for
      controlling the roll gap of a cold rolling mill in accordance of the
      method of this invention. In this figure, an electronic computer 1
      designated by a reference numeral 1 has various functions of performing
      input, output, control, operation and memory and is constructed to perform
      suitable operation upon inputs, to store the result of the operation, or
      if necessary to produce an output. Connected with the comptuer 1 are a
      constant setter 2, a temperature measuring device 3 associated with a coil
      4 of the material to be rolled, a rolling schedule setter 5, and a mill
      constant setter 6. A cold rolling mill 10 comprises a pair of work rolls
      10WR, a pair of back-up rolls 10BR, and a screw down adjuster 9. The
      back-up rolls 10BR are driven by a DC motor 11 and the speed thereof is
      controlled by a speed regulator 12 which is operated by a command signal
      from the computer 1. The strip is payed out from a pay out reel 10R and
      after being rolled by the mill is wound around a take-up reel 10c.
PAR  Generally, the calculation of the initial setting of the roll gap is
      performed during the rolling of a proceding coil. Thus, the temperature of
      the coil 4 to be rolled next time is measured by a suitable temperature
      measuring device 3 and the measured value is set in the computer 1.
      Further, various material constants l, m, n.sub.1, n.sub.2 and .alpha.
      which are determined by the quality of the material to be rolled, and
      functions f.sub.1 and f.sub.2 in equations 9 and 14 are set in computer 1
      by means of setter 2. The rolling schedule including the strip thickness
      H.sub.o at the time when the strain of the strip is zero, the entrance
      strip thickness, H, the exit strip thickness to be obtained h, the rolling
      speed V and the width of the strip b are set by the rolling schedule
      setter 5 and are put into the computer, and the mill constants M and roll
      radius R are set by the mill constant setter 6 and are put into the
      computer 1. Then the computer calculates the mean deformation resistance
      and the exit strip temperature in accordance with equations 4 and 5, and
      determines the roll gap according to equations 1, 2 and 15. The
      predetermined roll gap is given to the rolling mill 10 by operating the
      screw down adjuster 9 in accordance with the calculated value. Where the
      exit strip temperature is higher than a predetermined permissible exit
      strip temperature the computer operates to send a correction signal to the
      speed regulator 12 to correct (decrease) the rolling speed V so as to
      return the exit strip temperature to a value below the permissible value.
      At this time, the computer again calculates the mean deformation
      resistance to give reference values of the roll gap setting and the roll
      peripheral speed which assure the predetermined exit strip thickness and
      the predetermined exit strip temperature. In response to this roll gap
      setting, the screw down adjuster 9 operates to adjust the roll gap to the
      corrected value.
PAR  As has been described hereabove, according to this invention, since readily
      detectable parameters are used and expressed by simple equations for the
      purpose of setting the roll gap, not only the control by the computer can
      be simplified but also the computation thereof can be performed precisely.
PAR  Where the calculated strip temperature exceeds the predetermined value, the
      roll driving speed and the roll gap can be corrected so that the exit
      strip temperature may not exceed the predetermined value.
PAR  Accordingly, if such a speed control is performed, both of the rolling
      speed and the roll gap are adjusted automatically thus always ensuring
      products of a definite quality.
PAR  While the rolling of an aluminum strip by a single stand mill has been
      described, the same control can be provided for a tandem mill by
      forecasting the entrance strip temperature T.sub.ENi for the second and
      following stands according to the following equation 16
EQU  T.sub.ENi = T.sub.c + (T.sub.EXi .sub.-1 - T.sub.c) e.sup..sup.-At 16
PAL  where
PA1  A = 2.delta..rho. Shi.sub..sub.-1                          17
PA1  i : any one of the second and following stands
PA1  T.sub.c : the temperature of the colling medium utilized to cool the strip
PA1  .delta. : the heat transmission coefficient of the cooling medium
PA1  t : time
PAR  To have a better understanding of the operation of the computer 1, a flow
      chart shown in FIGS. 4a, 4b and 4c is used. When connected serially, FIGS.
      4a, 4b and 4c complete the flow chart. In this chart, various stages are
      shown together with equations calculated thereat, and parameters written
      in the computer. These equations and parameters are smilar to those
      described above except for suffixes i indicating the stand number is
      added. Reference points 01 through 06 have no special meaning except those
      specifically described in the following.
PAR  A start signal is first applied at stage 101. In response to this start
      signal data regarding the material being rolled and the rolling schedule
      such as H.sub.o, H.sub.1, hi, b and T.sub.EN1 are read in the computer at
      stage 102. Then, at stage 103 mechanical data regarding the rolling mill
      such as M.sub.i and R.sub.i are written into the computer. Then, at stage
      104, the constants related to the quality of the material being rolled
      such as l, m, n.sub.1, n.sub.2 and .alpha. are determined. It will be seen
      that the operations performed at stages 102, 103 and 104 correspond to
      those of the setters 2, 5, 6 and the temperature measuring devices 3 shown
      in FIG. 3. At stage 105, the peripheral speed Vn of the rolls of the last
      mill stand is assumed. Beginning with the first mill stand, the roll
      peripheral speed Vi at the ith stand is determined at stage 106 and the
      reduction, the total reduction on the entry side and the total reduction
      on the exit side are calculated at stage 107. Then, the strain rate and
      the exit strip temperature are calculated at stages 108 and 109
      respectively. If the stand number is euqal to 1, the discriminator 110
      applies a jumping signal to a second discriminator 112 because at the
      first stand the temperature of the strip to be rolled is measured by the
      temperature measuring device 3. If the discriminator 110 judges that the
      stand is not the first stand, that is i .noteq.1, then the entrance strip
      temperature for the ith stand is calculated at stage 111. Then, the second
      discriminator 112 judges whether i is larger than or equal to n. When the
      discriminator 112 judges that i .noteq. n (or no) then a shift counter 113
      supplies an advance signal i = i + 1 to a reference point 02 to repeat the
      operations of stages 106 to 109 until the discriminator 112 judges that i
      = n (or yes). Then a third discriminator 114 operates to judge whether the
      exit strip temperatures of respective stands are below respective
      permissible values or not. In the case of latter (No) stage 115 operates
      to correct the peripheral speed Vn and a signal is sent to reference point
      01 to repeat the operations described above until the exit strip
      temperatures of respective stands are brought to be less than the
      predetermined values. Then, the discriminator 114 produces a YES signal
      and when i = 1, the signal is sent from stage 116 to a reference point
      106. Then, at stages 117 through 122, calculations of the mean strip
      temperature Tmi, the distribution coefficient of the reduction
      .beta..sub.li, the mean total reduction r.sub.mi, the mean deformation
      resistance Kmi, the rolling load Pi and the roll gap S.sub.oi,
      respectively, are performed in accordance with equations indicated to the
      right of respective stages. A signal representing the roll gap calculated
      at stage 122 is applied to a fourth discriminater 123 which operates to
      judge whether the calculated roll gap is for the nth stand or not. When
      the result of judgement is Yes then the computer stops its operation and
      the screw down adjuster of the ith stand will be operated in accordance
      with the calculated value of the roll gap S.sub.oi. If the result of
      judgement is No, then a shift counter 124 applies an advance signal = i +
      1 to reference point 06 so as to repeat calculations at stages 117 through
      122 until the discriminator 123 judges that = n.
PAR  It should be understood that the invention can also be applied to the cold
      rolling of other nonferrous metals than alminum and of ferrous metals.
PAR  As has been described hereinabove, a roll gap appropriate for different
      quality of the material being rolled and for different rolling conditions
      can be automatically set by determining the correct value of the mean
      deformation resistance of the strip, thus producing strips of the definite
      gauge.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of controlling the roll gap of a cold rolling mill comprising
      the steps of measuring the absolute temperature T(.degree. K) of the metal
      strip being rolled, determining the deformation resistance K.sub.f
      (kg/mm.sup.2) of the metal strip in accordance with an equation
EQU  K.sub.f = l (r + m) .sup.n.sbsp.1. .epsilon. .sup.n.sbsp.2 exp (.alpha./T)
PAL  where r represents the total reduction, .epsilon. the strain rate
      (sec.sup..sup.-1), T the strip temperature (.degree. K), l and m
      constants, n.sub.1 an exponent dependent upon the reduction, n.sub.2 an
      exponent dependent upon the strain rate, and .alpha. an exponent dependent
      upon the temperature (.degree. K); determining the exit strip temperature
      T.sub.EX (.degree. K) in accordance with an equation
      ##EQU6##
      where T.sub.EN represents the entrance strip temperature, r the reduction,
      .rho. the density (Kg/mm.sub.3) of the material being rolled, S the
      specific heat (K cal/Kg .degree. C) of the material, J the work equivalent
      of heat (Kg.mm/K cal), Km the mean deformation resistance, and l and m
      constants; determining the mean deformation resistance K.sub.m in
      accordance with the following equations
EQU  K.sub.m = 1.15.l (r.sub.m + m) .sup.n.sbsp.1. .epsilon. .sup.n.sbsp.2 exp
      (.alpha./T.sub.m)
EQU  r.sub.m = .beta..sub.1 r.sub.EN + (1 - .beta..sub.1) r.sub.EX
EQU  T.sub.m = .beta..sub.2 T.sub.EN + (1 - .beta..sub.2) T.sub.EX
PAL  where L, m, n.sub.1, n.sub.2, .epsilon., T.sub.EN, T.sub.EX and .alpha.
      have the meanings as defined for the equations for K.sub.f and T.sub.EX ,
      .beta..sub.1 represents the distribution coefficient of the reduction,
      .beta..sub.2 the distribution coefficient of the temperature, r.sub.m the
      mean total reduction, T.sub.m the mean strip temperature (.degree. K),
      r.sub.EN the mean total reduction of the strip on the entrance side and
      r.sub.EX the total reduction of strip on the exit side; determining the
      rolling load p (Kg/mm) by substituting the value of Km in an equation
EQU  p = Z . K.sub.m .sqroot.R' . .DELTA. h . QP
PAL  where Z represents a correction term for tension, R' the roll radius (mm)
      after the roll has been flattened a little by contact with the strip,
      .DELTA. h the amount of reduction and Qp the reduction function regarding
      the rolling force; determining the roll gap S.sub.o (mm) by substituting
      the value of p in an equation
      ##EQU7##
      where h represents the thickness of the strip on the exit side, b the
      width of the strip, and M the mill constant (Kg/mm); and adjusting the
      roll gap in accordance with the value of S.sub.o thus determined.
NUM  2.
PAR  2. The method according to claim 1 wherein said reduction is determined in
      accordance with an equation
EQU  r = l - (h/H)
PAL  the total reduction of the strip on the entrance side r.sub.EN is
      determined in accordance with an equation
EQU  r.sub.EN  l - (H/H.sub.o)
PAL  the total reduction of the strip on the exit side r.sub.EX is determined in
      accordance with an equation
EQU  r.sub.EX = l - (h/H.sub.o)
PAL  and the strain rate .epsilon. is determined in accordance with an equation
      ##EQU8##
      wherein H represents the thickness (mm) of the strip on the entrance side,
      H.sub.o the thickness (mm) of the strip when the strain is zero (or before
      rolling), R the radius (mm) of the work rolls of the mill and v the
      peripheral speed (m/min.) of the work rolls.
NUM  3.
PAR  3. The method according to claim 1 wherein said exit strip temperature
      T.sub.EX is determined in accordance with an equation
EQU  T.sub.EX = (T.sub.EN . r.sub.EN . r . 68  )
PAL  where f.sub.2 represents a constant, T.sub.EN represents the entrance strip
      temperature, r.sub.EN represents the mean total reduction of the strip on
      the entrance side, r represents the reduction, and .epsilon. the strain
      rate (sec .sup..sup.-1).
NUM  4.
PAR  4. The method according to claim 1 wherein when the exit strip temperature
      is different from a predetermined permissible temperature the rolling
      speed and the amount of reduction are corrected.
NUM  5.
PAR  5. The method according to claim 1 wherein when said rolling mill comprises
      a tandem mill, said exit strip temperature is determined in accordance
      with an equation
EQU  T.sub.ENi = T.sub.c + (T.sub.EXi .sub.-1 -T.sub.c) e.sbsp.t
PAL  where A = 2 .delta. .rho. Shi.sub.-1, S represents the specific heat (Kg .
      mm/Kcal), h represents the thickness of the strip on the exit side, suffix
      i is represents any one of the second and following mill stand, T.sub.c
      the temperature of the coolant for the strip, and .delta. the coefficient
      of heat transmission of the coolant.
NUM  6.
PAR  6. A method of controlling the roll gaps of respective mill stands of a
      tandem cold rolling mill comprising the steps of measuring the temperature
      of a metal strip being rolled on the entrance side of said mill,
      forecasting the temperatures of the strip on the exit sides of respective
      mill stands in accordance with various parameters including the mill
      constant, the thickness of the strip, and the temperature of the strip;
      correcting the forecast exit strip temperatures to predetermined
      permissible values when the forecast exit strip temperatures are different
      from the predetermined permissible valves; determining the mean
      deformation resistance in accordance with the reduction, the strain rate,
      the distribution coefficient of the total reduction of each mill stand and
      controlling the extent of screw down of each mill stand in accordance with
      the mean deformation resistance.
NUM  7.
PAR  7. A method of controlling the roll gap of a cold rolling mill comprising
      the steps of measuring the temperature of a metal strip being rolled on
      the entrance side of said mill, determining the deformation resistance of
      the strip in accordance with a constant determined by the reduction, the
      strain rate, the measured entrance strip temperature and the quality of
      the strip, determining the temperature of the strip on the exit side of
      the mill from the entrance strip temperature by taking into consideration
      the reduction and the characteristics of the rolling mill, determining the
      mean deformation resistance of the strip from said deformation resistance
      and said exit strip temperature, determining the rolling load in
      accordance with an equation
EQU  p = Z.Km .sqroot. R' . .DELTA. h . Qp
PAL  where p represents the rolling load in Kg/mm per unit width of the strip, Z
      a correction term for tension, R' the roll radius in mm of the roll after
      it has been slightly flattened by contact with the strip, .DELTA.h the
      amount of reduction in mm, Qp a function regarding the rolling force, and
      Km the mean deformation resistance determined from said deformation
      resistance and said exit strip temperature, determining the roll gap in
      accordance with the following equation of a gauge meter
      ##EQU9##
      where So represents the set value of the roll gap in mm, b the width strip
      in mm, h the thickness of the strip on the exit side and M the mill
      constant in Kg/mm, and controlling the roll gap of the mill in accordance
      with the roll gap determined in accordance with the equation of a gauge
      meter.
NUM  8.
PAR  8. Apparatus for controlling the roll gap of a cold rolling mill having a
      pair of rolls for rolling a metal strip and a screw down device for
      adjusting the gap between said rolls, said apparatus comprising: a driving
      motor for driving said rolls; a speed control device for the driving
      motor; means for measuring the temperature of the strip before it is
      rolled; a computer including means for setting the measured entrance strip
      temperature in the computer, means for setting constants and functions
      related to the quality of the strip in the computer, means for setting a
      predetermined rolling schedule in the computer, means for setting the mill
      constant in the computer, means for determining the deformation resistance
      of the strip in accordance with a constant determined by the reduction,
      the strain rate, the entrance strip temperature measured by said
      temperature measuring means, and the quality of the strip, means for
      determining the temperature of the strip on the exit side of the mill from
      the entrance strip temperature by taking into consideration the reduction
      and the characteristics of the rolling mill, means for determining the
      mean deformation resistance of the strip from said deformation resistance
      and said exit strip temperature, means for determining the rolling load in
      accordance with an equation
EQU  p = Z.Km .sqroot. R' . .DELTA.h . Qp
PAL  where p represents the rolling load in Kg/mm per unit width of the strip, z
      a correction term for tension, R40  the roll radius in mm of the roll
      after it has been slightly flattened by contact with the strip, .DELTA.h
      the amount of reduction in mm, Qp a function regarding the rolling force,
      and Km the mean deformation resistance determined by said mean deformation
      resistance determining means; means for determining the roll gap in
      accordance with the following equation of a gauge meter
      ##EQU10##
      where So represents the set value of the roll gap in mm, h the thickness
      of the strip on the exit side, b the width of the strip in mm and M the
      mill constant in Kg/mm; means for driving said screw down device in
      accordance with the roll gap determined by said roll gap determining
      means; and means for operating said speed control device.
NUM  9.
PAR  9. Apparatus for controlling the roll gaps of respective mill stands of a
      tandem cold rolling mill, each mill stand including a pair of rolls for
      rolling a metal strip, a screw down device for adjusting the gap between
      said rolls, a driving motor for driving said rolls and a speed control
      device for the driving motor, said apparatus comprising: means for
      measuring the temperature of the metal strip before it is rolled; a
      computer including means for setting the measured entrance strip
      temperature in the computer, means for setting constants and functions
      related to the quality of the strip in the computer, means for setting a
      predetermined rolling schedule in the computer, means for forecasting the
      temperatures of the strip on the exit sides of respective mill stands in
      accordance with varioua parameters including the mill constant, the
      thickness of the strip and the temperature of the strip, means for
      correcting the forecast exit strip temperatures to predetermined
      permissible values when the forecast exit temperatures are different from
      the predetermined permissible values, and means for determining the mean
      deformation resistance in accordance with the reduction, the strain rate,
      and the distribution coefficient of the total reduction of each mill
      stand; means responsive to the determined mean deformation resistance for
      driving the scew down devices of respective mill stands; and means for
      operating said speed control device.
NUM  10.
PAR  10. The apparatus according to claim 9 wherein said means for forecasting
      the exit strip temperatures comprises means for determining said exit
      strip temperatures in accordance with an equation
EQU  T.sub.ENi = Tc + (T.sub.EXi.sub.-1 .sup.-.sup.tc) e.spsb.6At
PAL  where A = 2 .delta..rho. Shi.sub.-1, S the specific heat (K cal/Kg.degree.
      C) of the strip material, h the thickness of the strip on the exit side,
      suffix i represents any one of the second and following mill stands, Tc
      the temperature of the collant for the strip, and .delta. the coefficient
      of heat transmission of the coolant.
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PAL  A data processing arrangement includes first storage means having storage
      locations arranged in a plurality of rows and second storage means
      comprising a single column of locations, one location being provided in
      said second storage means for each row of the locations in said first
      storage means. In order that the data stored in the two storage means can
      be correlated such that a combination of the data held in various
      locations of the first storage means can be compared with a corresponding
      value in a location of said second storage means, there is provided means
      for shifting the data held in the first and second storage means, at
      individually controllable rates, along said rows and said column
      respectively.
BSUM
PAR  The present invention relates to data processing apparatus and methods and
      it relates more particularly to apparatus and methods involving the
      subjection of stored information to a series of processing stages, wherein
      the various stages of the processing require the stored information to be
      retrieved from the store in respective, different sequences. In accordance
      with this invention there is provided a data processing arrangement
      including
PA1  A. first storage means for storing electrical signals indicative of the
      value of a function at each of a plurality of different spatial locations
      of a region,
PA1  B. second storage means for storing electrical signals indicative of the
      overall value of the function over linear combinations of some of said
      locations,
PA1  C. menas for correlating the information stored in said first and second
      storage means, to update the signals stored in said first storage means
      which relate to the locations of said combinations, comprising
PA2  I. means for shifting the information stored in each of said storage means
      at respective rates,
PA2  Ii. means for controlling said rates in dependence upon the disposition of
      said linear combinations of elements with respect to said region and
PA2  Iii. means for combining some of the information stored in said first and
      second storage means, and
PA1  D. means for replacing the signals in said second storage means with other
      signals indicative of a further overall value of the function over further
      linear combinations of some of said locations so that the signals in said
      first storage means may be further updated.
PAR  Each edge reading is compared with a respective estimate of the total
      absorption which would have been suffered by the respective ray had the
      stored values for the elements inter-sected by the ray been correct, so as
      to derive an error signal (dependent upon the disconformity between the
      true edge reading and the estimate) which is distributed amongst the
      relevant storage locations so as to up-date the information held in the
      store.
PAR  It will be appreciated that, for each set of rays, all the storage
      locations of the store may have to be addressed but that the order in
      which the locations are addressed will be different for the different sets
      of rays because each set of rays is directed through the notional matrix
      of elements at a respective angle or mean angle relative thereto.
PAR  It will also be appreciated that, in general, the axis of a ray will not
      pass exactly through the centre of each element along its path. Typically
      the ray will overlap parts of elements and it is necessary to weight the
      stored values, used in the reconstruction of said estimates and the
      amounts of error signal distributed among the various storage locations,
      accordingly.
PAR  In accordance with this invention there is provided a data processing
      arrangement including first storage means for storing electrical signals
      indicative of the value of a function at each of a plurality of different
      spatial locations of a region, second storage means for storing electrical
      signals indicative of the overall value of the function over linear
      combinations of some of said locations, and means for correlating the
      information stored in said first and second storage means, to up-date the
      signals stored in said first storage means which relate to the locations
      of said combinations, comprising means for shifting the information stored
      in each of said storage means at respective rates and means for
      controlling said rates in dependence upon the disposition of said linear
      combinations of elements with respect to said region.
PAR  The present invention also encompasses methods of processing data so as to
      produce variable correlations of input and stored signals.
PAR  In order that the invention may be clearly understood and readily carried
      into effect, the following description of an arrangement in accordance
      with one example of the invention, together with details of associated
      arrangements for use in a particular embodiment of the invention, is
      provided by way of example only. Reference will be made to the
      accompanying drawings of which:
DRWD
PAR  FIGS. 1 and 2 represent, in block diagrammatic form, respective processing
      arrangements in which the invention may be employed,
PAR  FIG. 3 represents an arrangement in accordance with one example of the
      invention,
PAR  FIG. 4 shows, in block diagrammatic form, a logic unit suitable for use in
      the arrangement represented in FIG. 3,
PAR  FIG. 5 shows, schematically, the relationship between part of a set of rays
      used for investigating a body and a two-dimensional array of elements
      notionally delineated in said body, and
PAR  FIG. 6 shows, in block diagrammatic form, a logical sub-unit suitable for
      incorporation in the unit shown in FIG. 4.
DETD
PAR  Referring now to the drawings, FIG. 1 shows, in block diagrammatic form, a
      processing arrangement which can be used to put into effect the
      radiographic technique described and claimed in the aforesaid Patent
      Specification.
PAR  A coefficient store 1 is provided with a storage location for each element
      of the notional matrix referred to previously. It will be assumed that
      each location of the store 1 holds an estimate of the absorption (or
      transmission) coefficient, with respect to the radiation used for
      investigation, of the appropriate element of the matrix, though the
      estimate may be zero or some finite, uniform value at the beginning of an
      estimation process.
PAR  When an edge reading, indicative of the actual absorption suffered by a ray
      on traversing a given path through the body (and thus through the matrix)
      is derived directly from a radiation detector, it is known, from the
      disposition of the ray with respect to the body, that the particular path
      of the ray in question intersects, to some extent, each element of a given
      combination of the elements of the matrix. The store 1 is then addressed,
      by means not shown, so as to derive therefrom the stored estimates
      respective to each of the elements of said combination. The estimated
      values derived from the store 1 are passed to a multiplying circuit 2
      wherein each value is multiplied by a weighting factor which is determined
      by the amount of overlap between the ray path and the respective element
      of the matrix. The weighting factors are held in a second store which is
      not shown. The appropriately weighted estimated values are then summed in
      an accumulating unit 3 and fed to a comparison circuit 4 which also
      receives the actual edge reading relating to the ray in question (i.e.
      information derived directly from the elements of the matrix) from a
      terminal 5.
PAR  If the stored values were correct, the comparison would yield an error
      signal of zero, but in general this will not be the case and the
      comparison circuit 4 provides an error signal which is indicative of the
      degree of discrepancy between the sum of the estimated values and the
      detected value of absorption. A correction signal is then derived from
      said error signal and the correction signal is distributed among the
      storage locations in store 1 for all the elements in the combination
      without favour, apart from utilising the weighting factors again to ensure
      that over-correction does not occur as could happen if the full correction
      signal were applied to a location appropriate to an element only partly
      intersected by the ray. The second weighting factor operation is carried
      out in a multiplying circuit 6 and the output information from circuit 6
      is added, with appropriate timing, to the corresponding information held
      in the store 1 by means of an adding circuit 7. The output information
      from adder 7 is fed into the appropriate storage locations of store 1.
PAR  It will be appreciated that the above-described operation is carried out
      for all rays in a set and for all sets of rays. The operation is one of
      successive approximations, i.e. an error correcting process, and it is
      usually necessary to repeat the operation for each ray at least once, in
      order that the absorption or transmission coefficients of the elements of
      the matrix can be determined with a substantial degree of accuracy.
PAR  FIG. 2 shows, in block diagrammatic form, an alternative processing
      arrangement to that shown in FIG. 1, which is a socalled "one-shot"
      arrangement -- i.e. no repetition of the operation is required.
PAR  In the alternative arrangement, a coefficient store 8 is provided which is
      similar to the store 1 in the FIG. 1 arrangement. The edge readings
      relating to the absorption suffered by individual rays on their passage
      through the body are applied to a terminal 9 and modified as described in
      U.S. patent application Ser. No. 462,104 corresponding to British patent
      application Ser. No. 19528/73 in a modifier circuit 10, the operation of
      which is more fully explained in the aforementioned patent application. In
      essence, each edge reading is modified by the addition thereto of the sum
      of the products of respective modifying factors and other edge readings
      from the same set, the modifying factors being dependent upon the distance
      between the rays appropriate to the edge readings. An amount dependent
      upon the modified edge reading for a ray is distributed to each of the
      elements intersected by that ray, subject to multiplication by a weighting
      factor in a circuit 11 for the same reason as was discussed above in
      relation to the FIG. 1 arrangement. The distribution is effected by
      adding, with appropriate timing, the weighted amount to the values already
      stored in the appropriate locations of the store 8.
PAR  The operation of either of the arrangements described thus far poses
      difficulties of access to the stores (1 or 8 as the case may be) since it
      is necessary to derive information from (or insert information into)
      different combinations of locations of the store in dependence upon the
      orientation with respect to the aforementioned matrix of the various rays.
PAR  Thus two difficulties arise:
PAR  a. that of determining which elements are intersected by the various rays,
      and
PAR  b. that since the entire store has to be interrogated for every set of
      rays, the interrogation must be sufficiently rapid to enable a result to
      be produced within the order of a few minutes.
PAR  It is an object of this invention to provide a data processing arrangement
      which can cope with the above difficulties.
PAR  FIG. 3 represents, in block diagrammatic form, an arrangement in accordance
      with one example of the invention, in combination with a scanning
      apparatus for scanning a source of X-radiation and a detector means
      relative to a body being examined. As described in U.S. Pat. No.
      1,283,915, the scanning can consist of interrelated linear traverses and
      orbital motions, which are effected under the influence of scanning
      control circuits. In FIG. 3, the store corresponding to 1 (FIG. 1) or 8
      (FIG. 2) comprises a bank of recirculating shift registers 13(1),
      13(2)...13(n) -- one register for each "row" of elements in the notional
      matrix. Each register 13 has n storage locations (one for each "column" of
      the matrix) each capable of storing a word having sufficient bits of
      information to provide the required accuracy. Typically 10 to 16 bits are
      required. Therefore, connections for the passage of words which are shown
      diagrammatically as single connections in the drawings are in fact
      multiple parallel connections, as well known to those skilled in the art.
      The edge readings, derived from the scanning apparatus, are applied to an
      intermediate (buffer) storage arrangement, in this example a magnetic disc
      14, and are applied from the buffer store under the control of clock
      pulses from a timing arrangement 15 to a further shift register 16 which
      has n storage locations. The register 16 is capable of bi-directional
      shift and also has parallel accessing facilities. The shifting operation
      of register 16 is controlled by means of a vertical shift logic circuit
      17, which is itself controlled by means of clock pulses from the
      arrangement 15. The shifting operation of each of the registers 13 is
      controlled by means of a respective local logic circuit 18(1),
      18(2)...18(n); each local logic circuit 18 having an output information
      line connected to the circuit 17. Each circuit 18 receives an input of m
      sin .theta., which will be defined hereinafter, from the timing
      arrangement 15.
PAR  By suitably controlling the shifting rates of information held in the
      "horizontal" stores 13 and the "vertical" store 16, the movement of
      information into the store 16 can be correlated with a selected
      combination of the information held in the stores 13, thus simulating the
      path of a given ray through the aforementioned notional matrix. The
      simplest case occurs when the information in store 16 is held stationary
      and the stores 13 are all synchronously pulsed. This causes the
      information held in all locations of a store 13 -- say the store 13(1) --
      to be correlated with the information held in a single bank of the store
      16, thus simulating a ray passing directly through the appropriate row of
      elements of the notional matrix.
PAR  For an arbitrary angle .theta. between a ray and a matrix row, the
      arrangement in accordance with this example of the invention requires in
      theory that the following relationship be maintained:-
EQU  CV/CH .apprxeq. tan .theta.,
PAL  where CV represents the shift rate applied to the "vertical" store 16 and
      CH represents the average shift rate applied to the "horizontal" stores
      13.
PAR  In practice, however, the fact that a finite matrix of elements is being
      investigated imposes a spatial quantisation so that the effective relative
      movement achieved by the shifts applied to stores 13 and to store 16
      comprises a discontinuous function. Such a discontinuous function can be
      simulated by causing the logic circuits 17 and 18 to operate in an
      appropriate manner.
PAR  FIG. 4 shows, in block diagrammatic form, the construction of one of the
      logic circuits 18 depicted in FIG. 3. The circuit of FIG. 4, shown
      generally within the dashed rectangle 18, includes three sub-units 19, 20
      and 21. Sub-unit 19 receives the aforementioned input signal m sin .theta.
      from the timing arrangement 15 and is effective to provide an output
      signal W to the sub-unit 20. The signal W is the aforementioned weighting
      factor and is determined by calculation of the degree of overlap between a
      ray and the successive elements along its path; W taking a respective
      value for each such overlap. The sub-unit 20 receives the edge readings
      from the vertical store 16 (FIG. 3) and communicates with a respective
      horizontal store 13 and comprises, for example either the components 2 to
      7 shown in FIG. 1 or the components 9 to 12 shown in FIG. 2.
PAR  The shifting of the information held in the horizontal store 13 is
      controlled by means of the sub-unit 21 which receives input information
      derived from the operation of sub-unit 19; the signal fed from sub-unit 19
      to sub-unit 21 being designated N, since it represents a so-called "next
      ray" signal which will be described hereinafter. The sub-unit 21 is
      connected to the logic unit 17 which controls the shift of information
      through the store 16 so that the logic units 18, which operate respective
      ones of the horizontal stores 13, also contribute to the operation of the
      unit 17.
PAR  Referring now to FIG. 5, it is assumed for simplicity of description that
      the disposition of rays in a set is such that adjacent rays just touch but
      do not overlap. In practice, overlapping is achieved by repeating the
      scanning with a transverse shift of less than one beam width imparted to
      the rays. In FIG. 5, part of the notional matrix of elements is shown
      generally, in dashed outline, at 22. The centres of twelve elements
      constituting part of said matrix and arranged themselves in a
      three-by-four rectangular sub-matrix, are marked Pij, the suffix i
      representing the row of the sub-matrix in which the elements lies and the
      suffix j representing the appropriate column of the sub-matrix.
PAR  For simplicity of description, it will be assumed hereinafter that all the
      matter of a given element in the sub matrix is located at its centre Pij,
      so that points rather than square elements can be considered. Moreover,
      the cross-sectional energy distribution of the rays is assumed to be of
      the general form shown in FIG. 5.
PAR  From FIG. 5 it will be observed that the point P11 is intersected by the
      r'th ray of a set directed through the matrix 22 at an angle .theta. to
      the horizontal rows thereof. The disposition of the ray to the point is
      such that the energy passed through point P11 is represented by a point
      (a) on the aforementioned energy distribution curve for the ray. Similarly
      the energy passed through point P12 is represented by a point (b) on the
      corresponding curve for ray (r+1) of the set and the energy passed through
      point P13 is represented by a point (c) on the curve for ray (r+2) of the
      set. If the distance of P11 from the left-hand edge of the r'th ray
      (measured perpendicularly to the extent of the ray and in the plane of the
      matrix) is represented as shown by x.sub.11, and given that x.sub.11 is
      known, the corresponding distances x.sub.12, x.sub.13 etc. can be provided
      by the following relationship:
EQU  x.sub.1(1+k) = x.sub. 1k +
PAL  where b represents the cross-sectional width of each ray, m is the spacing
      between centres of adjacent elements in the same row of the matrix, and
      .theta. represents, as already defined, the angle between the rays of a
      set and the horizontal rows of the matrix.
PAR  The significance of the value m sin .theta. referred to earlier can be
      easily seen from FIG. 5, this value representing the spacing between the
      centres of adjacent elements in the same row of the matrix measured in the
      same direction as the values x.sub.11 etc.
PAR  FIG. 6 shows, in more detail though still in block diagrammatic form, a
      typical construction for the sub-unit 19 referred to during the
      description of FIG. 4. This sub-unit receives only the signal m sin
      .theta. as input information and from this it is arranged to generate the
      "next beam" signal N, the distance x.sub.ij and the corresponding
      weighting factor W, utilising the relationship for x.sub.1(1+k) set out
      above. The value x.sub.11 is assumed to be known and held initially in a
      unit 23. When a value of m sin .theta. is received from the arrangement
      15, it is applied to an adder unit 24 wherein it is summed with the value
      for x.sub.11, the sum being decremented by the fixed amount b, and the
      output of the adder unit 24 is applied to the unit 23, which then holds
      the up-dated value x.sub.12, and also to a unit 25 for generating the
      signal N, which in this example is either "1" or "O" as will be described
      hereinafter. The unit 25 is arranged, using known techniques, to produce a
      signal corresponding to N = 1 if (x.sub.1k + m sin .theta.) b and to
      produce a signal corresponding to N = 0, if (x.sub.1k + m sin .theta.) &lt;b.
PAR  The value currently held in the unit 23 is also applied to a further unit
      26 which correlates the value with the (fixed) energy distribution curve
      of the rays to generate the weighting factor W for the particular
      intersection of a ray and an element.
PAR  When N takes the value 0, this indicates that the element giving rise to
      the value x.sub.1 (k+1) lies in the same ray as the element giving rise to
      the value x.sub.1k whereas when N takes the value 1, this indicates that
      the two elements lie in adjacent rays. The situation in which N takes the
      value 1 for all rows of the matrix (i.e. the sub-unit 19 of the unit 18
      associated with each of the horizontal stores 13 gives an output of 1) is
      used by logic unit 17 to generate a shift pulse for the vertical store 16.
      When this condition occurs, it indicates that all the elements whose
      storage locations are being accessed at that time are in an adjacent beam,
      and a shift of the information in the vertical store 16 is required to
      re-align the storage locations of the stores 13 and 16.
PAR  It is convenient, from a practical point of view, for b to take the value
      unity. In this case, the adder unit 24 can be divided into integer and
      positive fractional parts, where the integer part gives the signal N and
      the fractional part provides the corresponding value of x. Each time the
      next element in a given row of the notional matrix is to be considered,
      the quantity m sin .theta. is added by a suitably operated gate (not
      shown) to the unit 24. It will be appreciated that the value of m sin
      .theta. is a constant for a given set of rays.
PAR  In a practical embodiment of this example of the invention the horizontal
      stores 13 are only capable of shifting the information held therein in one
      direction. The vertical store 16, however, has to be capable of
      bi-directional shifts. The "vertical"  shift is upward or downward as
      determined by the angle .theta..
PAR  In an alternative arrangement of the stores 13 and 16, the "horizontal"
      stores are extended to store the values for 1 adjacent rows of elements; 1
      taking the value four in this example. This arrangement permits a
      reduction by a factor of 1 in the number of local logic circuits 18 to be
      achieved at the expense of having larger (though fewer) horizontal stores.
      The increase in size of the horizontal stores is of little significance in
      itself from an economic point of view, but the speed of operation of the
      arrangement is, of course, reduced. In effect, this arrangement exchanges
      cost of local logic units (18) for speed of operation.
PAR  The technique for providing horizontal and vertical shifts is substantially
      the same as with the previously described embodiment, except that the
      horizontal and vertical stores are each addressed 1 times instead of one
      for each set of rays.
PAR  Although the invention has been described in terms of the use of parallel
      rays, sets of mutually divergent rays can alternatively be used if
      desired. Each set of rays may be tilted through an angle, corresponding to
      the inter-ray angle of a set, relative to the preceding set of rays so as
      to establish different sets of parallel rays.
PAR  Although the invention has been described with reference to the use of
      shift register stores for the edge readings and the coefficients of the
      elements of the body, this need not necessarily be the case and the stores
      could comprise instead random access stores in a digital computer which is
      arranged to carry out the various processing steps.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A data processing arrangement including
PA1  a. first storage means for storing electrical signals indicative of the
      value of a function at each of a plurality of different spatial locations
      of a region,
PA1  b. second storage means for storing electrical signals indicative of the
      overall value of the function over linear combinations of some of said
      locations,
PA1  c. means for correlating the information stored in said first and second
      storage means, to update the signals stored in said first storage means
      which relate to the locations of said combinations, comprising
PA2  i. means for shifting the information stored in each of said storage means
      at respective rates,
PA2  ii. means for controlling said rates in dependence upon the disposition of
      said linear combinations of elements with respect to said region and
PA2  iii. means for combining some of the information stored in said first and
      second storage means, and
PA1  d. means for replacing the signals in said second storage means with other
      signals indicative of a further overall value of the function over further
      linear combinations of some of said locations so that the signals in said
      first storage means may be further updated.
NUM  2.
PAR  2. A scanning apparatus for investigating a body by means of penetrating
      radiation such as X- or .gamma.- radiation including a data processing
      arrangement including
PA1  a. first storage means for storing electrical signals indicative of the
      value of a function at each of a plurality of different spatial locations
      of a region,
PA1  b. second storage means for storing electrical signals indicative of the
      overall value of the function over linear combinations of some of said
      locations,
PA1  c. means for correlating the information stored in said first and second
      storage means, to update the signals. stored in said first storage means
      which relate to the locations of said combinations, comprising
PA2  i. means for shifting the information stored in each of said storage means
      at respective rates,
PA2  ii. means for controlling said rates in dependence upon the disposition of
      said linear combinations of elements with respect to said region and
PA2  iii. means for combining some of the information stored in said first and
      second storage means, and
PA1  d. means for replacing the signals in said second storage means with other
      signals indicative of a further overall value of the function over further
      linear combinations of some of said locations so that the signals in said
      first storage means may be further updated.
NUM  3.
PAR  3. A scanning apparatus according to claim 2 wherein said scanning
      apparatus includes a source of said radiation, means for directing a
      plurality of co-planar rays of said radiation through a substantially
      planar slice of said body, said slice corresponding to said region, such
      that each ray defines a respective linear combination of said locations,
      and detecting means arranged to receive radiation emergent from said body
      along each of said rays and to provide an electrical output signal for
      each ray indicative of the absorption of said radiation disposed along the
      combination intersected by said ray.
NUM  4.
PAR  4. A scanning apparatus according to claim 2 wherein said data processing
      arrangement includes, in said first storage means, a storage compartment
      respective to each of said locations, the locations being arranged in rows
      and columns in said region, and the compartments being likewise arranged
      in corresponding rows and columns, shift means being provided for moving
      the information held in said first storage means, at a controllable rate,
      in the direction of said rows only.
NUM  5.
PAR  5. A scanning apparatus according to claim 4 wherein said second storage
      means comprises a bi-directional shift register arranged to receive the
      data provided by said scanning apparatus, further shift means being
      provided for moving said data through said register, at a controllable
      rate, in the direction of the columns of information held in said first
      storage means.
NUM  6.
PAR  6. A scanning apparatus according to claim 5 wherein said means for
      correlating comprises a respective local logic circuit associated with
      each row of compartments in said first storage means, said shift register
      having a respective location corresponding to each of said rows, and
      comprising
PA1  a. a processing sub-unit arranged to receive information from both said
      first and second storage means, to correlate said information and to
      up-date the information held in said first storage means in accordance
      with said correlation,
PA1  b. a weighting factor sub-unit for receiving signals from said timing
      circuit and for evaluating weighting factor signals used in said
      correlation, and
PA1  c. a shift sub-unit arranged to communicate with said weighting factor
      sub-unit and to provide shifting information for said first and second
      storage means.
NUM  7.
PAR  7. A scanning apparatus according to claim 6 wherein said first mentioned
      shift means is caused to operate under the control of a timing circuit
      which is linked to the operations of said scanning apparatus.
NUM  8.
PAR  8. A scanning apparatus according to claim 7 wherein said further shift
      means is caused to operate under the control of said timing circuit and
      also said first mentioned shift means.
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ABST
PAL  Method and apparatus for blending, particularly liquid e.g. petroleum
      products. A number of qualities of the blended product are monitored, on
      line, to produce electrical signals representative of the respective
      qualities. The signals are operated on in a computer with a matrix which
      is an inversion of a matrix representative of the linear property indices
      of components of the blend to produce output control signals. The output
      control signals are fed to valves controlling the flow of components of
      the blend so as simultaneously to control the flow of all components to
      correct for any deviation of qualities without causing further deviations
      of other qualities of the blended product.
BSUM
PAR  The invention relates to blending, and more particularly, although not
      exclusively, to blending petroleum products.
PAR  In petroleum product blending the cheapness of any blend is in general
      constrained by the quality specifications and for any blend there is
      economic incentive to manufacture a product having certain qualities as
      close to the specification limit as possible. Traditional blending systems
      attempt to achieve desired product properties by regulating the components
      to be in precalculated volumetric ratios to one another. This method is
      susceptible to certain errors such as imperfection of knowledge of the
      component properties (e.g. layering in tanks), methods of blend index
      calculation which are not completely exact and errors in flow metering.
      Because of these errors it is necessary to leave a margin between the
      objective and the specification for any blend. The only effective way to
      reduce this margin is to measure and control the important qualities on
      line. The control of several qualities on line introduces a problem of
      which the existence is well known. In general, each of the components
      affects each of the product qualities, i.e. if one attempts to control a
      property by varying the proportion of a single component, interactions
      arise which can lead to an unstable control solution.
PAR  United States patent specification No. 3,385,680 discloses a fluid blending
      system in which qualities of the blended product are monitored, compared
      with required qualities, and corrections made to the flow rate of a
      component of the blend. However, in this arrangement corrections made to
      the flow rate of one component in respect of one required quality causes
      errors to occur in respect of other required qualities.
PAR  U.S. Pat. No. 3,473,008 discloses a feed blending control system which
      utilises a method of "steepest ascent " to derive outputs to flow
      controllers. No attempt is made to uncouple these controller outputs and
      hence interactions arise.
PAR  U.S. Pat. No. 3,170,677 discloses a blending system in which qualities of a
      first trial blend and of correction materials are measured. From these
      measurements there is determined the required amounts of correction
      materials to be added to give a required final blend. The system does not
      provide on line non-interactive blending and no method is disclosed for
      solving the blend equations.
PAR  French Pat. No. 70.19007 discloses a blending system which uses
      experimentally determined relations between component percentages, and
      easily measured properties to derive component percentages for a required
      blend and then controls these derived percentages. No attempt is made to
      provide non-interactive blending which controls the properties of the
      blended product.
PAR  According to one aspect of the invention a method of blending comprises
      monitoring a plurality of qualities of a blended product on line,
      producing a respective electrical signal representative of each of
      selected qualities or at least representative of each deviation from said
      selected qualities, feeding said electrical signals to control means, at
      least operating on said electrical signals, or further signals produced
      thereby, in the control means with a matrix which is an inversion of a
      matrix representative of the linear property indices of components of the
      blend to produce output control signals, and feeding the output control
      signals, or signals produced thereby to valve means which respectively
      control the flow of each of the components of the blend so as
      simultaneously to control the flow of all the components to correct for
      said deviation without causing further deviations of other qualities of
      the blended product.
PAR  The electrical signals may be operated on serially in a primary control
      loop by a matrix comprising linearising functions and total flow rate. The
      output is compared with property desired values to produce error signals
      which are operated on by a matrix comprising controller algorithms, which
      matrix is an inversion of the component linear property blending indices
      matrix, and a further matrix of controller algorithms to produce the
      output control signals.
PAR  The signals derived from the operation of the matrix comprising linearising
      functions and total flow rate may also be fed to a secondary control loop
      in which these signals are integrated and operated on by a matrix of
      inverse linearising transformations to produce signals which are compared
      with blended product property desired values to produce further error
      signals which are operated on by a third matrix of controller algorithms,
      and a further matrix of linearising functions to produce signals which are
      fed to the primary control loop as said property desired signals.
PAR  The controller algorithms of said third matrix may be of the form:
EQU  .DELTA.I.sub.s = E. V.sub.1 /V.sub.2
PAL  where
PAR  .DELTA.I.sub.s is the correction to the primary control loop property
      desired signals,
PAR  E is the difference between the integratad blended product property and the
      desired value,
PAR  V.sub.1 is the volume of blended product to date, and
PAR  V.sub.2 is the volume remaining to be blended.
PAR  The blended product may be a petroleum product and said qualities may be
      the qualities of any combination of the properties sulphur content,
      density, flash point, pour point, cloud point, distillation point, octane
      number, Reid vapour pressure and viscosity.
PAR  The control means may be arranged to verify by calculation, correct
      operation of the monitoring means.
PAR  According to a further aspect of the invention a blending apparatus
      comprises a plurality of monitoring means, each capable of being connected
      to a blended product line to monitor a selected quality of the blended
      product and produce an electrical signal indicative of the selected
      quality or at least indicative of a deviation from the selected quality,
      control means connected to receive signals from the monitoring means, the
      control means being arranged to operate on signals derived from said
      electrical signals with a matrix which is an inversion of a matrix
      representative of the properties of components of the blended product to
      produce output control signals, and a plurality of valve means each
      connected to control the flow of one of the components to the product
      line, the output control signals being arranged to be fed to control all
      the valve means simultaneously, so as to control the flow of all the
      components to correct for any deviations without causing further
      deviations of other qualities of the blended product.
PAR  The control means may include a series primary control loop arranged such
      that said electrical signals are fed to the input of such loop to be
      operated on by a matrix comprising linearising functions and total flow
      rate, the output of which is fed to comparison means to be compared with
      signals representative of property desired values to produce output error
      signals therefrom, the output error signals are operated on by a matrix of
      controller algorithms, the outputs therefrom are operated on by the matrix
      which is an inversion of the component linear property blending indices
      matrix and the outputs therefrom are operated on by a further matrix of
      controller algorithms to produce said output control signals.
PAR  There may also be provided a secondary control loop wherein the output from
      the operation of the matrix comprising linearising functions and total
      flow rate in the primary control loop are/is connected to integrating
      means the output of which is connected to means including a matrix of
      inverse linearising transformations and the output of which is connected
      to comparison means arranged to be fed with blended product property
      desired values, the output from the comparison means is connected to means
      including a third matrix of controller algorithms, the output of which is
      connected to means including a further matrix of linearising functions and
      the output of the latter means is connected to the primary control loop to
      provide said property desired values.
PAR  Said means including the third matrix of controller algorithms may be such
      that the form of the controller algorithms is:
EQU  .DELTA.I.sub.s = E. V.sub.1 /V.sub.2
PAL  where
PAR  .DELTA.I.sub.s is the correction to the primary control loop property
      desired signals,
PAR  E is the difference between the integrated blended product property and the
      desired value,
PAR  V.sub.1 is the volume of the blended product to date, and
PAR  V.sub.2 is the volume remaining to be blended.
PAR  Said monitoring means may comprise any combination of means for monitoring
      sulphur content, density, flash point, pour point, cloud point,
      distillation point, octane number, Reid vapour pressure and viscosity.
PAR  Said control means may comprise a digital computer with an interface
      interconnected between the computer and the monitoring and valve means.
PAR  The foregoing and further features of the invention may be more readily
      understood from the following description of a preferred embodiment
      thereof, by way of example, with reference to the accompanying drawing, in
      which:
DRWD
PAR  FIG. 1 is a block schematic representation of a blending apparatus having
      for illustration three components;
PAR  FIG. 2 is a block representation of a basic primary multivariable control
      loop, and
PAR  FIG. 3 is a block representation of a primary and secondary multivariable
      control loop.
DETD
PAR  Referring now to FIG. 1 the apparatus comprises component flow meters 1, 2
      and 3 for measuring flow rates of respective components to be blended.
      Respective connection pipes 4, 5 and 6 lead via respective flow control
      valves 7, 8 and 9 to a product pipe 10 and product storage tank 11. The
      blended product in pipe 10 is monitored by respective monitoring means 12.
      Signals derived from monitoring means 12 are fed via respective leads 13
      to an interface 14 and thence to a computer 15. Signals from flow meters
      1, 2 and 3 and temperature transmitters are fed via respective leads 16
      and interface 14 to computer 15. Output control signals from computer 15
      are fed via interface 14 and respective leads 17 to control the valves 7,
      8 and 9. Peripheral equipment 18, such as tape or card readers and
      printer, are connected via an interface 19 to computer 15. A control panel
      20 is connected via an interface 21 to computer 15.
PAR  The monitoring means 12 comprise respective analysers or other devices for
      determining sulphur content, density, flash point, pour point, cloud
      point, distillation point, octane number, Reid vapour pressure. The
      monitoring means actually utilised for any particular blend will vary
      according to required qualities of the blend. The monitoring means may be
      continous in operation, or discontinuous providing output results
      periodically. In this latter case suitable sampled data algorithms must be
      used in the elements of C.sub.1. The interface 14 provides suitable
      isolation between the plant and the computer and provides required
      analogue to digital and digital to analogue conversions where required.
PAR  Referring now to FIG. 2 there is shown a basic multivariable control loop
      representation of the FIG. 1 apparatus and the contents of the various
      parts are detailed below for a three component blend.
TBL  __________________________________________________________________________
     C.sub.1                                                                   
          = .vertline.                                                         
              C.sub.1                                                          
                  O  O .vertline.                                              
              O   C.sub.2                                                      
                     O         WHERE C's are controller                        
              O   O  C.sub.3   algorithms.                                     
     L    = .vertline.                                                         
              Fl.sub.1                                                         
                  (v.sub.1)                                                    
                     O      O.vertline.                                        
              O      Fl.sub.2                                                  
                         (v.sub.2)                                             
                            O  WHERE F is total flow                           
              O      O      1  1(v)'s rate are                                 
                               linearising                                     
                               functions.                                      
     B=A.sup.-.sup.1                                                           
          = .vertline.                                                         
              b.sub.11                                                         
                  b.sub.12                                                     
                     b.sub.13 .vertline.                                       
              b.sub.21                                                         
                  b.sub.22                                                     
                     b.sub.23  WHERE b's are elements                          
                               of the uncoupling                               
              b.sub.31                                                         
                  b.sub.32                                                     
                     b.sub.33  matrix.                                         
     C.sub.2                                                                   
          = .vertline.                                                         
              C.sub.4                                                          
                  O  O .vertline.                                              
              O   C.sub.5                                                      
                     O         WHERE C's are controll-                         
              O   O  C.sub.6   er algorithms                                   
     A    = .vertline.                                                         
              a.sub.11                                                         
                  a.sub. 12                                                    
                     a.sub.13 .vertline.                                       
              a.sub.21                                                         
                  a.sub.22                                                     
                     a.sub.23  WHERE a's are compon-                           
                               ent blending indices.                           
              a.sub.31                                                         
                  a.sub.32                                                     
                     a.sub.33                                                  
              L.sub.1.sup..sup.-1 (P.sub.1)                                    
     D    = .vertline.                                                         
                   O    O .vertline.                                           
              F                WHERE L.sup.-.sup.1 (P.sub.1)                   
                   L.sub.2.sup.-.sup.1 (P.sub.2)                               
                               are inverse                                     
              O         O                                                      
                   F           linearising                                     
              O    O    1      transformations.                                
     __________________________________________________________________________
PAR  The blending plant can essentially be described by a set of linearised
      blending equations of the form
EQU  P.sub.1 F = a.sub.11 f.sub.1 + a.sub.12 f.sub.2 + a.sub.13 f.sub.3
EQU  P.sub.2 F = a.sub.21 f.sub.1 + a.sub.22 f.sub.2 + a.sub.23 f.sub.3
EQU  F = f.sub.1 + f.sub.2 + f.sub.3
PAL  Where the a's are component blending indices and will form the matrix A
      with P.sub.1, P.sub.2 being the product blending indices and the f's the
      component flow rates.
PAR  The on line analysers measures product properties such as flash point or
      pour point some of which do not blend linearly using equations of the type
      shown above. These product properties must be converted to linearly
      blending indices using empirically derived relations L.sub.i.sup..sup.-1
      (P.sub.i) which might for example have the form
EQU  P.sub.1 = K.sub.1 exp (I.sub.1 -K.sub.2)
PAL  where K.sub.1, K.sub.2 are constants.
PAR  Therefore the mathematical description must include a multiplication of the
      form: I = D.PF
PAL  to derive the product properties where the I's are the product properties.
      In full this is:
TBL      L.sub.1.sup..sup.-1 (P.sub.1)                                         
     .vertline.   O        O   P.sub.1 F I.sub.1                               
         F                                                                     
                  L.sub.2.sup..sup.-1 (P.sub.2)                                
         O                 O.vertline.                                         
                               .vertline.P.sub.2 F.vertline.                   
                                     =   .vertline.I.sub.2 .vertline.          
                  F                                                            
         O        O        1   F         F                                     
PAR  The same mathematical description of the plant may also be used in the
      computer to simulate the plant operation and the outputs of such
      simulation compared with the actual plant outputs to give an indication of
      correct or erroneous operation of the various monitoring devices.
PAR  The vector of product properties I is linearised in the computer using the
      matrix L and compared with a vector of desired values which has been
      similarly linearised thus producing an error vector. The matrix L has
      elements which are functions of the total flowrate and predetermined
      blending index-property relationships. This error vector is then operated
      on by a matrix or quality controllers C1. The resulting vector v, of
      control signals, is then operated on by the uncoupling matrix B to give
      set points for the flow controllers C2, which provide outputs to the flow
      regulating valves at 7, 8 and 9.
PAR  FIG. 3 shows a modified system with a secondary control loop including a
      calculation to give the integrated values of the properties of the
      material blended to date in combination with a control loop to achieve a
      desired value of the product properties of the completed product tank.
PAR  The vector of product properties I is linearised using the matrix L and
      now, as well as being used in the primary control loop to derive the error
      signals, the elements of this linearised vector are operated on by a
      calculation of the form
EQU  P.sub.T = .SIGMA.PF/.SIGMA.F
PAL  to give the integrated values of the linear property indices P.sub.T, for
      each property. This vector is then operated on by a matrix G to give the
      integrated product properties I.sub.T where G is of the form
TBL  L.sub.1.sup..sup.-1 (P.sub.1)                                             
                     O            O                                            
     O               L.sub.2.sup..sup.-1 (P.sub.2)                             
                                  O                                            
     O               O            1                                            
PAR  This vector is compared with a vector of tank property desired values
      I.sub.TS to produce an error signal which is operated on by matrix of
      controller algorithms C3. The outputs from these controllers consist of
      the desired product properties for the primary control loop. These are
      linearised using the matrix M which has the form
TBL  L.sub.1 (P.sub.1)                                                         
                     O            O                                            
     O               L.sub.2 (P.sub.2)                                         
                                  O                                            
     O               O            1                                            
PAR  A special algorithm has been developed for use in the elements of C3 which
      is of the form
EQU  .DELTA.I.sub.s = E. V.sub.1 /V.sub.2
PAL  where
PAR  .DELTA.I.sub.s is the correction to the inner loop set point
PAR  E is the difference between the integrated tank property and the desired
      value
PAR  V.sub.1 is the volume in the tank to date
PAR  V.sub.2 is the volume remaining to blend.
PAR  In a quality controlled system where an element of feed forward control is
      introduced by the uncoupling matrix the computer must know how many
      components are being used, which lines they are in, the values of their
      properties and which product properties are to be controlled. Certain data
      must be entered to the computer before a blend and the computer must
      organise this data so that the correct control structure exists for each
      individual blend.
PAR  The same number of components as there are lines meters and pumps may be
      used, or a smaller number of components, still one component to one line.
      A smaller number of components, but with some components using more than
      one line may be used.
PAR  Each product will have certain properties. A search for an economically
      optimum blend, done elsewhere may indicate that some of the properties
      should be controlled at or close to the value of the specification, and/or
      that the quantities of certain components are restrictive and should be
      controlled to particular values. In addition to controlling the total flow
      rate the system can control a sum of such properties or quantities equal
      to one less than the number of components. The computer must be informed
      which properties or quantities are to be controlled and must organise the
      outputs from the quality controllers into a vector suitable for
      multiplication on the uncoupling matrix.
PAR  Data on the values of all the properties of the components must be entered.
      These will first be linearised to blending indices, using appropriate
      mathematical expressions. Some elements will be modified by S.G. according
      to whether weight or volume blending methods are used for those particular
      properties. We now have a matrix consisting of blending indices for all
      the properties of all the components, with a particular property referring
      to a row, and components being referenced by column. Now according to
      which properties are to be controlled, certain rows of this matrix are
      taken to form a new square matrix. The remaining property rows must be
      retained for use in calculation of product properties. The square matrix
      is inverted and used as the uncoupling matrix. The property matrix
      originally entered would have a constant number of rows, but a variable
      number of columns depending on the number of components.
PAR  To carry out a blend, the necessary data would be entered to the computer
      on a punched tape having the form below.
PAR  Blend Number: GO M1234
PAR  No. of components 3
TBL          Tank No.                                                          
                   %    Prop 1                                                 
                             Prop 2                                            
                                  Prop 3                                       
                                       Prop 4                                  
     __________________________________________________________________________
     Set points         x    2.6  14.7 x                                       
     Component 1                                                               
             221   r.sub.1                                                     
                        d.sub.11                                               
                             d.sub.12                                          
                                  d.sub.13                                     
                                       d.sub.14                                
     Component 2                                                               
             122   r.sub.2                                                     
                        d.sub.21                                               
                             d.sub.22                                          
                                  d.sub.23                                     
                                       d.sub.24                                
     Component 3                                                               
             321   r.sub.3                                                     
                        d.sub.31                                               
                             d.sub.32                                          
                                  d.sub.33                                     
                                       d.sub.34                                
     Component 4                                                               
             x                                                                 
     Remnant in                                                                
     Product Tank                                                              
             721   400M.sup.3                                                  
                        g.sub.1                                                
                             g.sub.2                                           
                                  g.sub.3                                      
                                       g.sub.4                                 
     Vol. to blend                                                             
             5000M.sup.3                                                       
     __________________________________________________________________________
PAL  where the
PA1  r's are the nominal component percentages
PA1  d's are the component properties
PA1  g's are the remnant properties
PAL  It is also possible to retain a bank of component property data in the
      computer, entering only modifications to this data prior to each blend.
PAR  The first row of the property matrix would refer to total flow, i.e. it
      would consist of 1s and would be written in automatically and not have to
      be entered for each blend. The size of the property control matrix is
      defined by the number of set points entered, being this number n plus 1.
      Where quantities of components are to be controlled this number n will be
      less than the number of components less 1, and the components whose
      quantities are to be controlled are entered as the last components.
PAR  When the data tape is entered the computer checks the data for order of
      magnitude, converts properties to indices, inverts the control matrix,
      tests it for illconditioning and reprints all the data for operator
      verification. Through a control panel 20 the operator then enters data to
      indicate to the computer which component is in which line, and whether one
      component uses two lines. In this latter case the computer divides the
      component in the ratio of the pump capacities. The operator can then
      direct all the data to be written to a region of memory reserved for a
      particular blender, where the information already entered is used to
      organise the proper control of the blend.
PAR  The values of product properties will periodically be calculated using
      measured flow rates and inserted component properties, and the type of
      blending equations shown earlier. Facility is provided to substitute this
      value for the measured product property value in the property controllers.
      This selection is from the control panel 20.
PAR  The organisation of the data to form the uncoupling matrix and regulate the
      blend is shown diagrammatically below. Assume there are 5 possible
      components with 8 possible properties, including total flow rate and one
      component quantity, i.e. 5 possible columns and 8 possible rows. Assume in
      this case four components are used and properties nos. 1, 3, 4 and 6.
      Assume that component 1 will be in line 1, component 2 in line 3,
      component 3 in line 2 and component 4 divided between lines 4 and 5.
TBL  __________________________________________________________________________
     Inspection data property matrix                                           
                             Matrix of blending indices                        
                             stored                                            
     __________________________________________________________________________
           1 1 1 1 0   Linearise                                               
                             1 1 1 1 0                                         
           d.sub.21 d.sub.22 d.sub.23 d.sub.24 0                               
                       and modify                                              
                             a.sub.21 a.sub.22 a.sub.23 a.sub.24 0             
           d.sub.31 d.sub.32 d.sub.33 d.sub.34 0                               
                       rows from                                               
                             a.sub.31 a.sub.32 a.sub.33 a.sub.34 0             
           d.sub.41 d.sub.42 d.sub.43 d.sub.44 0                               
                    .fwdarw.                                                   
                       S.G. data                                               
                             a.sub.41 a.sub.42 a.sub.43 a.sub.44 0             
           d.sub.51 d.sub.52 d.sub.53 d.sub.54 0                               
                       according                                               
                             a.sub.51 a.sub.52 a.sub.53 a.sub.54 0             
     Enter data                                                                
           d.sub.61 d.sub.62 d.sub.63 d.sub.64 0                               
                       to whether                                              
                             a.sub.61 a.sub.62 a.sub.63 a.sub.64 0             
           d.sub.71 d.sub.72 d.sub.73 d.sub.74 0                               
                       or not                                                  
                             a.sub.71 a.sub.72 a.sub.73 a.sub.74 0             
           0 0 0 0 0   weight                                                  
                             0 0 0 0 0                                         
                       blending                                                
     Square matrix containing                                                  
                   Uncoupling matrix is in top                                 
      square blending matrix                                                   
                   left hand corner                                            
     Sort  1 1 1 1 0   b.sub.11 b.sub.12 b.sub.13 b.sub.14 0                   
     according                                                                 
           a.sub.31 a.sub.32 a.sub.33 a.sub.34 0                               
                       b.sub.21 b.sub.22 b.sub.23 b.sub.24 0                   
     to infor-                                                                 
           a.sub.41 a.sub.42 a.sub.43 a.sub.44 0                               
                       b.sub.31 b.sub.32 b.sub.33 b.sub.34 0                   
     mation on                                                                 
           a.sub.61 a.sub.62 a.sub.63 a.sub.64 0                               
                       b.sub.41 b.sub.42 b.sub.43 b.sub.44 0                   
     properties                                                                
     .fwdarw.                                                                  
     to be con-                                                                
           0 0 0 0 0                                                           
                   Invert                                                      
                       0 0 0 0 0                                               
     trolled       .fwdarw.                                                    
     __________________________________________________________________________
PAL  Read into 5 .times. 5 storage space.
PAR  The outputs from the property controllers are read into addresses for input
      to the uncoupling matrix. This part of the system now looks as shown:
     Property controller                                                       
                Input vector to                                                
                             Vector of                                         
                                   Flow                                        
     outputs    uncoupling matrix                                              
                             outputs                                           
                                   control-                                    
                Initially set = 0  ler                                         
     __________________________________________________________________________
     1.fwdarw.  1  b.sub.11 b.sub.12 b.sub.13 b.sub.14 0                       
                             1.fwdarw.                                         
                                   1                                           
     2          2  b.sub.21 b.sub.22 b.sub.23 b.sub.24 0                       
                             2     2                                           
     3.fwdarw.  3  b.sub.31 b.sub.32 b.sub.33 b.sub.34 0                       
                             3     3                                           
     4.fwdarw.  4  b.sub.41 b.sub.42 b.sub.43 b.sub.44 0                       
                             4     4                                           
     5.fwdarw.  5  0 0 0 0 0 5     5                                           
     7                                                                         
     8                                                                         
     __________________________________________________________________________
PAR  The foregoing illustrates how the multivariable control loop in FIG. 2 is
      organised for each blend.
PAR  Although a single blend has been detailed it will be apparent to those
      skilled in the art how this method and apparatus can be utilised to
      provide other blends.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of non-interactive blending, comprising the steps of:
PA1  monitoring a plurality of qualities of a blended product on line;
PA1  producing electrical signals representative of the selected qualities;
PA1  feeding the electrical signals to a control means;
PA1  operating on the electrical signals in the control means with an uncoupling
      matrix, which is an inversion of a matrix representing linear property
      indices of components of the blend, to produce output control signals;
PA1  feeding the output control signals to valve means, which respectively
      control the flow of each of the components of the blend, to simultaneously
      control the flow of all of the components to correct for any deviation
      without causing deviations of other qualities of the blended product.
NUM  2.
PAR  2. The method claimed in claim 1, including the steps of:
PA1  serially operating on the electrical signals in a primary control loop by a
      matrix including linearising functions and total flow rate;
PA1  comparing the output resulting from the serial operation with property
      desired values to produce error signals;
PA1  operating on the error signals with a matrix including controller
      algorithms, the uncoupling matrix, and a further matrix of controller
      algorithms to produce the output control signals.
NUM  3.
PAR  3. The method claimed in claim 2, including the steps of:
PA1  feeding the signals derived from the serial operation to a secondary
      control loop;
PA1  integrating and operating on the signals derived from the serial operation
      by a matrix of inverse linearising transformations to produce signals;
PA1  comparing the output signals resulting from operation of the matrix of
      inverse linearising transformations with blended product property desired
      values to produce further signals;
PA1  operating on the further error signals with a third matrix of controller
      algorithms and a further matrix including linearising functions and total
      flow rate to produce signals which are fed to the primary control loop as
      the property desired signals.
NUM  4.
PAR  4. The method claimed in claim 3, including the the controller algorithms
      of said third matrix are of the form:
EQU  .DELTA.I.sub.s = E.V.sub.1 /V.sub.2
PAL  where
PA1  .DELTA.I.sub.s is the correction to the primary control loop property
      desired signals,
PA1  E is the difference between the integrated blended product property and the
      desired value,
PA1  V.sub.1 is the volume of blended product to date, and
PA1  V.sub.2 is the volume remaining to be blended.
NUM  5.
PAR  5. The method claimed in claim 3 wherein:
PA1  the blended product is a petroleum product;
PA1  the qualities include sulphur content, density, flash point, pour point,
      cloud point, distillation point, octane number, Reid vapour pressure, and
      viscosity.
NUM  6.
PAR  6. The method claimed in claim 3, including the steps of:
PA1  verifying by calculation, the correctness of the monitored qualities.
NUM  7.
PAR  7. Blending apparatus, comprising:
PA1  a plurality of monitoring means, each of said monitoring means being
      connected to a blended product line to monitor a selected quality of the
      blended product and produce an electrical signal indicative of the
      selected quality;
PA1  control means for receiving signals from said monitoring means, said
      control means operating on the electrical signals with an uncoupling
      matrix, which is an inversion of a matrix representing the linear property
      indices of components of the blended product, to produce output control
      signals;
PA1  a plurality of valve means each for controlling the flow of one of the
      components to the blended product line; and
PA1  means for feeding the output control signals to said valve means to control
      all the valve means simultaneously so as to control the flow of all the
      components to correct for any deviations without causing further
      deviations of other qualities of the blended product.
NUM  8.
PAR  8. The blending apparatus claimed in claim 7, wherein:
PA1  said control means includes a series primary control loop arranged such
      that the electrical signals are fed to the input of said primary control
      loop to be operated on by a matrix comprising linearising functions and
      total flow rate;
PA1  comparison means for comparing the output from said primary control loop
      with signals representative of property desired values to produce output
      error signals;
PA1  means for operating on the output error signals with a matrix of controller
      algorithms;
PA1  means for operating on the output error signals resulting from the matrix
      of controller algorithms with the uncoupling matrix; and
PA1  means for operating on the signals resulting from the uncoupling matrix
      with a further matrix of controller algorithms to produce the output
      control signals.
NUM  9.
PAR  9. The blending apparatus claimed in claim 8, wherein:
PA1  said control means includes a secondary control loop for connecting the
      output from the operation of the matrix comprising linearising functions
      and total flow rate in the primary control loop to integrating means, the
      output of said integrating means being connected to means including a
      matrix of inverse linearising transformations, comparison means coupled to
      said inverse matrix means to receive the output thereof and blended
      product property desired values, said comparison means having its output
      coupled to means including a third matrix of controller algorithms, said
      third matrix having its output coupled to means including a further matrix
      of linearising functions, said further matrix means having its output
      coupled to the primary control loop to provide the property desired
      values.
NUM  10.
PAR  10. The blending apparatus claimed in claim 9, wherein:
PA1  said third matrix means has controller algorithms of the form:
EQU  .DELTA.I.sub.s = E.V.sub.1 /V.sub.2
PAL  where
PA1  .DELTA.I.sub.s is the correction to the primary control loop property
      desired signals,
PA1  E is the difference between the integrated blended product property and the
      desired value,
PA1  V.sub.1 is the volume of the blended product to date, and
PA1  V.sub.2 is the volume remaining to be blended.
NUM  11.
PAR  11. The blending apparatus claimed in claim 9, wherein:
PA1  said monitoring means includes means for monitoring sulphur content,
      density, flash point, pour point, distillation point, octane number, Reid
      vapour pressure, and viscosity.
NUM  12.
PAR  12. The blending apparatus claimed in claim 9, wherein:
PA1  said control means includes a digital computer with an interface between
      said digital computer and said monitoring means and said valve means.
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ABST
PAL  The disclosure describes a device for locating faults in a working storage
      arranged in rows and columns.
PAL  The device includes an auxiliary storage which holds a sequence of test
      words and means for cyclically writing the test words into the working
      storage and reading the test words out of the working storage. A bit for
      bit word comparator compares the words read out of the working storage
      with the words read into the working storage and detects bits of the words
      which do not match in order to identify defective components. First and
      second registers record the row and the column to which the defective
      component belongs.
BSUM
PAC  RELATED APPLICATION
PAR  Priority is claimed under French Patent Application Ser. No. 73,32062,
      filed Sept. 5, 1973.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates in a general way to the construction, operation and
      maintenance of working storages incorporated into data processing systems
      and concerns more specially a device for locating faults in such storage.
PAR  Working stores, that is stores in which data can be written in or read out
      at will, constitute an essential element of data processing systems. In a
      great measure, working stores determine not only the capacity but also the
      speed and reliability of such systems. Up to the present, these working
      stores generally have consisted of magnetic toroidal cores arranged at the
      nodes of a matrix array and linked with addressing circuits, as well as
      circuits for writing in and reading out data. Since each core can only
      store one bit of information, the capacity of the storage was directly
      related to the number of cores it contained; hence, a large capacity store
      had a great number of cores and circuits. Such a store was difficult and
      costly to manufacture, because the cores were made as small as possible in
      order to reduce the size and increase the operating speed of the storage.
PAR  In order to overcome the drawbacks of magnetic toroidal core storages, it
      was suggested to make working stores using discrete active components,
      such as transistors. This solution led to very complex cabling and to a
      large power requirement without appreciable gains in overall size and
      speed. Discrete active components were rapidly superseded by integrated
      circuits and particularly monolithic large scale integrated circuits, each
      one of which comprises on a minute chip a large number of active
      components and hence of storage locations, as well as internal routine and
      operating circuits which considerably reduce the number of external
      connections. For example, an integrated circuit currently used for the
      construction of working stores and comprising 1024 locations comes in the
      shape of a silicon chip of a few square millimeters area sealed into a
      flat case not longer than 2 cm and provided with less than 20 external
      connections; because of the compactness of such integrated circuits, their
      operation is extremely fast and allows access to any storage location
      within a fraction of a microsecond; furthermore because a small number of
      connections gives access to very many locations, a large capacity storage
      can be easily made up by using several identical integrated circuits
      mounted on a printed board of small size and of relatively simple layout.
      This solution has, notably, the advantage of allowing the easy exchange of
      any defective integrated circuit. Due to their intrinsic complexity and
      difficult manufacturing, large scale integrated circuits, including MOS
      type (Metal Oxide Silicon) circuits, are subject to faults liable to
      detrimentally affect the operation of working stores incorporating such
      circuits. It is therefore important to provide a technique for identifying
      with ease the location of any faulty storage position and the location of
      the corresponding integrated circuit in order to replace the component.
PAR  The invention has as one object an arrangement for locating faults in a
      working storage essentially made up of identical interchangeable
      components, such as MOS type integrated circuits, each having several
      addressable locations at which at least one bit of data can be stored.
PAR  In accordance with a known and preferred layout, the components of such a
      storage are arranged in a matrix form in which the components of a same
      column correspond to a same block and those of a same row to a same data
      bit or group of data bits; in a corollary way the store possesses
      facilities for addressing simultaneously locations of a same address of
      all the components, circuits for the simultaneous validation of the
      components of a same block, parallel data input and output circuits
      connected respectively to storage locations corresponding to a same bit of
      the components of every row and facilities for selectively operating the
      writing or reading of a word at the specified address of the components of
      the validated block.
PAC  SUMMARY OF THE INVENTION
PAR  According to one feature of the invention capable of locating faults in a
      working storage of the type specified, an auxiliary permanent storage
      holds a sequence of test words each comprising as many bits as a storage
      word and between which both logic states are distributed in such a way
      that each bit presents each state at least once in the sequence. Auxiliary
      circuitry writes this sequence of test words in the working storage,
      repeated as often as necessary in order to fill all addresses of one
      block. The content of each address of the block is then read out and
      compared to the corresponding test word in order to point out, if need be,
      the position of any pair of bits at variance and the row of the defective
      component creating the bits at variance. These operations are repeated for
      the one block with cyclic permutation of the test words in the sequence up
      to their original rowing, so as to test all the locations of each address
      of said block for both logic states and thus identify all the defective
      components in the the relevant column.
PAR  If the storage consists of more than the one block, a neutral word can be
      written into the remaining blocks. Then the whole of the foregoing
      procedure is carried out for each block of the storage in order to locate
      all the components and/or circuits that are defective.
PAR  It is thus seen that by the use of a simple repetitive procedure and
      features easily incorporated in a working storage, the invention does
      locate all the possible faults of such storage, whether of its components
      and/or its connecting circuits.
PAR  At the end of the aforementioned procedure, the invention can produce a
      list of all defective components each one located by the position of the
      row and the column to which it belongs. Faulty circuits also are
      identified by the distribution of the components apparently defective,
      that is by all the components of the matrix if it concerns addressing
      circuits or writing instruction circuits, by all the components of a same
      column if it concerns the corresponding validating circuit and finally by
      all the components of a same row if it concerns corresponding data input
      or output circuits.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other characteristics and advantages of the invention will become clearer
      after reading the detailed description which follows and which refers to
      the appended drawings in which:
PAR  FIG. 1 is a block diagram of an exemplary working storage in question
      provided with a preferred form of the present invention for locating
      faults in the storage;
PAR  FIG. 2 is a table showing the format of a data word, a sequence of test
      words according to the invention and a neutral word;
PAR  FIG. 3 is a flow chart of the operation of the fault location device of
      FIG. 1; and
PAR  FIGS. 4 to 7 are diagrams showing the diagnosis of different types of
      faults.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  On FIG. 1 is shown a working storage MV and also an associated device
      called "Fault Vector" FV for eventually locating the faults of said
      storage.
PAR  The working storage is mounted on a wiring carrier Co, such as a printed
      circuit board or a thin or thick film module. The storage has a plurality
      of identical components Cll...Cmn, each of which is made up of a large
      scale integrated circuit chip either mounted bare and uncovered on the
      wiring carrier Co or enclosed in a protective and terminal case joined to
      the carrier. Both mountings permit the individual replacement of
      components. As shown by FIG. 1, components Cll...Cmn are laid out on the
      wiring carrier Co in a matrix array formed by rows and columns, the two
      indices attached to each component identifying respectively the column
      (1....m) and the row (1....n) to which it belongs.
PAR  Each of the components Cll...Cmn is a large scale integrated circuit,
      preferably MOS (Metal Oxide Silicon) for well known reasons. Each of these
      components has several addresses Al...Ap, each corresponding to at least
      one store cell capable of storing one data bit; for ease of description,
      it will be assumed here that each component has p = 2 addresses (1024 for
      example) each corresponding to a store cell. Consequently, each component
      has x addressing inputs, one data input and one data output, as well as
      the usual connections for supply, validation, inhibiting and read/write
      selection.
PAR  In these conditions, access to a given store location of any one of
      components Cll....Cmn can be achieved by means of an addressing bunch A
      comprising x conductors, each one of which is connected to the addressing
      inputs of the same rank of every component. This access, however, is
      effective only for the specified address of the components of a same
      column whose validation inputs are connected to one of the m conductors of
      a validation bunch B. This is, the components of a same column constitute
      a block, of which each one of the p addresses has n positions and can have
      written in or read out a word of n bits, respectively loaded or read in
      parallel by means of data input and output bunches D having n conductors.
      The selection write/read is carried out by means of a writing validation
      conductor E connected to the corresponding input of each of components
      Cll...Cmn.
PAR  The operation of the working storage MV which has just been described is as
      follows:
PAR  Access to a given address Aj of a given block Bk is obtained on the one
      hand by putting the x conductors of addressing bunch A into respective
      logic states whose combination corresponds to the said address and on the
      other hand by energizing the validation conductor of bunch B corresponding
      to the block. Hence if a word must be written into the selected address of
      the working storage MV, the writing validation circuit E is energized and
      the n bits of the word to be written are loaded in parallel to the
      corresponding locations of the specified address by the n conductors of
      the input data bunch D; inversely, to read out a word that had first been
      loaded in the selected address, the validation circuit is left in the
      quiescent state and the n bits of the word to be read are extracted in
      parallel by the n conductors of the data output bunch D. Of course these
      operations are carried out under the control of a control unit (not shown)
      connected to the addressing bunch A and validation bunch B, as well as the
      writing selecting circuit E. The data input and output bunches D are
      connected to external registers (not shown).
PAR  Before describing the fault locating device or Fault Vector FV, it is
      advisable to analyze the defects or faults that could arise in working
      store MV and to establish the procedure enabling them to be located.
PAR  A defective store cell or circuit can either remain permanently in one or
      the other of the logic states 0, 1, or it could be "tied" to another
      variable, for example, because of a spurious coupling. During the
      operation of the store, any internal fault of a component or any fault
      which affects that component alone (for example a circuit interrupted on
      one of its terminals) results in anomalies in the data circuits DI
      corresponding to the row to which the faulty component belongs when block
      B.sub.k corresponds to the column to which that same component belongs is
      brought into play. Depending on the nature of the fault, these anomalies
      can occur when data is read out of one, several or all of the addresses
      AJ. Similarly, if each component had at each of its addresses not one but
      several (y) store cells, the anomalies could appear on one of several of
      the y rows of corresponding bits. However, these considerations are
      unimportant as far as the implementation of the invention is concerned,
      for which it is sufficient to determine the row and column of the matrix
      to which the defective components to be changed belong. If the number of
      store cells or of faulty circuits in a component is thus immaterial, it is
      important on the other hand to check that each of these cells can
      correctly store and give back a data bit for both binary logic states; the
      necessity for this double check has consequences that will be described
      hereafter.
PAR  Apart from individual component faults, the working store MV can display
      wiring faults either internal or external to the component matrix, but
      which all give rise during operation to anomalies affecting several
      components: thus when anomalies affect one specific bit on all the blocks,
      the fault concerns the corresponding data row Dl....Dn; inversely, if the
      anomalies affect all the bits of a single block, the fault concerns the
      validation row Bl...Bm of that block; finally, anomalies affecting all the
      bits of all the blocks give rise to a fault concerning either the
      addressing bunch or else the validation circuit for writing.
PAR  As already mentioned, satisfactory location of faults of the working
      storage MV implies that each store cell must be checked for both logic
      states 0 and 1. For so doing, in accordance with the invention, one writes
      successively in each address of the store several test words each one of
      which has as many bits as a store word and between which the two logic
      states 0 and 1 are distributed in such a way that each bit has assumed at
      least once each state when all the test words have been written. After
      anyone test word is written in a specific address, the contents of that
      address is read and compared bit for bit to the original test word. Any
      discrepancy between the bit written in and the bit read out is detected to
      indicate a fault of the corresponding store cell; when this procedure has
      been repeated for each of the test words, it is certain that all the store
      cells of the address in question have been checked for both logic states
      and therefore that all the defective cells of that address have been
      brought to light.
PAR  The implementation of this process raises two problems, namely on the one
      hand the definition of the set of test words satisfying the criteria
      mentioned above and on the other hand the definition of a procedure to
      detect and locate addressing faults by means given in the detailed
      description that follows. In accordance with the preferred embodiment of
      the invention, these two problems will be jointly resolved on the one hand
      through the use of a sequence of test words put in a specific order
      satisfying the criteria mentioned above and on the other hand through the
      use of a test procedure which essentially consists of: writing the
      sequence, repeated as many times as necessary, into the successive
      addresses of a same block; starting again that operation for the same
      block with a cyclic permutation of the test words in the sequence until
      they return to their initial order; and reproducing the whole of this
      process for each of the storage blocks. Each writing in of test words at
      all the addresses is followed by the reading out of the content of each of
      these addresses for its comparison with the corresponding test word.
PAR  The test words format corresponds to the format of the store words. In the
      case shown in FIG. 2, in which the data words MD processed by the working
      storage MV have two bytes each, with a parity bit, that is a total of 18
      bits, the test words MT also have 18 bits. For each of these bits to
      assume at least once each logic state, it would appear that the use of
      whatever test word and of its complement would suffice; however, since the
      inversion of a word having an even number of bits does not alter its
      parity bit, three test words MTl-3 are, in fact, necessary. Except for
      having to satisfy the above condition, these test words could have several
      structures and could be arranged in arbitrary order; however, their
      structure and their sequence are chosen so that after they are written in
      consecutive addresses, the sequence S of the three test words MTl-3 on the
      table of FIG. 2 meets these various conditions.
PAR  The number of test words, at least equal to three for reasons mentioned
      above, must satisfy an extra condition in order to be able to detact
      addressing faults. In case of a fault affecting addressing circuit, those
      addresses being effectively reached differ from the prescribed addresses
      by a value equal to a power of 2, i.e. to the "weight" of the
      corresponding address position; it is therefore necessary to write
      different test words in addresses distant from each other by whatever
      power of 2, but, of course, smaller than the total number of addresses.
      Because of the cyclic writing of the test words (repetition of the
      sequence) in the successive addresses of the block tested and taking into
      account the subsequent circular permutation of these test words, the last
      mentioned condition is satisfied if the number of test words of the
      sequence is different from all powers of 2 smaller than the total number
      of addresses. It means that for these reasons also, the sequence must have
      at least three test words.
PAR  Finally, to avoid any interference on the circuits of the store data
      locations belonging to all the blocks other than the one tested, it is
      preferable to load all the addresses of all these blocks with a neutral
      word MTO corresponding to the combination of the logic state of the data
      output circuits when quiescent, namely, 18 bits in the 0 state, in the
      example shown in FIG. 2.
PAR  After having briefly described the proposed test procedure, an example will
      now be described of the means used to implement it, that is the fault
      locating device or Fault Vector shown in FIG. 1.
PAR  This device comprises essentially one auxiliary storage, advantageously
      made up of a permanent storage MP holding the test words sequence
      MTl...Mts. Associated circuitary including gate, Pl as well as shift and
      buffer registers (not shown) enable the cyclic reading of these words from
      any predetermined rank and their dispatch on the one hand to the data
      input circuits D of the working storage MV for writing in said storage and
      on the other hand to one of the sets of inputs of a comparison operator
      .phi.. An other set of inputs to operator .phi. is connected to the data
      output circuits D of the working storage MV. Operator .phi. ensures the
      bit for bit comparison of each test word previously written in a specific
      address of the working storage MV with the word thereafter read at that
      same store address. Operator .phi. generates an output signal having as
      many bits as the test words, normally all held in a normal logic state.
      However, if a bit of a word read in the permanent storage MP differs from
      the corresponding bit of the same word as previously written and then read
      in the working storage MV, the bit of like rank in the output signal of
      comparison operator 0 is switched to the state opposite the normal state.
      This output signal is applied to the inputs of a register N whose state
      identifies the rank of the differing or clashing bits and therefore the
      rank of the corresponding row of components. The output signal also is
      applied to a multiple OR gate which operates gate circuits P2 that
      respectively control the connection of each of and thereby the column
      conductors Bl...Bm to a corresponding position of a register M.
      Consequently, the state of register M identifies the block and thereby the
      column containing a component recognized as defective by operator.
      Registers M and N are linked with locating circuits L (including for
      instance a sequential printer) which establish the list of components
      found defective in the course of the test procedure. The said auxiliary
      storage and related devices and circuitry for carrying out the test
      procedure are operated either by the control unit of the data processing
      system adequately programmed for this purpose or else by a special, e.g.
      microprogrammed instruction generator G put into operation by a special
      triggering or enable signal F. Under the control of clock signals H, said
      control unit or generator G supplies all the instructions required for the
      sequential access to successive addresses of each of the blocks of the
      working storage MV, the cyclic reading of the test words in the permanent
      auxilliary storage MP, the selection of write or read operations of the
      working storage and the operation of the gate circuits P1 and other
      devices associated with the permanent storage, as well as the comparison
      operator 0, the registers M, N, the gate circuits P2 and the locating
      circuits L.
PAR  The set of instructions required therefor will appear clearly from the
      following description of the flow-chart of FIG. 3:
PAR  The combined operation of the working storage MV and of the fault locating
      device FV is shown in the flow-chart of FIG. 3. In that flow chart, a test
      word is designated by MTi, i varying from l to s, the total number of
      words in the sequence; similarly Aj designates any of the addresses Al...p
      of a block bk corresponding to any one of the m columns of components,
      whereas DI designates a data bit or group of data bits corresponding to
      any one of the n rows of components.
PAR  As shown at the start of the test procedure, it will be assumed that
      indices i, j, k have initial values i.sub.o = 1, j.sub.o = 1, k.sub.o = 1.
      Under these conditions the reading of the flow-chart shows that during a
      first, preliminary step, the test word MT1 read in the permanent storage
      MP is simultaneously written in the first address A1 of first block B1 of
      the working storage MV. Then indices i and j are increased simultaneously
      by one (loop I) which triggers the reading of the second test word MT2 in
      the permanent storage MP and its writing in the second address A2 of the
      first block B1 of the working storage. This procedure is repeated by
      simultaneously increasing indices i and j (in loop I) until the sequence
      of test words MT1-MTs is exhausted; each of these test words is then
      written in the address with rank A1-As corresponding to the first block B1
      of the working storage.
PAR  When the sequence of test words is thus exhausted, (i = s), this index is
      brought back to its initial value i.sub.o = 1 whereas index j is increased
      by one (loop II). So, the test words sequence MT1-MTs is read again in the
      permanent storage MP and written in the consecutive addresses As+1-A2s of
      the first block B1 of the working storage MV by loop I. The preliminary
      stage is pursued by repetition of these procedures through the interplay
      of loops I and II, which ensures the writing of sequences of test words
      MT1-MTs in the consecutive addresses of the first block B1 of the working
      storage MV repeated as many times as necessary to exhaust all the
      addresses of said block (j = p). The preliminary stage is ended by writing
      in the other blocks of the neutral word MTO.
PAR  At the end of this preliminary stage starts a procedural stage, with
      indices i and j being brought back to their initial values, i.sub.o and
      j.sub.o = 1 respectively. During this procedural stage, by the interplay
      of loops III and IV, which operate respectively which operate like the
      loops I and II, the content of each of consecutive addresses A1-Ap of
      block B1 of the working storage MV is read and compared by operator to
      .phi. corresonding test word MTi written at this same address during the
      preliminary stage and which is read again in the permanent storage MP.
      When there are two clashing or differing bits of the same rank in a word
      read in working storage and in the corresponding test word as pointed out
      by the operator .phi., the rank I of these bits is marked off by register
      N and the rank k of the block concerned is marked off simultaneously by
      register M, that is to say the first block rank, at this stage in the test
      procedure.
PAR  When all the addresses of the first block have been tested (j =  p), the
      preliminary stage is restarted, by the loop V. The beginning initial
      conditions are restored, except that the initial value i.sub.o is
      incremented by 1. During a second preliminary stage, the sequence of test
      words read from the second word, i.e., MT2...MTs- MT1, is cyclically
      written at the consecutive addresses A1-Ap of the same block B1 as before.
      Then, during a second procedural stage, the content of each address is
      compared to the corresponding test word by the operator .phi., any
      variance being indicated by registers M and N as before. At the end of
      this second procedural stage, loop V restarts a new preliminary
      stage-procedural stage cycle after a new incrementation by one of the
      initial value io of indice i, causing a new cyclic permutation of the test
      words. The sequence now become MT3....MTs- MT1-MT2.
PAR  The whole of the procedure described is repeated through the intervention
      of loop V until all the test words have taken the first position in the
      sequence (iO = s) successively. In this way, each of the addresses A1-Ap
      of the first block B1 have been tested successively by each of the test
      words, and it is possible to detect all the eventual faults of the block
      components. Then, the following block can be tested, with the indices i
      and j brought back to their initial values and indice k increased by one
      through the intervention of loop VI.
PAR  When all the blocks have been tested in this way (k = m), the test
      procedure has ended, and it is possible to set up the diagnostic of the
      eventual faults of the working storage MV from the listing set up by the
      locating circuits L linked to registers M and N.
PAR  This diagnostic can be carried out very simply as shown symbolically by the
      diagrams of FIGS. 4 to 7.
PAR  As shown in FIG. 4, if only one component Ck1 of the working storage is
      faulty, registers M and N, respectively, display the rank k of the column
      and the rank l of the row to which the defective component Ck1 belongs. In
      order to take into account the possibility of internal faults individually
      concerning several components, the listing must be carried out block by
      block.
PAR  In the case shown in FIG. 5 in which all the components of a single block
      of rank k behave abnormally, the cause of the fail lies in the
      corresponding block validation circuit Bk. Inversely, as shown in FIG. 6,
      if all components of a single row l behave abnormally, the cause of the
      fault lies in the data input or output circuits corresponding to row
      D.sub.l.
PAR  Finally, if all the components of the matrix show an abnormal behavior, as
      shown in FIG. 7, the fault is due either to the addressing circuits A or
      to the write/read selecting circuit E.
PAR  Apparatus made in accordance with the invention facilitates the location of
      eventual faults in a working storage using equipment of little complexity
      which is easy to operate. The equipment will work either independently or
      under the control of the operating units of the processing system which
      incorporates the store being tested.
PAR  The invention is in no way limited to the methods of implementation and
      apparatus described and shown which were only given as an example; on the
      contrary, the invention includes all the means forming technical
      equivalents to those described and illustrated taken separately or in
      combination and implemented within the framework of the claims that follow
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a data processing system including a working storage consisting
      essentially in a plurality of identical components each having several
      selectively addressable store cells at which at least one bit of a data
      can be stored, said components being arranged in a matrix array wherein
      each column constitutes a block capable of storing several data words at
      respective addresses and wherein each row corresponds to at least one and
      the same bit position of said words, said working storage being further
      provided with circuit means operative for selectively writing or reading a
      data word at any predetermined address of any one of said blocks, a method
      for locating faults in said working storage, which comprises the
      preliminary step of determining a sequence of at least three test words
      each having as many bits as a data word and between which both logic
      states are distributed so that each bit presents each state at least once
      in said sequence, and which further comprises the operating steps of:
PA1  -- writing repetitively said sequence of test words at successive addresses
      of a first one of said blocks until all addresses thereof are filled, then
      reading out successively the content of each address of said first block
      and comparing same to that test word previously written at the said
      address, and whether any corresponding bits thereof differ, determining
      the position of said differing bits and registering the row of the
      involved defective component;
PA1  -- then repeating for said first block the aforesaid operating step with
      cyclic permutation of said test words in said sequence up to their initial
      ranking, to thereby register the rows of every defective components in
      said first block, and further registering together the relevant column;
PA1  -- and thereafter repeating the aforesaid steps for each block of said
      working storage, to thereby list every defective component thereof, each
      one being identified by the row and column to which it pertains.
NUM  2.
PAR  2. Method according to claim 1, wherein the number of said test words in
      said sequence differs from any power of 2 smaller than the number of
      addresses of a component or block.
NUM  3.
PAR  3. Method according to claim 1, comprising the additional step of:
PA1  -- writing a neutral word at all addresses of every blocks of said working
      storage other that under test, said neutral word having as many bits as a
      data word, which are all in the same logic state.
NUM  4.
PAR  4. Method according to claim 1, comprising the supplementary step of
      identifying any faulty aforesaid circuit means of said working storage,
      from a consideration of the distribution of said defective components
      thereof as listed involving at least one full row and/or column of said
      matrix array, or the whole array.
NUM  5.
PAR  5. In a data processing system including a working storage consisting
      essentially in a plurality of identical components each having several
      selectively addressable store cells at which at least one bit of data can
      be stored, said components being arranged in a matrix array wherein each
      column constitute a block capable of storing several data words at
      respective addresses and wherein each row corresponds to at least one and
      the same bit position of said words, said working storage being further
      provided with addressing circuits operatively connected to all aforesaid
      components of said matrix array for enabling a determined address thereof,
      with validating circuits operatively and respectively connected to all
      aforesaid components pertaining to a same column for enabling the
      corresponding block, with data in and data out circuits operatively and
      respectively connected to all aforesaid components pertaining to a same
      row for writing and reading data at the relevant bit positions, and with
      write/read selection circuits operatively connected to all aforesaid
      components for controlling selective writing or reading of a data word at
      the enabled address of the enabled block, an apparatus for detecting
      faults in said working storage, which comprises:
PA1  -- an auxiliary storage containing a sequence of at least three test words
      each having as many bits as a data word and between which both logic
      states are distributed so that each bit presents each state at least once
      in said sequence, and auxiliary means associated thereto for cyclically
      reading out said sequence from any specified test word thereof, said
      auxiliary means being operatively connected to said data in circuits of
      said working storage;
PA1  -- comparison means having two sets of inputs respectively connected to
      said data out circuits of said working storage and to said auxiliary
      means, said comparison means being operative for comparing each bit of the
      content read out at a determined address of said working storage with the
      corresponding bit of that test word previously written at the said
      address, and for producing an output signal identifying the position of
      any differing bits;
PA1  -- row registering means operatively coupled to said comparison means to
      receive said output signal and to register the row of the involved
      defective component of said working storage;
PA1  -- column registering means operatively coupled to said block validating
      circuits of said working storage through gate means operated by said row
      registering means to register the column of said defective component;
PA1  -- localization means operatively coupled to said row and column
      registering means for listing every defective components of said working
      storage;
PA1  -- and control means for coordinating the operation of said working
      storage, auxiliary storage and aforesaid means, so that every addresses of
      every blocks of said working storage are successively tested with every
      test words of said auxiliary storage.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said auxiliary storage is a
      permanent storage.
NUM  7.
PAR  7. Apparatus according to claim 5, wherein said control means consists in a
      control unit of said data processing system provided with a special
      subroutine program for testing said working storage.
NUM  8.
PAR  8. Apparatus according to claim 5, wherein said control means consists in a
      special control generator or microprocessor supplying a special subroutine
      program, possibly under control of timing signals from said data
      processing system.
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ABST
PAL  A signal processing sensor which utilizes a combination of charge transfer
      devices and signal processing concepts which simultaneously measures the
      incident optical signal and performs a linear transformation upon that
      signal. Two CCD registers are arranged on either side of a photodiode
      array. Independent control of the transfer gates which control the flow of
      information stored in the depletion region of the photodiodes results in
      independent functioning of the two CCD registers. The difference between
      the charge in the two registers is taken at the output in order to provide
      both positive and negative weight for the data pattern that is to be
      convolved or correlated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One-dimensional linear transformations and filters for electronic signals
      are commonly employed in communications systems. There is presently an
      interest in applying two-dimensional linear transformations and filters to
      optical systems, such as television. The usual approach is to scan the
      image with an image sensor and then to apply the transformation or filter
      to the resulting electronic signals. However, if a two-dimensional
      transformation or filter is required, then the individual lines of the
      image must first be processed one at a time, the intermediate computation
      stored in a memory which is read out in transposed order and then the
      transposed signal is further processed, a column at a time, to achieve the
      final two-dimensional transformation. Unfortunately, the size of the
      memory necessary to store the intermediate computations for this two-step
      processing exceeds a quarter million words for a single monochrome
      television image. Thus, many applications of two-dimensional filtering
      cannot be applied in real time because of the lack of the transpose memory
      required for the intermediate computations.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a new optical sensor is provided which
      combines the functions of signal processing and image sensing in a single
      photosensitive Charge Coupled Device (CCD). For simplicity of description
      a one-dimensional signal processing sensor is described.
PAR  In many of the CCD image sensors there are two separate areas. One is for
      the integration of the photogenerated charge and the other is for
      temporary storage during read-out. According to prior art techniques the
      sensor is operated in such a manner that the transition of the charge from
      one area to the other is made rapidly so that there will be negligible
      "smear" due to photogenerated charges produced during the vertical shift
      or transfer. However, "smear" is just another name for convolution and
      convolution is the fundamental operation of linear filtering. The
      technique and apparatus of the present invention utilizes and controls the
      smear so that the vertical filtering can be accomplished during the
      photocharge integration and vertical shift.
PAR  The device of the present invention simultaneously controls the amount of
      photogenerated charge and its transverse transfer to dual CCD shift
      registers. Successive iteration of the charge generation and transfer
      correspond to a weighted superposition of lagged versions of the image and
      thus corresponds to a discrete convolution of the image as sampled by the
      spacial structure of the sensor with the time function represented by the
      transfer signal. Thus, the single structure device of the present
      invention combines the functions of image sensing, spacial to temporal
      multiplexing, and convolution or correlation.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to integrate in a single device
      both concepts of charge coupling and signal processing to simultaneously
      measure the optically incident signal and perform a linear mathematical
      transformation upon that signal.
PAR  It is another object of the present invention to provide a novel CCD
      imager.
PAR  It is a still further object of this invention to provide a quantitative
      and efficient technique for computing the convolution or correlation
      functions.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a prior art CCD linear imaging device.
PAR  FIG. 2 is a schematic diagram of a novel CCD imager according to the
      present invention.
PAR  FIG. 3 is a schematic diagram of a novel three phase CCD imaging device
      according to the present invention.
PAR  FIG. 4a is an illustration of the operation of the device in accordance
      with a weighting sequence consisting of 1' s.
PAR  FIG. 4b is an illustration of the operation of the device with a weighting
      sequence consisting of fractions.
PAR  FIGS. 5a and 5b are illustrations of the relative output versus time
      produced by the device in accordance with the operation illustrated in
      FIG. 4a.
PAR  FIG. 6 is an illustration if the relative output versus time of the device
      in accordance with the operation illustrated in FIG. 4b.
PAR  FIG. 7 is an illustration of the timing relationship between the clock
      phase and transfer gate pulses for the operation illustrated in FIGS. 4a
      and 4b.
PAR  FIG. 8 is a network diagram of a suitable timing generator for producing
      the clock pulse, transfer gate and photogate timing pulses.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The convolution of two discrete signals f and g can be expressed as
      ##EQU1##
      and the correlation of two discrete signals f and g can be expressed as
      ##EQU2##
      Under this definition of convolution, the smear that occurs in the CCD
      imager during the transition from the integrating area to the storage is
      the convolution of the image with a rectangular positive pulse of duration
      equal the number of vertical lines in the image. This convolved or smeared
      image is superposed on the desired image and has a relative magnitide
      proportional to the ratio of the time of image integration to image
      translation. The present invention uses this intrinsic convolution
      providing useful filtering thus permitting the translation time to be made
      long, effectuating high charge transfer efficiency and minimizing power
      dissipation.
PAR  To make the concept of convolution general, multiplication by negative
      numbers is required. Since only positive quantities of charge can be
      stored in the potential wells of a CCD sensor, time or space multiplexing
      must be used as is illustrated in the prior art diagram of FIG. 1.
      According to the prior art design, photosensors 1, 2, 3, 4 and 5 store the
      charges representative of an image. The elements necessary for
      multiplication by negative numbers are provided, but the configuration of
      the transfer gate 6 and the diffusion stops 7 prevent bidirectional
      transfer of the signal from each integrating sensor to both CCD shift
      registers 10 and 20.
PAR  According to the present invention, two important modifications to the
      basic structure of the linear CCD imaging device illustrated in FIG. 1
      have been made to provide the operations necessary for use as a
      convolver/correlator. As illustrated in FIG. 2, diffusion stops 30, 31,
      32, 33 and 34 are arranged to permit bidirectional transfer of the charge
      signals a, b, c and d obtained from a light source (not shown) to either
      the left CCD shift register 10 or the right CCD shift register 20
      indicated by the dotted lines. Left transfer gate 40 and right transfer
      gate 41 are also provided to implement independent control of the charge
      transfer. FIG. 2 illustrates an embodiment of the present invention
      utilizing two phase CCD shift registers. For simplicity each register is
      illustrated as comprising four bits with two phase electrodes for each
      bit. Of course any number of bits could be used. Alternatively, three
      phase CCD shift registers as illustrated in FIG. 3 or single phase CCD
      shift registers (not shown) could be used. The output of CCD register 10
      is subtracted from the output of CCD register 20 by means of adder 50
      which may, for example, comprise a series connection of a differential
      preamplifier, a video driver and demultiplexer, and a differential output
      amplifier (not shown). With the embodiment illustrated in FIG. 2, positive
      products can be stored in the right register and negative products can be
      stored in the left register. After each shift cycle of the vertical
      registers, additional positive or negative products are stored in the
      appropriate registers. Thus, the sum of positive lagged products
      accumulate in the right register 20 and the sum of negative lagged
      products accumulate in the left register 10. The difference between these
      accumulated charges is formed by adder 50 thus providing the convolution
      of the positive image represented by charge signals a, b, c and d stored
      in optical sensors 60, 62, 64 and 66, respectively, with a sequence of
      both positive and negative numbers. The optical sensors may, for example,
      be photodiodes or photosensitive MOS capacitors.
PAR  When an image is projected on the sensing elements 60, 62, 64 and 66,
      electron-hole pairs are generated. The electrons (in a p-semiconductor
      substrate) will be normally grouped within a diffusion length from their
      generation sites in the depletion regions formed under the photogates. By
      independently adjusting the surface potential under the transfer gates,
      the present invention enables selective transfer of the stored charges
      from under the photosensors into the desired CCD register for subsequent
      mathematical operation. By controlled energization of the photogate
      electrode 67, charges representative of a sequence of 1's, fractions, or
      combinations thereof may be accumulated and subsequently transferred.
PAR  The implementation of a discrete convolution will now be described in
      detail. The two sequences can be easily represented as the input signal
      e.sub.i (t) in the form of charge packets generated and stored under each
      sensing element and as a digital pattern of narrow pulses W.sub.k applied
      to the transfer gates. The convolution of these two functions or sequences
      yields a third function which is mathematically described as the
      superposition of the effect of past input excitations to account for the
      present output. If one assumes that the device under consideration has not
      reached saturation, i.e., the different potential wells are not completely
      filled, the output is expressed directly in terms of an explicit summing
      operation upon the input. Thus, the present value of the output is a
      weighted sum over the history of the input e.sub.i (t). The explicit
      input-output relationship is
      ##EQU3##
      where W.sub.K is the weighting function associated with the K.sup.th
      position of the pulse in the timing sequence. In the present case, the
      weight W.sub.K are treated as positive or negative binary numbers. The
      output is thus a weighted sum of the image samples with positive or
      negative coefficients.
PAR  The device of FIG. 2 provides an output signal e.sub.O (t) that is the
      product of the sensing element signal and a parameter set by the digital
      timing sequence applied to the transfer gates and the photogate and is
      algebraically summed at the output of the CCD shift registers 10 and 20 to
      account for past excitations. The convolution operation is thus seen to
      result from a series of shifting, multiplication by a weighted constant
      and summation. The four image representative charge signals a, b, c and d
      which constitute the input signal e.sub.i (t) illuminate four adjacent
      photogates as depicted in FIG. 4a. The result of applying the weighting
      sequence W.sub.K described by the digital pattern 1, 1, -1, 1 is
      illustrated in FIG. 4a. The relative output versus time for the
      convolution operation illustrated in FIG. 4a is illustrated in FIGS. 5a
      and 5b. The weighting sequence is decomposed into two timing sequences to
      be applied appropriately to the left and right transfer gates 40 and 41
      respectively. The timing relationship between the clock phase pulses
      .phi.1 and .phi.2 and the transfer gate pulses for this example are
      illustrated in FIG. 7. For a weighting sequence consisting solely of 1's,
      as in FIG. 4a, the photogate would remain open for the duration of the
      sequence, i.e. a constant d.c. level would be applied to the photogate.
      The steps involved in the convolution operation illustrated in FIG. 4a are
      as follows. Step 1-sense image abcd, transfer into the right CCD shift
      register 20, shift, and add to obtain a. Step 2-sense image abcd, transfer
      into the right CCD shift register 20, shift and add to obtain b + a. Step
      3-sense image abcd, transfer into the left CCD shift register 10, shift
      and add to obtain a + b + c (where overbar denotes negation). Step 4-sense
      image abcd, transfer into the right shift register 20, shift and add to
      obtain d + c + b + a. Step 5-shift and add from both CCD registers 10 and
      20 to obtain d + c + b. Step 6-shift and add from both CCD registers to
      obtain d + c. Step 7-shift and add from both CCD registers to obtain d. To
      correlate, the transfer gates are manipulated in the time reverse order,
      i.e. for the sequence 1, 1, -1, 1 the correlation operation would utilize
      the sequence 1, -1, 1, 1. As is illustrated in FIG. 4b, the same steps are
      followed in order to convolve the same image abcd with the digital pattern
      1, 1/2, -1/4, and 3/4. In order to provide the fractions weighting
      sequence, the photogate would remain open to accumulate charges for a
      period corresponding to the desired fraction. The relative output e.sub.O
      (t) versus time for the operation illustrated in FIG. 4b is plotted in
      FIG. 6 and the timing relationship between the clock phase pulses
      .phi..sub.1 and .phi..sub.2, the photogate pulses and the transfer gate
      pulses is illustrated in FIG. 7.
PAR  The clock pulses which control the transfer of charges into both CCD shift
      registers are generated by the network illustrated schematically in FIG.
      8. Pulse generator 70 provides the desired clock at its output to gate the
      phases of the CCD shift registers at a predetermined clock frequency. The
      clock would also be inputted to the synchronization input of a second
      pulse generator 72. The function which is to be convolved with the image
      signal is obtained from word generator 74 which may comprise, for example,
      the Systron Donner Computer Data Pulse 220 Data Generator. For dealing
      with a sequence consisting of 1's the photogate would be connected to a
      d.c. source for maintaining the gate open (not shown). For implementing a
      sequence including fractions, a third pulse generator 76 receives the
      clock signal from 70 at its synchronization input. The desired fractions
      are obtained from word generator 78, which may be of the same type as 74.
      Pulse generators 70, 72 and 76 may comprise, for example, Hewlett Packard
      HP8012A or HP8013A pulse generators. Other means such as logic circuitry
      could also be utilized to provide the required timing pulses. Thus any
      data sequence can be generated and directed to either transfer gate 40 or
      41 in order to calculate the convolution/correlation product of the two
      functions. Pulse generator 70 could also, if desired, include at its
      output a reset gate output to reset the potential at the output diodes of
      the CCD registers to reduce noise uncertainty. The pulses from such output
      would, of course, occur just prior to the information readout of the
      output gates of the CCD registers.
PAR  A new optical sensor combining in a single structure, a photo sensitive
      silicon CCD, the functions of image sensing, spacial to temporal
      multiplexing and convolution has thus been disclosed. By means of the
      present technique the "image smearing" which is a limitation in the
      application of CCD's as imagers is translated into an advantage which may
      be used in the signal processing of optical images.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. For instance, although one,
      two and three phase CCD shift registers have been disclosed and discussed,
      four phase CCD registers could also be used. Moreover, the left and right
      CCD input gates (FIG. 2) could be used to furnish an electrical input as
      opposed to the optical input from the photogate array. It is therefore to
      be understood that within the scope of the appended claims the invention
      may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for image sensing and mathematical transformation
      comprising:
PA1  an array of optical sensors for sensing an image and storing a series of
      charge signals representative of said image;
PA1  first and second CCD shift registers, each said CCD shift register
      comprising a plurality of bits;
PA1  first and second distinct independently controlled transfer gate means for
      controlling the transfer of said charge signals from said array of optical
      sensors to said first and second CCD shift registers;
PA1  a plurality of diffusion stops arranged to permit the transfer of each
      charge signal of said series of charge signals from each element of said
      array of optical sensors to one of said plurality of bits in either of
      said first and second CCD shift registers.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising timing means for outputting
      a sequence of timing pulses to said array of optical sensors.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said array of optical sensors comprises
      a photodiode array.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said array of optical sensors comprises
      photosensitive MOS capacitors.
NUM  5.
PAR  5. The apparatus of claim 1 further comprising summing means coupled to
      said first and second CCD shift registers for subtracting the output of
      said second CCD shift register from the output of said first CCD shift
      register.
NUM  6.
PAR  6. . The apparatus of claim 5 further comprising timing means for
      outputting a sequence of timing pulses representative of a signal sequence
      to said first and second transfer gate means and for providing a series of
      clock pulses for shifting said first and second CCD shift registers, the
      interval between each said timing pulse determining the integration time
      of said optical sensors;
PA1  whereby in response to said sequence of timing pulses and clock pulses said
      summing means provides an output waveform representative of the
      convolution of said sries of charge signals with said sequence of timing
      pulses.
NUM  7.
PAR  7. The apparatus of claim 5 further comprising timing means for outputting
      a sequence of timing pulses representative of a signal sequence to said
      first and second transfer gate means and for providing a series of clock
      pulses for shifting said first and second CCD shift registers, the
      interval between each said timing pulse determining the integration time
      of said optical sensors;
PA1  whereby in response to said sequence of timing pulses and clock pulses said
      summing means provides an output waveform representative of the
      correlation of said series of charg signals with said sequence of timing
      pulses.
NUM  8.
PAR  8. A method of computing the convolution of first and second discrete
      functions comprising the steps of:
PA1  storing a series of charge signals representative of said first function in
      an array of photosensors;
PA1  transferring a first set of said charge signals to a first CCD shift
      register and a second set of said charge signals to a second CCD shift
      register in accordance with a predetermined sequence of timing pulses
      representative of said second function;
PA1  shifting said first and second CCD shift registers in accordance with a
      predetermined series of clock pulses;
PA1  subtracting in an adder the output of said second CCD shift register from
      the output of said first CCD shift register subsequent to each shifting
      operation;
PA1  whereby the output of said adder is the convolution of said first and
      second functions.
NUM  9.
PAR  9. A method of computing the correlation of first and second discrete
      functions comprising the step of:
PA1  storing a series of charge signals representative of said first function in
      time reversed order in an array of photosensors;
PA1  transferring a first set of said charge signals to a first CCD shift
      register and a second set of said charge signals to a second CCD shift
      register in accordance with a predetermined sequence of timing pulses
      representative of said second function;
PA1  shifting said first and second CCD shift registers in accordance with a
      predetermined series of clock pulses;
PA1  subtracting in an adder theoutput of said second CCD shift register from
      thhe output of said first CCD shift register subsequent to each shifting
      operation;
PA1  whereby the output of said adder is the correlation of said first and
      second functions.
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PAL  Three log circuits are fed by respective x, y and z inputs, along with
      predetermined interconnections therebetween. The outputs from the log
      circuits are log z, log (x+z) and log (y+z). These outputs are fed to
      summing and anti-log circuits to derive the equation (xy)/z + x + y + z. A
      second summing circuit is provided for substracting the three variables
      from the resultant output so that (xy)/z is finally derived.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to analog circuits, and more particularly to
      such a circuit which serves as a four quadrant multiplying divider.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  In certain types of analog circuits, it is required to obtain the log of an
      electrical voltage or current. Such a logarithmic transfer is required in
      ratio meters, instrumentation, and analog computational devices.
PAR  Circuits have been developed which accomplish multiplication of two
      variables or the division of two variables. Lately, the analog circuits
      for accomplishing these functions include simple transistor circuits which
      are reliable and low cost. An example of such a circuit is U.S. Pat. No.
      3,532,868 which is directed to a log multiplier with a logarithmic
      function generator connected in a feedback loop of an operational
      amplifier. Although this patent illustrates a typical log multiplier, it
      suffers from several disadvantages. For example, the patent is directed to
      a multiplier only. Further, it uses an operational amp as part of log
      transfer circuitry. Also a reference voltage is required, as are both pnp
      and npn transistors.
PAR  In other variations of such circuits, log dividers are made possible. Even
      log multiplying dividers have been designed. However, those have been for
      2 quadrant operation which severly limits the flexibility of such a
      device.
PAR  Relevant references are disclosed in NONLINEAR CIRCUITS HANDBOOK, Analog
      Devices, Inc., pages 235, 239, 295 and 298.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention represents a minimized hardware approach to a four
      quadrant multiplying divider.
PAR  Three individual log circuits are employed for operating upon three
      variable inputs. Several of the inputs are interconnected  so that the log
      circuits produce the following outputs: Log z, Log (x+z) and Log (y+ z).
      These outputs are summed in a predetermined manner and then undergo an
      anti-log function so that the output becomes (xy)/+ x + y + z. By
      subtracting the x, y and z inputs from the anti-log output, the final
      output is derived as (xy)/z. This output is operative in four quadrants.
PAR  The circuitry is implemented with transistors and reduces the number of
      precision resistors normally required for similar log circuits. The end
      result includes the elimination of a differential amplifier which is
      normally included in similar log circuits.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is an electrical schematic diagram of a one quadrant multiplying
      divider which is prior art.
PAR  FIG. 2 is another one quadrant multiplying divider, but is an improvement
      over the embodiment shown in FIG. 1 in that it eliminates the differential
      amplifier.
PAR  FIG. 3 is an electrical schematic diagram of a four quadrant multiplying
      divider, constituting a preferred embodiment of the present invention.
PAR  FIG. 4 is an electrical block diagram of the circuitry shown in FIG. 3.
PAR  FIG. 5 is an electrical schematic diagram of a two quadrant multiplying
      divider, using the inventive concept of the embodiment shown in FIGS. 3
      and 4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the figures and more particularly FIG. 1 (prior art), the
      circuitry illustrated therein consists of three logarithmic transfer
      circuits 10, 12 and 14 as disclosed in U.S. Pat. No. 3,237,028. For
      example, an input voltage signal z is applied through a resistor 16 to
      convert the voltage to a current. At virtual ground junction 18, the
      current is fed to an npn transistor 20 having operational amplifier 22
      connected thereacross. The output voltage at the emitter of the transistor
      is the log z. This output, appearing along lead 24, is fed through a
      precision resistor 26. Up to now, each of the three branches, for the
      respective variables are identical. A difference amp 42 consists of the
      resistor 26 and its corresponding resistors 34 and 36 in the x and y
      branches, respectively. The difference amplifier which is connected to
      each of the variable branches includes another precision resistor 28 that
      has an end connected in common with resistor 26. The junction between
      these resistors is indicated by 30 and forms a negative input for
      operational amplifier 32. The second positive input 38 to the operational
      amplifier is connected at a junction point to corresponding ends of the
      resistors 34 and 36. The output 40 from the operational amplifier 32 is
      connected to an opposite end of resistor 28, which forms the input for an
      anti-log circuit 44. This anti-log circuit has the function of
      reconstituting an algebraic transfer function, from the logarithmic output
      at operational amplifier 32, which is equal to log x + log y - log z. The
      antilog circuit 44 is prior art and is disclosed in U.S. Pat. No.
      3,293,450.
PAR  Basically, such an antilog circuit includes a transistor 46 having a
      grounded base, the transistor being of the npn type. The transistor 44
      feeds its output, from the collector, to an amplifier including
      operational amplifier 54 and parallel connected resistor 52. It will be
      noted that the use of a consistent transistor type has been maintained
      through all transistor stages. Particularly, npn transistors with grounded
      bases have been used. However, it will be evident to those of ordinary
      skill that pnp transistors may likewise be used.
PAR  However, it is important to note that the transistors in the circuit of
      FIG. 1 are matched in a particular way. That is, transistors 20 and 48
      constitute a matched pair, while transistors 50 and 46 constitute a
      matched pair. Typically, the transistors are silicon, small signal bipolar
      transistors. The output appears along lead 56, from the output of the
      operational amplifier 54. The resultant transfer is (xy)/z. The restraints
      upon the variables are that x, y and z are the same sign and greater than
      zero. Thus, the configuration illustrated in FIG. 1 is a one quadrant
      multiplying divider.
PAR  FIG. 2 illustrates a hardware minimizing technique for eliminating the
      difference amplifier, 42, of the previous embodiment (FIG. 1). This
      embodiment is similar to a circuit disclosed in the previously mentioned
      NONLINEAR CIRCUITS HANDBOOK, Analog Devices, Inc., pages 235, 239, 295 and
      298. The conventional log transfer circuits 58 and 60 are employed to
      derive log z and log x from their respective input voltage variables z and
      x. However, rather than duplicating the transfer circuit for the variable
      y, a modified transfer circuit is employed. A transistor 68 is connected
      across an amplifier 66, as is done in the transfer circuits 58 and 60.
      However, the output from the transfer circuit 60, as indicated at terminal
      62, is fed to the base 64 of the transistor 68. This is in contrast to the
      usual grounding of the base terminals. As a result, the output lead 70
      carries the log function log x + log y.
PAR  The emitter of transistor 68 is connected, via output lead 70, to the
      emitter 72 of a fourth transistor stage 74. The base of transistor 74 is
      connected to the output of the transfer circuit 58 so that log z is
      introduced into the base of transistor 74 along lead 76. Flowing out of
      the collector terminal 78 is a current proportional to the antilog (log x
      + log y - log z). Thus, as will be appreciated, transistor 74 serves as a
      combination antilog circuit and difference stage 80 is connected to the
      collector 78 to complete a current to voltage converter whereby the output
      82 now carries the value (xy)/z. Accordingly, it will be seen that the
      embodiment of FIG. 2 represent a one quadrant multiplying divider.
PAR  In order to better appreciate the final output from the circuit of FIG. 2,
      the mathematics will be derived.
PAR  Transistors 58 and 60 are matched while transistors 68 and 74 are matched.
      Note that the collector-emitter voltages for transistor 68 and 74, are
      identical. Further, in accordance with the analysis given in the article
      "Logarithmic Devices" by R. J. Gurski, in the periodical The Lightening
      Empiricist Vol. 17, No. 1, March 1969, published by Philbrick/Nexus
      Research:
EQU  V.sub.be68 = log y - (1/.mu.) V.sub.ce68
EQU  V.sub.be74 =  log w - (1/.mu.) V.sub.ce74
EQU  V.sub.be58 = log z
EQU  V.sub.be60 = log x
PAR  Thus, the log of the output current from transistor 74 is equal to log x +
      log y - log z, as shown below.
PAR  Bearing in mind that the base terminals of transistors 58 and 60 are
      grounded, and that the emitter of transistor 58 is connected to the base
      of transistor 76, and further that the emitters of transistors 68 and 74
      are connected, using Kirchhoff's Law:
EQU  V.sub.be74 = V.sub.be60 + V.sub.be68  - V.sub.be58
PAL  thus,
EQU  log w - (1/.mu.) V.sub.ce74 = log x + log y - (1/.mu.) V.sub.ce68 - log z.
PAR  Since V.sub.ce74 is identically equal to V.sub.ce68:
EQU  log w is equal to log z +  log y - log z.
PAR  In the above, log w is equal to the log of the output current from
      transistor 74.
PAR  Referring to FIG. 3, a four quadrant multiplying divider is illustrated.
      This forms the preferred embodiment of the present invention. As will be
      seen, no separate difference amplifier is employed. Considering FIG. 3, a
      strong resemblance will be seen between the represented four quadrant
      multiplying divider and the single quadrant multiplying divider of FIG. 2.
      The log transfer circuit 84 of FIG. 3 is similar to that of 58 in FIG. 2.
      The variable z is introduced to the log transfer circuit, through the
      voltage-current converting resistor 90. The output from the log transfer
      circuit is log z.
PAR  A second log transfer circuit 86 receives an input of the variable x, after
      voltage-conversion through resistor 94. The variable z is also introduced,
      at junction 114, to the log transfer circuit 86, through the
      voltage-current converting resistor 92. The output lead 104 from the log
      transfer circuit 86 is connected to the base terminal 102 of a transistor
      100, which performs a similar function as transistor 68 in FIG. 2.
PAR  The collector terminal of transistor 100 is connected to the variable z,
      through the voltage-current converting resistor 96. The variable y is
      connected to the input of the third log transfer circuit 88, through a
      voltage-current converting resistor 98. Connecting lead 116 couples the
      variable z to the log transfer cicrcuit 88. Further, due to the connection
      of transistor 100 to the output of log transfer circuit 88, the output
      from the log transfer circuit 88 is a complex log equation involving all
      three variables. Specifically, the output signal is log (x + z) + log (y +
      z). The emitter 106 of transistor 100 is tied to the emitter 108 of
      transistor 109, the latter serving as an antilog stage. The output current
      of transistor 109 includes a z variable term due to the connection of the
      base of transistor 109 to the output of the log transfer circuit 84 via
      lead 110.
PAR  Each of the input variables x, y and z are tied to the output of the
      circuit via leads 120, 122 and 118 respectively. The effects of these
      variables are subtracted from the circuit through respective resistors,
      generally indicated by reference numeral 124. The lower end of these
      resistors are tied together and connected to the final current to voltage
      converting stage through connecting lead 126. The final converting stage
      operates in a manner similar to that shown in FIG. 2, and constitutes a
      resistor 128 connected in parallel with an operational amplifier 130. The
      final output 132 constitutes the value (xy)/z.
PAR  To appreciate the mathematics related to the embodiment of FIG. 3, the
      following equations are considered. Again, by applying Kirchhoff's Law:
      ##EQU1##
PAR  Thus, the net input current to the output operational amplifier 128, 130
      is:
EQU  i.sub.c109 - x - y - z.
PAR  Accordingly, the output voltage at 132 is (xy)/z.
PAR  The constraints regarding the variables are as follows:
EQU  x &gt; -z
EQU  y &gt; -z
EQU  z &gt; 0
PAR  The forbidden values for the variables are as follows:
PA1  negative x exceeding the magnitude of z.
PA1  negative y exceeding the magnitude of z.
PAR  The input variables collectively are constrained such that the output
      voltage does not exceed plus or minus its full scale rating, this
      contraint is common to all such analog computing circuitry and is well
      known.
PAR  FIG. 4 illustrates a block diagram of the circuitry shown in FIG. 3.
      Corresponding reference numerals have been employed to shown corresponding
      portions of the circuitry.
PAR  FIG. 5 illustrates the circuitry required for a two quadrant version of the
      multiplying divider disclosed in connection with FIG. 4.
PAR  The log transfer circuits in connection with the variables z and x are
      substantially the same as those shown in FIG. 3. Accordingly,
      corresponding numerals have been used. However, the variable y is fed to
      an operational amplifier 134, which is connected to the emitter 106', as
      was the case in FIG. 3. The subtraction of the variable y occurs through
      branch 136 and precision resistor 138. The output from the emitter 106' is
      log (x + z) +  log (y). The collector current from transistor stage 109' =
      (xy)/z + y. However, due to the subtraction of the variable y, the
      converter 128', 130' generates a voltage output that is equal to (xy)/z.
PAR  As in the case of the four quadrant version in FIG. 3, transistors in the
      log transfer circuits 84' and 86' are matched, while the transistors 100'
      and 109' are also matched.
PAR  The range of permissible input variables are as follows:
EQU  z &gt; 0
EQU  y &gt; 0
EQU  x &gt; -z
PAR  Accordingly, as will be appreciated, the multiplying divider of the present
      invention is seen to include a reduction of hardware for effecting the
      design of a multiplying divider. Separate difference amplifiers are not
      needed.
PAR  A minimum number of precision resistors all of the same value are used in
      the preferred embodiments of FIGS. 3 and 5.
PAR  It should be understood that the invention is not limited to the exact
      details of construction shown and described herein for obvious
      modifications will occur to persons skilled in the art.
PAR  For example, it would be obvious to apply a bias voltage to the base of the
      front end transistors or the grounded terminal of the loging transistor,
      for example component 22 in FIG. 1. The purpose of this is to achieve
      overall gain balancing adjustment.
CLMS
STM  Wherefore I claim:
NUM  1.
PAR  1. An analog multiplying divider for three input variables x, y and z, the
      multiplying divider comprising:
PA1  first circuit means for performing a log transfer operation upon the
      variable z;
PA1  second circuit means for performing a log transfer operation upon at least
      the variable x;
PA1  third circuit means for performing a log transfer operation upon at least
      the variable y;
PA1  the third circuit means including first means for summing at least log y
      and the log x output from the second circuit means to form a summation
      signal which is a function of log x + log y;
PA1  second summing means having inputs thereof connected to the output of the
      first circuit means and the third circuit means for producing the antilog
      (log x + log y - log z); and
PA1  output means connected to the output of the second summing means for
      producing (xy)/z at the output thereof.
NUM  2.
PAR  2. The subject matter of claim 1 wherein the second summing means includes
      a transistor having first, second and third electrodes;
PA1  the first electrode connected to the output of the first circuit means;
PA1  the second electrode connected to the output of the third circuit means;
      and
PA1  the third electrode connected to the input of the output means.
NUM  3.
PAR  3. The circuitry as defined in claim 2 wherein the first electrode of the
      summing means transistor is a base electrode.
NUM  4.
PAR  4. The subject matter of claim 1 wherein the multiplying divider functions
      for four quadrant operation, and further wherein the second circuit means
      comprises:
PA1  an input terminal for the variable z;
PA1  amplifier means having an input thereof connected to the input terminal;
PA1  a transistor having first and second electrodes respectfully connected
      between the input and output of the amplifier means;
PA1  an input terminal for the variable x;
PA1  the input of the amplifier means connected to the variable x input
      terminal;
PA1  the second electrode carrying a resultant signal log (x + z).
NUM  5.
PAR  5. The subject matter of claim 4 wherein the third circuit means comprises:
PA1  an input terminal for the variable y;
PA1  amplifier means having an input thereof connected to the first input
      terminal;
PA1  a transistor having first and second electrodes respectfully connected
      between the input and output of the amplifier means;
PA1  means connecting a third electrode of the transistor to the output of the
      second circuit means, the second electrode carrying a resultant signal log
      (x + z) + log (y + z).
NUM  6.
PAR  6. The subject matter of claim 4 wherein the third electrode of the
      transistor is a base electrode.
NUM  7.
PAR  7. The subject matter of claim 6 wherein the second summing means includes
      a transistor having first, second and third electrodes;
PA1  the first electrode connected to the output of the first circuit means;
PA1  the second electrode connected to the output of the third circuit means;
      and
PA1  the third electrode connected to the input of the output means.
NUM  8.
PAR  8. The subject matter of claim 7 wherein the first electrode of the summing
      means transistor is a base electrode.
NUM  9.
PAR  9. The subject matter of claim 4 together with means respectively
      connecting the input variables to the input of the output means of the
      second summing means for subtracting the variables x, y and z from the
      output of the second summing means, thus producing (xy)/z at the output of
      the output means.
NUM  10.
PAR  10. The circuitry as defined in claim 9 wherein the subtracting means
      comprises individual resistors respectively connected at first ends
      thereof to the input variables x, y and z, the opposite ends of the
      resistors connected together at the input of the output means.
NUM  11.
PAR  11. The subject matter of claim 10 wherein the output means comprises:
PA1  amplifier means having an input connected to the third electrode of the
      second summing means; and
PA1  a resistor connected between the input and output of the amplifier means.
NUM  12.
PAR  12. The subject matter of claim 1 wherein the multiplying divider functions
      for two quadrant operation, and further wherein the second circuit means
      comprises:
PA1  an input terminal for the variable z;
PA1  amplifier means having an input thereof connected to the input terminal;
PA1  a transistor having first and second electrodes respectfully connected
      between the input and output of the amplifier means;
PA1  an input terminal for the variable x;
PA1  the input of the amplifier means connected to the variable x input
      terminal;
PA1  the second electrode carrying a resultant signal log (x + z).
NUM  13.
PAR  13. The circuitry set forth in claim 12 wherein the third circuit means
      comprises:
PA1  an input terminal for the variable y;
PA1  amplifier means having an input thereof connected to the first input
      terminal;
PA1  a transistor having first and second electrodes respectively connected
      between the input and output of the amplifier means;
PA1  means connecting a third electrode of the transistor to the output of the
      second circuit means, the second electrode carrying a resultant signal log
      (x + z) + log y.
NUM  14.
PAR  14. The subject matter of claim 12 wherein the third electrode of the
      transistor is a base electrode.
NUM  15.
PAR  15. The subject matter of claim 14 wherein the second summing means
      includes a transistor having first, second and third electrodes;
PA1  the first electrode connected to the output of the first circuit means;
PA1  the second electrode connected to the output of the third circuit means;
      and
PA1  the third electrode connected to the input of the output means.
NUM  16.
PAR  16. The subject matter of claim 15 wherein the first electrode of the
      summing means transistor is a base electrode.
NUM  17.
PAR  17. The subject matter of claim 12 together with means connecting the input
      variable y to the input of the output means of the second summing means
      for subtracting the variable y from the output of the second summing
      means, thus producing (xy)/z at the output of the output means.
NUM  18.
PAR  18. The subject matter of claim 17 wherein the subtracting means comprises
      a resistor connected at a first end thereof to the input variable y, the
      opposite end connected to the input of the output means.
NUM  19.
PAR  19. The subject matter of claim 18 wherein the output means comprises:
PA1  amplifier means having an input connected to the third electrode of the
      second summing means; and
PA1  a resistor connected between the input and output of the amplifier means.
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ABST
PAL  An automatic device for providing chemiluminescent light from a chemical
      reaction of suitable compounds in the presence of a fluorescent compound,
      said device being an emergency source of illumination upon failure of
      public utility service.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to systems and devices for automatically providing
      emergency light incorporating components which react chemically and
      provide excitation for a fluorescent compound. The invention more
      particularly relates to systems and devices in which the reactive
      components are maintained in a non-reactive condition until light is
      desired, the systems incorporating means to bring said components into a
      reactive condition and means to display the resultant light.
PAR  2. Description of the Prior Art
PAR  Illumination of means of egress from public buildings by means of
      artificial lighting is a requirement for public safety. The source of
      power is usually electrical and of assured reliability, such as the local
      public utility service. However, under certain circumstances it is
      desirable to have a source of light that is not electrically activated in
      the event of failure of the public utility service.
PAR  Light can be provided by chemical systems, wherein the luminosity is solely
      the result of a chemical reaction without requiring any electrical energy.
      Such light is known as chemiluminescent light.
PAR  Chemiluminescent light may be useful where there is no source of
      electricity. For example in emergencies wherein sources of electrical
      power have failed, a chemiluminescent system could provide light. Since
      the system requires no externally generated source of energy, devices can
      be made small and highly portable. Moreover, chemiluminescent light can be
      used where conventional illumination may not be desired. It is useful, for
      example, where electrical means could cause a fire hazard, such as in the
      presence of inflammable agents. Chemiluminescent light is also effective
      in the presence of water since there are no electrical connections to
      short out. Thus it may be seen that chemiluminescent light can have many
      useful applications for emergency lighting.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a combination of a chemical lighting system and a
      device for the automatic admixture and display of chemical light
      components upon failure of an electrical power source without the hazards
      of electrical lighting.
PAR  The invention can be especially useful in emergency situations where other
      forms of lighting would not be desirable. The chemical lighting system of
      this invention does not have the inherent dangers of ignitable lighting
      devices such as candles, gas, or oil lights.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The system consists essentially of two parts which comprise means for
      storing the components of the chemical lighting system and means for
      automatically activating and displaying the admixed components when a
      power failure occurs.
PAR  In this invention, the reactive components are displayed in an elongated
      flexible transparent or translucent plastic tube which is sealed on both
      ends, wherein the separate components may be brought into contact to
      produce the reaction which provides chemiluminescent light to be displayed
      in said plastic tube. When either of the reactants or both are fluid, they
      must be stored in separate tubes. A diluent and fluorescent compound can
      be in either of these two tubes. If the reactants are dry powdered solids,
      they may be kept together in one tube with a diluent in the other
      compartment. The components in each tube are brought together by bending
      the tubes to break the tubes and release the contents, and the combined
      components are displayed as a chemiluminescent light mixture. This
      chemical lighting device is disclosed and claimed in U.S. Pat. No.
      3,576,987, which is hereby incorporated by reference.
PAR  The means for storing the components of the chemical lighting system can
      have several embodiments. One embodiment consists of two elongated
      thin-walled glass tubes, each sealed on both ends, contained within the
      transparent or translucent plastic tube. One glass tube is filled, wholly
      or in part, with one component of a two-component system and the other
      tube is filled, wholly or in part, with the second component. The outer
      plastic tube can contain a solvent, a third component of a three-component
      system, or it can be empty.
PAR  An alternative embodiment involves a single sealed glass tube in a plastic
      tube wherein one component of a two-component chemical light system is
      placed in the glass tube and wherein the second component is placed
      externally to the glass tube within the plastic tube.
PAR  In still another embodiment a sealed glass tube containing one component is
      sealed within a second glass tube containing a second component of the
      chemical lighting sysem. The outer glass tube is then sealed, placed
      within the flexible translucent plastic tube with a solvent, such as
      dibutyl phthalate, and the end of the plastic tube is heat-sealed.
PAR  The chemiluminescent system of this invention thus comprises the system as
      described accommodating the admixture of at least two chemiluminescent
      components and providing for the admixture in the plastic tube of at least
      two chemiluminescent components comprising either (a) a component
      containing a chemiluminescent compound and a second component containing a
      hydroperoxide compound, either or both components containing a diluent, or
      (b) a dry solid component containing both a solid chemiluminescent
      compound and a solid hydroperoxide compound and a second component
      comprising a solvent for said solid chemiluminescent compound and said
      solid hydroperoxide compound. Any other necessary ingredients for the
      production of chemiluminescent light, or for lifetime control, or for
      intensity improvement, or for storage stabilization must, of course,
      either be included in one of the two system components or included as
      additional components. In particular with the preferred oxalic-type
      chemiluminescent compounds of this invention, a fluorescent compound must
      be included in the system.
PAR  The preferred chemiluminescent system of this invention is more
      particularly disclosed and claimed in copending application Ser. No.
      75,425, now abandoned, which is hereby incorporated by reference.
PAR  The preferred chemiluminescent system of this invention is a two-component
      system in which light is generated by the reaction of a hydroperoxide
      component with a chemiluminescent component which comprises, in
      combination, a chemiluminescent compound selected from the group
      consisting of (1) an oxalic-type anhydride of the type disclosed and
      claimed in commonly assigned U.S. Pat. No. 3,399,137, which is hereby
      incorporated by reference, (2) an oxalic-type amide of the type disclosed
      and claimed in U.S. Pat. No. 3,442,815, and in copending applications Ser.
      No. 211,807 and Ser. No. 211,810 which are hereby incorporated by
      reference, (3) an oxalic-type o-acylhydroxylamine of the type disclosed
      and claimed in copending application Ser. No. 886,395, which is hereby
      incorporated by reference, and (4) an oxalic-type ester disclosed and
      claimed in U.S. Pat. No. 3,597,362, which is hereby incorporated by
      reference, in the presence of a fluorescer compound and a solvent. Other
      suitable chemiluminescent compounds are 3-aminophthalhydrazide,
      3,4,5-triphenylimidazole, 10,10'-dialkyl-9,9'-biacridinium salts and
      9-chlorocarbonyl-10-methylacridinium chloride. The latter is disclosed and
      claimed in commonly assigned U.S. Pat. No. 3,352,791. All of the foregoing
      provide chemiluminescence when reacted with a hydroperoxide component in
      the presence of a base. Other chemiluminescent materials are described by
      K. D. Gunderman, Angew. Chemie. Int. Ed., 4, 455/1965.
PAR  The preferred chemiluminescent compound of this invention is an oxalic-type
      ester selected from the group consisting of (a) an ester of an oxalic-type
      acid and an alcohol characterized by acid ionization constant in water
      greater than 1.3 .times. 10.sup.-.sup.10, and (b) a vinyl ester of an
      oxalic-type ester. Similarly, in a preferred embodiment thereof, the
      alcohol would be an aromatic alcohol substituted by a substituent
      characterized by a positive Hammett sigma value. The preferred species of
      oxalic-type esters include bis(substituted carboalkoxyphenyl)oxalate such
      as bis(2,4,5-trichlorocarbobutoxyphenyl)oxalate and
      bis(2,4,5-trichlorocarbopentoxyphenyl)-oxalate.
PAR  The peroxides employed in the components of this invention may be any
      hydroperoxide compound. Typical hydroperoxides include
      t-butylhydroperoxide, peroxybenzoic acid, and hydrogen peroxide. Hydrogen
      peroxide is the preferred hydroperoxide and may be employed as a solution
      of hydrogen peroxide in a solvent or as an anhydrous perhydrate compound
      which will generate hydrogen peroxide.
PAR  The peroxide concentration may range from about 15 molar down to about
      10.sup.-.sup.5, preferably about 3 molar down to about 10.sup.-.sup.1
      molar. The ester of this invention may be added as a solid or in admixture
      with a suitable solid peroxide reactant or in a suitable diluent, or
      alternatively dissolved directly in a solution containing the peroxide
      reactant.
PAR  Typical diluents, which additionally may be used in conjunction with the
      necessary diluent of this invention, are those which do not readily react
      with a peroxide such as hydrogen peroxide, and which do not react with an
      ester of oxalic acid.
PAR  Where a solvent is employed with the hydroperoxide-containing component of
      this invention said solvent can be any fluid which is unreactive toward
      the hydroperoxide and which accommodates a solubility of at least 0.01 M
      hydroperoxide. Typical solvents for the hydroperoxide component include
      water; alcohols, such as ethanol or octanol; ethers, such as diethyl
      ether, diamyl ether, tetrahydrofuran, dioxane, dibutyl diethylene glycol,
      perfluoropropyl ether, and 1,2-dimethoxyethane; and esters, such as ethyl
      acetate, ethyl benzoate, dimethyl phthalate, dioctylphthalate, propyl
      formate. Solvent combinations can, of course, be used such as
      concentrations of the above with aromatic anisole, tetralin, and
      polychlorobiphenyls, providing said solvent combination accommodates
      hydroperoxide solubility. However, when oxalic-type chemiluminescent
      materials are used, strong electron donor solvents such as
      dimethylformamide and dimethylsulfoxide should not, in general, be used as
      a major solvent component.
PAR  Where a solvent is employed with a component containing the
      chemiluminescent material any fluid can be used providing said fluid
      solubilizes at least 0.01 M concentration of the chemiluminescent material
      and is unreactive toward the chemiluminescent material. Typical solvents
      include ethers, esters, aromatic hydrocarbons, chlorinated aliphatic and
      aromatic hydrocarbons, such as those cited in the preceding paragraph. For
      oxalic-type chemiluminescent compounds, hydroxylic solvents such as water
      or alcohols and basic solvents such as pyridine should not be employed
      since such solvents used in general, react with and destroy oxalic-type
      chemiluminescent compounds. Solvent combinations may, of course, be used
      but such combinations when used with oxalic-type chemiluminescent
      compounds should not include strong electron donor solvents.
PAR  When a component comprising a solid chemiluminescent compound and a solid
      hydroperoxide is used, the solvent or solvent composition comprising the
      second component may vary broadly. Said solvent, however, should
      preferably dissolve at least 0.02 M concentrations of both, the
      hydroperoxide and the chemiluminescent compound, and for oxalic-type
      chemiluminescent compounds, strong electron donor solvents should be
      avoided as major solvent components.
PAR  The fluorescent compounds contemplated herein are numerous; and they may be
      defined broadly as those which do not readily react on contact with the
      peroxide employed in this invention, such as hydrogen peroxide, likewise,
      they do not readily react on contact with the chemiluminescent compound.
PAR  The color of the light emission will depend on the type of fluorescent
      compound and its spectral response. However, the visible color could be
      varied by using a colored outer tube.
PAR  The lifetime and the intensity of the chemiluminescent light obtained with
      the preferred oxalic-type chemiluminescent compounds of this invention can
      be regulated by the use of certain regulators such as:
PAR  1. By the addition of base to the chemiluminescent composition. Both the
      strength and the concentration of the base are critical for purposes of
      regulation.
PAR  2. By the variation of hydroperoxide. Both the type and the concentration
      of hydroperoxide are critical for the purposes of regulation.
PAR  3. By the addition of water.
PAR  4. By the addition of a catalyst which changes the rate of reaction of
      hydroperoxide with the oxalic-type ester. catalysts which accomplish that
      objective include those described in M. L. Bender, "Chem. Revs."Revs.",
      Vol. 60, p 53 (1960). Also, catalysts which alter the rate of reaction or
      the rate of chemiluminescence include those accelerators disclosed and
      claimed in copending application Ser. No. 178,496 and U.S. Pat. No.
      3,704,231, which are hereby incorporated by reference, and decelerators
      disclosed and claimed in U.S. Pat. No. 3,691,085, which is hereby
      incorporated by reference.
PAR  While acids are not in general accelerators for oxalic-type
      chemiluminescent reactions it should be noted specifically that acids are
      accelerators for the oxalic amide chemiluminescent compounds disclosed and
      claimed in copending application, Serial No. 844,657, which is hereby
      incorporated by reference.
PAR  More specifically, the advantages obtained by incorporation of a catalyst
      in conjunction with an ionized salt as disclosed and claimed in U.S. Pat.
      No. 3,704,231, which is hereby incorporated by reference, may also be
      obtained in this invention.
PAR  When oxalate-type chemiluminescent compounds are used in solution it may be
      desirable to include a stabilizing agent such as those disclosed and
      claimed in U.S. Pat. No. 3,718,599, which is hereby incorporated by
      reference.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention may be better understood by reference to the drawings in
      which:
PAR  FIG. 1 is a frontal view of an embodiment of the system,
PAR  FIG. 2 is a cross-sectional view of the embodiment of FIG. 1, taken along
      the lines A--A' of FIG. 1, before activation,
PAR  FIG. 3 is a cross-sectional view of the device of FIG. 2, after activation,
PAR  FIG. 4 is a cross-sectional view of the device of FIG. 1, taken along the
      lines B--B' of FIG. 1, before activation,
PAR  FIG. 5 is a cross-sectional view of an alternative device using a side of a
      metallic box instead of the rigid rod 6.
PAR  FIG. 6 is a frontal view of an alternative device using two glass tubes to
      contain the separate components.
DETD
PAR  The means for storing, automatically activating and displaying the admixed
      chemical components, as illustrated in FIGS. 1-6, is a self-contained unit
      connected to a source of electrical power 1 which induces sufficient
      electromagnetic force in a metallic substrate 2 to restrain and compress
      springs 3 which produce a bias force against a hinged plate 4.
PAR  The electromagnets 2 are maintained by current supplied by the general
      power source 1 used for normal lighting, etc, at the location. Thus during
      normal power distribution the electromagnets are active and a lightstick
      is held in the before use position as shown in FIGS. 1 and 2.
PAR  The plastic outer tube 9 is held firmly at its center by a band clamp 7
      attached to a rigid metal rod 6. In the before use condition, the rod and
      clamp hold the lightstick against a base plate 11. Also attached to the
      base plate are two loops 10 which loosely surround the ends of the
      lightstick. The rigid rod holding the lightstick is attached to a hinged
      iron or steel plate 4. Positioned between the base plate and the hinged
      plate attached to the rod is a strong compression spring 3, said spring
      being capable of forcing the lightstick free of the end loops on release
      of compression. The plate attached to the rod in the before use condition
      is held in place against the spring by one or two electromagnets attached
      to the base plate.
PAR  In the event of a power failure the electromagnets lose magnetism, release
      the plate attached to the rod, and the compression springs force the
      plate-rod-clamp-lightstick unit away from the base plate. The lightstick
      in the course of this movement is restrained by the end loops. This
      restraining action causes the glass pods to be broken so that the chemical
      light components are mixed and light is emitted. Thus emergency light is
      provided automatically and displayed, as shown in FIG. 3, by the failure
      of distributed power.
PAR  Normally, the base plate, which may be part of a box, is attached to the
      vertical surface of a wall or door, or it may be attached to a ceiling.
      Thus the spring action is only required to pull the lightstick through the
      end loops to bend the lightstick and break the pods; gravity will then
      pull the lightstick further down to a desired angle from the base plate. A
      catch can be provided at the axle 5 to stop the downward movement at a
      particular angle, if desired.
PAR  While FIGS. 1-6 illustrate specific embodiments of the invention it will be
      understood that this is solely for illustration, and that various changes
      and modifications of the invention may be made without departing from the
      spirit of the disclosure or the scope of the appended claims. For example,
      "Exit" or other signs could also be illuminated by this invention. The
      inclusion of electrical lighting means within the specific embodiments of
      this invention is also contemplated.
PAC  EXAMPLE 1
PAR  A glass tube having an open end (0.2mm wall; 7.6 mm I.D.; 140 mm long;
      6.36ml volume) is charged with 5.0 ml of a solution of 0.20 M
      bis(2,4,5-trichloro-6-carbopentoxyphenyl)oxalate and 6.0 .times.
      10.sup.-.sup.3 M 1,8-dichloro-9-10-bis(phenylethynyl)anthracene in dibutyl
      phthalate and the open end is heat-sealed in a flame.
PAR  A low density polyethylene tube (0.794 mm wall; 11.5 mm I.D.; 12.7 mm O.D.;
      153 mm long) having an open end is charged with the above sealed glass
      tube and 5.0 ml of a solution of 0.75 M hydrogen peroxide (98%) and 3.125
      .times. 10.sup.-.sup.4 M sodium salicylate in a mixture of 80 volume
      percent dimethyl phthalate -- 20 volume percent t-butyl alcohol and the
      open end is capped by a plug. (Alternatively the open end may be sealed by
      squeezing the tube together in a tube heat sealer. In this case the tube
      length overall should be about 178 mm long.)
PAR  The lightstick is inserted in the afore-described device which is connected
      to a source of electricity. The supply of electricity to the device is
      terminated and the plastic tube bends to slip out of the loose wires on
      the ends. The bending of the plastic tube causes theh rupture of the glass
      pod and admixture of the chemical components to generate light.
PAC  EXAMPLE 2
PAR  A glass tube identical to that described in Example 1 is charged with the
      same materials and sealed in the same manner as the glass tube described
      in Example 1.
PAR  A second glass tube of the same dimensions is charged with 5.0 ml of the
      hydrogen peroxide -- sodium salicylate solution described in Example 1 and
      sealed.
PAR  Both tubes are placed in a 178 mm long polyethylene tube (0.794 mm wall; 19
      mm O.D.) and the tube ends are heat-sealed by squeezing in a tube sealer.
PAR  Light is generated when the polyethylene tube is placed in the
      afore-described device and activated as described in Example 1.
PAC  EXAMPLE 3
PAR  A glass tube having the dimensions of the tube of Example 1 is charged with
      5 ml of a solution of 0.20 M bis(2,4,5
      -trichloro-6-carbopentoxyphenyl)oxalate and 3.4 .times. 10.sup.-.sup.3 M
      9,10-bis-(phenylethynyl)anthracene in dibutyl phthalate and the open end
      is heat-sealed.
PAR  A second glass tube (0.2 mm wall; 6.5 mm I.D.; 140 mm long) is charged with
      3 ml of a solution of 1.25 M hydrogen peroxide and 5.20 .times.
      10.sup.-.sup.4 M sodium salicylate in a mixture of 80 volume percent
      dimethyl phthalate -- 20 volume percent t-butyl alcohol and the open end
      is heat-sealed.
PAR  The two tubes along with 2 ml of a solution of 3.4 .times. 10.sup.-.sup.3 M
      bis(phenylethynyl)anthracene in dibutyl phthalate are placed in the
      polyethylene tube described in Example 2, and the ends of the polyethylene
      tube are heat-sealed. Light is generated by placing the polyethylene tube
      in the afore-described device and activating it as described in Example 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for displaying emergency lighting comprising a base plate, an
      extension plate extending vertically from and affixed at one end to said
      base plate, pivot means attached to the other end of said extension plate,
      a metallic plate affixed at one end by said pivot means to said extension
      plate to allow said metallic plate to swing about said pivot means, an
      elongated rigid rod affixed at one end to the other end of said metallic
      plate opposite said pivot means, clamping means affixed to the other end
      of said elongated rigid rod, bias means affixed at one end to said base
      plate and positioned on said base plate to contact said metallic plate
      when said metallic plate is pivoted about said pivot means to aligned said
      rigid rod substantially parallel with said base plate, an electromagnetic
      force means affixed at one end to said base plate adjacent said bias means
      and disposed to contact said metallic plate when said metallic plate is
      pivoted about said pivot means to align said elongated rigid rod
      substantially parallel to said base plate, electrical power means
      connected to said electromagnetic force means to create an electromagnetic
      force so that when said metallic plate contacts said electromagnetic force
      means the bias means is compressed, a chemiluminescent light device
      comprising at least two elongated containers each container sealed on both
      ends and each containing a chemical component of a multicomponent
      chemiluminescent system, said containers comprising a translucent outer
      container and at least one rigid frangible inner container located within
      said outer container, said outer container held in the center by said
      clamping means, a pair of restraining means loosely encompassing each end
      of said outer container and affixed to said base plate so that when the
      electrical power fails the compressed bias means will press against said
      metallic plate bending said flexible outer container sufficiently to break
      the inner frangible container and cause the chemical components to become
      admixed after the ends of the outer container slip free of said
      restraining means to display the chemical lighting device in a position
      vertical to said base plate.
NUM  2.
PAR  2. A device as in claim 1 wherein said chemical components are stored in at
      least two frangible inner tubular containers.
NUM  3.
PAR  3. A device as in claim 1 wherein said translucent outer container is
      tubular means.
NUM  4.
PAR  4. A device as in claim 1 wherein said metallic plate is made of iron.
NUM  5.
PAR  5. A device as in claim 1 wherein said metallic plate is steel.
NUM  6.
PAR  6. A device as in claim 3 wherein said translucent tubular outer container
      is plastic.
NUM  7.
PAR  7. A device as in claim 2 wherein said frangible inner containers are
      glass.
NUM  8.
PAR  8. A device as in claim 1 wherein said bias means is a compression spring.
NUM  9.
PAR  9. A device as in claim 1 wherein said base plate comprises part of a
      shipping container for shipping said device.
PATN
WKU  039406059
SRC  5
APN  5339057
APT  1
ART  211
APD  19741218
TTL  Chemiluminescent marker apparatus
ISD  19760224
NCL  6
ECL  1
EXP  Moses; R. L.
NDR  2
NFG  2
INVT
NAM  Gerber; Robert L.
CTY  Ridgecrest
STA  CA
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL  240  225
XCL  102 378
EDF  2
ICL  F21V  916
FSC  240
FSS  2.25;1 R
FSC  222
FSS  94
FSC  102
FSS  35.6;37.6;37.8
UREF
PNO  3463915
ISD  19690800
NAM  Day
OCL  240  2.25
UREF
PNO  3500033
ISD  19700300
NAM  Cole et al.
OCL  240  2.25
UREF
PNO  3578962
ISD  19710500
NAM  Gerber
OCL  240  2.25
UREF
PNO  3612857
ISD  19711000
NAM  Beatty
OCL  240  2.25
UREF
PNO  3633507
ISD  19720100
NAM  Morley et al.
XCL  240  2.25
UREF
PNO  3736874
ISD  19730600
NAM  Gerber
XCL  240  2.25
UREF
PNO  3745324
ISD  19730700
NAM  Shefler et al.
OCL  240  2.25
UREF
PNO  3829678
ISD  19740800
NAM  Holcombe
XCL  240  2.25
LREP
FR2  Sciascia; R. S.
FR2  Miller; Roy
FR2  Beers; Robert F.
ABST
PAL  A chemiluminescent lighting apparatus for generating an illuminated marker
     aterial for delivery to a desired area. Two fluids to be mixed are
      contained in separate chambers and are separated from a mixing chamber by
      means of frangible disc-shaped members. A hollow gas generator expells gas
      when a squib fractures one of its walls. The force of the escaping gas
      exerts pressure on the two fluids sufficient to fracture the frangible
      disc members allowing mixing action in the mixing chamber. The mixed fluid
      chemically reacts to produce light and flows from the mixing chamber to a
      light transmittable material where it is stored to provide an illuminated
      area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a chemiluminescent lighting apparatus that
      can be used as a marker head of a missile carried by an aircraft or as an
      emergency illuminating source.
PAR  Numerous devices are presently in use by aircraft to mark desired areas on
      land or at sea locations so that the area can be easily identified and
      located again. This procedure is followed on search and rescue missions or
      to mark targets to be destroyed during military operations. Frequently it
      is required that the marker be visible at night from high altitudes for
      substantial periods of time. This is especially true when high performance
      aircraft are used for ordnance delivery against enemy positions or where
      it is necessary to establish a reference point for other military
      operations at night.
PAR  One of the major drawbacks of aircraft attacking ground or sea targets with
      bombs or missiles is the accuracy necessary to hit the chosen target area
      during reduced visibility conditions or during nighttime operations.
      Conventional weapons for air to surface attack are usually gravity type
      bombs and missiles. Because of high speeds of the fighter aircraft and the
      brief time available over the target the launch constraints required for a
      visual attack with conventional weapons are severe. In many cases to
      attain accurate delivery of such weapons at night requires the attacking
      aircraft to sight the target area from five to seven miles from the target
      area. Since the attacking aircraft may be flying at altitudes and ranges
      that make it extremely vulnerable to surface air weapons it is desirable
      that the aircraft be capable of stand-off ordnance delivery.
PAR  Considerable effort has been expended by both the Government and private
      industry in attempting to construct chemiluminescent lighting devices for
      either night marking or emergency applications. One of these devices
      releases a chemiluminescent cloud by means of an aerosol spray.
PAR  Another such device used to mark a surface area is a canister filled with
      chemiluminescent material. This canister when launched from an aircraft or
      a surface craft bursts on contact with the ground  and drives a piston by
      means of generated gas to eject the chemiluminescent material 20 to 40
      feet in the air. As it settles to the ground a large area is covered by
      the dispersed particles.
PAR  Still another type of location marker that is launched from an aircraft are
      strips of cloth material that first have been saturated with
      chemiluminsecent material. A container filled with an activator material
      is ruptured to allow a liquid activator to saturate the cloth material. A
      predetermined time later the cloth or cloths are ejected from the
      container and fall to the ground to provide a visible marked area.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a chemiluminescent marker apparatus that
      may be used to mark areas by being carried by a projectile like device or
      to create a source of light to be used under emergency conditions. A gas
      generator situated in a closed container pressurizes an oxalate fluid
      which in turn places pressure on a separate container of hydrogen peroxide
      fluid. As the pressure reaches a predetermined level the fluids are
      permitted to flow through their respective orifices to a mixing tube where
      they are mixed under turbulent flow conditions. The mixed fluid which
      chemically reacts to produce light is placed either on a substrate
      material where it is absorbed and later dispersed or, transmitted through
      flexible tubing to an area to be illuminated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a complete understanding of the nature and features of the invention,
      reference should be made to the following detailed descriptions taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is a longitudinal view partly in cross section of the
      chemiluminescent lighting apparatus arrangement for use with an aircraft
      missile for marking an area on water or land.
PAR  FIG. 2 is a longitudinal cross sectional view of the chemiluminescent
      lighting apparatus for use as an emergency source of light.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, more particularly to FIG. 1, the location
      marker head apparatus for a missile or the like is generally indicated by
      numeral 10. A cylindrical aluminum container having wall 11 closed by end
      cap portions 27 and 47 enclose the entire apparatus to form a unitary
      container. End cap 27 is provided with plug element 29 for permitting
      electrical leads 28 to pass into the interior of the container to an
      explosive actuator such as squib 34. Gas generator 14 has wall 31 in
      slidable engagement with the interior of wall 11 so as to form a movable
      piston-like element. Gas and fluid sealing means such as O-ring 32
      provides a seal to prevent the escape of gas or fluid between piston wall
      31 and wall 11. A hollow chamber formed by the walls of piston element 14
      is filled with a gas such as carbon dioxide under high pressure. An
      annular squib housing 33 is threadably engaged with the end portion of
      piston 14 to form a passageway for the escape of the gas whenever housing
      33 is ruptured to drive piston 14 away from end cap 27.
PAR  Mixing assembly 13 is formed as a disc-like member rigidly held in place
      against wall 11 by means of locking rings or the like. A liquid seal such
      as O-ring 30 may also be provided to prevent the escape of liquid between
      the outer circumference of the disc-like member and wall 11. An orifice 21
      having its axis located concentric with container 11 extends through
      disc-like member 13. Another orifice 22 is fabricated in assembly 13 to
      extend from the outer circumferential surface to meet the axis of orifice
      21 at an acute angle. Each orifice communicates with a turbulent mixing
      chamber 25 that is normal to the centerline of the disc-like member 13. An
      aperture opposite the orifice end of mixing chamber 25 extends through
      closure member 24. A centrally located flange which is threaded to one end
      of the ejector rod 35 is held in position at its circumferential surface
      by being fastened to the interior of wall 11 by means of locking rings or
      the like to sustain mixing assembly 13 in position. Attached to a necked
      down portion of the circumferential surface of assembly 13 is a closed
      chamber 18. Chamber 18 is formed with thin walls 12 fabricated from a
      flexible material such as a soft high purity aluminum which is compatible
      with the stored hydrogen peroxide. Orifice 21 is blocked by means of
      rupture disc 19 placed between it and one end of chamber 12. Angular
      orifice 22 is also closed by a disc 20 to prevent the flow of oxalate
      fluid material from its storage area between the head of piston 14 and
      container 18. Rupturable disc members 19 and 20 are fabricated from soft
      aluminum sheet which is scored such that when rupture occurs all fragments
      are retained in order to prevent blockage of the orifices. Diffusion plate
      39 separates substrate material 15 and its ejector mechanism from mixer
      assembly 13. Stored substrate material 15 consists of long cellulose
      acetate rods which absorb the mixed chemiluminescent fluids and provide a
      rigid carrier. Fluid from mixing chamber 13 flows through apertures 41
      radially positioned about the center of diffusion plate 39 to saturate
      material 15.
PAR  Centrally located housing tube 36 attached between diffusion plate 39 and
      front end plate 44 form a housing for the ejector mechanism. Piston rod 35
      is slidably fitted within housing tube 36 and is threadably attached to
      closure plate 24 by means of threaded portion 37. A pin 38 restricts the
      piston from movement within housing 36. At the other end of ejector rod 35
      an explosion charge of powder 42 is held in place by pyrotechnic delay
      charge 43.
PAR  Fuze 16 is housed in end closure portion 47 and may be any fuze mechanism
      that arms itself when subjected to sustained acceleration forces and fires
      when a predetermined deceleration force is reached. Fuze 16 contains a
      powder charge 45 at one end which pressurizes the fuze housing 47 to blow
      the head of the missile, not shown, free from container 10. An aperture in
      element 44 allows hot gases from the burning powder charge 45 to ignite
      pyrotechnic delay charge 43.
PAR  The marker apparatus of FIG. 1 is secured to a missile body that is
      intended for launch by means of a rocket launcher. At time of launch the
      marker apparatus is initiated by a voltage applied via electrical lead 28
      at the same instant as the firing of the missile rocket motor. An
      explosive actuator or squib 34 ruptures annular housing 33 allowing the
      high pressure gas within piston-like element 14 to fill the void between
      end cap 27 and gas generator assembly 14 causing movement away from end
      cap 27. As gas generator 14 slides along container 10, pressure builds up
      against the fluid oxalate material which also pressurizes the hydrogen
      peroxide fluid within container 18 by transmission of the pressure through
      the flexible walls. Each liquid loads its respective rupture disc until it
      fails allowing flow to commence. Orifice 22 and orifice 21 meter each
      fluid in the ratio of three parts oxalate to one part peroxide. The
      metered liquids flow under pressure through mixing chamber 26 under
      turbulent flow conditions. This causes the liquids to be mixed in a short
      distance. The mixed liquid is expelled through apertures 41 in diffusion
      plate 39. Substrate material 15 forming a rigid carrier for the fluids
      soaks up the mixed fluids that are chemically reacting to produce light.
PAR  At rocket motor burn-out the missile decelerates causing fuze 16 to ignite
      powder 45 separating the marker head from the rocket motor. Hot gases from
      burning powder 45 initiate a predetermined pyrotechnic time delay 43 which
      allows the marker to coast through the air to allow continued mixing after
      separation. After the lapse of the time delay, powder 42 is ignited
      forcing ejector piston 35 to shear pin 38 forcing the tubular housing 36
      and substrate material 15 out of container 10 causing them to spread over
      a wide area. This creates a lighted area over barren ground, water and
      dense foliage that is clearly visible from a long distance.
PAR  Referring now to FIG. 2, which shows container assembly 51 that is used to
      provide an emergency chemiluminescent lighting system. Gas generator 52 is
      positioned to close one end of container assembly 51. A centrally located
      rupturable housing 65 extends through gas generator 52 and contains an
      electrically actuated explosive actuator such as squib 55. Electric leads
      54 extend from squib 55 through sealing plug 53 to the exterior of
      container assembly 51. An electrical power source, not shown, attached to
      leads 54 is used to detonate squib 55 at a predetermined time.
PAR  A mixing tube 58 fabricated in the form of an elongated spoollike member
      closes the other end of container 51. A necked down portion at one end of
      mixing tube 58 permits closure of its shank portion by thin wall 62 to
      form a closed container to hold fluid oxalate material. Fluid within this
      chamber is closed off by means of rupture disc 61 closing orifice 59.
      Mixing tube 58 has a centrally located hole extending along its
      longitudinal axis. A closed thin walled container formed by a wall 56 of a
      flexible material forms a container for hydrogen peroxide fluids. The
      hydrogen peroxide is prevented from entering the mixing tube by rupturable
      disc 57. Flexible light transmitting tube 64 is attached by means of
      sealing plug 63 to receive the mixed fluids and store the glowing fluids
      in tube 64 to serve as an emergency light source.
PAR  When emergency light is needed, a source of voltage, not shown, is applied
      via electrical leads 54 to detonate the explosive actuator or squib 55.
      Wall 65 ruptures allowing escape of high pressure carbon dioxide gas
      against flexible walls 56 and 62. As pressure builds up, discs 57 and 61
      rupture allowing the fluids to be intermixed under turbulent conditions as
      they travel through mixing tube 58. The two fluids chemically react to
      produce light and are conducted and stored by means of flexible light
      transmitting tube 64.
PAR  The above apparatus allows the use of a two fluid component
      chemiluminescent system that keeps the fluids in separate storage tanks
      until mixed. This permits the use of a low viscosity system that permits
      storage of the mixed liquids on an absorbing substrate carrier thus
      eliminating the need for a fluid viscosity that does not have the
      disadvantage of being applied directly to the object to be marked where it
      may run off or soak into the object.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chemiluminescent light apparatus for generating an illuminated marker
      comprising:
PA1  a tubular housing;
PA1  mixing means rigidly mounted within said tubular housing;
PA1  first and second fluid compartments within said tubular housing having
      frangible means separating said fluid compartments from said mixing means
      and adapted to deliver fluid to said mixing means upon rupture of said
      frangible means;
PA1  gas generator means having an explosive actuator for releasing a
      predetermined quantity of gas to cause a force to be exerted on said first
      and said second fluid compartments for rupturing said frangible means; and
PA1  light transmittable means attached to said mixing means for receiving and
      storing the mixed fluids;
PA1  whereby the light given off from the chemical action of the mixed fluid
      forms a means of illumination of a given area.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said mixing means comprises:
PA1  an elongated disc-like member having a centrally disposed aperture and an
      angularly disposed aperture each of said apertures being closed at one end
      by said frangible means.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said gas generator means comprises:
PA1  a hollow cylindrical housing forming a piston member closing one end of
      said tubular housing;
PA1  an annular squib housing member extending into said cylindrical housing;
      and
PA1  a squib positioned within said annular housing;
PA1  wherein actuation of the squib fractures the annular housing and allows
      escape gas within the piston member.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said light transmittable means is a
      length of flexible tubing.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said light transmittable means is a
      plurality of elongated cylindrical rods.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said cylindrical rods are formed of
      cellulose acetate.
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ABST
PAL  A light projecting apparatus consists of a concave, substantially
      prolate-spheroidal reflector having a major axis coincident with the
      optical axis of the apparatus and a metal halide high intensity discharge
      source positioned at a first focal point of the reflector and inclined
      with respect to the optical axis of the apparatus at an angle of
      approximately 30.degree..
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to light projectors and particularly to spotlights
      of the theatrical type for projecting an adjustable high intensity beam of
      light and is particularly adapted for use in theaters, auditoriums, arenas
      and the like where a spotlight more compact than the conventionally
      available spotlight is desired.
PAR  In the prior art it is conventional to have a spotlight consisting of a
      brilliant source of light placed in front of a concave reflector which
      gathers some of the emitted light from the source and directs it toward an
      aperture usually controlled by a shutter and an iris. Light emitted from
      the source and reflected from the reflector travels through the opened
      shutter and iris to a condensing lens adjacent to the iris and then to a
      front lens system which projects the light in a beam toward the desired
      object. Newer spotlights of this type have been developed utilizing spaced
      electrical discharge electrodes contained in part in a sealed gas filled
      envelope. When operated by applying the appropriate electrical power, a
      brilliant light source is emitted from the space between the two opposed
      electrodes, the space containing an arc flame. Conventionally two methods
      have been utilized for positioning such a source with respect to the
      reflector.
PAR  In a first method typified by U.S. Pat. No. 3,173,617 the source is mounted
      such that the two opposed electrodes form a line perpendicular to the
      optical axis of the projector and lie in a plane somewhat in front of the
      plane defined by the leading edge of the reflector. Assuming the reflector
      to be ideal, that is no energy lost upon reflection, the amount of light
      directed by the reflector toward the aperture of the apparatus is
      considerably less than 50 percent of the emitted light since over half the
      emitted light is emitted in the forward direction thus never reaching the
      reflector.
PAR  A second method consists of mounting the source such that the electrodes of
      the source are conincident with the optical axis of the system as shown in
      U.S. Pat. No. 3,624,386 and U.S. Pat. No. 3,702,395. While increased
      optical efficiency can be experienced since a greater portion of the
      emitted light from the source is gathered by the reflector and is directed
      toward the aperture system, it is necessary that the system be designed
      such that the front terminal of the forward directed electrode intersect
      as little light as possible since the light intersecting the electrode
      will heat the electrode. If the amount of light intersected by the front
      electrode becomes too great, the end of the lamp will suffer damage and
      will become inoperative.
PAR  It has been the practice in the past to choose a reflector having a
      diameter substantially larger than the length of the source and having a
      focal length two to three times the length of the source. Central sections
      of the reflector have been eliminated to insure that little or no
      radiation intersects with the front terminal of the axially mounted
      source. The long focal length requirement of such a reflector contributes
      to the overall size of the projector by requiring the distance between the
      aperture and the reflector be one and one-half to three times the length
      of the source.
PAR  Ellipsoidal reflectors have been used in combination with incandescent
      lamps where the lamp bulb was inclined with respect to the optical axis of
      the reflector much like U.S. Pat. No. 2,769,082. Since the incandescent
      bulb has no forwardly directed electrode which needs to be protected from
      heat, little appreciation of the problems involved has been found in the
      prior art of this type.
PAC  SUMMARY OF THE INVENTION
PAR  The increase in light gathering efficiency which is experienced by axial
      placement of the source can be enjoyed while maintaining the operating
      temperature of the forward facing electrode of the source within an
      acceptable margin of safety by placing the light source obliquely with
      respect to the axis of the reflector and choosing a reflector having a
      focal length from one-half to one and one-quarter times the length of the
      source. This substantially smaller focal length of the reflector decreases
      the required length of the whole spotlight by up to 30%. The overall
      efficiency of the system is maximized by increasing the portion of light
      gathered by the reflector and utilizing a substantially shorter focal
      length reflector to direct the light toward the aperture.
PAR  The envelope-enclosed arc source is positioned at the first focal point of
      an ellipsoidal mirror and angled with respect to the optical axis of that
      mirror of an angle between 25.degree. and 35.degree.. A major portion of
      the light emitted from the arc source is reflected by the condensing
      reflector through the aperture of the system toward the second focal point
      of the substantially ellipsoidal reflector. The angular positioning of the
      source with respect to the optical axis of the system may require a slight
      modification of the reflector from a true prolate-spheroid so as to
      provide a light of even intensity across the aperture.
PAR  It is a principal object of this invention to provide a spotlight of high
      efficiency by placing a source at an oblique angle with respect to the
      principal axis of a substantially ellipsoidal reflector thereby allowing a
      significant reduction in the reflectors focal length and diameter.
PAR  As another object the present invention aims to provide an improved
      spotlight source by using a concave substantially prolate-spheroidal
      reflector having a front circular opening lying in a plane normal to the
      major axis of the reflector and a rear circular opening the central
      portion of which lies in a a plane normal to a line passing through a
      first focal point of the reflector and angled at an angle of approximately
      30.degree. with respect to the major axis of the reflector.
PAR  Still another object of this invention is to provide the combination of a
      substantially elliptical reflector with a metal halide high intensity
      discharge lamp which is inclined with respect to the major axis of the
      reflector at an angle of approximately 30.degree.. Other objects and
      advantages of the invention will be become apparent from the following
      description of preferred embodiment when read in conjunction with the
      accompanying figures and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of an improved spotlight according to
      the present invention.
PAR  FIG. 2 is a detailed diagrammatic illustration of the spotlight of FIG. 1.
PAR  FIG. 3 is a graph of the normalized luminous intensity distributed by
      sources of this type as a function of angle from the electrode axis.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown diagramatically in FIG. 1, a spotlight 10 comprises generally a
      housing 12 containing a source of light 14 positioned at the first focal
      point 16 of an ellipsoidal reflector 18 having a major axis 20 which
      passes through a first focal point 16 and a second point 22 and defines
      the optical axis 21 of the spotlight. The spotlight 10 further comprises a
      shutter 24 controlled by shutter control 26, an iris 28 controlled by iris
      control 30, a plano-convex condenser lens 32, and a front lens system 34.
      The spotlight also comprises a source power system 36, a bank of color
      media or color filters 38 controlled by color media or filter controls 40,
      and means 42 for circulating cooling air within the spotlight housing 12.
PAR  The source 14 has a longitudinal axis 44 defined by the extension of the
      two opposed, spaced apart electrodes 46 and 48, as shown in FIG. 2. The
      source 14 is positioned such that the space 50 between the electrodes 46
      and 48 is centered on the first focal point 16 of the concave,
      substantially prolate-spheroidal reflector 18 by means for positioning the
      source such as brackets 52 and 54. The means for positioning the source
      also maintains the source at a fixed angle 56 of approximately 30.degree.
      with respect to the major axis 20 of the reflector 18. Means for
      maintaining the reflector in position, such as bracket 58 and clips 60,
      maintain the reflector such that its major axis 20 coincides with the
      optical axis 21 of the spotlight. The reflector 18 has a circular front
      edge 62 which defines a plane 64 which is normal to the major axis 20. The
      radius of the circular front edge 62 measured in plane 64 is less than the
      semi-minor axis of the prolate-spheroid which coincides with the reflector
      18. The reflector 18 has a circular rear edge 66 defining an opening 68
      through which electrode 46 extends. The circular opening 68 is inclined
      with respect to the major axis 20 of reflector 18, extending from
      approximately 50.degree. at its greatest angular departure to
      approximately 10.degree. at its closest angular approach to the optical
      axis 20, the angles measured from the first focal point 16 of the
      reflector 18. Stated in other terms, the circular opening 68 intersects a
      solid angle of less than 0.4 steradians measured from the first focal
      point 16. The rear opening 68 is adapted to receive the first electrode 46
      which extends from the space 50 to the positioning bracket 52 and is there
      connected to power conductor 70. The second electrode 48 extends in the
      opposite direction from space 50 through plane 64 to bracket 54 and there
      connects to power conductor 72. The power conductors 70 and 72 are
      connected to an appropriate source of power which provides the light
      source 14 with the correct operating voltages and currents. The space 50
      is enclosed by an elliptical or tubular-shaped closing element 74
      typically made of glass or fused silica.
PAR  The preferred source of a spotlight of this type is a metal halide high
      intensity discharge lamp developed by OSRAM GmbH and marketed under the
      trademark METALLOGEN. This lamp has electrodes consisting of molybdenum
      foils sealed into quartz glass closing elements or bulbs and connected to
      nickelcoated brass electrodes extending from the bulb to the electrical
      connection. The atmosphere within the bulb consists primarily of mercury
      and argon, as well as some rare earth metal iodides and bromides, such as,
      dysprosium, holmium and thulium. The presence of the rare earth metals
      insures a nearly continuous multiline spectrum of radiation throughout the
      visible range, thereby achieving maximum color quality. The typical length
      of a twelve hundred watt source of this type is approximately 22
      centimeters. This source requires an operating voltage of approximately
      100 volts A.C. at 13.8 amps with suitable ballasting and ignition
      circuitry. The distinct advantage of this source is that it may be
      operated at any angular position with respect to the gravitational field
      with no significant displacement of the arc flame. Other sources having
      similar operating characteristics may, of course, be used.
PAR  Sources of this general type, unlike incandescent sources having the same
      power output, emit the light from what may be considered a single point
      but preferentially radiate in a "doughnut" fashion as illustrated in FIG.
      3. The preferential direction of radiation leaves a cone-shaped shadow
      cast over each electrode, the apex angle of each shadow being
      approximately 45.degree..
PAR  When the source is positioned as herein shown and described, the upper
      electrode 46, which intersects no radiant light, tends to conduct excess
      heat up and away from space 50 to bracket 52. The lower electrode 48, by
      being displaced from the optical axis 21, intersects a minimum amount of
      light energy radiated by the source, thereby achieving acceptably cool
      operation not exceeding 250.degree.C outside of the sealed bulb 74. Some
      heat is conveyed from lower electrode 48 to bracket 54 and along conductor
      72. This low temperature operation could not be maintained if the angle 56
      between the source axis 44 and the optical axis 21 were significantly
      decreased. On the other hand, a significant reduction in the
      light-gathering efficiency of reflector 18 would be experienced if angle
      56 were significantly increased. The optimum size for angle 56 lies
      between 25.degree. and 35.degree., and it is further believed that an
      angle of approximately 30.degree. results in optimum optical efficiency
      while maintaining the operating temperature of electrode 48 within an
      acceptable margin of safety.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light projecting apparatus comprising a concave, substantially
      prolate-spheroidal reflector having on the major axis thereof a first and
      a second focal point within and remote from the reflector respectively, a
      high intensity halide source positioned at said first focal point, the
      source having a opposed electrodes defining a source axis which is
      inclined with respect to said major axis at an angle between 25.degree.
      and 35.degree..
NUM  2.
PAR  2. The light projecting apparatus of claim 1 wherein the intersecting
      source axis and major axis define a substantially vertical plane.
NUM  3.
PAR  3. The light projecting apparatus of claim 1 wherein the reflector has a
      front circular opening lying in a plane perpendicular to said major axis,
      the radius of said circular opening being less than the semi-minor axis of
      a prolate-spheroid of the same dimension as the reflector.
NUM  4.
PAR  4. The light projecting apparatus of claim 1 wherein the reflector has a
      rear circular opening, the central portion of said opening lying in a
      plane normal to a line passing through the first focal point, said line
      inclined with respect to said major axis at approximately 30.degree..
NUM  5.
PAR  5. The light projecting apparatus of claim 4 wherein said rear circular
      opening intersects a solid angle of less than .4 steradians when measured
      from said first focal point.
NUM  6.
PAR  6. The light projecting apparatus of claim 1 wherein said source axis is
      inclined with respect to said major axis at an angle of approximately
      30.degree..
NUM  7.
PAR  7. A light projecting apparatus comprising a concave, substantially
      prolate-spheroidal reflector having on the major axis thereof a first and
      a second focal point within and remote from the reflector respectively,
      said reflector having a front circular opening lying in a plane
      perpendicular to said major axis, the radius of said circular opening
      being less than the semi-minor axis of a prolate-spheroid of the same
      dimension as the reflector, the reflector having a rear circular opening
      whose central portion lies in a plane normal to a line passing through
      said first focal point, said line inclined with respect to said major axis
      at approximately 30.degree., said rear circular opening intersecting a
      solid angle of 0.4 steradians when measured from said first focal point, a
      high intensity halide source positioned at the first focal point, the
      source having a first and a second spaced-apart opposed electrode, the
      line passing through the length of said electrodes defining a source axis,
      said source axis being inclined with respect to said major axis at an
      angle between 25.degree. and 35.degree., said source axis and said major
      axis lying in a substantially vertical plane, said first electrode being
      wholely above said major axis and extending through said rear circular
      opening, said second electrode being wholely below said major axis and
      extending through said front circular opening.
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ABST
PAL  The apparatus is used primarily to monitor the occurrence of lightning
       diarges in the vicinity of a known objective such, for example, as a
      large rocket launch tower or other object which might be detrimentally
      affected by the lightning. A continuous, linear single-axis,
      position-sensing photodiode is deployed a predetermined distance from the
      objective and an optical objective lens focuses a relatively narrow field
      of view, such as a 40.degree. field on the photodiode. The arrangement is
      such that the image of a lightning discharge occurring within the field of
      view is in the form of a focussed narrow-line channel bisecting the length
      of the photodiode at varying locations dependent upon the actual location
      of the lightning discharges itself. In a conventional manner, the
      photodiode produces two signal outputs each corresponding in magnitude to
      the particular location of the bisecting channel image of the lightning.
      Using the fractional distribution of these signal outputs, the angle to
      discharge (.psi.) readily can be computed using a simple analog circuits
      or other desired means. This angle to discharge determines the proximity
      of the discharge to the object to be monitored. By use of an array of
      photodiodes spaced one from the other at a known distance, the vertical
      speed of propagation of the lightning can be determined, this speed being
      a function of the time lag or delay in the outputs produced by each of the
      spaced photodiodes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to photodiode detector means for
      producing a plurality of signal outputs when activated by the impingement
      of optical radiation. More specifically, the invention relates to photo
      electric lightning detectors using single-axis photodiodes to monitor
      lightning discharges.
PAR  Present methods for locating lightning discharges are based on detecting
      electromagnetic field or optical transients produced by the discharge.
      Crossed-loop direction finders and other versions of sferic detectors are
      in common use as are cameras and T.V. systems. Unfortunately, the complex
      nature of the emitting source and the rather long wavelengths involved
      limit the accuracy of the electronic field techniques. Photography can
      provide accurate angular information but, again, it is limited in time
      resolution and in the rather slow processing of the data. Additionally,
      photography suffers during daylight because of film exposure.
      Sophisticated T.V. systems with video recording have fair accuracy and
      time-resolution but can become rather expensive and cumbersome
      particularly when used in field experiments.
PAR  Usually, systems of these various types are employed for the purpose of
      accurately determining the actual location of lightning strokes under
      study. However, in other situations, such as those presently contemplated,
      it becomes highly desirable to monitor some object or location to
      determine whether a lightning discharge has occurred in its vicinity and,
      if so, the proximity of the discharge to the object. For example, it is
      quite desirable to monitor large rocket launch towers because, obviously,
      such towers may well be detrimentally affected by lightning and, if so,
      immediate repairs must be made. Other targets such as satellites, or
      flammable targets such as oil tanks or forests are vulnerable to lightning
      discharges so as to benefit by constant monitoring. However, acceptable
      monitoring of these objects should be accomplished in real time and also
      with a highly precise angular resolution. As already indicated, present
      methods are especially deficient in these regards.
PAR  It is recognized that photodiode detectors of the type generally under
      consideration are known devices and, further, that they have been used in
      conjunction with a focusing lens to locate or determine the position of a
      source of light. For example, U.S. Pat. No. 3,800,146 issued Mar. 26, 1974
      to Brunkhorst, Carr and Dueker describes these light sensitive detectors
      in some detail and further identifies other U.S. Patents in which the
      detectors are disclosed. These detectors, however, mostly are of a type
      producing quadrature outputs as opposed to the single-axis detector
      presently used.
PAC  OBJECTS OF THE PRESENT INVENTION
PAR  One of the objects of the invention is to provide a simple, inexpensive
      detector apparatus for monitoring known objectives to determine in real
      time and with a high degree of accuracy the occurrence of the lightning
      discharge in the vicinity of the objective.
PAR  A further object is to provide detecting apparatus which has a wide dynamic
      range and which is capable of being used during daylight or at night.
PAR  Yet another object is to provide a photodiode detector system for
      monitoring lightning discharges, the photodiode of the system being
      capable of producing signal output information from which the relative
      location of the discharge can correctly be ascertained using simple analog
      circuitry.
PAR  Another important object is to provide detector apparatus of the type under
      consideration which achieves unusually high angular resolution well in
      excess of 0.01.degree. and which has a time resolution of about 10.sup.-
      .sup.3 seconds.
PAR  Other objects are to provide a monitoring detector apparatus capable of
      precisely determining the relative location of a lightning discharge as
      well as the intensity of the discharge and its vertical speed of
      propagation.
PAR  Other objects and their attendant advantages will become more apparent in
      the ensuing description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in the accompanying drawings of which
      FIG. 1 schematically illustrates the deployment of the present detecting
      system and further identifies parameters and data used to produce the
      desired results;
PAR  FIG. 2 illustrates a modification of the FIG. 1 system utilizing an array
      of photodiode detectors deployed to permit a determination of the vertical
      speed of propagation of the lightning;
PAR  FIG. 3 is a plot of the total output currents of a pair of the array of
      detectors shown in FIG. 2, and
PAR  FIG. 4 is a modification of the system adapted to monitor lightning
      discharges occurring near the horizon throughout approximately a
      360.degree. field of view.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, the system illustrated in FIG. 1 generally
      includes a continuous single-axis, position sensing photodiode member 1 on
      which the image of a lightning discharge 2 is focused by an objective lens
      3. As has been indicated, the present system is intended primarily to
      monitor particular objectives, such as the critical launching towers, oil
      tanks, satellites, forests, etcetera to ascertain and precisely locate the
      occurrence of lightning discharges in the vicinity of these objects. For
      this purpose, lens 3 may be of a type having a field of view of
      30.degree.-40.degree., more or less and, manifestly, the lens view is
      centered on the critical object to be monitored. Also, according to
      well-known optical practices, the lens is disposed at a focal length F
      from the single-axis photodiode detector and, since the intention is to
      monitor a known critical object, the range or distance of the object is a
      known factor.
PAR  Photodiode 1 is an elongate, wafer-like single-axis detector member,
      preferably of a continuous type as opposed to the discrete types used in
      some applications. Such photodiodes are known commercial products
      identified to some extent in the references which have been provided. In
      the present system, a commercial photodiode known as L SC-4 manufactured
      by United Detector Technology, Inc., is employed. When such a diode is
      used with a lens having a 40.degree. field of view, it has been found to
      have excellent angular resolution within a thousandth of a degree and
      further, since this diode is a low power unit, the system can be deployed
      for many months of continuous operation using conventional 90 volt
      batteries.
PAR  As is known, these single-axis photodiodes produce a pair of signal outputs
      or currents identified in FIG. 1 as I.sub.1 and I.sub.2 and the fractional
      distribution of these output currents is wholly dependent upon the
      particular location of the image of lightning discharge 2. Thus, as shown
      in FIG. 1, discharge 2 produces an image 4 on the photodiode and, to
      permit the desired accuracy, the orientation of the diode and lens
      relative to the discharge are such that the image appears as a focused,
      narrow-line channel bisecting the length (L) of the photodiode at a
      particular distance from the center of length (L). This distance is a
      measure of the particular location of the lightning discharge in the sky.
      The angle to discharge of the lightning discharge, represented by angle
      .psi. (FIG. 1) is formed by projections 6 and 7. Projection 6 is normal to
      the plane of the photodiode and projection 7 extends to the optical center
      of the discharge image 4. The distance of image 4 from the center line of
      the photodiode is represented by factor X as also shown in FIG. 1.
PAR  Using simple triangulation procedures, it readily should be apparent that
      distance X equals
      ##EQU1##
      The angle to discharge .psi. then can be expressed by the following:
      ##EQU2##
PAR  Consequently, the fractional distribution of the two photo currents,
      I.sub.1 and I.sub.2, can be used to determine the location of a lightning
      image on the detector as well as the angle to discharge .psi.. Further,
      the total light intensity at the detector is proportional to I.sub.1 +
      I.sub.2. The angle to discharge, .psi., is an accurate measure of the
      proximity of the lightning to the particular object being monitored.
PAR  One point to be particularly noted with regard to the system shown in FIG.
      1 is that the information needed to locate the lightning is presented in
      the form of two analog signals which are easily interfaced to a data
      acquisition system, such as that identified by numeral 8 in FIG. 1 and
      further, that such a system permits the location to be analyzed in
      substantially real time. The unusually high angular resolution achieved by
      the present arrangement is one of the principal benefits derived from its
      use. Of course, as in any such arrangements, there are certain
      qualifications imposed on theoretical resolution capability. Thus, the
      well-known light-scattering phenomenon experienced in lightning
      measurements can produce shifts in the lightning position. Also component
      imperfections may introduce errors although these usually can be reduced
      or eliminated by laboratory calibration.
PAR  Another important feature is the need to limit the information provided to
      system 8 to the extent that this information will be representative only
      of the optical transients of the lightning discharge as opposed to
      undesired background signals. This purpose is accomplished by the use of
      high pass filters 9 and 11 provided in each of the signal output circuits
      12 and 13. Although, many types of filtering components can be used for
      this purpose, it is preferred to use a simple capacitor type filter having
      a value of about 1 microfarad. Data acquisition system 8, of course, may
      be in the form of any conventional analog computer although digital
      techniques can be substituted if so desired. As to other alternatives, it
      also should be reasonably clear that various types and geometries of
      single-axis photodiodes can be combined with lenses of various types and
      focal lengths to produce wide or narrow fields of view or to vary the
      angular resolution. Further, as will be described with reference to FIGS.
      2 and 4, other arrangements and orientations can be employed to permit
      other parameters of the lightning discharge to be analyzed. For example,
      it may be desired to use two detectors spaced a known distance D one from
      the other. Such an arrangement can be used to spatially locate the
      lightning discharge using triangular geometries similar to those described
      in a copending patent application entitled "All-Sky Photoelectric
      Lightning Detector Apparatus", this application being filed by the present
      inventor and presently being identified as Ser. No. 530,643.
PAR  FIG. 2 illustrates an arrangement enabling the determination of the
      vertical speed of propagation of the lightning discharge. As shown in a
      rather generalized manner, this arrangement employs an array of two or
      more horizontal, single-axis, position-sensing diodes which may be the
      same type of photodiodes previously described with reference to FIG. 1.
      The array, as shown, is mounted in a plane behind a single lens such as
      lens 3 of FIG. 1 and the lens, as well as the plane of the photodiodes,
      are oriented to permit imaging of the field of view on each of the
      photodiodes. Again, the objective target, such as the critical tower or
      tank, is at the focal center of the photodiode so that the fractional
      distribution of the output currents can be used to determine the angle to
      discharge .psi.. The important factor is that the array of photodiodes are
      disposed a distance d one from the other as shown in FIG. 2. Consequently,
      any vertically-oriented lightning discharge 2 will have the resulting
      narrow-line channel successively impinging upon each of the spaced
      photodiodes and the successive impingement will be produced with a time
      lag or delay of .DELTA. t. In other words, channel image 4 of the
      lightning discharge also will propagate vertically at a speed determined
      by the vertical speed of propagation of the lightning itself.
PAR  When such an array arrangement is employed, it first will be apparent that
      the location of the lightning discharge relative to the target, in other
      words, angle .psi., can be determined using the relationships previously
      given by equations 1 and 2 with reference to FIG. 1. The angular velocity
      of the lightning is found from the time delay .DELTA. t, between any pairs
      of the light signal. For example, the time delay between the signal at
      level i.sub.1 and i is illustrated in FIG. 3 and readily can be determined
      by the data acquisition system use of the time delay between the total
      intensities of the signals at these two levels. Thus, the angular velocity
      of the lightning (.omega.) becomes .omega. = d/f.DELTA.t,
PAL  and, if the range, R, to the discharge is known, the vertical speed of
      propagation of the lightning is V = .omega.r.
PAR  The modification illustrated in FIG. 4 is an arrangement primarily intended
      to locate lightning discharges occurring near the horizon. Such an
      arrangement is useful in monitoring a plurality of critical objectives
      which may be spread over widely dispersed locations representing
      substantially a 360.degree. field of view relative to the single-axis
      photodiode. As shown, the FIG. 4 arrangement utilizes an all-sky fisheye
      lens 14 to focus lightning discharges occurring near the horizon on a
      ring-shaped, single-axis position-sensing photodiode 16. However, diode
      16, aside from its ring-shaped, is similar in function to the elongate
      photodiode shown in FIG. 1. The photodiode produces a pair of output
      currents I.sub.1 and I.sub.2 which can be applied through a filtering
      capacitor to a date acquisition system in the manner illustrated in FIG.
      1. FIG. 4 further identifies the ring-shaped photodiode as having a radius
      R and the arrangement further achieves its purpose by determining the
      angle to discharge .psi.. Circle 17 shown on FIG. 4 represents the horizon
      image viewed by the fisheye lens.
PAR  In analyzing the output data of the ring-shaped photodiode of FIG. 4, the
      following relationships will be found to apply and, again, it will be
      noted that these relationships permit the use of simple analog acquisition
      circuits since the information applied to the acquisition system is wholly
      in the form of analog outputs:
EQU  I.sub.T = I.sub.1 + I.sub.2
EQU  S = 2.pi.R(I.sub.2 /I.tau.) = 2.pi.R (1 - I.sub.1 /I.tau.)
EQU  .psi.(in radians) = S/R = 2.pi.(I.sub.2 /I) = 2.pi.(1 - I.sub.1 /I)
EQU  .psi.(in degrees) = 360(I.sub.2 /I) = 360(I - I.sub.1 /I)
PAR  The systems which have been described are particularly useful for real time
      monitoring of lightning discharges occurring within the vicinity of
      particular critical objectives and, as contrasted with the present methods
      which involve primarily the use of photography, sophisticated T.V. systems
      or crossed-loop direction finders, etc., the present system permits real
      time, accurate determinations using simple, relatively low-cost
      instrumentation well adapted for field experimental use. Further, the use
      of the simple photodiodes which are capable of operating for unusually
      long periods at relatively low power permit the monitoring both during
      daylight and at night over long periods of time. In particular, the
      arrangement achieves unusually high angular resolution as compared with
      other possible arrangements of this or other types. However, other
      applications of the system are conceivable and, in fact, the simplicity
      and ease of operation suggest the possible use of these detectors as
      surveying instruments or the like.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. Photoelectric apparatus for monitoring the occurrence of a lightning
      discharge in the vicinity of a particular objective comprising:
PA1  a continuous linear single-axis position-sensing photodiode detector means
      of a length L deployed a predetermined distance from said objective;
PA1  an optical objective lens having a predetermined field of view for imaging
      a lightning discharge occuring within its view as a focused narrow-line
      channel bisecting said length L at varying locations dependent upon the
      location of the lightning discharge; said detector means being formed for
      producing two signal outputs each corresponding in magnitude to said
      variable location of said bisecting channel;
PA1  said lens and detector means each being relatively disposed one to the
      other and both being oriented relative to said objective for focusing said
      field of view on said detector means;
PA1  data acquisition means, and
PA1  circuit means coupling said two detector means outputs to said acquisition
      means, said circuit means including background filtering means for passing
      to said acquisition means signal information substantially wholly
      representative of the optical transients of the lightning discharge,
PA1  said acquisition means being responsive to said filtered information for
      providing angle to discharge data whereby precise information regarding
      the proximity of said discharge to said objective and its intensity is
      provided.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said objective lens has a field of view
      of about 40.degree. and an angular resolution in excess of 1/100.degree..
NUM  3.
PAR  3. The apparatus of claim 2 where said detector means includes:
PA1  a plurality of said linear single-axis photodiode detectors disposed
      planularly at the focal length of said lens a known distance (R) from said
      objective and at a known spacing (d) one from the other, said planular
      orientation causing a vertically-oriented lightning discharge to impinge
      as a bisecting channel successively upon each member of said array with a
      time lag T, and
PA1  said circuit means coupling each member of said array to said data
      acquisition means for applying said time lag information to said
      acquisition means for permitting determination of the vertical speed of
      propagation of said lightning discharge.
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ABST
PAL  Fiber optic displacement/position measuring apparatus having increased
      working distance and measuring range capability is provided by combining
      an optical extending sensing head in fixed relationship with the common
      end of a bifurcated fiber optic bundle. The sensing head includes a lens
      system which is operative to focus the image of the end face of the fiber
      optic bundle onto the surface of an object whose displacement is to be
      determined and to refocus that image back onto the end in an upright
      relationship.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electro-optic displacement measuring apparatus
      and systems and more particularly to new and improved fiber optic
      displacement measuring apparatus and systems having increased working
      distance and measuring range capability.
PAR  Fiber optic displacement devices utilizing bifurcated fiber optic bundles
      in combination with a light source and a photo detector, or other suitable
      light receiver, for measuring displacements are known in the prior art. A
      typical device is illustrated schematically in FIG. 1 and is described in
      U.S. Pat. No. 3,327,584 which is assigned to the assignee of the present
      invention. Such devices comprise a fiber optic bundle divided at one end
      into separate arms. One arm contains transmitting fibers and the other arm
      contains receiving fibers. The other or common end comprises a common
      bundle of transmitting and receiving fibers. When placed with face of the
      common end of the fiber optic bundle in close proximity to a target, light
      from the transmitting fibers impinges on the target and is reflected back
      to the receiving fibers where it is conducted to a photo sensor or other
      light receiver. The amount of reflected light is related to the distance
      between the end face of the fibers in the common bundle and the surface of
      the target, the diameter of the fibers, the numerical aperture of the
      fibers, the geometrical distribution of the transmit and receive fibers,
      the total number of fibers, and the reflectivity of the target surface.
      Thus, starting from the position of direct contact of the end face of the
      fiber optic bundle with the surface of the target as the gap between the
      bundle end and the target increases, greater amounts of light impinge on
      the receiving fibers in a substantially linear relationship to the
      displacement of the target. While such prior art arrangements are
      effective, they suffer from several undesirable limitations. For example,
      in order to achieve the maximum sensitivity and linearity possible, the
      working distance (i.e. the distance from the common end to the target) is
      restricted to the order of 1-5 mils. Greater working distances produce
      significantly reduced sensitivity and linearity while lesser working
      distances become difficult to achieve and maintain to the required
      tolerance. Another limitation is that the range of displacements
      measurable with a desired high accuracy is limited to about 1-3 mils. Yet
      another limitation of the prior art devices is that the target be at least
      as large as the common end of the fiber optic bundle.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide fiber optic displacement
      measuring apparatus capable of determining displacements at a very greatly
      increased working distance from the target. Operation at an increased
      working distance offers many advantages, such as for example greatly
      reduced possibility of the bundle end coming into direct contact with the
      target surface. This becomes extremely important in applications in which
      the target may be living tissue, such as for example the human eye, or
      when the target is a very delicate or sensitive material, such as
      semiconductor material.
PAR  It is another object of this invention to provide fiber optic displacement
      measuring apparatus having a range of measurement capability approximately
      double that of the known prior art devices and without any reduction in
      sensitivity and linearity.
PAR  It is further object of this invention to provide fiber optic displacement
      measuring apparatus capable of determining the displacement of targets
      which are smaller than the diameter of the common end of the fiber optic
      bundle enabling the use of a large fiber optic bundle with greater light
      level resulting in increased frequency response.
PAR  Briefly stated, in accordance with one aspect of this invention, apparatus
      for determining the displacement of an object comprises a fiber optic
      conduit of generally Y configuration having the end of one arm thereof
      positioned adjacent a light source and the end of the other arm thereof
      positioned adjacent a light receiving means for receiving transmitted
      light from the light source. The conduit arms form a common bundle of
      optically conducting fibers in the base of the Y. The apparatus also
      includes a sensing head, including a lens means, mounted in fixed
      relationship with the common bundle so that the end face of such common
      bundle is disposed adjacent one end of the lens means. The other end of
      the lens means terminates at the other end of the sensing head which is
      adapted for positioning adjacent an object whose displacement is to be
      determined. The lens means is operative to focus the image of the end face
      of the common bundle onto the object and refocus such image back onto such
      end face so that light transmitted from the fibers associated with the
      light source is returned upon itself. Displacement of the object causes
      defocussing of the image back on the end face so that more of the
      transmitted light is transmitted to the light receiving means to provide
      an output indicative of such displacement.
PAR  The novel features believed characteristic of this invention are set forth
      with particularity in the appended claims. The invention itself however,
      both as to its organization and method of operation together with further
      objects and advantages thereof, may best be understood by reference to the
      following description taken in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWING
PAR  FIG. 1 is a schematic representation of a prior art fiber optic
      displacement measuring device;
PAR  FIG. 2 is a schematic representation of one embodiment of the invention;
PAR  FIG. 3 is an enlarged section view of the sensing head 26 of FIG. 2;
PAR  FIG. 4 is a greatly enlarged section view taken along the line 4--4 of FIG.
      2 showing the distribution of the transmitting and receiving fibers of the
      common bundle;
PAR  FIG. 5 is a graphical representation of the response of one embodiment of
      the invention showing in addition, for comparison, the response of a prior
      art apparatus;
PAR  FIG. 6 is a graphical representation of the response of another embodiment
      of the invention; and,
PAR  FIG. 7 is a graphical representation of the change in the response of an
      embodiment of the invention to changes in the gap between the end face of
      the common bundle portion of the fiber optic conduit and the end surface
      of the sensing head.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 2 there is illustrated apparatus in accordance with one embodiment
      of the invention. As shown, the apparatus includes a glass fiber optic
      conduit 10 of generally Y configuration. The end face 12 of one arm 14 of
      fiber optic conduit 10 is positioned adjacent a suitable light source 16
      and the end face 18 of the other conduit arm 20 is positioned adjacent a
      photo sensor or other suitable light receiver 22 for receiving light
      transmitted from light source 16. Conduit arms 14 and 20 form a common
      bundle 24 of optically conducting fibers in the base of the Y which is
      mounted to the end 25 of a sensing head 26, the other end 27 of which is
      adapted to be positioned adjacent the surface of an object whose
      displacement or position is to be determined. Sensing head 26 comprises a
      focusing lens means capable of focusing the end face of the common bundle
      24 onto the surface of the object and causing such end face to be
      refocused back onto itself.
PAR  As illustrated in detail in FIG. 3, sensing head 26 comprises a housing 28
      containing a suitable focusing lens means. The lens means may include one
      or more lenses or lens systems. In the arrangement shown, the lens means
      comprises a pair of similar 4-element projection lenses 30 and 32 arranged
      in back-to-back relationship within the housing 28. Projection lens 30
      includes the lens elements 33, 34, 35 and 36 while projection lens 32
      includes the lens elements 33a, 34a, 35a and 36 a. One end of the end 25
      of sensing head 26 fits within the housing 28 and is conveniently
      removably secured thereto by the set-screws 37. The other end of the end
      25 terminates in an opening 38 adapted to receive the common end of the
      fiber optic conduit 10. Conveniently, set-screws 40 may be provided to
      removably secure the end of the fiber optic conduit within the opening 38
      so as to allow for removal of the fiber optic conduit from the sensing
      head, or the adjustment of the end face 42 of the fiber optic conduit with
      respect to the end surface 44 of the lens element 33. The end of the
      common bundle 24 of the fiber optic conduit 10 is preferably ground and
      polished optically flat and mounted so as to be centered and perpendicular
      to the optical axis of the lens means. While allowing for adjustment
      and/or removal, the setscrews 40 fixedly secure the end of the fiber optic
      conduit to the sensing head 26 so that during operation there will be no
      relative movement between the end face 42 of the fiber optic conduit and
      the end surface 44 of lens element 33. The end surface 44a of the lens
      element 33a terminates at the end 27 of sensing head 26.
PAR  Sensing head 26 may contain any suitable lens or lens system capable of
      focusing the end face 42 of common bundle 24 onto the surface of the
      object and refocusing such image back onto the end face 42, so that when
      the image is sharply focused on the object there will be a minimum amount
      of light received by the light receiver 22 and thus a minimum output from
      the displacement measuring apparatus. That is, when the image of end face
      42 is sharply focused on the object and similarly sharply refocused back
      onto the end face 42, the light transmitted by the fibers associated with
      the light source 16 is returned upon itself and the fibers associated with
      light receiver 22 receive relatively little light.
PAR  Preferably, the lens means should have low aberrations, a wide aperture,
      and conjugate planes which match the planes of the system. Conveniently, a
      suitable lens system may be provided using a wide variety of commercially
      available lenses. For example, a suitable lens system may be provided from
      a pair of available relatively inexpensive projection lenses arranged
      back-to-back as illustrated in FIG. 3. A higher quality lens system may be
      provided from a pair of available conjugate microscope lenses of
      approximately the same linear aperture attached together at their flange
      screw mount ends. In one specfic apparatus a completely satisfactory lens
      system was provided using a pair of 8 mm, wide angle lenses having a 19 mm
      focal length and an aperature of f-1.6 arranged back-to-back as
      illustrated in FIG. 3. Such system focused the image on the surface of the
      object and refocused it back in a 1:1, upright relationship. Moreover, the
      apparatus exhibited high sensitivity response at a working distance 100
      times larger than that possible with a prior art device. Replacing the
      projection lens 32 at the end 27 of the sensing head 26 with a 20X
      microscope lens (Unitron Type MPL-20X) provided a system with
      approximately a 3:1 reduction in the size of the image on the surface of
      the object.
PAR  In operation, the end 27 of sensing head 26 is disposed in proximity to an
      at least partially reflective target whose displacement is to be
      determined. The fibers of arm 14 are illuminated by light source 16 and
      form a pattern of lighted (transmitting) fibers interspersed with
      non-lighted (receiving) fibers as shown in FIG. 4. The image of the end
      face 42 of common bundle 24 is focused on the target by the lens means of
      sensing head 26 and refocused back onto the end face 42. The distance
      between the end 27 of sensing head 26 and the target is adjusted to give a
      sharply focused image of end face 42 on the target which is sharply
      refocused back onto the end face 38. This occurs when the end face 42 of
      common bundle 24 is positioned at one focal plane of the lens means and
      the target is at the conjugate focal plane thereof. However, as will
      become evident from an observation of the curves of FIG. 7, the particular
      position of the end face 42 with respect to the focal plane of the lens
      means is not particularly critical.
PAR  For simplicity in describing the mode of operation of the invention assume,
      for example, that end face 42 contains only a single transmit fiber and a
      single adjacent receive fiber. The image of the lighted transmit fiber is
      focused on the target by the lens means. The resulting image on the target
      is also refocused by the lens means back onto the end face 38 where it
      appears in focus superimposed on the transmit fiber from which it
      emanated, with little or none of the light therefrom impinging on the
      receive fiber adjacent thereto. Any displacement of the target, either
      toward or away from the end 27 of sensing head 26, defocuses the image
      reflected onto the end face 42. As a necessary result thereof, some of the
      light which originally emanated from the transmit impinges on the receive
      fiber adjacent thereto, and is detected as an increase in output of the
      light receiver 22.
PAR  Similarly, when the end face 42 of common bundle 24 contains a plurality of
      transmit and receive fibers arranged in a selected pattern, such as the
      random distribution illustrated in FIG. 4, this pattern is focused on the
      target, reflected thereby, and refocused on the end face 42 of common
      bundle 24. In a sharply focused condition, the image of the end 42 is
      superimposed on itself in a right side up relation. A minimum of light
      thus impinges upon the receive fibers. Any displacement of the target from
      this initial position results in increasing amounts of light impinging on
      the receive fibers, and a consequent increase in the output of the light
      receiver 22.
PAR  Preferably, the common bundle 24 should contain randomly dispersed transmit
      and receive fibers, although various distributions and sizes of transmit
      and receive fibers may be employed, as is well known to those skilled in
      the art. For example, random distribution of transmit and receive fibers,
      in equal proportion produces a fiber optic conduit having optimum
      sensitivity while maintaining ease of manufacture. It will be understood,
      however, that the particular type or size of fiber optic conduit or the
      distribution of the fibers in the fiber optic conduit are not part of this
      invention per se, nor is the specific type of light source or light
      receiver which may be utilized. All of such components are well known to
      those skilled in the art and are not described in detail in this
      specification. Thus, for example, the source of light may be a lamp, an
      electro-luminescent diode, or other suitable device, and the light
      receiver may be a photo-electric cell, such as a cadmium sulphide
      photocell, or any other suitable device.
PAR  In FIG. 5 there is shown an output Curve "A" of a displacement/position
      measuring device of the present invention and an output Curve "B" of a
      typical prior art device. In each case the fiber optic conduit contained
      approximately 600 glass fibers, each 0.003 inch in diameter. Also, there
      was a random distribution of transmit and receive fibers in the common
      bundle with an equal number of fibers in each of the arms. Further, so
      that relative variations in intensity with displacement could be observed
      directly, the output Curve "A" and "B" were normalized to the same peak
      valve.
PAR  An examination of FIG. 5 shows that Curve "A" has two intensity
      displacement portions which are nearly identical to the output Curve "B"
      of the prior art type device, except that one portion is reversed. This
      occurs since the bright fiber image on the target is retransmitted back
      through the lens means along the precise lines from which it came. That
      is, the ends of the illuminated (transmit) fibers are reimaged onto
      themselves (within the accuracy of the lens system employed and the
      surface finish of the target) and do not provide light to any of the
      adjacent receive fibers resulting in an output null at image focus. The
      right-hand portion of output Curve "A" is nearly identical to Curve "B"
      except that it occurs at a much greater standoff distance. Also, since on
      either side of the focal point the projected and retransmitted images are
      blurred allowing portions of the retransmitted light to fall onto receive
      fibers, a peak in output intensity occurs on either side of the null point
      in Curve "A".
PAR  From the foregoing description it will be understood that during the course
      of a measurement the distance between the end face 42 of common bundle 24
      and the end surface 44 of lens element 33 must be kept constant. However,
      if a specific working distance is desired, a sharply focused condition may
      be obtained by varying the distance from the end face 42 to the end
      surface 44 of the lens element 33. Once this focused condition is
      obtained, the distance from the end surface 44 of lens element 33 to the
      end face 44 of common bundle 24 must remain fixed during the course of the
      measurement. Also, there are cases, such as when there are large changes
      in the distance between the target and the sensing head, for example, when
      it may be advantageous in making the measurement to vary the distance from
      the end face 42 to the end surface 44 of the lense element 33. In this way
      the new position of the target can be readily determined by appropriate
      measurement of the change in the distance between the end face 42 and the
      end surface 44 of lens element 33. Accordingly, the sensing head 26 may be
      adapted to provide for adjustable mounting of the end of common bundle 24.
      Thus, as shown in FIG. 3, the end 25 of sensing head 26 is provided with
      set-screws 40 to allow for desired adjustment of the gap between the end
      face 42 of common bundle 24 and the end surface 44 of lens element 33. The
      effect of different gap sizes on the output response of the measuring
      system of the invention is shown in FIG. 7. Also, since end 25 is
      removably secured to the housing 28 by the set-screws 37, fiber optic
      conduits of different sizes may be used with a given sensing head and lens
      means by merely changing the end 25 for one which is adapted to
      accommodate the desired larger conduit.
PAR  It is also often desirable to be able to provide calibrated changes in
      sensitivity with displacement. The present invention allows for changes in
      sensitivity by varying the aperture, of f-number of the lens means
      utilized. For example, since the depth of field of a lens system varies
      directly with the f-number, a larger aperture results in a reduced depth
      of field with a resulting greater sensitivity to changes in displacement.
      Compound lens systems are available with adjustable f-number click stops
      and such systems may be advantageously employed with this invention.
PAR  Also, as previously indicated, the image size of the focused sensing spot
      can be varied over a wide range by selection of appropriate lenses. FIG. 6
      shows a calibration curve where the lens means provided for approximately
      a 5:2 reduction in image size on the surface of the target. This resulted
      in an image diameter of 0.035 in. when using a fiber optic conduit 0.086
      in. in diameter. It will be observed that the null, or focal point has
      moved closer to the end of the sensing head and the displacement
      sensitivity increased approximately five times over the 1:1 system
      represented by Curve "A" in FIG. 4. This is a result of the reduced depth
      of field of the lens means plus the smaller effective diameter of the
      image of the individual fibers appearing on the reflective surface of the
      object.
PAR  While only preferred features of the invention have been shown and
      described by way of illustration, many modifications and changes will
      occur to those skilled in the art. It is, therefore, to be understood that
      the appended claims are intended to cover all such modifications and
      changes as fall within the true spirit and scope of the invention.
CLMS
STM  What we claim and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. Optical apparatus for determining the displacement or position of an
      object comprising:
PA1  a. A light source and a light receiver for receiving light transmitted from
      said light source;
PA1  b. A fiber optic conduit of Y-shaped configuration having the end of one
      arm thereof positioned adjacent said light source and the other arm
      positioned adjacent said light receiver, said conduit arms forming a
      common bundle of optically conducting fibers in the base of said Y, some
      of which fibers are transmitting fibers for conducting light from said
      light source to a surface of said object and some of which are receiving
      fibers for conducting light reflected from the surface of said object to
      said light receiver so that said conduit is normally operative to conduct
      light from said light source and to conduct reflected light impinging on
      the end face of said common bundle to said light receiver; and
PA1  c. A sensing head having one end thereof fixedly mounted with the end of
      said common bundle and the other end adapted to be positioned adjacent the
      surface whose displacement or position is to be measured, said sensing
      head including lens means comprising a pair of projection lenses arranged
      in back-to-back relationship and operative to focus the image of the end
      face of said common bundle onto the surface of said object and refocus
      said image back onto said end face to provide for a minimum output from
      said light receiver for a given distance between said end of said sensing
      head and the surface of said object and an increase in output from said
      light receiver for any change in said given distance.
NUM  2.
PAR  2. The optical apparatus recited in claim 1 wherein the optically
      conducting transmitting and receiving fibers of the common bundle are
      randomly dispersed.
NUM  3.
PAR  3. The optical apparatus recited in claim 1 wherein said lens means
      includes means for changing the magnification ratio.
NUM  4.
PAR  4. The optical apparatus recited in claim 3 wherein each of said lenses is
      a microscope type lens.
NUM  5.
PAR  5. The optical apparatus recited in claim 3 wherein said means for changing
      the magnification ratio of said lens means comprises substitution of one
      of the lenses of said pair.
NUM  6.
PAR  6. The optical apparatus recited in claim 1 wherein said sensing head
      includes means for adjusting the distance between the end face of the
      common bundle and the lens means.
NUM  7.
PAR  7. The optical apparatus recited in claim 1 wherein said lens means
      includes means for varying the aperture thereof.
NUM  8.
PAR  8. In an optical apparatus for determining the displacement or position of
      an object having a fiber optic proximitor of the type comprising a fiber
      optic conduit of Y-shaped configuration having the end of one arm thereof
      positioned adjacent a light source, the end of the other arm positioned
      adjacent a light receiver and wherein the arms form a common bundle of
      optically conducting fibers in the base of the Y terminating in an end
      face which includes the ends of transmitting fibers for conducting light
      from said light source to a surface of said object and the ends of
      receiving fibers for conducting light reflected from the surface of said
      object to said light receiver so that light transmitted from the light
      source and reflected from the surface of an object normally impinges on
      said end face so as to be received by said light receiver and provide for
      an output therefrom; the improvement which comprises:
PA1  a. An optical extending sensing head having one end thereof mounted to the
      end of said common bundle and the other end adapted to be positioned
      adjacent the surface of an object whose displacement is to be determined,
      said sensing head including lens means comprising a pair of projection
      lenses arranged in back-to-back relationship and operative to focus the
      image of the end face of said common bundle onto the surface of said
      object and refocus said image back onto said end face to provide for a
      minimum output from said light receiver for a given distance between said
      end of said sensing head and the surface of said object and an increase in
      output from said light receiver for any change in said given distance.
NUM  9.
PAR  9. The optical apparatus recited in claim 1 wherein said lens means is
      operative to focus the image of the end face of said common bundle onto
      the surface of said object in a 1:1 relationship.
NUM  10.
PAR  10. The optical apparatus recited in claim 1 wherein said lens means is
      operative to focus the image of the end face of said common bundle onto
      the surface of said object in greater than a 1:1 relationship.
NUM  11.
PAR  11. The optical apparatus recited in claim 1 wherein said lens means is
      operative to focus the image of the end face of the common bundle onto the
      surface of said object in less than a 1:1 relationship.
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PAL  Angular position measuring apparatus includes a prism mounted on a shaft
      whose angular position is to be determined, and a light source for
      directing a beam of light onto the prism. The prism is formed so that the
      light beam enters one surface of the prism and is refracted by another
      surface and caused to be directed in different directions as the prism,
      and thus the shaft, is rotated. Also included is an array of photo
      detectors positioned so that the refracted light impinges on various ones
      of the photo detectors depending upon the angular position of the shaft.
      The photo detector on which the light impinges is thereby caused to
      generate an electrical signal which is applied to utilization apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for determining the angular position of
      a rotatable device, shaft or the like.
PAR  There are numerous types of devices for measuring the angular position of a
      shaft or the like. Such devices sometimes referred to as shaft angle
      encoders oftentimes utilize a light source or sources, photo detectors,
      and some kind of "coded" card which moves between the light sources and
      photo detectors as the shaft whose angle is to be measured is rotated. As
      the card is moved, various light patterns are detected by the photo
      detectors to indicate angular position of the shaft.
PAR  The coded card is oftentimes formed into a drum and mounted on the shaft to
      rotate therewith. The light source (or the photo detectors) is positioned
      inside the drum with the photo detectors (or light source) being
      positioned outside the drum. Examples of shaft angle encoders which
      utilize such a drum or cylinder configuration are described in U.S. Pat.
      Nos. 3,714,448; 3,731,107; 3,742,486 and 3,770,970. One of the drawbacks
      with this drum-type configuration is the spatial problem of conveniently
      positioning the necessary components inside and outside of the drum. Such
      positioning may be quite awkward, especially since the shaft whose angle
      is to be determined will be associated with some equipment which must be
      accounted for in locating the shaft angle encoder equipment.
PAR  Another arrangement oftentimes used with the coded card is to provide a
      disc mounted on the shaft whose angle is to be determined, locate or code
      a plurality of openings in the disc, and position a light source or
      sources on one side of the disc and photo detectors on the other side.
      Examples of this type of arrangement are described in U.S. Pat. No.
      3,234,394 and 3,381,288. Again, with this type configuration, it is
      oftentimes difficult to conveniently position the shaft angle encoder
      equipment so as not to interfere with the equipment associated with the
      shaft.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a simple and
      inexpensive angular position measuring arrangement having few component
      parts.
PAR  It is another object of the present invention to provide such an
      arrangement in which most of the component parts thereof may be positioned
      at substantial distances and out of the way of the shaft whose angular
      position is to be determined.
PAR  The above and other objects of the present invention are realized in a
      specific illustrative embodiment which includes a prism coupled to rotate
      with a shaft whose angular position is to be determined, a light beam
      source for detecting a light beam onto the prism to pass therethrough, and
      an array of photo detectors positioned to intercept the light beam passing
      through the prism. The prism is formed to refract the beam of light and to
      direct the light onto different ones of the photo detectors as the prism,
      and thus the shaft, is rotated. The particular photo detector onto which
      the beam of light impinges determines the angular position of the shaft.
PAR  In another embodiment of the invention, the prism is provided with
      reflective surfaces to direct the beam of light in directions other than
      those in which the refracted beam is directed to enable measuring the
      angular position of the shaft through a greater angular displacement
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become apparent from a consideration of the following
      detailed description presented in connection with the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view of angular position measuring apparatus made
      in accordance with the present invention;
PAR  FIG. 2 is an end view of the shaft and prism of FIG. 1; and
PAR  FIGS. 3A, 3B, and 3C are end views of an alternative embodiment of the
      invention which includes a prism having both refractive and reflective
      surfaces.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there is shown the basic components of one embodiment
      of the present invention. In this embodiment, a semicylindrical prism 2 is
      mounted on the end of a shaft 6 whose angular position is to be
      determined. A light source 10 directs a narrow beam of light 14 onto a
      curved side 2a of the prism, and this beam passes through the prism and
      exits from a flat side 2b. The light beam source 10 is maintained in a
      fixed position relative to the prism 2 and shaft 6 and utilizes well known
      methods for producing the narrow light beam. This could be done for
      example using a combination of focusing lenses and a lamp.
PAR  A series array of photo detectors 18 is positioned in an arced
      configuration on the side of the prism 2 opposite the light beam source
      10. The photo detector array 18 may consist of any of a variety of photo
      responsive elements such as photo transistors, photo resistors, etc.,
      which exhibit some electrical parametric change depending upon the
      presence or absence of a light falling on the element. A photo transistor,
      for example, is a light sensitive solid state device which either allows
      passage of current or prevents passage of current therethrough when
      exposed to light. When the light beam passing through the prism 2 falls on
      a particular one of the photo detectors in the array 18, that photo
      detector applies an electrical signal to utilization apparatus 22.
PAR  The prism 2 is mounted on the shaft 6, as generally shown in FIG. 2, so
      that as the shaft 6 is rotated, the light beam 14 will enter the prism
      normal to the curved surface 2a. This can be done by mounting the prism 2
      to rotate about the center of curvature 24 of the curved side 2a. With the
      beam 14 entering the prism 2 normal to the surface 2a, no refraction of
      the beam at that surface takes place. The beam of light 14 passes through
      the prism 2 and exits from the flat side 2b of the prism and is there
      refracted to impinge on one of the photo detectors of the array 18. As the
      shaft 6, and thus prism 2, are rotated, the direction of the refracted
      beam is caused to move to impinge on successive ones of the photo
      detectors of the array 18. In particular, as the prism 2 is rotated in the
      counterclockwise direction, the refracted beam moves in the clockwise
      direction along the array 18 and as the prism 2 is caused to move in a
      clockwise direction, the refracted beam is caused to move in a
      counterclockwise direction.
PAR  The particular angle at which the refracted beams exits from the flat
      surface 2b of the prism can be determined by the well known Snell's Law.
      Since the exit angle of the refracted beam can be determined as a function
      of the angular position of the prism 2, the particular photo detector of
      the array 18 on which the refracted beam falls determines the angular
      position of the shaft 6. The signal applied by the particular photo
      detector to the utilization apparatus 22 thus indicates to the utilization
      apparatus the angular position of the shaft 6.
PAR  The utilization apparatus 22 might illustratively use the information
      supplied from the photo detector array 18 to provide some type of visual
      readout specifying the angular position of the shaft or to perform some
      computation in which the angular position of the shaft is of importance,
      etc.
PAR  It will be noted that with the FIGS. 1 and 2 structure, the angular
      position of the shaft 6 may be determined as the shaft rotates through
      some predetermined angular displacement less than 180.degree.. The range
      of angular positions of the shaft 6 which may be measured is determined by
      the index of refraction of the prism 2 and specifically by the so-called
      critical angle of the prism (the angle of incidence of a beam of light on
      an interface at which no refracted ray exists). For a prism having an
      index of refraction of 1.5, the "critical angle" for a light beam in the
      prism striking a prism/air interface is about 40 degrees so that
      refraction will occur only through an angular displacement of the prism of
      about 80.degree. (i.e., through rotation of the prism from an angle of
      incidence of about 40.degree. on one side of the normal of the refractive
      interface to about 40.degree. on the other side of the normal). Outside of
      this 80.degree. range no refraction occurs and so, of course, no signal
      would be generated by photo detectors. It should also be noted that as
      such a prism is rotated through the 80.degree. range, the refracted ray
      moves through an angular displacement of about 75.degree.. This can be
      verified by applying Snell's Law to a prism of the type shown in FIGS. 1
      and 2 and assuming that the index of refraction of the prism is 1.5.
PAR  The prism configuration shown in FIGS. 3A through 3C enable determining the
      angular position of a shaft through a greater angular displacement that
      can be done with the FIGS. 1 and 2 configuration. In the FIGS. 3A through
      3C prism configuration, a four-sided prism 30 is provided with one side
      30a being curved about a center of curvature 34, an opposite side 30b
      being substantially flat, and the two other sides 30c and 30d also being
      substantially flat and having silvered (or other reflective material)
      surfaces to reflect light impinging thereon. The four sides of the prism
      30 might illustratively be oriented relative to each other in such a
      manner as to privide for a continuous readout from the photo detector
      array 44 as the prism is rotated through some predetermined angular
      displacement. That is, as the prism 30 is rotated through some
      predetermined range, the incident light beam 36 is either refracted or
      reflected onto the photo detector array 44 to provide an indication of the
      angular position of the prism and thus of the shaft on which it is
      mounted. This can best be understood by describing an exemplary range of
      movement of the prism 30 as shown in FIGS. 3A through 3C.
PAR  Assume that the prism 30 is positioned so that the incident beam of light
      36 enters the prism through the curved surface 30a. In such a case, the
      beam travels through the prism 30 and is refracted at the surface 30b of
      the prism to impinge on one of the photo detectors in a range of the photo
      detector array 44 indicated by the arrow 40. When the prism is positioned
      in this manner, the light beam is refracted as previously described for
      the configuration of FIGS. 1 and 2. Assume now that the prism 30 is
      rotated in a clockwise direction to a point where the incident beam of
      light 36 strikes the reflective surface 30c of the prism. When this
      occurs, the light beam, of course, is no longer refracted but rather is
      reflected from the surface 30c to strike the photo detector array 44
      somewhere in the range indicated by arrow 48 (See FIGS. 3B and 3C).
PAR  To avoid an ambiguous readout, the reflective surface 30c must be oriented
      with respect to the curved surface 30a such that the light reflected from
      the surface 30c will impinge on photo detectors different from those on
      which the refracted beam inpinges. To provide a continuous readout as the
      prism is rotated as indicated in FIGS. 3A and 3B, the photo detectors on
      which the reflected beam are to impinge must be positioned so that just as
      the prism 30 is rotated to position where the light beam 36 begins to
      strike the reflective surface 30c, the resulting reflected light beam will
      strike a photo detector in range 48. With the configuration shown in FIGS.
      3A through 3C, the photo detector in question would be the photo detector
      indicated at 48a. Then, as the prism 30 were rotated further in the
      clockwise direction, the reflected beam would impinge on successive ones
      of the photo detectors in the range 48. When the prism 30 is rotated to a
      position in which the surface 30c is out of the line of travel of the beam
      36, then, of course, no reflection occurs from surface 30c. The position
      of the prism 30 just before this would occur is shown in FIG. 3C. As can
      there be seen, the incident beam of light 36 strikes the prism at the
      reflective surface 30c very near the intersection of the surfaces 30c and
      30b. It can be visualized that if the prism 30 were rotated in the
      clockwise direction a few more degrees, the incident beam 36 would strike
      the surface 30b and not the reflective surface 30c.
PAR  If the prism 30 of FIGS. 3A through 3C were rotated in the counterclockwise
      direction beginning from the position shown in FIG. 3A, it can be
      visualized that eventually the incident beam of light 36 would fall upon
      the reflective surface 30d causing a reflected beam to impinge on one of
      the photo detectors in the range designated by the arrow 52. In the manner
      described, a readout would be provided through an angular displacement by
      the prism 30 of about 180.degree., i.e., through a range beginning at the
      position in which the incident beam of light 36 strikes the reflective
      surface 30c very near the intersection of that surface with the surface
      30b and ending at the position in which the incident beam of light 36
      strikes the surface 30d very near the intersection of that surface with
      the surface 30b.
PAR  It can be appreciated that various arrangements using refractive and
      reflective surfaces on a prism body could be provided for giving a readout
      specifying shaft position. For example, the prism of FIGS. 3A through 3C
      might be provided with a one-way reflective surface at surface 30b so that
      a light beam striking the surface from a direction within the prism is
      refracted, but a light beam striking the surface from a direction without
      the prism is reflected. In such a case, a readout through a 360 degree
      rotation of the prism could be achieved.
PAR  It is to be understood that still other embodiments could be devised by
      those skilled in the art without departing from the spirit and scope of
      the invention, and the appended claims are intended to cover such other
      embodiments.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for indicating angular position of a rotatable device
      comprising
PA1  a prism coupled to the device to rotate therewith,
PA1  means disposed laterally of the axis of rotation of the device for
      directing a beam of light to said prism, said beam passing through the
      prism and being refracted thereby, and
PA1  an array of photo detectors positioned about the prism so that the
      refracted beam of light will impinge on one of the photo detectors, the
      particular photo detector on which the refracted light impinges depending
      upon the angular position of the prism and thus of the device.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said prism is formed substantially into
      a semi-cylinder, having a curved side and flat side, said prism being
      disposed to rotate about its semi-cylindrical axis so that the beam of
      light enters at the curved side and exits from the flat side thereof.
NUM  3.
PAR  3. Apparatus as in claim 2 wherein said prism is arranged to rotate about a
      point on said flat side at which the beam of light exits from the prism.
NUM  4.
PAR  4. Apparatus as in claim 1 wherein said prism is formed to provide a curved
      surface on one side thereof for receiving the beam of light as the prism
      is rotated through a first predetermined angle, a refractive surface on a
      side opposite the curved surface for refracting light received by the
      curved surface, and at least one reflective surface on a side of the prism
      contiguous with the curved surface for receiving the beam of light as the
      prism is rotated through a second predetermined angle, said surfaces being
      oriented relative to each other such that as the prism is rotated, the
      light beam will either be refracted onto said photo detector array.
NUM  5.
PAR  5. Apparatus as in claim 4 wherein said surfaces are oriented relative to
      each other such that as the prism is rotated in one direction, refraction
      of the beam terminates just as reflection of the beam commences and, as
      the prism is rotated in the opposite direction, reflection of the beam
      terminates just as refraction of the beam commences.
NUM  6.
PAR  6. Apparatus as in claim 5 wherein said surfaces are oriented relative to
      each other and to said photo detector array such that the refracted beam
      of light will impinge on one portion of the array and the reflected beam
      will impinge on a different portion of the array.
NUM  7.
PAR  7. Apparatus as in claim 1 wherein said prism is formed into a body having
      four sides, a top and a bottom, one side providing a refractive surface, a
      side opposite said one side providing a curved surface, and the remaining
      two sides providing reflective surfaces, said prism being rotatable
      through a first predetermined angular displacement to refract onto the
      photo detector array from the refractive surface light entering the curved
      surface, said prism being rotatable through a second predetermined angular
      displacement to reflect the light beam from one of the reflective surfaces
      onto the photo detector array, and said prism being rotatable through a
      third predetermined angular displacement to reflect the light beam from
      the other reflective surface onto the photo detector array.
NUM  8.
PAR  8. Apparatus as in claim 7 wherein the refractive and reflective surfaces
      of the prism are oriented relative to each other and to the photo detector
      array such that the refracted light and the reflected light from the two
      reflective surfaces each falls on different portions of the array.
NUM  9.
PAR  9. Apparatus as in claim 8 wherein the refractive and reflective surfaces
      of the prism are oriented relative to each other and to the photo detector
      array such that the refracted light falls on a first portion of the array,
      the light reflected from one reflective surface falls on a second portion
      of the array contiguous with said first portion, and the light reflected
      from the other reflective surface falls on a third portion of the array
      contiguous with said first portion.
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ABST
PAL  A borehole logging system employs a gamma-ray detector for measuring the
      natural gamma radiation of the earth formations surrounding a borehole.
      Three energy band selectors, each employing a discriminator and count rate
      meter, separate the output of the gamma-ray detector into potassium,
      uranium, and thorium energy band signals. A first operational amplifier
      determines the difference between the potassium energy band signal and
      those portions of the uranium and thorium energy band signals which
      represent the influence of uranium and thorium gamma radiation within the
      potassium energy band, this difference representing the correct potassium
      gamma radiation. A second operational amplifier determines the difference
      between the uranium energy band signal and that portion of the thorium
      energy band signal which represents the influence of the thorium gamma
      radiation within the uranium energy band, this difference representing the
      correct uranium gamma radiation. A third operational amplifier determines
      the difference between the thorium energy band signal and that portion of
      the uranium energy band signal which represents the influence of the
      uranium gamma radiation within the thorium energy band, this difference
      representing the correct thorium gamma radiation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for nuclear well logging
      and more particularly the calibration of a borehole logging tool utilized
      to measure the radioactive response of subsurface formations penetrated by
      a borehole.
PAR  Various methods and apparatus have been utilized in the well logging art to
      study the radioactive properties of subsurface formations, both where the
      radioactivity is natural and where it is artificially induced. Logs of
      such properties aid in the study of the nature of the subsurface
      formations, particularly in exploration for minerals and hydrocarbon
      deposits. Certain elements in the subsurface formations exhibit
      distinctive properties which are measurable in situ. Of the many elements
      that occur, potassium (K), uranium (U), and thorium (Th) are important
      natural sources of gamma radiation. Each of these elements either contains
      or radioactively decays to, radioactive isotopes which emit gamma
      radiation at characteristic energy levels. The natural gamma-ray spectrum
      of a given formation therefore exhibits peaks of intensity at energies
      corresponding to the potassium, uranium, and thorium content of the
      formation.
PAC  SUMMARY OF THE INVENTION
PAR  A borehole logging system determines the amount of natural gamma radiation
      from potassium, uranium, and thorium in the earth formations surrounding a
      borehole. A gamma-ray detector provides a measurement of the total natural
      gamma radiation within the borehole. Three energy band selectors
      discriminate this measurement of the gamma-ray detector into potassium,
      uranium, and thorium energy band signals centered about the energy levels
      at which potassium, uranium, and thorium exhibit peak gamma radiation
      intensities.
PAR  These potassium, uranium, and thorium energy band signals are then applied
      to a stripping unit having potassium and uranium channels. The potassium
      channel strips the potassium gamma radiation measurement, as represented
      by the potassium energy band signal, of the influence from the gamma
      radiation from uranium and thorium. Further, the uranium channel strips
      the uranium gamma radiation measurement, as represented by the uranium
      energy band signal, of the influence from the gamma radiation from
      thorium.
PAR  More particularly, the uranium channel of the stripping unit includes an
      operational amplifier having one input supplied by the uranium energy band
      signal and a second input supplied by the thorium energy band signal
      through a variable resistance, such resistance being set such that the
      output of the amplifier is zero when the gamma-ray detector is exposed to
      a source of thorium gamma radiation and is representative of the uranium
      energy band signal stripped of the influence of any thorium gamma
      radiation when the gamma-ray detector is exposed to the natural gamma
      radiation of the earth formations surrounding the borehole.
PAR  The potassium channel of the stripping unit includes an operational
      amplifier having one input supplied by the potassium energy band signal
      and a second input supplied by the uranium energy band signal through a
      variable resistance and also by the thorium energy band signal through a
      variable resistance, such resistances being set such that the output of
      the amplifier is zero when the gamma-ray detector is exposed to either a
      source of uranium gamma radiation or a source of thorium gamma radiation
      and is representative of the potassium energy band signal stripped of the
      influence of any uranium or thorium gamma radiation when the gamma-ray
      detector is exposed to the natural gamma radiation of the earth formations
      surrounding the borehole.
PAR  In a further aspect, the stripping unit further includes a thorium channel
      which strips the thorium gamma radiation measurement, as represented by
      the thorium energy band signal, of the influence of the lower energy gamma
      radiation element uranium. More particularly, the thorium channel includes
      an operational amplifier having one input supplied by the thorium energy
      band signal and a second input supplied by the uranium energy band signal
      through a variable resistance, such resistance being set such that the
      output of the amplifier is zero when the gamma-ray detector is exposed to
      a source of uranium gamma radiation and is representative of the thorium
      energy band signal stripped of the influence of any uranium gamma
      radiation when the gamma-ray detector is exposed to the natural gamma
      radiation of the earth formations surrounding the borehole.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the natural gamma radiation borehole logging system of
      the present invention.
PAR  FIG. 2 illustrates the energy bands in which the natural gamma radiation of
      the radioactive elements to be measured by the system of FIG. 1 exhibit
      peak intensities.
PAR  FIGS. 3 and 4 are detailed schematic drawings of the stripping unit of the
      borehole logging system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a borehole logging tool 5 measures the natural
      gamma radiation emitted by the subsurface formation 6. The borehole tool 5
      includes a gamma-ray detector 7 and an amplifier 8. The gamma-ray detector
      7 preferably includes the scintillation type detector 10 (e.g., a crystal
      of sodium iodide activated with thallium) which cooperates with a
      photomultiplier tube 11 to detect the natural gamma radiation. The sodium
      iodide gives off quanta of light energy called photons, the intensity of
      which is proportional to the energy of the gamma-ray interaction in the
      sodium iodide crystal. The photomultiplier tube responds to these photons
      to produce a succession of pulses having magnitudes proportional to the
      energy of the gamma rays. These pulses are sent uphole by way of the
      amplifier 8 and the logging cable 9 to be discriminated into three
      separate energy bands by the energy band selectors 13-15. Selector 13
      includes a discriminator 16 which passes a band of energy centered about
      1.46 MEV, the energy level at which potassium exhibits peak intensity as
      can be seen in the spectrogram of FIG. 2. Selector 14 includes a
      discriminator 17 which passes a band of energy centered about 1.76 MEV, at
      which energy level uranium exhibits peak intensity. Similarly, selector 15
      includes a discriminator 18 which passes a band of energy centered about
      2.62 MEV, the energy level at which thorium exhibits peak intensity. The
      pulses within each of these separate energy bands are applied to separate
      count rate meters 19-21 which provide outputs K.sub.M, U.sub.M, and
      Th.sub.M having magnitudes indicative of the number of photons within each
      of the respective energy bands.
PAR  However, because of the abundance of lower energy scattered radiation and
      the increase in capture resolution of a sodium iodide scintillation
      crystal with a decrease in energy, the higher energy radioactive elements
      influence the measurements of the lower energy radioactive elements.
      Consequently, the outputs K.sub.M and U.sub.M do not represent the in-situ
      measured natural gamma radiation solely of potassium and uranium. For
      example, as illustrated in FIG. 2, the contribution of both uranium and
      thorium in the selected energy band for potassium centered about 1.46 MEV
      is significant. Consequently, the relation between the correct value
      K.sub.C of the potassium content and the measured value K.sub.M is:
EQU  K.sub.C = K.sub.M - R.sub.1 U.sub.C - R.sub.2 Th.sub.C     (1)
PAL  where,
PA1  R.sub.1 = contribution to the count rate in the selected potassium energy
      band attributable to the correct uranium value U.sub.C expressed as a
      fraction of the counts in the selected uranium energy band, and
PA1  R.sub.2 = contribution to the count rate in the selected potassium energy
      band attributable to the correct thorium value Th.sub.C expressed as a
      fraction of the counts in the selected thorium energy band.
PAR  Further, the contribution from potassium in the selected energy band for
      uranium centered about 1.76 MEV is negligible, while the contribution from
      thorium is significant. The equation relating the correct value U.sub.C of
      the uranium content to the measured value U.sub.M is consequently:
EQU  U.sub.C = U.sub.M - R.sub.3 Th.sub.C                       (2)
PAL  where,
PA1  R.sub.3 = contribution to the count rate in the selected uranium energy
      band attributable to the correct thorium value Th.sub.C expressed as a
      fraction of the counts in the selected thorium energy band.
PAR  The contribution from both potassium and uranium in the selected energy
      band for thorium centered about 2.62 MEV is negligible. Consequently, the
      equation relating the correct value Th.sub.C of the thorium content to the
      measured value Th.sub.M of the thorium content is:
EQU  Th.sub.C = Th.sub.M                                        (3)
PAR  These contributions R.sub.1, R.sub.2, and R.sub.3 are commonly termed
      "stripping constants" and it is a specific aspect of the present invention
      to provide both a method and apparatus for operating upon these measured
      values K.sub.M and U.sub.M in accordance with the values of these
      stripping constants to obtain corrected values K.sub.C and U.sub.C. As
      illustrated in FIG. 1, this operation is carried out by a stripping unit
      22 which, as will be hereinafter described, provides for the corrected
      outputs K.sub.C, U.sub.C, and Th.sub.C. These corrected outputs may then
      be recorded as three separate graphs on a conventional X-Y plotter 23.
PAR  Referring now to FIG. 3, the stripping unit 22 will be described in detail.
      Stripping unit 22 comprises three analyzer channels: a potassium channel,
      a uranium channel, and a thorium channel. The thorium channel includes the
      buffer amplifier 30 to which the Th.sub.M signal is applied. Since the
      thorium measurement needs no stripping, the Th.sub.M signal is passed
      through buffer amplifier 30 as the Th.sub.C signal in accordance with the
      operation of Equation (3).
PAR  The uranium channel includes the buffer amplifier 32 to which the U.sub.M
      signal is applied. After passing through amplifier 32, the U.sub.M signal
      is applied to the positive input of an output amplifier 33. Connected to
      the negative input of amplifier 33 by way of the variable resistor 40 is
      the Th.sub.C signal from the thorium channel. Amplifier 33 takes the
      difference between these inputs and produces the output signal U.sub.C
      which is the uranium measurement stripped of the influence from thorium in
      accordance with the expression of Equation (2).
PAR  The potassium channel includes the buffer amplifier 34 to which the K.sub.M
      signal is applied. After passing through amplifier 34, the K.sub.M signal
      is applied to the positive input of the output amplifier 35. Connected to
      the negative input by way of the variable resistor 42 is the Th.sub.C
      signal from the thorium channel. Also connected to the negative input by
      way of the variable resistor 41 is the U.sub.C signal from the uranium
      channel. Amplifier 35 takes the difference between these inputs and
      produces the output signal K.sub.C which is the potassium measurement
      stripped of the influence from both thorium and uranium in accordance with
      the expression of Equation (1).
PAR  The particular settings of the variable resistors 40-42 to permit the
      uranium and potassium channels to perform the operation of Equations (1)
      and (2) when the stripping unit is supplied with radioactivity
      measurements from a borehole logging tool during logging operations are
      made as follows. The borehole logging tool prior to being lowered into the
      borehole is first exposed to a source of thorium gamma radiation. This
      radioactivity, after being detected and amplified by means of the crystal
      10, photomultiplier tube 11, and amplifier 12, is passed through the three
      energy band selectors 13-15 to provide for the K.sub.M, U.sub.M, and
      Th.sub.M inputs to the stripping unit 22. The Th.sub.C output of the
      thorium channel of the stripping unit represents the correct thorium
      radioactivity. The U.sub.M signal of the uranium channel is then stripped
      of the influences from the thorium source in the selected energy band of
      the U discriminator 14 by adjusting the variable resistor 40 so that the
      uranium channel provides a U.sub.C output of zero. The K.sub.M signal of
      the potassium channel is also stripped of the influence from the thorium
      source in the selected energy band of the K discriminator 13 by adjusting
      the variable resistor 42 so that the potassium channel provides a K.sub.C
      output of zero.
PAR  Then, the source of thorium gamma radiation is removed and the borehole
      tool is next exposed to a source of uranium gamma radiation. With this
      source, the Th.sub.C output is zero and the U.sub.C output represents the
      correct uranium radioactivity. The K.sub.M signal of the potassium channel
      is then stripped of the influence from the uranium source in the selected
      energy band of the K discriminator 13 by adjusting the variable resistor
      41 so that the potassium channel provides a K.sub.C output of zero.
PAR  As a measure of the accuracy of the settings of resistors 40-42, the
      borehole tool may then be exposed to a source of potassium gamma
      radiation. Under this condition, both the Th.sub.C and U.sub.C outputs
      should be zero and the K.sub.C output should represent the correct
      potassium radioactivity. The stripping unit 22 is now calibrated and ready
      for use as a part of the borehole logging system described above in a
      radioactivity logging system.
PAR  The foregoing embodiment of the invention is illustrative of one system
      that is suitable for use in measuring the potassium, uranium, and thorium
      content of the earth formations with a gamma-ray detector such as a sodium
      iodide scintillation crystal with a great enough capture resolution that
      the energy measurement of a particular radioactive element is not
      influenced by other radioactive elements. However, to increase the
      sensitivity of such a gamma-ray detector, it is necessary to increase the
      size of the sodium iodide crystal which in turn increases the capture
      resolution, causing the uranium element to influence the measurement of
      the thorium element. It is therefore a further aspect of the present
      invention to provide additional means for stripping the uranium influence
      from the thorium measurement as follows:
EQU  Th.sub.C '  = Th.sub.C - R.sub.4 U.sub.C                   (4)
PAL  where,
PA1  R.sub.4 = contribution to the count rate in the selected thorium energy
      band attributable to the correct uranium value U.sub.C expressed as a
      fraction of the counts in the selected uranium energy band.
PAR  Reference is now made to FIG. 4 which illustrates one embodiment of the
      invention for carrying out the operation of Equation (4). The Th.sub.C
      signal from the buffer amplifier 30 is applied to the positive input of
      the operational amplifier 31. Connected to the negative input of amplifier
      31 by way of the variable resistor 43 is the U.sub.C signal from the
      uranium channel. Amplifier 31 takes the difference between these inputs
      and produces the output signal Th.sub.C ' which is the thorium measurement
      stripped of the influence from uranium in accordance with the expression
      of Equation (4).
PAR  Similar to the operation of adjusting the variable resistors 40-42 in the
      potassium and uranium channels, the variable resistor 43 is adjusted to
      remove the influence of uranium in the thorium channel by exposing the
      borehole tool to a source of uranium gamma radiation and adjusting
      variable resistor 43 so that the thorium channel provides a Th.sub.C '
      output of zero.
PAR  The stripping unit 22 has now been described in accordance with the
      operation of amplifiers 30-35 and the variable resistors 40-43 of FIGS. 3
      and 4. The remaining components of the stripping unit 22 supply the
      necessary bias conditions for its operation. It is to be understood that
      the individual components of such a borehole logging system, including the
      compensation unit 22, are merely representative of one embodiment of the
      invention. In accordance with such embodiment, the following sets forth
      specific types and values of components.
TBL  ______________________________________                                    
     Reference Designation Description                                         
     ______________________________________                                    
     Photomultiplier 11  EMI 9727B (Gemcon                                     
                          Div. of Emitronics)                                  
     Discriminators 16-18                                                      
                         Model 1431                                            
                          (Canberra)                                           
     Count rate meters 19-21                                                   
                         Model 1481                                            
                          (Canberra)                                           
     Operational amplifiers                                                    
      30-35              3307 (Burr-Brown)                                     
     Variable resistors                                                        
      40-42               5 Kohms                                              
     Variable resistor 43                                                      
                          20 Kohms                                             
     Variable resistors 44-49                                                  
                         500 ohms                                              
     Resistor 50          51 Kohms                                             
     Resistor 51          91 Kohms                                             
     Resistors 52-56      1 Mohm                                               
     All other resistors 100 Kohms                                             
     V.sub.A             +15 VDC                                               
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for determining the amounts of natural gamma radiation from
      potassium, uranium, and thorium in the earth formations and having a
      gamma-ray detector which provides an output representative of the total
      natural gamma radiation and three energy band selectors which discriminate
      the count rate output of the gamma-ray detector into potassium, uranium,
      and thorium energy band signals centered, respectively, about the energy
      levels at which potassium, uranium, and thorium exhibit peak gamma
      radiation intensities, the improvement comprising:
PA1  a. first means for producing the fraction of the count rate in the thorium
      energy band signal that represents the contribution of thorium gamma
      radiation to the total count rate of the uranium energy band signal,
PA1  b. second means for subtracting said fraction of the count rate of the
      thorium energy band signal from said total count rate of the uranium
      energy band signal,
PA1  c. third means for producing the fraction of the count rates in the uranium
      and thorium energy band signals that respectively represent the
      contributions of uranium gamma radiation and thorium gamma radiation to
      the total count rate of the potassium energy band signal, and
PA1  d. fourth means for subtracting said fractions of the count rates of the
      thorium and uranium energy band signals from said total count rate of the
      potassium energy band signal.
NUM  2.
PAR  2. The system of claim 1 wherein:
PA1  a. said second means includes a first operational amplifier having a first
      input supplied by the count rate of said uranium energy band signal,
PA1  b. said first means includes a first variable resistance connected to a
      second input of said first operational amplifier and through which is
      applied that fraction of the count rate of said thorium energy band signal
      that represents the contribution of thorium gamma radiation to the total
      count rate of the uranium energy band signal,
PA1  c. said fourth means includes a second operational amplifier having a first
      input supplied by the count rate of said potassium energy band signal, and
PA1  d. said third means includes second and third variable resistances
      connected to a second input of said second operational amplifier and
      through which are applied the fractions of the count rates of said thorium
      and uranium energy band signals that represent the contributions of
      thorium and uranium gamma radiation to the total count rate of the
      potassium energy band signal.
NUM  3.
PAR  3. The system of claim 1 further including:
PA1  a. fifth means for producing the fraction of the count rate in the uranium
      energy band signal that represents the contribution of uranium gamma
      radiation to the total count rate of the thorium energy band signal, and
PA1  b. sixth means for subtracting said fraction of the count rate of the
      uranium energy band signal from said total count rate of the thorium
      energy band signal.
NUM  4.
PAR  4. The system of claim 3 wherein:
PA1  a. said sixth means includes an operational amplifier having one input
      supplied by the count rate of said thorium energy band signal, and
PA1  b. said fifth means includes a variable resistance connected to the other
      input of said operational amplifier and through which is applied that
      fraction of the count rate of said uranium band energy signal that
      represents the contribution of uranium gamma radiation to the total count
      rate of the thorium energy band signal.
NUM  5.
PAR  5. In a system for determining the amounts of natural gamma radiation from
      potassium, uranium, and thorium in the earth formations and having a
      gamma-ray detector which provides an output representative of the total
      natural gamma radiation and three energy band selectors which discriminate
      the output of the gamma-ray detector into potassium, uranium, and thorium
      energy band signals centered, respectively, about the energy levels at
      which potassium, uranium, and thorium exhibit peak gamma radiation
      intensities, the improvement comprising:
PA1  a. first means for adjusting the amplitude of said uranium energy band
      signal by the fraction of the thorium energy band signal that would reduce
      said uranium energy band signal to zero when the gamma-ray detector is
      exposed to a source of thorium gamma radiation, and
PA1  b. second means for adjusting the amplitude of said potassium energy band
      signal by the fractions of the thorium and uranium energy band signals
      that would reduce said potassium energy band signal to zero when the
      gamma-ray detector is exposed separately to a source of thorium gamma
      radiation and to a source of uranium gamma radiation.
NUM  6.
PAR  6. A method of logging for the natural gamma radiation from potassium,
      uranium, and thorium in the earth formations surrounding a borehole by
      means of a borehole logging tool having a gamma-ray detector and three
      energy band selectors which discriminate the count rate output of the
      gamma-ray detector into potassium, uranium, and thorium energy band
      signals centered, respectively, about the energy levels at which
      potassium, uranium, and thorium exhibit peak gamma radiation intensities,
      comprising the steps of:
PA1  a. lowering the logging tool into the borehole to provide potassium,
      uranium, and thorium energy band signals representative of the natural
      gamma radiation of the earth formations surrounding the borehole,
PA1  b. compensating the count rates in the potassium and uranium energy band
      signals from step (a) by the fraction of the count rate of the thorium
      energy band signal that represents the contribution of thorium gamma
      radiation on the count rates in the potassium and uranium energy band
      signal, and
PA1  c. compensating the count rate in the potassium energy band signal from
      step (a) by the fraction of the count rate of the uranium energy band
      signal that represents the contribution of uranium gamma radiation on the
      count rate in the potassium energy band signal.
NUM  7.
PAR  7. The method of claim 6 further including the steps of:
PA1  a. compensating the count rate in the thorium energy band signal from step
      (a) by the fraction of the count rate of the uranium energy band signal
      that represents the contribution of uranium gamma radiation on the count
      rate in the thorium energy band signal.
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ABST
PAL  A method is disclosed for measuring the thermal neutron decay time of earth
      formations in the vicinity of a well borehole. A harmonically intensity
      modulated source of fast neutrons is used to irradiate the earth
      formations with fast neutrons at three different intensity modulation
      frequencies. The tangents of the relative phase angles of the fast
      neutrons and the resulting thermal neutrons at each of the three
      frequencies of modulation are measured. First and second approximations to
      the earth formation thermal neutron decay time are derived from the three
      tangent measurements. These approximations are then combined to derive a
      value for the true earth formation thermal neutron decay time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to in situ measurements of earth formations
      traversed by a well borehole. In particular the invention relates to the
      measurement of the thermal neutron lifetime or thermal neutron decay time
      of earth formations in the vicinity of a well bore.
PAR  The techniques used in the present invention include the generation as a
      function of time of a phase coherent intensity modulated cloud of fast
      neutrons in a well bore which results in the creation of a phase coherent
      thermal neutron cloud being produced as the fast neutrons are slowed to
      thermal energy by the materials in the vicinity of the well bore.
      Measurements of the relative phase of the thermal neutron cloud population
      density with respect to the fast neutron cloud generated lead to the
      determination of parameters relating to the thermal neutron decay time or
      neutron lifetime of the formations in the vicinity of the well bore and
      the borehole fluid itself.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  At the present time there are two principle techniques used for measuring,
      in situ, the thermal neutron decay time or thermal neutron lifetime of
      earth formation in the vicinity of well borehole. These neutron lifetime
      measurements have proven to be particularly valuable in evaluating earth
      formations in cased well boreholes. In both of these techniques a logging
      instrument which traverses the well bore uses a pulsed source of high
      energy or fast (14 MEV) neutrons.
PAR  In the first of these measurement techniques the neutron source is
      repetitively pulsed. For each fast neutron pulse, a cloud of fast neutrons
      is injected in a generally spherically symmetric fashion about the source
      to the surrounding earth formations. The fast neutron cloud passes from
      the well tool through the drilling mud, well bore casing, and cement
      between the casing and earth formations surrounding the well bore. Each
      such pulse of fast neutrons has approximately a constant intensity and
      lasts typically for a time duration of from 20 to 30 microseconds. This
      time lapse is generally adequate to create a thermalized (or low energy)
      neutron population in the earth formations and borehole. The number of
      thermal neutrons comprising this cloud or population then decays
      exponentially due to the capture of the thermalized neutrons by formation
      and borehole elemental nuclei.
PAR  After an initial time period, (about 300 microseconds) during which
      resultant gamma ray effects in the borehole, mud, and casing are
      substantially dissipated, measurements of the number of thermalized
      neutrons in the vicinity of the well tool are made during two successive
      time intervals and can be used to define an exponential decay curve for
      the thermal neutron population either in the borehole or the earth
      formation surrounding the borehole. Which of these two thermal neutron
      decay characteristics is being measured is not known with certainty due to
      the fact that the assumption is made in this measurement technique that
      the borehole thermal neutron decay time is substantially shorter and hence
      dies out quicker than that of the surrounding earth formations. This
      assumption that the borehole component of thermal neutron decay time (or
      thermal neutron lifetime) is generally shorter than the formation thermal
      neutron decay time or thermal neutron lifetime usually occurs where
      drilling fluids having a high chlorine content (or salt water content) are
      encountered. However, in boreholes containing air, gas, fresh water or oil
      this relationship does not always hold. One striking advantage of the
      present invention over this prior art thermal neutron lifetime measuring
      technique is that no assumption is made as to the relative thermal neutron
      decay characteristic of the borehole fluid or with respect to that of the
      formations surrounding the borehole. Accordingly, the present invention
      overcomes the aforementioned limitation of the prior art.
PAR  Measurements of the number of thermalized neutrons in the vicinity of the
      well tool during the successive time intervals following the initial time
      lapse to allow for die away of borehole effects can be used to define an
      exponential decay curve for the thermal neutron population of the earth
      formations in the vicinity of the borehole.
PAR  These two time intervals or time gates, for example, can be fixed between
      400-600 microseconds following the neutron burst, and between 700-900
      microseconds following the neutron burst in typical earth formations, and
      under borehole conditions wherein a saline fluid or high chlorine content
      salt is present in the borehole fluid.
PAR  If neutron diffusion effects are ignored, the relationship for the decay of
      a thermal neutron population in a homogeneous medium having a thermal
      neutron macroscopic capture cross-section can be expressed as:
EQU  N.sub.2 = N.sub.1 e.sup.-.sup..epsilon..sup.vt             ( 1)
PAL  wherein N.sub.1 is the number of thermal neutrons at a first point in time,
      t.sub.1 ; N.sub.2 is the number of thermal neutron at a later point in
      time, t.sub.2 ; e is the Naperian logarithm base; t is the time between
      two measurements (t.sub.2 -t.sub.1); and v is the velocity of the thermal
      neutrons. The macroscopic thermal neutron capture cross section .epsilon.
      of a reservoir rock (which can be obtained from Equation (1) is dependent
      upon its porosity, the formation water salinity, and the quantity and type
      of petroleum contained in the pore spaces therein and thus is a valuable
      measurement to obtain.
PAR  When neutrons from the high energy neutron source interact with the
      materials in a well bore and with surrounding earth formations, they are
      slowed down and lose energy. A primary agent for slowing down neutrons is
      hydrogen which is relatively available in water and hydrocarbon. After the
      fast neutrons have been slowed they are captured by formation nuclei
      (primarily by chlorine) and, in general, will generate characteristic
      capture gamma rays before returning to a stable state. It is the capture
      gamma rays which are detected during the two different time intervals of
      this system of measuring thermal neutron decay time. The number of such
      gamma rays detected is proportional to the thermal neutron population in
      the vicinity of the well tool. Alternatively, thermal neutrons themselves
      can be detected during these intervals by the use of helium 3 or boron
      trifluoride detectors if desired. Thus, by means of the two fixed time
      gating measurements the thermal neutron macroscopic capture cross section
      .epsilon., can be determined.
PAR  A second prior art technique for measuring thermal neutron decay time or
      thermal neutron lifetime uses the reciprocal of the macroscopic thermal
      neutron capture cross section .epsilon. which is defined in terms of .tau.
      (the time constant for absorption of the thermal neutrons). A relationship
      analogous to Equation (1), but defined in terms of .tau. is given by:
EQU   N = N.sub.0 e.sup.-.sup.t/.sup..tau.                      ( 2)
PAL  where .tau. = 1/v.epsilon.
PAR  Here N is thermal neutron density at any time t; N.sub.o is the thermal
      neutron density at an initial time t.sub.o ; e is the Naperian constant;
      .tau. is the time required for the thermal neutron population to decay to
      1/e of its value at t.sub.o.
PAR  In measuring the thermal neutron decay time using this second prior art
      technique, the logging equipment obtains counts of capture gamma rays
      during two successive time intervals following the generation of the
      thermal neutron cloud in the vicinity of the well borehole to define the
      exponential decay curve. In this technique, however, the two time
      intervals of the measurement are defined as a function of the .tau.
      actually measured during a previous measurement cycle. The value of .tau.
      previously measured is used to establish the neutron burst duration for
      the generation of the fast neutrons; the waiting interval to the opening
      to the first time gate, the duration of the first time gate, the duration
      of the time between the time gates and the duration of the second time
      gate. All of these times are related to .tau., as previously measured.
      This technique is commonly referred to in the art as the "sliding gate"
      technique.
PAR  Both of the foregoing systems of measurement have been successfully used to
      measure the decay time or lifetime of thermal neutrons as long as the
      borehole component of thermal neutron population dies away substantially
      faster than the formation component of the thermal neutron population in
      the vicinity of the borehole. Both of these techniques utilize a neutron
      burst of substantially constant intensity (a square wave neutron pulse).
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In the present invention a well logging tool is moved through the borehole
      and includes an intensity modulated fast neutron source and a gamma ray
      detector (or, alternatively, a thermal neutron detector). A single such
      detector is used. The neutron source generates a generally harmonically
      varying population of fast neutrons as a function of time. These neutrons
      are introduced into the media surrounding the well borehole and result in
      a thermal neutron population being generated from the slowing down of the
      fast neutrons in the media and borehole itself. This cloud of thermalized
      neutrons itself comprises a phase coherent intensity varying neutron
      population whose presence is detected as a function of time by the thermal
      neutron or gamma ray detector. The fast neutron source is harmonically or
      sinusoidally modulated at a plurality of frequencies. The relative phase
      angle of the phase coherent thermal neutron population which is generated
      at each of the modulation frequencies is detected by the detector. This
      phase angle information contains components due to the effect of the
      borehole fluid and the media surrounding the borehole. By appropriately
      combining these measurements made at the plurality of different modulation
      frequencies according to predetermined relationships, the thermal neutron
      lifetime (or thermal neutron decay time) of the borehole fluid and the
      media surrounding the well bore may be determined.
PAR  In practice, the measurements of the relative phase angles at each of the
      modulation frequencies are made by combining counts from the detector in a
      particular manner to derive the value of the tangent of the phase angle.
      From this tangent information the formation thermal neutron decay time
      .tau. or the corresponding thermal neutron macroscopic capture cross
      section value .epsilon. can be established.
PAR  Novel electronic systems are provided in the downhole tool and at the
      surface for producing a sequence of different frequency intensity
      modulated fast neutron clouds operating at least at three different
      frequencies of operation. Synchronization (or sync) pulses are also
      generated and these provide a means for separating the counts of gamma
      rays representative of thermal neutrons during the portion of a
      measurement cycle corresponding to measurements made at each of the
      different frequencies of intensity modulation of the neutron source. At
      the earth's surface the signals from the downhole tool are separated and
      counts are made as a function of time of the thermal neutron population in
      the vicinity of the tool at each of the three frequencies. These counts
      are used to determine the tangents of the relative phase angles between
      the thermal neutron populations and the source of fast neutrons at each of
      the frequencies. A recorder is provided for making a record of these
      measurements as a function of the borehole depth of the well tool.
      Moreover, the invention includes techniques for determining the value of
      the thermal neutron decay time .tau. and/or the macroscopic thermal
      neutron capture cross section .epsilon. of both the media surrounding the
      borehole and the borehole fluid.
PAR  The invention is best understood by reference to the following detailed
      description thereof, when taken in conjunction with the corresponding
      drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall block diagram illustrating schematically the apparatus
      of the invention in a well borehole.
PAR  FIG. 2 is a circuit diagram showing the downhole portion of the system of
      the invention.
PAR  FIG. 3 is a circuit diagram showing the surface portion of the system of
      the invention.
PAR  FIGS. 4 and 4a are graphical representations showing the relationship
      between the phase angle tangents at two different modulation frequencies.
PAR  FIGS. 5 and 5a are graphical representations showing the realtionship
      between the phase angle tangents at two different modulation frequencies.
PAR  FIG. 6 is a graphical representation showing the relationship between
      thermal neutron lifetime measured by phase angles measured at two
      different pairs of frequencies of modulation.
PAR  FIG. 7 is a schematic illustration of the waveform of signals sent to the
      surface from the downhole tool in the invention; and
PAR  FIG. 8 is a schematic illustration showing the measurement cycle or
      sequence of neutron outputs at three different frequencies of intensity
      modulation of the neutron source.
PAR  FIG. 9 is a graphical illustration showing the counting periods used to
      determine the relative phase shifts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention contemplates making measurements of the intensity
      phase shift of a phase coherent thermal neutron population cloud with
      respect to the intensity modulated fast neutron population generated by a
      neutron source at three different intensity modulation frequencies. By
      appropriately combining the measurements of the phase shift at each of the
      frequencies the thermal neutron lifetime (or decay time) of both the
      borehole component of the neutron flux and the formation component of the
      neutron flux may be determined.
PAR  Referring initially to FIG. 1, a system in accordance with the concepts of
      the invention is illustrated schematically. A well borehole 10 traverses
      earth formations 11, and is lined with a tubular casing 12, which is
      cemented in place by cement layer 13. Suspended in the borehole 10 is a
      well logging sonde 14 which is suspended therein by an armored well
      logging cable 15. The cable 15 passes over a sheave wheel 16 which is
      electrically or mechanically linked (as indicated by the dotted line 17)
      to a recorder 18 of the type conventionally used in well logging. The
      record medium 19 of the recorder 18 may thus be driven as a function of
      the borehole depth of the well logging tool. The borehole 10 is filled
      with a fluid 20 which may be either a salt (saline) solution or fresh
      water or oil. The present invention works equally well in salt or fresh
      water environments which is an advantage over prior art thermal neutron
      lifetime or decay time measuring systems which did not perform well in
      fresh water or oil filled boreholes.
PAR  The well logging sonde 14 used with the present invention contains a
      neutron generator 21, circuitry for driving the neutron generator 22, and
      a gamma ray detector 23. Appropriate circuitry 24 for controlling the
      neutron generator 21 and for amplifying signals from the detector 23 is
      also provided. A surface power supply 28 provides operative power for the
      downhole systems via the conductors of the well logging cable 15. Signals
      from the downhole tool are processed by surface data processing circuits
      25 which will be described in more detail subsequently. Output signals
      from the data processing circuits 25 are supplied to the recorder 18 whose
      record medium 19 is driven as a function of depth as previously mentioned.
PAR  The gamma ray detector 23 may be a thallium doped sodium or cesium iodide
      crystal which is optically coupled to a photomultiplier tube. A control
      electronic section 24 provides signals, as will be subsequently described
      in more detail, to operate the neutron generator 21 and the
      photomultiplier and detector 23. Radiation detected by the detector 23 is
      presented for transmission to the surface as sharply peaked positive
      voltage pulses which will be described in more detail subsequently. These
      pulses are presented to the cable 15 conductors for transmission to the
      surface. Similarly, large amplitude sharp peaked synchronization (negative
      voltage) pulses are also supplied, as will be described in more detail
      subsequently, for transmission to the surface, on cable 15 conductors.
PAR  The neutron generator 21 is preferably of the deuterium-tritium accelerator
      type as known in the art. This type of neutron source accelerates
      deuterium ions onto a target material which is impregnated with tritium.
      The deuterium ions are supplied from a replenisher which comprises a
      material impregnated with deuterium which is boiled off by heating. The
      deuterium atoms thus provided are then supplied to an ion source
      comprising a region of the tube in which electric fields are provided to
      ionize the atomic deuterium from the replenisher and to focus the positive
      ions into a beam suitable for acceleration onto the target material. The
      target material is generally kept at a high negative potential. The ion
      source is provided with an electrode structure analogous to that of a
      conventional triode vacuum tube and having an element analogous to the
      control grid of such a tube. By applying a time varying voltage to this
      control grid element the resultant intensity of neutron output of the
      accelerator tube may be modulated as a function of time. In this manner a
      harmonically or sinusoidally alternating intensity neutron output may be
      produced. For a more detailed description of the methods employed to
      produce an intensity modulated fast neutron flux as a function of time,
      reference may be had to the paper entitled "The Generation of Neutron
      Pulses and Modulated Neutrons Fluxes with Sealed Off Neutron Tubes" by C.
      W. Elenga and O. Reifenscheweiler, published in the Proceedings of the
      Symposium on Pulsed Neutron Research, Vol. II, pages 609-622, 10th-14th of
      May, 1965, published by the International Atomic Energy Agency of Vienna,
      Austria. This paper describes in detail techniques which may be utilized
      to provide a smoothly modulated neutron flux from a tube of the
      deuterium-tritium accelerator type as a function of time. Other wave
      shapes than purely harmonic or sinusoidal modulation may be produced also
      using these techniques.
PAR  For a clearer understanding of the present invention it will be helpful to
      consider first an explanation of its underlying principles. In this
      explanation certain simplifying assumptions are made for ease of analysis.
      For example, it is assumed that a spatially distributed source of thermal
      neutrons (or a thermal neutron cloud) is created in the earth formations
      by the action of the high energy neutron source. Also, it is assumed that
      the slowing down time T.sub.AS for the fast neutrons produced by the
      deuterium-tritium source is considerably shorter than the thermal neutron
      decay time T.sub.a. This assumption is valid, for example, in high
      porosity fluid saturated sands such as those of interest in oil well
      logging.
PAR  In general in thermal neutron lifetime well logging it is assumed (and also
      generally experienced) that the thermal neutron population as measured by
      a detector in the well bore decays with time after a neutron burst or
      pulse according to the following mathematical expression:
EQU  n(t) =  Al.sup.-.sup..alpha..sup.t +  Be.sup.-.sup..beta..sup.t (3)
PAL  In Equation (3), N(t) ) is the neutron population as measured by the
      detector, Ae.sup.-.sup..alpha..sup.t is the neutron population of the
      formation component as measured by the detector, and
      Be.sup.-.sup..beta..sup.t is the neutron population of the borehole
      environment component as measured by the detector. The constants A and B
      are the initial thermal neutron densities at time t = O in the earth
      formation (A) and the borehole (B) respectively. The constants .alpha. and
      .beta. are the thermal neutron decay constants of the earth formation
      (.alpha.) and the borehole (.beta.), respectively.
PAR  In making measurements of the thermal neutron population as a function of
      time it will be recognized by those skilled in the art that the detector
      23 of FIG. 1 could be either a thermal neutron detector (such as a helium
      3 or boron trifluoride detector) or could be gamma ray detector such as a
      sodium or cesium iodide thallium activated crystal. If a thermal neutron
      detector, such as the helium 3 or boron trifluoride detectors are used,
      then the thermal neutrons are measured directly. If a sodium iodide
      thallium activated crystal detector is used, then gamma rays resulting
      from the capture of thermal neutrons are detected. This provides an
      indirect, but proportional, measurement of the number of thermal neutrons
      present. In either event the thermal neutron population may be determined
      as a function of time by counting the number of electrical pulses produced
      by the detector.
PAR  Equation (3) may be Fourier transformed from the time domain into the
      frequency domain and may be rewritten in the frequency domain as:
      ##EQU1##
      In Equation (4), N(.omega.) ) is the neutron population in the frequency
      (.omega.) domain. The other symbols A, B, .alpha. and .beta. are as
      previously defined.
PAR  Irradiating the earth formation and the borehole environment with a phase
      coherent souce of fast neutrons which is modulated harmonically at an
      angular frequency (.omega.), the resulting cloud of thermal neutrons
      (and/or capture gamma rays as measured by a thermal neutron or gamma ray
      detector) is also phase coherent and harmonically modulated, but with a
      phase lag .phi. relative to the neutron source. The phase lag .phi. is a
      function of the excitation frequency .omega., the decay constants .alpha.
      and .beta. of the earth formation and the borehole environment,
      respectively. It may be shown that the tangent of the phase angle is given
      by the following expression:
      ##EQU2##
      where the symbols A, B, .alpha., .beta., .omega. and .phi. are as
      previously defined.
PAR  Equation (5) may be simplified by making the substitutions B/A = R, and Tan
      .phi./.omega. = X resulting in:
      ##EQU3##
PAR  Equation (6) contains the three unknown parameters required to determine
      the earth formation thermal neutron decay constant .alpha. (the reciprocal
      of the thermal neutron decay time), the borehole thermal decay constant
      .beta., and the ratio of amplitudes of formation and borehole thermal
      neutron components R. The variable .alpha. is the most desirable one of
      these parameters to obtain knowledge of. It is an indication (i.e., the
      reciprocal) of the formation thermal neutron decay time which, as has been
      previously discussed, is very important in determining the possible
      hydrocarbon content and water saturation of earth formations in the
      vicinity of a well bore. Since Equation (6) contains three unknowns R,
      .alpha., and .beta., at least three independent equations are needed to
      determine these three unknowns. The three independent equations for
      determining the three unknowns R, .alpha., and .beta. may be obtained by
      independently measuring the phase shift at three different modulation
      frequencies .omega..sub.1, .omega..sub.2 and .omega..sub.3. Assuming that
      relative phase angle measurements are made at three different modulation
      frequencies .omega..sub.1, .omega..sub.2 and .omega..sub.3, three
      equations of the form of Equation (6) are obtained. Combining two of these
      equations, the unknown variable R may be eliminated resulting in:
      ##EQU4##
      where X.sub.1 = Tan .phi..sub.1 /.omega..sub.1 and X.sub.2 = Tan
      .phi..sub.2 /.omega..sub.2.
PAR  Equation (7) may be rewritten in the following form as a cubic equation in
      the unknown .alpha. (earth formation thermal neutron decay constant).
EQU  a.sub.3 .alpha..sup.3 + a.sub.2 .alpha..sup.2 + a.sub.1 .alpha. + a.sub.o =
      0                                                         (8)
PAR  In Equation (8) the coefficients a.sub.i are functions of .beta., X.sub.1,
      X.sub.2, .omega..sub.1 and .omega..sub.2 which are given by the following
      set of equations:
EQU  a.sub.3 = .beta..sup.2 (x.sub.2 - x.sub.1)+.beta.(.omega..sub.2.sup.2
      -.omega..sub.1 2)x.sub.1 x.sub.2 +(.omega..sub.2.sup.2 x.sub.2
      -.omega..sub.1.sup.2 x.sub.1)
EQU  a.sub.2 = .beta..sup.3 (x.sub.1 -x.sub.2)+.beta.(.omega..sub.2.sup.2
      x.sub.1 -.omega..sub.1.sup.2 x.sub.2)+(.omega..sub.2.sup.2
      -.omega..sub.1.sup.2)
EQU  a.sub.1 = .beta..sup.3 (.omega..sub.1.sup.2 -.omega..sub.2.sup.2)x.sub.1
      x.sub.2 +.beta..sup.2 (.omega..sub.1.sup.2 x.sub.2 -.omega..sub.2.sup.2
      x.sub.1)+(x.sub.2 -x.sub.1).omega..sub.1.sup.2 .omega..sub.2.sup.2
EQU  a.sub.0 = .beta..sup.3 (.omega..sub.1.sup.2 x.sub.1 -.omega..sub.2.sup.2
      x.sub.2)+.beta..sup.2 (.omega..sub.1.sup.2
      -.omega..sub.2.sup.2)+.beta.(x.sub.1 -x.sub.2).omega..sub.1.sup.2
      .omega..sub.2.sup.2
PAL  Similarly measurements may be made at frequencies .omega..sub.1 and
      .omega..sub.3 and combined in Equation (7) yields:
EQU  b.sub.3 .alpha..sup.3 + b.sub.2 .alpha..sup.2 + b.sub.1 .alpha.+ b.sub.0 =
      0                                                         (10)
PAL  Here the b.sub.i are functions of .beta., X.sub.1, X.sub.3, .omega..sub.1,
      and .omega..sub.3 similar to the expressions given in Equations (9) but
      substituting X.sub.3 for X.sub.2, and .omega..sub.3 for .omega..sub.2 in
      Equations (9). Equation (10) may also be written in another form as
      Equation (11):
EQU  c.sub.3 .beta..sup.3 + c.sub.2 .beta..sup.2 + c.sub.1 .beta. + c.sub.0 = 0
      (11)
PAL  where the c.sub.i are functions of .alpha., X.sub.1, X.sub.3, .omega..sub.1
      and .omega..sub.3.
PAR  Equations (8) and (11) represent two independent equations with .beta. and
      .alpha. as the unknowns. These equations may be solvent for .alpha. and
      .beta., the quantities of interest, by using graphical techniques to be
      described.
PAR  The three different frequencies of intensity modulation of the neutron
      source chosen for use in the present invention are 400 Hertz, 2000 Hertz,
      and 4000 Hertz. It will be appreciated by those skilled in the art that
      frequencies other than these may be used if desired without compromising
      the inventive concepts. However, these frequencies are suitable for the
      purposes of this description. Referring now to FIG. 5, a family of curves
      is shown which plots -Tan.phi..sub.4000 versus -Tan.phi..sub.4000 for
      various values of R and with .beta. = 50 microseconds (here .beta. =
      1/.beta.). These values were calculated from Equation (5) using neutron
      source modulation frequencies (f = .omega./2.pi.) 400 and 4000 Hertz,
      respectively. FIG. 5a is an expansion of the region of FIG. 5 near the
      origin in which .beta. is greater than or equal to .alpha. (here .alpha. +
      1/.alpha.  1/.alpha.).
PAR  FIG. 4 similarly is a second family of curves wherein -Tan.phi..sub.400 is
      plotted against -Tan.phi..sub.2000 for various values of R and .alpha.
      with .beta. = 50 microseconds. Again, these values were computed from
      Equation (5) at the respective frequencies. FIG. 5a is an expansion of the
      curves of FIG. 5 in the vicinity near the origin where .beta. is greater
      than or equal to .alpha..
PAR  If we assume for the present that the borehole has .beta. = 50
      microseconds, then by measuring -Tan.phi. at two frequencies the .alpha.
      (true) (true decay time of the formation) may be determined by comparing
      the measurements of these values of -Tan.phi. at the two frequencies and
      using either the graphical representation of FIGS. 4 or 6 for this
      purpose. Similarly, if the borehole component decay time .beta. is known,
      then figures similar to either FIGS. 4 or 5 could be used to measure this
      .alpha. (true) of the formation by using these graphical representations
      at whichever pair of frequencies is desired (i.e., 400-2000 or 400-4000).
PAR  However, in field operations .beta. is in general not known and can even
      vary within a given well depending upon the condition of the borehole
      fluid, the borehole diameter, the cement thickness or casing size. In this
      more realistic situation it is necessary to utilize three frequency
      measurements. In this case both .alpha. (true) and .beta. (true) may be
      determined in the following manner. First, the charts of FIGS. 4 and 5 are
      utilized to determine an apparatus .alpha., from each of the two pairs of
      different frequency phase angle determinations (i.e., the .alpha. apparent
      from the 400-2000 Hertz combination, and the .alpha. apparent with the
      400-4000 Hertz modulation frequencies). Then the spine and ribs plot of
      FIG. 6 is utilized. In FIG. 6 the value of .alpha. apparent at each of
      these frequency combinations is plotted. The .alpha. (true) is then
      determined from the location of the point on the graphical representation
      of FIG. 6 which provides a unique solution for .alpha. (true) regardless
      of the value of R and .beta.. Once the .alpha. (true) value is determined
      in this fashion, .beta. may be obtained by substituting the .alpha. (true)
      value back into Equation (7) and solving this equation for .beta..
PAR  The use of this graphical technique for determining .alpha. and .beta. can
      be more readily understood by an illustration of a hypothetical example.
      Assume that the following values of the phase shift at the three
      frequencies have been measured -Tan.sub.400 = 1.565, -Tan.sub.4000 =
      1.712, and -Tan.sub.4000 = 1.410. These data points have been plotted in
      FIGS. 4, 5 and 6 as illustrated (labelled "EXAMPLE" therein). It may be
      seen that these values for the phase shift angles indicate .alpha. (true)
      value of 275 microseconds. This value is substituted in Equation (7)
      yielding .beta. = 50 microseconds. The value of .alpha. (true) may be
      checked by computing -Tan.sub.4000 and -Tan.sub.2000 using Equation (5)
      with .beta. = 50 microseconds, and setting R = 1.6. Comparing the
      calculated -Tan.phi. values therefrom with the corresponding hypothetical
      values which were given in the example shows that the above-described
      measurement procedure is self-consistent and yields a unique solution for
      the .alpha. (true) of the formation.
PAR  While the above description of the solution of the foregoing equations for
      the true formation decay time, .alpha. (true) have been expressed in terms
      of graphical solutions performed by use of the graphs of FIGS. 4, 5 and 6,
      it will be appreciated by those skilled in the art that these graphical
      representations could be utilized within a properly programmed digital
      computer located either at the well site in which the measurements are
      made, or in a remote location, if desired. A small general purpose digital
      computer such as the model PDP-11 made by the Digital Equipment
      Corporation of Cambridge, Massachusetts could be suitable for this
      purpose. The graphical representations corresponding to FIGS. 4, 5, and 6
      may be entered in the memory of such a digital computer in the form of
      tables. Appropriate interpolation techniques may be utilized to reach the
      combination of graphical solutions just described with respect to FIGS. 4,
      5 and 6. Thus, it is seen if a well logging tool which can measure the
      values of the tangent of the phase shift .phi. at each of three chosen
      frequencies of intensity modulation of the neutron source is provided,
      that these measurements of the phase angle tangent values may then be
      appropriately combined to derive the true formation and borehole thermal
      neutron decay time parameters of interest. It is, of course, well known in
      the art that once the true formation and borehole thermal neutron decay
      time parameters are known, then appropriate techniques which are known in
      the art may be applied to derive the formation water saturation (and hence
      the oil saturation of the formation, providing the porosity is known from
      another source).
PAR  Referring now to FIGS. 2 and 3 the well logging system shown systematically
      in FIG. 1 is illustrated in more detail. Considering first the circuitry
      of the downhole portion of the system in FIG. 2, it will be seen that a
      gamma ray detector comprising a thallium doped sodium iodide crystal 101
      is optically coupled to a photomultiplier tube 102 which produces
      electrical pulses proportional in height to the energy of the gamma ray
      impinging upon the sodium iodide crystal 101. The electrical pulse signals
      from the photomultiplier tube 102 are amplified by a preamplifier 103 and
      supplied therefrom to a pulse height discriminator 104. Discriminator 104
      is used to discriminate against relatively low energy background gamma
      radiation and has an adjustable discriminator level as indicated by
      potentiometer 105. This level is usually set at about 0.5 MEV, so that
      gamma rays resulting from naturally occurring background radiation may be
      discriminated against. The output data pulses from the pulse height
      discriminator 104 are supplied via line 106 to three AND gates 107, 108,
      and 109 whose conditioning will be described in more detail subsequently.
PAR  The transmission of the data pulses to the surface is controlled in
      synchronization with the operation of the neutron generator tube 110 of
      FIG. 2. A 16 kilohertz oscillator driver 111 is utilized to generate
      timing pulses. The 16 kilohertz output pulses from the oscillator 111 are
      supplied on a line 112 as inputs to a divide by 16,000 divider circuit
      113, to a divide by 4 divider circuit 114, to a divide by 8 divider
      circuit 115, and to a divide by 40 divider circuit 116. As the frequency
      of the 16 kilohertz oscillator is divided by 16,000 in the divider circuit
      113, output pulses are produced by the divider 113 which occur once each
      second during the operation of the system. The once per second output
      pulses are provided from divider 113 on line 117 and are used to trigger
      (via an amplifier 118) the reset of divider circuits 114, 115, and 116
      once each second.
PAR  The once per second output pulses from the divider 113 are also supplied by
      to a divide by 3 one shot multivibrator 158 which has multiple outputs
      comprising lines 119, 120, and 121. Divide by 3 one shot circuit 158
      functions, upon the receipt of a pulse on its input line 117, to produce a
      voltage level output on line 119 for a one second duration beginning upon
      receipt of the first such pulse on its input line 117. Upon receipt of its
      second input pulse on line 117 (at the end of one second of operation) the
      output voltage level is removed from line 119 and applied to line 120.
      Similarly at the end of the second one second of operation, the third
      input pulse is received on input lead 117, divide by 3 one shot 158
      produces an output voltage level of one second duration on line 121. Upon
      receipt of the fourth one second input pulse on line 117 the output
      voltage level is removed from line 121 and restored to line 119. Thus, the
      divide by 3 one shot 158 provides successive conditioning voltage levels
      on output lines 119, 120, and 121 which are used to condition successively
      three AND gates 122, 123, and 124.
PAR  Considering now the generation of a 400 Hertz sine wave modulation which is
      to be applied to the neutron generator 110, this is accomplished in the
      following manner. Input pulses on line 112 to divide by 40 multivibrator
      116, which it will be recalled is reset at the beginning of each second by
      output pulses from divide by 16,000 circuit 113, produces a 400 Hertz
      square wave output on output line 125. This signal is supplied as one
      input to AND gate 122, during the first second of operation of a three
      second cycle of operation of the apparatus. The AND gate 122 is
      conditioned to pass to 400 Hertz square wave pulses supplied on input line
      125 during this initial second of the three second operational cycle. The
      400 Hertz square wave pulses passed by the AND gate 122 are thus supplied
      during this initial second of operation to a 400 Hertz band pass filter
      126 which shapes the square wave pulses into a sine wave shape by the
      action of the tuned circuitry contained therein. Thus the output of the
      400  Hertz band pass filter 126 comprises a 400 Hertz sine wave which is
      supplied as input to an amplifier 127 and amplified to a more usable
      signal level. This signal is supplied as input to a driver amplifier 128
      which is coupled to the neutron generator tube ion source and thus applied
      as a sine wave intensity modulation to the neutron flux output of the
      generator tube.
PAR  The AND gates 123 and 124 are similarly conditioned during the second and
      third seconds of a three second operational cycle of the apparatus. The
      two kilohertz square wave output of divide by 8 circuit 115 is supplied on
      input line 129 to AND gate 123. The four kilohertz square wave output
      pulses from divide by 4 circuit 114 are supplied on input line 130 to AND
      gate 124. Outputs from AND gates 123 and 124 are similarly shaped by 2000
      Hertz band pass filter 131 and 4000 Hertz band pass filter 132 to provide
      sine wave output wave shapes to amplifiers 133 and 134 respectively during
      the second and third seconds of the operational cycle of the circuit. In
      this manner, an intensity modulated neutron output at 400 Hertz for the
      first second of operation, 2000 Hertz for the second second of operation
      and 4000 Hertz for the third second of operation are provided. This cycle
      is depcited graphically in FIG. 8 of the drawings.
PAR  Now concerning the synchronization of the transmission of the detected
      gamma rays during the different intervals of neutron modulation for
      transmission to the surface, it will be observed that the output
      conditioning signals from divide by 3 one shot 158 are supplied on lines
      119, 120 and 121 to AND gates 107, 108, 109, 135, 136 and 137. It will be
      recalled that data pulses from the sodium iodide/photomultiplier detector
      are continuously coupled to one input of AND gates 107, 108 and 109.
      Similarly, 16 kilohertz clock pulses are supplied via pulse shaper circuit
      138 (which may be of conventional design) to the opposite inputs of AND
      gates 135, 136, and 137. During the first second of operation of a three
      second operating cycle the AND gate 109 and the AND gate 137 are
      conditioned for operation while the remaining AND gates 107, 108, 135 and
      136 are in a blocked condition. Thus, during the first second of operation
      data pulses from the detector are passed by AND gate 109 and the AND gate
      137 passes the 16 kilohertz clock pulses. These pulses are supplied with
      the clock pulses being of one polarity and the data pulses being of the
      opposite polarity due to the action of inverters 140, 141 and 142 in
      reversing the polarity of the clock pulses. The data pulses and the clock
      pulses are summed at mixing point 143 during the first second of
      operation. The mixed clock and data pulses of opposite polarity are then
      linearly amplified by a predetermined scale factor by amplifier 144 during
      this first second of operation of a three second cycle of the neutron
      source which is being modulated at a 400  Hertz frequency, the data pulses
      detected during this portion of the cycle and the clock pulses from the 16
      kilohertz clock oscillator 111 are applied to a pulse transmission circuit
      145 for transmission to the surface. Similarly, during the second second
      of operation data pulses from the detector system are supplied together
      with the 16 kilohertz clock pulses via a second scale factor amplifier 146
      to the pulse transmission circuit 145 for transmission to the surface.
      Finally, during the third second of the three second operating cycle,
      mixed data pulses and clock pulses are supplied to the pulse transmission
      circuit 145 via a third scale factor amplifier 147. The amplification
      levels of the scale factor amplifiers 144, 146, and 147 are set
      substantially apart so that at the surface, the signals representing the
      clock pulses and the data pulses occurring during the three different time
      gating intervals may be discriminated against each other by the use of a
      pulse height discriminator as will be described. That is to say, the scale
      factor amplifier 144 may have a gain factor of 10 while the scale factor
      amplifier 146 may have a gain factor of 20 and the scale factor amplifier
      147 may have a gain factor of 30. Thus, during the three different seconds
      of the operational cycle, signal levels transmitted to the pulse
      transmission circuit 145 have substantially different voltage levels prior
      to their introduction to the cable for transmission to the surface. This
      transmission scheme is depicted graphically in FIG. 7.
PAR  Output signals from the pulse transmission circuit 145 are capacitively
      coupled via a capacitor 153 to the center conductor 152 of the well
      logging cable. High voltage D.C. for the operation of the photo-multiplier
      tube 102 is also provided on the center conductor of this cable from
      surface power supplies. The B+ voltage for operation of the preamplifier
      103 is supplied from a surface power supply on the shield 151 of this
      cable. Thus a signal wave form as illustrated in FIG. 7 is applied to the
      cable during the operation of the downhole equipment. In the illustration
      of FIG. 7 the first second of operation (illustrated at 201) is
      characterized by the transmission of negative sharp spike synchronization
      and data pulses occurring at a random interval following each of the 16
      kilohertz synchronization pulses. Similarly, during the second second of
      operation (202 of FIG. 7) the negative sharp spike synchronization pulses
      occur, but with a larger voltage amplitude than during the first second of
      operation. The randomly occurring spike data pulses again have a positive
      voltage and follow each sync pulse. Finally, during the third second of
      operation (as illustrated at 203 in FIG. 7) the negative 16 kilohertz
      clock pulses occur at regularly spaced intervals. Each sync pulse is
      followed by plurality of randomly occurring positive voltage level pulses
      corresponding to gamma ray counts made during the intervals between the 16
      kilohertz data pulses.
PAR  This information is transmitted to the surface where it is interpreted in
      terms of the tangents of the phase angles occurring at each of the three
      different modulation frequencies by the data processing circuitry shown in
      FIG. 3. Prior to the consideration of the operation of the circuitry of
      FIG. 3, however, it will be appropriate to consider how the tangent of the
      phase angle is determined. Referring to the drawing of FIG. 9 a single
      cycle of the intensity modulated neutron cloud at the neutron source
      (solid curve) and at the neutron detector (dashed curve) is illustrated
      schematically. The straight line (labelled N(avg)) represents the average
      neutron population generated. It will be observed that a phase shift .phi.
      between the neutron population at the source and at the detector due to
      the neutron lifetime (or thermal neutron decay time) of the borehole and
      formation materials, exists as previously discussed. If the neutron source
      modulation cycle begins at t.sub.o as shown, and is divided into four
      quadrants as a function of time, these quadrants will end at t.sub.1,
      t.sub.2, t.sub.3, and t.sub.4 and will each be of a duration t.sub.1 -
      t.sub.0 which is dependent on the modulation frequency .omega.. If the
      counts of capture gamma rays occurring at the detector during each of the
      four quadrants of the modulation cycle are labelled C.sub.1, C.sub.2,
      C.sub.3, and C.sub.4, then it may be shown that the tangent of the phase
      angle .phi. is given by:
      ##EQU5##
PAR  Thus, it is possible by determining the counts of gamma rays occurring in
      each of the four quadrants of a cycle of modulation of the fast neutron
      source, to derive the relative phase angle .phi. of the phase coherent
      neutron cloud at the detector with respect to the modulated cloud of
      thermalized neutrons produced by the fast neutron source. The only
      approximation used in making this derivation of the tangent of the phase
      angle is that the slowing down time of the fast neutrons is short with
      respect to the thermal neutron decay time (or neutron lifetime) of the
      earth formations in the vicinity of the well borehole. This is usually an
      excellent approximation.
PAR  Referring now to FIG. 3, the surface data processing signal equipment is
      illustrated in block diagram form. The well logging cable 150 center
      conductor 304 is provided with high voltage for the operation of the
      photomultiplier tube (102 of FIG. 2) by high voltage power supply 305
      which is resistively coupled thereto by resistor 303. The B+ voltage for
      the operation of associated downhole circuits is coupled from B+ power
      supply 383 to the inner coaxial shield of the logging cable 150 in a
      similar manner. The alternating current data signals produced by the
      downhole equipment are extracted via a coupling capacitor 302 and supplied
      as input to a pulse separator 306. It will be recalled that the 16
      kilohertz synchronization pulses are provided as sharp peaked positive
      going voltages on this cable while the data pulses are provided as
      randomly occurring negative sharp peaked pulses. The pulse separator 306
      functions to provide output pulses on two lines with the 16 kilohertz
      synchronization pulses occurring on output line 307 and the randomly
      occurring data pulses on output line 308.
PAR  It will also be recalled that the three different frequency portions of
      modulation of the downhole neutron generator were characterized by the
      three different levels of voltage amplifications which are applied to both
      the synchronization pulses and clock pulses at the downhole tool. This
      results in three different voltage amplitude components which correspond
      to the three different frequency modes of operation being supplied to the
      surface equipment. Thus, the output synchronization pulses on line 307
      occur at three different characteristic voltage levels when output from
      the separator 306. These synchronization pulses are input to three voltage
      level discriminators 309, 310, and 311. Voltage level discriminators 309,
      310 and 311 separate the clock pulses which occur during each period of
      one second duration of the different frequency modulations applied to the
      downhole neutron source on the basis of their amplitudes. Voltage level
      discriminator 309 thus permits only clock pulses occurring during the 400
      Hertz modulation to be output therefrom on line 312. Similarly, 2000 Hertz
      voltage discriminator 310 only permits synchronization or clock pulses to
      be output therefrom on line 313, while 4000 Hertz voltage discriminator
      311 only permits clock pulses to be output therefrom on line 314 during
      the 4000 Hertz modulation.
PAR  Voltage level discriminators 309, 310, and 311 thus provide clock or sync
      pulse output on their respective output lines 312, 313, and 314 only while
      their respective modulation frequency periods are occurring in the
      downhole tool. Considering now the operation of the portion of the
      circuitry which concerns the 400 Hertz intensity modulation of the
      downhole neutron source, the occurrence of the clock or sync pulses on
      line 312 (which is permitted to enter at the beginning of the 400 Hertz
      modulation) is used to set (after a 2.5 millisecond delay provided by a
      delay divide by 40 circuit 380) a flip-flop 315 and to immediately reset a
      second flip-flop 316 in the 4000 Hertz modulation portion of the circuit.
      Similarly, the occurrence of the clock pulses on output line 313 is used
      to set (after a 2.5 millisecond delay provided by delay divide by 40
      circuit 381) a flip-flop 317 and to immediately reset the flip-flop 315.
      This action causes the three channels of the circuit (corresponding to the
      three different frequencies of modulation) to be alternately and singly
      activated for counting purposes as the voltage level on the output lines
      of flip-flop 315, 316 and 317 are used to condition a plurality of AND
      gates and will be described subsequently. The 2.5 millisecond delays
      provided by delay circuits 380, 381 and 382 are included to allow any
      phase shift effects of thermal neutrons from the just completed different
      modulation frequency portion of the operating cycle to die away before
      beginning to make the phase shift determination at the new operating
      frequency. A few counts will be lost in this manner (only about 0.25%) but
      increased accuracy will result. The 2.5 millisecond delay is one full
      period of 400 Hertz modulation, five periods of 2000 Hertz modulation and
      10 periods of 4000 Hertz modulation. These times far exceed the amount of
      phase shift to be measured and will allow effects from the previous
      modulation cycle to dissipate prior to the beginning of measurement.
PAR  Returning now to the consideration of the 400 Hertz modulation processing
      circuitry, the clock pulses occurring on line 312 are supplied as input to
      a countershift register 318 during a 400 Hertz modulation of the downhole
      neutron source. One complete cycle of modulation of the source occurs each
      one four-hundredth of a second (2500 microseconds). The clock pulses at 16
      kilohertz appear once each 62.5 microseconds. Thus, upon the occurrence of
      each ten clock pulses supplied to the counter shift register 318, one
      quadrant of one cycle of modulation of the downhole neutron source occurs.
      Countershift register 318 provides an output voltage level on line 319
      during the first quadrant of one cycle of modulation; it provides an
      output voltage level on line 320 during the second quadrant of such cycle
      of modulation; it provides an output on line 321 during the third quadrant
      of the cycle of modulation; and it provides an output voltage level on
      line 322 during the fourth quadrant of the cycle of modulation. These
      output voltage levels provided successively on lines 319, 320, 321 and 322
      are also used in conditioning the plurality of AND gates associated with
      this circuitry. It should be mentioned here that the counter-shift
      register 318 is also reset by the appearance of the first clock pulse
      appearing on output line 313 from the 2000 Hertz voltage level
      discriminator 310, so that upon completion of one second of the 400 Hertz
      modulation, the first clock pulse appearing on output line 313 clears the
      counter-shift register 318 circuit and enables it to start counting anew
      upon the initialization of the next 400 Hertz modulation portion of the
      operational cycle of the downhole equipment.
PAR  The AND gates 323, 324, 325 and 326 are associated with the 400 Hertz
      channel of the circuit of FIG. 3. These multiple input AND gates require
      the presence of a voltage level on each of their three input leads before
      they will produce a pulse. One input lead of each of AND gates 323, 324,
      325 and 326 is connected to the gamma ray count data input line 308 from
      the pulse separator circuit 306. A second input lead of each of these AND
      gates is connected to the conditioning flip-flop 315 described previously,
      and the third input lead of each of these multiple input AND gates is
      connected to one of the output lines of counter-shift register 318, which
      corresponds to one of the quadrants of a cycle of modulation of the
      downhole neutron source. Thus, during the first quadrant of operation of a
      400 Hertz modulation cycle in the downhole tool (following the 2.5
      millisecond delay), data pulses are permitted only through AND gate 323.
      Similarly, during the second quadrant of a 400 Hertz modulation cycle the
      data pulses are only permitted through AND gate 324 and, similarly, AND
      gates 325 and 326 permit the passage of data pulses occurring only during
      the third quadrant and fourth quadrant respectively of a cycle of 400
      Hertz modulation. Four OR gates 327, 328, 329, and 330 together with a
      pair of up/down counters 331 and 332 are used to form the expressions of
      the numerator and denominator of the fraction of Equation (12) in the
      following manner.
PAR  C.sub.1 counts occurring during the first quadrant of the modulation cycle
      from AND gate 323 are supplied as inputs to OR gates 327 and 329.
      Similarly C.sub.2, second quadrant, outputs from AND gate 324 are supplied
      as inputs to OR gates 328 and 329. C.sub.3 counts occurring during the
      third quadrant of the 400 Hertz modulation cycles are supplied as inputs
      to OR gates 328 and 330. Finally, during the fourth quadrant of
      modulation, C.sub.4 counts are supplied to OR gates 330 and 327. The
      numerator of the fraction of Equation (12) is formed in up/down counter
      331 while the denominator of this expression is formed in up/down counter
      332. Observing the numerator of the fraction of the expression of Equation
      (12) it will be noticed that the expression may be formed by counting up
      during quadrants 1 and 4 in counter 331 and counting down (subtracting)
      during quadrants 2 and 3 in the same counter. Thus, the C.sub.2 and
      C.sub.3 counts are supplied to the down count input terminal of up/down
      counter 331 while the C.sub.1 and C.sub.4 counts are supplied to the
      up/count input terminal in this counter. Thus, at the end of each complete
      cycle of 400 Hertz modulation of the neutron source the up/down counter
      331 contains a digital number representative of the numerator of the
      fraction of the expression of Equation (12).
PAR  Similarly, the expression of the denominator of the fraction of Equation
      (12) is formed during each cycle of modulation in the up/down counter 332.
      Thus during the one-second 400 Hertz modulation period of a given
      operational sequence in the downhole tool, up/down counters 331 and 332
      contain the expressions representing the numerator and denominator of the
      fraction of Equation (12).
PAR  Now concerning the extraction of these digital numbers contained in counter
      331 and 332, the plurality of one shot and delay one shot multivibrators
      333 - 341 is used for this purpose. Upon the occurrence of an output
      voltage level from the flip-flop 315, a voltage is applied on line 342 to
      a delay one shot 336 and to a transfer one shot 333. The occurrence of a
      voltage pulse on one shot 333 causes and X' transfer voltage to be output
      from the one shot which is supplied to quad latch circuits 343 and 344.
      This causes the quad latch circuits 343 and 344 to extract the digital
      number contained in the up/down counters 331 and 332 at that time. The
      presentation of this voltage level on line 342 to the delay one shot 336
      causes the occurrence (at a time one second later) of an output voltage
      from the delay one shot 336 which is input to a one shot multivibrator
      339. Multivibrator 339, in turn, provides an output X voltage for
      resetting the up/down counters 331, 332.
PAR  The result of the X transfer one shot voltage levels and the X' reset
      voltage levels is to cause the output of up/down counters 331 and 332 to
      be extracted at the end of each one second period of 400 Hertz modulation
      of the neutron source and the up/down counters forming the numerator and
      denominator of the fraction of Equation (12) to be reset following each
      one second period of operation at the 400 Hertz frequency of modulation in
      the downhole tool. In a similar manner, one shots 334 and 337 are
      responsive to input voltages on lines 350 and 351 corresponding to the
      occurrence of output clock pulses from flip-flops 317 and 316,
      respectively and cause the extraction into quad latch circuits 352, 353,
      354 and 355 of the numerator and denominator signals accumulated in a
      similar manner in the up/down counters 356, 357, 358 and 359 of the
      circuits corresponding to the 2000 Hertz and 4000 Hertz modulation
      portions of the operative cycle of the downhole tool.
PAR  Returning to consideration of the 400 Hertz modulation channel, the digital
      numbers occurring at the end of the one second periods of modulation in
      the quad latches 343 and 344 are then applied to digital to analog
      converter circuits 360 and 361 which convert these into analog voltage
      levels are applied to an analog ratio circuit 362 which provides an output
      signal equal to the expression -Tan.phi..sub.400 (or tangent phase angle
      at 400 Hertz). In a similar manner, digital to analog converter circuits
      363, 364, 365 and 366 provide output voltage levels corresponding to the
      numerator and denominator of the fractions of the expression of Equation
      (12) for the other two operating frequencies of 2000 Hertz and 4000 Hertz
      modulation. These signals are then supplied as inputs to analog ratio
      circuits 367 and 368 to provide output signals representative of the
      tangent of the phase angle occurring at each of these frequencies of
      modulation. Thus, analog ratio circuits 362, 367 and 368 provide analog
      output voltages representative of the tangent of the phase angle occurring
      at each of the operative modulation frequencies of the downhole neutron
      source. These quantities may be supplied to recording channels in the
      recorder 18 of FIG. 1 for recording as a function of the borehole depth.
      Alternatively they can be supplied to digital computing apparatus, as
      previously discussed, for computing directly the borehole and formation
      components of the thermal neutron lifetime in the manner previously
      described.
PAR  While only the 400 Hertz channel of the data processing circuit of FIG. 3
      has been described in detail, it will be appreciated that the 2000 and
      4000 Hertz channels function in an analogous manner. The only differences
      between these channels occurs in the timing of the four sequential outputs
      of counter shift registers 369 and 370 which occur at times appropriate to
      delineate quadrant counts at each of these modulation frequencies
      appropriately.
PAR  The foregoing descriptions may make other alternative embodiments in
      accordance with the concepts of the present invention apparent to those
      skilled in the art. It is therefore the aim of the appended claims to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for determining the thermal neutron decay time of materials in
      the vicinity of a well borehole comprising the steps of:
PA1  continuously irradiating the earth formations in the vicinity of a well
      borehole with a phase coherent harmonically intensity modulated cloud of
      fast neutrons at first, second and third different modulations
      frequencies;
PA1  detecting as a function of time the intensity modulated thermal neutron
      population resulting from said irradiation at said at least three
      different modulation frequencies;
PA1  determining from said detected thermal neutron populations measured as a
      function of time, the tangents of the relative phase shift angles between
      said fast neutron cloud and said thermal neutron population at each of
      said first, second and third modulation frequencies;
PA1  combining said first and second phase angle tangents to derive a first
      approximation to the thermal neutron decay time of earth formations in the
      vicinity of a well borehole;
PA1  combining said first and third phase angle tangents to derive a second
      approximation to the thermal neutron decay time of earth formations in the
      vicinity of a well borehole; and
PA1  combining said first and second approximations of the thermal neutron decay
      time according to a predetermined relationship to derive a value for the
      true thermal neutron decay time of the earth formations in the vicinity of
      a well borehole.
NUM  2.
PAR  2. The method of claim 1 and further including the step of computing
      according to a predetermined relationship as a function of said true
      thermal neutron decay time of the earth formation in the vicinity of a
      well borehole, the thermal neutron decay time of the borehole fluid in a
      well borehole.
NUM  3.
PAR  3. The method of claim 2 and further including the steps of repeating the
      steps of irradiating, detecting, determining the true thermal neutron
      decay times of the earth formations and borehole fluid at different depths
      in a well borehole and recording as a function of borehole depth the true
      thermal neutron decay time of the earth formations in the vicinity of a
      well borehole and the thermal neutron decay time of the borehole fluid in
      a well borehole.
NUM  4.
PAR  4. The method of claim 1 wherein the step of combining said first and
      second phase angle tangents to derive a first approximation ot the thermal
      neutron decay time of earth formations in the vicinity of a well borehole
      is performed by graphically comparing said phase angle tangents according
      to a first precomputed graphical relationship between said phase angle
      tangents and assuming a value for the thermal neutron decay time of the
      borehole fluid in a well borehole.
NUM  5.
PAR  5. The method of claim 4 wherein the step of combining said first and third
      phase angle tangents to derive a second approximation to the thermal
      neutron decay time of earth formations in the vicinity of a well borehole
      is performed by graphically comparing said phase angle tangents to a
      second precomputed graphical relationship between said phase angle
      tangents and assuming a value for the thermal neutron decay time of the
      borehole fluid in a well borehole.
NUM  6.
PAR  6. The method of claim 5 wherein the assumed value of the thermal neutron
      decay time of the borehole fluid used to develop said first and second
      precomputed graphical relationships is the same for each such graphical
      relationship.
NUM  7.
PAR  7. The method of claim 5 wherein the step of combining said first and
      second approximations to the thermal neutron decay time of the earth
      formations in the vicinity of a well borehole to derive a value for the
      true thermal neutron decay time of such earth formations is performed by
      comparing said first and second approximations to a precomputed graphical
      relationship between said approximate values and assuming a value for the
      thermal neutron decay time of the borehole fluid in a well borehole.
NUM  8.
PAR  8. The method of claim 7 wherein the assumed value for the thermal neutron
      decay time of a borehole fluid is assumed to be less than that for the
      thermal neutron decay time of the earth formation in the vicinity of a
      well borehole.
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PAL  A method for locating water-producing zones and/or water thief zones in a
      subterranean formation penetrated by a well bore comprising the sequential
      steps of:
PA1  A. injecting into said formation an aqueous solution containing from about
      0.01 to 7.5 weight percent of an irradiated water soluble compound, said
      compound having preferential silica adsorptive characteristics;
PA1  B. passing radioactivity detection means through the well bore and
      recording the measurement of radioactivity;
PA1  C. returning the reservoir or injection well to normal production or normal
      water injection;
PA1  D. passing said radioactivity detection means through the well bore and
      recording the measurement of radioactivity of said formation; and,
PA1  E. comparing the measurements of radioactivity to determine water producing
      zones and/or water thief zones.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for detecting and locating
      water-producing zones and/or water thief zones in a subterranean formation
      penetrated by a well bore.  More specifically, the invention is directed
      to a method for detecting and locating such water-producing zones and/or
      water thief zones in subterranean hydrocarbon-containing formations
      employing radioactive injection techniques in combination with radioactive
      well logging techniques wherein the material being injected into the
      formation is an aqueous solution containing an irradiated water soluble
      compound, said compound having preferential silica adsorptive
      characteristics.
PAR  2. Brief Description of the Prior Art
PAR  In the production of hydrocarbon from a subterranean formation one often
      encounters excessive water production resulting from high water producing
      zones in the formation or, when employing secondary recovery techniques,
      water thief zones in the subterranean formation. In order to achieve the
      desirable production of the hydrocarbon from the formation, whether the
      same be primary production or secondary recovery production, one must
      identify and locate the water producing zones and/or water thief zones in
      the formation so that such zones can be remedially treated to
      substantially eliminate excess water production, or water losses.
PAR  In the past, various methods have been proposed such as the use of
      radioactive tracers to follow movement of gas, oil, and water in such
      subterranean formations. Such prior art methods have utilized many
      different materials such as dyes, chemical compounds, helium, carbon
      monoxide, and radioactive isotopes. In addition, many of such prior art
      methods have employed compounds involving expensive equipment, excessive
      shut down procedures and highly specialized equipment. Further, care must
      be exercised to prevent over-contamination of the formation which results
      in long periods of inactivity of the formation. Many of the prior art
      techniques have employed the use of compositions which tend to alter the
      permeability characteristics of the formation. Thus, the oil industry has
      long sought an economical, simple method to detect and locate water
      producing zones and/or water thief zones in subterranean hydrocarbon
      bearing formations.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide a method for detecting
      water producing zones and/or water thief zones in subterranean hydrocarbon
      bearing formations.
PAR  Another object of the invention is to provide an economical, simple method
      for detecting and locating water producing zones and/or water thief zones
      in hydrocarbon bearing subterranean formations which does not suffer from
      the limitations of prior art techniques.
PAR  These and other objects, advantages and features of the present invention
      will be readily apparent to those skilled in the art from reading the
      following detailed description.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention we have now discovered an improved
      method for locating water producing zones and/or water thief zones in
      subterranean hydrocarbon bearing formations. More specifically, we have
      found an improved technique for locating and determining the direction of
      movement of water through a subterranean formation employing the injection
      of water soluble radioactive compounds in conjunction with radioactive
      well logging techniques.
PAR  Specifically, the method for detecting and locating water-producing zones
      and/or water thief zones in a subterranean formation penetrated by a well
      bore includes the sequential steps of
PA1  a. injecting into said formation an aqueous solution containing from about
      0.01 to 7.5 weight percent of an irradiated water soluble compound, said
      compound having preferential silica adsorptive characteristics;
PA1  b. passing said radio activity detection means through the well bore and
      recording the measurement of radioactivity;
PA1  c. returning the reservoir to normal production or the water injection
      wells to normal injection flows, as the case may be;
PA1  d. passing said radioactivity detection means through the well bore and
      recording the measurement of radioactivity of said formation; and,
PA1  e. comparing the measurements of radioactivity to determine water producing
      zones and/or water thief zones.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This invention is based upon the discovery that by injecting an irradiated
      water soluble compound having preferrential silica adsorptive
      characteristics into a subterranean hydrocarbon bearing formation one can,
      by employing radioactive detection means, detect and locate water
      producing zones and/or water thief zones in a subterranean formation. As
      is well known in the production of hydrocarbons, subterranean hydrocarbon
      bearing formations are often intermediate water-containing formations.
      When excessive water is detected in the produced hydrocarbon, one suspects
      that channelling or fracturing has occurred in the formation thereby
      allowing water to move through such defects to the point of production.
      Likewise, when employing secondary recovery techniques where water
      flooding is employed fingering of the formation often leads to an excess
      amount of water in the hydrocarbon production. When one encounters such
      excess water, whether employing primary or secondary hydrocarbon recovery
      techniques, one must determine the source of such water so that the water
      producing formations can be sealed to prevent the production of the excess
      water. Many methods are known in the industry for sealing off and
      repairing such subterranean formations. However, in order to reduce the
      expense and minimize the loss of production time, it is imperative that
      one be readily able to detect and locate the source of such water prior to
      employing the necessary remedial steps.
PAR  When it is determined that excess water is being produced, the production
      of the producing well is stopped. In the case of water injection wells
      when excessive water losses are encountered the injection of such water is
      stopped. A radioactivity detection means is then optionally passed through
      the well bore to record the measurement of radioactivity of the
      radioactive material in the subterranean formation. The logging data
      obtained serves as a base or reference log for comparison with future logs
      made during th investigation to accurately detect and locate
      water-producing zones and/or water thief zones in the subterranean
      hydrocarbon bearing formation. In many instances it is not necessary to
      measure the naturally occurring radioactivity in the formation although in
      some formations it is desirable that the naturally occurring radioactivity
      be measured.
PAR  After the reference or base log has been obtained, an aqueous solution
      containing from about 0.01 to 7.5 weight percent of an irradiated water
      soluble compound, said compound having preferential silica adsorptive
      characteristics, is injected into the formation at predetermined
      locations. It is often desirable that the area under investigation be
      temporarily sealed off so that the section of the well bore containing
      perforated portions can be pressured so that formation pressure is
      overcome and the aqueous solution containing the radioactive compound can
      readily be dispersed into the formation. Any suitable method of sealing
      off the desired portion of the well bore can be employed such as packer
      means which can optionally be a part of the injector employed to inject
      the aqueous solution into the formation.
PAR  Once the aqueous solution containing the irradiated water soluble compound
      has been injected into the formation, and a sufficient amount of time has
      elapsed to insure that the radioactive compound has been dispersed
      throughout the formation, the radioactive detection means is again passed
      through the well bore to record the measurement of radioactivity of the
      solution treated formation. The same type of radioactivity detection mean
      employed to obtain the base log or reference log is also used to record
      the measurement of radioactivity of the solution treated formation to
      facilitate comparison of measurements. When one has employed the use of
      sealing means and a radioactive injector means, it is often desirable that
      such means be removed prior to the employment of the radioactivity
      detection means as stated above.
PAR  After the logging data is obtained the well is returned to normal use for a
      period of time to allow production of the formation, or injection of water
      into the formation when employing a water injection well. The irradiated
      water soluble compounds having the preferential adsorptive characteristics
      for silica which have been deposited on the formation are produced, along
      with water, thereby causing a deterioration of the radioactivity in water
      producing area. The water producing zones or formations can then be
      detected by the use of subsequent logging data obtained on the formation.
      Once the subsequent logging measurement has been obtained by passing a
      radioactivity detection means through the well bore, such data is compared
      with the previously obtained data and the comparative results determine
      the water producing zones and/or water thief zones present in the
      formation.
PAR  As previously stated, an essential aspect of the present invention is the
      injection into the subterranean formation of an aqueous solution
      containing from about 0.01 to 7.5 weight percent of an irradiated water
      soluble compound, said compound having preferential silica adsorptive
      characteristics. Examples of suitable compounds which can be employed and
      which possess these desired characteristics are sodium silicate, water
      soluble polymers, and biopolymers.
PAR  The term water-soluble polymers as used herein is understood to mean
      polyethylene oxide, polyacrylamide, polyacrylicacid, copolymers of
      polyacrylates, and the like.
PAR  The term biopolymer as used herein refers to biopolysaccharides which are
      produced by bacteria of the genus Xanthomonas from carbohydrates, usually
      glucose. This material is described in numerous patents and publications.
      For example, descriptions may be found in U.S. Pat. Nos. 3,729,460 and
      3,516,983, the disclosures of which are made a part of the subject
      disclosure. One suitable biopolymer is B-1459, which is described in
      detail in U.S. Pat. No. 3,373,810, which patent is made a part of this
      disclosure.
PAR  The term "Xanthan gum" is also used to describe the bacterially derived
      polysaccharides which are used in our invention.
PAR  A particularly suitable polysaccharide is commercially available under the
      trade name "Kelzan" from the Kelco Company, San Diego, California. Kelzan
      has the following physical properties:
TBL  Physical State         Dry, white powder                                  
     Moisture Content       12%                                                
     Ash                    10%                                                
     Specific Gravity       1.6                                                
     Bulk Density (1/cu ft) 52.4                                               
     Browning Temperature.degree.C                                             
                            160                                                
     Charring Temperature .degree.C                                            
                            270                                                
     Ashing Temperature .degree.C                                              
                            470                                                
     Heat of Combustion, Cal/g                                                 
                            3.48                                               
     Nitrogen               1.2%                                               
     As a 1% Solution (distilled water:                                        
      Heat of Solution (Cal/g soln                                             
                            0.055                                              
      Refractive Index (20.degree.C)                                           
                            1.3332                                             
      pH                    6.8                                                
      Surface Tension (dynes/cm)                                               
                            75                                                 
      Viscosity (60 rpm Brookfield LVF)                                        
                            850                                                
      Freezing Point .degree.C                                                 
                            0.0                                                
PAR  While any suitable water-soluble compound having preferential silica
      adsorptive characteristics can be employed especially desirable results
      are obtained when such compound is sodium silicate.
PAR  While any suitable radioactive isotope can be employed to radiate such
      water-soluble compounds, the most desirable results are obtained when one
      selects such an isotope based upon its half life, and its requirement to
      emit gamma radiation. Suitable isotopes which can be employed are Iodine
      13, Krypton 85, Carbon 14, Hydrogen 3, Iridium 192 and Zirconium Niobium
      95.
PAR  As previously indicated, the amount of such irradiated water-soluble
      compound employed in the aqueous solution can vary widely. However,
      desirable results have been obtained wherein the irradiated chemical
      compound is present in the amount of 0.05 to 3 weight percent. The
      particular amount employed will vary somewhat depending upon the
      particular type of water-soluble compound employed, a requirement being
      that one must insure that the amount of compound employed in the aqueous
      solution does not substantially alter the permeability characteristics of
      the formation under investigation. For example, when employing
      water-soluble polymers, one employs a solution containing amounts in the
      lower range, e.g. from about 0.05 to about 1 weight percent; whereas, when
      sodium silicate is employed one can readily employ a solution containing
      from about 1 to 3 weight percent of irradiated compound. When sodium
      silicate is employed as a water-soluble compound, especially desirable
      results are obtained when it is irradiated with a radioactive isotope
      selected from the group consisting of Iridium 192, Zirconium-Niobium 95
      and Iodine 131.
PAR  Upon locating and identifying the water-producing zones and/or water thief
      zones in the formation, remedial means known to those skilled in the arts
      are used to repair and seal such defects in the formation and thus stop
      the flow of excess water from the water-producing zones or into the thief
      zones. Once the desired remedial steps have been taken, it is often
      desirable to repeat the steps of the method of the present invention,
      i.e., obtaining measurements of radioactivity present in the formation,
      injecting an aqueous solution containing the water-soluble irradiated
      compound into the formation at substantially the same locations and
      obtaining radio-activity measurements of the solution treated formation so
      that upon comparison of the additional logs one can readily determine if
      the remedial steps taken to eliminate the production of excess water have
      been effective.
PAR  While certain preferred embodiments as to the particular radioactivity
      detection means, the aqueous solution containing the irradiated
      water-soluble compound having preferential adsorptive characteristics for
      silica, and the like are as set forth in the above referred embodiments,
      it should be evident to those skilled in the art that certain
      modifications of the present invention can be made without departing from
      the scope of the invention which is defined in the appended claims.
CLMS
STM  Having thus described the invention, we claim:
NUM  1.
PAR  1. A method for detecting and locating water-producing zones in a
      subterranean formation penetrated by a well bore which comprises:
PA1  a. injecting into said formation an aqueous solution containing from about
      0.01 to 7.5 weight percent of an irradiated water soluble compound
      selected from the group consisting of sodium silicate, water-soluble
      polymers, and polysaccharides produced by bacteria of the genus
      Xanthomonas on carbohydrates, said compound having preferential silica
      adsorptive characteristics;
PA1  b. passing said radioactivity detection means through the well bore and
      recording the measurement of radioactivity;
PA1  c. returning the reservoir to normal production;
PA1  d. passing said radioactivity detection means through the well bore and
      recording the measurement of radioactivity of said formation; and,
PA1  e. comparing the measurements of radioactivity to determine water producing
      zones.
NUM  2.
PAR  2. The method of claim 1 wherein said water-soluble polymers are selected
      from the group consisting of polyethylene oxide, polyacrylamide,
      polyacrylic acid and copolymers of polyacrylates.
NUM  3.
PAR  3. The method of claim 2 wherein said irradiated compound is produced by
      irradiating said water-soluble compound with a radioactive isotope
      selected from the group consisting of Iodine 131, Krypton 85, Carbon 14,
      Hydrogen 3, Iridium 192 and Zirconium-Niobium 95.
NUM  4.
PAR  4. The method of claim 2 wherein said aqueous solution contains from about
      0.05 to 3 weight percent of said irradiated chemical compound.
NUM  5.
PAR  5. The method of claim 4 wherein said water-soluble compound is sodium
      silicate and is present in an amount of from about 1 to 3 weight percent
      and said sodium silicate is irradiated with a radioactive isotope selected
      from the Group consisting of Iridium 192, Zirconium - Niobium 95 and
      Iodine 131.
NUM  6.
PAR  6. The method of claim 1 wherein a radioactivity detection means is passed
      through said well bore to measure the radioactivity in said formation
      prior to injecting said aqueous solution of (a).
NUM  7.
PAR  7. A method for detecting and locating injection water thief zones in a
      subterranean formation penetrated by a well bore of an injection which
      comprises:
PA1  a. injecting into said formation an aqueous solution containing from about
      0.01 to 7.5 weight percent of an irradiated water soluble compound
      selected from the group consisting of sodium silicate, water-soluble
      polymers, and polysaccharides produced by bacteria of the genus
      Xanthomonas on carbohydrates, said compound having preferential silica
      adsorptive characteristics;
PA1  b. passing said radioactivity detection means through the well bore and
      recording the measurement of radioactivity;
PA1  c. returning the injection well to normal water injection;
PA1  d. passing said radioactivity detection means through the well bore and
      recording the measurement of radioactivity of said formation; and,
PA1  e. comparing the measurements of radioactivity to determine injection water
      thief zones.
NUM  8.
PAR  8. The method of claim 7 wherein said water-soluble polymers are selected
      from the group consisting of polyethylene oxide, polyacrylamide,
      polyacrylic acid and copolymers of polyacrylates.
NUM  9.
PAR  9. The method of claim 8 wherein said irradiated compound is produced by
      irradiating said water-soluble compound with a radioactive isotope
      selected from the group consisting of Iodine 131, Krypton 85, Carbon 14,
      Hydrogen 3, Iridium 192 and Zirconium-Niobium 95.
NUM  10.
PAR  10. The method of claim 7 wherein said aqueous solution contains from about
      0.05 to 3 weight percent of said irradiated chemical compound.
NUM  11.
PAR  11. The method of claim 9 wherein said water-soluble compound is sodium
      silicate and is present in an amount of from about 1 to 3 weight percent
      and said sodium silicate is irradiated with a radioactive isotope selected
      from the group consisting of Iridium 192, Zirconium-Niobium 95 and Iodine
      131.
NUM  12.
PAR  12. The method of claim 7 wherein a radioactivity detection means is passed
      through said well bore to measure the radioactivity in said formation
      prior to injecting said aqueous solution of (a).
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ABST
PAL  Methods are disclosed for measuring simultaneously the thermal neutron
      lifetime of the borehole fluid and earth formations in the vicinity of a
      well borehole. A harmonically intensity modulated source of fast neutrons
      is used to irradiate the earth formations with fast neutrons at three
      different intensity modulation frequencies. Intensity modulated clouds of
      thermal neutrons at each of the three modulation frequencies are detected
      by a single spaced detector and the relative phase shift of the thermal
      neutrons with respect to the fast neutrons is determined at each of the
      three modulation frequencies. These measurements are then combined to
      determine simultaneously the thermal neutron decay time of the borehole
      fluid and the surrounding earth formation media.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to in situ measurements of earth formations
      traversed by a well borehole. In particular the invention relates to the
      measurement of the thermal neutron lifetime or thermal neutron decay time
      of earth formations in the vicinity of a well bore.
PAR  The techniques used in the present invention include the generation as a
      function of time of a phase coherent intensity modulated cloud of fast
      neutrons in a well bore which results in the creation of a phase coherent
      thermal neutron cloud being produced as the fast neutrons are slowed to
      thermal energy by the materials in the vicinity of the well bore.
      Measurements of the relative phase of the thermal neutron cloud population
      density with respect to the fast neutron cloud generated lead to the
      determination of parameters relating to the thermal neutron decay time or
      neutron lifetime of the formations in the vicinity of the well bore and
      the borehole fluid itself.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  At the present time there are two principle techniques used for measuring,
      in situ, the thermal neutron decay time or thermal neutron lifetime of
      earth formation in the vicinity of well borehole. These neutron lifetime
      measurements have proven to be particularly valuable in evaluating earth
      formations in cased well boreholes. In both of these techniques a logging
      instrument which traverses the well bore uses a pulsed source of high
      energy or fast (14 MEV) neutrons.
PAR  In the first of these measurement techniques the neutron source is
      repetitively pulsed. For each fast neutron pulse, a cloud of fast neutrons
      is injected in a generally spherically symmetric fashion about the source
      to the surrounding earth formations. The fast neutron cloud passes from
      the well tool through the drilling mud, well bore casing, and cement
      between the casing and earth formations surrounding the well bore. Each
      such pulse of fast neutrons has approximately a constant intensity and
      lasts typically for a time duration of from 20 to 30 microseconds. This
      time lapse is generally adequate to create a thermalized (or low energy)
      neutron population in the earth formations and borehole. The number of
      thermal neutrons comprising this cloud or population then decays
      exponentially due to the capture of the thermalized neutrons by formation
      and borehole elemental nuclei.
PAR  After an initial time period, (about 300 microseconds) during which
      resultant gamma ray effects in the borehole, mud, and casing are
      substantially dissipated, measurements of the number of thermalized
      neutrons in the vicinity of the well tool are made during two successive
      time intervals and can be used to define an exponential decay curve for
      the thermal neutron population either in the borehole or the earth
      formation surrounding the borehole. Which of these two thermal neutron
      decay characteristics is being measured is not known with certainty due to
      the fact that the assumption is made in this measurement technique that
      the borehole thermal neutron decay time is substantially shorter and hence
      dies out quicker than that of the surrounding earth formations. This
      assumption that the borehole component of thermal neutron decay time (or
      thermal neutron lifetime) is generally shorter than the formation thermal
      neutron decay time or thermal neutron lifetime usually occurs where
      drilling fluids having a high chlorine content (or salt water content) are
      encountered. However, in boreholes containing air, gas, fresh water or oil
      this relationship does not always hold. One striking advantage of the
      present invention over this prior art thermal neutron lifetime measuring
      technique is that no assumption is made as to the relative thermal neutron
      decay characteristic of the borehole fluid or with respect to that of the
      formations surrounding the borehole. Accordingly, the present invention
      overcomes the aforementioned limitation of the prior art.
PAR  Measurements of the number of thermalized neutrons in the vicinity of the
      well tool during the successive time intervals following the initial time
      lapse to allow for die away of borehole effects can be used to define an
      exponential decay curve for the thermal neutron population of the earth
      formations in the vicinity of the borehole.
PAR  These two time intervals or time gates, for example, can be fixed between
      400-600 microseconds following the neutron burst, and between 700-900
      microseconds following the neutron burst in typical earth formations, and
      under borehole conditions wherein a saline fluid or high chlorine content
      salt is present in the borehole fluid.
PAR  If neutron diffusion effects are ignored, the relationship for the decay of
      a thermal neutron population in a homogenous medium having a thermal
      neutron macroscopic capture cross-section can be expressed as:
EQU  N.sub.2 = N.sub.1 e.sup.-.sup..epsilon..sup.vt             ( 1)
PAL  wherein N.sub.1 is the number of thermal neutrons at a first point in time,
      t.sub.1 ; N.sub.2 is the number of thermal neutron at a later point in
      time, t.sub.2 ; e is the Naperian logarithm base; t is the time between
      two measurements (t.sub.2 -t.sub.1); and v is the velocity of the thermal
      neutrons. The macroscopic thermal neutron capture cross section .epsilon.
      of a reservoir rock (which can be obtained from Equation (1) is dependent
      upon its porosity, the formation water salinity, and the quantity and type
      of petroleum contained in the pore spaces therein and thus is a valuable
      measurement to obtain.
PAR  When neutrons from the high energy neutron source interact with the
      materials in a well bore and with surrounding earth formations, they are
      slowed down and lose energy. A primary agent for slowing down neutrons is
      hydrogen which is relatively available in water and hydrocarbon. After the
      fast neutrons have been slowed they are captured by formation nuclei
      (primarily by chlorine) and, in general, will generate characteristic
      capture gamma rays before returning to a stable state. It is the capture
      gamma rays which are detected during the two different time intervals of
      this system of measuring thermal neutron decay time. The number of such
      gamma rays detected is proportional to the thermal neutron population in
      the vicinity of the well tool. Alternatively, thermal neutrons themselves
      can be detected during these intervals by the use of helium 3 or boron
      trifluoride detectors if desired. Thus, by means of the two fixed time
      gating measurements the thermal neutron macroscopic capture cross section
      .epsilon., can be determined.
PAR  A second prior art technique for measuring thermal neutron decay time or
      thermal neutron lifetime uses the reciprocal of the macroscopic thermal
      neutron capture cross section .epsilon. which is defined in terms of .tau.
      (the time constant for absorption of the thermal neutrons). A relationship
      analogous to Equation (1), but defined in terms of .tau. is given by:
EQU  N = N.sub.o e.sup.-.sup.t/.sup..tau.                       ( 2)
PAL  where .tau. =  1/v.epsilon.
PAR  Here N is thermal neutron density at any time t; N.sub.o is the thermal
      neutron density at an initial time t.sub.o ; e is the Naperian constant;
      .tau. is the time required for the thermal neutron population to decay to
      1/e of its value at t.sub.o.
PAR  In measuring the thermal neutron decay time using this second prior art
      technique, the logging equipment obtains counts of capture gamma rays
      during two successive time intervals following the generation of the
      thermal neutron cloud in the vicinity of the well borehole to define the
      exponential decay curve. In this technique, however, the two time
      intervals of the measurement are defined as a function of the .tau.
      actually measured during a previous measurement cycle. The value of .tau.
      previously measured is used to establish the neutron burst duration for
      the generation of the fast neutrons; the waiting interval to the opening
      to the first time gate, the duration of the first time gate, the duration
      of the time between the time gates and the duration of the second time
      gate. All of these times are related to .tau., as previously measured.
      This technique is commonly referred to in the art as the "sliding gate"
      technique.
PAR  Both of the foregoing systems of measurement have been successfully used to
      measure the decay time or lifetime of thermal neutrons as long as the
      borehole component of thermal neutron population dies away substantially
      faster than the formation component of the thermal neutron population in
      the vicinity of the borehole. Both of these techniques utilize a neutron
      burst of substantially constant intensity (a square wave neutron pulse).
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In the present invention a well logging tool is moved through the borehole
      and includes an intensity modulated fast neutron source and a gamma ray
      detector (or, alternatively, a thermal neutron detector). A single such
      detector is used. The neutron source generates a generally harmonically
      varying population of fast neutrons as a function of time. These neutrons
      are introduced into the media surrounding the well borehole and result in
      a thermal neutron population being generated from the slowing down of the
      fast neutrons in the media and borehole itself. This cloud of thermalized
      neutrons itself comprises a phase coherent intensity varying neutron
      population whose presence is detected as a function of time by the thermal
      neutron or gamma ray detector. The fast neutron source is harmonically or
      sinusoidally modulated at a plurality of frequencies. The relative phase
      angle of the phase coherent thermal neutron population which is generated
      at each of the modulation frequencies is detected by the detector. This
      phase angle information contains components due to the effect of the
      borehole fluid and the media surrounding the borehole. By appropriately
      combining these measurements made at the plurality of different modulation
      frequencies according to predetermined relationships, the thermal neutron
      lifetime (or thermal neutron decay time) of the borehole fluid and the
      media surrounding the well bore may be determined.
PAR  In practice, the measurements of the relative phase angles at each of the
      modulation frequencies are made by combining counts from the detector in a
      particular manner to derive the value of the tangent of the phase angle.
      From this tangent information the formation thermal neutron decay time
      .tau. or the corresponding thermal neutron macroscopic capture cross
      section value .epsilon. can be established.
PAR  Novel electronic systems are provided in the downhole tool and at the
      surface for producing a sequence of different frequency intensity
      modulated fast neutron clouds operating at least at three different
      frequencies of operation. Synchronization (or sync) pulses are also
      generated and these provide a means for separating the counts of gamma
      rays representative of thermal neutrons during the portion of a
      measurement cycle corresponding to measurements made at each of the
      different frequencies of intensity modulation of the neutron source. At
      the earth's surface the signals from the downhole tool are separated and
      counts are made as a function of time of the thermal neutron population in
      the vicinity of the tool at each of the three frequencies. These counts
      are used to determine the tangents of the relative phase angles between
      the thermal neutron populations and the source of fast neutrons at each of
      the frequencies. A recorder is provided for making a record of these
      measurements as a function of the borehole depth of the well tool.
      Moreover, the invention includes techniques for determining the value of
      the thermal neutron decay time .tau. and/or the macroscopic thermal
      neutron capture cross section .epsilon. of both the media surrounding the
      borehole and the borehole fluid.
PAR  The invention is best understood by reference to the following detailed
      description thereof, when taken in conjunction with the accompanying
      drawings in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall block diagram illustrating schematically the apparatus
      of the invention in a well borehole.
PAR  FIG. 2 is a circuit diagram showing the downhole portion of the system of
      the invention.
PAR  FIG. 3 is a circuit diagram showing the surface portion of the system of
      the invention.
PAR  FIGS. 4 and 4a are graphical representations showing the relationship
      between the phase angle tangents at two different modulation frequencies.
PAR  FIGS. 5 and 5a are graphical representations showing the relationship
      between the phase angle tangents at two different modulation frequencies.
PAR  FIG. 6 is a graphical representation showing the relationship between
      thermal neutron lifetime measured by phase angles measured at two
      different pairs of frequencies of modulation.
PAR  FIG. 7 is a schematic illustration of the waveform of signals sent to the
      surface from the downhole tool in the invention; and
PAR  FIG. 8 is a schematic illustration showing the measurement cycle or
      sequence of neutron outputs at three different frequencies of intensity
      modulation of the neutron source.
PAR  FIG. 9 is a graphical illustration showing the counting periods used to
      determine the relative phase shifts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention contemplates making measurements of the intensity
      phase shift of a phase coherent thermal neutron population cloud with
      respect to the intensity modulated fast neutron population generated by a
      neutron source at three different intensity modulation frequencies. By
      appropriately combining the measurements of the phase shift at each of the
      frequencies the thermal neutron lifetime (or decay time) of both the
      borehole component of the neutron flux and the formation component of the
      neutron flux may be determined.
PAR  Referring initially to FIG. 1, a system in accordance with the concepts of
      the invention is illustrated schematically. A well borehole 10 traverses
      earth formations 11, and is lined with a tubular casing 12, which is
      cemented in place by cement layer 13. Suspended in the borehole 10 is a
      well logging sonde 14 which is suspended therein by an armored well
      logging cable 15. The cable 15 passes over a sheave wheel 16 which is
      electrically or mechanically linked (as indicated by the dotted line 17)
      to a recorder 18 of the type conventionally used in well logging. The
      record medium 19 of the recorder 18 may thus be driven as a function of
      the borehole depth of the well logging tool. The borehole 10 is filled
      with a fluid 20 which may be either a salt (saline) solution or fresh
      water or oil. The present invention works equally well in salt or fresh
      water environments which is an advantage over prior art thermal neutron
      lifetime or decay time measuring systems which did not perform well in
      fresh water or oil filled boreholes.
PAR  The well logging sonde 14 used with the present invention contains a
      neutron generator 21, circuitry for driving the neutron generator 22, and
      a gamma ray detector 23. Appropriate circuitry 24 for controlling the
      neutron generator 21 and for amplifying signals from the detector 23 is
      also provided. A surface power supply 28 provides operative power for the
      downhole systems via the conductors of the well logging cable 15. Signals
      from the downhole tool are processed by surface data processing circuits
      25 which will be described in more detail subsequently. Output signals
      from the data processing circuits 25 are supplied to the recorder 18 whose
      record medium 19 is driven as a function of depth as previously mentioned.
PAR  The gamma ray detector 23 may be a thallium doped sodium or cesium iodide
      crystal which is optically coupled to a photomultiplier tube. A control
      electronic section 24 provides signals, as will be subsequently described
      in more detail, to operate the neutron generator 21 and the
      photomultiplier and detector 23. Radiation detected by the detector 23 is
      presented for transmission to the surface as sharply peaked positive
      voltage pulses which will be described in more detail subsequently. These
      pulses are presented to the cable 15 conductors for transmission to the
      surface. Similarly, large amplitude sharp peaked synchronization (negative
      voltage) pulses are also supplied, as will be described in more detail
      subsequently, for transmission to the surface, on cable 15 conductors.
PAR  The neutron generator 21 is preferably of the deuterium-tritium accelerator
      type as known in the art. This type of neutron source accelerates
      deuterium ions onto a target material which is impregnated with tritium.
      The deuterium ions are supplied from a replenisher which comprises a
      material impregnated with deuterium which is boiled off by heating. The
      deuterium atoms thus provided are then supplied to an ion source
      comprising a region of the tube in which electric fields are provided to
      ionize the atomic deuterium from the replenisher and to focus the positive
      ions into a beam suitable for acceleration onto the target material. The
      target material is generally kept at a high negative potential. The ion
      source is provided with an electrode structure analogous to that of a
      conventional triode vacuum tube and having an element analogous to the
      control grid of such a tube. By applying a time varying voltage to this
      control grid element the resultant intensity of neutron output of the
      accelerator tube may be modulated as a function of time. In this manner a
      harmonically or sinusoidally alternating intensity neutron output may be
      produced. For a more detailed description of the methods employed to
      produce an intensity modulated fast neutron flux as a function of time,
      reference may be had to the paper entitled "The Generation of Neutron
      Pulses and Modulated Neutrons Fluxes with Sealed Off Neutron Tubes" by C.
      W. Elenga and O. Reifenscheweiler, published in the Proceedings of the
      Symposium on Pulsed Neutron Research, Vol. II, pages 609-622, 10th-14th of
      May, 1965, published by the International Atomic Energy Agency of Vienna,
      Austria. This paper describes in detail techniques which may be utilized
      to provide a smoothly modulated neutron flux from a tube of the
      deuterium-tritium accelerator type as a function of time. Other wave
      shapes than purely harmonic or sinusoidal modulation may be produced also
      using these techniques.
PAR  For a clearer understanding of the present invention it will be helpful to
      consider first an explanation of its underlying principles. In this
      explanation certain simplifying assumptions are made for ease of analysis.
      For example, it is assumed that a spatially distributed source of thermal
      neutrons (or a thermal neutron cloud) is created in the earth formations
      by the action of the high energy neutron source. Also, it is assumed that
      the slowing down time T.sub.AS for the fast neutrons produced by the
      deuterium-tritium source is considerably shorter than the thermal neutron
      decay time T.sub.a. This assumption is valid, for example, in high
      porosity fluid saturated sands such as those of interest in oil well
      logging.
PAR  In general in thermal neutron lifetime well logging it is assumed (and also
      generally experienced) that the thermal neutron population as measured by
      a detector in the well bore decays with time after a neutron burst or
      pulse according to the following mathematical expression:
EQU  n(t) = Ae.sup.-.sup..alpha..sup.t + Be.sup.-.sup..beta..sup.t (3)
PAL  In Equation (3), n(t) is the neutron population as measured by the
      detector, Ae.sup.-.sup..alpha..sup.t is the neutron population of the
      formation component as measured by the detector, and
      Be.sup.-.sup..beta..sup.t is the neutron population of the borehole
      environment component as measured by the detector. The constants A and B
      are the initial thermal neutron densities at time t = O in the earth
      formation (A) and the borehole (B) respectively. The constants .alpha. and
      .beta. are the thermal neutron decay constants of the earth formation
      (.alpha.) and the borehole (.beta.), respectively.
PAR  In making measurements of the thermal neutron population as a function of
      time it will be recognized by those skilled in the art that the detector
      23 of FIG. 1 could be either a thermal neutron detector (such as a helium
      3 or boron trifluoride detector) or could be gamma ray detector such as a
      sodium or cesium iodide thallium activated crystal. If a thermal neutron
      detector, such as the helium 3 or boron trifluoride detectors are used,
      then the thermal neutrons are measured directly. If a sodium iodide
      thallium activated crystal detector is used, then gamma rays resulting
      from the capture of thermal neutrons are detected. This provides an
      indirect, but proportional, measurement of the number of thermal neutrons
      present. In either event the thermal neutron population may be determined
      as a function of time by counting the number of electrical pulses produced
      by the detector.
PAR  Equation (3) may be Fourier transformed from the time domain into the
      frequency domain and may be rewritten in the frequency domain as:
      ##EQU1##
      In Equation (4), N(.omega.) is the neutron population in the frequency
      (.omega.) domain. The other symbols A, B, .alpha. and .beta. are as
      previously defined.
PAR  Irradiating the earth formation and the borehole environment with a phase
      coherent souce of fast neutrons which is modulated harmonically at an
      angular frequency (.omega.), the resulting cloud of thermal neutrons
      (and/or capture gamma rays as measured by a thermal neutron or gamma ray
      detector) is also phase coherent and harmonically modulated, but with a
      phase lag .phi. relative to the neutron source. The phase lag .phi. is a
      function of the excitation frequency .omega., the decay constants .alpha.
      and .beta. of the earth formation and the borehole environment,
      respectively. It may be shown that the tangent of the phase angle is given
      by the following expression:
      ##EQU2##
      where the symbols A, B, .alpha., .beta., .omega. and .phi. are as
      previously defined.
PAR  Equation (5) may be simplified by making the substitutions B/A = R, and Tan
      .phi./.omega. = X resulting in:
      ##EQU3##
PAR  Equation (6) contains the three unknown parameters required to determine
      the earth formation thermal neutron decay constant .alpha. (the reciprocal
      of the thermal neutron decay time), the borehole thermal decay constant
      .beta., and the ratio of amplitudes of formation and borehole thermal
      neutron components R. The variable .alpha. is the most desirable one of
      these parameters to obtain knowledge of. It is an indication (i.e., the
      reciprocal) of the formation thermal neutron decay time which, as has been
      previously discussed, is very important in determining the possible
      hydrocarbon content and water saturation of earth formations in the
      vicinity of a well bore. Since Equation (6) contains three unknowns R,
      .alpha., and .beta., at least three independent equations are needed to
      determine these three unknowns. The three independent equations for
      determining the three unknowns R, .alpha., and .beta. may be obtained by
      independently measuring the phase shift at three different modulation
      frequencies .omega..sub.1, .omega..sub.2 and .omega..sub.3. Assuming that
      relative phase angle measurements are made at three different modulation
      frequencies .omega..sub.1, .omega..sub.2 and .omega..sub.3, three
      equations of the form of Equation (6) are obtained. Combining two of these
      equations, the unknown variable R may be eliminated resulting in:
      ##EQU4##
      where X.sub.1 = Tan .phi..sub.1 /.omega..sub.1 and X.sub.2 = Tan
      .phi..sub.2 /.omega..sub.2.
PAR  Equation (7) may be rewritten in the following form as a cubic equation in
      the unknown .alpha. (earth formation thermal neutron decay constant).
EQU  a.sub.3 .alpha..sup.3 + a.sub.2 .alpha..sup.2 + a.sub.1 .alpha. + a.sub.o =
      0                                                         (8)
PAR  In Equation (8) the coefficients a.sub.i are functions of .beta., X.sub.1,
      X.sub.2, .omega..sub.1 and .omega..sub.2 which are given by the following
      set of equations:
EQU  a.sub.3 = .beta..sup.2 (x.sub.2 - x.sub.1)+.beta.(.omega..sub.2.sup.2
      -.omega..sub.1.sup.2)x.sub.1 x.sub.2 +(.omega..sub.2.sup.2 x.sub.2
      -.omega..sub.1.sup.2 x.sub.1)
EQU  a.sub.2 = .beta..sup.3 (x.sub.1 -x.sub.2)+.beta.(.omega..sub.2.sup.2
      x.sub.1 -.omega..sub.1.sup.2 x.sub.2)+(.omega..sub.2.sup.2
      -.omega..sub.1.sup.2)
EQU  a.sub.1 = .beta..sup.3 (.omega..sub.1.sup.2 -.omega..sub.2.sup.2)x.sub.1
      x.sub.2 +.beta..sup.2 (.omega..sub.1.sup.2 x.sub.2 -.omega..sub.2.sup.2
      x.sub.1)+(x.sub.2 -x.sub.1).omega..sub.1.sup.2 .omega..sub.2.sup.2
EQU  a.sub.o = .beta..sup.3 (.omega..sub.1.sup.2 x.sub.1 -.omega..sub.2.sup.2
      x.sub.2)+.beta..sup.2 (.omega..sub.1.sup.2
      -.omega..sub.2.sup.2)+.beta.(x.sub.1 -x.sub.2).omega..sub.1.sup.2
      .omega..sub.2.sup.2
PAL  Similarly measurements may be made at frequencies .omega..sub.1 and
      .omega..sub.3 and combined in Equation (7) yields:
EQU  b.sub.3 .alpha..sup.3 + b.sub.2 .alpha..sup.2 + b.sub.1 .alpha. + b.sub.o =
      0                                                         (10)
PAL  Here the b.sub.i are functions of .beta., X.sub.1, x.sub.3, .omega..sub.1,
      and .omega..sub.3 similar to the expressions given in Equations (9) but
      substituting X.sub.3 for X.sub.2, and .omega..sub.3 for .omega..sub.2 in
      Equations (9). Equation (10) may also be written in another form as
      Equation (11):
EQU  c.sub.3 .beta..sup.3 + c.sub.2 .beta..sup.2 + c.sub.1 .beta. + c.sub.o = 0
      (11)
PAL  where the c.sub.i are functions of .alpha., X.sub.1, X.sub.3, .omega..sub.1
      and .omega..sub.3. Equations (8) and (11) represent two independent
      equations with .beta. and .alpha. as the unknowns. These equations may be
      solvent for .alpha. and .beta., the quantities of interest, by using
      graphical techniques to be described.
PAR  The three different frequencies of intensity modulation of the neutron
      source chosen for use in the present invention are 400 Hertz, 2000 Hertz,
      and 4000 Hertz. It will be appreciated by those skilled in the art that
      frequencies other than these may be used if desired without compromising
      the inventive concepts. However, these frequencies are suitable for the
      purposes of this description. Referring now to FIG. 5, a family of curves
      is shown which plots -Tan.phi..sub.4000 versus -Tan.phi..sub.4000 for
      various values of R and with .beta. = 50 microseconds (here .beta. =
      1/.beta.). These values were calculated from Equation (5) using neutron
      source modulation frequencies (f = .omega./2.pi.) 400 and 4000 Hertz,
      respectively. FIG. 5a is an expansion of the region of FIG. 5 near the
      origin in which .beta. is greater than or equal to .alpha. (here .alpha. =
      1/.alpha.1/.alpha.).
PAR  FIG. 4 similarly is a second family of curves where -Tan.phi..sub.400 is
      plotted against -Tan.phi..sub.2000 for various values of R and .alpha.
      with .beta. = 50 microseconds. Again, these values were computed from
      Equation (5) at the respective frequencies. FIG. 5a is an expansion of the
      curves of FIG. 5 in the vicinity near the origin where .beta. is greater
      than or equal to .alpha..
PAR  If we assume for the present that the borehole has .beta. = 50
      microseconds, then by measuring -Tan.phi. at two frequencies the .alpha.
      (true) (true decay time of the formation) may be determined by comparing
      the measurements of these values of -Tan.phi. at the two frequencies and
      using either the graphical representation of FIGS. 4 or 6 for this
      purpose. Similarly, if the borehole component decay time .beta. is known,
      then figures similar to either FIGS. 4 or 5 could be used to measure this
      .alpha. (true) of the formation by using these graphical representations
      at whichever pair of frequencies is desired (i.e., 400-2000 or 400-4000).
PAR  However, in field operations .beta. is in general not known and can even
      vary within a given well depending upon the condition of the borehole
      fluid, the borehole diameter, the cement thickness or casing size. In this
      more realistic situation it is necessary to utilize three frequency
      measurements. In this case both .alpha. (true) and .beta. (true) may be
      determined in the following manner. First, the charts of FIGS. 4 and 5 are
      utilized to determine an apparent .alpha., from each of the two pairs of
      different frequency phase angle determinations (i.e., the .alpha. apparent
      from the 400-2000 Hertz combination, and the .alpha. apparent with the
      400-4000 Hertz modulation frequencies). Then the spine and ribs plot of
      FIG. 6 is utilized. In FIG. 6 the value of .alpha. apparent at each of
      these frequency combinations is plotted. The .alpha. (true) is then
      determined from the location of the point on the graphical representation
      of FIG. 6 which provides a unique solution for .alpha. (true) regardless
      of the value of R and .beta.. Once the .alpha.(true) value is determined
      in this fashion, .beta. may be obtained by substituting the .alpha. (true)
      value back into Equation (7) and solving this equation for .beta..
PAR  The use of this graphical technique for determining .alpha. and .beta. can
      be more readily understood by an illustration of a hypothetical example.
      Assume that the following values of the phase shift at the three
      frequencies have been measured -Tan.sub.400 = 1.565, -Tan.sub.4000 =
      1.712, and -Tan.sub.4000 = 1.410. These data points have been plotted in
      FIGS. 4, 5 and 6 as illustrated (labelled "EXAMPLE" therein). It may be
      seen that these values for the phase shift angles indicate .alpha. (true)
      value of 275 microseconds. This value is substituted in Equation (7)
      yielding .beta. = 50 microseconds. The value of .alpha. (true) may be
      checked by computing -Tan.sub.4000 and -Tan.sub.2000 using Equation (5)
      with .beta. = 50 microseconds, and setting R = 1.6. Comparing the
      calculated -Tan.phi. values therefrom with the corresponding hypothetical
      values which were given in the example shows that the above-described
      measurement procedure is self-consistent and yields a unique solution for
      the .alpha. (true) of the formation.
PAR  While the above description of the solution of the foregoing equations for
      the true formation decay time, .alpha. (true) have been expressed in terms
      of graphical solutions performed by use of the graphs of FIGS. 4, 5 and 6,
      it will be appreciated by those skilled in the art that these graphical
      representations could be utilized within a properly programmed digital
      computer located either at the well site in which the measurements are
      made, or in a remote location, if desired. A small general purpose digital
      computer such as the model PDP-11 made by the Digital Equipment
      Corporation of Cambridge, Massachusetts could be suitable for this
      purpose. The graphical representations corresponding to FIGS. 4, 5, and 6
      may be entered in the memory of such a digital computer in the form of
      tables. Appropriate interpolation techniques may be utilized to reach the
      combination of graphical solutions just described with respect to FIGS. 4,
      5 and 6. Thus, it is seen if a well logging tool which can measure the
      values of the tangent of the phase shift .phi. at each of three chosen
      frequencies of intensity modulation of the neutron source is provided,
      that these measurements of the phase angle tangent values may then be
      appropriately combined to derive the true formation and borehole thermal
      neutron decay time parameters of interest. It is, of course, well known in
      the art that once the true formation and borehole thermal neutron decay
      time parameters are known, then appropriate techniques which are known in
      the art may be applied to derive the formation water saturation (and hence
      the oil saturation of the formation, providing the porosity is known from
      another source).
PAR  Referring now to FIGS. 2 and 3 the well logging system shown systematically
      in FIG. 1 is illustrated in more detail. Considering first the circuitry
      of the downhole portion of the system in FIG. 2, it will be seen that a
      gamma ray detector comprising a thallium doped sodium iodide crystal 101
      is optically coupled to a photomultiplier tube 102 which produces
      electrical pulses proportional in height to the energy of the gamma ray
      impinging upon the sodium iodide crystal 101. The electrical pulse signals
      from the photomultiplier tube 102 are amplified by a preamplifier 103 and
      supplied therefrom to a pulse height discriminator 104. Discriminator 104
      is used to discriminate against relatively low energy background gamma
      radiation and has an adjustable discriminator level as indicated by
      potentiometer 105. This level is usually set at about 0.5 MEV, so that
      gamma rays resulting from naturally occurring background radiation may be
      discriminated against. The output data pulses from the pulse height
      discriminator 104 are supplied via line 106 to three AND gates 107, 108,
      and 109 whose conditioning will be described in more detail subsequently.
PAR  The transmission of the data pulses to the surface is controlled in
      synchronization with the operation of the neutron generator tube 110 of
      FIG. 2. A 16 kilohertz oscillator driver 111 is utilized to generate
      timing pulses. The 16 kilohertz output pulses from the oscillator 111 are
      supplied on a line 112 as inputs to a divide by 16,000 divider circuit
      113, to a divide by 4 divider circuit 114, to a divide by 8 divider
      circuit 115, and to a divide by 40 divider circuit 116. As the frequency
      of the 16 kilohertz oscillator is divided by 16,000 in the divider circuit
      113, output pulses are produced by the divider 113 which occur once each
      second during the operation of the system. The once per second output
      pulses are provided from divider 113 on line 117 and are used to trigger
      (via an amplifier 118) the reset of divider circuits 114, 115, and 116
      once each second.
PAR  The once per second output pulses from the divider 113 are also supplied by
      to a divide by 3 one shot multivibrator 158 which has multiple outputs
      comprising lines 119, 120, and 121. Divide by 3 one shot circuit 158
      functions, upon the receipt of a pulse on its input line 117, to produce a
      voltage level output on line 119 for a one second duration beginning upon
      receipt of the first such pulse on its input line 117. Upon receipt of its
      second input pulse on line 117 (at the end of one second of operation) the
      output voltage level is removed from line 119 and applied to line 120.
      Similarly at the end of the second one second of operation, the third
      input pulse is received on input lead 117, divide by 3 one shot 158
      produces an output voltage level of one second duration on line 121. Upon
      receipt of the fourth one second input pulse on line 117 the output
      voltage level is removed from line 121 and restored to line 119. Thus, the
      divide by 3 one shot 158 provides successive conditioning voltage levels
      on output lines 119, 120, and 121 which are used to condition successively
      three AND gates 122, 123, and 124.
PAR  Considering now the generation of a 400 Hertz sine wave modulation which is
      to be applied to the neutron generator 110, this is accomplished in the
      following manner. Input pulses on line 112 to divide by 40 multivibrator
      116, which it will be recalled is reset at the beginning of each second by
      output pulses from divide by 16,000 circuit 113, produces a 400 Hertz
      square wave output on output line 125. This signal is supplied as one
      input to AND gate 122, during the first second of operation of a three
      second cycle of operation of the apparatus. The AND gate 122 is
      conditioned to pass to 400 Hertz square wave pulses supplied on input line
      125 during this initial second of the three second operational cycle. The
      400 Hertz square wave pulses passed by the AND gate 122 are thus supplied
      during this initial second of operation to a 400 Hertz band pass filter
      126 which shapes the square wave pulses into a sine wave shape by the
      action of the tuned circuitry contained therein. Thus the output of the
      400  Hertz band pass filter 126 comprises a 400 Hertz sine wave which is
      supplied as input to an amplifier 127 and amplified to a more usable
      signal level. This signal is supplied as input to a driver amplifier 128
      which is coupled to the neutron generator tube ion source and thus applied
      as a sine wave intensity modulation to the neutron flux output of the
      generator tube.
PAR  The AND gates 123 and 124 are similarly conditioned during the second and
      third seconds of a three second operational cycle of the apparatus. The
      two kilohertz square wave output of divide by 8 circuit 115 is supplied on
      input line 129 to AND gate 123. The four kilohertz square wave output
      pulses from divide by 4 circuit 114 are supplied on input line 130 to AND
      gate 124. Outputs from AND gates 123 and 124 are similarly shaped by 2000
      Hertz band pass filter 131 and 4000 Hertz band pass filter 132 to provide
      sine wave output wave shapes to amplifiers 133 and 134 respectively during
      the second and third seconds of the operational cycle of the circuit. In
      this manner, an intensity modulated neutron output at 400 Hertz for the
      first second of operation, 2000 Hertz for the second second of operation
      and 4000 Hertz for the third second of operation are provided. This cycle
      is depcited graphically in FIG. 8 of the drawings.
PAR  Now concerning the synchronization of the transmission of the detected
      gamma rays during the different intervals of neutron modulation for
      transmission to the surface, it will be observed that the output
      conditioning signals from divide by 3 one shot 158 are supplied on lines
      119, 120 and 121 to AND gates 107, 108, 109, 135, 136 and 137. It will be
      recalled that data pulses from the sodium iodide/photomultiplier detector
      are continuously coupled to one input of AND gates 107, 108 and 109.
      Similarly, 16 kilohertz clock pulses are supplied via pulse shaper circuit
      138 (which may be of conventional design) to the opposite inputs of AND
      gates 135, 136, and 137. During the first second of operation of a three
      second operating cycle the AND gate 109 and the AND gate 137 are
      conditioned for operation while the remaining AND gates 107, 108, 135 and
      136 are in a blocked condition. Thus, during the first second of operation
      data pulses from the detector are passed by AND gate 109 and the AND gate
      137 passes the 16 kilohertz clock pulses. These pulses are supplied with
      the clock pulses being of one polarity and the data pulses being of the
      opposite polarity due to the action of inverters 140, 141 and 142 in
      reversing the polarity of the clock pulses. The data pulses and the clock
      pulses are summed at mixing point 143 during the first second of
      operation. The mixed clock and data pulses of opposite polarity are then
      linearly amplified by a predetermined scale factor by amplifier 144 during
      this first second of operation of a three second cycle of the neutron
      source which is being modulated at a 400  Hertz frequency, the data pulses
      detected during this portion of the cycle and the clock pulses from the 16
      kilohertz clock oscillator 111 are applied to a pulse transmission circuit
      145 for transmission to the surface. Similarly, during the second second
      of operation data pulses from the detector system are supplied together
      with the 16 kilohertz clock pulses via a second scale factor amplifier 146
      to the pulse transmission circuit 145 for transmission to the surface.
      Finally, during the third second of the three second operating cycle,
      mixed data pulses and clock pulses are supplied to the pulse transmission
      circuit 145 via a third scale factor amplifier 147. The amplification
      levels of the scale factor amplifiers 144, 146, and 147 are set
      substantially apart so that at the surface, the signals representing the
      clock pulses and the data pulses occurring during the three different time
      gating intervals may be discriminated against each other by the use of a
      pulse height discriminator as will be described. That is to say, the scale
      factor amplifier 144 may have a gain factor of 10 while the scale factor
      amplifier 146 may have a gain factor of 20 and the scale factor amplifier
      147 may have a gain factor of 30. Thus, during the three different seconds
      of the operational cycle, signal levels transmitted to the pulse
      transmission circuit 145 have substantially different voltage levels prior
      to their introduction to the cable for transmission to the surface. This
      transmission scheme is depicted graphically in FIG. 7.
PAR  Output signals from the pulse transmission circuit 145 are capacitively
      coupled via a capacitor 153 to the center conductor 152 of the well
      logging cable. High voltage D.C. for the operation of the photo-multiplier
      tube 102 is also provided on the center conductor of this cable from
      surface power supplies. The B+ voltage for operation of the preamplifier
      103 is supplied from a surface power supply on the shield 151 of this
      cable. Thus a signal wave form as illustrated in FIG. 7 is applied to the
      cable during the operation of the downhole equipment. In the illustration
      of FIG. 7 the first second of operation (illustrated at 201) is
      characterized by the transmission of negative sharp spike synchronization
      and data pulses occurring at a random interval following each of the 16
      kilohertz synchronization pulses. Similarly, during the second second of
      operation (202 of FIG. 7) the negative sharp spike synchronization pulses
      occur, but with a larger voltage amplitude than during the first second of
      operation. The randomly occurring spike data pulses again have a positive
      voltage and follow each sync pulse. Finally, during the third second of
      operation (as illustrated at 203 in FIG. 7) the negative 16 kilohertz
      clock pulses occur at regularly spaced intervals. Each sync pulse is
      followed by plurality of randomly occurring positive voltage level pulses
      corresponding to gamma ray counts made during the intervals between the 16
      kilohertz data pulses.
PAR  This information is transmitted to the surface where it is interpreted in
      terms of the tangents of the phase angles occurring at each of the three
      different modulation frequencies by the data processing circuitry shown in
      FIG. 3. Prior to the consideration of the operation of the circuitry of
      FIG. 3, however, it will be appropriate to consider how the tangent of the
      phase angle is determined. Referring to the drawing of FIG. 9 a single
      cycle of the intensity modulated neutron cloud at the neutron source
      (solid curve) and at the neutron detector (dashed curve) is illustrated
      schematically. The straight line (labelled N(avg)) represents the average
      neutron population generated. It will be observed that a phase shift .phi.
      between the neutron population at the source and at the detector due to
      the neutron lifetime (or thermal neutron decay time) of the borehole and
      formation materials, exists as previously discussed. If the neutron source
      modulation cycle begins at t.sub.o as shown, and is divided into four
      quadrants as a function of time, these quadrants will end at t.sub.1,
      t.sub.2, t.sub.3, and t.sub.4 and will each be of a duration t.sub.1 -
      t.sub.0 which is dependent on the modulation frequency .omega.. If the
      counts of capture gamma rays occurring at the detector during each of the
      four quadrants of the modulation cycle are labelled C.sub.1, C.sub.2,
      C.sub.3, and C.sub.4, then it may be shown that the tangent of the phase
      angle .phi. is given by:
      ##EQU5##
PAR  Thus, it is possible by determining the counts of gamma rays occurring in
      each of the four quadrants of a cycle of modulation of the fast neutron
      source, to derive the relative phase angle .phi. of the phase coherent
      neutron cloud at the detector with respect to the modulated cloud of
      thermalized neutrons produced by the fast neutron source. The only
      approximation used in making this derivation of the tangent of the phase
      angle is that the slowing down time of the fast neutrons is short with
      respect to the thermal neutron decay time (or neutron lifetime) of the
      earth formations in the vicinity of the well borehole. This is usually an
      excellent approximation.
PAR  Referring now to FIG. 3, the surface data processing signal equipment is
      illustrated in block diagram form. The well logging cable 150 center
      conductor 304 is provided with high voltage for the operation of the
      photomultiplier tube (102 of FIG. 2) by high voltage power supply 305
      which is resistively coupled thereto by resistor 303. The B+ voltage for
      the operation of associated downhole circuits is coupled from B+ power
      supply 383 to the inner coaxial shield of the logging cable 150 in a
      similar manner. The alternating current data signals produced by the
      downhole equipment are extracted via a coupling capacitor 302 and supplied
      as input to a pulse separator 306. It will be recalled that the 16
      kilohertz synchronization pulses are provided as sharp peaked positive
      going voltages on this cable while the data pulses are provided as
      randomly occurring negative sharp peaked pulses. The pulse separator 306
      functions to provide output pulses on two lines with the 16 kilohertz
      synchronization pulses occurring on output line 307 and the randomly
      occurring data pulses on output line 308.
PAR  It will also be recalled that the three different frequency portions of
      modulation of the downhole neutron generator were characterized by the
      three different levels of voltage amplifications which are applied to both
      the synchronization pulses and clock pulses at the downhole tool. This
      results in three different voltage amplitude components which correspond
      to the three different frequency modes of operation being supplied to the
      surface equipment. Thus, the output synchronization pulses on line 307
      occur at three different characteristic voltage levels when output from
      the separator 306. These synchronization pulses are input to three voltage
      level discriminators 309, 310, and 311. Voltage level discriminators 309,
      310 and 311 separate the clock pulses which occur during each period of
      one second duration of the different frequency modulations applied to the
      downhole neutron source on the basis of their amplitudes. Voltage level
      discriminator 309 thus permits only clock pulses occurring during the 400
      Hertz modulation to be output therefrom on line 312. Similarly, 2000 Hertz
      voltage discriminator 310 only permits synchronization or clock pulses to
      be output therefrom on line 313, while 4000 Hertz voltage discriminator
      311 only permits clock pulses to be output therefrom on line 314 during
      the 4000 Hertz modulation.
PAR  Voltage level discriminators 309, 310, and 311 thus provide clock or sync
      pulse output on their respective output lines 312, 313, and 314 only while
      their respective modulation frequency periods are occurring in the
      downhole tool. Considering now the operation of the portion of the
      circuitry which concerns the 400 Hertz intensity modulation of the
      downhole neutron source, the occurrence of the clock or sync pulses on
      line 312 (which is permitted to enter at the beginning of the 400 Hertz
      modulation) is used to set (after a 2.5 millisecond delay provided by a
      delay divide by 40 circuit 380) a flip-flop 315 and to immediately reset a
      second flip-flop 316 in the 4000 Hertz modulation portion of the circuit.
      Similarly, the occurrence of the clock pulses on output line 313 is used
      to set (after a 2.5 millisecond delay provided by delay divide by 40
      circuit 381) a flip-flop 317 and to immediately reset the flip-flop 315.
      This action causes the three channels of the circuit (corresponding to the
      three different frequencies of modulation) to be alternately and singly
      activated for counting purposes as the voltage level on the output lines
      of flip-flops 315, 316 and 317 are used to condition a plurality of AND
      gates and will be described subsequently. The 2.5 millisecond delays
      provided by delay circuits 380, 381 and 382 are included to allow any
      phase shift effects of thermal neutrons from the just completed different
      modulation frequency portion of the operating cycle to die away before
      beginning to make the phase shift determination at the new operating
      frequency. A few counts will be lost in this manner (only about 0.25%) but
      increased accuracy will result. The 2.5 millisecond delay is one full
      period of 400 Hertz modulation, five periods of 2000 Hertz modulation and
      10 periods of 4000 Hertz modulation. These times far exceed the amount of
      phase shift to be measured and will allow effects from the previous
      modulation cycle to dissipate prior to the beginning of measurement.
PAR  Returning now to the consideration of the 400 Hertz modulation processing
      circuitry, the clock pulses occurring on line 312 are supplied as input to
      a countershift register 318 during a 400 Hertz modulation of the downhole
      neutron source. One complete cycle of modulation of the source occurs each
      one four-hundredth of a second (2500 microseconds). The clock pulses at 16
      kilohertz appear once each 62.5 microseconds. Thus, upon the occurrence of
      each ten clock pulses supplied to the counter shift register 318, one
      quadrant of one cycle of modulation of the downhole neutron source occurs.
      Countershift register 318 provides an output voltage level on line 319
      during the first quadrant of one cycle of modulation; it provides an
      output voltage level on line 320 during the second quadrant of such cycle
      of modulation; it provides an output on line 321 during the third quadrant
      of the cycle of modulation; and it provides an output voltage level on
      line 322 during the fourth quadrant of the cycle of modulation. These
      output voltage levels provided successively on lines 319, 320, 321 and 322
      are also used in conditioning the plurality of AND gates associated with
      this circuitry. It should be mentioned here that the counter-shift
      register 318 is also reset by the appearance of the first clock pulse
      appearing on output line 313 from the 2000 Hertz voltage level
      discriminator 310, so that upon completion of one second of the 400 Hertz
      modulation, the first clock pulse appearing on output line 313 clears the
      counter-shift register 318 circuit and enables it to start counting anew
      upon the initialization of the next 400 Hertz modulation portion of the
      operational cycle of the downhole equipment.
PAR  The AND gates 323, 324, 325 and 326 are associated with the 400 Hertz
      channel of the circuit of FIG. 3. These multiple input AND gates require
      the presence of a voltage level on each of their three input leads before
      they will produce a pulse. One input lead of each of AND gates 323, 324,
      325 and 326 is connected to the gamma ray count data input line 308 from
      the pulse separator circuit 306. A second input lead of each of these AND
      gates is connected to the conditioning flip-flop 315 described previously,
      and the third input lead of each of these multiple input AND gates is
      connected to one of the output lines of counter-shift register 318, which
      corresponds to one of the quadrants of a cycle of modulation of the
      downhole neutron source. Thus, during the first quadrant of operation of a
      400 Hertz modulation cycle in the downhole tool (following the 2.5
      millisecond delay), data pulses are permitted only through AND gate 323.
      Similarly, during the second quadrant of a 400 Hertz modulation cycle the
      data pulses are only permitted through AND gate 324 and, similarly, AND
      gates 325 and 326 permit the passage of data pulses occurring only during
      the third quadrant and fourth quadrant respectively of a cycle of 400
      Hertz modulation. Four OR gates 327, 328, 329, and 330 together with a
      pair of up/down counters 331 and 332 are used to form the expressions of
      the numerator and denominator of the fraction of Equation (12) in the
      following manner.
PAR  C.sub.1 counts occurring during the first quadrant of the modulation cycle
      from AND gate 323 are supplied as inputs to OR gates 327 and 329.
      Similarly C.sub.2, second quadrant, outputs from AND gate 324 are supplied
      as inputs to OR gates 328 and 329. C.sub.3 counts occurring during the
      third quadrant of the 400 Hertz modulation cycles are supplied as inputs
      to OR gates 328 and 330. Finally, during the fourth quadrant of
      modulation, C.sub.4 counts are supplied to OR gates 330 and 327. The
      numerator of the fraction of Equation (12) is formed in up/down counter
      331 while the denominator of this expression is formed in up/down counter
      332. Observing the numerator of the fraction of the expression of Equation
      (12) it will be noticed that the expression may be formed by counting up
      during quadrants 1 and 4 in counter 331 and counting down (subtracting)
      during quadrants 2 and 3 in the same counter. Thus, the C.sub.2 and
      C.sub.3 counts are supplied to the down count input terminal of up/down
      counter 331 while the C.sub.1 and C.sub.4 counts are supplied to the
      up/count input terminal in this counter. Thus, at the end of each complete
      cycle of 400 Hertz modulation of the neutron source the up/down counter
      331 contains a digital number representative of the numerator of the
      fraction of the expression of Equation (12).
PAR  Similarly, the expression of the denominator of the fraction of Equation
      (12) is formed during each cycle of modulation in the up/down counter 332.
      Thus during the one-second 400 Hertz modulation period of a given
      operational sequence in the downhole tool, up/down counters 331 and 332
      contain the expressions representing the numerator and denominator of the
      fraction of Equation (12).
PAR  Now concerning the extraction of these digital numbers contained in
      counters 331 and 332, the plurality of one shot and delay one shot
      multivibrators 333 - 341 is used for this purpose. Upon the occurrence of
      an output voltage level from the flip-flop 315, a voltage is applied on
      line 342 to a delay one shot 336 and to a transfer one shot 333. The
      occurrence of a voltage pulse on one shot 333 causes and X' transfer
      voltage to be output from the one shot which is supplied to quad latch
      circuits 343 and 344. This causes the quad latch circuits 343 and 344 to
      extract the digital number contained in the up/down counters 331 and 332
      at that time. The presentation of this voltage level on line 342 to the
      delay one shot 336 causes the occurrence (at a time one second later) of
      an output voltage from the delay one shot 336 which is input to a one shot
      multivibrator 339. Multivibrator 339, in turn, provides an output X
      voltage for resetting the up/down counters 331, 332.
PAR  The result of the X transfer one shot voltage levels and the X' reset
      voltage levels is to cause the output of up/down counters 331 and 332 to
      be extracted at the end of each one second period of 400 Hertz modulation
      of the neutron source and the up/down counters forming the numerator and
      denominator of the fraction of Equation (12) to be reset following each
      one second period of operation at the 400 Hertz frequency of modulation in
      the downhole tool. In a similar manner, one shots 334 and 337 are
      responsive to input voltages on lines 350 and 351 corresponding to the
      occurrence of output clock pulses from flip-flops 317 and 316,
      respectively and cause the extraction into quad latch circuits 352, 353,
      354 and 355 of the numerator and denominator signals accumulated in a
      similar manner in the up/down counters 356, 357, 358 and 359 of the
      circuits corresponding to the 2000 Hertz and 4000 Hertz modulation
      portions of the operative cycle of the downhole tool.
PAR  Reutrning to consideration of the 400 Hertz modulation channel, the digital
      numbers occurring at the end of the one second periods of modulation in
      the quad latches 343 and 344 are then applied to digital to analog
      converter circuits 360 and 361 which convert these into analog voltage
      levels are applied to an analog ratio circuit 362 which provides an output
      signal equal to the expression -Tan.phi..sub.400 (or tangent phase angle
      at 400 Hertz). In a similar manner, digital to analog converter circuits
      363, 364, 365 and 366 provide output voltage levels corresponding to the
      numerator and denominator of the fractions of the expression of Equation
      (12) for the other two operating frequencies of 2000 Hertz and 4000 Hertz
      modulation. These signals are then supplied as inputs to analog ratio
      circuits 367 and 368 to provide output signals representative of the
      tangent of the phase angle occurring at each of these frequencies of
      modulation. Thus, analog ratio circuits 362, 367 and 368 provide analog
      output voltages representative of the tangent of the phase angle occurring
      at each of the operative modulation frequencies of the downhole neutron
      source. These quantities may be supplied to recording channels in the
      recorder 18 of FIG. 1 for recording as a function of the borehole depth.
      Alternatively they can be supplied to digital computing apparatus, as
      previously discussed, for computing directly the borehole and formation
      components of the thermal neutron lifetime in the manner previously
      described.
PAR  While only the 400 Hertz channel of the data processing circuit of FIG. 3
      has been described in detail, it will be appreciated that the 2000 and
      4000 Hertz channels function in an analogous manner. The only differences
      between these channels occurs in the timing of the four sequential outputs
      of counter shift registers 369 and 370 which occur at times appropriate to
      delineate quadrant counts at each of these modulation frequencies
      appropriately.
PAR  The foregoing descriptions may make other alternative embodiments in
      accordance with the concepts of the present invention apparent to those
      skilled in the art. It is therefore the aim of the appended claims to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for determining the thermal neutron decay time of earth
      formations in the vicinity of a well borehole comprising the steps of:
PA1  continuously irradiating the earth formations in the vicinity of a well
      borehole with a phase coherent harmonically intensity modulated cloud of
      fast neutrons having at least three different frequency modulation
      components;
PA1  detecting as a function of time the intensity modulated thermal neutron
      population resulting from said irradiation at said at least three
      different modulation frequencies;
PA1  determining from said detected thermal neutron populations measured as a
      function of time, the relative phase shift between said fast neutron cloud
      and said thermal neutron population at said at least three different
      modulation frequencies; and
PA1  combining said three different modulation frequency relative phase shift
      measurements according to a predetermined relationship to derive an
      indication of the thermal neutron decay time of the earth formations in
      the vicinity of a well borehole.
NUM  2.
PAR  2. The method of claim 1 and further including the step of:
PA1  combining said three different modulation frequency relative phase shift
      measurements according to a predetermined relationship to derive an
      indication of the thermal neutron decay time of the borehole fluid in a
      well borehole.
NUM  3.
PAR  3. The method of claim 1 and further including the step of performing said
      method steps along a borehole as a function of depth and recording said
      indications of the thermal neutron decay times so measured as a function
      of borehole depth.
NUM  4.
PAR  4. The method of claim 2 and further including the step of performing said
      method steps along a borehole as a function of depth and recording said
      indications of earth formation thermal neutron decay time and borehole
      fluid thermal neutron decay time as a function of borehole depth.
NUM  5.
PAR  5. The method of claim 1 wherein the step of determining the relative phase
      shift between said fast neutron cloud and said thermal neutron population
      at said at least three different modulation frequencies is performed by
      separating the modulation cycle at each of said at least three different
      modulation frequencies into at least four equal time intervals
      corresponding to quadrant cycle intervals at the respective modulation
      frequency and measuring the thermal neutron population in such quadrant
      cycle intervals and combining such measurements in a predetermined manner
      to derive an indication of said relative phase shift.
NUM  6.
PAR  6. The method of claim 5 wherein said measurements of the thermal neutron
      population in said quadrant cycle intervals are combined to derive a
      measure of the tangent of the relative phase shift between said fast
      neutron generation and said thermal neutron population at each such
      modulation frequency.
NUM  7.
PAR  7. The method of claim 6 wherein said quadrant cycle measurements are
      combined according to the relation
      ##EQU6##
      where .phi. is the relative phase shift angle and C.sub.1, C.sub.2,
      C.sub.3, and C.sub.4 are count signals representative of the thermal
      neutron population measurements in the first, second, third and fourth
      quadrants of a modulation cycle respectively.
NUM  8.
PAR  8. A method for logging earth formations traversed by a fluid filled well
      borehole to develop a measurement of thermal neutron interaction
      characteristics of such formations comprising the steps of:
PA1  moving a well logging sonde sized and adapted for passage through a well
      borehole past earth formations penetrated by a well borehole;
PA1  continuously generating fast neutrons in said sonde and bombarding the
      surrounding media with such neutrons to develop a thermal population in
      the borehole and surrounding media;
PA1  harmonically modulating the intensity of said fast neutrons at, at least
      three different modulation frequencies;
PA1  detecting the thermal neutron population in the vicinity of said sonde as a
      function of time and developing signals representative thereof; and
PA1  combining said representative signals according to predetermined
      relationships to derive an indication of the thermal neutron decay time of
      the earth formations in the vicinity of the borehole.
NUM  9.
PAR  9. The method of claim 8 and further including the step of combining said
      representative signals according to predetermined relationships to
      simultaneously derive an indication of the thermal neutron decay time of
      the borehole fluid.
NUM  10.
PAR  10. The method of claim 9 and further including the step of recording said
      indications of the thermal neutron decay time characteristics of the earth
      formations and the borehole fluid as a function of the borehole depth of
      said sonde.
NUM  11.
PAR  11. The method of claim 8 wherein the step of detecting the thermal neutron
      population as a function of time is performed by detecting said thermal
      neutron population during quadrant intervals of a cycle of modulation at
      each of said at least three different intensity modulation frequencies and
      generating signals representative thereof.
NUM  12.
PAR  12. The method of claim 11 and further including the step of combining said
      representative quadrant signals in a predetermined manner to derive
      indications of the relative phase shift between the intensity of the fast
      neutrons and the thermal neutron population at each of said different
      frequencies of intensity modulation.
NUM  13.
PAR  13. The method of claim 12 wherein said representative quadrant signals are
      combined to derive an indication of the tangent values of the phase shift
      angles at each of said different frequencies of intensity modulation.
NUM  14.
PAR  14. The method of claim 8 wherein the step of harmonically modulating the
      intensity of said fast neutrons at, at least three different modulation
      frequencies is performed by modulating said intensity at a first frequency
      for a first time interval followed by immediately modulating said
      intensity at a second frequency for a second time interval followed by
      immediately modulating said intensity at a third frequency for a third
      time interval to form a modulation sequence and repetitively repeating
      this modulating sequence as said sonde is moved through the borehole.
NUM  15.
PAR  15. The method of claim 14 wherein said first, second and third time
      intervals are of equal duration.
NUM  16.
PAR  16. The method of claim 14 wherein said step of detecting the thermal
      neutron population as a function of time is performed by detecting said
      thermal neutron population during quadrant cycle intervals of said first
      frequency during said first time interval, detecting the thermal neutron
      population during quadrant cycle intervals of said second frequency during
      said second time interval, and detecting the thermal neutron during
      quadrant cycle intervals of said third frequency during said third time
      interval.
NUM  17.
PAR  17. The method of claim 16 wherein said first, second and third time
      intervals are of equal duration.
NUM  18.
PAR  18. The method of claim 17 wherein said modulation frequencies are chosen
      to be 400 Hertz, 2000 Hertz and 4000 Hertz respectively.
NUM  19.
PAR  19. The method of claim 16 and further including the step of delaying, for
      a predetermined duration, at the beginning of each of said first, second
      and third time intervals the detection of the thermal neutron population
      to allow phase shift effects from prior modulation frequency interval to
      substantially die away and then resuming said detection for the remainder
      of said time interval.
NUM  20.
PAR  20. The method of claim 19 wherein said predetermined delay duration
      comprises an integral number of modulation cycles of each of said
      different modulation frequencies.
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PAL  Method and apparatus for detection of mercury vapor present in
      environmental atmosphere for the purpose of detecting the degree of
      environmental mercury pollution that might be present. Environmental air
      is passed through a bed of fibrous material such as glass wool, the fibers
      of which are coated with a noble metal, such as silver, capable of
      extracting mercury vapor from the environmental air. The bed of fibrous
      material may be placed within a heating chamber where sufficient heat is
      applied to drive off the collected mercury and a clean and perhaps inert
      gasiform fluid, such as clean air, nitrogen, argon, etc. is passed through
      the heating chamber to serve as a carrier for mercury vapor that is driven
      off of the bed of fibrous material. The mercury vapor laden carrier gas is
      then cooled and the mercury vapor present in the gas is collected by
      passing the gas through a screen of nylon mesh that is also coated with
      the noble metal. The mercury vapor that is collected by the coated nylon
      mesh may be analyzed with an x-ray fluorescence spectrometer capable of
      accurately detecting and measuring the amount of mercury present in the
      sample. The mercury vapor, after being driven off the bed of fibrous
      material, may be cooled and transported directly through a gas analyzer,
      such as a flameless atomic absorption analyzer with a mercury lamp, for
      ultra-violet absorption using the 2357A mercury line.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to detection of mercury vapor present in
      air and more particularly is directed to a method and apparatus for
      accurately determining the amount of mercury vapor present in the
      environmental atmosphere for the purpose of detection of atmospheric
      pollution by detecting mercury vapor concentrations in industrial
      environments.
PAC  BACKGROUND OF THE INVENTION
PAR  In the field of medicine related to the effects of air pollution, it has
      been determined that mercury vapor can be harmful to the health of certain
      individuals if found in excessive concentrations in the atmosphere. It is
      considered practicable to utilize a method and apparatus for detection of
      mercury vapor pollution for the purpose of locating sources of mercury
      vapor pollution in order that such pollution may be controlled.
PAR  Three techniques are concurrently in use for determination of mercury vapor
      in atmosphere which are: (1) ultraviolet absorption (using the
      characteristic 2537 A mercury line) (various versions), (2) amalgamation
      followed by ultraviolet absorption, and (3) correlation spectrometry.
PAR  The detection limit of the simple resonant absorption methd is about 1 ng
      of mercury vapor in a 15 inch air path. This corresponds to roughly 1
      ng/liter, which is 2 to 3 orders of magnitude higher than background
      concentrations. There is also even present the question of potential
      interference from other ultraviolet absorbers in the sample, such as water
      vapor, carbon dioxide, sulfur dioxide, hydrogen sulfide and various oxides
      of nitrogen. Although resonant absorption by mercury vapor is extremely
      selective, the concentrations of these other gases and vapors can be
      several orders of magnitude higher than that of the mercury vapor. Such
      interference has been found to present severe problems.
PAR  In an attempt to overcome these problems airborne survey work, where
      mercury vapor is detected by mercury detection equipment aboard aircraft,
      a refinement of the absorption technique has been utilized for
      accomplishing direct measurements in ambient air. Interference is
      minimized by utilizing the pressure broadening of the characteristic line
      emitted by a specific mercury vapor lamp. The cold vapor in the absorption
      path attenuates only the center portion of the line, whereas other
      ultraviolet absorbers attenuate the line entirely. The ratio of the signal
      from the center to that from the edges of the line is then obtained to
      reject interference. The resulting instrumentation is much more complex
      than a simple absorption cell, requiring precise temperature control of
      the lamp and special techniques to stabilize the photomultiplier detectors
      against drift relative to each other. A folded lightpath is utilized to
      increase sensitivity and still the detection limit is greater than 10 ng
      per cubic meter. Light losses especially at the mirrors also become a
      problem. Another version of this approach is to use a magnetic field to
      produce Zeeman splitting of the line, and to use this effect instead of
      pressure broadening.
PAR  An attempt has been made to adapt the principal of correlation spectrometry
      to direct mercury vapor determination. In this method the detected
      absorption spectrum (which usually contains many peaks) is mixed with an
      analog of the spectrum from the desired components. The output is
      proportional to the concentration of the desired components, free from
      spectral interferences. This method has not proved especially successful
      for direct mercury vapor determination.
PAR  It is believed that sample concentration is necessary to achieve the
      desired analytical performance for accurate detection of mercury vapor in
      air. This being so, it is logical to attempt to selectively concentrate
      the mercury and so simplify the analysis stage. This has been accomplished
      in the past by utilizing the amalgamation method of mercury detection.
      When the amalgmation method is employed, the mercury is collected by
      drawing the air to be analyzed past a gold or silver ribbon or mesh having
      a weight of about 1 g and a surface area of about 50 square centimeters.
      The mercury vapor is subsequently released into the analysis cell by radio
      frequency heating. The amalgamation is specific for mercury and the
      collection and release efficiencies are quoted to be in the order of 100
      percent, thus insuring a quantitative analysis. At the detection limit, 1
      ng of mercury is collected from up to one cubic meter of air. The
      resulting concentration in the analysis cell is about 1 ng/liter, yielding
      an effective concentration factor of 10.sup.3.
PAR  Utilizing this technique, adequate sensitivity for field analysis of soil
      gas samples is reported using very simple instrumentation. For airborne
      surveys, however, it is desirable to attain a detection limit of about 1
      ng per cubic meter and if the analyses are to be performed in real time,
      the available sample collection time must be in the order of 0.1 to 5
      minutes, based on a resolution of up to a few miles at a flying speed of
      80 miles per hour. This implies that at least one cubic meter of air must
      be drawn past the amalgamator per minute necessitating a flow rate some
      two to three orders of magnitude higher than the maximum quoted for
      insuring one hundred percent amalgamation efficiency (1 cubic foot per
      minute).
PAR  It is desirable to provide a method of mercury vapor detection based on a
      rapid one hundred percent efficient collection of mercury vapor from the
      atmosphere by amalgamation onto a material that is provided with a thin
      coating of a noble metal and by subsequently removing collected mercury
      from the noble metal in such manner that it can be detected by means of
      x-ray fluorescent analysis. It is desirable to provide for collection,
      transfer and analysis of the mercury vapor in such manner that all
      possibility of erroneously high readings due to interference from other
      components present in vastly greater concentrations are effectively
      removed. It is also desirable that the method of collection and transfer
      be as near one hundred percent efficient as possible thereby insuring a
      quantitative rather than qualitative determination.
PAR  It is therefore a primary object of the present invention to provide a
      novel method and apparatus for detecting and measuring mercury vapor
      content present in the atmosphere.
PAR  It is an even further object of the present invention to provide a novel
      method and apparatus for efficiently detecting and measuring mercury
      content in the atmosphere, which method may be efficiently accomplished
      through use of simple and inexpensive collection and testing apparatus.
PAR  Among the several objects of the present invention is noted the provision
      of a novel method and apparatus for detection of the presence and amount
      of mercury vapor in an atmospheric environment which, although utilizing a
      known amalgamation approach, incorporates a feature of cascading in
      mercury vapor collection that insures one hundred percent amalgamation
      efficiency.
PAR  Other and further objects, advantages and features of the present invention
      will become apparent to one skilled in the art upon consideration of the
      written specification, the appended claims and the annexed drawings. The
      form of the invention, which will now be described in detail, illustrates
      the general principles of the invention, but it is to be understood that
      this detailed description is not to be taken as limiting the scope of the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  In one suitable form of the invention a collecting station may be provided
      that facilitates passage of a predetermined volume of environmental air
      through a detection chamber for a predetermined period of time in order to
      provide for collection of mercury vapor from the atmosphere. The
      collecting station, which may be either a static facility, such as a
      conventional high volume air sampler, or a locomotive collection station,
      such as might be carried by a land vehicle or an aircraft, may typically
      include a conventional filter that facilitates removal of coarse airborne
      particulate, insects and the like from the air being tested. After initial
      filtering, the air is conducted through a bed of fibrous material such as
      glass wool which is coated with a noble metal that facilitates effective
      separation of mercury vapor from the air. The bed of fibrous material is
      of sufficient thickness to insure collection of substantially one hundred
      percent of the mercury vapor from the air being tested.
PAR  After a predetermined volume of environmental air has been conducted
      through the fibrous mat, the mat may be removed from the collecting
      apparatus and may be placed within a controlled heat chamber, where it may
      be subjected to a temperature in the order of 150.degree. to 250.degree.
      C, thereby driving the mercury from the fibrous material in the form of
      mercury vapor. A clean gasiform fluid, such as clean air, nitrogen or
      argon, may be passed through the heating chamber during the heating
      process, thereby serving as a carrier for the mercury vapor that is
      released during the heating process.
PAR  The heated gas is then appropriately cooled and passed through a second bed
      of fiber-like material such as nylon mesh, also coated with a suitable
      noble metal which serves to collect all of the mercury vapor that has been
      released during the heating process. The bed of fiber-like material must
      be thin, i.e., having a total mass per unit area less than about
      10mg/cm.sup.2 in order for the X-ray fluorescence method to function with
      optimum sensitivity. After collection, the collected mercury vapor is
      analyzed with an x-ray fluorescence spectrometer that efficiently measures
      the mercury content of the sample.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  So that the manner in which the above recited features, advantages and
      objects of the present invention, as sell as others, which will become
      apparent, are attained and can be understood in detail, more particular
      description of the invention, briefly summarized above, may be had by
      reference to the embodiment thereof which is illustrated in the appended
      drawings, which drawings form a part of this specification.
PAR  It is to be noted, however, that the appended drawings illustrate only a
      typical embodiment of the invention and are therefore not to be considered
      limiting of its scope, for the invention may admit to other equally
      effective embodiments.
PAR  In the Drawings:
PAR  FIG. 1 is a sectional view of a typical high volume sampler that is
      modified in accordance with the present invention to facilitate extraction
      of mercury vapor from air being drawn through the sampler.
PAR  FIG. 2 is a partially schematic sectional view of transfer apparatus
      constructed in accordance with the present invention and teaching
      cascading transfer of mercury vapor during collection for measurement.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference now to FIG. 1, there is shown a typical high volume air
      sampler, generally at 10, that includes a housing 12 through which
      environmental air is drawn by a blower 14 that is powered by a suitable
      motor 16 such as an electric motor. The blower 14 is so constructed,
      relative to the size and operating speed of the motor 16 and relative to
      the size and configuration of the housing 12, to draw a predetermined
      volume of air through the housing 12 over a predetermined period of time.
      For example, the blower 14 may be capable of moving air through the
      housing 12 in the order of 40 to 70 cubic feet per minute, thereby giving
      the sampling apparatus the capability of detecting minute concentrations
      of mercury in the atmosphere in relatively short periods of sampling.
PAR  As is typically the case, the internal wall structure of the housing 12 may
      define a support shoulder 18 that is capable of supporting a filter screen
      20 that, in turn, supports a filter membrane 22 that separates coarse
      particulate matter from the air along with various other airborne debris.
      Ordinarily, the filter membrane 22, after collection of the coarse
      material from the environment, is weighed and the weight compared to a
      pre-weight in order to determine the amount of solid particulate that is
      suspended in the air. It may be desirable, however, to provide a filter
      membrane that is utilized solely to prevent particulate matter from
      reaching the fibrous material.
PAR  It will be desirable, in order for mercury vapor to be extracted from the
      air being drawn through the high volume sampler 10, to provide, in
      addition to the filter membrane 22, a bed of material having a facility
      for extraction of mercury vapor. The bed of mercury extraction material,
      in order to insure substantially 100 percent extraction of the mercury,
      must be of predetermined thickness. In accordance with the present
      invention it has been determined that a fibrous material, if coated with a
      thin layer of a noble metal, such as silver or gold, will facilitate
      collection of mercury vapor from the air being drawn therethrough.
      Accordingly, the high volume sampler 12 may incorporate a lower support
      shoulder 24 that facilitates support of a support screen 26. The support
      screen provides support for a bed 28 of fibrous material such as glass
      wool that is made up of fibers that are thinly coated with a noble metal
      such as silver. Although mercury vapor amalgamates with a number of
      metals, particularly gold and silver, silver is preferred as the
      amalgamation material on the analytical mesh in both collection and
      transfer apparatus, primarily because silver characteristic x-rays do not
      interfere with the mercury x-rays whereas gold x-rays, for example, would
      constitute some degree or interference. It is not intended, however, to
      limit the scope of the present invention solely to the use of silver as an
      amalgamation metal in either or both of the cascading mercury vapor
      collection and transfer devices of the present invention.
PAR  In accordance with the present invention, silver is chemically deposited as
      a film in the order of 100 .mu.g/cm.sup.2 thick on the fibers of the
      fibrous material. Any one of a number of the conventional vapor methods of
      depositing silver on other materials, such as the fibers of the fibrous
      material, may be acceptable in accordance with the present invention.
      Silver is also preferred as a noble metal for the mercury vapor collector
      bed because the mercury vapor can be rapidly driven from the silver coated
      fibrous bed at a conveniently low temperature, in the order of 150.degree.
      to 250.degree. C for rapid and efficient transfer.
PAR  It is not intended to limit the scope of the present invention to use of
      any specific coated fibrous material as the vapor collector bed 28, but it
      has been determined that silver coated glass wool functions very
      efficiently as a mercury vapor collector bed. It has been determined that
      providing a 2 inch thick bed of silver loaded glass wool into a standard 4
      inch diameter intake opening of a high volume sampler, thus forming a
      collector of an area in the order of 90 square centimeters, is an
      efficient mercury vapor collection bed for typical ambinet air sampling
      for mercury detection. A high volume sampler, having its intake opening
      with a two inch bed of silver coated glass wool has been demonstrated to
      have one hundred percent collection efficiency at a flow rate of 70 cubic
      feet per minute. Detection limits of 1 ng per cubic meter have been
      achieved using one hour collection time.
PAR  After proper collection has taken place, the silver loaded glass wool mat
      or bed, along with the entrapped amalgamated mercury vapor, may be removed
      from the high volume sampler and may be inserted into the heating chamber
      30 of mercury vapor transfer apparatus, illustrated generally at 32 in
      FIG. 2. The heating chamber 30 may be defined by a large tubular conduit
      section 34 having a closed extremity connected to a tubular carrier gas
      supply conduit 36 and having a belled extremity 38 adapted to receive a
      closure element 40. The closure element is in turn connected by a conduit
      42 to a cooling conduit 44 surrounded by a cooling jacket 46 that serves
      to cool the carrier gas and the vaporized mercury as it passes through the
      conduit 44. The cooling jacket 46 may be provided with connectors 48 and
      50 that serve as inlet and outlet conduits for a cooling medium, such as
      water, being circulated through the cooling jacket 46.
PAR  For the purpose of driving mercury vapors from the silver loaded glass wool
      inserted within the chamber 30, it will be desirable to maintain the
      heating chamber at, but not above, an optimum heating level. As indicated
      above, collected mercury, in amalgamated form, will be driven from the
      silvered glass wool collector in the form of mercury vapor when elevated
      to a temperature of from 150.degree. to 250.degree. C. To insure
      maintenance of optimum temperature conditions in the heating chamber 30,
      the tubular wall structure 34 defining the heating chamber may be covered
      or wrapped with a heat source, such as electrical heater tape, or the
      heating chamber may be provided with a radio frequency heater coil. The
      heater tape or radio frequency heater coil may be appropriately energized
      to generate sufficient heat to maintain the heating zone within the
      predetermined operating range. Thermocouples T1, T2, T3 and T4 may be
      strategically located in order to detect the temperature in various parts
      of the process and may, if necessary, be utilized for controlling the
      degree of heat that is supplied to maintain the process within an optimum
      operating temperature range. An insulator 52 may be disposed about the
      tubular conduit 34 to prevent excessive loss of heat from the heating
      chamber 30. It is desirable that the mercury vapor cloud be released from
      the silver loaded glass wool at a rate not exceeding 40 .mu.g per minute
      because there is a possibility of condensation if this rate is exceeded.
PAR  Carrier gas may be conducted from a suitable source S into the carrier gas
      supply conduit 36. The flow of the carrier gas may be controlled by means
      of a flow meter 54 or may be controlled by passing the gas through a
      critical orifice 56 disposed within the conduit 36.
PAR  Downstream from the cooling jacket 46, the conduit 42 may be connected with
      a collection chamber 58 within which may be disposed a thin specimen, such
      as a nylon mesh material, that is also coated with a noble metal. The
      nylon mesh may be coated with the same noble metal with which the fibrous
      material is coated. A pair of support screens 62 and 64 may be disposed
      within the chamber 58 in order to support the thin specimen 60 in such a
      manner that the carrier gas passing from the conduit 42, after having been
      cooled, will flow into the chamber 58 and through the thin specimen,
      thereby allowing all of the mercury vapor carried thereby to be separated
      by amalgamation and become entrapped by the thin collector specimen.
PAR  The collector specimen 60 then may be removed from the collector chamber 58
      and may be analyzed by direct measurement of the concentration of
      amalgamated mercury on the mesh by x-ray fluorescence analysis
PAR  The sensitivity and speed of anlaysis is derived as follows:
PAR  An analytical detection limit of 10 ng/cm.sup.2 (or better) in a minute
      count can be achieved by exciting HgL x-rays using a radioisotape source
      such as Pu-238 which emits UL x-rays which efficiently excite the mercury
      L x-rays. A high resolution Si (Li) detector may be used to count the HgL
      line. The measured area of coated mesh may be about 3 cm.sup.2 so the
      absolute detection limit may be in the order of thirty ng. Thus, to
      achieve a detection limit in air of one ng per cubic meter in one minute's
      sampling time, thirty cubic meters of air must be passed through the
      collector in one minute. The required flow rate is thus some 1,180 cubic
      feet per minute. It has been determined that to maintain one hundred
      percent collection efficiency through a 2 inch thick bed of silver coated
      glass wool, the air velocity should not exceed approximately 6 meters per
      second. Assuming an air velocity of 5 meters per second, the collector
      area (for an 1,180 cubic foot per minute air flow rate) must be in the
      order of 1/10 square meters. Thus, a one foot square collector (900 square
      centimeters) would be suitable to maintain virtually one hundred percent
      collection efficiency. The mercury vapor collector may be airborne or it
      may be transported by a land vehicle in any suitable manner.
PAR  As indicated above, after collection, the silver loaded glass wool mat can
      be rolled up and inserted into the heating chamber 30 of the transfer
      apparatus and may there constitute a thickness of glass wool through which
      a heated gas such as clean air, nitrogen or argon is passed. All of the
      mercury is driven off from the glass wool mat in a few seconds at
      150.degree. to 250.degree. C. The gas flow rate controlled by the flow
      meter 54 or the critical orifice 56 should be sufficiently slow (in the
      order of 2 liters per minute) to insure 100 percent efficiency on the thin
      mesh specimen 60 disposed downstream of the transfer apparatus.
PAR  If rapid collection is not required, a very simple collecting apparatus,
      consisting of a modified "high volume" commercially available air sampler,
      can be employed. The high volume air sampler may be modified simply by
      providing means for loading a two inch thick bed of appropriately coated
      glass wool into the standard four inch diameter input of the sampler, thus
      forming a collector area of ninety square centimeters. Sampler structure
      of this nature has been demonstrated to have one hundred percent
      collection efficiency at a flow rate of seventy cubic feet per minute and
      detection limits of 1 ng per cubic meter have been achieved employing a
      collection time of one hour.
PAR  The present invention is based upon rapid, 100 percent efficient collection
      of mercury vapor from the atmosphere by amalgamation onto a fibrous
      material such as glass wool that is provided with a thin coating of a
      noble metal, such as silver or gold. Subsequent to collection of mercury
      vapor by the coated fibrous material, the mercury is transferred to a thin
      specimen such as nylon mesh that is also coated with a noble metal which
      may be the same or a different noble metal from that with which the
      fibrous material is coated. Transfer of the mercury to the thin specimen
      is accomplished by application of heat to the glass wool and by passing a
      small volume of hot carrier gas through the gases wool to transport the
      released mercury to the thin specimen. The carrier gas is cooled
      immediately preceding contact with the thin specimen, thereby causing the
      mercury vapor carried thereby to readily become amalgamated with the noble
      metal coating of the thin specimen. Care must be taken to insure against
      exceeding the saturation vapor pressure of mercury in the region where the
      thin specimen is located. Measurement of the mercury then may take place
      by means of radioisotope x-ray fluorescence analysis of the mesh employing
      the "thin specimen technique" which gives the weight of the mercury
      directly.
PAR  The collection transfer and analysis techniques are highly specific for
      mercury, thus removing all possibility of erroneously high readings due to
      interference from other components present in vastly greater
      concentrations. Since the collection and transfer techniques are 100
      percent efficient, quantitative determination is effectively insured.
PAR  In view of the foregoing, it is apparent that the present invention is one
      well adapted to attain all of the objects, hereinabove set forth, together
      with other advantages, which will become obvious and inherent from a
      description of the apparatus itself.
PAR  It will be understood that certain combinations and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. As many possible embodiments may be made of this
      invention without departing from the spirit or scope thereof, it is to be
      understood that all matters herein set forth and shown in the accompanying
      drawings are to be interpreted as illustrative and not in a limiting sense
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of detecting and measuring the concentration of mercury vapor
      in the atmosphere, comprising the steps of:
PA1  forcing a measured volume of air containing an
PA2  unknown concentration of mercury vapor through a first fibrous material
      coated with a noble metal, for a predetermined period of time, to produce
      a first mercury amalgam of said noble metal on the surface of said first
      fibrous material;
PA1  heating said first fibrous material so as to vaporize the mercury deposited
      thereon;
PA1  passing a carrier gas through said first fibrous material to transport said
      vaporized mercury from the surface thereof;
PA1  passing said carrier gas containing the vaporized mercury through a second
      fibrous material also coated with a noble metal;
PA1  cooling said carrier gas immediately prior to passing it through said
      second fibrous material, to produce a second mercury amalgam on the
      surface of said second fibrous material; and
PA1  measuring the amount of mercury deposited on said second fibrous material
      by x-ray fluorescence analysis.
NUM  2.
PAR  2. A method as recited in claim 1, wherein said noble metal on said first
      fibrous material is silver.
NUM  3.
PAR  3. A method as recited in claim 1, wherein said noble metal on said first
      and said second fibrous material is silver.
NUM  4.
PAR  4. A method as recited in claim 1, wherein said noble metal is chemically
      deposited as a film of approximately 100 micrograms per square centimeter
      on the fibers of both said first and said second fibrous material.
NUM  5.
PAR  5. A method as recited in claim 1, wherein said first fibrous material is
      glass wool.
NUM  6.
PAR  6. A method as recited in claim 1, wherein said first fibrous material is
      placed in a high volume sampler.
NUM  7.
PAR  7. A method as recited in claim 1, wherein said first fibrous material is
      glass wool and said second fibrous material is nylon mesh.
NUM  8.
PAR  8. A method as recited in claim 1, wherein the volume of said second
      fibrous material is smaller than the volume of said first fibrous
      material.
NUM  9.
PAR  9. A method as recited in claim 1, wherein said second fibrous material has
      a mass per unit area of less than ten milligrams per square centimeter.
NUM  10.
PAR  10. A method as recited in claim 1, wherein the mercury deposited on said
      first fibrous material is released at a rate not exceeding 40 nanograms
      per minute.
NUM  11.
PAR  11. A method as recited in claim 1, wherein the saturation vapor pressure
      of mercury is not exceeded in cooling said carrier gas.
NUM  12.
PAR  12. A method as recited in claim 1, wherein said transporting is by a
      heated carrier gas.
NUM  13.
PAR  13. A method as recited in claim 1, wherein said carrier gas is clean air.
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ABST
PAL  For particle separation, a method and apparatus for using a wide angle
      radially expanding vapor of a particle mixture. In particular, selective
      ionization of one isotope type in the particle mixture is produced in a
      multichamber separator and the ionized isotope type is accelerated out of
      the path of the vapor expansion for separate collection.
PAC  FIELD OF THE INVENTION
PAR  This invention relates to isotope separation by selective ionization and in
      particular to a separation system making efficient use of an isotope
      source.
PAC  BACKGROUND OF THE INVENTION
PAR  Nearly all fission reactions utilizing the uranium isotope, U.sub.235,
      require a concentration of the U.sub.235 isotope greater than in the
      naturally occurring state. The process of enrichment whereby the
      concentration of U.sub.235 in natural or depleted uranium is raised to a
      desired level has been achieved in the past by many techniques which
      generally operate to separate U.sub.235 from the other uranium isotopes,
      chiefly U.sub.238, on the basis of its slight chemical or mass difference.
      Enrichment according to these techniques often requires cascaded
      processing using a sequence of repeated applications of the same steps,
      each step providing a slight increase in the concentration of the desired
      U.sub.235 isotope.
PAR  A promising technique for more efficiently separating the U.sub.235 isotope
      operates by selectively ionizing this isotope in a vapor of uranium
      without correspondingly ionizing the U.sub.238 isotope in the vapor. The
      ionization gives to the desired U.sub.235 isotope an electrical
      characteristic which permits it to be separated from the rest of the
      components of the uranium vapor. The uranium is converted to a vapor state
      to facilitate the application of ionizing energy in the form of laser
      radiation to the uranium and to provide a volume of relatively mobile
      particles from which the ionized uranium atoms may be separated using
      crossed-field MHD accelerator techniques. The process of enrichment is
      typically continuous by providing repeated application of laser radiation
      and acceleration forces in sequence so that it is desirable to
      continuously generate the vapor as by heating the uranium to provide a
      vapor flow.
PAR  As is known, evaporation of a material to the gas or vapor state produces a
      generally expanding volume of the gas in all directions. Nevertheless, the
      physics of crossed-field MHD acceleration of ionized particles in a vapor
      or plasma generally increase in efficiency with decreasing dimensions of
      the separation region. This is, at least in part, due to limitations of
      the mean free path of accelerated particles, it being desirable to collect
      the accelerated particles in distances where there is little probability
      of diverting particle collisions with other constituents to occur. Thus
      while it is desirable to accept the large angle of vapor flow which is
      generally created, theory advocates relatively small areas for the
      crossed-field separation process.
PAR  Additionally, separation of the ionized particles from the vapor is
      efficiently achieved where a well defined vapor flow having a uniform
      local particle direction can be maintained such that ionized particles may
      be accelerated in an orthogonal direction and both the ionized particles
      and the remaining vapor constituents separately collected for removal from
      the system as uranium enriched in the respective isotope concentrations.
      This desirable separation condition is typically facilitated by confining
      the area and angle of the vapor flow.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the teaching of the present invention an enrichment
      system using selective ionization is shown wherein a vapor of uranium
      produced as a radially expanding vapor drift over a substantial angle is
      directed toward a surrounding multichambered crossed-field MHD accelerator
      placed to receive the radially expanding vapor over a corresponding angle
      and provide, after selective ionization, separation of ionized and
      non-ionized vapor particles into two orthogonal motions. System efficiency
      is thereby improved by adapting the ion separator to accept the wide angle
      expansion of the uranium vapor. Moreover, the need for periodic cleaning
      of the vapor generating apparatus from recycling of unused vapor is
      reduced.
PAR  In particular implementation, an electron beam is focused to strike the
      surface of uranium metal over a long thin line and to create local
      vaporization at the points of impact along the line. Vaporized uranium
      expands radially away from the impact line into a region where application
      of laser energy produces a plasma containing selectively ionized atoms of
      the desired U.sub.235 isotope without correspondingly ionized atoms of the
      other components of the vapor. A plurality of ion separating and
      collecting chambers enclose the ionization region and operate to impart to
      the ions of the plasma a velocity substantially perpendicular to the
      radial velocity of the plasma as a whole. It is thereby possible to
      collect the separately directed particles of the U.sub.235 isotope apart
      from the rest of the vapor which is permitted to continue on its radial
      path for collection and removal from the system.
PAR  As a result of this technique, it is possible to provide an increased
      efficiency in the generation and utilization of the uranium vapor.
      Moreover, the system can operate without cleaning for greater periods of
      time and a greater enrichment yield is possible without increased system
      and operating cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the present invention will be more fully
      understood by reference below to the detailed description of a preferred
      embodiment presented for purposes of illustration, and not by way of
      limitation, and to the accompanying drawings of which:
PAR  FIG. 1 is an energy level diagram useful in explaining an ionization
      process for use in the invention;
PAR  FIG. 2 is a diagram of apparatus used for isotope separation according to
      the present invention; and
PAR  FIG. 3 is an internal sectional view of a portion of the apparatus of FIG.
      2 along the section lines indicated there.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention generally contemplates a particle separation
      technique utilizing a particle flow having a wide angle, radial, or
      typically cosine, distribution of particle movement, where in general, the
      particles may be atoms, molecules or other particles however produced.
PAR  In particular implementation, the invention is usefully adapted for
      U.sub.235 enrichment by employing a method and apparatus for selective
      ionization of the U.sub.235 isotope from naturally occurring or depleted
      uranium. By illuminating a vapor of elemental uranium with laser radiation
      to produce selective ionization of the desired U.sub.235 isotope, the
      U.sub.235 particles are given a characteristic which permits them to be
      collected separately from the vapor. As indicated in FIG. 1, the process
      of selective ionization may include a two-step excitation of atoms of the
      desired isotope, represented by energy steps 12 and 14 to an ionization
      region 16, above approximately 6.2 ev for uranium. In typical
      implementation for FIG. 1 the transition 12 is achieved by exposing the
      uranium vapor to a narrow bandwidth laser radiation having a frequency
      which corresponds to an absorption line for the desired U.sub.235 isotope
      but which does not encompass correspondingly an absorption line for other
      isotopes in the vapor. Additional laser radiation having a controlled
      frequency produces the transition 14 into the ionization region 16 of the
      FIG. 1 energy level diagram. While not necessary to understanding and
      practicing the present invention, further system considerations may be
      found in French Pat. No. 71.14007, granted Jan. 10, 1972 (Publication No.
      2.094.967) and incorporated herein by reference.
PAR  A system employing the selective ionization technique indicated in FIG. 1
      will typically include a generator for producing a uranium vapor and a
      separator for collecting the ionized isotope apart from the non-ionized
      components which are subsequently removed from the system. It is desirable
      that the vapor velocity carry the vapor particles into the ion collector
      where local vapor particle motion is kept unidirectional. Radiant energy
      which includes one or more frequencies is applied to the vapor in the ion
      collector and creates a plasma of selectively ionized U.sub.235 ions, and
      a crossed-field MHD accelerator in the ion collector is employed to impart
      to the ions a velocity in a second direction which is typically othogonal
      to the vapor direction so as to create two othogonal particle flows, one
      comprising the desired U.sub.235 isotope in a proportion substantially
      greater than it exists in the original vapor and the other flow comprising
      the rest of the vapor. Separate flows are thus established which may be
      independently collected, typically on collection plates, for subsequent
      removal and use.
PAR  With reference now to FIGS. 2, 3 and 4 there is shown a system for isotope
      separation generally according to the above indicated principle but at a
      substantial increase in efficiency by improvements in the ion collection
      apparatus which permit more efficient use of uranium vapor generation.
PAR  With reference now to FIG. 2, a system is disclosed for the vaporization of
      uranium metal, selective ionization of the U.sub.235 isotope in the vapor
      and separate collection of the ionized isotope. In particular, a laser
      system 20 is provided and typically comprises a tunable dye laser having a
      lasing medium 22 such as a dye solution and a respective tuning system 24,
      excitation system 26 and timing system 28 operative with the lasing medium
      22 to control the frequency of the system output beam 30, to provide the
      excitation energy for the medium 22 and to initiate the pulse output. If
      desired, laser beam 30 may be subjected to one or more stages of
      amplification.
PAR  The laser system 20 may be one of the "Dial-A-Line" lasers of the Avco
      Everett Research Laboratory generally shown in U.S. Pat. No. 3,684,979 and
      adjusted to provide a narrow bandwidth output beam corresponding in
      frequency to an absorption line for the U.sub.235 isotope but not to the
      other isotopes in the uranium vapor being ionized. The radiation in beam
      30 is typically employed to produce the energy step 12 in FIG. 1. Where
      necessary to provide the desired narrow bandwidth, an etalon filter may be
      used on the output beam 30. A typical absorption line for U.sub.235 to
      produce transition 12 from the ground state for U.sub.235 to the
      intermediate excited level may be found in the literature such as LA-4501
      Present Status of the Analyses of the First and Second Spectra of Uranium
      (UI and UII) as Derived from Measurements of Optical Spectra; Los Alamos
      Scientific Laboratory of the University of California, available from
      National Technical Information Service, U.S. Department of Commerce.
PAR  A second laser system 32 is typically employed to provide a radiation in a
      beam 34 with sufficient photon energy to produce the ionization step 14.
      Laser beam 34 from the laser system 32 is combined with the beam 30 by a
      dichroic mirror 36 to produce a composite beam 38.
PAR  The laser beam 38 is applied to a chamber 40 through a window 42 on a pipe
      44. The window 42 is transmissive to the frequencies of the radiation in
      beam 38 and the pipe 44 protects it from contamination by the uranium
      vapor in chamber 40. Window 42 may typically be quartz crystal. The beam
      38 transverses the chamber 40 and exits through a rear window 46 and pipe
      48 and may continue on through one or more additional chambers 50 to
      provide greater utilization of the energy in the beam 38.
PAR  The chamber 40 is evacuated through a vacuum system 52 to maintain a low
      pressure within the chamber 40 to prevent interference with the ionization
      and collection processes through chemical reactions or particle
      collisions. In passing through chamber 40 the beam 38 is reflected by
      mirror systems 54 and 56, preferably located outside of chamber 40 to
      prevent uranium contamination, for multiple traversals of an ion separator
      58 where uranium vapor provided by a source 60 is illuminated to produce
      selective ionization. Subsequent separation is achieved through the
      interaction of a magnetic field, coaxial to laser beam 38, and an electric
      current between the vapor source 60 and the ion separator 58. The magnetic
      field is produced by coils 62, 64 and 66 coaxial to beam 38 and excited by
      a magnetic field current source 68, through other means of generating a
      field may be used. The electric current is produced between vapor source
      60 and separator 58 by a current pulse source 70. A conventional timer 72
      is connected to the timer systems 28 of laser system 20 and 32 and to
      pulse source 70 to provide repetitive sequencing of the laser radiation
      and electric current as will be described below.
PAR  The details of the chamber 40 may best be understood by reference to FIG.
      3. In FIG. 3 the uranium vapor source 60 is indicated as comprising a long
      crucible 74 having passages 76 through the walls thereof that communicate
      with a circulating system 78 for a cooling fluid. The crucible 74 contains
      a mass of uranium 80 which is illuminated along a line 82 of its exposed
      surface by an electron beam 84 from a beam source 86 which may typically
      include a long filament 88 and accelerator plates 90. Focusing is provided
      by the magnetic field 92 produced by coils 62, 64 and 66 to direct the
      beam 84 to a focus along the line 82. Evacuation of chamber 40 prevents
      interference with beam 84 or filament 88. Other configurations for
      containing or heating of the uranium or other material are contemplated.
PAR  Sufficient heating of the uranium 80 to at least partially liquefy it is
      provided by the energy in the incident electron beam 84. Local heating
      along the line 82 is employed to cause vaporization of the uranium in the
      vicinity of the line 82 by providing an appropriate flux in the electron
      beam 84.
PAR  The expansion for the uranium vapor is recognized to be a two dimensional,
      radial expansion away from the line 82 and to have a cosine distribution
      over an angle 94. The evaporating uranium expands, cools and reaches a
      substantial velocity in the low pressure of chamber 40. The evaporated
      uranium particles will, at some distance from line 82, be moving
      substantially radially over the relatively wide angle 94. More
      particularly the velocity distribution is elliptical about any radial line
      with the minor elliptical axis in the circumferential direction so that
      the particle velocity is generally in radial planes. While other vapor
      sources may be substituted, it can be appreciated that the recognized
      properties of this evaporation technique facilitates the provision of a
      substantially unique velocity direction for the expanding uranium at any
      given point.
PAR  The expanding uranium vapor is directed toward the ion separator 58 which
      is indicated as comprising an electrode 96 in the shape of a cylindrical
      arc over angle 94 extending lengthwise into the page. A plurality of
      plates 98 extend radially inward toward the source line 82 to divide the
      ion separator 58 into a plurality of chambers 100. The plates 98 similarly
      run the length of the chamber 40, shown in FIG. 3 as extending into the
      page. An interaction region 102 in the shape of a cylindrical arc is
      defined as extending into the page in a section which encompasses the
      interior of the chambers 100. The laser beam is directed through the
      region 102 in multiple traversals perpendicular to the page to
      sequentially illuminate each chamber 100 by the mirrors 54 and 56.
      Alternatively, a plurality of laser systems may be provided to establish a
      separate beam 38 for each chamber 100.
PAR  In operation, in FIG. 3, the radially expanding vapor 92 will in general be
      continuously provided by the continuous application of the electron beam
      84. The timer system 72 will typically periodically excite both laser
      systems 20 and 32 to provide simultaneous laser beam output pulses for a
      duration in the range of a substantial fraction of a microsecond at a
      repetition rate preferably sufficient to illuminate substantially all
      atoms in the vapor. Directly subsequent to each laser beam pulse a
      periodic pulse of electrical current 110 is drawn from the electrode 96
      and the crucible 74 through the pulse source 70 which has its output leads
      connected thereto. The current pulse has a duration of approximately 2
      microseconds, and a magnitude in the range of approximately 1 to 10
      amperes/cm.sup.2 near plates 98 for a magnetic field intensity of 100 to
      1000 gauss. It is also preferable to maintain the separation between
      plates 98 at less than the kinetic mean free path for the plasma to
      prevent deflection of desired U.sub.235 atoms.
PAR  The current pulse 110 with magnetic field 92 creates a circumferential
      electric field 111 in the region between the plates 98. The current 110,
      electric field 111 and magnetic field 92 operate according to
      crossed-field MHD acceleration principles to react upon the ions of
      U.sub.235 created by the laser beam 38 in region 102 for acceleration of
      the ions toward one of the plates 98 for collection. There will then be
      produced a flow of desired U.sub.235 atoms toward one of the plates 98 in
      a direction orthogonal to the local velocity of the radial vapor
      expansion. The flow from the crossed-field acceleration will contain a
      concentration of the desired U.sub.235 isotope substantially greater than
      in the vapor. This orthogonal flow will also permit separate collection of
      both the enriched U.sub.235 and the remainder of the vapor on respective
      plates 98 and electrode 96. Periodically, the electrode 96 and the plates
      98 may be cleaned to recover separately the enriched U.sub.235 uranium and
      the depleted uranium.
PAR  Among the practical considerations for the system, it is known that each
      U.sub.235 ion may experience a charge exchange interaction with a
      non-ionized vapor atom creating an ionized vapor atom and restoring charge
      neutrality to the desired U.sub.235 atom. It is thus preferable that the
      crossed-field MHD acceleration be accomplished before substantial charge
      exchange reactions may occur and accordingly the duration of the pulse of
      current 110 is typically 2 microseconds although other times may be used.
PAR  While the orientation of the plates 98 parallel to the radial vapor
      expansion is provided to prevent the collection of non-ionized vapor
      particles on the plates, for practical considerations it may be desirable
      to apply shadow shields 112 to the inner edges of the plates to improve
      the separation factor by reducing accidental or random collection of
      non-ionized atoms on the plates 98. As an alternative to drawing the
      current pulse from the electrode 96, separate electrodes 114, may be
      provided as shown between each plate 98, at the radially outer end of each
      chamber 100, for this purpose. In that case electrode 96 serves as a
      collection plate and may be located farther from chambers 100 to reduce
      its electric effects.
PAR  Having described above the preferred embodiment of the present invention,
      it will occur to those skilled in the art that various modifications and
      alterations can be made to the disclosed system without departing from the
      spirit of the invention. Accordingly, it is intended to limit the scope of
      the invention only as indicated in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system for separating one isotope from an environment containing
      plural isotopes which are in a vapor state and wherein there is a
      generally radial vapor flow to the vapor with substantial local flow
      uniformity, apparatus comprising:
PA1  a plurality of adjacent chambers for collecting vapor components and
      defined by a plurality of plates between chambers, the plates being
      positioned parallel to the vapor flow generally to permit passage of said
      radial vapor flow through said chambers; and
PA1  means for producing a trajectory within said chambers for said one isotope
      in said radial vapor flow different from the uniform local flow and toward
      one of said plurality of plates.
NUM  2.
PAR  2. The apparatus of claim 1 further including:
PA1  means for separately collecting the constituents of said vapor flow not on
      said trajectory.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said trajectory producing means
      including means for selectively ionizing said one isotope in said vapor
      flow by application of radiant energy to said environment.
NUM  4.
PAR  4. The apparatus of claim 3 further including means for distributing the
      applied radiant energy throughout the portion of said environment defined
      by said plurality of chamber.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said trajectory producing means
      includes means for accelerating the ionized isotope toward said
      trajectory.
NUM  6.
PAR  6. The apparatus of claim 3 wherein said trajectory producing means
      includes:
PA1  means for applying a magnetic field to said environment in a direction
      generally othogonal to said vapor flow; and
PA1  means for producing an electric current in said environment generally
      othogonal to said magnetic field to accelerate the ions of said one
      isotope in said field toward said collecting means.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said trajectory producing means
      includes:
PA1  a plurality of first electrodes, one associated with each chamber;
PA1  a second electrode; and
PA1  means for applying a signal to said first and second electrodes;
PA1  said first and second electrodes being positioned to provide an electrical
      current therebetween through said plurality of chambers in response to the
      signal applied to said first and second electrodes.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said trajectory producing means further
      includes means for producing a magnetic field in the region of said plates
      generally perpendicular to said radial vapor flow.
NUM  9.
PAR  9. In a system for enriching one isotope in a material containing plural
      isotope wherein a wide angle, radially expanding flow of vapor of said
      material is generated, a process for separating said one isotope
      including:
PA1  directing the vapor flow into a plurality of adjacent chambers for
      collecting vapor components, the chamber being defined by plural plates
      partitioning said chambers;
PA1  the vapor flow being directed in flow direction generally parallel to the
      surfaces of said plates bordering each chamber;
PA1  changing the trajectory of said one isotope within each of said plurality
      of chambers in a direction distinct from the local direction of the
      remaining constituents of said vapor flow in each chamber; and
PA1  collecting said one isotope in each chamber on said trajectory apart from
      the remaining constituents of said vapor flow.
NUM  10.
PAR  10. The process of claim 9 wherein the trajectory changing step includes
      selectively ionizing said one isotope and accelerating the selectively
      ionized isotope toward one of said plate surfaces.
NUM  11.
PAR  11. The process of claim 10 wherein said accelerating step includes
      applying a crossed-field acceleration to said selectively ionized isotope.
NUM  12.
PAR  12. In a system for the enrichment of one isotope in an environment
      containing plural isotopes of a material, apparatus comprising:
PA1  means for providing a generally radially expanding vapor flow of said
      plural isotopes over a substantial angle;
PA1  a plurality of adjacent chambers defined by plural radial disposed
      partitions which separate each chamber and have surfaces bounding each
      chamber which extend generally parallel to the expanding vapor flow;
PA1  means for selectively ionizing particles of said one isotope within each of
      said plurality of chambers over the substantial angle of said radially
      expanding vapor flow; and
PA1  means for accelerating the selectively ionized particles within each of
      said plurality of chambers in a direction distinct from said vapor flow
      over the substantial angle thereof.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said partitions intercept the motion
      of the accelerated particles to provide collection thereof without
      corresponding collection of the other constituents of said vapor flow.
NUM  14.
PAR  14. The apparatus of claim 12 wherein said means for providing a generally
      radially expanding vapor flow includes means for generating local heating
      on a surface of said material sufficient to cause vaporization thereof.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said means for generating local
      heating includes:
PA1  means for producing energy in a propagating beam; and
PA1  means for directing said beam to said surface of said material to produce
      the local heating thereof.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said beam producing means includes
      means for producing a beam of electrons.
NUM  17.
PAR  17. The apparatus of claim 14 wherein said means for generating local
      heating includes:
PA1  means for producing sufficient heat to liquefy a substantial portion of
      said material; and
PA1  means for providing cooled containment for the liquefied material.
NUM  18.
PAR  18. The apparatus of claim 12 wherein said accelerating means includes a
      crossed-field MHD accelerator.
NUM  19.
PAR  19. The apparatus of claim 12 wherein said accelerating means includes
      means for imparting motion generally perpendicular to said vapor flow.
NUM  20.
PAR  20. The apparatus of claim 12 further including:
PA1  means for applying a magnetic field in the region of said vapor flow within
      said chambers and generally parallel to the surfaces of said partitions;
PA1  means for controlling the application of said magnetic field and electric
      current to be coexistent within each of said plurality of chambers for a
      predetermined period subsequent to the selective ionization of said one
      isotope to accelerate the ions of said one isotope toward said partitions.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said partitions include shields at
      the ends thereof facing said vapor flow which inhibit the collection of
      constituents in said vapor flow on said partitions apart from the
      accelerated isotope.
NUM  22.
PAR  22. The apparatus of claim 20 further including means for providing
      repeated operation of said selective ionizing means.
NUM  23.
PAR  23. The apparatus of claim 20 wherein said predetermined period is
      generally less than the time for a charge exchange reaction between
      selectively ionized particles and said vapor flow.
NUM  24.
PAR  24. In a system for separating one isotope from an environment containing
      plural isotopes which are in a vapor state and wherein there is a
      generally radial vapor to the vapor with substantial local flow
      uniformity, apparatus comprising:
PA1  two or more plates circumferentially positioned with respect to said radial
      vapor flow and aligned generally parallel thereto to define a plurality of
      chambers separated by said plates permitting the passage of said radial
      vapor flow therethrough; and
PA1  means for producing a trajectory for said one isotope in said radial vapor
      flow different from the uniform local flow and toward one of said plates;
PA1  a plurality of shadow shields each associated with one of said plates to
      shield said plates from collection of components of said radial vapor flow
      other than those on said trajectory toward said plates.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said trajectory producing means
      includes:
PA1  a first electrode generally circumferential with respect to said radial
      vapor flow and on the radially outer side of said plates;
PA1  a second electrode positioned on the radially inner side of said collection
      plates; and
PA1  means for applying an electric signal to said electrodes to provide an
      electric current in the region between said plates.
NUM  26.
PAR  26. In a system for the enrichment of one isotope in an environment
      containing plural isotopes of a material, apparatus comprising:
PA1  means for generating local heating on the surface of said material
      sufficient to cause vaporization thereof in a generally radially expanding
      vapor flow of said plural isotopes over a substantial angle;
PA1  means for selectively ionizing particles of said one isotope over the
      substantial angle of said radially expanding vapor flow;
PA1  the region above the surface of said material and between said material and
      the region of selective ionization being generally free of obstructions to
      said vapor flow; and
PA1  means for accelerating the selectively ionized particles in a direction
      distinct from said vapor flow over the substantial angle thereof.
NUM  27.
PAR  27. The apparatus of claim 26 wherein said means for generating local
      heating includes means for producing said local heating in a thin
      elongated pattern on said surface of said material.
NUM  28.
PAR  28. A method for separating one isotope from plural isotopes comprising the
      steps of:
PA1  generating an electron beam;
PA1  directing said electron beam onto a surface of a material of said plural
      isotopes and said one isotope desired to be separated to provide a radial
      expansion of the vapor of said material over a wide angle from the local
      heating thereof;
PA1  permitting the vapor expansion to occupy a substantial angle;
PA1  applying radiant energy to the vapor expansion within said substantial
      angle to produce selective ionization of said one isotope in said vapor
      expansion; and
PA1  collecting the ions resulting from the ionization of said vapor expansion
      separately from the remainder of the constitutents of said vapor
      expansion.
NUM  29.
PAR  29. In a system for enriching one isotope of a material containing plural
      isotopes, apparatus comprising:
PA1  an elongated container of said material open to expose a surface of said
      material over a wide angle;
PA1  a source of electrons;
PA1  means for directing said electrons generally onto a line of the surface of
      said material to produce local heating and vaporization of said material
      whereby a radially expanding vapor flow is created away from said line;
PA1  a plurality of collection plates generally aligned parallel to said line
      and the flow direction of said radially expanding vapor flow;
PA1  means for periodically illuminating the region between said plates with
      laser energy to selectively ionize said one isotope in said vapor flow;
PA1  means for applying a magnetic field to said region between said plates in a
      direction generally parallel to said line;
PA1  means for applying periodic electrical current pulses to said region in a
      direction orthogonal to said magnetic field in the interval between the
      periodic illumination in order to accelerate the ions of said one isotope
      toward said plates in a direction distinct from the direction of the local
      vapor flow; and
PA1  means for collecting the constituents of said vapor flow not accelerated
      toward said plates.
NUM  30.
PAR  30. A method for separating one isotope from plural isotopes comprising the
      steps of:
PA1  generating localized heating on a surface of a material of said plural
      isotopes and said one isotope desired to be separated to provide a radial
      expansion of a vapor of said material over a wide angle from the local
      heating thereof;
PA1  permitting this vapor expansion to occupy a substantial angle;
PA1  directing the vapor flow into a plurality of adjacent chambers for
      collecting vapor components, the chambers being defined by plural
      partitions radially disposed about the locally heated material;
PA1  the vapor flow being directed generally parallel to the surfaces of said
      partitions bordering said chambers;
PA1  applying radiant energy to the vapor expansion within said substantial
      angle to produce selective ionization of said one isotope in said vapor
      expansion;
PA1  collecting the ions resulting from the ionization of said vapor expansion
      separately from the remainder of the constituents of said vapor expansion.
NUM  31.
PAR  31. The method of claim 30 further including in said collecting step the
      steps of:
PA1  applying a crossed-field to said vapor expansion;
PA1  intercepting the flow imparted to the selectively ionized constituents of
      said vapor by the crossed-field.
PATN
WKU  039406164
SRC  5
APN  4942787
APT  1
ART  256
APD  19740802
TTL  Mass spectrometers
ISD  19760224
NCL  2
ECL  1
EXP  Church; Craig E.
NDR  1
NFG  2
INVT
NAM  Ball; Geoffrey William
STR  Apple Patch, Bellingdon Road
CTY  Bellingdon, Chesham, Buckinghamshire
CNT  EN
RLAP
COD  74
APN  217600
APD  19720113
PSC  01
PNO  3840742
CLAS
OCL  250292
XCL  250423
EDF  2
ICL  H01J 3934
ICL  H01J 3708
FSC  250
FSS  423;424;288;292;281;282;283
UREF
PNO  3639757
ISD  19720200
NAM  Caroll
OCL  250288
LREP
FRM  Toren, McGeady and Stanger
ABST
PAL  A mass spectrometer has an ion source in having two nested frusto-conical
      members between the narrow ends of which the splayed out end of an inlet
      pipe is disposed. The inner frusto-conical member is of mesh form and its
      wide end leads to the inlet of an ion filter. R.f. and d.c. are applied
      between the frusto-conical members. The ion filter has four elongate
      hyperbolic plates of conductive material supported within a tubular
      ceramics support member. The elongate hyperbolic plates are symmetrical
      with respect to an axis towards which they project and define a passage
      within the support member. The outlet of the filter leads to an ion
      detector.
PARN
PAR  This is a divisional application of application Ser. No. 217,600 filed Jan.
      13, 1972 now U.S. Pat. No. 3,840,742.
BSUM
PAR  This invention relates to mass spectrometers.
PAR  A mass spectrometer comprises an ion source, an ion filter, and an ion
      detector. A gas at a low pressure is introduced into the ion source which
      ionizes it and ions having the required e/m ratio pass through the ion
      filter and are detected by the ion detector. The e/m ratio of the ions
      selected by the ion filter can be varied so that the gas introduced into
      the ion source may be analysed.
PAR  The ion source generally comprises means for generating a stream of
      electrons which are arranged to impinge upon the molecules of the gas to
      be analysed and to thereby ionize them.
PAR  One known type of ion filter comprises four parallel conductive rods
      symmetrically placed about an axis along which ions pass, r.f. and d.c.
      being fed to the four rods. The e/m ratio of the selected ions is defined,
      inter alia, by the magnitudes of the r.f. and d.c. and may be varied by
      varying those magnitudes. This type of ion filter is known as a quadrupole
      filter and it is known to vary the magnitudes of the r.f. and d.c. by a
      sweep signal which is also fed to the X-X plates of an oscilloscope, the
      output of the ion detector being fed to the Y-Y plates of the
      oscilloscope.
PAR  The ion detector generally consists of an electron multiplier having a
      plurality of plates.
PAR  It is an object of this invention to provide an improved mass spectrometer.
PAR  According to a first aspect of this invention, there is provided a mass
      spectrometer comprising an ion source, an ion filter and an ion detector,
      the ion source comprising two nested frusto-conical members the inner of
      which is in mesh form, the wider ends of the inner frusto-conical members
      being adjacent to the entry to the ion filter, and a passage for
      introducing a gas to be ionized, the passage being connected to the
      narrower end of the inner frusto-conical member.
PAR  In use, r.f. and d.c. are applied between the two frusto-conical members,
      the inner member being earthed. The gas introduced into the inner
      frusto-conical member passes through the inner frusto-conical member into
      the space between the two frusto-conical members. At the peaks of the r.f.
      waveform the molecules of gas in that space are ionized and the forces
      generated by the r.f. and d.c., which act on those ions, are in the sense
      to urge those ions axially towards the wider ends of the two members so
      that the ions pass through the inner frusto-conical member, and through
      its open end and, if they have the right e/m ratio, through the ion
      filter.
PAR  Preferably the splayed out end of an inlet pipe for gas to be ionized is
      disposed between the narrow end of the frusto-conical members.
PAR  According to a second aspect of this invention there is provided a mass
      spectrometer comprising an ion source, an ion filter, and an ion detector,
      the ion filter comprising at least one elongated hyperbolic plate of
      conductive material the or each elongated hyperbolic plate being supported
      within a tubular support member of insulating material so as to define a
      passage within the tubular support member.
PAR  Preferably a number of elongated hyperbolic plates are provided, the number
      being four or a multiple thereof, the elongated hyperbolic plates being
      symmetrically disposed about, and projecting towards an axis within the
      tubular support member.
PAR  In use, r.f. and d.c. are applied to the or each elongated plate, the
      hyperbolic shape being the optimum shape.
PAR  Preferably an elongated flat plate is secured symmetrically to the or each
      plate on its concave side, that elongated hyperbolic plate being secured
      to the tubular support member by a fixing device which extends through an
      aperture in the support member and is secured to the flat plate.
PAR  Preferably the fixing device is a bolt which is screwed into a nut carried
      by or formed in the flat plate.
PAR  Preferably the internal passage of the tubular support has a plurality of
      sides equal in number to the plates, the elongated plates being in
      register with respective sides of the passage.
PAR  Preferably a projecting rib is formed at the junction of each pair of
      sides, the opposed elongated edges of each elongated plate being in
      enagement with the corners formed by ribs at the edges of the side with
      which that elongated plate is in register.
PAR  Preferably, the ion detector comprises an electron multiplier having a
      plurality of plates or grids which are capacitively coupled, there being
      provided a control plate or grid at the entry to the electron multiplier
      associated with means for applying a d.c. potential of either polarity to
      the control plate or grid for controlling the output of the electron
      multiplier.
PAR  Preferably the mass spectrometer is of unitary construction.
DRWD
PAR  An electron multiplier in accordance with this invention will now be
      described, by way of example only, with reference to the accompanying
      drawings of which:
PAR  FIG. 1 is an elongated sectional elevation of a mass spectrometer in
      accordance with this invention; and
PAR  FIG. 2 is a sectional elevation on the line II--II of FIG. 1.
DETD
PAR  The mass spectrometer is of unitary construction and has an outer housing 1
      of glass. As seen in FIG. 1, an ion source is formed at the left hand end,
      an ion filter in the central part, and an ion detector at the right hand
      end of the mass spectrometer. The ion source comprises two nested
      frusto-conical members 2 and 3 of metallic material, the inner member 2
      being in the form of mesh. The narrower ends of the two members 2 and 3
      surround the splayed out end 4 of a pipe 5 integral with the housing 1.
      The pipe 5 serves to supply a gas which is to be analysed and which is at
      a low pressure. The wide end of the inner member 2 registers with the
      entry to the ion filter which will be described later. The wide end of the
      outer member 3 is flanged on to a metallic ring 6 which is connected to a
      lead 7 extending out of the casing 1. The wide end of the inner ring 2 is
      secured to a flange 8 formed on a hollow cylinder 9, which is of metallic
      material and which is connected to a lead 10 extending outside the casing
      1.
PAR  The ion filter comprises four elongated hyperbolic plates 12 which are
      symmetrical about, and project towards, an axis 13 which is colinear with
      the axis of the pipe 5 and of the members 2 and 3. The four elongated
      plates 12 are supported by a cylindrical support member 14 having a
      generally square passage 15 therein. The corners of the passage 15 are
      stepped inwardly as indicated at 16 to provide approximate location for
      the elongated hyperbolic plates 12.
PAR  At its mid-point the cylindrical support 14 is formed with four
      symmetrically disposed apertures 17 in line with the elongated plates 12.
      There is symmetrically secured to each plate 12 on its concave side, i.e.
      the side facing its associated aperture 17, an elongated flat plate 25 to
      which a nut 26 is welded. A 4BA fixing stud 27 extends through each
      aperture 17, is screwed into the nut 26, and carries an end cap 28. The
      stud 27 also carries a nut 29 and a washer 30 which rests against the
      cylindrical support 14. A lead 18 is connected to the end cap 28 by a wire
      31 and passes through the casing 1 so that each stud 27 acts to secure one
      of the plates 12 to the support member 14 and also to provide an
      electrical connection to the plate 12. At the ends of the ion filter
      adjacent to the ion source and the ion detector respectively there are
      formed a pre-filter and a post-filter respectively. The pre-filter
      comprises four hyperbolic plates 19 which are shorter than, but are
      otherwise identical to, the plates 12. These plates 19 are secured to the
      cylindrical support member 14 in a manner identical to that in which the
      plates 12 are secured to the support member 14 using studs which pass
      through apertures 20 and are electrically connected to the leads 21. The
      post-filter is similar to the pre-filter and comprises short hyperbolic
      plates 22, apertures 23 and leads 24 which correspond to the short
      hyperbolic plates 19, apertures 20 and leads 21 respectively.
PAR  The leads 21 and 24 are connected to the respective leads 18 through
      capacitors which are not shown.
PAR  The plates 12, 19 and 22 are of stainless steel but could be of any other
      conductive non-magnetic material. The cylindrical support member 14 is of
      aluminium ceramic but could be of any other insulating material. The
      support member 14 is supported within the casing 1 by supports 32 in the
      form of circular crinkle springs.
PAR  The ion detector is not shown in section in FIG. 1 but comprises an
      electron multiplier having a plurality of aligned grids as is conventional
      with the grids coupled capacitively so as to pass r.f. At the entry to the
      electron mutliplier, which operates on the basis of secondary emission,
      there is provided a control grid or plate to which a variable positive or
      negative d.c. potential is applied.
PAR  Three vacuum pumps are connected to the mass spectrometer.
PAR  In use, the gas to be analysed is introduced into the ion source through
      the pipe 5. The lead 10 is earthed whereas r.f. and d.c. are applied to
      the lead 7. The molecules of gas pass through the member 2, which is in
      the form of a mesh, to the space between the members 2 and 3 and are there
      ionized at the positive peaks of the r.f. The resultant ions are urged
      axially towards the open end of the member 2 by the combined r.f. and d.c.
      signal and enter the ion filter.
PAR  The plates 12 form the central part of the ion filter and to these plates
      r.f. and d.c. are applied so that the lead can be connected directly to
      one of the leads 18. The central part of the ion filter selects ions of
      the required e/m ratio, that is to say, it only allows such ions to pass
      through the filter. As the pre-filters and post-filters are capactively
      coupled to the central part of the ion filter only r.f. is applied to them
      and consequently they allow all ions to pass through. The purpose of
      providing the pre-filters and post-filters is to eliminate the end effects
      which would otherwise appear at the ends of the plates 12 and thereby
      prevent some ions with the required e/m ratio passing through the ion
      filter.
PAR  The ion detector detects the number of ions and its output is fed to an
      amplifier.
PAR  As the output of the detector is dependent on the phase of the r.f. signal
      and as the number of ions is proportional to the phase of the r.f. applied
      to the ion source, it is desirable that the amplifier should be followed
      by a phase sensitive detector to which the r.f. signal is applied.
PAR  The mass spectrometer in accordance with this invention is small and is
      relatively cheap because it is of unitary construction having a single
      housing 1.
PAR  In a modification eight or 12 plates 12 are used and the support 14 has a
      corresponding internal shape. In a further modification only one plate 12
      is employed and the ion filter is of the monopole type.
PAR  The cylindrical support 14 is extruded oversize, is then hydrostatically
      pressed in a machine tool and the apertures 17 are then formed by
      machining. Subsequently the support 14 is fired in a gradient temperature
      controlled tunnel kiln to give steady shrinkage without distortion or
      cracking.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mass spectrometer comprising an ion source, an ion filter and an ion
      detector, the ion source including two nested frusto-conical members, the
      inner member being in mesh form, the wider end of the inner frusto-conical
      member being adjacent the entry to the ion filter, a member containing a
      passage for introducing a gas to be ionized, said passage member being
      connected to the narrower end of the inner frusto-conical member, a source
      of r.f., the output of which is applied between the frusto-conical
      members, and a source of d.c., the output of which is applied between the
      frusto-conical members.
NUM  2.
PAR  2. A mass spectrometer as claimed in claim 1 wherein the splayed out end of
      an inlet pipe for gas to be ionized is disposed between the narrow ends of
      the frusto-conical members.
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PAL  A method for nondestructively determining the deuterium and tritium content
      of laser fusion targets by counting the x rays produced by the interaction
      of tritium beta particles with the walls of the microballoons used to
      contain the deuterium and tritium gas mixture under high pressure. The x
      rays provide a direct measure of the tritium content and a means for
      calculating the deuterium content using the initial known D-T ratio and
      the known deuterium and tritium diffusion rates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to laser fusion targets and more particularly to a
      nondestructive method for determining the deuterium and tritium content of
      such targets.
PAR  Hollow, spherical, DT-gas-filled targets with diameters ranging from 30 to
      greater than 200 .mu.m and with contained fuel pressures varying from 10
      to 1000 atm (at 298 K) are of interest for laser fusion. Presently, the
      primary gas-containment vessels of these targets are either glass
      microballoons or compositemetal microballoons made by electroless nickel
      plating of commercially available nickel/manganese/silicon alloy
      microballoon mandrels. These mandrels are sold under the tradename
      Solacells by the Solar Division of International Harvester Co., San Diego,
      CA.
PAR  The targets are filled by diffusing DT fuel gas through the walls at
      elevated temperatures, taking advantage of the exponential temperature
      dependence of the permeability to allow the gas to be retained for useful
      times at room temperature. Thus, when the microballoons are placed in a
      deuterium andd tritium gas mixture of a desired ratio at high pressure and
      elevated temperature, the deuterium and tritium readily enter the
      microballoons and equilibrate to the surrounding gas pressure. When the
      microballoons are cooled to room temperature, the diffusion rate through
      their walls is greatly reduced, so that the DT mixture within the
      microballoons remains at high pressure for times which permit useful
      storage before the targets are irradiated by the laser. However, because
      the probability of occurrence of submicroscopic pores and other defects in
      the walls of the microballoons is rather high, the permeation rates of the
      DT through the walls can vary substantially at room temperature.
      Accordingly, it is highly desirable to have some means for
      nondestructively verifying that any particular microballoon laser target
      does indeed contain the desired amount of DT fuel gas.
PAC  SUMMARY OF THE INVENTION
PAR  The deuterium and tritium contents of laser fusion target microballoons are
      nondestructively determined by (a) counting the x-rays produced by the
      interaction of tritium beta particles with the walls of the microballoons,
      (b) comparing the number of counts for a designated period of time with a
      calibration curve of counts for various tritium contents for the same
      designated time period to obtain the tritium content, and (c) calculating
      the deuterium content utilizing the known initial D-T ratio and the known
      diffusion rates for deuterium and tritium.
PAR  The method may be used to assay the tritium content--and hence the
      deuterium content also--of any type of microballoon of a material and
      having a wall thickness which permit a measurable amount of x-rays to be
      transmitted from the microballoon. It is particularly well suited to assay
      of the fuel content of glass or metal microballoons having wall
      thicknesses in the range of 0.5 to 20 .mu.m.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the tritium beta particle energy spectrum.
PAR  FIG. 2 shows tritium beta particle self-absorption corrections for glass
      and nickel microballoons.
PAR  FIG. 3 is a schematic of an x-ray counting system useful with the method of
      the invention.
PAR  FIG. 4 shows x-ray counter multichannel analyzer outputs for (A) 3M Type
      B40A glass microballoon, 63-.mu.m-diam by 1.5-.mu.m-thick wall, containing
      0.8 ng of tritium, and (B) nickel-coated Solacell, 176-.mu.m-diam by
      5.7-.mu.m-thick wall, containing 83 ng of tritium.
PAR  FIG. 5 shows x-ray calibration factors for glass microballoons illustrating
      the effect of the self-absorption corrections.
PAR  FIG. 6 shows tritium gas-retention half-life measurement data for a
      low-permeability glass microballoon.
PAR  FIG. 7 shows relative tritium gas-retention half-life measurements for
      high-permeability glass microballoons.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Basis for the Method
PAR  The method of this invention is predicated on the fact that the walls of
      the microballoons, which are typically in the range of 0.5 to 20 .mu.m,
      are sufficiently thick that there is a substantial interaction of tritium
      beta particles therein to produce x-ray photons but sufficiently thin that
      a substantial amount of the x rays thus produced are transmitted through
      the walls. The tritium beta spectrum, as shown in FIG. 1, has a maximum at
      about 3 keV and a high-energy cutoff at about 18 keV. The mean beta
      particle energy is about 5.7 keV. The range of an 18-keV electron in the
      Solacell microballoons is about 0.8 .mu.m, which is less than the wall
      thickness. Accordingly, all beta particles are captured in the Solacell
      walls. The range of beta particles is somewhat longer in glass (1 .mu.m at
      10 keV; 2 .mu.m at 14 keV; and 3.3 .mu.m at 18 keV) so that the
      highest-energy beta particles can escape from the glass microballoons
      which typically have wall thicknesses ranging from 1 to 2.5 .mu.m.
PAR  Absorption of the tritium beta particles in the high-pressure gas within
      the microballoons (self absorption) is nonnegligible and is also pressure
      dependent. The combined effects of this self absorption, beta particle
      backscatter by the microballoon walls, and x-ray generation in the gas
      must be taken into account in determining the relationship of x-rays
      counted to the amount of tritium present. In FIG. 2, the relative
      efficiency of x-ray photon generation is plotted as a function of the
      product of the equivalent ideal gas pressure P.sub.i and the inside
      diameter d of the microballoon. For a 100-.mu.m-diam glass microballoon
      filled with 100 atm of DT gas, i.e., P.sub.i d = 1 atm.cm, self absorption
      by the gas decreases the number of x-ray photons generated to about 57
      percent of what would be expected in the absence of such absorption.
PAR  In Solacells, the tritium beta particles excite the characteristic
      K.sub..alpha. lines of manganese at 5.9 and 7.5 keV, respectively. In
      contrast, interaction of the beta particles with sodium borosilicate glass
      microballoons produces a broad bremsstrahlung x-ray peak with a maximum at
      about 4 keV. In calcium-sodiumborosilicate glass microballoons, the beta
      particles produce a composite bremsstrahlung/calcium-K.sub..alpha. peak
      with a maximum intensity at about 3.8 keV.
PAR  Although these x-rays are quite soft, the thin walls of the microballoons
      which are 0.5 to 20 .mu.m thick allow useful transmission of these x-ray
      photons despite their very low energies. A glass microballoon with a
      2-.mu.m-thick wall transmits about 80 percent of the x-ray photons. The
      metal Solacells--although much more opaque--transmit about 30 percent of
      the x-ray photons through a 10-.mu.m-thick wall and about 50 percent
      through a 5-.mu.m-thick wall.
PAR  This method measures only the tritium content of the targets directly.
      However, by filling the microballoons to equilibrium with a supply gas
      having a known D-T ratio, the D-T ratio in the as-filled targets is also
      known. Known data for the isotope effect on "hydrogen" permeation through
      metal and glass walls then permits the deuterium permeation through the
      walls to be calculated once the tritium loss is determined.
PAR  Because of the difficulty of calculating both the production and
      transmission rates of the x-rays in the various materials involved, it is
      necessary to produce calibration curves for each type of microballoon
      which show the variation in x-ray output with tritium content. These
      calibration curves are produced by measurements made using microballoons
      of the same materials and with the same range of diameters and wall
      thicknesses and filled to a variety of pressures.
PAR  Thus, when the microballoon material, diameter, and wall thickness are
      known, the tritium content is readily determined by counting the x-rays
      produced for a fixed time and comparing the count to the calibration curve
      for that particular type of microballoon. Once the tritium content is
      determined, the deuterium content may be readily calculated. It will be
      readily apparent that this method is applicable with any type of
      microballoon of a material and having a wall thickness which permits a
      measurable amount of x-rays to be transmitted from the microballoon.
PAC  Counting System
PAR  A schematic of an x-ray counting system useful in practicing the method of
      this invention is shown in FIG. 3. Two 5-cm-diam gas-proportional x-ray
      tubes 1 filled with 1 atm of xenon gas (CO.sub.2 quench) and having
      2.5-cm-diam windows (not shown) of 50-.mu.m-thick Mylar are arranged with
      the windows about 0.8 cm apart. A target support tray 2 containing the
      target 3 to be assayed is inserted into the gap between counters 1. Target
      3 is supported near the center of a .about. 100-nm-thick plastic film
      stretched across a 4-mm-diam hole (not shown) in target support tray 2.
      Tray 2 is inserted between counters 1 to a point where target 3 is
      centered between the windows in the counter. This arrangement gives a
      geometrical counting efficiency of 70 percent. Tubes 1 are surrounded
      longitudinally by a graded-Z shield 4 consisting of aluminum 5, copper 6,
      and cadmium 7 foils having thicknesses of 225 .mu.m, 125 .mu.m, and 0.15
      cm, respectively. This entire assembly is shielded in .about. 5  cm of
      lead using bricks 8. With this arrangement, a background count rate of
      .about. 25 cps is observed.
PAR  The counter-tube outputs are ampliifed, mixed, and fed to a multichannel
      pulse-height analyzer. The amplifiers are balanced using a .sup.55 Fe
      x-ray source. The gas-proportional tubes 1 are &gt; 90 percent efficient for
      all photons with energies up to 11 keV that can penetrate their windows.
      The window transmission, at normal incidence, of silicon K.sub..alpha.
      photons at 1.74 keV is .about. 5 percent so that the contribution of these
      photons to the observed peak is small. At 4 keV, the corresponding
      transmission is .about. 75 percent, whereas at 6 and 8 keV, transmission
      increases to 92 and 98 percent, respectively.
PAR  The resolution of the gas-proportional tubes is indicated in FIG. 4 which
      presents the multichannel analyzer output for a
      sodium-calcium-borosilicate glass microballoon and for a nickel-plated
      Solacell, filled with 0.8 and 83 ng of tritium, respectively. The
      manganese and nickel K.sub..alpha. peaks obtained from Solacells can just
      be resolved, but the calcium K.sub..alpha. peak cannot be separated from
      the bremsstrahlung peak (3.7 and 4 keV, respectively) in glass
      microballoons. Even so, this resolution is more than adequate for the
      method of the invention.
PAC  Calibration
PAR  Calibration data are prpesented in Tables I and II for the glass and metal
      microballoons, respectively. The glass microballoons are made of
      calcium-sodium-borosilicate glass, while the metal microballoons consist
      of a Solacell mandrel with a .about. 1.5-.mu.m-thick wall overcoated with
      electroless nickel to make up the indicated wall thickness. Fill pressures
      are measured in accordance with the ideal gas pressure at 298 K equivalent
      to actual gas density. The gas contents of the individual microballoons
      are determined by several methods. In one, 16 MeV protons produced in a
      Van de Graaff generator impinge on the microballoons and recoil deuterons
      and tritons produced by the elastic scattering reacitons D(p,d)H and
      T(p,t)H are measured. In another, the gas content is calculated from the
      known fill conditions, i.e., gas density and composition and size of
      microballoon. In some instances shown under the heading "Other",
      destructive assay of the microballoon fuel content was made. The
      microballoon was either broken in the inlet of a quadrapole mass
      spectrometer and the composition and amount of the contained gases
      analyzed by the spectrometer, or the microballoons were broken in an
      evacuated, known small volume and the resultant pressure rise measured to
      obtain the total number of moles of gas.
TBL                                    Table I                                 
     __________________________________________________________________________
     Microballoon Size                                                         
     [o.d. .times. wall (.mu.m)]                X-ray Calibration              
     and Fill Pressure,                                                        
                P.sub.i d                                                      
                     Gas Content (ng)    X rays (counts/s-ng)                  
     P.sub.i (atm)                                                             
                (atm-cm)                                                       
                     Calculated                                                
                           Van de Graaff                                       
                                    Other                                      
                                         (counts/s)                            
                                                Measured Corrected             
     __________________________________________________________________________
       98 .times. 1.8                                                          
                0.524                                                          
                     5.9 T 5.8 .+-. 0.6 T                                      
                                    --   30.6   5.2      7.3                   
     55.5            0.1 D 0.2 .+-. 0.2 D                                      
                                    --                                         
     100.4 .times. 1.4                                                         
                0.807                                                          
                     5.8 T 4.7 .+-. 0.6 T                                      
                                    --   21.6   3.7, 4.6 6.0, 7.4              
     82.7            2.8 D 2.7 .+-. 0.4 D                                      
                                    --                                         
     111.9 .times. 1.4                                                         
                0.902                                                          
                     8.1 T 8.7 .+-. 0.9 T                                      
                                    7.6 T                                      
                                         33.1   4.1, 3.8, 4.4                  
                                                         6.9, 6.4, 7.4         
     82.7            3.9 D 4.5 .+-. 0.5 D                                      
                                    3.9 D                                      
      78.9 .times. 2.1                                                         
                0.618                                                          
                     2.6 T 2.6 .+-. 0.6 T                                      
                                    --   10.5   4.0      5.9                   
     82.7            1.2 D 0.9 .+-. 0.4 D                                      
                                    --                                         
      75.5 .times. 2.1                                                         
                0.590                                                          
                     2.2 T 2.0 .+-. 0.5 T                                      
                                    --    9.5   4.3, 4.8 6.2, 7.0              
     82.7            1.1 D 1.3 .+-. 0.3 D                                      
                                    --                                         
                                                Average: 6.7 .+-. 0.6          
                                                (1.sigma.)                     
     __________________________________________________________________________
TBL                                    Table II                                
     __________________________________________________________________________
     Microballoon Size               Calculated                                
     [o.d. .times. wall (.mu.m)]                                               
                P.sub.i d            Wall                                      
     and Fill Pressure,                                                        
                (cm-                                                           
                   Gas Contents (ng) Transmis-                                 
                                           X ray X-ray Calibration             
                                                 (counts/s-ng)                 
     P.sub.i (atm)                                                             
                atm)                                                           
                   Calculated                                                  
                         Van de Graaff                                         
                                 Other                                         
                                     sion (%)                                  
                                           (counts/s)                          
                                                 As-measured                   
                                                        Corrected              
                                                              Normalized       
     __________________________________________________________________________
     150.4 .times. 5.4                                                         
                4.8                                                            
                   68.3 T                                                      
                         58.8 .+-. 3 T                                         
                                     44    90.9  1.43   8.36  19.0             
     344           35.1 D                                                      
                         35.3 .+-. 2 D                                         
     154.7 .times. 5.4                                                         
                4.9                                                            
                   74.8 T                                                      
                         75.2 .+-. 3 T                                         
                                 67.2 T                                        
                                     44    78.3  1.08   6.45  14.7             
     344           38.5 D                                                      
                         38.5 .+-. 2 D                                         
                                 34.7 D                                        
      175 .times. 7.0                                                          
                5.1                                                            
                   80.2 T                                                      
                         83.1 .+-. 3 T                                         
                                     36    104.5 1.28   7.80  21.7             
     320           60.7 D                                                      
                         61.3 .+-. 3 D                                         
      178 .times. 7.0                                                          
                5.2                                                            
                   84.8 T                                                      
                         92.2 .+-. 3 T                                         
                                     36    108.7 1.23   7.59  21.1             
     320           64.2 D                                                      
                         64.1 .+-. 3 D                                         
     145.8 .times. 8.1                                                         
                4.5                                                            
                   54.7 T                                                      
                         54.4 .+-. 2 T                                         
                                     33    89.6  1.64   9.65  29.2             
     344           28.1 D                                                      
                         28.1 .+-. 2 D                                         
     170.6 .times. 9.7                                                         
                5.2                                                            
                   86.8 T                                                      
                         82.3 .+-. 4 T                                         
                                 a.  28    77.1  0.91   5.62  20.1             
     344           44.6 D                                                      
                         41.5 .+-. 2 D                                         
     --            --    42.9 .+-. 3 T                                         
                                 b.        73.7  1.72   --                     
                         24.6 .+-. 2 D                                         
                                           Average (without 8.1 .mu.m wall):   
                                           19.3 .+-. 2.8 (1.sigma.)            
     __________________________________________________________________________
      a. 1.8 .times. 10.sup.-.sup.8 mole by .DELTA.P method. Values of 2.4     
      .times. 10.sup.-.sup.8 mole and 2.2 .times. 10.sup.-.sup.8 mole are      
      obtained from the calculated and Van de Graaff measured contents,        
      respectively.                                                            
      b. 1.3 .times. 10.sup.-.sup.8 mole by .DELTA.P method. A value of 1.3    
      .times. 10.sup.-.sup.8 mole is obtained from the Van de Graaff measured  
      contents.                                                                
PAR  The glass microballoon data are corrected for self absorption, according to
      FIG. 2, to obtain the values listed in the last column of Table I. As
      expected, the effect of glass wall thickness on the calibration factor is
      smaller than the data scatter, so all data are averaged to obtain 6.7 .+-.
      0.6 counts/s-ng, under negligible self-absorption conditions. The effect
      of the self-absorption correction is illustrated in FIG. 5 where the
      asmeasured and as-corrected calibration factors are plotted versus P.sub.i
      d. The as-measured data clearly decrease with increasing P.sub.i d, while
      any dependence of the as-corrected values is masked by the data scatter.
PAR  The metal microballoon data in Table II are complicated both by self
      absorption of the tritium beta particles and by appreciable x-ray
      absorption in the metal walls. The former is corrected for using the data
      in FIG. 2 to obtain the corrected calibration factors listed in column 9
      of the table. Then, approximate x-ray transmission of the metal walls is
      calculated from mass absorption coefficients at 5.9 and 7.4 keV, weighted
      according to the relative peak heights observed at these two energies. A
      1.5-.mu.m-thick inner shell of 76 Ni:24 Mn alloy (i.e., the Solacell) is
      assumed, surrounded by a second shell of pure nickel to make up the
      balance of the wall thickness. The corrected calibration factors (column
      9) are then normalized to zero wall thickness and are listed in column 10.
      Ignoring the data for the apparently anomalous 8.1-.mu.m-thick wall, the
      average of these normalized data is 19.3 .+-. 2.8 counts/s-ng.
PAR  The sensitivity of the x-ray assay method of the invention is rather high.
      As stated earlier, the background count rate in the counting system is
      .about. 25 cps. Therefore, with a counting time of 1000 s, 0.5 ng of
      tritium in a glass microballoon can be assayed to a statistical counting
      uncertainty of .+-. 7.7 percent. The larger metal microballoons, similar
      to those in Table II, usually contain a minimum of .about. 8 ng of
      tritium, in which case counting statistics errors are less than .+-. 1.5
      percent for counting times of 1000 s.
PAC  Application
PAR  This assay method is very useful in estimating gas-retention half-lives of
      individual targets. In this case, a series of measurements is made on a
      particular microballoon as a function of time. After correcting these data
      for the pressure-dependent tritium beta self absorption, the time required
      for one-half of the initial gas content to be lost is calculated. Because
      both the material and wall thickness of any individual microballoon are
      constant with time, no other calibration is required. Additionally, by
      comparing a series of microballoons of the same type having similar sizes
      and initial pressures, relative half-lives can be obtained even without
      applying the self-absorption correction. The measurement of gas-retention
      half-lives of microballoons is of major concern in learning how to
      fabricate laser fusion targets.
PAR  A typical set of data is presented in FIG. 6 for a
      sodium-calcium-borosilicate glass microballoon (Type B40A from Minnesota
      Mining & Mfg. Co.). This microballoon was 53-.mu.m outside diameter with a
      wall of 1.5 .mu.m. It was filled to an equivalent ideal gas pressure (298
      K) of 60 atm, so the initial P.sub.i d factor is 0.30 atm.cm. In this case
      the count rate data indicate an apparent half-life of about 12 months;
      when tritium beta self absorption is corrected for via the data in FIG. 2,
      the actual half-life is about 10 months. The error in half-lives estimated
      directly from the count rate data increases with increasing values of
      P.sub.i d; if data are obtained over one half-life for glass microballoons
      with initial P.sub.i d values of 2, 1, and 0.5 atm.cm, the indicated
      half-lives will be .about. 2, 1.6, and 1.3 times longer than the actual
      values. The relative errors are somewhat larger for metal microballoons.
PAR  A comparative half-life measurement is illustrated in FIG. 7 for low-sodium
      borosilicate glass microballoons (SI-Eccospheres obtained from Emerson and
      Cuming Company, Canton, Mass.). The lower curve is for an as-received
      microballoon with an apparent half-life of .about. 1 day. Heat treatment
      for 20 h at 975 K in flowing hydrogen sinters the structure of these
      microballoons and decreases the permeability so that their apparent
      half-life increases to .about. 13 days (upper curve). These apparent
      half-lives are too long by a factor of .about. 1.2, but the error in the
      relative value should be substantially less than this.
PAR  In addition to this half-life application, it is advantageous to routinely
      assay the tritium content of all laser fusion targets before mounting them
      in the target chamber for laser/target interaction experiments. In this
      case, calibration data are utilized to determine the tritium content
      directly. In addition, it is desirable to assay every tritium-filled
      microballoon immediately after filling with gas. Since the microballoons
      are typically filled to equilibrium with the supply gas, the gas density
      and the composition in the as-filled microballoon is therefore known.
      Counting the x-rays from these as-filled microballoons gives a direct
      calibration of the counting system for each individual microballoon, which
      can then be used to calculate the tritium content at some later time if
      the fractional decrease in x-ray count rate is measured and the
      appropriate tritium beta self-absorption correction is applied.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of nondestructively determining the deuterium and tritium
      contents of laser fusion target microballoons which comprises (a) counting
      the x rays produced by the interaction of tritium beta particles with the
      walls of said microballoons, (b) comparing the number of counts for a
      designated period of time with a calibration curve of counts for various
      tritium contents for the same designated time period to obtain the tritium
      content, and (c) calculating the deuterium content utilizing the known
      initial D-T ratio and the known diffusion rates for D and T.
NUM  2.
PAR  2. The method of claim 1 wherein said microballoons have a wall thickness
      in the range of 0.5 to 20 .mu.m.
NUM  3.
PAR  3. The method of claim 2 wherein said microballoons are metal
      microballoons.
NUM  4.
PAR  4. The method of claim 2 wherein said microballoons are glass
      microballoons.
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ABST
PAL  A sample of hot fluid under pressure circulating in a main circuit is
      admitted into a cavity formed within a sampling unit. The temperature and
      pressure of the fluid within the cavity are brought to the same conditions
      as in the main circuit and the cavity is then isolated after thermal
      stabilization of the main circuit. The sampling unit is isolated, then
      cooled in order to reduce the pressure within the cavity. A supporting
      shield which normally covers a thin window formed in the bottom cavity
      wall is withdrawn by sliding and the fluid is analyzed across the window.
BSUM
PAR  This invention relates to a sampling device for the analysis of a volume of
      fluid.
PAR  As is already known, it often proves necessary to take a sample which is
      representative of a volume of fluid contained in a given circuit and which
      contains the same proportions of product as those existing within the
      circuit.
PAR  A particularly noteworthy application is in the field of nuclear reactor
      technology in which the radioactive products formed at the time of fission
      reactions have to be detected either in the primary fluid or in the
      purification liquid. It is accordingly necessary to sample a volume of
      liquid in order to perform various analyses which indicate variations in
      the concentrations of radioactive products. If these variations are
      substantial and give rise to a burst of additional radioactive substances,
      they point either to a can failure (fission products) or to the presence
      of radioactive impurities (activation products).
PAR  In nuclear reactors, can failures are detected by means of a number of
      methods including the following:
PA0  Detection of delayed neutrons,
PA0  Measurement of total gamma activity,
PA0  Measurement of the beta activity of the collected fission products,
PA0  Gamma-ray spectrometry of the circulating water,
PA0  Gamma-ray spectrometry of a collected water sample.
PAR  The advantage of gamma-ray spectrometry lies in the possibility of
      determining whether the activity results from the activation products or
      from the fission products by identifying the nuclides which are
      responsible for the increase in activity and then by determining their
      relative abundance. It is known that the fission products have very
      different half-lives and consequently have a relative abundance which is
      different according to whether there is an open fracture of the can which
      allows substantial bursts of short-lived fission gases or else a slow and
      progressive leakage of long-lived fission gases: identification of the
      fission products makes it possible to characterize the fracture or crack
      formation in the fuel can; for example the presence of short-lived
      products such as I and Br which are emitters of delayed neutrons indicates
      an open fracture.
PAR  It is known that gamma-ray spectrometry of circulating water which is
      sometimes designated as in-line spectrometry is attended by a large number
      of disadvantages:
PAR  A. THIS METHOD OF SPECTROMETRY CAN BE CARRIED OUT ONLY ACROSS WALLS OF
      SUBSTANTIAL THICKNESS AND CAPABLE OF WITHSTANDING PRESSURES OF SEVERAL
      HUNDRED BARS WHICH EXIST WITHIN THE REACTOR FLUID. These substantial
      thicknesses do not permit detection of low-energy gamma rays which are
      absorbed in the wall,
PAR  B. IT IS NOT POSSIBLE TO SEPARATE SUBSTANCES HAVING VERY CLOSELY ADJACENT
      PEAKS SUCH AS ARGON-41 AND IRON-59; THESE SUBSTANCES CAN BE IDENTIFIED
      ONLY BY MEASUREMENTS OF RADIOACTIVE DECAY, THEREBY ENTAILING THE NEED FOR
      SEPARATE SAMPLING AND FOR A STUDY OF ITS TIME-DEPENDENT VARIATION,
PAR  C. THE MEASURED VOLUME LOCATED OPPOSITE TO THE DETECTOR IS NOT DEFINED WITH
      ACCURACY,
PAR  D. IN A DETECTION OF LOW GAMMA ACTIVITIES, IT IS IMPORTANT TO ENSURE THAT
      THE DETECTOR IS NOT BLINDED BY A HIGH-ENERGY RADIATION. This phenomenon
      can be avoided either by increasing the transit time and thus eliminating
      the short-lived emitters which often have the highest energies or by
      increasing the distance between the detector and the fluid volume to be
      analyzed and consequently reducing the solid angle of detection or
      alternatively by interposing a screen for absorbing the gamma rays (a lead
      screen, for example).
PAR  In order to overcome these disadvantages, gamma-ray spectrometry has been
      performed on samples collected in tube coils having substantial lengths of
      40 to 60 meters and small diameters. The small diameter of the walls made
      it possible to measure gamma rays of lower energy but there remained a
      disadvantage in that a tube coil has the effect of producing a pressure
      drop within the pipes and reducing the temperature of the fluid, with the
      result that the sampling operation does not take place under the same
      conditions as those which exist in the liquid of the fission reactor. The
      method of sampling by means of tube coils does permit the possibility of
      carrying out measurements of radioactive decay after isolating the
      tube-coil circuit but suffers from a major drawback in that a large number
      of fission products are trapped in a non-uniform manner on the cold walls
      of the tube coil.
PAR  This invention relates to a method whereby a volume of hot fluid under
      pressure circulating in a main circuit is sampled in a cavity formed
      within the interior of a sampling unit, said sampling operation being
      carried out for the purpose of analyzing the fluid which is isolated
      within said cavity, characterized in that a sample of the fluid is
      collected and introduced into a cavity which is heated in order to bring
      the conditions of temperature and pressure of the fluid within the cavity
      to the same values as in the main circuit and that said cavity is then
      isolated after thermal stabilization of the main circuit, that the
      sampling unit is cooled after isolation in order to reduce the pressure
      within the cavity, and that the thickness of one of the walls is then
      reduced to a thin window and the fluid is analyzed across said thin
      window.
PAR  It is readily apparent that the window is transparent within the range of
      wavelengths in which the measurement is performed. If the measurement is
      optical in the visible region of the spectrum, the window must be
      transparent to optical wavelengths. If the measurement is carried out by
      the detection of gamma radiation having a given energy, the window must be
      transparent to gamma radiations corresponding to energies of this order.
PAR  The device for carrying out the method essentially comprises a sampling
      unit having a cavity which forms a container, an inlet pipe and an outlet
      pipe which both connect the cavity within the sampling unit to the main
      circulation circuit, said pipes being fitted with control valves, means
      for heating, measuring and regulating the temperature of the fluid within
      the cavity, an admission duct and a discharge duct for connecting a
      separate coolant circuit to a recessed ring which surrounds the cavity of
      the sampling unit, a thin window constituting one wall of the cavity and
      applied against a retractable supporting block, and a radiation detection
      system protected by a thermal screen and located opoosite to said window.
      The metallic wall is common with the cavity which forms a container for
      the fluid and the recessed ring in which the coolant circulates is
      provided with cooling fins.
PAR  A preferential application of the device according to the invention
      consists in withdrawing a volume of water from a nuclear reactor of the
      pressurized-water type and is distinguished by the fact that the means for
      heating the sampling unit is a heating resistor and that the means for
      temperature measurement and regulation is a thermocouple connected between
      the sampling unit and the main fluid circuit, said thermocouple being
      intended to produce action on the means for heating the sampling unit in
      order to cancel the potential difference developed at the terminals of the
      thermocouple and resulting from the temperature difference between the
      sampling unit and the circuit, and that the fluid employed for cooling
      said sampling unit to a reference value is compressed air, that the window
      employed is of small thickness and has a low gamma-ray absorption
      capacity, said window being applied against a block which serves as a
      support and is withdrawn at the time of measurement of the radiation.
PAR  It is thus possible to collect a reactor coolant fluid, for example under
      the operating conditions of said reactor together with all the active
      products contained therein, and also to carry out in a short time an
      analysis of these products by gamma-ray spectrometry across a thin wall.
      The retractable block of substantial thickness consolidates the thin
      window when the liquid within the sampling unit is at high pressure and is
      then withdrawn so as to leave during measurement of radiation only a small
      thickness which is transparent to gamma rays and even low-energy gamma
      rays.
PAR  In one embodiment of the invention, the device comprises an automatic
      control chain which produces sequential action and can be started-up at
      will so as to open the valves and connect the sampling unit to the main
      liquid-circulation circuit, to adjust the temperature of the sampling unit
      to that of said circuit, to close the control valves, to circulate the
      fluid within a duct in order to cool the sampling unit, and to cause the
      rapid withdrawal of the block supporting the thin window when the
      temperature of the sampling unit is brought below a reference value.
PAR  The device aforesaid makes it possible to take samples which are
      representative of fluid in the form of liquid, gas or vapor within a
      leak-tight circuit at any predetermined pressure and temperature in order
      to carry out subsequent analysis of any desired character. The design
      principle of the device is such that the fluid to be sampled is caused to
      circulate within a leak-tight sampling circuit, said circulation being
      carried out at the same values of temperature and pressure as the main
      circuit in order to conform to the operating conditions of this latter.
      Control of temperature and pressure is carried out automatically in
      relation with measurements performed in the main circuit. The sampling
      circuit can be placed either as a by-pass off the main circuit in order to
      recover the fluid or in the discharge circuit. When the fluid which
      circulates within the sampling circuit is brought to the same conditions
      as the main circuit and well stabilized, the circulation flow is abruptly
      interrupted on each side of the sampling unit.
PAR  The device comprises a preset program. The downstream valve is usually
      closed first, with the result that the sampled fluid is wholly isolated
      within the sampling unit under normal operating conditions. If the liquid
      is under high pressure as is the case in pressurized-water reactors, the
      sampling unit is first isolated, then depressurized by reducing its
      temperature by means of an external source (flow of air, water, liquid
      nitrogen and the like); cold-point trapping of the elements is thus
      performed within the sampling unit and not at uncontrolled points as is
      the case in the tube-coil method. Said depressurization is necessary when
      the sampling analysis is to be performed through a thin window of the unit
      which could not afford resistance to the high pressure.
PAR  In accordance with the invention, the supporting shield is withdrawn
      rapidly and automatically by a motor or a jack as soon as the temperature
      falls below the reference value.
PAR  The spectrometric analysis is performed across the thin wall alone in order
      to cause the minimum disturbance in the number of disintegrations arising
      from the sampled fluid which encounters the detection head. This system
      makes it possible to perform quantitative determination at absolute value
      of the nuclides which are present within the sampling unit. The small
      thickness of the window facilitates detection of low energies. In fact,
      the displacement of the movable shield is carried out very rapidly in
      order to carry out analysis by gamma-ray spectrometry immediately after
      cooling with a view to permitting detection of the short-lived active
      products.
PAR  In an alternative embodiment of the invention, the device comprises a
      system for automatic start-up of the control chain, said start-up being
      initiated by an alarm signal derived from an auxiliary device for total
      counting of radiations.
PAR  A better understanding of the invention will in any case be gained from the
      following description of one embodiment of the invention which is given by
      way of nonlimitative example.
DRWD
PAR  Reference is made in the description to the accompanying FIGURE which shows
      a constructional diagram of the device.
DETD
PAR  As already mentioned in the foregoing, the device consists in introducing a
      liquid into a sampling unit under the same conditions of temperature and
      pressure as in the circuit from which it has been withdrawn, whereupon
      this volume of liquid is first isolated and then cooled in order to reduce
      the pressure within the interior of the sampling unit, thereby making it
      possible to uncover a thin window and to carry out the detection of gamma
      radiations, for example, across said window.
PAR  The small diameter of the pipes within the sampling circuit and the
      sufficiently low rate of flow of liquid result in negligible pressure
      drops between the sampling unit and the main circuit.
PAR  One form of construction of the device according to the invention is
      illustrated in FIG. 1 and comprises the sampling unit 2 within which the
      volume of liquid is sampled, said liquid being supplied through a pipe 4
      and withdrawn through the pipe 6. The pipes are fitted with control and
      isolating valves 5. The sampling unit is brought to the reference
      temperature by means of a heating resistor 10. The junctions of a
      thermocouple 50 are connected to the main circuit and to the sampling
      vessel 26, and the output of the thermocouple is connected to the heating
      resistor 10. The thermocouple 50 operates in a conventional manner to
      control the heat applied by the heating resistor 10 in response to the
      temperature difference between the main circuit and the sampling vessel,
      it being understood that other conventional components normally associated
      with this type circuit, such as an amplifier and power supply, may also be
      provided. The sampling unit is cooled by a fluid under pressure which is
      admitted through the tube 12, circulates within a ring 14 provided with
      cooling fins such as the fin 15 and is then discharged at 16. The sampling
      unit comprises a thin window 18 applied against a movable shield 20 which
      is retractable. The detector D is separated from the sampling unit by a
      thermal screen 22.
PAR  In one of its alternative embodiments, the invention comprises a removable
      leak-tight vessel 26 in which the fluid is circulated and which is formed
      of teflon, for example. The vessel which is interposed between the fluid
      and the cavity has the advantage:
PA0  of dispensing with the time-consuming and costly operation involved in
      decontamination of the cavity,
PA0  of preventing materials included in the stainless steel (chromium, for
      example) from impairing the accuracy of the chemical sampling analyses.
PAR  The sampling vessel 26 is made up of two parts joined together by means of
      the frusto-conical threaded portion 28. The seals 30 and 32 serve to
      insulate the sampling vessel from the frame 34. Said frame 34 is screwed
      into the frame 36; the position of the frame 36 prior to screwing is shown
      in a chain-dotted line at 38. The packing bland 39 serves to fix the frame
      38 on the body 40 which contains the pipes 4 and 6. After insertion of the
      sampling vessel 26, the ring 42 is screwed onto the frame 34 and applies
      the thin window 18 against the sampling vessel 26. Said vessel 26 is
      removed from the unit by disassembly of the packing gland 39, unscrewing
      of the frame 34 and the ring 42.
PAR  One of the most important industrial applications of the device is the
      detection of burst fuel cans; a device of this type is made fully
      automatic by making use of electrovalves for isolating the sampling unit
      when the conditions of temperature are satisfied and a motor is controlled
      in dependence on a measurement of pressure in order to withdraw the
      movable shield located beneath the thin window.
PAR  At the time of an increase in the total gammaradiation activity which is
      detected by the burst can detection gear of a nuclear reactor, the causes
      of this upward progression must be rapidly determined in order to continue
      to operate under good conditions. In other words, it is necessary to know
      whether said increase in gamma activity is due to an increase in the rate
      of production of activation products or to the appearance of the fission
      products. Should the latter be the case, a can failure is therefore the
      underlying cause of the fault condition. Expressed differently, the
      invention makes it possible to determine the emitting nuclides and to
      trace the cause of their production in order to take the necessary steps
      for ensuring good operation of the reactor on the basis of these findings.
      In the case of appearance of fission products, the steps referred-to above
      consist in shutdown of the reactor and discharge of the defective fuel
      element or in a reduction in power. In the case of appearance of
      activation products, said steps entail remedial action on the circuits for
      filtration and purification of ion-exchange resin, or the introduction of
      products which modify the pH (lithium oxide) or soluble poisons and so
      forth. For this reason, the sampling unit is incorporated with the alarm
      and detection system in order to permit automatic counting for the
      detection of the different nuclides when the total gamma activity rate
      given by another counting station exceeds a predetermined limit.
PAR  These measurements are a function of the type of crack which gives rise to
      emission of fission products in the coolant. This type of crack can be
      determined by identification of said fission products by gamma-ray
      spectrometry. This identification achieves a very high standard of
      precision in the device claimed since the products can be trapped only
      within the sampling unit 2.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of sampling fluid circulating in a main circuit, said method
      comprising the steps of withdrawing a sample of said fluid from said main
      circuit and introducing said sample into a cavity which is heated in order
      to bring the conditions of temperature and pressure of the fluid within
      the cavity to the same values as in the main circuit, allowing said fluid
      to thermally stabilize, isolating said cavity from said main circuit after
      thermal stabilization, cooling said sampling unit after isolation,
      reducing the thickness of one of the walls defining said cavity to a thin
      window, and analyzing the fluid across said window.
NUM  2.
PAR  2. The method of claim 1 wherein said cavity is defined in a housing, one
      wall of which is formed by said window which is normally shielded, and
      wherein said step of reducing comprises the step of removing the shield
      from said window.
NUM  3.
PAR  3. A device for sampling fluid, comprising means defining a cavity, an
      inlet pipe and an outlet pipe connecting said cavity to a source of said
      fluid, control valves associated with said pipes for selectively
      controlling the flow of fluid into and from said cavity, means for
      controlling the temperature of the fluid within said cavity, said cavity
      defining means including a window for permitting the fluid in said housing
      to be analyzed by an external system, and shield means movable relative to
      said window between a first position in which it shields said cavity from
      said system and a second position in which it uncovers said window to
      permit analysis of said fluid by said system.
NUM  4.
PAR  4. The device of claim 3 further comprising a removable leak-tight sampling
      vessel disposed within said cavity, said pipes extending within said
      vessel to circulate said fluid through said vessel.
NUM  5.
PAR  5. The device of claim 3 wherein said external system is a spectrometer.
NUM  6.
PAR  6. The device of claim 3 wherein said external system is a radiation
      detector.
NUM  7.
PAR  7. The device of claim 3 wherein said temperature control means comprises
      means for circulating a coolant in a heat exchange relation to said
      housing.
NUM  8.
PAR  8. The device of claim 7 wherein said cavity defining means includes at
      least one external wall over which said coolant circulates, and further
      comprising a plurality of heat exchange fins formed on said wall.
NUM  9.
PAR  9. The device of claim 3 wherein said temperature control means comprises
      an electrical heating device in a heat exchange relation with said cavity
      defining means.
NUM  10.
PAR  10. The device of claim 9 wherein said temperature control means further
      comprises means for circulating a coolant in a heat exchange relation to
      said housing.
NUM  11.
PAR  11. The device of claim 9 further comprising means for measuring the amount
      of electrical heat applied to said cavity defining means.
NUM  12.
PAR  12. The device of claim 11 further comprising means for varying the amount
      of heat applied to said housing.
NUM  13.
PAR  13. The device of claim 12 wherein said measuring means comprises a
      thermocouple connected between said cavity defining means and said source
      of fluid, said thermocouple being in an operative relation with said
      electrical heating device to cancel the potential difference developed at
      the terminals of the thermocouple and resulting from the temperature
      difference between said cavity defining means and said source.
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PAL  A sequence of separate radiographs are made by indexing a radiation source
      along a known path relative to the object under study. Thus, each
      radiograph contains information from a different perspective. A
      holographically-recorded image is then made from each radiographic
      perspective by exact re-tracing of the rays through each radiographic
      perspective such that the re-tracing duplicates the geometry under which
      it was originally prepared. The holographically-stored images are
      simultaneously illuminated with the conjugate of the reference beam used
      in the original recordings. The result is the generation of a
      three-dimensional real image of the object such that a light-sensitive
      device can be moved to view the real image along any desired surface with
      the optical information in all other surfaces greatly suppressed.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The present invention relates to a system for tomosynthesis of a radiopaque
      object or model using optical holography; more particularly, it relates to
      a method for producing a real image of the object using radiographic
      perspective views of the object from which holographic images are
      recorded. The real image of the object can then be viewed along any
      desired plane by using a light-sensitive device. That is, the real image
      may then be subject to tomographic scanning without destroying or
      detracting from the information available. The present invention is useful
      in the field of non-destructive testing, for example, of a fuel core for a
      nuclear reactor. The invention also has widespread use in the medical
      field for the viewing or profiling of internal organs. One of the
      advantages of the present invention in the medical field is that only a
      single set of radiographic perspectives need be taken to generate the real
      image of the object under study. This exposes the patient to substantially
      less ionizing radiation than in some prior art methods.
PAR  The following patent and publications are representative of work done in
      this general area: (1) Derderian, et al., U.S. Pat. No. 3,675,012 for
      "Cinefluorographic Holography", issued July 4, 1972; (2) Groh and Kock,
      MATERIALS RESEARCH BY HOLOGRAPHY, "Non-Destructive Testing", Vol. 5
      October, 1972, p. 301-302; (3) Kock and Tiemens, "Tomosynthesis a
      Holographic Method for Variable Depth Display", OPTICS COMMUNICATIONS,
      Vol. 7, March, 1973, p. 260-265; (4) Grant, "Tomosynthesis; a
      Three-Dimensional Radiographic Imaging System", IEEE TRANSACTIONS ON
      BIOMEDICAL ENGINEERING, Vol. 19, January, 1972, p. 20-28; and (5) Chau,
      "Three-Dimensional Reproduction of Shadowgrams", OPTICS COMMUNICATIONS,
      Vol. 4 September, 1971, p. 1-4.
PAR  In the present invention, a sequence of individual radiographs of the
      object are made by indexing a source of radiation along a known path. At
      each stop along the path a radiograph is taken on previously unexposed
      medium. As the radiation source progresses, an unexposed section of the
      medium is also advanced. Thus, there are produced a series of radiographs,
      each containing information concerning the object from a different
      perspective. These radiographs are sometimes referred to herein as
      "radiographic perspectives".
PAR  Each radiographic perspective is then recorded on holographic medium by
      exact re-tracing of the original ray paths through each radiographic
      perspective to duplicate the geometry under which it was originally
      prepared. More specifically, each radiographic perspective is illuminated
      by a source of coherent light through a ray backtracing lens to form an
      object beam. Thus, a shadowgraphic image of the radiographic perspective
      is projected onto a holographic medium together with a reference beam of
      light for the exposure. The ray back-tracing lens and object beam source
      are changed for each exposure to exactly duplicate the geometry under
      which the radiographic perspective then being holographically recorded was
      made. During the holographic recording, the angle of the reference beam
      relative to the recording medium is maintained constant. Thus, there are
      produced a number of separate holographically-recorded images, each
      corresponding to an associated radiographic perspective and containing the
      same optical perspective information that its associated radiographic
      perspective contained.
PAR  The holographically-recorded images are simultaneously illuminated with a
      source of coherent light from a direction exactly opposite to that used to
      make the recordings. Such a beam is known in the art as a "conjugate"
      beam. By this one means, for example, that the conjugate of a diverging
      beam is a converging beam whose rays exactly re-trace the rays of the
      diverging beam back to their point of origin and vice versa. The conjugate
      of a parallel beam is another parallel beam going in exactly the opposite
      direction relative to the orientation of the holographic recording medium.
PAR  All of the individual holographically-recorded images are then projected
      into space to reconstruct the real image of the original object in three
      dimensions. Viewing of the real image may be accomplished by any number of
      means, such as intercepting it with a ground-glass screen, a photographic
      plate, a television camera or other photosensitive device. The real image
      may be viewed along any arbitrary planar or non-planar surface. On such a
      surface, the several holographically-recorded perspectives integrate to
      yield a clear image of the details of the object corresponding to that
      portion of the surface intersecting the image while details about the
      object at other points are suppressed.
PAR  Other features and advantages of the present invention will be apparent to
      persons skilled in the art from the following detailed description of one
      embodiment wherein identical reference numerals will refer to like parts
      in the various views.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a schematic diagram of apparatus used to generate a sequence of
      two-dimensional radiographic perspectives using an indexed linear scan of
      an X-ray source;
PAR  FIG. 2 is a perspective view of one method of mounting the object under
      study;
PAR  FIG. 3 is a schematic view illustrating apparatus for
      holographically-recording images of the radiographic perspectives under
      conditions which permit exact ray retracing of the radiographs;
PAR  FIG. 4 is a perspective view of apparatus for mounting the individual
      radiographic perspectives in producing the holographic recordings
      according to FIG. 3; and
PAR  FIG. 5 is a schematic diagram of apparatus for reconstructing a
      three-dimensional real image from the holographically-recorded images.
DETD
PAC  DETAILED DESCRIPTION
PAR  Before discussing the details of the invention, it is deemed advisable to
      have an overall picture of the various steps involved in generating a
      three-dimensional real image of any three-dimensional object, sometimes
      referred to as a "model", which is generally designated by reference
      numeral 10 in FIGS. 1 and 2. As illustrated, the object 10 is a model of a
      fuel core sub-assembly as might be used in a nuclear reactor. One of the
      important features of the invention, however, is that it is not so
      limited, but has a broad range of applications such as in fields of
      non-destructive testing and medicine.
PAR  Briefly, then, as shown in FIG. 1, a source of radiation 11 (such as
      X-rays, gamma rays, neutrons or other penetrating rays) is indexed along a
      path or locus 12, and at each of a number of predetermined locations along
      the path 12, the object 10 is exposed to the source 11. Each radiograph
      thus formed contains information from a different perspective of the
      object 10--hence, they are referred to as "radiographic perspectives".
PAR  A holographic recording is then made of each radiographic perspective by
      re-tracing optical light rays through each radiographic perspective such
      that the re-tracing duplicates the paths of the radiation which originally
      generated the perspective, as seen in FIG. 3, wherein a single
      radiographic perspective is designated 15A, and the holographic recording
      medium is denoted 35.
PAR  The several holographically-recorded images are then simultaneously
      illuminated, as shown in FIG. 5, with a beam of coherent light 48 which
      impinges on the holographic plate 35 from a direction which is exactly
      opposite to that used to make the recordings. All of the individual
      holographically-recorded images are then projected into space where their
      results add to produce a three-dimensional real image of the object as at
      60. Once a three-dimensional real image of the object is formed, a
      ground-glass screen or a photosensitive device may be used to view the
      image along any desired surface. The optical information along that
      surface will be in sharp focus, whereas the optical information along all
      other surfaces is suppressed.
PAR  Returning now to FIG. 1, located behind the object 10 is a radiographic
      recording medium, e.g. a film cassette generally designated 15. The
      recording medium 15 is also indexed as the source 11 is moved so that each
      radiographic perspective appears as a separate record. All of these
      recorded perspectives are related, as will be discussed later, in such a
      manner that the orientation of the object relative to the recordings and
      the source may be reproduced.
PAR  For purposes of later reference, A designates a path 12 along which the
      source 11 moves. Similarly, a plane designated B illustrates the surface
      on which the radiographic perspectives are projected.
PAR  As will be discussed later, the path 12 of the radiation source 11 need not
      necessarily be a straight line, and the number of intermediate exposure
      positions (indicated by the hash marks between a START position 20 and an
      END position 21) depends upon the application and the amount of resolution
      that is ultimately desired.
PAR  Thus, the result of FIG. 1 is the production of a radiographic record
      bearing a series of individual radiographs each of which represents the
      object 10 irradiated from a different perspective, as determined by the
      indexing positions on the path 12.
PAR  Referring now to FIG. 3, the next step in the method is to produce a
      holographic recording comprising a sequence of individual holograms each
      of which contains a record of the information on a corresponding
      radiographic perspective, as generated in FIG. 1. It is important that the
      geometry used in generating each individual holographic recording be the
      same as was used in producing its associated radiographic perspective
      because the perspective information contained in the radiograph is then
      stored in the hologram associated therewith. This process of exactly
      reconstructing the geometry used for making the radiographs, in recording
      the holograms, is referred to as "ray back-tracing" or "retracing" since
      the original path of rays are re-traced from the image (i.e., the
      radiographic perspective) back to the source and intercepted at an
      intermediate location by the holographic recording medium.
PAR  In FIG. 3, an individual radiographic perspective is designated by
      reference numeral 15A; and the earlier identified reference path A and
      surface B are also indicated and separated by the same distance as were
      the corresponding path and surface used in making the radiographic
      perspectives. It will be observed that in FIG. 3, reference surface B
      contains the radiographic perspective and A is a path on which the rays
      through that perspective would converge. A converging lens 25 (sometimes
      referred to as the "ray back-tracing" lens) is interposed between a
      spatial filter 26 and the radiographic perspective 15A. A laser,
      designated by reference numeral 27, is used as a source of coherent light.
      A beam of light produced by laser 27 is designated 28; and it is split
      into an object beam 30 and a reference beam 31.
PAR  The object beam 30 has a small diameter, and it is diverged by the spatial
      filter 26 while maintaining its coherent characteristics. The divergent
      beam, 33, is then converged by the lens 25 to form convergent beam 33A
      which converges onto the path A. A holographic recording medium 35
      intercepts the converging object beam emanating from the lens 25 after it
      has illuminated the radiograph 15A.
PAR  The reference beam 31 is diverged by means of a spatial filter 38 and then
      directed by means of a lens 39 into reference beam 40. A translatable
      opaque mask 41 having an aperture 42 is interposed in the path of the two
      beams 33A and 40 such that only a portion of the holographic recording
      medium 35 is exposed at any one time. The object here is to expose to the
      reference beam only that portion of the recording medium on which the
      shadowgraphic image of the radiographic perspective falls. In the
      illustrated embodiment, the reference beam 40 is collimated, but it could
      equally well be a convergent or a divergent beam.
PAR  As indicated above, as each individual radiographic perspective 15A is
      replaced by the next in the sequence (as taken in accordance with the
      disclosure associated with FIG. 1), the opaque mask 41 is translated to
      expose a different portion of the holographic film plate 35. In addition,
      and this is an important aspect of the present invention, the geometry of
      the holographic production system is restructured so as to duplicate in
      reverse the original geometry under which the associated radiograph was
      produced. In the case of the illustrated embodiment where the original
      path 12 of the radiation source 11 was a straight line the focused points
      in path A in FIG. 3 lie in a straight line. Whatever the geometry of the
      path 12, it will be reproduced correspondingly in the holographic
      recording geometry as a locus on which the object beam converges.
PAR  In order to reproduce the geometry in the illustrated embodiment, the "ray
      back-tracing" lens 25 is rotated about an axis 25A extending perpendicular
      to the plane of the page of FIG. 3 and the spatial filter 26 is rotated
      correspondingly while, at the same time, moved relative to the lens 25 in
      such a manner as to converge the object beam 33A onto the path A. Thus, to
      holographically record the next radiographic perspective, the converging
      beam 33A is translated to that indicated by the dashed lines 33B; the ray
      back-tracing lens 25 is rotated to the position shown in dashed line at
      25B; and the spatial filter 26 is moved to the position diagrammatically
      illustrated by the dashed line 26B in order to satisfy the requirements
      indicated above. For each holographic image thus recorded, the converging
      object beam produced by the ray back-tracing lens takes the same
      geometrical path as the radiation beam used to produce the radiographic
      perspective that is associated with it. To insure that the object beam
      converges at the location corresponding to that from which the radiation
      source transmitted to form the radiograph, a marker may be placed on the
      path A of FIG. 3 with index marks at the locations corresponding to the
      exposure positions of FIG. 1. For example, the first radiograph was taken
      in an indexed position corresponding to 20A on the path A of FIG. 3. The
      object light beam, of course, contains the shadowgraphic image of the
      radiographic perspective which it illuminates.
PAR  Still referring to FIG. 3, the angle designated .alpha. is maintained
      constant. This is the angle between the axis of the reference beam 40 and
      the surface 35A of the holographic recording medium 35. A second angle,
      designated .beta. in FIG. 3, is the angle between the axis of the
      reference beam 40 and the axis of the object beam 33A. The angle .beta.
      varies according to the position at which the perspective being recorded
      was originally taken.
PAR  Not only is it necessary that the geometry used in making the holographic
      images duplicate that originally used in forming the radiographic
      perspectives, but it is important that the orientation of each individual
      radiograph 15A be maintained in the same angular and spatial relationship
      to each of the other radiographs as was maintained in the original
      recordings of the radiographs. This may be accomplished, as will be
      discussed in detail, by using a system of fiducial marks.
PAR  In summary, what is produced by the apparatus schematically illustrated in
      FIG. 3 is a single holographic record comprising a sequence of
      holographically-stored images, each corresponding to an associated
      radiographic perspective. It is from the sequence of holographically
      recorded images on the plate 35 that the three-dimensional real image of
      the original object is reconstructed, in accordance with the apparatus of
      FIG. 5.
PAR  The holographic record, bearing as it does a number of discrete
      holographically-stored images, is placed in the position as shown at 35 in
      FIG. 5. The holographic record bearing all of the stored images is then
      illuminated by the conjugate of the reference beam--that is, the beam of
      light 48, is directed in a direction opposite to that of the reference
      beam used in producing the sequence of holographic images relative to the
      surface 35A of the holographic record 35. The angle .alpha. in FIG. 5 is
      the same as shown in FIG. 3; and the angle .alpha.' in FIG. 5 is the angle
      .alpha. plus 180.degree..
PAR  The beam of light 48, may be generated by a laser designated 50, having
      output beam 51 which is diverged by the spatial filter 53 and redirected
      by lens 54.
PAR  The path A and surface B shown in FIGS. 1 and 3 are reproduced in FIG. 5 in
      the same relative relationship to one another. The holographic recording
      medium 35 will have the same relative position to path A of FIG. 5 as it
      did in FIG. 3.
PAR  The beam of coherent light 48 passes through all of the individual
      holographically-stored images on the plate 35 simultaneously. This means
      the separately recorded, individual images on the plate 35 are as
      mentioned above all simultaneously illuminated in FIG. 5 by the beam 48
      which is the conjugate of the reference beam used in recording. The
      transmitted light forms a reconstructed, three-dimensional real image of
      the object indicated by the reference numeral 60. In other words, if three
      individual holographically-recorded images, each bearing its own
      perspective relation to the original model are designated respectively 61,
      62 and 63 in FIG. 5, are all simultaneously illuminated as illustrated,
      the transmitted diffracted light from each image forms the composite real
      image 60. As a result of having a three-dimensional real image, as
      distinguished from a virtual image, at the location 60, a ground-glass
      screen or a photo-sensitive medium or device can be moved into the real
      image 60 where it may be used to view any desired internal portion of the
      object. In other words, if, for example, a photographic film is placed
      along the plane 70, only that particular plane will appear to be sharp in
      the photograph and all other planes will be blurred. That is to say, the
      visual information in all planes is greatly suppressed.
PAR  The plane 70, it will be observed, may take on a different orientation than
      that shown (it may be rotated about an axis perpendicular to the plane of
      the page of FIG. 5, translated or translated and rotated as long as the
      viewing plane remains within the real image). Furthermore, a series of
      photographs could be taken or a photosensitive device could be moved to
      any other plane of observation without diminishing or destroying the
      reconstructed three-dimensional real image. Thus, once the real image is
      reconstructed, that real image can be scanned at will, using any
      arbitrarily shaped surface in any arbitrary orientation and with any
      number of photo-sensitive or photo-recording devices.
PAR  Turning now to FIGS. 2 and 4, in order to reproduce the original
      radiographic recording geometry while holographically recording the
      several radiographic perspectives on the holographic medium 35 of FIG. 3,
      as disclosed above, it is desirable that the orientation of the
      radiographic perspectives 15A be reproduced exactly as they were
      originally recorded. Many methods may be used to accomplish this result,
      but one method is illustrated in FIGS. 2 and 4. Referring to FIG. 2, the
      object is again designated by reference numeral 10. The object 10 is
      bonded to a plate 72 which is transparent to the radiation from source 11,
      together with a number of wires designated 73. The wires 73 are
      radiopaque. Thus, when an individual radiographic perspective is made, the
      images which result from the wires 73 provide fiducial marks on the
      resulting radiographic perspective. These fiducial marks are then used in
      the holographic recording process to orient each individual radiographic
      perspective 15A in FIG. 3 relative to the others.
PAR  One mechanism which may be used for orienting the individual radiographic
      perspectives is shown in FIG. 4. An indexing head generally designated 76,
      comprising a frame with a suitable aperture on which is mounted a
      reference radiograph 77 bearing fiducial marks only, the fiducial marks
      being designated 73A. The central portion of radiograph 77 has been cut
      out leaving an aperature 78, through which subsequent radiographs are
      illuminated after alignment as shown in FIG. 3. As each individual
      radiographic perspective is used, its fiducial marks are lined up with
      those of reference radiograph 77 mounted on the indexing head, so that all
      sequential radiographic perspectives bear the same relation to each other.
      The previously discussed ray back-tracing lens 25 may also be seen in FIG.
      4. If the radiographic perspectives do not bear the same relation to each
      other as was maintained during their production, resolution will be lost
      in the final real image.
PAR  The foregoing discussion has assumed that a full scale reproduction is
      made. However, it is contemplated that a scaled version of the geometric
      dimensions may equally well be used either to produce a true scaled
      reconstructed three-dimensional real image or a reconstructed real image
      that embodies different scaling in different directions. Also the
      advantage of well known holographic reconstruction procedures could be
      used to produce different scaling in different directions. It is
      contemplated that this method be adopted to a situation in which the
      source of penetrating radiation is a collimated beam rather than a point
      source. In addition, radiographs that have been modified by familiar
      optical processing techniques such as spatial frequency filtering and
      deblurring would be advantageous in many instances.
PAR  If a collimated beam of radiation (such as neutrons) is used to irradiate
      an object to make the radiographs in FIG. 1, the path of the rays must be
      re-traced in making the holographic recording in FIG. 3. In the case of a
      collimated radiation source, the object beam would also be collimated.
PAR  Having thus described in detail one embodiment of the invention, persons
      skilled in the art will be able to substitute equivalent steps for those
      disclosed and to modify the equipment illustrated while continuing to
      practice the principle of the invention. It is, therefore, intended to
      cover all such modifications and equivalents within the spirit and scope
      of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of reconstructing a three-dimensional real image of an
      object, including preparing a plurality of radiographic images of said
      object, each from a different perspective, the improvement comprising:
      generating a reference beam of coherent light; generating an object beam
      of coherent light; passing said object beam of coherent light through ray
      back-tracing lens means and through said radiographic images to converge
      the same at a point on a path corresponding to the original path of rays
      used in irradiating said object with a source of penetrating radiation;
      illuminating a radiographic perspective with said converging object beam;
      and intercepting said converging object beam and said reference beam with
      a section of holographic recording medium between said path and said
      radiographic perspective for each of said radiographic perspectives, to
      thereby form a holographically-recorded image of each radiographic
      perspective containing the same perspective information in the original
      radiograph perspective.
NUM  2.
PAR  2. A method of reconstructing a three-dimensional real image of a
      radiopaque object comprising: preparing a plurality of radiographs of said
      object by passing a source of penetrating radiation along a known path and
      irradiating said object at each of a plurality of positions along said
      path to prepare a plurality of radiographic perspectives; generating an
      object beam of coherent light and illuminating said radiographic
      perspectives therewith to re-trace the rays thereof in accordance with the
      geometry in which each of said radiographic perspectives was originally
      made; generating a coherent reference beam; holographically recording each
      radiographic perspective on a holographic recording medium using said
      object and reference beam; and then simultaneously illuminating all of
      said holographically-stored images with the conjugate of said reference
      beam.
NUM  3.
PAR  3. A method of reconstructing a three-dimensional real image of an object
      comprising: preparing a plurality of radiographs of said object, each from
      a different perspective by irradiating said object with a source of
      radiation transmitting rays along predetermined paths to a radiographic
      recording medium; generating a reference beam of coherent light;
      generating an object beam of coherent light; passing said object beam of
      coherent light through ray back-tracing lens means and through said
      radiographs to re-trace said predetermined paths along which said
      radiation rays were transmitted; illuminating a radiographic perspective
      with said object beam exposing a section of holographic recording medium
      to said object beam and said reference beam simultaneously for each
      radiographic perspective to thereby form a holographically-recorded image
      of each radiographic perspective containing the same perspective
      information in the original radiographic perspective; and then
      simultaneously illuminating all of said holographically-recorded images
      with a beam of coherent light that is the conjugate of the reference beam
      used to make said holographically-recorded images.
NUM  4.
PAR  4. A method of producing a three-dimensional real image of a radiopaque
      object comprising: preparing a plurality of radiographic perspective views
      of said object by providing a reference beam of coherent light and an
      object beam of coherent light, and directing said object beam to converge
      along a known path corresponding to the path of the source used to prepare
      said radiographic perspective views; illuminating each radiographic
      perspective view with said object beam, each radiograph being spaced from
      said path at a distance corresponding to the distance from the source of
      radiation used to prepare said radiographic perspective views to the
      associated radiograph; exposing a portion of holographic recording medium
      to said object beam and said reference beam at a location between said
      path and a radiographic perspective view illuminated by said object beam;
      directing a beam of coherent light which is the conjugate of said
      reference beam on a plurality of said holographically-stored images
      simultaneously to thereby reconstruct a three-dimensional real image of
      said object.
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ABST
PAL  A device for the electrostatic recording of X-ray images comprises two
      spaced electrodes with a gas-filled gap therebetween. One of the
      electrodes comprises a layer of an ultraviolet emitting fluorescent
      material and a layer of an air-exposable ultraviolet-sensitive
      photoemitting material. A plastic sheet is adjacent to the other
      electrode. An electric field is applied across the gap to accelerate
      photoelectrons emitted by the photoemitting material. The electrostatic
      image formed on the plastic sheet is developed xerographically after the
      exposure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the imaging systems and, more particularly, to
      the recording of X-ray images.
PAR  2. Description of the Prior Art
PAR  In the conventional X-ray analysis of objects or tissues, an X-ray image is
      formed by causing X-rays to traverse the object or tissue by which the
      X-rays are differentially absorbed. A photographic film is then exposed to
      the X-ray image, either directly or through the intermediary of a
      fluorescent screen activated by the X-ray image. A recent system, in
      particular, makes use of an ultraviolet phosphor screen activated by the
      X-ray image, in combination with a photographic film sensitive to the
      ultraviolet light. However, photographic films are expensive and have
      limited enhancement capabilities.
PAR  One prior art arrangement for the electrostatic recording of X-ray images
      utilizes a cathode and an anode spaced with a gas-filled gap therebetween,
      with a voltage being applied across the cathode and the anode. The cathode
      is made of, or coated with, a heavy metal and a plastic sheet is adjacent
      to the anode. A pattern of X-rays is directed on the heavy metal cathode
      which emits phhotoelectrons in response thereto. The photoelectrons are
      accelerated across the gas-filled gap and strike the gas molecules,
      forming ion-electron pairs and producing an "avalanche effect" in the gas.
      As a result thereof, a pattern of electric charges corresponding to the
      pattern of X-rays is deposited on the plastic sheet adjacent to the anode.
      After exposure, the cathode is removed and the electrostatic charge on the
      plastic layer is developed by means of conventional xerographic
      techniques.
PAR  The principal disadvantage of such an arrangement is that the heavy metal
      directly excited by the X-rays emits a small number of photoelectrons per
      each incident X-ray photon. As a matter of fact, the electron escape
      length in all solids is much shorter than the X-ray absorption length.
      Hence, only those X-rays which are absorbed within a few microns of the
      cathode surface have the chance of producing a photoelectron. As a result
      thereof, the efficiency of such a heavy metal cathode is very poor, i.e.,
      the number of photoelectrons emitted by the heavy metal cathode for each
      X-ray photon impinging thereupon, is low. Accordingly, the quality of the
      recording is poor.
PAR  Another prior art arrangement makes use of an electrode comprising a layer
      of a fluorescent material adjacent to a layer of a photoelectric film. The
      X-ray image is converted into a visible light image by means of the
      fluorescent material; the visible light image is converted into an
      electron image by means of the photoelectric film. The electrons are then
      accelerated by a series of focusing elements and strike on a fluorescent
      screen, where they produce a great-intensity image which may be easily
      photographed. The electrode, the focusing elements, and the fluorescent
      screen are enclosed within an evacuated envelope. The principal
      disadvantages of this arrangement are the need for an evacuated envelope
      which, for medical applications, must be very bulky and expensive and,
      moreover, the need for an expensive photographic film. It is to be noted
      that the photoelectric film used in the electrode of this prior art
      arrangement cannot be exposed to air, since it would be destroyed by
      oxidation. Accordingly, such an electrode cannot be used for all
      applications in which the electrodes must be exposed to air. In
      particular, it cannot be used in combination with the electrostatic
      recording system of X-ray images discussed above, since in that system the
      cathode must be removed and exposed to air for developing the image.
PAR  Another prior art arrangement consists of two planar parallel metal
      electrodes, with the gap between the electrodes filled with high pressure
      xenon gas, with an electric field applied across the gap, and with a
      plastic sheet adjacent to one of the electrodes. X-rays are absorbed in
      the xenon gas and each X-ray photon produces many electron-ion pairs. The
      electric field accelerates the electrons (or the ions, according to the
      field polarity) to the plastic sheet. The charge image on the plastic
      sheet is subsequently developed with conventional xerographic techniques.
      The principal disadvantages of this arrangement are the need for a high
      pressure in the gas, which results in the need for a thick, but X-ray
      transparent, window and the high cost of xenon gas. After each exposure
      the xenon gas must be recovered and repurified; accordingly, a complicated
      and expensive purification system is required.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a device for recording X-ray
      images on a low-cost recording material.
PAR  It is another object of this invention to provide a device for X-ray
      recording which permits obtaining sharp-edge images.
PAR  It is another object of this invention to provide a device for X-ray
      recording utilizing a liquid-sensitive electron-emissive material which is
      air-exposable.
PAR  It is another object of this invention to provide an air-exposable X-ray
      sensitive electrode having a high emissivity with respect to the energy of
      the X-ray.
PAR  In accordance with this invention there is provided an improved device for
      the electrostatic recording of X-ray images, which comprises an electrode
      and a sheet of insulating material spaced apart with a gas-filled gap
      therebetween, an electric field being applied across the gap. The
      electrode comprises a layer of a fluorescent material and a layer of an
      air-exposable photoemitting material.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE schematically represents a device in accordance with the
      preferred embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The device of the FIGURE includes an X-ray source 10 and two electrodes 14,
      22. A frame (not shown) is provided to maintain the electrodes 14, 22
      spaced apart and with a gap 19 therebetween. The electrode 14 comprises
      four adjacent layers 15, 16, 17, 18. The layer 15 is made of a light metal
      transparent to the X-rays (for example, aluminum), and supports the layer
      16, made of an ultraviolet-emitting fluorescent material. Layer 17 is made
      of a material transparent to ultraviolet light (for example, quartz) and
      supports a layer 18 of a photoelectric material capable of emitting
      electrons by the action of the ultraviolet light. Layers 17 and 18 should
      be thinner than layer 16.
PAR  The electrode 22 is in the form of a plate of a conductive material. A
      sheet 21 of insulating material (for example, mylar.sup.TM, polyester
      film) is adjacent the electrode 22 and is so mounted as to be easily
      removed from plate 22.
PAR  The ultraviolet-emitting fluorescent material of layer 16 can be, for
      example, a compound such as barium sulfate doped with lead (BaSO.sub.4
      :Pb), but it is understood that also other compounds having the
      characteristic of emitting in the ultraviolet spectral region may be used.
      The photoelectric material of layer 18 can be, for example, cadmium
      telluride or cesium iodide, or any other photoelectric material whose
      photoelectric properties are not altered by contact with air.
PAR  In the preferred embodiment, the electrode 14 and the sheet of insulating
      material 21 are exposed to the surrounding atmosphere, so that the gap 19
      is filled with air at atmospheric pressure. However, the operation of the
      device is not altered if the gap 19 is filled with a gas other than air.
      In such a case, the device shall comprise an envelope enclosing electrodes
      14 and 22 and a system for maintaining a desired pressure within the
      envelope, the value of the pressure being selected as discussed below.
PAR  An electric field is applied across gap 19, for example by means of a
      voltage generator 20 connected between layer 15 and electrode 22. The
      polarity of the generator 20 shall be such as to accelerate photoelectrons
      emitted from the layer of the photoelectric material 18 towards the
      insulating sheet 21.
PAR  The value of voltage V of generator 20, the length d of gap 19, and the
      pressure of the gas filling gap 19 shall be such that photoelectrons
      emitted from the photoelectric material of layer 16 will cause an
      avalanche effect in the gas filling gap 19. Examples of such values are: a
      range from 500 to 3000 volts for voltage V; a range from five-tenths of a
      millimeter to 1 millimeter for length d, and 1 atmosphere for the gas
      pressure.
PAR  In the operation, the X-ray source 10 emits a beam 11 of X-rays against an
      object 12 to be examined. The beam 13 emerging from object 12 is modulated
      in amplitude in accordance with the differential absorption of X-rays by
      the various areas of object 12. the modulated X-rays of beam 13 impinge on
      the electrode 14. They traverse layer 15 without appreciable attenuation
      and impinge on the fluorescent layer 16. The fluorescent layer 16 absorbs
      a relevant percentage of the energy of the X-rays of beam 13 and, as a
      result thereof, emits a large number of photons in the ultraviolet
      spectrum range. Such photons traverse the transparent layer 17 without
      appreciable attenuation and impinge on the photoelectric film 18. As a
      result thereof, the photoelectric film 18 emits photoelectrons in the gap
      19. Such photoelectrons are accelerated by the electric field across gap
      19 and strike the air molecules in gap 19, creating ion-electron pairs.
      The newly formed electrons strike other air molecules, causing an
      avalanche effect in the air of gap 19. As a result thereof, on the
      insulating layer 21 there is formed an electric charge image whose local
      intensity is proportional to the corresponding absorption of X-rays by the
      object 12.
PAR  After exposure, the insulating layer 21 is removed and the electrostatic
      image thereon is developed with conventional xerographic techniques.
PAR  The efficiency of electrode 14 (i.e., the number of photoelectrons emitted
      by the photosensitive layer 18 for each X-ray photon impinging on the
      electrode 14) is much higher than in the heavy metal electrode used in the
      prior art electrostatic recording system. This is the result of the
      combination of the ultraviolet fluorescent layer 16, which multiplies the
      number of photons in the X-ray beam 15 by converting them from the X-ray
      to the ultraviolet spectral region, with the ultraviolet-responsive
      photoelectric layer 18. Accordingly, the intensity of the electrostatic
      image formed on the insulating sheet 21 is high, resulting in a good
      quality xerographic reproduction. Due to the edge enhancement
      characteristic of the xerographic process, the reproduction enhances the
      contours of the image and is particularly suitable for diagnostic
      purposes.
PAR  While the invention has been described with reference to certain preferred
      embodiments, many modifications and changes will readily occur to those
      skilled in the art. Accordingly, the appended claims are intended to cover
      all such modifications or changes as fall within the sphere and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for electrostatically recording X-ray images, comprising:
PA1  a. an electrode capable of emitting electrons by the action of X-rays
      impinging thereupon;
PA1  b. a body of an insulating material having a surface spaced from said
      electrode whereby a gap is formed between said surface and said electrode;
PA1  c. a gas disposed within said gap;
PA1  d. means for applying an electric field across said gap for accelerating
      said electrons;
PA1  e. said electrode comprising a first layer of a fluorescent material
      capable of emitting photons by the action of X-rays impinging thereupon,
      and a second layer adjacent said first layer and so disposed as to be
      impinged by said photons and emitting electrons in response thereto.
NUM  2.
PAR  2. A device in accordance with claim 1, wherein said first layer is capable
      of emitting photons substantially in the ultraviolet spectral region and
      said second layer is made of an ultraviolet-sensitive material capable of
      emitting photoelectrons by the action of said photons.
NUM  3.
PAR  3. A device in accordance with claim 2, wherein said ultraviolet-sensitive
      material comprises a compound selected from the group consisting of
      cadmium telluride and cesium iodide.
NUM  4.
PAR  4. A device in accordance with claim 1 wherein said gas comprises oxidizing
      gases.
NUM  5.
PAR  5. A device in accordance with claim 4 wherein said gas comprises air.
NUM  6.
PAR  6. A device in accordance with claim 4 wherein said second layer comprises
      a material having photoemissive properties in an oxidizing atmosphere.
NUM  7.
PAR  7. A device in accordance with claim 1 wherein said gas has a pressure of
      approximately 1 atmosphere.
NUM  8.
PAR  8. A device in accordance with claim 1 wherein said electric field has a
      voltage gradient sufficient to produce an avalanche voltage-current
      characteristic in said gas.
NUM  9.
PAR  9. An electrode comprising:
PA1  a. a first layer of a fluorescent material capable of emitting photons
      substantially in the ultraviolet spectral region by the action of X-rays
      impinging thereupon; and
PA1  b. a second ultraviolet-sensitive layer adjacent said first layer so
      disposed as to be impinged by said photons and emitting electrons in
      response thereto, said ultraviolet-sensitive layer comprising a compound
      selected from the group consisting of cadmium telluride and cesium iodide.
NUM  10.
PAR  10. A device for electrostatically recording X-ray images, comprising:
PA1  a. a first electrode capable of emitting electrons by the action of X-rays
      impinging thereupon;
PA1  b. a layer of an insulating material spaced from said first electrode
      whereby a gap is formed between said first electrode and said layer;
PA1  c. a second electrode adjacent to said layer;
PA1  d. a gas disposed within said gap;
PA1  e. means for applying a voltage between said first and second electrodes
      for accelerating said photoelectrons;
PA1  f. said first electrode comprising a first layer of a conductor material,
      said first layer being transparent to X-rays, and a second layer
      comprising an ultraviolet-emitting fluorescent material adjacent to said
      first layer, said second layer being capable of emitting photons
      substantially in the ultraviolet spectral region by the action of X-rays
      impinging thereupon through said first layer; and an airexposable
      photocathode so disposed as to be impinged by said photons and emitting
      electrons in response thereto.
NUM  11.
PAR  11. An electrode comprising:
PA1  a. a first layer of a fluorescent material capable of emitting photons
      substantially in the ultraviolet spectral region by the action of X-rays
      impinging thereupon; and
PA1  b. a second ultraviolet sensitive layer adjacent said first layer so
      disposed as to be impinged by said photons and emitting electrons in
      response thereto, said ultraviolet sensitive layer being
PAL  a material having photemissive properties in an oxidizing atmosphere.
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ABST
PAL  An improved heat transfer device particularly suited for use as an
      evaporator plate in a diffusion cloud chamber. The device is characterized
      by a pair of mutually spaced heat transfer plates, each being of a planar
      configuration, having a pair of opposed surfaces defining therebetween a
      heat pipe chamber. Within the heat pipe chamber, in contiguous relation
      with the pair of opposed surfaces, there is disposed a pair of heat pipe
      wicks supported in a mutually spaced relationship by a foraminous spacer
      of a planar configuration. A wick including a foraminous layer is
      contiguously related to the external surfaces of the heat transfer plates
      for uniformly wetting these surfaces.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 U.S.C. 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to heat transfer devices and more particularly to a
      heat transfer device particularly suited for use as an evaporator plate in
      a diffusion cloud chamber.
PAR  Studies of cloud condensation nuclei require that precisely controlled
      supersaturated environments, between 100 percent and 103 percent relative
      humidity, be maintained when employing diffusion cloud chambers.
      Unfortunately, diffusion chambers used to provide such an environment are
      characterized by two stringent requirements. The first being that
      thermally active surfaces must be precisely and uniformly controlled to a
      tolerance of .+-. 0.1.degree. C. or better. The second requirement being
      that the thermally active surfaces be uniformly wetted.
PAR  In order to achieve the necessary thermal control, present systems are
      characterized by high flow fluids or extended area thermoelectric control
      systems. As can be appreciated, such systems are bulky, slow in response
      time, and generally inefficient in power usage. Moreover, the usual
      approach of using multiple heat pipes with metal to metal heat transfer
      regions does not adequately provide the necessary temperature uniformity
      over the extended surfaces.
PAR  In order to achieve uniformly water wetted surfaces, it currently is common
      practice to deposit filter paper on these surfaces and employ the paper as
      a wick. However, it has been found that, in practice, it is very difficult
      to assure that uniform wetting will be experienced under all operating
      conditions.
PAR  Therefore, there currently exists a need for a practical heat transfer
      device which can readily be employed as an evaporator plate in a diffusion
      cloud chamber in order to overcome the aforementioned difficulties and
      disadvantages.
PAR  It is, therefore, a general purpose of the instant invention to provide an
      improved internally supported heat transfer device which includes
      thermally active surfaces particularly adapted to be reliably and
      uniformly wetted under substantially all operating conditions while the
      temperatures thereof are precisely and uniformly controlled to facilitate
      the maintenance of temperature uniformity over the external surfaces of
      this device.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the instant invention to provide an improved heat
      transfer device which can be employed to overcome the aforementioned
      difficulties and disadvantages.
PAR  It is another object to provide an improved heat transfer device
      particularly suited for use as an evaporator plate for a diffusion cloud
      chamber.
PAR  It is another object to provide an improved heat transfer device including
      a pair of heat pipe wicks, each being of a planar configuration, separated
      by a contiguously related spacer formed of a foraminous material.
PAR  It is another object to provide, for use in a diffusion cloud chamber, an
      improved heat transfer device having an external surface including an
      external layer of a foraminous material, whereby a uniform wetting of the
      surface is facilitated.
PAR  It is another object to provide, for use in a diffusion cloud chamber, an
      improved internally supported heat transfer device which includes a pair
      of mutually spaced heat transfer plates, each being of a planar
      configuration, having a pair of opposed first surfaces defining
      therebetween a heat pipe chamber, a pair of mutually spaced heat pipe
      wicks disposed within the chamber and a foraminous spacer of a planar
      configuration interposed between the wicks in contiguous supporting
      engagement therewith and a foraminous sheet contiguously related to the
      external surface of the heat transfer device for facilitating a uniform
      wetting thereof.
PAR  These and other objects and advantages are achieved through the use of an
      internally supported heat transfer device including a pair of heat pipe
      wicks, each of which includes a pair of superimposed layers of metallic
      screen comprising a wick, a foraminous spacer interposed between the wicks
      for maintaining the wicks in mutually spaced relation, a pair of mutually
      spaced heat transfer plates defining therebetween a heat pipe chamber for
      receiving said spacer and said pair of wicks, and an external surface
      including a foraminous layer contiguously related to the external surfaces
      of the heat transfer plates for facilitating a uniform wetting thereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of a diffusion cloud chamber within which
      there is disposed a pair of heat transfer devices, which embody the
      principles of the instant invention, each being connected with a heat sink
      through a tubular heat pipe.
PAR  FIG. 2 is a fragmented plan view of a heat transfer device which embodies
      the principles of the instant invention.
PAR  FIG. 3 is a partially sectioned, fragmented, plan view of one corner of the
      heat transfer device illustrated in FIG. 1 depicting one manner in which
      the heat transfer device is connected with a tubular heat pipe.
PAR  FIG. 4 is a sectioned view taken generally along line 4--4 of FIG. 2.
PAR  FIG. 5 is an exploded, partially sectioned view of the device shown in FIG.
      2.
PAR  FIG. 6 is a cross-sectional view taken generally along line 6--6 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like reference characters designate
      like or corresponding parts throughout the several views, there is shown
      in FIG. 1 a diffusion cloud chamber, not designated, within which there is
      disposed a pair of improved heat transfer devices, generally designated 10
      and 12, which embody the principles of the instant invention.
PAR  It is to be understood, of course, that diffusion cloud chambers, their
      purposes, and their operations are well known and understood. Therefore, a
      detailed description of the diffusion cloud chamber illustrated in FIG. 1
      is omitted in the interest of brevity. However, it is to be understood
      that through a use of the cloud chamber, cloud nuclei are rendered visible
      as a consequence of the formation thereon of liquid droplets, as they are
      caused to pass through the cloud chamber.
PAR  As shown in the drawings, the devices 10 and 12, which embody the
      principles of the instant invention, serve as evaporator plates which are
      spaced apart a suitable distance while a flow of particle-free air is
      established about the surfaces of the devices 10 and 12 from a delivery
      conduit 14 extended into the cloud chamber. A stream of air bearing cloud
      nuclei to be counted is introduced into the chamber via a conduit 16 and
      directed to flow along a linear path extended through a zone, not
      designated, of supersaturation located between the devices 10 and 12. As a
      practical matter, the zone is located at equidistances from the devices 10
      and 12. The vapor within this region condenses on the nuclei as they are
      passed through the chamber. An optical counter 18 is connected with the
      cloud and serves to count the nuclei, all in a manner well understood by
      those familiar with diffusion cloud chambers. As a practical matter, the
      plates 10 and 12 are employed for maintaining a suitable temperature
      gradient through the aforementioned zone of supersaturation.
PAR  In practice, a pair of heat sinks 20 is provided and connected with the
      heat transfer devices 10 and 12 via a pair of tubular heat pipes,
      designated 22, of well known design. The particular configuration of the
      heat sinks 20, of course, is varied as is desired. For example, a group of
      thermoelectric units including a fan and thin fins can be connected with
      the heat pipes 22 to thus establish a suitable heat rejection system for
      terrestrial application. In a zero-gravity cloud physics laboratory a
      loosely controlled fluid cooled heat sink may be employed to provide the
      necessary heat rejection.
PAR  Turning now to FIG. 2, it is to be understood that each of the heat
      transfer devices, designated 10 and 12, is of a common design, and is
      fabricated in a similar manner, and functions in a similar manner to
      achieve similar results. Therefore, it is believed that a detailed
      description of the heat transfer device, designated 10, is deemed
      sufficient to provide a complete understanding of the instant invention.
PAR  As best shown in FIG. 2 the heat transfer device 10 is of a planar
      configuration. However, it is to be understood that, where so desired, the
      heat transfer device 10 is provided with a toroidal or similar
      cross-sectional configuration.
PAR  Referring now, for a moment, to FIGS. 2 and 5, the heat transfer device 10
      includes a spacer, generally designated 24, formed of a foraminous
      material, such as, for example, double crimped copper screen formed from
      0.063 diameter wire. Disposed in contiguous engagement with the spacer 24,
      at each of its opposite sides, there is a heat pipe wick 26, also of a
      planar configuration. As a practical matter, each of the wicks 26
      comprises a double layer of number 100 mesh copper screen and functions in
      a manner well understood by those familiar with the operation of heat
      pipes.
PAR  A pair of heat transfer plates, designated 28 and 30, is provided in a
      mutually spaced relationship and defines therebetween a heat pipe chamber,
      designated 32. Preferably, the plate 30 is provided with a projected
      peripheral lip 34. This lip serves to establish a peripheral wall for the
      chamber 32 upon which is seated the transfer plate 28. In practice, the
      lip 34 is provided with a plurality of suitably spaced reliefs 36, each
      being suitably configured to receive therein a coupling pin 38, which is
      extended through a coaxially aligned opening 40 formed in the peripheral
      zone of the heat transfer plate 28. The coupling pins 38 are employed for
      uniting the heat transfer plates 28 and 30 to form an integrated unit and
      are welded, soldered or otherwise suitably secured to the plates.
      Moreover, when so desired, a plurality of spacer blocks 42 are disposed
      within the chamber 32 and are employed for purposes of maintaining the
      heat transfer plates 28 and 30 in parallelism.
PAR  As shown in the drawings, each of the heat pipes 22 is of a tubular
      configuration and includes a heat pipe wick 44, also of a tubular
      configuration, mated with both of the heat pipe wicks 26, and is disposed
      within a tubular chamber 46 defined within a tubular conduit 48. Hence, it
      will be appreciated that each of the heat pipes 22 provides a suitable
      flow path for a working fluid, not shown, extended between one of the
      wicks 26 disposed within the heat pipe chamber 32 and a heat sink 20. As a
      practical matter, any suitable working fluid is employed and, where so
      desired, is introduced into the heat pipe chamber 32 via the tubular heat
      pipe chamber 46.
PAR  In order to facilitate a uniform wetting of the external surface of the
      heat transfer devices 10, a layer of number 200 mesh copper screen 50 is
      deposited on the external surface of the device 10 and secured in place
      through a use of welds, solder or other suitable means. This layer of
      screen functions as a wick for causing a flow of water to be established
      across the surface. A water delivery conduit 52 is, where desired,
      extended into the cloud chamber for delivering water to the surface of the
      heat transfer device 10. In any event, it is to be understood that the
      layer of screen 50 functions as an exterior wick for uniformly wetting the
      surfaces of the plate.
PAC  OPERATION
PAR  It is believed that in view of the foregoing description, the operation of
      the device will readily be understood and it will be briefly reviewed at
      this point.
PAR  With the diffusion cloud chamber assembled in the manner hereinbefore
      described, each of the heat transfer devices, designated 10 and 12, is
      provided to serve as an evaporator plate. Water is delivered via the
      conduit 52, to the surfaces of the heat transfer devices whereupon the
      layer of screen 50 serves to uniformly wet the external surfaces thereof
      through a wicking action. Within each of the heat transfer devices 10 and
      12 the working fluid is caused to be wicked along the internal surfaces of
      the heat transfer devices 10 and 12 while the heat sinks 20 perform
      necessary heat rejection functions in a manner well understood by those
      familiar with the heat pipe art.
PAR  It will, therefore, be appreciated that through the instant invention it is
      possible to achieve precise uniform, thermal conditions for thermally
      active surfaces which are uniformly wetted in order to effectively and
      economically establish a zone of super-saturation within the diffusion
      cloud chamber.
PAR  Although the invention has been herein shown and described in what is
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of the
      invention, which is not to be limited to the illustrative details
      disclosed.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a diffusion cloud chamber, an improved internally supported heat
      transfer device comprising:
PA1  A. means including a pair of mutually spaced heat transfer plates, each
      being of a planar configuration, having a pair of opposed first surfaces
      defining therebetween a heat pipe chamber;
PA1  B. means defining a pair of mutually spaced heat pipe wicks disposed within
      said chamber and contiguously related to said pair of first surfaces;
PA1  C. means defining a foraminous spacer of a planar configuration interposed
      between said wicks in contiguous supporting engagement therewith; and
PA1  D. means externally related to said chamber for uniformly wetting a
      selected portion of a second surface of each heat transfer plate, opposite
      to the first surface thereof, comprising a foraminous sheet contiguously
      related thereto.
NUM  2.
PAR  2. The device of claim 1 wherein said spacer is formed from a woven
      material having a relatively low mesh number and each wick of said pair of
      heat pipe wicks comprises a pair of superimposed layers of metallic screen
      having a relatively high mesh number.
NUM  3.
PAR  3. The device of claim 1 further comprising means for connecting said
      improved evaporator plate to a heat sink including a tubular heat pipe
      having a heat pipe wick connected with each wick of said pair of heat pipe
      wicks.
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ABST
PAL  An icing detector for moving or stationary installations which comprises a
      probe subject to atmospheric icing, and ice formation sensing means
      disposed in a duct through which flow of ambient air is induced by ejector
      defining elements. The induced air flow provides high sensitivity
      regardless of the relative ambient velocity. An ice/de-ice cycle is
      repeated providing continuing icing detection. Specific embodiments of the
      invention provide a measure of icing severity or ambient liquid water
      content.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 397,689,
      filed Sept. 17, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an icing detector for moving and stationary
      installations, and more particularly to a detector suited for VTOL
      aircraft.
PAR  Ice forms on the forward facing surfaces of an aircraft or other body when
      it flies through or otherwise moves relative to clouds of supercooled
      water droplets. The droplets freeze almost instantaneously upon impact
      with the aircraft or body, resulting in the formation of ice. For a given
      velocity and a particular body geometry, the rate of formation is
      dependent on the liquid water content of the cloud, water droplet diameter
      and ambient temperature. Conversely, for a given icing condition and body
      geometry the rate of ice accumulation is a function of relative velocity.
PAR  Although ice detectors are known, there exists a need for ice detectors
      which operate under widely varying ambient air velocities or where the air
      velocity is insufficient to provide adequate sensitivity. Examples of
      applications for such detectors include tall structures such as buildings
      and towers, vessels, stationary gas turbine installations, and VTOL
      aircraft.
PAR  In helicopters, an icing detector is essential if it is to undertake
      all-weather flying operations owing to the wide range of airspeed at which
      a helicopter can operate. The most susceptible part of the helicopter to
      icing is the rotor blade system; this is because the droplet catch
      efficiency of the rotor blades is high, owing to their comparatively small
      scale and high velocity, while the catch efficiency on the non-rotating
      parts of the helicopter is extremely low particularly at low flight
      velocities for converse reasons. Thus an icing detector is necessary to
      give the pilot early warning of an icing encounter so that he may take the
      necessary precautionary action. In addition, if the helicopter is equipped
      with a rotor blade icing protection system, an ice detector is a necessary
      component of that system because of the need for immediate activation of
      the system on entering an icing condition, and for a close control of the
      allowable ice accretion thickness where the system works on a de-icing
      principle. To achieve these aims, it is necessary that the ice detector
      has a high sensitivity, (i.e., capable of detecting small quantities of
      ice), and a rapid response. The icing rate indication that it provides
      should relate closely to the rate of rotor blade icing which is affected
      only in a minor way by flight speed because of the high rotational
      velocity of the rotor blades.
PAR  Most existing types of ice detectors, both for airborne and for static use,
      rely on the natural relative velocity between the droplet-laden air and
      the detector sensing surface to deposit supercooled water droplets on that
      surface. The presence of the water, either in its liquid or its solid
      phase, on the sensing surface is detected by various means. Because the
      rate of impingement of the droplets on the surface is a function of the
      relative velocity, it follows that the response of the device is also a
      function of the velocity and decreases with decreasing velocity. In
      addition certain types of detectors require a minimum relative velocity to
      achieve ice sensing operation.
PAR  On helicopters, present means of ice detection employ a standard aircraft
      ice detector mounted either on the fuselage or in the engine, or other,
      air inlet duct. These arrangements have not provided satisfactory ice
      detection or icing rate data suitable for the control of rotor blade icing
      protection systems because there is no unique correlation between the
      icing rate as sensed by the ice detector and that experienced by the rotor
      blades. Additionally, mounting an ice detector in the engine inlet is not
      desirable because of the danger of engine damage caused by ice shed from
      the detector. It has been proposed that an ice detector be mounted on the
      rotor blade itself, thus placing it where the icing measurement is
      desired; however, this proposal does not find favour because of the
      complications of slip-rings or other devices required to transmit power
      and detector signals between rotating and non-rotating parts, and of the
      greater difficulties in incorporating the detector in the rotor blade
      structure. Most existing ice detectors are designed to detect the presence
      or absence of an icing condition, but do not provide a quantitative
      measure of the severity of the condition.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an icing detector that is
      capable of indicating a potential icing condition regardless of the
      relative ambient air velocity.
PAR  Another object is to provide an indication of the supercooled water droplet
      content of the ambient air.
PAR  A specific object of the invention is to provide means for inducing air
      flow, relative to an ice sensing element, at a velocity corresponding
      with, for example, the maximum speed of an aircraft, or the maximum
      expected wind velocity in a stationary application.
PAR  Another object is to provide a quantitative indication of the icing
      condition.
PAR  In accordance with the invention an ice sensing device is placed within a
      duct through which flow of ambient air is induced. The higher velocity air
      flow induced through the duct is essentially constant regardless of the
      value of the ambient air velocity, thus providing a higher water droplet
      flux through the duct. The ice sensing device comprises a probe, on which
      ice forms as a result of the impingement of supercooled water droplets,
      and ice detecting means comprising a radiation emitter and sensor.
PAR  Removal of the resulting ice by heating the probe when a predetermined
      quantity of ice has formed provides an ice/de-ice cycle which can be used
      to provide either discrete icing signals or a quantitative measure of the
      rate of icing. Because the duct velocity is nearly constant, the rate of
      icing on the probe is a direct function of the supercooled liquid water
      content, which may also be displayed. In addition, the increased velocity
      through the duct has a cooling effect due to the temperature drop to
      maintain constant enthalpy. As a result, the sensing device has a higher
      susceptibility to icing, than the aircraft or other structure with which
      it is associated.
PAR  Induced flow through the duct may be conveniently achieved by means of an
      ejector. If heated gas is used as the primary fluid in the ejector it can
      be used to provide anti-icing of the detector structure. The primary jet
      using heated gas must be arranged to avoid heating of the icing probe, or
      the ambient air which contacts the probe.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention will be described with reference to the
      drawings in which:
PAR  FIG. 1 is a partly sectional view of the detector;
PAR  FIG. 2 is a section taken at II--II of FIG. 1;
PAR  FIGS. 3 to 5 show alternate embodiments of the detector in section;
PAR  FIGS. 6, 8, 9 and 10 are schematic diagrams showing embodiments of the
      electrical circuit;
PAR  FIG. 7 is a schematic diagram illustrating the icing cycle for the circuits
      shown in FIGS. 6, 8, 9 and 10;
PAR  FIG. 11 is a schematic diagram of another embodiment of circuitry for the
      ice detector; and
PAR  FIG. 12 is a schematic diagram illustrating the icing cycle for the circuit
      of FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 the detector 1 comprises a duct member 2 having a
      plenum 3 formed in one end thereof. The plenum opens rearwardly into the
      duct defining an annular primary jet outlet 4 for directing a gas
      rearwardly along the interior surface 5 of the duct member 2. The primary
      gas induces increased ambient air flow through the duct member 2.
      Preferably, the primary gas is heated to keep the duct member free of ice.
      The gas is supplied to the plenum 3 by means of a passageway 6 connected
      to a suitable source such as the engine compressor.
PAR  An icing probe 7, on which ice forms, is mounted transversely within the
      duct. When operating in conditions conducive to icing, the supercooled
      water droplets suspended in the ambient air are accelerated with the
      induced flow of air and those that impinge on probe 7 have their
      metastable supercooled state upset by contact with the probe and form ice
      thereon. Because the droplet impingement rate which determines the rate of
      ice formation depends on velocity, the high induced air flow results in
      the detector having higher sensitivity to icing than if it were exposed to
      only the ambient air velocity. Probe heating means for periodically
      melting accreted ice is provided by suitable electrical means.
PAR  To prevent heated air from the primary jet impinging upon and heating the
      probe 7, insulating bushings 10, whose primary function is to insulate
      (both electrically and thermally) the probe 7 from the duct wall, project
      from the inner surface of the duct a distance substantially equal to the
      thickness of the primary jet.
PAR  The duct member 2 comprises three sections, an aerodynamically smooth entry
      section 13, a short mixing section 14 and a diffuser section 15. Little or
      no mixing length is employed ahead of the diffuser section to provide
      inefficient flow augmentation. It is this inefficiency that results in an
      almost constant velocity of the secondary air over a wide range of ambient
      air velocities.
PAR  Mounted within the duct member 2 are a radiation emitter 8 and sensor 9
      which co-operate with the probe 7 to detect the presence of ice by the
      occlusion of radiation from the emitter 8 to the sensor 9. In order to
      detect the presence of ice on the probe, the emitter and sensor are
      disposed such that a central axis of a beam of radiation from the emitter
      to the sensor is substantially a half beam upstream from the probe. The
      beam is disposed at a substantial angle with respect to the probe,
      preferably a right angle.
PAR  In the embodiment of FIG. 1 windows 18 and 19 are placed over the emitter 8
      and sensor 9 to maintain a smooth duct surface. If necessary the window 19
      over the sensor may comprise a filter to limit the spectral content of
      radiation reaching the sensor.
PAR  By locating the emitter and sensor immediately behind the jet 4, the high
      velocity primary gas flow helps to maintain the windows 18 and 19 clear of
      contamination.
PAR  Cleanliness of the emitter and sensor system may be further enhanced by
      providing a flow of clean air over these components from a separate
      source. This may be achieved, as illustrated in FIG. 3, by recessing the
      emitter 28 and sensor 29 in the duct wall 30, and drawing cabin air, for
      example, filtered if necessary, through the recesses 20 over the emitter
      and sensor elements. The clean air is drawn through a passageway 21 in the
      strut 23, through passageways 22 in the detector body into the recesses 20
      by means of the low static pressure created at the recesses 20 by the high
      velocity air flow across them.
PAR  Since the plenum 3 is supplied with heated air, it serves to keep this
      portion of the duct free of ice.
PAR  FIG. 1 shows the duct member having a discontinuity on the outer surface of
      the duct member at 12. This prevents water running back over the duct
      outer surface from the heated forward section to the duct exit, which
      under certain conditions, would cause ice to build up around the exit edge
      into the interior of the duct. With the discontinuity 12 most of the water
      that runs back along the outer surface is blown off at the discontinuity.
PAR  In FIGS. 1 and 2 the prove comprises a tube having a flat portion near the
      center on the upstream side. This flat portion ensures that any ice formed
      is detected, whereas with a cylindrical probe under certain atmospheric
      conditions ice may form on the flanks of the cylinder while the upstream
      stagnation point remains free of ice. This occurs at a range of air
      temperatures just below the equilibrium freezing temperature of water due
      to the varying heat balance around a cylinder. Under these conditions, the
      ice formation may not grow forward sufficiently for detection. By
      providing a flat on the upstream side of the probe, the high droplet catch
      efficiency and the high convective heat loss at the edge of the flat area
      result in the formation of ice there and the detection of icing at
      temperatures closer to 0.degree. C than is possible with a circular probe.
PAR  In a case where high temperature icing is of little or no consequence, the
      beam of radiation could be oriented axially along the upstream edge of a
      cylindrical probe, thus only detecting ice which actually forms on the
      upstream edge stagnation region.
PAR  The probe is adapted to be de-iced by passing electrical current through
      it. Because heat is switched off when ice lying in the path of the beam of
      radiation is removed, there is a danger that, should ice in this area shed
      slightly before ice on other parts of the probe, the remaining ice could,
      over several ice/de-ice cycles, grow and cause considerable blockage of
      the duct, and result in erratic operation. To avoid this, the central
      region of the probe, in the region of the flat, is designed to head
      slightly more slowly than the rest of the probe so that ice in the sensing
      region sheds last. This may, for example, be achieved by reducing slightly
      the electric resistance at the probe center by applying a thin ring of
      metal plating.
PAR  FIGS. 4 and 5 show alternate primary jet outlet configurations. FIG. 4
      shows discrete primary jets outlet means 34 communicating with the plenum
      by means of passageways in the duct member 32. As in the embodiment of
      FIGS. 1 and 2, the detector includes an icing probe 37 and ice formation
      sensing means 38. FIG. 5 shows the primary jet outlet means 44 in the form
      of a single jet disposed coaxially within the duct member 42, with the
      primary gas taken from the plenum 43.
PAR  The embodiments of FIGS. 1 and 3 employing the annular primary jet outlet
      is more efficient than the central or discrete wall jet of FIGS. 4 and 5,
      respectively, since the high energy primary flow is everywhere in contact
      with the wall thus not requiring any mixing length before diffusion, and
      also permitting the use of a wider angle and hence shorter diffuser. The
      greater efficiency, as indicated above, is a disadvantage; however,
      against this must be balanced the possibility of a shorter diffuser
      resulting in a smaller and lighter unit. Furthermore, water running back
      into the duct from the heated leading edge is broken up by the high energy
      primary jet without coming in contact with the duct wall, thus eliminating
      ice formation within the duct and so eliminating the possible requirement
      for additional duct member heating.
PAR  The emitter and sensor must necessarily employ radiation that is attenuated
      by ice but does not melt the ice. It was found that a suitable emitter and
      detector comprises an infra-red emitting diode and a photo-transistor.
      When using a photo-transistor with wide spectral response a filter
      transparent to infra-red but opaque to visible light may be placed in
      front of the sensor. Alternatively, or in addition, the emitted radiation
      may be modulated to permit rejection of ambient radiation.
PAR  Because the rate of occlusion of the infra-red beam area between 25 percent
      and 75 percent occlusion is very nearly a linear function of the rate of
      ice build-up on the probe, the occlusion rate within these limits can be
      used to provide a good measure of the probe rate of icing. A voltage
      proportional to occlusion rate may be obtained by electronically
      differentiating the output voltage of the infra-red sensor and applying
      the differentiated signal to a meter or other read-out or recording device
      during the quasi-linear mid portion of the occlusion range; at other times
      the read-out is inhibited or held as its last value.
PAR  The rate of occlusion may be used to determine the liquid water content
      when the air velocity over the probe is maintained constant. By inducing
      high velocity flow, relative to ambient velocity, through the duct, the
      velocity will be maintained substantially constant and therefore a good
      measure of the supercooled liquid water content is obtained from the rate
      of occlusion.
PAR  With reference to FIG. 6, the emitter is driven by a suitable power source
      65. If desired, a modulator 64 may be added to produce pulsed radiation.
      The ice detector probe 67 is positioned relative to the emitter 68 and
      sensor 69 so that any ice build-up on the probe 67 progressively occludes
      the emitted radiation with a resultant decrease in signal level. This
      signal is sensed and amplified by amplifier A.sub.1 and compared with two
      buffered reference signals from A.sub.2 and A.sub.3 by voltage comparators
      A.sub.4 and A.sub.5, configured to form a window detector. The output
      level of the comparators is dependent on the magnitude of the input signal
      relative to the aperture of the window detector and will determine the
      state of flip-flop, F.sub.1. The flip-flop in turn controls the power to
      the detector probe heater 66 and signal light 61, via the heater control
      62. FIG. 7 illustrates the ice detecting cycle.
PAR  While signal light 61 provides simple ice detection, a measure of probe
      icing rate or liquid water content may be obtained in the following
      manner. Referring to FIGS. 7 and 6, point a represents the beginning of
      ice build-up and beam occlusion. Between point b and c the output of
      A.sub.1 is buffered by A.sub.6 and differentiated by A.sub.7 which yields
      an output proportional to the rate of ice formation on the probe which is
      read by a suitable meter 63. A Sample and Hold element isolates the meter
      63 during reset between points c and d. The meter therefore displays the
      differentiator A.sub.7 output during the period of probe icing within the
      window aperture, between points b and c, and holds the last measured value
      during the reset portion of the cycle.
PAR  The meter 63 may provide a calibrated output in any convenient form, such
      as a rate of probe icing, icing severity, or an accurate measure of liquid
      water content over limited or specified operating speeds.
PAR  FIGS. 8 to 10 illustrate three alternative means of providing a measure of
      probe icing rate or liquid water content based on the average slope of the
      output of amplifier A.sub.1 between points b and c as shown in FIG. 7, and
      which are particularly adapted for high icing rates.
PAR  In the embodiment of FIG. 8, a series of clock pulses from generator 80 is
      gated by AND-gate 81 for the period between points b and c of FIG. 7.
      These gated pulses are integrated at 82, to provide a voltage proportional
      to the time interval, .DELTA.t, between points b and c. A divider 83
      provides the mathematical operation of k/.DELTA.t, where k is a
      calibration constant to scale the output in terms of liquid water content.
      A sample-and-hold unit 84 retains the meter display at 88 until updated.
PAR  In the embodiment of FIG. 9, clock pulses are again gated by AND-gate 91,
      and totalled on a decade counter 95. Control unit 96 transfers the total
      count to an LSI calculator chip 97 which performs the appropriate division
      and scaling with the resultant liquid water content value being displayed
      at 98. The control unit 96 then resets the counter 95 is readiness for the
      next sample.
PAR  In the embodiment of FIG. 10, a look-up table technique is used, with
      values of liquid water content stored in a programmable read-only memory
      107. The appropriate address is obtained from gated clock pulses obtained
      as in the two previous methods. The appropriate value is displayed at
      digital display unit 108.
PAR  FIG. 11 illustrates another embodiment of a circuit for the ice detector
      using a single reference level and a fixed heating cycle of the probe.
      FIG. 12 illustrates the corresponding icing cycle. As the emission of
      radiation from the emitter to the sensor is progressively occluded by
      formation of ice on the heater probe, the received signal V.sub.s rises
      and is compared to a reference voltage V.sub.1 by the comparator A.sub.11.
      When the signal level V.sub.s exceeds the reference level V.sub.1, which
      corresponds to occlusion of a major portion of the radiation, the
      comparator A.sub.11 changes state and turns on the astable multivibrator
      M. The output pulse train from the astable multivibrator M is applied to
      the trigger terminal of the timer T.sub.1 which on receipt of the first
      pulse is initiated for a fixed time period t. Two features of the timer
      T.sub.1 are that it provides a regulated reference voltage that is used by
      the comparator A.sub.11, and that after the first trigger pulse the timer
      is immune to further trigger pulses until expiration of its fixed time
      period. The timer T.sub.1 output is used to switch the heater control
      which in turn supplies current to the probe heater with the resulting heat
      causing the ice to be removed from the prove. Clearance of the ice results
      in the signal from the sensor being reduced below the reference level, the
      comparator reverting to its normal state and switching off the astable
      multivibrator.
PAR  Should the fixed heating period be insufficient to allow removal of ice
      from the probe, the signal remains above reference level V.sub.1 and the
      comparator A.sub.11 remains in its switched state, keeping the astable
      multivibrator M operational and its output initiating another fixed time
      period by timer T.sub.1 and therefore further heating of the probe. This
      cycle will be repeated until the ice is removed from the probe.
PAR  As the period set by T.sub.1 is short, its output is used to initiate a
      second timer T.sub.2, set for a longer time period, which controls a
      suitable warning device.
PAR  The addition of a second comparator and a lower reference level
      corresponding to occlusion of a minor portion of radiation, allows rate of
      icing methods similar to those previously discussed to be used as a
      measure of the rate of ice formation on the probe.
PAR  Referring to FIGS. 7 and 12, it will be noted that the signal level V.sub.s
      of FIG. 12 varies inversely with occlusion, in contrast to signal level
      A.sub.1 of FIG. 7 which varies directly. The arrangement employed is a
      matter of choice depending, for example, on the type of sensor used, it
      being important only that a predetermined signal level be crossed to
      initiate probe heating.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An icing detector, for detecting the presence in the atmosphere of
      supercooled droplets, comprising:
PA1  a. a duct member having an annular plenum formed in one end thereof;
PA1  b. means for supplying pressurized gas to said plenum;
PA1  c. primary jet outlet means communicating with said plenum, said primary
      jet outlet means being disposed within the duct to induce secondary
      ambient air flow through the duct;
PA1  d. a probe mounted within said duct member so that supercooled water
      droplets suspended in the induced secondary ambient air flow impinge on
      said probe and form ice thereon; and
PA1  e. sensing means for detecting the presence of ice on said probe comprising
      an emitter for emitting radiation that is attenuated by ice and a
      radiation sensor, said emitter and sensor being mounted in the duct member
      so that ice formed on the probe occludes the radiation from the emitter to
      the sensor.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the duct member comprises an
      aerodynamically smooth entry section at said one end of the duct having
      the plenum formed therein, a short mixing section and a diffuser section,
      and wherein said primary jet outlet means is disposed substantially at the
      transition of the entry section and the mixing section.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the primary jet outlet means is defined
      by passageways in the duct member communicating with the plenum and
      opening to the interior of the duct.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the primary jet outlet means is defined
      by an annular opening of the plenum to direct primary air along the inner
      surface of the duct member.
NUM  5.
PAR  5. The aparatus of claim 1 further comprising insulating means disposed
      about said probe projecting from the inner surface of the duct a distance
      substantially equal to the thickness of the primary jet for preventing
      primary jet flow from contacting said probe.
NUM  6.
PAR  6. The apparatus of claim 1 comprising heating means for heating the
      pressurized gas supplied to the plenum, for preventing icing of the duct
      member.
NUM  7.
PAR  7. The apparatus of claim 1 having a discontinuity on the outer surface of
      said duct member in order to reduce the tendency of ice formation at an
      end of the duct remote from the end having the annular plenum.
NUM  8.
PAR  8. The apparatus of claim 1 wherein the emitter and sensor are each mounted
      in a recess within the duct member, each of said recesses communicating
      with a clean air source so that low air pressure induced by air flow
      through the duct over the recesses draws clean air over each of the
      emitter and sensor to prevent deposition of dirt thereon.
NUM  9.
PAR  9. The apparatus of claim 1 wherein the radiation emitted and sensed is
      infra-red radiation.
NUM  10.
PAR  10. An icing detector, for detecting the presence in the atmosphere of
      supercooled droplets, comprising;
PA1  a. A duct member having a plenum formed in one end thereof;
PA1  b. means for supplying pressurized gas to said plenum;
PA1  c. primary jet outlet means communicating with said plenum, said primary
      jet outlet means being disposed within the duct member to induce secondary
      ambient air flow through the duct;
PA1  d. a probe mounted within said duct member so that supercooled water
      droplets suspended in the induced secondary ambient air flow impinge on
      said probe and form ice thereon;
PA1  e. probe heating means for periodic melting of ice formed on the probe;
PA1  f. a radiation emitter for emitting radiation that is attenuated by ice and
      a radiation sensor mounted within said duct member, said emitter and
      sensor cooperating with the probe to detect ice formation on the probe by
      the occlusion of radiation from the emitter to the sensor;
PA1  g. means for producing a signal related to the magnitude of radiation
      received by said sensor;
PA1  h. means responsive to a predetermined lower signal level for initiating
      probe heating and means responsive to an upper signal level for
      terminating probe heating;
PA1  i. means for determining the rate of signal change between the upper and
      lower levels; and
PA1  j. indicator means responsive to the rate of signal change to provide a
      quantitative indication of the ambient icing condition.
NUM  11.
PAR  11. The apparatus of claim 10 wherein the probe heating means comprises an
      electrical resistance element and wherein a portion thereof at which ice
      is detected has reduced electrical resistance relative to other portions
      of the probe member.
NUM  12.
PAR  12. The apparatus of claim 10 wherein the probe has a cylindrical
      configuration with a flat portion on an upstream side with respect to
      induced airflow, and wherein said probe is disposed substantially
      transverse to a central longitudinal axis of the duct member.
NUM  13.
PAR  13. The apparatus of claim 10 wherein the emitter and sensor are disposed
      such that a central axis of a beam of radiation from the emitter to the
      sensor is substantially a half beam width from the probe and substantially
      at a right angle to a longitudinal axis of the probe.
NUM  14.
PAR  14. An icing detector, for detecting the presence in the atmosphere of
      supercooled droplets, comprising:
PA1  a. a duct member having a plenum formed in one end thereof;
PA1  b. means for supplying pressurized gas to said plenum;
PA1  c. primary jet outlet means communicating with said plenum, said primary
      jet outlet means being disposed within the duct member to induce secondary
      ambient air flow through the duct;
PA1  d. a probe mounted within said duct member so that supercooled water
      droplets suspended in the induced secondary ambient air flow impinge on
      said probe and form ice thereon;
PA1  e. probe heating means for periodic melting of ice formed on the probe;
PA1  f. a radiation emitter for emitting radiation that is attenuated by ice and
      a radiation sensor mounted within said duct member, said emitter and
      sensor cooperating with the probe to detect ice formation on the probe by
      the occlusion of radiation from the emitter to the detector;
PA1  g. means for producing a signal related to the magnitude of radiation
      received by said sensor;
PA1  h. means responsive to a predetermined lower signal level for initiating
      probe heating and means responsive to an upper signal level for
      terminating probe heating;
PA1  i. means for producing a time interval signal related to the time interval
      in progressing from the upper signal level to the lower signal level; and
PA1  j. means responsive to the magnitude of said time interval signal to
      provide a quantitative indication of the ambient icing condition.
NUM  15.
PAR  15. The apparatus of claim 14 wherein the means for measuring the time
      interval in progressing from the upper signal level to the lower signal
      level comprises a pulse generator, means for gating the pulses in the
      interval between the upper and lower signal levels, and integrating means
      for providing an output proportional to the time interval.
NUM  16.
PAR  16. The apparatus of claim 15 wherein the output of the integrating means
      in inverted by analog means to provide a measure of ambient liquid water
      content.
NUM  17.
PAR  17. The apparatus of claim 15 wherein the integrating means comprises
      digital means for counting the gated pulses, and digital calculator means
      for transforming the count to provide an output in terms of ambient liquid
      water content.
NUM  18.
PAR  18. The apparatus of claim 15 wherein the integrating means comprises
      digital means for counting the gated pulses to provide an address to means
      for storing a look-up table of liquid water content values.
NUM  19.
PAR  19. An icing detector, for detecting the presence in the atmosphere of
      supercooled droplets, comprising:
PA1  a. a duct member having a plenum formed in one end thereof;
PA1  b. means for supplying pressurized gas to said plenum;
PA1  c. primary jet outlet means communicating with said plenum, said primary
      jet outlet means being disposed within the duct member to induce secondary
      ambient air flow through the duct;
PA1  d. a probe mounted within said duct member so that supercooled water
      droplets suspended in the induced secondary ambient air flow impinge on
      said probe and form ice thereon;
PA1  e. probe heating means for periodic melting of ice formed on the probe;
PA1  f. a radiation emitter for emitting radiation that is attenuated by ice and
      a radiation sensor cooperating with the probe to detect ice formation on
      the probe by the occlusion of radiation from the emitter to the sensor;
PA1  g. means for producing a signal related to the magnitude of radiation
      received by said sensor;
PA1  h. means responsive to said signal crossing a predetermined signal level
      corresponding to occlusion of a major portion of the radiation for
      initiating probe heating;
PA1  i. timing means for terminating probe heating after a predetermined time
      interval provided that the signal has recrossed said predetermined signal
      level, but allowing repetition of probe heating for another of said time
      intervals if the signal has not recrossed said predetermined signal level;
      and
PA1  j. indicator means for indicating activation of the probe heating means.
NUM  20.
PAR  20. The apparatus of claim 19 including means for determining the rate of
      signal change between a predetermined signal level corresponding to
      occlusion of a minor portion of the radiation and said signal level
      corresponding to the occlusion of the major portion of the radiation and
      indicator means responsive to the rate of signal change to provide a
      quantitative indication of the ambient icing condition.
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ABST
PAL  For measuring the proportion or quantity of a component in a
      radiation-transparent mixture, a beam is passed through the mixture and
      subsequently split by a beam splitter into a measuring beam and a
      reference beam. The measuring beam is passed through a narrow-band
      interference filter which has a transmitting wavelength that corresponds
      to a discrete absorption wavelength of the component. This filter is
      oscillated in a range of oscillation which traverses the absorption
      maximum. The reference beam is passed through a narrow-band interference
      filter which has a transmitting wavelength that differs from the
      absorption wavelength of the component. Subsequently, the radiation
      intensities of the measuring beam and the reference beam are separately
      detected and their difference is formed. This difference is a function of
      the proportion or quantity of the component.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for measuring the proportion or
      quantity of a component in a radiation-transparent mixture by means of
      discrete radiation absorption. The beam passing through the mixture is
      split into a measuring beam and a reference beam. The measuring beam is
      passed through a narrow-band interference filter, the transmitting
      wavelength of which corresponds to a discrete absorption wavelength of the
      component to be tested. The reference beam is passed through a narrow-band
      interference filter, the transmitting wavelength of which is different
      from the absorption wavelength of the component to be tested. The
      difference between the radiation intensities of measuring beam and
      reference beam is utilized as the measure for the proportion or quantity,
      as the case may be, of the component to be tested.
PAR  A measuring method which is based on infra-red absorption and which relates
      to the determination of individual components of a liquid or gaseous
      mixture, is described in J. J. Howarth et al., An Infra-red Process
      Analyser Based on Interference Filters, JOURNAL OF SCIENTIFIC INSTRUMENTS,
      Volume 42, 1965, pages 526-528. According to the method described in this
      article, two branch beams are passed through a measuring filter and a
      reference filter and subsequently they are directed by means of
      appropriate deflecting systems to a common detector. Between the detector
      and the filters there is arranged a chopper which alternately transmits
      the measuring beam and the reference beam. As set forth in the first
      paragraph in the righthand column on page 528 of the above-identified
      article, by virtue of an appropriate filter combination an indicating
      sensitivity to hydrogen fluoride down to 50 parts per million was
      obtained. In the same paragraph of the article it is indicated that the
      interference bands and the absorption bands have to match exactly.
PAR  Particularly in the use of narrow-band interference filters it has been
      found to be difficult to adjust the sensitivity maximum in a permanent
      manner by an appropriate setting of the filters. Because of the steep
      flanks of the absorption lines of the material and the transmission lines
      of the filters, slight external influences, such as small mechanical
      vibrations and the like, suffice to lower the sensitivity and thus the
      accuracy of value indication.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved apparatus of the
      above-outlined type for maintaining the maximum sensitivity over
      relatively long periods of time.
PAR  This object and others to become apparent as the specification progresses,
      are accomplished by the invention, according to which, briefly stated, the
      filter for the measuring beam is moved periodically back and forth in a
      path that traverses the absorption maximum. The range of oscillation is
      expediently selected to be of such a magnitude that at both ends of the
      range a minimum is indicated. The alternating swinging motion may have a
      relatively low frequency of for example 0.1 Hz, while the chopper
      frequency is maintained at about 780 Hz. For an electronic signal
      processing, this latter frequency should not be a multiple of the line
      frequency (for example, 60 Hz). During the course of each swinging motion,
      the filter momentarily assumes a certain angle with respect to the beam in
      which the absorption line and the transmitting line coincide. The
      wavelength of the transmitting line has its maximum at an angle of
      approximately 90.degree. between the beam and the filter surface; in case
      of a deviation from this perpendicular penetration of radiation, the
      transmitting line shifts towards lower wavelengths. Thus, according to the
      invention, it is proposed to use a measuring filter, the transmitting
      wavelength of which, in case of a perpendicular penetration of radiation,
      is slightly above the absorption wavelength of the component to be tested
      so that it is ensured that during each swing of the filter the absorption
      maximum is scanned.
PAR  For the reference beam, on the other hand, a filter should be selected,
      whose transmitting wavelength is below the utilized absorption line of the
      component to be tested and, in particular, is below the band range.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of the optical arrangement of a
      preferred embodiment of a measuring apparatus, as viewed in a direction
      perpendicular to the beam axes, adapted to perform the method according to
      the invention.
PAR  FIG. 1a is a schematic fragmentary illustration of a component of the FIG.
      1 structure, as viewed in a direction parallel to the beam axes.
PAR  FIG. 2 is a diagram in which the hydrogen fluoride (HF) absorption bands
      containing the characteristic absorption lines and the transmission lines
      of the measuring filter and of the reference filter are plotted as a
      function of the wavelength.
PAR  FIG. 3 illustrates a diagram in which the difference of the measuring
      signals is plotted as a function of time.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIG. 1, the apparatus schematically illustrated therein
      includes a concave reflector mirror 1 associated with a light source 2,
      such as a halogen lamp, a slit screen 3, two plane-convex lenses 4, a test
      tube 5 containing the material mixture through which the beam is passed, a
      beam splitting prism system 6, two slit screens 7 in the path of the one
      and the other split beam, and two split beam compensators 8. The apparatus
      further comprises measuring beam and reference beam filters 9a and 9b,
      respectively, each comprising two serially arranged individual elements.
      There are further provided a beam chopper disc 10, two biconvex lenses 11
      for each split beam, arranged in front of and behind the chopper disc 10,
      a collector lens 12, a detector 13 with an after-connected signal
      processing and evaluating system as well as a device 14 for receiving,
      processing and feeding the chopper reference signal. The measuring filter
      9a is provided with a rotary shaft 15 oriented perpendicularly to the beam
      axis. The shaft 15 is connected to a drive motor 16 for imparting to the
      shaft 15 an oscillating motion of a frequency of about 0.1 Hz. For
      limiting the amplitude (range) of oscillation and to reverse the direction
      of motor rotation to obtain an oscillating motion, there are provided
      limit switches 17 for controlling the motor 16. These limit switches may
      be arranged at the opposite ends of the range of oscillation and thus are
      actuated by the oscillating filter each time the latter assumes an extreme
      position at the ends of its travelling path.
PAR  It is expedient to oscillate the reference beam filter 9b inphase with the
      motion of the measuring beam filter 9a in order to compensate for
      intensity fluctuations that may occur due to the swinging motions of the
      filter 9a . For oscillating the reference beam filter 9b, the same type of
      mechanism may be used as described in connection with the oscillation of
      the measuring filter 9a.
PAR  Also referring now to FIG. 1a, the chopper disc 10 which is driven with a
      frequency of, for example, 780 Hz, is provided in the vicinity of its
      outer edge, along an outer circle, with several uniformly spaced openings
      18 for allowing passage of a reference signal generated by the device 14.
      Along a middle circle and an inner circle, respectively, there are
      arranged, in an out-of-phase relationship, the same number of apertures 19
      and 20 for the passage of the reference beam (arrow B in FIG. 1) and for
      the measuring beam (arrow A in FIG. 1). In this manner the measuring beam
      and the reference beam impinge alternatingly on the detector 13. By means
      of an after-connected electronic equipment both signals are processed
      (including comparison) and applied to an indicating or recording apparatus
      in a manner known by itself.
PAR  As it may be observed in FIG. 2, the HF spectrum shows several absorption
      lines in a certain wavelength range. To one of these absorption lines
      there is assigned the measuring filter whose maximum transmitting
      wavelength .lambda..sub.F1 lies somewhat above the absorption maximum
      .lambda..sub.A. The reference filter has the same characteristics as the
      measuring filter; its transmitting wavelength .lambda..sub.F0 lies,
      however, below the HF absorption spectrum (of the HF rotary swinging
      band). By virtue of the oscillation of the measuring filter,
      .lambda..sub.F1 shifts towards lower wavelengths.
PAR  As .lambda..sub.F1 approaches .lambda..sub.A, the intensity i of the
      measuring beam impinging on the detector 13 decreases. This phenomenon may
      be observed in FIG. 3. In this diagram the difference of the intensities
      .DELTA.i between the measuring and reference beams is shown as a function
      of the time t. The sequence of the intensity peaks corresponds to the
      frequency of the filter-oscillating mechanism while the amplitudes of
      these peaks correspond to an HF-pressure alteration in the test tube. In
      the case illustrated, the maximum amplitude corresponds to an HF content
      of 1 mol percent HF in an HF/N.sub.2 mixture.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus for measuring the proportion or quantity of a component
      of a radiation transparent mixture by discrete radiation absorption,
      including means for passing a beam through the mixture; beam splitting
      means disposed downstream of the mixture with respect to the travelling
      direction of the beam for splitting the beam into a measuring beam and a
      reference beam; a first narrow-band interference filter arranged in the
      path of the measuring beam; a second narrow-band interference filter
      arranged in the path of the reference beam; means disposed downstream of
      the filters for separately detecting the radiation intensities of the
      measuring beam and the reference beam; and means for forming the
      difference between the two radiation intensities, the difference between
      the two radiation intensities being a function of the proportion and
      quantity of the component; the improvement wherein said first filter has a
      transmitting wavelength slightly above the discrete absorption wavelength
      of the component for a perpendicular penetration of radiation and said
      second filter has a transmitting wavelength outside the absorption
      spectrum of the component; further comprising means for oscillating said
      filters in phase in a range of oscillation in which said first filter
      traverses the absorption maximum.
NUM  2.
PAR  2. An apparatus as defined in claim 1, wherein said first filter has two
      extreme positions which it assumes at opposite ends of its travelling
      path, said means for oscillating said first filter includes a drive shaft
      affixed to said filter and extending normal to the measuring beam
      impinging upon said first filter; a drive motor connected to said drive
      shaft for rotating the latter; and limit switches connected to said drive
      motor, said limit switches being arranged at the opposite ends of the
      oscillating path of said first filter for reversing said drive motor upon
      said first filter reaching either of its extreme positions.
PATN
WKU  039406245
SRC  5
APN  3104850
APT  1
ART  256
APD  19721129
TTL  Apparatus and a method for testing the integrity of a weld
ISD  19760224
NCL  6
ECL  1
EXA  Willis; Davis L.
EXP  Lawrence; James W.
NDR  1
NFG  2
INVT
NAM  Simmons; Eugene C.
CTY  Woodbury
STA  CT
ASSG
NAM  P. R. Mallory & Co., Inc.
CTY  Indianapolis
STA  IN
COD  02
CLAS
OCL  250358R
ICL  G01t  116
FSC  250
FSS  83.3 H;83.3 D;331;358;359;360
UREF
PNO  3114836
ISD  19631200
NAM  Fergason et al.
OCL  250331
UREF
PNO  3191441
ISD  19650600
NAM  Erickson
XCL  250 83.3H
UREF
PNO  3405270
ISD  19681000
NAM  Briggs
OCL  250 83.3H
UREF
PNO  3462602
ISD  19690800
NAM  Apple
OCL  250 83.3H
UREF
PNO  3633031
ISD  19720100
NAM  Pesce
OCL  250 83.3D
LREP
FR2  Nissenbaum; Israel
FR2  Cornell; Ronald
FR2  Hoffmann; Charles
ABST
PAL  A beam of spectral energy is directed onto a weld spot and the integrity of
      the weld is measured by the strength of the reflected beam or of the
      transmitted beam, which may also involve a function of the refractive
      characteristic effect of the weld spot on the incident beam.
BSUM
PAR  This invention relates to a method for testing the structural integrity of
      spot welds between two metals by a non-destructive test.
PAR  The field of application of the invention is in the manufacture of
      electrical energy cells. The components of the electric cell are inserted
      into a can which is then sealed with a cover top embodying a metal cover
      and an insulating grommet that is appropriately pressed between the cover
      and the upper end of the can to establish a hermetic seal. The sealing
      action is usually achieved by peening over the open rim edge of the can
      onto the grommet and thereby impressing a compression force on the grommet
      with respect to a backup element in the can, which may be an elemental
      portion of the can, physically displaced to serve as a seating annulus,
      and a compression reaction element for the sealing grommet.
PAR  In certain of such cells, the top closure cover is formed of two metal
      discs, originally separate, in order to permit simpler assembly of the one
      inner cover disc to a component with the cell, with the outer cover disc
      finally welded to such inner disc, so the outer disc may serve as an
      accessible terminal element of the cell for connection to an external
      circuit.
PAR  In order to provide good electrical conductivity between the two top
      closure discs, they are spot welded at one or more areas.
PAR  If those spot welds are not properly effected, the transmitting
      conductivity of the electric welds are not adequate, and are defective,
      and are not satisfactory as current conducting elements for the cell, and
      as a result, an electric cell that is completely assembled with such a
      defective cell top would itself be defective and inoperative and
      rejectable.
PAR  At present, in conventional procedures, sample tests are made of production
      runs of such spot welding, with periodic samples selected at ramdom.
      Usually, such parts are subjected to a visual inspection for surface
      defects, and then the welded parts are physically separated to test the
      strength of the weld and to check the extent or diameter of the weld spot
      as determineed by size of the "nugget". The entire lot is then accepted or
      rejected on the basis of these individually tested and randomly selected
      parts. The limitations of the present conventional method are several:
PA0  1. Assembled parts are destroyed for testing
PA0  2. High probability of rejecting acceptable parts.
PA0  3. High probability of accepting rejectable parts.
PA0  4. Time consuming.
PA0  5. Dependence upon the technique of the inspector, and his ability to judge
      his results.
PA0  6. The inability of sorting lots on a continuous basis.
PAR  A primary object of this invention is to provide a non-destructive test
      method for determining the integrity and reliability of the weld.
PAR  Another object of this invention is to provide a method for testing the
      integrity and reliability of a weld, by subjecting the welded region to a
      beam of spectral energy and measuring the ratio of the transmitted energy
      relative to the strength of the incident beam.
PAR  Another object of this invention is to provide a method for testing the
      integrity and reliability of a weld by subjecting the welded region to a
      beam of spectral energy and measuring the refractive index, or change in
      refractive index, as an indicator of the integrity of the weld.
PAR  Another object of the invention is to provide a test method for testing the
      integrity of the weld, that can be performed as a production line
      operation, immediately after the weld, and with a minimum of checking and
      testing time.
PAR  Another object of the invention is to provide a method of controlling the
      welding machine to correct a welding operation that is not proper, by
      utilizing the read-out from the testing method of this invention.
PAR  Another object of this invention is to provide a weld testing method in
      which the tests on the weld can be performed as the welded parts are
      transferred along the production line, or if accummulated, can be tested
      individually as a quick and simple operation within a few seconds.
PAR  Another object of the invention is to provide a weld testing method in
      which the welded region is subjected to a beam of spectral energy, and the
      integrity of the weld is measured as a function of the energy-transmitting
      ability of the weld.
PAR  In accordance with the present invention, a test specimen is subjected to a
      beam of spectral energy, and the amount of energy transmitted, or
      absorbed, is measured to provide an accurate profile of the density and
      configuration of the weld.
PAR  The beam of spectral energy may be supplied from various sources. In one
      set of tests, a calibration source of Co60 was used, to apply the beam
      energy, with a gas filled detector to measure the transmitted energy,
      dependent upon the avalanche effect for readings. The gamma radiation
      absorbed by the weld was related to the density, and test samples showed
      that 90% accuracy could be obtained by this method. Based on the above
      described data it was calculated that sources such as Strontium 90 (a beta
      emitter), seen as Yttrium 90, could be used in a three to ten micro curie
      range. An end readout Beta/Gamma counter tube filled with a Ne, A, or
      halogen as a detector, and a readout such as a Baird 530, would provide
      100% accuracy within the limits that are required.
PAR  The above materials were considered among those within the very short wave
      length range and high energy levels.
PAR  In the mid range energy levels from about 4,000 to 7,000 angstroms, the
      amount of heat transmitted by a beam pulse of energy as, for example, from
      an I.R. emitting diode of the qallium arsenide type, provides a measure of
      the weld strength. One form of heat detector, for example, utilized liquid
      crystals on a mylar sheet on the weld region, as an indicator with a
      suitable optical readout.
PAR  In experimental tests made at low range energy level, at about 10,000
      angstroms, significally accurate readings were obtained in the visible
      light spectrum with the use of heat. The tests within the range of 10,000
      to 14,000 angstroms with a 30.degree. to 40.degree.C change in temperature
      above ambient seem to provide the most favorable working conditions with
      greatest accuracy.
DRWD
PAR  The general arrangement of the test system is described in more detail in
      the following specification taken together with the annexed drawings, in
      which
PAR  FIG. 1 is a schematic layout of the basic system of this invention; and
PAR  FIG. 2 is a modified form of system utilizing a heat responsive system of
      liquid crystals on a Mylar film, irradiated with monochromatic light with
      an infrared beam generating source.
DETD
PAR  The invention generally relates to a system for measuring the integrity of
      a weld, particularly a spot weld, by directing an incident beam of
      spectral energy onto the welded spot region, and measuring the ratio of
      the energy content of the transmitted beam directly, or as refracted, to
      the energy content of the incident or applied beam. The measurement would
      be of the absorption and thus of the weld density.
PAR  As shown in FIG. 1, a system 10 embodying the principles of this invention,
      is indicated as including a source 20 of spectral energy for generating
      and directing a beam 22 through a welded spot 24 that is to be tested for
      the integrity of the spot weld between two cover elements 24A and 24B, for
      an electric cell closure, with the transmitted beam 22A collected by a
      properly positioned detector 26 whose detection value will be indicated in
      a readout indicator 28.
PAR  The source of spectral energy may be a samplee of cobalt-60 or
      strontium-90. These elements are indicated merely as typical or suitable.
      The source may be any gamma emitter or beta emitter, or equivalent.
PAR  It is clear that the measurement of the energy received by the detector 26
      will be a function of the transmitted beam 22A, and that quantity will be
      related to the weld as a differential function between the energy of the
      applied incident beam 22 less the energy of the transmitted beam 22A.
PAR  In the installation of such a system for the industrial application in
      testing the integrity of the spot weld, the strength of the incident
      energy beam 22 can be initially computed and established, and the detector
      26 then adjusted to read the transmitted energy from the transmitted beam
      as being low enough to indicate a spot weld whose integrity will be
      adequate to serve as a good electric conductive weld, in which case the
      detector will energize its readout indicator 28 to show a satisfactory
      indication such as GREEN or YES or GO. If the energy in the transmitted
      beam is too strong, it will energize the detector beyond a predetermined
      adjusted value set to indicate a satisfactory weld, and thus the amount of
      energy absorbed by the detector will be sufficient to cause a reading
      beyond that adjusted adequate value, and the indication of the readout
      device 28 will then indicate any suitable indication to indicate and
      represent REJECT.
PAR  The operation of the detector 26 may be controlled to read a ratio or part
      of the incident beam, by adjusting the detector to the strength of the
      incident beam as unity; or the detector may be controlled to read a
      difference value between the incident beam energy and the transmitted beam
      energy. Suitable measurements of the incident beam strength may be used to
      control the detector 26 according to the type of read out measurements
      desired.
PAR  FIG. 2 shows an optical system for measuring the integrity of the weld by
      measuring the refractive index, or the change in the refractive index, of
      a material responding to temprature developed in the weld spot by an
      applied heat beam incident to one side of the weld, and the developed
      temperature measured on the other side of the weld, as a function of the
      quality of the weld.
PAR   As shown in FIG. 2, a source 40 of infra-red rays is controlled from an
      electronic power supply 42 to establish a relatively constant temperature
      condition in the source 40, for radiating and directing an infra-red beam
      onto one side of the weld spot to be tested. The quality of the weld will
      determine the amount of energy absorbed or reflected by the weld spot, and
      thus, in turn, will determine the temperature that will be deveoped in and
      transmitted by the weld spot, which can then be measured on the other side
      of the weld spot as output temperature.
PAR  In order to obtain a measure of the output temperature of the weld spot, a
      small volume of liquid crystals 48 are placed on a mylar film 46, that is
      in contact with the weld spot, so the liquid crystals will be affected by
      the output temperature of the weld spot without actually touching the
      welded metal.
PAR  A source 50 of monochromatic light is positioned to direct an incident beam
      on the crystals heated by the weld spot, and the variable refractive
      character of the crystals will modify the incident light beam to produce a
      reflected refracted beam 64, with a degree of refraction related to the
      temperature of the liquid crystals, which temperature will, in turn, be a
      function of the output temperature of the weld spot. Thus, the reflected
      refracted beam 64 is measured by an optical detector 60 with an adjustable
      control slot 62 for selectively accepting a predetermined width of the
      reflected refracted beam 64. The adjustment of the detecting slot 62 is
      predetermined and precalibrated with respect to a present constant value
      of the incident beam adjusted to a satisfactory unit value. The optical
      detector 60 may be of electronic type, in which case appropriate
      electronic control equipment 66 serves to maintain the optical detector in
      suitable operating condition.
PAR  The output of the optical detector 60 is then supplied to a suitable
      readout device 70 which will indicate, from the value of the signal to the
      readout, whether the spot weld is acceptable or is to be rejected.
PAR  By maintaning the infra-red source 40 at a constant value, and the
      monochromatic light and the optical detector appropriately calibrated to
      each other, the output reading from the optical detector will provide an
      immediate reading of the quality of the weld spot as being acceptable or
      nonacceptable, all without affecting or destroying the welded unit under
      test.
PAR  The control slot 62 for the optical detector provides a means for accepting
      all or a selected portion of the output beam transmitted from the weld
      spot.
PAR  Thus, by the systems and methods shown herein, the integrity of a weld can
      be checked and measured by measuring the transfer characteristics of the
      weld spot in directly modulating a transmitted beam of spectral energy; or
      in thermally modulating an optical system in which a temperaturesensitive
      crystal, that varies its refractive index with temperature, serves to
      measure and indicate the heat transfer characteristic of the weld spot
      bond; both methods serving thereby to indicate the condition of the weld
      bond as to acceptability or non-acceptability equivalent to rejectable.
PAR  The systems shown may be modified by the use of various equivalents,
      without departing from the spirit and scope of the invention, as defined
      in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of testing the structural integrity of a composite weld
      between two metal plates used as a terminal element and closure for a
      battery which comprises the steps of:
PA1  1. placing a material adjacent to and in contact with a first side of the
      weld spot area of the test specimen, the refractive index of said material
      measurably varying in response to varying temperatures transmitted thereto
      from the test specimen, the temperature transmitted being a function of
      the density of the weld between the two metal plates;
PA1  2. directing an incident beam of monochromatic light on a first side of
      said material of step (1), said beam of light emitted from a source
      positioned adjacent said material of step (1);
PA1  3. heating the test specimen by subjecting the second side thereof to a
      beam of infrared energy;
PA1  4. determining the integrity of the weld by measuring the degree of
      refraction of the reflected, refracted beam of monochromatic light by
      means of a detector device, the degree of refraction of said incident
      light beam being a function of the temperature of the material of step
      (1), which in turn is a function of the output temperature of the spot
      weld.
NUM  2.
PAR  2. The method of claim 1 wherein said material adjacent to the weld spot
      area comprises a volume of liquid crystals.
NUM  3.
PAR  3. The method of claim 2 wherein an indicator is energized by said
      detector.
NUM  4.
PAR  4. Apparatus for testing a spot weld between two metal discs used as a
      terminal element and closure for a battery comprising:
PA1  1. means for heating the specimen to be tested for the integrity of the
      weld, said means comprising a source of infrared energy disposed on a
      first side of said test specimen;
PA1  2. a material placed adjacent to and in contact with the second side of the
      weld spot area of the test specimen, said material characterized by a
      refractive index which measurably varies in response to varying
      temperatures transmitted thereto;
PA1  3. a source of monochromatic light disposed adjacent said material whose
      index of refraction is being varied such that an incident beam of light
      may be directed on said material;
PA1  4. a detector for measuring the degree of refraction of the incident beam
      of monochromatic light directed on said material disposed adjacent to the
      weld spot area of the test specimen;
PA1  5. and an indicator to be energized from said detector.
NUM  5.
PAR  5. Apparatus as in claim 4, in which said material adjacent to the weld
      spot area comprises a volume of liquid crystals.
NUM  6.
PAR  6. Apparatus as in claim 5, in which said source of infrared energy is a
      diode of the gallium arsenide type.
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ABST
PAL  Apparatus for examining a human patient by means of penetrating radiation
      has a source of radiation for producing a sectoral swath of radiation
      which traverses a planar slice of the patient and is then measured by a
      bank of detectors each of which is sensitive to a narrow beam of the
      radiation in said swath. The swath of radiation is produced by a rotating
      anode Coolidge tube and means are provided for monitoring the radiation
      intensity at spaced positions across the width of the swath and for taking
      account of variations of the intensity in the output signals derived from
      the detectors. Preferably radiation emitted from the anode at near
      tangential directions is selected to form the swath.
BSUM
PAR  This invention relates to apparatus for examining object by means of
      penetrating radiation, such as X-radiation.
PAR  In our British Patent Specification No. 1,283,915 there is described
      apparatus for examining a plane section or slice of a body by penetrating
      radiation in such a way that an image of the absorption or transmission of
      the small elements of the slice can be reconstructed. In some examples of
      apparatus such as described in the said Patent Specification, it is
      required that the X-radiation be provided in the form of a sectoral swath
      of radiation. In this case, a group of detectors are provided to detect
      radiation travelling in narrow paths from the source to the detectors. The
      source and the detectors are moreover rotatable about an axis normal to
      the plane of the swath so that a series of outputs can be obtained from
      each detector for a series of different angular positions of the
      respective beams. Each detector thus provides an indication of the
      transmission of the body to the radiation along a number of beams. The
      image reconstruction is then carried out utilising the series of output
      signals.
PAR  When the X-radiation is provided in the form of a sectoral swath, it is
      desirable to have a high radiation output from the source of radiation so
      that an adequate input can be measured by each detector in a relatively
      short time interval, to produce one of said output signals. To achieve the
      desired high radiation output, a rotating anode Coolidge tube can be
      employed. In such a tube the rotating anode has a slant edge from which
      X-radiation is produced by an electron stream from the cathode. The
      necessary swath of radiation can be produced by collimating the
      X-radiation and there are a number of directions in which the radiation
      can be collimated, although there is also a number of directions which are
      unsuitable for collimation because of the proximity of the cathode.
      Difficulties arise however because the probability distribution of
      X-radiation over a swath produced by collimation is not in general
      uniform, and may also vary with rotation of the anode, whereas accurate
      image reconstruction requires that the radiation density of each beam
      should be known.
PAR  The object of the present invention is to reduce this difficulty.
PAR  According to the invention there is provided an apparatus for examining an
      object by means of penetrating radiation including,
PA1  1. means for generating radiation emitted in many directions,
PA1  2. means for collimating said radiation to produce a substantially planar,
      fan-shaped swath of said radiation,
PA1  3. detecting means, disposed between the generating means and the object,
      for monitoring the intensity of the radiation at spaced positions across
      the width of the swath,
PA1  4. means for deriving output signals representative of the transmission of
      said radiation along a plurality of laterally spaced beam paths extending
      longitudinally of the swath,
PA1  5. means for modifying said output signals in response to signals derived
      from said detecting means and
PA1  6. means for orbiting said generating means, detecting means and means for
      deriving output signals about a common axis in and substantially normal to
      the plane of the swath.
PAR  Preferably moreover said means for generating radiation includes a rotating
      anode tube in which the anode has a bevelled circumferential margin from
      which radiation is emitted on operation of the tube, and in which the said
      collimating means is arranged to produce a swath of radiation which is, or
      of which the mean axis is, tangential or nearly tangential to said surface
     .
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect, the same will now be more fully described, by way of example
      only, with reference to the accompanying drawings, of which:
PAR  FIG. 1 is a diagrammatic representation of an apparatus for examining an
      object by means of penetrating radiation embodying the present invention,
PAR  FIG. 2 shows schematically, in cross-sectional view, a form of a rotating
      anode Coolidge tube, which may be used in apparatus such as illustrated in
      FIG. 1, as a source of X-radiation,
PAR  FIG. 3 shows, on an enlarged scale, a front elevational view of the
      rotating anode and, superimposed thereon, a probability distribution
      function for X-radiation,
PAR  FIG. 4 shows, in similar view to FIG. 2, the direction in which
      X-radiation, emitted by the rotating anode, is collimated in accordance
      with an example of this invention, and
PAR  FIG. 5 shows another and preferred direction in which radiation is
      collimated in accordance with another example of the invention.
DETD
PAR  Referring to FIG. 1, the apparatus therein diagrammatically illustrated is
      intended for examining planar sections of the human body by means of
      X-rays in such a way that an image can be reconstructed of the absorption
      or transmission of the elementary areas of the section, with respect to
      the X-radiation. The apparatus comprises a patient locating member 1
      having an aperture in which the part of the body to be examined can be
      inserted. The member 1 is fixed in relation to the frame of the apparatus,
      which is not shown. A chair or table for the patient is provided in fixed
      relationship to the frame. An X-ray source 2 is fixed to a scanning
      annulus 3 which is adapted to rotate round the member 1, an electric motor
      4 which drives on a peripheral ring 5 of the annulus 3, being provided for
      rotating the annulus at a constant rate during the examination of the
      patient. The X-ray source 2 is provided with a collimator 6 which
      collimates the radiation from the source 2 into a thin planar sectoral
      swath 7 the angular subtense of which is sufficient to enclose the
      aperture in the member 1. The swath is thin in the dimension normal to the
      plane of the drawing so that only a thin section or slice of the patient
      is traversed by the swath of X-rays. A bank of detectors 8, each with an
      individual collimator 9, is arranged to receive radiation after traversing
      the aperture in the member 1, the collimators 9 being such that each
      detector receives radiation substantially only from a narrow beam
      extending longitudinally of the swath. The respective detectors therefore
      derive output signals representative of the transmission of the radiation
      along a plurality of laterally spaced beam paths. As the annulus 3 rotates
      successive output signals are derived from the various detectors 8, so
      that there are derived many groups of signals from the detectors 8,
      corresponding to different angular positions of the annulus 3. These
      signals are passed via a compensating circuit 10 to an image
      reconstruction circuit 11 in which an image is produced representing the
      variable transmission or absorption of the slice under examination. The
      operation of the reconstruction circuit 11 need not be described since it
      may be of any suitable form, such for example that described in the
      aforesaid British Patent Specification No. 1,283,915. This describes an
      iterative reconstruction method, but a method involving convolution or
      other logical process may equally be used.
PAR  The accuracy of reconstruction depends in substantial degree on the
      accuracy of the measurement of the absorption suffered by any particular
      beam impinging a detector 8. This requires an accurate knowledge of the
      intensity of each beam at the point where it emerges from the source 2.
      With a large area swath of radiation such as 7, which as will appear may
      be derived from a rotating anode Coolidge tube, the density distribution
      may vary substantially within the swath. To reduce this disadvantage a
      plurality of detectors 12 (three are illustrated in the figure) are
      located just at the aperture of the collimator 6, and so as to intercept
      radiation adjacent one major surface of the swath 7. The detectors 12
      monitor the intensity of the radiation at spaced positioning across the
      width of the swath.
PAR  Corresponding monitoring signals are derived from the detectors 12, and
      applied to a computing circuit 13 which derives a correcting factor for
      each beam of the swath, as determined by the collimators 9. Three
      detectors 12 are illustrated on the assumption that the law of
      distribution of intensity of radiation across the swath follows a
      substantially parabolic law, in which case three detectors are sufficient
      to determine the law. However the number of detectors may be varied
      according to the accuracy required. The correcting factors derived in the
      circuit 13 are applied to the compensating circuit 10 to correct the
      output signals from the various detectors 9 in required manner. The
      circuit 10 though shown separately from the image reconstruction circuit
      11 may be included therein in any convenient position.
PAR  The source of radiation 1 is a rotating anode Coolidge tube, such tube
      being used so that the intensity of radiation in each beam may be
      sufficiently high for accurate image reconstruction. As shown in FIG. 2 a
      rotating anode tube comprises in essence a highly evacuated enclosure
      bounded by an envelope 20, constructed for example of Pyrex glass, a
      cathode 21, and a rotatable anode 22 mounted within said enclosure. A
      water jacket 23 provides a heat sink for the anode 22. The anode 22 has a
      bevelled circumferential margin 28 as shown to present an angled target
      surface to an electron beam 24 which, in accordance with a feature of the
      invention, is incident thereon in the manner of a radially disposed slit
      25 (see FIG. 2). In response to the bombardment of said target surface by
      the electron beam 24, X-radiation is emitted in substantially all
      directions from said target surface in accordance with a probability
      distribution function the nature of which can be gathered from the dashed
      outline 26 in FIG. 3. This indicates the function for a plane tangent to
      the margin 28 at the slit 25. It has been conventional hitherto to
      surround the tube 1 with a lead enclosure (not shown) which is formed with
      a window having a collimator attached thereto, the window being sited so
      as to receive X-radiation emitted along a beam in the direction shown at
      27 in FIG. 3 -- i.e. the direction in which the probability distribution
      function 26 assumes a maximum value. It will be observed, however, that
      the value of the function 27 falls off rapidly on either side of the
      maximum value, so that it is necessary to limit the size of said window to
      accommodate only a thin pencil beam in order that the probability
      distribution function be maintained substantially constant over the
      cross-sectional dimensions of the pencil beam.
PAR  In accordance with an important feature of the invention, however, the
      window and the collimator 6 are sited so as to accept X-radiation which is
      substantially rectangular in cross-section and substantially sectoral
      shaped in plan, so as to form the swath 7. The centre line of swath 7 is
      substantially orthogonal to the centre line of the electron beam 24. In
      other words, the swath 7 extends substantially tangentially of the target
      surface 28 of the anode 22 whereas the electron beam 24 extends
      substantially radially thereof. Because, across the width of swath 7, the
      probability distribution function 26 exhibits a broad minimum value, only
      a limited variation in probability occurs across the width of the swath
      despite its extended size compared with the corresponding dimension of the
      electron beam 24.
PAR  The variation of function 26 across the width of swath 7 is monitored as
      aforesaid by means of the plurality of radiation detectors 12, dispersed
      in an array across said width within the aforementioned lead enclosure and
      in a plane slightly offset from upper or lower plane of the window in said
      enclosure so that the detectors 12 do not affect the passage of radiation
      through said window. The detectors 12 therefore intercept radiation
      adjacent to the upper or lower major surfaces of the swath. Variation in
      emission of radiation across the width of swath 7 can thus be compensated
      for.
PAR  Since the anode 22 rotates, it is possible that different parts thereof may
      exhibit different emission characteristics and thus it can be advantageous
      to obtain a detailed correlation of emission characteristics with rotation
      of the anode 22. This can be done utilising information derived from the
      detectors 12 and from the drive circuit (not shown) used for rotating the
      anode 22. In order to establish a datum point for each revolution of the
      anode, however, and in accordance with a refinement of this invention, the
      incidence of the electron beam on the target surface of anode 22 is
      adjusted to that of the slit 25 (FIG. 3) is extended inwards of the inner
      diameter of said target surface, as shown at 25a in FIG. 4. A spot 29 of
      fluorescent material is provided just inside the inner periphery of the
      target surface so that the part 25a of the electron beam will strike it
      once per revolution of anode 22, thus causing it to fluoresce and provide
      a light output signal which can be detected by a suitable photo detector
      (not shown).
PAR  The preferred construction of the collimator is however illustrated in FIG.
      5. In this case, the collimator, which is not illustrated since its
      construction will be clear, is arranged to select a swath of radiation 6
      which is substantially perpendicular to the slit 25, i.e. the narrow strip
      on the anode on which the electron beam 24 impinges. With this arrangement
      the slit on strip 25 determines the depth of the slice to be examined.
      This arrangement has the advantage of providing a more uniform density
      distribution of radiation in the depth dimension of the swath as well as
      improving the uniformity of distribution across the width of the swath.
PAR  When the X-radiation is derived from the anode over a substantial angular
      spread in a plane normal to the emitting surface, as in the case of the
      swath 7 in FIG. 5, the beam tends to vary in hardness in accordance with
      the angle at which the rays emerge from the surface of the anode. In the
      example of FIG. 5, this is compensated for by an absorbing wedge 29 which
      absorbs selectively according to angle. The wedge is shaped with the
      object of ensuring that hardness of the X-radiation is substantially
      independent of angle so that it will have substantially uniform absorption
      properties with respect to the body which is examined.
PAR  Other embodiments of the invention will be evident to those skilled in the
      art and the preceding embodiment has been described by way of example only
     .
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for examining an object by means of penetrating radiation
      including,
PA1  1. means for generating radiation emitted in many directions,
PA1  2. means for collimating said radiation to produce a substantially planar,
      fan-shaped swath of said radiation,
PA1  3. detecting means, disposed between the generating means and the object,
      for monitoring the intensity of the radiation at spaced positions across
      the width of the swath,
PA1  4. means for deriving output signals representative of the transmission of
      said radiation along a plurality of laterally spaced beam paths extending
      longitudinally of the swath,
PA1  5. means for modifying said output signals in response to signals derived
      from said detecting means and
PA1  6. means for orbiting said generating means, detecting means and means for
      deriving output signals about a common axis in and substantially normal to
      the plane of the swath.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said means for generating
      radiation includes a rotating anode tube in which the anode has a bevelled
      circumferential margin from which radiation is emitted on operation of the
      tube, and in which said collimating means is arranged to produce a swath
      of radiation which is, or of which the mean axis is, tangential or nearly
      tangential to said surface.
NUM  3.
PAR  3. Apparatus according to claim 1 in which said radiation is emitted from a
      substantially radial strip of said margin and the plane of said swath is
      substantially perpendicular to the strip, so that the length of strip
      determines the depth of slice to be examined.
NUM  4.
PAR  4. Apparatus according to claim 1, in which said monitoring detecting means
      are arranged to intercept radiation adjacent one of the major surfaces of
      the swath.
NUM  5.
PAR  5. Apparatus according to claim 1 including means for monitoring the
      angular movement of the anode so that compensation can be made for
      variations in the intensity with respect to angular movement.
NUM  6.
PAR  6. Apparatus according to claim 1 in which means are provided to compensate
      for variations in hardness of the radiation across the width of the swath.
NUM  7.
PAR  7. An apparatus for examining an object by means of penetrating radiation
      including,
PA1  1. means for generating radiation comprising a rotating anode tube in which
      the anode has a bevelled circumferential margin from which radiation is
      emitted on operation of the tube,
PA1  2. means for collimating said radiation to produce a fan shaped swath of
      radiation in a plane perpendicular to a substantially radial strip of said
      margin from radiation emitted from said strip substantially tangentially
      to said anode,
PA1  3. means for deriving output signals representative of the transmission of
      said radiation along a plurality of laterally spaced beam paths extending
      longitudinally of the swath,
PA1  4. means for modifying said output signals to correct variations in the
      intensity of said radiation across said fan shaped swath and
PA1  5. means for orbiting said generating means and means for deriving output
      signals about a common axis in and substantially normal to the plane of
      the swath.
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ABST
PAL  The invention provides apparatus for examining bodies by means of
      penetrating radiation such as X- or .gamma.- radiation. The radiation is
      directed toward the body in a sectoral-shaped swath and the radiation
      emergent from the body is collected by detector devices. Each device
      comprises a scintillator crystal which is arranged to respond to the
      receipt of the radiation by emitting visible light. The devices are
      irradiated simultaneously and then interrogated in sequence so that the
      light emitted by respective ones of the devices, which is in each case
      indicative of the amount of radiation incident thereon, can be identified
      as to its origin.
BSUM
PAR  The present invention relates to radiography and it relates especially,
      although not exclusively, to the technique of examining a body by means of
      radiation such as X- or .gamma.-radiation which is disclosed and claimed
      in our British Patent Specification No. 1,283,915.
PAR  The aforementioned technique involves directing radiation through part of a
      body along a plurality of sets of rays, and detecting the radiation
      emergent from the body along each of said rays to provide so-called "edge
      readings" from which the absorption suffered by each ray can be
      determined. Each set of rays contains a plurality of co-planar rays which
      are parallel to one another or, alternatively, mutually divergent and each
      set of rays is directed through the body from a respective angular
      orientation with respect thereto; the sets of rays being co-planar.
PAR  The planar part of the body through which the rays are directed is
      notionally delineated into a two-dimensional matrix of elements, the size
      of said elements being related to the width of the individual rays and the
      spacing between adjacent rays of a set. The number of angular orientations
      around said body from which rays are directed therethrough multiplied by
      the number of rays in each set is arranged to be greater than the number
      of elements in the matrix so that by suitable processing of said edge
      readings the absorption (or transmission) coefficients of the elements of
      the matrix can be determined.
PAR  This invention is concerned with the derivation of said edge readings.
PAR  According to the invention there is provided a radiographic apparatus for
      examining a body by means of radiation such as X- or .gamma. -radiation
      including,
PAR  A. A SOURCE OF SAID RADIATION ARRANGED TO IRRADIATE A SUBSTANTIALLY PLANAR
      SLICE OF THE BODY ALONG A PLURALITY OF SIMILAR SETS OF RAYS, EACH SET
      BEING DIRECTED THROUGH SAID BODY AT A RESPECTIVE ANGLE, OR MEAN ANGLE,
      WITH RESPECT THERETO
PAR  B. DETECTING MEANS, DISPOSED ON THE SIDE OF THE SLICE REMOTE FROM THE
      SOURCE, FOR DETECTING THE RADIATION TRANSMITTED THROUGH THE BODY ALONG
      EACH OF THE RAYS; SAID DETECTING MEANS INCLUDING
PA1  I. a detector device arranged to receive radiation transmitted alonge one
      of the rays of a set and to provide output energy, of a wavelength
      different from that of the radiation, which is indicative of the amount of
      radiation received thereby and
PA1  Ii. measuring means arranged to measure the intensity of said output
      energy,
PAR  C. SWITCHING MEANS FOR CAUSING THE MEASURING MEANS TO MEASURE SAID OUTPUT
      ENERGY OVER A PREDETERMINED INTERVAL OF TIME AND
PAR  D. MEANS FOR SUBSTANTIALLY PREVENTING THE RADIATION BEING INCIDENT ON THE
      DETECTOR DEVICE DURING THE PREDETERMINED INTERVAL.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect, some embodiments thereof will now be described by way of
      example only with reference to the accompanying drawings of which:
PAR  FIG. 1 shows, in schematic plan view, apparatus in accordance with one
      example of this invention,
PAR  FIG. 2 shows a graph explanatory of the operation of the invention,
PAR  FIG. 3a and 3b show respectively alternative constructions which may be
      used for the oscillating scanning system shown in FIG. 1, and
PAR  FIG. 4 shows, in schematic plan view, apparatus in accordance with a second
      example of this invention.
DETD
PAR  Referring now to FIG. 1, radiation from a source 1 is directed through a
      body 2 in a planar, sectoral swath 3 which is defined by a collimator 4.
      On the side of the body 2 remote from the source 1 there is disposed a
      bank of n radiation detecting crystals 5, each crystal being arranged, by
      means of respective collimators such as 6, to receive the radiation
      directed through the body along a respective one of a set of n rays. In
      this example n takes the value twenty, but this is for purposes of clarity
      of the drawing only and in practice a more typical value for n is 300.
PAR  The crystals 5 are arranged to convert the received radiation into energy
      having its wavelength in the visible band of the spectrum and to store
      such energy for a predetermined period. A typical storage period in this
      example is one millisecond.
PAR  Associated with each sub-set of p adjacent crystals 5 is a single
      photomultiplier such as 7; and in this example p takes the value 5. In the
      above-mentioned practical example, where n is 300, p might take the value
      30.
PAR  Output signals from the photomultipliers such as 7 represent the
      aforementioned edge readings, and these signals are amplified and
      converted into logarithmic values in respective circuits such as 8 and all
      the circuits such as 8 are arranged to feed a processor and store 9. It
      will be appreciated that, with the apparatus thus far described, an output
      signal from any of the photomultipliers such as 7 would relate to the
      light outputs of all p crystals in the relevant sub-set. Thus a given
      output would be a confused combination of p edge readings relating to p
      rays. It is, however, desirable for the p crystals to "share"  one
      photomultiplier because this arrangement is more economical in components
      than an arrangement in which each crystal communicates with a respective
      photomultiplier and also practical difficulties of obtaining, packing in
      and connecting up large number of small, individually screened,
      photomultipliers are avoided.
PAR  In order to permit a single photomultiplier to provide distinguishable
      output signals relating to the light outputs of p crystals, an apertured
      shutter member 10, which is opaque apart from (n/p) apertures such as 10a
      which apertures are of the dimensions of the output face of a single
      crystal, is oscillated to and fro between the bank of crystals 5 and the
      photomultipliers 7. The arrangement is such that as the shutter member 10
      oscillates to and fro the apertures permit light from corresponding ones
      of the crystals of each sub-set to impinge sequentially on the respective
      photomultipliers 7. The output signals from respective crystals-and
      therefore the edge reading from respective rays - can thus be separated on
      a time basis.
PAR  It has been found that when a quantum of X- or .gamma. -ray energy impinges
      on a given crystal, a scintillation of high brilliance and short duration
      occurs and is emitted from the crystal. If, at this time, one of the
      apertures 10a in the shutter member 10 is interposed between that crystal
      and its respective photomultiplier, an electrical impulse of
      correspondingly high amplitude is produced by the photomultiplier. Such an
      impulse represents an undesirable form of noise, since it bears
      substantially no relationship to the mean absorption of radiation suffered
      by the ray in question. In order to prevent such an occurrence, a second
      shutter member 11, which is arranged to move synchronously with the member
      10, is provided between the collimators 6 and the crystals 5. The member
      11 is arranged to be transparent to the radiation from source 1 over most
      of its length, but is provided with (n/p ) segments such as 11a which are
      opaque, or substantially so, to said radiation. The segments 11a are of
      similar dimensions to the apertures 10a and the arrangement is such that
      when an aperture 10a of member 10 is interposed between a given crystal
      and the relevant photomultiplier, a segment 11a of the member 11 is
      disposed in front of the crystal so as to prevent radiation from impinging
      thereupon whilst its optical output is being detected by the
      photomultiplier.
PAR  Suitably the two shutter members 10 and 11 are driven, by a common crank
      arrangement shown schematically at 12, from an electrical motor 13. In
      order to improve the linearity of the reciprocating motion of the shutter
      members 10 and 11, an arrangement for introducing third harmonic
      distortion into the substantially sinusoidal motion of said members, can
      be used. Linear runner bearings 14 and 15 are provided to guide the
      members 10 and 11 and to constrain their motion to the desired to and fro
      reciprocation.
PAR  The components thus far described, with the exceptions of the amplifier and
      logarithmic converter circuits 8 and the processor and store 9, are
      mounted on an apertured turntable 16 which can rotate about a central axis
      17. The body 2 is situated within the aperture 18 in the turntable 16 and
      is, in this example arranged to be surrounded with water so as to reduce
      discontinuities in absorption suffered by the radiation in the vicinity of
      the body 2. The body 2 is protected from the water by means of a rubber
      enclosure (not shown) which fits tightly around said body. It will be
      appreciated that the body 2 remains stationary and that the turntable 16
      can rotate around it.
PAR  The turntable 16 is rotatable in angular steps of about one degree by means
      of a second electrical motor 19, to the shaft of which is attached a drive
      member 20 which may constitute, for example a gear wheel adapted to
      co-operate with gear teeth provided around the periphery of the turntable
      16.
PAR  The various operations of the motors 13 and 19 and of the processor and
      store 9 are controlled under the influence of a timing control circuit 21
      which causes a predetermined cycle of operations to be effected consequent
      upon receiving a start pulse from a starter control circuit 22.
PAR  The arrangement is such that, with the turntable in the angular position
      shown in FIG. 1, the motor 13 is energised to cause the members 10 and 11
      to oscillate to and fro about four times, for a reason which will become
      clear hereinafter. The output signals from the circuit 8 are segmented in
      the processor 9 under the influence of timing control circuit 21 and
      assigned to respective storage locations in the unit 9 in dependence upon
      which rays they were derived from. Signals relating to the same ray are
      summed in the unit 9. The timing control circuit 21 then energises the
      motor 19 and the turntable 16 is thus stepped angularly through (say)
      1.degree.. The members 10 and 11 are then caused to repeat their
      multi-pass oscillation and signals relating to the respective rays are
      stored in unit 9 as previously described. It is preferable for the motor
      13 to rotate continuously and it can be arranged (though this is not shown
      in the drawing) for a shutter member to interrupt the beam 3 each time the
      turntable 16 is rotated through an angular step so that readings which are
      confused by the angular motion of the turntable 16 are avoided. The above
      sequence of operations is continued until the turntable has been rotated
      through an angle approaching 180.degree.. When this has been done, the
      processor and store 9 is effective to process the information, for example
      as described in the aforementioned Patent Specification, to determine the
      absorption coefficients of all the elements in a notional, two dimensional
      matrix 23 of such elements which is delineated in said body. As will be
      seen from FIG. 1, the matrix 23 can extend into the water which surrounds
      the body 2 but does not extend beyond said water.
PAR  The oscillation of the members 10 and 11 can, if desired, be made
      sufficiently great that, at the extremities of such oscillations, light
      passing through an aperture 10a, in the member 10, associated with a
      particular photomultiplier is swept on to an adjacent photomultiplier.
      This enables relative calibration as between adjacent detectors to be
      effected. Moreover, in order ti closely control the passage of light from
      the crystals to the photomultipliers, additional collimating means can be
      provided between the member 10 and the photomultipliers.
PAR  The resulting output signals from the unit 9 are rendered visible on a
      cathode ray tube display 24 which has facilities for photographing the
      representation displayed on the screen thereof and which also includes a
      recirculatory store in order that the information to be displayed may be
      continuously re-applied to the display 24 at a rate sufficiently fast to
      avoid flicker of the representation. The display 24 includes a pair of
      controls 25 and 26 which are adapted to control the width and absolute
      position respectively of the range of absorption coefficients to be
      displayed on the screen of unit 24, This arrangement is similar to that
      provided in the aforementioned Patent Specification and is more fully
      described therein.
PAR  The information from unit 9 is also applied to a "permanent"  or long-term
      store 27 wherein the information is recorded on a suitable storage medium,
      for example a magnetic tape or disc, or in punched paper tape or card
      form. The store of unit 9 can then be erased and re-used for new
      information.
PAR  The crystals 5 are arranged to exhibit storage characteristics of the kind
      shown in FIG. 2 in response to the receipt of incident radiation; the
      starting level for the decay curve shown in FIG. 2 being dependent upon
      the amount of absorption suffered by the radiation in its passage to the
      crystal. The four pairs of vertical dotted lines represent intervals when
      the respective aperture 10a of shutter member 10 is interposed between the
      crystal 5 and its photomultiplier 7. These intervals represent sampling
      intervals and they are thus labelled S.sub.1, S.sub.2, S.sub.3 and S.sub.4
      respectively. The output signals from the photomultiplier 7 at each of the
      instants S.sub.1 to S.sub.4 are summed in unit 9 since they relate to the
      same ray passing through the body 2, and by this means an increase in
      accuracy is obtained since large signals are accumulatad. It may, of
      course, arise that the first sampling instant S.sub.1 occurs when a
      crystal has not received a radiation quantum for an appreciable time. In
      this case, the output signal derived at instant S.sub.1 would be low, but
      since the crystal output is sampled four times it is likely that a
      radiation quantum will be received before the end of the overall sampling
      period and thus it is correspondingly likely that one of the later
      sampling periods will provide a substantial output signal.
PAR  It will be evident to those skilled in the art that the shutter members 10
      and 11 need not take the form shown in FIG. 1, and two alternative forms
      of shutter member are shown in FIG. 3.
PAR  FIG. 3a  shows, in perspective view, an alternative form of shutter which
      could be used to replace the shutter 10. The shutter comprises a
      cylindrical rod 28 of transparent material, such as that known by the
      Registered Trade Mark "Perspex". The rod may be solid, as shown, or hollow
      but in either event its surface area 29 is rendered opaque, apart from a
      continuous helical track 30. A photomultiplier tube 31 is disposed as
      shown with its longitudinal axis perpendicular to and intersecting that of
      the rod 28. The pitch of the helical track 30 is made such that light from
      the crystals (not shown) which is incident on the part of the surface area
      of rod 28 marked by the two dashed lines is transmitted to the
      photomultiplier 31 provided that it is incident on part of the track 30.
      Thus it will be seen that, if the rod 28 rotates, the field of view of the
      photomultiplier 31 will be scanned across the crystals in a direction
      parallel to the axis of the rod 28. It will be appreciated that other
      photomultipliers will be provided adjacent and parallel with the
      photomultiplier 31 and that the rod 28 will be axially extended so as to
      allow for this; the system shown being a simple one for the purposes of
      illustration only. The rod 28 may be rotated by means of a respective
      motor (not shown) which can be controlled by the timing control circuits
      21 (FIG. 1). Alternatively, if the oscillating shutter member 11 (FIG. 1)
      is provided, as is preferable, the rod 28 may be rotated, by means of a
      suitable arrangement of gears, by the same motor (13) as is used to drive
      the shutter 11.
PAR  In order to prevent stray light from affecting the photomultipliers it will
      be appreciated that the rod 28 and the photomultipliers such as 31 should
      be enclosed within a substantially light proof housing (not shown) which
      is provided with an entrance slit for permitting the light from the
      crystals to fall upon the rod 28 between the two dashed lines shown in
      FIG. 3a.
PAR  Referring now to FIG. 3b, an alternative arrangement to that shown in FIG.
      3a is illustrated. In this arrangement, a hollow rod 32 of transparent
      material such as Perspex (Registered Trade Mark) is provided on its outer
      surface area 33 with an opaque coating. Apertures 34 are formed in said
      opaque coating and said apertures are arranged to align with respective
      crystals (not shown). The apertures 34 are disposed in a band 35 of the
      rod 32 and, in this example, they are designed to co-operate with one of
      the sub-sets of p crystals in FIG. 1. A photomultiplier tube 36 is mounted
      within the rod 32, its axis being perpendicular to and intersecting the
      axis of the rod 32, and the rod 32 is caused to rotate while the tube 36
      remains stationary. Light from the crystals is caused to be incident upon
      the outer surface of the rod 32 in a strip such as that shown by the two
      dashed lines in FIG. 3a. The tube 36 is disposed such that said strip
      would fall directly upon its sensitive surface if the rod 32 were not
      interposed between the light and said surface. However it will be
      appreciated that as the rod 32 rotates, successive ones of the apertures
      34 are interposed between the light and said surface of tube 36 so that
      the light output from each crystal of the sub-set can be detected in turn
      by the tube 36 and that a scan of the crystals is thus effected. It will
      be observed that more than one scan of the crystals can be undertaken with
      a single revolution of the rod 32 by providing more than one series of
      apertures 34 in the band 35 of rod 32. In the example shown in FIG. 3b,
      four series of apertures were provided so that the four scans referred to
      in the description of FIG. 1 can be achieved with one revolution of the
      rod 32. It will be appreciated that in this example there are five
      apertures 34 in a series because, as per the FIG. 1 arrangement, there are
      five crystals in a sub-set. Moreover apertures are shown in one band only
      of the rod 32 but, in this example, there would be four bands of
      apertures, each containing four series of five apertures. The rod 32
      should be enclosed within a substantially light-proof housing (not shown)
      which includes a slit to enable light to be incident on the rod 32 as
      hereinbefore described.
PAR  The arrangement of FIG. 4 is generally similar to that of FIG. 1 and so
      FIG. 4 includes less detail than FIG. 1; similar features included in both
      FIGS. 1 and 4 are identified by the same reference numerals in each case.
PAR  As in FIG. 1, X- or .gamma.-radiation from the source 1 is directed through
      the body 2 along a plurality of sets of rays, the rays of a set being
      defined by collimators 6 which communicate with respective crystals 5.
      However, the crystals 5 in this example are such as to store the energy
      incident thereon until irradiated by a strong infra-red beam, at which
      time optical energy, indicative of the stored energy, is liberated. Thus,
      a laser 37 is arranged to produce a fine beam 38 of infra-red energy and a
      scanning system 39 is arranged to scan the beam 38 over the crystals 5 in
      a predetermined sequence. In this example, it will be recalled, there are
      four sub-sets of five crystals, each sub-set being arranged to communicate
      with a respective photomultiplier tube 7. Thus the infra-red beam 38 is
      split, in the scanning means 39, into four component beams and the four
      component beams are scanned synchronously over respective ones of the
      sub-sets of crystals. By this means the information is liberated in a
      similar sequence to that achieved with the arrangement of FIG. 1
PAR  The scanning system 39 may, for example, comprise a rotatable mirror drum
      (not shown), the drum being, for example, of hexagonal form and bearing on
      each flat surface a plane mirror. Other suitable scanning devices could be
      used, however, such as the arrangement shown in our British Patent
      Specification No. 1,304,363, in which no moving parts are required.
PAR  The arrangement shown in FIG. 4 can be initially calibrated by replacing
      the body 2 with a box, having parallel sides constructed of Perspex
      (Registered Trade Mark) containing water, and storing the edge readings
      obtained from one or from a mean of several scans. These readings are then
      used as scaling factors for each crystal element taken along the scan.
PAR  It will be noted that, in the arrangement of FIG. 4, the photomultiplier
      tubes such as 7 are disposed beneath the bank of crystals 5 so that the
      infra red beam 38 can be scanned in a horizontal plane over the crystals.
      The turntable 16 can be provided with apertures through which the
      photomultipliers such as 7 can depend.
PAR  In all of the arrangements described hereinbefore, it is desirable that the
      extreme crystals of two adjacent sub-sets can provide signals to the
      photomultipliers respective to each of the sub-sets so that the gains of
      the photomultipliers can be equalised.
PAR  In FIG. 1 arrangement, it can be advantageous to activate the crystals 5 by
      means of a stationary infra-red flood beam which is incident thereon via
      the shutter member 10. In this event, the photomultipliers 7 are
      preferably disposed below the array of crystals as shown in FIG. 4
PAR  Instead of processing the edge readings in the manner described with
      reference to the said British Patent Specification No. 1,283,915, any
      other suitable processing technique may be utilised.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Radiographic apparatus for examining a body by means of radiation such
      as X- or .gamma.-radiation including,
PA1  a. a source of said radiation arranged to irradiate a substantially planar
      slice of the body along a plurality of similar sets of rays, each set
      being directed through said body at a respective angle, or mean angle,
      with respect thereto
PA1  b. detecting means, disposed on the side of the slice remote from the
      source, for detecting the radiation transmitted through the body along
      each of the rays; said detecting means including
PA2  i. a detector device arranged to receive radiation transmitted along one of
      the rays of a set and to provide output energy, of a wavelength different
      from that of the radiation, which is indicative of the amount of radiation
      received thereby and
PA2  ii. measuring means arranged to measure the intensity of said output
      energy,
PA1  c. switching means for causing the measuring means to measure said output
      energy over a predetermined interval of time and
PA1  d. means for substantially preventing the radiation being incident on the
      detector device during the predetermined interval.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein each of said detector device
      comprises a scintillator crystal.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the measuring means is arranged
      to measure, over different intervals of time, the output energy from five
      detector devices each receiving radiation along a different one of said
      rays.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the measuring means is arranged
      to measure the output energy from said detector device four times for one
      of said rays.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said switching means includes
PA1  a. apertured shutter means, having an aperture for said detector device,
      interposed between said detector device and said measuring means, and
PA1  b. means for causing said shutter means to move to and fro, relative to the
      detector device and measuring means, in the plane of the said slice of the
      body.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said apertured shutter means
      comprises a rod member formed of material substantially transparent to
      said output energy, the surface of said rod member, apart from a
      continuous, helical track thereon, being rendered substantially opaque to
      said output energy.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said means for preventing
      includes a shutter means disposed in front of the detector device and
      bearing a portion which is substantially opaque to the radiation, said
      shutter means being arranged to move synchronously with the operation of
      the switching means so that, when the measuring means is measuring the
      output energy from the detector means, the opaque portion of the shutter
      means is disposed to intercept radiation directed towards the detector
      device.
NUM  8.
PAR  8. Apparatus according to claim 5 wherein the apertured shutter means
      comprises a hollow cylinder arranged to surround the measuring means, said
      cylinder having a surface rendered substantially opaque to said output
      energy apart from the aperture via which the output energy can impinge on
      the measuring means.
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PAL  A self-powered neutron detector has a neutron-sensitive emitter, a
      collector enclosing this emitter and insulation between these two
      components. When irradiated by neutrons, the emitter generates Compton
      electrons so that a current is produced between the emitter and electrode
      and which may be used with a current-measuring device to provide a
      readout. The emitter is enclosed and electrically connected with a metal
      which is substantially neutron-insensitive so that the detector provides a
      substantially true and prompt signal accurately reflecting the neutron
      flux density received by the detector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Self-powered neutron detectors are known, as exemplified by the U.S.
      Treinen et al. U.S. Pat. No. 3,390,270, dated June 25, 1968.
PAR  To provide such a detector with a service life long enough to permit its
      practical use in the internal instrumentation of a reactor core, such as a
      pressurized-water reactor core, the Klar U.S. application Ser. No.
      306,940, filed Nov. 15, 1972, discloses the use of thulium 169 as the
      emitter material. Generally speaking, suitable emitter materials are also
      sensitive to gamma radiation so that a falsified signal may result, and to
      compensate for gamma radiation sensitivity, the Klar et al. U.S.
      application Ser. No. 386,439, filed Aug. 7, 1973, discloses the type of
      detector, such as disclosed by the Treinen et al patent, provided with a
      second emitter material having a gamma sensitivity but which is
      substantially insensitive to neutron flux, whereby the detector produces
      two outputs which by suitable instrumentation provides a signal which is
      gamma compensated.
PAR  The provision of a detector of the Treinen et al patent type, but using
      thulium 169 as the emitter material, is desirable because of its
      simplicity, providing the detector can be made so that it avoids a
      falsified signal due not only to gamma radiation, but also because of
      interference signals based on secondary effects which are time-delayed.
PAC  SUMMARY OF THE INVENTION
PAR  With the above in mind, the object of the present invention is to produce a
      neutron detector of simple construction, producing unfalsified signals
      accurately reflecting the neutron flux density to which the detector is
      exposed, and which is a detector suitable for the core instrumentation of,
      for example, a pressurized-water reactor.
PAR  According to the invention, the emitter, preferably thulium 169, is
      sheathed or clad by a metal tube which, for all practical purposes, is
      neutron-insensitive, this tube or cladding being electrically connected
      with the emitter made of neutron-sensitive material. Detectors of the type
      under discussion ordinarily use a collector which is tubular, the emitter
      ordinarily being cylindrical or rod-shaped and dielectric insulation being
      compacted between these two components so that the emitter is held in
      position by the insulation. A two-conductor electric cable has one
      conductor connected to the emitter and the other to the collector, the
      tubular collector having both of its ends otherwise sealed. With the
      present invention, the tube of neutron-insensitive metal encases or clads
      the emitter, this being sufficient for the electrical connection between
      these two components.
PAR  When in use in the core, beta rays which release the delayed signal are
      reduced by the tube or cladding of the emitter. On the other hand, Compton
      electrons attributable to the prompt, n-gamma process, are generated
      primarily in the insulation and are fully effective to provide a signal.
      Therefore, the detector's neutron sensitivity with respect to its neutron
      irradiation, remains intact while interference signals are reduced if not
      eliminated.
PAR  Another advantage is that the current component based on the gamma
      radiation can be strengthened or weakened by means of the metal tube or
      cladding enclosing the emitter. This makes it possible to obtain a gamma
      compensation as taught by the Klar et al U.S. application Ser. No. 386,439
      requiring in one way or another two separate components encased by the
      collector via the insulation. For example, to weaken the gamma-responsive
      current, zirconium may be used for the tube or cladding around the
      emitter, if the atomic number of the emitter material is no higher than
      that of the collector material, as exemplified by a cobalt emitter, it
      being necessary that the encasing collector is of a suitable corrosion and
      temperature resistant material. If the emitter material has an atomic
      number higher than that of the collector material, as exemplified by
      rhenium and thulium, the gamma currents can advantageously be compensated
      by a sheath or cladding of Inconel 600 the well known nickel-iron-chromium
      alloy used for nuclear reactor components.
PAR  To optimize both effectiveness and cost, the wall thickness of the tube or
      cladding enclosing the emitter, may only be from 10 to 25 percent of the
      emitter diameter, assuming the latter is rod-shaped.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The preferred mode for carrying out the invention is illustrated in
      longitudinal section by the accompanying drawing.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Having reference to the above drawing, the self-powered neutron detector
      suitable for the core instrumentation of a pressurized-water reactor and
      which is useful as an indicator for scramming the reactor, if necessary,
      is shown as being approximately 30 cm in overall length. Its components
      are cylindrical and symmetrical with respect to each other. The rod-shaped
      emitter 1 consists of thulium 169, 27 cm long, or in other words, slightly
      shorter than the overall length of the detector. The emitter is enclosed
      by a metal tube or cladding 2 made of Inconel 600, and the tube wall
      thickness is approximately from 10 to 25 percent of the diameter of the
      emitter 1. The actual dimensions are a 0.3 mm wall thickness for a 2 mm
      emitter diameter. The emitter and tube or cladding 2 are electrically
      interconnected, in this instance simply by the tube's inside being in firm
      engagement with the emitter.
PAR  The emitter is concentrically within the cylindrical collector 4 which
      functions also as the protective jacket for the detector, and this
      collector is also made of Inconel 600, having a wall thickness of 0.3 mm
      for a 4.5 mm overall diameter. The insulation between the collector and
      the tube or cladding 2 is aluminum oxide.
PAR  For conducting the current to the readout instrumentation, a ceramically
      insulated cable 7 has metal armor 8 which via a welded joint 9 is
      connected with the collector and protective jacket 4, both ends of this
      jacket being hermetically sealed closed as by the welded part 9, this part
      and the welded closure 10 at the other end, both being made of the same
      metal as is the collector. The armored cable's conductor 6, of course,
      connects with the emitter 1 which is an electrical connection with its
      enclosing tube of cladding 2.
PAR  When in operation, in the core instrumentation of a pressurized-water
      reactor, the long half-life interference currents, otherwise originating
      in the reactor after a certain operating period, are suppressed. Also, the
      tube or cladding 2 weakens or attenuates the gamma signal which would
      otherwise cause interference with the desired signal. With the specific
      materials referred to and the dimensions disclosed, an almost complete
      compensation of the gamma signal is obtained.
PAR  The invention provides a manufacturing advantage because when the neutron
      sensitive material of the emitter 1 is in the form of a powder, such
      material, which would otherwise be hard to handle, may be easily compacted
      into the tube 2 so that it is permanently positioned within the insulation
      5 which is also normally a powder.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-powered neutron detector comprising a neutron-sensitive emitter,
      a collector enclosing said emitter, and insulation between said emitter
      and collector; wherein the improvement comprises said emitter being
      enclosed by a metal which is neutron-insensitive relative to said emitter
      and means for electrically interconnecting said metal and emitter.
NUM  2.
PAR  2. The detector of claim 1 in which said collector is tubular and encloses
      said insulation, said metal being formed as a tube enclosing said emitter,
      and said means being formed by contact between said tube and emitter, said
      emitter being rod-shaped.
NUM  3.
PAR  3. The detector of claim 2 in which said emitter is a material having an
      atomic number no higher than that of material comprising said collector,
      and said tube comprises zirconium.
NUM  4.
PAR  4. The detector of claim 2 in which said emitter is made of material
      selected from the class consisting of rhenium and thulium and said tube is
      made of a nickle-iron-chromium alloy.
NUM  5.
PAR  5. The detector of claim 4 in which said tube has a wall thickness of about
      10 to 25 percent of the thickness of said emitter.
NUM  6.
PAR  6. The emitter of claim 4 in which said emitter comprises a powder held
      within said tube.
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ABST
PAL  Systems, apparatus and methods are disclosed for disposing of radioactive
      waste materials by placing them into a container such as a steel drum,
      together with cement or other solidifying agent and water or other
      suitable liquid in amounts sufficient to provide eventually a solidified
      mixture of predetermined amounts of cement or other solidifying agent and
      radioactive material, closing the drum, agitating the mixture in the drum
      for mixing the contents, and then storing the drum for at least a period
      of time sufficient to permit partial decay of radioactive materials or to
      await available time for shipment. Also disclosed are remotely controlled
      apparatus for handling both empty and filled drums, for placing the drums
      in and removing drums from enclosed drumming equipment where they have
      been filled and agitated, for accurately placing the drums containing
      radioactive material in storage, and for removing the drums from storage
      and loading them on a vehicle for transportation. All of these operations
      are done by remote control with a high degree of safety to the operators
      and maintenance personnel from radiation and freedom of the ambient from
      radiation pollution.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a division of our co-pending allowed application Ser.
      No. 182,088 filed Sept. 20, 1971, which is incorporated herein by
      reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus and method for disposition of
      radioactive waste materials.
PAR  While the invention may be used for the packaging and disposition of
      various types of radioactive or chemically dangerour wastes, it can be
      exceptionally advantageously employed in the disposition of radioactive
      wastes as they occur in nuclear electric power generating stations.
PAR  In known boiling water reactor plants, water is passed through the nuclear
      reactor through suitable conduits and is heated and converted to steam by
      the heat of the reactor. This steam passes through a turbine that drives
      an electric generator, then is recondensed and returned to the reactor to
      be reheated and converted into steam and so on. This is a closed system.
PAR  In pressurized water reactor systems, there is a first closed conduit loop
      extending through the nuclear reactor and then outside the reactor where
      it passes through a heat exchanger. The body of water or other liquid in
      the first closed loop is heated by the nuclear reactor, but the liquid is
      kept at such a high pressure, usually several thousand pounds per square
      inch, that it is not converted into steam or vapor. There is a second
      closed conduit loop carrying a body of water that extends through the heat
      exchanger out of contact with the liquid in the first loop. The water in
      this second circuit and thereby converted into steam which passes in the
      usual manner through a turbine driving an electric generator after which
      the steam is condensed and returned to the heat exchanger where it is
      again reheated.
PAR  In each such system water of the greatest possible purity is used.
      Nevertheless, minor amounts of impurities are present in he water
      initially introduced into the conduits. Further impurities appear because
      of the action of the water on the metal of pipes and conduits through
      which it passes. These impurities may become radioactive, particularly in
      water that passes through the reactor. Traces of cobalt leached out of
      stainless steel piping are particularly troublesome, since cobalt develops
      an intense form of radioactivity having a long half life.
PAR  In both boiling water and pressurized water reactors, it is a practice to
      subject the water to cleaning action by passing it through beds of
      ion-exchange resins. Such resins are of known composition. In general,
      they act similarly to natural or synthetic materials used in commercial
      water treating equipment. Through chemical and filtering action, they
      remove dissolved and suspended impurities, thus maintaining the water at
      the desired high purity. Otherwise the accumulation of impurities could
      result in scaling on the heat transfer surfaces, which would result in
      loss of efficiency or difficulty in operations. Resin particles of one
      type widely used for this purpose are those approximately 20 mesh in size.
      Resin particles of another widely used type are much smaller,
      approximating 300 mesh in size.
PAR  The contaminated resins of either type are removed from the water treating
      vessel by sluicing them out with water. The resulting slurry or dispersion
      is collected in a waste resin tank at the plant. The apparatus disclosed
      hereafter is particularly well adapted for disposition of this type of
      radioactive slurry.
PAR  Another type of radioactive waste material that may be handled by the
      present invention is "evaporator bottoms". These include concentrated
      liquid wastes from the plant, such as solutions containing boric acid,
      borax, sodium sulphate and the like which are used in the control of the
      reactor or for washdown of equipment for decontamination. Evaporator
      bottoms are also obtained from the collected water that is used for
      washing down portions of equipment or plant, wash water for employees, and
      chemical laboratory liquid wastes. This water containing radioactive
      impurities is temporarily stored and periodically portions of it are
      evaporated, leaving a solution or dispersion containing reactive materials
      in water that are known as "evaporator bottoms".
PAR  Stringent laws, rules and regulations govern the disposition of radioactive
      wastes and their transportation over highways, on railroads and by other
      modes of transportation. In general, the material must be shielded so that
      radiations emanating from the material do not exceed maximum levels
      established by the laws and regulations. Furthermore, it is desired that
      in a case of an accident causing dumping of a radioactive load, there
      should be no fluidic materials that can penetrate the grounds or mix with
      streams or ground water and cause radioactive contamination. It has
      therefore been proposed to provide a mixture of resin particles containing
      radioactive material, cement as a solidifying agent, and water in a
      container such as a steel drum, and to allow the mixture to solidify in
      the drum.
PAR  However, prior systems for putting radioactive materials into a drum or
      other container in general require that operators and maintenance
      personnel be exposed to radiation, even though such system may be intended
      to protect personnel. For example, the operators in many cases must go
      into areas containing radiations to open drums or close them or to insert
      nozzles in the drums or to handle the drums in storage. In some systems an
      operator may stand behind a shield wall, but must extend his arms into a
      radioactive zone, and expose his head to see, to connect pipes for feeding
      radioactive material. If spills occur, the operator must go into the
      radioactive zone to clean up spills. In prior operations where drums are
      stacked in multiple layers in decay storage areas, the operator must often
      go into such areas to place planks between the layers. Maintenance men
      must go into radioactive areas to work on equipment requiring maintenance
      at intervals, such as conveying equipment, motors, and switches. The total
      amount of radiation to which personnel can be safely exposed is limited by
      physiological reasons; therefore, personnel must be controlled as to their
      duties, and the amount of radiation to which they are exposed frequently
      checked to avoid their exposure to an excessive amount of radiation that
      can adversely affect health. Moreover, in operation of the nuclear plant,
      if an emergency should arise correction of which would require exposure of
      operators or maintenance men to radiation during a time when all available
      men had reached their limits of radiation tolerance, a shutdown of the
      plant might be necessary or other adverse consequences might result
      because of lack of operators or maintenance men having safe radiation
      tolerances.
PAR  Moreover, prior systems do not in general provide desired close control to
      insure that proper amounts of radioactive material, cement, or water are
      put into the drum to insure proper solidification of drum contents. It is
      imperative to avoid improper loading of the drum or mixing of drum
      contents.
PAR  Moreover, prior systems can on occasion spill radioactie materials on the
      outside of the drums or on the floor. If the spill is on the drum, it is
      necessary to decontaminate the drum prior to shipment. If the spill is on
      the floor, then a certain amount of dust can be generated as the material
      dries. Such dust, which is radioactive, could find its way through the
      plant and thus make the plant unsafe because of radioactivity. Spilled
      materials also can collect in floor drains and clog them. Prior systems
      for putting radioactive material into drums in general have loaded drums
      in an open space, so there was no way of containing or taking care of the
      problems caused by spills of radioactive material.
PAR  Some previous systems have numerous operating mechanical parts requiring
      periodic maintenance, such as motors and electrical switches, in
      radioactive areas. Maintenance of such equipment can expose personnel to
      considerable radiation.
PAR  Previous equipment loads drums containing radioactive material onto trucks
      or casks in a haphazard fashion, and thus, not loading the truck or cask
      to full capacity, would lose lading and could cause damage to the drums or
      drum enclosure.
PAR  Previous systems, because of loss of electrical power or air pressure or
      improper handling of the drum handling means, could topple a drum or cause
      irregularities in operation which could cause spillage of radioactive
      material. Previous systems did not provide for an accurate weight of resin
      to a weight of cement ratio in order to insure that the drum contents
      would be properly solidified with the most economical use of cement and
      with the lowest transportation costs. In prior systems that filter the
      resin in the drums to remove water, costs are understandably higher for
      the drum because of the added equipment contained therein.
PAR  Some prior systems mix radioactive resins, cement and water in a mixture
      outside of a drum. This involves exposure of considerable amounts of
      equipment to radioactivity and possibilities of considerable exposure of
      personnel to radioactivity. Moreover, the mixer must be cleaned after each
      use, which is difficult because the cement sticks to the mixer; moreover,
      the mixer will become radioactive and hence unsafe in time considerably
      shorter than the life of the plant, necessitating replacement expense.
      Some prior systems mix these materials in the drum; but if an open top
      drum is used, considerable spillage occurs during mixing, and if the drum
      is rolled about its lengthwise axis to mix its contents a core of poorly
      mixed materials is formed in the center of the drum.
PAR  Most if not all prior systems lack fail-safe features to prevent unsafe
      conditions in the event of failure of operations of any portion of the
      equipment.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to overcome the above and
      other problems relating to the disposition of radioactive waste materials.
      A further object is the provision of apparatus and methods for overcoming
      as many as desired of the above indicated problems, as well as other
      problems. Another object is to provide apparatus and methods in which
      fluent materials containing radioactive or other dangerous materials can
      be placed and mixed in containers along with, if desired, solidifying
      agents such as concrete or asphalt or plastics. Another object is to
      provide apparatus and methods for moving containers into storage and
      accurately locating them there, moving them out of storage to another
      location such as on a transportation vehicle and locating them there, and
      for recovering a container if it should be upset; and apparatus and
      methods that can eliminate undesired radiation from areas in which
      personnel work. A further object is to provide apparatus for carrying out
      such operations by remote control so personnel need not be exposed to
      radiation during maintenance of equipment. A further object is provision
      of apparatus which can be easily repaired or maintained with little if any
      exposure of personnel or surrounding environment to hazardous radiation.
      Another object is to provide apparatus that has fail-safe features that
      prevent the development of dangerous or unsafe conditions in the event of
      failure of operation of the apparatus as because of failure of power, air
      pressure, or other energy source.
PAR  To accomplish these and other objects, the present invention provides
      apparatus and methods for packaging fluent material such as dangerous or
      radioactive liquids, or slurries containing radioactive or otherwise
      dangerous particulate material without human handling or the necessity of
      personnel connecting pipes or the like, comprising means controllable by
      remote control for moving a container into any of a variety of preselected
      positions; means controllable by remote control for introducing into a
      container in a preselected loading position an essentially predetermined
      amount of such fluent material in which preferably the proportion of
      liquid to radioactive or other dangerous material in accurately
      predetermined; means controllable by remote control for closing the
      container; means controllable by remote control for agitating the
      container to mix thoroughly the contents thereof; and means to receive the
      closed container containing its mixed contents, such means being at a
      location away from the location at which the liquid is introduced into
      said container and the location in which the container is agitated. The
      last named means may be a storage location, or a location at which said
      container is loaded onto a vehicle for transportaion, or both.
PAR  The apparatus may comprise a building including walls resistant to passage
      of radioactivity, which walls segregate from locations occupiable by
      personnel the location at which the container has radioactive material
      introduced and at which the container is agitated to mix its contents, and
      if desired a storage location.
PAR  The apparatus may comprise means for forming in a tank a dispersion of an
      essentially predetermined proportion of particulate material and liquid,
      then passing from the tank into a container an essentially predetermined
      amount of the dispersion.
PAR  The apparatus preferably comprises remotely controllable means for closing
      the container; and remotely controllable means for agitating the container
      to mix its contents. The apparatus may comprise remotely controllable
      means for opening the container prior to introduction of fluent material.
PAR  The apparatus preferably comprises means for weighing the container before
      it is filled or after it has been closed, or both, to check on the amount
      of material introduced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and features of the invention will be apparent from
      the following description of a preferred embodiment of the invention in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a plan section along line 1--1 of FIG. 2, of a building and
      internal equipment embodying the present invention and for carrying out
      processes of the invention, the scale being much smaller than full size;
PAR  FIG. 2 is a section along line 2--2 of FIG. 1 and to the same scale;
PAR  FIG. 3 is a section along line 3--3 of FIG. 1 and to the same scale;
PAR  FIG. 4 is a plan section along line 4--4 of FIG. 2 and to a somewhat larger
      scale showing the overhead crane apparatus, the crane being in a somewhat
      different position than in FIG. 2;
PAR  FIG. 5 is a section along line 5--5 of FIG. 4 and to the same scale showing
      the crane apparatus, portions of the apparatus of FIGS. 1, 2 and 3 being
      broken away for the sake of clearness;
PAR  FIG. 6 is a view of drumming apparatus in the drumming station, from line
      6--6 of FIG. 1 and to a scale considerably larger than that of FIG. 1;
PAR  FIG. 7 is a side view of the drumming apparatus, parts being broken away to
      show the interior mechanism in the housing;
PAR  FIG. 8 is a plan view along line 8--8 of FIG. 6 and to a somewhat larger
      scale, parts, mostly piping, being omitted for the sake of clearness;
PAR  FIG. 9 is a side elevation of the lower portion of the drumming apparatus,
      in general corresponding to the side elevation of FIG. 8;
PAR  FIGS. 10 and 11 shown to an enlarged scale and in plan the cradle frame and
      cradle, as well as associated apparatus for holding the drum in the
      drumming apparatus;
PAR  FIG. 12 is a detail to a still larger scale, showing means for securing the
      cradle frame in each elevated position, the view of the securing pin being
      generally from line 12--12 of FIG. 10;
PAR  FIG. 13 is a section through the cap-handling means for unscrewing a cap of
      a drum, holding it until it is desired to insert it again, and for
      re-inserting and tightly screwing in the cap of a drum, the scale being
      considerably larger than that of FIGS. 6-9;
PAR  FIG. 14 is a section along line 14--14 of FIG. 13;
PAR  FIG. 15 is a section along line 15--15 of FIG. 13;
PAR  FIG. 16 is a schematic piping diagram for a drumming station;
PAR  FIG. 17 is a side elevation showing the trolley of FIG. 18 is used in
      hoisting a shield wall and associated equipment mounted on the shield
      wall; and
PAR  FIG. 18 is a fragmentary plan view taken on line 18--18 of FIG. 17 showing
      a modified form of trolley for the overhead crane apparatus, this trolley
      embodying a heavy duty hoist capable of lifting heavy portions of the
      apparatus, such as the shield wall or other equipment, out of or into the
      illustrated apparatus.
DETD
PAC  DISCLOSURE OF PREFERRED EMBODIMENT
PAR  General Arrangement
PAR  For illustrative purposes, the below described embodiment of the invention
      will be described in connection with the disposition of radioactive waste
      material in the form of resin particles containing radioactive materials
      like those described above, and in the form of evaporator bottoms, by
      putting the radioactive material including water, and cement as a
      solidifying agent, into a steel drum; mixing these materials in the drum;
      moving the drum into storage; allowing the mixture to solidify and
      radioactivity to decay in storage; and then moving the drum to a vehicle
      for transportation.
PAR  For convenience, the term "drum" is used hereafter to designate steel drums
      or barrels as such, as well as suitable other types of containers for the
      indicated purposes. While for convenience cement is disclosed as the
      solidifying agent and water as the liquid, it is to be understood that
      other suitable types of solidifying agents such as asphalt or certain
      natural or synthetic resins, and that suitable liquids other than water,
      may be used.
PAR  The reference numerals used herein and the terminology employed correspond
      to those used in said co-pending application Ser. No. 182,088, the entire
      disclosure of which is hereby incorporated by reference and made a part of
      the disclosure of the present application.
PAR  The embodiment generally shown in FIGS. 1-3 comprises a building 1 of
      rectangular configuration in plan, of which building upright walls 2, 3, 4
      and 5, the ceiling 6 and the floor 7 are preferably formed of poured
      reinforced concrete, of sufficient thickness to prevent escape of harmful
      radiation from the interior of the building. The building interior is
      subdivided into an area 8, two drumming stations 10 and 11, two storage
      vaults or decay pits 12 and 13, and a control station 14 in which an
      operator is located to operate the system by remote control.
PAR  Area 8, which is free of radioactive materials or radioactivity at all
      times except temporarily when radioactive materials are being shipped from
      the building, is shown as used for storage of non-radioactive materials
      such as drums D that contain no radioactive materials but may, and in this
      illustrative embodiment do, contain accurately weighed preloaded amounts
      of cement as a solidifying agent. The area 8 has in wall 2 a vehicle
      doorway 16 having a door 17 which may be of conventional automatically
      controlled type. A personnel doorway 18, having a conventional door 19, is
      in wall 4 near station 14.
PAR  Each drumming station 10 and 11 is equipped, as described below, with
      apparatus 21, operable by remote control from apparatus 23, 24 in operator
      control station 14, for introducing radioactive materials and water intro
      drum D, each preloaded with accurately determined amounts of dry cement as
      a solidifying agent, all in proper proportions to permit these materials
      after thorough mixing to form in the drum a solid body of controlled
      weight, and for then thoroughly mixing these ingredients.
PAR  A drum D containing the resulting mixed radioactive material, cement and
      water may then be stored in a storage vault 12 or 13 to permit
      solidification of drum contents and decay of radiation until its intensity
      is reduced to shipable limits. The drums are individually identified, and
      location of and time that each is placed in storage is recorded. After
      lapse of an appropriate time, the drums are moved out of the storage vault
      onto a vehicle V for transportaiton away from building 1 for suitable
      disposition. If the radiation intensity of the drum contents is initially
      so high that it is not reducible by storage for a permissible or
      reasonable time, the drum can be put into a known type of radiation
      shielding cask that renders the drum safe for shipment. If, on the other
      hand, the initial radiation intensity is sufficiently low, the drum may be
      shipped immediately, without storage.
PAR  A drum D is picked up from area 8, put into a selected drumming station 10
      or 11 then after proper filling and mixing moved if desired into a
      selected storage vault 12 or 13; and when desired moved onto vehicle V by
      remotely controlled overhead crane apparatus 25 (FIGS. 2, 3, 4) to be
      described later.
PAR  These operations are performed by remote control without actual visual
      access, the operations being viewed through television screens and
      monitored by other means described below.
PAR  Building
PAR  The interior of the building 1 is subdivided (FIGS. 1, 2, 3) into the
      storage vaults 12 and 13 by a thick center interior wall 26 and transverse
      end walls 27 and 28 that are joined to wall 26 and extend into relatively
      close proximity to but stop short of exterior side walls 2 and 4.
      Transverse walls 29 and 30 longitudinally spaced from interior walls 26
      and 27, and stub walls 32 and 33 joined to outer side walls 2 and 3 and
      spaced from transverse walls 39 and 30 set off the area 8 and station 14
      from the vaults and drumming station. Spaced transverse walls 27 and 29,
      and 28 and 30 together with a portion of center wall 26 and longitudinally
      extending intermediate stub walls 34 and 35 define the drumming stations
      10 and 11.
PAR  An extension of wall 35 and a short transverse wall 36 joined to it define
      the operator station 14.
PAR  Walls 34 and 35 together with overlapping longitudinal wall portions 37 and
      38 respectively fixed to transverse walls 27 and 28 and respectively
      spaced from walls 2 and 34 and from walls 4 and 35, together with the
      transverse walls 27 and 38 and walls 32 and 33, define labyrinthian
      passages 39, 40, 41 and 42 that prevent lateral escape of radiation from
      storage vaults 12 and 13 and the drumming stations 10 and 11 into area 8
      and control station 14, while permitting access to the drumming station
      and vaults during construction and later if necessary.
PAR  All of these walls are of sufficient thickness and formed of suitable
      material such as poured concrete, to prevent passage through the walls of
      harmful radioactive radiations.
PAR  The interior walls defining the control station, drumming stations, storage
      vaults and labyrinthian passages extend to locations below ceiling 6 and
      are suitably shaped at their tops to permit clearance for the overhead
      crane apparatus 24 so that it can move over and service the entire
      interior areas of building 1. The labyrinthian passages and the control
      station have roofs 44, 45 for safety and added shielding of personnel.
PAR  Crane Apparatus
PAR  The crane apparatus including a system for locating the drums is
      illustrated in FIGS. 2 through 5 and is described in more detail in said
      parent co-pending application Ser. No. 182,088.
PAR  The crane apparatus comprises a track 47 including rails 48, 49 extending
      lengthwise of the building, a bridge 51 that travels on the track, a
      trolley 52 that travels on the bridge and a grab 53, adapted to carry a
      drum D, that is carried by and raised and lowered and manipulated from the
      trolley. As described below, the grab is provided with remotely controlled
      means to mechanically grasp securely a drum D at its upper upstanding
      circumferential edge 50.
PAR  Indicating means 54 above the trolley is provided to aid the operator, by
      remote control from control station 14, in accurately locating and
      grasping a selected drum, or accurately locating and placing a selected
      drum, or moving it, in or out of storage area 8, a drumming station 10 or
      11, or a storage vault 12 or 13.
PAR  The indicating means, to be described below, has on it indicia 55 (FIGS. 2,
      3) marked, as by number and letter combinations, that can be viewed and
      identified by an upwardly directed television camera 56 (FIG. 4) on the
      trolley that transmits an image to a television monitor screen 57 in
      control station 14. By suitable movement of the bridge and the trolley on
      the bridge the trolley can be moved to and accurately located over a
      desired location for a drum by scanning through the television camera to
      find a desired indication on the ceiling, the camera preferably having
      cross hairs or other markings to aid location as described later.
PAR  The grab will also be provided with a downwardly facing television camera
      that can focus on the center of the drum. Preferably this camera has on it
      markings that, when the grab carrying the camera is lowered a suitable
      distance, coincide with markings or structural features on a selected drum
      to indicate the height of the grab relative to the drum on a second
      television monitor screen located in control station 14. By this means,
      the grab can be accurately located over the proper drum at the proper
      height, after which the grab can be actuated to grasp and lift the drum;
      and the grab while carrying a drum can be located in a proper location to
      place the drum.
PAR  For adjustable surveillance television cameras 60, 61 (FIGS. 3, 4) are
      mounted on the bridge 51 at suitable locations so they can scan downwardly
      to view other locations; these cameras can respectively show their viewed
      scenes on monitor screens 62,  63 in station 14 (FIG. 1).
PAR  The track rails 48, 49 are supported from brackets 64 extending from the
      walls of the building; the rails extend substantially throughout the
      length of the building so that the grab 53 carried by the trolley, by
      suitable manipulation of the bridge and trolley can service substantially
      the entire internal area of the building between the rails. Suitable
      control means, which may be of known type, are provided in the control
      station 14 at the monitor screens so that the crane and grab can be
      operated by an operator at that station.
PAR  The interior of the building is designed to provide a radiation-free area
      at one end in which maintenance work may be carried out on the crane. Such
      area is protected by shield walls from radiation from radioactive
      materials in the storage vaults 12, 13 or in drumming stations 10, 11;
      area 8 may be used for such purpose in the illustrated embodiment.
PAR  Bridge 51 comprises beams 66, 67 fixed at each end to carriage structures
      68 and 69 each having flanged wheels 71 and 72 that travel on one of the
      rails of the track. In each carriage structure one of the wheels is power
      driven as described later to move the bridge along the track as desired.
      The bridge beams carry spaced parallel rails 75, 76.
PAR  At each side, the trolley 52 has two wheels that travel on these rails 75
      and 76. One set of wheels freely rotatable; the wheels 77 of the other set
      are power-driven by electrically energizable drive means on the trolley,
      that is controlled by suitable known means from the control station 14 as
      described in more detail in said parent co-pending application Ser. No.
      182,088.
PAR  Drumming Station: General Arrangement of Drumming Station
PAR  Each drumming station (FIGS. 1, 2, 6-9) has substantially identical
      apparatus; for convenience only the apparatus in drumming station 10 will
      be described, it being understood that the apparatus in the other drumming
      station is identical except for situations where parts may be of the other
      hand for convenience in installation or operation. Corresponding parts
      will have identical reference characters in both drumming stations.
PAR  The apparatus in each drumming station comprises substantially the same
      four basic components: a metal shield wall 214, drumming equipment 215, a
      decanting tank 216 and a set of metering pumps 217a, b, c. While the
      relative positions of these components could be changed the basic function
      of each remains the same, so the drumming station apparatus can be
      installed in a right or left hand arrangement, if such positioning is
      required or desired.
PAR  Shield Wall
PAR  The shield wall 214 serves as a locating and anchoring means for the other
      components 215, 216, 217a, b, c. It is formed of strong metal to support
      the other components and to serve as a barrier to stop the escape of
      harmful radiation from the side of the shield wall carrying these
      components, to the other side. The shield wall may be of any of various
      thicknesses, depending on the intensity of radiation expected to be
      encountered; since it is formed of metal its thickness is substantially
      less than conventional shielding such as concrete; moreover the faces of
      the shield wall may be machined, drilled and bored to present accurate
      surfaces for equipment mounting and uniform smooth surfaces for cleaning
      if required. Use of the metallic shield wall and its resulting lesser
      thickness simplifies drive connections and maintenance work done through
      the shield wall. A shield wall of steel approximately 12 inches thick is
      advantageous for most uses of the invention.
PAR  The shield wall is rigidly but demountably attached to the concrete
      building wall 29 or 30 by an accurately machined, grounted in frame 218
      (FIGS. 7, 8) surrounding wall opening 219 to which the shield wall is
      secured by bolts and nuts 220 on the safe side of the shield wall.
      Preferably, the shield wall has a supporting eye 221 at its top.
      Therefore, the shield wall can be demounted with the other components
      still attached, and bodily removed as by an overhead crane to a remote
      location for maintenance or repair; the cantilever mounting of the
      components mounted on the shield wall, as described below, facilitates
      this; the cantilever supporting of components also eliminates floor
      supports and facilitates cleaning. The shield wall preferably overlaps the
      opening 219 to provide an offset joint that prevents possible radiation
      leakage around the shield wall edges.
PAR  The shield wall may be divided into sections 214a, 214b, 214c, by
      transverse joints 214d to facilitate easier handling and shipping. These
      joints are offset or stepped as shown in FIG. 7 to prevent radiation
      leakage outwardly to the safe side of the shield wall outside of the
      drumming station. As explained later, parts such as drives that pass
      through the shield wall are also sealed to removable plugs, as at 222,
      223, 224 that form similar offset or stepped joints to prevent radiation
      leakage. Where space or design does not permit sealing to an offset or
      stepped plug, a secondary shield 225 is provided to block radiation
      escape.
PAR  Drumming Equipment
PAR  The drumming equipment 215 illustrated comprises a closed housing 226
      supported from the side of the shield wall facing into the drumming
      station. This housing (FIGS. 6-9) has upstanding sides 227, 228 carrying
      detachably mounted access plates 229. The top 231 of the housing has a
      hatch opening 232 surrounded by upward flange 233, closed by a hinged
      hatch cover 234 having inner and outer downward flanges 235 that overlap
      flange 233 in the closed position to prevent escape of radioactive
      material. The housing and hatch cover when closed provide a closed
      enclosure in which drum loading and mixing occurs. The hatch cover permits
      access to the enclosure for introduction or removal of drums, while
      preventing escape into the drum, and while preventing escape of
      radioactive material due to splashing should the drum being processed
      develop a leak or should material be accidentally spilled during the
      loading operation. Hatch cover 234 can be moved to closed and open
      positions by a lever 236 pivotally supported on housing 226 and is rigidly
      secured to an arm 237 carrying the hatch cover through a resilient
      connection 238. Lever 236 is actuated from the safe side of the shield
      wall by a known fluid-operated cylinder 239, the fluid valves 240 of which
      are controlled by known means 240e from the control station 14. The
      cylinder is spring loaded to close the hatch if the energizing fluid
      fails, for safety; the spring load can be overridden by hand or by
      mechanical means. Housing 226 has a venting conduit 226a preferably
      connected to a closed venting system.
PAR  A fixed loading dock 241 is externally mounted at one side of the housing
      226 and is adapted to support a drum to be filled that is first deposited
      by the crane on this dock. A fixed unloading dock 242 is externally
      mounted on the other side of housing 226; a drum removed from housing 226
      is set by the crane on this unloading dock, and the intensity of radiation
      emanating from the drum is measured by known radiation monitor means 243
      that sends by known means 243e electrical signals to the control station
      14 where the information is noted. Each of the loading and unloading docks
      carries a scale 244 connected with known means for reporting the scale
      reading to the control station. The scales are adapted to be removed from
      and placed on their supporting stations by the grab, so if necessary the
      scales can be serviced in a radiation free area.
PAR  Inside of drumming equipment 215 is a drum positioner cradle mechanism 245
      (FIGS. 7, 10, 11) adapted to carry a drum and move it (FIG. 8) about a
      vertical axis P from a drum loading and unloading position "I", then to a
      first intermediate position "II" in which the drum is clamped into its
      cradle in a vertical position, then to a second intermediate position
      "III" in which the drum is opened by unscrewing and removing its cap, then
      to a third intermediate position "IV" where the drum is filled the back to
      intermediate position "III" in which the drum is closed or capped, then to
      intermediate position "II" where the drum is turned end-over-end to
      agitate and mix its contents, from which position the cradle returns the
      drum to location "I" under the hatch from where the drum can be removed by
      grab 53. The cradle mechanism comprises a vertical shaft 246 (FIGS. 6-8,
      10) on which a cradle frame 247 is rigidly mounted; the shaft is rotatably
      and vertically slidably mounted in bearings 248, 249 mounted at the top
      and bottom of housing 226. A cradle 251 rotatably supported in the cradle
      frame by bearings in two spaced hub portions 252, 253 of the cradle frame
      for rotation about a horizontal axis H on its cradle frame which thus
      forms a trunnion in which the cradle can be rotated to impart to the drum
      the desired end-over-end motion to thoroughly mix the contents of the
      drum, tumbling movement of the loose mixing weights Dw (FIGS. 4, 7) in the
      drum aiding this mixing.
PAR  The cradle frame 247 is moved to angular positions I, II, III, IV indicated
      above by actuating means (FIGS. 6,7) comprising a lever arm 254 rigidly
      mounted on the lower end of shaft 246 and pivotally connected to a rod 255
      that may be reciprocated as required by a known mechanism 256 driven from
      an electric motor 257 energization of which is controlled by known means
      257e from control station 14. The linear travel provided by mechanism 256
      may be controlled by known means accurately to stop the cradle in the
      various angular positions as described above.
PAR  The cradle frame 247, its supporting shaft 246 and cradle 251 carrying a
      drum can be raised and lowered as required to permit movement of the
      cradle and performance of necessary steps in the positions I-IV, by a
      known type of screw jack mechanism 258 (FIGS. 6, 7, 8) actuated by a drive
      shaft 259 extending through the shield wall to its safe side. Shaft 259 is
      rotated as required by a gear box electric motor combination 260,
      controlled by known means 260e from the control station to raise the
      cradle to an upper elevation referred hereafter as the "U" elevation in
      positions III and IV, and to lower the cradle to a lower elevation
      hereinafter referred to as the "L" elevation for movement between the
      positions and for operating in positions I and II.
PAR  When the cradle frame 247 is raised to elevation U in either of positions
      III or IV, an upwardly projecting tapered dowel pin 261 (FIGS. 7, 10, 12)
      fixed to the top of the cradle frame engages in the opening 261a of the
      appropriate one of two hardened steel bushings 261b in the top wall 231 of
      the housing 226. This assures accurate and positive location of the cradle
      in positions III and IV for the filling and capping operations that are
      carried out in these positions.
PAR  When the cradle frame 247 is in any of positions I, III, IV, cradle 251 can
      be held in a vertical position in the cradle frame by a latch member 262
      (FIG. 10) pivotally mounted on the cradle frame and biased by compression
      spring 263 to latching position where the beveled free end 264 of member
      262 engages between a pair of spaced lugs 265 on the cradle. The latch
      member can be released from the cradle by the tapered end 266 of a pin 267
      that extends through the shield wall and is adapted to be axially inserted
      into a flare-mouthed socket 268 on the cradle to a depth sufficient to
      contact and release the latch member. When pin 267 is so inserted, it
      secures frame 247 against angular or other movement while the cradle is
      being rotated about its horizontal axis H to agitate the contents of the
      drum. After such cradle rotation has ceased and the cradle has been
      properly located with the drum vertical and its cap side up by suitable
      known means such as conventional electrical interlocking means, pin 267 is
      withdrawn from socket 268, and latch member 262 by the force of spring 263
      re-engages the cradle to lock it in the vertical position with respect to
      its frame 247. Pin 267 is moved axially as required by a double acting
      fluid energized cylinder 269 having control valves that are actuated in a
      known manner from control station 14 by known electrical means.
PAR  Cylinder 269 is equipped with limit switches 270a and 270b, operated by
      stop 270c on the cylinder rod to interlock through suitable conventional
      circuit means to prevent starting of the below described means for
      rotating the cradle while the latch member 262 engages the cradle.
PAR  The drum may be centered and firmly clamped in its cradle 251 by clamping
      means as shown in FIGS. 10 and 11. Two opposing clamping arms 271 and 272
      pivotally carry clamping members 273, 274 and are rigidly mounted on
      shafts 275, 276 pivotally mounted in the cradle about axes parallel to the
      drum axis. These shafts rigidly carry arms 277, 278 having rounded outer
      ends 279 that ride in an external groove 281 of a member 282 that is
      axially slidably mounted in hub portion 283 of the cradle in hub portion
      253 of the cradle frame nearest the shield wall when the cradle frame is
      in position II-L. When member 282 moves axially away from the drum carried
      by the cradle, the clamping arms 271, 272 move toward the drum and their
      clamping members firmly engage the drum. When the member 282 moves toward
      the drum, the clamping members release the drum.
PAR  Member 282 is so moved by engagement of an internally threaded nut 284
      rigidly mounted in member 282 with an externally threaded screw 285
      rotatably but axially immovably mounted on hub portion 283 of cradle 251.
      Screw 285 has a projecting end 286 that has a polygonal preferably
      hexagonal cross section. When, as will be described later, this polygonal
      end portion is engaged and rotated relative to the cradle, member 282 will
      move axially and, depending on its direction of rotation, will clamp or
      unclamp the drum.
PAR  The clamping means of the cradle is actuated, and the cradle itself may be
      rotated, provided that latch member 262 is released, by the means shown in
      FIGS. 10 and 11 which comprises stepped plug 224 that fits through the
      shield wall and carries at the drumming station side an internal bearing
      287 and its other side a removable gear box 288 carrying another bearing
      289. These bearings carry an elongated member 291 for rotation about an
      axis that is coaxial with the axis H of the cradle when the cradle is in
      drum rotating position II. Member 291 has an axial opening 292. On the
      drumming station side, member 291 carries a driving coupling portion 293
      adapted to engage and drive a driven coupling portion 294 on hub portion
      283 of the cradle when the cradle is in position II.
PAR  Driven coupling portion 294 has axial and radial dogs 295 adapted to fit
      loosely in corresponding slots 296 of an intermediate coupling member 297
      that is flexibly mounted, as by bolts 298 threaded onto rubber amounts 299
      on driving coupling portion 293. Intermediate member 297 on its side away
      from portion 293 has slots 300 alternating with and spaced 90.degree.
      angularly from its slots 296. Driving coupling portion 293 has radial and
      axial dogs 301 that can loosely fit in slots 300. The driving coupling
      member 297 thus flexibly mounted so it is capable of substantial but
      limited lateral movement, so the driven coupling member can engage and so
      the cradle can be rotated even if there is substantial misalignment of the
      two coupling portions 293 and 294. By suitable means of known type, the
      dogs 295 of driven cradle coupling portion 294 and the slots 296 of
      intermediate member 297 flexibly mounted on driving portion 293 will
      always be positioned to extend horizontally when the cradle is not
      rotating so that these dogs and slots can mate and engage when the cradle
      is swung into position II-L and to readily disengage when the cradle is
      moved out of such position. The power means for rotating the cradle when
      it is in position II-L is electric motor 303 (FIG. 7) controlled by known
      means 303e from control station 14, that is adapted to rotate member 291
      through suitable gears 304 in gear box 288.
PAR  The hexagonal portion 286 for actuating the clamping arms can be engaged by
      a socket 305 mounted on a shaft 306 that is rotatably and axially movable
      in member 291. Shaft 306 is moved axially as required by a double acting
      fluid operated cylinder 307 connected through bracket 308 to the end of
      the shaft on the safe side of the shield wall and controlled by
      conventional means 307e from station 14. After its socket is engaged with
      polygonal end portion 286, the shaft is rotated as required to clamp or
      unclamp the drum, by an electric motor 309 (FIG. 7) that rotates the shaft
      through suitable gears 310 in gearbox 311; motor 309 is controlled from
      station 14 by suitable known means 309e. Means for insuring that the
      cradle comprises a feeler rod 313 slidably coaxially mounted in shaft 306
      and biased toward hexagonal portion 386 by spring 314, and limit switches
      315, 316 adapted to be actuated by a stop 317 on the other end of the rod
      as it moves. When the rod is retracted sufficiently because of sufficient
      clamping travel of screw 285, the limit switches through suitable
      conventional interlocking circuit means 315e, 316e permit rotation of the
      cradle; otherwise they do not.
PAR  The drumming station also includes cap handling means 320 for removing and
      replacing screw cap 321 in the top of a drum, (FIGS. 9, 13-15). After the
      drum is at position III for cap removal, the cradle frame 247 is raised to
      elevation U to raise the drum D carried by the cradle 251 so its cap 321
      can be engaged by means 320.
PAR  When brought into the drumming station according to the illustratative
      process, each drum will contain a preloaded accurately determined amount
      of cement or other solidifying agent Da and one or more freely movable
      mixing weights Dw (FIGS. 4, 7) which may take the form of oblong pieces of
      steel about 11/2 inches .times. 11/2 inches .times. 6 inches in
      dimensions; a cap 321 closes the drum.
PAR  The drum, which is of generally cylindrical form, has (FIG. 13) a cap
      opening structure C at the center of the top wall 322 of the drum,
      comprising a steel collar 323 having an internal threaded opening 324,
      fixed in the top wall 322 of the drum. Collar 323 has a radial flange 325
      around the outer edge of which the top wall metal is crimped at 326 to
      hold the collar securely in the drum; preferably a sealing ring 327 is
      clamped between the drum metal and the flange 325 to provide a fluid-tight
       seal between the collar and the drum. The internally threaded opening 324
      is adapted to be closed by cap 321 that has an external thread that
      permits the cap to be screwed into the threaded opening. The cap has a
      central depression 328 of circular cross section with vertical serrations
      or other suitable gripping surface, and an outward radial flange 329; cap
      321 also carries a sealing ring 330 that forms a fluid-tight seal between
      the cap and the drum.
PAR  Cap handling means 320 comprises frame structure 331 rigidly mounted on
      housing 226, and a wrench 332 rotatably and axially movably supported on
      the structure 331 to grasp and remove and replace cap 321. The wrench is a
      resilient expandable slotted collet that is resiliently biased to contract
      and has an outer surface shaped to fit inside depression 328 of the cap so
      that when the collet is expanded it firmly grasps the inner wall of the
      depression. The wrench is expanded by a pull rod 333 having an externally
      conical expanding portion 324 that bears against a matching internally
      conical surface 335 in the wrench, so that when the pull rod is drawn
      upwardly it expands the wrench to grasp the cap.
PAR  The pull rod is drawn upwardly and moved downwardly as required by a cam
      336 (FIGS. 14, 15) that is rotated about its horizontal axis to lift and
      lower a follower 337 that is slidably mounted on frame structure 331, and
      supports the pull rod for rotatable but no relative axial movement. The
      cam is connected to and rotated (FIGS. 8, 9, 13) by a shaft 338 that
      extends through shield wall 215 to a gearbox and electric motor unit 339
      the motor being controllable by conventional means 339e from the station
      14. The cam is shaped to provide a predetermined amount of tension on the
      pull rod and collet wrench 332 to permit the cap to be gripped with
      adequate force to hold it securely for removal, but not to deform it. When
      the cam 336 is turned so it moves the cam follower down, rod 333 is
      lowered, thus moving its conical portion 334 downwardly of the collet
      wrench and allowing the wrench to contract to release the cap.
PAR  While the wrench is engaged in the cap, the cap is rotated by the cap
      handling means 320 to unscrew the cap to open the drum, and after the
      radioactive material has been placed in the drum to screw the cap in the
      drum to close it. For this purpose a hollow shaft 341 surrounds and is
      coaxial with the wrench pull rod and is adapted to support and rotate
      wrench 322. It is supported from frame structure 331 for rotational and
      axial movement correlated with the pitch of the threads of cap 321 and
      opening 324. The shaft 341 is rotated by a worm gear 342 that drives a
      worm wheel 343 rotatably but axially immovably supported from frame 331.
      It is rotated (FIGS. 9, 13, 15) as required by a shaft 344 extending
      through the shield wall to a gearbox and electric motor unit 345
      controlled from station 14 by means 345e.
PAR  Shaft 341 is slidably but non-rotatably connected to worm gear 343 and has
      projecting dogs 346 at its lower end that engage shoulders 347 on the
      wrench 332 to rotate it when shaft 341 is rotated. Vertical travel of the
      wrench shaft and wrench are correlated with axial movement of the cap as
      it screws in or out by a nut 348 rigidly carried by frame 331 engaging a
      lead screw 349 fixed to shaft 341, the nut and lead screw having threads
      of the same linear pitch as the thread on the drum and cap, so as to
      retain exact relationship between threads in the drum and on the cap to
      facilitate recapping without crossthreading. The cap handling means is so
      designed that cam 336 maintains and holds tension on the pull rod that
      causes the wrench to grasp and firmly hold the cap during the removal of
      the cap and in the interim period while the drum is being filled. Sensing
      means 350 embodying spring loaded feeler 350a and limit switch 350b senses
      when the drum is in the proper position to have the cap removed or
      inserted, and through interlock means permits the apparatus 320 to
      operate; otherwise it prevents operation.
PAR  After the cap has been removed at position III the drum is ready to have
      the radioactive material put in it. This is accomplished by locating the
      drum carrying cradle 251 in the filling position IV and lifting the cradle
      and drum to engage the opening 324 with the fill nozzle 351 in the top
      wall 231 of housing 226. Nozzle 351 is fixed to the top wall 231 and has a
      nozzle portion 353 with a tapered lower end adapted to project through
      opening 324 into the drum D, and also has several downwardly through
      openings for introduction into the drum of radioactive resin dispersion
      from the decanting tank. Said openings in the nozzle will be respectively
      connected to a decanting tank and to a source of evaporator bottoms
      through the metering pumps.
PAR  Decanting Tank
PAR  Decanting tank 216 (FIGS. 6, 7, 16) is a closed tank formed of corrosion
      resistant durable metal, such as stainless steel, and is cantilever
      supported from shield wall 214. The tank has a frusto-conical lower
      portion 360 to aid in emptying material from the tank. A dispersion or
      slurry of radioactive resin particles in water is supplied to the tank
      from a suitable source such as a pipe 361 connected to a plant holding
      tank, by pump 217b connected to pipe 362 opening into the bottom of tank
      216. The decanting tank has an internal mixer 363 for stirring the
      material in the tank when desired. That shown comprises three propellers
      364 mounted on a common shaft 365 rotatable about a vertical axis aligned
      with the central axis of the tank. This shaft is rotated through a gearbox
      366 by a drive shaft 367 extending through the shield wall from an
      electric drive motor 368 on the safe side of the shield wall. As desired
      the motor can be energized and controlled from control station 14 by
      conventional means 368e to cause propellers 364 to mix thoroughly the
      material in the tank, regardless of the level of materials in the tank.
PAR  Tank 216 also has means for providing an adequate supply to the drumming
      station of a mixture of radioactive containing resin and water in a
      predetermined proportion. In general, the slurry supplied to the decanting
      tank contains excess water; and the decanting tank includes means for
      removing excess water by decanting.
PAR  A dewatering or decanting pipe 369 is pivotally mounted in the tank at its
      inner end by a leakproof joint. The outer end of the pipe carries a float
      370 so that the end of the pipe can rise and fall with the liquid level. A
      conduit 371 connects the inner end of pipe 369 to one of the metering
      pumps 217a the outlet of which is connected by pipe 372 through a fine
      strainer 373, such as 100 microns, to an outlet pipe system 374 forming
      part of a plant equipment drain system.
PAR  The levels of the water and of the radioactive resin particles in the
      decanting tank 216 are sensed by sensors 375, 376 that transmit electrical
      signals giving information as to levels to the control station 14. Both
      sensors are identical except for the specific gravities of their floats.
PAR  Float 383b may have a specific gravity of about 0.5 and is used to
      determine the level of the surface of the water in tank 216.
PAR  Float 383a has a specific gravity of approximately 1.05 so that it will
      sink in the water but will float at the surface of the resin in the tank.
PAR  Both sensors operate in essentially identical manner, except that the float
      of which one has a specific gravity such that it detects and senses the
      level of water, while the other senses the level of the resin particles
      after they settle.
PAR  The operator at control station 14 can therefore determine, as from a
      predetermined curve or chart, the amount of water that should be left with
      the resin to provide the desired proportion or radioactive resin particles
      to the water. He can then actuate metering pump 217a to remove excess
      water through the floating end of decanting pipe 369, conduit 371, pump
      217a, strainer 373 and conduit 374 until the desired level is reached, as
      indicated by the sensors 375, 376 to provide a dispersion in the tank of
      the desired predetermined proportion of water to resin particles.
PAR  After the proper proportion has been achieved, a proper amount of the
      dispersion can be caused to pass through conduit 362 from the bottom of
      tank 216 through metering pump 217b and conduit 398 to port 354a of filler
      nozzle 351 into a drum D (FIGS. 7,8).
PAR  Preferably, spray heads 399 (FIG. 6) are provided inside of the decanting
      tank to spray clear water to cleanse the floats 393a and 383b when they
      are lifted to their highest elevations; their valves can be controlled by
      suitable means, as from proximity switches 394.
PAR  Metering Pump
PAR  While a pump of any of various types may be employed to pump the dispersion
      of radioactive particles in water from the decanting tank 216 through
      filler nozzle 351 unto the drum D, the pump 217 of FIGS. 6-8 is
      exceptionally advantageous. It delivers accurately measured quantities of
      liquid and thus makes possible accurate remote control of the amount of
      liquid passed from the decanting tank into the drum. It also makes
      possible the pumping of clean water for disrupting sedimentation of the
      particles in the tank or conduits, the use of clean water for sealing
      purposes, and has safety features in making possible maintenance of the
      pump from the safe side of the shield wall 214. The metering pumps 217a,
      217b, and 217c and the decanting tank 216 are described in detail in said
      parent co-pending application Ser. No. 182,088.
PAR  Drumming Station Cleaning System
PAR  Spray heads 449 (FIG. 7) connected to clean water source 440 and controlled
      from station 14, are provided inside of drumming equipment enclosure 226
      to wash down the walls and equipment in the enclosure if desired. The
      spray water used flushes down the sloped bottom 451 of enclosure 226 and
      drains out through a bottom opening 452 into a sump tank 453 (FIGS. 6, 7,
      9). This sump tank has internal baffles 454, 455 to provide a settling
      tank for fines that might be in the flush water, thus trapping solids that
      might be radioactive and that otherwise could contaminate downstream
      equipment if they entered a plant drain system. Excess water free of fines
      flows out through an overflow gate 456 into a drainage spout 457
      discharging into a drain 458 located in the drumming station floor and
      connected to plant equipment drain system 459 that if desired may
      discharge into the system for producing evaporator bottoms. The sump tank
      is so designed that it can be moved laterally on rollers 460 on a track
      461 to a location where it can be removed by the crane. It can be placed
      by the crane for disposal into a drum, having a completely removable top,
      which to can be replaced after the sump tank and its radioactive contents,
      water and cement or other solidifying agent if desired, are placed in the
      drum.
PAR  Another drain in each drumming station floor forms part of a plant floor
      drain system 462 to remove liquids or wastes that may have collected on
      the floor, as from drum leakage or washdown of the drumming station.
PAR  The conduit system of FIG. 16 is shown for a single drumming station, but
      it can be duplicated. In such case lines 361, 445, 450, 459, 462 and 463
      as well as other lines, can be common to two or more drumming stations.
PAR  As disclosed above, the illustrative embodiment has separate piping for
      each type of radioactive waste to and in the drumming station equipment,
      for safety and continuity of operation. The drumming apparatus 215 is
      completely enclosed and sealed to allow no escape of liquids, solids or
      gasses except through conduits planned and provided for such purposes.
      Thus, a vent system 463 removes and cleanses by known means, air or gases
      from decanting tank 216 through vent conduit 216a, and from drumming
      housing 226 through vent conduit 226a, as well as from other locations.
      the interior of housing 226, and the equipment in it, can be washed down
      by remotely controlled spray heads 449 for decontamination purposes if
      necessary.
PAR  Materials such as radioactive-containing solids washed out of the housing
      226 are removed in the described removable sump by remote control. The
      above disclosed filling means is also designed to eliminate the
      possibility of radioactive waste material being spilled on the exterior of
      the apparatus of the drumming station by error or accident.
PAR  As disclosed, two separate and independent means are used to determine the
      amount of material in the drum and to prevent overfill; one means
      comprises metering pumps that pump accurately determined amounts of fluids
      into the drums; the other means comprises the liquid level sensing system
      indicated.
PAR  In the illustrative apparatus and process, the solidifying agent, cement
      for example, and mixing weights are placed in the drums before they enter
      the system, and the drums are immediately sealed. Each drum remains sealed
      until the drum is opened in the drumming station immediately prior to
      introduction of radioactive material, after which the drum is immediately
      closed. This prevents entrance into the drum of undesired moisture or
      other contaminants that could harmfully affect the solidifying agent or
      other materials in the drum.
PAR  Operation of Drumming Station
PAR  A typical cycle of operations of the drumming station is as follows,
      assuming that the cradle frame 247 is located so its cradle 251 is
      properly located in position I under the hatch cover 234, the cradle being
      locked by latch 262 in the cradle frame to receive a drum in the vertical
      position; the hatch cover 234 is open; and a capped drum D containing
      cement and mixing weights Dw is on the loading dock 241 of the drumming
      station to be operated as shown in broken lines in FIG. 6. The operator in
      control station 14 then controls the overhead crane 25 and its drum grab
      53 to pick up the drum from the loading dock and load it into the cradle.
      The operator then causes the hatch cover to close and the cradle frame 247
      to move to position II. The clamping members 271, 272 are then actuated by
      engaging socket 305 on shaft 306 with polygonal clamp actuating portion
      286 of the cradle and rotating the shaft as described above, to clamp the
      drum. The socket 305 is then disengaged and the cradle frame angularly
      moved to locate the drum at position III for cap removal. The cradle frame
      is then raised to cause its pin 261 to enter the socket 261a for position
      III, and to raise the drum so its cap 231 can be engaged by the wrench 332
      of cap handling means 320, which is then caused to operate to remove the
      drum cap. The cradle frame 247 is then lowered, and moved angularly to the
      drum filling position IV.
PAR  The cradle frame is here raised to cause its pin 261 to enter the socket
      261a for position III, and to raise the drum so the fill nozzle 351
      extends into the drum. The filling cycle is then carried out as described
      previously by supplying a metered amount of a dispersion of radioactive
      particles in water from decanting tank 216 or from evaporator bottoms
      supply line 445.
PAR  After the proper predetermined amount of the dispersion of radioactive
      particles in the proper proportion of water has been put into the drum,
      the cradle frame is then lowered and moved angularly to the capping
      position III where the cradle frame will again raise the drum so it is in
      capping relation to the cap handling means 320 the wrench of which is
      still holding the cap in a position so that when rotated the cap moves
      downwardly and engages the threads in the drum. The cap is then reinserted
      and screwed tight as described above. The wrench of the cap handling means
      is then released and the cradle frame lowered.
PAR  The cradle frame is next moved to position II to locate the closed drum for
      mixing. As the cradle frame moves into position II, the clutch portions
      293 and 294 engage as described above. The tapered pin 267 is pushed in to
      secure the cradle frame against movement and to release the cradle for
      rotation. The drive motor 303 for rotating the cradle is then started and
      the drum is rotated end-over-end about axis H to mix the drum contents
      thoroughly, the freely movable mixing weights Dw in the drum greatly
      aiding thorough mixing. During the latter part of the mixing cycle, the
      drum may be washed as it is rotating by water sprayed from heads 449 so
      that drum and the interior of the drum housing 226 can be thoroughly
      washed down. When the mixing cycle has been completed, the mixer stops
      with the drum in an upright vertical position as described. Socket 305 on
      shaft 306 is then engaged with polygonal end portion 286 of the clamp
      mechanism on the cradle, and shaft 306 is rotated to unclamp the drum in
      the cradle. After the drum is unclamped and shaft 306 is retracted, pin
      267 is also retracted to secure the cradle to the cradle frame with the
      drum in its upright vertical position and to release the cradle frame from
      the housing so that it may be angularly moved to position I for unloading.
PAR  Hatch cover 234 is then opened and drum grab 55 lowered through the hatch
      into the housing 226 to pick up the drum. The drum is then placed on the
      unloading dock 242 where its weight is checked by scale 244 and its
      radiation level is monitored by monitor 243 and the information
      transmitted electrically to control station 14 for recording.
PAR  The operator places another drum with its predetermined quantity of dry
      cement on the loading dock 241 as shown in FIG. 6 while the drum being
      filled is in housing 226 in its filling cycle. The scale 244 on the
      loading dock is used to verify the cement quantity in the drum, and the
      drumming apparatus is ready for the next cycle.
PAR  After the operator loads the next drum into the cradle and starts the
      drumming cycle, he then places the processed drum in one of the decay
      vaults 12, 13 for storage and brings another drum into position on the
      loading dock. Modifications may be made in this illustrative process of
      operations.
PAR  Control Station
PAR  Equipment in the control station 14 is described in detail in said parent
      co-pending application Ser. No. 182,088.
PAR  The control station includes a control console 23 at which the operator
      will sit and from which he can control the operation of the apparatus by
      remote control. The control station also includes unit 24 spaced
      rearwardly from the control console and containing other apparatus and the
      television monitor screens 57, 59, 62 and 63 (FIG. 1), so that they are at
      a distance from the operator to avoid eyestrain.
PAR  As indicated previously, screen 57 is connected to the television camera 56
      on the trolley and is used to locate the trolley with reference to the
      indicators 55 on the indicating means 54. As also indicated previously,
      screen 59 shows what is viewed by the television camera mounted on the
      grab 53 and particularly to indicate the distance of the grab from the
      tops of drums as indicated below. Television screens 62 and 63 are adapted
      to be connected to selected surveillance television cameras 60, 61 mounted
      on the bridge 51 of the overhead crane.
PAR  Control console 23 is provided with camera control knobs 479 for properly
      focusing and controlling the cameras to provide a good image on the
      television monitor screens.
PAR  The control console may also have means for recording the weights of the
      drums as they go into the drumming stations and the weights of the drums
      as they come out of the drumming stations. Push buttons and lights at the
      center of the console may be used to control the various operations of the
      drumming station manually if desired as indicated in said co-pending
      application. Means may also be provided to control the movement of the
      trolley on the bridge of the crane and the movement of the bridge itself
      and to control the grab hoisting means 104 on trolley 52 to move the grab
      53 up and down. Means may also be provided to open and close the grab
      fingers and to control the rotation of the subframe 143 and grab fingers
      around axis A of the grab.
PAR  Additional Disclosure
PAR  It is apparent that various modifications may be made in the illustrated
      system, apparatuses and processes, and also that some or all portions of
      the illustrated apparatus may be used for purposes other than those
      indicated.
PAR  One modification can be the addition of a second heavy duty hoist 496
      constructed and powered by conventional means, to the crane trolley (FIGS.
      17, 18). The trolley 497 shown in these figures is otherwise similar to
      trolley 52 previously described. Hoist 496 which would be controlled as
      indicated previously from the control station 14, makes it possible to
      move considerably heavier articles then could be lifted by the grab 53 and
      its hoisting apparatus. For example, this heavy duty hoist makes it
      possible to remove the entire shield wall 214 and all of the equipment
      mounted on it, including the decanting tank 216, drumming equipment 215,
      and pumps 217a, 217b, 217c and their drives form the drumming station to
      another area for maintenance, as shown in FIG. 58. Furthermore, if any
      part or all of the unit made up of the shield wall and its associated
      apparatus, should become unusable due to radiation or other causes, it can
      be removed by the hoist for disposal as by burial. It is apparent that
      when such a heavy duty hoist adapted to carry a large load is provided,
      the crane bridge 51, the trolley 497, an; the track structure 47 should be
      designed and made to support and carry the additional loads.
PAR  As a further example of modification, while in the illustrated embodiment
      the decanting tank 216 is located above the drumming equipment 125, the
      decanting tank may be located in other locations and even outside of the
      drumming station; or a common decanting tank such as a power plant
      radioactive waste storage tank could be used as a decanting tank for one
      or more drumming stations.
PAR  In the illustrated embodiment two drumming stations are shown in the
      building; they provide added capacity and reliability if one station
      should be inoperative for any reasons. it is apparent that for smaller
      installations or where the reliability of two stations is not desired one
      drumming station may be used. For larger installations more than two
      drumming stations can be used.
PAR  While the illustrative embodiment discloses advantageous process and
      apparatus in which excess water is decanted from a tank to provide in the
      tank a proper proportion is introduced in a predetermined amount into a
      drum by a metering pump, it is apparent that desired amounts of a mixture
      of radioactive material, solidifying agent and liquid in proper
      proportions may be introduced into drums or other containers by other
      means; and that a solidifying agent be added at a time other than as
      disclosed above. Moreover, drums may be loaded or filled with
      predetermined amounts of radioactive materials in the form of liquids or
      slurries, without use in the drums of solidifying agents, and the drums
      may be handled and shipped with liquid contents. Since it appears that
      presnet regulations do not require shipment of radioactive wastes in solid
      form, it may be desirable to ship drumscontaining wastes in liquid or
      slurry form, and the inventive apparatus and process may be used for such
      purpose.
PAR  The term "fluent material" is intended to cover slurries or dispersions of
      particulate materials in liquids; liquids not containing particulate
      materials; and other flowable materials that may be handled according to
      the apparatus and process of the invention. The particulate materials may
      be of sizes different from those indicated above, as substantially larger.
PAR  While the container has been disclosed as a steel drum, it is apparent that
      other types of containers may be used.
PAR  Furthermore, although the invention has been discussed above in connection
      with the radioactive wastes resulting from boiling water or pressure water
      plants, the process and apparatus of the invention may be employed in
      connection with the disposition of other types of radioactive wastes, or
      radioactive wastes from other types of nuclear plants, such as those
      utilizing sodium or heavy water as heat transfer fluid; and the invention
      may be employed in connection with the handling of dangerous wastes or
      chemicals from other types of plants.
PAR  From the above disclosure, it is apparent that the invention provides
      process and apparatus in which, by remote control, radioactive waste or
      other dangerous materials may be handled, put into containers which are
      sealed, and the containers handled and moved, without exposure of
      personnel to dangerous radioactivity or other dangers arising from the
      materials. Wherever necessary, all portions of the system are fail safe,
      so failure of electric supply or energy fluid such as pressurized air will
      not cause damage or unsafe conditions. All possible drives, fluid
      cylinders, controls, and switches are located in safe areas, usually on
      the safe side of a shield wall. All equipment for handling radioactive
      waste material can be moved from areas of high radiation to areas of
      little or no radiation. For these reasons routine as well as essentially
      all major maintenance or repair work can be done safely with little if any
      exposure of maintenance or other personnel to any radiation.
PAR  Wherever the metal shield wall 214 that carries the operative drumming
      apparatus is penetrated by a drive, the drive is by means of a rotating or
      reciprocating shaft in such a manner that the operation is accurately
      performed and escape of radiation is prevented; this makes for reliability
      and safety.
PAR  To insure that the apparatus performs satisfactorily with the utmost safety
      to personnel and the environment, the apparatus of the invention has a
      high degree of redundancy or dualism in drives, controls, viewing means,
      lights, and monitoring means. For example, the apparatus is designed to
      avoid completely any spills of radioactive material during placement of
      the radioactive material in the drums, closing the drums and rotating
      them. But if a spill should occur during any of these steps, it is
      contained in the housing of the drumming equipment. Sprays are provided to
      wash the spills into a movable container or sump at the bottom of the
      housing; these sprays also cleanse the inside of the housing and equipment
      in it to deter radioactive contamination. The movable container is
      designed to cause the solid material to settle out and to be discharged
      into the plant drain.
PAR  These and other modifications may be made in the apparatus or process
      disclosed, and other modifications, advantages, and modes of operation
      will become apparent without departing from the spirit of the invention.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. Apparatus for handling radioactive material comprising a rigid shield
      wall of material and thickness sufficient to reduce substantially harmful
      passage of radioactivity through said shield wall to a level that is not
      harmful to human operators; means, supported from one side of said shield
      wall that is exposed to radioactivity from said radioactive material, for
      handling radioactive material, said handling means including supporting
      means for supporting and moving a container adapted to contain radioactive
      material between a position at which radioactive material is introduced
      into said container through an opening thereof and a position at which
      closure means is placed to close said opening of said container, while
      said container is adjacent the side of the shield wall that is exposed to
      radioactivity, said handling means also including means at said last
      mentioned position operable to place closure means to close said opening
      of said container after radioactive material has been introduced therein;
      power means for operating said handling means located on the other side of
      said shield wall that is not exposed to radioactivity from said
      radioactive material; and movable means for driving said handling means,
      including said supporting means and said closure-placing means, which
      movable means extends through said shield wall to operate said supporting
      means and said closure-placing means from said power means without such
      harmful passage of radioactivity through said shield wall.
NUM  2.
PAR  2. The apparatus of claim 1 in which said shield wall is formed in
      sections, abutting sections of said shield wall joining in a joint formed
      of abutting surfaces of such sections that are offset to eliminate a
      straight joint through said shield wall, and in which said handling means
      is supported from one of said sections of said shield wall, which section
      of said shield wall is adapted to be moved as a unit with said handling
      means supported from said shield wall section.
NUM  3.
PAR  3. The apparatus of claim 1 comprising means for demountably supporting
      said shield wall, which shield wall is adapted to be removed from said
      supporting means and moved as a unit with said handling means supported
      from said shield wall.
NUM  4.
PAR  4. Apparatus for handling radioactive fluent material capable of emitting
      radioactivity comprising a rigid shield wall of material and thickness
      sufficient to reduce substantial passage of radioactivity through said
      shield wall to a level that is not harmful to human operators; means,
      supported from one side of said shield wall that is exposed to
      radioactivity from said fluent material, for handling said radioactive
      fluent material, said handling means comprising pump means for introducing
      said fluent material into a container through an opening thereof while
      said container is adjacent said side of said shield wall exposed to
      radioactivity from said fluent material, said handling means also
      including means operable to place closure means to close said opening of
      said container after fluent radioactive material has been introduced
      therein; power means for operating said handling means located at the
      other side of said shield wall that is not exposed to radioactivity from
      said fluent material; and movable means for driving said handling means,
      including said pump means and said closure placing means, which movable
      means extends through said shield wall to operate said pump means and said
      closure placing means from said power means without such harmful passage
      of radioactivity through said shield wall.
NUM  5.
PAR  5. The apparatus of claim 4 in which said power means is supported from
      said other side of said shield wall.
NUM  6.
PAR  6. Apparatus for handling radioactive fluent material capable of emitting
      radioactivity comprising a rigid shield wall of material and thickness
      sufficient to reduce substantially passage of radioactivity through said
      shield wall to a level that is not harmful to a human operator; operable
      means for controlling flow of said fluent material comprising pump means
      for pumping said fluent material supported from one side of said shield
      wall that is exposed to radioactivity from said fluent material, said pump
      means comprising operable valve means; power means for operating said pump
      means and for operating said valve means located at the other side of said
      shield wall that is not exposed to radioactivity from said fluent
      material; and movable means for driving said pump means and for driving
      said valve means extending through said shield wall to operate said pump
      means and said valve means from said power means without such harmful
      passage of radioactivity through said shield wall.
NUM  7.
PAR  7. Apparatus for handling radioactive fluent material capable of emitting
      radioactivity comprising a rigid shield wall of material and thickness
      sufficient to reduce substantially passage of radioactivity through said
      shield wall to a level that is not harmful to human operators; operable
      means for controlling flow of said fluent material comprising operable
      valve means that is supported from one side of said shield wall that is
      exposed to radioactivity from said fluent material; power means for
      operating said flow controlling means including said valve means located
      at the other side of said shield wall that is not exposed to radioactivity
      from said fluent material; and movable means for driving said valve means
      extending through said shield wall to operate said valve means from said
      power means without such harmful passage of radioactivity through said
      shield wall.
NUM  8.
PAR  8. The apparatus of claim 7 in which said power means is supported from
      said other side of said shield wall.
NUM  9.
PAR  9. Apparatus for handling radioactive fluent material capable of emitting
      radioactivity comprising a rigid shield wall of material and thickness
      sufficient to reduce substantially passage of radioactivity through said
      shield wall to a level that is not harmful to human operators; means,
      supported from one side of said shield wall that is exposed to
      radioactivity from said fluent material, operable to place closure means
      to close the opening of a container adapted to contain said fluent
      material; power means for operating said operable closure-placing means
      located at the other side of said shield wall that is not exposed to
      radioactivity from said fluent material; and movable means for driving
      said closure-placing means which movable means extends through said
      shields wall to operate said closure-placing means from said power means
      without such harmful passage of radioactivity through said shield wall.
NUM  10.
PAR  10. The apparatus of claim 9 in which said power means is supported from
      said other side of said shield wall.
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ABST
PAL  A device for closing and opening X-ray film holders is provided with a
      pressure plate and a flexible partition separating the device into a main
      compartment and an auxiliary compartment. Each of said compartments is
      provided with means allowing the particular compartment to be evacuated
      and to be exposed to air under atmospheric pressure, irrespective of the
      condition of vacuum and/or pressure prevailing in the other of said
      compartments.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  X-ray films, when prepared for exposure, are stored in light-tight film
      holders, kept closed by a vacuum prevailing inside of the film holder
      combined with external atmospheric pressure prevailing outside the film
      holder. Such film holders are well known in the art. Such film holders are
      more fully disclosed in my patent application Ser. No. 343,982, filed Mar.
      22, 1973 for VACUUM FILM HOLDER FOR RADIOGRAPHY, now abandoned.
PAR  This invention refers more particularly to means for opening and closing
      vacuum X-ray film holders. It is common practice to use for this purpose
      means defining chambers for receiving the film holders for X-ray films.
      Such chambers are provided with means for selectively establishing therein
      a vacuum or atmospheric pressure. Such chambers are further provided with
      means operable from the outside of the chamber in the presence of a vacuum
      therein for performing some mechanical operation inside of the chamber.
      Prior art devices of this kind generally include a bushing for mechanical,
      hydraulic or pneumatic means projecting through one of the chamber-forming
      walls, operable from the outside of the chamber by a manipulator for
      actuation of a film holder inside of the chamber. These prior art devices
      are relatively complex and the aforementioned bushings thereof are an
      undesirable feature, their fluid-tightness never being fully assured.
      Furthermore, the aforementioned prior art devices do not lend themselves
      to form part of automated film-change and film-processing systems.
PAR  The object of the present invention is to provide improved devices for
      opening and closing vacuum X-ray film holders which devices are not
      subject to the drawbacks and limitations of the aforementioned prior art
      devices.
PAC  SUMMARY OF THE INVENTION
PAR  Devices embodying the present invention include box-like means defining a
      chamber for receiving vacuum film holders for X-ray films. A pressure
      plate arranged inside said chamber is operable from the outside thereof
      for selectively exerting pressure upon, and relieving pressure from, film
      holders inside said chamber. The chamber has flexible partition means
      having inner ends integral with said pressure plate and having outer ends
      integral with said chamber-defining means, sub-dividing said chamber into
      a main compartment and into an auxiliary compartment. The compartments are
      tightly separated from each other so as to preclude any significant flow
      of air from one into the other. The main compartment is provided with
      first passageway means for selectively evacuating said main compartment
      and for admitting atmospheric pressure to said main compartment. The
      auxiliary compartment is provided with second passageway means for
      selectively evacuating said auxiliary compartment and for admitting
      atmospheric pressure to said auxiliary compartment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top-plan view of a device embodying the present invention; and
PAR  FIG. 2 is a longitudinal section of the device shown in FIG. 1 taken along
      the median plane of FIG. 1.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, numeral 1 has been applied to indicate a
      base plate supporting a hood-like box 2. Base plate 1 supports a
      rectangular flexible seal 3 and the lower edges of the lateral walls of
      hood-like box 2 engage, and rest upon, seal 3. Hood-like box 2 and seal 3
      are held in firm engagement by appropriate clamping means such as, for
      instance, a plurality of clamps 4. The provision of clamping means is,
      however, not mandatory. In some instances clamping means of any kind may
      be dispensed with in which instances pressure must be applied upon
      hood-like box 2 when evacuating the main compartment 11 of the device, to
      be described below in detail. The chamber defining means 1,2 are provided
      with a horizontal pressure plate 9 arranged therein. The space below
      pressure plate 9 is the above referred-to main compartment 11 of the
      device and the space above pressure plate 9 will be referred-to
      hereinafter as the auxiliary compartment 12 of the device. The main
      compartment 11 and the auxiliary compartment 12 must be separated tightly
      from each other so that no significant air flow can occur from one into
      the other when one is evacuated and the other is not evacuated. To this
      end the device is provided with flexible partition means 10 having inner
      ends integral with pressure plate 9 and having outer ends integral with
      hood-like box 2. The flexible partition means 10 may be formed by a
      flexible bellows. As an alternative, the flexible partition means 10 may
      be formed by a flexible membrane or diaphragm having a portion affixed to
      pressure plate 9 and having outer ends affixed to hood-like box 2.
      Reference numeral 5 has been applied to indicate a passageway or duct
      intended to be connected to a vacuum pump (not shown) for evacuating main
      compartment 11 and reference numeral 6 has been applied to indicate a
      passageway or duct for admitting air at atmospheric pressure to main
      compartment 11. It will be understood that passageways or ducts 5,6 are
      provided with valves (not shown) which may be operated either manually, or
      automatically, in a predetermined sequence which will be apparent from
      what follows.
PAR  Reference numeral 13 has been applied to indicate a passageway or duct
      intended to be connected to a vacuum pump (not shown) for evacuating the
      auxiliary compartment 12 and reference numeral 14 has been applied to
      indicate a passageway or duct for admitting air at atmospheric pressure to
      auxiliary compartment 12. It will be understood that passageways 13,14 are
      provided with valves (not shown) which may be operated either manually, or
      automatically.
PAR  The sequence in which the valves controlling passageways or ducts 5,6,13,14
      must be opened and closed will become fully apparent from the way in which
      the device is applied, to be described below in detail.
PAR  In FIG. 2 reference numeral 7 has been applied to indicate a support for a
      vacuum film holder 8.
PAR  A vacuum film holder 8 intended to be closed is placed upon support 7 and
      parts 1,2 are then caused to engage under pressure resulting in
      compression of flexible seal 3. Thereupon passageway 14 is closed and
      auxiliary compartment 12 is evacuated by connecting passageway 13 to a
      vacuum pump. As a result, partition means 9 do not exert any longer
      pressure upon film holder 8. Thereupon passageway 6 is closed and main
      compartment 11 is evacuated by connecting passageway 5 to a vacuum pump.
      As a result, the inside of film holder 8 is evacuated. Next auxiliary
      compartment 12 is disconnected from the vacuum pump, and air under
      atmospheric pressure is admitted through passageway 14 into auxiliary
      compartment 12. As a result, partition 9 now engages under pressure film
      holder 8 and causes the constituent parts thereof to engage under
      pressure. Thereupon passageway 5 is disconnected from the vacuum pump, and
      air under atmospheric pressure is admitted through passageway 6 into main
      compartment 11. The film holder is now maintained by external pressure and
      internal vacuum in its closed position, and may be removed from the
      loading device and exposed to X-rays.
PAR  Opening film holder 8 is effected as follows. Upon placement of film holder
      8 inside the chamber formed by parts 1,2, as shown in FIG. 2, auxiliary
      chamber 12 is evacuated by blocking passageway 14 and connecting
      passageway 13 to a vacuum pump. As a result, pressure plate 9 does not any
      longer exert any pressure upon film holder 8. Thereupon a vacuum is
      established in main compartment 11 by blocking passageway 6 and connecting
      passageway 5 to a vacuum pump. That vacuum ought to be slightly higher
      than the vacuum produced in main compartment 11 when closing film holder
      8. Under such conditions film holder 8 will open automatically as a result
      of the difference in magnitude of the outside and the inside vacuum. When
      the film holder 8 is opened, air under atmospheric pressure may be
      admitted through passageway 6 into main compartment 11. Film holder 8
      remains open while this is done, and its inside is now subjected to the
      pressure of atmospheric air. Hence it may be removed from the enclosure
      1,2.
PAR  It will be understood that the same vacuum pump may be used for evacuating
      main compartment 11 and auxiliary compartment 12, and that the necessary
      sequences of opening and closing of passageways 5,6,13,14 may readily be
      effected automatically, e.g. by solenoid valves under the control of
      cam-operated switches.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A device for closing and opening vacuum film holders for X-ray films
      including
PA1  a. means defining a chamber for receiving vacuum film holders for X-ray
      films;
PA1  b. a pressure plate arranged inside said chamber and operable from the
      outside thereof selectively exerting pressure upon, and relieving pressure
      from, vacuum film holders inside said chamber;
PA1  c. flexible partition means having inner ends integral with said pressure
      plate and having outer ends integral with said chamber-defining means
      subdividing said chamber into a main compartment and into an auxiliary
      compartment being tightly separated from each other to preclude any
      significant flow of air from one compartment to the other;
PA1  d. first passageway means for selectively evacuating said main compartment
      and for admitting air at atmospheric pressure to said main compartment;
      and
PA1  e. second passageway means for selectively evacuating said auxiliary
      compartment and for admitting air at atmospheric pressure to said
      auxiliary compartment.
NUM  2.
PAR  2. A device as specified in claim 1 wherein said flexible partition means
      is formed by a bellows.
NUM  3.
PAR  3. A device as specified in claim 1 wherein said flexible partition means
      is formed by a flexible membrane.
NUM  4.
PAR  4. A device as specified in claim 1 wherein said first means include a
      first evacuating passageway and a first air admission passageway each
      provided with one of a first pair of valves, and wherein said second means
      include a second evacuating passageway and a second air admission
      passageway each provided with one of a second pair of valves.
NUM  5.
PAR  5. A device as specified in claim 4 including a control device controlling
      the sequence of operation of said first means and of said second means.
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ABST
PAL  A system to locate selected vehicles traveling on standard streets or
      highways which periodically and automatically determines the location of
      the vehicle relative to a pre-established reference such as a map using
      fixed passive optical arrays as sign posts and means on the vehicles to
      read the sign posts and communicate the locational information thereon to
      a central monitoring station.
BSUM
PAC  BACKGROUND ON THE INVENTION
PAR  Vehicle locating systems which automatically determine and make available
      to a central point, the positions of a group of vehicles throughout a
      geographic area have been based on four basic techniques: radio
      propogation time, proximity, dead reckoning and triangulation. However,
      each has disadvantages particular to the technique which has heretofore
      made automatic vehicle locating systems impractical.
PAR  Optical systems, such as those for sensing the motion of railroad cars past
      a given location have been successful but are too expensive to use when a
      large number of locations are to be reported for a given vehicle rather
      than a large number of vehicles for a given location. Also the railroad
      systems can not accommodate the spacing and height differences that occur
      when automotive vehicles are to be located.
PAR  The need for automatic vehicle monitoring systems has been increasing for
      vehicles such as transit buses, police vehicles and taxi fleets as well as
      commercial users such as package delivery services and private maintenance
      and home repair services. More specifically, automatic vehicle locating
      systems offer means for dealing with the schedule variations of transit
      buses by applying real-time control to the systems. With the location of
      each bus continuously available to the central office, schedule deviations
      can be computed automatically and through a return radio link, drivers can
      be instructed to skip a stop, wait at a stop or take other corrective
      action to rapidly alleviate the schedule deviation. In addition to
      reducing routing and schedule deviations, automatic vehicle locating
      systems can enable buses to be rescheduled or re-routed quickly in
      response to unusual conditions such as traffic emergencies or bus
      breakdowns.
PAR  With police vehicles normally assigned to specific control areas, there are
      fixed protocols that govern their response to a crime. The ability of an
      automatic vehicle locating system to pinpoint the location of a car can
      enable the police dispatcher to assign the police car closest to the
      location of the crime. This not only can save time in responding to a call
      but it also can allow the selection of a cruiser, that, although assigned
      to an adjacent patrol area, happens to be closer to the problem and is
      available to respond faster. This same general approach can be used in
      taxi fleets to assure that the closest available taxi is alerted in
      response to a call for service thereby significantly reducing the amount
      of non-revenue miles for the taxis.
PAC  SUMMARY OF THE INVENTION
PAR  The present vehicle locator system is intended to provide means for
      periodically and automatically determining and updating the locations of
      various vehicles traveling on standard streets or highways.
PAR  The present system includes three major subassemblies: light source
      transmitter means, arrays of optical reflectors located at known fixed
      locations along the streets and roads which will be traveled, and light
      detector receiver means. The transmitter and receiver subassemblies are
      installed on the vehicle to be located while the reflector arrays are
      mounted on utility or traffic control poles or other structure providing
      adequate vertical height and support. Individual reflectors on each array
      are spaced in a special pattern to achieve a unique code. The transmitter
      produces a sidewardly extending beam of light in a vertical plane which
      may be at visible or invisible wavelengths to illuminate any reflector
      array it passes. The receiver senses the reflected beam and decodes the
      information into a digital signal which is stored and accessed through the
      vehicle's communication system to a central console system. It is
      contemplated that the location information will be transmitted upon demand
      using interrogation techniques similar to those used in aircraft
      transponders. Upon interrogation, the system will automatically transmit
      the last location so that the position and direction of travel of the
      vehicle can be determined.
PAR  It is therefore an object of the present invention to provide means for
      automatically locating vehicles traveling along streets and highways using
      reflector arrays which act as sign posts.
PAR  Another object is to provide a passive sign post vehicle locator system.
PAR  Another object is to provide a sign post vehicle locator system whose sign
      posts are inexpensive so they can be relatively closely spaced at a
      reasonable cost.
PAR  Another object is to provide a vehicle locator system which is not
      particularly susceptible to jamming and does not attract vandalism and
      theft.
PAR  Another object is to provide an automatic vehicle locator system which does
      not interfere with existing radio or magnetic systems.
DRWD
PAR  These and other objects and advantages of the present invention will become
      more apparent after considering the following detailed specification which
      covers preferred embodiments thereof in conjunction with the accompanying
      drawings wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the present invention mounted on a police
      car reading a reflector array.
PAR  FIG. 2 is a schematic representation of a light source transmitter for the
      present system.
PAR  FIG. 3 is an enlarged cross-sectional view of the array of FIG. 1 mounted
      on a utility pole.
PAR  FIG. 4 is an isometric view of a retro-reflector element for the reflector
      array sign post shown in FIG. 1.
PAR  FIG. 5 is a schematic diagram of the light detector receiver and its
      associated equipment for the present system.
PAR  FIG. 6 is a chart of the signal input to the amplifier of FIG. 5 when the
      vehicle of FIG. 1 moves past the array of FIG. 1 at a relatively constant
      speed and,
PAR  FIG. 7 is a diagram of an integrate and dump detector used in the detection
      electronics of FIG. 5.
DETD
PAC  DESCRIPTION OF THE SHOWN EMBODIMENTS
PAR  Referring to the drawings more particularly by reference numbers, number 10
      in FIG. 1 refers to a vehicle using the automatic vehicle locator system
      12 of the present invention. The system 12 includes three major
      subassemblies which are at least one light source transmitter 14 fixed to
      the vehicle, a plurality of uniquely coded reflector arrays such as array
      16 and at least one light detector receiver 18 mounted to the vehicle 10
      in general vertical alignment with the transmitter 14.
PAR  The light source transmitter 14 is shown schematically in FIG. 2 and
      includes a connection 20 to a power source to power a relatively high
      powered light source 22. The frequency at which light source 22 transmits
      can be visible or invisible radiation depending on environmental and other
      considerations present in the area in which the system 12 is to be used.
      For example, a light source transmitter which radiates at 2536.5 Angstroms
      with a band width of .+-. 50 Angstroms is highly advantageous in areas
      where fog is relatively uncommon. This wave length is unique because the
      upper atmosphere ozone air layer absorbs essentially all the solar
      ultraviolet energy at this frequency thus eliminating solar background
      noise. This enables the development of a very low power high signal to
      noise ratio system whereas certain other wave lengths are impractical
      because the solar background intensity would swamp any locator system
      signal generated. On the other hand, in areas where fog is a common
      occurrence and occasional high background noise can be tolerated,
      frequencies into the infrared are at least conceptually advantageous.
PAR  The light source 22 operates continuously when the vehicle is in motion so
      that no special turn-on signals are required. A mercury arc or other type
      lamp which has a strong ultraviolet output is especially desirable. As can
      be seen, the light source 22 is designed to be a vertical line source
      rather than a point source. This results in a vertical, fan-shaped beam 23
      after projection by the transmitter optics such as lens 24 which is narrow
      in width and diverges within fixed limits in the vertical plane. When an
      ultraviolet beam 23 is being used, quartz lenses are particularly
      advantageous since they absorb very little radiation in the ultraviolet
      portion of the spectrum. The beam 23 from the light source 22 is filtered
      either before, after, or during the time the 23 beam is shaped by the
      optics by means of a filter 26 which is designed to pass a narrow band of
      frequencies having a predetermined center frequency. This allows the use
      of a frequency sensitive detector as will be discussed hereinafter.
PAR  It is usual that the light source transmitter 14 be located on a top
      surface of the vehicle 10 such as the hood, trunk lid or roof 28 as shown.
      It is oriented so that the beam 23 points generally 90.degree. from the
      direction of travel of the vehicle toward the right side of the roadway.
      The elevation center line 30 and the vertical width angle 32 of the beam
      23 are chosen so that reflector arrays 16 will be painted thereby when the
      vehicle 10 passes no matter which lane of traffic the vehicle 10 is in.
PAR  In FIG. 1, the reflector array 16 is shown mounted to a utility pole 34 at
      a sufficient height to avoid vandalism and to be illuminated by the lower
      limits 36 of the beam 23 when the vehicle is in the inside lane, or in an
      optional embodiment across the street, without interference from most
      intervening vehicles. The array 16 is also mounted low enough so that the
      upper edge 38 of the beam 23 will illuminate the array 16 when the vehicle
      10 is in the lane adjacent the array 16. The array 16 itself is oriented
      along the expected path of the vehicle 10 with the long dimension of the
      array parallel to the curb. The array 16 includes a plurality of
      reflectors such as the cube corner retroreflector 40 shown. The reflectors
      40 which can be protected from weather and debris by means such as the
      hood 42 are present on the array 16 in a coded form, that is, their
      position in the array is in accordance with a predetermined digital code.
      The code of the array 16 shown being 10101011110111010101. It is usually
      required that start and stop codes such as 10101 be included at both ends
      of the array 16. This enables the system 12 to sense the speed of the
      vehicle 10 passing the array 16 so that the information contained in the
      positions and spacing of the other reflectors 40 can be decoded. The start
      and stop codes also enable logic circuits to determine the validity and
      perform a parity check of the sensed signal from the array 16.
PAR  It has been found that economical retroreflectors 40 can be constructed by
      molding the well-known cube corner shapes into a plastic block whose
      surface is then coated with aluminum. This type of retroreflector will
      work well with just about any frequency of light whereas ultraviolet
      radiation would be absorbed if it was required to pass through the
      plastic. Ultraviolet radiation is also absorbed by some other normally
      reflective coatings. By making the reflector 40 out of quartz, this
      tendency to absorb ultraviolet light can be overcome, however, the use of
      quartz is a more expensive solution than front surface coating.
PAR  As can be seen in FIG. 4, the reflector 40 includes two reflectors elements
      44 and 46 oriented 180.degree. with respect to each other so that a
      constant vertical area of reflector element surface is available to
      reflect the beam 23 as it sweeps across the reflector 40 due to the
      movement of the vehicle 10. Although two retroreflectors are not
      necessarily required, it is convenient since they tend to produce square
      pulses of reflected light which are easier to detect from background
      noise. It is a characteristic of retroreflectors such as the cube corner
      reflector elements 44 and 46 shown that they return a beam in a direction
      parallel to the incident beam. This means that when the vehicle
      transmitter 14 is adjacent to the reflector array 16, the beam 23 will be
      returned back to the vehicle 10 where it can be detected by the light
      detector receiver 18. The use of retroreflectors 40 also enables the
      vehicle 10 and its light beam 23 to be at a substantial angle both
      vertically and horizontally from the array 16 and still have the beam
      reflected back toward the light detector receiver 18.
PAR  The light detector receiver 18 is shown diagramatically with its associated
      components in FIG. 5. The light detector receiver 18 includes an optical
      system such as one or more lens 48. The light reflected and returned to
      the detector receiver 18 is collected with the lens 48 and passed through
      a filter 50 which can be a narrow band filter allowing passage only of the
      desired portion of the frequency spectrum to screen out background light.
      The reflected light is then passed through a narrow slit 52 which serves
      as a stop to limit the horizontal field of view of the detector receiver
      18. The horizontal field of view is chosen to be less than the width of
      one reflector 40 so that simultaneous reception of radiant energy from
      more than one reflector 40 cannot occur. The vertical field of view,
      however, is large enough to accommodate the variable street width and
      height array conditions which exist in the area of interest.
PAR  The filtered light passing through the slit 52 is focused on a photo cell
      54 where it is detected and converted to an electrical signal which is
      transmitted to an amplifier 56 for increasing the signal level a suitable
      amount compatible with the detection electronics 58. A signal 59 typical
      of those passed between the amplifier 56 and the detection electronics 58
      is shown in FIG. 6. The signal 59 contains the code indicator that the
      vehicle is passing the array 16 of FIG. 1. It should be realized that the
      amplitude, the shaping and the timing of the pulses of signal 59 can vary
      depending upon the environmental conditions, the distance that vehicle 10
      is away from the reflector array 16 and the speed of the vehicle 10
      passing the array 16. Therefore, the detection electronics 58 include an
      integrate and dump detector 60 shown in FIG. 7 to enhance tolerance to
      noise and imperfect synchronization. In the operation of the integrate and
      dump circuit 60, output pulses from a clock 62 and the amplifier 56 are
      fed to an AND gate 64 which gates pulses from the clock 62 into a binary
      counter, the clock pulses being substantially more frequent than the
      pulses in the input data stream. The counter 66 is reset at the beginning
      of each bit period. In the ideal case, the contents of the counter 66
      would be zero for a 0 and would be equal to the measured counts per period
      determined by synchronization circuitry for a 1. As the real system 12
      departs from the ideal due to noise or synchronization imperfections, a
      few counts will accumulate in the counter 66 for 0 and less than a full
      count will accumulate in the counter 66 for a 1. To make a decision if a
      bit is a 1 or a 0, the contents of the counter 66 are compared to the
      contents of the bit period storage register 68 by means of a comparator
      70. Note that the 2.sup.i position of the counter is compared with the
      2.sup.i.sup.+1 position of the referenced bit period count storage
      register 68. With this arrangement the comparator 70 has an output when
      the counter counts up to a number one-half that stored in the bit period
      count storage register 68. Operation is such that if the count for a bit
      period is less than one-half the stored reference, a 0 is shifted from the
      comparator 70 into a data storage register 72 and if the count equals or
      exceeds one-half the stored reference a 1 is shifted into the data storage
      register 72. Accommodation of a range of bit rates is therefore
      automatically achieved by storing the proper binary number in the register
      68.
PAR  Since all reflector arrays have a start code such as 10101, this
      characteristic is used to provide the means to identify signals from a
      reflector array, adjust the bit rates and reject spurious random
      reflections which may enter the receiver 18. A similar end of message
      10101 code can also be used. The identifying is done in the accumulator
      74. As the vehicle 10 passes the array 16, the first pulse is processed as
      described and stored in the accumulator 74. If a second pulse doesn't
      arrive shortly after the first pulse, at an interval dependent on vehicle
      speed, then some object other than an array 16 has reflected or provided
      the original signal. In order to overcome this situation the accumulator
      74 is cleared after a short period of time if a second signal does not
      arrive. A typical time can be 0.05 seconds for a minimum vehicle velocity
      of 1 mph (1.61 kph) and a 1 inch (2.54 centimeters) spacing of the
      reflectors. The time interval selected is based on the expected minimum
      vehicle velocity and the reflector spacing.
PAR  The other type of false signal that can be received is a continuous or near
      continuous one again indicating a source other than the array 16. Logic in
      the detection electronics 58 can be used to reject these signals by
      establishing a minimum time interval criteria for acceptable start
      signals. For vehicle speeds up to 80 mph (128.8 kph) and 1 inch (2.54
      centimeter) reflector spacing, the minimum time interval is 7.1 .times.
      10.sup..sup.-4 seconds. All signals received in an interval shorter than
      this are rejected. If a continuous signal persists for a predetermined
      time indicating the source is probably the sun, a unique code can be
      generated to alert the central office.
PAR  Once the accumulator 74 has acquired a complete count, a parity check can
      then be run on the data. If the check is good the data is released for
      storage in a storage register 76 associated with the communication system
      78 present in the vehicle 10. Means can be provided in the communication
      system similar to those used in transponders for release of the data via
      the communications system when integrated by a central control. If the
      parity check is bad, the accumulator 74 is cleared so that the last valid
      information is continued to be stored in the storage register 76 for
      transmission if the vehicle 10 happens to be interrogated.
PAR  Since the reflector arrays are relatively economical it is contemplated
      that they be placed at about tenth of a mile intervals throughout the area
      to be covered. This can be reduced somewhat if a dual transmitter receiver
      is used such as shown in FIG. 1 wherein a second beam 23' is projected to
      the left side of the vehicle 10 for reading arrays placed on the left side
      of the road. Of course the reflector array codes reflected back from beam
      23' will be reversed from that along the right side of the road which can
      be accommodated by the codes on the arrays 16 or since a separate receiver
      light detector receiver 18 prime is used, the code can be reversed
      electronically by means of wellknown techniques.
PAR  Although the above discusses the preferred embodiment where light or the
      absence of light is detected, different reflected wavelengths and
      different polarizations of reflected light can also be used in the sensing
      means for the present invention.
PAR  Thus, there has been shown and described novel means for automatically
      locating the position of vehicles in a given geographical area which
      fulfill all the objects and advantages sought therefor. Many changes,
      alterations and other uses and applications of the subject locator system
      will become apparent to those skilled in the art after considering this
      specification and the accompanying drawings. All such changes,
      modifications, variations and other uses and applications which do not
      depart from the spirit and scope of this invention are deemed to be
      covered by the invention which is limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for locating at least one movable vehicle at predetermined
      locations comprising:
PA1  a plurality of reflective arrays, each array including a plurality of
      reflectors in a coded pattern and being located at a predetermined
      location adjacent a path for the vehicle along which the location of the
      vehicle is to be determined, each array having a predetermined start code;
PA1  a transmitter on the vehicle including means for producing at least one
      beam of radiant energy at ultraviolet frequencies, said transmitter beam
      having a vertically oriented fan shape which extends outwardly from the
      side of the vehicle to impinge and be reflected in accordance with said
      coded pattern by an array as the vehicle passes along the path; and
PA1  a receiver on the vehicle including detector means to detect said coded
      pattern of reflected radiant energy from an array, said detector means
      being positioned in a vertical plane with respect to said transmitter beam
      producing means and including optical means for focusing said reflected
      radiant energy, filter means which pass only said ultraviolet frequencies,
      a detector element to convert said filtered radiant energy into electrical
      signals, means positioned between said detector element and said array to
      restrict the view of said detector element to one reflector at a time,
      means connected to said detector means to sense said start code including
      means to accommodate a predetermined range of bit rates, means to store
      said array code upon being enabled by said start code sensing means, and
      means to transmit said array code which indicates the predetermined
      location of said vehicle.
NUM  2.
PAR  2. The system defined in claim 1 wherein said means to sense said start
      code include an integrate and dump circuit to determine whether or not a
      reflector is being sensed.
NUM  3.
PAR  3. The system defined in claim 1 wherein said transmitter includes second
      beam producing means which produce a second beam radiant energy which
      extends outwardly from said vehicle in a direction relative to the path
      opposite to said other beam to illuminate arrays which happen to be on the
      opposite side of the vehicle's path and wherein said receiver includes
      second beam detecting means to detect said coded pattern of said second
      beam's reflected radiant energy from an array.
NUM  4.
PAR  4. The system defined in claim 1 wherein at least a main portion of said
      radiant energy has a wave length between 2486.5 and 2586.5 Angstroms.
NUM  5.
PAR  5. The system defined in claim 1 wherein said array is divided into a
      predetermined number of sections positioned therealong, said sections
      having a predetermined length and some of said sections including
      retroreflectors to produce said coded pattern having predetermined
      reflection characteristics.
NUM  6.
PAR  6. The system defined in claim 5 wherein each of said reflectors are
      retroreflectors comprised of a pair of cube corner reflector elements
      oriented at 180.degree. to each other and in vertical alignment, said cube
      corner reflector elements being coated with reflective material on the
      front surface thereof.
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PAL  Three magnetic bubble logic gates are disclosed in this application. One
      gate produces the AND and NAND logic functions, one gate produces the OR
      and NOR logic functions, and the third gate produces the majority
      function. In the gate providing the AND and NAND functions and in the gate
      providing the OR and NOR functions, a bubble generator applies magnetic
      bubbles at the binary variable rate to a first bubble propagation track,
      which diverges into two downstream tracks with the bubble being
      transmitted through the point of divergence to a preferred one of the two
      downstream tracks unless repelled to the unpreferred downstream track.
      Bubbles representing the binary variables are applied to data propagation
      tracks which approach the point of divergence in the first track. In the
      gate providing the AND and NAND functions, this approach is only close
      enough so that simultaneous bubbles representing both binary variables are
      required to repel a bubble at the point of divergence to the unpreferred
      track. In the gate providing the OR and NOR functions, the approach of the
      tracks containing the binary variables is sufficiently close that a bubble
      on either of these tracks will repel a bubble at the point of divergence
      to the unpreferred track. In the gate providing the majority function,
      five adjacent tracks are provided to which binary variables are applied. A
      bridging pattern of circuit elements is provided extending across the
      tracks which bridging pattern increases in density from track to track
      with the increase in density being in the same direction between each
      adjacent pair of tracks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to the field of magnetic bubble technology
      (MBT) and more particularly to logic arrangements utilizing the
      capabilities of single wall magnetic domain devices.
PAR  The continuing evolution of MBT has now reached the point where large scale
      application to various data processing is practicable. Current interest in
      MBT is due primarily to the prospect of extremely high bit packing
      density, low power consumption and reliability for low cost means
      memories.
PAR  Briefly, MBT involves the creation and propagation of single wall magnetic
      domains in specially prepared magnetic materials. The application of a
      static uniform magnetic bias field orthogonal to a sheet of magnetic
      material having suitable uniaxial anisotropy causes the normally random
      serpentine pattern of magnetic domains to contract or shrink into short
      cylindrical figurations or bubbles whose common polarity is opposite that
      of the bias field. The bubbles repel each other and can be moved or
      propagated by a magnetic field in the plane of the sheet.
PAR  Many schemes now exist for propagating the bubbles along the sheet in
      predetermined channels. One propagation system includes permalloy circuit
      elements shaped like military uniform stripes or "chevrons" spaced
      end-to-end in a thin layer over the sheet of magnetic material to define a
      bubble propagation track. The drive or propagation field is continuously
      rotating in the plane of the sheet causing each chevron to act as a small
      magnet whose poles are constantly changing. As the drive field rotates, a
      bubble under one of the chevrons is moved along the chevron propagation
      track from point to point in accordance with its magnetic attraction to
      the nearest attracting temporary pole of the circuit elements. This system
      is among those referred to as "field-access" as distinguished from other
      systems employing loops of conductors disposed over the magnetic field.
PAR  The use of MBT in data processing stems from the fact that the bubbles can
      be propagated through their channels at a precisely determined rate so
      that uniform data streams of bubbles are possible in which the presence or
      absence of a bubble indicates a binary 1 or 0. The use of MBT for
      performing logic operations is based on the fact that close magnetic
      bubbles tend to repel each other. Thus, if alternate paths with varying
      degrees of preference are built into the chevron circuit, the direction
      which a bubble on one channel ultimately takes may be influenced by the
      presence or absence of a bubble on another closely spaced channel. Logic
      systems captalizing on this principle are shown in the copending
      application Ser. No. 283,267, entitled MAGNETIC BUBBLE LOGIC FAMILY, filed
      Aug. 23, 1972 by Paul T. Baily, Robert C. Minnick, Robert M. Sandfort and
      Warren L. Semon, and assigned to the assignee of this application.
PAR  Besides the inherent capability of performing logic with magnetic domains,
      one other aspect of MBT has given impetus to logic development. MBT was
      originally envisioned as a mass memory but the most difficult problem has
      been encountered in readout. Optical devices utilizing the Faraday effect
      and magnetoresistive devices have been used, but are not entirely
      satisfactory. Therefore, it is important to minimize readout to the extent
      possible by incorporating logic in the memory so that the magnetic bubbles
      representing information can be logically manipulated before readout is
      necessary.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides simple magnetic bubble gates operating on
      binary variables. In one of the gates, the OR and NOR functions are
      achieved. In a second gate, the AND and NAND functions are achieved. The
      third gate is a majority gate for five or more variables. In the gate
      providing the OR and NOR functions and the gate providing the AND and NAND
      functions, a bubble generator produces bubbles at a rate that binary
      variables represented by presences and absences of bubbles are applied to
      two data inputs of the gate. The bubbles produced by the bubble generator
      are directed by a bubble propagation track to a point where the track
      diverges into two tracks. The two tracks downstream from the point of
      divergence are designed so that the bubbles prefer one track over the
      other. The bubbles representing the binary variables are applied to bubble
      propagation tracks which both pass near to the point of divergence in the
      track on which the generated bubbles are applied. In the gate providing
      the OR and NOR functions, both tracks on which the binary variables are
      applied pass near enough to the point of divergence so that a bubble on
      either data track will cause the corresponding bubble from the generator
      to be repelled by magnetic repulsion to the unpreferred track. If the
      bubbles on the data tracks represent the binary variables A and B with the
      presence of a bubble representing a binary 1 and the absence of a bubble
      representing binary 0, then the gate in the above described embodiment
      will produce on the preferred track downstream from the point of
      divergence bubbles representing the logic function (A + B)' and on the
      unpreferred track, the logic function (A + B).
PAR  In the gate providing the AND and NAND functions, the two data tracks also
      pass by the point of divergence, but only close enough so that a
      corresponding bubble produced by the generator will be repelled to the
      unpreferred channel if bubbles are simultaneously on both of the data
      tracks. If the bubbles on the data tracks represent binary variables A and
      B, respectively, with presence of bubbles representing a binary 1 and the
      absence of bubbles representing a binary 0, then with this latter gate,
      the binary logic function (A.sup.. B) will be produced on the unpreferred
      track and (A.sup.. B)' will be produced on the preferred track.
PAR  The variable majority gate of the invention is an improvement on the
      variable majority gate as shown in FIG. 5 of the above mentioned copending
      application Ser. No. 283,267. The variable majority gate disclosed in this
      copending application is a three-variable gate. The present invention
      provides majority gates with an odd number of input variables of five or
      more. In accordance with the present invention, an odd number of adjacent
      bubble propagation tracks, at least five in number, are provided. Bridging
      patterns of circuit elements are provided between the adjacent tracks.
      Each bridging pattern increases in density proceeding from the upper track
      toward the lower track so that any bubble unless repelled by a
      simultaneous bubble on an adjacent track will be transmitted to the lower
      tracks. The tracks are spaced so that the repelling influence of any
      bubble only extends for two track spacings or less. This structure results
      in the majority function of the input variables being produced on the
      uppermost track of the gate.
PAR  Accordingly, an object of the present invention is to provide improved,
      simple magnetic bubble gates. A further object of the present invention is
      to achieve the AND and NAND functions in an improved magnetic bubble gate.
      Another object of the present invention is to achieve the OR and NOR
      functions in an improved magnetic bubble gate. A still further object of
      the present invention is to provide a gate providing the majority function
      of five or more input variables. Further objects and advantages of the
      invention will be apparent from the drawings of the invention and the
      following detailed description of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic fragmentary perspective view of a bubble propagation
      track;
PAR  FIG. 2 is a plan view of a bubble propagation track employing stacked
      chevron circuit elements and illustrates a representation thereof
      exemplifying a technique for illustrating patterns of circuit elements;
PAR  FIG. 3 illustrates the chevron pattern to provide a bubble propagation
      track which diverges into two propagation tracks with one track being
      preferred by the bubbles transmitted on the track unless repelled to the
      unpreferred track;
PAR  FIG. 4 is a schematic illustration of a magnetic bubble gate in accordance
      with the invention producing the OR and NOR functions;
PAR  FIG. 5 is a schematic illustration of a magnetic bubble gate in accordance
      with the invention producing the AND and NAND functions;
PAR  FIG. 6 illustrates a bridging pattern of chevrons between a pair of
      adjacent bubble propagation tracks used in the gate of the present
      invention providing the majority function and also illustrates the
      symbology to represent this kind of bridging pattern between adjacent
      tracks; and
PAR  FIG. 7 is a schematic diagram illustrating the gate of the present
      invention providing the majority function.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The word "bubble" used through this text is intended to encompass any
      single-walled magnetic domain, defined as a domain having an outer
      boundary which closes on itself. The manner of bubble propagation is an
      important factor in the implementation and the performance of the logic
      circuits described below. However, this invention in its broader aspects
      is not limited of necessity to chevron circuit elements nor even to field
      accessed circuit elements, although it is recognized that it is a decided
      advantage to utilize individual circuit elements which pack very closely
      such as chevrons.
PAR  FIG. 1 illustrates the basic components of a field-accessed garnet bubble
      chip. A substrate 10 of non-magnetic garnet supports an epitaxial magnetic
      bubble garnet layer 12 and a spacing layer 14 of silicon oxide, SiO.sub.2,
      to which permalloy chevron circuit elements 16, 18 and 20 are bonded. The
      chip is subjected to a magnetic bias field orthogonal to the plane of the
      bubble garnet layer 12. In the presence of a bias field of suitable
      strength a cylindrical bubble 22 is maintained in the bubble garnet layer
      12. A rotating in-plane magnetic drive field causes the bubble 22 to
      propagate along the track defined by the chevron circuit elements 16, 18
      and 20 which are spaced from each other in alignment end-to-end. The
      bubble 22 behaves as if it were a mobile vertical bar magnet with a
      polarization opposite to that of the bias field. When the rotating drive
      is oriented as shown in FIG. 2, the bubble seeks an energy minimum under
      pole 1 of chevron 16. As the drive field is uniformly rotated clockwise
      through one period, 360.degree., the bubble 22 moves through positions 2
      and 3 to position 4 on the next chevron 18, which corresponds to position
      1 on chevron 16. Thus, the length of each chevron corresponds to one
      complete cycle of the drive field. For this reason, the bubble 22 is
      propagated along the propagation track in a completely determinate
      fashion.
PAR  For the purpose of guarding against defects in the garnet bubble material
      as well as in the permalloy chevrons themselves, the chevrons may be
      packed as shown in FIG. 2 to form a multi-element propagation track 19. In
      the absence of other magnetic influence, a bubble will be propagated to
      the right as viewed in FIG. 2 down the middle of the track when subjected
      to a clockwise rotating drive field as shown in FIG. 2. It is convenient
      to illustrate a pattern of chevrons by showing the individual chevrons as
      single lines as is done by representation 19a of the track 19.
PAR  FIG. 3 illustrates a magnetic bubble propagation track 24 which diverges
      into two propagation tracks 24a and 24b at a point 26. It will be noted
      that the chevron 28 immediately downstream from the divergence point 26 is
      made larger than the other chevrons, and in particular, is made larger
      than the chevron 30 in channel 24b immediately downstream from the
      divergence point 26. Because the element 28 is larger than the element 30,
      a bubble travelling along track 24 absent any other external influences
      will be transmitted through the divergence point 26 to track 24a rather
      than track 24b because the magnetic influence produced by the larger
      chevron 28 will be stronger than that produced by the chevron 30. If,
      however, a bubble were positioned just above the divergence point 26, then
      a bubble travelling along track 24 would be repelled by the adjacent
      bubble at the divergence point and be transmitted from the divergence
      point down track 24b. This same effect could be achieved using bubble
      propagation tracks defined by multiple chevron circuit elements and making
      the multiple chevron circuit elements greater in number and closer
      together in the preferred path immediately downstream from the point of
      divergence relative to the unpreferred path.
PAR  The bubble gate as shown in FIG. 4 designated generally by the reference
      number 34 produces the OR and NOR functions. In this gate, magnetic
      bubbles representing binary variables represented by A and B are applied
      to bubble propagation tracks 36 and 38, respectively. These propagation
      tracks may be made up of chevron circuit elements as illustrated in FIG. 1
      or FIG. 2. As seen in FIG. 1, bubbles may be at the corresponding poles of
      each of the chevrons. The presence of a bubble in such a position
      represents a binary 1 and the absence of a bubble in such position
      represents a binary 0. The strings of 1's and 0's represented by the
      presences or absences of the bubbles will move through the propagation
      tracks 36 and 38 continuously as the drive field rotates. A generator 40
      generates magnetic bubbles at the same rate that binary variables are
      applied to the track 36 and also at the same rate that binary variables
      are applied to the track 38. Thus, the generator will produce a bubble
      corresponding to each corresponding pair of binary variables on the two
      tracks 36 and 38. The bubbles generated by the generator 40 are
      transmitted by a bubble track 42 which diverges into propagation tracks
      42a and 42b at a point 44. The tracks 42a and 42b are designed so that the
      track 42a is preferred over the track 42b and bubbles on the track 42 will
      travel through the point of divergence 44 to the track 42a rather than to
      the track 42b unless the bubble is repelled by an external repelling force
      at the point of divergence. The tracks 42a and 42b at the point of
      divergence 44 may be implemented by chevron circuit elements as described
      above with reference to FIG. 3.
PAR  The tracks 36 and 38 are arranged to pass closely adjacent to the point of
      divergence 44 so that a bubble on the track 36 or a bubble on the track 38
      will cause the corresponding bubble generated by the generator 40 at the
      point of divergence 44 to be repelled to the track 42b rather than be
      transmitted to the track 42a. Thus, if a bubble occurs in either track 36
      or 38, a corresponding bubble will be produced on track 42b. If an absence
      of a bubble occurs in the corresponding position on both tracks 36 and 38,
      then a bubble corresponding to this pair of absences will be transmitted
      to track 42a. Thus, the output of track 42a represents the binary function
      (A + B)' and the output on track 42b represents the binary function (A +
      B).
PAR  The gate of the invention shown in FIG. 5 is designated generally by the
      reference number 54. This gate has the same general configuration as the
      gate shown in FIG. 4 and the corresponding portions of the gate 54 have
      been labelled with corresponding reference numbers. The propagation track
      42, the point of divergence 44 and the downstream tracks 42a and 42b are
      all identical to these tracks in the gate 34. Binary variables A and B are
      applied to tracks 36 and 38 just as in the gate 34 and these tracks pass
      in the vicinity of the point of divergence 44. A generator 40 applies
      bubbles to track 42 at the same rate that the pairs of binary variables
      are applied to the tracks 36 and 38 so that a bubble is applied to the
      track 42 for each pair of binary variables applied to the tracks 36 and
      38. The gate 54, however, differs from the gate 34 in that the tracks 36
      and 38 do not pass as near to the point of divergence 44 as do these
      tracks in the gate 34 so that a bubble on the track 42 at the point of
      divergence 44 will be repelled to the unpreferred downstream track 42b
      only if corresponding bubbles are on both tracks 36 and 38 simultaneously
      adjacent to the point of divergence. As a result, the bubble will be
      transmitted to the track 42b only if corresponding bubbles are on both
      tracks 36 and 38 and a bubble will be transmitted to track 42a for each
      pair of binary variables is which bubbles are not present on both input
      tracks. Accordingly, if the input variables on tracks 36 and 38 of the
      gate 54 are represented by A and B, then the function produced on track
      42a will be (A.sup.. B)' and the function produced on track 42b will be
      (A.sup.. B).
PAR  In both of the gates 34 and 54 shown in FIGS. 4 and 5, the binary variables
      A and B are conserved. Thus, in addition to producing the output functions
      on tracks 42a and 42b, these gates also provide simultaneously therewith
      the binary variables A and B. The tracks 36 and 38 in the gates of FIGS. 4
      and 5 are shown as approaching the point of divergence 44 adjacent to one
      another and then diverge away from each other at the point of divergence.
      Instead, the direction of travel on these tracks could be reversed so that
      the bubbles approach the point of divergence apart from one another and
      then travel away from the point of divergence on adjacent channels.
      Alternatively, the direction of travel on either one of the tracks alone
      could be reversed leaving the direction of travel on the other channel in
      the same direction.
PAR  FIG. 6 illustrates a chevron pattern employing stacked chevron elements
      defining two adjacent bubble propagation tracks 61 and 63 with a bridging
      pattern of chevron elements 65 extending between the two tracks. The
      density of the stacked chevron elements in the bridging pattern 65
      increases going from the track 61 to the track 63. The increase in density
      of the chevrons extends across the width of the track 65 at the bridging
      pattern 65. As a result of the pattern of circuit elements, a bubble
      travelling along the track 61 will transfer to the track 63 through the
      bridging pattern 65 unless the bubble on the track 61 is repelled by a
      bubble on the track 63 or another bubble in the vicinity of the track 63.
      If a bubble should come adjacent to and below the track 63, it would repel
      a bubble on track 63 through the bridging pattern 65 to the track 61. This
      type of bridging circuit element between two adjacent tracks is described
      in the above mentioned copending application Ser. No. 283,267 and is
      schematically illustrated by the symbols 61a, 63a and 65a, 61a and 63a
      representing the bubble tracks 61 and 63 and the triangle 65a representing
      the bridging pattern 65 which will cause a bubble to transfer from the
      track 61 to 63 unless repelled. The increase in density may be achieved by
      crowding the circuit elements closer together as illustrated in FIG. 6 or
      alternatively, the density increase may be achieved by making the
      individual circuit elements thicker.
PAR  The bridging pattern of circuit elements with increasing density as
      illustrated in FIG. 6 is used in the majority gate of the present
      invention which is schematically illustrated in FIG. 7. As shown in FIG.
      7, five adjacent parallel bubble tracks 71-75 are provided, which bubble
      tracks may be of the type illustrated in FIG. 6. Patterns of bridging
      circuit elements 81-84 of the type illustrated in FIG. 6 are provided
      between each adjacent pair of tracks at the same relative position on each
      of the five tracks. The bridging patterns 81-84 all increase in density in
      the same direction, going from the upper track to the lower track. The
      bridging patterns 81-84 may be considered a single bridging pattern which
      extends across all of the tracks and in which the density of the circuit
      elements increases from the track 71 to the track 75. The five tracks are
      spaced so that a bubble in any one of the tracks 71-75 will have a
      repulsion effect extending for two tracks spacings. Thus, a bubble on
      track 75 by the repulsion effect on a simultaneous bubble on track 73 will
      prevent the bubble on track 73 from being transmitted through the bridging
      pattern 83 to the track 74. A bubble on the track 75 will also repel a
      simultaneous bubble on track 74 and cause it to be transmitted through the
      bridging pattern 83 to the track 73. On the other hand, the spacing of the
      track is selected so that the repulsion effect of a bubble on track 75
      will be insufficient to repel a bubble on track 73 through the bridging
      pattern 82 to the track 72 and a bubble on track 71 or 72 will be
      transferred to track 73 in the presence of a simultaneous bubble on track
      75. The bridging patterns are designed so that a single bubble on channel
      71 will be transmitted by the bridging patterns all the way down to the
      track 75 absent any bubbles on the other tracks 72-75. Thus, any single
      bubble applied to the tracks 71-75 will be transmitted by the bridging
      patterns to the track 75 and a bubble will be produced at the output end
      of the track 75 if one or more bubbles are applied to the inputs of any of
      the tracks 71-75. If just two bubbles are applied to any two of the
      tracks, one of the bubbles will be transmitted to the output end of the
      track 75 and the other bubble will be transmitted to the output end of the
      track 73. If three or more bubbles are applied to the tracks, one of the
      bubbles will be transmitted to the output end of the track 75, one of the
      bubbles will be transmitted to the output end of the track 73, and one of
      the bubbles will be transmitted to the output end of the track 71. It will
      be observed that the bridging pattern of circuit elements must be capable
      of transferring a bubble from track 71 to track 75 by the gradient in the
      density of the circuit elements and be capable of transferring a bubble
      from the track 73 to the track 71 by bubble repulsion. In order to insure
      the reliability of transfer over a plurality of tracks, the number of
      circuit elements in the bridging circuit can be increased to increase the
      dimension of the bridging pattern in the direction of propagation of
      bubbles so that the bubbles are in the bridging pattern for a greater
      number of drive field cycles.
PAR  If the bubbles applied to the inputs of tracks 71-75 represent the binary
      variables V, W, X, Y and Z, with the presence of a bubble representing 1
      and the absence of a bubble representing 0, the output from the track 71
      will be the majority function of the variables V, W, X, Y and Z which more
      specifically is:
EQU  VWX + VWY + VWZ + VXY + VXZ + VYZ + WXY + WXZ + WYZ + XYZ
PAL  This logic function is called the majority function since it will have a
      bubble at its output or a binary 1 at its output if a bubble or a binary 1
      is applied to a majority of the inputs. The track 72 will generate the
      logic function VWXYZ. The channel 73 will generate the function
EQU  VW + VX + VY + VZ + WX + WY + WZ + XY + XZ + YZ.
PAL  The track 74 will generate the function
EQU  VWXY + VWXZ + VWYZ + VXYZ + WXYZ.
PAL  The channel 75 will generate the function
EQU  V + W + X + Y + Z.
PAR  It is clear the the approach used in the gate shown in FIG. 7 generalizes
      to a seven variable majority gate, a nine variable majority gate, etc. In
      other words, the approach generalizes to a 2N + 1 variable majority gate
      where N is any integer. With the larger number of variables, it may be
      necessary to increase the number of circuit elements in the bridging
      pattern to extend its dimension in the direction of bubble propagation
      along the tracks.
PAR  The above description is of preferred embodiments of the present invention
      and many modifications in addition to those already described above may be
      made to the disclosed specific embodiments without departing from the
      spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A magnetic bubble gate comprising means defining a first magnetic bubble
      propagation track diverging at a point of divergence into downstream
      second and third magnetic bubble propagation tracks, said propagation
      tracks comprising means for transmitting a magnetic bubble in said first
      track through said point of divergence to said second track unless the
      bubble is repelled by bubble repulsion to said third track at said point
      of divergence, fourth and fifth magnetic bubble propagation tracks for
      receiving magnetic bubbles representing binary variables located on the
      same side of said first, second and third tracks such that said point of
      divergence lies between said third track on the one hand and said fourth
      and fifth tracks on the other hand, said fourth and fifth tracks
      approaching at least near enough to said point of divergence that
      simultaneous bubbles on both of said fourth and fifth tracks will repel a
      simultaneous bubble at said point of divergence to said third track, and a
      bubble generator for applying a bubble to said first track at the same
      rate that binary variables are received by said fourth and fifth tracks.
NUM  2.
PAR  2. A magnetic bubble logic gate as recited in claim 1, wherein said bubble
      tracks are defined by magnetic circuit elements in the form of chevrons.
NUM  3.
PAR  3. A magnetic bubble gate are recited in claim 1, wherein said fourth and
      fifth tracks are sufficiently spaced from said point of divergence so that
      a magnetic bubble at said point of divergence will be repelled to said
      third track only by simultaneous magnetic bubbles on both said fourth and
      fifth tracks.
NUM  4.
PAR  4. A magnetic logic gate as recited in claim 3, wherein said bubble tracks
      are defined by magnetic circuit elements in the form of chevrons.
NUM  5.
PAR  5. A magnetic bubble gate as recited in claim 1, wherein said fourth and
      fifth tracks approach sufficiently near to said point of divergence that a
      magnetic bubble on either said fourth track or on said fifth track will
      repel a simultaneous bubble at said point of divergence to said third
      track.
NUM  6.
PAR  6. A magnetic bubble logic gate as recited in claim 5, wherein said bubble
      tracks are defined by magnetic circuit elements in the form of chevrons.
NUM  7.
PAR  7. A magnetic bubble logic gate comprising means defining at least five
      adjacent magnetic bubble propagation tracks, means to apply simultaneously
      to the inputs of said tracks presences and absences of bubbles to
      represent on each track a different binary variable with one value of the
      binary variables being represented by the presence of a magnetic bubble
      and the other value being represented by the absence of a bubble, a
      bridging pattern of circuit elements extending across all of said tracks
      comprising means to transmit bubbles between said tracks and to the output
      of a selected one of said tracks only if simultaneous bubbles are applied
      to the inputs of the majority of all of said tracks.
NUM  8.
PAR  8. A magnetic bubble logic gate as recited in claim 7, wherein said bubble
      tracks and said bridging pattern are defined by magnetic circuit elements
      in the form of chevrons.
NUM  9.
PAR  9. A magnetic bubble logic gate comprising means defining at least five
      adjacent magnetic bubble propagation tracks, a bridging pattern of circuit
      elements extending across all of said tracks arranged with increasing
      density preceeding each track to the adjacent track, the direction of
      increase of density being the same for the bridging pattern between each
      adjacent pair of tracks, said bridging pattern comprising means to
      transmit bubbles between said tracks and to transmit a bubble to the
      output to a selected one of said tracks only if simultaneous bubbles are
      applied to the inputs of a majority of all of said tracks.
NUM  10.
PAR  10. A magnetic bubble logic gate as recited in claim 9, wherein said bubble
      tracks and said bridging pattern are defined by magnetic circuit elements
      in the form of chevrons.
NUM  11.
PAR  11. A method of determing whether the majority of a predetermined number of
      binary variables has a predetermined one of the two binary values one and
      zero within said predetermined number has a value of at least five,
      comprising the steps of providing said predetermined number of adjacent
      magnetic bubble propagation tracks with a bridging pattern extending
      across all of said tracks constructed to transmit bubbles between said
      tracks and to the output of a selected one of said tracks only if
      simultaneous bubbles are applied to the inputs of the majority of said
      tracks, assigning a different one of said binary variables to each of said
      tracks and applying simultaneously to the inputs of each of said tracks a
      magnetic bubble only if the binary variable assigned to such track has
      said predetermined one of said two binary values whereby a bubble is
      produced at the output of said selected one of said tracks only if a
      majority of said binary variables have said predetermined one of the two
      binary values.
PATN
WKU  039406326
SRC  5
APN  4476077
APT  1
ART  212
APD  19740304
TTL  Nonpredictable actuator for switches or the like
ISD  19760224
NCL  12
ECL  1
EXP  Smith, Jr.; David
NDR  1
NFG  2
INVT
NAM  Padgug; Robert Allen
CTY  Williamsville
STA  NY
ASSG
NAM  Calspan Corporation
CTY  Buffalo
STA  NY
COD  02
CLAS
OCL  307112
XCL  235152
XCL  315200A
XCL  315360
XCL  331 78
XCL  307141
EDF  2
ICL  H01H  700
FSC  307
FSS  112;141 R;141.4
FSC  328
FSS  158;48;61;153
FSC  315
FSS  360;362
FSC  331
FSS  78
FSC  235
FSS  152
UREF
PNO  3439281
ISD  19690400
NAM  McGuire et al.
OCL  331 78
UREF
PNO  3506876
ISD  19700400
NAM  Antonich
OCL  331 78
UREF
PNO  3539927
ISD  19701100
NAM  Havel
OCL  328 61
UREF
PNO  3746847
ISD  19730700
NAM  Maritsas
OCL  331 78
LREP
FR2  Jaffe; Allen J.
ABST
PAL  A nonpredictable, nondeterministic actuator for switches or the like having
      two unsynchronized pulse generators delivering pulses to an AND gate which
      passes an actuating signal only when the pulses from the generators are
      coincidental. One generator produces a pulse train at a frequency much
      higher than the other generator which produces very short pulses and has a
      maximum timing uncertainty or jitter which is greater than the period of
      the first mentioned generator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a nonpredictable actuator for switches or
      the like and finds particular application in turning on and off home
      lighting systems at times which cannot be predicted, for the protection of
      the premises against burglary or the like.
PAR  Many different timers or clocks are known which have as an objective the
      opening and closing of circuits which control the actuation of home
      lighting to give an indication that an unoccupied home has someone present
      turning lights on and off. These devices have the serious disadvantage
      that they are predictable. In other words, in the use of these devices a
      predetermined time interval is set and the lights are periodically and
      repeatably actuated according to this preset time interval. An experienced
      burglar need only observe the regularity of light actuation to conclude
      that the premises are unoccupied.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing disadvantage of the prior art are overcome according to the
      present invention which provides a randomly actuable switch apparatus
      controlling an electric circuit, such as house lamps or lighting, in such
      a manner that the switching times cannot be predicted but which do obey a
      preset probability density function.
PAR  It is generally accepted that a house or an apartment left without lights
      for a prolonged period of time appears unoccupied to a potential thief.
      Many people leave a light on when they are out to give the impression that
      their home is occupied. However, a light that is always on is as good an
      indication of an unoccupied home as a light that is always off. Use of a
      time switch or a light sensitive switch is better but, in both cases, the
      operation of the switches is predictable. Such predictability is a clue to
      a thief that the home is unoccupied.
PAR  The randomly actuable or nondeterministic switch of the present invention
      is not predictable and a light operated thereby will give the appearance
      that the home is occupied.
PAR  The electronics of such a nondeterministic switch are inexpensive allowing
      more than one to be utilized in the average home.
PAR  Basically, the switch actuator according to the present invention comprises
      two or more unsynchronized pulse generators one of which produces a pulse
      train at a first frequency, the other of which produces very short pulses
      at a second frequency which is much lower than the first frequency and
      means responsive to said pulses for generating an actuating signal only
      when the pulses produced by said generators are coincidental.
PAR  The pulse generators are so chosen that the uncertainty or jitter (variance
      from complete accuracy along the time axis from pulse to pulse) in the
      period of the pulses generated at the second frequency is greater than the
      period of the first frequency pulse generator such that the pulses at the
      second frequency will occur randomly at any time during a cycle of the
      first frequency generator. Thus, the pulses from the two generators will
      be coincidental in time with a probability equal to .tau., which is
      defined as the ratio of the pulse width of the first pulse to the period
      thereof.
PAR  According to another aspect of the present invention means are provided to
      actuate the lights to one condition in response to a predetermined number
      of random coincidental signals and to another condition after a
      predetermined equal or different number of random coincidental signals.
      This means may conveniently take the form of a counter and has the further
      significant advantage, as will become apparent hereinbelow, of reducing
      the variance of the mean switching times from say, many hours or days to
      minutes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the present invention reference should now be
      had to the following detailed description of the same taken in conjunction
      with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic block diagram of one embodiment of the present
      invention; and
PAR  FIG. 2 is a schematic block diagram of a second embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and, more particularly to FIG. 1, a first
      pulse generator, termed a gate pulse generator, is depicted at 10 and a
      second pulse generator, termed a trigger pulse generator, is depicted at
      12. The pulse generators can take any convenient conventional form such,
      as for example, Unijunction Transistor Oscillators, the RC circuits of
      which are adjustable to vary or set the frequencies f.sub.1 and f.sub.2 of
      each. Alternatively, other well known pulse generators can be utilized as
      is obvious to those skilled in the art.
PAR  The gate pulse generator 10 produces as an output in line 14 a pulse train
      at frequency f.sub.1 and duty cycle .tau. as previously defined. The
      trigger pulse generator 12, on the other hand, produces as an output in
      line 16 very short pulses at frequency f.sub.2 such that f.sub.1 is much
      higher than f.sub.2. The period 1/f.sub.1 of generator 10 is chosen to be
      shorter than the jitter or uncertainty on the time axis of the period of
      the generator 12. In this manner the pulses in line 16 can occur at any
      point during a cycle of the gate generator 10, hence the two pulses in
      lines 14 and 16 will be coincidental in time with a probability equal to
      .tau.. As a consequence, every 1 /f.sub.2 seconds an experiment will be
      performed that has a probability of success, that the two pulses in line
      14 and 16 are coincident, equal to .tau..
PAR  The output pulses in lines 14 and 16 are supplied as inputs to an AND gate
      18 which, as is well known, will deliver an output signal in line 20 only
      when the pulses in lines 14 and 16 are coincidental. Thus, the AND gate 20
      will pass a pulse to switch or relay 22 for the actuation of lamps or the
      like 24 only when the pulses in lines 14 and 16 are coincidental in time
      and the waiting between output pulses from the AND gate 18 will follow a
      geometric distribution with probability .tau..
PAR  It is desirable to keep 1/f.sub.2 reasonably small since the time between
      output actuating pulses in line 20 will always be a multiple of this time.
      If 1/f.sub.2 is too long, it is conceivable that an observer of the home
      or apartment could determine that such a switching device was in use and
      conclude that the premises was unoccupied. However with 1/f.sub.2
      reasonably small, say about one second, and the mean switching time in the
      order of thirty minutes, the resulting distribution of waiting times would
      be too broad for the security application of the present invention. In
      other words, there would be a high probability, because of the nature of
      the geometric distribution, that no switching would occur for hours or
      even days. While this may be suitable for some security applications and
      other applications such as games; statistical, educational and scientific,
      it is not suitable for the vast majority of home security problems.
PAR  The problem of too broad a geometric distribution can be alleviated by the
      embodiment of FIG. 2 wherein like numerals with the addition of primes
      refer to similar parts of FIG. 1 having the same numerals.
PAR  In the embodiment of FIG. 2 counting means or its equivalent 21 is inserted
      between the AND gate 18' and the switching or relay means 22'. Any
      conventional counter may be utilized which passes or generates a first
      actuating signal (say, a turn-on signal) in response to n.sub.1 pulses
      from line 20' and which delivers a second actuating signal (say, a
      turn-off signal) in response to n.sub.2 pulses from line 20'. Of course,
      n.sub.1 can equal n.sub.2, as is well known. The addition of the counter
      21 has two distinct advantages. The first, with n.sub.1 different from
      n.sub.2 the ratio of the on time to the off time (on the average) can be
      controlled by varying such differences between n.sub.1 and n.sub.2. The
      second advantage, and probably the most important, is that the geometric
      distribution of the waiting time between coincidental pulses from the
      pulse generators of FIG. 1 can be converted to a Pascal-type distribution
      with a much lower variance of the distribution of waiting times between
      coincidental pulses. Without the counter 21 an increase of .tau., the duty
      cycle of gate generator 10', increases the probability of coincidental
      pulses from each generator; however, the mean waiting time between such
      coincidental pulses would decrease to the point of rendering the device
      impractable or unsuitable for many applications. Unfortunately no value of
      .tau. would produce the result desired, in many applications, of having
      the preferred mean switching time within a reasonable variance. For
      example, a mean switching time of 30 minutes may be desirable coupled with
      a low probability of waiting longer than, say, 90 minutes or shorter than,
      say, 10 minutes. The counter 21 solves this problem by changing the
      distribution of waiting times to a Pascal-type distribution which is much
      narrower than the geometric distribution.
PAR  Counter 21 actually averages the waiting time between coincidental pulses
      from the pulse generators thereby collapsing the variance of the
      distribution of waiting times, although the mean waiting time between
      counter output signals is increased. However, .tau. can be now increased
      to reduce such waiting time. For example, if without the counter the mean
      waiting time between coincidental pulses was 30 minutes, then with the
      counter and without changing .tau. the mean waiting time could be 300
      minutes, assuming n.sub.1 and n.sub.2 equal to 10. Since this mean waiting
      time is longer than desired, .tau. can be increased to bring the mean
      waiting time back to, say, 30 minutes and the narrow Pascal-type
      distribution would still be retained.
PAR  The counter 21 can consist of any well known type of components such as, by
      way of example and not limitation; if n.sub.1 = 5 and n.sub.2 = 11 was
      desired, a 4-bit binary counter such as a TTL IC No. 7493 can be used. The
      outputs of this counter ABCD can then be applied to logic circuits
      designed to give an output for the combinations 0101 and 0000, as is well
      known to those skilled in this field.
PAR  Although preferred embodiments of the present invention have been
      disclosed, changes will obviously occur to those skilled in the art
      without departing from the spirit thereof. For example, although
      electronic circuits have been disclosed, it is possible to utilize
      equivalent or analog mechanical or fluid circuits. It is therefore
      intended that the present invention be limited only by the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A nonpredictable actuator for switches or the like, comprising;
PA1  a. first pulse generating means for producing a first output consisting of
      a train of pulses at a first frequency,
PA1  b. second pulse generating means for producing a second output of short
      pulses at a second frequency which is much lower than said first
      frequency, and
PA1  c. means responsive to said first and second outputs for generating an
      actuating signal for lamp circuits or the like only when said first and
      second output of pulses are coincidental.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said first and second pulse
      generating means are unsynchronized.
NUM  3.
PAR  3. The apparatus according to claim 2, wherein the period of said first
      pulse generating means is smaller than the jitter on the time axis of the
      period of said second pulse generating means.
NUM  4.
PAR  4. The apparatus according to claim 3, further comprising;
PA1  d. counting means responsive to the output of said means for generating an
      actuating signal for developing a first output signal after a
      predetermined number of actuating signals and a second output signal after
      a second predetermined number of actuating signals.
NUM  5.
PAR  5. The apparatus according to claim 4, wherein said first and second
      predetermined numbers are equal.
NUM  6.
PAR  6. The apparatus according to claim 4, further comprising;
PA1  e. switching means responsive to the first and second outputs of said
      counting means for changing the condition of a controlled circuit.
NUM  7.
PAR  7. The apparatus according to claim 6, wherein said controlled circuit
      comprises a lighting circuit.
NUM  8.
PAR  8. The apparatus according to claim 1, wherein the period of said first
      pulse generating means is smaller than the jitter on the time axis of the
      period of said second pulse generating means.
NUM  9.
PAR  9. The apparatus according to claim 8, further comprising;
PA1  d. counting means responsive to the output of said means for generating an
      actuating signal for developing a first output signal after a
      predetermined number of actuating signals and a second output signal after
      a second predetermined number of actuating signals.
NUM  10.
PAR  10. The apparatus according to claim 9, further comprising;
PA1  e. switching means responsive to the first and second outputs of said
      counting means for changing the condition of a controlled circuit.
NUM  11.
PAR  11. The apparatus according to claim 10, wherein said means responsive to
      said first and second outputs for generating an actuating signal comprises
      an AND gate.
NUM  12.
PAR  12. The apparatus according to claim 1, wherein said means responsive to
      said first and second outputs for generating an actuating signal comprises
      an AND gate.
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PAL  A turn-off circuit for a gate turn-off thyristor (GTO) generates a ramped
      turn-off gate current pulse which, because of the increase in device
      storage time with anode current, has a peak magnitude approximately
      proportional to the anode current. The direct-coupled or
      transformer-coupled turn-off circuit employs a transformer controlled by a
      solid state switch with the secondary winding connected to return excess
      energy to a supply.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  THis invention relates to turn-off circuits for a gate turn-off thyristor
      (GTO), and more particularly to circuits for providing a turn-off gate
      current pulse having a magnitude approximately proportional to the anode
      current.
PAR  The gate turn-off thyristor is a reverse blocking triode thyristor similar
      to the ordinary SCR in that the device is triggered into conduction by the
      application of a gating pulse which injects current into the gate lead,
      but dissimilar in that the anode current is turned off by a reverse gate
      pulse which withdraws current from the gate lead. DUe to the regenerative
      nature of the GTO device, which is also known as the gate turnoff switch
      or gate controlled switch, a relatively high reverse gate current is
      required to turn off the anode current. Typically a reverse gate current
      with a magnitude equal to at least 10 percent to 50 percent of the anode
      current is needed to obtain reliable turn-off. In practice, it is common
      to supply a preselected reverse gate pulse of sufficiently high magnitude
      to turn off the largest GTO anode current expected. In many cases the
      largest expected current is an overload current or even a fault current.
      Hence, in some circuits an unusually high turn-off gate current may be
      present even under full load conditions while at light loads the turn-off
      current may be several times larger than the anode current, thereby
      resulting in extremely inefficient operation.
PAR  An improved and more efficient circuit operation is achieved by a turn-off
      circuit which generates a variable magnitude reverse gate current more
      suitably matched to the magnitude of the anode current or load current to
      be turned off. While it is possible to sense the anode current directly,
      active approaches requiring knowledge of the anode current itself tend to
      be complicated and not suited for general use.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a turn-off circuit is effectively coupled
      between the gate and cathode of a gate turn-off thyristor for selectively
      generating a ramped turn-off gate current pulse which increases for an
      interval substantially equal to the storage time, and thereafter decreases
      with a peak magnitude which varies with or is approximately proportional
      to the magnitude of the GTO anode current. Since the storage time
      increases and decreases with the anode current, a variable magnitude
      turn-off gate current is produced for efficient circuit operation with
      both heavy and light loads. THe ramped turn-off gate current is desirable
      to eliminate anode current "tailing" effects which could cause high power
      dissipation and device failure. To obtain this improved turn-off gate
      current wave shape, the turn-off circuit is comprised by a transformer
      having a primary winding connected in series with a controlled solid state
      switch and energized by a constant unidirectional gate voltage, the
      transformer secondary winding being connected in series with a diode for
      returning excess energy to the gate supply or another supply. In the
      preferred embodiment, a direct-coupled turn-off circuit using a transistor
      switch is described, however, a transformer-coupled modification is given.
      Useful in a variety of power circuits such as choppers and inverters, the
      turn-off circuit operates essentially on an instantaneous basis utilizing
      the inherent device switching mechanism without requiring actual sensing
      of the anode current.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary schematic cross section through an interdigitated
      gate turn-off thyristor;
PAR  FIG. 2 is a schematic circuit diagram of a GTO chopper circuit constructed
      with a turn-off circuit for generating turnoff gate current pulses
      proportional to the anode current with provision for returning energy to
      the supply;
PAR  FIGS. 3a-3c are waveform diagrams, respectively, of the anode current,
      i.sub.A ; the turn-off gate current, -i.sub.G ; and the energy return
      diode current, -i.sub.D, for two values of the anode current as shown by
      full and dashed lines;
PAR  FIGS. 4a and 4b are waveform diagrams, respectively, of the anode current
      and turn-off gate current illustrating the improved waveform with less
      anode current "tailing" achieved by the use of a ramped turn-off gate
      current (dashed lines) as compared to an abrupt turn-off gate current
      (full lines); and
PAR  FIG. 5 is a modification of FIG. 2, part of the power circuit being
      omitted, illustrating a transformer-coupled turnoff circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The power gate turn-off thyristor 11 shown in FIG. 1 is a four-layer
      silicon pnpn switch with an interdigitated structure of the type
      described, for instance, in U.S. Pat. No. 3,609,476 to H. F. Storm,
      granted Sept. 28, 1971, and assigned to the same assignee. Within its
      broader scope, the invention applies also to lower power GTO devices
      without interdigitation. In the device illustrated, the outer
      semiconductor layers on which the cathode contact stripes 12 and the anode
      contact 13 are respectively deposited are known as the n2-emitter layer
      and the p1-emitter layer, while the inner semiconductor layers are known
      as the p2-base layer and the n1-base layer. The gate contact stripes 14
      are deposited on the p2-base layer at either side of the emitter stripes
      and are interdigitated with the cathode contact stripes 12. It is
      desirable to review briefly the distinctive features of the turn-off
      mechanism in a GTO device whereby the anode current flowing from the anode
      terminal A to the cathode terminal C is turned off when a reverse gate
      pulse is applied to the gate terminal G. The main effect to be observed is
      the squeezing of the current density lines 15 under the n2-emitter due to
      the lateral voltage drop in the p2-base which is caused by the reverse
      gate current -i.sub.G being withdrawn from the gate terminal. The regions
      immediately adjacent to the gate contacts 14 are the first to become
      non-conducting, and as current is squeezed toward the center of the
      emitter, turn-off begins at the edge of the emitter and proceeds inwardly
      as the current density increases at and near the center of the emitter.
      During this time interval, which may constitute a major portion of the GTO
      storage time t.sub.S, the anode current is still constant since the center
      portion of the emitter is still conducting. THe storage time is defined
      (see FIG. 3a) as the interval between the application of the reverse gate
      current pulse and the time when the anode current begins to fall or turn
      off. When the conducting region is squeezed to a small enough dimension,
      the device turns off in a one-dimensional manner as the regenerative
      processes are interrupted. The storage time t.sub.S  relates to the time
      required to squeeze the conducting region to a size small enough so that
      the carriers associated with the p2-base can be reduced by the gate
      current to values such that the blocking junction (the p2-n1 junction)
      comes out of saturation or forward bias. Thereafter the device turns off.
      The storage time increases as the magnitude of the anode current
      increases.
PAR  The turn-off circuit for providing a ramped turn-off gate current pulse
      with a peak magnitude which increases and decreases as the anode current
      increases and decreases is illustrated in FIG. 2 with regard to a GTO
      chopper circuit. It is useful, however, in a variety of power circuits and
      other circuitry such as an inverter of the type illustrated in the
      inventor's allowed copending application, Ser. No. 481,147 filed on June
      20, 1974 and entitled "Turn-off Circuit for Gate Turn-off Thyristors and
      Transistors Using Snubber Energy". In the d-c to d-c chopper circuit, GTO
      11 is connected in series with a load 17 across a pair of input voltage
      supply lines 18 and 19 between which is applied the energizing voltage
      E.sub.dc. The device symbol used for the GTO is an encircled conventional
      thyristor symbol with a vertical bar at the gate lead to indicate gate
      turn-off capability. The turn-off circuit indicated generally at 20 is
      comprised by a transformer 21 having a primary winding 21p connected in
      series with an npn transistor switch 22 between the gate of GTO 11 and a
      gate voltage supply line 23 to which is applied the gate voltage -V.sub.G.
      The magnetically coupled secondary winding 21s of the transformer is
      connected in series with a diode 24 between the gate voltage supply lines
      23 and 19 to return excess energy to the gate supply. A resistor 25 or
      other impedance is connected between the gate and cathode of GTO 11 to
      provide a path for the circulation of excess energy after recovery of the
      cathode-gate junction. A suitable gating circuit 26 supplies periodically
      timed turn-on gate pulses 27 to GTO 11 and also provides timed base drive
      signals to transistor switch 22 to initiate generation of the reverse gate
      current pulses. If desired, another controlled solid state switch such as
      an SCR or another GTO can be used in place of the transistor switch 22.
      Instead of returning excess energy to the gate supply, the series circuit
      comprised by secondary winding 21s and diode 24 can be connected to return
      energy to any selected supply.
PAR  The operation of the turn-off circuit 20 is explained with reference to the
      pertinent current waveforms in FIGS. 3a-3c, which are not necessarily to
      scale since the reverse gate current -i.sub.G is typically 10 percent to
      50 percent of the anode current i.sub.A, and the energy return diode
      current -i.sub.D is at the same scale as -i.sub.G. The turn-off circuit
      utilizes the fact that the GTO storage time increases as the GTO anode
      current increases. Assuming that GTO 11 is conducting an anode current of
      magnitude i.sub.A1 as shown in FIG. 3a, transistor switch 22 is rendered
      conductive at the time t.sub.1 to initiate generation of the turn-off gate
      current pulse. Since the device has been in the conducting state, the gate
      of the GTO device is in a low impedance state, and the voltage drop from
      the cathode to gate is small when the reverse gate current -i.sub.G begins
      to flow. The reverse gate current (FIG. 3b) increases essentially as a
      linear ramp since the substantially constant gate voltage -V.sub.G (less
      semiconductor drops) is applied across the inductance provided by the
      transformer winding 21p, the semiconductor drops being considered
      constant. During the time when the current in primary winding 21p is
      increasing, diode 24 is reverse biased due to the polarity of the coupling
      of the windings 21s and 21p. Accordingly, the reverse gate current
      continues to increase substantially linearly for a time equal to the GTO's
      storage time t.sub.Sl. At the end of the storage time, the anode current
      begins to decrease as the device starts to turn off and the cathode-gate
      junction begins to revert to the high impedance state. Hence, the current
      flowing in transformer primary winding 21p begins to decrease and the
      voltage on the primary winding reverses polarity. The peak magnitude of
      the reverse gate current -i.sub.G1, it is observed, depends on the storage
      time interval which in turn varies with the anode current. When the
      voltage drop across the cathode-gate junction of GTo 11 becomes high
      enough, the voltage across secondary winding 21s increases and forward
      biases the diode 24 so that it conducts current. Thus, the peak reverse
      voltage across the cathode-gate junction is clamped due to the transformer
      action of windings 21p and 21s, which typically have the same number of
      turns. Of course, the turns ratio is selected to satisfy the requirements
      of the particular application at hand. When the cathode-gate junction is
      completely recovered, the energy stored in winding 21p is transferred to
      winding 21s and is discharged back to the gate supply. The diode current
      decreases essentially as a linear ramp from a value -i.sub.D1 as shown in
      FIG. 3c since the substantially constant voltage -V.sub.G is applied
      across the winding 21s. The transistor switch 22 can be rendered
      non-conductive at some convenient point after the reverse gate current has
      fully turned off the device, or it can be held in the conducting state to
      apply a constant negative gate voltage to the GTO during the GTO off-time.
      This choice is influenced by the particular GTO being used and by the
      magnitude of the gate supply voltage.
PAR  Thus, the operation of the turn-off circuit 20 is to selectively generate a
      ramped turn-off gate current pulse which increases for an interval
      substantially equal to the GTO storage time and thereafter decreases, with
      a peak magnitude which varies with or is approximately proportional to the
      anode current. As the anode current increases or decreases, the storage
      time t.sub.S changes in corresponding fashion to thereby provide more or
      less time for the reverse gate current flowing in primary winding 21p to
      increase linearly. This is clarified by reference to the dashed line
      current waveforms in FIGS. 3a-3c for the case in which the magnitude of
      the anode current i.sub.A2 is raised to a higher level, the storage time
      is also increased (to t.sub.S2 in this case). Accordingly, the reverse
      gate current has a longer time to build up in winding 21p and the peak
      magnitude -i.sub.G2 is larger than the previous case. The peak magnitude
      -i.sub.D2 of the diode current representing excess energy returned to the
      gate supply is also larger. In effect, the peak magnitude of the turn-off
      gate current pulse is variable and depends on the magnitude of the anode
      current. The characteristics of practical gate turn-off thyristors are
      such that the peak turn-off gate current increases and decreases as the
      anode current increases and decreases using the type of turn-off pulse
      described here.
PAR  Instead of being direct-coupled to the cathode and gate of GTO 11, the
      turn-off circuit 20 can be transformer-coupled as illustrated in FIG. 5.
      One winding of the coupling transformer 28 is connected between the gate
      and cathode of the GTo device, while the other winding is connected in
      series with the transistor switch 22 and pulse transformer primary winding
      21p between the gate voltage supply lines 19' and 23. This arrangement
      provides isolation for the turn-off circuit 20 with the option of
      selecting the turns ratio so that the reverse gate current -i.sub.G .sub.'
      in the turn-off circuit is different from the gate current -i.sub.G.
PAR  It is evident that efficient circuit operation is obtained by providing a
      variable turn-off gate current pulse which changes with the anode current.
      This manner of operation eliminates unnecessarily high reverse gate
      currents when the GTO anode current is low, and the main circuit operates
      at high efficiency under light loads as well as heavy loads. For all
      practical purposes, the new GTO turn-off circuit here described is
      operative essentially on an instantaneous basis for either varying or
      steady anode currents. A particular advantage is that it is not necessary
      to use anode current sensing devices or circuitry since the generation of
      a turn-off gate current pulse with a peak which varies with or is
      approximately proportional to the anode current results from the inherent
      circuit operation. The turn-off circuit is therefore low cost, and it is
      further noted that the only losses are the GTO gate losses and parasitic
      circuit losses. There are no resistors in the turn-off circuit and excess
      energy is returned to the gate voltage supply or any other desired supply.
PAR  In addition, the ramped turn-off gate current pulse generated by the
      turn-off circuit constructed in accordance with this invention has an
      improved waveform which eliminates or materially reduces the anode current
      tailing phenomenon observed in many devices. An anode current tail is
      illustrated by the full line anode current waveform in FIG. 4a, in which
      the anode current at turn-off initially falls rapidly and then decreases
      at a much slower rate resulting in a relatively long anode current fall
      time t.sub.F1. This tailing is related to stored charges in the n1-base
      layer (FIG. 1) which does not have a gate lead to remove excess charges.
      If an abrupt or initially fast falling reverse gate pulse of the type
      shown in full lines in FIG. 4B is applied, the device storage time is too
      short to allow charge in the n1-base layer to recombine or diffuse or
      drift to a reverse biased junction. Therefore, when the cathodegate
      junction becomes reverse biased, a tail of current results due to the
      charge stored in the n1-base. Since the voltage across the GTO device is
      increasing at this time, the presence of anode current tailing results in
      high dissipation which may result in device failure. The ramped turn-off
      gate current pulse illustrated in dashed lines, however, increases the GTO
      storage time and allows a sufficient interval for the charge in the
      n1-base to redistribute and recombine before the cathode-gate junction
      becomes reverse biased. In this manner the anode current tailing effect
      and its associated high dissipation region are reduced.
PAR  in summary, a low cost direct-coupled or transformer-coupled GTO turn-off
      circuit generates a ramped turn-off gate current pulse with an improved
      waveform and a variable peak magnitude dependent upon the anode current
      magnitude. Efficient circuit operation is enhanced by returning excess
      energy to a gate voltage supply or other supply. The same techniques can
      be used with an anode-gated GTO device, and in this case the turn-off gate
      current is applied between the anode and gate and has a magnitude which
      varies with the cathode current.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and detail may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A solid state circuit including a semiconductor device with a gate
      turn-off circuit comprising
PA1  a gate turn-off thyristor semiconductor device having an anode and a
      cathode and a gate terminal for controlling switching of said device
      between a conducting state in which anode current flows and a
      nonconducting state, said gate turn-off thyristor being coupled to a pair
      of unidirectional input voltage supply lines between which is applied an
      energizing voltage, and
PA1  turn-off circuit means for selectively generating a ramped turn-off gate
      current pulse with a peak magnitude which increases and decreases as said
      anode current increases and decreases,
PA1  said turn-off circuit means being comprised by a transformer having a
      primary winding connected in series with a controlled solid state switch
      device between said gate terminal and a negative unidirectional gate
      voltage supply line, and means for rendering conductive said controlled
      solid state switch for a selected interval to initiate generation of said
      gate turn-off current pulse, said transformer having a secondary winding
      connected in series with a diode and comprising means for returning excess
      energy stored in said primary winding to a selected voltage supply.
NUM  2.
PAR  2. A solid state circuit according to claim 1 wherein the selected voltage
      supply to which the excess energy is returned is the gate voltage supply,
      and said transformer secondary winding and series-connected diode are
      connected between said negative gate voltage supply line and one input
      voltage supply line coupled to the cathode of said device.
NUM  3.
PAR  3. A solid state circuit according to claim 2 further including means for
      supplying turn-on pulses to the gate terminal of said device.
NUM  4.
PAR  4. A solid state circuit including a semiconductor device with a turn-off
      circuit comprising
PA1  a gate turn-off thyristor semiconductor device having an anode and a
      cathode and a gate terminal for controlling switching of said device
      between a conducting state in which anode current flows and a
      nonconducting state, said gate turn-off thyristor being coupled between a
      pair of input voltage supply lines between which is applied an energizing
      voltage, and
PA1  turn-off circuit means for selectively generating a ramped turn-off gate
      current pulse with a peak magnitude which increases and decreases as said
      anode current increases and decreases,
PA1  said turn-off circuit means being energized by a pair of constant
      unidirectional gate voltage supply lines and including a first transformer
      having a primary winding connected in series with a controlled solid state
      switch and the primary winding of a second transformer between said gate
      voltage supply lines, and means for rendering conductive said controlled
      solid state switch for a preselected interval to initiate generation of
      said turn-off current pulse, said second transformer having a secondary
      winding connected between said gate terminal and cathode to couple said
      turn-off current pulse to said gate terminal, said first transformer
      having a secondary winding connected in series with a diode and comprising
      means for returning excess energy stored in said first transformer primary
      winding to a selected voltage supply.
NUM  5.
PAR  5. A solid state circuit according to claim 4 wherein the selected voltage
      supply to which excess energy is returned is the gate voltage supply, and
      said first transformer secondary winding and series-connected diode are
      connected between said gate voltage supply lines.
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ABST
PAL  A trigger type device employing a pair of oppositely poled SCR's or a
      triac, provides bidirectional control of AC power through a simple circuit
      comprising a pair of rectifying diodes and an opto-electronic coupler.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention disclosed herein pertains generally to AC power relays and
      specifically to a solid state implementation thereof. The invention was
      made under or in the course of a contract with the Department of the
      united States Air Force.
PAR  The development and ready availability of various solid state electronic
      devices has stimulated an interest in a viable solid state replacement for
      the old reliable electromagnetic relay for controlling the flow of AC
      power while affording electrical isolation between the switching path and
      the actuating control elements. The distinct advantages in faster
      operating time, smaller and cheaper fabrication and greater reliability to
      be achieved with a solid state design are all well recognized. Although a
      number of solid state AC power relays have been developed, they exhibit a
      certain degree of unnecessary complexity which engenders a level of
      sophistication uncalled for in many applications and consequently
      economically militates against their usage. These relays, which normally
      employ some type of trigger device such as an SCR or a triac, are quite
      often copiously designed to ensure triggering the device into conduction
      as close to the AC zero crossings as possible in order to avoid
      undesirable signal interference effects resulting from high inrush
      currents and ringing. In addition to increasing fabrication cost and size,
      these overdesigns also result in higher power dissipation losses during
      the off-state of the relay.
PAR  With the foregoing in mind, it is a primary object of the present invention
      to provide a new and improved solid state AC power relay which employs a
      trigger type device whose control is effectuated through a simple circuit
      design.
PAR  It is a further object of the present invention to provide such a new and
      improved solid state AC power relay which ensures conduction essentially
      at the AC zero crossings and which minimizes power dissipation during the
      off-state of the relay.
PAR  The foregoing objects as well as others and the means by which they are
      achieved by the present invention may best be appreciated by referring to
      the Detailed Description of the Invention which follows hereinafter,
      together with the drawings.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The solid state AC power relay of the invention employs a bidirectional
      trigger switching means such as a triac or a pair of oppositely poled
      SCR's to control the flow of AC power. Gate current for triggering the
      means into conduction during each AC alternation is supplied from the AC
      power source through a pair of rectifying diodes under the control of an
      optoelectronic coupler which affords electrical isolation between the
      actuating control elements (connected to the light emitting diode of the
      coupler) and the AC switching path.
PAR  In the preferred embodiments disclosed herein, the phototransistor of the
      coupler supplies an input signal to an amplifier whose output ensures the
      development of sufficient gate current to trigger the switching means into
      conduction. An RC charging circuit is connected in series with the
      phototransistor to ensure conduction essentially at the AC zero crossings
      while minimizing the power dissipation losses during the off-state of the
      relay.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a schematic diagram of the invention employing a pair of
      oppositely poled SCR's as the bidirectional trigger switching means.
PAR  FIG. 2 is a schematic diagram of a second embodiment of the invention
      employing a triac as the bidirectional trigger switching means.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown in FIG. 1, the solid state relay of the invention, designated
      generally by the numeral 10, has a pair of power terminals 12 for
      interconnecting an AC load 14 with an AC power source 16 through a pair of
      oppositely poled silicon control rectifiers (SCR's 18). The SCR's 18
      constitute a bidirectional switching means for controlling the flow of
      power from the AC power source 16 to the load 14 by blocking current from
      passing between power terminals 12 when the relay 10 is deactuated
      (off-state) and passing current when the relay 10 is actuated (on-state).
      Thus, when the relay 10 is actuated and the AC voltage alternations
      generated by the power source 16 are positive (as defined by the polarity
      shown), current passes from the left power terminal 12 to the right
      through the anode-cathode junction of the upper SCR 18 while during the
      negative AC alternations the current reverses, passing through the
      anode-cathode junction of the lower SCR 18. As is well known, the SCR 18
      is a trigger type device which is triggered into conduction by the
      application of a current into its gate 20 when its anode 22 is positive
      with respect to its cathode 24. Once conduction is initiated, the SCR 18
      remains conductive during the remainder of the AC alternation irrespective
      of whether or not gate current is present thereafter. In the design of
      FIG. 1 at each AC zero crossing, one SCR 18 turns on at the beginning of
      an AC alternation while the other SCR 18 turns off at the end of the
      preceding AC alternation.
PAR  Gate current for triggering the SCR's 18 into conduction during each AC
      alternation is provided to their respective gates 20 from the AC power
      source 16 via a pair of rectifying diodes 26 which are connected in series
      between the power terminals 12 and have their cathodes 28 connected in
      common to the commonly connected anodes 30 of a pair of diodes 32 through
      the collector-emitter junction of a transistor 34. Since each diode 32 is
      connected to a different gate 20 of the SCR's 18, it will be readily seen
      that when the transistor 34 is forward-biased for conduction (such as at
      the beginning of each AC alternation, to be explained shortly) as it would
      be only during the on-state of the relay, the AC power source 16 supplies
      gate current to the upper SCR 18 to trigger it into conduction through the
      right diode 32 and the left diode 26 during positive AC alternations and
      to the lower SCR 18 to trigger it into conduction through the left diode
      32 and the right diode 26 during negative AC alternations. Once conduction
      through an SCR 18 begins, the resultant low voltage drop across the
      anode-cathode junction of the conducting SCR 18 deprives the transistor 34
      of sufficient voltage to maintain conduction therethrough and so the
      transistor 34 turns off thereby terminating the flow of gate current until
      the next AC alternation. The two diodes 32 protect the SCR's 18 from
      excessive reverse-bias voltages during the off-state of the relay 10 to
      avoid damaging them.
PAR  The relay 10 is initially actuated to provide a base drive for forward
      biasing transistor 34 through an optoelectronic coupler 36 by closure of a
      switch 38 which permits the coupler light-emitting diode 40 to be
      energized from a DC source such as battery 42 via a current limiting
      resistor 44. The phototransistor 46 of coupler 36 is connected between the
      base 48 of transistor 34 and the commonly connected cathodes 28 of diodes
      26 through an RC charging circuit 50 comprising a resistor 52 connected in
      parallel with the series combination of a resistor 54 and a capacitor 56.
      When the light-emitting diode 40 is energized, the AC power source 16 is
      enabled to supply base current drive to the transistor 34 for forward
      biasing it via the phototransistor 46 and the rectifying diodes 26 (the
      left diode 26 conducting during positive AC alternations and the right
      diode 26 conducting during negative AC alternations). One of the SCR's 18
      is initially rendered conductive by base current passing through the
      parallel paths of charging circuit 50, which SCR 18 and current division
      being determined respectively by the AC alternation and the point within
      the AC alternation at which the switch 38 is closed. Thereafter, once
      steady-state operation is achieved the SCR's 18 are alternately triggered
      into conduction by driving transistor 34 into conduction with a base
      current that passes through the series combination of resistor 54 and
      capacitor 56 at each AC zero crossing. This series combination provides a
      low impedance path for driving the transistor 34 quickly into conduction
      at the beginning of each AC alternation (within one degree of the
      180.degree. half-cycle) to trigger the appropriate SCR 18 into conduction
      at that time. This will normally occur by the time that the AC power
      source achieves a voltage of 1-2 volts. As mentioned earlier, once an SCR
      18 begins conducting during each AC alternation, the transistor 34 turns
      off because of insufficient voltage to drive it. At that time, capacitor
      56 which had been charging via resistor 54 since the beginning of the AC
      alternation begins discharging through resistors 52 and 54 to achieve a
      zero voltage across its plates before the next AC zero crossing. This
      ensures a low impedance base current path at the beginning of each AC
      alternation for turning the transistor 34 on quickly and consequently the
      SCR's 18.
PAR  When the load 14 is supplied from an AC power source 16 of high voltage,
      the phototransistor 46 may be protected from excessive voltages which
      could otherwise damage it through a zener diode 58, which is connected
      between its collector 60 and the commonly connected anodes 62 of a pair of
      diodes 64 which are serially connected between the power terminals 12. To
      ensure proper circuit operation, the zener breakdown voltage should be
      less than that voltage which would damage the phototransistor 46 (which
      normally might be around 30 volts), but greater than the AC power source
      voltage at which the SCR's 18 are rendered conductive (around 1-2 volts).
      A resistor 66 is connected between the base 48 of transistor 34 and the
      commonly connected anodes 62 to provide a leakage path for rapidly turning
      the transistor 34 off during each alternation at the time an SCR 18 begins
      conducting.
PAR  By the judicious selection of component values for the charging circuit 50,
      the capacitor 56 charge/discharge time requirements can be met to ensure
      triggering the SCR's 18 into conduction essentially at the AC zero
      crossings when the relay 10 is actuated, while still minimizing the power
      dissipation arising from current flow through the phototransistor 46 zener
      protection circuitry when the relay 10 is deactuated. For example, using
      typical commercial solid state components and the following charging
      circuit 50 component values:
PA1  resistor 52=30 kilohms
PA1  resistor 54=100 ohms
PA1  capacitor =0.1 microfarads
PAL  the SCR's 18 of relay 10 were triggered into conduction within one degree
      of each AC alternation for an AC frequency range of approximately 50-400
      Hz. While the relay off-state power dissipation amounted to no more than
      .3 watts for an AC power supply voltage of 120 volts. Prior art solid
      state relays exhibit equivalent power dissipations of 2-3 times this
      amount for the same operating conditions.
PAR  A second embodiment of the invention is shown in FIG. 2 wherein the SCR's
      18 have been replaced with a triac 68 and the diodes 32 have been replaced
      by a full-wave rectifying bridge 70 consisting of diodes 72 to channel
      gate current through transistor 34 into or out of the triac gate 74. As is
      well known, gate current into gate 74 during positive AC alternations will
      cause current to flow from the triac non-referenced main terminal 76 to
      its referenced main terminal 78, while gate current out of gate 74 during
      negative AC alternations will cause the reverse current flow. It will be
      readily seen that with the exception of connecting the collector-emitter
      junction of transistor 34 across the DC ports 80 of the bridge 70, the
      remainder of the relay 10 of FIG. 2 is exactly the same as that of FIG. 1
      as is its operation (the same numbers being used to identify the same
      elements in both figures). Thus, the phototransistor 46 supplies base
      current at the beginning of each AC alternation to render transistor 34
      conductive which then triggers the triac 68 into conduction; during
      positive AC alternations, current flows into the lower AC port 82 of the
      bridge 70 which is connected to the non-referenced main terminal 76 and
      out of the upper AC port 82 which is connected to the gate 74 via the
      collector-emitter path of transistor 34 while during negative AC
      alternations the current flow reverses.
PAR  It will be noticed from both embodiments of the invention that a single
      transistor amplifier comprising transistor 34 may be used in combination
      with a simple RC charging circuit 50 for providing sufficient gate current
      at its output to drive the trigger-type SCR or triac device into
      conduction in response to the base drive input signal via phototransistor
      46 at the beginning of each AC alternation. The solid state optoelectronic
      coupler 36 for inhibiting base current drive to the transistor 34 when the
      relay 10 is deactuated and enabling it when actuated affords the
      electrical isolation between the AC switching path and the actuating
      control elements connected to the light-emitting diode 40. Despite the
      apparent simplicity of the circuit, the solid state relay of the invention
      still provides low power dissipation when deactuated (because of the large
      resistance for resistor 52) and rapid turn on times at the AC zero
      crossings for the trigger device when actuated.
PAR  Since the foregoing preferred embodiments can undoubtedly be modified by
      those skilled in the art without necessarily departing from the scope and
      spirit of the invention, the Detailed Description herein is intended to be
      merely exemplary and not restrictive of the invention which will now be
      claimed hereinbelow.
CLMS
STM  What is claimed is;
NUM  1.
PAR  1. A solid state AC power relay comprising:
PA1  bidirectional trigger switching means having two power terminals for
      passing AC current between an AC load and AC power source when triggered
      into conduction by a gate current during each AC alternation and a gate
      terminal for receiving said gate current;
PA1  a pair of rectifying diodes, with commonly connected cathodes, connected in
      series between said power terminals;
PA1  an optoelectronic coupler;
PA1  a three terminal control element having a controllable current path between
      two of its terminals for passing said gate current between the AC power
      source and said gate terminal under the control of an input signal applied
      to its third terminal, said third terminal being connected to said
      commonly connected cathodes via the phototransistor of said coupler so
      that said input signal is enabled to flow therebetween only when the light
      emitting diode of said coupler is energized, and
PA1  an RC charging circuit connected in series with said phototransistor
      between its collector and said commonly connected cathodes comprising a
      resistor in parallel with a series combination of a resistor and
      capacitor.
NUM  2.
PAR  2. The relay of claim 1 wherein said trigger switching means includes a
      pair of oppositely poled SCR's connected in parallel between said two
      power terminals, and two diodes whose anodes are commonly connected to
      said gate terminal and each of whose cathodes is connected to a different
      one of the gates of said SCR's and said controllable current path is
      connected to the AC power source via said commonly connected cathodes.
NUM  3.
PAR  3. The relay of claim 1 further including two diodes, with commonly
      connected anodes, connected in series between said power terminals and a
      zener diode whose anode and cathode are connected respectively to the
      aforesaid commonly connected anodes and the collector of said
      phototransistor.
NUM  4.
PAR  4. The relay of claim 1 wherein said control element is a transistor.
NUM  5.
PAR  5. The relay of claim 1 wherein said trigger switching means includes a
      triac whose main terminals are connected to said power terminals with said
      gate terminal being connected to the same AC power terminal as the triac
      non-referenced main terminal, and a full-wave rectifying bridge whose AC
      ports are connected to the triac gate and said gate terminal and whose DC
      ports are connected to said controllable current path.
NUM  6.
PAR  6. A solid state AC power relay comprising:
PA1  bidirectional trigger switching means having two power terminals for
      passing AC current between an AC load and AC power source when triggered
      into conduction by a gate current during each AC alternation and a gate
      terminal for receiving said gate current;
PA1  a pair of rectifying diodes, with commonly connected cathodes, connected in
      series between said power terminals;
PA1  an optoelectronic coupler;
PA1  a three terminal control element having a controllable current path between
      two of its terminals for passing said gate current between the AC power
      source and said gate terminal under the control of an input signal applied
      to its third terminal, said third terminal being connected to said
      commonly connected cathodes via the phototransistor of said coupler so
      that said input signal is enabled to flow therebetween only when the light
      emitting diode of said coupler is energized, and
PA1  two diodes, with commonly connected anodes, connected in series between
      said power terminals and a zener diode whose anode and cathode are
      connected respectively to the aforesaid commonly connected anodes and the
      collector of said phototransistor.
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ABST
PAL  A Zimbelstern system or sequential bell ringing system in which a
      sequential counter actuates a set of self-damping circuits in a
      predetermined repeating sequence, the self-damping circuits each enabling
      a different set of sinusoidal tone sources in such relative amplitudes and
      with such relative rise and decay envelopes as to simulate the sounds of
      sequentially sounding bells when electro-acoustically reproduced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known in the prior art to actuate a set of diverse bells sequentially
      and mechanically as an accessory to pipe organs. Such a device is called a
      Zimbelstern. Usually at least four diverse bells are employed and these
      are struck in a predetermined sequence which is continually repeated for
      as long as is desired. Assuming the use of four bells, the sequence of
      bells may repeat only after eight bell sounds have been completed. A
      typical sequence might be, for Example, G5, G6, B5, G5, D6, B5, G6, D6,
      the nomenclatures representing the fundamentals of the bell tones. Each
      bell tone represents a combination of partials and each partial requires
      its own relative amplitude and rise and decay wave envelope.
PAR  It is an object of the present invention to simulate electronically the
      sounds and tonal patterns of a Zimbelstern employing bells, and to provide
      a novel self-damping circuit which can be employed in a Zimbelstern.
PAC  SUMMARY OF THE INVENTION
PAR  An electronic Zimbelstern system, in which a ring of eight one-shot
      multivibrators applies pulses in a pre-arranged sequence to four sets of
      four self-damping wave shaping circuits, the latter keying on sinusoidal
      tone signal sources in relative amplitudes and which rise and decay rates
      which are appropriate to produce the sounds of four bells of different
      fundamental frequencies and associated partials.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a system according to the present invention
PAR  FIG. 2 is a block diagram of a modification of the system of FIG. 1, as
      applied in a photo-electric organ;
PAR  FIGS. 3a and 3b is a circuit diagram of a portion of the system of FIGS. 1
      and 2; and
PAR  FIG. 4 is a circuit diagram of a key-operated selfdamping circuit.
PAC  DETAILED DISCLOSURE OF THE INVENTION
PAR  Referring to FIG. 1 of the drawings, 10 is a block diagram of a ring
      counter oscillator having eight stages, each of which is a mono-stable
      multivibrator having a pulse which provides a total oscillation period of
      1.5 seconds. The output of each multivibrator proceeds via a diode 11 to
      an output lead, as 12. The eight stages of ring counter 10 proceed to four
      output leads 12, 13, 14, 15, stages 1 and 4 proceeding to lead 12, stages
      2 and 7 to lead 13, stages 3 and 6 to lead 14, and stages 5 and 8 to lead
      15. The leads 12, 13, 14, 15 are labelled with the fundamentals of the
      bell tones appertaining to the leads, respectively, i.e., G5, G6, B5, D6.
      The sequence in which the bells will sound, for the interconnections
      provided is G5, G6, B5, G5, D6, B5, G6, D6.
PAR  Each of leads 12-15 inclusive, proceeds to a set of electronic gates G5,
      C7, B7, G8, A, B, C, which gate through, respectively, a set of sinusoidal
      oscillations which provide the partials of a bell sound. The gates are
      controlled respectively by wave shapers each providing a gating wave
      appropriate to a partial of a particular composite bell tone signal. For
      example, the pulse applied on lead 21 is concurrently shaped in four wave
      shapers associated with gates and tone signal sources labelled G5, C7, B7
      and G8, which forms the G5 bell tone. The outputs of all the gates are
      collected on a common bus 17, and the latter is connected via an on-off
      switch 18, which leads to a power amplifier 19 and loud speaker 20, the
      power amplifier 19 being subject to gain control by a conventional foot
      operated expression device 21.
PAR  In the system of FIG. 2, 23 is a transistor switch having slow closure and
      opening times in response to a stop switch closure. The output of
      mono-stable multivibrator stage 8 is connected to the input of stage 1 via
      the transistor switch 23, so that the counter 10 runs through a sequence
      from 1 to 8 in a given time, about 1.5 seconds.
PAR  The function of the steering diodes 11 has been explained. The leads 12-15,
      respectively, are connected via amplifiers 25-28 to sets of self-damping
      circuits 14a-14d, 15a-15d, 16a-16d, and 17a-17d, each appropriate to one
      partial of a bell sound, according to the following table:
PA1  14a-G5
PA1  14b-C7
PA1  14c-B7
PA1  14d-G8
PA1  15a-G6
PA1  15b-C8
PA1  15c-B8
PA1  15d-F9
PA1  16a-B5
PA1  16b-E7
PA1  16c-D.music-sharp. 8
PA1  16d-B8
PA1  17a-D6
PA1  17b-G7
PA1  17c-F.music-sharp.8
PA1  17d-D9
PAR  The wave form provided by damping circuit 14a is applied in parallel to a
      pair of photo-resistive cells, 18a, 18b which lead to opposite ends of a
      ground center-tapped primary winding 35. The photo cells are illuminated,
      as in conventional photo-electric organs, by a series of moving slots
      which scan two variable area sinusoidal optical wave forms, of the same
      wave lengths, but phased apart by 180 electrical degrees, the scanning
      rate and the physical dimensions of the optical wave forms being selected
      to provide in primary winding 35 a desired frequency, whereas dc currents
      in the photo cells cancel. The secondary winding 36, which is single
      ended, sees only an ac signal of the proper frequency, which drives a
      pre-amplifier 37. A FET on-off switch 38 is provided between pre-amplifier
      37 and line amplifier 39, the FET being controlled by a manual switch 40.
      Line amplifier 39 drives power amplifier 41 and loud speaker 42.
PAR  The essential differences between the systems of FIGS. 1 and 2 relate then
      to the use of photo-electric tone sources in the system of FIG. 2 and of
      electric tone sources and associated gates in the system of FIG. 1. The
      present system is applicable to any type of electronic organ. For example,
      each tone partial may be provided by an oscillator of appropriate
      frequency which is supplied with operating voltage from the self-damping
      circuits 14a-14d, etc., or from amplified versions of these.
PAR  Referring now to FIG. 3a of the accompanying drawings, NPN transistors Q1,
      Q2 are intercoupled as a conventional monostable multivibrator 1, there
      being an R.sub.1 C.sub.1 connection from a point of the collector load
      circuit of Q1 to the base of Q2 and a resistive connection from the
      collector of Q2 to the base of Q1. From the collector circuit of Q1, a
      lead 50 proceeds via a dc blocking ac coupling capacitor C2 to the base of
      a further NPN transistor Q3, which is cross coupled to an NPN transistor
      Q4 to form a second mono-stable multivibrator 2. A total of eight such
      multivibrators is provided in a chain, the last stage of which is
      connected back, via lead 51 to the emitter of PNP transistor Q26, the
      collector of which is capacitively coupled to the base of Q1. So long as
      Q26 is fully on it has no effect on the operation of the system other than
      to complete the oscillator loop.
PAR  The system is started in operation by actuating switch 52 to ON position,
      which grounds the base of normally off NPN transistor Q25, rendering the
      latter conductive by changing its base voltage from -14V, at terminal 53,
      to about 0.V. The emitter of Q25 is held at about -3V. When Q25 becomes
      conductive, it transfers a negatively going pulse to the base of Q26 via a
      low pass filter 54, slowly turning on Q26. The latter then remains on
      while switch 52 is on. If switch 52 is transiently turned off, however,
      Q26 will remain on for a time, so that the continuous recycling of the
      mono-stables is not interrupted. The effect of bouncing of the contacts of
      switch 52 is thus obviated, in one respect, i.e., accidental or unintended
      interruption of the oscillator formed by the eight mono-stables.
PAR  A further problem exists in that unintended pulses may be introduced from
      external sources of noise, or by successive closures of switch 52 at
      intervals sufficiently long that Q26 has had time to open and close. In
      either case, plural mono-stables may be concurrently on, and plural bell
      sounds may then occur concurrently in an undesirable sequence. Once this
      has occurred, it can only be terminated by permitting the sequence of
      eight bell sounds to terminate. If the termination occurs while Q26 is
      off, the sequence will not be re-initiated. If Q26 remains closed,
      however, plural pulses will concurrently circulate around the array of
      monostables and will continue to circulate.
PAR  To the base of Q1, via a resistance 56, is connected in parallel to the
      anodes of seven diodes 57. The cathodes of these diodes 57 proceed
      respectively to the collectors of succeeding transistors Q3, Q5 . . . .
      Diode 57-2, for example, has its cathode grounded via Q3, when Q3 is on,
      which holds the base of Q1 near ground and therefore prevents operation of
      Q1 or of the mono-stable 1. It follows that upon completion of a cycle of
      operation, mono-stable 1 cannot re-operate to initiate a new cycle if any
      other mono-stable other than 1 is operating at that time.
PAR  The outputs of the mono-stables proceed via diodes 11, and via current
      amplifiers of the Darlington configuration, composed of transistors Q17,
      Q18, into wave shapers 14a-14d, 15a-15d, 16a-16d, 17a-17d. While the
      several wave shapers are individually designed in respect to R and C
      values, each to provide its individual output wave shape, the circuit
      configurations and modes of operation are generally identical (except that
      16d and 15c share a common load resistor).
PAR  Describing the wave shaping circuit 14a, as typical, a pulse applied to
      lead 60 charges capacitors C5 and C6 in series, via resistance R5, C5 and
      C6 being separated by diode D5. The rise of potential across C6 is
      relatively rapid. Upon termination of the input pulse on lead 60,
      capacitors C5 and C6 are charged, but commence to discharge. C5 discharges
      via R5, resistance R6, and diode D6, with the time constant (R5+R6)C5. C6
      discharges through resistances R7, R8. Charge time of C6 (and also C5) is
      relatively rapid since R7 is rather large compared to R5, and discharge of
      C6, which proceeds concurrently with charging via R5, is slow. Discharge
      is slow, occurring from C6 alone, via R7 and R8 in series. When the input
      pulse to line 60 falls to zero, discharge of C5 is rapid and does not
      affect discharge of C6, because of the isolating action of D5.
PAR  Wave shaper 16d is different in configuration from the others in that a
      further diode D7 is included through which capacitor C6a can discharge
      through resistance R8a of wave shaper 15c. Since R8a sees two distinct
      discharges, the output wave shape at terminal B8 is not a single
      exponential curve, but a time succession of two different exponentials,
      deriving from C6a and C6b.
PAR  While the present system employs a chain of mono-stables, it is also
      feasible to employ a clock plus a chain of eight bistable flip-flops, to
      form a commutator counter, or in any other manner known in the art to
      provide a sequence of pulses.
PAR  When stop switch 52 is closed, the cathode of diode D10 is grounded, it
      being normally held at -14V by the voltage on terminal 53. The FET Q28,
      normally maintained non-conducted by the -14V, is then turned on, this FET
      corresponding with FET 38 of FIG. 2, switch 40 of FIG. 2 corresponding
      with switch 52 of FIG. 3a. The capacitor C10 and resistor R10 provides a
      delayed cut-off of FET Q28 when switch 52 is opened.
PAR  In FIG. 4, the effect of inserting a pulse into a self-damping circuit is
      simulated by providing a voltage source 60 and a key switch K. The system
      of FIG. 4 may be utilized to control percussive instruments, i.e., bells,
      gongs, chimes, piano and harpsichord. These produce tones which decay away
      regardless of the player's action after he has struck the key and thus
      closed the key switch K.
PAR  There are organ compositions which use chimes along with organ voices in a
      monophonic legato melody line. Hence, if the organ has tubular chimes the
      composers intent is realized -- the organ solo melody is legato
      (connected) with accent or punctuation from the percussive chime tones.
      Obviously, in an organ having electronic chimes which, perforce, must be
      played momentarily, or with the circuit of FIG. 4, one cannot properly
      realize the composer's intent because the accompanying organ voice might
      be played staccato or legato. The self-damping keying circuit of FIG. 4
      makes it possible to use conventional playing techniques. Technically,
      this is because the network does not transmit dc, so even if key switch K
      is held closed indefinitely, the controlled audio will decay. In fact,
      there is a measure of performer control because the decay time constant,
      for the switch held closed, is different (longer) from that for momentary
      playing. Thus, a sort of damper effect takes place when the key is
      released.
PAR  For the above circuit, wherein Rs is relatively small, the following
      approximate equations hold: Referring to FIG. 4, the following conditions
      obtain:
TBL  I   Key held closed                                                       
                      Decay time constant                                      
                                     TF.sub.c = Ra(C1+C2)                      
     II  Key momentary                                                         
                      Decay time constant                                      
                                     TF.sub.o = RaC2                           
                                          C1C2                                 
     III          Rise time constant                                           
                                 TR  = Rs                                      
                                          C1+C2                                
PAR  Diode D2 is the reason for the difference between Equation I and Equation
      II. In case I it conducts at all times, whereas in case II it forces the
      discharge of C2 only into Ra. Diode D1 allows C1 to disengage so that the
      tone can be repeated. The discharge path includes Rk which should be
      sufficiently large that it does not draw too much current from the DC
      supply, or damage key switch K.
PAR  Obviously, the above damper effect can be varied by properly proportioning
      the capacitor values.
      ##EQU1##
      As shown here, the larger C1 becomes, the greater the ratio of time
      constants, i.e., the greater the damper effect when the key is released.
      The peak output voltage of the circuit is, of course, a function of this
      same capacitance ratio (for Rs negligibly small). As shown here the peak
      output is V Normalized indicial response, i.e., response to a dc unit
      pulse at zero time,
      ##EQU2##
      and becomes greater as the time constant ratio above becomes greater.
      Because finite, non-zero rise times are desired (Rs .noteq. O) the peak
      output voltage is somewhat less than the indicial response given in IV. If
      C1 = C2, yielding
      ##EQU3##
      there results a pleasantly noticeable effect.
PAR  The self damping circuits of FIGS. 3 and 4 differ only in that in FIG. 4 a
      manually controlled key K is included to control the durations of dc
      input, whereas in FIG. 3 the dc inputs are repetitive pulses. In FIG. 3
      the time constants involved provide for essentially total decays of output
      from each of the self damping circuits in the periods between applied
      pulses. In the system of FIG. 4, the key K may be so manipulated as to
      enable legato playing.
PAR  In the system of FIGS. 3a and 3b which is applied to a conventional
      photo-electric organ, the photo-cell circuits act essentially as gates for
      optically applied sinusoidal signals. However, the system of FIG. 3 is
      applicable to organs employing diode or transistor gates, gating signals
      derived from sinusoidal tone sources, or the tone signals may be derived
      from self-oscillators powered by the self decaying circuits.
PAR  Equations II, III, IV, V apply to the system of FIG. 3, as well as to the
      system of FIG. 4, assuming in all cases that R.sub.K is so small, in FIG.
      4, as to negligibly affect time constants. R5 of FIG. 3 then equates with
      R.sub.K of FIG. 4.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A self-decay circuit, including a source of a dc voltage pulse, a
      resistance (Rk) connected across said source, a series circuit consisting
      of a first resistance (Rs) and a first capacitance (C1), a first diode
      (D2) poled to the conductive to said dc voltage pulse, a partial circuit
      consisting of a second resistance (Ra) and a second capacitance (C2),
      means connecting said series circuit, said first diode and said parallel
      circuit all in series in the order stated across said resistance (Rk), and
      a second diode connected in a series circuit and poled to discharge said
      first capacitance after termination of said dc voltage pulse, said first
      diode being poled to be conductive of current in response to said dc
      voltage pulse, said first and second resistances Rs and Ra being the sole
      resistances connected in series with said first capacitance (C1).
NUM  2.
PAR  2. The combination according to claim 1, wherein said first resistance is
      substantial but relatively small and said second resistance is relatively
      large, and wherein said first and second capacitances are of the same
      order of magnitude.
NUM  3.
PAR  3. A self-decay circuit, including a source of terminable dc voltage, a
      resistance (Rk) connected in series across said source of dc voltage, a
      series circuit consisting of first resistance (Rs) and first capacitance
      (C1) in series with each other, a first diode (D2), a parallel circuit
      consisting of second resistance (Ra) and second capacitance (C2), means
      connecting said series circuit and said first diode and said parallel
      circuit in the order recited all in a series circuit including said source
      of dc voltage, and a second diode (D1) connected across said resistance
      (Rk) and said series circuit taken in series with each other, said second
      diode being poled to discharge said first capacitance on termination of
      said dc voltage, said first diode being poled to be conductive in response
      to said dc voltage.
NUM  4.
PAR  4. The combination according to claim 3, wherein the resistance of said
      series circuit is substantial but relatively small and the resistance of
      said parallel circuit is relatively large, said first and second
      capacitances and said resistances having values establishing a relatively
      rapid exponential rise and a relatively slow exponential fall across the
      resistance of said parallel circuit, and wherein said first and second
      capacitances are substantially equal.
NUM  5.
PAR  5. The combination according to claim 4, wherein said source of terminable
      dc voltage is a source of periodic dc voltage pulses.
NUM  6.
PAR  6. The combination according to claim 5, wherein the rise time constant of
      said self-decay circuit is
      ##EQU4##
      and wherein the decay time constant of said self decay circuit is RaC2 in
      response to each of said pulses.
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ABST
PAL  Transducer devices employing relative changes in the acoustical propagation
      characteristics of surface waves traveling on opposite surfaces of a thin
      elastic cantilever beam yield a measure of the degree of flexing or
      surface strain of the elastic member. A multiplexed phase comparison loop
      and signal processing circuit alternately cooperates with the opposite
      surface waves of the transducer to supply a digital output proportional to
      strain and relatively free of drift, mode locking, and other spurious
      interactions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to sonic transducer devices employing surface
      acoustic waves adapted for use in the measurement of strain, displacement,
      acceleration, force or related parameters and more particularly relates to
      transducers utilizing relative changes of the velocity of propagation of
      acoustic surface waves and of the effective length of flexible elements
      constituted of materials, for example, of the piezoelectric or
      ferroelectric kinds. 2. Description of the Prior Art
PAR  Generally, prior art accelerometer and other displacement or strain sensing
      device encompass variety of structures and principles. Each approach has
      been found to have its particular merits; but many defects are also
      present, such as lack of sensitivity and reliability on the one hand, and
      fragility and high cost on the other. Some accelerometer arrangements, for
      example, require expensive auxiliary equipment, such as feed back
      mechanisms for providing reliable calibration or constant temperature
      enclosures. Many such prior art arrangements are inherently analog in
      nature and do not lend themselves directly to use in digital equipment.
PAR  The prior art includes a variety of piezoresistor transducers, including
      direct stress transducers of the kind employing a flexible cantilever
      clamped at one end to which acceleration or physically applied forces are
      directed at the unclamped end for flexing the cantilever. In these
      transducers, the basic structural member (the cantilever) often does not
      contribute greatly to the sensitivity of the apparatus, merely
      transmitting the stress to be measured to a more sensitive sensor element
      such as a piezoresistor affixed to a flexing surface of the cantilever.
      Measurement of current flow through such resistors yields a measure of
      strain of the cantilever.
PAR  Such devices are, however, expensive and difficult to manufacture and
      strict controls must be exercised to yield a uniform product. In
      particular, reliable bonding of the strain gauge to the cantilever is
      difficult. Since resistivity of an exposed resistor element is to be
      measured by measuring flow of electrical current through it, the devices
      are sensitive to changing ambient temperature and humidity conditions.
      Strict maintenance of calibration requires many special precautions.
      Furthermore, the devices are inherently analog in nature and are best
      suited for application when the associated display or other utilization
      device is an analog device. Such measurement devices generally demonstrate
      troublesome zero drift and scale factor drift with variations in
      temperature and in power supply voltage and may therefore demonstrate
      significant warm up drifts and even continued instability after the
      initial operating period.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to strain, motion, force or acceleration
      transducing devices employing surface propagating acoustic waves on
      flexible elements. Measurements are made of the relative changes in the
      time of propagation of the surface sonic waves as the flexible element is
      displaced by the force to be measured. The present invention provides
      novel signal processing system for improving the operation and precision
      of surface wave transducers by making them more fully independent of the
      spurious effects of undesired signal coupling between oscillatory channels
      of the transducer systems. More particularly, the invention employs a
      single multiplexed phase comparison loop cooperating with a digital signal
      processing circuit for yielding a digital output reliably free of
      significant drift effects.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration showing a surface wave transducer in elevation
      view connected to the novel driving and signal processing circuit of the
      present invention.
PAR  FIG. 2 presents wave form graphs useful in explaining the operation of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The motion transducer employed in the novel instrument of the present
      invention is preferably similar to the motion transducer of FIGS. 1
      through 4 of the U.S. Pat. No. 3,858,064 for "Stable Acoustic Delay
      Surface Wave Motion Transducer Systems," issued Dec. 31, 1974 in the name
      of Lloyd R. Schissler and assigned to Sperry Rand Corporation. For
      convenience in explaining the present invention, the same reference
      numerals are used with respect to the motion transducer in FIG. 1 of the
      present case as are formed in FIGS. 1 and 2 of the aforementioned
      Schissler patent. Reference may also be had to the basic U.S. Pat.
      application Ser. No. 300,034 for "Acoustic Delay Surface Wave Motion
      Transducers," filed Oct. 24, 1974 in the names of H. B. Matthews, H. van
      de Vaart, and J. C. Worley and assigned to Sperry Rand Corporation. Such
      acoustic surface wave motion transducers utilize changes in the
      propagation characteristics of acoustic waves flowing at a surface of a
      relatively thin flexure member to provide output signals yielding measures
      of the degree of flexing of the flexure member. Accordingly, the
      transducer may be used to detect relative motion between parts of the
      flexing member, whether induced by direct acceleration of parts of the
      flexible member itself, or whether induced by directly communicated
      mechanical forces, as in conventional strain gauges or other such
      transducer devices.
PAR  As is seen in FIG. 1, the transducer element employs propagation of a
      surface elastic wave at a predetermined boundary surface 10 of an elastic
      cantilever or flexure member 11. The flexure device 11 is clamped in a
      conventional manner within a base element 12. Cantilever 11 preferably has
      a thin cross section of elongate or rectangular shape, thus affording a
      preferred flexure direction with little sensitivity to forces applied at
      right angles to the thin dimension. Depending upon the selected design
      acceleration when operated as an accelerometer, for instance, the
      cantilever 11 may have a seismic mass clamped at its end opposite base 12.
PAR  Waves of the Rayleigh type are used in which the particle motion at the
      boundary surface 10 is miniscule and retrograde elliptical so that
      components of particle displacement exist both in the direction of energy
      propagation and normal to the boundary surface plane. The surface acoustic
      wave velocity is slightly less than the ordinary bulk elastic wave
      velocity often employed in prior art elastic transducer devices. The
      acoustic energy of the preferred wave flows almost entirely within a thin
      layer at surface 10 and is closely bound to that surface with a
      propagation velocity preferably substantially independent of the carrier
      frequency of the wave.
PAR  The surface acoustic wave is accompanied by propagating synchronous
      alternating traveling electric and magnetic fields which extend somewhat
      into free space above the boundary surface 10. Quartz, piezoelectric
      semiconductors, and ferroelectric materials, as well as other materials,
      demonstrate such surface wave propagation. Excitation of the running
      surface acoustic wave may be accomplished by generating a compatible
      running electric field wave at the surface boundary of the medium on which
      the surface waves are to propagate. Similarly, for magnetostrictive
      materials, the surface acoustic wave may be excited by presenting a time
      varying magnetic field at the boundary surface. Various methods of
      generation of such surface waves are described in the aforementioned
      patents and in other literature. The same principles as are employed for
      exciting the waves may generally be used to reconvert the waves into
      electrical signals for measurement purposes.
PAR  In FIG. 1, element 15 is a conventional wave exciter for exciting acoustic
      surface waves, causing them to flow along the surface or boundary layer 10
      of the transducer. An electrical driving signal applied to the flexible
      lead terminals 18, 19 is converted by exciter 15 into Rayleigh waves which
      may be collected by receiver element 14, wherein the acoustic signals are
      reconverted to electrical signals appearing at the flexible lead output
      terminals 16, 17. It will readily be seen by those with average skill in
      the art that the functions of exciter 15 and receiver 14 may be
      interchanged as a matter of design choice.
PAR  It will be seen that, if the top of cantilever 11 is moved to the left in
      FIG. 1, the distance between exciter 15 and receiver 14 is increased;
      therefore, an increased time may be taken for the acoustic signal to flow
      between elements 15 and 14. Conversely, if the top of cantilever 11 of
      FIG. 1 is moved to the right, surface 10 of the cantilever is compressed
      and the distance between exciter 15 and receiver 14 is diminished. In this
      circumstance, the acoustic signal arrives at receiver 14 in a shorter time
      than in the previous situation. On the other hand, the surface wave
      propagation velocity in some of the usable cantilever materials changes
      upon flexure of the cantilever, so that the actual delay may either
      increase or decrease with strain. In any event, an alternating motion of
      the free end of flexure element 11 produces a signal delay at output
      terminals 16, 17 that is modulated in time in proportion to the
      displacement amplitude of cantilever 11. It will be seen that a measure of
      the deflection of cantilever 11 may be made in several ways, as is taught
      in the aforementioned U.S. Pat. No.  3,858,064.
PAR  In the form of the transducer generally preferred, an arrangement is
      devised of surface wave system in a combination inherently immune to
      changing ambient temperature conditions when operated with appropriate
      signal processing circuits. Paired surface wave paths 10, 10a are now
      formed as seen in FIG. 1 on opposed sides of the flexure cantilever 11,
      surface path 10 being associated with exciter 15 and receiver 14 and
      surface path 10a with exciter 15a and receiver 14a. It will be seen that
      movement to the left of the top of cantilever 11 causes surface 10 to
      stretch, while surface 10a is compressed by a substantially equal amount,
      and vice versa. If the temperature of cantilever 11 changes, the
      respective at-rest distances or transit times between elements 14, 15 and
      14a, 15a change substantially equally. If a signal processing circuit is
      used in which the effective total delays are subtracted one from the
      other, spurious delays induced by temperature change are substantially
      cancelled, as has been shown in the prior art.
PAR  While several types of surface wave exciters and receivers are available in
      the prior art, one arrangement which may be used is illustrated in FIG. 3
      of the aforementioned U.S. Pat. No. 3,858,064, where the exciter device 15
      consists of a pair of electrodes with respective interdigital fingers of
      alternating instantaneous electrical polarity. Standard photoetching and
      photoresist masking or other techniques are used to fabricate the thin
      conductors of the interdigital electrodes of aluminum or other
      electrically conducting material, and the conductor may have widths of the
      order of microns depending upon the design frequency. Adjacent pairs of
      fingers of any one interdigital electrode are spaced substantially one
      wave length apart at the operating carrier frequency. The electrode pairs
      act in a manner analogous to an end fire radio antenna array, propagating
      the desired forward surface wave in the direction of the analogous
      receiver 14 when driven by signals passing through a conventional matching
      network from a conventional source of electrical current oscillations.
PAR  The interdigital electrodes of exciter element 15 may be connected to
      cooperating circuits at terminals 18, 19 by fine gold wires respectively
      fastened to the electrode pairs by standard thermocompression techniques,
      for example. Similarly, the interdigital electrodes of the analogous
      receiver element 14 may likewise be connected to cooperating circuits at
      terminals 16, 17 by fine gold wires or by other equivalent means.
PAR  In operation, the exciter electrode system 15 of FIG. 1 interacts with the
      quartz, lithium niobate, bismuth germanate, or lithium germanate substrate
      that forms the cantilever flexure element 11, producing a propagating
      surface acoustic wave flowing toward receiver 14. The traveling wave is
      successively amplified as it passes under each pair of adjacent electrode
      fingers. The receiver electrode system 14 is similarly constituted and
      readily operates in the reverse sense to re-convert the acoustic wave into
      a delayed electrical output signal at terminal 17. In both cases, it is
      preferred in the interest of efficiency to space the electrode fingers so
      that the condition of acoustic synchronism obtains, the traveling electric
      field at exciter 15, for example, having the same periodicity as the
      electric field normally bound to the acoustic wave. It will readily be
      appreciated that elements associated with surface 10a operate in a manner
      similar to the operation of elements associated with surface 10, exciter
      15a when supplied with driving signals at terminal 19a producing a surface
      acoustic wave propagating along surface 10a to be converted into
      electrical signals upon arrival there by receiver 14a for supplying at
      terminal 17a to cooperating utilization circuits.
PAR  In the present invention, the sine wave electrical carrier signal for the
      alternate excitation of surface waves in surface boundaries 10, 10a of
      cantilever 11 is provided by a conventional voltage-controlled oscillator
      27 coupled by lead 25 to a conventional driver amplifier 24 whose output
      is coupled, in turn, via lead 22 to an electronically controllable switch
      21. Switch 21 is controlled by a pulse train 36a (FIG. 2) from the system
      pulse synchronizer 36 which may be a free running multivibrator. Switch
      21, as controlled by the square pulse train 36a applied via lead 23,
      cyclically and alternately applies equal time duration carrier trains via
      lead 20 and 20a to the respective terminals 19, 19a of acoustic wave
      exciters 15, 15a. For example, when the base 12 is not accelerating, a
      train of carrier cycles of predetermined time duration and number of
      cycles is first coupled to exciter 15 and then to exciter 15a and the
      process is continuously and cyclically repeated. In any event, the
      alternately received trains of carrier cycles are converted by the
      respective receivers 14, 14a to electrical signals of the same carrier
      frequency or frequencies and appear on leads 32, 32a connected in common
      by lead 33 to a first input of a conventional phase detector 30. The
      second input of the phase detector 30 is supplied by lead 26 with the
      output of voltage-controlled oscillator 27 as a phase reference. Phase
      detector 30 then supplies on lead 31 as unidirectional output signal of
      amplitude related to the instantaneous relative phases of the carrier
      signals on leads 26, 33 when indicating actual acceleration of base 12.
      The finite output of phase detector 30 is then supplied through filter or
      integrator 29 via lead 28 for cyclic voltage control or readjustment of
      the output frequency of oscillator 27 thus closing the phase locked
      control loop.
PAR  In the design of the described phase control loop, it is assumed that the
      delay characteristics of surfaces 10, 10a of cantilever 11 and of the
      associated exciters 15, 15a and receivers 14, 14a are substantially
      independent of temperature changes and of other drifts or, more important,
      that any drifts characterizing the transducer 11 and its surface wave
      paths 10 and 10a are relatively long time drifts as compared to the time
      between successive operations of switch 21. The only remaining element
      which may exhibit a drift problem is switch 21 which may be characterized
      by different drifts in its two output paths; however, switches having a
      low order of said differential drift are readily selectable from those
      available on the market. The drifts appearing in the circuit including
      phase detector 30, filter or integrator 29, oscillator 27, and driver
      amplifier 24 have no significant effect, since these circuit elements are
      operated on a time multiplexed basis by virtue of the action of switch 21.
      It will be appreciated that driver amplifier 24 may be arranged to drive
      exciters 15, 15a directly, and that the multiplexing operation of switch
      21 may then be achieved by connecting its two input arms or ports to leads
      32, 32a and its single output port to lead 33 for supply to phase detector
      30. Two multiplex switches, one each at each end of transducer 11, may
      simultaneously be used, both being operated synchronously under control of
      pulser 36.
PAR  In the system of FIG. 1, and according to the present invention, the loop
      controlling oscillator 27 includes a filter circuit 29 which may, in
      practice, be provided with an internal amplifier if gain is required and
      the filter may control loop amplification and frequency shaping as
      conventionally supplied in similar phase locked loops. Operation may be
      generally in the manner achieved with the circuit of FIG. 7 of U.S. Pat.
      No. 3,858,064; in the present FIG. 1, the output of phase detector 30 is
      coupled by lead 31 to filter 29 which may function to provide one or more
      successive integrations, required since a change in frequency of the
      oscillatory loop lead only to a measure of a change in phase at the output
      of phase detector 30.
PAR  Accordingly, it is seen that in an ideal situation and with no motion of
      the base 12 of the motion transducer, the output signal on lead 25
      provided by oscillator 27 will have a constant frequency over successive
      switching cycles. When the base 12 is being constantly accelerated, the
      carrier output of voltage controlled oscillator 27 will shift in equal
      successive alternating time periods, the differential frequency and its
      sense being a measure of the magnitude and sense of the acceleration of
      base 12. Any such differential value is readily detected by frequency
      counter 35 when the output of oscillator 27 appearing on lead 34 is
      supplied to counter 35. Counter 35 is also controlled by the synchronizer
      pulser 36 whose output square wave 36a is coupled via lead 23a to a delay
      circuit 37 in the form of a conventional one-shot delay circuit whose
      output is like pulse wave 37a of FIG. 2. The positive excursions of pulse
      wave train 37a begin synchronously with the positive excursions of pulse
      wave train 36a.
PAR  Wave 37a is coupled to an input port of frequency counter 35, which counter
      may be a conventional frequency counter, the count period shown as graph
      35a being triggered in a conventional way by the successive trailing edges
      of the pulses of pulse train 37a. Since the start of the counting period
      of frequency counter 35 is slightly delayed according to graph 35a with
      respect to alternate operations of switch 21, the phase locked loop
      including voltage controlled oscillator 27 is permitted to stabilize its
      operation so that the output of oscillator 27 reliably becomes steady
      before counter 35 makes each successive measurement. Thus, successive
      periods in which the frequency of oscillator 35 is shifting in a transient
      manner are not included in the final count, the successive counting events
      occurring only after oscillations of oscillator 27 have stabilized in the
      interest of accurate acceleration measurement.
PAR  Each successive selected count corresponding to the condition of surface
      wave path 10 will be stored via lead 35a in a first conventional register
      39. Likewise, each successive selected count corresponding to the
      condition of surface wave path 10a will be stored via lead 35a in a second
      conventional register 40. Operation of registers 39 and 40 is synchronized
      in a conventional manner with respect to wave 36a coupled by lead 23b into
      each of the registers. Wave 36a is coupled directly to control the
      operation on register 39, but is coupled through diode 38 before supply to
      register 40. The output of counter 35 is loaded into register 39 by the
      synchronizer wave 36a for the count on one side of cantilever 11, while it
      is loaded into register 40 by the inverted wave 36a for the next
      succeeding count on the second side of cantilever 11. The counts are
      respectively shifted to subtractor 43 via leads 41, 42 where the count
      difference is yielded, a count proportional to the instantaneous
      acceleration of base 12. Any zero off-set characterizing a particular
      transducer 11 may be removed by manual or other insertion of a corrective
      bias via control 45a into subtractor 45. If the scale factor of the output
      signal on lead 44 requires adjustment, multiplier 46 may be set by manual
      or other control 46a to the appropriate value to yield a truly
      proportional acceleration signal for operation of the display or other
      utilization device 47.
PAR  It is seen that the invention is a sonic transducer device and signal
      processing system employing surface acoustic waves that is adapted to use
      in the measurement of acceleration, velocity, strain, or related
      parameters. Relative changes in propagation velocity of Rayleigh waves
      alternately flowing at paired flexed surfaces may be measured in a
      multiplexing arrangement which is compact, light, accurate, and reliable.
      Furthermore, the system reduces to a minimum circuit components which are
      the source of undesired signal drift in prior art systems that compare
      times of transit along paired paths. The multiplexed transducer system
      demonstrates little zero or scale factor drift, or sensitivity to
      temperature, humidity, or power supply variations, as well as providing
      maximum freedom from prior art defects including freedom from mode locking
      and other spurious coupling effects found disadvantageous in certain
      applications. The novel transducer system may be used to measure
      acceleration or as a strain or displacement gauge and, since it provides a
      frequency or digital output they minimize noise and drift problems
      inherent in purely analog devices and is relatively easily interfaced with
      digital signal utilization equipment. It will be understood that a further
      form of the invention may be envisioned employing more than one cantilever
      beam, each being placed to monitor a particular geometrical axis. Of
      particular interest is the case in which three cantilever beams are placed
      in mutually orthogonal relation so as to provide acceleration data with
      respect to three output axes. The synchronized pulser may be replaced with
      a word generator and switch 21 is replaced with a switch having a layer
      plurality of positions. Each two consecutive readings from the two
      surfaces associated with a particular cantilever are treated as discussed
      in connection with the apparatus of FIG. 1.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than of limitation and that changes may be made within
      the purview of the appended claims without departing from the true scope
      and spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. Transducer means comprising:
PA1  flexure means having first and second opposed flexible surface layer means
      for separately propagating respective first and second acoustic waves
      along first and second respective predetermined paths therein,
PA1  first and second exciter means including switch means for alternately
      exciting and propagating said respective first and second acoustic waves
      along said first and second respective predetermined paths in response to
      respective alternate first and second exciter electric signals,
PA1  first and second receiver means along said respective first and second
      predetermined paths for alternately receiving and converting said
      respective first and second acoustic waves into respective first and
      second successive receiver electric signals,
PA1  voltage controllable oscillator means for alternately driving said first
      and second exciter means through said switch means,
PA1  phase detector means responsive to said voltage controllable oscillator
      means and alternately responsive to said first and second receiver means,
PA1  filter means responsive to said phase detector means for supply of a
      control voltage to said voltage controllable oscillator means, and
PA1  signal processor means responsive to said voltage controllable oscillator
      means for deriving a measure of the flexure of said flexure means for
      supply to utilization means.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said switch means comprises an
      electronically controllable switch having an input port supplied by said
      voltage controllable oscillator means and respective first and second
      output ports coupled alternately to said first and second exciter means.
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein said first and second paths
      are so characterized, when said flexure means is flexed, that said
      respective first and second successive receiver electric signals differ in
      frequency in proportion to the degree of flexure of said flexure means.
NUM  4.
PAR  4. Apparatus as described in claim 3 wherein said filter means comprises
      integrator means.
NUM  5.
PAR  5. Apparatus as described in claim 4 wherein said switch means operates
      cyclically for excitation of said first and second exciter means for equal
      successive time intervals under control of synchronizer means.
NUM  6.
PAR  6. Apparatus as described in claim 5 wherein said signal processor means
      includes counter means responsive to said voltage controllable oscillator
      means and to said synchronizer means.
NUM  7.
PAR  7. Apparatus as described in claim 6 wherein said synchronizer means
      operates delay means for the delayed operation of said counter means with
      respect to the timing of said synchronizer pulses for the elimination of
      spurious counts during the transient period at switching of said switch
      means.
NUM  8.
PAR  8. Apparatus as described in claim 7 wherein said signal processor means
      includes first and second shift register means responsive to said
      synchronizer means for transfer into said respective first and second
      shift register means of counts from said counter means representing the
      instantaneous respective first and second successive receiver electric
      signal frequencies into subtractor means.
NUM  9.
PAR  9. Apparatus as described in claim 8 wherein said signal processor means
      additionally includes zero off-set adjustment means responsive to said
      subtractor means.
NUM  10.
PAR  10. Apparatus as described in claim 9 wherein said signal processor means
      additionally includes scale factor error adjustment means responsive to
      said subtractor means.
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ABST
PAL  A key input device which forms a key switch with high reliability or an
      integrated keyboard with small dimensions which can produce coded signals
      with high reliability and a S/N ratio of high value without any encoder
      circuits, comprising a piezoelectric polymer film, applied as a pressure
      sensor, having layer electrodes on both surfaces thereof and at least one
      device for straining the film, the straining device defining a key.
BSUM
PAR  The present invention relates to an electrically non-contact key input
      device which forms a key switch or a keyboard, wherein a piezoelectric
      polymer film is applied as a pressure sensor or an electro-mechanical
      transducer.
PAR  A key switch has the function of generating voltage pulses, which are
      triggered by the application of an instant force or instantly enforced
      strain on the key switch, to control the circuit which starts and stops a
      function of an electronic apparatus. The key switch has become one of the
      most important electric devices in man-machine interfaces.
PAR  The conventional key switch is a metal contact type. However, such metal
      contact switches have an inherent problem in that their reliability is
      detrimentally effected by poor contact at the contact point, chattering
      and/or bounce. To solve this problem, electrically non-contact switches
      using a magnetic resistance element or a hall element have been developed.
      However, these switches require complicated parts and/or controlling
      circuits.
PAR  Recently, development of a non-contact type piezoelectric switch, using
      piezoelectric ceramics was reported. In this piezoelectric switch, a
      voltage pulse is generated by imparting an impact on the piezoelectric
      ceramics. However, as is well known, such piezoelectric ceramics are
      easily broken when machined because they are brittle. Further, since the
      piezoelectric ceramics have a constant large stiffness value, sound waves
      created by impact thereon are reflected repeatedly in the ceramics. This
      causes the generation of spurious voltage pulses from the piezoelectric
      ceramics, which lead to errors in the operation of an electronic device
      controled by a key switch using piezoelectric ceramics. Still further,
      piezoelectric ceramics require a complicated machining process to produce
      a shape relevant to a pressure sensor.
PAR  An object of the present invention is to provide an electrically
      non-contact key switch, which avoids the disadvantages of the prior art
      key switch, with high reliability and a simple arrangement by utilizing a
      piezoelectric polymeric material as a pressure sensor.
PAR  Generally speaking, polymeric material is non-piezoelectric. However,
      according to recent research reports, a certain kind of optically active
      polymeric material, such as elongated poly- .gamma. -methyl-L-glutamate or
      the like, and a certain kind of polymeric material which has been poled in
      a strong D.C.-field, such as poled polyvinylidene fluoride, poled
      polyacrylonitrile or poled polyvinylchloride, have stable piezoelectricity
      which changes little with the lapse of time. Further, it is known that a
      piezo-electric polymeric material, wherein fine particles of ferroelectric
      inorganic material are distributed, exhibits intensive piezoelectricity
      after it is poled. The piezoelectric d-constant of such piezoelectric
      polymeric material has a value of up to about 2 .times. 10.sup..sup.-11
      C/N, and the piezoelectric g-constant of the material has a value of up to
      about 10.sup..sup.-1 Vm/N. That is, with respect to a voltage generated
      with the same input force, the voltage of a piezoelectric polymeric
      material is higher than that of quartz or piezoelectric ceramics.
      Therefore, it is noted that a feature of the piezoelectric polymeric
      material resides in the fact that a large electromotive force is obtained
      by applying a relatively small input force or strain. This means that when
      the piezoelectric polymeric material is used as a pressure sensor, it has
      high sensitivity.
PAR  A second feature of the piezoelectric polymeric material resides in the
      fact that it is not broken by large deformation or strain, since it has
      high flexibility and impact resistance. Furthermore, the impact energy
      imparted to the piezoelectric polymeric material to generate a voltage
      pulse is instantaneously changed into heat to be dissipated, since it has
      a low mechanical Q factor. In this connection, a desired voltage pulse is
      generated only when the material receives an impact, and at that time
      generation of spurious or long lived voltage pulses are effected to such a
      small extent that they can be neglected. As a result of this there is no
      generation of chattering.
PAR  A third feature of the piezoelectric polymeric material resides in the fact
      that it can be easily made into a film of the desired dimensions. In the
      case of the optically active polymer, it is made into a piezoelectric film
      by elongating it. In the case of the non-optically active polymer, it is
      made into a piezoelectric film by elongating it and then poling it. This
      feature is a great advantage in the provision of an integrated keyboard of
      smalll dimensions and light weight.
PAR  In one aspect of the present invention, there is provided an electrically
      non-contact key switch comprising a piezoelectric polymer film having a
      layer electrode on each surface thereof and means for straining said film,
      said means comprising means for stretching the film and a key bar to be
      forced against the film. In this switch, the polymer film is strained or
      stressed by the key bar to generate a piezoelectric voltage, charge or
      current as an output signal of the key switch. The value of the voltage,
      or charge or current generated by the piezoelectric polymer film is in
      proportion to the enforced stress or strain of the film. When input
      impedance of a detecting circuit connected between both surfaces of the
      piezoelectric film is lower than the output impedance of the film, the
      height of a pulsed current signal to be detected is also proportional to
      the strain velocity of the film. Therefore, in order to obtain an output
      having a predetermined wave form and a predetermined value from the
      piezoelectric polymer film, it is necessary that the film be subjected to
      a predetermined strain (or stress) with a predetermined strain velocity.
PAR  In the above-mentioned key switch of the present invention, it is difficult
      to ensure the predetermined strain with the predetermined strain velocity,
      since such factors vary according to the force applied to the key bar by
      an operator's finger. In another aspect of the present invention, an
      electrically non-contact key switch comprises a piezoelectric polymer film
      having a layer electrode on each surface thereof, and means for straining
      said film comprising an elastic plate or leaf spring exerting a snap
      action and means for holding said plate, said film being adhered to said
      plate to allow said film to be deformed together with said plate. The
      piezoelectric polymer film adhered on the elastic plate has dynamic
      characteristics which have not been exhibited by the conventional
      piezoelectric material or the piezoelectric polymer film alone. The amount
      of strain or stress of the elastic plate enforced by an input force
      defines the enforce strain or stress of the piezoelectric film on the
      elastic plate. Therefore, when the elastic plate is strained by an
      operator's finger, an output of a piezoelectric pulsed signal having
      predetermined value and form is generated by the piezoelectric film
      through the layer electrodes. Since the elastic plate exerts a snap
      action, just after the input force or the enforced strain reaches a
      predetermined value, the strain increases considerably instantaneously,
      and upon removal of the input force the elastic plate returns to its
      original state. The arrangement comprising the elastic plate and the
      piezoelectric polymer film thereon is hereinafter referred to as a
      "complex piezoelectric film". To make the arrangement of the key switch
      simple, it is desirable that the complex piezoelectric film itself have
      the snap action characteristic.
PAR  A fourth feature of the piezoelectric polymeric material resides in the
      fact that the material itself is an electrical insulator. Therefore, the
      piezoelectric polymer film may have a plurality of electrodes on the
      surface, so that the electrodes send out individual output signals
      generated from the film.
PAR  Further, if an input force is applied vertically to a piezoelectric polymer
      film under tension, the voltage pulses generated individually through the
      electrodes have substantially the same amplitudes: the vertical force
      applied to the film surface is changed into a tension of the film which is
      parallel to the film surface and is distributed uniformly in the film. In
      this case, the piezoelectric output signals are related to the
      piezoelectric d-constant d.sub.31 and d.sub.32 for a poled piezoelectric
      film, and are related to d.sub.35 for a uniaxially elongated, optically
      active polymer, where the axes 1, 2 and 3 refer respectively to the film
      normal, the elongation axis, and the axis orthogonal to these.
PAR  In the conventional keyboard of either contact or non-contact type key
      switches, each key switch on the board generates only one kind of output
      signal. Therefore, the conventional keyboard requires an encoder circuit
      to code all of the output signals from the key switches. In such keyboard,
      an increase in the number of key switches requires very complicated
      circuitry, which causes an increase in cost. If a coded signal were
      available from each key switch of the board, a signal processing circuit
      could be of a very simple arrangement. However, this has not been
      practiced with the conventional key switches for the reason that they
      require electric elements having complex characteristics and complicated
      mechanical parts.
PAR  Aother object of the present invention is to provide an integrated keyboard
      having electrically non-contact key switches, which generate coded output
      signals individually with high reliability, without any encoder circuit
      and at low cost.
PAR  In another aspect of the present invention, an electrically non-contact key
      switch comprises a piezoelectric polymer film having coded electrode on
      the surface thereof and means for straining said film.
PAR  In still another aspect of the present invention, an electric non-contact
      key switch comprises a plurality of piezoelectric polymer films, each
      having at least one pair of electrodes on the surface thereof, in an
      arrangement such that said polymer films are piled one on top of the
      other, with, if necessary, electrical insulators separating said films, to
      form a unified layer and means for straining said layer.
PAR  According to the present invention, a coded signal designating a key is
      available from a piezoelectric film, when the film is strained by the key
      bar or the elastic plate exerting a snap action, in the arrangment that a
      plurality of electrodes are so settled on the film that voltage pulses
      defining the coded signal are generated through the electrodes. Therefore,
      if a maximum of 2.sup.n - 1 keyboard switches are provided, each having a
      maximum of n coded electrodes on the surface of the piezoelectric film, a
      maximum of 2.sup.n - 1 sets of coded voltage pulses are available. Such
      coded pulses can be easily converted by signal processing circuits to, for
      example, input signals of transistortransistor logic level (TTL level).
PAR  In still another aspect of the present invention, there is provided a
      keyboard having a plurality of electrically non-contact key switches, each
      comprising the same piezoelectric polymer film as a pressure sensor and at
      least a pair of electrodes at a predetermined local area of said polymer
      film and means for straining said film at said local area. Speaking from
      another point of view, the abovementioned keyboard is considered a key
      input device comprising a piezoelectric polymer film having a plurality of
      local areas, each having at least a pair of electrodes, and a plurality of
      means for straining said film at said local areas individually, each said
      straining means defining a key. According to the present invention, said
      piezoelectric polymer film may exhibit piezoelectricity either over its
      entire area or only at said local areas. In the latter case, local areas
      of the film having piezoelectric characteristic are produced by poling the
      film at the individual areas. Alternatively, the entire piezoelectric
      polymer film may be locally depolarized to leave the predetermined
      piezoelectric local areas.
PAR  Local areas of the polymer film having piezoelectric characteristics with
      different polarities can be produced by selectively applying voltages with
      different polarities to the polymer film at the local areas. Therefore,
      according to the present invention, there is also provided a key input
      device using a polymer film having local areas where piezoelectric
      characteristics with different polarities are exhibited.
PAR  The keyboard of the present invention has the advantage that a high
      signal-noise ratio (S/N) is obtained, which results in the keyboard having
      a high reliability. Further the keyboard of the present invention can be
      provided with a large number of key switches in a small arrangement. This
      would meet a demand such as the provision of a data processing system for
      Chinese letters which requires a number of keys designating individual
      letters.
DRWD
PAR  The present invention will hereinafter be described in more detail by way
      of example with reference to the accompanying drawings in which:
PAR  FIG. 1 is a sectional view of an embodiment of an electrically non-contact
      key switch in accordance with the present invention;
PAR  FIG. 2 is a CRT trace curve indicating the output pulse generated between a
      pair of electrodes upon operation of the key of the key switch shown in
      FIG. 1;
PAR  FIG. 3 is a sectional view of another embodiment of a non-contact key
      switch according to the present invention;
PAR  FIGS. 4A and 4B are graphs respectively indicating the current and charge
      of the output pulse signal generated upon operation of the key of the key
      switch shown in FIG. 3;
PAR  FIG. 5 is a diagram showing a circuit arrangement of an embodiment of an
      keyboard according to the present invention;
PAR  FIG. 6A is a sectional view of a keyboard switch used in the keyboard shown
      in FIG. 5;
PAR  FIG. 6B is a plan view of an area of the piezoelectric polymer film with
      electrodes shown in FIG. 6A;
PAR  FIG. 7 is an exploded perspective view of an embodiment of a keyboard
      according to the present invention;
PAR  FIG. 8 is a plan view of an embodiment of the piezoelectric polymer film
      with the electrodes and conductive circuits used in the keyboard shown in
      FIG. 7;
PAR  FIG. 9 is a plan view of another embodiment of the piezoelectric polymer
      film with the electrodes and conductive circuits used in the keyboard
      shown in FIG. 7;
PAR  FIG. 10 is a plan view of another embodiment of the piezoelectric polymer
      film with the electrodes and conductive circuits used in the keyboard
      shown in FIG. 7;
PAR  FIG. 11 is an exploded perspective view of an embodiment of stacked
      piezoelectric polymer films with the electrodes and conductive circuits
      used in the keyboard shown in FIG. 7.
DETD
PAR  Referring to FIG. 1, an electrically non-contact key switch comprises a
      piezoelectric polymer film 4 having layer electrodes 4a and 4b on
      respective surfaces thereof and means for straining the film which
      comprises a key bar 2 and a board 5. The board 5 has a hole 5a which is
      covered by the film 4 in a stretched state. The key bar 2, which has a key
      top 1, is movable against a coil spring 3, by an input force applied to
      the key top 1, into a housing 6. The housing 6 is mounted on the printing
      board 5. Numeral 7 denotes a base plate for supporting the printing board
      5. A rubber sheet 7a is mounted on the base plate 7 within the hole 5a of
      the printing board 5, while another rubber sheet 2a is mounted on the
      bottom of the key bar 2. The piezoelectric polymer film 4 with the
      electrodes 4a and 4b is obtained in the following manner. A film of
      biaxially elongated polyvinylidene fluoride with, for example, a thickness
      of 50 .mu.m and length and width of 15 mm and 15 mm, respectively, is
      poled for 2 hours by applying a voltage of 2 KV between both surfaces of
      the film at a temperature of 130.degree.C and then cooled to room
      temperature, while the electric field is maintained. The piezoelectric
      polymer film which is thus produced has the following properties.
EQU  Piezoelectric d-constant; d.sub.31 = 5.8 .times. 10.sup..sup.-12 C/N
EQU  Piezoelectric g - constant; g.sub.31 =  5.7 .times. 10.sup..sup.-2 Vm/N
PAL  A layer electrode is produced on each surface of the film by vaporizing
      aluminum onto these surfaces.
PAR  When an input force is applied to the key top 1, in a conventional manner,
      by an operator's finger, an output pulse of 2 or 3 V is generated between
      the electrodes 4a and 4b, as shown in FIG. 2. This pulse may be processed
      by an amplifier and transformed into the desired electric signal form.
PAR  FIG. 3 shows another embodiment of the electrically non-contact key switch
      of the present invention. In the figure, a thin elastic plate 40, made of
      a copper-beryllium alloy, forms a convex disk. The thin plate 40 is
      mounted on a board 20 having a hole 21 so as to cover the hole. The board
      20 is supported by a base plate 30. Numeral 50 denotes a piezoelectric
      film, which corresponds to that of the first embodiment shown in FIG. 1.
      The piezoelectric film is made, for example, of a biaxially elongated and
      poled polyvinylidene fluoride. Conductive silver pastes are coated on the
      respective surfaces of the film 50 to form layer electrodes 51 and 52. The
      silver coated film is adhered on the upper surface of the thin convex
      plate 40 with an adhesive, and the combined film 50 and the plate 40 form
      a complex piezoelectric film 60. The thin plate 40 may be use as an
      electrode instead of the silver electrode 52, since it is made of metal.
PAR  In a case where an input force 70 is applied downwardly to the complex
      piezoelectric film 60, when the strain of the complex piezoelectric film
      increases over the predetermined value, the strain instantaneously
      increases considerably. That is, the convex plate 40, which is held by the
      board 20, exerts a snap action, when the input force 70 is applied.
      Concurrently, an output charge of voltage and current in the form of a
      pulse, which has a predetermined large value, is generated from the
      piezoelectric film 50 through the pair of electrodes 51 and 52.
PAR  FIGS. 4A and 4B show the current and charge, respectively, of the pulsed
      output signals generated in the key switch shown in FIG. 3 during a cycle
      of the key operation. Referring to these figures, pulses a and A having
      positive polarity are generated, when the input force is applied and the
      strain of the film increases considerably over the predetermined value.
      Pulses b and B having negative polarity are generated, when the strain
      decreases considerably from the maximum value upon removal of the input
      force.
PAR  With respect to the material of the elastic plate having a snap action
      characteristic, a metal such as a copper-beryllium alloy, phosphor bronze,
      steel or the like is preferable. Further, a polymeric material such as
      polystyrene, polycarbonate or the like is also adoptable. A snap action
      characteristic is exhibited by making such material as, for example, a
      convex plate.
PAR  An embodiment of a keyboard according to the present invention is shown in
      FIGS. 5, 6A and 6B. The keyboard has 2.sup.n - 1 key switches producing
      coded pulses individually in a circuit arrangement as shown in FIG. 5.
      Each key switch of the keyboard has a similar arrangement to that of FIG.
      1. In FIG. 5, numeral 10 denotes a piezoelectric film used in each key
      switch. Each film has 1 to n layer electrodes 11 on the upper surface for
      sending out the generated output pulses. These electrodes are referred to
      as output electrodes hereinafter. Each film has a layer electrode on the
      lower surface, which is grounded through a lead 14. This electrode will be
      referred to as a grounded electrode hereinafter. In the film, each output
      electrode and the grounded electrode electrically form a pair of
      electrodes through which an output pulse is generated from the film. Each
      output electrode is connected to one of n sequences of circuits 13 through
      a lead 15. FIG. 6A shows an arrangement of the key switch. In the figure,
      the same numerals as used in FIG. 1 denote elements or members which
      correspond to those of FIG. 1. FIG. 6B shows an electrode arrangement in
      one of the keyboard switches. According to the keyboard shown in FIGS. 5,
      6A and 6B, 2.sup.n - 1 set of coded voltage pulses are generated by
      individual key operations of the keyboard switches through the n sequences
      of circuits 13. Each set of coded pulses are converted to, for example,
      input signals of TTL level by signal processing circuits 16 which include
      amplifiers.
PAR  The piezoelectric polymer film 10 with the electrodes 11 and 12 is obtained
      in the following manner. A film of biaxially elongated polyvinylidene
      fluoride, for example, of a thickness of 50 .mu.m is poled with an
      electric DC field of 2 KV for 2 hours at a temperature of 130.degree.C.
      the resultant film has piezoelectric constants of d.sub.31 =  6.0 .times.
      10.sup..sup.-12 C/N and g.sub.31 =  5.8 .times. 10.sup..sup.-2 Vm/N. From
      the resultant film, a piezoelectric film 10 withh length and width of 16
      mm and 15 mm, respectively, is obtained. The output electrodes 11, each
      with length and width of 10 mm and 2 mm, respectively, are formed
      separately on one surface of the film by conductive silver pastes, while
      over the entire other surface the grounded electrode 12 is formed by a
      conductive silver paste. Each output electrode 11 and the grounded
      electrode 12 are connected through a condenser of 500 PF. When each
      keyboard switch is operated with ordinary force by a finger, about a 2 V
      peak pulse with a time duration of about 5 m sec is generated from the
      piezoelectric film 10 through each output electrode 11. In such keyboard
      switches as shown in FIG. 5, the electrodes of each key switch serve as
      parallel condensers. Therefore, the value of the voltage pulse generated
      through each output electrode decreases when the number of the key
      switches increases. However, in this example, even if the number of key
      switches increases up to about 200, output signals, which can be easily
      amplified without decreasing the S/N ratio, can be obtained from the
      piezoelectric film of each switch.
PAR  FIG. 8 shows an embodiment of a piezoelectric polymer film arrangement used
      in a keyboard of the present invention, which has 12 keyboard switches,
      each generating 4-bit output signals. In the figure, a sheet of polymer
      film 110 has separated areas 111 (shown as shaded portions) only where
      piezoelectric characteristics are exhibted individually. These
      piezoelectric areas are formed by locally poling a polymer film, which has
      a characteristic such that it is changed into a piezoelectric film by
      poling. Which areas or portions of the film should be poled locally to
      exhibit piezoelectric characteristics is determined according to the
      necessary code arrangement. On one surface of the film at each poled area
      111, a layer electrode is formed as an output electrode by a conventional
      metal evaporating process or printing process. A conductive layer as a
      grounded electrode is formed over the entire other surface of the film by
      the same process as the output electrodes above. The grounded electrode
      and each output electrode form a pair of electrodes. Each block 114 (area
      enclosed by a broken line) covers a set of the coded output electrodes and
      defines a location of a key switch. Each set of the coded electrodes is
      connected to four sequences of conductive circuits 113. When the film 110
      at each block 114 is pushed by a key, a voltage is generated from the film
      part within the block and, thus, 4-bit coded signals appear from the
      output ends 115 of the circuits 113.
PAR  FIG. 7 shows an embodiment of the keyboard arrangement wherein the
      piezoelectric polymer film shown in FIG. 8 is applied. Referring to FIG.
      7, a piezoelectric polymer film arrangement 122 (which corresponds to the
      film arrangement shown in FIG. 8) is attached in a stretched state on a
      perforated plate 121. The perforated plate has holes 126 corresponding to
      the blocks of the film. A key assembly 123 forms a plurality of means for
      straining the film at the blocks individually. The key assembly has a
      plate where key tops with key bars which correspond to the blocks of the
      film are arranged, and it is mounted on the film attached to the
      perforated plate. Numeral 124 denotes a shield plate to effect a complete
      shield of the output electrodes. In order to receive the film at the
      blocks when the film is strained, rubber sheets 125 may be mounted on the
      shield plate 124 at the areas corresponding to the block of the film or
      the hole 126 of the perforated plate. Preferably a bar 127 is mounted on
      the film at each block so that an equally distributed uniform pressure
      will be exerted on the surface of the film within the block. To make the
      figure simple, only one bar and one rubber sheet are shown.
PAR  It will be obvious from the above description that a system for pushing the
      film directly with a finger, instead of the key arrangement, can also be
      utilized. In this case, it is preferable to adopt a perforated plate
      having holes corresponding to the blocks of the film instead of the key
      assembly.
PAR  FIG. 9 shows another embodiment of a piezoelectric polymer film arrangement
      used in a keyboard of the present invention, which has 12 key switches,
      each generating 4-bit output signals. In the figure, a sheet of polymer
      film 130 has blocks 134. Within each block, there are provided areas 131
      and 132 where piezoelectric characteristics with different polarities are
      exhibited. The areas 131 (shaded portions), having piezoelectric
      characteristics with negative polarities, are provided by locally poling
      the film at the areas with a DC voltage of positive polarity, while the
      areas 132 (blank portions), having piezoelectric characteristics with
      positive polarities, are provided by locally poling the film at the areas
      with a DC voltage of negative polarity. When the film at a block is
      strained by operation of a key, the film at each shaded portion 131
      generates a voltage with a positive polarity, while the film at each blank
      portion 132 generates a voltage with a negative polarity. Output
      electrodes are formed on the surface of the film at the areas 131 and 132.
      A grounded electrode is formed over the entire other surface of the film.
      The output electrodes are connected to four sequences of circuits 133 as
      shown in FIG. 9. Therefore, 4-bit coded signals consisting of pulses with
      different polarities appear from the output end 135 of the circuits 133.
      Since the coded signals are complementary with regard to parity check, the
      appearance of incorrect signals is easily detected. As a result this
      keyboard has high reliability.
PAR  If, in addition to the areas of the film having the piezoelectric
      characteristics with different polarities, non-piezoelectric area or areas
      are included within the block, just like those shown in FIG. 8, it is
      possible to produce coded output signals consisting of pulses having
      positive, negative and zero values. Therefore, if n sequences of circuits
      are employed in a keyboard, distinguishable output signals can be produced
      from a maximum of 3.sup.n - 1 key switches. This means that many different
      output signals can be produced with relatively few sequences of circuits.
PAR  In the embodiments shown in FIGS. 8 and 9, the piezoelectric polymer films
      are obtained by locally poling polymer films. Such locally poling process
      is relatively throblesome to perform. FIG. 10 shows another embodiment of
      piezoelectric polymer film arrangement used in a keyboard of the present
      invention, wherein a sheet of polymer film having a piezoelectric
      characteristic over the entire surface is employed as a pressure sensor
      for each key switch. In this case, a simple poling process is applicable.
      Referring to FIG. 10, numeral 140 denotes a sheet of polymer film which
      exhibits a piezoelectric characteristic over its entire surface. The film
      140 is made of, for example, a polymer film which has been poled over the
      entire area of an elongated film of polyvinylidene fluoride. A film of
      poly- .gamma. -methyl-L-glutamate, which exhibits a piezoelectric
      characteristic after elongation may also the used for the film 140. On the
      upper surface of the film 140 output electrodes 141 are formed within
      blocks 144 to produce 4-bit coded signals from a key switch. These
      electrodes are connected to four sequences of circuits 143. On the lower
      surface of the film 140, a grounded electrode is coated within each block
      144 except for the region or regions 142 (blank portions in the figure).
      When the film 140 at the block 144 is pushed with a key, an output signal
      appears from each circuit sequence which runs over the grounded electrode
      within the block. However, no outut signal appears from any circuit
      sequence which does not run over the grounded electrode within the block,
      in other words, which runs through a blanked portion 142 within the block.
PAR  The same coded signals as those from the electrode arrangement of the
      piezoelectric film mentioned above can be obtained by locally depolarizing
      the piezoelectric film to leave the necessary piezoelectric areas. When
      the piezoelectric film at the area corresponding to the blanked portion
      142 is heated locally with a heated metal plate or infrared ray, the film
      at that area becomes non-piezoelectric. Such depolarizing process is
      applicable only to a polymer film which can be poled to be piezoelectric.
      In this case, since a grounded electrode is allowed to occupy the block,
      the S/N ratio of the output signal becomes larger than that in the
      piezoelectric polymer film arrangement shown in FIG. 8.
PAR  The piezoelectric polymer film arrangments shown in FIGS. 9 and 10 are also
      employed with the keyboard shown in FIG. 7 in the same manner as the film
      arrangement 122.
PAR  Coded signals can be obtained by such piezoelectric polymer film
      arrangements as mentioned before. However, it is noted that in the coded
      electrode arrangement on the piezoelectric polymer film wherein sets of
      the coded electrodes are provided, each set defining a key, an increase in
      the number of the sets leads to a decrease in the area occupied by each
      set and an increase in the capacity of the condensers parallel to the
      electrodes on the film. This causes the output voltage to have a decreased
      value.
PAR  FIG. 11 shows an embodiment of a piezoelectric polymer film arrangement
      used in a keyboard of the present invention, which arrangement avoids the
      above-mentioned disadvantage. Referring to FIG. 11, two sheets of polymer
      film 150A and 150B are piezoelectric over their entire surface or are
      locally piezoelectric at corresponding areas 151A and 151B (shaded
      portions), respectively. On one surface of each of the films 150A and
      150B, output electrodes are formed at the areas 151A and 151B. The output
      electrodes are connected to conductive circuits 153A and 153B as shown in
      FIg. 11. Earthed electrodes are formed all over the other surface of each
      of the films, respectively. The films 150A and 150B are piled one on top
      of the other with an electric insulator film (not shown) separating the
      films to form a unified layer. The conductive circuits 153A on the film
      150A and the conductive circuits 153B on the film 150B are in an
      orthogonal relationship to each other. The unified layer is also employed
      in the keyboard shown in FIG. 7 in the same manner as the film arrangement
      122.
PAR  When the unified layer at the area 151A corresponding to the area 151B is
      pushed by a key, output signals appear at the output ends X and Y of the
      circuits 153A and 153B, respectively. The produced signals are amplified
      and coded through an encoder circuit.
PAR  The areas 151A and 151B may have the same coded electrodes, respectively,
      as those of the film arrangement shown in FIG., 8, FIG. 9 or FIG. 10.
      Further, a unified layer consisting of more than two sheets of the film
      such as shown in FIGS. 8 through 10 can be employed in the keyboard.
PAR  With the film arrangements as shown in FIG. 8, FIG. 9 or FIG. 10, a maximum
      of about eight sequences of circuits could be provided to produce 8-bits
      signals. If a plurality of such film arrangements were stacked to form a
      unified layer, the number of circuits which could be operated by a key
      increases proportionally to the number of stacked films. Therefore it is
      believed that such unified layer is especially useful in construction of
      an integrated keyboard.
PAR  With respect to such complex film as shown in FIG. 3, a complex film having
      a large area can be easily provided. Therefore, there can be provided a
      complex film comprising an elastic plate having a plurality of areas where
      snap actions would be exerted individually and a sheet of a piezoelectric
      polymer film which is adhered thereon, each of said areas with a part of
      the polymer film defining a key. A keyboard wherein the above-mentioned
      complex film is employed can be provided.
PAR  Further in the above-mentioned complex film, each area of the polymer film
      is allowed to have coded electrodes. Therefore, there can be provided a
      keyboard, producing coded signals from each key without any encoder
      circuits, in such keyboard circuits as shown in FIGS., 5, 8, 9 or 10. Of
      course, a keyboard having a plurality of key switches having individual
      complex films as shown in FIG. 3 can also be provided.
PAR  Still further, a key switch having a complex film comprising an elastic
      plate having a piezoelectric polymer film adhered on each surface thereof
      or a keyboard having such key switches can be provided. Further there can
      be provided a keyboard having a complex film comprising an elastic plate
      having a plurality of areas where snap action is exerted individually and
      two piezoelectric polymer films adhered on respective surfaces of the
      plate, each area of the plate defining a key.
PAR  As to the polymeric materials in a film form used in the key switch or
      keyboard of the present invention either: (I) polymer or copolymer of
      vinylidene fluoride, polymer or copolymer of polyvinyl fluoride, polymer
      or copolymer of acrylonitrile, polyvinyl chloride, polyvinylidene chloride
      or polyundecaneamide (nylon 11) may be adopted, or; (II) poly- .gamma.
      -benzyle-L (or D)-glutamate or poly- .gamma. -methyl-L (or D)-glutamate
      may be adopted. The former materials (I) are poled to be piezoelectric,
      while the latter materials (II) are uniaxially elongated to be
      piezoelectric. It is desirable to elongate the former materials (I)
      uniaxially or biaxially in order to change them into piezoelectric
      materials having a large value. However, if a film of the polymeric
      materials (I) or the like, wherein powders of ferroelectric materials such
      as PbZr.sub.x Ti.sub.1.sub.-x O.sub.3 (PZT) or BaTiO.sub.3 are dispersed
      is poled to be piezoelectric, a preferable piezoelectric film may be
      obtained. A piezoelectric polymer film having larger values of
      piezoelectric d- and g- constants is the more desirable. In a practical
      use, the following values of the constants are preferable.
EQU  d &gt; 10.sup..sup.-12 C/N
PAL  and
EQU  g&gt;10.sup..sup.-2 Vm/N
PAR  With respect to a preferable thickness of the piezoelectric polymer film,
      it ranges in value from 20 to 1000 .mu.m.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A electrically non-contact key input device comprising a piezoelectric
      polymer film having layer electrodes on both surfaces thereof, and means
      for straining said film so that said film is extended or contracted along
      the surface of said film, said straining means defining a key, said
      straining means comprising a snap action elastic plate with an upwardly
      convex surface, said film being adhered to said plate in such a manner
      that said film is contracted along the surface thereof together with said
      snap action plate upon downward depression.
NUM  2.
PAR  2. An electrically non-contact key input device according to claim 1,
      further comprising a key bar with a key top, said key bar being arranged
      so that it can be forced vertically against said elastic plate.
NUM  3.
PAR  3. An electrically non-contact key input device according to claim 1,
      comprising a plurality of holding means for said plate, said elastic plate
      having areas where snap actions are exerted individually, said holding
      means being applied to said polymer film at said areas-thereof
      individually, said holding means and said corresponding areas of said
      plate defining individual keys, each area of said film having at least one
      pair of said electrodes.
NUM  4.
PAR  4. An electrically non-contact key input device according to claim 3,
      comprising two sheets of said piezoelectric film, which are stuck on
      respective surfaces of said plate.
NUM  5.
PAR  5. An electrically non-contact key input device according to claim 1,
      wherein said piezoelectric polymer film is made of polymeric material
      selected from the group consisting of polyvinylidene fluoride, polyvinyl
      fluoride, polyacrylonitrile, polyvinyl chloride, polyvinylidene chloride,
      poly- .gamma. -benzyl-L (or D)-glutamate, poly- .gamma. -methyl-L (or
      D)-glutamate, and nylon 11.
NUM  6.
PAR  6. An electrically non-contact key input device according to claim 1,
      wherein said piezoelectric film has a piezoelectric d-constant having a
      value more than 10.sup..sup.-12 C/N, and a piezoelectric g-constant having
      a value more than 10.sup..sup.-2 Vm/N.
NUM  7.
PAR  7. An electrically non-contact key input device according to claim 1,
      wherein said piezoelectric polymer film has a thickness of 20 to 1000
      .mu.m.
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ABST
PAL  A thin quartz oscillator element including a substrate of quartz with a
      plurality of electrodes disposed on a major surface of the substrate and
      extending outwardly beyond one edge of the substrate. Metallic bodies are
      disposed on the same surface of the substrate as the electrodes remote
      from the electrodes. The electrodes thicken in the region that extends
      beyond the edge of the substrate to a sufficient thickness to be thereby
      reinforced. Another electrode made as a metallic layer is built-up on the
      opposite major surface of the quartz substrate. To construct the quartz
      oscillator, an upper and a lower major surface of a quartz substrate are
      lapped. The substrate is mounted on a jig, and a metallic layer is
      deposited on a surface of the substrate and extending from one end
      thereof. The metallic layer is coated with photo-resist, the photo-resist
      is exposed to light through a mask, and the photoresist is then developed
      to remove unexposed photo-resist. Areas of the metallic layer unprotected
      by photo-resist are etched away to form the electrodes and the metallic
      body. The substrate is removed from the jig, cleaned of remaining
      photo-resist, and the surface bearing the electrode and metallic body is
      covered with a second mask. A gold metal layer is plated onto the metallic
      bodies and the electrodes to increase their thickness to a predetermined
      value to reinforce them. A lower electrode is built-up on the lower major
      surface of the quartz substrate in a similar manner but is not reinforced
      by the application of a gold layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electro-mechanical resonators and more
      particularly to thin quartz crystal oscillators and a method for forming
      electrodes thereon.
PAR  Conventionally electrodes are connected to thin quartz oscillators by
      connecting to a terminal by bonding. However, thin quartz crystal
      oscillators have a frequency of, for example, 16KHz and are dimensioned
      very small, for example: 6mm in length, 0.9 mm in width and 0.025 mm in
      thickness. Since they are thin and fragile these quartz crystal
      oscillators are broken or cracked due to their subjection to pressure when
      bonding a connection thereto. Thus the yield in making problem-free
      electrode connections is not very good.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide a new and
      improved quartz oscillator with built-on electrodes thereon.
PAR  Another object is to provide a quartz oscillator on which the electrodes
      are reinforced and can have connections made thereto without subjecting
      the quartz substrate thereof to pressure.
PAR  Still another object is to provide an improved quartz oscillator, a method
      of construction thereof and a method of connecting it in use greatly
      improving the yield thereof.
PAR  The quartz oscilator is constructed by taking a rectangular quartz
      substrate lapping both major surfaces, and depositing a metallic layer of
      chrome and gold over an entire major surface and extending laterally
      therefrom in the direction of the length of the substrate. A photoresist
      is applied to the metallic layer and then the photoresist is exposed to
      light through a mask that has exposure apertures thereon for forming a
      plurality of latent images of electrodes that overlie the substrate and
      extend laterally therefrom on that part of the layer that extends
      laterally from the substrate. The photoresist is developed and the
      portions of the photoresist not exposed are removed. The parts of the
      metallic layer unprotected by the photoresist are etched away and a
      plurality of electrodes are formed on the body of the substrate and having
      extensions that extend from one end of the substrate.
PAR  The mask is also constructed to expose a part of the metallic layer remote
      from the electrodes at an opposite end of the major surface of the
      substrate on which the electrodes are formed to form metallic masses
      thereon as later explained.
PAR  An electrode is formed on a major lower surface opposite to the
      above-mentioned major surface on which the plurality of electrodes are
      formed. This latter electrode is formed in the same manner in which the
      plurality of electrodes are formed.
PAR  Provision is made for thickening and reinforcing the electrodes. Thus gold
      plating is deposited, by using a mask, on the chrome and gold alloy
      extensions of the electrodes and limited regions of said electrodes
      overlying said substrate and near the extensions. A nickel plating may be
      applied thinly on those parts and regions to be gold plated. The gold
      plating forms a second metallic layer reinforcing or strengthening the
      structure. The masses are similarly gold plated so that they and the
      electrode extensions are thicker than the parts of the electrodes
      originally deposited as the first metallic layer.
PAR  The oscillator formed as set forth above is coated on both sides with
      chrome and secured to a jig in an inverted position. A photoresist is
      applied to the chrome on a surface opposed to the underside of the
      substrate and it is exposed through a mask and the photoresist is
      developed and removed in those regions unexposed. The chrome and quartz
      are then etched to form the quartz substrate into a U-shaped configuration
      each arm of which has an electrode extending therefrom and a mass on an
      end of each arm remote from the electrode. A third electrode has parts
      thereof on each arm of the substrate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other features and advantages of the thin quartz oscillator element and its
      method of manufacture in accordance with the present invention will be
      better understood as described in the following specification and appended
      claims in conjunction with the following drawings in which:
PAR  FIG. 1A is a plan view, partly in section, of a thin quartz oscillator
      element according to the present invention;
PAR  FIG. 1B is a side elevation sectional view of the thin quartz oscillator
      element shown in FIG. 1A;
PAR  FIGS. 2A and 2B are schematic end views for illustrating a method of
      manufacturing the thin quartz oscillator element in FIG. 1A;
PAR  FIG. 3 is a plan view of a mask used in manufacturing a quartz oscillator
      element according to the invention;
PAR  FIG. 4A is a schematic side elevation view of an element used in
      manufacturing the quartz oscillator element of FIG. 1A;
PAR  FIG. 4B is a plan view of another mask used in the manufacture of a quartz
      oscillator element according to the invention; and
PAR  FIG. 5 is a side elevation view, partly in section, of an assembly of a
      quartz oscillator element of the invention into a timepiece.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A thin quartz oscillator element constructed according to the invention is
      illustrated in FIGS. 1 and 2. It comprises a U-shaped quartz substrate 1
      having two legs interconnected by a connecting third leg. Each of these
      legs can resonate and have metallic masses 2a, 2b on a free end on a major
      surface thereof. On the same major surface are disposed three electrodes
      3a, 3b, and 3c. Each leg has an electrode thereon as shown and the
      intermediate electrode 3c extends axially on to both legs. All three
      electrodes have axial extensions extending from an end of the substrate in
      a direction of the length of the element and the substrate 1.
PAR  The two masses 2a, 2b are of greater thickness than parts of the electrodes
      as can be seen in FIG. 1B. However, the electrode extensions extending
      from one end of the body of the substrate and on regions overlying the
      substrate adjacent these extensions are likewise thickened and reinforced
      or strengthened.
PAR  In order to manufacture a thin quartz oscillator element according to the
      invention a new and improved method of manufacture is engaged. A thin
      rectangular quartz crystal 5 is provided from which the substrate 1 is to
      be formed. The major surfaces thereof are lapped. The substrate 5 is very
      small similarly to those described above and is intended to be used in
      making an oscillator for a watch.
PAR  This substrate 5 is adhered to a jig 6 with an adhesive. A metallic first
      layer 7 of an alloy of chrome and gold is formed on a major surface of the
      quartz substrate 5 by evaporation. The jig 6 is constructed so that
      support is provided for an extension of this metallic layer which extends
      from an end of the body of the substrate and from which axially extending
      electrode extensions are to be formed. A photoresist 8 is coated on the
      entire metallic layer 7 which covers the major surface of the substrate 5.
PAR  A mask 9 is placed over the photoresist and aligned therewith. This mask is
      constructed with apertures to allow exposure of the photoresist in areas
      corresponding to the masses 2a, 2b and the three electrodes 3a, 3b and 3c.
      The photoresist is subjected to exposure to light through the mask 9 as
      shown diagrammatically by the arrows in FIG. 2A. Thus latent images of the
      masses and electrodes are formed on the photoresist.
PAR  The photoresist is then developed to remove the unexposed portions thereof.
      The metallic layer unprotected by the photoresist is etched away and the
      remaining portions of the metallic layer have the configuration of the
      masses 2a, 2b and the electrodes 3a, 3b, 3c.
PAR  The substrate 5 is then removed from the jig 6 and the remaining
      photoresist is removed.
PAR  A fourth electrode corresponding to the fourth electrode 4 on an underside
      of the substrate 5 is formed on an underside major surface of the quartz
      substrate opposite to the upper surface on which the three other
      electrodes are formed. This fourth electrode is formed using the same
      technique described with respect to the formation of the three electrodes.
PAR  As indicated heretofore the three upper electrodes 3a, 3b, 3c have parts
      thickened and the masses 2a, 2b on the two legs of the quartz substrate 1
      are thickened. This is accomplished by placing over the substrate a mask
      constructed as shown in FIG. 3. Gold plating is then applied or deposited
      through the apertures in the mask to the masses on the substrate 5
      corresponding to the masses 2a, 2b and to the electrodes formed thereon to
      form a second layer thereon. The first layer of the masses is completely
      covered. The electrode extensions and limited regions of the electrodes
      overlying the substrate are coated so that they are thickened to
      correspond to their structure in FIG. 1B. A thin nickel plating may first
      be applied to the areas on which the second gold metallic layer or plating
      is to be applied in order to more easily and better apply the gold layer
      or plating.
PAR  The quartz oscillator element in this state of assembly and construction is
      coated on both major surfaces, and the ends thereof, with a chrome 10
      which is applied by evaporation. The element thus coated with chrome is
      adhered with an adhesive 11 to a jig 6' in an inverted position as shown
      in FIG. 4. A photoresist 12 is applied to a surface opposed to the
      underside electrode 4.
PAR  A mask constructed as shown in FIG. 4B is placed over the photoresist and
      it is exposed to light applied thereto through the mask. As can be seen
      this mask has a U-shaped aperture through which the light passes. The
      photoresist is then developed to remove unexposed portions of the
      photoresist. The chrome unprotected by photoresist is etched away and then
      the quartz is etched away so that the remaining quartz substrate has a
      U-shaped configuration corresponding to the exposure aperture of the mask
      as shown in FIG. 4B and as illustrated in FIG. 1B.
PAR  As stated heretofore the quartz oscillator element is used in timepieces
      such as watches. An assembly thereof into a watch is illustrated in FIG. 5
      in which a watch case 13 is provided with a first support projection 13a
      through which extends an axial terminal extending through the case and a
      second support projection 13b and a second terminal 15 extending through a
      third support projection and the case. The three supports are on a common
      side of the case as shown. The body of the oscillator element is supported
      on the first support projection 13a with its lower electrode in intimate
      electrical contact with the terminal in the first support projection. The
      extensions of the electrodes are supported on the second support
      projection 13b. A lead 14 is connected from the second terminal 15 to the
      upper electrodes 3a, 3b, 3c of the quartz oscillator element. The quartz
      oscillator element is not subjected to pressure when the lead 14 is bonded
      or otherwise secured to the upper electrodes 3a, 3b, 3c. The pressure
      developed is absorbed by the electrode support projection 13b. The watch
      case 13 is enclosed and sealed in a watch not shown. Thus the yield in the
      manufacture and the assembly of the thin quartz oscillator according to
      the invention is greatly improved.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. In combination:
PA1  a thin quartz substrate having a pair of opposed major surfaces and a
      longer length than a width thereof, a first metallic layer built-up on a
      major surface of said substrate and having an extension thereof extending
      laterally from an end of said substrate in a direction of the longer
      dimension defining an electrode integral and jointly with said first
      layer, a second metallic layer overlying said extension and extending over
      only a part of said first layer reinforcing said extension of said first
      layer and jointly therewith defining a strengthened electrode and a
      metallic mass comprising the same composition as said first layer disposed
      on said major surface spaced from said first layer and at an opposite end
      of said major surface,
PA1  a case having a base plate;
PA1  a first support extending from the base plate of said case and having means
      mounting said substrate thereon at the second major surface of said
      substrate opposite the first-mentioned major surface; and
PA1  a second support extending from the base plate of said case and positioned
      to support a portion of said extension remote from said substrate.
NUM  2.
PAR  2. A combination according to claim 1, in which said quartz substrate has a
      U-shaped configuration having two legs, and said legs each having a part
      of said mass on an end thereof remote from said electrode and on a same
      side as said first layer.
NUM  3.
PAR  3. A combination according to claim 1, in which said quartz substrate has a
      U-shaped configuration having two legs, said first metallic layer overlies
      a portion of each of said legs of said substrate, said extension of said
      first metallic layer extends from an end of said substrate opposite said
      legs, and said second metallic layer overlies only said extension and a
      portion of said first metallic layer not overlying said legs of said
      substrate.
NUM  4.
PAR  4. A combination according to claim 1 further comprising, a metallic layer
      defining another electrode on the second major surface of said substrate
      opposite the first-mentioned major surface, and wherein said first support
      is made of insulative material and includes means for making electrical
      contact with the electrode on the second major surface of said substrate.
NUM  5.
PAR  5. A combination according to claim 1 further comprising, means for making
      electrical contact with the electrode on the second major surface of said
      substrate from a side of the base plate opposite the side from which said
      first and second supports extend, and means for making electrical contact
      from a side of the base plate opposite the side from which said first and
      second supports extend with said extension.
NUM  6.
PAR  6. A combination according to claim 1 wherein said first metallic layer
      built-up on a surface of said substrate and said extension thereof are
      coplanar.
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PAL  An MHD generator includes external electrical connectors between adjacent
      discrete electrodes in one wall of the generator duct, which has opposed
      electrodes which may lie in a plane at an angle to the direction of gas
      flow. The electrical connection includes a circuit which adjusts the
      voltage between the connected adjacent electrodes to insure that the Hall
      voltage differential between the discrete electrodes which are adjacent to
      each other in the same wall of the duct does not exceed the damaging
      breakdown voltage. Indicator means when coupled to the circuits in
      accordance with the invention comprise diagnostic means which provide a
      graphic representation of voltage distribution along the length of the
      generator duct.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to magnetohydrodynamic (hereinafter
      abbreviated "MHD") generators, and more particularly to such generators
      that employ either the Hall or diagonal method of connection.
PAR  In general terms, MHD generators produce electric power by movement of
      electrically conductive fluid relative to a magnetic field. The fluid
      employed is usually an electrically conductive gas from a high
      temperature, high pressure source. From the source, the fluid flows
      through the generator and, by virtue of its movement relative to the
      magnetic field, induces an electromotive force between opposed electrodes
      within the generator. The gas may exhaust to a sink, which may simply be
      the atmosphere; or, in more sophisticated systems, the gas may exhaust to
      a recovery system including pumping means for returning the gas to the
      source.
PAR  Several different gases may be used, for example, the gas may simply be
      air, or may comprise inert gases, such as helium or argon. To promote
      electrical conductivity, the gases are heated to high temperature and may
      be seeded with a substance that ionizes readily at the operating
      temperature of the generator. For seeding purposes, sodium, potassium,
      cesium or an alkali metal vapor may be used. Regardless of the gas used
      and the manner of seeding, the resulting gases comprise a mixture of
      electrons, positive ions and neutral atoms which, for convenience, may be
      termed "plasma."
PAR  In the conventional MHD generator, the plasma flows through a magnetic
      field, which is directed perpendicular to the direction of plasma flow.
      The movement of the electrically conductive plasma relative to the field
      produces an E.M.F. that is normal both to the direction of flow of the
      plasma and the magnetic field, the current flowing transversely of the
      field between opposed electrodes at the sides of the generator. In such a
      generator, a separation of positive and negative electrical charges occurs
      along the length of the plasma stream, producing a potential gradient,
      known as the "Hall potential," which promotes longitudinal circulation of
      current internally of the generator. In a conventional MHD generator, such
      longitudinal currents cause energy losses which are detrimental to the
      operation of the generator and various schemes have been devised to
      prevent their formation. It is possible, however, to build an MHD
      generator that takes advantage of the Hall potential, as in the so-called
      "Hall current generator" and the so-called "diagonal generator."
PAR  The Hall current generator comprises a duct and a magnetic field normal to
      the axis of the duct. Movement of plasma through the duct and the field
      induces an electromotive force between numerous pairs of opposed discrete
      electrodes that are interconnected to accommodate circulation of current
      transversely of both the magnetic field and the direction of plasma flow.
      The terminal electrodes, i.e., the first and last electrodes along the
      length of the duct, are connected to an external load, making possible
      circulation of Hall current longitudinally through the plasma and the load
      circuit. Oppositely disposed electrodes intermediate the terminal
      electrodes are interconnected to provide the aforementioned transverse
      circulation of current. The arrangement of elements is quite simple and
      effective.
PAR  The diagonally connected generator is somewhat more complex, but more
      efficient than the Hall generator. Its operation may be explained as
      follows: Movement of the electrically conductive plasma past each pair of
      opposed discrete electrodes generates a potential gradient in the plasma
      therebetween. Assuming that the velocity of the plasma and the magnetic
      field strength are constant the length of the duct, then the potential
      difference established transverse of the duct between any given pair of
      opposed electrodes is substantially constant; however, because of the Hall
      potential existing longitudinally of the duct, the mean potential of the
      last pair of electrodes is at a more positive level than that of the first
      pair of electrodes. Thus, the mean potential of any given pair of opposed
      electrodes is more positive than the mean potential of opposed electrodes
      that are upstream thereof.
PAR  By suitable spacing of the electrodes along the duct, it is possible, under
      ideal circumstances to make the potential of staggered, opposed electrodes
      the same. Since these electrodes are at the same potential, they may be
      electrically interconnected. A structure such as this with the diagonally
      opposed electrodes interconnected is described in U.S. Pat. No. 3,148,291,
      which issued Sept. 8, 1964. In this structure, it will be noted that the
      power generated by each pair of opposed electrodes is added to the power
      of all other pairs of electrodes and supplied to the terminal electrodes.
      Thus, a generator of the type described not only is able to deliver power
      at high voltage, but substantial amounts of power to a common load.
PAR  One problem that arises with the Hall generator and also the "diagonally
      connected MHD generator" is that there is a tendency for the current
      flowing in the gas to flow preferentially to some electrodes and not to
      others due, for example, to random variations in their surface properties
      or structure. This can lead to concentrations of Hall voltage between
      certain electrodes and lead to damaging breakdown--especially on the anode
      wall.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it will be apparent that a broad object of the
      invention is to provide an improved MHD generator of the Hall or diagonal
      type.
PAR  Another object is to provide an MHD generator of the Hall or diagonal type
      having intermediate the terminal electrodes, adjacent electrodes that are
      so interconnected in pairs such that there is a tendency toward uniform
      distribution of the Hall voltage along the generator duct.
PAR  Still another object of the invention is the provision of an MHD generator
      of the Hall or diagonal current type that is capable of producing electric
      power at high voltage with great efficiency.
PAR  Still another object of the invention is to provide an MHD generator having
      opposed sets of electrodes that are interconnected in such fashion that
      the output from the generator represents the aggregate output of the
      individual sets of electrodes.
PAR  Still another object of the invention is the provision of an MHD generator
      of the Hall or a diagonal current type having means to control the voltage
      between adjacent electrodes to insure that the Hall voltage difference
      between adjacent electrodes does not reach breakdown level and which may
      provide a graphic representation of voltage distribution along the length
      of the duct for diagnostic purposes and the like.
PAR  Other objects of the invention are to provide a generator characterized by:
      A moving stream of electrically conductive gas in a duct having an inlet
      and an outlet, a magnetic field normal to the direction of gas flow,
      terminal electrodes in the duct at the inlet and outlet, a plurality of
      discrete electrodes at intervals along opposing walls of the duct, pairs
      of said opposing electrodes lying in planes which are generally parallel
      and at an angle .theta. to the direction of the gas stream and means in
      circuit with adjacent electrodes providing sufficient adjustment of the
      voltage between these electrodes to insure that the Hall voltage
      difference between them does not reach breakdown level.
PAR  In one embodiment of the present invention, a passive resistor, or
      preferably an active circuit element, is coupled between adjacent
      electrodes. The value of this active circuit element is such that only a
      few percent of the power flow in an electrode is lost. The active circuit
      element such as an SCR or a transistor is used to control the Hall voltage
      difference between adjacent electrodes.
PAR  In a further embodiment, the active circuit element coupled between the
      electrodes may be such as to provide an indication of current flow in the
      electrodes and/or utilized to actuate indicator means providing a graphic
      representation of voltage distribution along the length of the duct.
DRWD
PAR  Other objects and features of the present invention are understood from the
      description herein of the specific embodiments which represent the
      best-known uses of the invention. These embodiments are described herein
      in conjunction with the following figures:
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a schematic longitudinal sectional view of an MHD diagonally
      connected generator embodying one of the novel principles of this
      invention;
PAR  FIG. 2 is a cross sectional view of the generator shown in FIG. 1 taken on
      plane 2--2 of FIG. 1;
PAR  FIG. 3 is a graph illustrating ideal and typical actual voltage conditions
      within the generator;
PAR  FIG. 4 is an electrical diagram showing an electrical circuit between
      adjacent electrodes for controlling the voltage between adjacent
      electrodes; and
PAR  FIG. 5 is an electrical schematic diagram showing details of an electrical
      circuit for controlling the voltage between adjacent electrodes.
DETD
PAC  DESCRIPTION OF EMBODIMENTS OF THE INVENTION
PAR  In an MHD generator the gas moving through the generator duct is a slightly
      ionized plasma having a substantially equal number of positive ions and
      electrons. Since the electrons are very much lighter than the ions, they
      have far greater mobility in an electron field and carry the great
      majority of the current. The current flow between opposed electrodes is
      thus due almost entirely to electron flow. The drift velocity of the
      electrons is given by the following equation:
      ##EQU1##
      where: j = current density
PA1  N.sub.e = electron density
PA1  e = electron charge
PAL  It should be noted, however, that the drift velocity of the electrons is
      perpendicular to the magnetic field B. This causes an electric field
      (known as the "Hall field" E.sub.H) to be induced along the length of the
      duct. This field may be calculated from the following equation:
      ##EQU2##
      where: .omega. = electron cyclotron velocity
PA1  .tau. = mean electron collision time
PA1  .alpha. = E/VB (non-dimensional)
PA1  E = electric field between electrodes
PAR  Directing attention now to FIG. 1, the gas velocity is again designated V
      and the magnetic field is designated B. The VXB potential gradient is
      induced as a result of the gas movement through the field. This results in
      an electric field E between the directly opposed electrodes. However, the
      Hall field E.sub.H is directed along the axis of the gas stream in a
      direction opposite to its movement. The resulting electric field E is thus
      directed at an angle to the direction of movement of the gas stream.
PAR  For gases of practical interest for use in MHD generators, the Hall field
      can be quite large, equal sometimes to two to three times the size of VXB.
PAR  The MHD generator described in U.S. Pat. No. 3,148,291 includes a tapered
      duct. Along the top and bottom of the duct are provided pluralities of
      discrete electrodes. Adjacent the entrance and exit of the duct are
      opposed pairs of terminal electrodes which are connected by conductors to
      a load. Furthermore, diagonally opposed electrodes are electrically
      interconnected such that the ends of each interconnected pair of
      electrodes lie within a plane at an angle .theta. to the stream of plasma
      flowing through the duct. The angular position of these planes and the
      angular positions of the terminal electrodes are the same. Ideally, the
      Hall voltage at two of the diagonally opposed electrodes is the same and
      so the direct interconnection is possible.
PAR  Directing attention to FIG. 1, it will be noted that the generator
      comprises a duct, generally designated 20 to which high temperature, high
      pressure, electrically conductive plasma is introduced, as indicated by
      arrow 21, and from which it exhausts as indicated by the arrow 22.
      Adjacent the exterior of the duct is a continuous electrical conductor in
      the form of a coil 23 to which current may be supplied from any
      conventional source or from the generator itself. Flow of current in the
      coil provides a magnetic flux through the duct perpendicular to the plane
      of the paper.
PAR  Along the top and bottom of the duct are provided pluralities of discrete
      electrodes 30-45 and 50-65, respectively. Adjacent the entrance and exit
      of the duct are opposed pairs of terminal electrodes, one of each pair
      being shown at 70 and 71, respectively. These terminal electrodes are
      connected by conductor 72 to a load 73.
PAR  Diagonally opposed electrodes are electrically interconnected. For example,
      upper electrode 30 is electrically connected to lower electrode 50.
      Similarly, corresponding diagonally opposed discrete electrodes 31 and 51,
      32 and 52, etc. are interconnected. Each such an interconnected pair of
      electrodes lie within a plane at the angle .theta. to the stream of plasma
      flowing through the duct. The angular position of these planes and the
      angular positions of the terminal electrodes 70 and 71 are discussed fully
      in U.S. Pat. No. 3,148,291 and U.S. Pat. No. 3,324,318.
PAR  Impedances 74-89 are connected between adjacent electrodes. Thus, as
      illustrated in FIG. 1, impedance 74 is connected between adjacent lower
      electrodes 50-51, impedance 75 between adjacent lower electrodes 51-52,
      etc.
PAR  It is to be noted that whereas in the diagonally connected generator, the
      interconnected electrodes lie in planes at an angle .theta. as illustrated
      in FIG. 1, of less than 90.degree., in the Hall generator, the circulation
      of current in the duct is transverse to the duct axis (transverse to both
      the magnetic field and direction of plasma flow) and is made so by
      interconnecting directly opposed electrodes. Thus, in the special case of
      the Hall generator, the angle .theta. is 90.degree., whereas otherwise it
      is less than 90.degree..
PAR  As shown in FIG. 2, the duct may be generally rectangular in cross section
      and the terminal electrode 71 is electrically interconnected with its
      opposed terminal electrode 71a in the opposite wall of the duct. As is the
      case with the electrodes 30-45 and 50-65, all of the terminal electrodes
      are electrically insulated from the duct.
PAR  Because of the Hall potential existing longitudinally of the duct,
      electrons from the plasma stream will enter terminal electrode 70 and its
      opposed terminal electrode (not illustrated), flow through the load
      circuit to the terminal electrodes 71 and 71a, and re-enter the plasma
      stream from these latter electrodes. Because of this electron movement,
      the upstream terminal electrodes may be regarded as anodes, and the
      downstream terminal electrodes as cathodes. The discrete electrodes 50-65
      serve as anodes and electrodes 30-45 as cathodes. With regard to the
      discrete electrodes, electrons will be emitted by the electrodes
      (cathodes) 30-45 and will be received from the gas stream by electrodes
      (anodes) 50-65. Consistent with the foregoing designations, the magnetic
      field should be established perpendicular to the direction of plasma flow
      and perpendicularly into the plane of the paper. The magnetic field is
      designated in FIG. 1 by the plus signs, indicating flux lines directed
      into the plane of the paper.
PAR  Movement of electrically conductive plasma past each pair of directly
      opposed electrodes generates a potential gradient in the plasma
      therebetween which is proportional to the cross product of the velocity of
      the gas and the magnetic field strength. Under the influence of this
      potential, an electron current flows between the electrodes.
PAR  If it could be assumed that the velocity of the plasma and magnetic field
      strength are constant throughout the length of the duct and that there is
      no tendency for the current flowing in the gas to flow preferentially to
      some electrodes and not to others due to random variations in their
      surface properties or structure, then the potential difference established
      transverse of the duct between any given pair or opposed electrodes would
      be substantially constant. Furthermore, because of the Hall potential
      existing longitudinally of the duct, the mean potential of the last pair
      of electrodes is at a more positive level than that of the first pair of
      electrodes. Thus, the mean potential of any given pair of opposed
      electrodes is more positive than the mean potential of opposed electrodes
      that are upstream thereof.
PAR  This is illustrated by FIG. 3 which shows in graphical form the potential
      difference in the plasma stream existing between successive pairs of
      opposed electrodes in this ideal case. The bar graph A shows the potential
      difference between electrodes 33 and 50, the potential associated with the
      electrodes being indicated by the reference numbers of the electrodes at
      the ends of the bar graph. Similarly, with respect to bar graphs B-D which
      illustrate the potential difference between opposed electrodes 34-51,
      35-52 and 36-53.
PAR  By suitable spacing of the electrodes along the duct, it is possible to
      make the potential of the staggered, opposed electrodes the same in this
      ideal case and so the diagonally opposed electrodes can be directly
      connected to each other as in U.S. Pat. No. 3,148,291. However, in a
      typical MHD Hall generator or diagonally connected generator, there is a
      tendency for the current flowing in the gas to flow preferentially to some
      electrodes and not to others due to various factors such as random
      variations in their surface properties or structure. This can lead to
      concentrations of Hall voltage between some adjacent electrodes and lead
      to damaging breakdown--especially on the anode wall. A solution to this
      problem, set forth in, and hereby incorporated by reference, in patent
      application Ser. No. 442,802, filed Feb. 18, 1974, in the names of R. J.
      Rosa, G. R. Enos and S. W. Petty, and assigned to the same Assignee as
      this patent application, is to provide an impedance in series with each
      electrode. The size of this impedance is such that the rated current
      through it produces a voltage drop comparable to the rated Hall voltage
      per electrode. The power lost in the impedance need not be large, the
      fraction being approximately the Hall voltage per electrode .div..mu. BD.
      Here, D is the distance from center to center between adjacent discrete
      electrodes in the wall of the duct, .mu. is the macroscopic plasma
      velocity and B is the magnetic field strength. In a typical case where,
      for example, the Hall voltage per electrode is 40 volts, .mu. is 2,000
      meters per second, B is 3.0 webers/meter .sup.2 and D is 0.2 meters, this
      fraction is only 0.033 or 3.3% of the Hall voltage per electrode.
      Generally, the larger the generator, the smaller this fraction becomes.
PAR  The impedances connecting the diagonally opposed electrodes may be dc
      resistors of predetermined values. Each of these resistors may be adjusted
      during a test under operating conditions to provide the desired voltage
      differential between adjacent discrete electrodes. Alternately and
      preferably for purposes of convenience and efficiency, the impedances are
      variable.
PAR  As an alternate structure, the impedances may each be an active circuit.
      Such an active circuit between diagonally opposed discrete electrodes
      produces a voltage drop sufficient to limit the current to each electrode
      to a predetermined value, i.e., it acts as a current limiter. So long as
      the current is normal, the voltage drop of the current is small and,
      hence, so is the power dissipated. In this respect, it is superior to the
      simple resistor.
PAR  Such an active circuit may include a conventional current sensor in the
      connecting line between diagonally opposed electrodes. The output of the
      current sensor is a signal representative of the current between the
      connected diagonally opposed electrodes. This signal may be applied to the
      input of conventional control circuit which is effective to control the
      gain of a power transistor or the like connected in series with the
      current sensor. High voltage isolation means such as, for example, a
      photodiode optoisolator Model MCD-1 manufactured by Monsanto Commercial
      Products of Cupertino, Calif. may be provided intermediate the current
      sensor circuit and the control circuit to provide a signal proportional to
      the current flowing in line 92 and, hence, the current flowing between
      electrodes 30 and 50. The isolation means provides an output signal to
      suitable indicator means which provides an indication of the magnitude of
      current flow between electrodes 30 and 50.
PAR  The present invention seeks to directly adjust the voltage between adjacent
      discrete electrodes rather than control current flow as described above.
      In accordance with the present invention, the diagonally opposed
      electrodes may be directly connected as in the generator described in said
      U.S. Pat. No. 3,148,291 or may contain the series resistor or active
      circuit described above. However, an additional active circuit such as
      shown in FIG. 4 is connected between each adjacent discrete electrode.
      This circuit includes a resistor 95 in series with a Zener diode 96
      between the adjacent electrodes such as electrodes 51 and 52. The control
      voltage at point 97 between the resistor and Zener diode controls a power
      transistor 98 betwen the electrodes. Any tendency for the Hall voltage
      between these electrodes to exceed a limit determined by the resistor and
      diode, controls the power transistor to oppose the tendency.
PAR  High voltage isolation means 100 are coupled across resistor 95 to provide
      a signal to suitable indicator means 101 as and for the purposes discussed
      in connection with the current limiting technique. Whereas in accordance
      with the current limiting technique, signals are derived and utilized to
      provide an indication to a plant operator or the like of current
      distribution, the current limiting device, for example, may for some
      applications comprise a lamp located on a display panel and/or comprise
      part of the voltage control circuits between adjacent electrodes. Thus,
      with such lamps or the like arranged sequentially on a display panel, such
      series connected lamps may, in addition to controlling electrode current,
      provide a plant operator with a graphic picture of the current
      distribution throughout the length of the generator duct while lamps in
      voltage control circuits indicate which of these circuits, if any, are
      firing.
PAR  In either of the above cases, irregularity in the distribution of
      luminosity will alert the operator to the existence of trouble and/or give
      him a quick insight into potential trouble spots.
PAR  Directing attention now to FIG. 5, there is shown details of a modified
      active circuit in accordance with the invention. Shown in FIG. 5 are
      current limiting devices such as lamps 200 and 201 each connected in
      series with a cathode electrode for the purpose of limiting current flow
      as previously pointed out. Also shown coupled to the electrode circuits
      are isolation circuit means 202 and 203 together with their associated
      indicating devices such as, for example, ammeters 204 and 205. A variable
      sensing resistor or potentiometer 206 having a variable arm 207 and an
      indicating volt meteer 208 are each connected between adjacent anodes as
      shown in FIG. 5. Further connected between and coupling adjacent
      electrodes and comprising an active circuit for controlling the voltage
      between the aforementioned adjacent electrodes is series connected ballast
      resistor 210, power transistor 211, zener diode 212 and blocking diode
      213. Resistor 214 is connected across the ballast resistor 210 and the
      power transistor 211. The ballast resistor 210 is connected to the
      collector electrode 220 and the zener diode 212 is connected to the
      emitter electrode 221 of the power transistor 211. A control circuit
      designated generally by the numeral 222 is coupled between the collector
      electrode 220 and base electrode 223 of the power transistor and the
      variable arm 207 of sensing resistor 206 to provide rapid turn-on of the
      power transistor. The control circuit 222 may comprise as shown by way of
      example in FIG. 5, a pair of transistors 224 and 225 having their
      collector electrodes 226 and 227 interconnected and connected to the
      collector electrode 220 of the power transistor. The emitter electrode 228
      of transistor 225 is connected to the base electrode 229 of transistor
      224, the emitter electrode 231 of which is connected to the base electrode
      223 of the power transistor. The base electrode 232 of transistor 225 is
      connected through resistor 233 to the variable arm 207 of sensing resistor
      206.
PAR  The voltage between adjacent electrodes can be controlled by the circuit
      shown in FIG. 5. When the voltage between adjacent electrodes such as, for
      example, anodes 50 and 51, reaches the maximum desired value, the power
      transistor 211 is turned on so that current flows from anode 50 to anode
      51 through ballast resistor 210. This current flow prohibits a further
      buildup of voltage between the anodes 50 and 51. The voltage at which the
      power transistor 211 turns on is determined by the value of the zener
      diode 212 and the setting of the sensing resistor 206. The control circuit
      222 permits the rapid turn-on of the power transistor and the blocking
      diode 213 prevents damage to the power transistor in the event a reversal
      of voltage develops between electrodes.
PAR  The embodiments of the present invention representing the best known uses
      of the invention all serve to control the current to each electrode and/or
      the voltage between adjacent discrete electrodes in the duct wall of an
      MHD type Hall or diagonal generator. Even while following the teachings of
      this invention, variations and modifications will occur to those skilled
      in the art without departing from the spirit and scope of the invention as
      set forth in the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An MHD generator for generating electricity from a moving stream of
      electrically conductive gas comprising:
PA1  a duct for conveying the gas stream, the duct having an inlet and an
      outlet,
PA1  means for establishing a magnetic field through said duct normal to the
      direction of gas flow,
PA1  terminal electrodes positioned along the duct at the inlet and outlet,
PA1  a plurality of discrete electrodes positioned at intervals along opposing
      walls of the duct,
PA1  certain of said discrete electrodes being directly opposed and lying in
      planes normal to the direction of gas flow, said generator having a rated
      Hall voltage between adjacent electrodes,
PA1  a plurality of first coupling means each coupling together different
      opposed discrete electrodes which lie in planes at an angle .theta. to the
      direction of gas flow,
PA1  second coupling means including a power transistor connected between and
      coupling together different adjacent electrodes for producing a voltage
      drop between said connected adjacent discrete electrodes sufficient to
      prevent damaging electrical differentials between said adjacent discrete
      electrodes, and
PA1  a control circuit for controlling the current flow through said transistor
      in response to the voltage across said transistor.
NUM  2.
PAR  2. An MHD generator as in claim 1 wherein,
PA1  the coupling means includes a series circuit connected between said
      adjacent electrodes comprising a ballast resistor in series with a power
      transistor, a zener diode in series with said power transistor, and a
      blocking diode in series with said zener diode,
PA1  a potentiometer with a variable arm, said potentiometer being connected
      between said adjacent electrodes, and
PA1  a control circuit coupled between said power transistor and the variable
      arm of said potentiometer for effecting rapid turn-on of said power
      transistor, the setting of said variable arm and said zener diode
      controlling said power transistor for determining the voltage at which it
      begins conducting, and said blocking diode protecting said power
      transistor from a reversal of voltage across it.
NUM  3.
PAR  3. An MHD generator as in claim 1 and additionally including,
PA1  means for providing a signal proportional to current flow through said
      second coupling means, and
PA1  indicator means actuated by said signal for providing an indication
      proportional to current flow.
NUM  4.
PAR  4. An MHD generator as in claim 1 wherein,
PA1  the first and second coupling means include impedances, said first means
      impedances providing a voltage drop that is a fraction of said rated Hall
      voltage between adjacent electrodes, and said second means impedances
      providing a voltage drop whereby the voltage differential between adjacent
      electrodes is maintained substantially constant along the duct.
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PAL  An MHD generator includes external electrical connectors between pairs of
      the discrete electrodes in opposite walls of the generator duct, which may
      lie in a plane at an angle to the direction of gas flow. The electrical
      connection includes a passive or an active circuit which controls current
      flow between the connected electrodes to insure that uniform current flow
      along the length of the duct and that excessive current flow through such
      discrete electrodes in opposite walls of the duct do not exceed a damaging
      limit which may otherwise occur. Indicator means when coupled to the
      circuits in accordance with the invention comprise diagnostic means which
      provide a graphic representation of current distribution along the length
      of the generator duct.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to magnetohydrodynamic (hereinafter
      abbreviated "MHD") generators, and more particularly to such generators
      that employ either the Hall or diagonal method of connection.
PAR  In general terms, MHD generators produce electric power by movement of
      electrically conductive fluid relative to a magnetic field. The fluid
      employed is usually an electrically conductive gas from a high
      temperature, high pressure source. From the source, the fluid flows
      through the generator and, by virtue of its movement relative to the
      magnetic field, induces an electromotive force between opposed electrodes
      within the generator. The gas may exhaust to a sink, which may simply be
      the atmosphere; or, in more sophisticated systems, the gas may exhaust to
      a recovery system including pumping means for returning the gas to the
      source.
PAR  Several different gases may be used, for example, the gas may simply be
      air, or may comprise inert gases, such as helium or argon. To promote
      electrical conductivity, the gases are heated to high temperature and may
      be seeded with a substance that ionizes readily at the operating
      temperature of the generator. For seeding purposes, sodium, potassium,
      cesium or an alkali metal vapor may be used. Regardless of the gas used
      and the manner of seeding, the resulting gases comprise a mixture of
      electrons, positive ions and neutral atoms which, for convenience, may be
      termed "plasma."
PAR  In the conventional MHD generator, the plasma flows through a magnetic
      field, which is directed perpendicular to the direction of plasma flow.
      The movement of the electrically conductive plasma relative to the field
      produces an E.M.F. that is normal both to the direction of flow of the
      plasma and the magnetic field, the current flowing transversely of the
      field between opposed electrodes at the sides of the generator. In such a
      generator, a separation of positive and negative electrical charges occurs
      along the length of the plasma stream, producing a potential gradient,
      known as the "Hall potential", which promotes longitudinal circulation of
      current internally of the generator. In a conventional MHD generator, such
      longitudinal currents cause energy losses which are detrimental to the
      operation of the generator and various schemes have been devised to
      prevent their formation. It is possible, however, to build an MHD
      generator that takes advantage of the Hall potential, as in the so-called
      "Hall current generator" and the so-called "diagonal generator".
PAR  The Hall current generator comprises a duct and a magnetic field normal to
      the axis of the duct. Movement of plasma through the duct and the field
      induces an electromotive force between numerous pairs of opposed discrete
      electrodes that are interconnected to accommodate circulation of current
      transversely of both the magnetic field and the direction of plasma flow.
      The terminal electrodes, i.e., the first and last electrodes along the
      length of the duct, are connected to an external load, making possible
      circulation of Hall current longitudinally through the plasma and the load
      circuit. Oppositely disposed electrodes intermediate the terminal
      electrodes are interconnected to provide the aforementioned transverse
      circulation of current. The arrangement of elements is quite simple and
      effective.
PAR  The diagonally connected generator is somewhat more complex, but more
      efficient than the Hall generator. Its operation may be explained as
      follows: Movement of the electrically conductive plasma past each pair of
      opposed discrete electrodes generates a potential gradient in the plasma
      therebetween. Assuming that the velocity of the plasma and the magnetic
      field strength are constant the length of the duct, then the potential
      difference established transverse of the duct between any given pair of
      opposed electrodes is substantially constant; however, because of the Hall
      potential existing longitudinally of the duct, the mean potential of the
      last pair of electrodes is at a more positive level than that of the first
      pair of electrodes. Thus, the mean potential of any given pair of opposed
      electrodes is more positive than the mean potential of opposed electrodes
      that are upstream thereof.
PAR  By suitable spacing of the electrodes along the duct, it is possible, under
      ideal circumstances to make the potential of staggered, opposed electrodes
      the same. Since these electrodes are at the same potential, they may be
      electrically interconnected. A structure such as this with the diagonally
      opposed electrodes interconnected is described in U.S. Pat. No. 3,148,291,
      which issued Sept. 8, 1964. In this structure, it will be noted that the
      power generated by each pair of opposed electrodes is added to the power
      of all other pairs of electrodes and supplied to the terminal electrodes.
      Thus, a generator of the type described not only is able to deliver power
      at high voltage, but substantial amounts of power to a common load.
PAR  One problem that arises with the Hall generator and also the "diagonally
      connected MHD generator" is that there is a tendency for the current
      flowing in the gas to flow preferentially to some electrodes and not to
      others due, for example, to random variations in their surface properties
      or structure. This can lead to concentrations of Hall voltage between
      certain electrodes and lead to damaging breakdown--especially on the anode
      wall.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it will be apparent that a broad object of the
      invention is to provide an improved MHD generator of the Hall or diagonal
      type.
PAR  Another object is to provide an MHD generator of the Hall or diagonal type
      having intermediate the terminal electrodes, opposed electrodes that are
      so interconnected in pairs such that there is a tendency toward uniform
      distribution of the transverse current and Hall voltage along the
      generator duct.
PAR  Still another object of the invention is the provision of an MHD generator
      of the Hall or diagonal current type that is capable of producing electric
      power at high voltage with great efficiency.
PAR  Still another object of the invention is to provide an MHD generator having
      opposed sets of electrodes that are interconnected in such fashion that
      the output from the generator represents the aggregate output of the
      individual sets of electrodes.
PAR  Still another object of the invention is the provision of an MHD generator
      of the Hall or a diagonal current type having means to control the current
      between interconnected opposed electrodes to insure that the current flow
      through such electrodes does not reach a damaging limit and which may
      provide a graphic representation of current distribution along the length
      of the duct for diagnostic purposes and the like.
PAR  Other objects of the invention are to provide a generator characterized by:
      A moving stream of electrically conductive gas in a duct having an inlet
      and an outlet, a magnetic field normal to the direction of gas flow,
      terminal electrodes in the duct at the inlet and outlet, a plurality of
      discrete electrodes at intervals along opposing walls of the duct, pairs
      of said opposing electrodes lying in planes which are generally parallel
      and at an angle .theta. to the direction of the gas stream and means in
      circuit with such pairs of opposing electrodes to provide sufficient
      control of current flowing therethrough to insure that such current flow
      does not exceed a damaging limit.
PAR  In one embodiment of the present invention, a passive dc resistor is
      coupled between the electrodes of a diagonally opposing pair. The value of
      this resistance is such that only a few percent of the power flow from the
      electrode pair is lost in the resistor. In another embodiment, an active
      circuit element such as an SCR or a transistor is used to control the
      current flow.
PAR  In a further embodiment, the impedances coupled between the electrodes may
      be such as to provide an indication of current flow in the electrodes
      and/or utilized to actuate indicator means providing a graphic
      representation of current distribution along the length of the duct.
DRWD
PAR  Other objects and features of the present invention are understood from the
      description herein of the specific embodiments which represent the best
      known uses of the invention. These embodiments are described herein in
      conjunction with the following figures:
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a schematic longitudinal sectional view of an MHD diagonally
      connected generator embodying one of the novel principles of this
      invention;
PAR  FIG. 2 is a cross sectional view of the generator shown in FIG. 1 taken on
      plane 2--2 of FIG. 1;
PAR  FIG. 3 is a graph illustrating ideal and typical actual voltage conditions
      within the generator;
PAR  FIG. 4 is an electrical block diagram showing a nonpassive electrical
      interconnection between diagonally opposing electrodes to control the
      current to each electrode; and
PAR  FIG. 5 is an electrical circuit diagram showing details of an active
      circuit connected between diagonally opposing electrodes.
DETD
PAC  DESCRIPTION OF EMBODIMENTS OF THE INVENTION
PAR  In an MHD generator the gas moving through the generator duct is a slightly
      ionized plasma having a substantially equal number of positive ions and
      electrons. Since the electrons are very much lighter than the ions, they
      have far greater mobility in an electron field and carry the great
      majority of the current. The current flow between opposed electrodes is
      thus due almost entirely to electron flow. The drift velocity of the
      electrons is given by the following equation:
      ##EQU1##
      where: j = current density
PA1  N.sub.e = electron density
PA1  e = electron charge
PAL  It should be noted, however, that the drift velocity of the electrons is
      perpendicular to the magnetic field B. This causes an electric field
      (known as the "Hall field" E.sub.H) to be induced along the length of the
      duct. This field may be calculated from the following equation:
      ##EQU2##
      where: .omega. = electron cyclotron velocity
PA1  .tau. = mean electron collision time
PA1  .alpha. = E/VB (non-dimensional)
PA1  E = electric field between electrodes
PAR  Directing attention now to FIG. 1, the gas velocity is again designated V
      and the magnetic field is designated B. The VXB potential gradient is
      induced as a result of the gas movement through the field. This results in
      an electric field E between the directly opposed electrodes. However, the
      Hall field E.sub.H is directed along the axis of the gas stream in a
      direction opposite to its movement. The resulting electric field E is thus
      directed at an angle to the direction of movement of the gas stream.
PAR  For gases of practical interest for use in MHD generators, the Hall field
      can be quite large, equal sometimes to two to three times the size of VXB.
PAR  The MHD generator described in U.S. Pat. No. 3,148,291 includes a tapered
      duct. Along the top and bottom of the duct are provided pluralities of
      discrete electrodes. Adjacent the entrance and exit of the duct are
      opposed pairs of terminal electrodes which are connected by conductors to
      a load. Furthermore, diagonally opposed electrodes are electrically
      interconnected such that the ends of each interconnected pair of
      electrodes lie within a plane at an angle .theta. to the stream of plasma
      flowing through the duct. The angular position of these planes and the
      angular positions of the terminal electrodes are the same. Ideally, the
      Hall voltage at two of the diagonally opposed electrodes is the same and
      so the direct interconnection is possible.
PAR  Directing attention to FIG. 1, it will be noted that the generator
      comprises a duct, generally designated 20 to which high temperature, high
      pressure, electrically conductive plasma is introduced, as indicated by
      arrow 21, and from which it exhausts as indicated by the arrow 22.
      Adjacent the exterior of the duct is a continuous electrical conductor in
      the form of a coil 23 to which current may be supplied from any
      conventional source or from the generator itself. Flow of current in the
      coil provides a magnetic flux through the duct perpendicular to the plane
      of the paper.
PAR  Along the top and bottom of the duct are provided pluralities of discrete
      electrodes 30-45 and 50-65, respectively. Adjacent the entrance and exit
      of the duct are opposed pairs of terminal electrodes, one of each pair
      being shown at 70 and 71, respectively. These terminal electrodes are
      connected by conductor 72 to a load 73.
PAR  Diagonally opposed electrodes are electrically interconnected by
      impedances. For example, upper electrode 30 is electrically connected by
      impedance 74 to lower electrode 50. Similarly, corresponding diagonally
      opposed discrete electrodes 31 and 51, 32 and 52, etc. are interconnected
      by adjustable impedances 75 to 89. Each such an interconnected pair of
      electrodes lie within a plane at the angle .theta. to the stream of plasma
      flowing through the duct. The angular position of these planes and the
      angular positions of the terminal electrodes 70 and 71 are discussed fully
      in U.S. Pat. No. 3,148,291 and U.S. Pat. No. 3,324,318.
PAR  It is to be noted that whereas in the diagonally connected generator, the
      interconnected electrodes lie in planes at an angle .theta. as illustrated
      in FIG. 1, of less than 90.degree., in the Hall generator the circulation
      of current in the duct is transverse to the duct axis (transverse to both
      the magnetic field and direction of plasma flow) and is made so by
      interconnecting directly opposed electrodes. Thus, in the special case of
      the Hall generator, the angle .theta. is 90.degree., whereas otherwise it
      is less than 90.degree..
PAR  As shown in FIG. 2, the duct may be generally rectangular in cross section
      and the terminal electrode 71 is electrically interconnected with its
      opposed terminal electrode 71a in the opposite wall of the duct. As is the
      case with the electrodes 30-45 and 50-65, all of the terminal electrodes
      are electrically insulated from the duct.
PAR  Because of the Hall potential existing longitudinally of the duct,
      electrons from the plasma stream will enter terminal electrode 70 and its
      opposed terminal electrode (not illustrated), flow through the load
      circuit to the terminal electrodes 71 and 71a, and re-enter the plasma
      stream from these latter electrodes. Because of this electron movement,
      the upstream terminal electrodes may be regarded as anodes, and the
      downstream terminal electrodes as cathodes. The discrete electrodes 50-65
      serve as anodes and electrodes 30-45 as cathodes. With regard to the
      discrete electrodes, electrons will be emitted by the electrodes
      (cathodes) 30-45 and will be received from the gas stream by electrodes
      (anodes) 50-65. Consistent with the foregoing designations, the magnetic
      field should be established perpendicular to the direction of plasma flow
      and perpendicularly into the plane of the paper. The magnetic field is
      designated in FIG. 1 by the plus signs, indicating flux lines directed
      into the plane of the paper.
PAR  Movement of electrically conductive plasma past each pair of directly
      opposed electrodes generates a potential gradient in the plasma
      therebetween which is proportional to the cross product of the velocity of
      the gas and the magnetic field strength. Under the influence of this
      potential, an electron current flows between the electrodes.
PAR  If it could be assumed that the velocity of the plasma and magnetic field
      strength are constant throughout the length of the duct and that there is
      no tendency for the current flowing in the gas to flow preferentially to
      some electrodes and not to others due to random variations in their
      surface properties or structure, then the potential difference established
      transverse of the duct between any given pair or opposed electrodes would
      be substantially constant. Furthermore, because of the Hall potential
      existing longitudinally of the duct, the mean potential of the last pair
      of electrodes is at a more positive level than that of the first pair of
      electrodes. Thus, the mean potential of any given pair of opposed
      electrodes is more positive than the mean potential of opposed electrodes
      that are upstream thereof.
PAR  This is illustrated by FIG. 3 which shows in graphical form the potential
      difference in the plasma stream existing between successive pairs of
      opposed electrodes in this ideal case. The bar graph A shows the potential
      difference between electrodes 33 and 50, the potential associated with the
      electrodes being indicated by the reference numbers of the electrodes at
      the ends of the bar graph. Similarly, with respect to bar graphs B-D which
      illustrate the potential difference between opposed electrodes 34-51,
      35-52 and 36-53.
PAR  By suitable spacing of the electrodes along the duct, it is possible to
      make the potential of the staggered, opposed electrodes the same in this
      ideal case and so the diagonally opposed electrodes can be directly
      connected to each other as in U.S. Pat. No. 3,148,291. However, in a
      typical MHD Hall generator or diagonally connected generator, there is a
      tendency for the current flowing in the gas to flow preferentially to some
      electrodes and not to others due to various factors such as random
      variations in their surface properties or structure. This concentration of
      current leads to damaging breakdown especially on the anode wall. A
      solution to this problem, in accordance with one embodiment of the present
      invention is to put an impedance such as 74 in series with each electrode.
      The size of this impedance is such that the rated current through it
      produces a voltage drop comparable to the rated Hall voltage per
      electrode. The power lost in the impedance need not be large, the fraction
      being approximately the Hall voltage per electrode .div..mu. BD. Here, D
      is the distance from center to center between adjacent discrete electrodes
      in the wall of the duct, .mu. is the macroscopic plasma velocity and B is
      the magnetic field strength. In a typical case where, for example, the
      Hall voltage per electrode is 40 volts, .mu. is 2,000 meters per second, B
      is 3.0 webers/meter.sup.2 and D is 0.2 meters, this fraction is only 0.033
      or 3.3% of the Hall voltage per electrode. Generally, the larger the
      generator, the smaller this fraction becomes.
PAR  The impedances such as 74 connecting the diagonally opposed electrodes as
      shown in FIG. 1 may be dc resistors of predetermined values. Each of these
      resistors may be adjusted during a test under operating conditions to
      provide the desired voltage differential between adjacent discrete
      electrodes. For this purpose, these resistors are shown in FIG. 1 as
      variable resistors.
PAR  As an alternate structure, the impedances 74 to 89 may each be an active
      circuit such as shown in FIG. 4. This active circuit between diagonally
      opposed discrete electrodes produces a voltage drop sufficient to limit
      the current to each electrode to a predetermined value, i.e., it acts as a
      current limiter. So long as the current is normal, the voltage drop of the
      current is small and, hence, so is the power dissipated. In this respect,
      it is superior to the simple resistor.
PAR  The active circuit shown in FIG. 4 includes a current sensor 91 in the
      connecting line between diagonally opposed electrodes. The output of
      sensor 91 in lines 92 is a signal representative of the current between
      the connected electrodes. This signal is applied to the input of control
      circuit 93 which controls the gain of power transistor 94 in series with
      the sensor 91. High voltage isolation means 98 such as, for example,
      photodiode optoisolator Model MCD-1 manufactured by Monsanto Commercial
      Products of Cupertino, Calif. may be provided intermediate current sensor
      circuit 91 and control circuit 93 to provide a signal proportional to the
      current flowing in line 92 and, hence the current flowing between
      electrodes 30 and 50. Isolation means 98 provides an output signal to
      indicator means 99 which provides an indication of the magnitude of
      current flow between electrodes 30 and 50.
PAR  Whereas in accordance with the embodiment illustrated in FIG. 4, signals
      are derived and utilized to provide an indication to a plant operator or
      the like of current distribution, the impedance 74, for example, may for
      some applications comprise a lamp located on a display panel. Thus, with
      such lamps or the like arranged sequentially on a display panel, such
      series connected lamps may, in addition to controlling electrode current,
      provide a plant operator with a graphic picture of the current
      distribution throughout the length of the generator duct.
PAR  In either the above cases, irregularity in the distribution of luminosity
      will alert the operator to the existence of trouble and/or give him a
      quick insight into potential trouble spots.
PAR  Directing attention now to FIG. 5, there is shown details of an active
      circuit similar to that of FIG. 4. An active circuit as shown in FIG. 5
      comprises a power transistor 100 connected in series with a variable
      sensing resistor 101 and a blocking diode 102. The collector electrode 103
      of the power transistor 100 is connected to an anode electrode (electrode
      50, for example), the emitter electrode 104 is connected to sensing
      resistor 101 which, in turn, is connected to a cathode electrode
      (electrode 30, for example), through the blocking diode 102. A second
      resistor 105 is connected between the anode electrode and diode 106, diode
      106 being connected to the cathode electrode. A control circuit designated
      generally by the numeral 107 is coupled between the collector and base
      electrode of the power transistor 100 and a point 108 intermediate
      resistor 105 and diode 106 to provide rapid turn-on of the power
      transistor at low current levels. The control circuit 107 may comprise, as
      shown by way of example in FIG. 5, a pair of transistors 110 and 111
      having their collector electrodes 112 and 113 interconnected and connected
      to the collector electrode 103 of the power transistor. The emitter
      electrode 114 of transistor 111 is connected to the base electrode 115 of
      transistor 110, the emitter electrode 116 of which is connected to the
      base electrode 117 of the power transistor 100. The base electrode 118 of
      transistor 111 is connected intermediate to point 108, resistor 105 and
      diode 106.
PAR  The current flowing from the anode electrode to the cathode electrode can
      be controlled by the circuit shown in FIG. 5. The current passing through
      the power transistor 100 via its collector and emitter electrodes is
      controlled by the values of or the value selected for the sensing resistor
      101 in combination with the blocking diode 102. The power transistor 100
      permits the flow of current until it reaches a predetermined maximum. When
      this maximum current is reached, the voltage drop across the sensing
      resistor 101 is approximately equal to the voltage across the zener diode
      106, thereby causing the power transistor 100 to prohibit any further
      increase in the current flowing through it. The control circuit 107
      permits the rapid turn-on of the power transistor 100 at low current
      levels and the blocking diode 102 prevents damage to the power transistor
      100 should a reverse voltage develop between the anode and cathode
      electrodes.
PAR  The embodiments of the present invention representing the best known uses
      of the invention all serve to control the current to each electrode and/or
      the voltage between adjacent discrete electrodes in the duct wall of an
      MHD type Hall or diagonal generator. Even while following the teachings of
      this invention, variations and modifications will occur to those skilled
      in the art without departing from the spirit and scope of the invention as
      set forth in the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An MHD generator for generating electricity from a moving stream of
      electrically conductive gas comprising,
PA1  a duct for conveying the gas stream, the duct having an inlet and an
      outlet,
PA1  means for establishing a magnetic field through said duct normal to the
      direction of gas flow,
PA1  terminal electrodes positioned along the duct at the inlet and outlet,
PA1  a plurality of discrete electrodes positioned at intervals along opposing
      walls of the duct,
PA1  certain of said discrete electrodes being directly opposed and lying in
      planes normal to the direction of gas flow, said generator having a rated
      Hall voltage between adjacent electrodes,
PA1  a plurality of coupling means each coupling together different opposed
      discrete electrodes which lie in planes at an angle .theta. to the
      direction of gas flow, said coupling means including a power transistor
      and current sensor in series between the opposing electrodes in a plane at
      said angle .theta.,
PA1  said coupling means producing a voltage drop between said connected
      discrete electrodes in the plane at angle .theta. sufficient to prevent
      current flow in said opposed electrodes from exceeding a damaging limit.
NUM  2.
PAR  2. An MHD generator as in claim 1 wherein,
PA1  a control circuit is included for controlling gain of the transistor in
      response to the output of the current sensor.
NUM  3.
PAR  3. An MHD generator as in claim 1 wherein,
PA1  the coupling means includes a first series circuit connected between said
      opposing electrodes comprising a power transistor in series with a sensing
      resistor and a blocking diode in series with said sensing resistor,
PA1  a second series circuit connected between said opposing electrodes
      comprising a resistor and a diode; and
PA1  a control circuit coupled between said power transistor and a point
      intermediate said second circuit resistor and diode for effecting rapid
      turn-on of said power transistor at low current levels, said first circuit
      sensing resistor and said second circuit diode controlling said power
      transistor for determining the maximum current level that can flow through
      said power transistor, and said first circuit blocking diode protecting
      said power transistor from a reversal of voltage across it.
NUM  4.
PAR  4. An MHD generator as in claim 1 wherein,
PA1  an external electrical load is coupled between said terminal electrodes,
      and
PA1  each discrete electrode is electrically coupled to the opposing discrete
      electrode which lies in a plane therewith at an angle .theta. to the
      direction of gas flow.
NUM  5.
PAR  5. An MHD generator as in claim 1 wherein,
PA1  said terminal electrodes each includes opposing electrode structures at the
      inlet and the outlet, the opposing electrode structures of each lying in a
      plane at said angle .theta. to the direction of gas flow.
NUM  6.
PAR  6. An MHD generator as in claim 5 wherein,
PA1  the magnetic field is concentrated in the region between said terminal
      electrodes.
NUM  7.
PAR  7. An MHD generator as in claim 1 and additionally including,
PA1  means for providing a signal proportional to current flow through said
      coupling means, and
PA1  indicator means actuated by said signal for providing an indication
      proportional to current flow.
NUM  8.
PAR  8. An MHD generator as in claim 1 and additionally including,
PA1  means for providing a signal proportional to each said voltage drop
      produced by each said coupling means, and
PA1  indicator means actuated by said signal for providing an indication
      proportional to said voltage drops.
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ABST
PAL  An anode assembly of an MHD generator has an opening in communication with
      the generator's main plasma stream. An inert gas is passed between the
      anode assembly's emitter and a positively biased collector which is in
      circuit with a load and a cathode emitter on the other side of the main
      plasma stream.
PAL  A supplemental magnetic field rotates an arc about a collector nozzle in an
      insulated wall, while a magnetic-field shield protects the assembly from
      the MHD generator's main flux.
PAL  The system is operated by ionizing a gas that is passed between the anode's
      emitter and its positively biased collector to form a plasma jet which is
      used as an electrode to conduct current across the main plasma stream
      between the cathode and the collector of the anode assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to magnetohydrodynamics (MHD); and more particularly
      to improved plasma electrodes for MHD generators.
PAR  MHD generators produce electrical power by motion of a high temperature
      electrically conductive gas through a magnetic field. This movement
      induces an electromotive force between opposed electrodes within the
      generator.
PAR  In order for an MHD generator to produce electrical power it is required
      that the working gas be a good electrical conductor. Combustion gases are
      often not at a high enough temperature to give the required electrical
      conductivity. Therefore, it is customary to "seed" the combustion gas with
      an easily ionized substance to elevate the gas electron concentration and
      thus improve the electrical conductivity. Unfortunately, the best seed
      materials are the alkali metals which are quite reactive as reducing
      agents. This, coupled with the high temperature combustion gas, has a
      corrosive effect on hot electrodes. Also, if the electrodes are cooled
      below the condensation temperature of the seed, electrode shorting results
      from condensation of the seed on electrode and insulator surfaces. Hence,
      it is an object of this invention to provide a structure for reducing
      these problems.
PAR  It has previously been suggested that a plasma jet be used to start
      conduction to a gas shielded electrode. For example, one structure for
      starting such conduction is described in U.S. Pat. No. 3,480,805 which
      issued to Yerrel on Nov. 25, 1969. Another such structure is described in
      French Pat. No. 1,330,199 to Andre Dubois et al. As in the instant case,
      those prior structures attempted to use a jet of ionized gas to connect to
      the MHD generator's main plasma stream in order to deliver the generator's
      output to a load. As indicated in a subsequent paper delivered by Andre
      Dubois et al at a 1968 MHD colloquium in Warsaw, however, those earlier
      structures do not appear to have been entirely successful. Hence, it is
      another object of this invention to provide a fully operative plasma jet
      electrode for an MHD system.
PAR  Prior MHD generators such as those described above have attempted to direct
      a plasma stream from a first electrode element through an orifice
      comprising part of a second or "auxiliary" electrode element; and the MHD
      generator's load was then connected across corresponding elements of
      associated electrodes located on opposite sides of the MHD duct. These
      prior art systems, however, do not appear to have been adequate over a
      sufficiently large range of the generated current flow. Consequently, it
      is yet another object of this invention to provide a plasma jet electrode
      assembly that provides satisfactory operation over a wide range of current
      flows.
PAR  It is another object of this invention to provide a structure and method
      for increasing the efficiency of an MHD generator using plasma jet
      electrodes and for increasing the life span of such electrodes when used
      in an MHD system.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with principles of the instant invention an anode assembly
      and a cathode assembly of a given electrode pair are located in opposite
      walls of an MHD generator's main channel so that the main plasma stream
      flows therebetween. The MHD system's load is then connected from an
      emitter of the cathode assembly to a continuously positively biased
      collector element in the anode assembly having an opening or nozzle
      therethrough to the main gas stream. In operation, the anode assembly
      produces a plasma jet which passes through the nozzle or opening in the
      positive member which acts as a collector electrode for current flowing
      across the main plasma stream and through the load to the corresponding
      cathode assembly.
PAR  The above described structure allows the plasma jet electrode to have a gap
      between the anode's collector element and the main MHD plasma stream.
      Hence, in accordance with other principles of the invention, the anode
      assembly's electrically positive electrode element is recessed from the
      wall of the main channel. In this manner, the electrode elements are not
      exposed to such corrosive effects as either the main stream's ionized
      gases or its seeding elements.
PAR  As the diameter of a plasma jet generator is increased, other things being
      equal, the speed of the jet tends to decrease. Hence, if large nozzles are
      used, the jets are less able to penetrate the main stream's boundary layer
      extending across the electrode locations of the generator's main stream.
      In accordance with principles of the instant invention, however, a
      supplemental magnetic field winding is placed about an enlarged nozzle
      area. This results in an interaction between the supplemental magnetic
      field and the plasma jet's arc current so as to rotate the arc about the
      nozzle. In this manner, the plasma is considerably expanded as it passes
      through the rotating arc so that it fills the enlarged nozzle and provides
      a more efficient transfer of energy from the main MHD stream to the load.
PAR  Finally, in accordance with another principle of the invention, the plasma
      jet generator's electrodes are surrounded by a magnetic field shield. In
      this manner, the MHD generator's magnetic field produces less interference
      with the electrode assembly's torch and the torch quality is improved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments as illustrated in the accompanying drawings in which
      like reference characters refer to the same parts throughout the various
      views. The drawings are not necessarily to scale, emphasis instead being
      placed upon illustrating the principles of the invention.
PAR  FIG. 1 is a schematic diagram of a conventional MHD generator.
PAR  FIG. 2 is a crosssectional view of a typical plasma jet electrode suitable
      for use in a system of the invention.
PAR  FIG. 3 is a schematic illustration of a FIG. 2 electrode embodied in an MHD
      system according to the invention.
PAR  FIG. 4 is a sectional schematic illustration of an alternate embodiment of
      the electrode illustrated in FIG. 2.
PAR  FIG. 5 is still another alternate embodiment of an electrode suitable for
      use in the system of the invention; and
PAR  FIG. 6 is a schematic illustration of a plurality of plasma jet electrodes
      in circuit with an MHD load.
DETD
PAR  As illustrated in FIG. 1 a prior art MHD generator is comprised of a duct
      10 which receives a main stream of high temperature, electrically
      conductive plasma at an inlet end as indicated by arrow 12. MHD generators
      frequently have inlet temperatures on the order of 5,000.degree.
      Fahrenheit or higher, particularly when high concentrations of oxygen are
      used in the combustion gases received by the generator. Consequently,
      although an MHD generator has no mechanical moving parts, the thermal
      stresses are substantial.
PAR  By properly choosing the shape and discharge pressure of the duct 10, the
      plasma can be made to move through the duct as a substantially constant
      velocity as illustrated by arrow 14 past one or more electrodes such as 16
      and 18 which are placed in circuit 20 with a load 22.
PAR  A suitable magnetic flux is placed across the duct in a direction
      perpendicular to the direction of plasma flow and the plane of the paper
      as illustrated by conventional symbols 24. This flux may be supplied, for
      example, by a coil 26 to which electrical current may be supplied from any
      conventional source or from the generator itself. In this manner, the MHD
      system generates an EMF between the electrodes 16 and 18 as indicated by
      arrows 27.
PAR  The electrical conductivity of the gas that is delivered to the duct is
      related to the degree of its thermal ionization which is a function of its
      temperature. In order to achieve such ionization at lower temperatures, it
      has been customary to add small amounts (0.1 to 1%) of some easily
      ionizable material such as potassium or cesium. Similarly, in order for
      the MHD generator's electrodes to better withstand the high temperature,
      they are cooled. Hence, there is a tendency for the seeding material to
      condense on the electrodes and cause shorting.
PAR  As noted above, it has been previously suggested that prior art electrodes
      could have portions thereof disposed outwardly from the walls of the duct
      10 and surrounded by an inert gas so that the outwardly disposed
      electrodes would not be exposed to the generator's main plasma stream.
      Hence, the outwardly disposed electrode would not be subjected to such
      high temperatures, seed condensation, or shorting. Those prior art
      electrodes, however, were not entirely satisfactory and created a need for
      an electrode assembly of the type which will now be described.
PAR  The electrode of FIG. 2 includes a collector 28 which can be made from
      materials such as copper. The collector is surrounded by a circumferential
      channel 30 inside a jacket 32 in order to form a passage for a coolant
      such as water delivered thereto by a conduit 34 and removed by a similar
      conduit not shown.
PAR  A gas injector ring 36 of boron nitride or the like abuts the collector 28
      and is provided with a circumferential groove 38 for delivering an inert
      gas such as argon through an inlet conduit 40 to inlet jets 42. In this
      respect, the gas from the jets passes into a chamber 44 surrounding an
      emitter tip 46 of thoriated tungsten or the like. The emitter tip 46 is
      held in place by a holder 48 which is adjustably located within the anode
      assembly by suitable means such as retaining ring 50 and compression O
      ring 52 for adjustment within an insulator block 54 which also abuts the
      gas injector ring 36 and is held in place within the jacket 32 by the
      retaining ring 50.
PAR  Coolant is circulated in the holder 48 by coolant inlet and outlet conduits
      56 and 58; and the emitter is connected to the collector element 28 by a
      circuit 60 through a biasing source such as D.C. power supply 61 so that
      the collector is maintained positive with respect to the emitter.
PAR  In operation, a suitable gas such as argon, nitrogen, helium, or the like
      is fed into conduit 40 to chamber 44 where it is blown over the emitter
      tip 46. The gas then passes out of an opening 62 which functions as a
      nozzle for the anode assembly 18. As the gas passes between the collector
      and emitter, the voltage source 61 ionizes the gas to form a plasma jet.
PAR  Two of the above described electrode assemblies are schematically
      illustrated in FIG. 3 which represents a cathode plasma jet electrode
      assembly 16 and an anode plasma jet electrode assembly 18 corresponding to
      those electrodes illustrated in FIG. 1. In this connection, the electrode
      assemblies are mounted in a well insulated duct wall 10 so that they are
      considerably recessed from the inner surface 64 of the duct wall; and
      connected through the load 22 by the emitter element 46c of the cathode
      assembly and the collector element 28a of the anode assembly.
PAR  In operation, as the main plasma 14 flows through the duct 10, it interacts
      with the magnetic flux 24 so that a potential difference exists across the
      duct. As the gases from jets 42c and 42a are blown past their respective
      emitter tips 46c and 46a they are ionized by the voltage sources 61c and
      61a to form plasma jets 66 and 68 which function as electrodes and permit
      a current to be delivered to the load 22. In this regard, it is
      significant to note that the load is connected between the emitter of the
      cathode assembly and anode assembly's collector element. In this manner, a
      strong plasma jet flow can be maintained from the anode assembly's emitter
      while, at the same time, the MHD output current is permitted to flow
      between the stable plasma jet electrodes which, by virtue of their
      stability, permit the electrode assemblies to be recessed well into the
      insulated walls 63 of the MHD duct 10.
PAR  As noted above, when the nozzle of a plasma jet electrode is enlarged it is
      difficult to maintain adequate plasma velocities without increasing the
      gas flow through the jets 42. The schematically illustrated structure of
      FIG. 4, however, permits a desirably large nozzle area without increasing
      the mass rate of inert gas flow. In this regard, a supplemental magnetic
      field winding 70 surrounds the jacket 32 and induces a supplemental
      magnetic field around the electrode assembly. This magnetic field
      interacts with the arc current between the electrode's emitter element 46
      and its collector element 28 to cause the arc to rotate as shown by arrow
      72. Consequently, as the gas passes through the rotating arc it is heated
      so that the plasma is considerably expanded and continues to exit from the
      nozzle at a high velocity.
PAR  The structure of FIG. 4 is not only simple and efficient, but quite
      versatile. That is, its principles can be employed on either the anode
      electrode assembly or the cathode electrode assembly or both. Note also
      that the mere rotation of the arc does not limit the nozzle area to a
      circular configuration. The arc also rotates satisfactorily, for example,
      when the nozzle 62 is elliptical or even nearly rectangular.
PAR  In accordance with still another embodiment of the invention a FIG. 2-type
      electrode assembly is surrounded by soft iron 74 (FIG. 5) or another
      suitable type of magnetic material to act as a magnetic-field shield. This
      structure protects the plasma jet assembly from interference by the
      magnetic flux 24 from the MHD coil 26; and improves the quality of the
      plasma jet generated by the electrodes. Similarly, although not
      illustrated, the shield 74 can be applied to the exterior of the
      supplemental field winding 70 in FIG. 4 to produce a magnetic-field
      shielded plasma jet electrode which, nevertheless, has a rotating arc for
      producing plasma expansion and permitting a wide diameter electrode
      nozzle.
PAR  The various types of above described plasma jet electrodes are easily
      assembled in large quantities along a duct such as that illustrated in
      FIG. 1. In FIG. 6, for example, a series of plasma jet cathode assemblies
      16 are located along one of the MHD duct's walls 63 and a series of anodic
      plasma jet electrodes are mounted opposite the cathode assemblies on the
      opposite wall of the MHD duct 10. Again, the main plasma flow 14 is from
      left to right; and the magnetic field is into the paper as indicated by
      the symbols 24. Each of the plasma jet electrodes is electrically
      connected in the manner described in connection with FIG. 3 except that a
      series of diodes 76 isolate the individual electrodes so that they appear
      to the MHD duct as though they are segmented.
PAR  The above described structure can be conveniently constructed into a 20
      megawatt MHD system. In this connection, 200 plasma jet electrode
      assemblies are located on either side of an MHD duct that is 4 meters
      long, 0.7 meters high and 0.36 meters across so that the duct has a volume
      of approximately one cubic meter. A main plasma stream is then directed
      through the duct at about mach 0.9 (845 meters per second) in a magnetic
      field having a strength of 4 Tesla. The plasma has a temperature and
      content such that its gas conductivity is 30 Mhos per meter to result in
      an open circuit voltage across the load of about 1,200 volts; or, a power
      density of about 20 megawatts per cubic meter with each of the electrodes
      carrying a current of 85 amperes. Significantly, because of the stability
      of the plasma jets and the improved efficiency of the above described
      electrodes, each can carry currents of as much as 400 amperes so that
      increases in the gas conductivity, gas velocity, or magnetic field
      strength can result in a 100 megawatt generator without any increase in
      duct volume.
PAR  When emitters in structure of the invention were operated at 300 amperes
      with nozzle current densities of 400 amps per square centimeter, the
      emitter loss rate was only 0.00062 grams per hour per square centimeter. A
      conventional electrode, on the other hand, experiences loss rates of about
      0.2 grams per hour per square centimeter for current densities of only one
      amp per square centimeter. Moreover, because the above described plasma
      jet emitter elements are fabricated from thoriated tungsten, they are
      sufficiently inexpensive that their minimal loss rate is insignificant.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various alterations in form and detail may be made
      therein without departing from the spirit and scope of the invention. For
      example, while the plasma jet electrode's cathode element has been
      described as being made of thoriated tungsten, other materials can also be
      used. Similarly, the dimensions of the MHD generator system described in
      connection with FIG. 6 can be altered in various manners without affecting
      the gist of the invention; and the electrode pairs can be connected in
      series if that is desired.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An MHD system having an anode assembly, a cathode assembly, duct means
      for passing a plasma stream therebetween, means for passing a magnetic
      flux across said duct means, and circuit means connecting said anode and
      cathode assembly, said system further comprising:
PA1  a collector of said anode assembly connected to said circuit means and
      having an opening therethrough for communication with said duct means;
PA1  an emitter of said anode assembly located adjacent said collector;
PA1  means to pass an ionizable gas between said collector and emitter; and
PA1  means for maintaining said collector positive relative to said emitter.
NUM  2.
PAR  2. The system of claim 1 wherein said duct includes an insulated wall and
      wherein said collector of said anode assembly is recessed outwardly from
      the inner surface of said insulated duct wall and thereby separated from
      said plasma stream.
NUM  3.
PAR  3. The system of claim 1 including supplemental means for imposing a
      supplemental magnetic flux about at least one of said anode and cathode
      assemblies.
NUM  4.
PAR  4. The system of claim 3 wherein the cross-sectional area of said opening
      is large relative to the mass rate of gas flowing therethrough.
NUM  5.
PAR  5. The system of claim 1 including a magnetic field shield for shielding at
      least one of said anode and cathode assemblies from said magnetic flux
      across said duct means.
NUM  6.
PAR  6. The system of claim 5 including supplemental means located between said
      magnetic field shield and the thusly shielded assembly for imposing a
      supplemental magnetic flux on the shielded assembly.
NUM  7.
PAR  7. The system of claim 6 wherein the cross-sectional area of said opening
      is large relative to the mass rate of gas flowing therethrough.
NUM  8.
PAR  8. The system of claim 1 including a plurality of such anode assemblies
      located along said duct means, each of said first members thereof being in
      said circuit connecting said anode and cathode assemblies and including:
PA1  means for electrically isolating said first members from each other.
NUM  9.
PAR  9. An MHD system having an anode assembly, a cathode assembly, duct means
      for passing a plasma stream therebetween, means for passing a magnetic
      flux across said duct means, and circuit means connecting said anode and
      cathode assemblies, said system further comprising:
PA1  a collector of said anode assembly connected to said circuit means and
      having an opening therethrough for communication with said duct means;
PA1  an emitter of said anode assembly adjacent said anode collector;
PA1  means for positively biasing said anode collector relative to said anode
      emitter;
PA1  a collector of said cathode assembly having an opening therethrough for
      communication with said duct means;
PA1  an emitter of said cathode assembly adjacent said cathode collector and
      connected to said anode collector through said circuit means; and
PA1  means for passing an ionizable gas between each collector and the
      corresponding emitter.
NUM  10.
PAR  10. The system of claim 9 wherein said duct includes an insulated wall and
      wherein said collector of said anode assembly is recessed outwardly from
      the inner surface of said insulated duct wall and thereby separated from
      said plasma stream.
NUM  11.
PAR  11. The system of claim 9 including supplemental means for imposing a
      supplemental magnetic flux about at least one of said anode and cathode
      assemblies.
NUM  12.
PAR  12. The system of claim 11 wherein the cross-sectional area of the opening
      in at least one said collectors is large relative to the mass rate of gas
      flowing therethrough.
NUM  13.
PAR  13. The system of claim 9 including a magnetic field shield for shielding
      at least one of said anode and cathode assemblies from said magnetic flux
      across said duct means.
NUM  14.
PAR  14. The system of claim 13 including supplemental means located between
      said magnetic field shield and the thusly shielded assembly for imposing a
      supplemental magnetic flux on the shielded assembly.
NUM  15.
PAR  15. The system of claim 14 wherein the cross-sectional area of the opening
      in at least one of said collectors is large relative to the mass rate of
      gas flowing therethrough.
NUM  16.
PAR  16. The system of claim 9 including a plurality of such anode assemblies
      located along said duct means, each of said collectors of said anode
      assemblies being in said circuit connecting said anode and cathode
      assemblies and including:
PA1  means for electrically isolating said collectors of said anode assemblies
      from each other.
NUM  17.
PAR  17. A method of operating an MHD system of the type including a cathode
      assembly and an anode assembly having an emitter member and a collector
      member, duct means for passing a main plasma stream between said anode
      assembly and said cathode assembly, means for passing a main magnetic flux
      across said duct means, and circuit means connecting said anode and
      cathode assemblies, said method comprising the steps of:
PA1  maintaining the collector of said anode assembly positive relative to the
      emitter of said anode assembly;
PA1  passing a gas between the emitter and collector of said anode assembly and
      ionizing said gas to form a plasma jet; and
PA1  using said plasma jet as an electrode to conduct current across said main
      plasma stream between said cathode to said collector of said anode
      assembly.
NUM  18.
PAR  18. The method of claim 17 for use in an MHD system wherein said collector
      of said anode assembly includes an opening therethrough for communication
      with said main plasma stream and including the steps of:
PA1  striking an arc between said emitter and collector of said anode assembly;
      and
PA1  rotating said arc about said opening.
NUM  19.
PAR  19. The method of claim 17 including the step of shielding at least one of
      said anode and cathode assemblies from the effects of said magnetic flux.
NUM  20.
PAR  20. The method of claim 19 for use in an MHD system wherein said collector
      of said anode assembly includes an opening therethrough for communication
      with said main plasma stream and including the steps of:
PA1  striking an arc between said emitter and collector of said anode assembly;
      and
PA1  rotating said arc about said opening.
NUM  21.
PAR  21. The method of claim 17 wherein said MHD system includes a plurality of
      such anode assemblies located along said duct means, each of said
      collectors of said anode assemblies being in circuit with said means
      connecting said cathode assembly and including the steps of:
PA1  electrically isolating the collectors of said anode assemblies from each
      other.
NUM  22.
PAR  22. A method of operating an MHD system of the type including a cathode
      assembly and an anode assembly each having an emitter and a collector,
      duct means for passing a plasma stream between said cathode assembly and
      said anode assembly, means for passing a main magnetic flux across said
      duct means and circuit means for connecting said anode and cathode
      assemblies, said method comprising the steps of:
PA1  positively biasing the collector member of said anode assembly relative to
      the emitter member of said anode assembly;
PA1  passing a gas between the emitters and collectors of said anode and cathode
      assemblies and ionizing said gas to form a cathode plasma jet electrode
      and an anode plasma jet electrode; and
PA1  using said plasma jet electrodes to conduct current across said main plasma
      stream between the cathode and said collector of said anode assembly while
      at the same time maintaining said circuit means between the emitter of
      said cathode assembly and the collector of said anode assembly.
NUM  23.
PAR  23. The method of claim 22 for use in an MHD system wherein said collectors
      include an opening therethrough for communication with said main plasma
      stream and including the steps of:
PA1  striking an arc between said emitter and collector of said anode assembly;
      and
PA1  rotating said arc about the opening in said anode assembly.
NUM  24.
PAR  24. The method of claim 22 including the step of shielding at least one of
      said anode and cathode assemblies from the effects of said magnetic flux.
NUM  25.
PAR  25. The method of claim 24 for use in an MHD system wherein said collectors
      include an opening therethrough for communication with said main plasma
      stream and including the steps of:
PA1  striking an arc between said emitter and collector of said anode assembly;
      and
PA1  rotating said arc about the opening in said anode assembly.
NUM  26.
PAR  26. The method of claim 22 wherein said MHD system includes a plurality of
      such anode assemblies located along said duct means, each of said
      collectors of said anode assemblies being in circuit with said means
      connecting said cathode assembly and including the steps of:
PA1  electrically isolating the collectors of said anode assemblies from each
      other.
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PAL  The invention relates to a stepping motor having at least one electromagnet
      disposed in a casing, a shaft which is mounted for rotation in the casing
      and on which is rotationally fixed a rotor which in turn is rotationally
      fastened to an armature mounted on the shaft for longitudinal sliding and
      cooperating with the electromagnet, and further having a first ball race
      concentric to the shaft and fastened to the casing and a second ball race
      cooperating therewith and mounted for rotation in the casing, balls being
      disposed between the races and the tracks of the latter being so shaped
      that an axial force on the rotatable ball race result in a rotary movement
      of the latter, and further having on the armature a flange which engages
      behind the rotatable ball race and which carries spur toothing having
      inclined flanks and cooperating with corresponding spur toothing on the
      rotatable ball race, and having restoring springs imparting to the
      rotatable ball race an initial stress oppositely to the direction of
      rotation produced by the armature, and having a catch device determining
      the steps.
BSUM
PAR  A stepping motor of this kind is already known from German Pat.
      Specification No. 1,299,479. For the stepwise advancing of the motor shaft
      the axial displacement of the armature in a device for converting an axial
      movement into a rotary movement is in addition utilised to bring the spur
      toothing of the armature flange into engagement with a matching toothing
      on the rotatable ball race, so that the latter is driven one step,
      overcoming the detaining force of the catch device. If the electromagnet
      attracting the armature is then deprived of current, the spur toothings
      are brought out of engagement again and the rotatable ball race is brought
      back to its starting position by the restoring springs, while the shaft of
      the stepping motor remains in the position which is now secured by the
      catch device.
PAR  In the known device the springs used for returning the rotatable ball race
      are tension springs which extend on a straight line between a pin fastened
      on the casing and a holding device on the ball race.
PAR  Since stepping motors of the kind in question must withstand an extremely
      large number of operations without any defect impairing operational
      reliability, it is important that there should be no weak spot in the
      moving parts of the stepping motor. The number of operations which the
      stepping motor must withstand without being damaged runs into millions.
PAR  The object of the invention consequently consists in providing a stepping
      motor of the kind first mentioned above which still works perfectly even
      after numerous operations, is of simple and robust construction, and
      permits economical manufacture, even in series production.
PAR  For the solution of this problem the invention provides for the rotatable
      ball race to be provided, on the opposite side to the ball tracks, with
      pins which extend axially away from it and which engage in matching
      peripheral slots in an annular spring casing containing compression
      springs which at one end bear against the spring casing and at the other
      end act on the pin of the rotatable ball races. According to the
      invention, therefore, instead of the tension springs in the known stepping
      motor use is made of compression springs disposed in suitable peripheral
      guides in a spring casing. This ensures on the one hand that the restoring
      force applied to the movable ball race is applied exactly in the
      tangential direction and that the fracture of the spring need not be
      feared, because the compression spring provided in accordance with the
      invention does not require suspension parts sensitive to fracture, as in
      the case of the known tension spring. Furthermore, the compression spring
      is protected because it is completely received in a recess.
PAR  Both the ball race and the spring casing may be plastics injection
      mouldings in order to simplify manufacture.
PAR  In a preferred embodiment, balls are inserted between the spring and the
      pin, so that on the one hand the spring tightly fits on the ball and on
      the other hand perfect transmission of the restoring force from the ball
      to the pins is ensured.
PAR  Another preferred embodiment provides for the peripheral slots to be made
      slightly narrower in the end region receiving the pins, so that the
      springs or the end balls lie against the transition step leading to this
      region. In this way the balls can be relieved of load in the position of
      rest, thereby in particular substantially simplifying the assembly of the
      stepping motor of the invention.
PAR  It is particularly advantageous for the rotatable ball race to be guided
      for rotation in the spring casing. This is advantageously achieved by
      providing the spring casing with a rim and an annular step on which the
      ball race lies, sufficient clearance being allowed to ensure easy
      rotatability.
PAR  In another embodiment the rotatable ball race is substantially flush, on
      the ball track side, with the rim of the spring casing.
PAR  The pins are expediently disposed as close as possible to the ball tracks,
      in order that the forces originating from the ball tracks during operation
      are transmitted on the most direct possible path to the pins and thus to
      the restoring springs.
PAR  Projections, which engage in matching recesses in the ball race fastened to
      the casing, expediently extend from the rim of the spring casing in the
      opposite direction to the pins. This ensures automatically and in a simple
      manner the important correct angular relationship between the two ball
      races. The projections also preferably engage in matching recesses in the
      casing, so that a fixed angular relationship is also immediately obtained
      in relation to the casing.
PAR  It is particularly practical for three peripheral slots uniformly
      distributed over the periphery of the spring casing to be provided. On the
      one hand this ensures excellent guiding of the rotatable ball race, while
      on the other hand the spring deflections are of adequate length. Between
      each two neighbouring peripheral slots it is preferable to provide a hole
      on the opposite side to the rotatable ball race, pins of a catch ring,
      which covers the peripheral slots from this side, fitting into these
      holes. By snapping-on the catch ring it is thus possible for the springs
      and balls to be held securely in the respective recesses in the spring
      casing, thus further simplifying production.
PAR  On its inner periphery the catch ring is advantageously provided with catch
      toothing cooperating with a catch ball provided on the rotor. This
      constitutes a very economical and convenient form of catch device defining
      the individual step positions of the stepping motor.
PAR  The diameters of the holes between the peripheral slots are preferably not
      all identical, thus ensuring that the catch ring must be mounted in a
      clearly defined angular position in relation to the spring casing.
PAR  It is particularly advantageous for a completely symmetrical stepping motor
      arrangement, all parts of which are in accordance with one or more of the
      features indicated above, to be disposed on the opposite side of the catch
      ring to the spring casing, while however only one common rotor, one common
      shaft, and one common catch ring are provided. In this manner a stepping
      motor which can be operated in two opposite directions of rotation is
      obtained with very economical means. The pins on the two sides of the
      catch ring are in this case advantageously offet by the angle of one catch
      period.
PAR  According to the invention the pitches of all the toothings should be
      identical.
DRWD
PAR  The invention is described below by way of example and with reference to
      the drawing, in which:
PAR  FIG. 1 is an axial section of a preferred form of construction of a
      stepping motor according to the invention;
PAR  FIG. 2 is a plan view of the spring casing used according to the invention,
      viewed from the pin side;
PAR  FIG. 3 is an axial section of the object shown in FIG. 2;
PAR  FIG. 4 is a plan view of the rotatable ball race made of plastics material,
      viewed from the spur toothing side;
PAR  FIG. 5 is a side view of the object shown in FIG. 4;
PAR  FIG. 6 is a plan view of the catch ring used according to the invention;
PAR  FIG. 7 is an axial section of the catch ring shown in FIG. 6;
PAR  FIG. 8 is a plan view of the ball race fastened to the casing, which is
      used in the object of the invention;
PAR  FIG. 9 is an end view of the armature used in the stepping motor of the
      invention, and
PAR  FIG. 10 an axial section of the object shown in FIG. 9.
DETD
PAR  Only the upper half of a stepping motor adapted to be operated on two sides
      is described with reference to FIG. 1. Apart from angular offsetting about
      the axis of rotation 13, the bottom half is completely symmetrical to the
      axis of symmetry 40.
PAR  According to FIG. 1, a cylindrical casing 11 contains an electromagnet 12
      which has an annular shape and is fastened in position inside the casing
      11 by a magnet core 38. Along the axis of the casing 11 extends the
      stepping motor shaft 13, which is mounted in bearings 39 in the end cover
      38 so as to be rotatable but axially immovable.
PAR  Half-way along the shaft 13 is mounted a rotor 14 which is rotationally
      fastened and provided with axial pins 41 which engage in corresponding
      apertures in the armature 15 so as to be axially slidable but immovable in
      the peripheral direction. In this way a rotationally fixed connection is
      made between the rotor 14 and the armature 15, while however a certain
      axial movability between these two parts is still possible.
PAR  According to the invention, the casing 11 is provided on its inner side
      with two annular steps 42,43, the ball race 16 (FIG. 8) fastened to the
      casing lying against the upper annular step 43. On its periphery the race
      16 is provided with recesses 32, and it also carries three ball tracks 24.
      Projections provided internally on the casing project to a certain height
      into the recesses 32, in order to hold the ball race in a defined
      position.
PAR  Facing the ball race fastened to the casing is disposed a rotatable ball
      race 17, which as shown in FIG. 4 likewise has ball tracks 24, while the
      driving balls 18 extend between the ball tracks 24 of the two races 16 and
      17. The movable ball race 17 is guided for rotation in a spring casing 26
      (FIGS. 2 and 3), which bears against the lower annular step 42 of the
      casing 11 and has axially extending projections 31 engaging in the
      recesses 32, in order to ensure an accurate angular relationship between
      the spring casing 26 and the ball race 16 fastened to the casing.
PAR  On its inner periphery the rotary ball race 17 has spur toothing 44 which
      cooperates with matching spur toothing 20 on a flange 19 on the armature
      15 (FIGS. 9 and 10). In the position of rest the two toothings are out of
      engagement while they come into engagement with one another when the
      armature 15 is attracted by the electromagnet 12.
PAR  As shown in FIGS. 2 and 3, three peripheral slots 25, in which compression
      springs 21 with end balls 22 are accommodated, are provided in the spring
      casing 26. At one end the peripheral slots 25 have a step 29, from which
      they merge into end regions 28 into which the balls 22 cannot fit. The end
      regions 28 serve to receive pins 23, which according to the invention are
      disposed in the axial direction on the rotatable ball races 17.
PAR  The thickness of the movable ball race shown in FIGS. 4 and 5 is so
      selected that after insertion into the spring casing shown in FIGS. 2 and
      3 it just extends to the edge 30 of the spring casing.
PAR  The ball races 16 and 17 are shown in FIG. 1 in section along the line Ic -
      Ic in FIG. 4. The angular offsetting of the ball races 24 and of the pins
      23, as shown in FIG. 4, is not taken into account in FIG. 1 for reasons of
      clear graphic representation. The spring casing 26 is shown in the top
      half of FIG. 1 in a section on the line Ia -- Ia in FIG. 2, and in the
      bottom half of FIG. 1 in a section on the line Ib -- Ib in FIG. 2.
PAR  As shown in FIGS. 2 and 3, holes 23 are provided in the spring casing 26
      between the peripheral slots 25, their diameter being so selected that the
      pins 34 of a catch ring shown in FIGS. 6 and 7 snap into these holes. The
      catch ring 35 has an internal catch toothing 36 cooperating with a catch
      ball 37, which projects slighlty out of a channel provided with a spring
      45 and formed in the rotor 14.
PAR  The mode of operation of the stepping motor of the invention is as follows.
      When the armature 15 is attracted through the energisation of the
      electromagnet 12, the spur toothings 20,44 come into engagement. Because
      of the action of the ball races 24 and of the balls 18 the axial movement
      of the armature 15 is now converted into a rotary movement, which the
      armature 15 must follow because of its coupling to the ball race 17. The
      catch ball 37 thus comes into the next tooth of the catch toothing 36 of
      the catch ring 35.
PAR  If the current of the electromagnet is now switched off, the compression
      springs 21 compressed by the pins 23 exert a restoring moment on the race
      17, which the latter can now follow because after the current has been
      switched off the meshing of the spur toothings 20 and 44 is released. The
      movable ball race 17 thus moves back to its starting position, while the
      shaft 13 remains in the position determined by the catch ring 35. Through
      operation of the electromagnet, which is symmetrical to the axis of
      symmetry 40, the shaft 13 would be rotated in the opposite direction.
PAR  The two halves of the casing 11 can be held together in a simple manner by
      means of a clip or the like.
PAR  The preferred stepping angle in the stepping motor of the invention amounts
      to 30.degree..
PAR  It is a particular advantage of the stepping motor of the invention that
      because the correct angular relationship is automatically ensured it is
      not necessary for the two halves of the stepping motor to be accurately
      aligned angularly before assembly.
CLMS
STM  I claim:
NUM  1.
PAR  1. A stepping motor comprising a casing, at least one electromagnet
      disposed in the casing, a shaft which is mounted for rotation in the
      casing, a rotor fixed to the shaft, an armature rotationally fastened to
      the rotor and mounted on the shaft for longitudinal sliding and
      cooperating with the electromagnet, a first ball race concentric to the
      shaft and fastened to the casing, a second ball race cooperating with the
      first ball race and mounted for rotation in the casing, balls disposed
      between the races, the tracks of the races being so shaped that an axial
      force on the rotatable second ball race results in a rotary movement of
      the latter, a flange on the armature which engages behind the rotatable
      ball race and which carries spur teeth having inclined flanks and
      cooperating with corresponding spur teeth on the rotatable second ball
      race, restoring springs imparting to the rotatable second ball race an
      initial force opposite in direction to the rotation produced by the
      armature, a catch device for determining the steps, pins on the side of
      the rotatable ball race opposite the ball tracks, said pins extending
      axially away from the race, and an annular spring casing having peripheral
      slots which match with and engage said pins with compression springs
      positioned in the slot, said springs are supported at one end against the
      spring casing and at the other end act on the pins of the rotatable ball
      race.
NUM  2.
PAR  2. A stepping motor according to claim 1, characterised in that balls (22)
      are inserted between the spring (21) and pin (23).
NUM  3.
PAR  3. A stepping motor according to claim 2, characterised in that the
      peripheral slots (25) are made slightly narrower in the end region (28)
      receiving the pins (23), so that the springs (21) or the end balls (22)
      bear against the transition step (29) leading to this region (28).
NUM  4.
PAR  4. A stepping motor according to claim 1, characterised in that the
      rotatable ball race (17) is guided for rotation in the spring casing (26).
NUM  5.
PAR  5. A stepping motor according to claim 4, characterised in that on the side
      where the ball tracks (24) are provided the rotatable ball race (17) is
      substantially flush with the edge (30) of the spring casing (26) when in
      the position of rest.
NUM  6.
PAR  6. A stepping motor according to claim 1, characterised in that the pins
      (23) are disposed as close as possible to the ball tracks (24).
NUM  7.
PAR  7. A stepping motor according to claim 1, characterised in that from the
      edge (30) of the spring casing (26) projections (31) extend in the
      opposite direction to the pins (23) and engage in matching recesses (32)
      in the ball race (16) fastened to the casing.
NUM  8.
PAR  8. A stepping motor according to claim 7, characterised in that the
      projections (31) also engage in matching recesses in the casing (11).
NUM  9.
PAR  9. A stepping motor according to claim 1, characterized in that three
      peripheral slots (25) uniformly distributed on the periphery of the spring
      casing (26) are provided.
NUM  10.
PAR  10. A stepping motor according to claim 9, characterized in that between
      two neighbouring peripheral slots (25) on the side remote from the
      rotatable ball race (17) there is provided in each case a blind hole (33)
      in the spring casing (26), into which holes fit the pins (34) of a catch
      ring (35) which covers the peripheral slot (35) from the said side.
NUM  11.
PAR  11. A stepping motor according to claim 10, characterised in that on its
      outer periphery the catch ring (35) has a catch toothing (36) which
      cooperates with a catch ball (37) provided on the rotor (14).
NUM  12.
PAR  12. A stepping motor according to one of claim 10, characterised in that
      the diameters of the holes (33) between the peripheral slots (25) are not
      all the same.
NUM  13.
PAR  13. A stepping motor according to claim 10, characterised in that on the
      side of the catch ring (35) which is remote from the spring casing (26)
      there is disposed a completely symmetrical stepping motor arrangement
      having only one common rotor (14), one common shaft (13), and one common
      catch ring (35).
NUM  14.
PAR  14. A stepping motor according to claim 13, characterised in that the pins
      (34) on the two sides of the catch ring (34) are offset by the angle of
      one catch period.
NUM  15.
PAR  15. A stepping motor according to claim 1, characterised in that the
      pitches of all the toothings are the same.
NUM  16.
PAR  16. A stepping motor according to claim 1, characterised in that on the
      opposite side to the rotatable ball race (17), the peripheral slot (25) is
      exactly so wide that the pins (23) pass through with slight clearance and
      that it thereupon widens stepwise in such a manner that the balls (22) and
      the spring (21) fit thereinto with slight clearance.
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ABST
PAL  A cryogen-cooled synchronous compensator, comprising a fixed armature
      winding and a rotor with a field winding arranged thereon, said windings
      being made of superconducting materials and located, together with the
      rotor, within a fixed cryostat, characterized in that the rotor carrying
      the field winding is enclosed within the cryostat in the airtight housing,
      adapted to prevent cryogen fluid from contacting the rotary members of the
      machine.
BSUM
PAR  The present invention relates to the art of generation of electric energy
      and operation of big electric networks and, more specifically, to
      cryogen-cooled synchronous compensators.
PAR  Cryogen-cooled synchronous compensators may be used as reacting power
      generator for units adapted to provide for optimum electric network
      voltage by regulating the voltage and the power factor (cos .phi.).
PAR  The heretofore-known synchronous compensators used for the purpose are
      rather bulky arrangements featuring great weight and large dimensions.
      Power losses in said arrangements amount to hundreds and thousands of
      kilowatts.
PAR  Known in the art are electrical machines, wherein the windings are cooled
      down to ultralow temperatures. Cooling of windings made either of
      chemically pure metals or of superconducting materials to ultralow
      temperatures makes for a substantial increase in current density therein
      without increased losses through the conductor due to zero resistance of
      superconducting materials to direct current at ultralow temperatures,
      whereas the resistance of conductors made of pure metals decreases by
      several orders of magnitude.
PAR  The increase in current density in windings and that in intensity of the
      magnetic field in the air gap of the machine results in an increased
      per-unit power without enlarging dimensions and impairing the efficiency
      thereof.
PAR  Known in the art is a synchronous generator which comprises a rotor with a
      field winding and a stator, coaxially and closely embracing said rotor,
      the field and armature windings being made of a superconducting material.
      The generator rotor incorporates a shaft rotatably mounted in ball
      bearings and provided with a plurality of rib-shaped spokes rigidly fixed
      thereon. Tightly wound on said spokes are coils of the field winding
      fastened by annular-shaped bandage made of a high-strength low-temperature
      treated alloy, e.g. Ti-4Al-3Mo-IV. The stator comprises a cylindrical
      frame provided with inner longitudinal slots for the armature winding. The
      stator frame rests by the spoke ribs upon the magnetic flux screen
      embracing the stator, said screen being made of a superconducting sheet
      material. The screen, rests in turn, by its ribs upon the machine frame
      with a corresponding cryogen-type thermal insulator embracing said frame.
      Cooling of both the superconducting field and armature windings as well as
      maintaining these at temperatures below the critical temperature of the
      superconducting material of which the above-mentioned windings are made,
      is preferably effected by supplying gaseous helium at a sufficiently low
      temperature. The coolant from the helium liquefier is supplied through a
      pipe passing through the thermal insulator into the space between the
      frame and the screen. Having passed through the above-mentioned space
      leftwards (according to the drawing), the coolant then changes the
      direction of its flow to the right to get, via the perforation made in the
      screen end face, into the space provided within the screen. Further, the
      flow of coolant is divided into three concentric branches passing,
      respectively, through the channels provided in the rotor between the field
      winding coils and the shaft, through the gap between the rotor and stator,
      and through the space provided between the outside surface of the rotor
      frame and the screen. Thereafter, the coolant is again collected to pass
      as a single flow and, through the pipe which is concentric to that adapted
      to supply the coolant, is returned to the helium liquefier. Being
      advantageous to a certain extent, the above-disclosed generator, however,
      exhibits the followings disadvantages: increased heat inflow to the cold
      zone; presence of seals where the shaft runs from the generator frame,
      required to preclude generator coolant leaks, which complicate the design
      and impair the reliability of generator operation; presence of sliding
      contacts in the rotor electric circuit, which also impair the reliability
      of generator operation.
PAR  The most serious disadvantage is the increased heat inflow due to both
      extrinsic and intrinsic origins, which substantially reduces the total
      efficiency of the generator-helium liquefier assembly.
PAR  The principal source of heat inflow of extrinsic origin is the generator
      shaft which, from considerations of mechanical strength, is expedient to
      be made as a sufficiently massive member capable of transferring the whole
      of the generator power to the rotor.
PAR  The principal source of intrinsic heat inflow is the friction occurring due
      to the rotation of the rotor in the coolant.
PAR  Another source of intrinsic heat inflow is eddy currents resulting from the
      variable magnetic field in the metal members of both the rotor and stator.
      To reduce the effect of the eddy currents, it is expedient that the spoke
      ribs of both the rotor and the bandage be made as a stack of thin and
      isolated metal sheets. Such an approach substantially reduces the release
      of heat due to eddy currents, but fails to completely eliminate this
      source of heat.
PAR  It is a primary object of the present invention to provide a cryogen-cooled
      synchronous compensator featuring all the above-mentioned advantages of
      the disclosed cryogen-cooled synchronous generator and free of the
      disadvantages inherent in the design of the latter. It is also taken into
      consideration that the synchronous compensator would operate as a reacting
      power generator, i.e. without any load on the shaft. More particularly,
      the objects of the invention will be as follows.
PAR  A specific object of the present invention is to minimize the outer heat
      inflow to the machine members.
PAR  Another object of the invention is to minimize the inner heat release due
      to friction resulting from the rotation of the machine members in the
      coolant.
PAR  Still another object of the invention is to provide a synchronous
      compensator wherein the effect from the heat release due to eddy currents
      is reduced to a minimum.
PAR  An additional object of the invention is to provide a synchronous
      compensator devoid of relatively complicated and unreliable shaft seal
      assemblies in the machine frame.
PAR  Yet another object of the invention is to provide a cryogen-cooled
      synchronous compensator devoid of sliding contacts in the electric
      circuitry.
PAR  A more general object of the invention is to provide a highly efficient,
      reliable and simple cryogen-cooled synchronous compensator.
PAR  These objects are accomplished by that in a synchronous compoensator,
      comprising a fixed armature winding and a rotor with a field winding
      accommodated therein, said windings being made of a superconducting
      material and enclosed in a fixed cryostat, according to the invention, the
      rotor along with a field winding, whose shaft carries a starting motor and
      a field generator, both fitted thereon, is enclosed in the cryostat in a
      fixed airtight housing adapted to prevent the cryogen fluid from
      contacting the rotabale members of the machine.
PAR  It is advisable that the armature winding made as separate coil groups be
      arranged directly on the outer surface of said airtight housing serving as
      a frame for the armature winding.
PAR  It is expedient that the rotor shaft be mounted in the bearings inside the
      airtight housing, the entire assembly being fixed vertically in position
      in the cryostat.
PAR  It is advantageous that the field winding be supplied with direct current
      from the rotor of the field generator via superconductors.
PAR  It is also advantageous that the inner space of the airtight housing be
      filled with gaseous helium, while the outer walls of the housing be in
      contact with liquid nitrogen.
DRWD
PAR  Other objects and advantages of the present invention will be more apparent
      from the following detailed description of a specific embodiment thereof
      with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal section view of a cryogen-cooled synchronous
      compensator, according to the invention;
PAR  FIG. 2 is a section taken along line II--II of FIG. 1; and
PAR  FIG. 3 is a section taken along line III--III of FIG. 1.
DETD
PAR  A cryogen-cooled synchronous compensator is essentially an overexcitation
      equipolar machine capable of operating as a motor without any load on the
      shaft and serving to generate the reacting power in electrical networks.
PAR  Referring to FIG. 1, the synchronous compensator of the present invention
      comprises a stator 1 and a rotor 2 rotatably mounted on a shaft 3. The
      stator 1 comprises an armature winding 4 arranged on the outer surface of
      a cylindrical frame 5 which coaxially and closely embraces the rotor 2.
      The rotor 2 comprises a field winding 6 arranged on a cylindrical frame 7
      which is rigidly fitted on the shaft 3 and adapted to rotate only
      therewith. The shaft 3 is mounted in bearings 8 and 9. Mounted on the
      shaft 3 together with the rotor 2 are field generator 10 and a starting
      motor 11. A rotor 12 of the field generator 10 is fitted on the shaft 3
      between the bearing 8 and the rotor 2 of the synchronous compensator. A
      stator 13 of the field generator 10 is so fastened inside the cylindrical
      frame 5 of the compensator that the stator 13 coaxially and closely
      embraces the rotor 12. Used as the field generator 10 is a conventional
      superconducting topological generator, therefore the design of said
      generator is not considered in detail.
PAR  The starting motor 11 comprises a rotor 14 and a stator 15. The rotor 14 of
      the starting motor 11 is fitted on the shaft 3 between the bearing 9 and
      the rotor 2 of the synchronous compensator. The rotor 14 comprises a
      squirrel-cage winding 16 arranged on a cylindrical frame 17. The stator 15
      of the starting motor 11 comprises an armature winding 18 arranged on the
      outer surface of a cylindrical frame 19 which closely embraces the rotor
      14.
PAR  The end face of the frame 19 of the stator 15 of the starting motor 11 and
      that of the frame 5 of the stator 1 of the synchronous compensator, which
      face each other, are rigidly secured in a disk 20. Bolted on the opposite
      end face of the frame 5 of the stator 1 of the synchronous compensator is
      a bearing end shield 21, while a shield 22 is bolted on the opposite end
      face of the frame 19. From outside, the bearing 8 is enclosed by a bearing
      cover 23 and the bearing 9 is enclosed by a bearing cover 24. All joints,
      viz. between the cover 23 of the bearing 8 and the bearing end shield 23,
      between the bearing end shield 21 and the frame 5, between the frame 5 and
      the disk 20, between the disk 20 and the frame 19, between the frame 19
      and the bearing end shield 22, as well as between the bearing end shield
      22 and the cover 23 of the bearing 9, are made airtight. Thus, the
      interconnected disk 20, frames 5 and 19, bearing end shields 21 and 22,
      and covers 23 and 24 of the bearings 8 and 9 make up an airtight housing
      25, accommodated in which are the shaft 3, rotatably mounted in the
      bearings 8 and 9 and bearing the rotor 1 of the synchronous compensator,
      the rotor 12 of the field generator 10, the rotor 14 of the starting motor
      11, and the rotor 13 of the field generator 10. The above-mentioned
      assembly is fixed vertically in position in a cryostat 26.
PAR  Electric leadouts are provided for the stator winding only. Leadouts 27 of
      the compensator armature winding are soldered to copper tubes 28 which are
      brought through a cover 29 of the cryostat 26. In the three-phase armature
      winding 4 of the compensator is of a conventional design, provision is
      made for three identical leadouts from the armature winding 4 of the
      compensator. Leadouts 30 of the armature winding 18 of the starting motor
      11 are soldered to copper tubes 31 which are also brought out through the
      cover 29 of the cryostat 26. If the armature winding 13 of the starting
      motor 11 is normally fed with three-phase current, provision is made for
      three identical leadouts from the armature winding 18 of the starting
      motor 11. Leadouts 32 of the stator winding of the field generator 10 are
      made so as to maintain airtightness of the housing 25. To this end, the
      leadouts 32 pass through an opening made in insulating tubes 33 which are
      hermetically fitted in the bearing end shield 21 and filled with epoxy
      resin. The leadouts 32 are also soldered to copper tubes 34 which are
      brought out through the cover 29 of the cryostat 26. The number of
      identical leadouts of the stator windings of the field generator 10
      depends on the design of the topological field generator 10.
PAR  The cryostat 26 is essentially a double Dewar vacuum flask provided with an
      intermediate heat barrier for which purpose, in the herein-considered
      embodiment, liquid nitrogen  is used. The cryostat 26 is made up of four
      vessels coaxially fitted one into another. An outer vessel 35 of the
      cryostat 26 features cylindrical walls and a flat bottom. Vessels 36, 37
      and 38 successively fitted into the outer vessel 35 of the cryostat 26
      feature cylindrical walls and hemispherical bottoms. Said vessels 36, 37
      and 38 are shaped as described above to ensure the required mechanical
      strength. With a view to minimizing heat inflow into the cryostat 26
      through the walls of the vessels 36, 37 and 38 due to heat conductivity,
      said vessels should preferably be made of thin-sheet low-conduction
      materials, preferably of stainless steel. The outer vessel 35 of the
      cryostat 26 may be made of any vacuum-proof structural material, e.g.
      steel, copper, brass and the like. The wall thickness of said vessel is
      only determined by the required mechanical strength. The walls of the
      vessels 35, 36, 37 and 38 terminate in flanges 39, 40, 41 and 42.
      Respectively, the vessels 35, 36, 37 and 38 are interconnected by bolts 43
      and 44 so as to provide ensure contact between the flanges 39, 40 and 41,
      42 of the vessels 35, 36 and 37, 38 only, with no contact between the
      walls thereof. Also held to the inside vessel 38 of the cryostat 26 by
      bolts 44 is the cover 29 of the cryostat 26. The airtightness of joints
      between the vessels 35 and 36, 37 and 38, as well as between the inside
      vessel 38 of the cryostat 26 and the cover 29 is ensured by gaskets 47, 48
      and 49 made of vacuum rubber and fitted into the annular grooves made in
      the flanged 39, 41 and 42.
PAR  A space 50 provided between the vessels 36 and 37 of the cryostat 26 is
      filled with liquid nitrogen through an opening 51 made in the flange 41.
      Another identical opening 51 is adapted to vent out the evaporating
      nitrogen. A space 52 provided between the vessels 35 and 36 and a space 53
      between the vessels 37 and 38 of the cryostat 26 are vacuum tight.
PAR  For higher vacuum, use is made of activated birch charcoal 54 serving as an
      adsorption pump. To accommodate said charcoal, pockets 55 and 56 made of
      fine copper gauze are provided which are soldered to the inner surface of
      the bottom of the vessel 37 and to the outer surface of the bottom of the
      vessel 36. The use of activated coal permits of evacuating the spaces 52
      and 53 only to 10.sup.-.sup.1 to 10.sup.-.sup.2 mm Hg. After liquid
      nitrogen has been filled into the space 50 between the vessels 36 and 37
      of the cryostat 26, the activated coal is cooled and vacuum is increased
      up to 10.sup.-.sup.6 to 10.sup.-.sup.8 mm Hg. The liquid nitrogen in the
      space 50 serves as a heat barrier capable of preventing heat inflow to the
      inner vessel 38 through the walls of the cryostat 26.
PAR  The inside vessel 38 of the cryostat 26 is composed of two portions 57 and
      58. Held by bolts 59 at the joint between said portions is a disk 60
      adapted to fix in position the main assembly of the compensator within the
      cryostat 26. The airtightness between the portions 57 and 58 of the inner
      vessel 38 of the cryostat 26 and thd disk 60 is provided by gaskets 61
      placed in the annular-shaped grooves made in the disk 60. Fastening of the
      main assembly of the compensator inside the cryostat is provided by a bush
      62 which is held by bolts 63 to the disk 60 and by bolts 64 to the bearing
      end shield 21. From below, said assembly is fixed in position by a
      structural member 65 which is welded to the bottom of the lower portion 57
      of the inner vessel 38 of the cryostat 26.
PAR  The inner vessel 38 of the cryostat 26 is filled with liquid helium through
      the cover 29. For this purpose, the disk 60 is provided with an opening
      66. When the compensator operates, the level of liquid helium is
      maintained at the level midway of the disk 60 and the bearing end shield
      21. To ensure circulation of helium both through the bush 62 in the
      structural member 65, provision is made of openings 67 and 68.
      Respectively, the disk 60 is used, besides performing the function of a
      fastening assembly, as a heat barrier. For this purpose, the disk 60 is
      made of a material featuring adequate heat conductivity, preferably of
      copper. No liquid helium is fed inside the airtight housing 25. The space
      inside the housing 25 is filled with gaseous helium at a pressure of
      10.sup.-.sup.1  to 10.sup.-.sup.2 mm Hg. The members arranged within said
      housing 25 are cooled from the outside through the walls of the housing 25
      due to heat conductivity through the walls thereof and due to convection
      of gaseous helium inside the housing 25. It is expedient for such cooling
      that heat release within the airtight housing 25 be minimum. This fact is
      taken into account in the design of the assemblies accommodated within the
      housing 25. All the compensator windings are of superconducting wire made
      of Nb-Zr; Nb-Ti. Nb.sub.3 Zn; Nb.sub.3 Ga and other alloys.
PAR  The wires made of said materials are known to have no losses due to direct
      current. The field winding 6 is essentially an even number of coils 69
      arranged symmetrically along the circle of the frame 7 of the rotor 2 of
      the compensator. The frame 7 (FIG. 2) is provided with spoke-shaped ribs
      70 on which the tightly wound coils 69 of the field winding 6 are fitted.
      The coils 69 are fixed in position by a bandage 71 and, should the need
      arise to add to their rigidity, they may be filled with an appropriate
      compound. In a specific embodiment of the generator, use is made of four
      coils 69 of the field winding 6. Direct current from the rotor 12 (FIG. 1)
      of the field generator 10 is supplied to the field coils 69 through a
      superconductor 72. The armature winding 4 of the compensator is made of a
      superconducting wire, featuring minimum losses due to direct current. Such
      wires are made at present as cables comprising a great number of very thin
      cores made of identical alloys used for manufacture of d.c.
      superconductors. The armature winding 4 consists of flat coils 73 (FIG. 2)
      which are symmetrically arranged along the outer surface of the
      cylindrical frame 5 of the rotor 1 of the compensator and interconnected
      in a conventional three-phase circuit normally used to connect the
      armature windings of electrical machines. The armature winding 4 is fixed
      in position on the frame 5 of the stator 1 by a bandage 74 and should the
      need arise to add to its rigidity it may likewise be filled with an
      appropriate compound. When the compensator operates, a certain amount of
      heat may be released due to d.c. losses in the armature winding 4 (FIG.
      1), therefore the latter is arranged beyond the airtight housing 25 and is
      directly filled with liquid helium. The armature winding 18 of the
      starting motor 11 is also made of a superconducting wire adapted to
      operate on direct current and is identical in design to the armature
      winding 4 of the compensator. With a view to minimizing heat release
      inside the airtight housing 25 when the compensator is started, the
      armature winding 18 of the starting motor 11 is also arranged on the outer
      surface of the cylindrical frame 19 of the stator 15 and is fixed in
      position by a bandage 75. The winding 16 of the rotor 14 of the starting
      motor 11 is made of a superconducting wire and resembles a squirrel-cage
      rotor winding of induction machines. The winding 16 is made up of straight
      conductors 76 (FIG. 2) which are arranged in openings provided in the
      frame 17 (FIG. 1) of the rotor 14 of the starting motor 11 and are
      interconnected on the end faces of said frame 17.
PAR  When the compensator operates under steady-state conditions, electric
      current only flows through the field winding 6 and through the armature
      winding 4 of the compensator.
PAR  In this case, direct current flows through the field winding 3 and, the
      latter being superconducting, the heat due to losses is not released. The
      heat in the field winding 6 and in the windings of the rotor 13 and the
      rotor 12 of the field generator 10 can be released only when the operating
      conditions of the compensator change. When the compensator is started, the
      heat can be released also in the squirrel-cage winding 16 of the rotor 14
      of the starting motor 11. Therefore, starting of the compensator and
      changing the operating conditions thereof must be effected during a
      sufficiently long period so that the heat released in the windings be
      transferred from the airtight housing 25 into the liquid helium cooling
      said housing. The pressure of helium inside the housing 25 is selected to
      provide for adequate heat transfer due to gas convection, while the amount
      of heat released as a result of friction of rotary members into the helium
      filling the housing 25 is yet insignificant. To enhance helium convection
      inside the housing 25, use is made of openings 77 (FIG. 2) made in the
      frame 7 of the rotor 2 of the compensator and of openings 78 made in the
      frame 17 of the rotor 14 of the starting motor 11.
PAR  Another source of heat within the airtight housing 25 may be associated
      with the eddy currents developing in metal members of the machine when
      said members are permeated with a magnetic flux. With a view to precluding
      the appearance eddy currents, the frame 7 of the rotor 2, the frame 5 of
      the stator 1 of the compensator, the frame 16 of the rotor 14 and the
      frame 19 of the stator 15 of the starting motor 11 are made of an
      insulating material, preferably of glass-fibre laminate. The bandages 71,
      74 and 75 of the windings are made of a fibreglass band. The bearing end
      shields 21 and 22 and the disk 20 are protected against the magnetic flux
      by the superconducting screens 79, 80, 81 and 82 which are essentially a
      thin layer of a superconducting material (niobium, lead, and the like)
      directly applied to the inner surfaces of said members. The walls of the
      inner vessel 38 of the cryostat 26 are protected against the magnetic flux
      by the cylindrical screens 83 and 84 made of a superconducting sheet
      material. The screen 83 encompasses the compensator armature winding and
      is fixed in position between the disk 20 and the bearing end shield 21.
      The screen 84 encompasses the armature winding 18 of the starting motor 11
      and is fixed in position between the disk 20 and the bearing end shield
      22. To admit liquid helium into the inner space of the screens 82 and 84,
      the screen 83 is provided with openings 85, while the screen 84 is
      provided with openings 86.
PAR  Still another source of heat within the airtight housing 25 is associated
      with the bearings 8 and 9. For a better removal of heat from the bearings
      8 and 9 they are fitted in sturdy metal end shields 21 and 22 which are in
      contact with liquid helium and contribute greatly to removal of heat from
      the bearings due to heat conductivity thereof. If necessary, use may be
      made of superconducting electromagnetic bearings featuring no friction
      losses.
PAR  To fasten the copper tubes 28, 31 and 34 of the electric leadouts of the
      compensator windings use is made of insulating bushes 87 through which
      said tubes 28, 31 and 34 are passed and which are fixed in position on the
      disk 60. An insulator 88 is secured in the bearing end shield 21 where the
      leadout of the armature winding 4 of the compensator passes through said
      end shield 21, and an insulator 89 is provided in the superconducting
      screen 84 where the leadout of the armature winding 18 of the starting
      motor 11 passes through said superconducting screen 84.
PAR  The copper tubes 23, 31 and 34 are fastened in the cover 29 of the cryostat
      26 by identical fastening assemblies made up of a bushing 90, which is
      secured to the cover 29 of the cryostat 26 by means of a thin-walled tube
      91 made of stainless steel, and a washer 92, a gasket 93 made of vacuum
      rubber, a tube 94 provided with a shoulder and a nut 95, all these being
      accommodated in said bushing 90. The washer 92 and the tube 94 are made of
      an insulating material (textolite, vinyl plastic, and the like). The tube
      94 is fitted on the copper tube 28 of the leadout and is adapted to
      insulate the copper tube 28 from the nut 95. The nut 95 rests by its lower
      end, on the shoulder of the tube 94. When the nut 95 is tightened, the
      shoulder of the tube 94 compresses the gasket 93 and fixes the copper tube
      28 in position.
PAR  To fill the cryostat with liquid helium use is made of a helium filler neck
      96 which is fitted into the fastening assembly made up of a bushing 97
      welded to the centre of the cover 29, the bushing accommodating a gasket
      98 made of vacuum rubber, a pressure ring 99 and a nut 100. When the nut
      100 is tightened, the gasket 98 is compressed to fix the helium filler
      neck 96 in position. Such a constructional arrangement of the fastening
      assemblies of the helium filler neck 96 and the copper tubes 28, 31 and 34
      of the leadouts, ensures airtightness of the inner vessel 38 of the
      cryostat. To remove helium vapours, use is made of a vent tube 101 which
      is fixed in position in the cover 29 by means of a tube 102 made of
      stainless steel, whereon a nozzle outlet 103 is fitted.
PAR  The thin-walled tubes 91 and 101 are used to reduce heat inflow from the
      cryostat cover due to heat conductivity.
PAR  To provide for continuous operation of the compensator, it should
      preferably be included in a continuous cycle along with the helium
      liquefier, with both the liquid helium filler neck 96 and the vent tube
      101 being connected to the helium liquefier.
PAR  As can be inferred from the detailed description of the above embodiment of
      the herein-proposed synchronous compensator, the objects of the invention
      have been attained in a highly efficient, reliable and simple
      cryogen-cooled synchronous compensator.
PAR  The only thing that is brought out of the cryostat are the leadouts of the
      stator windings. The compensator shaft remains completely housed within
      the cryostat. This feature substantially reduces the total section area of
      the metal "heat bridge" adapted to connect the low-temperature zone of the
      compensator with the surrounding space, thereby sharply reducing the outer
      heat inflow due to heat conductivity of the metal members projecting from
      the cryostat. All the rotary members of the compensator are enclosed in
      the airtight housing, thus completelx eliminating their contact with the
      coolant (liquid helium). The pressure of the gaseous helium inside the
      airtight housing is selected sufficiently low to minimize heat release due
      to friction resulting from the rotation of the machine members in said
      helium. This fact eliminates the most important source of inner heat
      release, viz., friction resulting from the rotation of the machine rotor
      in the coolant.
PAR  All the structural members of the compensator permeated by the magnetic
      flux, with the exception of the windings, are made of an insulating
      material. All the metal members confining the area wherein the variable
      magnetic flux propagates are screened to prevent the magnetic flux from
      permeating said members by screens made of a superconducting sheet
      material. The compensator windings are made up of a multicore
      superconducting cable with very thin cores. All this almost completely
      eliminates the release of heat due to eddy currents appearing in metal
      members.
PAR  Since the shaft of the synchronous compensator is completely enclosed in
      the airtight housing, no seal assemblies for the shaft are required in the
      machine frame.
PAR  The use of a special field generator whose rotor is fitted on the common
      shaft with the compensator rotor to supply power to the field winding has
      made it possible to provide a synchronous compensator with no sliding
      contacts in the electrical circuits of the rotor.
PAR  It should be noted that the airtight housing accommodating the rotary
      members of the compensator cannot be considered as a separate cryostat for
      the machine rotor. As is known, a cryostat serves to provide for thermal
      insulation of the internal space thereof from the surrounding space. The
      airtight housing here performs the opposite function: it serves as a
      mechanical barrier preventing the cryogen fluid from contacting the rotary
      members of the machine ensuring at the same time, due to heat conductivity
      of the walls thereof, cooling of the members enclosed in said housing to
      the ambient temperature, i.e., to the temperature of the liquid helium.
      The cooling system of the proposed synchronous compensator proves to be
      more effective compared with that used in the conventional construction
      described herein-above. Because of low specific liquid helium evaporation
      heat and a relatively high heat release due to friction resulting from
      rotation of the machine rotor in liquid helium, the heretofore-known
      synchronous generator with superconducting windings at a sufficiently high
      speed of rotation of the rotor fails to ensure cooling of the windings to
      the temperature of liquid helium at normal pressure, i.e., to
      4.2.degree.K. It is also known that critical parameters (critical current
      density and field intensity) of superconducting materials tend to decrease
      with increasing temperature. Therefore, when superconducting windings of a
      synchronous generator are cooled by gaseous helium having an ultra-low
      temperature, the efficiency of the windings made of superconducting
      materials is impaired.
PAR  In the herein-proposed synchronous compensator, the armature winding is
      arranged on the outer surface of the airtight housing and is completely
      submerged in an adequate amount of liquid helium, therefore, when the
      compensator operates, said armature winding has a temperature
      approximating 4.2.degree.K. The airtight housing with the rotary members
      of the machine enclosed therein is completely submerged in liquid helium
      and the walls of the airtight housing have a temperature of 4.2.degree.K.
      As a result, heat release within the airtight housing is minimum and the
      heat transfer between the members enclosed in said housing and the walls
      thereof is quite sufficient due to convection of gaseous helium filling
      the airtight housing at a low pressure, therefore the temperature of the
      field winding of the compensator enclosed within the airtight housing is
      also maintained close to 4.2.degree.K. Thus, the herein-proposed
      synchronous compensator enables maintaining a lower and more stable
      temperature of the superconducting windings compared with the known
      synchronous generator, wherein the windings of the stator and rotor are
      made of a superconducting material. As a result, the stability of the
      parameters of the superconducting windings, as well as the efficiency of
      utilization thereof may be increased.
PAR  The cooling system of the herein-proposed compensator is also advantageous
      in that a helium liquefier of low efficiency is required. When the
      compensator cryostat is filled with liquid helium up to the required
      level, it is only necessary to supply liquid helium through the pipes
      running from the helium liquefier in an amount required to compensate for
      evaporation of helium in the cryostat, thereby dispensing with continuous
      powerful flow of the coolant through the machine.
PAR  The essence of the present invention resides in that:
PAR  the rotor of the synchronous compensator carrying the field winding within
      the cryostat, is enclosed within a fixed airtight housing, adapted to
      prevent the cryogen fluid from contacting the rotary members of the
      machine;
PAR  the armature winding of the compensator and the armature winding of the
      starting motor made as a plurality of coil groups, are arranged directly
      on the outer surface of said airtight housing, serving as a frame for said
      armature windings;
PAR  enclosed in the airtight housing is the rotor shaft rotatably mounted in
      bearings, having the compensator rotor with the field winding, the
      starting motor rotor with the squirrel-cage winding and the excitation
      generator rotor mounted on the same shaft;
PAR  the field winding is energized by direct current from the field generator
      through the superconductor;
PAR  the internal space of the airtight housing is filled with gaseous helium;
PAR  all the members of the synchronous compensator permeated by a closed
      magnetic flux are made of an insulating material and all the metal members
      which confine the area, wherein the variable magnetic flux propagates, are
      protected against the magnetic flux in said members by screens made of a
      superconducting sheet material.
PAR  Though this invention has been described with reference to a prefered
      embodiment of a synchronous compensator, it will be understood that minor
      changes in the construction thereof may be made without departing from the
      spirit and scope of the invention and the present embodiment should be
      considered as an illustrative one, by no means restricting the field of
      application of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cryogen-cooled synchronous compensator, comprising: a fixed cryostat;
PA1  an armature winding made of a material exhibiting superconductivity at
      sufficiently low temperatures;
PA1  a rotary assembly including a rotor with a starting motor and a field
      generator mounted on a shaft of the rotor;
PA1  a field winding arranged on said rotor and made of a material exhibiting
      superconductivity at predetermined low temperatures;
PA1  said armature winding and said rotary assembly being accommodated within
      said fixed cryostat;
PA1  an airtight housing accommodated within said cryostat;
PA1  said rotary assembly being enclosed in said cryostat in said fixed airtight
      housing adapted to prevent the cryogen fluid from contacting the rotary
      members of the machine;
PA1  said rotary assembly being rotatably mounted in said airtight housing.
NUM  2.
PAR  2. A synchronous compensator as claimed in claim 1, wherein said armature
      winding is made as a plurality of electrically interconnected coil groups,
      and arranged directly on the outer surface of said airtight housing
      serving as a frame for said armature winding.
NUM  3.
PAR  3. A synchronous compensator as claimed in claim 1, wherein said airtight
      housing comprises bearings whose inner races mount the shaft of said
      rotor, while the outer races of said bearings are fixed in position within
      said housing.
NUM  4.
PAR  4. A synchronous compensator as claimed in claim 1, wherein said rotary
      assembly is mounted vertically in said cryostat.
NUM  5.
PAR  5. A synchronous compensator as claimed in claim 1, wherein power supply of
      said field winding is effected by direct current through conductors made
      of a superconducting material, from the rotor of the field generator.
NUM  6.
PAR  6. A synchronous compensator as claimed in claim 1, wherein the internal
      space of said airtight housing is filled with gaseous helium, while the
      space between said housing and the cryostat is in contact with liquid
      helium.
NUM  7.
PAR  7. A synchronous compensator as claimed in claim 1, comprising magnetic
      screens, located in the space between said housing and the inner surface
      of said cryostat, coaxially embracing said armature winding and said rotor
      assembly, said screens being made of a superconducting sheet material and
      provided with openings for gaseous helium to pass therethrough.
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PAL  In a direct current machine having plural brushes arranged for sliding
      engagement over the surface of the commutator assembly along separate
      paths; wherein the commutator assembly comprises a multiple number of
      commutator bars with each bar having a current transfer surface divided
      into conducting and nonconducting sections, each section being located in
      one of the separate paths, and with the sections of adjacent commutator
      bars so arranged to provide a checkerboard pattern of conducting and
      nonconducting sections over the commutator assembly surface. The brushes
      are interconnected to the machine load through a predetermined circuit
      network which controls the short circuit current.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to DC machines operated from either an AC or DC
      supply and more particularly to an improved commutator assembly for a DC
      (direct current) machine employing plural sets of brushes. The expression
      DC machine is intended for purposes of the present invention to include
      universal motors and commutator motors which can be operated from either
      an AC or DC supply.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The process of commutation in a DC machine relates to the mechanism for
      transferring the emf's induced in the coils of the armature winding
      through the brush contact at the commutator surface to an external load.
      The design of the commutator assembly and brushes primarily determines the
      useful life, reliability and output performance for the machine. Poor
      commutation results from faulty mechanical or electrical conditions. Some
      of the basic mechanical factors which will give rise to poor commutation
      include the following: high mica, rough or eccentric commutator,
      vibration, chattering and insufficient brush spring pressure. The
      electrical conditions are all attributable to sparking and heating of the
      brushes and commutator.
PAR  During the process of commutation, when one brush bears on two commutator
      bars at the same time, a short circuit current is established in a path
      formed by the brush, the two commutator bars bridged by the brush and the
      armature conductors, hereinafter simply referred to as the armature coil,
      coupling the two commutator bars. This current must be controlled to avoid
      excessive heating and destructive sparking. Sparking causes destructive
      blackening, pitting and wear of both commutator and brushes, conditions
      which are regenerative causing in turn some of the mechanical problems
      mentioned above and leading to burning away of the copper commutating bars
      and carbon brushes.
PAR  Corrective action to remedy the electrical conditions resulting in poor
      commutation involve introducing an opposing emf into the short-circuited
      path to neutralize the self-induced emf or by introducing fixed resistance
      into the circuit. The former is accomplished by means of interpoles which
      is the most widely practiced method today for larger machines. Present day
      smaller machines provide corrective action, if at all, by special brush
      design, high resistance leads, longer and complex winding paths etc.
PAR  In the earlier part of this century many techniques were advanced for
      controlling the short circuit current in a DC machine by introducing fixed
      resistances into the short-circuited commutating path. Such techniques
      have in common the use of a structural arrangement involving either high
      resistance leads, more than one commutator or the use of more than one
      armature winding. The latter concepts involving dual commutators or plural
      armature windings are impractical and actually so complicate the design of
      the machine from a manufacturing standpoint that the mechanical conditions
      leading to poor commutation are accentuated. As a result, the use of added
      resistance to control short circuit current has been relegated to smaller
      DC machines.
PAC  SUMMARY OF THE INVENTION
PAR  The DC machine of the present invention includes a commutator assembly
      having a multiplicity of commutator bars, with each commutator bar having
      a current transfer surface, hereinafter defined as the surface which
      engages the commutating brushes, divided into alternating conducting and
      non-conducting sections. The current transfer surface of each bar is
      alternately arranged relative to the current transfer surface of adjacent
      bars to produce a checkerboard pattern over the commutating surface of the
      DC machine. At least two commutating brush sets, each consisting of a
      positive and negative brush, are arranged for sliding engagement against
      the current transfer surface of each commutator bar and along separate
      paths each including a section of each commutator bar. The brush sets are
      aligned relative to one another so that when one brush set is contacting
      conducting sections the other set is contacting nonconducting sections.
      The positive and negative brush of each set is intercoupled to the
      positive and negative brush of the other set respectively, through an
      electrical circuit network which is external of the structural assembly of
      the commutator. With such an arrangement each coil undergoing commutation
      completes a short-circuited path through the external circuit network.
      Since the circuit netword is not a part of the construction of the
      commutator it can be readily modified to suit the application at hand.
PAR  Advantages of a commutator assembly constructed with the aforegoing
      checkerboard current transfer surface configuration for use in a DC
      machine include the following: there are no limitations on the size or
      capacity of the machine; permits conventional drum wound armature coil
      construction; permits adjustable control over the short circuit current
      through adjustment in the external circuit network; there are
      substantially less restrictions on brush design; the volumetric efficiency
      is not changed; and the otherwise critical need for interpoles in larger
      DC machines is minimized.
PAR  Accordingly, it is the principle object of the present invention to provide
      a DC machine having an improved commutator assembly for use with multiple
      brushes.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the detailed description of the invention when taken in connection
      with the accompanying drawings of which:
PAR  FIG. 1 is a schematic diagram partially in perspective illustrating the DC
      machine of the present invention;
PAR  FIG. 2a and 2b are illustrations of two adjacent commutator bars of the
      commutator assembly of FIG. 1;
PAR  FIG. 3 illustrates a construction for the commutator assembly of FIG. 1
      which facilitates assembling the commutator bars of FIG. 2 to provide the
      checkerboard current transfer surface arrangement in accordance with the
      invention;
PAR  FIG. 4 is an exploded perspective view of part of the surface of the
      commutator assembly of FIG. 1; and
PAR  FIG. 5 is a perspective view similar to FIG. 4 with two of the commutating
      brushes and the armature winding diagrammatically represented to show the
      electrical connections.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and in particular to FIG. 1 in which a DC
      machine 10 is shown including an armature 12, a field structure 14, shaft
      16, a commutator assembly 18 and two commutator brush sets A, A' and B, B'
      respectively. Each brush set consists of a positive and negative brush
      with the negative brush of each set given the primed designation merely
      for convenience. The DC machine 10 can represent either a generator or a
      motor. When the DC machine 10 is functioning as a motor it can be operated
      from either a constant impressed emf or an alternating emf.
PAR  The field structure 14 and armature 12 are of conventional design and
      manufacture with the armature 12 consisting of an armature winding W wound
      about a core of iron laminations mounted on the shaft 16 for rotation
      within the field structure 14. The direct current armature winding W is
      conventionally wound (not shown) with copper conductor coils formed
      automatically on a machine and laid in slots around the armature core with
      the appropriate number of turns for each slot encased within a common
      shield which constrains the turns and provides insulation. The ends of the
      coils of the armature winding 20 are left bare in a manner well known in
      the art for connection to the commutator assembly 18.
PAR  A typical commutator assembly 18 of the present invention consists of a
      multiplicity of commutator bars 22, two of which are illustrated in FIGS.
      2a and 2b, arranged about a rotatable support structure 24, as shown in
      FIG. 3, to provide the checkerboard commutating surface configuration as
      will be explained in detail hereafter. Typically the rotatable support
      structure 24 includes a sleeve member 26 which is mounted on the shaft 16
      of the machine 10 for common rotation with the armature 12. The commutator
      bars 22 are assembled around the sleeve member 26 to form a geometric
      cylinder and are fixed in this position by the use of rings 28 which are
      wedged against the commutator bars 22 and clamped together by clamps or
      bolts 30. The underside 32 of each commutator bar 22 has a dovetail
      configuration which interlocks with the rings 28 of the support structure
      24 to facilitate its assembly and disassembly within the support structure
      24. A thin film of mica or other insulator is applied to the commutator
      bars 22 to electrically isolate each bar 22 from one another as well as
      from the support structure 24. It should be understood that the
      construction of the support structure 24 does not form part of the present
      invention and that many alternative support means may be used to assemble
      commutator bars 22. After assembly the exposed commutating surfaces can be
      machined to provide a smooth current transfer surface with the required
      degree of surface finish.
PAR  Each of the commutator bars 22 may have an extended neck 34 with a slot 36
      into which the coil ends of the armature winding W are soldered and with
      the number and slot location for the coil connections being dependent upon
      the armature winding configuration as is well known in the art. The
      current transfer surface of each of the commutating bars 22 is defined as
      the surface upon which the commutating brushes ride during rotation of
      shaft 16 and is divided into a predetermined number of conducting and
      nonconducting surface sections labeled C and N respectively. For
      simplicity each commutator bar 22 is shown in FIGS. 4 and 5 divided into
      only two surface sections, one conducting and the other nonconducting. The
      commutator bars 22 are arranged so that the surface sections C and N of
      adjacent bars 22 alternate so as to form a checkerboard pattern. The term
      "section" is intended for purposes of the present disclosure to embrace a
      predetermined surface area, preferably of a substantially rectangular or
      square geometry although the shape itself is not critical. The depth of
      any nonconducting section N is not material to the invention provided it
      does not extend through the full cross-section of the commutating bar 22.
      Thus, each conducting and nonconducting section C and N could be prepared
      as a relatively thin covering using conventional masking techniques or, as
      is preferable, by fabricating each commutator bar 22 as a composite body
      of a solid conducting material, such as copper, having at least one
      slotted compartment which is filled with a nonconducting section N. The
      nonconducting sections N may be formed using any nonconducting material.
      Any conventional technique could be used to insert and rigidly contain the
      nonconducting sections N within the slotted spaced provided in the
      commutator bars 22 such as, by means of interlocking tongue and groove
      fittings etc. It is important to note that the slotted spaces must
      alternate as illustrated in FIGS. 2a and 2b so that the required
      checkerboard commutating pattern is formed by the appropriate arrangement
      of commutator bars 22 about the support structure 24. Completion of the
      commutator assembly 18 would include, as explained earlier, the
      application of an insulator to insulate each commutator bar 22 from one
      another and possibly a surface finishing operation to provide a more
      appropriate current transfer surface. For this reason, the material of
      construction for the nonconducting sections N must be carefully selected
      so as to exhibit compatible wear characteristics with the conducting
      sections C.
PAR  The current transfer surface area of each conducting section C is
      preferably equal to the surface area of each nonconducting section N. As
      such, when each commutating bar 22 is divided into two sections C and N
      respectively, the checkerboard surface pattern results in two equal but
      out of phase commutating paths of travel. The brush sets AA' and BB' are
      arranged for relative engagement along said commutating paths of travel
      and are preferably indexed so that when one brush set lies on
      nonconducting sections the other engages conducting sections as
      illustrated in FIG. 5.
PAR  The operation of the DC machine 10 having the checkerboard commutating
      surface configuration as explained heretofore will now be described.
PAR  As shown in FIG. 1, the positive brush A and B of each brush set is coupled
      together through the electrical network 50 to one side of the load L
      whereas the negative brush A' and B' of each brush set is coupled together
      to the opposite side of the load L through the electrical circuit network
      52. Although circuit network 50 may be different from circuit network 52
      it will for simplicity be assumed that they are identical and are purely
      resistive. It is also preferred that brush set AA' is mechanically aligned
      relative to brush set BB' so that the positive brushes and the negative
      brushes occupy the same position relative to one another on any given
      commutator bar. Thus, at any given instant of time any one of the
      following three operating conditions are possible: (1) brush set AA'
      engages only conducting sections C while brush set BB' is engaging only
      nonconducting sections N; (2) brush set AA' engages only nonconducting
      sections N while brush set BB' is engaging only conducting sections C; and
      (3) both brush sets AA' and BB'  bridge a conducting section C and a
      nonconducting section N respectively. FIG. 5 illustrates the connection of
      the positive brushes A and B during the third operating condition. Circuit
      network 50 which is identical to circuit network 52 is shown composed of
      but two resistors R1 and R2.
PAR  During the first operating condition, the full load current I.sub.L will
      flow through resistor R1 of circuit network 50, brush A, the conducting
      section C upon which brush A lies, the armature winding W from whence the
      load current will pass through to the negative brush A', its counterpart
      resistor (not shown) in circuit network 52 and back to the load L.
PAR  During the second operating condition the full load current I.sub.L will
      pass through brush set BB', and none through brush set AA', in the same
      fashion as explained above with respect to the first condition but through
      resistor R2 of circuit network 50 and its counterpart resistor R2 (not
      shown) in circuit network 52.
PAR  It is only during the third operating condition that the load current is
      distributed through both sets of brushes AA' and BB' respectively. When R1
      equals R2 the distribution of load current is equal through both brush
      sets.
PAR  In the conventional DC machine when a brush bridges two commutating bars a
      short circuit current flows through the brush, the two bars that are
      bridged by the brush and the coil connecting the two bars. With the
      commutating arrangement shown in FIG. 5 a short circuit can develop only
      between the two brushes A and B as well as between the corresponding
      negative brushes A' B'. The completed short circuit path would be formed
      from positive brush A, the conducting section C upon which it lies,
      through the armature coil W connecting that commutating bar to the
      adjacent commutating bar bridged by the brushes A and B, and then to brush
      B through the conducting section C upon which it lies; burshes A and B
      being electrically connected together through the resistors R1 and R2. If
      resistors R1 and R2 are reduced to zero the circuitous current path
      established to form the short circuit would be equivalent to the
      conventional case where brushes A and B are one and the nonconducting
      sections N would be useless.
PAR  Thus resistors R1 and R2 provide complete control over the short circuit
      current. Again, it is emphasized that the invention is not limited to the
      case of equal resistors or in fact to purely resistive elements. When
      active circuit elements are employed in place of resistors R1 and R2 for
      circuit network 50 and 52 opposing emf's can be developed to produce the
      same end result as is now accomplished by means of interpoles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a direct current machine comprising: a field structure; an armature
      adapted for rotation within said field structure and having an armature
      winding consisting of a plurality of armature coils; a single commutator
      mounted for rotation with said armature and divided into a multiple number
      of commutator bars each insulated from one another; said armature coils
      being electrically coupled to said commutator bars; and at least two
      commutating brush sets arranged for relative sliding engagement against
      the current transfer surface of each commutator bar along separate paths
      respectively, the improvement comprising: wherein the current transfer
      surface of each commutator bar includes at least one conducting section
      and one nonconducting section respectively with each section lying in a
      separate path and with the abutting sections of adjacent commutator bars
      arranged so as to form a checkerboard pattern of conducting and
      nonconducting sections along the separate paths traversed by each brush
      set; and circuit means for electrically coupling said brush sets to one
      another.
NUM  2.
PAR  2. In a direct current machine as defined in claim 1 wherein each brush set
      includes a positive and negative brush and wherein said circuit means
      includes a first circuit network for electrically coupling the positive
      brushes of the brush sets together and a second circuit network for
      electrically coupling the negative brushes of the brush sets together.
NUM  3.
PAR  3. In a direct current machine as defined in claim 2 wherein said first
      circuit network comprises first and second resistor means adapted
      therebetween for connection to a load and wherein said second circuit
      network comprises first and second resistor means adapted therebetween for
      connection to the Load.
NUM  4.
PAR  4. In a direct current machine as defined in claim 3 wherein said first and
      second resistor means of said first circuit network is equal to one
      another and to the corresponding first and second resistor means of said
      second circuit network.
NUM  5.
PAR  5. In a direct current machine as defined in claim 3 wherein said brush
      sets are arranged to travel along said separate paths in unison such that
      when one set engages said conductive sections the other set engages said
      nonconductive sections and vice versa.
NUM  6.
PAR  6. In a direct current machine as defined in claim 2 wherein each
      commutator bar is a composite structure containing a conductive body
      having at least one predetermined surface geometry representative of said
      conductive section and at least one detachable nonconductive section
      having a predetermined surface geometry substantially identical to the
      surface geometry of said conductive section.
NUM  7.
PAR  7. In a direct current machine as defined in claim 6 wherein each
      commutator bar of said commutator is arranged to form a geometric cylinder
      with its longitudinal axis concentric with the longitudinal axis of the
      armature and wherein each nonconductive section of each commutator bar is
      alternately disposed with respect to the nonconductive sections of
      adjacent bars.
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ABST
PAL  The synchronous motor, applicable to battery powered clocks is so designed
      that the north and south poles, formed on the peripheries of a pair of
      rotor discs, are bent so as to extend parallel to the arbor and to be
      staggered on the peripheral surface of the rotor. The gap distance between
      the north and south poles is larger than that between the poles and the
      corresponding pole faces of a stator which has a magnetic flux induced
      therein by an AC energizing circuit, whereby the efficiency of the motor
      may be improved significantly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to synchronous motors for clocks capable of
      being operated through a single energizing winding.
PAR  Such synchronous motors are generally so designed that magnetic flux
      induced in the stator by an AC energized winding or windings is
      distributed around the rotor consisting of a thin cylindrical permanent
      magnet and a pair of discs made of permeable materials, each of which
      discs has a plurality of north or south poles on its periphery and between
      which discs the permanent magnet is sandwiched in, so as thereby to cause
      rotor to rotate.
PAR  The application of such synchronous motors to electric clocks, or the like,
      has been regarded as being advantageous in view of the fact that the
      necessity for converting the reciprocating motion, of a balance wheel,
      pendulum, or the like, into rotary motion may be eliminated thereby.
PAR  Two types of synchronous motors have hitherto been developed, one type
      being so constructed that AC induced magnetic fluxes are generated through
      plural winding coils arranged around the rotor, while the other type being
      so constructed that AC induced magnetic flux is generated around the rotor
      through a single winding coil. The motor of the former type has been
      unable to be applied in electric clocks in view of its expensiveness as
      well as its incapability of rotating at low speeds, while the motor of the
      latter type has hitherto been applied to the electric clocks because of
      its simple structure, inexpensiveness and capability of rotating at low
      speeds. However, the synchronous motor of the latter type (such motor will
      be merely called "the motor" hereinafter in the specification and claims)
      operates at a low efficiency in general, so that, even if the stator
      magnetic circuit and the rotor discs are made of highly permeable
      materials, the motor has not been able to be applied to battery powered
      clocks without changing or recharging the batteries within a shorter
      period. As for the above-mentioned highly permeable materials, for
      example, "METALS HANDBOOK", 8th Edition, Vol. 1, pp. 794-797, 1961
      (published by American Society for Metals) is referred to.
PAC  SUMMARY OF THE INVENTION
PAR  In an investigation of the construction of the poles on the discs of rotors
      of motors applicable to battery powered clocks, it has been found that,
      when the north and south poles formed on the peripheries of the rotor
      discs, which latter are arranged on opposite surfaces of the permanent
      magnet, were bent so as to extend parallel to the arbor and to face each
      other, while being staggered around the periphery of the permanent magnet,
      if the gap distance between the north and south poles is larger than the
      gap distance between the poles and the corresponding pole faces of the
      stator, which has magnetic flux induced therein by an AC energizing
      circuit, the efficiency of the motor could be improved significantly.
PAR  An object of the present invention is accordingly to provide a synchronous
      motor of high efficiency while having a simple structure.
PAR  Another object of the invention is to provide a synchronous motor capable
      of operating continuously all the year round or more using one or two "C"
      size dry cell(s) for battery powered clocks or quartz crystal clocks.
PAR  A further object of the invention is to provide a synchronous motor having
      a plurality of poles and operable at desired relatively low rotational
      speeds thereby not causing excessive bearing wear and gear noise.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Still further objects and the entire scope of applicability of the present
      invention will become apparent from the following detailed description of
      the invention referring to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view illustrating an embodiment of the motor
      according to the present invention, the housing and rotor bearings thereof
      being removed;
PAR  FIG. 2 is an enlarged plan view of the rotor and the adjacent portions of
      the stators of the motor in FIG. 1;
PAR  FIG. 3 is a sectional view of FIG. 2 on the line III--III;
PAR  FIG. 4 is an enlarged perspective view of the rotor of the motor according
      to the invention;
PAR  FIG. 5 is a schematic development view of disc poles of the rotor overlayed
      on the stator pole faces of the motor according to the invention;
PAR  FIG. 6 is a diagramatic perspective view of a portion of the stator pole
      faces and the adjacent disc poles of the rotor, illustrating the path of
      the DC magnetic flux emanated from the permanent magnet in the present
      invention;
PAR  FIG. 7 is a plan view of the stator of another embodiment of the motor
      according to the invention;
PAR  FIG. 8 is a sectional view of FIG. 7 on the line VIII--VIII; and
PAR  FIG. 9 is a graph drawn on the rectangular co-ordinates showing the
      comparison of the efficiency as well as the magnetic flux density with
      periphery of the rotor of the motor in FIG. 1, with those of the
      conventional motor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-6, the motor according to the invention is composed of
      the laminated core 5 passing through the center of the winding coil 4, the
      stators 3, 3' which are incorporated with the core 5 and laminated
      similarly, the permanent air gap formed at the opposite portion of the
      stators 3, 3', the circular opening intersected by the permanent air gap,
      and the rotor accommodated in the circular opening.
PAR  The rotor of the motor is composed of a thin cylindrical permanent magnet 1
      magnetized in the same direction as that of the arbor 6, which permanent
      magnet is sandwiched in between two circular discs 2, 2'. Each disc is
      notched on its periphery to provide plural (normally 5-25) equally-spaced
      and equally-sized teeth of nearly rectangular shape, and these teeth are
      bent so as to extend parallel to the arbor 6 and to face to each other but
      to be staggered peripherally, whereby each of the teeth 2a on the disc 2
      is located between adjacent teeth 2'a, 2'a of the disc 2', respectively.
      The magnetic flux emanated from the permanent magnet 1 goes through the
      discs 2, 2' combined with magnet 1 to the bent teeth on the peripheral
      surface of the discs thereby to provide north or south poles 2a, 2'a, 2a,
      2'a, . . . alternately thereon, as whown in FIGS. 4 and 5. The designation
      7 shows a fly-wheel set on the arbor 6 so as to smooth the rotation of the
      rotor.
PAR  The stators 3, 3' consist of laminations of three sheets of thin metal
      plate of high permeability and are combined, respectively, with the ends
      of the core 5 which consists of five sheets of thin metal plate of the
      same material as the above and which passes through the center of the
      winding coil 4. The respective other ends of the stators 3, 3' are
      opposite to each other to form a permanent air gap intensecting a circular
      opening for accommodating the rotor. The inside periphery of the circular
      opening is notched so as to provide stator pole faces 3a, 3a, . . . , 3'a,
      3'a, . . . which pole faces are so positioned as to be opposite to the
      north and south poles 2a, 2'a of the rotor discs 2, 2'. The AC induced
      magnetic flux is conducted on the stator pole faces in such a manner as,
      during the first half of a cycle thereof all the stator pole faces 3a, 3a,
      . . . on the stator 3 are polarized to become north poles, while all the
      stator pole faces 3'a, 3'a, . . . on the stator 3' are polarized to become
      south poles. However, during the latter half of the cycle all the stator
      pole faces 3a, 3a, . . . change into south poles, while all the stator
      pole faces 3'a, 3'a, . . . change into north poles. The respective stator
      pole faces 3a and 3'a on the stator 3 and 3' are displaced by 180
      electrical degrees Whereby, when such stator pole faces are polarized
      through the AC induced magnetic flux as above-mentioned, the rotor is
      urged to rotate in one direction.
PAR  Thus, according to the present invention, the dimensions of the disc poles
      of the rotor are designed as follows: referring now to FIGS. 2, 3 and 5,
      the distance .epsilon. between the lines or diametric planes a and b, both
      of which include the free ends of the north or south disc poles 2a, 2a, .
      . . or 2'a, 2'a, . . . respectively, is 0-1.00 mm; the gap distance d
      between each of the disc poles and the corresponding stator pole faces is
      0.05-1.00 mm; and the ratio of d', which represents the gap distance
      between adjacent north and south disc poles 2a and 2'a, to the
      above-mentioned gap distance d, is 1.5-5. Both corners of the free ends of
      respective disc poles 2a, 2a, . . . 2'a, 2'a, . . . are desirably made
      round with the radius of curvature thereof being 0.05-2.00 mm. Further,
      the rotor in the invention has a diameter of 5-20 mm.
PAR  According to the present invention, because of the construction of the
      motor as described above, the leakage DC magnetic fluxes between the
      respectively adjacent north and south disc poles are relatively small,
      while the combination of the DC magnetic flux emanated from the disc poles
      with the AC energizing magnetic flux emanated from the stator pole faces
      is large, and thereby there results an improvement of the efficiency of
      the motor.
PAR  However, in case that at least one of the above-mentioned distance and the
      ratio d'/d exceed(s) the respective upper limits of the values set forth
      above, the area of the disc poles of the rotor becomes smaller, thereby
      reducing disadvantageously the area of the overlapping portion of a disc
      pole on the corresponding stator pole face (cf. the oblique-lined portion
      in FIG. 5), through which portion the DC magnetic flux and the AC induced
      magnetic flux pass jointly.
PAR  FIG. 6 is a diagrammatic view showing the path of the DC magnetic flux when
      the motor of the invention has stopped, such situation being always
      involved when the motor has stopped. That is, the DC magnetic flux goes
      from the north pole of permanent magnet 1, through the disc pole 2a of
      rotor disc 2, across the air gap and through the stator pole face 3a, back
      across the air gap again and through the disc pole 2'a of rotor disc 2',
      to the south pole of permanent magnet 1, so as to complete the path of the
      flux. In the above situation of the motor, which is also the same with
      that of the motor shown in FIG. 5, the DC magnetic flux linking the AC
      stator magnetic flux is at a maximum, so that when the motor starts from
      the above position a strong starting torque is available.
PAR  FIG. 7 and FIG. 8 show another embodiment of the motor according to the
      present invention, FIG. 7 being a plan view of the stator thereof while
      FIG. 8 is a sectional view of FIG. 7 on the line VIII--VIII. In this
      embodiment of the invention, no core extends through the energizing
      winding, and the motor is so constructed that the stators 8, 8' are
      arranged on opposite side-surfaces of the energizing winding 9 and have
      circular openings at the center parts thereof for accommodating the rotor,
      the inside peripheries of the openings being notched to form stator pole
      faces 8a, 8a, . . . , 8'a, 8'a, . . . , which stator pole faces are bent
      so as to extend parallel to the arbor but to be staggered peripherally,
      and which are equally-spaced and equally-sized. The designation 10 shows
      the bobbin on which the winding 9 is wound. The rotor, which is designed
      with the dimension described previously, is arranged in the circular
      openings of the stators 8, 8' to complete the motor of the invention. The
      AC induced stator magnetic flux, the DC rotor magnetic flux and the
      operations of the motor thereby in this embodiment are substantially
      similar to those described with respect to the embodiment of the invention
      in FIGS. 1-6.
PAR  A test has been carried out using motors constructed as in accordance with
      the embodiment of the invention shown in FIGS. 1-6. The dimension of the
      rotor disc poles of the motors submitted to the test is shown in Table 1,
      in which, Nos. 1 and 2 represent the motors according to the invention,
      while No. 3 represents the conventional motor, wherein the minus sign of
      "0.74" means that the relative positions of the lines a and b in FIG. 5
      are reversed. The designation l in Table 1 represents the peripheral
      distance between adjacent sides of two poles, one a north pole on one disc
      and the other an immediately following south pole on the other disc.
TBL                Table 1                                                     
     ______________________________________                                    
                 No.1    No.2      No.3                                        
     ______________________________________                                    
     .epsilon.                                                                 
             ( mm )    0.33      0.10    -0.74                                 
     l       ( mm )    0.20      0.20    0.20                                  
     d'      ( mm )    0.60      0.33    0.20                                  
     d       ( mm )    0.15      0.15    0.15                                  
     d'/d              4.00      2.20    1.33                                  
     ______________________________________                                    
PAR  Other test conditions besides those described in Table 1 are shown below.
PA1  Energizing winding: 11,200 turns of wire having diameter of 0.07 mm;
PA1  Stator: a lamination of five sheets of the thin plate each having a
      thickness of 0.35 mm, the material of which plates is an iron alloy
      including 78% (by weight) nickel;
PA1  Core: a lamination of seven sheets of the same thin plate as above;
PA1  Permanent magnet: a cylinder having diameter of 8 mm and thickness of 1.4
      mm, made of barium ferrite materials;
PA1  Rotor disc: each one sheet of the same thin plate as above, having 15 discs
      poles each and diameter of 9.5 mm, the curvature radius of the disc pole
      corner being 0.2 mm;
PA1  Rotation rate of rotor: 256 r.p.m.;
PA1  Sources of electricity: two "C" size dry cells of 1.5 V connected in series
      to provide 3 V;
PA1  Voltage wave: square wave;
PA1  Frequency: 64 Hz;
PA1  Current consumption of the electric circuit only: 98 .mu.A;
PA1  Coil resistance: 1.32 K .OMEGA.;
PA1  Ambient temperature: 27.5.degree.-25.5.degree.C.
TBL                Table 2                                                     
     ______________________________________                                    
                  No. 1   No. 2     No. 3                                      
     ______________________________________                                    
     Efficiency  ( % )                                                         
                    66.3      47.7      32.1                                   
     Input  (.mu.W) 478       430       455                                    
     Output  (.mu.W)                                                           
                    317       205       146                                    
     Torque                                                                    
     at 1 r.p.m.  (g-cm)                                                       
                    19.00     12.25     8.75                                   
     Current consumption                                                       
     without load  (.mu.A)                                                     
                    156       189       217                                    
     Current consumption with                                                  
     maximum load  (.mu.A)                                                     
                    266       255       268                                    
     Inductance  ( H )                                                         
                    14.3      13.5      12.3                                   
     Magnetic flux density on                                                  
     periphery of rotor                                                        
     (Gauss)        215       175       107.5                                  
     ______________________________________                                    
PAR  From the results of the above test, it is seen that, in the motor according
      to the invention, the efficiency is improved significantly. FIG. 9 is a
      graph drawn with rectangular co-ordinates graduating the ratio d'/d on the
      X-axis and the values of the efficiency or the magnetic flux density on
      the periphery of the rotor on the Y-axis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A synchronous motor for clocks comprising, in combination, an axially
      elongated multiturn winding adapted to be energized by connection to a
      source of AC potential; a stator of magnetically permeable metal including
      a core extending through said winding and two substantially flat stator
      sections having first ends connected to respective opposite ends of said
      core and second ends in spaced opposed relation to define an air gap
      therebetween; said second ends conjointly forming a circular opening
      intersected by said air gap and having its periphery formed with
      peripherally spaced notches to define plural stator pole faces; and a
      substantially flat rotor of magnetically permeable metal secured to an
      arbor and disposed in said circular opening, said rotor including a thin
      substantially flat cylindrical permanent magnet polarized axially of said
      arbor and sandwiched between two flat circular discs of magnetically
      permeable metal; the peripheries of said discs being notched to form
      equiangularly spaced substantially rectangular poles having equal angular
      extents substantially equal to their angular spacing; the poles on one
      disc being north poles and those on the other disc being south poles; the
      poles on each of the two discs being bent to extend axially toward facing
      relation with the poles on the other disc and parallel to said arbor, with
      the poles on each disc being staggered peripherally relative to the poles
      on the other disc; the free ends of the poles on each disc being spaced
      axially from the free ends of the poles on the other disc to provide gap
      distance between the north and south poles, and the gap distance between
      the north and south poles being greater than the radial gap between the
      rotor poles and said stator pole faces.
NUM  2.
PAR  2. A synchronous motor for clocks, as claimed in claim 1, in which the
      axial gap between the north and south poles is from zero to 1.00 mm, the
      radial gap between the rotor poles and said stator pole faces is 0.05 to
      1.00 mm, and the ratio of the gap distance between the north and south
      poles to the radial gap between the rotor poles and said stator pole faces
      being 1.5 to 5.0; said rotor having a diameter of 5 to 20 mm wherein the
      corners of the free ends of the rotor poles are rounded to have a radius
      of curvature from 0.05 to 2.00 mm.
NUM  3.
PAR  3. A synchronous motor for clocks, as claimed in claim 2, wherein the
      material of said core and said stator sections is a highly permeable
      nickel-iron alloy.
NUM  4.
PAR  4. A synchronous motor for clocks, as claimed in claim 2, in which said
      core and said stator sections consist of laminations of thin plates having
      high magnetic permeability.
NUM  5.
PAR  5. A synchronous motor for clocks, as claimed in claim 4, in which the
      number of laminations in said core is substantially greater than the
      number of laminations in said stator sections.
NUM  6.
PAR  6. A synchronous motor for clocks, as claimed in claim 4, in which said
      core consists of five laminations, said stator sections consist of three
      laminations, and said first ends of said stator sections are superposed on
      the respective opposite ends of said core.
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ABST
PAL  A single-phase induction motor provides a plurality of serially connected
      main winding coils and a plurality of corresponding auxiliary winding
      coils each spaced in quadrature from a corresponding main winding coil.
      Each auxiliary winding coil is energized by the current induced in a
      serially connected pick-up coil located within a stator slot containing
      the quadrature main winding coil in response to the energization of the
      main winding coil for providing a starting torque to the rotor. Each
      auxiliary coil contains a first predetermined number of turns wound in a
      first direction within one stator slot and a second predetermined number
      of turns wound in a second direction located in an adjacent stator slot
      for increasing the resistance-to-reactance ratio. Each pick-up coil
      contains approximately one-half the turns of each auxiliary coil which, in
      turn, has a substantially lesser number of turns than each main coil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a single-phase alternating current induction
      motor.
PAR  Single-phase induction motors have customarily been designed and utilized
      for fractional horsepower applications and have generally been classified
      in accordance with the methods of starting. Certain types of single-phase
      induction motors thus include split-phase motors, capacitor-start
      induction-run motors, permanent-split-capacitor motors,
      two-value-capacitor motors and shaded-pole motors.
PAR  Various winding methods have been employed with the single-phase induction
      motors to provide a desired starting torque while permitting an efficient
      operation at a desired rated running speed. Some motors of the shaded-pole
      variety utilize a salient pole stator which employs a short-circuited
      shading coil upon each pole portion which is directly energized by the
      field provided by the main winding to provide a starting torque.
PAR  Split-phase motors have employed a main or running winding and an auxiliary
      or starting winding which are displaced in quadrature by an angle of
      approximately 90 electrical degrees and are parallel connected to the
      single-phase power input. Such parallel connected auxiliary windings
      within some split-phase motors have been retained in the circuit until the
      rotor speed increases to approximately 75 percent of the synchronous or
      full running speed at which time a centrifugally operated switch
      disconnects the auxiliary winding so that the efficiency of the induction
      motor will not be effected by the presence of the auxiliary winding during
      a full running operation. One known split-phase motor operatively
      disconnects the auxiliary winding with a transformer operated switch which
      has a primary transformer winding serially connected to the main winding,
      such as shown in the Weber U.S. Pat. No. 1,433,765 issued on Oct. 31,
      1922.
PAR  Various capacitor interconnections have also been employed in conjunction
      with auxiliary windings in order to provide a time phase displacement
      between the currents flowing in the main and auxiliary windings for
      providing a starting torque.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an induction motor which operates to provide a
      mechanical output by a rotor element when energized by a single-phase
      alternating current.
PAR  The induction motor of the present invention employs a main winding
      positioned within a first winding slot provided by a stator assembly for
      producing a first electrical phase axis when energized by the single-phase
      alternating current and an auxiliary winding positioned within a second
      winding slot for providing, when energized, a second electrical phase axis
      displaced from the first phase axis. The present invention employs a
      highly desirable technique for producing a starting torque upon the rotor
      element by providing a circuit connected to energize the auxiliary winding
      in response to the sensed electromagnetic field provided by the main
      winding.
PAR  In one aspect of the invention, a pick-up winding coil is positioned within
      a stator slot containing a main winding coil so as to be
      electromagnetically coupled thereto. The pick-up coil is connected in a
      series electrical circuit with the auxiliary coil for energizing the
      auxiliary coil whenever a current is induced within the pick-up coil by
      the field of the main coil caused by the single-phase alternating current
      input.
PAR  The phase axes provided by the main and auxiliary windings are desirably
      separated by a quadrature relationship of approximately 90 electrical
      degrees for providing the starting torque. The auxiliary coil is
      preferrably directly connected to the corresponding pick-up coil in a
      series electrical circuit and is continually energized in response to the
      induced current within the pick-up coil during both the starting and
      running sequences of the motor.
PAR  In a preferred and highly novel construction, the auxiliary coil will
      contain approximately twice as many turns as the pick-up coil and further
      contains a substantial lesser number of turns than provided by the main
      winding coil.
PAR  In another aspect of the invention, the auxiliary winding is wound within a
      plurality of winding slots provided by the stator assembly and includes a
      coil having a first predetermined number of turns wound in a first
      direction located within one winding slot and a second predetermined
      number of turns wound in a second direction located in an adjacent winding
      slot. With such a winding technique, the second direction or back-winding
      may be employed within a normally unused stator slot which permits the
      auxiliary winding to provide a substantial increase in resistance without
      requiring a reduction in the cross-sectional area of the wire which may
      otherwise unduly add to the heating of the motor. The field of the second
      direction or back-winding also couples with the field of the forward
      direction winding to substantially reduce the total reactance so that the
      auxiliary coil experiences a high resistance-to-reactance ratio for
      developing a very desirable starting torque.
PAR  In a preferred form of the invention, the main winding includes a plurality
      of coils serially connected and positioned within a plurality of winding
      slots within the stator assembly for providing a corresponding plurality
      of alternating electrical main flux signals having phase axes spaced with
      respect to each other. The plurality of main coils are wound so that each
      main phase axis is oppositely polarized with the respect to an immediately
      adjacent main phase axis. The auxiliary windings include an auxiliary coil
      for each main winding coil. The plurality of auxiliary coils are connected
      together within an electrical series circuit and are positioned within a
      plurality of stator slots for providing a plurality of alternating
      electrical auxiliary flux signals having axes spaced with respect to each
      other. Each auxiliary phase axis is spaced in quadrature by approximately
      90 electrical degrees from a corresponding one of the main phase axes. The
      pick-up windings include a plurality of coils each corresponding to the
      one of the main winding coils. Each pick-up coil is placed within a stator
      slot containing at least a portion of a main winding coil so as to be
      electromagnetically coupled therewith. Thus for each main winding coil, an
      accompanying pick-up coil is electromagnetically coupled therewith in
      which a current is induced in response to the energization of the main
      winding coil by the single-phase alternating current applied from an
      external source. The induced current within the pick-up winding coil is
      supplied through the series circuit to the associated auxiliary winding
      coil for generating the flux signal having an electrical phase axis which
      is approximately in quadrature with the electrical phase axis supplied by
      the flux signal generated by the main winding coil. In the preferred form
      of the invention, the plurality of auxiliary coils and the plurality of
      pick-up coils are connected together in a series isolated circuit although
      one skilled in the art could connect a common or ground connection to
      certain points within the series circuit without altering the operation.
PAR  The subject invention thus provides a motor which can be built to have any
      number of selected electrical poles customarily utilized by single-phase
      alternating current induction motors. The invention provides an economical
      circuit construction having a highly desirable starting torque which may
      be continually connected in circuit during the rated running stage without
      appreciably detracting from the operating efficiency. The elimination of
      disconnect switches and capacitive type elements greatly simplifies the
      construction of the motor which may therefore be constructed with a
      substantial reduction in cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing furnished herewith illustrates the best mode presently
      contemplated by the inventor and clearly discloses the above advantages
      and features, as well as others which will be readily understood from the
      detailed description thereof.
PAR  In the drawing:
PAR  FIG. 1 is a diagrammatical electrical schematic of a single-phase induction
      motor illustrating the location of a plurality of electrical coil axes,
      and
PAR  FIG. 2 is a diagrammatical illustration depicting a cross-sectional view of
      a wound stator assembly showing the placement of the plurality of coils
      having the axes illustrated in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED ILLUSTRATED EMBODIMENT
PAR  Referring to the drawing and particularly FIG. 1, a single-phase
      alternating current electrical source 1 is connected through a switch or
      other connecting means (not shown) to energize a main winding 2 for
      creating an electromagnetic field for interacting with a rotor 3. The
      rotor assembly 3 may be assembled in a squirrel-cage construction commonly
      utilized with induction motors for providing a rotatable mechanical output
      to conveniently operate fans, appliances, and other fractional horsepower
      type applications.
PAR  The main winding 2 is wound in a distributed manner upon the stator
      structure to provide six electrical pole axes although it should be
      clearly understood that applicant's invention may be utilized with any
      number of pole configurations including the two and four pole
      constructions. The main winding 2 illustrated in FIG. 1 provides six
      winding pole axes 4 through 9 of which the windings are connected within a
      series circuit with the windings of pole axes 4, 6, and 8 wound in a first
      direction to provide a first polarity electromagnetic field and the
      windings of pole axes 5, 7 and 9 wound in an opposite or second direction
      to provide a second polarity electromagnetic field. A main field series
      circuit is thus provided from the source 1 through an input lead 10
      through the serially connected main windings of the pole axes 4, 5, 6, 7,
      8 and 9, the latter winding connected to the source 1 through an input
      lead 11.
PAR  A plurality of auxiliary or phase windings 12 are wound upon the stator
      assembly in a distributed manner to provide a plurality of electrical pole
      axes, each of which is associated with one of the main winding pole axis
      and spaced therefrom in quadrature or by approximately 90 electrical
      degrees. Specifically, an auxiliary winding pole axis 13 is spaced 90
      electrical degrees from the main winding pole axis 4, an auxiliary winding
      pole axis 14 is spaced 90 electrical degrees from the main winding pole
      axis 5, an auxiliary winding pole axis 15 is spaced 90 electrical degrees
      from the main winding pole axis 6, an auxiliary winding pole axis 16 is
      spaced 90 electrical degrees from the main winding pole axis 7, an
      auxiliary winding pole axis 17 is spaced 90 electrical degrees from the
      main winding pole axis 8, and an auxiliary winding pole axis 18 is spaced
      90 electrical degrees from the main winding pole axis 9.
PAR  A plurality of pick-up windings 19 are wound upon the stator assembly in a
      distributed manner so as to be substantially adjacent to and preferrably
      within the same stator slots as the main windings 2 for sensing the flow
      of energizing current through the main windings. The pick-up windings 19
      specifically include a pick-up winding pole axis 20 which is aligned with
      the main winding pole axis 5, a pick-up winding pole axis 21 which is
      aligned with the main winding pole axis 5, a pick-up winding pole axis 22
      which is aligned with the main winding pole axis 6, a pick-up winding pole
      axis 23 which is aligned with the main winding pole axis 7, a pick-up
      winding pole axis 24 which is aligned with the main winding pole axis 8,
      and a pick-up winding pole axis 25 which is aligned with the main winding
      pole axis 9.
PAR  In a particularly novel arrangement, the pick-up windings 19 are connected
      with the auxiliary windings 12 in a series circuit for providing a highly
      desirable construction for starting the single-phase induction motor with
      the series circuit continually connected for operation after the motor has
      accelerated to its maximum or desired running speed without an appreciable
      decrease in operating efficiency. Such continual connection thus
      eliminates the need for various switches, disconnects, capacitor
      arrangements and the like which have heretofore been utilized to remove or
      reduce the effects of the auxiliary windings because of their heretofore
      severe adverse effect upon the high speed running operation. The pick-up
      windings at 20 through 25 are wound with the same pattern as the
      corresponding aligned main windings at 4 through 9, respectively, so that
      the pick-up windings at 20, 22 and 24 are wound to provide a first
      polarity output signal in response to sensed currents within the main
      windings at 4, 6 and 8, respectively, while the pick-up windings at 21, 23
      and 25 are wound to provide a second polarity output signal in response to
      currents sensed within the main windings at 5, 7 and 9, respectively. The
      pick-up windings and the auxiliary windings are interconnected in a closed
      loop, serially connected circuit which is traced serially from the pick-up
      winding at 20 through the circuit including the auxiliary winding at 13,
      the pick-up winding at 21, the auxiliary winding at 14, the pick-up
      winding at 22, the auxiliary winding at 15, the pick-up winding at 23, the
      auxiliary winding at 16, the pick-up winding at 24, the auxiliary winding
      at 17, the pick-up winding at 25, and the auxiliary winding at 18 to the
      pick-up winding at 20.
PAR  FIG. 2 illustrates the novel placement of the various windings within a
      plurality of stator slots 26 formed within a stator assembly 27. The 24
      formed stator slots in the preferred illustrated embodiment are designated
      S1 through S24 in a clockwise direction although stator assemblies having
      varying numbers of stator slots could be utilized with applicant's
      invention by one skilled in the art. The main windings 2 in the preferred
      illustrated embodiment utilize a No. 23 gage copper wire to provide a main
      winding series circuit having approximately 11.74 ohms. The main winding
      pole axis 4 includes an outside coil 28 having 135 turns wound in a first
      direction within the slots S1 and S5 and an inside coil 29 having 93 turns
      wound in the first direction within the stator slots S2 and S4. The main
      pole axis 5 includes a coil 30 having 93 turns wound in a second direction
      within the stator slots S6 and S8 which is serially connected to the main
      winding at 4 including the coils 28 and 29. The main winding pole axis 6
      includes an outside coil 31 having 135 turns wound in the first direction
      within the stator slots S9 and S13 and an inside coil 32 having 93 turns
      wound in the first direction within the stator slots S10 and S12. The
      coils 31 and 32 are serially connected to the main windings at 5 including
      the coil 30. The main winding pole axis 7 includes a coil 33 having 93
      turns wound in the second direction within the stator slots S14 and S16
      which is serially connected to the main windings at 6 including coils 31
      and 32. The main winding pole axis 8 includes an outside coil 34 having
      135 turns wound in the first direction within the stator slots S17 and S21
      and an inside coil 35 having 93 turns wound in the first direction within
      the stator slots S18 and S20. The coils 34 and 35 are serially connected
      to the windings at 7 including the coil 33. The main winding pole axis 9
      includes a coil 36 having 93 turns wound in the second direction within
      the stator slots S22 and S24 which is serially connected to the main
      windings at 8 including the coils 34 and 35.
PAR  The main winding coils 28 through 36 are thus serially connected to each
      other with the coils 28 and 36 connected to the single-phase alternating
      current source 1 throught the leads 10 and 11. The stator assembly of the
      preferred illustrated embodiment thus provides six main winding poles with
      each pole providing an oppositely polarized field with respect to the
      immediately adjacent poles.
PAR  The pick-up windings 19 are wound with a No. 18 gage copper wire so that
      the circuit provides a resistance of 0.294 ohms. The pick-up winding coils
      are wound in the same pattern within the same stator slots as the main
      winding coils 28 through 36. Thus, each pick-up winding pole axis is
      oppositely polarized with respect to the immediately adjacent pick-up
      winding pole axis.
PAR  The pick-up winding pole axis 20 includes an outside coil 37 having eight
      turns wound in the first direction within the stator slots S1 and S5 and
      an inside coil 38 having six turns wound in the first direction within the
      stator slots S2 and S4. The pick-up winding pole axis 21 includes a coil
      39 having six turns wound in the second direction within the stator slots
      S6 and S8. The pick-up winding pole axis 22 includes an outside coil 40
      having eight turns wound in the first direction within the stator slots S9
      and S13 and an inside coil 41 having six turns wound in the first
      direction within the stator slots S10 and S12. The pick-up winding pole
      axis 23 includes a coil 42 having six turns wound in the second direction
      within the stator slots S14 and S16. The pick-up winding pole axis 24
      includes an outside coil 43 having eight turns wound in the first
      direction within the stator slots S17 and S21 and an inside coil 44 having
      six turns wound in the first direction within the stator slots S18 and
      S20. The pick-up winding pole axis 25 includes the coil 45 having six
      turns wound in the second direction within the stator slots S22 and S24.
PAR  The auxiliary windings 12 are wound with a No. 18 gage copper wire and
      provide a resistance of 0.485 ohms. The auxiliary windings are wound so
      that each auxiliary winding pole axis is spaced from a corresponding main
      winding pole axis by approximately 90 electrical degrees to be
      substantially in quadrature therewith for providing a revolving field for
      starting the induction rotor 3. The auxiliary winding pole axis 13
      includes an inside coil 46 having 12 turns wound in a first direction
      within the stator slots S4 and S6 and an outside coil 47 having 16 turns
      back-wound in a second direction within the stator slots S3 and S7. The
      auxiliary winding pole axis 14 includes a coil 48 having 12 turns wound in
      the second direction within the stator slots S8 and S10. The phase winding
      pole axis 15 includes an inside coil 49 having 12 turns wound in the first
      direction within the stator slots S12 and S14 and an outside coil 50
      having 16 turns back-wound in the second direction within the stator slots
      S11 and S15. The auxiliary winding pole axis 16 includes a coil 51 having
      12 turns wound in the second direction within the stator slots S16 and
      S18. The phase winding pole axis 17 includes an inside coil 52 having 12
      turns wound in the first direction within the stator slots S20 and S22 and
      an outside coil 53 having 16 turns back-wound in the second direction
      within the stator slots S19 and S23. The auxiliary winding pole axis 18
      includes a coil 54 having 12 turns wound in the second direction within
      the stator slots S24 and S2.
PAR  The pick-up windings 19 are connected in a highly novel manner in a series
      circuit with the auxiliary windings 12. The series circuit includes the
      pick-up coils 37 and 38 of the pick-up axis 20 serially connected with the
      auxiliary coils 46 and 47 of the auxiliary axis 13 which, in turn, are
      serially connected with the pick-up coil 39 of the pick-up axis 21 which,
      in turn, is serially connected with the auxiliary coil 48 of the auxiliary
      axis 14 which, in turn, is serially connected with the pick-up coils 40
      and 41 of the pick-up axis 22 which, in turn, are serially connected with
      the auxiliary coils 49 and 50 of the auxiliary axis 15 which, in turn, are
      serially connected with the pick-up coil 42 of the pick-up axis 23 which,
      in turn, is serially connected with the auxiliary coil 51 of the auxiliary
      axis 16 which, in turn, is serially connected with the pick-up coils 43
      and 44 of the pick-up axis 24 which, in turn, are serially connected with
      the auxiliary coils 52 and 53 of the auxiliary axis 17 which, in turn, are
      serially connected with the pick-up coil 45 of the pick-up axis 25 which,
      in turn, is serially connected with the auxiliary coil 54 of the auxiliary
      axis 18 which, in turn, is serially connected with the pick-up coils of 37
      and 38 of the pick-up axis 20.
PAR  The pick-up windings 19 and the auxiliary windings 12 are thus
      interconnected in a particularly novel series type circuit which is
      preferrably isolated from the main windings 2. One skilled in the art
      could, however, connect certain junctures between the pick-up windings and
      the auxiliary windings to a common or reference potential such as the
      return lead 11 without affecting the operation although such is not the
      preferred mode of construction.
PAR  An important feature of the above described winding configuration is
      reflected in the small number of wires constituting a very low slot fill
      within the stator slots S3, S7, S11, S15, S19 and S23. As previously
      described, the outside auxiliary coils 47, 50 and 53 are back-wound into
      the normally open slots S3, S7, S11, S15, S19 and S23 to provide
      additional resistance into the circuit of the auxiliary windings 12 while
      reducing the reactance thereof to provide a highly desirable increased
      resistance-to-reactance ratio with respect to the main winding for
      controlling both the starting torque and the running performance of the
      single-phase induction motor.
PAR  A plurality of insulators such as at 55 may be utilized within the stator
      slots 26 to provide electrical separation between the main windings 2, the
      pick-up windings 19 and the auxiliary windings 12 if desired.
PAR  The invention thus provides a particularly novel single-phase induction
      motor in which the quadrature type auxiliary windings are wound to have an
      effective turns ratio of approximately 10 percent of the effective
      windings present in the corresponding main windings. In addition, the
      pick-up windings have approximately one-half as many turns as the
      corresponding auxiliary windings to thereby provide a highly desirable
      resistance-to-reactance ratio which is enhanced by portions of certain
      auxiliary coils being back-wound in adjacent, normally unfilled stator
      slots. It has been found that the angular phase axis displacement between
      a pick-up winding and a corresponding auxiliary winding of approximately
      63 electrical degrees provides a very desirable operation.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A single-phase induction motor operable when energized by a single-phase
      alternating current, comprising rotor means providing an output, a stator
      assembly mounted adjacent to said rotor means and having a plurality of
      spaced winding slots, main winding means including a coil positioned
      within a first slot for providing a first electrical phase axis when
      energized by the single-phase alternating current, auxiliary winding means
      including a coil positioned within a second slot for providing when
      energized a second electrical phase axis displaced by approximately 90
      electrical degrees from said first phase axis, and pick-up winding means
      including a coil separate from said auxiliary coil and positioned within
      the electromagnetic field of said main coil and continually connected
      during the starting and running sequences of said motor in series closed
      loop electrical circuit with said auxiliary coil to provide a starting
      torque to said rotor means in response to the energization of said main
      coil by said single-phase alternating current.
NUM  2.
PAR  2. The induction motor of claim 1, wherein said auxiliary coil contains
      approximately twice as many turns as said pick-up coil.
NUM  3.
PAR  3. The induction motor of claim 1, wherein said auxiliary coil contains a
      first predetermined number of turns and said main coil contains a second
      predetermined number of turns greater than said first predetermined number
      of turns.
NUM  4.
PAR  4. A single-phase induction motor operable when energized by a single-phase
      alternating current, comprising rotor means providing an output, a stator
      assembly mounted adjacent to said rotor means and having a plurality of
      spaced winding slots, main winding means including a coil positioned
      within a first slot for providing a first electrical phase axis when
      energized by the single-phase alternating current, auxiliary winding means
      including a coil positioned within a second slot for providing when
      energized a second electrical phase axis displaced by approximately 90
      electrical degrees from said first phase axis, and pick-up winding means
      including a coil positioned within said first slot and within the
      electromagnetic field of said main coil and continually connected during
      the starting and running sequences of said motor in series closed loop
      electrical circuit with said auxiliary coil and providing a starting
      torque to said rotor means in response to the energization of said main
      coil by said single-phase alternating current.
NUM  5.
PAR  5. A single-phase induction motor operable when energized by a single-phase
      alternating current, comprising rotor means providing an output, a stator
      assembly mounted adjacent to said rotor means and having a plurality of
      spaced winding slots, main winding means including a coil positioned
      within a first slot for providing a first electrical phase axis when
      energized by the single-phase alternating current, auxiliary winding means
      including a coil having a first predetermined number of turns wound in a
      first direction located within a second slot and a second predetermined
      number of turns wound in a second direction located within a third slot
      located adjacent to said second slot and providing when energized a second
      electrical phase axis displaced from said first phase axis, and pick-up
      winding means including a coil positioned within the electromagnetic field
      of said main coil and continually connected during the starting and
      running sequences of said motor in series closed loop electrical circuit
      with said auxiliary coil to provide a starting torque to said rotor means
      in response to the energization of said main coil by said single-phase
      alternating current.
NUM  6.
PAR  6. An induction motor operable when energized by a single-phase alternating
      current, comprising rotor means providing an output, a stator assembly
      mounted adjacent to said rotor means and having a plurality of spaced
      winding slots, main winding means including a selected plurality of coils
      serially connected and positioned within a plurality of first slots for
      providing a corresponding plurality of first electrical main phase axes
      spaced with respect to each other with each main phase axis oppositely
      polarized with respect to an immediately adjacent main phase axis when
      energized by the single-phase alternating current, auxiliary winding means
      including a plurality of coils having a number corresponding to said
      plurality of main coils and connected within an electrical series circuit
      and positioned within a plurality of second slots for providing a
      plurality of second electrical auxiliary phase axes spaced with respect to
      each other with each auxiliary phase axis spaced by approximately 90
      electrical degrees from a corresponding one of said main phase axes, and
      pick-up winding means including a plurality of coils having a number
      corresponding to said plurality of main coils and continually connected
      during the starting and running sequences of said motor within said
      electrical series closed loop circuit including said auxiliary coils with
      each of said pick-up coils positioned within one of said slots containing
      one of said main coils for energizing said auxiliary winding means and
      providing a starting torque to said rotor means in response to the
      energization of said main winding means by said single-phase alternating
      current.
NUM  7.
PAR  7. A single-phase induction motor operable when energized by a single-phase
      alternating current, comprising rotor means providing an output, a stator
      assembly mounted adjacent to said rotor means and having a plurality of
      spaced winding slots, main winding means positioned within a first slot
      and providing a first electrical phase axis when energized by the
      single-phase alternating current, auxiliary winding means positioned
      within a second slot and providing when energized a second electrical
      phase axis displaced by approximately ninety electrical degrees from said
      first phase axis, means separate from said auxiliary winding means and
      coupled for sensing the electromagnetic field of said main winding means,
      and circuit means continually connecting in series closed loop circuit
      during the starting and running sequences of said motor said field sensing
      means and said auxiliary winding means and energizing said auxiliary
      winding means in response to the sensed electromagnetic field provided by
      said main winding means to provide a starting torque to said rotor means.
NUM  8.
PAR  8. An induction motor operable when energized by a single-phase alternating
      current, comprising rotor means providing an output, a stator assembly
      mounted adjacent to said rotor means and having a plurality of spaced
      winding slots, main winding means includings a coil positioned within a
      first slot for providing a first electrical phase axis, auxiliary winding
      means including a coil having a substantially lesser number of turns than
      said main coil for providing a second electrical phase axis displaced from
      said first phase axis by approximately 90 electrical degrees and having a
      first predetermined number of turns wound in a first direction located
      within a second slot and a second predetermined number of turns wound in a
      second direction located within a third slot adjacent to said second slot,
      and pick-up means including a coil having approximately one-half as many
      turns as said auxiliary coil and positioned within said first slot to be
      electromagnetically coupled to said main coil and directly connected in
      series closed loop electrical circuit with said auxiliary coil for
      continually energizing said auxiliary coil in response to the induced
      current in said pick-up coil during the starting and running sequences of
      said motor to provide a starting torque to said rotor means during the
      starting sequence in response to the energization of said main coil by
      said single-phase alternating current.
NUM  9.
PAR  9. The induction motor of claim 8, wherein said main winding means includes
      a selected plurality of coils serially connected and positioned within a
      plurality of corresponding slots for providing a corresponding plurality
      of electrical main phase axes spaced with respect to each other with each
      main phase axis oppositely polarized with respect to an immediately
      adjacent main phase axis, said auxiliary winding means includes a
      plurality of coils having a number corresponding to said plurality of main
      coils and connected within an electrical series circuit and positioned
      within a plurality of slots for providing a plurality of electrical
      auxiliary phase axes spaced with respect to each other with each auxiliary
      phase axis spaced by approximately 90 electrical degrees from a
      corresponding one of said main phase axes, and said pick-up means includes
      a plurality of coils having a number corresponding to said plurality of
      main coils and connected within said electrical series circuit including
      said auxiliary coils with each of said pick-up coils positioned within one
      of said slots containing one of said main coils.
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ABST
PAL  A closure for securing conductor bars in the coil slots of a dynamoelectric
      machine consisting of a U-shaped clip which is inserted into the coil
      slots over the conductor with the legs of the clip extending between the
      sides of the conductor and the winding slot. Spring-like tabs which, in
      the preferred embodiment, are the lower portion of the legs bent upward,
      snap into longitudinal grooves provided in the side walls of the conductor
      slot when the top portion of the U-shaped clip contacts the top of the
      coil sides. This permits insertion of the slot closure from the top of the
      slot by merely pushing downward until the tabs snap into the side grooves.
BSUM
PAR  This invention pertains in general to dynamoelectric machines and more
      particularly to means for retaining the conductor bars or coil sides of
      such machine rotors and stators fixed within their winding slots.
PAR  Various means have in the past been employed to retain the coils of motors
      and other electrical equipment fixed within the slots of rotors or
      stators, such means being known commonly as slot wedges or closures which
      usually take the form of flat pieces of glass, fabric, wood, fiber, paper
      and the like. In some instances, such wedges are made in the form of
      channels which, after implacement of the coil sides, are slid through the
      slot over the coil side to prevent migration of the coil out of the slots
      before vanish treatment of the windings and later during operation of the
      machine. In some instances the wedging function is combined with the
      so-called slot cells which may be in the form of sheet insulation which
      serves to line the complete slot.
PAR  These known modes for securing the conductors in the motor slots do not, in
      many instances, permit locating the tops of the conductors very close to
      the gap between the stator and rotor. This is usually due to the thickness
      of the wedges and the height of the attachment means of the wedges to the
      slot. Consequently, the conductors remain recessed in the stator or rotor
      slots relatively far away from the inner surface of the gap between the
      stator and rotor.
PAR  When current flows through the conductors, a fairly large number of flux
      lines is formed directly around the conductors without traversing the air
      gap and consequently without producing a flux linkage with the conductors
      of the other motor element. This results in a rather high value of leakage
      reactance. In certain cases of alternating current machines were
      particular operating conditions are sought, it can be useful to reduce the
      leakage reactance to a small value. For this it is necessary to bring the
      conductors as near as possible to the zone where the energy exchange
      occurs, i.e. at the gap between the rotor and the stator.
PAR  Furthermore, heat dissipation can be a problem if the slot wedge causes the
      top of the conductor bar to be spaced any significant distance from the
      air gap. Considerably more heat can be dissipated by positioning the
      conductor bar as close to the air gap as possible and by exposing the
      conductor bar to the air gap.
PAR  It is the intention and general object of this invention to provide a slot
      closure which permits location of the conductor bars very close to the air
      gap.
PAR  An additional object of the subject invention is to provide a slot closure
      which can be inserted into holding engagement with the coil from the top
      of the coil slot as opposed to the end of the coil slot.
PAR  A further object of the subject invention is to provide a slot closure of
      the hereinbefore described type which can be of any desired length and
      which permits the utilization of a plurality of axially spaced slot
      closures.
PAR  A more specific object of the subject invention is to provide a slot
      closure of the hereinbefore described type which is U-shaped in cross
      section having the lower leg portions thereof bent up and outwardly to
      form tabs which engage the side walls of the slot to resist upward
      movement of the coil sides after the closure has been forced down over the
      conductor bar.
PAR  A further object of the subject invention is to provide a slot closure of
      the hereinbefore described type wherein a groove is provided in the side
      wall of the coil slot below the outer end of the conductor bar into which
      groove the closure tabs spring upon insertion of the closure into the coil
      slot.
PAR  An additional specific object of the subject invention is to provide a slot
      closure of the hereinbefore described type wherein the midsection of the
      top portion of the slot closure is removed to permit additional surface of
      the coil side to be exposed to the air gap.
DRWD
PAR  These and other objects of the subject invention will become more fully
      apparent as the following description is read in light of the attached
      drawing wherein:
PAR  FIG. 1 is an isometric view of one modification of slot closure of the
      subject invention;
PAR  FIG. 2 is a sectional view of a dynamoelectric machine including the slot
      closure of FIG. 1 in place; and
PAR  FIG. 3 is an isometric view of a modified form of slot closure.
DETD
PAR  Referring to the drawing wherein like reference characters refer to the
      same or similar elements, 6 refers generally to the preferred form of slot
      closure. The slot closure is generally U-shaped in cross section having a
      pair of spaced legs 7 and 8 connected together by a top portion 9.
      Upwardly and outwardly extending tabs 11 and 12 are attached to each leg.
      In actual construction these tabs 11 and 12 are formed by bending the
      lower portions of the legs 7 and 8 upwardly. Each tab 11 and 12 includes a
      terminal end edge 13 facing upward toward the top portion 9.
PAR  The slot closure 6 may be constructed of any material or combination of
      material depending on the particular type of motor involved such as spring
      steel, aluminum or a plastic material. Regardless of the type of material
      utilized, the tabs 11 and 12 must be sufficiently resilient so that they
      can be compressed into engagement with the coil slot side walls 16 and
      then spring outward when released as will be later apparent.
PAR  Referring to FIG. 2, an element of dynamoelectric machine such as a rotor
      14 is shown. The rotor is provided with a plurality of coil slots 16. A
      slot liner 17 is provided in the winding slot and into this is placed the
      coil sides or conductor bars 18 and 19. In the preferred embodiment, a
      pair of longitudinally extending grooves 21 and 22 are provided on the
      inner surface side walls of the coil slots 16.
PAR  Once the coil sides are in place, the slot closure 6 is inserted from the
      top of the coil slot 16 until the tabs 11 and 12 spring into the grooves
      21 and 22 respectively. The location of the grooves 21 and 22 relative to
      the top of the coil side 18 is arranged to insure that the top portion 9
      of the slot closure 6 engages the top of the coil side 18 when the tabs 11
      and 12 spring into the grooves 21 and 22. Depending on the size of the
      dynamoelectric machine and the holding force necessary, one or more
      axially spaced slot closures would be employed.
PAR  A modified form of slot closure is shown in FIG. 3. With this slot closure
      the midsection is removed resulting in a pair of spaced top portions 23
      and 24. With this arrangement the top of the coil side 18 between the pair
      of top portions 23 and 24 is exposed to the air gap. Furthermore, in the
      modification shown in FIG. 3, the tabs 26 and 27 are formed by cutting out
      a portion of the legs 7 and 8 and bending the remaining midsections
      outwardly.
PAR  It should be understood that in the event that the slot closures are made
      of a spring steel material, it may be possible to utilize the invention
      without employing grooves 21 and 22. If the tabs are sufficiently sharp
      and of sufficient strength, when inserted in the coil slot 16, they will
      resist withdrawal from the top of the coil slot by biting or gouging into
      the side walls of the coil slot.
PAR  From the above description it can be seen that an inexpensive slot closure
      has been provided which permits insertion of the slot closure from the top
      of the coil slot as opposed to the end of the coil slot. This permits the
      utilization of only that number of slot closures which are necessary to
      adequately retain the coil sides. By axially spacing the slot closures,
      additional surface of the coil side is exposed to the air gap thus
      resulting in improved cooling of the coils. The modification of slot
      closure disclosed in FIG. 3 permits additional surface of the coil side to
      be exposed to the air gap. Furthermore, by providing that the end edge
      surface 13 of the slot closure terminates short of the top portion 9 of
      the closure, ample holding engagement can be maintained with the side
      walls of the coil slot 16 while at the same time permitting the coil side
      to terminate closely adjacent to the air gap. That is, the thickness of
      the top portion 9 determines the distance the coil side is spaced from the
      air gap and not the location of the grooves 21 and 22.
CLMS
STM  The embodiments of the invention of which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A slot closure for a dynamoelectric machine adapted to be positioned in
      a coil slot having side walls and a radially facing open end to hold the
      machine coil sides in place comprising: a substantially inverted U-shaped
      body portion having a pair of legs spaced apart a distance substantially
      equal to the width of said coil slot and connected together by a top
      portion; and a pair of outwardly disposed tabs connected to the outside of
      said legs having terminal end edges facing upwardly toward said top
      portion and when not inserted in said slot being spaced apart a distance
      greater than the normal width of said slot, said tabs being resilient and
      capable of being compressed to the width of said coil slot without losing
      their resiliency, said slot closure being insertable downwardly into said
      slot from said open end with the legs straddling the coil sides and the
      tabs being compressed by the slot side walls until the top portion engages
      the top of said coil side, said terminal end edges of said tabs engaging
      said side walls to prohibit removal of said slot closure upwardly from
      said open end of said coil slot.
NUM  2.
PAR  2. The slot closure set forth in claim 1 wherein said tabs are constructed
      of spring steel and gouge into said side walls to hold said slot closure
      in position.
NUM  3.
PAR  3. The slot closure set forth in claim 1 wherein the midsection of said top
      portion is cut out exposing the top of said coil side.
NUM  4.
PAR  4. The slot closure set forth in claim 1 and further comprising a
      longitudinal groove in said coil slot side walls, said tabs snapping into
      said grooves to hold said closure in place when said top portion engages
      the top of said coil side.
NUM  5.
PAR  5. The slot closure set forth in claim 4 wherein the midsection of said top
      portion is cut out exposing the top of said coil side.
NUM  6.
PAR  6. A slot closure adapted to be positioned in a dynamoelectric machine coil
      slot having side walls and a radially facing open end to hold the machine
      coil sides in place comprising a substantially inverted U-shaped body
      portion having a pair of legs spaced apart a distance substantially equal
      to the width of said coil slot and connected together by a pair of
      longitudinally spaced top portions, the upper portions of said legs
      between said top portions being bent outward and having terminal end edges
      facing upwardly toward said top portion and when not inserted in said slot
      being spaced apart a distance greater than the normal width of said slot,
      said upper leg portions being resilient and capable of being compressed to
      the width of said coil slot without losing their resiliency, said slot
      closure being insertable downwardly into said slot from said open end with
      the legs straddling the coil side and the upper leg portions being
      compressed by the slot side walls, said terminal end edges engaging said
      side walls to prohibit removal of said slot closure upwardly from said
      open end of said coil slot.
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ABST
PAL  A stack of stator core laminations are compressed between a pair of
      resilient end flanges that are flexed into a dished configuration and
      secured in a pre-determined spaced-apart relationship by being welded to a
      plurality of longitudinal ribs disposed around the periphery of the stator
      laminations. Special tools and welding techniques are used during the
      manufacture of the core assembly to cause the dished flanges to
      continuously apply a pre-determined compressive force to the stacked
      laminations after the core assembly is completed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of dynamoelectric machines having laminated stator
      cores, it is desirable to retain the laminations in their stacked position
      under a pre-determined optimum compressive pressure. Such optimum pressure
      must be sufficiently great to prevent vibration of the laminations during
      operation of the machine, because such vibration could cause metal fatigue
      and eventual failure, as well as resulting in undesirable noise and
      possible chafing of the insulation on the energizing coils wound in the
      stator slots. On the other hand, the compressive pressure should not be
      such that excessive variations occur in core length and produce loss of
      needed magnetic material. Obtaining an optimum degree of compression of a
      laminated stator core is complicated by the fact that the stator
      laminations frequently vary slightly in thickness and the varnish coatings
      used to insulate the laminations frequently are of relatively uneven
      thickness. Normally, such variations in thickness on the individual
      laminations and in the varnish coating are relatively small but the
      cumulative effect of these variations in a complete stack of laminations
      needed for large dynamoelectric machine stators can cause a significant
      variation in stator lengths if appropriate control of the compressive
      pressures applied to the stator during manufacture is not maintained.
PAR  A wide variety of manufacturing methods and associated stator laminations
      clamping assemblies have been developed over the years. In general, such
      prior art methods and structures can be divided into two broad categories,
      i.e., those used to manufacture relatively large dynamoelectric machines
      that require several tons of pressure to be applied in obtaining a desired
      compressive force on the stacked stator laminations, and those used to
      assemble smaller dynamoelectric machines that require a much lower
      compressive force to be applied in assembling the stacked laminations.
      Generally speaking, in the manufacture of the larger type of
      dynamoelectric machines it is common practice to secure the stator
      laminations between a pair of clamping flanges positioned at opposite ends
      of the stacked laminations. At the present time, some variations of one of
      three well-known stator assembling methods is almost always used to retain
      a desired compressive force on the laminations of such large stator
      assemblies. In perhaps the most widely used of these known prior art
      methods, a stator-supporting frame is machined over its entire length so
      that it engages the periphery of each of the stator laminations at several
      circumferentially spaced points. Then, the frame is heated to expand it
      sufficiently to receive therein the compressed stator laminations. As the
      frame cools, it shrinks around the laminations and secure them tightly in
      their compressed position. A second commonly used stator core clamping
      method employs a so-called "clam shell" clamping structure. Basically, the
      clam shell type of clamping assembly utilizes a plurality of threaded
      bolts positioned at arcuately spaced-apart points around the circumference
      of stator lamination clamping flanges to enable the flanges to be forced
      toward one another as the bolts are tightened. An early example of one
      form of such a stator clamping structure is shown in U.S. Pat. No.
      1,685,054-Hibbard which issued on Sept. 18, 1928. The third stator core
      lamination clamping means now in common use typically incorporates one or
      more wedges or keys mounted between the stator clamping flanges and the
      frame of a dynamoelectric machine to enable the compressive force applied
      through the flanges to the stacked laminations to be adjusted by relative
      movement of the wedges causing them to apply more or less force to the
      flanges, until a desired compressive force is attained.
PAR  All of the foregoing presently known prior art methods and structures for
      securing the stator laminations of large dynamoelectric machines under a
      desired pre-determined compressive force have certain features in common.
      In each of them, for example, lamination clamping means are used which
      apply a relatively static clamping force to the stack of laminations,
      rather than utilizing resiliently pre-stressed clamping means to obtain
      such a clamping force. The use of such static clamping methods results in
      a second characteristic feature inherent in each of the above-described
      prior art stator assembly structures. Specifically, each of these
      structures must be relatively massive to accommodate the high compressive
      forces that must be applied to a stack of laminations during initial
      assembly of the machine in order to allow the static-type clamping means
      to retain a desirable level of compressive force on the laminations after
      they have been released from a positioning press and are then held in
      position only by the clamping means. It has long been recognized that such
      massive structures have certain disadvantages, such as their inherent cost
      and the inconvenience and expense encountered in transporting them.
      However, prior to the present invention, these prior art methods appeared
      to be the most suitable for commercial manufacture of dynamoelectric
      machines.
PAR  In addition to the general types of stator lamination clamping means
      described above for use in the manufacture of stators for large
      dynamoelectric machines, several types of resilient stator lamination
      mounting means are known for application in the manufacture of smaller
      machines. Normally, such resiliently pre-stressed stator lamination
      clamping means are used primarily as an efficient means for quickly
      securing a stack of laminations in a desired position on a shaft, rather
      than being designed primarily to apply any appreciable compressive force
      to the stacked laminations. Examples of such low pressure securing or
      locking means for securing small stator laminations on a shaft are shown
      in U.S. Pat. No. 1,192,404-Ewart, which issued on July 25, 1916 and in
      U.S. Pat. No. 1,467,938-Janette, which issued on Sept. 11, 1923. Because
      the assembly methods and structures shown in these two patents are not
      capable of applying a high compressive pressure to the stacked
      laminations, they are not suitable for applying a compressive pressure of
      several tons that is needed in the manufacture of stator lamination
      assemblies for larger machines.
PAR  Another type of stator clamping means that is suitable for small and medium
      size machines in shown in U.S. Pat. No. 2,876,371-Wesolowski, which issued
      on Mar. 3, 1959 and is assigned to the assignee of the present invention.
      A form of resilient clamping means are employed in the Wesolowski
      arrangement to secure lamination clamping rings under a desired
      pre-determined clamping pressure. However, the resilient clamping means
      used comprise a plurality of pins, the respective ends of which are welded
      to the lamination clamping rings when the stack of laminations is held
      under a compressive force. The length of the pins is pre-determined so
      that when the compressive force on the stack of laminations is released,
      the pins are stretched beyond their elastic limit by the expansion of the
      laminations. The stated purpose of such stretching of the pins is to
      stabilize the compressive force that they apply to the clamping rings. In
      certain respects, the Wesolowski clamping arrangement is similar to the
      relatively static type of clamping means described above in that the
      ring-securing pin must be sufficiently massive, or a large number of pins
      must be used, so that the high compressive force needed to yield a desired
      retained force of compression after the pins are stretched is afforded.
      Moreover, the structure and method disclosed in the Wesolowski patent is
      not suitable for use with very large stator core assemblies in which
      several tons of compressive pressure is needed to attain an optimum
      balance between core flux carrying capacity and core flux losses.
PAR  Accordingly, it is a primary object of the present invention to provide a
      dynamoelectric machine core assembly and method for making such an
      assembly, which overcome the disadvantages inherent in known prior art
      methods and structures for compressively clamping laminated core
      structures for large dynamoelectric machines.
PAR  Another object of the invention is to provide a laminated core clamping
      assembly and method of manufacture that affords an optimum pre-determined
      retained compressive force in a stack of laminations following the final
      assembly of such a stack.
PAR  A further object of the invention is to provide a dynamoelectric machine
      core assembly for large dynamoelectric machines, that are less costly to
      manufacture and lighter in assembled weight than prior art machines having
      equivalent retained compressive force in their cores.
PAR  Still another object of the invention is to provide a method of
      manufacturing a laminated core assembly that enables a desirably high
      pre-determined compressive force to be maintained in the finished assembly
      while permitting the use of relatively low lamination compressing forces
      during the manufacturing processes.
PAR  Yet another object of the invention is to provide a dynamoelectric machine
      core assembly having an optimum retained compressive force in its
      laminated core stack while utilizing relatively small and lightweight
      structural assemblies for maintaining the core pressure on the laminated
      core stack, after it is removed from a core-compressing press.
PAR  Additional objects and advantages of the invention will become apparent to
      those skilled in the art from the description of it that follows below,
      taken in conjunction with the illustrations attached hereto.
PAC  SUMMARY OF THE INVENTION
PAR  In one preferred embodiment of the invention, a dynamoelectric machine core
      assembly comprising an aligned stack of stator laminations compressed
      between a pair of clamping flange annuli is manufactured pursuant to the
      present invention so that the annuli are dished or resiliently
      pre-stressed axially outward at their inner diameters while the stack of
      laminations is held under a pre-determined compressive force by a press
      during a manufacturing operation. The annuli are then welded,
      respectively, to opposite ends of a plurality of steel ribs mounted
      partially in slots formed axially along the peripheral surfaces of the
      stacked laminations. The welds are each made in a sequence and direction
      such that the resilient pre-stressing of the clamping annuli is optimized.
      In practicing the preferred method of the invention, a pair of stepped
      pressure rings are used to accurately position the clamping annuli with
      respect to the inner diameter of the stack of laminations. Thus, the
      assembly of the core into a mounting frame is facilitated because only the
      surfaces of the peripheries of the clamping annuli need be machined
      relative to associated mounting surfaces of the frame in order to
      accurately and firmly mount the core assembly within the frame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially exploded, side perspective view of a dynamoelectric
      machine core assembly and mounting frame manufactured pursuant to the
      teaching of the present invention.
PAR  FIG. 2 is a side elevation view, partly in cross-section, showing a core
      assembly such as that illustrated in FIG. 1, mounted in position on a
      press that is positioned to apply a compressive force to the laminations
      of the core assembly, using a pair of stepped pressure rings pursuant to
      the method of the instant invention.
PAR  FIG. 3 is an enlarged fragmentary side elevation view, in cross-section of
      one side of the laminated core assembly illustrated in FIG. 2 of the
      drawings, shown in relation to the stepped pressure rings used to compress
      the core.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to FIG. 1 of the drawings, it will be seen that there is
      shown a dynamoelectric machine magnetic core assembly 1 that comprises a
      stack 2 of generally flat, conventionally insulated metal laminations
      arranged in face-to-face relationship in a well-known manner to define a
      rotor-receiving bore through the central portion of the stack. First and
      second clamping annuli 3 and 4 are positioned respectively at the opposite
      ends of the laminated stack 2. To afford the objectives of the invention,
      the inner radial portion of each annulus 3 and 4 is positioned over the
      stack 2 while the outer radial portion of the annuli 3 and 4 extend
      radially outward from the stack 2, as shown in FIG. 1. A plurality of
      elongated steel bars, several of which are identified by the numbers 5
      thru 9, are positioned at substantially equally spaced-apart points around
      the periphery of the stack 2 to hold the annuli 3 and 4 in a
      pre-determined position in a manner that will be described in greater
      detail below. Each of the bars, 5-9 etc., has its respective ends welded
      to the respective radially outwardly extending portions 3b and 4b of the
      sides of the annuli facing the ends of the stack 2.
PAR  As is well-known in the dynamoelectric machine field, a plurality of
      pre-formed copper coils 10 are mounted in elongated axial slots (not
      shown) formed at equally spaced-apart points around the inner
      circumference of the stacked laminations of the stator to form an
      energizing winding. It will be understood that the core assembly 1 will be
      inserted completely within the supporting frame 11 when the machine is
      assembled in its operating position. In general, any suitable supporting
      frame may be used with a magnetic core assembly constructed pursuant to
      the invention; however, it is important to note that any such frame need
      only incorporate a relatively small area of accurately machined surfaces
      in order to receive the core assembly 1 therein, due to the advantageous
      feature of the present invention. Thus, it should be noted in FIG. 1 that
      the frame 11 includes a first set of machined surfaces 12, 12a, 12b and
      12c which, in combination with a second set of machined surfaces 13, 13a,
      13b and 13c are formed to receive precisely therein the outer peripheral
      surfaces of machined clamping annuli 3 and 4 on the core assembly 1. As
      the description of the instant invention proceeds, it will become clear
      that such a novel and advantageous mounting arrangement for the core
      assembly 1 is made possible by use of an accurate positioning means for
      locating and retaining the clamping annuli 3 and 4 in desired
      pre-determined position relative to the inner diameter of the stator
      laminations, which comprise one side of the air gap of the finished
      machine. Accordingly, it will be seen that one advantage of the present
      invention is that only relatively limited portions of the supporting frame
      need be machined to accept the core assembly 1 rather than requiring the
      entire axial length of the frame 11 to be machined, as was common practice
      in prior art dynamoelectric machine manufacturing methods.
PAR  It should be understood that the frame 11, as shown in FIG. 1, may be
      completed by mounting conventional cover plate over the outer surface
      thereof. Also, those skilled in the art will recognize that various
      alternative configurations may be used to form the frame 11 and of course,
      any suitable structural material, such as steel, may be used to form it
      and other stator clamping components of the invention thus far described.
PAR  As noted above, one of the characteristic features of the core assembly 1
      is that the lamination-clamping annuli 3 and 4 are dished, or pre-stressed
      axially outward at their inner diameters. A unique manufacturing method
      utilizing novel tooling is employed to obtain this unique pre-stressed,
      resiliently biased arrangement of the clamping flange annuli 3 and 4.
      Reference may now be made to FIG. 2 of the drawings in which there is
      depicted one preferred form of the novel stepped ring tools that are used
      in practicing the method of the invention. To facilitate understanding of
      the invention, like numerals are used to identify equivalent parts in all
      FIGURES of the drawings used in the description. Accordingly, it will be
      seen that in FIG. 2 there is shown in cross-section the stator core stack
      2 of generally flat, insulated steel laminations that comprise the central
      portion of the core assembly 1 illustrated in FIG. 1. Likewise, the
      clamping annuli 3 and 4 are positioned at opposite ends of the stack 2
      with their respective inner portions 3a and 4a over the stack 2 while
      their outer portions 3c and 4c are disposed radially outward from the
      stack. Two of the elongated ribs 6 and 6' which secure the annuli 3 and 4
      in desired spaced-apart relationship, are also illustrated.
PAR  In order to apply a desired given optimum compressive force to the stack 2
      of the laminations, without requiring the use of extra massive means to
      obtain such a force, or retain it in the stack, a pair of stepped rings 14
      and 15 (also see FIG. 3) are provided and accurately positioned relative
      to the stack 2 so that their respective inner diameters are in alignment
      with the inner diameter 2' of the laminations defining the rotor-receiving
      bore through the stack 2. As will be understood by those skilled in the
      art, the inner diameter 2' of each of the laminations is accurately
      positioned in alignment on a mandrel 16, which, in the embodiment of the
      invention shown, is mounted on a rotary steel table 17.
PAR  The detailed features of the stepped rings 14 and 15 will now be described
      with particular reference to FIG. 3 of the drawing. Each of the rings 14
      and 15 may be substantially identical in configuration, therefore, only
      the features of ring 14 will be discussed in detail. As seen in FIG. 3,
      ring 14 is provided with a base surface portion 14a and first and second
      annular step 14b  and 14c, which are disposed radially outward from the
      base portion 14a with the lands of the step facing the associated annulus
      3. As is conventional in the manufacture of large dynamoelectric machines,
      a pair of annular spacer blocks 18 and 19 are mounted respectively between
      the stack 3 and clamping annuli 3 and 4 to help distribute the compressive
      force of the annuli to the inner diameter of the stator teeth of the
      stacked laminations 2.
PAR  Referring again to both FIGS. 2 and 3 of the drawings, it will be seen that
      in practicing the method of the invention, the outer periphery of each
      annulus 3 and 4 is positioned against the rise of the second steps 14c and
      15c, thereby to also position the radially outer surfaces of each annulus
      on the lands of the first steps 14b and 15b of the rings juxtaposed
      therewith. This arrangement of the stepped rings 14 and 15, with their
      innermost diameters positioned against the mandrel 16, serves to quickly
      and accurately position the outer machined peripheries of the clamping
      annuli 3 and 4 in order to accurately space the inner diameter 2' of the
      laminations relative to the frame 11, as explained above.
PAR  The next step in the manufacturing method of the invention is to apply and
      hold an axial compression force on the axially outer surfaces of the rings
      14 and 15 as shown in FIG. 2. This force may be applied by a conventional
      hydraulic press, such as the press 20 shown schematically in FIG. 2, or by
      any suitable alternative pressing means. In order to localize the pressure
      applied by the press 20 to a desired portion of the stepped rings 14 and
      15, a selected one of a number of different sized rings such as the rings
      21 and 22 may be employed. As shown, rings 21 and 22 are positioned
      essentially over the first step 14b and 15b of the stepped rings 14 and
      15. In practicing the preferred method of the invention, a smaller
      diameter ring (not shown) than ring 21 would be placed adjacent mandrel 16
      as the laminations of stack 2 are pressed into position. In this manner,
      maximum pressure is applied near the inner edges of the laminations.
      Finally, after the components are arranged, as shown in FIG. 2, with all
      the laminations and a relatively large diameter ring 21 in place, the
      press 20 is actuated to compress the stack 2 of laminations and deflect
      the respective inner portions 3a and 4a of the annuli 3 and 4 axially
      outward into the spaces defined by the rises of the first step 14b and 15b
      and the respective base portions 14a and 15a of the rings 14 and 15
      abutting the respective annuli. Typically, in relatively large
      dynamoelectric machines, the compressive force applied by the press 20 may
      be in the neighborhood of 40 to 150 tons.
PAR  After the stack 2 has thus been compressed under a desired given pressure,
      the elongated ribs or bars 6-9 and 6', etc., are positioned at accurately
      spaced points between the annuli 3 and 4 with the longitudinal axes of the
      bars substantially parallel to the longitudinal axis of the stack 2. An
      important feature of the present invention is that the lengths of each of
      these bars is a pre-determined distance shorter than the distance between
      the axially inner surfaces of the annuli 3 and 4 adjacent the outer
      periphery thereof when the desired given axial compressive force is held
      on the stepped rings 14 and 15 by press 20. In particular, it has been
      found that this desired pre-determined distance or positive clearance
      should be in the range of 5 to 60 mils to yield the most preferred results
      in practicing the invention.
PAR  After the elongated bars are thus positioned around the periphery of stack
      2, the respective ends of each bar are welded to the adjacent annuli 3 and
      4 thereby to rigidly fix the spacing the outer portions 3b and 4b of the
      annuli. Finally, the axial compressive force applied by press 20 is
      released and the stepped rings 14 and 15 are removed from contact with the
      annuli 3 and 4. It should be understood that by constructing a core
      assembly 1 pursuant to the unique method just described, the clamping
      annuli 3 and 4 will be resiliently pre-stressed or dished axially outward
      at their inner diameters while the pressure from press 20 is applied,
      consequently, after the elongated bars have been welded to the annuli and
      the pressure of press 20 is released, a desired resilient compressive
      force will be maintained on the ends of stack 2 by the tendency of the
      annuli 3 and 4 to return to their original generally flat configuration.
      This resilient biasing force prevents the compressed force in stack 2 from
      expanding the stack axially as frequently occurs when one of the more
      conventional, static type clamping systems are utilized due to the take-up
      in such a system caused by the latent force in the compressed stack 2.
PAR  In the preferred form of the invention, the elongated bars or ribs are
      welded to the annuli 3 and 4 in a certain manner and sequence to afford
      optimum pre-stressing of the annuli. It will be understood that each of
      the elongated bars are welded in substantially the same manner,
      accordingly, only the welding on bar 6' shown in FIG. 3 will be described
      in detail.
PAR  In the most preferred form of the invention after the press 20 is moved to
      apply a desired pre-determined compressive force to the stack of
      laminations 2, and the elongated bar 6' is mounted between the annuli 3
      and 4 so that it abuts the annuli 4 and is spaced between 5 and 60 mils
      distance from the annuli 3, a tack weld is formed between the bar 6' and
      the adjacent annuli 3 and 4 at points adjacent the stack 2. Then,
      continuous welds 30 and 31 shown in FIG. 3 are formed starting at the
      periphery of the annuli and continuing inward to the tack welds 28 and 29.
PAR  After the bar 6' has been welded in that manner, a preferred sequence of
      welding is performed to attach the remaining bars to the annuli 3 and 4.
      In this preferred sequence, the next bar to be welded is diametrically
      opposite to the bar 6', i.e., bar 6 would be welded next. Then, the two
      bars spaced from the closest welded bar by approximately 90.degree. would
      be welded to the annuli. As the welding sequence is continued, a second
      set of four elongated bars would be welded to the annuli and each of the
      bars in the second set would be spaced from each other by approximately
      90.degree. and be about equally spaced from the two closest bars of the
      first set of four bars that were welded to the annuli. This preferred
      sequence and method of welding the bars by forming a continuous weld from
      the periphery thereof toward the stack 2 causes the strongest part of the
      weld thus formed to be positioned adjacent the stack 2 where a maximum
      moment will be applied to it by the pre-stressed biasing force applied to
      the annuli 3 and 4 when press 20 is forced downward to move the stepped
      rings 14 and 15 together. Preferably, both sides of each bar are welded to
      the annuli 3 and 4 along substantially the complete radial extent of the
      bars.
PAR  It has been found that while the foregoing sequence and desired direction
      of one of the welds, such as welds 30 and 31 is most desirable, in some
      applications of the invention, a suitable holding force can be provided
      between the elongated bars and the annuli 3 and 4 if the welds 30 and 30'
      are started adjacent the stack 2 and continued outwardly to the periphery
      of the annuli 3 and 4 where they are puddled and terminated. It should
      also be noted that in the preferred embodiment of the invention, the
      radial width of each of the lands of the first step 14b and 15b on the
      stepped rings 14 and 15 is less than one-half the radially extending
      dimension of the elongated bars 6-9 and 6', et cetera. Such dimensions
      allow the annuli to be dished outward with the lowest practical amount of
      compressive force being required from the press 20. Of course, other
      dimensions of the step 14b and 14c in the step rings 14 and 15 may be
      employed in other embodiments of the invention. It has also been found
      that it is preferable to have the radially extending width of each of the
      elongated bars about 4 inches wide, but they should be at least 2 inches
      wide. Such a substantial dimension enables the welds 30, 31, etc., when
      applied in the above-noted desirable sequence and method of formation, to
      retain the desired pre-determined spacing of the outer portion 3b and 4b
      of annuli 3 and 4, without requiring massive welds or the build-up several
      weld beads to prevent the joint from being ruptured when the inner
      portions 3a and 4a are dished axially outward.
PAR  Thus, the pre-stressing of annuli 3 and 4 described above, pursuant to the
      method of the invention, serves to reduce the expense and manufacturing
      complexity of securing the bars 6, 6', etc., to the annuli.
PAR  Finally, it will be appreciated that all of the elongated bars may be
      mounted respectively in pre-formed longitudinal slots, such as the slot 2a
      formed in the stack 2 to receive the bar 6', shown in FIG. 3. Of course,
      the welds 30 and 31 extending along the sides of the bar, such as bar 6',
      would not extend into the slot 2a or similar slots.
PAR  Those skilled in the art will recognize that various modifications and
      alternative forms of the invention may be practiced from the description
      of it that is provided herein. Accordingly, it is our intention to
      encompass the true spirit and scope of the invention within the bounds of
      the following claims.
CLMS
STM  What we claim as new and desire to secure by Letter Patent of the United
      States is:
NUM  1.
PAR  1. A dynamoelectric machine magnetic core assembly comprising, a stack of
      generally flat, insulated metal laminations arranged in face-to-face
      relationship to define a rotor-receiving bore, first and second clamping
      annuli positioned respectively at the opposite ends of said stack of
      laminations with an inner portion of each annulus extending radially
      outward from the stack, a first and a second annular spacer block
      disposed, respectively, between one clamping annulus and one end of the
      stack of laminations, a plurality of elongated bars having their
      respective ends welded to the respective radially outwardly extending
      portions of the sides of said annuli facing the ends of said stack, at
      least one of said annuli being formed with said inner portion thereof
      deflected axially outward with respect to said outer portion thereof, each
      of said bars being substantially equal in length and in the range of 4 to
      60 mils shorter than the combined axial length of the stack of laminations
      and said shorter spacer blocks, thereby to cause the clamping annuli to
      apply a continuous compressive force on the stack of laminations.
NUM  2.
PAR  2. An invention as defined in claim 1 wherein both of said annuli are
      formed to position the respective inner portions thereof axially outward
      from said outer portions thereof.
NUM  3.
PAR  3. An invention as defined in claim 2 wherein the radially inner side of at
      least one of said bars is disposed in a longitudinal slot formed in the
      outer surface of said stack of laminations.
NUM  4.
PAR  4. An invention as defined in claim 3 wherein the welds securing each of
      said bars to the annuli extend substantially the full radially extending
      length of at least one side of the juxtaposed surfaces of said bars except
      for the portion thereof disposed in said longitudinal slot.
NUM  5.
PAR  5. An invention as defined in claim 4 wherein both radially extending sides
      of said bars are welded to said annuli.
NUM  6.
PAR  6. An invention as defined in claim 4 wherein the radially extending width
      of each of said bars is at least 2 inches.
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PAL  The spark plug has been designed so as to, be capable of being disassembled
      for cleaning, have a substantially full shield for the spark gap end of
      the center electrode portion, enable the center electrode to be readily
      replaced, if desired, enable partial cleaning of the spark plug gap area
      without removal of the spark plug from an associated engine, and have a
      substantially full gas seal defined between the base of the spark plug and
      the spark plug insulative sleeve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The spark plug development throughout this century has moved along varied
      paths. In some instances spark plug construction has moved in a direction
      of spark plugs which may not be disassembled for cleaning purposes and in
      other instances the path of spark plug development has extended in the
      direction of spark plugs which may be disassembled for cleaning. Further,
      most spark plug development has moved along a path toward substantially
      fully exposed spark gap defining electrodes. Examples of previously
      patented spark plugs including structural features somewhat similar to the
      spark plug of the instant invention may be found in U.S. Pat. Nos.
      885,864, 893,955, 1,098,637, 1,275,961, 1,356,954, 1,442,423, 1,448,656,
      1,913,575, 1,912,109 and 3,417,275.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The spark plug of the instant invention has been specifically designed so
      as to be capable of being disassembled for cleaning and has further been
      designed to substantially fully shield the spark gap end of the center
      electrode portion thereof. Further, the spark plug of the instant
      invention has also been designed in a manner enabling the center electrode
      to be readily replaced, if desired, and to also enable partial cleaning of
      the spark plug spark gap area without removal of the spark plug from an
      associated engine.
PAR  The main object of this invention is to provide a spark plug including a
      center electrode having its spark gap defining end substantially fully
      shielded.
PAR  Another object of this invention is to provide a spark plug that may be
      readily disassembled for cleaning.
PAR  Yet another object of this invention is to provide a spark plug constructed
      in a manner whereby the center electrode thereof may be readily replaced.
PAR  Yet another object of this invention is to provide a spark plug constructed
      in a manner whereby a substantially full gas seal will be defined between
      the base of the spark plug and the spark plug insulative sleeve.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide a spark plug in accordance with the preceding objects and which
      will conform to conventional forms of manufacture, be of simple
      construction and easy to clean so as to provide a device that will be
      economically feasible, long lasting and readily serviceable.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a spark plug constructed in accordance with
      the present invention;
PAR  FIG. 2 is an enlarged vertical sectional view taken substantially upon the
      plane indicated by the section line 2--2 of FIG. 1; and
PAR  FIG. 3 is an exploded perspective view of the various components of the
      spark plug.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings the numeral 10 generally
      designates a spark plug constructed in accordance with the present
      invention. The spark plug 10 includes a somewhat conventional tubular base
      referred to in general by the reference numeral 12, a tubular insulative
      body referred to in general by the reference numeral 14, a tubular thrust
      nut referred to in general by the reference numeral 16, a center electrode
      rod 18 constructed of carbon, an upper terminal 20 supported from the
      upper end of the tubular insulative body and in electrical contact with
      the electrode rod 18 and a lower electrode assembly referred to in general
      by the reference numeral 22 carried by the lower end of the body 12 and
      constructed of "Stellite" , which material is from a group of hard,
      corrosion resistant, non-ferrous alloys containing 40 to 80% cobalt, 20 to
      35% chromium, 0 to 25% tungsten, 0.75 to 2.5% carbon and 0 to 3% silicon.
PAR  The body 12 includes a large diameter end portion 24 having a large
      diameter bore 26 formed therein and which is threaded as at 28. The base
      12 further includes an externally threaded small diameter end portion 30
      which is externally threaded as at 32 and has a small diameter bore 34
      formed therethrough. The inner ends of the bores 26 and 34 are
      communicated and the bores 26 and 34 are coaxial.
PAR  The tubular insulative body 14 includes a diametrically enlarged
      mid-portion 36 and a short small diameter end portion 38 of the body 14 is
      loosely received within the bore 34 with the diametrically enlarged
      mid-portion 36 received in the bore 26. The base 12 defines an annular
      shoulder 40 at the inner end of the large diameter bore 26 and the
      shoulder 40 includes a mid-radial extent annular groove 42. The end of the
      diametrically enlarged mid-portion 36 of the insulative body 14 includes
      an endwise outwardly projecting annular rib 44 on its outer periphery
      seatingly received in the groove 42.
PAR  The electrode assembly 22 carried by the free end of the small diameter end
      portion 30 comprises a generally diametric U-shaped member 44 with the
      free ends of the legs of the U-shaped member 44 anchored to diametrically
      opposite portions of the end face of the small diameter end portion 30 and
      the mid-portion of the bight portion of the U-shaped member 44 includes a
      spherical enlargement 46.
PAR  The tubular insulative body 14 has a small diameter center bore 48 formed
      in the free end of the short small diameter end 38 thereof and the inner
      end of the bore 48 opens into a counterbore 50 extending from the inner
      end of the small diameter bore 48 through the diametric enlarged
      mid-portion 36 of the insulative body 14 and through the long small
      diameter end portion 52 of the insulative body. The outer end of the
      counterbore 50 is slightly diametrically reduced and threaded as at 54 and
      a threaded shank portion 56 of the terminal 20 is threadedly engaged
      therein.
PAR  The center electrode rod 18 is seated in the counterbore 50 with the inner
      end of the shank 56 of the terminal 20 abutted against the end of the rod
      18 remote from the inner end of the counterbore 50. The tubular thrust nut
      16 is telescoped downwardly over the long small diameter and portion 52 of
      the insulative body 14 and threaded into the threaded outer end portion 28
      of the large diameter bore 26 formed in the large diameter end portion of
      the body 12 with the inner end of the thrust nut 16 abutted against the
      outer annular axial face 58 of the diametrically enlarged mid-portion of
      the insulative body 14. In this manner, the rib 44 of the mid-portion 36
      is firmly seated in the groove 42 to form a substantially gas tight seal
      between the insulative body 14 and the base 12.
PAR  The outer end of the terminal 20 is defined by a spherical enlargement 60
      having crossed intersecting small diameter bores 62 and 64 formed
      therethrough. The bores 62 and 64 lie along diameters of the enlargement
      60 and the spring clip type terminal 66 carried by the spark plug end of a
      secondary ignition wire 68 may be readily removably electrically engaged
      with the terminal 20 in a manner which is believed to be obvious from a
      comparison of FIGS. 1 and 2 of the drawings.
PAR  The end of the electrode rod 18 adjacent the electrode assembly 22 is fully
      recessed within the insulative body 14 to the inner end of the bore 48 and
      thus the rod 18 is shielded against the intense heat of combustion. Of
      course, the length of the bore 48 and the spacing of the enlargement 46
      from the outer end of the bore 48 determines the spark gap of the plug 10.
PAR  Inasmuch as the electrode 18 is fully recessed to the inner end of the bore
      48 the spark jumping the gap between the adjacent portions of the
      electrode rod 18 and the spherical enlargement 46 must pass through the
      small diameter bore 48. The passage of the spark through the bore 48 will
      insure that the bore 48 remains unblocked by carbon and/or oil deposits.
      Further, it is believed that it may be readily appreciated that the spark
      plug 10 may be easily disassembled for cleaning purposes and replacement
      of any portion thereof in the event such replacement is deemed necessary.
      Further, it will be noted that upon removal of the terminal 20 the
      electrode rod 18 may be readily removed and replaced without removing the
      spark plug from an associated engine. Further, after the electrode rod 18
      has been removed and before a new electrode rod 18 has been installed, a
      proper small diameter rod may be inserted downwardly through the
      counterbore 50 and bore 48 for contact with the spherical enlargement 46
      to dislodge any carbon accumulation thereon, even when the spark plug 10
      remains mounted on the associated engine.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  what is claimed as new is as follows:
NUM  1.
PAR  1. A spark plug including a tubular base having large and small diameter
      end portions and defining a small diameter central bore extending through
      the small diameter end portion, a coaxial large diameter bore extending
      through the large diameter end portion communicating with said small
      diameter bore and an annular shoulder at the inner end of the large
      diameter bore facing toward the outer end thereof, a one-piece tubular
      insulative body including a diametrically enlarged mid-portion and
      opposite smaller diameter end portions, said body being telescoped into
      the tubular base with said mid-portion loosely received in said large
      diameter bore and seated against said shoulder and one of said smaller
      diameter end portions projecting into and loosely received in said small
      diameter bore, at least the free end of said one smaller diameter end
      portion having a central bore formed therethrough terminating inwardly in
      an enlarged counterbore opening outwardly through the other small diameter
      end portion, an electrode rod loosely telescoped into said counterbore and
      seated in the inner end thereof, a combined closure and electrical
      terminal removably secured in the outer end of said counterbore and
      electrically engaged with the adjacent end of said rod, said small
      diameter end of said base including a ground electrode including a portion
      thereof registered with but spaced from the outer end of said central
      bore, and a thrust nut telescoped over the other smaller diameter end
      portion of said insulating body, abutted against the adjacent axial end of
      said mid-portion and threadedly engaged in said large diameter bore, said
      shoulder including a peripherally continuous groove formed therein and the
      adjacent axial end of said enlarged mid-portion of said body includes a
      peripherally continuous rib tightly seated in said groove, the engagement
      of said rib in said groove comprising the sole area of direct contact of
      said insulative body with said base.
NUM  2.
PAR  2. The combination of claim 1 wherein said ground electrode includes a
      generally U-shaped support including generally parallel legs
      interconnected at one pair of corresponding ends by means of a bight
      portion extending therebetween, the central portion of said bight portion
      comprising the portion of said ground electrode registered with said
      central bore, the free ends of the legs of said support being anchored to
      diametrically opposite portions of the free end of the small diameter end
      portion of said base.
NUM  3.
PAR  3. The combination of claim 2 wherein said central portion of said bight
      portion comprises a spherical enlargement.
NUM  4.
PAR  4. The combination of claim 1 wherein said ground electrode is constructed
      of Stellite and said electrode rod is constructed primarily of carbon.
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PAL  The invention relates to an electric incandescent lamp having a tubular
      envelope in which a coiled-coil filament is stretched which is supported
      in at least one place between the ends by a support formed from wire, of
      which support a part bears on the inner wall of the envelope and another
      part supports the filament, The part which supports the filament has a
      helical shape and, according to the invention, is present inside the
      secondary winding of the filament. The said part comprises at least two
      turns the winding sense of which corresponds to that of the secondary
      turns of the filament.
BSUM
PAR  The invention relates to an electric incandescent lamp, in particular a
      halogen incandescent lamp, comprising a tubular envelope which is closed
      at both ends by a pinch seal and in which a coiled-coil filament is
      stretched which extends coaxially in the envelope and which is supported
      in at least one place between the pinch seals by a support which is formed
      from a metal wire, of which support a first helically wound part supports
      the filament and of which a second part bears on the inner wall of the
      envelope. Such an incandescent lamp is known inter alia from the German
      Gebrauchsmuster No. 1955504.
PAR  In the electric incandescent lamp according to said Gebrauchsmuster the
      said first part of the support formed form metal wire consists of a single
      helical wire turn which is arranged around the secondary winding of the
      filament. The winding sense of said wire turn is opposite to that of the
      secondary winding of the filament. Said wire turn should be arranged
      around the secondary winding of the filament so solidly that the support
      cannot move axially in the envelope. It has been found, however, that the
      arrangement of the support can easily result in damaging of the filament.
PAR  It is the object of the invention to provide an electric incandescent lamp
      of the above mentioned type which does not exhibit the said drawback.
PAR  For that purpose, the electric incandescent lamp according to the invention
      is characterized in that the first part comprises at least two turns the
      winding sense of which corresponds to that of the secondary winding of the
      filament and which part is present inside the secondary winding of the
      filament. Since the winding sense of said first part of the support
      corresponds to that of the secondary winding of the filament, the support
      can be secured to the filament in that the said part of the support is
      screwed into the secondary winding of the filament which can be done
      without exerting force on the filament. In said screwing movement a part
      of the support which connects the first part to the second part, is moved
      between the turns of the secondary winding of the filament. Said part
      prevents the support from moving axially in the envelope. Since the said
      first part has at least two turns, its length is sufficient to support at
      least one secondary turn of the filament.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawing, in which:
PAR  FIG. 1 shows an electric incandescent lamp according to the invention,
PAR  FIG. 2 is a detail II on an enlarged scale of FIG. 1.
DETD
PAR  The electric incandescent lamp shown in FIG. 1 comprises a tubular envelope
      1 which is sealed at the ends by pinch seals 2 and 3. Lead-throughs 4,
      foils 5 and lead-outs 6 are sealed in said pinch seals in the usual
      manner. A coiled-coil filament 7 is stretched coaxially in the envelope
      and is supported in this embodiment in two places between the ends. For
      that purpose, supports 8 are present which are formed from wire material.
      Said supports comprise a first part 9 which has a helically wound shape
      and supports the filament (see also FIG. 2). The first part 9 in this
      embodiment comprises three turns and is present within the secondary
      winding of the filament. The support 8 furthermore comprises a second part
      10 which bears on the inner wall of the envelope 1 so that the filament
      constantly assumes a coaxial position in the envelope. The part of the
      support denoted by 11 is present between two adjacent turns of the
      secondary winding of the filament and prevents the support from moving
      axially in the envelope. As is shown in FIG. 2, the winding sense of the
      helically wound first part of the support corresponds to that of the
      secondary winding of the filament.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric incandescent lamp, in particular a halogen incandescent
      lamp, comprising a tubular envelope which is closed at both ends by a
      pinch seal and in which a coiled-coil filament is stretched which extends
      coaxially in the envelope and which is supported in at least one place
      between the pinch seals by a support which is formed from a metal wire, of
      which support a first helically wound part supports the filament and a
      second part bears on the inner wall of the envelope, characterized in that
      the first part comprises at least two turns, the winding sense of which
      corresponds to that of the secondary winding of the filament and which
      part is present inside the secondary winding of the filament.
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PAL  A target structure for electronic storage tubes which is of the "coplanar
      grid" type. The target comprises a conducting layer which in a preferred
      configuration has slender elongated pedestals supporting elongated spaced
      parallel insulating strips which serve as the coplanar grid. The spaces
      between adjacent edges of insulating strips expose regions of the
      conducting layer to enable an electron beam to contact the exposed regions
      of the conducting layer. The pedestals support the insulating strips a
      spaced distance above the exposed regions of the conducting layer to form
      "vacuum gaps" which serve to inhibit electrical charge on the surfaces of
      the insulating strips from transferring to the interface between each
      strip and the vacuum gap. The pedestals may be an integral part of the
      conducting layer or may be formed from an insulating material. Methods for
      producing the novel target are described.
BSUM
PAR  The present invention relates to electronic storage tubes utilizing beam
      current reading (for example, see "Electronic Image Storage" by Kazan and
      Knell, Academic Press 1968, pp. 123-129), and more particularly to target
      structures of the coplanar grid type for use in such electronic storage
      tubes in which the grid structure is pedestal mounted and further relates
      to a method of producing same.
PAC  BACKGROUND OF THE INVENTION
PAR  Electronic storage tubes having target structures of the coplanar grid type
      are presently in use and are extremely advantageous for use in a wide
      variety of applications in which it is desired to generate an image of
      data, pictures and other like material, store the image for substantially
      long periods of time and repeatedly read out the image, for example, for
      display purposes in cathode ray tube display devices, wherein repeated
      read out and display operations do not impair the stored image.
PAR  Electronic storage tubes of the type described hereinabove typically employ
      target structures comprising a layer of conductive material such as
      conducting silicon and a coplanar grid structure affixed thereto and
      which, in turn, is usually comprised of a striped pattern of elongated
      strips of a suitable insulation material such as, for example, a silicon
      dioxide layer which is arranged in such a fashion upon the conducting
      silicon as to produce a striped pattern, wherein every pair of adjacent
      insulation strips are separated by an exposed surface area of conducting
      silicon.
PAR  The insulating grid structure serves as a storage means for storing an
      electrical charge pattern to develop a surface potential upon the target
      which pattern represents a stored image.
PAR  The storage pattern is developed by scanning the target with an electron
      beam which sweeps across the target. Simultaneously therewith, the
      electronic storage tube electron gun control grid has a modulating voltage
      applied thereto which represents the image or data to be stored and which
      is employed to modulate the electron beam as it sweeps the target.
PAR  Prior to the writing mode, the target is erased, that is conditioned
      preparatory to image storage by sweeping the target with an unmodulated
      electron beam (of substantially constant current density) to create a
      uniform negative charge pattern on the insulator surface which results in
      an insulator surface potential which may typically be of the order of ten
      to twenty volts lower than the target voltage applied to the target.
      During the write mode the target voltage is typically of the order of 200
      to 300 volts. The insulator surface potential, although 10 to 20 volts
      lower than the target voltage, is still nevertheless at a high voltage
      level causing the electron beam to strike the target member at a velocity
      which causes the electrons on the grid surface to be "knocked off" in
      quantities greater than those electrons which land and are retained upon
      the surface. This "secondary emission" effect drives the surface potential
      more positive with the degree of increase in the positive direction being
      a function of the intensity of the electron beam and its "dwell time" at
      each point. This operation creates and stores an image having an insulator
      surface charge pattern and hence a surface potential which is a function
      of the stored image.
PAR  Read-out of the stored image may be performed by first reducing the target
      voltage to a value such that all points of the insulator surface return to
      negative values (typical read target voltage values are 5 to 10 volts),
      and scanning the target with an unmodulated electron beam. The coplanar
      grid functions in much the same manner as the control grid of a vacuum
      tube triode which reduces electron current flow to the anode as the
      control grid is driven more negative relative to the cathode and which
      increases the electron flow to the anode as the control grid goes more
      positive relative to the cathode. In a like manner, those locations on the
      coplanar grid surface which are at or slightly below cathode potential
      during the read operation permit maximum target current, while those
      points of the surface potential pattern which are increasingly more
      negative than the cathode potential conversely reduce target current until
      the point is reached where the negative surface potential is sufficient to
      prevent any electrons from striking the exposed conducting silicon in
      those regions which are immediately adjacent the most negative surface
      potential locations. Typically, for a target construction where the
      exposed conducting silicon area is approximately equal to the insulator
      surface area, this current cut-off occurs for an insulator surface
      potential (.phi..sub.i) equal and opposite to the target voltage (V.sub.T)
      (that is I.sub.TARGET = 0 when .phi..sub.i .apprxeq.-V.sub.T). Typical
      values are V.sub.T = +10 volts for which .phi..sub.i = -10 volts will stop
      all current flow. Preferably, after writing, all points of the coplanar
      grid surface are maintained below the cathode potential to prevent
      electrons from the electron beam from striking the grid surface, causing
      no impairment of the stored image so that the stored image can be
      repeatedly read out many times without suffering degradation in the
      resolution and quality of the image.
PAR  Careful observation of the electronic storage tubes of the types described
      hereinabove has shown that image fading does in fact occur.
      Experimentation undertaken by this inventor has shown that in addition to
      the well known fading mechanism of gas ion discharge of the insulator
      surface charge, other effects, such as ionizing radiation induced
      conductivity in the insulating grid play a significant role.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is characterized by providing a novel target
      structure for electronic storage tubes which remarkably improves retention
      time, as well as greatly increasing the speed of erasure and has high
      resolution. The present invention also teaches methods for producing the
      novel target.
PAR  In one preferred embodiment of the present invention the storage tube
      target structure comprises a conducting member which may, for example, be
      conducting silicon, having a plurality of elongated members composed of
      insulating material resistant to the effects of ionizing radiation and
      preferably in the form of strips arranged in substantially spaced parallel
      fashion so as to form a striped pattern upon the conducting silicon. Each
      of the insulating strips are mounted upon slender elongated pedestals
      which form an integral part of the conducting silicon. The coplanar grid
      structure is arranged so that the adjacent edges of the insulating strips
      are spaced from one another to expose interspersed surfaces of the bare
      conducting silicon.
PAR  In another preferred embodiment the pedestals are formed of an insulation
      material different from the strips which they support. The strips, in
      either preferred embodiment, may be formed of low or high capacitance
      materials such as, for example, aluminum oxide, silicon nitride, silicon
      oxynitride or silicon dioxide. The insulation material utilized for the
      pedestals may be selected from the same group of materials. In addition,
      at least one of the two insulation materials used should be resistant to
      the effects of ionizing radiation. For example, the strips may be formed
      of silicon nitride (which is radiation resistant) and the pedestal of
      silicon dioxide (which is not radiation resistant). Alternatively the
      strips may be formed of silicon dioxide and the pedestal of silicon
      nitride. Detailed methods for producing these embodiments are set forth
      below.
PAR  It is therefore one object of the present invention to provide a novel
      target structure for electron storage tubes having the advantageous
      characteristics of significantly improved retention time, reduced erasure
      time and high resolution.
PAR  Another object of the present invention is to provide target structures for
      electronic storage tubes having a coplanar grid structure mounted upon
      slender pedestals for enhancing retention time and reducing erasure time
      while providing a tube having high resolution.
PAR  Another object of the present invention is to provide novel methods for
      fabricating electron storage tube target structures so as to provide a
      coplanar grid structure mounted upon the target structure conducting
      member by means of slender pedestals.
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PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  The above as well as other objects of the present invention will become
      apparent when reading the accompanying description and drawings in which:
PAR  FIG. 1 shows a simplified diagram of a coplanar grid type target structure
      and associated components of an electronic storage tube sufficient for
      explaining the operation thereof;
PAR  FIG. 2 shows one preferred embodiment of a target structure embodying the
      principals of the present invention.
PAR  FIGS. 2a-2c show a curve useful in describing the operational modes of the
      target structure of FIG. 2a and the unique features derived therefrom;
PAR  FIGS. 3a-3d show target structures in various stages of fabrication which
      are advantageous for explaining the novel methods employed in producing
      target structures embodying the principals of the present invention; and
PAR  FIGS. 4a and 4b are perspective views showing other alternative embodiments
      of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE FIGURES
PAR  FIG. 1 shows a target structure 10 of the coplanar grid type which, in one
      preferred embodiment, comprises a conducting silicon member 11 having a
      coplanar grid structure comprised of a plurality of thin elongated strips
      12 arranged so that the adjacent edges 12a of strips 12 expose
      interspersed surface areas 11a of the conducting silicon. The strips 12
      are typically formed of a suitable insulation material such as, for
      example, silicon dioxide. The coplanar grid structure functions in much
      the same manner as the control grid of a vacuum tube triode which
      functions to control the amount of electrons from the electronic storage
      tube electron beam 13 permitted to strike the surface areas 11a of the
      conducting silicon 11. The control grid of a vacuum tube triode controls
      the amount of electrons reaching the anode by controlling the voltage
      level applied to the control grid such that when the control grid is
      driven more negative, fewer electrons reach the anode, until a cut-off
      point is reached, and conversely, by driving the control grid more
      positive, an increasing number of electrons from the cathode are permitted
      to pass to the anode.
PAR  The analogous function is performed by the coplanar grid structure of the
      present invention by creating a surface potential upon the coplanar grid
      surface by bombarding the surface with electrons together with the
      application of predetermined control voltages.
PAR  The electron storage tube has three basic modes of operation, namely read,
      write and erase.
PAR  In the erase mode, a target voltage V.sub.T.sbsb.e is applied at terminal
      14 and may typically be of the order of +20 volts. The electron beam 13 is
      caused to sweep in the desired manner across the strips 12. The electrons
      from beam 13 create a charge pattern on the surfaces of the strips 12
      which builds up until the surface potential is reduced to the same
      potential level as the electron gun cathode 15, which is typically
      maintained at ground potential. Thus, a uniform charge pattern, which
      creates a surface potential of 0 volts when the target voltage is
      maintained at +20 volts, is developed.
PAR  In order to assure that complete erasure has taken place, the target
      voltage is shifted down to a voltage typically employed as the read
      voltage level V.sub.T.sbsb.r which is typically of the order of +10 volts.
      Since the strips 12 act as capacitances, their stored charge condition
      cannot change instantaneously so that the surface potential accordingly
      shifts down with the change in target voltage to a value of -10 volts. The
      electron beam 13 is then caused to scan the target and the target current
      I.sub.T is monitored. Since the surface potential of the strips 12 is -10
      volts, which potential level is below the ground reference potential of
      the electron cathode 15, the coplanar grid structure repels electrons. For
      a typical structure in which the exposed silicon area equals the coplanar
      grid area, a coplanar grid surface potential equal and opposite (in
      polarity) to the target voltage is sufficient to prevent any electrons
      from striking the exposed surface 11a of the conducting silicon so that a
      zero target current is detected indicating that the erasure operation is
      complete.
PAR  In the write mode, the target voltage is shifted upward to a value
      V.sub.T.sbsb.w which is typically of the order of +300 volts. The
      capacitive coupling to the surface of the coplanar grid strips 12 is such
      as to cause the surface potential to be shifted upwardly by an equivalent
      amount so that the surface potential at this time is of the order of +280
      volts. The electron beam 13 is caused to scan the target and
      simultaneously therewith, a modulating voltage is applied at terminal
      G.sub.1 of the electron gun control grid 16. The high surface potential of
      the coplanar grid causes a significant acceleration of the electrons in
      the electron beam 13, causing the electrons to strike the surfaces of
      strips 12 with a velocity sufficient to knock off electrons from the
      surfaces in significantly greater numbers than the electrons from the beam
      which are captured by the surfaces of the strips. This secondary emission
      effect causes the strips 12 to give up electrons at a rate much more
      rapidly than the surfaces accept electrons which results in the surface
      potential being driven to a more positive level. The degree of increase in
      surface potential is a function of the intensity of the beam which strikes
      at any particular location, with beam intensity being controlled by the
      modulated voltage applied to the electron gun control grid G.sub.1. The
      surface potential typically lies in the range from +280 volts to +290
      volts, and represents the image of the data or other subject matter to be
      displayed.
PAR  In the read mode, the target voltage is shifted downwardly to the read
      voltage level V.sub.T.sbsb.r which is typically of the order of +10 volts
      as was referred to hereinabove. The electron beam 13 is caused to scan the
      target. The beam is unmodulated, the voltage applied to the control grid
      electrode G.sub.1 being maintained as a constant value. Since the read
      voltage applied to the target is of the order of +10 volts, the surface
      potential of the coplanar grid structure will now be in the range from -10
      to -5 volts and in certain applications in the range from -10 to 0 volts.
      When the beam sweeps locations where the surface potential of the coplanar
      grid structure is at a minimum value of -10 volts, the electrons in the
      beam will be repelled and thereby prevented from striking the bare surface
      area 11a of the conducting silicon 11 adjacent thereto so that no target
      current I.sub.T will be detected at those locations. As the beam 13 scans
      regions where the coplanar grid structure is more positive (i.e. closer to
      +0 volts) the repelling effect of the coplanar grid structure is
      diminished enabling more electrons to strike the areas 11a of the target
      adjacent to those positions where the surface potential of the coplanar
      grid is closer to ground or reference potential. Since the surface
      potential of the coplanar grid structure is preferably always less than
      the 0 volt level and since the electron gun cathode 15 is maintained at
      reference potential, electrons are repelled from striking the surface of
      the coplanar grid structure so that the charge pattern created thereon is
      unaltered even after repeated read operations are performed.
PAR  The stored image may be viewed by amplifying the target current I.sub.T and
      coupling it to a conventional cathode ray tube display device which is
      scanned in synchronism with the scanning of target 10 by electron beam 13
      so as to create a visually observable picture of the stored image. If it
      is desired to replace the stored image with another image, another erasure
      operation is performed and takes place in the same manner as was described
      hereinabove.
PAR  While target structures of the conventional type designated by the numeral
      10 in FIG. 1 have reasonably good retention times, it has nevertheless
      been found that the stored image will fade after repeated read operations.
      Careful observations have been made of storage tubes of the type shown in
      FIG. 1 in an effort to determine the cause of fading. One well known fact
      is the effect of positive gas ions present in the electronic storage tube
      envelope. Just as in the case of gas generated "grid-leak" currents in a
      vacuum tube triode, positive gas ions generated by collision of the
      electron beam with residual gas molecules are attracted to and land on the
      negatively charged coplanar grid surface. This is believed to cause the
      surface potential to slowly drift from a negative value upwardly toward
      zero voltage. In other words, an erased, or "black" region will slowly
      fade toward "white". The rate at which the gas ion current fades the image
      towards white depends also on the ionizing beam current as well as the
      capacitance of the coplanar grid structure. The higher the grid structure
      capacitance, the slower the image fade rate and the greater the image
      retention time.
PAR  In use, however, it is desirable to minimize erase time while maximizing
      retention time. Defining a quality factor "K" as
      ##EQU1##
      then, although target capacitance (which may be varied by changing the
      thickness of the strips 12) represents a means of increasing or decreasing
      retention time and erase time, these values change proportionately while
      the quality factor does not.
PAR  The effect of residual gas in the tube upon retention time was carefully
      observed and it was found that the amount of residual gas was one or two
      orders of magnitude too low to be considered as the primary source for
      image face. However, during experimentation it was observed that the
      electron beam 13, upon striking the electronic storage tube grid
      deceleration mesh (not shown for purposes of simplicity) created ionizing
      radiation (i.e. X-radiation) which increased the conductivity of the
      silicon dioxide strips 12. It was this observation that led to the novel
      structure of the present invention.
PAR  One preferred embodiment of the present invention is shown in FIG. 2
      wherein the target structure 20 is comprised of a conducting member 21
      which may preferably be formed of silicon. Each of the strips are mounted
      upon pedestals 21a which form an integral part of the conducting silicon
      21. Confronting edges 22a of adjacent strips 22 are separated by a spaced
      distance so as to expose bare surface areas 21b of the conducting silicon.
      The pedestals are extremely slender and preferably have a width in the
      range from 10 to 50 percent of the width W of the strips 22. The distance
      G between the confronting surfaces of the strips 22 and the bare surface
      areas 21b is typically in the range from 0.2.mu.M to 2.0.mu.M. The
      thickness T of strips 22 is relatively noncritical as the control
      capacitance is primarly determined by the vacuum gap G.
PAR  Although the pedestals 21a are formed of conducting silicon, they are
      sufficiently thin so that the area of contact with the strips is small and
      hence the effect upon the capacitance of the gaps G formed between the
      confronting surfaces of strip 22 and the bare area 21b is relatively
      minor. The capacitance value of the gaps is primarily a function of the
      dielectric constant of a vacuum (the electronic storage tube being
      comprised of an evacuated envelope) and the thickness G of the gap. The
      operational modes of the novel structure of FIG. 2 will now be described
      in connection with the curves shown in FIGS. 2a-2c.
PAR  In the erase mode, the target voltage V.sub.T.sbsb.e is elevated to a level
      of +20 volts as shown in FIG. 2a where the region between dotted lines 25
      and 26 represent the conducting silicon 11; dotted line 26 represents the
      interface between the vacuum gap and the conducting silicon; the regions
      between lines 26 and 27 represent the vacuum gap region; dotted line 27
      represents the interface between the vacuum gap and the strip 12; the
      region between lines 27 and 28 represent the insulation strip 12; and
      wherein line 28 represents the surface of strip 12. It should be noted
      that the distances between lines 25-28 in FIGS. 2a-2c have been
      exaggerated for purposes of clarity. Curve C represents the potential
      distribution across the target wherein curve portion 28a represents the
      potential distribution across the conducting silicon 21, curve 28b
      represents the potential distribution across vacuum gap G and curve
      portion 28c represents the potential distribution across strip 12. It
      should be understood that the gap G is a vacuum gap since the electron
      storage tube is comprised of an evacuated envelope which is maintained in
      a substantially vacuum condition so that the dielectric constant in the
      region of the gap G is that for a vacuum.
PAR  With the target voltage V.sub.T maintained at the erase mode level but
      prior to initiation of the erasure operations, let it be assumed that no
      charge appears across gap G and across strip 12 as represented by dotted
      line 29. With the target voltage maintained at +20 volts, the electron
      beam 13 is caused to scan the target. Since the surface potential
      represented by dotted line 29 is positive, electrons will be collected on
      the surface to drive the surface potential increasingly more negative as
      represented by the dotted line curves 30, 31, 32, 33 and 34. Ultimately, a
      sufficient number of electrons will be stored by the coplanar grid surface
      28 to drive the surface potential to point 35. Point 35 is located at the
      0 volt or cathode reference potential. Since the electron gun cathode 15
      is maintained at reference potential, no further electrons will be
      accepted by the surface of strip 12 so that the final potential
      distribution across the strip 12 and the vacuum gap G will be that shown
      by the curved portions 28c and 28b respectively, It can clearly be seen
      that the major part of the potential difference exists across vacuum gap G
      due to the fact that its capacitance is typically much less than the
      capacitance of strip 12.
PAR  In the write mode, and making reference to FIG. 2b, the target voltage is
      elevated to the write mode level V.sub.T.sbsb.w which is typically of the
      order of +300 volts. Since the voltage distribution across gap G and strip
      12 cannot change instantaneously the voltage level at interface 27 and at
      surface 28 will be shifted upwardly by an equal amount so that the voltage
      level at surface 28 will be of the order of +280 volts. FIG. 2b shows the
      curve portions 28a', 28b' and 28c' as being substantially identical to the
      curve portions 28a, 28b and 28c of FIG. 2a with the exception that these
      curve portions have shifted upwardly due to the upward shift in target
      voltage.
PAR  As was described in detail hereinabove in connection with the embodiment of
      FIG. 1, the elevated surface potential at surface increases the velocity
      of electrons in beam 13 so that the electrons strike surface 28 with an
      impact sufficient to knock off a greater number of electrons that are
      accepted by the surface from beam 13, thereby driving the surface more
      positive, with the increase in positive potential level as shown, for
      example, by points 35' and 35" of FIG. 2b, being a function of the
      modulating voltage applied to the control grid electrode G.sub.1 of the
      storage tube electron gun.
PAR  Upon completion of the writing operation, the surface 28 will have a stored
      change pattern which creates a surface potential representative of the
      image to be stored.
PAR  In order to display the image, the storage tube is placed in the read mode
      condition whereupon the target voltage V.sub.T.sbsb.r is shifted
      downwardly to a value of the order of +10 volts. Since the charge and
      electric field distribution across gap G and strip 12 does not change, the
      voltage levels at surface 28 and interface 27 are shifted downward by an
      equal amount so that the voltage level along surface 28 will typically lie
      in the range from -10 to -5 volts. In order to read out and display the
      stored image, a constant voltage is applied to the control grid electrode
      G.sub.1 and the electron beam is then caused to scan the target. When the
      electron beam comes into the region of a location on the surface 28 which
      is at -10 volts, the electrons in the beam will typically be completely
      repelled and prevented from striking the bare conducting silicon surface
      area 21b immediately adjacent this particularly value of surface potential
      so that no target current I.sub.T will be detected. As the electron beam
      scans an area where the surface potential is more positive (i.e. closer to
      0 volts) the repelling effect of the surface potential is diminished,
      causing electrons in the beam to strike the bare conducting silicon
      surface area 21b adjacent this particular surface potential wherein the
      more positive the surface potential the more electrons are permitted to
      strike the conducting silicon area 21b adjacent thereto. The target
      current detected at this time will be greater than zero and is
      proportional to the value of the surface potential, in that the more
      positive the surface potential, the greater the magnitude of target
      current.
PAR  The stored image may be viewed by modulating the electron beam of a cathode
      ray tube display device with a voltage signal derived from the storage
      tube target current while the display device is scanned in synchronism
      with the scanning of target 20 by beam 13.
PAR  Although the stored charge pattern is not uniform (the pattern being a
      function of the stored image) the surface potential of the stored pattern
      is preferably maintained negative with respect to the cathode at all
      points on the grid structure. Since the electron beam cathode 15 is
      maintained at zero volts reference potential, the surface 28 will repel
      electrons from landing on the grid structure and thereby retain its stored
      charge pattern even after repeated read operations.
PAR  The significant improvement in retention time of the storage tube employing
      a target structure of the type shown in FIG. 2 can best be understood from
      a consideration of FIG. 2c. Assuming that the target voltage is maintained
      at the read level, which is typically of the order of +10 volts, curve
      portion 28a", 28b" and 28c" represent the potential distribution across
      the target structure.
PAR  In target structures of the type shown in FIG. 1, the strips 12 can be seen
      to be in direct contact with the conducting silicon 11 so that the voltage
      distribution can be represented by dotted curve 37 of FIG. 2c wherein the
      regions 12 and G may be considered to be equivalent of the silicon dioxide
      layer. Assuming that the silicon dioxide layer is exposed to ionizing
      radiation as a result of the electron beam striking the grid deceleration
      mesh, the ionizing radiation significantly increases the conductivity of
      the silicon dioxide layer. Since the interface between the silicon dioxide
      and the conducting silicon, represented by dotted line 26, is more
      positive than surface 28 and since the mobility of the electrons through
      the silicon dioxide layer is enhanced, electrons on surface 28 are
      attracted toward the more positive level (+10 volts) at interface 26
      causing surface 28 to go increasingly more positive as represented by
      dotted line curves 38 and 39 resulting in fading and ultimately in the
      loss of the stored image. Measurements on actual tubes have shown that
      retention times of the targets of the type shown in FIG. 1 of  5 to 15
      minutes are typically observed.
PAR  Assuming that the target of the type shown in FIG. 2 is exposed to ionizing
      radiation of a similar level, so as to increase the conductivity of layer
      12, it can be seen that although the voltage level at interface 27,
      represented by points 40, 40' and 40" in FIG. 2c is more negative than the
      potential at interface 26, no conduction of charge occurs across the
      vacuum gap G. Hence, only the relatively small relaxation of the electric
      field in the insulator strip 12 will occur via a transport of charge
      between surface 28 and interface 27, resulting in curves 28b'"-28c'" and
      28b""-28c"".
PAR  Even this small field relaxation in strip 12 can be minimized utilizing a
      material for layer 12 which is substantially insensitive to ionizing
      radiation. Suitable materials which may be employed for this purpose are
      silicon nitride, aluminum oxide and silicon oxy-nitride. The immunity of
      these materials to radiation has been found to provide a still further
      enhancement of image retention time. Measurements on actual tubes have
      shown that for a target structure employing silicon nitride as the layer
      12, a retention time of the order of one hour was observed. It was further
      found that the erase level remained very stable for hours.
PAR  The separation or gap between the surface 28 of the grid structure and the
      surface 21b of the conducting silicon increases the writing speed due to
      the fact that capacitance is minimized. Hence, less electrons are required
      on the surface 28 to attain cut-off surface potential and block current
      from reaching the bare conducting surfaces 21b.
PAR  The target structure 20 of FIG. 2 may be formed by etching the conducting
      silicon in such a manner as to form the support pedestals from the
      conducting silicon but to otherwise isolate and minimize the capacitance
      of the layers 12 by making the pedestals sufficiently thin. An alternative
      and novel approach which avoids the necessity for etching the conducting
      silicon, consists of introducing a layer of material between the radiation
      resistant layer and the substrate 21, which intermediate layer can then be
      etched away to yield a small support pedestal. This method will now be
      described in connection with FIGS. 3a-3c.
PAR  FIG. 3a shows a multi-layered assembly 50 comprised of a layer of
      conductive silicon 51, a layer 52 of silicon dioxide, a layer 53 of
      silicon nitride, and a layer 54 of silicon dioxide. The thicknesses of
      layers 52, 53 and 54 are typically 1.0 .mu.m, 0.2 .mu.m and 0.2 .mu.m
      respectively, although other thicknesses which deviate from these values
      may be employed. A suitable photoresist material is applied in a striped
      pattern as shown at 55 for masking purposes. The assembly is etched by
      employing a buffered HF etchant which etches away the bare portions of
      silicon dioxide in layer 54 to form the strips as shown in FIG. 3b. The
      photo resist material 55 is then removed and the silicon nitride layer is
      then etched by employing a hot phosphoric acid. The silicon dioxide strips
      54 which are not attacked chemically by phosphoric acid function as a mask
      so that the etchant (phosphoric acid) eats away only the bare areas of the
      silicon nitride layer to form the pattern as shown in FIG. 3c.
PAR  Using the known etch rate of silicon dioxide, the assembly is then etched
      in HF until the silicon dioxide layer 52 is "undercut" leaving the major
      portion of the silicon nitride layer 53 isolated. The etching operation is
      continued until the undercutting forms the pedestals 52 as shown in FIG. 3
      d. It should be noted that this etching opertion simultaneously removes
      the masking oxide layer 54 so that the top surfaces of the silicon nitride
      are also bare as shown in FIG. 3d. Thus, the novel target assembly of FIG.
      3d is formed which is comprised of the conducting silicon 51 having
      pedestal 52 of silicon dioxide which supports the silicon nitride strips
      53 in the manner shown. The method described herein provides precise
      control over the thickness G of the gap region simply by controlling the
      thickness of layer 52.
PAR  Although the assembly of FIG. 3d shows the strips 53 as being formed of
      silicon nitride, it should be understood that any other material which is
      substantially immune to ionizing radiation may be employed. Other suitable
      materials are aluminum oxide and silicon oxy-nitride. Alternatively, the
      strips 53 of FIG. 3d may be formed of a material which is not immune to
      ionizing radiation such as, for example, silicon dioxide. In such
      instances, the pedestals may be formed of a radiation insensitive material
      for supporting strips which, in turn, are formed of a material which is
      sensitive to ionizing radiation. Also, although the strips and pedestals
      are each shown as being composed of a single material, they may each in
      fact be composed of layers or combinations of several materials.
PAR  Whereas the preferred grid structure arrangement is one in which the strips
      are elongated and arranged in spaced parallel fashion, it should be
      understood that other arrangements may be employed, such as, for example,
      small, rectangular or square-shaped "lands" each supported by a separate
      pedestal, and arranged in an M column by N row pattern.
PAR  FIGS. 4a and 4b show additional preferred embodiments of the present
      invention. FIG. 4a shows a perspective view of a target structure 60
      comprised of a support member 61 having a conducting layer 62 on one
      surface thereof. It should be noted that the conducting layer 62 which
      may, for example, be silicon, may be either integral with support 61 (i.e.
      both support 61 and layer 62 being formed of silicon) or the support may
      be formed of a different material. For example, the silicon conducting
      layer 62 may take the form of a silicon film deposited upon a substrate 61
      formed of sapphire. A plurality of spaced substantially parallel pedestals
      63 are arranged upon conducting layer 62 in the manner shown. Only two
      such pedestals are shown in FIG. 4a for purposes of simplicity. Each of
      the slender pedestals 63 position and support stripes 64 which are also
      preferably arranged in a spaced substantially parallel fashion so as to
      expose a region 62a of the conductive layer between their adjacent edges.
      Stripes 64, 64 serve as the charge storage region of a coplanar grid
      structure. The pedestals may be formed of either a radiation sensitive
      material whose electrical conductivity increases in the presence of
      ionizing radiation or alternatively may be formed of a radiation
      insensitive material whose electrical conductivity remains substantially
      unchanged in the presence of ionizing radiation. Suitable materials
      selected may be taken from those described hereinabove. Likewise, the
      strips 64, 64 are formed of as insulation material which may be either
      radiation sensitive or radiation insensitive.
PAR  FIG. 4b shows another preferred embodiment of the present invention in
      which like elements as between FIGS. 4a and 4b are designated with like
      numerals. In the embodiment 60' of FIG. 4b, the pedestals 63' have a
      post-like shape each serving to support a charge storage element which
      may, for example, be of rectangular shape as is shown. It should be
      understood that, for purposes of simplicity, that only two typical
      pedestals and charge storage members 63' and 64' are shown, it being
      understood that the target is provided with the pattern of such members
      over the entire area of the target exposed to the electron beam. It should
      further be understood that the individual charge storage elements 64' may
      be any one of a variety of shapes such as, for example, rectangular,
      square, triangular, circular, and so forth.
PAR  It can be seen from the foregoing description that the present invention
      provides a novel target structure for use in electronic storage tubes in
      which the grid structure is spaced from and supported by pedestals
      extending between the grid members and the target conducting layer so as
      to greatly enhance target retention time, significantly reduce erasure
      time and provide an electronic storage tube capable of generating a
      display having high resolution.
PAR  A novel method for forming such target structures has also been described
      herein for producing the novel target structures whose geometry and
      dimensional relationships are capable of being very accurately controlled.
PAR  Although there has been described a preferred embodiment of this novel
      invention, many variations and modifications will now be apparent to those
      skilled in the art. Therefore, this invention is to be limited, not by the
      specific disclosure herein, but only by the appending claims.
CLMS
STM  The embodiments of the invention in which an exclusive privilege or
      property is claimed are defined as follows:
NUM  1.
PAR  1. An electronic storage tube having a target structure including first
      means substantially unaffected by ionizing radiation which is present
      during operation of the tube for significantly improving the image
      retention time of the target structure wherein said tube comprises:
PA1  second means including means for generating an electron beam for applying a
      signal to the target structure to establish a desired stored charge
      distribution on the target structure representative of the image to be
      stored;
PA1  third means for detecting the stored charge distribution estalished on the
      target structure and wherein said first means comprises a pattern of
      conducting and insulating areas, said conducting areas being electrically
      connected to each other to form a conducting member having at least one
      planar surface;
PA1  said insulating areas being formed of first and second layers of insulating
      materials placed upon a first planar surface of said conducting member;
PA1  each of said layers having first and second planar surfaces, the first
      planar surface of a first one of said layers being in contact with the
      planar surface of the conducting member and the second planar surface of
      said one of said layers being in contact with the first planar surface of
      the second one of said layers;
PA1  the second planar surface of the second insulating layer which is furthest
      removed from said conducting member constituting the surface for storing
      the charge pattern;
PA1  said layers being arranged to overlie portions of said conducting member
      planar surface while the remaining portions of said conducting member
      planar surface are exposed to said electron beam;
PA1  at least one of said insulating layers being formed of an insulating
      material whose conductivity is unaffected by the presence of ionizing
      radiation to prevent the transfer of charge stored on the stored charge
      surface to significantly increase image retention time;
PA1  said one layer in contact with the conducting member forming slender
      pedestals for supporting and insulating the associated charge storage
      surface layer from said conducting member;
PA1  said pedestals having cross-sections smaller than their charge storage
      surfaces whereby the pedestals aid in preventing the transfer of charge
      from the charge storage surface to said conducting member.
NUM  2.
PAR  2. The electronic storage tube of claim 1 wherein the radiation resistant
      insulating material is chosen from the group of materials including
      silicon nitride, aluminum oxide and silicon oxy-nitride.
NUM  3.
PAR  3. The electronic storage tube of claim 1 wherein said pattern is comprised
      of alternating stripes of the exposed conducting member and the charge
      storing surfaces.
NUM  4.
PAR  4. The electronic storage tube of claim 1 wherein said pattern comprises
      islands of said charge storing surfaces spaced from one another by open
      regions each of said islands of said chagge storage surfaces being
      supported by a pedestal having a cross-sectional area smaller than the
      cross-sectional area of the island which it supports, each of said
      pedestals being spaced from one another by open regions, whereby the open
      regions of said islands and said pedestals expose the planar surface of
      the conducting member.
NUM  5.
PAR  5. The electronic storage tube of claim 1, further comprising deceleration
      grid means positioned adjacent said target structure whereby the inner
      action of the electron beam with said deceleration grid means creates
      ionizing radiaton in the region of said first means.
NUM  6.
PAR  6. An electronic storage tube having a target structure including first
      means substantially unaffected by ionizing radiation which is present
      during operation of the tube for significantly improving the image
      retention time of the target structure wherein said tube comprises:
PA1  second means including means for generating an electron beam for applying a
      signal to the target structure to establish a desired stored charge
      distribution on the target structure representative of the image to be
      stored;
PA1  third means for detecting the stored charge distribution established on the
      target structure and wherein said first means comprises a pattern of
      conducting and insulating areas, said conducting areas being electrically
      connected to each other to form a conducting member having at least one
      planar surface;
PA1  said insulating areas being formed of a plurality of layers of insulating
      materials placed on the top surface of said conducting member;
PA1  said conducting member comprising a continuous layer having first and
      second planar surfaces and having openings therein;
PA1  each of said insulating layers having first and second planar surfaces;
PA1  first and second surfaces of a first one of said insulating layers being
      respectively in contact with the bottom surface of said conducting layer
      and the first surface of another one of said insulating layers;
PA1  the insulating layer furthest removed from the conducting member having its
      first surface in contact with the second surface of the next adjacent
      insulating layer;
PA1  portions of the first surface of said first one of said insulating layers
      being positioned across said openings and constituting the surface areas
      for receiving said stored charge patterns;
PA1  all of said layers being arranged to overlie portions of said conducting
      member planar surface while the remaining portions of said conducting
      member planar surface are exposed to said electron beam;
PA1  at least one of said insulating layers being formed of an insulating
      material whose conductivity is unaffected by the presence of ionizing
      radiation to aid in preventing the transfer of charge stored on the stored
      charge surface to significantly increase image retention time;
PA1  at least said one layer in contact with the conducting member forming
      pedestals for insulating its associated charge storage surface from said
      conducting member;
PA1  said pedestals having cross-sections smaller than their charge storage
      surfaces whereby the pedestals prevent the transfer of charge from the
      charge storage surface to said conducting member.
NUM  7.
PAR  7. An electronic storage tube having a target structure including first
      means substantially unaffected by ionizing radiation which is present
      during operation of the tube for significantly improving the image
      retention time of the target structure wherein said tube comprises:
PA1  second means including means for generating an electron beam for applying a
      signal to the target structure to establish a desired stored charge
      distribution on the target structure representative of the image to be
      stored;
PA1  third means for detecting the stored charge distribution established on the
      target structure and wherein said first means comprises a pattern of
      conducting and insulating areas, said conducting areas being electrically
      connected to each other to form a conducting member having at least one
      planar surface;
PA1  said insulating areas being formed of first and second layers of insulating
      materials placed upon a first planar surface of said conducting member;
PA1  each of said layers having first and second planar surfaces, the first
      planar surface of a first one of said layers being in contact with the
      planar surface of the conducting member and the second planar surface of
      said one of said layers being in contact with the first planar surface of
      the second one of said layers;
PA1  the second planar surface of the second insulating layer which is furthest
      removed from said conducting member constituting the surface for storing
      the charge pattern;
PA1  said layers being arranged to overlie portions of said conducting member
      planar surface while the remaining portions of said conducting member
      planar surface are exposed to said electron beam;
PA1  the insulating layer furthest removed from said conducting member being
      silicon dioxide;
PA1  the layer in contact with the conducting member forming pedestals for
      insulating said stored charge surface from said conducting member;
PA1  said pedestals having cross-sections smaller than said stored charge
      surfaces whereby the pedestals aid in preventing the transfer of charge
      from the stored charge surface to said conducting member, and said
      pedestals being formed from an insulating material chosen from the group
      of materials including silicon nitride, aluminum oxide and silicon
      oxy-nitride, which materials have a conductivity which is substantially
      unaffected by the presence of ionizing radiation to still further prevent
      the transfer of charge stored on the stored charge surface thereby
      significantly increasing image retention time.
NUM  8.
PAR  8. An electron storage tube having a target structure including first means
      substantially unaffected by ionizing radiation which is present during
      operation of the tube for significantly improving the image retention time
      of the target structure wherein said tube comprises:
PA1  second means including means for generating an electron beam for applying a
      signal to the target structure to establish a desired stored charge
      distribution on the target structure representative of the image to be
      stored;
PA1  third means for detecting the stored charge distribution established on the
      target structure and wherein said first means comprises a pattern of
      conducting and insulating areas, said conducting areas being electrically
      connected to each other to form a conducting member having at least one
      planar surface;
PA1  said insulating areas being formed of first and second layers of insulating
      materials placed upon a first planar surface of said conducting member;
PA1  each of said layers having first and second planar surfaces, the first
      planar surface of a first one of said layers being in contact with the
      planar surface of the conducting member and the second planar surface of
      said one of said layers being in contact with the first planar surface of
      the second one of said layers;
PA1  the second planar surface of the second insulating layer which is furthest
      removed from said conducting member constituting the surface for storing
      the charge pattern;
PA1  said layers being arranged to overlie portions of said conducting member
      planar surface while the remaining portions of said conducting member
      planar surface are exposed to said electron beam;
PA1  the insulating layer furthest removed from said conducting member being
      formed of an insulating material whose conductivity is substantially
      unaffected by the presence of ionizing radiation to prevent the transfer
      of charge stored on the stored charge surface to significantly increase
      image retention time, the insulating material being chosen from the group
      of materials including silicon nitride, aluminum oxide and silicon
      oxy-nitride;
PA1  said one layer in contact with the conducting member forming pedestals for
      insulating its associated charge storage surface from said conducting
      member;
PA1  said pedestals being formed of silicon oxide and having cross-sections
      smaller than their stored charge surfaces whereby the pedestals further
      aid in preventing the transfer of charge from the stored charge surface to
      said conducting member.
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ABST
PAL  A signal display system having a visual display and a display signal
      generator in which a semiconductor junction target has a high conductivity
      P layer, a low conductivity N layer, and a surface layer of insulating
      material having holes in the shape of letters or other characters. The
      target semiconductor junction is reverse biased so that when an electron
      beam striking the target is scanned over the character apertures, it will
      produce carrier multiplication in the target and an output signal several
      orders of magnitude greater than a conventional monoscope. The same
      principle may be used for a camera pickup tube when beam electrons
      returning from a light sensitive target are multiplied on striking a
      reverse biased junction target.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 228,732 filed Feb. 23, 1972
      (now abandoned), which is a continuation of application Ser. No. 37,552
      filed May 15, 1970 (not abandoned).
PAR  Application Ser. No. 19,190, filed Mar. 13, 1970 (now U.S. Pat. No.
      3,697,955) by Joseph E. Bryden, entitled Visual Display System, and
      asssigned to the same assignee as this application, is hereby incorporated
      herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional monoscopes display systems are well known and comprise a
      cathode ray tube driven by a monoscope wherein a target electrode of
      aluminum has a pattern of characters deposited thereon in the form of
      carbon, which has a different secondary emission characteristic from the
      aluminum base material.
PAR  Under constant use such a monoscope will deteriorate in quality within a
      few thousand hours, and, in addition, the signal level output from the
      monoscope is relatively low and changes as the monoscope ages.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides for an improved monoscope or light sensitive tube
      display system using a target comprising semiconductor material. In the
      monoscope, the target comprises a wafer having a first layer of, for
      example, silicon, germanium or any other suitable semiconductor material,
      coated on one side with a conducting layer of metal, such as gold and
      attached to a base support plate. The other side of the wafer has a layer
      of low resistivity semiconductor material of the opposite conductivity
      type from said first layer and is covered by a mask which, at the velocity
      of the electron beam, is substantially impervious to electron bombardment,
      and may be of any desired material such as a metal, semiconductor or
      insulator or combinations thereof. Apertures through the mask expose the
      semiconductor material, and the shape of the apertures is such that a beam
      scanning across the apertures will produce an output signal for
      presentation on a cathode ray tube of the desired character. A back bias
      is applied to the junction by an external voltage source in series with a
      load impedance across which the signal output is generated.
PAR  Preferably, the target is made of a layer of N type silicon on the order of
      10 mils thick having a realtively high resistance such as 10.sup.13 charge
      carriers per cubic centimeter. One side is coated with a metal conductor
      and the other side has diffused into it a thin layer of P type impurity,
      in sufficient concentration to produce a high conductivity P layer, such
      as for example, 10.sup.19 carriers per cubic centimeter. The P layer is,
      for example, less than one micron thick. The high impurity concentration
      in the P layer causes the P layer to act substantially as a conductor so
      that an additional conductive coating over the P layer is not required but
      may be used if desired. Rather, a contact made with the P layer and the
      external circuitry at one point will produce good contact with the entire
      useful surface of the target. The mask when made, for example, of silicon
      dioxide is of sufficient thickness, for example, several microns, that the
      electron beam will not penetrate into the semiconductor body to the region
      of the junction.
PAR  A substantial back bias voltage is applied across the junction in series
      with an external load so that when the electron beam impinges on the
      semiconductor, it will penetrate into the junction region where a
      substantial voltage gradient is produced by the back bias. Electron-hole
      pairs are generated in proportion to the electron velocity as determined
      by its accelerating voltage divided by the theoretical voltage required to
      generate one electron-hole pair. In the case of a silicon target, this is
      approximately 3.6 volts, and therefore when an electron beam accelerated,
      for example, by 3600 volts strikes the target an output signal is produced
      which is approximately 1000 times the beam current. Because of the high
      output signal possible by relatively high beam voltages, beam current may
      be reduced, thereby improving definition and permitting reduction of the
      size of the target. This in turn reduces the output capacitance produced
      primarily by the target junction region thereby increasing the possible
      frequency response. A video frequency response extending from
      substantially 0 to over 100 megahertz is practicable in a display system
      using such a monoscope.
PAR  In a further embodiment of the invention, the semiconductor junction target
      is positioned on or adjacent to the gun structure and the main target
      structure is made separate therefrom. The main target structure produces a
      return stream of electrons modulated with information on the main target
      structure. The main target structure is, for example, a photoconductive
      target comprising for example, a layer of antimony trisulfide which is
      charged by the electron beam and areas of which are discharged by the
      impingement of a light pattern thereon. The discharged portions of the
      target accept recharging electrons when scanned by the beam whereas those
      portions which are not discharged reflect electrons from the beam which
      strike the junction target. The velocity at which the electrons strike the
      junction is approximately that produced by cathode to anode potential, and
      may be, for example, 500 to 5000 volts. The resulting current
      multiplication produces an output signal across an external load impedance
      connected in series with an external back bias voltage source across the
      junction.
PAR  The invention provides for an improved display system in which any tube,
      such as a monoscope, light sensitive tube, informational storage tube, or
      other tube which can be made to produce an informational signal generated
      by deflection of an electron beam and by charge carrier multiplication in
      the tube, supplies an information signal output to a display device such
      as a cathode ray tube intensity modulated by said informational signal.
DRWD
PAR  Further details and advantages of the invention will be apparent as the
      description thereof progresses reference being had to the accompanying
      drawings wherein:
PAR  FIG. 1 illustrates a transverse cross-sectional view of a monoscope
      embodying the invention,
PAR  FIG. 2 illustrates a portion of the target electrode structure of the
      monoscope illustrated in FIG. 1,
PAR  FIG. 3 is a transverse cross-sectional of the portion of the target
      structure illustrated in FIG. 2,
PAR  FIG. 4 is a transverse cross-sectional view of a camera tube embodying a
      further feature of the invention,
PAR  FIG. 5 illustrates an elevation view from the end of a gun structure, such
      as that shown in FIG. 4, and
PAR  FIG. 6 is a transverse cross-sectional view of the gun structure shown in
      FIG. 5.
PAR  FIG. 7 illustrates a data information display system embodying the
      invention.
DETD
PAR  Referring now to FIG. 1 there is shown a monoscope tube 10 comprising an
      envelope 11. A cathode 12 heated by a heater 13, a control grid 14,
      accellerating anode structure 15, focusing electrode 16, vertical
      deflection plates 17, and horizontal deflection plates 18 are all mounted
      inside the envelope 11 in a gun assembly of well known construction used
      in conventional monoscopes. The raster scan 19 feeds deflection voltages
      to the plates 17 and 18 to position the electron beam on particular
      positions on a target structure 20.
PAR  An electrode structure 20, shown in greater detail in FIGS. 2 and 3, is
      supported by a metal backing plate 21 on a rod 22 extending through the
      envelope 11. Attached to plate 21 is a layer of silicon semiconductor
      material 23 preferably of N impurity type and having a relatively high
      resistance. For example, layer 23 may be approximately 10 mils thick and
      have an impurity of approximately 10.sup.13 atoms per cubic centimeter. A
      junction is formed at 24 in a well known manner by thermal diffusion of P
      impurity material into the layer 23 to form a relatively low resistance P
      type impurity layer 25. Layer 25 may be of any desired thickness, but is
      sufficiently thin that electrons from the beam will readily penetrate to
      the junction region and for silicon is preferably between 0.1 and 1
      microns in thickness. The conductivity of the P layer 25 region is made
      very substantially greater than the conductivity of the N region 23 so
      that it will serve as a relatively low resistance conductor to all points
      of the layer 25. A lead in 26 is connected to the P type semiconductor
      material and lead 26 extends out to the envelope 11. A back bias is
      supplied across the junction formed by the portions 23 and 25 by means of
      a battery 27 applied between leads 26 and 22 through an output load
      impedance 28.
PAR  Characters 29 illustrated in FIG. 2 are formed on the face of the target 20
      in the following manner. A silicon dioxide layer 30 is formed over the
      complete surface of the layers 25 and 23 by heating the target structure
      in an oxidizing atmosphere. A photoresist is applied over the silicon
      dioxide, the letters and other characters 29 are put onto the photoresist
      and the photoresist is developed in a well known manner to remove the
      portions of the photoresist defining the characters. The portions of layer
      30 defining characters 29 are then etched away to expose the P layer
      portions. The layer 30 is made sufficiently thick, for example, 1 micron
      thick or less, that substantially no electrons from the beam will
      penetrate through layer 30. Since the layer 25 is formed by oxidizing the
      P layer, the P layer is first formed to a thickness somewhat greater than
      1 micron and this thickness is reduced by oxidation to the final
      thickness.
PAR  When a suitable voltage of, for example, 500 to 5,000 volts is applied
      between the cathode 12 and the target electrode 20, electrons will strike
      the target with sufficient velocity to penetrate the P layer 25 of the
      target 20 when the electron beam passes over an exposed region of P
      material, but when the electron beam strikes the layer 30, electrons will
      not penetrate the P layer 25. The back bias supplied across the junction
      24 by the battery 27 produces a voltage gradient in layer 25 extending
      substantially from junction 24 to the plate 21. As a result when beam
      electrons penetrate the semiconductor material to the region of junction
      24, they produce electron-hole pairs substantially in direct proportion to
      their electron velocity. For example, a voltage of 3600 volts applied
      between the cathode 12 and the target 20 will produce approximately 1000
      electron-hole pairs in the silicon semiconductor target 20. Because of the
      voltage gradient in layer 23 produced by battery 27, 1000 electrons would
      be moved to the positive side of the battery 27 and 1000 electrons would
      be pulled through the load resistor 28 to neutralize the positive charge
      carriers moving through layer 23 to the plate 21. Accordingly, a current
      gain of approximately 1000 times the beam current is produced by this
      target structure.
PAR  Because of this current gain the electron beam current can be much lower
      than present devices while still producing a sufficient output signal
      across the resistor 28 to drive an amplifier or even a cathode ray tube
      display device directly. By reducing the beam current, for example, to the
      order of 1 microampere or so, the spot size of the electron beam on the
      target 20 may be made much smaller than with previous monoscopes for the
      same signal output. As a result, smaller characters can be used while
      still maintaining the same definition. The net result of using smaller
      characters is that the total target size on which a given number of
      characters are positioned may be reduced, and this in turn results in a
      low interelectrode capacitance between plate 21 and the P layer 25 so that
      the upper frequency of the output signal in a display system using this
      monoscope can be much higher than in previous practical systems. For
      example, the target structure 20 in a practical device can have the
      portion thereof on which the characters are displayed approximately 3/8
      inch across whereas normal monoscope targets structures are an inch or two
      in diameter.
PAR  Alternatively, a larger number of characters may be positioned on a given
      size of target.
PAR  A target area reduction of 4 or 5 to 1 produces a corresponding reduction
      in interelectrode capacitance, and a high signal current output permits
      use of a lower load resistance 28 than present systems for the same signal
      output power. Since the product of the output load resistance and the
      target interelectrode capacitance varies as an inverse function of the
      practical upper frequency response limit of the system, reducing this
      product increases the maximum frequency output. The upper frequency
      response of the target 20 is also limited by the transit time of a charge
      carrier through the semiconductor layer 23. The resistance 28 may be
      reduced if the cathode to anode voltage is increased such that a higher
      signal current is produced through the resistor 28 due to a higher current
      multiplication in the target 20. The capacitance may be reduced by making
      the thickness of the semiconductor wafer 23 greater. However, this
      increases transit time and therefore a point is reached at which, for
      practical values of the back-bias voltage produced by battery 27, an upper
      frequency limit is defined. For example, with a bias voltage of from 100
      to 300 volts and a thickness of layer 23 of 10 mils, a transit time
      permitting operation of frequencies in excess of 100 megacycles is
      possible.
PAR  Referring now to FIG. 4, there is shown a further embodiment of the
      invention wherein a light sensitive tube generally of the vidicon type is
      illustrated at 40. Tube 40 comprises a glass envelope 41 and an electrode
      gun assembly 42 comprising a cathode 43, a heater 44, a control grid 45,
      and a focusing and accellerating anode structure comprising tubular
      portions 46 and 47. Envelope 41 has a flat glass faceplate 48 attached
      thereto by means of a metal ring 49. A transparent conduction layer 50 is
      deposited on the inside of faceplate 48 in contact metal ring 49. On
      transparent layer 50 is a layer of photoconductive material 51 such as
      antimony sulfide. A focus coil 52 is provided to focus the electron beam
      on layer 51 and a deflection coil 53 is provided to deflect the beam
      across layer 51, in any desired deflection pattern. Conductive layer 50 is
      maintained positive with respect to cathode 43 by a small voltage of, for
      example 10 volts, by means of a battery 54 such that when the electron
      beam scans across the face of the target it will charge the exposed
      surface of the layer 51 to approximately 10 volts negative with respect to
      the transparent layer 50. Light striking the target in the form of an
      image, for example, through a lens 55 will cause those portions of the
      conductive layer 51 illuminated to become photoconductive thereby
      discharging those portions of layer 51. When the electron beam scans
      across the face of the tube it will recharge those portions of the layer
      51 which have been discharged due to the local conductivity produced in
      layer 51 by the light pattern and this current will flow through the
      battery 54 to the cathode. The portion of the beam which is reflected from
      the target 51 by those regions where no light has impinged on the target
      such that the target is completely charged, is accelerated back toward the
      gun 42. Because the tube has a magnetic deflection system the electrons
      returning from the target will return to generally the area of the end of
      the electron gun but will have a spot size several times the size of the
      aperature indicated at 56 in the end of the gun 42. The diameter of the
      gun is made sufficiently large, for example, 1/2 inch in diameter so that
      substantially all the returning electrons will impinge on a current
      multiplying target at the end of the gun.
PAR  Referring now to FIGS. 5 and 6, there is shown the current multiplying
      target comprising a semiconductor layer 57 having a hole 56 therein
      matching the hole in the end plate 58 of the gun 42 through which the
      electron beam passes. Semiconductor layer 57 is made, for example, of N
      type silicon approximately 10 mils thick and of relatively high resistance
      such as 10.sup.13 carriers per cubic centimeter. Diffused in exposed
      surface of layer 57 is a low resistance layer of material 59 to form a
      junction 60 in the wafer 57. Conductive ring 61 around the outer rim of
      the layer in contact therewith, is connected to a signal output lead 62
      which extends out through the envelope 41. A lead 63 supplies high voltage
      of, for example, 500 to 5,000 volts to the anode 47 by means of a battery
      64 and is connected through a battery 65 and an output load resistor 66 to
      lead 62 to provide a back bias across the junction 60. Electrons returning
      from the target 51 and impinging on the layer 59 at high velocity will
      pass through junction 60 and produce a current multiplication in
      accordance with the principles discussed previously in connection with
      FIGS. 1 through 3. For example, if battery 64 has a voltage of 1500 volts
      a signal output current of approximately 400 times the beam current
      reflected from the target layer 51 will be produced through load resistor
      66.
PAR  From the foregoing, it may be seen that this invention discloses a
      structure in which information signals produced inside an evacuated
      envelope may be multiplied by a semiconductor target to produce a wide
      frequency response low noise output signal. Previous current multipliers
      inside tubes such as cascaded electron multipliers using a secondary
      emission produce substantial amounts of noise. In addition, such
      multipliers have phase distortion since electron transit time varies, and
      hence the frequency response of such devices is limited. Furthermore, such
      multipliers are bulky and require a large number of individual voltages to
      be applied to the cascade stages.
PAR  Signal generating tubes used in systems of this invention lower noise and
      higher output signals with higher frequency response than previous
      devices. Also, the power supply required for the signal output amplifiers,
      if indeed such amplifiers are required, need not be as closely regulated
      with respect to ripple, hum or other interference as is necessary when low
      level signals are processed resulting in a substantial reduction in cost
      of the overall system.
PAR  Referring now to FIG. 7 there is shown a digital display system embodying
      the invention wherein the device of FIGS. 1, 2, and 3 or the device of
      FIGS. 4, 5 and 6 may be used. A cathode ray tube display device 70 has a
      cathode 71 driven by a video amplifier 72 whose input is driven by the
      output of a monoscope 10 having a target electrode 20 and a cathode 12.
      Horizontal deflection plates 18 are driven by an X deflection amplifier 73
      and the Y deflection plates 17 are driven by a Y deflection amplifier 74.
      The Y deflection amplifier is driven by a Y expansion amplifier 75 driven
      by a 1.18 megahertz squarewave to vertically scan across each individual
      character and by a Y-D to A converter 76 which vertically positions the
      monoscope beam in accordance with digital input signals. The X deflection
      amplifier is driven by a character ramp generator 77 which generates a
      deflection across the individual character in response to an input
      synchronizing signal and is also driven by an X-D to A converter 78 which
      positions the electron beam in the proper position to scan a character in
      response to input digital signals. D to A converter 76 and 78 are driven
      by a character entry shift register 79 which supplies character position
      information to the monoscope 10 from a dynamic storage memory 80 such that
      the cathode ray tube 70 will continuously display a raster of information
      based on digital information stored in the memory 80. Expansion amplifier
      75 generates a signal which drives a small excursion deflection coil 81 on
      the display tube 70 in synchronism with similar excursions of the beam of
      the monoscope.
PAR  The position of the beam on the cathode ray tube 70 is determined by
      vertical deflection coils 82 and horizontal deflection coils 83 which are
      driven by a Y deflection amplifier 84 and an X deflection amplifier 85
      respectively in accordance with synchronizing input signals to produce a
      normal television type raster scan of the face of the tube 70. A
      synchronizing pulse supplied to the video amplifier 72 blanks the
      amplifier during intercharacter deflection periods such that when the beam
      is scanned from one character to another noise will not be amplified and
      appear as bright flashes on the face of the screen. The character ramp
      generator produces a deflection across the face of the cathode ray tube in
      synchronization with the monoscope horizontal deflection across the
      character being scanned.
PAR  As illustrated herein successive rasters of information may be displayed on
      the cathode ray tube 70 by being fed from a central computer memory
      through an input register 86 to character entry shift register 79 and
      stored in the dynamic memory 80. The information which represent a raster
      of character positions is then continuously read by register 79 and fed to
      monoscope 10 to produce characters which are displayed repetitively on the
      face of the cathode ray tube 73. The particular details of such a data
      display system are described in greater detail in the previously mentioned
      Bryden patent application. In such a system incorporating this invention
      the output from the target electrode 70 may drive the cathode 71 directly
      without any amplification by a video amplifier 72 if a sufficiently high
      voltage is supplied between the cathode 12 and the target 20. For example,
      good results may be achieved with a monoscope of this invention voltage of
      3500 volts and output character signals fed directly to a cathode ray tube
      will have a clarity and brillance equivalent to those produced by
      conventional monoscopes with amplifiers including preamplifiers may be
      achieved.
PAR  This completes the description of the particular embodiment of the
      invention illustrated herein, however, many modifications thereof will be
      apparent to persons skilled in the art without departing from the spirit
      and scope of this invention. For example, the system may be used as a
      television camera and display system, a digital radar or sonar display
      system, or a facsimile transmission system. Accordingly, the scope of this
      invention is not limited except as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signal generating device comprising:
PA1  an evacuated envelope;
PA1  a source of electrons positioned within said envelope;
PA1  a body comprising silicon semiconductor material spaced from said source
      within said envelope, said body having at least one junction therein
      providing a lower resistance to charge carrier flow in the forward
      direction than in the reverse direction;
PA1  said junction comprising a layer of P-type semiconductor material diffused
      into an N-type region of said semiconductor material and extending
      substantially continuously across the surface of said semiconductor body
      facing said source of electrons; said P-type layer having substantially
      less resistivity than said N-type region of said semiconductor material;
PA1  means producing charge carrier flow in said semiconductor material
      comprising electrodes contacting said semiconductor body on the opposite
      sides of said junction and means directing a beam of electrons from said
      source toward said junction;
PA1  means interposed between said source and said junction for varying the
      number of electrons of said beam striking said junction; and said means
      for varying said portion of electrons comprising a layer of insulating
      material impervious to penetration of electrons from said beam and having
      apertures therein through which electrons from said beam pass with
      sufficient velocity to produce charge carrier multiplication in said
      semiconductor material.
NUM  2.
PAR  2. The signal generating device in accordance with claim 1 wherein said
      means for varying said number of electrons further comprises means for
      varying the deflection of said beam.
NUM  3.
PAR  3. The signal generating device in accordance with claim 1 and means for
      producing a back bias across said junction.
NUM  4.
PAR  4. The signal generating device in accordance with claim 1 wherein said
      semiconductor layer is attached to a metallic support electrode spaced
      from said source.
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ABST
PAL  An apparatus for feeding a bar electrode to a plasma burner wherein the
      electrode is advanced and rotated by a roller having its axis inclined at
      an acute angle relative to the surface of the electrode.
BSUM
PAR  The invention relates to an arc discharge device, in particular a plasma
      burner, and is concerned with the retention and feeding of a bar electrode
      of the device.
PAR  In such devices, an electrode must be retained in a longitudinally movable
      manner enabling both the adjustment of the electrode distance and the
      repositioning necessitated by the burning away of the electrode. In the
      case of discharge devices, the arc of which burns in a chamber, in
      particular in the case of plasma burners, the plasma pressure in the
      chamber exerts a force on the electrode tending to push the electrode out
      of the chamber. Consequently the electrode must be firmly held.
PAR  From the German Published Specification No. 1,255,834 it is known for a bar
      electrode of a plasma burner to be inserted in one end of a bar-shaped
      electrode holder which is supported in a movable manner for the
      longitudinal adjustment of the electrode, but secured against turning and
      provided with an external thread that engages in the internal thread of a
      manually rotatable but axially fixed setting head.
PAR  In this way the electrode is firmly held, since the thread is self-locking
      in relation to the axial pressure exerted on the electrode by the plasma,
      but the feeding range is restricted. After consumption of the electrode,
      the electrode holder must be taken out and equipped with a new electrode.
      Since in practice the electrode does not burn away symmetrically, the
      discharge becomes unsymmetrical during operation of the device. The
      thinner the electrode, the less pronounced the lack of symmetry of the
      discharge becomes. However, for any given burner performance, thinner
      electrodes are subjected to higher specific loadings which lead to their
      burning away more rapidly, and requiring their more frequent replacement.
PAR  In the case of arc lamps serving as a source of light, it is known for a
      clock or an electrical controller to be provided for feeding an electrode.
      The controller has a lever mechanism with one electro-magnet disposed in
      series or in parallel relative to the arc or two electro-magnets, of which
      one is in series with and the other in parallel with the arc (main
      current, induction current differential lamps respectively). The clock
      functions independently of the electrode eroding or burning away, the
      controller has a restricted feeding range, and unsymmetrical erosion of
      the electrode cannot be avoided.
PAR  It is the object of the invention to hold the bar electrode of an arc
      discharge device so that it does not deflect even from the plasma pressure
      of an arc burning in a chamber, to prevent the electrode burning away
      unsymmetrically, and to feed the electrode forward at an adjustable or
      controllable speed over a range not restricted by the holding and feeding
      means.
PAR  This object is attained in accordance with the invention in that a
      bar-shaped electrode is caused to rotate about its axis and is fed forward
      in its longitudinal direction by means engaging directly on the outer
      surface of the electrode.
PAR  Preferably the cylindrical bar electrode is rotatably supported and is
      axially displaced relative to a driving roller connected with a driving
      means, the axis of the driving roller being inclined at an acute angle
      relative to the longitudinal axis of the bar electrode, whereby part of
      the covering surface of the driving roller elastically deformed through
      pressure on the bar electrode engages the electrode.
PAR  In one examplary embodiment of a device in accordance with the invention,
      the bar electrode is supported on two freely rotatable supporting rollers
      parallel to its axis, the hard covering surfaces of which bear
      frictionally along the lines of contact of the supporting rollers and the
      bar electrode.
PAR  In this way the following features and advantages are obtained, which are
      also applicable to the other forms of embodiment of the invention:
PAR  The bar electrode is held in a predetermined attitude, since it bears on a
      contact line upon the hard covering surfaces of the two supporting
      rollers. The electrode is axially fixed, since it has a static frictional,
      that is, transmissionally positive, surface contact with the driving
      rollers. In this way the electrode is also prevented from deflection by
      the plasma pressure of an arc burning in a combustion chamber. The drive
      of the obliquely disposed driving roller and its static frictional contact
      on the electrode surface effect forward feeding and an associated enforced
      rotation of the electrode about its axis. In the forward feeding, the
      electrode slides on the two supporting rollers, since it has a sliding
      frictional contact with these. In the rotation, the electrode takes with
      it the freely rotatable supporting rollers, so that only rolling friction
      then occurs. Through the rotation of the electrode a symmetrical erosion
      or burning away is attained and an arc discharge is obtained that is
      rotationally symmetrical relative to the electrode axis. The rotation is
      determined by the rotational speed of the driving roller and the
      circumference of the electrode, and the forward feed at a given rotational
      speed of the driving roller is determined by the angle at which the axis
      of the driving roller is relative to the axis of the electrode, so that
      rotation and forward feed of the electrode can be adjusted independently.
      Thus it is in particular possible for the feed to be regulated
      automatically in relation to the arc current or the arc voltage. The
      retention and feeding device has no restricted control range. Since the
      disposition of the rollers does not restrict the space receiving the
      electrode in a longitudinal direction, it is possible, through the use of
      electrodes referred to later that can be stuck or screwed onto one
      another, for the arc discharge device to be operated without interruption,
      in that in good time before the consumption of an electrode the next
      electrode can at any time be introduced into the device. The co-axial
      locations of the two electrodes in the transition from one to the other is
      then ensured through the two supporting rollers.
DRWD
PAR  One embodiment of the invention will now be described in more detail on the
      basis of the attached drawing, which shows in:
PAR  FIG. 1 a front elevation of a holding and feeding device for a bar-type
      electrode of a plasma burner;
PAR  FIG. 2 a detail of FIG. 1 on a larger scale;
PAR  FIG. 3 is a partly cut-away section on the line III--III of FIG. 1; and
PAR  FIG. 4 is a partly cut-away plan-view section on the line IV--IV in FIG. 1,
      with further parts of a plasma burner.
PAR  FIG. 5 is a partial frontal view of another embodiment of the feeding
      device of the present invention.
DETD
PAR  The device illustrated has a casing frame 1, in which a vertically
      displaceable traverse 2 is disposed. The traverse 2 is provided with guide
      pins 3, which are guided axially in guide holes 4 of frame parts 5.
      Compression springs 6 bias the traverse 2 upwards. The pressure force of
      the springs 6 is taken by a cam disc 7. A longitudinally displaceable pin
      8 is carried in the frame 1 and abuts with one end the cam disc 7 and with
      the other end a yoke 9 joined to the traverse 2. The cam disc 7 can be
      turned by means of a lever 10. When the lever 10 is swung upwards in the
      direction of the arrow 11 (in FIG. 3) the traverse 2 is lifted by the
      springs 6 by an amount determined by the position of the cam disc 7. If
      the lever 10 is swung back again, then the traverse is lowered against the
      bias of the springs 6 back into the illustrated position.
PAR  In the lower part of the frame 1 two similar freely rotatable supporting
      rollers 12 and 13 are carried, the axes 14 and 15 of which run in a plane
      perpendicular to the frame surface (that is in FIGS. 1 and 2 the drawing
      plane.). On the underside of the traverse 2 is a carrier 16 fixed for
      rotation about a vertical pivot pin 17. The carrier 16 carries a geared
      motor 18, on a driving shaft 19 of which a driving roller 20 is located
      centrally above the supporting rollers 12 and 13. The diameter of this
      driving roller 20 is greater than that of the supporting rollers 12 and
      13, its shaft 19 runs parallel to the common plane of the axes 14 and 15
      of the supporting rollers 12 and 13. The carrier 16 is turned about the
      pivot pin 17 such that the shaft 19 runs obliquely to the axes 14 and 15,
      for example at a small angle of 5.degree..
PAR  In the interspace between the three rollers 12, 13 and 20 is disposed a
      bar-type carbon electrode 21, which passes through a sleeve 22, (the
      inside diameter of which is greater than the diameter of the electrode 21)
      at one side of the frame 1, and at the other side of the frame 1
      penetrates into the plasma burner casing 23. A plasma burner for use with
      the present invention can be that shown and described in U.S. Pat. No.
      3,712,996 to Kugler, which patent was granted on Jan. 23, 1973. A sliding
      contact 24 bears against the electrode 21 within the burner casing to
      supply current thereto. The end of the electrode which penetrates into a
      combustion chamber not shown. In relation to the electrode 21 the axes 14
      and 15 and the shaft 19 are displaced by 120.degree. one from another. The
      axis of the electrode 21 runs parallel to the axes 14 and 15.
PAR  The supporting rollers 12 and 13 have coverings 25 and 26 respectively of a
      polyacetal of a known type, commercially known as "DELRIN." This material
      is hard, so that the supporting rollers 12 and 13 each make a line contact
      with the electrode 21. The friction coefficicient between this polyacetal
      and the carbon of the electrode is small, so that the electrode can slide
      parallel to the axes of the supporting rollers 12 and 13, since carbon has
      lubricant properties. Obviously other materials of suitable hardness and
      slip characteristics, such as, for example, steel, could be used for the
      coverings 25 and 26. The driving roller 20 has a covering 27 of a
      rubber-like material, it is disposed at such a distance from the
      supporting rollers 12 and 13 that the electrode 21 which is firmly
      supported by these pushes somewhat into the covering 27 of the driving
      roller, so that this covering makes a surface contact on the electrode 21,
      (as FIG. 2 shows in which the contact area is indicated at 28). Here the
      frictional coefficient between the rubber-like material of the covering 27
      and the carbon of the electrode 21, and also the force with which this
      material is pressed elastically onto the carbon, are so great that the
      driving roller 20 bears on the electrode 21 with adhesion friction. The
      greater diameter of the driving roller 20 is advantageous for the surface
      contact with the electrode 21. Only the coverings, as shown, of the
      rollers 12, 13 and 30 can consist of the materials having the properties
      mentioned, or alternatively the entire rollers can be of such materials.
      Here electrically insulating materials have an advantage, to keep the
      bar-type electrode 21 insulated. If the rollers 12 and 13 are of steel and
      the bar-type electrode 21 is not earthed, the axes of the rollers would
      need to be suitably insulated.
PAR  For so long as the described holding and feeding device does not retain an
      electrode, part of the covering 27 of the driving roller 20 intrudes
      somewhat into the space between the rollers 12, 13 and 20 provided for the
      electrode, since in this condition the covering 27 is not elastically
      deformed. In order to ease the introduction of an electrode into this
      space, the driving roller 20 is lifted by swinging the lever 10 upwards so
      that the electrode 21 can be introduced by sliding it along the supporting
      rollers 12 and 13 without meeting the driving roller 20. Thereafter, the
      lever 10 is swung downwards and the driving roller 20 pressed against the
      electrode 21, the covering 27 being deformed as shown in FIG. 2. While the
      electrode 21 is being consumed by burning away, a second can be pushed in
      behind it without it being necessary to lift the driving roller 20 for the
      transition from one electrode to the next. It is particularly advantageous
      if each electrode has a spigot at one end and a hole matched to this at
      the other, or a threaded extension and a hole with a female thread, so
      that the electrodes can be pushed or screwed onto one another.
PAR  When the driving roller 20 is driven by the geared motor 18 it carries with
      it the electrode 21, on which it bears with static friction in the zone of
      the contact surface 28. In this way the electrode 21 is rotated, and the
      freely rotatable supporting rollers 12 and 13 run with it. As a result of
      the oblique attitude of the driving roller 20 in relation to the electrode
      21 the motion of the electrode 21 has in addition to the rotational
      component 29 a thrust component 30 also (FIG. 3). Through this the
      electrode 21 slides along the lines of contact at which it touches the
      supporting rollers 12 and 13. The resultant movement of the electrode is a
      screwing movement 31 (FIG. 4).
PAR  The rotational component 29 of the electrode movement is dependent on the
      rotational speed of the driving roller 20; is adjusted so that symmetrical
      burning away or erosion of the electrode is ensured. The foreward feeding
      component 30 of the electrode 21 is dependent upon both the rotational
      speed of the driving roller 20 and the angle at which it is inclined to
      the axis of the electrode, and it is adjusted or regulated in accordance
      with the rate of erosion or burning away of the electrode. Since in order
      to attain symmetrical erosion it suffices to keep the rotational speed of
      the electrode above a minimum value, it is enough for the regulation of
      the forward feeding either to keep the rotational speed of the driving
      roller constant and alter the offset angle of the roller 20, or to keep
      this angle constant and to alter the rotational speed above the minimum.
      Regulation can automatically be effected in accordance with the current or
      the voltage of the arc discharge, the forward feeding speed being lowered
      with increasing current or reducing voltage and increased with reducing
      current or increasing voltage.
PAR  A particularly simple regulator 32 is shown schematically in FIG. 4, which
      operates on the principle that unsymmetrical erosion is always accompanied
      by erosion in a longitudinal direction, that is to say wih a decrease of
      the discharge current (or an increase of the discharge voltage).
      Accordingly, an ammeter 34 is incorporated in the current supply 33 to the
      slip contact 24 of the electrode 21. If the current falls below a given
      value, the hand 35 of the ammeter 34 touches a contact 36. Through this
      and by means of a relay 37 the current circuit 38 of the geared motor 18
      is closed, so that the electrode 21 rotates and is fed forward until the
      current has risen again. Instead of the ammeter for the arc current, it is
      possible to use a voltmeter for the arc voltage, the hand of which
      releases the drive of the geared motor when a given arc voltage is
      exceeded. Obviously, instead of this on-off control twopoint regulation
      (increase/decrease of the motor current) continuous regulation is
      possible.
PAR  Instead of the supporting rollers being disposed with their axes parallel
      to that of the electrode it is also possible to provide supporting rollers
      with their axes at right-angles to the longitudinal direction of the
      electrode or even fixed slip surfaces; which hold the bartype electrode
      such that it is rotatable about its longitudinal axis and is axially
      displaceable. For example, it is possible for at least two
      freely-rotatable supporting rollers to support the electrode, each roller
      being provided with a V-shaped peripheral groove, and with their axes at
      right-angles to the longitudinal direction of the electrode, to be
      disposed one behind the other on the opposite side of the electrode to the
      driving roller. Alternatively, freely-rotatable supporting rollers can be
      disposed opposite the driving roller on both sides of the bar electrode,
      the axes of the supporting rollers running at right-angles to the
      longitudinal direction of the bar electrode, and such that the axes of
      rollers facing each other in contact with the electrode run in a V-shaped
      relation. In this way the electrode is movable in rotation with the slip
      friction and in regard to its forward feeding with rolling friction.
      Furthermore, it would also be possible for the bar electrode to be
      supported by spheres disposed at either side of it opposite to the driving
      roller, which spheres are rotatably supported for movement in all
      directions in seatings. This may be seen in FIG. 5. In that figure, 19 is
      the driving roller and 21 is the bar electrode. Spheres 50 support the
      electrode at points along the electrode surface. The spheres 50 are
      disposed in seats 51 which are mounted in appropriate supports 52. It is
      also possible for the bar electrode to be supported on two V-shaped slip
      surfaces disposed opposite the driving roller, each surface making a
      sliding line contact with the bar electrode. The embodiment is simpler
      than that described in relation to the drawing, but by comparison with
      that has slip friction both in relation to the axial movement and the
      rotational movement of the electrode. The embodiments with which the axes
      of the supporting rollers run at right-angles to the longitudinal
      direction of the electrode have the advantage by comparison to the
      embodiment example illustrated that the supporting rollers make only a
      point contact with the electrode. Against that is the disadvantage that
      more than two supporting rollers are necessary, in particular if the
      electrode has to be supported over the greater part of its length.
PAR  In another embodiment operating without slipping friction and with rolling
      friction only, the bar electrode is supported on a plurality of supporting
      rollers disposed opposite one another, the axes of the supporting rollers
      are inclined relative to the longitudinal axis of the bar electrode by the
      same angle and, viewed in the direction from the supporting roller
      concerned towards the electrode, in the same direction as the axis of the
      driving roller, so that with rolling friction on the supporting rollers
      the bar electrode executes a spiral movement.
PAR  In these other embodiments the surfaces making static frictional or
      transmissionally positive, contact with the driving roller and the points
      at which the bar electrode is rotatably and axially displaceably supported
      are, just as in the illustrated embodiment, preferably offset from one
      another by 120.degree. approximately, with reference to the longitudinal
      axis of the bar electrode. Also in the case of the not illustrated
      embodiments the diameter of the driving roller is desirably greater than
      that of the bar electrode. The surfaces on which the electrode is
      supported are substantially harder and, when in contact with the bar
      electrode have a substantially smaller coefficient of friction than the
      elastically resilient covering surface of the driving roller.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for feeding a cylindrical bar-type electrode into a plasma
      burner and simultaneously rotating said electrode comprising:
PA1  supporting means sustaining the electrode on two longitudinally extending
      and circumferentially spaced surface lines thereof and having two
      non-deformable surfaces which in contact with the electrode have a
      substantially low coefficient of friction;
PA1  a driving roller having its axis inclined at an acute angle to said surface
      lines of the electrode;
PA1  a surface layer on said driving roller which is elastically deformable and
      in contact with said electrode and has a coefficient of friction
      substantially higher than that of said surfaces of said supporting means;
PA1  means for urging said driving roller against said electrode sustained by
      said supporting means, thereby pushing the electrode partially into said
      elastically deformable high friction surface layer of said driving roller
      and providing a contact area between said layer and said electrode; and
PA1  driving means connected with said driving roller for rotation thereof.
NUM  2.
PAR  2. A device as claimed in claim 1, in which said electrode surface lines on
      which said supporting means sustain said electrode and said contact area
      between said driving roller surface layer and said electrode are angularly
      spaced by approximately 120.degree. with reference to the longitudinal
      axis of the electrode.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein said surface of said supporting
      means consists essentially of steel and said surface layer of said driving
      roller consists of a rubber-like material.
NUM  4.
PAR  4. A device as claimed in claim 1, wherein said surface of said supporting
      means consists essentially of polyacetal and said surface layer of said
      driving roller consists of a rubber-like material.
NUM  5.
PAR  5. A device as claimed in claim 1, comprising means for adjusting the acute
      angle between the direction of the axis of the driving roller and the
      longitudinal axis direction of the electrode.
NUM  6.
PAR  6. A device as claimed in claim 1, comprising electrical control means in a
      circuit with said plasma burner and said driving means for controlling the
      rotational speed thereof in dependence on the power consumption of said
      plasma burner.
NUM  7.
PAR  7. A device as claimed in claim 1, in which said supporting means
      comprising two freely rotatable supporting rollers having axes arranged
      parallel to the longtitudinal axis direction of said electrode.
NUM  8.
PAR  8. A device as claimed in claim 7, wherein the diameter of said driving
      roller is greater than the diameter of said electrode.
NUM  9.
PAR  9. A device for feeding a cylindrical bar-type electrode into a plasma
      burner and simultaneously rotating said electrode, comprising:
PA1  supporting means sustaining the electrode along a plurality of spaced
      points along two longitudinally extending circumferentially spaced surface
      lines of said electrode, said supporting means including a plurality of
      spheres in seatings which are freely rotatable in all directions, said
      spheres having non-deformable surfaces which in contact with the electrode
      have a substantially low coefficient of friction;
PA1  a driving roller having its axis inclined at an acute angle to said surface
      lines of the electrode;
PA1  a surface layer on said driving roller which is electrically deformable and
      in contact with said electrode and has a coefficient of friction
      substantially higher than that of said surfaces of said supporting means;
PA1  means for urging said driving roller against said electrode sustained by
      said supporting means, thereby pushing the electrode partially into said
      elastically deformable high friction surface of said driving roller and
      providing a contact area between said roller and said electrode; and
PA1  driving means connected with said driving roller for rotation thereof.
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ABST
PAL  A traveling wave tube amplifier is disclosed. The amplifier employs a helix
      derived slow wave circuit arranged for electromagnetic interaction with a
      stream of electrons for amplifying wave energy applied to the slow wave
      circuit. A plurality of loading conductors are disposed about the outside
      surface of the slow wave circuit and extending lengthwise thereof. The
      conductors are arranged such that the spacing from the conductors to the
      slow wave circuit decreases toward its downstream end. The conductors are
      arranged such that they conduct radio frequency currents longitudinally of
      the slow wave circuit and do not appreciably conduct r.f. current in the
      direction circumferentially about the axis r.f. power flow on the slow
      wave circuit. Such loading conductors serve to decrease the phase velocity
      for wave energy on the circuit over the passband of the circuit. As a
      result, the interaction efficiency is substantially improved over the
      passband of the traveling wave tube amplifier. The loading conductors, in
      a preferred embodiment, are formed by a plurality of conductive channel
      shaped members with the open side of the channels being disposed facing
      the slow wave circuit. The channel is tapered in depth such that the
      conductive vane-shaped side wall members of the channel progressively
      extend closer to the slow wave circuit taken in the direction toward the
      downstream end of the circuit.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, helix-type traveling wave tube amplifiers have been constructed
      employing a helix which was formed with a decreasing pitch near the output
      end of the helix to decrease the phase velocity of wave energy on the
      helix for enhanced phase velocity relationships and, therefore,
      interaction efficiency with the electron beam. While decreasing the pitch
      of the helix improves the interaction efficiency, it unnecessarily limits
      the passband of the circuit. Therefore, it is desired to obtain a circuit
      loading structure which will decrease the phase velocity for wave energy
      on the circuit without decreasing the passband of the circuit whereby
      increased efficiency is obtainable over a broader band of frequencies.
PAR  It is known from video delay line circuits that the phase velocity of a
      helix delay line may be decreased by placing a plurality of elongated
      conductors about the outside of the helix such that the conductors conduct
      current substantially only in the axial direction along the helix. Such a
      delay line is described by D. A. Watkins in "Topics in Electromagnetic
      Theory," pages 62 -65, published by Wiley of New York in 1958.
PAR  It is also known that band edge oscillations in traveling wave tubes and
      backward wave oscillators can also be suppressed by means of a plurality
      of longitudinally directed attenuator vanes disposed about the outside
      surface of a helix slow wave circuit. Such an attenuator structure is
      described in copending U.S. Application, 452,279 filed Apr. 20, 1965, now
      U.S. Pat No. 3,397,339, and assigned to the same assignee as the present
      invention. However, such attenuator devices do not appreciably improve the
      efficiency of the circuit.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The principal object of the present invention is the provision of an
      improved helix derived traveling wave tube amplifier.
PAR  One feature of the present invention is the provision, in a helix derived
      traveling wave tube amplifier, of a conductive loading structure extending
      along the slow wave circuit and disposed within a region adjacent the
      downstream half of the slow wave circuit with the radial spacing from the
      loading structure to the slow wave circuit progressively decreasing toward
      the downstream end of the circuit to progressively decrease the phase
      velocity of signal wave energy on the circuit to a greater extent at the
      lower frequencies than at the upper frequencies of the operating passband
      of the circuit to increase interaction efficiency of the traveling wave
      tube amplifier over its operating band.
PAR  Another feature of the present invention is the same as the preceding
      feature wherein the conductive loading structure includes a plurality of
      elongated conductors circumferentially spaced apart about the outside of
      the slow wave circuit.
PAR  Another feature of the present invention is the same as any one or more of
      the preceding features wherein the slow wave structure is disposed within
      a conductive barrel with the elongated loading conductor structure
      projecting from the inside wall of the barrel toward the slow wave
      circuit.
PAR  Another feature of the present invention is the same as the preceding
      feature wherein the conductive loading structure is formed by elongated
      channel-shaped members with the elongated open sides of the channel
      members facing the slow wave circuit such that the side walls of the
      channel members form vane-shaped conductive loading members extending
      toward the slow wave circuit.
PAR  Other features and advantages of the present invention will become apparant
      upon a perusal of the following specification taken in connection with the
      accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic longitudinal sectional view of a traveling wave tube
      amplifier incorporating features of the present invention,
PAR  FIG. 2 is an enlarged sectional view of a portion of the structure of FIG.
      1 taken along line 2--2 in the direction of the arrows,
PAR  FIG. 3 is a fragmentary sectional view of the structure of FIG. 2 taken
      along line 3--3 in the direction of the arrows,
PAR  FIG. 4 is an enlarged perspective view of one of the loading members
      depicted in FIGS. 2 and 3,
PAR  FIG. 5 is a plot of phase velocity versus distance along the helix
      depicting the prior art method of decreasing the helix pitch at the
      downstream end of the helix,
PAR  FIG. 6 is a plot of phase velocity versus frequency depicting the decrease
      in phase velocity of the slow wave circuit of FIGS. 2 and 3, and
PAR  FIG. 7 is a plot of power output versus frequency depicting the increase in
      power output obtained by utilizing the loading members of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown a traveling wave tube amplifier 1
      incorporating features of the present invention. The amplifier includes a
      helical slow wave circuit 2 disposed within an elongated hollow vacuum
      envelope 3 having an electron gun 4 disposed at one end thereof for
      forming and projecting a beam of electrons axially through the helix 2 to
      a beam collector structure 5 disposed at the other end of the envelope 3.
      A solenoid 6 surrounds the envelope 3 for producing an axially directed
      beam focusing magnetic field for confining the beam to a desired path and
      diameter through the helix circuit 2. An input coaxial line 7 forms an
      input terminal to which microwave energy to be amplified is applied to the
      helix 2. An output line 8 is connected to the downstream end of the helix
      2 for extracting amplified microwave energy from the helix 2.
PAR  Microwave signals applied to the helix 2 cumulatively interact with the
      electron beam to produce an output amplified signal extracted from the
      tube 1 via output terminal 8. The helix 2 is dimensioned such that the
      phase velocity of the signal wave energy to be amplified on the helix is
      in synchronism with the slow space charge waves of the beam within the
      passband of the helix circuit 2.
PAR  A conductive circuit loading structure 9 is disposed surrounding the helix
      2 at the downstream end thereof for decreasing the phase velocity of the
      wave energy on the circuit 2 over the passband for improving the
      electronic interaction efficiency. The circuit loading structure 9 is more
      fully described below with regard to FIGS. 2-4.
PAR  Referring now to FIGS. 2-4 the circuit loading structure is more fully
      described. The vacuum envelope 3 includes a hollow cylindrical bore 11
      defining a conductive barrel axially directed of the envelope 3 as of
      copper. The helix 12 is coaxially disposed within the bore 11 and is
      supported from the envelope 3 by means of 3 axially directed dielectric
      insulative rods 12 as of alumina or beryllia and positioned at 120.degree.
      intervals about the circumference of the helix 2. The circuit loading
      structure 9 includes 3 conductive channel members 13 as of stainless steel
      disposed with the open elongated sides of the channels 13 facing the helix
      2. The base portion 14 of the channel members each subtend approximately
      60.degree. of circumferential arc at the radius of the bore 11 and are
      curved to conform to the radius of curvature of the bore 11. The
      upstanding sides of the channel 15 project toward the helix in a radial
      direction to define a plurality of radial conductive vane members to
      support the r.f. currents associated with the r.f. wave on the helical
      circuit 2, such currents being directed in the axial direction along the
      length of the helix 2. The vanes 15 also permit r.f. current flow in the
      radial direction but substantially perturb or inhibit r.f. current flowing
      in the circumferential direction about the outside of the helix 2.
PAR  The circuit loading structure 9, formed by the vanes 15, has an axial
      length which is approximately 20% of the axial length of the helix circuit
      2 and the loading structure 9 is disposed substantially at the downstream
      end of the helix circuit 2. The channel members 13 are tapered in depth
      from substantially zero depth at the upstream end of the channel to
      substantially full depth at a point 2/3 along the length of the channel
      member 13. The side walls 15 of the channel members 13 also tapered in
      thickness from substantially zero thickness at the shallow end of the
      channel 13 to full thickness at a point substantially 2/3  of the length
      of the channel members 13.
PAR  In a typical S-band example of the loading structure 9, the channel 13 has
      a maximum depth of approximately 0.030 inches and is made of 304 stainless
      0.005 inches thick. The channel member 13 is approximately 1.500 inches
      long with a tapered length of 1.00 inches and a full depth length of 0.500
      inches. The dielectric support rods 12 are conveniently positioned
      centrally of the channel members 13.
PAR  The ratio of the inside radius b of the bore 11 to the outside radius a of
      the helix 2 preferably is about 1.65 for the length of the helix 2
      upstream of the loading structure 9 such that the phase velocity of the
      circuit is substantially constant over the passband of the circuit 2. In
      the S-band example, the length of the helix 2 is approximately 8 inches.
PAR  The electrical effect of the conductive vanes 15 is to alter the effective
      ratio of b/a at the output end of the circuit 2 since b is now the radius
      to the inside edges of the vanes 15. When the ratio of b/a is reduced to
      the range of 1.1 to 1.4 the phase velocity of the circuit 2 at the low
      frequency band edge is substantially reduced and also the phase velocity
      of the circuit at the upper band edge is reduced to a lesser extent. More
      specifically, by reference to FIG. 6 it is seen that the phase velocity is
      reduced by 10% at the low frequency end and approximately 5% at the high
      frequency end of the passband for a case where the passband is one octave
      wide. This reduction in the phase velocity V.sub.p of the circuit wave
      near the output end of the circuit 2 is desirable since at the output end
      of the circuit, where the kinetic energy of the beam is being converted
      into microwave energy, there results a decrease in the phase velocity of
      the slow space charge beam wave. By reducing the phase velocity of the
      circuit wave in accordance with the decrease in the phase velocity of the
      space charge beam wave, enhanced interaction efficiency is obtained
      because synchronism between the circuit wave and the beam wave is
      maintained at the output end of the circuit 2. This results in a
      substantial improvement in the efficiency of the amplifier tube 1 as
      depicted in FIG. 7 where it is seen that the power output is increased by
      40% at the low frequency end of the passband and approximately 10% at the
      high frequency end of the passband as compared with a similar tube not
      employing the circuit loading structure 9.
PAR  In the prior art, as depicted in FIG. 5, the phase velocity of the circuit
      wave 2 was decreased at the output end of the helix by decreasing the
      pitch of the helix. While this improves the efficiency of the tube, it
      substantially decreases the passband over which the improved efficiency is
      obtained. Therefore, the advantage of the loading structure 9 of the
      present invention is that the phase velocity V.sub.p is decreased more at
      the lower band edge than at the upper band edge thereby improving the
      efficiency of the interaction over the entire passband by maintaining the
      Pierce synchronism parameter b at its optimum value over the entire
      passband.
PAR  Although the circuit loading structure 9 of the present invention has been
      depicted as employed with a helix slow wave circuit 2 it may also be used
      to advantage in other helix derived slow wave circuits such as for example
      the cross wound helix, ring-and-bar topological equivalent helix,
      ring-and-loop circuit, folded helix circuit and the bifilar helix.
PAR  Since many changes could be made in the above construction and many
      apparently widely different embodiments of this invention could be made
      without departing from the scope thereof, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a traveling wave tube amplifier, means forming a helix derived slow
      wave circuit arranged for electromagnetic interaction with a stream of
      electrons passable along said slow wave circuit, means at the downstream
      end of said slow wave circuit for coupling amplified radio frequency
      output signals from said slow wave circuit, THE IMPROVEMENT COMPRISING,
      means forming an elongated conductive loading structure disposed outside
      of said slow wave circuit and extending along said slow wave circuit for
      conducting radio frequency currents associated with the space outside of
      said slow wave circuit in a direction along the length of said slow wave
      circuit, said elongated conductive loading structure including at least a
      portion thereof which comprises an axially elongated radially projecting
      vane means for perturbing such radio frequency currents tending to flow
      circumferentially around the axis of said slow wave circuit, and the
      radial spacing from said loading structure to said slow wave circuit
      progressively decreasing toward the downstream end of said slow wave
      circuit in a region adjacent the downstream half of said slow wave circuit
      to progressively decrease the phase velocity of signal wave energy on said
      circuit for frequencies of such energy at the band edges of the operating
      passband of said circuit to increase the interaction efficiency of the
      traveling wave tube amplifier over its operating band.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said conductive loading structure
      includes a plurality of elongated conductors circumferentially spaced
      apart about the outside of said slow wave circuit.
NUM  3.
PAR  3. The apparatus of claim 2 including a conductive barrel structure with
      said slow wave circuit coaxially disposed within said conductive barrel
      and said elongated loading conductors mounted on the inner surface of said
      barrel with said vane means projecting from said barrel toward said slow
      wave circuit.
NUM  4.
PAR  4. The apparatus of claim 3 including a plurality of insulative rods
      disposed about the circumference of said slow wave circuit for
      insulatively supporting said slow wave circuit from the inside wall of
      said barrel structure.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said elongated loading conductors are
      conductive channel members having elongated open sides facing said slow
      wave circuit.
NUM  6.
PAR  6. The apparatus of claim 4 wherein said helix derived slow wave circuit is
      a helix.
NUM  7.
PAR  7. The apparatus of claim 5 wherein the conductive side walls of said
      channel members form vane-shaped conductive loading members extending
      toward said slow wave circuit.
NUM  8.
PAR  8. The apparatus of claim 7 including a plurality of insulative rods spaced
      apart about the outside circumference of said slow wave circuit and
      extending lengthwise thereof for insulatively supporting said slow wave
      circuit from said surrounding conductive barrel structure.
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ABST
PAL  In order to reduce the drawbacks, encountered in microwave electronic
      tubes, resulting from the presence of electrons reflected from the
      collector of these tubes towards the tube input, the invention provides
      for the collectors of these tubes to take the form of hollow bodies whose
      at least part of the internal volume exhibits an axis of symmetry not
      coinciding with the axis of the beam. This arrangement reduces the number
      of electrons liable to return towards the tube input and produces a spread
      in their phases. Application is made to klystrons.
BSUM
PAR  The present invention relates to microwave electronic tubes with a
      collector.
PAR  At the time of impact of the electron beam on the collector of a tube of
      this kind, electrons are returned to a greater or lesser extent towards
      the microwave structure in which they can, as a consequence of internal
      reaction, produce distortions in the high frequency signals applied to the
      tube input. The collector as described in accordance with the present
      invention, considerably reduces these effects.
PAR  The invention relates to all microwave tubes, for example klystrons and
      travelling wave tubes. In the present description, a detailed discussion
      of a multi-cavity klystron amplifier will be made.
PAR  In a klystron of this kind, an electron beam generated by an electron-gun
      is accelerated towards a succession of cavities, to the input of which
      succession of cavities the high frequency signal which is to be amplified
      is applied. The beam is guided along the axis of the succession of
      cavities (or interaction structure) by a magnetic field on the same axis.
      The beam is modulated by the high frequency of the first cavity and then,
      in the successive cavities, produces progressively stronger high frequency
      fields, which in turn increase the high frequency energy of the beam; this
      energy is extracted in the final cavity and taken to an external load
      circuit. In the ensuing text, these high frequency fields will also be
      characterised by voltages which, as those skilled in the art will
      appreciate, are defined as their integrals along the path of the beam. The
      beam is finally received by a collector which absorbs its residual energy.
      The high frequency structure and the collector are placed at a positive
      potential in relation to the emissive cathode of the electron-gun.
PAR  Electrons of the incident beam may, at the time of impact on the collector,
      either cause secondary electrons to be emitted from the bombarded metal,
      or be scattered back themselves by the impact surface with a still
      appreciable fraction of their incident energy. In this mechanism, the
      directions of re-emission, vary around a mean direction which depends upon
      the angle of the incident trajectory in relation to the impact surface.
      The electrons thus issuing from the collector, in turn undergo a fresh
      impact, certain of them producing fresh re-emission and so-on, until the
      initial energy is completely absorbed. However, a certain number of
      electrons may, after one or more re-emissions, be reflected back through
      the hole passing the incident beam, towards the interaction structure
      where the magnetic guidance field may facilitate their return to the input
      cavity. These returning electrons, "reflected" electrons as they are
      known, then pass through the high frequency fields created in the cavities
      by the direct beam, and there acquire a modulation which they carries
      towards the input cavity; this modulation is obviously the more marked the
      greater the number of reflected electrons; on the other hand, the incident
      beam on the collector may not have been perfectly demodulated in the final
      cavity so that there may be residual high frequency modulation in the
      reflected beam when it is reinjected into the high frequency structure,
      and this will promote internal reaction.
PAR  In the input cavity, the reflected modulated beam produces a high frequency
      reflection voltage V.sub.r which is added to the voltage V.sub.e to be
      amplified, furnished by the external source. These two voltages form the
      total voltage V = V.sub.e + V.sub.r at the input of the structure and
      this, at the output, results in a voltage V.sub.s = A.sup.. V, A being the
      voltage gain due to direct interaction. The ratio A.sub.r = V.sub.r
      /V.sub.s of the reaction voltage V.sub.r to the voltage V.sub.s of the
      output cavity, is a reverse gain. The overall amplification of the system
      is the ratio G = V.sub.s /V.sub.e) of the final voltage to the applied
      voltage; in accordance with the preceding relationships it is given by
      ##EQU1##
PAR  The effect under consideration is thus characterised by the value of the
      reaction factor (V.sub.r /V)= AA.sub.r the variations in which, in
      accordance with the nature of the re-emission of the reflected electrons
      and the reverse interaction, are responsible for distorting the amplitude
      and the phase of the signals being amplified. Since the amplifier
      generally must have a limited distortion factor, the permissible value of
      A.sub.r must be the smaller the more restricted said factor is and the
      higher the gain A of the structure is to be; thus, if a higher gain
      klystron is to be designed, it is necessary to reduce the reverse gain
      still further. In accordance with what has been said earlier about the
      origin of this reaction, its reduction can primarily be achieved by
      reducing the number of reflected electrons and reducing the modulation
      which they possess at the time of their re-injection, this result
      requiring that the collectors be improved.
PAR  Various means have already been proposed in order to reduce the number of
      reflected electrons.
PAR  One of these means, for example, consists in covering the bombarded surface
      of the collector with a substance having a low re-emission power, such as
      carbon. However, the use of coatings has drawbacks associated with the
      very production of the deposit, with its uniformity, with its adhesion and
      with its retention of its properties over a long period of service.
PAR  Another means envisaged, is that of magnetic "trapping" of electrons using
      a magnetic field having an asymmetrical transverse component: this
      component deflects the incident beam towards a collector of suitable shape
      and opposes the return of reflected electrons to the interaction
      structure. This is not a very practical system to use by reason of the
      complexity of its construction and also because of the danger that within
      the final interaction zone there will be generated an asymmetrical
      magnetic field component capable of deflecting a fraction of the direct
      beam on to the walls of the structure with the possible consequence of
      excessive heating of this part and the re-emission of reflected electrons
      which escape trapping.
PAR  The object of the present invention is to reduce the reverse gain by
      reducing the number of electrons returned to the high frequency structure,
      and reducing their high frequency modulation with overcoming of the
      drawbacks of the aforementioned solutions.
PAR  In accordance with the invention, a collector is used which has, over all
      or part of its length, an axis of symmetry which differs from the common
      axis of the incident beam, the interaction structure and the magnetic
      guidance field. In accordance with one embodiment, the axis of symmetry of
      this part of the collector is an axis of revolution. In accordance with
      another embodiment, it is translated to give it an offset in relation to
      the beam axis. The collector can have an individual symmetry over the
      whole of its length but may equally well have portions of different
      symmetries at its ends, such as a base which obliquely truncates the
      central part of the collector or an initial portion concentric with the
      beam.
PAR  The main advantages of this embodiment are as follows: --in contrast to the
      usual case of a collector which is coaxial with the beam, the surface of
      impact of the incident beam is not symmetrical in relation to the beam
      axis and the trajectories of the re-emitted electrons no longer on average
      have the beam axis as their axis of symmetry; this asymmetry, with
      successive impacts, increases and finally the axis of the beam no longer
      constitutes a mean preferred direction of re-emission of electrons towards
      the interaction structure, unlike the case with a collector which is
      coaxial with the beam; hence, the re-emitted electrons are more
      effectively trapped at the internal wall of the collector. --on the other
      hand, the collector-beam asymmetry diversifies the trajectories and the
      transit times of the re-emitted electrons; the subsequent phase
      differences reduce the high frequency coherence between the electrons and
      therefore also the residual modulation in the reflected beam at the input
      to the interaction structure.
PAR  The desired advantages, i.e., reduction in the number of reflected
      electrons and their modulation, are thus achieved without it being
      necessary to employ additional electrical or magnetic expedients. A
      collector designed in accordance with the invention has made it possible,
      for example, to achieve a reduction in the order of 20 decibels in the
      reverse gain, by comparison with a collector having its axis coincidental
      with that of the beam.
PAR  In accordance with the invention, there is provided a microwave electronic
      tube comprising within an evacuated enclosure, arranged in alignement
      along an axis, an electron gun, an interaction space, and a hollow
      collector characterised in that it comprises means guiding the electrons
      of the beam, directed in operation from the cathode of said gun through
      said space towards said collector, to the entrance of said collector on
      trajectories parallel to said axis and characterised in that said
      collector exhibits an internal volume, part at least of which has a
      longitudinal axis of symmetry not coinciding with said axis.
PAR  The collector can furthermore comprise an anti-emissive deposit on part at
      least of its internal surface; the collector can also be made up of
      several mutually insulated portions separately connected through the
      sealed envelope of the tube to sources at different potentials. Similarly,
      it may be connected to the microwave structure by an insulating portion.
DRWD
PAR  The invention will be better understood, from a consideration of the
      ensuing description and the attached figures:
PAR  FIG. 1 illustrates an example of a prior art collector;
PAR  FIGS. 2, 3 and 4 illustrate embodiments of collectors of a microwave
      electronic tube in accordance with the invention;
PAR  FIG. 5 is a schematic view, in section, of a klystron in accordance with
      the invention.
DETD
PAR  In the sectional views of FIGS. 1 and 2, it is the terminal part 1 of the
      interaction structure, centered around the beam 2, as well as the
      polepiece 3, which terminate the magnetic beam guidance system. The
      external surface 4 of the collector C comprises some suitable device or
      other for dissipating the heat produced by the impact of the beam upon the
      internal surface 5. Beyond the polepiece, the magnetic guidance field
      weakens and the beam penetrating the collector flares into a solid of
      revolution, about the axis 6 of the incident beam as shown by the arrows.
PAR  The collector C of prior art shown in FIG. 1 is a solid of revolution about
      the axis 6 of the incident beam and the electrons in one and the same
      layer of the beam have symmetrical impacts 7 thereon; despite the
      dispersion of the successive impacts, their reflected electrons are
      re-emitted about the axis of the incident beam along trajectories which
      are relatively similar in terms of transit time and geometry.
PAR  The collector C of the microwave electronic tubes in accordance with the
      invention, shown in FIG. 2, by contrast exhibits an eccentricity d between
      its own axis of symmetry 8 and the axis 6 of the incident beam; the
      electrons in one and the same layer have asymmetrical impacts 9 on the
      collector and their re-emission is no longer preferentially along the axis
      of the beam; the trajectories of the re-emitted electrons are furthermore
      diversified in terms of their length. Thus, the removal of a preferred
      axis for the trajectories of the re-emitted electrons reduces the number
      and high frequency coherence of the electrons returning along the axis of
      the incident beam.
PAR  In a variant embodiment, the terminal part of the collector has a symmetry
      which differs from that of the central part. FIG. 3 illustrates a base 10
      which obliquely truncates the eccentric portion of the collector whose
      axis of symmetry is 8. In accordance with another variant embodiment shown
      in FIG. 4, the initial part 11 of the collector, adjacent the interaction
      structure, has a symmetry of revolution about the axis of the incident
      beam.
PAR  FIG. 5, in schematic section, illustrates a special adaptation of the
      invention to a klystron with five cavities. The klystron comprises an
      electron-gun end symbolically illustrated by the emissive cathode 12 and
      its insulating mounting 13, whilst at the other end there is a collector
      14 and between these two parts of the system the interaction structure 15
      with its five cavities. The cavities 16 to 20 are separated from one
      another by drift spaces 21 to 24 along the axis of which the beam is
      injected and guided by a magnetic field which has symmetry of revolution
      about the same axis and is produced for example by means of a coil
      focusing system 25; 26 and 27 are polepieces. The coupling loop 28 feeds
      the high frequency signal which is to be amplified and the coupling loop
      29 extracts the high frequency signal amplified in the interaction
      structure, from the final cavity 20. The beam is finally received at the
      collector whose axis of symmetry 30 differs from that of the beam 31.
PAR  Of course, the invention is not limited to the embodiments described and
      shown which were given solely by way of example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A microwave electronic tube comprising within an evacuated enclosure,
      arranged in alignment along an axis, an electron gun, an interaction
      space, a hollow collector for producing an electron beam propagating in
      operation from said gun through said space towards said collector,
      characterised in that said tube comprises means to produce a magnetic
      field on the path of said beam whose lines of force are parallel to said
      axis and means to stop said lines of force at the entrance of the beam
      into said collector so as to guide the electron beam through said
      entrance, whose axis is coincident with said axis, into said collector, in
      which it flares and impinges on a receiving area of the collector, and
      characterised in that at least the part of said collector on which said
      impingement takes place exhibits a portion having an axis of symmetry,
      said tube being further characterised in that said entrance axis is
      displaced in a transverse direction with respect to said axis of symmetry.
NUM  2.
PAR  2. An electronic tube as claimed in claim 1, characterised in that that
      part of the collector disposed furthest from the interaction space is
      truncated obliquely in relation to the axis of symmetry.
NUM  3.
PAR  3. An electron tube as claimed in claim 1, characterised in that that part
      of the collector, which is the closest to the interaction space, has an
      axis of revolution coinciding with the beam axis.
NUM  4.
PAR  4. A microwave electronic tube as claimed in claim 1, characterised in that
      at least part of the internal surface of the collector is covered with a
      coating of an antiemissive material.
NUM  5.
PAR  5. A microwave electron tube comprising
PA1  within an evacuating enclosure arranged in alignment along an axis an
      electron gun, an interaction space, a hollow collector for producing an
      electron beam propagating in operation from said gun through said space
      toward said collector along said axis;
PA1  means for producing a magnetic field on the path of said beam whose lines
      of force are parallel to said axis;
PA1  means to stop said lines of force where said beam enters said collector,
      for guiding said electron beam into said collector where said beam flares
      and impinges on a receiving area of said collector;
PA1  at least a part of said collector on which said impingement takes place has
      a portion having an axis of symmetry which is displaced in a transverse
      direction from said beam axis.
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PAL   2. In a reflex klystron tube apparatus, means for forming a beam of
      electrons, a resonator means positioned along the beam path, said
      resonator means being apertured for the passage of the beam of electrons
      therethrough for electromagnetic coupling to the beam, reflector means
      disposed on the side of the resonator remote from said means for forming
      the beam of electrons, said reflector means serving for reflecting the
      electrons incident upon the reflecting fields of said reflector means back
      through said resonator means substantially along the incident beam path,
      said means for reflecting the electrons formed and arranged to impart a
      slight transverse velocity to the electrons whereby they are caused to
      move transversely of and out of the beam in a small number of beam
      transits thereby minimizing unwanted amplitude and power modulation in the
      output signal of the tube apparatus.
BSUM
PAR  The present invention relates in general to a high frequency electron tube
      apparatus and more specifically to novel improved reflex klystron tubes
      useful as local oscillators, as sources of amplitude modulated and
      frequency modulated high frequency signals, and the like.
PAR  Heretofore reflex klystron oscillators have been plagued with several
      problems. One of these problems is the unwanted amplitude and frequency
      modulation of the output signals due to ion oscillations within the tube.
      Positive ions are produced within the tube by collisions of electrons with
      residual gas molecules within the vacuum envelope. The positive ions thus
      created are drawn to the center of the electron beam and under certain
      conditions will be trapped therewithin. While trapped the positive ions
      may enter into oscillations which produce unwanted amplitude and frequency
      modulation of the output signal. In the reflex klystron it is common for
      these ions to congregate and be trapped in the spaces between the two
      cavity resonator grids. The reason for this is that the two resonator
      grids are operated at a relatively high positive potential with respect to
      the cathode and reflector electrodes and thereby act as dams forming an
      ion reservoir within the beam between the two resonator grids.
PAR  Another problem encountered in klystron tubes is the lack of frequency
      stability in a thermally changing environment. One of the reasons for this
      is the fact that as the tube body increases in temperature the cavity
      resonator contained therewithin has a tendency to expand and furthermore
      to expand nonuniformly whereby undesired thermally produced changes in the
      resonant frequency of the cavity resonator are produced.
PAR  Another problem which has been present in the prior art reflex klystrons is
      the relatively complicated and cumbersome method and apparatus for
      coupling energy from the cavity resonator to a load via a wave permeable
      seal. Heretofore coupling slots serving to couple energy from a cavity
      resonator to a load have usually been long narrow slots cut through the
      side walls of the resonator and sealed over by a piece of mica thereby
      forming a wave permeable vacuum seal. Such coupling techniques are rather
      cumbersome and fragile, and therefore not readily susceptible to mass
      production.
PAR  Another problem is that of maintaining the vacuum integrity of the vacuum
      envelope of the tube apparatus, especially, at the pinched-off exhaust
      tubulation. The pinched-off exhaust tubulation is of soft material making
      it fragile and therefore susceptible to nicks and abrasions likely to
      destroy the vacuum seal.
PAR  Another of these problems is the undesired distortion of amplitude
      modulation signals caused by multiple transit electrons in the beam.
      Multiple transit electrons are electrons which, having been reflected from
      the reflector electrode back through the cavity resonator to the vicinity
      of the cathode, reverse direction and travel a second time through the
      cavity resonator and so-forth, some electrons forming into groups and
      making many round trips through the resonator.
PAR  The present invention provides a novel improved reflex klystron which
      obviates the foregoing problems.
PAR  Firstly, ion oscillations are prevented in the improved klystron oscillator
      by providing an enlarged aperture in the resonator grid nearest the
      reflector electrode whereby the large negative potential of the reflector
      electrode is allowed to penetrate the aperture in the resonator grid to
      thereby extract the positive ions tending to be trapped in the ion
      reservoir between the resonator grids.
PAR  Secondly, the novel klystron oscillator of the present invention is
      provided with a temperature compensated cavity to provide frequency
      stability in a changing thermal environment. This is accomplished by
      bowing inwardly a cavity end wall and making it out of material having a
      coefficient of thermal expansion which is less than that of the body of
      the tube whereby as the body expands the end walls of the cavity tend to
      be slightly separated to thereby balance out other undesired thermally
      produced mechanisms tending to decrease the gap spacing with increased
      temperature.
PAR  Thirdly, the novel reflex klystron is made more susceptible to mass
      production by providing a relatively large cylindrical bore intersecting
      with the spaces defining the cavity resonator, the bore having a circular
      disc-like wave permeable window transversely positioned therewithin
      serving to form a combined coupling iris and vacuum tight wave permeable
      window thereby greatly facilitating wave energy coupling and vacuum
      sealing of the novel reflex tube.
PAR  Fourthly, the pinched-off exhaust tubulation is provided with a thin
      metallic protector thereby serving to help maintain the vacuum integrity
      of the apparatus and protect personnel from injury on the sharp edge of
      the pinched-off tubulation.
PAR  Fifthly, by providing a tilted reflector for reflecting the electrons
      through the cavity resonator via a slightly divergent path from the
      incident path thereby imparting a slight transverse velocity to the
      electrons whereby the multi-transit electrons are caused to "walk" out of
      the beam after a relatively small number of beam transits.
PAR  The principal object of the present invention is to provide a novel
      improved tube apparatus which obviates the foregoing problems previously
      discussed.
PAR  One feature of the present invention is the provision of a novel resonator
      having an apertured resonator grid nearest the reflector electrode whereby
      due to the negative voltage supplied to the reflector electrode positive
      ions tending to be trapped in the spaces defined between the grids of the
      cavity resonator may be drawn to the reflector electrode and thereby
      prevented from entering into unwanted ion oscillation.
PAR  Another feature of the present invention is the provision of a novel
      improved temperature compensated cavity resonator wherein an end wall of
      the cavity resonator is bowed slightly inward thereof and made of a
      material having a coefficient of thermal expansion less than that of the
      side walls of the cavity resonator whereby the tendency for the gap
      spacing to decrease with increased temperature is offset to maintain a
      constant frequency in a changing thermal environment.
PAR  Another feature of the present invention is the provision of novel improved
      wave permeable vacuum tight output coupling method and apparatus which is
      of extremely simple and compact design whereby fabrication of the reflex
      klystrons may be greatly facilitated.
PAR  Another feature of the present invention is the provision of a novel folded
      metallic exhaust tubulation pinch-off protector which serves to prevent
      inadvertent nicks and abrasions in the fragile pinch-off likely to destroy
      the vacuum integrity of the evacuated tube apparatus and serving to
      protect personnel from the sharp edge of the pinch-off.
PAR  Another feature of the present invention is the provision of a reflector
      means which is adapted to produce a slight transverse velocity to the
      reflected electrons whereby they are caused to move transversely of the
      beam and out of the beam in a small number of beam transits, thereby
      minimizing the unwanted and deleterious effects of multiple transit
      electrons.
DRWD
PAR  Other features and advantages of the present invention will be more
      apparent after a perusal of the following specification taken in
      connection with the accompanying drawings, wherein,
PAR  FIG. 1 is a longitudinal cross-sectional view of the novel reflex klystron
      oscillator,
PAR  FIG. 2 is a cross-sectional view of a portion of the structure of FIG. 1
      taken along line 2--2 in the direction of the arrows,
PAR  FIG. 2a is a fragmentary elevational view of a portion of the structure of
      FIG. 2 taken along line 2a--2a in the direction of the arrows, and
PAR  FIG. 3 is an elevational view partly in section of the structure of FIG. 1
      taken along line 3--3 in the direction of the arrows.
DETD
PAR  Referring now to FIGS. 1 through 3 there is shown the novel klystron
      oscillator of the present invention. A hollow cylindrical metallic block 1
      forms the main body portion of the tube and is, in the preferred
      embodiment, operated at ground potential. A cathode assembly 2 is mounted
      in one end of the cylindrical body portion 1 insulated therefrom and
      serves to close off one end thereof. The cathode assembly 2 provides a
      beam of electrons which is directed axially of the cylindrical body
      portion 1. A cavity resonator 3 is centrally disposed of the main tube
      body 1 and is adapted to have the beam of electrons pass axially
      therethrough. Standing electromagnetic fields are set up within the cavity
      resonator 3 at the resonant frequency thereof and said fields serve to
      velocity modulate the beam of electrons passable therethrough.
PAR  The beam after passing through the cavity resonator 3 is directed at a
      reflector assembly 4 mounted in axial alignment with the beam and in one
      end of the tube body 1 and operated at a d.c. potential more negative than
      the cathode 2 and main body 1 thereby serving to reflect the beam of
      electrons back through the cavity resonator 3.
PAR  In the spaces between the reflector assembly 4 and the cavity resonator 3
      the velocity modulation on the electron beam produces current density
      modulation which when passed through the resonator the second time serves
      to deliver power to the cavity thereby sustaining oscillations within the
      cavity resonator at the resonant frequency thereof.
PAR  The reflector assembly 4 comprises a dish-shaped reflecting electrode 5
      centrally disposed of the tube and in axial alignment with the electron
      beam. The reflector electrode 5 is carried by a hollow cylindrical
      reflector stem 6. The stem is supported by a transversely mounted
      insulator 7 such as, for example, alumina ceramic, which in turn is
      carried via a thin metallic frame member 8 carried within a hollow
      metallic cup member 9. The reflector operating potential is applied to the
      reflector electrode 5 via an insulated lead 11.
PAR  The dish-shaped reflector electrode 5 is slightly tilted out of the plane
      which is normal to the beam direction by an angle .theta.. The magnitude
      of the angle .theta. falls within a range of between 1.degree. to
      5.degree.. The tilted reflector electrode 5 serves to reflect the
      electrons back via a path which is slightly divergent from the incident
      path thereby imparting a slight transverse velocity to the electrons
      whereby in a relatively few number of beam transits they are caused to
      "walk" transversely out of the beam. In this manner the deleterious
      effects of multi-transit electrons are substantially eliminated thereby
      greatly reducing distortion of the output signal.
PAR  The cavity resonator 3 is defined by the bottom transverse surface of the
      hollow cup member 9 and a similar mutually opposing hollow cup member 12.
      The transverse walls of the hollow cup members 9 and 12 are centrally
      apertured. Cup member 9 nearest the reflector electrode 5 has its central
      aperture therein covered over with a honeycomb reflector resonator grid
      13. The other cup member 12 carries within its central aperture a flanged
      tubular member 14 forming the re-entrant portion of the cavity resonator
      3. The flanged tubular member 14 is covered over at its free end by a
      honeycomb anode resonator grid 15.
PAR  The reflector resonator grid 13 is centrally apertured and, in a preferred
      embodiment, is made of good electrical and heat conducting material as of,
      for example, copper. The central aperture in the honeycombed reflector
      resonator grid 13 has a diameter which is greater than the diameter of
      several of the cellular partitions of the honeycombed grid. The enlarged
      opening in the reflector resonator grid allows the relatively large
      negative potential of the reflector electrode 5 to penetrate into the
      region of the cavity resonator between the resonator grids 13 and 15 to
      draw positive ions which are likely to congregate there to the reflector
      electrode 5. Removing the positive ions from the resonator spaces serves
      to prevent ion oscillation which produces unwanted amplitude and frequency
      modulation of the output signal.
PAR  Although the aperture in the reflector resonator grid has been shown and
      described as centrally disposed thereof this is not a requirement for
      operation and indeed the aperture may be disposed anywhere in the
      reflector resonator grid 13.
PAR  Thermal compensation of the cavity resonator 3 is necessary to produce
      frequency stability in a changing thermal environment. In a preferred
      embodiment of the present invention this is accomplished by making the
      main body 1 of a material having a relatively high coefficient of thermal
      expansion, such as, for example, steel. The thin walled metallic cup
      member 12, which forms one end wall of the cavity resonator 3 is made of a
      material having a coefficient of thermal expansion less than that of the
      main body 1 such as, for example, molybdenum or kovar. The transverse wall
      portion of the metallic cup member forming the end wall of the cavity
      resonator is slightly bowed inwardly of the cavity resonator 3. In
      addition, the flanged tubular member 14 forming the re-entrant portion of
      the cavity resonator 3 is made of a material having a low coefficient
      thermal expansion such as, for example, kovar or molybdenum. The metallic
      cup member 12 is secured within the bore of the main body 1 as by, for
      example, brazing.
PAR  When the temperature of the tube increases, the main body 1 tends to expand
      thereby increasing both the diameter and length of the cavity resonator 3.
      Moreover, the cavity resonator 3 does not have a uniform temperature
      distribution. More specifically, the re-entrant portion thereof defined by
      the flanged tubular member 14 operates at a temperature greatly above the
      temperature of the main body 1 because thermal energy is more readily
      carried away from the large tubular body 1 than from the relatively thin
      walled re-entrant tubular member 14. Accordingly, there are at least two
      mechanisms involved in changing the resonant frequency of the cavity
      resonator 3.
PAR  One of these mechanisms is the increase in the volume of the cavity with
      increased ambient temperature of the resonator 3 tending to increase its
      inductive reactance and therefore change its resonant frequency. The other
      mechanism is the tendency for decreased gap spacing with increased
      temperature due to the temperature differential between the re-entrant
      tubular member 14 and the tube body 1. This differential in temperature
      tends to cause the tubular member 14 to expand longitudinally
      proportionately more than the length of the cavity is increased thereby
      tending to decrease the gap spacing between the resonator grids 15 and 13
      resulting in a further shift in the resonant frequency of the cavity
      resonator in the same direction as caused by the increased volume.
PAR  The thermal elongation of the tubular re-entrant member 14 is minimized by
      making the tubular member 14 of a material having a low coefficient of
      thermal expansion such as, for example, kovar or molybdenum.
PAR  However, additional thermal compensation is required to maintain the
      resonator 3 at a constant resonant frequency and this is obtained by
      producing an offsetting mechanism tending to increase the gap spacing
      between the resonator grids with increasing temperature. This is
      accomplished by bowing cup member 12 slightly inwardly of the cavity
      resonator 3 and by making it of a material having a coefficient of thermal
      expansion lower than that of the main body 1. In this manner as the main
      body expands it pulls the side walls of the cup member 12 radially outward
      thereby tending to straighten out the bowed cup member 12. Straightening
      out the cup member 12 and thus removing the bow tends to increase the gap
      spacing offsetting the undesired thermally produced volumetric and
      differential elongation effects. In this manner the resonant frequency of
      the cavity resonator 3 is maintained constant in a changing thermal
      environment.
PAR  In the preferred embodiment of the present invention it was found that
      sufficient temperature compensation could be provided by making cup member
      12 of the material having a coefficient thermal expansion lower than that
      of the main body 1, while leaving the second cup member 9 of a material
      having substantially the same coefficient of thermal expansion as that of
      the main body 1. However, if it is desired to produce additional thermal
      compensation the second cup member 9 may be made of the same material as
      cup member 12 whereby as the main body 1 expands radially the slight
      amount of bow put into the cup member 9 is taken out and the gap spacing
      increased accordingly.
PAR  The cup members 9 and 12, flanged tubular member 14 and the interior of the
      bore within the main body 1 all forming the interior walls of the cavity
      resonator 3 are coated with a material having a good electrical
      conductivity such as, for example, silver or copper to minimize r.f.
      losses within the cavity resonator 3.
PAR  Although temperature compensation of the cavity resonator 3 was
      accomplished, in the preferred embodiment, as previously described, a
      similar temperature compensation may be achieved by bowing the end walls
      of the cavity resonator outward thereof and making the end walls of a
      material having a coefficient of thermal expansion larger than that of the
      side walls of the cavity resonator 3. When the bowing is increased with
      temperature the gap spacing will be adjusted to offset increased inductive
      reactance and compensate for proportionally greater thermal expansion of
      the re-entrant tubular member 14.
PAR  Electromagnetic energy at the resonant frequency of the cavity resonator 3
      is coupled outwardly therefrom through an iris 16 and wave permeable
      vacuum window 17 as of, for example, alumina ceramic to the load. The wave
      permeable vacuum window 17 is mounted within a circular metallic window
      frame member 18 which closes off a cylindrical bore 19 intersecting the
      longitudinal bore in the main body 1 at substantially right angles
      thereto. The window frame member 18 is made of a material which does not
      fatigue readily such as, for example, nickel steel and is coated with a
      good conducting material such as, for example, copper. The window frame
      member 18 serves the twofold purpose of holding the dielectric wave
      permeable window 17 in a vacuum tight seal across the cylindrical bore 19
      so that the cavity resonator may be evacuated and, in addition, forms the
      circular coupling iris 16 at its point of least inside diameter.
PAR  The window frame 18 is carried by a flat plate 21 mounted as by, for
      example, brazing on a flat portion of the cylindrical main body 1. A
      mounting flange 22 is carried upon the flat plate and is provided with an
      aperture centrally placed therein having a generally rectangular shape for
      matching to a section of rectangular waveguide, not shown. Four holes are
      provided in the corners of the mounting flange 22 for receiving screws or
      bolts therethrough for mounting to the rectangular waveguide.
PAR  A combined wave permeable vacuum seal and coupling iris constructed
      according to the teachings of the present invention provide an extremely
      simple method of tube construction giving a compact design and one which
      is readily susceptible of mass production. More specifically, the novel
      method of coupling to a cavity resonator comprises the steps of
      intersecting the cavity resonator 3 with a cylindrical bore 19
      substantially at right angles thereto and then mounting across and sealing
      off the bore 19 with a subassembly comprising a circular dielectric window
      17 contained within a circular frame 18. The smallest diameter of the
      window frame 18 forming the coupling iris 16 provides an extremely simple
      method yielding a compact design for vacuum sealing and coupling to the
      cavity 3 of the reflex klystron.
PAR  After the tube is assembled (see FIG. 2) it is attached to a vacuum pump,
      not shown, and the interior main body 1 of the klystron tube is evacuated
      via a soft exhaust tube 23 as of, for example, soft copper, which is
      mounted within a bore 24 intersecting the interior of the klystron tube.
      After the klystron tube has been sufficiently evacuated the soft exhaust
      tubulation 23 is pinched off thereby sealing off the klystron tube. A
      pinch-off protector 25 comprising a sheet of metal such as, for example,
      nickel steel is folded over the pinched-off tubulation 23 and spot welded
      together at the free end portions thereof to retain the pinch-off
      protector 25 over the pinched-off tubulation 23. The pinch-off protector
      25 serves to prevent scratches or inadvertent nicks in the sharp edge of
      the pinched-off tubulation 23 from breaking through to the interior
      thereof and letting the klystron tube down to atmospheric pressure thereby
      rendering the klystron tube inoperative. Moreover, the pinch-off protector
      25 serves to protect personnel from injury on the sharp edge of the
      pinched-off exhaust tubulation 23. Since the pinch-off protector 25 is
      made of metal it furnishes protection under adverse conditions of high
      ambient temperatures.
PAR  The cathode assembly 2 comprises a concave cathode emitter 26 carried upon
      a hollow tubular cathode support 27 in axial alignment with the bore in
      the main body 1 of the tube. A cathode focus ring 28 is positioned
      surrounding the beam of electrons which emerges from the cathode emitter
      26 and in overhanging spacial relationship to the cathode emitter 26 for
      focusing the emitted electrons into a beam. The cathode focus ring 28 is
      carried upon a hollow cylindrical cathode focus support 29. A cathode
      heater 31 is carried within the hollow cathode emitter support 27 for
      heating the cathode emitter 26 to produce emission of electrons therefrom.
      A dielectric partition 32 transversely mounted of the cylindrical bore in
      the main body 1 serves to carry the cathode focus support 29 and cathode
      emitter support 27 therefrom. The dielectric partition 32 in turn is
      carried via a hollow metallic cylindrical frame 33 from the interior of
      the bore in the main body 1.
PAR  The cathode focus support 29 is carried from the dielectric partition 32
      via three cathode focus support posts 34 positioned at 120.degree.
      intervals about the circumference of the cathode focus support 29 and
      extending through the dielectric partition 32. Heater leads 35 and 36
      extend through holes suitably provided in the dielectric partition 32 and
      loop back on themselves and pass through the dielectric partition 32 in
      the opposite direction whence they are bent for contact with the two free
      ends of the cathode heater element 31. The cathode focus ring 28 is
      operated at the same potential as the cathode emitter 26 and is
      electrically connected to heater lead 35 via connector 37 extending
      through the transversely mounted dielectric partition 32.
PAR  The open end of the hollow main body 1 is closed off at the cathode end via
      a transversely mounted circular dielectric cathode insulator 38 as of, for
      example, alumina Al.sub.2 O.sub.3 which is carried from the main body 1
      via a hollow cylindrical member 39. The cathode insulator 38 is provided
      with two openings therein for allowing the heater leads 35 and 36 to pass
      therethrough. The leads 35 and 36 are vacuum sealed to the dielectric
      cathode insulator 38 via heater lead seals 41 which are brazed to the
      heater leads 35 and 36 and brazed to an appropriately metalized ceramic
      cathode insulator 38.
PAR  The reflex oscillator tube carries a terminal board 42 via an M-shaped
      bracket 43 which is brazed to the main body 1 of the tube and bolted to
      the terminal board 42. Heater leads 35 and 36 are connected to terminals
      44 and 45 respectively of the terminal board 42. Another terminal 46 is
      operated at ground potential and a lead 47 therefrom connects to the
      M-shaped bracket 43 thus connecting the main body 1 of the tube to ground
      potential.
PAR  Since many changes could be made in the above construction and many
      apparently widely different embodiments of this invention could be made
      without departing from the scope thereof, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reflex klystron tube apparatus comprising means for forming a beam of
      electrons, a cavity resonator defined by enclosing side and end walls of a
      hollow structure disposed along the beam path for electromagnetic coupling
      to the beam, reflector means disposed at the end of the beam path for
      reflecting the electrons back for electromagnetic interaction with said
      cavity resonator, said reflector means formed and arranged to reflect the
      electrons back through said resonator via a path which is slightly
      divergent from the incident beam path whereby a slight transverse velocity
      is imparted to the returning electrons causing them to move out of the
      beam in a relatively small number of beam transits, a honeycomb grid
      forming a portion of the wall of said cavity resonator and having an
      enlarged opening in said grid whereby positive ions tending to be trapped
      on the side of said honeycomb grid remote from said reflector assembly may
      be drawn through said honeycomb grid to the reflector electrode and
      thereby prevented from entering into unwanted ion oscillations, one end
      wall of said cavity resonator being bowed inwardly thereof and made of a
      material having a lower thermal coefficient of expansion than the side
      walls of said cavity resonator whereby the distance between the end walls
      of the cavity resonator increases in variable accordance with rises in
      temperature thereof to lessen the capacity of said cavity to offset
      increased inductance to produce a constant resonant frequency of the
      cavity resonator in a changing thermal environment, the side wall of said
      cavity resonator having a cylindrical bore intersecting therewith, the
      bore having a circular wave permeable dielectric window member
      transversely positioned therewithin, a centrally apertured metallic window
      frame member serving to mount said wave permeable window transversely of
      the cylindrical bore thereby providing a combined coupling iris and vacuum
      tight seal, a pinched-off evacuating tube communicating with the tube
      apparatus and a folded metallic member affixed over said pinched-off
      evacuating tube of the apparatus serving to protect said fragile
      pinched-off tube from nicks and abrasions thus maintaining the vacuum
      integrity of the tube apparatus.
NUM  2.
PAR  2. In a reflex klystron tube apparatus, means for forming a beam of
      electrons, a resonator means positioned along the beam path, said
      resonator means being apertured for the passage of the beam of electrons
      therethrough for electromagnetic coupling to the beam, reflector means
      disposed on the side of the resonator remote from said means for forming
      the beam of electrons, said reflector means serving for reflecting the
      electrons incident upon the reflecting fields of said reflector means back
      through said resonator means substantially along the incident beam path,
      said means for reflecting the electrons formed and arranged to impart a
      slight transverse velocity to the electrons whereby they are caused to
      move transversely of and out of the beam in a small number of beam
      transits thereby minimizing unwanted amplitude and power modulation in the
      output signal of the tube apparatus.
NUM  3.
PAR  3. The apparatus according to claim 2 wherein the means to impart a slight
      transverse velocity to the reflected electrons comprises a dish-shaped
      reflector electrode, said dish-shaped electrode tilted out of a plane
      normal to the incident beam of electrons by an angle of between 1.degree.
      and 5.degree..
NUM  4.
PAR  4. In an electron tube apparatus having a cavity resonator arranged for
      electromagnetic coupling to a beam of electrons passable therethrough, a
      grid structure forming a portion of the wall of the cavity resonator, said
      grid structure comprising a plurality of open ended cellular elements
      closely spaced to each other, the openings in each cellular element being
      in substantial alignment with the path of the electrons forming the beam,
      an electrode disposed externally of the cavity resonator and for operation
      at a potential more negative than the potential of the cavity resonator,
      said grid structure of the cavity resonator having an enlarged opening
      therein whereby the negative potential of said electrode means may
      penetrate into the internal portion of the cavity resonator and serve to
      draw positive ions contained therewithin to said electrode.
NUM  5.
PAR  5. The apparatus according to claim 4 wherein said electrode disposed
      externally of the cavity resonator for operation at a potential more
      negative than the potential of the cavity resonator is a reflector
      electrode for reflecting the electron beam back along the beam path
      through the cavity resonator, and said grid structure having said enlarged
      opening therein for drawing positive ions from within said resonator to
      said reflector electrode is a reflector resonator grid disposed adjacent
      said reflector electrode.
NUM  6.
PAR  6. A temperature compensated cavity resonator apparatus comprising a
      conducting enclosure having side and end walls thereto, one end wall of
      the enclosure being bowed inwardly thereof, and said bowed end wall made
      of a material having a coefficient of thermal expansion less than the
      coefficient of thermal expansion of the side walls whereby as the
      temperature of the enclosure is increased the bowed end wall will tend to
      straighten out thereby tending to increase the spacing between the end
      walls thus offsetting the increased inductive reactance of the cavity with
      a decreased capacity thereby maintaining the cavity resonant frequency
      constant in a changing thermal environment.
NUM  7.
PAR  7. In an electron tube apparatus, means for forming a beam of electrons,
      cavity resonator means having side and end walls thereto disposed along
      the beam path for electromagnetic coupling to the beam, a side wall of
      said cavity resonator means having a cylindrical bore passing therethrough
      and intersecting with the interior of said cavity resonator, a thin walled
      metallic window frame member transversely disposed of the cylindrical bore
      and having a circular aperture centrally disposed therein, and a wave
      permeable member sealed over the central aperture in said frame member
      whereby said frame member and said wave permeable window form a combined
      coupling iris and vacuum seal.
NUM  8.
PAR  8. In an evacuated apparatus, a pinched-off exhaust tubulation, means for
      protecting said pinched-off tubulation comprising a thin metal member
      folded over on itself forming two free end portions and disposed over the
      pinched-off portion of the exhaust tubulation, and the free end portions
      of said folded member secured together to thereby hold the said folded
      member in position over the pinched off portion of the exhaust tubulation.
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ABST
PAL  A flasher circuit is disclosed for use with a conventional automotive turn
      signal system. The flasher circuit comprises a flasher relay under the
      control of a free-running multivibrator. The multivibrator takes the form
      of a pair of intercoupled logic gates and an inhibiting means, in the form
      of a logic gate, disables the multivibrator when the turn signal switch is
      open and enables it so long as the turn signal switch is closed. The
      inhibiting logic gate is supplied with logic signals from the output of
      the multivibrator and a voltage sensing circuit connected with the turn
      signal switch. The flasher circuit is a two-terminal device and may be
      substituted for the well known hot-wire flasher without the circuit
      changes in the turn signal system. The logic gates preferably take the
      form of an integrated circuit on a single chip.
BSUM
PAR  This invention relates to flasher circuits and, more particularly, it
      relates to an oscillator controlled flasher circuit for use in automotive
      turn signals.
PAC  BACKGROUND OF THE INVENTION
PAR  Automotive turn signals, in commercial usage, have most commonly employed a
      flasher unit or stage of the hot-wire type. This type of flasher unit
      probably is the predominant type in current usage. The conventional
      automotive turn signal circuit comprises a turn signal switch which is
      manually actuated to selectively energize the right-hand or left-hand turn
      signal lamps from the battery through the circuit of the flasher. The
      flasher, whatever its form, is operative to intermittently connect the
      turn signal lamps across the battery.
PAR  The conventional automotive turn signal circuit includes a series
      connection of the turn signal switch, flasher contacts or switch, and the
      selected lamps across the battery. In this conventional circuit the turn
      signal switch is electrically connected between the flasher switch and the
      lamps. This order of arrangement, whatever the reasons, has become
      standardized and, as a practical matter, is of significance in developing
      new flasher circuits, as will appear subsequently.
PAR  As mentioned above, the hot-wire flasher was used almost universally for a
      period of time; in more recent years, electronic flashers using oscillator
      controlled flasher switches have come into use. A large number of
      oscillator controlled flasher circuits have been devised in the prior art,
      most of them employing transistorized oscillators which control a flasher
      switch in the form of either a power transistor or a flasher relay. In
      order for an oscillataor controlled flasher to be useful in the
      conventional automotive turn signal circuit it must start oscillation when
      the turn signal switch is closed and stop oscillation when it is opened.
      The difficulty with this requirement arises from the fact that the order
      of arrangement of the flasher switch and turn signal switch in the
      conventional turn signal circuit precludes the straightforward use of the
      voltage at the turn signal switch from being used as a turn-on and
      turn-off signal for the oscillator. With the turn signal switch in its
      conventional location between the flasher switch and load, the voltage at
      the turn signal switch is intermittently high and low in synchronism with
      the closing and opening of the flasher switch so long as the turn signal
      switch is closed. Thus, the turn signal switch produces an ambiguous
      signal voltage rather than a signal voltage which unequivocally signifies
      whether the turn signal switch is open or closed, such as a low voltage
      when the turn signal switch is open and a high voltage when it is closed
      as would be the case if the turn signal switch and flasher switch are
      positionally interchanged in the circuit.
PAR  The hot-wire flasher which has had such widespread use is basically a
      two-terminal device, i.e., it has one terminal for connection to the
      supply voltage and another terminal for connection to the load, the return
      circuit to the supply voltage source being through the load itself. (Some
      flashers include a third terminal for connection of a pilot lamp, such
      auxiliary terminals not being counted in the basic requirement.) The
      conventional turn signal circuit thus is adapted to receive a flasher by a
      two-terminal connection.
PAR  The problem, stated simply, of adapting an oscillator controlled flasher to
      the conventional turn signal circuit is that of connecting the flasher
      into the circuit with two terminals and turning the flasher on or off by
      closing and opening the turn signal switch. A solution would allow an
      oscillator controlled flasher to be substituted directly for a hot-wire
      flasher without any circuit changes; further, the oscillator would be off
      except when the turn signal switch is actuated, thereby eliminating the
      mechanical cycling of the relay that would cause premature wear.
PAR  The prior art includes several different oscillator controlled flashers.
      One such flasher is disclosed in the Grontkowski U.S. Pat. No. 3,002,127
      wherein a multivibrator is used for periodically actuating a flasher
      relay. In the system of this patent the multivibrator is started by
      closing the turn signal switch, with the supply voltage being connected
      through the turn signal switch and the flasher relay contacts; to keep the
      multivibrator running when the flasher relay contacts open, an auxiliary
      contact is provided on the flasher relay along with steering diodes to
      provide supply voltage to the multivibrator.
PAR  Another prior art multivibrator controlled flasher is disclosed in the
      Domann et al U.S. Pat. No. 3,329,868. In this patented flasher the
      multivibrator is held in an energized but non-oscillating state even when
      the turn signal switch is in the neutral or open position. When the turn
      signal switch is closed a separate transistor stage is turned on and
      enables the multivibrator to start oscillation.
PAR  There are other examples of multivibrator controlled flashers which are
      provided with some form of oscillator on and off control by means of a
      turn signal switch. The Ivec U.S. Pat. No. 3,478,248 discloses a
      multivibrator controlled flasher in which the output stage of the
      multivibrator has a DC path only through a turn signal switch and hence
      oscillations cannot start until the switch is closed. In the Roberts U.S.
      Pat. No. 3,576,444 the output stage of the multivibrator receives initial
      base drive upon closure of the turn signal switch and then oscillation is
      sustained by subsequent supply of base drive from a storage capacitor. In
      the Schorter U.S. Pat. No. 3,824,542 the starting and sustaining of
      oscillations in the multivibrator by closure of the turn signal switch is
      provided by a special relay having voltage and current coils, together
      with a special capacitor and diode circuit.
PAR  The subject invention provides a multivibrator controlled flasher circuit
      especially adapted for a conventional automotive turn signal system. The
      flasher is turned off and on by the turn signal switch and is basically a
      two-terminal device so that it can be used in the same circuit as a
      hot-wire flasher without requiring circuit change. Additionally, the
      inventive circuit may be implemented with standard integrated circuits and
      constructed as a plug-in module.
PAR  The invention comprises a free-running multivibrator adapted to oscillate
      when an enabling signal is applied thereto; an enabling means applies the
      enabling signal only when the voltage at the multivibrator output and the
      voltage at the turn signal switch are in a predetermined state relative to
      each other. The multivibrator comprises first and second logic gates and
      the enabling means is also a logic gate. The gate of the enabling means
      has one input connected with the multivibrator output and another input
      connected with the turn signal switch through a logic voltage circuit. The
      logic gates may be either NAND gates or NOR gates and the invention is
      useful in either a negative or positive ground automotive electrical
      system.
DRWD
PAC  DETAILED DESCRIPTION
PAR  A more complete understand of the invention may be obtained from the
      detailed description that follows, taken with the accompanying drawings in
      which:
PAR  FIG. 1 is a circuit diagram of the invention in a negative ground, NAND
      logic circuit;
PAR  FIG. 2 is a circuit diagram of a positive ground, NOR logic circuit;
PAR  FIG. 3 is a side view of a complete flasher module;
PAR  FIG. 4 is a bottom view of the flasher relay module taken on line 4--4 of
      FIG. 3; and
PAR  FIG. 5 is a bottom view of the flasher electronics module taken on line
      5--5 of FIG. 3.
DETD
PAR  Referring now to the drawings, there is shown an illustrative embodiment of
      the invention in a flasher circuit especially adapted for use in an
      automotive turn signal system.
PAR  The circuit of FIG. 1 shows an embodiment of the invention for use in an
      automotive electrical system having a negative ground. The turn signal
      system comprises, in general, a turn signal switch 10, turn signal lamps
      12L and 12R, a flasher relay including a flasher switch 14 and a relay
      coil 16, and a control circuit according to the present invention. The
      control circuit includes an astable or free-running multivibrator 18 which
      controls a driver transistor 20 for selectively energizing the coil 16 of
      the flasher relay. The circuit is energized from a voltage source 22,
      specifically the vehicle battery, which has its positive terminal
      connected with a supply voltage terminal 24 and its negative terminal
      connected to ground, i.e., point of common reference potential.
PAR  Considering the turn signal circuit in greater detail, it is noted that the
      flasher switch 14, the turn signal switch 10, and the load (either lamp
      12L or lamp 12R) are connected, in the order named, across the battery 22.
      The turn signal switch 10 is of conventional construction and is a
      manually actuated switch with three positions, namely, a neutral position,
      a left-turn position, and a right-turn position. In the neutral position,
      as shown in FIG. 1, the switch is open and in the left-turn and right-turn
      positions, the switch is closed through separate fixed contacts which are
      connected respectively to the left turn signal lamp 12L and the right turn
      signal lamp 12R. The flasher relay is also of conventional construction
      with the flasher switch 14 being a set of single pole contacts actuable by
      the relay coil 16. The flasher relay, being an electrically actuated
      switch means, could be replaced by other such switch means such as a power
      transistor.
PAR  The turn signal circuit thus far described is of conventional arrangement.
      The turn signal lamps are inactive so long as the turn signal switch 10 is
      in the neutral position. When a turn is to be signaled by the operator,
      the switch 10 is manually actuated to the left turn or right turn position
      to close the turn signal switch 10. The selected lamp is intermittently
      energized or flashed by the intermittent closure of the flasher switch 14
      of the flasher relay. The flasher relay is intermittently energized by the
      inventive control circuit which is now to be described.
PAR  The control circuit, as mentioned above, includes the free-running
      multivibrator 18 and a driver transistor 20; it also includes logic means
      for causing the multivibrator to run only so long as the turn signal
      switch is closed. The multivibrator 18 comprises NAND gate 30 and NAND
      gate 32 which are intercoupled through a time constant circuit including a
      capacitor 34 and a resistor 36. The capacitor 34 and resistor 36 are
      connected, in the order named, between the output of the NAND gate 32 and
      the output of the NAND gate 30. The junction of the capacitor 34 and
      resistor 36 is connected to input 38 of NAND gate 30 and the output of
      this NAND gate is connected directly to the input 40 of the NAND gate 32.
PAR  In order to selectively enable or disable the multivibrator 18 in
      accordance with the condition of the turn signal switch, inhibiting means
      are provided in the form of a NAND gate 44. This NAND gate has its output
      connected to another input 46 of gate 30 and another input 48 of gate 32.
      The NAND gate 44 has one input 52 connected with the output of the NAND
      gate 32 and it has another input 54 connected with a condition sensing
      circuit through a sense line 56. The sensing circuit comprises a pair of
      voltage divider resistors 58 and 60 connected in series between the supply
      voltage terminal 24 and the junction of flasher switch 14 and turn signal
      switch 10. The resistor 58 has a resistance value which is much greater
      than the combined resistance value of resistor 60 and the load. The
      resistor 58, for example, may be on the order of 1 megohm and
      approximately 10 times as large as resistor 60. The sense line 56 is
      connected to the junction 62 of the voltage divider resistors 58 and 60.
PAR  In order that the multivibrator 18 may control the flasher relay, the
      output of the NAND gate 32 is coupled to the input of the driver
      transistor 20. This coupling is provided through an inverter NAND gate 64
      which has both inputs thereof connected with the output of gate 32 which
      constitutes the multivibrator output. The output of the NAND gate 64 is
      connected through a resistor 66 to the base of the transistor 20. The
      transistor 20 is an NPN transistor with the output, i.e., collector and
      emitter, being connected in series with the relay coil 16 across the
      battery 22.
PAR  The control circuit, as shown, also includes a filter network comprising a
      resistor 68 and a capacitor 70 to eliminate any high voltage transients
      which may appear at the supply voltage terminal. A diode 74 is connected
      across the relay coil 16 to reduce the inductive kick voltage which
      results from switching of the coil current.
PAR  The control circuit just described is preferably fabricated with the NAND
      gates 30, 32, 44 and 64 in the form of integrated circuits. This portion
      of the control circuit suitably takes the form of a single integrated
      circuit chip such as the quad 2 input NAND gate model MM 74C00N sold by
      National Semiconductor Company. The remaining elements of the control
      circuit including the resistors, capacitors, diode and transistor are
      external discrete devices mounted on a printed circuit board along with
      the integrated circuit chip for interconnection therewith.
PAR  The entire control circuit is contained in a control circuit module 76 of
      the plug-in type as illustrated in FIGS. 3 and 5. The flasher relay
      comprising flasher switch 14 and coil 16 is contained within a relay
      module 78 of the plug-in type as shown in FIGS. 3 and 4. The relay module
      78 plugs into and rides "piggy-back" on the control circuit module 76 as
      shown in FIG. 3. The flasher relay circuit and the control circuit are
      interconnected by four terminals A, B, C and D which are shown
      structurally in FIGS. 3 and 4. Terminals A, B and C are shown
      schematically in FIG. 1 whereas terminals D connects a ground point on the
      relay module to the various ground points shown in FIG. 1. Terminal A on
      the relay module is electrically connected with a terminal A' on the
      control circuit module. The terminal A' is shown structurally in FIG. 5
      and is shown schematically in FIG. 1 and is connected with the positive
      terminal of the battery 22. The terminal B on the relay module is
      electrically connected with a terminal B' on the control circuit module.
      Terminal B' is shown structurally in FIG. 5 and is shown schematically in
      FIG. 1. This terminal connects the control circuit module and the relay
      module to the turn signal switch 10. Thus, it is seen from FIGS. 1, 3, 4
      and 5 that the flasher circuit (including the flasher relay and control
      circuit) is connected into the turn signal circuit by only two terminals,
      namely terminal A' and terminal B'.
PAR  The operation of the inventive circuit will now be described with reference
      to FIG. 1. As described above, the flasher control circuit comprises
      certain logic circuits and the operation is based upon digital logic. For
      the purpose of explaining the digital logic, the conventional binary
      terminology of "logical high" and "logical low" will be used along with
      the respective notations of 1 and 0. The binary notation of 1 and 0 is
      used in the drawings at selected circuit points to show the sequence of
      logical states of that circuit point. These "state sequence indicators"
      are contained within brackets as, for example, (1 - 0-1-0) which pertains
      to the input 54 of the inhibit gate 44. Each state sequence indicator has
      four binary notations in four successive positions which are to be read
      from left to right as an indicator of the time sequential change of state
      for the indicated circuit point. The binary notations in the first
      positions in all state sequence indicators will be referred to as the
      first set, the binary notations in the second position will be referred to
      as the second set, and so forth for the four different positions. Thus, a
      first set of binary notations indicates the logical state of the several
      circuit points at a given time, the second set indicates the logical state
      at a subsequent time and so forth. The logic voltage levels, i.e., the
      logical high and the logical low, are established with reference to the
      supply voltage from the battery 22. The logic gates are supplied with the
      battery voltage in a conventional manner (supply voltage circuits not
      shown) and the logical high voltage is established at more than one half
      of the supply voltage while the logical low is established at less than
      one half the supply voltage.
PAR  With the turn signal switch 10 in the neutral position the voltage at the
      junction 62 of the voltage divider resistors 58 and 60 is at a logical
      high; hence the input 54 of the inhibit gate 44 is high. Also, with the
      turn signal switch in neutral, as will appear later, the output of the
      NAND gate 32 is at a logical high. Accordingly, the input 52 of the
      inhibit gate 44 is also high and since both inputs are high the output is
      low. The output of the inhibit gate 44 is applied to the input 46 of gate
      30 and the input 48 of gate 32. This low input to the gates 30 and 32 of
      the multivibrator inhibits oscillation since it causes both gates 30 and
      32 to produce a high output which, in effect, places zero voltage across
      the series connected capacitor 34 and resistor 36 of the timing circuit.
      This, of course, causes the input 38 of the gate 30 to be at a logical
      high and, as stated above, the output of gate 32 is at a logical high. In
      this circuit condition, i.e., with the turn signal switch 10 open, the
      multivibrator output is at a logical high and this output is applied
      through the inverter gate 64 which applies a logical low voltage to the
      base of the driver transistor 20 holding the transistor 20 nonconductive
      or off. Thus the flasher relay is not actuated and the flasher switch 14
      is open. The flasher circuit is therefore inactive so long as the turn
      signal switch 10 is in the neutral or open position. The logical states of
      the designated circuit points, with the turn signal switch in the neutral
      position, are indicated by the binary notations in the first positions of
      the state sequence indicators.
PAR  When the turn signal switch 10 is closed in either its left turn or its
      right turn position, the voltage at junction 62 between the voltage
      divider resistors 58 and 60 becomes a logical low voltage and this is
      applied through the signal line 56 to the input 54 of the inhibit gate 44.
      The input 52 of this gate remains at a logical high for the time being and
      hence the output of the inhibit gate 44 switches to a logical high.
      Consequently, both inputs of gate 30 in the multivibrator are at logical
      high and the output thereof changes to a logical low. Thus, the input 40
      of gate 32 is at logical low while input 48 thereof is at logical high;
      consequently the output of the gate 32 and hence the multivibrator,
      remains at a logical high for the time being. However, this change of
      state of the gate 30 of the multivibrator causes a voltage to be applied
      across the timing circuit, i.e., one side of the capacitor 34 is at a
      logical high and the opposite end of the resistor 36 is at logical low.
      Accordingly, the capacitor 34 starts to charge and, as the charge level
      increases, the voltage across the resistor 36 decreases; when the voltage
      at the junction of the resistor 36 and capacitor 34 diminishes
      sufficiently (below one half of the supply voltage) it becomes a logical
      low. Prior to this point in time the logical states of the several circuit
      points were indicated by the second set of binary notations in the state
      sequence indicators. After this point in time the logical states of the
      various circuit points are indicated by the third set of binary notations.
      Thus the input 38 of gate 30 is a logical low while the input 46 remains
      at a logical high. Accordingly, the output of gate 30 becomes a logical
      high and this causes the gate 32 to change state and produce an output of
      a logical low. As a result the output of the inverter gate 64 becomes
      logical high and this causes the driver transistor 20 to conduct.
      Consequently the relay coil 16 is energized and the flasher switch 14 is
      closed. With the flasher switch closed the battery voltage is applied
      through the flasher switch and the turn signal switch to the selected turn
      signal lamp 12L or 12R. This causes the junction point 62 to change to a
      logical high. Thus the input 54 of the inhibit gate 44 changes to a
      logical high at the same time that the input 52 of the inhibit gate
      changes to a logical low. This maintains the output of the inhibit gate 44
      at a logical high and the multivibrator continues to be enabled to
      oscillate. In this condition, i.e., with the flasher switch 14 closed and
      the turn signal lamp illuminated, the logical state of the various circuit
      points is indicated by the third set of binary notations in the state
      sequence indicators.
PAR  In the logical state just described, with the multivibrator output at a
      logical low, the output of the gate 30 is at a logical high. Therefore the
      capacitor 34 starts to discharge in the opposite direction so that the
      voltage at the input 38 of the gate 30 increases from the logical low
      toward a logical high. When the logical high at input 38 is reached the
      output of the multivibrator changes to a logical high and the driver
      transistor 20 is turned off. This deenergizes the relay coil 16 and the
      flasher switch 14 opens and turns off the flasher lamp. This completes one
      cycle of flasher circuit operation and the logical state of the various
      circuit points is indicated by the fourth set of binary notations in the
      state sequence indicators. The multivibrator will continue to run and the
      flasher cycle will be repeated so long as the turn signal switch 10
      remains closed, in either the left turn or the right turn positions. As
      soon as the turn signal switch 10 is restored to its neutral or open
      position the voltage at junction 62 goes to logical high and as soon as
      the multivibrator output also goes to logical high the inhibit gate 44
      will produce a logical low output. With this logical low output applied to
      the inputs of gates 46 and 48 of the gates 30 and 32 the multivibrator is
      disabled and will remain disabled until the flasher switch 10 is closed.
PAR  Another embodiment of the invention is shown in FIG. 2. This embodiment
      differs from the embodiment of FIG. 1 in that it is adpated for a positive
      ground electrical system and, although the operating principle is the same
      as the embodiment of FIG. 1, some circuit changes are required. Where the
      components in the embodiment of FIG. 2 are the same as the corresponding
      components in the embodiment of FIG. 1, the same reference characters are
      used. Where there is a difference between corresponding components, the
      same reference numeral as used in FIG. 1 is used with a prime symbol in
      FIG. 2.
PAR  As shown in FIG. 2, the turn signal lamp, in the positive ground system, is
      connected to the positive side of the battery. Consequently, a NOR logic
      is utilized in place of a NAND logic of the embodiment of FIG. 1. The
      multivibrator 18' comprises NOR gates 30' and 32' and the inhibiting means
      comprises a NOR gate 44'. Additionally, the output of the multivibrator
      18' is applied through a NOR gate 64' to a driver transistor 20' which is
      a PNP transistor. The logic gates are preferably integrated circuits and
      preferably on a single chip such as the quad two-input NOR gate model MM
      74C02N available from the National Semiconductor Company. The other
      circuit components in the embodiment of FIG. 2 are the same as those in
      the embodiment of FIG. 1.
PAR  The operation of the circuit of FIG. 2 is completely analogous to that of
      the circuit of FIG. 1 and will be summarized briefly. With the turn signal
      switch 10 in the neutral position the voltage at the junction 62 of the
      voltage divider resistors 58 and 60 is at a logical low and this is
      applied to the input 54' of the inhibit NOR gate 44'. The other input 52'
      of this NOR gate is at a logical low and hence the output of the NOR gate
      44' is at a logical high. This output is applied to the inputs 46' and 48'
      of the gates 30' and 32' and inhibits the multivibrator from running. In
      this state, as indicated by the state sequence indicators the output of
      the multivibrator taken from the gate 32' is at logical low and hence the
      input to the transistor 20' is at logical high. This holds the transistor
      off and the flasher relay is deenergized with the flasher switch 14 open.
      With the turn signal switch 10 closed to either the left turn or right
      turn position the voltage at the junction 62 is at logical high and hence
      the output of the gate 44' is at logical low. This enables the oscillator
      18' and the output thereof remains at logical low for the first half
      cycle. When the capacitor 34 is sufficiently charged the input 38' of gate
      30' changes to logical high and the output of the multivibrator changes to
      a logical high. This causes a logical low voltage to be applied to the
      base of the transistor 20' and the transistor is turned on to energize the
      relay coil 16. As a result, the flasher switch 14 is closed and the turn
      signal lamp is energized. This causes the voltage at junction 62, and
      hence at the input 54' of the inhibit gate 44', to go to logical low; at
      the same time the output of the multivibrator from gate 32' is at logical
      high and is applied to the input 52' of the gate 44'. Accordingly, the
      output of the inhibit gate 44' remains at logical low and hence the
      multivibrator remains enabled. This completes the second half cycle of the
      multivibrator and the flasher circuit operation. With the logic state as
      indicated by the third set of binary notations in the state sequence
      indicators the voltage is now reversed across the capacitor 34 and it
      starts to discharge in the opposite direction. When the voltage at the
      junction of the capacitor 34 and resistor 36 reaches a logical high the
      output of the multivibrator goes to a logical low and this turns off the
      transistor 20' and deenergizes the flasher relay. This initiates the next
      cycle of the multivibrator and flasher circuit operation and the cycle
      repeats so long as the turn signal switch remains closed. When the turn
      signal switch is opened, the multivibrator is inhibited from oscillation
      by the inhibit gate 44'.
PAR  Although the invention has been described with reference to a particular
      embodiment it is not to be construed in a limiting sense. Many variations
      and modifications will now occur to those skilled in the art. For a
      definition of the invention, reference is made to the appended claims.
CLMS
STM  The embodiments of the present invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. For use with a flasher circuit of the type comprising a voltage source,
      an electriccally actuated switching means, a manually actuated switching
      means, a load device, both of said switching means and said load device
      being connected in a series circuit across the voltage source, said
      electrically actuated switching means being adapted for intermittent
      actuation under the control of periodic control signal from an oscillator
      when said manually actuated switching means is closed, whereby an
      intermittent voltage is applied across the load device, the improvement
      wherein said oscillator is a free running multivibrator having an output
      and an input and being adapted to produce a periodic control signal at
      said output when an enabling signal is applied to said input, said
      improvement further comprising enabling means having first and second
      inputs and an output, the first input of the enabling means being
      connected with said series circuit to sense the voltage across the load
      device, the second input of the enabling means being connected with the
      output of said oscillator, the output of the enabling means being
      connected with the input of the multivibrator, said enabling means being
      adapted to produce an enabling signal when the first and second input
      signals are in a predetermined state relative to each other whereby the
      multivibrator is caused to run so long as said manually actuated switch is
      closed.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said multivibrator comprises
      first and second logic gates intercoupled by time constant means, and said
      enabling means is a logic gate.
NUM  3.
PAR  3. The invention as defined in claim 2 wherein each of said logic gates has
      two inputs and an output, the outtput of the first logic gate is connected
      to a first input of the second logic gate, said time constant circuit
      includes a resistor and capacitor in series connection between the output
      of the second logic gate and the output of the first logic gate, the
      junction of the resistor and capacitor being connected to a first input of
      the first logic gate, said output of the second logic gate being the
      output of the multivibrator, said input of the multivibrator being
      connected to the second inputs of said first and second logic gates.
NUM  4.
PAR  4. The invention as defined in claim 3 wherein said logic gates are NAND
      gates.
NUM  5.
PAR  5. The invention as defined in claim 3 wherein said logic gates are NOR
      gates.
NUM  6.
PAR  6. For use with a flasher circuit in an automotive turn signal system, said
      system being of the type comprising a voltage source, a manually actuated
      turn signal switch, a flasher relay having an energizing coil and relay
      contacts, a load including at least one incandescent lamp, said turn
      signal switch, relay contacts and said load being connected in a series
      across the voltage source with the turn signal switch being intermediate
      the load and the relay contacts, said flasher relay being adapted for
      intermittent actuation under the control of a periodic control signal, the
      control signal being produced by an oscillator and being applied through a
      driver amplifier to said coil when said turn signal switch is closed
      whereby an intermittent voltage is applied across the load, the
      improvement wherein said oscillator is a free-running multivibrator having
      an output and an input and being adapted to produce a control signal at
      said output when an enabling signal is applied to said input, said
      multivibrator comprising first and second logic gates intercoupled by time
      constant means, said improvement further comprising enabling means in the
      form of a logic gate having first and second inputs and an output, said
      first input of the logic gate being connected to the junction of said
      relay contacts and said turn signal switch to sense the voltage across
      said load, the second input of the logic gate being connected with the
      output of said multivibrator, the output of the logic gate being connected
      with the input of the multivibrator, said logic gate being adapted to
      produce an enabling signal when the first and second input signals are in
      a predetermined state relative to each other whereby the multivibrator is
      caused to run so long as said turn signal switch is closed.
NUM  7.
PAR  7. The invention as defined in claim 6 wherein said logic gate of the
      enabling means is a NAND gate.
NUM  8.
PAR  8. The invention as defined in claim 6 wherein said logic gate of the
      enabling means is a NOR gate.
NUM  9.
PAR  9. The invention as defined in claim 6 wherein said driver transistor
      comprises a power transistor having an input and an output, an inverter
      gate having an input and an output, the input of the inverter gate being
      connected with the output of said multivibrator and the output of the
      inverter gate being connected with the input of said power transistor, the
      output of said power transistor being adapted for connection with the coil
      of said flasher relay across said voltage source.
NUM  10.
PAR  10. The invention as defined in claim 6 including first and second voltage
      divider resistors adapted to be serially connected between the ungrounded
      terminal of said voltage source and said junction, said first input of the
      logic gate of the enabling means being connected with the junction of said
      voltage divider resistors, the resistor which is electrically closer to
      said ungrounded terminal having a resistance value several times greater
      than the resistance value of the other resistor and said load.
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ABST
PAL  An electronic ignition control system having a magnetically triggered input
      has an electronically controlled duty cycle to improve output voltage from
      a standard ignition transformer at increased engine speeds. A pulse width
      forming amplifier consisting of multiple transistor stages and associated
      components provides a power amplifying function combined with a timing
      function for improved ignition system performance. Sharp rise time pulses
      and noise immunity are realized by use of multiple feedback loops and low
      pass filtering. Coupled to the pulse width forming amplifier is a
      Darlington amplifier as an output stage for reduced power consumption and
      dissipation. The Darlington amplifier output stage provides a decrease in
      turn off time with a corresponding decrease in switching losses. The
      output of the Darlington amplifier drives a standard ignition transformer
      coupled to a spark source through a rotary distributor.
PARN
PAR  This is a continuation-in-part of application Ser. No. 427,584 filed Dec.
      26, 1973.
BSUM
PAR  This invention relates to an electronic ignition control system, and more
      particularly to an ignition control system providing improved spark source
      performance with increased reliability.
PAR  Considerable research and development effort is being expended to provide
      an ignition system for internal combustion engines to replace the
      heretofore standard capacitor discharge ignition system. From this
      research and development effort, there has resulted a magnetic rotating
      reluctor transducer driven from the crankshaft of the internal combustion
      engine to provide a signal synchronized with engine rotation. Output
      signals from the magnetic reluctor transducer are utilized as an input
      signal to an electronic firing circuit to generate an output voltage to
      the standard ignition transformer to provide the high voltage required by
      the spark sources of the internal combustion engine. One such electronic
      firing circuit is described in U.S. Pat. No. 3,749,974, entitled
      ELECTRONIC IGNITION CONTROLLER, granted to William R. Kissel.
PAR  A feature of the present invention is to provide an electronic ignition
      control system having a firing circuit driven from a magnetic reluctor
      transducer and incorporating an electronically controlled duty cycle. This
      duty cycle is established in a multiple transistor input stage having
      regenerative feedback to minimize switching time. Another feature of the
      present invention is to provide a firing circuit in an electronic ignition
      control system providing reduced power consumption with decreased turn off
      time. The reduction of power consumption is achieved by a Darlington
      amplifier output stage. Still another feature of the present invention is
      an electronic ignition control system with simplified circuitry to provide
      increased reliability. In addition, the firing circuit of the control
      system is selectively coupled directly to a source of DC energy or
      indirectly at the junction between an ignition transformer primary winding
      and a current limiting ballast resistor.
PAR  In accordance with the present invention, an electronic ignition control
      system responds to an electrical signal from a mechanical-to-electrical
      transducer and provides a trigger voltage to a spark source. The control
      system comprises a multiple stage pulse width amplifier having an input
      transistor and an output transistor with a feedback circuit connected from
      the collector electrode of the output transistor to the collector
      electrode of the input transistor. Coupled to the output transistor is an
      output driver including a Darlington amplifier that provides a control
      voltage. This control voltage connects to the primary winding of an
      ignition transformer to generate at the terminals of the transformer
      secondary winding the trigger voltage to a spark source.
PAR  A more complete understanding of the invention and its advantages will be
      apparent from the specification and claims and from the accompanying
      drawings illustrative of the invention.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a schematic diagram of an ignition system for an internal
      combustion engine wherein the firing circuit of the present invention is
      coupled between a distributor device and a high voltage transformer;
PAR  FIG. 2 is a schematic diagram of the firing circuit of FIG. 1 in accordance
      with the present invention;
PAR  FIG. 3 is a series of waveforms illustrating voltage levels generated by
      the operation of the circuit of FIG. 2;
PAR  FIG. 4 is a typical waveform at the output terminals of the firing circuit
      of FIG. 1 as connected to the high voltage transformer;
PAR  FIG. 5 is a schematic diagram of an alternate embodiment of the firing
      circuit of FIG. 1 in accordance with the present invention; and
PAR  FIG. 6 is a series of waveforms illustrating voltage levels generated by
      operation of the circuit of FIG. 5.
DETD
PAR  Referring to FIG. 1, there is shown an ignition control system where a
      rotary type distributor 10 is driven by means of a gear 12 from the
      crankshaft of an internal combustion engine, such as the standard engine
      used by the automative industry. Included within the distributor 10 is a
      rotary contactor coupling a high voltage line 14, as connected to a
      central terminal 16, to one of six spark source terminals 18. In
      accordance with well established techniques, the high voltage on the line
      14 is coupled sequentially to each of the spark sources 20 (only one
      shown) connected to one of the terminals 18.
PAR  Also included in the distributor 10 is a magnetic reluctance generator (not
      shown) of the type commercially available and utilized with presently
      available electronic ignition controllers. Pulse signals generated by a
      coil of the magnetic reluctance generator are connected to the input of a
      firing circuit 22 supplied a drive voltage from a DC source, such as the
      battery 24. A control voltage generated at the output of the firing
      circuit 22 is applied to the primary winding of an ignition transformer 26
      that genrates a trigger voltage at a high potential on the line 14.
PAR  The magnetic reluctance generator within the distributor 10 provides pulse
      signals to the firing circuit 22 synchronized with the rotation of the
      gear 12 which, as explained, is direct driven by the crankshaft of an
      internal combustion engine. Thus, the firing circuit 22 receives signals
      synchronized with rotation of the internal combustion engine to provide
      control voltages to the ignition transformer 26 that is also synchronized
      with engine rotation. The output of the transformer 26 on the line 14
      provides a high potential in synchronism with engine rotation. By means of
      the rotary contactor within the distributor 10, this high voltage
      potential is connected to one of the spark sources 20.
PAR  Referring to FIG. 2, there is shown a schematic diagram of the firing
      circuit 22 wherein a pickup coil 28 of the magnetic reluctor within the
      distributor 10 has one terminal connected to the battery source 24 and a
      second terminal connected to the base electrode of an input stage
      transistor 30 through a diode 32. The input stage transistor 30 is one of
      three stages of a pulse width amplifier for establishing the duty cycle of
      the firing circuit. Also coupled to the base electrode of the transistor
      30 is a clamping diode 34 that clamps a negative swing of the voltage at
      the pickup coil 28 from damaging the transistor 30.
PAR  Connected to the collector electrode of the transistor 30 is a drive
      resistor 36 for establishing current levels through the transistor from
      the battery 24 through a three position ignition switch 38 and a
      connecting link 39. The purpose of a connecting link 39 will be explained.
PAR  Coupled between the collector and base electrodes of the transistor 30 is a
      filtering capacitor 37 that functions to prevent transients on the line
      41, or transients from the pickup coil 28 from false triggering the timing
      circuit of the pulse width amplifier.
PAR  A voltage developed at the collector electrode of the transistor 30 is
      capacitor coupled to the base electrode of a second stage transistor 40
      through a capacitor 42. Also coupled to the base of the transistor 40 is a
      resistor 44 that establishes the discharge time constant of the capacitor
      42 as part of the timing circuit. A drive resistor 46 connected to the
      battery 24 and the collector electrode of the transistor 40 establishes
      the operating current level of the transistor. Both the transistors 30 and
      40 have a grounded emitter connection to the negative terminal of the
      battery 24.
PAR  While the discharge time constant of the capacitor 42 is established by the
      resistor 44, the charging time is determined by a divider network
      including resistors 48 and 50 with a diode 52 connected to the capacitor
      42 and the junction of the resistors 48 and 50. This timing function of
      the capacitor 42 will be explained.
PAR  Connected to the collector electrode of the transistor 40 is a feedback
      circuit including a resistor 54 connected to the base electrode of the
      transistor 30. This resistor 54 provides the base current for the input
      stage transistor 30 from the base electrode of a third stage transistor
      56. The transistor 56 is the output stage of the pulse width amplifier
      with the base electrode direct coupled to the transistor 40. A drive
      resistor 58 connected to the battery 24 and the collector electrode of the
      transistor 56 establishes the operating current level of the transistor. A
      voltage generated at the collector of the transistor 56 is fed back to the
      collector of the transistor 30 through a feedback resistor 60. This serves
      to regenerate the timing function thereby improving the switching
      transition time.
PAR  An output signal from the transistor 56 appears at the emitter electrode as
      developed across a drive resistor 61. Also coupled to the emitter
      electrode of the transistor 56 is a clamping diode 62 and the base
      electrode of a transistor 64 as part of a Darlington amplifier output
      driver 66.
PAR  The Darlington amplifier comprises the transistor 64 and an emitter coupled
      transistor 68 having a common collector electrode connection to a line 70.
      A base drive voltage for the transistor 64 is developed across a resistor
      72 and a base drive voltage for the transistor 68 is developed across the
      resistor 74. The emitter electrode of the transistor 68 and the resistor
      74 are tied to the negative terminal of the battery 24.
PAR  Connected to the line 70 is the primary winding 76 of the ignition
      transformer 26 having a secondary winding 78 across which is developed a
      trigger voltage on the line 14 for applying to a spark source, such as the
      spark source 20. In series with the primary winding 76 is a ballast
      resistor 80 also tied to the positive terminal of the battery 24 through
      the ignition switch 38.
PAR  Connected across the Darlington amplifier 66 to resonate with the primary
      winding 76 is a capacitor 82 also tied to the negative terminal of the
      battery 24. In parallel with the amplifier 66 and the capacitor 82 is a
      divider network of resistors 84 and 86. The resistors 84 and 86 are part
      of a clamping circuit including a Zener diode 88 connected to the base
      electrode of the transistor 64.
PAR  The collector voltage of the amplifier 66 as appearing on the line 70 is
      impressed across the voltage divider network of resistors 84 and 86 to
      cause conduction of the Zener diode 88 to clamp the collector-to-base
      voltage differential to a value such as to prevent damage to the amplifier
      66. This damaging high voltage may be caused by an open wire to a spark
      source or other similar fault.
PAR  In operation of the circuit of FIG. 2 and with reference to FIG. 3, with
      the ignition switch 38 in position No. 2 and no signal from the pickup
      coil 28, the input stage transistor 30 is turned on and conducting with
      the capacitor 42 discharged and the second stage transistor 40 turned off.
      The output stage transistor 56 is turned on and conducting which in turn
      causes conduction of the transistors 64 and 68 to develop a voltage across
      the primary winding 76.
PAR  To place the system in an initial condition for operation, that is, during
      the starting procedure of the internal conbustion engine driving the
      distributor 10, the ignition switch 38 is placed in position No. 3. The
      voltage supplied to the transistors 30, 40 and 56 is now supplied through
      the ballast resistor 80. After the internal combustion engine is
      operational, the ignition switch 38 is returned to position No. 2.
PAR  As the pickup coil 28, which is located in close proximity to a rotating
      reluctor mechanically coupled to the crankshaft of an engine and rotor of
      a distributor, produces a negative crossing pulse, as shown at the time
      T.sub.o, of FIG. 3a, the diode 32 becomes forward biased thereby drawing
      base current supplied by resistor 54 from the transistor. Drawing base
      current from the transistor 30 causes the voltage at the collector
      electrode of the transistor 30 to go positive as shown by curve 94 of FIG.
      3b, and this voltage change is coupled through the capacitor 42 to the
      base electrode of the transistor 40.
PAR  The positive going pulse (shown in FIG. 3c) at the base electrode turns on
      the transistor 40 thereby causing a voltage at the collector electrode
      (shown in FIG. 3d) to drop to near the negative voltage potential of the
      battery 24, that is, near zero. This near zero collector voltage at the
      transistor 40 is coupled back to the base electrode of the transistor 30
      through the resistor 54 thereby turning off the transistor 30.
PAR  The near zero voltage at the collector of the transistor 40 is also coupled
      to the base electrode of the transistor 56 and this transistor turns off.
      The voltage at the collector electrode of the now turned off transistor 56
      (shown in FIG. 3c) is coupled back to the collector electrode of the
      transistor 30 through the resistor 60.
PAR  As the transistor 56 turns off, the emitter electrode voltage goes to near
      ground potential (shown in FIG. 3f) thereby turning off both the
      transistors 64 and 68 of the Darlington amplifier 66. Turning off the
      Darlington amplifier 66 causes energy stored in the windings of the
      transformer 26 to be released by the collapsing magnetic field. This
      collapsing magnetic field induces a high voltage in the secondary winding
      78 to fire the spark source 20. During this time, the primary winding 76
      is resonating with the capacitor 82 thereby causing the collector
      electrodes of the transistors 64 and 68 to swing negative and the
      transistor 64 is clamped by forward biasing the diode 62 across the
      base-emitter junction of the amplifier 66.
PAR  As illustrated in FIG. 3f, when a signal is received from the pickup coil
      28 at time T.sub.o, the transistors of the amplifier 66 are conducting.
      When the transistor 56 goes nonconducting, the transistors 64 and 68
      likewise go nonconducting.
PAR  With reference to FIG. 4, there is shown a typical waveform of the control
      voltage on the line 70 as applied to the primary winding 76. The spike 90
      is generated at the time T.sub.o by switching off the amplifier 66. The
      following voltage ripples are produced by the resonating of the primary
      winding 76 with the capacitor 82. The next pulse 92 is produced at a
      subsequent turning off of the transistor 56.
PAR  Subsequent to the time T.sub.o the signal from the pickup coil 28 is
      clamped by the diode 34 to prevent damage to the transistor 30 caused by
      excessive voltage and zenering of the base-emitter junction of the
      transistor. As the transistor 30 is turned off at time T.sub.o, the
      collector voltage continues to increase along the curve 94 of FIG. 3b to
      charge the timing capacitor 42 through the forward biased base-emitter
      junction of the transistor 40. The voltage at the collector electrode of
      the transistor 30 is also coupled to the divider network of resistors 48
      and 50 through the diode 52. When the collector voltage of the transistor
      30 forward biases the diode 52, any further charging current to the
      capacitor 42 (and therefore base drive current to the transistor 40) is
      diverted to the low impedance divider network. This occurs at time T.sub.1
      and the base current to the transistor 40 begins to decrease until the
      transistor turns off.
PAR  When the transistor 40 turns off, the collector voltage, as shown by the
      curve of FIG. 3d, goes positive to again turn on the transistor 56.
      Turning on the transistor 56 drives the voltage at the collector electrode
      low and this voltage is coupled back to the collector of the transistor 30
      through the resistor 60. This action is regenerative to insure the
      switching time of the circuit is at a minimum.
PAR  As the transistor 56 again turns on, base current is supplied to the
      transistors 64 and 68 as limited by the resistor 58. This again turns on
      the transistors 64 and 68 and energy is stored in the primary winding 76.
      This occurs at time T.sub.1 as given by the curves 3e and 3f and also
      shown in FIG. 4.
PAR  The circuit is ready to receive another input pulse from the pickup coil 28
      to produce the spike 92. This action is repeated so long as the pickup
      coil 28 provides an input signal to the transistor 30 at each time
      T.sub.o.
PAR  Referring to FIGS. 3b-3e, during the period from time T.sub.o to time
      T.sub.1 the collector electrode voltage of the transistor 30 varies in
      accordance with the curve of FIG. 3b. The time T.sub.1 corresponds to the
      time when the diode 52 goes forward biased to shunt base current from the
      transistor 40 to the network of resistors 48 and 50. The transistor 30 is
      in an off state so long as the voltage at the collector electrode as shown
      in FIG. 3b is at the positive potential. During the same time period, the
      base voltage of the transistor 40 is varying in accordance with the curve
      of FIG. 3c and it is turned off only during the period from time T.sub.o
      to time T.sub.1. The transistor 56 is conducting during the period from
      time T.sub.o to time T.sub.1 as shown by the curve of FIG. 3d and is
      nonconducting in the period from time T.sub.1 to the subsequent time
      T.sub.o. The transistor 56 is switched rapidly to provide the desired
      switching times. During the period from time T.sub.o to time T.sub.1 the
      collector electrode of the transistor 56 varies in accordance with the
      curve of FIG. 3e and again demonstrates fast switching times.
PAR  In an experimental model of the firing circuit 22 of FIG. 2, the various
      component values are given in Table I below.
TBL                TABLE I                                                     
     ______________________________________                                    
     TYPICAL COMPONENT VALUES                                                  
     Capacitor 37     .01 Mfd Ceramic                                          
     Capacitor 42     .47 Mfd 35 Volt Tantalum                                 
     Capacitor 82     .22 Mfd 400 Volt                                         
     Diode 32         1 Amp 100 VPI                                            
     Diode 34         1 Amp 100 VPI                                            
     Diode 52         1 Amp 100 VPI                                            
     Diode 62         1 Amp 100 VPI                                            
     Diode 88         24 Volt 400 mw                                           
     Resistor 54      1K ohms                                                  
     Resistor 36      3.3K ohms                                                
     Resistor 44      2.7K ohms                                                
     Resistor 48      470 ohms                                                 
     Resistor 50      470 ohms                                                 
     Resistor 46      1K ohms                                                  
     Resistor 46a     2.2K ohms                                                
     Resistor 60      10K ohms                                                 
     Resistor 58      100 ohms                                                 
     Resistor 58a     200 ohms                                                 
     Resistor 61      1K ohms                                                  
     Resistor 86      470 ohms                                                 
     Resistor 84      3.9K ohms                                                
     ______________________________________                                    
PAR  As a modification of the circuit of FIG. 2 and the operation as described,
      a resistor 46a is connected in parallel with the resistor 46 by means of a
      jumper connection 96. Similarly, a resistor 58a is connected in parallel
      with the resistor 58 by means of a jumper connection 98. This alters the
      effective value of the resistance in the collector circuit of the
      transistors 40 and 56, respectively. When operated in this manner, the
      connecting link 39 is no longer connected between points D and G but
      rather connected between points D and F. As such, bias voltage is supplied
      to the pulses width amplifier through the ballast resistor 80 instead of a
      direct connection to the battery 24.
PAR  Referring to FIG. 5, there is shown a schematic diagram of an alternate
      embodiment of the firing circuit 22 where a light emitting diode 100
      generates light wave energy to a photo transistor 102 as part of the
      distributor 10. The pickup assembly comprising the diode 100 and the
      transistor 102 is mounted within the distributor housing such that the
      light beam from the diode is broken by a disc attached to a distributor
      shaft driven by the gear 12. This disc (not shown) includes a plurality of
      slotted segments to periodically interrupt the light beam between the
      diode 100 and the transistor 102 such that the firing circuit 22 receives
      signals synchronized with rotation of the internal combustion engine to
      provide control voltages to the ignition transformer 26. During the time
      the light beam from the diode 100 to the transistor 102 is interrupted,
      the transformer 26 is storing energy from the battery 24.
PAR  The battery voltage is applied to the light emitting diode 100 through a
      current limiting resistor 104. Also tied to the battery 24 is the
      collector electrode of the photo transistor 102 having an emitter
      electrode coupled to an input stage transistor 106 through an input
      network comprising resistors 108 and 110. As in the embodiment of FIG. 2,
      input transistor 106 is one of three stages of a pulse width amplifier for
      establishing the duty cycle of the firing circuit 22.
PAR  Coupled between the collector and base electrodes of the transistor 106 is
      a filtering capacitor 112 that functions to prevent transients in the
      circuit from false triggering the timing cycle of the pulse width
      amplifier. Also connected to the collector electrode of the transistor 106
      is a drive resistor 114 for establishing current levels through the
      transistor from the battery 24.
PAR  A voltage developed at the collector electrode of the transistor 106 is
      direct coupled to the base electrode of a second stage transistor 116 that
      has a grounded emitter electrode. Connected to the collector electrode of
      the transistor 116 is a drive resistor 118 also connected to the battery
      24 to establish operating current levels in the transistor.
PAR  Direct coupled to the collector electrode of the transistor 116 is the base
      electrode of a transistor 120 that functions as the output stage of the
      pulse width amplifier. A drive resistor 122 connected to the battery 24
      and the collector electrode of the transistor 120 establishes the
      operating current level of the transistor. A voltage generated at the
      collector electrode of the transistors 120 is fed back to the base
      electrode of the transistor 116 through a feedback resistor 124. This
      serves to regenerate the timing function thereby improving the switching
      transition time. The emitter electrode of the transistor 120 is grounded.
PAR  An output voltage as generated at the collector electrode of the transistor
      120 is coupled through a diode 126 to the base electrode of a transistor
      128 as part of a Darlington amplifier output driver 130. Also coupled to
      the base electrode of the transistor 128 is a clamping circuit including a
      diode 132 in parallel with a resistor 134.
PAR  The Darlington amplifier, as in FIG. 5, comprises the transistor 128 and an
      emitter coupled transistor 136 having a common collector electrode
      connection with the transistor 128 to a line 138. Connected to the line
      138 is the primary winding 76 (see FIG. 2) of the ignition transformer 26
      to develop the trigger voltage on the line 14 for applying to a spark
      source, such as the spark source 20.
PAR  A base drive voltage for the transistor 128 is developed across a resistor
      140 and a base drive voltage for the transistor 136 is developed across a
      resistor 142. The emitter electrode of the transistor 136 and the resistor
      142 are grounded. As illustrated in FIG. 1, the negative terminal of the
      battery 24 is likewise grounded.
PAR  Connected across the Darlington amplifier 130 to resonate with the primary
      winding 76 is a capacitor 144 also grounded. In parallel with the
      amplifier 130 and the capacitor 144 is a varistor 146. The varistor 146
      functions as a clamping circuit.
PAR  The varistor 146 is a voltage dependent, symmetrical resistor which
      functions in a manner similar to back-to-back Zener diodes in circuit
      protective applications. When exposed to a high energy voltage, the
      impedance of the varistor 146 changes from a very high standby value to a
      very low conducting value, thus clamping the collector to emitter voltage
      differential to a safe value and thereby prevent damage to the amplifier
      130. The excess energy of the high voltage is absorbed by the varistor
      146, thus protecting the sensitive transistors of the amplifier 130.
PAR  In operation of the circuit of FIG. 5, and with reference to FIG. 6, when
      the rotating disc of the distributor 10 blocks the light beam from the
      light emitting diode 100 to the photo transistor 102, transistors 106 and
      120 are non-conducting and the transistors 116 and the Darlington
      amplifier 130 are in a conducting state. The ignition transformer 26 is
      now connected to the battery 24. As the disc rotates to allow light from
      the diode 100 to the transistor 102 the latter transitions into a
      conducting state through the current limiting resistor 108 to develop a
      bias voltage across the resistor 110 to turn on the transistor 106. The
      waveform at the emitter electrode of the transistor 102 is shown in FIG.
      6a with the conduction cycle illustrated by the positive pulse 152.
PAR  Conduction of the transistor 106 drives the base electrode of the
      transistor 116 to near ground potential through the grounded emitter
      electrode of the transistor 106 thereby turning off the transistor 116.
      The waveform of the voltage at the collector electrode of the transistor
      106 is shown in FIG. 6b. As the transistor 116 turns off, the collector
      electrode goes high as shown in FIG. 6c, thereby turning on the transistor
      120 to drive the collector electrode voltage thereof to near ground
      potential as shown by the curve of FIG. 6d. As mentioned previously, the
      output of the transistor 120 at the collector electrode is fed back
      through the feedback resistor 124 to the base electrode of the transistor
      116 causing a regenerative action to enhance switching speed.
PAR  The output voltage at the collector of the transistor 120 is also coupled
      through the diode 126 to the base electrode of the transistors 128 as part
      of the Darlington amplifier 130. The grounded collector state of the
      transistor 120 causes the transistor 128 and the transistor 136 to turn
      off thereby disconnecting the transformer 26 from the battery 24. The
      turnoff characteristics of the Darlington amplifier 130 are enhanced by
      the reverse recovery characteristics of the diode 126 by driving the base
      of the transistor 128 farther negative.
PAR  The collapsing field of the primary winding 76 of the transformer 26
      includes a high voltage on the line 14 to thereby apply a high voltage
      potential across the spark source 20. This voltage is illustrated by the
      waveform of FIG. 6e.
PAR  During the collapsing field in the ignition transformer 26 the collector
      electrode of the transistors 128 and 136 goes positive by the resonant
      action of the winding 76 and the capacitor 144. The voltage across the
      transistors 128 and 136 is clamped to a safe operating level by the
      varistor 146. During this clamping time, the diode 126 is reverse biased.
      The collector voltage of the transistors 128 and 136 then swings negative
      and the voltage at the winding 76 is clamped by forward biasing the
      collector base junction of the transistors of the Darlington amplifier 130
      and forward biasing the diode 132. This operation continues as a series of
      damped oscillations as shown in FIG. 6e until the disc again interrupts
      the light beam between the light emitting diode 100 and the photo
      transistor 102.
PAR  Interrupting the light beam to the photo transistor 102 causes the
      transistor to turn off which removes the base drive to the transistor 106
      and this transistor turns off. The transistor 116 then turns on to thereby
      turn off the transistor 120. The Darlington amplifier 130 again goes into
      a conduction state with current flowing through the ignition transformer
      26 storing energy in the primary winding 76 from the battery 24 for the
      next interruption of the light path to the photo transistor 102.
PAR  In a model of the firing circuit 22 of FIG. 5, the various component values
      are given in Table II below.
TBL                TABLE II                                                    
     ______________________________________                                    
     TYPICAL COMPONENT VALUE                                                   
     Resistor 108        1K ohms                                               
     Resistor 110        15K ohms                                              
     Resistor 114        3.3K ohms                                             
     Resistor 118        1K ohms                                               
     Resistor 124        10K ohms                                              
     Resistor 122        100 ohms                                              
     Resistor 130        1K ohms                                               
     Resistor 104        620 ohms                                              
     Capacitor 112       .01 Mfd 50 volt                                       
     Capacitor 144       .22 Mfd 400 volt                                      
     Diode 126           1N4001                                                
     Diode 130           1N4001                                                
     Varistor 146        Type VP (MOV)                                         
     Photodiode 100      TIL31                                                 
     Transistor 106      MPS5172                                               
     Transistor 116      MPS5172                                               
     Transistor 120      2N4400                                                
     Darlington Amplifier 130                                                  
                         SVT6204 (400 volt, 10                                 
                         amp, NPN transistor)                                  
     Photo Transistor 102                                                      
                         TIL81                                                 
     ______________________________________                                    
PAR  While several embodiments of the invention, together with modifcations
      thereof, have been described in detail herein and shown in the
      accompanying drawings, it will be evident that various further
      modifications are possible without departing from the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A firing circuit in an ignition control system responsive to an input
      signal from a mechanical-to-electrical transducer and providing a control
      voltage to an ignition transformer generating a trigger voltage to a spark
      source, comprising in combination:
PA1  a multiple stage pulse width amplifier having an input transistor, an
      output transistor and a second stage transistor;
PA1  a coupling capacitor connected between the collector electrode of the input
      transistor and the base electrode of the second transistor;
PA1  a voltage divider network of a first resistor in series with a second
      resistor to establish a voltage level at the resistor interconnection;
PA1  a diode having an anode connection to the coupling capacitor and a cathode
      terminal to the interconnection of the resistors of said voltage divider
      network to control the conduction cycle of said second transistor through
      the coupling capacitor;
PA1  a first feedback network connected from the collector electrode of the
      output transistor to the collector electrode of the input transistor;
PA1  a second feedback network from the collector electrode of the second stage
      transistor to the base electrode of the input transistor; and
PA1  an output driver including a semiconductor amplifier connected to the
      output transistor and providing a control voltage to the ignition
      transformer.
NUM  2.
PAR  2. A firing circuit in an ignition control system as set forth in claim 1
      including a capacitor filter connected between the collector and base
      electrodes of the input transistor.
NUM  3.
PAR  3. A firing circuit in an ignition control system as set forth in claim 1
      including a clamping circuit of a voltage dependent, symmetrical resistor
      connected across said semiconductor amplifier.
NUM  4.
PAR  4. A firing circuit in an ignition control system as set forth in claim 1
      including a clamping circuit connected across the semiconductor amplifier
      thus clamping the voltage differential across the amplifier to a safe
      value.
NUM  5.
PAR  5. A firing circuit in an ignition control system responsive to an
      electrical signal from a mechanical-to-electrical transducer and providing
      a control voltage to an ignition transformer generating a trigger voltage
      to a spark source, comprising in combination:
PA1  a multiple stage pulse width amplifier having an input transistor, a second
      stage transistor and an output transistor;
PA1  a voltage divider network of a first resistor in series with a second
      resistor for establishing a voltage level at the resistor interconnection;
PA1  a coupling capacitor interconnecting the output of the input transistor to
      the input of the second stage transistor;
PA1  a diode having an anode connection to said coupling capacitor and a cathode
      terminal interconnected to the junction of the resistors of said divider
      network;
PA1  a first feedback network from the collector electrode of the second stage
      transistor to the base electrode of the input transistor;
PA1  a second feedback network connected from a collector electrode of the
      output transistor to the collector electrode of the input transistor;
PA1  a capacitor filter connected between the collector and base electrodes of
      the input transistor; and
PA1  an output driver including a semiconductor amplifier connected to the
      output transistor and providing a control voltage to the ignition
      transformer.
NUM  6.
PAR  6. A firing circuit in an ignition control system as set forth in claim 5
      including a voltage dependent, symmetrical resistor connected across said
      semiconductor amplifier.
NUM  7.
PAR  7. A firing circuit in an ignition control system responsive to an
      electrical signal from a mechanical-to-electrical transducer and providing
      a control voltage to an ignition transformer generating a trigger voltage
      to a spark source, comprising in combination:
PA1  a multiple stage pulse width amplifier having an input transistor and an
      output transistor;
PA1  a capacitor filter connected between the collector and base electrodes of
      the input transistor;
PA1  an output driver including a semiconductor amplifier connected to the
      output transistor and providing a control voltage to the ignition
      transformer; and
PA1  a clamping circuit including a voltage dependent, symmetrical resistor that
      changes impedance when exposed to a high energy voltage connected across
      said semiconductor amplifier to provide overvoltage protection for said
      semiconductor amplifier.
NUM  8.
PAR  8. A firing circuit in an ignition control system as set forth in claim 7
      wherein said amplifier includes a second stage transistor coupled to the
      input transistor and further including a feedback network from the
      collector electrode of the second stage transistor to the base electrode
      of the input transistor.
NUM  9.
PAR  9. A firing circuit in an ignition control system as set forth in claim 8
      wherein said amplifier includes a voltage divider network and a diode
      connected between the collector electrode of the input transistor and said
      divider network.
NUM  10.
PAR  10. A firing circuit in an ignition control system responsive to an
      electrical signal from a mechanical-to-electrical transducer and providing
      a control voltage to an ignition transformer generating a trigger voltage
      to a spark source, comprising in combination:
PA1  a multiple stage pulse width amplifier having an input transistor, a second
      stage transistor, and an output transistor;
PA1  a feedback network connected from the collector electrode of the output
      transistor to the collector electrode of the input transistor;
PA1  a capacitor filter connected between the collector and the base electrodes
      of the input transistor;
PA1  an output driver including a semiconductor amplifier connected to the
      output transistor and providing a control voltage to the ignition
      transformer; and
PA1  a clamping circuit including a voltage dependent, symmetrical resistor that
      changes impedance when exposed to a high energy voltage connected across
      the semiconductor amplifier to provide overvoltage protection for said
      amplifier.
NUM  11.
PAR  11. A firing circuit in an ignition control system as set forth in claim 10
      including a second feedback network from the collector electrode of the
      second stage transistor to the base electrode of the input transistor.
NUM  12.
PAR  12. A firing circuit in an ignition control system as set forth in claim 11
      wherein said amplifier includes a voltage divider network and a diode
      connected between the collector electrode of the input transistor and said
      divider network.
NUM  13.
PAR  13. A firing circuit in an ignition control system responsive to an
      electrical signal of a mechanical-to-electrical transducer and providing a
      control voltage to an ignition transformer generating a trigger voltage to
      a spark source, comprising in combination:
PA1  a pick-up as a part of the mechanical-to-electrical transducer and
      including a light emitting diode generating energy to a photo transistor;
PA1  a multiple stage pulse width amplifier having an input transistor and an
      output transistor;
PA1  a voltage divider network of a first resistor interconnected to a second
      resistor with the interconnection to the base electrode of the input
      transistor and the first resistor connected to the photo transistor of
      said pick-up;
PA1  a feedback network connected from the collector electrode of the output
      transistor to the collector electrode of the input transistor;
PA1  an output driver including a semiconductor amplifier connected to the
      output transistor and providing a control voltage to the ignition
      transformer; and
PA1  a diode coupling between the output transistor and the input to said
      semiconductor amplifier.
NUM  14.
PAR  14. A firing circuit in an ignition control system as set forth in claim 13
      including a clamping circuit comprising a voltage dependent, symmetrical
      resistor that changes impedance when exposed to a high energy voltage
      connected across the semiconductor amplifier.
NUM  15.
PAR  15. A firing circuit in an ignition control system as set forth in claim 14
      wherein said output driver further includes a capacitor connected across
      the output of said semiconductor amplifier.
NUM  16.
PAR  16. A firing circuit in an ignition control system as set forth in claim 15
      including a diode clamp connected to the input of said semiconductor
      amplifier.
NUM  17.
PAR  17. A firing circuit in an ignition control system as set forth in claim 16
      including a capacitor filter connected between the collector and base
      electrodes of the input transistor.
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ABST
PAL  A main capacitor is connected across a series combination of a flash
      discharge lamp and a thyristor to flash the flash discharge lamp through
      the thyristor in its ON state. A commutation circuit connected to the
      thyristor includes a commutation capacitor and another thyristor turned on
      upon a flashing light from the flash discharge lamp reaching a
      predetermined magnitude. When turned on, the latter thyristor permits the
      commutation capacitor to supply a reverse voltage to the first thyristor
      to turn it off. A semiconductor diode is connected between the commutation
      capacitor and the first thyristor to prevent that capacitor from applying
      a forward voltage to the first thyristor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a control device for controlling a thyristor
      operatively coupled to an electric discharge device such as a flash
      discharge lamp, and more particularly to a control device effective for
      preventing the permanent breakdown of such a thyristor.
PAR  It has been already known to use thyristors to control the energy of
      flashing light emitted by flash discharge lamps. The thyristor is
      operative to permit the associated flash discharge lamp to emit a flashing
      light for a time interval between a time point at which the thyristor is
      turned on and a time point at which it is turned off so that the energy of
      flashing light from the flash discharge lamp can be controlled by changing
      the ON time period of the thyristor. Also there have been previously
      proposed attempts to automatically control the energy of flashing light
      from flash discharge lamps to a predetermined magnitude. Such flash
      discharge lamps are principally used as stroboscopic tubes for use with
      photographic cameras.
PAR  That thyristor controlling such a flash discharge lamp is serially
      connected to the flash discharge lamp and includes an ignition circuit for
      bringing it into its ON state and a commutation circuit for resetting it
      to its OFF state. The commutation circuit has usually a commutation
      capacitor connected to the thyristor to apply a reverse voltage to the
      thyristor dependent upon an electrical charge accumulated thereon when the
      thyristor is to be reset to its OFF state. After having applied to the
      reverse voltage to the thyristor, the commutation capacitor is charged
      with the opposite polarity. Thyristors are generally transferred to their
      OFF state in response to the application of the reverse voltage thereto
      but a transient state exists until the thyristors are completely returned
      back to their OFF state. In that transient state the thyristors are
      apparently in their OFF state but they can readily be turned on. If, in
      the transient state, a thyristor is again turned on to permit the
      associated commutation capacitor charged with the opposite polarity to
      flow a discharge current through the conducting thyristor, then the
      thyristor may frequently permanently breakdown so that the thyristor is
      always conducting across the anode and cathode electrodes thereof.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly it is an object of the present invention to provide a new and
      improved control circuit for controlling a thyristor operatively coupled
      to an electric discharge device, capable of preventing the thyristor from
      being permanently broken down as above described.
PAR  The present invention accomplishes this object by the provision of a
      control circuit including a thyristor, comprising, in combination,
      electric discharge device, a thyristor serially connected to the electric
      discharge means to cause a current flowing the electric discharge device
      to flow therethrough in the ON state thereof, a commutation circuit
      including a commutation capacitor and a switching element for controlling
      the discharge from the commutation capacitor, the switching element being
      operative to be turned on to discharge an electrical charge with a
      predetermined polarity accumulated on the commutation capacitor to supply
      a reverse voltage to the thyristor, and a semiconductor diode connected
      between the thyristor and the commutation to capacitor prevent an
      electrical charge with the reverse polarity accumulated on the commutation
      capacitor from discharging through the thyristor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will become more readily apparent from the following
      detailed description taken in conjunction with the accompanying drawing in
      which:
PAR  FIG. 1 is a circuit diagram of a control circuit for controlling a
      thyristor operatively coupled to an electric discharge device in
      accordance with the principles of the present invention; and
PAR  FIG. 2 is a circuit diagram of a modification of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawing, there is illustrated a control
      device for a thyristor constructed in accordance with the principles of
      the present invention. The control device is adapted to control a
      thyristor operatively coupled to a flash discharge lamp used in
      conjunction with a photographic camera and more particularly to
      automatically adjust an energy of flashing light from the flash discharge
      lamp to predetermined magnitude. Such a control device may be called a
      stroboscopic device of automatic emission controlled type.
PAR  The arrangement illustrated comprises a source 10 of direct current
      including a pair of source terminals 10a and 10b connected to a positive
      and a negative side of the source 10 respectively. The source 10 may be
      any of various sources of direct current having normally a voltage of
      hundreds volts, in this case, of 330 volts.
PAR  The source terminals 10a and 10b have connected thereacross a main
      capacitor 12 for accumulating an electrical energy for a flashing light.
      The capacitor 12 has a capacitance normally ranging from 450 to 2,000
      microfarads. In the example illustrated the capacitor 12 has a capacitance
      of 1,000 microfarads. The capacitor 12 has connected thereacross a series
      circuit including a reactor or inductor 14, an electric discharge device
      shown as a flash discharge lamp 16 and a thyristor 18 interconnected in
      the named order. The electric discharge lamp 16 may be a xenon discharge
      lamp and includes a pair of main electrodes 16a and 16b and a triggering
      electrode 16c. The triggering electrode 16c is disposed adjacent one of
      the main electrodes 16b and has an ability to trigger a light emission of
      the lamp 16. The main electrode 16a is connected to one side of the main
      capacitor 12 through the reactor 14 while the main electrode 16b is
      connected to the other side of the main capacitor 12 through the thyristor
      18.
PAR  The thyristor 18 may be a two or three terminal thyristor having a four
      layer structure of PNPN conductivity type or a two or three terminal
      bidirectional thyristor having a five layer structure of alternate
      conductivity type. In the embodiment illustrated it is assumed that the
      thyristor 18 is a three terminal thyristor having the four layer
      structure. The thyristor 18 includes an anode electrode 18a connected to
      the main electrode 16b of the flash discharge lamp 16, a cathode electrode
      18c connected to the other side of the capacitor 12, and a gate electrode
      18g.
PAR  A first ignition circuit schematically shown at block 20 is connected
      across the main and triggering electrodes 16b and 16c of the discharge
      lamp 16. The ignition circuit 20 is of the well known construction and
      adapted to be driven by an X contact interlocking with a shutter of the
      associated photographic camera although such components are not
      illustrated. The release of the shutter causes the first ignition circuit
      20 to supply an ignition voltage across the triggering and main electrodes
      16c and 16b of the flash discharge lamp 16 sufficient to initiate an
      electric discharge across the main lamp electrodes 16a and 16b.
PAR  A second ignition circuit also schematically shown of block 22 is connected
      across the gate and cathode electrodes 18g and 18b of the thyristor 18.
      The second ignition circuit 22 is also of the well known construction and
      identical in operation to the first ignition circuit 20. That is, the
      circuit 22 responds to the release of the associated camera's shutter to
      supply a triggering voltage across the triggering electrode 18g and
      cathode electrode 18c of the thyristor 18 to bring the thyristor into its
      conducting or ON state. The voltages supplied from the circuits 20 and 22
      are in the form of pulses disappearing after an extremely short time
      intervals.
PAR  In order to turn the thyristor 18 off, the thyristor 18 has operatively
      associated therewith a commutation circuit generally designated by the
      reference numeral 24. The commutation circuit 24 include a commutation
      capacitor 26 and a switching element 28 connected across the capacitor 26
      through a fixed resistor 30. Another fixed resistor 32 is connected
      between the junction of the capacitor 26 and the switching element 28 and
      the main electrode 16a of the flash discharge lamp 16. The switching
      element 28 may be any of a thyristor, a vacuum triode such as a discharge
      tube, an arrester etc. The switching element 28 is shown in FIG. 1 as
      being a triode thyristor including an anode electrode 28a connected to the
      junction of the capacitor 26 and the resistor 32, a cathode electrode 28c
      connected to the resistor 30 and also to the cathode electrode 18c of the
      thyristor 18, and a gate electrode 28g. The thyristor 28 illustrated has
      preferably a four layer structure of PNPN conductivity type. The thyristor
      28 has a third ignition circuit 34 connected across the gate and cathode
      electrodes 28g. and 28c thereof. The third ignition circuit 34 is also of
      the conventional construction and includes a light receiving element (not
      shown) for sensing a quantity of flashing light emitted by the flash
      discharge lamp 16 and reflected from the particular object (not shown).
      Upon the light receiving element sensing a predetermined quantity of
      flashing light, the ignition circuit 34 supplies an ignition pulse across
      the gate electrode 28g and the cathode electrode 28c sufficient to trigger
      the thyristor 28 to its ON state.
PAR  The commutation capacitor 26 is shown in FIG. 1 as having one terminal 26a
      connected to the anode electrode 28a of the thyristor 28 and the other
      terminal 26b connected through the resistor 30 to the cathode electrodes
      18c and 28c respectively of the thyristors 18 and 28. The commutation
      capacitor 26 is considerably less in capacitance than the main capacitor
      12 and has preferably a capacitance ranging from 2 to 6 microfarads. In
      this case, the capacitance of the commutation capacitor 26 is of 5
      microfarads.
PAR  The fixed resistors 30 and 32 are considerably high in magnitude of
      resistance and, in this case, of 20 kilohms.
PAR  According to the principles of the present invention, a protective circuit
      generally designated by the reference numeral 36 is connected between the
      main electrode 16b of the flash discharge lamp 16 or the anode electrode
      18a of the thyristor 18 and the terminal 26b of the commuation capacitor
      26. The protective circuit 36 includes a semiconductor diode 38 and a
      fixed resistor 40 connected across the diode 38. The diode 38 has an anode
      electrode 38a connected to the main discharge electrode 16b and a cathode
      electrode 38c connected to the capacitor terminal 26b. The resistor 40 is
      relatively low in magnitude of resistance and preferably of hundreds ohms.
PAR  The arrangement of FIG. 1 is operated as follows: With a voltage across the
      source 10 applied across the terminals 10a and 10b, the main capacitor 12
      is charged with the polarity illustrated so that that side thereof
      connected to the terminal 10a is positive with respect to the other side
      of the capacitor 12. At the same time, the commutation capacitor 26 is
      initiated to charge from the source 10 through a circuit including the
      reactor 14, the resistor 32, the capacitor 26 and the resistor 30. Thus
      the commutation capacitor 26 charges so that the terminal 26a is positive
      with respect to the terminal 26b as shown in FIG. 1.
PAR  It is assumed that the associated camera's shutter (not shown) is released
      with the main capacitor 12 charged with the polarity illustrated. Under
      the assumed condition, the ignition circuits 20 and 22 substantially
      simultaneously produce respective ignition pulses. The ignition pulse from
      the ignition circuit 20 is supplied to the flash discharge lamp 16 to
      trigger it while the ignition pulse from the ignition circuit 22 is
      supplied to the thyristor 18 to turn it on. The conduction of the
      thyristor 18 permits the main capacitor 12 to discharge through the
      reactor 14, the flash discharge lamp 16 and the conducting thyristor 18 to
      emit a flashing light from the lamp 16. The flashing light thus produced
      irradiates the particular object (not shown) and when the object is
      irradiated with a predetermined quantity of light suitable for
      photographing as determined by a light receiving element (not shown)
      included in the third ignition circuit 34, the latter circuit 34 produces
      an ignition pulse. This ignition pulse is applied across the gate
      electrode 28g and cathode electrode 28c of the thyristor 28 to trigger
      this thyristor to its ON state. Therefore an electrical energy with the
      polarity illustrated charged on the commutation capacitor 26 is supplied,
      as a reverse voltage, to the thyristor 18 through the conducting thyristor
      28 to render the cathode electrode 18c positive with respect to the anode
      electrode 18a of the thyristor 18 with the result that the thyristor 18 is
      transferred from its ON to its OFF state. In this OFF state of the
      thyristor 18, a discharge current from the main capacitor 12 flows through
      a circuit traced therefrom through the reactor 14, the flash discharge
      lamp 16, the diode 38 in the protective circuit 36, the commutation
      capacitor 26 and the thyristor 28 and thence to the capacitor 12. The
      discharge current charges the commutation capacitor 26 with the polarity
      reversed from that illustrated. That is, its terminal 26b becomes positive
      with respect to its terminal 26a. However, the capacitor 26 is immediately
      charged up with the reverse polarity because of the low capacitance
      thereof. Therefore the flash discharge lamp 16 is interrupted to emit the
      flashing light simultaneously with the charging up of the reverse polarity
      of the commutation capacitor 26.
PAR  A time interval starting with the application of an ignition pulse from the
      ignition circuit 34 to the thyristor 28 and ending at the interruption of
      a flashing of the discharge lamp 16 is very short and remains
      substantially unchanged independently of a predetermined quantity of
      flashing light set by the third ignition circuit 34. Thus a quantity of
      flashing light from the flash discharge lamp 16 is substantially
      proportional to a time interval between a time point at which each
      ignition pulse is applied to the thyristor 16 and a time point at which an
      ignition pulse is then applied to the thyristor 28. This results in the
      automatic control of a quantity of flashing light emitted by the flash
      discharge lamp 16.
PAR  After the commutation capacitor 26 has been charged with the reverse
      polarity, a discharge current from the main capacitor 12 tends to flow
      through the reactor 14 and the resistor 32 to the thyristor 28. Since the
      resistor 32 is sufficiently high in the magnitude of resistance, that
      current flowing to the thyristor 28 is decreased to less than a magnitude
      of a self-holding current for the thyristor 28 thereby to reset the latter
      to its OFF state. Actually the current scarcely flows through the
      thyristor 28. In this way one complete cycle of the operation has ended
      and the arrangement of FIG. 1 is ready for the succeeding operation.
PAR  For a better understanding of the operation of the protective circuit 36,
      the process of transferring the thyristor 18 from its ON to its OFF state,
      will now be in detail described. As above described, the thyristor 18 has
      the structure including four layers or P, N, P and N layers. Thus it
      includes three P-N junctions between those layers. When the commutation
      capacitor 26 applies a reverse voltage to the thyristor 18, the latter is
      transferred from its ON to its OFF state. However the thyristor 18 is in
      its transient state until it is completely brought into its OFF state.
      More specifically, a reverse voltage applied to the thyristor 18 serves to
      reversely bias the two outer P-N junctions to externally conduct the
      residual carriers adjacent these junctions. Therefore the thyristor 18 is
      apparently put in its OFF state, but the same reverse voltage serves to
      forwardly bias the central P-N junction. Accordingly, the residual
      carriers adjacent the central junction disappear only through the
      recombination thereof without externally conducting the residual carriers.
      Thus some time period is taken until all the residual carriers are
      extinguished. After this time period the transient state as above
      described terminates and the thyristor 18 is completely brought into its
      OFF state. In the transient state the thyristor 18 has a tendency to be
      again turned on. For example, if the reverse voltage is not sufficiently
      high in magnitude and a great number of the residual carriers remain then
      the thyristor 18 may be again turned on in response to a forward voltage
      with a very low magnitude applied across the anode and cathode electrodes
      thereof. Also, the thyristor 18 may be again brought into its ON state by
      applying thereto an ignition pulse though it would be very low. It is not
      desirable that the thyristor 18 is again brought into its ON state in such
      a transient state.
PAR  It has been recalled that the commutation capacitor 26 is charged with the
      polarity reversed from that illustrated after a reverse voltage has been
      applied to the thyristor 18. In other words, there is such a temporal
      relationship that the thyristor 18 is in the transient state while the
      commutation capacitor 26 is charged with the reverse polarity. If the
      thyristor 18 in the transient state is again turned on to permit a
      discharge current from the commutation capacitor 26 to flow into that
      thyristor, then the current rushes in the thyristor 18 to cause an
      excessive current to flow through the latter resulting in the occurrence
      of the permanent breakdown that the thyristor 18 is permanently
      shortcircuited between the anode and cathode electrodes 18a and 18c
      thereof.
PAR  According to the present invention, the protective circuit 36 and more
      particularly the diode 38 functions to prevent an excessive discharge
      current from the commutation capacitor 26 from flowing into the thyristor
      18, thereby to protect the thyristor 18 against the permanent breakdown.
      When the thyristor 18 is again turned on, the main capacitor 12 tends to
      supply a discharged current to the thyristor 18 through the reactor 14 and
      the flash discharge lamp 16. But the reactor 14 limits this discharge
      current to an extent ensuring that the thyristor 18 is prevented from
      being permanently broken down.
PAR  Now, it is frequently difficult to avoid the retransferring of the
      thyristor 18 to its ON state while in its transient state. Firstly, when
      the flash discharge lamp 16 is caused to repeatedly emit flashing light in
      a short period, a time interval for which the commutation capacitor 26 is
      charged with the polarity illustrated is inevitably shortened resulting in
      a reverse voltage of deficient magnitude being applied to the thyristor
      18. If the reverse voltage is deficient in magnitude, then the thyristor
      18 is apt to be again turned on because the lamp 16 is still discharging
      thereby to apply a forward voltage across the thyristor 18 immediately
      after a reverse voltage has been applied to the thyristor 18. This is
      liable to occur in the case the associated photographic camera is driven
      by an electric motor to emit light twice or thrice for one second.
      Secondly, the undesirable ignition signal as above described could be
      frequently produced with the stroboscopic tube operatively coupled to
      photographic cameras. For example, the test pushbutton usually disposed on
      photographic cameras to test the emission from the flash discharge lamp 16
      is adapted to cause the ignition circuits 20 and 22 to produce ignition
      signals as does the mating camera's shutter. The test pushbutton is apt to
      chatter in view of the standpoint of its mechanism so that the undesirable
      ignition pulses as above described may be produced following the required
      ignition signal. In addition, photographic cameras usually include the
      electric circuitry of complicated configuration for the purpose of
      miniaturizing the circuitry. This can often cause undesirable ignition
      signals through the electromagnetic induction developed in the circuitry.
PAR  When the thyristor 28 has been first turned on, the resistor 40 connected
      across the diode 38, along with the resistor 32, the capacitor 26, and the
      now conducting thyristor 18, forms a circuit promoting the charging of the
      capacitor 16 with the polarity illustrated. This is effective for
      increasing a reverse voltage applied to the thyristor 18 in the case the
      flash discharge lamp 16 is caused to repeatedly emit light in a short
      period. However, the resistor 40 may be omitted, if desired.
PAR  FIG. 2 wherein like reference numerals designate the components identical
      to those shown in FIG. 1 illustrates a modification of the present
      invention. The arrangement illustrated is identical to that shown in FIG.
      1 except for a reactor 42 being serially connected to the resistor 40. The
      reactor 42 serves to protect the thyristor 18 by suppressing a rise of a
      reverse current flowing from the cathode to the anode electrode of the
      thyristor 18 due to a charge with the illustrated polarity on the
      commutation capacitor 26 supplied, as a reverse voltage, to the thyristor
      18.
PAR  The flash discharge lamp 16 may be replaced by a series combination of a
      triode thyristor having a four layer structure of PNPN conductivity type
      and a resistor. The series combination forms an electric element
      electrically equivalent to the flash discharge lamp 16. The thyristor in
      this case has, of course, the ignition circuit 20 connected across the
      gate and cathode electrodes thereof and the source terminal 10a connected
      to the anode electrode thereof through the reactor 14. The arrangement as
      shown in FIGS. 1 and 2, having the series combination of thyristor and
      resistor substituted for the flash discharge lamp 16 is effectively used
      as a test circuit for testing the turning on and off of the thyristor 18
      as a thyristor to be tested. The protective circuit 34 is also effective
      for preventing the thyristor being tested from being permanently broken
      down because if the tested thyristor is permanently broken down then their
      value as the product is fully lost.
PAR  While the present invention has been illustrated and described in
      conjunction with a few preferred embodiments thereof it is to be
      understood that various changes and modification may be resorted to
      without departing from the spirit and scope of the present invention. For
      example, the present invention is equally applicable to the thyristor 18
      composed of a diode thyristor having a four layer structure of PNPN
      conductivity type, or a two or three terminal thyristor having a five
      layer structure of alternate conductivity type. This is because the
      transient state is present in those thyristors upon transferring them from
      their ON to their OFF state.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A control circuit for controlling an electric discharge device,
      comprising, in combination:
PA1  a first circuit branch comprising an electric discharge device and a
      thyristor connected in series with said discharge device for controlling
      current flowing through said discharge device and flowing through the node
      at which said discharge device and said thyristor are connected;
PA1  a second circuit branch connected in parallel with said first circuit
      branch, said second circuit branch comprising an impedance element
      connected to said discharge device and a switching element connected to
      said thyristor and to said impedance element to define a node therewith;
      and
PA1  a third circuit branch connected between the node defined by said discharge
      device and said thyristor and the node defined by said impedance element
      and said switching element, said third circuit branch comprising a
      commutation capacitor for storing and applying a reverse voltage to said
      thyristor under control of said switching element to bias said thyristor
      from a conducting to a nonconducting state, and a diode connected in
      series with said commutation capacitor and having a polarity effective to
      prevent a voltage opposite the polarity of said reverse voltage and stored
      on said commutation capacitor from being applied to said thyristor.
NUM  2.
PAR  2. A control circuit for a discharge device as claimed in claim 1, wherein
      said electric discharge device comprises a series combination of a
      thyristor and a resistor.
NUM  3.
PAR  3. A control circuit for a discharge device as claimed in claim 1, wherein
      said electric discharge device is a flash discharge lamp.
NUM  4.
PAR  4. A control circuit for a discharge device as claimed in claim 3, further
      comprising a first ignition circuit connected to said flash discharge lamp
      and a second ignition circuit connected to said thyristor and wherein said
      first and second ignition circuits are responsive to the operation of a
      camera shutter to produce respective ignition signals.
NUM  5.
PAR  5. A control circuit for a discharge device as claimed in claim 4 wherein
      said switching element is a second thyristor, and further comprising a
      third ignition circuit connected to said second thyristor, said third
      ignition circuit comprising means responsive to a quantity of light
      emitted from said flash discharge lamp reaching a predetermined magnitude
      to bias said second thyristor to conduct.
NUM  6.
PAR  6. A control circuit for a discharge device comprising, in combination: an
      electric discharge device; a thyristor connected in series with said
      electric discharge device to control a current flowing through said
      electric discharge device; a commutation circuit including a commutation
      capacitor and a switching element for controlling the discharge of said
      commutation capacitor through said thyristor; said switching element being
      connected between said thyristor and said commutation capacitor to supply
      a reverse voltage stored in said commutation capacitor to said thyristor
      to bias said thyristor from a conductive to a nonconductive state; a
      semiconductor diode connected between said commutation capacitor and said
      thyristor to prevent an electrical charge with a polarity opposite that of
      the reverse voltage accumulated on said commutation capacitor from
      discharging through said thyristor; and a resistor connected in parallel
      with said semiconductor diode.
NUM  7.
PAR  7. A control circuit for a discharge device comprising, in combination: an
      electric discharge device; a thyristor connected in series with said
      electric discharge device to control a current flowing through said
      electric discharge device; a commutation circuit including a commutation
      capacitor and a switching element for controlling the discharge of said
      commutation capacitor through said thyristor; said switching element being
      connected between said thyristor and said commutation capacitor to supply
      a reverse voltage stored in said commutation capacitor to said thyristor
      to bias said thyristor from a conductive to a nonconductive state; a
      semiconductor diode connected between said commutation capacitor and said
      thyristor to prevent an electrical charge with a polarity opposite that of
      the reverse voltage accumulated on said commutation capacitor from
      discharging through said thyristor; and a resistor and a reactor connected
      in series, and wherein the series combination of said resistor and reactor
      is connected in parallel with said diode.
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ABST
PAL  This invention relates to circuitry for the connection of a load to and
      disconnection of a load from an AC power source. The circuitry is
      specifically useful in the on/off control of such as incandescent lamps,
      but not exclusively so, and provides for the timed disconnection of a load
      when the load is connected in series with the circuitry and AC power
      source, or alternately provides for the timed reduction of power delivered
      to the load.
BSUM
PAR  A primary object of the invention is to provide a timed-off or a
      timed-reduced output of a household lamp or lamps by simply replacing the
      regular household on/off switch or switches with the control circuitry
      herein envisioned.
PAR  Such is not possible with prior art control circuits inasmuch as these
      circuits dictate that both AC power lines be available at the control
      circuit in order to provide control power for the circuit.
PAR  According to this invention, both AC power lines are not required at the
      control circuit, the circuits being designed to be inserted between the
      load and one line of the AC power source.
PAR  Since the voltage between the load and one AC power line may be very nearly
      zero when the load is connected, special techniques are employed to
      provide the control power required by the circuit.
PAR  The control power must be absorbed by the circuit-power supply element
      during time intervals when the load is not connected to the AC power
      source. As far as control power absorption is concerned, these time
      intervals can occur at any time during the cyclic variation of AC power.
      For example, the time of connection of the load at the beginning of each
      half-cycle or cycle of AC voltage alternation can be delayed until the AC
      voltage has risen sufficiently above zero to permit control power
      absorption. This technique I term phase control.
PAR  Another possibility is not to connect the load during 1-out-of-N cycles so
      that the control power can be absorbed during each cycle for which the
      load is not connected. This technique I identify as cycle-skipping
      control.
PAR  Practical applications occur wherever timed-off or timed-reductions in
      power delivered to a load may be desired, and wherever the control is
      placed in series with the load and power source. Such loads might
      conceivably be lamps, motor-driven devices, or the like.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 shows the general scheme of the invention in block diagram form; and
PAR  FIG. 2 shows one particular implementation of the general invention scheme
      as shown in FIG. 1.
DETD
PAR  The FIG. 1 circuit shows the three basic elements of the invention: a
      control power supply element 10, a timing control element 12, and a power
      switching element 14. The circuitry is connected in series with the load
      16 and AC power supply 18. Control power supply element 10 provides the
      control power required by timing control element 12 and power switching
      element 14.
PAR  The timing control and power switching elements provide for the manual
      connection of load 16 and for the automatic timed control of power
      delivered to the load.
PAR  The FIG. 2 circuit shows one particular implementation of the general
      scheme as exemplified in FIG. 1.
PAR  The control power supply element 110 corresponds to the equivalent FIG. 1
      control power supply element 10.
PAR  The timing control element 112 corresponds to the equivalent FIG. 1 timing
      control element 12.
PAR  The power switching element 114 corresponds to the equivalent FIG. 1 power
      switching element 14.
PAR  The load is represented by 116 and the AC power supply is represented by
      118.
PAR  Control power supply element 110 utilizes phase control comprehending a
      resistor R1, two diodes D1 and D2, two capacitors C1 and C2, and two zener
      diodes Z1 and Z2.
PAR  Capacitors C1 and C2 are charged at the beginning of each half-cycle of AC
      voltage alternation during time intervals determined by the instants at
      which load 116 is connected.
PAR  The phase control is provided by the unique design of the power switching
      element. If an insufficient charge exists on capacitors C1 and C2 so as to
      fail to provide the transistors with the base currents necessary to
      trigger the triac or thyristor here functioning within power switching
      element 114, then the circuit cannot switch and the voltage across the
      circuit will be caused to rise until a sufficient charge has accumulated
      so as to trigger the triac or thyristor.
PAR  Timing control element 112 comprises both analog and digital circuitry. An
      on/off control is incorporated into the digital circuitry composed of NOR
      gates G1, G2, and G3. The analog circuitry consists of capacitor C4 and
      resistor R5. NOR gates G1 and G2 are connected in a flip-flop
      configuration. Gate G3 is used as an inverter to supply an output state
      complementary to that of gate G2.
PAR  The on/off state of the circuit is determined by the state of the
      flip-flop, an on-state existing when the output of gate G2 is low (-V),
      and an off-state existing when the output of gate G2 is high (+V).
PAR  The flip-flop formed by gates G1 and G2 is initially set to the off-state
      when the AC power is energized by the circuit consisting of capacitor C3
      and resistor R2. The on-state is achieved by moving switch A to its "on"
      position, this having the effect of discharging any charge that may exist
      on capacitor C4 through resistor R4, and of setting the flip-flop to the
      on-state by applying -V volts to the input terminals of gate G1. The
      resulting high output-state of gate G1 (+V) is transmitted to the input
      terminals of gate G2 by the capacitor C4-resistor R5 circuit.
PAR  This input state causes the output state of gate G2 to become low (-V) and
      this state is fed back to the input terminals of gate G1 so as to hold the
      flip-flop in the on-state.
PAR  The flip-flop can be operated in either a bistable or monostable mode.
      Bistable operation is obtained if switch B is moved to position 2;
      monostable operation is obtained if switch B is moved to position 1 or
      alternatively to position 3.
PAR  With switch B in either position 1 or position 3, the flip-flop is
      automatically returned to the off-state after a time interval determined
      by the capacitor C4-resistor R5 time constant. This occurs when capacitor
      C4 has charged to the point where the voltage developed across resistor R5
      is too low to hold the output state of gate G2 low.
PAR  At this point, the output voltage of gate G2 rises to +V volts and such
      voltage is thereupon fed back to gate G1 so as to hold the flip-flop in
      the off-state.
PAR  The flip-flop can be manually returned to the off-state by moving switch A
      to its "off" position so as to apply +V volts to the input terminals of
      gate G1 thereby returning the flip-flop to the off-state, and
      simultaneously discharging capacitor C4.
PAR  If switch B is in position 2, the input terminals of gate G2 are not
      connected through resistor R5 to -V and capacitor C4 cannot charge.
      Consequently, this position of switch A results in bistable operation of
      the flip-flop. The flip-flop can only be returned to the off-state by
      means of switch A, and the circuit functions simply as a manual on/off
      (manual on/reduced power) switch.
PAR  Power switching element 114 includes two transistors Q1 and Q2, a triac or
      thyristor TR, a trigger diode DT, a resistor R9, and a capacitor C5.
PAR  When the control flip-flop formed by gates G1 and G2 is in the on-state, -V
      volts is applied to the base of transistor Q2 via resistor R8. This
      voltage results in Q2 collector current when line B is positive with
      respect to line A.
PAR  Similarly, when the flip-flop is in the on-state, the +V output voltage of
      gate G3 is applied to the base of transistor Q1 via resistor R7 and
      results in Q1 collector current when line B is negative with respect to
      line A. The transistor collector currents constitute the trigger currents
      for triac or thyristor TR.
PAR  When the flip-flop is in the off-state, no collector currents flow in
      transistors Q1 and Q2 and triac or thyristor TR is not triggered by this
      means. If switch B is in position 3, then the triac is triggered by the
      capacitor C5-resistor R9 circuit and trigger diode DT so as to provide a
      reduced power delivery to the load.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a circuit device for connection in series with a load and an AC power
      source such that power is delivered to the load during both positive and
      negative half-cycles and for the automatic disconnection of the load after
      a predetermined time interval, with the timing interval being variable
      over a period ranging from a few minutes to several hours and without
      restriction to a single value, the improvement comprising: output
      thyristor means for providing a conductive path for the load current,
      means connected to and controlling the output thyristor means for
      achieving conduction or nonconduction of the output thyristor means,
      timing circuit means connected to the controlling means for timing the
      automatic timing interval and including means for initiating or
      interrupting the automatic timing interval, means connected to the timing
      circuit means for changing the duration of the automatic timing interval,
      circuit voltage means for deriving a DC control voltage supply from the AC
      power source during periodic time intervals within the automatic timing
      interval when the output thyristor means is nonconductive, and means for
      providing the periodic time intervals during the automatic timing interval
      when the output thyristor means is nonconductive.
NUM  2.
PAR  2. The circuit device as set forth in claim 1, the timing circuit means
      utilizing analog circuitry.
NUM  3.
PAR  3. The circuit device as set forth in claim 1, the timing circuit means
      utilizing digital circuitry.
NUM  4.
PAR  4. The circuit device as set forth in claim 1, the timing circuit means
      utilizing a combination of analog and digital circuitry.
NUM  5.
PAR  5. The circuit device as set forth in claim 1, the load being a lamp.
NUM  6.
PAR  6. The circuit device as set forth in claim 1, wherein the circuit device
      is substituted for a regular household on/off control switch.
NUM  7.
PAR  7. The circuit device as set forth in claim 1, wherein the controlling
      means for the output thyristor means includes an NPN transistor and a PNP
      transistor.
NUM  8.
PAR  8. The circuit device as set forth in claim 1, wherein the timing circuit
      means includes NOR gates connected in a monostable flip-flop
      configuration, the output of which is connected to a PNP transistor in the
      output thyristor controlling means and to another NOR gate, the output of
      which is connected to an NPN transistor in the output thyristor
      controlling means.
NUM  9.
PAR  9. In a circuit device for connection in series with a load and an AC power
      source such that power is delivered to the load during both positive and
      negative half-cycles and for the automatic reduction of the load after a
      predetermined time interval, with the timing interval being variable over
      a period ranging from a few minutes to several hours and without
      restriction to a single value, the improvement comprising: output
      thyristor means for providing a conductive path for the load current,
      means connected to and controlling the output thyristor means for
      achieving conduction or nonconduction of the output thyristor means, means
      for adjustment of the reduced-load conduction of the output thyristor
      means, timing circuit means connected to the controlling means for timing
      the automatic timing interval and including means for initiating or
      interrupting the automatic timing interval, means connected to the timing
      circuit means for changing the duration of the automatic timing interval,
      circuit voltage means for deriving a DC control voltage supply from the AC
      power source during periodic time intervals within the automatic timing
      interval when the output thyristor means is nonconductive, and means for
      providing the periodic time intervals during the automatic timing interval
      when the output thyristor means is nonconductive.
NUM  10.
PAR  10. The circuit device as set forth in claim 9, the load being a lamp.
NUM  11.
PAR  11. The circuit device as set forth in claim 9, wherein the circuit device
      is substituted for a regular household on/off control switch.
NUM  12.
PAR  12. The circuit device as set forth in claim 9, wherein the controlling
      means for the output thyristor means includes an NPN transistor and a PNP
      transistor.
NUM  13.
PAR  13. The circuit device as set forth in claim 9, wherein the timing circuit
      means includes NOR gates connected in a monostable flip-flop
      configuration, the output of which is connected to a PNP transistor in the
      output thyristor controlling means and to another NOR gate, the output of
      which is connected to an NPN transistor in the output thyristor
      controlling means.
NUM  14.
PAR  14. In a circuit device for connection in series with a load and an AC
      power source such that power is delivered to the load during both positive
      and negative half-cycles and provision is made for a choice between
      automatic timed disconnection of the load and automatic timed reduction of
      the load to some reduced load value and ordinary on/off control of power
      to the load, with neither the timed interval nor the reduced load value,
      being restricted to a single value but with the timed interval being
      variable over a period ranging from a few minutes to several hours, the
      improvement comprising: output thyristor means for providing a conductive
      path for the load current, means connected to and controlling the output
      thyristor means for achieving conduction or nonconduction of the output
      thyristor means, means for adjustment of the reduced-load conduction of
      the output thyristor means, timing circuit means connected to the
      controlling means for timing the automatic timing interval and including
      means for initiating or interrupting the automatic timing interval, means
      connected to the timing circuit means for changing the duration of the
      automatic timing interval, circuit voltage means for deriving a DC control
      voltage supply from the AC power source during periodic time intervals
      within the automatic timing interval when the output thyristor means is
      nonconductive, and means for providing the periodic time intervals during
      the automatic timing interval when the output thyristor means is
      nonconductive.
NUM  15.
PAR  15. The circuit device as set forth in claim 14, the load being a lamp.
NUM  16.
PAR  16. The circuit device as set forth in claim 14, wherein the circuit device
      is substituted for a regular household on/off control switch.
NUM  17.
PAR  17. The circuit device as set forth in claim 14, wherein the controlling
      means for the output thyristor means includes an NPN transistor and a PNP
      transistor.
NUM  18.
PAR  18. The circuit device as set forth in claim 14, wherein the timing circuit
      means includes NOR gates connected in a flip-flop configuration for
      operation in either monostable or bistable modes, the flip-flop output
      being connected to a PNP transistor in the output thyristor controlling
      means and to another NOR gate, the output of which is connected to an NPN
      transistor in the output thyristor controlling means.
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ABST
PAL  In a deflection system including an oscillator and an amplifier providing
      scanning current for a deflection winding, a parabolic voltage developed
      at the deflection winding is superimposed on the oscillator direct current
      operating voltage in such a proportion that an increased parabolic voltage
      level, indicative of excessive scanning current from either an overscan or
      low operating frequency condition, causes the oscillator to operate at a
      higher frequency which decreases the deflection winding current and
      therefore the parabolic voltage and thereby permits the use of less
      expensive circuit components having lower maximum voltage level ratings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a deflection system overscan protection circuit
      for reducing excessive voltage and current generated by the deflection
      system.
PAR  In deflection systems, such as the vertical deflection system utilized in
      television receivers for providing scanning current for electromagnetic
      deflection coils, it is common to utilize oscillators synchronized by
      received sync pulses to provide the proper time base for the scanning
      current waveforms. The oscillators usually are of a free running type,
      and, with no sync pulse present, have their free running frequency
      adjusted to be somewhat less than the sync pulse frequency to enable
      reliable synchronization when the sync pulses are present.
PAR  To minimize circuit costs it is common practice to utilize circuit
      elements, such as resistors and capacitors, which have resistance and
      capacitance tolerances of 10 and 20 percent. Normally such utilization
      causes no problems because variable controls are utilized to set the
      frequency and amplitude of the deflection waveforms. However, to
      accomplish this the variable controls must have a relatively wide range of
      control to compensate for the tolerance variations of elements in a given
      circuit. Thus, for example, it is not uncommon for the free running
      frequency range of a vertical rate deflection oscillator having a normal
      frequency of 60 Hz to extend as low or lower than 40 Hz and as high or
      higher than 80 Hz.
PAR  At the relatively low vertical deflection rates, 50 or 60 Hz, utilized in
      most countries today the deflection coils present primarily a resistive
      load to the scanning current obtained from the deflection amplifier. The
      scanning current is generally a linear sawtooth waveform with some amount
      of nonlinearity added to provide "S-shaping" to ensure a linear raster as
      viewed on the picture tube viewing screen. Thus, the voltage and current
      of the scanning waveform increases substantially linearly with time. If
      for some reason the vertical oscillator frequency, or hold, control
      element is misadjusted, or there is some fault in the television receiver,
      or both, the vertical oscillator could operate in its free running
      condition at a much lower frequency, increasing the time between cycles
      and thereby increasing the scanning waveform voltage and current in the
      deflection amplifier. Because some of the deflection amplifier circuit
      elements such as capacitors may have a maximum voltage rating selected to
      be satisfactory under most operating conditions, such an overscan
      condition would result in the requirement of higher voltage ratings of the
      particular circuit element, increasing the receiver cost. Similarly, if
      the deflection waveform amplitude, or size, control were adjusted to an
      extreme providing a maximum current and voltage scanning waveform,
      particular circuit elements in the deflection amplifier could also be
      overstressed, requiring higher voltage rating devices. The worst condition
      could be when both the size control and the hold control were
      inadvertently set to result in scanning waveform increase in current and
      voltage. It is desirable to provide some inexpensive and automatic
      arrangement for reducing the effects of an overscan condition.
PAC  SUMMARY OF THE INVENTION
PAR  A deflection system overscan protection circuit includes an oscillator
      coupled to a deflection amplifier which in turn is coupled to a deflection
      winding for providing scanning current thereto. A parabolic voltage
      developed at the deflection system output circuit is coupled to the
      oscillator and superimposed on the oscillator direct current operating
      voltage such that a change in the amplitude of the parabolic voltage,
      which change is indicative of a change in the scanning waveform current
      and voltage, causes the oscillator to change its frequency, thereby
      changing the peak current and voltage of the scanning waveform coupled to
      the deflection winding.
DRWD
PAR  A more detailed description of the invention is given in the following
      description and accompanying drawing of which:
PAR  FIG. 1 is a circuit diagram of a deflection system embodying an overscan
      protection circuit according to the invention; and
PAR  FIGS. 2a-2h are normalized waveform diagrams illustrating the operation of
      the circuit of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  A deflection system with overscan protection according to the invention as
      illustrated in FIG. 1 is divided into two portions for ease of
      explanation: to the left of the vertical dotted line is an oscillator
      portion 10 and reference sawtooth waveform circuitry and to the right of
      the vertical dotted line is a deflection amplifier portion 70.
PAR  The oscillator portion 10 comprises two transistors 16 and 18 coupled to
      oscillate in a free running manner in the absence of sync pulses.
      Transistor 16 has its emitter coupled to a terminal 60 and its collector
      coupled through a resistor 24 to a source of operating potential indicated
      as terminal V.sub.2. Terminal V.sub.2 is coupled through a resistor 25 to
      a source of operating potential labeled as terminal V.sub.1. V.sub.1 may
      be in the order of +20 volts DC. The value of resistors 36 and 37 are
      chosen so that the voltage at terminal 60 is approximately +10 volts. The
      voltage at terminal V.sub.2 with respect to terminal 60 is then
      approximately +10 volts. The base electrode of transistor 16 is coupled to
      the collector of transistor 18 and through a resistor 28 to terminal 60.
      The emitter electrode of transistor 18 is coupled to the junction of
      capacitor 29, resistor 21 and resistor 22. The other terminal of capacitor
      29 is coupled to terminal 60, the other terminal of resistor 22 through a
      diode 23 to the collector of transistor 16 and the junction of resistors
      15, 24, 17 and diode 33. The other terminal of resistor 21 is coupled
      through a potentiometer 20 which serves as a frequency or hold control, to
      the capacitor 19. Resistors 26 and 27 are serially coupled between
      terminal V.sub.2 and 60. The values of resistors 26, 27 and 17 are
      selected to provide a bias of approximately two-thirds the V.sub.2 voltage
      at the base electrode of transistor 18 when transistors 18 and 16 are not
      conducting and a bias of one-third the V.sub.2 voltage when transistors 16
      and 18 are conducting. A source of vertical deflection rate sync pulses 11
      is coupled to a first input terminal 12 of the oscillator and through a
      coupling capacitor 13, resistor 14, resistor 15 and resistor 17 to the
      base of transistor 18.
PAR  A horizontal rate filter capacitor 30 is coupled between terminals V.sub.2
      and 60. A resistor 31, a size or amplitude controlling potentiometer 32
      and a capacitor 35 are serially coupled between terminals V.sub.1 and 60.
      A voltage divider comprising serially coupled resistors 36 and 37 is
      coupled between terminal V.sub.1 and ground, the junction of the resistors
      being coupled to the base of transistor 38 to provide bias thereto and
      through a coupling capacitor 34 and a diode 33 to the collector electrode
      of transistor 16. The junction of diode 33 and capacitor 34 is coupled to
      the junction of size control 32 and capacitor 35.
PAR  The amplifier portion 70 comprises transistors 38 and 41 connected as an
      amplifier stage and transistors 43, 44, 45 and 46 connected as a
      quasi-complementary symmetry power amplifier. Transistor 38 has its
      collector coupled through resistors 39 and 40 to terminal V.sub.1 and its
      emitter coupled to the junction of serially coupled resistors 55 and 56
      which are coupled in parallel with a deflection winding comprising coils
      57 and 58. The base of transistor 41 is coupled to the junction of
      resistors 39 and 40, its emitter is coupled to terminal V.sub.1 and its
      collector is coupled through a diode 42 to the base of transistor 43. The
      base of transistor 43 is also coupled through resistors 47 and 48 to a
      terminal V.sub.3 supplying a potential of -120 volts. The junction of
      resistors 47 and 48 is coupled to the base of transistor 46. The collector
      of transistor 43 is coupled to terminal V.sub.1 and its emitter is coupled
      to the base of transistor 44 and through a resistor 51 to the emitter of
      transistor 46. The collector emitter paths of output transistors 44 and 45
      are serially coupled between terminal V.sub.1 and the anode of diode 54,
      the cathode of which is grounded. The collector of transistor 46 is
      coupled through a resistor 49 and to the anode of diode 54 and to a
      terminal of a capacitor 50, the other terminal of which is grounded. A
      diode 53 is coupled across the collector-emitter electrodes of transistor
      45, and the output terminal formed by the junction of the emitter of
      transistor 44 and the collector of transistor 45 is coupled to the cathode
      of diode 53 and the junction of resistor 55 and deflection coil 57 and
      emitter of transistor 46. Yoke coupling capacitor 69, which has its value
      selected to provide S-shaping, is coupled to terminal V.sub.1 and to
      common terminal 60. A current feedback resistor 59 is coupled from
      terminal 60 to the junction of resistor 56 and deflection coil 58.
PAR  A blanking and grid bias circuit comprising resistors 62, 63, 67 and 72,
      capacitors 61, 65 and 66, and a diode 64 is arranged as indicated with one
      terminal of resistor 62 being coupled to the anode of diode 42 and the
      other terminal of resistor 62 coupled to resistor 48 and to terminal
      V.sub.3.
PAR  In operation, sync pulses 11 coupled to oscillator 10 cause transistor 18
      to conduct and the collector current through resistor 28 develops a
      voltage which is coupled to the base of transistor 16 which also causes it
      to conduct if the voltage at point A is positive enough as a result of the
      charging of capacitor 29. Timing capacitor 29 then discharges through
      transistor 18 through the base-emitter junction of transistor 16 and also
      through resistor 22 and diode 23 and down through the collector-emitter
      path of transistor 16 to terminal 60. At the same time, the sawtooth
      generating capacitor 35 is discharged through diode 33 and the
      collector-emitter path of transistor 16 to terminal 60. When capacitor 29
      is discharged to one-third V.sub.2, transistor 18 cuts off which cuts off
      transistor 16, and timing capacitor 29 charges from the V.sub.2 supply
      through resistors 24 and 15, the hold control 20 and resistor 21 to
      terminal 60. The charge across capacitor 29 is indicated by the generally
      sawtooth voltage waveform A illustrated in FIG. 2d.
PAR  Sawtooth reference capacitor 35 is charged from the V.sub.1 supply through
      resistor 31 and from the output terminal through resistor 52 and through
      size control potentiometer 32 to terminal 60. The voltage at terminals B
      and C of oscillator 10 are illustrated by their respective voltage
      waveforms B and C of FIGS. 2e and 2f, respectively. The value of the
      voltages at points A, B and C as a fraction of the operating voltage
      V.sub.2 is indicated. Waveform B is determined primarily by the voltage
      division provided by resistors 26 and 27 and 17 with respect to terminal
      60.
PAR  During the retrace interval, which is illustrated by the interval T.sub.1 -
      T.sub.4 of FIGS. 2a-2f, FIGS. 2d, 2e and 2f indicate that transistors 18
      and 16 are simultaneously conducting during the period T.sub.1 - T.sub.2,
      which represents approximately 70 microseconds of an approximate 700
      millisecond retrace period, T.sub.1 - T.sub.4. The period T.sub.1 -
      T.sub.2 can be selected to be any time up to the full retrace time.
PAR  In the absence of incoming sync pulses 11, oscillator 10 free runs at a
      rate adjusted by the setting of hold control 20. As capacitor 29 charges
      and the voltage at terminal A exceeds the voltage at terminal B by the
      base-emitter drop of transistor 18, transistor 18 conducts which turns on
      transistor 16 which discharges capacitor 35 which initiates the retrace
      cycle as described above.
PAR  Capacitor 19 serves to filter any horizontal deflection rate components
      from the incoming vertical sync pulses to reduce the possiblity of
      spurious triggering of the oscillator. Similarly, resistor 25 and
      capacitor 30 form a filter network for filtering horizontal deflection
      rate components from the V.sub.1 supply to reduce the possibility of
      spurious triggering of oscillator 10. Care must be taken in the selection
      of the valves of resistor 25 and capacitor 30 to ensure that this network
      will not filter vertical deflection rate components as it is desired to
      add these components to the +V.sub.2 supply in a manner to be described
      subsequently.
PAR  The positive going sawtooth wave which is the charging voltage across
      capacitor 35, the amplitude of which is controlled by the adjustment of
      size potentiometer 32 in the charging circuit, is coupled through
      capacitor 34 and superimposed on the DC bias level established at the
      junction of resistors 36 and 37 and coupled to the base of transistor 38.
      The positive going sawtooth waveform causes the amplifier 70 to drive a
      sawtooth current through coils 57 and 58 during the entire trace period of
      each vertical deflection cycle during the time interval T.sub.0 - T.sub.1.
      The first half or negative half of the trace current waveform (FIG. 2b)
      causes transistors 46 and 45 to conduct, transistor 45 conducting scanning
      current from the bottom side of coupling capacitor 69 through current
      feedback resistor 59, deflection coils 58 and 57, transistor 45, to the
      anode of diode 54. During the second portion of the trace interval,
      transistors 46 and 45 are cut off and the drive waveform at the cathode of
      diode 42, similar to the waveform of FIG. 2a, causes transistors 43 and 44
      to conduct, reversing the current through the yoke as scanning current now
      flows from the positive supply at terminal V.sub.1 through transistor 44,
      deflection coils 57 and 58, and resistor 59 to the negative terminal of
      coupling capacitor 69.
PAR  At the end of the trace interval at T.sub.1 the sudden negative transition
      of the sawtooth reference waveform at the base of transistor 38 caused by
      the quick discharge of capacitor 35 through diode 33 and transistor 16
      causes transistors 38 and 41 to stop conducting, which condition lasts for
      the remainder of the retrace period T.sub.1 - T.sub.4. With both of
      transistors 44 and 45 cut off, a relatively large negative retrace pulse
      is formed during the interval T.sub.1 - T.sub.3, as indicated by the
      deflection yoke voltage waveform of FIG. 2a, as yoke current is supplied
      from the negative terminal of capacitor 50 through diode 53 and through
      deflection windings 57 and 58 in a resonant manner. Diode 54 is a
      disconnect diode which permits the voltage at the junction of deflection
      coil 57 and diode 53 to go negative with respect to ground. At T.sub.2 the
      yoke current has decayed to zero and capacitor 50 is charged to
      approximately its peak negative value. Now the current reverses coming
      from the negative terminal of capacitor 69 through elements 59, 58, 57, 45
      and 46 to 50. At T.sub.3 the half cycle of resonant energy exchange
      between capacitor 50 and coil windings 57 and 58 is finished and the yoke
      current is almost completely reversed as illustrated by the yoke current
      waveform of FIG. 2b. During the interval T.sub.3 - T.sub.4 diode 54 is
      again forward biased and yoke current flows through transistor 45 and
      diode 54 to ground. During T.sub.3 - T.sub.4 the yoke current which passes
      through feedback resistor 59 reaches its most negative value at time
      T.sub.4, the resulting negative voltage at the emitter of transistor 38 in
      relation to its rising base voltage causes transistors 38 and 41 to
      conduct, initiating the start of the next trace interval.
PAR  Resistors 55 and 56 coupled across windings 57 and 58 form a voltage
      divider which provides feedback to the emitter of transistor 38 for the
      purpose of cancelling any horizontal rate components picked up by vertical
      coils 57 and 58.
PAR  It is desirable that a vertical blanking pulse be able to blank a picture
      tube electrode for the full retrace interval T.sub.1 - T.sub.4 and not
      just for a time corresponding to the retrace pulse T.sub.1 - T.sub.3. Such
      full retrace interval blanking is provided in the following manner. During
      the trace interval, transistor 41 is conducting as described above and a
      portion of its collector current flows through resistor 63 and diode 64 to
      ground, clamping the junction of diode 64 and capacitor 65 at slightly
      above ground potential. From T.sub.0 - T.sub.1, the voltage level of
      blanking waveform 71 is determined by the voltage developed at the
      junction of the voltage divider consisting of resistors 67 and 72 coupled
      between V.sub.4 and ground. At T.sub.1, the start of the retrace period,
      transistor 41 is cut off as described above and remains cut off until the
      end of the retrace period T.sub.4. No collector current flows and a
      negative voltage is coupled from the V.sub.3 supply through resistors 62
      and 63 and capacitor 65 to terminal 68. This negative voltage provides the
      blanking and is selected to be more negative than the retrace voltage
      present at the amplifier output terminal and the base of transistor 43.
      Therefore, during T.sub.1 - T.sub.4 diode 42 blocks the output voltage
      from the blanking voltage and thereby maintains the blanking voltage at
      terminal 68 at its selected negative value for the full retrace time
      T.sub.1 - T.sub.4. Capacitor 66 acts as a filter to bypass any horizontal
      rate energy present at the kinescope electrode. Thus, it is the action in
      the retrace circuit of clamping diode 64 and blocking diode 42 to provide
      a clean full width and constant amplitude retrace pulse.
PAR  Capacitor 69 is selected to be of a value to provide S-shaping correction
      of the deflection coil current and is also selected to be small enough in
      value to provide approximately a 4 volt peak-to-peak negative going
      parabolic voltage at terminal 60 with respect to ground. It is noted that
      terminal 60 is not grounded and is the common return bus for the
      oscillator section 10. Therefore, the operating voltage across the
      oscillator is the voltage at terminal V.sub.2 with respect to terminal 60.
      The DC component of this operating voltage at terminal 60 is determined by
      the voltage divider comprising resistors 36 and 37 and is maintained by
      the negative DC feedback from terminal 60 to the emitter of transistor 38.
      The amount of V.sub.1 voltage dropped across resistor 25 is small, just
      enough to filter any horizontal pick up on V.sub.1. The voltage at
      terminal V.sub.2 with respect to terminal 60 is illustrated in FIG. 2c. It
      is noted that V.sub.2 actually varies with time in accordance with the
      positive going parabolic waveform seen from terminal 60 to V.sub.2.
PAR  The normal synchronized operation of the oscillator was described above. In
      the event that sync pulses 11 are not present, the oscillator will free
      run also as described above at a frequency adjusted by the hold control
      20. Assuming that component tolerances are stacked for a low free running
      frequency and/or that the hold control has been set such that the free
      running frequency was considerably lower than the normal synchronizing
      frequency, the scanning waveform voltage and current developed in the
      amplifier output section would increase inversely proportional to the free
      running frequency. The peak-to-peak parabolic voltage developed at
      terminal 60 similarly would increase and the operating voltage V.sub.2 of
      the oscillator would also reflect this increase. Such a condition is
      illustrated by the waveforms in FIG. 2g in which the solid line curves
      V.sub.2 and B indicate a normal voltage condition at terminals V.sub.2 and
      B in the oscillator, and the dashed curves V.sub.2 ' and B' indicate the
      voltage at these terminals during the low frequency condition creating the
      undesirably high scanning current and voltage. In FIG. 2g, waveform B
      indicates that the retrace period is initiated at T.sub.1  which may be
      considered to be the point in time in which the oscillator voltage at B is
      0.7 volts negative with respect to point A. This condition can occur when
      the negative going sync pulses force point B to that level, or, in the
      absence of sync, when capacitor 29 has charged positive enough to bring
      point A to this condition, or, in accordance with the invention, when the
      parabolic component of V.sub.2 brings point B down to the conduction point
      of transistor 18. With the higher voltage condition caused by the absence
      of sync and the lower free running frequency, the voltage of curve B'  at
      T.sub.1 has not decreased to the level T.sub.L required to trigger the
      oscillator and the new trace interval would normally not terminate until
      T.sub.1 '. However, the increased peak-to-peak parabolic voltage component
      B' has steeper rise and fall portions at its beginning and end portions
      during the trace interval and, hence, the voltage waveform B' as it
      decreases reaches the triggering level T.sub.L at a time T.sub.1 " which
      occurs before T.sub.1 '. At T.sub.1 ", transistors 18 and 16 conduct to
      initiate the retrace interval. This forced premature conduction relative
      to T.sub.1 ' results in an increased frequency of oscillation with a
      resulting decrease in scanning current and thereby a decrease in the peak
      retrace voltage. In this manner, circuit components such as tantalum
      capacitor 50, transistor 43 and transistor 44 in the amplifier output
      circuit are protected against excessive voltage stress during abnormal
      misadjustment conditions. This protection arrangement according to the
      invention permits the use of considerably less expensive components with a
      resultant cost savings.
PAR  As described above, an excessive voltage and current condition can also
      exist if size potentiometer 32 is incorrectly adjusted. This situation is
      illustrated by the dotted curves V.sub.2 ' and B' in FIG. 2h. The normal
      frequency of oscillation would result in a trace period extending from
      T.sub.0 to T.sub.1. However, the greater parabolic voltage component at
      terminal 60 caused by greater scanning current results in a greater
      amplitude parabolic component on V.sub.2 ' with a resulting larger
      parabolic voltage at terminal B, illustrated as voltage waveform B' in
      FIG. 2h. The increased amplitude parabolic waveform B' has a more rapidly
      falling trailing edge and hence reaches the oscillator triggering level
      T.sub.L at a time T.sub.1 " occurring before T.sub.1. This causes the
      transistors 18 and 16 to conduct at T.sub.1 " and initiate retrace. This
      increased frequency of operation results in decreased scanning current and
      thus decreased retrace voltage waveforms with a resultant decrease in the
      voltage rating of critical components in the deflection amplifier. It is
      noted that should both an excessively low frequency condition and an
      excessively large size condition occur simultaneously, the protective
      effects of the circuit according to the invention are cumulative. Also, as
      the protection circuit automatically acts to decrease an overscan
      condition, the effect automatically decreases as the condition is
      corrected.
PAR  The following is a tabulation of circuit element values utilized in the
      circuit of FIG. 1.
TBL  ______________________________________                                    
     R14     68k        R40       8.2k                                         
     R17     330k       R47       1.2k                                         
     R21     56k        R48       120k                                         
     R22     1.8k       R49       680                                          
     R24     47k        R51       680                                          
     R25     10k        R52       1m                                           
     R26     330k       R55       22k                                          
     R27     330k       R56       100                                          
     R28     150k       R59       1                                            
     R31     390k       R62       560k                                         
     R32     350k       R63       22k                                          
     R36     3.9m       R67       1m                                           
     R37     3.9m       R72       390k                                         
     R39     22k        R15       68k                                          
     R20     350k                                                              
     C13     .01.mu.f   C50       2.7.mu.f (50v)                               
     C19     4700.mu..mu.f                                                     
                        C61       .01.mu.f                                     
     C29     .1.mu.f    C65       .068.mu.f                                    
     C30     .01.mu.f   C66       270.mu..mu.f                                 
     C34     .22.mu.f   C69       820.mu.f                                     
     C35     .22.mu.f                                                          
     Q16     2N4401     Q43       MPSA06                                       
     Q18     2N4403     Q44       2N5294                                       
     Q38     2N4410     Q45       2N5294                                       
     Q41     MPSA56     Q46       2N4401                                       
     D23     IN3062     D53       IN4004                                       
     D33     IN3062     D54       IN4004                                       
     D42     IN3070     D64       IN3062                                       
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A deflection system overscan protection circuit, comprising:
PA1  an oscillator for producing a generally sawtooth waveform;
PA1  a deflection winding;
PA1  an amplifier coupled to said oscillator and said deflection winding and
      responsive to said sawtooth waveform for providing a generally sawtooth
      scanning current to said deflection winding;
PA1  means for obtaining a parabolic voltage waveform from said deflection
      winding, which parabolic voltage waveform is proportional to the amount of
      scanning current through said deflection winding, and for coupling said
      parabolic voltage to said oscillator for superimposing said parabolic
      voltage on a direct current operating voltage of said oscillator such that
      a change in said parabolic voltage causes said oscillator to change its
      frequency, thereby changing the peak amplitude of said scanning current.
NUM  2.
PAR  2. A deflection system overscan protection circuit according to claim 1
      wherein said means includes a capacitor coupled to said deflection winding
      and a point of reference potential for developing said parabolic voltage
      waveform.
NUM  3.
PAR  3. A deflection system overscan protection circuit according to claim 2
      wherein said oscillator includes a switching device coupled to a timing
      circuit, said device being responsive to amplitude changes of said
      parabolic waveform superimposed on said operating voltage for altering the
      frequency of said oscillator.
NUM  4.
PAR  4. A deflection system overscan protection circuit according to claim 3
      wherein said capacitor is coupled in series with said deflection winding,
      said capacitor being further coupled in parallel with operating voltage
      terminals of said oscillator for applying said superimposed direct current
      operating voltage and said parabolic voltage to said operating voltage
      terminals for controlling the frequency of said oscillator.
NUM  5.
PAR  5. A deflection system overscan protection circuit according to claim 3
      wherein the frequency of said oscillator is proportional to the magnitude
      of said parabolic waveform.
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ABST
PAL  A saturable reactor for correction of pincushion distortion of a TV picture
      tube raster has, in one form, a magnetically saturable two window core. A
      single wire control coil is wound transversely around the central leg
      segment of the core and is connected with the vertical frequency sawtooth
      driver in a parabolic wave shaping network. A first load coil, wound
      transversely around one outer core leg, is connected in series circuit
      with the horizontal frequency sawtooth driver and the horizontal
      deflection coils. A second load coil is wound around the exterior of the
      core, in lengthwise embracing relation to its other outer leg, and is
      connected in series with the vertical deflection coils and also in a phase
      inverting resonant loop circuit.
BSUM
PAR  This invention relates to apparatus for correcting pincushion distortion of
      the raster of a cathode ray tube, and is more particularly concerned with
      a novel saturable reactor device and with circuitry by which said device
      can be connected with electromagnetic deflecting apparatus for a cathode
      ray tube to correct distortion of the raster.
PAR  Pincushion distortion of the raster of a cathode ray tube used for
      television display is a distortion of the raster out of its normal and
      desired rectangular configuration, such that the raster has outwardly
      projecting corners and concavely bowed edges. The causes of pincushion
      distortion are well known. Briefly and generally, it results from the fact
      that the viewing screen of the tube is flatter than a spherical surface
      which has its center of curvature at or near the center about which the
      electron beam is deflected. It is also well known that the tendency toward
      pincushion distortion increases with increasingly wide angle of the tube
      and is thus most pronounced in the axially short tubes with comparatively
      flat screens that are regarded as most desirable and are favored for
      modern television receivers.
PAR  The problem of correcting for pincushion distortion is a complicated one,
      owing to the fact that a correction must be applied to the deflection of
      the beam along each of its axes of deflection, which correction, for each
      axis, must vary nonlinearly with the progress of the beam along the other
      axis.
PAR  A number of different solutions to this problem have heretofore been
      proposed. Like the present invention, most of these took advantage of the
      nonlinear magnetic properties of the core of a saturable reactor. One
      exception is disclosed by the 1954 Lockhart U.S. Pat. No. 2,682,012. The
      rather complicated and expensive apparatus of that patent was intended for
      only top and bottom correction. The Lufkin U.S. Pat. No. 2,842,709,
      disclosed an apparently complementary circuit incorporating a saturable
      reactor, intended for side correction. The apparatus represented by a
      combination of the Lockhart and Lufkin teachings has been rendered
      obsolete by later developments.
PAR  U.S. Pat. No. 3,329,861, to W. H. Barkow et al, discloses a four-window
      saturable reactor employed for only side correction. The substantially
      concurrent patent to Barkow, U.S. Pat. No. 3,346,765, discloses a
      two-window saturable reactor employed for only top and bottom correction.
      The saturable reactor devices disclosed in these two patents had to be
      used in combination to achieve complete correction of pincushion
      distortion.
PAR  A somewhat later U.S. Pat. No. 3,444,422, to J. Wolber, discloses a single
      two-window saturable reactor that accomplished complete pincushion
      correction. Although the apparatus of the Wolber patent was both simple
      and inexpensive, it had certain serious disadvantages. The load coils of
      the saturable reactor, which were wound around the outer legs of its core
      and connected in series with one another, were connected across the
      horizontal deflection coils, in parallel with them, in order to present,
      with the horizontal deflection coils, a substantially constant load
      impedance to the horizontal sawtooth driver. The rather high voltage
      across the horizontal deflection coils was thus impressed across the load
      coils of the saturable reactor, requiring careful design and manufacture
      of that device to ensure that it would not be subject to short circuiting
      failure in use.
PAR  During the time since the Wolber patent issued, the television receiver
      industry has moved in the direction of lower voltages across the
      horizontal deflection coils but higher currents through them. This trend
      has in some measure reduced the short-circuiting risk inherent in the
      Wolber apparatus, but other recent developments have emphasized other
      deficiencies in it. For one thing, the connection of the saturable reactor
      coil in parallel with the horizontal deflection coils consumed a
      substantially greater amount of energy than would have been needed with a
      series connection, and of course such unnecessary expenditure of energy is
      no longer regarded as inconsequential. A more serious objection to this
      parallel coil connection in the Wolber apparatus arose when television
      receiver manufacturers adopted the practice of regulating the voltage
      across the horizontal deflection circuit. Because a constant voltage now
      tends to be maintained across the horizontal deflection coils, a
      correction coil in parallel with them is ineffective to influence the
      current through them. After the general adoption of such current
      regulation, the usual commercial practice was to use separate saturable
      reactors for top and bottom correction and for side correction, the
      circuit for side correction being generally like that of Lufkin.
PAR  In brief, therefore, the apparatus of the Wolber patent is not well suited
      to present conditions and requirements.
PAR  To avoid interlace problems, U.S. Pat. No. 3,329,859 to E. Lemke, proposed
      the use of a bifilar winding for the control winding on the central leg of
      the two-window core, which was connected in the vertical deflection
      circuit. The bifilar winding trapped out the horizontal frequency
      component and prevented it from entering the vertical deflection circuit,
      but it was rather expensive to manufacture. The last mentioned patent was
      concerned only with the correction of top and bottom distortion. A
      companion Lemke U.S. Pat. No. 3,329,862 discloses that side-to-side
      distortion was intended to be corrected with the use of a four-window
      saturable reactor like that of the above mentioned Barkow et al U.S. Pat.
      No. 3,329,861.
PAR  U.S. Pat. No. 3,390,364, to M. Russell, discloses another type of saturable
      reactor intended for top and bottom correction. The device of the Russell
      patent comprised a tubular core of magnetically saturable material, a
      control coil wound circumferentially around the core, and a load or signal
      coil wound toroidally around the core. Since the load coil had to be wound
      through the core of the tubular core, it could not be wound on a bobbin
      apart from the core, and the device was therefore comparatively costly.
      Because of this and certain other disadvantages, the saturable reactor of
      the Russell patent did not have widespread commercial use.
PAR  The most nearly successful apparatus heretofore available for effecting
      complete pincushion correction in a modern television receiver with a wide
      angle tube has been the widely used one that comprised two saturable
      reactors, each having at least four connections to circuit components
      external to it. In addition to needing more space, more installation labor
      and more costly complementary circuitry than is now seen as necessary,
      each of these saturable reactors was in itself relatively costly, having
      series-connected outer coils that had oppositely poled coupling to the
      core and had to be carefully balanced.
PAR  By contrast, it is a general object of the present invention to provide
      apparatus for complete correction of pincushion distortion comprising a
      single compact saturable reactor device that can be manufactured at low
      cost, can be readily and quickly adapted to meet the correction
      requirements of the particular circuitry and tube with which it is
      intended to cooperate, and can be assembled into a television receiver
      with substantially less labor and expense than prior devices intended for
      the same purpose.
PAR  More specifically, it is an object of this invention to provide a saturable
      reactor device of the type having a control coil through which a current
      of one frequency is intended to flow, a load coil through which a current
      of substantially different frequency is intended to flow, to be modified
      by the current through the control coil, and a saturable core upon which
      both coils are wound, said saturable reactor having such configuration
      that its coils can be single wire windings that need not be connected with
      one another and can be wound apart from its core on bobbins that can be
      readily assembled axially onto the core.
PAR  Another specific object of this invention is to provide a saturable reactor
      for complete pincushion correction (i.e., top and bottom correction and
      side correction) that has only six connections to other components of the
      circuitry with which it cooperates, as compared with the minimum of eight
      such connections for prior saturable reactor devices suitable for modern
      applications.
PAR  A further specific object of this invention is to provide a saturable
      reactor that can be connected in a pincushion correction circuit in series
      with horizontal deflection coils, and which therefore has only a
      relatively low voltage impressed across it, does not entail any
      unnecessary energy consumption on the part of the horizontal deflection
      circuit, and is compatible with contemporary voltage-regulated circuitry.
PAR  Still another object of this invention is to provide a saturable reactor of
      general utility which possesses the desirable attributes of the device of
      the above mentioned Russell patent without the undesirable characteristics
      of that device and which, in particular, can be made at substantially
      lower cost, can be adjusted more readily and much more accurately, and
      which is well suited for many applications to which the prior device was
      not adapted.
PAR  With these observations and objectives in mind, the manner in which the
      invention achieves its purpose will be appreciated from the following
      description and the accompanying drawings, which exemplify the invention,
      it being understood that changes may be made in the specific apparatus
      disclosed herein without departing from the essentials of the invention
      set forth in the appended claims.
DRWD
PAR  The accompanying drawings illustrate several complete examples of
      embodiments of the invention constructed according to the best modes so
      far devised for the practical application of the principles thereof, and
      in which:
PAR  FIG. 1 is a diagrammatic plan view of a saturable reactor embodying the
      principles of the present invention, in a form especially suitable for use
      in the pincushion distortion correction circuit of a television receiver;
PAR  FIG. 2 is a side perspective view of an embodiment of the saturable reactor
      that is illustrated diagrammatically in FIG. 1;
PAR  FIG. 3a is a circuit diagram of that portion of a television receiver that
      comprises apparatus for correcting pincushion distortion incorporating the
      saturable reactor illustrated in FIG. 1;
PAR  FIG. 3b is a circuit diagram of a modification of the vertical deflection
      circuit in apparatus otherwise identical with that illustrated in FIG. 3a;
PAR  FIG. 4 is a curve of magnetic flux vs. magnetizing direct current
      (hysteresis curve) that is typical of the core of a saturable reactor
      embodying the principles of this invention;
PAR  FIGS. 5a-5d are diagrams illustrating flux fields in the core of the
      saturable reactor shown in FIG. 1, under each of certain conditions that
      are described hereinafter;
PAR  FIG. 6 is a graph of the several current waveforms that are developed in
      the pincushion correction apparatus of this invention; and
PAR  FIGS. 7 and 8 are views generally similar to FIG. 1 but illustrating
      modified embodiments of the saturable reactor of this invention.
DETD
PAR  Referring now more particularly to the accompanying drawings, the saturable
      reactor 4 of this invention, in a preferred form thereof, comprises, in
      general, a magnetically saturable two-window core 5 upon which are wound a
      control coil 6, a first load coil 7 and a second load coil 8.
PAR  The core 5 is made of a material, such as ferrite, that has the
      characteristic hysteresis curve illustrated in FIG. 4, wherein magnetizing
      force H due to a d.c. control current is plotted horizontally and flux
      density B in the core is plotted vertically. As is generally
      characteristic of saturable reactors, the device of the present invention
      is intended to operate in a restricted portion 9 of the B/H hysteresis
      loop that is near the knee of the curve for nonlinearly increasing flux
      density with rising magnetizing force.
PAR  The core is preferably formed in two parts that are respectively designated
      by 10 and 11. The core part 10 is substantially E-shaped, with three
      spaced apart, parallel leg segments 12, 13 and 14 and a connecting segment
      15 that extends transversely to the leg segments across one end of each
      and connects them with one another. The other part 11 of the core is
      simply a straight and elongated I-segment that extends parallel to the
      connecting segment 15 across the opposite ends of the legs to cooperate
      with the core part 10 in defining two windows 16 and 17.
PAR  Because the I-segment 11 is formed separately from the E-shaped part 10 of
      the core, the two parts cooperate to define a small air-gap in the core.
      Owing to the somewhat unpredictable shrinkage that a ferrite part
      undergoes in the process of its formation, the permeability of a ferrite
      part, in itself, is only very roughly predictable. An air gap in a ferrite
      core can very substantially decrease its permeability without materially
      altering its nonlinear saturation characteristics; hence the permeability
      of the core can be more easily and accurately controlled by controlling
      the air gap than by attempting to control the parameters of the core
      material itself. Inasmuch as the air gap in the present core is in the
      magnetic circuit for each of the leg segments 12, 13 and 14, the
      permeability of the core as a whole can be readily and accurately
      controlled by adjusting the size of the air gap, as with the use of a
      selected thickness of paper or other nonmagnetic material. The provision
      for such control of the permeability of the core is of course an important
      and very desirable feature of the saturable reactor of this invention.
PAR  The central leg segment 13 of the core has a cross section area (as
      measured normal to its length) which is larger than that of either of the
      outer leg segments 12 or 14, so that it is less readily saturable than
      either of them. Preferably its cross section area is twice that of each of
      the outer leg segments, to provide for flux circuit symmetry.
PAR  The control coil 6 is wound transversely around the central leg segment 13
      of the core; that is, it passes through both of the windows 16 and 17 and
      has its axis within the central leg segment and extending lengthwise
      thereof. Of course the control coil can be readily wound on a bobbin 18
      apart from the core and can be slipped axially onto the central leg of the
      E-shaped core portion 10 before the I-segment 11 is fastened in place.
PAR  In like manner the first load coil 7 is wound transversely around one outer
      leg 12 of the core, preferably on a bobbin 19.
PAR  The second load coil 8, however, is wound around the exterior of the core,
      with its turns in lengthwise embracing relationship to the other outer leg
      segment 14 and also embracing the I-segment 11 as well as the connecting
      segment 15. Thus the axis of the second load coil is transverse to that of
      the control coil as well as to the axis of the first load coil. Because of
      this orientation of the second load coil, it is so coupled with the core
      that its reactive impedance varies with the flux density in the outer core
      leg segment 14 that it embraces, but it does not have a transformer type
      of coupling with either the control coil or the first load coil. It will
      be understood that the second load coil can be wound on a bobbin 20, apart
      from the core, and can be assembled axially onto the core after the two
      core parts 10 and 11 are connected.
PAR  The principles of operation of the saturable reactor will be better
      understood in the light of the following explanation of a pincushion
      correction circuit in which it is connected, which circuit is illustrated
      in FIG. 3a.
PAR  In general, the circuit comprises a set of horizontal deflection coils 22
      and a set of vertical deflection coils 23. As is well known, these two
      sets of deflection coils are wound on a magnetically permeable yoke 24
      that is associated with the cathode ray tube or picture tube (not shown)
      of a television receiver.
PAR  Basically the horizontal deflection coils 22 are energized from a
      horizontal frequency sawtooth generator 25 that is not illustrated in
      detail inasmuch as its construction is well known. In like manner the
      vertical deflection coils receive their basic energization from a vertical
      frequency sawtooth generator 26 that is likewise of well known
      construction.
PAR  The horizontal frequency sawtooth generator produces a current of sawtooth
      wave form at a comparatively high horizontal frequency (15,750 Hz in
      United States standard practice). Each sweep of that current deflects the
      beam horizontally to scan along a line. The vertical frequency sawtooth
      generator produces a current of sawtooth wave form at a substantially
      lower frequency (60 Hz in United States standard practice). During each
      sweep of the vertical frequency current the beam is deflected vertically
      from line to line and is thus caused to scan through the full height of
      the raster.
PAR  The control coil 6 of the saturable reactor is connected with the vertical
      frequency sawtooth generator 26 in a wave shaping network that is here
      shown as comprising a resistor 27 and capacitors 28 and 29; and the
      control coil is also connected across a source of d.c. biasing current
      comprising the B-minus terminal of the receiver power supply and the
      chassis ground 30. The d.c. biasing current through the control coil
      induces in the core 5 a steady flux .phi..sub.b that partially saturates
      the core and ensures that the varying fluxes induced in it as described
      hereinafter will bring its flux saturation to the preferred area 9 of the
      B/H hysteresis loop.
PAR  By means of the wave shaping network, the sawtooth vertical frequency
      current I.sub.v (see FIG. 6) is converted to a current that has a
      parabolic wave form at the vertical frequency, as denoted by the curve
      I.sub.c. The parabolic wave form develops by reason of the cooperation of
      the capacitors 28 and 29, the resistor 27 and the control coil functioning
      as an inductance. The manner in which the wave shaping network operates
      will be readily understood by those skilled in the art, who will also
      appreciate that other types of circuitry can be employed to obtain the
      parabolic wave form. It might be mentioned at this point that an ideal
      pincushion correction would be hyperbolic rather than parabolic, but in
      actual practice the use of a parabolic wave form -- which is more easily
      obtained -- brings about no normally perceptible deviation from an ideal
      correction.
PAR  The first load coil 7 is connected in a series circuit with the horizontal
      frequency sawtooth generator 25 and with the horizontal deflection coils
      22, the latter being connected in parallel with one another, as is the
      contemporary practice. Thus all current flowing through the horizontal
      deflection coils also flows through the load coil 7. However, the d.c.
      resistance of the load coil 7 is preferably substantially less than one
      ohm and its inductance is on the order of 10% of that of the horizontal
      deflection coils; hence the first load coil and the horizontal deflection
      coils together offer a substantially constant load to the horizontal
      sawtooth drive circuit 25 without taking the additional energy that would
      be required if the first load coil were connected in parallel with the
      horizontal deflection coils and the drive circuit.
PAR  At this point in the explanation it will already be apparent in a general
      way that the impedance of the first load coil 7 varies in step with the
      parabolic wave form control current I.sub.vc (see FIG. 6), owing to the
      varying flux saturation in the core that is induced by the current flowing
      in the control coil; and, as a result, the horizontal frequency current
      flowing through the first load coil and the horizontal deflection coils is
      modulated in amplitude as illustrated by curve I.sub.h in FIG. 6. (In that
      figure it will be appreciated that the horizontal frequency current wave
      is, for simplicity, shown with a much lower frequency than it actually
      has, as compared with the vertical frequency.)
PAR  A more specific explanation of the interrelationship between the currents
      flowing in the control coil 6 and in the first load coil 7 has regard to
      the magnetic flux fields in the core, as illustrated in FIGS. 5a-5d. As
      already mentioned, the flux .phi..sub.b that is due to the d.c. biasing
      current through the control coil is a steady one that threads the central
      leg segment 13 of the core and, in parallel magnetic circuits, the two
      outer leg segments. If -- as is preferred -- the central leg segment of
      the core, around which the control coil is wound, has approximately twice
      the cross section area of either outer leg segment, the flux component
      .phi..sub.b has a uniform density in all three leg segments, although it
      can be said that there are twice as many lines of the .phi..sub.b flux in
      the central leg segment as in either outer leg segment. The flux component
      .phi..sub.c that is due to the parabolic wave form current through the
      control coil similarly threads the entire core; and while it varies from
      instant to instant, it can be regarded as being (like the .phi..sub.b
      flux) of uniform density in all three leg segments at any one instant.
PAR  Since the control current I.sub.c is an alternating one, with a parabolic
      wave form, it can be regarded as crossing a horizontal zero line at a
      point between points a and b in FIG. 6. On that basis, the flux
      .phi..sub.c that is due to the control current can be said to alternately
      reinforce and oppose the biasing flux .phi..sub.b. Thus in the part of the
      cycle denoted by point a the control flux .phi..sub.c opposes the biasing
      flux .phi..sub.b, as illustrated in FIG. 5b (as compared with FIG. 5a);
      whereas in the part of the cycle denoted by point b the control flux
      .phi..sub.c reinforces the biasing flux .phi..sub.b, the condition of the
      control flux then being as depicted in FIG. 5c and its then-existing
      relationship to the biasing flux being evident from a comparison of FIGS.
      5c and 5a.
PAR  The horizontal frequency current flowing in the first load coil 7 also
      induces a flux .phi..sub.h in the core. That flux of course varies at the
      relatively high horizontal frequency. Its relationship to the biasing flux
      .phi..sub.b and to the control flux .phi..sub.c is as illustrated by FIG.
      5d considered in conjunction with FIGS. 5a-5c. Note that the horizontal
      frequency flux .phi..sub.h threads the central leg segment 13 and the
      right outer leg segment 14 in magnetic circuits that are in parallel with
      the left outer leg segment 12. The biasing flux .phi..sub.b would thread
      the outer leg segments symmetrically in the absence of the flux
      .phi..sub.h, but the flux density is not symmetrical in the two outer leg
      segments when the flux .phi..sub.h is present.
PAR  Thus the flux fields through the respective leg segments of the core,
      during the part of the control current cycle denoted by point a in FIG. 6,
      are given by:
EQU  Left outer: .phi..sub.b - .phi..sub.c + .phi..sub.h
EQU  Central: 2.phi..sub.b - 2.phi..sub.c + .phi..sub.h
EQU  Right outer: .phi..sub.b - .phi..sub.c - .phi..sub.h
PAL  and during the part of the control current cycle denoted by point b, by:
EQU  Left Outer: .phi..sub.b + .phi..sub.c + .phi..sub.h
EQU  Central: 2.phi..sub.b + 2.phi..sub.c + .phi..sub.h
EQU  Right outer: .phi..sub.b + .phi..sub.c - .phi..sub.h
PAR  Thus in the first (a) condition there is a comparatively low flux
      saturation in the leg segment 12 of the core and consequently the first
      load coil 7 has a comparatively high impedance; while in the other (b)
      condition there is a high flux saturation in the core leg 12, and the
      first load coil has a comparatively low impedance. Since the variation of
      flux concentration in the outer leg segment 12 is a function of the
      vertical frequency parabolic wave current flowing through the control coil
      6, the horizontal frequency current I.sub.h flowing through the first load
      coil is modulated as illustrated in FIG. 6.
PAR  It will be apparent that the horizontal frequency current flowing through
      the first load coil 7 induces a flux concentration in the central leg
      segment 13 of the core that varies at the horizontal frequency and tends
      to induce a horizontal frequency current component in the control coil 6.
      But the control coil has an extremely high impedance to the relatively
      high horizontal frequency and acts as a choke that suppresses even the
      harmonics of the horizontal frequency. Consequently there is substantially
      no reflection back of horizontal frequency signals, or of their harmonics,
      from the control coil 6 into the vertical frequency driver 26, and
      therefore the apparatus presents no interlace problems.
PAR  There is a possibility of some harmonics of the horizontal frequency being
      developed in the first load coil 7, and these would of course produce
      disturbances or distortions in the raster presentation. Tests indicate
      that such disturbances are not likely to attain any significant magnitude
      in practice, but in any event a damping resistor 31 can be connected
      across the terminals of the first load coil to effectively suppress any
      such unwanted signals.
PAR  The second load coil 8 is effectively connected in series with the vertical
      deflection coils 23. In FIG. 3a the second load coil is shown as connected
      between the vertical deflection coils, but it will be understood that
      other series circuit arrangements of those three coils could be used.
PAR  From the fact that the second load coil 8 has its axis transverse to the
      flux path through the core leg that it embraces, it will be apparent that
      there will be no transformer action between the second load coil and
      either of the other two coils. This is to say that the impedance of the
      second load coil is affected by the currents through the other two coils,
      but there is no induction of e.m.f. as between it and them.
PAR  Reactance of the second load coil will vary as a function of variation in
      flux density in the outer core leg segment 14 around which it is wound.
      The dominant factors in producing flux through that leg segment are the
      d.c. biasing current through the control coil and the vertical frequency
      sawtooth current through the second load coil itself.
PAR  As a vertical sweep progresses from the top of the raster to its central
      line, the vertical frequency sawtooth current through the second load coil
      is responsible for a steadily increasing flux density in the core leg 14;
      and then, during continued vertical progress of the sweep to the bottom of
      the raster, the flux density due to the vertical frequency current
      steadily decreases. A flux at the horizontal frequency, due to the
      horizontal frequency current through the first load coil 7, also tends to
      thread through the core leg 14 which the second load coil 8 embraces. For
      any one cycle at the horizontal frequency, the relatively low frequency
      vertical sawtooth current through the second load coil represents an
      effective d.c. bias on the core, which bias is augmented by the true d.c.
      bias impressed by means of the control coil 6. Over the course of half a
      raster scan that bias on the core leg 14 varies from a minimum, such that
      the horizontal frequency flux variations in that core leg can have a
      maximum amplitude, to a saturation such that the horizontal frequency flux
      variations have substantially zero amplitude. As a result, the current
      through the second load coil 8 is as represented by the curve I.sub.vc in
      FIG. 6.
PAR  If there were a transformer relationship between the second load coil and
      the first load coil, a horizontal frequency current would be induced in
      the second load coil that would be 90.degree. out of phase with the
      horizontal wave form required for top and bottom pincushion correction,
      and obtaining the necessary phase correction would be complicated at best.
PAR  With the 90.degree. relationship between the axes of the load coils 7 and 8
      that is a feature of the saturable reactor of the present invention, the
      horizontal frequency component of current through the second load coil
      tends to be 180.degree. out of phase with the desired correction. This is
      to say that if the current through the vertical deflection coils and the
      second load coil were solely influenced by the varying fluxes in the core
      leg 14, its horizontal frequency component would be of the phase to
      aggravate pincushion distortion, rather than correcting it. To effect the
      required phase inversion, the second load coil is connected in a series
      resonant circuit with a variable reactance phase coil 33 and a pair of
      capacitors 34 and 35 that are of like capacitance values. By means of this
      circuit the pulses of horizontal frequency current that are developed in
      the second load coil are filtered into a sinusoidal wave shape and have
      their polarity reversed. The resonant circuit also insures that the
      horizontal frequency component of the I.sub.vc waveform will have adequate
      amplitude for top and bottom pincushion correction.
PAR  As shown in FIG. 3a a pair of identical resistors 36 and 37 are connected
      in series with one another across the input terminals of the vertical
      deflection coils, and the junction of those two resistors is connected, as
      by a conductor 38, with the junction of the two capacitors 34 and 35. The
      resistors 36 and 37 are conventional damping resistors and are connected
      across the vertical deflection coils through the capacitors 34 and 35.
      Those two capacitors function as a single capacitance in the resonant
      circuit comprising the second load coil, and the reason for using both of
      them is to prevent feedback of horizontal frequency current into the
      vertical frequency driver 26, thus avoiding interlacing problems.
PAR  Where such feedback of horizontal frequency is not expected to be a
      problem, the second load coil 8 can be connected with the vertical
      deflection coils in a circuit such as is illustrated in FIG. 3b, wherein
      the series resonant circuit comprising the load coil 8 and the variable
      reactance phase coil 33 includes a single capacitor 34', and the damping
      resistors 36' and 37' are connected directly across the respective
      vertical deflection coils 23. It will be understood that the circuit
      illustrated in FIG. 3b can in all other respects be identical with that of
      FIG. 3a.
PAR  Adjustment of the variable reactance phase coil 33 permits the series
      resonant circuit which includes said coil to be tuned to the approximate
      resonant frequency of the horizontal pulses.
PAR  It will be evident from the foregoing explanation that in the saturable
      reactor of FIGS. 1 and 2, any pair of coils could function independently
      of the third. Thus the principles of this invention, in their essentials,
      can be embodied in various two coil saturable reactors of general utility.
PAR  FIG. 7 illustrates one form of such a saturable reactor, corresponding
      essentially to that illustrated in FIG. 1, but with the second load coil
      omitted. Notwithstanding the omission of that coil, the core must include
      the outer leg segment 14 around which the second load coil would be wound,
      or an equivalent diversion flux path that is in parallel magnetic circuit
      with the leg segments 12 and 13. The principles of operation of the FIG. 7
      device will be apparent from that portion of the foregoing description
      that relates to the operation of the control coil and the first load coil
      in their functional relationship to one another. In a television receiver,
      the saturable reactor of FIG. 7 would of course be useful and very
      desirable if only side pincushion correction were required, in which case
      the connections of its control coil and load coil would be as illustrated
      in FIG. 3a.
PAR  FIG. 8 illustrates another form of two coil saturable reactor embodying the
      principles of the present invention, useful for adding a variable
      amplitude current at one frequency to a current at another frequency. In
      this case the core can have only a single window 17' and can correspond in
      all respects to the two window core 5 that is illustrated in FIG. 1, but
      with all of that portion removed therefrom that is to the left of the
      central leg 13. Similarly, a first coil 6' and a second coil 8' correspond
      in essentials -- and particularly in their orientations relative to one
      another and to the core -- to the coils 6 and 8 of FIG. 1.
PAR  The core of the saturable reactor illustrated in FIG. 8 can be designed
      with a sufficiently small cross-section area to provide adequate flux
      saturation from the currents through its coils. However, if coil and
      current parameters do not permit this, a constant value biasing flux
      denoted by 42, can be fed into the leg segment 14' that is embraced by the
      load coil 8' from a permanent magnet 40 shown attached to said leg
      segment.
PAR  As will be evident from a consideration of FIG. 8 in relation to FIG. 3a,
      the saturable reactor of FIG. 8 can be used in a television receiver for
      effecting only top and bottom raster correction. Its load coil 8' would be
      connected in a series circuit with the vertical frequency sawtooth
      generator, the vertical deflection coils and resonant circuit means,
      generally like the series circuit in which the second load coil 8 is
      connected in FIG. 3a. However, its control coil 6' would be connected with
      the horizontal frequency sawtooth generator to provide the horizontal
      frequency component needed for modification of the vertical sawtooth
      waveform. Thus the coil 6' would function as a control coil, but its
      connections in the raster control circuit could be generally like those
      shown for the first load coil 7 in the circuit of FIG. 3a. This follows
      from the fact that in the FIG. 3a circuit the first load coil 7 performs a
      dual role, being a load coil in the sense that it controls current through
      the horizontal deflection coils in response to current through the control
      coil 6, but being also a control coil in relation to its effect upon
      current through the second load coil 8. It will be understood, however,
      that in such a circuit for effecting only top and bottom raster
      correction, the coil 6' would be designed to have as little inductance as
      possible, so that its effect upon the current through the horizontal
      deflection coils would be minimized.
PAR  Returning to the saturable reactor illustrated in FIGS. 1 and 2, as
      incorporated in the circuit illustrated in FIG. 3a, it will be noticed
      that the circuit includes no potentiometer for adjustment of the amount of
      top and bottom correction. Instead, such adjustments are effected at the
      saturable reactor itself.
PAR  Moving the I-segment 11 endwise relative to the E-shaped part of the core
      varies the flux density through the leg segment 14 relative to that
      through the remainder of the core and thus effects adjustment of so-called
      bow-tie symmetry, that is the symmetry of the top and bottom raster
      correction. Moving the second load coil 8 axially relative to the core
      adjusts the coupling of that coil to the core and thus effects adjustment
      of the amplitude of top and bottom correction.
PAR  From the foregoing description taken with the accompanying drawings it will
      be apparent that this invention provides a novel and improved saturable
      reactor and a circuit in which that saturable reactor can be
      advantageously connected in the deflection circuits of a television
      picture tube for pincushion correction of its raster. It will also be
      apparent that as compared with prior saturable reactors, that of this
      invention is superior in several respects, including lower cost, greater
      compactness and more accurate operation, and that it reduces both the
      labor and component content of a pincushion corrector circuit in which it
      is connected.
PAR  Those skilled in the art will appreciate that the invention can be embodied
      in forms other than as herein disclosed for purposes of illustration.
PAR  The invention is defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for electromagnetically deflecting the electron beam of a
      cathode ray tube to cause it to scan a raster, comprising horizontal
      deflecting coil means by which the beam is deflected in one direction for
      linear scan at a horizontal frequency, vertical deflecting coil means by
      which the beam is deflected in another direction transverse to said one
      direction at a substantially lower vertical frequency, horizontal sawtooth
      generator means for generating a sawtooth wave current at said horizontal
      frequency, and vertical sawtooth generator means for generating a sawtooth
      wave current at said vertical frequency, means for correcting distortion
      of the raster comprising:
PA1  A. a magnetically saturable core having a pair of portions that are in
      series magnetic circuit with one another and provide leg segments;
PA1  B. a control coil wound transversely only around one of said leg segments
      of said core, said control coil in its association with said core having a
      high reactive impedance to current at the horizontal frequency;
PA1  C. a parabolic wave shaping circuit in which said control coil is connected
      and which is connected with the vertical sawtooth generator means, for
      producing a control current which is at said vertical frequency and which
      has a substantially parabolic wave shape;
PA1  D. a load coil
PA2  1. wound transversely only around the other of said leg segments and
PA2  2. connected in series circuit with the horizontal sawtooth generator means
      and with the horizontal deflecting coil means,
PA1  said load coil in its association with the core having a substantially low
      reactive impedance to current at the horizontal frequency and providing
      for modulation by said control current of the horizontal frequency
      sawtooth wave current flowing through the horizontal deflecting coil
      means; and
PA1  E. magnetically saturable means defining a flux path which is in parallel
      magnetic circuit with said two leg segments of said core, and which can
      thus be threaded by flux induced by current through either of said coils
      in bypassing relation to the leg segment around which the other coil is
      wound.
NUM  2.
PAR  2. The apparatus of claim 1, further characterized by:
PA1  F. a second load coil wound in lengthwise embracing relationship to said
      magnetically saturable means to have its axis transverse to lines of flux
      induced therein by each of the other coils;
PA1  G. means connecting the vertical sawtooth generator means, the vertical
      deflecting coil means and said second load coil in series circuit with one
      another; and
PA1  H. phase correction means connected in a series resonant circuit with said
      second coil and comprising
PA2  1. a phase coil and
PA2  2. a capacitor means.
NUM  3.
PAR  3. The apparatus of claim 1, further characterized by:
PA1  means connecting said control coil with a source of direct current, to
      induce in the core a steady flux that partially saturates it.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said leg segments comprise two legs of
      a two-window core and said magnetically saturable means comprises the
      third leg thereof, further characterized by:
PA1  said leg around which the control coil is wound being substantially thicker
      than each of the other two legs.
NUM  5.
PAR  5. In apparatus for electromagnetically deflecting the electron beam of a
      cathode ray tube to cause it to scan a raster, comprising horizontal
      deflecting coil means by which the beam is deflected in one direction for
      linear scan at a horizontal frequency, vertical deflecting coil means by
      which the beam is deflected in another direction transverse to said one
      direction at a substantially lower vertical frequency, horizontal sawtooth
      generator means for generating a sawtooth wave current at said horizontal
      frequency, and vertical sawtooth generator means for generating a sawtooth
      wave current at said vertical frequency, means for correcting distortion
      of the raster comprising:
PA1  A. a magnetically saturable core having a pair of elongated segments that
      are lengthwise in a magnetic series circuit with one another, one of said
      segments having a transverse cross section of substantially larger area
      than the other;
PA1  B. a first coil wound transversely around said one segment of said core and
      connected with the horizontal sawtooth generator means to have current at
      the horizontal frequency flow therethrough;
PA1  C. a second coil wound lengthwise around the other of said core segments to
      have its axis transverse to the lines of flux in said magnetic series
      circuit;
PA1  D. means connecting the vertical sawtooth generator means, the vertical
      deflecting coil means and said second coil in series circuit with one
      another; and
PA1  E. phase correction means connected in a series resonant circuit with said
      second coil and comprising
PAR  1.  a phase coil and
PA2  2. capacitor means.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said first coil has a low reactive
      impedance to current at the horizontal frequency, further characterized
      by:
PA1  F. said core having a further portion which is in parallel magnetic circuit
      with each of said elongated segments;
PA1  G. a third coil wound transversely around said further portion of the core
      and having, in its association with the core, a substantially high
      reactive impedance to current at the horizontal frequency;
PA1  H. a parabolic wave shaping circuit in which said third coil is connected
      and which is connected with the vertical sawtooth generator means, for
      causing a control current to flow through the third coil that is at said
      vertical frequency and has a substantially parabolic wave shape; and
PA1  I. means connecting said first coil in a series circuit with the horizontal
      deflecting coil means as well as with the horizontal sawtooth generator
      means, so that said first coil provides for modulation by said control
      current of the horizontal frequency sawtooth wave current flowing through
      the horizontal deflecting coil means.
NUM  7.
PAR  7. The apparatus of claim 5, further characterized by:
PA1  permanent magnet means operatively associated with said core to cause a
      steady flux to thread it by which the core is partially saturated.
NUM  8.
PAR  8. In apparatus for electromagnetically deflecting the electron beam of a
      cathode ray tube to cause it to scan a raster, comprising horizontal
      deflecting coil means by which the beam is deflected in one direction for
      linear scan at a horizontal frequency, vertical deflecting coil means by
      which the beam is deflected in another direction transverse to said one
      direction at a substantially lower vertical frequency, horizontal sawtooth
      generator means for generating a sawtooth wave current at said horizontal
      frequency, and vertical sawtooth generator means for generating a sawtooth
      wave current at said vertical frequency, means for correcting distortion
      of the raster comprising:
PA1  A. a two-window magnetically saturable core having three spaced apart
      parallel leg segments comprising a pair of outer leg segments and a
      central leg segment;
PA1  B. a control coil wound transversely around the central leg segment of said
      core, for developing in the core a flux that varies in density in step
      with variations in a control current through said control coil, said
      control coil in its association with said core having a high reactive
      impedance to current at the horizontal frequency;
PA1  C. means connecting said control coil in a parabolic wave shaping circuit
      connected with the vertical sawtooth generator means, for producing a
      control current through the control coil which is at said vertical
      frequency and which has a substantially parabolic wave shape;
PA1  D. a first load coil wound transversely around one of said outer leg
      segments and connected in series circuit with the horizontal sawtooth
      generator means and with the horizontal deflecting coil means, said first
      load coil in its association with the core having a substantially low
      reactive impedance to current at the horizontal frequency and providing
      for modulation by said control current of the horizontal frequency
      sawtooth wave current flowing through the horizontal deflecting coil
      means;
PA1  E. a second load coil wound lengthwise around the other of said outer leg
      segments, so as to have its axis transverse to said other outer leg
      segment;
PA1  F. means connecting the vertical sawtooth generator means, the vertical
      deflecting coil means and the second load coil in series circuit with one
      another; and
PA1  G. phase correction means connected in a series resonant circuit with the
      second load coil and comprising
PAR  1.  a phase coil and
PA2  2. capacitor means.
NUM  9.
PAR  9. The apparatus of claim 8, further characterized by:
PA1  means connecting said control coil with a source of direct current, to
      induce in the core a steady flux that partially saturates it.
NUM  10.
PAR  10. The apparatus of claim 8 wherein the central leg of the core has a
      cross section area, as measured transversely to its length, which is
      substantially greater than that of each of the outer leg segments.
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ABST
PAL  A drive circuit for a main contactor which opens the contactor when a
      voltage dip occurs and if the voltage dip is of short duration closes the
      contactor again but blocks reclosing if the voltage dip persists. The
      circuit includes means to form an undervoltage pulse which has a duration
      which is equal to the length of time an undervoltage is present or a
      predetermined maximum time which ever is shorter. As long as the
      undervoltage pulse is shorter than the predetermined maximum the contactor
      is again closed but should the undervoltage persists beyond the
      predetermined maximum pulse length the drive circuit is allowed to become
      permanently disabled until further action is taken.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to automatic control circuits for contactors in
      general and more particularly to an improved drive circuit for a main
      contactor.
PAR  Drive circuits for main contactors and the like which are used as
      individual control means between a central command transmitter and the
      individual control elements of a control system are known. Typically these
      may be between the control station in the control room for the automatic
      control of a functional group or a data processing system. The drive
      circuits are used to couple the commands of the command transmitter
      logically to each other and to protection commands and monitoring signals
      to form positioning commands for the control elements assigned to them.
PAR  One known drive circuit for a power contactor not only amplifies the ON and
      OFF commands of a higher order central command transmitter for
      transmission to auxiliary or coupling contactors but also contains a
      monitoring unit which monitors return signals from the main contactor to
      determine whether or not it has reached the position ordered after an
      adjustable travel period. That is to say to determine whether the main
      contactor has opened or closed as commanded. Such a circuit is disclosed
      in Siemens Zeitschrift 47, 1973, pages 315 to 320. If the contactor does
      not reach the ordered position or leaves that position without an
      appropriate command, an error signal is provided to the central command
      transmitter which then intervenes with appropriate measures.
PAR  When using this type of a drive circuit for a contactor having a latching
      feature, a lowering of the control voltage can lead to an uncontrolled
      opening of the contactor. Since the return signals of the opened contactor
      will then no longer agree with the stored positioning command an error is
      signaled which causes the central command transmitter to intervene. On the
      basis of the signaled trouble, the central command transmitter can shut
      off either the entire installation completely or an extensive portion
      thereof.
PAR  However, such a protective disconnection of the entire installation or an
      extensive part thereof is desirable only if serious trouble actually
      occurs. Often voltage dips of short duration will occur and then disappear
      again all by themselves. In such cases a protective disconnection is
      undesirable. Thus, it can be seen that there is a need for an improved
      circuit of this nature for controlling a main contactor which will open
      the contactor in a defined manner should a voltage dip occur and if the
      voltage dip disappears within a specified time span will reclose the
      contactor automatically. However in the case of a voltage dip which
      persists closing action must be blocked.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a drive circuit for solving this problem.
      This drive circuits includes the following features:
PAR  a. An undervoltage monitor monitoring the control voltage for the main
      contactor and furnishing a protective command to open the main contactor
      when the voltage falls below a specified limit;
PAR  b. A circuit arrangement for the formation of an undervoltage pulse which
      is derived from the protection command and which begins upon the
      occurrence of a protection command and ends either upon the disappearance
      of that protection command or after a predetermined time period which ever
      comes sooner;
PAR  c. Gates for disabling the device from feeding back end position error
      signals to the central command transmitter in response to the undervoltage
      pulse.
PAR  With this arrangement and upon occurence of a voltage dip, the undervoltage
      monitor transmits a protection command to open the contactor in a defined
      manner to prevent contacts from chattering or fusing. The duration of the
      undervoltage pulse is obtained from the protection command corresponds to
      the protection command but is limited to a maximum time span. The
      undervoltage pulse disables an end position error monitor and prevents the
      command storage unit from changing. If the protection command ends prior
      to the predetermined maximum time span for the undervoltage pulse the
      command storage unit then closes the contactor again since its stored
      content has not changed. However if the undervoltage pulse exceeds the
      predetermined maximum duration the contactor remains open and an end
      position error signal appears and is transmitted.
PAR  In accordance with one embodiment of the present invention a simple circuit
      for the formation of the undervoltage pulse comprises a delay means which
      is energized by the protection command and which has a response delay
      corresponding to the predetermined maximum duration of the undervoltage
      pulse along with gate means which combine the protection command and the
      output signal of the delay member.
PAR  A particularly advantageous embodiment of the present invention which
      insures that the contactor can be reclosed only if it was in the ON
      position prior to the occurence of the control voltage dip is disclosed.
      This is accomplished through the use of disabling gates used in the
      formation of the end position error signals which are disabled by the
      priority signal of a priority circuit link for the return voltage of the
      undervoltage pulse. The priority circuit includes an OR gate for ORING the
      return signal and the priority signal along with a succeeding AND gate
      coupling the output signal of the OR gate and the undervoltage pulse as
      the priority signal. If the contactor was opened or had inadvertently
      opened prior to the appearance of the undervoltage pulse the priority
      circuit insures that the contactor remains opened even when the control
      voltage regains its nominal value.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit-logic diagram of an embodiment of the present
      invention.
PAR  FIG. 2 is a wave form diagram helpful in understanding the operation of the
      circuit of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Shown on FIG. 1 is a drive circuit 101 cntrolling the coil 103 of a main
      contactor having contacts a1, a2, a3, a4 and a5. The drive circuit 101
      includes storage units 1 and 2 preferably flip flops, which store control
      commands (an OFF command) and BE (an ON command). The ON and OFF commands
      are applied respectively to terminals 7 and 8 by a central command
      transmitter which is not illustrated. The commands are applied through
      gates 18, 19 and 20 to be described more fully below. The flip flops 1 and
      2 are illustrated as a divided block one side of which contains a darkened
      portion. The output line from the side of the flip flop which is not
      darkened represents a logical 1 output when the flip flop is set. Thus,
      both flip flops 1 and 2 are shown as having outputs from their set side.
      the output of flip flop 1 is coupled through an OR gate 3 and an amplifier
      5 to the coil 105 of an auxiliary contactor having a contact c1. The
      output of flip flop 2 is coupled through an AND gate 41 and an amplifier 4
      to the coil 107 of a contactor having a contact b1.
PAR  In the convention shown on the drawing OR gates have their inputs drawn all
      the way through and AND gates have their inputs terminating at the input
      edge. A dot at the input of an AND gate indicates an inverted input as
      indicated in connection with AND gate 41. Neglecting for the moment the
      additional inputs to gates 3 and 41, it will be seen that an OFF command
      BA at terminal 7 which sets the flip flop 1 will result in an output
      through OR gate 3 and amplifier 5 to energize the contactor coil 105 to
      open the contact c1. Similarly a command at terminal 8 setting flip flop 2
      will result, through gate 41 and amplifier 4, in the energization of the
      coil 107 to close the contact b1. Assuming the system is in the position
      shown, an ON command BE at terminal 8 setting flip flop 2 will result in a
      command ALE at terminal 40 which will energize the coil 107 to close the
      contact b1. In the illustrated embodiment the contactor is controlling a
      three phase motor 109 provided with power from phases R,S and T through
      the contacts a1, a2, and a3 respectively. When the coil 107 is energized
      contact b1 closes coupling the line T to the coil 103 causing all the
      contacts associated therewith to close. Included is the contact a4 which
      will then provide a latching function to insure that power continues to be
      supplied to the coil 103. Also closed will be a signalling contact a5
      which provides on a line 17 a feedback or monitoring signal indicating the
      state of the contacts. The input to the contact a5 labelled P will be a
      voltage representing a logical 1. The opening or turning off of the
      contactor is accomplished by an output from flip flop 1 resulting in an
      OFF command ALA at terminal 39 energizing the coil 105 to open the contact
      c1 and and break the circuit energizing the coil 103.
PAR  Assuming that the signal on line 111 is a logical 0, a command at the input
      7 will be provided through OR gate 18 and AND gate 19 to set the flip flop
      storage 1. That is to say the logical 0 on line 111 will apear as a
      logical 1 at the inverted input and, when a 1 from OR gate 18 appears, two
      1's will be present and AND gate 19 will output a 1 to set flip flop 1.
      Similarly a 0 on line 111 will enable AND gate so that when a 1 appears at
      terminal 8 flip flop 2 will be set. The respective outputs of these two
      flip flops appear on terminals 36 and 35 which are the inputs to a
      position error monitor circuit 6. The position error monitor 6 includes a
      desired state storage unit 27 which will also preferably be a flip flop.
      Its set or Q output will be a 1 when an OFF position is commanded and its
      reset or Q output a 1 when an ON command is desired. An OFF command at
      terminal 36 will be provided through gate 21 gate 23 and gate 25 to set
      flip flop 27. Similarly an ON command at input terminal 35 will be
      provided through gates 22, 24 and 26 to reset flip flop 27. Gates 22 and
      21 are AND gates with one inverted terminal. Thus, these gates will be
      enabled as long as line 113 has a 0 logic level thereon. Such will be the
      case as long as there is no output from AND gate 28 or 29 and no output
      signal USI on terminal 16. The generation of this latter signal will be
      described in more detail below. Presuming that none of these inputs are
      present at OR gate 30, OR gate will have a 0 output and signals appearing
      at terminal 35 and 36 will pass through the AND gate 22 and OR gates 23
      and 24. AND gate 25 has as its second input the output signal RME on line
      17. Only if the main contactor has opened in response to the OFF command
      provided from flip flop 1 and the contact a5 is opened will line 17 be at
      a 0 and this inverted input as a 1. Only under these conditions will the
      flip flop 27 be set. Similarly only if the contactor has responded to an
      ON command and the signal RME on line 17 is at a logical 1 will the AND
      gate 26 be enabled to permit the flip flop 27 to be reset. The Q and Q
      outputs of the flip flop 27 are ANDed in AND gates 28 and 29 with the
      signal RME and its inverse. AND gate 29 will have an output only if both
      its input are a 1. This will occur when the Q output of flip flop 27 is a
      1 indicating that the contactors should be off and the signal RME on line
      17 is a 1 indicating that the contactor is closed. This is clearly an
      error situation. Similarly AND gate 29 will have an output only if the Q
      output of flip flop 27 is a 1 indicating a desired ON condition and the
      signal RME on line 17 is a zero indicating an OFF or open position, again
      an error. These respective error signals designated EFAN and EFEN appear
      at terminals 37 and 38 after being coupled through AND gate 31 and 32
      which have, as second, disabling inputs, inverted inputs from a priority
      circuit 115 to be explained in detail below. The signals EFAN and EFEN are
      provided back to the central control to indicate an end position error.
      The end position error signal EFAN indicates that the contact is suppose
      to be opened but has left that position. Similarly the signal EFEN
      indicates that the contact is suppose to be closed but has left that
      position. These signals which are initially generated in gates 28 and 29
      are inputs to OR gate 30. Thus, should either of these signals appear, OR
      gate 30 will have a 1 output signal on line 113 and gates 21 and 22 will
      be disabled to prevent a change in the storage state of the flip flop 27
      until further action is taken. Such further action can be taken by means
      of a command on terminal 9 from the central control which when provided
      through OR gate 23 and 24 will result in the flip flop 27 being set or
      reset to a state corresponding to the contactor position.
PAR  As noted above, the signals EFAN and EFEN, are provided to the central
      command transmitter which can then initiate an appropriate action to shut
      down the system. However, in accordance with the present invention it is
      desired to provide these signals back to the central command transmitter
      only when necessary and not in the case of brief, temporary voltage dips.
      To insure that such occurs a monitoring unit 10 along the gates 31 and 32
      are provided. The monitoring unit or monitoring circuit 10 includes a
      transformer rectifier stage 11 followed by a comparator 12. In the
      illustrated embodiment the transformer rectifier 11 is coupled to the
      phase T which is the control voltage for the main contactor. However, if
      desired, a three phase monitoring device may be provided instead. Such has
      the advantage that a dip in any of the phases will be detected. The
      transformer and rectifier unit 11 rectifies and reduces in voltage the
      phase voltage T to develop a signal U.sub.m shown in waveform a of FIG. 2.
      This voltage is provided as an input to a comparator 12 which has its
      reference voltage a voltage U.sub.g shown by the dotted line on FIG. 2
      waveform a. Comparator 12 is arranged such that as long as the voltage
      U.sub.m is above the voltage U.sub.g it will provide a logical 0 output
      but when the voltage U.sub.m drops below the voltage U.sub.g it will
      provide a logical 1 output. This output is provided to an AND gate 14 and
      to a time delay circuit 13 having a time delay T13. As indicated by
      waveform b of FIG. 2, when the voltage drops below the predetermined level
      at time t.sub.1 the output designated SA of the comparator 12 goes from a
      logic 0 to a logic 1. This is provided at an input terminal 15 of the
      circuit 101 and is coupled both to the OR gate 18 and to the OR gate 3.
      Through the OR gate 3 and the amplifier 5 it will activate the contact c1
      to open the main contactor. A 1 signal will also appear at the input to
      AND gate 19. However, at this point AND gate 19 will be disabled by a
      logical 1 signal on line 111. This signal on line 111 designated USI is
      developed in AND gate 14. AND gate 14 will have a logical 1 input from the
      comparator 12 and will also have a logical 0 input from the delay means
      13, the delay period T13 not having yet been traveled. This is illustrated
      by FIG. 2 waveform D. It can be seen that in accordance with waveform B
      the signal SA from the comparator 12 is at a logical 1 and the signal A13
      from the delay means 13 is at a logical 0 resulting in the signal USI
      being at a logical 1. Thus, the flip flop 1 will not be set in response to
      the output from gate 18. The signal USI at terminal 16 is also provided as
      an input to the OR gate 30 disabling the gates 21 and 22 to prevent any
      change in the setting of the storage flip flop 27. It should be pointed
      out that the positive action of opening the main contactor is necessary
      even for a small voltage dip to prevent chattering and fusing of the
      contact. The signal USI is also provided as one input to AND gate 34 in
      the priority circuit 115. AND gate 34 has as its second input the output
      of OR gate 33 which has as its inputs the signal RME and the output of AND
      gate 34. This circuit insures that after a small voltage dip the contacts
      will be reclosed only if they were initially closed. If the contacts were
      initially closed, a logical 1 from the line 17 will have been coupled
      through OR gate 33 to one input of AND gate 34. As soon as the 1 signal
      appears on at the input 16, i.e., signal USI, AND gate 34 will have a 1
      output which will be fed back as a latch to insure that it continues to
      have two 1's at its input even after the contactor is opened in response
      to the command SA. This output of AND gate 34 provides a disabling input
      to the AND gates 31 and 32 to prevent the end position error output
      developed in AND gates 28 and 29 from being fed back to the central
      control transmitter.
PAR  The manner in which the circuit distinguishes between short voltage dips
      and prolonged voltage dips can best be seen with reference to FIG. 2.
      Shown on the waveform a are two voltage dips one occuring between time
      t.sub.1 and t.sub.2 of a short duration and one occuring between times
      t.sub.3 and t.sub.4 of a more prolonged duration. As described above, when
      the voltage U.sub.m drops below the voltage U.sub.g the signal SA appears
      and through OR gate 3 opens the contacts a1-a5. The signal USI prevents
      any change in the state of any of the storage flip flops or a feedback of
      an end position error signal. If the voltage dip is of short duration and
      ends at t.sub.2 the output SA of the comparator 12 returns to a logical 0
      before the occurrence of the pulse shown by waveform c which occurs after
      the delay T13. Thus, the signal USI returns to 0 at the same time. Under
      these conditions the output of OR gate 3 returns to a logical 0 and AND
      gate 41 is enabled so that the ON command remaining stored in the flip
      flop 2 will be transmitted through the amplifier 4 to energize the
      contactor coils 107 to close the main contactor again. Note, that as long
      as a signal is provided out of OR gate 3 commanding that contactor be
      opened the AND gate 41 is disabled through its inverted input from OR gate
      3 from permitting an ON command reaching coil 107. Similarly, an output
      from gate 32 indicating an end position error disables AND gate 41.
PAR  If however the voltage dip is of a prolonged duration greater than the time
      T13 as shown by the time duration between the time t.sub.3 and t.sub.4 on
      FIG. 2, the contactor will not be reclosed. At the end of the time T13,
      the output of the delay circuit 13, A13, will become a logical 1 as
      illustrated on waveform c) of FIG. 2. This will result in the output USI
      returning to a logical 0 state while the output SA remains in a logical 1
      state. With the output USI returning to 0 the output of OR gate 18 will
      now pass through AND gate 19 setting the flip flop 1 and causing the coil
      105 to be energized through OR gate 3 and amplifier 5 insuring that the
      contactor remains in an opened condition. The output of AND gate 34, now
      having a logical 0 at one input will become 0 and gates 31 and 32 will be
      enabled. Since the contactor was assumed to be originally closed, the flip
      flop 27 has a Q output. What this means is that as soon as the contact a5
      was opened AND gate 29 had an output going from 0 to 1. This happened in
      the first example for the dip of short duration as indicated by the
      waveform e of FIG. 2. However because of the disabling of gate 32 the
      signal EFN never reached terminal 38. However, now with a voltage dip of
      longer duration, as soon as the output of AND gate 34 changes and AND gate
      31 and 32 are enabled, this signal EFEN appears at the terminal 38 as
      illustrated by the waveform S of FIG. 2. It is fed back to the central
      control transmitter and further changes are prevented from taking place
      until appropriate action is taken. Note that the output of gate 29 is an
      input to OR gate 30 so that even when the signal USI disappears this gates
      still has an output disabling gates 21 and 22 and preventing any change in
      the state of flip flop 27.
PAR  In comparison to prior art circuits which only develop a protective command
      such as the command SA which would then open the contactor and permanently
      shut down the system, the inclusion of the additional circuits herein
      permits reclosing the contactor in the case of a voltage dip of short
      duration. The priority circuit 115 insures that only if the contactor was
      ON before the voltage dip will it again be switched ON. Note that the
      output of the priority circuit from AND gate 34 to the disabling input to
      the AND gate 31 and 32 only if the contactor was initially closed. What
      this means is that if at any time even during the voltage dip the
      contactor for some reason closes, an end position error signal will be
      generated and fed back to the central command transmitter.
PAR  Thus, an improved drive circuit for a main contactor which permits
      reclosing the contactor after voltage dips of short durations but of
      maintaining the contactor opened should a prolonged voltage dip occur has
      been shown. Although a specific embodiment has been illustrated and
      described, it will be obvious to those skilled in the art that various
      modifications may be made without departing from the spirit of the
      invention which is intended to be limited solely by the appended claims.
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STM  What is claimed is:
NUM  1.
PAR  1. In a drive circuit for a main contactor of the type which converts
      control commands from a command control transmitter into positioning
      commands for coupling contactors which switch the main contactors ON and
      OFF and which includes an end position error monitor forming end position
      error signals by comparing positioning command stored in command storage
      units with return signals from signalling contacts of the main contactor
      the improvement comprising:
PA1  a. means for monitoring an undervoltage of the control voltage of the main
      contactor and providing a protection command output which is coupled to
      switch off the main contactor if the voltage falls below a specified
      limit;
PA1  b. means for forming an undervoltage pulse output which begins with the
      occurence of the protection command and has a length which is the shorter
      of the length of the protection command and a predetermined maximum
      duration;
PA1  c. first blocking gates coupling the end position error signals to the
      command control transmitter, said gates having said undervoltage pulse
      output as disabling inputs; and
PA1  d. second blocking gates coupling the command storage units to inputs from
      the command control transmitter and having as disabling inputs said
      undervoltage pulse output.
NUM  2.
PAR  2. A drive circuit according to claim 1 wherein said means for forming said
      undervoltage pulse comprise:
PA1  a. delay means having as an input the protective command output of said
      means for monitoring and having a response delay corresponding to said
      predetermined maximum duration; and
PA1  b. a gate having as inputs said protection command output and the output of
      said delay means.
NUM  3.
PAR  3. A drive circuit according to claim 1 and further including priority
      circuit means arranged to couple said undervolvoltage pulse output to
      disable said end position error signal blocking gates only if said main
      contactor was closed at the beginning of said protection command.
NUM  4.
PAR  4. A drive circuit according to claim 3 wherein said priority circuit
      comprises:
PA1  a. an OR gate having as an input a return signal from a signalling contact
      associated with said main contactor; and
PA1  b. an AND gate having as a first input the output of said OR gate and a
      second input said undervoltage pulse, the output of said AND gate being
      provided as a second input to said OR gate.
NUM  5.
PAR  5. A drive circuit according to claim 4 wherein said means for forming said
      undervoltage pulse comprise:
PA1  a. delay means having as an input the protective command output of said
      means for monitoring and having a response delay corresponding to said
      predetermined maximum duration; and
PA1  b. a gate having as inputs said protection command output and the output of
      said delay means.
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ABST
PAL  The disclosure describes a device for detecting undervoltage conditions on
      multi-phase alternating current circuits which senses the voltage on the
      phase having the highest instantaneous positive voltage. A differential
      between pickup and dropout voltage is provided. Also provided is a delayed
      pickup following a return to normal voltage on the circuit being
      monitored.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to devices for monitoring electrical circuits
      and, more particularly, to devices for detecting undervoltage conditions
      on any phase of multiphase alternating current circuits.
PAR  2. Description of the Prior Art
PAR  Many types of commercial and industrial activity depend on electrical
      equipment operating from multi-phase alternating current circuits. This
      equipment is usually designed for operation at a specified voltage and may
      sustain extensive damage from operation on circuits supplying less than
      the specified voltage. In order to prevent damage of this type it is
      necessary to detect undervoltage conditions on the supply circuit and to
      take action to correct the problem. Desirable corrective action may
      include actuating an alarm indicating that an undervoltage condition
      exists or switching from the normal power supply to an emergency power
      supply.
PAR  In order to fully protect equipment from damage due to undervoltage
      conditions it is necessary to monitor all phases of a multi-phase circuit.
      This has been accomplished in the past by monitoring each individual phase
      with an individual device. Examples of such single phase monitoring
      devices are set forth in U.S. Pat. Nos. 2,959,717 and 3,718,839. Use of
      individual monitoring devices for each phase is costly however and it
      would be desirable to utilize a single device to monitor voltage
      conditions on all phases of a multi-phase circuit.
PAR  Monitoring devices are normally designed to actuate, or "drop out", when
      the voltage on a circuit being monitored falls below a certain value. If
      the voltage being monitored should oscillate within a small range around
      this dropout voltage, the monitoring device may alternately actuate and
      deactuate, a condition known as "chattering". This condition is
      undesirable for it may generate multiple alarms or repeated switchover
      between the normal and the emergency power supply. It is therefore
      desirable to provide a differential between pickup and dropout voltages of
      the monitoring device.
PAR  Faults occurring on the power system supplying the circuits being monitored
      can result in rapid multiple reclosing of circuit breakers, causing
      alternate normal-abnormal conditions on the circuit being monitored. This
      also could result in multiple alarms and rapid switchover between normal
      and emergency supply circuits. It is desirable for a monitoring device to
      provide capability to ignore short transient normal conditions and to
      pick-up, that is, to indicate a return to normal following an abnormal
      condition, only after a specified time delay. It is also desirable for a
      monitoring device to provide capability to vary the dropout voltage with a
      fine degree of control.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a voltage sensitive switching
      device is provided for monitoring voltage conditions on multi-phase
      alternating circuits. The device comprises switch means having two
      operational states; switch operating means, activation or deactivation of
      the switch operating means changing the switch means from one operational
      state to another operational state; rectifier means connected to each
      phase of a multi-phase alternating current circuit; sensing means
      activating the switch operating means when the local minima of the
      rectified voltage of the phase having the highest instantaneous voltage
      passes through a first level corresponding to a first predetermined
      percentage of single-phase normal voltage, the sensing means deactivating
      the switch operating means when the local minima of the rectified voltage
      of the phase having the highest instantaneous voltage passes through a
      second level corresponding to a second predetermined percentage of single
      phase normal voltage. The invention also provides capacitor means operable
      to a charged condition when the monitoring device is in a dropped out
      condition. The capacitor means maintains the monitoring device in a
      dropped out condition even after the circuit being monitored returns to a
      normal voltage condition. Resistor means provide an adjustable discharge
      path, allowing the capacitor means to maintain the monitoring device in a
      dropped out condition for a variable time interval following return of the
      monitored circuit to normal condition.
PAR  The invention monitors voltage on all phases of a multi-phase alternating
      current circuit much more economically than individual voltage sensing
      relays on each phase. A differential is provided between pickup and
      dropout voltage, thereby preventing chattering. When the device is in a
      dropped out condition and voltage on all phases of the circuit being
      monitored returns to normal, a time delay is provided before the device
      will switch back to a pickup condition, thereby preventing undesirable
      rapidly alternating normal-abnormal indications. In addition, close
      control of pickup and dropout levels as percentages of single phase normal
      voltage is provided to a high resolution.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be more readily understood when considered in view of the
      following detailed description of exemplary embodiments thereof, taken
      with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of the circuit;
PAR  FIG. 2 shows the voltage waveform at a first point under normal conditions;
PAR  FIG. 3 shows the voltage waveform at a second point under normal
      conditions;
PAR  FIG. 4 shows the voltage waveform at the second point under abnormal
      conditions before dropout occurs;
PAR  FIG. 4a shows the current through the resistor R9 under abnormal
      conditions;
PAR  FIG. 5 shows the voltage at the second point under abnormal conditions
      after dropout occurs; and
PAR  FIG. 6 shows the voltage at the second point under normal conditions before
      pickup occurs.
DETD
PAR  Throughout the drawings corresponding reference characters indicate
      corresponding parts.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The three phases A, B and C of the circuit 5 being monitored are connected
      to the input terminals of diodes D1, D2 and D3. The output terminals of
      the diodes D1, D2, and D3 are connected in common to terminal 10 of a
      resistor R1. A voltage divider consisting of a potentiometer R2 and
      resistors R3, R4 and R5 is connected between a terminal 12 of the resistor
      R1 and a neutral line G. Also connected to the terminal 12 of the resistor
      R1 is a power supply consisting of a resistor R6, a Zener diode D4, and a
      filter capacitor C1, providing 24 volts of direct current to the remainder
      of the circuit through a lead 16. The base 1b of a PNP transistor Q1 is
      connected to the junction of the resistors R4 and R5. With its emitter 1e
      connected to the 24 volt direct current supply lead 16 and its collector
      1c connected through the resistor R7 to ground the transistor Q1 is biased
      to a cut off or nonconducting condition when the voltages on phases A, B
      and C are normal.
PAR  Because of the rectifying action of diodes D1, D2 and D3, the voltage at
      the terminal 10 is equal to the voltage of the phase having the highest
      instantaneous positive voltage. The waveform of this voltage under normal
      conditions, that is, with phases A, B and C of the circuit 5 in a normal
      condition, is shown in FIG. 2. At the terminal 14 the voltage waveform
      under the same conditions is of the same shape as the voltage waveform at
      terminals 10 although of a lower magnitude, as shown in FIG. 3. The
      potentiometer R2 and the resistors R2, R3, R4 and R5 are chosen so that
      under these normal conditions the voltage at the terminal 14 is at all
      times above the minimum voltage necessary to maintain the transistor Q1 in
      a nonconducting, or cut off, condition. This voltage level is indicated by
      the dotted line 15 in FIGS. 3, 4, 5 and 6. A transistor Q2 is connected to
      the output from the transistor Q1 and a transistor Q3 is connected to the
      output from transistor Q2. When the transistor Q1 is cut off, the
      transistor Q2 is saturated and the transistor Q3 is cut off. The collector
      3c of the transistor Q3 is at a low potential, thus forward biasing a
      diode D8 connected to the collector 3c or output of the transistor Q3 and
      a charging a capacitor C3 to approximately 24 volts. A transistor Q4 has
      its base 4b connected to the anode of diode D8. A transistor Q5 has its
      base 5b connected to the emitter 4e of the transistor Q4. Current through
      the forward biased diode D8 maintains the transistors Q4 and Q5 in a
      saturated or conducting condition. A relay coil CR1 is thus energized,
      causing relay contacts CR1A and CR1B to remain closed.
PAR  If one of the phases A, B or C of circuit 5 should drop below normal value,
      the waveform at terminal 14 will be as shown in FIG. 4. Note that some of
      the local minima, or "valleys," indicated by the reference character 17b,
      of the voltage waveform are now of lesser magnitude than the corresponding
      valleys 17a of the voltage waveform under normal operation as shown in
      FIG. 3. These abnormally low voltage values at terminal 14 are sufficient
      to momentarily forward bias the emitter-base junction of the transistor
      Q1, driving the transistor Q1 into conduction. This action momentarily
      drives the transistor Q2 into cutoff and the transistor Q3 into
      conduction, producing pulses of current through resistor R9 as indicated
      by the reference character 19 in FIG. 4a. When the transistor Q3 is
      conducting, the collector 3c of the transistor Q3 rises to high potential,
      thus reverse biasing the diode D8. The capacitor C2 rapidly charges and
      the capacitor C3 discharges, maintaining a steady high potential at the
      collector 3c of the transistor Q3 and the reverse bias on the diode thus
      driving the transistors Q4 and Q5 to a nonconducting condition. The relay
      coil CR1 is thus deenergized, opening the relay contacts CR1A and CR1B.
PAR  When the relay contact CR1A opens, the resistor R4 is inserted into the
      voltage divider, thus further lowering the potential at the terminal 14,
      as shown in FIG. 5. Thus, even if the voltage of the abnormal phase should
      rise slightly, the transistor Q1 will remain conducting and the relay coil
      CR1 will remain deenergized.
PAR  When normal conditions are re-established in the three-phase circuit 5, the
      voltage waveform shown in FIG. 6 is present at terminal 14. Although the
      voltage levels in FIG. 6 are not as high as in FIG. 3 (due to the presence
      of resistor R4 in the divider network) the voltage is at all times above
      the cut off bias level for the transistor Q1, indicated by the dotted line
      15. Reverse bias is thus supplied to the emitter-base junction of the
      transistor Q1, driving the transistor Q1 into a nonconducting condition at
      all times over the alternating current cycle. The transistors Q2 and Q3
      are thus driven into conducting and nonconducting conditions,
      respectively. The voltage at the collector 3c of the transistor Q3 does
      not immediately fall to a low level but begins to drop at a rate
      determined by the values of the capacitors C2 and C3, and the resistor R9,
      and by the adjustment of the potentiometer R13. When this voltage falls
      below the voltage on the base 4b of the transistor Q4, the diode D8
      becomes formed biased, driving the transistors Q4 and Q5 into conduction.
      The relay coil CR1 is reenergized, closing relay contacts CR1A and CR1B,
      and energizing a light-emitting diode D10. The light-emitting diode is
      connected in series circuit relationship with the emittercollector circuit
      of the transistor Q5 and in parallel circuit relationship with the relay
      coil CR1. The relay contact CR1A shorts out the resistor R4 raising the
      potential at the terminal 14 and driving the transistor Q1 further into
      cut off. The waveform of the voltage at terminal 14 at this time is shown
      in FIG. 3. A time interval is thus provided between return of normal
      voltage on all phases and re-energization of relay coil CR1. If, during
      this time interval, the voltage on one phase of circuit 5 should again
      drop below normal, re-energization would not take place.
PAR  In order to energize the relay coil CR1 the voltage on all phases of
      circuit 5 must be of sufficient value to maintain the voltage at terminal
      14 above the cut off level for transistor Q1 at all times during the
      alternating current cycle. This value of phase voltage, the pickup
      voltage, is determined by the adjustment of potentiometer R2, and can be
      expressed as a percentage of singlephase normal voltage. The phase voltage
      which will cause energized relay coil CR1 to deenergize is called the
      dropout voltage and is also a percentage of single phase normal voltage.
      If pickup and dropout voltages were equal CR1 would be rapidly energized
      and deenergized when the voltage on any phase fluctuated about the
      pickup-dropout voltage. This "chattering" condition is undesirable and
      could result in multiple alarms, rapid switchover between normal and
      emergency power supplies, or other unwanted actions depending on the
      connections made to contacts CR1B. Chattering is prevented in the present
      invention by the action of the relay contacts CR1A and the resistor R4,
      producing a differential between pickup and dropout voltage. For example,
      by proper choice of resistor R4 and adjustment of potentiometer R2, relay
      coil CR1 will become deenergized when the voltage on any phase of circuit
      5 falls to 80% of the normal voltage. The relay coil CR1 will remain
      deenergized until the voltage on the malfunctioning phase rises once again
      to 90% of normal voltage condition, providing a 10% differential between
      pickup and dropout voltage.
PAR  The relay contact CR1B may be used to actuate an alarm signifying low
      voltage on at least one phase. It could also be used to actuate a transfer
      switch disconnecting electrical equipment from the utility company supply
      and connecting it to a standby power source. A failure of the utility
      company supply caused by tripping of breakers in response to a fault is
      often followed by multiple reclosures of the breakers before the fault is
      cleared. This would result in multiple actuation of a transfer switch
      connected to CR1B from normal to standby positions if time delay
      standby-to-normal capability were not provided. Prior art devices have
      used a separate time delay relay for this function. The present invention
      provides this capability at much lower cost through the action of the
      capacitor C3 and the resistor R13. By proper adjustment of the resistor
      R13 the voltage at the collector 32 of the transistor Q3 can be held above
      the level required to render conducting the transistors Q4 and Q5. This
      maintains relay coil CR1 in a de-energized condition for a suitable length
      of time after all phases of circuit 5 have risen above pickup level, thus
      insuring that circuit 5 is once more in a stable normal condition before
      pickup occurs.
PAR  The diodes D6 and D9 serve to protect transistors Q1 and Q5 from voltage
      transients on the 24 volt lead 16. The resistor R12 limits the current
      through the light-emitting diode D10 to a safe level.
PAR  It can be seen that sensing means consisting of a voltage divider formed by
      R2, R3, R4, and R5 and biasing means consisting of the semiconductor
      current supply means Q1, Q2, and Q3 detect low voltage from a signal
      supplied by the semiconductor diode rectifiers D1, D2, and D3 connected to
      the circuit being monitored. The output of the sensing means actuates
      switch operating means consisting of the semiconductor switch Q4 and Q5
      and the relay coil CR1. Energization of the relay coil CR1 actuates the
      switch means consisting of relay contacts CR1B.
PAR  The described embodiment monitors a three-phase alternating current
      circuit; however, the invention could be constructed to monitor a circuit
      having a greater number of phases by connecting one diode similar to
      diodes D1, D2 and D3 between each additional phase and terminal 10. The
      invention monitors the voltage at the terminal 10, which is the rectified
      voltage of the phase having the highest instantaneous voltage and
      deenergizes relay coil CR1 when the the local minima of this voltage fall
      below a level corresponding to dropout voltage, a percentage of single
      phase normal voltage.
PAR  If desired, the differential between pickup and dropout voltage could be
      made variable by replacing the resistor R4 with a variable resistor. In
      addition semiconductor switches or other switch means and switch operating
      means could be substituted for the contacts CR1A and CR1B and for the
      relay coil CR1. The voltage divider consisting of R2, R3, R4 and R5 could
      be replaced with other types of sensing means such as a differential
      amplifier circuit. Various other systems could also be used with the
      invention; therefore while the invention has been described with reference
      to particular embodiments it is to be understood that modifications may be
      made without departing from the spirit of the invention or from the scope
      of the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A voltage sensitive switching device for monitoring conditions on
      multi-phase alternating current circuits, said device comprising:
PA1  a. switch means having two operation states,
PA1  b. switch operating means, activation or deactivation of said switch
      operating means changing said switch means from one operational state to
      another operational state,
PA1  c. rectifier means having an input and an output, said input connectable to
      each phase of a multi-phase alternating current circuit,
PA1  d. sensing means connected to said output of said rectifier means for
      activating said switch operating means when the local minima of the
      rectified voltage of the phase having the highest instantaneous voltage
      passes through a first level corresponding to a first predetermined
      percentage of single phase normal voltage, said sensing means deactivating
      said switch operating means when the local minima of the rectified voltage
      of the phase having the highest instantaneous voltage passes through a
      second level corresponding to a second predetermined percentage of single
      phase normal voltage.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said switch means comprises at
      least one pair of relay contacts and said switch operating means comprises
      a relay coil.
NUM  3.
PAR  3. A device as claimed in claim 2 wherein said switch operating means
      further comprises semiconductor switching means having two operational
      states, one of said semiconductor switching means operational states
      energizing said relay coil and the other of said semiconductor switching
      means operational states deenergizing said relay coil.
NUM  4.
PAR  4. A device as claimed in claim 1 wherein said rectifier means comprises a
      plurality of semiconductor diodes having input and output terminals, the
      input terminal of each semiconductor diode being adapted for connection to
      one phase of a multi-phase alternating current circuit and the output
      terminals of all semiconductor diodes being connected in common.
NUM  5.
PAR  5. A device as claimed in claim 3 wherein said sensing means comprises
      voltage divider means connected to said output of said rectifier means,
      and biasing means causing said semiconductor switching means to change
      from one operational state to another operational state when the rectified
      voltage of the phase having the highest instantaneous voltage falls below
      said first level corresponding to a first predetermined percentage of
      single phase normal voltage, said biasing means also causing said
      semiconductor switching means to change from one operational state to
      another operational state when the rectified voltage of the phase having
      the highest instantaneous voltage of all phases rises above said second
      level corresponding to a second predetermined percentage of single phase
      normal voltage.
NUM  6.
PAR  6. A device as claimed in claim 5 wherein said biasing means comprises
      semiconductor current supply means producing a direct current when the
      rectified voltage of the phase having the highest instantaneous voltage of
      all phases is below said first level corresponding to said first
      predetermined percentage of single phase normal voltage, said biasing
      means comprising capacitor means, said capacitor means being charged by
      said direct current to maintain bias voltage to operate said semiconductor
      switching means to a non-conducting condition.
NUM  7.
PAR  7. A device as defined in claim 1 comprising means for providing a
      differential between said first level and said second level, said
      differential means comprising a single voltage divider and means
      controlled by said switch operating means for changing the resistance of a
      portion of said voltage divider.
NUM  8.
PAR  8. A device as recited in claim 7 wherein said resistance changing means
      comprises means for short circuiting a portion of said voltage divider.
NUM  9.
PAR  9. A device as recited in claim 8 wherein said switch operating means
      comprises a relay coil, said switch means comprises a first pair of relay
      contacts, and said short circuiting means comprises a second pair of relay
      contacts connected in parallel with a portion of said voltage divider.
NUM  10.
PAR  10. A voltage sensitive switching device for monitoring conditions on
      multi-phase alternating current circuits, said device comprising:
PA1  a. switch means having two operational states,
PA1  b. switch operating means, activation or deactivation of said switch
      operating means changing said switch means from one operational state to
      another operational state,
PA1  c. rectifier means having an input and an output, said input connectable to
      each phase of a multi-phase alternating current circuit,
PA1  d. sensing means connected to said output of said rectifier means for
      activating said switch operating means when the rectified voltage of the
      phase having the highest instantaneous voltage passes through a first
      level corresponding to a first predetermined percentage of single phase
      normal voltage, said sensing means deactivating said switch operating
      means when the rectified voltage of the phase having the highest
      instantaneous voltage passes through a second level corresponding to a
      second predetermined percentage of single phase normal voltage, and
PA1  e. means for providing a differential between said first level and said
      second level, said differential means comprising a single voltage divider
      and means controlled by said switch operating means for changing the
      resistance of a portion of said voltage divider.
NUM  11.
PAR  11. A voltage sensitive switching device as recited in claim 10 wherein
      said resistance changing means comprises means for short circuiting a
      portion of said voltage divider.
NUM  12.
PAR  12. A voltage sensitive switching device as recited in claim 11 wherein
      said switch operating means comprises a relay coil, said switch means
      comprises a first pair or relay contacts, and said short-circuiting means
      comprises a second pair of relay contacts connected in parallel with a
      portion of said voltage divider.
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ABST
PAL  A chassis device comprising a radiator member vertically mounted on a
      chassis base and having a U-shaped cross section, a printed circuit board
      extending parallel to the bridging portion of the radiator member and
      secured to the opposite edges thereof, the radiator member carrying one or
      more heat source element such as transistors mounted on the side of the
      radiator member facing the printed circuit board, the chassis base being
      formed with vents in the portion of the chassis base surrounded by the
      radiator member and the printed circuit board.
PARN
PAR  This is a continuation of application Ser. No. 337,695, filed Mar. 2, 1973.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the mounting of printed circuit boards and the
      heat radiating structure of the radiator member.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to simply and inexpensively achieve the
      mounting of printed circuit boards and permit effective heat radiation
      from heat source elements such as transistors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of one embodiment of a chassis device
      according to the invention.
PAR  FIGS. 2 and 3 show, respectively in a sectional view and a top view, the
      same chassis device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, a heat radiator member 2 having an H-shaped cross
      section is erected on a chassis base 1. Two printed circuit boards 3 and 4
      extend parallel to the bridging portion of the radiator member 2, and are
      secured to the edges of the leg portions thereof by means of screws 5.
      Heat source elements such as transistors 6 and 7 are mounted on the
      radiator member 2 on the surfaces thereof opposing the printed circuit
      boards 3 and 4. Air holes or vents 8 and 9 are formed in portions of the
      chassis base 1 surrounded by the radiator member 2 and printed circuit
      boards 3 and 4.
PAR  In the construction described above, where the printed circuit boards 3 and
      4 are mounted on the radiator member 2, the mounting of the printed
      circuit boards is facilitated and requires no particular member or the
      like for the mounting, so that it can be done inexpensively. Also, since
      the printed circuit boards 3 and 4 extend parallel to the bridging portion
      of the radiator member 2, they can provide the chassis device with a much
      improved space factor. Further, low temperature air below the chassis 1
      can rise through the air holes 8 and 9 by virtue of a chimney structure of
      this device, thus providing for heat convection by the rising air in
      addition to the heat concuction by the radiator member 2, so that very
      effective radiation or divergence of heat from the transistors 6 and 7 can
      be obtained. Furthermore, the radiator member 2 intervening between the
      two printed circuit boards 3 and 4 serves as a shield to eliminate
      interference between the printed circuit boards 3 and 4. Moreover, since
      the printed circuit boards extend upright from the chassis base 1, dust is
      less likely to accumulate, which is effective from the standpoint of
      minimizing troubles.
PAR  While the preceding embodiment of FIGS. 1 to 3 have used the H-shaped
      radiator member, similar effects of the invention can be obtained in the
      case where a single printed circuit board is secured to a radiator member
      having a U-shaped cross section. The H-shaped radiator member can be
      regarded to be equivalent to two U-shaped radiator members assembled
      together back to back.
PAR  As has been described in the foregoing, according to the invention it is
      possible to easily and inexpensively achieve the mounting of printed
      circuit boards, while obtaining effective heat radiation of heat source
      elements such as transistors. Also, the space factor can be much improved.
CLMS
STM  I claim:
NUM  1.
PAR  1. A heat dissipation divice comprising a chassis base defining an air
      space therebelow and having at least one vent formed in a part thereof; at
      least one U-shaped heat radiation member attached to the upper surface of
      said chassis base, said member having a bridging portion and a pair of
      spaced parallel leg portions extending from both ends of said bridging
      portion for mounting thereon at least one heat source circuit element,
      each of said bridging and leg portions extending vertically upward from
      said chassis base and partially surrounding said vent  on said chassis
      base; a printed circuit board extending across the opening between the leg
      portions of said U-shaped heat radiation member and attached to said leg
      portions and closing said opening by contacting the top of said chassis,
      said board and member forming therebetween an air flowing channel space
      connected to said vent, a heat source element being provided in said
      channel space and attached directly to the inside surface of the bridging
      portion of said radiation member opposite to said printed circuit board,
      the vertically upwardly extending bridging and leg portions of said heat
      radiation member having inside and outside heat radiation surfaces
      sufficient for radiating heat absorbed from said heat source element
      toward the ambient air space, the sizes of said printed circuit board and
      radiation member being sufficient to allow air flow from the air space
      below said chassis through said vent and said channel space to remove heat
      from said heat source circuit element and from the inside heat radiation
      surfaces of said bridging and leg portions.
NUM  2.
PAR  2. A heat dissipation device comprising a chassis base defining an air
      space therebelow and having at least first and second vents formed
      therein;
PA1  a pair of U-shaped heat radiation members assembled back-to-back to form an
      H-shaped heat radiation member attached to the upper surface of said
      chassis base, said H-shaped member having a bridging portion, a first pair
      of spaced parallel leg portions extending from one side of said bridging
      portion and a second pair of spaced parallel leg portions extending from
      the other side of said bridging portion, said bridging portion and said
      first pair of spaced parallel leg portions extending vertically upward
      from said chassis base 6 and partially surrounding said second vent on
      said chassis base;
PA1  first and second printed circuit boards attached to said leg portions and
      extending across the openings between the first and second pairs
      respectively of the leg portions of said H-shaped heat radiation member
      and closing said openings by contacting the top of said chassis, said
      boards and member forming therebetween an air flowing channel space
      connected to said first and second vents; and
PA1  at least one heat source element provided in at least one of said channel
      spaces and attached directly to a surface of the bridging portion of said
      H-shaped heat radiation member opposite to one of said first and second
      printed circuit boards, the vertically upwardly extending bridging and leg
      portions of said H-shaped heat radiation member having inside and outside
      heat radiation surfaces sufficient for radiating heat absorbed from said
      heat source toward the ambient air space, the sizes of said printed
      circuit boards and H-shaped radiation member being sufficient to allow air
      flow from the air space below said chassis through said vents and said
      channel spaces to remove heat from said heat source circuit element and
      from the inside heat radiation surfaces of the bridging and leg portions
      of said H-shaped member.
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ABST
PAL  A circuit module, such as is used in a modular L-C filter, includes a
      support having a base portion and side portions. One or more electric
      circuit elements, such as inductors and capacitors, are mounted on the
      support. One of the side portions of the support is provided with an
      externally exposed recess which is adapted to at least partially receive
      an interconnecting element such as a coupling coil. Thus, two of the
      modules can be located on a circuit board in adjacent relationship with
      the recesses therein aligned to form a cavity in which the coupling coil
      is received, the coil itself preferably being independently mounted on the
      circuit board. In this manner, the amount of space required by the filter
      is substantially reduced.
BSUM
PAR  The present invention relates to circuit modules which may be
      interconnected to form an electrical component and in particular to a
      circuit module which is designed to at least partially receive an
      interconnecting element, such as a coupling coil, within the physical
      confines thereof.
PAR  The electronics industry has long been producing electrical components
      which are composed of a plurality of circuit modules. Each module is
      physically distinct from the other modules in the component and normally
      contains one or more electrical circuits designed to perform a specific
      function. By releasably mounting the individual circuit modules on a
      circuit board, which contains the necessary interconnections, a great deal
      of versatility is achieved. Not only is replacement of a particular
      circuit in the case of malfunction thereof facilitated, but also the
      operating characteristics of the component may be changed or the component
      made to perform different functions by merely substituting different
      circuit modules as required.
PAR  A prime example of such an electronic component is an L-C filter. Such a
      filter normally comprises a plurality of circuit modules each of which
      contains a capacitor and an inductor connected to form a resonant circuit.
      The capacitor and inductor are mounted on a support and then the circuit
      is adjusted such that the appropriate resonant frequency is obtained. A
      shielding can is then placed over the support to form the module. The
      number of modules utilized in a particular filter is dependent upon the
      intended use of the filter. The modules are placed in side-by-side
      relationship on a circuit board upon which are mounted the appropriate
      interconnections between the the modules. These interconnections often
      include electrical elements such as coupling coils which are physically
      attached to the circuit board and electrically connected to the modules.
PAR  The recent trend towards miniaturization of electronic components has
      initiated various techniques to reduce the amount of space required by
      modular filters. However, since the physical size of certain circuit
      elements, for instance inductor coils, dictates, at least in part, the
      electrical properties thereof, miniaturization of these elements cannot be
      achieved beyond a certain point if the desired electrical characteristics
      are to be obtained. Therefore, other means of reducing the amount of space
      required by the filter must be considered. Since the coupling coils are
      physically mounted on the circuit board upon which the modules are placed,
      these coupling coils require a certain amount of space, thus enlarging the
      size of the circuit board beyond the amount of area required for mounting
      of the modules.
PAR  It is, therefore, a prime object of the present invention to provide a
      circuit module having an externally exposed recess adapted to at least
      partially receive an interconnecting element therein.
PAR  It is a further object of the present invention to provide a circuit module
      having an externally exposed recess which, when mounted adjacent other
      similar modules forms a cavity within which an interconnecting element may
      be received, thereby reducing the amount of space required by the
      component.
PAR  It is another object of the present invention to provide a circuit module
      which can be placed in adjacent relationship with other similar circuit
      modules on a printed circuit board such that no additional space on the
      circuit board is required for interconnecting components.
PAR  Although the present invention is particularly well adapted for use in
      circuit modules which make up a modular L-C filter, and therefore is
      described and illustrated in this context, it should be understood that
      the present invention need not be limited to circuit modules of the
      particular type described herein. The specific embodiment disclosed herein
      is for purposes of illustration of the present invention and is not
      intended to limit the present invention for use with circuit modules
      designed for the particular purpose described.
PAR  In accordance with the present invention a circuit module is provided
      comprising a support having a base portion and side portions. One or more
      electrical circuit elements are provided for mounting on the support. One
      of the side portions of the support has an externally exposed recess
      adopted to at least partially receive an interconnecting element such as a
      coupling coil. A shielding can which substantially surrounds the support
      and the circuit elements is provided. The can has a side opening which
      registers with the support recess when the can is mounted on the support.
PAR  The circuit module is designed to be mounted on a circuit board in adjacent
      relationship with other similar circuit modules. The recesses on the
      respective circuit modules align to form a cavity within which an
      interconnecting element, such as a coupling coil, may be wholly situated.
      In this manner, the size of the circuit board is reduced to the amount of
      the area necessary for mounting the modules, thereby substantially
      reducing the overall space required by the component.
DRWD
PAR  To the accomplishment of the above and to such other objects as may
      hereinafter appear, the present invention relates to a circuit module
      having an externally exposed recess adapted to at least partially receive
      an interconnecting element as defined in the appended claims and as
      described in the specification, taken together with the accompanying
      drawings wherein like numerals refer to like parts and in which:
PAR  FIG. 1 is an exploded isometric view of a preferred embodiment of the
      module of the present invention;
PAR  FIG. 2 is an isometric view of an L-C filter composed of a plurality of
      modules of the present invention;
PAR  FIG. 3 is a front sectional view of a portion of an L-C filter composed of
      the modules of the present invention; and
PAR  FIG. 4 is a schematic diagram of a modular L-C filter of the present
      invention.
DETD
PAR  FIG. 4 shows a schematic diagram of a four module L-C circuit. Each module
      is schematically represented by a dashed box which is generally designated
      as 10, 12, 14, and 16 respectively. Each of the modules 10, 12, 14, and 16
      is comprised of an inductor coil 18 and a capacitor 20. Modules 10 and 16,
      the "input" and "output" modules, respectively, are provided with an
      additional winding 30, 32 respectively for coupling to external circuits.
      The circuit has a pair of input leads 22, 24 and a pair of output leads
      26, 28. Input leads 22, 24 are operatively coupled to inductor 18 of
      module 10 by means of input winding 30. In a similar manner output leads
      26 and 28 are operatively coupled to inductor 18 of module 16 by means of
      output winding 32. One side of inductor 18 of module 10 is connected to
      ground by means of a lead 34. In a similar manner, one side of inductor 18
      of module 16 is connected to ground by means of a lead 36. Three coupling
      coils 38, 40, and 42 are provided to form a connection between ground and
      the respective nodes which interconnect adjacent modules. Specifically,
      coupling coil 38 connects the node between modules 10 and 12 to ground.
      Coupling coil 40 connects the node between modules 12 and 14 to ground and
      coupling coil 42 connects the node between modules 14 and 16 to ground.
PAR  As can be seen in FIGS. 1 and 3, the circuit module comprises a support
      generally designated 44 which is formed of a base 46 and side walls 48,
      each of which is mounted perpendicular to base 46 at opposing edges
      thereof. Base 46 has a plurality of terminals 52 extending therefrom which
      are adapted to be received within apertures on the circuit board and to be
      connected to the printed circuit interconnections on the bottom of the
      board in any conventional manner, such as soldering.
PAR  Inductor coil 18 is situated within an enclosure 19 which in turn is
      mounted on top of base 46. A recess 55 is provided in the bottom of base
      46 into which capacitor 20 is mounted. Coil 18 and capacitor 20 are
      mounted on base 46 so as to be within the peripheral confines of the
      support 44. One or more of the side walls 46 are provided with an
      externally exposed recess 50 which is adapted to at least partially
      receive a coupling coil therein. A shielding can 54 having a generally
      box-like structure with an open bottom is placed over support 44 in the
      conventional manner. Shielding can 54 is provided with a side opening 56
      which, when shielding can 54 is in position, will register with recess 50.
PAR  Modules 10, 12, 14, and 16 are mounted on a circuit board 58 as shown in
      FIG. 2, and a cover member 60 is placed over the assembly of modules, as
      shown in FIG. 3. When the modules are located on circuit board 58 they are
      adjacent each other and the recesses 50 on adjacent modules align to form
      a cavity into which the coupling coil 38 may be wholly received. Since the
      coupling coil 38 is received within recesses 50 and extends out laterally
      therefrom, the depth of recesses 50 need only be approximately equal to
      one-half the diameter of the coupling coil. As can be seen from FIG. 2,
      circuit board 58 need be no larger than is necessary for the mounting of
      the modules. Thus, the modules of the present invention serve to
      substantially reduce the amount of space required by the filter by
      permitting the coupling coils to be situated within the physical confines
      of the modules.
PAR  Each of the coupling coils 38, 40, 42 is provided with a pair of terminals
      53 which are received within apertures in circuit board 58 and connected
      to the printed circuit on the bottom of the board in any conventional
      manner such as soldering. The printed circuit on the bottom of board 58 is
      of conventional design and provides the appropriate interconnections
      between terminals 52 of the modules and terminals 53 of the coupling
      coils. Preferably, a common ground connection is provided to which one
      side of each coupling coil is connected. In addition, the shielding can 54
      of each module is also connected to this common ground connection to
      assure that the cans 54 are properly grounded thus providing the necessary
      shielding.
PAR  As is conventional in the manufacture of printed circuit boards, board 58
      is originally provided with a thin coating of copper on the bottom
      surface. The copper is then chemically etched, usually by means of
      photoetching in a manner well known in the art. This delineates the
      appropriate interconnections. The modules and coupling coils are then
      mounted on the board and soldered into place such that terminals 52 of the
      modules and terminals 53 of the coupling coils are connected to the
      printed circuit interconnections to form the filter.
PAR  It should be noted that the recesses 50 in base 46 is formed in support 44
      adjacent capacitor 20 and beneath coil 18. Since capacitor 20 is somewhat
      smaller than coil 18, the space taken up by recesses 50 would be space
      which would be normally wasted within the module. Thus, the module itself
      need be no larger than the usual filter module in order to accommodate
      recesses 50. The module of the present invention is designed for more
      efficient utilization of space within the physical confines of the module.
      Thus, although the module may not be able to be made smaller because of
      the physical requirements of the electrical elements mounted therein, the
      more efficient use of the space within the module serves to substantially
      reduce the overall size of the filter.
PAR  While but a single preferred embodiment of the present invention has been
      specifically disclosed herein for purposes of illustration, it is apparent
      that many modifications and variations may be made therein. It is intended
      to cover all of these variations and modifications which fall within the
      scope of this invention as defined by the appended claims:
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with a circuit board, a circuit module for use with an
      active interconnecting electrical component for electrically connecting
      said module with other circuits on said board, externally of said module,
      said component being mounted on said board adjacent and independently of
      said module, said module comprising a base portion, one or more electrical
      circuit elements mounted on said base portion to form the module circuit,
      means on said base portion for mounting said module on said board and a
      side portion having members thereon an externally exposed recess, said
      recess being large enough to at least partially receive said
      interconnecting component therein.
NUM  2.
PAR  2. The module according to claim 1 further comprising a shield can received
      on an substantially surrounding said base and said circuit elements and
      having a side opening registering with said recess.
NUM  3.
PAR  3. The module of claim 2 in which said circuit elements are mounted on said
      base so as to be within the peripheral confines of said side portion.
NUM  4.
PAR  4. In combination with a circuit board, a circuit module and an active
      interconnecting electrical component mounted on said board adjacent and
      independently of said module for electrically connecting said module to a
      circuit on said board external to said module, said module comprising a
      base portion, one or more electrical circuit elements mounted on said base
      portion to form the module circuit, means on said base portion for
      mounting said module on said board and a side portion having members
      therein defining an externally exposed recess, said recess being large
      enough to at least partially receive said interconnecting component
      therein, said component being received in said recess and extending out
      laterally therefrom.
NUM  5.
PAR  5. The module according to claim 4 further comprising a shield can received
      on and substantially surrounding said base and said circuit elements and
      having a side opening registering with said recess.
NUM  6.
PAR  6. The module of claim 5 in which said circuit elements are mounted on said
      base so as to be within the peripheral confines of said side portions, the
      interconnecting component being larger than said recess so as to extend
      out laterally beyond said side portions through said side opening.
NUM  7.
PAR  7. In combination with a circuit board, first and second circuit modules
      and an active interconnecting electrical component electrically connected
      to said modules, said modules each comprising a base portion, one or more
      electrical elements mounted on said base portion to form the circuit,
      means on said base portion for mounting said module on said board, and a
      side portion having members thereon defining an externally exposed recess,
      said recesses being aligned to form a cavity, said cavity being large
      enough to at least partially receive said interconnecting component
      therein.
NUM  8.
PAR  8. The combination of claim 7 wherein said component is an inductance coil.
NUM  9.
PAR  9. The module according to claim 7, further comprising a shield can
      received on and substantially surrounding said support and said circuit
      elements and having a side opening registering with said support recess.
NUM  10.
PAR  10. The module of claim 9, in which said circuit elements are mounted on
      said support so as to be within the peripheral confines of said side
      portions of said support, the interconnecting component being larger than
      said recess so as to extend out laterally beyond said side portions
      through said side opening.
NUM  11.
PAR  11. The module of claim 7, in which said circuit elements are mounted on
      said support so as to be within the peripheral confines of said side
      portions of said support, the interconnecting component being larger than
      said recess so as to extend out laterally beyond said side portions.
NUM  12.
PAR  12. In combination, a printed circuit board, a pair of L-C modules mounted
      on said board adjacent one another, means on said board for electrically
      connecting said modules, each of said modules having a recess open at the
      side of said module facing the adjacent module, said recesses being
      aligned to form a cavity, and a coupling coil operatively connected to
      said module connecting means, separately mounted on said board and
      received in said cavity.
NUM  13.
PAR  13. The combination of claim 12, in which said coupling coils is mounted on
      said circuit board.
NUM  14.
PAR  14. The combination of claim 13, in which said recesses are also open at
      the bottom of the base portion of said support.
NUM  15.
PAR  15. The combination of claim 12, in which said recesses are also open at
      the bottom of the base portion of said support.
NUM  16.
PAR  16. The combination of claim 12, in which said modules comprise shielded
      cans substantially surrounding said modules and having side openings
      registering with said module recesses.
NUM  17.
PAR  17. The combination of claim 16, in which said recesses are also open at
      the bottom of the base portion of said support.
NUM  18.
PAR  18. The combination of claim 16, in which said recesses are also open at
      the bottom of the base portion of said support.
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ABST
PAL  In combination an electrode and a radiation semi-cured or completely cured
      polymer containing material suitable for use in an electrical device. The
      electrode includes a metal containing material. Contiguous to the metal
      containing material is a radiation semi-cured or completely cured polymer
      containing material. The semi-cured or completely cured polymer containing
      material retains electrolyte. The polymer containing material may contain
      a dielectric filler such as paper and the like.
PAL  A method of making the combination of the electrode and radiation
      semi-cured or completely cured polymer containing material including the
      steps of applying radiation curable polymer containing material to the
      electrode or to a dielectric filler to be used in the combination,
      irradiating applied material to semi-cure or completely cure the applied
      material and introducing electrolyte to the applied polymer containing
      material.
PAL  High energy irradiation from an energy source such as ultraviolet light or
      an electron beam is used to crosslink or cure polymeric material applied
      to the electrode.
BSUM
PAR  The present invention relates to the combination of an electrode of metal
      containing material and a radiation semi-cured or completely cured polymer
      containing material, the material retaining an electrolyte, and to a
      method of making the same. More particularly, the invention relates an
      electrical device including an electrode of dielectric metal oxide forming
      metal contiguous to a radiation semi-cured or completely cured polymer
      containing material which polymer retains electrolyte, and to a method of
      making the same.
PAR  The component body of the electrical device may be any one of several
      component bodies such as a capacitor or a battery. The concepts of the
      present invention have particular applicability to an electrical device
      requiring the presence of a liquid electrolyte material.
PAR  A typical liquid type electrolytic capacitor includes an etched metal
      containing anode electrode foil such as aluminum or tantalum. The anode
      electrode foil may or may not have a dielectric oxide film formed over its
      surface. The cathode electrode is an etched metal containing foil which
      probably includes a dielectric oxide film formed over its surface. A layer
      or layers of paper such as Kraft paper are between the anode and cathode
      electrode foils. Typically, the anode and cathode electrode foils
      separated by the interleaved paper are convolutely wound into a relatively
      tight roll although a multiplicity of flat stacked electrode foils with
      interleaved paper has been used to provide a capacitor. The paper of the
      convolutely wound roll is impregnated, either before or after rolling,
      with a suitable electrolyte such as a solution of ammonium borate and
      boric acid, plus glycol to help lower the freezing point temperature of
      the solution. The impregnated convolutely wound roll is then inserted into
      the cavity of a substantially rigid housing. The housing helps to provide
      physical protection for the convolutely wound roll, and, just as
      importantly, to minimize contamination of the wound roll by contact with
      moisture and the like which may, during operation of the capacitor, have a
      harmful effect on the electrical characteristics of the liquid type
      electrolytic capacitor. Typically, the open end of the metal housing is
      sealed by either a glass-to-metal end seal or by an electrically
      insulating cap and seal. The end seal is retained by a suitable swaged or
      rolled-over edged portion of the housing and, if the end seal is of the
      glass-to-metal type, it is soldered to the swaged or rolled-over portion
      of the housing. Ideally, the housing for the capacitor body has its open
      end sealed in an atmosphere which is relatively free from harmful
      contaminants. Prior to sealing the open end of the housing, the housing is
      filled with electrolyte.
PAR  The use of paper to separate the anode and cathode electrode foils presents
      problems in proper alignment of the edges of the paper relative to edges
      of the electrode foils. Also, the character of the surface of the paper
      tends to have a harmful abrasive effect on the dielectric oxide film over
      the surface of the electrode foil contiguous to the surface of the paper.
      The paper separator tends to restrict the operation of the capacitor to
      about 125.degree.C because the paper tends to become less pliable and
      looses its desired electrolyte absorbency characteristics at temperatures
      of about 125.degree.C or higher. A paper type capacitor may require the
      use of multiple layers of paper to separate the anode and cathode means
      the proper distance and yet provide a medium which permits the necessary
      amount of electrolyte to be present between the anode and cathode
      electrode foils.
PAR  One aspect of the present invention relates to an electrode including a
      metal containing material and a radiation semi-cured or completely cured
      polymer containing material contiguous to the electrode with the polymer
      containing material retaining an electrolyte such as a solution of
      ammonium borate and boric acid with glycol. The polymeric material is
      cross-linked or cured by exposure to high energy irradiation such as
      ultra-violet (U.V.) light or electron beam (E.B.) irradiation. An
      advantage of radiation cured material over a solvent-base type material is
      the minimization of pollution of the atmosphere by solvent evolved during
      hardening since volatile solvents are not evolved into the atmosphere
      during radiation curing. Typically, volatile solvents are also highly
      combustible. Hardening solvent containing materials typically requires
      expending large amounts of heat in the use of ovens. The use of radiation
      cured material minimizes problems such as the alignment problem, the
      abrasive effect the surface of paper tends to have on the dielectric oxide
      film over the surface of the electrode foil, the restriction on the
      maximum upper operating temperature to about 125.degree.C, and the
      separate and distinct layer problems usually associated with the use of
      paper. Furthermore, the polymer containing material provides a relatively
      thin medium to retain desired quantities of electrolyte between continuous
      anode and cathode electrodes.
PAR  It is therefore, a feature of the present invention to provide, in
      combination a radiation semi-cured or completely cured polymer containing
      material with electrolyte contiguous the electrode, and to a method of
      making the same. A further feature of the present invention is to provide
      a radiation semi-cured or completely cured polymer material, with or
      without filler, functioning as a spacer between contiguous anode and
      cathode electrodes and characterized by its ability to retain electrolyte.
      Other features of the invention will be apparent from the drawing, the
      following description and the appended claims.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a diagrammatic illustration of means for applying radiation
      cross-linkable polymer material to electrode strip, means for radiating
      the material applied to the electrode strip to cross-link or cure the
      material, means for immersing the electrode strip with the applied polymer
      material in a bath of liquid electrolyte, and means for winding the strip
      into a convolutely wound roll;
PAR  FIG. 2 is a diagrammatic illustration of means for applying radiation
      cross-linkable polymer material to separate electrode strips, means for
      radiating the material applied to the electrode strips to cross-link or
      cure the material, means for immersing the strip with the applied polymer
      material in a bath of liquid electrolyte, and means for winding the strips
      into a convolutely wound roll;
PAR  FIG. 3 is a diagrammatic illustration of means for applying radiation
      cross-linkable polymer material to separate paper strips, means for
      radiating the material applied to the paper strips, means for immersing
      the paper strips with the applied polymer material in a bath of liquid
      electrolyte, and means for winding the paper strips with electrode strips
      into a convolutely wound roll; and
PAR  FIG. 4 is a 200 magnification cross-sectional view of an electrode strip
      with cured polymer material retaining electrolyte.
DETD
PAR  One form of the concepts embodied in the present invention is illustrated
      in FIG. 1. A means 10 is shown for applying and curing radiation curable
      material 11 from bath 12 to electrode foil 13. The application of the
      radiation curable material 11 to surfaces of the electrode foil 13 is
      accomplished by removing lengths of electrode foil from a foll 14 of
      electrode foil 13. Roll 14 is suitably carried by arbor 15. A length of
      electrode foil 13 to be treated is past over guide roller 16 and under
      guide roller 17 in bath 12. The electrode foil 13 is immersed in the
      radiation curable polymeric material 11 for the required length of time to
      apply desired amounts of material to immersed surfaces of the electrode
      foil 13. The viscosity of the radiation curable polymeric material may be
      varied to help control the thickness thereof applied to the electrode foil
      13.
PAR  The electrode foil 13 is withdrawn from bath 12 and it together with the
      radiation curable material applied to its surfaces is passed through
      radiation cross-linking or curing zone 18. Zone 18 includes an ultraviolet
      light source 19 for causing cross-linking or curing of the material 11
      applied to the surfaces of the foil electrode 13.
PAR  Electrode foil 13 with its cured material 11 is past over guide rollers 20
      and 21 and under guide roller 22 in bath 23. The bath 23 contains liquid
      electrolyte 24. The electrode foil 13 with its cured polymer material is
      immersed in the electrolyte 24. Electrolyte 24 is retained by the cured
      material 11. Electrolyte 24 appears to be attracted into the cured polymer
      material 11 so that to the human eye the electrolyte retained by the cured
      polymer material seems to disappear physically.
PAR  The combination of the electrode foil 13 and the cured polymer material
      retaining electrolyte is convolutely wound with electrode foil 25
      dispensed from electrode foil roll 26 carried by arbor 27. As shown in
      FIG. 1, electrode foil 25 does not have applied polymer material. A
      convolutely wound body 28, which includes a pair of electrode foil strips
      13 and 25, cured polymer material 11 and electrolyte, is suitable for use
      as a capacitor body in an electrolytic capacitor.
PAR  The polymeric material 11 applied to the surfaces of electrode foil 13 is
      of the type which has a high degree of electrolyte retention upon curing
      and which does not have a harmful effect on the desired electrical and
      physical relationship between the electrolyte and electrode foil under
      operating conditions. Such a polymer material is marketed by W. R. GRACE &
      CO., Washington Research Center, 7379 Route 32, Columbia, Md., under type
      designation 5261A.
PAR  The radiation curable polymeric material 11 applied to the electrode foil
      13 may be any one of several suitable radiation cross-linkable polymeric
      materials capable of retaining suitable amounts of electrolyte. For
      example, if ultraviolet light is used to cross-link the applied polymeric
      material, suitable materials may be unsaturated polyesters, thermosetting
      acrylics and urethane alkyds typically mixed with reactive monomers such
      as styrene, vinyl toluene, or acrylics, and a suitable initiator. In the
      event electron beam radiation is used to cross-link the applied polymeric
      material 12, suitable materials may be unsaturated polyesters,
      thermosetting and thermoplastic acrylics, urethanes and the like. It may
      be possible to modify the polyesters, acrylics and urethanes with epoxy,
      vinyl, silicone, fluorocarbon polymers and the like. Typical monomers may
      include styrene, vinyl toluene, acrylics and the like. In the use of an
      electron beam to cross-link the applied polymeric material 11, the
      electron beam bombards the polymer with a high energy electron.
PAR  FIG. 2 illustrates another embodiment of the present invention. A means 30
      is shown for applying and curing radiation curable material 31 from baths
      32 and 32' to a pair of electrode foils 33 and 33' respectively. As in the
      means 10 of FIG. 1, application of the radiation curable material 31 to
      surfaces of the electrode foils 33 and 33' is accomplished by removing
      lengths of electrode foil from electrode foil rolls 34 and 34'
      respectively. Rolls 34 and 34' are suitably carried by arbors 35 and 35'
      respectively. Lengths of electrode foil 33 and 33' to be treated are
      guided by a series of rollers 36 and 36' in baths 32 and 32'. The
      electrode foils 33 and 33' are immersed in the radiation curable polymeric
      material 31 for the required length of time to apply desired amounts of
      material to immersed surfaces of the electrode foil 33 and 33'.
PAR  Electrode foils 33 and 33' are withdrawn from baths 32 and 32' and together
      with the radiation curable material applied to their surfaces are passed
      through radiation cross-linking or curing zone 38 and 38' respectively.
      Zones 38 and 38' include ultraviolet light source 39 and 39' respectively
      for causing cross-linking or curing of the material 31 applied to the
      surfaces of the foil electrodes 33 and 33' respectively.
PAR  Electrode foils 33 and 33' with their cured material 31 are guided by a
      series of rollers 40 and 40' through bath 43 and 43' respectively. Baths
      43 and 43' contain liquid electrolyte 44. The electrode foils 33 and 33'
      with their cured polymer material 33 and 33' are immersed in the
      electrolyte 44. Electrolyte 44 is retained by the cured material 33 and
      33'.
PAR  The combination of the electrode foils 33 and 33' and the cured polymer
      material containing electrolyte are convolutely wound into a convolutely
      wound body 48 on arbor 47. Convolutely wound body 48 includes a pair of
      electrode foils, cured polymer material associated with each electrode
      foil and electrolyte and, is suitable for use as a capacitor body in an
      electrolytic capacitor.
PAR  The polymeric material 31 used for application to the surfaces of electrode
      foils 33 and 33' is similar to that used in FIG. 1.
PAR  The following example is typical of electrode foils 13, 33 and 33' treated
      using means 11 and 30 of FIGS. 1 and 2 respectively.
PAC  EXAMPLE
PAR  Ultraviolet light cross-linkable or curable material 11 marketed by W. R.
      GRACE & CO. under the type designation 5261A is placed in bath 12 to the
      desired level. Etched electrode foil 13, such as dielectric oxide
      film-forming Al, Ta, Nb, Ti, Zr or the like having a dielectric oxide film
      formed over its surfaces and having a total thickness of about 0.0008 to
      about 0.004 of an inch and a width of about 2 to about 18 inches, is
      dispensed from roll 14 at the rate of about 1 inch per second and immersed
      in polymer material 11 for about 1 to about 3 seconds. Electrode foil 13
      with applied polymer material 11 is withdrawn from the bath 12 and
      radiated by ultraviolet light having a wavelength of about 3600 to about
      3700 Angstrom (A) for about 0.5 to about 1 second. The exposure of the
      polymer material 11 to the ultraviolet light causes what appears to be an
      almost instantaneous cross-linking or curing of the polymer and provides
      the electrode foil 13 with a substantially uniform and continuous layer
      (not shown in FIG. 1) having a thickness of about 0.002 inches. The layer
      is relatively clear and has a good electrolyte retention characteristic.
      The electrode foil 13 with its cured polymer layer is immersed in an
      electrolyte of ammonium borate, boric acid and glycol for about 1 to about
      3 seconds. The electrode foil 13 with its cured polymer layer and retained
      electrolyte is convolutely wound with another etched foil electrode, that
      may or may not include a dielectric oxide film over its surface and a
      cured polymer layer with retained electrolyte, to thereby provide a
      convolutely wound capacitor body suitable for use in an electrolytic
      capacitor.
PAR  Another embodiment of the present invention is illustrated in FIG. 3. A
      means 50 is shown for applying and curing radiation curable material 51
      from baths 52 and 52' to filler materials of dielectric material 53 and
      53'. Preferably the filler material is a thin flat material of closely
      matted fibers such as paper or cloth, and most preferably, Kraft paper.
      The application of the radiation curable material 51 to surfaces of paper
      fillers 53 and 53' is accomplished by removing lengths of the paper from
      paper rolls 54 and 54'. Paper rolls 54 and 54' are suitably carried by
      arbors 55 and 55' respectively. Papers 53 and 53' to be treated are guided
      by rollers 56 and 56' respectively through baths 52 and 52' respectively.
      Papers 53 and 53' are then immersed in the radiation curable polymeric
      material 51 for the required length of time to apply desired amounts of
      material to immersed surfaces of the papers 53 and 53'.
PAR  The papers 53 and 53' are withdrawn from baths 52 and 52' and each together
      with the radiation curable material applied to their surfaces are passed
      through radiation cross-linking or curing zones 58 and 58' respectively.
      The curing zones include ultraviolet light source 59 and 59' respectively
      for causing cross-linking or curing of the material 51 applied to the
      surfaces of the papers 53 and 53' respectively.
PAR  Papers 53 and 53' with cured material 51 are guided by rollers 60 and 60'
      respectively in baths 63 and 63' respectively. Baths 63 and 63' contain
      liquid electrolyte 64. The papers 53 and 53' with their cured polymer
      material are immersed in the electrolyte 64. Electrolyte 64 is retained by
      the cured material 51.
PAR  The combination of the electrolyte foils 53 and 53' and the cured polymer
      material retaining electrolyte is convolutely wound with etched aluminum
      foil 65 and 65' dispensed from foil roll 66 and 66' carried by arbor 67
      and 67' respectively to form a convolutely wound body 68. A convolutely
      wound body 68, which includes a pair of paper strips, cured polymer
      material and electrolyte, and a pair of etched aluminum foil strips, is
      suitable for use as a capacitor body in an electrolytic capacitor.
PAR  FIG. 4 is a 200 magnification cross-sectional view of an etched aluminum
      foil strip 40 having a thickness of about 0.002 of an inch with opposite
      surfaces covered by a dielectric oxide film 41 and 42 of aluminum. The
      dielectric oxide film 41 of aluminum of the aluminum foil strip 40 is
      covered by a substantially continuous film of ultraviolet light cured
      polymer material 5261A marketed by W. R. GRACE & CO. The polymer material
      is indicated by reference number 43 and has a thickness of about 0.002 of
      an inch. An electrolyte of ammonium borate, boric acid and glycol is
      retained by the polymer material 43. Note that the polymer material 43
      retains the electrolyte in a manner that appears to physically disappear
      to the human eye at 200 magnifications.
PAR  The construction of a convolutely wound capacitor body of the type
      illustrated in FIG. 1 but without immersing the applied, cured polymer
      material in the ammonium borate, boric acid and glycol electrolyte
      exhibited an unacceptable capacitance value. A capacitor body of the type
      illustrated in FIG. 1 wherein the cured polymer material retained
      electrolyte exhibited an acceptable capacitance value.
PAR  The concepts of the present invention appear to be applicable to battery
      bodies as well as to capacitor bodies. The capacitor body may be a
      convolutely wound capacitor body of the type discussed hereinbefore as
      well as a stacked foil type capacitor body. The stacked foil type
      capacitor body includes a plurality of flat alternate anode and cathode
      foil electrodes separated by cured polymeric material retaining
      electrolyte.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination an electrode and a polymer containing material for an
      electrical device, the electrode including metal containing material, the
      polymer containing material contiguous to the electrode, the polymer
      containing material at least semi-cured by radiation and retaining
      electrolyte.
NUM  2.
PAR  2. The combination of claim 1, wherein the polymer containing material
      further includes a dielectric filler.
NUM  3.
PAR  3. The combination of claim 2, wherein the filler is paper.
NUM  4.
PAR  4. The combination of claim 1, wherein an etched surface of the electrode
      is contiguous to the polymer containing material.
NUM  5.
PAR  5. The combination of claim 1, wherein the electrode includes a dielectric
      oxide film of a film-forming metal contiguous to the polymer containing
      material.
NUM  6.
PAR  6. A capacitor including the combination of the electrode and the polymer
      containing material retaining electrolyte of claim 1.
NUM  7.
PAR  7. The capacitor of claim 6, wherein the electrode is the cathode electrode
      of the capacitor.
NUM  8.
PAR  8. A capacitor including the combination of the electrode and the polymer
      containing material retaining electrolyte of claim 1 convolutely wound
      with another electrode to provide a capacitor body.
NUM  9.
PAR  9. The capacitor of claim 8, wherein the other electrode includes a metal
      containing material and a polymer containing material contiguous to the
      other electrode, the polymer containing material at least semi-cured by
      radiation and retaining electrolyte.
NUM  10.
PAR  10. A method of making the combination of claim 1, the method comprising
      the steps of applying radiation curable polymer containing material to a
      metal containing electrode, irradiating the applied polymer containing
      material to at least semi-cure the applied polymer containing material,
      and treating the polymer containing material to cause the polymer
      containing material to retain electrolyte.
NUM  11.
PAR  11. A method of making the combination of claim 2, the method comprising
      the steps of applying radiation curable polymer containing material to a
      dielectric filler material, irradiating the applied polymer containing
      material to at least semi-cure the applied polymer containing material,
      treating the polymer containing material to cause the polymer containing
      material to retain electrolyte, and placing the polymer containing
      material retaining electrolyte contiguous to an electrode.
PATN
WKU  039406687
SRC  5
APN  3889157
APT  1
ART  217
APD  19730816
TTL  Dual duty drive with induction motor
ISD  19760224
NCL  3
ECL  1
EXP  Rubinson; G. Z.
NDR  2
NFG  7
INVT
NAM  Apsit; Voldemar Voldemarovich
STR  ULITSA V. Latsisa, 2a, kv. 21
CTY  Riga
CNT  SU
INVT
NAM  Ustinsky; Alexei Petrovich
STR  ULITSA Marupes, 33, kv. 29
CTY  Riga
CNT  SU
INVT
NAM  Pugachev; Vladislav Alexandrovich
STR  ULITSA Moskovskaya 266, korpus 5, kv. 73
CTY  Riga
CNT  SU
INVT
NAM  Usachev; Mikhail Maiorovich
STR  ULITSA Suvorova 70, kv. 5
CTY  Riga
CNT  SU
CLAS
OCL  318226
XCL  310 99
EDF  2
ICL  H02P  132
FSC  318
FSS  225;226
FSC  310
FSS  99;100
UREF
PNO  2317266
ISD  19430400
NAM  Galt, Jr.
OCL  318226
UREF
PNO  2549896
ISD  19510400
NAM  Dunham
XCL  310 99
UREF
PNO  2867127
ISD  19590100
NAM  Fehr
OCL  310 99
UREF
PNO  2912607
ISD  19591100
NAM  Duncan
OCL  310 99
UREF
PNO  3026460
ISD  19620300
NAM  Fath
OCL  318226
UREF
PNO  3171995
ISD  19650300
NAM  Ponsy
XCL  310 99
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  A dual duty drive for an actuating mechanism, for example a pump or a fan,
      incorporating an induction motor and an electromechanical reduction gear
      unit. The economical and reliable operation in the rated duty is ensured
      by delta connecting the motor windings, and with current being applied
      across the field winding of the electro-mechanical reduction gear unit,
      the latter is caused to operate with a gear ratio close to unity. Under a
      fractional load duty, the motor windings are star connected and the
      electro-mechanical reduction gear unit is deenergized, causing the latter
      to operate in the step-down reduction mode.
BSUM
PAR  The present invention relates to the electric drives of actuating
      mechanisms, and more particularly to dual duty controlled drives with
      induction motors for actuating pumps, air blast blowers, compressors and
      the like machinery.
PAR  The prior art controlled drives with induction motors are negatively
      characterized by their low operating economy and service reliability.
      Thus, for example, these drives exhibit the following disadvantages:
PAR  High starting current ratios which exceed their rated values by a factor of
      4 to 7, which fact calls for the provision of a substantial idle capacity
      of the power sources intended to supply these motors, resulting in a
      tangible increase of costs and materials, especially in case of
      self-contained power sources used where power transmission lines are not
      available.
PAR  Low load capacity of currently used squirrel cage motors, resulting from
      their poor starting characteristic, when in order to ensure their reliable
      starting the load moment of these motors is selected to be scorefold lower
      relative to the moment developed by these motors under rated operating
      conditions.
PAR  The situation entails motor overrating, increase of its starting currents
      and the idle power capacity of the supply line, as well as reduced power
      factor of the line.
PAR  More often than not the electric drives of the actuating mechanisms are not
      controlled, the controlled elements being various directing means, such as
      gates and throttles, serving for controlling gas and liquid flows, thus
      involving substantial waste of energy. In a number of cases control is
      effected by intermittently switching the drive on and off, which calls for
      repeated switching of the total power supplied to the drive. Generally,
      such mode of control results in a low factor of merit exhibited by the
      system, fails to satisfy process control requirements and calls for
      expensive auxiliary equipment.
PAR  Thus, for example, the problem of water removal from polders, that is from
      drainage systems erected on agricultural land located on low-level
      swampland or on located below the sea level, presents considerable
      difficulties. Such areas are generally highly fertile, thus being a
      substantial reserve for the production of agricultural produce.
PAR  Power supply of polders usually involves long power transmission lines and
      transformer substations. Frequent switching of pump drives resulting from
      a limited inflow into the forebay entails the failure of power supply
      systems and motors owing to frequent application of heavy starting
      currents. One of the methods currently used in order to decrease the
      number of switching involves water recirculation, whereby a portion of
      removed water is pumped back into the forebay.
PAR  Similar measures have to be taken for controlling the operation of other
      above-mentioned mechanisms with the resulting considerable waste of
      electric energy and excessive installed capacity of power supply systems
      and drives.
PAR  Accordingly, the object of the present invention is to eliminate the above
      disadvantages and provide a hightly effective dual duty drive with an
      induction motor.
PAR  Another object of the present invention is to provide a highly reliable
      drive with an asynchronous motor, permitting inexpensive means for
      controlling its modes of operation in accordance with the requirements of
      a given technological process employing said drive.
PAR  Yet another object of the present invention is to provide a dual duty drive
      with an easily started squirrel cage induction motor, increase efficiency
      of the drive and the power factor of the supply mains, as well as reduce
      the number of required switchings.
PAR  A further object of the present invention is to provide a drive having
      smoothly variable operating modes, together with the corresponding
      actuating mechanisms.
PAR  An additional object of the present invention is to provide a dual duty
      drive distinguished by small overall dimensions and light weight, which is
      easy and cheap to manufacture.
PAR  These and other objects are attained in a dual duty drive with an induction
      motor, having a means for switching the motor windings from star to delta
      connection and a reduction gear unit disposed intermediate of said drive
      and the actuating mechanism, wherein, according to the invention, said
      reduction gear unit is adapted to operate both with a preset step-down
      gear ratio and with a gear ratio equal to or approaching unity, and a
      selector switch electrically coupled to the motor and the reduction gear
      unit, said selector switch having different operating positions, whereby
      in one position the windings of the induction motor are star connected and
      the reduction gear unit is caused to operate in the step-down mode,
      whereas in the other position the motor windings are delta connected and
      the reduction gear unit is shifted to operate with a gear ratio equal to
      or approaching unity.
PAR  These novel features of the drive according to the invention permit the
      capacity of the power source required for starting the motor to be reduced
      and the number of switchings for changing the operating mode of the drive
      to be brought to the minimum.
PAR  In accordance with one of the embodiments of the invention use is made of a
      reduction gear unit which includes an electromagnetic clutch incorporating
      an armature and an inductor, a controllable field winding, a single-stage
      mechanical differential ensuring a preset step-down gear ratio in response
      to the decoupling of the clutch armature and inductor, and an overrunning
      means which, in response to the application of current across the field
      winding to initiate electromagnetic coupling of the clutch armature and
      inductor, permits a gear ratio equal to or approaching unity to be
      obtained.
PAR  The above construction of the reduction gear unit ensures a reliable and
      quick response of the drive, while being relatively inexpensive and having
      a simple design and small overall dimensions.
PAR  Moreover, the present invention incorporates a switching means which is
      essentially composed of two contactors, one contactor being intended for
      ensuring a delta connection of the motor and energizing the field winding
      of the reduction gear unit, whereas the other contactor is adapted to
      switch the motor to a star connection, while breaking said first
      contactor.
PAR  The above switching means allows quick and convenient switching of the
      drive from the nominal to heavy duty and vice versa.
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PAR  A fuller understanding of the nature and objects of the invention will be
      had from the following detailed description of an embodiment thereof,
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 illustrates a general block diagram of a dual duty drive according
      to the invention, in conjunction with the actuating and controlling
      devices;
PAR  FIGS. 2, 3 and 4 are gear train diagrams of three modifications,
      respectively, of an electromagnetic reduction gear unit in the drive shown
      in FIG. 1;
PAR  FIG. 5 is a portion of the electromagnetic reduction gear shown in FIG. 2;
PAR  FIG. 6 is a diagram for measuring the level of liquid for the purpose of
      controlling the performance of the drive shown in FIG. 1;
PAR  FIG. 7 is the switching circuit diagram of a dual duty drive with the
      induction motor shown in FIG. 1, according to the invention.
DETD
PAR  A dual duty drive according to the invention includes a squirrel-cage
      induction motor 1 (FIG. 1), the motor windings being adapted to be
      switched from star to delta connection and vice versa. An actuating
      mechanism 2 is coupled to the motor 1 via an intermediate reduction gear
      unit 3, adapted to operate both with a step-down gear ratio, and with a
      gear ratio equal to or approaching unity.
PAR  The intermediate roduction gear unit 3 may be embodied according to any
      known design, provided it satisfies the above-mentioned requirement. It is
      expedient to embody the unit 3 as an electromagnetic reduction gear unit
      of a design discussed hereinbelow.
PAR  The reduction gear unit incorporated in the present embodiment of the drive
      may be manufactured in three modifications (FIGS. 2, 3, 4), which are,
      nevertheless, comprised of identical components indicated below for each
      modification respectively.
PAR  These are an input (4, 5, 6) and an output (7, 8, 9) shafts; a mechanical
      single-stage differential (10, 11, 12) with a preset gear ratio, an
      electromagnetic clutch comprising an armature (13, 14, 15), and an
      inductor (16, 17, 18). There is also a field winding (19, 20, 21)
      controlling the electric coupling between the clutch armature and the
      inductor, and an overrunning means (22, 23, 24).
PAR  The reduction gear unit is intended for ensuring a stepless or stepwise
      changing of angular speed (.omega.) at the output, with the input angular
      speed being constant, or vice versa.
PAR  The electromagnetic reduction gear unit is essentially a kinematically
      closed electromechanical device built on the basis of a sliding or
      friction type clutch, incorporating a mechanical single-stage differential
      and an overrunning means.
PAR  The electromagnetic reduction gear unit is manufactured in three
      modifications (FIGS. 2, 3, 4), depending on the required range (q) of
      angular speed variation, which is equal to the ratio of .omega..sub.max at
      the output to .omega..sub.min at the output.
PAR  In the case of the first modification (FIG. 2), it may be assumed that q =
      8.0-2.6;
PAR  the assumed value of q for the second modification (FIG. 3) is q=2;
PAR  for the third modification (FIG. 4), q=1.8-1.14.
PAR  The different value of q in the above modifications is due to different
      kinematic coupling between the moving members of the mechanical
      differential and the members of the electromagnetic clutch, as well as to
      the location of the overrunning means.
PAR  The family of electromagnetic reduction gear units built around a sliding
      electromagnetic clutch may incorporate a universal contactless magnetic
      system, comprising: - ring-type field winding 19 (FIGs. 2 and 5), disposed
      in a housing 25 of the device; a pole holder having beark-shaped poles
      (26) of different polarity embedded in a diamagnetic alloy 27 and
      connected with one of the wheels of the mechanical differential 10. There
      are also two pole holder caps with bearings, with the case of mechanical
      differential 10 being secured to one of the caps 28; an aramture 13 of a
      single-would or solid type, connected to another central wheel of the
      differential 10.
PAR  The pole holder caps 28 are manufactured of a diamagnetic material
      permitting the magnetic flux dissipation to be substantially reduced, thus
      reducing the excitation power.
PAR  A carrier 29 of the differential 10 is rigidly coupled to the output shaft
      7.
PAR  With the driving input shaft 4 (FIG. 2) being connected to the armature 13,
      the overrunning means 22 is mounted intermediate of the pole holder 26
      (the cap thereof) and the housing 25, whereas with the shaft 6 (FIG. 4)
      being connected to the pole holder of inductor 18, it is mounted
      intermediate of the armature 15 (the shaft thereof) and a housing 30. In
      case of a design involving a bevel-gear differential 11 (FIG. 3), the
      manner in which the wheels of the differential engage the clutch members
      is immaterial.
PAR  Thus, in all design versions, the driven member of the clutch plays the
      part of the end member, connected with the overrunning means, the
      differential case serving as one of its wheels, while the profiled spokes
      31 (FIG. 5) of the armature serve as fan blades.
PAR  The overrunning means is mounted in a manner permitting the driven member
      of the clutch to rotate only in the sense of rotation of the driving
      member, connected to the input shaft. All design modifications discussed
      above are subject to the same energo-kinematic regularities.
PAR  A comparison made between the design electromagnetic moment of the clutch
      incorporated in the electromagnetic reduction gear unit (M.sub.em) and the
      moment at the output of the reduction gear unit (M.sub.o) proves the ratio
      to be less than unity by 1/q.
PAR  The above ratio serves to prove that a reduced control range tends to
      substantially reduce the design electromagnetic moment and consequently is
      conductive to the reduction of overall dimensions and weight
      characteristics of the construction.
PAR  Conversely, with the same design features of the magnetic circuit, the load
      capacity of the electromagnetic reduction gear unit will increase 1.4 to
      8.0 times with a decreased differential owing to a change of the
      differential gear ratio and of its connection diagram.
PAR  The electromagnetic reduction gear unit operates as follows.
PAR  In the absence of excitation, a moment is applied to the end member of the
      clutch via one of the central (bevel) gears of the differential, the
      moment tending to turn the member in a direction opposite to the sense of
      rotation of the driving member.
PAR  The end member will thus be caused to thrust against the housing by means
      of the overrunning means with the result that the electromagnetic
      reduction gear unit will start to operate as a planetary reduction gear
      with a preset gear ratio i.sub.r (stepdown mode).
PAR  With the rated voltage applied across the field winding of the
      electromagnetic reduction gear unit, the electromagnetic interaction
      between the driving and the end members will cause the latter to rotate,
      the sense and speed of rotation being similar to those of the driving
      member, thus ensuring in this mode of the reduction gear operation a gear
      ratio which is equal to or approaching unity.
PAR  With the excitation voltage removed, the drive starts operating in the
      reduction duty, hence the range of angular speed variation will always be
      close to the gear ratio of the differential operating in the planetary
      duty.
PAR  The contactless design of the sliding clutch incorporated in the
      electromagnetic reduction gear unit ensures high reliability of the
      construction and a smooth change of the operating duty both of the
      reduction gear unit and the mechanisms coupled to it.
PAR  With full excitation current being applied across the electromagnetic
      reduction gear unit, the latter starts operating with a gear ratio
      approaching unity, i.e. such reduction gear unit has two highly stable
      operating duties. Consequently, the control range (8) of the reduction
      gear unit
      ##EQU1##
      where i.sub.e is gear ratio in the excited state; i.sub.r is gear ratio
      when operating in the reduction duty. Since the ratio of moments at the
      output (M.sub.out) and the input (M.sub.in) of the unit operating in the
      reduction duty is
      ##EQU2##
      the motor will be subjected to the action of a moment which is i.sub.r
      times less than the moment of the actuating mechanism being controlled.
PAR  If the moment of the controlled actuating mechanism is constant in the
      function of changing the speed of rotation, the ratio of the input
      moments, in other words the moments applied to the motor from the side of
      the actuating mechanism in the reduction (M.sub.in.r) and the excited
      (M.sub.in.e.) duties will assume the following form:
      ##EQU3##
PAR  On the other hand, with the moment of the actuating mechanism not being
      constant in the function of the speed of rotation, the regularities
      governing its variation should be taken into consideration when carrying
      out similar comparison.
PAR  It will be easily appreciated that the ventilator characteristic of the
      actuating mechanism moment variation in shifting the drive from one
      operating duty to the other is responsible for the relationship
      ##EQU4##
PAR  For the sake of simplicity the above relationships do not take into account
      the efficiency of the electromagnetic reduction gear unit, which in the
      both static duties presented above reaches 93-96%.
PAR  In starting an induction motor the ratio of its line currents when star
      connected, I.sub.s.line,Y and delta connected I.sub.s.line, , is known to
      be
      ##EQU5##
PAR  Since the motor efficiency and especially the network power factor will be
      lower at small loads when the stator windings are star connected rather
      than delta connected, the starting duty is facilitated, the drive
      operating costs are reduced and the power factor of the network improved
      under fractional load conditions by presetting the gear ratio of the
      reduction gear operating in the reduction duty in accordance with the
      ratio between the motor starting currents. For example, for the cases
      under consideration 3 ) and (4), the respective gear ratios of the
      reduction gear unit may be obtained from the relationships:
      ##EQU6##
PAR  With these conditions satisfied, the motor starting currents may be reduced
      three-fold, inasmuch as in this case the motor is switched from the star
      to delta connection at the rated speed of rotor rotation; it also permits
      a two-position control of the motor, thus ensuring better maintenance of
      controlled process variables with a simultaneous reduction of the number
      of switching of the motor duties.
PAR  Such approach to the problem permits the above-mentioned advantages to be
      implemented, as well as the load capacity of common induction motors to be
      increased as much as 1.5 times.
PAR  In this case the step-down gear ratio i.sub.r in the cases just considered
      must be determined from relationships (8) and (9), rather than from
      relationships (6) and (7):
      ##EQU7##
PAR  The 1.5 fold increase of the effective resistance moment permits the motor
      to be started and operated in the star mode with the nominal moment
      (M.sub.1), and in the delta mode, with the moment M.sub.2 = 1.5M.sub.1.
PAR  In this case, the motor and the network will have better energy indices
      (power consumption, starting currents, network power factor, etc.)
      permitting a substantial reduction of installed power of self-contained
      power sources and a considerable improvement of the drive specifications.
PAR  Discussed below is an embodiment of the drive according to the invention,
      in conjunction with an actuating mechanism performing a definite purpose,
      comprising:
PAR  a squirrel cage induction motor 1 (FIG. 1),
PAR  an electromagnetic reduction gear unit 3,
PAR  an actuating mechanism 2,
PAR  a means 32 for automatic switching of the drive, and sensor 33 of a
      permissible range for the controlled variable.
PAR  It will be appreciated that in contrast to a common single duty drive which
      in carrying out process control is generally switched in response to
      signals derived from two sensors, corresponding to the upper and lower
      permissible limits of the controlled variable, the drive according to the
      present invention must derive an additional signal corresponding to a
      certain intermediate (starting) value of the controlled variable. In this
      case, the drive operation, for example involving water level control in
      the polder forebay, can be reduced to the following.
PAR  With the level of water in the forebay rising to the starting level (FIG.
      6), the drive is energized to operate in the fractional load duty. With
      the water inflow into the forebay being not very intensive, the drive will
      operate in the above duty until the water level drops to the lower level
      35, whereat the motor tripping signal is initiated.
PAR  If the water inflow into the forebay is very intensive and the pump
      delivery when operating in this mode is not sufficient, the sensor
      disposed on the upper level 36 will initiate a signal to switch the motor
      to its rated duty, whereat the latter will operate until the water level
      drops to the preset lower level.
PAR  Taking into consideration that intensive water inflow will generally take
      place only during the rain season and while the snow is melting, more
      often than not the drive will operate in the fractional load duty rather
      than in the rated duty.
PAR  A prior art capacity sensor comprising a rod 37 and a pipe 38 may be used
      as a sensor for the upper 36 and lower 37 level indication. The capacitive
      reactance taking place between the rod and the pipe will discretely vary
      in response to a contact occuring between the butt face of rod 37 and
      water, as well as between the end of pipe 38 and water, thus ensuring the
      initiation of a signal for switching the drive as the water level reaches
      the upper 36 and the lower 34 levels. In this case, the distance between
      the levels is preset by changing the length of the metal rod 37. FIG. 7
      illustrates a general circuit diagram for switching the drive of said
      actuating mechanisms.
PAR  As soon as the controlled variable reaches one of the limiting levels, the
      first sensor 39 will automatically send a signal to energize the winding
      of relay 40, causing it to close its contact 41, thus switching the system
      to operate in the other duty. Once the controlled variable reaches its
      starting level, the sensor 42 will automatically energize the relay 43,
      its contact 44 closing to switch on the contactor 45. The contactor 45
      will effect star connection of the induction motor 1 by means of its power
      contacts 46, while its auxiliary contacts 47 will shunt the automatic
      means of sensor 42. In this case, the drive will operate in a highly
      economical fractional load duty. If the variation of the controlled
      variable is not very intensive, the drive, operating in this duty, will
      ensure proper maintenance of the controlled variable at a certain steady
      level; with the level changing to the original value, the sensor 39 will
      automatically energize the relay 40 thus rendering operative the whole
      system of drive supply. If the rate of change experienced by the
      controlled variable is very intensive and under the circumstances the
      drive fails to ensure stabilization of the controlled variable, and it
      reaches the position corresponding to the third sensor position, the
      sensor automatic means 48 will energize the relay 49 causing the latter to
      open its contact 50, thus tripping the induction motor 1, close its
      contact 51 to apply current to the field winding 19 of the reduction gear
      unit clutch, and close its contact 52 to prepare the supply circuit of the
      contactor 53 winding.
PAR  Once the contactor 45 is tripped, its auxiliary contact 54 is caused to
      close to energize the contactor 53. The power contacts 54 of contactor 53
      will switch the motor 1 to delta connection, while its auxiliary contacts
      55 will shunt the automatic means of sensor 48. All this ensures the drive
      operation in the highly economical rated duty until the automatic means of
      sensor 42 initiates a signal to drip the system.
PAR  Thus, the drive according to the present invention ensures easy starting of
      the motor, improves the drive and network efficiency and reduces the
      number of switchings due to the drive operating in the fractional load
      duty for a longer period of time.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A dual duty drive with an induction motor having a means for switching
      the windings there of from star to delta connection and vice versa, also
      comprising a reduction gear unit disposed at the output of said induction
      motor and intended for transmitting power to a controlled actuating
      mechanism, said reduction gear unit being adapted to operate both with a
      present step-down gear ratio and with a gear ratio equal to or approaching
      unity; a control means, operatively connected to said means for switching
      the windings of the induction motor and to said reduction gear unit, said
      control means having different operating positions, whereby in one
      position the windings of the induction motor are star connected and the
      reduction gear unit is caused to operate with a step-down gear ratio,
      whereas in the other position the induction motor windings are delta
      connected and the reduction gear unit is shifted to operate with a gear
      ratio equal to or approaching unity.
NUM  2.
PAR  2. A dual duty drive as claimed in claim 1, comprising a reduction gear
      unit including an electromagnetic clutch incorporating an armature and
      inductor, said electromagnetic clutch being operable by means of a field
      winding, a singlestage mechanical differential ensuring a preset step-down
      gear ratio in response to the decoupling of said clutch armature and
      inductor, an overrunning means which, in response to the application of
      current across the field winding to initiate electromagnetic coupling of
      the clutch armature and inductor, permits a gear ratio equal to or
      approaching unity to be obtained.
NUM  3.
PAR  3. A dual duty drive as claimed in claim 2, wherein the control means is
      essentially composed of two contactors, one of the contactors effecting
      delta connection of said induction motor and applying current across the
      field winding of said reduction gear unit, whereas the other contactor is
      adapted to switch the motor to star connection while breaking said first
      contactor.
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ABST
PAL  A control system for an A.C. motor which is connected to the output
      terminals of a thyristor inverter, a capacitor is connected between the
      D.C. input terminals of the thyristor inverter, and the respective
      thyristors constituting the inverter are extinguished by self commutation
      due to an oscillating current produced by the capacitance of the capacitor
      and the reactance component of the armature coils of the A.C. motor
      connected to the A.C. output terminals of the thyristor inverter, and a
      current in the waveform of pulses produced by electric oscillation is
      delivered in a predetermined phase sequence to the armature coils of the
      A.C. motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an A.C. motor control system and, more
      particularly, a control system to permit a variable speed operation of an
      A.C. motor by converting D.C. power into an A.C. voltage with variable
      frequency through a thyristor inverter.
PAR  It is common to provide individual commutating means for each of the
      thyristors constituting an inverter for operating an A.C. motor at a
      variable running speed. Since such a system having individual commutating
      means for the respective thyristors allows the thyristors to be
      individually turned on or off at a desired time, motor control may be
      effectively done with a large degree of freedom. Further, the A.C. motor
      may be operated with a voltage waveform desirable for itself. However,
      this system is not suitable for the variable speed operation for a small
      A.C. motor, such as a small asynchronous motor, whose operation efficiency
      or torque pulsation is not a serious problem in the point that the
      construction of the system is excessively large.
PAR  In this respect, another system to overcome above disadvantages has been
      proposed in which a single commutating means is provided for the
      respective thyristors of the inverter to simplify the structure of the
      system.
PAR  Japanese Patent Publication No. 24447/67, for example, discloses such a
      system in which a commutating means composed of a reactor and a capacitor
      is provided. In the system, when turning off the thyristors which are
      conductive then, an oscillating current generating circuit including the
      reactor and the capacitor is formed to generate a high frequency A.C.
      signal to invert, during a relatively short time, the current flowing
      through the conducting thyristors, to turn them off.
PAR  Therefore, the reactor is essential to this system and thus the system
      structure thereof is also large.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide a variable
      speed control system for an A.C. motor with a simple structure.
PAR  According to one aspect of the present invention, there is provided an A.C.
      motor drive system comprising a thyristor inverter taking D.C. power from
      a D.C. power source and producing A.C. power; an A.C. motor connected to
      the output terminals of the inverter; a capacitor connected across the
      input terminals of the inverter and whose capacitance is capable of
      resonating with the reactance of the armature coils of the A.C. motor; and
      a gate signal generating means repeatedly providing in a predetermined
      sequence a gate signal for each of the gate electrodes of a plurality of
      thyristors constituting the inverter, wherein pulsating current is applied
      to the motor.
PAR  The above and other objects and features will be apparent from the
      following description taken in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram of an example of a conventional A.C. motor
      control system.
PAR  FIG. 2 shows waveforms to aid in explaining the operation of the A.C. motor
      control system of FIG. 1.
PAR  FIG. 3 is a circuit diagram of an embodiment of an A.C. motor control
      system according to the present invention.
PAR  FIG. 4 is a block diagram of a gate signal generator.
PAR  FIG. 5 shows waveforms to aid in explaining the operation of the system of
      FIG. 3.
PAR  FIG. 6 is a circuit diagram of another embodiment of the A.C. motor control
      system according to the present invention.
PAR  FIG. 7 is a circuit diagram of an example of a prior art commutatorless
      motor.
PAR  FIG. 8 shows a circuit of a part of still another embodiment of the present
      invention.
PAR  FIG. 9 shows waveforms to aid in explaining the operation of the embodiment
      of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before describing the present invention, the circuit diagram of a known
      circuit disclosed in the above-mentioned Japanese Patent Publication No.
      24447/67 will first be referred to, for ready understanding of the present
      invention. FIG. 1 shows a circuit diagram of the essential part of the
      control system disclosed in the Japanese Patent Publication No. 24447/67,
      in which a thyristor inverter is generally indicated by reference numeral
      load each unit thereof is comprised of two couples of thyristors and
      diodes, for example a couple of thyristor 11 and diode 11' and another
      couple of thyristor 12 and diode 12' in the r phase unit of the inverter,
      in each couple the thyristor and the diode being connected in opposite
      parallel relation. Reference numeral 2 designates an A.C. motor and, 3
      means for turning off the thyristors consisting of a capacitor 31 and a
      reactor 32. A means 4 for restricting a current of the thyristors and a
      voltage across the capacitor 31 is comprised of a transformer having
      windings 41 and 42, and a diode 43.
PAR  Since a detail description of the operation of the conventional system of
      FIG. 1 has been made in the above-mentioned Japanese Patent Publication
      No. 24447/67, the operation thereof will be briefly described hereinafter.
      In the system disclosed assume now that, for example, a load current flows
      through the thyristor 11. By turning on the mate thyristor 12 and thereby
      forming an oscillation circuit composed of the capacitor 31, the reactor
      32, and the thyristors 11 and 12, the thyristors 11 and 12 are then turned
      off.
PAR  The voltage across the load terminal, for example the voltage of the r
      phase, obtained in the conventional system of FIG. 1 appears in the form
      of a pulse train, as shown in FIG. 2. The armature current of the motor,
      however, may continuously flow as shown in the dotted line in FIG. 2 due
      to the function of the parallel diodes, for example 11' and 12'. Although
      the continuity of the motor current flowing may be secured in the
      conventional motor control system of FIG. 1, the conventional system
      requires additional diodes as well as the indispensable reactor 32.
PAR  Therefore, this system has still a problem of large structure.
PAR  FIG. 3 shows a circuit construction of an embodiment of the present
      invention, in which 1 designates generally an inverter composed of
      thyristors 11 to 16, 2 an induction motor, 21 to 23 the armature windings
      of the motor, 33 a capacitor, 4 current restricting means including
      resistor means and reactor means, and 5 a gate signal generator to provide
      gate signals for the respective thyristors 11 to 16.
PAR  FIG. 4 is a schematic block diagram of the gate signal generator 5, in
      which 51 designates a first oscillator for producing pulse frequency, 52 a
      second oscillator for providing the output frequency of the thyristor
      inverter 1, 53 and 54 ring converters, and 55 to 60 AND gates.
PAR  FIG. 5 shows waveforms for explaining the operation of the embodiment of
      the present invention of FIGS. 3 and 4. The first oscillator 51 generates
      pulse signals having a repetition rate of f.sub.p, as shown as a waveform
      (a) in FIG. 5. The frequency f.sub.p may be variable. Such a pulse
      generator may be easily realized by utilizing a well known oscillation
      circuit using unijunction transistors.
PAR  The second oscillator 52 generates an A.C. output signal having a frequency
      of 3f.sub.o, as shown as a waveform (b) in FIG. 5. This frequency 3f.sub.o
      may also be adjustable. A known magnetic multi-oscillator may be used for
      the oscillator generating such an A.C. output signal.
PAR  The positive half-wave of the second oscillator output is
      frequence-demultiplied into three signals UP, VP, WP, as shown as
      waveforms (c) in FIG. 5, through the ring counter 53 which per se is
      known, while the negative half-wave thereof is also frequency-demultiplied
      into signals UN, VN, and WN, as shown as waveforms (d) in FIG. 5, through
      the known ring counter 54. The respective outputs of the ring counter and
      the pulse signals are AND-gated so as to produce gate signals for the
      respective thyristors, as shown as waveforms (a) and (b) in FIG. 5. That
      is, the ring counters 53 and 54 serve to distribute the pulse signals
      generated by the first oscillator 51 to the respective thyristor arms of
      the inverter 1. In this respect, the frequency f.sub.o of the output of
      the ring counter is called the distributing frequency. In this manner, the
      AND gates 55 to 60 generate trigger signals for the respective thyristors
      11 to 16, which trigger signals amplified to be separately supplied to the
      respective thyristors. For example, when a gate current is fed at time
      t.sub.1 to the respective gates of the thyristors 11 and 14, the charges
      stored in the capacitor 33 are discharged through the path of thyristor
      11, winding 21, winding 22, and thyristor 14 in turn. At this time, the
      capacitance C of the capacitor 33 and the inductance L of the armature
      windings 21 and 22 produce a sinusoidal half-wave current whose width is
      .pi..sqroot.LC as shown as waveforms (g) and (h) in FIG. 5. During the
      period of time of the half-wave width, the voltage across the capacitor 33
      is inverted from positive polarity to negative polarity and then, after
      the current has reached zero at the time t.sub.2, the inverse voltage is
      applied to the thyristors 11 and 14 so that the respective thyristors are
      turned off. The thyristors 11 and 14 are again turned on at time t.sub.3
      and then the sinusoidal half-wave flows through the armature windings 21
      and 22. At time t.sub.4, the output of the AND gate 60 causes the
      thyristor 16, instead of the thyristor 14, to be turned on and thus the
      current flowing into the armature winding 21, flows through and out of the
      armature winding 23. If the thyristors 11 to 16 are repeatedly turned on
      by applying the distributing signals shown as waveforms (c) and (d) in
      FIG. 5, the pulse current, shows as waveforms (g), (h), and (j) in FIG. 5,
      may be permitted to flow through the armature windings 21 to 23, resulting
      in rotation of the motor 2. The experiment conducted by the inventors
      shows the fact that the torque characteristic when such pulse current
      flows through the armature windings resembles the torque characteristic
      when a sinusoidal current having equal waveform to the fundamental wave of
      the pulse train flows therethrough. The width of the pulse current is
      determined after general consideration of the turn-off time of the
      respective thyristors, the inductance of the armature windings, the
      armature current of the motor, etc. When a common induction motor is
      employed, the pulse current width is 0.5 to 1 ms and is enough to provide
      a rated current. In this case, an economical universal type thyristor may
      be used and there is no need of the use of a high speed type thyristor
      with a short turn-off time.
PAR  In this embodiment, the pulse frequency f.sub.p is 12 times the
      distributing frequency f.sub.o. However, the relationship between these
      frequencies is not limited to such one, but it may be changed desirably.
      When the relationship between the frequencies f.sub.p and f.sub.o is given
      by
EQU  f.sub.p = 6Nf.sub.o (N = 1, 2, . . .)                      (1)
PAL  the respective phase currents i.sub.21, i.sub.22, and i.sub.23 are
      completely symmetrical waves so that the balanced multiphase currents flow
      into the motor thereby to effectively develope torque. When the
      relationship given by the equation (1) is not held, the phase currents are
      unbalanced so that the torque is to be slightly reduced. If the motor
      running under an acceleration mode experiances such an unbalanced
      condition, there occurs substantially no problem in practical application.
      The speed control of the motor may be made by controlling the respective
      frequencies of the first oscillator 51 and the second oscillator 52. Upon
      the change of the frequency f.sub.p of the first oscillator 51, the pulse
      density of the pulse train changes so that the fundamental wave of the
      current given to the motor changes in amplitude. The result is that the
      torque and the speed are changed according to the torque-speed
      characteristic of the motor.
PAR  The change of the frequency f.sub.o of the second oscillator 52 brings
      about the change of the distributing frequency, or the frequency of the
      output of the inverter. The control of the frequency f.sub.o is suitable
      especially for the speed control of the induction motor. It is, of course,
      possible to simultaneously change both the frequencies f.sub.p and
      f.sub.o.
PAR  The present invention is applicable not only to the induction motor but
      also to the synchronous motor. FIG. 6 shows an embodiment when the present
      invention is applied to a synchronous motor 2, in which 24 designates an
      exciting winding of the synchronous motor 2, 25 an exciting power source,
      6 position detector or means for detecting the rotational position of the
      motor 2, 4 a current restricting means consisting of a variable resistor
      44 and a reactor 45, 9 and 38 switch means, 51' a pulse generator similar
      51 shown in FIG. 4, 5' a gate signal generator, and the remainder of the
      reference numerals refer to like parts in FIG. 3. The position detector 6
      acts as to detect a magnetic relative position between the armature
      windings 21 to 23 and the field system 24, and acts so as to constantly
      synchronize the output of the electric motor 2 with that of the inverter
      1. That is, the position detector 6 generates distributing signals
      corresponding to the output signals UP to WN of the ring counters 53 and
      54 shown in FIG. 4. Such construction enables the synchronous motor to be
      always controlled in a stable manner keeping synchronization. The
      operation of this system will be described hereinafter in detail.
PAR  The position detector 6 is not essential when operating the synchronous
      motor. The synchronous motor may be operated through the frequency control
      of the second oscillator, as shown in FIG. 4 by way of example, when it is
      operated at a constant speed or when the speed-torque characteristic of
      the load is fixed and the speed to frequency pattern in which "step out"
      is prevented, may be predetermined.
PAR  The connection of the thyristor inverter 1 is not limited to the connection
      shown, but may be modified without departing from the spirit of the
      present invention to the effect that the thyristors of the inverter are
      turned off by self commutation due to electrical oscillation produced by
      the inductance of the armature windings of the motor and the capacitor
      connected across the input terminals of the inverter.
PAR  Many attempts have been made to realize a commutatorless synchronous
      machine which is fed from a D.C. power source through a thyristor inverter
      whose thyristors are gated in accordance with a predetermined sequence
      depending on the magentic relative position between the armature windings
      and the field system. However, such a technique or feature of the present
      invention as described above has not been known yet. The thyristor control
      commutatorless motor has had a problem in starting. More specifically,
      when the synchronous machine revolves in a normal state, the induced
      voltage in the armature windings enables the commutation of the thyristors
      of the inverter. However, when the synchronous machine is not in
      operation, no voltage is induced in the armature windings, thereby failing
      to commutate the thyristors. Thus, the starting of the motor is
      impossible.
PAR  For this reason, the conventional commutaterless synchronous machine must
      be provided with forced commutating means including a reactor, a
      capacitor, a thyristor, etc. at the D.C. input side of the thyristor
      inverter. On the other hand, as aforementioned in connection with the
      preferable embodiment according to the present invention referring to
      FIGS. 3 to 5, a capacitor is connected across the D.C. input terminals of
      the thyristor inverter, so that the capacitance of the capacitor and the
      inductance of the armature windings constitute an electric oscillating
      circuit which causes a pulse current fo flow through the armature
      windings.
PAR  That is, the present invention requires no such large and heavy enforced
      commutating means described above, but the simplest commutating means
      consisting of only a capacitor. Further, with such simple commutating
      means, the present invention not only has solved the problem involved in
      the starting of the conventional commutatorless synchronous machine but
      also enables the speed control of the commutatorless synchronous machine
      when the machine runs under a normal condition. The application of the
      present invention to the commutatorless synchronous motor will be
      described later in detail. At first, an example of the conventional
      commutatorless motor control system will be given.
PAR  Referring now to FIG. 7, there is shown a circuit diagram of a system for
      controlling the starting of the synchronous motor with A.C. power which is
      converted from D.C. power through a thyristor inverter. In the drawing,
      like reference numerals refer to like parts in FIGS. 1 through 6. In FIG.
      7, 44 is a starting resistor, 45 a reactor, and 3 a enforced commutating
      means consisting of a thyristor 36, a reactor 37, a capacitor 35 and a
      diode 34. Further, 1 designates an inverter composed of thyristors 11 to
      15, 2 a synchronous machine, 5' a gate signal generator for controlling
      the thyristors 11 to 16 in response to a signal from a position detector
      6, and 8 a pulse generator which generates a starting signal.
PAR  In this circuit construction, it is well known how to gate these thyristors
      11 to 16 of the inverter 1, and therefore a detail description thereof
      will be emitted. At the starting of the machine, the thyristors 11 to 16
      are commutated by the enforced commutating means 3. This will be briefly
      described. Assuming that the capacitor 35 is charged with the polarity as
      shown in the figure, when the thyristor 36 is turned on by the start
      signal generator 8, the charge stored in the capacitor discharges
      oscillatorily through the reactor 37, and then the capacitor 35 is charged
      with the polarity opposite to that shown in the drawing. Accordingly, an
      inverse voltage is applied to the thyristors 11 to 16 of the inverter 1
      thereby to turn off the thyristors.
PAR  The thyristors 11 to 16 are thus commutated, and if the capacitor 35 stores
      a sufficient amount of charge, the commutating operation may be done at
      any time.
PAR  However, this enforced commutating means requires many components and is
      thus expensive. Further, since a heavy component such as the reactor 37 is
      used, it is unsuitable when it is applied especially to an electric car.
PAR  Reference is now made to FIG. 6 again together with FIG. 2 illustrating
      waveforms, for explaining the application of the present invention to the
      commutatorless motor control.
PAR  For starting the motor 2, the switches 38 and 9 are closed to actuate the
      pulse signal generator 51' for generating a pulse output with a
      predetermined interval as shown as a waveform (l) in FIG. 9. On the other
      hand, the position detector 6 delivers signals as depicted with a chained
      line in FIG. 9 as waveforms (m) to (r) or distributing signals UP to WN to
      be applied to the gate signal generator 5'. The gate signal generator 5',
      the output pulse of the pulse signal generator 51' and the distributing
      signals UP to WN from the position signal detector 6 are AND-gated to
      produce pulses as shown in the waveforms (m) to (r) in FIG. 9 as thick
      black pulses which are applied in turn to the respective thyristors 11 to
      16. More in particular, the distributing signal from the position detector
      6 permits the output pulses generated by the pulse generator 51' to 90 to
      the gate of gates thyristors 11 to 16 in the order which is decided by the
      position detector 6.
PAR  The gate signal generator 5' delivers at time t, the gate pulses to the
      thyristors 11 and 14 thereby to turn them on. Upon conduction of the
      thyristors 11 and 14, a close circuit of the capacitor 33, the thyristor
      11, the armature winding 21, the armature winding 22, the thyristor 14,
      and the capacitor 33, is formed. This closed circuit is an oscillating
      circuit composed of the capacitance of the capacitor 33 and the inductance
      of the armature windings 21 and 22. When this closed circuit is formed,
      the charge stored in the capacitor 33 discharges to provide currents
      i.sub.u and i.sub.v as shown as waveforms (s) and (t) in FIG. 9 for the
      armature windings 21 and 22. At this time, the terminal voltage V.sub.c
      across the capacitor 33 reduces, as shown as a waveform (v) in FIG. 9.
      After a time elapses, the discharge currents of the capacitor 33, i.e. the
      currents i.sub.u and i.sub.v, tend to invert the respective polarities
      thereof. On the other hand, the terminal voltage V.sub.c across the
      capacitor 33, at this time, has a polarity opposite to that shown in the
      drawing. Therefore, an inverse voltage is applied to the thyristors 11 and
      14 thereby to turn them off, with the result that the currents i.sub.u and
      i.sub.v come to zero. When the thyristors 11 and 14 are turned off, the
      capacitor 33 is charged by a substantially constant current i.sub.e by the
      action of the reactor 45 as shown as a waveform (w) is FIG. 9, so that the
      terminal voltage V.sub.c thereof increases as shown as the waveform (v) in
      FIG. 9. At time t.sub.2, the thyristors 11 and 14 conduct again to permit
      the currents i.sub.u and i.sub.v to flow through the armature windings 21
      and 22.
PAR  At this time, a current i.sub.f with a waveform (y) as shown in FIG. 9 is
      delivered from the excitating means 25 to the field system 24 of the motor
      2.
PAR  Consequently, the flux developed by the field system 24 interacts with the
      currents flowing through the armature windings 21 and 22 to produce
      electromagnetic force to rotate the rotor of the motor 2.
PAR  When the rotor rotates by a certain angle, the position detector 6 applies
      the distributing signal WN with the waveform (r) as shown by a chained
      line in FIG. 9 to the gate signal generator 5'. Thus, at time t.sub.3, the
      thyristors 11 and 16 are turned on to allow the respective currents
      i.sub.u and i.sub.v with the waveforms (s) and (u) as shown in FIG. 9 to
      flow through the armature windings 21 and 23. Commutation from the
      thyristor 14 to the thyristor 16 are ensured since no current flows
      through the armature windings 21, 22, and 23 when the gate signal
      generator 5' applies the gate pulses to the respective thyristors 11 and
      16.
PAR  A similar process will subsequently continue to make the thyristors 11 to
      16 turn on in turn in a predetermined sequence. The result is that the
      respective currents i.sub.u, i.sub.v, and i.sub.w with the waveforms (s),
      (t) and (u), as shown in FIG. 9, flow through the armature windings 21,
      22, and 23 of the motor 2 so as to rotate the motor continuously.
PAR  When the thus started motor is accelerated to some extent, each of the
      voltages produced in the armature windings 21, 22, and 23 becomes a
      sufficient value to permit the commutation operation of the inverter 1.
PAR  When the counter electromotive force of the motor 2 is thus established,
      the speed control of the motor may be continued or the switches 38 and 19
      may be cut off. Upon the cutting off the switch 9, the gate signal
      generator 5' controls the conductions of the thyristors 11 to 16 in
      accordance with the distributing signals of the position detector 6.
PAR  The starting resistor 44 restricts the overcurrents from the D.C. power
      source at the starting of the motor, and is adjusted so as to gradually
      decrease in resistance, as the counter electromotive force grows to be
      established. When the counter electromotive force is established, the
      starting resistor is short-circuited.
PAR  The starting operation of the commutatorless motor control system according
      to the present invention is as in the above-described manner. As described
      above, in the present invention, the commutation of the thyristor inverter
      is carried out by providing an oscillating circuit composed by the
      capacitor connected between the D.C. input terminals of the thyristor
      inverter and the armature windings of the motor so as to allow pulse
      currents to flow through the armature windings. Accordingly, forced
      commutating means may be constructed by using only the capacitor 33 and
      without using the thyristor 36, the reactor 35, and the diodes 34 which
      are essential to the conventional system of FIG. 7. Accordingly, the motor
      control system according to the present invention is smaller in size and
      lower in cost, compared with the conventional one. Further, a heavy weight
      component such as the reactor 36 is unnecessary, so that the system
      according to the present invention may be made light.
PAR  Although the embodiment shown in FIG. 6 employs the starting signal
      generator 6 generating the output pulse with a fixed frequency, it is not
      necessary particularly to fix the frequency thereof, but the frequency may
      be variable in accordance with the speed of the motor 2.
PAR  The D.C. current with the waveform (w) as shown in FIG. 9 continues to flow
      through the reactor 45. For this, the capacitor 33 is charged when the
      thyristors 11 to 16 are not conductive. Therefore, when the pulse
      frequency of the pulse signal generator 51' is low, there is a possibility
      that the charging voltage of the capacitor 33 becomes excessively high.
PAR  This, however, may be avoided, if the diode 46 is connected across the
      reactor 45, as shown in FIG. 8.
PAR  From the foregoing description, it is understood that, in the case of the
      commutatorless synchronous motor control system according to the present
      invention, merely connecting a capacitor across the D.C. input terminals
      of the thyristor inverter ensures the commutation of the thyristors, and
      thus the control system is economical in cost. Further, it does not
      require a heavy weight component such as the reactor. Therefore, the
      control system according to the present invention is suitable for electric
      cars, for example.
CLMS
STM  I claim:
NUM  1.
PAR  1. An A.C. motor control system comprising:
PA1  a thyristor inverter including a plurality of thyristors adapted to be fed
      from a D.C. power source to thereby produce A.C. power;
PA1  an A.C. motor connected to the output terminals of said inverter;
PA1  a capacitor connected between the input terminals of said inverter, said
      capacitor forming an electrical oscillation circuit in combination with
      the inductance of the armature windings of said A.C. motor to pass a
      sinusoidal half-wave current through said armature windings when the
      thyristors of said inverter are triggered; and
PA1  gate signal generating means repeatedly supplying the respective electrodes
      of said plurality of thyristors constituting said inverter with gate
      signals in predetermined sequence, whereby said motor is supplied with
      pulse currents.
NUM  2.
PAR  2. An A.C. motor control system according to claim 1, in which said gate
      signal generating means comprises:
PA1  first signal generating means for generating a pulse train;
PA1  second signal generating means for generating successively in predetermined
      sequence electrical signals corresponding to said respective thyristors;
PA1  And gate means for obtaining the logical product of the pulse train from
      said first signal generating means and the respective electric signals
      corresponding to said thyristors from said second signal generating means
      to thereby produce output signals to be supplied as gate signals to the
      respective gate electrodes of said corresponding thyristors.
NUM  3.
PAR  3. An A.C. motor control system according to claim 2, in which the
      frequency of the output signal of at least one of said first signal
      generating means and said second signal generating means is variable.
NUM  4.
PAR  4. An A.C. motor control system according to claim 2, in which said A.C.
      motor is a synchronous motor and said second signal generating means is
      means for detecting the rotational position of the armature of said motor.
NUM  5.
PAR  5. An A.C. motor control system according to claim 3, in which said A.C.
      motor is a synchronous motor and said second signal generating means is
      means for detecting the rotational position of the armature of said motor.
NUM  6.
PAR  6. An A.C. motor control system according to claim 4, in which said gate
      signal generating means includes switching means for rendering said first
      generating means ineffective in operation when said motor reaches a normal
      speed after starting so that said thyristors are controlled by only the
      output signals of said means for detecting the rotational position of the
      armature of said motor.
NUM  7.
PAR  7. An A.C. motor control system according to claim 1, wherein said
      electrical oscillation circuit serves as a commutating means for said
      triggered thyristors of said inverter.
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ABST
PAL  A speed control apparatus for use with a brushless direct current motor
      having Hall elements, which permits the associated motor to quickly regain
      the reference speed, or permits more uniform speed control of the motor
      than was conventionally possible.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a speed control apparatus for maintaining a
      brushless direct current motor at a predetermined speed, and, more
      particularly, to a speed control apparatus for a brushless direct current
      motor of the type having Hall elements arranged upon detection of the
      angular position of a permanent magnet rotor to provide Hall voltages
      induced therein. The Hall elements control a transistor drive circuit for
      successive energization of the field coils. There are provide, in the
      apparatus, a signal generator for generating a reference signal
      corresponding to a desired speed, detecting means for detecting the output
      signal from said generator and the Hall voltage difference from said Hall
      elements, and supply means for supplying a counter-EMF developed across a
      field coil of the motor during an interval of deenergization thereof in
      reversed relationship to the drive current when the output signal from
      said detecting means is larger than a predetermined value. The supply
      means are arranged so that when the output signal from said detecting
      means exceeds the predetermined value, a field coil to be energized is
      supplied with a drive current from said drive circuit and with the
      counter-EMF from said supply means.
PAR  2. Description of the Prior Art
PAR  A conventional speed control apparatus for maintaining a brushless D.C.
      motor at a predetermined speed makes use of Hall elements arranged upon
      detection of the angular position of a permanent magnet rotor to provide
      voltages induced therein which control a transistor drive circuit for
      successive energization of the field coils. However, such a conventional
      apparatus has a drawback that when the speed of the D.C. motor exceeds a
      desired speed due to fluctuation in the load being driven, a considerably
      long time interval is required until the motor regains the reference
      speed.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a speed control apparatus
      for use with a brushless direct current motor having Hall elements which
      has overcome the above-mentioned conventional drawback.
PAR  Another object of the present invention is to provide a direct current
      motor speed control apparatus which permits the associated motor to
      quickly regain the reference speed, when the speed of the motor is
      deviated from the reference speed, or which permits more uniform speed
      control of the motor than was previously possible.
PAR  Other objects and advantages will become apparent from the following
      description taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an embodiment of a system for maintaining a
      D.C. motor at a predetermined speed in accordance with the present
      invention.
PAR  FIG. 2 is a schematic diagram, partially in block form, of an electrical
      circuit suitable for incorporation in the embodiment of FIG. 1.
PAR  FIG. 3 is a diagram illustrating various wave forms attendant on the
      operation of the embodiment of FIGS. 1 and 2.
PAR  FIG. 4 is a graph illustrating speed characteristics of a D.C. motor
      associated with a speed control apparatus of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a preferred embodiment of a brushless direct current motor
      speed control system in accordance with the present invention. The system
      comprises a reference signal generator 1 for generating a signal having a
      frequency proportional to a predetermined reference speed, a
      differentiation and shaping circuit 2 having an input terminal connected
      to the generator circuit 1 for producing reference pulses occurring at
      equally time spaced intervals which are applied to a "set" terminal (S) of
      a Flip-Flop (FF) circuit 5, an alternating current tachometer 3
      cooperating with a D.C. motor which is to be maintained at a predetermined
      speed for generating an alternating current signal having a frequency
      proportional to the actual motor speed, and another differentiation and
      shaping circuit 4 having an input terminal connected to the tachometer 3
      for producing a speed-proportional pulses which are applied to a "reset"
      terminal (R) of the FF circuit 5. The FF circuit 5 is designed to be set
      on occurence of each reference pulse and to be reset on occurrence of each
      speed-proportional pulse. As a result, a square tooth signal with a pulse
      width corresponding to the phase difference between a pair of successive
      input pulses is produced at its output terminal which is connected to an
      integration circuit 50 to rectify the square tooth signal from the FF
      circuit 5. The parts 1 through 5 constitute a synchronization circuit for
      synchronizing the motor to the reference pulses. A Hall element assembly 6
      comprises a plurality of Hall elements arranged on the stator 8 of the
      motor, upon rotation of a permanent magnet rotor, to produce output
      voltages which are utilized to control a motor drive circuit 7 for
      successive energization of the field coils L1, L2, L3 and L4 mounted on
      the stator 8 of the motor. Each of the field coils is connected to a
      summing circuit 9 in which inductive voltages effected across the field
      coils other than the energized coil are summed up. The system further
      includes a first smoothing circuit 51 having an input terminal connected
      to the other output terminal of the reference pulse generator 1, a second
      smoothing circuit 52 having an input terminal connected to the output
      terminal of the tachometer 3, and a comparison circuit 53 having a pair of
      input terminals connected to the respective output terminals of the
      smoothing circuits 51 and 52 and having an output terminal at which
      appears a direct current voltage of the level corresponding to the
      difference between the output voltages from the smoothing circuits 51 and
      52, and which is connected to the summing circuit 9 through a switching
      circuit 10. Accordingly, only when the direct current voltage from the
      comparison circuit is not zero, the switching circuit 10 is operated to
      cause the output signal from the circuit 9 to flow through the energized
      field coil L1, L2, L3 or L4. The signs + and - indicate terminals which
      are to be connected to a power supply source, the voltage of the power
      supply being stabilized by a voltage stabilizer 11.
PAR  The operation of the system of FIG. 1 will be described with reference to
      FIG. 3. At first, the reference signal generator 1 is set to provide a
      reference signal having a frequency corresponding to a desired speed. This
      reference signal (FIG. 3a) is pulsated by the differentiation and shaping
      circuit 2 as shown in FIG. 3b, and the equally time spaced pulses are
      applied to the "set" terminal of the FF circuit 5. Upon rotation of the
      motor which is to be maintained at the predetermined desired speed, the
      A.C. tachometer 3 generates a sine wave voltage signal having a frequency
      proportional to the actual speed of the motor as shown in FIG. 3c. This
      signal is pulsated by the differentiation and shaping circuit 4 as shown
      in FIG. 3d to produce a pulse signal having a frequency porportional to
      the actual speed. The FF circuit 5 is set on occurrence of each reference
      pulse and is reset on occurrence of each speed-proportional pulse, with
      the result that a square tooth signal with a pulse width corresponding to
      the difference between a pair of successive input pulses is produced at
      the output terminal of the FF circuit 5 as shown in FIG. 5e. In order to
      achieve the maintenance of the pulse width D constant during the operation
      of the motor, there is provided a motor drive control circuit including a
      plurality of Hall elements. The speed control system in accordance with
      the present invention is adapted for use with a brushless D.C. motor
      having the Hall elements incorporated therein which are controlled by the
      square tooth signal so that the motor is synchronized to the reference
      pulses by the FF circuit 5. In more detail, the output signal from the FF
      circuit 5 is rectified by the integration circuit 50 as shown in FIG. 3f,
      and the resulting direct current is allowed to pass through each Hall
      element in the Hall element assembly 6. Thereupon the Hall element
      produces a Hall voltage dependent upon the output signal from the
      integration circuit 50 as shown in FIGS. 3g through 3j. If the speed of
      the motor is decreased from the predetermined level with increase in the
      current from the integration circuit 50, each of the Hall voltages from
      the Hall elements increases, for example, from g(a) to g(b) as shown in
      FIG. 3. The Hall elements are connected to respective switching
      transistors in the drive circuit 7 so that the switching transistors are
      turned on in successive response to the Hall voltages to cause drive
      currents of magnitudes corresponding to the levels of the Hall voltages to
      flow through the field coils L1 through L4 successively. As a result, the
      speed of the motor gradually increases until it reaches the predetermined
      level. Conversely, if the speed of the motor is increased from the
      predetermined level, for example, by fluctuation in the load being driven,
      this system serves as a braking means in addition to acting in a manner
      similar to that described above to decrease the drive current in the field
      coil with decrease in the speed of the motor to the predetermined level,
      because the output signal from the comparison circuit 53 opens the
      switching circuit 10 to permit a current from the circuit 9 to flow
      through the energized field coil in reversed relation to the drive current
      from the drive circuit 7. As a result, a torque of opposite direction is
      suddenly produced in the motor to suddenly decrease the speed of the
      motor, thus the speed of the motor quickly reaches the predetermined level
      as shown by curve, b, in FIG. 4. When the speed of the motor has reached
      the predetermined level, the comparison circuit produces no more output
      signal to close again the switching circuit 10. In this state, the field
      coils are supplied with only the drive current from the drive circuit 7 to
      permit the motor to be driven at the predetermined speed.
PAR  FIG. 2 is a detailed schematic circuit diagram illustrating components
      within some of the blocks of FIG. 1. In a circuit section A corresponding
      to the blocks 1 and 2 of FIG. 1, there is a time constant circuit
      comprising a fixed resistor R1, a variable resistor VR and a capacitor C1
      connected in a series cooperative with a unijunction transistor UJT to
      generate a reference signal having a frequency which is adjustable to a
      desired value by varying the resistance of the variable resistor VR. The
      reference signal is applied through a transistor Tr1 to a differentiation
      circuit comprising a capacitor C2 and a resistor R2, being differentiated
      to produce a plurality of negative pulses which are then applied through a
      diode D to the "set" terminal (S) of a FF circuit C. In a circuit section
      B corresponding to the blocks 3 and 4 of FIG. 1, the output of an A.C.
      tachometer G cooperating with a D.C. motor F is rectified by a bridge type
      full wave rectifying circuit 4a through 4d. The output from the rectifying
      circuit is applied through a transistor Tr2 to a differentiation circuit
      comprising a capacitor C3 and a resistor R3, and then to a diode D2. The
      diode D2 produces a plurality of speed-proportional negative pulses which
      are applied to the "reset" terminal (R) of the FF circuit C. The output
      signal from the FF circuit C is integrated by a Mirror type integration
      circuit comprising a capacitor C4 and a resistor R4 along with transistors
      Tr3 and Tr4 connected to supply leads of Hall elements H1 and H2 connected
      in parallel to the emitter loads of the transistor Tr4. The Hall elements
      H1 and H2 are arranged in the stator of the motor F upon detection of the
      angular position of a permanent magnet rotor (not shown) to produce Hall
      voltages at their output terminals, a, b, c and d as shown in FIGS. 3g
      through 3j. The base terminals of switching transistors Tr5 through Tr8 in
      a motor drive circuit E are connected to respective output terminals of
      the Hall elements so that the transistors Tr5 - Tr8 successively turn on
      in response to the positive Hall voltages to cause a drive current to flow
      through the field coil L1 - L4 and are summed through respective diodes
      D3, D4, D5 and D6 in a circuit section G. When the actual speed of the
      motor F is faster than the predetermined speed, the inductive voltage
      causes an emitter current of a switching transistor Tr9 to flow to the
      positive terminal of the power supply source, thereupon a braking current
      being added to the drive current flowing through the field coilds to
      produce a braking torque in the motor until the actual speed of the motor
      reaches the predetermined level.
PAR  Instead of using the switching transistor Tr9, it is possible to use a
      variable resistor for permitting a current of appropriate intensity to
      normally flow through the field coil L1 - L4 in a reversed direction to
      that of the drive current from the circuit E. In this case, a suitable
      braking torque is always imparted to the motor so that when the driving of
      the motor is initiated from the zero speed, the actual speed of the motor
      does not exceeds the predetermined speed as shown by curve, c, in FIG. 4.
      It is to be understood from the figure that the use of the variable
      resistor instead of the transistor Tr9 makes it possible for the speed of
      the motor to reach the predetermined level in a shorter time interval.
PAR  It will be seen from the foregoing description that the present invention
      contemplates the use of a braking circuit in the motor speed control
      system for permitting the motor to quickly regain the predetermined speed
      condition when the actual speed of the motor is caused to deviated
      therefrom by some reasons. Another advantage of the present invention
      deriving from the capability of driving the motor cycle by cycle is that
      the speed of the motor can be controlled with high accuracy.
PAR  Various modifications can be made within the scope of the present
      invention. For example, in order to prevent the speed of the motor from
      being decreased by its inertia from the predetermined level when the
      transistor Tr9 is caused to remain in the conducting state during the
      duration of production of a braking signal from the comparison circuit 53,
      there may be provided a monostable multivibrator indicated by FF 2 in FIG.
      2 and connected between the input terminal of the switching circuit 10 and
      the output terminal of the comparison circuit 53 to be set on occurrence
      of a signal from the comparison circuit 53 in a time period such that the
      conducting time period of the transistor Tr9 is decreased from that which
      would be otherwise effected to decrease the braking time period. Thus
      overcoming the disadvantage that a considerably long time period is
      required for the motor to regain the predetermined speed condition.
      Further, instead of using a direct current differential amplifier as the
      comparison circuit 53 as in the apparatus shown in FIG. 2, it is possible
      to use a frequency comparator provided that the smoothing circuit 51 and
      52 are omitted from the apparatus.
PAR  Further, in the above embodiment, the output terminal of the taco-generator
      3G is connected to the input terminal of the comparision circuit 53, and
      the components of the motor rotation speed are detected from the output
      terminal of the taco-generator 3G, and thus obtained output signal is
      added to the comparison circuit 53. However, the components of the motor
      rotation speed may be detected from the output terminal of the detecting
      circuit 9 (in FIG. 2, the connection point of the cathode electrodes of
      the four diodes provided in the circuit G) which detects the voltage
      induced on the field coil instead of detecting them from the output
      terminal of the taco-generator 3G, and thus obtained output signal is
      added to the comparison circuit 53. Further, it is possible that the
      output terminal of the detecting circuit 9 is connected to the input
      terminal of the differentiation and shaping circuit 4, and at the same
      time the output terminal of the detecting circuit 9 is connected to the
      input terminal of the smoothing circuit 52 so as to detect the motor
      rotation speed from the detecting circuit 9, thus controlling the motor
      speed without using the taco-generator 3G.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A D.C. motor and control system therefor comprising:
PA1  a rotor having magnetic poles of opposite polarities thereon;
PA1  a stator having flux-producing windings positioned in torque-producing
      relation to said rotor;
PA1  detecting means for generating an electrical signal representing the
      instantaneously changing rotational speed of said D.C. motor;
PA1  reference signal generating means for generating a reference signal
      corresponding to a predetermined constant speed of said D.C. motor;
PA1  comparator means for comparing the electrical output signal of said
      detecting means with the reference signal from said reference signal
      generating means for providing a signal representing the difference
      between said two signals;
PA1  Hall generators positioned in flux-sensing relationship to said magnetic
      poles for detecting the instantaneous rotational speed thereof, said Hall
      generators generating electrical signals of a frequency representing the
      instantaneously changing rotational speed of said D.C. motor and of an
      amplitude corresponding to the output signals from said comparator means;
PA1  driving control means connected to the output of Hall generators and said
      stator windings for applying an exciting current to said windings in
      response to the output signal of said Hall generators;
PA1  motor speed detecting means which detects voltage induced in said motor
      windings when motor driving current does not flow in said stator windings;
PA1  switching means for supplying controlling current corresponding to the
      output signals from said motor detecting means to said stator windings in
      a direction opposite to the dirving current; and
PA1  second comparator means having a first input terminal which detects
      electrical signals from the detecting means and a second input terminal
      which detects reference signals, from the reference signal generating
      means, and generating control signal which puts the switching means into
      operation when the electrical signal from the detecting means are larger
      than the reference signals from the reference signal generating means.
NUM  2.
PAR  2. A D.C. motor and control system according to claim 1, in which the
      second comparator means comprises:
PA1  a first smoothing circuit which smooths the reference signals from the
      reference signal generating means;
PA1  a second smoothing circuit which smooths the electrical signals from the
      detecting means; and
PA1  a D.C. differential circuit which has first and second input terminals to
      be connected to the output terminals of the first smoothing circuit and
      the second smoothing circuit and generates a braking signal which brings
      the switching means into operative state when the level of the output
      signal from the second smoothing circuit is larger than the level of the
      output signal from the first smoothing circuit.
NUM  3.
PAR  3. A D.C. motor and control system according to claim 1 in which the second
      comparator means comprises a frequency comparision means which has a first
      input terminal which detects the frequency of the reference signals from
      the reference signal generating means, and a second input terminal which
      detects the frequency of the electrical signals from the detecting means,
      and which generates a braking signal which brings the switching means into
      operative state when the frequency of the electrical signal from the
      detecting means is larger than the frequency of the reference signal from
      the reference signal generating means.
NUM  4.
PAR  4. A D.C. motor and control system according to claim 1, which further
      comprises a pulse generating means connected between the second comparator
      means and the switching means for bringing the switching means into
      operative state for a certain time after a braking signal is generated
      from the second comparator means.
NUM  5.
PAR  5. A D.C. motor and control system according to claim 1, in which the pulse
      generating means is a monostable multi-vibrator.
NUM  6.
PAR  6. A D.C. motor and control system according to claim 1, in which the motor
      speed detecting means comprises a plurality of mono-directional conductive
      means connected to the windings of the stators.
NUM  7.
PAR  7. A D.C. motor and control system according to claim 6, in which the
      mono-directional conductive means is a diode.
NUM  8.
PAR  8. A D.C. motor and control system according to claim 1, in which the
      switching means is a transistor.
NUM  9.
PAR  9. A D.C. motor and control system comprising, in combination:
PA1  a rotor having magnetic poles of opposite polarities thereon;
PA1  a stator having flux-producing windings positioned in torque-producing
      relation to said rotor;
PA1  detecting means for generating an electrical signal representing the
      instantaneously changing rotational speed of said D.C. motor;
PA1  reference signal generating means for generating the reference signal
      corresponding to a predetermined constant speed of said D.C. motor;
PA1  comparator means for comparing the electrical output signal of said
      detecting means with the reference signal from said reference signal
      generating means for providing a signal representing the difference
      between said two signals;
PA1  Hall generators positioned in flux-sensing relationship to said magnetic
      poles so as to detect the instantaneous rotational speed thereof, said
      Hall generators generating electrical signals of a frequency representing
      the instantaneously changing rotational speed of said D.C. motor and of an
      amplitude corresponding to the output signals from said comparator means;
PA1  driving control means connected to the output of Hall generators and said
      stator windings for applying an exciting current to said windings in
      response to the output signal of said Hall generators;
PA1  motor speed detecting means which detects voltage induced in said stator
      windings when motor driving current does not flow in said stator windings;
PA1  switching means for supplying controlling current corresponding to the
      output signals from said motor detecting means to said stator windings in
      a direction contrary to the driving current; and
PA1  braking signal generating means which has a first input terminal for
      detecting the reference signal from the reference signal generating means,
      and a second input terminal for detecting the braking signal from the
      motor speed detecting means, and which generates a braking signal which
      brings the switching means into operative state when the braking signal
      from the motor speed detecting means is larger than the reference signal
      from the reference signal generating means.
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ABST
PAL  An operating control circuit for an amusement device of the simulated
      driving type, wherein the speed of the simulated vehicle is regulated by
      an operator-controlled accelerator and a gear shift, each electrically
      arranged to cooperate and interrelate so as to respond to the manual
      skills and ability of the operator.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a speed control system for use in an amusement
      device of the simulated driving type as shown and described in the
      assignee's U.S. Letters Pat. Nos. 3,568,332 and 3,583,079.
PAR  As described in the aforementioned patents, there is a simulated condition
      created in which the operator of the amusement device appears to drive a
      vehicle in a time/speed competitive situation along a tortuous roadway.
      Simulated accidents, such as collisions or loss of control of the
      simulated vehicle created through the operator's inability to control both
      the simulated path and the speed of the driven vehicle, will result so as
      to affect both the time of driving and total speed of the operator's
      vehicle over the simulated roadway course.
PAR  By the present invention the operator is afforded a dual speed control
      related to his simulated vehicle and its movement over the roadway and its
      motion in relation to other vehicles and/or obstacles. The operator
      manually controls an accelerator as well as a gear shift lever, each of
      which is electrically interconnected to control the apparent driving speed
      of the operator's vehicle. All of the desired effects are accomplished
      through the circuitry hereinafter described and claimed.
DRWD
PAR  The invention is best understood by reference to the accompanying drawings
      illustrating the best mode of carrying out the invention, and in which:
PAR  FIG. 1 is a perspective view of the amusement game apparatus;
PAR  FIG. 2 is a perspective view of the operating components of the apparatus;
PAR  FIG. 3 is a schematic circuit diagram of the speed control circuit of the
      apparatus; and
PAR  FIG. 4 is a schematic view of a sound control circuit.
DETD
PAR  As illustrated in FIG. 1, the amusement apparatus consists of a cabinet 10
      having a windshield type transparent screen 11, a dashboard 12 having
      positioned thereover a movable steering wheel 13 as well as a gear box 14
      with a movable gear shift lever 15 and a foot-operated accelerator pedal
      16.
PAR  Within the cabinet 10 is the mechanism for creating the illusion of
      movement including, in part, an electric motor 17, the driven shaft of
      which rotates, in either direction, a bevel gear 18 which in turn meshes
      with and rotates with a second bevel gear 19 fixedly connected to an
      elongated shaft 20.
PAR  The elongated shaft 20 has fixedly connected thereto at its upper end a
      transparent drum 21. The bottom and peripheral walls of the drum 21 have
      printed thereon a series of transparencies 22 which when illuminated
      project upon the transparent windshield type screen 11 in the line of
      sight of the operator of the apparatus. One of the transparencies 23
      comprises a tortuous path that represents a winding roadway over which the
      simulated automobile is to be moved.
PAR  Fixedly connected to the lower end of the shaft 20 and rotatable therewith,
      is a disc 24. On one face of the disc 24 is printed an electrically
      conductive path 25 that is identical to the tortuous path 23 printed on
      the drum 21. A stylus or switch finger 26 is carried at one extremity of
      an arm 27 which in turn is fixed to one end of an elongated rod 28. The
      rod 28 is rotatably carried by a bracket 29 and is caused to rotate
      through the movement of a bowden wire 30, which has one end connected to
      an arm 31 connected to the rod 28. The opposite end of the bowden wire 30
      moves in response to the rotational movement of the steering wheel 13 in
      either direction.
PAR  Connected to the upper end of the rod 28 and movable therewith is a support
      32 which in turn positions a light bulb 33 within the drum 21. These parts
      and their function are fully described in the aforementioned patents and,
      as such make up no part of the present invention.
PAR  In order to control the rotational speed of the drum 21 and disc 24 to
      create the effect of different driving speeds, there is provided an
      electric circuit such as shown in FIG. 3. In the electric circuit there is
      a transformer 34, the primary side of which includes a socket 35 and a
      connector plug 36. The secondary side of the transformer 34 through a line
      37 is connected to a diode rectifier 38 having an output line 39. The line
      39 connects in series a number of resistors 40, 41, 42 and 43 as well as
      the electric motor 17.
PAR  The accelerator pedal 16 moves a wiper arm 44 over an accelerator disc 45.
      The accelerator disc 45 provides a first set of interconnected contacts 46
      which are in circuit with a first speed relay 47. The accelerator disc 45
      provides a second set of interconnected contacts 48 which are in turn
      connected to a second speed relay 49. A third set of contacts 56 are
      connected to the third speed relay 52, while a fourth set of contacts 47
      on the accelerator disc 45 are connected to the fourth speed relay 55.
      Switches 51 and 54 are in circuit between the third and fourth set of
      contacts 46 and 57 and a second speed relay 49, and are normally closed
      when their relays 47 and 49 are deenergized. These switches 51 and 54
      function to maintain selective energization of the relays 49, 52 and 55 to
      insure continuous energization of the motor 17.
PAR  The circuit also includes a gear shaft relay 58 and a gear shift switch 59
      that is controlled through the manual actuation of the gear shift lever
      15.
PAR  The speed of the motor 17 is regulated by shunting certain of the resistors
      40 through 43. To shunt these resistors there is provided the following
      circuit: A shunt circuit 60 including a normally open first speed relay
      switch 61 shunts the resistor 40, while a second shunt circuit 62
      including a normally open second speed relay switch 63 is designed to
      shunt resistors 40 and 41. A shunt circuit 64 includes a normally open
      third speed relay switch 65 as well as a gear shift relay switch 66. This
      circuit shunts resistors 40, 41 and 42. The last shunt circuit 67, which
      includes a normally open fourth speed relay switch 68, is designed to
      shunt all of the resistors 40 through 43.
PAR  In operation, when the device is conditioned to be operated, the driver,
      upon depressing the accelerator pedal 16, causes the accelerator wiper arm
      44 to engage the first set of contacts 46. This in turn will energize the
      first speed relay 47, which in turn will close relay switch 61. The
      closure of the first speed relay switch 61 shunts resistor 40 and permits
      sufficient current into the motor 17 so as to commence the rotation of the
      drum 21 and the disc 24 by the motor 17.
PAR  As the player increases the depression of the accelerator pedal 16, the
      wiper arm 44 will move onto the second, third, or fourth set of contacts.
      As the wiper arm 44 moves onto the second set of contacts 48, the second
      speed relay 49 is energized, and this will close its relay switch 63 in
      the shunt circuit 62, so as to shunt resistors 40 and 41, increasing the
      current to the motor 17. Regardless of further depression of the
      accelerator pedal 16 and the further movement of the wiper arm 44 over the
      accelerator disc 45, this is the top speed of rotation of the drum 21 and
      disc 24 until the player operates the gear shift lever 15 so as to close
      the gear shift switch 59 and energizing the gear shift relay 58. The
      energization of the gear shift relay 58 will close the gear shift relay
      switch 66, which is in the shunt circuits 64 and 67.
PAR  As the wiper arm 44 engages the third set of contacts 56 so as to engage
      the third speed relay 52, its respective relay switch 65 will be closed to
      effectively shunt resistors 40, 41 and 42 so as to increase the
      energization of the motor 17.
PAR  As the wiper arm 44 engages the fourth set of contacts 57, the fourth speed
      relay 55 will be energized, closing its respective relay switch 68 and
      effecting through the shunt circuit 67 an unrestricted circuitry to the
      motor 17, effectively shunting all of the resistors 40 through 43 so as to
      operate the motor 17 at its full capacity.
PAR  In the event that the driver of the simulated automobile has a collision or
      other type of accident, wherein the stylus or switch arm 26 moves off the
      conductive path 25 on the disc 24, such action will result in the closing
      of a normally open switch 69 that in turn will energize the crash relay
      70, which in turn will open a relay switch 71 in line 39 to the motor
      circuit, so as to deenergize the motor 17.
PAR  Included in the electric circuit and to enhance the interest in the use of
      the apparatus, and to create an aura of authenticity, there is included in
      the circuit a solid state sound system, such as shown in FIG. 4, which
      includes a solid state sound board 72. This sound board 72 through the
      electrical plug 73 when fitted into the socket 35, is connected with the
      motor control circuit. The sound board 72 includes in its circuitry a
      first speed relay switch 74 in series with a resistor 75 and in parallel
      with a second resistor 76. A second speed relay switch 77 which likewise
      is in series with a resistor 78 and in parallel with a second resistor 79,
      a third speed relay switch 80 in series with a resistor 81 and in parallel
      with a second resistor 82, and a fourth speed relay switch 83 in series
      with a resistor 84 and in parallel with a second resistor 85. When in
      normal condition, the resistors 75 and 76, 78 and 79, 81 and 82, 84 and
      85, are connected in series so as to produce an insufficient voltage onto
      the sound board 72 to produce any sound.
PAR  As the accelerator wiper arm 44 engages the different sets of contacts 46,
      48, 56 and 57, and in turn energizes the different speed relays 47, 49, 52
      and 55, they in turn will effect appropriate closing of these relays'
      respective relay switches 74, 77, 80 and 83, to selectively shunt the
      resistors 76, 79, 82 and 85 that are in parallel with such switches, to
      increase the voltage onto the sound board 72, so as to produce through its
      speaker 86 any desired sound, such as that of increased motor vibration
      and motor acceleration sounds.
PAR  From the foregoing, it is apparent that I have devised a control circuit
      for an amusement device whereby the accomplishment of playing the
      amusement apparatus depends upon the skill and dexterity of the operator.
PAR  While I have illustrated and described the preferred form of construction
      for carrying my invention into effect, this is capable of variation and
      modification without departing from the spirit of the invention. I,
      therefore, do not wish to be limited to the precise details of
      construction set forth, but desire to avail myself of such variations and
      modifications as come within the scope of the appended claims.
CLMS
STM  Having thus described my invention, what I claim as new and desired to
      protect by Letters Patent is:
NUM  1.
PAR  1. A speed control system for use in an amusement device of the simulated
      driving type, including
PA1  a. an electric motor,
PA1  b. a circuit for energizing the motor,
PA1  c. a plurality of resistors connected in series in said circuit for the
      motor, normally restricting an operating current to the motor,
PA1  d. a plurality of relay switches connected in parallel, with certain of
      said relay switches in open shunt circuits with respect to certain of said
      resistors,
PA1  e. a plurality of relays for activating said relay switches in the circuit
      for energizing the motor,
PA1  f. means for selectively energizing said relays so as to close their
      respective said relay switches to shunt one or more of said resistors so
      as to increase the energizing current to the motor, and
PA1  g. manually operated means for controlling the energization of certain of
      said relays by said means for selectively energizing said relays to render
      said relay switches of said certain relays ineffective to close a shunt
      circuit with respect to certain of said resistors.
NUM  2.
PAR  2. A speed control system as defined by claim 1 wherein said means for
      selectively energizing said relays comprises a wiper arm movable over a
      plurality of switch contacts in circuit with said relays for selectively
      energizing said relays so as to close their respective relay switches to
      shunt one or more of said resistors.
NUM  3.
PAR  3. A speed control system as defined by claim 1 wherein said manually
      operated means comprises a manually operable switch having an open and
      closed condition including a relay and a relay switch in circuit with
      certain of said relay switches so as to render ineffective certain of said
      relay switches to close said shunt circuits with respect to certain of
      said resistors when said manually operable switch is in its open
      condition.
NUM  4.
PAR  4. A speed control system as defined by claim 3 wherein said means for
      selectively energizing said relays comprises a wiper arm movable over a
      plurality of switch contacts in circuit with said relays for selectively
      energizing said relays so as to close their respective relay switches to
      shunt one or more of said resistors.
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ABST
PAL  An electronic control circuit for automatically stopping the tape drive
      motor of a magnetic tape recording and playing unit. A set of contacts is
      provided in the circuit to detect electrically conductive means located at
      preselected points along the magnetic tape, and upon such detection, to
      alter the conductive states of three control transistors to cause
      de-energization of the tape drive motor. Diode logic means in the circuit
      prevent automatic stopping of the drive motor when the recording and
      playing unit is operated in a particular mode wherein such stopping is not
      desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electronic control circuit for automatically
      controlling the operation of a magnetic tape recording and playing unit.
      More specifically, this invention relates to an electronic control circuit
      for automatically stopping the unit tape drive motor at preselected points
      along the tape and in accordance with the mode in which the unit is
      operating.
PAR  Multi-track tape recording and playing units are commonly operable in a
      plurality of different modes of operation. These modes are, for example,
      the record mode, the record fast forward mode, the play mode, and the play
      fast forward mode. In at least some of these modes, it is often desirable
      to provide control means for automatically stopping the magnetic tape
      drive mechanism to stop conveyance of the tape at selected points along
      the tape, such as for example at the end of a particular program track.
      Such automatic stopping is particularly desirable when the recording and
      playing unit is operated in the record mode, or in one of the fast forward
      modes. Alternatively, it is desirable to inhibit the control means to
      prevent stopping of the tape drive when the unit is operated in the play
      mode to allow the unit to continuously switch to and play successive
      program tracks on the tape.
PAR  Typically, the control means for automatically stopping the tape drive
      mechanism of multi-track recording and playing units comprises an
      electromechanical relay system having various normally-open and
      normally-closed contacts. Such contacts are usually interconnected to the
      unit record/play head, and are appropriately closed and opened to effect
      the desired stopping of the drive mechanism. However, such
      electromechanical relay systems are complicated by the numerous possible
      modes of operation of modern tape recording and playing units, since
      automatic stopping of the tape drive is neither necessary nor desirable in
      some modes of operation. Moreover, electromechanical relay systems are
      inherently unreliable for long periods of use since the contacts can wear
      out or become pitted, and thereby require replacement. Furthermore, the
      conventional relays are relatively bulky and expensive, and are generally
      incompatible with the miniaturization requirements of modern multi-track
      units.
PAR  The present invention overcomes these inherent disadvantages by providing
      an electronic control circuit for automatically stopping the tape drive
      mechanism of a recording and playing unit in accordance with the mode of
      unit operation. Moreover, this invention provides a control circuit which
      is compatible with modern solid state techniques, which is relatively
      inexpensive, and which is inherently long-lived.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an electronic control circuit is provided
      for selectively controlling the energization of the tape drive mechanism
      of a magnetic tape recording and playing unit. The circuit is responsive
      upon detection of electrically conductive means on the magnetic tape to
      de-energize the tape drive in selected modes of unit operation to
      automatically stop conveyance of the tape. Logic means in the circuit
      prevent de-energization of the tape drive when the unit is operated in a
      mode wherein tape stoppage is not desired.
PAR  By way of example, in the preferred embodiment, the states of a plurality
      of switches in the circuit determine the particular operation mode of the
      recording and playing unit. Such modes are, for example, record, record
      fast forward, play, and play fast forward. A set of contacts in the
      control circuit is located in the unit record/play head to detect when the
      conductive means on the tape passes said head. The set of contacts
      combines with the switches to establish the conductive states of three
      control transistors and a diode logic circuit. The transistors and the
      logic circuit are electrically coupled to the tape drive motor to
      de-energize said motor upon closure of the set of contacts by the
      conductive means on the tape when the unit is operating in the record mode
      or in one of the fast forward modes. In the play mode, the logic circuit
      prevents de-energization of said motor to allow continuous unit operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing is a circuit diagram illustrating an electronic
      control circuit of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An electronic control circuit 10 of this invention is shown in the drawing
      and controls the operation and energization of a tape drive motor 12 of a
      combination tape recording and playing unit. The motor 12 is typically a
      D.C. motor and provides rotational power for driving magnetic tape 14 past
      a record/play head 15 of the unit. The circuit 10 is responsive to detect
      small aluminum or other electrically conductive strips 17 located at
      preselected points along the tape 14, and to de-energize the drive motor
      12 upon detection of one of the strips 17 to stop conveyance of the tape
      in accordance with the mode in which the recording and playing unit is
      operating. Such modes are, for example, the record mode, the record fast
      forward mode, the play mode, and the play fast forward mode.
PAR  The magnetic tape 14 can be of the cartridge, reel-to-reel, or other
      conventional variety, and can contain single or multiple program tracks.
      For purposes of the description, however, it will be assumed throughout
      that the magnetic tape 14 is carried in a conventional tape cartridge and
      contains eight program tracks, with two of said tracks being utilized at
      any given time to provide the so-called stereo effect. In such a
      multi-track cartridge tape, the electrically conductive strips 17 are
      normally provided at the conclusion of the program tracks. In this
      position, they provide indication to the record/play head 15, as will be
      hereafter described, that the track has run out and that the unit must be
      either stopped or switched to a new track, depending upon the mode of unit
      operation. Conveniently, since two of the tape tracks are utilized
      simultaneously, it is only necessary that tracks 1-4 contain the
      conductive strips 17.
PAR  As shown in the drawing, a positive voltage, hereafter designated as B+
      voltage, is supplied from the recording and playing unit to the control
      circuit 10 through a supply line 19 to one side of a cartridge switch 26.
      The switch 26 is mechanically closed whenever a tape cartridge is inserted
      into the recording and playing unit.
PAR  When the cartridge switch 26 is closed, the B+ voltage is supplied from the
      switch through a conductor 28 to the emitter electrode 30 of a PNP
      junction transistor 32. The cartridge switch 26 is also coupled to the
      base electrode 34 of the transistor 32 via a conductor 36, a filter 37
      having a resistor 38 and a capacitor 40 connected in parallel, and a line
      42. A conductor 44 is provided to interconnect the base 34 of the
      transistor 32 to ground potential through a pair of serially connected,
      forward-biased diodes 46 and 48, and a resistor 50. Thus, when a tape
      cartridge is inserted into the unit to close the switch 26, the transistor
      32 receives B+ voltage at its emitter 30 and current flow to ground
      through its base 34. This switches the transistor 32 to its "ON" state and
      provides substantially B+ voltage from its collector electrode 52 through
      a forward-biased diode 54 to the motor 12. The motor is energized and
      begins to convey the magnetic tape 14 past the record/play head 15.
      Conveniently, the rotational speed of the motor is controlled by a
      conventional governor (not shown), and spike suppression is provided by a
      reverse-biased diode 56 connected in parallel with the motor and grounded.
PAR  With the motor 12 operating, the recording and playing unit is placed in a
      record mode by moving a manually operable record/play switch 58 to its
      full line position as shown in the drawing. This switch is simultaneously
      operative to place the conventional recording and playback electronics
      (not shown) of the unit in a record mode to record information on the
      magnetic tape. In the record position, a path is provided from the B+
      voltage supply through the conductor 36 and a line 60 to the record/play
      switch 58, and further through a line 62 having a serially connected
      resistor 64 and a record light 66 to ground via a switch 68. This provides
      a voltage potential across the record light 66 to turn the light on and
      give indication that the unit is recording.
PAR  When one of the conductive strips 17 on the tape 14 reaches the record/play
      head 15 of the unit while the unit is operating in the record mode, the
      strip 17 passes across and electrically closes a normally open set of
      contacts 70. One side 69 of the contacts 70 is connected to ground, and
      the other side 71 is coupled in parallel to a solenoid 72 and to a manual
      switch 78. The solenoid 72 is connected via a supply lead 24 directly to
      the B+ supply lead 19, and cooperates in a conventional manner with a
      track change mechanism (not shown) in the record/play head. Whenever the
      contacts 70 are bridged, the solenoid energizes to operate the track
      change mechanism which mechanically raises or lowers the record/play head
      to bring the head into operative engagement with the next successive pair
      of program tracks on the tape 14. Conveniently, a reverse-biased diode 74
      is connected across the solenoid 72 to eliminate transient responses
      across the solenoid. Also, the solenoid is conveniently coupled to a track
      selector switch 76 which is connected in parallel with the head contacts
      70. The selector switch 76 is normally open, and can be momentarily closed
      at any time to energize the solenoid and change program tracks on the
      tape.
PAR  The manual switch 78 connected to the side 71 of the head contacts 70 is
      movable between an open position and a closed position, and dictates
      whether the control circuit 10 will function to de-energize the tape drive
      motor 12 at the conclusion of each set of tracks on the tape or only at
      the conclusion of the final tracks. In the closed position indicated by
      the number 1 in the drawing, the control circuit is effective to
      automatically de-energize the motor at the conclusion of each set of tape
      tracks.
PAR  The head contacts 70 are connected through the manual switch 78, when said
      switch is closed, via a line 80 to the base electrode 82 of a second PNP
      junction transistor 84. As shown, the line 80 is interrupted by a diode 86
      which isolates the transistor 84 from large positive voltages, and a
      resistor 88 which limits the current at the base of the transistor 84. The
      B+ voltage supply is connected through the cartridge switch 26 and the
      conductor 36 to the emitter electrode 90 of the transistor 84, and through
      a parallel resistor 92 and capacitor 94 to the base electrode 82 of the
      transistor 84. Thus, when the head contacts 70 are closed at the end of a
      set of tape tracks by a conductive strip 17, ground potential is presented
      through the contacts 70 and the closed switch 78 to the base 82 of the
      second transistor 84. This is effective to switch the transistor 84 to its
      "ON" state and thereby provide substantially B+ voltage at the collector
      electrode 96 of the transistor 84.
PAR  The collector electrode 96 of the second transistor 84 is coupled through a
      collector resistor 98 to the base electrode 100 of an NPN junction
      transistor 102, and to the anode of a diode 104. The cathode of the diode
      104 is connected via a line 106 and a resistor 108 to the B+ voltage
      potential through the record/play switch 58. Therefore, when the unit is
      in a record mode, a positive voltage is presented through the switch 58
      and the line 106 to the cathode of the diode 104. The cathode of the diode
      104 is also connected by a line 110 to the cathode of another diode 112.
      The anode of the diode 112 is connected in parallel through a resistor 114
      to the conductor 36, and through another resistor 116 and a line 118 to
      ground at a switch 120. Importantly, the resistance value of the collector
      resistor 98 and of the resistors 108 and 114 are chosen so that the
      voltages presented at the cathodes of the diodes 112 and 104 when the unit
      is in the record mode is greater than the voltages presented at their
      respective anodes. Thus, the diodes 112 and 104 are reverse-biased in the
      record mode. In practice, in one experimental model of the control
      circuit, the resistance values in ohms of the resistors 98, 108, and 114
      were respectively 680, 2200, and 120.
PAR  The NPN transistor 102 has its collector electrode 122 connected directly
      to the ground line 80 of the base 82 of the second transistor 84. Thus,
      when the unit is in the record mode with the diode 104 reverse-biased and
      the second transistor 84 conducting, the transistor 102 also switches "ON"
      to provide a substantially B+ potential at the emitter electrode 124 of
      the transistor 102.
PAR  The emitter 124 of the transistor 102 is connected through the serially
      connected diodes 48 and 46 to the base electrode 34 of the motor
      transistor 32, and also through the resistor 50 to ground. When the
      transistor 102 is "ON," the substantially B+ potential at its emitter
      eliminates the path to ground for the base electrode 34 of the motor
      transistor 32. This permits B+ voltage potential to be presented at the
      base 34 of the motor transistor via the line 42 to switch the transistor
      32 to its "OFF" condition, and thereby reduce the voltage at the collector
      52 of the transistor 32 to zero. This automatically de-energizes the motor
      12 to stop conveyance of the magnetic tape 14 past the unit record/play
      head 15. Conveniently, the NPN transistor 102 is protected against
      possible back-biasing by a diode 126 and a resistor 128 connected in
      parallel between the base of the transistor 102 and the conductor 44.
PAR  The control circuit 10 is provided with a "STOP" light 130 which is turned
      on whenever the motor 12 has been automatically de-energized by the
      control circuit. As shown, the light 130 is connected on one side to the
      B+ voltage supply via the conductor 36 whenever the cartridge switch 26 is
      closed. The other side of the light 130 is connected via a line 133
      through a pair of serial resistors 132 and 134 to ground. A lead 136
      having a diode 138 interconnects the collector 52 of the motor transistor
      32 to the line 133 between the resistors 132 and 134. When the motor is
      operating, substantially B+ voltage is supplied through the diode 138 to
      the line 133 so that the voltage drop across the light 130 is insufficient
      to turn the light on. However, when the motor is de-energized as a result
      of the transistor 32 turning off, B+ voltage is supplied across the light
      130 and the transistors 132 and 134 to turn the light on. This gives
      indication that the control circuit 10 has functioned to automatically
      stop the motor 12.
PAR  The track selector switch 76 can also be used to place the drive motor 12
      in an automatically stopped condition. For example, in the record mode,
      momentary closure of the selector switch 76 at any time energizes the
      solenoid 72 to switch tape tracks and present ground potential to the base
      82 of the transistor 84. This switches the transistor 84 "ON" which in
      turn switches "ON" the transistor 102 to cause the motor transistor 32 to
      switch "OFF" and stop the motor.
PAR  When the manual switch 78 is moved to its open position shown by the dotted
      lines and indicated by the number 4 in the drawing, the control circuit 10
      is set to de-energize the tape drive motor 12 only at the conclusion of
      the final set of tracks on the tape. Closure of either the head contacts
      70 or the track selector switch 76 is ineffective to present a ground
      potential to the base of the transistor 84, and therefore, the transistors
      84 and 102 are prevented from turning "ON." To stop the motor at the end
      of the final tape track, a switch 142 is mechanically connected in a
      conventional manner to the track change mechanism in the record/play head
      15, and is mechanically controlled thereby to close at the conclusion of
      the last set of tape tracks. The switch 142 is electrically connected on
      one side to ground, and on the other side through a resistor 144 to the
      base of the transistor 84. When the switch 142 closes at the end of the
      last tape tracks, ground potential is presented to the base of the
      transistor 84 to switch "ON"  the transistors 84 and 102. As described
      above, this switches "OFF" the motor transistor 32 to stop the motor.
      Also, while the mechanical switch 142 is not shown connected to provide
      ground potential to the solenoid, the switch can be so connected to
      energize the solenoid at the end of the last tape tracks, if desired.
PAR  A pause switch 146 is connected in parallel with the mechanical switch 142
      to permit selective de-energization of the motor 12 before the end of a
      set of tape tracks. When the unit is in the record mode, the pause switch
      146 can be manually closed at any time to present ground potential to the
      base of the transistor 84 and thereby automatically stop the drive motor
      12 in the same manner as with the mechanical switch 142. Conveniently, the
      pause switch is not connected to energize the solenoid 72 so that the
      motor 12 can be restarted as will be hereafter described with the
      record/play head 15 operatively energing the same set of tape tracks.
PAR  A normally open restart switch 140 is provided to restart the motor 12
      after it has been automatically stopped by the control circuit 10. The
      switch 140 is connected between the conductor 36 and the base of the
      transistor 84. Momentary closure of the switch provides B+ voltage
      directly to the base of the transistor 84, and this voltage is sufficient
      to switch the transistor "OFF" and thereby also switch "OFF" the NPN
      transistor 102. The motor transistor 32 then switches back to its "ON"
      state and again energizes the motor to convey tape past the unit
      record/play head.
PAR  Conveniently, the capacitor 94 connected between the conductor 36 and the
      base of the transistor 84 serves to assure that the drive motor 12 is
      allowed to switch on when a tape cartridge is inserted into the unit. This
      is particularly important when a conductive strip 17 on the tape is
      positioned to bridge the head contacts 70 immediately upon insertion into
      the machine. The capacitor 94 holds the voltage potential at the base of
      the transistor 84 to the same level as the emitter 90 for a brief time
      period to prevent the transistor 34 from switching "ON" to allow the motor
      12 to energize and drive the strip 17 past the contacts 70.
PAR  The capacitor 94 also provides an additional means for restarting the motor
      12 after it has been automatically stopped by the control circuit. The
      motor can be restarted by removing the tape cartridge from the unit to
      disconnect the voltage supply and then by reinserting the cartridge. Upon
      reinsertion, the capacitor 94 prevents the transistor 84 from switching
      on, as described above, for a time period sufficient to allow the motor 12
      to turn on and drive the conductive strip 17 past the head contacts 70.
PAR  The recording and playing unit is placed in the record fast forward mode by
      simultaneously moving the previously mentioned switches 68 and 120 from
      their full line recording and playing (R/P) positions shown in the drawing
      to their dotted line fast forward (FF) positions. The switch 68 in the
      fast forward position open circuits the record light 66 to turn that light
      off, and grounds out the motor speed governor via line 148 to permit the
      motor 12 to convey the tape 14 past the record/play head at a
      substantially increased rate of speed. The switch 120 in the fast forward
      position removes the ground line 118 from the anode of the diode 112 to
      sufficiently increase the voltage at the anode to forward-bias said diode
      112. This increases the voltage at the cathode of the diode 104 to assure
      that said diode is maintained in a reverse-biased state in the record fast
      forward mode. The switch 120 also grounds the recording and playing unit
      preamp voltage supply through a line 16 and diode 18 to turn off the unit
      recording and playback electronics (not shown). And conveniently, a fast
      forward light 22 and a resistor 20 are serially connected from the supply
      lead 24 to ground potential through the switch 120 so that the light 22
      turns on whenever the switch 120 is in its fast forward position.
PAR  In the record fast forward mode, ground potential is presented to the base
      of the transistor 84 to switch that transistor "ON" whenever the head
      contacts 70 or the selector switch 76 are closed. Also, ground potential
      can be presented to the base 82 by closure of either the mechanical switch
      142 or the pause switch 146. Since the diode 104 is still reverse-biased
      in the record mode, the NPN transistor 102 switches "ON" whenever the
      transistor 84 is "ON." As before, the motor transistor 32 is switched
      "OFF" when the NPN transistor is conductive to thereby de-energize the
      motor 12 and automatically stop conveyance of the tape. The motor can be
      restarted whenever desired by depressing the restart switch 140.
PAR  The recording and playing unit is placed in a play mode by manually moving
      the record/play switch 58 to its dotted line position shown in the
      drawing, and by moving the fast forward switches 68 and 120 to their full
      line recording and playing positions. As shown, in the play mode, the
      record/play switch 58 connects the cathodes of both of the diodes 104 and
      112 to ground through the resistor 108. Also, both sides of the record
      light 66 are connected to ground to turn said light off.
PAR  In the play mode, when one of the conductive strips 17 on the tape 14
      closes the head contacts 70, ground potential is provided as described
      above through the closed manual switch 78 to the base electrode 82 of the
      transistor 84. The presence of this ground potential at the base of the
      transistor 84 switches the transistor to its "ON" state, and thereby
      provides a substantially B+ voltage at its collector 96. This
      substantially B+ voltage potential is connected through the collector
      resistor 98 to the base of the NPN transistor 102, and to the anode of the
      diode 104. However, in the play mode, voltage potential is provided from
      the conductor 36 through the resistor 114 to ground through the resistor
      116 and to the anode of the diode 112. The potential at the anode of the
      diode 112 is less than the substantially B+ potential at the anode of the
      diode 104. Therefore, in the play mode, the diode 112 is reverse-biased
      and the diode 104 is forward-biased. The substantially B+ voltage from the
      transistor 84 is supplied through the now forward-biased diode 104 and the
      resistor 108 to ground at the record/play switch 58. Consequently, the
      diode 104 inhibits the transistor 102 from switching to its "ON" state
      when the unit is operating in the play mode to prevent de-enerization of
      the motor by the control circuit. Closure of the head contacts 70 serves
      only to energize the solenoid to cause the unit record/play head to
      automatically switch to and play the next successive pair of tape tracks.
PAR  In the play mode, the track selector switch 76 can be manually closed, as
      before, to energize the solenoid to cause the unit head to switch tape
      tracks. However, similar to the head contacts 70, the selector switch 76
      is inoperative in the play mode to switch "ON" both the transistors 84 and
      102 to de-energize the motor 12, because of the forward-biasing of the
      diode 104. Similarly, and for the same reason, the mechanical switch 142
      and the pause switch 146 are inoperative to automatically stop the drive
      motor when the unit is in the play mode.
PAR  The recording and playing unit is switched from the play mode to the play
      fast forward mode by simultaneously moving both of the fast forward
      switches 68 and 120 to their dotted line positions shown in the drawing.
      As in the record fast forward mode, the switch 68 grounds out the motor
      governor via line 148 to allow the motor 12 to operate at a fast forward
      speed. The switch 120 removes the ground line from the resistor 116 to
      increase the voltage potential presented at the anode of the diode 112.
      Because of the chosen resistance values of the resistors 98, 108, and 114
      as stated above, this increased voltage potential on the anode of the
      diode 112 is greater than the substantially B+ voltage presented at the
      anode of the diode 104. This forward-biased the diode 112 and
      reverse-biases the diode 104 in the play fast forward mode. Such reverse
      biasing releases the inhibit on the transistor 102 and causes the
      substantially B+ voltage from the collector 96 of the transistor 84 to be
      presented to the base electrode 100 of the transistor 102. This switches
      the transistor 102 to its "ON" state, and as described above, causes the
      motor transistor 32 to switch to a non-conducting state to automatically
      stop the drive motor 12.
PAR  In the play fast forward mode, after the drive motor has been automatically
      stopped by the control circuit, the motor can be restarted in either of
      two ways. First, the restart switch 140 can be closed to turn the
      transistors 84 and 102 to their "OFF" states. Alternatively, the fast
      forward switches can be moved back to their record/play positions shown in
      the full lines in the drawing to place the unit in the play mode. This
      once again forward-biases the diode 104 to inhibit the transistor 102 from
      being automatically stopped by the control circuit.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electronic control circuit for controlling the energization of the
      tape drive motor of a tape recording and playing unit, comprising a
      voltage source connected to the drive motor for energizing said motor to
      convey tape past the unit recording and playing head; sensing means for
      detecting indicating means on the tape upon passage of said indicating
      means past the unit head; solid state switching means coupled between said
      sensing means and the motor for electrically disconnecting said voltage
      source from the motor upon detection of indicating means by said sensing
      means; and inhibit means having a diode with an anode and a cathode, said
      anode being connected to said solid state switching means and said cathode
      being connected to biasing means for selectively biasing said diode, said
      inhibit means being operative when said diode is forward-biased to prevent
      said solid state switching means from electrically disconnecting said
      voltage source from the motor.
NUM  2.
PAR  2. An electronic control circuit as set forth in claim 1 wherein the
      indicating means on the tape comprises an electrically conductive strip
      located at a preselected point on the tape.
NUM  3.
PAR  3. An electronic control circuit as set forth in claim 2 wherein said
      sensing means comprises a set of normally open contacts arranged to be
      bridged by the conductive strip when said strip passes the unit recording
      and playing head.
NUM  4.
PAR  4. An electronic control circuit as set forth in claim 1 with the addition
      of normally closed second switching means coupled between the motor and
      said voltage source, said solid state switching means being connected
      between said sensing means and said second switching means and operative
      to open said second switching means upon detection of the indicating means
      by said sensing means.
NUM  5.
PAR  5. An electronic control circuit as set forth in claim 4 wherein said
      second switching means comprises a normally conductive transistor, said
      solid state switching means being connected to switch said transistor to a
      non-conductive state upon detection of the indicating means by said
      sensing means.
NUM  6.
PAR  6. An electronic control circuit as set forth in claim 1 wherein said solid
      state switching means comprises a normally conductive first transistor
      connected between the motor and said voltage source, and a normally
      non-conductive second transistor connected between said sensing means and
      said first transistor, said second transistor being switched to a
      conductive state upon detection of indicating means by said sensing means
      and operative when conductive to switch said first transistor to a
      non-conductive state to electrically disconnect said voltage source from
      the motor.
NUM  7.
PAR  7. An electronic control circuit as set forth in claim 1 wherein said solid
      state switching means comprises a normally conductive first transistor
      connected between the motor and said voltage source, a normally
      non-conductive second transistor connected to said sensing means, and a
      normally non-conductive third transistor connected between said second and
      first transistors, said second transistor being switched to a conductive
      state upon detection of indicating means by said sensing means and
      operative when conductive to switch said third transistor to a conductive
      state, said third transistor being operative when conductive to switch
      said first transistor to a non-conductive state to electrically disconnect
      said voltage source from the motor.
NUM  8.
PAR  8. An electronic control circuit as set forth in claim 1 with the addition
      of means connected between said solid state switching means and said
      sensing means for selectively disconnecting said solid state switching
      means from said sensing means.
NUM  9.
PAR  9. An electronic control circuit for controlling the energization of the
      tape drive motor of a tape recording and playing unit, comprising a
      voltage source connected to the drive motor for energizing said motor to
      convey tape past the unit recording and playing head; normally conductive
      first solid state switching means connected between the motor and said
      voltage source; a set of normally open contacts arranged to be bridged by
      one of a plurality of electrically conductive strips located at
      preselected points on the tape when said strip passes the unit head;
      normally non-conductive second solid state switching means coupled between
      said contacts and said first switching means, said second switching means
      being switched to a conductive state upon bridging of said contacts and
      operative when conductive to switch said first switching means to a
      non-conductive state to electrically disconnect said voltage source from
      the motor; and inhibit means having a diode with an anode and a cathode,
      said anode being connected to said second solid state switching means, and
      said cathode being connected to biasing means for selectively biasing said
      diode, said inhibit means being operative when said diode is
      forward-biased to prevent said second solid state switching means from
      electrically disconnecting said voltage source from the motor.
NUM  10.
PAR  10. An electronic control circuit as set forth in claim 9 wherein said
      first solid state switching means comprises a normally conductive junction
      transistor having base, emitter, and collector electrodes, said second
      solid state switching means being connected to said base electrode and
      operative to switch said transistor to a non-conductive state upon
      bridging of said contacts.
NUM  11.
PAR  11. An electronic control circuit as set forth in claim 9 wherein said
      second solid state switching means comprises normally non-conductive first
      and second junction transistors, each having base, emitter, and collector
      electrodes, said first transistor having its base electrode connected to
      said contacts and its collector electrode connected to the base electrode
      of said second transistor, said second transistor having its emitter
      electrode connected to said first switching means, said first and second
      transistors being operative to switch to a conductive state when said
      contacts are bridged and to thereupon switch said first switching means to
      a non-conductive state to electrically disconnect said voltage source from
      the motor.
NUM  12.
PAR  12. An electronic control circuit as set forth in claim 9 wherein said
      first switching means comprises a normally conductive first junction
      transistor, and said second switching means comprises normally
      non-conductive second and third junction transistors, said second
      transistor being connected to said contacts and operative to switch to a
      conductive state upon bridging of said contacts, said third transistor
      being connected to said second transistor and operative to switch to a
      conductive state when said second transistor is conductive and to
      thereupon switch said first transistor to a non-conductive state to
      selectively disconnect said voltage source from the motor.
NUM  13.
PAR  13. An electronic control circuit as set forth in claim 12 wherein said
      first and second transistors are PNP junction transistors and said third
      transistor is an NPN junction transistor, each of said transistors having
      base, emitter, and collector electrodes, said second transistor having its
      base electrode coupled to said contacts and its collector electrode
      coupled to the base electrode of said third transistor, said third
      transistor having its emitter electrode coupled to the base electrode of
      said first transistor.
NUM  14.
PAR  14. An electronic control circuit as set forth in claim 9 wherein the diode
      of said inhibit means has its anode connected to said second switching
      means between said second and third transistors.
NUM  15.
PAR  15. An electronic control circuit as set forth in claim 9 with the addition
      of manually operable restart means connected to said second switching
      means for selectively switching said second means to a non-conductive
      state.
NUM  16.
PAR  16. An electronic control circuiit as set forth in claim 9 wherein said
      biasing means comprises a second diode having an anode and a cathode, said
      cathode being connected to said first diode and said anode being connected
      to switching means for selectively biasing said second diode.
NUM  17.
PAR  17. An electronic control circuit for controlling the energization of the
      drive motor for a tape recording and playing unit, comprising a voltage
      source connected to the motor for energizing the motor to convey tape past
      the unit recording and playing head; first switching means operative to
      close upon detection of indicating means on the tape upon passage of said
      indicating means past the unit head; solid state switching means coupled
      between said first switching means and the motor for electrically
      disconnecting said voltage source from the motor upon detection of said
      indicating means by said first switching means; and inhibit means having a
      diode with an anode and a cathode, said anode being connected to said
      solid state switching means and said cathode being connected to biasing
      means for selectively biasing said diode for selectively preventing said
      solid state switching means from electrically disconnecting said voltage
      source from the motor.
PATN
WKU  039406733
SRC  5
APN  5182301
APT  1
ART  236
APD  19741029
TTL  Aircraft altitude control system
ISD  19760224
NCL  4
ECL  1
EXP  Sloyan; Thomas J.
NDR  2
NFG  3
INVT
NAM  Darlington; William W.
CTY  Sherman Oaks
STA  CA
ASSG
NAM  Edcliff Instruments
CTY  Monrovia
STA  CA
COD  02
RLAP
COD  71
APN  360314
APD  19730514
PSC  03
CLAS
OCL  318584
XCL  2351502
XCL  244 77D
XCL  340347AD
EDF  2
ICL  B64C 1318
ICL  G05D  108
ICL  H03K 1302
FSC  244
FSS  77 D
FSC  340
FSS  347 AD;347 NT
FSC  235
FSS  92 MP;150.2
FSC  318
FSS  489;584
UREF
PNO  3276012
ISD  19660900
NAM  Secretan
OCL  340347AD
UREF
PNO  3298019
ISD  19670100
NAM  Nossen
OCL  340347AD
UREF
PNO  3316547
ISD  19670400
NAM  Ammann
OCL  340347NT
UREF
PNO  3578269
ISD  19710500
NAM  Kramer et al.
OCL  244 77D
UREF
PNO  3626262
ISD  19711200
NAM  Kelling
OCL  235 92MP
OREF
PAL  Analog Devices, Inc., Analog-Digital Conversion Handbook, 1972, pp. III-84
      & III-85.
LREP
FRM  Flehr, Hohbach, Test, Albritton & Herbert
ABST
PAL  System for sampling and holding an analog signal corresponding to the
      altitude of an aircraft and providing a control signal for maintaining the
      aircraft at the altitude where sampling occurs. A binary converter stores
      a count corresponding to the level of the sampled signal, and a
      digital-to-analog counter provides an output analog signal corresponding
      to the count registered by the counter. The altitude signal is compared
      with the output signal to provide an altitude correction signal in the
      event that the altitude signal deviates from the level corresponding to
      the stored count.
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BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to aircraft control systems and more
      particularly to a system for maintaining an aircraft at a constant
      altitude.
PAR  One type of altitude holder heretofore provided for use with an auto pilot
      utilizes a servomotor and a potentiometer to provide a reference signal
      corresponding to the altitude to be held. The servomotor positions the
      potentiometer in accordance with the altitude of the aircraft, and when a
      desired altitude is reached, the motor is stopped. Thereafter, the
      potentiometer provides a fixed reference corresponding to the desired
      altitude. This system has the advantage of holding indefinitely, but it
      also has disadvantages such as size, weight and speed.
PAR  Electronic sample and hold circuits using capacitive storage elements have
      heretofore been provided for storing analog signals. Such circuits lack
      the ability to hold for long periods of time because leakage currents tend
      to discharge the capacitors, and the signals are lost.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The invention provides an altitude control system utilizing a digital
      counter for storing a count corresponding to the altitude to be held. A
      digital-to-analog converter provides an output signal corresponding to the
      count registered in the counter, and means is provided for comparing the
      altitude signal with the output signal corresponding to the stored count
      to provide an altitude correction signal for maintaining the aircraft at a
      constant altitude.
PAR  It is in general an object of the invention to provide a new and improved
      system for maintaining an aircraft at a constant altitude.
PAR  Another object of the invention is to provide a system of the above
      character utilizing a digital counter for storing a count corresponding to
      the altitude to be maintained and a digital-to-analog converter for
      providing an analog output signal corresponding to the count registered in
      the counter.
PAR  Another object of the invention is to provide a system of the above
      character which includes means for comparing the current altitude signal
      with the stored altitude signal to provide an altitude correction signal
      corresponding to the difference between the compared signals.
PAR  Additional objects and features of the invention will be apparent from the
      following description in which the preferred embodiment is set forth in
      detail in conjunction with the accompanying drawings.
DETD
PAC  BRIEF DESCRIPTIONS OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of one embodiment of a system incorporating the
      invention for maintaining an aircraft at a constant altitude.
PAR  FIG. 2 is a functional diagram of the digital counter and digital-to-analog
      converter for sampling and holding an altitude signal in the embodiment of
      FIG. 1.
PAR  FIG. 3 is a graphical representation of the output signal provided by the
      digital-to-analog converter shown in FIG. 2.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, the control system includes an altitude
      transducer 10, a source of clock pulses 11, a digital counter 12, and a
      digital-to-analog converter 13. The transducer is preferably of the type
      that senses atmospheric static pressure and produces an electrical analog
      signal, e.g., voltage, that is directly proportional to altitude. The
      clock pulse source is a conventional oscillator or pulse generator for
      providing rectangular pulses at a predetermined frequency such as 1 MHz.
PAR  Digital counter 12 and digital-to-analog converter 13 are shown in greater
      detail in FIG. 2. The counter is a resettable binary counter having a
      plurality of counter stages. Each stage includes a flip-flop, and the
      stages are designated FF1-FF7. Although the counter is illustrated as
      having seven stages, a greater or lesser number can be provided if
      desired. The counter has a clock input terminal 16 which is connected to
      the input of the first stage FF1, and the Q and Q outputs of each stage
      except the last are connected to the inputs of the succeeding stage. The
      reset inputs of the stages are all tied together and connected to a
      terminal 17. The counter is preferably constructed in the form of an
      integrated circuit, and suitable IC's are available commercially. One such
      IC is type CD4024AD manufactured by the Solid State Division of RCA.
PAR  Digital-to-analog converter 13 is connected to counter 12, and it provides
      an analog output signal, e.g., voltage, corresponding to the count
      registered in the counter. As illustrated in FIG. 2, the converter
      comprises a resistance ladder network which functions as a voltage
      divider. The ladder network has the same number of stages as the counter,
      and each stage comprises a pair of resistors designated R1A, R1B and so
      on. Resistors R1A - R7A are connected in series between ground and an
      output terminal 18. Resistors R1B - R7B are connected to the Q outputs of
      the respective counter stages.
PAR  As illustrated in FIG. 3, voltage V.sub.out at output terminal 18 increases
      in discrete steps from an initial level of zero toward a maximum voltage
      V.sub.Max at a rate of one step for each pulse applied to the counter. The
      maximum voltage is determined by the supply voltage of the counter, and
      the magnitude of each step is determined by the number of stages in the
      counter. With a supply voltage of 10 volts and 7-stage counter, there is a
      maximum of 128 steps, and each step has a magnitude on the order of 78
      millivolts. With a 10 volt supply and 12 stages, there would be 4096
      steps, each having a magnitude of 2.4 millivolts.
PAR  Means is provided for conditioning counter 12 to count the pulses from
      clock 11 until the voltage at the output of digital-to-analog converter 13
      reaches the level of the altitude voltage from transducer 10. This means
      includes a voltage comparator 21, a R-S flip-flop 22, a NAND gate 23, and
      a one-shot multivibrator 24. The outputs of transducer 10 and converter 13
      are connected to the inputs of comparator 21. The comparator has high and
      low output states, and it switches between them in accordance with the
      relative magnitudes of the signals at its inputs. Thus, if the voltage
      from transducer 10 is greater than the voltage from converter 13, the
      output is high, and if the converter voltage is higher, the output is low.
PAR  The output of voltage comparator 21 is connected to the reset input of
      flip-flop 22. This flip-flop is a conventional bistable device which
      switches between set and reset states in accordance with input signals
      applied thereto. The Q output of the flip-flop is connected to one input
      of NAND gate 23, and clock pulse source 11 is connected to a second input
      of this NAND gate. The output of the NAND gate is connected to the clock
      input of counter 12.
PAR  A one-shot multivibrator 24 is connected for receiving an altitude hold
      command signal as an input from an input terminal 26. The outputs of the
      multivibrator are connected to the reset input of counter 12 and to the
      set input of flip-flop 22.
PAR  Summation means is provided for comparing the signals from transducer 10
      and converter 13 to provide an altitude correction signal corresponding to
      the difference between them. This means comprises a differential amplifier
      31 having a negative input connected to the output of transducer 10 and a
      positive input connected to the output of converter 13. A gain setting
      resistor 32 is connected between the output and the negative input of the
      amplifier.
PAR  The output of amplifier 31 is connected to a solid state switching device
      36 which is shown schematically in FIG. 1. The state of the switching
      device is controlled by the output of a NAND gate 37 which has one input
      connected to the Q output of flip-flop 22 and a second input connected to
      input terminal 26 for receiving the command signal. The output of
      switching device 36 is connected to the inverting input of an operational
      amplifier 38, and the output of this amplifier is connected to an output
      terminal 39. A gain setting resistor 41 is connected between the output
      and the inverting input of the operational amplifier.
PAR  Operation and use of the altitude control system can be described briefly.
      It is assumed that the system is installed in an aircraft and that output
      terminal 39 has been connected to an automated control system, such as an
      auto pilot, in the aircraft. When the aircraft reaches an altitude which
      the pilot desires to maintain, he applies an altitude hold command signal
      to input terminal 26. Upon receipt of this signal, multivibrator 24
      produces a pulse which resets counter 12 to its initial level of zero and
      sets flip-flop 22. With the flip-flop in its set condition, NAND gate 23
      is enabled and NAND gate 37 is disabled. With NAND gate 37 disabled,
      switching device 36 grounds the inverting input of operational amplifier
      38, and no altitude correction signal is delivered to output terminal 39.
PAR  When NAND gate 23 is enabled, pulses pass from clock pulse source 11 to
      counter 12 where they are counted. As each pulse is counted, the output of
      converter 13 increases one step as illustrated in FIG. 3. Voltage
      comparator 21 monitors the outputs of transducer 10 and converter 13, and
      when the converter output exceeds the level of the transducer output, the
      output state of the comparator switches, resetting flip-flop 22. When the
      flip-flop is reset, the enabling signal is removed from NAND gate 23, and
      no further clock pulses are delivered to the counter. The counter retains
      the count registered therein, and the output of converter 13 remains at
      the level corresponding to this count. This level also corresponds to the
      desired altitude for the aircraft.
PAR  When flip-flop 22 is reset, NAND gate 37 is enabled, and as long as the
      altitude hold command signal is present, switching device 36 connects the
      output of amplifier 31 to the input of amplifier 38. Any deviation of the
      aircraft from its desired altitide produces a correction signal at the
      output of amplifier 31, and this signal is applied to the output terminal
      and auto pilot to return the aircraft to the desired altitude.
PAR  When the altitude hold signal is removed, the output of NAND gate 37
      switches, and switching device 36 disconnects the output of amplifier 31
      from the input of amplifier 38. Thereafter, the system has no effect on
      the operation of the aircraft until a new command signal is applied to
      input terminal 26.
PAR  It is apparent from the foregoing that a new and improved system for
      maintaining aircraft at a constant altitude has been provided. While only
      the presently preferred embodiment has been described herein, as will be
      apparent to those familiar with the art, certain changes and modifications
      can be made without departing from the scope of the invention as defined
      by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system for sampling and holding analog signals corresponding to the
      altitude of an aircraft and providing a control signal for maintaining the
      aircraft at the altitude corresponding to the level of the altitude signal
      when sampled, altitude transducer means for providing an analog altitude
      signal corresponding to the altitude of the aircraft, a source of clock
      pulses, digital counting means, digital-to-analog converter means
      connected to the counting means for providing an analog output signal
      having a level corresponding to the count registered by the counting
      means, gating means connected between the source of pulses and the
      counting means for passing pulses from the source to the counting means in
      the presence of an enabling signal and blocking the passage of pulses in
      the absence of the enabling signal, bistable means connected to the gating
      means and having first and second output states, said bistable means being
      adapted for delivering an enabling signal to the gating means when in its
      first output state, means for resetting the counting means to an initial
      level and setting the bistable means to its first output state in response
      to an externally applied command signal, comparator means responsive to
      the altitude and output signals for delivering a signal to the bistable
      means for switching the same to its second output state to remove the
      enabling signal from the gating means when the output signal reaches the
      level of the altitude signal, thereby blocking the delivery of further
      pulses to the counting means so that the count registered by the counting
      means and the output signal remain at levels corresponding to the altitude
      of the aircraft at the time the command signal is applied, and means
      responsive to the altitude and output signals for providing an altitude
      correction signal corresponding to the difference between the altitude
      signal and the output signal when the bistable means is in its second
      output state.
NUM  2.
PAR  2. A system as in claim 1 wherein the counting means comprises a binary
      counter having a plurality of counting stages.
NUM  3.
PAR  3. A system as in claim 1 wherein the digital-to-analog converter means
      comprises a resistance ladder network.
NUM  4.
PAR  4. A system as in claim 1 wherein the bistable means comprises a flip-flop.
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PAL  Four direct current motor systems are controlled by a single hand grip
       cool device. Two of the motor systems have interacting control parameters
      while the remaining two are controlled independently of the other motor
      systems. The hand operated control mechanism is moved about three mutually
      perpendicular control axes to control three of the motor systems and
      carries thereon a fourth control which is positioned so as to be
      actuatable by the thumb of the operator using the control. The system of
      the invention has particular applicability in the control of submarine
      vehicles.
BSUM
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to the control of a plurality of direct current
      electrical motors. More particularly, this invention pertains to the
      control of four direct current motor controls from a single operational
      control element. In greater particularity, the invention pertains to the
      control of four direct current electric motor systems, two of the systems
      having interrelated control functions and two of the systems being
      independent. In still greater particularity, but not by way of limitation
      thereto, the invention is directed to the control of a submersible vehicle
      from a single control handle.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Single handle type of controls for propulsive motor systems and steering
      systems are relatively well known in the prior art. However, such prior
      art control systems typically direct control surfaces which have a
      hydrodynamic interaction with the water so as to direct the movement of
      the underwater vehicle in response to a single thrust producing motor. For
      example, such a system is described in U.S. Pat. No. 2,918,889 to D. I.
      Rebikoff issued Dec. 29, 1959 for "Control Means for Underwater Vehicle."
      While such a system is suitable for its intended purpose as a vehicle
      control for a swimmer delivery vehicle, such systems are relatively
      inappropriate for deep sea research submersibles. This is because such
      vehicles are required to hover and remain at a constant depth and neutral
      buoyancy for long periods of time to permit the occupants to observe
      underwater phenomena. Such underwater vehicles use a plurality of motors
      to control the attitude and position of the vehicle as well as to control
      the speed and steering.
PAR  Of course, it is well known in the marine engineering art to provide
      steering and position controls by means of propulsion motors. However,
      such prior art steering systems utilize a plurality of controls one for
      each motor. In a small deep submergence vehicle where the operator and
      crew lie prone in a side by side position the space available and the
      permissible degree of freedom to manipulate a plurality of controls is at
      a minimum. Too, the available control space is frequently needed to
      control oceanographic scientific apparatus, illumination sources, life
      support systems, and other systems that must be carried by such vehicles.
      No known prior art control system has successively incorporated the
      control of all the functions of vehicle positioning in a satisfactorily
      small and easy to operate unit.
PAC  SUMMARY OF THE INVENTION
PAR  The system of the invention incorporates the speed and turning controls for
      the submarine vehicle together with the control of a lateral thruster and
      a vertical thruster so as to provide for all degrees of freedom of vehicle
      movement within a single control console. The control console comprises a
      box like support member and a single hand operated control handle.
      Provision is made to differentially control the side mounted propulsion
      units to permit steering as well as forward and aft propulsion power from
      these units. The control of these DC current motor systems is accomplished
      by sensing the position of a control handle by means of a plurality of
      electromechanical transducers and using the signals generated therefrom to
      control an analog computer to provide the necessary current control for
      the motor systems.
PAR  It should be obvious that a variety of motor control systems may utilize
      the device of the invention in substantially the same fashion as the
      described for the control of the submarine vehicle. However, for purposes
      of clearity and brevity, the system of the invention will be described as
      it pertains to such a submarine control system.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved motor control system.
PAR  A further object of the present invention is to provide a motor system's
      control operated from a single control lever.
PAR  Another object of the present invention is to provide a motor control
      system for direct current motors having four degrees of freedom of
      control.
PAR  Still another object of the present invention is to provide a control for a
      submarine vehicle which controls all movements of the submarine vehicle
      from a single handle.
PAR  These and other objects of the invention will become more readily apparent
      from the ensuing specification when taken with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the control device according to the
      invention;
PAR  FIG. 2 is a sectional view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a bottom view of a control box of the device according to FIG. 1
      with a lower cover removed;
PAR  FIG. 4 is a circuit diagram of one of the control amplifiers according to
      the invention;
PAR  FIG. 5 is a circuit diagram of another control system according to the
      invention; and
PAR  FIG. 6 is a schematic diagram of a balance circuit used in the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, it may be seen that the control assembly 11 according
      to the invention comprises a suitably shaped base enclosure 12 and a
      handle 13 extending thereabove. In the illustrated embodiment, base
      enclosure 12 is on a rectangular box shape, however, it should be
      understood that a variety of enclosure configurations may be utilized in
      order to get the equipment into a desired location. The only requirement
      as to the configuration of base enclosure 12 is that there be sufficient
      room in the interior thereof to permit movement of the control parts
      therein, as will be presently described. Likewise, base enclosure 12 may
      be made of any suitable material. However, for purpose of completeness, it
      should be noted that the enclosure used in the prototype model of the
      invention was a cast aluminum enclosure commonly employed in electronic
      arts as a foundation for circuit assembly. However, as will be readily
      understood, a molded plastic base enclosure would serve as well in most
      applications. In the submersible vehicle arts, lightweight and corrosion
      resistance are primary considerations in the selection of any material and
      this reason as well as the standardization of circuit components govern
      the choice of the selection of the particular units used.
PAR  Handle 13 is made of a suitable plastic, glass fiber, or other easily
      worked material. It will be observed that handle 13 is asymmetrically
      shaped when viewed from above. That is, one edge is rounded as shown at 14
      while the opposite edge is flatened as indicated at 15. The reason for
      this asymmetry of configuration is to provide a comfortable grip for an
      operator of the control assembly. As may be readily appreciated, the
      configuration shown permits the device to be used by either a left handed
      or a right handed person for relatively long periods of time without
      experiencing undue fatique. Such an anatomical design is of great
      importance in maintaining the precision of control for oceanographic
      submersibles for the long periods that they are often deployed.
PAR  To prevent entry into base enclosure 12 of undesired particulate matter and
      moisture that may be present in the interior of the submersible vehicle, a
      suitably shaped boot 16 surrounds handle 13 and is attached to the upper
      surface of base enclosure 12 by means of a retaining ring 17. Boot 16 may
      be constructed of a suitable flexible material such as polyvinyl or other
      synthetics.
PAR  At the upper end of handle 13, a thumb wheel 18 is mounted. Handle 13 is
      rounded at its upper end to expose thumb wheel 18 along an extent of its
      circumference exceeding 180.degree.. As will be more fully explained
      herein, thumb wheel 18 is the operating member of a resistive
      potentiometer. A variety of such potentiometers are available in the
      electronic arts and any example meeting the size and electrical
      requirements dictated by the circuit and mechanical configuration of the
      invention may be used. As shown, a suitably shaped index 19 is mounted on
      thumb wheel 18 to permit the operator to determine the relative rotational
      position of thumb wheel 18 without visual reference to gear thumb wheel 18
      or any other instrumentation. Index 19 may be cemented to thumb wheel 18
      or, in some instances, simply be comprised of a small mass of cementitious
      material.
PAR  An electrical connector 21 extends through the side of base enclosure 12 so
      as to permit electric connection to be made between external portions of
      the circuit and those portions contained within base 12. The connector
      shown is of a general oblong shape and has mounted therein a plurality of
      rows of discrete connector pins. However, the particular configuration of
      the electrical connector is of no critical importance to either the
      understanding or successful operation of the device of the invention and,
      accordingly, other suitable connectors may be substituted for the
      illustrated connector 21, if desired.
PAR  Referring now to FIGS. 2 and 3, the arrangement of electromechanical
      transducers and mounting hardware comprising a control assembly 11 will
      now be described. As may be seen, a shaft 22 extends downwardly from
      handle 13 and is turned and moved thereby in response to manual
      manipulation by the operator. Shaft 22 is hollow to permit wires to pass
      therethrough to the potentiometer mounted in handle 13 and is secured into
      one end of a suitable bushing 23 so as to transmit motion thereto. Bushing
      23 is rotatably mounted in a collar 24. Collar 24 is made of a thin piece
      of sheet stock metal and, for purposes of illustration, may be considered
      to be fabricated from sheet steel and, in developmental models, a washer
      made of this material was used. Of course, other materials may be used in
      the fabrication of collar 24 if desired.
PAR  Four equal-strength springs 25 are attached to collar 24 and arrayed
      outwardly therefrom in a cruciform pattern. Springs 25 are secured to
      suitable spring mounts 26 which are positioned on the cover of base
      enclosure 12 so as to extend downwardly on the underside thereof. Springs
      25 provide a resilient positioning means to center collar 24 under a
      suitably oversized aperture 27 through which shaft 22 extends. It may be
      seen therefore that springs 25 and collar 24 together with bushing 23
      provide a resilient centering means to hold handle 13 in a reference or
      neutral position.
PAR  A dual potentiometer 28 has its shaft connected to the other side of
      bushing 23 from which shaft 22 is fastened. The dual body portion of dual
      potentiometer 28 is connected to a suitable coupling means which, for
      purposes of explanatory clearity, will be termed body bracket 29. In the
      illustrated embodiment, body bracket 29 is simply a section of right angle
      metal stock, however, other configurations may be used if desired. A
      second dual potentiometer 31 is attached to body bracket 29 in such a
      fashion that the control shaft thereof is held at right angles to the
      control shaft of dual potentiometer 28.
PAR  The control shaft of dual potentiometer 31 is connected to a suitable
      coupling means which for purposes of illustration and clarity of
      explanation will be termed shaft bracket 32. In the developmental
      embodiment of the invention, shaft bracket 32, like body bracket 29, is
      made of a short section of metallic angle stock. In the invention both
      body bracket 29 and shaft bracket 32 are made of aluminum stock, however,
      other material may be used if deemed desirable without departing from the
      spirit or scope of the invention.
PAR  The control shaft of a single-section potentiometer 33 is also connected to
      shaft bracket 32 in such a fashion that it is positioned at right angles
      to the control shaft of dual potentiometer 31. Further, it should be
      noted, that the control shaft of dual potentiometers 28 and 31 and the
      control shaft of potentiometer 33 are positioned such that if the shafts
      of potentiometers 28 and 33 were extended they would intersect at a common
      point within the control shaft of dual potentiometer 28. The body of
      potentiometer 33 is supported by a suitable mounting plate 34 which is
      attached to the cover of base enclosure 12 to, thereby, provide mounting
      support for the entire potentiometer system.  As will be readily
      understood, the mounting plate 34 and shaft bracket 32 and body bracket 29
      cooperate with the aforementioned potentiometers to constitute a
      mechanical mounting system such as to spacially fix the point of
      intersection of the control shafts of the respective potentiometers with
      respect to the cover plate of base enclosure 12 while the remainder of the
      control shaft is moved as handle 13 is moved about. In summary,
      potentiometer 33 is connected to mounting plate 34 and potentiometers 28
      and 31 are connected to body bracket 29 by conventional potentiometer
      hardware. In the potentiometers used in the developmental model of the
      invention, the connecting hardward is a concentric threaded nut placed to
      engage a threaded boss extending outwardly from the bodies of the
      potentiometers. This conventional arrangement is illustrated in FIGS. 2
      and 3 in connecting potentiometers 28 and 33.
PAR  The shafts of potentiometers 31 and 33 are attached to shaft bracket 32 and
      the shaft of potentiometer 28 is attached to bushing 23 by any suitable
      mechanical means used to fixedly secure a shaft to another structure.
      Reference to such standard works as Handbook of Fastening and Joining of
      Metal Parts by Laughmer and Hargan, McGraw-Hill, 1956, Library of
      Congress, Catalog Card Number 54-8801 will indicate that a variety of
      conventional mechanisms for accomplishing this connection are known in the
      prior art. Selection of one of these standard arrangements is a matter of
      design choice. For example, those connections shown on pages 528 and 529
      of the above cited reference work may be used for the shaft of
      potentiometer 28. Likewise, those shown on pages 522 and 523 of the above
      cited work, may be used for the shafts of potentiometers 31 and 33 to
      bracket 32.
PAR  The word "connected" as used in the foregoing discussion means joined or
      united into a unitary assembly as defined in Webster's New International
      Dictionary, second edition, copyright 1934 by G & C Merriam Co.
PAR  Thus, the structure recited provides for a coupling of each of the various
      potentiometers 28, 31, and 33 to a movement of handle 13 by use of
      brackets 29 and 32 and the potentiometers themselves as coupling means.
PAR  Although the aforedescribed linkages are sufficient from a theoretical
      standpoint, it has been found that an improvement in the action thereof
      results by providing an additional centering action for the control shaft
      for dual potentiometer 28. This action is provided by a suitable bushing
      35 which is resiliently held by a spring 36 attached to a post 37
      supported by body bracket 29. Because the shafts of potentiometers 31 and
      33 are controlled by the handle position, no similar additional mechanism
      is required in the illustrated configuration. However, should a
      configuration be adopted in which the illustrated centering springs 25 are
      eliminated, such a centering means may be provided without departing from
      teachings or spirit of the invention.
PAR  Because the two dual potentiometers 28 and 31 are not exactly balanced,
      that is, the manufacturing tolerances do not permit the manufacture of the
      units such that the two potentiometer sections operate exactly
      synchronously, additional balance potentiometers 38 and 39 are provided.
      Balancing potentiometers 38 and 39 are, themselves, dual section
      potentiometers. However, because they are subject to little or no
      mechanical strain, they may be of the miniature type. As shown, balancing
      potentiometers 38 and 39 are mounted on a suitable small mounting panel
      with their shafts extending downwardly. As in convention in the
      electronics art, the shafts of balancing potentiometers 38 and 39 are
      provided with screwdriver engaging slots such that they may be adjusted by
      use of a screwdriver extending through holes provided in the bottom plate,
      not shown, of base enclosure 12.
PAR  Referring now to FIG. 4, a circuit suitable for control of one of the
      motors in accordance with the invention will be described. As may be seen,
      the output of a symmetrical power supply applies a DC voltage to either
      end of potentiometer 33. The symmetrical power supply is a conventional
      circuit and as such need not be described in further detail. However, for
      purposes of completeness, it should be noted that the power supply
      marketed under the name Mill Associates, PD212, has proven satisfactory in
      actual service. Likewise, for purposes of clarity, potentiometer 33 is
      shown as having a center tap which is grounded, however, satisfactory
      results have been obtained with potentiometers having no center tap. The
      wiper of potentiometer 33 is connected to an absolute value amplifier 42
      which in turn is connected to drive power amplifier 43.
PAR  It will be observed that the output from potentiometer 33 is fed to a
      voltage sensing amplifier 45. Voltage sensing amplifier 45 is sensitive to
      the polarity of the voltage tapped from potentiometer 33 by the wiper
      thereof. The output of voltage sensing amplifier 45 is connected to a
      reversing relay 46. It will also be observed that the output of power
      amplifier 43 is connected to reversing relay 46 which, in turn, is
      connected to a direct current motor 44. The operational connections are
      made such that the reversing relay 46 reverses the power connections to
      motor 44.
PAR  Direct current motor 44 may be considered the motor which controls the
      lateral thruster which positions the submarine vehicle from side to side
      in response to lateral movement of handle 13. However, it should be noted
      that the circuit arrangement is the same in the instance where the
      vertical thruster is controlled by potentiometer mounted within handle 13
      and controlled by thumb wheel 18.
PAR  Referring now to FIG. 5 the circuit arrangement to control port and
      starboard drive motors will be described. As may be readily seen, the
      circuit of FIG. 5 comprises two motor drive systems similar to that shown
      in FIG. 4. However, it will be noted that, rather than have a single
      input, each of the motor drive systems receives an input control voltage
      from two sources. Potentiometer 31 which is a dual section potentiometer
      having sections 31a and 31b is used to control the the speed of the two
      motors and the direction of rotation and is, therefore, connected such
      that the voltage changes effected by movement of handle 13 are in phase,
      that is, both are either positive or negative. Potentiometer 28 is
      likewise a dual potentiometer having sections 28a and 28b and is used to
      provide a signal to vary the speed of the thrusters so as to turn the
      submersible vehicle either right or left. Accordingly, the potentiometer
      sections 28a and 28b are connected such that the potentiometer outputs are
      opposite of phase, that is one is positive and the other is negative.
PAR  The need for a duality of control becomes apparent in considering the
      method of steering and control of a sumbersible vehicle. That is,
      submersibles are steered by two motors mounted on either side of the
      vehicle which also provide the thrust for forward movement. Since these
      thrusters have dual functions, their control must be carefully interphased
      for the desired purpose. For example, if directional control is desired
      without forward speed, that is, in a hovering type operation where it is
      desired to turn the vehicle to a different heading, power must be applied
      by the two thrusters proportionately on the axes about which the turn is
      desired. This requires that one thruster be driven in a forward mode and
      the other in a reverse mode applying equal but oppositely directed
      torques. Similarly, if a change in heading is desired while the vehicle is
      experiencing forward motion one of the thrusters must have its rotational
      velocity reduced while at the same time the opposite thruster has its
      rotational velocity increased. For those familiar with small boat
      navigation, this steering technique is readily understandable, however,
      small boats generally have separate throttle controls for each of the two
      motors and to develop the coordination required for maneuvering in close
      quarters requires considerable experience and training. In a scientific
      submersible vehicle the crew is generally limited to the scientists who
      are gathering scientific data and to train such personnel in accurate
      small boat handling is undesirable and has been made unnecessary by the
      device of the invention.
PAR  Referring again to FIG. 5, it may be seen that the control signals from the
      a section of potentiometers 28 and 31 are combined by means of two
      resistors 47 and 48 which are joined together at a summing point which is
      the input to the absolute value amplifier 42'. The individual amplifiers,
      as indicated by their numbers, perform in precisely the same fashion as
      the circuit illustrated and described in FIG. 4. The output of the circuit
      of reversing relay 46' is used to drive a port drive motor 49.
PAR  Similarly, the b sections of potentiometers 28 and 31 are combined to a
      summing point input by means of resistors 31 and 52 which are connected
      between the wipers thereof and the input of absolute value amplifier 42".
      Absolute value amplifier 42" and power amplifier 42" together with voltage
      sensing amplifier 45" and reversing relay 46" drive a starboard drive
      motor 53. As above, the method of operation is the same as that previously
      described in connection with FIG. 4.
PAR  As previously noted, the manufacturing tolerances for dual potentiometers
      having a high enough wattage and a sufficiently rugged physical
      construction to perform satisfactorily in the control circuit of the
      invention are seldom close enough to cause the two sections identified as
      a and b in FIG. 5, to be in exact electrical synchronism. The two sections
      of the dual potentiometers 28 and 31, previously described in connection
      with FIGS. 2 and 3, are brought into electrical balance by means of
      padding one of the potentiometers by a small dual section potentiometer
      which electrically shifts the center point thereof. The circuit which
      makes this possible is illustrated in FIG. 6. It may be seen that rather
      than connect the b section of potentiometer 28 in parallel with the a
      section as shown in FIG. 5, the b section has a stationary portion of each
      section of potentiometer 38 on either side thereof so as to provide a
      series resistance comprising section 38a, section 28b and section 38b of
      the respective potentiometers. The wipers of potentiometers 38 are then
      connected to the positive and negative supply potential, or in parallel
      with the a section of potentiometer 28. It may be seen that rotation of
      potentiometer 38 has the effect of shifting the center point of
      potentiometer 28b so that it coincides with potential obtained in the
      wiper of potentiometer 28a. This may be easily obtained by placing a
      voltmeter across the wipers of potentiometer 28 and adjusting
      potentiometer 38 until there is zero potential difference between the two
      wipers. Of course, potentiometer 39 shown in FIGS. 2 and 3, is connected
      in a similar fashion with potentiometer 31 to provide a balance control
      therefor. If desired, the balance potentiometers 38 and 39 may be
      connected with the a section of the respective potentiometer to balance it
      with the b section rather than being connected with the b section as
      shown.
PAR  The foregoing description taken together with the appended claims
      constitute a disclosure such as to enable a person skilled in the
      electronic and marine engineering arts and having the benefit of the
      teachings contained therein to make and use the invention. Further, the
      structure herein described meets the objects of invention, and generally
      constitutes a meritorous advance in the arts unobvious to such skilled
      workers not having the benefit of the teachings contained herein.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings, and, it is therefore
      understood that within the scope of the disclosed inventive concept, the
      invention may be practiced otherwise than specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control system for selective actuation of four reversible DC motor
      systems comprising:
PA1  a control handle movably mounted for rotation about three mutually
      perpendicular axes;
PA1  first electromechanical transducer means mechanically coupled to said
      control handle for generating an electrical analog signal in response to
      movement of said control handle about each of said three axes;
PA1  hand grip means mounted on said control handle and shaped to be gripped by
      a closed human hand for providing a handle engaging surface for said
      control handle which may be operated for extended periods without fatique;
PA1  second electromechanical transducer means carried by said hand grip means
      and positioned thereon so as to be engagable by the thumb of an operator
      using the handle for providing an additional parameter of control than
      that provided by the handle coupled transducer means; and
PA1  circuit means connected to each of said electromechanical transducer means
      in such a fashion as to generate control signals for two of the four
      reversible DC motors which are dependent on movement of said control
      handle about two of said three axes and to generate control signals for
      each of the two remaining reversible DC motors each being independent of
      the other and dependent on movement of said handle about the remaining
      axis of movement of said control handle and the operation of the thumb
      engaged electromechanical transducer.
NUM  2.
PAR  2. A control system according to claim 1 further including:
PA1  base means for providing an enclosure for said first electromechanical
      transducer means and a support for said control handle;
PA1  journal means extending around and rotatably supporting said control handle
      for centering said handle with respect to said base means;
PA1  resilient means connected between said journal means and said base means
      for biasing said journal means and control handle carried therein to a
      reference position with respect to said base means.
NUM  3.
PAR  3. A control system according to claim 2 wherein the aforesaid first
      electromechanical transducer means includes:
PA1  a first potentiometer having its body secured to said base means and its
      shaft free to rotate with respect to said base;
PA1  shaft coupling means attached to the shaft of said first potentiometer for
      providing an operating connection therefor;
PA1  a second potentiometer having its shaft connected to said shaft coupling
      means at right angles to the shaft of said first potentiometer;
PA1  a third potentiometer having its shaft connected to and held in line with
      the aforesaid control handle; and
PA1  potentiometer body coupling means connected to the body portion of said
      second and third potentiometer means to effectively mount said second and
      third potentiometers at right angles to each other,
PA1  whereby movement of said control handle about any of its three axes of
      movement causes a corresponding movement of one of the first, second, or
      third potentiometers.
NUM  4.
PAR  4. A control system according to claim 3 wherein said second and third
      potentiometers are dual section potentiometers.
NUM  5.
PAR  5. A control system according to claim 1 in which said second
      electromechanical transducer comprises a fourth potentiometer having a
      wheel operator mounted at the top of said handle means exposed to permit
      engagement by the thumb of a person gripping the handle and having an
      index means protruding therefrom for indicating the position of the wheel
      operator relative to the handle means.
NUM  6.
PAR  6. A control system according to claim 5 in which said circuit means
      includes:
PA1  absolute value amplifier means connected to the adjustable wiper of said
      fourth potentiometer to receive an input signal therefrom in response to
      movement of said wheel for producing a signal corresponding to amount of
      movement of said wheel;
PA1  voltage sensing amplifier means connected to the adjustable wiper of said
      fourth potentiometer to receive an input signal therefrom in response to
      the movement of said wheel for producing an output signal related to the
      direction of movement of said wheel with respect to a central datum
      position;
PA1  reversing switch means connected to said voltage sensing amplifier means
      for reversing its operational position in response to the output of said
      voltage sensing amplifier means; and
PA1  power amplifier means connected to said absolute value amplifier means to
      receive signals therefrom and connected to one of said reversible DC
      motors via said reversing relay means for driving said motor at a speed
      determined by the signals from said absolute value amplifier means and in
      a direction determined by the signals from said voltage sensing amplifier
      means.
NUM  7.
PAR  7. A control system according to claim 3 in which said circuit means
      includes:
PA1  absolute value amplifier means connected to the adjustable wiper of said
      first potentiometer to receive an input signal therefrom in response to
      movement of said handle for producing a signal corresponding to amount of
      movement of said handle;
PA1  voltage sensing amplifier means connected to the adjustable wiper of said
      first potentiometer to receive an input signal therefrom in response to
      the movement of said handle for producing an output signal related to the
      direction of movement of said handle with respect to a central datum
      position;
PA1  reversing switch means connected to said voltage sensing amplifier means
      for reversing its operational position in response to the output of said
      voltage sensing amplifier means; and
PA1  power amplifier means connected to said absolute value amplifier means to
      receive signals therefrom and connected to one of said reversible DC
      motors via said reversing relay means for driving said motor at a speed
      determined by the signals from said absolute value amplifier means and in
      a direction determined by the signals from said voltage sensing amplifier
      means.
NUM  8.
PAR  8. A control system according to claim 4 in which said circuit means
      includes:
PA1  a first absolute value amplifier means effectively connected to the wipers
      of one section of said second and third potentiometers through a summing
      network for generating an output signal which is the sum of the two
      signals generated thereby in response to movement of said control handle
      about the two axes of movement of the potentiometers;
PA1  a first voltage sensing amplifier means connected in electrical parallel
      with said absolute value amplifier means so as to receive the signal from
      the summing network for producing an output signal related to the polarity
      of the signal from the summing network;
PA1  a first reversing switch means connected to said voltage sensing amplifier
      means so as to be operated thereby for reversing switching circuitry in
      response to the polarity of the output signal from the summing circuit;
      and
PA1  a first power amplifier means connected to said absolute value amplifier to
      be driven thereby and connected via said reversing switch means to one of
      the aforesaid reversing DC motors for generating driving potentials
      therefor,
PA1  whereby said motor is controlled by a composite motion of the aforesaid
      handle along two axes of movement thereof.
NUM  9.
PAR  9. A control system according to claim 8 further including a second
      absolute value amplifier means, a second voltage sensing means, a second
      reversing switch means and a second power amplifier means connected to the
      other sections of the aforesaid second and third potentiometer and
      connected together in the same manner as the first ones thereof to form a
      parallel second channel for driving a different one of the aforesaid
      reversible DC motors in response to movement of the aforesaid handle along
      the two axes of movement thereof.
NUM  10.
PAR  10. A control system according to claim 9 wherein the second sections of
      the aforesaid second and third potentiometers are connected to a voltage
      source in an inverse fashion with respect to the first sections thereof.
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PAL  A lateral feed position system for a single slide grinder or the like
      wherein a wheel spindle is displaced between a sequence of preset end
      points. The end points are input from decade switches as position commands
      and compared to a current position count in a digital comparator unit. An
      oscillator is energized to apply up or down count signals to the
      comparator depending on the result of the comparison. The same signals are
      applied to a stepper motor. Actual displacement signals from a shaft angle
      encoder are compared to the position commands to advise a sequencer that
      the spindle is "in position" so that the next command can be input. Means
      are provided to adjust the actual position counts to compensate for wheel
      wear. Specific circuits are disclosed.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to positioning systems of the feedback-comparison or
      closed loop type. The specific application for the positioning system
      described herein is the control of a digital feedmotor assembly
      accomplishing lateral feed in a grinding machine.
PAC  BACKGROUND OF THE INVENTION
PAR  Feedback-comparison positioning systems are well known and are commonly
      used in many applications. In such systems a position command is
      continuously and intermittently compared to an actual position signal and
      an error signal is generated which is related to the difference between
      the two. This error signal is typically applied to a feed control device
      such as a motor which responds in proportion to the error signal.
PAR  One application for such a system is an industrial milling or grinding
      machine wherein a tool must be displaced relative to a workpiece in order
      to perform a cutting, welding, contouring or metal working operation. In
      such applications the need often arises to produce a sequence of machine
      movements wherein the different end positions of a movable member are
      specified in a nonprogressive sequence; that is, one in which there is no
      constant arithmetic relationship between the sequence of end positions
      and, in fact, the member may be required to move in both forward and
      reverse directions to reach the commanded end positions. Moreover, there
      is a need for the capability for specifying a plurality of such end
      positions in advance of the execution of a sequence of movements; i.e.,
      the position commands must be definable in advance. One way to accomplish
      this is to prepare a programming medium such as a punched tape or card in
      which the sequence of end positions are specified. The problem with this
      approach, however, lies in the difficulty of accomplishing adjustments and
      variations in the program.
PAR  The present invention provides a means to perform a sequence of progressive
      or non-progressive moves in a highly precision fashion and to permit the
      end points of such moves to be programmed in advance, yet remain easily
      changed even during actual selection of a given end point.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a feedback-comparison type of
      positioning system is provided wherein a plurality of end position
      commands may be established in advance of the execution of a sequence of
      movements and specified in accordance with a predetermined program for
      causing a movable element to be sequentially moved between a plurality of
      end positions.
PAR  In general, this is accomplished by providing a source of pulses or
      pulse-like signals representing increments of movement, a motor and motor
      control system responsive to the pulses to move through the increments of
      movement represented by the number of pulses, a plurality of manually
      settable input devices such as multidigit thumbwheel switches, for
      establishing end position commands, and means for sequentially comparing
      the end position commands to a cumulative count of the number of pulses
      applied from the source to the motor. By this arrangement the pulses are
      applied to the motor until the currently selected end position number
      properly compares to the cumulative count at which time the source is
      effectively disconnected from the motor. In addition, signals are
      generated to represent actual motor displacements, a shaft angle encoder
      being suitable for such purposes, and the actual displacement count is
      continuously compared to the selected end positions such that a
      coincidence signal may be generated whenever the actual displacement count
      bears a predetermined numerical relationship to the specified end
      position; e.g. the two counts are equal. The coincidence signal may of
      course be used to trigger the advance of the sequence whereby the next end
      position command is entered.
PAR  A further feature of the present invention is the means by which the
      cumulative count may be adjusted such as by partial reduction after a
      condition of equality; i.e., position coincidence, has been attained.
      Thereafter, the system determines itself to be out of position and
      automatically advances until the condition of equality has been restored.
      In this fashion minor adjustments and compensations for physical
      variations such as tool wear may be accomplished.
PAR  One example of the application of a compensation feature as described
      immediately above arises in the case of a machining or grinding operation
      wherein the feed position of a wheel spindle must be intermittently
      adjusted and compensated to correct for radial wheel wear and the
      reduction in wheel size which is produced by a dressing operation.
PAR  A further feature of the invention is the means for maintaining not only a
      compensated feed progress count for generation of the coincidence signal
      as described above but also an uncompensated or absolute feed position
      signal for comparison to an absolute position quantity so as to generate a
      second coincidence signal based on absolute displacement of the wheel
      spindle, for example, in a grinding machine. In this fashion, the
      detection of a worn wheel may be facilitated.
DRWD
PAR  Further features and advantages of the present invention will become
      apparent from a reading of the following specification which is to be
      taken in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a digital positioning system organized and
      constructed in accordance with the invention;
PAR  FIG. 2 is an end view of a single slide grinding machine employing the
      present invention to control lateral wheelhead displacement;
PAR  FIG. 3 is a side view in cross section of a slidebar assembly and part of
      the feedmotor system controlled by the block diagram of FIG. 1;
PAR  FIG. 4 is a sectional view of the mechanical components of the lateral feed
      system;
PAR  FIG. 5 is a diagrammatic view of a grinder wheelhead workhead and dresser
      assembly;
PAR  FIG. 6 is a detailed schematic diagram of a comparator in the block diagram
      of FIG. 1;
PAR  FIG. 7 is a block diagram of a feedrate and direction control system
      employed in the overall system of FIG. 1;
PAR  FIG. 8 is a schematic circuit diagram of the driver logic circuit in the
      block diagram of FIG. 7;
PAR  FIG. 9 is a schematic circuit diagram of the directional control circuit in
      the system of FIG. 7;
PAR  FIG. 10 is a schematic-logic diagram of the feedrate clock in FIG. 7;
PAR  FIG. 11 is a schematic-logic diagram of the rate selector in FIG. 7; and
PAR  FIG. 12 is a schematic-logic diagram of the compensation and backlash logic
      circuit in FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAC  System Block Diagram
PAR  Referring to FIG. 1, in the system block diagram the positioning system
      comprises as a prime mover the stepper motor 10 which is responsive to
      pulses to move an output shaft through discrete increments. The position
      commands to which the system responds are entered or input into the system
      through a plurality of identical six-digit thumbwheel switches 12a and
      12b, it being understood that in the typical system six or more of such
      switches will be provided. Thumbwheel switches 12a and 12b each comprise
      six manually settable decade wheels for specifying a feed end point in the
      decimal number system. The thumbwheel switches 12a and 12b are connected
      by way of a 60-bit position input line 14 to the left side of a counter
      and direction comparator unit 16 which functions to compare the position
      command with a cumulative count representing the present position of the
      motor 10 or the output member which is displaced by the motor 10. The feed
      end point information from the thumbwheel switches 12a and 12b is
      individually and selectively input to the unit 16 according to a sequence
      of selection codes which are applied to the switches by a control memory
      18 which functions under the control of a system sequencer 20.
PAR  In brief, the sequencer 20, when advised that the last current instruction
      has been carried out, increments the input to the control memory 18 so as
      to select the next instruction or, in this case, feed end point for input
      to the stepper motor system comprising motor 10 and unit 16. The feed end
      point represented by the digits of switch 12a may be input first and after
      the system has reached the position represented by that feed end point,
      the information from switch 12b may thereafter be input. It is to be noted
      that the feed end point information is input one switch at a time and
      creates a dynamic relationship between the selected thumbwheel switch 12
      and the positioning system during the entire input interval related to
      that switch. In other words, it is possible to dynamically change the
      specified feed end point by changing one of the digits on the thumbwheel
      switch sets during the input interval and the positioning system will
      respond to that change by altering the position of the output member
      connected to motor 10. The sequence may be non-progressive; i.e.
      non-numeric and may be varied from sequence to sequence as well as within
      a given sequence.
PAR  Switch sets 12a and 12b are settable not only to command position but also
      to command the rate at which the system is to travel to the end position.
      This information is conveyed by way of 6-bit line 22 to a feedrate
      oscillator 24, a source of digital pulses representing increments of
      movement. The feedrate oscillator 24 has output lines 26 and 30 connected
      to the counter and direction comparator unit 16, line 26 being identified
      in the drawing as the line which carries "countdown" pulses, i.e. pulses
      which reduce the count stored in the right-hand side of the counter and
      direction comparator unit 16. Line 30 carries the "countup" pulses; that
      is, the pulses which increase the count in the righthand side of the
      comparator 16. As hereinafter described, the comparator portion of the
      unit 16 compares the lefthand count or position command count to the
      righthand count or cumulative position count and produces an "enable"
      signal on either line 38 or 40 depending on whether an increase or
      decrease in the cumulative total count is necessary to produce equality.
      In this fashion, the oscillator 24 is actuated upon each new selection of
      a switch set 12 for input to the left side of unit 16 so as to equalize
      the left and righthand counts in the unit 16. If at any time after
      equalization has been achieved but before the next switch set 12 is
      selected, the currently selected switch set is changed, the condition of
      equality is disturbed and the oscillator 26 is again actuated in such a
      direction as to bring the two counts into equality.
PAR  Oscillator 24 is also provided with output lines 28 and 32 which apply
      countdown and countup pulses to the motor 10 through the digital pulse
      translator 46. Pulses applied by way of line 28 cause the motor output
      shaft to rotate in one direction whereas pulses applied by way of line 32
      cause the output shaft to rotate in the other direction. It will be clear
      that the countup and countdown terms may be arbitrarily applied to
      opposite direction of motor movement. The translator 46 is a commercial
      available unit for responding to digital pulses to rotate the stepper
      motor by a predetermined angular increment. A suitable translator is
      available from Superior Electric Company of Bristol, Conn. and is
      identified by Model No. BTR-103.
PAR  The output shaft of motor 10 is equipped with a shaft angle encoder 48
      which is a well known prior art device to produce digital pulses for
      predetermined increments of shaft rotation. In this case the increments of
      shaft rotation represented by the pulses of encoder 48 are the same as the
      increments of rotation represented by the pulses applied to the motor 10.
      Accordingly, the pulses from encoder 48 represent actual motor
      displacement or output member displacement. These pulses are applied to
      the feed progress counter 50 to produce a current count which is
      representative of the net displacement of the motor. The output of counter
      50 is applied to one input of a sixteen bit comparator 52. The other input
      to the comparator 52 is received from the lefthand side of the counter and
      direction comparator unit 16 and thus represents the currently input
      position command. Whenever the actual position count represented by the
      contents of counter 50 is equal to the actual position command the
      comparator 52 produces an output signal representing coincidence between
      the two counts. This is applied to a coincidence comparator unit 54 which
      in turn produces an output which is applied to the sequencer 20 to advance
      the preprogrammed sequence to the next step. The next step may be the
      selection of a second feed end point or such other function as may be
      designated in the program at that time.
PAR  The positioning system of FIG. 1 comprises a secondary pulse source 56
      which is connected to the feedrate oscillator 24 to apply a small number
      of countdown pulses to the righthand counter in comparator unit 16 in
      accordance with the setting of the thumbwheel switch 58 whenever that
      switch is enabled by the control memory 18 to input its contents to the
      pulse source 56. The pulses applied to oscillator 24 to countdown the unit
      16 are also applied by way of line 60 to the counter 50 so as to count
      back the contents of the counter by the same number of pulses as are
      applied to count back the unit 16. It will be noted that the compensation
      pulse count is not applied to the motor 10 by way of translator 46 and
      accordingly no back-up motor travel occurs during the countback of unit 16
      and counter 50. The result is the forced creation of a dynamic instability
      which results in a condition of inequality in the unit 16 and the
      immediate energization of output line 38. Pulses are then applied by way
      of outputs 30 and 32 to the units 16 and 46 to advance the count in the
      righthand side of the unit 16 and to advance the motor 10 so as to add
      pulses into the counter 50 until equality is once again restored.
PAR  Thus, counting back unit 16 and 50 by the forced inequality produced
      through the compensation pulse source results in an advance of the motor
      beyond the actual feed end point specified by input switch 12. This is
      often desirable in a metal working tool where a grinder wheel or the like
      is dressed after a predetermined number of cutting or grinding operations.
      The result of a dressing operation, as is well known to those skilled in
      the art, is a reduction in the physical radius of the grinding wheel.
      Thus, to produce a metal working contact between the new peripheral
      surface of the grinding wheel and the normally stationary part, a
      compensating movement of the wheel spindle must be effected. It is by way
      of the wheel dress compensation pulse source that such compensation is
      effected within the positioning system of the present invention.
PAR  From the foregoing it can be seen that the actual feed progress counter 50
      and the comparator 52 are effective to maintain a running comparison
      between the command position and the actual position taking compensation
      into account. However, it is also desirable to maintain a running
      indication of the position of the wheel spindle centerline relative to an
      absolute position reference thereby to monitor wheel position within
      limits of travel and, in many cases, to indicate a condition of wear which
      calls for the installation of a new wheel. To accomplish this the encoder
      output pulses are applied to an absolute feed counter 62 to increment the
      count in accordance with the position of rotation of the shaft which
      drives the encoder 48. The number in counter 62 is applied to one input of
      a comparator 64. The other input to comparator 64 is received from an
      absolute position thumbwheel switch set 66 which is a multidigit
      resettable input device similar to the feed end point thumbwheel switches
      12 and the compensation thumbwheel switch 58. Absolute position thumbwheel
      switch set 66 is in constant input relationship to the comparator 64 and
      need not be actuated by the sequencer 20 at some specific point in the
      program. The comparison between the count in the absolute feed counter and
      the absolute position thumbwheel 66 in comparator 64 is such as to produce
      a coincidence output signal on line 68 whenever the counts are equal. It
      will be noted that the absolute feed counter 62 is totally independent of
      the wheel dress compensation pulse source 56 and thus is not counted back
      along with counter 50 whenever a compensation operation is carried out.
PAR  The system of FIG. 1 is provided with a wheel position indicator 70
      typically in the form of a multidigit decimal display driven by binary
      input signals. The actual feed progress counter 50 is connected to the
      wheel position indicator unit 70 along with the output of the absolute
      feed counter 62. Both of the counters 50 and 62 are connected to the
      indicator 70 through a selector switch 72 so that either of the two
      position counts may be displayed to an operator at any time
PAC  Lateral Feed System -- Mechanical Details
PAR  Referring to FIGS. 2 through 4, the implementation of a lateral feed
      positioning system in a single slide grinder machine will be described as
      a specific application of the system shown in FIG. 1. The portion of the
      machine shown includes a slide assembly for moving the grinding wheel
      axially to the workpiece and a lateral feed assembly for moving the wheel
      in the lateral direction.
PAR  In FIGS. 2 through 5, a heavy rigid wheelslide housing 76 is mounted for
      longitudinal displacement over spaced parallel rigid slidebars 78 and 80
      which are firmly and non-rotatively mounted on a grinder base 82, only a
      portion of which is illustrated in FIGS. 2 and 3. The wheelslide housing
      76 is supported on slidebar 78 by means of two axially spaced bearings
      (not shown) and on slidebar 80 by means of a single set of bearings 84 so
      as to permit the housing 76 to be longitudinally displaced through
      controlled distances over the slidebars 78 and 80. Such displacement is
      controlled by means forming no part of the present invention; an example
      is a rod 86 connected to the housing 76 on one end and to a pivotal lever
      on the other end. The lever in turn is biased against a programming cam
      which pivots the lever arm and longitudinally displaces the housing 76
      over the slidebars 78 and 80. The details of such a system are set forth
      more fully in the copending application Ser. No. 464,917 filed Apr. 29,
      1974, in the name of Hugh T. Edgar and John Lovely concurrently herewith.
PAR  The wheelslide housing 76 carries a wheelhead assembly 88 comprising a
      motor and wheel spindle 90 (FIG. 5). The spindle 90 in turn carries a
      grinding wheel 92 which is used to internally grind valve lifter bodies 94
      held in a stationary position in a workhead assembly 96. The workhead
      assembly 96 is fixedly mounted on the base 82 such that longitudinal
      wheelslide housing displacements longitudinally move the grinder wheel 92
      relative to the parts 94 being ground.
PAR  The motor 10 first referred to in the circuit of FIG. 1 is carried by the
      wheelslide housing 76 as illustrated in FIG. 2. Looking to FIGS. 2 through
      4, the motor 10 is directly connected to an output member in the form of a
      worm shaft 98 which is disposed within the shaft housing 100. Shaft 98
      meshes with the periphery of a worm gear 102 which is disposed about a
      shaft 104, both gear 102 and shaft 104 being concentrically disposed
      within a feed case assembly including a housing 106 which is mounted by
      means of machine screws on the wheelslide housing 76. Shaft 104 and gear
      102 are concentrically disposed within the housing 106 and the entire
      assembly is substantially coaxial with a radius of the rear slidebar 80.
      Gear 102 is connected by way of machine screws to a nut 108 which is in
      threaded engagement with a lower end portion of shaft 104 such that
      rotation of the worm shaft 98 by the motor 10 causes rotation of the gear
      102 and the nut 108 to which it is connected. Shaft 104 is held by key 110
      against rotation relative to the housing 106. Accordingly, rotation of the
      nut 108 produces relative travel between the nut and the shaft 104 for
      purposes hereinafter described.
PAR  Nut 108 is rotatably mounted relative to the housing 106 by means of
      Quadraplex bearings 112. The lower end of shaft 104 bears directly against
      a sleeve 114 which is mounted on the bearing assembly 84. A spring 116 is
      disposed between the lower inner surface of the housing 76 and the sleeve
      114 to provide a resilient interconnection between the wheelslide housing
      76 and the slidebar 78.
PAR  From the foregoing it can be seen that the wheelslide housing 76 is
      radially movably relative to the rear slidebar 80, such movement being
      accomplished by rotation of the nut 108 on the shaft 104. The displacement
      is not purely radial since it is centered about the centerline of front
      slidebar 78. The displacement of the housing 76 relative to the rear
      slidebar 80 produces a lateral displacement of the wheelhead 88 with a
      consequential lateral displacement of grinder wheel 92 relative to the
      interior surface of the valve lifter body 94 which is being ground.
PAC  OPERATION
PAR  Referring now to FIGS. 1 through 5 a typical operation of the circuit and
      apparatus set forth above will be described.
PAR  A typical internal grinding operation involves (a) initial wheel dress, (b)
      rough grind, (c) subsequent wheel dress, and (d) finish grind. All of
      these operations are associated with predetermined lateral wheel positions
      which are specified by means of the thumbwheel switch sets 12a, 12b and so
      forth. The initial dress position is determined by the nominal initial
      radius of the grinder wheel 92 and the position of a diamond dresser 120
      which is carried on the workhead assembly 96 and which is driven by a
      rotary dresser motor 122. The lateral position of the diamond dresser 120
      is fixed when in the operating position and accordingly the wheel 92 must
      be laterally positioned to effect a first initial dress operation with a
      resulting predetermined grinder radius. Following the initial dress a
      rough grind or "spark-out" process is made with the wheel 92
      longitudinally displaced into the interior of the valve lifter body 94 as
      indicated in FIG. 5. The wheel must be subsequently dressed after the
      spark-out operation with a further lateral displacement being required to
      accomplish such dress. The finish grind is then carried out at a
      predetermined lateral position and the sequence may be repeated.
PAR  Clearly, the sequencer 20 and the control memory 18 individually select the
      feed end points from the thumbwheel switch sets 12a and 12b for
      application to the left side of the counter and direction comparator unit
      16. For each number applied to the left side of unit 16, a comparison is
      made with the current total of displacement increment pulses generated by
      the feedrate oscillator 24, the cumulative total representing the total
      number of countup pulses less the total number of countdown pulses and
      being measured from a given reference position. The selected feed end
      point, or the count representing such end point, is applied to one input
      of comparator 52 and the total number of actual displacement pulses
      generated by the encoder 48 and the counter 50 is entered into the other
      input of comparator 52. In practice, equality between the two inputs to
      comparator unit 16 occurs at the same time as equality occurs between the
      two inputs to comparator 52. When equality occurs at comparator 52, an
      output is generated by the coincidence comparator 54 and the sequencer 20
      advances to the next feed end point command or to such other instructions
      as may be involved in a given program.
PAR  After the rough grind, for example, the dress operation is initiated by
      moving the dresser 120 into position and laterally displacing the
      wheelhead 88 through a displacement which represents the reduction in
      wheel diameter which is to be effected by the dress stroke. The lateral
      dress displacement is entered by the compensation thumbwheel switch 58 and
      the wheel dress compensation pulse source to count back the righhand count
      in comparator unit 16 as well as the actual feed count in counter 50.
      Inequality then exists in both units 16 and 52 and the oscillator 24 is
      energized to restore equality. This has the effect of placing the system
      back into equilibrium so as to indicate that the command position has been
      reached when in actuality the wheel spindle centerline has been displaced
      from the position it occupied when the current command was first entered,
      the increment of displacement being equal to the reduction in diameter of
      the grinder wheel 92.
PAR  Whenever a sufficient number of compensation pulses have been entered, a
      worn wheel condition is to be signified so as to permit the grinder wheel
      92 to be replaced. This is indicated by the comparison between the
      contents of the absolute feed counter 62 and the absolute position
      thumbwheel 66, this comparison being carried out in the comparator 64. It
      will be noted that the absolute feed position counter is not connected to
      receive the compensation pulses from source 56 and accordingly counter 62
      maintains an actual absolute position indication related to the centerline
      of the spindle 90 rather than the peripheral surface of the wheel 92.
      Either the actual feed count from compensated counter 50 or the absolute
      feed count from uncompensated counter 62 may be displayed by means of
      switch 72 and digital display unit 70.
PAC  DETAILED CIRCUIT DESCRIPTION
PAR  Referring now to FIGS. 6 through 12 the details of the specific circuitry
      for implementing certain portions of the circuit of FIG. 1 will be
      described.
PAR  FIG. 6 is a schematic circuit diagram of a representative portion of a
      direction counter and comparator unit 16 from the block diagram of FIG. 1.
      The circuit of FIG. 6 comprises ten input terminals 200 representing the
      ten possible decimal positions of a single decade wheel on a thumbwheel
      switch set such as 12a. Only two of the ten are shown in the drawing. It
      is to be understood that the circuit of FIG. 6 is duplicated for each
      decade of multidigit thumbwheel switch set. The ten input terminals 200
      are each connected to one input of a NOR gate 202, the other input of each
      NOR gate being the inverted output of the previous NOR gate in the input
      series. The outputs of the NOR gates 202 are connected to one input of the
      NAND gates 204, the other inputs to each of the NAND gates being taken
      from a BCD to decimal decoder 206 through inverters 208. The output of the
      currently actuated NAND gate is connected through the logical gate
      combination 210 to which it is connected and thence applied by way of line
      212 and inverter 214 to the input of NAND gate 216 where a logical
      function is performed. The circuit of FIG. 6 further comprises an up-down
      counter 218 which receives clear signals, borrow signals, carry signals,
      load data input signals, up-count signals, down-count signals by way of
      input terminals 220. The output of the up-down counter 218 is connected to
      the BCD to decimal decoder 206 and also by way of outputs 222 to the
      logical gate network 226 to assist in determining whether the switch
      position command is greater than the count or whether the current count is
      greater than the switch position command. The outputs appear on terminals
      228 when inequality exists and on terminal 230 when equality exists.
PAR  The circuit component designator numbers as well as standard logic circuit
      symbols are used in the circuit of FIG. 6 so as to permit an electronics
      engineer or technician of ordinary skill in the art to implement the unit
      16 by a straightforward selection and interconnection of commercially
      available components.
PAR  Referring now to FIG. 7 the block diagram of the feedrate oscillator 24 and
      the functional interrelationship thereof with the unit 16 is shown in
      block diagram. The block diagram of FIG. 7 may be taken in combination
      with the detailed schematic diagrams of FIGS. 8, 9, 10, 11, and 12
      hereinafter described. In FIG. 7 the unit 24 is shown to comprise a
      feedrate closk 250 having the output thereof connected to the frequency
      divider 252 and the driver logic circuit 254, the details of which are
      represented in FIG. 8. The four outputs of the frequency divider 252 are
      connected to the rate selector 256. The inputs 258 to the rate selector
      256 include automatic programmed and manual rate inputs to select one of
      the frequencies which are provided by the standard frequency divider 252.
      The rate signal is applied from the rate selector 256 to the pulse
      synchronizing circuit 260 along with a backlash signal on line 262 and a
      signal from the directional control unit 264. The directional control unit
      receives as feed signals information as to whether the switch signal (S)
      is greater than the current count (C). Similar signals are received with
      respect to the absolute position count. A fifth signal is received from
      the control panel as to whether manual or automatic operation is
      contemplated. The other five inputs to the directional control unit 264
      include the forward and reverse signals for both programmed and manual
      operation and a "translator busy" signal. The output of the directional
      control unit 264 is either a forward or reverse signal and is applied to
      the driver logic circuit 254 to determine whether a countup or countdown
      signal shall be applied to the unit 16 and whether forward or reverse
      signals shall be applied to the translator unit for motor 10.
PAR  FIG. 8 is a schematic circuit diagram again using standard logic symbols
      and industry standard circuit numbers to facilitate construction thereof
      from commercially available components. The specific implementation of
      FIG. 8 is for the driver logic unit 254 in the block diagram of FIG. 7.
      The inputs on the left side of circuit 254 are of a binary character; i.e.
      either high or low, and are connected through the indicated logic gates to
      the flip-flops and output gates. The output gates provide the countup,
      countdown, forward, and reverse signals on outputs 266, 268, 270 and 272
      respectively.
PAR  FIG. 9 illustrates the schematic-logic details of the direction control
      unit 264 of FIG. 7; i.e. that circuit which determines whether a countup
      (FWD) or countdown (REV) signal is high at the time the count is started.
PAR  Looking now to FIG. 10 the details of a feedrate clock circuit 250 are
      given again for the purpose of facilitating implementation. Again,
      standard logic diagram symbols and industry circuit designated numbers are
      used and a detailed description of the implementation and operation of the
      circuit of FIG. 10 will be omitted as obvious to persons of ordinary skill
      in the electronics art.
PAR  FIG. 11 is a schematic circuit diagram of the rate selector unit 256 in the
      block diagram of FIG. 7 and is designed for use in combination with a
      standard flip-flop type frequency divider which provides the CLK-1, CLK-2,
      CLK-3, CLK-4, and CLK-5 signals at the pulse frequencies which are related
      to one another by the decade units of the standard frequency divider. The
      input sets are applied to inverting OR gates and inverters, the outputs of
      the OR gates and inverters being connected through normally opened and
      normally closed contacts to the inputs of NAND gates 280. The outputs of
      the gates 280 are logically ORed together into a single gate 282 the
      output of which represents the selected rate for application to the pulse
      synchronizing unit 260.
PAR  FIG. 12 is a detailed schematic circuit diagram of a compensation and
      backlash logic circuit which is used to provide the backlash and
      compensation inputs identified in the system block diagram of FIG. 7. The
      five inputs to the circuit of FIG. 11 are identified in the drawing along
      with the five outputs. Again, standard circuit symbols and numbers are
      used to facilitate implementation.
PAR  It will be understood that the specific circuit diagrams that are given
      herein are merely illustrative of one implementation of the invention and
      are not to be construed in a limiting sense as various modifications and
      alternatives will occur to those skilled in the circuit synthesis arts.
      Likewise, the application of the invention to lateral feed control in a
      single-slide grinder is not intended as a limitation on the invention as
      sequential position control operations to which the present invention may
      be applied are many and varied.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital positioning system comprising: a bidirectional motor
      responsive to first pulses to move an output member through discrete
      increments; a source of digital pulses representing said increments said
      source having an add pulse output representing displacements in one
      direction and a substract pulse output representing displacements in the
      other direction; a plurality of individually settable input means for
      designating a plurality of sequentially selectable desired end positions
      of said output member, means for producing second pulses representing
      increments and direction of actual displacement thereof; first comparator
      means connected to the add and subtract pulse outputs and to the input
      means for sequentially comparing a net cumulative count of add and
      subtract pulses applied by the source to the motor with selected end
      position counts and controlling the flow of pulses from the source to
      equalize the net count with the selected end position count; and second
      comparator means for individually comparing the selected end position
      counts with actual pulse counts from the encoder to determine when the
      output member reaches the selected end position.
NUM  2.
PAR  2. Digital positioning system as defined in claim 1 further including: a
      compensation pulse count source, means for selectively adjusting the net
      cumulative count and actual count by said compensation count after
      equalization thereof whereby additional pulses are caused to flow to said
      motor and first and second comparator means to re-equalize said counts.
NUM  3.
PAR  3. Digital positioning system as defined in claim 2 further including third
      comparator means for comparing the count from a predetermined one of said
      input means to the actual pulse count, said third comparator means being
      independent of said compensation count so as to maintain said comparison
      on an absolute basis.
NUM  4.
PAR  4. Digital positioning system as defined in claim 3 including count display
      means, and selector means for alternatively connecting the compensated and
      uncompensated pulse counts to the display means.
NUM  5.
PAR  5. Digital positioning system as defined in claim 1 including a wheelslide
      assembly for receiving a metal working tool connected to said output
      member to be laterally displaced thereby relative to a work station.
NUM  6.
PAR  6. Digital positioning system as defined in claim 5 including a dresser for
      reducing the lateral dimension of said tool, a source of compensation
      pulse counts representing the desired lateral dimension reduction, means
      for selectively adjusting the current count and actual count by said
      compensation count after equalization thereof whereby additional pulses
      are caused to flow to said motor and first and second comparator means to
      re-equalize said counts.
NUM  7.
PAR  7. Digital positioning system as defined in claim 6 wherein the wheelslide
      assembly comprises first and second spaced slidebars, a slide mounted on
      the bars for longitudinal displacement thereover, a feed screw
      nonrotatably connected to the slide and mechanically bearing on one of the
      bars, a nut on the shaft and secured to the slide for movement therewith,
      the motor being connected to turn the nut on the screw thereby to
      angularly displace the slide relative to the one bar and about the
      centerline of the other bar.
NUM  8.
PAR  8. Digital positioning system as defined in claim 1 wherein said input
      means are multidigit thumbwheel switches.
NUM  9.
PAR  9. Digital positioning system as defined in claim 1 including sequencer
      means for selecting said input means for comparison of the end position
      counts represented thereby in a sequence, means connected to said second
      comparator means for generating a coincidence output signal when the
      output member reaches the selected end position, said sequencer being
      connected to receive the coincidence output signal and responsive thereto
      to advance the sequence by selecting another of said input means for input
      relation to said first comparator means.
NUM  10.
PAR  10. In a digital positioning system of the type having a bidirectional
      motor responsive to first and second pulse trains to move incrementally in
      opposite directions: a plurality of individually settable switches for
      selecting counts representing end positions to be achieved by said motor
      in a predetermined sequence; a control memory separate from said switches
      and programmed to establish said sequence, said control memory being
      operatively connected to the switches to select the switches for input
      conditioning as said sequence is advanced; counter/comparator means for
      compiling a count representing the net position change of said motor and
      for comparing said count to the end position count of the switch selected
      for input conditioning at any given time and for producing an output
      representing the magnitude and sense of difference therebetween; means
      connected to said counter/comparator means and responsive to the output
      therefrom to selectively apply first and second pulse trains to the motor
      until the counts coincide; and means responsive to a coincidence of said
      counts to advance said sequence.
NUM  11.
PAR  11. Apparatus as defined in claim 10 further including a perishable tool
      connected to be displaced by said motor, and means independent of said
      input means for selectively altering said net count to compensate for
      variations in the effective size of said perishable tool over the
      operating lifetime thereof.
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ABST
PAL  A positioning apparatus includes a platen and a head independently movable
      relative to the platen. First and second coils having a particular phase
      relationship are disposed relative to each other on the head are
      independently energized to produce first and second electromagnetic
      forces. These electromagnetic forces have varying characteristics for
      moving the head relative to the platen and constant characteristics for
      maintaining the head in a substantially fixed relationship to the platen.
      Abrupt changes from the variable to the constant characteristics of the
      applied electromotive forces allow inertial forces to impart a decaying
      oscillation of the head about the positional origin determined by the
      constant characteristics of the applied electromotive force.
PAL  Oscillation of the head relative to the platen produces first and second
      back-electromotive force sinusoids in the first and second coils,
      respectively. Means is provided for detecting the first back-electromotive
      force sinusoid to produce a damping signal with characteristics similar to
      the characteristics of the second back-electromotive force sinusoid. This
      damping signal can be introduced to the second coil to damp the second
      back-electromotive force sinusoid and inhibit the oscillations of the
      head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to positioning apparatus and more
      specifically to means providing for the controlled movement and accurate
      positioning of a first positioning member with respect to a second
      positioning member.
PAR  2. Description of the Prior Art
PAR  Positioning apparatus of the prior art have typically included a fixed
      member such as a platen, and a movable member, such as a head, which is
      independently movable with respect to the platen along X and Y axes. Thus
      the head can be moved and accurately positioned with respect to
      substantially any point on the platen.
PAR  For movement along one of the axes, the head typically includes a first
      drive coil which is energized by a drive signal to produce a first
      electromagnetic force for moving the head along the platen. Such a
      positioning apparatus is disclosed and claimed by Bruce A. Sawyer in his
      copending application Ser. No. 348,008 and by Walter E. Hinds in his
      copending application Ser. No. 362,119, both assigned of record to the
      assignee of record of the present application.
PAR  It has been found that by providing a second drive coil disposed relative
      to the first drive coil on the head, the second drive coil can be
      independently energized by a second drive signal to produce a second
      electromagnetic force aiding the first coil in moving the head relative to
      the platen. The first and second drive signals typically have a phase
      relationship dependent upon the relative positions of the first and second
      coils. In this manner the harmonics of the drive signals can be cancelled
      to provide an improved linear movement of the head with respect to the
      platen. This compensated positioning system is disclosed and claimed in
      application Ser. No. 438,701, filed on Feb. 1, 1974 in the name of Bernabe
      Nocito, which is a Continuation-in-Part of application Ser. No. 264,718,
      filed on June 21, 1972 in the name of Bernabe Nocito, which is presently
      abandoned.
PAR  The first and second drive signals have varying characteristics which
      provide for movement of the head relative to the platen and constant
      characteristics which tend to maintain the head at a fixed position with
      respect to the platen. When it is desired to move the head to a
      predetermined position on the platen, the first and second drive signals
      are provided with varying characteristics. When the particular point is
      reached, the drive signals can be changed from the varying characteristics
      to the constant characteristics to maintain the head at the predetermined
      position. Typically, the head has tended to physically ring, following
      abrupt transitions from the varying characteristics to the constant
      characteristics. The ringing of the head typically takes the form of a
      decaying sinusoid with a frequency dependent upon the intertial mass of
      the head. This decaying sinusoid may persist for as long as 200 to 500
      milliseconds. The decaying oscillations of the head are particularly
      undesirable where the positioning apparatus is used in conjunction with a
      laser scriber, for example, wherein the oscillations would produce a
      waviness in the cut of the scriber.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a signal is produced in a first
      drive coil, and introduced to a second drive coil to damp the decaying
      sinusoidal movement of the head following abrupt transitions between the
      varying and constant characteristics of the drive signal. With this
      damping procedure, the oscillations of the head can be reduced to zero in
      approximately 20 milliseconds. Thus the head can be rapidly moved to a
      particular point on the platen and abruptly halted at that point to
      provide for the accurate positioning of an object such as a laser scriber.
PAR  In a preferred embodiment, the movement of the head relative to the platen
      produces a back-electromotive forces which appear as decaying sinusoids in
      the first and second drive coils. These back-electromotive force sinusoids
      are superimposed on the respective first and second drive signals. Means
      is provided for detecting the back-electromotive force in the first drive
      coil and for combining a signal representative of this back-electromotive
      force with the drive signal associated with the second drive coil to
      produce an electromagnetic force in the second drive coil which will damp
      the oscillation of the head.
PAR  A bridge including the first drive coil has been found particularly
      desirable for detecting the back-electromotive force. The bridge is
      particularly desirable for detecting the relatively small amplitude signal
      associated with the back-electromotive force in the presence of the
      relatively large DC voltages associated with the drive signal. The bridge
      is also desirable for providing a continuous signal associated with the
      counterelectromotive force, which has been separated from, and is thus
      void of, large DC voltages associated with the drive signal.
PAR  A sense resistor associated with the first drive coil can also be included
      in the bridge to provide a reference voltage against which the signal
      representative of the counterelectromotive force can be measured.
PAR  In another embodiment including four drive coils each with an independent
      drive signal, two of the signals can be combined in a first manner to
      provide the third signal and in a second manner to provide the fourth
      signal. Both the third and fourth signals have a particular phase
      characteristic with respect to the first and second signals. In such an
      embodiment, the back-electromotive forces associated with the first and
      second coils can be measured and combined in the first manner to produce a
      pseudo backelectromotive force in the third coil, and can be combined in
      the second manner to provide a pseudo back-electromotive force for the
      fourth coil. In such an embodiment, the damping control typically includes
      a phase correction network which is responsive to signals representative
      of first and second back-electromotive forces to produce signals
      representative of the back-electromotive forces associated with the third
      and fourth drive coils.
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, together with the features and
      advantages thereof will be better understood from the following
      description taken in conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top perspective view of one embodiment of a head-platen
      combination in the positioning apparatus of the present invention;
PAR  FIG. 2 is a bottom perspective view of the head illustrated in FIG. 1;
PAR  FIG. 3 is a cross-sectional view of a magnet group in the head-platen
      combination taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is a schematic representation of the magnet group illustrated in
      FIG. 3 showing the phase relationship of the magnets in a preferred
      embodiment of the invention;
PAR  FIG. 5 is a vector representation of the drive signals associated with the
      magnets illustrated in FIG. 3;
PAR  FIG. 6 is a block diagram of a network for generating the drive signals
      illustrated vectorally in FIG. 5;
PAR  FIG. 7 is a graph illustrating the sinusoidal characteristics of the
      signals A, B, C and D associated with the respective magnets illustrated
      in FIG. 3;
PAR  FIG. 8 is a graph illustrating signals representative of electromotive
      forces and signals representative of back-electromotive forces each
      including a decaying sinusoid; and
PAR  FIG. 9 is a schematic of a preferred embodiment of a circuit for detecting
      the back-electromotive forces in the coils in the first order and applying
      them to the coils in the second order to produce the desired damping
      effect on the motor head.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A positioning apparatus is illustrated in FIG. 1 and designated by the
      reference numeral 11. The positioning apparatus 11 includes a platen 13
      and a head 15 adapted for independent, controlled movement with respect to
      the platen 13. The platen 13 includes a plurality of upstanding portions
      or ribs 17 defining a plurality of grooves 19 extending substantially
      parallel to an X axis. The platen 13 also includes a plurality of ribs 21
      defining a plurality of grooves 23 which extend substantially parallel to
      a Y axis. A plurality of ribs 25 also extend parallel to the Y axis to
      define a plurality of grooves 27.
PAR  As best illustrated in FIG. 2, the head 15 includes magnet groups 29, 31
      and 33 associated with the ribs 17, 21, and 25, respectively, of the
      platen 13. The magnet group 29 provides a plurality of magnet pole faces
      (illustrated by the parallel lines in FIG. 2) which extend along the X
      axis to facilitate movement of the head 15 along the Y axis. Similarly,
      the magnet groups 31 and 33 have magnet pole faces which extend along the
      Y axis to facilitate movement of the head 15 along the X axis. By
      selectively energizing the magnet groups 29, 31 and 33, the head 15 can be
      moved to substantially any position along the platen 13 to provide for the
      accurate positioning of an object such as a laser scriber (not shown)
      which is commonly used for cutting.
PAR  This relative movement of the head 15 and platen 13 can be more easily
      understood with reference to FIG. 3 which illustrates in cross section the
      platen 13 and one of the magnet groups associated with the head 15, such
      as the magnet group 29. The magnet group 29 includes a plurality of
      magnets 35, 37, 39 and 41 which are also designated by phases A, B, D and
      C respectively, discussed in greater detail below.
PAR  The magnet 35 can be of the type including a pair of pole pieces 43 and 45,
      each having a pair of pole faces 47, 49 and 51, 53, respectively. The
      magnet 35 also includes a drive coil 55 which is disposed around the pole
      pieces 43 and 45 and adapted to be energized by a drive signal designated
      by the current i.sub.a.
PAR  The magnets 37, 39 and 41 are similar to the magnet 35. For example, the
      magnet 37 includes pole pieces 57 and 59 and a drive coil 61 adapted to be
      energized by a drive signal designated by the current i.sub.b. The magnet
      39 includes pole pieces 63 and 65 and a drive coil 67 adapted to be
      energized by a drive signal i.sub.d. Finally, the magnet 41 includes pole
      pieces 69 and 71 and a drive coil 73 adapted to be energized by a drive
      signal i.sub.c.
PAR  In each of the pole pieces 43, 45, 57, 59, 63, 65, 69 and 71 the pole
      faces, such as the pole faces 47-53, have a particular relationship. For
      example, in the pole piece 43, the pole face 47 is disposed over one of
      the ribs 17 when the pole face 49 is disposed over one of the grooves 19.
      Similarly, in the pole piece 45, the pole face 51 is disposed over one of
      the ribs 17 when the pole face 53 is disposed over one of the grooves 19.
PAR  In each of the magnets 35, 37, 39 and 41, the pole pieces will also have a
      particular relationship with each other. For example, in the magnet 35,
      the pole piece 43 has one of its pole faces 47, 49 disposed directly over
      one of the ribs 17 when the pole face 45 has one of its pole faces
      disposed directly over one of the ribs 17. For example, as illustrated in
      FIG. 3, both of the pole faces 47 and 51 are disposed directly over one of
      the ribs 17. In the illustrated embodiment, this relationship also exists
      for each of the associated pair of pole pieces 57 and 59, 63 and 65, and
      69 and 71.
PAR  The magnets 35 and 37 also have a particular relationship with respect to
      each other. When the pole faces 47 and 51 are disposed directly over the
      ribs 17 and the pole faces 49 and 53 are disposed directly over the
      grooves 19, the pole faces associated with the magnet 37 will be disposed
      midway between the ribs 17 and grooves 19. The pole faces associated with
      the magnets 39 and 41 are disposed similarly to the pole faces associated
      with the magnets 37 and 35, respectively. Thus it can be seen that with
      the pole faces of the magnet 41 disposed directly over the ribs 17 and
      grooves 19, the pole faces associated with the magnet 39 are disposed
      midway between the ribs 17 and grooves 19. Thus the magnets 35 and 37 form
      a set and the magnets 39 and 41 also form a set in the magnet group 29.
PAR  The set of magnets 35 and 37 is spaced from the set of magnets 39 and 41 as
      illustrated in FIG. 4. As disclosed by Bernabe Nocito in copending
      application Ser. No. 438,701, filed on Feb. 1, 1974 and assigned of record
      to the assignee of record of the present application, this spacing
      distance is given by .eta..tau. + .tau./8. This application is a
      Continuation-in-Part of application Ser. No. 264,718 filed on June 21,
      1972 in the name of Bernabe Nocito and since abandoned. In this equation,
      .eta. represents any whole number and .tau. represents the pitch of 360
      electrical degrees. The additional distance of .tau./8 provides an
      increase in the equivalent phase displacement of 45.degree. between the
      sets of magnets 35, 37 and 39, 41. This physical distance, in turn,
      corresponds with a phase displacement in the drive signals i.sub.a,
      i.sub.b, i.sub.c, and i.sub.d associated with the sets of drive coils 55,
      61 and 67, 73.
PAR  This phase displacement of the drive signals i.sub.a, i.sub.b, i.sub.c and
      i.sub.d is illustrated in FIG. 5. The drive signal i.sub.a is displaced
      90.degree. drive the drive signal i.sub.b and the drive signal i.sub.c is
      displaced 90.degree. from the drive signal i.sub.d. The drive signals
      i.sub.c and i.sub.d are also displaced 45.degree. from the drive signals
      i.sub.a and i.sub.b, respectively. These drive signals preferably have the
      same magnitude.
PAR  The drive signals i.sub.a, i.sub.b, i.sub.c and i.sub.d can be produced by
      a network illustrated in FIG. 6. A clock signal on a conductor 56 can be
      introduced to a counter 58 and the output of the counter 58 introduced to
      a sine converter 60 and a cosine converter 62. In response to counts from
      the counter 58 which increase progressively in unitary values, the sine
      converter 60 provides counts which define magnitudes of progressive
      samples of a sine wave. These counts are introduced on the conductors
      shown generally at 64 to a digital-to-analog converter 66 which provides a
      signal A having the characteristics of an analog sine wave. The signal A
      is associated with the magnet 35 having the A phase.
PAR  In a similar manner, the converter 62 responds to the counts of the counter
      58 by providing counts representative of the magnitudes of progressive
      samples of a cosine wave. These counts are introduced to a
      digital-to-analog converter 70 on a plurality of conductors shown
      generally at 68. At the output of the digital-to-analog converter 70, a
      signal B has the characteristics of an analog cosine wave. The signal B is
      associated with the magnet 37 and the B phase. The relationship of the
      signals A and B can be more easily understood with reference to FIG. 7
      wherein these signals are illustrated to have a 90.degree. phase
      displacement.
PAR  A signal displaced 45.degree. from the signals A and B can be derived by
      introducing the signals A and B into an operational amplifier 72. The
      amplifier 72 adds the two input signals A and B to provide a signal C
      associated with the magnet 41 and the C phase. In this particular
      embodiment, the signal C is interposed between the signals A and B as
      illustrated in FIG. 7.
PAR  In a similar manner, a drive signal D displaced 45.degree. from the signal
      B can be derived by subtracting the signal A from the signal B in an
      operational amplifier 74. The signal D, which is associated with the
      magnet 39 and the D phase, is also illustrated in FIG. 7.
PAR  If the amplifier 72 were provided with a gain of unity, the signal C would
      have a magnitude equal to 1.414 when the signals A and B had magnitudes of
      unity. A signal with this magnitude is illustrated by the dotted line
      designated by the reference numeral 77 in FIG. 7. So that all of the drive
      signals have the same magnitude, the amplifiers 72 and 74 are each
      provided with a gain of 0.707.
PAR  The signals A, B, C and D can be introduced through input resistors 79, 81,
      83 and 85, respectively, to drivers such as operational amplifiers 87, 89,
      91 and 93, respectively. The operational amplifiers 87-93 can also receive
      a reference potential such as ground 95 through input resistors 97, 99,
      101 and 103, respectively. The operational amplifiers 87-93 amplify the
      signals A-D along with other input signals discussed in greater detail
      below to produce the drive signals i.sub.a, i.sub.b, i.sub.c and i.sub.d,
      respectively.
PAR  The drive signals i.sub.a, i.sub.b, i.sub.c and i.sub.d can be introduced
      through the drive coils 55, 61, 73 and 67, respectively, and a plurality
      of sense resistors 113, 115, 117 and 199, respectively, to the reference
      potential such as ground 95.
PAR  The sense resistors 113-119 provide means for limiting the current through
      the respective drive coils 55- 67. As the current through the coils 55-67
      increases, the voltage across the associated sense resistors 113-119 also
      increases. These voltages can be fed back on respective conductors 121,
      123, 125 and 127, through respective input resistors 120, 122, 124, and
      126, to those particular input terminals of the respective amplifiers
      167-193 which receive the reference potential. Thus, the feedback voltage
      will raise the reference potential of the associated amplifier 167-193 to
      reduce the magnitude of the associated drive signals, i.sub.a -i.sub.d.
PAR  When it is desired to move the head 15 along the platen 13, the magnets in
      the magnet groups 29-33 are selectively energized in a particular pattern
      by the associated drive signals i.sub.a -i.sub.d. These drive signals are
      provided with variable characteristics to move the head 15 to a
      predetermined point and constant characteristics to maintain the head at
      the predetermined point. The voltage characteristics of the drive signals
      i.sub.a and i.sub.d are shown in FIG. 8 and designated V.sub.a, V.sub.b,
      V.sub.c and V.sub.d respectively.
PAR  The variable characteristics of the applied drive signal V.sub.a and
      V.sub.d are shown by curved lines 130 and 136, respectively. The constant
      characteristics of these drive signals are shown by straight lines
      designated by the consecutive even numerals 140 and 146, respectively. One
      problem associated with abrupt changes between the varying and constant
      characteristics of the drive signals has been that the inertia of the
      motor head 15 has tended to make the head 15 physically oscillate or ring
      following the transition. This ringing of the head 15 relative to the
      platen 13 has produced a decaying sinusoidal back-electromotive force in
      each of the respective drive coils 55, 61, 73 and 67. These decaying
      sinusoidal back-electromotive forces are shown generally in FIG. 8 at 156
      for the drive signals V.sub.a -V.sub.d  signal i.sub.c. These decaying
      sinusoids 150 and 156, which may persist for 200 to 500 milliseconds, are
      due primarily to the very low tangential force existing to hold the
      associated magnet at the predetermined position. In the past these
      decaying sinusoids designated in FIG. 8 by the consecutive even numerals
      150-156, have had magnitudes as great as 2 millivolts and frequencies
      within a range of 100-120 Hertz.
PAR  The decaying sinusoids 150-156 produced by the oscillations of the head 15
      appear superimposed on the DC voltage drive signals shown by the
      respective straight lines 140-146 applied to the associated magnet coil.
      The sinusoids of the back electromotive forces will be in accordance with
      the oscillations of the head 15 and will be present until the oscillations
      of the head 15 decay to zero. Oscillations of the head 15 at the
      predetermined position are undesirable in many applications of the
      positioning apparatus 11. For example, if the apparatus 11 is used to
      position a laser scriber (not shown), these oscillations of the head 15
      would tend to produce a jagged cut at the predetermined position.
PAR  In accordance with the present invention, it was first appreciated that the
      head 15 and platen 13 function basically as a motor. Thus, the drive
      signals i.sub.a -i.sub.d which are applied to the magnets in the groups
      29-33 produce electromagnetic forces which tend to move the head 15
      relative to the platen 13. It was then appreciated that movement of the
      head 15 relative to the platen 13 also induces in the associated drive
      coils 55, 61, 67 and 73 a backelectromotive force. This back-electromotive
      force appears superimposed on the electromotive force applied to the
      associated coil by the associated drive signal i.sub.a- i.sub.d. This
      superimposition of the signal representative of the back-electromotive
      force on the drive signal is also illustrated in FIG. 8 wherein a signal
      V.sub.a(cemf) illustrated by the decaying sinusoid 150 appears
      superimposed on the signal V.sub.a and the signal V.sub.c(cemf)
      illustrated by the decaying sinusoid 152 appears superimposed on the
      signal V.sub.c. The signals representative of the back-electromotive force
      are produced only when the head 15 moves relative to the platen 13.
      Therefore, the signals V.sub.a(cemf) and V .sub.c(cemf) do not have the
      constant amplitude characteristics illustrated by the straight lines 150
      and 152 in the signals V.sub.a and V.sub.c, respetively.
PAR  It is known that in a motor a signal representative of back-electromotive
      force can be applied to the particular drive coil producing that signal to
      provide dynamic braking for the motor. This is typically accomplished by
      shorting the drive coil so that the signal representative of the
      backelectromotive force is fed back to the coil producing that signal.
      There are several reasons why this would not produce the desired effect in
      the positioning apparatus of the present invention. First, power must be
      left on the drive coils 55, 61, 73, 67 in order to maintain the head 15 in
      the predetermined position. This residual power is a constant
      characteristic of the associated drive signal as illustrated by the
      straight lines 140 and 142 in the signals V.sub.a and V.sub.c,
      respectively, of FIG. 8. Shorting a particular drive coil would leave that
      drive coil with no power for maintaining the head 15 at the predetermined
      position. Another reason why this prior art procedure would not be
      particularly attractive in the present invention is that the drive signal
      has a considerably greater amplitude than would a signal representative of
      the back-electromotive force. For this reason, feeding back the signal
      representative of the back-electromotive force would not produce a
      significant effect in the associated drive coil.
PAR  These obstacles were overcome when it was appreciated that the decaying
      sinusoid in the respective drive signals have substantially the same
      configuration since the head 15 moves each of the magnets in a group, such
      as the group 29, in the same manner. Thus, in FIG. 8, the sinusoid 150 in
      the signal V.sub.a has substantially the same configuration as the
      sinusoid 152 in the signal V.sub.c. It was then realized that if the
      oscillations in one of the signals representative of a back-electromotive
      force, such as the signal V.sub.a(cemf), could be detected, this signal
      could be fed back to damp the oscillations in another of the drive
      signals, such as the signal V.sub.b. Thus a backelectromotive force
      associated with one of the coils, such as the coil 55, could be applied to
      the drive signal of another of the coils, such as coil 67, in a manner
      which would damp the oscillations of the head.
PAR  A preferred embodiment of a network for accomplishing this purpose is
      illustrated in FIG. 9. This network includes a detector 133 responsive to
      the drive signal i.sub.a to produce on a pair of conductors 135 the
      voltage V.sub.a(cemf) representative of the backelectromotive force in the
      drive coil 55. Similarly, a detector 137 is responsive to the drive signal
      i.sub.b to provide on a pair of conductors 139 the voltage V.sub.b(cemf)
      representative of the back-electromotive force in the drive coil 61. A
      phase correction network 141 is responsive to the signals on the
      conductors 135 and 139 to provide a signal i.sub.c '.sub.(cemf) on a
      conductor 143 and to provide a signal i.sub.d '.sub.(cemf) on a conductor
      145. These signals i.sub.c '.sub.(cemf) and i.sub.d '.sub.(cemf) have
      characteristics similar to the back-electromotive forces in the respective
      drive signals i.sub.c and i.sub.a. They are not derived from these drive
      signals i.sub.c and i.sub.d but rather are derived from the drive signals
      i.sub.a and i.sub.b. For this reason they are referred to herein as psuedo
      counterelectromotive force signals. It is the purpose of the phase
      correction network 141 to provide the pseudo counterelectromotive force
      signals i.sub.c '.sub.(cemf) and i.sub.d '(cemf) with the same phase
      relationship to the signals i.sub.a(cemf) and i.sub.b(cemf) that the drive
      signals i.sub.c and i.sub.d have to the drive signals i.sub.a and i.sub.b.
PAR  The pseudo counterelectromotive force signals .sub.c '.sub.(cemf) and
      i.sub.d '.sub.(cemf) on the conductors 143 and 145 respectively, are
      introduced through an inhibit network 147 and input resistors 149 and 151,
      respectively, to the drivers 91 and 93, respectively. In the drivers 91
      and 93, these signals are combined with the input signals C and D to
      produce signals i.sub.c and i.sub.d which will damp the decaying
      oscillation of the head.
PAR  The inhibitor 147 provides means for inhibiting the pseudo
      counterelectromotive force signals until the varying characteristics
      represented by the curved lines 130-136 of the drive signals i.sub.a-
      i.sub.d cease. Only at this time will the decaying sinusoids such as the
      sinusoids 150 and 152 in FIG. 8 occur; therefore, the application of the
      damping signal to the drive signals i.sub.c and i.sub.d is desirable only
      at that time.
PAR  One method of detecting the oscillations in a signal representative of a
      counterelectromotive force would be to couple the associated drive coil
      through a capacitive filter (not shown). This could, however, result in a
      mismatch of RC constants. Furthermore, the frequency of the decaying
      sinusoid in the drive signal of a particular embodiment may be in the same
      range of frequencies as the L/R constant of the head-platen motor
      combination. In that event, the detection of the decaying sinusoid would
      be difficult with a capacitive filter.
PAR  In a preferred embodiment of the invention, the detector 133 has the
      configuration of a Wheatstone bridge including a pair of branches shown
      generally at 153 and 155. Each of the branches 153 and 155 includes a pair
      of legs which define a common terminal such as the terminals 157 and 159,
      respectively. The branch 153 is preferably formed by the serial
      combination of the drive coil 55 and the sense resistor 113 associated
      with the magnet 35. In the other branch 155 of the detector 133, a
      resistor 161 is serially connected to a variable resistor 163. In a
      preferred embodiment, the resistor 161 has a resistance substantially
      equal to that of the coil 55, such as four ohms, and the resistor 163 has
      a resistance substantially equal to the resistance of the sense resistor
      113, such as 0.5 ohms. The resistance of the resistor 163 is preferably
      variable to permit balancing of the bridge with fluctuations in the
      resistance of the coil 55.
PAR  In this embodiment, the detector 137 has a similar configuration. A branch
      165 includes the drive coil 61 and the sense resistor 115 which defines a
      common terminal 166. A fixed resistor 167 and a variable resistor 169
      define a common terminal 168 in an opposite branch 171 of the detector
      137.
PAR  This bridge configuration is particularly effective for detecting the
      signals representative of the backelectromotive force in the coils 55 and
      61. For example, in the detector 133, the same resistor 113 is in the
      lower leg of the head-platen motor combination and is within the
      respective loop of the current sources providing the signal i.sub.a. For
      this reason, the sense resistor 113 does not see the low frequency
      decaying sinusoid 150 illustrated in FIG. 8.
PAR  On the other hand, the coil 55 is on the high side of the head-platen motor
      combination. Therefore, the coil 55 is exposed to the drive signal i.sub.a
      including the decaying sinusoid 129. This same signal is applied to the
      other branch 155 of the bridge of the detector 133. If the bridge is
      balanced, the voltage on the common terminal 157 will be equal to V.sub.s
      while the voltage on the common terminal 159 will be equal to V.sub.s plus
      V.sub.a(cemf). It is this additional voltage V.sub.a(cemf) which is
      representative of the counterelectromotive force in the coil 55. These
      voltages on the terminals 157 and 159 can be introduced on the conductors
      135 to the phase correction network 141 where they are subtracted to
      produce only the voltage V.sub.a(cemf). In a like manner, V.sub.b(cemf)
      representative of the counterelectromotive force in the coil 61 can be
      detected in the detector 137.
PAR  The resistors 163 and 169 in the respective detectors 133 and 137 are
      provided with variable characteristics to facilitate balancing of the
      respective bridges. This may be particularly desirable in an embodiment
      wherein the coils 55, 61, 67 and 73 have different resistance values.
      Also, the resistance of a particular coil, such as the coil 55, will
      typically vary with temperature.
PAR  In the phase correction network 141, the signals on the conductors 135 can
      be introduced through a pair of capacitors 173 and 174, a pair of
      conductors 175 and 177, respectively, and a pair of input resistors 179
      and 181 respectively, to an operational amplifier 183. The capacitors 173,
      174 provide means for removing any additional DC components resulting from
      an imbalance of the bridge.
PAR  Similarly, the signals on the conductors 139 can be introduced through a
      pair of capacitors 185 and 187, a pair of conductors 189 and 191
      respectively, and a pair of input resistors 193 and 195, respectively, to
      an operational amplifier 197.
PAR  The signals on the conductors 175 and 177 can also be introduced through
      input resistors 199 and 201, respectively, to the operational amplifier
      97. Similarly, the signals on the conductors 189 and 191 can be introduced
      through input resistors 203 and 205 to the operational amplifier 183. With
      these connections, the signals on the conductors 189, 191 representative
      of the counterelectromotive force in the coil 61 are added to the signals
      on the conductors 175 and 177 representative of the counterelectromotive
      force in the coil 55. This summation provides the pseudo
      counterelectromotive force signal V.sub.c'.sub.(cemf) with the same phase
      relationship to the signals V.sub.a(cemf) and V.sub.b(cemf) as the drive
      signal i.sub.c has to the drive signals i.sub.a and i.sub.b. Similarly,
      the operational amplifier 197 provides for the subtraction of the signals
      on the conductors 175 and 177 representative of the counterelectromotive
      force in the coil 55 from the signals on the conductors 189 and 191
      representative of the counterelectromotive force in the coil 61. This
      subtraction provides the psuedo counterelectromotive force signal
      V.sub.d'.sub.(cemf) with the same relationship to the signal V.sub.a(cemf)
      and V.sub.b(cemf) as the drive signal i.sub.d has to the drive signals
      i.sub.a and i.sub.b.
PAR  The inhibitor 147 can include a field-effect transistor 203 providing a
      switching means in the conductor 143, and a field-effect transistor 205
      providing a switching means in the conductor 145. The conductor 56, also
      illustrated in FIG. 6, can introduce clock pulses to a retriggerable
      one-shot 207 which has a time period greater than that of the clock
      pulses. Thus, as long as the pulses appear on the conductor 56, the
      retriggerable one-shot 207 will maintain a high level providing the
      field-effect transistors 203 and 205 with open circuit characteristics.
      Clock pulses on the conductor 56 are associated with the varying
      characteristics such as those shown by the curved lines 130 and 132 in
      FIG. 8. When the clock pulses cease, the A phase signal and B phase signal
      are provided with their constant characteristics represented by the
      straight lines 140 and 144 in FIG. 8. It is at this moment of transition
      that it is desirable to damp the decaying sinusoids 150 and 152 as
      previously discussed. Thus, with the ceasing of the clock pulses on the
      conductor 56, the retriggerable one-shot will time out to provide a low
      level signal which will provide the transistors 203 and 205 with closed
      circuit characteristics.
PAR  It follows that at this moment of transition, the pseudo back-electromotive
      force signal i.sub.c'.sub.(cemf) from the amplifier 193 will be introduced
      to the driving amplifier 91 through the input resistor 49. In the
      amplifier 91, this signal i.sub.c'.sub.(cemf) will be applied to the drive
      signal i.sub.c to provide for a sharp transition between the variable
      characteristics represented by the line 132 and the constant
      characteristics represented by the line 142.
PAR  At the same instant, the signal i.sub.d'.sub.(cemf) will be introduced
      through the input resistor 151 to the driver amplifier 93 to damp the
      decaying sinusoid by its application to the drive signal i.sub.d. With
      sharp transitions between the variable characteristics and constant
      characteristics in the drive signals i.sub.c and i.sub.d, the oscillations
      of the head 15 with respect to the platen 13 will also be inhibited.
      Ultimately, this will mean that the object positioned by the head 15, such
      as a laser scriber (not shown), will be rapidly moved to the predetermined
      point where it will be substantially immediately held in a fixed
      relationship with the platen 13. With the damping control of the present
      invention, the decaying sinusoids associated with the respective drive
      signals can be damped in approximately twenty milliseconds or
      approximately 2 cycles of a 10 milliseconds per cycle signal.
PAR  Although the invention has been disclosed with reference to an embodiment
      providing for applying a damping signal to both the drive signals on
      i.sub.c and i.sub.d, it will be apparent to those skilled in the art that
      the advantages associated with the invention ccan be achieved by applying
      a similar damping signal to only one of the drive signals, such as the
      signal i.sub.c. The oscillations of the head 15 are more rapidly damped
      however when damping signals are applied to both the drive signals i.sub.c
      and i.sub.d. It will also be appreciated that pseudo back-electromotive
      force signals could be derived from the drive signals i.sub.c and i.sub.d
      and appropriately phase corrected to produce pseudo backelectromotive
      force signals V.sub.a'.sub.(cemf) and V.sub.b'.sub.(cemf) for damping the
      decaying sinusoids 150 and 514 in the respective signals to drive signals
      i.sub.a and i.sub.b. In an embodiment wherein the magnets 35 and 37 have
      the same phase relationship as the magnets 39 and 41, the phase correction
      network can be entirely eliminated.
PAR  Although the invention has been described with reference to specific
      embodiments, it will be appreciated by those skilled in the art that the
      invention can be otherwise embodied. For this reason, the scope of the
      invention should be ascertained only with reference to the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A positioning apparatus including:
PA1  a first member forming a platen;
PA1  a second member adapted for controlled independent movement with respect to
      the first member;
PA1  a first coil carried by the second member and adapted to respond to a first
      electromagnetic force to position the second member with respect to the
      first member;
PA1  a second coil carried by the second member and disposed relative to the
      first coil, the second coil being adapted to respond to a second
      electromagnetic force to aid the first coil in positioning the second
      member with respect to the first member;
PA1  the first and second electromagnetic forces having variable characteristics
      for moving the second member relative to the first member and having
      constant characteristics for maintaining the second member at a
      predetermined point relative to the first member;
PA1  the second member having inertia characteristics for physically oscillating
      about the predetermined point following abrupt transitions from the
      variable to the constant characteristics of the first and second
      electromagnetic forces;
PA1  the first coil being responsive to the oscillating of the second member
      relative to the first member to produce in the first coil a first signal
      representative of a back-electromotive force in the first coil;
PA1  the second coil being responsive to the oscillating of the second member
      relative to the first member to produce in the second coil a second signal
      representative of a back-electromotive force in the second coil;
PA1  means for detecting the signal representative of the backelectromotive
      force in the first coil for producing a damping signal; and
PA1  means for introducing the damping signal to the second coil to damp the
      second signal representative of the backelectromotive force in the second
      coil and thereby inhibit the oscillating of the second member relative to
      the first member.
NUM  2.
PAR  2. The positioning apparatus recited in claim 1 wherein the first coil has
      a predetermined spaced relationship with respect to the second coil and
      the detecting means includes:
PA1  a phase correction network responsive to the first signal representative of
      the back-electromotive force in the first coil to adjust the phase of the
      first signal in accordance with the predetermined phase relationship of
      the first and second coils to produce the damping signal.
NUM  3.
PAR  3. The positioning apparatus recited in claim 1 wherein the introducing
      means includes means for inhibiting the damping signal when the first and
      second electromagnetic forces have the variable characteristics.
NUM  4.
PAR  4. The positioning apparatus recited in claim 1 wherein:
PA1  the detecting means includes a bridge network having a pair of branches
      each including a pair of legs with a common terminal;
PA1  the first coil is disposed in one of the legs of one of the branches;
PA1  resistance means is disposed in the other legs of the branches; and
PA1  the signal representative of the counterelectromotive force is measured
      across the common terminals of the bridge network.
NUM  5.
PAR  5. The positioning apparatus recited in claim 4 further comprises:
PA1  a sense resistor serially coupled to the first coil and having properties
      for limiting the magnitude of the first electromotive force, the sense
      resistor included in the resistance means and being connected in the other
      of the other of the legs in the one branch.
NUM  6.
PAR  6. A positioning apparatus including:
PA1  a platen;
PA1  a head adapted for movement with respect to the platen;
PA1  means for providing a first drive signal and a second drive signal, the
      first and second drive signals having varying characteristics and constant
      characteristics;
PA1  a first coil included in the head and being responsive to the varying
      characteristics of the first drive signal for moving the head relative to
      the platen, and being responsive to the constant characteristics of the
      first drive signal to maintain the head and the platen in a substantially
      fixed relationship;
PA1  a second coil included in the head and being responsive to the varying
      characteristics of the second drive signal for aiding the first coil in
      moving the head relative to the platen, and being responsive to the
      constant characteristics of the second drive signal for aiding the first
      coil in maintaining the head and the platen in a substantially fixed
      relationship;
PA1  the head having properties producing oscillations of the head following an
      abrupt transition from the variable to the constant characteristics of the
      first and second drive signals;
PA1  the oscillations of the head relative to the platen producing a
      back-electromotive force providing in the first coil a particular signal
      having characteristics dependent upon the characteristics of the
      back-electromotive force;
PA1  first means responsive to the particular signal in the first coil for
      providing a damping signal having characteristics dependent upon the
      oscillations of the head; and
PA1  second means for intoducing the damping signal to the second coil to damp
      the oscillations of the head relative to the platen.
NUM  7.
PAR  7. The positioning apparatus recited in claim 6 wherein the first and
      second coils have a particular phase relationship and the second means
      comprises:
PA1  third means responsive to the particular signal for varying the phase of
      the particular signal in accordance with the particular phase relationship
      of the first and second coils to provide the damping signal; wherein
PA1  the second means introduces the damping signal to the second coil and the
      second coil produces an electromagnetic force opposing the oscillations of
      the head to dampen the oscillations of the head.
NUM  8.
PAR  8. The positioning apparatus recited in claim 6 wherein the second means
      comprises:
PA1  third means responsive to the damping signal for inhibiting the damping
      signal when the first and second drive signals have the varying
      characteristics; and
PA1  fourth means coupled to the third means and responsive to the damping
      signal from the third means for combining the damping signal and the
      second drive signal to provide a combined signal and for introducing the
      combined signal to the second coil to damp the oscillations of the head.
NUM  9.
PAR  9. A positioning system for providing a control relative movement between
      two members along at least a first axis, comprising:
PA1  a first member forming a platen having a first energy configuration;
PA1  a second member disposed relative to the first member for independent
      movement relative to the first member along the first axis;
PA1  first means carried by the second member and being selectively energizable
      to provide the second member with a second energy configuration tending to
      move the second member relative to the first member along the first axis,
      and being selectively energizable to provide the second member with a
      third energy configuration tending to maintain the second member in a
      substantially fixed relationship with the first member;
PA1  the second member tending to oscillate with the abrupt changes between the
      second energy configuration and the third energy configuration of the
      first means;
PA1  second means coupled to the first means and being responsive to the
      oscillations of the second member with respect to the first member to
      produce a particular signal having characteristics dependent upon the
      oscillations of the second member; and
PA1  third means carried by the second member and being responsive to the
      particular signal from the second means to provide the second member with
      a fourth energy configuration tending to inhibit the oscillations of the
      second member.
NUM  10.
PAR  10. The positioning system recited in claim 9 wherein the first means
      includes a drive coil and the second means includes:
PA1  a plurality of legs forming a bridge network having a pair of branches each
      including a common terminal defined by a pair of the legs;
PA1  the drive coil being disposed in one of the legs of one of the branches;
      and
PA1  means coupled to the common terminals of the branches to provide the
      particular signal.
NUM  11.
PAR  11. The positioning system recited in claim 10 wherein the drive coil in
      the first means is selectively energizable by a drive signal and the
      apparatus further comprises:
PA1  a sense resistor serially connected to the drive coil in the first means
      and having properties for reducing the magnitude of the drive signal, the
      same resistor being included in the second means in the other of the legs
      of the one branch.
NUM  12.
PAR  12. A positioning apparatus providing a controlled relative movement
      between two members along at least a first axis, comprising:
PA1  a first member forming a platen;
PA1  a second member forming a head and being independently movable with respect
      to the first member;
PA1  a first drive coil carried by the second member and being selectively
      energizable by a first drive signal having variable characteristics
      tending to move the second member relative to the first member along the
      first axis and having constant characteristics tending to maintain the
      second member in a fixed relationship with the first member;
PA1  a second drive coil carried by the second member and being selectively
      energizable by a second drive signal having variable characteristics
      tending to move the second member relative to the first member along the
      first axis and having constant characteristics tending to maintain the
      second member in a fixed relationship with the first member;
PA1  a third drive coil carried by the second member and being disposed in a
      particular phase relationship to the first and second drive coils, the
      third drive coil being selectively energizable by a third drive signal
      having the particular phase relationship to the first and second drive
      signals to move the second member relative to the first member along the
      first axis;
PA1  the second member having properties for oscillating relative to the first
      member in response to transitions between the variable characteristics and
      the fixed characteristics of the first and second drive signals;
PA1  the first drive coil being responsive to the oscillating of the second
      member to produce a fourth signal having characteristics dependent upon
      the oscillating of the second member;
PA1  the second drive coil being responsive to the oscillating of the second
      member to produce a fifth signal having characteristics dependent upon the
      oscillating of the second member;
PA1  first means responsive to the first signal from the first drive coil and
      the second signal from the second drive coil for producing a sixth signal
      having characteristics dependent upon the oscillating of the second member
      and having the particular phase relationship to the fourth signal and the
      fifth signal; and
PA1  second means for introducing the sixth signal to the third drive coil to
      energize the third drive coil to inhibit the oscillations of the second
      member relative to the first member.
NUM  13.
PAR  13. The positioning apparatus recited in claim 12 further comprising a
      sense resistor serially connected to the first drive coil and having
      characteristics for reducing the magnitude of the first drive signal.
NUM  14.
PAR  14. The positioning apparatus recited in claim 13 wherein the first means
      comprises:
PA1  bridge means including the first drive coil and the sense resistor, for
      detecting the fourth signal in the first drive coil.
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ABST
PAL  A motor drive system including a direct-current motor arranged in tandem
      with a stepping motor. The stepping motor is energized by conventional
      means. The direct-current motor is energized by a constant-current drive
      means, which is responsive to signals from magnitude and direction sensing
      means. The direct-current motor and stepping motor coact to provide a
      controlled mechanical output.
BSUM
PAR  This invention relates to motor drive systems, and more specifically to a
      stepping motor drive system.
PAR  A numerical-control drive system is a system in which desired mechanical
      operations are performed and controlled automatically as a function of an
      electronic, numerical input. The input may take the permanent form of a
      punched tape, punched cards, magnetic tape, or may take the temporary form
      of a decade switch. The desired mechanical output may be achieved by
      electrical, hydraulic, or pneumatic drives.
PAR  Numerical-control drive systems have been utilized, particularly in the
      area of feed-drive control systems, for numerically-controlled machine
      tools, which use a stepping motor drive. A stepping motor drive allows
      simplicity of construction, relatively low cost, and reliable action with
      simple open-loop control (when used within the ratings of the stepping
      motor).
PAR  However, the utility of a stepping motor drive system has been found to be
      severely limited in applications for which the stepping motor is not
      rated. Stepping motors which are required to drive a relatively high
      inertial load have been unable to start reliably except at low stepping
      rates. Furthermore, in achieving somewhat higher-than-rated stepping
      rates, careful programming has been necessitated. Experience indicates
      that, under conditions of relatively high inertial loads or high stepping
      rates, the stepping motor will either stall or otherwise fail to perform
      adequately.
PAR  This invention removes the inadequacies of the stepping motor drive system
      while incorporating its advantages, by arranging a direct-current motor in
      tandem with the stepping motor.
PAR  In this combination motor arrangement, the direct-current motor supplies a
      torque boost to the stepping motor which permits the stepping motor to
      step at a greatly increased rate, without the normal inhibitions due to a
      relatively high inertial load. The inherent reliability and ability of the
      stepping motor to hold its position between commands remains unaffected by
      the tandem arrangement.
PAR  The drive system of the present invention possesses the reliability of a
      conventional stepping motor drive system, as well as the high-speed,
      high-torque, high-response characteristics of a direct-current motor drive
      system. The combination direct-current motor and stepping motor drive can
      reliably respond over a relatively extensive range of required speeds and
      required torques.
DRWD
PAR  The present invention is illustrated in the accompanying drawing, in which:
PAR  FIG. 1 is a block diagram showing the direct current motor and stepping
      motor drive employed in a numerical-control drive system; and
PAR  FIG. 2 is a block diagram showing the direct current motor and stepping
      motor drive with a modified numerical-control drive system.
DETD
PAR  Referring to FIG. 1, the numerical motor drive control system generally
      indicated at 10 includes means for transmitting information 12, which in
      FIG. 2 comprises an input reader 14, a decremental counter 16, and an
      oscillator and translator 18. The information transmitting means 12
      produces automatically controlled signals, e.g., from a magnetic tape,
      which indicate electrically, a mechanical operation to be performed by the
      system, such as, the raising and lowering of a tool-carrying table 20, in
      an accurate, controlled fashion.
PAR  The signals from the information transmitting means 12 are coupled to two
      sensing devices which indicate electrically the required speed and
      direction of the table 20. These sensing devices are referred to as the
      magnitude-sensing means 22 and the direction-sensing means 24,
      respectively. The magnitude-sensing means 22 indicates, in the form of a
      voltage signal, the rate at which the tool-carrying table 20 is to travel.
      As shown in FIG. 2, the magnitude-sensing means 22 is comprised of a ramp
      generator means 26, a level-sensing means 28, and a flip-flop 30.
PAR  The magnitude-sensing means 22 and the direction-sensing means 24 provide
      input signals to a constant current d.c. drive 32. Direct current drive 32
      energizes a highly responsive, moving-coil direct-current motor 34 causing
      the shaft 36 to rotate with a constant torque. Shaft 36 is mechanically
      attached to a load such as the tool-carrying table 20 in FIG. 2. The
      direct-current motor shaft 36 is also coupled to the shaft 38 of the
      stepping-motor 40, so that the rotation and torque present on either shaft
      will be transmitted to the other shaft. The shafts 36 and 38 represent the
      end sections of a single shaft 42 coupled together by middle section or
      coupler 44. The coupler 44 locks the shafts 36 and 38 together for
      dependent rotation.
PAR  The signals transmitted by the information transmitting means 12 are also
      transmitted to a stepping motor drive 46 and then applied to the stepping
      motor 40.
PAR  The information transmitting means 12 simultaneously transmits
      automatically controlled signals to the constant current direct-current
      drive 32 to control the torque of the direct-current motor 34, and to the
      stepping-motor drive 46 to provide controlled rotation of the shaft 38 of
      the stepping motor 40. (The stepping motor may be of the type disclosed in
      U.S. Pat. No. 2,931,929, Snowdon et al.).
PAR  The numerical control drive system 10 shown in FIG. 1 does not utilize
      closed-loop feedback between the mechanical output of the system and the
      electrical input. The reliability of the stepping motor 40 makes open-loop
      operation practicable.
PAR  FIG. 2 illustrates a numerical control drive system 47 in closed-loop form.
      The closed-loop serves to verify that the system 47 is operating properly.
      Transducer 48 converts the mechanical output of shaft 36 into an
      electrical signal which is transmitted by lead 50 to the decremental
      counter 16. In the decremental counter 16, the number of mechanical
      rotations completed are compared with the number of rotations the
      information transmitting means 12 has commanded to be performed.
PAR  Referring to FIG. 2, reader 14 reads from a punched tape, magnetic tape, or
      the like, a program corresponding to the number of steps required to
      perform a desired mechanical operation. The number of steps is temporarily
      stored in counter 16. The number is thereafter decremented as counter 16
      communicates a series of pulses to the oscillator and translator 18. The
      pulses correspond to incremental displacements desired at the output. From
      the oscillator and translator 18, automatically-controlled signals are fed
      simultaneously to the stepping motor drive 46, direction sensor 24, and
      ramp generator 26. The signals transmitted to the stepping motor drive 46
      control the stepping movement of the common shaft 41. The signals
      transmitted to the direction sensor 24 control the direction of rotation
      of shaft 41, preventing improper reversal of the shaft 41 by maintaining
      the proper polarity on direct current drive 32. The signals transmitted to
      the ramp generator 26 are accumulated and summed in the form of a ramp
      voltage. The voltage level of the ramp is measured by the level sensor 28
      which triggers flip-flop 30 when a predetermined level is sensed. The
      output signal from the flip-flop 30 is fed by means of the constant
      current direct-current drive 32 to the direct-current motor 34 to provide
      a torque boost to the common shaft 41.
PAR  As the direct-current motor 34 is driven by the signals emanating from
      flip-flop 30, stepping motor 40 will step at a higher rate with an added
      torque boost. Transducer 48, which may be optical, magnetic, or of such
      similar nature, serves to verify that the proper number of incremental
      steps have been made.
PAR  It should be understood by those skilled in the art that various
      modifications may be made in the present invention without departing from
      the spirit and scope thereof, as described in the specification and
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drive system for developing a controlled mechanical output,
      comprising:
PA1  a stepping motor having a shaft which is rotatable in response to a first
      input signal means;
PA1  a direct-current motor having a shaft which is rotatable at constant torque
      in response to a second input signal means;
PA1  coupling means for directly coupling said shaft of said stepping motor and
      said shaft of said direct-current motor in tandem as a single shaft, said
      single shaft undergoing rotation in response to output signals from said
      first and said second input signal means to provide a controlled
      mechanical output.
NUM  2.
PAR  2. A drive system as claimed in claim 1 wherein:
PA1  said direct-current motor is a highly responsive, moving-coil
      direct-current motor.
NUM  3.
PAR  3. A drive control system as claimed in claim 1 including:
PA1  transducer means for generating signals in response to the controlled
      mechanical output from said motors, said transducer means being
      electrically coupled to said first and second input signal means.
NUM  4.
PAR  4. A drive control system as claimed in claim 1 wherein:
PA1  said input signal means to said direct-current motor includes information
      transmitting means, direction sensor means, magnitude sensor means, and a
      constant current direct-current drive means, said information transmitting
      means being coupled to said direction and magnitude sensor means, said
      direction and magnitude sensor means being electrically connected to said
      constant current direct-current drive means, and said constant current
      direct-current drive means being electrically connected to said
      direct-current motor;
PA1  said input signal means to said stepping motor includes said information
      transmitting means and stepping motor drive means, said information
      transmitting means being electrically connected to said stepping motor
      drive means and said stepping motor drive means being electrically
      connected to said stepping motor.
NUM  5.
PAR  5. A drive system for developing a controlled mechanical output,
      comprising:
PA1  a stepping motor operable in response to a first input signal means;
PA1  said first input signal means to said stepping motor including an
      information transmitting means and stepping motor drive means, said
      information transmitting means being electrically connected to said
      stepping motor drive means and said stepping motor drive means being
      electrically connected to said stepping motor;
PA1  a direct-current motor connected in tandem with said stepping motor and
      operable in response to a second input signal means;
PA1  said second input signal means to said direct-current motor including said
      information transmitting means, direction sensor means, magnitude sensor
      means, and a constant current direct-current drive means, said information
      transmitting means being coupled to said direction and magnitude sensor
      means, said magnitude sensor means including a ramp generator means for
      accumulating and summing the magnitudes of the signals from said
      information transmitting means to form a ramp voltage, level sensor means
      connected to said ramp generator means for measuring the level of the ramp
      voltage to provide an output signal when a predetermined voltage level is
      sensed, and a flip-flop connected to said level sensor for generating an
      output in response to a signal from said level sensor means, said
      direction and magnitude sensor means being electrically connected to said
      constant current direct-current drive means, and said constant current
      direct-current drive means being electrically connected to said
      direct-current motor;
PA1  said stepping motor and said direct-current motor coacting to provide a
      controlled mechanical output.
NUM  6.
PAR  6. A drive control system as claimed in claim 5 wherein:
PA1  said information transmitting means includes input reader means,
      decremental counter means coupled to said input reader means, and
      oscillator and translator means electrically connected to said decremental
      counter means.
NUM  7.
PAR  7. A drive control system as claimed in claim 6 including:
PA1  a feedback loop having a transducer which converts the controlled
      mechanical output into electrical signals and transmits the electrical
      signals to said decremental counter means to verify that the mechanical
      output of the system corresponds to the output signals from said
      decremental counter.
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PAL  A multiple input switching system includes an input isolation device, such
      as a transformer, in the input circuit. Switching devices are provided for
      sequentially connecting the several input circuits to a time-shared
      amplifier. The switching devices are actuated at a predetermined rate with
      a predetermined closed-time for each closure. Further switching devices
      are provided for transferring the data from each of the input circuits to
      a corresponding memory device. These further switching devices are
      operated synchronously with the first-mentioned switching devices but with
      a shorter close-time. The data values in the several memory devices may be
      selectively scanned asynchronously. Between each actuation of the input
      switching devices, additional switches are actuated which (1)
      short-circuits the input to the amplifier and (2) applies the output drift
      signal of the amplifier to a compensating storage capacitor. On subsequent
      actuation of the input and output switch devices, the compensating signal
      is superimposed on the data signal stored on the corresponding memory
      device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an isolating multiple input switching, or
      multiplexing, system.
PAR  2. Description of the Prior Art
PAR  In prior art multiplex systems, where transformers are used for isolation
      for the individual input circuits, the switching of the individual
      transformer circuits must be sufficiently slow to allow the switching
      transients in the transformer to decay whereby to obtain a reasonably
      accurate output signal. Further, when the multiplexed signals were
      amplified in a common, or time-shared, amplifier, it was necessary, in
      order to maintain the high order of accuracy, to use a very high quality
      and very expensive amplifier to avoid problems of offset and temperature
      drift voltages.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved isolated
      multiplexing system which avoids the shortcomings of the prior art
      systems.
PAR  It is another object of the present invention to provide an improved
      multiplexing system as set forth wherein the scanning of the output
      signals may be accomplished at relatively high speed.
PAR  It is a further object of the present invention to provide an improved
      multiplexing system as set forth wherein compensation is provided for
      offset and drift signals of the amplifier.
PAR  In accomplishing these and other objects, there has been provided, in
      accordance with the present invention, a multiple input, or multiplexing,
      switching system wherein input isolation is accomplished as by input
      transformer means. The input signals are sequentially switched into the
      input of a time-shared amplifier at a predetermined switching rate. The
      output of the amplifier is commutated, as by a plurality of commutating
      switch means, to a plurality of memory devices. The commutating switch
      means are actuated synchronously with the input signal switching means but
      with a shorter close-time than the input switching means. This allows the
      switching transients to be dissipated before the data signal is applied to
      the several storage devices. The data stored in the memory devices may be
      scanned by actuation of a plurality of output or read-out switching means.
      the read-out switching means may be actuated asynchronously with respect
      to the input and commutating switching means. These switching means may be
      actuated at a relatively high speed as required by whatever utilization
      devices may be connected thereto.
PAR  The multiplexing and commutating switches are actuated by a series of
      spaced pulses. Further switching means is arranged to be actuated during
      the interval between the actuation of the multiplexing and commutating
      switches. The further switching means effectively short-circuits the input
      of the amplifier and at the same time connects the output terminal of the
      amplifier to a storage capacitor. The signal thus applied to the storage
      capacitor is representative of the offset and drift signal of the
      amplifier. Upon subsequent actuation of the commutating switching means,
      the signal stored on the capacitor is superimposed upon the data signal to
      provide compensation for the offset and drift of the amplifier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had from the
      following detailed description when read in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a schematic circuit diagram of a multiplexing system embodying
      the present invention;
PAR  FIG. 2 is a wave-form chart useful in explaining the present invention;
PAR  FIG. 3 is a schematic circuit diagram of a different embodiment of the
      present invention;
PAR  FIG. 4 is a schematic circuit diagram of another embodiment of the present
      invention; and
PAR  FIG. 5 is a schematic circuit diagram of yet another structure embodying
      the present invention.
DETD
PAC  DESCRIPTION OF THE EMBODIMENTS
PAR  Referring now to the drawings in more detail, there is shown in FIG. 1 a
      plurality of input circuits IN.sub.l through IN.sub.n, each connected to
      the primary winding of an isolating transformer T.sub.l through T.sub.n
      through associated first multiplexing switch elements SW.sub.1l through
      SW.sub.1n. The secondary windings of the transformers T.sub.l through
      T.sub.n are connected in parallel through second multiplexing switches
      SW.sub.2l through SW.sub.2n to the input of a time-shared operational
      amplifier A. While these switches just discussed have been illustrated as
      mechanical switches, it is anticipated that these will be solid state
      switch devices such as field effect transistors.
PAR  The output terminal of the amplifier A is connected to a plurality of
      commutating switches SW.sub.3l through SW.sub.3n, corresponding in number
      to the number of input circuits. A plurality of memory devices, again
      corresponding in number to the number of input circuits, represented by
      the capacitors C.sub.1l through C.sub.1n are connected, respectively, to
      the output of the amplifier A through the aforementioned commutating
      switches. A plurality of read-out scanning switches SW.sub.4l through
      SW.sub.4n are connected, respectively, between the capacitors C.sub.1l
      through C.sub.1n to an output circuit.
PAR  Reference to FIG. 2 will assist in the understanding of the operation of
      the circuit just described. The multiplexing switches and the commutating
      switches are controlled from a series of control signals from respective
      sources designated P.sub.o through P.sub.n. Referring to the chart of FIG.
      2, it will be noted that the control pulses P.sub.1, P.sub.2 and P.sub.n
      are of a relatively long duration. These pulses are applied to control the
      actuation of the multiplexing switches SW.sub.1l through SW.sub.1n and
      SW.sub.2l through SW.sub.2n, the pulses being appplied to control those
      switches directly. It will be noted that the pulses P.sub.1, P.sub.2 . . .
      P.sub.n occur in time-spaced sequence whereby the switches controlled
      thereby are actuated sequentially on a predetermined time base as noted on
      lines A, B and C of the chart of FIG. 2. The control pulses P.sub.o, shown
      on line D of the FIG. 2 are applied as one input signal to each of a
      plurality of AND gates G.sub.l through G.sub.n. These pulses are in the
      nature of clock pulses and occur synchronously with the sum of the pulses
      P.sub.l through P.sub.n. It will be noted that the pulses P.sub.o are of
      shorter duration and timed to occur during the latter portion of the
      period of the pulses P.sub.l through P.sub.n. A second input to the AND
      gates G.sub.l through G.sub.n, respectively, are taken from the pulses
      P.sub.l through P.sub.n. Thus, the gates G.sub.l through G.sub.n are
      sequentially enabled by the pulses P.sub.l through P.sub.n and are turned
      on by the pulses P.sub.o. The output of the gates G.sub.l through G.sub.n,
      as seen on lines E, F and G of FIG. 2, are applied to control the
      actuation, sequentially, of the commutating switches SW.sub.3l through
      SW.sub.3n. The close time of the several switches is effectively
      coextensive with the pulse length of the corresponding actuating pulses.
      Thus, the close time of the commutating switches SW.sub.3l through
      SW.sub.3n is substantially shorter than the close time of the multiplexing
      switches at the input of the amplifier. With this arrangement, the
      switching transients incidental to the actuation of the switches in
      connection with the isolating transformers have been allowed to dissipate
      before the corresponding signals are transferred from the amplifier to the
      memory devices, or storage capacitors, C.sub.1l through C.sub.1n. The
      output scanning switches SW.sub.4l through SW.sub.4n are actuated
      independently and asynchronously with respect to the multiplexing and
      commutating switches. The switches SW.sub.4l through SW.sub.4n are
      individually actuated, respectively, from signals applied over channel
      select lines CH.sub.l through CH.sub.n. It may be noted that the actuation
      of the switches SW.sub.4l through SW.sub.4n may or may not be actuated in
      sequence and the rate of selection may be much faster or much slower than
      the predetermined actuation rate of the multiplexing and commutating
      switches.
PAR  Whereas in FIG. 1, the commutating switches SW.sub.3l through SW.sub.3n and
      the scanning switches SW.sub.4l through SW.sub.4n are active with respect
      to a post-amplification or high level signal; in the structure shown in
      FIG. 3, the commutating switches and the scanning switches are operative
      on a pre-amplification or low level signal.
PAR  In the structure illustrated in FIG. 3, the input circuits IN.sub.l through
      IN.sub.n are also connected to the primary winding of associated isolating
      transformers T.sub.l through T.sub.n through input multiplexing switches
      SW.sub.1l through SW.sub.1n, respectively. The secondary winding of the
      isolating transformers T.sub.l through T.sub.n are connected directly to
      the memory devices represented by the capacitors C.sub.1l through C.sub.1n
      by the commutating switches SW.sub.3l through SW.sub.3n, respectively. As
      before, the multiplexing and commutating switches are actuated by pulses
      from the pulse sources P.sub.o through P.sub.n. Here too, the actuation of
      the commutating switches SW.sub.3l through SW.sub.3n are operated
      synchronously with the multiplexing switches SW.sub.1l through SW.sub.1n
      but have a relatively shorter close time. In this structure, the data
      signal stored in the memory capacitors are the relatively low level
      signals derived directly from the transformer secondary windings. The
      plurality of scanning output switches SW.sub.4l through SW.sub.4n as
      before asynchronously scan the data stored on the storage capacitors
      C.sub.1l through C.sub.1n. Here, however, the scanned signals are applied
      as input signals to the operational amplifier A, the output of the
      amplifier then becomes the output of the system.
PAR  In FIG. 4, there is shown a structure which is substantially identical to
      that shown in FIG. 1 with the exception that the isolating transformers
      are replaced with so-called flying capacitors. Thus, the input circuits
      IN.sub.l through IN.sub.n are connected, respectively, to a plurality of
      double pole, double throw switches SW.sub.5l through SW.sub.5n. A
      plurality of input capacitors C.sub.2l through C.sub.2n are connected
      respectively across the common poles of the double pole, double throw
      switches. These switches serve both as multiplexing switches and as
      isolation means. As before, the switches are sequentially actuated by
      signals derived from the pulse sources P.sub.l through P.sub.n. In the
      switch condition shown, the capacitors C.sub.2l through C.sub.2n are
      connected to their respective input circuits and are charged to a value
      representative of the several input signals. As the switches SW.sub.5l
      through SW.sub.5n are sequentially actuated, the charge on the capacitors
      C.sub.2l through C.sub.2n are sequentially transferred as input signals to
      the operational amplifier A. The output of the amplifier A is commutated,
      stored, and subsequently scanned as in the system described in connection
      with FIG. 1.
PAR  In FIG. 5 there is shown another circuit which is substantially identical
      to that shown and described in connection with FIG. 1 with the addition of
      means for compensating the output signal from the amplifier for offset and
      drift voltages. A switch SW.sub.5o is arranged to connect the input of the
      amplifier A to ground, periodically. Simultaneously therewith, a second
      switch SW.sub.6o is arranged to connect the output of the amplifier to an
      error memory device represented by the capacitor C.sub.6o. The switches
      SW.sub.5o and SW.sub.6o are arranged to be closed during the interval
      between closure of the multiplexing switches. That is, the switches
      SW.sub.5o and SW.sub.6o are closed at a time when none of the multiplexing
      or commutating switches is closed. This is accomplished by connecting all
      of the pulse signals from sources P.sub.l through P.sub.n to the several
      inputs of a NOR gate G.sub.2o. The output of that gate is illustrated in
      line H of FIG. 2. Thus, between actuation of the successive multiplex
      switches, the input to the amplifier A is connected to ground or zero
      potential. When the input to the amplifier A is thus grounded, any signal
      appearing at the output thereof will represent inherent offset or drift in
      the amplifier. The charge thus stored on the capacitor is then
      superimposed upon the next output signal resulting from the operation of
      the output scanning switches SW.sub.4l through SW.sub.4n since the
      capacitor 60 will be successively connected in series with the storage
      capacitors C.sub.1l through C.sub.1n.
PAR  Thus, there has been provided, in accordance with the present invention, an
      improved isolated multiplexing system which includes means whereby the
      output signals can be scanned at a relatively high speed independently of
      the multiplexing rate, and in which the time shared amplifier includes
      means for compensating for offset and drift signals thereof.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A multiplexing switching system comprising a plurality of signal input
      channels;
PA1  a plurality of reactive isolating means;
PA1  a plurality of multiplex switch members connected, respectively, between
      said input channels and said reactive isolating means;
PA1  means for actuating said multiplex switch means sequentially at a
      predetermined rate with a predetermined close-time for each actuation of
      each of said switch members;
PA1  a plurality of data storage devices;
PA1  a plurality of commutating switch members connected, respectively, between
      said reactive isolating means and said data storage devices;
PA1  means for actuating said commutating switch members synchronously with
      respect to said multiplex switch members but with a predetermined
      close-time which is less than the close-time of said multiplex switch
      members;
PA1  an output circuit;
PA1  a plurality of read-out scanning switch members connected, respectively,
      between said data storage devices and said output circuit; and
PA1  means for actuating said read-out scanning switches asynchronously with
      respect to said multiplexing switch members.
NUM  2.
PAR  2. The multiplexing switching system as set forth in claim 1 and further
      including a time-shared amplifier connected between said read-out scanning
      switch members and said output circuit.
NUM  3.
PAR  3. The multiplexing switching system as set forth in claim 1 wherein said
      reactive isolating means comprise flying capacitors.
NUM  4.
PAR  4. The multiplexing switching system as set forth in claim 1 wherein said
      reactive isolating means comprise transformers.
NUM  5.
PAR  5. The multiplexing switching system as set forth in claim 4 and further
      including a time-shared amplifier connected between said reactive
      isolating means and said commutating switch members.
NUM  6.
PAR  6. The multiplexing switching system as set forth in claim 5 wherein said
      multiplex switch members comprise a first plurality of switch elements
      connected, respectively, between said input channels and primary winding
      means on said transformers, and a second plurality of switch elements
      connected, respectively, between said secondary winding means on said
      transformers and said amplifier, said first and second plurality of switch
      elements being synchronously driven with respect to each other.
NUM  7.
PAR  7. The multiplexing switching system as set forth in claim 6 and further
      including drift and offset compensating means for said amplifier, said
      compensating means comprising a first compensation switch member connected
      between the input of said amplifier and ground, a compensation signal
      storage capacitor, a second compensation switch member connected between
      the output of said amplifier and said capacitor, means for actuating said
      compensation switch members in the interval between successive actuations
      of said multiplex and commutating switch elements, and means for
      superimposing the compensation signal stored on said storage capacitor on
      output signals of said multiplexing switching system.
PATN
WKU  039406792
SRC  5
APN  4804791
APT  1
ART  212
APD  19740618
TTL  Nickel-cadmium battery monitor
ISD  19760224
NCL  6
ECL  1
EXA  Hickey; Robert J.
EXP  Miller; J. D.
NDR  2
NFG  2
INVT
NAM  Brandwein; Rowland
CTY  Mission
STA  KS
INVT
NAM  Gupta; Mohan L.
CTY  Shawnee, Mission
STA  KS
ASSG
NAM  Textron, Inc.
CTY  Providence
STA  RI
COD  02
CLAS
OCL  320 48
XCL  340249
XCL  324 295
EDF  2
ICL  H02J  700
ICL  G01M 2702
FSC  320
FSS  48;2;35;36
FSC  324
FSS  29.5
FSC  340
FSS  248 B;249
UREF
PNO  2509485
ISD  19500500
NAM  Dalzell
XCL  320 48
UREF
PNO  2835862
ISD  19580500
NAM  McNutt
XCL  320 48
UREF
PNO  3525075
ISD  19700800
NAM  Frome et al.
OCL  340150
UREF
PNO  3541537
ISD  19701100
NAM  Kasson
OCL  340179
UREF
PNO  3593099
ISD  19710700
NAM  Scholl
XCL  320 48
UREF
PNO  3626398
ISD  19711200
NAM  Owens et al.
OCL  340183
UREF
PNO  3641530
ISD  19720200
NAM  Schoenwitz
OCL  340183
UREF
PNO  3665399
ISD  19720500
NAM  Zehr et al.
OCL  340152
UREF
PNO  3665439
ISD  19720500
NAM  Brummer et al.
OCL  340183
UREF
PNO  3750465
ISD  19730800
NAM  Howell et al.
OCL   73117.3
UREF
PNO  3786343
ISD  19740100
NAM  Ehlers
OCL  324 29.5
FREF
PNO  1,227,630
ISD  19710400
CNT  UK
OCL  320 48X
LREP
FRM  Pennie & Edmonds
ABST
PAL  The nickel-cadmium battery monitor is provided with sensors for measuring
      the battery temperature, the battery voltage and the magnitude of the
      current being charged to the battery, each of the sensors generating a
      sensor signal voltage that varies directly with the magnitude of the
      parameter being measured. The sensor signal voltages from the temperature
      sensor and the voltage sensor are conditioned and then converted to an
      analog signal voltage increment the magnitude of which corresponds
      approximately to the actual magnitude of the battery temperature and
      battery voltage as measured. The analog signal voltage increments thus
      obtained cause an analog visual display means to indicate visually the
      approximate magnitude of the battery temperature and battery voltage as
      measured. The conditioned analog signal voltages from the temperature
      sensor and the voltage sensor are also converted to a multibit digital
      signal which causes a digital visual display means to display in numeric
      form the actual magnitude of the battery temperature or battery voltage as
      measured. Charge rate sampling means continuously measures the magnitude
      of successive samples of the charge current and transmits an alarm signal
      to a flash alarm means when the rate of increase in the charge current
      exceeds a predetermined value. The flash alarm means transmits flash alarm
      signal to the digital visual display means when the temperature of the
      battery exceeds a predetermined value or when the voltage of the battery
      falls below or exceeds a predetermined value or when the charge rate
      sampling means transmits an alarm signal to the flash alarm means.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a device for monitoring the condition of a
      nickel-cadmium battery.
PAR  2. Prior Art
PAR  Nickel-cadmium batteries, comprising a plurality of nickel-cadmium voltaic
      cells connected in series, possess a number of highly desirable
      characteristics that include a relatively high capacity to weight ratio, a
      relatively flat voltage to percent of discharge curve, good performance at
      low temperatures, the capability of delivering high amperage currents for
      engine starting and similar purposes, and a relatively high recharge
      recycling capacity. Moreover, the chemistry of the nickel-cadmium system
      is such that nickel-cadmium cells may be hermetically sealed which permits
      operation in any position and in inaccessible locations. All of these
      characteristics have made nickel-cadmium batteries particularly well
      suited for use in aircraft and similar environments.
PAR  Aircraft electric systems normally include a rechargeable storage battery
      (for example, a nickel-cadmium battery) and a constant potential battery
      charging apparatus (for example, an alternator and voltage regulator)
      connected to the battery for restoring and maintaining its charge.
      However, when a nickel-cadmium battery is connected to a constant
      potential source of charging current the battery is susceptible to a
      malfunction known as "thermal runaway" which is a condition that can
      destroy the battery if undetected and unchecked. That is to say, when the
      battery temperature exceeds about 160.degree. F, the battery voltage
      decreases as the temperature rises. Moreover, the temperature of the
      battery tends to rise when the battery is being charged by a charging
      current from a constant potential charging current source. If, for some
      reason, the battery temperature should rise above the critical value of
      about 160.degree. F., the voltage of the battery may be lowered to the
      point where the charge current drawn by the battery increases sharply.
      This results in a further increase in temperature accompanied by a further
      voltage drop and still higher current consumption. Thus, a vicious cycle
      is created which will destroy the cell if undetected and allowed to go
      unchecked.
PAR  When nickel-cadmium batteries were first installed in aircraft the only
      battery monitoring devices employed were the usual ammeter to indicate
      battery discharge and charge rates and voltmeter to indicate the voltage
      at the battery terminals. The need for an additional instrument to detect
      and warn the pilot of incipient "thermal runaway" immediately became
      apparent, and battery monitors for the detection of "thermal runaway" are
      now mandatory equipment in aircraft.
PAR  Conventional monitors for the detection of incipient thermal runaway
      comprise a sensor for measuring the temperature of the nickel-cadmium
      battery and means for alerting the pilot (for example, a buzzer) when the
      temperature of the battery exceeds a predetermined value. When the battery
      temperature exceeds the predetermined value and the alarm is sounded, the
      pilot must disconnect the battery from the battery charging equipment and
      land the aircraft as quickly as possible. However, if the alarm activation
      temperature is set low enough to give the pilot sufficient time to take
      appropriate action to prevent battery destruction, the device will often
      give a "false alarm" of incipient thermal runaway when in fact the
      condition of the battery is perfectly stable. In order to prevent such
      false alarms the alarm activation temperature must be set so high (that
      is, only a few degrees below the critical temperature) that the pilot will
      often have insufficient time to take action to prevent battery
      destruction. Accordingly, it will seem that conventional nickel-cadmium
      battery monitoring devices are inherently unsatisfactory and, to some
      degree, unreliable.
PAR  After an intensive investigation of the problems inherent in the design of
      a satisfactory and reliable monitor for nickel-cadmium batteries, we have
      found that battery temperature is but one of the critical indicators of
      the condition of nickel-cadmium batteries. Low battery voltage is an
      indication of battery failure (for example, a dead cell) or charging
      equipment malfunction or failure. High charging voltage is an indication
      of malfunction of the battery charging equipment, and the resulting high
      charging current can lead directly to high battery temperatures and
      "thermal runaway" as previously described. Perhaps the most important
      indication of incipient thermal runaway is an excessive increase in the
      charging current within a short period of time. None of the nickel-cadmium
      battery monitoring devices heretofore known is capable of measuring these
      critical battery parameters.
PAR  As a result of our investigation we have now devised a new nickel-cadmium
      battery monitoring device that continuously monitors the most critical
      battery parameters -- namely, the battery temperature, the battery voltage
      and the rate of change in the battery charging current. The magnitude of
      the battery temperature and voltage is continuously visually displayed to
      the pilot, and a visual and audible alarm alerts the pilot whenever the
      voltage of the battery falls below or exceeds a predetermined value,
      whenever the temperature of the battery exceeds a predetermined value or
      whenever the rate of increase in the charging current exceeds a
      predetermined value. The instrument of the invention employs solid state
      circuitry throughout and is sturdy and reliable in operation.
PAC  SUMMARY OF THE INVENTION
PAR  Our new device for monitoring nickel-cadmium batteries comprises a sensor
      for measuring the temperature of the battery, a sensor for measuring the
      voltage at the terminals of the battery and a sensor for measuring the
      magnitude of the current being discharged by and being charged to the
      battery, each of said sensors generating a sensor signal voltage that
      varies directly with the magnitude of the parameter being measured. A
      temperature sensor signal voltage conditioning and calibrating means is
      electrically connected to the temperature sensor, and a voltage sensor
      signal conditioning and calibrating means is electrically connected to the
      voltage sensor. Each of the conditioning and calibrating means transforms
      the sensor signal voltage from the sensor connected thereto to a
      conditioned analog signal voltage, the magnitude of the conditioned signal
      voltage being in the same relative proportion to a predetermined reference
      voltage as the actual magnitude of the battery parameter being measured is
      to a predetermined reference magnitude of this parameter. Continuous
      voltage gradient to incremental voltage gradient converter means are
      electrically connected to each of said signal voltage conditioning and
      calibrating means. The continuous to incremental voltage gradient
      converter means divides the continuous voltage gradient transmitted by the
      signal voltage conditioning and calibrating means into a predetermined
      number of incrementally increasing analog signal voltage increments,
      whereby the actual signal voltage from each of said signal voltage
      conditioning and calibrating means is converted to an analog signal
      voltage increment the magnitude of which corresponds approximately to the
      actual magnitude of the battery temperature and battery voltage as
      measured. Analog signal voltage increment indicator means are electrically
      connected to each of the continuous to incremental voltage gradient
      converter means, each of said indicator means having a plurality of
      electrically energized visual display means. Each of the visual display
      means corresponds to and is indirectly energized by one of the analog
      signal voltage increments, whereby the indicator means visually indicates
      the approximate magnitude of the battery temperature and battery voltage
      as measured.
PAR  Selector switch means are also electrically connected to each of the signal
      voltage conditioning and calibrating means, the selector switch being
      adapted to select and transmit the conditioned analog signal from the
      temperature signal conditioning and calibrating means or the voltage
      signal conditioning and calibrating means to an analog to digital
      converter means. Analog to digital converter means are electrically
      connected to the selector switch means, the converter means converting the
      selected conditioned analog signal to a corresponding multibit digital
      signal. An array of numeric visual display units are electrically
      connected to the analog to digital converter means, the display units
      displaying in numeric form the actual magnitude of the battery temperature
      or the battery voltage, as selected by said selector switch means.
PAR  Charge rate sampling means are electrically connected to the battery charge
      sensor, the sampling means continuously measuring the magnitude of
      successive samples of the charge current and transmitting an alarm signal
      to a flash alarm means when the rate of increase of the charge current
      exceeds a predetermined values. In the preferred embodiment the charge
      rate sampling means continuously measures successive samples of the charge
      current and records a "bit" in a memory element of the sampling means each
      time the magnitude of the charge current of a given current sample exceeds
      by a predetermined amount the charge current of the immediately preceeding
      current sample. The sampling means transmits an alarm signal to the flash
      alarm means when the number of current samples (or "bits") recorded in the
      memory element during a predetermined period of time exceeds a
      predetermined number of bits. The flash alarm means is electrically
      connected to each of the aforesaid continuous to incremental voltage
      gradient converter means and to the aforesaid charge rate sampling means.
      The flash alarm means transmits a flash alarm signal to the
      analog-to-digital converter means when the temperature of the battery
      exceeds a predetermined value, or when the voltage of the battery falls
      below or exceeds a predetermined value, or when an alarm signal is
      received from the charge rate sampling means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The nickel-cadmium monitoring device of the invention will be better
      understood from the following description thereof in conjunction with the
      accompanying drawings of which:
PAR  FIG. 1 is a front elevation of an advantageous embodiment of the visual
      display and control panel of the device, and
PAR  FIG. 2 is a block diagram of the various functional components of the
      device showing how these components are electrically interconnected as
      hereinafter described.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Nickel-cadmium batteries have a number of highly desirable characteristics
      that make them particularly well secured for use in aircraft and similar
      environments. However, as previously described, nickel-cadmium batteries
      are susceptible to a malfunction known as "thermal runaway" which is a
      condition that can destroy the battery if undetected and allowed to go
      unchecked. The battery monitor of the invention continuously measures the
      temperature of the battery, the voltage of the battery, and the rate of
      change, if any, of the battery charging current. The magnitude of the
      battery temperature and the battery voltage is continuously visually
      displayed to the pilot, and a visual and audible alarm alerts the pilot
      whenever the voltage of the battery falls below or exceeds a predetermined
      value, whenever the temperature of the battery exceeds a predetermined
      value and whenever the rate of increase in the battery charge current
      exceeds a predetermined value. In addition, the temperature and battery
      displays are provided with "red," "yellow" and "green" zones or ranges
      which indicate the dangerous, cautionary and normal magnitudes of these
      battery parameters.
PAR  The critical values of the battery temperature, battery voltage and battery
      charging rate which trigger the alarm will vary somewhat from one
      nickel-cadmium battery to another depending upon the construction of the
      battery, its nominal voltage, the characteristics of the charging system
      and similar factors. In the ensuing description, it will be assumed that
      the battery comprises 10 cells each having a nominal voltage of 1.25 volts
      for a total of 12.5 volts at the battery terminals and also that the
      battery is in a "thermal runaway" condition when the temperature of the
      battery exceeds about 160.degree. F. (71.degree. C).
PAR  When the battery is connected to and being charged by the constant
      potential battery charging system of the aircraft, the voltage at the
      battery terminals is normally between 13.2 and 14.8 volts. A voltage of
      less than 12.4 volts at the battery terminals indicates a serious
      malfunction of the electrical system, such as a short-circuited cell in
      the battery or a failure of the battery charging system. Accordingly, when
      the battery voltage falls below 12.4 volts the voltage shown by the
      voltage display will be in the red (danger) range of the display and the
      alarm circuit of the battery monitor will be triggered. A voltage of
      between 12.4 and 13.2 volts indicates a possible malfunction of the
      battery charging system, and when the battery voltage falls within this
      range the voltage shown by the voltage display will be within the yellow
      (warning) range of the display. A voltage of between 13.2 and 14.8 is
      normal, and when the battery voltage falls within this range the voltage
      shown by the display will be within the green range of the display. A
      voltage in excess of 14.8 indicates a potentially dangerous malfunction of
      the battery charging system, and when the battery voltage exceeds 14.8
      volts the voltage shown will fall within another red (danger) range of the
      display and the alarm circuit of the monitor will be triggered. Similarly,
      when the temperature of the battery is below 122.degree. F. (50.degree. C)
      the temperature shown by the temperature display will be within the green
      range of the display, when the battery temperature is between 122.degree.
      and 158.degree. F. (50.degree. to 70.degree. C) the temperature shown by
      the display will be within the yellow (warning) range, and when the
      battery temperature exceeds 158.degree. F. (70.degree. C) the temperature
      shown by the display will be in the red (danger) range and the alarm
      circuit of the monitor will be triggered. Finally, the battery charge rate
      monitoring circuit of the device is adjusted to trigger the alarm circuit
      when the increase in charge rate within a predetermined period of time
      exceeds a predetermined value as hereinafter more fully described.
PAR  Referring now to FIG. 1 of the drawing, the battery monitor of the
      invention has a compact control and data display panel 10 that is designed
      to fit in a standard instrument opening (about 3 .times. 6 inch) in the
      instrument panel of the aircraft. The externally visible components of the
      panel 10 include an analog signal visual display means 11 for indicating
      the approximate value of the battery voltage, an analog signal visual
      display means 12 for indicating the approximate value of the battery
      temperature, an array of three digital visual display units 13 for
      indicating in numeric form the precise voltage of the battery voltage or
      the battery temperature, a selector switch 14 for selecting either the
      battery voltage or the battery temperature for display by the visual
      display units 13, an overcharge warning light 15 and a dimmer control knob
      16.
PAR  In the embodiment of the device shown in FIG. 1 the analog signal visual
      display means 11 and 12 are so-called "10-bar indicators" which are
      available from commercial suppliers. A 10-bar indicator comprises an
      integrated group of 10 horizontally disposed rod-like light sources which
      are positioned one above the other to provide a vertical array or stack of
      horizontal light sources. The 10-bar indicator is designed to operate
      within a predetermined range of indicator control voltages. At the lowest
      control voltage within the predetermined range and the lowermost of the
      horizontal light sources in the light stack is illuminated, at a mid-range
      control voltage one of the middle (say the fifth) horizontal light source
      is illuminated, and at the highest control voltage within the
      predetermined range the uppermost horizontal light source is illuminated.
PAR  The battery voltage sensor and the battery temperature sensor each generate
      a sensor signal voltage that corresponds to the actual magnitude of the
      battery voltage and battery temperature as measured. This measured signal
      voltage falls within a range of signal voltages the minimum and maximum
      values of which correspond to the minimum and maximum values of the
      parameter being monitored. The analog signal voltages within the aforesaid
      range comprise a continuous voltage gradient that corresponds to the
      continuous range of values within the minimum and maximum values of the
      parameters being monitored. The analog signal voltage gradient is
      "conditioned" to coincide with the predetermined range of control voltage
      of the 10-bar indicator. The conditioned analog signal voltage is then
      divided into 10 increments, each voltage increment being of the specific
      control voltage value that will cause one of the horizontal light sources
      of the 10-bar indicator to be illuminated. Thus, as the conditioned analog
      signal voltage corresponding to the operating parameter being measured
      increases incrementally from a predetermined minimum voltage to a
      predetermined maximum voltage, the horizontal light sources of the 10-bar
      indicator will be illuminated one at a time starting with the lowermost
      horizontal light source and progressing upwardly to the uppermost
      horizontal light source as the analog signal voltage increases. By proper
      calibration of the analog signal voltage and the 10-bar indicator, the
      position of the illuminated horizontal light source of the 10-bar
      indicator provides a reliable indication of the approximate value of the
      operating parameter being measured. As noted, the 10-bar indicators are
      color coded so that the pilot can ascertain at a glance whether the
      battery voltage and battery temperature are within the safe (green) range
      of magnitude, or whether the voltage or temperature has risen above or
      fallen below the safe range and is in a cautionary (yellow) or danger
      (red) range for that parameter.
PAR  Other types of analog signal visual display means may be employed in place
      of the aforementioned 10-bar indicators. one such analog signal display
      means are the so-called "tri-lights" which are also available from
      commercial electronic suppliers. A tri-light comprises three separate
      incandescent filaments within a single glass envelope each filament being
      masked by a color filter -- namely, red filter, a yellow filter and a
      green filter. The analog signal voltage corresponding to a particular
      battery parameter being monitored is conditioned, and the conditioned
      signal voltage is being divided into a predetermined number of analog
      signal voltage increments as previously described. The analog signal
      voltage increments corresponding to battery parameter magnitudes falling
      within the safe range of operation will cause the green filtered filament
      of the tri-light to be illuminated. Similarly, analog signal voltage
      increments corresponding to battery parameter magnitudes that fall below
      or exceed the safe operating range will cause the yellow filtered or the
      red filtered filament of the tri-light to be illuminated, as may be
      appropriate to the specific circumstances.
PAR  The array of integrated digital visual display units 13 are advantageously
      incandescent displays which are available from commercial electronic
      suppliers. Other types of digital display units that may be used include
      liquid crystals of the light reflective or light transmissive type, fiber
      optic readouts, and light emitting diode (LED) readouts all of which are
      available from commercial electronic suppliers.
PAR  The selector switch 14 advantageously is a three position toggle switch as
      shown in FIG. 1. Alternatively it may comprise a rotary switch or a
      cylinder switch of conventional design. The overcharge warning light 15 is
      advantageously a light emitting diode, although it may comprise any
      conventional light source. The dimmer control knob 16 permits manual
      adjustment of a conventional dimmer circuit which controls the brightness
      of the visual displays 11, 12 and 13.
PAR  The organization and interrelationship of the various functional components
      of the device which sense the magnitude of the various battery parameters
      being monitored and which transmit data relating to these parameters to
      the display panel 10 are shown in FIG. 2 of the drawings. Solid state
      components are used throughout the device. The parameter monitoring
      sensors are all of known design and may be obtained from commercial
      suppliers of such equipment. Similarly, the various functional components
      referred to in FIG. 2 of the drawings as signal conditioning and
      calibrating units, analog increment converter units (continuous to
      incremental voltage gradient converter means), analog display units, the
      analog to digital converter unit, the digital display unit, the voltage
      regulator, the alarm circuit, the dim circuit and the like are of known
      design and may be obtained from commercial sources or may be assembled
      from basic electronic components by any competant electronic technician
      who knows the intended function of the unit. It is the organization and
      interrelationship of these known functional components into the battery
      monitoring device described herein that comprises our unique contribution
      to the art.
PAR  As shown in FIG. 2 of the drawings, a voltage regulator 18 is connected to
      the aircraft power supply (normally about 13.5 volts) to provide a closely
      regulated 9 volt power supply for the various functional components of the
      device. A temperature sensor 20 is provided for measuring the temperature
      of the battery, a voltage sensor 22 is provided for measuring the voltage
      of the battery and a charging current sensor 24 is provided for measuring
      the magnitude (amperes) of the current being charged to the battery. Each
      of the aforesaid battery parameter sensors 20, 22 and 24 generates a
      sensor signal voltage that varies directly with changes in the magnitude
      of the parameter being measured. The sensor signal voltage generated by
      the temperature sensor 20 and by the voltage sensor 22 must be transformed
      into "conditioned" signal voltages the minimum and maximum values of which
      coincide with the minimum and maximum values of the control voltages for
      the analog signal visual display means 11 and 12 (labeled "analog display"
      in FIG. 2) as hereinbefore described. Accordingly, the sensor signal
      voltage from the temperature sensor 20 is transmitted to a sensor signal
      voltage conditioning and calibrating means 26, and the sensor signal
      voltage from the voltage sensor 22 is transmitted to a sensor signal
      voltage conditioning and calibrating means 28. The sensor signal voltage
      generated by the charging current sensor 24 is transmitted to charge rate
      sampling and detection means 30 where the rate of increase in the charge
      current, if any, is measured as hereinafter described.
PAR  As noted, the sensor signal voltage conditioning and calibrating means 26
      transforms the sensor signal voltage from the temperature sensor 20 to a
      conditioned signal voltage the minimum and maximum values of which
      coincide with the minimum and maximum values of the control voltages for
      the analog display unit 12. The conditioned analog signal voltage produced
      by the voltage conditioning and calibrating means 26 varies directly with
      the sensor signal voltage generated by the sensor 20. Thus, continuous
      rise or decline in the sensor signal voltage will result in a continuous
      rise or decline in the conditioned analog signal voltage, the
      aforementioned minimum and maximum values of the conditioned analog signal
      being the lower and upper limits of a continuous voltage gradient. The
      exact value of the conditioned analog signal voltage at any moment in time
      corresponds to the sensor signal voltage at that moment which, in turn, is
      determined by the actual magnitude of the battery temperature as measured.
PAR  The conditioned analog signal voltage from the conditioning and calibrating
      means 26 is transmitted to a continuous voltage gradient to incremental
      voltage gradient converter means 32 (labeled "analog increment converter"
      in FIG. 2). The continuous to incremental voltage gradient converter means
      32 divides the continuous voltage gradient of the conditioning analog
      signal voltage into a predetermined number of incrementally increasing
      analog signal voltage increments (say, ten approximately equal step-wise
      voltage increments). The magnitude of each analog signal voltage increment
      corresponds to a small segment of the continuous voltage gradient of the
      conditioned analog signal voltage produced by the conditioning and
      calibrating means 26. Accordingly, the actual signal voltage from the
      signal voltage and calibrating means 26 is converted by the continuous to
      incremental voltage gradient converter means 32 to an analog signal
      voltage increment the magnitude of which corresponds approximately to the
      actual magnitude of the battery temperature as measured. The analog signal
      voltage increment is then transmitted to the analog display unit 12 where
      it causes the approximate value of the battery temperature to be visually
      displayed to the pilot.
PAR  By way of example, it will be assumed that the temperature sensor 20
      generates a sensor signal voltage that rises from about 0.3 volts to about
      0.6 volts as the temperature of the battery rises from about 0.degree. C.
      to above 80.degree. C. It will also be assumed that the display control
      voltages for the analog display 12 (a 10-bar indicator) are: 3.0, 3.3,
      3.7, 4.0, 4.3, 4.7, 5.0, 5.3, 5.7 and 6.0 volts. The analog signal
      conditioning and calibrating means 26 transforms the sensor signal voltage
      to a conditioned analog signal voltage the minimum and maximum values of
      which correspond to the minimum and maximum values of the display control
      voltages for the analog display 12. The continuous voltage gradient
      produced by the conditioning and calibration means 26 is converted by the
      analog increment converter 32 to an incremental voltage gradient in which
      each voltage increment corresponds to one of the aforementioned display
      control voltages of the analog display 12. As a result, as the temperature
      of the battery increases from 0.degree. C. to slightly over 80.degree. C.,
      the conditioned analog signal voltage will increase in step-wise control
      voltage increments and the horizontal light sources of the analog display
      12 will be illuminated one at a time from the lowermost light source to
      the uppermost light source. Specifically, in FIG. 1 of the drawings the
      analog display 12 indicates that the temperature of the battery is
      approximately 40.degree. C. In the assumed example, this temperature is
      indicated by the analog display 12 when the sensor signal voltage is
      within the range of 0.42 to 0.45  volts which, when conditioned and
      converted to an analog signal voltage increment, provides an analog
      display control voltage of 4.3 volts at the analog display unit.
PAR  In the same manner, the sensor signal voltage generated by the voltage
      sensor 22 is transformed to the corresponding conditioned analog signal
      voltage by the sensor signal voltage conditioning and calibrating means
      28. The conditioned analog signal voltage thus produced is converted to
      the corresponding analog signal voltage increment by the continuous to
      incremental voltage gradient converter means 34 (labeled "analog increment
      converter" in FIG. 2), and this analog signal voltage increment is
      transmitted to the analog signal voltage increment indicator means 11
      (labeled "analog display" in FIG. 2) which visually displays the
      approximate value of the battery voltage to the pilot.
PAR  The magnitude of the battery temperature and the voltage measured by the
      sensors 20 and 22 may also be selectably displayed in numeric form by the
      array of digital display units 13 at the display panel 10. As shown in
      FIG. 2, the temperature analog signal conditioning and calibrating means
      26 and the voltage analog signal conditioning and calibrating means 28 are
      electrically connected to the analog to digital signal converter means 36.
      Normally open solid state switches 38 and 40 (for example, a transister)
      are disposed in each of the lines connecting the signal voltage
      conditioning and calibrating means 26 and 28 to the analog to digital
      converter means 36. A selector switch 14 connected to the solid state
      switches 38 and 40 determines which one of the conditioned analog signal
      voltages produced by the signal voltage conditioning and calibration means
      26 and 28 is to be transmitted to the analog to digital converter means
      36. The analog to digital converter means 36 converts the selected
      conditioned analog signal to a corresponding multibit digital signal
      which, in turn, is transmitted to the array of digital display units 13
      where the actual magnitude of the battery parameter being measured is
      displayed in numeric form. Specifically, in FIG. 1 of the drawing the
      analog display 11 indicates that the battery voltage is approximately 13.2
      volts. When the selector switch 14 is positioned to energize the solid
      state switch 40 as shown in FIGS. 1 and 2, the digital display unit 13
      indicates the actual value of the battery voltage -- namely, 13.6 volts.
PAR  The temperature analog increment converter 32 and the voltage analog
      increment converter 34 are connected to a flash alarm generating means 42
      (labeled "alarm circuit" in FIG. 2), and the flash alarm generator means
      42 is connected to the analog to digital converter 36. When the
      temperature of the battery rises to 70.degree. C. or above, the
      temperature analog increment converter 32 transmits an alarm signal to the
      alarm circuit 42 which, in turn, transmits a flash alarm signal to the
      analog to digital converter 36. Similarly, when the battery voltage falls
      below 12.4 volts or rises above 14.8 volts, the voltage analog increment
      converter 34 transmits an alarm signal to the alarm circuit 42 which
      transmits a flash alarm signal to the analog to digital converter 36. The
      flash alarm signal transmitted to the analog to digital converter 36
      causes the digital display 13 to flash rapidly. The flashing digital
      display alerts the pilot to the fact that one or more of the battery
      parameters has exceeded (or fallen below) its predetermined critical
      magnitude and warns him to take appropriate action. The alarm circuit is
      also connected to an audible alarm means (for example, a buzzer not shown)
      which sounds an alarm when one or more of the battery parameters exceeds
      or falls below its critical magnitude.
PAR  As noted, the battery charge current sensor 24 is connected to the charge
      rate sampling and detection means 30. The sampling and detection means 30
      continuously measures successive samples of the charge current and records
      a data "bit" in a memory element (a "bit" counter) of the device each time
      the magnitude of the charge current of a given current sample exceeds by a
      predetermined amount the magnitude of the charging current of the
      immediately preceeding current sample. Whenever the number of data "bits"
      recorded in the memory element within a predetermined period of time
      exceeds a predetermined number of "bits," the sampling and detection means
      30 transmits an alarm signal to the alarm circuit 42 and also to the
      overcharge visual signal light 15 on the control panel 10. The alarm
      circuit 42 transmits a flash alarm signal to the analog to digital
      coverter 36 and also causes the audible alarm signal to sound.
PAR  In an advantageous embodiment of the device the current sampling and
      detection means continuously measures the magnitude of successive
      10-second samples of the charge current (that is, current samples of 10
      seconds duration). The magnitude of the current sample being measured at
      any given time is compared to the magnitude of the immediately preceeding
      current sample, and whenever the magnitude of the present current sample
      exceeds that of the preceeding sample by 0.3 amperes a data "bit" is
      entered in the memory element (a "bit" counter) of the device. After 30
      such 10-second current samples have been measured and compared
      (representing a 5 minute current sampling period), the memory element is
      interrogated and whenever 20 or more data "bits" are found to have been
      recorded in the memory element within the 5 minute current sampling period
      an alarm signal is transmitted to the alarm circuit 42 and the overcharge
      light 15 as previously described. At the end of each 5 minute sampling
      period the memory element is reset at zero and a new 5 minute sampling
      period is commenced.
PAR  When the alarm circuit 42 transmits a flash alarm signal to the analog to
      digital converter 36, the digital display 13 is caused to flash rapidly no
      matter what data may be being displayed at the time. That is to say,
      although the digital display may be displaying the battery voltage as
      shown in FIG. 1, the display 13 will flash rapidly when the battery
      temperature or the rate of increase in the charge current exceed their
      predetermined critical values as well as when the battery voltage exceeds
      or falls below its predetermined critical values. Moreover, after the
      pilot has been alerted to the existence of a battery malfunction by the
      flashing of the digital display 13 and by the audible alarm, and after the
      pilot has instituted appropriate action, he may wish to silence the alarm.
      To this end, an alarm disable switch (not shown) may be provided.
CLMS
STM  We claim:
NUM  1.
PAR  1. Device for monitoring nickel-cadmium battery which comprises:
PA1  a sensor for measuring the temperature of the battery, a sensor for
      measuring the voltage at the terminals of the battery and a sensor for
      measuring the magnitude of the current being discharged by and being
      charged to the battery, each of said sensors generating a sensor signal
      voltage that varies directly with the magnitude of the parameter being
      measured;
PA1  a temperature sensor signal voltage conditioning and calibrating means
      electrically connected to the temperature sensor, and a voltage sensor
      signal voltage conditioning and calibrating means electrically connected
      to the voltage sensor, each of said conditioning and calibrating means
      transforming the sensor signal voltage from the sensor connected thereto
      to a conditioned analog signal voltage the magnitude of which is in the
      same relative proportion to a predetermined reference voltage as the
      actual magnitude of the battery temperature is to a predetermined
      reference battery temperature and as the actual magnitude of the battery
      voltage is to a predetermined reference battery voltage;
PA1  continuous voltage gradient to incremental voltage gradient converter means
      electrically connected to each of said signal voltage conditioning and
      calibrating means, said converter means dividing the continuous voltage
      gradient of the conditioned analog signal voltage into a predetermined
      number of incrementally increasing analog signal voltage increments,
      whereby the actual signal voltage from each said signal voltage
      conditioning and calibrating means is converted to an analog signal
      voltage increment the magnitude of which corresponds approximately to the
      actual magnitude of the battery temperature and battery voltage as
      measured;
PA1  analog signal voltage increment indicator means electrically connected to
      each of the continuous to incremental voltage gradient converter means,
      each of said indicator means having a plurality of electrically energized
      visual display means, each of said display means corresponding to and
      being energized by one of said analog signal voltage increments, whereby
      said indicator means visually indicates the approximate magnitude of the
      battery temperature and battery voltage as measured;
PA1  selector switch means also electrically connected to each of the signal
      voltage conditioning and calibrating means, said selector switch being
      adapted to select and transmit the conditioned analog signal from the
      temperature signal or the voltage signal conditioning and calibrating
      means to an analog to digital converter means;
PA1  analog to digital converter means electrically connected to said selector
      switch means, said converter means converting the selected conditioned
      analog signal to a corresponding multibit digital signal;
PA1  an array of numeric visual display units electrically connected to said
      analog to digital converter means, said display units displaying in
      numeric form the actual magnitude of the battery temperature or the
      battery voltage, as selected by said selector switch means;
PA1  charge rate sampling means electrically connected to the battery charge
      sensor, said sampling means continuously measuring the magnitude of
      successive samples of the charge current and transmitting an alarm signal
      to a flash alarm means when the rate of increase of the charge current
      exceeds a predetermined values; and
PA1  flash alarm means electrically connected to each of said continuous to
      incremental voltage gradient converter means and to said charge rate
      sampling means, said alarm means transmitting a flash alarm signal to the
      analog to digital converter means when the temperature of the battery
      exceeds a predetermined value or when the voltage of the battery falls
      below or exceeds a predetermined value or when an alarm signal is received
      from the charge rate sampling means.
NUM  2.
PAR  2. The device according to claim 1 in which the charge rate sampling means
      continuously measures successive samples of the charge current and records
      in a memory element each time the magnitude of the charge current of a
      given current sample exceeds by a predetermined amount the magnitude of
      the charge current of the immediately preceeding current sample, said
      sampling means transmitting an alarm signal to a flash alarm means when
      the number of current samples recorded in the memory element of the
      sampling means during a predetermined period of time exceeds a
      predetermined number.
NUM  3.
PAR  3. Device for monitoring a nickel-cadmium battery which comprises:
PA1  a sensor for measuring the temperature of the battery, a sensor for
      measuring the voltage at the terminals of the battery and a sensor for
      measuring the magnitude of the current being discharged by and being
      charged to the battery, each of said sensors generating a sensor analog
      signal voltage that varies directly with the magnitude of the parameter
      being measured;
PA1  analog signal voltage indicator means for said temperature analog signal
      and for said voltage analog signal, each of said indicator means having a
      plurality of electrically energized visual display means, each of said
      display means corresponding to an analog signal voltage increment, whereby
      said indicator means visually indicates the approximate magnitude of the
      battery temperature and battery voltage is measured;
PA1  selector switch means adapted to select and transmit either the temperature
      analog signal or the voltage analog signal to a digital display means;
PA1  digital display means comprising an array of visual display units
      displaying in numeric form the actual magnitude of the battery temperature
      or the battery voltage, as selected by said selector switch means;
PA1  charge rate sampling means electrically connected to the battery charge
      sensor, said sampling means continuously measuring the magnitude of
      successive samples of the charge current and transmitting an alarm signal
      to a flash alarm means when the rate of increase of the charge current
      exceeds a predetermined values; and
PA1  flash alarm means transmitting a flash alarm signal to the digital display
      means when the temperature of the battery exceeds a predetermined value or
      when the voltage of the battery falls below or exceeds a predetermined
      value or when an alarm signal is received from the charge rate sampling
      means.
NUM  4.
PAR  4. The device according to claim 3 in which:
PA1  a temperature sensor signal voltage conditioning and calibrating means is
      electrically connected to the temperature sensor and a voltage sensor
      signal voltage conditioning and calibrating means is electrically
      connected to the voltage sensor, each of said conditioning and calibrating
      means transforming the sensor signal voltage from the sensor connected
      thereto to a conditioned analog signal voltage the magnitude of which is
      in the same relative proportion to a predetermined reference voltage as
      the actual magnitude of the battery temperature is to a predetermined
      reference battery temperature and as the actual magnitude of the battery
      voltage is to a predetermined reference battery voltage;
PA1  a continuous voltage gradient to incremental voltage gradient converter
      means is electrically connected to each of said signal voltage
      conditioning and calibrating means, said converter means dividing the
      continuous voltage gradient of the conditioned analog signal voltage into
      a predetermined number of incrementally increasing analog signal voltage
      increments, whereby the actual signal voltage from each said signal
      voltage conditioning and calibrating means is converted to an analog
      signal voltage increment the magnitude of which corresponds approximately
      to the actual magnitude of the battery temperature and battery voltage as
      measured; and
PA1  an analog signal voltage increment indicator means is electrically
      connected to each of the continuous to incremental voltage gradient
      converter means, each of said indicator means having a plurality of
      electrically energized visual display means, each of said display means
      corresponding to and being energized by one of said analog signal voltage
      increments, whereby said indicator means visually indicates the
      approximate magnitude of the battery temperature and battery voltage as
      measured.
NUM  5.
PAR  5. The device according to claim 3 in which
PA1  the selector switch means selects and transmits either the temperature
      analog signal or the voltage analog signal to an analog to digital
      converter means;
PA1  analog to digital converter means are electrically connected to said
      selector switch means, said converter means converting the selected
      conditioned analog signal to a corresponding multibit digital signal; and
PA1  an array of digital visual display units are electrically connected to said
      analog to digital converter means, said display units displaying in
      numeric form the actual magnitude of the battery temperature or the
      battery voltage, as selected by said selector switch means.
NUM  6.
PAR  6. The device according to claim 3 in which
PA1  the charge rate sampling means continuously measures successive samples of
      the charge current and records in a memory element each time the magnitude
      of the charge current of a given current sample exceeds by a predetermined
      amount the magnitude of the charge current of the immediately preceding
      current sample, said sampling means transmitting an alarm signal to a
      flash alarm means when the number of current samples recorded in the
      memory element of the sampling means during a predetermined period of time
      exceeds a predetermined number.
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ABST
PAL  A power converter which can operate with both a D.C. power source and an
      A.C. power source for supplying electric power to a D.C. load such as a
      D.C. motor. The power converter comprises thyristors, a diode, a reactor
      and a capacitor. A plurality of series circuits each including two
      series-connected thyristors are connected in parallel to provide A.C.
      terminals at the series connection points of the thyristors and to provide
      D.C. terminals at the parallel connection points of the series circuits.
      The diode is interposed between the parallel-connected series circuits of
      the thyristors, and the reactor and the capacitor are connected in series
      to form a series circuit which is connected in parallel with the series
      circuits of the thyristors. The power converter is connected at the D.C.
      terminals between the power source and the load to function as a chopper
      when the power source supplies D.C. power to the load. On the other hand,
      when the power source supplies A.C. power to the load, the power converter
      is connected at the A.C. terminals to the power source and at the D.C.
      terminals to the load to function as a converter or inverter. The desired
      function of the power converter is obtained by controlling the gate signal
      applied to the gate of each of the thyristors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a power converter comprising controlled
      rectifiers for supplying electric power to a D.C. load such as a D.C.
      motor, and more particularly to a universal power converter which can
      operate with both a D.C. power source and an A.C. power source.
PAR  Prior art power converters used in conjunction with a power source for
      supplying electric power to a D.C. load such as a D.C. motor are
      classified into two types depending on whether the power source is a D.C.
      power supply or an A.C. power supply. That is, a power converter unit such
      as a chopper is employed for the desired D.C. - D.C. conversion when the
      power source is a D.C. power supply, and a power converter unit of the
      kind comprising a bridge connection of controlled rectifiers is employed
      for the desired A.C. - D.C. conversion when the power source is an A.C.
      power supply.
PAR  Thus, it has been common practice to design and construct power converters
      for exclusive use with either a D.C. power source or an A.C. power source,
      and it has been necessary to prepare a power converter consisting of a
      D.C. - D.C. power converter unit and an A.C. - D.C. power converter unit
      and to selectively place such converter units in operation in an A.C. -
      D.C. dual-service electric car which is adapted to run in both a D.C.
      powered section and an A.C. powered section of an electrified railway
      system. Therefore, the prior art power converter has been defective in
      that not only the overall size and weight thereof are considerably large
      but also the manufacturing cost thereof is considerably high.
PAR  Recently, an A.C. - D.C. dual-service electric car is strongly demanded
      which can singly run in both an A.C. powered section and a D.C. powered
      section of an electrified railway system under both a power running
      condition and a regenerative braking condition.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a power
      converter which is operable with both a D.C. power source and an A.C.
      power source and which is smaller in size, lighter in weight and less
      expensive than prior art ones.
PAR  Another object of the present invention is to apply such power converter to
      an electric car so that the electric car can run in both a D.C. powered
      section and an A.C. powered section of an electrified railway system under
      both a power running condition and a regenerative braking condition.
PAR  In accordance with the present invention, there is provided a power
      converter for regulating electric power supplied from a power source to a
      D.C. load, comprising a group of controlled rectifiers arranged to
      constitute a plurality of series circuits each including at least two said
      controlled rectifiers, said series circuits of said controlled rectifiers
      being connected in parallel to provide A.C. terminals at the series
      connection points of said controlled rectifiers and to provide D.C.
      terminals at the parallel connection points of said series circuits, a
      rectifier interposed between said parallel-connected series circuits of
      said controlled rectifiers, and a series circuit of a reactor and a
      capacitor connected in parallel with said series circuits of said
      controlled rectifiers.
PAR  In accordance with the present invention, there is further provided a power
      converter of the above character, wherein gate control means is provided
      and comprises means for simultaneously controlling the gates of said
      controlled rectifiers in said series circuits when said power source is a
      D.C. power supply, and means for alternately controlling the gates of said
      controlled rectifiers in said series circuits when said power source is an
      A.C. power supply.
PAR  Other objects, features and advantages of the present invention will become
      apparent from the following detailed description of preferred embodiments
      thereof taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing one form of prior art power converters
      used in conjunction with a D.C. power source.
PAR  FIG. 2 is a circuit diagram showing one form of prior art power converters
      used in conjunction with an A.C. power source.
PAR  FIG. 3 is a circuit diagram showing an embodiment of the power converter
      according to the present invention.
PAR  FIG. 4 is a circuit diagram showing one form of gate control means for
      controlling the thyristors in the power converter shown in FIG. 3.
PAR  FIG. 5 is a circuit diagram showing an application of the power converter
      according to the present invention to an A.C. - D.C. dual-service electric
      car.
PAR  FIG. 6 is a circuit diagram showing a modification of the power converter
      shown in FIG. 3.
PAR  FIG. 7 is a connection diagram of the power converter structure shown in
      FIG. 6 when it is used in conjunction with a D.C. power source.
PAR  FIG. 8 is a connection diagram of the power converter structure shown in
      FIG. 6 when it is used in conjunction with an A.C. power source.
PAR  FIG. 9 is a circuit diagram showing another application of the power
      converter of the present invention to an A.C. - D.C. dual-service electric
      car.
PAR  FIG. 10 shows the on-off states of various contactors in the power
      converter shown in FIG. 6.
PAR  FIGS. 11 and 12 are connection diagrams representing the states of the
      circuit shown in FIG. 9 when the electric car is running in a D.C. powered
      section of an electrified railway system under a power running condition
      and under a regenerative braking condition respectively.
PAR  FIGS. 13 and 14 are connection diagrams representing the states of the
      circuit shown in FIG. 9 when the electric car is running in an A.C.
      powered section of an electrified railway system under a power running
      condition and under a regenerative braking condition respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Prior art power converters will be described with reference to FIGS. 1 and
      2 before describing the present invention in detail.
PAR  FIG. 1 shows one form of prior art power converters used in conjunction
      with a D.C. power source. Referring to FIG. 1, electric power supplied
      from a D.C. power source DC to a load Z is regulated by a power converter
      VR. This power converter VR carries out the desired D.C. - D.C. conversion
      of D.C. power supplied from the D.C. power source DC and a chopper is
      commonly known as this type of power converter. It will be seen from FIG.
      1 that this chopper type power converter VR is a so-called D.C. switch
      including a main thyristor MS, an auxiliary thyristor AS, a commutating
      reactor L, a commutating capacitor C and a commutating diode D. The main
      thyristor MS is first turned on to allow flow of main current from the
      D.C. power source DC to the load Z, and the auxiliary thyristor AS is then
      turned on to cause electrical oscillation of the commutating reactor L and
      commutating capacitor C thereby turning off the main thyristor MS so as to
      control the conduction period of the main current supplied. Thus, the flow
      of current from the D.C. power source DC to the load Z is suitably
      permitted and interrupted to control the current supplied to the load Z so
      that the power supplied from the power source DC to the load Z can be
      regulated. The power converter VR is connected to the D.C. power source DC
      and load Z at a pair of positive and negative terminals P and N
      respectively.
PAR  FIG. 2 shows one form of prior art power converters used in conjunction
      with an A.C. power source. Referring to FIG. 2, electric power supplied
      from an A.C. power source AC to a load Z is regulated by a power converter
      VR. This power converter VR carries out the desired A.C. - D.C. conversion
      of power supplied from the A.C. power source AC and a structure in the
      form of a bridge connection of thyristors MS.sub.1 to MS.sub.4 as shown in
      FIG. 2 is commonly known as this type of power converter. In this power
      converter VR, the operating phase of the thyristors MS.sub.1 to MS.sub.4
      is controlled to control the current supplied to the load Z so that the
      power supplied from the power source AC to the load Z can be regulated.
      The power converter VR is connected to the load Z at a pair of positive
      and negative terminals P and N and to the A.C. power source AC at a pair
      of A.C. terminals X and Y.
PAR  It will be seen from the above description that prior art power converters
      have quite limited applications, that is, they are usable for only an A.C.
      application or a D.C. application. It has therefore been necessary to
      prepare both a D.C. - D.C. power converter unit and an A.C. - D.C. power
      converter unit so as to provide a universal power converter which can
      operate with both a D.C. power source and an A.C. power source.
PAR  The present invention provides a universal power converter which possesses
      singly both the function of a D.C. - D.C. power converter unit and the
      function of an A.C. - D.C. power converter unit so that it can operate
      with both a D.C. power source and an A.C. power source.
PAR  FIG. 3 shows an embodiment of the power converter VR according to the
      present invention. Referring to FIG. 3, the power converter VR comprises a
      pair of series-connected main thyristors MS.sub.1 and MS.sub.2 and a pair
      of series-connected auxiliary thyristors AS.sub.1 and AS.sub.2. The series
      connection point of the main thyristors MS.sub.1 and MS.sub.2 provides an
      A.C. terminal X, and the series connection point of the auxiliary
      thyristors AS.sub.1 and AS.sub.2 provides another A.C. terminal Y. The
      series circuit of the main thyristor pair is connected in parallel with
      the series circuit of the auxiliary thyristor pair, and a diode D is
      connected between these parallel-connected series circuit of the
      thyristors. The parallel connection points of these two series circuits of
      the thyristors provide a pair of D.C. terminals, that is, a positive
      terminal P and a negative terminal N as shown. A series circuit of a
      commutating reactor L and a commutating capacitor C is connected in
      parallel with these two series circuits of the thyristors.
PAR  When this power converter VR is operated in a D.C. - D.C. power conversion
      mode, the power converter VR is connected at the D.C. terminals P and N
      thereof to a D.C. power source DC and a load Z respectively in a manner as
      shown in FIG. 1, and the A.C. terminals X and Y thereof are
      open-circuited. The power converter VR in such a state has a circuit
      structure of a chopper in which the main thyristors MS.sub.1, MS.sub.2 and
      the auxiliary thyristors AS.sub.1, AS.sub.2 are connected in series
      respectively. Therefore, in the power converter VR acting as the chopper,
      the main thyristors MS.sub.1 and MS.sub.2 are simultaneously turned on to
      permit flow of main current from the D.C. power source DC to the load Z
      through the negative and positive terminals N and P, and the auxiliary or
      commutating thyristors AS.sub.1 and AS.sub.2 and then simultaneously
      turned on to cause electrical oscillation of the commutating reactor L and
      commutating capacitor C thereby turning off the main thyristors MS.sub.1
      and MS.sub.2 to interrupt the flow of the main current.
PAR  On the other hand, when the power converter VR is operated in an A.C. -
      D.C. power conversion mode, the power converter VR is connected at the
      A.C. terminals X and Y thereof to an A.C. power source AC and at the D.C.
      terminals P and N thereof to a load Z in a manner as shown in FIG. 2. The
      power converter VR in such a state has a circuit structure of a variable
      voltage controller in which the four thyristors are connected in the form
      of a bridge circuit. Therefore, the main current flowing across the
      negative and positive terminals N and P can be controlled by alternately
      controlling the phase of the signal applied to the gate of each of the
      four thyristors MS.sub.1, MS.sub.2, AS.sub.1 and AS.sub.2. In this case,
      the power converter VR can be operated as a converter or an inverter by
      suitably selecting the manner of application of the signal to the gate of
      each of the four thyristors. The commutating reactor L and commutating
      capacitor C serve as a smoothing means in this particular application.
PAR  FIG. 4 shows one form of gate control means preferably employed for the
      universal power converter according to the present invention.
PAR  In the D.C. - D.C. conversion mode, changeover switches SD.sub.1 to
      SD.sub.5 for D.C. operation are closed, and the main thyristors MS.sub.1,
      MS.sub.2 and auxiliary thyristors AS.sub.1, AS.sub.2 are controlled by a
      first gate control unit GCD so that the power converter VR can function as
      a chopper, A pulse generator OSC in the first gate control unit GCD
      generates a rectangular pulse signal having a predetermined frequency.
      This pulse signal is applied to a first wave shaper and amplifier
      AMP.sub.1 to be subjected to wave shaping and amplification. The output of
      the first wave shaper and amplifier AMP.sub.1 is applied to the gate of
      the auxiliary thyristors AS.sub.1 and AS.sub.2 simultaneously through the
      change-over switches SD.sub.4 and SD.sub.5 and through gate
      trantransformers GT.sub.3 and GT.sub.4. This output is also applied to the
      gate of the main thyristors MS.sub.1 and MS.sub.2 simultaneously through a
      first reverse-current blocking diode DD.sub.1, change-over switches
      SD.sub.2 and SD.sub.3, and gate transformers GT.sub.1  and GT.sub.2.
      According to this manner of thyristor control, the main current tending to
      flow from the negative terminal N to the positive terminal P of the
      universal power converter VR as a result of turn-on of the main thyristors
      MS.sub.1 and MS.sub.2 does not appear in any substantial amount due to the
      fact that the auxiliary thyristors AS.sub.1 and AS.sub.2 are also
      simultaneously turned on to immediately turn off the main thyristors
      MS.sub.1 and MS.sub.2. This state is referred to herein that the
      thyristors have a minimum duty factor. In order to permit flow of the main
      current flow from the negative terminal N to the positive terminal P of
      the power converter VR, it is necessary to turn on the main thyristors
      MS.sub.1 and MS.sub.2 before the auxiliary thyristors AS.sub.1 and
      AS.sub.2 are turned on.
PAR  The rectangular pulse signal generated by the pulse generator OSC is also
      applied to the gate of the main thyristors MS.sub.1 and MS.sub.2 through a
      first phase shifter APS.sub.1, a second wave shaper and amplifier
      AMP.sub.2, a second reverse-current blocking diode DD.sub.2, change-over
      switches SD.sub.2 and SD.sub.3, and gate transformers GT.sub.1 and
      GT.sub.2. A pattern generator MC is connected to the first phase shifter
      APS.sub.1 via the change-over switch SD.sub.1 to apply a control signal to
      the first phase shifter APS.sub.1. When no control signal is applied from
      the pattern generator MC to the first phase shifter APS.sub.1 through the
      change-over switch SD.sub.1, the first phase shifter APS.sub.1 does not
      carry out any phase control, and the outputs appear from the wave shaper
      and amplifiers AMP.sub.1 and AMP.sub.2 simultaneously in synchronized
      relation. However, when the pattern generator MC generates the control
      signal and the output thereof is gradually increased, the first phase
      shifter ASP.sub.1 operates so that the appearing timing of the pulse
      output of the second wave shaper and amplifier AMP.sub.2 is gradually
      advanced relative to that of the pulse output of the first wave shaper and
      amplifier AMP.sub.1. Therefore, the main thyristors MS.sub.1 and MS.sub.2
      are turned on before the auxiliary thyristors AS.sub.1 and AS.sub.2  are
      turned on, and the main current flows through the main thyristors MS.sub.1
      and MS.sub.2 until the main thyristors MS.sub.1 and MS.sub.2 are turned
      off as a result of turn-on of the auxiliary thyristors AS.sub.1 and
      AS.sub.2. In this manner, the timing with which the gate signal is applied
      to the gate of the main thyristors MS.sub.1, MS.sub.2 and to the gate of
      the auxiliary thyristors AS.sub.1, AS.sub.2 is controlled in the D.C. -
      D.C. conversion mode so as to control the duty factor of the thyristor
      chopper thereby controlling the conduction period of the main current.
PAR  In the A.C. - D.C. conversion mode, the change-over switches SD.sub.1 to
      SD.sub.5 for D.C. operation are opened and change-over switches SA.sub.1
      to SA.sub.5 for A.C. operation are closed, and the main thyristors
      MS.sub.1, MS.sub.2 and auxiliary thyristors AS.sub.1, AS.sub.2 are
      controlled by a second gate control unit GCA so that the power converter
      VR can operate as a variable voltage controller type converter or inverter
      in which the thyristors are connected in bridge fashion. A synchronous
      power transformer TR in the second gate control unit GCA has its primary
      winding connected to the A.C. terminals X and Y of the universal power
      converter VR so as to provide an A.C. signal which is synchronous with the
      A.C. power supplied from the A.C. power source. This synchronous signal is
      applied to a pair of a second phase shifter APS.sub.2 and a third phase
      shifter APS.sub.3 which provide outputs having electrical angles
      180.degree. different from each other. In this case, a positive
      synchronous signal is applied to the second phase shifter APS.sub.2. The
      output of the second phase shifter APS.sub.2 is subjected to wave shaping
      and amplification by a third wave shaper and amplifier AMP.sub.3, and the
      pulse output of this wave shaper and amplifier AMP.sub.3 is applied to the
      gate of the main thyristor MS.sub.2 and auxiliary thyristor AS.sub.1
      simultaneously through the change-over switches AD.sub.3 and AD.sub.4 and
      through the gate transformers GT.sub.2 and GT.sub.3. The output of the
      third phase shifter APS.sub.3 which differs by 180.degree. in electrical
      angle from the output of the second phase shifter APS.sub.2 is similarly
      subjected to wave shaping and amplification by a fourth wave shaper and
      amplifier AMP.sub.4, and the output of this wave shaper and amplifier
      AMP.sub.4 is applied to the gate of the main thyristor MS.sub.1 and
      auxiliary thyristor AS.sub.2 simultaneously through the change-over
      switches AD.sub.2 and AD.sub.5 and through the gate transformers GT.sub.1
      and GT.sub.4. Thus, the electrical angles of the gate signals applied to
      the thyristors MS.sub.1 and AS.sub.2 are equal to each other, and the
      electrical angles of the gate signals applied to the thyristors MS.sub.2
      and AS.sub.1 are also equal to each other, but the electrical angle of the
      gate signal applied to the thyristor AS.sub.2 is different by 180.degree.
      from that applied to the thyristor MS.sub.2.
PAR  When the control signal is applied from the pattern generator MC to the
      second and third phase shifters APS.sub.2 and APS.sub.3 through the
      change-over switch SA.sub.1, these phase shifters APS.sub.2 and APS.sub.3
      deliver pulse signal outputs which have an electrical angle different from
      that of the synchronous signal obtained by the transformer TR. The output
      signals of the second and third phase shifters APS.sub.2 and APS.sub.3 can
      be adjusted to be variable within the electrical angle range of 0.degree.
      to 180.degree. relative to the synchronous signal output of the
      transformer TR depending on the level of the control signal applied from
      the pattern generator MC. When this electrical angle is controlled to lie
      within the range of 0.degree. to 90.degree., the universal power converter
      VR operates as a converter, while when the electrical angle is controlled
      to lie within the range of 90.degree. to 180.degree., the power converter
      VR operates as an inverter. More precisely, no output voltage appears from
      the universal power converter VR when this electrical angle is 90.degree.,
      and the output voltage increases gradually as the electrical angle is
      gradually changed from 90.degree. toward 0.degree., while the negative
      output voltage increases gradually as the electrical angle is gradually
      changed from 90.degree. toward 180.degree.. Thus, in the A.C. - D.C.
      conversion mode, the timing with which the pulse signal is applied to the
      gate of the main and auxiliary thyristors MS.sub.2 and AS.sub.1 and to the
      gate of the main and auxiliary thyristors MS.sub.1 and AS.sub.2 is
      suitably adjusted and the operating phase of the variable voltage
      controller type converter or inverter is controlled for controlling the
      output voltage. Although the above description has referred to symmetrical
      control of the thyristors, the phase shifter may be provided for each of
      the thyristors for asymmetrical control. In such a case, the electrical
      angles of the gate signals applied to the thyristors AS.sub.2 and MS.sub.2
      are selected to differ by 180.degree. from each other, and the electrical
      angles of the gate signals applied to the thyristors MS.sub.1 and AS.sub.1
      are also selected to differ by 180.degree. from each other, while the
      electrical angle of the gate signal applied to the thyristor MS.sub.2 is
      selected so as not to be equal to that for the thyristor AS.sub.1.
PAR  It will thus be understood that the gate signal applied to the gate of the
      main thyristors is merely suitably changed over so that the single power
      converter can operate as a chopper type converter in the D.C. - D.C.
      conversion mode and as a variable voltage controller type converter or
      inverter in the A.C. - D.C. conversion mode.
PAR  FIG. 5 shows an application of the universal power converter according to
      the present invention to an A.C. - D.C. dual-service electric car which is
      adapted to run in both an A.C. powered section and a D.C. powered section
      of an electrified railway system. The main circuit shown in FIG. 5
      includes a pantograph PAN, an air-blast circuit breaker ABB, contactors
      CSA.sub.1, CSA.sub.2 and CSD of an A.C. - D.C. change-over unit, a line
      breaker LB, a main motor armature M, a main motor field winding MF, a main
      smoothing reactor MSL, a free-wheel diode DF, a main transformer TR having
      a primary winding PW and a secondary winding SW, and a universal power
      converter VR having a structure as shown in FIG. 3.
PAR  In a section of an electrified railway system in which the trolley wire is
      supplied with a D.C. voltage, the contactors CSA.sub.1 and CSA.sub.2 of
      the A.C. - D.C. change-over unit are opened and the contactor CSD of the
      A.C. - D.C. change-over unit is closed. As a result, contacts arranged for
      interlocking operation with this contactor CSD are actuated to change over
      the signal circuits in the first and second gate control units GCD and GCA
      so that the universal power converter VR can function as a chopper type
      power converter. Then, when the air-blast circuit breaker ABB and line
      breaker LB are closed, the main motor in the electric car is energized by
      the D.C. power supplied from the trolley wire via the circuit which is
      traced from the trolley wire -- pantograph PAN -- air-blast circuit
      breaker ABB -- contactor CSD of A.C. - D.C. change-over unit -- line
      breaker LB -- main motor armature M -- main motor field winding MF -- main
      smoothing reactor MSL -- universal power converter VR to ground. The speed
      control of the electric car is achieved by controlling the duty factor of
      the universal power converter VR functioning as the chopper thereby
      regulating the voltage applied to the main motor. The free-wheel diode DF
      is provided so as to ensure smooth supply of circulating current to the
      main motor via the circuit which is traced from the main motor armature M
      -- main motor field winding MF -- main smoothing reactor MSL -- free-wheel
      diode DF -- line breaker LB to the main motor armature M even when the
      chopper is in the non-conducting state.
PAR  On the other hand, in a section of the electrified railway system in which
      the trolley wire is supplied with an A.C. voltage, the contactor CSD of
      the A.C. - D.C. change-over unit is opened and the contactors CSA.sub.1
      and CSA.sub.2 are closed. As a result, contacts arranged for interlocking
      operation with these contactors CSA.sub.1 and CSA.sub.2 are actuated to
      change over the signal circuits in the first and second gate control units
      GCD and GCA so that the universal power converter VR can now function as a
      variable voltage controller type converter. Then, when the air-blast
      circuit breaker ABB and line breaker LB are closed, the A.C. power is
      supplied from the trolley wire to the primary winding PW of the main
      transformer TR via the circuit which is traced from the trolley wire --
      pantograph PAN -- air-blast circuit breaker ABB -- contactor CSA.sub.1 of
      A.C. - D.C. change-over unit -- primary winding PW of main transformer TR
      to ground. The A.C. power induced in the secondary winding SW of the main
      transformer TR provides the input to the variable voltage controller VR.
      The main motor in the electric car is energized by the current supplied
      thereto via the circuit which is traced from the variable voltage
      controller VR -- contactor CSA.sub.2 -- line breaker LB -- main motor
      armature M -- main motor field winding MF -- main smoothing reactor MSL to
      the variable voltage controller VR. The speed of the electric car is
      controlled by controlling the phase of the voltage applied to the
      universal power converter VR functioning as the variable voltage
      controller thereby regulating the voltage applied to the main motor.
PAR  It will thus be understood that the electric car equipped with the single
      universal power converter according to the present invention can
      satisfactorily run in both the A.C. powered section and the D.C. powered
      section of the electrified railway system. The effect of the present
      invention is especially very great when applied to such an A.C. - D.C.
      dual-service electric car which is limited in the weight and external size
      thereof.
PAR  In the embodiment above described, the power converter VR is illustrated as
      including four thyristors, one reactor and one capacitor. It is apparent
      however, that the power converter VR can operate in entirely the same
      manner when a plurality of such elements are connected in series or in
      parallel.
PAR  It will be understood from the foregoing description that the present
      invention provides a single power converter which can operate reliably
      with both an A.C. power supply and a D.C. power supply while satisfying
      the desired power converting function, whereas it has heretofore been
      required to prepare both a D.C. - D.C. power converter and an A.C. - D.C.
      power converter to meet the power converting demand. Thus, the number of
      electrical elements such as main thyristors, auxiliary thyristors, etc.
      constituting the power converter can be reduced to about one-half of the
      number of such elements in the prior art ones, and the overall weight and
      external size of the power converter can also be reduced to about one-half
      of the prior art ones. Therefore, the power converter according to the
      present invention is smaller in size and lighter in weight than the prior
      art ones and can be manufactured at a greatly reduced cost. Further, the
      present invention provides a practical versatility in that the circuits of
      the single power converter may merely be suitably changed over for
      operation with both an A.C. power supply and a D.C. power supply.
PAR  Another embodiment of the power converter according to the present
      invention is shown in FIG. 6. The embodiment shown in FIG. 6 is a
      modification of the basic embodiment shown in FIG. 3. Referring to FIG. 6,
      a switch SA for A.C. operation is connected in parallel with a diode
      D.sub.1, and a commutating current by-pass diode D.sub.2 is connected via
      a D.C.-operation switch SD in parallel with the series circuit of the main
      thyristors MS.sub.1 and MS.sub.2.
PAR  In the D.C. - D.C. conversion mode, the switch SA is opened and the switch
      SD is closed, to establish a circuit structure of a chopper in which the
      main thyristors MS.sub.1, MS.sub.2 and the auxiliary thyristors AS.sub.1,
      AS.sub.2 are connected in series respectively as shown in FIG. 7. At
      first, the main thyristors MS.sub.1 and MS.sub.2 are turned on to permit
      flow of main current from the negative terminal N to the positive terminal
      P. Then, the auxiliary thyristors or commutating thyristors AS.sub.1 and
      AS.sub.2 are turned on to cause electrical oscillation of the commutating
      reactor L and commutating capacitor C thereby turning off the main
      thyristors MS.sub.1 and MS.sub.2. When the main thyristors MS.sub.1 and
      MS.sub.2 are rendered nonconducting, the commutation energy stored in the
      commutating capacitor C is discharged by the route which is traced from
      the commutating capacitor C -- diode D.sub.2 -- diode D.sub.1 --
      commutating reactor L to the commutating capacitor C, so that the
      commutation energy is charged in the commutating capacitor C again. This
      manner of power converter operation is advantageous in that the
      commutation energy can be fully utilized to improve the efficiency of
      commutation. In the D.C. - D.C. conversion mode, the power converter VR
      functions as a chopper in a manner as described hereinbefore.
PAR  In the A.C. - D.C. conversion mode, the switch SD is opened and the switch
      SA is opened to establish a circuit structure of a variable voltage
      controller in which the two main thyristors MS.sub.1, MS.sub.2 and the two
      auxiliary thyristors AS.sub.1, AS.sub.2 are connected to form a bridge
      circuit as shown in FIG. 8. In this mode, therefore, the A.C. terminals X
      and Y are connected to the A.C. power source and the operating phase of
      the four thyristors MS.sub.1, MS.sub.2, AS.sub.1 and AS.sub.2 is
      controlled so as to control the main current flowing from the negative
      terminal N to the positive terminal P. In this case, the phase of the gate
      signal applied to each of the four thyristors may be suitably controlled
      so that the power converter VR may operate as an inverter instead of the
      converter. In such a case, the commutating reactor L and commutating
      capacitor C are utilized as a smoothing means.
PAR  FIG. 9 shows an application of a power converter as shown in FIG. 3 or 6 to
      an A.C. - D.C. dual-service electric car. The circuit shown in FIG. 9
      includes a pantograph PAN, an air-blast circuit breaker ABB, a pair of
      contactors CSA and CSD of an A.C. - D.C. change-over unit, a main
      transformer TR having a primary winding PW and a pair of secondary
      windings SW.sub.1 and SW.sub.2, a high-speed circuit breaker HB, a
      reverse-current blocking or free-wheel diode DF, a main smoothing reactor
      MSL, a main motor armature M, a main motor field winding MF, a line
      breaker LB, a plurality of circuit change-over contactors K.sub.1 to
      K.sub.6, and a pair of universal power converters VR.sub.1 and VR.sub.2
      having a structure as shown in FIG. 3 or 6.
PAR  The A.C. - D.C. dual-service electric car having the circuit shown in FIG.
      9 is adapted to run under four kinds of operating conditions, that is, a
      power running condition in a D.C. powered section of an electrified
      reilway system, a regenerative breaking condition in such section, a power
      running condition in an A.C. powered section of the electrified railway
      system, and a regenerative braking condition in such section. FIG. 10
      shows the on-off states of the individual contactors in the circuit shown
      in FIG. 9, and the symbol   is used to indicate that the corresponding
      contactors are closed. For example, in the power running condition in the
      D.C. powered section of the electrified railway system, the contactors
      ABB, CSD, HB, LB and K.sub.1 - K.sub.3 are closed, the contactors CSA and
      K.sub.4 - K.sub.6 are opened, and the power converters VR.sub.1 and
      VR.sub.2 operate as choppers.
PAR  FIG. 11 shows the state of the circuit shown in FIG. 9 when the A.C. - D.C.
      dual-service electric car is running under the power running condition in
      the D.C. powered section of the electrified railway system. Referring to
      FIG. 11, the main motor in the electric car is energized by the D.C. power
      supplied thereto from the trolley wire via the circuit which is traced
      from the trolley wire -- pantograph PAN -- air-blast circuit breaker ABB
      -- contactor CSD -- high-speed circuit breaker HB -- change-over contactor
      K.sub.3 -- main motor field winding MF -- change-over contactor K.sub.2 --
      main motor armature M -- main smoothing reactor MSL -- line breaker LB --
      universal power converter VR.sub.1 -- change-over contactor K.sub.1 --
      universal power converter VR.sub.2 to ground. The speed control of the
      electric car is carried out by controlling the duty factor of the
      universal power converters VR.sub.1 and VR.sub.2 functioning as the
      choppers thereby regulating the voltage applied to the main motor. The
      free-wheel diode DF is provided to ensure smooth supply of circulating
      current to the main motor by the circuit which is traced from the main
      motor armature M -- main smoothing reactor MSL -- free-wheel diode DF --
      change-over contactor K.sub.3 -- main motor field winding MF --
      change-over contactor K.sub.2 to the main motor armature M even when the
      choppers are in the non-conducting state.
PAR  FIG. 12 shows the state of the circuit shown in FIG. 9 when the A.C. - D.C.
      dual-service electric car is running under the regenerative braking
      condition in the D.C. powered section of the electrified railway system.
      In this operating condition, the universal power converters VR.sub.1 and
      VR.sub.2 function as choppers. In response to the turn-on of the choppers
      VR.sub.1 and VR.sub.2, the power generated by the main motor is shorted to
      ground via the circuit which is traced from ground -- change-over
      contactor K.sub.6 -- main motor field winding MF, change-over contactor
      K.sub.2 -- main motor armature M -- main smoothing reactor MSL -- line
      breaker LB -- chopper VR.sub.1 -- change-over contactor K.sub.1 -- chopper
      VR.sub.2 to ground, and the dynamic brake is imparted to the main motor.
      Then, when the choppers VR.sub.1 and VR.sub.2 are rendered non-conducting,
      the power generated by the main motor is returned to the power supply via
      the circuit which is traced from ground -- change-over contactor K.sub.6
      -- main motor field winding MF -- change-over contactor K.sub.2 -- main
      motor armature M -- main smoothing reactor MSL -- free-wheel diode DF --
      high-speed circuit breaker HB -- contactor CSD -- air-blast circuit
      breaker ABB -- pantograph PAN to the trolley wire. The choppers VR.sub.1
      and VR.sub.2 are repeatedly turned on and off so that the power generated
      by the main motor is returned through the free-wheel diode DF and trolley
      wire to the D.C. power supply. The dynamic braking force imparted to the
      main motor is controlled by controlling the duty factor of the choppers
      VR.sub.1 and VR.sub.2.
PAR  FIG. 13 shows the state of the circuit shown in FIG. 9 when the A.C. - D.C.
      dual-service electric car is running under the power running condition in
      the A.C. powered section of the electrified railway system. In this
      operating condition, the universal power converters VR.sub.1 and VR.sub.2
      function as variable voltage controller type converters. The A.C. power is
      supplied from the trolley wire to the primary winding PW of the main
      transformer TR via the circuit which is traced from the trolley wire --
      pantograph PAN -- air-blast circuit breaker ABB -- contactor CSA --
      primary winding PW of main transformer TR to ground. The A.C. power
      induced in each of the two secondary windings SW.sub.1 and SW.sub.2 of the
      main transformer TR provides the input to each of the two converters
      VR.sub.1 and VR.sub.2. The D.C. outputs of these two converters VR.sub.1
      and VR.sub.2 are added together and the resultant voltage is applied to
      the main motor in the electric car to energize the main motor via the
      circuit which is traced from ground -- change-over contactor K.sub.6 --
      main motor field winding MF -- change-over contactor K.sub.2 -- main motor
      armature M -- main smoothing reactor MSL -- line breaker LB -- converter
      VR.sub.1 -- change-over contactor K.sub.1 -- converter VR.sub.2 to ground.
      The speed of the electric car is controlled by controlling the operating
      phase of the universal power converters VR.sub.1 and VR.sub.2 thereby
      regulating the voltage applied to the main motor.
PAR  FIG. 14 shows the state of the circuit shown in FIG. 9 when the A.C. - D.C.
      dual-service electric car is running under the regenerative braking
      condition in the A.C. powered section of the electrified railway system.
      Referring to FIG. 14, the second universal power converter VR.sub.2
      connected to the second secondary winding SW.sub.2 of the main transformer
      TR functions as a converter, and the main motor is energized by the
      circuit which is traced from ground -- change-over contactor K.sub.6 --
      main motor field winding MF -- change-over contactor K.sub.5 -- converter
      VR.sub.2 to ground. On the other hand, the first universal power converter
      VR.sub.1 connected to the first secondary winding SW.sub.1 of the main
      transformer TR functions as an inverter. The power generated by the main
      motor is applied to the inverter VR.sub.1 by the circuit which is traced
      from the main motor armature M -- main smoothing reactor MSL -- line
      breaker LB -- inverter VR.sub.1 -- change-over contactor K.sub.4 to the
      main motor armature M and is induced in the primary winding PW of the main
      transformer TR through the first secondary winding SW.sub.1 to which the
      inverter VR.sub.1 is connected. Therefore, the power generated by the main
      motor is returned to the A.C. power supply via the circuit which is traced
      from ground -- primary winding PW of main transformer TR -- contactor CSA
      -- air-blast circuit breaker ABB -- pantograph PAN to the trolley wire. In
      the high speed range of the electric car, the braking force is controlled
      by controlling the operating phase of the converter VR.sub.2 thereby
      regulating the degree of energization of the field winding MF of the main
      motor, while in the low speed range of the electric car, the braking force
      is controlled by controlling the operating phase of the inverter VR.sub.1.
PAR  It will thus be seen that, according to the method of controlling the A.C.
      - D.C. dual-service electric car having the circuit shown in FIG. 9, the
      electric car can run under the power running and regenerative braking
      conditions in both the D.C. powered section and the A.C. powered section
      of the electrified railway system.
PAR  It will be understood from the foregoing description that a pair of
      universal power converters of single kind mounted in an A.C. - D.C.
      dual-service electric car can function as a chopper or a converter or an
      inverter as described so that the electric car equipped with such power
      converters can run under the power running and regenerative braking
      conditions in both the A.C. powered section and D.C. powered section of
      the electrified railway system. Further, by virtue of the fact that the
      power converters of single kind as above described are merely required,
      the overall size and weight of the power converting system can be reduced
      to about one-half of the prior art systems, and a great reduction in the
      cost can be attained.
PAR  The circuit shown in FIG. 9 is illustrated as including a main transformer
      having two secondary windings, two universal power converters and a single
      main motor. It is apparent however that the circuit can operate in
      entirely the same manner when a plurality of such elements are connected
      in series or in parallel.
CLMS
STM  We claim:
NUM  1.
PAR  1. A power converter for regulating electric power supplied from a power
      source to a D.C. load, comprising a group of controlled rectifiers
      arranged to constitute a plurality of series circuits each including at
      least two said controlled rectifiers, said series circuits of said
      controlled rectifiers being connected in parallel to provide A.C.
      terminals at the series connection points of said controlled rectifiers
      and to provide D.C. terminals at the parallel connection points of said
      series circuits, a rectifier interposed between said parallel-connected
      series circuits of said controlled rectifiers, and a series circuit of a
      reactor and a capacitor connected in parallel with said series circuits of
      said controlled rectifiers.
NUM  2.
PAR  2. A power converter as claimed in claim 1, wherein gate control means is
      provided so that said power converter functions as a chopper with said
      D.C. terminals connected to said power source and said load when said
      power source is a D.C. power supply, and said power converter functions as
      a converter or an inverter with said A.C. terminals and said D.C.
      terminals connected to said power source and said load respectively when
      said power source is an A.C. power supply.
NUM  3.
PAR  3. A power converter as claimed in claim 2, wherein said gate control means
      comprises means for simultaneously controlling the gate of said controlled
      rectifiers in said series circuits when said power source is a D.C. power
      supply, and means for alternately controlling the gate of said controlled
      rectifiers in said series circuits when said power source is an A.C. power
      supply.
NUM  4.
PAR  4. A power converter as claimed in claim 1, further comprising a first
      switch connected in parallel with said rectifier to be closed when said
      power source is an A.C. power supply, and a series circuit of a second
      switch and a diode connected in parallel with said series circuits of said
      controlled rectifiers, said second switch being closed when said power
      source is a D.C. power supply.
NUM  5.
PAR  5. An A.C. - D.C. dual-service electric car equipped with a power converter
      of the character as claimed in claim 1, comprising a main transformer
      connected to a power source through a first switch which is closed when
      said power source is an A.C. power supply, and a main circuit including an
      armature and a field winding of a main D.C. motor and a reverse-current
      blocking rectifier, said main circuit being connected to said power source
      through a second switch which is closed when said power source is a D.C.
      power supply, and said power converter being connected at said A.C.
      terminals to a secondary winding of said main transformer and at said D.C.
      terminals to said main circuit.
NUM  6.
PAR  6. An A.C. - D.C. dual-service electric car as claimed in claim 5, wherein
      at least two said power converters are provided, and said electric car
      operates in such a manner that; under a power running condition in a D.C.
      powered section of an electrified railway system, said power converters
      are connected in series with said main circuit to function as choppers for
      energizing said main D.C. motor by the D.C. power supplied from the
      trolley wire; under a regenerative braking condition in the D.C. powered
      section of the electrified railway system, said power converters are
      connected in parallel with the armature and field winding of said main
      D.C. motor in said main circuit and said reverse-current blocking
      rectifier is connected between the D.C. trolley wire and the parallel
      connection point of said main circuit portion and said powered converters
      so that said power converters function as choppers for returning the power
      generated by said main D.C. motor to the D.C. trolley wire through said
      reverse-current blocking rectifier; under a power running condition in an
      A.C. powered section of the electrified railway system, said power
      converters are connected in parallel with said main circuit to function as
      converters for energizing said main D.C. motor by the A.C. power supplied
      from the A.C. trolley wire; and under a regenerative braking condition in
      the A.C. powered section of the electrified railway system, one of said
      power converters functions as a converter for energizing the field winding
      of said main D.C. motor and the other said power converter functions as an
      inverter for returning the power generated by said main D.C. motor to the
      A.C. trolley wire through said inverter.
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ABST
PAL  A detecting circuit with improved linearity of operation for small signal
      voltages. A rectifying transistor has switching means connected between
      its collector and base to be conductive when a signal voltage of one
      polarity is applied to the input circuit of the transistor and
      nonconductive when a signal voltage of the opposite polarity is applied.
      The rectified signal can be obtained from either the collector or emitter
      of the transistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to transistor detecting circuits and particularly to
      a circuit with switching means connected between the base and collector of
      the transistor to improve linearity of operation of the detecting circuit
      over a wide range of signal amplitudes.
PAR  2. Description of the Prior Art
PAR  Conventional transistorized detecting circuits consist, basically, of a
      detecting transistor having a base to which the input signal is applied by
      way of a capacitor and an emitter from which the rectified signal is
      obtained. In addition, a rectifying diode is connected to the base of the
      detecting transistor and has a polarity opposite to that of the
      base-emitter junction of the transistor. The other terminal of the diode
      is connected to a biasing source in the form of a second diode to add a
      voltage that corresponds to the forward voltage drop across the rectifying
      diode. The resulting voltage-doubled, rectified signal is obtained at the
      emitter output terminal of the circuit.
PAR  One disadvantage of the prior art detecting circuit is that, if a small
      signal voltage having a magnitude below the base-emitter voltage V.sub.be
      of the detecting transistor is applied to the input terminal of the
      circuit, the signal will be severely distorted. This is due to the fact
      that the threshold level of the diode cannot be selected to be equal to
      that of the detecting transistor. Accordingly, the dynamic range of
      amplitudes of signals from such a detecting circuit is very narrow, about
      20 to 25db at most.
PAR  It is one of the objects of the present invention to provide an improved
      detecting circuit in which a transistor is utilized as the rectifying
      element and is so connected as to provide greater linearity of operation
      than transistor detecting circuits of the prior art.
PAR  It is another object of this invention to provide a detecting circuit
      having a wider dynamic range than was possible with previous detecting
      circuits.
PAR  A still further object of this invention is to provide a detecting circuit
      in which even signals of small amplitude may be detected substantially
      without distortion.
PAR  Other objects and advantages of the present invention will become clear
      from the detailed description of the preferred embodiments as illustrated
      with reference to the drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention a transistor operating as a rectifier has signals
      to be detected connected to its base-emitter input circuit. Rectified
      output signals may be obtained in one polarity from the emitter of the
      transistor or, in the opposite polarity and with increased amplitude, from
      the collector. Switching means, such as a diode and particularly a Zener
      diode, is connected between the collector and the base of the transistor
      to control the operation thereof. The circuit may be connected with the
      transistor operating in either grounded emitter or grounded base
      configuration and with a capacitor connected in series with the
      base-emitter input circuit. Further a suitable biasing resistor may be
      connected in the emitter lead and a smoothing capacitor connected to the
      collector output terminal of the circuit.
PAR  In other embodiments of the circuit, additional fixed voltage means may be
      inserted in the emitter lead to provide suitable operating conditions for
      generating automatic gain control (AGC) voltage. Further, in accordance
      with the invention, the AGC voltage as used in a receiver may be amplified
      by a transistor circuit having both emitter and collector loads to derive
      oppositely directed AGC voltage signals. One of such signals may be
      applied across a voltage divider in the base circuit of a transistor, the
      gain of which is to be controlled and the other AGC signal may be applied
      to another transistor acting as a variable impedance in the base circuit
      of the controlled transistor to provide a double AGC effect to accommodate
      signals of widely varying amplitude.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a prior art transistor rectifying circuit.
PAR  FIG. 2 is a schematic diagram of a basic rectifying circuit according to
      the present invention.
PAR  FIG. 3 is an equivalent circuit corresponding to the circuit in FIG. 2.
PAR  FIG. 4A is a circuit equivalent to that in FIG. 2 under one operating
      condition.
PAR  FIG. 4B is a circuit equivalent to that in FIG. 2 under the opposite
      operating condition.
PAR  FIG. 5 is a waveform diagram of a rectified output signal of the circuit in
      FIG. 2.
PAR  FIG. 6 is a different embodiment of a transistor rectifying circuit
      according to the present invention.
PAR  FIGS. 7 and 8 are further embodiments of the invention.
PAR  FIG. 9 shows a circuit diagram partly in block form and partly in schematic
      form of the input section and AGC circuit for a receiver.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The rectifying circuit shown in FIG. 1 includes an input terminal 1
      connected to a capacitor 2. The cathode of the diode 3 and the base of a
      recitfying transistor 4 are both connected to the capacitor 2. The anode
      of the diode is connected to the anode of another diode 5 that has its
      cathode connected to a reference voltage terminal, which, in this
      embodiment, is ground. An output terminal 6 is connected directly to the
      emitter of the transistor 4 and a resistor 7 is connected between the
      emitter and ground as an emitter load. A current limiting resistor 8 is
      connected between a positive power supply terminal +V.sub.cc and the
      juncture of the diodes 3 and 5.
PAR  The operation of the circuit in FIG. 1 may be considered first as if the
      diode 5 and the resistor 8 were not connected in the circuit but instead
      the anode of the diode 3 were connected directly to ground. During the
      negative half cycle of alternating voltage applied to the circuit between
      the terminal 1 and ground, the voltage across the capacitor 2 would be
      equal to (V.sub.a - V.sub.d), wherein V.sub.a represents the amplitude of
      the negative half cycle of the applied voltage, and V.sub.d is the forward
      voltage of the diode. During the positive half cycle, the input current
      flows through the capacitor 2 and the base-emitter circuit of the
      transistor so that a rectified signal is obtained at the output terminal
      6. The input signal voltage is biased by the voltage (V.sub.a - V.sub.d)
      across the capacitor 2 so that a voltage having an amplitude almost twice
      the value of the input signal will be present at the output terminal 6.
PAR  However, in such a detecting circuit, the diode forward voltage V.sub.d is
      always subtracted from the input voltage V.sub.a. Consequently, it is
      almost impossible to rectify a small signal voltage having a value below
      the base-emitter voltage V.sub.be of the transistor 4. It is to correct
      such distortion that the compensating diode 5 is provided in the
      rectifying circuit in FIG. 1 to give a bias voltage V.sub.d to the
      rectifying diode 3. As a result, a rectified output signal below the
      voltage level V.sub.d can be obtained at the output terminal 6 in response
      to small-amplitude signals applied to the input terminal 1.
PAR  It is difficult to achieve results as satisfactory as may be desired with
      such a circuit because it is difficult to arrange for the forward voltage
      V.sub.d of the diodes 3 and 5 to coincide with the base-emitter voltage
      V.sub.be of the rectifying transistor 4. Accordingly, the circuit does not
      operate as well as may be desired when the input signal is very small. The
      distortion of the rectified signal of such low level is quite high.
PAR  The present invention improves the linearity of the detecting circuit by
      means of the circuit shown in FIG. 2. In the latter circuit a detecting
      transistor 11 has a constant voltage diode, such as a Zener diode, 12
      connected between its base and collector. The signal to be rectified is
      applied to an input terminal 13 connected by a capacitor 14 to the base of
      the transistor 11. The transistor has a collector load resistor 15
      connected between the collector and the positive power supply terminal 16
      having a voltage +V.sub.cc. An output terminal 17 is connected to the
      collector of the transistor 11, and a capacitor 18 is connected between
      the collector and ground. An emitter biasing resistor 19 is connected
      between the emitter of the transistor and ground.
PAR  The operation of the detecting circuit in FIG. 2 will be described with
      reference to an equivalent circuit shown in FIG. 3. In these circuits the
      following relationships are given:
EQU  V.sub.cc = (R.sub.L + R.sub.e) (1 + h.sub.fe)I.sub.B + V.sub.Z + V.sub.be (
      1)
EQU  V.sub.c = V.sub.cc - R.sub.L (1 + h.sub.fe)I.sub.B         (2)
PAL  wherein V.sub.cc is the power supply voltage at the terminal 16, R.sub.L
      and R.sub.e are values of the resistors 15 and 19, respectively, I.sub.B
      is the base current of the transistor 11, V.sub.be is the base-emitter
      voltage of the transistor 11, V.sub.Z is the Zener voltage of the Zener
      diode 12, V.sub.c is the collector voltage of the transistor 11 with
      respect to ground, and h.sub.fe is the current amplification factor of the
      transistor 11.
PAR  From the equation (1), the base current I.sub.B is derived as:
      ##EQU1##
      By substituting equation (3) into equation (2), the following relation is
      obtained:
      ##EQU2##
      If R.sub.e &lt;&lt; R.sub.L,
EQU  V.sub.c .apprxeq. V.sub.Z + V.sub.be                       (5)
PAL  This means that when the Zener diode 12 is conductive, the collector
      potential of the transistor 11 will be kept at a fixed voltage.
PAR  In order to understand the AC operation of the circuit in FIG. 2, let it be
      assumed that the base potential of the transistor 11 is designated to be
      equal to the Zener diode voltage V.sub.Z of the Zenar diode 12 by
      selecting a suitable resistance value for the resistor 19.
PAR  The diode 12 performs the switching operation in response to an input
      signal applied between the input terminal 13 and ground. During the
      positive half cycle of the input signal, the impedance of the diode 12 has
      an extremely high value in the range of several hundred kilohms. This is
      the same as saying that the diode 12 is in a substantially cutoff state.
      In that state, the diode 12 may be represented by an open-circuited switch
      as shown in FIG. 4A. The waveforms associated with FIG. 4A represent the
      fact that the positive half cycles of a sinusoidal input signal applied to
      the terminal 13 produce a halfwave rectified signal of one polarity at the
      output terminal 17 and of the opposite polarity at the emitter of the
      transistor 11.
PAR  During the negative half cycles of the input signal applied to the input
      terminal 13, the diode 12 becomes conductive and its impedance drops to a
      very low value, for example, less than 100 ohms. This condition is
      represented in FIG. 4B and the shaded negative half cycles of the
      sinusoidal input signal are indicated as producing no output signal either
      at the terminal 17 or at the emitter of the transistor 11.
PAR  Accordingly, during the positive half cycles of the input signal, and
      assuming that the current amplification factor h.sub.fe is much greater
      than 1, the voltage gain A.sub.v in the detecting circuit is:
      ##EQU3##
      This means that the signal during the positive half cycles is amplified by
      the transistor 11 and is available at the terminal 17 in the opposite
      polarity to the signal at the input terminal 13.
PAR  As shown in FIG. 4B, during the negative half cycle of the input signal to
      the terminal 13, a full negative feedback loop is formed by the diode 12
      so that the voltage gain A.sub.v is reduced substantially to zero. In
      addition, in order for the diode 12 to become conductive, the terminal 17
      must maintain a constant voltage of (V.sub.Z + V.sub.be). The resulting
      waveform at the terminal 17 is shown in FIG. 5. The waveform represents
      the rectified signal that results from applying an amplitude modulated
      signal to the input terminal 13. The waveform in FIG. 5 still contains
      half cycle components of the high frequency carrier wave, but may be
      smoothed out by the capacitor 18. As described above, the detecting action
      of the circuit according to the present invention is performed by
      utilizing the Zener characteristic of the diode 12 so that, even if a
      small voltage is applied to the input terminal 13, a rectified signal can
      be obtained substantially without distortion. The knee of the Zener
      characteristic is quite sharp and the response of the diode is linear. The
      detecting circuit has good linearity over a wide range, and as a result,
      the dynamic range of amplitudes of signals to which the circuit can
      respond is quite wide. In addition, the resistor 19 is connected to the
      emitter of the transistor 11 to apply negative feedback to the transistor,
      which further reduces distortion in the detected signal and improves the
      stability of the detecting circuit. It has been determined experimentally
      that the detecting circuit shown in FIG. 2 is capable of providing
      rectified signals having a dynamic range of about 35 to 40db.
PAR  FIG. 6 shows another embodiment of the invention in which the transistor 11
      is connected as a common base circuit. As is known in the art, the common
      base configuration presents a low impedance so that this circuit is
      particularly suitable for use with an impedance-matching circuit using a
      transformer. In this figure the capacitor 14 is connected between the base
      of the transistor 11 and ground, but is still in the base-emitter input
      circuit of the transistor between the input terminal 13 and ground. The
      operation of the circuit in FIG. 6 is the same as the circuit in FIG. 2
      and is equally capable of providing linear rectification response to
      signals of a wide range of amplitudes applied to the input terminal 13.
PAR  The circuits in FIGS. 7 and 8 are also similar to the circuit in FIG. 2
      except that the circuit in FIG. 7 includes a parallel RC circuit
      comprising a resistor 20 and a capacitor 21 between the resistor 19 and
      ground. The circuit also has an output terminal 22 connected to the
      emitter of the transistor 11. The circuit in FIG. 8 includes two
      series-connected diodes 23 and 24 in place of the parallel RC circuit in
      FIG. 7. In each case, the circuit components between the lower end of the
      resistor 19 and ground provide a relatively fixed voltage, and the AGC
      signal may be derived from the output terminal 22. It is possible to use
      the relatively fixed voltage at the lower end of the resistor 19,
      particularly in the circuit in FIG. 8, as a bias voltage source for other
      parts of a system in which the rectifying circuit of the present invention
      is only a part.
PAR  FIG. 9 shows the rectifying circuit of the present invention in a typical
      application in a receiver. The received signal is amplified by a radio
      frequency (RF) amplifier 31 and applied to the base of a mixer transistor
      32. A signal from a local oscillator 33 is connected to the emitter of the
      transistor 32 to inject the oscillator signal into the transistor in order
      to convert the RF signal to an intermediate frequency (IF) at the
      collector of transistor 32. The IF signal is filtered and applied to an IF
      amplifier 34 which is connected, in turn, to the detecting circuit of the
      present invention. The base of the detecting transistor 11 is connected to
      the output of the IF amplifier 34 and the Zener diode 12 is connected, as
      before, between the collector and base of the transistor 11.
PAR  The output of the detecting transistor 11 is obtained from the emitter and
      across the circuit comprising the resistor 19 and the diodes 23 and 24.
      The emitter of the transistor 11 is connected directly to the base of
      another transistor 35 that has a collector load resistor 36 and an emitter
      load resistor 37. The collector of the transistor 35 is directly connected
      to the output terminal 17 of the circuit, and the smoothing capacitor 18
      is connected between the output terminal 17 and ground. The collector of
      the transistor 35 is also connected to a voltage divider that includes a
      resistor 38 and another resistor 39. The latter resistor is connected
      between the base of the transistor 32 and ground. The emitter of the
      transistor 35 is connected to the base of a transistor 40 that furnishes a
      variable impedance in accordance with the amplitude of the signal at the
      emitter of the transistor 35. For AC purposes the emitter-collector
      circuit of the transistor 40 is effectively connected between the base of
      the transistor 32 and ground and is in parallel with the resistor 39 in
      the voltage divider.
PAR  When the circuit in FIG. 9 is in operation and a signal of a certain
      amplitude is supplied to the RF amplifier 31, the rectifier transistor 11
      will have a certain output signal at its emitter and this output signal
      will cause a voltage drop across the load resistors 36 and 37. By virtue
      of the output voltage at the collector of the transistor 35, the voltage
      divider comprising the resistors 38 and 39 and the emitter-collector
      circuit of the transistor 40 will be energized by a certain AGC signal
      voltage. The impedance of the emitter-collector circuit of the transistor
      40 will be determined by the output voltage at the emitter of the
      transistor 35.
PAR  When the amplitude of the received signal applied to the RF amplifier 31
      increases, there is a corresponding increase in the amplitude of the
      signal applied to the base of the transistor 11. This causes an increase
      in the level of the rectified AGC signal at the emitter of the transistor
      11, which, in turn, causes an increase in the voltage level at the emitter
      of the transistor 35 and a decrease in the voltage level at the collector.
      The decreased voltage at the collector reduces the voltage across the
      voltage divider and thus, reduces the voltage between the base of the
      transistor 32 and ground. At the same time, the increase in voltage level
      at the emitter of the transistor 35 causes the transistor 40 to become
      more conductive and thus, to change the voltage division ratio of the
      voltage divider in such a way as to decrease still further the bias level
      on the base of the transistor 32. This further reduces the gain of the
      transistor 32.
PAR  On the other hand, when the signal applied to the RF amplifier 31
      diminishes from its normal value, the voltage applied across the voltage
      divider increases and the impedance of the transistor 40 decreases. These
      two effects work together to increase the gain of the transistor 32. By
      controlling the gain of the transistor 32 by two AGC signals working
      together, the range of signal amplitudes that can be handled by the
      circuit is much increased over what would be possible if there were only
      one AGC circuit affecting the operation of the transistor 32.
PAR  While the switching means shown in the various embodiments of this
      invention are indicated as a Zener diode 12, it is possible to use other
      switching elements, such as a diode-connected transistor or a ZNR
      semiconductor device instead of the diode 12. Further modifications may be
      made in this invention without departing from the true scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A detecting circuit comprising:
PA1  A. a rectifying transistor comprising a base, an emitter, and collector,
      said base and emitter comprising components of a base-emitter input
      circuit to receive an input signal to be rectified, and said collector and
      said emitter comprising parts of an output circuit;
PA1  B. zener diode switching means connected directly in series between said
      collector and said base, and controlled by said input signal to be
      conductive when said input signal has a polarity that tends to make said
      transistor conductive and to be non-conductive when said input signal has
      the opposite polarity; and
PA1  C. an output terminal connected to said output circuit to derive therefrom
      a rectified signal corresponding to said input signal.
NUM  2.
PAR  2. The detecting circuit of claim 1 comprising a collector load resistor,
      said output terminal being connected to the juncture of said switching
      means and said collector.
NUM  3.
PAR  3. The detecting circuit of claim 2 comprising, in addition, an emitter
      resistor connected in series between said emitter and a reference voltage
      terminal, the resistance of said resistor being such that the bias voltage
      on the base of said transistor is substantially equal to the Zener diode
      voltage of said diode.
NUM  4.
PAR  4. The detecting circuit of claim 3 comprising, in addition, an input
      terminal and a capacitor connected in series with said base-emitter
      circuit, said input signal being applied across said input terminal and
      said reference voltage terminal.
NUM  5.
PAR  5. The detecting circuit of claim 4 in which said input terminal is
      connected to said emitter, and said capacitor is connected in series
      between said base and said reference voltage terminal.
NUM  6.
PAR  6. The detecting circuit of claim 4 in which said capacitor is connected in
      series between said input terminal and said base.
NUM  7.
PAR  7. The detecting circuit of claim 6 comprising, in addition, substantially
      fixed voltage drop means connected in series between said emitter resistor
      and said reference voltage terminal.
NUM  8.
PAR  8. The detecting circuit of claim 7 in which said fixed voltage drop means
      comprises a parallel circuit comprising a third resistor and a capacitor.
NUM  9.
PAR  9. The detecting circuit of claim 7 in which said fixed voltage drop means
      comprises diode means polarized to conduct current flowing through the
      emitter-collector circuit of said transistor.
NUM  10.
PAR  10. The combination comprising:
PA1  A. a detecting circuit comprising:
PA2  (1) a rectifying transistor comprising a base, an emitter, and collector,
      said base and emitter comprising components of an input circuit to receive
      an input signal to be rectified, and said collector and said emitter
      comprising parts of an output circuit, and
PA2  (2) switching means connected between said collector and said base, and
      controlled by said input signal to have a first conductivity condition
      when said input signal has one polarity and to have the opposite
      conductivity condition when said input signal has the opposite polarity;
PA1  B. a second transistor, the gain of which is to be controlled;
PA1  C. a third transistor, the base of said third transistor being connected to
      the emitter of said rectifying transistor to be receive a rectified signal
      therefrom, the emitter and collector of said third transistor comprising
      first and second rectified signal output terminals;
PA1  D. a voltage divider comprising first and second impedances connected to
      one of said rectified signal output terminals to be energized thereby, the
      base of said second transistor being connected to the juncture between
      said first and second impedances and being connected to a high frequency
      signal source, said second impedance being controllable by a control
      voltage; and
PA1  E. a connection between the other of said rectified signal output terminals
      and said variable impedance to control the magnitude thereof, whereby the
      gain of said second transistor is controlled by the magnitude of the
      voltage applied across said voltage divider and is inversely controlled by
      the magnitude of the voltage controlling said controllable impedance.
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PAL  Full-wave and half-wave rectifier circuits are disclosed; the former
      circuit using two transistors and the latter circuit using one transistor.
      In both circuits transistors are connected in an inverted mode so that,
      for example, with an NPN transistor current flow is such that line current
      flows into the emitter and load current flows out of the collector.
      Furthermore, voltage blocking is performed by the collector-base junction
      instead of the emitter-base junction. High efficiency is achieved by
      controlling the transistor base current in response to the emitter current
      so that the base current is proportional to the emitter current and is
      also at an optimum magnitude so as to minimize circuit losses.
PARN
PAR  This is a continuation of application Ser. No. 406,162, filed Oct. 15, 1973
     .
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PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention pertains, in general, to rectifier circuits employing
      active solid state rectifying elements, or devices; and, in particular, to
      rectifier circuits employing transistors as rectifying elements, or
      devices. The subject invention pertains, more particularly, to the
      employment of transistors connected in an unusual arrangement and serving
      as rectifying elements, or devices.
PAR  There are many applications which require a small volume, lightweight,
      power supply unit including a rectifier. For example, such a power supply
      unit may be incorporated in a conventional two, or three, conductor line
      cord at one end of the cord and incorporated in a male plug adapted for
      connection with a wall receptacle which supplies a single phase, 60 Hertz
      source of 120 volts. The power supply unit converts, or changes, the
      supplied phase, frequency and voltage to suit the appliance(s) which are
      intended to be connected to the end of the cord. The described assembly is
      often called a line cord power supply. The power supply itself is a small,
      compact, lightweight unit which is usually integral with the line cord and
      is supported by the line cord.
PAR  The small volume, lightweight power supply unit, hereinbefore discussed,
      includes a rectifier. The rectifier must be of small volume and
      lightweight. Another important requirement respecting such rectifiers is
      that high efficiency rectification be achievable. Furthermore, rectifier
      operation should be stable for long periods of time even under adverse
      ambient temperatures and humidity. In addition, such rectifiers should be
      relatively inexpensive.
PAR  The aforementioned requirements have not been satisfactorily met in cases
      where such rectifiers are intended to operate at relatively low voltages,
      relatively high current and relatively high frequencies (e.g., 10 volts or
      less, up to several amperes and up to 50 kilohertz.) Known efforts
      employing such passive rectifying elements, or devices, as silicon diodes,
      Schottky diodes and germanium diodes have not proved satisfactory. For
      example, a simple, full-wave rectifier circuit using silicon diodes
      exhibits poor rectification efficiency where the load voltage is below 10
      volts. The poor efficiency is due to the inherent forward voltage drop of
      the silicon junction which, for low cost diodes, is about 1 volt at 1
      ampere when the silicon diodes are operating near their ratings. Also,
      additional power dissipation in the form of switching losses occurs due to
      high frequency operation; the high frequency being necessary for the
      employment of minimum volume magnetic components which are necessary in
      other parts of the rectifier circuit. As another example, high voltage
      Schottky (hot carrier) diodes are large area devices and are not suitable
      because, among other reasons, they are difficult to incorporate
      economically in integrated circuits. As a further example, germanium
      diodes are not generally suited for rectification at high frequencies.
      Moreover, germanium diodes are not suitable for integrated circuit
      fabrication.
PAR  The use of active devices, such as transistors, as rectifying elements is
      also known. See, for example, the article "New Techniques in Power
      Control" by J. B. Gunn, Digest of Technical Papers, 1970 IEEE
      International Solid State Circuit Conference, at pages 90 and 91. The
      rectifier circuit hereinafter disclosed in detail represents a departure
      from the rectifier circuit disclosed in the Gunn article.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention is to provide a high efficiency rectifier
      circuit.
PAR  Another object of the invention is to provide a small volume, lightweight
      rectifier.
PAR  Another object of the invention is to provide a rectifier circuit employing
      active solid state rectifying means.
PAR  Another object of the invention is to provide a rectifier circuit employing
      active semiconductor rectifying means.
PAR  Another object of the invention is to provide a rectifier circuit employing
      economical, state-of-the-art, active, solid state rectifying means.
PAR  Another object of the invention is to provide a rectifier circuit employing
      economical, state-of-the-art, active, semiconductor rectifying means.
PAR  Another object of the invention is to provide a rectifier circuit employing
      transistors as rectifying means.
PAR  Another object of the invention is to provide a high efficiency, full-wave
      rectifier circuit.
PAR  Another object of the invention is to provide a high efficiency, half-wave
      rectifier circuit.
PAR  Another object of the invention is to provide a high efficiency, rectifier
      circuit operating at relatively high frequency, relatively low voltage and
      relatively high current.
PAR  Another object of the invention is to provide a rectifier circuit employing
      transistors which may be fabricated as part of an integrated circuit
      assembly.
PAR  One feature of the rectifier circuit according to the invention is the
      employment of a transistor which is connected in an inverted mode so that
      voltage blocking is performed by the collector-base junction of the
      transistor rather than the emitter-base junction, the normal collector and
      emitter current flow directions being reversed. One advantage of the
      aforementioned inverted mode transistor connection is that available
      silicon transistors may be used despite their having a relatively low
      value of BV.sub.EBO since the voltage blocking function is performed by
      the collector-base junction.
PAR  Another advantage is that conventional transistor designs having low
      R.sub.sat, high h.sub.FE (inverted) exhibit very low V.sub.CE (SAT) for
      inverted conduction. In one exemplary embodiment (full-wave rectifier)
      hereinafter described and illustrated in the accompanying drawing two
      transistors are employed in the aforesaid inverted mode. In a second
      exemplary embodiment (half-wave rectifier) hereinafter described and
      illustrated in the accompanying drawing one transistor is employed in the
      aforesaid inverted mode.
PAR  Another feature of the rectifier circuit according to the invention is the
      employment of a current control transformer for controlling the base
      current of each transistor in response to the current to, for example, the
      emitter in an NPN transistor. The base current is controlled so that it is
      maintained at a near optimum magnitude; i.e., a magnitude not in excess of
      that required so that circuit losses are kept to a minimum.
PAR  Another feature of the rectifier circuit according to the invention is the
      use of two separate sets of current control transformer windings which
      share a common magnetic core in the full-wave rectifier embodiment of the
      invention. One advantage of using the common magnetic core is that the
      overall size is minimized due partly to the sharing of the magnetic core
      material. However, the overall size of the transformer is minimized
      primarily because of the cancellation of the d.c. component of magnetic
      flux resulting from currents from the two transistors employed.
PAR  Another feature of the rectifier circuit according to the invention is the
      employment of a diode in combination with each transistor; the diode being
      connected between the emitter and collector of the transistor with which
      it is associated. One advantage of using the diode is that at start-up of
      the rectifier circuit the diode provides a path for the initial rectified
      current at turn "on" of the transistor with which it is associated. An
      additional advantage is that the aforesaid initial rectified current flows
      in an associated winding of the current control transformer and forces the
      initiation of regenerative action by the transformer thereby improving
      switching efficiency of the transistor of which it is associated.
PAR  Other objects, as well as other features and advantages of the invention
      appear hereinafter whereat two exemplary embodiments of the invention (a
      full-wave rectifier circuit and a half-wave rectifier circuit) are
      disclosed for the purpose of illustrating the invention; said disclosures
      including the accompanying drawing figures, the content of which is
      hereinafter described.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a schematic diagram of a full-wave rectifier circuit in
      accordance with one exemplary embodiment of the invention.
PAR  FIG. 2 is a schematic diagram of a half-wave rectifier circuit in
      accordance with a second exemplary embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The full-wave rectifier circuit shown at FIG. 1 employs a power transformer
      designated, generally, by the reference T1. Transformer T1 includes a
      magnetic core 10 which has a secondary winding N2 wound thereabout in
      addition to a primary winding (not shown). The magnetic core 10 is
      preferably of ferrite material inasmuch as transformer T1 is intended to
      operate at a relatively high frequency (e.g., up to 50 kilohertz). As
      shown, the secondary winding N2 has two terminals 12 and 14 at opposite
      ends thereof. Also, the secondary winding N2 has a third terminal 13 which
      is between the end terminals 12 and 14. In the circuit of FIG. 1 the
      terminal 13 is midway between the terminals 12 and 14 so that the
      secondary voltage magnitude between terminals 12 and 13 is the same as
      that between the terminals 13 and 14. Also, as shown, the terminal 13
      serves as a reference point or ground. During a half cycle of single phase
      voltage applied to the transformer T1 the relative voltage polarities at
      the terminals 12, 13 and 14 are as indicated at FIG. 1. For example,
      terminal 12 is marked with a plus sign (+) and terminal 13 is marked with
      a negative sign (-) to indicate that terminal 12 is positive relative to
      terminal 13. In turn, terminal 13 is also marked with a plus sign (+) and
      terminal 14 is marked with a negative sign (-) indicating that the
      terminal 13 is positive relative to terminal 14. As is well known, during
      the next succeeding half cycle of single phase voltage applied to
      transformer T1 the relative voltage polarities of the aforesaid terminals
      on the secondary winding N2 reverse.
PAR  As shown at FIG. 1, two NPN silicon junction transistors Q1 and Q2 are
      provided. Each transistor has an emitter, a base and a collector. A diode
      D1 is connected between the emitter and collector of transistor Q1; the
      anode of diode D1 being connected to the emitter of transistor Q1 and the
      cathode of diode D1 being connected to the collector of transistor Q1.
      Similarly, a diode D2 is connected between the emitter and collector of
      transistor Q2; the anode of diode D2 being connected to the emitter of
      transistor Q2 and the cathode of diode D2 being connected to the collector
      of transistor Q2.
PAR  As shown at FIG. 1, each transistor Q1 and Q2, has a separate set of
      current control transformer windings associated therewith. A first set of
      current control transformer windings associated with transistor Q1,
      includes a primary winding P1 and a secondary winding S1. The primary and
      secondary windings P1 and S1 are magnetically coupled with each other. A
      second set of current control transformer windings, associated with the
      transistor Q2, includes a primary winding P2 and a secondary winding S2.
      The primary and secondary windings P2 and S2 are also magnetically coupled
      with each other. A single closed magnetic core 16 is commonly shared by
      all of the windings P1, S1, P2 and S2. Since the circuit of FIG. 1 handles
      high frequencies, (up to 50 kilohertz) the core 16 is of ferrite material.
      The primary and secondary windings P1 and S1 (associated with transistor
      Q1) are wound on the core 16 so that they have the relative winding
      polarities indicated at FIG. 1 by the black dots in accordance with
      convention; i.e., the end of winding P1 which is connected to terminal 12
      of transformer T1 has the same polarity as that end of winding S1 which is
      connected to the base of transistor Q1. The primary and secondary windings
      P2 and S2 (associated with transistor Q2) are wound on the core 16 so that
      they have the relative winding polarities indicated by the black dots
      shown in FIG. 1 in accordance with convention; i.e., the end of the
      winding P2 which is connected to the terminal 14 of transformer T1 has the
      same polarity as that end of the winding S2 which is connected to the base
      of the transistor Q2. However, as indicated at FIG. 1 the relative winding
      polarities of the windings P1 and S1 are the reverse of the relative
      winding polarities of the windings P2 and S2.
PAR  As shown, in the full-wave rectifier circuit of FIG. 1 the collectors of
      both transistors, Q1 and Q2, are connected together at a common output
      terminal 18, or node. A resistive load element R is connected between the
      output terminal 18 and a reference terminal 13a, or ground. Also, a
      capacitor C is arranged in parallel with the resistive element R such that
      one end of capacitor C is connected to the output terminal 18 while the
      other end of the capacitor C is connected to the reference terminal 13a,
      or ground.
PAR  The windings P1 and S1 are arranged relative to the power transformer T1
      and the transistor Q1 such that the primary winding P1 is connected in
      series between the terminal 12 of transformer T1 and the emitter of
      transistor Q1. As shown, one end of the secondary winding S1 is connected
      to that end of the primary winding P1 which is connected to the terminal
      12 of the transformer T1. The other, or opposite, end of secondary winding
      S1 is connected to the base of transistor Q1. Similarly, the windings P2
      and S2 are arranged relative to transformer T1 and transistor Q2 such that
      the primary winding P2 is connected in series between the terminal 14 of
      transformer T1 and the emitter of transistor Q2. As shown one end of the
      secondary winding S2 is connected to that end of the primary winding P2
      which is connected to terminal 14 of transformer T1. The other, or
      opposite, end of secondary winding S2 is connected to the base of
      transistor Q2.
PAC  OPERATION
PAR  The transformer T1 in the full-wave rectifier circuit of FIG. 1 may be
      supplied with a single phase voltage, the waveform of which is either
      sinusoidal or is a square wave. It is often easier, and more economical,
      to generate non-sinusoidal waveforms. Therefore, it is assumed in the
      discussion hereinafter set forth, that the voltages between terminals 12
      and 13 and between terminals 13 and 14 are single phase, square wave
      voltages. Such waveforms could, for example, be supplied to the primary
      winding (not shown) of the power transformer T1 from the output terminals
      of a high frequency inverter circuit like or similar to the one disclosed
      in U.S. patent application Ser. No. 267,262, filed June 28, 1972, now U.S.
      Pat. No. 3,781,638 issued Dec. 25, 1973. The patent application and the
      invention therein disclosed and the patent application of which this
      specification is a part as well as the invention herein disclosed being
      assigned to the same assignee. The frequency of the single phase voltage
      supplied to transformer T1 is preferably relatively high; e.g., 20
      kilohertz or more. The use of high frequencies is desirable because the
      volume and weight of the magnetic materials may be considerably reduced.
PAR  For purposes of discussion it is assumed initially that the square wave
      voltage across the winding N2 of transformer T1 is in its first half-cycle
      excursion and going positive so that the terminals 12, 13 and 14 of the
      secondary winding N2 of transformer T1 have the instantaneous relative
      voltage polarities indicated at FIG. 1. Thus, in accordance with
      conventional current direction respecting the polarities involved, current
      initially is from the positive terminal 12 into and through primary
      winding P1, through the diode D1 (from anode to cathode thereof) and into
      the output terminal 18 from which it eventually goes into capacitor C and
      the resistive load element R. With the initial or starting current as
      aforesaid the output terminal 18 is of a positive potential relative to
      the reference, or ground, terminal 13a. Although the diode D1 is initially
      conductive (because of the positive polarity at terminal 12) and the
      starting current is as aforesaid the transistor Q1 is "off;" i.e.,
      non-conducting. Indeed the transistor Q1 remains "off" for a short period
      while the diode D1 conducts the aforesaid initial, or starting, current.
      Because of the relative negative polarity at terminal 14 the diode D2 does
      not conduct. The transistor Q2 is also "off;" i.e., non-conducting. Since
      the diode D2 is non-conductive the current control transformer windings P2
      and S2 cannot develop the necessary base current to turn the transistor Q2
      "on." Thus, transistor Q2 is "off" or, non-conducting. The collector-base
      junction of transistor Q2, which is normally the higher voltage junction,
      blocks essentially the full voltage between terminals 12 and 14.
PAR  The current in diode D1 is also in winding P1. Due to current transformer
      action a proportional current appears in winding S1. Consequently, there
      is initiated a current into the base of transistor Q1. Because of the
      aforesaid base current the transistor Q1 is turned "on" (i.e., becomes
      conducting) and provides a low impedance path from terminal 12 to terminal
      18. However, transistor Q1 is not turned "on" at the same instant of time
      that the diode D1 began conducting. There is a short time delay before
      transistor Q1 becomes turned "on." The use of the diode D1 permits the
      rapid initiation of base current in transistor Q1 thereby turning Q1 "on"
      rapidly. The aforementioned short time delay period between turn-on of
      diode D1 and turn-on of transistor Q1 is considerably shortened because as
      soon as the diode D1 begins to conduct, the secondary winding S1 injects a
      current into the base of transistor Q1 so as to cause the rapid turn-on of
      transistor Q1. When the transistor Q1 is turned "on" and is conducting it
      shunts the diode D1 and, in effect, the voltage drop across the diode D1
      is considerably lowered. Eventually, the current in diode D1 goes to zero
      due to the shunting action of transistor Q1.
PAR  Before continuing with the discussion of the operational events involved it
      is important to emphasize a unique feature of the invention; namely, the
      way in which transistor Q1 (and transistor Q2, as well) are connected in
      the rectifier circuit shown at FIG. 1. Both transistors Q1 and Q2 are
      connected in a reverse or inverted mode. In FIg. 1 the symbols identified
      as Q1 and Q2 represent NPN transistors which in the exemplary full-wave
      rectifier circuit are NPN silicon junction transistors. Each transistor as
      indicated has an emitter, base and collector which are shown in the
      conventional way; e.g., the emitter is represented as an arrow which
      points in a direction away from the emitter-base junction of the
      transistor. The NPN transistor is normally employed in switching circuits
      in such a way that current is into its collector toward the collector-base
      junction and out of its emitter away from the base-emitter junction.
      However, when the transistors Q1 and Q2 (FIG. 1) are turned "on" and are
      conducting their emitter currents are into the transistor toward the
      base-emitter junction and their collector currents are out of the
      transistor and away from the collector-emitter junction. Thus, in FIG. 1
      (and in FIG. 2, as well) the conventional transistor symbols are used and
      the emitter, collector and base leads are identifiable as in the
      particular manufacturers device. However, in FIG. 1 and in FIG. 2 the
      current directions as hereinbefore described are the reverse of the normal
      current directions. The advantages of using the transistors in the
      aforesaid inverted mode connection are as follows: losses are minimized
      due to the low-transistor saturation voltage thereby enabling high
      efficiency rectification operation; and, voltage blocking may be performed
      by the collector-base junction rather than the emitter-base junction so
      that low cost, readily available, silicon transistors normally having a
      relatively low BV.sub.EBO may be used. The foregoing parameters are known
      to those who are skilled in transistor technology. For a detailed meaning
      of the foregoing parameters (e.g., BV.sub.EBO), etc. see the publication
      GE Transistor Manual, revised 7th Edition, edited and produced by
      Semiconductor Products Department, General Electric Company, Electronics
      Park, Syracuse, N.Y.
PAR  The primary winding P1 and the secondary winding S1 also perform the
      important function of controlling, or regulating, the magnitude of the
      base control of transistor Q1. The base current magnitude is controlled
      such that it is proportional to the emitter current magnitude. Since
      emitter current passes through the primary winding P1 the magnetic
      coupling between the windings P1 and S1 enables the secondary winding S1
      to develop a voltage of proper magnitude and polarity, in response to the
      emitter current in the primary winding P1, to cause a base current of near
      optimum magnitude. More particularly, the base current magnitude is
      proportional to the magnitude of the emitter current. If the base current
      has a greater magnitude than is required for sustaining conduction in the
      transistor the excess base current causes losses, the magnitude of which
      may be significant. Hence, in optimizing the base current the ideal
      situation to be achieved would be to provide base current of a magnitude
      which is sufficient to minimize the voltage drop between terminals 12 and
      18. therefore, the action of the windings P1 and S1 is to approach the
      aforesaid ideal situation as closely as is possible. Therefore, high
      efficiency is maintained at all levels of load current since base current
      is proportional to collector current and is never significantly in excess
      of that required.
PAR  Returning to the circuit of FIG. 1 and to the sequence of operational
      events, transistor Q1 is "on" and continues to conduct after the current
      in diode D1 goes to zero due to the shunting action, as aforesaid, of
      transistor Q1. As long as the transformer terminal 12 is positive and the
      diode D1 and/or transistor Q1 are "on" and conducting, the current out of
      the collector of transistor Q1 to the output terminal 18 charges the
      capacitor C. Due to the current out of the collector of transistor Q1, the
      charge on capacitor C builds up and the voltage on the output terminal 18
      approaches the peak voltage at transformer terminal 12. The output
      terminal 18 and the upper plate (FIG. 1) of the capacitor C are charged to
      a positive potential, the magnitude of which is the peak positive voltage
      of the positive square wave voltage occurring at terminal 12 during the
      each positive half cycle of the square wave voltage across winding N2 of
      transformer T1. Because of the parallel connection the resistive element R
      has the same voltage across it as across the capacitor C. At the end of
      the positive half cycle, the positive voltage at terminal 12 begins to
      diminish in amplitude, or magnitude, as it starts to fall toward zero
      volts. At some point during its fall toward zero volts the diminishing
      positive voltage at the terminal 12 becomes less positive than the
      positive voltage at the output terminal 18. As a result, current
      momentarily reverses its direction and is now from terminal 18, into the
      collector of transistor Q1, out of the emitter of transistor Q1 and into
      the primary winding P1. Since current is now out of the emitter of
      transistor Q1, through the primary winding P1 in a reverse direction, the
      relative voltage polarity on the winding S1 also changes so that base
      current is out of transistor Q1. The aforementioned base current is in
      such a direction as to hasten the turn "off" of transistor Q1. Thus, for
      transistor Q1 the collector, emitter and base currents are reversed until
      the stored charges in the transistor Q1 are depleted. These reversed
      currents in transistor Q1 may continue even when the voltage at the
      terminal 12 becomes zero. While transistor Q1 is conducting current in the
      reverse direction as aforesaid the terminal 14 of transformer T1 is
      getting more positive relative to terminal 13. The terminal 14 is getting
      even more positive relative to terminal 12. During this short period of
      reverse conduction in transistor Q1 the positive potential at the output
      terminal 18 is diminishing due to the discharge of the capacitor C into
      the collector of transistor Q1. Meanwhile, when the increasing positive
      potential at terminal 14 exceeds the decreasing positive potential at
      terminal 18 the diode D2 turns "on." Thus, with the diode D2 and the
      transistor Q1 both on "on," current is from the cathode of diode D2 to the
      terminal 18 and into the collector of transistor Q1. Shortly after the
      diode D2 turns "on," as aforesaid, the transistor Q2 is turned "on." The
      transistor Q2 becomes conducting (i.e., turned "on") when base current is
      supplied thereto from the secondary winding S2. Thus, transistor Q2
      becomes turned "on" by a sequence of events similar to those hereinbefore
      described with reference to the initial turning "on" of the transistor Q1.
      When transistor Q2 turns "on" the current in diode D2 goes to zero due the
      shunting action of transistor Q2. For a very short period of time both
      transistors Q1 and Q2 may be "on" due, primarily, to stored charge in that
      transistor which is about to turn "off." Also, the period of simultaneous
      conduction of both transistors could be extended by the inductance of the
      source T1. For transistor Q1 current is into its collector, out of its
      emitter and out of its base. For transistor Q2 current is into its
      emitter, into its base and out of its collector. With its base current
      reversed, as aforesaid, transistor Q1 eventually turns "off." Turn "off"
      of transistor Q1 is hastened by the polarity reversal of the winding S1.
      Such polarity reversal is caused by the emitter current in the reverse
      direction in the winding P1. Advantageously, since the windings P1 and S1
      hasten the turn "off" of transistors Q1 the switching losses in the
      transistor Q1 are minimized. With terminal 14 positive with respect to
      terminals 13 and 12 the transistor Q2 continues conducting such that
      current is from terminal 14 through the primary winding P2 and into the
      emitter of transistor Q2. Also, current is out of the collector of
      transistor Q2 and into the output terminal 18. In addition, base current
      is through the secondary winding S2 and into the base of transistor Q2. As
      was the case when the transistor Q1 began to conduct initially the
      collector and emitter currents for transistor Q2 are the reverse of what
      they would ordinarily be. Thus, the transistor Q2, like transistor Q1, is
      effectively employed in a reverse or inverted connection mode.
PAR  Also, the relative polarities of windings S1 and S2 are such that the
      forward base-emitter voltage on the conducting one of the two transistors
      is impressed as a reverse base-emitter voltage on the blocking, or
      non-conducting, transistor thereby assuring reliable voltage blocking.
PAR  At FIG. 2 there is illustrated in schematic diagram form another embodiment
      of the rectifier circuit according to the invention. At FIG. 2 a half-wave
      rectifier is shown. Essentially, the circuit of FIG. 2 is the same as the
      upper half of the circuit shown in FIG. 1 and operates in essentially the
      same manner, except that the output is a half-wave output.
PAR  In FIGS. 1 and 2 the transistors employed may be PNP transistors instead of
      the NPN transistors as shown. The PNP transistors would, in accordance
      with the principles of the invention hereinbefore described, be connected
      in an or inverted mode.
PAR  Although the foregoing description and accompanying drawing figures set
      forth two rectifier circuits embodying the invention it is to be
      understood that the foregoing description and drawing figures are
      purposeful for providing examples of the invention. Many changes may be
      made respecting the elements, and combination of elements, of the
      disclosed rectifier circuits. Such changes may involve, inter alia,
      substitutions, modifications, rearrangements, etc., of the various
      elements or devices. Nevertheless, such changes may be made without
      departing from the spirit of the invention or from the scope of the claims
      hereinafter set forth.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A full wave active rectifying circuit comprising
PA1  a first transformer having a ferrite magnetic core and a winding with a
      center tap and two ends for supplying high frequency alternating-current
      input voltage with a frequency between 20 and 50 kilohertz,
PA1  a second transformer having a common magnetic core made of ferrite material
      and only four magnetically coupled windings including first and second
      pairs of opposite winding polarity primary and secondary windings, one end
      of said first pair of primary and secondary windings being connected
      together and to one end of said first transformer winding, and one end of
      said second pair of primary and secondary windings being connected
      together and to the other end of said first transformer winding,
PA1  first and second substantially alternately conductive silicon junction
      transistors each connected for inverted mode operation and each having an
      emitter, a base, a collector and a collector-base junction, said
      collectors being connected together and defining a first output terminal,
      the other ends of said first pair of primary and secondary windings being
      connected respectively to the emitter and base of said first transistor
      such that voltage blockage is performable by the collector-base junction
      thereof, the other ends of said second pair of primary and secondary
      windings being connected respectively to the emitter and base of said
      second transistor such that voltage blockage is performable by the
      collector-base junction thereof, and a diode connected between the emitter
      and collector of each of said first and second transistors with a polarity
      to conduct in the same direction as said respective transistors, and
PA1  a capacitor connected directly between said first output terminal and a
      second output terminal which is in turn effectively connected to the
      center tap of said first transformer winding.
NUM  2.
PAR  2. A rectifying circuit according to claim 1 wherein said first and second
      transistors further are NPN transistors, and said diode connected between
      the emitter and collector of each transistor has an anode connected to
      said emitter and a cathode connected to said collector.
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ABST
PAL  An active circuit and method for increasing the operating range of circuit
      elements of the type connected between a power supply and a circuit
      element, the active circuit including a transistor having a base, emitter
      and a collector, the transistor having a breakdown voltage. The transistor
      is biased to provide a current path through it to the circuit element and
      to develop a voltage thereacross. The transistor and its biasing in
      combination are operative when the supply voltage exceeds a predetermined
      level to cause the transistor to breakdown. The breakdown voltage across
      the transistor opposes the supply voltage so that the operating range is
      increased and the actual voltage applied to the element does not exceed
      the breakdown voltage of the element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a circuit for increasing the operating
      range of circuit elements and a method of operation whereby high breakdown
      capabilities may be obtained using circuit elements having low breakdown
      characteristics. More particularly, this invention relates to a circuit
      and method of operation for increasing the operating range of circuit
      elements, such as semiconductor elements, so that high breakdown
      capabilities may be obtained using semiconductor elements having low
      breakdown characteristics.
PAR  Although high breakdown circuit elements, such as transistors, have
      heretofore been provided, they occupy excessive semiconductor areas
      because of the large depletion regions required to support higher
      operating voltages. For example, linear elements must handle a wide signal
      range and may operate with 36 to 45 volts, or higher, voltage swings. The
      relatively high supply voltages required for operation dictate that all,
      or substantial portions, of, the semiconductor structures be large in size
      to provide large depletion regions to support the high operational
      voltages utilized. In contrast, digital elements may typically operate
      from a 5 volt supply, high operational voltage swings are not encountered,
      and the structure need not provide large depletion regions. Accordingly,
      linear element structures may have to be 4 or more times the physical size
      of digital element structures so that selected linear elements have the
      requisite large depletion regions for high breakdown operational
      characteristics.
PAR  Thus there is a need for a circuit for increasing the operating range of
      circuit elements whereby high breakdown capabilities may be obtained using
      circuit elements having low breakdown characteristics.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  Accordingly, it is a general object of the present invention to provide a
      circuit for increasing the operating range of circuit elements whereby
      high breakdown capabilities may be obtained using circuit elements having
      low breakdown characteristics.
PAR  It is a particular object of the present invention to provide a circuit and
      method of operation for increasing the operating range of circuit
      elements, such as semiconductor elements, so that high breakdown
      capabilities may be obtained using elements having low breakdown
      characteristics.
PAR  The foregoing and other objects of the invention are achieved in an active
      circuit and method for increasing the operating range of circuit elements
      of the type connected between a power supply and a circuit element, the
      active circuit including a transistor having a base, emitter and a
      collector, said transistor having a breakdown voltage. Means biases said
      transistor for providing a current path through said transistor to supply
      current to said circuit element and to develop a voltage thereacross. Said
      means and said transistor in combination are operative when said supply
      voltage exceeds a predetermined level to cause said transistor to
      breakdown. Said breakdown voltage across said transistor opposes the
      supply voltage so that the operating range in increased and the actual
      voltage applied to the element does not exceed the breakdown voltage of
      the element.
DRWD
PAC  Brief Description of the Drawings
PAR  FIG. 1 is a schematic diagram of a prior art active breakdown circuit
      including a transistor.
PAR  FIG. 2 is a schematic diagram of a prior art current source including
      plural transistors and a diode bias string.
PAR  FIG. 3A is a schematic diagram of a breakdown current source including
      plural transistors, an isolating diode, and a diode bias string.
PAR  FIG. 3B is a schematic diagram equivalent circuit of FIG. 3A with a battery
      substituted for the breakdown transistor.
PAR  FIG. 3C is a schematic diagram equivalent circuit of FIG. 3B when the
      isolating diode is reverse biased.
PAR  FIG. 4A is a schematic diagram of a prior art output stage.
PAR  FIG. 4B is a schematic diagram of an output stage including an additional
      biasing diode.
PAR  FIG. 5A is a prior art amplifier gain stage.
PAR  FIG. 5B is a prior art cascode circuit.
PAR  FIG. 5C is a modification of FIG. 5B embodying the present invention.
PAR  FIG. 5D is an equivalent circuit of FIG. 5C.
PAR  FIG. 5E is a generalization of FIG. 5C.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A plurality of active circuits for increasing the operating range of
      circuit elements are shown in the accompanying Figures. Briefly, in
      general overview, the circuits utilize a transistor breakdown mechanism
      which becomes operative when the voltage across the circuit element
      exceeds a predetermined level. The transistor breakdown voltage opposes a
      portion of the applied operational voltage and thereby increases the
      operating range of low voltage circuit elements. Specifically, the
      breakdown circuit permits semiconductor device operation at increased
      voltages which, for example, may be greater than twice the LV.sub.ceo
      voltage of individual devices. The LV.sub.ceo breakdown voltage, that is,
      the collector to emitter breakdown voltage with an open base circuit, may
      typically be 15 volts for thin (3-4 micron) epitaxial layer, digital
      structures. It is desirable, in order to minimize size and geometry, to
      operate such devices at the higher voltages encountered in analog
      applications. Such applications require structures having an LV.sub.ceo
      breakdown of typically 40 volts necessitating a thick epitaxial layer
      structure (12-20 microns) to provide the depletion regions to support this
      higher voltage. As will be seen, the present invention provides a circuit
      for increasing the operating range of circuit elements so that a high
      breakdown capability, such as 40 volts, may be obtained using low
      breakdown (e.g. 15 volt) thin epitaxial layer structures.
PAR  Referring to FIG. 1, a general prior art circuit including a transistor
      capable of avalanche breakdown is shown. Transistor 13 has an emitter 14,
      a collector 16, and a base 17 and may be of either NPN or PNP conductivity
      type. For purposes of discussion the circuit includes an emitter resistor
      18 (R.sub.e), connected between emitter 14 and a common or ground terminal
      19. A collector resistor 21 (R.sub.c) is connected between collector 16
      and a positive terminal 22 of a power supply, the negative terminal of the
      power supply being connected to the common or ground terminal 19. A base
      resistor 24 (R.sub.b) is connected between base 17 and a first terminal 26
      of a power supply providing a voltage V.sub.bias, and having a negative
      terminal connected to the common or ground terminal 19.
PAR  In operation, the transistor 13 has a voltage V applied to terminal 22 and
      an additional voltage V.sub.bias applied to terminal 26 having a magnitude
      less than V and of suitable polarity to forward bias the base-emitter
      junction and further reverse bias the base-collector junction. As voltage
      V is increased in magnitude, alpha (.alpha..sub.1), that is, the common
      base current gain of the transistor, increases. This gain may be expressed
      as:
      ##EQU1##
      where m is approximately equal to 4 for an NPN transistor, and
      BV.sub.plane is the avalanche breakdown voltage for a plane PN junction.
PAR  From the expression it will be noted that as .alpha..sub.1 approaches the
      number 1, I.sub.0 in FIG. 1 more nearly equals I.sub.el, the emitter
      current. When .alpha..sub.1 exceeds the number 1, then beta, the common
      emitter current gain which is equal to .alpha./1 - .alpha. becomes
      negative. At this point base current reverses and flows out of the base 17
      of transistor 13 and thereby increases current I.sub.0 which is the only
      current path flowing into the transistor 13. The current flowing out of
      the base 17 of transistor 13 flows through resistor 24 (R.sub.b)
      increasing the forward bias on transistor 13 and further increasing
      current I.sub.0. This multiplication effect or multiplication factor is a
      function of the voltage V, avalanche breakdown occuring to provide a
      voltage between transistor collector 16 and emitter 14 with current
      limited only by the series resistor in the circuit. Resistance 21
      (R.sub.c) limits the maximum current flowing into collector 16. Further
      resistance 18 (R.sub.e) provides feedback in that it reduces the effect of
      V.sub.bias appearing between base 17 and emitter 14 and thereby decreases
      I.sub.0. Thus it is to be noted that at the onset of the negative beta
      region, the region of rapidly increasing I.sub.0, I.sub.0 is proportional
      to the magnitude of R.sub.b and inversely proportional to R.sub.e. In
      general the external circuit thus determines to a great extent the
      transistor breakdown voltage.
PAR  It has been found in the prior art that the LV.sub.ceo breakdown voltage
      may be maximized by using a very high resistance for the emitter
      resistance R.sub.e, such as a current source, and a very low resistance
      for the base resistance R.sub.b, such as a series diode bias string, as
      shown in FIG. 2. The circuit of FIG. 2 includes series connected NPN
      transistors 31 and 32, the collector 33 of transistor 32 is connected to a
      voltage terminal 34, the emitter 36 of transistor 32 is connected to the
      collector 38 of transistor 31 and the emitter 39 of transistor 31 is
      connected via an emitter resistor 41 to a common or ground terminal 42.
      The circuit further includes a biasing network connected to a terminal 44
      of a V.sub.bias supply. A resistor 46 is connected between terminal 44 and
      the base terminal 37 of transistor 32. A forward biased diode 47 is
      connected between base 37 of transistor 32 and base 40 of transistor 31.
      An additional forward biased diode 48 is connected between base 40 of
      transistor 31 and the common or ground terminal 42.
PAR  Transistor 31, in combination with the biasing network, attempts to provide
      the high impedance current source desirable to maximize the effective
      emitter resistance of transistor 32 and thus increase the breakdown
      voltage of transistor 32 in accord with the expression previously
      discussed. Further, the effective base resistance R.sub.b of transistor 32
      is approximately equivalent to the resistance of diode 47 and 48 connected
      in a forward biased manner between base 37 and ground. Thus the diode
      string attempts to minimize the resistance R.sub.b and thereby further
      increase the breakdown voltage of transistor 32.
PAR  When the appropriate voltages are applied for operation of the FIG. 2
      circuit, the current source including transistor 31 is clamped
      approximately one diode drop, as a result of diode 48, above the common or
      ground potential 42. Thus, the avalanche breakdown of the combination of
      transistors 31, 32, and associated circuitry occurs at the onset of
      negative beta. This condition occurs when base current at base 37 reverses
      and flows out of base 37 and transistor 32 assumes an avalanche breakdown
      state. It has been found that the breakdown voltage of the single device
      previously discussed in conjunction with FIG. 1 may approximate 23 volts
      and with the configuration of FIG. 2 the breakdown voltage increases to
      approximately 30 volts for given semiconductor structures. At the onset of
      negative beta, the corresponding negative beta current produces a current
      in transistor 31 which will in turn increase the current in transistor 32,
      thereby increasing the transistor 32 emitter current and further
      increasing the collector current of transistor 32. Thus the collector
      current of transistor 32 is increased first by the negative beta and then
      by the feedback mechanism. Thus a large increase in the collector current
      of transistor 32 is produced in response to the onset of breakdown. The
      circuit of FIG. 2 provides an improvement in breakdown because of the
      large equivalent emitter resistance (R.sub.e) and the small equivalent
      base resistance (R.sub.b) over that of the single device configuration of
      FIG. 1. However higher device operation, above the 30 volts thereby
      obtained, is required.
PAR  Referring to FIG. 3A, an improved circuit for increasing the operating
      range is shown. In FIG. 3A, a diode 51 has been interposed between base 37
      of transistor 32 and the intersection of resistor 46 and diode 47. The
      polarity of the diode 51 is such that it provides a low impedance path for
      current flowing from the intersection of resistor 46 and 47 into base 37
      of transistor 32. On the other hand however, diode 51 presents a high
      impedance to current which may flow out of base 37 of transistor 32 in
      attempt to flow to the intersection of resistor 46 and diode 47.
PAR  Turning to the operation of the FIG. 3A circuit, as voltage V increases,
      the common base current gain .alpha. of transistor 32 increases until
      .alpha. reaches a current gain of 1 and the base current then attempts to
      reverse and flow out of base 37. At this point the diode 51 prevents the
      flow of current out of the base 37 and the circuit changes modes, the base
      37 being effectively at a high impedance relative to current flow out of
      said base and transistor 32 goes into avalanche breakdown. The voltage
      appearing across transistor is the voltage at which avalanche occurs with
      an open circuit base or essentially LV.sub.ceo as it is defined for a
      particular device.
PAR  It might first appear that transistor 31 in FIG. 3A would be saturated,
      that is, that the collector-to-base voltage is forward biased and the
      junction is forward biased since the collector 38 is two diode drops below
      node A and base 40 is only one diode drop below node A. However, it has
      been found that the collector base junction is not biased in the active
      region. The current density through diode 51 includes only the base
      current of the transistor, hence the voltage across diode 51 is less than
      0.6v the typical forward diode voltage. Therefore the difference in
      voltage between the typical 0.6v and the lesser voltage actually developed
      across diode 51 appears as a base-collector bias for transistor 31.
PAR  Referring to FIG. 3B, the equivalent circuit of the breakdown operational
      mode is shown, wherein a battery 52 having a potential of approximately
      0.6 volts is substituted as a equivalent for the forward biased,
      base-emitter junction of transistor 32 and an additional battery 54 is
      shown being equivalent to the avalanche breakdown voltage across
      transistor 32 that is, LV.sub.ceo. It is thus noted that diode 51 is
      reverse biased and transistor 31 continues to provide the same current.
      The collector-base voltage of transistor 31 thus is approximately equal to
      V--0.6--LV.sub.ceo. Therefore the operating range of transistor 32 has
      been increased by the magnitude of LV.sub.ceo.
PAR  Referring to FIG. 3C, the equivalent circuit when the diode 51 is reversed
      biased is shown. When diode 51 is reversed biased, it presents a high
      impedance which effectively removes diode 51 and battery 52 from the
      equivalent circuit. Thus it is apparent that by intentional breakdown,
      that is causing an avalanche breakdown of a transistor such as transistor
      32, when the device beta becomes negative, a constant current I.sub.0
      results in transistor 32. The current I.sub.0 changes only as a function
      of the base current of transistor 31 which correspondingly brings about a
      change in the series path, collector current of transistor 31. It is
      further apparent that a transistor such as 32 having a given avalanche
      breakdown characteristic may be easily added with a minimum of additional
      circuitry to more than double the useful range of the current source
      circuit. In fact, it has been found that the useful operating range by
      utilizing diode 51 with the devices having individual LV.sub.ceo ranges of
      15-18 volts produces a 40 volt operating range utilizing the simple
      interconnection as shown in FIGS. 3A-C.
PAR  Referring to FIGS. 4A and 4B, the invention is shown in FIG. 4B utilized in
      combination with a complimentary output stage. Prior art FIG. 4A shows a
      NPN transistor 57 having a collector 58 connected to a positive voltage
      supply 59. The emitter 61 of transistor 57 is connected via resistor 62 to
      output terminal 63. A PNP transistor 64 has an emitter 66 connected to
      output terminal 63 and a collector 67 connected to a negative voltage
      supply terminal 68. The base 69 of transistor 64 is connected to a
      V.sub.in input voltage terminal 71, and is connected to base 60 of
      transistor 57 and is further connected to base current source 72. The
      remaining terminal of base current 72 is connected to the positive
      terminal 59. Base current source 72 may be of any conventional type and
      may include a large series resistor.
PAR  Referring to FIG. 4B, the circuit of 4A is shown having diode string 73 and
      74 interposed between current source 72 and the base 69 of transistor 64.
      Further an isolating diode 76 is interposed between the junction of diode
      74 and source 72 and is connected to the base 78 of an additional
      transistor 77. Transistor 77 has an emitter 79 connected to collector 58
      of transistor 57 and a collector 81 connected to positive voltage terminal
      59.
PAR  In operation, as the V.sub.o output voltage decreases the transistor 77
      collector-base voltage increases until the common base current gain of
      transistor 77 becomes greater than 1. At this time, as previously
      discussed, transistor 77 breaks down, that is, goes into an avalanche
      breakdown mode and the transistor acts like a battery in series with the
      collector of transistor 57. Further as was previously discussed an
      isolating diode 76 functions to present a high impedance to current which
      flows out of base 76 at the onset of avalanche breakdown. Diode 76 may be
      of collectorbase type of diode structure to provide a higher breakdown. It
      is to be noted that an additional diode 74 has been provided in the diode
      bias string over the bias string shown in FIG. 3A. The FIG. 3A circuit
      biasing required only one diode 47 between diode 51 and the base of
      transistor 31 for the relatively low current density and corresponding
      voltage drop in diode 51 and transistor 32. However, in the FIG. 4B
      circuit, configured as an output stage, transistor 77 has a relatively
      high current density and thus an additional diode 74 is required for
      biasing. Of course, it is understood that a Schottky diode having a
      smaller voltage drop may be substituted for diode 76 or a resistor or V
      base-to-emitter voltage multiplier may likewise be substituted for the
      diode string including diodes 73 and 74.
PAR  In operation, as the voltage between terminal 59 and the output terminal
      V.sub.0 exceeds a predetermined magnitude, the transistor 77 assumes an
      avalanche breakdown condition, diode 76 is reverse biased and accordingly
      the voltage across transistor 77 is that of the LV.sub.ceo magnitude.
PAR  Referring to FIGS. 5A-E, the invention is shown in combination with a
      amplifier gain stage. FIG. 5A shows a conventional gain transistor 91
      having an emitter 92 connected to a common or ground terminal 93, a base
      94 connected to a V.sub.in terminal 96, and a collector 97 connected to a
      V.sub.0 output terminal 98. A constant current source 99 is connected
      between 97 and voltage supply 101. Referring to FIG. 5B, an additional
      transistor 103 is shown interposed between the collector of transistor 91
      and current source 99 wherein the emitter 104 is connected to transistor
      91 and the collector 105 is connected to source 99. The base 106 of
      transistor 103 is connected to V.sub.bias terminal 108. The FIG. 5B
      cascode arrangement provides a much higher output resistance but the
      negative beta problem previously discussed still exists. Moreover the
      output resistance is relatively low in the negative beta region.
PAR  Referring to FIG. 5C an additional diode 111 has been interposed in the
      circuit of FIG. 5B and functions as has been previously discussed. Once
      the negative beta region is encountered, current out of the base is
      presented with a relatively high impedance path through diode 111. Thus
      base current does not flow out of transistor 103. Transistor 103 then goes
      into avalanche breakdown and the voltage thereacross becomes that of the
      transistor's LV.sub.ceo magnitude, the base 106 approximating an open base
      circuit to reverse current flow out of base 106. The equivalent of FIG. 5C
      circuit is shown in FIG. 5D wherein an equivalent battery 113 is shown
      substituted for the avalanche breakdown device 103. In both FIGS. 5B and
      5C the voltage V.sub.bias can be shown as a battery of sufficient and
      suitable magnitude or specifically may be a voltage reference such as
      plural diodes connected in a diode bias string to ground.
PAR  Referring to FIG. 5E, a generalization of the circuit for increasing the
      operating range of circuit elements is shown wherein the transistor 103 is
      shown interconnected with a generalized two terminal circuit element 116
      which has been substituted for the previously described transistor 91 of
      FIG. 5C. Further, a generalized impedance, such as a resistance 117 has
      been substituted for current source 99. Thus it is to be seen that
      transistor 103 may function as previously dicussed to assume a breakdown
      condition and thus have a voltage thereacross approximately equal to the
      LV.sub.ceo of the device, with diode 111 preventing the current flow out
      of the base 106 of device 103 at the onset of breakdown. It may be further
      seen that the circuit may thus generally be applied to increase the
      operating range of two terminal devices or circuit elements in addition to
      the three terminal active semiconductor devices previously discussed.
PAR  Although respective NPN and PNP devices have been shown it is of course
      understood that the opposite conductivity devices may be substituted
      therefore by reversing the interconnections and transposing voltage
      polarities as is well known to those skilled in the art.
PAR  Thus it is apparent that there has been provided a circuit for increasing
      the operating range of circuit elements whereby high breakdown
      capabilities may be obtained using circuit elements having low breakdown
      characteristics. More particularly, a circuit and method of operation for
      increasing the operating range of circuit elements, such as increasing the
      operating range of low voltage digital semiconductor elements, so that the
      elements have high breakdown capabilities and thus may be utilized in
      increased voltage, analog circuit applications.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an active circuit for increasing the operating range of semiconductor
      circuit elements the active circuit being of the type connected between a
      power supply and a circuit element and including a transistor having a
      base, emitter and a collector, said transistor having a breakdown voltage,
      means biasing said transistor for providing a current path through said
      transistor to supply current to said circuit element and to develop a
      voltage thereacross and including means for biasing said transistor base
      and emitter as a forward biased junction for base current flow in a first
      direction and for biasing said base and collector of said transistor as a
      reverse biased junction and including unidirectional means for providing a
      low impedance to base current flow in said first direction, and a high
      impedance to base current flow in the opposite direction, said supply
      voltage exceeding a predetermined level to cause said transistor to
      breakdown, said breakdown voltage across said transistor opposing the
      supply voltage so that the operating range is increased and the actual
      voltage applied to the element does not exceed the breakdown voltage of
      the element said unidirectional means impeding base current flow in said
      opposite direction to prevent feedback of such current flow whereby said
      transistor breakdown occurs substantially at the open-base, collector to
      emitter rating of said transistor.
NUM  2.
PAR  2. A circuit in claim 1 wherein said unidirectional means includes a
      semiconductor diode.
NUM  3.
PAR  3. A circuit as in claim 2 wherein said circuit element is a transistor.
NUM  4.
PAR  4. In a circuit for increasing the operating range of a semiconductor
      device configured as a current source, and connected to a power supply
      having first and second terminals, the circuit including first and second
      transistors, each having a base, an emitter and a collector and respective
      breakdown voltages, the collector of the first connected to the first
      power supply terminal and the emitter of the first connected to the
      collector of the second, a resistor connected between the emitter of the
      second transistor and the second terminal of the power supply, an
      isolating diode connected to the base of the first transistor for
      preventing base current flow away from said transistor, biasing means
      connected to the base of the second transistor and to the second terminal
      of said supply for forward biasing said second transistor as a current
      source, said biasing means having also being connected to the remaining
      terminal of said diode for biasing said first transistor to provide a
      current path through said transistor for said second transistor, said
      power supply voltage exceeding a predetermined level to cause said first
      transistor to breakdown said diode preventing base current flow from said
      first transistor while in breakdown to prevent feedback of such current
      flow whereby said transistor breakdown occurs at substantially the
      open-base, collector-to-emitter breakdown voltage of said transistor, such
      breakdown voltage opposing the supply voltage so that the voltage applied
      to said second transistor does not exceed the breakdown voltage of said
      second transistor.
NUM  5.
PAR  5. In a method for increasing the operating range of circuit elements
      utilizing an active circuit connected between a power supply and said
      elements of the type including a transistor having a base and having a
      breakdown voltage, the method comprising biasing said transistor including
      providing forward biased base current flow in a first direction to supply
      current to said circuit element and to develop a voltage thereacross,
      causing said transistor to breakdown when said supply voltage exceeds a
      predetermined level said breakdown voltage opposing the supply voltage so
      that the operating range is increased, and prior to causing said
      transistor to breakdown isolating said transistor base to current flow in
      an opposite direction to prevent feedback of such current flow whereby
      said transistor breakdown occurs substantially at the open-base, collector
      to emitter rating of said transistor.
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ABST
PAL  A power controller for transmitting alternating current from a power input
      circuit to a load, the controller being a master silicon controlled
      rectifier, hereinafter the "master rectifier," and a slave silicon
      controlled rectifier, hereinafter the "slave rectifier," connectible in
      parallel with the load across the input circuit, a capacitor chargeable
      during positive half cycles for discharging at the zero voltage crossover
      between half cycles of positive and negative input voltage to render the
      master capacitor conductive and a second capacitor chargeable When the
      master controlled rectifier is conductive whose discharge renders the
      slave rectifier conductive at the instant of zero voltage crossover
      between half cycles of negative and positive input voltage. The controller
      may also include a light sensitive diode connected in series between the
      control gate of the master rectifier and the first capacitor which is
      conductive only as long as a light emissive diode is energized and an
      overload responsive circuit for deenergizing the light emissive diode upon
      the occurrence of an overload. The controller may also additionally
      include a shunting transistor for shunting the discharge from the first
      capacitor from the light sensitive diode during half cycles of negative
      input voltage to prevent initiation of conduction of the master rectifier
      at times other than at the instant of zero voltage crossover between half
      cycles of positive and negative input voltage.
PAL  Another form of the power controller may include a DC to DC converter for
      supplying the power for turning on the master rectifier and for supplying
      substantially a large proportion of the current for turning on the slave
      rectifier. In this second form of controller a single capacitor is charged
      during the periods of conduction of the master rectifier and discharged
      through an amplifying transistor to the gate of the master rectifier.
BSUM
PAR  This invention relates to control circuits and more particularly to a power
      control circuit or controller for controlling the flow of alternating
      current from an alternating current input circuit to a load.
PAR  It is desirable that power controllers which control the transmittal of
      power from an alternating current supply circuit to a load such as
      inductive, capacitive, lamp or resistant load, have the controller turn on
      a time of zero voltage of the input circuit to prevent malfunction of, or
      undesirable transient effects on, the load at the instant of initiation of
      operation of the load; that the controller turn off upon the occurrence of
      an overload at the instant of termination of a half cycle of input voltage
      of one polarity and that it be restarted again only upon the instant of
      the initiation of a half cycle of input voltage of the opposite polarity
      to prevent saturation of inductive loads, such as transformers, since such
      magnetic saturation would result in undesirable voltage spike outputs;
      that the power controller be restartable from a location remote from the
      load; and that the overload sensing and restart circuit be electrically
      isolated from the power transmission circuit.
PAR  Accordingly, it is an object of this invention to provide a new and
      improved power controller for controlling the transmission of power
      between an alternating current and a load which permits initiation of
      energization of the load only at the initiation or zero voltage of a half
      cycle of one polarity of the input voltage and permits disconnection of
      the load from the input circuit only upon termination of a half cycle of
      input voltage of the opposite polarity.
PAR  Another object is to provide a power controller which has inhibitor means
      for preventing initiation of operation of transmission of power to the
      load except at instants of substantially zero input voltage.
PAR  Still another object is to provide a power controller which has an overload
      sensing means responsive to the load current for stopping transmission of
      current by the power controller to the load upon the occurrence of an
      overload.
PAR  Still another object is to provide a power controller which is of
      relatively simple construction, has high reliability and long life, is of
      small size and low weight.
PAR  Other object and advantages will be apparent from the specification and
      claims and from the accompanying drawings illustrative of the invention.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic circuit diagram of the circuit of a power controller
      embodying the invention; and,
PAR  FIG. 2 is a schematic circuit diagram of a modified form of the circuit of
      the power controller.
DETD
PAR  Referring now to the particular FIG. 1 of the drawings, the alternating
      current power controller 10 for controlling the energization of a load 11
      connectible across a power alternating current power input circuit 12
      includes a power transmission circuit 14 connectible in series with the
      load across the alternating current input circuit 12 and an overload
      sensing circuit 15 for controlling operation of the power transmission
      circuit 14.
PAR  The power transmission circuit 14 includes a pair of silicon master and
      slave controlled rectifiers 17 and 18, respectively, which are connected
      reversely in parallel between the load and the input circuits. The master
      rectifier 17 transmits half cycles of negative voltage current and the
      rectifier 18 transmits half cycles of positive voltage current to the
      load.
PAR  The cathode 19 of the master rectifier is connected to one side 20 or input
      terminal 20 of the alternating current input circuit 12 through the
      conductors 22, 23 and 24, a fuse 25, a conductor 26, a switch 27 and a
      conductor 28. The anode 30 of the slave rectifier 18 is also connected to
      the terminal 20 being connected to the conductor 29. The anode 31 of the
      master rectifier 17 and the cathode 32 of the slave rectifier 18 are
      connected to one side 33 of the load by the conductors 34 and 35,
      respectively, and the conductors 36 and 37. The other side of the load is
      connected to the other side or input terminal 40 of the alternating power
      input circuit 12 by the conductor 42, ground and the conductor 43. It will
      thus be apparent that the master rectifier 17, when it is conductive or
      "turned on," will conduct current during half cycles of negative input
      voltage and the slave rectifier 18, when it is turned on, will conduct
      current during half cycles of positive input voltage.
PAR  As is well known to those skilled in the art, the rectifier 17 will be
      conductive or turned on only when the voltages applied to its anode 31 and
      its gate 45 are more positive than the voltage applied to its cathode 19.
      Similarly, the rectifier 18 will be conductive or turned on only when the
      voltages applied to its anode 30 and its gate 46 are more positive then
      the voltage applied to its cathode 32.
PAR  The polarity and magnitude of the voltage applied to the gate 45 of the
      master rectifier are controlled by a control circuit 48 of the power
      transmission circuit 14 which includes a capacitor 50 which, during each
      half cycle of positive input voltage is charged through a diode 51, the
      diode 51 and the capacitor 50 being connected between the main power
      conductor 23 and ground through the conductors 53 and 54, a ground and
      therefore across the input circuit 12.
PAR  The common connection of the diode 51 and the capacitor 50 is to connect to
      the collector 52 of a light sensitive transistor 54 through a conductor
      57, a resistance 58 and a conductor 59 while its emitter 59a is connected
      to the gate by a conductor 60. The control circuit 48 also includes an
      inhibiting transistor 61 whose emitter 62 is connected to the main
      conductor 22 by a conductor 63 and whose collector 64 is connected to the
      conductor 59 by a conductor 65.
PAR  Biasing potential is applied to the base 75 of the inhibiting transistor 61
      to render it conductive during each half cycle of negative input voltage
      by a voltage divider bridge 67 which includes the resistances 68 and 69,
      and a diode 70 connected across the conductors 22 and 34 by means of the
      conductors 71, 72, 73 and 74. The common connection of the resistances 68
      and 69 is connected to base 75 of the transistor through the conductor 76.
      The conductor 60 is connected to the main conductor 22 through a conductor
      60a, a resistance 60b and a conductor 60c.
PAR  It will be apparent that the charge on capacitor 50 is transmitted to the
      gate 45 only during such times as the light sensitive transistor 54 is
      conductive.
PAR  Biasing potential for turning on transistor 61 is provided by voltage
      divider bridge 67 which is connected to the anode 31 of the master
      rectifier by conductors 74, 36 and 34 and to the cathode by conductors 71,
      23 and 22. During half cycles of positive input voltage, the diode 70
      prevents any conduction of reverse current through the base 75 of
      transistor 61.
PAR  A diode 80 is connected between the conductors 36 and 53, by a conductor
      81. The purpose of the diode 80 will be explained below.
PAR  During each half cycle of positive voltage, the inhibiting transistor 61 is
      off and the capacitor 50 is charged through the diode 51 to the polarity
      indicated in FIG. 1 wherein its plate 83 is at a positive potential and
      its plate 84 is at negative or ground potential.
PAR  During a half cycle of positive voltage, assuming that the photo sensitive
      transistor 54 is now conductive which is only during the periods of time
      during which a light emitting diode 85 is energized, positive potential is
      applied to the gate 45 of the master rectifier 17 but it cannot be turned
      on since the voltage at its anode, as compared to the voltage at its
      cathode, is not positive. As the positive voltage of the input circuit
      reaches zero voltage crossover, i.e., when the positive going voltage
      decreases to zero and the negative half cycle starts, the anode voltage at
      the anode 31 turns positive relative to the voltage at the cathode 19 and,
      since the capacitor 50 is now charged and discharges through the
      gate-cathode circuit of the master rectifier, supplying the necessary
      triggering power to the master rectifier 17, the master rectifier is
      turned on. Simultaneously, during the negative half cycle of input voltage
      the inhibiting transistor 61 is turned on and will at some instant of
      time, very shortly after the initiation of the negative half cycle, and
      after the discharge of the capacitor 50, cause negative voltage to be
      applied to the gate 45 of the master rectifier. This ensures that the
      master rectifier cannot be triggered on except near, or at a short time
      after the occurrence of the zero voltage crossover.
PAR  A Zener diode 90 is connected between the main conductor 22 and the
      conductor 59 through the conductors 91 and 92 to limit the power applied
      to the gate 45 since the Zener diode is rendered conductive when the
      voltage thereacross exceeds a predetermined value to bypass excess current
      or power from the discharging capacitor 50. The Zener diode is provided to
      protect the transistors 54 and 61.
PAR  The operation of the slave rectifier 18 is dependent upon the operation of
      the master rectifier 17, i.e., the rectifier 18 is "slaved" to the
      rectifier 17.
PAR  The slave rectifier 18 is rendered conductive or turned on by the discharge
      of a capacitor 95 which is charged during each half cycle of negative
      input voltage, i.e., when the master rectifier 17 is conductive. The
      capacitor 95 has one side or plate 96 connected to the anode of the
      rectifier 17 through the conductors 36 and 34 and has its other side 97
      connected to ground through the conductor 98, a diode 99 and a conductor
      100. As the capacitor 95 is charged to the polarities indicated in FIG. 1,
      during each half cycle of negative input voltage during the half cycle of
      conduction of the master rectifier 17, a positive voltage is applied to
      the gate 46 of slave rectifier 18, the common connection of the plate 97
      and the diode 99 being connected to the gate 46 through the conductor 105,
      a resistance 106 and conductor 107. A resistance 109 is connected between
      the common connection of the resistance 106 and the gate 46 by the
      conductor 111 and to conductor 35 by the conductor 112.
PAR  During any negative half cycle of input voltage, even though the gate 46
      has a positive potential applied thereto, the slave rectifier will remain
      non-conductive since the voltage applied to its anode 30 is negative
      relative to the voltage applied to the cathode 32 thereof. At the instant
      of zero voltage crossover of a half cycle of negative input voltage to a
      half cycle of positive input voltage, if the master rectifier was
      conductive during the immediately preceding negative half cycle of
      voltage, the rectifier 17 will be rendered non-conductive or turned off
      since a negative voltage will now be applied to its anode 31 while
      simultaneously the slave rectifier 18 will be rendered conductive or
      turned on since the voltages applied to its gate and its anode are now
      positive relative to the voltage of its cathode 32. The capacitor 95 will
      discharge through the resistance 106 and the gate to cathode circuit of
      the rectifier 18.
PAR  Electric current is therefore conducted during the positive half cycles of
      the input voltage through the slave rectifier 18 and during the negative
      half cycles of negative input voltage through the master rectifier 17.
PAR  The master rectifier can be turned on only at the points of zero voltage
      crossover between successive half cycles of positive and then negative
      input voltage of the input circuit 12 and the rectifier 18 can be turned
      on only during the half cycles of positive input voltage following
      negative half cycles during which the master rectifier was conducting,
      therefore the power is delivered to the load 11 in full cycle increments.
      If the photo sensitive transistor 54 is rendered non-conductive at any
      time, as, for example, during a half cycle of negative voltage, the master
      rectifier 17 will remain conductive during the remainder of such half
      cycle and the slave rectifier 18 will then be conductive during the next
      succeeding half cycle of positive voltage. At the end of such succeeding
      half cycle of positive input voltage, since the transistor 54 is off, no
      positive voltage can be applied to the gate 45 of the master rectifier
      and, accordingly, the master rectifier 17 will be non-conductive. As a
      result, the capacitor 95 will not be charged during such half cycle of
      positive input voltage and will not therefore turn on rectifier 18 at the
      start of the next half cycle of positive voltage.
PAR  If the light sensitive transistor 54 is then rendered conductive again at
      any time, as, for example, during a half cycle of negative input voltage
      and not at a zero voltage crossover from a positive input voltage to a
      negative input voltage, the rectifier 17 will not be turned on since the
      inhibiting transistor 61 is conductive during each half cycle of negative
      input voltage thus bypassing the charge of the capacitor 50. The capacitor
      95 will now be in a discharged condition and cannot be charged again until
      the rectifier 17 is rendered conductive. Thus the slave rectifier 18 will
      be non-conductive during the next half cycle of positive input voltage.
PAR  The overload sensing circuit 15 includes the light emitting diode 85 which
      is connected across an input circuit 125 of direct current through a reset
      control or switch 127, a conductor 128, a resistance 129, a conductor 130,
      a resistance 131, and the conductors 132, 133 and 134. A bypass or
      clamping circuit diode 136 and the anode 137-cathode 138 circuit of a
      silicon controlled rectifier 139 are connected in series across the
      resistance 131 and the light emitting diode 85 by means of the conductor
      130, 140, 141 and 142.
PAR  The anode cathode circuit of the silicon controlled rectifier 139 and the
      diode 136 provide a very low impedance circuit for current when the
      rectifier 139 is turned on thus shunting current from, or preventing flow
      of current through, the light emitting diode 85.
PAR  The rectifier 139 is rendered conductive or triggered on when the current
      drawn by the load exceeds a predetermined value by a trigger circuit 145
      which includes a coil 146 wound about the conductor 37 through which the
      load current flows so that an alternating current is induced in the coil
      146 which varies in accordance with the value of the alternating current
      flowing through the conductor 37, and therefore, through the load 11. The
      current induced in the coil 146 is rectified by a pair of diode rectifiers
      147 and 148 and used to charge a capacitor 149. One side of the coil 146
      is connected to one side or plate 147' of the capacitor 149 by the
      conductor 151, the diode 147, a conductor 152, a resistance 153 and
      conductor 155. The other side or plate 156 of the capacitor is connected
      to the other side of the coil 146 by the conductors 157 and 158. The diode
      148 is connected between the conductors 151 and 158 and thus across the
      coil 146 by the conductors 159 and 160.
PAR  The charge on the capacitor 149 is continuously being drained by a drain
      resistor 162 connected between the conductors 154 and 134, and thus across
      the capacitor 149, by the conductors 163 and 164. The side 147' of the
      capacitor 149 is connected to the gate 172 of the rectifier 139 through
      the conductors 155 and 154, a diac 170 and the conductor 171. It will be
      apparent that when the charge across the capacitor rises to the
      predetermined firing value of the diac 170, the diac is rendered
      conductive and the capacitor 149 is discharged through the diac and the
      gate 172-cathode 138 circuit of the rectifier thus turning on or rendering
      conductive the rectifier. A resistance 174 is connected between the common
      connection of the diac and of the gate 172 by conductors 171 and 175 and
      its other side being connected to the conductor 134 by the conductor 176.
PAR  A capacitor 180 is connected across the diode 136 and the rectifier 139,
      one side thereof being connected to the conductor 130 by the conductor 181
      and its other side being connected to the conductor 134 by the conductor
      182. The capacitor 180 serves as a delay during the turning on or reset of
      the sensing circuit 15 to bypass transients at this time.
PAR  In use, when the switches 27 and 127 are closed, the rectifier 139 is
      non-conductive and the light emitting diode 85, which is in physical
      proximity, as indicated by the line L in the drawing, to the photo
      sensitive transistor 54, is immediately rendered conductive and in turn as
      the light emitted thereby falls upon the photo sensitive transistor 54,
      the transistor 54 is rendered conductive. During the first half cycle of
      positive input voltage of the input circuit 12 after the closure of the
      switch 27, the capacitor 50 is charged and at the time of the zero voltage
      crossover of the such first half cycle of positive input voltage to the
      succeeding first half cycle of negative input voltage, the master
      transistor 17 is turned on and transmits current during such first
      negative half cycle of input voltage to the load 11. During this first
      half cycle period of conduction of the master rectifier, the capacitor 95
      is charged and at the time of zero voltage crossover for the first half
      cycle of negative input voltage to the second half cycle of positive input
      voltage, the master rectifier is rendered non-conductive and the slave
      rectifier 18 is rendered conductive and conducts during the second half
      cycle of positive voltage input. The inhibiting transistor 61, as was
      explained before, is rendered conductive soon after each incidence of zero
      voltage crossover of a half cycle of positive voltage to a half cycle of
      negative voltage and will remain conductive during the remainder of each
      half cycle of negative voltage.
PAR  During such alternate periods of conduction of the master and slave
      rectifiers, the coil 146 has a current induced therein which varies in
      accordance with the current flowing through the load 11 and as long as
      such current does not exceed a critical value, the voltage charge across
      the capacitor 149 does not exceed the predetermined value at which the
      diac 170 fires or is rendered conductive. If, due to some condition within
      the load, the current flowing through the load and therefore through the
      conductor 37 exceeds the predetermined value, the diac 170 will be
      rendered conductive and the discharge of the charge on the capacitor 149
      will now cause a positive voltage to be applied to the gate 172 of the
      rectifier 139 and, since its anode 137 is always more positive that the
      voltage applied to its cathode 138, the rectifier 139 will be rendered
      conductive thus shunting the current from the light emitting diode 85
      which is thus deenergized. Simultaneously with the deenergization of the
      light emitting diode 85, the light sensitive transistor 54 is rendered
      non-conductive.
PAR  If at the instant of time the light sensitive transistor 54 is rendered
      non-conductive the master rectifier is conductive, i.e., during a negative
      half cycle of voltage across the input circuit 12, the rectifier 17 will
      remain conductive until the point of zero voltage crossover between such
      negative half cycle of voltage and the next succeeding positive half cycle
      of voltage. The slave transistor in turn will be rendered conductive
      during such next succeeding half cycle of positive voltage. At the
      initiation of the next or second half cycle of negative voltage, however,
      the charge on the capacitor 50 will not be transmitted to the gate 45
      since the light sensitive transistor 54 is now non-conductive and,
      accordingly, the master rectifier will remain non-conductive during such
      second half cycle of negative voltage. Since the capacitor 95 will now not
      be charged during the second half cycle of negative voltage, the slave
      rectifier will also remain non-conductive.
PAR  Following an incidence of overcurrent in the load, the power transmission
      circuit 14 will now be held inoperative since the rectifier 139 will
      remain turned on. When it is desired to restart the power controller, the
      control switch 127 is opened momentarily to deenergize or turn off the
      rectifier 139. The reset switch 127 is then again closed but the rectifier
      139 will not be rendered conductive because the capacitor 149 is now in
      discharged condition. As a result, the diode 85 will be energized and will
      immediately render the light sensitive transistor 54 conductive. if the
      transistor 54 is rendered conductive at an instant of time during a half
      cycle of positive input voltage, the slave rectifier is not rendered
      conductive even though its anode 30 is at a positive voltage relative to
      its cathode 32 since its gate 46 is not now at a more positive potential
      relative to its cathode. The master rectifier 17 will be rendered
      conductive at zero voltage crossover to a negative half cycle of voltage
      when capacitor 50 is charged to a value sufficiently great to trigger the
      master rectifier.
PAR  Should the light sensitive transistor 54 be rendered conductive at an
      instant of time during a half cycle of negative input voltage, the master
      rectifier will not be rendered conductive because at that same instant the
      inhibiting transistor 61 is conductive. It will therefore be seen that
      upon each initiation of operation of a power controller 10, the master
      rectifier 17 will be rendered conductive at the instant of zero voltage
      crossover between a half cycle of positive input voltage to the next
      succeeding half cycle of negative input voltage and that the slave
      transistor can be rendered operative only after the master rectifier has
      been conductive.
PAR  It will also be seen that the slave rectifier 18 will always operate during
      the next half cycle of positive input voltage after an overload condition
      across the load has caused the diac 170 to fire even should such overload
      condition occur during a half cycle of negative input voltage or a half
      cycle of positive input voltage.
PAR  If desired, the overloading sensing circuit 15 may be provided with an
      indicator, such as a lamp 190, which is energized when the rectifier 139
      is conductive having one side thereof connected by a conductor 191 to the
      conductor 128 and its other side connected to the conductor 141 by the
      conductor 192.
PAR  The power transmission circuit 14 is protected against voltage transients
      or spikes generated in the load since the capacitor 95 and the diode 99
      provide a shunt for negative voltage spikes and the diode 80 and the
      capacitor 50 provide a shunt for such positive voltage spikes.
PAR  It will now be seen that a new and improved power control system has been
      illustrated and described for controlling the energization of a load
      connectible across an input circuit of alternating current which includes
      a power transmission circuit 14 and an overload sensing and control
      circuit 15 which is electrically isolated from the power transmission
      circuit.
PAR  It will further be seen that the reset or control switch and the indicator
      190 may be located remote from the load and from the power transmission
      circuit since obviously it is desirable that the power transmission
      circuit be located adjacent the load to limit power line transmission
      losses.
PAR  It will now be seen that a new and improved power control system for
      controlling the transmission of alternating current power to a load has
      been illustrated and described which insures that the power to the load is
      always turned off at the end of one half cycle of power input voltage, in
      the illustrated and described case a half cycle of positive input voltage,
      and is always turned on the instant of zero crossover voltage from a half
      cycle of positive input voltage to a half cycle of negative input voltage,
      prevents undesirable magnetic saturation effects in inductive loads which
      could cause undesirable current surges, such surges occurring if the
      initial half cycle of input voltage at the instant of turn on is of the
      same polarity as the last half cycle of input voltage, at the time of turn
      off. Since the master rectifier is always turned on at an instant of zero
      voltage crossover of the alternating current of two half cycles of input
      voltage the load is never subjected to full current at the instant of its
      connection across the alternating input circuit 12.
PAR  Referring now particularly to FIG. 2 of the drawings, the power controller
      10a is similar to the power controller 10 illustrated in FIG. 1 and,
      accordingly, its elements have been provided with the same reference
      numerals, to which the subscript "a" has been added, as the corresponding
      elements of the power controller 10.
PAR  The power controller 10a differs from the power controller 10 principally
      in that most of the power for operating or turning on the master and slave
      rectifiers 17a and 18a, respectively, is supplied from a direct current
      input circuits 200 instead of from the alternating current input circuit
      12a. The controller 10a includes a DC to DC converter 201 which has two
      electrically isolated DC outputs: A-B and C-D. The controller 10a now to
      be described is one example of the various types of suitable DC-DC
      converters, and has a transformer 202 provided with a primary winding 203
      whose electrical midpoint or tap 205 is connected to one side or terminal
      206 of the direct current input circuit 200 through the conductor 207. One
      side of the primary winding is connected to the other side or terminal 207
      of the input circuit 200 through the conductor 208, the emitter-collector
      circuit of a transistor 209 and the conductors 210b and 211. The other
      side of the primary winding is connected to the input terminal 207 through
      a conductor 212, the emitter-collector circuit of a second transistor 210
      and the conductors 210b and 211.
PAR  The transistors 209 and 210 are rendered alternately conductive by a
      feedback circuit which includes a secondary winding 214 of the transformer
      202. The electric midpoint or tap of the secondary winding 214 is
      connected to the input terminal 206 of the input circuit 200 through a
      conductor 220, a resistance 221 and the conductors 222 and 207. One side
      of the primary winding is connected to the base of the first transistor
      209 through the conductor 224, a resistance 225 and a conductor 226 while
      its opposite side is connected to the base of the second transistor
      through a conductor 228, a resistance 229 and a conductor 230. A diode 232
      is connected across the conductors 211 and 207 by the conductors 233 and
      234.
PAR  The converter 201 being well known by those skilled in the art, its mode of
      operation will not be described in detail, it being well known that the
      transistors 209 and 210 are alternately rendered conductive, at a
      frequency predetermined by the characteristics of the transistors and the
      inductance and impedance values of the transformer windings and of the
      resistors 221, 225 and 229, to induce alternating currents in the
      secondary windings 240 and 241 of the transformer 201.
PAR  The DC output A-B is employed to provide power for turning on the master
      rectifier 17a while the DC output C-D is used to provide most of the power
      to turn on the slave rectifier 18a. DC output A is connected to the
      collector of the transistor 54a through a conductor 246, a resistance 247
      and a conductor 248. The negative side B of this DC-DC converter output is
      connected to the cathode of rectifier 17a by conductor 253. The gate 45 of
      the master rectifier 17a is connected to the emitter of the transistor 254
      by a conductor 257 so that the positive current from DC-DC converter
      output A is transmitted by the photo sensitive transistor 54a, when it is
      conductive, to the gate-cathode circuit of the master controller. It will
      be apparent that a positive potential is applied to the gate 45a at all
      times except during negative half cycles of the input voltage circuit when
      the inhibiting transistor 61a is conductive.
PAR  Biasing potential for turning on the inhibitor transistor 61a is provided
      by voltage divider bridge 67a which is connected across the master
      rectifier as in FIG. 1.
PAR  DC-DC converter output C is connected to the collector of an amplifying
      transistor 261 through a conductor 264, a resistance 265 and a conductor
      266. The negative side D of this DC-DC converter output is connected to
      the cathode of the slave rectifier 18a by conductors 260 and 283.
PAR  The common connection of the capacitor 95a and the diode 99a is connected
      to the base of the transistor 261 through the conductors 276 and 277, the
      resistance 278 and a conductor 279. The anode of the slave rectifier 18a
      is connected to the conductor 24a and therefore to terminal 20a of the
      input circuit 12a through the conductors 24a, 26a and 28a. The cathode of
      the slave rectifier 18a is connected to the conductor 37a, and therefore
      to one side of the load 11a, through the conductors 283 and 260 while the
      anode of the master rectifier is connected by the conductor 260 to the
      conductor 37a.
PAR  The power transmission circuit 14a operates in substantially the same
      manner as the power transmission circuit 14, the master rectifier 17a
      being turned on when the photo sensitive transistor 54a is conductive at
      the zero crossover voltage between a half cycle of positive input voltage
      and a half cycle of negative input voltage of the input circuit 12a.
      During each such half cycle of conduction of the master rectifier 17a, the
      capacitor 95a is charged but the slave rectifier cannot be turned on since
      a negative voltage is now applied to its anode. At the end of such first
      half cycle of negative voltage during which the rectifier 17a is
      conductive, the voltage applied to the anode of the slave rectifier 18a
      becomes positive relative to its cathode and the discharge of the
      capacitor 95a amplified by the transistor 261 is effective to provide a
      turn on current to render the slave rectifier 18a conductive.
PAR  As in the power transmission circuit 14, the inhibitor transistor 61a is
      conductive during half cycles of negative input voltage to prevent turning
      on of the master rectifier except at the instant of zero crossover voltage
      between a half cycle of positive input voltage and a half cycle of
      negative input voltage.
PAR  The overload sensing circuit 15a is identical to the sensing circuit 15 and
      accordingly its mode of operation is identical to that of the overload
      sensing circuit 15.
PAR  It will be apparent that the power controller 10a is somewhat more
      efficient in transmitting power from the alternating current input circuit
      12a to the load since the voltage divider 67a does not draw any current
      from the input circuit 12a as is the case with the voltage divider 67 of
      the power transmission circuit 14 wherein a small current is drawn through
      the voltage divider and the load during all negative half cycles. In
      addition, the power controller 10a may be of smaller physical dimensions
      and weight since the capacitor 50 is not necessary and the capacitor 95a
      may be of considerably smaller size due to the amplifying action of the
      transistor 261. The power controller 10a therefore may be of more use in
      airborne applications and the like where small size and weight are of
      advantage.
PAR  While only one embodiment of the invention, together with modifications
      thereof, has been described in detail herein and shown in the accompanying
      drawings, it will be evident that various further modifications are
      possible in the arrangement and construction of its components without
      departing from the scope of the invention.
CLMS
STM  What is desired to be secured by Letters Patent of the United States is:
NUM  1.
PAR  1. A power controller for controlling flow of alternating current from an
      alternating current input circuit to a load, said controller including:
PA1  a power transmission circuit connectible between the input circuit and the
      load having a master unidirectionally conductive device and a slave
      unidrectionally conducting device connected reversely in parallel between
      the input circuit and the load, said devices having control members and
      remaining conductive, once rendered conductive, during full alternate half
      cycles of the input voltage;
PA1  first means operatively associated with the control member of said master
      device for rendering said master device conductive during half cycles of
      voltage of one polarity of the input circuit comprising a capacitor, means
      for charging said capacitor during each half cycle of a second polarity,
      and a selectively conductive control means connected in series with and
      between said control member of said master device and said capacitor for
      selectively transmitting a potential of said second polarity from said
      capacitor to said control member of said master devices;
PA1  inhibitor means for preventing initiation of conduction of said master
      device during half cycles of voltage of said one polarity except at
      substantially the times of zero voltage cross-over between half cycles of
      said second polarity of the input circuit to half cycles of said one
      polarity when said control means is conductive; and,
PA1  means responsive to the operation of said master device operatively
      associated with said control member of said slave device for rendering
      said slave device conductive during each half cycle of input voltage of
      said second polarity only after each period of conduction of said master
      device during a half cycle of input voltage of said one polarity.
NUM  2.
PAR  2. The controller of claim 1, and an overload sensing circuit operatively
      associated with said control means for causing said control means to
      prevent initiation of said conduction of said master device during a half
      cycle of input voltage of said one polarity immediately subsequent to the
      occurrence of said overload condition during a preceding cycle of input
      voltage of either polarity.
NUM  3.
PAR  3. The controller of claim 2, wherein said control means includes a
      photo-sensitive device which is conductive when illuminated and said
      overload sensing circuit includes a light emissive means for illuminating
      said photo sensitive device, said light emissive means being rendered
      inoperable upon the occurrence of an overload condition.
NUM  4.
PAR  4. The controller of claim 3, wherein said overload sensing means includes
      means for selectively rendering said light emissive means energizable
      after occurrence of an overload and de-energization of said light emissive
      means.
NUM  5.
PAR  5. The power controller of claim 1, wherein said means responsive to the
      operation of said master device comprises a second capacitor operatively
      associated with said master device, means for charging said second
      capacitor during each half cycle of conduction of said master device, and
      third means connecting said second capacitor to said control member of
      said slave device for rendering said slave device conductive during each
      half cycle of said second polarity after each half cycle of conduction of
      said master device.
NUM  6.
PAR  6. The device of claim 5, wherein said first means comprises a photo
      sensitive means which is conductive when illuminated, and overload sensing
      means operatively associated with said first means for illuminating said
      photo sensitive means having means responsive to an overload in said power
      transmission circuit for de-energizing said illuminating means.
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ABST
PAL  A thyristor-firing apparatus using an acoustic surface wave device wherein
      an electric signal for firing a thyristor is converted into an acoustic
      surface wave and again converted into an electric signal which in turn is
      supplied between the gate and cathode electrodes of the thyristor. The
      electric signal applied to the acoustic surface wave device is obtained
      through amplitude modulation of a carrier signal by a control pulse, and
      an output from the surface wave device is rectified or demodulated to fire
      the thyristor.
BSUM
PAR  This invention relates to a thyristor-firing apparatus and more
      particularly to a thyristor-firing apparatus adapted to simultaneously
      fire a plurality of series or parallel-connected thyristors included in a
      high voltage circuit.
PAR  Where thyristors are collectively used as a switching element in a high
      voltage circuit, a plurality of thyristors are generally connected in
      series to withstand high voltage. Where the series-connected thyristors
      fail to be simultaneously fired, the thyristors are likely to be damaged.
      Since the thyristor is placed at a high potential good electric insulation
      should be maintained between the firing apparatus and the gate of
      thyristor, otherwise leading to the damage of thyristor and thyristor
      firing apparatus. Once fired by a firing signal, the thyristor continues
      to remain conducting, even though not supplied later with a firing signal,
      unless a back bias voltage is impressed across the anode and cathode or
      the anode current is kept at a lower level than that of holding current.
      However, it is preferred to continue the supply of a firing signal during
      the period in which it is desired to keep the thyristor conducting in
      order to prevent the thyristor from being rendered inoperative due to
      variation in the anode current of the thyristor caused, for example, by
      load change during the control of fire.
PAR  As mentioned above, the thyristor-firing apparatus is demanded to fire a
      plurality of thyristors at the same time, maintain sufficient electric
      insulation from the thyristors and supply a thyristor-firing signal
      continuously as long as desired.
PAR  According to one prior art thyristor-firing apparatus, a firing pulse is
      supplied to the gate of thyristor through a pulse transformer. In this
      case, electric insulation between the thyristor and thyristor-firing
      apparatus is maintained by the pulse transformer. However, the pulse
      transformer has a low electric insulation capacity and a large stray
      capacitance. An attempt to elevate electric insulation capacity of the
      transformer would lead to an increased stray capacitance, cause a firing
      pulse supplied to the thyristor to rise slowly, presenting difficulties in
      attaining the simultaneous fire of a plurality of thyristors. Further,
      strong electric and magnetic fields arise near the gate electrodes of
      thyristors used for control of large power, resulting in the occurrence of
      induced noises in the pulse transformer and the erroneous fire of the
      thyristor. Since the pulse transformer can not deliver a D.C. component,
      it is difficult to supply the thyristor with an ignition signal for a
      relatively long period in which the ignition of thyristor should be
      controlled.
PAR  According to another prior art thyristor-firing apparatus, an electric
      firing signal is converted into a light signal by a laser oscillator. The
      light signal passes through optical fibers and is again converted into an
      electric signal by a photo-electric converter for control of the fire of
      thyristor. In this case, required electric insulation between the
      thyristor and thyristor-firing apparatus is maintained by the optical
      fibers transmitting the light output from the laser oscillator to the
      photo-electric converter. However, the photo-electric converter has a low
      conversion efficiency, making it necessary to provide a power amplifier
      between the output of the converter and the thyristor gate. The power
      amplifier must be at the same electric potential as the thyristor to be
      fired and it is therefore necessary to use a high insulated power
      transformer for the amplifier. However, this is disadvantageous from the
      standpoint of economy and miniaturization of a thyristor-firing apparatus.
      Further, the laser oscillator has a relatively short life time and raises
      problems with safety.
PAR  According to still another prior art thyristor-firing apparatus, a firing
      pulse is converted into a supersonic signal by a supersonic converter.
      This supersonic signal is again converted into an electric signal for fire
      of thyristor by a piezoelectric element connected between the gate and
      cathode electrodes of thyristor and resonating with the same frequency as
      said supersonic signal. In this case, required electric insulation between
      the thyristor and thyristor-firing apparatus is attained by electric
      insulation oil transmitting a supersonic signal to the piezoelectric
      element. However, this prior art thyristor-firing apparatus unavoidably
      becomes bulky due to the necessity of providing oil tubes or an oil tank
      in which to receive, thyristors, piezoelectric elements. This prior art
      thyristor-firing apparatus utilizes the resonance of the piezoelectric
      element, fails to have the element supplied with a broad band signal,
      causing an electric signal obtained from the piezoelectric element to rise
      slowly.
PAR  It is accordingly the object of this invention to provide a compact
      thyristor-firing apparatus which is electrically well insulated from
      thyristors, enables a thyristor-firing electrical signal to rise abruptly
      so that the simultaneous ignition of numerous thyristors is accomplished,
      and supplies the thyristors with a firing electric signal under a stable
      condition as long as desired.
PAR  The thyristor-firing apparatus of this invention is characterized by
      transmitting a firing electric signal to the gate electorde of a thyristor
      through an acoustic surface wave device. This acoustic surface wave device
      has input and output interdigitated transducers disposed on a layer of
      piezoelectrical material. An electrical signal delivered to the input
      transducer is converted into an acoustic surface wave, which travels on
      the surface of the layer towards the output transducer. This output
      transducer detects the arrival of surface wave and generates an output
      electric signal the same as the input electric signal. According to the
      thyristor-firing apparatus of this invention, a carrier signal is
      amplitude modulated by an amplitude modulator such as a ring modulator in
      accordance with a control pulse. The amplitude-modulated electric signal
      is power amplified and then conducted to the input transducer of the
      acoustic surface wave device. The output transducer gives forth an
      amplitude-modulated electric signal in response to acoustic surface wave
      produced by the input transducer. The output amplitude-modulated electric
      signal produced by the output transducer is transmitted to the gate of the
      thyristor after being rectified.
PAR  According to this invention, required good electric insulation between the
      thyristor and thyristor-firing apparatus is attained by the acoustic
      surface wave device. A relatively broad frequency component ranging from
      the D.C. component of an ignition control pulse to a maximum frequency
      component defined by the rising time of the pulse is supplied in the form
      of an amplitude-modulated signal to the thyristor through the acoustic
      surface wave device. Since the acoustic surface wave device can transmit a
      wide band signal, a firing electric signal supplied to the thyristor has
      as good a rising characteristic as the control pulse, offering advantage
      in effecting the simultaneous fire of numerous thyristors. Further, the
      acoustic surface wave device is small in size and has so high conversion
      efficiency as to eliminate the necessity of amplifying an output electric
      signal. Therefore, a circuit placed at a high potential can be simplified
      thus providing reduction of faults and easiness in design.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a block diagram of a thyristor-firing apparatus according to an
      embodiment of this invention;
PAR  FIG. 2 schematically illustrates an example of a high voltage circuit
      including a plurality of series-connected thyristors and suitable for
      practical application of the thyristor-firing apparatus of this invention;
PAR  FIG. 3 shows a block diagram of this invention to simultaneously fire a
      plurality of series-connected thyristors;
PAR  FIG. 4 is a plan view of an acoustic surface wave device suitable for the
      simultaneous fire of numerous thyristors; and
PAR  FIG. 5 is a plan view of another embodiment of the acoustic surface wave
      device suitable for the simultaneous fire of numerous thyristors.
DETD
PAR  Referring to FIG. 1, a carrier signal produced by a carrier signal
      generator 10 with proper high frequency is amplitude-modulated by an
      amplitude modulator 12 according to a control pulse 13 delivered from a
      control pulse generator 11. The control pulse 13 is desired to have such a
      waveform as rises quickly and presents a peak level at the rise. Further,
      the control pulse should preferably have approximately the same duration
      time as that in which the thyristor is desired to remain conducting. When
      rising in a time of 0.5 microsecond, the control pulse 13 will have a
      frequency spectrum ranging from zero (D.C.) to 2 MHz.
PAR  The amplitude modulator 12 should preferably be the type, a supressed
      carrier modulator such as a ring modulator, which does not give forth a
      carrier signal in the absence of the control pulse or modulation signal
      13. Under such condition, the amplitude modulator 12 produces an
      amplitude-modulated signal 14 bearing the envelope of control pulse 13.
      The amplitude-modulated signal 14 is amplified by a power amplifier 15 to
      such an extent that an output electric signal from the acoustic surface
      wave device 16 can fire the thyristor 21.
PAR  This acoustic surface wave device 16 comprises a substrate 17 made of
      piezoelectrical material, for example, lithium niobate (LiNbO.sub.3) and
      input and output transducers 18, 19 spatially arranged on the substrate 17
      in its longitudinal direction. Each of the input and output transducers
      18, 19 comprises a plurality of pairs of interdigitated electrodes formed
      of a conductive layer such as gold. The width of each interdigitated
      electrode and the interelectrode distance are made equal. The width of
      electrode and the distance between adjacent electrodes are respectively
      determined by power of gate pulse to be transmitted and carrier frequency.
      The distance between input and output transducers is determinded by a
      desired withstand voltage. The acoustic surface wave device 16 is a
      bandpass filter whose center frequency is defined by the interelectrode
      distance in the input and output transducers 18, 19. Where, therefore, the
      bandpass filter 16 is chosen to have a center frequency of 30 MHz, then
      the carrier signal will likewise have a frequency of 30 MHz.
PAR  The input transducer 18 of the acoustic surface wave device 16 converts the
      electric energy from the power amplifier 15 into an acoustic surface wave.
      This acoustic surface wave travels on the surface of the substrate 17 in
      its longitudinal direction, namely, in a direction perpendicular to that
      in which the electrodes of the input transducer 18 are arranged.
      Accordingly, part of the acoustic surface wave is propagated to the output
      transducer 19, which in turn gives forth an electric signal the same as
      the input electric signal supplied to the input transducer 18 in response
      to the acoustic surface wave. By the action of acoustic surface wave
      device the amplitude-modulated signal supplied to the input transducer 18
      is delivered from the output transducer 19. The amplitude-modulated signal
      from the output transducer 19 is rectified by a rectifier 20 consisting of
      four bridge-connected diodes D.sub.1 to D.sub.4. A rectified output is
      supplied between the gate and cathode electrodes of a thyristor 21 to
      render it conducting. While the rectifier 20 may be of a half wave type, a
      full wave rectifier as shown in the drawing is desirable from the
      standpoint of output power.
PAR  Though various configurations of the acoustic surface wave device 16 are
      already known, FIG. 1 shows a simple configuration by way of illustration.
      For the elevated conversion efficiency of the acoustic surface wave device
      16, it is preferred that an input transducer be positioned at the center
      of the substrate 17 and a pair of output transducers 19 be equidistantly
      placed on both sides of the input transducer 18 the output signals of
      which are added together or that a reflector device be provided for each
      of input and output transducers. Application of the acoustic surface wave
      device enables not only a firing signal to be supplied to the gate of the
      thyristor as long as desired, but also the frequency components of a
      control pulse to be transmitted in the form of an amplitude-modulated
      signal, thereby supplying the thyristor with a firing signal having the
      same rising characteristic as the control pulse. Therefore, the
      thyristor-firing apparatus of this invention is particularly suitable for
      the simultaneous fire of numerous thyristors.
PAR  FIG. 2 shows an already known inverter for converting D.C. into A.C.
      voltage. Where an input D.C. voltage E is extremely high, numerous
      thyristors are connected in series. Numerous thyristors used jointly to
      act as a switching element not only with an inverter but also with any
      other apparatus handling high voltage are customarily connected in series.
      Referring to FIG. 2, first thyristors 30-1 to 30-n are connected in
      series, and second thyristors 31-1 to 31-n are connected similarly in
      series. The first thyristors 30-1 to 30-n and second thyristors 31-1 to
      31-n are alternately operated by phase controlled ignition signals. In
      this case, it is strongly demanded that all of the series-connected
      thyristors be simultaneously fired. The inverter shown in FIG. 2 is
      already well known, description thereof being omitted.
PAR  FIG. 3 presents a block diagram according to this invention for
      simultaneously firing the numerous thyristors 30-1 to 30-n (or 31-1 to
      31-n) of FIG. 2. The parts of FIG. 3 the same as those of FIG. 1 are
      denoted by the same numerals, description thereof being omitted. An
      amplitude-modulated signal from the power amplifier 15 is supplied to the
      input transducers 18-1 to 18-n of the acoustic surface wave devices 16-1
      to 16-n having the same arrangement. Output signals from the output
      transducers 19-1 to 19-n are conducted to the gate and cathode electrodes
      of the thyristors 30-1 to 30-n through rectifiers 20-1 to 20-n.
PAR  In the embodiment of FIG. 3, an acoustic surface wave device is provided
      for each thyristor. However, an acoustic surface wave device shown in FIG.
      4 may be used for the simultaneous fire of numerous thyristors. According
      to the embodiment of FIG. 4, a single input transducer 41 is located at
      the center of a circular substrate 40 made of piezoelectrical material. A
      plurality of output transducers 42 arranged on the periphery of the
      substrate 40 are equidistantly spaced from the center input transducer 41.
      The embodiment of FIG. 4 not only saves the number of acoustic surface
      devices used, but also enables an acoustic surface wave delivered from the
      center input transducer 41 to be efficiently picked up by the surrounding
      output transducers 42.
PAR  FIG. 5 shows another embodiment of an acoustic surface wave device suitable
      for simultaneously firing a plurality of thyristors. In FIG. 5, an
      elongated input transducer 51 is disposed on a rectangular substrate 50
      along the width thereof, and a plurality of output transducers 52 are
      disposed on both sides of the input transducer 51 in equidistantly spaced
      parallel relation to the input transducer 51. The outout transducers 52
      may be disposed on only one side of the input transducer 51.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thyristor firing apparatus comprising:
PA1  a plurality of series-connected thyristors each having a gate electrode,
      anode electrode and cathode electrode;
PA1  a plurality of acoustic surface wave devices each having a substrate of
      piezoelectric material and input and output transducer means disposed on
      said substrate;
PA1  control pulse generating means;
PA1  carrier signal generating means;
PA1  amplitude modulating means for amplitude modulating a carrier signal from
      said carrier signal generating means with a control pulse from said
      control pulse generating means;
PA1  a plurality of rectifier means each coupled between the gate electrode of
      each of said plurality of series-connected thyristors and said output
      transducer means and operative to apply a simultaneous firing signal to
      the gate electrode of each of said plurality of series-connected
      thyristor; and
PA1  means for coupling said amplitude modulating means to said input transducer
      means of said plurality of acoustic surface wave devices.
NUM  2.
PAR  2. A thyristor firing apparatus comprising:
PA1  a plurality of series-connected thyristors each having a plurality of
      series-connected thyristors each having a gate electrode, anode electrode
      and cathode electrode;
PA1  control pulse generating means;
PA1  carrier signal generating means;
PA1  amplitude modulating means for amplitude modulating a carrier signal from
      said carrier signal generating means with a control pulse from said
      control pulse generating means;
PA1  an acoustic surface wave device having a substrate of piezoelectric
      material, a single input transducer means disposed on said substrate, and
      a plurality of output transducer means disposed on said substrate and
      equidistantly spaced from said input transducer means;
PA1  means for coupling said amplitude modulating means to said input transducer
      means of said acoustic surface wave device; and
PA1  a plurality of rectifying means each coupled between the gate electrode of
      each of said plurality of series-connected thyristors and said output
      transducer means of said acoustic surface wave device and operative to
      apply a simultaneous firing signal to the gate electrode of each of said
      plurality of series-connected thyristors.
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ABST
PAL  A digital set point circuit comprised of a plurality of resistors arranged
      in a bridge circuit with a condition sensor and switchably controlled to
      characterize the condition sensor to provide a substantially linear output
      from the bridge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a setting circuit for use with a temperature
      regulator or the like, and more particularly to a digital setting circuit
      wherein a straight-line-segment approximation of the nonlinear
      temperature-resistance characteristic of a measuring resistor is provided.
      In a second embodiment, a straight-line-segment approximation of the
      nonlinear temperature-electromotive force of a thermocouple is provided.
PAR  For temperature regulation performed through the comparison of the
      temperature sensed by a measuring resistor or a thermocouple and a set
      point temperature, the analog setting technique employing a potentiometer
      is adopted for the most part. In such a setting technique, the
      nonlinearity of the measuring resistor or the thermocouple can easily be
      compensated by properly calibrating the indicator scale of the instrument.
      When a digital setting technique is adopted, however, such nonlinearity
      raises a problem.
PAR  Digital linearization of this nonlinearity has been the only solution
      provided by the prior art, and a setting circuit wherein a
      straight-line-segment approximation of the nonlinearity in the digital
      fashion is provided on the setting side has not been suggested yet.
PAR  It is therefore the object of this invention to provide a digital setting
      circuit wherein a straight-line-segment approximation of the operating
      characteristic of a sensor, such as the temperature characteristic of a
      measuring resistor or the temperature-electromotive force characteristic
      of a thermocouple or the like, is provided by means of a digital setting
      arrangement built in a bridge circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram of a digital setting circuit as an embodiment
      of this invention for use with measuring resistors;
PAR  FIG. 2 is a graph illustrating the temperature-resistance characteristic of
      the measuring resistor and the setting arrangement used in the setting
      circuit of FIG. 1;
PAR  FIG. 3 is a circuit diagram of a digital setting circuit as an embodiment
      of this invention for use with thermocouples; and,
PAR  FIG. 4 is a graph illustrating the voltages from the thermocouple used in
      the setting of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  An embodiment of this invention will now be described in detail with
      reference to the accompanying drawings. In FIG. 1, a measuring resistor
      R.sub.t and a resistor R.sub.2 in the proportion arms and voltage divider
      resistors R.sub.3 and R.sub.1 in the setting arms are connected so as to
      constitute four respective arms of a bridge circuit with a detecting
      terminal 1 connected to the junction point of the resistors R.sub.1 and
      R.sub.3 and a detecting terminal 2 connected to the junction point of the
      measuring resistor R.sub.t and the resistor R.sub.2, the deviation output
      being available across these detecting terminals.
PAR  Further, a D.C. source E is provided for supplying a predetermined voltage
      across the junction point of the measuring resistor R.sub.t in the
      proportion arm and the resistor R.sub.1 in the setting arm and the
      junction point of the resistor R.sub.2 in the proportion arm and the
      resistor R.sub.3 in the setting arm. A high-resistance selector switch
      VR.sub.1 comprising a plurality of resistor elements r.sub.1-0, r.sub.1-1
      . . . r.sub.1-3 is connected in parallel to the resistor R.sub.3 for
      switching in four steps a constant current flowing through the resistors
      R.sub.1, VR.sub.2, VR.sub.3, VR.sub.4 and R.sub.3 in the setting arms. The
      resistor R.sub.3 can be omitted if the values of the resistor elements
      r.sub.1-0, r.sub.1-1, . . . r.sub.1-3 are properly selected. If the
      resistor R.sub.3 is connected in series to the selector switch, this
      series circuit will be able to accomplish the same function as in parallel
      circuit R.sub.3 and VR.sub.1. Selector switches VR.sub.2, VR.sub.3, and
      VR.sub.4 are digital selector switches connected in series in that order
      to constitute a setting arrangement for the manual setting of a set value,
      which in turn is connected in series to the resistor R.sub.1, the switch
      VR.sub.2 corresponding to the digit of hundreds, VR.sub.3 the digit of
      tens and VR.sub.4 the digit of units. The selector switch VR.sub.2 for the
      most significant digit comprises a plurality of resistor elements
      r.sub.2-0, r.sub.2-1, . . . r.sub.2-3 which correspond to temperatures
      0.degree.C, 100.degree.C, . . . 300.degree.C for set points o, a, . . . ,
      c, respectively, as shown in FIG. 2. The resistor elements r.sub.2-0,
      r.sub.2-1, . . . r.sub.2-3 are interlocked with the resistor elements
      r.sub.1-0, r.sub.1-1, . . . r.sub.1-3, respectively, of the
      high-resistance selector switch VR.sub.1 so that the interrelation between
      the resistor elements of both switches may provide a straight-line-segment
      approximation of the temperature-resistance characteristic of the
      measuring resistor. The selector switches VR.sub.3 and VR.sub.4 both
      comprise ten resistor elements, namely r.sub.3-0, r.sub.3-1, . . .
      r.sub.3-9 and r.sub.4-0, r.sub.4-1 . . . r.sub.4-9, the resistance values
      of which increase stepwise so that their combination provides 100
      resistance values. Although the selector switches VR.sub.1, VR.sub.4,
      VR.sub.3 and VR.sub.2 are shown in FIG. 1 as parallel switches whose
      resistance values increase stepwise, it will be obvious to utilize their
      equivalent circuits by employing series resistors with taps.
PAR  The operation of this embodiment of the present invention will now be
      described with reference to FIG. 2 which is a temperature-resistance
      characteristic chart of the measuring resistor. Initially it is assumed
      that the selector switches VR.sub.3 and VR.sub.4 are fixed to zero (i.e.
      r.sub.3-0 = 0, r.sub.4-0 = O). As the value of the parallel resistance
      ##EQU1##
      is higher than those of the resistor R.sub.1 and the resistor element
      r.sub.2-0 of the setting arrangement, a current flowing through the
      setting arms will be kept substantially constant if the selector switches
      VR.sub.3 and VR.sub.4 are changed over. This parallel resistance defines
      the slope for 0.degree. - 99.degree.C or O -  a as is shown by a dotted
      line in FIG. 2. Although the slope is thus determined, the approximation
      of the temperature-resistance characteristic of the measuring resistor is
      not always attained. Because of this, the selector switch VR.sub.1 is
      interlocked with the most significant digit selector switch VR.sub.2, and
      by making the value of the resistor element r.sub.2-0 zero and that of the
      resistor R.sub.1 a proper one it is achieved that the point 0 agrees with
      the origin and the point a the coordinate of the temperature-resistance
      characteristic of the measuring resistor at 100.degree.C. Subsequently,
      the selector switches VR.sub.3 and VR.sub.4 are adjusted. The selector
      switches VR.sub.3 and VR.sub.4 correspond to the tens digit and the units
      digit, respectively, of the temperature value so that the resistance value
      is capable of changing in 100 steps. Through this change the setting arm
      current varies a little, but can be regarded as substantially constant.
      Temperatures between 0.degree.C and 99.degree.C can thus be set in the
      digital fashion. In like manner, temperatures between 100.degree.C and
      199.degree.C or the points a and b can be set in the digital fashion. More
      particularly, the slope between a and b or the parallel resistance
      ##EQU2##
      is determined from the temperature-resistance characteristic of the
      measuring resistor, and subsequently the value of the resistor element
      r.sub.2-1 is determined so that both line-segments may join at the
      designated point a. An alternative structure is that the resistor R.sub.1
      is omitted and substitutionally its value is added to the resistor
      elements of the selector switch VR.sub.2. In this manner,
      straight-line-segments o - a - b - c - d approximating the
      temperature-resistance characteristic of the measuring resistor are
      determined, and the detecting terminals 1 and 2 of the bridge circuit
      provide a deviation voltage which is based on a resistance value on the
      straight-line-segments corresponding to the set point temperature and the
      resistance value of the measuring resistor itself. Although in the
      embodiment the selector switch VR.sub.2 is shown divided into four steps
      from 0.degree. - 399.degree.C or o - a - b - c - d, such division may
      obviously be altered freely according to the scale span. It is also
      obvious that the selector switch VR.sub.4 can be omitted if the precision
      to a lower significant digit is not required and that another selector
      switch may be increased in response of the precision to the measuring.
PAR  The digital set point device is also useful for characterizing other types
      of sensors such as the thermocouple shown in FIG. 3. As can be seen from a
      comparison of FIGS. 1 and 3, they are substantially alike and the same
      reference numerals have been used to depict the same elements which appear
      in both circuits.
PAR  In FIG. 3 resistors R.sub.1 and R.sub.2 in the proportion arms and voltage
      divider resistors R.sub.3 and R.sub.4 in the setting arms are connected so
      as to constitute the four respective arms of the bridge circuit. One of
      the terminals of a thermocouple 2 is connected to a detecting terminal 1
      which in turn is connected to the junction point of the resistors R.sub.3
      and R.sub.4 in the setting arms, and the deviation output is available
      across a terminal 3 connected to the other terminal of the thermocouple 2
      and a terminal 4 connected to the junction point of the resistors R.sub.1
      and R.sub.2 in the proportion arms.
PAR  The operation of this embodiment of the present invention will now be
      described with reference to FIG. 4 which is a temperature-electromotive
      force characteristic chart of the thermocouple. Initially, it is assumed
      that the selector switches VR.sub.3, and VR.sub.4 are fixed to zero (i.e.
      r.sub.3-0 = 0, r.sub.4-0 = 0). As the value of the parallel resistance
      ##EQU3##
      is higher than those of the resistor R.sub.4 and the resistor element
      r.sub.2-0 of the setting arrangement a current flowing through the setting
      arms will be kept substantially constant if the selector switches VR.sub.3
      and VR.sub.4 are changed over. This parallel resistance defines the slope
      for 0.degree. - 99.degree.C or 0 - a as is shown by a dotted line in FIG.
      4. Although the slope is thus determined, the approximation of the
      temperature-electromotive force characteristic of the thermocouple is not
      always attained. Because of this, the selector switch VR.sub.1 is
      interlocked with the most significant digit selector switch VR.sub.2, and
      by making the value of the resistor elements r.sub.2-0 zero and that of
      the resistor R.sub.4 a proper one the point o agrees with the origin and
      the point a agrees with the characteristic of the thermocouple
      electromotive force at 100.degree.C. Subsequently the selector switches
      VR.sub.3 and VR.sub.4 are adjusted. The selector switches VR.sub.3 and
      VR.sub.4 correspond to the tens digit and the units digit, respectively,
      of the temperature value so that the resistance value is capable of
      changing in 100 steps. Through this change the setting arm current varies
      a little, but can be regarded as substantially constant. Temperatures
      between 0.degree.C and 99.degree.C can thus be set in the digital fashion.
      In like manner, temperatures between 100.degree. and 199.degree.C or the
      points a and b can be set in the digital fashion. More particularly, the
      slope between a and b or the parallel resistance
      ##EQU4##
      is determined from the temperature-electromotive force characteristic of
      the thermocouple, and subsequently the value of the resistor elements
      r.sub.2-1 is determined so that both line-segments may join at the
      designated point a. An alternative structure is that the resistor R.sub.4
      is omitted and substitutionally its value is added to the resistor
      elements of the selector switch VR.sub.2. In this manner,
      straight-line-segments 0 - a - b - c - d approximating to the
      temperature-electromotive force characteristic of the thermocouple are
      determined, and the detecting terminals 1 and 4 of the bridge circuit
      provide a voltage on the straight-line-segment corresponding to the set
      temperature. Although in this embodiment the selector switch VR.sub.2 is
      shown as being divided into four steps according to 0.degree. -
      399.degree.C or 0 - a - b - c - d, such division may obviously be altered
      freely according to the scale span. It is also obvious that the selector
      switch VR.sub.4 can be omitted if the precision to a lower significant
      digit is not required and that another selector switch may be increased in
      response of the precision to the measuring.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed:
NUM  1.
PAR  1. A digital set point circuit comprising:
PA1  a pair of input terminals;
PA1  a pair of output terminals;
PA1  a bridge circuit having at least first, second, third and fourth impedance
      arms, said first and third impedance arms being connected together and to
      one of said input terminals, said second and fourth impedance arms being
      connected together and to the other of said input terminals, said first
      and second impedance arms being connected together and to one of said
      output terminals and said third and fourth impedance arms being connected
      together and to the other of said output terminals, said circuit
      containing sensor means;
PA1  one of said impedance arms comprising at least a most significant digit
      selector switch for switching between a plurality of digital set point
      devices; and,
PA1  another of said arms comprising a characterizing switch interlocked with
      said most significant digit selector switch, said characterizing switch
      for switching a plurality of characterizing devices, each characterizing
      device having a value associated with each digital set point device for
      providing an approximation of the operating characteristic of said sensing
      means to provide a substantially linear output from said bridge.
NUM  2.
PAR  2. The digital set point circuit of claim 1 wherein said digital set point
      devices comprise a plurality of resistors and wherein said most
      significant digit selector switch has a plurality of switch positions,
      each position corresponding to an associated one of said plurality of
      resistors wherein each switch position corresponds to a digit position of
      set point value.
NUM  3.
PAR  3. The digital set point circuit of claim 2 further comprising a next most
      significant digit selector switch for switching between a plurality of
      second digital set point devices.
NUM  4.
PAR  4. The digital set point circuit of claim 3 wherein each of said
      characterizing devices comprises a resistor having a value associated with
      a corresponding resistor of said digital set point devices for providing
      an approximation of the operating characteristic of said sensing means.
NUM  5.
PAR  5. The digital set point circuit of claim 4 wherein said sensing means
      comprises a measuring resistor and wherein said operating characteristic
      is the temperature-resistance characteristic of said measuring resistor.
NUM  6.
PAR  6. The digital set point circuit of claim 5 wherein said measuring resistor
      comprises the impedance of said first arm, a first resistor comprises the
      impedance of said second arm, said most significant digit selector switch
      and said plurality of digital set point devices comprising the impedance
      of said third arm and said characterizing switch, and said characterizing
      devices comprises the impedance of said fourth arm.
NUM  7.
PAR  7. The digital set point circuit of claim 4 wherein said sensing means
      comprises a thermocouple and wherein said operating characteristic is the
      temperature-electromotive force characteristic of said thermocouple.
NUM  8.
PAR  8. The digital set point circuit of claim 7 wherein a first resistor
      comprises the impedance of said first arm, a second resistor comprises the
      impedance of said second arm, said most significant digit selector switch
      and said plurality of digital set point devices comprises the impedance of
      said third arm, said characterizing switch and said plurality of
      characterizing devices comprises the impedance of said fourth arm, and
      said thermocouple is connected to said other output terminal.
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ABST
PAL  Automatic control apparatus and a method for controlling the active power
      flow distribution in power transmission lines and a controller for
      effecting same. The control of active power flow in a power transmission
      line is effected by the selection of either a proportional-plus-integral
      or integral control is carried out by comparing the sum of the nearest
      maximum extrapolated difference between the preset and actual values of
      active power flow and its preset value with the permissible value of
      active power flow. If the sum is greater than the permissible value of
      active power flow, a proportional-plus-integral control is effected,
      whereas an integral control is carried out if the sum is smaller than the
      permissible value.
PAL  The controller effecting the above method is provided with a logical unit
      to ensure the selection of either proportional-plus-integral or integral
      mode of control, a transducer for active power flow, a setter for the
      preset power flow, a setter for the permissible value of active power
      flow, which means shape the input signals of said logical unit. The output
      signal of the logical unit ensures the connection of an amplifier for
      effecting the control in the proportional-plus-integral mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The method according to the present invention relates to the art of
      automatic control in power engineering and more particularly to automatic
      control of active power distribution in power transmission lines.
PAR  Several principles of effecting automatic control of power distribution in
      power transmission lines are known in the art, such as, for example, a
      control system implemented in the network coupling the Krasnoyarsk system
      to the joint power system of Western Siberia. A characteristic feature of
      this and other similar systems resides in the fact that 1) in case the
      deviation of the controlled power flow from the mean value is
      comparatively small, the power flow being distributed not exceeding the
      set value of the limiter, the power flow is integrally controlled at a
      rather low rate, whereas 2) if the deviation of the controlled power flow
      from the mean value is so great that the distributed power flow exceeds
      the set value of the limiter, a high-speed proportional-plus-integral
      control is effected at a very high rate.
PAR  A disadvantage of the above principle of control is that a fast
      (proportional-plus-integral) control is carried out all the time the
      distributed power flow exceeds the value of the limiter setting, without
      taking into consideration the fact that almost any deviation of the
      distributed power flow which reaches the value of the limiter setting is
      likely to exceed, during the ensuing period of time, the limit of power
      that is being distributed along a given transmission line, which limit is
      selected with the aim of ensuring a stable parallel operation of the power
      system or preventing thermal overload of the line. In the case under
      consideration, the control system is bound to run idle most of the time,
      inasmuch as there frequently occur such power flow deviations that, while
      exceeding the value of limiter setting, do not cause any line overload.
      The result is that the overall capacity of the power transmission line is
      not used to the full extent when it is required to transmit a heavy power
      flow. Moreover, it tends to increase the costs and impair the reliability
      of operation of the power stations engaged in distributing the flows of
      power, said power stations being forced to operate overtime under the
      undesirable conditions of rapidly varying loads.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method for
      controlling active power flow distribution and a device for effecting
      same, which will permit increasing the overall capacity of the power
      transmission line and promote effectiveness and reliability of controlling
      power stations.
PAR  The invention is based on the implementation of a principle whereby an
      integral or proportional control of power flow in a power transmission
      line is selected on the strength of the data obtained from evaluation of
      probable values of active power flows over certain time intervals counted
      from the moment an actual active power flowing in a given transmission
      line has been measured.
PAR  The object of the invention is achieved by a method for controlling active
      power flow distribution in a power transmission line of a power system
      wherein the value of active power flow in a power transmission line
      intended to be maintained during the process of controlling same is
      preset, the actual value of active power flow in said power transmission
      line is measured, said actual and preset values of active power flow are
      compared and in accordance with the difference between these values of
      active power flow an integral control is carried out for the case when the
      power flow does not exceed the preset limiting value, or, in case the
      power flow exceeds the preset limiting value a proportional-plus-integral
      control is carried out respectively, wherein, according to the invention,
      the permissible value of power for a given power transmission line
      selected to ensure stable operation of the power system is adopted as the
      preset limiting value of the active power flow, the difference between
      said actual and preset values of active power flow carried by said power
      transmission line is converted into the nearest maximum extrapolated
      difference between the actual and preset values of active power flow, the
      nearest maximum extrapolated difference between the actual and preset
      values of active power flow is added to the preset value of active power
      flow, and said sum obtained by adding the nearest maximum extrapolated
      difference between the actual and preset values of active power flow and
      the preset value of active power flow is compared with the permissible
      value of active power flow in the power transmission line, thereupon a
      proportional-plus-integral control of active power flow is carried out of
      said sum of the nearest maximum extrapolated difference between the actual
      and preset active power flows and the preset value of active power flow is
      greater than the permissible value of active power flow in said power
      transmission line, or integral control of active power flow, if said sum
      of the nearest maximum extrapolated difference between the actual and
      preset values of active power flow and the preset value of active power
      flow is smaller than the permissible value for the active power flow in
      the given power transmission line.
PAR  In the method for controlling active power flow distribution in a power
      transmission line of the present invention the nearest maximum
      extrapolated difference between the actual and preset values of active
      power flow is preferably selected from a series of extrapolated
      differences between the actual and preset values of active power flows
      determined respectively for different time intervals, relative to the
      moment of measuring the actual value of active power flow using the
      following formula:
      ##EQU1##
      wherein .DELTA.P.sub.1 is the difference between the actual and preset
      values of active power flows in a power transmission line at the moment of
      time the actual value is measured and relative to which the time intervals
      .DELTA.t are read off; .DELTA.P.sub.1 (.DELTA.t) is the difference between
      the actual and preset values of active power flow .DELTA.P.sub.1 in the
      time interval .DELTA.t; .alpha. and .beta. are coefficients characterizing
      the probability of active power flow fluctuations in the power
      transmission line.
PAR  It is also expedient to provide a controller for the active power flow
      distribution in the power transmission line for putting the method of the
      present invention into practice, comprising a transducer of active power
      flow, a setter of active power flow, an adder having two inputs, whose one
      input is connected to the output of the active power flow transducer and
      the other input is connected to the output of the active power flow
      setter, an integrator whose input is connected to the output of said
      adder, an amplifier whose input is connected to the output of said adder,
      a controlled gate whose input is connected to the output of said
      amplifier, an output adder having two inputs, one input thereof being
      connected to the output of said integrator and the other input thereof
      being coupled to the output of said amplifier via said controlled gate, a
      control signal for controlling the active power flow in said power
      transmission line being shaped at the output of said output adder, the
      controller, according to the invention, containing a permissible active
      power flow setter and a logical unit which effects the selection of a
      proportional-plus-integral or integral control of the active power flow to
      be distributed, having three inputs and an output, the first input thereof
      being connected to the output of said adder, the second input being
      connected to the output of said active power flow setter, the third input
      being connected to the output of said active power flow setter, while the
      output thereof is connected to the control input of said controlled gate.
PAR  The logical unit in the active power flow controller for distributing
      active power flow in power transmission lines of the present invention
      preferably comprises a sawtooth voltage generator, a control gate whose
      input is the first input of the logical unit and whose control input is
      connected to the output of the sawtooth voltage generator, an
      extrapolation unit for extrapolating the maximum difference between the
      actual and preset values of active power flows, having two inputs, one
      input thereof being connected to the output of the control gate, which
      gate is an element of the logical unit, while the other input thereof is
      connected to the output of said sawtooth voltage generator, an adder
      having two inputs, one input thereof being connected to the output of the
      extrapolation unit for extrapolating the maximum difference between the
      actual and preset values of the active power flows, while the other input
      thereof is the second input of the logical unit, a comparator having two
      inputs and an output, one input thereof being connected to the output of
      the adder that is an element of the logical unit, the other input thereof
      being the third input of said logical unit and whose output is the output
      of the logical unit.
PAR  The present invention for controlling the active power flow distribution in
      power transmission lines, when realized, will increase the overall
      capacity of the power transmission lines, improve the reliability of
      operation of control power stations and enhance stable operation of the
      relevant power distribution system comprised of said power transmission
      lines and control power stations.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Given below is a detailed description of the method according to the
      present invention and an embodiment of the controller for controlling the
      active power flow distribution realizing said method, presented in
      conjunction with accompanying drawings wherein:
PAR  FIG. 1 illustrates a diagram of active power flow distribution in a power
      transmission line for effecting proportional-plus-integral control;
PAR  FIG. 2 shows a similar diagram involving the carrying out of integral
      control;
PAR  FIG. 3 shows a schematic diagram of a controller according to the invention
      for controlling the active power flow distribution in a power transmission
      line;
PAR  FIG. 4 illustrates a schematic diagram of a logical unit incorporated in
      the controller for controlling active power flow distribution.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The method consists in that a change-over from the slow integral to fast
      proportional-plus-integral control is carried out only when the next in
      time maximum value of active power flow to be distributed exceeds the
      permissible value.
PAR  The object is achieved by presetting a desired value of active power flow
      P.sub.1 (FIGS. 1 and 2) in the power transmission line under
      consideration, which value is to be maintained in the control process.
      Then the actual value of active power flow P.sub.1 in said power
      transmission line is measured to obtain the difference .DELTA.P.sub.1
      between the actual and preset values of active power flow.
PAR  Further, the nearest maximum extrapolated difference .DELTA.P.sub.1 max
      (.DELTA.t) of the actual and preset values of active power flow is
      selected from a series of extrapolated differences .DELTA.P.sub.1
      (.DELTA.t) of actual and preset values of active power flows, determined
      respectively for different time intervals relative to the moment the
      actual active power flow is measured by the formula:
      ##EQU2##
      wherein .DELTA.P.sub.1 is the difference between the actual and preset
      values of active power flows at the moment the actual values are measured,
      relative to which the time intervals are read off;
PAR  .DELTA.P.sub.1 (.DELTA.t) is the difference between the actual and preset
      values of active power flow extrapolated to the time interval .DELTA.t;
      .alpha. and .beta. are coefficients characterizing the probable character
      of active power flow fluctuations in the power transmission line.
PAR  The coefficients .alpha. and .beta. essentially define the autocorrelation
      function of stochastic fluctuations of active power flows and can be
      predetermined by steric treatment, using known algorithms, of actual
      fluctuations of active power flow in the power transmission line under
      consideration.
PAR  Thereafter the nearest maximum extrapolated difference obtained
      .DELTA.P.sub.1 max (.DELTA.t) is added to the preset value of active power
      flow P.sub.2 and the sum total .DELTA.P.sub.1 max (.DELTA.t) + P.sub.2 is
      compared with the preset permissible value for the active power flow
      P.sub.3 in the power transmission line under consideration.
PAR  A proportional-plus-integral control will be carried out, provided the sum
      total .DELTA.P.sub.1 max (.DELTA.t) + P.sub.2 exceeds the permissible
      value for P.sub.3 (FIG. 1) using the formula:
EQU  .DELTA.P.sub.4 = k.sub.1 .intg. .DELTA. P.sub.1 dt + k.sub.2 .DELTA.P.sub.1
      (II)
PAL  wherein .DELTA.P.sub.4 is the control signal,
PA1  k.sub.1 and k.sub.2 are constant factors determining the adjustment of the
      controllers.
PAR  An integral control will be carried out if the sum total of .DELTA.P.sub.1
      max (.DELTA.t) + P.sub.2 is smaller than the permissible value of P.sub.3
      (FIG. 2) using the following formula:
EQU  .DELTA.P.sub.4 = k.sub.1 .intg..DELTA.P.sub.1 dt           (III)
PAR  basically, a leading signal is introduced into the control system, the
      signal being representative of the nearest extrapolated values of the
      active power flow .DELTA.P.sub.1 max (.DELTA.t)+P.sub.2, which controls
      the selection of the control law.
PAR  The controller for controlling active power flow distribution in power
      transmission lines realizing the above described method of control
      comprises in combination: a transducer 1 of actual value of active power
      flow P.sub.1 to be distributed, (FIG. 3), an comparator 2, a setter 3 for
      presetting the required value of active power flow P .sub.2 to be
      distributed, a logical unit 4 for selecting either a
      proportional-plus-integral or integral mode of control, a setter 5 for
      presetting the permissible value of active power flow P.sub.3, an
      integrator 6, an amplifier 7, an adder 8, a control gate 9, a transducer
      10 of actual value of active power of the control power station P .sub.6
      and an adder comparator 11.
PAR  An output 12 of the transducer 1 is connected to an input 13 of the
      comparator 2, while an output 14 of the setter 3 is connected to an input
      15 of the comparator 2 and an input 16 of the logical unit 4. An output 17
      of the comparator 2 is connected to another input 18 of the logical unit
      4, an input 19 of the integrator 6, and an input 20 of the amplifier 7. An
      output 21 of the setter 5 is connected to an input 22 of the logical unit
      4. An output 23 of the logical unit 4 is connected to a control input 24
      of the control gate 9. An output 25 of the amplifier 7 is connected to an
      input 26 of the control gate 9. An output 27 of the integrator 6 and an
      output 28 of the control gate 9 are connected to inputs 29 and 30 of the
      adder 8, respectively. An output 31 of the adder comparator 8 is connected
      to an input 32 of the adder 11, whereas an output 33 of the transducer 10
      is connected to an input 35 of the adder comparator 11.
PAR  The logical unit 4 which is a component element of the active power flow
      controller comprises a generator 36 of sawtooth voltage (FIG. 4), a
      control gate 37, a unit 38 for extrapolating the nearest maximum
      difference between the actual and preset values of active power flow, an
      adder 39 and a comparator unit 40.
PAR  An output 41 of the generator 36 is connected to a control input 43 of the
      controlled gate 37, an output 42 of the generator 36 is connected to an
      input 44 of the extrapolation unit 38. An output 47 of the extrapolation
      unit 38 is connected to an input 48 of the adder 39, and an output 49 of
      the adder 39 is connected to an input 50 of the comparator unit 40.
PAR  The extrapolation unit 38 is intended for selecting the nearest maximum
      extrapolated difference between the actual and preset values of the active
      power flow from a series of extrapolated differences between the actual
      and preset values of active power flows by the formula (I), the unit being
      comprised of commonly known elements effecting the operations of
      multiplication, division, raising to the power, addition, as well as
      suitably coupled logical elements.
PAR  The other assemblies of the controller designated by numerals 1-3, 5-11,
      36, 37, 39, 40 are composed of known elements such as resistors,
      transistors, capacitors, etc., which are components of standard circuits
      well familar to those skilled in the art.
PAR  The active power flow controller for power transmission lines according to
      the present invention operates as follows:
PAR  As is seen from FIG. 3, the actual value of active power flow P.sub.1
      derived from the output 12 of the transducer 1 is fed to the input 13 of
      the comparator 2.
PAR  The second input 15 of the comparator 2 derives a signal corresponding to
      the preset value of active power P.sub.2 in the power transmission line
      from the output 14 of the setter 3.
PAR  The difference between the actual and preset values of active power flows
      .DELTA.P.sub.1 = P.sub.1 - P.sub.2, obtained from the output 17 of the
      comparator 2 is fed to the first input 18 of the logical unit 4 which unit
      effects control. The second input 16 of the logical unit 4 derives the
      preset value of the active power flow P.sub.2 from the output 14 of the
      setter 3, whereas the third input 22 thereof derives the permissible value
      of active power flow P.sub.3 from the output 21 of setter 5.
PAR  The difference .DELTA.P.sub.1 is also fed from the output 17 of the
      comparator 2 to the input 19 of the integrator 6 and the input 20 of the
      amplifier 7. From the integrator 6 the output signal K.sub.1 .intg.
      .DELTA.P.sub.1 .DELTA.t is applied directly to the adder 8, whereas the
      output signal k.sub.2 .DELTA.P.sub.1 from the amplifier 7 is applied to
      the second input 30 of the adder 8 via the controlled gate 9 whose input
      26 is connected to the output 25 of the amplifier 7 and the control input
      24 is connected to the output 23 of the logical unit 4.
PAR  In case .DELTA.P.sub.1 max (.DELTA.t) + P.sub.2 &gt; P.sub.3, an enabling
      signal A appears at the output of the logical unit 4 to render the
      controlled gate 9 conducting, which gate thus applying the k.sub.2
      .DELTA.P.sub.1 signal from the output 25 of the amplifier 7 to the second
      input 30 of the adder 8.
PAR  In case .DELTA.P.sub.1 max (.DELTA.t) + P.sub.2 &lt; P.sub.3, there is no
      enabling signal A across the output of the logical unit 4 with the result
      that the output signal k.sub.2.sup.. .DELTA.P.sub.1 from the amplifier 7
      cannot pass to the second input 30 of the adder 8. The control signal
      P.sub.4 from the output 31 of the adder 8 is further applied to the first
      input 32 of the adder comparator 11 whose second input 34 derives a signal
      corresponding to the planned or preset power P.sub.5 at the control power
      station, whereas the third input 35 derives a signal representing the
      actual power of the control power station p.sub.6. The difference
      .DELTA.P.sub.2 = P.sub.6 - (P.sub.5 + P.sub.4) from the output of the
      adder-comparator 11 which forms the value of change of active power flows
      of the power station, is further relayed to the actuating members of the
      turbines of the control power station.
PAR  The logical unit 4 operates as follows. The input 18 of controlled gate 37,
      which gate is the first input of the logical unit 4, derives the
      difference between the actual and preset values of the active power flow
      .DELTA.P.sub.1. The control gate 37 passes the difference .DELTA.P.sub.1
      to the input 46 of the extrapolation unit 38 only at the initial stage of
      extrapolation, with .DELTA.t being zero. The difference .DELTA.P.sub.1 is
      converted at a high rate of time in the extrapolation unit 38 into a
      series of differences .DELTA.P.sub.1 (.DELTA.t), extrapolated over time
      intervals .DELTA.t, according to the formula (I). The time interval
      .DELTA.t is alternately obtained at a high rate of time from the output 42
      of the generator 36. The generator 36 controls the control gate 37 in such
      a way that the difference .DELTA.P.sub.1 would flow into the input 46 only
      at the moment .DELTA.t = 0. This is done in order to fix .DELTA.P.sub.1
      equal to a constant in the extrapolation unit 38 during the whole
      computation cycle .DELTA.P.sub.1 (.DELTA.t) when .DELTA.t is a variable.
      From the series of extrapolated differences .DELTA.P.sub.1 (.DELTA.t)
      obtained in the extrapolation unit 4, the maximum extrapolated difference
      .DELTA.P.sub.1 max (.DELTA.t) is selected. The latter, being derived from
      the output 47 of the extrapolation unit 38, is applied to the input 48 of
      the adder 39, whose second input 16 deriving the value P.sub.2. The sum
      .DELTA.P.sub.1 max (.DELTA.t) + P.sub.2 from the output 49 of the adder 39
      is applied to the input 50 of the comparator unit 40, whose second input
      22 derives the value P.sub.3.
PAR  If .DELTA.P.sub.1 max (.DELTA.t) + P.sub.2 &gt; P.sub.3, the output 23 of the
      comparator unit 40 applies an enabling signal A across the control input
      24 of the control gate 9. However, if .DELTA.P.sub.1 max (.DELTA.t) +
      P.sub.2 &lt; P.sub.3, there will be no enabling signal A across the output 23
      of the comparator unit 40.
PAR  The method for controlling the active power flow distribution has been
      tested in practice in a 330 kV power transmission line operating to couple
      two parallel power distribution systems. The test results displayed
      sufficient accuracy of extrapolating the difference between the actual and
      preset values of active power flows within a time interval of up to 5
      minutes, and the overall usefulness of the controller as a whole.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for controlling the active power flow distribution in a power
      transmission line comprising the steps of:
PA1  a. presetting the value of active power flow in a power transmission line
      intended to be maintained in the process of controlling;
PA1  b. measuring the actual value of the active power flow in said power
      transmission line;
PA1  c. comparing said actual and preset values of active power flows in said
      power transmission line and deriving the difference therebetween;
PA1  d. converting the difference between said actual and preset values of
      active power flows in said power transmission line into the nearest
      maximum extrapolated difference between the preset and actual values of
      active power flow;
PA1  e. adding to obtain the sum of the nearest maximum extrapolated difference
      between the actual and preset values of active power flow thus obtained
      and the preset value of active power flow;
PA1  f. setting the permissible value of active power flow in said power
      transmission line to ensure stable operation of the power distribution
      system;
PA1  g. comparing said sum of comprised of the nearest maximum extrapolated
      difference between the actual and preset values of active power flow and
      the preset value of active power flow to said permissible value of active
      power flow in said power transmission line; h. carrying out a
      proportional-plus-integral control of active power flow if said sum of the
      nearest maximum extrapolated difference between the actual and preset
      active power flow and the preset value of active power flow is greater
      than said permissible value of active power flow in said power
      transmission line, or alternately effecting an integral control of the
      active power flow if said sum of the nearest maximum extrapolated
      difference between, the actual and preset values of the active power flow
      and the preset value of actual power flow is smaller than said permissible
      value of active power flow in the said power transmission line.
NUM  2.
PAR  2. A method for controlling the active power flow distribution in a power
      transmission line as claimed in claim 1, wherein the nearest maximum
      extrapolated difference between the actual and preset values of active
      power flow is selected from a series of extrapolated differences between
      the actual and preset values of active power flow, respectively determined
      for different time intervals relative to the moment of time the actual
      value of active power flow is measured by the formula:
      ##EQU3##
      wherein .DELTA. P.sub.1 is the difference between the actual and preset
      values of active power flow in the power transmission line at the moment
      of time the actual value relative to which the time intervals are counted
      off is measured;
PA1  .DELTA.P.sub.1 (.DELTA.t) is the difference between the actual and preset
      values of active power flow;
PA1  .alpha. and .beta. are coefficients characterizing the probable character
      of active power flow fluctuations in the power transmission line.
NUM  3.
PAR  3. A controller for controlling the active power flow distribution in a
      power transmission line comprising in combination:
PA1  a. an active power flow transducer;
PA1  b. a first setter for setting the value of active power flow to be
      distributed and maintained in the process of controlling;
PA1  c. a first comparator having two inputs, one input thereof being connected
      to the output of said transducer for active power flow, the second input
      thereof being connected to the output of said first setter for active
      power flow;
PA1  d. converter means connected to the output of said first comparator, for
      converting the difference between said actual and preset values of active
      power flow in the transmission line into nearest maximum extrapolated
      difference between the preset and actual values of active power flow;
PA1  e. an adder connected to said first setter and to said convertor to obtain
      the sum of the nearest maximum extrapolated difference between the actual
      and preset values of active power flow thus obtained and the preset value
      of active power flow;
PA1  f. a second setter for setting the permissible value of active power flow
      in the power transmission line to ensure stable operation of the power
      distribution system;
PA1  g. a second comparator connected to said adder and said second setter for
      comparing the sum of the nearest maximum extrapolated difference between
      the actual and preset values of active power flow and the preset value of
      active power flow to said permissible value of active power flow in the
      power transmission line; and
PA1  h. means connected to said second comparator for carrying out a
      proportional-plus-integral control of active power flow if said sum of the
      nearest maximum extrapolated difference between the actual and preset
      active power flow and the preset value of active power flow is greater
      than said permissible value of active power flow in said power
      transmission line, or alternately effecting an integral control of the
      active power flow if said sum of the nearest maximum extrapolated
      difference between, the actual and preset values of the active power flow
      and the preset value of actual power flow is smaller than said permissible
      value of active power flow in the said power transmission line.
NUM  4.
PAR  4. A controller for controlling the active power flow distribution in a
      power transmission line comprising in combination:
PA1  a. an active power flow transducer;
PA1  b. a first setter for setting the value of active power flow to be
      distributed and maintained in the process of controlling;
PA1  c. a comparator having two inputs, one input being connected to the output
      of said transducer for active power flow, the second input thereof being
      connected to the output of said first setter for active power flow;
PA1  d. a second setter for setting the permissible value of active power flow
      in the power transmission line to ensure stable operation of the power
      distribution system;
PA1  e. a logical unit having three inputs respectively connected to said
      comparator, said first setter and said second setter, said logical unit
      including extrapolation means for extrapolating the maximum difference
      between the actual and preset values of active power flow and including an
      adder for adding said extrapolated maximum difference to the output of
      said first setter;
PA1  f. an integrator having an input connected to the output of said
      comparator;
PA1  g. an amplifier having an input connected to the output of said comparator;
PA1  h. a controlled gate having an input connected to the output of said
      amplifier and having a control input connected to the output of said
      logical unit; and
PA1  i. an output adder having two inputs and an output, one input thereof being
      connected to the output of said integrator, the second input being
      connected to the output of said amplifier by way of said controlled gate,
      a control signal being formed at the output of said output adder which
      controls the distribution of active power flow in the power transmission
      line, said control signal effecting proportional-plus-integral control
      when the output of said adder of said logical unit exceeds said
      permissible value and effecting integral control when the output of said
      adder of said logical unit is less than said permissible value.
NUM  5.
PAR  5. A controller as defined in claim 4, wherein said logical unit further
      comprises a comparator having two inputs and an output, the first input
      thereof being connected to the output of said adder of said logical unit,
      the second input thereof being connected to said second setter, and the
      output thereof being connected to said controlled gate, whereby said
      logical unit determines the mode of control between
      proportional-plus-integral or integral based on the actual, preset,
      permissible and extrapolated probable values of the transmission line
      power flow distributions.
NUM  6.
PAR  6. A controller as defined in claim 4, wherein said extrapolation means
      comprising a sawtooth voltage generator; an extrapolator having two
      inputs, one of which is connected to the output of said sawtooth
      generator, and an output connected to one input of said adder of said
      logical unit; and a controlled gate having the input thereof connected to
      said comparator, having the control input thereof connected to said
      sawtooth voltage generator, and having the output thereof connected to the
      other input of said extrapolator.
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PAL  A device for testing the magnetic properties of a magnetic material in
      which a measurement air gap and a measurement compensation air-gap, is
      established and a measuring coil is provided for collecting a voltage
      which is proportional to the variation of amplitude of the resultant
      useful flux derived from the magnetic material which is placed in the
      vicinity of the measurement air-gap.
BSUM
PAR  This invention relates to a device for testing the magnetic properties of a
      magnetic material, such as a coercimeter, of a type comprising a magnetic
      circuit having two air-gaps and an alternating-current winding for
      producing the magnetic field of said circuit.
PAR  The majority of known magnetic coercimeters are of the volume type and
      usually entail the use of samples placed within the interior of the
      coercimeter.
PAR  In a first example of a volume coercimeter, the sample is placed within an
      exciting coil which also encloses the coil for collecting the useful
      signal and compensating for the signal which is directly induced by the
      excitation.
PAR  In a second example, the sample is placed within an exciting coil in the
      proximity of a Hall probe; this latter detects the difference between the
      excitation field and the demagnetizing field of the sample. When the
      magnetization of the sample is reversed, the demagnetizing field produced
      changes direction. The signal delivered by the probe then undergoes an
      abrupt jump: the field of the exciting solenoid is then equal to the
      coercive field of the material being tested.
PAR  These instruments perform non-localized overall measurements and if the
      dimensions of the sample to be tested are substantial, it is necessary
      either to construct a coercimeter having prohibitive dimensions or to make
      offcuts in the sample, with the result that this latter is destroyed.
PAR  The only known instrument for taking measurements of surface is the
      Kerr-effect coercimeter. The sample is subjected to a beam of polarized
      light and the orientation of the plane of polarization of the reflected
      beam is related to the direction of magnetization. A suitably placed
      analyzer extinguishes said beam in respect of a given direction of
      magnetization. THe signal derived from the detector exhibits an abrupt
      jump when the magnetization is reversed, that is to say when the
      excitation field exceeds the coercive field of the material being tested.
      The instruments which make use of the method just mentioned are highly
      sensitive to the state of surfaces.
PAR  THe primary aim of the invention is to circumvent the disadvantages
      attached to the known instruments mentioned in the foregoing and
      accordingly proposes a device for the surface testing of magnetic
      materials, said coercimeter being distinguished by the fact that it
      comprises a measurement air-gap and a measurement compensation air-gap, a
      measuring coil for collecting a voltage which is proportional to the
      variation of amplitude of the resultant useful flux derived from the
      magnetic material disposed in the vicinity of the measurement air-gap.
PAR  Measurement compensation, if necessary with respect to the support for the
      material, is carried out by means of a material which is identical with
      said support and placed in the vicinity of the compensation air-gap. This
      case arises for example when the support is conductive.
PAR  According to one aspect of the invention, the measuring coil is divided
      into two windings placed in one case within the measurement air-gap and in
      the other case within the measurement compensation air-gap so as to
      embrace the excitation fluxes of opposite direction and the useful flux,
      with the result that the fluxes of opposite direction are reduced to zero
      and that the useful flux alone remains within the measuring coil.
PAR  In order to obtain better collection of the useful flux, a single measuring
      coil can be placed within the measurement air-gap and within the
      measurement compensation air-gap.
PAR  According to another aspect of the invention, a magnetic bridge is placed
      parallel to the plane of the magnetic circuit in such a manner as to form
      an adjustment air-gap; the variations produced in this latter as a result
      of displacement of said bridge correct the defects of non-linearity and of
      dissymmetry of the magnetic circuit. The exciting coil is mounted on the
      magnetic bridge; the measuring coil is divided into two windings placed on
      each side of the magnetic bridge and connected so as to ensure that the
      excitation fluxes of opposite direction are reduced to zero and that the
      useful flux alone remains within the measuring coil.
PAR  According to a further aspect of the invention, the measuring coil is
      mounted on the magnetic bridge, the exciting coil is divided into two
      windings placed on each side of the magnetic bridge so as to ensure that
      the excitation fluxes of opposite direction and diverted into the magnetic
      bridge are reduced to zero and that the resultant useful flux alone
      remains within the measuring coil.
DRWD
PAR  Examples of construction will now be described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a general diagram showing one form of construction of the device
      in accordance with the invention;
PAR  FIG. 2 is a diagrammatic sectional view of FIG. 1;
PAR  FIG. 3 is another example of construction of the device in accordance with
      the invention;
PAR  FIG. 4 is a diagrammatic sectional view of FIG. 3;
PAR  FIG. 5 is a further example of construction of the device in accordance
      with the invention;
PAR  FIG. 6 is a side view of FIG. 5.
DETD
PAR  As shown in FIGS. 1 and 2, a magnetic circuit 1 comprises a measuring
      air-gap 2 and a compensation air-gap 3. The magnetic circuit 1 is formed
      of material which is practically insensitive to eddy currents. A coil 4 is
      placed on the magnetic circuit 1. A measuring coil 5 is placed within the
      air-gaps 2 and 3.
PAR  Application of voltage to the exciting coil 4 produces an alternating
      magnetic field and this latter gives rise to an excitation flux having
      lines of force which follow the path A, B, C, D shown in full lines.
PAR  If a magnetic material 6 is moved towards the air-gap, said material is
      traversed by a leakage flux which is derived from the excitation flux.
PAR  The leakage flux is represented by the lines of force having the direction
      EF (chain-dotted line). At each alternation of the excitation flux, the
      magnetization within the material is reversed and produces a useful flux
      of opposite direction as represented by the lines of force having a
      direction GH (dashed line). A diverted useful flux also passes through the
      magnetic circuit in the direction CDAEF. The excitation flux thus passes
      through the air-gaps 2 and 3 with contrary signs, with the result that its
      action is cancelled whilst the useful flux retains the same sign and
      induces a voltage within the measuring coil 5. This voltage in fact
      represents the amplitude of the resultant useful flux and is proportional
      to the variation of amplitude between the positive and negative states of
      the useful flux, said variation being due to the coercive field defined by
      the characteristic hysteresis cycle of the material.
PAR  If the support 7a for the magnetic material 6 is conductive, currents
      induced by the excitation flux disturb the measurement. It is possible to
      eliminate this disturbance by placing opposite to the compensation air-gap
      3 a conductive material 7b which is identical with the support.
PAR  In accordance with the invention, the single coil 5 of FIGS. 1 and 2
      advantageously replaces the two windings 8a and 8b which are placed within
      the air-gaps 2 and 3 so as to obtain better collection of the resultant
      useful flux as shown in FIGS. 3 and 4. In this form of construction, the
      windings 8a and 8b are connected so as to collect the fluxes under the
      same directional conditions as those shown in FIG. 1.
PAR  According to one aspect of the invention which is illustrated in FIGS. 5
      and 6, a magnetic circuit 1 which is similar to that of FIG. 1 comprises a
      magnetic bridge 9 disposed parallel to the plane of the magnetic circuit.
PAR  The bridge 9 is located at a certain distance from the plane of the
      magnetic circuit as shown in FIG. 6. THis distance produces an adjustment
      air-gap 10a or 10b with respect to each of the cores 11 and 12, the
      function of which will be explained in detail below. On the magnetic
      circuit 1, there is placed a coil unit formed of two windings 13a and 13b
      placed symmetrically on each side of the magnetic bridge 9 which also
      carries another coil 14. This arrangement makes it possible to reduce the
      measurement surface area of the material 6 by dispensing with the need for
      windings within the air-gap.
PAR  In accordance with the invention, the windings 13a, 13b can be employed for
      the excitation of the magnetic circuit 1 and the coil 14 can be reserved
      for the measuring operation (as shown in FIG. 5). The windings must be
      connected to each other in such a manner as to ensure that the excitation
      flux (full line) passes through the magnetic circuit as in the case of
      FIG. 1. The fluxes which are diverted (as shown in chain-dotted lines)
      from the excitation flux into the magnetic bridge 9 are of opposite
      direction and fall to zero. The useful flux (dashed line) obtained from
      the sample alone remains within the bridge 9 and is detected by the coil
      14, the voltage delivered by said coil being proportional to the variation
      of the resultant useful flux. The compensation which is necessary for the
      presence of a conductive support 7a is carried out in the same manner as
      in the example of FIG. 1 by placing an identical material 7b close to the
      air-gap 3.
PAR  A preferred alternative embodiment of the invention permits the use of the
      coil 14 for the excitation of the magnetic circuit 1 and of the two
      windings 13a and 13b for the measurement. In this case, the windings must
      be connected to each other in such a manner as to ensure that the
      algebraic sum of the useful fluxes of opposite direction allow only the
      resultant useful flux to remain.
PAR  Without departing from the scope of the invention, the windings could be
      equally distributed (not shown) on the symmetrical cores 11 and 12. In the
      case of all the examples, electrical adjustment of the coercimeter is
      obtained by connecting the windings 13a and 13b across potentiometers (not
      illustrated) which limit the fluxes produced and/or collected to suitable
      values.
PAR  In the example of FIGS. 5 and 6, a functional magnetic adjustment of the
      coercimeter is obtained as a result of displacement of the magnetic bridge
      9. By moving the bridge either towards or away from the magnetic circuit 1
      (arrow R.sub.1), the linearization of the .beta. (H) curve of the magnetic
      circuit 1 is accordingly corrected. By displacing the bridge in a
      direction parallel to itself with respect to the main circuit (arrows
      R.sub.2, R.sub.3), the dissymmetry of the cores 11 and 12 is accordingly
      corrected.
PAR  The device in accordance with the invention makes it possible to perform
      measurements of points in which the contact surface can have an area of
      less than 1 mm.sup.2. It is not essential, however, to have a mechanical
      contact between the magnetic material to be tested and the measurement
      air-gap. Moreover, the device is insensitive to the state of surface of
      the material and to the nature of its support.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for testing the magnetic properties of a test sample comprising
      a pair of U-shaped cores of magnetic material supported with their
      respective ends in an aligned and spaced relation to form a magnetic
      circuit, means for establishing an alternating flow of magnetic flux in
      said circuit, coil means extending through both of the gaps between the
      corresponding ends of said cores and arranged so that the magnetic flux
      passing through the coil means in one of said gaps cancels the effect of
      the magnetic flux passing through the coil means in the other gap, and
      means for supporting said test sample relative to said cores so that said
      test sample receives a portion of the flux passing through one of said
      gaps and establishes a circuit for said portion of said flux including the
      coil means in said latter gap to induce a voltage in said coil means and
      thus enable the magnetic properties of said test sample to be determined.
NUM  2.
PAR  2. The device of claim 1 wherein said supporting means is of a conductive
      material and further comprising a member disposed relative to the other
      gap of a material having the same conductive properties as said supporting
      means.
NUM  3.
PAR  3. The device of claim 1 wherein said coil means comprises a single coil
      extending through both of said gaps.
NUM  4.
PAR  4. The device of claim 1 wherein said coil means comprises two coils
      respectively disposed in said gaps.
NUM  5.
PAR  5. A device for testing the magnetic properties of a test sample comprising
      a pair of U-shaped cores of magnetic material supported with their
      respective ends in an aligned and spaced relation and forming a magnetic
      circuit, an additional core of magnetic material extending parallel to
      said U-shaped cores and movable in a direction parallel to as well as
      perpendicular to the plane of said cores to form an adjustable air gap
      with said cores to correct for non-linearities and dissymmetries in said
      magnetic circuit, said magnetic circuit and additional core forming a
      magnetic bridge circuit, means for establishing an alternating flow of
      magnetic flux in said magnetic bridge circuit, coil means for sensing the
      flux in said bridge circuit and arranged so that in the absence of a test
      sample the magnetic flux passing through one portion of said magnetic
      bridge circuit cancels the effect of the magnetic flux passing through the
      other portion of said magnetic bridge circuit, means for supporting said
      test sample relative to said U-shaped cores so that said test sample
      receives a portion of the flux passing through one of said gaps between
      the corresponding ends of said U-shaped cores and unbalances the flux in
      said bridge circuit, said coil means generating a voltage in response to
      said unbalanced flux from which the magnetic properties of said test
      sample may be determined.
NUM  6.
PAR  6. The device of claim 5 wherein said magnetic flux flow establishing means
      comprises at least one coil extending about at least one of said U-shaped
      cores and connected to a source of alternating current and wherein said
      coil means is in the form of a coil extending about said additional core.
NUM  7.
PAR  7. The device of claim 5 wherein said magnetic flux flow establishing means
      comprises a coil extending about said additional core and connected to a
      source of alternating current and wherein said coil means is in the form
      of at least one coil extending about one of said U-shaped cores.
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ABST
PAL  In the representative embodiment of the present invention disclosed herein,
      new and improved pipe-inspection apparatus for examining oilfield piping
      includes, along with other flaw-inspection devices, a flux-leakage
      inspection device uniquely arranged for detecting minute magnetic-flux
      anomalies which are indicative of metal defects such as cracks, pits,
      holes and the like. In contrast, however, to the prior-art high-intensity
      electromagnetizers typically having cores of minimum magnetic reluctance,
      the unique pipe-inspection apparatus of the present invention instead
      employs an electromagnetizer having a core of a substantial length and
      minimum cross-sectional area to specifically make its reluctance
      relatively large in relation to the combined magnetic reluctances of the
      magnetized piping wall and the annular clearances between the piping wall
      and the magnetizer pole pieces. In this manner, changes in either the
      surface conditions of the piping wall or in the internal diameter of the
      well bore piping will have little or no influence on the resulting
      flux-leakage measurements. Moreover, as a further significant aspect of
      the present invention, since the magnetic field produced by the magnetizer
      is relatively weak, other flaw-detection measurements provided by this new
      and improved inspection apparatus will be relatively unaffected.
BSUM
PAR  There have, of course, been many proposals advanced heretofore for
      arranging equipment to perform in situ internal inspections of oilfield
      piping, such as the casing commonly used for lining the walls of typical
      well bores, for reliably locating anomalies or defects which may, in time,
      potentially cause an unexpected failure of the piping. Those skilled in
      the art will recognize that if defects such as cracks, internal flaws,
      thickness reductions, unwanted holes and the like can be reliably located
      in advance, appropriate remedial actions can be taken to correct these
      potential problems before the development of some serious condition or
      dangerous situation.
PAR  In general, experience has shown heretofore that the most-successful
      defect-locating tools utilize one or more electromagnetic techniques such
      as measuring magnetic flux-leakages, eddy currents, or changes in a
      locally-induced electromagnetic field which are attributable to anomalies
      in the adjacent piping or casing wall. Typically, each of these recognized
      techniques is particularly effective for determining the location or
      nature of certain types of defects but is, at best, less than satisfactory
      in the detection of other types of common defects. For example, a
      well-arranged flux-leakage inspection device will ordinarily detect
      anomalies located at any lateral position along the thickness of a pipe
      wall. Conversely, since an eddy-current device is generally limited to
      locating defects at or near the immediately-adjacent surface, this
      technique is useful for inspecting only the internal wall surface of a
      well casing. Neither of these techniques will, however, clearly reveal a
      widespread reduction in wall thickness. On the other hand, typical
      induction-type thickness-measuring tools provide measurements which are
      only indicative of the overall or average wall thickness of the entire
      circumference of an incremental length of casing without reference either
      to the specific angular location of a given thin spot or to whether a
      reduction in the normal thickness is on the exterior or the interior of
      the piping.
PAR  Accordingly, it is recognized that a complete pipe-inspection survey must
      include two or more of these typical inspection techniques if most, if not
      all, types of the most-common casing defects are to be located. Moreover,
      since the aforementioned flux-leakage tests are particularly valuable in
      locating defects at any depth in a pipe wall, it is generally preferred
      that a thorough casing inspection survey include a flux-leakage test.
      Nevertheless, experience has shown that many of the present-day
      flux-leakage inspection tools are not fully reliable and, in most
      instances, will not clearly distinguish a small but possibly serious
      defect from the usual background noises.
PAR  One typical problem which has been frequently encountered with the
      prior-art flux-leakage inspection tools is that significant deposits of
      scale and rust on the internal walls of a string of well casing will
      ordinarily seriously impair the response of the inspection tool.
      Similarly, these prior-art flux-leakage tools has been found to be unduly
      affected by changes in the radial spacing or annular clearance between the
      internal wall of the well casing and the body of the inspection tool.
      Changes such as these are, of course, commonly experienced as the
      inspection tool moves from one joint of casing having a given "weight" or
      nominal wall thickness to another casing joint with a thinner or thicker
      nominal weight or wall thickness. Since casing joints of a given pipe size
      typically have a uniform outer diameter, the internal diameter will, of
      course, have to increase or decrease as necessary to provide a wall
      thickness of a desired dimension. Moreover, dimensional variations of a
      lesser degree are experienced even in casing joints which are nominally of
      the same weight since there is a moderate range of wall thicknesses and
      eccentricity allowed in the manufacturing specifications for casing. In
      any case, it will be appreciated that the performance of any flux-leakage
      inspection tool will be directly related to the ability of the tool to
      induce a magnetic flux of a predictable and uniform character in a casing
      wall.
PAR  Heretofore, it has been considered necessary to arrange the magnetizers of
      flux-leakage inspection tools to develop a sufficient magnetic flux for at
      least substantially saturating the adjacent portions of a well casing that
      is being inspected. Accordingly, these prior-art flux-leakage tools have
      customarily employed massive magnetizers having minimum-reluctance cores
      which, of necessity, are as short as possible and have pole pieces and
      cores of the largest-possible diameter. As a result, these prior-art tools
      are unduly affected by scale and rust deposits on the internal walls of a
      casing string as well as by even minor variations in the internal
      diameters of different casing joints in a given string. Moreover, where a
      combined casing-inspection tool includes one of these prior-art
      flux-leakage units as well as either an eddy-current detecting unit or an
      induction-type thickness-measuring unit, it has also been found that the
      high-intensity magnetic flux developed by the flux-leakage unit will
      adversely influence or totally mask the measurements provided by either of
      these other inspection units. This effect is particularly serious where
      two or more measurements are obtained with a combination tool; but
      difficulties of this nature have been observed even where these
      measurements are made at different times.
PAR  Accordingly, it is an object of the present invention to provide new and
      improved pipe-inspection apparatus that is particularly adapted for
      reliably locating magnetic anomalies or metal defects which may be present
      in the wall of a length of piping such as a string of well bore casing.
PAR  This and other objects of the present invention are attained by arranging a
      new and improved flaw-detecting inspection tool to include one or more
      flux-leakage detectors for surveying selected incremental portions of an
      adjacent pipe wall and pipe-magnetizing means for selectively subjecting
      those wall portions to a reduced-intensity magnetic flux which is of a low
      magnitude specifically selected to not even approach magnetic saturation
      of the pipe wall. By selectively arranging the reluctance of the
      pipe-magnetizing means to be substantially large in relation to the
      summation of the magnetic reluctance of the incremental pipe wall portions
      and the magnetic reluctance of the lateral clearance gaps between the pipe
      wall and the poles of the magnetizing means, the new and improved
      pipe-inspection tool of the present invention will be relatively
      unaffected by dimensional variations of the pipe strings it is inspecting;
      and any other electromagnetic inspection devices which may also be
      included with the pipe-inspection tool will be relatively unaffected by
      the concurrent operation of the flux-leakage inspection device.
DRWD
PAR  The novel features of the present invention are set forth with
      particularity in the appended claims. The invention, together with further
      objects and advantages thereof, may be best understood by way of the
      following description of exemplary apparatus employing the principles of
      the invention as illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a somewhat-schematic representation of a preferred embodiment of
      a new and improved pipe-inspection tool arranged in accordance with the
      principles of the present invention as this tool will appear while
      operating in a typical cased well bore;
PAR  FIG. 2 depicts various constructional details of a portion of the new and
      improved tool of FIG. 1; and
PAR  FIG. 3 is a block diagram of a preferred embodiment of electronic circuitry
      for the new and improved inspection tool illustrated in FIG. 1.
DETD
PAR  Turning now to FIG. 1, a preferred embodiment of a new and improved
      pipe-inspection tool 10 incorporating the principles of the present
      invention is schematically shown as it will appear during the course of a
      typical inspection operation of a length of well piping such as a string
      of well casing 11 which is ordinarily employed for lining the wall of a
      well bore 12. As depicted, the new and improved inspection tool 10 is
      suspended from a length of typical multi-conductor logging cable 13 which
      is spooled in the usual fashion on a winch (not shown) that is positioned
      at the surface and adapted for reeling and unreeling the cable as required
      for selectively moving the inspection tool through the casing 11. The
      several conductors 14-19 in the cable 13 are operatively connected by way
      of typical surface circuitry 20 for recording the several output signals
      from the inspection tool 10 on a galvonometer-type or CRT recorder 21 as
      well as for supplying power from a power supply 22 to electronic
      circuitry, as at 23 and 24, in the tool.
PAR  As is typical, a measuring wheel 25 arranged to be driven by movement of
      the cable 13 onto and off of the cable winch is cooperatively coupled, as
      by a pulse generator or suitable mechanical linkage 26, to the recorder 21
      for producing records thereon which are a function of the depth of the
      tool 10 in the well bore 12. Since it is generally preferred that the
      several logging records provided by the recorder 21 are all presented with
      a common depth scale, the circuitry 20 is arranged to also include a
      so-called "depth memorizer" 27 which is driven by the measuring wheel 25
      for momentarily storing one set of data signals from the tool 10 for
      simultaneous presentation on the recorder with one or more other sets of
      data signals from the tool. Suitable memorizer circuits are shown in U.S.
      Pat. No. 3,166,709 and U.S. Pat. No. 3,405,349 which are respectively
      incorporated by reference herein.
PAR  As illustrated, the new and improved inspection tool 10 includes an
      elongated body 28 having one or more typical tool centralizers, as at 29
      and 30, which are cooperatively mounted on upper and lower portions
      thereof for retaining the tool in a substantially-coaxial relationship
      within the well casing 11. In general, the depicted preferred embodiment
      of the new and improved tool 10 is comprised of a flaw-detection unit 31
      having a plurality of casing-engaging inspection shoes, as at 32 and 33,
      which are cooperatively arranged around casing-magnetizing means 34 and
      operatively connected to the electronic circuitry 23 enclosed in the upper
      portion of the tool body 28. The preferred embodiment of the new and
      improved inspection tool 10 also includes an induction-type
      thickness-measuring unit 35 which is dependently suspended from the body
      28 and operatively connected to the electronic circuitry 24 enclosed in
      the lower portion of the tool body.
PAR  Accordingly, as will subsequently be explained in greater detail, as the
      new and improved tool 10 is moved through the casing 11 the several
      casing-condition signals respectively provided by the flaw-detection unit
      31 and the thickness-measuring unit 35 will be successively displayed or
      presented on the surface recorder 21 as a function of the successive depth
      locations of the tool. As previously mentioned, it is preferred that the
      surface circuitry 20 includes a memorizer 27 so that the casing-condition
      signals respectively provided by the flaw-detection unit 31 and the
      thickness-measuring unit 35 will be displayed or presented on the recorder
      21 on a common depth scale for facilitating the subsequent interpretation
      of the resulting log record.
PAR  It is, of course, well known that when an incremental length of
      ferromagnetic or paramagnetic piping, such as the well casing 11, is
      subjected to a longitudinally-oriented DC magnetic field,
      generally-longitudinal lines of magnetic flux will be established in the
      casing wall. So long as the magnetized portion of the casing wall is
      magnetically homogenuous, these longitudinally-oriented flux lines will
      essentially remain within the wall of the casing 11 and will be relatively
      uniform in density. On the other hand, should there be a
      magnetically-responsive anomaly or defect such as a crack, a pit, an
      opening or the like in the magnetized portion of the casing 11, the flux
      lines will be correspondingly distorted around this defect to produce a
      detectable so-called "flux-leakage" pattern or anomaly on the casing wall
      immediately adjacent to the defect. Thus, as is well known, the movement
      of a suitable detecting coil along the wall of a magnetized portion of the
      casing 11 will be effective for inducing representative voltage signals in
      the coil as it passes through one of these flux-leakage patterns. It is,
      of course, recognized that, for a given situation, the magnitude of these
      output signals will be directly related to the size of the
      magnetically-responsive piping anomaly.
PAR  Accordingly, the several wall-engaging inspection shoes 32 and 33 of the
      flaw-detection unit 31 are respectively arranged at spaced intervals
      around the tool body 28 for detecting flaws or defects around the full
      circumference of the casing 11. As depicted in FIG. 1, this complete
      circumferential coverage is best accomplished by dividing the several
      inspection shoes and symmetrically arranging half of these shoes, as at
      32, at equal intervals around one portion of the body 28 and symmetrically
      arranging the remaining shoes, as at 33, at equal intervals around a lower
      portion of the body. By angularly offsetting the lower shoes 33 in
      relation to the upper shoes 32, each of the lower shoes will be
      respectively examining a narrow longitudinal strip of the casing 11 which
      lies between and slightly overlaps two adjacent strips of the casing that
      are being examined by the two inspection shoes immediately thereabove. In
      other words, as the new and improved inspection tool 10 is moved through
      the casing 11, the upper inspection shoes, as at 32, will be continuously
      examining a number of circumferentially-spaced bands or longitudinal
      strips along the casing wall having gaps therebetween and the lower shoes,
      as at 33, will be continuously examining these gaps to assure a complete
      survey of the casing wall.
PAR  Those skilled in the art will, of course, recognize that there are a number
      of satisfactory mechanical arrangements which may be employed for
      maintaining the inspection shoes, as at 32 and 33, in operative engagement
      with the inner wall of the casing 11. For example, the several inspection
      shoes, as at 32 and 33, could be mounted on the tool body 28 in keeping
      with the principles of U.S. Pat. No. 2,736,967. As shown in FIG. 2,
      however, in the preferred embodiment of the present invention the upper
      and lower ends of the inspection shoes, as at 32, are pivotally coupled to
      the outer ends of rigid arms, as at 36 and 37, which, in turn, have their
      inner ends pivotally coupled to longitudinally-spaced collars, as at 38
      and 39, slidably mounted around the tool body 28. Springs, as at 40, are
      cooperatively arranged for normally urging the outer faces of the several
      inspection shoes, as at 32, into sliding engagement with the wall of the
      casing 11. Inasmuch as the particular details of how the inspection shoes,
      as at 32 and 33, are mounted on the new and improved tool 10 are not
      pertinent to understanding the present invention it is believed that these
      mechanical details are adequately shown in FIG. 2.
PAR  As previously mentioned, the magnetizing means 34 of the new and improved
      inspection tool 10 are cooperatively arranged for establishing a
      longitudinally-extending DC magnetic field in that section of the casing
      11 which the several inspection shoes, as at 32 and 33, are then engaged
      with. Accordingly, to attain the objects of the present invention, the
      magnetizing means 34 include an elongated paramagnetic or ferromagnetic
      core 41 which, as a matter of expediency, is arranged to serve as an
      intermediate portion of the tool body 28. In the preferred embodiment of
      the new and improved inspection tool 10, a magnetizing coil 42 is
      helically disposed around the magnetizer core 41 and cooperatively
      arranged to be coupled to the cable conductor 19 leading to the surface
      power supply 22. To isolate the coil 42 from any electrically-conductive
      fluids in the well bore 12, the coil is preferably enveloped or embedded
      in a suitable elastomeric or plastic electrical insulating material as at
      43. The entire magnetizer coil 42 is also preferably covered by a thin
      sleeve, as at 44, of a non-magnetic metal which is suitably sized for
      slidably carrying the several sliding collars, as at 38 and 39, to which
      the inspection shoes, as at 32, are coupled. To assure the maximum
      effectiveness of the flaw-detection unit 31, the upper and lower
      inspection shoes 32 and 33 are mounted around the intermediate portion of
      the magnetizer coil 42 and enlarged-diameter upper and lower pole pieces
      45 and 46 of a paramagnetic or ferromagnetic material are operatively
      coupled to the opposite ends of the magnetizer core 41.
PAR  It will be recognized, therefore, that the magnetizing means 34 will
      establish a longitudinally-elongated, toroidally-shaped magnetic field
      which is generally directed in a path extending along the axis of the
      central magnetizer core 41, passing between the circumferential faces of
      the upper and lower poles 45 and 46 and the respectively-adjacent surfaces
      of the casing wall, and extending through the full circumference of the
      incremental length of the casing 11 disposed between those spaced wall
      surfaces. The inspection shoes, as at 32 and 33, will, of course, always
      be in contact with the mid-portion of the incremental length of the casing
      11 that is then being magnetized. Accordingly, for a given number of turns
      of the magnetizing coil 42 and applied DC current, it will be realized
      that the resulting flux intensity will be a function of the overall
      summation of the several magnetic reluctances that are then present in the
      above-described path of the toroidal magnetic field. Thus, the intensity
      or flux density of the magnetic field established by the magnetizing means
      34 will be governed by the total summation of the reluctance of the
      incremental length of the casing 11 that is then being examined, the
      magnetic reluctances of the annular gaps between the casing wall and the
      upper and lower pole pieces, and the overall magnetic reluctance of the
      core 41 and the pole pieces 45 and 46.
PAR  Heretofore, in prior-art flux-leakage, flaw-detection tools of a similar
      nature, it has been thought more effective to approach magnetic saturation
      of the adjacent casing wall; and, therefore, to achieve this, it has been
      correspondingly necessary to minimize the magnetic reluctance of the core
      as far as possible. In keeping with the principles of the present
      invention, however, it has been found that superior operating results can
      be achieved by specifically arranging the magnetizing means 34 so that the
      magnetic reluctance of the core 41 and the pole pieces 45 and 46 is
      significantly large in relation to the summation of the combined magnetic
      reluctances of the annular gaps between the outer faces of the two pole
      pieces and the incremental section of the casing 11 that is then being
      magnetized. This will, therefore, result in the flux intensity produced by
      the magnetizing means 34 being relatively constant even where there are
      minor variations either in the magnetic reluctance of the incremental
      length of the casing 11 being examined or in the widths of the annular
      gaps between the casing wall and the upper and lower pole pieces 45 and
      46. As a result, in sharp contrast with the operating characteristics of
      prior-art tools of this nature, the new and improved flaw-detection unit
      31 will be nature, the new and improved flaw-detection unit 31 will be
      capable of providing a more-reliable flux-leakage inspection of well bore
      pipe strings such as the casing 11 without being materially affected by
      either minor variations in the internal diameter of the pipe string or
      changes in the condition of the wall surface.
PAR  It will, of course, be recognized that the deliberate and substantial
      increase of the magnetic reluctance of the core assembly 41 of the
      magnetizer means 34 can be achieved in various manners. First of all, and
      perhaps of most importance, it has been found that a substantial increase
      in the internal magnetic reluctance of the magnetizer means 34 can be
      attained by arranging the core 41 to have a minimum diameter so that the
      transverse cross-sectional metal area of the core will be no more than
      equal, if not substantially smaller, in relation to the transverse
      cross-sectional metal area of the casing 11. Moreover, the overall
      reluctance of the core 41 can also be substantially increased in relation
      to the combined magnetic reluctance of the complete toroidal path of the
      established magnetic field by making the core substantially longer than
      the cores ordinarily used heretofore with comparable prior-art tools. A
      further increase in the reluctance of the core 41 can be achieved by
      forming the core of a metal having a relatively-low magnetic permeability
      instead of the highly-permeable metals heretofore considered to be
      advantageous if not essential.
PAR  It has also been found helpful to make the vertical height of the upper and
      lower pole pieces 45 and 46 somewhat greater than has ordinarily been done
      heretofore with comparable prior-art flux-leakage inspection tools. This
      increased height has the dual advantage of further increasing the magnetic
      reluctance of the overall core assembly 41 of the magnetizer 34 as well as
      simultaneously minimizing the magnetic reluctance across the annular gaps
      between the faces of the pole pieces 45 and 46 and the inner wall surface
      of the casing 11.
PAR  Adoption of at least one, if not all, of these several techniques in
      arranging the core assembly 41 of the magnetizing means 34 has been found
      to provide superior and unexpected results in comparison with similar
      flux-leakage tools of the prior-art. Since the particular dimensions to be
      employed for a given inspection tool incorporating the principles of the
      present invention are, of course, solely dependent on the particular range
      of pipe sizes that the tool will be designed for, it is believed more
      appropriate to describe the design parameters for the new and improved
      tool 10 in terms of preferred ratios of the magnetic reluctance for the
      core assembly 41 of the magnetizer 34 to the reluctance of the annular
      gaps around the pole pieces 45 and 46 and the reluctance of typical
      oilfield piping such as the casing 11.
PAR  As previously mentioned, the magnetic path or toroidal loop involved with
      the magnetizer 34 is a series magnetic circuit consisting of the core 41,
      the two annular spaces around the upper and lower pole pieces 45 and 46,
      and the incremental length of the casing 11 that is then being magnetized.
      Expressing this loop mathematically, the following equation may be
      considered:
      ##EQU1##
      where, N = number of turns of the magnetizer coil 42;
PA1  I = current flow in the magnetizer coil 42;
PA1  .PHI. = magnetic flux in the magnetic circuit;
PA1  L.sub.c = overall length of the core 41 and the pole pieces 45 and 46;
PA1  A.sub.c = transverse cross-sectional metal area of the core 41;
PA1  .mu..sub.c = relative magnetic permeability of the core 41;
PA1  t.sub.g = width or thickness of the annular gap or space between either of
      the pole pieces 45 and 46 and the inner wall of the casing 11;
PA1  A.sub.g = face area of either of the pole pieces 45 and 46 (i.e., height
      .times. circumference);
PA1  .mu..sub.g = relative magnetic permeability of well fluids in the annular
      gaps (ordinarily = 1.0);
PA1  L.sub.p = length of incremental section of the casing 11 being inspected
      (L.sub.c = L.sub.p);
PA1  A.sub.p = transverse cross-sectional metal area of the casing 11; and
PA1  .mu..sub.p = relative magnetic permeability of the casing 11.
PAR  Accordingly, in contrast to the usual prior-art practice (such as discussed
      in U.S. Pat. No. 3,543,144) where magnetic saturation of the casing is
      ordinarily approached and the first term in the above equation is
      specifically made as small as possible, it is essential in the present
      invention to make this first term as large as practical in relation to the
      other two terms in the equation. As previously discussed, it is important
      to make L.sub.c relatively large; but, even more so, to make A.sub.c and
      .mu..sub.c small in relation to A.sub.p and .mu..sub.p respectively.
PAR  As a typical example of the significance of these relationships, it will be
      recognized that to make the first term of Equation 1 greater than the
      third term, the diameter of the core 41 must be relatively small so that
      the cross-sectional metal area of the core will be no more and, if at all
      possible, much less than the cross-sectional metal area of the well pipe
      that is being inspected. Similarly, the relative magnetic permeability of
      the core 41 should be as low as practical in relation to that of the pipe
      and, from a practical standpoint, should be no higher.
PAR  Assuming, for example, a typical 5-inch casing with an average wall
      thickness of 1/4-inch and a typical relative magnetic permeability of 100,
      the third term in Equation 1 will be approximately 0.00255L.sub.p. Thus,
      it can be shown that if a metal having a relative permeability of 100 is
      used for the core 41, if it were solid the core could have a diameter no
      larger than something slightly more than 2-inches if the first and third
      terms of Equation 1 are to be even equal. Accordingly, in the present
      invention, it is preferred to form the core 41 of metals such as various
      hard steels having relative magnetic permeabilities in the order of no
      more than about 40 or 50 and to limit the outer diameter of the core to
      something in the order of one-half, or preferably considerably less, of
      the internal diameter of the piping being inspected so that the magnitude
      of the first term in Equation 1 is at least somewhat greater, if not
      significantly greater, than the magnitude of the third term in the
      equation. Since wires must be extended through the body 28 to the
      thickness-measuring unit 35, it will, of course, be advantageous to
      provide an axial passage through the core 41 which will further reduce its
      cross-sectional metal area. By way of example, to arrange the tool 10 for
      inspecting the aforementioned 5-inch casing, the magnetizer core 41 could
      readily be designed so that the first term in the equation would be in the
      order of 0.0085L.sub.c or somewhat more than three times the magnitude of
      the third term.
PAR  It will, of course, be seen that by making the first term of Equation 1
      substantially larger than the third term, the second term will become
      almost insignificant in relation to the first term. For example, in the
      exemplary situation described above, it is quite easy with
      presently-available metals to make the first term of Equation 1 at least
      40 or 50 times greater than the second term. Thus, with such large
      relative differences, it can be readily shown that major changes such as
      1/8-inch or even more in the width of the annular gaps between the wall of
      the casing 11 and the pole pieces 45 and 46 will affect the overall
      reluctance of the magnetic circuit of the magnetizer 34 by no more than
      about 1 to 2 percent. Those skilled in the art will, of course, appreciate
      that similar flux-leakage inspection tools of the prior art will
      inherently experience far greater changes in the overall reluctance of
      their magnetizing circuits when there is a change in the gaps around the
      poles of their magnetizer of even as little as 1/16-inch.
PAR  The significance of these minute changes in the overall reluctance of the
      magnetic circuit of the magnetizer 34 caused by significant variations in
      the width of the annular gaps between the casing 11 and the pole pieces 45
      and 46 becomes even more apparent when it becomes necessary to distinguish
      a signal caused by a casing defect from a signal caused by either a
      harmless coating of scale on the casing wall or a normal diametrical
      variation from one casing joint to another. For instance, as the new and
      improved inspection tool 10 is passed through a length of well bore
      piping, such as the casing 11, there will always be minor ripples or
      variations in the output signal which may be characterized as "magnetic
      noise." These noise signals will, of course, be originated by such things
      as wobble or "chattering" of the inspection shoes 32 and 33 as well as by
      the minute changes in the annular gaps around the pole pieces 45 and 46
      due to pipe roughness and scale coatings on the pipe wall. As discussed
      above, however, these noise signals will be minor due to the unique design
      of the new and improved flaw-detection unit 31. Accordingly, when a flux
      anomaly caused by a piping defect is traversed by one of the inspection
      shoes, as at 32 and 33, the resulting output signal will be of
      significantly-greater amplitude than the background level of continuous
      magnetic noise signals and, therefore, will be readily distinguishable on
      the logging record provided by the recorder 21. In other words, the
      signal-to-noise ratio of the new and improved flaw-detection unit 31 has
      been found to be exceptionally favorable in field operations.
PAR  On the other hand, with prior-art tools (such as that shown in U.S. Pat.
      No. 3,543,144) where even a minor change in the annular gaps between the
      pole pieces and the piping wall will significantly change the overall
      magnetic reluctance of the magnetizing circuit, it has been noted that the
      output signals from such tools are ordinarily extremely noisy. Thus, in
      the use of such prior-art tools, it has been frequently demonstrated that
      it is often difficult, if not impossible, to distinguish flux-leakage
      signals caused by minor pipe defects from the ordinary and high-magnitude
      noise or background signals. In comparison, the unique arrangement of the
      magnetizer 34 of the new and improved inspection tool 10 has, for all
      practical purposes, eliminated any significant effects on the operation of
      the tool which would otherwise occur upon movement of the tool either
      through adjoining pipe joints of slightly different internal diameters or
      through particularly rough or scale-coated pipes.
PAR  The preceding discussion has, of course, to this point been directed to the
      design of the magnetizing means 34 to allow a flux-leakage inspection to
      be performed by the flaw-detection unit 31. It is, however, preferred to
      also conduct an eddy-current inspection with the flaw-detection unit 31
      for distinguishing piping defects on or near the inner surface of the well
      bore piping from defects which may be either on the exterior of the piping
      or at some depth in the piping wall. As best seen in FIG. 3, this is best
      accomplished by operatively combining the flux-leakage and eddy-current
      measurements in the flaw-detection unit 31.
PAR  Accordingly, as schematically representated in FIG. 3, the flaw-detection
      unit 31 of the new and improved tool 10 is preferably arranged so that the
      several inspection shoes, as at 32, will each carry an eddy-current
      oscillator coil 47 and two differentially-connected detecting coils 48 and
      49. To induce eddy currents in the adjacent wall surface of the well bore
      pipe being examined, the oscillator coils, as at 47, in each of the
      several inspection shoes, as at 32, are respectively coupled to a common
      high-frequency oscillator 50 in the downhole circuitry 23. On the other
      hand, the detecting coils 48 and 49 in each of the several inspection
      shoes, as at 32, are respectively coupled to an individual
      signal-separating circuit, as at 51, which is cooperatively arranged for
      providing separate output signals respectively representative of the
      eddy-current measurements and the flux-leakage measurements obtained by
      each particular inspection shoe. Since the signal-separating circuits, as
      at 51, for each of the several inspection shoes, as at 32, are preferably
      identical to one another, only one of these several circuits included in
      the downhole circuitry 23 are shown in FIG. 3.
PAR  As illustrated, the combined signals respectively representative of the
      eddy-current measurements and the flux-leakage measurements are applied to
      the input terminals of a typical wide-band amplifier 52 included in the
      signal-separating circuit 51. The output signals from the amplifier 52 are
      then divided into two channels, as at 53 and 54, and respectively coupled
      to a typical low-pass filter 55 and a typical high-pass filter 56 which
      are cooperatively designed to accept signals respectively representative
      of typical low-frequency flux-leakage signals and typical high-frequency
      eddy-current signals. The low-frequency or flux-leakage channel 53 of the
      signal-separating circuit 51 includes a typical amplifier 57 and a
      rectifier 58 for providing an unfiltered output signal with pulses or
      peaks of a selected polarity each time the inspection shoe 32 senses a
      piping defect. The amplitude of the output pulses from the flux-leakage
      channel 53 of the signal-separating circuit 51 will, of course, be
      proportional to the severity or extensiveness of the detected defect. In a
      similar fashion, the eddy-current channel 54 of the signal-separating
      circuit 51 is provided with an amplifier 59 and a detector 60 and a
      rectifier 61 for converting the high-frequency defect signals to pulses or
      peaks of a selected polarity each time the inspection shoe 32 senses a
      defect in the piping which is either on or very near the inner piping
      wall. Hereagain, the amplitude of these output pulses will be proportional
      to the severity of the defect detected by the eddy-current inspection.
PAR  It will, of course, be appreciated that the overall purpose of the new and
      improved flaw-detection unit 31 is to locate piping defects of a
      potentially-serious nature. Thus, it is only academic whether there is
      more than one defect in a given circumferential section of a well pipe;
      and the practical question is simply whether or not there is a defect in a
      given incremental length of piping and, if so, how severe is it.
      Accordingly, in the new and improved flaw-detection unit 31, circuit means
      62 are provided in the downhole circuitry 23 for differentiating between
      the several output signals which may be simultaneously supplied from one
      or more of the inspection shoes, as at 32, and providing only a single
      output signal which is representative of the most-severe defect which is
      then being sensed by those inspection shoes. In the preferred embodiment
      of downhole circuitry 23 used in the present invention as depicted in FIG.
      3, the signal-differentiating circuit means 62 include a number of diode
      arrays 63-66 that are arranged as OR gates and adapted for respectively
      differentiating the flux-leakage signals as well as the eddy-current
      signals from the upper and lower inspection shoes, as at 32 and 33. Thus,
      as illustrated, the eddy-current output signal from each of the
      signal-separating circuits, as at 51, respectively associated with each of
      the upper inspection shoes, as at 32, are respectively coupled to the
      several inputs of the maximum-signal selector 66.
PAR  Accordingly, an eddy-current output signal from any one of the several
      upper inspection shoes, as at 32, will be supplied to the cable conductor
      17 by the signal-separating circuit 51 and maximum-signal selector 66.
      Thus, should there be two or more eddy-current signals which are
      simultaneously applied to the signal-selecting circuit 66, only the
      greatest of these several input signals from the upper shoes, as at 32,
      will be supplied at any given moment to the cable conductor 17. The other
      signal-selecting circuits are similarly arranged, with the circuit 63
      preferably being coupled to the conductor 14 for passing only the largest
      flux-leakage signal from the several lower inspection shoes, as at 33, and
      the circuit 64 being arranged to differentiate between the largest
      eddy-current signal from the lower shoes. The signal-selecting circuit 65
      similarly distinguishes the largest flux-leakage signal from the upper
      inspection shoes, as at 32.
PAR  Referring again to FIG. 1, the thickness-measuring unit 35 is comprised of
      a pair of induction coils 67 and 68 which are coaxially wound around an
      elongated non-magnetic mandrel 69 dependently coupled to the tool body 28
      and longitudinally separated from each other by a distance which is
      greater than the diameter of the casing 11. Although other types of
      inductive thickness-measuring devices can, of course, be employed with the
      new and improved inspection tool 10, it has been found that an arrangement
      such as described in U.S. Pat. No. 2,573,799 is entirely satisfactory for
      attaining the objects of the present invention.
PAR  Accordingly, as schematically depicted in FIG. 3, the electronic circuitry
      24 employed with the preferred embodiment of the thickness-measuring unit
      35 includes an oscillator 70 that is coupled to one end of the induction
      coil 68 for establishing an alternating magnetic field in the adjacent
      casing wall which is detected by the other coil 67. As described in the
      aforementioned patent, by virtue of the longitudinal spacing between the
      coils the phase of the output signal from the detector coil 67 in relation
      to the oscillator signal supplied to the exciter coil 68 is representative
      of the volume of the metal contained in the incremental length of the
      casing 11 then lying between the two coils. Since the longitudinal spacing
      between the coils 67 and 68 is fixed, this means, therefore, that a phase
      relationship between the input and output signals is a function of the
      average overall wall thickness of that incremental length of the casing
      11. To determine this phase relationship, the output signal from the
      detector coil 67 is coupled by way of an amplifier 71 to one input of a
      typical phase comparator 72. To provide a reference signal to the
      comparator 72, the phase of the current in the exciter coil 68 is sensed,
      as at 73, by coupling the other input of the phase comparator to the
      ungrounded end of a resistor 74 connected to the opposite end of the
      exciter coil. The output of the phase comparator 72 is, in turn, coupled
      to the cable conductor 18 by way of an amplifier 75 included in the
      downhole circuitry 24.
PAR  Accordingly, it will be recognized that with the new and improved
      inspection tool 10 arranged as illustrated in the several drawings, a
      comprehensive inspection will be conducted as the tool is traversed
      through a string of well bore piping such as the casing 11. Although this
      inspection can, of course, be accomplished as the tool 10 is lowered
      through the casing string 11, it is preferred that the survey be taken as
      the inspection tool is being raised in the well bore 12 so that the cable
      13 will be uniformly tensioned to provide more-reliable depth measurements
      for the recorder 21.
PAR  As the new and improved inspection tool 10 is being operated to survey at
      least one or more intervals of the casing string 11, it will, of course,
      be appreciated that the recorder 21 will be simultaneously producing five
      separate log traces which are individually, as well as collectively,
      representative of the present condition of the casing. These log traces
      are, of course, displayed on a common depth scale by virtue of the
      memorizer 27. Four of these logs are, of course, the eddy-current and the
      flux-leakage inspection measurements respectively obtained by the upper
      and lower shoes, as at 32 and 33, of the flaw-detection unit 31, with the
      fifth log trace being the average wall-thickness measurements provided by
      the thickness-measuring unit 35.
PAR  Those skilled in the art will, of course, recognize that although there
      have been various proposals advanced heretofore for combining various
      defect measurements, there has yet been no commercially-acceptable
      defect-inspection tool which satisfactorily combines eddy-current and
      flux-leakage measurements for surveying well bore piping such as the
      casing string 11. As will subsequently be explained, however, it has been
      found that the new and improved inspection tool 10 of the present
      invention is particularly successful in obtaining multiple defect
      measurements such as the flux-leakage signals, the eddy-current signals,
      and the average thickness signals provided by the tool.
PAR  To appreciate the significant role that the design of the magnetizer 34
      plays in allowing the new and improved inspection tool 10 to also obtain
      reliable thickness measurements, it will be recalled from the previous
      discussion that the magnetizer is arranged for producing a magnetic field
      of a relatively-low order of magnitude as well as of a
      substantially-constant flux density. The significance of the low intensity
      and constant flux density of this magnetic field is best understood when
      it is recognized that for a given frequency of the oscillator 70, the
      phase-relationship measurements provided by the thickness-measurement unit
      35 are determined by the thickness, the electrical resistivity, and the
      magnetic permeability of the incremental length of the casing 11 then
      being inspected. However, it is well known that the permeability of a
      ferromagnetic or paramagnetic metal is materially dependent upon the
      intensity of any magnetic field which is then established in this metal as
      well as upon the previous magnetic history of that metal. Variations in
      either the present magnetic state or the average thickness of an
      incremental length of well piping will, therefore, respectively produce
      corresponding variations in the phase relationships measured by the
      thickness-measurement unit 35.
PAR  Accordingly, it will be appreciated that since the unique design of the
      magnetizer 34 induces a relatively-constant magnetic flux density in the
      casing 11, as the new and improved inspection tool 10 is passed
      therethrough the thickness-measuring unit 35 will, for all practical
      purposes, be responsive only to changes in the average wall thicknesses of
      the incremental lengths of casing which are being successively inspected.
      It should also be recognized that by virtue of the relatively-low flux
      density produced by the magnetizer 34, there will be little or no residual
      magnetism left in the casing 11 after the magnetizer is moved. Thus, as
      the trailing thickness-measuring unit 35 is passed through a given
      incremental length of the casing string 11, the phase-difference
      measurements provided by the phase comparator 72 will be substantially, if
      not altogether, unaffected by any permeability changes in the casing that
      would have been otherwise produced by the residual magnetism that will
      inherently be created by the high-saturation magnetizers used in prior-art
      tools.
PAR  Those skilled in the art will, of course, recognize that the subsequent
      magnetic state of a ferromagnetic material that has been highly magnetized
      previously will be totally unpredictable. As a result, where a series of
      thickness-measurements are made with a tool such as the
      thickness-measuring unit 35 in a casing, as at 11, having a substantial
      degree of residual magnetism, the resulting measurements will be affected
      by both the metal thickness and the present magnetic permeability of the
      casing string. If it can be reasonably assumed that, during a given
      thickness-measurement run, the magnetic state of the casing string, as at
      11, is relatively constant, the resulting thickness measurements will, of
      course, be at least reasonably indicative of thickness variations along
      the casing string. On the other hand, a subsequent thickness-measurement
      run through the same casing string, as at 11, cannot be safely correlated
      with prior runs since it is totally unpredictable as to what effect the
      present magnetic state of the casing string is having on the accuracy of
      the new thickness measurements. This is true regardless of whether or not
      the casing string, as at 11, is again remagnetized with a strong magnetic
      field. Accordingly, it will be seen that in addition to the benefits of a
      constant magnetic flux density, the unique magnetizer 34 will induce such
      a weak magnetic field in the casing 11 that there will be little or no
      residual magnetism left in the casing to affect either the present
      thickness measurements or those obtained in the same string at a later
      date.
PAR  Similarly, the uniform flux density and relatively-weak intensity of the
      magnetic fields successively induced in the well casing 11 by the
      magnetizer 34 have also been found to be very significant in obtaining
      reliable eddy-current measurements in typical strings of well casing. By
      way of explanation, it is, of course, recognized that the reliability and,
      therefore, the effectiveness, of an eddy-current measurement is directly
      related to the relative magnetic permeability of the paramagnetic or
      ferromagnetic metal that is being inspected. Moreover, it can be shown
      that as the relative magnetic permeability of a given magnetic material is
      increased, the depth of examination or penetration will be proportionally
      decreased. Accordingly, it has been found by experimentation that the
      effectiveness of an eddy-current measurement of a given casing wall will
      be substantially impaired, if not altogether nullified, by the presence of
      a external magnetic field which either varies significantly in strength or
      substantially approaches magnetic saturation of the adjacent casing wall.
PAR  As previously discussed, however, it will be recognized that the unique
      design of the magnetizer 34 maintains a substantially-constant and
      relatively-weak magnetic field in the casing string 11 as the new and
      improved inspection tool 10 is conducting an inspection operation. Thus,
      as several inspection shoes, as at 32 and 33, are respectively traversed
      along the inner wall of the casing string 11, the previously-described
      flux-leakage measurements and eddy-current measurements can be
      simultaneously obtained without undue interference to the latter
      measurement by the low-level and constant magnetic field established by
      the magnetizer 34. Similarly, although the magnetizer 34 will
      progressively induce a magnetic field in the incremental lengths of the
      casing string 11 which are being successively surveyed by the
      flaw-detection unit 31, the measurements provided by the trailing
      thickness-measuring unit 35 will be affected little, if any, by any
      low-level residual magnetism which may be present in the casing wall as
      the thickness-measuring unit subsequently moves through those portions of
      the casing.
PAR  Accordingly, the combined logging record provided by the recording
      apparatus 21 will represent three basic records indicative of the present
      physical condition of the casing string 11 at each depth interval surveyed
      by the new and improved inspection tool 10. One of these basic records
      will, of course, be the flux-leakage measurements which are respectively
      representative of the presence and relative severity of the worst defect
      around the circumference of a given incremental length of the casing
      string 11. These flux-leakage measurements will, of course, be relatively
      inconclusive as to whether a detected defect is exterior of the casing 11,
      or is an internal defect within the casing wall, or is on the interior
      surface of the casing. However, since the eddy-current inspection is, for
      all practical purposes, only effective for locating defects which are
      either on the internal surface of the casing 11 or very near this surface,
      it will be appreciated that the simultaneous appearance of defect signals
      on both the flux-leakage logging trace and the eddy-current logging trace
      will ordinarily indicate that the detected defect is on or very near the
      interal surface of the casing. Conversely, it will be recognized that a
      defect signal at a given depth which is present only on the flux-leakage
      logging trace will be indicative that the detected defect is either on the
      exterior of the casing 11 or is at a considerable depth inside the casing
      wall itself. It should be noted, of course, that by virtue of the several
      maximum-signal selector circuits 63-66 the simultaneous indication of
      defects on the flux-leakage and eddy-current logging records will
      generally be caused by the same defect.
PAR  Although the relative amplitudes of the defect signals produced on the
      flux-leakage and eddy-current logs will be somewhat representative of the
      severity of a detected defect, it will, of course, be appreciated that
      these defect signals are essentially only qualitative in nature.
      Accordingly, to obtain a more-quantitative measurement of the severity of
      a given defect, the thickness-measuring logging record must be consulted.
      Thus, since this measurement is indicative of the overall average wall
      thickness of a given incremental length of the casing 11, the thickness
      measurement provides a general indication of the severity of any detected
      casing defect. It should be noted that the presence of a defect signal on
      only the defect-measuring logging records from, for example, the upper
      shoes, as at 32, will typically indicate that the detected defect does not
      extend too far in a lateral or circumferential direction since the lower
      shoes, as at 33, failed to detect it. Thus, a significant reduction in the
      average wall-thickness at this depth interval will generally indicate an
      extremely-severe, localized defect. On the other hand, the simultaneous
      appearance of the defect signals of different amplitudes on the logging
      record from the upper and lower shoes 32 and 33 will orginarily indicate
      some degree of circumferential extent of the detected defect. Conversely,
      uniform defect signals on the logging records from the upper and lower
      shoes 32 and 33 will most likely indicate a substantially-uniform
      circumferential defect. The severity or depth of these several types of
      defects can, of course, be generally estimated from the
      thickness-measuring logging record.
PAR  Accordingly, it will be recognized that the present invention has provided
      new and improved pipe-inspection apparatus which is particularly adapted
      for locating defects in well bore piping such as casing strings by means
      of flux-leakage measurements. By arranging a pipe magnetizer to include a
      high-reluctance core, the magnetic field which will be established in the
      adjacent piping wall will be of such low intensity that magnetic
      saturation of the adjacent metal will not even be approached. Moreover, by
      virtue of this high-reluctance magnetizer core, significant changes in
      either the internal diameter of the piping string or the condition of the
      interior surface of the piping will have little or no effect on the flux
      density of the substantially-constant magnetic field. Accordingly, since
      there will be a substantially-constant magnetic field established in the
      piping string, the magnetic permeability of the piping will remain
      relatively constant and eddy-current and thickness measurements obtained
      along with the flux-leakage measurements will be significantly more
      accurate.
PAR  While only a particular embodiment of the present invention has been shown
      and described, it is apparent that changes and modifications may be made
      without departing from this invention in its broader aspects; and,
      therefore, the aim in the appended claims is to cover all such changes and
      modifications as fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Pipe-inspection apparatus adapted for locating magnetically-anomalous
      defects in or on either the interior or exterior walls of a string of
      well-bore piping having a known minimum internal diameter, a known
      relative magnetic permeability and a known transverse cross-sectional
      metal area, and comprising:
PA1  an elongated body adapted for suspension in such a piping string from a
      well-logging cable and including upper and lower longitudinally-spaced
      pole pieces respectively having a maximum outer diameter somewhat less
      than said known internal piping diameter and magnetically coupled to the
      opposite ends of an elongated reduced-diameter core member of a magnetic
      metal having a relative magnetic permeability no greater than said known
      piping permeability and a transverse cross-sectional metal area less than
      said known piping metal area;
PA1  flux-inducing means adapted for establishing a longitudinally-oriented
      unidirectional magnetic flux along an incremental portion of such
      well-bore piping located between said upper and lower pole pieces and
      including a magnetizing coil coaxially wound around said core member;
PA1  eddy-current inducing means adapted for establishing eddy currents along
      and adjacent to the interior wall of said incremental piping portion and
      including an electrical oscillator, and a plurality of output coils
      respectively coupled to said oscillator and cooperatively arranged at
      circumferentially-spaced intervals around said core member for being
      operatively positioned immediately adjacent to said interior wall to
      induce eddy currents therein;
PA1  defect-sensing means including a plurality of differentially-wound pairs of
      detecting coils cooperatively arranged at circumferentially-spaced
      intervals around said core member for being operatively positioned
      immediately adjacent to said interior wall to simultaneously detect
      flux-leakage variations as well as eddy-current variations appearing
      thereon and caused by magnetically-anomalous defects in said incremental
      piping portion during the movement of said detecting coils therethrough;
      and
PA1  defect-responsive circuit means operatively coupled to said detecting coils
      and cooperatively arranged for providing first and second output signals
      in response to said flux-leakage variations and said eddy-current
      variations respectively.
NUM  2.
PAR  2. The pipe-inspection apparatus of claim 1 wherein each of said output
      coils is cooperatively arranged in a wall-engaging inspection shoe along
      with a respective pair of said detecting coils.
NUM  3.
PAR  3. The pipe-inspection apparatus of claim 1 wherein the arithmetical
      product of said cross-sectional metal area and relative magnetic
      permeability of said core member is at least twice the arithmetical
      product of said known piping metal area and piping permeability.
NUM  4.
PAR  4. The pipe-inspection apparatus of claim 1 wherein said relative magnetic
      permeability of said core member is no more than about half of said known
      piping permeability.
NUM  5.
PAR  5. The pipe-inspection apparatus of claim 1 further including:
PA1  a well-logging cable connected to said body and cooperatively arranged for
      moving said body between selected depth intervals in such a piping string;
      and
PA1  recording means coupled to said cable and cooperatively arranged for
      individually recording said first and second output signals as a function
      of the depth interval at which said output signals are obtained.
NUM  6.
PAR  6. The pipe-inspection apparatus of claim 5 wherein said defect-responsive
      circuit means are disposed within said body.
NUM  7.
PAR  7. The pipe-inspection apparatus of claim 1 wherein said defect-responsive
      circuit means further include first and second signal-differentiating
      means cooperatively coupled to each of said detecting coils and
      operatively arranged for providing said first and second output signals as
      a function of only the greatest ones of said flux-leakage variations and
      eddy-current variations respectively which are simultaneously detected at
      any given time by two or more of said detecting coils.
NUM  8.
PAR  8. The pipe-inspection apparatus of claim 7 further including:
PA1  a well-logging cable connected to said body and cooperatively arranged for
      moving said body between selected depth intervals in such a piping string;
      and
PA1  recording means coupled to said cable and cooperatively arranged for
      individually recording said first and second output signals as a function
      of the depth interval at which said output signals are obtained.
NUM  9.
PAR  9. The pipe-inspection apparatus of claim 8 wherein said defect-responsive
      circuit means are disposed within said body.
NUM  10.
PAR  10. The pipe-inspection apparatus of claim 1 further including:
PA1  an elongated non-magnetic member tandemly coupled to said body;
PA1  first and second induction coils coaxially wound around said non-magnetic
      member and longitudinally separated by a distance greater than said known
      internal piping diameter;
PA1  oscillator means cooperatively coupled to said first induction coil for
      inducing a voltage in said second induction coil having a phase
      relationship with respect to the output of said oscillator means which
      varies in proportion to the average wall thickness of said incremental
      piping portion disposed in the induction field between said induction
      coils; and
PA1  thickness-measuring circuit means cooperatively coupled to said induction
      coils for measuring variations in said phase relationship to provide
      additional output signals representative of said average wall thickness.
NUM  11.
PAR  11. The pipe-inspection apparatus of claim 10 wherein the arithmetical
      product of said cross-sectional metal area and relative magnetic
      permeability of said core member is at least twice the arithmetical
      product of said known piping metal area and piping permeability.
NUM  12.
PAR  12. The pipe-inspection apparatus of claim 10 wherein said relative
      magnetic permeability of said core member is no more than about half of
      said known piping permeability.
NUM  13.
PAR  13. The pipe-inspection apparatus of claim 10 further including:
PA1  a well-logging cable connected to said body and cooperatively arranged for
      moving said body through selected depth intervals in such a piping string;
      and
PA1  recording means coupled to said cable and cooperatively arranged for
      respectively recording said defect and thickness output signals as a
      function of the depth interval at which each of said output signals is
      obtained.
NUM  14.
PAR  14. The pipe-inspection apparatus of claim 13 further including:
PA1  signal-processing means cooperatively arranged between said cable and said
      recording means for momentarily delaying said output signals from one of
      said circuit means obtained at a given depth interval until said output
      signals from the other of said circuit means are obtained at said given
      depth interval.
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PAL  In apparatus in which an object moves longitudinally and rotationally with
      respect to a multi-probe assembly, each probe including a channel-shaped
      core of magnetic material having spaced sides which are long compared to
      the thickness thereof and a coil encircling the core, and bipolar signals
      are developed whose positive and negative excursions correspond to the
      largest flaw signal of each polarity simultaneously occurring in the
      probes, the probes of the assembly are arranged in succession along the
      longitudinal path of travel of the object and skewed with respect to the
      longitudinal path of travel with an end of one probe adjacent the end of
      the next probe to yield flaw indications for longitudinal defects which
      are largely dependent on the depth of the flaw and independent of its
      length. Accordingly such indications are approximately the same as for
      short defects of the same depth, thereby yielding indications more nearly
      corresponding to the severity of the defects. Two or more probe assemblies
      with the same skew direction may be employed to increase the speed of
      inspection. If helical flaws of opposite pitch can be present, two probe
      assemblies of opposite skew directions can be employed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In application Ser. No. 367,883 filed June 7, 1973 by Mansson et al., now
      U.S. Pat. No. 3,854,085 non-destructive testing apparatus of the magnetic
      flux leakage type is disclosed in which a plurality of electromagnetic
      pickups or probes simultaneously scan different portions of an object
      passing thereby. Each probe produces a flaw signal having positive and
      negative excursions, and is preferably a core of magnetic material having
      spaced legs with a coil wound around the core. The probe outputs are
      amplified and the positive and negative portions separately rectified and
      combined to yield positive and negative signals corresponding to the
      largest signal of each polarity simultaneously occurring in the probes.
      These largest signals are added to yield bipolar signals having
      corresponding positive and negative excursions. The bipolar signals are
      then supplied to one or more processing channels for producing flaw
      indications.
PAR  In one embodiment a probe assembly having a plurality of
      longitudinally-spaced probes is mounted on a rotating head through which
      an object to be tested is passed, e.g. a tube or rod. A magnet on the head
      produces a transverse magnetic field across the object. Flaws in the
      object produce leakage flux which is sensed by one or more probes to
      produce a flaw indication. Two probe assemblies may be diametrically
      spaced on the rotating head to permit greater speed of travel of the
      object through the head.
PAR  In the specific embodiments of the aforesaid application the probes in a
      given assembly are in alignment. This has been found to give excellent
      results in detecting flaws in longitudinal weld seams in tubes, for
      example, with a high signal-to-noise ratio. Also, spiral defects can be
      detected for either direction of spiralling, although the signal amplitude
      may be smaller since a smaller portion of a probe will be effective at a
      given instant. Other types of flaws can also be detected.
PAR  Although capable of giving excellent results under appropriate operating
      conditions, it has been found that a long shallow longitudinal flaw may
      give an output signal having an amplitude equal or greater than that for a
      short deep flaw. In many cases short deep flaws may be more serious than
      long shallow flaws.
PAR  A primary object of the present invention is to provide flux-leakage test
      apparatus of the foregoing type in which the flaw signal amplitude is
      largely dependent on the depth of the flaw and independent of its length.
      Thus the signal amplitude corresponds more closely to the severity of the
      defect.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, one or more probe assemblies are employed
      in which the probes each include a channel-shaped core of magnetic
      material having spaced sides which are long compared to the thickness
      thereof and a coil encircling the core, and are arranged in succession
      along the longitudinal path of travel of an object to be tested and skewed
      with respect to the longitudinal path of travel, with an end of one probe
      adjacent an end of the next probe respectively. Preferably a side of one
      probe core is in approximate alignment with a side of the next probe core,
      in abutting relationship, and the other sides of the respective cores are
      on opposite sides of the aligned sides. Advantageously the sides of the
      cores are longer than the lateral spacing thereof, and the thickness of
      the bottoms of the legs is substantially less than the lateral spacing.
PAR  Desirably the relative longitudinal and rotational speeds of the object
      relative to the probe assembly, and the skew angles of the probes, are
      predetermined so that a point on the object passing the region of adjacent
      sides of two probes will pass the other sides of the probes inward from
      the ends thereof.
PAR  Two or more probe assemblies may be circumferentially spaced around the
      object to be detected, with the probes skewed in the same direction, so as
      to allow greater speed of travel of the object through the test head while
      preserving inspection of all points of the object. It is possible,
      although not common, for objects to have helical flaws of such pitch and
      direction as to escape detection by probe assemblies skewed in one
      direction. In such case, two probe assemblies skewed in opposite
      directions may be employed, with appropriate reduction in the speed of
      travel of the object through the head.
PAR  The skewing of the probes provides small localized detection regions for
      longitudinal flaws so that the resultant flaw signals have amplitudes
      which vary primarily with the flaw depth and are relatively independent of
      flaw length. Thus the signal amplitudes for longitudinal flaws of given
      depth are approximately the same as for short flaws of the same depth.
PAR  The flaw signals are combined in the same manner as described in the
      above-identified application, but the resultant flaw indications more
      nearly correspond to the severity of the defects.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a face view of a rotating flux-leakage testing head taken from
      the left of FIG. 2;
PAR  FIG. 2 is a cross-section taken along the line 2--2 of FIG. 1;
PAR  FIGS. 3a and 3b show a portion of the probe assemblies used in FIGS. 1 and
      2, with skew angles in opposite directions;
PAR  FIGS. 4 and 5 are end and side views of a preferred form of a probe;
PAR  FIG. 6 is a side view of another embodiment of a probe;
PAR  FIG. 7 is a schematic illustrating one path of travel of a defect relative
      to a probe assembly;
PAR  FIG. 8 illustrates effective zones of detecting longitudinal defects; and
PAR  FIG. 9 is a circuit diagram of processing circuits used with the apparatus
      of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  FIGS. 1 and 2 illustrate a rotating head arrangement using probe assemblies
      in accordance with the invention. A rotating head plate 11 is mounted for
      rotation on a stationary structure (not shown), such as the structure
      described in the above-identified application. An object to be tested,
      here shown as a tube 12, is fed longitudinally through a central opening
      in the head plate, as indicated by arrow 14. A permanent magnet structure
      produces a steady state magnetic field across the tube in the region under
      test. As here shown, pairs of half cylinders 15, 15' are mounted on the
      head plate 11 with pole pieces 16, 16' clamped therebetween. The pole
      pieces may be replaceable to permit testing objects of different diameter.
PAR  Two probe assemblies 17, 17' are mounted on support members 18, 18' by
      pairs of springs 19, 19'. The support members are adjustably mounted to
      permit testing different diameter objects. The mounting means need not be
      described in detail since it forms no part of the present invention. The
      probe assemblies 17, 17' have ramp ends to move the assemblies outward if
      struck by an entering object, and riding shoes 21 which maintain a small
      air gap between the probes and the object.
PAR  FIG. 3a shows a plurality of leakage flux probes 22 symmetrically arranged
      in succession along a line 23 parallel to the longitudinal path of travel
      14 (FIG. 2) of an object to be tested, and skewed with respect to line 23.
      The probes may be potted in suitable material to form the probe assembly
      17 of FIG. 2. FIG. 3b shows the probes skewed in the opposite direction.
      The choice of direction will be discussed later.
PAR  FIGS. 4 and 5 show a presently preferred form of probe. A channel-shaped
      core 24 of magnetic material such as mumetal is formed with a U-shape
      cross-section to provide a pair of spaced rectangular sides 25, 25' which
      are long (dimension l) compared to the thickness t thereof. Preferably the
      sides are substantially longer than the spacing s therebetween and the
      thickness at the bottoms of the sides is substantially less than the
      spacing. A coil 26 is wound around the center top portion of the core. For
      protection, and to provide a smooth ride, a non-magnetic rod 27 such as
      carbide may be secured between the sides of the core and extends slightly
      therebelow.
PAR  As an example, and not by way of limitation, in one embodiment the core was
      formed of mumetal 0.021 inch thick, with a length l of about 0.5 inch and
      width w about 0.167 inch. The depth d of the sides was about 0.25 inch.
      Twelve such probes, with a skew angle of about 18.degree., were employed,
      yielding an effective test length of about 63. inch. Skew angles of
      16.degree. have also been employed.
PAR  FIG. 6 shows a probe in which sides 28 have a trapezoidal shape, as
      described in the above-identified application. With the probes aligned,
      this allows close spacing of the cores while allowing room for the coils.
      Although usable in the skewed arrangement of the present invention, the
      skewing allows close spacing of probe cores using the rectangular sides of
      FIG. 5, since the coils are offset as shown in FIGS. 3a, b. The
      rectangular sides yield more uniform response to defects or flaws passing
      close to the ends of the core.
PAR  As explained in the above-identified application, a flaw passing the two
      sides of a probe in succession will produce successive positive and
      negative signal excursions in the associated coil, or vice versa,
      depending on the direction of coil winding and its circuit connections. In
      FIGS. 3a and 3b a side of one core is in alignment with a side of the next
      core, and the other sides of the respective cores are on opposite sides of
      the aligned sides. Thus in FIG. 3a sides 25' and 25 of probes 22-1 and
      22-2 are in alignment, and sides 25 and 25' of the respective probes are
      on opposite sides. With the aligned sides abutting as shown, no flaws can
      pass by the assembly without passing over at least one core side.
PAR  However, as shown in FIG. 7, it is possible for a small flaw to pass over
      the junction 29 between the abutting sides of adjacent probes. Here line
      31 represents the path of travel of flaw 32 relative to the probes. The
      path will actually be helical with constant longitudinal and rotational
      speeds. In FIG. 7 the size of the probes relative to object 12 has been
      exaggerated for clarity, and the path of travel of the flaw at the probes
      is approximately straight.
PAR  When flaw 32 passes point 29, with similar coil winding directions and
      connections, signals of equal amplitude and opposite polarity will be
      generated in the coils of probes 22-2 and 22-3, and will cancel out in the
      associated circuitry described hereinafter in connection with FIG. 9.
      However, as flaw 32 passes points 33 and 34 in succession, signals of
      opposite polarity will be produced in the respective probe coils and
      produce a flaw signal. To insure substantially full amplitude signals, it
      is preferred to select the relative longitudinal and rotational speeds of
      the object, and the probe skew angles, so that a point on the object (e.g.
      flaw 32) which passes the region of adjacent sides of two probes (e.g.
      point 29) will pass the other sides of the probes inward from the ends of
      the probes (e.g. points 33 and 34). In mathematical terms, the helix angle
      .alpha. of the path of a point on the object with respect to the probe
      assembly is less than the angle .beta., which is the complement of the
      skew angle .theta..
PAR  The aligned abutting arrangement shown is preferred. However, some spacing
      or overlapping of the adjacent ends of core sides 25 and 25' may be
      usable. With a small space between the ends, flaws passing over the region
      of a space may produce signals at the other sides of the cores, as
      explained in connection with points 33 and 34, with proper choice of
      longitudinal and rotational speeds. With some overlapping, the no signal
      area such as at point 29 will be increased, and the overall length of the
      assembly decreased under otherwise similar conditions.
PAR  Ordinarily the direction of probe skewing shown in FIGS. 3a and 3b will be
      the same in both probe assemblies 17, 17' of FIG. 2, with respect to the
      object, so as to allow a higher speed of travel of the object through the
      test head than with one assembly while preserving inspection of all points
      of the object. The direction of skewing will depend on the directions of
      longitudinal and rotational movements of the object relative to the
      probes, as will be understood from FIG. 7.
PAR  Occasionally objects may have helical flaws. If the helix angle is small,
      the flaw may be detected similarly to a longitudinal flaw as will be
      explained in connection with FIG. 8. It is possible, although perhaps
      rare, for such flaws to have helix angles equal or near the angle at which
      a point on the object passes the probe assembly. If the direction of
      travel of the flaw is similar to path 31, the leading and trailing ends of
      the flaw, or variations in the flaw, will produce flaw signals. However,
      if the flaw spirals in the opposite direction as it passes the probe
      assembly it is possible for it to pass through the test head without
      detection. For example, assume a helical flaw such as shown at 35, or a
      short flaw of the same angle, passing the junction point 36 between probes
      22-3 and 22-4 at or near the flaw angle. If the flaw angle is exactly
      equal to the angle of travel of a point on the object past the probe
      assembly, the flaw will intersect the probe assembly only at point 36 and
      no flaw signal will be generated. If not exactly equal, the flaw may
      intersect only one side of probe 22-3 or 22-4, thereby generating only a
      unipolar signal. In such case the probes of the two assemblies 17 and 17'
      in FIG. 2 may be skewed in opposite directions as illustrated in FIGS. 3a
      and 3b, so that helical flaws traveling in either direction past the test
      head may be detected. The speed of travel of the object through the test
      head may be reduced to insure that all points on the object are inspected
      before leaving the test region.
PAR  Referring to FIG. 8, a long longitudinal flaw 41 is assumed. If probes 22-2
      and 22-3 were in alignment, the entire length of sides 25 and 25' would be
      effective to produce flaw signals. However, with the skewed probes only
      leakage flux in the restricted intersecting regions 42, 42' is effective
      to produce flaw signals of one polarity. As the probes rotate, similar
      regions of sides 25' will be effective to produce flaw signals of the
      opposite polarity. The amplitude of these signals will vary with the depth
      of the flaw, but will be largely independent of the flaw length. Thus the
      flaw signal amplitude will be similar to that for defect 32 in FIG. 7, if
      the flaw depth is the same. Stated differently, the output obtained for a
      small hole and a serious defect of considerable length is equalized,
      whereas the output for a small hole is much greater than that for a
      shallow defect of considerable length.
PAR  If the longitudinal flaw 41 varies in severity along its length, the
      signals at areas 42, 42' will be different in amplitude although occurring
      simultaneously. As later described in connection with FIG. 9, only the
      largest signal will be effective in producing a flaw indication. The same
      will be true when sides 25' of the probe cores become effective. To this
      end, the coils of the probes are wound in the same direction and connected
      to similar input terminals of the respective amplifiers.
PAR  Referring to FIG. 9, this circuit is the same as in FIG. 8 of the
      above-identified application, and the same numerals are used here, except
      for the designation of the probe coils. The description will be
      abbreviated, since reference may be made to that application for greater
      detail.
PAR  Probe coils 25-1, 26-2 . . . 26-n represent the number of probes used in a
      given application. The output of probe 26-1 is amplified in 61 and the
      flaw signal output indicated at 63 is supplied to a pair of oppositely
      poled rectifiers, here shown as diodes 64, 65. The circuits for the other
      probes are the same.
PAR  Positively-poled diodes 64 from all the probe channels are connected
      together by line 68, and negatively-poled diodes 65 by line 69. Each set
      of diodes is returned to reference line 62 through respective resistors
      71, 72. Thus the diodes 64, 65 act as negative and positive signal
      clippers, yielding positive signal portions in line 68 as indicated at 73,
      and negative signal portions in line 69 as indicated at 74.
PAR  The circuit functions to produce in lines 68, 69 only the largest positive
      and negative signals simultaneously applied to respective sets of diodes,
      and all diodes except those passing these largest signals are back-biased
      so that they become essentially open circuits and do not contribute noise
      in the connecting lines or present any load on the conducting diodes. As
      the probes produce flaw signals occurring at different instants in time,
      only the largest positive signal occurring at any one instant will be
      passed, and only the largest negative signal occurring at any one instant
      will be passed, with time differences the same as their original time
      differences.
PAR  The signals in lines 68, 69 are supplied to transistors 75, 76 forming an
      adder circuit. The transistors are connected as emitter followers with
      respective output resistors 77, 78 connected together. The adder circuit
      combines the largest positive and negative signals occurring at
      corresponding instants in lines 68, 69 to form a bipolar signal 79 at the
      junction point 80. As positive and negative signals occur in lines 68, 69
      at different instants in time, they are added to a zero voltage base to
      form corresponding bipolar signals. These bipolar signals are usually
      found to be approximately single sinusoidal cycles, or at least contain
      fairly strong sinusoidal components, thereby enabling useful filtering as
      will be described later.
PAR  Depending on the position of a flaw with respect to the probe sides, or a
      plurality of flaws producing simultaneous signals, the positive and
      negative excursions of the resultant bipolar signal at point 80 may be
      approximately equal as shown at 79, or the amplitudes of the positive and
      negative excursions may be unequal. In some cases the peaks may be more
      widely separated. Subsequent circuits will commonly include capacitor
      couplings which will eliminate the DC components, for example as shown at
      90, 90', so that the waveforms will contain substantial sinusoidal
      components.
PAR  As described in the above-identified application, all components to the
      left of line 84 may be carried on the rotating head of the test equipment,
      and the added signals at point 80 supplied through a slip ring indicated
      by the symbol 81 to a connection 82 on stationary mounting means for the
      head.
PAR  Plus and minus voltages for the amplifiers may be supplied through slip
      rings indicated by symbols 85, 86 to the rotating head, and a virtual
      ground for line 62 developed by resistors 87, 87' and Zener diodes 88,
      88'. If desired, an additional slip ring could be employed to connect line
      62 to ground.
PAR  Flaw signals at point 82 may be supplied to one or more processing channels
      for indication, including recording and sorting as desired. Here, all
      signals are supplied to two independent processing channels to enable
      separation of O.D. and I.D. flaws.
PAR  Each channel includes an attenuator 91, 91' for adjusting the sensitivity.
      The upper channel includes a bandpass filter 92 covering the band of
      frequencies expected to be produced by O.D. flaws. The lower channel
      includes a bandpass filter 93 covering the band of frequencies expected to
      be produced by I.D. flaws. Each bandpass filter may be designed to provide
      several selectable bandpass regions to meet the requirements of different
      applications. Low pass filters 94, 94' may be provided to eliminate high
      frequency transients unrelated to or not necessary for flaw detection. The
      resultant flaw signals are amplified in 95, 95' and supplied to the
      vertical deflection circuits of oscilloscopes 96, 96'. Suitable horizontal
      sweeps are supplied to the oscilloscopes from 97. Thus O.D. and I.D. flaws
      may be separately observed.
PAR  The outputs of amplifiers 95, 95' may be supplied to recording and
      indicating circuits 98, 98' in accordance with conventional practice, and
      these circuits may include threshold circuits actuating an alarm, marker
      or segregator whenever either the positive or negative portions exceed a
      predetermined value.
PAR  As will be understood from the foregoing, with the skewed probe arrangement
      of the present invention the flaw signals developed by the circuit of FIG.
      9 will more nearly correspond to the severity of flaws, whether long or
      short, which is advantageous in many practical applications.
PAR  The invention has been described in connection with specific embodiments
      thereof. It will be understood that changes may be made in the specific
      configurations, as deemed desirable to meet the requirements of a
      particular application.
CLMS
STM  We claim:
NUM  1.
PAR  1. Multi-probe flux leakage testing apparatus for detecting flaws in an
      object relatively moving longitudinally and rotationally with respect to
      the probes which comprises
PA1  a. means for producing a steady state magnetic field in said object in the
      test region thereof,
PA1  b. a plurality of leakage-flux probes for producing respective signal
      outputs having positive and negative excursions corresponding to flaws
      passing thereby in said test region,
PA1  c. said probes each including a channel-shaped core of magnetic material of
      generally U-shaped cross-section and having spaced sides which are long
      compared to the thickness thereof and a coil encircling the core for
      producing said signal outputs,
PA1  d. said probes being arranged in succession along the longitudinal path of
      travel of a said object and skewed with respect to said longitudinal path
      of travel with an end of one probe adjacent an end of the next probe
      respectively,
PA1  e. means for rectifying and combining the positive portions of the signals
      from said probes and rectifying and combining the negative portions of the
      signals from said probes to yield positive and negative signals
      corresponding to the largest signal of each polarity simultaneously
      occurring in said probes,
PA1  f. adding means for adding said largest positive and negative signals to
      yield bipolar signals having corresponding positive and negative
      excursions,
PA1  g. and circuit means responsive to said bipolar signals for indicating
      flaws in a said object.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said channel-shaped cores are
      substantially longer than the spacing between the sides thereof and the
      thickness of the bottoms of the sides is substantially less than said
      spacing.
NUM  3.
PAR  3. Apparatus according to claim 1 in which at adjacent ends of said cores a
      side of one core is adjacent a side of the next core, and the other sides
      of the respective cores are on opposite sides of the core sides which are
      adjacent.
NUM  4.
PAR  4. Apparatus according to claim 3 in which the longitudinal and rotational
      speeds of an object to be tested relative to the probes, and the skew
      angles of the probes, are predetermined so that a point on the object
      passing the region of adjacent sides of two probes will pass the other
      sides of the probes inward from the ends thereof.
NUM  5.
PAR  5. Apparatus according to claim 1 in which a side of one core is in
      approximate alignment along the skew angle with a side of the next core,
      and the other sides of the respective cores are on opposite sides of the
      approximately aligned sides.
NUM  6.
PAR  6. Apparatus according to claim 5 in which said aligned sides substantially
      abut.
NUM  7.
PAR  7. Apparatus according to claim 1 including two circumferentially-spaced
      sets of said probes, the skewing of the probes of one of said sets being
      in the opposite direction to the skewing of the probes of the other of
      said sets with respect to said object.
NUM  8.
PAR  8. Multi-probe flux leakage testing apparatus for detecting flaws in an
      object relatively moving longitudinally and rotationally with respect to
      the probes which comprises
PA1  a. means for producing a steady state magnetic field in said object in the
      test region thereof,
PA1  b. a plurality of leakage-flux probes for producing respective signal
      outputs having positive and negative excursions corresponding to flaws
      passing thereby in said test region,
PA1  c. said probes each including a channel-shaped core of magnetic material of
      generally U-shaped cross-section and having spaced sides which are long
      compared to the thickness thereof and a coil encircling the core for
      producing said signal outputs,
PA1  d. said probes being symmetrically arranged in succession along a line
      parallel to the longitudinal path of travel of a said object and skewed
      with respect to said line with a side of one core in alignment along the
      skew angle with a side of the next core and with adjacent ends abutting,
      the other sides of the respective cores being on opposite sides of the
      aligned sides,
PA1  e. means for rectifying and combining the positive portions of the signals
      from said probes and rectifying and combining the negative portions of the
      signals from said probes to yield positive and negative signals
      corresponding to the largest signal of each polarity simultaneously
      occurring in said probes,
PA1  f. adding means for adding said largest positive and negative signals to
      yield bipolar signals having corresponding positive and negative
      excursions,
PA1  g. and circuit means responsive to said bipolar signals for indicating
      flaws in a said object.
NUM  9.
PAR  9. Apparatus according to claim 8 in which the longitudinal and rotational
      speeds of a said object relative to the probes, and the skew angles of the
      probes, are predetermined so that a point on the object passing the
      abutting region of sides of two cores will pass the other sides of the
      cores inward from the ends thereof.
NUM  10.
PAR  10. Apparatus according to claim 8 including two circumferentially-spaced
      sets of said probes, the skewing of the probes of one of said sets being
      in the opposite direction to the skewing of the probes of the other of
      said sets with respect to said object.
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ABST
PAL  A particle analyzer of the Coulter type has at least one sensing zone
      arrangement for generating a first train of particle pulses having a first
      number of particle pulses in response to passage through the sensing zone
      of a sample containing a plurality of particles to be counted. Generating
      circuitry is provided for generating a second train of particle pulses
      having a second number of particle pulses based upon a second sample
      containing a plurality of particles, or a hypothetical second sample. The
      second sample has a specific relationship to the first sample defined by
      one of either the first and second sample volume ratios, the first and
      second sample dilution ratio and the sensing zone volume ratio. Circuitry
      coupled to the first sensing zone arrangement and the generating circuitry
      is operative to mathematically change the first number of particle pulses
      and mathematically change the second number of particle pulses in the
      first and second trains of pulses respectively, and is further operative
      to combine the changed number of first and second pulses in accordance
      with a particular mathematical formula for providing an error corrected
      particle pulse count.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to patent application Ser. No. 238,079 filed
      Mar. 27, 1972, entitled "METHODS AND APPARATUSES FOR CORRECTING
      COINCIDENCE COUNT INACCURACIES IN A COULTER TYPE OF PARTICLE ANALYZER",
      which is hereby incorporated by reference into this application.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to particle counting apparatuses which provide a
      statistic correction to a detected train of particle derived count pulses,
      such that effective random coincidence inaccuracies of count do not induce
      ultimate counting error.
PAR  The particle counting apparatuses concerned employ particle sensing zones
      in which more than one particle might reside at any one time and thereby
      randomly generate a coincidence condition. This invention particularly is
      directed to, but not limited to the determination of nonelectrical
      properties, such as size and count of microscopic particles, by measuring
      electrical properties (Patent Office class 324-71NE).
PAR  Now well known in the art of electronic particle counting and analyzing is
      apparatus marketed primarily under the trademark "Coulter Counter". Such
      apparatus and portions thereof are disclosed in several U.S. Pat. Nos.,
      for example 2,656,508; 2,985,830; and 3,259,842 (each in class 324-71). A
      significantly important portion of such Coulter type of apparatus is the
      minute scanning aperture or scanning ambit or sensing zone relative to or
      through which are to pass and be detected single particles at a rate often
      well in excess of one thousand per second. Because of the physical
      parameters of the scanning aperture, and particle concentration, there
      frequently results the coincidence of two particles in the scanning ambit.
      As a result, there is effectively detected and counted only one particle,
      not two.
PAR  Although such primary form of coincidence loss of count is random in time,
      it follows a statistically ascertainable form from which curves, tables,
      and formulae are obtainable. A relatively simple one of such formulae is:
      N' = K N.sup.2 in which N'= the total number of coincidences, i.e., the
      required addend; k = a constant which relates primarily to the physical
      parameters of the scanning elements of the apparatus and N = the detected
      number of particles, the augend. Accordingly, the true or corrected count
      N.sub.0 will equal the sum of N+N'.
PAR  In the above noted copending U.S. application, Ser. No. 238,079, filed Mar.
      27, 1972, methods and apparatus are disclosed for correcting coincidence
      count inaccuracies in a Coulter type of particle analyzer. In the
      crossreferenced patent application, it is stated that an error corrected
      particle pulse count can be obtained using the formula;
EQU  N.sub.0 = N.sub.R + KNR.sup.2                              ( 1)
PAL  wherein N.sub.0 is the true or corrected count, N.sub.R is the raw count,
      and K is a constant which relates primarily to the physical parameters of
      the scanning elements of the apparatus. The copending application further
      states that two formulas such as formula (1) above can be simultaneously
      solved yielding an equation for N.sub.0 in terms of two related raw counts
      N.sub.1 and N.sub.2 only, thus eliminating K, a parameter which is
      difficult to ascertain. The equation for N.sub.0 , stated in terms of
      N.sub.1 and N.sub.2 only, is different for each way in which the two
      related counts N.sub.1 and N.sub.2 are developed. The two related counts
      are developed:
PAR  a. by passing a sample volume through different scanning apertures having a
      known difference in their critical volume relationship to obtain N.sub.1
      and N.sub.2 ;
PAR  b. by passing a sample volume through different scanning apertures having
      the same critical volume and using one output as N.sub.1 and the sum of
      the outputs as N.sub.2 ;
PAR  c. by passing two different dilutions of known dilution relationship of the
      sample through a single scanning aperture to obtain N.sub.1 and N.sub.2 ;
PAR  d. by passing one sample through one scanning aperture to generate N.sub.1
      and, by use of delaying and adding N.sub.1 to itself, to form N.sub.2.
PAR  An equation for N.sub.0 stated in terms of N.sub.1 and N.sub.2 only, is
      given in the copending application for each of these ways of developing
      N.sub.1 and N.sub.2.
PAR  The raw counts N.sub.1 and N.sub.2 developed using one of the above noted
      methods are accumulated in accumulators. When the counts have been
      accumulated, the total counts are used in one of the equations in order to
      yield the true or corrected count.
PAR  The disadvantage with the above noted method and apparatus is that the true
      or corrected count cannot be obtained until after both raw counts N.sub.1
      and N.sub.2 have been completely accumulated. Furthermore, the equations
      used for obtaining the true count, and which are stated in terms of
      N.sub.1 and N.sub.2, are quite complicated. In order to quickly solve
      these equations the accumulated totals N.sub.1 and N.sub.2 must be fed to
      computational equipment such as a calculator or computer which can quickly
      compute the true or corrected count.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a particle counter
      of the Coulter type which continuously provides a total particle count
      compensated for coincidence error. Another object of this invention is to
      provide a particle counter of the Coulter type which does not require
      complex computational equipment such as a computer in order to provide a
      count which has been corrected for coincidence errors.
PAR  In practicing this invention a particle analyzer of the Coulter type is
      provided for automatically developing an error corrected pulse count in
      response to particle pulses which are subject to coincidence error. The
      particle counter includes at least one sensing zone arrangement for
      generating a first train of particle pulses, which includes a first number
      of particle pulses, in response to passage through the sensing zone of a
      first sample containing a plurality of particles to be counted. Generating
      circuitry will generate a second train of particle pulses, having a second
      number of particle pulses, based upon either a second sample containing a
      plurality of particles, or a hypothetical second sample containing a
      plurality of particles. The first and second samples have a specific
      relationship to one another defined by either the first and second sample
      volume, the first and second sample dilution ratio or the first and second
      sensing zone volume ratio. Electronic circuitry such as multiplier and
      divider circuitry are coupled to the first sensing zone arrangement and
      the generating circuitry for mathematically multiplying and dividing the
      first number of particle pulses in the first train, and the second number
      of particle pulses in the second pulse train. The electronic circuitry is
      further operative to combine the mathematically manipulated and changed
      first and second pulse trains, either by addition or subtraction of one of
      the first and second pulse trains from the other, in order to produce an
      error corrected particle pulse count. The multiplication, division,
      addition and subtraction performance by the electronic circuitry is
      determined in accordance with the solution of particular simultaneous
      equations.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic view illustrating the profile of one form of
      scanning wafer having particles passing through its aperture along three
      different paths, with the resulting electric pulses being shown adjacent
      the aperture profile;
PAR  FIG. 2 is a block diagram of a particle analyzer according to one embidment
      of the invention;
PAR  FIG. 3 is a block diagram of another embodiment of the invention;
PAR  FIG. 4 is a block diagram of a preferred embodiment of the invention; and
PAR  FIG. 5 is a plurality of graphs of representative particle pulses, for
      illustration of the invention according to the apparatus of FIG. 4.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As previously noted, a basic, well known equation for correcting
      coincidence count error in a Coulter type particle detector is:
EQU  N.sub.0 = N.sub.R + KN.sub.R.sup.2.                        (1)
PAL  Wherein N.sub.0 is the true or corrected count, N.sub.R is the raw count
      and K is a constant which relates primarily to the physical parameters of
      the scanning elements of the apparatus.
PAR  It has been found equally true or correct to start with the equation
EQU  N.sub.0 = N.sub.R (1 + KN.sub.0)                           (2)
PAL  where N.sub.0 and N.sub.R are the same as in equation (1), and K, although
      different in value from the K in equation (1), represents the same
      constant. This equation, although known for a number of years, was not
      used because N.sub.0 was required to derive N.sub.0. Equation (2) however
      can be solved for N.sub.0 as follows
EQU  N.sub.0 = N.sub.R /1-KN.sub.R = N.sub.R (1+KN.sub.R + K.sup.2 N.sub.R.sup.2
      + K.sup.3 N.sub.R.sup.3 +...)
PAL  Based upon long accumulated statistical data it is known that for all
      practical particle concentrations selected for passage through a Coulter
      type particle detector the quantity KN.sub.0 is much less than 1.
      Consequently, K.sup.2 N.sub.0.sup.2, and the remaining higher order terms
      in the above expansion can be neglected yielding
EQU  N.sub.0 = N.sub.R (1 + KN.sub.R)
PAL  This equation is identical to equation (1) except for a slightly different
      value of K. This clearly shows that equation (2) is as true or correct as
      equation (1). Now rewriting equation (2) to solve for N.sub.R we have
EQU  N.sub.R = N.sub.0 /1 + KN.sub.0 = N.sub.0 (1 - KN.sub.0 + K.sup.2
      N.sub.0.sup.2 - K.sup.3 N.sub.0.sup.3 +...)               (3)
PAL  At this point, based upon long accumulated statistical data and
      information, it is known that for all practical particle concentrations
      selected for passage through a Coulter type particle detector the quantity
      KN.sub.0 is much less than 1. Consequently, K.sup.2 N.sub.0.sup.2, and the
      remaining higher order terms in equation (3) can be neglected yielding the
      equation
EQU  N.sub.R = N.sub.0 - KN.sub.0.sup.2.                        (4)
PAR  Equation (4) states that the raw count is equal to the true count, minus a
      loss which is proportional to the square of the true count.
PAR  In FIG. 1, there is illustrated the sectional profile of a typical wafer 10
      in a Coulter Counter counting and sizing apparatus having an aperture 12
      therein. The structure is shown simply as a cylindrical bore with sharp
      edges 14 and 16. When aperture current is established by electrodes (not
      shown) on opposite sides of the wafer, electricity flows through the
      aperture from one side to the other, as for example from the left side to
      the right. The wafer 10 bearing the aperture 12 is immersed in the sample
      fluid or electrolyte, but no symbols are used to illustrate this in order
      to keep the view simple. As the electric current passes through the
      liquid, the electric current density within and adjacent the aperture is
      different than it is throughout other parts of the bodies of fluid through
      which the current passes. In the aperture itself, the electric current
      density will vary from location to location. The current density at the
      corners 14 and 16 will be much greater than anywhere elese.
PAR  Some of the isopotential lines representing the current density are
      illustrated in FIG. 1. These lines are shown to be perpendicular at every
      point where they touch the outer surface of the wafer 10, being transverse
      of the bore 12 at 18, slightly bulging out at the ends 20, and being quite
      arcuate at the outer surface of the bulge 22. Taken as a whole, the volume
      of fluid which is within as well as close to the physical limits of the
      aperture defines a volume that is effected by the concentration or degree
      of density of the electric current so as to define a "scanning ambit" or
      critical volume C.V. through which passing particles cause a resistive
      change and generate detectable pulses. Although the current density in the
      aperture 12 generally is greater than it is outside of the aperture, the
      current density is a maximum at the corners 14 and 16, where the electric
      current turns the corner, so to speak, to enter the aperture 12 and
      therefore, is greater than in the center of the aperture.
PAR  Digressing for a moment to further explain characteristics of pulses
      produced by passage of particles through aperture 12, consider now three
      particle paths A, B and C through the aperture from left to right along
      the broken lines shown in FIG. 1. The first particle A traverses
      approximately the center of the aperture with the physical stream of
      liquid and, as it passes from left to right through the influence of the
      increased current density, its maximum effect upon the resistance of the
      scanning ambit of the aperture is near the center of the aperture where
      the isopotential lines 18 are closest and parallel to each other.
      Considering the graph of the resulting electrical pulse, which may be
      assumed to have been made by some detecting means as will be discussed
      with reference to FIGS. 2-4, the pulse is shown as A, its maximum
      amplitude AMP.A is in its center, and is proportional to the size of the
      particle A. The duration of the pulse is equal to the time which the
      particle was within the ambit of the aperture, that is, within its
      electrical influence. This is considerably more than L, the length of the
      aperture 12, since, as noted, there is a convex bulge of relatively high
      electric current density outside of the geometric confines of the
      aperture.
PAR  If all particles follow paths similar to the path A, or quite close to the
      center of the aperture 12, then all of the resulting pulses would have the
      appearance of the pulse A, differing only in amplitude, which would be
      particle size related. It will be appreciated that the dimensions are
      exaggerated in the view to provide a better understanding of the theory of
      the discussion. The total duration of the pulse is commonly of the order
      of 20 to 40 microseconds.
PAR  All particles do not pass through the aperture 12 along paths similar to
      path A. Some approach along paths considerably displaced from the axis of
      the physical stream of liquid and are drawn into the aperture just before
      the stream enters the entrance to the aperture 12, as the path C, or even
      closer to the entrance, as the path B. Moreover, more than one particle
      can reside within and move through the scanning ambit at the same time or
      at least in overlapping times. For purposes of this discussion and the
      waveforms illustrated in FIG. 1, the particles A and B which traverse the
      paths A and B are to be assumed to be identical in size; whereas the
      particle C is twice that size and normally should have an amplitude AMP.C
      twice that of AMP.A, if it and particle A were to pass along the path A at
      different times. However, as the particle B moves through the ambit of the
      aperture 12, it passes close to the corner 14, where the current density
      is a maximum, and the effect is as though the resistance of the aperture
      12 is increased at that point. Accordingly, there will be a peak 24 of
      amplitude AMP.B at the beginning of the pulse B.
PAR  As the particle B enters the aperture 12, it moves into the influence of
      the electric current region 18, where the density is quite uniform so that
      the corresponding amplitude of the pulse B will be that of AMP.A as shown
      in its part 26. As the particle B along the path B leaves the aperture 12,
      it passes close to the corner 16 through a region of high current density
      and, therefore, another peak 28 is generated, which would be larger than
      the part of the pulse indicated at 26.
PAR  The particle C, which is twice the size of particle A or B and therefore
      equal to the sum of their volumes, is shown traversing the path C, which
      produces the pulse C having a peak amplitude 30 which, while not twice
      that of the AMP.B of the peak 24 is more than twice AMP.A. The top of the
      pulse C is neither a smooth curved dome as that of pulse A, nor distinctly
      dual peaked, as in pulse B, nor are any of the pulses flat topped; hence,
      there is no single profile which can be used easily to distinguish a
      particle pulse generated by a single particle from a resulting waveform
      generated by the coincidence of two or more particles in the aperture
      ambit. This conclusion holds true, even though the pulse A profile is the
      most desirable, since coincident derived waveforms can have the profile of
      pulse A as well as pulse B or C, as next will be detailed with respect to
      the waveform A+B and also is developed with reference to waveforms in FIG.
      5. Again it is to be understood that the above explanation is a digression
      providing background and understanding for problems associated with this
      invention.
PAR  If the particles A and B were to traverse the aperture ambit at the same
      time along their respective paths A and B, there would result the
      generation of a waveform or pulse A+B as shown in FIG. 1. Such pulse would
      be the point by point sum of the pulses A and B, as if plotted in a
      superimposed, well known manner. The striking similarity between the pulse
      C and the pulse A+B, though somewhat unique, leaves no doubt in the fact
      that two particles can and do create the electronic pulse image of only
      one particle even though of different size. Thus, in counting and size
      distribution studies accomplished by a Coulter Counter there will develop
      a loss of one particle count each time a pulse A+B is generated by the
      time coincidence of particles in the aperture.
PAR  The passage of the particles A and B need not be simultaneous to create a
      coincidence count loss. If two particles are slightly separated in time,
      there will be formed a dual peaked pulse, similar to the pulse B.
      Unfortunately, unless the valley 26 between the peaks 24 and 28 of a
      profile like pulse B is low enough to cross a low threshold, or the slopes
      are otherwise distinguishable, a simple threshold circuit is unable to
      distinguish between a pulse B derived from one or two particles and will
      report only one particle count; hence, a coincidence loss of one count.
PAR  With reference to equations (2) to (4), if the critical volume, C. V., or
      the scanning constant, K, could be ascertained, then the problem of
      coincidence errors would be resolved more easily and accurately than
      heretofor. Such is the goal of the method and apparatus according to FIGS.
      2-4, which eliminates K and C.V. as unknowns.
PAR  With reference to FIG. 2, consider an arrangement in which a common source
      of particle sample 32 feeds into two aperture arrangements 34, 36, which
      respectively, apply their output pulses to amplifiers 38, 40, and
      threshold circuits 42, 44. Details of plural aperture setups are disclosed
      in U.S. Pat. Nos. 3,444,463, 3,444,464 and 3,549,994 (class 324-71). It is
      to be assumed herein that the aperture blocks contain not only the
      aperture wafer 10 and aperture 12, but also the aperture tubes, beakers,
      sample moving and measuring structures, electrodes, etc., all well known
      and disclosed in the patents cited herein.
PAR  If the particle analyzer is other than of the Coulter type, the blocks 34
      and 36 will contain their appropriate sensing zone arrangements. Hence,
      the term aperture as used herein is not limiting.
PAR  For the first embodiment of the invention, consider the sensing zones or
      apertures in the blocks 34 and 36 of FIG. 2 to be of different volumes,
      with the aperture of 36 to be twice the critical volume of the aperture of
      34. By substitution into equation (4):
EQU  N.sub.1 = (1 - K.sub.1 N.sub.0) and                        (5)
EQU  N.sub.2 = (1 - K.sub.2 N.sub.0)N.sub.0,                    (6)
PAL  wherein the uncorrected or raw count N.sub.R from the apertures 34 and 36
      are, respectively N.sub.1 and N.sub.2, and their scanning constants are
      K.sub.1 and K.sub.2, respectively. Since we have chosen the ratio of their
      aperture volumes to be 1:2, for example, then 2K.sub.1 = K.sub.2. By
      substitution into (5) and (6):
EQU  N.sub.1 = (1 - K.sub.1 N.sub.0) N.sub.0 and                (7)
EQU  N.sub.2 = (1 - 2K.sub.1 N.sub.0) N.sub.0                   (8)
PAL  and by solving these simultaneous equations for N.sub.0.
EQU  N.sub.0 = 2N.sub.1 - N.sub.2.                              (9)
PAR  Equation (9) does not contain any constants of calibration, nor does it
      depend upon knowledge of the critical volume per se. Furthermore, the
      mathematical function expressed by equation (9) can be easily implemented
      via electronic circuitry which can continuously process the particle
      pulses from the pulse trains representing the raw counts to provide a true
      or corrected count.
PAR  Referring again to FIG. 2, sample 32 when coupled to aperture 34 will cause
      a series of first pulses to be developed in response to passage of the
      particles in sample 32 through aperture 34. The series of first pulses
      forming a first pulse train and represented by N.sub.1, are coupled from
      aperture 34 to amplifier 38. Amplifier 38 devlops amplified first pulses
      in response to the first pulses from aperture 34 and couples these
      amplified first pulses to threshold circuit 42. Threshold circuit 42 is of
      a commonly known type such that when the input signal exceeds a
      predetermined level, an output signal will be developed. The fixed
      amplitude output signal will have a duration equal to the duration that
      the input signal exceeded the predetermined threshold. For convenience,
      the pulses developed by threshold circuit 42 will be identified as first
      pulses.
PAR  The first pulses developed by threshold circuit 42 are coupled to a
      multiplier circuit 46. Multiplier circuit 46 is a times 2 multiplier. That
      is, for every first pulse coupled to multiplier circuit 46, it will
      develop 2 first pulses at its output. Multiplier circuit 46 then performs
      the 2N.sub.1 function in equation (9).
PAR  The first pulses developed by multiplier circuit 46 are coupled to counter
      48. Counter 48 is an up-down counter. Each pulse coupled from multiplier
      circuit 46 will cause counter 48 to count up or in increasing numerical
      order, thereby accumulating or adding a continuous total amount of
      2N.sub.1.
PAR  Sample 32 when coupled to aperture 36 will cause a series of second pulses
      to be developed in response to passage of the particles in sample 32
      through aperture 36.
PAR  The series of second pulses, forming a second pulse train and represented
      by N.sub.2, are coupled from aperture 36 to amplifier 40. It is to be
      understood of course that appropriate aperture excitation current is used
      and amplifier 40 has sufficient gain to compensate exactly for the reduced
      sensitivity of the larger aperture. Amplifier 40 develops amplified second
      pulses in response to the second pulses from aperture 36 and couples these
      amplified second pulses to threshold circuit 44. Threshold circuit 44 is
      identical to threshold circuit 42 and, as described with reference to
      threshold circuit 42, will develop second pulses in response to the second
      pulses coupled to threshold circuit 42 which exceeds a predetermined
      amplitude.
PAR  The second pulses developed by threshold circuit 44 are coupled to a second
      input of counter 48. The second input of counter 48 is a down-count input.
      Each pulse coupled from threshold circuit 44 will cause counter 48 to
      count down or in decreasing numerical order thereby continuously
      subtracting N.sub.2 from the accumulated total in counter 48. The count
      shown by counter 48 at any particular instant in time is therefore the
      true or corrected count N.sub.0 shown in formula (9) if the flow rates
      through the two apertures are adjusted to be equal.
PAR  The count accumulated by counter 48 at any instant of time may be coupled
      to display device 50 which can be either a visual readout or a printer.
      Display device 50 can provide a continuous readout of the corrected
      accumulated total count, or can provide such a readout upon request.
PAR  It will be appreciated that the volume ratio determines the numeric
      multipliers in equation (9). If, for example, the ratio was 1:5 rather
      than 1:2, the multiplier 5 would replace the value of 2 such that 5K.sub.1
      = K.sub.2.
PAR  Notwithstanding the fact that the apertures 34 and 36 have two different
      critical volumes, the same amount of sample is to flow through each;
      hence, the true count of the particles passing therethrough should be the
      same for each aperture, were it not for the coincidence phenomenon, which
      operates differently upon the apertures because of their differences in
      C.V. and K.
PAR  In the embodiment described with reference to FIG. 2, there is the
      assumption that apertures having known relationships with respect to their
      critical volumes are obtainable; whereas, it is also a basic premise of
      the problem that the actual volume, and therefore the critical volume of
      an aperture is not easily ascertainable. The named assumption is not
      rendered impossible or even impractical by the named premise, since one
      does not have to ascertain the actual volumes to be able to empirically
      construct two apertures having a known ratio of their (unknown) volumes.
      Nevertheless, the use of two apertures and two parallel channels of
      components presents cost, space, maintenance and other considerations
      which would be reduced if only one aperture were needed. Such is
      accomplished in the next described embodiments of FIGS. 3 and 4.
PAR  With reference to FIG. 3, the aperture 34, amplifier 38, threshold circuit
      42, counter 48 and display device 50 can be the same as those same named
      elements of FIG. 2. In this embodiment, the sample input arrangement
      provides for two different dilutions of the same sample and of a known
      dilution ratio. The two dilutions only are diagrammmatically shown in two
      containers 32 and 64 and their method of formation can be by any manner by
      which their relative dilutions can be ascertained. For example, the sample
      32 can be analyzed and returned to the "container" 32 and there be diluted
      to become the sample 64.
PAR  For the description herein, it is assumed that the sample dilutions are
      1:2, with the sample 64 that produces the raw count N.sub.2 having been
      diluted by a factor of 2 from the sample 32 producing the raw count
      N.sub.1. Suitable fluid flow control means 66 will determine which sample
      is being received by the aperture at any time and will ensure that equal
      amounts of the samples flow.
PAR  Since the same aperture is employed for both dilutions, the same scanning
      constant, K, is found in equations (10) through (13). Also, since the true
      count N.sub.0 with respect to the sample 64 will be halved by the act of
      diluting the sample 64, the term N.sub.0 /2 will be employed in equation
      (11). By substitution into equation (4) again:
EQU  N.sub.1 = N.sub.0 - KN.sub.0.sup.2 ; and                   (10)
EQU  N.sub.2 = N.sub.0 /2 - K(N.sub.0 /2).sup.2 ;               (11)
PAL  by multiplication.
EQU  4N.sub.2 = 2N.sub.0 - KN.sub.0.sup.2.                      (12)
PAR  By subtraction of (10) from (11) and solving for N.sub.0 :
EQU  N.sub.0 = 4N.sub.2 - N.sub.1.                              (13)
PAR  The equation (13), just as equation (9), does not contain any constants of
      calibration, nor does it depend upon knowledge of the critical volume per
      se. The mathematical function expressed by equation (13) can be easily
      implemented via electronic circuitry which can continuously process the
      particle pulses from the pulse trains representing the raw counts to
      provide a true or corrected count.
PAR  Referring again to FIG. 3, in this example, the sample 64 that produces the
      raw count N.sub.2 will be coupled through fluid control means 66 to
      aperture 34 first. This is done because formula (13) subtracts a quantity
      N.sub.1 from a quantity 4N.sub.2. Assuming that N.sub.0 is a positive
      number, the count of 4N.sub.2 should be accumulated first, unless of
      course counter 48 in FIG. 3 is capable of accumulating negative numbers.
      For the purposes of this example, counter 48 will be assumed to be capable
      of accumulating only positive numbers.
PAR  Fluid flow control means 66 upon actuation to allow sample 64 to flow to
      aperture 34 will also actuate switch 68, thereby coupling threshold
      circuit 42 to multiplier circuit 70. Sample 64 when coupled to aperture 34
      will cause a series of second pulses to be devloped in response to passage
      of the particles in sample 64 through aperture 34. The series of second
      pulses, forming a second pulse train and represented by N.sub.2, are
      coupled from aperture 34 to amplifier 38. Amplifier 38 develops amplified
      second pulses in response to the second pulses from aperture 34 and
      couples these amplified second pulses to threshold circuit 42. Threshold
      circuit 42 operates as previously described with reference to FIG. 2 to
      develop second pulses which are coupled from threshold circuit 42 through
      switch 68 to multiplier circuit 70.
PAR  Multiplier circuit 70 is a times 4 multiplier. That is, for every second
      pulse coupled to multiplier circuit 70, it will develop four second pulses
      at its output. Multiplier circuit 70 then performs the 4N.sub.2 function
      in equation (13). The quadrupled second pulses developed by multiplier 70
      are coupled to counter 48 causing counter 48 to count up or in increasing
      numerical order thereby accumulating or adding a continuous total count of
      4N.sub.2.
PAR  When the entire sample 64 has been coupled through aperture 34, fluid flow
      control means 66 is switched to allow sample 32 to be coupled to aperture
      34. The switching of fluid flow control means 66 also causes switch 68 to
      couple the output of threshold circuit 42 to the second input of counter
      48.
PAR  Sample 32 when coupled through fluid flow control means 66 to aperture 34
      will cause the generation of a sequence of first pulses in response to
      passage of particles in sample 32 through aperture 34. The sequence of
      first pulses, forming a first pulse train and represented by N.sub.1, are
      coupled from aperture 34 to amplifier 38 where they are amplified and
      coupled to threshold circuit 42. Threshold circuit 42 develops first
      pulses at its output in response to first pulses at its input exceeding a
      predetermined threshold and couples these first pulses through switch 68
      to the second input of counter 48. Counter 48 will count down or in
      decreasing numerical order in response to each first pulse coupled
      thereto, thus subtracting N.sub.1 from the accumulated total of 4N.sub.2.
      At the completion of passage of the entire sample 32 through aperture 34,
      a total corrected count N.sub.0 will be counted by counter 48. This count
      may be coupled to display device 50 for display in any of the ways
      described with reference to FIG. 2.
PAR  Although the FIG. 3 embodiment is an improvement over the FIG. 2
      embodiments, as earlier discussed, it possesses certain drawbacks. If the
      time and equipment necessary for making two precise dilutions and passing
      equal amounts of sample, and the time for processing the two dilutions
      sequentially could be eliminated there would be provided yet another
      significant improvement over the basic invention; such is accomplished by
      the embodiment of FIG. 4, in which the components having the same
      reference numbers as those in FIG. 2 can be employed.
PAR  The process of the FIG. 4 embodiment operates upon the premise that a
      single sample 32 passing through only one aperture 34 can provide both of
      the raw counts N.sub.1 and N.sub.2. To accomplish such goal, one of the
      raw counts, N.sub.2, is created artificially from the same particle pulse
      train that generates the count N.sub.1. By using the same particle pulses
      for both N.sub.1 and N.sub.2, there will be less random variations between
      the two raw counts than if two apertures or two samples are employed.
      Effectively, the counts N.sub.1 and N.sub.2 represent two known dilutions
      with the stronger dilution being synthesized from the weaker dilution by
      an electronic delay device 72 and an adder circuit 74 being interposed
      between the aperture 34 and one threshold circuit 44 of the two parallel
      channel coupled threshold circuits.
PAR  As shown in FIGS. 4 and 5, output train N.sub.1 of particle pulses D
      through K from the Coulter type aperture 34 is fed through the amplifier
      36 to a junction point 76, from whence the entire train of particle pulses
      is applied on three separate paths to the threshold circuit 42, to the
      delay device 72, and directly to the adder circuit 74, the latter by an
      input line 78. The delayed train N.sub.1 ' of pulses D' through K' is
      applied from the delay circuit to the adder circuit by a line 80. The
      amount of delay is shown in FIG. 5 with reference to the time between the
      pulses F and F'. The delay duration can be arbitrarily chosen at almost
      any value greater than that which itself would create a coincidence error
      between a pulse and its own delayed counterpart, although it has been
      found that longer delay times, i.e., equal to or greater than the average
      spacing between particle pulses at higher particle concentrations, results
      in more accurate corrections.
PAR  Looking first at the train of pulses N.sub.1, for simplicity all are shown
      to exceed the low threshold level 42 and thus are assumed to originate
      from particles of interest. However, the twin peaked pulse K appears to
      represent the not quite simultaneous passage of two particles and the
      large amplitude pulse I might represent the simultaneous passage of two
      small particles through the aperture 34. As shown, with respect to the
      pulse train N.sub.2, the addition of N.sub.1 and N.sub.1 ' forms the
      individual and unaltered pulses D, E', F, F', G, H'. I, I', J, and K', as
      well as the combined pulses D' + E, G' + H, and J' + k, each of which can
      be accumulated as a single particle pulse when its trailing edge crosses
      the threshold 44. Hence pulses D' and E can be counted separately;
      whereas, the pulses G' + H and J' + K produce coincidence lost counts,
      with the pulse J'+K probably being a synthetic triplet, i. e., two lost
      counts. The fact that the random spacing between pulses G and H equaled
      the delay time, caused the sum of G' and H to form a simultaneous
      coincidence pulse G' + H situation, like that of the pulse A + B in FIG.
      1. Since the second pulse train and second pulse count N.sub.2 is a
      synthesized double concentration count of N.sub.1, the term 2N.sub.O will
      be employed in equation (15). By substitution into equation (4) again;
EQU   N.sub.1 =  N.sub.O (1 - KN.sub.0)                         (14);
PAL  and
EQU   N.sub.2 =  2N.sub.O (1 - 2KN.sub.O)                       (15);
PAL  by multiplication
EQU   N.sub.2 =  2NO - 4KN.sub.O.sup.2                          (16).
PAL  Multiplying equation (14) by four.
EQU   4N.sub.1 =  4N.sub.0 -  4KN.sub.0.sup.2                   (17).
PAL  Subtracting equation (16) from equation (17) and solving for N.sub.0.
EQU   N.sub.0 = 2N.sub.1 - N.sub.2 /2                           (18)
PAR  Equation (18) can be easily implemented via electronic circuitry which can
      continuously process the particle pulses from the pulse trains
      representing the raw counts N.sub.1 and N.sub.2 to provide a true or
      corrected count. For a detailed discussion of the circuitry used to
      implement equation (18) reference is made to FIG. 4 and the following
      explanation.
PAR  Sample 32 when coupled to aperture 34 will cause a series of first pulses
      to be developed in response to passage of the particles in sample 32
      through aperture 34. The series of first pulses, forming a first pulse
      train and identified by N.sub.1, are coupled from aperture 34 to amplifier
      36. Amplifier 36 amplifies the first pulses and couples them along three
      paths as previously explained. The amplified first pulses are coupled to
      threshold circuit 42. The second pulses in a second train synthesized as
      previously described by delay line 72 and adder 74, are coupled from adder
      circuit 74 to threshold circuit 44.
PAR  Threshold circuit 42 develops first pulses in response to the first pulses
      coupled thereto which exceed a predetermined amplitude, as described with
      reference to the circuit shown in FIG. 2. The first pulses developed by
      threshold circuit 42 are coupled to multiplier circuit 46 which is
      identical to multiplier circuit 46 shown and described with reference to
      FIG. 2. Although it is assumed that a times 2 multiplier circuit such as
      designated by multiplier circuit 46 is commonly known to those skilled in
      the art, a more detailed block diagram of the components making up such a
      multiplier is shown in FIG. 4.
PAR  Referring to times 2 multiplier 46, the first pulses coupled to multiplier
      circuit 46 are coupled to monostable multivibrator 84, which, in the
      preferred embodiment, may be a device commonly known in the art as a
      "one-shot". Monostable multivibrator 84 in response to each first pulse
      will develop an output pulse of predetermined amplitude and duration. In
      the preferred embodiment, monostable multivibrator 84 is a fast one-shot
      which develops a pulse of very short duration. The pulse developed by the
      monostable multivibrator 84 is coupled directly to one input of OR gate 86
      via conductor 88, and to trailing edge detector 90. Trailing edge detector
      90 responds to the termination of the pulse from monostable multivibrator
      84, and particularly the trailing edge of the pulse from monostable
      multivibrator 84 to develop a pulse which is coupled to monostable
      multivibrator 92. Monostable 92 is identical to monostable 84 and will
      develop a pulse which is coupled to trailing edge detector 94. Trailing
      edge detector 94 is identical to trailing edge detector 90 and will
      develop a pulse in response to the trailing edge of the pulse from
      monostable 92 which is coupled to monostable multivibrator 96. Monostable
      multivibrator 96 is identical to monostables 84 and 92 and will develop a
      pulse which is coupled to the second input of OR gate 86. The purpose of
      trailing edge detectors 90 and 94, and monostables 92 and 96 is to develop
      a second pulse, identical to the pulse developed by monostable 84, but
      delayed in time such that it will not overlap any portion of the pulse
      developed by monostable multivibrator 84. The two pulses coupled to the
      inputs of OR gate 86 will cause OR gate 86 to actuate and develop 2 pulses
      at its output. For every first pulse coupled to the input of multiplier
      circuit 46, two first pulses are coupled from the output of multiplier
      circuit 46 to counter 48. The two first pulses developed by multiplier
      circuit 46 are counted by counter 48 as described with reference to FIG. 2
      thereby adding or accumulating a continuous count of 2N.sub.1.
PAR  The second pulses in the second pulse train represented by N.sub.2 are
      coupled from adder circuit 74 to threshold circuit 44. Threshold circuit
      44 will develop second pulses in response to the second pulses coupled
      thereto which exceed a predetermined amplitude and couple these second
      pulses to divide by two circuit 100.
PAR  The second pulses coupled to divide by two circuit 100 are coupled to
      bistable multivibrator 102, which, in the preferred embodiment, is a
      bistable device of the type commonly referred to as a flip-flop. Bistable
      102 will switch from a first to a second state in response to this second
      pulse. It will switch from the second back to the first state in response
      to a succeeding second pulse. The pulses developed by bistable 102 are
      coupled to trailing edge detector 104 which develops an output pulse in
      response to the trailing edge of each pulse developed by bistable 102. The
      output pulse developed by trailing edge detector 104 is coupled to
      monostable multivibrator 106. Monostable multivibrator 106 is identical to
      monostables 84, 92 and 96, and will develop an output pulse of
      predetermined amplitude and duration in response to each pulse from
      trailing edge detector 104. The output then of divide by two circuit 100,
      which has also the output of monostable 106 produces one-half the number
      of second pulses as are coupled to the input of divide by two circuit 100.
      Divide by two circuit 100 then performs the N.sub.2 /2 function in
      equation (18).
PAR  The second pulses developed by divide by two circuit 100 are coupled to the
      second input of counter 48. These pulses cause counter 48 to count down or
      in decreasing numerical order thereby subtracting the quantity N.sub.2 /2
      from the quantity 2N.sub.1 in order to yield the true or corrected count
      N.sub.0 as shown in formula (18). The count developed by counter 48 may be
      coupled to display device 50 for display in any manner previously
      described.
PAR  Although several specific formulas for N.sub.0 have been presented
      hereinabove for various N.sub.1 and N.sub.2 origins and relationships, it
      is possible that other equally valid formulas for N.sub.0 can be developed
      and then be applied with satisfactory results according to the apparatus
      of the invention claimed herein. Accordingly, the specific formulas are
      only examples of a broader or generic group of mathematic function
      relationships between N.sub.1 and N.sub.2 which can be employed within the
      scope of the invention.
PAR  Furthermore, it will be recognized by those skilled in the art that,
      although the invention is described in connection with the Coulter type of
      particle analyzer, it will apply equally well to any particle-counting
      apparatus which employs a sensing zone, whether this sensing zone is
      energized by an electric field, as in the Coulter Counter, or by light,
      acoustic energy, or a magnetic field.
CLMS
STM  What is sought to be protected by United States Letters Patent is claimed:
NUM  1.
PAR  1. In a particle analyzer subject to coincidence errors in counting
      particle pulses, the combination including:
PA1  a first sensing zone arrangement for generating a first train of particle
      pulses having a first number of particle pulses in response to passage
      through said sensing zone of a sample containing a plurality of particles
      to be counted,
PA1  generating means for generating a second train of particle pulses having a
      second number of particle pulses and having a specific relationship to
      said first train of particle pulses defined by one of the sample volume,
      sample dilution and sensing zone volume for said first sensing zone
      arrangement, and
PA1  circuit means coupled to said first sensing zone arrangement and said
      generating means, for mathematically changing at least one of said first
      number of particle pulses in said first train of pulses and said second
      number of particle pulses in said second train of pulses, and second
      circuit means coupled to said first circuit means operative to accumulate
      said number of first and second particle pulses in said first and second
      trains of particle pulses for producing an error corrected particle pulse
      count.
NUM  2.
PAR  2. The particle counter according to claim 1 wherein said generating means
      includes a second sensing zone arrangement having a particular critical
      volume which has a known ratio to the critical volume of the first sensing
      zone arrangement, said second zone arrangement being operative to generate
      said second train of particle pulses in response to passage of a second
      sample containing a plurality of particles to be counted through said
      second sensing zone, said second sample having a volume equal to said
      first sample.
NUM  3.
PAR  3. The particle analyzer according to claim 1 wherein said generating means
      is coupled to said first sensing zone arrangement and operative to
      generate said second train of particle pulses in response to passage
      through said first sensing zone of a second sample containing a plurality
      of particles to be counted, said second sample having a known dilution
      ratio with respect to said first sample and a volume equal to said first
      sample.
NUM  4.
PAR  4. The particle analyzer according to claim 1 wherein said generating means
      includes,
PA1  delay circuit means coupled to said first sensing zone arrangement and
      operative in response to said first train of particle pulses to develop a
      time delayed first train of particle pulses, and
PA1  summing means coupled to said delay circuit means and said first sensing
      zone arrangement for summing said first train of particle pulses and said
      time delayed first train of particle pulses coupled thereto to develop
      said second train of particle pulses.
NUM  5.
PAR  5. In a particle analyzer subject to coincidence errors in counting
      particle pulses, the combination including:
PA1  a first sensing zone arrangement for generating a first train of particle
      pulses having a first number of particle pulses in response to passage
      through said sensing zone of a sample containing a plurality of particles
      to be counted,
PA1  generating means including a second sensing zone arrangement having a
      particular critical volume which has a known ratio to the critical volume
      of the first sensing zone arrangement, said second zone arrangement being
      operative to generate a second train of particle pulses in response to
      passage of a second sample containing a plurality of particles to be
      counted through said second sensing zone, said second sample having a
      volume equal to said first sample, and
PA1  circuit means coupled to said first sensing zone arrangement and said
      generating means, said circuit means being operative to mathematically
      change said first and second number of pulses and accumulate said first
      and second number of pulses in accordance with the equation
      ##EQU1##
      for producing an error corrected particle pulse count wherein N.sub.1 is
      the number of first particle pulses in said first pulse train, N.sub.2 is
      the number of second particle pulses in the second pulse train, a is the
      ratio of aperture size or aperture critical volume and N.sub.0 is the
      error corrected particle pulse count.
NUM  6.
PAR  6. The particle analyzer according to claim 5 wherein a, the ratio of
      aperture sizes or aperture critical volume is 2 and the equation is
EQU  2N.sub.1  - N.sub.2 = N.sub.O.
NUM  7.
PAR  7. The particle analyzer according to claim 6 wherein said circuit means
      includes
PA1  multiplier means coupled to said first sensing zone arrangement and
      operative to multiply said first number of particle pulses by a first
      particular number for producing said changed number of first particle
      pulses, and
PA1  combiner circuit means coupled to said multiplier means and said generating
      means for accumulating said number of first and second pulses for
      producing said error corrected particle pulse count.
NUM  8.
PAR  8. In a particle analyzer subject to coincidence errros in counting
      particle pulses, the combination including:
PA1  a first sensing zone arrangement for generating a first train of particle
      pulses having a first number of particle pulses in response to passage
      through said sensing zone of a sample containing a plurality of particles
      to be counted,
PA1  generating means coupled to said first sensing zone arrangement and
      operative to generate said second train of particle pulses in response to
      passage through said first sensing zone of a second sample containing a
      plurality of particles to be counted, said second sample having a known
      dilution ratio with respect to said first sample and a volume equal to
      said first sample, and
PA1  circuit means coupled to said first sensing zone arrangement and said
      generating means, said circuit means being operative to mathematically
      change said first and second number of pulses and accumulate said first
      and second number of pulses in accordance with the equation
      ##EQU2##
      for producing an error corrected particle pulse count wherein N.sub. 1 is
      the number of first particle pulses in said first train, N.sub.2 is the
      number of second particle pulses in the second pulse train, a is the ratio
      of dilution between the two samples and N.sub.0 is the error corrected
      particle pulse count.
NUM  9.
PAR  9. The particle analyzer according to claim 8 wherein a, the ratio of
      dilution between the first and second sample is 2, and the equation is
EQU  N.sub.0 = 4N.sub.2 - N.sub.1.
NUM  10.
PAR  10. The particle analyzer according to claim 9 wherein said circuit means
      includes,
PA1  multiplier means coupled to said generating means and operative to multiply
      said second number of particle pulses by a second particular number for
      producing said changed number of second pulses, and
PA1  combiner circuit means coupled to said multiplier means and said sensing
      zone arrangement for accumulating said number of first and second pulses
      for producing said error corrected particle pulse count.
NUM  11.
PAR  11. In a particular analyzer subject to coincidence errors in counting
      particle pulses, the combination including:
PA1  a first sensing zone arrangement for generating a first train of particle
      pulses having a first number of particle pulses in response to passage
      through said sensing zone of a sample containing a plurality of particles
      to be counted,
PA1  generating means including delay circuit means coupled to said first
      sensing zone arrangement and operative in response to said first train of
      particle pulses, summing means coupled to said delay circuit means and
      said first sensing zone arrangement for summing said first train of
      particle and said time delayed first train of particle pulses coupled
      thereto to develop said second train of particle pulses, and
PA1  circuit means coupled to said first sensing zone arrangement and said
      generating means, said circuit means being operative to mathematically
      change said first and second number of pulses and combine said changed
      first and second number of pulses in accordance with the equation
EQU  N.sub.0 = 2N.sub.1 - (N.sub.2 12)
PAL  for producing an error corrected particle pulse count,
PAL  wherein N.sub.1 is the number of first particle pulses in said first train,
      N.sub.2 is the number of second particle pulses in the second train and
      N.sub.0 is the error corrected particle pulse count.
NUM  12.
PAR  12. The particle analyzer of claim 11, wherein said circuit means includes,
PA1  first multiplier means coupled to said first sensing zone arrangement and
      operative to multiply said first number of particle pulses by a first
      particular number for producing said changed number of first pulses,
PA1  second multiplier means coupled to said generating means and operative to
      multiply said second number of particle pulses by a second particular
      number for producing said changed number of second pulses, and
PA1  combiner circuit means coupled to said first and second multiplier means
      for accumulating said changed number of first and second pulses for
      producing said error corrected particle pulse count.
NUM  13.
PAR  13. The particle counter according to claim 12 wherein said combiner
      circuit means is a counter, said counter counting in increasing numerical
      order in response to said changed number of first pulses and in decreasing
      numerical order in response to said changed number of second pulses.
NUM  14.
PAR  14. The particle counter according to claim 13 wherein said first
      multiplier means multiplies by 2 to produce 2 first pulses in response to
      each first pulse coupled thereto and said second multiplier means
      multiplies by one-half to produce 1 first pulse in response to every 2
      first pulses coupled thereto.
NUM  15.
PAR  15. In a particle analyzer subject to coincidence errors in counting
      particle pulses, the combination including:
PA1  a first sensing zone arrangement for generating a first train of particle
      pulses having a first number of particle pulses in response to passage
      through said sensing zone of a sample containing a plurality of particles
      to be counted,
PA1  generating means for generating a second train of particle pulses having a
      second number of particle pulses and having a specific relationship to
      said first train of particle pulses defined by one of the sample volume,
      sample dilution and sensing zone volume for said first sensing zone
      arrangement, and
PA1  circuit means coupled to said first sensing zone arrangement and said
      generating means, said circuit means being operative to mathematically
      change said first and second number of pulses and combine said changed
      first and second number of pulses in accordance with the equation
EQU  2N.sub.1 -(N.sub.2 /2) = N.sub.0
PAL  for producing an error corrected particle pulse count, wherein N.sub.1 is
      the number of first particle pulses in said first train, N.sub.2 is the
      number of second particle pulses in the second train and N.sub.0 is the
      error corrected particle pulse count.
NUM  16.
PAR  16. An apparatus for automatically developing an error corrected pulse
      count in response to first particle pulses which are subject to
      coincidence error including in combination:
PA1  receiving means for receiving the first particle pulses,
PA1  delay means coupled to said receiving means for delaying the first particle
      pulses,
PA1  summing means coupled to said delay means and said receiving means for
      summing the first particle pulses and the delayed first particle pulses to
      develop second particle pulses,
PA1  circuit means coupled to said summing means and said receiving means for
      mathematically changing at least one of the number of first pulses and the
      number of second pulses, and second circuit means coupled to said first
      circuit means operative to accumulate said number of first and second
      pulses for producing said error corrected pulse count.
NUM  17.
PAR  17. The apparatus according to claim 16 wherein said circuit means
      includes,
PA1  multiplier means coupled to said receiving means and operative to change
      the number of first pulses by developing a plurality of third pulses in
      response to each first pulse coupled thereto,
PA1  divider means coupled to said summing means and operative to change the
      number of second pulses by developing a fourth particle pulse in response
      to a plurality of said second particle pulses coupled thereto, and
PA1  said second circuit means include combiner circuit means coupled to said
      multiplier circuit means and said divider circuit means and operative to
      accumulate said third particle pulses and fourth particle pulses for
      producing said error corrected pulse count.
NUM  18.
PAR  18. The apparatus according to claim 17 wherein said combiner circuit means
      is a counter, said counter counting in increasing numerical order in
      response to said third particle pulses and in decreasing numerical order
      in response to said fourth particle pulses.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said multiplier means multiplies by
      two to produce 2 third pulses in response to each first pulse coupled
      thereto and said divider means divides by two to produce 1 fourth pulse in
      response to every 2 second pulses coupled thereto.
PATN
WKU  039406920
SRC  5
APN  4248155
APT  1
ART  252
APD  19731214
TTL  Apparatus for monitoring recurrent waveforms
ISD  19760224
NCL  33
ECL  1
EXA  Karlsen; Ernest F.
EXP  Rolinec; R. V.
NDR  11
NFG  13
INVT
NAM  Neilson; James McEwan McIntyre
CTY  Edinburgh
CNT  SC
ASSG
NAM  The University of Edinburgh
CTY  Edinburgh
CNT  SC
COD  13
ITX  A part interest
PRIR
CNT  UK
APD  19721215
APN  48106/72
CLAS
OCL  324 77R
XCL  128  206A
EDF  2
ICL  G01R 2316
FSC  324
FSS  77 R;77 B;77 D;102
FSC  128
FSS  2.06 F;2.05 T;2.06 R;2.06 A
UREF
PNO  3829766
ISD  19740800
NAM  Herz
OCL  324 77R
FREF
PNO  1,282,051
ISD  19720700
CNT  UK
OCL  324 77R
LREP
FRM  Woodhams, Blanchard and Flynn
ABST
PAL  A method and apparatus for monitoring recurrent waveforms such as
      electrocardiogram (e.c.g.) waveforms. The e.c.g. apparatus comprises
      integrators and stores for storing integrated segments of a normal,
      reference waveform complex. A timing circuit derives timing signals from
      the e.c.g. waveform to be monitored. The timing signals represent the time
      location of particular selected parts of the waveform which are to be
      compared with the corresponding parts of the stored waveform. The e.c.g.
      waveform is corrected by subtracting a version of the waveform after it
      has passed through a low pass filter from a delayed version. Corrected
      segments of the waveform are integrated and subtracted from the
      corresponding stored segments of the reference waveform to provide a
      difference signal and the difference signals are quantitatively summed. An
      output signal is produced if the total sum of the magnitudes of the
      difference signals exceeds a predetermined value to indicate an abnormal
      complex.
BSUM
PAR  The invention relates to a method of and apparatus for monitoring recurrent
      waveforms.
PAR  The invention has an important application in apparatus for monitoring
      electrocardiogram waveforms, hereinafter also referred to as e.c.g.
      waveforms.
PAR  It is frequently necessary to monitor such recurrent waveforms to detect
      abnormal complexes, for instance it is necessary to detect ventricular
      ectopic complexes in electrocardiogram waveforms. It is known that such
      complexes exhibit a difference in shape as compared with normal complexes.
      Such abnormal complexes are also referred to herein as "foreign"
      complexes.
PAR  In the complete specification of our British Pat. No. 1,282,051 there was
      disclosed a method of monitoring a recurrent waveform to detect abnormal
      waveform complexes comprising the steps of integrating successive segments
      of a waveform complex, determining the difference between the integrated
      value of each segment in the complex with the integrated value of a
      corresponding segment of a normal waveform complex to provide a difference
      signal, quantitatively summing the difference signals and producing a
      signal and/or record if the total sum of the difference signals exceed a
      predetermined value to indicate an abnormal complex.
PAR  There was also disclosed apparatus for monitoring recurrent waveforms to
      detect abnormal waveform complexes in said recurrent waveform comprising
      means for integrating successive segments of a waveform complex, means for
      determining the difference between the integrated value of each segment
      and that of the corresponding segment of a normal complex, means for
      adding the magnitudes of said differences irrespective of sign to
      determine the resultant difference, and means for indicating whether the
      magnitude of said resulting difference indicates an abnormal complex.
PAR  The present invention represents an improvement in or modification of the
      invention of our earlier patent.
PAR  According to the present invention in one aspect there is provided a method
      of monitoring a recurrent waveform to detect abnormal waveform complexes
      comprising the steps of integrating successive segments of a waveform
      complex, determining the difference between the integrated value of each
      segment in the complex with the integrated values of corresponding
      segments of (p + 1) different normal waveform complexes, where p is an
      integer to provide (p + 1) sets of difference signals, quantitatively
      summing the difference signals associated with each normal waveform and
      producing a signal and/or record to indicate an abnormal complex if the
      total sum of the magnitudes of the difference signals associated with a
      first normal waveform complex exceeds a first predetermined threshold
      level and the sums of the magnitudes of the p other difference signals are
      not less than a second predetermined threshold level for each of the p
      other normal waveform complexes.
PAR  The threshold levels may be the same or different. The threshold levels are
      adaptive in so far as they are derived from variables.
PAR  The method according to the first aspect may further comprise the step of
      producing a second signal and/or record if one of the sums of the
      magnitudes of the difference signals is less than its associated
      predetermined threshold level, the signal and/or record being arranged to
      indicate that the monitored waveform is a normal waveform and to which of
      the (p + 1) normal waveforms it corresponds.
PAR  Each threshold level may be derived from a voltage dependent upon the total
      area of the corresponding normal complex, the high frequency and low
      frequency contents of the signal to be monitored and a fixed, d.c. level.
PAR  Thus one criterion in the detection of an abnormal complex is the signal to
      noise ratio prevailing when the complex appears.
PAR  Preferably the difference between the integrated value of each segment in
      the complex of the waveform to be monitored and the corresponding segments
      of the (p + 1) normal waveforms is determined simultaneously.
PAR  In a development of the invention a signal and/or record is produced to
      indicate an abnormal complex if the sum of the magnitudes of the
      difference signals associated with all of the normal waveform complexes
      exceed predetermined threshold values.
PAR  The method may further comprise the step of producing further signals
      and/or records if one or more of the sums of the magnitudes of the
      difference signals is less than another associated predetermined (i.e.
      Normal threshold) threshold level, the signal(s) and/or record(s) being
      arranged to indicate that the monitored waveform is a normal waveform and
      to which of the (p + 1) normal waveforms it corresponds.
PAR  According to the present invention in a second aspect there is provided a
      method of monitoring a recurrent waveform to detect abnormal waveform
      complexes comprising the steps of integrating and storing segments of a
      normal waveform complex to be used as a reference, integrating successive
      segments of a waveform complex, deriving from the recurrent waveform
      timing signals which represent the time location of particular selected
      parts of the waveform complex required to be compared with the integrated
      value of corresponding parts of the stored normal complex, deriving a
      correcting signal by filtering the waveform to be monitored by passing it
      through a low-pass filter to provide a baseline signal, delaying the
      waveform, subtracting said correcting signal from said delayed waveform to
      provide a corrected waveform, determining, with the aid of the timing
      signals, the difference between the integrated value of each segment in
      the corrected complex and the integrated value of a corresponding segment
      of the normal waveform complex to provide a difference signal,
      quantitatively summing the difference signals and producing a signal
      and/or record if the total sum of the magnitudes of the difference signals
      exceed a predetermined value to indicate an abnormal complex.
PAR  Preferably the corrected waveform is filtered by passing it through a
      high-pass filter before the step of determining the difference between the
      integrated value of each segment in the corrected complex and the
      integrated value of a corresponding segment of the normal waveform.
PAR  The timing signals may be derived from the waveform by high-pass filtering,
      rectification, smoothing, differentiating twice the smoothed signal in
      that order, and comparing the second derivative signal with a threshold
      derived by separately high-pass filtering and smoothing the high frequency
      noise components of the recurrent waveform to be monitored to provide an
      output signal when the second derivative signal exceeds the threshold
      signal.
PAR  Preferably, the first derivative signal is compared with a reference level
      (such as zero volts) to provide a signal when it is equal to the reference
      level, and the signal is applied to a monostable circuit for generating at
      its output a pulse of predetermined time duration and having a fixed time
      relationship to the "centre" of that part of the waveform complex to be
      compared with the reference complex, and the output signal of the
      preceding paragraph is added to the pulse from the monostable circuit in
      an AND-gate to provide a trigger signal, that is a timing signal.
PAR  The method of the first and second aspects of the invention may be
      combined.
PAR  Preferably the integration of corresponding segments of the or each normal
      waveform complex to be stored and the waveform complex to be compared with
      it is successive and carried out by operational amplifiers electronically
      switched under the control of the timing signal.
PAR  The operational amplifier stages may be arranged to obtain the differences
      between each integrated segment of the waveform complex and that of each
      stored reference waveform complex and to obtain the sum of the magnitudes
      of said individual differences over a time interval including the start of
      the waveform complex and the end of the widest expected waveform complex.
PAR  According to a third aspect of the invention there is provided apparatus
      for monitoring recurrent waveforms to detect abnormal waveform complexes
      in said recurrent waveform comprising means for integrating successive
      segments of a waveform complex, means for determining the difference
      between the integrated value of each segment in the complex and the
      integrated values of the corresponding segments of (p + 1) different
      normal waveform complexes, where p is an integer, to provide (p + 1) sets
      of difference signals means for adding the magnitudes of said difference
      signals associated with each normal waveform irrespective of sign, and
      means for indicating an abnormal complex if the total sum of the
      magnitudes of the difference signals associated with a first normal
      waveform complex exceeds a first predetermined threshold level and the
      sums of the magnitudes of the p other difference signals are not less than
      a second predetermined threshold level for each of the p other normal
      complexes.
PAR  The apparatus may further comprise means for indicating a normal complex if
      one of the sums of the magnitudes of the difference signals is less than
      an associated predetermined threshold level and for indicating to which of
      the (p + 1) normal waveforms it corresponds.
PAR  The threshold levels may be the same or different. The threshold levels are
      adaptive in so far as they are derived from variables.
PAR  Each threshold level may be derived from a voltage dependent upon the total
      area of the corresponding normal complex, the high frequency and low
      frequency contents of the signal to be monitored and a fixed, d.c. level.
PAR  Preferably the difference between the integrated value of each segment in
      the complex of the waveform to be monitored and the corresponding segments
      of the (p + 1) normal waveforms is determined simultaneously.
PAR  In a development of the apparatus according to the invention, the
      indicating means is arranged to provide an indication of an abnormal
      complex if the sums of the magnitudes of the difference signals associated
      with all of the normal waveform complexes exceed predetermined threshold
      values.
PAR  According to the present invention in a fourth aspect there is provided
      apparatus for monitoring a recurrent waveform to detect abnormal waveform
      complexes comprising means for integrating and storing segments of a
      normal waveform complex to be used as a reference, means for integrating
      succesive segments of a waveform complex to be monitored, means for
      deriving from the recurrent waveform timing signals which represent the
      time location of particular selected parts of the waveform complex
      required to be compared with the integrated value of corresponding parts
      of the stored normal complex, means for deriving a correcting signal,
      including means for filtering the waveform to be monitored by passing it
      through a low-pass filter to provide a baseline signal, means for delaying
      the waveform, means for subtracting said correcting signal from said
      delayed waveform to provide a corrected waveform, means for determining,
      with the aid of the timing signals, the difference between the integrated
      value of each segment in the corrected complex and the integrated value of
      a corresponding segment of the normal waveform complex to provide a
      difference signal, means for quantitatively summing the difference signals
      and for producing a signal and/or record if the total sum of the
      magnitudes of the difference signals exceed a predetermined value to
      indicate an abnormal complex.
PAR  Preferably the apparatus comprises means for passing the corrected waveform
      through a high-pass filter to the means for determining the difference
      between the integrated value of each segment in the corrected complex and
      the integrated value of a corresponding segment of the normal waveform.
PAR  The means for deriving timing signals may comprise a high-pass filter, a
      rectifier, smoothing means, means for differentiating twice the smoothed
      signal coupled together in that order, and means for comparing the second
      derivative signal with a threshold level derived by a high-pass, filter
      and smoothing means for filtering and smoothing the high frequency noise
      components of the recurrent waveform to be monitored to provide an output
      signal when the second derivative signal exceeds the threshold signal.
PAR  Preferably, the means for deriving timing signals comprises means for
      comparing the first derivative signal with a reference level (such as zero
      volts) to provide a signal when it is equal to the reference level, and
      the signal is applied to a monostable circuit for generating at its output
      a pulse of predetermined time duration and having a fixed time
      relationship to the "centre" of that part of the waveform complex to be
      compared with the reference complex, and the output signal of the
      preceding paragraph is added to the pulse from the monostable circuit in
      an AND-gate to provide a trigger signal.
PAR  The apparatus of the third and fourth aspects of the invention may be
      combined.
PAR  Preferably the integration of corresponding segments of the or each normal
      waveform complex to be stored and the waveform complex to be compared with
      it is successive and carried out by operational amplifiers electronically
      switched under the control of the timing signal.
PAR  The operational amplifier stages may be arranged to obtain the differences
      between each integrated segment of the waveform complex and the or each
      stored reference waveform complex and to obtain the sums of said
      individual differences over a time interval including the start of the
      waveform complex and the end of the widest expected waveform complex.
PAR  In apparatus according to the invention arranged to monitor e.c.g.
      waveforms, the indicating means may be arranged to record and/or indicate
      different disturbances of the heart rhythm of a patent, such as
      ventricular tachycardia and may further be arranged to operate individual
      alarms specific to the condition detected.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 shows an example of a recurrent waveform to which the invention is
      applicable;
PAR  FIG. 2 is an enlarged view of three cycles of the waveform illustrating a
      foreign complex;
PAR  FIG. 3 shows graphically a sample complex and a normal complex, plotted on
      the same scales;
PAR  FIG. 4 shows in block form the general arrangement of monitoring apparatus
      embodying the invention;
PAR  FIG. 5 shows in greater detail an example of a delay line suitable for use
      in the apparatus of FIG. 4;
PAR  FIGS. 6 and 7 show one example of an operational section suitable for use
      in FIG. 4;
PAR  FIG. 8 shows an example of a trigger section suitable for use in FIG. 4;
PAR  FIG. 9 shows an example of a control section suitable for use in FIG. 4;
PAR  FIG. 10 shows an example of a logic section suitable for use in FIG. 4;
PAR  FIG. 11 shows an example of an inhibit section suitable for use in FIG. 4;
PAR  FIG. 12 shows an example of an alarm section suitable for use in FIG. 4;
      and
PAR  FIG. 13 shows an example of another logic section suitable for use in FIG.
      4.
DETD
PAR  The invention is applicable, generally to a waveform consisting of a train
      of essentially similar transients such as those marked N in FIG. 1, so as
      to detect the presence and time of occurrence of individual transients in
      the train, such as those marked F and F' in FIG. 1, which are appreciably
      different in shape from that of the prevailing transients N.
PAR  Referring to FIGS. 2 and 3, these illustrate the application of the
      invention to the particular problem of monitoring electrocardiogram
      (e.c.g.) waveforms to detect abnormalities, for example, ventricular
      ectopic complexes on the basis that these complexes invariably differ in
      shape from the "normal" e.c.g. complex.
PAR  The method and apparatus now to be described makes possible the automatic
      detection of oddly shaped (`Foreign`) complexes in the electrocardiogram,
      particularly ventricular ectopic complexes.
PAR  The method of operation according to the present invention may be described
      as follows:
PAR  Each individual e.c.g. complex is detected (FIG. 8) as it arrives by
      filtering the incoming signal to emphasise the relatively sharp corners of
      the QRS waves, rectifying this filtered signal and smoothing the result by
      a low pass filter, twice differentiating this smoothed signal with respect
      to time and generating a trigger pulse each time a QRS wave causes this
      second differential voltage to exceed a trigger threshold proportional to
      the average high frequency content of the incoming signal. The generation
      of each trigger pulse is timed to coincide with the peak of the smoothed
      signal which bears a fixed time relationship to the centre of the QRS wave
      producing it.
PAR  Each individual e.c.g. complex is, in effect, electronically superimposed
      both in time (using the timed trigger pulses derived from the QRS waves
      above) and in voltage level (by making all measurements on a corrected
      version of the incoming e.c.g. signal from which deviations of the
      baseline have been substantially removed) with a sample of the prevailing
      normal (A) complex stored within the circuit. Simultaneously, the complex
      under examination is also effectively superimposed with samples of other
      normal complexes (`Normal B`, `Normal C` . . . ect.) stored within the
      circuit.
PAR  The total area not common to both the stored `Normal A` sample waveform and
      that of the complex being examined is calculated (shaded area FIG. 3) and
      used as a measure of the difference in shape between the current complex
      and the stored `normal A` sample. Likewise, in other parts of the circuit
      the total area not common to the current complex and each of the other
      stored `Normal` complexes is calculated and used as measures of the
      difference in shape between the current complex and each of the
      alternative stored normal complexes. A voltage proportional to the
      difference in shape so calculated in respect of each of the stored normal
      complexes is compared with a threshold voltage for that normal complex
      derived from a preset combination of voltages proportional to the total
      area of the stored complex concerned, high frequency content of the
      incoming signal, the low frequency content of the incoming signal, and a
      fixed (D.C.) term. The particular combination used may be preset
      differently for each of the stored normal complexes.
PAR  If the difference in shape between the complex under examination and any of
      the stored normal complexes is less than the (preset adaptive) threshold
      for that stored normal complex, the presence of a normal complex of that
      type (A, B, C . . . etc.) is detected and an appropriate output produced.
PAR  If the difference in shape between the complex under examination and stored
      normal A complex exceeds another adaptive preset threshold derived from a
      (generally different) combination of the same components (total area of
      normal complex A, high and low frequency contents of the incoming signal,
      and a fixed D.C. term, and if no other normal shape is detected, the
      complex examined is detected as Foreign and an appropriate output
      produced.
PAR  The detection of a complex of `Abnormal or Foreign` shape may be used to
      generate an output from the circuit signifying the detection of a
      ventricular ectopic complex.
PAR  The BLOCK DIAGRAM of the system is shown in FIG. 4. The incoming e.c.g.
      signal is fed through a Delay Line 10 to the Operational Section 11 (FIGS.
      6 and 7) in which measurements are made of the shape of the complexes in a
      corrected version of the delayed replica of the original signal.
PAR  Meanwhile the original e.c.g signal is fed to the Trigger Section 12 (FIG.
      8) in which the appearance of each QRS wave is detected and used to
      generate a trigger pulse for each QRS wave detected.
PAR  The trigger pulses are fed to the Control Section 13 (FIG. 9) in which a
      sequence of control pulses is generated and fed to the Operational Section
      11 and Logic Section 14 (FIG. 10) initiating and timing the operations
      carried out in these sections.
PAR  In the Operational section 11 electronically switched operational
      amplifiers integrate successive segments of each corrected, delayed e.c.g.
      waveform and subtract the areas measured in these segments from the areas
      of corresponding segments in a sample normal A e.c.g. waveform stored in a
      set of sample/hold circuits (store A). Other operational amplifiers in
      this section calculate the sum of the magnitudes of the differences
      (.SIGMA.A) between corresponding segments in the two complexes and
      generate logic voltage levels Foreign Shape or Normal A Shape according to
      whether .SIGMA.A exceeds or does not reach Foreign or Normal A thresholds
      each of which adjusts automatically to a preset combination of signals
      derived from the incoming e.c.g.
PAR  Similarly the areas measured in successive segments of each corrected
      delayed e.c.g. complex are subtracted from the areas of corresponding
      segments in a sample Normal B e.c.g. waveform stored in a separate set of
      sample/hold circuits (store B) and further operational amplifiers
      calculate the sum of the magnitude of the differences (.SIGMA.B) between
      corresponding segments in the incoming complex and Normal B stored complex
      and generate a logic level Normal B Shape if .SIGMA.B does not reach the
      Normal B threshold.
PAR  Further groups of sample/hold stages (Stores C, D, . . . etc.) may be used
      to store sets of segment areas representing additional previously stored
      waveform complexes Normal C, Normal D, . . . etc. For each such store
      further operational amplifiers calculate the sum of the magnitude of the
      differences .SIGMA.C, .SIGMA.D, . . . etc. and compare these with
      thresholds C, D, . . . etc. to generate logic levels Normal C Shape,
      Normal D Shape etc. whenever the shape of the incoming complex is
      sufficiently close to that of one of the stored Normal complexes.
PAR  When sufficient time has elapsed since the arrival of the complex for an
      adequate portion of its waveform to have been compared with the stored
      `Normal` complexes, a `decide` pulse is generated by the Control Section
      13 and fed to the Logic section 14. Immediately before the generation of
      the decide pulse a pulse is fed from the Control Section 13 to the Timing
      Section 15 in which a linear time base waveform is sampled on the arrival
      of this pulse to produce a measure of the interval between the arrival of
      the incoming QRS wave and its predecessor. This interval is compared with
      a preset threshold (350 - 500 milli-seconds) and if this value is not
      reached a logic level `early` is generated and fed to the Logic Section
      14.
PAR  In the Logic Section 14 the logic voltage levels Foreign Shape, Normal A
      Shape, Normal B Shape, . . . etc. and early are combined on the arrival of
      the decide pulse to produce an output at one or more outputs corresponding
      to Normal A Complex, Early Normal C Complex, Foreign Complex, Early
      Foreign Complex . . etc.
PAR  If a complex is found to be of one of the Normal shapes the Logic Section
      generates a corresponding Transfer Pulse (`Transfer A`, `Transfer B` . . .
      etc.) which is fed to the Operational Section 11 causing the sample/hold
      stages in the appropriate store A, B, . . . etc. to up-date their contents
      by sampling the contents of the integrators holding the current waveform
      samples. The integrators are subsequently reset to zero before the arrival
      of the next complex.
PAR  If the complex is not judged to be of any of the Normal Shapes no Transfer
      pulse is generated and none of the Stores is up-dated before the
      integrators are reset in readiness for the next complex.
PAR  The Inhibit Section 16 (FIG. 11) filters from the incoming e.c.g. signal
      the `Baseline` signal used to correct the delayed e.c.g. on which shape
      measurements are made, and derives from the incoming signal both high
      frequency and low frequency noise components (shown as "HF", and "B.L.S."
      respectively) and feeds these to the Trigger Section 12 and Operational
      Section 11 where they are used as components of the adaptive trigger and
      shape thresholds. When any of the noise components accompanying the
      incoming signal exceeds its appropriate inhibit threshold, preset in the
      Inhibit Section 16, a logic level `Inhibit` is fed to the Logic Section 14
      inhibiting all decisions above Foreign or Normal shape etc. until the
      noise level subsides below the inhibit threshold.
PAR  When the system is put into operation on an e.c.g. signal an operator,
      observing the waveform on an oscilloscope or pen recorder (not shown),
      presses a push switch during the passage of an e.c.g. complex of the type
      he wishes the system to regard as Normal A. This switch injects a logic
      voltage level `Learn A` into the Logic Section temporarily altering the
      way in which the various logic signals are combined so as to produce a
      transfer A pulse for every complex appearing while the switch is pressed.
      In this way the waveform of the desired Normal A e.c.g. complex is stored
      initially in the sample/hold stages of Store A in the Operational Section.
PAR  Similarly by pressing switches Learn B, Learn C etc. the operator can
      inject corresponding logic voltages into the Logic Section 14 so as to
      produce Transfer B, Transfer C, etc. pulses for any complex appearing
      while the corresponding switch is pressed. In this way the waveform of
      complexes of a number of different shapes can be stored in Stores B, C, .
      . . . etc.
PAR  The operation of individual sections of the system will now be considered
      in more detail.
PAC  The Delay Line
PAR  This may be as described in the complete specification of the main
      invention and as shown in FIG. 5. Referring to FIG. 5, the incoming signal
      is used to frequency modulate pulse generator 10a. The frequency modulated
      pulse train is fed to the input of a long chain of monostable circuits 10b
      to 10n arranged in cascade so that the trailing edge of the pulse produced
      by each monostable stage triggers the start of the pulse in the next
      monostable. The frequency modulated pulse train emerging from the last
      monostable in the chain is demodulated in a demodulator 10q to reproduce
      the original signal faithfully but with a time delay equal to the sum of
      the durations of the pulses produced by each monostable. Thus if 50
      monostables are used each generating a 2msec pulse in turn the total delay
      is 100msec. Alternatively it may be of more conventional design comprising
      an analogue-to-digital convertor sampling the incoming e.c.g. signal at
      about 200 samples per second to produce a sequence of 8 bit digital
      numbers representing successive amplitudes of the signal. These digitised
      samples are fed into an eight bit parallel shift register and shifted down
      the line one place per sample. At the end of a shift register, say 100
      bits long, the signal will emerge after a delay of 100 sampling periods
      i.e. 0.5 seconds in this case and enter an eight bit digital-to-analogue
      converter to re-emerge as a replica of the original e.c.g. signal delayed
      by 0.5 seconds.
PAC  The Trigger Section (FIG. 8)
PAR  This section of the invention detects the presence of individual complexes
      in the incoming e.c.g. signal by sensing the QRS wave in each complex and
      generating a Trigger Pulse on the occurrence of each QRS wave having a
      fixed time relationship to the middle of the period occupied by the QRS
      wave.
PAR  The incoming e.c.g. signal is passed through a high pass filter 12a and a
      low pass filter 12b. The time domain response of this filter combination
      is chosen to emphasise the QRS waves of a wide range of QRS waves relative
      to the p wave and T wave of the complexes and interference accompanying
      the signal. For example, the high pass filter 12a may have a sixth order
      critically damped response and a cut-off frequency of 5 Hz, and the low
      pass filter 12b may have a fourth order Butterworth response with a
      cut-off frequency of 10 Hz.
PAR  The output of filter 12b passes into a full wave rectifier 12c at the
      output of which each QRS wave produces a group of positive pulses which
      are fed to a low pass filter 12d. This low pass filter 12d smooths the
      envelope of the groups of pulses representing the QRS waves and has a time
      domain response chosen to optimise its response to groups of pulses
      originating in a wide range of QRS wave shapes and repetition rates and
      minimise the response to T waves and other interfering signals. For
      example it may have a sixth order critically damped response with a cut
      off frequency of 4 Hz. The output of low pass filter 12d is differentiated
      with respect to time in an operational amplifier differentiator 12e and
      the (inverted) differentiated signal is compared with zero volts level in
      an operational amplifier comparator 12f. The output of this comparator 12f
      triggers a monostable circuit 12g at each positive-going zero crossing of
      the differentiated signal emerging from differentiator 12e, that is at
      each maximum of the smoothed envelope waveform from low pass filter 12d.
      Each such maximum bears a fixed time relationship to the `time centre`  of
      a possible QRS wave so that monostable circuit 12g produces a pulse (which
      may be of 10 milliseconds duration) bearing a fixed time relationship to
      the centre of each possible QRS wave.
PAR  The output of differentiator 12e is also fed to another operational
      amplifier differentiator 12h the output of which is the second
      differential with respect to time of the smoothed envelope waveform at the
      output of low pass filter 12d. This twice differentiated waveform has a
      significant (negative) peak corresponding to each QRS wave in the incoming
      e.c.g. signal.
PAR  A comparator 12j compares the negative peaks with a preset fraction (set by
      a potentiometer RV.sub.1) of the positive signal HF which is derived (in
      the Inhibit Section 16) from the mean high frequency (noise) components of
      the incoming e.c.g. signal. Each QRS wave produces a peak at the output of
      differentiator 12h exceeding the prevailing noise level represented by the
      signal HF results in a positive output from comparator 12j which is
      combined in a Logical AND-gate 12l with the output pulse from Monostable
      circuit 12g to produce an output pulse "TRIGGER" related in time to the
      centre of each QRS wave which significantly exceeds the prevailing noise
      level accompanying the e.c.g. signal.
PAR  A peak rectifier circuit 12k measures the peak amplitude of the negative
      peaks at the output of second differentiator 12h producing an output
      `Peak` which represents the average amplitude of these peads excluding
      occasional larger peaks which may result from ventricular extrasystoles.
      (Details of this circuit's operation are described in the complete
      specification of British Pat. No. 1,282,051 page 4, lines 48-63).
PAC  The Inhibit Section (FIG. 11)
PAR  The incoming e.c.g. signal is passed through a low pass filter 16a designed
      to eliminate from the signal all but the very lowest frequency components
      of the e.c.g. complexes leaving only a signal Baseline which is fed out
      from the Inhibit Section 16 to the Operation Section 11. This filter 16a
      may have a sixth order critically damped response with a cut-off frequency
      of 1.5 Hz. The Baseline signal is passed through a full wave rectifier 16b
      and compared with a preset voltage from a potentiometer RV.sub.2 in a
      comparator 16c which produces a positive output whenever the baseline of
      the incoming signal deviates the zero volts by more than the threshold
      voltage set on RV.sub.2. The Baseline signal is also passed through an
      operational amplifier differentiating circuit 16d and a full wave
      rectifier circuit 16e to produce a signal B.L.S. which is fed out from the
      Inhibit section 16 to the Operational Section 11. The signal B.L.S. is
      compared in a comparator 16f with a fraction (pre-set on potentiometer
      RV.sub.3) of a signal .SIGMA. mag. representing the total area of the
      Normal A complex and obtained from the Operational Section 11. Should the
      signal B.L.S. representing the magnitude of the baseline slope exceed the
      preset fraction of .SIGMA. mag, comparator 16f produces a positive output.
PAR  Meanwhile the incoming e.c.g. signal is passed through a conventional notch
      filter 16g having a large attenuation at the mains supply frequency and a
      high pass filter 16L designed to have minimal response to most QRS waves
      but maximum response to high frequency interference (e.g. muscle
      potentials). This high pass filter 16hmay have a fourth order Butterworth
      response with a cut-off frequency of 24 Hz.
PAR  The high frequency components of the incoming signal, less any component at
      supply mains frequency, are rectified by full wave rectifier 16j, smoothed
      by low pass filter 16k which may have a second order critically damped
      response and a cut-off frequency of 0.7 Hz, and passed through peak
      rectifier 16L to emerge as the signal HF which is fed out from the Inhibit
      Section 16 to the Trigger Section 12 and Operational Sections 11.
PAR  The signal HF is also compared in a comparator 16m with a fraction preset
      on RV.sub.4 of the signal Peak from the Trigger Section 12. Should the
      signal HF representing the mean high frequency noise level of the incoming
      e.c.g. exceed the preset fraction of Peak which reflects the amplitude of
      the QRS waves, the comparator 16m produces a positive output.
PAR  The outputs of comparators 16c, 16f and 16m are combined in a diode OR
      network 16n and applied to a Stretch Circuit shown within a broken line
      16p so arranged that positive signals from any of the three comparators
      will cause a capacitor C to be charged rapidly to the positive supply
      voltage producing a logic level "INHIBIT" at the output of comparator 16q.
      This logic signal will persist for a time which may be chosen to be about
      500 milliseconds after the cessation of outputs from comparators 16c, 16f
      or 16m by suitable choice of the time constant of capacitor C and resistor
      R.
PAC  The Control Section (FIG. 9)
PAR  The Trigger pulse from the Trigger section 12 operates a chain of
      monostable circuits 13a to 13g in which each monostable circuit in the
      chain is triggered by the trailing edge of the output pulse produced by
      the previous stage.
PAR  The incoming Trigger pulse operates a Measurement Delay monostable to which
      provides an output pulse of adjustable duration so that the pulses from
      subsequent monostable circuits in the chain can be arranged to occur in
      the desired time relation to the delayed QRS wave entering the Operational
      Section 11.
PAR  The trailing edge of the output pulse from the Measurement Delay monostable
      circuit 13a triggers a Reset monostable circuit 13bwhich produces an
      output pulse `Reset` used to reset to zero the set of sampling integrators
      in the Operational Section 11. The trailing edge of the Reset pulse
      operates the `Sample/Hold .SIGMA. Mag` monostable circuit 13a which
      produces a pulse `S/H .SIGMA. Mag`used to sample the sum of the magnitude
      of the difference signals in the Operational Section 11.
PAR  The trailing edge of the S/H .SIGMA. Mag pulse is used to trigger a
      monostable circuit 13d producing an output pulse `Integrate Segment No. 1`
      at a time adjusted to be at or just before the arrival of the delayed QRS
      wave at the input to the Operational Section 11. The end of Integrate
      Segment No. 1 pulse triggers the next monostable circuit 13e to produce
      Integrate Segment No. 2 pulse, and so on down the chain each monostable
      circuit operating a corresponding Integrator in the Operational Section
      11. The Integrators each run for the duration of their command pulses
      (preferably a multiple of 20 milliseconds when the AC mains frequency is
      50 Hz), then revert to their `hold` mode.
PAR  When sufficient segments of the delayed e.c.g. complex have thus been
      sampled, the trailing edge of the last Integrate Segment No. n monostable
      circuit 13f triggers a monostable circuit 13g producing the Decide pulse
      which is fed to the Logic Section.
PAC  The Operational Section (FIGS. 6 and 7)
PAR  The essential features of the Operational Section developed to handle a
      number of separate Normal waveform complexes are shown in FIGS. 6 and 7.
      In FIG. 6 the Baseline signal from the Inhibit Section 16 is subtracted
      from the Delayed e.c.g. signal in a differential amplifier stage 26.
      Further attenuation of any remaining baseline variation is provided by a
      high pass network CR and the resulting corrected (delayed) e.c.g. signal
      fed through buffer amplifier 27 to the Sampling Integrator Stages I.sub.1,
      I.sub.2 . . . I.sub.n.
PAR  Shortly before the arrival at the Operational Section 11 of each QRS wave
      detected by the Trigger Section 12 a Reset pulse from the Control Section
      13 resets all of the Integrators I.sub.1, I.sub.2 . . . etc. to zero.
      Thereafter, as the delayed QRS wave enters the Operational Section 11
      command pulses Integrate Segment No. 1 (.intg.1), Integrate Segment No. 2
      (.intg.2), Integrate Segment No. n (.intg.n) from the Control Section 13
      cause each integrator in turn to acquire at its output a voltage
      representing the average value of the delayed QRS waveform during the time
      segment bounded by the start and finish of the appropriate command pulse.
      After each command pulse the integrator concerned reverts to its hold mode
      and maintains this sample of the average voltage in its segment of the QRS
      wave at its output. Preferably the number and duration of these
      measurement segments is chosen so that the period from the start of the
      first measurement segment to the end of the last extends from before the
      earliest start of any QRS wave to well after the end of the widest QRS
      wave expected.
PAR  The output of sampling Integrator I.sub.1 is fed to Store Circuit Sa.sub.1
      which contains a Sample/hold stage 28 which, on command of Transfer A
      pulse (Ta), samples and holds the voltage then present at the output of
      Integrator I.sub.1, and further stages 29, 30 which derive the magnitude
      (absolute value) of the difference between the incoming signal from
      I.sub.1 and the voltage held in the sample/hold stage 28. Similarly the
      outputs of Integrators I.sub.2, I.sub.3, . . . I.sub.n are connected each
      to its own Store Circuit Sa.sub.2, Sa.sub.3 . . . Sa.sub.n.
PAR  The outputs of this (A) set of stores are added together in a summer 31 to
      form the signal .SIGMA.a, the sum of the magnitudes of the differences
      between the set of samples of the current e.c.g. complex held at the
      outputs of Integrators I.sub.1 . . . I.sub.n and the set of samples of the
      Normal (a) e.c.g. complex held in the sample/hold stages 28 of the set of
      store circuits Sa.sub.1 . . . Sa.sub.n.
PAR  The outputs of the set of Integrators I.sub.1, . . . I.sub.n are also
      connected to a set of store circuits Sb.sub.1 . . . Sb.sub.n holding a set
      of samples representing Normal (b) complex and developing at the output of
      the (B) store set a sumed voltage .SIGMA. (b) representing the sum of the
      magnitudes of the differences between the set of samples of the current
      e.c.g. complex and a set of samples of Normal (b) e.c.g. complex.
PAR  Further sets of Store Circuits Sc.sub.1 . . . Sc.sub.n etc. may be provided
      yielding .SIGMA.(c) etc. signals representing the difference in shape
      between the current complex and any desired number of stored Normal
      complexes.
PAR  FIG. 7 shows the part of the Operational Section 11 concerned with the
      comparison of the various `Sum of the magnitudes of the differences`
      signals .SIGMA.a, .SIGMA.b, .SIGMA.c etc. with adaptive thresholds to
      determine whether the incoming complex is to be classed as Normal a,
      Normal b, . . . etc., or Foreign. The command pulse S/H Mag causes the set
      of sample/hold stages S/Ha, S/Hb . . . etc. to sample and hold the current
      value of their respective inputs .SIGMA.a, .SIGMA.b, .SIGMA.c . . . etc.
      Each of these stages then holds at its output a (negative) voltage
      (.SIGMA.Mag. a, .SIGMA.Mag. b, . . . etc.) proportional to the total area
      of its stored Normal complex. The signals HF and B.L.S. representing the
      prevailing noise accompanying the incoming e.c.g. signal are combined in
      preset proportions with a fixed DC voltage in a summer 32. The (negative)
      sum so formed is combined with a (negative) fraction (preset on RV.sub.F)
      of .SIGMA.Mag.a and the (positive) signal .SIGMA.a representing the
      difference in shape between the incoming complex and the stored Normal a
      complex. The combined signal is fed to a comparator 33 which produces a
      logic voltage level "F"  whenever the postive signal .SIGMA.a exceeds the
      threshold formed by the (negative) combination of HF, B.L.S., .SIGMA.Mag a
      and the DC term.
PAR  At the same time, the positive signal .SIGMA.a is compared in a comparator
      34 with a negative threshold formed by another fraction of .SIGMA.Mag a
      preset on RV.sub.a and a DC voltage. Comparator 34 produced a logic
      voltage level Na whenever .SIGMA.a is smaller in amplitude than this
      preset Normal a threshold. Likewise comparators like 35 and 36 and so on
      produce logic levels Nb and Nc etc. whenever their respective inputs
      .SIGMA.b, .SIGMA.c, etc are smaller in amplitude than the corresponding
      Normal thresholds set on RV.sub.b, RV.sub.c etc. The logic voltage levels
      F, Na, Nb, Nc . . . etc. generated by this circuit in the Operational
      Section 11 are fed to the Logic Section 14 where they are strobed by the
      Decide pulse from the Control Section 13 immediately after the sampling of
      successive segments of the incoming complex to determine whether this
      complex is to be classed as Normal a Shape, Foreign Shape, or Normal b
      Shape etc.
PAC   The Logic Section (FIG. 10)
PAR  FIG. 10 shows one arrangement of electronic logic elements and monostable
      circuits which may be used to combine the logic levels Foreign Shape (F),
      Normal a Shape (Na), Normal b Shape (Nb), Early (E), Decide (D), Learn A
      (La), Learn B (Lb), etc. to obtain the correct function of the system
      generating Command pulses Transfer a (Ta), Transfer b (Tb), etc. and a
      variety of outputs such as Foreign Complex, Early Foreign Complex, Normal
      a Complex, Early Normal b Complex, etc. Other arrangements are possible.
      Some of the logic levels are passed through logic `Not` elements to
      generate logic signals representing Not Inhibit (I) etc. These signals and
      the incoming ones are combined in AND and OR gates as shown to Trigger
      Monostable circuits generating Transfer A, Transfer B etc. and any desired
      Print-Out signals. In addition to the outputs illustrated many other
      outputs may be ontained from the system by arranging Print-Out signals
      from the Logic Section to operate electronic switches to sample and feed
      out any of the waveforms present in any chosen section of the system. For
      example a pulse whose amplitude represents the time interval between the
      QRS wave of each Foreign complex detected and the previous QRS wave can be
      obtained by arranging the Foreign Complex output to sample the current
      inter-QRS wave interval being held in the Sample/Hold store in the Timing
      Section.
PAR  So that the shape of a selected Normal Complex may be learnt by the system,
      given just one example of the complex, the logic levels Learn A, Learn B
      etc. are fed to electronic switches in the corresponding Transfer A,
      Transfer B . . Monostables causing the monostable concerned to generate a
      Transfer pulse of extended duration when the Learn logic level is present.
PAC  Alarm Section (FIG. 12)
PAR  The system as described so far is capable of recognising on line the broad
      categories into which individual e.c.g. complexes fall viz.; Normal (a, b,
      c etc.), Foreign, Early, etc. and combinations of these. In a developement
      of the invention, its range and performance can be extended to diagnose
      automatically certain well known disturbances of heart rhythm
      characterised by the occurrence of particular types of complex at certain
      rates and to warn operator by means of alarms specific to the rhythm
      disturbance detected.
PAR  FIG. 12 shows one possible arrangement of conventional ratemeters, timers,
      threshold comparators and logic gates which may be used to distinguish
      separately six different rhythm disturbances.
PAR  FIG. 13 shows an alternative logical arrangement for defining a system
      output indicating a foreign complex requires that there be a separate
      foreign threshold for each of the stored normal complexes.
PAR  The system will produce an output indicating a foreign complex only when
      this incoming complex is sufficiently different from all of the stored
      normal complexes. That is, when .SIGMA..sub.A &gt; T.sub.FA AND .SIGMA..sub.B
      &gt; T.sub.FB (T.sub.FA and T.sub.FB are foreign thresholds respectively of
      complex A and complex B) AND . . . .SIGMA..sub.(p .sub.+ 1) &gt;
      T.sub.F.sbsb.p(p .sub.+ 1) ; so that logic signals T.sub.FA, AND T.sub.FB
      . . . . AND F.sub.(p .sub.+ 1) are present together. This condition is
      necessary and sufficient for a foreign complex to be identified since
      clearly the incoming complex cannot then be Normal with respect to any of
      the stored complexes.
PAR  As before if .SIGMA..sub.A &lt; T.sub.NA, OR .SIGMA..sub.B &lt; T.sub.BN, OR . .
      . .SIGMA.p + 1&lt;T.sub.N.sbsb.p(p .sub.+ 1) that is the incoming signal is a
      sufficiently good match to any one (or more) of the stored normal
      complexes, an output (or outputs) will be generated indicating with which
      Normal complex (or complexes) a match has been obtained.
PAR  Each of the (p + 1) separate foreign thresholds are generated by combining
      in predetermined proportions, signals proportional to the area of the
      corresponding stored normal complex: to the high and low frequency
      contents of the incoming signal to be monitored and a fixed D.C. level.
PAR  The necessary apparatus would employ (p + 1) separate Foreign Comparators
      (like 33 FIG. 7) each fed from summer 32 and its own total area signal
      from the corresponding S/H.sub.a, S/H.sub.b . . . . stage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of monitoring a recurrent waveform to detect abnormal waveform
      complexes comprising the steps of integrating successive segments of a
      waveform complex, determining the difference between the integrated value
      of each segment in the complex and the integrated values of corresponding
      segments of (p + 1) different normal waveform complexes, where p is an
      integer, to provide (p + 1) sets of difference signals, quantitatively
      summing the difference signals associated with each normal waveform and
      producing a signal and/or record to indicate an abnormal complex if the
      total sum of the magnitudes of the difference signals associated with a
      first normal waveform complex exceeds a first threshold level and the sums
      of the magnitudes of the p other difference signals are not less than a
      second threshold level for each of the p other normal waveform complexes.
NUM  2.
PAR  2. A method according to claim 1, in which the threshold levels are the
      same.
NUM  3.
PAR  3. A method according to claim 1, in which the threshold levels are
      adaptive and including deriving said adaptive threshold levels from
      variables.
NUM  4.
PAR  4. A method according to claim 1, further comprising the step of producing
      a second signal and/or record if one of the sums of the magnitudes of the
      difference signals is less than its associated threshold level, and
      arranging the second signal and/or record to indicate that the monitored
      waveform is a normal waveform and to which of the (p + 1) normal waveforms
      it corresponds.
NUM  5.
PAR  5. A method according to claim 3 in which said deriving of threshold levels
      from variables includes deriving each threshold level from a voltage
      dependent upon the total area of the corresponding normal complex, the
      variable high frequency and low frequency contents of the signal to be
      monitored, and a fixed, d.c. level.
NUM  6.
PAR  6. A method according to claim 1, including simultaneously determining the
      difference between the integrated value of each segment in the complex of
      the waveform to be monitored and the corresponding segments of each the (p
      + 1) normal waveforms.
NUM  7.
PAR  7. A method according to claim 1 including also producing a signal and/or
      record to indicate an abnormal complex if the sum of the magnitudes of the
      difference signals associated with all of the normal waveform complexes
      exceed threshold values.
NUM  8.
PAR  8. A method according to claim 1, further comprising the step of producing
      further a signal and/or record if one or more of the sums of the
      magnitudes of the difference signals is less than another associated (such
      as Normal threshold) threshold level, and arranging the latter signal
      and/or record to indicate that the monitored waveform is a normal waveform
      and to which of the (p + 1) normal waveforms it corresponds.
NUM  9.
PAR  9. A method of monitoring a recurrent waveform to detect abnormal waveform
      complexes comprising the steps of integrating and storing segments of a
      normal waveform complex to be used as a reference, integrating successive
      segments of a waveform complex, deriving timing signals from the recurrent
      waveform wherein the timing signals represent the time location of
      particular selected parts of the waveform complex required to be compared
      with the integrated value of corresponding parts of the stored normal
      complex, deriving a correcting signal by filtering the waveform to be
      monitored by passing it through a low-pass filter to provide a baseline
      signal, delaying the waveform, subtracting said correcting signal from
      said delayed waveform to provide a corrected waveform, determining, with
      the aid of the timing signals, the difference between the integrated value
      of each segment in the corrected complex and the integrated value of a
      corresponding segment of the normal waveform complex to provide a
      difference signal, quantitatively summing the difference signals and
      producing a signal and/or record if the total sum of the magnitudes of the
      difference signals exceed a predetermined value to indicate an abnormal
      complex.
NUM  10.
PAR  10. A method according to claim 9, including filtering the corrected
      waveform by passing it through a high-pass filter before the step of
      determining the difference between the integrated value of each segment in
      the corrected complex and the integrated value of a corresponding segment
      of the normal waveform.
NUM  11.
PAR  11. A method according to claim 9, in which the timing signals are derived
      from the recurrent waveform by high-pass filtering, rectifying, smoothing
      and differentiating twice the smoothed signal in that order, and comparing
      the resulting second derivative signal with a threshold derived by
      separately high-pass filtering and smoothing the high frequency noise
      components of the recurrent waveform to be monitored to provide an output
      signal when the second derivative signal exceeds the threshold signal.
NUM  12.
PAR  12. A method according to claim 11, in which the step of twice
      differentiating also provides a first derivative signal, and including
      comparing first derivative signal with a reference level (such as zero
      volts) to provide a signal when it is equal to the reference level,
      applying the latter signal to a monostable circuit for generating at its
      output a pulse of predetermined time duration and having a fixed time
      relationship to the centre of that part of the waveform complex to be
      compared with the reference complex, and adding said output signal,
      generated when the second derivative signal exceeds the threshold signal,
      to the pulse from the monostable circuit in an AND-gate to provide a
      trigger signal, said trigger signal being said timing signal.
NUM  13.
PAR  13. A method according to claim 12, in which the integration of
      corresponding segments of each normal waveform complex to be stored, and
      the waveform complex to be compared with it is successive and including
      carrying out said integration by operational amplifiers electronically
      switched under the control of the timing signal.
NUM  14.
PAR  14. A method according to claim 13, including arranging the operational
      amplifier stages to obtain the differences between each integrated segment
      of the waveform complex and that of each stored reference waveform complex
      and to obtain the sums of the magnitudes of said individual differences
      over a time interval including the start of the waveform complex and the
      end of the widest expected waveform complex.
NUM  15.
PAR  15. Apparatus for monitoring recurrent waveforms to detect abnormal
      waveform complexes in said recurrent waveform comprising means for
      integrating successive segments of a waveform complex, means for
      determining the difference between the integrated value of each segment in
      the complex and the integrated values of the corresponding segments of (p
      + 1) different normal waveform complexes, where p is an integer, to
      provide (p + 1) sets of difference signals, means for adding the
      magnitudes of said difference signals associated with each normal waveform
      irrespective of sign, and means for indicating an abnormal complex if the
      total sum of the magnitudes of the difference signals associated with a
      first normal waveform complex exceeds a first threshold level and the sums
      of the magnitudes of the p other difference signals are not less than a
      second threshold level for each of the p other normal complexes.
NUM  16.
PAR  16. Apparatus according to claim 15, further comprising means for
      indicating a normal complex if one of the sums of the magnitudes of the
      difference signals is less than an associated threshold level and for
      indicating to which of the (p + 1) normal waveforms it corresponds.
NUM  17.
PAR  17. Apparatus according to claim 15, in which the threshold levels are the
      same.
NUM  18.
PAR  18. Apparatus according to claim 15, in which the threshold levels are
      adaptive and including means for deriving said thresholds from variables
      of the incoming complex to be monitored.
NUM  19.
PAR  19. Apparatus according to claim 18 in which said means for deriving
      includes means producing each threshold level from a voltage dependent
      upon the total area of the corresponding normal complex, the high
      frequency and low frequency contents of the signal to be monitored and a
      fixed, d.c. level.
NUM  20.
PAR  20. Apparatus according to claim 15, in which said means for determining
      the difference between the integrated value of each segment in the complex
      of the waveform to be monitored and the corresponding segments of the (p +
      1) normal waveforms include parallel means for carrying out said
      determinations simultaneously.
NUM  21.
PAR  21. Apparatus according to claim 15, in which the indicating means includes
      means for providing an indication of an abnormal complex if the sums of
      the magnitudes of the difference signals associated with all of the normal
      waveform complexes exceed threshold values.
NUM  22.
PAR  22. Apparatus for monitoring a recurrent waveform to detect abnormal
      waveform complexes comprising means for integrating and storing segments
      of a normal waveform complex to be used as a reference, means for
      integrating successive segments of a waveform complex to be monitored,
      means for timing signals from the recurrent waveform wherein the timing
      signals represent the time location of particular selected parts of the
      waveform complex required to be compared with the integrated value of
      corresponding parts of the stored normal complex, means for deriving a
      correcting signal, including means for filtering the waveform to be
      monitored by passing it through a low-pass filter to provide a baseline
      signal, means for delaying the waveform, means for subtracting said
      correcting signal from said delayed waveform to provide a correct
      waveform, means for determining, with the aid of the timing signals, the
      difference between the integrated value of each segment in the corrected
      complex and the integrated value of a corresponding segment of the normal
      waveform complex to provide a difference signal, means for quantitatively
      summing the difference signals and for producing a signal and/or record if
      the total sum of the magnitudes of the difference signals exceed a
      predetermined value to indicate an abnormal complex.
NUM  23.
PAR  23. Apparatus according to claim 22, further comprising means for passing
      the corrected waveform through a high-pass filter to the means for
      determining the difference between the integrated value of each segment in
      the corrected complex and the integrated value of a corresponding segment
      of the normal waveform.
NUM  24.
PAR  24. Apparatus according to claim 22, in which the means for deriving timing
      signals comprises a high-pass filter, a rectifier, smoothing means, means
      for differentiating twice the smoothed signal coupled together in that
      order, and means for comparing the second derivative signal with a
      threshold level derived by a high-pass filter and smoothing means for
      filtering and smoothing the high frequency noise components of the
      recurrent waveform to be monitored to provide an output signal when the
      second derivative signal exceeds the threshold signal.
NUM  25.
PAR  25. Apparatus according to claim 23, in which the means for deriving timing
      signals comprises means for comparing the first derivative signal,
      resulting from said differentiating twice, with a reference level (such as
      zero volts) to provide a signal when it is equal to the reference level,
      and for applying the signal to a monostable circuit for generating at its
      output a pulse of predetermined time duration and having a fixed time
      relationship to the centre of that part of the waveform complex to be
      compared with the reference complex, and means for adding the output
      signal generated when the second derivative signal exceeds the threshold
      signal to the pulse from the monostable circuit in an AND-gate to provide
      a trigger signal, said trigger signals being said timing signals.
NUM  26.
PAR  26. Apparatus according to claim 25, in which the integration of
      corresponding segments of the or each normal waveform complex to be stored
      and the waveform complex to be compared with it is successive and carried
      out by operational amplifiers electronically switched under the control of
      the timing signal.
NUM  27.
PAR  27. Apparatus according to claim 26, in which the operational amplifier
      stages are arranged to obtain the differences between each integrated
      segment of the waveform complex and the or each stored reference waveform
      complex and to obtain the sums of said individual differences over a time
      interval including the start of the waveform complex and the end of the
      widest expected waveform complex.
NUM  28.
PAR  28. Apparatus according to claim 22 in which said recurrent waveform is a
      series of e.c.g. waveforms, in which the indicating means is arranged to
      record and/or indicate different disturbances of the heart rhythm of a
      patient, including ventricular tachycardia, and including individual
      alarms specific to the condition detected.
NUM  29.
PAR  29. Apparatus according to claim 15 in which the threshold levels are
      different.
NUM  30.
PAR  30. Apparatus for monitoring a series of incoming waveform complexes,
      normally having a predominant peaked portion, to detect abnormal
      complexes, comprising:
PA1  delay means for delaying an incoming waveform complex;  trigger means
      including
PA1  i. a first trigger path receiving said incoming complex and comprising a
      high pass filter, a low pass filter, a full wave rectifier, a low pass
      filter and a first derivative circuit,
PA1  ii. a second trigger path serially following said first path and comprising
      means providing a second derivative signal, a comparator actuable when
      said second derivative signal exceeds a high frequency noise threshold and
      an AND-gate in series, said second derivative signal causing a peak
      signal, at the peak of said peaked portion, through a peak rectifier,
PA1  iii. a third trigger path paralleling said second path and comprising means
      comparing the second differential signal to a reference level monostable
      means triggered thereby at the zero crossing of the second derivative
      signal, and said AND-gate, said AND-gate being responsive to coincidence
      of outputs from said second and third paths for producing a trigger signal
      time related to the center of each incoming complex's peaked portion which
      significantly exceeds the high frequency noise level in such complex; and
PA1  inhibit means including
PA1  i. low pass filter means responsive to said incoming complex for providing
      a baseline signal,
PA1  ii. first derivative and rectifier means responsive to said baseline signal
      for providing a baseline slope signal,
PA1  iii. rectifier and comparator means providing a signal when said baseline
      signal exceeds a threshold level,
PA1  iv. means responsive to a selected fraction of the total area of one stored
      normal complex exceeding the baseline slope signal for also providing a
      signal,
PA1  v. means also providing a signal when the mean high frequency noise level
      of the incoming complex exceeds a preselected fraction of said peak
      signal,
PA1  vi. stretch circuit means responsive to a said signal from (iii), (iv) or
      (v) above for providing an inhibit signal,
PA1  vii. a series path including a notch filter means, high pass filter,
      rectifier, low pass filter and peak rectifier for signaling said mean high
      frequency noise level and means applying a corresponding signal to (v)
      above and to said second trigger path comparator.
NUM  31.
PAR  31. The apparatus of claim 30 further including:
PA1  control means responsive to said trigger signal for providing a series of n
      timed control signals;
PA1  operational means responsive to said timing signals and including
PA1  i. a series differential amplifier and high pass filter means responsive to
      said baseline signal and delayed complex for providing a time delayed,
      level corrected version of said incoming complex;
PA1  ii. n integrator means responsive to corresponding said timing signals for
      integrating n successive signals of said corrected incoming complex from
      (i) above,
PA1  iii. p + 1 sets of n store circuits, each store circuit including means for
      storing an n.sup.th segment of a corresponding one of p + 1 different
      normal complexes and means for taking the absolute value of the difference
      between the integrated values of a corrected incoming complex segment and
      a corresponding stored normal complex segment, and p + 1 sum means for
      summing said difference absolute values for the corresponding one of said
      p + 1 store circuit sets to provide p + 1 sum signals,
PA1  iv. abnormal signal means responsive to a said sum signal from (iii) above
      exceeding an adaptive threshold, comprising a preselectable function of
      said mean high frequency noise level and said baseline slope signal and a
      preset D.C. level and the sum of integrated segments of one said stored
      normal complex, for producing an abnormal logic signal,
PA1  v. p + 1 normal signal means, each responsive to a corresponding one of
      said p + 1 sum signals from (iii) above less than a selected function of
      the sum of the integrated segments of a corresponding one of said p + 1
      stored normal complexes, for producing a corresponding one of p + 1 normal
      logic signals,
PA1  timing means responsive to said control means for indicating by an early
      signal that said peaked portion of said incoming complex is earlier in the
      complex than normal;
PA1  logic means responsive to
PA1  i. said abnormal signal for indicating that the incoming complex is
      abnormal and to a said early signal for further indicating the incoming
      complex is an early abnormal complex,
PA1  ii. said p + 1 normal signals and for indicating the incoming complex
      corresponds to the closest one of said p + 1 stored normal complexes and
      additionally responsive to occurrence of a said early signal for
      indicating the incoming complex corresponds to an early version of said
      one stored normal complex, and
PA1  including means responsive to said indication in (ii) above that the
      incoming complex corresponds to a said stored normal complex for updating
      the corresponding said set of n store circuits with said incoming complex
      prior to processing of a new incoming complex; and
PA1  alarm means responsive to said indications from said logic means for
      actuating the appropriate one of several alarms each indicative of a
      different abnormality.
NUM  32.
PAR  32. The apparatus of claim 31 wherein said logic means includes means
      responsive to coincidence of an abnormal signal and no normal signals for
      so indicating the incoming complex abnormal.
NUM  33.
PAR  33. The apparatus of claim 31 wherein said operational means includes at
      least one said abnormal signal means for a given one of said p + 1 stored
      normal complexes, and said logic means includes means requiring coincident
      outputs from all said abnormal signal means for so indicating the incoming
      complex is abnormal.
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ABST
PAL  A phase detector which utilizes an amplifier that has the input signal
       coed by resistive elements to both its non-inverting and inverting input
      terminals operates with an amount of negative feedback determined by the
      magnitude of the resistive element associated with the inverting input
      terminal. The reference signal controls a switching device which grounds
      the non-inverting terminal during the time when this signal has a
      particular polarity. As a consequence, the gain of the amplifier shifts
      between equal, positive and negative values in synchronism with changes in
      the polarity of the reference signal, and the average value of the output
      signal of the amplifier is indicative of the phase relationship between
      the input and reference signals when these signals have the same
      frequency.
BSUM
PAR  The present invention relates generally to electronic measuring circuits
      and, more particularly, to a simplified arrangement for providing an
      indication of the phase angle between a pair of signal voltages.
PAR  One of the conventional techniques for determining the phase displacement
      between a reference voltage and a signal voltage involves simultaneously
      adding and subtracting equal components of these voltages, rectifying the
      sum and difference voltages and, thereafter, applying the resulting
      voltages to an RC network constructed such that its output voltage is a
      sine function of the phase angle between the voltages being compared. This
      method of phase detection, which is amplitude sensitive, requires equal
      amplitude, reference and input signal voltages to satisfy the trignometric
      identity for the sum and difference of these voltages.
PAR  It is, accordingly, a primary object of the present invention to provide a
      simplified phase sensitive detector which does not require equal amplitude
      signal voltages.
PAR  Another object of the present invention is to provide a synchronous phase
      sensitive detector of simple construction.
PAR  Another object of the present invention is to provide a relatively simple
      phase sensitive detector which can reliably detect signals as small as
      several millivolts.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 shows the phase sensitive detecting circuit; and
PAR  FIG. 2 is a series of waveforms helpful in understanding the mode of
      operation of the circuit of FIG. 1.
DETD
PAR  Briefly, the above objects of invention are achieved by selectively
      controlling an amplifier which has a negative feedback provision such that
      its gain shifts between equal, positive and negative values in synchronism
      with phase reversals in one of the signal voltages. The other signal
      involved in the phase comparison operation which has the same frequency is
      applied simultaneously to a pair of inverting and non-inverting input
      terminals of this amplifier. The amplifier's output signal, consequently,
      is a negative full wave rectification of the input signal when this signal
      and the other, the reference signal, are in phase. When these same signals
      are 180.degree. out of phase, this output signal is a positive full wave
      rectification of the input signal. With a 90.degree. phase relationship,
      this signal has symmetrical positive and negative portions and, thus,
      exhibits a zero average value. Thus, the average value of the output
      signal is indicative of the true phase relationship between the two
      signals being compared.
PAR  Referring now to FIG. 1, it will be seen that the phase sensitive detector
      of the present invention includes an operational amplifier 10 having a
      non-inverting input terminal 11 and an inverting input terminal 12. One of
      the signals involved in the phase comparison operation, which may be
      designated the input signal voltage, E.sub.i, and which is available at
      terminal 13, is coupled to terminal 11 by resistor R.sub.1 and to terminal
      12 by resistor R.sub.2. A third resistor R.sub.3, which has the same
      magnitude as resistor R.sub.2, is connected betweeen the output of
      amplifier 10 and terminal 12 to provide a negative feedback feature. The
      value of R.sub.1 is not critical, but R.sub.2 must be equal to R.sub.3.
      Normally, R.sub.1, R.sub.2 and R.sub.3 would have the same value.
PAR  The other element in the circuit of FIG. 1 is an FET device 14, which
      performs a switching operation and has its source electrode connected to
      terminal 11 of amplifier 10 and its drain electrode 16 grounded. The other
      signal involved in the phase comparison operation, reference voltage
      E.sub.r, which has the same frequency of E.sub.i, is connected to the gate
      electrode 17 of the FET and, consequently, functions to turn this FET
      "off" and "on".
PAR  The operation in the circuit of FIG. 1 may, perhaps, best be understood by
      considering the sequence of waveforms shown in FIG. 2. The input signal,
      E.sub.i, is displayed in line a of this Fig. and corresponds to a
      sinusoidal waveform of constant amplitude. The reference signal, E.sub.r,
      is shown in line b, and it will be seen that this signal is a square wave
      having the same frequency as the input signal E.sub.i but here 180.degree.
      out of phase therewith. When this reference signal is positive, it will be
      appreciated, FET 14 is turned on; when it is negative, this device is
      turned off.
PAR  If, when the FET device is turned on this on resistance is negligibly small
      compared with R.sub.1, then when terminal 11 thus grounded, the gain of
      the circuit is negative and will be equal to R.sub.3 /R.sub.2 . However,
      since R.sub.2 equals R.sub.3, this gain is -1.
PAR  When the FET 14 is turned off, terminal 11 is isolated from ground. The
      gain of the circuit at this time is +1, and this may be seen from the
      following analysis: If one starts with the usual assumptions that
      amplifier 10 has an infinite input impedance and an infinite open loop
      gain, it may be stated that:
EQU  E.sub.a = E.sub.i                                          (1)
      ##EQU1##
EQU  E.sub.o = (E.sub.a - E.sub.b) A.sub.o                      (3) Therefore
      ##EQU2##
      or
      ##EQU3##
      Since A.sub.o is a relatively large figure, the term 1/A.sub.o may be
      ignored.
PAR  Thus
      ##EQU4##
      The gain of the circuit is shown in line c of FIG. 2, and it will be seen
      that this gain shifts between +1 and -1 in synchronism with phase changes
      in the reference voltage.
PAR  The output signal of the detector, E.sub.o, present at terminal 18 is shown
      in line d of FIG. 2, and it will be seen that this waveform corresponds to
      a positive full wave rectification of the input signal E.sub.i of line a.
      Thus, when the input and reference signals are 180.degree. out of phase,
      this output signal will have its greatest positive average value at
      indicator 20. When E.sub.i and E.sub.r are in phase, the output waveform,
      it will be appreciated, changes to a negative full wave rectification of
      the input signal. This condition produces an equivalent negative signal
      whose magnitude equals that developed by the circuit in the out-of-phase
      case. Likewise, when E.sub.i and E.sub.r have a 90.degree. phase
      relationship, as suggested by the dotted lines in line b, the output
      signal has the waveform shown in line e which consists of symmetrical
      positive and negative portions. The shift between these portions, as noted
      hereinbefore, occurs in synchronism with the phase reversals in E.sub.r.
      The average value of E.sub.o with such a quadrature phase relationship is
      zero.
PAR  As the above analysis demonstrates, the average value of E.sub.o is,
      therefore, indicative of the phase relationship between the two signals
      E.sub.i and E.sub.r involved in the phase comparison operation. A DC meter
      which responds to the average value of the input signal can be used in the
      circuit of FIG. 1 to provide an indication of this phase angle.
PAR  In the circuit of FIG. 1, FET 14 serves, as noted hereinbefore, simply as a
      switching device to periodically connect the non-inverting terminal 11 of
      amplifier 10 to ground. In order to achieve this switching with a minimum
      delay, the reference signal voltage which is applied to the gate of the
      FET is selected to have a square waveform. However, it should be
      understood that if the signal available has, for example, a sinusoidal
      waveform, a suitable wave shaping circuit may be included in the system to
      obtain the preferred square wave voltage. Also, the FET device may be
      replaced by any other solid-state device or component available in the art
      which can duplicate the switching action under the control of a suitable
      input signal.
PAR  It would also be mentioned that the circuit of FIG. 1 may include a
      suitable filter in the output circuit of the amplifier to provide a more
      suitable waveform for either a subsequent measurement operation or where
      the output signal serves as an error signal in an automatic close loop
      control system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phase sensitive detector comprising, in combination
PA1  an amplifier having a non-inverting input terminal, an inverting input
      terminal and an output circuit;
PA1  a first resistor having one side thereof connected to said non-inverting
      terminal;
PA1  a second resistor having one side thereof connected to said inverting
      terminal;
PA1  a third resistor connected between said output circuit and said inverting
      terminal to provide negative feedback for said amplifier, said second and
      third resistors having equal values;
PA1  means for connecting a first signal to both other ends of said first and
      second resistors; and
PA1  means for grounding said non-inverting terminal whenever a second signal
      has a particular polarity whereby the signal appearing in the output
      circuit of said amplifier has an average value which is indicative of the
      phase between said first and second signals.
NUM  2.
PAR  2. In an arrangement as defined in claim 1 wherein said means for grounding
      said non-inverting terminal comprises
PA1  an FET device with its channel electrode connected to said non-inverting
      terminal, its drain electrode grounded and said second signal being
      connected to its gate electrode.
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PAL  Data channel gain-variation distortions are reduced by the following
      combination of operations. Successively occurring data items are
      cumulatively added in modulo fashion thereby providing a sequence of
      partial sums. An exponentiating circuit is introduced to provide an
      exponential function of the partial sums. The exponentiated partial sums
      are then recorded or transmitted on a data channel wherein the signals are
      distorted by relatively slow gain variations thereof. The received
      distorted signals are applied to a logarithmic circuit wherein the
      multiplicative gain variation distortions are converted to additive
      distortions. The logarithmically converted signals are applied to a
      subtractor that sequentially provides the differences in modulo fashion
      between successively occurring signals from the logarithmic circuit
      thereby yielding the data items with the distortions substantially
      reduced.
PARN
PAR  This is a continuation of application Ser. No. 193,898, filed Oct. 29, 1971
     .
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to multiplicatively distorting data recording or
      transmission channels and has particular utility in high density digital
      recording systems.
PAR  2. Description of the Prior Art
PAR  It has been continuously desirable in digital mass data recording systems
      such as discs, drums and the like, utilizing magnetic recording media, to
      increase the density of the data recorded on the media. In this manner,
      the quantity of data stored in such systems may be increased.
      Conventionally, such systems utilize reading and writing heads that are
      aerodynamically supported a minute distance above the continuously
      rotating magnetic media. Prior art systems have to some extent been
      successful in increasing the data packing density by decreasing the head
      gap width, decreasing the head-to-media spacing, and decreasing the
      thickness of the magnetic recording media.
PAR  Additionally, present day systems utilize equalization circuits for
      decreasing inter-symbol interference and effectively increasing the
      recording frequency bandwidth thereby achieving higher data packing
      density. Although the prior art systems have been moderately successful in
      increasing the data storage density by the foregoing techniques, the
      maximum density heretofore achievable is significantly less than that
      predicted from theoretical considerations.
PAR  Typically, present day digital magnetic recording systems utilize the
      saturated flux recording technique wherein the flux in each data cell of
      the medium either remains saturated in the same direction as in the
      preceding cell or is switched to saturation in the opposite direction, to
      represent storage of a binary ZERO or binary ONE, respectively. Hence,
      under this system only one binary digit may be recorded in each data cell,
      the data cells being packed as densely on the medium as the foregoing
      prior art techniques will permit.
PAR  The prior art has contemplated that if instead of recording only one of two
      levels, i.e., one binary digit in each data cell, a larger number of
      levels were made possible, more than one binary digit could be stored in
      each data cell. For example, if it were possible to record a selected one
      of 8 discrete amplitude levels in a data cell, that cell would then be
      capable of storing three binary digits rather than one. Thus in addition
      to utilizing the aforedescribed prior art techniques for densely packing
      the data cells on the medium, a multifold increase in recorded information
      density may be achieved through multilevel recording.
PAR  Although contemplated by the prior art, multilevel digital recording has
      heretofore not been achievable because of multiplicative type gain
      variation distortions of the recording channels. Such gain variations may,
      for example, result from non-uniformity in the thickness of the magnetic
      coating. Variations in the distance between the write or read heads and
      the magnetic medium, caused for example by surface dimensional variations,
      also may result in gain variations of the channel. Because of the high
      data rate utilized in such systems, these gain variations which occur on a
      fractional-second time scale occur slowly relative to the recorded
      information rate. In such systems, although an anomalous gain change will
      normally be small from one recorded data item to the next, the gain
      excursions may be large in total effect so that distinguishing between one
      recorded level and another on data playback is rendered impossible. For
      example, if an aerodynamically supported read head should momentarily fly
      up due to a surface imperfection in the drum or disc, a large and unknown
      gain change will be multiplicatively imparted to the several hundred data
      words that may be read out during the anomolous condition. Thus previously
      contemplated multilevel recording systems would be unreliable in that gain
      variations would cause large blocks of data to be read out that bear no
      perceivable relationship to the corresponding data originally recorded.
      For the foregoing reasons, prior art digital recording systems have
      largely been limited to two oppositely saturated flux recording levels
      which naturally are differentially distinguishable from one another
      irrespective of the gain variations of the system. Hence, these prior art
      recording systems have been limited as to the information packing density
      achievable.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the gain variation limitation of the prior
      art systems, thus rendering multilevel data recording practical. The data
      items to be recorded are preconditioned in accordance with a
      preconditioning function. The preconditioned data items are next applied
      to an exponentiating circuit that provides an exponential function
      thereof. This exponential function of the preconditioned data is then
      written or recorded on the medium by a writing circuit. The reading
      circuit of the system provides signals representative of the recorded
      signals, the playback signals being subject to the multiplicative gain
      variation distortions of the channel. These distorted signals are applied
      to a logarithmic converter that converts the multiplicative distortions to
      additive distortions. The logarithmically converted signals are then
      applied to a restoration circuit having a function inverse to that of the
      preconditioning circuit which provides signals representative of the
      original data with the now additive distortions substantially filtered
      therefrom.
PAR  An embodiment of the invention is also contemplated wherein the data items
      are first exponentiated and then preconditioned with a ratio taking
      circuit utilized for the data recovery and distortion filtering. The data
      recovery portion of either embodiment is fully operable in combination
      with the recording portion of the other embodiment.
PAR  Thus, the long sought desideratum of the mass data storage industry of
      recording more than one binary digit in each data cell is rendered
      achievable and practical by the concepts of the present invention.
      Therefore, heretofore unachievable data packing densities are readily
      realized by utilizing the present invention. Additionally, the concepts of
      the present invention have far reaching utility in a wide variety of
      applications where system gain variations have heretofore rendered the use
      of a significant number of information levels impractical, hence severly
      limiting the information recording or transmission densities in these
      prior art systems in a manner to be further explained hereinafter.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block schematic diagram generally illustrating a data recording
      or transmission system embodying the concepts of the present invention;
PAR  FIG. 2 is a block schematic diagram of the data recording or transmitting
      portion of a preferred embodiment of the invention;
PAR  FIG. 3 is a block schematic diagram of the reproducing or receiving portion
      of the preferred embodiment whose recording or transmitting portion is
      depicted in FIG. 2;
PAR  FIG. 4 is a schematic wiring diagram partially in block form of an
      exponential attenuator circuit useful in instrumenting a portion of FIG.
      2;
PAR  FIG. 5 is a block schematic diagram of a digital accumulator circuit useful
      in instrumenting a portion of FIG. 2;
PAR  FIG. 6 is a block schematic diagram of an analog accumulator circuit useful
      in instrumenting a particular embodiment of FIG. 2;
PAR  FIG. 7 is a block schematic diagram of an analog amplitude modulator useful
      in instrumenting an embodiment of FIG. 2;
PAR  FIG. 8 is a block schematic diagram useful in instrumenting a portion of an
      analog version of FIG. 3;
PAR  FIG. 9 is a block schematic diagram of the data recording or transmitting
      portion of another preferred embodiment of the invention;
PAR  FIG. 10 is a block schematic diagram of the data recording or transmitting
      portion of still another preferred embodiment of the present invention;
PAR  FIG. 11 is a block schematic diagram of the data reproducing or receiving
      portion of the embodiments whose recording or transmitting portions are
      depicted in FIGS. 9 and 10;
PAR  FIG. 12 is a block schematic diagram of still another preferred embodiment
      of a data channel in accordance with the concepts of the present
      invention; and
PAR  FIG. 13 is a block schematic diagram of a signal integrator for use in the
      recording means 32 of FIG. 2; and
PAR  FIG. 14 is a waveform diagram useful in explaining the operation of the
      invention, particularly with regard to FIG. 13.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principles of the present invention have widespread utility in a large
      variety of applications. The invention is directed toward any data
      recording or transmission channel wherein the reproduced or received
      signals are multiplicatively distorted by gain variations of the channel.
      The invention is applicable to systems wherein the data exists in discrete
      level, discrete time format. Examples of such systems are in digital mass
      data magnetic storage systems such as the discs, drums and tapes in
      widespread usage in the computer industry. The principles of the invention
      are also applicable to systems wherein the data exists in continuous
      level, discrete time format such as in sampled analog systems and in
      instrumentation recording. The invention is additionally applicable to
      systems wherein the data exists in discrete level, continuous time or in
      continuous level, continuous time format such as in sample and hold analog
      systems or in voice communication channels, respectively.
PAR  The invention is applicable to magnetic, magneto-optic or thermoplastic
      recording systems and the like, as well as to communication channels
      having fading characteristics such as short-wave radio communication
      channels via the ionosphere or underwater acoustic communication channels.
      The invention also has utility in optical systems such as those concerning
      photographic processes or holography. The concepts of the present
      invention are applicable to these and other uses in a manner to be further
      discussed hereinafter.
PAR  Referring to FIG. 1, a data channel 10 is illustrated generally embodying
      the concept of the invention. It will be appreciated that the generalized
      system 10 is applicable to any of the data types described above as well
      as to recording and reproducing channels or transmitting and receiving
      channels. The data channel 10 includes a source of data 11 which provides
      to data preconditioning means 12 the data to be conveyed. The data
      preconditioning means 12 processes the data in accordance with a
      preconditioning function such that the data may ultimately be recovered
      without distortion in a manner to be later clarified. The preconditioned
      data from the data preconditioning means 12 is applied to an
      exponentiating circuit 13. The exponentiating circuit 13 provides an
      exponential function of the preconditioned data from the preconditioning
      means 12. The exponentiating circuit 13 operates in a manner to be
      explained later to provide a function proportional to a predetermined
      positive constant raised to a power equal to the preconditioned data. The
      exponential function from the exponentiating circuit 13 is applied to
      recording or transmitting means 14 which in turn records or transmits, via
      the multiplicatively distorting medium 15, a waveform whose level is
      proportional to the exponential function. For example, in a data recording
      channel the means 14 may include a magnetic write head and the medium 15
      may be the magnetic surface of a disc, drum or tape recorder. In a data
      transmission channel the means 14 may be a radio transmitter and the
      medium 15, the path along which the radio waves travel. The preconditioned
      data whose exponential function has been recorded or transmitted on the
      medium 15 is reproduced or received by reproducing or receiving means 16.
      For example, in a recording channel the reproducing means 16 may include a
      magnetic read head and in a data transmission channel the receiving means
      may be a radio receiver.
PAR  It will now be appreciated that in sending the signals from the means 14
      through the medium 15 to the means 16, multiplicative distortions may be
      imparted to the signals. For example, in a magnetic data recording and
      reproducing channel, multiplicative distrotions may be imparted to the
      signal recorded on the medium 15 by channel gain variations caused,
      typically, by variations in the flying height of the read head or write
      head and in the thickness of the magnetic recording medium. In a radio
      data communication channel, as another example, channel fading may impart
      multiplicative distortions to the transmitted data.
PAR  The distorted reproduced or received signals provided by the reproducing or
      receiving means 16 are applied to logarithmic converter means 17, wherein
      the multiplicative distortions of the data are converted to additive
      distortions in a manner to be further described. Additionally, since the
      logarithmic function performed by the means 17 is the inverse of the
      function performed by the exponentiating means 13, the logarithmic
      converter 17 provides the preconditioned data with the now additive
      distortions combined therewith. The output of the logarithmic converter
      means 17 is applied to data restoration means 18 that restores the
      additively distorted preconditioned data in accordance with a restoration
      function. The restoration function is chosen in a manner to be described
      such that the additive distortions are substantially filtered from the
      preconditioned data. Furthermore, the preconditioning function provided by
      the means 12 is chosen to be the inverse of the restoration function
      provided by the means 18 such that not only are the additive distortions
      filtered from the signal provided by the logarithmic converter means 17
      but the preconditioned data from the data preconditioning means 12 is
      restored to provide the original data on a lead 19.
PAR  FIGS. 2 and 3 illustrate a data channel instrumented in accordance with a
      preferred embodiment of the present invention. FIG. 2 depicts the data
      recording or transmitting portion of the channel and FIG. 3 depicts the
      data reproducing or receiving portion thereof. It will be appreciated that
      the data channel illustrated in FIGS. 2 and 3 is adapted to process
      discrete time data that may exist as discrete digital levels or as
      continuous level analog signals. Furthermore, the data channel illustrated
      in FIGS. 2 and 3 may be utilized for either data recording and reproducing
      or data transmitting and receiving. It will be appreciated from the
      descriptions to follow that the embodiment illustrated in FIGS. 2 and 3 is
      particularly adapted to substantially prevent multiplicative distortions
      in a data channel from affecting a sequence of input data items, where the
      multiplicative distortions vary slowly relative to the rate of the input
      data. The embodiment of the invention illustrated in FIGS. 2 and 3 will
      primarily be described in terms of digital discrete level data and also in
      terms of continuous level analog signals. For purposes of explanation, the
      invention will be described in terms of a digital magnetic recording
      system of the type utilizing drums, discs or tapes wherein a plurality of
      discrete amplitude levels are recorded into each data cell thereby
      increasing the binary data packing density.
PAR  Generally, a binary word comprising B data bits is to be recorded into each
      data cell of the medium. The data words can assume a discrete set of
      values over the integers zero to (L-1), inclusive, e.g., L=2.sup.B, to
      record the B bits of information into each cell. Each B-bit word is added,
      modulo 2.sup.B, to the sum of all the preceding words by means of an
      accumulator that is adapted to modulo overflow in accordance with the base
      L. The accumulator output is digital-to-analog converted on an exponential
      scale by means of an exponentially attenuating network whose output
      linearly amplitude modulates a suitable carrier signal. The amplitude
      modulated carrier signal during a data interval is linearly recorded in a
      data cell of the magnetic medium by linearizing the medium over the range
      of input signal levels by using, for example, the conventional high
      frequency bias field technique of the analog recording technology.
      Alternatively, the medium non-linearity might be corrected by other means
      such as the use of a compensatory non-linear input-output characteristic.
      The signal recovered from the medium upon playback by demodulating the
      recorded amplitude modulated carrier is often multiplicatively distorted
      by the fluctuating gain of the magnetic storage channel, which varies
      rapidly on a fractional-second time scale yet slowly relative to the
      recorded information rate. This gain variation may result from the
      non-uniform thickness of the magnetic coating and the variation in
      distance between the write or read head and the magnetic material. The
      data is recovered by taking the logarithm of the signal amplitude
      reproduced from each cell thus converting the multiplicative gain
      variations to additive distortions. Successive differences of the
      logarithmic signals are then taken modulo 2.sup.B, leaving an additive
      error which is equal to the logarithm of the ratio between the gain values
      during two successive data time intervals and which usually will be of
      small magnitude since the gain variations from word to word are small.
      Thus, the slowly varying gain fluctuations are substantially cancelled
      between adjacent data intervals even though the cumulative change in gain
      over many words is significantly larger than the minimum change that may
      cause an error between successive words in a multilevel recording system
      absent the present invention.
PAR  Referring now to FIG. 2, the data recording portion 25 of the data channel
      is illustrated. A data source 26 provides a sequence of data words
      {W.sub.n }. At the beginning or just prior to each data word interval of
      duration T seconds, a new data word W.sub.n is provided by the source 26
      for recording or transmission during the n.sup.th data interval. When the
      data is in digital form, the n.sup.th data word W.sub.n can be selected
      from a uniformly spaced set of L discrete values: 0, 1, 2 . . . L-1, where
      L is an appropriate base selected in a manner to be described. If,
      however, the data is in analog form, W.sub.n can have a continuum of
      values in the range 0 .ltoreq. W.sub.n &lt;L, where L need not be an integer,
      which analog embodiment will be later described. The data source 26 may,
      for example, provide three-bit binary words corresponding to integer
      values from 0 to 7, where the base L equals 8.
PAR  The sequence of data words from the source 26 is applied as an input to a
      modulo-L adder 27. The adder 27 in turn provides its output to a
      modulo-sum storage 28 whose output is fed back with a delay of one word
      interval and applied as an input to the modulo-L adder 27. The adder 27
      and the storage 28 are connected to form a conventional accumulator 29 for
      accumulating the sequence of data words from the source 26 in modulo-L
      fashion, thus providing a sequence of partial sums. As is known, modulo-L
      accumulation is achieved by incrementally adding the sequence of numbers
      from the data source 26 to the number stored in the accumulator 29,
      thereby increasing it until the value L would just be reached, except that
      instead of permitting this to happen the accumulator 29 is at that point
      reset back to zero and the remainder of the addition continues therefrom.
      Thereafter, the accumulator 29 continues to overflow at each approach to
      the value L, and its output thus never reaches or exceeds this value.
PAR  Modulo-L accumulation may, for example, be conveniently achieved by
      utilizing an adder 27 with B binary stages, where 2.sup.B =L, and
      discarding the overflow signals from the most significant stage thereof.
      For instance, in a system where it is desirable to store a selected one of
      eight discrete levels in each data cell, each word from the data source 26
      would comprise three bits. Thus, each word from the data source could have
      an integer value from 0 to 7. In this example, the modulo-L adder 27 as
      well as the modulo-sum storage 28 would each comprise three binary stages,
      thus limiting the number stored in the accumulator not to exceed the value
      7. For example, if the accumulator 29 is storing the number 3 and the data
      source 26 provides a number 2 to be added thereto, the accumulator 29
      performs the modulo-L addition resulting in the value 5 now being stored
      therein. When, however, the accumulator 29 is storing the value 5 and the
      data source 26 provides the number 4 to be added thereto, the modulo-L
      addition is performed with the resultant modulo-L sum of 1 now being
      stored in the accumulator 29. It will be appreciated that with such a
      system, three bits may be stored unambiguously in each data cell on the
      medium thus achieving a three-fold improvement in information packing
      density compared to the conventional saturated flux storage technique.
PAR  The output of the accumulator 29 is applied as an input to an exponential
      attenuator 30, which also receives a carrier signal from a carrier pulser
      31. For reasons to be explained, the carrier signal provided by the
      carrier pulser 31 may be a sine wave of period T seconds, or may assume
      other forms in a manner to be discussed. The exponential attenuator 30 is
      effective in amplitude modulating the carrier signal from the carrier
      pulser 31 in accordance with an exponential function of the signal from
      the accumulator 29. The amplitude of the signal from the exponential
      attenuator 30 is proportional to a predetermined constant .beta. raised to
      a power equal to the accumulated data from the accumulator 29 where, in
      the present instance, .beta. exceeds unity.
PAR  The output of the exponential attenuator 30 is applied to recording or
      transmitting means 32 which, in the digital magnetic recording system
      described, comprises the write head and the corresponding circuitry,
      possibly including waveform-shaping or spectrum-shaping filters, for
      recording the output of the exponential attenuator 30 on a magnetic medium
      33. The recording means 32 and the medium 33 may comprise part of a
      conventional linerarized magnetic recording system of a type well known in
      the art and readily commercially procurable.
PAR  The timing for the data recording portion 25 of the data channel is
      provided by a stable crystal oscillator 34 that provides timing signals to
      the data source 26, the accumulator 29 and the carrier pulser 31 via a
      digital divider 35 in a conventional manner.
PAR  In the operation of the data recording portion 25 of the data channel of
      FIGS. 2 and 3, prior to the data source 26 providing a set or block of
      data words W.sub.1 through W.sub.N, the storage register 28 is set equal
      to zero. At the beginning of each data interval or just prior thereto, a
      new data word is provided by the source 26. During the n.sup.th data
      interval, the data word W.sub.n is provided thereby. During the n.sup.th
      data interval, the modulo-L adder 27 adds, with the possible discarding of
      an overflow, the latest data word W.sub.n provided by the data source 26
      to the previously modulo-L accumulated partial sum S.sub.n.sub.-1, and the
      result S.sub.n is transferred to the storage register 28 and controls the
      amplitude modulation of the carrier signal from the carrier pulser 31
      through the exponential attenuator 30. Thus during the n.sup.th data
      interval, (n-1) T .ltoreq. t &lt; n T,
      ##EQU1##
      Since just before the beginning of the transmission of the set of data
      words W.sub.1 through W.sub.N from the data source 26, the storage
      register 28 is set equal to zero, i.e. S.sub.O = 0, the operation of the
      accumulator 29 is described by the righthand expression of Equation (1).
      After the block of data words W.sub.1 through W.sub.N has been processed
      through the data recording portion 25 of the system, the storage 28 may be
      reset to zero in preparation for the next occurring block of data words.
PAR  The exponential attenuator 30 operates in discrete time intervals in a
      manner to be explained. Thus, during the n.sup.th data interval, (n-1) T =
      t &lt; n T, the gain through the attenuator 30 is proportional to
      .beta..sup.S.sbsp.n for reasons to be discussed. The output of the
      exponential attenuator, whose levels may now be seen to form what is
      mathematically termed a geometric series, therefore may be expressed as:
EQU  Af(t-[n-1]T).beta..sup.S.sbsp.n.sup.+1.sup.-L              (2)
PAL  for the n.sup.th interval as indicated by the legend. With the
      predetermined constant .beta.&gt;1 and with .vertline.f.sub.max .vertline.,
      the maximum absolute value of f(t), equal to unity, the positive factor A
      is indicative of the maximum amplitude of the signal from the exponential
      attenuator 30 and is dependent upon the parameters of the specific circuit
      instrumentation of the embodiment of the invention. It is appreciated that
      the function f(t) is interpreted as having zero amplitude outside of the
      interval between zero and T. The signal at the output of the exponential
      attenuator 30 provides the waveform which is recorded as magnetic flux on
      the medium 33 via the recording means 32 in a rotating-medium mass data
      storage system or provides the waveform transmitted over the channel
      medium 33 via the transmitting means 32 in a data transmission system. The
      recording or transmitting means 32 may include waveform-shaping or
      spectrum-shaping filters for improving the performance of the system in
      combination with equalization performed in the reproducing or receiving
      portion of the data channel depicted in FIG. 3, as later described. The
      means 32 may also include switching to disconnect its input from the
      output of the exponential attenuator 30 at times outside an interval
      containing the first through n.sup.th data intervals, thereby conserving
      power during those non-data-conveying times.
PAR  The relationship between the predetermined constant .beta.&gt;1 associated
      with the exponential attenuator 30 and the base L associated with the
      modulo-L accumulator 29 will now be discussed using a somewhat simplified
      analysis. In a discrete digital data recording system, L is equal to the
      number of levels into which the data cell flux is quantized in
      geometric-series progression, so that for greatest data density L should
      be as large as is consistent with reliable performance. Referring to the
      legend in FIG. 2, it is seen that when the partial sum S.sub.n from the
      accumulator 29 achieves its maximum value of L-1,
      .beta..sup.S.sbsp.n.sup.+1.sup.-L assumes the maximum value of unity
      provided that .beta. &gt; 1. The exponential attenuator 30 is then
      appropriately at its minimum attenuation and hence its output is at its
      highest level, of which level the factor A is indicative as explained in
      connection with Equation (2). On the other hand, the two lowest levels, of
      which A.beta..sup.2.sup.-L and A.beta..sup.1.sup.-L are similarly
      indicative, are the levels closest together and hence most likely to be
      confused with each other in the presence of additive system noise, thus
      affecting system reliability. For best utilization of the system dynamic
      range and for greatest reliability, A should be set at or near the upper
      limit of the range, whereupon in a simplified design .beta. may be chosen
      to maximize the difference (A .beta..sup.2.sup.-L - A
      .beta..sup.1.sup.-L). It is readily found that the maximizing value of
      .beta. is given by .beta. = (L-1)/(L-2), when L&gt;2, irrespective of the
      value of A or the intensity of the additive noise. It is then determined
      that if the minimum tolerable level spacing is denoted by D, which depends
      on the rms value of the additive noise in the system and on the required
      data reliability, then the maximum number of levels L which can be
      reliably accommodated per data cell is given by the largest integer for
      which (L-1).sup.L.sup.-1 /(L-2).sup.L.sup.-2 does not exceed A/D. A more
      exact design would treat the effects of additive noise on the logarithmic
      converter means 17 and data restoration means 18 of FIG. 1 rather than
      considering the difference (A .beta..sup.2.sup.-L - A .beta..sup.1.sup.-L)
      between the two lowest levels. It is appreciated that linear magnetic
      recording systems of the type contemplated by the present invention
      usually have high maximum playback signal to noise ratios corresponding to
      high values of A/D, and hence are eminently suited to incorporate
      advantageously the principles of the present invention for achieving a
      large number of possible levels per data cell and thereby gaining
      significantly improved digital recording density.
PAR  Referring now to FIG. 3, the data reproducing or receiving portion 40 of
      the data channel is illustrated. The signal recorded on or transmitted by
      the medium 33 of FIG. 2 (the medium 33 also being illustrated in FIG. 3
      for clarity) is reproduced or received by reproducing or receiving means
      41. In the digital magnetic recording system in which the present
      invention may be utilized, the reproducing means 41 would comprise the
      read head and the associated electronic circuitry. The level of the
      reproduced signal from the means 41 is identical to that of the recorded
      signal as indicated by the legend, except for the channel gain variation
      which is denoted by the factor k.sub.n (t) and in which the factor A of
      the legend of FIG. 2 has been included.
PAR  Generally, however, in addition to the multiplicative distortion k.sub.n
      (t), the reproduced signal will also be distorted both by unavoidable
      additive noise interference and by substantially time invariant linear
      filtering, the latter being inherent to playback through the inductive
      magnetic-to-electrical reading mechanism and to the associated electronic
      circuitry of the reproducing means 41. The filtering distortions, which
      are expressible in terms of frequency dependent deviations of the playback
      phase and amplitude characteristics from ideal, cause the known phenomenon
      of inter-symbol interference. The legend of FIG. 3 indicates this playback
      filtering distortion through the substitution of the time function g(t)
      for f(t), where g(t) is the playback response to the magnetic flux pattern
      generated in the recording medium 33 by the T-limited recording carrier
      f(t) after its passage through the recording means 32 of FIG. 2. In
      general, the response g(t) extends outside the data interval to produce
      inter-symbol interference. In conventional magnetic recording systems
      employing inductive playback, this inter-symbol interference distortion
      may be severe since the electrical voltage from the read head is
      proportional to the time derivative of the recorded flux which is
      responsive of the data modulated signal, rather than of the recorded flux
      itself.
PAR  The output of the reproducing or receiving means 41 is applied to a linear
      equalizing filter 42 to correct the playback inter-symbol interference
      distortion. The equalizing filter 42 is designed so that at the end of
      each data interval, or possibly at a later time by a fixed delay, the
      output therefrom is proportional to the modulation level during that
      interval and is minimally affected by the modulations of all other data
      intervals. The equalization in effect provides an increase in the
      bandwidth of the system thereby achieving a further improvement in
      recording density through closer packing of the data cells in addition to
      the significant improvement effected by the invention by permitting the
      number of data cell levels to be increased above two. Additionally, the
      linear equalizing filter 42 is designed to pass a minimum of noise while
      performing the equalization. A linear equalizing filter of the type
      suitable for use in the present invention, and which also possesses the
      ability to automatically adjust its parameters to existing playback signal
      and noise conditions, is described in British Pat. No. 1,178,769,
      "Improvements in or Relating to the Transmission of Data" published Jan.
      21, 1970.
PAR  The formulas for the equalizer design are well known, and depend on the
      shapes of the playback response g(t) and the additive noise power
      spectrum. Further, the shape of the function g(t) may be designed, subject
      to a limitation on the power of the recording current in the write head,
      so that the performance of the equalized data system is as reliable as
      possible. The shape of g(t), or equivalently of its spectrum, may be
      controlled to an adequate extent by introducing a shaping filter into the
      recording means 32 of FIG. 2.
PAR  It will be appreciated that the parameters L and .beta. of the data
      recording portion 25, illustrated in FIG. 2, of the data channel should be
      propitiously chosen in accordance with the maximum signal to noise ratio
      at the output of the linear equalizing filter 42 so as to optimize system
      performance as discussed above. Alternatively, L and .beta. may be chosen
      according to the maximum ratio of signal to combined noise and
      inter-symbol interference should a significant amount of the latter remain
      at the equalizer output.
PAR  In accordance with conventional equalizer concepts, the linear equalizing
      filter 42 provides optimum sampling instants with respect to the data
      intervals when the inter-symbol interference is minimized while under this
      constraint the maximum attainable signal to noise ratio is achieved.
      Alternatively, the linear equalizer 42 could be designed so that at each
      data sampling instant the maximum ratio is attained between the signal
      power and a weighted sum of the inter-symbol interference and noise
      powers. Since in the present embodiment the channel gain k.sub.n (t)
      varies slowly relative to the modulation interval T, the output level from
      the linear equalizing filter 42 at the sampling instant associated with
      the n.sup.th data interval may be expressed as k.sub.n
      .beta..sup.S.sbsp.n.sup.+ 1.sup.-L, where k.sub.n is proportional to the
      average value of k.sub.n (t) over the n.sup.th data interval. The averaged
      gain k.sub.n also includes the effective gain of the sampled, fixed
      response of the linear equalizing filter 42 to the playback waveform g(t).
PAR  The output of the linear equalizing filter 42 is applied to a logarithmic
      amplifier 43 that, at least at the optimum data sampling instants,
      provides over the required dynamic range an accurate, fixed logarithmic
      function of the absolute magnitude of the input to the means 43. The
      logarithmic amplifier 43, whose logarithmic base may be any convenient
      positive number, is effective to convert the averaged multiplicative
      distortions k.sub.n to additive distortions in a manner soon to be
      clarified. The logarithmic amplifier 43 is a conventional circuit readily
      procurable commercially from a wide variety of electronic circuit
      manufacturers. The output of the logarithmic amplifier 43 is applied
      through a log.beta. divider 44 to a sample and hold circuit 45. The
      log.beta. divider 44 normalizes the output of the logarithmic amplifier 43
      by dividing it by the constant log.beta., where the logarithmic base is
      the same as that adopted for the logarithmic amplifier. The output of the
      log.beta. divider 44 is sampled by the sample and hold circuit 45 at the
      optimum sampling instants discussed above where the signal is strongest
      relative to the inter-symbol interference and the additive noise. Thus,
      neglecting the inter-symbol interference and noise, the sample taken at
      the optimum sampling instant associated with the n.sup.th data interval
      may be expressed as:
      ##EQU2##
      It will thus be appreciated that the logarithmic amplifier 43 has
      converted the multiplicative distortion of the slowly varying channel gain
      to an additive disturbance represented by the term logk.sub.n /log.beta..
PAR  The output of the sample and hold circuit 45 is applied to a two-word
      memory 46. The two-word memory 46 is a conventional device for
      simultaneously storing the two most recent samples provided by the sample
      and hold circuit 45 and also applying these two samples to a modulo-L
      subtracter 47. When the sample R.sub.n for the n.sup.th data interval is
      taken, the modulo-L subtracter 47 subtracts from it the previously
      obtained sample R.sub.n.sub.-1 in modulo-L fashion. The modulo-L
      subtracter 47 is similar to the modulo-L adder 27 of FIG. 2 except that
      the underflows of the former are discarded to provide the modulo-L
      operation. Associated with the n.sup.th data interval, the modulo-L
      subtracter 47 provides a signal representative of the n.sup.th data word
      W.sub.n emanating from the data source 26 of FIG. 2. Accordingly, from
      Equations (1) and (3) the output of the modulo-L subtracter 47 may be
      expressed as:
      ##EQU3##
      Thus it will be appreciated that the signal W.sub.n is comprised of the
      desired data word W.sub.n plus an error term proportional to log (k.sub.n
      /k.sub.n.sub.-1). Since the channel gain varies slowly relative to the
      data rate, the term k.sub.n /k.sub.n.sub.-1 will be nearly unity and hence
      the term log(k.sub.n /k.sub.n.sub.-1) will be substantially zero. Thus, by
      the sequence of operations described above, the slowly varying
      multiplicative distortions have been substantially reduced.
PAR  As described with respect to FIG. 2, the exponential information levels are
      amplitude modulated in unipolar fashion upon a periodic carrier signal.
      If, for example, the carrier is a sine wave of period T equal to the data
      interval as shown in FIG. 2, and if the recording means 32 acts as a
      linear time invariant filter as then would normally be the case, the
      signal recorded on the medium 33 and reproduced therefrom by the
      reproducing means 41 of FIG. 3 will contain a line in its spectrum at the
      data-interval frequency. Provided that this line is of reasonable
      strength, the output of the reproducing means 41 may be applied to a
      conventional phase locked oscillator 48. This oscillator 48 phase locks
      onto the spectral line, thereby effectively filtering it to provide timing
      signals to the sample and hold circuit 45, the twoword memory 36 and the
      modulo-L subtracter 47. These timing signals are generated from the phase
      locked oscillator 48 via a timing generator 49 in a conventional manner.
PAR  Equation (4) above indicates that the output W.sub.n of the subtractor 47
      is equal to the actual transmitted data word W.sub.n with a small residual
      error term added thereto. In the digital discrete level embodiment of the
      invention, a decision must be effected from W.sub.n as to which of the L
      possible data levels was transmitted. This may conveniently be
      accomplished by selecting the level which is closest, modulo-L, to the
      signal W.sub.n. Generally a more effective, although complicated,
      procedure would be to establish L decision thresholds to yield minimum
      probability of decision error.
PAR  In will be appreciated that the means 41-49 of the data reproducing portion
      40 may be analog in nature when the data processed by the system is of the
      discrete time continuous level type. When this is the situation, the
      signal W.sub.n from the subtracter 47 may be utilized as the estimate of
      the transmitted data word W.sub.n  or may be further filtered to improve
      the reception if the statistics of the analog information and the gain
      variations are known.
PAR  Equation (4) provides an indication of the effect of channel gain
      variations on the system error. The change in gain from word to word
      limits the accuracy with which the value of W.sub.n can be measured in the
      reproducing or receiving portion 40 of the data channel. When the data is
      of analog, continuous level nature, some error always occurs in the
      presence of gain fluctuations, but then an appropriate performance
      criterion is the root-mean-square difference between W.sub.n and W.sub.n,
      which is the rms value of log(k.sub.n /k.sub.n.sub.-1)/log.beta.. It will
      be appreciated that if the channel gain varies slowly or if .beta. is
      large, errors for this system will be substantially smaller than for prior
      art systems absent the present invention.
PAR  For discrete level modulation embodiments of the invention such as in
      digital magnetic recording systems, it is preferable to utilize a digital
      instrumentation for certain of the operations. The reproducing or
      receiving portion 40 of FIG. 3 may conveniently be configured to process
      digital data by inserting a conventional analog-to-digital converter
      between the sample and hold circuit 45 and the two-word memory 46. In this
      embodiment the memory 46 and the subtracter 47 may comprise conventional
      digital circuits. An alternative digital embodiment may be realized by
      connecting the output of the linear equalizing filter 42 directly to the
      input of the sample and hold circuit 45. The output of the sample and hold
      circuit 45 would be converted to digital format by means of an
      analog-to-digital converter. The output of the converter would then be
      applied to the memory via a conventional digital logarithmic converter
      followed by a conventional digital log.beta. divider. As a further
      alternative embodiment, the analog-to-digital converter and the
      logarithmic converter may be combined into a unitary circuit. It will
      additionally be appreciated that for the analog instrumentation the order
      may likewise be inverted between the sample and hold circuit 45, and the
      combination of the logarithmic amplifier 43 followed by the log.beta.
      attenuator 44.
PAR  In a manner similar to that described above, Equation (4) provides an
      indication of the effect of channel gain variation on the error of the
      discrete level modulation system. If the error term log(k.sub.n
      /k.sub.n.sub.-1)/log.beta. is of magnitude less than one-half, then no
      error is committed if the output signal W.sub.n of the reproducing or
      receiving portion 40 of the data channel is rounded to the nearest
      integer, yielding the output word designated as W.sub.n. This condition
      with respect to the error term is readily achievable for each data word in
      a long sequence of words even though the cumulative change in gain over
      the time interval occupied by the sequence of words may be large enough to
      produce numerous errors in a prior art system absent the present
      invention.
PAR  Errors in the digital version of the invention can occur as follows: if
      during the n.sup.th data interval a gain change should occur such that
      k.sub.n /k.sub.n.sub.-1 is sufficiently different from unity to cause an
      error in W.sub.n, and if during the next data interval the gain returns to
      its previous value, i.e. k.sub.n.sub.+1 = k.sub.n.sub.-1, an error occurs
      in W.sub.n.sub.+1 of opposite sign to the error that occurred in W.sub.n.
      If, however, during the next data interval the gain remains at its new
      value, i.e. k.sub.n.sub.+1 = k.sub.n, then an error only occurs in W.sub.n
      and not in W.sub.n.sub.+1. Thus, if the gain is the same before and after
      a single word which is subject to a large change in gain, such as for
      example might be caused by a "pin hole" flaw in the magnetic medium, or if
      an isolated noise transient should occur, both W.sub.n and W.sub.n.sub.+1
      but no other word will be in error. If, however, there is a large step
      change in gain at a time t for which (n-1)T &lt; t &lt; nT and no other change
      in gain occurs, only W.sub.n will be in error. Thus, it is appreciated
      that should a substantial short-duration anomaly occur during playback it
      at least will not cause error propagation in the recovered data. Such a
      failure produces errors only in the information word of the corresponding
      interval and at worst in the following word. If required by system
      performance, these potential double adjacent errors may be obviated by
      conventional error detection and correction coding of the data, which
      additionally provides improvements in system performance well appreciated
      in the art.
PAR  It is appreciated from the foregoing that the reproducing or receiving
      portion 40 of FIG. 3 substantially cancels slowly varying gains
      fluctuations between adjacent signalling intervals. It is further
      appreciated, however, that the first transmitted word W.sub.1 of a block
      of data words cannot generally be recovered because the subtraction
      operation of the subtracter 47 necessarily lacks the value R.sub.o for the
      interval preceding the first data interval, unless an allowed level is in
      fact transmitted before data commences. Accordingly, the first word
      W.sub.1 may arbitrarily be set to zero, to L-1, or to any other permitted
      level.
PAR  It will be appreciated with regard to the exponential attenuator 30 of FIG.
      2 that if the exponential function provided thereby is considered on a
      decibel scale, a linear function results. Equivalently, the geometric
      series of levels provided in a digital discrete level embodiment by the
      attenuator 30 becomes an arithmetic, equi-spaced series when considered on
      a decibel scale. It is furthermore appreciated that for the discrete level
      embodiment of the invention, the predetermined constant .beta. associated
      with the exponential attenuator 30 is the ratio between adjacent amplitude
      information levels.
PAR  As previously explained and expressed through Equation (2), the carrier
      pulser 31 of FIG. 2 provides a periodic carrier signal upon which the
      information levels are amplitude modulated in unipolar fashion. In the
      case of the sine wave carrier example shown in FIG. 2, this provides a
      spectral line at the sine wave frequency which simplifies timing recovery
      at the receiver of FIG. 3. Alternatively, however, the signal from the
      carrier pulser 31 may instead be bipolar or phase-reversal modulated
      independently of the amplitude level modulation, thereby conveying an
      additional bit of information during each data interval by the polarity
      thereof. The polarity data signal may for compatibility be in one of the
      standard binary recording formats. The sign of the output of the linear
      equalizing filter 42 of FIG. 3 would then be required to be sensed at the
      optimum sampling instants, for recovery of the polarity data. Timing
      recovery with bipolar or phase-reversal carrier modulation may be rather
      more complicated than when utilizing the unipolar carrier modulation
      previously described.
PAR  The use of a sinusoidal carrier conveniently provides a solution to a
      problem inherent in the employment of conventional magnetic read heads.
      Because such read heads work on the principle of magnetic induction, a
      time differentiation is imparted to the recorded flux signal as it is
      reproduced from the medium. In order to reconstruct the recorded signal
      waveform, a solution would be to integrate the signal either at the input
      to the write head or at the output of the read head in order to compensate
      for the inherent differentiation. This solution has certain complications
      which will be discussed shortly. The need for signal integration may be
      obviated by utilizing an amplitude modulated sinusoidal carrier as
      exemplified in FIG. 2, since the derivative of a modulated sine wave is a
      modulated cosine wave on which the relative information levels are
      preserved. In order to conserve bandwidth and further increase the data
      packing density, the frequency of the sinusoidal carrier may be chosen to
      be near the channel cut off frequency. For high recording density, one
      cycle of the carrier should be utilized in each data interval, and the
      linear equalizing filter 42 of FIG. 3 must then be suitably adjusted to
      ameliorate the consequent inter-symbol interference produced by the
      channel cut off. An adequately strong carrier spectral line should in
      general still exist in the data signal for timing recovery in the receiver
      of FIG. 3.
PAR  It has been described how in addition to the information conveyed by
      modulating the amplitude of the carrier signal, an additional bit per data
      interval may be recorded by modulating the carrier polarity. Alternatively
      to this use, or to the use of a sinusoidal carrier for obviating the need
      for signal integration in recording or playback, such carrier polarity
      manipulation may be employed to permit signal integration to be performed
      by additional apparatus within the recording or transmitting means 32 of
      FIG. 2. As already discussed, the purpose of such integration would be to
      compensate the signal differentiation inherent in conventional inductive
      magnetic playback. Were such integration compensation instead performed at
      the receiver, serious d.c.-offset and noise growth problems could arise.
      On the other hand, signal integration of a modulated carrier at the
      transmitter could in general cause the dynamic range for linear recording
      to be exceeded unless, as in the sinusoidal example, the carrier were
      restricted to contain no d.c. component. Such a d.c. prohibition could
      result in inefficiency of bandwidth utilization or undue equipment
      complexity or both.
PAR  It is possible, however, to introduce a signal integrator into the
      recording means 32 of FIG. 2 while assuring that its output always remains
      within the linear dynamic range for any data to be recorded by employing
      the arrangement illustrated in FIG. 13. Referring now to FIG. 13, the
      unipolar-modulated carrier output from the exponential attenuator 30 is
      connected through a polarity reversing switch 200 to the input of a signal
      integrator 201 which is now included in the recording means 32 (FIG. 2).
      The polarity reversing switch 200 is comprised of a single-pole,
      double-throw switch 202, the wiper of which provides the input to the
      integrator 201. The two contacts of the switch 202 are connected to the
      exponential attenuator 30 (FIG. 2) by a conventional unity-gain polarity
      inverter 203 and a non-polarity-inverting path 204, respectively.
      Initially the integrator 201 is set to zero, and throughout the first data
      interval the switch 200 remains in either of its two positions,
      arbitrarily, while the integrator responds to its input signal. At the
      beginning of the second data interval, the sign of the integrator output
      is sensed by a sample and hold circuit 205 and a conventional Schmitt
      trigger circuit 206 with zero threshold which positions the polarity
      reversing switch 200 for that interval so as to make the net effect of the
      integrator input during that interval oppose the integrator level existing
      at its beginning. For example, assuming that the unipolar data is
      non-negative in character, if at the beginning of the second data interval
      the sign detector 205-206 senses a positive integrator output, the sign
      detector 205-206, via a suitable coupling, positions the wiper of the
      switch 202 to the polarity inverting path 203. If, however, at the
      beginning of the second data interval the output of the integrator 201 is
      negative, the sign detector 205-206 positions the wiper of the switch 202
      to the non-inverting path 204 thereby achieving the result indicated.
      Thereby, the integrator output at the end of the second data interval is
      either reduced in magnitude or of opposite sign, or both, from the
      beginning of that interval, and in any event remains within a finite range
      throughout the data interval. The operation then repeats following the
      same rule with respect to the third and all succeeding data intervals,
      with the result that pure signal integration is achieved which is at all
      times, and for all data, compatible with the limited dynamic range of
      linear recording. In the arrangement just described it is the integrator
      output that is transmitted via the medium 33 (FIG. 2) in order to
      compensate the time differentiation characteristic of magnetic recording,
      and the timing of the sample and hold 205 is provided by the digital
      divider 35 of FIG. 2. Data recovery remains as already presented in
      connection with FIG. 3 since the effect of introducing the polarity
      reversing switch 200 at the input of the signal integrator 201 in
      recording means 32 of FIG. 2 is merely to vary, at the times that the
      sample and hold circuit 45 of FIG. 3 acts, the sign of the output signal
      from the linear equalizing filter 42 of FIG. 3. The logarithmic amplifier
      43 has been described as sensitive to the absolute magnitude of the output
      from the linear equalizer filter 42, and thus data recovery is unaffected
      by the variation in sign of this output produced by the introduction of
      the polarity reversing switch 200 in the data recording portion of FIG. 2.
PAR  The integrator 201 may be considered a part of the shapingfiltering
      previously discussed with regard to the recording means 32 of FIG. 2. The
      integrator 201 may, in turn, be followed by further linear
      waveform-shaping or spectrum-shaping filters (not shown) included in means
      32 for additional performance improvement in combination with the linear
      equalizing filter 42 of FIG. 3. Furthermore, the input-polarity-switched
      signal integration of FIG. 13 may be accomplished with any of a variety of
      modulated carrier input waveforms from the exponential attenuator 30 of
      FIG. 2. In particular, the carrier may be a periodic rectangular pulse of
      length equal to the data interval, the carrier then being identical to a
      constant d.c. level, in which case the output of the signal integrator is
      a piecewise-constant-slope, continuous function resembling an irregular
      hill-and-dale profile as illustrated in FIG. 14.
PAR  FIG. 14 illustrates an example of the irregular hill-and-dale recording
      waveform generated for a particular data pattern when the carrier is
      constant d.c. and the zero value is arbitrarily assigned to have negative
      sign. The playback wavefore is also shown on the assumption that there is
      no signal filtering in the recording channel other than that of the
      recording integrator 201 of FIG. 13 and the inductive magnetic playback
      differentiation. Also shown in FIG. 14 are the results of data
      conditioning by the accumulator 29 and exponential attenuator 30 of FIG.
      2, for L=4 and .beta.=2, with the data recovery being through the
      logarithmic amplifier 43 and the modulo-4 subtracter of FIG. 3, the first
      word being lost as earlier explained. The channel gain k is seen to have
      no effect on the multilevel data recovery, thereby illustrating the power
      of the invention.
PAR  In the case of discrete level digital data, the set of recording current
      slope magnitudes comprises a geometric series. Alternatively to generation
      using the exponential attenuator 30 of FIG. 2, the polarity-switched input
      to the integrator 201 contained in the recording means 32 may be provided
      by a digital logic instrumentation which is driven by the output of the
      modulo-L accumulator 29 and which provides through a digital-to-analog
      converter an exponential function thereof. Moreover, the polarity
      switching may also be included in the digital logic, since the sign of the
      integrator output is calculable in lieu of having to observe it. Whenever
      the zero integrator output level may occur, its sign may be assigned
      arbitrarily either positive or negative with no impairment of the
      operation. In FIG. 13 this assignment is performed by the Schmitt trigger
      circuit 206 whose output has only two states.
PAR  The bandwidth conservancy of the irregular hill-and-dale recording waveform
      is similar to that of the modulated sinusoidal recording waveform
      exemplified in FIG. 2 when the frequency of the latter is located near the
      channel cut off frequency, and under these circumstances the linear
      equalizing filter 42 of FIG. 3 may well be of simpler construction for the
      former waveform. However, the irregular hill-and-dale recording waveform
      lacks a spectral line from which the timing may be recovered in the
      receiver of FIG. 3, while such a line is present at the datainterval
      frequency in the modulated sinusoidal recording. Therefore, in employing
      the irregular-sawtooth hill-and-dale waveform it would be necessary to
      introduce a spectral line for timing recovery by adding to the recording
      current a sine wave of appropriate frequency and sufficient amplitude.
PAR  A convenient frequency for the timing sine wave is the datainterval
      frequency, at which frequency the irregular hill-and-dale recording
      waveform and hence the playback signal has a spectral null. The playback
      voltage at the read head being the time derivative of the recording
      waveform, it thereby has an irregular-staircaselike waveform, as shown in
      FIG. 14, which is distributed in a geometric series of levels in the case
      of discrete-level digital data, and which is constant over each data
      interval with jumps at the interval boundaries. It will be appreciated
      that this playback waveform therefore interacts minimally with the
      recovery of the timing sine wave whose period is the data interval.
      Furthermore, it is known that for the d.c. carrier example of FIG. 14 the
      optimum linear equalizing filter 42 of FIG. 3 should include a filter
      having an impulse response which is a rectangle of duration equal to the
      data interval, and which thereby filters out the timing sine wave while
      still affording optimum passage of the data signal. The remainder of the
      equalization is then accomplished, possibly in combination with a linear
      shaping filter following the integrator 201 in the recording means 32 of
      FIG. 2 as previously described. This equalization takes into account the
      additive noise spectrum and all linear filtering effects in the recording
      and playback mechanisms and circuitry, other than the time differentiation
      which has already been compensated by the inclusion of the integrator 201
      in the recording means 32. The output of the linear equalizing filter 42
      is further processed as shown in FIG. 3 to enable multiplicative channel
      gain variations to be substantially reduced as previously described. It
      will be appreciated that there exist other rules than the above described
      output-sign rule for polarity-switching the input to the integrator 201 of
      FIG. 3 so as to maintain its output within a finite dynamic range. For
      example, the input sign may be caused to reverse only when it is predicted
      that to maintain the same signal in conveying the next data word would
      result in violation of an output range limit. The preceding provides
      alternatives to modulated sinusoidal recording in accordance with the
      present invention.
PAR  Referring now to FIG. 4, an instrumentation of the exponential attenuator
      30 of FIG. 2, particularly useful in the discrete level digital data
      embodiment of the invention, is illustrated. The exponential attenuator 30
      is comprised of switch control logic circuitry 55 that controls a binary
      resistor ladder network 56 via a bank of single pole double throw switches
      57. The switch control logic 55 receives a digital input signal on leads
      58 from the accumulator 28 of FIG. 2. The switch control logic 55, in
      turn, provides a discrete signal on one of L output lines 59 in accordance
      with the binary number applied to the leads 58. For example, when the
      binary numbers are comprised of three bits, L will be 8 and the switch
      control logic 55 will energize one of the eight lines 59 in accordance
      with the value of the binary number on the leads 58. As is well
      appreciated, a three bit binary number may assume any integer value
      between 0 and 7. The switch control logic 55 may comprise a conventional
      binary decoding circuit of a type well known in the digital circuit
      technology. The conventional binary decoding circuit, may, for example, be
      of the decoder matrix type described in the textbook "Digital Computer
      Fundamentals" by Thomas C. Bartee, published by McGraw-Hill Book Company,
      Inc., 1960, pages 229-231.
PAR  The L output leads 59 are utilized to operate the L switches respectively
      of the switch bank 57 by means of any convenient coupling schematically
      illustrated by the dashed lines. One contact of each of the L switches is
      commonly connected to a buss 60 to receive the carrier signal from the
      carrier pulser 31 of FIG. 2. The other contact of each of the L switches
      is commonly connected to ground potential via a buss 61. The wiper of each
      of the L switches is connected, respectively, to a resistor of value
      R.sub.1 of the binary resistor ladder network 56. The ladder network 56 is
      completed by resistors of value R.sub.o and R.sub.2 as indicated by the
      legend. The output of the resistor network 56 is provided on a lead 62 to
      the recording or transmitting means 32 of FIG. 2.
PAR  In operation the switch positions are controlled by the L lines from the
      switch control logic 55 such that the wiper of one of the L switches is
      connected to the buss 60 whereas the wipers of the remaining (L-1)
      switches are connected to ground potential via the buss 61, the one switch
      being selected in accordance with the value of the binary number provided
      by the leads 58. In order to effect the required exponential function with
      .beta.&gt;1, the resistor values may, for example, be related as follows:
EQU  R.sub.1 = R.sub.o /(.beta.-1)
      ##EQU4##
      where R.sub.o is selected in accordance with system requirements. Since
      the partial sum S.sub.n from the accumulator 29 may assume the values 0,
      1, 2, . . . , (L-1), the line 59 which is energized is labeled S.sub.n +
      1, so that the largest value of S.sub.n provides the least attenuation.
      With T.sub.n defined as the ratio between the output voltage on the lead
      62 and the input voltage on the buss 60 when the line controlling the
      n.sup.th switch is energized,
EQU  T.sub.n = [(.beta.-1)/(.beta.+1)].beta..sup.S.sbsp.n.sub.+1.sub.-L
PAL  It is thus appreciated that T.sub.n exhibits the desired exponential
      variation with respect to S.sub.n to provide the geometric series of
      output levels hereinabove discussed.
PAR  It will be appreciated that the switches of the switch bank 57, as well as
      the couplings to the switch control logic 55, are schematically
      illustrated and would preferably be instrumented by transistor switches
      with electronic coupling to the circuit 55 in accordance with present day
      digital circuit technology.
PAR  Referring for the moment back to FIG. 2, the accumulator 29 is illustrated
      comprising the modulo-L adder 27 and the modulo-sum storage 28. It will be
      appreciated that any conventional accumulator arrangement may be utilized
      in instrumenting the invention. It is a requirement, however, of the
      system illustrated in FIG. 2 that the accumulator 29 provide steady state
      signals during essentially all of each data interval to the exponential
      attenuator 30, such that the attenuator 30 can properly develop its
      exponential-level output signal. Depending on the data rate of the system
      and the speed of the components utilized, an auxiliary storage may or may
      not be required. In specific instrumentations of the invention, however,
      careful consideration of adder delays may be necessary in order to effect
      proper system operation. An accumulator 29 for effecting the required
      modulo-L accumulation of the data words is illustrated in FIG. 5, where
      such delays have been taken into account.
PAR  Referring now to FIG. 5 in which like reference numerals indicate like
      components with respect to FIG. 2, the accumulator 29 is depicted for
      processing the data words W each having B binary digits such that
      L=2.sup.B. The data timing indicated in the legend of FIG. 5 differs
      somewhat from that of FIG. 2 because the design of FIG. 5 considers the
      effects of adder delays which were previously omitted for simplicity in
      describing FIG. 2. The adder 27 responsive to the data words from the data
      source 26 provides its output to the storage register 28. The output from
      the storage register 28 is applied to the input of another auxiliary
      storage register 28'. The output of the storage register 28' provides the
      required signal to the exponential attenuator 30 as discussed with respect
      to FIG. 2 and, in addition, provides its output as an input to the adder
      27. Since the accumulation is to be performed in modulo-L fashion, the
      adder 27 discards any overflow. The adder 27 and the storage registers 28
      and 28' each comprise B bit devices. The storage registers 28 and 28' are
      additionally responsive to the timing signals from the digital divider 35
      of FIG. 2.
PAR  In operation, at the beginning of the (n+1) data interval and throughout
      its greater portion, the storage register 28' is providing the partial sum
      S.sub.n to the exponential attenuator 30 and also as an input to the adder
      27. At the beginning of the (n+1) interval the data source 26 provides the
      data word W.sub.n.sub.+1 to the adder to be added to S.sub.n, thereby
      providing the new partial sum S.sub.n.sub.+1 at the output of the adder
      27. After the addition has been completed but somewhat before the end of
      the data interval, a signal from the timing source 35 causes this new
      partial sum S.sub.n.sub.+1 to be stored in the storage register 28. At the
      end of the (n+1) interval another signal from the timing source 35
      transfers the new partial sum from the store 28 to the store 28' thus
      permitting the new partial sum S.sub.n.sub.+1 to control the exponential
      attenuator 30 during the (n+2) data interval and the new data word
      W.sub.n.sub.+2 to be added thereto as required.
PAR  Referring for the moment back to FIG. 3, the logarithmic amplifier 43 may
      specifically be realized as an operational amplifier with a transistor in
      the feedback path thereof. Since the base-emitter voltage of the
      transistor is proportional to the logarithm of the collector current
      thereof, a logarithmic transfer characteristic is effected by the device.
      Several such amplifiers are commercially procurable which have wide
      dynamic range, good accuracy and broad frequency response as required.
PAR  The specific instrumentations described above of the components of the data
      channel illustrated in FIGS. 2 and 3 have been primarily explained in
      terms of a discrete level digital data embodiment of the invention.
      However, it is appreciated that the transistor-feedback instrumentation of
      the logarithmic amplifier 43 is equally applicable to discrete-level or
      continuouslevel data. In the continuous level analog data embodiment, the
      data words from the source 26 may vary continuously in level from 0 to a
      maximum value of L, where L is not necessarily an integer. In a manner
      similar to the discrete level embodiment, the accumulator 29 is required
      to provide a running sum, modulo-L, of the analog data words.
PAR  Referring now to FIG. 6, an example of an instrumentation for the analog
      modulo-L accumulator 29 is illustrated. The analog data words from the
      data source 26 of FIG. 2 are applied as an input to a conventional analog
      voltage adder 75. The analog adder 75 provides its sum output to the wiper
      of a single pole double throw switch 76. The two contacts of the switch 76
      are connected to the inputs of analog hold circuits 77 and 78
      respectively. Each of the hold circuits 77 and 78 is of conventional
      design and tracks the voltage at its input by means of, for example, a
      capacitor when the wiper of the switch 76 is connected thereto. When the
      wiper of the switch 76 is disconnected from the hold circuit, the
      capacitor continues to provide the voltage present at the input when the
      contact was broken. The outputs of the hold circuits 77 and 78 are applied
      to the contacts of a single pole double throw switch 79 respectively. The
      analog output of the hold circuit 77 or 78 selected by the switch 79 is
      applied via the wiper thereof as the minuend input to a conventional
      analog subtractor circuit 80 and as an input to a conventional analog
      voltage comparator circuit 81. A reference voltage equal to the maximum
      information amplitude L is applied as a second input to the voltage
      comparator 81 as indicated by the legend. The output of the voltage
      comparator 81 is coupled by any convenient means to operate a switch 82 to
      selectively connect either the reference voltage L or ground potential to
      the subtrahend input of the subtractor 80. When the voltage on the wiper
      of the switch 79 is less than the reference voltage, the voltage
      comparator 81 positions the switch 82 to connect ground potential to the
      subtractor 80. When the voltage on the wiper of the switch 79 equals or
      exceeds the reference voltage, the voltage comparator 81 positions the
      switch 82 to connect the reference voltage L to the subtractor 80. In this
      way, the modulo-L overflows are discarded in a manner analogous to that
      described above with respect to the digital embodiment of the invention.
      The output of the subtractor 80 is applied as a second input to the adder
      75 thereby performing the modulo-L accumulation required by the present
      invention in a manner further to be described.
PAR  In order to provide the output from the modulo-L accumulator 29 to the
      exponential attenuator 30 of FIG. 2 over the T-second duration of a data
      interval, the output of the subtractor 80 is applied to the wiper of a
      single pole double throw switch 83. The two contacts of the switch 83 are
      connected to the inputs of conventional analog hold circuits 84 and 85
      respectively. The outputs of the hold circuits 84 and 85 are applied to
      the two contacts of a single pole double throw switch 86 respectively. The
      analog output of the hold circuit 84 or 85 selected by the switch 86 is
      applied via the wiper thereof as the input to the exponential attenuator
      30 previously described with respect to FIG. 2. The operation of the
      switches 76, 79, 83 and 86 are controlled by the timing signals from the
      digital divider 35 of FIG. 2 by any convenient coupling.
PAR  The operation of the analog modulo-L accumulator 29 of FIG. 6 will now be
      described during the (n+1) data interval. At the beginning of the
      interval, the hold circuit 77 is storing the ordinary arithmetic sum
      S.sub.n of W.sub.n from the n.sup.th data interval added to the modulo-L
      partial sum S.sub.n.sub.-1 from the (n-1) data interval, while the hold
      circuit 84 is storing S.sub.n.sub.-1. With the switches 76, 79, 83 and 86
      positioned as illustrated in FIG. 6, the voltage comparator 81 is
      operating the wiper of the switch 82 to contact either ground potential or
      the reference voltage L in accordance with whether S.sub.n from the hold
      circuit 77 is less than L, or equal to or greater than L, respectively.
      Thus, the subtractor 80 is subtracting the value L from the sum S.sub.n if
      S.sub.n is equal to or greater than L, or is subtracting zero from S.sub.n
      if S.sub.n is less than L. The subtractor 80, therefore, is providing
      S.sub.n, the modulo-L value of S.sub.n, as an input to the adder 75 at the
      beginning of the (n+1) interval, and is also providing S.sub.n to the hold
      circuit 85. When the new data word W.sub.n.sub.+1 is applied from the data
      source 26 early in the (n+1) interval, the adder 75 adds it to the partial
      sum S.sub.n to provide the new arithmetic sum S.sub.n.sub.+1 to the hold
      circuit 78.
PAR  Thus, it will be appreciated that during the (n+1) word interval, the hold
      circuit 84 provides the modulo-L partial sum S.sub.n.sub.-1 to the
      exponential attenuator 30 while the next modulo-L partial sum S.sub.n is
      provided to the hold circuit 85. During this word interval the data word
      W.sub.n.sub.+1 is added in conventional voltage fashion to the partial sum
      S.sub.n to form the next S.sub.n.sub.+1 in the hold circuit 78. Near the
      end of the (n+1) data interval the switches 76, 79, 83 and 86 are
      energized by the timing signals from the digital divider 35 of FIG. 2 to
      switch to the positions opposite those illustrated in FIG. 6. Thus, the
      output of the adder 75 is then connected to the hold circuit 77 and the
      analog value S.sub.n.sub.+1 in the hold circuit 78 is applied to the
      minuend input to the subtractor 80 and to the voltage comparator 81. The
      output of the subtractor 80 is then applied as the input to the hold
      circuit 84 and also as an input to the adder 75, while the voltage
      comparator 81 in combination with the switch 82 acts to make the
      subtractor output equal to S.sub.n.sub.+1, the modulo-L value of its
      input. The switch 86 is now positioned to provide to the exponential
      attenuator 30, during the (n+2) interval, the output S.sub.n of the hold
      circuit 85 which is the next occurring modulo-L partial sum as required,
      while the following partial sum S.sub.n.sub.+1 is being formed.
PAR  In order to assure that the proper values of S.sub.n.sub.+1 and S.sub.n are
      held, the switches 76 and 83 should be energized just prior to the end of
      the data interval and before the new data word arrives. Switch 86 should
      be energized just before switch 83 and switch 79 may be energized
      concurrently with switches 76 and 83. Thus, the switches 76, 79 and 83 are
      illustrated ganged together, with switch 86 driven separately. It will be
      appreciated that the switches 76, 79, 82, 83 and 86 and their associated
      couplings are schematically illustrated and would preferably be
      instrumented by electronic transistor switches. The circuits 75-86 should
      be sufficiently fast so that all levels settle to their final values by
      the end of each data interval.
PAR  It will be appreciated that since W.sub.k at the input to the adder 75 does
      not exceed L for any k, and since any S.sub.k.sub.-1 is less than L, any
      S.sub.k at the output of the adder 75 is less than 2L. Thus any S.sub.k
      from the output of the subtractor 80 is less than L as required. However,
      it may be noted that W.sub.k =0 and W.sub.k =L both produce the same
      output value for S.sub.k. Unless this ambiguity is permissible as in, for
      example, the transmission of angular information where L=360.degree., it
      would be necessary to establish a margin slightly less than L and above
      which the analog data level would be prohibited.
PAR  It is appreciated from the foregoing that in order to provide maximum
      settling time for the circuits 75-86 of the analog modulo-L accumulator 29
      a delay of two word times of the output of the accumulator 29 with respect
      to the input thereof is provided in the modulo-L accumulation of the
      analog words. Alternatively, in systems where the data rate permits and
      sufficiently fast circuits are utilized, hold circuits 77, 78, 84 and 85,
      as well as the switches 76, 79, 83 and 86, may be eliminated with the
      output of the adder 75 being provided directly to the minuend input of the
      subtractor 80 whose output then directly provides the input to the
      exponential attenuator 30. In this simpler configuration which is
      essentially that of the accumulator depicted in FIG. 2, an analog delay
      circuit providing a delay of one data interval, which may be instrumented
      for example by a conventional delay line, would be required in the path
      from the subtractor 80 output to the partial-sum input of the adder 75 in
      a manner similar to that discussed with respect to FIG. 2.
PAR  The output of the analog modulo-L accumulator 29 illustrated in FIG. 6 is
      applied to the exponentiating circuit 30 which in the analog embodiment of
      the invention may be configured in the manner illustrated in FIG. 7.
      Referring now to FIG. 7, the sequence of analog partial sums {S.sub.n }
      from the modulo-L accumulator 29 is applied to an exponential amplifier
      90. The exponential amplifier 90 has a continuous input-output
      characteristic in contrast to the discrete set of grains provided by the
      exponential attenuating network illustrated in FIG. 4. The exponential
      amplifier 90 may, for example, be instrumented by a conventional feedback
      rearrangement of the circuitry utilized in the logarithmic amplifier 43 of
      FIG. 3 previously discussed. Such devices are commercially procurable from
      numerous manufacturers of electronic circuits.
PAR  The output of the exponential amplifier 90 is applied as an input to a
      conventional analog multiplier 91. Circuits suitable for instrumenting the
      analog multiplier 91 are readily commercially procurable from
      manufacturers of electronic circuits. The other input is provided by the
      carrier signal from the carrier pulser 31 of FIG. 2. The analog multiplier
      91 provides its output signal to the recording or transmitting means 32 of
      FIG. 2 as required.
PAR  In operation the exponential amplifier 90 provides a piecewise-constant
      output that is proportional to an exponential function, with respect to
      the predetermined constant .beta., of the piecewise-constant accumulator
      29 output sequence {S.sub.n }. Thus the output of the exponential
      amplifier 90 during the n.sup.th interval may be designated as
      C.beta..sup.S.sbsp.n as indicated by the legend.
PAR  The piecewise-constant exponential function from the amplifier 90 amplitude
      modulates the carrier pulse f(t-[n-1]T) in the multiplier 91 thereby
      providing during the n.sup.th interval, as indicated by the legend, the
      signal to the recording or transmitting means 32 of FIG. 2 as required.
PAR  Alternatively, the embodiment of FIG. 7 could be employed for discrete
      level digital data by coupling a digital to analog converter to the output
      of the digital version of the accumulator 29 of FIG. 2 and applying the
      output of the converter to the exponential amplifier 90 of FIG. 7.
PAR  In the analog embodiment of the reproducing or receiving portion 40 of FIG.
      3, the combination of the sample and hold circuit 45, the two word memory
      46, and the modulo-L subtractor 47 may conveniently be instrumented in the
      manner illustrated in FIG. 8. Referring now to FIG. 8, the equalized and
      logarithmically converted signals from the log .beta. divider 44 of FIG. 3
      are applied to the wiper of a three position switch 100. The three
      contacts of the switch 100 are connected to the inputs of conventional
      analog hold circuits 101, 102 and 103 respectively, which may be similar
      to the hold circuit 77 previously discussed with respect to FIG. 6. One of
      the hold circuits 101-103 is utilized to track the present input signal
      while the remaining two circuits are holding the two previously received
      signal samples R.sub.n.sub.-1 and R.sub.a n.sub.-2 respectively. The
      outputs of the hold circuits 101-103 are connected to the three contacts
      of a three position switch 104 and in parallel to the three contacts of a
      three-position switch 105 respectively. The wipers of the switches 100,
      104 and 105 are ganged such that when one of the hold circuits 101-103 is
      tracking the present input, the remaining two hold circuits provide their
      held signals to the wipers of the switches 104 and 105 respectively.
PAR  The wipers of the switches 104 and 105 are connected respectively to the
      inputs of a conventional analog adder 106 and a conventional analog
      voltage comparator 107. The wiper of the switch 104 is connected to the
      positive input of the adder and the wiper of the switch 105 is connected
      to the negative input thereof. The adder 106 thus arithmetically subtracts
      the voltage on the wiper of the switch 105 from the voltage on the wiper
      of the switch 104.
PAR  The output of the voltage comparator 107 is coupled by any convenient means
      to control the wiper of a single pole double throw switch 110. The two
      contacts of the switch 110 are connected to a source of reference voltage
      equal to the maximum information amplitude L and to ground potential
      respectively. the voltage comparator 107 operates to connect the wiper of
      the switch 110 to ground potential when the potential from the wiper of
      the switch 104 is greater than or equal to the potential from the wiper of
      the switch 105. When, however, the potential on the wiper of the switch
      104 is less than the potential on the wiper of the switch 105, the voltage
      comparator 107 causes the wiper of the switch 110 to be connected to the
      reference potential.
PAR  The wiper of the switch 110 is in turn connected to a third and positive
      input to the adder 106. Thus, depending on the relationship between the
      voltages applied to the voltage comparator 107, the switch 110 is
      effective to add 0 or L volts to the computations being performed by the
      adder 106 for reasons to be discussed.
PAR  The amount of the adder 106 is applied to a conventional clipping circuit
      111 which limits the input levels thereto of less than 0 and greater than
      L volts to provide an output of 0 and L volts respectively. For signals
      between the clipping levels of 0 and L volts the clipping circuit 111
      provides unity gain for reasons to be discussed.
PAR  The output of the clipping circuit 111 is applied to the wiper of a single
      pole double throw switch 112 whose two contacts are connected to the
      inputs of conventional analog hold circuits 113 and 114 respectively. The
      outputs of the hold circuits 113 and 114 are applied to the two contacts
      of a single pole double throw switch 115 whose wiper provides the output
      of the system.
PAR  The wipers of the switches 100, 104 and 105 are ganged together for
      simultaneous operation and are connected to be energized by the timing
      generator 49 of FIG. 3 by any convenient coupling. In a similar manner the
      switches 112 and 115 are so coupled to the timing generator 49.
PAR  The operation of the circuits of FIG. 8 will now be described. During the
      n.sup.th interval of data reception and with the switches 100, 104, 105,
      112 and 115 in the positions illustrated in FIG. 8, the hold circuit 101
      is tracking the received analog signal while the hole circuits 102 and 103
      are holding the two preceding samples of the received signal
      R.sub.n.sub.-1 and R.sub.n.sub.-2 respectively. The adder 106 and the
      voltage comparator 107 perform the modulo-L subtraction of the held
      signals R.sub.n.sub.-1 and R.sub.n.sub.-2. R.sub.n.sub.-1 is applied to
      the positive input of the adder 106 via the switch 104 and R.sub.n.sub.-2
      is applied to the negative input thereof via the switch 105. The
      comparator 107 determines whether or not R.sub.n.sub.-1 is greater than or
      equal to R.sub.n.sub.-2. If R.sub.n.sub.-1 .gtoreq.R.sub.n.sub.-2, the
      difference R.sub.n.sub.-1 - R.sub.n.sub.-2 is the modulo-L difference
      required. In this instance the comparator 107 controls the switch 110 so
      that 0 volts is applied to the third input to the adder 106. If, however,
      R.sub.n.sub.-1 &lt;R.sub.n.sub.-2, the modulo-L subtraction required is
      R.sub.n.sub.-1 - R.sub.n.sub.-2 +L so that in this instance the comparator
      107 causes the switch 110 to apply the reference voltage L to the third
      input of the adder 106. Thus, under either condition, the output of the
      adder 106 is the proper modulo-L difference between R.sub.n.sub.-1 and
      R.sub.n.sub.-2 which is designated as X.sub.n.sub.-1 as indicated by the
      legend.
PAR  The operation of the circuit of FIG. 8 has been heretofore discussed under
      the assumption of a noise free environment in which the difference
      R.sub.n.sub.-1 - R.sub.n.sub.-2 is between -L and +L volts. A noise burst,
      however, can cause the difference to be outside this range which would
      cause X.sub.n.sub.-1 to be outside the range from 0 to L volts. In order
      to generate an output Y.sub.n.sub.-1 as indicated by the legend, which is
      within the noise free range of the system, the signal X.sub.n.sub.-1 is
      processed through the clipping circuit 111 in the manner previously
      described. The output of the clipping circuit 111 is applied to the hold
      circuit 113 through the switch 112. The other hold circuit 114 is storing
      the previous signal from the clipper Y.sub.n.sub.-2 which is the output
      W.sub.n.sub.-2 providing the estimate of the transmitted word
      W.sub.n.sub.-2 as previously described.
PAR  During the time required to utilize the estimate W.sub.n.sub.-2 stored in
      the hold circuit 114, the switches 100, 104, 105, 112 and 115 remain in
      the positions illustrated in FIG. 8. While this output is being utilized,
      the input from the log .beta. divider 44 of FIG. 3 is varying and the hold
      circuit 101 is tracking this signal. At the optimum sampling instant
      previously discussed with respect to the linear equalizing filter 42 of
      FIG. 3, the switch 100 is rotated one position clockwise by the timing
      generator 49 of FIG. 3. The hold circuit 101 now stores the sample R.sub.n
      and the hold circuit 103 begins to track the input signal. However, just
      prior to when the switch 100 changes position at the optimum sampling
      instant, the wipers of the switches 112 and 115 are switched to the
      positions opposite those illustrated in FIG. 8 by the timing signal from
      the timing generator 49. The switches 112 and 115 are so operated to
      insure that the signals into the adder do not change before Y.sub.n.sub.-1
      is properly held.
PAR  Simultaneously with the rotation of the switch 100, the switches 104 and
      105 are rotated one position clockwise from the position illustrated in
      FIG. 8. The adder 106 then computes X.sub.n while the estimate
      W.sub.n.sub.-1 of the next word is being provided at the output of the
      device. Thus, each estimate is available for a time equal to the word
      duration minus the sum of the switching times for the switches 112 and
      115. During succeeding word intervals the operations described are
      repeated. It is appreciated that, in a manner similar to that described
      above with respect to the analog recording or transmitting portion 25 of
      FIG. 2, there is a delay of two word intervals between the input and the
      output of FIG. 8.
PAR  It will be appreciated that the switches 100, 104, 105, 110, 112 and 115
      and the couplings thereto are schematically illustrated and would
      preferably be instrumented by electronic transistor switches. It is
      furthermore appreciated that for appropriate system data rates and
      sufficiently fast components, the switches and the hold circuits 100-105
      and 112-115 may be eliminated, with the R.sub.n.sub.-1 and R.sub.n.sub.-2
      inputs to the adder 106 and the voltage comparator 107 then being provided
      by the two word memory 46 of FIG. 3 and the clipping circuit 111 providing
      the output of the system.
PAR  From the foregoing discussions with regard to FIGS. 1-8, it will be
      appreciated that the accumulator 29 of FIG. 2, specific instrumentations
      of which are illustrated in FIGS. 5 and 6, comprises the data
      preconditioning means 12 of FIG. 1. It is, furthermore, appreciated that
      the modulo-L subtractor 47 of FIG. 3 and the associated sample and hold
      circuit 45 and two word memory 46, of which a specific embodiment thereof
      is illustrated in FIG. 8, comprise the data restoration means 18 of FIG.
      1. Although the embodiment of the invention illustrated in FIGS. 2-8 is
      explained in terms of the modulo-L accumulator 29 of FIG. 2 and the
      modulo-L subtractor 47 of FIG. 3, other data preconditioning and
      restoration means may be utilized in practicing the invention. The general
      properties that the data preconditioning means 12 and the data restoration
      means 18 of FIG. 1 should possess to practice the present invention are
      described above with respect to FIG. 1. Numerous other instrumentations
      for these means will be described in detail later with regard to the
      further embodiments of the invention illustrated in FIGS. 9-12.
PAR  Several alternative arrangements for the data preconditioning means 12 and
      the data restoration means 18 of FIGS. 1-8 will now be described. It is
      appreciated that the specific data preconditioning means 12 and the data
      restoration means 18 of FIG. 1 embodied using the modulo-L accumulator 29
      of FIG. 2 and the modulo-L subtractor 47 of FIG. 3 are particularly
      suitable for reducing multiplicative distortions of a slowly varying
      nature such that the multiplicative gain variations from one data word to
      the next are substantially constant. This is so because the subtractor 47
      provides the first differences between the logarithms of successive
      signals reproduced or received by the reproducing or receiving portion 40
      of the data channel as shown in FIG. 3, and the operation of the
      accumulator 29 is inverse to that of the subtractor 47.
PAR  The embodiment of FIGS. 2-8 has been explained in terms of reducing slowly
      varying, locally almost constant multiplicative distortions. However, the
      concepts of the invention are equally applicable to reducing other types
      of distortion such as, for example, a locally exponentially growing or
      diminishing type of multiplicative distortion which then appears as
      additive, locally linearly varying distortion at the output of the
      logarithmic converter in the receiver. This type of varying distortion may
      efficaciously be reduced by configuring the data preconditioning means 12
      of FIG. 1 to provide second partial sums of the input data and configuring
      the data restoration means 18 of FIG. 1 to take the second differences of
      the received signals. Such a data preconditioning instrumentation may be
      realized by applying the first partial sum output of the accumulator 29 of
      FIG. 2 to a second module-L accumulator whose output is then applied to
      the exponential attenuator 30, thereby providing second partial sums of
      the data items. The second-difference data restoration means 18 may be
      instrumented by applying the output of the modulo-L subtractor 47 of FIG.
      3 to a second two word memory whose two outputs would be applied to a
      second modulo-L subtractor. Thus the second differences of the sequence of
      received signals are provided with the exponentially varying
      multiplicative distortion removed therefrom. In a similar manner, higher
      order multiplicative distortions may be removed by generating higher order
      partial sums from the data preconditioning means 12 of FIG. 1 and
      providing corresponding higher order differences in the data restoration
      means 18.
PAR  It will be appreciated that when utilizing modulo arithmetic operations in
      instrumenting the data preconditioning means 12 and the data restoration
      means 18 of FIG. 1, the data items provided by the data source 11 must be
      unipolar, i.e., either non-negative or non-positive. When non-negative
      data is utilized and positive accumulation is performed by the accumulator
      29 of FIG. 2, modulo overflow will occur as previously described with
      respect to FIGS. 2-8. Modulo overflow will also occur when the data items
      are nonpositive and negative accumulation is performed by the accumulator
      29. When, however, non-negative data and negative accumulation are
      utilized, or non-positive data and positive accumulation are utilized,
      modulo underflow will occur in the accumulator 29. It will be appreciated
      that in those embodiments where modulo underflow occurs in the recording
      or transmitting portion 25 of FIG. 2, the modulo-L subtraction performed
      by the subtractor 47 of FIG. 3 should be effected in the reverse order to
      that described hereinabove with respect to FIG. 3. In all cases, the
      output from the receiver of FIG. 3 will be a sequence of estimates of the
      magnitudes of the input data, loss of the data sign being either of no
      consequence or simply remedied. It will further be appreciated that
      operation with non-positive data items and a .beta.&gt;1 is basically
      equivalent to operation with non-negative data items and a .beta.&lt;1.
PAR  It will be appreciated from the foregoing descriptions of the embodiment of
      the invention in FIG. 2 that modulo overflow or underflow accumulations
      are performed so that the signal provided by the exponential attenuator 30
      to the recording or transmitting means 32 does not exceed the dynamic
      range of the system. The concepts of the present invention, however, are
      equally applicable to data preconditioning means and data restoration
      means that do not involve modulo overflow or underflow operations. For
      example, accumulation without modulo overflow or underflow may be utilized
      in the recording or transmitting portion 25 of FIG. 2, provided that
      substraction without modulo overflow or underflow is then used in the
      reproducing or receiving portion 40 of FIG. 3. In such embodiments it is
      desirable to utilize bipolar data so as to minimize the possibility of
      exceeding the system's dynamic range.
PAR  It will be appreciated from the foregoing discussion that the data
      restoration means 18 of FIG. 1 comprises a filter for filtering the
      multiplicative distortions from the processed signals after they have been
      converted to additive distortions by the logarithmic converter means 17.
      Furthermore, it will be appreciated that the dataa preconditioning means
      12 comprises a filter inverse to the data restoration filter 18. For the
      discrete level, discrete time embodiment of the invention hereinabove
      described, these filters 12 and 18 may be broadly categorized as
      invertible automata having inverse input-output relationships with respect
      to each other of the type described in the paper by S. Even, "On
      Information Lossless Automata of Finite Order" appearing in the Aug. 1965
      I.E.E.E. Transactions on Electronic Computers on page 561, or in the W.R.
      Ashby et al. book, "Automatic Studies" published by the Princeton
      University Press of Princton, N.J., in 1956. It is, of course, appreciated
      that the modulo-L digital accumulator 29 of FIG. 5, and the modulo-L
      digital subtractor 47 of FIG. 3 with its associated two word memory 46,
      are examples of such automata.
PAR  The heretofore described embodiments of the invention are explained in
      terms of increasing the packing density or data transmission density for a
      data recording or transmission channel, using a single modulated carrier
      signal in the channel. The data packing density may also be increased,
      utilizing the teaching of the present invention, by incorporating the well
      known concept of signal multiplexing, in which multiple, separable
      modulated carriers are transmitted through the channel. For example, in
      multiplexing by quadrature amplitude modulation, two data recording or
      transmitting portions 25, such as illustrated in FIG. 2, would be
      utilized. The carrier pulser 31 of one such portion would provide a
      sinusoidal carrier and the carrier pulser of the other portion would
      provide a cosinusoidal carrier. The output voltages from the two recording
      or transmitting means 32 in each portion would be added and the resultant
      sum recorded or transmitted on the medium 33. Since the two modulated
      carrier signals are orthogonal to each other, they may be separated one
      from the other by well known techniques, thereby separating the individual
      data that was separately impressed on the two carriers. Two data
      reproducing or receiving portions 40 such as illustrated in FIG. 3, would
      then be utilized to independently process the two separated carriers and
      thereby recover all of the transmitted data with multiplicative
      distortions substantially filtered therefrom.
PAR  As another example of signal multiplexing employing the invention,
      conventional time multiplexing may be utilized. Here, a plurality of data
      recording or transmitting portions 25 such as illustrated in FIG. 2 would
      operate in combination with a corresponding plurality of respective
      reproducing or receiving portions 40 such as illustrated in FIG. 3, where
      the data timing among the transmitting portions would be uniformly
      staggered and the timing of the receiving portions would be respectively
      synchronized thereto. The output voltages from the recording or
      transmitting means 32 in each portion would be added and the resultant sum
      applied to the medium 33. Alternatively, a single carrier pulser 31 and
      exponential attenuator 30 could be employed, with the accumulator input to
      the latter commuted among a plurality of accumulators 29 or supplied by a
      digitally instrumented equivalent driven by the plurality of data inputs.
      Correspondingly, for example, elements 41-44 and 48-49 of the receiving
      portion 40 of FIG. 3 could appear singly in the time-multiplex receiver,
      with the timing generator 49 supplying a multiplicity of properly
      synchronized timing singals to a plurality of sample and hold circuits 45
      and associated separate analog-to-digital converters. The
      analog-to-digital converter outputs would be respectively supplied to
      separate digital two-word memories 46 and modulo-L subtracters 47, or to a
      digitally instrumented equivalent, from which the separately conveyed data
      inputs would be recovered in the manner previously described. Provided
      that the multiplicative distortions of the data channel are slow relative
      to the amplitude-modulation period of an individual data stream, they will
      be substantially reduced in the recovered data. A possible benefit of such
      time-multiplex operation is that it would facilitate the use of a
      plurality of relatively slow analog-to-digital converters in place of a
      single high speed one. This could result in a possible net cost saving,
      since in the higher speed ranges the cost rises more steeply than the
      conversion rate. Moreover, the time multiplexed operation is tolerant of
      slow but independent d.c. offset drifts among the plurality of sample and
      hold circuits and associated analog-to-digital converters, which drifts
      may be characteristic of inexpensive apparatus.
PAR  The embodiments of FIGS. 2 and 3 have been discussed with respect to a
      carrier signal which has an integer number of periods in each data
      modulation interval. It will be appreciated that this is not a necessary
      restriction when the carrier signal is at a high frequency relative to the
      data interval rate as in high frequency radio communications. In such
      situations, a conventional envelope detection circuit would be introduced
      between the linear equalizing filter 42 of FIG. 3 and the logarithmic
      amplifier 43. The timing generator 49 would then be driven by
      synchronization means responsive to the envelope detector output in a
      manner well known in the art, but carrier polarity modulation could not be
      utilized.
PAR  The foregoing embodiments of the invention have been explained in terms of
      recording on or transmitting through a medium a signal derived by
      generating the running cumulative sum of a sequence of data items and
      taking an exponential function thereof. The original data is recovered by
      logarithmically converting the reproduced or received signals from the
      medium and taking successive differences thereof. It will be appreciated
      with regard to the data recording or transmitting portion of the data
      channel that taking the exponential function of the sum of the data items
      is mathematically equivalent to taking an exponential function of the data
      items themselves and generating a running cumulative product of these
      exponentially converted data items. It is, furthermore, appreciated with
      regard to the reproducing or receiving portion of the data channel that
      taking successive differences of the logarithmically converted received
      signals is mathematically equivalent to obtaining the ratios between
      successively received signals and then taking the logarithms thereof. In
      accordance with these mathematical equivalents another embodiment of a
      data channel in accordance with the present invention is illustrated in
      FIGS. 9-11. It will be appreciated that the data channel of FIGS. 9-11 is
      adapted for processing discrete time data of either a discrete level
      digital nature or a continuous level analog nature.
PAR  Referring now to FIG. 9 in which like reference numerals indicate like
      components with respect to FIGS. 2 and 7, the data recording or
      transmitting portion 125 of the data channel is depicted. The sequence of
      input data items {W.sub.n } is applied as voltage levels to the input of
      an exponential amplifier 126. The exponential amplifier 126 is of
      conventional design of the type heretofore described with respect to FIG.
      7. The amplifier 126 provides signals representative of the predetermined
      constant .beta. raised to powers respectively equal to the data items
      W.sub.n as indicated by the legend.
PAR  The sequence of voltages {.beta.W.sub.n } from the exponential amplifier
      126 is applied as an input to a conventional analog multiplier 127 of the
      type heretofore described with respect to FIG. 7. The output of the
      multiplier 127 is applied via a similar analog multiplier 128 to an analog
      delay circuit 129 which provides a delay of one data interval. The day
      circuit 129 may be a conventional delay line or may be of the
      switch-and-hold variety of the type previously described with respect to
      FIGS. 6 and 8. The output of the delay circuit 129 is applied as a second
      input to the multiplier 127.
PAR  The output of the multiplier 127 is additionally applied as an input to a
      voltage comparator 130 which has as a second input a reference voltage
      equal to the constant .beta..sup.L. The output of the voltage comparator
      130 is effective to position the wiper of a single pole double throw
      switch 131 by any convenient coupling. The two contacts of the switch 131
      are connected to a reference potential equal to the constant
      .beta..sup.-.sup.L and to another reference potential equal to unity
      respectively. The wiper of the switch 131 provides a second input to the
      analog multiplier 128. When .beta.&gt;1 and the voltage from the multiplier
      127 is less than the reference potential .beta..sup.L, the voltage
      comparator 130 connects the wiper of the switch 131 to the unity reference
      potential. When, however, .beta.&gt;1 and the output of the multiplier 127 is
      equal to or greater than the reference potential .beta..sup.L, the voltage
      comparator 130 positions the wiper of the switch 131 to the
      .beta..sup.-.sup.L reference potential. In this manner, modulo
      multiplication is achieved with respect to the exponent L in a manner to
      be discussed. The multiplier 127 and the modulo devices comprised of the
      multiplier 128, the voltage comparator 130 and the switch 131, together
      with the delay circuit 129, form a cumulative modulo multiplier for
      providing the cumulative product of the exponentiated sequence of data
      words{W.sub.n} in a manner to be explained.
PAR  The cumulative product output from the analog multiplier 128 is applied as
      an input to a further analog multiplier 91 that also receives a carrier
      signal input from the carrier pulser 31. The carrier pulser 31 and the
      analog multiplier 91 may be substantially the same as that described above
      with respect to FIG. 7. The cumulative product signal from the multiplier
      128 amplitude modulates the carrier signal from the pulser 31 in the
      analog multiplier 91. The amplitude modulated carrier signal is applied to
      the medium 33 via the recording or transmitting means 32 in the manner
      described above with respect to FIG. 2.
PAR  In operation the output of the delay circuit 129 is initially set to a
      convenient value such as unity. Thereafter, the delay circuit 129
      provides, with a delay of one data word interval, the successive values of
      the cumulative product P.sub.n from the multipliers 127 and 128 as
      indicated by the legend. Each successive exponentiated data word
      .beta..sup.W.sbsp.n is multiplied by the delayed cumulative product
      P.sub.n.sub.-1 in the multiplier 127 to provide the new input to the
      multiplier 128.
PAR  The cumulative product P.sub.n from the analog multiplier 128 is obtained
      in modulo fashion with respect to the exponent L in the following manner.
      .beta..sub.L is representative of the upper limit of the dynamic range of
      the system. Whenever P.sub.n is less than .beta..sup.L, the voltage
      comparator 130 causes the switch 131 to connect the unity reference
      voltage to the analog multiplier 128. Thus in this case the cumulative
      product generated in the multiplier 127 is unaffected. When, however, the
      output of the multiplier 127 equals or exceeds the level .beta..sup.L, the
      voltage comparator 130 causes the switch 131 to connect the reference
      potential .beta..sup.-.sup.L to the multiplier 128. Thus, if the
      cumulative product equals or exceeds .beta..sup.L, the product is
      multiplied by .beta..sup.-.sup.L thus providing the modulo operation with
      respect to the value of the cumulative product which remains within the
      dynamic range of system. For example, if the cumulative product is just
      below .beta..sup.2L, multiplying this product by .beta..sup.-.sup.L
      reduces the value of the cumulative product back to just below
      .beta..sup.L which is within the dynamic range of the system. Thus, the
      analog multiplier 128, the voltage comparator 130, and the switch 131 are
      effective in performing modulo multiplication with respect to the exponent
      L.
PAR  The above discussion and description of the recording or transmitting
      portion 125 of FIG. 9 was based on the assumption that the predetermined
      constant .beta. is greater than unity. When, however, .beta. is a positive
      constant less than unity, the operation of the voltage comparator 130 and
      the switch 131 with respect to the reference voltages must be modified.
      Under this condition whenever the output from the multiplier 127 is less
      than or equal to .beta..sup.L, the switch 131 is positioned to connect the
      reference voltage .beta..sup.-.sup.L to the multiplier 128. When, however,
      the output from the multiplier 127 is greater than .beta..sup.L, the
      switch 131 is connected to the source of unity reference potential. In
      this manner, modulo multiplication with respect to the exponent L is again
      achieved, while the cumulative produce P.sub.n is maintained above the
      noise level of the system and within the operable dynamic range thereof.
PAR  In a manner similar to that described with respect to the embodiments of
      FIGS. 1-8, when the modulo arithmetic operation, such as in this instance
      multiplication, is utilized the input data words W.sub.n should be
      unipolar in character. The concepts of the embodiment of the invention
      illustrated in FIG. 9 are, however, equally applicable to non-modulo
      multiplication. The circuitry illustrated in FIG. 9 may be modified to
      perform non-modulo multiplication by connecting the output of the
      multiplier 127 directly to the amplitude modulator 91 and the delay
      circuit 129, thus eliminating the analog multiplier 128, the voltage
      comparator 130 and the switch 131. In this embodiment the input data word
      W.sub.n should be bipolar in character so as to minimize the possibility
      of exceeding the dynamic range of the system.
PAR  It will be appreciated that timing circuits of the nature illustrated in
      FIG. 2 may be utilized in the circuits of FIG. 9 and have not been shown
      for simplicity.
PAR  Referring now to FIG. 10 in which like reference numerals indicate like
      components with respect to FIG. 9, there is illustrated an alternative
      embodiment of a data recording or transmitting portion 140 of a data
      channel instrumented in accordance with the mathematical equivalences
      previously discussed. The embodiment 140 of FIG. 10 is structurally and
      functionally indentical to that of FIG. 9 except that the exponential
      amplifier 126 of FIG. 9 is replaced by a source of exponentially scaled
      d.c. voltages 141 where the voltages are selected in accordance with the
      values of the data words W.sub.n. For discrete level digital data, the
      data words W.sub.n control the position of a wiper 142 which taps one of a
      set of exponentially scaled d.c. voltages provided by a conventional
      source of potential not shown for simplicity. A voltage corresponding to
      each of the data information levels is provided with the wiper 142 being
      positioned by the information level of the data word to contact the
      corresponding exponentially scaled voltage.
PAR  An alternative arrangement for use with discrete level digital data may be
      instrumented in the manner illustrated in FIG. 4 where the input data
      sequence {W.sub.n } controls the switch control logic 55 of FIG. 4 and the
      input voltage designated as "from 31" is a d.c. signal rather than the
      carrier signal previously exemplified as a sinusoid.
PAR  For continuous level analog data the voltage source 141 may be instrumented
      as an infinite resolution potentiometer with a linear decibel taper of a
      type commonly utilized in audio amplification systems.
PAR  It will be appreciated that the wiper 142 of the voltage source 141 may be
      positioned by a conventional electrical-to-mechanical servomechanism
      responsive to the data word W.sub.n such that the input data item W.sub.n
      positions the wiper 142 to contact the voltage .beta..sup.W.sbsp.n  as
      indicated by the legend. The output from the voltage source 141 is applied
      as the .beta..sup.W.sbsp.n input to the analog multiplier 127 previously
      described with respect to FIG. 9.
PAR  Referring now to FIG. 11 in which like reference numerals indicate like
      components with respect to FIG. 3, there is illustrated a reproducing or
      receiving portion 150 of a data channel instrumented in accordance with
      the mathematical equivalences previously discussed. The recorded or
      transmitted signals on the medium 33 are reproduced or received by the
      reproducing or receiving means 41 which provides the signals to the linear
      equalizing filter 42 and the phase locked oscillator 48. The output from
      the linear equalizing filter 42 is applied to the sample and hold circuit
      45. The phase locked oscillator 48 applies its output signal to the timing
      generator 49 which provides timing signals to the sample and hold circuit
      45. The components 33, 41, 42, 45, 48 and 49 are structurally and
      functionally identical to those similarly numbered and previously
      described with respect to FIG. 3 and for brevity will not be further
      discussed here.
PAR  The output of the sample and hold circuit 45 is applied to an analog
      divider 151 as well as to an analog delay circuit 152. The analog divider
      151 is a conventional circuit of a type readily commercially procurable.
      The delay circuit 152 is of the type previously described with respect to
      the delay circuit 129 of FIG. 9. The delay circuit 152 provides a delay of
      one data word interval and its output is connected to an input of the
      divider 151, such that when the sample and hold circuit 45 is providing
      the present data sample to the divider 151, the delay circuit 152 is
      providing the previous sample thereto. The divider 151 thus provides the
      ratio or quotient of the present sample divided by the sample just
      previous thereto for reasons to be explained.
PAR  The output of the divider 151 is applied to an analog multiplier 153 and a
      voltage comparator 154. The multiplier 153 and the voltage comparator 154
      may be of the type previously discussed with respect to the components 128
      and 130 respectively of FIG. 9. The voltage comparator 154 also receives
      an input from a reference potential equal to unity and the output thereof
      is effective through any convenient coupling to operate the wiper of a
      single pole double throw switch 155. The contacts of the switch 155 are
      connected to receive a reference potential equal to .beta..sup.L and unity
      respectively. The output of the wiper of the switch 155 is connected as a
      second input to the analog multiplier 153 which provides its output signal
      {.beta..sup.W.sbsp.n} closely representative of the original data, to a
      logarithmic amplifier 156 similar to the amplifier 43 of FIG. 3. The
      logarithmic amplifier 156 converts the sequence {.beta..sup.W.sbsp.n} to
      the sequence { c.sup.W.sbsp.n} where c is a convenient constant.
PAR  When the predetermined constant .beta. is greater than unity, the voltage
      comparator 154 is constructed such that when the output of the divider 151
      is greater than or equal to the unity reference potential the voltage
      comparator 154 causes the switch 155 to connect the unity reference
      potential to the multiplier 153. When, however, .beta.&gt;1 and the output of
      the divider 151 is less than unity, the switch 155 is positioned to
      connect the reference potential .beta..sup.L to the multiplier 153. In
      this manner successive division in modulo fashion with respect to the
      exponent L is performed in a manner to be further explained.
PAR  In operation during the n.sup.th received data interval a signal
      representative of the cumulative product P.sub.n from either of the
      circuits of FIGS. 9 or 10 is reproduced or received from the medium 33 by
      the means 41. This signal is processed as previously described with
      respect to FIG. 3 through the linear equalizing filter 42 and is sampled
      and held in the circuit 45. Since the medium 33 is a multiplicatively
      distorting medium, the cumulative product P.sub.n is distorted by the gain
      level k.sub.n existent during the n.sup.th interval to become k.sub.n
      P.sub.n. During the previous interval (n-1), the signal k.sub.n.sub.-1
      P.sub.n.sub.-1 was received, sampled and held, and is presently provided
      by the delay circuit 152, wherein k.sub.n.sub.-1 was the gain level
      existent during the previous data interval. Since, as previously
      mentioned, the gain is considered to be slowly varying with respect to the
      data rate, k.sub.n and k.sub.n.sub.-1 will be almost equal. During the
      n.sup.th interval the divider 151 provides the ratio (k.sub.n
      P.sub.n)/(k.sub.n.sub.-1 P.sub.n.sub.-1) which is almost identical to
      P.sub.n /P.sub.n.sub.-1 =.beta..sup.U.sbsp.n, where U.sub.n is a number
      which, modulo L, is equal to W.sub.n. The output of the multiplier 153 is
      therefore a power of the base .beta. which can then be reliably and
      directly identified by the logarithmic amplifier 156 with the original
      data item conveyed during the n.sup.th interval. It is appreciated that
      when the system gain k.sub.n and k.sub.n.sub.-1 are nearly the same in
      adjacent intervals, their effect is largely cancelled in the ratio taken
      by the divider 151, thereby substantially reducing the multiplicative
      distortion of the slowly varying system gain.
PAR  Since the cumulative products provided by the data recording or
      transmitting portions 125 and 140 of FIGS. 9 and 10 may be generated in
      modulo fashion with respect to the exponent L, whenever the cumulative
      product is altered by the factor .beta..sup.-.sup.L in the multiplier 128
      of FIGS. 9 or 10, a similar alteration must be effected in the reproducing
      or receiving portion 150 of FIG. 11. Thus for .beta.&gt;1, whenever the ratio
      between successive samples at the receiver is less than unity, which is
      indicative of a modulo adjustment at the transmitter, the output of the
      divider 151 is multiplied by the compensating factor .beta..sup.L in the
      multiplier 153. When, however, the ratio between successive samples is
      greater than or equal to unity, which is indicative that a modulo
      adjustment was not performed in the associated data interval, the voltage
      comparator 154 causes the output of the divider 151 to be multiplied by
      unity in the multiplier 153, thus not altering the results.
PAR  It will be appreciated that when .beta. is a positive constant less than
      unity, the voltage comparator 154 connects unity voltage to the multiplier
      153 when the output of the divider 151 is less than or equal to unity and
      connects the .beta..sup.L reference potential to the multiplier 153 when
      the output of the divider 151 is greater than unity. It will be further
      appreciated than when the recording or transmitting portions 125 and 140
      of FIGS. 9 and 10 respectively are configured to perform non-modulo
      cumulative multiplication, the divider 151 of FIG. 11 should provide its
      output directly to the logarithmic amplifier 156 thereby eliminating the
      multiplier 153, the voltage comparator 154 and the switch 155.
PAR  It will be appreciated from the foregoing that because of the mathematical
      equivalences previously discussed, the signals impressed on the medium 33
      by the recording or transmitting means 32 of FIGS. 9 and 10 will be
      identical to the signals similarly impressed on the medium 33 by the
      recording or transmitting means 32 of FIG. 2. Thus the signals provided by
      the embodiments of FIG. 2 and of FIGS. 9 and 10 may be reproduced or
      received by either of the reproducing or receiving embodiments of FIGS. 3
      and 11. In this regard, it will also be appreciated that as previously
      discussed with respect to FIGS. 2 and 3, the signal from the carrier
      pulser 31 of FIGS. 9 or 10 may be bipolar or phase-reversal modulated
      independently of the amplitude level modulation provided by the analog
      multiplier 91. By this means, an additional bit of information may be
      conveyed during each data interval by the carrier polarity. The data
      recovery embodiment of FIG. 11 would then have to be slightly modified,
      whereby the sign of the output of the linear equalizing filter 42 would be
      sensed for recovery of the polarity data at the optimum sampling instants,
      while the absolute magnitude of the output of the linear equalizing filter
      42, rather than its signed value, would then be provided to the sample and
      hold circuit 45.
PAR  It will be observed that the input to the analog multiplier 127, of the
      transmitting portion 125 or 140 of the embodiment shown in FIGS. 9 or 10,
      is the sequence {.beta..sup.W.sbsp.n. It will further be observed that the
      input to the logarithmic amplifier 156 of the receiving portion 150 shown
      in FIG. 11 is a version of this same sequence which has been accurately
      recovered in the presence of multiplicative channel distortions.
      Considering the data channel of FIGS. 9-11, when the sequence {W.sub.n }
      is taken to be analog data in which the W's may have a continuum of
      levels, it will be appreciated that the sequence {.beta..sup.W.sbsp.n }
      may then itself be considered to form an analog data sequence having
      values in the range between, but not including, zero and positive
      infinity. So considered, it will be appreciated that the exponential
      amplifier 126 of FIG. 9, the source of exponentially scaled d.c. voltages
      141 of FIG. 10, and the logarithmic amplifier 156 of FIG. 11 are not
      essential to the embodiment of the invention illustrated in FIGS. 9-11. It
      is also apparent that since analog data can be thus conveyed by amplitude
      modulation over a multiplicatively distorting channel and accurately
      recovered without the need for either exponential or logarithmic devices,
      digital discrete level data may likewise be so conveyed and recovered
      provided that the zero data level is not permitted.
PAR  This simplification of the specific data channel shown in FIGs. 9-11, by
      the elimination of its exponential and logarithmic devices as explained,
      will accommodate data which has been scaled to have its levels contained
      between unity and .beta..sup.L with .beta.&gt;1. Here, the upper limit
      .beta..sup.L is quite arbitrary and the parameters .beta. and L now no
      longer have significance apart from specifying this limit.
PAR  Similarly, data scaled to have its levels contained between .beta..sup.L
      and unity, with 0&lt;.beta.&lt; 1, may be accommodated in the aforesaid
      simplification of FIGS. 9-11 merely by modifying the action of the voltage
      comparators 130 of FIGS. 9 or 10 and 154 of FIG. 11 as previously
      described with respect to these figures for the condition 0&lt;.beta.&lt; 1.
      Data scaled to have its levels contained within the range
      .beta..sup.-.sup.L to .beta..sup.L for a positive .beta. may also be
      accommodated in the aforesaid simplification by passing the output of the
      analog multiplier 127 of FIGS. 9 or 10 directly to the modulating analog
      multiplier 91 and the delay circuit 129 and then taking the recovered data
      directly from the divider 151 of FIG. 11. In order that the signals remain
      within a finite dynamic range of the channel, neither saturating it nor
      dropping below the level of additive channel noise, it would be necessary
      to assure that small data magnitudes occur as frequently as large,
      relative to unity magnitude, when the data falls in the range
      .beta..sup.-.sup.L to .beta..sup.L. With no further modification, bipolar
      data may then be accommodated as well, provided always that the zero level
      is excluded.
PAR  When the data levels are contained between unity and .beta..sup.L with
      .beta.&gt;0, no further data restrictions are required for the signals to
      remain within a finite dynamic range, since this is assured by the
      overflow or underflow operation of the then included combinations of the
      analog multipliers 128 and 153, voltage comparators 130 and 154, and
      switches 131 and 155 of FIGS. 9 or 10 and FIG. 11 respectively. Bipolar
      data whose absolute magnitudes are contained between unity and
      .beta..sup.L, with .beta.&gt;0, may likewise be accommodated in the aforesaid
      simplification of FIGS. 9-11 provided that the input to the voltage
      comparator 130 from the analog multiplier 127 of FIGS. 9 or 10, and the
      input to the voltage comparator 154 from the divider 151 of FIG. 11, are
      both modified to be provided in absolute magnitudes instead of in signed
      values. The particular operation of the voltage comparators for the
      bipolar data depends on whether 0&lt;.beta.&lt;1 or .beta.&gt;1, in the manner
      previously described.
PAR  The embodiments of the invention heretofore discussed have been described
      in terms of discrete time and sampled data systems. The concepts of the
      present invention are equally applicable to processing data of the
      continuous level, continuous time analog variety. Referring now to FIG. 12
      in which like reference numerals indicate like components with respect to
      FIG. 1, a data channel 160 in accordance with the present invention is
      illustrated. The continuous level, continuous time analog data signal is
      applied to a linear, causal, minimum-phase conditioning filter 161 of a
      type well known in the communication technologies. The filter 161 may, for
      example, comprise a conventional integrator when the multiplicative
      distortions are slowly varying with respect to the frequency spectrum of
      the input data. The signals from the filter 161 are applied to an
      exponential amplifier 162 of the type functionally and structurally
      similar to that described with respect to FIGS. 7 and 9. The output of the
      amplifier 162 is applied as an input to an amplitude modulator 163 which
      also receives a carrier signal input from a carrier generator 164. The
      amplitude modulator 163 and the carrier generator 164 are similar
      respectively to the analog multiplier 91 and carrier pulser 31 described
      with respect to FIGS. 7, 9 and 10. However, there need not be any fixed
      timing relationship between the modulation and the carrier provided that
      the frequency of the latter is high relative to the modulation bandwidth.
      Alternatively, the carrier may simply be d.c. so that the output of the
      exponential amplifier 162 is in effect transmitted directly. The amplitude
      modulator 163 is effective in amplitude modulating the carrier signal
      provided by the carrier generator 164 in accordance with the filtered and
      exponentiated data from the blocks 161 and 162.
PAR  The amplitude modulated carrier from the modulator 163 is recorded or
      transmitted by the means 14 via the multiplicatively distorting medium 15
      to the reproducing or receiving means 16 in a manner similar to that
      described with respect to FIG. 1.
PAR  The multiplicatively distorted reproduced or received signal from the means
      16 is applied to a conventional envelope detector 165 which, however, is
      not required if the carrier is d.c., which detects the amplitude modulated
      carrier providing the multiplicatively distorted data impressed thereupon.
      The output of the envelope detector 165 is applied to a logarithmic
      amplifier 166 that converts the multiplicative distortions to additive
      distortions in the manner previously described with respect to FIGS. 1-8.
      The output from the logarithmic amplifier 166 is applied to a linear
      filter 167 having a frequency transfer function inverse to that of the
      conditioning filter 161. The filter 167 is designed to suppress the
      multiplicative disturbances after they have been converted to additive
      distortions by the logarithmic amplifier 166. The filter 167 may, for
      example, be instrumented as a conventional differentiator when the
      multiplicative distortions are slowly varying with respect to the
      frequency spectrum of the data, the filter 161 then being an integrator.
      The linear filter 167 thus provides the substantially undistorted data at
      its output.
PAR  The data carrying capacities of the data channels heretofore described, may
      be further increased by frequency modulating the carrier signals with
      additional information. The receiver portion of such a data channel would
      then include a conventional F.M. demodulator to obtain the transmitted
      data from the received frequency modulated carrier.
PAR  The concept of the present invention may find utility in a wide variety of
      applications as previously discussed. More specifically, in addition to
      the magnetic data recording embodiments of the invention, heretofore
      described, the invention may be utilized in the transmission of speech or
      facsimile information over transoceanic short-wave radio circuits. The
      data channel 160 of FIG. 12 may be particularly adapted to such a use.
      Such data channels are subject to severe fading since they depend on the
      unstable phenomenon of the propagation via reflection from the ionosphere.
      This fading results in a slowly varying multiplicative distortion of the
      transmitted signal which distortion can be suppressed by utilizing the
      sequence of operations described above. In such systems in the prior art,
      the transmission of a reference pilot tone along with the information to
      be conveyed is utilized for accurate amplitude modulated transmissions
      over fading radio channels where the strength of the reference tone is
      measured at the receiver and used for automatic gain control. Such a pilot
      tone is not utilized in the present invention resulting in possible
      significant reduction in transmitted power compared to prior art systems
      absent the invention, and in possible equipment simplification.
PAR  The concepts of the present invention are also applicable to the storage of
      digital data on photographic film where the invention will facilitate the
      storage of the data as multi-level "shades of gray" rather than the
      conventional binary black and white, thereby achieving significantly
      higher storage densities. Inhomogeneities of the film which may previously
      have precluded such multi-level storage may be considered as creating
      spatial multiplicative distortion which is spatially separable from the
      data when following the precepts of the invention. The time dimension of
      the heretofore described embodiments of the invention may be considered
      replaced by a linear spatial dimension on the photographic film. The
      exponential conversion required in the photographic recording may possibly
      be included as an integral property of the film by controlling the "gamma"
      contrast of opacity vs. light exposure of the film and the logarithmic
      converter in the readback may be possible of inclusion integrally with the
      photocell response characteristics.
PAR  The heretofore described embodiments of the present invention have been
      explained in terms of data recording or data transmission channels. It
      will be appreciated that for the purposes of the appended claims, since
      the concepts of the invention are equally applicable to data recording
      channels, data transmission channels and the like, these terms may be
      considered synonomous with respect to each other. Additionally, the terms
      data system and data channel have been utilized interchangeably
      hereinabove in the description of the embodiments of the invention. It is
      appreciated that these terms may herein be considered synonomous with
      respect to each other.
PAR  In the above descriptions of the embodiment of the invention, the terms
      "data word interval" or "data interval" have been utilized with respect to
      the data word W.sub.n for both the recording or transmitting portions and
      the reproducing or receiving portions of the systems. It is, of course,
      understood that the i.sup.th data interval with respect to the recording
      portion and the i.sup.th data interval with respect to the reproducing
      portion are not normally coincident in time. For example, the data word
      W.sub.i recorded during the i.sup.th data interval of the recording
      portion of the system, is normally reproduced at a subsequent time during
      the i.sup.th data interval of the reproducing portion of the system.
PAR  While the invention has been described as providing a substantial reduction
      of the effects of multiplicative distortion arising from, for example,
      gain variations in a data recording or transmission channel, it will be
      further appreciated that multiplicative distortions may be caused by other
      phenomena. For example, there exist conventional magnetic recording
      systems in which the writing or recording means employs frequency
      modulation or pulse duration modulation and in which the reading or
      reproducing means employs frequency demodulation or pulse duration
      demodulation, respectively, in order to circumvent the effects of channel
      gain variation in a manner familiar to the art. However, speed variation
      in the recording medium of such a recording system will impart
      multiplicative distortion to the signal output from the reproducing means
      relative to the signal input to the recording means. Since the present
      invention suppresses multiplicative distortion irrespective of its
      underlying cause, it may well find application in, for example, magnetic
      recording systems of the frequency modulation or pulse duration modulation
      variety. As another example, in conventional so-called "direct" magnetic
      recording employing inductive magnetic playback, which is the type of
      recording that has mainly been considered in the foregoing, speed
      variations will impart multiplicative distortion through the
      timederivative transfer characteristic thereof. Therefore, the invention
      may also have application in so-called "start-stop" direct-recording
      magnetic tape systems of the computer industry, where speed variations are
      severe.
PAR  The above described embodiments of the invention were primarily explained
      in terms of slowly varying multiplicative distortions. It will be
      appreciated that the present invention is also applicable to the filtering
      of multiplicative distortions of a rapidly varying variety. Generally,
      multiplicative variations whose logarithms have sufficiently different
      spectra from that of the data may be filtered therefrom in accordance with
      the concepts of the invention as described above and as recited in the
      appended claims.
PAR  The foregoing embodiments of the invention have been explained in terms of
      exponential functions. It will be appreciated that functions which are
      essentially or approximately exponential may also be utilized. For
      example, such functions as the hyperbolic cosine cosh x = (e.sub.x
      +e.sup..sup.-x)/2 which for large values of the argument x becomes
      essentially exponential, may be employed in practicing the invention. The
      term exponential function is construed herein in accordance with the
      accepted mathematical definition thereof known in the art as defined, for
      example, in the IEEE Standard Dictionary of Electrical and Electronic
      Terms, published by John Wiley & Sons, Inc. as a function of the form Y =
      a e.sup.bx where x is the independent variable and e is a constant base.
      The exponential functions described herein above, for example, the
      constant .beta. raised to a power of the data, is of this form. Functions
      may also be utilized that behave essentially as the exponential function
      as defined. The hyperbolic cosine function given above behaves as an
      essentially exponential function for large values of the argument x since
      for such values the term e.sup..sup.-x becomes negligible and the
      expression for cosh x then reduces essentially to the exponential format
      as defined. Similarly, where logarithmic functions have been referred to
      in the previous discussion, it will be appreciated that functions which
      are essentially or approximately logarithmic may also be utilized.
      Although the present invention has been explained in terms of multi-level
      data systems, it should be noted that the invention is also applicable to
      use in binary systems which in the absence of the present invention may
      suffer from multiplicative disturbances.
PAR  It will be additionally appreciated that for the purposes of the appended
      claims where they may refer to modulo operations, the terms overflow and
      underflow may be considered synonomous with respect to each other in
      accordance with the type of data as previously explained.
PAR  It will also be appreciated that the filtering or suppression of
      multiplicative distortion as described hereinabove may be considered as
      including gain variation compensation.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than limitation and that changes may be made within the
      purview of the appended claims without departing from the true scope and
      spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination for use with a data source for providing a sequence of
      data items
PA1  accumulator means responsive to said sequence of data items for
      algebraically accumulating said data items in accordance with a
      preconditioning function thereby forming a sequence of output partial sums
      respectively,
PA1  exponentiating means coupled to the output of said accumulator means and
      responsive to said sequence of output partial sums for sequentially
      providing an essentially exponential function thereof by sequentially
      raising a base to a power proportional to said output partial sums
      respectively, thereby providing a sequence of first signals respectively,
PA1  said first signals being subject to multiplicative distortions which are
      filterable with respect to said data items thereby providing a sequence of
      distorted first signals,
PA1  logarithmic converter means responsive to said sequence of distorted first
      signals for sequentially providing a logarithmic function thereof,
      respectively, inverse to said exponential function, thereby providing a
      sequence of second signals respectively,
PA1  said logarithmic converter means converting said multiplicative distortions
      to additive distortions,
PA1  subtractor means coupled to said logarithmic converter means for providing
      algebraic differences between said second signals in accordance with a
      function inverse to said preconditioning function, thereby performing a
      substractive operation providing a sequence of third signals
      representative of said sequence of data items, respectively, with said
      additive distortions substantially filtered therefrom by said subtractive
      operation, and
PA1  memory means in said subtracter means for storing at least one of said
      second signals occurring prior to the currently occurring of said second
      signals thereby providing signals for said subtracter means to provide
      said algebraic differences.
NUM  2.
PAR  2. The combination of claim 1 in which
PA1  said accumulator means comprises an accumulator for algebraically
      accumulating said data items to form a sequence of first order partial
      sums thereby providing said sequence of output partial sums,
PA1  said memory means comprises a two word memory for storing two successively
      occurring of said second signals, and
PA1  said subtracter means comprises a subtracter coupled to said two word
      memory for sequentially algebraically subtracting said second signals from
      each other to provide a sequence of first order differences thereby
      providing said sequence of third signals respectively.
NUM  3.
PAR  3. The combination of claim 1 in which said accumulator means comprises
PA1  an accumulator for algebraically accumulating said sequence of data items
      thereby providing a sequence of first order partial sums and,
PA1  further accumulator means for algebraically accumulating said sequence of
      first order partial sums to provide a further sequence of higher order
      partial sums thereby providing said sequence of output partial sums.
NUM  4.
PAR  4. The combination of claim 3 in which said subtracter means comprises
PA1  a subtracter for sequentially algebraically subtracting said second signals
      from each other thereby providing a sequence of first order differences,
      and
PA1  further subtracter means for sequentially algebracially subtracting said
      first order differences from each other to provide higher order
      differences thereof, thereby providing said sequence of third signals
      representative of said sequence of data items respectively with said
      additive distortion further filtered therefrom.
NUM  5.
PAR  5. In combination for use with a data source for providing a sequence of
      data items
PA1  accumulator means responsive to said sequence of data items for
      algebraically accumulating said data items in modulo in accordance with a
      preconditioning function thereby forming a sequence of output partial sums
      respectively,
PA1  exponentiating means coupled to the output of said accumulator means and
      responsive to said sequence of output partial sums for sequentially
      providing an essentially exponential function thereof by sequentially
      raising a base to a power proportional to said output partial sums
      respectively, thereby providing a sequence of first signals respectively,
PA1  said first signals being subject to multiplicative distortions which are
      filterable with respect to said data items thereby providing a sequence of
      distorted first signals,
PA1  logarithmic converter means responsive to said sequence of distorted first
      signals for sequentially providing a logarithmic function thereof,
      respectively, inverse to said exponential function, thereby providing a
      sequence of second signals respectively,
PA1  said logarithmic converter means converting said multiplicative distortions
      to additive distortions,
PA1  subtractor means coupled to said logarithmic converter means for providing
      algebraic differences in modulo between said second signals in accordance
      with a function inverse to said preconditioning function thereby providing
      a subtractive operation providing a sequence of third signals
      representative of said sequence of data items, respectively, with said
      additive distortions substantially filtered therefrom by said subtractive
      operation, and
PAR  memory means in said subtractor means for storing at least one of said
      second signals occurring prior to the currently occurring of said second
      signals thereby providing signals for said subtractor means to provide
      said algebraic differences.
NUM  6.
PAR  6. The combination of claim 5 in which
PA1  said accumulator means comprises an accumulator for algebraically
      accumulating said data items in modulo to form a sequence of first order
      partial sums thereby providing said sequence of output partial sums,
PA1  said memory means comprises a two word memory for storing two successively
      occurring of said second signals, and
PA1  said subtracter means comprises a subtracter coupled to said two word
      memory for sequentially algebraically subtracting said second signals from
      each other in modulo to provide a sequence of first order differences
      thereby providing said sequence of third signals respectively.
NUM  7.
PAR  7. The combination of claim 5 in which said accumulator means comprises
PA1  an accumulator for algebraically accumulating said sequence of data items
      in modulo thereby providing a sequence of first order partial sums, and
PA1  further accumulator means for algebraically accumulating said sequence of
      first order partial sums in modulo to provide a further sequence of higher
      order partial sums thereby providing said sequence of output partial sums.
NUM  8.
PAR  8. The combination of claim 5 in which said subtracter means comprises
PA1  a subtracter for sequentially algebraically subtracting said second signals
      from each other in modulo thereby providing a sequence of first order
      differences, and
PA1  further subtracter means for sequentially algebraically subtracting said
      first order differences from each other in modulo to provide higher order
      differences thereof, thereby providing said sequence of third signals
      representative of said sequence of data items respectively with said
      additive distortion further filtered therefrom.
NUM  9.
PAR  9. In combination for use with a data source of providing a sequence of
      data items
PA1  exponentiating means responsive to said sequence of data items for
      sequentially providing an essentially exponential function thereof by
      sequentially raising a base to a power proportional to said data items
      respectively,
PA1  cumulative multiplying means coupled to the output of said exponentiating
      means for providing the cumulative product of said exponential function of
      said sequence of data items in accordance with a conditioning function,
      thereby forming a sequence of first signals respectively,
PA1  said first signals being subject to multiplicative distortions which are
      filterable with respect to said data items thereby providing a sequence of
      distorted first signals,
PA1  ratio converter means responsive to said sequence of distorted first
      signals for providing ratios therebetween in accordance with a function
      inverse to said conditioning function, thereby performing a ratio
      operation providing a sequence of second signals, respectively, with said
      multiplicative distortions substantially filtered therefrom by said ratio
      operation,
PA1  memory means in said ratio converter means for storing at least one of said
      distorted first signals occurring prior to the currently occurring of said
      distorted first signals thereby providing signals for said ratio converter
      means to provide said ratios, and
PA1  logarithmic converter means coupled to the output of said ratio converter
      means and responsive to said sequence of second signals for sequentially
      providing a logarithmic function thereof, respectively, inverse to said
      exponential function, thereby providing a sequence of third signals
      representative of said sequence of data items respectively.
NUM  10.
PAR  10. In combination for use with a data source for providing a sequence of
      data items
PA1  exponentiating means responsive to said sequence of data items for
      sequentially providing an essentially exponential function thereof by
      sequentially raising a base to a power proportional to said data items
      respectively,
PA1  cumulative multiplying means coupled to the output of said exponentiating
      means for providing the cumulative product of said exponential function of
      said sequence of data items in modulo with respect to the exponent in
      accordance with a conditioning function, thereby forming a sequence of
      first signals respectively,
PA1  said first signals being subject to multiplicative distortions which are
      filterable with respect to said data items thereby providing a sequence of
      distorted first signals,
PA1  ratio converter means responsive to said sequence of distorted first
      signals for providing ratios therebetween in modulo with respect to the
      exponent in accordance with a function inverse to said conditioning
      function, thereby performing a ratio operation providing a sequence of
      second signals, respectively, with said multiplicative distortions
      substantially filtered therfrom by said ratio operation,
PA1  memory means in said ratio converter means for storing at least one of said
      distorted first signals occurring prior to the currently occurring of said
      distorted first signals thereby providing signals for said ratio converter
      means to provide said ratios, and
PA1  logarithmic converter means coupled to the output of said ratio converter
      means and responsive to said sequence of second signals for sequentially
      providing a logarithmic function thereof, respectively, inverse to said
      exponential function, thereby providing a sequence of third signals
      representative of said sequence of data items respectively.
NUM  11.
PAR  11. In combination for use with a data source for providing a sequence of
      data items
PA1  accumulator means responsive to said sequence of data items for
      algebraically accumulating said data items in accordance with a
      preconditioning function thereby forming a sequence of output partial sums
      respectively,
PA1  exponentiating means coupled to the output of said accumulator means and
      responsive to said sequence of output partial sums for sequentially
      providing an essentially exponential function thereof by sequentially
      raising a base to a power proportional to said output partial sums
      respectively, thereby providing a sequence of first signals respectively,
PA1  said first signals being subject to multiplicative distortions which are
      filterable with respect to said data items thereby performing a sequence
      of distorted first signals,
PA1  ratio converter means responsive to said sequence of distorted first
      signals for providing ratios therebetween, thereby performing a ratio
      operation providing a sequence of second signals, respectively, with said
      multiplicative distortions substantially filtered therefrom by said ratio
      operation,
PA1  memory means in said ratio converter means for storing at least one of said
      distorted first signals occurring prior to the currently occurring of said
      distorted first signals thereby providing signals for said ratio converter
      means to provide said ratios, and
PA1  logarithmic converter means coupled to the output of said ratio converter
      means and responsive to said sequence of second signals for sequentially
      providing a logarithmic function thereof, respectively, inverse to said
      exponential function, thereby providing a sequence of third signals
      representative of said sequence of data items respectively.
NUM  12.
PAR  12. In combination for use with a data source for providing a sequence of
      data items
PA1  exponentiating means responsive to said sequence of data items for
      sequentially providing an essentially exponential function thereof by
      sequentially raising a base to a power proportional to said data items
      respectively,
PA1  cumulative multiplying means coupled to the output of said exponentiating
      means for providing the cumulative product of said exponential function of
      said sequence of data items in accordance with a conditioning function,
      thereby forming a sequence of first signals respectively,
PA1  said first signals being subject to multiplicative distortions which are
      filterable with respect to said data items thereby providing a sequence of
      distorted first signals,
PA1  logarithmic converter means responsive to said sequence of distorted first
      signals for sequentially providing a logarithmic function thereof,
      respectively, inverse to said exponential function, thereby providing a
      sequence of second signals respectively,
PA1  said logarithmic converter means converting said multiplicative distortions
      to additive distortions,
PA1  subtractor means coupled to said logarithmic converter means for providing
      algebraic differences between said second signals, thereby performing a
      subtractive operation providing a sequence of third signals representative
      of said sequence of data items, respectively, with said additive
      distortions substantially filtered therefrom by said subtractive
      operation, and
PA1  memory means in said subtractor means for storing at least one of said
      second signals occurring prior to the currently occurring of said second
      signals thereby providing signals for said subtractor means to provide
      said algebraic differences.
NUM  13.
PAR  13. In combination for use with a data source for providing variable data
PA1  preconditioning means responsive to said variable data for preconditioning
      said data in accordance with a preconditioning function,
PA1  exponentiating means coupled to the output of said preconditioning means
      and responsive to said preconditioned data for providing an essentially
      exponential function thereof by raising a base to a power proportional to
      said preconditioned data thereby providing first signals,
PA1  said first signals being subject to multiplicative distortions which are
      filterable with respect to said data thereby providing distorted first
      signals,
PA1  logarithmic converter means responsive to said distorted first signals for
      providing a logarithmic function thereof, inverse to said exponential
      function, thereby converting said multiplicative distortions to additive
      distortions,
PA1  data restoration means coupled to said logarithmic converter means for
      restoring said logarithmic function of said distorted first signals in
      accordance with a function inverse to said preconditioning function,
      thereby providing second signals representative of said variable data with
      said additive distortions substantially filtered therefrom,
PA1  a source of carrier signal for providing a carrier signal withi information
      content unrelated to that of said variable data, and
PA1  means for amplitude modulating said carrier signal with said exponential
      function thereby providing said first signals.
NUM  14.
PAR  14. The combination of claim 13 in which said preconditioning means
      includes integration means responsive to said data for providing the
      integral thereof,
PA1  said exponentiating means being responsive to said integrated data for
      providing said first signals.
NUM  15.
PAR  15. The combination of claim 14 in which said data restoration means
      includes differentiating means responsive to said logarithmic function of
      said first signals for providing the derivative thereof, thereby providing
      said second signals representative of said variable data with said
      additive distortions substantially filtered therefrom.
NUM  16.
PAR  16. In a digital recording channel having a recording medium, means for
      writing data items on said medium and means for reading said data items
      from said medium, each said data item being representable by a selected
      one of a plurality of amplitudes, the combination comprising
PA1  accumulator means responsive to a sequence of said data items for
      algebraically accumulating said data items in accordance with a
      preconditioning function thereby forming a sequence of output partial sums
      respectively,
PA1  exponentiating means coupled to the output of said accumulator means and
      responsive to said sequence of output partial sums for sequentially
      providing an essentially exponential function thereof to said writing
      means for recording on said medium by sequentially raising a base to a
      power proportional to said output partial sums respectively,
PA1  said reading means providing a sequence of first signals representative of
      said recorded exponential function of said output partial sums,
      respectively, said first signals being subject to multiplicative gain
      variation distortions of said channel, thereby providing a sequence of
      distorted first signals,
PA1  logarithmic converter means responsive to said sequence of distorted first
      signals for sequentially providing a logarithmic function, thereof,
      respectively, inverse to said exponential function, thereby providing a
      sequence of second signals respectively,
PA1  said logarithmic converter means converting said multiplicative distortions
      to additive distortions,
PA1  subtractor means coupled to said logarithmic converter means for providing
      algebraic differences between said second signals in accordance with a
      function inverse to said preconditioning function, thereby performing a
      subtractive operation providing a sequence of third signals representative
      of said sequence of data items, respectively, with said additive
      distortions substantially filtered therefrom by said subtractive
      operation, and
PA1  memory means in said subtractor means for storing at least one of said
      second signals occurring prior to the currently occurring to said second
      signals thereby providing signals for said subtractor means to provide
      said algebraic differences.
NUM  17.
PAR  17. The combination of claim 16 in which
PA1  said accumulator means comprises an accumulator for algebraically
      accumulating said data items to form a sequence of first order partial
      sums thereby providing said sequence of output partial sums,
PA1  said memory means comprises a two word memory for storing two successively
      occurring of said second signals, and
PA1  said subtracter means comprises a subtracter coupled to said two word
      memory for sequentially algebraically subtracting said second signals from
      each other to provide a sequence of first order differences thereby
      providing said sequence of third signals respectively.
NUM  18.
PAR  18. The combination of claim 16 in which said accumulator means comprises
PA1  an accumulator for algebraically accumulating said sequence of data items
      thereby providing a sequence of first order partial sums, and
PA1  further accumulator means for algebraically accumulating said sequence of
      first order partial sums to provide a further sequence of higher order
      partial sums thereby providing said sequence of output partial sums.
NUM  19.
PAR  19. The combination of claim 18 in which said subtractor means comprises
PA1  a subtracter for sequentially algebraically subtracting said second signals
      from each other thereby providing a sequence of first order differences,
      and
PA1  further subtracter means for sequentially algebraically subtracting said
      first order differences from each other to provide higher order
      differences thereof, thereby providing said sequence of third signals
      representative of said sequence of data items respectively with said
      additive distortion further filtered therefrom.
NUM  20.
PAR  20. In a digital recording channel having a recording medium, means for
      writing data items on said medium and means for reading said data items
      from said medium, each said data item being represented by a selected one
      of a plurality of amplitudes, the combination comprising
PA1  accumulator means responsive to a sequence of said data items for
      algebraically accumulating said data items in modulo in accordance with a
      preconditioning function thereby a sequence asequence of output partial
      sums respectively,
PA1  exponentiating means coupled to the output of said accumulator means and
      responsive to said sequence of output partial sums for sequentially
      providing an essentially exponential function thereof to said writing
      means for recording on said medium by sequentially raising a base to a
      power proportional to said output partial sums respectively,
PA1  said reading means providing a sequence of first signals representative of
      said recorded exponential function of said output partial sums,
      respectively, said first signals being subject to multiplicative gain
      variation distortions of said channel thereby providing a sequence of
      distorted first signals,
PA1  logarithmic converter means responsive to said sequence of distorted first
      signals for sequentially providing a logarithmic function thereof,
      respectively, inverse to said exponential function, thereby providing a
      sequence of second signals respectively,
PA1  said logarithmic converter means converting said multiplicative distortions
      to additive distortions,
PA1  subtractor means coupled to said logarithmic converter means for providing
      algebraic differences in modulo between said second signals in accordance
      with a function inverse to said preconditioning function, thereby
      performing a subtractive operation providing a sequence of third signals
      representative of said sequence of data items, respectively, with said
      additive distortions substantially filtered therefrom by said subtractive
      operation, and
PA1  memory means in said subtractor means for storing at least one of said
      second signals occurring prior to the currently occurring of said second
      signals thereby providing signals for said subtractor means to provide
      said algebraic differences.
NUM  21.
PAR  21. The combination of claim 20 in which
PA1  said accumulation means comprises an accumulator for algebraically
      accumulating said data items in modulo to form a sequence of first order
      partial sums thereby providing said sequence of output partial sums,
PA1  said memory means comprising a two word memory for storing two successively
      occurring of said signals, and
PA1  said subtracter means comprises a subtracter coupled to said two word
      memory for sequentially algebraically subtracting said second signals from
      each other in modulo to provide a sequence of first order differences
      thereby providing said sequence of third signals respectively.
NUM  22.
PAR  22. The combination of claim 20 in which said accumulator means comprises
PA1  an accumulator for algebraically accumulating said sequence of data items
      in modulo thereby providing a sequence of first order partial sums, and
PA1  further accumulator means for algebraically accumulating said sequence of
      first order partial sums in modulo to provide a further sequence of higher
      order partial sums thereby providing said sequence of output partial sums.
NUM  23.
PAR  23. The combination of claim 22 in which said subtracter means comprises
PA1  a subtracter for sequentially algebraically subtracting said second signals
      from each other in modulo thereby providing a sequence of first order
      differences, and
PA1  further subtracter means for sequentially algebraically subtracting said
      first order differences from each other in modulo to provide higher order
      differences thereof, thereby providing said sequence of third signals
      representative of said sequence of data items respectively with said
      additive distortion further filtered therefrom.
NUM  24.
PAR  24. The combination of claim 16 further including
PA1  a source of carrier signal, and
PA1  means for amplitude modulating said carrier signal with said exponential
      function of said output partial sums, said modulated carrier signal being
      provided to said writing means for recording on said medium.
NUM  25.
PAR  25. The combination of claim 24 in which said source of carrier signal
      provides a carrier signal with information content unrelated to that of
      said data items.
NUM  26.
PAR  26. The combination of claim 16 further including equalization means
      coupled between said reading means and said logarithmic converter means
      for reducing inter-symbol interference amongst said multiplicatively
      distorted first signals with respect to said recorded data items thereby
      permitting dense recording of said data items on said medium.
NUM  27.
PAR  27. The combination of claim 20 in which said accumulator means comprises
      an accumulator with a discarded overflow signal thereby performing said
      accumulation of said data items in modulo.
NUM  28.
PAR  28. The combination of claim 27 in which said exponentiating means
      comprises
PA1  control means coupled to said accumulator for providing a plurality of
      discrete signals in accordance with the instantaneously stored value in
      said accumulator, and
PA1  an exponentiating circuit responsive to said discrete signals for
      selectively providing said exponential function in accordance therewith
      thereby providing an exponential function of said instantaneously stored
      value in said accumulator.
NUM  29.
PAR  29. The combination of claim 28 further including a source of carrier
      signal for providing said carrier signal to said exponentiating circuit
      wherein said carrier signal is amplitude modulated by said exponential
      function, said modulated carrier signal being provided to said writing
      means for recording on said medium.
NUM  30.
PAR  30. The combination of claim 27 in which said exponentiating means
      comprises
PA1  digital to analog converter means coupled to said accumulator for providing
      an analog signal corresponding to the instantaneously stored digital value
      in said accumulator, and
PA1  an exponentiating circuit responsive to said analog signal for providing
      said exponential function thereof, thereby providing an exponential
      function of said instantaneously stored digital value in said accumulator.
NUM  31.
PAR  31. The combination of claim 30 further including a source of carrier
      signal for providing said carrier signal to said exponentiating circuit
      wherein said carrier signal is amplitude modulated by said exponential
      function, said modulated carrier signal being provided to said writing
      means for recording on said medium.
NUM  32.
PAR  32. The combination of claim 20 in which said subtracter means comprises
PA1  a subtracter with a discarded underflow signal,
PA1  said subtracter being responsive to successively occurring logarithmically
      converter distorted first signals for obtaining the differences
      therebetween, thereby providing said sequential algebraic differences in
      modulo.
NUM  33.
PAR  33. The combination of claim 16 in which said reading means includes a
      reading device having a time derivative transfer characteristic and in
      which said writing means includes
PA1  polarity switching means responsive to said exponential function of said
      amplitudes for selectively controlling the polarity thereof, thereby
      providing a polarity controlled signal, and
PA1  integrator means responsive to said polarity controlled signal for
      compensating for said time derivative characteristic thereby providing
      signals for recording on said medium,
PA1  said polarity switching means being operative to control said polarity so
      that said signals for recording on said medium remain in a finite dynamic
      range.
NUM  34.
PAR  34. A method for reducing multiplicative distortions in a data channel for
      conveying a sequence of data items comprising the steps of
PA1  algebraically accumulating said data items in accordance with a
      preconditioning function thereby forming a sequence of output partial sums
      respectively,
PA1  exponentiating said sequence of output partial sums by sequentially
      providing an essentially exponential function thereof by sequentially
      raising a base to a power proportional to said output partial sums
      respectiely, thereby providing a sequence of first signals respectively,
PA1  conveying said sequence of first signals on said channel whose
      characteristics impart multiplicative distortions thereto thereby
      providing a sequence of distorted first signals,
PA1  logarithmically converting said sequence of distorted first signals by
      providing a logarithmic function thereof, respectively, inverse to said
      exponential function, thereby providing a sequence of second signals
      respectively,
PA1  said logarithmically converting step converting said multiplicative
      distortions to additive distortions,
PA1  algebraically subtracting said second signals from each other to provide
      algebraic differences therebetween in accordance with a function inverse
      to said preconditioning function thereby providing a sequence of third
      signals representative of said sequence of data items, respectively, with
      said additive distortions substantially filtered therefrom by said
      subtracting step, and
PA1  storing at least one of said second signals occurring prior to the
      currently occurring of said second signals thereby providing the signals
      for said subtracting step.
NUM  35.
PAR  35. The method of claim 34 in which
PA1  said step of algebraically accumulating comprises the step of algebraically
      accumulating said sequence of data items forming a sequence of first order
      partial sums thereby providing said sequence of output partial sums,
PA1  said step of storing comprises storing two successively occurring of said
      second signals, and
PA1  said step of algebraically subtracting comprises the step of algebraically
      subtracting said second signals from each other forming a sequence of
      first order differences thereby providing said sequence of third signals,
      respectively.
NUM  36.
PAR  36. The method of claim 34 in which
PA1  said step of algebraically accumulating comprises the steps of
PA1  algebraically accumulating said sequence of data items forming a sequence
      of first order partial sums, and
PA1  algebraically accumulating said sequence of first order partial sums
      forming a sequence of higher order partial sums thereby providing said
      sequence of output partial sums.
NUM  37.
PAR  37. The method of claim 36 in which said step of algebraically subtracting
      comprises the steps of
PA1  algebraically subtracting said second signals from each other thereby
      providing a sequence of first order differences, and
PA1  subtracting said sequence of first order differences from each other
      forming a sequence of higher order differences thereby providing said
      sequence of third signals, respectively, with said additive distortions
      further filtered therefrom.
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ABST
PAL  Transmissions from a moving, vehicle-mounted transmitter to a remote
      station are pre-compensated at the transmitter for doppler shift by
      measuring the doppler shift of signals from the remote station and
      compensating by the use of a digital multiplier the frequency of
      transmissions to the remote station in the opposite sense and in an amount
      equal to the ratio of the nominal transmission to reception frequencies
      times the measured doppler shift. Application to full and half duplex
      radios and provisions for frequency shift keying systems are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to doppler shift correction systems for use
      with high speed vehicles.
PAR  2. Description of the Prior Art
PAR  Radio communication involving high speed, high-performance aircraft, for
      example, may result in large doppler frequency shifts from the nominal
      carrier frequencies of the transmitted and received signals. Typically,
      the speeds of such aircraft are as high as 2,000 mph. Doppler shifts at
      such speeds are in the order of 1,200 Hz from the nominal carrier
      frequency at carrier frequencies on the order of 400 MHz. At higher
      carrier frequencies, the doppler shift may be even larger. Where the high
      performance aircraft requires doppler tracking for reception and
      communicates with a station which does not employ doppler tracking, the
      high performance aircraft must alter its transmission to compensate for
      doppler shift, making the net frequency shift approach zero at the station
      without tracking.
PAR  For example, where the remote station is simultaneously communicating with
      a number of high speed aircraft, and communications with the individual
      aircraft involve different doppler shifts, the remote station generally
      cannot track all of the different doppler shifts simultaneously. Thus,
      communications from the individual high speed aircraft to the remote
      station must be pre-compensated for doppler shift.
PAR  In some applications, a station moving at a low speed or a fixed station
      communicates mainly with other low speed or fixed stations and numerous
      high speed stations and hence for reasons of economy does not employ
      doppler tracking techniques. Thus, the high performance aircraft or
      station again must pre-compensate its transmissions to the fixed or low
      speed station for doppler shift, so that the net frequency shift in the
      signals received at the receiving station approaches zero. Some prior art
      systems require that a system master oscillator output frequency be
      modified to compensate for doppler shift. However, it is undesirable to
      change the master oscillator output frequency because it is generally the
      station reference.
PAR  Prior art systems, such as those described in U.S. Pat. Nos. 3,317,909 and
      3,325,736 issued to R. M. Waetjen on May 2, 1967 and June 13, 1967,
      respectively, accomplish a doppler compensation, in effect, by frequency
      multiplying, inverting and retransmitting the signal received from the
      remote station. More specifically, such prior art systems first subtract a
      reference signal at the nominal reception frequency from the received
      signal. The difference signal is then frequency multiplied by the ratio of
      the nominal transmission frequency to the nominal reception freqency. The
      resultant signal is subtracted from a reference signal at nominal
      transmission frequency and the difference signal is transmitted to the
      remote station. The reference signals for the nominal transmission and
      reception frequencies are both generated from a submultiple of the nominal
      reception frequency in a synthesizer. Such systems are disadvantageous in
      that they require the use of tuned radio frequency components, as opposed
      to lighter, more dependable, less expensive direct current components.
      Another disadvantage of such systems is that the relationship between
      transmission and reception frequencies is limited to ratios that may be
      embodied in a practicable frequency multiplier. Moreover, in such systems
      the response of a station to a received signal is fixed at a single ratio,
      thus making the system unsuitable for use in situations where the nominal
      transmission and reception frequencies are independently variable.
PAR  The present invention provides digital means for generating a doppler
      corrected transmission, suitable for use in systems where the nominal
      transmission and reception frequencies are different and are frequently
      changed over a wide band of frequencies. In addition, the present
      invention provides doppler compensation means suitable for situations
      where the nominal transmission and reception frequencies are independently
      variable. The present invention is also suitable for use in frequency
      shift keying systems, wherein the frequency transmitted varies in
      accordance with binary data to be transmitted.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an apparatus for use in a first station for
      compensating doppler frequency shifts from predetermined reception and
      transmission frequencies in communications between the first station and a
      second, remote station. The apparatus comprises: input means at the first
      station for receiving signals from the remote station; doppler tracking
      means responsive to the received signals for generating a digital signal
      representative of frequency deviations in the received signals from the
      predetermined reception frequency; digital multiplier means receptive of
      the digital signal for generating a first doppler correction signal
      indicative of the frequency deviation in the received signals and a second
      doppler correction signal indicative of the frequency deviation in the
      received signals multiplied by the negative of the ratio of the
      predetermined transmission frequency to the predetermined reception
      frequency; and means receptive of the first and second doppler correction
      signals, received signals and signals to be transmitted from the first to
      the second station at the predetermined transmission frequency for
      translating in frequency the received signals according to the first
      doppler correction signal and the signals to be transmitted according to
      the second doppler correction signal.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block schematic of a full duplex radio apparatus in accordance
      with the present invention;
PAR  FIG. 2 is a block schematic of a half-duplex radio apparatus in accordance
      with the present invention;
PAR  FIG. 3 is a block schematic of a suitable discriminator for use in the
      apparatus of FIGS. 1 and 2 in a frequency shift keying system.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the full duplex radio apparatus shown in FIG. 1, signals are received
      from a remote station at an input terminal 10 and applied therefrom to a
      suitable doppler tracking means, generally indicated as 12. Doppler
      tracking means 12 includes a doppler tracking loop. Specifically, the
      received signals are applied via conductor 14 to one input of a suitable
      mixer 16. Output signals from mixer 16 are applied via conductors 18, 22
      to a demodulator 25 and via conductors 18, 20 to a frequency discriminator
      24. Discriminator 24 is coupled via conductor 26 to a comparator 28, which
      in turn is coupled via conductor 30 to the up/down control terminal 32 of
      a conventional up/down counter 34. Up/down counter 34 is also receptive of
      clock signals via a conductor 36 from a conventional clock 38.
PAR  The output signal of the up/down counter 34, a digital signal indicative of
      the instantaneous contents of the counter 34, is applied to a digital
      multiplier, generally indicated as 40. More specifically, up/down counter
      34 is coupled via conductors 42, 44 to a conventional digital to analog
      (D/A) converter 48 and via conductor 42, 46 to a conventional complementor
      50. D/A converter 48 is receptive via a conductor 52 to the output signals
      of a conventional D/A converter 54. D/A converter 54 is, in turn,
      receptive of a reference voltage signal from a suitable voltage source 56
      and via conductor 58 to a digital representation of the nominal carrier
      frequency of the received signals from the remote station, which is
      supplied from a suitable source, not shown. The output signals of D/A
      converter 48 are applied via conductor 60 to a conventional voltage
      controlled oscillator (VCO) 62, which is in turn coupled via conductor 64
      to a second input terminal of mixer 16.
PAR  As noted above, up/down counter 34 is coupled via conductor 46 to
      complementor 50. The output signals of complementor 50 are applied via
      conductor 6 to a conventional D/A converter 68. D/A converter 68 is also
      receptive via conductor 72 to the output signals of a conventional D/A
      converter 70. A digital representation of the nominal transmission carrier
      frequency supplied from a suitable source, not shown, and a fixed
      reference voltage from a conventional voltage source 78 are supplied to
      the D/A converter 70 via conductors 74 and 76 respectively. The output
      signals of D/A converter 68 are applied via conductor 80 to a conventional
      VCO 82, which is in turn coupled via conductor 84 to a conventional mixer
      86. The output signals from a suitable modulator 88 are applied via
      conductor 90 to a second input of the mixer 86. The output signals of
      mixer 86 are utilized via conductor 92 for transmission to the remote
      station.
PAR  In general, the operation of the apparatus depicted in FIG. 1 provides for
      signals from a remote station to be received at input terminal 10 and
      applied to doppler tracking means 12. Doppler tracking means 12 serves to
      generate a digital signal representative of frequency deviations in the
      received signals from a predetermined reception frequency (the nominal
      reception carrier). The digital representation of the frequency deviation
      is applied to digital multiplier 40, which generates first and second
      doppler correction signals. The first doppler correction signal is
      indicative of the frequency deviation and the second doppler correction
      signal is indicative of the frequency deviation multiplied by the negative
      of the ratio of the predetermined transmission frequency to the
      predetermined reception frequency. The received input signals from the
      remote station and the locally generated signals to be transmitted to the
      remote station are translated in frequency in accordance with the first
      and second doppler correction signals, respectively.
PAR  Signals received from the remote station at terminal 10 are corrected by
      the instantaneous first doppler correction signal in mixer 16 and are
      applied to discriminator 24. Discriminator 24 is tuned to the difference
      between the nominal VCO operating frequency and the nominal reception
      carrier frequency. Typically, the nominal VCO frequency and discriminator
      frequency are chosen in accordance with proper design practice and
      component availability, as understood in the art. To simplify the
      description, however, the following discussion will assume that the
      nominal operating frequency of VCO 62 is 0 Hz, i.e. d.c. Discriminator 24
      is thus considered tuned to the nominal reception carrier frequency.
      Discriminator 24 generates a bipolar output signal with an amplitude and
      sense determined according to the frequency deviation of the corrected
      received signals from the nominal carrier frequency. For frequency shift
      keying systems, discriminator 24 may comprise a plurality of parallel
      channels, each channel including a conventional bandpass filter,
      respectively tuned to an associated "symbol" frequency i.e. the mark or
      space frequencies. The outputs of the filters are coupled to separate
      conventional discriminators tuned to the associated nominal mark or space
      frequencies. A more detailed description of such an embodiment will be
      given in conjunction with FIG. 3.
PAR  Up/down counter 34 is incremented or decremented in accordance with the
      output of discriminator 24. Specifically, comparator 28 senses the
      polarity of the output signal of discriminator 24 and generates a control
      signal to up/down counter 34, causing the counter 34 to increment or
      decrement accordingly at a fixed clock rate (clock 38). The contents of
      counter 34 are thus indicative of the frequency deviation of the received
      signal carrier from the nominal reception carrier. As will be further
      explained in conjunction with FIG. 3, in an FSK system the output of the
      particular discriminator associated with the instantaneous frequency of
      the received signal, i.e., the data output, is utilized to control the
      counter 34. Comparator 28 may also generate a signal to control the rate
      of increment or decrement of counter 34, i.e. the frequency of clock 38,
      in accordance with the magnitude of the deviation.
PAR  The digital representation of the frequency deviation is utilized by
      digital multiplier 40 to generate doppler correction signals for both the
      received signals and for signals to be transmitted to the remote station.
      The doppler correction signal for the received input signal is provided as
      follows. As previously mentioned, a digital representation, F.sub.R, of
      the nominal reception carrier frequency is applied to D/A converter 54.
      D/A converter 54 suitably generates an output current equal to the product
      of the digital code F.sub.R and the applied reference voltage from voltage
      source 56. The D/A converter 48, responsive to the output current from the
      D/A converter 54 and to the digital code from counter 34 representative of
      the received signal carrier frequency deviation, generates an output
      voltage equal to the product of the received output current and digital
      representation of the instantaneous frequency deviation. Thus,
      representing the digital representation of the frequency deviation as E,
      the reference voltage as V.sub.R, the digital representation of the
      nominal reception carrier frequency as F.sub.R and the output current of
      D/A converter 54 as I.sub.R, the output voltage of D/A converter 48,
      V.sub.E, may be represented as follows:
EQU  V.sub.E = EI.sub.R = E F.sub.R V.sub.R                     (1)
PAR  As described above, the output voltage of D/A converter 48 controls VCO 62
      the output of which is applied to mixer 16, thus completing the tracking
      loop. VCO 62 generates the first doppler correction signal, which, because
      of the feedback nature of the circuitry, has a frequency equal to the
      frequency deviation of the received signal from the nominal reception
      carrier. Specifically, where VCO 62 has a transfer function of K Hz/volt,
      the VCO output signal will be offset in frequency from its nominal
      operation frequency by the received doppler shift .DELTA.f.sub.r ; thus:
EQU  .DELTA.f.sub.r = KV.sub.E = E F.sub.R K V.sub.R            (2)
PAR  It should be noted that a digital representation of the received doppler
      offset .DELTA.f.sub.r is retained in up/down counter 34 in the form of
EQU  E = .DELTA.f.sub.r /F.sub.R K V.sub.R                      (3)
PAR  The second doppler correction signal provided by the digital multiplier 40
      is provided as follows. A digital representation of the nominal
      transmission carrier frequency F.sub.T is applied, as previously noted, to
      D/A converter 70. D/A converter 70 generates an output current, I.sub.T,
      which is equal to the product of the nominal transmission carrier
      frequency and a reference voltage from voltage source 78, preferably of
      the same value, V.sub.R, as generated by voltage soure 56. As previously
      described, D/A converter 68 receives the arithmetic complement (-E) of the
      digital representation of the frequency deviation of a received signal
      from the nominal carier frequency present in the up/down counter 34. D/A
      converter 68 generates an output voltage, V.sub.T, equal to the product of
      the complemented frequency deviation and the output current, I.sub.T, from
      D/A converter 70. Thus, representing the digital representation of
      frequency deviation as E,
EQU  V.sub.T = EI.sub.T = EF.sub.T V.sub.R                      (4)
PAL  wherein the minus sign is indicative of the complementary function.
PAR  As described above, the output voltage of the D/A converter 68 is used to
      control VCO 82, the output signal of which offsets at the mixer 86 the
      signals to be transmitted to the remote station. VCO 82 preferably has the
      same nominal operating frequency and transfer function (K Hz/volt) as VCO
      62. Thus, the frequency offset to the transmitted signals, .DELTA.f.sub.t,
      is equal to:
EQU  .DELTA.f.sub.t = EF.sub.T KV.sub.R                         (5)
PAR  It should be noted from equation 3 that
      ##EQU1##
PAR  And substituting into equation 4 it is seen that
      ##EQU2##
PAR  Thus, it will be appreciated that the transmissions from the apparatus of
      FIG. 1 to the remote station are compensated in frequency in the opposite
      sense and in an amount equal to a measured doppler shift times the ratio
      of the nominal transmission carrier frequency to the nominal received
      carrier frequency.
PAR  The present invention may also be embodied in a half duplex-radio
      apparatus. A digital multiplier comprising a single pair of D/A converters
      controls a single VCO. The current generating D/A converter has applied
      thereto, alternatively, digital representations of the nominal reception
      and transmission carrier frequencies in accordance with the instantaneous
      mode of operation. Similarly, the voltage generating D/A converter
      alternatively receives the digital representation of the received
      frequency deviation and the complement thereof in accordance with the
      instantaneous mode of operation. Such a half duplex apparatus is
      illustrated in FIG. 2, and a more detailed description of such an
      embodiment follows.
PAR  With reference to FIG. 2, as in the full duplex apparatus of FIG. 1,
      signals are received from a remote station at input terminal 10 and are
      applied therefrom to a doppler tracking means, generally indicated as 12.
      Specifically, the received signals are applied to conventional mixer 16,
      which is coupled to a suitable discriminator 24 and suitable demodulator
      25. Discriminator 24 is, in turn, coupled to a conventional voltage
      comparator 28. Comparator 28 is coupled to the up/down control terminal 32
      of a conventional up/down counter 34, counter 34 also being receptive of
      clock signals from a conventional clock 38. Counter 34, is, in turn,
      coupled to digital multiplier 40, the output signals of which are mixed
      with the received signals in mixer 16 and with signals to be transmitted
      in mixer 86.
PAR  More specifically, the output signals of counter 34 are applied to a
      suitable complementor 100. Clock 38 and complementor 100 are also
      receptive of a control signal from a suitable source, not shown,
      indicative of the mode of operation of the apparatus, i.e., transmission
      or reception, hereinafter referred to as the Tx/Rx control. The output
      signals of complementor 100 are applied to a conventional D/A converter
      102. D/A converter 102 is receptive of the output signals from D/A
      converter 104, which is, in turn, receptive of a reference voltage from
      voltage source 106 and a digital code alternatively representative of the
      nominal transmission or reception carrier frequencies, in accordance with
      the instantaneous mode of operation of the system. The output signal of
      D/A converter 102 is applied as a control to VCO 108, which is, in turn,
      coupled to mixers 16 and 86.
PAR  The operation of the half duplex apparatus of FIG. 2 is generally similar
      to that of the full duplex embodiment illustrated in FIG. 1. The signals
      from a remote station are received at input terminal 10 and applied to
      doppler tracking means 12. Doppler tracking means 12 serves to generate a
      digital signal representative of frequency deviations in the received
      signals from the nominal reception carrier frequency (or frequencies in an
      FSK system, as will be explained). The digital representation of the
      frequency deviation is applied to digital mltiplier 40 which generates
      first and second doppler correction signals, which are respectively
      indicative of the frequency deviation and of the frequency deviation
      multiplied by the negative of the ratio of the nominal transmission
      frequency to the nominal reception frequency. The received input signals
      from the remote station and signals to be transmitted to the remote
      station are translated in frequency in accordance with the first and
      second correction signal, respectively.
PAR  In the operation of a half-duplex apparatus in accordance with the present
      invention, signals received from the remote station are corrected by the
      instantaneous first doppler correction signal in mixer 16 and are applied
      to discriminator 24. Discriminator 24 of the half-duplex apparatus is
      tuned, as is the discriminator 24 of the full duplex unit depicted in FIG.
      1, to the difference between the nominal operating frequency of VCO 108
      and the nominal reception carrier frequency. As was the case with
      reference to the full duplex embodiment, the nominal VCO operating
      frequency will be assumed for the purposes of the following discussion to
      be 0 Hz, i.e., d.c. Discriminator 24 will thus be considered to be tuned
      to the nominal carrier frequency. Discriminator 24 generates an output
      signal with an amplitude proportional to the deviation of the corrected
      received signals from the nominal reception carrier frequency. Up/down
      counter 34 is incremented or decremented in accordance with the polarity
      of the output signal of discriminator 24. The contents of counter 34 in
      the half duplex embodiment of FIG. 2 are indicative of the frequency
      deviation of the received signal from the nominal carrier.
PAR  The digital representation of the frequency deviation is applied to digital
      multiplier 40 which generates doppler correction frequency offset signals
      respectively for signals received from the remote station and for signals
      to be transmitted to the remote station. During the reception mode, D/A
      converter 104 receives a digital representation of the nominal reception
      carrier frequency. In addition, during the reception mode the Tx/Rx
      control signal to complementor 100 inhibits the complementation function,
      and the contents of up/down counter 34 are passed uncomplemented to D/A
      converter 102. Thus, during the reception mode, D/A converters 102 and 104
      and voltage source 106 are analogous to and operate in the same manner as
      previously explained with respect to the D/A converters 48 and 54 and
      voltage source 56 in FIG. 1.
PAR  During the transmission mode, clock 38 is inhibited by the Tx control
      signal, complementor 100 provides the complement of the frequency
      deviation signal to D/A converter 102 and D/A converter 104 has applied
      thereto a digital representation of the nominal transmission carrier
      frequency. Since clock 38 is inhibited during the transmission mode,
      counter 34 in effect stores the received doppler offset .DELTA.f.sub.r for
      such times as the systems is transmitting. Thus, during the transmission
      mode, D/A converters 102 and 104 and voltage source 106 are analogous to,
      and operate in the same manner as D/A converters 68 and 70 and voltage
      source 78 in the full duplex apparatus of FIG. 1.
PAR  The digital multiplier 40 of the half duplex embodiment of FIG. 2 provides
      doppler correction signals in the same manner as does the digital
      multiplier 40 of the full duplex unit of FIG. 1. Specifically, denoting
      the instantaneous contents of up/down counter 34 as E, the digital
      representation of the nominal reception carrier frequency signal as
      F.sub.R and the value of the reference voltage as V.sub.R, where VCO 108
      has a transfer function of K Hz/volt, the doppler correction frequency
      offset during the receive mode, .DELTA.f.sub.r, may be represented as:
EQU  .DELTA.f.sub.r = E F.sub.R K V.sub.R                       (8)
PAR  Similarly, denoting the digital representation of the nominal transmission
      carrier frequency as F.sub.T, during the transmission mode, the doppler
      correction frequency offset, .DELTA.f.sub.t may be represented as:
EQU  .DELTA.f.sub.t = E F.sub.T K V.sub.R                       (9)
PAR  Noting from equation 6 that
      ##EQU3##
PAR  It follows from substitution that
      ##EQU4##
PAR  As previously mentioned, discriminator 24 in a frequency shift keying (FSK)
      system (either half or full duplex) may comprise a plurality of parallel
      channels, respectively, tuned to the "symbol" frequencies. Such a
      discriminator 24 is illustrated in FIG. 3. Specifically, signals from
      mixer 16, FIGS. 1 and 2, are applied to bandpass filters (BPF) 120 and
      122. BPFs 120 and 122 suitably have bandwidths in the order of 300 Hz at
      bit rates in the order of 75 bits per second and are respectively tuned to
      the difference between the doppler compensator VCO (62 and 82 in FIG. 1 or
      108 in FIG. 2) nominal operating frequency and the nominal mark and space
      frequencies. BPFs 120 and 122 are respectively coupled to conventional
      discriminators 124 and 126. Discriminators 124 and 126 are respectively
      operated at the difference between the nominal VCO operating frequency and
      the nominal mark and space frequencies respectively. For simplicity, it
      will be assumed in the following discussion that the VCO nominal operating
      frequency is 0 Hz. Discriminators 124 and 126 are coupled to a
      conventional switch 128, which in turn is coupled to comparator 28 (FIGS.
      1 and 2).
PAR  Bandpass filters 120 and 122 are also coupled to suitable signal detectors
      130 and 132. The output signals of detectors 130 and 132 are respectively
      applied to a positive input terminal 134 and a negative input terminal 136
      of a conventional voltage summer 138. Summer 138 is coupled to a suitable
      integrate, sample and dump (IS&D) circuit 140. Output signals from IS&D
      circuit 140 are applied over conductor 142 as a control signal to switch
      128.
PAR  Discriminators 124 and 126 generate output signals indicative of the
      frequency deviations of the received mark and space signals, respectfully,
      from the nominal mark and space frequencies. Signal detector 130, in
      conjunction with bandpass filter 120 and detector 132, in conjunction with
      bandpass filter 122, serve to detect the presence of mark and space
      signals, respectively. As noted above, the output signals of detectors 130
      and 132 are applied to a positive and a negative input terminal
      respectively of summer 138. Noting that the occurrence of mark and space
      frequencies in an FSK system are ideally mutually exclusive, it is seen
      that summer 138 develops a bipolar signal, with polarity indicative of the
      instantaneous received data.
PAR  As described above, the bipolar signal from summer 138 is applied to a
      suitable integrate sample and dump circuit 140. IS&D circuit 140 is
      suitably a capacitive circuit, in which a capacitor changes in accordance
      with the bipolar signal, is sampled, at the (data) bit rate, for the
      polarity of the charge, and then is discharged. The sampling clock may be
      derived by detecting zero crossings in the bipolar signal from summer 138
      as by a suitable zero crossing detector 139. The output of IS&D circuit
      140 is thus a reconstruction of the data received from the remote station.
      As noted above the data signal is applied over conductor 142 as a control
      signal to switch 128. Switch 128 serves to apply only the output signal of
      the particular discriminator associated with the instantaneous frequency
      of the received signal, i.e. the data output, to comparator 28.
PAR  It should be noted that, while the various conductors interconnecting the
      elements of the drawing are shown as single lines, they are not so shown
      in a limiting sense and may comprise plural connections as understood in
      the art.
PAR  It will be further understood that the above description is of illustrative
      embodiments of the present invention, and that the invention is not
      limited to the specific form shown. Modifications may be made in the
      design and arrangement of the elements without departing from the spirit
      of the invention as will be apparent to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for pre-compensating for doppler shift in a signal to be
      transmitted to a remote station comprising:
PA1  a. means, receptive of a signal from said remote station, said received
      signal deviating in frequency from a predetermined reception frequency due
      to doppler shift, for providing a digital signal representative of said
      frequency deviation;
PAR  b. digital multiplier means, responsive to said representative signal, for
      generating a doppler correction signal indicative of said frequency
      deviation multiplied by the negative of the ratio of a predetermined
      transmission frequency for said transmitted signal to said predetermined
      reception frequency; and
PA1  c. means, responsive to said doppler correction signal and to said signal
      to be transmitted, for translating in frequency said signal to be
      transmitted according to said doppler correction signal.
NUM  2.
PAR  2. Apparatus for compensating for doppler frequency deviations in
      communications between a first station and a second station comprising:
PA1  a. input means at said first station for receiving signals from said second
      station;
PA1  b. doppler tracking means responsive to said received signals for
      generating a digital signal representative of frequency deviations in said
      received signals from a predetermined reception frequency;
PA1  c. digital multiplier means receptive of said digital signal for providing
      a first doppler correction signal indicative of said frequency deviation
      and a second doppler correction signal indicative of said frequency
      deviation multiplied by the negative of the ratio of a predetermined
      transmission frequency to said predetermined reception frequency; and
PA1  d. means at said first station receptive of said first and second doppler
      correction signals, said received signals and signals to be transmitted
      from said first station to said second station at said predetermined
      transmission frequency for translating in frequency said received signals
      according to said first doppler correction signal and the signals to be
      transmitted according to said second doppler correction signal.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said digital multiplier means
      comprises:
PA1  a. a first digital to analog (D/A) converter means to which is applied a
      digital signal representative of said predetermined reception frequency
      for generating an output current having a magnitude indicative of said
      predetermined reception frequency,
PA1  b. a second D/A converter means responsive to said output current from
      first D/A converter means and to said frequency deviation digital signal
      for generating an output voltage having a magnitude equal to the product
      of said current magnitude and the value of said frequency deviation,
PA1  c. a first voltage controlled oscillator (VCO), responsive to said output
      voltage from said second D/A converter means for generating said first
      doppler correction signal,
PA1  d. complementor means receptive of said frequency deviation digital signal
      for producing a signal indicative of the complement of said frequency
      deviation digital signal,
PA1  e. third D/A converter means to which is applied a digital signal
      representative of said predetermined transmission frequency for generating
      an output current having a magnitude indicative of said predetermined
      transmission frequency,
PA1  f. fourth D/A converter means responsive to said third D/A converter means
      output current and said complement signal for generating an output voltage
      with magnitude equal to the product of the magnitude of said third D/A
      converter means output current and the value of said complement of said
      frequency deviation,
PA1  g. a second VCO responsive to said fourth D/A converter means output
      voltage for generating said second doppler correction signal.
NUM  4.
PAR  4. The apparatus of claim 2, wherein said digital multiplier means
      comprises
PA1  a. a first digital to analog (D/A) converter means to which is selectively
      applied first and second digital signals respectively representative of
      said predetermined reception and transmission frequencies for generating
      an output signal having a current with magnitude indicative of the value
      of the applied signal,
PA1  b. complementor means responsive to said frequency deviation digital signal
      and to a signal indicative of which of said first and second digital
      signals is being instantaneously applied to said first D/A converter means
      for generating an output signal representative either of said frequency
      deviation signal or of the complement thereof in accordance with which of
      said first and second digital signals is being instantaneously applied to
      said first D/A converter means,
PA1  c. a second D/A converter means responsive to said first D/A converter
      means output signal and to said complementor output signal for generating
      an output signal having a voltage equal to the product of the magnitude of
      said output current of said first D/A converter and the value of said
      complementor output signal, and
PA1  d. a voltage controlled oscillator responsive to said second D/A converter
      means output signal for generating either said first or said second
      doppler correction signals according to which of said first and second
      digital signals is being applied to said first D/A converter means.
NUM  5.
PAR  5. The apparatus of claim 2, wherein said doppler tracking means includes:
PA1  a. discriminator means receptive of signals indicative of said received
      signals for generating a first control signal indicative of the frequency
      deviation of said received signals from said predetermined reception
      frequency;
PA1  b. an up/down counter responsive to said first control signal and to clock
      signals having a predetermined frequency for generating a digital signal
      representative of said frequency derivations in said received signals from
      said predetermined reception frequency.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said discriminator means comprises:
PA1  first and second bandpass filter means each receptive of said signals
      indicative of said received signals for passing respectively only signals
      within a predetermined bandwidth from a predetermined first frequency and
      second frequency;
PA1  b. first and second discriminators receptive of the respective output
      signals of said first and second filter means, for respectively generating
      signals indicative of frequency deviations of said received signals from
      said predetermined first and second frequencies;
PA1  c. signal detector means receptive of the output signals of said first and
      second filter means for generating a second control signal indicative of
      the presence of said first or second frequencies in said received signals;
      and
PA1  d. switching means responsive to the output signals of said first and
      second discriminators and to said second control signal for generating
      said first control signal.
PATN
WKU  039406962
SRC  5
APN  5250048
APT  1
ART  233
APD  19741118
TTL  High frequency, short pulse, band limited radar pulse generator for
      ultrashort range radar systems
ISD  19760224
NCL  2
ECL  1
EXP  Mayer; Albert J.
NDR  1
NFG  3
INVT
NAM  Nagy; Louis L.
CTY  Warren
STA  MI
ASSG
NAM  General Motors Corporation
CTY  Detroit
STA  MI
COD  02
CLAS
OCL  325141
XCL  343 171R
EDF  2
ICL  H04B  104
FSC  325
FSS  120;121;125;129;130;141
FSC  343
FSS  17.1 R
UREF
PNO  3603991
ISD  19710900
NAM  Bernstein
OCL  343 17.1R
UREF
PNO  3858204
ISD  19741200
NAM  Robbins
OCL  343 17.1R
LREP
FR2  Conkey; Howard N.
ABST
PAL  An RF pulse generator including a voltage pulse generator comprised of an
      avalanche transistor biased for operation in its avalanche region. A delay
      line coupled to the avalanche transistor causes the avalanche transistor
      to switch between its on and off states to generate repeated high voltage
      subnanosecond voltage pulses. These pulses control a varactor diode RF
      switch supplied with an RF signal to generate subnanosecond coherent RF
      pulses which are transmitted and detected in an ultrashort range radar
      system.
BSUM
PAR  This invention relates to an RF pulse generator. More specifically, this
      invention relates to an apparatus for generating high frequency,
      subnanosecond, coherent RF pulses for radiation and detection in an
      ultrashort range pulse radar system.
PAR  There has been increasing interest in the use of radar in short range
      applications. One such application is object detection for automotive
      vehicles wherein the range of interest may be between zero and twenty
      feet. Many radar systems have been considered for use in short range
      application. They include continuous wave, frequency modulation and
      incoherent pulse systems.
PAR  Coherent RF pulse radar systems have not generally been considered for
      ultrashort range applications even though such a system has inherent
      advantages over other systems as a result of the difficult task of
      generating the required very broad but band-limited subnanosecond RF pulse
      required for desired range resolution. The general object of this
      invention is to provide a coherent RF pulse generator for use in an
      ultrashort range pulse radar system.
PAR  It is another object of this invention to provide an RF pulse generator for
      generating subnanosecond coherent RF pulses having a high repetition rate.
PAR  It is another object of this invention to provide an RF pulse generator for
      generating subnanosecond coherent RF pulses having a high repetition rate
      and having minimum range side lobes to provide improved range resolution
      in an ultrashort range pulse radar system.
PAR  It is another object of this invention to provide an RF pulse generator for
      generating coherent RF pulses having a high repetition rate and having
      detectable envelopes with rise and fall times of less than a nanosecond
      and pulse widths of approximately one nanosecond.
PAR  These and other objects of this invention are achieved by the use of a
      voltage pulse generator which generates a subnanosecond voltage pulse
      controlling an RF switch supplied with RF energy to generate a
      subnanosecond RF pulse. The pulse generator takes the form of an avalanche
      transistor biased for operation in the avalanche region. The avalanche
      transistor, which has a high breakdown voltage and a high multiplication
      factor, is caused to switch between its on and off stages by a delay line
      coupled thereto. The length of the delay line is such that the propagation
      time of a voltage transient both ways thereon is greater than the time
      required for the avalanche transistor to switch from its off state to its
      on state. The delay line further has an impedance slightly greater than
      the impedance of the radar system as seen at the output of the voltage
      pulse generator. The voltage pulse from the voltage pulse generator is
      coupled to a varactor diode RF switch supplied with RF energy and which is
      biased to an off state. The RF switch is driven by the pulse to generate a
      subnanosecond RF pulse for transmission and detection in a pulse radar
      system.
DRWD
PAR  The invention may be best understood by reference to the following
      description of a preferred embodiment and the drawings in which:
PAR  FIG. 1 is a block diagram of the radar system incorporating the principles
      of the invention;
PAR  FIG. 2 is a circuit diagram of the pulsing network of FIG. 1 for generating
      subnanosecond voltage pulses at a high repetition rate; and
PAR  FIG. 3 is a plot illustrating the characteristics and operation of the
      avalanche transistor of the pulse generator illustrated in FIG. 2.
DETD
PAR  Referring to FIG. 1, there is illustrated the block diagram of the basic RF
      circuit of this invention. A pulsing network 10 generates subnanosecond
      voltage pulses at a high repetition rate which are coupled to an
      attenuator 12 through a coaxial cable 14. The output of the attenuator 12
      is coupled to one input leg 16 of an inside DC block/monitor tee 18
      through a coaxial cable 20. A power supply 22 supplies a negative DC
      voltage to a second input leg 24 of the inside DC block/monitor tee 18
      through a feed-through load 26. An output leg 28 of the inside DC
      block/monitor tee 18 is coupled to a varactor diode RF switch 30 through a
      coaxial cable 32.
PAR  The inside DC block/monitor tee 18 is a conventional tee which functions to
      couple the voltage pulses applied to its input leg 16 and the negative
      voltage applied to its input leg 24 through its output leg 28 to the
      varactor diode RF switch 30 and functions to prevent the negative voltage
      from the power supply 22 from being coupled back through the attenuator 12
      to the pulsing network 10.
PAR  An RF source 34, which may be a Gunn diode oscillator, generates an RF
      signal having a frequency, for example, of 10.525 gHz. This RF signal is
      coupled to an isolator 35 through a coaxial cable 36, directional coupler
      37 and a coaxial cable 38. The output of the isolator 35 is coupled to the
      varactor diode RF switch 30 through a coaxial cable 40.
PAR  The attenuator 12 functions to attenuate reflected energy from the varactor
      diode RF switch 30 and the isolator 35 functions to prevent reflected RF
      energy from the varactor diode RF switch 30 from returning to the RF
      source 34.
PAR  The varactor diode RF switch 30 is of the type which includes a varactor
      diode which attenuates RF energy supplied thereto as a function of its
      bias. This type of RF switch may be either a series of shunt type. In the
      preferred embodiment, the shunt type is used which attenuates or reflects
      the RF signal from the RF source 34 as a direct function of the magnitude
      of the reverse bias of the varactor diode. The negative voltage output of
      the power supply 22 functions to reverse bias the varactor diode in the RF
      switch 30 so that it normally attenuates or reflects the RF signal from
      the RF source 34. This reverse bias may have a magnitude of, for example,
      11 volts. Consequently, the varactor diode RF switch 30 is normally biased
      so as to attenuate the RF energy supplied thereto. The attenuation may be,
      for example, -24 dB with a reverse bias of 11 volts across the varactor
      diode. By decreasing the magnitude of the negative bias voltage, the
      impedance of the varactor diode varies and attenuation of the RF signal
      supplied to the varactor diode RF switch 30 decreases.
PAR  The RF signal transmitted through the varactor diode RF switch 30 is at a
      maximum magnitude, for example 0.5 dB, when the reverse bias of the
      varactor diode is zero. Further, as a result of the capacitance
      characteristics of a varactor diode, the maximum RF output of the RF
      switch 30 is achieved only when the varactor diode is at a bias of zero
      volts. The positive voltage pulses from the pulsing network 10 coupled to
      the varactor diode RF switch 30 each has a magnitude greater than the
      reverse bias voltage of the varactor diode therein as set by the power
      supply 22. The magnitude of the voltage pulses is made greater than the
      reverse bias of the varactor diode in the varactor diode RF switch 30 so
      as to reduce the rise time of the RF signal at the output of the varactor
      diode RF switch 30 to a minimum. Further, the magnitude of the voltage
      pulses is selected so that the RF signal transmitted through the varactor
      diode RF switch 30 does not dwell at its peak power level. The resulting
      output of the varactor diode RF switch 30 are subnanosecond coherent RF
      pulses at a high repetition rate.
PAR  The RF pulses from the varactor diode RF switch 30 are coupled by coaxial
      cable 42 to a coaxial-to-waveguide adapter 44. The RF pulses are then
      coupled to an isolator 46 through a waveguide 48 and then to an input of a
      circulator 50 through a waveguide 52. The RF pulses are then directed by
      the circulator 50 to an antenna 54 through a waveguide 56. The antenna 54
      radiates the RF pulse into space toward a reflecting target and is
      reflected by the target toward the antenna 54. The returned RF pulse is
      received and coupled by the antenna 54 to the circulator 50 through the
      waveguide 56. The circulator 50 directs the returned RF pulse to a
      waveguide 58 which couples the RF pulse to an RF filter 60. The output of
      the RF filter 60 is coupled through a waveguide 62 to an RF amplifier 64
      whose output is coupled by a coaxial cable 66 to a processor 70.
PAR  The voltage pulses generated by the pulsing network 10 are coupled to the
      processor 70 through a coaxial cable 71 and the RF signal from the RF
      source 34 is coupled to the processor 70 through the coaxial cable 36, the
      directional coupler 37 and a coaxial cable 73. The processor 70 may
      include a detector and a mixer and functions to determine parameters such
      as range to an object, the rate of change of range to the object and
      object identity.
PAR  Referring to FIG. 2, there is illustrated the pulsing network 10 of FIG. 1
      for generating subnanosecond voltage pulses at a high repetition rate to
      control the varactor switch 30 so as to generate subnanosecond coherent RF
      pulses at the high repetition rate. An NPN avalanche transistor 72 having
      a high breakdown voltage and high multiplication factor has its emitter
      coupled to the center conductor of the coaxial cable 14 whose outer shield
      is grounded. The collector of the transistor 72 is coupled through a
      resistor 74 to a positive voltage supply V.sub.C. The base of the
      transistor 72 is coupled through a resistor 76 to a negative voltage
      source V.sub.B. A coaxial cable 78 functioning as a delay line has its
      shield grounded and one end of its center conductor coupled to the
      collector electrode of the transistor 72, the remaining end being open
      ended. The delay line 78 has an impedance much less than the impedance of
      the resistor 74 but has an impedance slightly greater than the impedance
      seen looking into the radar system from the emitter of the transistor 72.
PAR  Referring to FIGS. 2 and 3, the impedance of the resistor 76 is such that
      the base current of the transistor 72 may be considered a constant value
      I.sub.B. The operating characteristics of the transistor 72 with this
      constant base current is illustrated in FIG. 3 wherein the collector
      current I.sub.C is plotted as a function of the collector to emitter
      voltage V.sub.CE for the constant base current I.sub.B. A load line 80 for
      the specific circuit of FIG. 2 is also illustrated.
PAR  In operation of the circuit of FIG. 2, the delay line 78 has a capacitance
      and charges toward the supply voltage V.sub.C which is greater than the
      voltage V.sub.2 of FIG. 3. When the voltage at the collector of the
      avalanche transistor 72 reaches V.sub.2, the transistor is operating at
      point A on the load line 80. At this operating point, the avalanche
      transistor 72 is in an "off" state and no voltage is supplied to the
      coaxial cable 14. As the voltage charge on the delay line 78 increases
      above V.sub.2, avalanche multiplication begins and regeneration is
      initiated. Since the impedance of the resistor 74 is much greater than the
      impedance of the delay line 78, the transistor operating point will move
      from operating point A on the load line 80 to operating point B. At this
      point, the avalanche transistor 72 is in an "on" state wherein the
      collector voltage decreases to a value V.sub.1 and a positive voltage is
      generated at the emitter. The voltage transient on the delay line 78 at
      the collector of the avalanche transistor 72 propagates down the delay
      line 78 until it reaches the open end where it is reflected and returned
      to the collector as a positive voltage. The returned voltage transient
      reduces the voltage across resistor 74 thereby decreasing the current
      supplied by the positive voltage source V.sub.C and consequently the
      collector current. A reduction of collector current results in the
      operating point of the avalanche transistor 72 moving from operating point
      B to an unstable operating point C which, by means of regeneration, causes
      the operating point to jump to operating point D wherein the avalanche
      transistor 72 is again at its "off" state and the positive voltage pulse
      at the emitter is terminated. At this point, the delay line 78, which
      discharged through the transistor 72, once more starts to accumulate a
      charge and the process is repeated. The frequency of this cycle may be,
      for example, 500 kHz. As can be seen, the reflected voltage transient on
      the delay line 78 must have a magnitude sufficient to reduce the collector
      current of the avalanche transistor 72 to cause the operating point to
      shift to operating point C.
PAR  The duration of the voltage pulse at the emitter of the avalanche
      transistor 72 is equal to the time for the avalanche transistor 72 to
      switch from operating point A to operating point B and back to operating
      point C. This duration is approximately equal to the time for the voltage
      transient to propagate to the end of the delay line 78 and back to the
      collector of the avalanche transistor 72. To provide for optimal pulse
      characteristics, the length of the delay line 78 should be such that the
      time for the voltage transient to propagate to the end thereof and back to
      the collector of the avalanche transistor 72 is just greater than the time
      for the avalanche transistor 72 to switch from the operating point A to
      operating point B. The time for the transistor 72 to switch from operating
      point A to operating point B may be, for example, 0.75 nanoseconds. To
      achieve a minimum pulse width at the output of the avalanche transistor
      72, the length of the delay line 78 is made so that the time for the
      voltage transient to propagate to the end thereof and back to the
      collector of the transistor 72 is approximately 1 nanosecond. The time for
      the transistor 72 to shift from operating point D of FIG. 3 to operating
      point A on the load line 80 is determined by the capacitance of the delay
      line 78 and the impedance of the resistor 74. This time is typically much
      greater than the width of each of the positive voltage pulses supplied to
      the coaxial cable 14 and may be, for example, 2,000 nanoseconds.
PAR  The magnitude of the voltage pulse generated and coupled to the varactor
      diode RF switch 30 is greater than the reverse bias voltage from the power
      supply 22 to reduce the rise time of the output RF pulse and is such that
      the output RF pulse does not dwell at its peak power level.
PAR  A pulsing network as illustrated in FIG. 2 generating subnanosecond voltage
      pulses at an amplitude of approximately 70 volts and a repetition rate of
      500 kHz was implemented using a type 2N5271 avalanche transistor.
      +V.sub.C, -V.sub.B, resistor 74 and resistor 76 had the values of +310
      volts, -10 volts, 100 k ohms and 18.4 k ohms, respectively. The delay line
      was comprised of 6 inches of RG 142B cable and had an impedance of
      approximately 50 ohms with the impedance of the radar system as viewed at
      the emitter of the 2N5271 avalanche transistor being less than this
      impedance.
PAR  Coherent RF pulses at a repetition rate of 500 kHz, having rise and fall
      times of less than 1 nanosecond and pulse widths of 1 nanosecond, and
      having minimum range side lobes were generated by use of the
      above-described pulsing network in combination with a varactor diode RF
      switch model S-A 50, SN 001 manufactured by Engelmann Microwave Company,
      Skyline Drive, Montville, N. J. 07045
PAR  What has been described is a system for generating very broad but
      band-limited subnanosecond RF pulses for a pulse radar system. The pulses
      generated are confined to a limited portion of the spectrum and achieves
      maximum resolution with minimal component envelope distortion. Since the
      pulsed energy is of the coherent carrier variety, coherent detection and
      mixing may be accomplished in the radar system which reduces the effects
      of noise and unwanted signals by known integration techniques. Further, as
      a result of the ultrashort RF pulses generated, various scattering centers
      of a single target may be detected to permit target identification and
      evaluation.
PAR  The foregoing description of a preferred embodiment of the invention for
      the purpose of illustrating the principles thereof is not to be considered
      as limiting or restricting the invention since many modifications may be
      made by the exercise of skill in the art without departing from the scope
      of the invention.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A band-limited RF pulse generator for ultrashort range pulse radar
      systems comprising: an RF switch, said switch including a varactor diode;
      means for generating a continuous RF signal: means coupling the RF signal
      to the RF switch, the RF switch normally attenuating the RF signal and
      being responsive to a voltage supplied to the varactor diode for
      transmitting the RF signal; a voltage pulse generator, said voltage pulse
      generator including an avalanche transistor having base, emitter and
      collector electrodes, means for biasing the avalanche transistor for
      operation in its avalanche region, the avalanche transistor switching from
      an off state to an on state when the voltage across its emitter and
      collector electrodes exceeds a specified level, a delay line having a
      first end coupled to the avalanche transistor and the means for biasing
      the avalanche transistor and an open end, the delay line being charged by
      the means for biasing the avalanche transistor, the voltage charge on the
      delay line comprising the voltage across the emitter and collector
      electrodes of the avalanche transistor, the avalanche transistor being
      switched from its off state to its on state to discharge the delay line,
      generate a voltage transient on the delay line and initiate an output
      voltage pulse when the delay line is charged to a voltage greater than the
      specified level, the voltage transient on the delay line propagating to
      and reflecting from the open end thereof and returning to the avalanche
      transistor to switch the avalanche transistor from its on state to its off
      state and terminate the output voltage pulse and initiate recharging of
      the delay line, the delay line having a length so that the time for the
      voltage transient to propagate to and reflect from the open end of the
      delay line and return to the avalanche transistor being just greater than
      the time for the avalanche transistor to switch from its off state to its
      on state; and means coupling the voltage pulses from the voltage pulse
      generator to the varactor diode, whereby the voltage pulses drive the RF
      switch to transmit the RF to generate ultrashort pulse, band-limited RF
      pulses.
NUM  2.
PAR  2. A high repetition rate, ultrashort pulse, band-limited RF pulse
      generator for short range pulse radar systems comprising: an RF switch,
      said switch including a varactor diode; means for generating a continuous
      RF signal; means coupling the RF signal to the RF switch, the RF switch
      attenuating the RF signal in a manner directly proportional to the
      magnitude of the reverse bias of the varactor diode; means for applying a
      reverse bias voltage across the varactor diode; a pulse generator, said
      pulse generator including an avalanche transistor having base, emitter and
      collector electrodes, means for applying a negative bias voltage to the
      base electrode, means for supplying a positive bias voltage to the
      collector electrode through a resistor, the avalanche transistor switching
      from an off state to an on state when the voltage across its emitter and
      collector electrodes exceeds a specified level less than the positive bias
      voltage, a delay line having a first end coupled to the collector
      electrode and open end and having an impedance much less than the
      impedance of the resistor, the delay line being charged by the positive
      bias voltage through the resistor, the avalanche transistor being switched
      from its off state to its on state to discharge the delay line, generate a
      voltage transient of the delay line and initiate an output voltage pulse
      at the emitter electrode when the delay line is charged to a voltage
      greater than the specified level, the voltage transient on the delay line
      propagating to and reflecting from the open end thereof and returning to
      the collector electrode to reduce the collector electrode current and
      cause the avalanche trnasistor to switch from its on state to its off
      state and terminate the output voltage pulse and initiate recharging of
      the delay line through the resistor, the delay line having a length so
      that the time for the voltage transient to propagate to and reflect from
      the open end and return to the collector electrode being just greater than
      the time for the avalanche transistor to switch from its off state to its
      on state; means coupling the voltage pulses from the emitter electrode
      across the varactor diode to cause the RF switch to transmit the RF signal
      coupled thereto, each voltage pulse having a magnitude greater than the
      reverse bias voltage on the varactor diode, said magnitude being such that
      the RF signal transmitted by the RF switch during a respective voltage
      pulse does not dwell at its peak level; and a radar load, said load
      including the RF switch and having an impedance from the emitter electrode
      that is less than the impedance of the delay line, whereby the voltage
      pulses drive the RF switch to transmit high repetition rate, ultrashort,
      band-limited RF pulses.
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ABST
PAL  To scan channels in a plurality of bands using a single first mixer, an FET
      transistor in an adaptive first mixer of the scanning radio, in response
      to a signal from a counter in the scanning local oscillator representing
      the frequency band of the channel being scanned, has: (1) its gate
      electrode connected to the output of a selected RF amplifier of a
      plurality of RF amplifiers for different bands; and (2) its source
      electrode electrically connected to receive local oscillations through a
      selected one of a plurality of different impedance networks. These
      connections enable the adaptive first mixer to maintain sufficiently high
      conversion gain when receiving signals on channels in any one of a
      plurality of different frequency bands.
BSUM
PAR  This invention relates to scanning receivers and more particularly relates
      to multiple band scanning receivers.
PAR  In one class of multiple band scanning receiver, RF signals are received
      from any of a plurality of RF amplifiers or input impedances that are
      selected to provide satisfactory impedance matching to the mixer for the
      band being received and these RF signals are beat with local oscillations
      for the channel in that band which local oscillations are received through
      an input impedance that is selected to provide satisfactory matching to
      the local oscillator, thus generating with sufficient conversion gain
      intermediate frequency signals for application to the IF stage of the
      scanning receiver.
PAR  In one type of prior art receiver of this class, a signal from the scanning
      local oscillator connects one of a plurality of RF amplifiers and one of a
      plurality of mixers between the antenna and the IF stage. The RF amplifier
      and mixer combinations are matched to maintain sufficient conversion gain
      for the band of the selected channel.
PAR  The prior art scanning receivers have the disadvantage of requiring a
      plurality of mixers.
PAR  Accordingly, it is an object of the invention to provide a novel scanning
      radio.
PAR  It is a further object of the invention to provide a novel multiple band
      scanning radio having a single mixer.
PAR  In accordance with the above and further objects of the invention, a
      multiple band scanning radio includes an adaptive first mixer, a scanning
      local oscillator, an RF amplifier section, IF and audio stages and a
      speaker.
PAR  The scanning local oscillator includes a plurality of crystal circuits for
      controlling a local oscillator, causing it to generate a sequence of
      different frequency local oscillations corresponding to channels in a
      plurality of frequency bands in response to timing pulses applied to it.
      When a particular channel is received during scanning and a modulated
      carier in that channel is being received by the radio, the scanning is
      stopped by a signal from the squelch control circuit within the radio.
PAR  The adaptive first mixer includes two switching networks, one of which
      responds to signals from the scanning local oscillator to connect one of a
      pluality of RF amplifiers (or input impedances in a receiver not using RF
      amplifiers) to the gate electrode of an FET transistor and the other of
      which connects the local oscillations to the source electrode of the FET
      transistor through a selected input impedance so that the FET transistor
      maintains adequate conversion gain while generating the intermediate
      frequency beat oscillations. The output from the drain of the FET
      transistor is applied to the IF stage.
PAR  As can be understood from the above description, the scanning radio of this
      invention has the advantage of being able to receive channels in a
      plurality of different bands with only one mixer.
DRWD
PAR  The above noted and other features of the invention will be better
      understood from the following detailed description when considered with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of a scanning receiver in accordance with an
      embodiment of the invention;
PAR  FIG. 2 is a schematic circuit diagram, including some functional blocks, of
      a scanning local oscillator and adaptive first mixer which may be used in
      the embodiment of scanning receiver of FIG. 1;
PAR  FIG. 3 is one embodiment of RF section which may be used in the embodiment
      of scanning receiver of FIG. 1;
PAR  FIG. 4 is a second embodiment of RF section which may be used in the
      scanning receiver of the embodiment of FIG. 1; and
PAR  FIG. 5 is a third embodiment of RF section which may be used in the
      embodiment of scanning radio of FIG. 1.
DETD
PAR  In FIG. 1, there is shown a block diagram of a scanning receiver 10 having
      a radio frequency section 12, an adaptive first mixer 14, a scanning local
      oscillator 16, and an intermediate frequency and audio section 18. The
      radio frequency section 12 is electrically connected to the adaptive first
      mixer 14 to which it applies amplified radio frequency signals that is has
      received. The adaptive first mixer 14 converts the radio frequency signals
      to intermediate frequency signals for application to the intermediate
      frequency and audio section 18, which further processes the signals.
PAR  The scanning local oscillator 16 is connected to the adaptive first mixer
      14 and to the intermediate frequency and audio section 18 so that it scans
      certain channels to locate a channel that is being used and, in response
      to a signal from the intermediate frequency and audio section 18, locks on
      that channel, applying the appropriate frequency local oscillations to the
      adaptive first mixer 14.
PAR  To receive radio frequency energy, the radio frequency section 12 includes
      an antenna 20, and three RF amplifiers 22A-22C, which amplify a first,
      second and third band respectively. The antenna 20 is connected to the
      input of each of the RF amplifiers 22A-22C to provide to them any radio
      signals received. The outputs of each of the radio frequency amplifiers
      22A-22C are electrically connected to an input of the adaptive first mixer
      14 through a conductor 24 to provide an amplified signal to one input of
      the mixer and a control circuit of the adaptive first mixer 14 is
      electrically connected to a different switch in each of the RF amplifiers
      22A-22C through a corresponding one of the conductors 26A-26C to select
      the particular RF amplifier that is to apply signals to the adaptive first
      mixer through the conductor 24.
PAR  To enable the adaptive first mixer 14 to produce an intermediate frequency
      signal from the radio frequency signals received from the radio frequency
      section 12, the scanning local oscillator 16 is electrically connected to
      the adaptive first mixer 14 through a cable 28, which includes one
      conductor that applies a sequence of frequencies to the adaptive first
      mixer 14 as the channels are scanned to find one that is operating and a
      plurality of other conductors which indicate to the adaptive first mixer
      14 which channel is being scanned. The scanning local oscillator 16 is
      electrically connected to the intermediate frequency and audio section 18
      through a conductor 30 which signals the scanning local oscillator 16 when
      a modulated carrier has been received and processed by the adaptive first
      mixer 14 so as to terminate scanning and lock on the operating channel.
PAR  To process modulated carriers that have been received, the intermediate
      frequency and audio section 18 includes the IF and audio stages 32, a
      speaker 34, and a squelch control circuit 36, with the squelch control
      circuit 36 being connected to a discriminator within the IF and audio
      stages 32 to receive a signal when a modulated carrier is being processed.
      To cause a processed modulated signal to be applied to the speaker 34 for
      broadcasting to a listener and to lock the scanning local oscillator 16 on
      a particular channel, the squelch control circuit 36 is electrically
      connected to the IF and audio stages 32 through the conductor 30 as well
      as to the scanning local oscillator 16.
PAR  In operation, as the scanning local oscillator 16 scans the channels which
      are being received by the radio frequency section 12 the adaptive first
      mixer 14 selects the appropriate RF amplifier 22 and appropriate input
      impedance of the mixer for the frequency from the scanning local
      oscillator for each channel, beating the output from the RF amplifiers and
      the output from the scanning local oscillator to produce an IF signal that
      it applies to the intermediate frequency and audio section 18 for further
      processing.
PAR  To scan the channels, the scanning local oscillator generates a series of
      discrete frequencies and applies them one at a time to the adaptive first
      mixer. For this purpose, the scanning local oscillator includes a
      plurality of circuits, each of which has a different crystal which is
      connectable by a counter into a circuit with a portion of a common local
      oscillator. This circuit generates the sequence of preselected frequencies
      in different bands and applies them to a conductor that is connected to
      the mixer 14.
PAR  To select the input conditions appropriate to the band of the channel that
      is being scanned, the adaptive first mixer 14 selects a particular one of
      the RF amplifiers 22 in the band being scanned and a particular input
      impedance for the input from the local oscillator and then beats the
      signal from that RF amplifier with the signal from the scanning local
      oscillator 16 received through the selected impedance. By mixing the
      signal from a selected RF amplifier and the signal from the scanning local
      oscillator through a selected impedance appropriate to the band being
      received, the conversion gain of the mixer 14 is maintained sufficiently
      high so that one mixer can process channels in different bands.
PAR  To process and lock the IF signal from the mixer 14, the intermediate
      frequency and audio section 18 receives the intermediate frequency from
      the adaptive first mixer 14, amplifies it, converts it to an audio signal
      and applies it to the speaker 34. If it is modulated, the discriminator
      applies a signal to the squelch control circuit 36, which gates the signal
      to the speaker 34 on the conductor 30 and at the same time stops the
      scanning of the scanning local oscillator by applying a signal on the
      conductor 30 to the scanning local oscillator 16.
PAR  As can be understood from the above description, the scanning receiver
      described above has the advantages of: (1) being able to receive
      frequencies which are in different bands using the same mixer; (2) being
      economical in construction; and (3) being reliable because of its
      simplicity.
PAR  In FIG. 2, there is shown a schematic circuit diagram of the adaptive first
      mixer 14 and the scanning local oscillator 16, with some of the components
      being shown in block diagram form.
PAR  To transmit a sequence of frequencies through the conductor 28D to the
      adaptive first mixer 14, the scanning local oscillator 16 includes an
      oscillator having a scanning local oscillator common cicuit 38 and a
      crystal array, with the array consisting of a plurality of channels
      40A-40E connected to the scanning local oscillator common circuit for
      cooperation therewith in generating the plurality of discrete channel
      frequencies. The output of the scanning local oscillator common circuit 38
      is electrically connected to conductor 28D. Each of the chanels 40A
      includes a different one of the diodes 42A-42E, the resistors 44A-44E, the
      crystals 46A-46E and the LED lamps 50A-50E.
PAR  To select a particular one of the channels 40A-40E to cooperate with the
      scanning local oscillator common circuit 38, the scanning local oscillator
      includes a counter 52 and a timing circuit 54, the timing circuit 54
      having an output electrically connected to the counter 52 through a
      manual-automatic selector switch to apply counting pulses to the counter.
      The counter 52 has different ones of its output terminals 54A-54E
      connected in a series circuit with corresponding ones of the resistors
      44A-44E, diodes 42A-42E and the input of the scanning local oscillator
      common circuit in the order named, with the anodes of the diodes 42A being
      connected to the input of the scanning local oscillator common circuit 38
      so as to have their reverse impedance path directed to block sneak current
      paths during selection of the channels. Corresponding ones of the crystals
      46A-46E have one electrode electrically connected between the cathode of a
      corresponding one of the diodes 42A-42E and one end of a corresponding one
      of their resistors 44A-44E, the other electrodes being grounded.
PAR  To indicate the channel being scanned, the timing circuit 55 has an output
      conductor 56 connected to the anodes of each of the LED lamps 50A-50E
      through the forward conduction path of a diode 57, the cathodes of the LED
      lamps 50A-50E being connected between corresponding ones of the resistors
      44 and switches 48.
PAR  To select manual or automatic scanning and to permit locking of the
      scanning local oscillator 16 during automatic scanning, the manual
      automatic selector switch 58 is electrically connected: (1) to the
      conductor 30 to receive signals from the squelch control cicuit 36 (FIG.
      1); (2) to the timing circuit 54 through the conductor 60 to receive
      timing pulses; and (3) to the counter 52 through a conductor 62 to apply
      counting pulses thereto for scanning.
PAR  To provide signals to the adaptive first mixer 14 indicating the frequency
      band of the channel being scanned, the conductors 28A-28C are each
      connected to certain ones of the output terminals 54A-54E of the counter
      52, the connections being made through the forward conduction path of
      corresponding ones of the diodes 64A-64E to prevent sneak current paths.
PAR  To connect the appropriate RF amplifier to receive signals corresponding to
      the frequency band of the channel being scanned, the adaptive first mixer
      14 includes three diodes 66A-66C, three resistors 68A-68C and a source of
      positive potential 70, with each of the conductors 26A-26C that is
      connected to a corresponding one of the RF amplifiers 22A-22C (FIG. 1)
      being connected to one end of a corresponding one of the resistors 68A-68C
      and to a corresponding one of the conductors 28A-28C through the forward
      conduction path of a corresponding one of the diodes 66A-66C, the other
      ends of each of the resistors 68A-68C being connected to the source of
      positive potential 70. With these connections, the conductor 28 that is
      grounded by the counter 52, pulls a corresponding one of the conductors 26
      to ground level and the other conductors 26 receives a positive potential
      from the potential source 70 since their corresponding diodes 66 are
      blocked by the positive output potentials on the other terminals of the
      counter 52.
PAR  To adjust the input impedance of the adaptive first mixer 14 to the signal
      from the local oscillator, the adaptive first mixer 14 includes three
      diodes 72A-72C, an inducator 74, a resistor 76 and a capacitor 78 shunted
      by a resistor 79, with the inductor 74, the resistor 76, and the capacitor
      78 each having one end connected to the anode of a different one of the
      diodes 72A-72C, the cathodes of the diodes 72A-72C each being connected to
      a corresponding one of the conductors 28A-28C, the other end of the
      inductor 74, resistor 76, and capacitor 78 being electrically connected to
      the conductor 28D to change the input impedance presented to the scanning
      local oscillator common circuit 38 as the counter 52 counts from channel
      position to channel position.
PAR  Suitable values for the impedances 74, 76 and 78 are calculated in a manner
      known in the art for adequate conversion gain for the particular mixer and
      frequency desired. There are many references describing in detail the
      techniques to be used in obtaining impedances that are to be matched with
      a mixer. One reference which is particularly suitable in the opinion of
      the applicant is TRANSISTOR MIXER DESIGN USING ADMITTANCE PARAMETERS
      AN-238 Technical Information Note by Ernest Klein published by Motorola
      Semiconductor Products, Inc., in 1967, Box 955, Phoenix, Ariz. 85001.
      Other standard books on radio design provide techniques which can be used
      instead and the cited reference is only referred to as a design criteria
      which the applicant finds especially useful.
PAR  To mix the signal from a selected one of the RF amplifiers 22 (FIG. 1) with
      the signal from the scanning local oscillator 16, the adaptive first mixer
      14 includes an FET transistor 80 and two resistors 82 and 84, with the
      following electrical connections: (1) the gate of the FET transistor 80
      connected to the output of the RF amplifiers 22 (FIG. 1) through the
      conductor 24; (2) the source of the FET transistor 80 connected to the
      conductor 28D through the resistor 82; (3) the resistor 84 connected
      between ground and the conductor 28D; and (4) the source of the FET
      transistor 80 being connected to the intermediate frequency and audio
      section 18 (FIG. 1) through the conductor 86.
PAR  In operation, the timing circuit 55 generates timing pulses for scanning
      and indicating the channels being scanned. At each pulse time, the counter
      steps one position and for that position: (1) selects one of the RF
      amplifiers 22 (FIG. 1) to apply a signal to the adaptive first mixer 14;
      (2) selects an appropriate input impedance for the adaptive mixer 14
      through which the signal from the scanning local oscillator 16 is to be
      received; (3) selects a channel 40 to cause the local oscillator 16 to
      apply a particular discrete frequency to the adaptive first mixer 14; and
      (4) indicates the channel being scanned. When a modulated signal is
      received, the counter is locked on the channel receiving the signal so
      that it may be broadcast to the listener.
PAR  To generate timing pulses, the timing circuit 55 includes an astable
      multivibrator which has a five-to-one duty cycle, with the shorter pulse
      being applied to the conductor 56 to pulse the lamps 50 and the longer
      pulse being applied to the manual-automatic selector switch 58 for
      stepping the counter 52.
PAR  The manual-automatic selector switch may be set in either of two modes: (1)
      the manual mode; or (2) the automatic mode. In the automatic mode, the
      timing pulses from the timing circuit 55 are applied through the conductor
      62 to the counter 52, causing it to scan from position to position. In the
      manual mode, the pulses from the timing cicuit 55 are disconnected and
      applied only when a push button is depressed in one embodiment or in
      another embodiment disconnected altogether with a different DC source
      being connected to the counter 52 whenever a push button is depressed to
      cause the counter to step from position to position.
PAR  To select a particular amplifier 22 (FIG. 1), the counter 52 grounds the
      output terminal which is being counted and applies a positive potential to
      all other output terminals. The positive potential is blocked by the
      reverse impedance of the diodes 64A except for the grounded terminal which
      creates a conduction path from the source of potential 70 through one of
      the resistors 68, through the selected one of the diodes 64A to the
      grounded terminal 54. This conduction path causes the potential from the
      conductor 70 to fall across the selected resistor 68 to apply a
      negative-going pulse to one of the conductors 26A, which negative-going
      pulse switches on the particular RF amplifier.
PAR  To prevent the other two amplifiers from transmitting their signal to the
      adaptive first mixer 14, the positive pulse on the other two of the
      conductors 26 from the counter 52 blocks two of the diodes 68 and a
      positive potential maintained on the amplifiers. In this manner, one
      amplifier 22 only is permitted to apply its output to the adaptive first
      mixer 14 at any one time and this amplifier is selected in accordance with
      the frequency of the channel selected by the scanner.
PAR  To select the input impedance for the adaptive first mixer 14 corresponding
      to the signal that is to be received from the scanning local oscillator 16
      for the selected channel, the grounded terminal of the counter 52 provides
      a conductive path between the conductor 28D through a selected one of the
      inductor 74, resistor 76 or capacitor 78 and its corresponding diodes 72
      and 64. The other two impedances are in an open circuit, because the
      corresponding diodes 72 and 64 are blocked by the positive potential on
      the counter 52.
PAR  To apply the selected frequency from the scanning local oscillator 16, the
      grounded terminal of the counter 52 opens a path of conduction from the
      scanning local oscillator common circuit 38 through one of the diodes 42,
      resistors 44 and crystals 46 in the selected one of the channels 40A-40F,
      the other paths being blocked by the other diodes 42 which receive a
      positive potential on their cathodes from the counter 52. The crystal 46
      in the selected channel is permitted to vibrate in the circuit including
      the resistor 44 since one end of each is connected to ground. The
      vibrating crystal controls the frequency of the crystal controlled
      oscillator.
PAR  The output from the scanning local oscillator common circuit 38 is applied
      through conductor 28D to the source of the FET transistor 80 where it is
      beat against the signal from the selected RF amplifier and transmitted to
      the gate of the FET transistor 80, resulting in an intermediate frequency
      signal on conductor 86 being applied to the intermediate frequency and
      audio stages 32 (FIG. 1).
PAR  To indicate the channel that is currently controlling the frequency applied
      to the adaptive first mixer 14 by the scanning local oscillator 16, the
      timing circuit 55 applies short positive pulses to the anodes of each of
      the LED diode lamps 50. Each pulse is blocked at the terminals of all of
      the counters which have a positive potential, but is conducted through a
      diode having its cathode connected to the selected grounded terminal,
      causing the diode to emit light and indicate the channel being scanned.
      The diode 57 prevents reverse breakdown of the unselected LED diodes 50.
PAR  The counter stops with each pulse applied to it during the scanning process
      until a signal from the squelch control circuit 36 (FIG. 1) is received on
      the conductor 30. This signal disconnects the pulses from conductor 62 to
      prevent further scanning of the counter 52. Consequently, the signal being
      received on the antenna 20 at that time is processed and broadcast from
      the speaker 34 (FIG. 1) until it ends, at which time the scanning proceeds
      further.
PAR  The timing cicuit 55, manual-automatic selector switch 58, counter 52, and
      scanning local oscillator common circuit 38 and the portion of the circuit
      which cooperates with the scanning local oscillator common circuit 38 to
      generate the discrete frequencies are described in greater detail in U.S.
      patent application Ser. No. 467,456 to Eugene L. Morgan, filed May 6, 1974
      and assigned to Hy-Gain Electronics Corporation. Moreover, other scanning
      arrangements may be used in the same manner to control the selection of
      the RF amplifiers and input impedance for the FET transistor 80 to adapt
      the mixer to the different channels being received without unduly
      diminishing its conversion gain.
PAR  In FIG. 3, there is shown one embodiment of radio frequency section 12
      which may cooperate in the scanning receiver 10. As shown in this figure,
      each of the RF amplifiers 22A-22C includes a corresponding one of the
      amplifier circuits 88A-88C, the resonant circuit 90A-90C and the
      transistors 92A-92C, with each of the corresponding amplifier circuits 88,
      resonant circuits 90 and 92 in one RF amplifier being connected in series
      in the order named between the antenna 20 and the conductor 24, the base
      electrodes of the transistors 92A-92C being connected to the conductors
      26A-26C respectively.
PAR  In the preferred embodiment, the RF amplifiers are adapted to receive
      channels in FCC bands corresponding generally to 450 megacycles, 150
      megacycles and 50 megacycles. However, in a manner known in the art,
      circuit changes can be made to adapt the scanning radio to receive
      different channels in other, more or fewer bands.
PAR  In operation, the signals received by the antenna 20 are applied to each of
      the amplifiers 88A-88C, the outputs of which are applied to the resonant
      circuits 90A-90C and from the resonant circuits to the emitters of the
      transistors 92A-92C. Of couse, some selection of the appropriate
      frequencies for the different RF amplifiers 22 is made within the
      amplifiers and the tank circuits. Nevertheless, some output signal may be
      provided by each of the amplifiers in response to the same carrier wave
      received by antenna 20, but the output from the conductor 24 is determined
      by the conductive state of the transistors 92, one of which is driven to
      its conductive state by a ground level potential on a selected one of the
      conductors 26A-26C connected to its base and the others of which are
      biased to their nonconductive state by a positive potential on the
      corresponding ones of the conductors 26A-26C.
PAR  The selected RF amplifier applies an output signal to the conductor 24 for
      transmission to the adaptive first mixer 14 and the other two radio
      frequency amplifiers are blocked. This enables a proper matching of RF
      amplifier to mixer to maintain the conversion gain of the mixer even
      though channels in different bands are received at different successive
      times. Of course, other RF switches may be used instead of the transistors
      92 such as PIN diodes, each having its anode connected to a different
      resonant circuit 90 and to a different one of the conductors 26 and having
      its cathode connected to the conductor 24.
PAR  In FIG. 4, there is shown another embodiment of radio frequency section 12
      in which each of the radio frequency amplifiers 22A-22C include a
      corresponding one of three amplifying circuits 94A-94C, a corresponding
      one of three inverting circuits 96A-96C and a corresponding one of three
      primary coils 98A-98C of a broad band toroidal transformer 100 having a
      single secondary winding 102, to which the conductor 24 is connected.
PAR  In each of the RF amplifiers 22, the antenna 20 is connected to the input
      of a different one of the amplifier circuits 92 and the outputs of the
      amplifier circuits 94 are connected to the primary winding 98. The
      amplifier circuits 94 are connected to the primary winding 98. The
      amplifier circuits 94 are PMOS amplifiers and the output of each of the
      inverters 96 is connected to a corresponding one of the amplifier cicuit
      inputs to deenergize the amplifier circuits upon receiving ground level
      pulses. The inputs of each of the inverters 96A-96C are connected to
      corresponding ones of the conductors 26A-26C to select the amplifier
      circuit to which a positive pulse is to be applied.
PAR  In operation, the ground level input from the selected one of the
      conductors 26 results in a positive output from the corresponding inverter
      96 being applied to the corresponding PMOS amplifying circuit 94, causing
      this amplifier to be energized. Since the other amplifiers are receiving
      low outputs from their corresponding inverters, they remain deenergized.
      The primary winding 98 corresponding to the amplifier circuit 94 that is
      energized receives the amplified signal from the antenna 20 and applies it
      to the transformer 100, which in turn causes it to be induced in the
      secondary winding 102 for application to the adaptive first mixer 14 (FIG.
      1).
PAR  In FIG. 5, there is shown still another embodiment of radio frequency
      section 12 having the three amplifying circuits 22A, 22B and 22C, a first
      broad band toroidal transformer 104, an RF amplifier 106, and a second
      broad band toroidal transformer 104, an RF amplifier 106, and a second
      broad band toroidal tansformer 108.
PAR  Each of the RF amplifying circuits 22 includes a corresponding one of the
      gates 110A-110C and a corresponding one of the three primary windings
      112A-112C, with one input to each of the gates 110 being connected to the
      antenna 20 and the other input to the gates being connected to a
      corresponding one of the conductors 26A-26C, the output from the gates 110
      being connected to corresponding ones of the primary windings 112 of the
      transformer 104. The gates 110 are opened by a ground level pulse to pass
      RF energy.
PAR  The secondary winding of the broad band toroidal transformer 104 is
      connected to the input of the RF amplifier 106, the output of which is
      connected to the primary winding of the second toroidal broad band
      transformer 108. The secondary winding of the transformer 108 is connected
      to the conductor 24.
PAR  In operation, the ground level signal on one of the conductors 26A-26C
      opens a corresponding one of the gates 110A-110C to pass the carier from
      the antenna 20 to the corresponding one of the primary windings 112A-112C.
      The signal applied to the transformer 104 is applied to the input of the
      broad band RF amplifier 106, which amplifies it and applies it to the
      primary winding of the transformer 108, the secondary winding of which
      applies the amplified signal to the adaptive first mixer 14 through the
      conductor 24.
PAR  As can be understood from the above description, the scanning radio of this
      invention has the advantages of being able to receive channels in
      different bands without requiring a plurality of first mixers. This
      enables the receiver to be inexpensive and simple in construction.
PAR  Although a preferred embodiment of the invention has been described with
      some particularity, many modifications and variations in the preferred
      embodiment may be made without deviating from the invention. Accordingly,
      it is to be understood, that within the scope of the appended claims, the
      invention may be practiced other than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Radio apparatus comprising:
PA1  radio frequency means for receiving radio frequency energy through any of a
      plurality of different radio frequency paths;
PA1  mixer means for converting said radio frequency energy to intermediate
      frequency energy;
PA1  processing means for converting said intermediate frequency energy to audio
      sound vibrations;
PA1  control means for selecting the frequency of radio frequency energy that is
      to be converted to intermediate frequency energy;
PA1  said control means including local oscillator means for generating a
      plurality of different frequency local oscillations for application to
      said mixer means and control signals indicating the one of said different
      frequency local oscillations to be transmitted to said mixer means;
PA1  said mixer means including means for selecting one of said radio frequency
      paths in said radio frequency means in response to said control signals
      from said local oscillator means;
PA1  said mixer means including mixer input conductor means for carrying local
      oscillations to said mixer and a plurality of different possible
      conductive paths from said local oscillator means to said mixer input
      conductor means for said local oscillations;
PA1  some of said conductive paths having a different impedance than other of
      said conductive paths; and
PA1  means for selecting the path said local oscillations take to said mixer
      input conductor means in response to said signals.
NUM  2.
PAR  2. Radio apparatus according to claim 1 further including a different diode
      in circuit with each of said conductors, said diode having an anode and a
      cathode, one of the anode and cathode of said diode being electrically
      connected to said mixer means.
NUM  3.
PAR  3. Radio apparatus according to claim 2 in which said control means
      includes:
PA1  a counter; and
PA1  a plurality of selection conductors;
PA1  each of said selection conductors being connected to a different terminal
      of said counter.
NUM  4.
PAR  4. Radio apparatus according to claim 3 further including a different diode
      in circuit with each of said conductors, said diode having an anode and a
      cathode, one of the the anode and cathode of said diode being electrically
      connected to said mixer means.
NUM  5.
PAR  5. Radio apparatus according to claim 4 in which said radio frequency means
      includes a plurality of different radio frequency amplifiers and an
      antenna, each of said radio frequency amplifiers having a different input
      and a different output, each of said inputs being electrically connected
      to said antenna and each of said outputs being electrically connected to
      said mixer means.
NUM  6.
PAR  6. Radio apparatus according to claim 5 in which said mixer means includes
      a plurality of switching circuits, and said radio amplifiers include a
      plurality of switches, said switching circuits each including a different
      means for opening a different switch of said radio frequency amplifiers.
NUM  7.
PAR  7. Radio apparatus according to claim 5 in which:
PA1  said radio frequency means includes a toroidal transformer;
PA1  said toroidal transformer having a plurality of primary windings and a
      secondary winding;
PA1  each of said primary windings being connected to a different one of said
      radio frequency amplifiers;
PA1  said mixer means includes a plurality of switch control means for
      selectively energizing one of said radio frequency amplifiers;
PA1  said secondary being in circuit with said mixer means.
NUM  8.
PAR  8. Radio apparatus according to claim 4 in which:
PA1  said radio frequency means includes a toroidal transformer having a
      plurality of primary windings and a secondary winding, an antenna, radio
      frequency amplifier, and a plurality of switches;
PA1  each of said primary windings being in circuit with said antenna and a
      different one of said switches;
PA1  said secondary winding being in circuit with said radio frequency
      amplifier;
PA1  said mixer means including means for selectively controlling said plurality
      of switches.
NUM  9.
PAR  9. Radio apparatus according to claim 2 in which said control means
      includes:
PA1  a counter; and
PA1  a plurality of selection conductors;
PA1  each of said selection conductors being connected to a different terminal
      of said counter.
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PAL  A muting circuit comprises, substantially, a gate circuit for passing or
      not passing input signals and a circuit for forming a control signal for
      controlling the gating operation of the gate circuit. The control signal
      forming circuit has a circuit for detecting the level of a carrier wave in
      the input signal. A first time constant circuit has a very small time
      constant .tau..sub.1. A second time constant circuit exhibits a delay time
      constant of .tau..sub.2 (where .tau..sub.2 &gt;&gt;.tau..sub.1) when a carrier
      wave component exists in the input and a delay time constant which becomes
      substantially zero when a carrier wave component does not exist. A third
      time constant circuit of a time constant .tau..sub.3 (where .tau..sub.3
      &gt;.tau..sub.2) is with a 180.degree. phase relationship relative to the
      second time constant circuit.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a muting circuit and more particularly
      to a circuit for muting a multichannel disc reproducing or playback
      apparatus, in the case where there is no reproduced angular modulated wave
      component.
PAR  In general, in a multichannel disc reproducing apparatus of a compatible,
      discrete 4-channel (CD-4) system, the reproduced signal is a superposed
      signal of a direct wave signal and an angular modulated wave signal. A
      2-channel stereo record does not contain an angular modulated wave signal.
      If it is to be played in a reproducing apparatus capable of playing back a
      multichannel disc of this CD-4 system, it is necessary to cut off the
      demodulation system for angular modulated waves and to prevent noise from
      this demodulation system from being sent to the succeeding circuits.
PAR  For this purpose, heretofore, a muting circuit has been used for cutting
      off the demodulation system for angular modulated waves. A muting circuit
      for this purpose comprises, essentially, a muting control circuit for
      detecting the presence or absence of an angular modulated carrier wave and
      for generating a corresponding detection output signal, and a muting gate
      circuit for carrying out gating operation controlled by this detection
      output circuit.
PAR  While a muting control circuit in a muting circuit of known type is capable
      of positively detecting the presence or absence of an angular modulated
      wave component in a reproduced signal when such a component exists, it is
      incapable of positively detecting the absence of an angular modulated wave
      component in the reproduced signal. For example, sometimes an angular
      modulated wave does not exist in the reproduced signal but, a high
      frequency is in the audio frequency band, which does not have a carrier
      wave from the beginning. This frequency band is generated at the time of
      tracing of the 2-channel record disc, and it exists within the angular
      modulated carrier wave band. A muting control circuit of a known type
      inevitably detects this high-frequency component. In this case, therefore,
      this known muting circuit carries out an erroneous operation, and noise is
      generated in the reproduced sound.
PAR  Furthermore, in the case where an angular modulated wave within the
      reproduced signal is interrupted instantaneously and intermittently, a
      known muting circuit accomplishes muting in an intermittent manner. The
      resulting reproduced sound becomes discontinuous and unpleasant to the
      ear.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      novel and useful muting circuit in which the above described difficulties
      accompanying known muting circuits have been overcome.
PAR  More specifically, an object of the invention is to provide a muting
      circuit in which there is no possibility of erroneous operation due to
      irregular noise components in the input signals.
PAR  Another object of the present invention is to provide a muting circuit in
      which, even when there is an instantaneous interruption in the carrier
      wave component, there is no possibility of intermittent muting occurring
      and giving rise to discontinuity in the reproduced sound.
PAR  Other objects and further features of the present invention will be
      apparent from the following detailed description with respect to preferred
      embodiment of the invention, when read in conjunction with the
      accompanying drawings as briefly described below, in which like parts are
      designated by like reference numerals and characters.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram of one embodiment of a muting circuit according
      to the invention;
PAR  FIGS. 2A and 2B are waveform graphs respectively showing a normal carrier
      waveform and an envelope waveform of one side thereof;
PAR  FIGS. 3A and 3B are waveform graphs respectively showing the waveform of a
      carrier having noise and an envelope waveform of one side thereof;
PAR  FIGS. 4A and 4B are waveform graphs respectively showing the waveform of a
      carrier having an instantaneous interruption and an envelope waveform of
      one side thereof;
PAR  FIG. 5 is a circuit diagram showing one embodiment of a specific electrical
      circuit of the block system illustrated in FIG. 1;
PAR  FIG. 6 is a circuit diagram showing another embodiment of a specific
      electrical circuit of the block system illustrated in FIG. 1;
PAR  FIGS. 7A through 7F are waveform graphs respectively showing waveforms of
      signals at various parts in the circuit shown in FIG. 5 in the case where
      the carrier waveform is normal;
PAR  FIGS. 8A through 8F are waveform graphs respectively showing waveforms of
      signals at various parts in the circuit shown in FIG. 5 in the case where
      there is noise in the carrier; and
PAR  FIGS. 9A through 9F are waveform graphs respectively showing waveforms of
      the signals in the case where there is an instantaneous interruption in
      the carrier.
DETD
PAC  DETAILED DESCRIPTION
PAR  The block diagram shown in FIG. 1 indicates the essential organization of
      one embodiment of a muting circuit according to the present invention.
      This invention is incorporated in a demodulation system for angular
      modulated waves in a multichannel disc playback device. An angular
      modulated wave component is picked up by a pickup cartridge from a
      4-channel disc (not shown). The modulated wave is separated from the
      direct wave signal. Then, it enters the system via an input terminal 10
      and is supplied to an amplifier 11 and an amplifying and carrier selection
      circuit 12.
PAR  The carrier selection circuit 12 has a resonance circuit which resonates at
      the center frequency (30 KHz) of the carrier wave of the angular modulated
      wave and operates to select and derive the carrier wave component. This
      component is rectified in the succeeding rectifying circuit 13 and then
      supplied to a time constant circuit 14.
PAR  If the carrier wave component, within the input signal entering through the
      input terminal 10, has a normal waveform as indicated in FIG. 2A, the
      waveform of the envelope on one side thereof is substantially flat as
      indicated in FIG. 2B. On the other hand, if there is an irregular noise
      component, other than the carrier wave in the carrier wave component, the
      waveform of the carrier wave component containing the noise component is
      as indicated in FIG. 3A. Then, waveform of the envelope on one side
      thereof becomes as indicated in FIG. 3B. Furthermore, in the case where
      there is an instantaneous interruption in the carrier wave, the waveform
      of the resulting carrier wave component becomes as indicated in FIG. 4A,
      and the waveform of the envelope of one side thereof becomes as indicated
      in FIG. 4B.
PAR  The circuit of the invention is adapted so that the muting circuit is
      prevented from muting each time there is an instantaneous interruption in
      the carrier as indicated in FIGS. 4A and 4B. Accordingly, it is necessary
      to detect, as reliably as possible, the input envelope of each input
      signal to determine whether the input signal is a carrier wave component
      of a continuous signal or whether it is a discontinuous noise. This
      function is carried out by the above mentioned time constant circuit 14.
      In this instance, it is necessary to attenuate as much as possible, the
      ripple component of the carrier wave component.
PAR  The output signal of the time constant circuit 14 is supplied to an
      inverter 15. This inverter 15 operates in accordance with the magnitude of
      the envelope of the input signal and carries out an on-off switching
      operation each time that the envelope crosses a certain specific level.
      The output signal of the inverter 15 is supplied to a succeeding inverter
      16, where waveshaping and phase inversion are carried out. The output
      signal of the inverter 16 is transmitted successively to a time constant
      circuit 17, an inverter 18, and a time constant circuit 19.
PAR  The time constant circuits 17 and 19, differ from an integration circuit of
      general type. They exhibit certain integration time constants in the
      on-level direction, together with the inverters 16 and 18 of their
      respective preceding stages. With respect to the off-level, these circuits
      carry out operations such that the time constants become small, ideally
      zero. The time constant circuit 19 is connected with a phase difference of
      180.degree., relative to the time constant circuit 17.
PAR  For the following description, the time constants in the on-level direction
      of the time constant circuits 17 and 19 will be represented respectively
      by the symbols .tau..sub.2 and .tau..sub.3. The inverter 16 assumes an
      "on" state when a carrier wave exists and an "off" state when a carrier
      wave does not exist. In the case where there is noise in the carrier wave
      band and the carrier wave envelope is discontinuous as in FIG. 3B, the
      inverter 16 assumes an "off" state when the period of its continuous part
      is less than .tau..sub.2 and assumes an "on" state when the period is
      greater than .tau..sub.2. Therefore, by setting the above mentioned time
      constants at appropriate values, it is possible to distinguish between the
      carrier wave component and a discontinuous noise picked up from a
      multichannel disc.
PAR  Under the condition of normal reproduction or playback of a multichannel
      disc, the carrier does not develop a discontinuous part. However, if dust
      is on the disc surface or if the trace of the pickup cartridge on the disc
      is poor, the carrier wave component within the reproduced signal may be
      interrupted as indicated in FIG. 4A. In such a case, the time constant
      circuit 17 responds. The muting gate circuit assumes an "off" state, and
      the signal is cut off, for a period .tau.off + .tau..sub.2 which is the
      sum of the time .tau..sub.off during which the carrier wave is interrupted
      and the time constant .tau..sub.2 of the time constant circuit 17, and a
      discontinuity which occurs in the reproduced sound. Accordingly, in order
      to prevent this discontinuity in the reproduced sound, the time constant
      circuit 19 is provided thereby to afford an allowance period .tau..sub.3,
      with respect to the discontinuity of the carrier wave.
PAR  The output of this time constant circuit 19 is applied to a gate circuit
      20, to control the gating operation thereof. Accordingly, the signal from
      the aforementioned amplifier 11 is passed or not passed through the gate
      circuit 20 depending on the signal from the time constant circuit 19, and
      muting is thus accomplished. The output of the gate circuit 20 is led out
      of this muting circuit through an output terminal 21.
PAR  Depending on the type of the gate circuit 20 used, a waveshaping circuit
      comprising an inverter may be further provided in the last stage of the
      time constant 19. The output of this waveshaping circuit is applied to the
      gate circuit 20.
PAR  Accordingly, the relationships of the time constant circuits 14, 17 and 19
      in the system illustrated by the block diagram in FIG. 1 may be summarized
      as follows. The first time constant circuit 14 carries out switching with
      a very short time constant .tau..sub.1, with respect to the detection
      output of the carrier wave component selection level. The second time
      constant circuit 17 is connected to the last stage of the first time
      constant circuit 14 to carry out switching, with a delayed time constant
      .tau..sub.2 (.tau. .sub.2 &gt;&gt; .tau. .sub.1), when a carrier wave component
      exists in the output of the time constant circuit 14. This delayed time
      constant becomes substantially zero when there is no carrier wave
      component. The third time constant circuit 19 is connected with a
      180-degree phase relationship relative to the second time constant circuit
      17 and has a time constant .tau..sub.3, such as to accomplish compensation
      with respect to interruptions of carrier waves which are less than the
      time constant .tau..sub.3 - .tau..sub.2. That is, the gate circuit remains
      in a signal passing state.
PAR  One embodiment of a concrete electrical circuit including the essential
      parts of the system is shown by block diagram in FIG. 1 and illustrated in
      FIG. 5. A signal reproduced from a multichannel disc (not shown) enters
      the circuit through an input terminal 30. Then, it is passed through a
      high-pass filter or a band-pass filter 31, which extracts therefrom an
      angular modulated, difference signal component, which is amplified by a
      two stage, directcoupled amplifier 32 comprising transistors Q1 and Q2, in
      order to obtain a specific muting operation sensitivity. The carrier wave
      component thus amplified is voltage doubled by a rectifying circuit 13a
      comprising diodes D1 and D2, from which a DC output is obtained in
      accordance with the carrier wave level. That is, envelope detection is
      here carried out. The rectification time constant of the rectifying
      circuit 13a is made as small as possible in order to detect reliably the
      envelope of the carrier wave component.
PAR  The output of the rectifying circuit 13a acquires a time constant factor as
      it passes through a time constant circuit 14a, comprising a resistor R1
      and a capacitor C2. The time constant .tau..sub.1 of the time constant
      circuit 14a is determined, strictly speaking, by the constants of a
      resistor Rc, the diodes D1 and D2, the capacitors C1 and C2, and the
      resistor R1. In this case, it is desirable for this time constant
      .tau..sub.1 be as small as possible, since the delay of the envelope
      detection decreases with the value of this time constant .tau..sub.1.
      However, there is a lower limit to the value of this time constant
      .tau..sub.1 since there is a smoothing effect to such an extent that a
      transistor Q4 of the inverter 16a will not respond to the "on" and "off"
      effect caused by the ripple component of the carrier wave frequency.
PAR  The inverter 15a has a transistor Q3 which carries out switching at a
      specific input level and which drives the transistor Q4 of the inverter
      16a. Here, with respect to an input carrier wave of a waveform as shown in
      FIG. 7A, an envelope (including .tau..sub.1) is obtained as indicated in
      FIG. 7B responsive to the output of the time constant circuit 14a.
      Further, a signal of a waveform indicated in FIG. 7C is obtained from the
      output of the transistor Q4. The time constant circuit 17a, comprises a
      capacitor C3 and resistors R3 and R4, and is connected to the output
      circuit of the transistor Q4. The output waveform of this time constant
      circuit 17a has a time constant only in the "on" direction.
PAR  When there is no carrier wave component in the input signal, or, even when
      there is a carrier wave component but its level is below the muting level,
      the transistor Q3 of the inverter 15a assumes an "off" state.
      Consequently, the transistor Q4 of the inverter 16a comes "on". The charge
      in the capacitor C3 is discharged by the resistance of the transistor Q4
      in its conductive state. This resistance is in the order of a number of
      tens of ohms. The falling time due to the discharge is of the order of
      microseconds.
PAR  When, contrary to the above case, the level of the input carrier wave
      component is above the muting level, the transistor Q4 becomes cut off and
      thus causes a transistor Q5 of the inverter 18a to assume the "on" state
      through the time constant circuit 17a. That is, strictly speaking, time
      circuit 17a, of a time constant .tau..sub.2, includes the resistors R2, R3
      and R4, the input resistance of the transistor Q5, and the capacitor C3.
      The manner in which the transistor Q5 assumes the conductive state, with a
      delay of .tau..sub.2, is indicated in FIGS. 7D and 7E. FIG. 7D indicates
      the waveform in the case where the capacitor C4 of the time constant
      circuit 19a is neglected. FIG. 7E indicates the waveform in the case where
      this capacitor C4 is considered.
PAR  The output signal of the time constant circuit 19a is passed through a
      waveshaping circuit 33 and then led out through an output terminal 34. The
      "on" and "off" waveform of the muting control signal led out through the
      output terminal 34 is shown in FIG. 7F.
PAR  Next, when a noise component, as indicated in FIG. 8A, enters as an input
      signal into the circuit shown in FIG. 5, the envelope waveform thereof
      becomes as indicated in FIG. 8B. The waveform of the output of the
      transistor Q4 becomes as indicated in FIG. 8C. Consequently, the level of
      the discontinuous carrier wave component, below the time component
      .tau..sub.2, becomes lower than the "on" level of the time constant
      circuit 17a, and the gate circuit is held in the "off" state, whereby the
      signal is cut off and the muting effect is obtained. This is accomplished
      through a utilization of the property whereby the time constant circuit
      17a operates only at the time of the "on" state. The time constant at the
      time of the "off" state is extremely small. When there is a carrier wave
      input, the transistor Q4 is in a position to be cut off, whereby the above
      stated property can be utilized. At the time of disc reproduction or
      playback, the noise component entering into the carrier wave band always
      becomes a discontinuous wave as indicated in FIG. 8A relative to audio
      signals. Good results can be obtained by a circuit having the circuit
      element constants indicated in FIG. 5.
PAR  An example of a waveform resulting from an instantaneous drop out in an
      input carrier wave, at the time of playback of a multichannel disc, is
      shown in FIG. 9A. The envelope waveform thereof will be as indicated in
      FIG. 9B. At the instant of the drop out, the transistor Q4 causes the
      capacitor C3 to discharge. The output of the succeeding stage acquires an
      intermittent waveform as indicated in FIG. 9D, the reproduced sound then
      becoming unnatural. However, for the stage succeeding the inverter 18a,
      the time constant circuit 19a, of a time constant .tau..sub.3, is
      provided. In the case where the duration of the drop out is less than
      .tau..sub.3 - .tau..sub.2 it does not exceed the "on" level as indicated
      in FIG. 9E, and the gate circuit is maintained in the "on" state, whereby
      muting is not carried out responsive to the instantaneous drop out of the
      carrier wave. In the circuit of the instant embodiment, the time constant
      .tau..sub.3 is selected to have a value in the order of 0.2 to 0.3 second.
PAR  In the circuit illustrated in FIG. 5, a resistor R6 is inserted and
      connected, as shown, to prevent a large transient current, due to
      discharging of the capacitor C4, from flowing through and damaging the
      transistor Q5, in the case where a capacitor C4 has a capacitance in the
      order of from 10 .mu.F to 30 .mu.F. In the circuit of the instant
      embodiment, the resistor R6 has a resistance value of 100 Ohms.
PAR  The aforementioned waveshaping circuit 33 is necessary for driving the gate
      circuit 20 and comprises transistors Q6 and Q7. A resistor R9 is connected
      between the collector of the transistor Q7 and the base of the transistor
      Q6 to provide a positive feedback circuit, having the effect of shortening
      the rise and fall times of the waveform.
PAR  Another embodiment of a specific electrical circuit of the essential parts
      of the system shown by block diagram in FIG. 1 is illustrated by a circuit
      diagram in FIG. 6. A reproduced signal from a multichannel disc enters
      through an input terminal 40 and is supplied to the amplifying and
      selecting circuit 12a. After being amplified by the transistor Q1, the
      signal is sent to a resonant circuit connected to the collector of the
      transistor Q2, where the center frequency component of the angular
      modulated carrier wave is selected. The carrier wave component thus
      selected is rectified by the succeeding rectifying circuit 13b comprising
      a full-wave rectifying circuit, and is then supplied by way of the time
      constant circuit 14b to the inverters 15b and 16b. The time constant
      .tau..sub.1 of the time constant circuit 14b is selected to have a smaller
      value than the time constant of the time constant circuit 14a in the
      circuit illustrated in FIG. 5.
PAR  The output of the inverter 16b is supplied to the time constant circuit 17b
      comprising the transistor Q5 and the capacitor C3. In order to hold the
      time constant of the time constant circuit 17b (in an "off" state of the
      transistor Q5) at zero, irrespective of the value of the capacitor C3 and
      the value of the conductive resistance of the transistor Q5, a NAND gate
      41 comprising transistors Q8 and Q9 and diodes D4, D5 and D6 is connected
      to the succeeding stage. For this reason, the time constant .tau..sub.2 of
      the time constant circuit 17b can be set at a very large value. The ratio
      .tau..sub.2 /.tau..sub.1 can be made greater than that in the circuit of
      the preceding embodiment. Thus, an even more reliable and positive muting
      operation can be accomplished by the circuit of the instant embodiment. In
      the circuit of this embodiment, the time constant .tau..sub.1 of the time
      constant circuit 14b is set at a number of tens of micro-seconds, and the
      time constant .tau..sub.2 of the time constant circuit 17b is set at
      approximately 0.2 seconds.
PAR  Further, this invention is not limited to these embodiments but various
      variations and modifications may be made without departing from the scope
      and spirit of the invention. Therefore, the appended claims are to be
      construed to cover all suitable equivalent circuits.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A muting circuit comprising a cascade of circuits including at least:
      input terminal means; means for detecting the level of a carrier wave
      component in an input signal appearing at said input terminal means; first
      time constant means having a first time constant characteristic for
      producing an output thereform with a first predetermined time constant in
      response to the detection of a predetermined signal strength level in the
      output of said level detecting means; second time constant means having a
      second time constant characteristic for producing an output thereof with a
      second time constant in response to the output of said first time constant
      means when a carrier wave component is detected at the input terminal
      means, the duration of said second time constant being longer than the
      duration of said first time constant, means for making said second time
      constant substantially zero when a carrier wave component is not detected
      by said level detecting means; third time constant means having a third
      time constant characteristic for producing an output therefrom with a
      third time constant in response to the output supplied from said second
      time constant means, the duration of said third time constant being longer
      than the duration of the second time constant; and means including a gate
      circuit coupled to said input terminal means and operating in response to
      the output signal supplied from said third time constant means to pass or
      block the input signal, said third time constant means holding said gate
      circuit in a conductive state to pass the signal during the period of time
      corresponding to the difference between the third and second time
      constants.
NUM  2.
PAR  2. A muting circuit according to claim 1 which is incorporated in a
      multichannel disc demodulation system comprising means coupled to said
      input terminal means for selecting an angularly modulated carrier wave
      superimposed upon an unmodulated signal picked up from a multichannel
      disc, said level detecting means being coupled to said selecting means to
      detect the level of the angularly modulated carrier wave component
      reproduced from the multichannel disc, and means for controlling said gate
      circuit means responsive to the output of the third time constant means to
      switch between a conductive signal passing state and a non-conductive
      signal blocking state.
NUM  3.
PAR  3. A muting circuit according to claim 1 which further comprises a first
      inverter means for switching "on-off" each time that the envelope waveform
      of the output signal of said first time constant means crosses a
      predetermined level, and a second inverter means for waveshaping and phase
      inverting the output signal of said first inverter.
NUM  4.
PAR  4. A muting circuit according to claim 3 which further comprises a third
      inverter means connected to said second time constant means.
NUM  5.
PAR  5. A muting circuit according to claim 3 which further comprises a NAND
      gate circuit means connected to said second time constant means, said NAND
      gate operating to cause the time constant of the second time constant
      means to be substantially zero when said NAND gate is in its "off" state.
NUM  6.
PAR  6. A muting circuit according to claim 1 which further comprises a
      waveshaping circuit means connected to said third time constant means.
NUM  7.
PAR  7. A muting circuit according to claim 1 in which the third time constant
      means is set at a value which is a longer time constant than the sum of
      the second time constant and the acceptable duration of interruptions in
      the carrier wave component of a normal input signal, and the third time
      constant means holds "on" the muting gate circuit while an input signal
      drops out for a period of time which is less than the third time constant.
NUM  8.
PAR  8. A muting circuit according to claim 1 in which the first time constant
      has a duration measured in terms of tens of microseconds, the second time
      constant has a duration in the order of approximately 0.2 seconds, and the
      third time constant has a duration in the order of approximately 0.2 to
      0.3 seconds.
NUM  9.
PAR  9. A muting circuit comprising a plurality of circuit connected in cascade,
      said cascade comprising at least the following:
PA1  means for detecting the level of a carrier wave component in an input
      signal;
PA1  a first time constant circuit means responsive to said detecting means for
      producing an output in a waveform having a rising and falling time
      constant .tau..sub.1 ;
PA1  a second time constant circuit means responsive to said first time constant
      circuit means for producing an output in a waveform rising with a time
      constant .tau..sub.2 which is longer than the time constant .tau..sub.1
      and falling with a time constant which is shorter than constant
      .tau..sub.1 ;
PA1  a third time constant circuit means responsive to said second time constant
      circuit means for producing an output in a waveform which falls after a
      predetermined delay time, corresponding to the time constant .tau..sub.2,
      following the start of the rise of the output of the second time constant
      circuit means, the output wave of the third time constant circuit means
      rising with a time constant .tau..sub.3 which is longer than the time
      constant .tau..sub.2 following the falling of the output of the second
      time constant circuit means; and
PA1  gate circuit means connected to receive the input signal and to be
      controlled responsive to the output of the third time constant circuit
      means,
PA1  said gate circuit means passing the input signal responsive to the falling
      edge of the output waveform of the third time constant circuit means, and
      preventing the passing of the input signal with a delay of a time
      corresponding to the time constant .tau..sub.3, said gate being placed in
      said non-passing condition responsive to the rising edge of the output of
      the third time constant circuit means.
NUM  10.
PAR  10. A muting circuit according to claim 9 which further comprises a first
      inverter means for producing an output which is switched "on" or "off"
      each time that an envelope of the waveform of the output signal of said
      first time constant circuit means crosses a predetermined level, and a
      second inverter means for shaping and inverting the wave of the output
      signal of said first inverter means.
NUM  11.
PAR  11. A muting circuit according to claim 10 which further comprises a third
      inverter means connected to said second time constant circuit means.
NUM  12.
PAR  12. A muting circuit according to claim 11 in which the third inverter
      means produces an output with a waveform falling with a time delay
      corresponding to the time constant .tau..sub.2 measured from the rising
      edge of the output of the second time constant circuit means and rising at
      substantially the instant of the falling of the output of the second time
      constant circuit means.
NUM  13.
PAR  13. A muting circuit according to claim 9 which further comprises a
      wave-shaping circuit connected to said third time constant circuit means.
NUM  14.
PAR  14. A muting circuit according to claim 9 in which the time constant
      .tau..sub.3 of said third time constant circuit means is a value which is
      greater than the sum of the time constant .tau..sub.2 of said second time
      constant circuit means and the duration of an interruption of the carrier
      wave component of a normal input signal, and the third time constant
      circuit means causes the gate circuit to pass signals with respect to an
      input signal drop out which is less than the time constant .tau..sub.3.
NUM  15.
PAR  15. A muting circuit according to claim 9 in which the time constant
      .tau..sub.1 of said first time constant circuit means is measured in terms
      of tens of microseconds, the time constant .tau..sub.2 of said second time
      constant circuit means being approximately 0.2 seconds, and the time
      constant .tau..sub.3 of said third time constant circuit means being in
      the range of 0.2 to 0.3 seconds.
PATN
WKU  039406997
SRC  5
APN  5410509
APT  1
ART  252
APD  19750114
TTL  Radio frequency energy signalling apparatus
ISD  19760224
NCL  5
ECL  1
EXP  Brody; Alfred L.
NDR  1
NFG  1
INVT
NAM  Emgushov; Djangar
CTY  Philadelphia
STA  PA
ASSG
NAM  Jerrold Electronics Corporation
CTY  Horsham
STA  PA
COD  02
CLAS
OCL  325363
XCL  325364
XCL  329192
XCL  328138
XCL  340253R
EDF  2
ICL  H04B 1700
ICL  G08B 2100
FSC  329
FSS  111;168;192
FSC  328
FSS  132;135;137;138
FSC  325
FSS  363;364;367
FSC  340
FSS  253 R;253 D;253 N;253 P
FSC  178
FSS  69 Q;69 TV
UREF
PNO  3437941
ISD  19690400
NAM  Leary
XCL  329192
UREF
PNO  3471792
ISD  19691000
NAM  Axford
OCL  329192
UREF
PNO  3731203
ISD  19730500
NAM  Lieberman
OCL  325363
UREF
PNO  3769596
ISD  19731000
NAM  Peersch
OCL  328138
UREF
PNO  3781692
ISD  19731200
NAM  Escoffier
OCL  328138
UREF
PNO  3875516
ISD  19750400
NAM  Thomas
XCL  328132
LREP
FR2  Calimafde; John M.
ABST
PAL  Portable, plugable electrical test equipment signals the presence or
      absence of radio frequency energy within a predetermined frequency
      spectrum, as on a CATV or MATV video distribution system. The equipment
      comprises a cascaded bandpass filter, radio frequency amplifier,
      coupling-detector network, and operational amplifier to selectively
      energize a light emitting diode when a sufficient level of energy in the
      requisite frequency range is sensed.
PAL  In accordance with one aspect of the present invention, the
      coupling-detector network includes circuitry for quiescently biasing the
      inverting and noninverting inputs of the operational amplifier to a state
      such that the LED is not activated. The circuitry further includes as an
      integral part thereof detector structure for reversing the relative
      potential amplitudes impressed on the amplifier inputs when a sufficient
      quantum of the subject radio frequency energy is coupled to the composite
      test equipment, such that an appropriate output indication is generated.
BSUM
PAC  DISCLOSURE OF INVENTION
PAR  This invention relates to electronic test equipment and, more specifically,
      to radio frequency apparatus for signalling the presence of a
      predetermined radio frequency video signal ensemble.
PAR  It is an object of the present invention to provide improved electronic
      video signal detecting apparatus.
PAR  More specifically, it is an object of this invention to provide portable
      radio frequency apparatus for signalling the incidence of a predetermined
      video signal or signal ensemble; which may be readily and reliably
      constructed; and which exhibits a variable detection threshold.
PAR  The above and other objects of the present invention are realized in
      specific illustrative portable test equipment apparatus for signalling the
      presence or absence of energy of a predetermined radio frequency spectrum
      in a video distribution CATV or MATV system. The apparatus includes a
      connector for making a releasable plug connection into a video
      distribution system, e.g., at tap, splitter or the like. The signals
      obtaining at the connector junction are supplied to a band-pass filter
      which passes only energy of the preselected spectrum to a cascaded radio
      frequency amplifier.
PAR  A combined detector-coupling network including a hot carrier detector diode
      connects the output of the radio frequency amplifier to the inverting and
      noninverting inputs of an operational amplifier having a light emitting
      diode (LED) connected to its output. The operational amplifier is
      quiescently biased (i.e., in the absence of sufficient energy of the
      subject band) to a state not energizing the LED.
PAR  When a sufficient quantum of energy is sensed at the connector input port,
      such r.f. energy passes through the band-pass filter and radio frequency
      amplifier and is supplied to the coupling network. The signal is there
      detected and converted from radio frequency to substantially base band.
      The detected (negative) signal component reverses the relative amplitudes
      of the net potentials present at the two operational amplifier input
      terminals. Accordingly, the amplifier switches to its alternative clamped
      or saturated state to thereby energize the light emitting diode which
      hence becomes illuminated, thus signalling the presence of the r.f.
      signal.
PAR  The coupling-detector network includes a potentiometer for varying the
      response threshold of the amplifier. Accordingly, the composite test
      apparatus may be adjusted to respond only to signals exceeding a desired
      minimum size.
DETD
PAR  The above and other features and advantages of the present invention will
      become more clear from the detailed description below with respect to a
      specific illustrative radio frequency spectrum signal detector,
      illustrated in schematic form in the accompanying drawing.
PAR  Referring now to the drawing, there is shown test apparatus for selectively
      signalling the incidence of a predetermined radio frequency signal
      component, e.g., a particular video program carrier, or a video band such
      as the upper radio frequency spectra of channels 7-13. The apparatus
      includes a connector 10 adapted to plug into a video distribution system
      at a convenient sampling point, e.g., at a splitter, tap or the like. The
      signal detected at the connector input port 10 is supplied via a band-pass
      filter 15 tuned to pass only energy of the frequency spectrum being
      monitored to a radio frequency amplifier 11.
PAR  A coupling-detector network 12 is employed between the output of the
      amplifier 11, and the inverting and noninverting input terminals 38 and 40
      of an operational amplifier circuit 31 which includes a high gain
      difference amplifier 36. A light emitting diode 44 is connected to the
      output of the operational amplifier 31, either directly or through a
      current limiting resistor 42, depending upon the maximum voltage swing of
      the difference amplifier 36 being employed and the energizing potential
      being supplied thereto.
PAR  As will be more clear from the discussion below, absent a sufficient level
      of energy in the monitored band present at the connector input port 10,
      the A.C. (input side) coupling network 12 provides a higher potential to
      the inverting amplifier input terminal 38 than to the amplifier
      noninverting input 40. Accordingly, the output of the composite
      operational amplifier 31 (32-44-36) is at a low level (or ground if that
      is the negative potential) not sufficient to activate the LED 44.
      Correspondingly, when a sufficient level of the subject r.f. signal is
      present at the connector 10, such signal passes through the filter 15, is
      amplified by element 11, and generates a low frequency (base band or D.C.)
      voltage in the coupling-detector network 12 which reverses the relative
      amplitudes of the voltages supplied to the operational amplifier inputs 38
      and 40. When this condition obtains the output of the difference amplifier
      36 approaches the positive supply voltage, thereby turning the LED 44 on
      and signalling the presence of energy in the spectrum being monitored.
PAR  The particular manner in which the coupling-detector network 12 operates
      will now be considered. On a quiescent basis, in the absence of the
      subject radio frequency signal, positive potential is supplied as by
      battery 14 and coupled to a junction point through a resistor 18. The
      potential at the lower end of resistor 18 undergoes voltage division in a
      first circuit path 21 comprising a potentiometer 26 and a resistor 28
      (shown dashed in the drawing). The reduced potential at the variable tap
      point of the potentiometer 26 is directly applied at the noninverting
      input 40 of the operational amplifier 31.
PAR  Correspondingly, the potential at the lower end of resistor 18 is also
      impressed upon a resistive voltage division circuit (shown by the dotted
      path 23 in the drawing) - essentially comprising the series connection of
      resistors 24, 32 and 34. Because the feedback resistor 34 in the high gain
      composite operational amplifier configuration 31 is very much larger in
      resistance value than the other resistors serially connected thereto,
      substantially all of the voltage present at the lower end of the resistor
      18 is developed thereacross. Accordingly, substantially the entire
      potential at the lower end of the resistor 18 obtains at the inverting
      operational amplifier input terminal 38. The potential at terminal 38 thus
      exceeds (i.e., is more positive) than that at the noninverting input 40.
      Because of the large gain of the operational amplifier, the output of
      amplifier 36 is thereby clamped at its negative most potential, thus not
      illuminating the light emitting diode 44.
PAR  When the composite test equipment shown in the drawing is connected to a
      video distribution system, and assuming no radio frequency energy in the
      subject spectrum is present, the LED 44 is not illuminated for reasons
      above stated. However, if such radio frequency energy is detected, it
      passes through the band-pass filter 15, and is amplified in element 11.
      The amplified radio frequency energy is passed by a coupling capacitor 16
      and is developed across the series resistors 20 and 18, from which point
      it is half wave rectified by a detector diode 22. The diode 22 preferably
      comprises a hot carrier diode device which exhibits a low conductive
      threshold.
PAR  The alternating current radio frequency signal half wave rectified by the
      detector diode 22 is converted to a low frequency, base band potential by
      serial resistors 24, 26 and 28 and a shunt capacitor 30. The elements 22,
      24, 26, 28 and 30 therefore act as a form of negative radio frequency peak
      detector, to develop a negative signal contribution between the amplifier
      inverting input 38 and ground. The full measure of the detected signal
      (negative) therefore decrements the quiescent potential initially present
      at the amplifier inverting input 38, while only a portion thereof (that
      between the tap of potentiometer 26 and ground effected by voltage
      division) decrements the potential initially present at the amplifier
      noninverting input 40. Accordingly, assuming the input subject radio
      frequency amplifier to be of a sufficiently large potential, the voltage
      at the operational amplifier inverting input 38 decreases below that of
      the amplifier noninverting input 40, such that the terminal 40 becomes
      positive relative to the terminal 38.
PAR  As long as this condition obtains, the high gain operational amplifier
      configuration switches state such that its output approaches the potential
      of the positive voltage source, thereby turning the light emitting diode
      44 on, signalling the presence of the subject radio frequency signal. It
      is observed that the level of radio frequency signal required to turn the
      light emitting diode 44 on depends upon the setting of the potentiometer
      26. Thus the portable test apparatus of the drawing may be readily
      adjusted to respond only to video signals above any predetermined desired
      level.
PAR  The above described arrangement is merely illustrative of the principles of
      the present invention. Numerous modifications and adaptations thereof will
      be readily apparent to those skilled in the art without departing from the
      spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination in radio frequency signal detecting apparatus for
      signalling the incidence of radio frequency energy of a predetermined
      spectrum exceeding a preselected adjustable threshold, an operational
      amplifier having inverting and noninverting input terminals and an output
      terminal, said operational amplifier including a difference amplifier
      having inverting and noninverting input terminals and an output terminal,
      said noninverting input terminal of said difference amplifier
      corresponding to said noninverting input terminal of said operational
      amplifier and said output terminal of said difference amplifier
      corresponding to said output terminal of said operational amplifier, a
      first resistor connected between the inverting input terminals of said
      operational amplifier and said difference amplifier and a second resistor
      connector between said inverting input and output terminals of said
      difference amplifier, a light emitting diode connecting to the output of
      said operational amplifier, and a coupling-detector network connected to
      the inverting and noninverting input terminals of said operational
      amplifier, said coupling-detector network including an input terminal, a
      third resistor and a potentiometer connecting said operational amplifier
      inverting input terminal to a fixed potential, means connecting the tap of
      said potentiometer to said operational amplifier noninverting input
      terminal, a capacitor connected in parallel with said third resistor and
      potentiometer, a detector diode connected between said coupling-detector
      network input terminal and the inverting input terminal of said
      operational amplifier, a potential source, and a fourth resistor
      connecting said potential source to the junction between said third
      resistor and said potentiometer.
NUM  2.
PAR  2. A combination as in claim 1, further comprising a fifth resistor
      connected to said diode, and an additional capacitor connecting said fifth
      resistor-diode junction with said input of said coupling-detector network.
NUM  3.
PAR  3. A combination as in claim 2, where said signal detecting apparatus
      further comprises an input port, and a band-pass filter and radio
      frequency amplifier serially connected between said input port and said
      input of said coupling-detector network.
NUM  4.
PAR  4. A combination as in claim 3 wherein said detector diode comprises a hot
      carrier diode.
NUM  5.
PAR  5. A combination as in claim 4 wherein said hot carrier diode has its anode
      connected to said operational amplifier inverting input terminal.
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ABST
PAL  A method for the detection of a source generating electro-magnetic
      oscillations wherein for the purpose of eliminating disturbances caused by
      foreign transmitters there is measured the field intensity at at least two
      spatially separate locations, the determined measurement values are
      compared with one another, and when the difference of both measurement
      values exceeds a value or amount dependent upon the spacing between the
      measurement locations there is triggered an alarm signal.
PAL  The installation for the performance of the aforesaid method comprises a
      receiver and a first antenna and a second antenna. An antenna reversing
      switch may be provided for connecting the receiver into circuit with the
      one or the other antenna. An alternate embodiment provides a second
      receiver, wherein each antenna is connected with one of the receivers. A
      comparator serves to compare the signals generated in the receiver or
      receivers and which signals are dependent upon the fields acting upon the
      antennae. An evaluation device generates an alarm signal when the
      difference of the signals determined with the aid of both antennae exceeds
      a predetermined value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method for the
      detection or recognition of a source generating electro-magnetic
      oscillations or energy and an apparatus for carrying out the aforesaid
      method.
PAR  Unfortunately, attempts are repeatedly undertaken by unauthorized persons
      by using a small transmitter, so-called miniature spy devices, to obtain
      illegal knowledge of conversations undertaken between individuals on a
      private or confidential basis. Oftentimes these miniature spy devices are
      transmitters which of necessity can only transmit a very small output, the
      range of which extends from a few meters up to several kilometers. The
      detection of such miniature transmitters by the eye is almost impossible
      within any useful period of time since the dimensions of such small
      transmitters, owing to the modern miniaturization techniques which are
      available, are so small that it is readily possible to construct the
      external form of such transmitters similar to objects which are in general
      use and conventionally employed, so that the possibility of effectively
      camouflaging these illegal miniature transmitters is extremely great.
PAR  It has already been proposed to search for the possibly concealed miniature
      transmitter by means of a wide band receiver having a search antenna, in
      that there is searched the area where one suspects there is located the
      miniature transmitter. In the event that there are not present any or only
      weak electro-magnetic fields emanating from other legal transmitters, for
      instance radio transmitters, then it is possible with such type receiver
      to find the hidden miniature transmitter with relatively little
      expenditure. However, if there are present electrical fields which emanate
      from legal transmitters -- which is normally the case -- then the
      sensitivity of the aforementioned receiver must be so markedly reduced
      that locating the illegal transmitter is rendered considerably more
      difficult.
PAR  Furthermore, there is known in this particular field of technology the
      so-called feedback technique. In this case there is employed a receiver
      having a loud speaker, this receiver being tuned over the frequency range
      which is to be controlled. If the frequency set at the receiver coincides
      with that of the miniature transmitter which is to be located, than there
      appears via the loud speaker of the receiver and the listening microphone
      of the miniature transmitter an acoustical feedback which is perceivable
      in the form of a whistling tone. Since the receiver employed with this
      technique is very selective, it can possess really good sensitivity. Yet,
      a considerable drawback of this technique resides in the fact that there
      is required an active cooperative action of the miniature transmitter
      which is to be located. This cooperative action can be, however, prevented
      at the miniature transmitter by carrying out certain circuit designs so as
      to foil this type of detection, with the result that also this technique
      has produced rather unsatisfactory results.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved method and installation for the recognition of a source
      generating electro-magnetic oscillations in a manner not associated with
      the aforementioned drawbacks and limitations of the prior art proposals.
PAR  Another and more specific object of the present invention relates to a new
      and improved method of, and installation for, enabling the detection of
      the presence of a source of electro-magnetic oscillations when such source
      is in operation, independent of the fact that electro-magnetic fields may
      be present or not from other transmitters.
PAR  Still another object of the invention is to provide a method of an
      apparatus for recognizing the presence of a nearby source of
      electromagnetic energy within a building independently of the presence of
      electromagnetic energy emanating from more distant interfering
      transmitters located externally of the building.
PAR  Yet a further significant object of the present invention relates to an
      improved method of, and installation for, detecting electro-magnetic
      energy emanating from a source, in an extremely reliable, accurate and
      rapid manner and capable of reliably discriminating between
      electro-magnetic energy emanating from proper and improper sources.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      method aspects of this development are manifested by the features that for
      the purpose of eliminating disturbances caused by foreign transmitters,
      there is measured the field intensity at least at two spatially separate
      locations, the determined measurement values are compared with one
      another, and upon the difference of both measurement values exceeding a
      value which depends upon the spacing or distance between the measurement
      locations there is triggered an alarm signal.
PAR  As explained above, the invention is not only concerned with the
      aforementioned method aspects, but also relates to an improved
      construction of installation for the performance thereof which is of the
      type comprising a receiver and a first antenna and a further antenna. An
      antenna reversing switch serves for connecting the receiver with the one
      or the other antenna. As an alternate embodiment there may be provided a
      second receiver, each antenna being connected with one of the receivers. A
      comparator serves to compare the signals generated in the receiver or
      receivers and which are dependent upon the magnetic fields acting upon the
      anntenae. An evaluation device produces an alarm signal when the
      difference of the signals determined with the aid of both antennae exceeds
      a predetermined value.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a graphic representation of the course of the field intensity of
      two transmitters as a function of distance;
PAR  FIG. 2 is a block circuit diagram of a first embodiment of installation
      from the recognition of an unknown source of electro-magnetic
      oscillations;
PAR  FIG. 3 is a block circuit diagram of a second embodiment of installation
      for the recognition of an unknown source of electro-magnetic oscillations,
      and
PAR  FIG. 4 is a graphic illustration of control signals appearing at different
      locations of the block circuit diagram of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, FIG. 1 graphically portrays the course of the
      field intensity of a legal transmitter and a transmitter which is much
      weaker in comparison thereto as a function of the distance of the relevant
      locations of such transmitters. The location of the legal transmitter has
      been indicated along the abscissa of the graph by reference character 1
      and the location of the weaker transmitter by reference character 2. The
      curve 3 portrays the course of the field intensity of the legal
      transmitter and the curve 4 portrays the course of the field intensity of
      the weaker transmitter.
PAR  Reference characters 5 and 6 respectively designate the location of two
      measurement antennae. The decrease of the field intensity as a function of
      the distance between the measurement location and the physical location of
      the transmitter occurs for both transmitters according to the same
      scientific laws, and specifically generally stated for each doubling of
      the distance the field intensity decreases at least by the factor of four.
      The difference .DELTA. F1 between the field intensities measured at the
      locations 5 and 6 of the measurement antennae according to the curve 3 is
      considerably smaller than the difference .DELTA. F2 between the field
      intensities measured at the same locations 5 and 6 of the measurement
      antennae according to the curve 4. Even if the weaker transmitter at the
      location 2 transmits with the same frequency as the transmitter at the
      location 1, with the result that there is a superimposing of such field
      intensities, nonetheless the weaker transmitter can be detected by virtue
      of the larger difference .DELTA. F(1+2).
PAR  The exemplary embodiments of installation for the recognition or detection
      of sources of electro-magnetic oscillations or energy function in
      accordance with the above-discussed principles.
PAR  Now in FIG. 2 there has been illustrated a block circuit diagram of a first
      exemplary embodiment of installation useful for the performance of the
      method aspects of this development. This apparatus or installation
      possesses two receivers 7 and 8 each of which has fixedly associated
      therewith a respective measurement antenna 9 and 10. The measurement
      antenna 9 and 10 preferably exhibit omni-directional characteristics. One
      of these measurement antennae is erected at the region of the suspected
      miniature transmitter, i.e., at the room or area in which the confidential
      discussions are to take place. The other measurement antenna is erected
      externally of this room or area, for instance at the roof of the building.
      The receivers 7 and 8 as well as the further components of the
      installation can be erected at a location suitable for this purpose. In so
      doing, care is to be taken to insure that the sensitivity of both
      receivers is adjusted to be at least approximately equal, and there is to
      be taken into particular account the different lengths of the antenna
      cables 11 and 12.
PAR  The outputs 7a and 8a of the recievers 7 and 8 respectively are
      electrically coupled via a respective conductor or line 13 and 14 with a
      respective input 15a and 15b of a comparator 15. There is delivered from
      each receiver 7 and 8 to the comparator 15 a signal which is dependent
      upon the field intensity prevailing at the associated measurement antenna.
      In this comparator 15 both of the signals are compared with one another
      and the comparator generates an output signal which is dependent upon
      difference of both of these signals. This output signal is delivered to a
      threshold value detector or monitor 16. The threshold value detector 16
      delivers a trigger signal to an evaluation device 17 when the output
      signal of the comparator 15 exceeds a predetermined value.
PAR  In the simplest situation, the evaluation device 17 produces an alarm
      signal which is delivered to an indicator device, such as the indicator
      lamp 18. Furthermore, there can be coupled with the evaluation device 17
      the schematically illustrated recording device 50 which, for instance,
      records the moment when the miniature transmitter which is to be detected
      begins its transmitting function.
PAR  Since normally it is not known at which wave length the miniature
      transmitter to be detected is operating the receivers 7 and 8 are tuned
      over a wide frequency range. The setting of the receiving frequency can
      occur continuously or stepwise. For this purpose there is provided a clock
      generator 19 which, on the one hand, controls a staircase voltage
      generator 20, and, on the other hand, controls a pulse transmitter 21. The
      staircase waveform output voltage of the staircase voltage generator 20 is
      delivered to the receivers 7 and 8, so that the receivers scan in
      synchronism and in stepwise fashion the frequency band which is to be
      monitored. The size of the individual increments or steps, through which
      the tuning of both receivers 7 and 8 is to be simultaneously varied, at
      most is equal to the band width of such receivers, in order that the
      entire frequency band can be monitored without any gaps or interspaces.
      The pulse transmitter 21 always delivers a pulse to the comparator 15
      between two staircase steps, so that such comparator compares the signals
      delivered thereto by the receivers 7 and 8 only between two individual
      steps and not during the switching steps. If the comparator 15 were not
      blocked during the shifting of the tuning frequency of the receivers 7 and
      8, then during the actual switch-over operation erroneous measurements
      could arise.
PAR  Now in FIG. 3 there is portrayed a block circuit diagram of a preferred
      exemplary embodiment of apparatus or installation for the detection of a
      small or miniature transmitter which transmits electro-magnetic
      oscillations. The most expensive components of the installation of FIG. 2
      are the receivers. In the installation of FIG. 2 there is thus only
      provided one receiver 22 for the purpose of reducing manufacturing costs.
      The input 22a of this single receiver 22 is connected via a first
      electronic reversing or switching mechanism 23 with the measurement
      antennae 24 and 25. The output 22b of the receiver 22 is coupled via a
      second electronic reversing or switching mechanism 26 with two analog
      stores or storage devices 27 and 28, the outputs 27a and 28a of which are
      electrically coupled with a comparator 29.
PAR  Since only the receiver 22 is provided, there can be measured at the same
      time only the field intensity at the location of one or the other
      measurement antennae 24 and 25. For comparing the measured values it is
      therefore necessary to store at least the first determined value. In the
      exemplary embodiment of FIG. 3 it is preferred to store both measurement
      values in a respective one of the identical storages 27 and 28, whereby
      the comparison in the comparator 29 can be readily undertaken. If there is
      only employed one storage, then the signal appearing at the output of the
      storage must be identical to the signal delivered to its input. The value
      taken-up by the measurement antenna 25 is stored in the analog storage 27
      and the value received by the measurement antenna 24 is stored in the
      analog storage 28.
PAR  Coupled with the output 29a of the comparator 29 is a threshold value
      detector or monitor 30 which transmits a trigger signal to an evaluation
      device or mechanism 31 when the difference between the stored measurement
      values, determined by the comparator 29, exceeds a predetermined value.
      This response value is preferably adjustable in order to be able to take
      into account different conditions at different places of use of the
      installation. Upon the appearance of a trigger signal at the input 31a of
      the evaluation device 31, the latter generates an alarm signal which is
      delivered to a suitable alarm indicator, in this case again for instance
      the indicator lamp 32.
PAR  The receiver 22 is preferably a source analyzer which can be tuned over a
      wide range, the receiving frequency of which can be controlled in steps by
      means of a staircase waveform or voltage, the course of which has been
      portrayed in line b of the curve of FIG. 4.
PAR  The control of the receiving frequency of the receiver 22, the switching of
      the electronic switching of reversing mechanisms 23 and 26, the
      extinguishing of the values stored at the analog storages 27 and 28 and
      the giving of the command for the comparator 29 to carry out the
      comparison operation, occurs through the agency of a control device or
      mechanism 36 incorporating a clock generator 33, a staircase voltage
      generator 34 and a pulse generator 35.
PAR  The clock generator 33 generates 0.1 to 400 pulses per second according to
      the graphic portrayal of line a of FIG. 4. The pulses generated by the
      clock generator 33 are delivered to the switching mechanisms 23 and 26,
      the staircase voltage generator 34 and the pulse transmitter 35. The first
      switching mechanism 23, for instance when there occurs the pulses
      according to the line a of FIG. 4, switches the measurement antenna 24 so
      as to be coupled with the receiver 22 and the second switching mechanism
      26 connects the output 22b of the receiver 22 with the analog storage 28.
      During the intervals between the pulses generated by the clock generator
      33, the measurement antenna 25 is connected with the input 22a of the
      receiver 22 and the analog storage 27 with the output 22b of such receiver
      22.
PAR  Since the staircase waveform, as best seen by referring to line b of FIG.
      4, does not change during a pulse and the subsequent pulse interval, there
      is received by both measurement antennae 24, 25 the same frequency in
      brief succession and the corresponding values of the field intensity is
      stored at the relevant analog storages 27 and 28. Shortly prior to
      termination of the aforementioned pulse interval, the pulse transmitter 35
      generates a pulse of the type which has been depicted in line d of FIG. 4.
      This pulse is delivered as a command to the comparator 29 for carrying out
      the comparison of the values stored at the analog storages 27 and 28. At
      the start of each further pulse generated by the clock generator 33, the
      staircase voltage waveform of the staircase voltage generator 34 is
      increased by one step and therefore the tuning frequency of the receiver
      22 is correspondingly varied. The pulse transmitter 35 always generates at
      the start of each pulse produced by the clock generator 33 an
      extinguishing pulse, as indicated in line c of FIG. 4, which is delivered
      via the lines or conductors 51 to the analog storages 27 and 28. This
      extinguishing pulse brings about that after carrying out a comparison
      operation at the comparator 29 the values which have been stored at the
      analog storages 27 and 28 will be extinguished, so that such storages are
      prepared for receiving the next values to be measured at a frequency which
      has been shifted by a small increment or step.
PAR  Trials have shown that with a pulse frequency of the clock generator 33 of
      200 pulses per second there can be obtained very good results. As a
      result, there is stepwise or incrementally changed 100 times per second
      the tuning of the receiver 22 and the time for passing through the entire
      frequency range which is to be monitored can be maintained within
      acceptable limits. When there has been reached the end of the frequency
      range, then the staircase waveform voltage again drops to null, in order
      to again increase in steps or increments to the maximum value.
PAR  The alarm signal generated by the evaluation device 31 can be delivered to
      the staircase voltage generator 34 in order to prevent that the staircase
      waveform will further increase. In this manner it is then possible to
      determine the duration of the activity of the miniature transmitter. After
      the detected miniature transmitter has stopped its activity, the alarm
      signal disappears and the apparatus automatically continues its detection
      function.
PAR  In the event that the evaluation device or circuit 31 possesses a recording
      device, such as the recorder 50 shown schematically in FIG. 2, then it is
      possible to plot the time for the start of the alarm and also the
      operating or work frequency of the miniature transmitter. To this end it
      is necessary that the staircase waveform is likewise delivered via the
      phantom-line depicted conductor or line 37 to the evaluation device.
PAR  This embodiment possesses the advantage that the detection or locating
      activity of the equipment is not interrupted, since after having
      undertaken the plotting of the above-mentioned data, it is possible to
      proceed with the detection of still further miniature transmitters.
PAR  In the case of an installation which is equipped with a number of
      measurement antennae for monitoring a number of spaces or rooms, it is
      advantageous to use an auxiliary device, which has not been particularly
      illustrated, in order to shorten the throughpassage time of the
      measurements for all of the rooms to be monitored to the absolute
      necessary amount of time. Such auxiliary device encompasses a microphone
      and a circuit which is erected in each of these rooms, and which only then
      delivers a signal when a conversation is going on at the corresponding
      room with which the circuit is associated. These signals are delivered to
      a third switching mechanism for the switching of the measurement antennae
      at the different rooms. On the basis of such signals this third switching
      mechanism only then successively switches those measurement antennae via
      the first switching mechanism 23 with the input of the receiver 22 at
      which there is just taking place a conversation or where shortly prior a
      conversation had been taking place.
PAR  With the above-described installation it is possible to detect whether in a
      room or space to be monitored there is in operation or not a source for an
      electro-magnetic field, for instance an illegal miniature transmitter. A
      further notable advantage of this installation is the fact that the
      monitoring operation can be carried out automatically.
PAR  In the event that a number of spaces or rooms are to be monitored, then the
      number of measurement antennae is increased in accordance with the number
      of additional rooms to be monitored. For this purpose there is
      incorporated between the room antennae and the switching mechanism 23 a
      further non-illustrated electronic switching mechanism which, after
      passing through each frequency band of the receiver 22, switches from one
      measurement antenna to the other.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
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STM  What is claimed is:
NUM  1.
PAR  1. A method for detecting the presence of an unauthorized concealed source
      of electromagnetic energy comprising the steps of:
PA1  suspecting a location of a concealed source of electromagnetic energy;
PA1  receiving at a first location adjacent the suspected location of said
      concealed source the electromagnetic energy from said source;
PA1  measuring the magnitude of the field intensity of the electromagnetic
      energy of said source received at the first location;
PA1  randomly selecting a second location spatially separated from the first
      location;
PA1  receiving at the randomly selected second location the electromagnetic
      energy from said source;
PA1  measuring the magnitude of the field intensity of the electromagnetic
      energy of said source received at the second location;
PA1  detecting the difference between the field intensity magnitude measured at
      the first location and the field intensity magnitude measured at the
      second location; and
PA1  triggering an indication when the difference between the magnitudes of
      field intensities exceeds a predetermined magnitude greater than zero.
NUM  2.
PAR  2. The method according to claim 1 wherein the receiving steps are
      successively performed and including the step of storing the field
      intensity magnitudes measured at the first and second locations.
NUM  3.
PAR  3. The method according to claim 1 wherein the receiving steps are
      simultaneously performed.
NUM  4.
PAR  4. A method for detecting the presence of an unauthorized concealed first
      source of electromagnetic energy located within a building and
      transmitting at an operating frequency having an associated frequency band
      of emission in the presence of an interfering second source of
      electromagnetic energy positioned at a distant external location from said
      building and transmitting at a frequency such that at least some of the
      electromagnetic energy transmitted by said second source is within said
      frequency band of emission of said first source, comprising the steps of:
PA1  suspecting a location of said concealed first source of electromagnetic
      energy within said building;
PA1  receiving the electromagnetic energy emanating from said first and second
      sources in said frequency band of emission at a first location within said
      building adjacent the suspected location of said source;
PA1  measuring the magnitude of the sum of the field intensities of the
      electromagnetic energy received from said first and second sources in said
      frequency band of emission at the first location;
PA1  randomly selecting a second location spatially separated from the first
      location;
PA1  receiving the electromagnetic energy emanating from said first and second
      sources in said frequency band of emission at the second randomly selected
      location within said building;
PA1  measuring the magnitude of the sum of the field intensities of the
      electromagnetic energy received from said first and second sources in said
      frequency band of emission at the second location;
PA1  detecting the difference between the sum of the field intensity magnitudes
      measured at the first location and the sum of the field intensity
      magnitudes measured at the second location; and
PA1  triggering an indication when said difference exceeds a predetermined
      magnitude greater than zero.
NUM  5.
PAR  5. The method according to claim 4 wherein the receiving steps are
      successively performed and including the step of storing the field
      intensity magnitudes measured at the first and second locations.
NUM  6.
PAR  6. The method according to claim 4 wherein the receiving steps are
      simultaneously performed.
NUM  7.
PAR  7. A system for detecting the presence of an unauthorized concealed source
      of electromagnetic energy within a building comprising:
PA1  at least two receiving antennae positioned within said building at separate
      locations of random spacing therebetween, each antenna having an output,
      at least one of said antennae being positioned adjacent a suspected
      location of said concealed source;
PA1  tunable receiving means adapted to selectively connected to the output of
      each of said receiving antennae for receiving and measuring the magnitude
      of field intensity of the electromagnetic energy of said source received
      by each of said receiving antennae, said tunable receiver means having an
      output proportional to the magnitude of field intensity of the
      electromagnetic energy of said source received by said antennae;
PA1  means for selectively connecting the output of each of said receiving
      antennae to said tunable receiver means;
PA1  storage means connected to the output of said receiver means for separately
      storing the magnitude of field intensity of the electromagnetic energy of
      said source received by each of said receiving antennae and measured by
      said receiver means;
PA1  means connected to said storage means for detecting the difference between
      the stored magnitude of field intensity of the electromagnetic energy of
      said source received by one of said receiving antennae and the stored
      magnitude of field intensity of the electromagnetic energy of said source
      received by another of said receiving antennae, said detection means
      having an output proportional to said difference;
PA1  means connected to said detection means output for generating a trigger
      signal when the output of said detection means exceeds a predetermined
      magnitude greater than zero; and
PA1  indicator means connected to said signal generating means and responsive to
      said trigger signal for indicating that said predetermined magnitude has
      been exceeded.
NUM  8.
PAR  8. The system according to claim 7 wherein each of said receiving antennae
      is substantially omnidirectional.
NUM  9.
PAR  9. The system according to claim 7 wherein said means for selectively
      connecting said receiver means to each of said receiving antennae includes
      switching means.
NUM  10.
PAR  10. The system according to claim 7 wherein the receiving frequency of said
      receiver means is voltage tunable over a frequency range by a staircase
      voltage and including a staircase voltage generator connected to said
      receiver means for shifting the receiving frequency of said receiver
      means.
NUM  11.
PAR  11. The system according to claim 10 including a clock generator means
      connected to said staircase voltage generator for generating a timing
      pulse for controlling the staircase voltage pulse interval of said
      staircase voltage generator.
NUM  12.
PAR  12. A system for detecting the presence of an unauthorized concealed source
      of electromagnetic energy within a building comprising:
PA1  first and second switching antennae positioned within said building at
      separate locations of random spacing therebetween, each antenna having an
      output, said first antenna being positioned adjacent a suspected location
      of said concealed source;
PA1  first and second tunable receiver means associated with said antennae, and
      connected to the outputs of said first and second receiving antennae
      respectively for receiving and measuring the magnitude of field intensity
      of the electromagnetic energy of said source received by said first and
      second receiving antennae respectively;
PA1  means connected to the outputs of said first and second receiver means for
      detecting the difference between the magnitude of field intensity of the
      electromagnetic energy of said source received by said first antenna and
      the magnitude of field intensity of the electromagnetic energy of said
      source received by said second antenna, said detection means having an
      output proportional to said difference;
PA1  means connected to the output of said detection means for generating a
      trigger signal when said detection means output exceeds a predetermined
      magnitude greater than zero; and
PA1  indication means connected to said signal generating means and responsive
      to said trigger signal for indicating that said predetermined magnitude
      has been exceeded.
NUM  13.
PAR  13. The system according to claim 12 wherein each of said receiving
      antennae is substantially omnidirectional.
NUM  14.
PAR  14. The system according to claim 12 including tuning means connected to
      each of said receiver means for simultaneously shifting the receiving
      frequency of each of said receiver means.
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ABST
PAL  A television remote control device responsive to illumination by a light
      beam for muting the audio output of a television receiver and
      automatically disabling the receiver a predetermined period following the
      muting thereof. A photo-responsive circuit generates a first set of
      control signals in response to the illumination of a portion thereof by a
      light beam. An audio control circuit mutes the audio output of the
      television immediately in response to the first signals, and a time-delay
      circuit responsive to the photo-responsive circuit generates a disabling
      signal a predetermined period following the generation of the first
      signals. A power control circuit disables the television by disconnecting
      its electrical input power in response to the disabling signal. A reset
      circuit is provided for manually turning the television on thereafter. If
      the photo-responsive circuit is illuminated a second time prior to the end
      of the aforementioned predetermined time period, a second set of control
      signals is generated which restores the audio output to its original
      amplitude and inhibits the generation of a disabling signal by the
      time-delay circuit. The various circuits may be of either
      electro-mechanical or electronic design, and the device may be included as
      original equipment or as a separate accessory to a television receiver.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to control devices for use with television
      receivers, in particular remote control devices responsive to illumination
      by a light beam for controlling the audio output and electrical power
      input to a television receiver.
PAR  In viewing and listening to a television receiver it is often desirable to
      mute the sound thereof during interruptions. A particularly annoying
      interruption generated by the television itself is the commercial time-out
      during which the programming is temporarily stopped and replaced with one
      or more advertisements. Typically these commercials are of little interest
      to the viewer and are often noisy; thus it is useful to be able to mute
      the television's audio output during these commercials in order to enable
      persons in the viewing room to carry on a conversation. In addition, a
      television viewer is frequently interrupted by telephone calls and
      conversations with other persons during which it would be convenient to
      mute the sound of a nearby television.
PAR  It is also desirable to be able to mute the television by remote control,
      since television commercials occur frequently enough that it would be a
      greater annoyance than the sound to walk over to the television every time
      a commercial is broadcast, and since the ability of the viewer to mute the
      television from the viewing position would save the viewer time in
      answering a telephone or carrying on other activities during a commercial
      break.
PAR  While it is desirable to be able to mute the audio output of a television
      during interruptions, such action produces a problem in that when the
      viewer leaves his viewing position to pursue some other task he can easily
      forget about the television and not return to turn it off because the
      sound no longer reminds him that the television is on. Of course the
      viewer will eventually return to use the television or turn it off, but in
      the interim the remaining lives of the parts of the television have been
      needlessly reduced and valuable electrical energy has been wasted.
      Therefore it would be extremely desirable to provide such a remote control
      device which disables the television by automatically turning it off a
      predetermined time following its muting unless the viewer restores the
      audio to a listening level.
PAR  Other devices have previously been designed for controlling the audio
      output and power of a television receiver from the remote position of the
      viewer. For example, Polley U.S. Pat. No. 2,903,575 shows a primarily
      electronic device responsive to the illumination of a light beam for,
      among other things, turning a television receiver on and off and varying
      the amplitude of its audio output. However, it is particularly significant
      that the Polley control system makes no provision for automatically
      disabling the television if the audio is not restored to a listening level
      following its muting.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a remotely actuated television receiver
      control device which both meets the above-described needs of the
      television viewer and overcomes the drawbacks of prior art television
      control devices. This is accomplished by circuitry which mutes and
      restores the audio output of a television receiver in response to
      illumination by a light beam, such as that produced by an ordinary
      flashlight, and disables the television by disconnecting its electrical
      power input automatically a predetermined period of time following the
      muting of the sound unless the sound is restored prior to the end of that
      time period. The device may be original equipment or an accessory to a
      television.
PAR  Remote actuation of the control device is provided by a photo-responsive
      circuit which produces a set of control signals in response to the
      illumination of a portion thereof by a light beam. This enables the device
      to be operated by an ordinary flashlight and enables the viewer to operate
      the device without leaving his viewing position during a commercial break,
      or being sidetracked to the television prior to pursuing some other
      activity.
PAR  An audio control circuit responsive to the control signals from the
      photo-responsive circuit reduces the amplitude or "volume" of the audio
      output of the television receiver as a result of a first actuation of the
      device. Also, assuming that the television has not been automatically shut
      off already, the audio control circuit restores the amplitude of the audio
      output in response to a second actuation of the device by illumination of
      the photo-responsive circuit.
PAR  A time-delay circuit generates a disabling signal a predetermined time
      period following the muting of the television sound unless a subsequent
      actuation of the device restores the sound prior to the end of the
      aforementioned predetermined period. Preferably this predetermined period
      is somewhat longer than the potentially longest commercial break but short
      enough that the television receiver will be shut off not long after it is
      reasonably probable that it has been forgotten by the viewer.
PAR  A power control circuit, which may be interposed between the electrical
      wall output and the television power input or otherwise connected to the
      power circuit of the television, permits the television receiver to be
      operated by the remote control device. When the time-delay circuit
      generates a disabling signal the power control circuit automatically shuts
      off all power to the television thereby saving a portion of the useful
      life of the parts of the television and conserving electrical energy. A
      reset circuit is provided for turning the television back on following
      automatic shut-off.
PAR  The device may be either primarily electromechanical or electronic,
      depending upon the objectives of the builder. An electro-mechanical device
      as described herein can be built from relatively inexpensive relays, but
      should ideally include an override circuit if a thermal time-delay relay
      is used to establish the predetermined time period since such a relay
      requires a "cooling off" period before returning to its normal state.
      Thus, while a primarily electro-mechanical device may be somewhat
      inexpensive it may be slightly more difficult to operate than is necessary
      and is subject to the usual wear and tear problems of mechanical devices.
      On the other hand, while a primarily electronic device as shown herein is
      slightly easier to operate than a primarily electro-mechanical device and
      is likely to be more durable, it may also be more expensive to produce.
PAR  It is therefore a principal object of the present invention to provide a
      new and improved television receiver remote control device for regulating
      the audio output and power input of the television in response to the
      illumination of a portion of the device with a light beam.
PAR  It is a further object of the present invention to provide such a
      television control device which mutes the audio output of a television
      receiver and automatically disables the television a predetermined period
      following the muting thereof unless the audio output of the television is
      restored prior to the end of the predetermined time period.
PAR  It is a principal feature of the present invention that the control device
      utilizes a photo-responsive circuit for actuating the device and a
      time-delay circuit for measuring the predetemined time period following
      actuation of the device to automatically disable the television.
DRWD
PAR  The foregoing and other objectives, features, and advantages of the
      invention will be more readily understood upon consideration of the
      following detailed description of the invention, taken in conjunction with
      the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the control device of the present invention
      representing the major circuit functions thereof.
PAR  FIG. 2 is a schematic diagram of a primarily electro-mechanical embodiment
      of the present invention corresponding to the block diagram of FIG. 1.
PAR  FIG. 3 is a schematic diagram of a primarily electronic embodiment of the
      present invention corresponding to the block diagram of FIG. 1.
PAR  FIG. 4 is a diagram showing waveforms of signals at various points in the
      circuit of the electronic embodiment of FIG. 3 and their relative times of
      occurrence.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, actuation of the television receiver control device
      commences by illuminating a photo-sensitive portion of a photo-responsive
      circuit 10 with a light beam generated, for example, by a flashlight.
      Assuming that the television receiver is initially enabled or "turned on"
      and the amplitude or "volume" of the audio output is adjusted to a
      reasonable listening level, when the photo-responsive circuit 10 is
      actuated it generates a control signal which operates an audio control
      circuit 12 to mute the audio output. The audio control circuit 12 is
      connected to the audio output circuit of the television receiver,
      ordinarily by interposition between the electrical audio output signal
      source of the television receiver attached to the audio input 14 of the
      control device, and the television sound producing means 15 such as a
      speaker attached to the audio output 16, but when the photo-responsive
      circuit 10 is actuated it causes the audio control circuit 12 to
      disconnect the circuit between the audio input 14 and the audio output 16
      thereby muting the television receiver. While the simplest design would
      permit the audio merely to be either on or off, the device could be
      designed to mute the audio in some other manner such as decreasing the
      amplitude to a predetermined audible level. Since disconnection of the
      speaker while the receiver is on can cause damage to the audio output
      circuitry of some televisions, the audio control circuit 12 substitutes a
      quiet impedence 18, such as an ordinary resistor, for the television
      speaker by connecting it to the audio output signal source 13 of the
      television receiver when the television is muted.
PAR  At the same time that the audio control circuit 12 is actuated by the
      photo-responsive circuit 10, a time delay circuit 20 is also actuated. The
      time-delay circuit measures the time starting with the moment when the
      photo-responsive circuit 10 produces a first set of control signals
      indicating that the control device has been actuated to mute the
      television receiver. After a predetermined time determined by the
      components chosen for the time-delay circuit 20, or alternatively by a
      variable adjustment included in the time-delay circuit, a disabling signal
      is generated by the time-delay circuit assuming that no intervening second
      set of control signals has been generated. However, an intervening
      actuation of the control device resulting in the production of a second
      set of control signals from the photo-sensitive circuit 10 will stop the
      generation of a disabling signal and cause the audio control circuit 12 to
      restore the audio output of the television to its orignal amplitude. The
      time period before the time-delay circuit 20 will generate its disabling
      signal is a time chosen as a measure of the viewer's forgetfulness. That
      is, it is that predetermined time period after which it is assumed that
      the viewer who caused the television to be muted has forgotten that he has
      left the television on.
PAR  A power control circuit 22 responsive to signals from the time-delay
      circuit 20 is provided to enable and disable the television receiver,
      preferably by connecting and disconnecting its electrical power input
      respectively. To accomplish this purpose the power control circuit 22 is
      interposed between the electrical wall outlet connected to the power input
      24 of the control device by a plug 23 for example and the electrical power
      input circuit 25 of the television receiver connected to the power output
      26 of the device. The power control circuit also provides power for
      operation of the control device, and means for turning the television
      receiver on and off manually. Initially, when the television receiver is
      turned on, electrical power passes from the power input 24 to the power
      output 26, but when the photo-responsive circuit 10 has produced a control
      signal which causes the time-delay circuit 20 to generate a disabling
      signal after the aforementioned predetermined time period, the power
      control circuit responds by shutting off the television receiver. A reset
      circuit 28 also is provided for enabling or "turning on" the television
      receiver following an automatic shut-off caused by the time-delay circuit.
      It will be understood that, if the control device is to be used as a
      television accessory rather than original equipment, the various component
      circuits of the device are interconnected as an integral unit with the
      inputs 14 and 24, and outputs 16 and 26 of the control device, comprising
      any of a variety of conventional terminals or plugs, without disrupting
      the interconnection between the various component circuits of the control
      device.
PAR  Turning now to FIG. 2, in the primarily electromechanical embodiment of the
      invention shown, the photo-responsive circuit 10 comprises a relay 30, two
      switches 34 and 35 operated thereby and any of a variety of conventional
      photo-sensitive circuits 31 attached to the actuation input 32 which
      alternately generate and terminate a current in response to successive
      illuminations thereof by light. Normally the relay 30 is a de-energized
      and the switch 34 operated by the relay 30 connects the audio input 14 to
      the audio output 16 thereby connecting the sound producing device of the
      television receiver to its electrical audio output circuit. When the
      photo-sensitive circuit 31 attached to the actuation input 32 is first
      momentarily illuminated it generates a current applied to relay 30 and
      consequently the relay 30 is energized which causes the switch 34 to
      disconnect the output 16 from the input 14 and connect a resistor 33 to
      the input 14 thereby muting the sound of the television receiver and
      connecting a substitute impedence to the electrical audio output circuit
      of the television. A second momentary illumination of the photo-sensitive
      circuit 31 will terminate the current applied to the relay 30 thereby
      disconnecting the resistor 33 and restoring the television sound. Thus, in
      this embodiment the audio control circuit 12 comprises the resistor 33 and
      the associated wiring which interconnects the resistor, the switch 34, the
      input 14 and the output 16.
PAR  The time-delay circuit 20 comprises a thermal time-delay relay 36, a switch
      38 operated thereby and a capacitor 40. Ordinarily the relay 36 is
      de-energized and the switch 38 is closed causing power to flow to the
      power control circuit 22. However, when the photo-responsive circuit 10 is
      actuated the relay 30 closes the switch 35 which energizes the relay 36 of
      the time-delay circuit. Due to the combination of thermal and electrical
      characteristics of the relay 36 the switch 38 remains closed for an
      appropriate predetermined period of time following activation of the
      device, for example at least three minutes and preferably more. When the
      predetermined period of time has ended the relay 36 opens the switch 38,
      stopping the power flow to the power control circuit 22 and thereby
      signalling the power control circuit to disable the television receiver by
      cutting off the input power. The capacitor 40 across the switch 38 serves
      to reduce undesirable transient electrical effects otherwise resulting
      from the opening and closing of the switch 38. If the viewer restores the
      television sound by shining a light on part of the photo-sensitive circuit
      31 prior to the end of the predetermined time period the switch 35 will be
      opened and relay 36 will be de-energized which prevents it from opening
      switch 38 and cutting off power to the power control circuit.
PAR  In the power control circuit 22, a relay 42 is ordinarily energized which
      maintains closure of a switch 44 thereby permitting power to flow from the
      power input 24 to the power output 26. In addition the relay 42 maintains
      closure of a switch 48 which completes the circuit to the coil of relay
      42; therefore, once the relay 42 is energized it maintains itself in that
      status until some intervening event such as the occurrence of a disabling
      signal from the time-delay circuit.
PAR  Assuming that the photo-responsive circuit 10 has been actuated to energize
      the relay 30 and mute the sound of the television, and that the
      aforementioned predetermined time period is allowed to pass without a
      prior second actuation of the photo-responsive circuit, the switch 38 of
      the time-delay circuit will open, cutting off power to the power control
      circuit. This will de-energize the relay 42 which allows the switch 44 to
      open and disables the television receiver by cutting off its input power.
      De-energization of the relay 42 also opens the switch 48 which maintains
      the relay 42 in a de-energized state until it is reset. The power control
      circuit also includes a capacitor 50 for reducing unwanted transients from
      the opening and closing of the switch 44, and a power switch 52 for
      manually turning the television receiver off. Preferably the power switch
      is a spring-loaded switch which is normally closed so that power is always
      available to the control device. When the power switch is momentarily
      opened power is disconnected from the relay 42 which locks into a disabled
      state until reset.
PAR  In order to turn the T.V. receiver on, a reset switch 54 is provided in the
      reset circuit 28. Preferably the switch 54 is spring-loaded and normally
      open. When the switch 54 is momentarily closed it energizes the relay 42
      of the power control circuit which enables the television receiver and
      thereafter remains energized even though the switch 54 is released. Since
      the relay 42 maintains its most recent status it provides the advantage of
      easy reset operation of the television control device by a push-button
      reset switch and, more importantly, permits the photo-responsive circuit
      to be de-energized along with the television once the control device has
      automatically disabled the television thereby saving electricity.
PAR  Since the thermal time-delay relay 36 does not dissipate the energy
      supplied thereto immediately following de-energization, the switch 38 will
      remain open for a short time following automatic shut-off of the
      television receiver even though the thermal time-delay relay is
      simultaneously de-energized. In order to allow the viewer to enable the
      television receiver immediately following automatic shut-off despite the
      aforementioned characteristic of the thermal time-delay relay, an override
      circuit 56 is provided, as shown in FIGS. 1 and 2. The override circuit 56
      comprises a bypass switch 58 which ordinarily completes the circuit to the
      thermal time-delay relay 36; however, when it is desired to prevent the
      affect of the thermal time-delay relay the override switch permits the
      viewer to disable the thermal time-delay relay with the bypass switch 58
      thereby permitting relay 42 to be energized. The bypass switch is also
      useful in situations where the viewer may wish to remotely mute the
      television but does not want the time delay and automatic turn-off
      function to operate.
PAR  With reference now to FIGS. 3 and 4, the primarily electronic embodiment of
      the present invention also utilizes a pair of relays 60 and 62 for
      controlling the audio output and power input of the television receiver
      respectively. Thus the primary difference between these two particular
      embodiments is that the predetermined time period is measured
      electronically which simplifies the operation of the control device
      somewhat. However, it is recognized that an entirely electronic version
      could be built by replacing the two relays 60 and 62 with equivalent,
      entirely electronic, circuits.
PAR  Initially, when the control device is first turned on, a starting circuit
      64 included in the reset circuit 28 produces a short negative-going pulse
      (FIG. 4A) which triggers a one shot multi-vibrator 66 in the reset circuit
      and produces a positive going reset pulse from one to ten milliseconds in
      duration (FIG. 4B). Although a specific exemplary starting circuit 64 is
      shown it is recognized that any of a variety of appropriate single-pulse
      generating circuits might be used for the same purpose.
PAR  The initial reset pulse performs three functions. First, it clears an audio
      control bistable multi-vibrator or "flip-flop" 68 in the photo-responsive
      circuit 10. This causes the flip-flop 68 to produce a positive voltage at
      its Q output (FIG. 4C) which turns on the transistor amplifier 70 in the
      audio control circuit 12 thereby energizing the relay 60 which connects
      the audio input 14 to the audio output 26 enabling the television receiver
      to produce sound. Secondly, the initial reset pulse sets a power control
      flip-flop 72 in the power control circuit 22. This produces a positive
      voltage at the Q output (FIG. 4D) of the flip-flop 72 which turns on a
      transistor amplifier 74 energizing the relay 62 thereby enabling the
      television receiver by connecting the control device power input 24 to the
      power output 26. Finally, the reset pulse prepares the time-delay circuit
      20 for measuring the aforementioned predetermined period of time by
      clearing a series of counters in 76 included therein.
PAR  In the case of this embodiment an exemplary photo-sensitive circuit is
      shown as part of the photo-responsive circuit 10. In order to actuate the
      control device a light beam is caused momentarily to illuminate the
      photocell 78 thereby reducing its impedence which produces a negatively
      going pulse at the input to the D.C. amplifier 80. It is recognized that
      any of a variety of photocell devices might be utilized to perform this
      function and that other D.C. amplifier circuits might also be used for
      amplifying the signal produced by the photocell. In this case a light
      sensitivity control 82 is provided by a variable resistor and a special
      automatic lens 84 is placed in front of the photocell 78. The sensitivity
      control 82 permits the viewer to adjust the television accessory to react
      to an appropriate amplitude of light in a specific average room
      illumination. The automatic lens includes a material which causes the lens
      to become darker in response to increased average illumination and lighter
      in response to decreased average illumination, like lenses frequently used
      in automatic sun glasses for example, which enables the control device to
      automatically adjust to average room illumination without having to
      readjust the sensitivity control.
PAR  The relatively slow pulse produced by the photocell 78 when illuminated by
      a pulse of light is amplified by the D.C. amplifier 80 and applied to a
      schmitt trigger 86 which produces a corresponding signal with relatively
      fast rise and fall times (FIG. 4E.). The output pulse of the schmitt
      trigger 86 is applied to the clock input of the audio control flip-flop 68
      and causes the flip-flop 68 to change states. This produces a zero voltage
      level or 0 at its Q output (FIG. 4C) and a positive voltage level of 1 at
      its Q output (FIG. 4F). The 0 Q output of flip-flop 68 turns off the
      transistor driver 70 of the audio control circuit 12 which de-energizes
      the relay 60 causing a switch 86 operated thereby to disconnect the audio
      output 16 from he audio input 14 and connect the resistor 33 to the audio
      input 14, muting the sound of the television. Each time a new pulse of
      light illuminates the photo-cell 78 a pulse is generated by the schmitt
      trigger 86 which clocks the audio control flip-flop 68 causing it to
      change state; thus, the television audio output is alternately muted and
      enabled with each successive light pulse illuminating the control device
      (FIGS. 4E and 4C).
PAR  When the audio control flip-flop 68 is placed in a state whereby the
      television audio is muted, the time-delay circuit 20 begins to measure the
      predetermined time period after which it is assumed that the viewer has
      forgotten about the television. The 1 output of the flip-flop 68 is
      applied to a NAND gate 88. This permits a series of pulses generated by a
      clock 90 to pass to the series of counters 76 (FIG. 4G). In the present
      embodiment the clock is designed to produce one pulse per second. The
      clock pulses are applied to a first decade counter 92 which drives a
      second decade counter 94 which in turn drives a divide-by-six counter 96
      resulting in the series of counters 76 which produces one output pulse for
      every 600 input pulses or ten minutes; however, it is recognized that
      various combinations of clock periods and counters might be used to
      achieve an appropriate predetermined time period.
PAR  The output of the series of counters 76 is applied to a one-shot
      multi-vibrator 98 which produces a single pulse suitable for clearing the
      power control flip-flop 72 of the power control circuit 22. Assuming that
      no intervening occurrence takes place to stop the time-delay circuit 20,
      the power control flip-flop 72 will be cleared after 10 minutes,
      de-energizing the relay 62, which opens a switch 63 operated thereby and
      disables the television by shutting off its power (FIGS. 4H and 4D).
      However, if prior to the end of the 10-minute time period the photocell 78
      is again illuminated, changing the state of the audio control flip-flop 68
      so as to produce a 0 Q output and a 1 Q output the NAND gate 88 will be
      closed, stopping the application of clock pulses to the series of counters
      76, and a 1 input will be applied to an AND gate 100 in the time-delay
      circuit. The gate 100 will then permit pulses from the clock 90 to be
      applied to the clear inputs of the series of counters 76 (FIG. 4I),
      returning the counters to zero. The AND gate 100 permits the series of
      counters 76 to be cleared either by a reset pulse or a second actuating
      light pulse. The initial reset pulse clears the series of counters
      indirectly by clearing the flip-flop 68 which opens the gate 100 to permit
      clock pulses to pass to the counters; likewise, a change of state of the
      flip-flop 68 resulting from an audio-restoring light beam actuation will
      open the gate 100.
PAR  If the television control device is designed to be continuously on even
      when the television itself is shut off the reset circuit 28 should be
      provided with a manual reset switch 104 for triggering the one-shot
      multi-vibrator 66 to reset the control device and turn the television
      receiver on. For example, a spring-return switch 104 could be provided
      which ordinarily permits a capacitor 106 to charge up and discharges the
      capacitor to the input of an inverter 108 when actuated thereby producing
      a short pulse applied to the input of the one-shot multi-vibrator 66.
      Alternatively the control device could be designed to shut off along with
      the television receiver and a spring-return momentary-contact switch 110
      could be placed in parallel with the switch 63 of the relay 62 for turning
      the entire system on long enough for the starting circuit 64 to initiate a
      reset pulse which would, in turn, maintain the television receiver and the
      control device in an on state. Similarly, if the control device is
      designed to turn off automatically along with the television receiver, a
      power switch 114 of the spring-loaded, normally closed type could be
      included for manually shutting off the television receiver. Thus it can be
      seen that the primarily electronic version and primarily
      electro-mechanical version are analagous, with the exception that the
      primarily electro-mechanical embodiment requires an override circuit 56 to
      permit the viewer to turn the television receiver back on soon after
      automatic shut-off, whereas no such circuit is required in the primarily
      electronic version because the timing mechanism of the time-delay circuit
      20 is cleared simultaneously with the resetting of the control device.
PAR  Although exemplary circuits have been disclosed and discussed, it should be
      understood that these examples are not set forth as limitations on the
      scope of the invention, and other circuit configurations may not
      necessarily depart from the concepts of this invention. Furthermore, the
      terms and expressions which have been employed in the foregoing abstract
      and specification are used therein as terms of description and not of
      limitation, and there is no intention in the use of such terms and
      expressions of excluding equivalents of the features shown and described
      or portions thereof, it being recognized that the scope of the invention
      is defined and limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a television receiver having an electrical power input circuit and an
      audio output circuit, a control device comprising:
PA1  a. photo-responsive circuit means for producing at least one control signal
      in response to the illumination of a portion thereof;
PA1  b. audio control circuit means connected responsively to said
      photo-responsive circuit means and to the audio output circuit of the
      television receiver for varying the audio output amplitude of the receiver
      in response to said control signal;
PA1  c. time delay circuit means connected responsively to said photo-responsive
      circuit means for automatically producing a disabling signal a
      predetermined time period following the production of said control signal;
PA1  d. power control circuit means connected responsively to said time-delay
      circuit means and to the electrical power-input circuit of the television
      receiver for disabling the receiver in response to said disabling signal;
      and
PA1  e. reset circuit means connected to said power control circuit means for
      enabling the television receiver.
NUM  2.
PAR  2. The control device of claim 1 wherein said audio control circuit means
      includes means for alternately muting the audio output of the television
      receiver and restoring its amplitude to the original level in response to
      each successive control signal produced.
NUM  3.
PAR  3. The control device of claim 2 wherein said time-delay circuit means
      produces said disabling signal only when the audio output of the
      television receiver is muted.
NUM  4.
PAR  4. The control device of claim 2 wherein said audio output circuit of the
      television receiver includes an electrical audio output signal source and
      a sound producing means connected responsively thereto, said audio control
      circuit means of the control device being interposed electrically between
      the signal source and the sound producing means of the receiver, and
      wherein said audio control circuit means includes means for disconnecting
      the sound producing means for the signal source in order to mute the
      television receiver.
NUM  5.
PAR  5. The control device of claim 4 wherein said audio control circuit means
      of the control device includes means for a substitute impedence to the
      signal source simlultaneously with disconnection of the sound producing
      means.
NUM  6.
PAR  6. The control device of claim 1 wherein said time-delay circuit means
      includes means for prohibiting said time-delay circuit means for producing
      a disabling signal within said predetermined time period following the
      production of said control signal if, prior to the end of said
      predetermined time period, a second control signal is produced by said
      photo-responsive circuit means.
NUM  7.
PAR  7. The control device of claim 6 wherein said audio control circuit means
      of said control device includes means for alternately muting the audio
      output of the television receiver and restoring its amplitude to the
      original level in response to each successive control signal produced by
      said photo-responsive circuit means, and wherein said time-delay circuit
      means produces said disabling signal only following a reduction in the
      amplitude of the audio output.
NUM  8.
PAR  8. The control device of claim 1 further comprising an override circuit
      means connected to said time-delay circuit means for inhibiting the effect
      of said time-delay circuit means so as to thereby enable the television
      receiver.
NUM  9.
PAR  9. The control device of claim 8 wherein said time-delay circuit means
      includes a thermal time-delay relay for measuring said predetermined time
      period and said override circuit means comprises a switch for bypassing
      said thermal relay.
NUM  10.
PAR  10. The control device of claim 1 wherein said control device comprises an
      accessory having said photo-responsive circuit means, audio control
      circuit means, time-delay circuit means, power-control circuit means and
      reset circuit means interconnected as an integral unit, said control
      device including terminal means detachably connecting said control device
      to said audio output circuit and electrical power input circuit
      respectively of said television receiver for permitting the detachment of
      said control device from said receiver without disrupting said
      interconnections of said integral unit.
NUM  11.
PAR  11. A method for controlling a television receiver which produces an audio
      output, said method comprising:
PA1  a. muting the audio output automatically in response to the receipt of a
      first light signal;
PA1  b. measuring the time following the receipt of the first light signal; and
PA1  c. entirely disabling the television receiver automatically if a
      predetermined period of time is measured before a second light signal is
      received.
NUM  12.
PAR  12. The method of claim 11 further comprising the steps of preventing said
      disabling step (c) automatically in response to the second light signal,
      and simultaneously restoring the audio output to its original level
      automatically in response to the second light signal if the second light
      signal occurs before the end of said predetermined period of time.
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ABST
PAL  A channel selecting system for use in a receiver having a voltage
      controlled tuning element which has an automatic channel presetting
      function which utilizes a pulse generator and a binary counter connected
      to the generator to count the pulses and to generate a binary coded output
      in accordance with the sum of the pulses. A digital-to-analog converter
      changes the binary coded output into a linearly increasing tuning sweep
      voltage which in turn conditions the voltage controlled tuning element to
      scan the frequency range of the tuner as the tuning voltage increases. As
      the frequencies are scanned, a detector, connected to the tuning element,
      senses the presence of a broadcast channel. When a channel is detected,
      the scan is interrupted and a binary memory is utilized to store the
      binary coded output which corresponds to the frequency of the detected
      broadcast channel. A control gate signal generator driven by the detector
      controls the pulse generator and memory such that the scan is continued
      until the entire frequency range has been scanned. Channel selection is
      accomplished by switch means actuatable to address the memory to read out
      a selected binary code output corresponding to the channel desired which
      causes the converter to generate a voltage to condition the tuning element
      to tune to the desired frequency. The voltage control tuning element may
      comprise several different elements, one for each of a plurality of
      different frequency ranges. Means are provided for selecting an
      appropriate tuner such that channels from any of the frequency ranges may
      be selected.
BSUM
PAR  The present invention relates to a channel selecting system and more
      particularly to a channel selecting system having an automatic channel
      preset function for use in a receiver having an electronic tuning element.
PAR  Electronic tuning elements include voltage controlled reactance elements in
      which the bias voltage of reactance element is varied to condition the
      tuner to select the appropriate frequency. In electronic tuners presently
      in use, a given number of preset variable resistors are switched by push
      button switches or by electronic switching means to vary the reactance of
      the elements. Therefore, the number of received channels is limited to the
      number of variable resistors present in the tuner.
PAR  Each of the variable resistors must be precisely preset to a predetermined
      resistance level. This is especially true when a varacter diode is used as
      the variable reactance element because the voltage-capacitance
      characteristics of such varactor diodes are often not linear throughout
      the frequency range. Thus, in order to achieve accurate tuning,
      considerable amounts of time and precision calibration are required.
      Moreover, especially in the case of portable communication receivers,
      presetting of the channel selection system is necessary each time the
      frequencies of the receivable broadcast channels are changed such as by
      moving the receiver to a different reception area.
PAR  It is, therefore, a prime object of the present invention to provide a
      channel selecting system whereby the frequencies which may be selected may
      be preset automatically at any time with minimal effort.
PAR  In accordance with the present invention, a channel selecting system for
      use in a receiver or the like having a voltage controlled tuning element
      is provided. The system has an automatic channel presetting function which
      broadly considered consists of a means for generating a linearly
      increasing sweep voltage the magnitude of which is controlled. The sweep
      voltage is utilized to condition the voltage controlled tuning element to
      scan the range of reception frequencies. When a frequency is reached at
      which broadcast channel is received, the presence of the channel is
      detected, the scan interrupted and a storage memory utilized to store
      information relating to the input voltage to the tuner. The scan is then
      continued until the memory has stored information relating to each voltage
      level at which the tuner receives a broadcast channel. The generation of
      the sweep voltage automatically terminates when the entire frequency range
      of the tuner has been scanned. A memory address system is provided such
      that after the channel preset function is completed, the memory may be
      addressed to read out information relating to the voltage necessary to
      condition the tuner to select a particular channel. In this manner.
      channel selection is performed.
PAR  The specific embodiments of the present invention disclosed herein utilize
      binary components for the sweep voltage control, memory and address
      functions and a binary-to-analog converter to change the binary signals
      generated by the sweep voltage control means into the sweep voltage
      itself. While this approach is considered highly desirable, it should be
      appreciated that the concepts set forth herein could be applied in a
      similar manner to an entirely analog system wherein the components, and in
      particular, the memory, could function in a purely analog manner thereby
      eliminating the necessity for the binary-to-analog conversion. Thus,
      although the embodiments described herein utilize the binary technique,
      the present invention is not intended to be limited to this approach, nor
      should it be construed to be so limited. The essence of the present
      invention which relates to the use of a memory to store information
      relating to the frequencies of broadcast channels throughout the reception
      band and the utilization of this information for channel selection
      purposes is not dependent upon the particular type of memory or support
      components utilized.
PAR  With this in mind, the specific embodiments of the present invention
      described herein include an automatic channel preset system which when
      incorporated with the channel selection components perform the necessary
      tuner conditioning apparatus. The automatic channel preset system includes
      means for generating an increasing binary coded output and means for
      converting the binary code output into a linearly increasing sweep voltage
      the level of which is dependent upon the coded output. The voltage
      controlled tuning element is conditioned by the increasing voltage level
      to scan the frequency range of the tuner. Means are provided for detecting
      the presence of a broadcast channel as the frequencies are scanned.
      Control means are operably connected to the detecting means and to a
      storage memory to interrupt the scan and to a binary memory to store the
      binary coded output corresponding to the frequency of the broadcast
      channel when a channel is detected by the detector means. The binary coded
      output generating means is then caused to continue generating binary code
      outputs such that the voltage continues to sweep the frequency band. The
      operation is continued until binary coded outputs corresponding to each
      frequency having a broadcast channel present thereon are stored in the
      memory. The scan is then terminated.
PAR  Channel selection is accomplished by means of an array of keyboard switches
      which are connected to an encoder circuit. Actuation of the appropriate
      switch causes the encoder circuit to address the storage memory at a
      location corresponding to the particular switch actuated. The memory is
      caused to read out the binary coded output present at the addressed
      location. This binary coded output is fed to the converting means wherein
      it is changed into a voltage having a level dependent upon the output from
      the memory. The voltage electronically conditions the reactance element to
      select the desired frequency such that the receiver is tuned to the
      desired broadcast channel.
PAR  In a second preferred embodiment of the present invention, the voltage
      controlled tuning element comprises at least two separate elements each
      capable of selecting a frequency in a different frequency range. For
      instance, tuning elements capable of selecting channels in the VHF and UHF
      ranges, respectively, may be provided. When elements capable of tuning in
      different frequency ranges are present, means for selecting the
      appropriate tuning element in accordance with the binary coded output
      received by the converting means are provided. In this way, the
      appropriate tuning element is automatically selected.
PAR  The selecting means includes a second storage means in the form of a
      read-only memory which has stored thereon binary coded signals
      corresponding to voltages capable of conditioning each of the tuning
      elements to the upper and lower limits of their respective frequency
      ranges. Means for comparing the binary coded output with the binary coded
      signals stored on the read-only memory are provided. The comparison means
      generates an equality signal in the event that the outputs and signals are
      equal. Means responsive to the equality signal are provided for directing
      the voltage from the converting means to the input of the appropriate
      tuning element thus selecting the appropriate tuning range.
PAR  In a third preferred embodiment of the present invention, electronic
      channel indicia means responsive to the binary coded outputs are provided
      for displaying indicia representative of the channel to which the tuning
      element is tuned. In addition, this embodiment includes means for
      detecting the presence of an empty address location in the storage memory
      thereby providing an indication of when the storage memory is filled to
      capacity. Moreover, this embodiment includes a switch actuatable to
      initiate the generation of binary coded outputs from the binary coded
      output generating means thus causing the system to once again sweep
      through the available frequency range and re-preset the channel selection
      system. Further, means are provided causing the memory storage means to
      sequentially read out each of the binary coded outputs stored therein so
      that automatic sequential channel selection may be performed.
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PAR  To the accomplishment of above and to such other objects as may hereinafter
      appear, the present invention relates to an automatically presetting
      channel selecting system aas defined in the appended claims and described
      in the specification taken together with the drawings in which like
      numerals refer to like parts and wherein:
PAR  FIG. 1 is a block diagram of a first preferred embodiment of the present
      invention;
PAR  FIG. 2 is a block diagram of a second preferred embodiment of the present
      invention; and
PAR  FIG. 3 is a block diagram of a third preferred embodiment of the present
      invention.
DETD
PAR  As seen in FIG. 1, the first preferred embodiment of the present invention
      includes a keyboard 10 comprising an array of depressible push-button
      switches or the like. Keyboard 10 functions as the input to the circuit
      and the depression of the appropriate pushbuttons therein will cause the
      system to tune to the desired frequency. Keyboard 10 is operably connected
      to an encoder circuit 12 which converts signals from keyboard 10 into
      binary coded signals. The binary coded signals from the encoder circuit 12
      are fed to a memory address counter 14 which is utilized to address a
      read/write storage memory 16.
PAR  Memory 16 is utilized to store binary codes which correspond to particular
      tuning voltages which in turn may be utilized to electronically condition
      the tuner to select the desired broadcast channels. A binary counter 18,
      which is utilized to control the scanning function, is operably connected
      to a pulse generator 20, preferably in the form of a controllable
      monostable multi-vibrator. A digital-to-analog converter 22 is operably
      connected to scanning counter 18 to convert the binary code output from
      memory 16 or scanning counter 18 into the corresponding tuning voltage.
      The tuning voltages from converter 22 are supplied to a buffer amplifier
      24 and then to the voltage controlled tuning element 26. Element 26 is
      coupled to an intermediate amplifier 28 in a manner conventional in
      communication receivers.
PAR  A detector circuit 30 is operably connected to intermediate frequency
      amplifier 28 and is utilized to detect the presence of a broadcast channel
      at the frequency to which tuner 26 is tuned. Detector circuit 30 drives
      control gate circuit 32 which in turn controls memory address counter 14,
      storage memory 16 and pulse generator 20. A scanning termination signal
      generator 34 is operably connected between scanning counter 18 and pulse
      generator 20. Scanning termination signal generator 34 detects the end of
      the tuning sweep cycle and causes the pulse generator to cease generating
      pulses, thereby stopping the automatic presetting function.
PAR  The automatic presetting sequence for channel selection is initiated by a
      power switch (not shown) which is actuated to energize the circuit and to
      clear the memory address counter 14 and scanning counter 18 such that all
      bits of the binary code contained in each of these counters are changed to
      zeros. Simultaneously, monostable multi-vibrator 20 commences operation to
      supply output pulses to scanning counter 18. Scanning counter 18 counts
      the pulses from pulse generator 20 and generates a binary coded output
      which is the sum of the number of pulses previously generated by the pulse
      generator. Digital-to-analog converter 22 receives the binary coded output
      from scanning counter 18 and generates a linearly increasing analog
      voltage, referred to as a sweep voltage, through amplifier 24 to
      electronic tuning element 26. When the sweep voltage obtains a level such
      that a broadcasting channel is received by the tuning element 26, detector
      circuit 30 detects the presence of the received broadcast channel by
      monitoring changes in intermediate frequency amplifier 28. Detector
      circuit 30 then generates an output to control gate 32 which in turn
      supplies suitable control signals to signal generator 20, storage memory
      16 and memory address counter 14.
PAR  The control signals from control gate 32 cause pulse generator 20 to
      temporaily cease generating pulses thereby causing scanning counter 18 to
      stop its counting function. This in turn causes converter 22 to generate a
      constant voltage such that tuner 26 remains at the broadcast channel
      frequency. The control signals from gate 32 cause storage memory 16 to
      change from the write inhibit condition into the condition wherein
      information may be written therein. The binary coded output of scanning
      counter 18 is stored in the storage memory 16 at the address location
      which is presently indicated by memory address counter 14. Thereafter, the
      control signals from gate 32 cause memory address counter 14 to be indexed
      such that the next memory location in memory 16 will be addressed the next
      time the appropriate control signals from gate 32 cause memory 16 to store
      the binary coded output from scanning counter 18. After memory address
      counter 14 is indexed, pulse generator 20 is restarted such that scanning
      counter 18 once again begins counting thereby causing digital-to-analog
      converter 22 to continue to generate the sweep voltage. This sequence of
      operation is repeated until the sweep voltage has caused tuner 26 to scan
      its entire frequency range. Each time a broadcast channel is detected, the
      binary coded output corresponding to the frequency of the broadcast
      channel is stored in the appropriate memory location in memory 16. Thus,
      at the end of the scan, the storage memory 16 has stored therein a
      plurality of binary coded outputs each of which corresponds to a different
      broadcast channel.
PAR  Scanning termination signal generator 34 generates a scanning termination
      signal at the end of the scan. This signal is supplied to pulse generator
      20 so as to stop the operation thereof. This signal is also supplied to
      storage memory 16 such that the memory is once again returned to the write
      inhibit condition. In this manner presetting operation for channel
      selection is completed.
PAR  Channel selection is performed by actuating the appropriate pushbutton on
      keyboard 10. The actuation of a pushbutton on keyboard 10 causes a binary
      coded signal from encoder 12 to be applied to memory address counter 14.
      Memory address counter 14 generates the appropriate address signals to
      storage memory 16 in accordance with the particular pushbutton depressed
      on keyboard 10. These address signals cause storage memory 16 to
      non-destructively read out the binary coded output stored at the addressed
      location. The binary coded output is transferred through scanning counter
      18, to digital-to-analog converter 22 wherein it is converted into a
      tuning voltage. The tuning voltage is supplied to tuner 26 through
      amplifier 24 to electronically condition tuner 26 to select the desired
      channel. Each time a different pushbutton is depressed on keyboard 10, a
      different memory location in storage memory 16 is addressed and a binary
      coded output, corresponding to the particular button depressed, is
      nondestructively read out of storage memory 16 and converted into a tuning
      voltage which is utilized to condition tuner 26 to select the desired
      channel.
PAR  Thus, until scanning termination signal generator 34 generates the scanning
      termination signal, binary coded outputs corresponding to the tuning
      voltages are sequentially stored in storage memory 16 each time a
      reception of a broadcast channel is detected by detector circuit 30. In
      this manner, binary coded outputs corresponding to all of the receivable
      channels are stored in storage memory 16 within a short time interval and
      it is, therefore, possible to perform the presetting operation each time
      the power switch is turned on. However, it is also possible to perform the
      presetting operation at any arbitrary time by the use of a specially
      provided switch or the like, as described below. In addition, if
      particular information bits, for instance, zeros, are stored at memory
      locations in storage memory 16 corresponding to frequencies wherein no
      broadcast channel is detected, it is possible to make use of this
      information to squelch or mute signals in order to eliminate the output of
      the detector circuit 30 in the receiver. However, this function will, of
      course, be limited by the capacity of storage memory 16.
PAR  FIG. 2 illustrates the second preferred embodiment of the present
      invention. In this embodiment all of the components previously described
      and illustrated in FIG. 1 are present. These components are connected and
      function in precisely the same manner as previously described. However, in
      this embodiment, tuner 26 comprises two separate elements 26 and 26'. Each
      of these tuning elements is conditionable to select a particular frequency
      from a different frequency range. For example, tuner 26 may be capable of
      tuning in the VHF range whereas tuner 26' may be capable of tuning in the
      UHF range. A secondary memory, in the form of read-only binary memory 36
      is provided for storing binary codes corresponding to the upper and lower
      limits of the sweep voltage in each frequency range. An additional binary
      counter 38 is utilized in conjunction with an exchange circuit 40 to
      select the appropriate tuner in accordance with the channel to which the
      receiver is tuned. In addition, a flip-flop circuit 42 is, in this
      embodiment, substituted for scanning termination signal generator 34 of
      the previous embodiment. Flip-flop circuit 42 performs the same function
      as scanning termination signal generator 34, namely, it causes signal
      generator 20 to cease generating pulses when the presetting operation is
      completed.
PAR  In addition, a digital comparator 44 is operably connected to second memory
      36 and binary counter 18. Digital comparator 44 compares the signals from
      second storage memory 36 (which are binary coded output signals
      corresponding to the upper and lower limits of the frequency ranges of
      each of the tuners 26 and 26') with the binary coded output from scanning
      counter 18 (which will be generated by memory 16 during channel selection
      or by the scanning counter 18 during the presetting operation).
PAR  When digital comparator 44 detects an output from binary counter 18 which
      is equivalent to one of the stored binary coded signals on second storage
      memory 36, it generates an equality signal to scanning counter 18 in order
      to reset the binary coded output of scanning counter 18. Simultaneously,
      the equality signal is supplied to binary counter 38 such that the binary
      coded output from binary counter 38 is transmitted through exchanging
      circuit 40 to the input terminals of tuner elements 26 and 26' thereby
      automatically selecting the appropriate tuner element 26 or 26' depending
      upon the frequency range in which the selected frequency is present. Thus,
      exchange between the high VHF band, the low VHF band and UHF band, for
      example, may be accomplished and the presetting operation for channel
      selection may be performed over all of these bands. The termination of the
      presetting operation is detected by the binary counter 38, the detecting
      output of which is applied to flip-flop circuit 42 which in turn stops the
      operation of pulse generator 20. In addition, it should be noted that in
      this embodiment, provision is made for the external control of control
      gate 32 through input terinal 33. Terminal 33 is connected to the
      appropriate external circuit (not shown) such that certain functions of
      the system can be controlled externally, if desired.
PAR  FIG. 3 shows a third preferred embodiment of the present invention. This
      embodiment of the present invention includes all the components of the
      first preferred embodiment connected together and functioning in the
      manner described above. In addition, however, the third preferred
      embodiment includes an indicating circuit 46, an empty address detecting
      circuit 48, a rememorizing switch 50 and a sequence control gate 52. These
      components, while shown herein for illustrative purposes as forming a part
      of the circuitry of the first embodiment, could also be incorporated into
      the system of the second embodiment, if desired. Thus, in FIG. 2 a
      memorizing switch 50 could be connected as an additional input to control
      gate 32 and sequence control gate 52 could be used to condition memory
      address counter 14. Likewise indicating circuit 46 could be used in the
      system if the appropriate connections are made.
PAR  As shown in FIG. 3, indicating circuit 46 is operably connected to memory
      address counter 14 and converts the binary coded signals therefrom into
      indication signals such as which could be utilized to drive a channel
      indicia device (not shown) such as a plurality of indication lamps which
      are capable of displaying a numeral corresponding to the channel selected
      by the tuner. Empty address detecting circuit 48 is operably connected to
      the output of storage memory 16 and indicates whether or not any empty
      address locations are present in storage memory 16. This circuit can be
      utilized to indicate when storage memory 16 is full to capacity thereby
      advising the operator of the receiver that no additional channels can be
      preset into the system.
PAR  Rememorizing switch 50 is operably connected to control gate 32. The output
      from rememorizing switch 50 causes control gate 32 to generate the
      appropriate signals to restart pulse generator 20 and to condition storage
      memory 16 into the write mode. Thus, the actuation of rememorizing switch
      50 causes the initiation of the presetting operation. It is preferable to
      provide such a switch in a portable receiver because of the different
      broadcasting channels which may be present in different reception
      localities.
PAR  Sequence control gate 52 applies control pulses from terminal 54 (connected
      to an external pulse generator not shown) to memory address counter 14.
      The sequence control pulses from gate 52 override signals from control
      gate 32 such that the memory contents may be sequentially read out for
      automatic sequential channel selection. In addition, since storage memory
      16 is retained in the write inhibit condition except during the presetting
      operation, the embodiment of FIG. 3 permits the binary coded output from
      scanning counter 18 to be directly coupled to digital-to-analog converter
      22.
PAR  Thus, the disclosed embodiments of the present invention provide a system
      wherein broadcast channels within the reception range are automatically
      memorized by the use of binary codes such that it is possible to freely
      select the desired channel through the use of an input means such as a
      keyboard comprised of an array of depressible pushbuttons or the like. In
      addition, it is possible to preset the system automatically to each of the
      receivable broadcasting channels without regard to the variations in the
      voltage-capacitance characteristic of the varactor diodes used as variable
      reactance elements. Thus, the channel selecting system does not require
      difficult and time consuming presetting operations and easy revision of
      the number of receivable channels may be accomplished by merely changing
      the memory capacity as opposed to completely reconstructing the tuning
      element. Further, the presetting operation may be reinitiated at any time
      by merely pushing a button such that variations in the channels received
      due to a change in location of the receiver may be taken into account.
      Moreover, the tuning system of the present invention has a relatively
      compact construction which is designed for long life and ease of
      operation.
PAR  While but a limited number of preferred embodiments of the present
      invention have been described herein for purposes of illustration, it
      should be appreciated that variations and modifications may be made
      therein. For instance, an analog storage memory could be used in
      conjunction with appropriate apparatus to the generation of the sweep
      voltage directly thereby eliminating the necessity for digital to analog
      conversion. In this instance, of course, the associated circuitry could be
      replaced by appropriate circuitry functioning in the analog mode. It is
      intended to cover all of these variations and modifications which fall
      within the scope of the present invention as defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A channel selecting system for use in a receiver or the like having a
      first voltage controlled tuning element capable of tuning in a first
      frequency range and a second voltage control tuning element capable of
      tuning in a second frequency range, said system comprising means for
      detecting the presence of a broadcast signal at a selected frequency,
      means for generating a first data signal corresponding to the voltage
      level necessary to condition one of said elements to tune said frequency,
      storage means, control means operably connected to said detecting means
      and said storage means for actuating said storage means to store said
      first data signal, means for generating a voltage in accordance with said
      first data signal, a selected one of said tuning elements being
      conditionable by said voltage to select a frequency in accordance
      therewith, a read-only memory having stored therein second data signals
      corresponding to voltages capable of conditioning each of said first and
      second tuning elements to the upper and lower limits of their respective
      frequency ranges, means for comparing said first data signals with said
      second data signals and for generating an equality signal in the event
      said signals are equal and means for selecting one of said first and said
      second tuning elements in accordance with said equality signal.
NUM  2.
PAR  2. The system of claim 1 wherein said voltage generating means comprises a
      digital to analog converter, a pulse generator and a counter, said
      converter being operably connected to said counter to generate a voltage
      which is a function of the entry on said counter, said pulse generator
      being operatively connected to said counter to index same to produce said
      first data signals, said read-only memory having second data signals
      stored therein corresponding to the entries in said counter which will
      cause said converter to generate voltages capable of conditioning each of
      said first and second tuning elements to the upper and lower limits of
      their respective ranges.
NUM  3.
PAR  3. The system of claim 2 comprising a second counter operatively connected
      to said comparing means and said pulse generator for deactuating said
      pulse generator when the entry in said second counter equals the second
      data signal in said read-only memory corresponding to the upper limit of
      the range of one of said tuning elements.
NUM  4.
PAR  4. The system of claim 1 further comprising means for detecting the
      presence of an empty address location in said storage means.
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PAL  An intermodulation distortion analyzer generates two pairs of sinusoidal
      test tones to serve as a test signal for the channel under test. The two
      pairs of tones simulate two respective noise band test signals but
      eliminate the long time averaging required for measurements when noise
      bands are used. A highly linear AGC circuit employs sampling at an
      output-controlled duty cycle to maintain a constant reference level for
      the analyzer. This reference level permits automatic distortion
      measurements to be read out directly in db below the test signal. An RMS
      detector circuit for second order intermodulation products employs
      feedback control to maintain the input signal to a squaring circuit
      constant. Squaring of the constant level sinusoids produces RMS DC
      components which can be separated for direct measurement. A distortion
      circuit provides known levels of second and third order intermodulation in
      the test signal to permit accurate check out of the analyzer.
PARN
PAR  This is a division of U.S. patent application Ser. No. 352,552, filed Apr.
      19, 1973, now U.S. Pat. No. 3,862,380.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to monitoring non-linear distortion in the
      transmission of voice and voice band data. More particularly, the present
      invention relates to a non-linear distortion meter and circuitry employed
      therein.
PAR  Common carrier telephone channels, both switched and dedicated, now carry a
      variety of non-voice signals. These signals usually consist of one or more
      tones which are amplitude and/or phase modulated by either analog or
      digital information. Each signal format is impaired to varying degrees by
      the physical limitations, interferences, and design compromises imposed by
      nature and economics. Naturally it is desirable to be able to quickly and
      simply measure the limitations of a transmission channel; however, until
      the present invention there has been no really practical approach to
      measuring the full effects of amplitude distortion in a telephone channel.
PAR  Amplitude distortion on voice frequency telephone channels can degrade
      voice quality and seriously impair data transmission. Unfortunately,
      conventional distortion measuring techniques are inadequate for telephone
      channel tests. A simple harmonic distortion test has a serious measurement
      uncertainty in channels having multiple distortion sources combined with
      envelope delay or frequency offset. Total distortion tests, on the other
      hand, have difficulty distinguishing distortion from channel noise;
      further, such tests cannot separate the various types of distortion
      sufficiently to assist in fault isolation.
PAR  Bell System Technical Reference, PUB 41008, entitled "Analog Parameters
      Affecting Voiceband Data Transmission -- Description of Parameters", and
      dated October 1971, describes an intermodulation technique for measuring
      non-linear distortion in voice channels. Pages 16-24 of this publication
      presents a detailed analysis of the common sources of both second and
      third order distortion products and the effects of typical channel
      conditions on their measurement. The publication further illustrates why
      the intermodulation technique is more accurate and useful than the
      harmonic and total distortion techniques.
PAR  The intermodulation technique recommended by the aforementioned Bell System
      Technical Reference utilizes as test signals two narrow bands of Gaussian
      noise, centered about 860 Hz and 1380 Hz, respectively. The noise bands
      are used rather than discrete tones because the noise spectrum produced by
      individual tones in PCM systems is not flat and continuous but instead is
      discrete; the discrete components add or beat with the non-linear
      distortion product being measured causing inaccurate and timevariable
      readings. The noise bands produce a flat continuous spectrum. Moreover,
      the crest factor (i.e. -- ratio of peak value to RMS value) is on the
      order of 10 db for a Gaussian distribution, thereby assuring that test
      signal peaks will be large enough to test the region of channel
      non-linearity; if two individual test tones are employed the crest factor
      is only 6 db and a thorough test of the channel non-linearity is not
      assured.
PAR  The noise bands are applied to the channel under test in which second and
      third order intermodulation distortion is to be measured. Third order
      distortion is measured as the signal component produced by the channel at
      1900 Hz (i.e. 2 .times. 1380 -  860). Second order distortion is measured
      as the signal components produced by the channel at 520 Hz (i.e. 1380 -
      860) and 2240 Hz (i.e. 860 + 1380).
PAR  The intermodulation measurement technique described above is fine in
      theory. In practice, however, the procedure is tedious because it is
      necessary to wait for at least 30 seconds, and usually more, for each
      reading to stabilize. This is due to the random nature of the noise band
      test signals. Specifically, within each narrow noise band the signal
      amplitude is changing randomly and arbitrarily small difference
      frequencies exist. Theoretically, the signal detector should average out
      these small difference frequencies and to do so would require an infinite
      time. In practice, a relatively long time period, on the order of a
      minute, is required in order to obtain a meaningful result.
PAR  It is therefore an object of the present invention to provide an
      intermodulation measurement technique which is as meaningful and accurate
      as that described above but which can be performed in a matter of a few
      seconds.
PAR  It is another object of the present invention to provide an improved
      intermodulation measurement technique which eliminates the need for using
      noise bands as test signals.
PAR  It is still another object of the present invention to provide a practical
      non-linear distortion analyzer and test set for telephone channels.
PAR  It is still another object of the present invention to provide novel
      circuits for particular use in a distortion analyzer and test set,
      including an automatic gain control, an RMS converter, and a non-linear
      circuit for producing stable and predictable second and third order
      distortion.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of the present invention, the two noise
      band test signals are replaced by two pairs of sinusoidal tones, the tones
      in each pair being closely spaced to approximate a noise band. The tone
      pair approach retains all of the advantages of the noise band approach,
      including a 9 db crest factor, and eliminates the disadvantage of
      requiring long time averaging in metering. The shorter metering time not
      only expedites measurement operations but also permits the analyzer to
      follow time-varying distortion products which would be averaged out and
      obscured by the long metering time required by the noise band approach.
PAR  According to another aspect of the present invention an automatic gain
      control circuit samples an input signal at a duty cycle which varies with
      the level of the input signal to effect highly linear gain control. The
      linear operation introduces negligible distortion products and therefore
      is ideally suitable for use in a distortion analyzer apparatus.
PAR  In still another aspect of the present invention the detected second order
      intermodulation products, in the form of sinusoidal signals, are combined
      in a novel RMS converter circuit. This converter employs a squaring
      circuit and a feedback loop in which the output signal is used to maintain
      the input signal to the squaring circuit constant. The output signal from
      the squaring circuit is therefore also constant and is fed to an active
      low pass filter having a high DC gain. The resulting DC output signal from
      the active filter is the RMS value of the combined sinusoidal
      intermodulation products.
PAR  In still another aspect of the present invention, a distortion circuit is
      provided to produce a known amount of second and third order distortion in
      a test signal to permit operational checkout of the distortion analyzer.
      The distortion circuit employs an operational amplifier and three parallel
      signal paths. One path is entirely resistive and produces a linear
      component in the output signal. Second order distortion is produced in a
      resistor-diode series path. Third order distortion is produced by the
      operational amplifier itself in combination with a resistive path. The
      three components are superimposed on one another to provide the desired
      output signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of specific embodiments thereof, especially when
      taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a functional block diagram of a distortion analyzer according to
      the present invention;
PAR  FIG. 2 is a functional block diagram of a linear automatic gain control
      circuit employed in the distortion analyzer of FIG. 1;
PAR  FIG. 3 is a detailed schematic diagram of the automatic gain control
      circuit of FIG. 2;
PAR  FIG. 4 is a detailed schematic diagram of an RMS converter circuit employed
      in the distortion analyzer of FIG. 1; and
PAR  FIG. 5 is a detailed schematic diagram of a non-linear distortion circuit
      employed in the distortion analyzer of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring specifically to FIG. 1 of the accompanying drawings, a distortion
      analyzer includes two test signal generators 10 and 11 which provide test
      signals to be applied to the telephone channel under test. Generator 10
      provides sinusoidal test signals at frequencies of 856 Hz and 863 Hz;
      generator 11 provides sinusoidal test signals at frequencies of 1374 Hz
      and 1385 Hz. These signals are summed at 12 and applied through switch 13
      (in its NORMAL position) to output amplifier 14. Switch 13 has two
      positions: in its NORMAL position the four summed sinusoidal test signals
      are applied to amplifier 14; in its S/N TEST position only the 1374 Hz and
      1385 Hz signals are applied to amplifier 14. The output signal from
      amplifier 14 is fed to output transformer 16 which applies the test
      signals to the telephone channel under test. The output signal from
      transformer 16 is also applied to a monitor transformer 17 which in turn
      applies the signal to buffer amplifier 18. As is described hereinbelow,
      the signal from amplifier 18 can be metered to permit monitoring of the
      test signal level as applied to the channel under test.
PAR  The four test sinusoidal signals summed at 12 are also applied to a
      nonlinear circuit 19 which combines the signals in such a way as to
      introduce a known amount of distortion. Specifically, the non-linear
      circuit 19 introduces specific amounts of second and third order
      distortion products for use in checking the calibration and operativeness
      of the distortion analyzer. Circuit 19 is described in greater detail in
      relation to FIG. 5.
PAR  A two-position NORMAL-DIST. CHECK switch 20 includes two poles 20a and 20b.
      In the NORMAL position pole 20a connects the T line of the channel under
      test to input transformer 21; pole 20b connects the channel R line to the
      input transformer. In this manner the test signal applied to the channel
      under test is applied to the input circuitry of the distortion analyzer
      for processing. In the DIST. CHECK position of switch 20 the calibrated
      output signal from non-linear circuit 19 is applied to input transformer
      21. The output signal from transformer 21 is applied to a noise protection
      filter 22 which passes only signals in the audio band.
PAR  The filtered signal from filter 22 is split between two paths. In one path
      it is applied to a highly linear automatic gain control circuit which
      provides a constant output signal level for an input signal range in
      excess of 40 db. The constant level is provided without introducing
      intermodulation distortion components larger than 50 db down from the test
      signal so that the signal is ideally suited for accurate processing by the
      distortion analysis portion of the unit. The other path for the signal
      from filter 22 includes one pole 24a of a three-pole four-position switch
      24. Switch 24 serves as a meter switch and effectively connects four
      different signals for selective metering. The four positions of switch 24
      are: 3rd, 2nd, IN, and OUT. In the 3rd position the measured third order
      distortion product is metered; in the 2nd position the measured second
      order distortion product is metered; in the INPUT position the input
      signal level is metered; and in the OUTPUT position the test signal can be
      metered before it is applied to the channel under test. In this regard the
      pre-transmitted test signal is applied from buffer amplifier 18 to the
      OUTPUT position at pole 24a; the received signal from filter 22 is applied
      to each of the 3rd ORDER, 2nd ORDER and INPUT positions of pole 24a.
PAR  The signal passed by pole 24a of the meter selection switch is applied to a
      20 db amplifier and to pole 27a of threepole three-position meter range
      selection switch 27. The output signal from amplifier 26 is also connected
      to pole 27a which is arranged to pass either the amplified or unamplified
      signal and thereby permit an on-scale meter reading. The signal passed by
      switch 27 is applied to linear detector 28 which converts the AC signal to
      a proportional DC level. This DC level is applied to the INPUT and OUTPUT
      positions of pole 24b which, in the INPUT and OUTPUT positions, passes the
      signal to meter range amplifier 29. Poles 27b and 27c of meter range
      switch 27 are arranged to adjust the gain of amplifier 29 to the selected
      gain level. The output signal from amplifier 29 is applied to a log
      converter circuit 31 which drives meter 32. Log converter circuit provides
      an output signal amplitude which is proportional to the logarithm of the
      level of the input signal applied thereto. A suitable circuit for
      providing this function is described in U.S. Pat. No. 3,811,089 to Norris
      C. Hekimian and entitled "Logarithmic Converter".
PAR  The level controlled signal provided by AGC circuit 23 is applied to three
      bandpass filters 33, 34 and 35 having their passbands centered at 520 Hz,
      2240 Hz and 1900 Hz, respectively. These frequencies are chosen because
      they represent specific intermodulation products of the test signals.
      Specifically the average frequency of the test tones provided by signal
      generator 10 is approximately 860 Hz; the average frequency of the test
      tones provided by signal generator 11 is approximately 1380 Hz. Second
      order intermodulation distortion products, if produced by the two pair of
      tones, would be present at 520 Hz (1380 -  860) and 2240 Hz (1380 + 860);
      a third order intermodulation product would be present at 1900 Hz (2
      .times. 1380 -  860). The bandwidth requirement of filters 33, 34 and 35
      is not critical, it only being necessary that the passband be wide enough
      to pass the entire band of the respective distortion products. A nominal
      passband of 50 Hz is suitable for all three filters.
PAR  The second order distortion products passed by filters 33 and 34 are summed
      at 36 and applied to an RMS detector circuit 37. Circuit 37, which is
      described in detail in relation to FIG. 4, provides a signal at the RMS
      value of the summed signals. This RMS signal is applied to the 2nd ORDER
      position of pole 24b of the meter selection switch. The third order
      distortion product from filter 35 is applied to linear detector 38 which
      converts the distortion product to a proportional DC level. This DC level
      is applied to the 3rd ORDER position of pole 24b of the meter selection.
      In this manner the second and third order intermodulation products can be
      individually metered when switch 24 is in the appropriate position.
PAR  The constant level output signal from AGC circuit 23 is also applied to
      each of bandpass filters 41 and 42 which have passbands centered at 860 Hz
      and 1380 Hz, respectively. As described above, these center frequencies
      correspond approximately to the average frequencies of the two test tone
      pairs. The passbands need only be wide enough to accommodate all of the
      respective test tone bands and a nominal width of 50 Hz is adequate. The
      output signals from filters 41 and 42 are summed at 43 and utilized in
      conjunction with the level control function of AGC circuit 23. This is
      described more fully in relation to FIG. 3. In addition, the output signal
      from filter 41 is applied to linear detector 44; the signal from filter 42
      is applied to linear detector 46. Detectors 44 and 46 provide DC levels
      proportional to the signals passed by filters 41 and 42. These DC levels
      are applied to a window comparator circuit 47. This circuit monitors the
      relative difference between the amplitudes of the two test tone signals
      received from the channel under test. If the difference in amplitude
      between the two test tones is 6 db or more, window circuit 47 actuates the
      twist caution lamp 48b. A difference of 6 db or more indicates that the
      channel under test has a severe frequency response problem in that it is
      attenuating one test tone pair to a much greater extent than the other
      test tone pair. Under such circumstances a distortion analysis would not
      be accurate so the operator is warned by the lighted twist caution lamp
      48b.
PAR  The output signal from AGC circuit 23 is also applied to linear detector 45
      which detects AC signal and provides a proportional DC level. This level
      is applied to spurious tone comparator 49 which functions as a threshold
      detector to actuate its spurious caution lamp 48c if the signal level from
      detector 45 is above a predetermined limit level. This alerts the operator
      to the fact the AGC circuit output signal has a high level signal
      component which should not be present. The AGC output signal should only
      carry the test signal tones and their distortion products; if more than
      this is present there may be an error in the readings.
PAR  Another output signal from AGC circuit 23 is applied to low input level
      comparator circuit 51. This circuit actuates the level caution lamp 48a
      when the signal at the AGC circuit is below a predetermined level. The
      function of this circuit is to caution the operator if the signal level is
      too low to permit accurate distortion measurement.
PAR  The level caution lamp 48a is also lighted by detector/comparator 52 when
      the output signal from filter 22 is too high. Under such conditions the
      AGC circuit would be saturated by the input signal and would not provide a
      constant level without adding distortion.
PAR  In normal distortion measurement operation the two pairs of sinusoidal test
      tones are applied at equal power levels to the telephone channel under
      test via output transformer 16. These test tones, after traversing the
      channel, are applied, along with any intermodulation products produced by
      the channel, to input transformer 21 from which they are passed to AGC
      circuit 23. The latter circuit adjusts the signal to a constant level and
      passes this constant level signal to filters 33, 34 and 35. Any second
      order intermodulation products produced in the channel under test at 520
      Hz and 2240 Hz are passed by filters 33 and 34, respectively, summed, and
      applied to RMS detector 37. The output signal from the RMS detector is a
      DC level proportional to the RMS value of the combined second order
      intermodulation products. This level, relative to the test signal level,
      can be read directly from meter 32 when the meter selection switch 24 is
      in the 2nd position.
PAR  The multicomponent constant level output signal from AGC circuit 23 is also
      applied to filter 35 which passes only third order intermodulation
      products produced in the channel under test at 1900 Hz. The passed third
      order signal is detected at linear detector 38 which provides a DC level
      proportional to the amplitude of the 1900 Hz intermodulation product. This
      level, relative to the test signal, can be read at meter 32 when the meter
      selection switch is in its 3rd position.
PAR  The distortion analyzer of FIG. 1 permits measurement of the level of the
      overall input signal as received from the channel under test. This
      measurement is effected with meter selection switch 24 in the IN position,
      thereby applying the signal from filter 22 to linear detector 28. The
      detected DC level is first log converted and then measured at meter 32.
PAR  It is also possible to measure the level of the combined tests signals as
      applied to the channel under test. This is done by placing meter selection
      switch 24 in the OUT position, thereby connecting buffer amplifier 18 to
      detector 28. The resulting DC level is log converted and then measured at
      meter 32.
PAR  All of the foregoing measurements are made with mode switch 20 in the
      NORMAL position. In the DIST. CHECK position switch 20 permits the
      distortion analyzer operation to be checked. Specifically, the two test
      tone pairs, which are summed at 12, are applied to non-linear distortion
      circuit 19 which introduces second and third order intermodulation
      products of known level. This calibration signal is then applied to the
      input transformer 21 via switch 20 and is processed and analyzed in the
      same manner as the test signal received from a channel under test. By
      measuring the second and third order products of the calibration signal at
      meter 32, the operator can ascertain the operating status of the system.
      If the measured components of the calibration signal are not at a
      predetermined level, the analyzer can be assumed to be malfunctioning.
PAR  The system includes another test mode which enables the operator to
      determine the effects of test channel noise on the system. In this mode
      switch 13 is placed in the S/N TEST position and mode switch 20 is placed
      in the NORMAL position. In this condition only the 1374 Hz and 1385 Hz
      tone pair is applied to the channel under test, but the level of these two
      tones is approximately 3 db higher than in the normal test mode when both
      tone pairs are applied to the channel under test. The net effect is that
      the channel is still loaded with the same power provided by the four tones
      in normal operation; however, there is no intermodulation produced since
      the lower frequency tone pair is omitted. under these conditions, with
      meter selection switch 24 in the 2nd and 3rd positions, meter 32 measures
      the residual channel noise level. A knowledge of the residual noise level
      permits the operator to properly evaluate the readings during actual
      distortion tests. Specifically, if the measured residual noise is at or
      close to the same level as the measured distortion, the noise is
      overriding the distortion components and an accurate distortion
      measurement cannot be made.
PAR  The most distinguishing feature of the distortion analyzer is the use of
      two pairs of tones in place of the two noise bands described as test
      signals in the aforementioned Bell System Technical Reference (PUB 41008).
      Whereas the two noise band approach requires a long time (on the order of
      one minute) for the meter to average, the two pairs of tones approach
      requires only a few seconds at worst. The tone pairs are easier to
      generate than the noise bands and their calibration level can be measured
      more quickly.
PAR  There is no significant disadvantage to employing the two pairs of tones
      since the amplitude distribution of the four tones closely corresponds to
      the amplitude distribution of Gaussian noise. Specifically, Gaussian noise
      is normally considered to have a 10 db crest factor; i.e. the ratio of
      peak amplitude to RMS value is 10 db. The crest factor for the four tones
      is 9 db. Thus, for all practical purposes the four discrete tones are as
      capable of testing the non-linear response region of a telephone channel
      as are the two noise bands.
PAR  An important feature of the distortion analyzer is the fact that is
      provides direct distortion readings at meter 32 without requiring plural
      adjustments or mental calculations. This is made possible by the highly
      linear AGC circuit 23 which automatically adjusts the received test signal
      level to a reference level against which all distortion measurements can
      be compared. As another feature of the present invention a highly linear
      AGC 23 circuit is provided which produces no significant distortion
      products that can affect the distortion measurement. A functional block
      diagram of this AGC circuit is illustrated in FIG. 2.
PAR  Referring specifically to FIG. 2, the AGC circuit includes a chopper,
      illustrated schematically as a relay 53 having a normally open contact 54.
      The chopper takes discrete samples of the input signal at a fixed
      frequency which is at least twice the frequency of the highest component
      of interest in the input signal. In the distortion analyzer, interest
      resides in the audio band in a telephone channel so that a sampling
      frequency of 10 KHz is suitable. The sampled signal is passed through low
      pass filter 56 to remove the sampling frequency component and harmonic
      components introduced by the sampling. The resulting signal is the
      reference level for the distortion analyzer and it is fed back to a level
      detector 57 which converts the AC signal to a DC level. Alternatively, two
      bandpass filters, such as filters 41, 42 which are tuned to the nominal
      average frequencies of the test tone pairs, may be inserted into the
      feedback path before level detector 57 to assure that only the test tones,
      rather than any audio signal, control the setting of the reference level
      for the distortion analyzer. The detected level from detector 57 is
      further filtered at amplifier/filter 58 which has a high DC gain. The
      amplified DC level is applied to comparator 59.
PAR  A triangle waveform generator 61 provides a fixed frequency triangular
      waveform at the sampling frequency. The triangular waveform is applied to
      comparator 59 which actuates relay 53 during only a portion of the
      triangular waveform period, as determined by the fed back DC level
      received from amplifier/filter 58. The feedback signal therefore varies
      the duty cycle of the sampling signal applied to relay 53; if the DC level
      increases the sampling interval is shortened, and if the DC level
      decreases the sampling interval is lengthened. In this manner the
      amplitude of the sampled signal is maintained constant at the reference
      level required for automatic distortion analyzer operation.
PAR  The primary advantage of the sampling technique in an AGC circuit is its
      inherently linear characteristic. This extreme linearity produces
      negligible distortion, thereby making the technique ideal for distortion
      analyzers which require components that do not mask the distortion
      measurements with distortion inherent in the measuring equipment. For
      example, with this technique it is possible to provide constant leveling
      over a 40 db range of input signal amplitude while producing distortion
      products no larger than 60 db down from the reference level. A specific
      embodiment to accomplish this is illustrated schematically in FIG. 3.
PAR  Referring specifically to FIG. 3, two cascaded stages of sampling are
      employed, the samplers comprising field effect transistors Q1 and Q3.
      These transistors are switched on and off in unison by common-emitter PNP
      transistor switch Q8 which is alternately switched on and off by the
      sampling signal. The signal sampled at transistor Q1 is amplified by
      common-base configured NPN transistor Q2 and is passed to an active low
      pass filter including operational amplifier A1 and associated
      resistive-capacitive components. The filtered signal is again sampled at
      Q3, amplified by NPN transistor Q4 and filtered once again by an active
      low pass filter comprising operational amplifier A2 and associated
      resistive-capacitive components. A further amplification stage, in the
      form of operational amplifier A3 is employed at the output of the second
      filter to provide the AGC output signal.
PAR  The output signal is applied to each of two active filters corresponding to
      filters 41 and 42, respectively, in FIG. 1. One filter includes two active
      bandpass filter stages employing operational amplifiers A4 and A5,
      respectively. The RC components associated with A4 and A5 produce a
      passband centered at 860 Hz with a bandwidth of approximately 50 Hz. The
      other filter includes two active bandpass filter stages employing
      operational amplifiers A6 and A7, respectively. The RC components
      associated with A6 and A7 produce a passband centered at 1380 Hz with a
      bandwidth of approximately 50 Hz.
PAR  The two signals passed by the filters are summed at the junction of
      resistors R37 and R142 and are applied to a level detector comprising
      diode D6, capacitor C23 and resistor R34. The detected DC level is applied
      to an active low pass filter comprising operational amplifier A8, which
      has a high DC gain, and associated RC components. The output signal from
      amplifier A8 is applied to the inverting (-) input terminal of operational
      amplifier A9 which serves as a comparator. The input signal to the
      non-inverting (+) input terminal of amplifier A9 is the triangular
      waveform signal provided by a triangle waveform generator including
      operational amplifier A10 and associated RC components. Comparator A9, in
      turn, drives transistor Q8 to alternately open and close sampling
      transistors Q1 and Q3. The signal provided from amplifier A9 actuates the
      samplers only when the triangular waveform amplitude is less than the DC
      level provided from amplifier A8. Consequently, the portion of each
      triangular waveform period during which sampling occurs changes as the
      feedback signal amplitude changes. The AGC output signal is thus
      maintained at the desired constant reference level.
PAR  The use of the 860 Hz and 1380 Hz bandpass filters in the AGC feedback path
      assures that only the test tone components of the signal control the
      amplitude of the reference level. Further, the desired control is achieved
      using inexpensive components having no need for periodic adjustments and
      alignments.
PAR  The various amplifiers, filters, samplers and signal generators employed in
      the circuit of FIG. 3 and conventional in nature. Thus, for the sake of
      brevity and to facilitate understanding of the inventive concepts, each of
      these individual circuits is not described in detail. Further, power
      supply connections to the various operational amplifiers have been omitted
      to facilitate understanding. In an actual working embodiment, the various
      components of FIG. 3 had the values listed in the following table:
TBL  Component          Value                                                  
     ______________________________________                                    
     R9                 7.5K ohms                                              
     R10                4.3K ohms                                              
     R11                1.5K ohms                                              
     R12                10K ohms                                               
     R14                3.9K ohms                                              
     R15                43K ohms                                               
     R16                22K ohms                                               
     R17                20K ohms                                               
     R18                39K ohms                                               
     R19                4.3K ohms                                              
     R20                11K ohms                                               
     R21                1K ohms                                                
     R22                36K ohms                                               
     R23                1K ohms                                                
     R24                3.9K ohms                                              
     R25                750 ohms                                               
     R26                4.3K ohms                                              
     R27                3.9K ohms                                              
     R28                100 ohms                                               
     R29                100 ohms                                               
     R30                43K ohms                                               
     R31                22K ohms                                               
     R32                20K ohms                                               
     R33                100K ohms                                              
     R34                10K ohms                                               
     R35                5K ohms                                                
     R36                150K ohms                                              
     R37                22K ohms                                               
     R38                39K ohms                                               
     R39                4.3K ohms                                              
     R40                36K ohms                                               
     R41                22K ohms                                               
     R42                36K ohms                                               
     R43                13K ohms                                               
     R44                51K ohms                                               
     R45                576 ohms                                               
     R46                200 ohms                                               
     R47                511K ohms                                              
     R48                13K ohms                                               
     R49                51K ohms                                               
     R50                576 ohms                                               
     R51                200 ohms                                               
     R52                510 K ohms                                             
     R53                510 K ohms                                             
     R66                100 K ohms                                             
     R67                9.1K ohms                                              
     R68                205 ohms                                               
     R69                100 ohms                                               
     R70                511K ohms                                              
     R71                100K ohms                                              
     R72                9.1K ohms                                              
     R73                205 ohms                                               
     R74                100 ohms                                               
     R75                511K ohms                                              
     R90                50K ohms                                               
     R91                50K ohms                                               
     R142               22K ohms                                               
     C10                100 pf                                                 
     C11                150 .mu.f                                              
     C12                .01 .mu.f                                              
     C13                150 .mu.f                                              
     C14                .01 .mu.f                                              
     C15                .039 .mu.f                                             
     C16                2.2 .mu.f                                              
     C17                6800 pf                                                
     C18                1200 pf                                                
     C19                2.2 .mu.f                                              
     C20                .0075 .mu.f                                            
     C21                22 .mu.f                                               
     C22                2.2 .mu.f                                              
     C23                22 .mu.f                                               
     C24                .022 .mu.f                                             
     C25                2.2 .mu.f                                              
     C26                6800 pf                                                
     C27                1200 pf                                                
     C28                2.2 .mu.f                                              
     C31                2.2 .mu.f                                              
     C32                47 pf                                                  
     C33                .01 .mu.f                                              
     C34                .01 .mu.f                                              
     C35                47 pf                                                  
     C36                .01 .mu.f                                              
     C37                .01 .mu.f                                              
     C44                180 pf                                                 
     C45                .01 .mu.f                                              
     C46                .01 .mu.f                                              
     C47                180 pf                                                 
     C48                .01 .mu.f                                              
     C49                .01 .mu.f                                              
     C69                2.2 .mu.f                                              
     A9 and A10         MC1437L (Motorola)                                     
     A1 through A8      MC1458 (Motorola)                                      
     Q1, Q3             MPF102 (Motorola)                                      
     Q2, Q4             2N3566                                                 
     Q8                 2N5138                                                 
     ______________________________________                                    
PAR  Another unique circuit employed in the distortion analyzer is RMS detector
      circuit 37, illustrated in detail in FIG. 4. As illustrated, the two
      second order distortion signals are summed at the junction resistors R81
      and R82 and are AC-coupled to the inverting input terminal of operational
      amplifier A11. The non-inverting input terminal of amplifier A11 is
      grounded. The signal level at the output of amplifier A11 is maintained
      substantially constant by means of a feedback circuit employing
      operational transconductance amplifier A12. The latter may be model CA3080
      manufactured by the RCA Solid State Division and functions to provide an
      output current which is proportional to the transconductance of the
      amplifier, which in turn is proportional to the bias current supplied on
      bias input line 61. The non-inverting (+) input terminal of
      transconductance amplifier A12 receives the output signal from input
      amplifier A11; the inverting (-) input terminal of A11 is grounded. The
      bias current on control line 61 is controlled by the collector-emitter
      path of PNP transistor Q1, through a resistive divider circuit. The base
      of Q1 is controlled by feedback operational amplifier A15 which is
      linearly driven by the overall output voltage V.sub.o  for the RMS
      detector circuit. Amplifier A15 and transistor Q1 serve to provide a
      linear voltage-to-current converter for the fed back output voltage
      V.sub.0. Thus, the current on control line 61 of transconductance
      amplifier A12 is proportional to the output voltage V.sub.o. Consequently,
      the gain of amplifier A12 is proportional to V.sub.o.
PAR  The effect of transconductance amplifier A12 connected in feedback relation
      with amplifier A11 is to render the output voltage from amplifier A11
      constant. An expression for this voltage may be written as:
      ##EQU1##
      where V.sub.11 is the output voltage provided by amplifier A11, (A11) is
      the gain of amplifier A11, K.sub.1 is a constant related to the nominal
      gain of amplifier A12, V.sub.o is the output voltage of the overall
      circuit which controls the gain of A12, and V.sub.in represents the input
      voltage applied to the overall circuit. Expression (1) can be simplified,
      due to the fact that (A11) is much larger than 1, so that
      ##EQU2##
PAR  The output voltage from amplifier A11 is applied to both the non-inverting
      (+) input terminal and control line 62 for operational transconductance
      amplifier A13. This amplifier is of the same general type as amplifier A12
      and, when connected as shown and described, provides an output voltage
      which is proportional to the square of the input voltage. Since the input
      signal (V.sub.11) to amplifier A12 is substantially constant, and since
      the output signal from A13 is proportional to the square of V.sub.11, the
      output signal from A13 must also be substantially constant. The output
      voltage from A13 can therefore be represented as
      ##EQU3##
      where C is a constant. Solving for V.sub.o in expression (3) yields the
      following:
      ##EQU4##
      and since K.sub.1 and C are constants,
      ##EQU5##
      where K.sub.2 is a constant equal to K.sub.1 .sqroot.C.
PAR  The signals represented as INPUT -1 and INPUT -2 in FIG. 4 are actually two
      sets of four sinusoids corresponding to the second order intermodulation
      products centered at 520 Hz and 2240 Hz, respectively. To simply
      illustrate the workings of the circuit assume that V.sub.in is the sum of
      two sinusoidal signals which may be represented by the expressions A cos
      .alpha. and B cos .beta., respectively. Thus, V.sub.in may be prepresented
      as
EQU  V.sub.in = A cos .alpha. + B cos .beta.                    (6)
PAL  and, upon squaring
EQU  V.sub.in.sup.2 =A.sup.2 cos.sup.2 .alpha.+B.sup.2 cos.sup.2
      .beta.+2ABcos.alpha.cos.beta..                            (7)
PAL  By the use of the trigometric identity:
EQU  cos.sup.2 .alpha. = 1/2 (1 + cos 2.alpha.),                (8)
PAL  expression (7) can be expanded as follows:
EQU  V.sub.in.sup.2 = A.sup.2 /2+B.sup.2 /2+A.sup.2 cos2.alpha.+B.sup.2
      cos2.beta.+2ABcos.alpha.cos.beta..                        (9)
PAL  All but the first two terms of expression (9) are AC components; the first
      two terms are DC components representing the mean squared terms of the two
      input sinusoids. If for the moment we ignore the AC components of
      V.sub.in.sup.2 in expression (9) and substitute only the DC components
      into expression (5), the result is:
      ##EQU6##
      providing the desired result of rendering the output voltage V.sub.o
      proportional to the RMS (or square root of the mean squared) value of the
      input voltage. To justify ignoring the AC terms in expression (9) and
      thereby obtain the desired RMS conversion, a low pass active filter having
      a high DC gain is provided at the output of amplifier A13. This active low
      pass filter is in effect an integrator employing operational amplifier A14
      and feedback capacitor C62. The output voltage from this high gain low
      pass filter is V.sub.o, the RMS output voltage.
PAR  The important feature of the RMS circuit is the use of a "slide back"
      technique, using the output voltage in a negative feedback arrangement to
      maintain the input level to the squaring circuit substantially constant.
      This technique places minimal demands on the range of signal levels
      handled by the squaring circuit; thus accurate RMS representation of a
      large range of input signal levels can be had using an inexpensive
      squaring device.
PAR  The diode D2 in the active low pass filter is employed to limit the
      positive swing of the output signal V.sub.o during transient conditions so
      that filter capacitor C62 is not damaged. Transistor Q3 and associated
      circuitry provides temperature compensation for the circuit.
PAR  In an actual working embodiment of the RMS circuit of FIG. 4, the following
      component values were employed.
TBL  ______________________________________                                    
     Component          Value                                                  
     ______________________________________                                    
     R81                180K ohms                                              
     R82                180K ohms                                              
     R85                10K ohms                                               
     R86                4.7K ohms                                              
     R88                50K ohms                                               
     R89                37K ohms                                               
     R90                200 ohms                                               
     R91                100K ohms                                              
     R92                51 ohms                                                
     R101               39K ohms                                               
     R102               51 ohms                                                
     R103               18K ohms                                               
     R109               39K ohms                                               
     R110               2.7 K ohms                                             
     R112               10K ohms                                               
     R114               1.2K ohms                                              
     R115               12K ohms                                               
     C51                2.2 .mu.f                                              
     C53                22 .mu.f                                               
     C61                2.2 .mu.f                                              
     C62                6.8 .mu.f                                              
     A11, A15, A14      MC1458 (Motorola)                                      
     A12, A13           CA3080 (RCA)                                           
     Q1, Q3             2N5138                                                 
     ______________________________________                                    
PAR  Still another unique circuit employed in the distortion analyzer in the
      non-linear circuit 19, illustrated in detail in FIG. 5. This circuit
      employs a single operational amplifier A50 having its non-inverting (+)
      input terminal grounded. Input signal is applied to the inverting (-)
      input terminal via resistor RG. The output signal for the circuit is taken
      across load resistor RF. Three signals are summed at RF, each comprising a
      current component flowing through RF. A first path includes RE which is
      connected between the output terminal and the input terminal.
PAR  A second path is connected in parallel with RE and includes
      series-connected resistor RD and diode DA. The diode is poled so that its
      cathode is connected to the circuit output terminal. A third signal path
      includes RG connected between the input terminal and the (-) input
      terminal of the amplifier. RA connected directly between the output
      terminal and (-) input terminal of the amplifier, and RB and RC connected
      in series between the output terminal and the output terminal of the
      amplifier.
PAR  The function of the circuit in FIG. 5 is to produce a known amount of
      second and third order intermodulation distortion in an applied input
      signal. To this end the circuit produces a linear and two non-linear
      components which are superimposed on the output signal. Resistor RE
      provides the linear component. The feedback path including resistor RD and
      diode DA produces a second order intermodulation distortion component.
      Resistors RB and RC, in combination with RG, RA and the gain
      characteristic of amplifier A50, provide a third order intermodulation
      distortion component. In this regard A50 is operated with a high gain to
      produce clipping of the output signal; RB can then be adjusted as
      necessary to provide the desired amount of third order distortion
      component.
PAR  As a practical matter, the second order distortion level is substantially
      independent of the gain characteristic of amplifier A50. Consequently, by
      properly selecting RD and DA it is possible to provide a predetermined
      level of second order distortion. The third order distortion, however,
      being dependent on the gain characteristic of A50, requires adjustment in
      the form of variable resistor RB to assume the desired third order
      distortion level. Thus to check out the distortion analyzer in the DIST.
      CHECK mode, the meter selection switch 24 can be placed in either the 2nd
      or 3rd position. If a predetermined meter reading is obtained in each case
      the analyzer is operating properly.
PAR  In an actual working embodiment of the circuit of FIG. 5, the following
      components values were employed:
TBL  Component         Value                                                   
     ______________________________________                                    
     RA                200K ohms                                               
     RB                100K ohms                                               
     RC                430K ohms                                               
     RD                82K ohms                                                
     RE                10K ohms                                                
     RF                510 ohms                                                
     RG                10K ohms                                                
     A50               MC1458 (Motorola)                                       
     ______________________________________                                    
PAC  CONCLUSION
PAR  In summary, the features and advantages of the invention are as follows:
PA1  1. The distortion analyzer uses two pairs of two tones as the test signal.
      This has the same advantages as using two narrow bands of noise (e.g. a 9
      dB crest factor) without the disadvantage of long time averaging required
      for metering noise. The shorter time averaging using the four tone system
      enables the unit to follow time varying distortion products that would be
      averaged out using longer time constants.
PA1  2. Distortion is measured using intermodulation techniques with all
      necessary components built into one unit (i.e. a multiple signal source
      and means for measuring intermodulation levels relative to the test signal
      level).
PA1  3. The distortion product level is automatically read out directly in dB
      below the test signal.
PA1  4. Distortion is measured without having to set a reference level. A highly
      linear automatic leveling circuit adjusts the test signal to reference
      level.
PA1  5. The automatic leveling circuit uses filtering in the feedback path so
      that only the test signal, rather than any in band signal, controls the
      setting of the reference level.
PA1  6. True rms level is measured for two second order in-band products.
PA1  7. Caution indications alarm the user to the following conditions which may
      cause a measurement error:
PA2  a. LEVEL indicator lights when test signal is above or below AGC operating
      range.
PA2  b. SPURIOUS indicator lights to caution when presence of a high level
      spurious tone or unusually high distortion rendering measurement
      questionable.
PA2  c. TWIST indicator cautions of gross signal tilt indicating a channel with
      gross frequency response problems which will effect the measurements.
PA1  8. A built-in distortion check provides the measurement section with a
      signal of known distortion as an operational confidence check.
PA1  9. A build-in signal/noise check allows user to distinguish between
      measurements due to noise vs measurements due to non-linear distortion by
      inhibiting one set of tones and increasing the other set 3 dB.
PA1  10. a highly linear AGC circuit maintains the reference level constant for
      a greater than 40 dB range of input level, without causing any distortion
      products larger than 50 db down from test signal.
PA1  11. A simple but accurate RMS detector uses inexpensive components.
PA1  12. A distortion check circuit provides known second and third order
      distortion components. The circuit is insensitive to temperature and uses
      inexpensive components.
PAR  It should also be pointed out that the sinusoidal purity of the four test
      tones is not important. In fact, it is possible to utilize square waves at
      the basic four frequencies; the fundamental components interact
      appropriately to produce the desired system effects.
PAR  While we have described and illustrated specific embodiments of our
      invention, it will be clear that variations of the details of construction
      which are specifically illustrated and described may be resorted to
      without departing from the true spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An RMS detector circuit comprising:
PA1  an input terminal;
PA1  an output terminal;
PA1  a squaring circuit for receiving a first signal and providing a squared
      signal having an amplitude which is proportional to the square of the
      amplitude of said first signal;
PA1  gain control means for automatically adjusting signals applied to said
      input signal terminal to a signal at a substantially constant level, said
      gain control means including feedback means for maintaining said
      substantially constant level an inverse function of signal amplitude at
      said output signal terminal;
PA1  means for applying said signal at substantially constant level to said
      squaring circuit as said first signal; and
PA1  low pass filter means for eliminating all but DC components in the squared
      signal from said squaring circuit and applying said DC components to said
      output signal terminal;
PA1  wherein said gain control means comprises:
PA1  a high gain operational amplifier having an input terminal and an output
      terminal which provides an inverted version of the signal at said input
      terminal;
PA1  an operational transconductance amplifier having an input signal terminal,
      a bias control terminal, and an output terminal which provides an output
      current proportional to the product of the voltage at said input signal
      terminal times the current delivered to said bias control terminal;
PA1  means connecting the output signal from the output terminal of said
      operational amplifier to the input signal terminal of said operational
      transconductance amplifier;
PA1  a voltage to current converter for providing a control current proportional
      to the voltage at the output terminal of said RMS detector;
PA1  means for applying said control current to said bias control terminal; and
PA1  means for applying the current delivered from the output terminal of said
      operational transconductance amplifier to the input terminal of said
      operational amplifier.
NUM  2.
PAR  2. The distortion analyzer according to claim 1 wherein said communication
      channel under test is a telephone line and said known passband is in the
      audio frequency range.
NUM  3.
PAR  3. An RMS detector circuit comprising:
PA1  an input terminal;
PA1  an output terminal;
PA1  a squaring circuit for receiving a first signal and providing a squared
      signal having an amplitude which is proportional to the square of the
      amplitude of said first signal;
PA1  gain control means for automatically adjusting signals applied to said
      input signal terminal to a signal at a substantially constant level, said
      gain control means including feedback means for maintaining said
      substantially constant level an inverse function of signal amplitude at
      said output signal terminal;
PA1  means for applying said signal at substantially constant level to said
      squaring circuit as said first signal; and
PA1  low pass filter means for eliminating all but DC components in the squared
      output signal from said squaring circuit and applying said DC components
      to said output signal terminal;
PA1  wherein said squaring circuit comprises:
PA1  an operational transconductance amplifier having an input terminal, a bias
      control terminal and an output terminal which provides an output current
      proportional to the product of the voltage applied to said input terminal
      times the current applied to said bias control terminal;
PA1  means for applying said substantially constant level to said input terminal
      of said operational transconductance amplifier; and
PA1  means for applying a current proportional to said constant level to said
      bias control terminal.
NUM  4.
PAR  4. The RMS detector according to claim 1 wherein said squaring circuit
      comprises:
PA1  a second operational transconductance amplifier having an input terminal, a
      bias control terminal and an output terminal which provides an output
      current proportional to the product of the voltage applied to said input
      terminal times the current applied to said bias control terminal;
PA1  means for applying said substantially constant level to said input terminal
      of said second operational transconductance amplifier; and
PA1  means for applying a current proportional to said constant level to said
      bias control terminal of said second operational transconductance
      amplifier.
NUM  5.
PAR  5. An RMS detector circuit for providing an output voltage proportional to
      the RMS value of an input voltage, said circuit comprising:
PA1  an input port connected to receive said input voltage;
PA1  an output port for providing said output voltage;
PA1  squaring circuit means responsive to application of a first signal thereto
      for providing a second signal having an amplitude which is proportional to
      the square of the amplitude of said first signal;
PA1  gain-controlled amplifier means connected to receive said input voltage
      from said input port and provide said first signal;
PA1  gain control means for adjusting the gain of said gain-controlled amplifier
      to maintain the amplitude of said first signal substantially constant,
      said gain control means including feedback means connected between said
      output port and said gain-controlled amplifier for controlling the gain of
      said amplifier as an inverse function of said output voltage;
PA1  means applying said first signal to said squaring circuit;
PA1  low pass filter means connected to receive said second signal from said
      squaring circuit for removing all AC components from said second signal,
      said low pass filter means being further connected to pass all DC
      components of said second signal to said output port;
PA1  wherein said gain-controlled amplifier is a high gain inverting amplifier
      having an input terminal connected to receive said input voltage; and
PA1  wherein said gain control means comprises:
PA1  an operational transconductance amplifier having an input terminal
      connected to receive said first signal, a bias control terminal, and an
      output terminal connected to the input terminal of the high gain inverting
      amplifier, said transconductance amplifier being of the type which
      delivers an output current from its output terminal which is proportional
      to the product of the voltage at its input terminal times the current
      delivered to said bias control terminal; and
PA1  voltage to current converter means connected between said output port and
      said bias control terminal for delivering a bias current to said bias
      control terminal which is proportional to the output voltage at said
      output port.
NUM  6.
PAR  6. The RMS detector circuit according to claim 5 wherein said squaring
      circuit comprises:
PA1  a second operational transconductance amplifier having an input terminal
      for receiving said first signal, a bias control terminal and an output
      terminal which provides an output current proportional to the product of
      the voltage applied to said input terminal times the current applied to
      said bias control terminal; and
PA1  means for applying a current proportional to said constant level to said
      bias control terminal of said second operational transconductance
      amplifier.
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ABST
PAL  A dual limiter circuit for limiting an input signal between high and low
      limits and having a first and a second operational amplifier with the
      positive inputs of the amplifiers being supplied with respective
      threshold, or limit, signals. A third operational amplifier has its
      positive input supplied with an input signal to the limiter circuit. A
      respective output impedance for each amplifier connects the output of the
      corresponding amplifier to the output of the limiter circuit while a
      feedback connection from the limiter output circuit is connected to the
      negative inputs of all three amplifiers. This dual limiter circuit
      operates for all values of the input signal to have one of the amplifiers
      operating in its linear region to control the output signal from the
      limiter circuit while the other two amplifiers are operated in saturated
      states in opposite senses.
BSUM
PAR  The present invention relates to limiter circuits.
PAR  The simplest form of limiter circuit uses a diode connected between the
      point to be limited and a limiting voltage, so that the diode conducts if
      the voltage at the point to be limited goes beyond the limiting voltage.
      This is, however, dependent on the diode characteristics, and circuits
      using operational amplifiers have been devised to overcome this.
PAR  One form of such circuit uses an operational amplifier fed with the signal
      to be limited on its positive input, and feeding the output via a diode.
      The output and the negative input of the amplifier are both connected to a
      limiting voltage. This circuit suffers from the disadvantage that the
      limiting voltage source drives the output when the signal is beyond the
      limiting voltage, and is therefore difficult to adjust.
PAR  Another form of such circuit uses two operational amplifiers. The first has
      the input signal fed to its positive input and feeds the output via a
      diode, the output also being fed back to its negative input. The second
      amplifier has the limiting voltage fed to its positive input and feeds the
      output via a correspondingly poled diode, and has the output fed back to
      its negative input. This circuit, like those described above, is effective
      to limit excursions of the input signal in one direction only, so that if
      limiting between two levels is required, i.e. a dual limiter, two circuits
      in series are required. With such an arrangement, the output is separated
      from the input by two operational amplifiers, each giving an offset.
PAR  The object of the present invention is to provide a limiting circuit which
      limits an input signal between two levels, while avoiding the disadvantage
      of the first operational amplifier circuit described above and using fewer
      components than two of the second operational amplifier circuits described
      above. The circuits of present invention also introduce only one
      operational amplifier offset between the input and the output.
PAR  Accordingly the present invention provides a dual limiter circuit
      comprising first and second operational amplifiers having their positive
      inputs fed with the two limiting voltages, a third operational amplifier
      having its input fed with the circuit input voltage, a respective
      impedance for each amplifier connecting its output to the circuit output,
      and a feedback connection from the circuit output to the negative inputs
      of all three amplifiers, the arrangement being such that, whatever the
      value of the circuit input voltage, one of the amplifiers operates in its
      linear region and controls the circuit output voltage while the other two
      amplifiers are saturated in opposite senses.
DRWD
PAR  Two prior art circuits and three forms of the invention will now be
      described, by way of example, with reference to the accompanying drawings,
      in which:
PAR  FIGS. 1 and 2 are circuit diagrams of two prior art circuits, and
PAR  FIGS. 3 to 5 are circuit diagrams of the three respective forms of the
      invention.
DETD
PAR  Before describing the circuits, the salient characteristics of operational
      amplifiers will be briefly reviewed. A typical operational amplifier of
      the type used in these circuits has two inputs, termed the positive and
      the negative input respectively. For voltages V1 and V2 on these two
      inputs respectively, the output is A(V1-V2), where A is the gain of the
      amplifier, and is large and positive. However, the amplifier is energized
      from a positive and a negative supply line, and the output voltage cannot
      go outside the range set by the supply voltages, and will in practice be
      restricted to a range slightly less than the supply voltage range. Hence
      unless V1-V2 is small, the output voltage will be at or near the positive
      or the negative supply voltage, and the amplifier will be said to be
      positively or negatively saturated respectively.
PAC  PRIOR ART
PAR  FIG. 1 shows a prior art circuit in which a voltage applied at input
      terminal 10 is limited and appears at output terminal 11. Amplifier A1 is
      energized from positive and negative supply lines 12 and 13 respectively.
      Suppose first that the input voltage is high. Amplifier A1 will be
      positively saturated, giving a high output. Diode D1 will be turned off,
      isolating the amplifier output from the output terminal 11. The output
      voltage will be determined by the setting of resistor R1 and the current
      drawn by the output through resistors R1 and R2. If the input voltage
      falls below the limiting voltage, amplifier A1 will desaturate and its
      output will fall, diode D1 will turn on, and feedback round the amplifier
      will occur, so holding the output voltage equal to the input voltage.
PAR  This circuit thus limits the output voltage when the input voltage exceeds
      a limiting voltage determined by R1 and R2. The limiting voltage is,
      however, dependent on the output loading, and cannot be set by monitoring
      the setting of R1 by a voltmeter. Further if limiting to above a second
      limit level is also required, a second similar circuit (with the diode
      reversed) must be connected in series with the circuit shown, and the
      signal will have to pass through two operational amplifiers, with two
      voltage offsets.
PAR  FIG. 2 shows another prior art limiting circuit, of generally symmetrical
      form, the input voltage being applied to the positive input of amplifier
      A2 and the limiting voltage to the positive input of amplifier A3, and the
      amplifier being energized from supply lines 22 and 23. Diodes D2 and D3
      together form a maximum signal selector, so that the output voltage at
      terminal 21 is the greater of the voltages at the outputs of the two
      amplifiers A2 and A3. This output is fed back to the negative inputs of
      the two amplifiers. If the input voltage is greater than the limiting
      voltage set by resistor R3, then amplifier A2 will have substantially
      equal inputs and will produce the output voltage, amplifier A3 being
      negatively saturated to produce a negative output which is isolated from
      the output by diode D3. Similarly, if the input voltage is below the
      limiting voltage, amplifier A3 produces the output voltage and amplifier
      A2 is negatively saturated and isolated.
PAR  This circuit thus limits the output voltage when the input voltage falls
      below a limiting voltage determined by R3. The limiting voltage is not
      affected by the output, and can be set by monitoring the tapping point on
      R3 by a voltmeter. However, if limiting to below a second limit level is
      also required, this circuit must be followed by another similar one (with
      the diodes reversed), and the signal will have to pass through two
      operational amplifiers, with two voltage offsets. Also, the amount of
      circuitry becomes rather large.
PAC  FIRST EMBODIMENT OF INVENTION
PAR  FIG. 3 shows a dual limiter circuit comprising three amplifiers A4 to A6
      energized from supply lines 32 and 33, and positive inputs fed with a high
      limit voltage (defined by the setting of R8), the input signal (from
      terminal 30), and a low limit voltage (defined by the setting of R9)
      respectively. The amplifiers are connected to the output terminal 31 via
      two diodes D4 and D5 and three resistors R5 to R7 as shown, and the output
      terminal is connected back to the negative inputs of all three amplifiers.
      Resistor R5 is large, e.g. 15 K.OMEGA., compared to resistors R6 and R7,
      which may be 1 K.OMEGA. each.
PAR  For convenience, it will be assumed that the two limiting voltages are +5 V
      and +1 V. Three separate conditions need to be considered, depending on
      whether the input voltage is above the high limit, between the limits, or
      below the low limit. Input voltages of +6 V, +3 V, and 0 V may
      conveniently be taken for these three conditions.
PAR  Consider first an input voltage of +6 V. This is above the high limit
      voltage, and the output voltage will be limited to +5 V. Amplifier A5 will
      be saturated positively and amplifier A6 saturated negatively, while
      amplifier A4 is operating in its linear region. The output of amplifier A6
      will be isolated by the forward poled diode D5, and will not affect the
      operation. Amplifier A5 will produce a forward current through resistor
      R5, which will flow round through diode D4 into amplifier A4. The output
      of amplifier A4 will be +5 V (neglecting resistor R6 for the moment),
      holding the output terminal 31 at this voltage.
PAR  The large forward gain of A4 is sufficient to give a +5 V output for a very
      small difference between the output voltage and the high limit voltage at
      its input. The inclusion of R6 (which, like R7, is small compared with R5)
      results in a voltage drop so that the output voltage of A4 is in fact
      below the output voltage. The feedback loop and the high gain of A4 ensure
      that this voltage drop, and any drop across the diode D4, do not
      significantly affect the output voltage.
PAR  Consider next an input voltage of +3 V. The output voltage will also be +3
      V, resulting in amplifier A5 operating in its linear region to maintain
      the output voltage at this value, while amplifiers A4 and A6 will be
      saturated positively and negatively respectively, both being cut off from
      the output by the diodes D4 and D5.
PAR  Considering finally an input voltage of 0 V, the effects of this correspond
      broadly to the effects of an input voltage of +6 V, by virtue of the
      symmetry of the circuit. Amplifiers A4 and A5 are saturated positively and
      negatively respectively, and amplifier A6 is operating in its linear
      region to hold the output at +1 V.
PAR  The resistors R6 and R7 are included merely as a safety measure in case the
      resistors R8 and R9 should be set to give a high limit below the low
      limit. Amplifiers A4 and A6 would then be saturated negatively and
      positively respectively, and resistors R6 and R7 prevent excessive current
      flow from A6 to A4 under those conditions.
PAR  It is obvious that the limit setting resistors R8 and R9 are not loaded by
      the load on the output terminal, and can therefore be set by the aid of a
      voltmeter. Further, there is only one operational amplifier offset between
      the input and the output when the input signal is between the two limit
      levels. Finally, the circuit achieves dual limiting with only three
      operational amplifiers.
PAC  SECOND EMBODIMENT
PAR  This circuit, shown in FIG. 4 resembles the FIG. 3 circuit and
      corresponding elements have similar references but are distinguished by
      primes.
PAR  The FIG. 4 circuit can be obtained from the FIG. 3 circuit by omitting
      diode D5 and resistor R6, and replacing resistor R7 by a resistor R10
      equal to resistor R5. Thus amplifier A4' feeds the output through diode
      D4' and amplifiers A5' and A6' through equal resistors R5' and R10. In
      addition, the power supply to the operational amplifiers is asymmetric as
      shown, at +20V and -5V, so that the mean value of the two saturation
      levels of the amplifiers, +7.5V, is above the high limit voltage (5V or
      less).
PAR  The operation of this embodiment is broadly similar to that of the FIG. 3
      circuit, insofar as corresponding amplifiers are saturated for the various
      conditions.
PAR  However, when the input signal is +6 V, the negatively saturated output of
      amplifier A6' is not isolated by a diode. The output of amplifier A5' is
      positively saturated, and its output current flows through resistor R5'
      and then divides, part flowing through diode D4' into amplifier A4' and
      part flowing through resistor R10 into amplifier A6' . Because the
      resistors R5 and R10 are equal, the voltage at their junction will tend to
      be the mean of the two saturation levels; as this is above the high limit
      voltage, diode D4' and amplifier A4' will pull the output voltage down to
      the high limit voltage.
PAR  For an input voltage of +3 V, amplifier A5' will be in the linear region.
      However, its output voltage will be higher than in the FIG. 3 circuit,
      because it will have to supply current to the negatively saturated
      amplifier A6' via resistors R5' and R10 as well as the output current.
PAR  For an input 0 V, amplifier A5' will be saturated negatively and the output
      of amplifier A6' will have to supply current to it, and because of
      resistor R10, its output voltage will be higher than in the first form of
      the circuit. The asymmetry of the power supply ensures that this can be
      properly achieved.
PAR  Resistors R5' and R10 could be unequal, but this would result in a greater
      asymmetry of the power supply being required.
PAR  It is obvious that an exactly equivalent circuit can be derived from the
      FIG. 3 circuit by omitting diode D4 and resistor R7, and replacing
      resistor R6 by a resistor equal to resistor R5.
PAC  THIRD EMBODIMENT
PAR  This circuit, shown in FIG. 5, resembles the FIGS. 3 and 4 circuits, and
      corresponding elements have corresponding references distinguished by an
      additional prime. The FIG. 5 circuit can be derived from the FIG. 4
      circuit by omitting diode D4' and replacing it by a resistor R11 equal to
      resistors R5" and R10'. In addition, the power supply voltages must be
      such that the spans between the high limit voltage and the positive
      saturation level, and between the low limit voltage and the negative
      saturation level, are both greater than the span between the high and low
      limit voltages; the voltages are therefore +15 V on line 32" and -10 V on
      line 33" as shown.
PAR  The operation of this form of the circuit is the same as for the other two
      forms insofar as the saturation of the amplifiers is concerned.
      Considering however the effects of two amplifiers being saturated, one
      positively and one negatively, the current flowing between them will tend
      to bring the output voltage to the mean of the two saturation levels. The
      third amplifier will be operating in its linear region, i.e. producing an
      output between the two saturation levels, and can therefore move the
      output voltage to anywhere within the middle third of the span between the
      two saturation levels.
PAR  Inequality of the resistors R5", R10', and R11 will reduce the permissible
      range between the saturation levels for the high and low limits.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A dual limiter circuit comprising first and second operational
      amplifiers having their positive inputs fed with the two limiting
      voltages, a third operational amplifier having its positive input fed with
      the limiter circuit input voltage, a respective impedance for each
      amplifier connecting its amplifier output to the limiter circuit output,
      and a feedback connection from the limiter circuit output to the negative
      inputs of all three amplifiers, the arrangement being such that, whatever
      the value of the circuit input voltage, one of the amplifiers operates in
      its linear region and controls the circuit output voltage while the other
      two amplifiers are saturated in opposite senses.
NUM  2.
PAR  2. A dual limiter circuit according to claim 1 where the impedance for the
      third amplifier is resistive and the impedances for the first and second
      amplifiers include oppositely poled diodes.
NUM  3.
PAR  3. A dual limiter circuit according to claim 1 where the impedances for the
      first and third amplifiers are resistive and the impedance for the second
      amplifier includes a diode.
NUM  4.
PAR  4. A dual limiter circuit according to claim 1 where the impedances for all
      three amplifiers are all resistive.
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ABST
PAL  An amplifying circuit for pulse signals comprises a plurality of delay
      lines and a plurality of transistor circuits. The base electrode of each
      transistor is grounded. Each of the delay lines has a delay time of td
      which can be expressed as tw &lt; 2td, where tw is the duration of the pulses
      to be amplified. Each of the transistor circuits exhibits a short-circuit
      impedance for the first incident wave and exhibits the characteristic
      impedance for the second incident wave of opposite polarity from the first
      incident wave. The delay lines and the transistor circuits are connected
      in cascade.
BSUM
PAR  The present invention relates to an amplifying circuit for pulse signals.
      More particularly, the invention relates to an amplifying circuit for
      pulse signals, which circuit comprises transistors and delay lines.
PAR  Various types of amplifying circuits for pulse signals have heretofore been
      provided, but all of them basically utilize the amplifying operation of
      transistors and the non-linear amplifying operation of amplifying pulse
      signals of a small level up to large pulses of a constant level by a
      switching operation using the pulse signal input. However, in order to
      obtain high speed switching operation of a transistor, it is necessary to
      connect a parallel circuit of a capacitor and a resistor in series to the
      base electrode of the switching transistor. The emitter electrode of the
      transistor is grounded or it is necessary to provide the bias setting to
      operate the transistor in the unsaturated region to shorten the turn-off
      time of the transistor.
PAR  An object of the invention is to provide an amplifying circuit for pulse
      signals, which circuit is of simple structure, but operates with
      efficiency, effectiveness and reliability.
PAR  Another object of the invention is to provide an amplifying circuit for
      pulse signals, which circuit operates differently from conventional
      amplifying circuits.
PAR  Still another object of the invention is to provide a novel amplifying
      circuit for pulse signals, comprising delay lines and transistors, which
      operates in the basically different manner from conventional amplifying
      circuits, that is, by amplifying pulses by the utilization of the
      reflection by the distributed constant line.
PAR  In accordance with the invention, the amplifying circuit for pulse signals
      comprises a plurality of delay lines and a plurality of transistor
      circuits. The base electrode of each transistor is grounded. Each of the
      delay lines has a delay time td which can be expressed as tw &lt; 2td, where
      tw is the duration of the pulses to be amplified. Each of the transistor
      circuits exhibits a short-circuit impedance for the first incident wave
      and a characteristic impedance for the second incident wave of opposite
      polarity from the first incident wave. The delay lines and the transistor
      circuits are connected in cascade.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a block diagram of an embodiment of the amplifying circuit of the
      invention;
PAR  FIG. 2 is a circuit diagram of the transistor circuit of each amplifying
      stage of the amplifying circuit of the invention;
PAR  FIG. 3 is a circuit diagram of the equivalent circuit of the circuit of
      FIG. 2; and
PAR  FIG. 4 is a time chart for explaining the operation of the amplifying
      circuit of FIG. 1.
DETD
PAR  FIG. 1 is the amplifying circuit for pulse signals of the invention,
      comprising delay lines DL1, DL2, . . . DLn having a characteristic
      impedance of Zo and transistor circuits TC1, TC2, . . . TCn. Each of the
      transistor circuits TC1 to TCn comprises the circuit shown in FIG. 2. The
      delay lines DL1 to DLn and the transistor circuits TC1 to TCn are
      connected in cascade. In FIG. 1, a pulse connected source PG supplies
      current pulses. It is assumed that the output impedance is infinite. It
      is, of course, also possible to utilize a pulse voltage source having an
      internal impedance of the characteristic impedance Zo.
PAR  The duration of the pulses produced by the source PG is tw and the delay
      time of each of the delay lines DL1 to DLn is td. Pulse current I of
      negative polarity is supplied by the pulse current source PG to the
      transistor circuit TC1 through the delay line DL1. And the degree of
      amplification of the amplifying circuit 1 is determined by the number of
      stages of delay lines DL1 to DLn and transistor circuits TC1 to TCn
      connected in cascade.
PAR  FIG. 2 shows an embodiment of each transistor circuit TC1 to TCn of the
      invention. An NPN type transistor T has an emitter electrode connected to
      an input terminal 2 via a capacitor C1. The transistor T has a base
      electrode connected to a point at ground potential via a biasing resistor
      R1. The transistor T has a collector electrode connected to an output
      terminal 3. The emitter electrode of the transistor T is connected to a
      source of negative voltage -E1 via an impedance Zo and a biasing resistor
      R2 connected in series.
PAR  The base electrode of the transistor T is connected to a common point in
      the connection of the impedance Zo and the resistor R2 via a variable
      biasing resistor R3. A capacitor C2 is connected between a common point in
      the connection of the impedance Zo and the resistor R2 and a point at
      ground potential. A capacitor C3 is connected between the base electrode
      of the transistor T and a point at ground potential. An inductance L is
      connected between a common point in the connection of the input terminal 2
      and the capacitor C1 and a point at ground potential.
PAR  The time constant of the impedance Zo is 2L/Zo, which is selected to become
      sufficiently large compared with the duration of the input pulse. The time
      constants of the capacitors C1 to C3 are also selected so that the time
      constants may become sufficiently large compared with the duration of the
      pulse. The equivalent circuit of each of the transistor circuits TC1 to
      TCn is therefore a transistor circuit having a grounded base electrode, as
      shown in FIG. 3.
PAR  A small forward bias is applied between the base and emitter electrodes of
      the transistor T to such an extent that said transistor may always be in
      the cuf-off condition. Therefore, if a pulse input of negative polarity is
      applied to the transistor circuit TC1 to TCn, the circuit between the base
      and emitter electrodes is biased forwardly and the input impedance becomes
      very low. A short-circuit condition substantially occurs. If a pulse input
      of positive polarity is applied to the transistor circuit TC1 to TCn, the
      circuit between the base and emitter electrodes is reversely biased and
      therefore an open circuit condition occurs. The characteristic impedance
      Zo connected in parallel with the circuit between the base and emitter
      electrodes then becomes the input impedance.
PAR  The amplifying operation of the amplifying circuit of FIG. 1 is hereinafter
      described regarding a point P1 as a reference. Assuming that a negative
      current pulse I having a pulse duration tw is supplied to the point P1, as
      shown in FIG. 4, the current I is supplied to the transistor circuit TC1
      through the delay line DL1 after a time td. As hereinbefore described, the
      grounded base transistor of the transistor circuit TC1 operates as a
      short-circuit input impedance for a pulse input of negative polarity, so
      that at a point P2 at said transistor a reflection coefficient of -1 is
      exhibited for the voltage incident wave and a reflection coefficient of +1
      is exhibited for the current incident wave. The reflected wave is thus
      sent back to the input side, that is, the point P1 side. This may be
      expressed as
EQU  V.sub.in + V.sub.R = O                                     (1)
      ##EQU1##
EQU  I.sub.t = I.sub.in + I.sub.R                               (4)
PAL  where V.sub.in is the incident voltage wave, V.sub.R is the reflected
      voltage wave, I.sub.in is the incident current wave, I.sub.R is the
      reflected current wave, and I.sub.t is the output current wave of the
      transistor circuit TC1. Substituting Equations (1), (2) and (3) in
      Equation (4),
      ##EQU2##
PAR  Equation (5) indicates that I.sub.R + I.sub.in is sent back to the input
      side as the reflected wave and, instead, current 2I.sub.in flows into the
      transistor circuit as the transmitted wave. Then, after the lapse of a
      time td, the reflected wave is reflected again from the current pulse
      source PG toward the point P2 side because the voltage reflection
      coefficient of PG is +1 and the current reflection coefficient is -1.
      After the lapse of a time td, the reflected wave arrives at the point P2.
      The pulse which arrives at the point P2 is a pulse of positive polarity so
      that, as hereinbefore described, the transistor circuit has a
      characteristic impedance Zo. The matching condition is satisfied, the
      pulse is absorbed, and the reflection is not further repeated.
PAR  Therefore, a pulse amplification of gain 2 can be achieved by a single
      delay line DL1 to DLn and a single transistor circuit TC1 to TCn which are
      interconnected and form a single stage, the delay line having a delay time
      of td which can be expressed at tw&lt;2td, where tw is the duration of the
      pulse. A double pulse current output is therefore supplied from the
      transistor circuit TC1 to the following stages, each of which comprises a
      delay line and a transistor circuit interconnected in cascade.
PAR  Thus, as seen from FIG. 4, which shows the relation between the incident
      wave and the reflected wave, an amplifying circuit having a gain of
      2.sup.n may be constituted by the first to the nth stages interconnected
      in cascade, each comprising a transistor circuit and a delay line. In FIG.
      4, the points P3 and Pn correspond to the points P3 and Pn of FIG. 1.
PAR  In an embodiment of the invention, various constants, as follows, could be
      obtained. An output or load resistor RL is connected to the output of the
      transistor circuit TCn, in FIG. 1. In an amplifying circuit comprising
      three transistor circuits TC1, TC2 and TC3, as shown in FIG. 2, connected
      in cascade through a delay line of 30 cm and having a characteristic
      impedance of 75 ohms, wherein the value of the variable resistor R3 varies
      from 100 to 200 ohms, the resistance value of the resistor R2 is 2
      kilohms, the resistance value of the resistor R1 is 1 kilohm, each of the
      capacitors C1, C2 and C3 has a capacitance of 4700 micromicrofarads, the
      inductance value of the inductance is 3 millihenries, the voltage source
      -E1 is -15 volts, and the impedance Zo is 75 ohms, the input and output
      pulses have the following values. The amplitude of the input pulse is 1
      volt, the pulse duration tw is 1 nanosecond and the repetition period is
      100 megahertz. The amplitude of the output pulse is 8 to 10 volts, but is
      variable in accordance with the resistance value of the variable resistor
      R3. The delay time of the output pulse from the input pulse is 4.5
      nanoseconds.
PAR  As hereinbefore described, in the amplifying circuit for pulse signals of
      the present invention, since the delay time td of the delay line is
      related to the pulse duration tw as tw&lt; 2td, the reflected wave and the
      incident wave are not overlapped. Since the transistor circuit exhibits a
      short-circuit input impedance for the first incident wave and exhibits a
      characteristic impedance for the second incident wave, waveform distortion
      due to multiple reflection may be eliminated. Furthermore, since the
      transistor utilized has a grounded base electrode, an amplification gain
      of 2 may be obtained with one stage, even when pulses having a very wide
      band frequency spectrum are utilized. Therefore, the desired gain may be
      obtained by connecting a plurality of stages in cascade. While the
      aforedescribed embodiment uses transistor circuits corresponding to
      negative polarity input pulses, transistor circuits corresponding to
      positive polarity input pulses may also be provided by utilizing, for
      example, PNP transistors, whereby the aforedescribed characteristic may be
      provided.
PAR  The current pulse source PG of FIG. 1 may be replaced by a voltage pulse
      source having an output impedance equal to the characteristic impedance Zo
      of the delay line. The output impedance of the current pulse source is
      infinite.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, it should not be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
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STM  We claim:
NUM  1.
PAR  1. An amplifying circuit for pulse signals, comprising
PA1  a pulse signal input terminal for supplying pulse signals having a pulse
      duration tw;
PA1  a delay line having a predetermined characteristic impedance and a delay
      time td, the pulse duration tw being less than 2td;
PA1  a transistor having a grounded base electrode, an emitter electrode coupled
      to the input terminal via the delay line and a collector electrode;
PA1  an impedance having the value of the characteristic impedance of the delay
      line connected between the emitter and base electrodes of the transistor;
      and
PA1  an output terminal connected to the collector electrode of the transistor.
NUM  2.
PAR  2. An amplifying circuit for pulse signals, comprising
PA1  a plurality of delay lines each having a predetermined characteristic
      impedance and a delay time td;
PA1  a plurality of transistors connected alternately in cascade with the delay
      lines, each of the transistors having a grounded base electrode, an
      emitter electrode coupled to the delay line next-preceding it and a
      collector electrode connected to the delay line next-succeeding it;
PA1  a pulse signal input terminal coupled to the emitter electrode of a first
      of the plurality of transistors via a first of the plurality of delay
      lines for supplying pulse signals having a pulse duration tw which is less
      than 2td;
PA1  a plurality of impedances each having the value of the characteristic
      impedance of each delay line and each connected between the emitter and
      base electrodes of a corresponding one of the transistors; and
PA1  an output terminal connected to the collector electrode of a last of the
      plurality of transistors.
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ABST
PAL  A low noise, multistage microwave transistor amplifier constructed using
      microwave integrated circuit techniques is disclosed. The illustrated
      embodiment is a two-stage transistor amplifier which is the basic building
      block for broadband, high-gain cascades. This amplifier features an
      interstage network consisting of a very short transmission line which
      minimizes the size and frequency dependence of the amplifier. This is
      achieved in the satellite communications band of 3.7 to 4.2 GHz by
      constructing the amplifier on a suitably low dielectric constant substrate
      rather than the usual high dielectric constant substrates used in
      microwave amplifier applications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to microwave amplifiers, and more
      particularly to a low noise, multistage transistor amplifier constructed
      using microwave integrated circuit techniques.
PAR  2. Description of the Prior Art
PAR  In the past, the use of tunnel diodes in low noise microwave amplifiers
      resulted in certain restrictions being placed upon the system designer,
      the development engineer, and the microwave system itself. These
      restrictions resulted from the limitations of the device, namely, very low
      output power before the onset of serious intermodulation distortion,
      limited gain bandwidth product, the requirement of at least two circular
      junctions for each 10-12 dB of gain desired in multistage amplifiers,
      extreme regulation requirements of the supply voltage, moderately high
      noise figures, and poor reliability and stability.
PAR  In spite of the numerous drawbacks of tunnel diode amplifiers, they are
      often superior to three-terminal or two-port amplifiers such as transistor
      amplifiers in microwave applications. The limiting factor in transistor
      amplifiers, besides the transistors themselves, is the close impedance
      matching required for low noise, broadband operation in the microwave
      region, for example in the 3.7 to 4.2 GHz satellite communications band.
      Such amplifiers have typically been constrained to the use of alumina as a
      substrate and have required multi-element matching networks of
      short-circuit lines, open-circuit lines, quarter-wavelength transformers,
      and the like. These additional elements tend to narrow the ultimate
      bandwidth of the amplifier, and broadband operation can be achieved only
      at the expense of even more complex matching networks.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an
      extremely low noise microwave transistor amplifier having a wider
      bandwidth and greatly increased reliability than obtainable using tunnel
      diode amplifiers.
PAR  It is another object of the invention to provide a multistage microwave
      integrated circuit transistor amplifier having a noise temperature
      improvement on the order of 25 percent over state-of-the-art tunnel diode
      amplifiers.
PAR  It is a further object of the invention to provide an optimal transistor
      amplifier for use in the microwave spectrum which is simple in
      construction and unconditionally stable.
PAR  The foregoing and other objects of the invention are attained by providing
      a two-stage microwave integrated circuit transistor amplifier featuring
      very simple impedance matching networks. These networks are made possible
      in part by the choice of a low dielectric constant substrate permitting
      the design, for example, of an interstage network consisting of a very
      short transmission line. Such a design is impossible when the usual choice
      of alumina is used for the substrate. The resulting simplicity of the
      matching circuits according to the invention is directly responsible for
      minimizing both the size and frequency dependence of the amplifier. The
      choice of a low dielectric constant substrate for such an application is
      remarkable since such substrates are "soft", and it has been generally
      thought that the rigidity and physical stability offered by "hard"
      substrates such as alumina was a prerequisite to microwave amplifier
      design. Typical soft substrates which may be used in the practice of the
      invention are polyphenylene-oxide (PPO), Teflon, Fiberglass, and the like.
      These have dielectric constants of about 2.5 in contrast with a dielectric
      constant on the order of 10 for alumina.
PAR  With the use of the soft substrates, a greater physical spacing
      corresponding to an electrical spacing on the order of 15.degree. actually
      allows the transistors in a two-stage amplifier to be mounted electrically
      closer together in a realizable design; it is now possible according to
      the teaching of the invention to construct simplier matching networks. Not
      only does the basic simplicity of the design facilitate construction, the
      soft substrates are easier to machine permitting even square holes to be
      drilled to accommodate the shape of some microwave transistors.
PAR  According to the detailed disclosure of the invention hereinafter, the
      optimal two-stage amplifier is designed by first determining what
      gain/frequency performance can be expected from the transistors used,
      including an evaluation of potential stability problems. Noise data is
      determined separately through appropriate measurement. The combination of
      the gain and noise data leads to a solution for an optimum tradeoff,
      resulting in a minimum obtainable "noise measure." Finally, specified
      levels of gain flatness and output impedance match are obtained without
      degrading noise measure. Broadband, simultaneous minimization of noise
      measure, gain ripple, and impedance mismatch is in general only possible
      in amplifiers of two or more stages, so that the optimal two-stage
      amplifier can be considered a basic building block for high gain cascades.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The specific nature of the invention, as well as other objects, aspects,
      uses and advantages thereof, will clearly appear from the following
      description and from the accompanying drawings, in which:
PAR  FIG. 1 is a graphical illustration of the Raleigh stability factor,
      G.sub.max, and maximum noise figure vs. frequency of the transistors
      selected for a particular design.
PAR  FIG. 2 is a Smith chart illustrating optimum source/load impedances
      compared to transistor scattering parameters S.sub.11  and S.sub.22.
PAR  FIG. 3 is a Smith chart illustrating a paricular source impedance which
      would yield a constant gain across the satellite communications band of
      3.7 to 4.2 GHz.
PAR  FIG. 4 is a Smith chart illustrating contours of constant gain and noise
      figure at 4 GHz.
PAR  FIG. 5 is a Smith chart illustrating contours of constant noise measure at
      4 GHz.
PAR  FIGS. 6 and 6A are a Smith chart and a schematic diagram, respectively,
      illustrating the synthesis of an input matching network which provides the
      proper source admittance to achieve minimum noise measure.
PAR  FIG. 7 is a schematic diagram of the first stage of the amplifier according
      to the invention having an input impedance matching network in which the
      noise measure has been minimized.
PAR  FIGS. 8, 8A and 8B are a Smith chart and two schematic diagrams,
      respectively, illustrating the output impedance of Q.sub.1 transformed
      into the necessary source impedance for Q.sub.2 by using a 50.OMEGA. line
      0.05.lambda. long.
PAR  FIGS. 9 and 9A are a Smith chart and a schematic diagram, respectively,
      illustrating the synthesis of the output impedance matching network.
PAR  FIG. 10 is the detailed schematic diagram of the final, optimized circuit
      for the two-stage 3.7 to 4.2 GHz amplifier.
PAR  FIG. 11 is a plan view of the amplifier of FIG. 10 constructed using
      microwave integrated circuit techniques.
PAR  FIGS. 12A and 12B are graphs illustrating the measured gain and noise
      figure, respectively, of the two stage amplifier shown in FIGS. 10 and 11.
PAR  FIG. 13 is a graph illustrating the measured input and output impedance
      matches of the amplifier shown in FIGS. 10 and 11.
PAR  FIGS. 14A and 14B are graphs illustrating total power drain and gain,
      respectively, as a function of temperature both with and without the field
      effect transistor bias regulator shown in the circuit of FIG. 10.
PAR  FIG. 15 is a graph illustrating the reduced sensitivity to supply voltage
      obtained using the field effect transistor regulator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In an exemplary embodiment, an NPN bipolar silicon transistor,
      Hewlett-Packard HP35876E, was selected for use in the amplifier, and the
      complete two-port performance of the device is specified by the
      manufacturer in the form of scattering or S-parameters over a wide
      frequency range. All gain and impedance data are available from the
      S-parameters; however, noise data must be determined independently. For
      the chosen device operating at the manufacturer's specified conditions of
      a collector voltage of 10 volts and a current of 3 milliamps for minimum
      noise figure, the scattering parameters are given in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     S Parameters                                                              
     Parameter                                                                 
             3 GHz       4 GHz       5 GHz                                     
     ______________________________________                                    
     S.sub.11                                                                  
             0.47/173.degree.                                                  
                         0.49/155.degree.                                      
                                     0.48/135.degree.                          
     S.sub.12                                                                  
             0.112/22.degree.                                                  
                         0.135/15.degree.                                      
                                     0.15/10.degree.                           
     S.sub.21                                                                  
             2.0/47.degree.                                                    
                         1.45/20.degree.                                       
                                     1.20/0.degree.                            
     S.sub.22                                                                  
             0.57/- 82.degree.                                                 
                         0.58/- 98.degree.                                     
                                     0.62/- 112.degree.                        
     ______________________________________                                    
PAL  Amplifier design begins from this data base. An understanding of
      S-parameters and their use in amplifier design and analysis may be had by
      reference to George E. Bodway, "Two-Port Power Flow Analysis Using
      Generalized Scattering Parameters," Microwave Journal, vol. 10, no. 6, May
      1967, and W. H. Froehner, "Quick Amplifier Design with Scattering
      Parameters," Electronics, Oct. 16, 1967.
PAR  The scattering parameters of Table 1 can be converted, for convenience, to
      short circuit admittance parameters. For the simple 2 .times. 2 matrix
      which describes a three-terminal device,
      ##EQU1##
      where
EQU  .DELTA. = S.sub.11 S.sub.22 -  S.sub.12 S.sub.21
PAL  Equations for Y.sub.22 and Y.sub.21 are derived by interchanging the
      indices 1 and 2 in equation (1).
PAR  The frequency-dependent Y parameters are then used to determine the maximum
      available gain, G.sub.max, and the Raleigh stability factor, k, from
      ##EQU2##
      FIG. 1 shows how k and G.sub.max vary across the frequency range 3.0 to
      5.0 GHz. F.sub.1 is the maximum noise figure over the same frequency
      range.
PAR  Since k &gt; 1, one knows that the device is unconditionally stable (above
      about 2.8 GHz); that is, it cannot be made to oscillate for any real
      source and load impedances.
PAR  Observing G.sub.max, the maximum gain/stage which can be expected across
      the 3.7 to 4.20-GHz band is about 8 dB. Since the first stage will be
      mismatched at the input in order to obtain minimum noise figure, a more
      realistic figure might be 7 dB or less.
PAR  Finally, the source and load admittances required to achieve G.sub.max and
      conjugate input and output impedance matches are:
      ##EQU3##
      and
      ##EQU4##
      Note that Y.sub.Lg, Y.sub.sg, and G.sub.max do not exist for k &lt; 1.0, a
      case corresponding to potential instability.
PAR  It is of interest to plot the frequency-dependent impedances required to
      produce G.sub.max compared to the conjugates of the impedances given by
      S.sub.11 and S.sub.22. FIG. 2 makes this comparision for the HP35876E
      transistor. Note that the device is more difficult to match to a 50.OMEGA.
      system than S.sub.11 and S.sub.22 indicate and that equal difficulty can
      be expected in designing the input and output matching networks.
PAR  Whenever constant gain is required across a given frequency band (while
      G.sub.max varies, FIG. 1), it is necessary to determine constant gain
      circles for source and load admittances other than Y.sub.sg and Y.sub.Lg.
PAR  H. Fukui has shown in an article entitled "Available Power Gain, Noise
      Figure, and Noise Measure of Two-Ports and Their Graphical
      Representations," IEEE Transactions on Circuit Theory, vol. CT-13, no. 2,
      June 1966, that constant gain circles in the rectangular Y.sub.s (source
      admittance) plane may be determined using the gain resistance parameter
      ##EQU5##
      to form equation (7)
      ##EQU6##
      where
EQU  Y.sub.s =  G.sub.s +  jB.sub.s = source admittance
EQU  Y.sub.sg =  G.sub.sg +  jB.sub.sg
PAL  and G &lt; G.sub.max. By placing equation (8) in the form
EQU  G.sub.RG.sup.2 = (G.sub.s -  G.sub.G).sup.2 + (B.sub.s -  B.sub.G).sup.2 (
     8)
PAL  one finds that constant gain contours are circles in the Y.sub.s -plane,
      defined by their centers at
EQU  B.sub.G =  B.sub.sg                                        (9)
      ##EQU7##
      and radii of
      ##EQU8##
PAR  Circles in the rectangular Y.sub.s -plane can be shown to map into circles
      in the (Smith chart) .rho..sub.s -plane. The locus of centers no longer
      lies on identical values of admittance, and the radii are, as expected,
      different. All admittance values defining the periphery of the circles are
      preserved in mapping the circles from the Y.sub.s -plane to the
      .rho..sub.s -plane, however. Applying the bilineal transformation
      ##EQU9##
      results in new circles on the Smith chart defined by centers at
      ##EQU10##
      where
      ##EQU11##
      and
      ##EQU12##
PAR  The radius of the circle is r.sub.g, given by
      ##EQU13##
      where g.sub.rg =  G.sub.RG /Y.phi.. Equations (13), (14), and (17) define
      an infinite set of circles whose centers, it should be noted, all lie on
      the same radial line defined by 1/4 = 1/4.sub.g.
PAR  Constant gain locii in the Y.sub.L -plane can easily be determined by
      substituting Y.sub.Lg for Y.sub.sg, Y.sub.12 for Y.sub.21, and Y.sub.11
      for Y.sub.22.
PAR  As an example of their use, FIG. 3 shows constant gain circles for the
      input (Z.sub.s) plane of the HP35876E transistor. Impedance Z.sub.sa is
      one possible source impedance which results in a constant gain across 3.7
      to 4.2 GHz. Since the gain circles represent contant available gain, the
      output is assumed to be conjugately matched at all frequencies.
PAR  The solution of FIG. 3 must be modified, however, in order to minimize
      noise figure. Thus, the contours of constant gain are useful only when
      combined with constant noise figure contours.
PAR  The noise figure of any two-port network is sensitive to both load and
      source impedances in the same way that available gain is; circles of
      constant noise figure exist in both the Y.sub.s - and Y.sub.L -planes.
PAR  H. Fukui has shown in his above-referenced article that any two-port can be
      completely described in terms of its noise performance by the four
      constants of equation (18):
      ##EQU14##
      where
EQU  F.sub.min = minimum obtainable noise figure
EQU  Y.sub.sf =  G.sub.sf +  jB.sub.sf = that source admittance for which
      F.sub.min is obtained
EQU  R.sub.ef = the "noise resistance"
PAL  and all four constants may be determined experimentally. By comparing
      equation (17) with equation (7) an immediate solution for constant "F"
      circles in the Y.sub.s -plane can be determined. In the rectangular
      Y.sub.s -plane, the circles are given by their centers at
      ##EQU15##
EQU  B.sub.F =  B.sub.of                                        (20) and radii
      of
      ##EQU16##
PAR  Transformation of the Y.sub.s -plane constant-F circles onto the
      .rho..sub.s -plane again results in a family of circles whose centers lie
      on a fixed radial line.
PAR  Since no single choice of input admittance will minimize noise figure and
      maximize gain simultaneously, it is necessary to compromise. One criterion
      for excellence which may be used is the minimization of the noise measure,
      M, given by
      ##EQU17##
      where F = noise figure and G = gain, which is equivalent to the noise
      figure of an infinite chain of identical amplifiers, minus 1.0. The F and
      G of the above equation are obtained simultaneously, using a particular
      source admittance.
PAR  In order to solve for F.sub.min, M.sub.min, and contours of both, it is
      necessary to determine the unknowns of equation (18).
PAR  One technique is to measure the noise figure resulting from the application
      of at least four different source admittances and fit the results to
      equation (18). Often seven or more values of Y.sub.s are used, with a
      "best fit" result chosen.
PAR  A second technique is to adjust Y.sub.s for minimum noise figure, thus
      determining Y.sub.sf and F.sub.min directly. One additional data point
      (Y.sub.s /Y.sub..phi. = 1.0 +  j0 is convenient) is then sufficient to
      determine R.sub.ef. For the HP35876E at 4 GHz, the observed data were as
      follows:
TBL  Measured            Measured                                              
     Z.sub.s /Z.sub..phi.                                                      
                         Noise Figure                                          
     ______________________________________                                    
     1.0 + j0            4.0 dB                                                
     0.42 - 0.20j        3.2 dB (F.sub.min)                                    
     ______________________________________                                    
PAL  which result in noise parameters of
      ##EQU18##
EQU  R.sub.ef =  12.3.OMEGA.
EQU  F.sub.min =  3.20 dB These data allow the designer to synthesize a network
      which minimizes M and thus the overall noise figure of a multistage
      amplifier.
PAR  The first step in low-noise amplifier design is the synthesis of an input
      matching network which minimizes M, thus representing an optimum
      compromise between high gain and low noise figure.
PAR  FIG. 4 shows constant gain and noise figure circles (plotted on a Smith
      chart) for the HP35876E transistor at 4 GHz. The gain vs. noise figure
      tradeoff is clear.
PAR  From the measured noise data, the minimum value of M is found to be
EQU  M.sub.min =  1.347
PAL  which corresponds to an "infinite chain" noise figure of 2.347, or 3.71 dB.
      M.sub.min occurs at a calculated admittance of
      ##EQU19##
      and an associated gain of 7.3 dB (from FIG. 4). FIG. 5 presents these data
      on a Smith chart, along with constant-M circles derived mathematically.
PAR  Finally, FIG. 6 shows how a very simple network can be synthesized to
      provide the proper source admittance over a wide bandwidth. While only the
      4-GHz constant-M circle is used here, the resultant error is small.
      Likewise, more complicated networks could be synthesized either
      mathematically or using the Smith chart directly, but the improvement
      would be small or non-existent due to increased line losses.
PAR  Given the network of FIG. 6a, the first-stage noise measure is minimized
      and the output impedance is known. Design of the interstage network
      connecting the output of the first stage to the input of the second is
      then possible.
PAR  The output admittance of the first stage (FIG. 7) is next calculated as a
      function of frequency. Superimposing these data on a Smith chart showing M
      for the source admittance plane of Q.sub.2, the problem becomes clear.
      FIG. 8 shows these data as well as one possible interstage network
      determined through normal Smith chart techniques.
PAR  One is not, however, free to minimize M of Q.sub.2 across the 3.7 to
      4.2-GHz band. The expected gain slope (of about 1.7 dB) must be
      compensated for in the interstage network, since the output of Q.sub.2
      must be conjugately matched to the load. Referring to FIG. 4, it is clear
      that shortening the transmission line connecting Q.sub.1 and Q.sub.2 will
      have the desired effect of reducing the gain at 3.7 GHz.
PAR  FIGS. 8, 8A and 8B show that selection of a 0.05.lambda. transmission line
      (50.OMEGA.) results in approximately the proper gain taper from 3.7 to 4.2
      GHz, since gain will be highest at 4.2 GHz. The rate of slope can be
      altered by varying the line impedance or lengths. Second-stage noise
      figure should be about 3.5 dB using this interstage network.
PAR  By choosing an interstage network consisting of a very short transmission
      line, size and frequency dependence of the amplifier are minimized.
      However, a suitable low-K dielectric substrate will be seen to be
      necessary, rather than the more usual high-K types (e.g., alumina).
PAR  Having chosen input and output matching networks, the output impedance of
      Q.sub.2 can be calculated directly. Again using standard Smith chart
      techniques, a distributed network can be synthesized to match this
      impedance to 50.OMEGA. over 3.7 to 4.2 GHz. FIGS. 9 and 9A show how this
      procedure is carried out. A 1.5:1 maximum VSWR results.
PAR  The final amplifier is pictured schematically in FIG. 10. The unwieldly
      portions of the optimized circuits are replaced by equivalents which are
      easier to realize on a microwave integrated circuit format. For example,
      the 25.OMEGA., 180.degree. open stub in the output network shown in FIG.
      9A is replaced by two 25.OMEGA.,  90.degree. shorted stubs. Thus, as shown
      in FIG. 10, the input impedance matching network comprises a distributed
      parameter network including two 40.OMEGA., 15.degree. open stubs followed
      by a short 50.OMEGA., 15.degree. transmission line connected to the base
      of Q.sub.1. The interstage network coupling the collector of Q.sub.1 to
      the base of Q.sub.2 comprises a short 40.OMEGA., 15.degree. transmission
      line shown in FIG. 10 as split into two short transmission lines of
      8.degree. and 7.degree., respectively. Finally, the output impedance
      matching network comprises a 50.OMEGA., 45.degree. shorted stub connected
      to the collector of Q.sub.2 followed by the 75.OMEGA., 90.degree.
      transmission lines and the previously mentioned two 25.OMEGA., 90.degree.
      shorted stubs.
PAR  Bias is introduced into the amplifier by using high-impedance, 90.degree.
      transmission lines RFC.sub.1 to RFC.sub.4 which are thoroughly bypassed at
      the bias input end. These transmission lines are typically 0.003 inch
      wide, and by selecting a substrate of K= 2.55, the impedance of these
      lines is greater than 200.OMEGA., making them quite invisible near 4 GHz.
      This low-K substrate also allowed the realization of the 15.degree.
      interstage line, the actual length of which is 0.086 inch, as compared
      with about 0.040 inch if alumina had been used. The capacitors C.sub.1,
      C.sub.2 and C.sub.3 are coupling capacitors of 100 pF providing DC
      isolation of the bias voltages for Q.sub.1 and Q.sub.2.
PAR  The series connected field effect transistor Q.sub.3 in the positive DC
      line ensures that overvoltage will not result in damage, and reduces
      temperature dependence. Q.sub.3 acts as a constant current source. The
      zener diode D.sub.1 ensures that reverse voltage will not damage the
      microwave transistors and provides further overvoltage protection.
PAR  The amplifier as constructed on a 2 .times. 2 .times. 0.030 inch PPO
      substrate is shown in FIG. 11. This substrate material in a 0.030 inch
      thickness exhibits low radiation losses and very low dissipative losses
      due to the large width required for normal line impedances. The same
      reference numerals are used in both FIGS. 10 and 11 so that a direct
      comparison can be made between the schematic diagram and the physical
      realization of the circuit.
PAR  FIGS. 12A and 12B show measured noise figure, including the contribution of
      the measurement system (F.sub.IF =  6dB), and gain-frequency performance,
      respectively. Without an input circulator, the maximum system noise figure
      was 3.8 dB, corresponding to a 3.6-dB maximum amplifier noise figure. Gain
      was flat to within 0.2 dB.
PAR  Return loss at the input and output ports is shown in FIG. 13. The output
      return loss was later reduced to 18 dB minimum. Input match was as
      expected. A single-junction circulator would be required at the input in
      applications requiring a low input VSWR. This could be expected to raise
      the overall noise figure to 3.9 dB maximum, or 4.2 dB maximum if a
      microwave integrated circuit circulator were used.
PAR  Temperature stability is shown in FIGS. 14A and 14B; the series field
      effect transistor regulator is clearly quite effective. Improvement in
      voltage/current sensitivity is also demonstrated in FIG. 15.
PAR  The electrical performance of the two-stage amplifier at 3.7-4.2 GHz is
      superior to that of any low noise amplifier currently available, excluding
      parametric amplifiers or cryogenic amplifiers.
PAR  Compared to state-of-the-art tunnel diode amplifiers, with which such
      transistor amplifiers compete directly, this device provides a noise
      temperature improvement of at least 25 percent, an output power 15-20 dB
      larger (for equivalent intermodulation), a much greater tolerance to
      supply voltage fluctuation, wider bandwidth, a requirement for only one
      circulator junction regardless of gain, unconditional stability, and
      greatly increased reliability.
PAR  It will be apparent, however, that the embodiment shown and described is
      only exemplary and that various modifications can be made in construction
      and arrangement within the scope of the invention as defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A broadband, low noise microwave transistor amplifier comprising:
PA1  a first bipolar transistor connected as a first common emitter amplifier
      stage,
PA1  an input distributed parameter impedance matching network connected to the
      base of said first transistor and having a source admittance selected to
      minimize the noise measure, M, of said first transistor defined by the
      equation
      ##EQU20##
      where F is the noise figure and G is the gain, a second bipolar transistor
      connected as a second common emitter amplifier stage,
PA1  an interstage distributed parameter impedance matching network connected to
      the base of said second transistor and producing a second stage source
      admittance selected to minimize the noise measure, M, of said second
      transistor over at least a part of the amplifier bandwidth while yielding
      a net constant gain for the composite two stage amplifier,
PA1  said interstage network connecting the collector of said first transistor
      to the base of said second transistor and consisting of a short
      transmission line, and
PA1  an output matching network connected to the collector of said second
      transistor which produces a constant output impedance over a broad
      frequency range.
NUM  2.
PAR  2. A broadband, low noise microwave transistor amplifier as recited in
      claim 1 for operation in the band 3.7 to 4.2 GHz wherein said transmission
      line interstage network is 15 electrical degrees in length at 4 GHz.
NUM  3.
PAR  3. A broadband, low noise microwave transistor amplifier as recited in
      claim 2 wherein said amplifier is constructed using microwave integrated
      circuit techniques on a substrate having a dielectric constant on the
      order of 2.5.
NUM  4.
PAR  4. A broadband, low noise microwave transistor amplifier as recited in
      claim 3 wherein said transmission line interstage network is between 0.080
      and 0.090 inch in length.
NUM  5.
PAR  5. A broadband, low noise microwave transistor amplifier as recited in
      claim 2 wherein said input network comprises
PA1  a pair of open circuit stubs 15 electrical degrees in length, and
PA1  a transmission line 15 electrical degrees in length connecting said pair of
      open circuit stubs to the base of said first transistor.
NUM  6.
PAR  6. A broadband, low noise microwave transistor amplifier as recited in
      claim 5 wherein said output network comprises
PA1  a shorted stub 45 electrical degrees in length and connected to the
      collector of said second transistor,
PA1  a pair of shorted stubs 90 electrical degrees in length, and
PA1  a transmission line 90 electrical degrees in length connecting said shorted
      stub to said pair of shorted stubs.
NUM  7.
PAR  7. A broadband, low noise microwave transistor amplifier as recited in
      claim 6 wherein said amplifier is constructed using microwave integrated
      circuit techniques on a substrate having a dielectric constant on the
      order of 2.5.
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ABST
PAL  An electronic circuit for automatically controlling gain and roll-off in
      wide-band amplifiers for use in tele-distribution systems including a
      feedback network with a negative temperature coefficient pure ohmic
      resistance feedback. When automatically controlling roll-off, a second
      negative temperature coefficient resistance is placed in series with an
      inductance.
BSUM
PAR  The present invention relates to amplifiers, and more particularly to
      electronic amplifier circuits for automatically controlling the gain and
      roll-off. More particularly, the inventive circuits find specific
      application in wide-band amplifiers used in the primary lines of
      tele-distribution systems.
PAR  The conventional amplifiers used in such tele-distribution systems have the
      disadvantage of low gain per stage, and as a result, more than one stage
      of amplification is currently the practice. If the gain of the first
      amplifier stage decreases, the noise level of the amplifier increases
      because the action of the second stage becomes felt. Similarly, if the
      second-stage gain is high, overloading of the first stage is unimportant
      and the overload level of the amplifier is consequently high. However, if
      the gain of the second stage is reduced, the overload level of the
      amplifier due to first-stage overloading is reduced.
PAR  The mutual effect of amplifier stages upon one another being very great,
      all of the above difficulties must be considered in designing the
      conventional multi-stage amplifier. If the operating characteristics of
      the amplifier are to be optimal (especially its maximum output level and
      its noise factor), the amplifier must be designed as a total package. That
      is, each amplifier stage must be designed with the remaining stages being
      carefully considered. In addition to the foregoing, the design of the
      conventional multi-stage amplifier requires that consideration be given to
      another very important characteristic, the operating points of the
      transistors constituting the various stages. The result of reducing gain
      by changing transistor bias will certainly be to modify one of the two
      previously mentioned characteristics. First, if transistor gain is lowered
      by a reduction of the current passing through it, its maximum output will
      be reduced. And second, if the gain is reduced by increasing the current,
      the internal noise will increase and consequently the noise level.
PAR  Nor should the gain of an amplifier be reduced by filter circuits
      incorporated in the amplifier. Such filter circuits produce losses at
      frequencies where less amplification is required. Attenuation preceding an
      amplifier stage increases the noise figure of the amplifier by a number of
      decebels equal to the attenuation. If the filters are located at the
      output, on the other hand, the maximum output level of the amplifier will
      be reduced.
PAR  Another way to reduce the gain of an amplifier is to use negative feedback.
      In this manner, the aforementioned characteristics of the amplifier are
      not adversely affected. Indeed, the characteristics are actually improved
      if operating conditions vary. Such feedback presupposes that the gain is
      decreased at all frequencies, although the feedback can be made a function
      of frequency.
PAR  The present invention relates to a circuit in which selective feedback as a
      function of frequency is employed. In particular, the invention relates to
      a circuit which sends a portion of the amplifier's output signal back to
      its own input, adding the 180.degree. phase-shifted return signal to the
      amplifier's input signal, in such a manner that the feedback is a function
      of frequency.
PAR  The desired result is effected in the inventive circuit by making the
      characteristics of the negative feedback circuit automatically vary. The
      inventive circuit includes a pure resistance in the feedback path in which
      the ohmic value automatically varies within certain pre-established limits
      to produce a variation in the degree of coupling between the output and
      input signals and therefore in the degree of feedback, with the ensuing
      automatic changes in the gain of the amplifier.
PAR  According to the present invention the resistance is varied by means of an
      external signal, which is a pilot signal detected at an appropriate point
      in the tele-distribution system for varying the gain characteristic of the
      amplifier to which the circuit is coupled. The variation of the ohmic
      value of the variable resistor is not produced by mechanical means.
      Rather, the resistor used is a non-linear negative temperature coefficient
      resistor, and the ohmic variation is produced by means of a control
      current which heats the resistor.
PAR  The control current will be variable depending on the points where it is
      necessary to locate the detector of the signal-amplitude variations. In
      the event that these signals are weak, they are amplified to a
      sufficiently high level to produce changes in the ohmic value of the
      negative temperature coefficient resistance by heating.
PAR  There are two types of current delivered to the negative temperature
      coefficient resistor. First, there are high frequency currents which are a
      fraction of the amplifier's output signal applied to its input with a
      180.degree. phase shift. This fraction of the output signal is variable in
      order to produce different gains. Second, there is the control current,
      which is a direct current so it can be more easily blocked, and which
      heats the negative temperature coefficient resistor in order to vary its
      ohmic value. This control current, in most cases, will be amplified to the
      proper level before flowing to the negative temperature coefficient
      resistor to enable the device to respond to small changes in the amplitude
      of the signals.
DRWD
PAR  The advantages and details of the present invention will be seen with
      greater clarity from the detailed description of an example set forth in
      the following paragraphs with reference to the accompanying drawings in
      which:
PAR  FIG. 1 is the circuit diagram of the device for automatically changing the
      gain of an amplifier stage;
PAR  FIG. 2 is a diagram similar to FIG. 1, but relates to automatically
      changing the roll-off of an amplifier stage; and
PAR  FIG. 3 is a circuit diagram of a repeater amplifier with both roll-off and
      automatic gain control.
DETD
PAR  In FIG. 1 the amplifier stage consists of an NPN transistor 1 with its base
      connected, through a capacitor 2, to the output of the previous stage or
      to the source of signals to be amplified. The base of transistor 1 is
      connected to the collector thereof by means of a parallel connection of a
      resistor 3 and a series branch comprising a capacitor 4, a negative
      temperature coefficient resistor 5 and a capacitor 6. The control current
      for the resistor 5 is supplied by a servo-amplifier (not shown) which
      delivers a variable strength direct current depending upon the level of a
      pilot signal detected at certain locations in the circuit. The collector
      of transistor 1 is further connected, by way of a capacitor 6 and a coil
      7, to terminal 8 for the automatic gain control current. In addition, the
      collector of transistor 1 associates with a power supply through a
      resistor 9, and serves as the output terminal of the circuit or the input
      to the following stage through a capacitor 10. The remaining coil 12
      serves as the return path for the DC pilot signal.
PAR  FIG. 2 shows, as already indicated above, a circuit similar to that of FIG.
      1, but directed to the automatic control of roll-off. The elements in this
      circuit performing the same function as in FIG. 1 are shown with the same
      reference numbers, and will not again be described. This circuit of FIG. 2
      differs from that of FIG. 1 only in that the feedback circuit including
      the negative temperature coefficient resistor 5 is further in series with
      an inductance 11. This is done in the roll-off arrangement since it is
      necessary that the feedback circuit not have a flat characteristic as in
      the case of automatic gain control. With the inclusion of the inductance
      11 in series with the resistor 5, the result is that there is no gain
      control in the high frequency region because the coil predominates, and as
      frequency decreases, the degree of negative feedback increases and so
      continues to increase down to the lower frequency region of the amplifier
      pass-band.
PAR  FIG. 3 shows a circuit diagram of an amplifier provided with both roll-off
      and automatic gain control. In this amplifier, each transistor 21, 22 and
      23 has feedback across its base and collector, including two parallelly
      connected negative temperature coefficient resistors 24 and 25. Resistor
      24 serves for automatic gain control and resistor 25 for automatic
      roll-off control, the latter resistance 25 being connected in series with
      an inductor 26. The letter P indicates the automatic roll-off control
      terminals and the letter G indicates the automatic gain control terminals.
      In this regard, the automatic gain control circuitry receives pilot
      signals of a frequency higher than those received by the automatic
      roll-off control circuitry. Furthermore, the servo-amplifier may be common
      to numerous of the temperature variable resistance elements.
PAR  As is usual in amplifiers such as that described above, the various stages
      and the output stage are coupled by means of coupling transformers 27.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic circuit for the automatic control of gain and roll-off
      in amplifiers having input and output terminals and feedback therebetween
      especially wide-band amplifiers for use in the primary line of
      tele-distribution systems, the improvement wherein the feedback network
      includes a first pure ohmic resistance, the value of which is
      automatically variable within preestablished limits as a function of the
      level of a variable intensity current pilot signal, a first capacitor
      coupling one side of said first ohmic resistance to the amplifier output
      terminal, and a second capacitor coupling the other side of said first
      ohmic resistance to the amplifier input terminal, an inductance having one
      side coupled between said one side of said first ohmic resistance and said
      first capacitor for applying a variable intensity current pilot signal to
      said first ohmic resistance, a return path for said variable intensity
      current pilot signal coupled between said other side of said first ohmic
      resistance and said second capacitor to furnish a control current to said
      first ohmic resistance causing it to change its ohmic value to achieve
      control of gain and roll-off, a second negative temperature coefficicent
      ohmic resistance in series with an inductance in the feedback network and
      means provided to inject a pilot signal of lower frequency into said
      second ohmic resistance, said second ohmic resistance and said serially
      connected inductance being connected in parallel with said first ohmic
      resistance.
NUM  2.
PAR  2. An electronic circuit for automatically controlling gain and roll-off in
      wide-band amplifiers for use in teledistribution systems comprising, in
      combination, a feed-back network connected between said amplifier input
      and output terminals and including a negative temperature co-efficient
      resistor, a first capacitor for coupling one end of said resistor to said
      amplifier output terminal, a variable inductance connected between said
      first capacitor and said amplifier output terminal, a second capacitor for
      coupling the other end of said resistor to said amplifier input terminal,
      a first inductance connected at one end between said first capacitor and
      said resistor one end for supplying a control current to said amplifier
      from an associated controlled circuit, a second inductance connected at
      one end between said second capacitor and said resistor other end, the
      other end of said second inductance being connected to ground, said first
      and second inductances and said resistor being serially connected to
      provide a path for a variable intensity current corresponding to the level
      of a pilot signal detected in the circuit to vary the ohmic value of said
      resistor for automatically varying the feedback and the gain in said
      amplifier.
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ABST
PAL  A gain control circuit of the balanced type whose gain is linearly
      controllable over a wide range and wherein the DC level at the circuit
      output is maintained at a constant value regardless of variations of the
      controlling current. The gain control circuit is comprised of a first
      differential amplifier which receives an input signal differentially
      applied thereto, and a second differential amplifier connected in series
      with the first differential amplifier. Unidirectional conductors are
      connected to the outputs of the first differential amplifier as a load
      impedance and variable currents are supplied to the first differential
      amplifier outputs to control the currents flowing in the unidirectional
      conductors and thereby vary the load impedances presented by the
      unidirectional conductors. The amplified output signal is derived from an
      output of the second differential amplifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gain control circuits and, in particular, to an
      improved balanced-type gain control circuit which is linearly controllable
      over a wide range and in which the DC level at the circuit output is
      maintained at a substantially constant value regardless of variations of
      circuit control current.
PAR  Balanced-type of gain control circuits are known, and especially
      balanced-type AGC circuits. These conventional AGC circuits consist of a
      differential amplifier formed of differentially connected transistors
      having common-connected emitters which are driven by a first current
      source. Usually, the input signal which is to be amplified is applied
      through an emitter-follower input transistor to one of the inputs of the
      differentially connected transistors. In addition, a second current source
      is coupled to the respective bases of the differentially connected
      transistors by forward-biased diodes.
PAR  Although this balanced-type of gain control circuit has been used in the
      prior art, the operation thereof is accompanied by notable disadvantages.
      For example, if the output DC level is to be maintained constant, the
      first-mentioned current source connected to the common-connected emitters
      must be a constant current source. Accordingly, the second-named current
      source connected to the transistor base electrodes will be varied to
      thereby permit control of the amplifier gain. However, if, during a gain
      control operation, the current level of the second-mentioned current
      source is reduced to a small level so as to effect a large amplifier gain,
      the output impedance of the emitter-follower transistor increases. The
      ratio of the current produced by the second-mentioned current source to
      the control voltage which is applied thereto cannot be maintained constant
      at such low current levels and, as a result, the amplifier current gain
      cannot be linearly controlled over a satisfactorily wide range.
PAR  On the other hand, if the amplifier current gain is to be linearly
      controlled, the second-mentioned current source must be a constant current
      source. Hence, in that event, the current produced by the first-mentioned
      current source (coupled to the common-connected emitters) is varied to
      control the amplifier gain accordingly. However, now the DC level at the
      amplifier output also will vary in response to this variation of the
      first-mentioned current source.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore, it is an object of the present invention to provide an improved
      gain control circuit which overcomes the disadvantages of the prior art.
PAR  Another object of this invention is to provide an improved balanced-type
      AGC circuit. A further object of the present invention is to provide an
      improved gain control circuit wherein the amplifier gain characteristics
      are linearly controlled over a wide range and the DC level at the
      amplifier output is kept constant regardless of variations of the gain
      controlling signal. Yet another object of this invention is to provide an
      improved AGC circuit including first and second differential amplifiers.
PAR  An additional object of this invention is to provide an improved AGC
      circuit wherein the gain of the differential amplifier included therein is
      linearly controlled by varying the effective load impedance of a diode
      connected in circuit.
PAR  It is another object of this invention to provide an improved AGC circuit
      including DC feedback circuitry to maintain a constant DC level output
      regardless of variations of temperature, supply voltage and element
      operating characteristics.
PAR  It is a further object of this invention to provide an improved AGC circuit
      that can be readily manufactured in the form of an integrated circuit.
PAR  Various other objects and advantages of the invention will become apparent
      from the forthcoming description and the novel features will be
      particularly pointed out in the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a gain control circuit is provided
      including a first differential amplifier coupled to a first constant
      current source and adapted to receive an input signal differentially
      applied thereto; a second differential amplifier connected in series with
      the first differential amplifier and coupled to a second constant current
      source, the second differential amplifier being adapted to produce an
      amplified output signal; unidirectional conductors connected to the first
      differential amplifier as load impedances therefor; and variable current
      sources coupled to the first differential amplifier to control the current
      flowing in the unidirectional conductors and thereby vary the load
      impedances presented by such unidirectional conductors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The following detailed description will best be understood in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram of a basic gain control circuit in accordance
      with this invention;
PAR  FIG. 2 is another embodiment of a gain control circuit of the present
      invention; and
PAR  FIG. 3 is a schematic diagram of a further embodiment of the gain control
      circuit of this invention.
DETD
PAC  DETAILED DESCRIPTION OF CERTAIN ONES OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein like reference numerals are used
      throughout and, in particular, to FIG. 1, there is illustrated a schematic
      diagram of a gain control circuit which is linearly controlled over a wide
      range and wherein the DC level at the circuit output is kept constant
      regardless of variations of gain controlling currents. The gain control
      circuit is seen to be comprised of a first differential amplifier formed
      of differentially connected transistors Q.sub.1 and Q.sub.2 having
      respective emitters which are connected through emitter resistors 2A and
      2B to a first constant current source 1. An input signal source
      represented as the source v.sub.i is differentially connected between the
      base electrodes of the transistors Q.sub.1 and Q.sub.2.
PAR  The gain control circuit additionally includes a second differential
      amplifier formed of differentially-connected transistors Q.sub.3 and
      Q.sub.4 having respective base electrodes connected to the collector
      electrodes of transistors Q.sub.1 and Q.sub.2, and having common-connected
      emitters which are connected to a second constant current source 5. The
      collectors of the first pair of differentially-connected transistors
      Q.sub.1 and Q.sub.2 are additionally connected through forward-biased
      unidirectional current conductors, such as diodes 3A and 3B, to a voltage
      supply source V.sub.ccl. Also connected to the collectors of the
      transistors Q.sub.1 and Q.sub.2 (and thus the bases of transistors Q.sub.3
      and Q.sub.4 ) are controllable current sources 4A and 4B, respectively.
      These controllable current sources are conventional and are adapted to
      produce output currents which are varied in response to a control signal,
      not shown. The currents I.sub.C produced by the controllable current
      sources 4A and 4B are equal and respond to a gain controlling signal so as
      to be varied by the same amount and in the same direction.
PAR  The collector of the transistor Q.sub.3 included in the second differential
      amplifier is shown to be directly connected to a voltage supply source
      V.sub.cc2, and the collector of the transistor Q.sub.4 is connected to
      this voltage supply source through a load resistor 6. A circuit output
      terminal 7 is derived from the collector of the transistor Q.sub.4.
PAR  In the illustrated circuit, if it is assumed that the constant current
      flowing through the first constant current source 1 is represented as
      I.sub.1, then the current flowing through each of the transistors Q.sub.1
      and Q.sub.2 is seen to be substantially equal to one-half of this constant
      current, i.e., I.sub.1/2 . This current flowing through each of the
      transistors Q.sub.1 and Q.sub.2 is recognized as being constant and is
      equal to the sum of the currents flowing to the collector electrode of the
      transistor. Stated otherwise, the current I.sub.1/2 is equal to I.sub.C
      (the controllable current produced by the current source 4A or 4B) and the
      current I.sub.D (the current flowing through the diodes 3A or 3B). Now, if
      the gain controlling signal (not shown) is adjusted such that the control
      current I.sub.C is caused to decrease, the current I.sub.D flowing through
      the respective diodes must increase to maintain the constant current
      relationship. Thus, the effective impedances of the diodes 3A and 3B
      decrease to thereby decrease the load impedance of the first differential
      amplifier, resulting in a reduction in the gain of the illustrated
      circuit.
PAR  Conversely, if the control currents I.sub.C are caused to increase, the
      current I.sub.D flowing through the diode 3A and 3B must be reduced to
      thereby increase the effective diode impedances, thereby increasing the
      circuit gain.
PAR  Since the respective differentially-connected transistors are driven by the
      constant current sources 1 and 5, it is appreciated that the input
      impedances of the transistors Q.sub.1 and Q.sub.2 will be maintained
      constant so that the gain control characteristics of the illustrated
      circuit are linearly controllable by a gain controlling signal over a wide
      range. Also, the DC level at the output terminal 7 is kept constant so
      that the circuit exhibits a wide dynamic range.
PAR  Referring now to FIG. 2, the same reference numerals are used to identify
      the same elements previously described with respect to FIG. 1. In the FIG.
      2 embodiment, the controllable current sources 4A and 4B are depicted as a
      current generator including a transistor Q.sub.5 having a base connected
      to a control voltage input terminal 10, a collector connected to a voltage
      supply source V.sub.cc3 and an emitter connected through equal resistors
      8A and 8B to the base electrodes of the differentially-connected
      transistors Q.sub.3 and Q.sub.4, respectively. It is appreciated that the
      current supplied through the resistors 8A and 8B is determined by the gain
      controlling voltage supplied to the transistors Q.sub.5 at the input
      terminal 10. Resistors 9A and 9B are interconnected between the base
      electrodes of the transistors Q.sub.3 and Q.sub.4, respectively, and a
      source of reference potential, such as ground.
PAR  The gain control function attained by the FIG. 2 embodiment is
      substantially similar to the aforedescribed gain control circuit achieved
      by the circuit of FIG. 1. Thus, as the gain controlling voltage applied to
      the input terminal 10 varies, the currents flowing to the bases of the
      transistors Q.sub.3 and Q.sub.4 (and thus to the collectors of the
      transistors Q.sub.1 and Q.sub.2 ) cause the currents I.sub.D flowing
      through the diodes 3A and 3B to vary in the aforedescribed manner.
      Preferably, the resistors 9A and 9B have relatively small resistance
      values so as to compensate for fluctuations in the operating
      characteristics of these diodes. This compensation is especially effective
      for the case wherein the currents flowing through the diodes 3A and 3B are
      small. Accordingly, for the gain control function wherein the control
      currents flowing through the resistors 8A and 8B are increased to a high
      value to thereby increase the effective load impedance presented by the
      diodes 3A and 3B, substantially the same amount of current will still flow
      through the diodes because of the compensating resistors.
PAR  A still further embodiment of the present invention is schematically
      depicted in FIG. 3 wherein those elements which correspond to the
      previously described elements of FIG. 1 are identified by the same
      reference numerals. In FIG. 3, the DC level at the circuit output is
      maintained constant regardless of fluctuations of the operating
      characteristics of the diodes 3A and 3B, variation of ambient temperature
      and variation in supply voltage. This advantageous operation is attributed
      to a DC feedback loop between the second differential amplifier output and
      the first differential amplifier input. The respective collector
      electrodes of the transistors Q.sub.3 and Q.sub.4 correspond to the second
      differential amplifier output and, as shown, these collector electrodes
      are connected through the load resistors 6A and 6B, respectively, to the
      supply voltage source V.sub.cc2. The collector electrode of the transistor
      Q.sub.3 is coupled by a transistor Q.sub.6 to the base input of the
      transistor Q.sub.2. Similarly, the collector electrode of the transistor
      Q.sub.4 is coupled by a transistor Q.sub.7 to the base input of the
      transistor Q.sub.1. The transistors Q.sub.6 and Q.sub.7 are disposed in
      emitter-follower configuration so that resistors 8A and 9A are connected
      in the emitter circuit of the transistor Q.sub.7 to ground. Similarly, the
      resistors 8B and 9B are connected in the emitter circuit of the transistor
      Q.sub.6 to ground. The respective emitters of the transistors Q.sub.7 and
      Q.sub.6 are connected to output terminals 7A and 7B, respectively.
PAR  As shown, the resistors 8A and 9A are connected in series, the junction
      defined thereby being connected to the base input of the transistor
      Q.sub.1 through a resistor 10A. The junction defined by the resistors 8A,
      9A and 10A is by-passed to ground by a capacitor 11A.
PAR  In a similar configuration, the resistors 8B and 9B are seen to be
      connected in series, and the junction defined thereby is connected to the
      base input of the transistor Q.sub.2 through a resistor 10B. The base
      input of the transistor Q.sub.2  is by-passed to ground by a capacitor
      11B.
PAR  The operation of the circuit schematically depicted in FIG. 3 is
      substantially similar to the aforedescribed gain control circuit
      operation, but with this additional advantageous feature. Let it be
      assumed that the DC level provided at the base of the transistor Q.sub.3
      had somehow become higher than the DC level at the base of the transistor
      Q.sub.4. Accordingly, and as is appreciated, the DC level provided at the
      base of the transistor Q.sub.7 increases while the DC level at the base of
      the transistor Q.sub.6 decreases, with the result that the DC level at the
      output 7A is increased and the DC level at the output 7B is decreased.
      Now, this increase in the DC level at the emitter of the transistor
      Q.sub.7 is transmitted through the resistors 8A and 10A to the base of the
      transistor Q.sub.1. With a consequential increase in the DC potential at
      the base electrode, the voltage at the collector of the transistor Q.sub.1
      is reduced. Thus, the DC level at the base of the transistor Q.sub.3,
      which had been assumed to have increased, now is restored to its proper DC
      level. In an analogous manner, the reduction in the DC level at the output
      terminal 7B is transmitted through the resistors 8B and 10B to the base of
      the transistor Q.sub.2 to thereby cause the DC potential at the collector
      of the transistor Q.sub.2 (and thus at the base of the transistor Q.sub.4)
      to increase. Thus, it is seen that the DC level at the base of the
      transistor Q.sub.4, which had been assumed to have decreased, is restored
      to its proper value. Accordingly, the DC levels at the outputs 7A and 7B
      are maintained constant and at equal values in accordance with the
      embodiment depicted in FIG. 3.
PAR  While the present invention has been particularly shown and described with
      reference to certain preferred embodiments thereof, it will be obvious to
      those skilled in the art that various changes and modifications in form
      and details may be made without departing from the spirit and scope of the
      invention. For example, although the respective differential amplifiers
      are illustrated as being comprised of respective pairs of
      differentially-connected transistors, it is apparent that equivalent
      transistor devices, such as Darlington circuits, may be substituted for
      each transistor. Also, the illustrated diodes may be replaced by
      equivalent diode-connected transistors. Furthermore, although the
      illustrated reference potential has been described as being ground
      potential, it is apparent that any other reference potential may be
      selected, as desired. Therefore, it is intended that the appended claims
      be interpreted as including the foregoing as well as all other such
      changes and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gain control circuit, comprising:
PA1  first differential amplifier means coupled to a first constant current
      source, said first differential amplifier means having input means for
      receiving an input signal differentially applied thereto and output means;
PA1  second differential amplifier means coupled to a second constant current
      source, said second differential amplifier means having input means
      connected to said first differential amplifier output means and output
      means for producing an amplified output signal;
PA1  unidirectional conducting means connected to said first differential
      amplifier output means as load impedance therefor; and
PA1  means for supplying a variable current to said first differential amplifier
      output means to control the current flowing in said unidirectional
      conducting means and thereby vary the load impedance presented by said
      unidirectional conducting means.
NUM  2.
PAR  2. The gain control circuit in accordance with claim 1 wherein said means
      for supplying a variable current comprises current generating means
      responsive to a control signal applied thereto for generating a current
      having a magnitude determined by said control signal.
NUM  3.
PAR  3. The gain control circuit in accordance with claim 2 and further
      comprising low impedance means connected to said first differential
      amplifier output means for compensating the fluctuations in the operating
      characteristics of said unidirectional conducting means.
NUM  4.
PAR  4. The gain control circuit in accordance with claim 3 wherein said low
      impedance means comprises resistance means connected between said first
      differential amplifier output means and a source of reference potential.
NUM  5.
PAR  5. The gain control circuit in accordance with claim 1 and further
      comprising feedback means between said second differential amplifier
      output means and said first differential amplifier input means.
NUM  6.
PAR  6. The gain control circuit in accordance with claim 5 wherein said
      feedback means comprises emitter-follower means and wherein said amplified
      output signal is produced at an output of said emitter-follower means.
NUM  7.
PAR  7. The gain control circuit in accordance with claim 6 wherein said
      emitter-follower means are interconnected so as to maintain a
      substantially constant DC output level of said gain control circuit
      regardless of DC level fluctuations at said respective first and second
      differential amplifier input means.
NUM  8.
PAR  8. The gain control circuit in accordance with claim 7 wherein each of said
      first and second differential amplifier means comprises a pair of
      differentially connected transistors, and said emitter-follower means
      comprises a pair of emitter-follower transistors, the respective outputs
      of said emitter-follower transistors being connected to the respective
      base inputs of the first pair of differentially connected transistors.
NUM  9.
PAR  9. The gain control circuit in accordance with claim 1 wherein said first
      and second differential amplifier means comprise first and second pairs of
      differential connected transistors, respectively, said first pair of
      transistors having common-connected emitter circuits coupled to said first
      constant current source; and said second pair of transistors having
      common-connected emitter circuits coupled to said second constant current
      source.
NUM  10.
PAR  10. The gain control circuit in accordance with claim 9 wherein the
      respective collector electrodes of said first pair of transistors are
      connected to the respective base electrodes of said second pair of
      transistors; and wherein said unidirectional conducting means comprises
      first and second forward-biased diodes connected to the respective
      collector electrodes of said first pair of transistors.
NUM  11.
PAR  11. The gain control circuit in accordance with claim 10 wherein said means
      for supplying a variable current comprises respective current sources for
      supplying respective controlled currents to said respective collector
      electrodes of said first pair of transistors, said respective controlled
      currents having the same magnitude and being controlled to vary by the
      same amount in the same direction.
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ABST
PAL  A frequency equalization circuit includes an active filter circuit. The
      filter circuit differentiates the input signal. A plurality of adjustable
      resistances are connected to the differentiator corresponding to a
      plurality of operating or frequency ranges. A switch selects one
      resistance in accordance with one selected operating range to connect the
      filter circuit to an amplifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are a number of applications where a high frequency equalization
      circuit is needed to provide a signal rising or falling in amplitude with
      frequency over a plurality of possibly overlapping operating ranges each
      operating range covering a range of frequencies and adjustable within each
      range. One significant area of application is in signal recorders and
      especially audio recorders. Other applications exist such as plural range
      tone controls.
PAR  Due to the signal transfer characteristics of present audio recorders, and
      especially the characteristics of recording tape, the high frequency range
      of the audio signal becomes attenuated by the recording and reproduction
      process. This attenuation occurs to varying degrees dependent upon a
      number of variables including relative transducer to record medium speed
      and the frequency characteristics of the tape. Consequently, an adjustable
      high frequency amplitude equalization circuit is commonly employed in the
      audio record circuitry of the recorder to compensate for the attenuation.
      The audio equalization circuitry may be designed into the audio
      preamplifier.
PAR  In the past, passive RC filters utilizing adjustable capacitors have been
      used with limited success as adjustable amplitude equalizers. For example,
      many multiple speed audio tape recorders have tape speed capabilities
      ranging from 33/4 inches per second to 30 ips. Recorders having a wide
      range of selectable operating speeds have required for each speed a
      separate filter with a variable capacitor. While such passive equalizers
      effect equalization, they do so at the expense of appreciable overall
      signal attenuation and concomitant loss of signal power and quality.
      Because the filters require a large number of elements and a variable
      capacitor for each tape speed, the passive equalizers are expensive.
PAR  It is preferable to utilize an active filter to minimize signal
      attenuation. The use, however, of a separate active filter for each tape
      speed in a multiple speed machine can increase expenses beyond the cost of
      using separate passive filters.
PAR  Many filter circuits, both passive and active, can introduce a significant
      amount of noise into the signal. Many introduce noise when the
      equalization provided by the circuit is adjusted to zero. The same level
      of noise may be introduced regardless of the amount of equalization
      provided. Active filters, moreover, may introduce noise into the system
      inversely to the level of signal amplitude enhancement or equalization
      introduced. This later case is especially undesirable because the signal
      to noise ratio becomes high with small amounts of equalization.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention constitutes a high frequency amplitude
      equalization circuit, preferably for the record circuitry of a signal
      recorder, that is adjustable to provide a desired signal frequency
      response over a wide range of relative transducer to record medium speeds.
      The signal to be equalized is passed through two paths, one of which
      includes an active filter circuit. The active filter circuit is responsive
      to the signal to vary with frequency the amplitude of any of its frequency
      components lying in a predetermined frequency range. In one preferred
      embodiment, the active filter circuit is constructed to vary the amplitude
      of the signal's frequency components in a high frequency range. The signal
      from the active filter circuit is combined with the signal passed through
      the other of the two paths for further utilization. The active filter
      circuit comprises a differentiating circuit, an amplifier and a plurality
      of adjustable resistances selectable one for each machine operating speed.
      Preferably, the differentiating circuit is an RC circuit connected to the
      input of the amplifier. The output of the amplifier, which is varying with
      frequency, is adjusted by one of the plurality of adjustable resistances
      selected according to desired speed thus providing equalization over one
      of a plurality of operating or frequency ranges. The RC differentiator and
      amplifier are utilized for all operating speeds. Additional adjustable
      resistances only are needed for additional operating speeds. In the
      preferred embodiment, the filter circuit is placed in parallel with the
      input resistance of an operational amplifier in the audio preamplifier
      circuit. Thus, the input signal follows two paths. In one path, the signal
      is fed directly to the amplifier through the input resistor and in the
      other path, the signal is fed through the filter circuit to the amplifier.
      Preferably, the adjustable resistances are placed in parallel between the
      output of the filter amplifier and ground. This arrangement causes a
      minimum of noise to be introduced into the signal. When no high frequency
      equalization or boost is introduced into the circuit, i.e., when the tap
      of the adjustable resistance selected is turned to ground, no noise is
      introduced. Other additional pre-emphasis circuits may be conveniently
      added to affect a low frequency amplitude boost or to provide other
      compensation, if desired, by using the feedback path from the output of
      the summing amplifier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of an audio preamplifier utilizing an
      embodiment of the equalization circuit of the present invention.
PAR  FIG. 2 is a graph representing the varying response curves available
      utilizing the present invention.
PAR  FIG. 3 is a schematic circuit diagram of an alternative embodiment of the
      equalization circuit of the present invention utilizing additional filter
      pre-emphasis circuits.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, 1, terminal 1 is the input to the audio preamplifier shown.
      Terminal 2 is the output. The main signal path of the preamplifier
      comprises input resistor 4, amplifier 3, and feedback resistor 5 connected
      between the amplifier input terminal 6 and the output terminal 2. The gain
      of the amplifier 3 is, with little error:
      ##EQU1##
      Where A = the closed loop gain of the operational amplifier.
PA1  R.sub.5 = the resistance of feedback resistor 5
PA1  R.sub.4 = the resistance of input resistor 4
PAR  Connected in parallel with input resistor 4 is an active filter circuit 10,
      which is designed to perform a high frequency signal amplitude
      pre-emphasis. Any signal applied to input terminal 1 will thus pass
      through input resistor 4 and the filter circuit 10. The resultant signals
      will be summed at terminal 6 and then amplified by amplifier 3. The signal
      passing through the filter circuit is emphasized and thereafter summed
      with the signal passing through resistor 4 and amplified by amplifier 3 to
      form the desired equalized signal.
PAR  The active filter circuit 10 comprises an amplifier 11 with a feedback
      resistor 12. Connected between terminal 1 and the input 24 of the
      amplifier 11 is a series RC network comprising resistor 13 and capacitor
      14. A plurality of adjustable resistors 15, 16 are connected between the
      output 25 of amplifier 12 and ground. There is one adjustable resistor for
      each operating speed. Connected respectively to the adjustable taps of
      adjustable resistors 15, 16 are connecting resistors 18, 19.
PAR  A switch 20 selectively connects the amplifier's input terminal 6 to one of
      the connecting resistors 18, 19. One terminal 21, 22, 23 of switch 20 is
      selected according to the selected operating speed.
PAR  In operation, an audio signal is coupled to terminal 1. The signal passes
      through the path formed by resistor 4 and also through the path formed by
      resistor 13, capacitor 14 and amplifier 11 where it is differentiated and
      amplified. The differentiation of the signal causes signal amplitude in
      this embodiment to rise with frequency above a predetermined frequency as
      described below. The selection of the component values of the active
      filter circuit determines the frequency range of the resultant high
      frequency pre-emphasis. In the preferred embodiment the output signal of
      amplifier 11 rises at 6 db/octave with increasing frequency. The limit to
      this rise is set by R.sub.13 C where R.sub.13 is the value of resistor 13
      and C is the value of capacitor 14.
PAR  One terminal, for example 21, of switch 20, is selected according to a
      chosen operating speed to connect adjustable resistor 15 to terminal 6 by
      way of resistor 18. Accordingly, a portion of the differentiated signal
      dependent on the position of the tap of the adjustable resistor is summed
      with the undifferentiated signal, which has passed through resistor 4 to
      terminal 6. The resultant signal is amplified by operational amplifier 3
      and available as an equalized output at terminal 2.
PAR  The frequency above which the signal is pre-emphasized by the active filter
      circuit 10 is determined by:
      ##EQU2##
      where R.sub.4 = the resistance of resistor 4
PA1  R.sub.12 = the resistance of resistor 12
PA1  R.sub.13 = the resistance of resistor 13
PA1  R.sub.18 = the resistance of connecting resistor 18
PA1  C = capacitance of capacitor 14
PA1  K = the fraction of the adjustable resistor 15 between the tap and ground
PA1  f.sub.1 = frequency.
PAR  The pre-emphasis frequency, then, is dependent on the positioning of the
      tap on the adjustable resistor 15. The lowest pre-emphasized frequency is
      determined, when K = 1, by the values of R.sub.4, R.sub.12, R.sub.18 and
      C. When the tap is set to ground, K = 0 and there is no pre-emphasis.
PAR  The upper frequency limit of signal pre-emphasis is determined by
      ##EQU3##
PAR  It can be readily seen that where different amplitude equalization is
      required by different tape speeds, only the adjustable resistor 15 and the
      connecting resistor 18 need be substituted with new values such as
      resistors 16 and 19. Resistors 12 and 13, capacitor 14 and amplifier 11
      are common to all speeds.
PAR  When there is zero boost or equalization, the tap of the adjustable
      resistor is set to ground and no output signal from the active filter
      circuit is transferred to the main circuit path. Consequently, there is no
      noise contribution from the pre-emphasis circuit filter. When boost is
      provided, output noise remains substantially constant until K becomes
      close to unity in which case some additional noise is contributed by
      amplifier 11 at high frequencies only. Thus a minimum amount of noise is
      introduced into the circuit.
PAR  FIG. 2 shows a family of curves depicting the range of high frequency
      equalization curves obtainable at a given tape speed as resistor 15, for
      example, is adjusted. As resistor 15 is adjusted, frequency f.sub.1 will
      vary as shown by the arrow. Frequency f.sub.1 will vary from a minimum
      amount when K=1 to higher amounts when K is reduced. The selection of
      another adjustable resistor 16 is necessary to provide a different range
      over which f.sub.1 must vary due to different signal equalization required
      by machine characteristics which change with operating speed. Along the
      ordinate is plotted gain G, and along the abscissa is plotted frequency f.
      The gain of amplifier 3 is shown at 30 and equals R.sub.5 /R.sub.4. The
      upper limit of boost 31 is given by the equation for f.sub.2. The family
      of curves 32, 33, 34 represents the range of equalization that is obtained
      by varying K. The lowest possible corner frequency, when K=1, is shown at
      35. As the corner frequency increases, the amount of signal amplitude
      boost decrease until none is present in the equalization.
PAR  Accordingly, the output of amplifier 3 consists of two components, one
      whose amplitude is constant with frequency and one of which is contributed
      by the pre-emphasis circuit and whose amplitude rises with frequency over
      a selected range of frequencies.
PAR  Additional compensating networks may be added for adjustable low frequency
      pre-emphasis or to provide other compensation. The additional networks are
      preferably switched using the same switch as utilized for high frequency
      pre-emphasis. As shown by way of example only in FIG. 3, additional
      networks 40, one or more for each operating speed, may be connected
      between the switch terminals 21, 22, 23 and the circuit output 2. The
      particular low frequency pre-emphasis circuit shown consists of a
      capacitor 41 in series with resistor 42. In parallel with resistor 42 is
      another series RC circuit comprising capacitor 43 and resistor 44. One
      similar circuit could be provided for each range of operation. The
      circuit, of course, need not take the form specifically described, but may
      be of any suitable configuration to provide the desired equalization.
PAR  The invention provides a high frequency equalization circuit in an audio
      pre-amplifier. The active filter circuit includes a series RC circuit
      connected to the input of an amplifier for differentiating the input
      signal to the preamplifier. The output of the filter amplifier is
      connected to ground through a plurality of variable resistances connected
      in parallel. Each variable resistance provides a means to vary the amount
      of high frequency boost utilized at one of a plurality of tape speeds of
      an audio tape recorder. Accordingly, one RC differentiator and amplifier
      are utilized at all operating speeds requiring a minimum of component
      change for different speeds. Due to the described circuit configuration,
      there is a very low noise contribution to the pre-amplifier from the
      active filter circuit except at close to maximum boost or pre-emphasis
      when the noise contribution is at high frequencies only. Since the
      variable resistances are grounded at one end, there is no noise
      contribution at zero boost when the taps on the resistances are set to
      ground. The input signal is passed both through the filter and through a
      resistor directly into the pre-amplifier where the sum of the two
      components is amplified. An alternative embodiment of the invention
      includes additional pre-emphasis circuits connected to be selectively
      switched with the adjustable resistances to provide low frequency or other
      desired special equalization.
PAR  Although the invention has been described herein with reference to two
      embodiments, it is to be understood that various modifications may be made
      thereto within the spirit and scope of the invention. Thus it is not
      intended to limit the invention except as defined in the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An equalization circuit comprising;
PA1  an input;
PA1  amplifying means connected to said input;
PA1  filter circuit means having an output connected to said input for providing
      a signal varying in amplitude with frequency at its output;
PA1  a plurality of adjustable resistances corresponding to a plurality of
      operating ranges connected to the output of said filter circuit means for
      adjusting the signal amplitude provided by the output; and,
PA1  switch means for selectively connecting one of said plurality of adjustable
      resistances to said amplifying means according to one selected operating
      range.
NUM  2.
PAR  2. The circuit of claim 1 wherein:
PA1  said filter circuit means provides a signal which rises with frequency.
NUM  3.
PAR  3. The circuit of claim 1 wherein:
PA1  said filter circuit means comprises an RC series circuit connect to said
      input.
NUM  4.
PAR  4. The circuit of claim 1 wherein:
PA1  said filter circuit means comprises active filter means.
NUM  5.
PAR  5. The circuit of claim 1 wherein:
PA1  said filter circuit means comprises differentiating means.
NUM  6.
PAR  6. An equalization circuit comprising:
PA1  an input terminal;
PA1  a first amplifier having an input and an output;
PA1  an input resistance connected between said input terminal and the input of
      said first amplifier; and,
PA1  a filter circuit connected in parallel with said input resistance
      including:
PA2  circuit means having an output to filter a signal received at said input
      terminal;
PA2  a plurality of adjustable resistances connected to the output of said
      filter circuit means, each of said resistances selected according to a
      different one of a plurality of operating ranges for adjusting the
      amplitude of the signal provided by said filter circuit means; and,
PA2  switch means connected between said plurality of adjustable resistances and
      the input of said first amplifier for selectively connecting said
      adjustable resistances to said first amplifier.
NUM  7.
PAR  7. A circuit of claim 6 wherein:
PA1  said filter circuit means provides a signal varying with frequency.
NUM  8.
PAR  8. The circuit of claim 6 wherein:
PA1  said filter circuit means provides a signal rising with frequency.
NUM  9.
PAR  9. The circuit of claim 8 wherein:
PA1  said filter circuit means includes an RC circuit connected to said input
      terminal and a second amplifier connected to said RC circuit, the output
      of said second amplifier being connected to said plurality of adjustable
      resistances.
NUM  10.
PAR  10. The circuit of claim 9 wherein:
PA1  said switch means comprises a plurality of contacts connected respectively
      to said plurality of variable resistances; and further including:
PA1  a plurality of frequency pre-emphasis means connected respectively between
      said plurality of contacts and the output of said first amplifier.
NUM  11.
PAR  11. The circuit of claim 6 wherein:
PA1  said filter circuit means comprises an RC series circuit connected to said
      input terminal.
NUM  12.
PAR  12. The circuit of claim 6 wherein:
PA1  said filter circuit means comprises active filter means.
NUM  13.
PAR  13. The circuit of claim 6 wherein:
PA1  said filter circuit means comprises differentiating means.
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ABST
PAL  In the present application there is disclosed an improvement in the
      operation of transverse energization systems for atmospheric pressure
      CO.sub.2 lasers using a plasma forming plate in which a subsidiary or
      auxiliary spark gap is provided between one end of the cathode bus bar and
      the plasma forming plate. Most of the current for the main discharge thus
      passes through this subsidiary spark gap, and small glow discharges rather
      than arcs occur between the tips of the cathode pins and the edges of the
      holes in the plasma forming plate. The use of elongated slots in the
      plasma forming plate and the use of a mesh in place of the discrete slots
      is also disclosed. The results of experiments conducted utilizing
      apparatus of the prior art and of the present invention are also included.
BSUM
PAR  The present invention relates to an improvement in the operation of
      transversely energized, atmospheric pressure, carbon dioxide
      (TEA-CO.sub.2) lasers. In such TEA-CO.sub.2 lasers, the energization is in
      the form of applied electrical pulses of a high voltage and high current
      nature and extremely short duration -- for example, shorter than one
      microsecond. In TEA-CO.sub.2 gas lasers, there is a continuing requirement
      to obtain a uniform homogeneous high energy electrical discharge in the
      gas mixture with the discharge being reproducible and reliable from one
      pulse to the next.
PAR  The present invention is directed toward improvements in the operation of
      transversely excited atmospheric gas lasers of the sort disclosed in prior
      Hyne Canadian Application Ser. No. 122,687 filed Sept. 13, 1971, now
      Canadian Patent No. 907,114. This prior Canadian patent represents the
      state of the art at the time that the present invention was made. The
      present invention is directed toward an improvement in the apparatus
      disclosed and claimed in the said prior application. In the Hyne patent
      there is a discussion of other electrode structures utilized in
      atmospheric pressure carbon dioxide lasers of the transverse excitation
      form, and reference is made to Canadian Application Ser. No. 017,844 filed
      Apr. 19, 1968, in the name of Jacques Beaulieu, now Canadian Patent No.
      898,874 issued Apr. 25, 1972, and to Application Ser. No. 060,715, Albert
      Laflamme et al., and Ser. No. 060,716, Martin Hale et al., both filed Aug.
      29th, 1969, which respectively issued on Apr. 11, 1972 as Canadian Patent
      897,754 and on May 29, 1973 as Canadian Patent  927,465.
PAR  As discussed in the prior Hyne patent, it is necessary for proper operation
      that the discharge between the cathode pins and the anode be a uniform or
      diffuse discharge and not a bright arc discharge. A bright arc discharge
      is characterized by a concentration of charge carriers at one or more
      locations in the laser cavity through which substantially all of the
      electric discharge occurs and is further characterized by a bright
      electrical discharge between the anode and the cathode. A shower discharge
      which is sometimes present consists of a plurality of fine visible
      discharge threads of arc. When a bright arc or similar discharge occurs,
      the gas in the laser cavity is not pumped efficiently. A shower discharge
      is also less efficient for pumping the laser than a diffused discharge but
      more efficient than a bright arc. As discussed in the aforesaid
      application, when a diffuse or plasma discharge occurs, a broad area of
      discharge or glow is seen with no bright filaments in the discharge, and
      high efficiency pumping which results in a substantially complete
      population inversion of the laser gas is obtained. Such pumping results in
      a strong laser output pulse. For further details of the state of the art
      prior to the present invention, reference may be had to the applications
      and patents aforesaid.
PAR  One problem with the apparatus as disclosed by Beaulieu is that the
      excitation or pumping of the laser gas occurs only in columns of excited
      plasma under each pin or resistive terminal. The so-called double
      discharge laser is only suitable for low current densities. The invention
      of Hyne relies on arcs between each pin and the plasma forming plate, and
      it is consequently very difficult to arrange equal arcs at all pin-hole
      combinations and the excitation is therefore not uniform. Also the
      existence of many arcs has an adverse effect on the gas mixture, for
      example, dissociation of the gas.
PAR  The limitation of the Hyne apparatus with respect to uniform excitation has
      been overcome in the present invention by the addition of a subsidiary or
      auxiliary spark gap between the cathode bus bar and the plasma forming
      plate. The auxiliary gap is placed much closer than the other pins, and
      the main current is consequently carried by the auxiliary gap. Preferably
      such subsidiary spark gap is located at one end of the cathode bus bar.
      Utilizing this configuration most of the current in the main discharge
      passes from the cathode connection to the plasma forming plate through an
      arc between the electrodes of this single spark gap. Small glow discharges
      rather than arcs occur between the tips of the cathode pins and the edges
      of the holes in the plasma forming plate, because only a small proportion
      of the total current takes this route. The main discharge between the
      plasma forming plate and the anode is more uniform and more reliable when
      this addition is made. The output power of the laser pulses is more
      constant and the number of dropouts or failures of lasing action is
      greatly reduced.
PAR  In accordance with a further feature of the present invention, it is
      possible to widen the cross-section of the plasma discharge in a direction
      transverse to the optical axis of the laser by replacing the circular
      holes shown by Hyne with elongated transverse slots. Each slot has
      approximately the same area as the hole it replaces and its length is
      approximately two-thirds of the width of the plasma forming plate. The
      plasma is widened out to the full width of the slots and a further
      improvement in the excitation of the laser gas is obtained.
PAR  In accordance with a yet further feature of the invention the plasma
      forming plate may be replaced with a metal screen or mesh, such as copper
      fly screen, in which case the plasma is widened out to the full width of
      the plasma forming plate, and still further improvement in operation is
      obtained.
PAR  By provision of the above improvements I have succeeded in obtaining an
      increased power output from a laser of given size and at the same time
      have reduced significantly the number of dropouts, thereby improving the
      stability and reliability of the laser.
DRWD
PAR  In the drawings which illustrate embodiments of the present invention:
PAR  FIG. 1 is a vertical cross-section through a transversely excited
      atmospheric pressure carbon dioxide gas laser;
PAR  FIG. 2 is a plan view of one form of plasma forming plate pursuant to the
      present invention;
PAR  FIG. 3 is a plan view of an alternative form of plasma forming plate
      pursuant to the present invention; and
PAR  FIGS. 4A and 4B illustrate the electrical connections to the electrode
      structure pursuant to the present invention.
DETD
PAR  Referring to FIG. 1, there is shown a section through a laser apparatus
      pursuant to the present invention, the electrode structure being
      constructed about an optical axis 10 and consisting of an anode 11, and a
      cathode bus bar 12 to which are connected a plurality of discrete cathode
      pins 13. Positioned between the anode and the cathode bus bar is a plasma
      forming plate 14 having a plurality of discrete holes 15. In accordance
      with the present invention, a subsidiary spark gap pin 16 is provided at
      one end of the cathode bus bar 12 and extends toward the plasma forming
      plate 14 a greater distance than the remaining pins 13. The spacing of
      this auxiliary gap depends entirely on parameters used such as electrode
      geometry, voltage applied and gas mix, and must be pre-adjusted for each
      combination of these. The pin 16 extends toward the plasma forming plate a
      sufficient distance to ensure that the initial discharge occurs between
      the pin 16 and the plate 14, rather than between the pins 13 and the plate
      14. Thus as previously mentioned, most of the current in the main
      discharge path is from the bus bar 12 through the pin 16 to the plasma
      forming plate 14. At the same time small glow discharges occur between
      each of the pins 13 and the edges of the holes 15. The main discharge of
      the laser of course occurs between the plasma forming plate 14 and the
      anode 11. This main discharge is significantly more uniform and more
      reliable than with apparatus constructed pursuant to the teachings of Hyne
      as aforesaid. The output of the laser is more uniform from pulse to pulse,
      and the number of dropouts is greatly reduced, as will be discussed in
      detail below.
PAR  Referring to FIG. 2 there is shown a plasma forming plate 14 provided with
      a plurality of elongated slots 23, each of the slots 23 extending
      approximately two thirds of the width of the plasma forming plate 14. By
      the use of the plasma forming plate of FIG. 2, a wider plasma discharge is
      obtained exciting a greater portion of the active volume of the laser.
PAR  FIG. 3 illustrates an alternative form of plasma forming plate which is a
      further improvement over the plate illustrated in FIG. 2. Referring to
      FIG. 3, there is shown a plate 14 having a single large aperture 33 over
      which extends a metal mesh or screen 34. The plate 14 comprises a metal
      frame, and attached to this frame is a copper fly screen 34 mounted flush
      with the frame surface, and covering the open section in this frame.
      During operation of the laser pursuant to the present invention using the
      plasma forming plate of FIG. 3, the plasma is widened out to the full
      width of the plasma forming plate and further reliability and uniformity
      of operation is obtained.
PAR  With the improved structure as disclosed in the present application, and in
      particular with the use of an auxiliary spark gap between the cathode and
      plasma forming plate, the wandering of the arcs among the pin-hole pairs
      which has been noted with the apparatus of Hyne has been entirely avoided,
      and the stability of the output pulse is thereby improved. Further, the
      provision of transverse slots in place of circular holes widens the plasma
      caused by the electrical discharge, and the utilization of the metal mesh
      to replace a plurality of discrete slots or holes has resulted in a
      significant increase in energy and peak power over that of the slotted
      plasma forming plate.
PAR  In order to demonstrate the improvements obtained pursuant to the present
      invention, apparatus as taught by Hyne was constructed and tested. The
      subsidiary spark gap of the present invention was then added to the
      apparatus and a further series of tests were conducted. The elongated slot
      plasma forming plate of FIG. 2 was then substituted, and further tests
      were made. Finally the plasma forming plate with the metal screen as per
      FIG. 3 was installed in the laser, and the tests were repeated.
PAR  The electrical connections to the apparatus were as illustrated in FIGS. 4A
      and 4B. A power supply 40 was connected to an electrical capacitor 41, a
      resistor 42, and a triggered spark gap 43. The spark gap 43 was triggered
      by a pulser 44, and the laser device 45 was connected between the
      terminals A and B. The terminal A was connected to the anode 11 of the
      laser 45 and the terminal B was connected to the cathode bus bar 12 of the
      laser 45. No connection was made to the plasma forming plate 14. FIG. 4B
      illustrates schematically a cross-section of the laser under test showing
      the glass tubing utilized to contain the laser gas and the connection of
      the anode 11 to the terminal A and the cathode bus bar 12 to the terminal
      B.
PAR  The laser constructed pursuant to the teachings of Hyne was operated and
      measurements were taken of the output at applied voltages of 35KV and
      45KV, the capacitor 41 being 0.005 .mu.fd capacitor. The outputs at 35 and
      45KV were 120 and 200 millijoules respectively. A second set of
      measurements were taken at 35KV and at 38KV to verify the first
      measurements, and outputs were measured at 125 millijoules and 160
      millijoules. At 31KV, one dropout every 30 pulses was recorded at a pulse
      repetition rate of 3 pulses per minute, and the energy of the output pulse
      was 90 millijoules. At higher voltages the dropout rate was considerably
      higher. By substituting a 0.008 .mu.fd capacitor for the 0.005 .mu.fd
      capacitor 41, an output energy of 250 millijoules maximum was obtained,
      but the discharge was very unstable. With a 0.01 .mu.fd capacitor, the
      discharge was worse and the maximum energy was 200 millijoules. The
      maximum peak power that could be obtained at any time was 1.1 megawatts.
PAR  Upon adding the subsidiary spark gap, and no other change; over a voltage
      range from 31 to 42KV and a pulse repetition rate of 3 pulses per minute,
      a stability of over 90 percent was obtained -- i.e. 16 dropouts in 172
      pulses. A short-term stability of 98 percent, one dropout in 47 pulses,
      was obtained with a 0.01 .mu.fd condenser. At 48KV, an energy of 420
      millijoules was measured in the output beam of the laser with a 0.01
      .mu.fd condenser and 500 millijoules with a 0.02 .mu.fd condenser. For a
      0.01 .mu.fd condenser the peak power was 750 kilowatts at 38KV and 1.1
      megawatts at 40KV.
PAR  Upon replacing the plasma forming plate with the plate as illustrated in
      FIG. 2, keeping the same 0.01 .mu.fd condenser and the voltage at 34KV,
      the output energy was measured at 250 millijoules. No dropouts occurred in
      240 pulses over a period of 2 hours, whereupon the experiment was
      terminated. The energy increased to 300 millijoules at 38KV and the peak
      power was 1.3 megwatts. On increasing the voltage to 54KV and using a
      condenser of 0.015 .mu.fd output energy in the laser beam of 1.2 joules
      was recorded and a peak power of 6 megawatts.
PAR  The plate of FIG. 2 was then replaced with the plasma forming plate
      including the mesh illustrated in FIG. 3. The plasma was more even and the
      discharge more stable. Details of the measurements taken are summarized
      below in the following Table:
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                        TYPE OF P.F.P.                         
     Voltage                                                                   
          Cond.                                                                
               Energy Peak Stability                                           
                                   Holes                                       
                                        Pitch                                  
                                            Slots     Efficiency               
     kV   .mu.fd                                                               
               mJ     Power                                                    
                           %       diameter                                    
                                        Inch                                   
                                            width                              
                                                 MESH   %                      
     __________________________________________________________________________
     34.9 0.01 150    200kW                                                    
                           95      0.052                                       
                                        1/2 --   --   1.26                     
     "    "    "      190kW                                                    
                           90 to 95                                            
                                   "    3/8 --   --   1.26                     
     "    "    115    125kW                                                    
                           "       "    3/4 --   --   0.965                    
     "    "    225    850kW                                                    
                           "       0.120                                       
                                        1/2 --   --   1.89                     
     "    "    "      1MW  80      "    3/8 --   --   1.89                     
     "    "    "      750kW                                                    
                           "       --   1/2 0.94 --   1.89                     
     "    "    240    900kW                                                    
                           100     --   1/2 0.065                              
                                                 --   2.1                      
     38   "    --     2.37kW                                                   
                           --      --   1/2 "    --    --                      
     54   0.015                                                                
               1200   --   50      --   1/2 "    --   4.1                      
     42   "    500 - 600                                                       
                      4.6 MW                                                   
                           --      --   --  --   METAL                         
                                                      3.4                      
                                                 SCREEN                        
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. In an excitation system for a transversely excited atmospheric pressure
      carbon dioxide gas laser of the type having an optical resonator with an
      optical axis, an anode positioned on one side of the optical axis of said
      laser and extending therealong, and a plasma forming plate and a cathode
      positioned on the opposite side of the optical axis and extending
      therealong, said cathode including a plurality of cathode pins extending
      toward said plasma forming plate, there being a hole in said plasma
      forming plate adjacent each of said cathode pins, the improvement
      comprising providing on said cathode a subsidiary spark gap pin,
      preferably at one end of said cathode, said spark gap pin extending toward
      said plasma forming plate sufficiently further than said cathode pins for
      forming an initial electric spark discharge between said cathode and said
      plasma forming plate between said spark gap pin and said plate for
      carrying most of the discharge current between said cathode and said plate
      and for preventing arc discharges from forming between said cathode pins
      and plate.
NUM  2.
PAR  2. In apparatus as defined in claim 1, the further improvement comprising
      forming said holes in said plate as elongated slots extending transversely
      to said plate.
NUM  3.
PAR  3. In apparatus as defined in claim 1, the further improvement comprising
      forming the major portion of said plate as a metallic mesh.
NUM  4.
PAR  4. In an excitation system for a transversely excited atmospheric pressure
      carbon dioxide gas laser of the type having an optical resonator with an
      optical axis, an anode positioned on one side of the optical axis of said
      laser and extending therealong, and a plasma forming plate and a cathode
      positioned on the opposite side of the optical axis and extending
      therealong, said cathode including a plurality of cathode pins extending
      toward said plasma forming plate, there being a hole in said plasma
      forming plate adjacent each of said cathode pins, the improvement
      comprising said cathode having a subsidiary spark gap pin extending toward
      said plasma forming plate sufficiently further than said cathode pins for
      forming an initial electric arc discharge between said spark gap pin and
      said plate for carrying most of the main discharge current between said
      cathode and said plasma forming plate for causing only small glow
      discharges rather than arcs between said cathode pins and said plasma
      forming plate to increase the uniformity and reliability of the main
      discharge between said plasma forming plate and anode.
NUM  5.
PAR  5. The apparatus defined in claim 4 wherein said subsidiary spark gap is
      positioned at one end of said cathode.
NUM  6.
PAR  6. In apparatus as defined in claim 4, the further improvement comprising
      forming said holes in said plate as elongated slots extending transversely
      to said plate.
NUM  7.
PAR  7. In apparatus as defined in claim 4, the further improvement comprising
      forming the major portion of said plate as a metallic mesh.
NUM  8.
PAR  8. In an excitation system for a transversely excited atmospheric pressure
      carbon dioxide gas laser of the type having an optical resonator with an
      optical axis, an anode positioned on one side of the optical axis of said
      laser and extending therealong, and a plasma forming plate and a cathode
      positioned on the opposite side of the optical axis and extending
      therealong, said cathode including a plurality of cathode pins extending
      toward said plasma forming plate, there being a hole in said plasma
      forming plate adjacent each of said cathode pins, the improvement
      comprising providing a subsidiary spark gap between said cathode and said
      plasma forming plate, said subsidiary spark gap having a breakdown voltage
      less than the breakdown voltage between said cathode pins and said plasma
      forming plate for forming an initial electrical discharge between said
      cathode and said plasma forming plate at said subsidiary spark gap for
      carrying most of the main discharge current from said cathode to said
      plate through said gap as an arc while preventing arcs but causing small
      glow discharges from said cathode pins to said plate to increase the
      uniformity and reliability of the main discharge from said plate to said
      anode.
NUM  9.
PAR  9. The apparatus defined in claim 8 wherein said subsidiary spark gap is
      positioned at one end of said cathode.
NUM  10.
PAR  10. In apparatus as defined in claim 8, the further improvement comprising
      forming said holes in said plate as elongated slots extending transversely
      to said plate.
NUM  11.
PAR  11. In apparatus as defined in claim 8, the further improvement comprising
      forming the major portion of said plate as a metallic mesh.
NUM  12.
PAR  12. In a gas laser having a population inversion region for containing an
      active laser gas and having a longitudinal axis and means including an
      electrode structure for the transverse excitation of the laser gas in said
      region for creating said population inversion, said electrode structure
      including an anode extending parallel to said longitudinal axis on one
      side thereof, a plasma forming plate positioned on the opposite side of
      said longitudinal axis and extending therealong and a cathode bus
      including plurality of cathode pins extending toward said plasma forming
      plate and being fully on the opposite side of said plate as said
      longitudinal axis, there being a hole in said plasma forming plate
      adjacent each of said cathode pins, the improvement comprising:
PA1  a subsidiary spark gap pin extending from said cathode bus toward said
      plasma forming plate sufficiently further than said cathode pins for
      forming an initial electric discharge between said spark gap pin and said
      plate for carrying most of the discharge current between said cathode bus
      and said plasma forming plate and for preventing arc discharges from
      forming between said cathode pins and said plasma forming plate.
NUM  13.
PAR  13. Apparatus as in claim 12 wherein the holes in said plate are elongated
      slots extending transversely to said plate.
NUM  14.
PAR  14. Apparatus as in claim 12 wherein the major position of said plate is a
      metallic mesh.
NUM  15.
PAR  15. Apparatus as in claim 12 wherein said subsidiary spark gap pin is
      disposed at one end of said plasma forming plate.
NUM  16.
PAR  16. In a gas laser having a population inversion region for containing an
      active laser gas and having a longitudinal axis and means including an
      electrode structure for the transverse excitation of the laser gas in said
      region for creating said population inversion, said electrode structure
      including an anode extending parallel to said longitudinal axis on one
      side thereof, a plasma forming plate positioned on the opposite side of
      said longitudinal axis and extending therealong and a cathode including
      plurality of cathode pins extending toward said plasma forming plate and
      being fully on the opposite side of said plate as said longitudinal axis,
      there being a hole in said plasma forming plate adjacent each of said
      cathode pins, the improvement comprising:
PA1  means extending from said cathode toward said plasma forming plate and
      forming with said plasma forming plate a subsidiary spark gap having a
      breakdown voltage less than the breakdown voltage between said cathode
      pins and said plasma forming plate for forming an initial electrical
      discharge across said subsidiary spark gap for carrying most of the
      discharge current between said cathode and said plasma forming plate and
      for preventing arcs from forming, while causing small glow discharges to
      form, between said cathode pins and said plasma forming plate so as to
      increase the uniformity and reliability of the main discharge between said
      plasma forming plate and said anode.
NUM  17.
PAR  17. The apparatus defined in claim 16 wherein said subsidiary spark gap
      forming means is disposed at one end of said plasma forming plate on the
      same side thereof as said cathode pins.
NUM  18.
PAR  18. Apparatus as in claim 16 wherein said holes in said plate are elongated
      slots extending transversely to said plate.
NUM  19.
PAR  19. Apparatus as in claim 16 wherein the major portion of said plate is a
      metallic mesh.
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PAL  The properties of an improved class of lasers is presented. In one
      configuration of these lasers the radiation propagates radially within the
      amplifying medium, resulting in high fields and symmetric illumination at
      the resonator axis. Thus there is a strong focusing of energy at the axis
      of the resonator. In a second configuration the radiation propagates back
      and forth in a tubular region of space.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to devices for generating and amplifying
      electromagnetic wave energy and, in particular, to laser oscillators and
      amplifiers. Most conventional laser resonators consist of a pair of
      mirrors, for example a Fabry-Perot interferometer, between which
      electromagnetic radiation may be made to propagate. Within this optical
      cavity, an amplifying medium, and perhaps a variety of other optical
      elements is placed.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to increase the power
      output of a laser by shaping the reflector defining the laser cavity into
      a cylindrical configuration so that the radiation propagates in the radial
      direction toward and away from the axis of symmetry. The waves themselves
      are approximately cylindrical waves as defined by Hankel functions except
      for a slight curvature of the phase fronts in the z direction.
PAR  It is a further object of this invention to increase the power output of
      laser oscillators and amplifiers by more efficiently utilizing the laser
      materials. Among the more important properties of these new lasers are the
      high fields and uniform illumination at the laser axis.
PAR  It is a further object of this invention to present a related class of
      conical and tubular resonators which also have advantages of compactness
      and efficiency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 presents a diagram of a cylindrical laser resonator.
PAR  FIG. 2 presents a vertical cross section through a disk mode cylindrical
      resonator.
PAR  FIG. 3 presents a vertical cross section through the cone mode resonator.
PAR  FIG. 4 presents a vertical cross section through the tube mode of the
      cylindrical resonator.
PAR  FIG. 5 presents a cross-sectional view of a CO.sub.2 TEA radial mode laser.
PAR  FIG. 6 presents a plot of the power versus time for various input energies.
PAR  FIG. 7 presents a cross-sectional view of CO.sub.2 TEA tubular mode laser.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 presents the simplest possible cylindrical resonator consisting of
      one wrap around mirror 10. The mirror shown has a slight curvature in the
      z direction which can be useful for reducing diffraction. The radiation in
      this cavity would reflect back and forth between the mirror and the axis.
      FIG. 2 presents a vertical cross section through the middle of a
      resonator. The shaded area 12 indicates the amplifying medium. The solid
      lines 14 indicate mirrors and the arrows show the direction of the output
      beams. The disk resonator of FIG. 2 is the same as that of FIG. 1 except
      that an additional concentric mirror has been added so that the laser
      output may be taken from the center of the resonator as well as through
      the outside mirror. FIG. 3 shows a cone resonator with an angle .theta.
      between the cone surface and the horizontal plane. FIG. 4 shows a tube
      resonator. The disk and tube configurations are limiting forms of the cone
      resonator. In the disk laser the radiation propagates only in the radial
      direction. These disk lasers are not to be confused with other
      conventional lasers that have radiation propagating across the plane of a
      disk shaped amplifying medium.
PAR  An important feature of the disk lasers is the high energy density that is
      obtained at the axis. Referring to FIG. 5 there is presented a CO.sub.2
      laser utilizing the cylindrical resonator of the subject invention. The
      primary mirror 16 is constructed of aluminum with an inner diameter of 36
      cm. and a radius of curvature in the z direction of 23 cm. This
      configuration gives reasonably good focusing in the z direction at the
      resonator axis without sacrificing stability or making fabrication overly
      difficult. The aperture 17 provides selection of the transverse modes. The
      output beam is coupled from the resonator by means of a small mirror 18 in
      the shape of a truncated cone. This mirror skims a part of the power from
      the laser mode and reflects that power out through a hole at the top of
      the laser. This skimming is analogous to hole coupling in conventional
      lasers. A more efficient coupling is possible by using an inner concentric
      mirror that is partially transmissive.
PAR  Referring to FIG. 7 there is presented a CO.sub.2 laser utilizing the tube
      resonator of the subject invention. Acceptable mirror dimensions for a
      working model would be an outer diameter of 8 cm., an inner diameter of 2
      cm., and a separation of 1 m. This radius of curvature of the mirrors in
      the radial direction is 1 m. One mirror 30 is highly reflecting and may be
      machined and polished from aluminum. The other mirror 32 provides the
      output beam and is made of a suitable partially transmitting material such
      as germanium or NaCl.
PAR  The amplifying medium may consist of a flowing mixture of CO.sub.2 , He and
      N.sub.2 (7 %, 88 %, 5 % respectively), at atmospheric pressure, excited
      transversely to the laser plane in the disk configuration of FIG. 5.
      Resistive pin discharges take place between a number of close-packed
      resistors 20 on the top side of the laser and an equal number of resistors
      positioned directly below on the bottom side. In the preferred embodiment
      1740 resistors of 470 ohms, 1 watt value on each side of the laser have
      been found satisfactory. The current pulse has a width at half maximum of
      less than 0.5 microseconds. FIG. 6 consists of plots of the laser output
      power versus time from the beginning of the discharge for various values
      of input energy. The laser here was operating close to threshold and it is
      in this regime that many of the significant properties of the laser are
      most easily studied. The curves in FIG. 6 show a uniform increase in power
      output and a decrease in delay as the input energy is systematically
      increased from about 20 to 24 joules. This behavior has been found to
      agree well with a rate equation model for giant pulsing in conventional
      lasers.
PAR  The time delay variations shown in FIG. 6 can also be interpreted in terms
      of a simple model. It has been shown experimentally that in a typical
      resistive pin TEA laser the gain rises exponentially to its maximum value
      after a time of about 1 microsecond. Thus there is an initial delay T
      .sub.0 before the laser reaches threshold. This delay may be regarded as
      nearly constant for the narrow range of input energies appropriate to FIG.
      6. There is also a second delay due to the time required for the optical
      fields to develop from spontaneous emission.
PAR  In the tube configuration of FIG. 7, resistive pin discharges take place
      between a number of close-packed resistors 34 on the outside of the laser
      and a conducting electrode 36 at the axis. Besides these resistive pin
      methods many other laser media and pumping techniques would also be
      appropriate for use in the new resonators of the present invention.
PAR  Among the novel features obtained utilizing the geometry of the subject
      laser are an extremely high field strength at the laser axis of the disk
      configuration. The low order Hankel function fields grow as 1/.sqroot.r to
      within about one wavelength of the axis. Therefore, the entire output of
      the laser sketched in FIG. 2 may be regarded as being incident on a
      cylinder of about a wavelength diameter surrounding the axis. The focusing
      is better than can be obtained with conventional lasers and lenses.
      Further, the configuration of the present invention provides for uniform
      illumination. When an ordinary laser is focused on an object only one side
      of the object can be illuminated. However, an object at the axis of a
      cylindrical laser like that shown in FIG. 3 would be illuminated uniformly
      from all sides. The output beam through the outside mirror of a
      cylindrical laser like that shown in FIG. 1 is essentially planar in form.
      The beam structure has a simple mathematical description. A planar beam
      could also be obtained by illuminating a concial mirror with the output of
      a conventional laser but the beam structure would be much more
      complicated.
PAR  Because the active medium in cylindrical laser is confined more or less to
      a disk shaped region rather than to a long, narrow region, the largest
      dimension of a cylindrical laser is much less than the size of a
      conventional laser having the same output. In particular if the thickness
      of the disk is made comparable to the thickness of a conventional laser of
      similar output, then the disk radius need only be equal to about the
      square root of the product of thickness and length of the conventional
      laser. For example, a conventional laser of 1 cm. thickness and 100 cm.
      length could be replaced by a cylindrical laser of 1 cm. thickness and
      about 10 cm. radius.
PAR  The concentrated power output and uniform illumination at the axis of a
      cylindrical resonator are very desirable properties for optical pumping of
      other laser media. For example, the active medium in the cylindrical laser
      could be a pulsed nitrogen discharge with an ultraviolet output and an
      appropriate dye cell at the axis of the resonator would have high-gain for
      visible radiation propagating along the z axis.
PAR  The tube resonsator also has advantages of compactness and efficient use of
      the laser medium. In parallel plate TEA double-discharge  lasers it is
      difficult to prevent edge effects from creating non-uniform fields and
      arcing. With the tube configuration, on the other hand, edge effects are
      eliminated and azimuthal symmetry is guaranteed. Also the tube resonator
      is useful for optically pumped lasers such as dye lasers because the pump
      lamp can be placed along the axis of the amplifying medium for very
      efficient pump coupling.
PAR  Besides their uses as oscillators these devices may with appropriate
      coupling be used as compact amplifiers of the electro-magnetic radiation
      orginating from other lasers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a laser:
PA1  a resonant cavity comprising two cylindrical resonators disposed in
      parallel relation to each other each having partially reflective inner
      surfaces and separated from each other by a conducting electrode.
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ABST
PAL  An arrangement for frequency modulating a laser beam utilizes an optical
      prism which is disposed within the laser cavity such that the beam
      continuously experiences total internal reflection from one face thereof
      as an optical element having an index of refraction which is less than
      that of the prism is displaced so as to come in contact with this face
      and/or move variable distances therefrom. The external optical path of the
      beam, which exists beyond this face during total internal reflection is,
      thus, changed. This corrresponds to an effective change in the dimensions
      of the laser cavity and an appropriate shift in the frequency of the laser
      output beam. Amplitude modulation of the beam can also be achieved by
      placing the above components outside of the cavity and changing the
      direction of polarization of the beam entering the optical prism.
BSUM
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
PAR  The present invention relates generally to optical modulation systems and,
      more particularly, to apparatus for and methods of phase or frequency
      modulating optical beams.
PAR  There are a variety of internal modulation techniques for accomplishing
      amplitude or frequency modulation of laser beams. For example, one
      arrangement involves positioning a suitable electro-optical crystal within
      the laser resonator and applying an appropriate voltage to this crystal so
      as to sweep or shift the frequency of the beam. Another approach varies
      the cavity dimensions by displacing one of the end mirrors by a piezo
      electric member. This technique cannot simultaneously achieve wide
      frequency excursions and fast rates of modulation because of the large
      mechanical displacements involved.
PAR  One type of external arrangement which has been utilized in the past to
      accomplish amplitude modulation of a laser beam utilizes frustrated total
      reflection at a prism-air interface. More particularly, a frustrating
      element made of a material having an index of refraction which is equal to
      or greater than that of the prism is disposed adjacent the slant surface
      of the prism and is moved in and out of contact with this surface in
      accordance with a modulation scheme. When the frustrating element is in
      optical contact with the prism, all of the incident light passes through
      the interface and is, thereafter, either absorbed or transmitted. However,
      as this element is gradually moved away from this contact, greater amounts
      of the incident light are internally reflected from the interface until
      substantially all of the light is so affected. Consequently, if the
      frustrating element is driven by a transducer so as to achieve the above
      type of cyclical displacement, the light beam emerging from the prism will
      have its amplitude correspondingly modulated.
PAR  The present invention employs this general arrangement of components.
      However, the indices of refraction of the prism and the frustrating
      element and the angle of incidence of the light beam on the interface are
      selected so that total internal reflection occurs at all times. In this
      connection, while the index of refraction of the frustrating element in
      the amplitude modulation device must be equal to or greater than that of
      the prism to permit unimpeded light transmission at the point of optical
      contact of the members in the modulation cycle, no such transmission is
      permitted in the present invention. More specifically, the present
      invention requires total internal reflection at the interface both when an
      optical element which is the counterpart of the frustrating element in the
      prior art amplitude modulating apparatus is in contact with the prism and
      when it is removed therefrom. To realize this mode of operation, the index
      of refraction of the optical element, n.sub.f, is selected so as to be
      less than the index of refraction of the prism, n.sub.p, and the angle of
      incidence, .theta., is arranged to satisfy the following relationships,
      namely,
      ##EQU1##
      and
      ##EQU2##
      When these conditions are observed, the amplitude of the output beam
      remains constant as the optical element is cyclically displaced from the
      interface. However, depending upon the direction of polarization of the
      incident beam, a selected component or components thereof experience phase
      changes which may, for example, produce a phase or frequency modulated
      output beam or a polarization modulated beam which may be, thereafter,
      processed to give an amplitude modulated beam.
PAR  In the present invention, the optical element need only be moved over an
      extremely short distance. Thus, the modulator drive power required for a
      particular amount of frequency excursion is correspondingly less than
      that, for example, needed when the laser cavity mirrors are shifted.
      Additionally, since no radiation is absorbed by or transmitted through the
      optical element, this element may be made comparatively small so as to
      maximize the bandwidth capabilities of the system.
PAR  It is, accordingly, a primary object of the present invention to provide an
      arrangement for phase modulating optical beams.
PAR  Another object of the present invention is to phase or frequency modulate a
      light beam by utilizing the phenomonon of the total internal reflection.
PAR  Another object of the present invention is to provide an external method of
      phase modulating a light beam wherein a minimum of energy loss occurs.
PAR  Another object of the present invention is to achieve phase or frequency
      modulation of a light beam wherein an optical element moves in the
      external optical path of a light beam that is totally internally reflected
      from an optical surface.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 which illustrates one simplified arrangement for frequency
      modulating a laser beam wherein the modulating apparatus is positioned
      within the laser cavity;
PAR  FIG. 2 shows a generally similar arrangement for achieving amplitude
      modulation; and
PAR  FIG. 3 depicts performance curves corresponding to the various operating
      conditions of the above systems.
DETD
PAR  Referring now to FIG. 1 of the drawings, a light beam 10 produced by laser
      plasma tube 11 and linearly polarized in the plane of the paper is
      directed into a right angle prism 12 which is within the laser cavity. The
      direction of this beam is such that it makes an angle .theta. with the
      normal to the slant surface 13 of this prism. Positioned adjacent to this
      surface is an optical element 14 which is mounted on a piezo electric
      transducer 15 operating, for example, in a longitudinal vibration mode.
      This transducer, in turn, is supported by a suitable backing structure 16
      so that when it is excited by an appropriate control signal, element 14
      moves back and forth coming into and out of contact with the slant surface
      of the prism.
PAR  This general arrangement, as mentioned hereinbefore, is similar to that
      employed to amplitude modulate an optical beam. However, unlike the above
      case, here n.sub.f, the index of refraction of the material forming the
      optical element is less than n.sub.p, that of the prism. Additionally, the
      angle of incidence .theta. is such that
      ##EQU3##
      and
      ##EQU4##
PAR  When the optical element of the present invention is in contact with the
      slant surface of the prism, the optical beam under the above set of
      conditions does not, as in the case of the amplitude modulated
      arrangement, travel unimpeded through the interface but is, rather,
      totally internally reflected therefrom. Likewise, when this element is
      completely out of contact with the prism, the same behavior occurs.
PAR  When total internal reflection takes place from an interface, it is well
      known that the optical energy penetrates a finite distance d into the
      second medium. This condition is illustrated by the dotted path shown in
      FIG. 1 and represents the particular situation where the second medium is
      air. When element 14 moves away from the position shown in FIG. 1 towards
      the prism, this optical path changes since a portion of it now takes place
      through this element with its different index of refraction. The effect of
      this change shows up in the phase of the emerging optical beam.
PAR  FIG. 3 shows the change in phase of the emerging beam as the angle of
      incidence .theta. increases above the critical angle .theta..sub.c when
      the second medium is air with refractive index of unity and when the
      second medium is element 14 with refractive index n.sub.f. The operating
      point of the modulator is selected so that this angle is above the two
      critical angles for these interfaces at a location where substantially
      maximum phase difference occurs.
PAR  In order to achieve frequency modulation of the optical beam, element 14
      need only be displaced through a relatively small air gap. The resulting
      cyclic TIR phase shift variations are equivalent to variations in laser
      cavity length. A modulation in laser output frequency is, therefore,
      produced. The actual physical displacement of element 14 need only be a
      fraction of the penetration depth associated with total internal
      reflection. Where .theta. is significantly above the critical angle for
      the prism-air interface, it may be on the order of 10.sup.-.sup.2 optical
      wavelengths.
PAR  Additionally, since the optical energy is neither absorbed by or
      transmitted through element 14, this member of the modulator may be of
      comparatively small size so as to permit its rapid displacement. Thus,
      large laser output frequency excursions may be achieved in relatively
      short time intervals.
PAR  With an appropriate selection of parameters, the above technique may be
      employed to frequency chirp the optical beam for laser-radar applications.
PAR  In the previous discussion, the optical beam 10 was polarized in a plane
      parallel to a plane of incidence, that is the plane of the paper, and the
      modulator was placed inside the laser cavity. However, if the beam is
      linearly polarized at 45.degree. to this plane and the modulator is placed
      outside the laser cavity, the parallel and perpendicular polarization
      components will experience different phase shifts as a result of the
      internal reflection, and polarization modulation of the transmitted beam
      will be produced. FIG. 3 illustrates this external modulator arrangement.
      The relative phase changes of these two components when the second medium
      is air and when it is n.sub.f is similar to curves depicted in FIG. 3. The
      operating point, that is the angle of incidence, .theta., may be selected
      so that the phase shifts are such that the polarization varies from linear
      to circular during the modulation process. The system can either be used
      directly as a polarization modulator or can be made to operate as an
      amplitude modulator by positioning an appropriate optical polarizer such
      as 22 behind the totally reflecting prism.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for frequency modulating a laser beam produced by a laser
      having a cavity of fixed dimensions comprising, in combination
PA1  an optical prism positioned within said cavity in the path of said laser
      beam,
PA2  the orientation of said prism and its index of refraction being such that
      said laser beam enters a first face of said prism, is incident on and
      experiences total internal reflection from a boundary surface of said
      prism when the medium in contact with this boundary surface is air and
      exits from a second face of said prism,
PA3  said laser beam, while experiencing such reflection, emerging from said
      boundary surface and traversing an external path before re-entering said
      boundary surface; and
PA1  means for altering the optical length of said external path thereby to
      change the phase of the laser beam exiting from said second face of said
      prism and the frequency of the laser beam leaving said cavity.
NUM  2.
PAR  2. In an arrangement as defined in claim 1 wherein said means for altering
      the optical length of said external path includes
PA1  an optical element located within said external path, said optical element
      having an index of refraction such that when said element is in contact
      with said boundary surface, said laser beam still experiences total
      internal reflection from said boundary surface.
NUM  3.
PAR  3. In an arrangement as defined in claim 2 wherein said means for altering
      the optical length of said path further includes
PA1  a transducer driving said optical element such that said element makes
      contact with said boundary surface and is cyclically displaced therefrom.
NUM  4.
PAR  4. In an arrangement as defined in claim 1 wherein said optical prism is a
      right angle prism and said boundary surface corresponds to the longest
      face of said prism.
NUM  5.
PAR  5. In an arrangement as defined in claim 1 wherein said laser beam is
      polarized in a direction that is parallel to the plane of incidence of
      said beam.
NUM  6.
PAR  6. In an arrangement as defined in claim 1 wherein said means for altering
      the optical length of said external path includes an optical element
      positioned adjacent said boundary surface,
PA1  said optical element having an index of refraction which is less than that
      of said prism; and
PA1  means for altering the separation between said optical element and said
      boundary surface so that a varying portion of said external path occurs
      within said optical element.
NUM  7.
PAR  7. Apparatus for frequency modulating a laser beam produced by a laser
      having a cavity of fixed dimensions, the combination of
PA1  an optical prism positioned within said cavity in the path of the laser
      beam such that said laser beam enters one face of said prism and,
      thereafter, is incident on a boundary surface of said prism;
PA1  an optical element positioned adjacent said boundary surface; and
PA1  means for moving said optical element such that said element comes in and
      out of contact with said boundary surface,
PA2  the angle of incidence of the laser beam on said boundary surface, .theta.,
      the index of refraction of said prism, n.sub.p, and the index of
      refraction of said optical element, n.sub.f, being such that sin .theta.
      is greater than nf/n.sub.p and greater than 1/n.sub.p, whereby said laser
      beam experiences total internal reflection from said boundary surface when
      said optical element is both in and out of contact with said boundary
      surface;
PA3  the movement of said optical element changing the optical length of the
      external path of said laser beam associated with said total internal
      reflection and thereby changing the phase of the laser beam emerging from
      another face of said prism.
NUM  8.
PAR  8. Apparatus for use with a laser cavity of fixed dimensions comprising, in
      combination
PA1  an optical prism positioned outside of said cavity and in the path of the
      laser beam leaving said cavity,
PA2  the orientation of said optical prism and its index of refraction being
      such that said laser beam enters a first face of said prism, is incident
      on and experiences total internal reflection from a boundary surface of
      said prism when the medium in contact with said boundary surface is air
      and exits from a second face of said prism,
PA3  said laser beam before entering said first face of said prism being
      polarized at an angle of 45.degree. with the plane of incidence,
PA3  said laser beam, while experiencing total internal reflection, emerging
      from said boundary surface and traversing an external path before
      re-entering said boundary surface; and
PA1  means for altering the optical length of said external path thereby to
      produce polarization modulation of the laser beam exiting from said second
      face of said prism.
NUM  9.
PAR  9. In an arrangement as defined in claim 8 means positioned in the path of
      the laser beam exiting from said second face of said prism for converting
      said polarization modulated beam to an amplitude modulated beam.
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ABST
PAL  A stimulated Brillouin scattered (SBS) tuned laser which utilizes
       stimula Brillouin scattering wherein the output laser beam produces the
      acoustic wave that scatters the laser beam to thereby provide the scanning
      which impacts on a retoreflective grating to provide a change in the
      frequency of the output laser beam.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  U.S. Pat. application Ser. No. 374,746 filed 28 June 1973 by Richard S.
      Hughes, "Acousto Optical Deflecter Tuned Organic Dye Laser."
PAR  U.S. Pat. application Ser. No. 518,313 filed 29 Oct. 1974 by Richard S.
      Hughes, "Electro Optic Defraction Grating Tuned Laser."
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is concerned with rapid tuning of a laser without using
      mechanical means with the attendant disadvantages accruing due to the
      relatively large mass of the mechanical devices to obtain tuning of the
      output laser beam.
PAR  2. Description of the Prior Art
PAR  Co-pending U.S. Pat. application 287,113 filed 1 Sept., 1972 by Richard S.
      Hughes, "Rapidly Tunable Laser", discusses the prior art and prior methods
      of obtaining frequency tuning of the output laser beam from a laser
      medium. One of the devices utilized continuous tuning of a narrow band
      laser emission by simply rotating a dispersing element. Another method of
      tuning the output frequency of a laser is illustrated and described in
      U.S. Pat. No. 3,422,370.
PAR  In addition, co-pending U.S. Pat. applications 374,746 "Acousto Optical
      Deflecter Tuned Organic Dye Laser" and U.S. Pat. application Ser. No.
      518,313 filed 29 Oct. l974 "Electro Optic Defraction Grating Tuned Laser"
      describe two other methods, one utilizing the acousto optic effect and the
      other the electrooptic effect for rapidly tuning in frequency the output
      beam from a laser.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention comprises a laser medium, an output mirror at one
      side thereof, an angle sensitive filter or reflection element at the
      opposite side of the laser medium and a piezo electric semi-conductor
      which exhibits the phenomenon of stimulated Brillouin scattering (SBS)
      between the laser medium and the angle sensitive filter or reflection
      element. The system makes use of the very intense intracavity laser beam
      to induce scattering within the piezo electric semi-conductor. In addition
      the piezo semi-conductor is connected to a source of voltage which may be
      varied in frequency and intensity to vary the output angle of the laser
      beam from the piezo electric semi-conductor so that the angle of incidence
      on the angle sensitive filter or reflection element is changed, thereby
      causing the output beam of the laser medium from the output mirror to be
      changed in optical frequency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING The FIGURE is an exploded diagrammatic
      view of a preferred embodiment of the present invention.
PAR  The system as set forth in the block diagram of the FIGURE comprises a
      continuously tunable laser medium 10 such as an organic dye, an output
      mirror 11, a piezo electric semi-conductor material 12, a reflection
      diffraction grating 13 and a source of voltage 14 which is connected to
      the piezo electric semi-conductor material 12. The laser medium may be
      energized by any suitable source such as a photo flash, another laser,
      etc. as set forth in co-pending U.S. Pat. application 287,113 filed 1
      Sept. 1972 by Richard Hughes, "Rapidly Tunable Laser." The value of
      reflectivity of the output mirror 11 is not critical. The output mirror
      need only provide sufficient feedback to provide for laser action and the
      laser materials gain, length, etc. will dictate the optimum reflectivity.
      The laser material for medium 10, is in this case an organic dye dissolved
      in an appropriate solvent. The normal emission of an organic dye laser is
      broadband with a typical halfwidth of 100 A.
PAR  By providing a wavelength selective bandpass filter within the laser
      cavity, the wavelength of the laser emission may be tuned. Laser emission
      of a typical organic dye laser can be tuned or varied over a 300 A wide
      range. The piezo electric semi-conductor 12 and diffraction grating 13
      provide such a wavelength selective filter. The semi-conductor 12 is a
      laser beam scanner which makes use of stimulated Brillouin scattering or
      SBS to provide the spatial scan. Such a device is set forth in detail in
      U.S. Pat. No. 3,633,994 and no further discussion is made with respect
      thereto. The spatial scan provided by the piezo electric semi-conductor 12
      is used in conjunction with one of severalangle sensitive filters or
      reflection elements, (i.e., Fabry-Perot interferometer or prism-mirror
      combination or a reflective diffraction grating as is set forth in the
      present case. In this embodiment, a reflection diffraction grating 13 is
      used in the retroflective mode. In this mode, the angle of incidence
      determines the reflected wavelength. Thus, by varying the angle of
      incidence, .theta., one can provide a high Q optical cavity which varies
      in wavelength.
PAR  The system herein described makes use of the very intense intracavity laser
      beam to induce scattering within the deflector 12. The phenomenon of
      stimulated Brillouin scattering or SBS, in which the acoustic wave that
      scatters the optical beam is produced by the optical beam itself was
      discovered in 1964 and is described by R. Y. Chiav, C. H. Townes and S. P.
      Stoicheft, in Phys. Rev. Lett., 12 Page 592 (1964).
PAR  In the present case, the application of a sufficiently intense optical
      field at frequency .omega..sub.2 causes a simultaneous generation of an
      optical beam at .omega..sub.1 and an acoustic wave at .omega..sub.3 =
      .omega..sub.2 - .omega..sub.1. The device described in U.S. Pat. No.
      3,633,994 provides for a beam scanner in which the angle at which the
      deflected beam, .omega..sub.1 emerges is varied by varying the applied
      voltage to the semi-conductor material. The varying voltage varies the
      direction of maximum acoustic gain at the frequency that corresponds to
      the Bragg angle. This in turn varies the direction of the acoustic wave.
      Thus, in the present case, varying the voltage of 14 varies the direction
      of maximum acoustic gain in the crystal 12.
PAR  One of the unique features of the present laser is the very wide optical
      bandwidth over which it can be turned. This is provided for by the large
      deflection angle obtained by utilizing SBS (the scan angle using SBS is at
      least a factor of 5 greater than conventional acoustic techniques). The
      expression for the threshold for SBS indicates that this technique can be
      used with other state of the art laser systems. This is set forth in
      Quantum Electronics, Amnon Yarin, pages 438 and 439 Equation (25.3-6).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rapidly tunable laser comprising;
PA1  a laser medium for producing an output beam;
PA1  an output mirror in line with said laser beam on one side of said laser
      medium;
PA1  reflective means in line with said laser beam on the side of said laser
      medium opposite that of said output mirror for reflecting said laser beam
      capable of responding to the angle of incidence of a beam thereon such
      that the reflected wavelength of the incident beam is determined by the
      angle of incidence on the reflective means;
PA1  piezoelectric semi-conductor means between said laser medium and said
      reflective means for causing said laser beam to angle scan;
PA1  means for creating an electric field within said semiconductor along a
      given direction in said semi-conductor;
PA1  means for causing stimulated Brillouin scattering in the semi-conductor;
PA1  and means for continuously varying either the magnitude or direction of the
      electric field in the semi-conductor so as to affect a change in the angle
      of the scattering;
PA1  said reflective means being responsive to the angle of incidence thereon of
      the laser beam, thereby determining the reflective wavelength and the
      frequency of the output laser beam from said output mirror.
NUM  2.
PAR  2. A rapidly tunable laser as set forth in claim 1 wherein;
PA1  said means for causing stimulated Brillouin scattering in the
      semi-conductor comprises the intracavity laser beam.
NUM  3.
PAR  3. A rapidly tunable laser as set forth in claim 1 wherein;
PA1  said reflective means comprises a reflection defracting grating used in the
      retroflective mode.
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PAL  An AFC circuit has a tuning circuit including a first variable capacitance
      element and a pair of series connected inductive elements. Switch means
      are connected between ground and a point between the inductive elements
      for alternatively operably connecting one or both of the inductive
      elements in parallel with the first variable capacitance element to switch
      the tuning circuit between a higher frequency range and a lower frequency
      range. The AFC portion of the circuit comprises a second variable
      capacitance element which is connected in parallel with the first variable
      capacitance element. In order to improve the sensitivity of this circuit,
      a means is provided for capacitively coupling the second variable
      capacitance element to a point between the inductive elements. As a
      result, substantially equal AFC ranges are obtained whether the circuit is
      tuned to the higher or the lower frequency range.
BSUM
PAR  The present invention relates to AFC circuits and in particular to an AFC
      circuit wherein the sensitivity is significantly improved by equalizing
      the controllable frequency range of the AFC function when the circuit is
      tuned to the higher or lower frequency range.
PAR  A conventional AFC circuit has a tuning circuit including a variable
      capacitance element and a pair of series connected inductive elements.
      Switch means are connected between ground and the junction between the
      inductance elements and are effective to alternately operatively connect
      one or both of the inductance elements in parallel with the variable
      capacitance element. In this manner, the frequency range of the tuning
      circuit can be switched between a higher frequency band and a lower
      frequency band. The AFC portion of the circuit comprises a second variable
      capacitance element connected in parallel with the variable capacitance
      element element of the tuning circuit. The second variable capacitance
      element is controlled by the output of the AFC detecting circuit to
      regulate the AFC function in accordance with variations in an intermediate
      frequency signal derived from another part of the receiver.
PAR  This type of AFC circuit has a substantial disadvantage in that the
      sensitivity of the AFC circuit varies in accordance with the frequency
      range selected. When the AFC circuit has been adjusted to provide an
      acceptable controllable frequency range in the low frequency range of the
      circuit, the controllable frequency range of the circuit in the high
      frequency range becomes excessively broad. As a result, adjacent channels
      may be received along with the desired channel. On the other hand, when
      the AFC circuit is tuned to provide an accepted controllable frequency
      range in the high frequency range, the controllable frequency range of the
      AFC circuit in the lower frequency range becomes unduly narrow resulting
      in the ineffective operation of the AFC circuit.
PAR  It is, therefore, a prime object of the present invention to provide an AFC
      circuit with improved sensitivity.
PAR  It is another object of the present invention to provide an AFC circuit
      wherein the controllable frequency range remains substantially unchanged
      as the circuit is switched between the higher frequency range and the
      lower frequency range.
PAR  It is a further object of the present invention to provide an AFC tuning
      circuit which demonstrates stability of operation and is economical to
      manufacture.
PAR  In accordance with the present invention, an AFC circuit is provided having
      a tuning circuit including a first variable capacitance element and a pair
      of series connected inductive elements. Switch means are provided for
      alternately operably connecting one or both of the inductive elements in
      parallel with the first capacitance element to change the frequency range
      of the circuit between a higher and a lower frequency range. The AFC
      portion of the circuit comprises a second variable capacitance element
      connected in parallel with the first variable capacitance element. The
      capacitance of this element is controlled in accordance with the output of
      the AFC detecting circuit. The improved sensitivity of this circuit is
      achieved through the use of a capacitor coupling one terminal of the
      second variable capacitance element to a point between the inductive
      elements such that the controllable frequency range of the circuit remains
      substantially unchanged whether the circuit is tuned to the higher or
      lower frequency range.
DRWD
PAR  To the accomplishment of the above and to such other objects as may
      hereinafter appear, the present invention relates to an AFC circuit having
      improved sensitivity as defined in the appended claims and as described in
      the specification, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram of a conventional AFC circuit;
PAR  FIG. 2 is a schematic diagram of a first preferred embodiment of the
      present invention;
PAR  FIG. 3 is a schematic diagram of a circuit equivalent to a portion of the
      AFC circuit shown in FIG. 2 when the AFC circuit is operated in the higher
      frequency range;
PAR  FIG. 4 is a schematic diagram of a circuit equivalent to a portion of the
      AFC circuit shown in FIG. 2 but wherein the circuit is operated in the
      lower frequency range; and
PAR  FIG. 5 is a schematic diagram of a second preferred embodiment of the
      present invention.
DETD
PAR  FIG. 1 shows a schematic diagram of a conventional AFC circuit. This
      circuit comprises a transistor 10 having a grounded control terminal and
      an output circuit connected between circuit output node 12 and the tuning
      portion of the circuit. A capacitor 14 is connected in parallel to the
      output circuit of transistor 10. A first variable capacitance element
      preferably in the form of a tuning varactor 16 is connected in series with
      a direct current blocking capacitor 18 between the collector of transistor
      10 and ground. The capacitance of varactor 16 is controlled by the voltage
      on line 20 which is connected by means of resistor 22 to the output of a
      potentiometer 24. Potentiometer 24 is connected to a voltage source
      represented herein as a battery 26. A pair of series connected inductance
      elements in the form of inductor coils 28 and 30 are connected between
      ground and the collector of transistor 10. A switch 32 is connected
      between ground and the junction of coils 28 and 30. Switch 32 serves to
      switch the tuning circuit between the high frequency range and the low
      frequency range. A second variable capacitance element 34, also in the
      form of a varactor, is connected in series with the second DC blocking
      capacitor 36 between ground and the collector of transistor 10. The
      voltage on a line 35, connected to one terminal of varactor 34, controls
      the value of the capacitance of varactor 34 in accordance with the output
      of the AFC detecting circuit which appears on node 38 and which, by means
      of resistor 40, is connected to line 35.
PAR  In the above-described AFC circuit, a local oscillation frequency f can be
      expressed as
      ##EQU1##
      and a frequency deviation .DELTA.f corresponding to a small variation
      .DELTA.C in the capacitance C is expressed as follows:
      ##EQU2##
PAR  Designating the local oscillation frequency for the higher frequency range
      as f.sub. 1 ; the tuning capacitance of the local oscillation circuit in
      the high range as C.sub.1 ; a small frequency deviation in the local
      oscillation frequency in the high range as .DELTA.f.sub. 1 ; the local
      oscillation frequency for the lower frequency range as f.sub. 2 ; the
      tuning capacitance of the local oscillation circuit in the low range as
      C.sub.2, and a small frequency deviation in the local oscillation
      frequency in the low range as .DELTA.f.sub. 2, the AFC sensitivity ratio
      can be expressed as
      ##EQU3##
PAR  From this relation, it can be seen that if the AFC sensitivity ratio is
      selected to have an acceptable value and the AFC sensitivity in the lower
      frequency range is selected to have an adequate value, the AFC sensitivity
      in the higher frequency range will be excessively wide resulting in
      erroneous operation wherein channels adjacent the desired channel will
      also be received. On the other hand, when the AFC sensitivity in the
      higher frequency range is selected to an adequate value under the same
      conditions, the AFC sensitivity in the lower frequency range becomes too
      narrow resulting in completely insufficient AFC operation.
PAR  FIG. 2 shows a schematic diagram of a first preferred embodiment of the
      present invention which is designed to overcome the above-mentioned
      disadvantage. This circuit has the same components as the circuit shown in
      FIG. 1 with the exception that a means for capacitively coupling the
      second variable capacitance element 34 with the junction between the
      inductance elements 28 and 30 is provided. This element is in the form of
      a capacitor 42. Capacitive coupling of the second variable capacitance
      element with the junction of the inductance coils results in a widening of
      the controllable frequency range when the circuit is operated in the lower
      frequency range and a narrowing of the controllable frequency range when
      the circuit is operated in the higher frequency range. Thus, the
      controllable frequency range in the AFC circuit can be maintained at
      substantially equal levels whether the circuit is operated in a higher
      frequency range or in the lower frequency range.
PAR  When a channel in the higher frequency range is received by the circuit,
      the switch 32 will be closed thereby short-circuiting coil 30. In this
      state the pertinent portion of the AFC circuit is equivalent to the
      circuit shown in FIG. 3. Letting the capacitance of the second capacitance
      tuning element be C.sub.1 and the capacitances of capacitors 36 and 42 be
      C.sub.2 and C.sub.3 respectively, the tuning capacitance C.sub.T1 can be
      expressed as:
      ##EQU4##
PAR  On the other hand, when a channel in the lower frequency range is received,
      switch 32 will be opened and the circuit will be equivalent to that which
      is shown in FIG. 4. The tuning capacitance C.sub.T2 in this state of the
      AFC circuit can be expressed as follows:
      ##EQU5##
PAR  Consider the influence of the variation of the capacitance C.sub.1 of the
      second variable capacitance element 34 on the tuning capacitance C.sub.T1
      and C.sub.T2 as set forth in the above equations. When the circuit is
      tuned to the high frequency range, capacitor 42 is connected in parallel
      with the varactor 34 and hence the effect of a variation in the
      capacitance C.sub.1 on capacitance C.sub.T1 is comparatively small. On the
      other hand, the circuit is tuned to the lower frequency range, the second
      variable capacitance element 34 is connected in series with the
      capacitances C.sub.2 and C.sub.3 of capacitors 36 and 42, and thus the
      effect of variations in the capacitance C.sub.1 of the second variable
      controlled capacitance element is relatively large. As a result, the AFC
      sensitivity is narrowed during operation in the higher frequency ranges
      and widened during operation in the lower frequency ranges.
PAR  It should be appreciated that by merely capacitively coupling the second
      variable capacitance element to the junction between the inductance coils,
      the AFC sensitivity can be narrowed in the higher frequency ranges and
      widened in the lower frequency ranges. Thus, by the addition of a single
      capacitor, a remarkably advantageous result is achieved, namely,
      substantially equalizing the AFC sensitivity throughout the entire
      frequency range.
PAR  FIG. 5 shows a schematic diagram of a second embodiment of the present
      invention. In this embodiment switch 32 is replaced by a capacitor 44, a
      diode 46, and a resistor 48. Diode 46 and resistor 48 are connected in
      parallel. Diode 46 is connected between capacitor 44 and ground, and
      resistor 48 is connected between capacitor 44 and a node 50 connected to a
      voltage source. In addition, series connected resistors 52 and 54 are
      connected between ground and the input from potentiometer 24 to resistor
      22. The junction between resistors 52 and 54 is connected by means of
      connector 56 to the lower potential side of the AFC detecting circuit
      whereas line 58 connects node 38 to the higher potential side of the AFC
      detecting circuit. As a result, the AFC voltage is, in the second
      embodiment, also applied to the first variable capacitance element 16,
      thereby making the advantageous effect of the present invention more
      distinct.
PAR  While only two embodiments of the present invention have been disclosed
      herein for purposes of illustration, it is apparent that many variations
      and modifications may be made thereon. It is intended to cover all of
      these variations and modifications which fall within the scope of the
      invention as defined by the following claim:
CLMS
STM  I claim:
NUM  1.
PAR  1. In an AFC circuit of a local oscillator or the like of the type having a
      first variable capacitance element and series connected first and second
      inductive elements, said inductive elements being connected in parallel
      with said first variable capacitance element, switch means for short
      circuiting said second inductive element, a first capacitor, a second
      variable capacitance element connected in series with said first
      capacitor, said second variable capacitance element and said first
      capacitor both being connected in parallel with said series connected
      inductive elements, the improvement comprising a second capacitor
      connected between the junction point of said series connected inductive
      elements and the junction point between said first capacitor and said
      second variable capacitance element so as to eliminate undesirable
      variations in the AFC sensitivity as the oscillator is switched between
      bands.
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PAL  A distortion measurement system for measuring distortion as low as 0.002%
      includes an ultra low distortion oscillator having a relatively fast
      response which is achieved by switching the time constant of the control
      loops of the oscillator during settling. The analyzer section included in
      the distortion system has a unique notch filter which provides low
      distortion. This is achieved by adding together two 90.degree. all pass
      phase shifters. In addition, automatic tuning is provided by two feedback
      control loops; one is responsive to out-of-phase signals which controls
      the RC filter circuits of the phase shifters and the other responds to the
      in-phase signals which controls the output summing junction of the notch
      filter. Finally, a feedforward type of simultaneous tuning is accomplished
      by ganging the oscillator frequency adjustment with the analyzer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed in general to a distortion measurement
      system and more particularly to a system which includes an ultra low
      distortion oscillator which conceptually may also provide for improved
      amplitude control, includes a distortion analyzer which has an improved
      notch filter system, and includes a combination of such analyzer and
      oscillator forming the overall system where all system components
      effectively track together and provide for fast stabilization.
PAR  In a distortion measurement system which may find use in measuring the
      distortion of audio amplifiers, for example, it is desired to measure
      distortion down to 0.002 percent. Moreover, it is desired to accomplish
      this measurement with a system which is relatively fast and simple in
      operation. In other words, the system must be fully automatic in
      operation.
PAR  Moreover, in order to measure very low distortions such as 0.002 percent
      the system must, of course, include an oscillator which generates a test
      signal within that specification. This necessitates the use of an
      independent oscillator which itself has an improved distortion figure
      which has heretofore not been commercially available.
PAR  A typical prior art distortion analyzer is produced by Hewlett-Packard
      Corporation of Palo Alto, California, under Model No. 333. An automatic
      nulling circuit for the analyzer is shown by the U.S. Pat. No. 3,315,153
      in the name of L. A. Whatley assigned to Hewlett-Packard. In general, all
      distortion analyzers known to the applicant operate on the principle of
      selectively rejecting a fundamental frequency component and then measuring
      the remaining components which, of course, make up the distortion of the
      main waveform. Whatley is objectional in that it requires a minimum of
      three photocells which contributes excessive distortion. Also the tracking
      of time constants is critical.
PAR  Another notch filter type frequency selective network which may be used in
      a distortion analyzer is shown by Brault U.S. Pat. No. 3,270,213 assigned
      to Princeton Applied Research. The circuit disclosed here however is
      wholly different from the cascade technique of the present invention and
      is more complex in design.
PAR  In general, a classic problem in the design of a low distortion oscillator
      and distortion analyzer is that both components of the distortion
      measurement system must be varied over a wide frequency range in order to
      perform the necessary function of the system in measuring the distortion
      of signals of various frequencies; for example, over the audio range. To
      switch frequencies requires the switching of resistive-capacitive
      components. This introduces component variations because of the tolerances
      of such components. In order to compensate for such variations feedback
      adjustments are necessary. However, such feedback adjustements in turn
      introduce distortion thus defeating the entire purpose of providing a
      distortion measurement system.
PAR  Prior devices have attemped to meet the foregoing problems but have only
      partially done so. Most importantly no prior system can effectively
      measure in a simple and economical manner the low distortion which are now
      included in the specifications of modern receiver-amplifiers.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      distortion measurement system.
PAR  It is another object of the invention to provide a system as above which
      includes improved oscillator and analyzer sections.
PAR  It is a further object of the invention to provide a system as above which
      does not require passive components or relatively high tolerances.
PAR  It is another object of the invention to provide a system as above which is
      simple to operate and relatively high speed in operation.
PAR  In accordance with the above objects there is provided a distortion
      measurement system for measuring the distortion of a signal of a
      predetermined frequency comprising an oscillator of the Wien bridge type
      including an amplifier having an output and input. Positive feedback means
      form two legs of the bridge and have frequency selective elements.
      Negative feedback means form the other two legs of the bridge. Analyzer
      means include notch filter means having frequency selective elements.
      Means are providing for ganging said frequency selective elements of said
      oscillator and analyzer means during changes in the predetermined
      frequency.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cabling connection diagram showing how the distortion
      measurement system is utilized in practice;
PAR  FIG. 2 is a simplified block diagram of the oscillator section of the
      present invention;
PAR  FIG. 3 is a circuit schematic illustrating the system tracking scheme
      between the oscillator and analyzer portions of the system;
PAR  FIG. 3A is an alternative embodiment of a portion of FIG. 3;
PAR  FIG. 4 is a block diagram illustrating a more complex arrangement of FIG.
      2;
PAR  FIG. 5 is a somewhat more detailed circuit schematic of a portion of the
      oscillator of FIG. 4;
PAR  FIG. 6 is a block diagram illustrating the analyzer portion of the system
      of the present invention;
PAR  FIG. 7 is a block diagram illustrating in simplified form a portion of FIG.
      6;
PAR  FIGS. 8A and 8B are curves useful in understanding FIG. 7;
PAR  FIG. 9 is a modified form of FIG. 7;
PAR  FIG. 10 shows an alternative embodiment of FIG. 9; and
PAR  FIG. 11 is a more detailed circuit schematic of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates the distortion analyzer system which is contained in
      cabinet 10 as it would be used to measure the distortion of an amplifier
      11. The oscilloscope 12 is for optional use. The distortion measurement
      system in essence combines an ultra low distortion oscillator, whose
      frequency is either varied by the push buttons 13 or programmed by an
      external input, with a high resolution automatic nulling distortion
      analyzer. Percent distortion is indicated on a meter 14 and visually
      displayed on scope 12 by the tracing B. The signal being analyzed is
      indicated by the tracing A. Meter 14 has several ranges as controlled by
      the distortion range switch 16. The oscillator output is provided on the
      coupling 17 and is coupled to the input of the amplifier 11. The power
      output of the amplifier 11 is connected to an 8 ohm load 19 and to the
      differential input terminals 21 of the distortion measurement system. The
      same signal is coupled to the A terminal of scope 12 by the cabling 18.
PAR  As discussed above, the analyzer portion of the system selects or notches
      out the oscillator frequency leaving only the distorting harmonic
      components and this is indicated in percent on meter 14 and also coupled
      out of the system through terminal 22 to the B input of scope 12. Various
      ground loops are also completed as indicated. A set level control 23
      provides for standardizing of the distortion reading since the reading is
      a percent of a constant value.
PAR  As will be explained below, the distortion analyzer frequency is selected
      simultaneously with the oscillator frequency due to a mechanical ganging
      from the push buttons 13. This feature combined with the fulling automatic
      nulling circuitry of the analyzer provides for a rapid speed of operation.
PAR  Another feature of the system are the notch frequency indicators 24
      designated LO and HI. These are useful when a source external to the
      built-in oscillator is being measured. The notch frequency lights
      facilitate tuning. When the LO light is lit, the notch frequency of the
      analyzer is low with respect to the incoming signal and when the HI light
      is lit it indicates that the opposite is true. The distortion analyzer is
      correctly tuned when both lights are not illuminated.
PAC  OSCILLATOR
PAR  Referring now to FIG. 2 and the upper portion of FIG. 3, there is
      illustrated a simplified block diagram of the oscillator portion of the
      system of the present invention. As discussed previously a classic problem
      in the design of a low distortion oscillator is that when components are
      switched to provide various frequencies, a large control range is required
      to compensate for tolerance variations in the passive RC components. This,
      however, causes undesirable distortion. As will be discussed below, the
      present oscillator solves the foregoing problem. In fact, such solution is
      applicable to any amplitude control system and is not restricted merely to
      oscillators.
PAR  Referring to FIGS. 2 and 3 the oscillator includes an oscillator amplifier
      26 having a positive feedback loop 25 which is adjustable by the push
      buttons 13 (FIG. 1) to provide a desired frequency. Details of the
      oscillator are illustrated in FIG. 3 where the positive feedback loop
      includes a series RC circuit having a resistor 27 and a capacitor 38 and a
      parallel circuit with a resistor 29 and a capacitor 31 which is coupled to
      common. The midpoint of the two circuit portions is connected to the
      positive or non-inverting input terminal of amplifier 26, the negative
      inverting terminal being connected to negative feedback loop. Such loop
      includes series connected resistive portions 32 and 33 with their relative
      values of 2 to 1 indicated. Such negative feedback loop is necessary to
      stabilize the amplitude of oscillation.
PAR  The oscillator indicated in FIG. 3 is basically of the Wien bridge type
      which employs a resistance and capacitance elements for frequency control
      in a bridge circuit. In this type of oscillator, the output is relatively
      free from harmonics and can be made to cover a wide frequency band.
      Moreover, the bridge circuit acts to discriminate against any frequency
      except that required to balance the bridge. It, therefore, has unusual
      frequency stability and is an ideal circuit for the present application.
      In a null condition, the positive feedback is exactly balanced by the
      negative feedback. The null occurs between line 34 to the negative input
      terminal of the amplifier and line 35 to the positive input. In other
      words, negative feedback elements 32 and 33 act as a precise voltage
      divider to determine the negative feedback ratio; thus elements 32 and 33
      have relative values to 2 to 1. This matches the other two legs of the
      bridge 27, 28, and 29, 31.
PAR  Relating the desired change of frequency to the push button frequency
      adjustment shown in FIG. 1, the frequency range is varied by the
      adjustment of the value of capacitors 28 and 31 and within each range the
      resistors 27 and 29 are controlled.
PAR  Referring now specifically to FIG. 2, the oscillator output on line 37 is
      connected to an ac level detector 38 which monitors the output signal and
      produces a current I1 on line 39 whenever the signal amplitude is greater
      than the reference voltage V2. This, of course, serves as a peak detector.
      Active RC filter 41 smooths the current I1 and provides a bias voltage V1
      to drive a voltage controlled resistor (VCR) 42. A comparator 43 compares
      the level of the bias voltage V1 against a reference voltage V3 and
      produces an output current I2 that is proportional to the difference
      between these two voltages. Integrator 44 integrates the comparator output
      current I2 continuously and produces an output current I3 which drives
      light emitting diode 46. This controls a light sensitive resistor R1 as
      indicated by the dashed line 47. Such light sensitive resistor is a
      portion of the negative feedback network of the oscillator as described in
      conjunction with FIG. 3, the light sensitive resistor R1 in series with
      resistor R2 constituting the resistive portion 32 and the resistor R3 and
      the voltage controlled resistor 42 forming the resistive portion 33. This
      feedback network provides a variable negative feedback ratio in response
      to signals both from the RC filter 41 and light emitting diode 46.
PAR  The operation of the oscillator is as follows. When power is first applied
      to the system, there is no amplitude and therefore the output V1 of the
      filter is zero and the VCR 42 is at its lowest resistance. In the same
      instant, the output of integrator 44 is zero thus cutting off the drive to
      the light emitting diode 46 which causes element R1 to have a very high
      resistance. The condition will yield a very low negative feedback ratio to
      the oscillator, thus forcing it to start immediately. In other words, the
      positive feedback will be predominant. As the amplitude builds up on
      output line 37 and passes the reference voltage V2, I1 on line 39 from ac
      level detector 38 charges RC filter 41. This creates a large bias voltage
      V1 which will increase the resistance of the VCR 42 to tend to bring the
      amplitude of the oscillator downwards. At the same time comparator 43 also
      sees the buildup of V1 and when it is greater in magnitude than the
      reference V3 comparator 43 produces the current I2 which drives integrator
      44 and light emitting diode (L.E.D.) 46. Photo sensitive element R1 then
      responds to the light signal to decrease its resistance and further tends
      to dampen the amplitude by increasing the negative feedback. This action
      continues until the oscillator output amplitude is equal to reference V2
      and the VCR 42 bias voltage V1 equals the reference voltage V3.
PAR  If at any time the oscillator amplitude is lower or higher than the
      reference voltage V2, the ac level detector 38 will respectively drive or
      cut off its drive to RC filter 41 and VCR 42 to thereby bring the
      amplitude back to the reference level V2. The foregoing action takes place
      once per cycle to maintain a stable oscillation and is thus a high speed
      control loop. However, in accordance with the invention while the high
      speed control loop maintains a constant oscillator amplitude the low speed
      control loop provides a constant optimum bias for the VCR 42. Such loop is
      inherently slower because of the time change of the photosensitive
      element. Specifically, the bias V1 to the VCR is constantly monitored by
      comparator 43 against the reference voltage V3. Any difference in voltage
      levels will result in the current I2. This current is integrated
      continuously by integrator 44. Over a given period of time if there is an
      average net increase of VCR 42 bias V1 there will be an increase of drive
      current to L.E.D. 46 resulting in a decrease of resistance in photo
      sensitive element R1. When this occurs, VCR 42 is no longer required to
      have such a high resistance and hence the high bias voltage V1 for the VCR
      will gradually move back to its predetermined value, the reference voltage
      V3. The opposite occurs for a net decrease in VCR bias V1.
PAR  The control system as thus far described has the following characteristics:
PAR  1. fast starting--initial conditions at the instant power is applied will
      automatically provide a very low negative feedback since the resistance of
      R1 is initially high, thus ensuring an immediate start of oscillation;
PAR  2. fast settling--the high speed control loop which includes filter 41 and
      level detector 38 as well as VCR 42 provides a very short amplitude
      stabilization time;
PAR  3. flat frequency response--peak detector 38 and VCR 42 provide an
      extremely flat response versus frequency;
PAR  4. by use of a low speed control loop, the system maintains an optimum bias
      for the voltage controlled resistor 42. Since a principal source of
      distortion is a high bias on the VCR, the relatively low or optimum bias
      produces low distortion. Normally, a high bias may be required for a wide
      control range which as discussed above accommodates component variance.
      However, the present invention provides at the same time, low distortion
      with a relatively wide control range thus overcoming the classic design
      problem of control range versus distortion discussed above.
PAR  5. the use of close tracking or high precision and stable components is not
      necessary to achieve low distortion over a wide range of frequencies. The
      photosensitive element R1 which has very low distortion itself, will be
      able to provide a very wide control range without contributing significant
      distortion.
PAR  As thus far described, the oscillator of FIG. 2 produces a distortion of
      less than 0.05 percent in an operating range of, for example, from 100
      hertz to 50 kilohertz. However, in order to provide for ultra low
      distortion of for example less than 0.001 percent, the following
      modifications as indicated in FIG. 4 are necessary.
PAR  In general such modifications provide for an initial short stabilization
      time and thereafter in a steady state long term mode emphasizes low
      distortion without sacrificing speed of response. Accordingly, VCR 42 is
      shunted by a resistor R5 whose value is selected to reduce distortion
      produced by VCR 42. However, since this shunting resistance necessarily
      reduces or limits the control range of VCR 42 a series switch 48 is
      provided to alternatively disconnect R5 and connect a resistor R4 which
      shunts both R3 and VCR 42. The value of R5 in practice is approximately
      the same as the operating resistance of VCR 42. Such parallel combination
      yields a resistance which is much smaller than the series resistor R3. The
      value of R4 is such that when the switch is moved to the NC or unactivated
      position, resistance between the node point A as indicated and the circuit
      common remains unchanged to thereby minimize transients and maintain
      stable oscillation. The specific relationship of the resistor values is R4
      in parallel with (R3 + R.sub.VCR) is equal to (R3+R5) in parallel with
      R.sub.VCR.
PAR  Thus, to summarize switch 48 may expand or limit the control range of the
      VCR 42. The value of R5 is such that it will reduce the VCR distortion
      contribution to a negligible amount and yet provide adequate control range
      when the oscillator is in the steady state condition. In other words, the
      switch may be initially placed in the NC position to provide for
      relatively fast settling of the circuit and then when steady state is
      reached, the NO position provides the necessary low distortion. This is
      all accomplished without the production of transients which might
      otherwise disturb the oscillation.
PAR  Another modification illustrated in FIG. 4 is that the RC filter 41 is now
      programmable through a select unit 49 with the time constants .tau.1 and
      .tau.2 with .tau.1 being less than .tau.2. The purpose of RC filter 41 is
      to reduce the ripple on the bias of VCR 42. However to achieve a high
      speed of operation, in other words a short stabilization time, initially a
      shorter time constant, .tau.1, is provided, After VCR 42 has reached its
      optimum operating range, a switch is made to the longer time constant,
      .tau.2 which reduces the ripple on the bias of the VCR 42 to a negligible
      amount so that no modulation of the resistance occurs which would
      otherwise cause distortion.
PAR  A gain select unit 51 which has three different gains of increasing value
      G.sub.1, G.sub.2 and G.sub.3 drives the integrator 44 in the low speed
      control loop and serves to maintain the overall stability of the system as
      the control range of VCR 42 and the time constant of filter 41 is changed.
      For example, with a high gain the low speed control loop is somewhat
      unstable. However, this is not critical when the high speed loop is in the
      fast response mode and thus the high gain is useful in achieving a faster
      system response. A control system for varying select units 49 and 51 and
      switch 48 includes a level detector 52 which compares the bias voltage V1
      to a reference voltage, the timing circuits 53 and the switch driver
      section 54.
PAR  The ultra low distortion system operates in the following manner. When
      power is first applied to the system, the bias voltage V1 is zero as level
      detector 52 sets switch 48 to the NC position and programs the active
      filter 41 to the short .tau.1 time constant. This condition is essentially
      identical to the original relatively high distortion system and enables
      the oscillator to have a quick startup time as described before. This is
      the fast response mode. After a preset length of time, determined by
      timing circuits 53 which allows the bias V1 on VCR 42 to reach a steady
      state value the timing circuits 53 will drive switch 48 to the NO position
      and at the same time select a gain via selector 51 to cause the integrator
      44 to have an intermediate gain G2. Resistor R5 is now shunting the VCR to
      minimize its control effectiveness. The system operates in this
      intermediate mode for a preset length of time during which the integrator
      44 can make minor adjustments in drive to photo sensitive element R1 to
      compensate for any small mismatching in resistors R4 and R5. At the end of
      this intermediate period the timing circuit 53 which is part of the
      automatic control circuits programs the RC filter 41 to the longer time
      constant, .tau.2, and the integrator to have the lowest gain, G.sub.3.
      With the filter 41 at .tau.2, the ripple on the VCR's bias is reduced to a
      negligible amount to again reduce distortion. Again the VCR 42 is
      operating with a close to ideal bias voltage. The low gain of the
      integrator 44 will enable the photosensitive element R1 to compensate for
      any slow drift of feedback network elements. This is, therefore, the ultra
      low distortion mode. In other words, the resistor R5 lessens the control
      range and for this sacrifice ultra low distortion is achieved. The gain of
      integrator 44 has also been decreased to maintain overall system stability
      in view of the corresponding change in VCR control range and filter time
      constant.
PAR  If in this low distortion mode the drift is too fast for integrator 44 to
      follow or if there is a sudden large disturbance to the steady state
      oscillation, the high speed control loop will try to immediately stabilize
      the oscillator. In doing so it will offset the steady state bias V1 to VCR
      42. The level detector 52 of the automatic control circuit will detect
      this change in V1 and immediately reprogram the system to the fast
      response mode so that the system can make the necessary adjustments
      quickly. The automatic control circuits will then guide the system through
      the intermediate mode and finally settle on the ultra low distortion mode.
      Thus, to summarize the different modes in the fast response mode, .tau.1
      is selected for the active RC filter 41, the gain G.sub.1 for integrator
      44 and switch 48 is in its NC condition; in the intermediate mode .tau.1
      remains for filter 41 but the gain for integrator 44 is changed to
      G.sub.2, a larger gain than G.sub.1, and switch 48 is switched to the NO
      condition. In the final ultra low distortion mode filter 41 is switched to
      the .tau.2 state the gain select G.sub.3 is utilized for integrator 44
      with switch 48 remaining in the NO condition.
PAR  FIG. 5 is a more detailed circuit diagram of FIG. 4 with the automatic
      control circuits eliminated for simplicity. In integrator 44 the
      capacitors C4 and C5 are switched in and out to provide the various gains.
      In filter 41 again a switch is provided for the two time constants .tau.1
      and .tau.2. The resistors with these two circuits R7, R10 and R11 are for
      the purpose of charging up the capacitors before they are placed across
      the amplifiers to minimize switching transients.
PAR  The voltage controlled resistor, VCR 42, is actually a field effect
      transistor which has the optimum bias of V1=V3 for low distortion.
PAC  ANALYZER
PAR  The analyzer section of the distortion measurement system of the present
      invention is illustrated in FIG. 6 and includes a differential amplifier
      61 with an input which accepts the distorted output signal from the
      amplifier under test. Amplifier 61 has a fixed output 62 which when
      coupled to the ac voltmeter 14 (see FIG. 1) indicates the RMS voltage of
      the input signal. However, in order for the input signal to be compared to
      a constant reference voltage in order to measure, for example, db or
      percent distortion a set level potentiometer 23 adjusts the level of line
      64 with the switch 63 in the set level position so that the meter 14 reads
      a set level value. Line 64 is coupled to a notch filter 66 which as will
      be discussed below has its frequency notch simultaneously adjusted or
      tracked with the frequency output of the oscillator section 67 of the
      distortion measurement system. The dashed line 68 indicates the system
      tracking coupling which in the present invention is mechanical ganging; in
      other words, the push buttons 13 referring to FIG. 1 are also coupled to
      the adjustable elements of notch filter 66. However, this could be
      electrically coupled or concurrently programmable by a central processing
      unit.
PAR  The output of notch filter 66 on line 69, which now has the fundamental
      frequency eliminated and only the distortion harmonics or components
      remaining, is passed through an adjustable attenuator 71 whose range is
      controlled by the distortion range switch 16 also found on the control
      panel of the instrument shown at FIG. 1. Attenuator 71 is coupled to a
      distortion amplifier 72 to provide the final distortion output signal at
      73. The attenuator in effect changes the gain of amplifier 72. Such signal
      in addition to showing percent distortion on voltmeter 14, when switch 63
      is moved to the proper position, also drives autotune circuits 74 to
      provide for proper tracking of the components of the notch filter 66. The
      autotune circuits provide a notch filter which is capable of rejecting the
      tuned signal by more than 100 decibles. Their purpose is automatically
      keeping the analyzer portion of the system in tune with the input signal.
      Distortion range switch 16 is ganged with elements in the autotune
      circuits as will be discussed below.
PAR  FIG. 7 illustrates the frequency selective portion of FIG. 6 in greater
      detail showing a simplified form of notch filter 66.
PAR  Notch filter 66 includes two 90.degree. all pass phase shifters 76 and 77.
      Each phase shifter has minimum distortion in view of the single amplifiers
      78 and 79. By connecting two +90.degree. phase shifters or two -90.degree.
      phase shifters in series and summing the signals at 75 with an in-phase
      signal on line 80 a notch filter is thereby formed. FIGS. 8A and 8B
      illustrate the characteristics of +90.degree. and -90.degree. phase
      shifters respectively where the selected frequency is determined by 1/RC
      of the Z network indicated; all offset frequencies are shifted a different
      degree than 90.degree..
PAR  The Z.sub.A and Z.sub.B networks are connected between the input and the
      noninverting (+) terminal of the differential amplifiers 78, 79. The
      R.sub.a resistors are respectively connected between the input and the
      inverting (-) input of each amplifier. Resistors R.sub.b are of the same
      value as R.sub.a and are respectively connected between the output and the
      inverting (-) terminal of the respective amplifiers.
PAR  The transfer function for an individual phase shifter with a Z
      configuratiion to produce a +90.degree. phase shift at the fundamental
      frequency as shown in FIG. 8A is
      ##EQU1##
PAR  From the foregoing the magnitude for all frequencies is equal to one or a
      constant. This design is therefore an all pass circuit. The phase angle is
      180.degree. -z tan.sup.-.sup.1 .omega.RC.
PAR  Similarly a Z configuration of -90.degree. shown in FIG. 8B has a transfer
      function which is a negative of the foregoing.
PAR  When two phase shifters of like signs are cascaded to form a notch filter
      the transfer function is
      ##EQU2##
      where A = RC of Z.sub.A and B = RC of Z.sub.B.
PAR  The notch frequency .omega..sub.o is
      ##EQU3##
      and Q is
      ##EQU4##
      Since the tuned frequency is equal to
      ##EQU5##
      and the circuit Q is equal to
      ##EQU6##
      one can conclude that:
PAR  1. For frequency tuning, the two time constants A and B need not be in
      close tracking to each other. In fact, one can be fixed while the other
      time constant varies to tune frequencies having a range of 4 to 1.
PAR  2. Circuit Q is relatively insensitive to the mistracking of the two time
      constants, A and B. If the two were mismatched by a factor of 4 to 1, Q
      will be 0.4 instead of 0.5. This is only a 20 percent change.
PAR  3. The filter has a constant response in the passband; independent of time
      constant tracking and Q variations as illustrated by the above transfer
      function.
PAR  A frequency selective system with Q multiplication using the basic
      frequency selective circuit of FIG. 7 is shown in FIG. 9. The output
      response of this system at e.sub.01 is still a notch. However, summing the
      input and output at S.sub.1 also yields a bandpass response at e.sub.02.
PAR  The system consists of the basic frequency selective circuit followed by an
      inverting amplifier A.sub.3 with gain equal to K. The output signal of
      this inverting amplifier is fed back to a summer, S.sub.1 , through a flat
      response network, Y. Another flat response network X is connected between
      the input signal (e.sub.i) and summer (S.sub.1). The output of summer
      S.sub.1 is connected to the input of the basic frequency select circuit.
PAR  The transfer function for the notch output is
      ##EQU7##
      Notch frequency
      ##EQU8##
      Q is increased by a factor (2Yk+1).
PAR  For the alternative bandpass embodiment the bandpass transfer function is
      ##EQU9##
      The resonant frequency,
      ##EQU10##
PAR  FIG. 10 illustrates a practical embodiment of a bandpass filter with
      variable Q. It is an -90.degree. phase shifter 108 and a +90.degree. phase
      shifter 109. Operational amplifier 111 includes Q adjustment 112. The
      transfer function of the circuit is
      ##EQU11##
      where
      ##EQU12##
PAR  The notch filter system of FIG. 9 is very desirable in the design of a
      harmonic distortion analyzer, where the self-induced residual distortion
      must be low, for the following reasons.
PAR  1. There is a minimum number of amplifers. Only three amplifiers, that is
      78, 79 and A.sub.3, need be used. Distortion from the amplifiers is
      therefore minimized.
PAR  2. The phase shifters 76, 77 are operating on low signal levels. Feedback
      networks X and Y effectively reduce the signal seen by the active phase
      shifters. Distortion is minimized because of the decrease in voltage
      level.
PAR  3. The distortion contribution from the phase shifters is reduced since
      only half the signal is passing through the phase shifters; the other half
      is passing through a passive brance and they sum together at S.sub.2.
PAR  FIG. 11 illustrates the notch filter 66, attenuator 71, distortion
      amplifier 72 and autotune circuit 74 of FIG. 6 in greater detail; also the
      form of the notch filter is that of FIG. 9.
PAR  Portion 74a of the automatic tuning system includes the phase detector 81
      which is driven by a 90.degree. reference signal from the output of
      amplifier 78; that is, the signal in view of the 90.degree. phase shift
      characteristic of shifter 76 of the notch filter is 90.degree. from the
      input on 64. This acts as a reference to the distortion output 73 which is
      coupled to the memory or integrating circuit 82. Phase of detector 81
      continuously checks the system output for an out-of-phase signal (defined
      as a signal whose phase angle is not equal to 0.degree. or .+-.
      180.degree.) and such out-of-phase signal will cause phase detector 81 to
      produce an output thereby charging integrator 82. Integrator 82 is of the
      Miller type and includes the feedback capacitor 83 adjusted by the
      distortion range switch 16. Its output is coupled by a variable resistor
      84 to a light emitting diode 86 and thence back to the inverting terminal.
      LED 86 drives the photosensitive elements 87 and 88 to keep the entire
      system in tune. A frequency change in the input signal will restart this
      automatic tuning process. As illustrated, however, photosensitive element
      88 is not actually in the circuit but is optional since the RC elements of
      Z.sub.A and Z.sub.B need not have close tracking. However, photosensitive
      element is in the RC circuit Z.sub.B of the phase shifter 77. The reason
      for the foregoing is that as discussed above both notch frequency and Q
      are a product of Z.sub.A and Z.sub.B. Thus, an error in the A shifter can
      be compensated by the B shifter with no undersired side effects.
PAR  It should also be noted that if element 88 is added to the RC circuit
      Z.sub.A, the shifter 76 will no longer produce exactly 90.degree. at the
      input frequency and thus the 90.degree. reference input to phase detector
      81 must be provided by a separate 90.degree. phase shifter coupled to
      input 64.
PAR  Automatic tuning circuit portion 74b provides additional rejection of the
      tuned signal by more than 100 decibels. Again the portion 74b includes a
      phase detector 87 which however is coupled to a zero degree reference
      signal from input 64. The detector drives Miller integrator 88 whose
      distortion range is controlled by switch 16 varying feedback capacitor 89.
      The integrator drives LED 91. The light emitting diode 91 in turn drives a
      photosensitive element 92 in the output of notch filter 66. Such output is
      coupled through a resistor 93 to a summing junction S.sub.2 which also
      sums variable input 64 through a second resistor 94.
PAR  In operation phase detector 87 will check the system output for an in-phase
      signal. Such signal will cause the phase detector to produce an output and
      an out-of-phase signal will yield no response. Any output signal will be
      integrated by integrator 88 which in turn will drive the light emitting
      element 91. Photosensitive element 92 in response to this light signal
      will change its resistance in such a direction as to cause a reduction in
      the in-phase signal. The process continues until the in-phase magnitude
      reaches zero. When this occurs, integrator 88 because of its memory
      characteristic will maintain a constant drive to light emitting element 91
      to keep the amplitude nulled.
PAR  Thus, there are two control loops 74a and 74b working together which will
      constantly keep the entire system in tune.
PAR  It should be noted that photosensitive unit 103 could alternatively be in
      series with resistor 94. Because of the all pass response of phase
      shifters 76, 77, irrespective of mistracking, when the Z.sub.A and Z.sub.B
      components are switched to provide another desired notch frequency, the
      range of adjustment of loop 74b is small. Feedback control correction is
      required only to correct amplitudes for slight inherent imperfections in
      the filter circuit. Thus, distortion is minimized.
PAR  A wide capture range of the automatic tuning circuit is also made possible
      by the foregoing relative immunity of the filter to mistracking of the
      time constants. Specifically, photosensitive element 87 may have a large
      control range since mismatching of the time constants A and B of Z.sub.A
      and Z.sub.B effects Q very little as discussed above. Also no extra
      control range is needed by photosensitive element 92 to compensate because
      of the all pass nature of the phase shifters.
PAR  As discussed above, since normally with no variable element 88 in the RC
      circuit Z.sub.A of shifter 76 the output of amplifier 78 is always shifted
      90.degree., a phase detector 96 may use this 90.degree. signal as a
      reference signal which when compared with the variable input signal 64
      drives the notch frequency indicator 24. Such indicator is merely a pair
      of diodes which when as discussed above an input frequency from other than
      the oscillator of the system is used indicates whether such frequency is
      higher or lower than the notch frequency.
PAR  Nulling or automatic tuning is also completely automatic for all distortion
      ranges. In prior art devices it was necessary to manually null before the
      automatic mode could be initiated. In the present invention, the
      distortion range switch 16 is ganged to attenuator 71 and integrator
      capacitors 83 and 89. Thus, a reduction in overall gain due to an increase
      in attenuation at 71, which would lower the gain of the autotune loops
      74a, b, is compensated for by increasing the gain of the respective
      integrators 82, 88. A constant overall gain is thereby maintained.
PAR  Still referring to FIG. 11, as the notch frequency of filter 66 is varied
      the R of Z.sub.B is chosen to provide a relatively constant voltage across
      photocell 87 for lower distortion. This is achieved by providing a fixed
      resistive ratio between photocell 87 and R since it can be assumed that
      the voltage level of the input to amplifier 79 is constant. Accordingly,
      predetermined values of R are computed for each frequency by use of
      ##EQU13##
      where .omega..sub.o is the notch frequency and A and B the time constants
      of Z.sub.A and Z.sub.B. The autotune circuits 74a, b will, of course, move
      the resistance of photocell 87 to achieve the selected .omega..sub.o and
      this resistance will be fixed ratio with R of Z.sub.B.
PAR  FIG. 3 illustrates the system tracking scheme which provides for close
      tracking between the oscillator and analyzer portions. The phase shifters
      76 and 77 have their RC portions Z.sub.A and Z.sub.B ganged by dashed line
      69 to the oscillator. In addition, variable resistor 84 of integrator 82
      is also coupled to the system tracking scheme in order to maintain a
      constant voltage at the integrator output as the frequency is changed to
      maintain the speed of the circuit; that is, if such were not the case, the
      integrator 82 would take an excessive time interval to move. Thus, this
      effectively changes the drive to light emitting diode 86 while at the same
      time not requiring the integrator voltage to change. An alternative
      embodiment is the circuit of FIG. 3A which interposes a variable amplifier
      97 between LED 86 and the integrator 82. Here variable resistor 98 is
      ganged to 68. The system tracking scheme illustrated in FIG. 3 is in
      general terms a type of feedforward system where when it is decided to
      change the oscillator frequency conditions the analyzer to prepare it for
      accepting the new frequency. Thus, speed of the system is enhanced.
PAR  Thus, the present invention has provided an improved distortion measurement
      system in which both improved oscillator and analyzer portions uniquely
      cooperate.
CLMS
STM  I claim:
NUM  1.
PAR  1. Amplitude control apparatus for maintaining constant the output
      amplitude of an amplifier by a negative feedback loop between the output
      and an input of the amplifier said negative feedback loop comprising: a
      high speed feedback control loop including first means for comparing said
      output amplitude to a first reference voltage and providing a first error
      signal indicating a difference, voltage divider means between said output
      and input for precisely determining the negative feedback ratio, said
      divider means having first and second series resistive portions with a
      common point connected to said input, one of said resistive portions being
      responsive to said first error signal to vary its resistance in a manner
      to change said negative feedback ratio to reduce said error signal, said
      one resistive portion having an optimum operating range; a low speed
      feedback control loop including second means for comparing said first
      error signal to a second reference voltage and providing a second error
      signal, integrator means for integrating said second error signal and
      having an output, said other resistive portion of said voltage divider
      means being responsive to said integrator output to vary its resistance in
      a manner to change said negative feedback ratio in the same direction as
      said one resistive portion whereby said one resistive portion is returned
      to its optimum operating range.
NUM  2.
PAR  2. Apparatus as in claim 1 where said amplifier includes a positive
      feedback loop between said output and an input to form an oscillator.
NUM  3.
PAR  3. Apparatus as in claim 2 where said oscillator is of the Wien bridge
      type, said two portions of the voltage divider means of said negative
      feedback loop forming two legs of the bridge and said positive feedback
      loop the other two legs.
NUM  4.
PAR  4. Apparatus as in claim 1 where said one resistive portion increases in
      resistance as said first error signal increases and where said other
      resistive portion correspondingly decreases in resistance.
NUM  5.
PAR  5. Apparatus as in claim 4 where said one resistive portion includes a
      field effect transistor having an optimum bias for low distortion and said
      other resistive portion includes a photosensitive element controlled by a
      light source driven by said output of said integrator.
NUM  6.
PAR  6. Apparatus as in claim 2 where said high speed control loop performs a
      control action once per cycle of oscillation of said oscillator to
      maintain a stable oscillation.
NUM  7.
PAR  7. Apparatus as in claim 1 including means for shunting said one resistive
      portion to limit its control range whereby distortion is further reduced
      and including automatic control means responsive to said one resistive
      portion being returned to its optimum operating range for activating said
      shunting means.
NUM  8.
PAR  8. Apparatus as in claim 7 where said one resistive portion includes
      voltage controlled resistor means responsive to said first error signal
      and a series connected resistor, said shunting means includuing switching
      means having first and second positions, a first resistor in series with
      said switching means shunting said voltage controlled resistor means to
      provide said reduced distortion and a second resistor in series with said
      switching means shunting said voltage controlled resistor means and said
      series connected resistor, said switching means completing in its first
      position said shunting of said first resistor and in its second position
      said shunting of said second resistor, said second resistor having a
      resitive value to maintain the impedance across said voltage controlled
      resistor means and said series connected resistor constant for both of
      said conditions of said switching means whereby transients are minimized.
NUM  9.
PAR  9. Apparatus as in claim 7 together with active filter means in said low
      speed control loop said filter means having selectable time constants said
      automatic control means selecting a longer time constant in response to
      said one resistive portion being returned to its optimum operating range.
NUM  10.
PAR  10. Apparatus as in claim 7 where said integrator has a variable gain and
      where said automatic control means reduces said gain corresponding to said
      shunting for maintaining the overall system stability.
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ABST
PAL  A double-balanced modulating and demodulating circuit is disclosed for
      producing from carrier and modulating input signals at least one double
      sideband suppressed carrier signal. A pair of dual-channel amplitude
      modulators are provided each of which is operable to produce a pair of
      full-wave unsuppressed-carrier amplitude-modulated output signals without
      filtering. The modulating signal is applied to each amplitude modulator in
      phase opposition, respectively, so as to produce envelopes of the output
      signals that are in phase opposition. The various outputs of the amplitude
      modulators are combined in summing circuits so as to produce without
      filtering two double sideband signals in phase opposition, respectively,
      and two reconstituted unmodulated carrier signals which are in phase
      opposition, respectively. By the use of feedback means, the device will
      operate as its own local oscillator.
BSUM
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  This invention relates generally to a double-balanced modulating and
      demodulating apparatus including a pair of dual-channel
      amplitude-modulation modulators. While normally the output terminals of
      the amplitude modulators are connected to obtain at least one double
      sideband suppressed carrier signal, the terminals may also be connected by
      appropriate summing means to cancel the envelopes of the AM modulator
      output signals to obtain an unmodulated signal having the same frequency
      as the carrier signal, to obtain the demodulated signal during modulation,
      the modulation signal during demodulation, or a conventional amplitude
      modulated signal during both modulation and demodulation. By the use of a
      combination of a plurality of the modulator and demodulator circuits
      wherein all the undesirable signals are electrically cancelled, it is
      possible to obtain only the original modulating signal from a
      suppressed-carrier double-sideband-modulated input signal; an
      upper-sideband-suppressed-carrier modulated signal, a
      double-sideband-suppressed-carrier modulated signal, a
      lower-sideband-suppressed-carrier modulated signal, or an
      unsuppressed-carrier-amplitude-modulated signal. In these embodiments, the
      original modulating signal may be recovered regardless of the ratio F2/F1
      since all undesirable signals are electrically cancelled rather than
      attenuated by frequency sensitive circuits. The invention has utility as a
      frequency multiplier, a frequency synthesizer and a self local oscillator.
      Included in the invention is a constant power supply drain feature.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Various types of balanced and double-balanced modulator and demodulator
      circuits are well known in the patented prior art, as evidenced by the
      patents to Roucache U.S. Pat. No. 3,514,720, Feldman U.S. Pat. No.
      3,229,230 and Bell U.S. Pat. No. 3,205,457. In the known systems, filters
      and other frequency sensitive circuits are required to eliminate unwanted
      signals, such as device-generated harmonics of the carrier and modulating
      signals. For example, Feldman specifies that in the presence of a
      modulating signal, all odd harmonics of the carrier signal are present,
      including the fundamental frequency of the carrier. In the Bell apparatus,
      all odd harmonics of the carrier exist and interact with all odd harmonics
      of the modulating signal. All of the devices require filters which,
      regardless of adjustment, cause undesirable phase shifting and attenuation
      of desirable signals while filtering out the undesirable signals. None of
      the known devices includes means for ensuring a constant percent of
      conduction time per cycle of the carrier regardless of the instantaneous
      amplitude of the modulating signal, thereby to permit electrical
      cancellation of all device-generated harmonics, and none includes means
      for ensuring precise electrical cancellation of the carrier and modulating
      signals without matched active and passive circuit elements. None of the
      known devices permit recovery of a modulating signal whose frequency is
      even near that of the carrier.
PAR  The present invention was developed to avoid the above and other drawbacks
      of the known devices by providing an improved full-wave, double balanced
      modulator and demodulator circuit that is completely free of any inductor,
      transformer, tuned or other frequency sensitive circuit, provides constant
      power supply drain and which includes means which provide for complete
      suppression of the carrier in one output summation wherein only the upper
      and lower sidebands exist, and to provide for complete suppression of the
      sidebands in another output summation, wherein only the carrier exists.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improved modulating and
      demodulating circuit is provided which includes a pair of dual-channel
      amplitude modulators each of which is operable to produce a pair of
      unsuppressed-carrier amplitude-modulated output signals, Carrier signal
      phase inverter means supply a carrier signal to each channel of the
      amplitude modulators to cause the channels of each amplitude modulator to
      operate alternately on each half cycle of the carrier, respectively,
      thereby enabling full-wave operation. Modulating signal phase inverter
      means supply a modulating signal in opposite phases to the amplitude
      modulating circuits, respectively, thereby causing the envelopes of the
      outputs of each amplitude modulating circuit to be in phase opposition,
      respectively. The outputs of the channels of each amplitude modulator are
      combined to produce one amplitude modulated output signal whose
      unsuppressed carrier is in-phase with the carrier signal input, another
      amplitude modulated output signal whose unsuppressed carrier is
      180.degree. out-of-phase with the carrier signal input; the modulating
      signal and all device generated harmonics being electrically cancelled
      from said amplitude modulated output signals. The outputs of the amplitude
      modulators are electrically combined to produce any number of desired
      signals. Preferably the carrier-in-phase output signal of one amplitude
      modulator is combined with the carrier-out-of-phase output signal of the
      other amplitude modulator to obtain a first double sideband output signal
      from which the carrier signal has been cancelled. A plurality of the
      modulating and demodulating circuits may be combined with summing means to
      obtain solely the original modulating signal from: a suppressed-carrier
      double-sideband-modulated signal; an upper-sideband-suppressed-carrier
      modulated signal, a lower-sideband-suppressed-carrier modulated signal, an
      amplitude-modulated-unsuppressed-carrier signal; an
      unsuppressed-carrier-amplitude modulated signal. In these plurality
      embodiments, recovery of the original modulating signal (F2) is possible
      regardless of the ratio F2/F1, where F1 is the carrier frequency. A
      plurality of the modulating and demodulating circuits may also be combined
      with summing means to obtain any whole multiple, n(F1), of a signal, F1, n
      being an integer.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, a primary object of the present invention is to provide an
      improved modulating and demodulating circuit for producing at least one
      double sideband suppressed carrier signal, including a pair of
      dual-channel amplitude modulators each operable to produce a pair of
      unsuppressed-carrier amplitude-modulated output signals; carrier signal
      phase inverter means for supplying a carrier signal to each channel of the
      amplitude modulators to cause full-wave operation of each amplitude
      modulator wherein the unsuppressed-carrier of one output of each amplitude
      modulator is in-phase with said carrier signal input, and the
      unsuppressed-carrier of the other output of each amplitude modulator is
      180 degrees out-of-phase with said carrier signal input; modulating signal
      phase inverter means for supplying a modulating signal in opposite phases
      to said dual-channel amplitude modulating circuits, respectively, thereby
      causing the envelopes of the outputs of each of said amplitude modulating
      circuits, respectively, to be in phase opposition, and first summing means
      for combining the carrier-in-phase output signal of one amplitude
      modulator with the carrier-out-of-phase output signal of the other
      amplitude modulator to obtain a first double sideband output signal from
      which the carrier signal has been cancelled, and second summing means for
      combining the carrier out-of-phase output signal of one amplitude
      modulator with the carrier-in-phase output signal of the other amplitude
      modulator to obtain a second double sideband output signal from which the
      carrier signal has been cancelled and which is in phase opposition to the
      said first double sideband output signal, and double sideband pull-relax
      isolation amplifier means for amplifying said double sideband signals,
      respectively.
PAR  According to another feature of the invention, the modulating and carrier
      input signals may be caused to have the same frequency whereby the double
      sideband output signals have a frequency which is twice that of the
      carrier input signal and precise phase relationships with said carrier
      input signal.
PAR  A more specific object of the invention is to provide apparatus of the type
      described above, including third summing means for combining the
      carrier-in-phase output signal of the first amplitude modulator with the
      carrier-in-phase output signal of the other amplitude modulator to obtain
      a first reconstituted carrier signal which is in-phase with the carrier
      input signal and from which the sidebands have been cancelled, fourth
      summing means for combining the carrier-out-of-phase output signal of the
      first amplitude modulator with the carrier-out-of-phase output signal of
      the other amplitude modulator to obtain a second reconstituted carrier
      signal which is out-of-phase with the carrier input signal and from which
      the sidebands have been cancelled, reconstituted carrier pull-relax
      isolation amplifier means for amplifying said reconstituted carrier
      signals, respectively, and feedback means connected with said
      reconstituted carrier isolation amplifier means for feeding back to the
      carrier signal input a portion of said reconstituted carrier signals. The
      invention has utility as a frequency multiplier, a frequency synthesizer,
      and a self local oscillator.
PAR  According to another object of the invention, the modulating and
      demodulating circuit includes a power supply, means being provided for
      effecting a constant current drain on the power supply regardless of the
      presence of the carrier and modulating signals. To this end, each of the
      modulating signal phase inverter means and the carrier signal phase
      inverter means includes a pair of transistors, in the presence of
      corresponding modulating and carrier signals, having a total currrent
      drain which is equal to the d-c bias drain through the transistors in the
      absence of modulating and carrier signals, respectively. Similarly, the
      amplitude modulators include similar pairs of modulating transistors,
      phase inverter transistors, impedance matching isolation summation
      transistors, which in combination have a net signal current drain equal to
      the d-c bias, and impedance matching isolation output amplifiers, the
      transistors of each pair being connected 180.degree. out of phase with
      each other. The double sideband isolation amplifier means and the
      reconstituted carrier isolation amplifier means each includes a similar
      pair of transistors 180.degree. out of phase with each other.
PAR  According to another object of the invention, a plurality of the modulating
      and demodulating devices may be combined in a system to obtain from a
      suppressed-carrier double-sideband-modulated input signal solely the
      original modulating signal of that input signal, all undesirable signals
      being electrically cancelled.
PAR  A further object of the invention is to provide a system in which a
      plurality of the modulating and demodulating devices are combined to
      obtain from a modulating input signal which comprises either an
      upper-sideband-suppressed-carrier modulated signal, a
      double-sideband-suppressed-carrier modulated signal, a
      lower-sideband-suppressed-carrier modulated signal, or an
      unsuppressed-carrier amplitude-modulated signal solely the original
      modulating signal of that input signal, all undesirable signals being
      electrically cancelled.
PAR  A further object of the invention is to provide a system including a
      plurality of the modulating and demodulating devices for obtaining solely
      the original modulating signal from an
      unsuppressed-carrier-amplitude-modulated input signal having an envelope
      that is the original modulating signal, all undesirable signals being
      electrically cancelled.
PAR  In accordance with the present invention, the output signals are completely
      free of device-generated harmonics, the modulating signal, all velocity
      modulation distortion, and all other types of distortion (even that caused
      by interaction between the signals due to the unavoidable impedance
      inherent in the power supply), thereby to assure distortion-free output
      signals. The apparatus is operable to provide, in both modulation and
      demodulation operations, a carrier signal of the proper frequency for
      injection at the corresponding first inputs of the AM modulators without
      the use of a separate local oscillator. Due to the full-wave,
      in-and-out-of phase, "pull/relax" operation, all signals with respect to
      the power supply are electrically cancelled. Thus, a constant current is
      drawn from the power supply regardless of the presence of either signal.
      No interactions of any of the signals through the power supply exist.
      There exists in the operation of the present invention the characteristic
      180.degree. phase shift of the first signal at each half cycle of the
      second signal at several of the device output terminals.
PAR  According to a more specific embodiment of the invention, the circuit
      comprises two amplitude modulation (AM) modulators of the type which
      electrically cancel all undesirable signals such as the modulating signal
      and all device-generated harmonics of the carrier signal. The apparatus
      does not produce harmonics of the modulating signal, and requires no low-
      or high-pass filters and no tuned circuits, the operation being completely
      independent of frequency. In the present invention, separate phase
      splitters are used for each AM modulator to provide for independent
      adjustment of the first signal insertion to each AM modulator. If
      precision operation of the device is not required, one phase splitter
      would suffice to feed the proper signals to both of the AM modulators. One
      phase splitter would also suffice for precision if certain controls are
      added to maintain the independent adjustment of said first signal
      insertion. Use of precisely matched components also permits the use of
      only one phase splitter. Further, separate emitter follower circuits are
      employed for each channel of each AM modulator wherein the second signal
      is inserted, thereby to provide for independent adjustment of second
      signal insertion to each channel, while avoiding loading of the
      signal-source transistors. If precision operation of the device is not
      required, a single emitter follower circuit would suffice to feed the
      second signal to both channels of an AM modulator. With respect to
      insertion of the modulating signal and the inherent current drain on the
      power supply, the modulating signal is inserted in-phase to the first AM
      modulator, and 180.degree. out-of-phase to the second AM modulator. This
      results in mutual cancellation of the insertion current drain and thus the
      current drain remains constant regardless of the presence of the second
      signal.
PAR  Where summing is required, in certain cases an emitter follower circuit is
      employed so as to avoid "loading" the signal-source transistors, and so as
      to cause the signal-wise current drain from the power supply to remain
      constant by balancing equally and oppositely the signal-wise current drain
      of the emitter follower circuit with the signal-wise current drain of the
      signal-source transistors.
PAR  In certain other cases, equal and opposite signals are applied to pairs of
      transistors respectively, both to amplify the signals and also to cause
      mutual cancellation of the signal-wise current drains of the transistors
      so that the current drain on the power supply remains constant regardless
      of the presence of a signal.
PAR  The basic present invention disclosed herein offers the advantages that it
      is insensitive to carrier and modulating frequencies, requires no heavy,
      bulky inductors or variable capacitors, requires no precision selection
      and matching of component values, requires no tuning for the carrier and
      modulating frequencies applied, induces no velocity-modulation-distortion
      on any of the signals (including the sidebands), induces no
      amplitude-modulation-distortion on any of the signals (including the
      sidebands), and can be easily designed as an integrated circuit. The
      circuit has utility in such applications as multiplexing, upper and lower
      sideband communications, upper and lower sideband radar/sonar, and in any
      system wherein it is required to handle a wide range of carrier and
      modulating frequencies without adjustment. The circuit readily
      accommodates any carrier frequency applied from extremely low frequencies
      (ELF) up through the limits of the circuit elements employed. The carrier
      can, if desired, consist of more than one frequency simultaneously. The
      circuit is particularly suited for use in situations in which physical
      dimensions and power supply drain are critical, and when a modulating
      frequency is required to approach and even exceed that of the carrier
      frequency. The circuit can be used for modulating and demodulating a
      previously velocity-modulated carrier signal. Since the circuit adds no
      velocity-modulation-distortion of its own, demodulation of the doubly
      modulated signal can provide, in addition to the demodulated signal, the
      previously velocity-modulated carrier, provided a portion of the
      velocity-modulated carrier is reinserted with the DSB modulated signal.
      This results from the complete suppression of the carrier in the DSB
      modulating process both in the absence and presence of a modulating
      signal. If this condition exists, the velocity-modulated carrier signal
      can also be recovered in the demodulation process for further detection of
      the velocity-modulation information in an appropriate detector. In both
      modulation and demodulation, the circuit can provide its own carrier
      frequency for reinsertion, thereby eliminating the requirement for a
      separate local oscillator. The circuit can also be used as a frequency
      synthesizer wherein whole multiples of a carrier, say F1, can be obtained
      when combinations of several of this device are used with appropriate
      summing circuits. Once the whole-multiples-of-the-carrier frequencies
      desired are determined and the required combinations are established, F1
      can be any frequency desired while nF1 is produced without special tuning
      and adjustment, n being an integer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent from a
      study of the following specification when viewed in the light of the
      accompanying drawing, in which:
PAR  FIG. 1 is an electrical schematic diagram of the modulating and
      demodulating apparatus of the present invention;
PAR  FIG. 2 is a block diagram of the circuit of FIG. 1;
PAR  FIGS. 3 and 4 are waveforms of the apparatus of FIG. 1 operated in the
      modulating and demodulating modes, respectively;
PAR  FIG. 5 is a block diagram of a system including a plurality of the circuits
      of FIG. 1 for obtaining solely the original modulating signal of a
      suppressed-carrier double-sideband-modulated input signal;
PAR  FIG. 6 illustrates the waveforms of the system of FIG. 5;
PAR  FIG. 7 is a block diagram including a plurality of the devices of FIG. 1
      for obtaining solely the original modulating signal of an
      upper-sideband-suppressed-carrier-modulated input signal, a
      double-sideband-suppressed-carrier-modulated input signal, a
      lower-sideband-suppressed-carrier-modulated input signal, and of an
      unsuppressed-carrier amplitude-modulated input signal;
PAR  FIG. 8 is a block diagram of a system including a plurality of the devices
      of FIG. 1 for obtaining solely the original modulating signal of an
      unsuppressed-carrier-amplitude-modulated input signal;
PAR  FIG. 9 is a block diagram of a modification of the apparatus of FIG. 8; and
PAR  FIG. 10 is a block diagram of a system which provides output frequencies of
      2(F1) and 3(F1) when F1 is the fundamental frequency.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1 a double-balanced modulator circuit is disclosed
      having a carrier signal input terminal 2 to which is applied a carrier
      signal F1, a modulating signal input terminal 4 to which is applied a
      modulating input signal F2, a pair of output terminals 6 and 8 at which
      double-sideband suppressed-carrier signals of opposite phase are produced,
      and a pair of dual-channel amplitude modulator circuits 10 and 12. The
      modulating signal F2 is applied in opposite phases to the amplitude
      modulators 10 and 12 via modulating signal phase-inverter splitter means
      14 including transistors Q17 and Q18. The channels of the amplitude
      modulator circuits include emitter follower transistors Q6A1, Q6A2; Q6B1,
      Q6B2 for modulating signal input, control or modulating transistors Q2A,
      Q3A, Q2B, Q3B, signal phase inverter transistors Q4A, Q5A, Q4B, Q5B, and
      two pairs of impedance matching isolation summation transistors Q7A, Q9A;
      Q8A, Q10A; Q7B, Q9B; Q8B, Q10B. The carrier signal F1 is applied to the
      channels of the modulators in opposite phases via phase splitting means
      24, 26 including transistors Q1A1, Q1A2; Q1B1, Q1B2, respectively.
      Connected with the outputs of the channels are emitter follower impedance
      matching devices Q11A, Q12A, Q11B and Q12B, respectively.
PAR  The output of emitter follower transistor Q11A is fed to the pair of
      summing resistors RS3 and RS7, and the outputs of emitter follower
      transistors Q12A, Q11B and Q12B are fed to pairs of summing resistors RS1,
      RS5; RS2, RS8; and RS4, RS6, respectively. Resistors RS1 and RS2 comprise
      first summing means for combining the carrier-in-phase output signal +A of
      the second channel 16 of the first amplitude modulator with the
      carrier-out-of-phase output signal -B of the first channel 22 of the other
      amplitude modulator to obtain a first double sideband output signal +DSB
      from which the carier signal has been cancelled, and resistors RS3, RS4
      comprise second summing means for combining the carrier-out-of-phase
      output signal -A of the first channel 18 of the first amplitude modulator
      with the carrier-in-phase output signal +B of the second channel 20 of the
      second amplitude modulator to obtain a second double sideband output
      signal -DSB of opposite phase from said first double sideband output
      signal and from which the carrier signal has been cancelled. First
      double-sideband pull-relax isolation amplifier means including transistors
      Q13, Q14 amplify the first and second double sideband output signals
      without loading the first and second summing means. In the event that the
      modulating and carrier signals have the same frequency, the first and
      second double sideband output signals each have a frequency which is twice
      that of the carrier input signal and a precise phase relationship with
      said carrier input signal, whereby said amplitude modulating and
      demodulating circuit comprises a frequency doubling means.
PAR  The resistors RS5, RS6 comprise third summing means for combining the
      carrier-in-phase output signal +A of the second channel of the first
      amplitude modulator with the carrier-in-phase output signal +B of the
      second channel of the second amplitude modulator to obtain a first
      reconstituted carrier signal +C" which is in-phase with the carrier input
      signal and from which the sidebands have been cancelled. Resistors RS7,
      RS8 comprise fourth summing means for combining the carrier-out-of-phase
      output signal -A of the first channel of the first amplitude modulator
      means with the carrier-out-of-phase output signal -B of the other
      amplitude modulator to obtain a second reconstituted carrier signal -C"
      which is out-of-phase with the carrier input signal and from which the
      sidebands have been cancelled. Reconstituted carrier pull-relax isolation
      amplifier means including transistors Q15, Q16 amplify the reconstituted
      carrier signals, respectively, without loading the third and fourth
      summing means, which reconstituted carrier signals are combined by
      potentiometer RXC and are fed back to the carrier signal input terminal 2.
      The potentiometer RXC determines the strength and phase relationship of
      the reconstituted carrier with respect to the carrier input signal,
      thereby to establish and control Class AB operation of each amplitude
      modulator. In the event the feedback means includes a frequency selection
      means FB for feeding back to the carrier signal input only that frequency
      of the reconstituted carrier signal which equals the frequency of the
      carrier input signal, and RXC is properly set, the double balanced circuit
      operates as its own local oscillator.
PAR  The amplitude modulators 10 and 12 include potentiometer means RAC and RBC,
      respectively, for causing the amplitude modulator channel output signals
      A11, A12, A21, A22; B11, B12, B21 and R22 to have the same magnitude,
      respectively, in the absence of a modulating signal.
PAR  In order to control the magnitude of the carrier input signal supplied to
      the amplitude modulators, respectively, a potentiometer RA/BC is connected
      between the carrier signal input terminal 2 and the carrier signal phase
      inverter circuits of amplitude modulators 10 and 12, respectively, whereby
      the magnitude of the carrier-in-phase output signal +A of the first
      amplitude modulator equals that of the carrier-out-of-phase output signal
      -B of the other amplitude modulator, and the magnitude of the
      carrier-out-of-phase output signal -A of the first amplitude modulator
      equals that of the carrier-in-phase output signal +B of the other
      amplitude modulator in the absence of a modulating signal.
PAR  In order to control the magnitude of the modulating signal applied to the
      amplitude modulators 10 and 12, respectively, to cause the magnitude of
      the envelopes of the output signals +A, -A of the first amplitude
      modulator to equal the magnitudes of the output signals +B, -B of the
      second amplitude modulator, the modulating signal phase inverter 14 is
      provided with a potentiometer RA/BM. Furthermore, potentiometers RAM, RBM
      are associated with the first and second amplitude modulators,
      respectively, for causing the modulating signal to be applied equally to
      each channel thereof. Finally, adjustment means RA1P, RA2P and RB1P, RB2P
      are provided in the modulator channels for controlling the operation of
      the control devices Q2A, Q3A and Q2B, Q3B, respectively, so that the
      percent conduction time of the carrier in the associated control device,
      respectively, remains constant regardless of the instantaneous magnitude
      of the modulating signal.
PAR  In accordance with another important feature of the invention, means are
      provided for providing a constant current drain on the power supply
      regardless of the presence of the carrier and modulating signals. To this
      end, the modulating signal phase inverter means 14 includes a pair of
      transistors Q17, Q18 which are connected with the power supply to
      establish a given d-c bias drain through the transistors in the absence of
      a modulating signal, said transistors being connected in 180.degree. phase
      opposition to each other, whereby in the presence of a modulating signal,
      the total current drain of both transistors is equal to said given d-c
      bias current drain. Furthermore, the carrier signal phase inverter means
      includes for each amplitude modulator a pair of transistors Q1A1, Q1A2 and
      Q1B1, Q1B2, respectively, said transistors being connected with the power
      supply to establish a given d-c bias drain through the transistors in the
      absence of the carrier signal, the transistors of each pair being
      connected for operation in 180.degree. phase opposition to each other,
      whereby in the presence of said carrier signal, the total current drain of
      both transistors is equal to said given d-c bias current drain. Moreover,
      each of the amplitude modulators includes a pair of modulating transistors
      Q2A, Q3A and Q2B, Q3B, a pair of signal phase inverter transistors Q4A,
      Q5A and Q4B, Q5B, and two pairs of impedance matching isolation summation
      transistors Q7A, Q9A; Q8A, Q10A and Q7B, Q9B; Q8B, Q10B, said transistors
      being so connected with the power supply that a given d-c bias drain is
      established through the transistors in the absence of both of the carrier
      and modulating signals. The summation transistors are connected to operate
      in 180.degree. phase opposition to the net operation of the modulating and
      signal phase inverter transistors, whereby in the presence of the carrier
      and modulating signals, the total current drain of all the transistors is
      equal to the given d-c bias current drain.
PAR  Similarly, the pairs of impedance matching isolation output amplifiers
      Q11A, Q12A and Q11B, Q12B associated with the amplitude modulators are
      connected to provide a constant current drain on the power supply
      regardless of the presence of the carrier and modulating signals, the
      transistors of each pair being connected for operation in 180.degree.
      phase opposition to each other, whereby in the presence of said carrier
      and modulating signals, the total current drain of each transistor pair is
      equal to the d-c bias current drain. Also the double sideband isolation
      amplifier means includes a pair of transistors Q13, Q14 that are connected
      to provide a constant current drain on the power supply regardless of the
      presence of the carrier and modulating signals, said transistors being
      connected with the power supply to establish a given d-c bias drain
      through the transistors in the absence of the double sideband signals,
      said transistors being connected for operation in 180.degree. phase
      opposition to each other, whereby in the presence of said double sideband
      signals, the total current drain of both transistors is equal to the given
      d-c bias current drain. The reconstituted carrier isolation transistors
      Q15, Q16 are connected with the power supply to establish a given d-c bias
      drain through the transistors in the absence of the reconstituted carrier
      signals, said transistors being connected for operation in 180.degree.
      phase opposition to each other, whereby in the presence of the
      reconstituted carrier signals, the total current drain of both transistors
      is equal to the given d-c bias current drain.
PAR  FIG. 2 illustrates a simplified block diagram of the detailed schematic
      circuit of FIG. 1, and FIG. 3 shows the modulation waveforms appearing at
      the corresponding terminals of FIG. 1. For demodulation operation of the
      circuit of FIG. 1, the waveforms have the configurations shown in FIG. 4.
PAR  Referring now to FIGS. 5 and 6, a plurality of the circuits of FIG. 1 may
      be combined to obtain the original modulating signal input F2 from a
      suppressed-carrier double-sideband-modulated input signal -KDSB1. Thus the
      first modulating and demodulating circuit 50 (corresponding to that of
      FIG. 1) produces both the original modulating signal F2 and a double
      sideband output signal (+DSB2) having a suppressed carrier frequency which
      is twice that of the suppressed carrier input signal and which is also
      modulated by the original modulating signal F2. Second and third
      modulating and demodulating devices 52 and 54 similarly correspond with
      the circuit of FIG. 1, the third device being connected to define a third
      signal source. More particularly, the local oscillator 56 supplies a
      signal having a frequency F1 to the carrier signal input terminals c of
      the first and third devices 50 and 54. The local oscillator signal is also
      applied to the modulating input terminal m of the third device via a
      variable resistance, whereby the output signal at terminal 8 having a
      frequency of twice the local oscillator frequency is connected with the
      carrier signal input c of the second device 52. The double-sideband
      suppressed carrier signal -DSB2 appearing at the output terminal 6 of the
      second device is summed with the output signal +DSB2, +F2 appearing at the
      output terminal 8 of the first device by summing means 58, the output of
      the summing means being supplied to the modulating signal input m of the
      second device 52 via magnitude control device 59. Consequently, the output
      signal F2 appearing at the output of the summing means is solely the
      original modulating signal. The waveforms of the system of FIG. 5 are
      shown in FIG. 6.
PAR  Referring now to FIG. 7, a system including a plurality of the modulating
      and demodulating devices is disclosed for obtaining solely the original
      modulating signal F2 from an upper-sideband-suppressed-carrier modulated
      signal USB, a double-sideband-suppressed carrier modulated signal DSB, and
      a lower-sideband-suppressed-carrier modulated signal LSB, and an
      unsuppressed-carrier amplitude-modulated signal AM. The input signal is
      applied to the modulating signal input m of a first amplitude modulating
      and demodulating device 62. Second, third, fourth and fifth devices 64,
      66, 68 and 70 (each similar to the circuit of FIG. 1) are provided. A
      local oscillator 72 provides a signal F1 that is applied to the carrier
      signal input c of the first device, the output 8 of said first device
      being connected with the modulating signal input m of the second device
      and with one input terminal of the summing means 74, the output of which
      is connected with the modulating signal terminal of the third device 66. A
      signal 2(F1) having a frequency twice that of local oscillator 72 and of a
      precise phase relationship with said local oscillator frequency is applied
      to the carrier signal input terminals of the second, third and fifth
      devices 64, 66 and 70, respectively, and a signal having a frequency four
      times that of local oscillator 72 and of a precise phase relationship with
      said local oscillator frequency is applied to the carrier signal input of
      the fourth device 68. The output 8 from the second device 64 is connected
      with one input terminal of the summing means 78, and the other input
      terminal of the summing means 78 is connected with the output terminal 6
      of the third device. The output terminal of the second summing means 78 is
      connected with one input terminal of the third summing means 80 having an
      output terminal which is connected with the modulating input terminals 4
      of the fourth and fifth devices 68 and 70, respectively. The output
      terminal 6 of the fourth modulating device is connected with the second
      input terminal of the summing means 80. The ouput terminal 6 of the fifth
      device 70 is connected with the other input terminal of the summing means
      74.
PAR  In operation, the single sideband signal is demodulated in the first device
      62 and contains two frequencies, viz, the modulating signal F2, and the SB
      signal with a `converted` "carrier" 2(F1). It is possible to obtain the
      complement of this signal (e.g., the lower sideband (LSB) if the input
      signal originally was an upper sideband (USB) signal) by adding the output
      of the first device in proper phase relationship to a DSB signal of the
      proper "carrier" frequency and of the proper magnitude. Such a signal is
      obtained from the fifth device 70 by inserting F2 of the proper magnitude,
      and 2(F1) to the fifth device. The complementary signal is now obtained at
      the output of summing means 74. These signals are now inserted into second
      and third devices 64 and 66, respectively, where they are used to obtain a
      DSB signal of specific phase with a "carrier" of 2(F1); a signal with a
      converted "carrier" of 4 (F1), the signal of the output of the third
      device being the complement of the second device, and F2, the modulating
      signal whose phase relationship from each device is additive. These two
      signals are now added in summing means 78 wherein the DSB signals
      containing the "carrier" 2(F1) are electrically cancelled, the
      complementary signals of a "carrier" of 4(F1) are combined to form a DSB
      signal with a 4(F1) "carrier" frequency, and the modulating signals F2 are
      present. What has been accomplished is the creation of a DSB signal in the
      correct relationship with F2. This signal is now operated on similarly as
      previously done in the system of FIG. 5. The introduction of a "carrier"
      frequency of 4(F1) to the fourth device and also the modulating signal F2
      to the fourth device provides a DSB signal of the correct frequency, phase
      relationship, and magnitude so as to cancel the DSB portion of the output
      signal from summing means 78. This cancellation takes place in summing
      means 80. Thus, the output of summing means 80 contains only the original
      modulating signal F2. Since the additions and cancellations are all linear
      operations, the system will produce a pure F2 regardless of the input
      signal; i.e., this system is a universal system which will operate equally
      well on USB, DSB, LSB, and AM. Also, regardless of the input signal,
      certain other signals are produced as noted above. This systen can
      therefore be used also as a "carrier" frequency converter as well as a
      sideband inverter. Since controls were shown in FIG. 5 to provide a
      one-time-only precise system adjustment, similar controls are obviously
      applicable to the universal system of FIG. 7. Also, for clarity of
      explanation, two separate summing means were used, viz, summing means 78
      and 80. Obviously these two summing means could be combined. There are
      many variations possible wherein it is possible to obtain only F2.
      Variation from the systems shown in FIG. 5 and FIG. 7 does not constitute
      departure from the basic concepts of the present invention as disclosed
      herein.
PAR  The two systems disclosed here and shown in FIG. 5 and FIG. 7 now permit
      recovery of a modulating signal whose frequency is equal to, and even
      greater than, that of the "carrier" signal.
PAR  Referring now to FIG. 8, a system is disclosed for recovering the original
      modulating signal F2 from an unsuppressed-carrier-amplitude-modulated
      signal AM1 having an envelope that is the original modulating signal. Use
      is made of first, second and third devices 90, 92 and 94 that correspond
      to the circuits of FIG. 1. The modulated input signal is applied to the
      modulating signal input terminal m of the first device 90, to the phase
      and frequency locked local oscillator 96, and to the automatic
      gain-control voltage generator 98. The local oscillator signal F1 is
      applied to the carrier input terminal c of the first device 90, and to the
      carrier and modulating terminals of the third device 94. Thus, the output
      of the third device has a frequency 2(F1) and is applied to the carrier
      input of the second device 92 and to one input of the phase-inverting
      automatic gain control amplifier 99. The output of amplifier 99 is fed to
      a second summing means 100 and to the input of a second automatic gain
      control generator 102. The outputs of the automatic gain control
      generators 98 and 102 are supplied to the input terminals of the
      differential amplifier 104 which defines third summing means. The output
      of the third summing means 104 comprises the other input of the
      phase-inverting automatic gain control amplifier 99.
PAR  The outputs of the first and second devices 90 and 92 are supplied to the
      inputs of the first summing means 106, and output of said summing means
      being supplied to the other input of the second summing means 100. The
      output terminal of the second summing means is connected both with the
      modulation input of the second device 92 and with one input of second
      differential amplifier 108 which defines fourth summing means. The output
      terminal of the first device 90 is also connected to the other input
      terminal of the fourth summing means 108.
PAR  In operation, the amplitude modulated signal AM1 is applied to local
      oscillator 96 in such a manner as to phase and frequency lock the local
      oscillator to the unsuppressed carrier portion of the said AM1 signal so
      as to obtain a local carrier signal, F1', of the proper phase and
      frequency for use elsewhere in the system, and to obtain a first automatic
      gain control voltage (AGCV1) which is proportional to the strength of the
      said AM1 signal, for use elsewhere in the said system. The said AM1 signal
      is also applied to the modulation input of said first double-balanced,
      suppressed-carrier, double-sideband modulator 90. The said local carrier
      signal, F1', is applied to the carrier input of said first device 90. The
      output signal from said first device consists of only two signals; viz,
      the modulating signal F2, and an amplitude modulated signal, AM2, whose
      unsuppressed carrier frequency is twice that of the original unsuppressed
      carrier frequency, F1. The signal strength of the AM2 signal is in direct
      proportion to the signal strength of said AM1 input signal; the envelope
      of said AM2 output signal, and the magnitude of said recovered modulating
      signal (F2) being in direct proportion to the envelope of said AM1 input
      signal. The said local carrier, F1', is also applied both to the
      modulating and the carrier inputs of the third device 94. The output of
      the third device is a signal whose frequency is twice that of said F1';
      i.e., 2(F1'), and whose phase relationship to said local carrier, F1', is
      precisely maintained. This said 2(F1') signal is applied to the carrier
      input of a second device 92. The said recovered modulating signal, F2, is
      applied to the modulating input of said second device. The output signal
      of said second device is a double-sideband signal, -DSB2 whose suppressed
      carrier frequency is 2(F1'), and whose phase relationship is precisely
      determined and maintained. The magnitude of said -DSB2 signal is in direct
      proportion to the magnitude of said recovered F2 signal which is in direct
      proportion to the envelope of said input signal, AM1. Said DSB2 signal is
      added linearly to the output signal of said first device is a first
      summation circuit 106 where it cancels the envelope of the said AM2
      portion of said output signal of said first device, thereby obtaining the
      modulating signal, F2, and the unsuppressed carrier portion of the said
      AM2 signal. The output signal, 2(F1'), of said third device is also
      applied to an automatic gain control amplifier whose output signal,
      -k[2(F1')] (i.e., -k times the magnitude of the signal whose frequency is
      2(F1')) is used to generate a second automatic gain control voltage,
      AGCV2. Said AGCV2 is compared with said AGCV1 in a first differential
      amplifier 104. The output of said first differential amplifier is a master
      automatic gain control voltage, MAGCV, which is applied to said AGC
      amplifier, thereby affecting the gain K of said AGC amplifier. The output
      signal, -k[2(F1')] is now summed with the said output signal, (F2,
      2(F1')), of said first summation circuit 106 in the second summation
      circuit 100 whose output consists solely of said recovered modulating
      signal F2. Additionally, the output signal of said first device and the
      output signal of said second summation circuit are applied to a second
      differential amplifier whose output signal consists solely of an
      unsuppressed-carrier, amplitude-modulated signal whose carrier frequency
      is twice that of said AM1 input signal, and whose envelope characteristics
      correspond directly to the envelope of said AM1 input signal. Controls for
      proper magnitude cancellations are obvious and so are not shown. The
      system therefore performs the following operations:
PAR  a. The modulating signal is recovered from an unsuppressed-carrier,
      amplitude-modulated signal, without filters, with no frequency sensitive
      attenuation and phase shifting, completely free of all undesirable
      signals; therefore its frequency may equal and even exceed that of the
      carrier signal.
PAR  b. An unsuppressed-carrier, amplitude-modulated signal is converted to
      another unsuppressed-carrier, amplitude-modulated signal whose
      unsuppressed carrier frequency is twice that of the original signal and
      whose envelope is the same as that of the original signal.
PAR  c. An unsuppressed-carrier, amplitude modulated signal is converted to a
      suppressed-carrier, double-sideband signal wherein the suppressed-carrier
      frequency is twice that of the unsuppressed-carrier of the original
      signal.
PAR  d. A local carrier signal is obtained whose frequency and phase precisely
      correspond to the carrier of a previously amplitude modulated signal.
      Thus, if the original carrier had also been velocity modulated with
      additional information, this additional information is now recoverable by
      the use of appropriate detection devices.
PAR  FIG. 9 illustrates an alternative to the embodiment of FIG. 8, use being
      made of first, second and third modulating and demodulating devices 120,
      122 and 124. The modulating signal AMl is applied to the modulating input
      of the first device 120 and to the phase and frequency locked local
      oscillator 126. The local oscillator signal F1' is applied to the carrier
      input c of the first device 120 and to the modulator and carrier inputs of
      the third device 124, whereby the third device operates as a frequency
      doubler for transmitting a signal 2(E1') to the carrier input of the
      second device 122. The output terminals of the first 8 and second 6
      devices are connected with the inputs of first summing means 128, and the
      output of the first summing means is connected with one input of the
      second summing means 130, the output of which is connected with the
      modulating input of the second device 122. The output of the second
      summing means 130 is also connected with one input of third summing means
      132 and the output of the first modulating and demodulating device 120 is
      also connected with the other input of the third summing means 132, the
      output terminal of which and the other output terminal 8 of the second
      device are connected with fourth summing means 134. The output of the
      fourth summing 134 is connected with the other input terminal of the
      second summing means 130, whereby only the desired original modulating
      signal F2 appears at the output of the second summing means.
PAR  In the embodiment of FIG. 10, a frequency multiplying circuit is disclosed
      for providing multiples of the input signal F1. More particularly, the
      input signal is applied to the modulating signal input terminal and the
      carrier input terminal of a first modulating and demodulating device 140,
      to the carrier signal input terminal of a second modulating and
      demodulating device 142, and to one input terminal of summing device 144.
      The output terminal of the first device is connected with the modulating
      signal input of the second device, and the output terminal of the second
      device is connected with the second input terminal of the summing device
      144. A signal 2(F1) which is twice the frequency of input signal F1
      appears at the output terminal of the first device, and signals 3(F1)
      which are three times that of the input frequency and -F1 appear at the
      output terminals of the second device 142, and a sole signal 3(F1) appears
      at the output terminal of summing means 144. It is obvious that by
      providing additional modulating and demodulating devices and additional
      summing means, further multiples of the input frequency may be obtained as
      desired.
PAR  Other modifications and embodiments may be produced without deviating from
      the inventive concepts set forth above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A first double-balanced modulatingg and demodulating circuit for
      producing from carrier and modulating input signal sources at least one
      double sideband suppressed carrier signal, comprising
PA1  a. a pair of dual-channel amplitude modulators each operable to produce a
      pair of unsuppressed-carrier amplitude-modulated output signals (+A, -A;
      +B, -B), the unsuppressed carrier of one output of each pair of signals
      (+A, +B) of each amplitude modulator being inphase with said carrier
      signal and the unsuppressed carrier of the other output of each pair of
      signals (-A, -B) of each amplitude modulator being 180.degree.
      out-of-phase with said carrier signal;
PA1  b. carrier signal phase inverter means (24, 26) for connecting said carrier
      signal source with each channel of said amplitude modulators to cause one
      channel of each amplitude modulator to operate on the positive portion of
      each cycle of said carrier signal and the other channel of each amplitude
      modulator to operate on the negative portion of each cycle of said carrier
      signal, thereby permitting full-wave operation of each amplitude
      modulator;
PA1  c. modulating signal phase inverter means (14) for supplying said
      modulating signal in opposite phases to said amplitude modulating
      circuits, respectively, thereby causing the envelopes of the outputs (+A,
      -A; +B, -B) of each of said amplitude modulating circuits, respectively,
      to be in phase opposition; and
PA1  d. first summing means (RS1, RS2) for combining the carrier-in-phase output
      signal (+A) of a first amplitude modulator with the carrier out-of-phase
      output signal (-B) of the other amplitude modulator to obtain a first
      double sideband output signal (+DSB) from which the carrier signal has
      been cancelled.
NUM  2.
PAR  2. Apparatus as defined in claim 1, and further comprising
PA1  e. second summing means (RS3, RS4) for combining the carrier-out-of-phase
      output signal (-A) of the first amplitude modulator with the
      carrier-in-phase output signal (+B) of the second amplitude modulator to
      obtain a second double sideband output signal (-DSB) of opposite phase
      from said first double sideband output signal and from which the carrier
      signal has been cancelled; and
PA1  f. double-sideband pull-relax isolation amplifier means (Q13, Q14) for
      amplifying said first and second double sideband output signals,
      respectively, without loading said first and second summing means.
NUM  3.
PAR  3. Apparatus as defined in claim 2, wherein said modulating signal has the
      same frequency as said carrier input signal, whereby said first and second
      double sideband output signals each have frequencies which are equal to
      the sum and to the difference of said modulating and carrier input
      signals, thereby producing signals having precise phase relationships with
      the carrier signal, and frequencies equal to twice the carrier signal and
      to zero.
NUM  4.
PAR  4. Apparatus as defined in claim 2, and further including
PA1  g. third summing means (RS5, RS6) for combining the carrier-in-phase output
      signal (+A) of the first amplitude modulator with the carrier-in-phase
      output signal (+B) of the other amplitude modulator to obtain a first
      reconstituted carrier signal (+C") which is in-phase with the carrier
      input signal and from which the sidebands have been cancelled;
PA1  h. fourth summing means (RS 7, RS8) for combining the carrier-out-of-phase
      output signal (-A) of the first amplitude modulator with the
      carrier-out-of-phase output signal (-B) of the other amplitude modulator
      to obtain a second reconstituted carrier signal (-C") which is
      out-of-phase with the carrier input signal and from which the sidebands
      have been cancelled;
PA1  i. reconstituted carrier pull-relax isolation amplifier means (Q15, Q16)
      for amplifying said reconstituted carrier signals, respectively, without
      loading said third and fourth summing means; and
PA1  j. feedback means (RXC; FB) connected with said isolation amplifier means
      for feeding back to the carrier signal input a portion of said
      reconstituted carrier signals.
NUM  5.
PAR  5. Apparatus as defined in claim 4,
PA1  wherein said feedback means further includes potentiometer means (RXC) for
      determining the strength and phase relationship of the reconstituted
      carrier with respect to the carrier input signal, thereby to control the
      Class AB operation of each amplitude modulator.
NUM  6.
PAR  6. Apparatus as defined in claim 5, wherein said feedback means further
      includes frequency selection means (FB) for feeding back to the carrier
      signal input only that frequency of the reconstituted carrier signal which
      equals the frequency of the carrier input signal, whereby the double
      balanced circuit operates as its own local oscillator.
NUM  7.
PAR  7. Apparatus as defined in claim 1, and further including means associated
      with each amplitude modulator (RAC, RBC) for causing the channel output
      signals of said amplitude modulator (A11, A12, A21, A22; B11, B12, B21,
      B22) to have the same magnitude, respectively, in the absence of a
      modulating signal.
NUM  8.
PAR  8. Apparatus as defined in claim 1, and further including means (RA/BC) for
      controlling the magnitude of the carrier input signal applied to said
      amplitude modulators, respectively, to cause the magnitude of the
      carrier-in-phase output signal (+A) of the first amplitude modulator to
      equal that of the carrier-out-of-phase output signal (-B) of the other
      amplitude modulator, and the magnitude of the carrier-out-of-phase output
      signal (-A) of the first amplitude modulator to equal that of the
      carrier-in-phase output signal (+B) of the other amplitude modulator in
      the absence of a modulating signal.
NUM  9.
PAR  9. Apparatus as defined in claim 1, and further including means (RA/BM) for
      controlling the magnitude of the modulating signal applied to the
      amplitude modulators, respectively, to cause the magnitude of the
      envelopes of the output signals (+A, -A) of the first amplitude modulator
      to equal the magnitude of the envelopes of the output signals (+B, -B) of
      the second amplitude modulator.
NUM  10.
PAR  10. Apparatus as defined in claim 1, and further including means (RAM, RBM)
      associated with each amplitude modulator for supplying the modulating
      signal equally to each channel thereof.
NUM  11.
PAR  11. Apparatus as defined in claim 1, wherein each channel of each amplitude
      modulator contains a control device (Q2A, Q3A; Q2B, Q3B); and further
      including adjustment means (RA1P, RA2P; RB1P, RB2P) associated with the
      channels of each modulator for causing the percent conduction time of the
      carrier in the associated control device to remain constant regardless of
      the instantaneous magnitude of the modulating signal.
NUM  12.
PAR  12. Apparatus as defined in claim 4, and further including
PA1  a power supply (PS); and
PA1  means providing a constant current drain on the power supply regardless of
      the presence of the carrier and modulating signals.
NUM  13.
PAR  13. Apparatus as defined in claim 12, wherein said modulating signal phase
      inverter means includes a pair of transistors (Q17, Q18), said constant
      current drain means including means connecting said power supply with said
      transistors to establish a given d-c bias drain through the transistors in
      the absence of a modulating signal, and means connecting said transistors
      for operation in 180.degree. phase opposition to each other, whereby in
      the presence of a modulating signal, the total current drain of both
      transistors is equal to said given d-c bias current drain.
NUM  14.
PAR  14. Apparatus as defined in claim 12, wherein said carrier signal phase
      inverter means includes for each amplitude modulator a pair of transistors
      (Q1A1, Q1A2; Q1B1, Q1B2), said constant current drain means including
      means connecting said power supply with said transistors to establish a
      given d-c bias drain through the transistors in the absence of said
      carrier signal, and means connecting said transistors for operation in
      180.degree. phase opposition to each other, whereby in the presence of
      said carrier signal, the total current drain of both transistors is equal
      to said given d-c bias current drain.
NUM  15.
PAR  15. Apparatus as defined in claim 12, wherein each of said amplitude
      modulators includes a pair of modulating transistors (Q2A, Q3A; Q2B, Q3B),
      a pair of signal phase inverter transistors (Q4A, Q5A; Q4B, Q5B), and two
      pairs of impedance matching isolation summation transistors (Q7A, Q9A;
      Q8A, Q10A, Q7B, Q9B, Q8B, Q10B), said constant current drain means
      including means connecting said power supply with said transistors to
      establish a given d-c bias drain through the transistors in the absence of
      both said carrier and modulating signals, and means connecting the
      summation transistors to operate in 180.degree. phase opposition to the
      net operation of the modulating and signal phase inverter transistors,
      whereby in the presence of said carrier and modulating signals, the total
      current drain of all said transistors is equal to said given d-c bias
      current drain.
NUM  16.
PAR  16. Apparatus as defined in claim 12, wherein each of the amplitude
      modulators includes a pair of impedance matching isolation output
      amplifiers (Q11A, Q12A; Q11B, Q12B), said constant current drain means
      including means connecting said power supply with said transistors to
      establish a given d-c bias drain through the transistors in the absence of
      both said carrier and modulating signals, and means connecting said
      transistors for operation in 180.degree. phase opposition to each other,
      whereby in the presence of said carrier and modulating signals, the total
      current drain of both transistors is equal to said given d-c bias current
      drain.
NUM  17.
PAR  17. Apparatus as defined in claim 12, wherein said double sideband
      isolation amplifier means includes a pair of transistors (Q13, Q14); and
      means providing a constant current drain on said power supply regardless
      of the presence of the carrier and modulating signals, said constant
      current drain means comprising means (RS1, RA3, RA4; RS2, RB1, RB2; RS3,
      RA1, RA2; RS4, RB3, RB4) connecting said power supply with said
      transistors to establish a given d-c bias drain through the transistors in
      the absence of said double sideband signals; and means (RS1, C12, RS2,
      C13; RS3, C11, RS4, C14) connecting said transistors for operation in
      180.degree. phase opposition to each other, whereby in the presence of
      said double sideband signals, the total current drain of both transistors
      is equal to said given d-c bias current drain.
NUM  18.
PAR  18. Apparatus as defined in claim 12, wherein said reconstituted carrier
      isolation amplifier means includes a pair of transistors (Q15, Q16); and
      means providing a constant current drain on the power supply regardless of
      the presence of the carrier and modulating signals, said constant current
      drain means comprising means (RS5, RA3, RA4; RS6, RB3, RB4; RS7, RA1, RA2;
      RS8, RB1, RB2) connecting said power supply with said reconstituted
      carrier isolation amplifier transistors to establish a given d-c bias
      drain through the transistors in the absence of said reconstituted carrier
      signals, and means (RS5, C12, RS6, C14; RS7, C11, RS8, C13) connecting
      said transistors for operation in 180.degree. phase opposition to each
      other, whereby in the presence of said reconstituted carrier signals, the
      total current drain of both transistors is equal to said given d-c bias
      current drain.
NUM  19.
PAR  19. Apparatus as defined in claim 2, wherein said carrier signal source
      comprises a local oscillator (56); and wherein said modulating signal
      source comprises a suppressedcarrier double-sideband-modulated input
      signal (+ KDSB1) which has been modulated by an original modulating signal
      (F2) and having a suppressed carrier whose frequency is F1, whereby the
      output signal of said first modulating and demodulating circuit comprises
      said original modulating signal (F2) of said input signal and a double
      sideband output signal (+DSB2) having a suppressed carrier frequency which
      is twice that of the suppressed carrier frequency of said input signal and
      which also is modulated by said original modulating signal (F2);
PA1  and means for obtaining said original modulating signal (F2), comprising
PA1  another double-balanced modulating and demodulating circuit (52);
PA1  a third source of a signal having a frequency twice that of the carrier
      signal and in precise phase relationship relative thereto;
PA1  summation means (58) having a first input terminal connected with the
      output terminal of the first modulating and demodulating circuit (50),
      said summation means including also a second input terminal connected with
      the output terminal of said other modulating and demodulating circuit
      (52), and an output terminal; means connecting the third signal source
      with the carrier signal input terminal of said other modulating and
      demodulating circuit (52); and
PA1  means including a signal magnitude control device (59) for connecting the
      modulating signal input terminal of said other modulating and demodulating
      circuit (52) with the output terminal of said summation means (58),
      whereby the output signal of said other modulating and demodulating
      circuit comprises a double sideband suppressed carrier signal having a
      frequency which is the same as, and phase of which is 180.degree.
      out-of-phase from, the double sideband portion of the signal appearing at
      the output terminal of said first modulating and demodulating circuit, so
      that only the original modulating signal appears at the output terminal of
      said summation means, regardless of the ratio of F2/F1.
NUM  20.
PAR  20. Apparatus as defined in claim 2, wherein said carrier signal source
      comprises a local oscillator (72); and wherein said modulating signal
      source comprises one of the modulated signals of an
      upper-sideband-suppressed-carrier modulated signal, a
      double-sideband-suppressed-carrier modulated signal and a
      lower-sideband-suppressed-carrier modulated signal; each of said modulated
      signals having been modulated by an original modulating signal (F2), and
      each having a suppressed carrier whose frequency is F1; and wherein said
      modulating source is an amplitude modulated signal (AM1) having been
      modulated by an original modulating signal (F2) having an unsuppressed
      carrier (F1); whereby the output of said first modulating and demodulating
      circuit (62) comprises said original modulating signal (F2) of said input
      signal, and another signal the suppressed or unsuppressed carrier of which
      has a frequency which is twice that of the suppressed or unsuppressed
      carrier of said input signal and the magnitudes of the sidebands of which
      agree with the magnitudes of the sidebands of the input signal, said other
      signal also being modulated by said original modulating signal (F2);
PA1  and means for obtaining said original modulating signal (F2), comprising
PA1  second (64), third (66), fourth (68) and fifth (70) doublebalanced
      modulating and demodulating circuits;
PA1  a third source of a signal (2(F1)) having a frequency twice that of, and
      having a precise phase relationship relative to, said carrier signal;
PA1  a fourth source of a signal (4(F1)) having a frequency four times that of,
      and having a precise phase relationship relative to, said carrier signal;
PA1  first summing means (74) having an output terminal connected with the
      modulating signal input terminal of the third modulating and demodulating
      circuit (66), and a pair of input terminals connected with the output
      terminals of said first and fifth modulating and demodulating circuits,
      respectively;
PA1  means connecting the third source (2(F1)) with the carrier signal input
      terminals of the second (64), third (66) and fifth (70) modulating and
      demodulating circuits, respectively;
PA1  means connecting the fourth source (4(F1)) with the carrier signal input of
      the fourth modulating and demodulating circuit;
PA1  means connecting the modulating signal input terminal of said second
      circuit (64) with the output terminal of said first circuit (62);
PA1  second summing means (78) having an output terminal, and a pair of input
      terminals connected with the output terminals of said second (64) and
      third (66) modulating and demodulating circuits, respectively; and
PA1  third summing means (80) having an output terminal connected with the
      modulating signal input terminals of said fourth and fifth circuits, and a
      pair of input terminals connected with the output terminals of said second
      summing means and said fourth circuit, respectively, whereby only said
      original modulating signal (F2) appears at the output terminal of said
      third summing means, regardless of the ratio F2/F1.
NUM  21.
PAR  21. Apparatus as defined in claim 2, wherein said modulating signal source
      comprises an unsuppressed-carrier-amplitude-modulated signal (AM1) having
      an envelope that is the original modulating signal (F2) and a carrier
      frequency of F1;
PA1  and means for obtaining said original modulating signal (F2), comprising
PA1  a second modulating and demodulating circuit (92);
PA1  phase-and-frequency-locked local oscillator means (96) including input and
      output terminals;
PA1  first (98) and second (102) automatic gain-control voltage generators;
PA1  first (106), second (100) and third (104) summing devices each having a
      pair of input terminals and an output terminal;
PA1  phase-inverting automatic gain control amplifier means (99);
PA1  a third signal source of a signal having a frequency twice that of the
      signal of the local oscillator means and in precise phase relationship
      relative thereto;
PA1  means connecting said modulating input signal with the input terminals of
      said local oscillator means (96) and said first automatic-gain control
      voltage generator (98), said voltage generator being operable to produce a
      direct-current output voltage (AGCV1) in direct proportion to the signal
      strength of said modulating input signal, the output signal of said local
      oscillator means having a precise frequency and phase relative to the
      unsupressed carrier of said modulating input signal;
PA1  means connecting the output terminal of the local oscillator means (96)
      with the carrier input terminal of said first modulating and demodulating
      circuit;
PA1  means connecting the output terminals of said first (AGCV1) and second
      AGCV2) automatic gain control voltage generators with the input terminals
      of said third summing device, respectively;
PA1  means connecting the output terminals of said third signal source and said
      third summing device (MAGCV) with the input terminals of said
      phase-inverting automatic gain control amplifier means (99), respectively;
PA1  means connecting the output terminal of said phase-inverting automatic gain
      control amplifier (99) with one input terminal of the second summing
      device (100) and with the input terminal of the second automatic gain
      control voltage generator (102);
PA1  means connecting said third signal source with the carrier signal input
      terminal of said second modulating and demodulating circuit (92);
PA1  means connecting the output terminals of said first (90) and second (92)
      modulating and demodulating circuits with the input terminals,
      respectively, of said first summing device (106);
PA1  means connecting the output terminal of said first summing device with the
      other input terminal of said second summing device (100); and
PA1  means connecting the output terminal of said second summing means (100)
      with the modulating signal input terminal of said second modulating and
      demodulating circuit (92), whereby the output signal of said second
      summing means consists solely of the said original modulating signal (F2).
NUM  22.
PAR  22. Apparatus as defined in claim 21, and further including a fourth
      summation device (108) including a pair of input terminals and an output
      terminal; and
PA1  means connecting the output terminals of said first modulating and
      demodulating circuit (90) and said second summing means (100) with the
      input terminals of said fourth summing means (108), respectively, whereby
      the output signal appearing at the output terminal of said fourth summing
      means consists of an amplitude modulated signal (-AM2) having an
      unsuppressed carrier frequency that is twice that of the unsuppressed
      carrier of said modulating signal source (AM1), an envelope which is the
      same as that of the said modulating signal source, a signal strength which
      is in direct proportion to that of the modulating input signal, and a
      percent modulation equal to that of the modulating signal input.
NUM  23.
PAR  23. Apparatus as defined in claim 2 wherein said modulating signal source
      comprises an unsuppressed-carrier-amplitude modulated signal (AM1) having
      an envelope that is the original modulating signal (F2) and a carrier
      frequency F1; and further including
PA1  means for obtaining solely said original modulating signal (F2), including
PA2  a second modulating and demodulating circuit (122);
      phase-and-frequency-locked local oscillator means (126) having at least
      one signal output terminal;
PA2  first (128), second (130), third (132), and fourth (134) summation devices
      each having at least a pair of signal input terminals and at least one
      signal output terminal; a third signal source (124) of a signal (2(F1'))
      having a frequency twice that of said local oscillator means and in
      precise phase relationship relative thereto;
PA1  means connecting said modulating input signal (AM1) with the input terminal
      of said local oscillator means (126), the output signal of said local
      oscillator means having a precise frequency and phase relative to the
      unsuppressed carrier of said modulating input signal;
PA1  means connecting the output terminal of said local oscillator means (126)
      with the carrier input terminal of said first modulating and demodulating
      circuit (120);
PA1  means connecting said third signal source (124) with the carrier signal
      input terminal of said second modulating and demodulating circuit;
PA1  means connecting one output terminal of each of said first and second
      modulating and demodulating circuits with the input terminals
      respectively, of said first summation device (128);
PA1  means connecting the output terminal of said second summation device (130)
      with the modulating signal input terminal of said second modulating and
      demodulating circuit (122), and with one input terminal of said third
      summation device (132);
PA1  means connecting the output terminal of said first modulating and
      demodulating device (120) with the other input terminal of said third
      summing device;
PA1  means connecting the output terminal of said first summation device (128)
      with one input terminal of said second summation device (130);
PA1  means connecting the output terminal of said third summation device (132)
      and the other output terminal of said second modulating and demodulating
      circuit (122) to the input terminals of said fourth summation device; and
PA1  means connecting the output terminal of said fourth summation device (134)
      with the other input terminal of said second summation device (130),
      whereby the output signal of said second summation device consists solely
      of said original modulating signal (F2), all undesirable signals having
      been electrically cancelled, regardless of the ratio F2/F1.
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ABST
PAL  An acoustic surface wave device is disclosed which comprises a crystal of
      Tl.sub.3 TaS.sub.4, Tl.sub.3 TaSe.sub.4, or mixtures thereof having at
      least one surface suitable for the propagation of surface waves, a surface
      wave generating transducer mounted on the surface, and a surface wave
      receiving transducer mounted on the surface positioned to receive a
      surface wave generated by the surface wave generating transducer.
PAL  The device transmits surface waves at a low velocity and high coupling
      efficiency and can be used in a delay line, a filter, an FM discriminator,
      an oscillator, or other device.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is related to application Ser. No. 463,337, filed Apr. 23,
      1974, by T. J. Isaacs, and M. R. Daniel titled "Acoustic Surface Wave
      Device." That application describes surface wave devices which use
      crystals of Tl.sub.3 VS.sub.4, Tl.sub.3 NbS.sub.4, and mixtures thereof.
PAR  This application is also related to application Ser. No. 540,194, filed the
      same date as this application by R. W. Weinert and T. J. Isaacs titled
      "Crystals Having Zero Temperature Coefficients of Delay." That application
      describes crystals of Tl.sub.3 VS.sub.4, Tl.sub.3 VSe.sub.4, Tl.sub.3
      NbS.sub.4, Tl.sub.3 NbSe.sub.4, Tl.sub.3 TaS.sub.4, and Tl.sub.3
      TaSe.sub.4 which have surfaces containing or normal to a zero temperature
      coefficient of delay direction.
PAR  This application is also related to application Ser. No. 540,192, filed the
      same date as this application by T. J. Isaacs and M. Gottlieb titled
      "Tl.sub.3 TaS.sub.4 and Tl.sub.3 TaSe.sub.4 Crystals and Acousto-Optical
      Devices." This application is related to application Ser. No. 392,695,
      filed Aug. 29, 1973 entitled "Tl.sub.3 VS.sub.4 and Tl.sub.3 NbS.sub.4
      Crystals and Acousto-Optical Devices."
PAC  BACKGROUND OF THE INVENTION
PAR  Acoustic surface waves usually travel across the surfaces of a signal
      crystal material at a slower rate than acoustic bulk waves can travel
      through the crystal. For this reason, a greater delay time can be achieved
      in a smaller crystal by a surface wave than by a bulk wave.
PAR  For certain applications a good acoustic surface wave material should have
      a low acoustic velocity relative to other materials. It should also have
      large coupling strength, which is a measurement of the amount of
      electrical energy required to generate a surface wave of a given energy.
PAR  Another property of a good acoustic surface wave material is a low optimum
      number of finger pairs. The optimum number of finger pairs (in the
      transducer) is the minimum number which can be used without the loss of
      energy (insertion loss) due to the generation of bulk waves in the
      crystal. Bulk waves would be received at the receiving transducer and
      would confuse the signal. Since the bandwidths of the generated and
      received signals are equal to the inverse of the number of finger pairs in
      the generating and receiving transducers, a small optimum number of finger
      pairs permits a wider selection of bandwidths.
PAR  Still another important property is a low temperature coefficient of delay.
      As the temperature of the crystal increases, the delay of the surface wave
      will either increase (a positive coefficient) or decrease (a negative
      coefficient). The delay of a surface wave in a good material should not be
      affected very much by temperature and therefore should have a temperature
      coefficient which is close to zero.
PAR  The following table gives the properties of some better known acoustic
      surface wave materials:
TBL                             Temperature                                    
                                        Coupling                               
                                             Optimum No.                       
                                                      Effective                
                    Velocity                                                   
                           Delay                                               
                                Coefficient of                                 
                                        Strength                               
                                             of Finger                         
                                                      Dielectric               
     Material                                                                  
            Orientation                                                        
                    10.sup.5 cm/sec                                            
                           .mu.sec/mm                                          
                                Delay ppm/.degree.C                            
                                        K.sup.2 (%)                            
                                             Pairs    Constant                 
     __________________________________________________________________________
     LiNbO.sub.3                                                               
            YZ      3.40   0.29 +93     4.8  4.5      50                       
     Bi.sub.12 GeO.sub.20                                                      
            (112),(111)                                                        
                    1.72   0.58 +112    0.46 13       11                       
     SiO.sub.2                                                                 
            YX      3.16   0.32 -25     0.18 21       4.3                      
     Tl.sub.3 VS.sub.4                                                         
            (001),(110)                                                        
                    0.87   1.15 -54     1.39 7.5 (calculated)                  
                                                      14                       
     __________________________________________________________________________
      Additional information about surface waves can be found in a January 1971
      article in Vol. 9, No. 1 of Ultrasonics by John de Klerk titled          
      "Ultrasonic Transducers 3. Surface Wave Transducers" and in a November   
      1972 article in Vol. 25, No. 11 Physics Today by John de Klerk titled    
      "Elastic Surface Waves".                                                 
PAC  PRIOR ART
PAR  An article entitled "Magnetic Susceptibility of Ternary Compounds Tl.sub.3
      VS.sub.4 and Tl.sub.3 TaS.sub.4 " by M. Matyas and K. Cermak appears on
      pages 1305 and 1306 of the Czechoslovakian Journal of Physics (1969).
PAR  An article entitled "Luminescence Spectra of Ternary Compounds of Tl.sub.3
      BX.sub.4 Type" By N. A. Goryunova, V. M. Orlov, V. A. Sokolova, E. V.
      Tsvetkova, and Yu. G. Shreter appears on pages K127 and K128 of Physicis
      Status Solidi (1972).
PAR  An article entitled "Some Ternary Thallium Chalcogenides" by C. Crevecoeur
      appears in the January - June 1964 volume (Volume No. 17) of Acta
      Crystallographica on page 757. That article describes the preparation and
      characteristics of the isomorphous compounds Tl.sub.3 VS.sub.4, Tl.sub.3
      NbS.sub.4, Tl.sub.3 TaS.sub.4, Tl.sub.3 VSe.sub.4, and Tl.sub.3
      NbSe.sub.4, and Tl.sub.3 TaSe.sub.4. Large, single crystals were not
      prepared and acoustic properties are not mentioned.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered acoustic surface wave devices using crystals of Tl.sub.3
      TaS.sub.4, Tl.sub.3 TaSe.sub.4, or mixtures thereof, have some properties
      which are superior to devices using the best-known prior art materials.
PAR  For example, Tl.sub.3 TaS.sub.4 has a very high coupling strength, second
      only to LiNbO.sub.3. However, Tl.sub.3 TaS.sub.4 has a much lower velocity
      than LiNbO.sub.3 and it also has zero temperature coefficient of delay
      (ZTCD) directions, which LiNbO.sub.3 does not.
PAR  The Tl.sub.3 TaSe.sub.3 crystal has ZTCD delay direction in the 110
      direction which make it easy to orientate the crystal to take advantage of
      this property. It also has a zero power flow angle in that direction so
      the design of devices is simpler because grids need not be offset.
PAR  Both crystals display the low velocities of the Tl.sub.3 VS.sub.4 crystal,
      and together these three crystals, to the best of our knowledge, have the
      lowest acoustic surface wave velocities of any known crystalline surface
      wave material.
PAR  These properties make the device suitable for use as a delay line, a
      filter, an FM modulator, an oscillator, or in other applications.
DRWD
PAC  DESCRIPTION OF THE INVENTION
PAR  The accompanying drawing is an isometric view of an embodiment of an
      acoustic surface wave device according to this invention.
DETD
PAR  In the drawing, a crystal of Tl.sub.3 TaS.sub.4, Tl.sub.3 TaSe.sub.4, or
      mixtures thereof, is shown which has a suitable surface 2 for the
      propagation of surface waves. Mounted on this surface is surface wave
      generating transducer 3.
PAR  While any type of surface wave generating transducer may be used, an
      interdigitated transducer, as shown in the drawing, is preferred since it
      is known to perform well. The transducer is made up of fingers 4,
      connected by bar 5, which alternate with fingers 6, connected by bar 7.
      Ordinarily, all the fingers are of the same width and length although
      other designs may also be used. Wires 8 and 9 are connected to bars 5 and
      7, respectively. An electrical signal sent through wires 8 and 9 results
      in the generation of an acoustic surface wave moving across the crystal.
      Since the wave propagates in both directions perpendicular to the fingers,
      there is a loss of energy (insertion loss) of 50% from this transducer
      even when at least the optimum number of finger pairs is used. The surface
      wave is preferably a Rayleigh wave because they are the most convenient to
      use.
PAR  The acoustic surface wave is received by surface wave receiving transducer
      10, also mounted on the surface of the crystal. This transducer may also
      be any type of surface wave receiving transducer, although an
      interdigitated transducer is preferred as it works very well. Transducer
      10, of a similar construction to transducer 3, has fingers 11 connected by
      bar 12, which alternate with fingers 13 connected by bar 14. The signal is
      received through leads 15 and 16 attached to bars 12 and 14 respectively.
      Transducers 3 and 10 are typically made by vapor depositing a metal such
      as gold or aluminum onto the crystal.
PAC  DEVICES
PAR  A delay line is used in various signal processing equipment, for example,
      for comparing a first signal to a second signal which arrives at a later
      time. The delay, or transit time, may be determined by dividing the
      center-to-center separation of the two transducers by the velocity of the
      surface wave. In a simple delay line, both the surface wave generating
      transducer and the surface wave receiving transducer may take the form of
      transducers 3 and 10 in the drawing.
PAR  A filter may be used, for example, in an oscillator to maintain a signal of
      a predetermined frequency. The peak signal wavelength which is passed
      through the filter is equal to twice the distance between the centers of a
      finger pair, for example, fingers A and B in the drawing. The peak signal
      frequency, of course, is equal to peak signal wavelength divided by the
      speed of the wave. For interdigitated transducers, the bandwidth of the
      surface wave which is generated or received is equal to the inverse of the
      number of finger pairs. Thus, a filter can permit only a narrow band of a
      predetermined frequency to pass if a large number of finger pairs is used
      with the finger spacing required for the desired frequency.
PAR  An FM discriminator receives a signal which varies in frequency from
      f.sub.1 to f.sub.2 about a mean frequency f.sub.0. It produces a signal
      whose amplitude is proportional to the difference frequencies f.sub.0
      -f.sub.1, and f.sub.0 -f.sub.2. In the drawing, the incoming signal in
      lines 8 and 9 enters transducers 3 and generates a surface wave in the
      crystal. The finger spacing of transducer 3 is set to generate a wave at a
      frequency f.sub.0, halfway between f.sub.1 and f.sub.2, but the bandwidth
      of the transducer is broad enough to generate waves at frequencies f.sub.1
      and f.sub.2 as well. In an FM discriminator transducer 10 would be
      replaced by two transducers having the same ground. One transducer would
      receive the lower frequency f.sub.1 and the other would receive the higher
      frequency f.sub.2. For additional information on FM discriminators see
      U.S. Pat. No. 3,626,309.
PAC  THE CRYSTALS
PAR  The crystals of this invention are optically isotropic, piezoelectric, and
      crystallographically cubic. They have the CsCl structure, I 4 3m, with two
      formula units per unit cell, and their diffraction aspect derived from
      X-ray data is I***. Crystals having the optimum properties are believed to
      be slightly non-stoichiometric probably high in sulfur. For this reason,
      crystals within about 5% of stoichiometric are contemplated within the
      scope of this invention. Mixtures of the two crystals, such as Tl.sub.3
      TaS.sub.2 Se.sub.2, are also contemplated within the scope of this
      invention.
PAR  For a useful acoustic surface wave device, the crystal must have at least
      one surface suitable for surface wave propagation which is at least 1 mm
      long; a typical length is about 1/2 to about 3 cm. A surface which is
      suitable for acoustic surface wave propagation is one which is smooth to
      within one-hundredth of the acoustic wavelength. A suitable crystal should
      also be at least about 1 mm wide, and preferably at least about 1/2 cm
      wide, in order to provide a sufficient surface for mounting the
      transducers, and at least about 1 mm thick so that it is not too fragile
      to handle.
PAR  The following example of the preparation and testing of an acoustic surface
      wave device using crystals of Tl.sub.3 TaS.sub.4 and Tl.sub.3 TaSe.sub.4
      further illustrates this invention.
PAC  EXAMPLE
PAR  A quantity of thallium was washed in hot distilled water and a quantity of
      tantalum was washed in dilute mineral acid. Using the washed elements the
      following quantities of very pure elements were carefully weighed out:
TBL  Composition                                                               
               Elements                                                        
             Tl      Ta        S         Se                                    
     ______________________________________                                    
     Tl.sub.3 TaS.sub.4                                                        
               6.9281    2.0381    1.4564                                      
     Tl.sub.3 TaSe.sub.4                                                       
               6.1311    1.8095            3.1742                              
     ______________________________________                                    
PAR  The elements were mixed and placed in a fused silica ampoule. The ampoule
      was evacuated, sealed, and heated to over about 800.degree.C for three
      days with intermittent shaking. The material was cooled, broken up, placed
      into a crystal-growing tube, and sealed under 0.8 atmospheres of pure, dry
      argon. Using the Starkbarger technique the crystal-growing tube was slowly
      (11.9 mm/day for Tl.sub.3 TaS.sub.4 and 16.7 mm/day for Tl.sub.3
      TaSe.sub.4) lowered from a temperature zone above the crystal melting
      point (about 545.degree.C for Tl.sub.3 TaS.sub.4 and about 600.degree.C
      for Tl.sub.3 TaSe.sub.4) to temperature zone below its melting point at a
      temperature gradient of 8 to 14 C/mm. The crystals were annealed after
      growth by cooling them slowly to room temperature. The resulting crystals
      were 0.8 cm in diameter and 2.5 cm long. The Tl.sub.3 TaS.sub.4 crystal
      was red and the Tl.sub.3 TaSe.sub.4 crystal was dark brown. They were cut
      to about 1 cm long by 1/2 cm wide by 1/2 cm thick and was polished to a
      smooth, flat surface.
PAR  Gold interdigitated acoustic wave generating and receiving transducers were
      vapor deposited on the surface. The transducers were about 1/2 cm apart
      and each had 17 1/2 finger pairs. The finger spacing was 25 microns. Wire
      leads were soldered to the transducers and the device was tested by
      sending an 8 1/2 MHz signal of 1 volt into the generating transducer and
      detecting the signal at the receiving transducer. The following properties
      were observed.
TBL  __________________________________________________________________________
                                Temp.                                          
                                Coeff.                                         
                                     Coupling                                  
                                          Optimum Effective                    
                  Velocity Delay                                               
                                of Delay                                       
                                     Strength                                  
                                          Finger Pairs                         
                                                  Dielectric                   
     Crystal                                                                   
           Orientation                                                         
                  (X10.sup.5 cm/sec)                                           
                           (sec/mm)                                            
                                (ppm/.degree.C)                                
                                     K.sup.2 (%)                               
                                          Nopt    Constant                     
     __________________________________________________________________________
     Tl.sub.3 TaS.sub.4                                                        
           (110)(110)                                                          
                  0.87     1.15 -163 3.46 5.0     13.4                         
     Tl.sub.3 TaSe.sub.4                                                       
           (001)(110)                                                          
                  0.87     1.15  .about.0                                      
                                     -.48 13.0    10.1                         
     __________________________________________________________________________
PAR  It is expected that the (001), (110) orientation of the Tl.sub.3 TaS.sub.4
      crystal will have a higher coupling strength and a lower temperature
      coefficient of delay than does the (110), (110) direction.
PAR  In explanation of the above table, the orientation is the face normal
      followed by the surface wave propagation direction. The temperature
      coefficient of delay is equal to (1/.tau.) (.delta./.delta.T) where .tau.
      is the transit time of a surface wave between two points on the surface
      (the delay) and T is the temperature.
PAR  In addition, to the above-described crystals large (i.e., &gt; 0.5 .times. 0.5
      .times. 1 cm) single crystals of the compositions Tl.sub.3 TaS.sub.4.005,
      Tl.sub.3 TaS.sub.4.02, Tl.sub.3 TaSe.sub.4.02 and Tl.sub.3 TaS.sub.2
      Se.sub.2 were also grown. It should be noted that while the compositions
      given for the crystals are the compositions that the proportions of
      starting materials are expected to produce rather than the composition of
      the crystals as analyzed, the actual crystal compositions are believed to
      be within about 1% of the compositions given.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An acoustic surface wave device comprising
PA1  1. a single crystal selected from the group consisting of Tl.sub.3
      TaS.sub.4, Tl.sub.3 TaSe.sub.4, and mixtures thereof, within about 5% of
      stoichiometric, said crystal having at least one surface suitable for the
      propagation of surface waves;
PA1  2. a surface wave generating transducer mounted on said surface; and
PA1  3. a surface wave receiving transducer mounted on said surface positioned
      to receive surface waves emanating from said surface wave generating
      transducer.
NUM  2.
PAR  2. An acoustic surface wave device according to claim 1 wherein said
      crystal is Tl.sub.3 TaS.sub.4.
NUM  3.
PAR  3. An acoustic surface wave device according to claim 1 wherein said
      crystal is Tl.sub.3 TaSe.sub.4.
NUM  4.
PAR  4. An acoustic surface wave device according to claim 3 wherein said
      surface of said single crystal is in the 001 direction and said surface
      waves are propagated in the 110 direction.
NUM  5.
PAR  5. An acoustic surface wave device according to claim 1 wherein said
      transducers are interdigitated transducers.
NUM  6.
PAR  6. An acoustic surface wave device according to claim 1 wherein said
      crystal is at least 1 mm thick and said surface is at least 1 mm by 1 mm.
NUM  7.
PAR  7. An acoustic surface wave device according to claim 6 wherein said
      surface is at least 1/2 cm by 1/2 cm.
NUM  8.
PAR  8. A method of delaying an electrical signal comprising:
PA1  1. passing said signal through a surface wave generating transducer mounted
      on a surface of a single crystal selected from the group consisting of
      Tl.sub.3 TaS.sub.4, Tl.sub.3 TaSe.sub.4 and mixtures thereof, within about
      5% of stoichiometric, said surface being suitable for the propagation of
      surface waves; and
PA1  2. receiving said signal from a surface wave receiving transducer mounted
      on said surface positioned to receive surface waves emanating from said
      surface wave generating transducer.
NUM  9.
PAR  9. A method according to claim 8 wherein said surface wave is a Rayleigh
      wave.
NUM  10.
PAR  10. A method according to claim 8 wherein said crystal is Tl.sub.3
      TaS.sub.4.
NUM  11.
PAR  11. A method according to claim 8 wherein said crystal is Tl.sub.3
      TaSe.sub.4.
NUM  12.
PAR  12. A method according to claim 11 wherein said surface of said single
      crystal is in the 001 direction and said surface waves are propagated in
      the 110 direction.
NUM  13.
PAR  13. A method according to claim 8 wherein each of said transducers is an
      interdigitated transducer.
NUM  14.
PAR  14. A method according to claim 8 wherein said crystal is at least 1 mm
      thick and said surface is at least 1 mm by 1 mm.
NUM  15.
PAR  15. A method according to claim 14 wherein said surface is at least 1/2 cm
      by 1/2 cm.
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ABST
PAL  A flexible multilayer wave guide and method of making the same is
      disclosed. The wave guide comprises a flexible section for propagating
      microwaves and a pair of coupling elements for connection to existing
      microwave units. The flexible section is corrugated and has an outer layer
      made of a flexible and strong metal. Its inner surface comprises a
      relatively thin layer of a highly conductive metal which is supported by
      the outer layer and gives the wave guide the desired electrical
      properties.
PAL  A method of fabrication involving the deposition of the inner conductive
      layer and the outer support layer of the wave guide on an arbor is also
      disclosed. This technique allows the fabrication of a wave guide with a
      far greater number of convolutions along its length than was possible
      using prior art mechanical manufacturing methods. In the preferred
      embodiment, the arbor is made of metal, and the inner layer and outer
      layer are successively deposited on the arbor by electrodeposition. After
      the electrodeposition process has been completed, the plated arbor is then
      put in a chemical bath which dissolves the arbor, leaving the flexible
      section. The flexible section is then machined and welded or soldered to
      suitable coupling flanges.
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PAC  BACKGROUND OF THE INVENTION
PAR  The increasing utilization of microwave communication systems for the
      transmission of data has created a substantial need for a flexible wave
      guide exhibiting both low losses and uniform electrical characteristics in
      the millimeter microwave region. This need is especially acute in systems
      operating in the 20-150 GHz. range, where space considerations or
      mechanical limitations do not always permit the transmission of microwave
      energy from one item of equipment to another along a straight line path.
PAR  A number of flexible wave guides are currently being used in the microwave
      industry. One of the commonly used prior art flexible wave guides is the
      interlocking type which is made by spirally winding a strip of metal whose
      edge portions are folded and compressed during winding to form an
      interlocking structure. During flexure, the interlocking edges slide over
      each other, allowing the wave guide to assume the desired shape. This
      particular type of wave guide can be made with any desired cross-sectional
      shape, but is usually formed with a rectangular cross section insofar as
      the polarization characteristics of a wave guide with this cross section
      are the easiest with which to design. Although a wave guide of this kind
      works well at lower frequencies, its performance precipitously declines at
      higher frequencies, due to irregularities on the inner surface of the wave
      guide.
PAR  In an attempt to improve upon this type of flexible wave guide, some wave
      guides have been designed which include an interlock configuration which
      does not permit sliding. At the same time, U-shaped corrugations are
      provided between the interlocks. During flexure, these corrugations
      expand, compensating for the loss of flexibility caused by the inability
      of the interlock structure to slide. See, for example, U.S. Pat. No.
      3,331,400. However, even this wave guide structure is unsuitable for use
      in the 20-150 GHz. range. The mechanical fabrication of a convoluted wave
      guide invariably results in a wave guide which includes irregularities
      which cause unacceptable attenuation in the millimeter microwave region
      due to the impossibility of manufacturing a wave guide having small enough
      convolutions to operate efficiently in the higher frequency microwave
      regions.
PAR  The inadequacies of these mechanically fabricated prior art wave guides are
      eliminated by the fabrication of a wave guide through the deposition of
      successive metallic layers upon a convoluted, chemically dissolvable
      arbor. Naturally, these metallic layers of the wave guide, which form the
      main section, conform to the shape of the arbor. Although multilayer
      plating processes have been used in the past, this technique has not been
      employed in the fabrication of wave guides which have extremely small
      convolutions. See, for example, U.S. Pat. No. 2,592,614.
PAR  Still another attempt to fabricate a high frequency microwave wave guide
      involves taking a non-grooved section of tubing and mechanically crimping
      it into an accordion-like shape. See U.S. Pat. No. 2,751,561. However,
      this type of device, like other mechanically manufactured convoluted wave
      guides, will not function in the millimeter region. This is due to the
      fact that it is not mechanically possible, using this techinque, to
      manufacture a wave guide with convolutions small enough to allow operation
      in the millimeter region. As one attempts to crimp the tubing with smaller
      and smaller convolutions, the convolutions become distorted and then
      become impossible to make.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a far superior microwave wave
      guide is provided. This wave guide functions excellently in the millimeter
      wavelength region. It is very durable and may even be subjected to
      repeated usage in different systems. The method provided for the
      fabrication of this wave guide, besides being relatively simple to
      implement, allows the manufacture of wave guides having properly formed
      convolutions far smaller than those found in prior art wave guides.
PAR  The wave guide of the present invention includes a flexible section having
      convoluted sides which are continuous, that is to say not made of a
      plurality of joined together surfaces, and of multilayer construction. The
      inner layer is very thin and made of a material selected for its high
      conductivity. The inner layer presents a highly conductive inner surface
      which is especially important in wave guide design. The outer layer, which
      is somewhat thicker than the inner layer, is made of a material selected
      for its mechanical strength, durability, and resiliency. The outer layer
      performs the complementary function of supporting the inner layer and
      giving the guide the desired mechanical properties. This combination of an
      inner layer selected for its electrical characteristics and an outer layer
      selected for its mechanical characteristics results in a very flexible
      wave guide which has excellent mechanical and electrical characteristics.
PAR  In the preferred embodiment, the inner layer is made of any highly
      conductive metal, such as silver or gold, and the outer layer is made of
      another metal, such as nickel. Of course, the composition of the outer
      layer does not affect the electrical characteristics of the device, and
      may be made from a wide variety of materials including synthetic
      materials, such as polymer plastics. The wave guide is formed by
      deposition of the two metallic layers upon a metallic arbor. In the
      preferred embodiment, such deposition is done by electroplating, although
      any other suitable technique, such as vacuum deposition may be employed.
      The arbor is first plated with silver and then plated with nickel. The
      arbor, with the two metallic layers deposited on it, is then put in a
      chemical solution which dissolves the arbor, leaving the flexible wave
      guide section. The edges of the section are then machined and suitable
      coupling flanges soldered to its ends. A layer of flexible rubber is
      preferably put around the wave guide as a protective housing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective drawing of a flexible wave guide constructed in
      accordance with the present invention with part of the protective housing
      cut away to show the convoluted surface of the wave guide;
PAR  FIG. 2 is a greatly magnified detail in cross section of the construction
      of the wave guide shown in FIG. 1;
PAR  FIG. 3 is a view in cross section along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a side elevation of the arbor used in the fabrication of the wave
      guide;
PAR  FIG. 5 is a detail in cross section illustrating the formation of the wave
      guide on the arbor;
PAR  FIG. 6 is an end view of the coupling flange used in the wave guide of the
      present invention; and
PAR  FIG. 7 is a detail partially in cross section illustrating the welding or
      soldering of the wave guide to the coupling flange.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a wave guide 10 constructed in accordance with the
      present invention is illustrated. The wave guide comprises a flexible
      section 12, with coupling flanges 14 soldered to its ends. The coupling
      flanges include holes 16 for receiving line-up pins and somewhat larger
      holes 18 for receiving mounting screws.
PAR  Referring to FIG. 2, the wave guide is of multilayer construction,
      comprising a highly conductive inner layer 20 made of silver and a
      mechanically durable support layer 22 made of nickel. The metals used
      should be substantially free of impurities in order to assure the
      mechanical durability of the wave guide. In particular, the nickel should
      contain no more than 0.2% impurities. The purity of the nickel is most
      important insofar as it provides the mechanical strength and flexibility
      of the wave guide. Impurities tend to make the nickel brittle. The
      thickness of silver layer 20 is in the range of about 0.0002 to 0.0003
      inches. The thickness of nickel layer 22 should be significantly greater
      due to the support function of the nickel and is in the order of 0.0012
      inches. The depth 23a of the convolutions is in the order of 0.0060
      inches. The width 23b is in the order of 0.0040 inches.
PAR  As can be seen most clearly in FIGS. 2 and 3, the cross section of flexible
      section 12 is slightly larger than the cross section of the transmission
      portion of coupling flanges 14. In accordance with standard flexible wave
      guide techniques, this minimizes the effects of discontinuities in the
      flexible section. The magnitude of the cross-sectional difference is
      determined using conventional techniques and results in the minimization
      of losses due to the discontinuities in the flexible section.
PAR  Flexible section 12 comprises a continuous surface and includes outer
      corrugations 24 and inner corrugations 28. An adjoining inner and outer
      corrugation together form a convolution which presents slight
      irregularities that, however, do not affect the performance of the wave
      guide in any substantial manner. This is due to the fact that the size of
      the convolutions is substantially smaller than the wavelength of the
      highest frequency signal for which the wave guide is to be used. An
      acceptable degree of performance can only be obtained when there are a
      minimum of about 12 convolutions for every wavelength for the smallest
      wavelength along the length of flexible section 12. For example, if the
      guide wavelength or the wavelength in the wave guide of the highest
      frequency signal to be transmitted is 1 cm., then the minimum number of
      convolutions along the length of the wave guide would be 12 convolutions
      per centimeter. Any increase in the number of convolutions above the
      minimum will improve performance, while a decrease will degrade
      performance. Added strength is given to the wave guide by coating the
      flexible section with a plastic jacket 25, which may be made of a silicone
      rubber, such as G.E. RTV 560 or any other suitable material.
PAR  Referring to FIG. 3, it is seen that the wave guide constructed in
      accordance with the preferred embodiment would have a rectangular cross
      section and a height to width ratio of 1 to 2 . This cross section is
      selected for its very desirable polarization properties. Of course, any
      other conventional cross section may be selected, and such selection would
      be made by taking into account various system requirements. Typically, the
      wave guide would have a height and width in the order of 1/8 inch by 1/4,
      be 2 or 3 inches long, and operate well for microwaves having a wavelength
      in the order of 7.5 mm.
PAR  The wave guide is fabricated by electrodeposition of successive layers of
      metal upon an aluminum arbor 26 as illustrated in FIG. 4. In the preferred
      embodiment, the arbor 26 is made of aluminum and cut to the desired size.
      A rotary carbide saw may be advantageously used to machine the arbor. A
      climbing cut, that is one in which the arbor stock is advanced across the
      saw in a direction counter to that in which the cutting surface of the saw
      moves, is used. This results in an arbor that is very precisely machined.
      Alternatively, the arbor could be made of plastic and be formed by
      injection molding techniques, and then treated for the subsequent
      electrodeposition of the wave guide.
PAR  It is very important that the arbor be free of burrs and loose chips. These
      defects, if allowed to remain, will cause irregularities. A microscope is
      therefore used to inspect the arbor for any defects of this kind. After
      the arbor has been cut and inspected, it is then put in a bath of non-etch
      cleaner, such as Enthone NE6 for 1-3 minutes and then rinsed in cold
      running water. After the non-etch cleaner has been removed by the cold
      running water, the arbor is next placed in a pickle bath containing
      HN0.sub.3 and HF for 15 seconds. The pickle bath is prepared by mixing
      seven gallons of 36.degree. baume nitric acid, six pounds of Enthone
      Actane 70, and 11 gallons of water. The arbor is then rinsed in cold
      running water, and put in a zincate bath prepared by dissolving one pound
      of Enthone Alumon D in a gallon of water. It is also desirable to maintain
      this solution at 115.degree.F. This bath leaves a thin zinc film which is
      an ideal surface for subsequent plating. The arbor is now ready for the
      electrodeposition process.
PAR  Before plating, it may be desirable to cover the ends of the arbor with a
      non-conductor to prevent the unnecessary deposition of metal on the ends
      of the arbor. After the arbor has been prepared for electroplating, it is
      placed in a plating solution and plated with a thin layer of silver for a
      short period of time with a very high current. This process is known as a
      silver strike, its purpose being to plate the arbor with a silver surface
      which is relatively rough and adapted to securely bind subsequent layers
      of silver. The silver strike solution comprises 1/2-3/4 ounces of AgCn and
      10-12 ounces of KCn per gallon of water. The arbor is connected to the
      negative terminal of a 6 -volt D-C source and is separated from the
      positive terminal by about 15 inches. However, electrode spacing is not
      critical. The silver strike lasts about 30 seconds. After the silver
      strike has been completed, the arbor is then removed and rinsed in cold
      running water for 1 to 2 minutes.
PAR  After the arbor with the relatively rough silver surface has been rinsed,
      it is then put in a silver plating solution for the application of the
      final layer of silver. This plating step takes 20 minutes and is performed
      in a solution containing 6-8 ounces of AgCn and 10-14 ounces of KCn per
      gallon. During the application of the final layer of silver, the
      electrodes are spaced 10-12 inches apart and are connected to a source
      which supplies 10 amperes per square foot of the surface area of the arbor
      to be plated. The application of the second layer of silver is especially
      effective in that the silver strike has provided a surface which is very
      well suited for the subsequent application of the second metallic layer.
PAR  After the final layer of silver has been applied to the arbor, it is washed
      in cold running water for a period of one to two minutes, and a nickel
      strike is applied. The nickel strike occurs in a solution comprising 30
      ounces of NiC1.sub.2 and 16 fluid ounces of commercial grade HC1 per
      gallon water. The electrodes are spaced 10-12 inches apart, although
      electrode spacing in electroplating systems is generally not critical, and
      the strike lasts for one minute. The electrodes are connected to a
      three-volt D-C supply. After the nickel strike has been completed, the
      arbor is washed in cold running water for 15 to 30 seconds.
PAR  The nickel strike results in a rough surface particularly well suited for
      the application of the final layer of nickel. The nickel plating is done
      in a commercial solution, such as that marketed by Allied Research,
      containing 10.4 ounces of nickel metal per gallon. A D-C supply, which
      supplies 10 amperes per square foot of surface to be plated, is connected
      for 120 minutes to the electrodes which are spaced 10-12 inches apart.
      During the nickel plating operation, the solution is constantly agitated,
      and maintained between 120.degree. and 140.degree.F. The plated arbor is
      then washed in cold running water for 2 to 5 minutes.
PAR  FIG. 5 illustrates arbor 26, with silver inner layer 20 and nickel support
      layer 22. In order to form the flexible section, it is necessary to remove
      the aluminum arbor 26. This is done by chemical dissolution. The arbor
      with the silver and nickel layers deposited on it is placed in a solution
      which is 10-20 percent caustic soda (NaOH) and 80-90 percent water by
      weight. This solution is maintained at about 190.degree.F. After the arbor
      is dissolved, the flexible section is removed from the caustic solution
      and cleaned with acetone. An ultrasonic agitator is preferably connected
      to a tank containing the cleaner and the wave guide.
PAR  After the flexible section has been cleaned, it is cut to the desired
      length at one of the inner convolutions 28 between the outer convolutions
      24. This is most easily done using a thin sharp blade, such as a razor
      blade. Each end of the flexible section is then ground removing all of
      inner convolution 28 and the outer portion of the first outer convolution
      leaving an inner silver riser surface 30 as shown in FIG. 2. It is
      advantageous to maintain inner silver riser surface 30 as a solder joining
      surface. A small amount of solder 32 is deposited on coupling flange 14 as
      illustrated in FIG. 6. A tool 34 is then inserted through flexible section
      12 and coupling flange 14 as illustrated in FIG. 7. Tool 34 supports
      flexible section 12 on coupling flange 14. It is shaped with a thin end
      for receiving the flexible section and a somewhat thicker end for
      receiving the coupling flange. Soldering is accomplished by maintaining
      the coupling flange and the flexible section on a tool in the position
      illustrated in FIG. 7 and applying heat to the assembly either by
      contacting the soldering gun to the coupling flange 14 or the thick end of
      tool 34 or any suitable technique which will melt the solder and cause it
      to flow around the surface between coupling flange 14 and flexible section
      12, securely connecting them to each other.
PAR  The soldered wave guide is then covered with a jacket made of any suitable
      material, such as silicone rubber. As discussed above, G.E. RTV 560 has
      been found to be an acceptable jacketing material.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flexible microwave wave guide comprising a highly conductive
      continuous first layer defining a tube for the propagation of microwaves,
      said tube having a rectangular cross section and convolutions along its
      length, said convolutions extending substantially transverse to the
      direction of propagation of said microwaves, and said convolutions being
      substantially rectangular in cross section, a continuous convoluted
      support layer bonded to the outer surface of said first layer, and first
      coupling means secured to one end of said tube and second coupling means
      secured to the other end of said tube, the surfaces of the tube contiguous
      said first and said second coupling means defining and being situated in a
      plane substantially perpendicular to the longitudinal axis of the tube,
      said first and second coupling means having passages for the propagation
      of microwaves, said passage having a cross-sectional size smaller from the
      cross-sectional size of the tube.
NUM  2.
PAR  2. A flexible wave guide as in claim 1, further including a flexible jacket
      disposed around said tube.
NUM  3.
PAR  3. A flexible wave guide as in claim 1, wherein said convolutions are
      annular and said flanges are soldered to each of said ends with the first
      layer of said tube contiguous with said coupling flanges.
NUM  4.
PAR  4. A flexible wave guide as in claim 3, wherein there are at least eight
      convolutions per centimeter along the length of the wave guide.
NUM  5.
PAR  5. A flexible wave guide as in claim 3, wherein said tube has a rectangular
      cross section having a length substantially twice the length of its width.
NUM  6.
PAR  6. A flexible wave guide as in claim 3, further including a flexible jacket
      disposed around said tube.
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ABST
PAL  An electromagnetic energy dissipative load or attenuator is provided having
      a lossy section of waveguide transmission line of sufficient length to
      provide substantial loss and a transition section for adaption to other
      waveguide configurations. The transmission line is short circuited as a
      terminating load, and cooling means may be circulated adjacent to the
      waveguide for removal of the heat energy generated in the waveguide walls.
      A second transition section in place of the short circuit provides for a
      high power attenuator. The lossy waveguide section is coiled in either a
      flat spiral or concentric helical configuration. A fluid coolant may be
      circulated adjacent to or inside the lossy section coils.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to transmission line devices for absorbing microwave
      energy.
PAR  2. Description of the Prior Art
PAR  In transmission systems for propagation of microwave energy, the problems
      of termination of such systems raises problems with respect to dissipation
      of heat with high average and peak pulse power levels of energy. Impedance
      matching, bandwidth and voltage standing wave ratio (VSWR) are important
      factors to be considered in providing for substantially
      wave-reflectionless characteristics with absorbing devices. In addition a
      microwave dissipative load is frequently required in the art for
      measurement of high average power levels utilizing well known calorimetric
      techniques.
PAR  Loads of the type disclosed in U.S. Pat. No. 3,044,027, issued July 10,
      1962 to D. D. Chin et al, provide for the circulation of a liquid which
      becomes heated upon the impingement of the microwave energy and the rise
      in temperature is calibrated to provide a corresponding reading indicative
      of the power level. Another example of prior art teaching is found in U.S.
      Pat. No. 3,597,708, issued Aug. 3, 1971 to Henry W. Perreault, and
      assigned to the assignee of the present invention. In this embodiment a
      coolant is circulated through concentrically disposed conductive members
      to define a coaxial reentrant folded-line path whereby the overall length
      of the load is substantially reduced. Other embodiments of prior art
      teachings include energy absorption means, such as silicon carbide
      provided in a wedge form, having a surrounding cooling jacket for removal
      of the generated heat. Other suggested embodiments in the prior art
      include the provision of a quarter-wave window block of a dielectric
      material together with means for directing a stream of a dielectric liquid
      over the face of the block for absorbing the microwave energy absorbed
      from the source.
PAR  All of the prior art embodiments are substantially costly in implementation
      and some have cumbersome overall lengths. The problem of providing a
      suitable dissipative load becomes increasingly important in the handling
      of high powers in very high frequencies with very short wavelengths, for
      example, the eight millimeter band with frequencies in the 30 thousand MHz
      range where the waveguide is exceedingly small and conventional load
      techniques cannot be implemented. In addition to the power absorption
      characteristics, a load must provide for impedance matching to the
      transmission line which is reasonably independent of temperature, as well
      as being relatively insensitive to surrounding environmental conditions.
      Voltage standing wave ratio (VSWR) ratings of the load terminations should
      also be less than 1.2 in order to be acceptable. A need arises, therefore,
      for the provision of new and novel dissipative load structures having high
      average and peak power handling capabilities over a reasonably broad
      frequency band for use in the very, ultra and super high frequency
      portions of the electromagnetic energy spectrum.
PAC  Summary of the Invention
PAR  In accordance with the teachings of the present invention a dissipative
      load is provided incorporating transition means from a main waveguide line
      to a lossy waveguide section. The lossy section, is an illustrative
      embodiment, is fabricated of a poor electrically conductive material, such
      as stainless steel, with a short circuit provided for terminating a
      waveguide transmission line. The lossy waveguide is concentrically coiled
      to form a helix having a length sufficient to provide for a lossy
      reentrant helical path and a maximum VSWR under 1.2. In an exemplary
      embodiment 141/2 turns of a cylindrical waveguide helix wound on a mandrel
      of approximately 3 inch diameter provided a one-way loss of approximately
      20 db at 36 thousand MHz.
PAR  The heat generated in the structure disclosed herein may be dissipated by
      fluid coolant means circulated in a jacket formed by concentric
      cylindrical members disposed inside and outside of the helically coiled
      lossy waveguide section. Any suitable liquid or gas coolant circulated in
      the chamber of the concentric cylinder jacket arrangement conducts the
      heat generated in the guide wall interface by the propagating microwave
      energy. Where desired, the load may be pressurized both inside the
      waveguide and in the cooling region to provide compatibility with a
      transmission system. Additionally, the short circuit wall member may be
      provided with a gas coupling connection and operating the load with a gas
      coolant flowing through the helix. Another variation of the invention
      includes the use of a wide range of fluids for cooling since the cooling
      fluid plays no part in the absorption of energy. Hence, fluids, including
      gas and liquids, could be provided around the lossy waveguide structure.
      An alternative embodiment of the invention includes the removal of the
      short circuit plate and the addition of another transition structure to
      rectangular guide to thereby provide a high power attenuator for waveguide
      transmission systems. Monitoring of the flow and temperature rise of the
      circulating coolant fluid makes it possible for the disclosed load to be
      utilized for calorimetric measurement of average power.
PAR  An illustrative transition structure from rectangular to cylindrical
      waveguide in the TE.sub.11 mode is the oval iris quarter-wave transformer
      arrangement. In addition to the provision of a concentric helical coil
      arrangement the load may be provided by means of a flat spiral arrangement
      which may be cooled by a contiguous coil arrangement on either or both
      sides of the coiled waveguide for the circulation of coolant fluids.
      Alternatively, the flat spiral may be cooled in a manner similar to the
      helix arrangement with a coolant chamber. In low power applications the
      disclosed load structure can be provided without any additional cooling
      since radiation from the walls of the lossy waveguide section may suffice.
      In the exemplary embodiment for utilization in the 30 thousand MHz
      microwave region, the coiled lossy waveguide section and fluid coolant
      jacket comprising the load was provided in a complete package having an
      overall length of 7 inches and a diameter of 5 inches. With the
      circulation of a liquid coolant, such as water, the power handling
      capability of this embodiment was rated for approximately twenty thousand
      watts peak and two thousand watts average with a VSWR characteristic of
      less than 1.20.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Details of an illustrative embodiment of the invention will be readily
      understood after consideration of the following description, with
      reference being directed to the accompanying drawings, wherein:
PAR  FIG. 1 is an exploded view of the illustrative embodiment of the invention;
PAR  FIG. 2 is a longitudinal cross-sectional view of the embodiment illustrated
      in FIG. 1;
PAR  FIG. 3 is an end view, partially in section, of the embodiment illustrated
      in FIGS. 1 and 2;
PAR  FIG. 4 is an isometric view of an alternative embodiment of the invention;
      and
PAR  FIG. 5 is a cross-sectional view taken along the line 5--5 in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1-3 inclusive of the drawing, the embodiment of the
      invention shown comprises a dissipative load 10 having a lossy helical
      waveguide section 12 of a poor electrically conductive material
      terminating in a short circuit provided by means of wall member 14. The
      lossy cylindrical waveguide section 12 has an overall length sufficient to
      provide a substantial loss with a minimum of reflection from the short
      circuit member and VSWR characteristics in the range of 1.01 to 1.2,
      maximum, for microwave energy traversing the reentrant waveguide path. In
      an exemplary device in the very high frequency range of the
      electromagnetic energy spectrum, a helix having an inside diameter of
      approximately 3 inches and 141/2 turns had an overall length of 14 feet to
      provide a one way loss of approximately 20 db. Average high power levels
      in excess of one thousand watts continuous wave operation were handled
      with a liquid fluid coolant, such as water.
PAR  The fluid coolant is circulated to remove the heat generated in the walls
      of cylindrical waveguide 12 within a chamber 16 defined by a first
      cylindrical member 18 disposed inside the cylindrical waveguide helix 12.
      A second cylindrical member 20 formed by half cylindrical sections
      surrounds the outer portion of waveguide helix 12. End plates 22 and 24
      are secured to the ends of cylinders 18 and 20 to provide the fluid-tight
      chamber 16. The waveguide helix coils are preferably trapped loosely by
      the cylinders 18 and 20 to allow for expansion and contraction of the
      helix coils during operation of the load.
PAR  Energy is coupled to the load cylindrical waveguide section 12 from a main
      transmission line, such as rectangular waveguide 26 having a mating flange
      28. An input quarter-wave transition section 30 converts the waves in the
      rectangular mode, TE.sub.10, to a cylindrical mode, TE.sub.11, for
      propagation in the cylindrical waveguide section 12. The quarter-wave
      transformer transition section includes an oval iris 32 fabricated in
      accordance with the teachings found in the text "Microwave Transmission
      Circuits", edited by George L. Ragan, Vol. 9, Radiation Lab. Series,
      McGraw Hill Book Company, Inc., New York, 1948, page 366. The cylindrical
      waveguide section 12, as well as the concentric cylinders 18 and 20, end
      plates 22 and 24, together with all appended components for the short
      circuit and input and output fluid coolant circulation means, are
      fabricated of a poor electrically conductive material, such as stainless
      steel, which also maintains its strength at high temperatures. The input
      transition section 30 is soft copper in an exemplary embodiment to provide
      good RF contact from the rectangular waveguide 26 into the circular
      waveguide 12.
PAR  Fluid coolant inlet means 34 are incorporated in a block 36 appended to
      cylinder 20. The block 36 is hollowed so that coolant is provided to the
      outer wall of cylindrical waveguide section 12 immediately behind the
      input face of the block 36. O-ring member 38 seated on the face of the
      transition section 30 and block 36 provides for pressurization of the
      system. Fluid is removed by means of outlet means 40 in hollowed block 42
      appended to cylinder 20. For the terminal load applications the end of the
      cylindrical waveguide section 12 is short circuited by means of wall
      member 14 secured to block 42. Another O-ring 44 is provided similar to
      ring 38.
PAR  In the practice of the invention considerable versatility is noted in that,
      for example, the short circuiting wall member 14 may be removed and
      another transition quarter-wave transformer section can be substituted so
      that the overall device now becomes a high power attenuator. The disclosed
      load further provides for the input transition section to be a separate
      element which can be replaced if the original becomes damaged or a change
      in frequency range is desired. Further, by monitoring the flow and
      temperature rise of the fluid coolant the disclosed embodiment may be
      utilized for calorimetric power measurements. The disclosed embodiment is
      also capable of operation with high pressure to provide compatibility with
      pressurized waveguide transmission systems to which the load is appended.
      The short circuiting wall member 14 may be provided with a gas fitting so
      that the fluid coolant, such as a gas, may flow directly through the
      cylindrical waveguide helix section, as well as the chamber 16. Other
      fluid coolants may also be selected in view of the fact that the microwave
      energy absorption process is handled by the cylindrical waveguide walls
      and the fluid, which only serves to remove the heat, need not be a wave
      attenuative type liquid, such as water. The overall embodiment may,
      therefore, be cooled by whatever means is desired and, depending on the
      amount of power within the system to be terminated, the user may select
      the appropriate fluid coolant or no fluid coolant may be required in the
      instance of the lower power levels. The stainless steel cylindrical
      waveguide which provides for the high microwave energy absorption is
      preferably seamless which reduces the possibility of arcing at high power
      levels. The stainless steel material is also capable of handling very high
      temperatures without sacrificing strength.
PAR  Referring now to FIGS. 4 and 5 another configuration of the embodiment of
      the invention is illustrated, referred to as the flat spiral type. In this
      structure the cylindrical waveguide is coiled as a flat spiral 46 of a
      sufficient length to provide the desired loss characteristics. The
      transition structure from rectangular waveguide abutting flange 48 of
      block 50 is handled through a conventional tapered
      rectangular-to-cylindrical transition. A conical cooling collar 52 may be
      provided. Mounting blocks 54 and 56 provide for the support of the coiled
      waveguide and fluid coolant conduit means 58 having coupling means 60.
      Referring to FIG. 5 it will be noted that the coils of the fluid conduit
      means 58 are disposed between the turns of the coils of the cylindrical
      waveguide section 46. To provide for cooling on both sides of the
      cylindrical waveguide section 46 a second fluid conduit means 62 is
      disposed on the opposing walls of the spiral waveguide section 46. To
      assist in the heat removal process the oppositely disposed fluid coolant
      means for 58 and 62 may be soft soldered as at 64 to the turns of the
      spiral cylindrical waveguide section. The fluid coolant means 58 and 62
      are interconnected by a cross-over section 66 in the center of the spiral
      waveguide section to provide for the continuous flow of the fluid coolant.
      The cylindrical waveguide is terminated by a flat short circuit wall
      member 68 for those applications requiring a terminating load. The
      capability of circulating a gas coolant is also provided in this
      embodiment by conduit means 70 for introduction of the gas within the
      cylindrical waveguide helix 46.
PAR  There is thus disclosed a unique microwave energy transmission line device
      having a lossy cylindrical waveguide section of a poor electrically
      conductive material in either a helix or flat spiral arrangement with
      fluid coolant means circulated adjacent to the turns of the cylindrical
      waveguide for removal of the generated heat. The device is implemented in
      a relatively small package so that it is ideally suited as a terminating
      load or attenuator. Numerous alternative and modified embodiments may be
      practiced by those skilled in the art. The foregoing detailed description
      of the illustrative embodiment, therefore, is to be considered in its
      broadest aspects and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A microwave energy dissipative load device comprising:
PA1  a lossy section of waveguide transmission line of a poor electrically
      conductive non-magnetic material;
PA1  transition means adapted for coupling said lossy waveguide section to a
      main waveguide transmission line; and
PA1  means for circulating a fluid coolant adjacent to the walls of said lossy
      waveguide section for removing thermal energy generated by absorption of
      microwave energy.
NUM  2.
PAR  2. A microwave device according to claim 1 wherein said lossy waveguide
      section is terminated by a short circuit wall member.
NUM  3.
PAR  3. A microwave device according to claim 1 wherein said fluid coolant
      comprises a liquid.
NUM  4.
PAR  4. A microwave device according to claim 1 wherein said fluid coolant
      comprises a gas.
NUM  5.
PAR  5. A microwave device according to claim 1 wherein:
PA1  said lossy waveguide section comprises a cylindrical waveguide helix.
NUM  6.
PAR  6. A microwave device according to claim 5 wherein said fluid coolant
      circulation means comprise wall members defining a fluid-tight chamber
      surrounding said waveguide helix.
NUM  7.
PAR  7. A microwave device according to claim 1 wherein said lossy waveguide
      section comprises cylindrical waveguide having a flat spiral coiled
      configuration.
NUM  8.
PAR  8. A microwave device according to claim 7 wherein said fluid coolant
      circulation means comprise coiled conduit means disposed adjacent to the
      cylindrical waveguide spiral coils.
NUM  9.
PAR  9. A microwave energy transmission line termination load device comprising:
PA1  a lossy section of cylindrical waveguide transmission line of a poor
      electrically conductive material;
PA1  a short-circuiting wall member terminating one end of said lossy waveguide
      section;
PA1  transition means including a substantially oval iris quarter-wave
      transformer member for coupling said lossy waveguide section to a
      rectangular waveguide transmission line;
PA1  means including first and second cylindrical members and end plate members
      surrounding said lossy waveguide helix section and defining a fluid-tight
      chamber; and
PA1  means for circulating a fluid coolant within said chamber.
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ABST
PAL  The recirculating tapped delay line in accordance with the invention is a
      combination electrical and acoustic recirculation network that includes a
      selected number of acoustic surface wave circulating subloops included in
      an electrical primary feedback loop or network with each subloop having a
      selected number of taps. Each acoustic subloop includes track changing
      multistrip couplers that inject the signal into the loop, multistrip
      reflecting track changers at each end of the surface wave path, tapping
      transducers or multistrip couplers in both forward and reverse acoustic
      paths and a multistrip loop cancelling switch for suppressing the
      recirculating signal as desired. Because the recirculation is entirely
      acoustic in each subloop, the components which contribute substantially to
      distortion are utilized with less frequency so that the overall distortion
      after specific storage time is reduced. Also, by repeated recirculation
      through each subloop, a substantially larger effective number of taps may
      be realized per actual number of taps during each electrical feedback
      around the primary overall loop. The combination of primary and subloops
      in accordance with the invention effectively multiplies the actual number
      of taps in the subloops by the number of combined acoustic and electrical
      recirculations, all with a minimum of signal loss and distortion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to delay lines and particularly to a recirculating
      tapped delay line network having a primary electric loop with a selected
      number of acoustic subloops with the transfer of the signal between the
      different loops being controlled to provide a maximum number of effective
      taps with a substantially small amount of signal loss and distortion.
PAR  2. Description of the Prior Art
PAR  Conventionally, recirculating storage loops utilize coaxial cable or
      waveguide for the delay element and electrical feedback with gain to
      maintain recirculation of the signal. Proposed systems include the newer
      microwave acoustic delay line devices with electrical feedback for
      providing the recirculation between the input and the output terminals.
      Thus, existing recirculating tapped delay line loop configurations
      consists of a tapped delay line either electromagnetic or acoustic with an
      electrical feedback circuit to coherently recirculate and store desired
      signals in order to provide a recirculating storage time in the order of
      one to several milliseconds. To provide a relatively long storage time
      along with tap spacings of a fraction of microsecond, a large number of
      acoustic taps and recirculations are required. With conventional
      electrical recirculation the signal loss and the distortion provided by
      the transformation between acoustic and electrical signals substantially
      limits the number of taps that may be utilized. It would be a substantial
      advantage to the art to have an improved recirculating tapped delay line
      that provides a large number of effective taps and a large recirculating
      storage time, all with a minimum of signal distortion and loss
PAC  SUMMARY OF THE INVENTION
PAR  The recirculating tapped delay line system in accordance with the invention
      includes a primary electrical recirculating loop within which are selected
      number of acoustic recirculating subloops each with total acoustic
      recirculation through a predetermined number of taps. By providing
      multiple subloop components which contribute a relatively small amount of
      distortion and signal loss at the high loss, transducers for converting
      between electrical and acoustical energy are used with less frequency so
      that the overall distortion is substantially reduced. Also because of the
      allowable large number of acoustical recirculations the effective number
      of taps realized in each subloop is an integer multiple of the actual
      number of taps. The overall system provides a large number of effective
      taps by multiplying the actual number of taps by the number of combined
      acoustic and electrical recirculations, all without increasing the signal
      distortion and loss. An additional advantage of the system of the
      invention is that distortion errors will be different in each of the
      acoustic subloops as well as in the primary loop, resulting in a
      decorrelation of the overall errors.
PAR  It is therefore an object of this invention to provide an improved and
      simplified recirculating tapped delay line loop system that has a
      substantially large number of taps and storage time.
PAR  It is a further object of this invention to provide an acoustic
      recirculating tapped delay line system that has a minimum of distortion
      and signal loss for a selected loop storage time.
PAR  It is another object of this invention to provide a combination electrical
      and acoustical recirculating storage loop that is controlled to provide a
      maximum signal loop storage time.
PAR  It is a still further object of this invention to provide a combination
      electrical and acoustic tapped recirculating loop that provides a
      substantial number of effective taps compared to the actual number of
      taps.
PAR  It is a still further object of this invention to provide an acoustic
      recirculating loop that includes a controlled signal canceller to
      eliminate the acoustically recirculating signal at selected times.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features and advantages of the invention itself,
      will become apparent to those skilled in the art in the light of the
      following detailed description taken in consideration with accompanying
      drawings wherein like reference numerals indicate like corresponding parts
      through the several parts wherein:
PAR  FIG. 1 is a schematic block diagram of the combination electrical and
      acoustical recirculation network in accordance with the principles of the
      invention;
PAR  FIG. 2 is a schematic block, circuit and structural diagram for explaining
      the acoustic recirculating loop in accordance with the invention;
PAR  FIG. 3 is a cross section taken at line 33 of FIG. 2 for further explaining
      the arrangement of the reflecting track changers that may be utilized in
      the acoustic recirculating loop of the invention; and
PAR  FIG. 4 is a schematic diagram of waveforms of voltage as a function of time
      for further explaining the operation of the tapped delay system in
      accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the improved electrical and acoustical
      recirculation network in accordance with the invention includes a first or
      primary electrical circulation loop 10, in turn including an acoustic
      recirculating subloop 12, output switch 14, an amplifier 16, an acoustic
      recirculating subloop 18, an output switch 19, an amplifier 20, and an
      electrical shutoff switch 22. Although the system is shown with two
      acoustical recirculating loops 12 and 18, it is to be understood that in
      accordance with the principle invention, any desired number of
      recirculating loops may be utilized, each having its own switching
      arrangement and amplifying arrangements such as output switch 14 and
      output amplifier 16. The system includes a timing unit 30, an input source
      41 and an output unit 40. Although each of the switches 14, 19 and 22 is
      illustrated schematically as a mechanical switch, it is to be understood
      that any suitable type of controllable electrical switch may be utilized
      for the designated switches. The timing unit 30 includes a clock 32 which
      may be developed to define the tap spacing in microseconds in the acoustic
      recirculators 12 and 18 and with a suitable gating or clock counting
      arrangement (not shown) developing a pulse at the end of a predetermined
      number of recirculations. Switching or gating signals are applied on leads
      35 and 36 to respective switches 14 and 19, depending on which
      recirculating subloop 12 or 18, the signal is being stored, or may be
      applied to both if signals are being stored in both recirculators. At the
      same time that the recirculating signal is gated out of a recirculating
      loop such as 12 or 18, an acoustic shutoff signal is applied on respective
      leads 37 or 39, or to both leads, to terminate the signal in the acoustic
      loop by a cancellation arrangement as will be explained subsequently. An
      overall electrical shutoff signal may be provided on a lead 42 to the
      electrical shutoff switch 22 to terminate the electrical recirculation.
      The output unit 40 receives a plurality of tapped signals on a composite
      lead 44 and on a composite lead 46, each composite lead having a plurality
      of leads equal to the number of taps in the corresponding acoustic
      recirculator. An input signal may be supplied to the recirculating loop 12
      from the input source 41 or in other arrangements, may be supplied to the
      subloop 18 or to both subloops as either the same or different signals.
      The system may receive signals at any frequency within the range of the
      substrate such as up to several GHz (giga-Hertz).
PAR  The system of the invention effectively increases the number of taps over
      the actual number of taps to provide a large number of taps with a minimum
      of signal loss. If there are M acoustic recirculations in each of R
      acoustic recirculating subloops, S electrical recirculations in the
      primary loop and N taps in each acoustic recirculator 12 or 18, the
      effective number of taps is equal to (S.sup.. R.sup.. M.sup.. N). The
      output unit 40 may include a switching arrangement to apply the tapped
      signals from each recirculating loop to a utilization point or may include
      any desired type of commutating arrangement to sequentially sample each of
      the taps received from a selected recirculator during each recirculation
      of the signal in that recirculator. A large number of taps with a
      substantially long delay is provided by an acoustical signal are provided
      in many systems such as in fourier analysis of signal components where the
      time comparison at various taps is summed at a single point for the
      analysis.
PAR  Another use of the arrangement in accordance with the invention is in a
      radio frequency oscillator where the signal is delayed and then
      recirculated back into the oscillator either to a common point or to
      different points. Another illustrative use of the system of the invention
      is in radar electronic warfare where range gate pulloff is desired so that
      when a range gate of another radar system is captured, a controlled delay
      is utilized to vary the return signal to provide deception to the radar
      system. In this range gate pulloff arrangement, the delay may be selected
      by a commutator switchoff.
PAR  Referring now to FIG. 2 it shows the acoustic recirculating loop 12 in
      further detail with the surface wave structures mounted on a mounting
      structure 50 which may be an aluminum frame for example having a suitable
      piezoelectric substrate 52 which may be any suitable material such as
      lithium niobate (LiNbO.sub.3), quartz, crystal or bismuth germanium oxide
      (BGO), each cut along the proper axes. It is to be noted that for
      convenience only the recirculating subloop 12 is shown but other subloops
      such as 18 may be similar. The acoustic recirculating loop includes a
      multistrip coupler 60 having a width to provide a full zero db track
      changer for operation with transducers 62 and 64 positioned adjacent
      thereto and being of the interdigital type. The transducers 62 and 64 may
      have the first ends coupled to ground and have the second end of the
      transducer 62 coupled to the input source and the second end of the
      transducer 64 coupled to the output unit 40. The input signal applied to
      the transducer 62 thus changes track in the multistrip coupler 60 and is
      launched into a surface wave path as indicated by an arrow 66. Taps are
      provided in the recirculating path by an interdigital transducer 64 as
      well as by similar transducers 71 to 77, each having one end grounded and
      the other end coupled to the output unit 40. Thus, two paths for
      propagation of the surface waves, path 66 and a path 80 are provided with
      suitable direction changing reflecting multistrip track changers 84 and 86
      positioned at each end to maintain a continuously recirculating signal in
      the acoustical domain. The track changers 84 and 86 may be J shaped
      multistrip track changers, for example. The multistrip reflecting track
      changers 84 and 86 have parallel metal strips curved so as to reverse the
      direction of the acoustic surface waves and are of a type well known in
      the art such as described in the IEEE Transactions on Microwave Theory and
      Techniques, Volume MTT-21, Number 4, April 1973, entitled "Surface
      Acoustic Wave Multistrip Components and Their Application", by Marshall,
      Newton and Paige. For improved operation the dotted regions 88 and 90 may
      be of a nonpiezoelectric material so as to reduce the acoustic energy loss
      while coupling around the bend. Because of the low loss of the
      recirculating signals, a loop shutoff track changer 96 is provided to
      cancel the signals once the selected number of recirculations are
      completed and the signal is removed from a lead 97 at the transducer 73. A
      transducer 98 is provided to receive the output signal in an inverted form
      after passing through an amplifier 100 so that cancellation is provided
      when the signals are received in the track changer 96. The amplifier 100
      which may be of any suitable type, may include a transistor 114 of the PNP
      type having a base coupled to the lead 97, through a suitable resistor to
      the lead 37 for receiving a shutoff pulse and through a resistor 110 to a
      +V voltage source 112. The transistor 114 has its emitter coupled to the
      ground and its collector coupled through a suitable coupling capacitor to
      the other end of the coupling transducer 98. The transistor 114 is
      normally biased out of conduction by the +V voltage source 112, but in the
      presence of a negative pulse on the lead 37, is biased into conduction to
      pass the signal from the lead 97 to its collector and into the transducer
      98. It is noted that because the output signal is derived from the lead 97
      on a lead 102 a delay is not required prior to applying the shutoff pulse
      to the lead 37. Any phase shifts provided by the loop track changer or
      injection multistrip coupler or by other elements may be compensated by
      shifting the position of the transducers, as is well known in the art.
PAR  Referring now also to FIG. 3, the sectional view shows the
      non-piezoelectric region 90 which is provided to reduce the acoustic
      energy loss while coupling around the bend of the track changer. Acoustic
      radiation from the fingers in the portions around the bend results in
      substantial signal loss unless the dielectric and piezoelectric constant
      of the substrate medium in that region is minimized to decrease the losses
      at the high frequencies. The region 90 may be constructed for example, by
      an ultrasonic impact grinder to machine the holes or recesses of any
      desired shape in size into the acoustic substrate material 52. As is well
      known, an impact grinder operates by vibrating a cutting tool against a
      crystal or lithium niobate substrate in the presence of a carborundum
      cutting compound. The resulting abrasive action will cut through a hundred
      mill substrate for example, in the matter of approximately one minute.
      Since the shape of the hole is determined by the contours of the cutting
      tool, any shape that can be machined in a hard steel cutting tool may be
      cut into the substrate 52. After the recess or hole is cut into the
      substrate it is filled with an epoxy casting resin or other suitable
      non-piezoelectric material and ground and polished so that the entire
      surface is smooth in passing from the acoustic substrate to the filled in
      areas. The multistrip coupler structures of the track changer 86 may be
      any suitable deposited material such as aluminum, silver or gold and may
      be formed on a smooth surface by conventional photographic and vacuum
      deposition techniques.
PAR  The vacuum deposition of all of the conductive elements on the substrate 52
      may be of any suitable procedure such as the following:
PA0  1. Polish the substrate surface on a suitable machine.
PA0  2. Form a mask having openings where metal is to be formed.
PA0  3. Dip the substrate structure into photoresist, dry.
PA0  4. Position mask on substrate surface, expose to light.
PA0  5. Remove mask and develop photoresist.
PA0  6. Rinse in water to rinse away photoresist at future metal positions.
PA0  7. Vacuum deposit the metal on the surface of the substrate.
PA0  8. Soak the substrate in acetate and photoresist peels off leaving metal
      lines.
PAR  Referring now to FIG. 4 as well as to FIGS. 1 and 2, the tap spacing as
      shown by waveform 130 may be determined and pulses provided by the clock
      32 having a clock pulse spacing similar to that of the waveform 130. It is
      to be noted that in the illustrated arrangement shown by the waveform 130
      with ten taps in the acoustic subloop, 4 recirculations are provided for
      each signal applied thereto. At the end of 4 recirculations acoustic loop
      output switch signals of a waveform 132 are applied to the switch such as
      14 to pass the signal to the amplifier 16 and into the second acoustic
      circulating loop 18. At substantially the same time as the pulse of the
      wave 132, an acoustic loop shutoff signal of a wave 134 is applied to the
      base of the transistor 114 for cancelling the signal circulating around
      the loop. It is to be noted that the cancellation and the outputting of
      the signal occurred at the same time so it is not necessary to provide a
      delay after cancellation. If interlacing of signals is desired in any
      acoustic subloop, the signals A of the waveform 130 may be taken from the
      taps and signals B may be taken from the same taps by injecting the
      signals in the subloop at half tap spacing intervals. A similar operation
      is provided in the other acoustic recirculator 18 controlled by signals
      similar to those of waveforms 130, 132 and 134. The electrical loop
      shutoff signal of waveform 136 is shown to illustrate that the entire
      electrical recirculation system may be reenergized when desired.
PAR  To illustrate the advantage of the system of the invention, a reasonable
      loss through each reflecting track changer would be about 2db and the loss
      through each tap would be about 1db. Each signal may be circulated through
      a relatively small number of taps such as 10 taps a selected number of
      times such as 4, for example. For approximately a millisecond storage time
      and 16 microseconds storage time for two subloops (2 microseconds per
      tap), 70 electrical recirculations are required. The acoustic loss for 10
      taps for a 0.2 microsecond tap spacing, is 10db, and for 2 track changers
      is 4db, and the propagation loss is 1db. If the output is 70db below the
      input for a subloop and 15db loss per recirculation with 6db loss for each
      of the input and for the output transducers, 4 recirculations are allowed
      in the acoustic subloop. The effective number of taps per subloop is 40.
      Thus, the tapping transducer loss for converting the signal between
      acoustic and electrical energy which may be as high as 6db is avoided
      during the acoustic recirculations. In the conventional acoustic delay
      line with 0.2 microsecond tap spacing, 500 taps would be required to
      provide 1 millisecond delay.
PAR  Thus the system, in accordance with the invention utilizes an electrical
      primary loop and a selected number of acoustic subloops to minimize the
      number of required taps. The actual number of taps may be relatively small
      but the effective number of taps is the actual number of taps multiplied
      by the number of combined acoustic and electrical recirculations. This
      system has the advantage also of providing a decorrelation of overall
      errors because the distortion errors, if present, will be different in
      each of the subloops.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A recirculating tapped delay line system comprising
PA1  a selected number of acoustic recirculating means each having a selected
      number of taps;
PA1  electrical recirculating means coupling said acoustic recirculating means
      in series and in a continuous loop; and
PA1  switching means coupled in the loop of said electrical circulating means at
      the output of each acoustic recirculating means for controlling the number
      of recirculations in each acoustic recirculating means.
NUM  2.
PAR  2. The system of claim 1 in which each acoustic recirculating means
      includes signal cancelling means for terminating the recirculating
      acoustic signal.
NUM  3.
PAR  3. The system of claim 2 further including control means for energizing
      said signal cancelling means substantially when said switching means is
      energized.
NUM  4.
PAR  4. The combination of claim 3 further including an input source coupled to
      a selected one of said acoustic circulating means.
NUM  5.
PAR  5. The combination of claim 4 in which said acoustic circulating means
      includes a substrate having first and second surface wave paths,
      multistrip track changers at both ends of said paths for providing a
      continuous acoustic signal path, with said selected number of taps and
      said signal cancelling means being positioned in said continuous signal
      path.
NUM  6.
PAR  6. An acoustical recirculating loop comprising
PA1  a piezoelectric substrate providing first and second acoustical paths, each
      having first and second ends, and first and second direction changing and
      multistrip J-shaped track changers positioned at respective first and
      second ends of said first and second paths for transferring acoustic
      signals from one path to the other to provide a continuous path, said
      continuous path having a selected number of taps of interdigital
      transducers, and
PA1  controllable signal canceller means positioned in said continuous path.
NUM  7.
PAR  7. The combination of claim 6 in which said canceller means includes first
      and second interdigital transducer means positioned on said substrate with
      each having an end adjacent to an end of the other with said first
      transducer means positioned in said continuous path;
PA1  a track changer positioned adjacent to and parallel to said first and
      second transducers; and
PA1  amplifying means coupled between the said first and second transducer means
      to transmit to said track changer from said second transducer an inverted
      form of a signal transmitted to said track changer from said first
      transducer.
NUM  8.
PAR  8. An acoustical signal canceller for cancelling a surface wave signal
      passing in a path on a piezolectric substrate comprising:
PA1  first and second coupler means positioned in a substantially linear
      relation with each having first and second ends and with said first
      coupler means positioned in said path to receive said surface wave
      signals;
PA1  track changing means positioned on said substrate substantially parallel to
      said first and second coupler means with a first portion in said path to
      receive signals from said first first coupler means and a second portion
      adjacent to said path to receive signals from second coupler means; and
PA1  means coupling selected ends of said first and second couplers to apply a
      signal from said first to said second coupler so as to be transmitted from
      said second coupler to said track changer inverted from the signal
      transmitted from said first coupler to said track changer.
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PAL  A cavity resonator having adjustably tunable resonant frequency in which
      tuning of the resonant frequency is carried out by means of a movable side
      plate, characterized in that contactor pieces supported by the edges of
      said movable side plate for realizing high frequency short-circuiting to a
      cavity wall, consist of metallic wires, each of which is wound in a coil
      shape preferably having a diameter that is no greater than the distance
      between the opposite side plate edges in which the coils are mounted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a cavity resonator having an adjustably tunable
      resonant frequency, and is especially suitable for use as a cavity
      resonator in a multi-cavity type klystron. A multi-cavity klystron widely
      in use as a final stage amplifier tube in various types of transmitters,
      especially in a high power transmitter, generally has a tuning frequency
      range of several percent to several tens of percent of the particular
      midfrequency value.
PAR  Tuning systems for cavity resonators are largely classified into three
      types, one being a system of varying principally an inductance by movement
      of a side wall of the cavity (abbreviated as L-tuning), another being a
      system of varying principally a capacitance of the cavity by moving a
      tuning plate provided in the vicinity of a gap space between drift tubes
      within the cavity (C-tuning), and the other being a system which combines
      the aforementioned two systems (L/C-tuning).
PAR  These three tuning systems have their respective advantageous features, and
      they are selectively employed in accordance with needs of the particular
      application. However, it is said that generally the L-tuning system is a
      system that is stable in performance.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is characterized by providing a side plate in which
      grooves are formed in selected edges of the cavity resonator movable side
      plate for receiving and supporting coiled metallic wires which are adapted
      to make sliding engagement and good electrical contact with adjacent
      interior surfaces of the cavity wall to permit relatively simple
      adjustment of the cavity resonator operating frequency while at the same
      time assuring excellent electrical contact with the cavity walls and with
      the movable side plate. The coiled metallic wires are preferably made of a
      material which is highly stable and durable under operating conditions in
      which the cavity resonators generate a large amount of heat.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a and 1b are views showing a cavity resonator in an internal cavity
      type klystron provided with a diaphragm type resonant frequency varying
      means, FIG. 1a being a longitudinal cross-section view taken along the
      direction of the beam axis of said klystron, and FIG. 1b being a
      transverse cross-section view taken along line A--A in FIG. 1a.
PAR  FIG. 2 is a fragmentary cross-section view showing a contact structure
      between a movable side plate and a cavity wall according to a spring
      finger system.
PAR  FIG. 3a is a fragmentary cross-section view showing a contact structure of
      a single coil system, and FIG. 3b is a perspective view of a coil body.
PAR  FIG. 4a is a longitudinal cross-section view taken along the direction of
      the beam axis of a cavity resonator in an internal cavity type of klystron
      embodying the present invention.
PAR  FIG. 4b is a transverse cross-section view (the movable side plate being
      shown with its end surface) taken along line B--B in FIG. 4a.
PAR  FIG. 5 is a perspective view of the movable side plate shown in FIGS. 4a
      and 4b.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Now a description will be given with reference to the drawings. FIGS. 1a
      and 1b show a cavity resonator in an internal cavity type klystron as one
      example of a cavity resonator in which a movable cavity side wall is
      utilized for tuning purposes. The cavity resonator in FIGS. 1a and 1b
      comprises drift tubes 1 for passing an electron beam therethrough, a
      vacuum envelope 2 forming an external wall of the cavity, an induction
      plate 3 forming one side wall of the cavity, diaphragms 4a and 4b each
      made of a flexible metal plate and each having one end respectively
      fixedly secured to the induction plate 3. A bellows 5 allows the induction
      plate to move while maintaining a vacuum in the cavity (by sealing the
      opening 2a).
PAR  To the induction plate 3 is fixedly secured a stem 6, and by rotating a
      knob assembly comprised of a manually operable knob 7, coupled to an
      external tuning screw 7a, the stem and the induction plate are jointly
      moved back and forth, and thereby the volume of the cavity resonator can
      be varied to change the resonant frequency. The side wall 8 has a groove
      7b which receives the marginal portion of wall 8 so as to free-wheelingly
      mount knob assembly 7 relative to wall 8. With regard to the cavity
      resonator shown in FIGS. 1a and 1b, firstly the movable range of the
      induction plate 3 is limited by the extended length of the diaphragms 4a
      and 4b as measured in the direction of flexure, and the diaphragms cannot
      be made too long since they are made of a thin flexible metal plate, so
      that the cavity resonator in FIGS. 1a and 1b has a disadvantage in that
      the frequency tuning range cannot be made large. In addition, since the
      diaphragms are made of a thin metal plate, they are mechanically and
      thermally weak, which presents problems when used in resonators having
      high power ratings. Furthermore, when the induction plate moves to a
      position where the flexure of the diaphragm 4 is large, the shape of the
      cavity becomes irregular, so that abnormal modes are generated, which may
      adversely affect the desired operating mode to produce oscillation
      phenomena and which may cause sparking and the like.
PAR  With regard to another structure in which a side plate is moved while
      short-circuiting a high frequency between the movable side plate and the
      external cavity wall instead of using said diaphragms, there exists a
      spring finger system which has been practically used in an external cavity
      type of UHF klystron. The structure is shown in FIG. 2. A spring finger 16
      made of a flexible metallic material such as beryllium copper is secured
      to movable side plate 15 by means of a clamp plate 17. Fastening means,
      such as screws 18 are utilized to secure both the spring finger 16 and the
      clamp plate 17 to side plate 15. The structure is such that, owing to the
      spring action of spring finger 16, the side plate 15 can be moved while
      sliding contact of spring finger 16 is continuously maintained with the
      inner surface of the external cavity wall. Though this system presents no
      problem in the case where the cavity resonator is of the external cavity
      type and the cavity is large as in the case of that used in a UHF band,
      nevertheless, in the case of an internal cavity type there is an
      exhausting process utilized in the manufacture of a vacuum tube and during
      this process the cavity is heated for a long period of time at a high
      temperature such as 400.degree. - 600.degree.C. Beryllium copper has most
      excellent properties for use as a spring finger and which in fact is
      widely used for such purposes. However, the resiliency of the material
      tends to deteriorate when the spring is subjected to such a
      high-temperature baking process. Also, in the case of a klystron working
      at a high frequency of several GHz or higher, the cavity resonator becomes
      very small in size, so that the spring finger system presents many
      structural problems.
PAR  In addition to the above approaches, in the case of a klystron working in a
      6GHz band, a spring coil system employing a single coil having a diameter
      substantially equal to the distance between the opposed side walls of the
      cavity, has been known. One such structure is shown in FIGS. 3a and 3b.
PAR  Around a movable side plate 19 is wound a coil 20 which is designed to make
      sliding contact with the upper and lower interior surfaces of an external
      cavity wall 21. The coil 20 is made of a metallic wire such as tungsten
      and the like to provide a coil having an elasticity and a good electrical
      conductivity and to allow the side plate 19 to move in a linear fashion in
      order to vary the cavity resonant frequency while always maintaining good
      sliding contact with the inner surfaces of the external cavity wall 21.
      According to this system, as the height of the cavity resonator increases,
      the outer diameter of the coil 20 accordingly becomes quite large, so that
      the movement of the individual turns of the coil would become quite
      unstable, resulting in electrically unstable phenomena due to contact
      between the respective rings, and also problems would arise in respect to
      structural integrity of the assembly.
PAR  The present invention provides a cavity resonator provided with a novel
      high frequency short-circuiting structure for the movable side plate which
      is free from all of the above-described problems.
PAR  FIGS. 4a and 4b show a cavity resonator according to the present invention
      as applied to an internal cavity type klystron. The cavity resonator in
      FIGS. 4a and 4b comprises drift tubes 1 for passing an electron beam
      therethrough, a vacuum envelope 2 forming an outer wall of the cavity, a
      movable side plate 9 for forming one side wall of the cavity, metallic
      wires 10 made of tungsten and the like and wound in a coil shape of such
      size that the coils may be fitted within grooves provided along the upper
      and lower edges 9a and 9b of said movable side plate (FIG. 5) and may be
      received in the gap spaces formed between the upper and lower edges of the
      side plate and upper and lower interior walls of the cavity in the fully
      assembled state. Bellows 11 enables the movable side plate to undergo
      linear movement while maintaining a vacuum condition within the cavity. To
      the movable side plate 9 is fixedly secured a stem 12, and by rotating an
      external operating knob tuning screw 13, the stem and the movable side
      plate are jointly moved back and forth, and thereby the volume of the
      cavity resonator can be varied to change the resonant frequency.
PAR  FIG. 5 is a detailed illustration of the movable side plate 9 and the
      coiled metallic wires 10 in the cavity resonator according to the present
      invention as shown in FIGS. 4a and 4b. The metallic wire coils 10 are
      preferably made of a material that is durable and stable at a high
      temperature and that has a considerably good electrical conductivity and
      elasticity such as, for example, tungsten. Preferably, the outer diameters
      of the coils are smaller than one-half the distance between the opposed
      edges 9a and 9b of the side plate which respectively support said coils,
      because the outer circumference of the coil is in itself fitted between
      the side plate and the side wall of the cavity, and also the coils are
      wound in such density that high frequency energy may not leak out
      therethrough. With regard to the method for fixedly mounting said coil on
      the movable side plate, in FIG. 5 the positioning and fixing of the coil
      are achieved through a very simple and reliable method of notching grooves
      having a crosssection of more than one-half circle along the upper and
      lower edges and fitting the coils in these notched grooves. In case that
      such movable side plate combined with coils is inserted into the interior
      of the cavity, it will be moved within the cavity while always maintaining
      a fixed contact pressure for varying the resonant frequency, if the
      various parts are manufactured with appropriate dimensions. In this
      structure, the movable range of the movable side plate is limited only by
      the range of expansion and contraction of the bellows, so that the tuning
      range can be selected very wide, and also, leakage of a high frequency
      energy is almost zero, thermally unstable phenomena caused by a high
      frequency current would not occur at all, and therefore, this cavity
      resonator is especially advantageous as a cavity resonator in a high power
      klystron.
PAR  According to the present invention, since the coils for making contact are
      made of heat-resistive materials such as tungsten, degradation of
      properties during the high temperature exhausting process as is the case
      with a spring finger system would not occur, and thus stable spring action
      can be maintained. Still further, since the coil diameter need not be
      varied in accordance with the size of the cavity as is the case with the
      prior art shown in FIG. 3a in which contact is made by means of a single
      coil, the present invention has an advantage that the application of the
      invention is not limited by the size of the cavity but a coil diameter for
      obtaining an optimum contact pressure suitable for the cavity can be
      selected, and owing to such advantage, the invention can be applied, with
      excellent effects, to an internal cavity type of multicavity klystron in
      which the cavity resonator is located in an evacuated region and is
      subjected to high temperature baking.
PAR  While the coils are provided only along the upper and lower edges of the
      side plate in FIG. 5, naturally they could be provided along all four
      edges, i.e. the upper, lower, right and left edges; the spring material is
      not limited to tungsten, and alternative metals such as molybdenum,
      stainless steel and the like can also be used; and further, naturally the
      surface of the metallic wire could be gold-plated, silver-plated or plated
      with other materials. Although the coil is preferably cylindrical, it may
      also have an oval or elliptical shape, if desired. Obviously, the grooves
      provided in edges 9a and 9b would be altered in a similar fashion. The
      grooves need not be greater than half a circle since the coils will be
      maintained therein by a pressure fit between the grooves and the cavity
      interior walls.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cavity resonator having an adjustably tunable resonant frequency in
      which the tuning of the resonant frequency is maintained by means of a
      movable side plate provided within the hollow cavity resonator housing,
      characterized in that contactor pieces are supported by at least two
      opposite edges of said movable side plate whereby the contactor pieces
      slidably engage the adjacent interior surfaces of the housing to obtain
      high frequency short-circuiting to the cavity housing;
PA1  said contactor pieces being formed of metallic wires wound into coil shape
      wherein the outer diameters of the coils are each no greater than the
      distance between the opposed side plate edges in which the coil shape
      metallic wires are mounted.
NUM  2.
PAR  2. The cavity resonator of claim 1, wherein the outer diameter of the coil
      shaped metallic wires is less than the thickness of the side plate.
NUM  3.
PAR  3. The cavity resonator of claim 1, wherein said side plate edges are each
      provided with curved grooves for receiving and supporting an associated
      coil shape metallic wire.
NUM  4.
PAR  4. The cavity resonator of claim 3, wherein each groove defines a curvature
      of greater than one-half of a circle.
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PAL  A reed switch relay includes an elongated bobbin surrounding a reed switch
      having a pair of axially extending leads. Supporting members extend
      longitudinally from opposite ends of the bobbin for mounting the bobbin to
      a circuit board, and resilient members for retaining the leads of the reed
      switch are integrally molded into the supporting members. The leads of the
      reed switch are bent downwardly and engage the resilient retaining members
      with a snap action. The downwardly extending ends of the leads protrude
      from the retaining members and serve as connecting pins for mounting the
      relay assembly to a circuit board or a socket.
BSUM
PAR  This invention relates generally to electromechanical relays, and more
      particularly to miniature sealed contact relays of the type employing
      magnetic reed switches.
PAR  When a reed switch is used in a relay assembly, apparatus is provided for
      supporting the reed switch and for providing electrical contact to the
      leads of the reed switch. Because reed switches are typically encased in a
      fragile glass envelope, the supporting structure should protect the
      envelope from breakage.
PAR  Several types of reed switch relay assemblies are used for mounting reed
      switches. Known systems generally employ a bobbin having an
      electromagnetic coil wound thereon. The reed switch is positioned within
      the bobbin and is supported by conductive supporting members soldered to
      leads extending from the reed switch. Alternatively, the leads of the reed
      switch may be bent and soldered to a circuit board. Typical prior art reed
      switch mounting assemblies are described in U.S. Pat. Nos. 3,167,625,
      3,387,240 and 3,707,690.
PAR  While prior art systems provide ways for mounting a reed switch within a
      reed relay assembly, the prior art systems either do not provide adequate
      support for the reed switch, or require a rather complex mounting
      structure. For example, in the U.S. Pat. No. 3,167,625, the leads of the
      reed switch are secured by a resin, and in the 3,707,690 patent, they are
      secured by special terminal rings. In the 3,387,240 patent the leads are
      supported, but not secured.
PAR  An object of the present invention is to provide improvements in reed
      switch assemblies and in the method of assembling reed switches and to
      overcome disadvantages of known assemblies and methods.
PAR  Another object of the invention is to provide a reed switch relay assembly
      wherein the reed switch is supported and secured within a bobbin without
      the use of separate securing members.
PAR  It is another object of the present invention to provide a reed switch
      relay wherein the leads of the reed switch serve as connecting pins for
      making electrical connection to the contacts of the relay assembly.
PAR  A further object of the present invention is to provide a reed switch relay
      that is easily and quickly assembled.
PAR  In accordance with a preferred embodiment of the invention, there is
      provided a relay assembly having an elongated bobbin formed from an
      insulating material. A pair of supporting members extend from the ends of
      the bobbin, and a wire trap is molded into each of the supporting members.
      A reed switch mounted within the bobbin includes leads bent to engage the
      wire traps. The wire traps grip the leads with a snap action and retain
      the reed switch within the bobbin. The ends of the leads protrude from the
      wire traps, and serve as connecting pins or leads for attaching the relay
      assembly to a circuit board or socket.
PAR  An electromagnetic winding is wound around the bobbin for energizing the
      reed switch. Pins are inserted into the supporting members to provide
      contact pins for the electromagnetic winding. A shield is disposed over
      the bobbin to protect the electromagnetic coil and the reed switch leads
      from damage.
DRWD
PAR  The above and other objects and advantages of the present invention will
      appear from the following detailed description of the invention in
      connection with which reference is made to the accompanying drawings,
      wherein:
PAR  FIG. 1 is an exploded perspective view of a reed switch relay according to
      the invention;
PAR  FIG. 2 is a top plan view of the bobbin of the reed switch relay shown in
      FIG. 1;
PAR  FIGS. 3, 4 and 5 are side elevation views of the reed switch and bobbin of
      the relay shown in FIG. 1 illustrating successive steps in the method of
      assembling the reed switch; and
PAR  FIG. 6 is a perspective view of a two reed switch relay comprising an
      alternative embodiment of the invention.
DETD
PAR  Referring now to the drawings, and with particular reference to FIG. 1,
      there is shown a reed switch relay assembly designated in its entirety by
      the reference numeral 10. In general, the assembly 10 includes a bobbin 12
      and a reed switch 14. In accordance with an important feature of the
      invention, wire traps 28 are integrally molded with the bobbin 12 for
      securing a pair of leads 15 extending from the reed switch 14 in order to
      provide the advantages of a simplified solderless strain relief for
      securing a pair of connecting pins to the bobbin 12.
PAR  The leads 15 of the reed switch 14 are bent downwardly for engaging the
      wire traps 28. In the embodiment shown, the leads are bent at a 90.degree.
      angle, but the angle may be varied to suit the particular structure used.
      A portion of each of the pins 15 extends downwardly from the wire traps 28
      and serves as a contact pin for making electrical contact with the reed
      switch 14. The downwardly extending pins 15 may be inserted into a printed
      circuit board or a socket, thereby eliminating the need for separate
      securing pins to be affixed to the bobbin 12.
PAR  An electromagnetic coil 16 is wound around the bobbin 12 and a protective
      covering 17 is wrapped around the coil 16. The electromagnetic coil 16
      serves to generate a magnetic field between the contacts of the reed 16
      for closing the contacts when the coil 16 is electrically energized. The
      reed switch 14 is inserted into an opening 18 extending coaxially through
      the bobbin 12. A pair of flanges 20 and 22 are molded integrally with the
      bobbin 12 and a pair of supporting legs 24 and 26 are molded integrally
      with the flanges 20 and 22, respectively. The traps 28 are molded into the
      supporting legs 24 and 26 and a plurality of holes 32 are formed in each
      of the legs 24 and 26. A pair of slots 34 is formed in each of the flanges
      20 and 22. The slots 34 permit a lead 36 from the coil 16 to pass through
      the flange 22. The leads 36 are soldered or otherwise secured to a pair of
      posts 38, and each of the posts 38 is inserted into one of the holes 32. A
      protective cover 40, fabricated from sheet metal or the like, is disposed
      over the bobbin 12 and supported by the flanges 20 and 22. A series of
      protrusions 42 extend from the cover 40 for securing the cover 40 to slots
      43 molded in the supporting legs 24 and 26 or to a printed circuit board
      or similar surface supporting the reed relay 10.
PAR  Each of the wire traps 28 has a pair of outwardly extending finger members
      44 defining a keyhole shaped slot 46 best shown in FIG. 2. Although a
      keyhole shaped slot is shown in the drawings, it should be noted that
      other shaped slots may also be used, the exact shape of the slot being
      controlled by various factors such as the shape of the wire to be secured.
      The dimensions of the keyhole shaped slot 46 are chosen such that the
      diameter of the rounded portion of the keyhole shaped slot 46 is
      substantially equal to the diameter of the lead 15 of the reed switch 14.
      The space between the opposing planar surfaces of the keyhole shaped slot
      is slightly less than the dimaeter of the lead 15. The bobbin 12, and
      hence the members 44, are fabricated from a resilient plastic material,
      and are deflectable by the lead 15 as the lead 15 is being inserted into
      the keyhole shaped slot 46. When the lead 15 enters the curved portion of
      the keyhole shaped slot 46, the members 44 spring back to their original
      position and retain the lead 15 in place.
PAR  The assembly sequence of the reed switch relay 10 is best shown in FIGS. 3,
      4 and 5. The leads 15 initially extend axially from the reed switch 14,
      thereby enabling the reed switch 14 to be inserted into the bobbin 12.
      After insertion, the leads 15 are bent downwardly to engage the wire trap
      28. The initiation of the bending is shown in FIG. 4, and a suitable tool
      may be inserted between the leads 15 and the supporting legs 24 and 26 to
      prevent damage to the reed switch 14 during the bending operation. As the
      bending continues, the members 44 are forced apart by the leads 15 until
      the leads 15 have been bent downwardly at a 90.degree. angle. At this
      point, the members 44 spring back to the original position to secure the
      leads 15 in place as shown in FIG. 5.
PAR  After the members 44 have sprung back to their original position, the leads
      15 cannot escape inadvertantly from the curved region of the keyhole
      shaped slot 46 because the distance between the opposing planar surfaces
      of the keyhole shaped slot is insufficient to permit the passage of the
      leads 15. As a result, the leads 15 are trapped by the traps 28 and
      restrained in a vertical position. Because the leads 15 are held in the
      slots 46, forces applied to the leads 15 are absorbed or relieved by the
      wire traps 28 to prevent breakage of the reed switch 14. Furthermore, the
      wire traps 28 hold the leads 15 in position precisely enough to permit the
      leads 15 to be inserted directly into holes in a printed circuit board or
      into a socket. Finally, the leads 15 are secured well enough that forces
      arising from the insertion of the reed switch relay into a socket or
      printed circuit board do not cause damage to the reed switches 14.
PAR  The reed switch relay shown in FIG. 6 contains two reed switches to provide
      a double pole switch, the two switch embodiment being illustrated to show
      that the principles of the present invention may be applied to an
      embodiment having any number of switches. Analagous components in FIGS. 1
      and 6 are designated by similar reference numerals, the reference numerals
      designating analagous components being followed by the suffix a in FIG. 6.
      The construction of the embodiment illustrated in FIG. 2 is similar to
      that of the embodiment shown in FIG. 1. In the embodiment shown in FIG. 2,
      a plurality of posts 36a and 38a are inserted into mounting legs 24a and
      26a, respectively, and protrude downwardly from the lower surface of the
      mounting legs. Three posts 38a are employed in the embodiment of FIG. 6
      for making electrical contact to two separate energizing windings within
      the coil 16a so that the reed switches may be energized from two separate
      sources. If a single winding is employed, as illustrated in FIG. 1, only
      two posts 38a need be provided.
PAR  As in the case of FIG. 1, the leads extending from the switches 14a are
      bent downwardly at a 90.degree. angle and secured by the wire traps 28a.
      The leads 15a extend downwardly from the mounting legs 24a and 26a and
      protrude an amount substantially equal to the protrusion of the mounting
      posts 38a. The downwardly extending mounting posts 38a and leads 15a serve
      as mounting pins and may be inserted into a printed circuit board or
      suitable socket to mechanically retain the reed switch relay 10a in place.
PAR  Although the present invention has been described in conjunction with the
      embodiments illustrated in the accompanying drawings, it should be
      understood that modifications to the illustrated embodiments by one having
      skill in the art can be effected within the scope and spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A bobbin for a reed switch relay comprising:
PA1  a central portion having a longitudinal passageway defined therein for
      receiving a reed switch of the type having a pair of wire leads extending
      from opposite ends thereof;
PA1  a pair of supporting legs integrally molded with said central portion; and
PA1  a pair of resilient wire retaining members integrally molded with each of
      said supporting legs in alignment with said passageway for retaining said
      wire leads therebetween.
NUM  2.
PAR  2. A bobbin as recited in claim 1 wherein said resilient wire retaining
      members have a predetermined shape for defining a non-uniform width slot
      therebetween.
NUM  3.
PAR  3. A bobbin as recited in claim 2 wherein said resilient wire retaining
      members define a keyhole shaped slot.
NUM  4.
PAR  4. A bobbin as recited in claim 2 wherein said bobbin includes a pair of
      integrally molded flanges disposed on opposite sides of said central
      portion, and each of said flanges has a radially extending slot defined
      therein.
NUM  5.
PAR  5. A reed switch relay comprising:
PA1  a bobbin having a central portion, a pair of supporting legs attached to
      opposite ends of said central portion and a pair of resilient wire
      retaining members integrally molded with each of said supporting legs,
      said central portion having a longitudinally extending passageway defined
      therein;
PA1  a reed switch disposed within said passageway, said reed switch having a
      pair of wire leads extending from opposite ends thereof engaging said wire
      retaining members; and
PA1  an electromagnetic coil disposed about said central portion.
NUM  6.
PAR  6. A reed switch relay as recited in claim 5 wherein said resilient wire
      retaining members each have a predetermined shape for defining a
      non-uniform width slot therebetween, said resilient retaining members each
      having an increased width central portion for retaining one of said wire
      leads.
NUM  7.
PAR  7. A reed switch relay as recited in claim 6 wherein each of said resilient
      retaining members has a curved portion and a straight portion for defining
      a keyhole shaped slot therebetween.
NUM  8.
PAR  8. A reed switch relay as recited in claim 6 wherein each of said resilient
      retaining members extends in a direction generally parallel to the
      longitudinal axis of said passageway and each of said wire leads
      intersects said retaining members at substantially a right angle.
NUM  9.
PAR  9. A reed switch relay as recited in claim 8 further including a pair of
      flanges disposed on opposite ends of said central portion.
NUM  10.
PAR  10. A reed switch relay as recited in claim 9 wherein said bobbin, said
      flanges, said supporting legs and said retaining members comprise an
      integrally molded assembly.
NUM  11.
PAR  11. A reed switch relay as recited in claim 10 further including a post
      extending through one of said supporting legs and a wire extending from
      said electromagnetic coil electrically connected to said post, said flange
      having a slot defined therein for receiving said wire.
NUM  12.
PAR  12. A reed switch relay as recited in claim 11 further including a cover
      supported by said flanges disposed over said bobbin.
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ABST
PAL  The disclosed instantaneously tripping device includes a stationary iron
      core encircling a conductor and responsive to a flow of shortcircuiting
      current through the conductor to attract a movable iron core to open
      contacts. A locking and releasing plate are operatively coupled to the
      movable core to transfer the movement of a closing latch to the latter.
      After the completion of the closing operation effected by a switching
      mechanism, the locking plate locks the movable core while only during the
      closing operation of the switching mechanism does the releasing plate
      release the movable core to permit it to be attracted by the stationary
      core.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an instantaneously tripping device operative upon
      closing a circuit interrupter.
PAR  Recent series overcurrent tripping devices for circuit interrupters are
      provided with long timing, short timing and instantaneous trip elements
      that are generally called three elements. These trip elements are
      selectively operative in response to the magnitude of a current flowing
      through the associated circuit interrupter. In general, the higher the
      current the shorter the time delay after which the circuit interrupters
      are arranged to be opened. For example, the trip element having the short
      timing characteristic is responsive to a flow of high current
      approximating a shortcircuiting current to open the associated circuit
      interrupter with a time delay corresponding to from several to several
      tens of cycles of the current. Such trip elements are used for selective
      interruptions. In brief, where a circuit interrupter has a load side
      divided into a multiplicity of branches each having connected thereto one
      circuit interrupter having a small capacity, the occurrence of a
      shortcircuiting fault at any one of terminal points results, of course, in
      the opening of a subordinate circuit interrupter disposed at that terminal
      point where the fault has occurred. Under these circumstances, if a master
      circuit interrupter operatively associated with that subordinate one would
      have been opened in response to the shortcircuiting fault then a
      multiplicity of trouble free branches connected to the same would be
      opened resulting in inconvenience. Therefore, if the master circuit
      interrupter is maintained in its closed position until the subordinate
      circuit interrupter has been opened or until after a time interval of from
      several to several tens of cycles of the current than the supply of
      electric power can continued without hindrance. This is because all the
      branches except for the branch having the fault occurring thereon are
      trouble free at a time point when the subordinate circuit interrupter has
      been opened.
PAR  Also, according to the type of circuit interrupters, the instantaneous trip
      element may be omitted from tripping devices by having the short timing
      region including even the interrupting current which should be properly
      imposed upon the associated circuit interrupter. This results in the
      necessity of imparting to circuit interrupters proper electrical and
      mechanical strengths sufficient to permit high currents such as a
      shortcircuiting current to flow therethrough during several tens of the
      cycles of current. In addition, the tripping devices not including the
      instantaneous trip element are required to perform the operation of
      completely closing the shortcircuited branch within the same time
      interval. Upon closing a shortcircuited branch, a very high
      electromagnetic repulsion is generated across the contacts involved. This
      leads to the necessity of increasing the electrical energy required to
      close the shortcircuited circuit against the high repulsion, beyond the
      required for the normal closing operation and also to the need of
      providing corresponding equipment. For example, a closing electromagnetic
      solenoid circuit be made larger. If such closing energy is insufficient
      then an electric arc will occur across the contacts at an inter-contact
      distance at which the closing force is balanced with the electromagnetic
      repulsion and during several tens of cycles of the current resulting in
      great damage to the contact units.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a new and improved
      instantaneously tripping device operative upon closing a circuit
      interrupter having imposed thereon the requirements as above described and
      which device is instantaneously operative only in the closing process
      performed by a switching mechanism involved, while the tripping device is
      put in its locked position where it is prevented from being operated after
      the completion of the closing operation.
PAR  The present invention accomplishes this object by the provision of an
      instantaneously tripping device operative upon closing a circuit
      interrupter and comprising instantaneously tripping electromagnet means
      disposed so as to encircle a conductor, the electromagnet means including
      a movable iron core actuatable by a closing latch included in a switching
      mechanism for a circuit interrupter, through both a locking plate and a
      releasing plate, and a stationary iron core operatively associated with
      the movable iron core so that, after the completion of the closing
      operation performed by the switching mechanism, and during the closure of
      the circuit interrupter the locking plate locks the movable iron core in
      its locked position to prevent the movable iron core from being attracted
      by the stationary iron core, wherein the locking plate is released only in
      the closing process effected by the switching mechanism to permit the
      movable iron core to be attracted by the stationary iron core, and
      wherein, upon a flow of high current through the conductor due to the
      closure of contacts in the closing process effected by the switching
      mechanism, the movable iron core is operated to actuate the tripping
      device to open the contacts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more apparent from the following detailed
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a fragmental side elevational sectional view of a circuit
      interrupter embodying the principles of the present invention and
      illustrated in its closed position with the section taken along the
      central axis thereof;
PAR  FIG. 2 is a side elevational sectional view of one portion of the
      arrangement shown in FIG. 1 and in its tripped position;
PAR  FIG. 3 is a view similar to FIG. 2 but illustrating the portion of the
      arrangement shown in FIG. 2 in its open position;
PAR  FIG. 4 is a view similar to FIG. 2 but illustrating the portion of the
      arrangement shown in FIG. 2 in its intermediate position in the closing
      process;
PAR  FIG. 5 is a fragmental front elevational view of the instantaneously
      tripping device shown in FIG. 1 and constructed in accordance with the
      principles of the present invention after the switching mechanism shown in
      FIG. 1 has performed the closing operation;
PAR  FIG. 6 is a view similar to FIG. 5 but illustrating the instantaneously
      tripping device shown in FIG. 5 in its operating state;
PAR  FIG. 7 is a view similar to FIG. 5 but illustrating the instantaneously
      tripping device shown in FIG. 5 immediately before the switching mechanism
      completes the closing operation; and
PAR  FIG. 8 is a side elevational view of the closing clutch and releasing plate
      shown in FIG. 1 immediately before the completion of the closing operation
     .
DETD
PAR  Throughout the Figures like reference numerals designate identical
      components.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a circuit interrupter shown in FIG. 1
      comprises a contact assembly including a main stationary contact 1 and an
      arcing stationary contact 2 fixedly secured to a terminal 3 on the source
      side, a main movable contact 4 and an arcing movable contact 5 fixedly
      secured to a movable contact holder 6 to be separately engaged by the
      stationary contacts 1 and 2 respectively, and a contact spring (not shown)
      serving to provide a contact pressure under which each of the movable
      contacts 3 or 4 is maintained engaged by the mating stationary contact 1
      or 2. The movable contact holder 6 is pivotably supported on a pivot pin 7
      and can be brought into its closed or open position by means of a
      switching mechanism as will be described hereinafter.
PAR  A terminal 8 on the load side forms a current conductor and is encircled
      with a stationary iron core 9 of hollow square cross section having one
      side open (see FIG. 5). The stationary iron core 9 forms a part of an
      electromagnet for an instantaneously tripping device and a movable iron
      core 10 is disposed adjacent the open side of the stationary iron core 9.
      The movable iron core 10 has one end adapted to be attracted by the
      stationary iron core 9 against the action of a set compression spring 11
      upon a flow of high current through the conductor 8. The spring tends to
      normally bias the movable iron core 10 away from the stationary iron core
      9. A pin 12 attaches the stationary iron core 9 to a frame 13 while
      pivotally supporting the movable iron core 10 on the frame 13. The movable
      iron core 10 includes a portion folded in the form of a protrusion having
      one end 10' facing an instantaneously tripping lever 14.
PAR  A pin 15 is disposed on a lower protrusion as viewed in FIG. 5 from the
      movable iron core 10 to be able to abut against a locking plate 16 at one
      end 16a (see FIG. 5). The lever 14 is pivotably supported on the frame 13
      at a pivot 17 and is integrally connected to another instantaneously
      tripping lever 14'. The lever 14 has an end capable of abutting against
      the end 10' of the folded protrusion of the movable iron core 10 as above
      described while the lever 14' has one end normally touching a bolt-shaped
      stopper 19 therefor and the other end capable of turning a trip member 20.
PAR  The locking plate 16 has an inverted U shape and is pivotably supported on
      a pin 21 planted on the frame 13. The U shaped plate 16 has one lateral
      side divided into two legs one of which has an end 16a capable of abutting
      against the pin 15 as above described and the other of which has an end
      16b connected to a connecting link 22 (see FIG. 5). A locking spring 23
      includes an intermediate portion disposed around the pin 21 on the locking
      plate 16 and tends to rotate the locking plate 16 in the clockwise
      direction as viewed in FIGS. 5 through 7. The connecting link 22 is
      similarly connected to similar locking plates (not shown) disposed for
      other poles.
PAR  A releasing plate 24 is pivotably supported on the frame 13 on a pivot 25
      and has a lower end capable of turning the upper end of the locking plate
      16. The upper end of the releasing plate 24 is connected to a releasing
      link 26. Bolt-shaped stop 27 limits the movement of the movable iron core
      10 and a bracket 28 serves as a support for the frame 13.
PAR  As shown in FIG. 1, a switching mechanism for opening and closing the
      contact assembly includes an operating rod 29 of any suitable electrically
      insulating material having one end articulated to the contact holder 6 for
      each pole. As best shown in FIGS. 2, 3 and 4, the operating rod 29 has the
      other end articulated to both a connector lever 30 and an upper toggle
      link 31 at one end through a pin 59. The upper toggle link 31 has the
      other end articulated to one end of a lower toggle lever 33 through a
      shaft 32. The lower toggle lever 33 has the other end articulated to a
      guide lever 34 pivotably mounted on a pin 35. In the closed position as
      shown in FIG. 1 an interrupting spring 36 anchored at one end to the pin
      59 cooperates with a contact spring (not shown) to tend to always bias the
      main movable contact 4 to be separated from the main stationary contact 1
      while rotating the connector lever 30 in the clockwise direction as viewed
      in FIG. 1. An interlocking shaft 37 fixedly extends through the central
      portion of the connector lever 30 as well as those provided for all the
      remaining poles. A rotational force provided by the connector lever 30 is
      exerted on a pair of upper and lower toggle levers 31 and 33 respectively
      to fold them into an obtuse angle. But a closing roller 38 rotatably
      mounted on the shaft 32 can engage a closing latch 39 pivotably secured to
      a pivot pin 40 to maintain both toggle links 31 and 33 in the closed
      position while they are extended as shown in FIG. 1. The closing latch 39
      tends to be rotated in the clockwise direction as viewed in FIG. 1 by
      means of a closing spring 41 disposed around the pin 40. As best shown in
      FIGS. 2 through 4, the latch 39 has disposed on one side thereof an arm
      39a provided at the extremity with an engaging surface 39b capable of
      engaging the roller 38. The arm 39a has a lower edge formed with a sliding
      surface 39c relatively slidable along the surface of the roller 38.
PAR  A rotational force in the clockwise direction as viewed in FIG. 1 or FIGS.
      2 through 4 provided by the contactor lever 30 is, for the most part,
      absorbed by the pin 35 for the guide lever 34 while one portion thereof
      remains as a force tending to rotate the lever 34 in the clockwise
      direction as viewed in FIG. 1. When a tripping roller 42 is in abutting
      engagement with a trip lever 43 pivotably mounted on a pin 44 with a small
      slip angle, as shown in FIG. 2, that remaining force generates a clockwise
      torque about the axis of the pin 44. However the trip lever 43 is
      maintained in equilibrium by having a tripping roller 45 rotatably
      disposed at that end thereof remote from the roller 42 to abut against one
      arm of a three arm type tripping latch 46.
PAR  A trip device generally designated by reference numeral 47 includes, in
      addition to the trip member 20 and the components 43 through 46, a trip
      coil 48, and a movable push rod 49 projecting from the trip coil 48 toward
      the trip member 20 subsequently abutting against another arm of the trip
      latch 46.
PAR  If an overcurrent flows through a circuit operatively connected to the
      circuit interrupter in its closed position as shown in FIG. 1 or if a trip
      coil 48 is energized by any means then the push rod 49 abuts against trip
      member 20 to rotate the later in the counterclockwise direction as viewed
      in FIG. 2, and also rotate the tripping latch 46 in the clockwise
      direction as viewed in FIG. 2 with another arm of the tripping latch 46
      engaged by the trip member 20. This causes the tripping latch 46 to
      disengage from tripping roller 45 to permit the trip lever 34 to be
      rotated in the clockwise direction thereby to disengage the trip lever 43
      from the tripping roller 42. Therefore the guide lever 34 is rapidly
      rotated in the clockwise direction to rotate the connector lever 30 in the
      same direction as the trip lever 43 through the interconnected toggle
      links 31 and 33 until the contact assembly is in its open position.
PAR  At that time, a closing coil 50 of an electromagnetic closing device is
      maintained energized and even if a closing lever 51 has been rotated in
      the clockwise direction, the closing roller 38 slides along the upper edge
      of the closing lever 51 forming the completely free tripping state. Thus a
      tripped state as shown in FIG. 2 is reached.
PAR  Under these circumstances, the deenergization of the closing coil 50
      permits a reset spring 53 anchored at one end to the pin 32 (see FIG. 1)
      to further fold the pair of toggle links 31 and 33 so as to decrease the
      obtuse angle formed therebetween. This results in the rotation in the
      counterclockwise direction as viewed in FIG. 3 of the closing lever 51. At
      the same time, a movable iron core 52 is returned to its original or lower
      position by virtue of its own weight while the reset spring 53 functions
      to pull the toggle links 31 and 33 upwardly thereby to rotate the guide
      lever 34 in the counterclockwise direction as viewed in FIG. 3 until the
      tripping roller 42 engages the trip lever 43. Then a trip spring 54
      anchored to a shaft for the tripping roller 45 as shown in FIG. 1 is
      operated to engage the tripping roller 45 with the tripping latch 46
      through the rotation of the trip lever 43 thereby to return the tripping
      latch 46 to its original position by means of the action of a spring 55
      anchored at the end of the one arm of the tripping latch 46 as shown in
      FIG. 1. Thus the switching mechanism is automatically reset reaching the
      open state as illustrated in FIG. 3.
PAR  With the closing coil 50 energized in the open state as shown in FIG. 3,
      the movable iron core 52 is attracted by a stationary iron core 56 to
      cause the closing push rod 57 to push up a closing roller 58 attached to
      the closing lever 51 thereby to rotate the closing lever 51 in the
      clockwise direction. This permits the toggle links 31 and 33 folded to
      form an angle therebetween to become substantially straight to rotate the
      contactor lever 30 in the counterclockwise direction against the action of
      the interrupting spring 36 until the contact assembly is brought into its
      closed position.
PAR  In the closing process just described, the closing roller 38 abuts against
      the lower edge of the arm 39a on the closing latch 39 to slide along the
      closing latch 39 in the counterclockwise direction while pushing it.
      Eventually, the roller 38 engages the engaging face 39b at the extremity
      of that arm. Immediately before the completion of the closing process, the
      spring 41 for the closing latch 39 is operated to rapidly put the
      extremity of the arms of the closing latch 39 in abutting engagement with
      the closing roller 38 through the closing process as shown in FIG. 4. This
      results in the closed state as shown in FIG. 1.
PAR  From the foregoing it will be appreciated that the closing latch 39 is
      operated in response to the movement of the closing roller 38 so that the
      movement of the closing latch 39 becomes maximum immediately followed by
      the closing roller 38 losing its pushing pressure thereby to engage the
      engaging face 39b. Thus the closing latch 39 is returned to its position
      occupied thereby before the closing operation is initiated.
PAR  This movement of the closing latch 39 is transferred to the releasing plate
      24 through the releasing links 26 and 26'. Therefore if a high current
      flows through the terminal 8 on the load side in the closing process
      effected by the switching mechanism then the stationary iron core 9 for
      instantaneous tripping attracts the mating movable iron core 10. This
      permits the end 10' of the movable iron core 10 to strike the tripping
      levers 14 and 14' whereupon the extremity of the trip lever 14' actuates
      the trip member 20 to trip the current interrupter into its open position.
PAR  It is to be noted, however, that, with the circuit interrupter maintained
      in its closed position as shown in FIG. 1, the movable iron core 10 is
      prevented from responding to any flow of high current through the circuit
      interrupter to be attracted by the stationary iron core 9. This is because
      the locking plate 16 has its upper edge abutting against the lower edge of
      the releasing plate 24 by means of the action of the locking spring 23
      while having its branched end 16a maintained in abutting engagement with
      the pin 15 on the movable iron core 10. Therefore the circuit interrupter
      can not be opened. In other words, the movable iron core 10 is disabled in
      the closed position of the circuit interrupter.
PAR  In the closing process effected by the switching mechanism, the
      counterclockwise movement of the closing latch 39 as shown in FIG. 8
      becomes maximum immediately before the completion of the closing
      operation. Thus the releasing plate 24 connected to the closing latch 39
      through the releasing links 26 and 26' is rotated in the clockwise
      direction as viewed in FIG. 8 while the mating locking plate 16 is rotated
      in the counterclockwise direction as viewed in FIGS. 5 through 7 about the
      axis of the pin 21 therefor until the branched end 16a of the locking
      plate 16 does not abut against the pin 15 for the movable iron core 10 as
      shown in FIG. 6.
PAR  Even with the movable iron core 10 located in its position as shown in FIG.
      6, the same is not attracted by the stationary core 9 in the case a high
      current such as a shortcircuiting current does not flow through the
      conductor due to the engagement of the contacts. Therefore the circuit
      interrupter remains closed. Upon the switching mechanism having completed
      the closing operation, the closing latch 39 is returned to its closed
      position as shown in FIG. 1 so that the branched end 16a of the locking
      plate 16 is brought into abutting engagement with the pin 15 for the
      movable iron core 10. Thus the switching mechanism has completed the
      closing operation upon reaching the closed position as shown in FIG. 5.
PAR  Assuming that the closing operation has been performed with the associated
      circuit shortcircuited, the movable iron core 10 in its position as shown
      in FIG. 6 is attracted by the stationary iron core 9 to cause one end 10'
      thereof to strike against the trip levers 14 and 14'. Thus the trip member
      20 is upwardly pushed to instantaneously trip the circuit interrupted into
      its open position.
PAR  The present invention has several advantages. For example, the present
      invention has the short timing trip characteristic while retaining the
      performance of selective interruption exhibited by conventional trip
      devices. It eliminates the necessity of performing the operation of
      completely closing shortcircuiting currents by circuit interrupters
      required to completely close shortcircuiting current having the duration
      of several tens of the cycles thereof. Further the closing device
      providing the closing energy may be relatively small-sized resulting in
      compact circuit interrupters.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An instantaneously tripping device operative upon closing a circuit
      interrupter and comprising instantaneously tripping electromagnet means
      disposed to encircle a conductor, the electromagnet means including a
      movable iron core actuatable by a closing latch included in a switching
      mechanism for a circuit interrupter, through both a locking plate and a
      releasing plate and a stationary iron core operatively associated with the
      movable iron core so that, after the completion of the closing operation
      performed by the switching mechanism, and during the closure of the
      circuit interrupter, the locking plate locks the movable iron core in its
      locked position to prevent the movable iron core from being attracted by
      the stationary iron core, wherein the locking plate is released only in
      the closing process effected by the switching mechanism to permit the
      movable iron core to be attracted by the stationary iron core, and
      wherein, upon a flow of high current through the conductor due to the
      closure of contacts in the closing process effected by the switching
      mechanism, the movable iron core is operated to actuate the tripping
      device to open the contacts.
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ABST
PAL  The relay contact adjusting arrangement of this invention involves the
      positioning of the header assembly and motor assembly of the relay in a
      fixed spaced relationship prior to final assembly, with the fixed and
      movable contacts in opposed pairs, and associated with an optical
      comparator so that enlarged images of the opposed contacts can be seen,
      after which adjusting tools are used to bend the supports of the fixed
      contacts for adjusting the spacing successively for each opposed pair of
      contacts to a spacing indicated on the screen of the comparator. The
      device includes a means for energizing the relay coil to hold the armature
      in a desired position while the adjustment takes place, and provides for
      the indexing of the assemblies through 180.degree. to allow both the
      normally open and normally closed contacts to be viewed on the comparator
      screen.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the construction of electromagnetic relays.
PAR  2. Description of Prior Art
PAR  For relays which must meet exacting performance requirements, such as in
      the aerospace industry, it is necessary that the fixed and movable
      contacts of the relay have a predetermined spatial relationship. Otherwise
      the performance and reliability of the relay are impaired. The tolerances
      build up in manufacture and assembly of the relay to a degree such that
      adjustmens of the relative contact positions are necessary. In the past
      this has been accomplished by completing the assembly of the relay except
      for the housing, and then manually bending the supports for the fixed
      contacts to obtain a desired value of contact over-travel, contact
      pressure or a combination of both. This operation takes a highly skilled
      operator who has a basic knowledge of relay operation in order to
      understand what adjustments should be made to meet specifications.
      Considerable manual dexterity is required in bending the contact supports
      by means of pliers or other hand tools to effect an acceptable setting.
      Hence, contact adjustment has been a relatively slow and expensive
      operation. Moreover, the results have been inaccurate and inconsistent.
      Hand manipulation of tools and force gauges makes it quite difficult for
      even the most capable personnel to accomplish the accuracy of adjustment
      needed by such relays. Results vary from operator to operator and for any
      one person the adjustments may not be consistent between various times
      when the adjusting operations take place.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a vastly improved relay contact adjustment
      arrangement which eliminates all of the shortcomings noted above.
      Adjustment is made much more accurately and rapidly with minimal skill or
      understanding of relay operation and without the need for particular
      manual dexterity.
PAR  In accordance with the present invention, the contact adjustment takes
      place with the header assembly and motor assembly positioned in a fixed
      spaced relationship prior to their final assembly in the completed relay.
      The matched set of header assembly and motor assembly subsequently is
      connected together by utilizing the same positioning means as were
      employed during the adjustment, so that the contact adjustment is retained
      upon completion of the relay.
PAR  The header assembly and motor assembly both are placed upon a fixture which
      spaces them apart a predetermined distance with the fixed and movable
      contacts in opposed pairs. The motor assembly is positioned by pins on the
      fixture which engage four openings in the side plates of the motor
      assembly, which openings are subsequently used for positioning the motor
      assembly when it is to be welded to the header assembly. The fixture
      positions the header assembly by abutments engaging one side of the header
      plate, which is also the surface that is used in locating the header plate
      at the time the header is welded to the motor assembly. The mounting for
      the motor assembly includes electrical leads so that the coil of the motor
      may be energized to hold the armature in a selected position. Also, the
      motor assembly may be rotated through precisely 180.degree. to position
      both the normally open and normally closed contacts in the location where
      the adjustment is to be made. The header assembly is held within a clamp
      which permits it to be removed and turned through 180.degree. to
      accomplish the successive adjustments of its normally open and normally
      closed contacts. Adjacent to the fixed contacts are the ends of bell
      cranks which are selectively rotated by a movable cam to bend the contact
      supports, acting as the tools to achieve the adjustment. The bell cranks
      are springloaded providing them with a feel and sensitivity which enhances
      precise movement to effect exact contact positioning.
PAR  The adjustment is achieved through observing a magnified image of the
      opposed pairs of contacts on the screen of an optical comparator with
      which the fixture is associated. The screen includes parallel lines spaced
      a predetermined distance, which serves as the adjusting standard. First,
      the fixture is moved to put the movable contact of an opposed pair into
      adjacency with one of the lines on the screen. Then the support for the
      fixed contact is bent by its adjusting tool to cause that fixed contact to
      become tangent to the other line on the screen. The pairs of contacts are
      successively adjusted in this way so that each pair is given the proper
      spacing.
PAR  The fixture holds the header and motor assemblies apart a greater distance
      than they are in the completed relay so that there is a gap between the
      rows of opposed contacts. This is done so that the individual contacts can
      be viewed optically without engagement and resulting deflection of their
      supports. Also, it provides clearance for the adjusting tools. Further,
      the greater spacing allows adjustment of the fixed contacts without
      interference from the movable contacts, and permits the motor assembly to
      be rotated to index it 180.degree. without interference from the header
      assembly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a and 1b are perspective view of the fixture of this invention, FIG.
      1a being a view of the section of the fixture which supports the header
      assembly and FIG. 1b being a view of the portion of the fixture that
      supports the motor assembly;
PAR  FIG. 2 is a longitudinal sectional view of the fixture taken along lines
      2--2 of FIGS. 1a and 1b, but with a header assembly and motor assembly
      positioned in the fixture;
PAR  FIG. 3 is a fragmentary transverse sectional view taken along line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a longitudinal sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a fragmentary sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a perspective view showing a header assembly and motor assembly
      of a relay prior to association with the fixture for adjustment of the
      contact positions;
PAR  FIG. 7 is an exploded perspective view of the portion of the fixture which
      retains the header assembly;
PAR  FIG. 8 is a fragmentary longitudinal sectional view of a portion of the
      fixture during adjustment of the position of a contact;
PAR  FIG. 9 is an elevational view of the fixture associated with an optical
      comparator for adjustment of the contacts;
PAR  FIGS. 10, 11 and 12 are elevational views of the screen of the comparator,
      illustrating successive steps in contact adjustment;
PAR  FIG. 13 is an enlarged elevational view of the screen of the comparator
      during contact adjustment;
PAR  FIG. 14 is a fragmentary perspective view illustrating the attachment of
      the header assembly to the motor assembly following contact adjustment;
      and
PAR  FIG. 15 is a sectional view taken along line 15--15 of FIG. 14, but with
      the locating elements and welding electrode in position as used in joining
      the header and motor assemblies.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The fixture 10 of this invention, as seen in FIG. 1, includes a flat base
      plate 11 which has a generally central opening 12 through it and carries
      relay component support units 13 and 14. The support unit 13 of the
      fixture holds the header assembly 15 of the relay when the fixture is in
      use, with the motor assembly 16 being retained by the support unit 14.
PAR  The support unit 14 includes a rectangular vertical post 18 provided with a
      circular horizontal opening 19 within which is a hollow shaft 20. On the
      outer end of the shaft 20 is a knob 21 held to the shaft by a set screw
      22. A stop assembly inwardly of the knob 21 includes a collar 23 adjacent
      the outer surface 24 of the post 18, coupled to the shaft 20 by a set
      screw 25. A split ring 26, having diametrically opposed slots 27 and 28,
      circumscribes the collar 23 adjacent the post 18. These slots are adapted
      to receive a pawl 30 projecting from the end of a plunger 31 which rests
      upon the top of the post 18 and is slidable horizontally in a guide
      opening 32 in plate 33 fastened to the top of the post. A compression
      spring 34 in the opening 32 engages the inner end of the plunger 31,
      biasing it outwardly to the position where its pawl can enter one of the
      slots 27 and 28. Accordingly, the shaft 20 has two rotational positions
      180.degree. apart. In the position shown in the drawing (e.g., FIG. 3),
      the pawl 30 is in the slot 27 holding the shaft 20 against rotation. The
      plunger 31 may be retracted by means of the knob 35 attached to it,
      withdrawing the pawl 30 from the slot 27 and allowing the rotation of
      shaft 20 by the knob 21. When the plunger 31 is released after 180.degree.
      rotation of the shaft 20, the pawl 30 will enter the slot 28 in the split
      ring 26, thereby holding the shaft in its second position which is
      180.degree. displaced from the first. An overtravel stop is provided by a
      pin 37 projecting radially outwardly from the collar 23 and a horizontal
      pin 38 that extends from the rearward side 24 of the post 18.
PAR  A washer 39 on the shaft 20 is positioned adjacent the inside surface 40 of
      the post 18.
PAR  Beyond the washer 39 is the rearward wall 41 of a housing 42, held to the
      shaft 20 in engagement with the washer 39 by a set screw 43. Accordingly,
      the collar 23 and housing 42 cooperate to prevent axial travel of the
      shaft 20 relative to the post 18. A sidewall 44 extends forwardly from the
      rearward wall 41 of the housing 42, and a bottom wall 45 is located at the
      lower edges of the walls 41 and 44. Opposite from the wall 44 is a door 46
      which can rotate about a vertical hinge pin 47 that extends between the
      lower wall 45 and a partial upper wall 48. A knob 49 on the door 46 is for
      use in rotating it. A springloaded plunger 50 is carried by the door 46 at
      its lower edge, having an end which can enter a recess 51 in the bottom
      wall 45 to position door 46 parallel to the sidewall 44 when closed (see
      FIG. 5). In this position a pair of vertically aligned spaced pins 53 that
      extend inwardly a short distance from sidewall 44 are directly opposite
      from similar pins 54 on the door 46.
PAR  The relay motor assembly 16, which is conventional, includes a pair of side
      plates 55 and 56 between which are the coils 57 of the relay (see FIG. 6).
      The armature 58 of the relay motor is pivotal about a journal 59 at the
      side plate 56 and a similar journal at the side plate 55. Contact carriers
      60 and 61 of dielectric material are secured to the armature 58 and carry
      reeds 62 at the outer ends of which are normally open contacts 63 and
      normally closed contacts 64. In the embodiment shown, there are four
      normally open contacts 63 and a similar number of the normally closed
      contacts 64, each groups of contacts being positioned in a row
      perpendicular to the side plates 55 and 56. When the relay is in one
      position, the normally closed contacts 64 are pivoted outwardly by the
      armature 58 and in the other position the normally open contacts 63 are
      rotated to an outer position by the armature.
PAR  The side plates 55 and 56 of the motor assembly 16 have bifurcated end
      portions 65 and 66, respectively, which extend outwardly beyond the
      contacts 63 and 64. Within these end portions of the plates 55 and 56 are
      pairs of openings 68 and 69. These openings are closely held dimensionally
      both as to their size and location, and are used at various times during
      the assembly of the relay motor as a means to position the components. In
      the final assembly of the relay, the openings 68 and 69 also are used for
      accurately locating the motor assembly with respect to the header assembly
      as these two components are welded together, as will be explained below.
PAR  The motor assembly 16 is associated with its support unit 14 by first
      opening the door 46 and positioning the motor assembly such that the row
      of normally open contacts 63 is adjacent the bottom wall 45 and the
      openings 68 of the side plate 55 complementarily receive the pins 53 of
      sidewall 44. The door 46 is then closed so that its pins 54 enter the
      openings 69 of the plate 56 of the motor assembly. This accurately
      positions the motor assembly with respect to its support unit 14 by using
      the reference openings 68 and 69 of the motor assembly as the positioning
      means. With the door 46 closed, the space between the door and the
      sidewall 44 is substantially the same as the width of the motor assembly
      between the plates 55 and 56 so that motor assembly is retained firmly.
      The bottom wall 45 provides a convenient means for facilitating the
      association of the relay motor assembly with the fixture by supporting the
      motor assembly in the position where it will accept the pins 53 and 54 as
      the attachment is made.
PAR  The top wall 48 of the housing 42 is of dielectric material and includes a
      pair of quick-connect wire terminals 71 projecting from its upper surface.
      Lead wires 72 are permanently connected to the bottom ends of the
      terminals 71 and extend out of the fixture through the hollow shaft 20.
      Accordingly, the leads 72 of the relay motor assembly 16 may be connected
      to the terminals 71, which allows the relay coils to be energized by
      connecting the lead wire 72 to an appropriate source of voltage.
PAR  The header support 13 includes a base unit 75 which at its upper end
      carries a clamp assembly 76 for holding and positioning the header
      assembly 15. The clamp assembly 76 includes a fixed unit 77 having
      parallel spaced sidewalls 78 and a rearward wall 79. These walls rest on a
      bottom wall 80 which is secured to the upper end of the base 75. Vertical
      pins 82 project from the forward portion of the base 75 and fit in
      openings 83 and 84 in the fixed clamp elements 77 and 80, aligning the
      clamp with the base (see FIG. 7). A top wall 81 extends over the rearward
      portion of the fixed unit 77.
PAR  The inner lower edges of the sidewalls 78 are provided with longitudinally
      extending notches 85. The clamp 76 includes a movable member 86 that is
      generally U-shaped, having side portions 87 that fit within the notches 85
      in the sidewalls 78. Inwardly directed short flanges 88 are at the outer
      ends of the side portions 87 of the movable clamp member 86 and
      perpendicular to the sides. Vertical fixed stop members 89, each of which
      has a pair of vertically spaced forwardly projecting lugs 90, are
      connected to the forward edge of the bottom wall 80 of the fixed portion
      of the clamp. This positions the stop members 89 such that their lugs 90
      are spaced inwardly from the flanges 88 of the movable clamp member 86. A
      spring biased plunger 91 on the rearward wall 79 of the fixed portion of
      the clamp engages the rearward portion 92 of the movable clamp element 86,
      biasing this member inwardly so as to move the flanges 88 away from the
      lugs 90 of the fixed vertical stop members 89. The movable clamp member 86
      can be shifted in the opposite direction against the force of the plunger
      91 by means of a cam 93 rotatable by a vertical pin 94 actuated by an
      external handle 95.
PAR  The header assembly 15 includes a flat header plate 96 on one side 97 of
      which is a row of normally open contacts 98 parallel to a second row of
      normally closed contacts 99. The contacts 98 and 99 make electrical
      connections to pins 100 projecting from the opposite side 101 of the
      header plate 96.
PAR  In securing the header assembly 15 in the clamp 76, the cam 93 is released,
      allowing the plunger 91 to move the flanges 88 away from the lugs 90. The
      header then is positioned in the clamp 76 with the edges of the header
      plate 96 between the flanges 88 and the fixed lugs 90. It is located
      initially with the longitudinal edge 102 of the header plate 96 resting on
      the bottom wall 80 of the clamp, so that the normally open contacts 98 are
      at the lower edge of the clamp and opposite from the normally open
      contacts 63 of the motor assembly 16. Thus, the contacts are positioned in
      the same relationship as in a completed relay, but are spaced farther
      apart. The handle 95 then is rotated to cause the lobe of the cam 93 to
      push rearwardly on the inner member 92 of the movable portion 86 of the
      clamp 76, thereby causing the flanges 88 to bear against the surface 97 of
      the header plate 96 adjacent the contacts 98 and 99. The opposite surface
      101 of the header plate 96 thereby is forced against the fixed lugs 90,
      which act as abutments that position the header assembly. This provides a
      known location for the header assembly 15 because the surface 101 of the
      header plate 96 later is used as the locating surface for the header
      assembly when it is connected to the motor assembly 16, as explained
      below.
PAR  Beneath the clamp assembly 76 are four bell cranks 103 which are pivotal
      about a horizontal shaft 104 carried by the bifurcated forward vertical
      wall 105 of the base 75. The bell cranks 103 are spaced apart a distance
      such that when a header assembly is in the fixture, each bell crank is
      aligned with one of the fixed contacts. The upper ends 106 of the bell
      cranks then are positioned adjacent and immediately inwardly of the fixed
      contacts 98.
PAR  From the mounting shaft 104, the bell cranks 103 have elongated end
      portions which fit through an opening 107 in the base 75, extending beyond
      the base where their upper ends are engaged by spring biased plungers 108,
      which are similar to the plunger 91 that biases the clamp 76 to its open
      position. This urges the bell cranks 103 in a counter clockwise direction,
      as illustrated in FIG. 2, so that their lower surfaces engage adjustable
      screw stops 109.
PAR  Outwardly of the base 75 are two bearing blocks 110 and 111 mounted on the
      plate 11 in a spaced relationship and provided with horizontal openings
      112 and 113. A shaft 114 extends through the opening 112 and 113 and is
      rotatable by a knob 115. A cam 116 is carried by and rotatable with the
      shaft 114 between the bearing blocks 110 and 111. The shaft 114 is axially
      movable so that the cam 116 may be positioned beneath the outer end of any
      of the bell cranks 103. The shaft 114 includes four V-shaped grooves 117,
      spaced apart the same distance as the bell cranks 103 and engageable by a
      springloaded plunger 118. This provides a means for indexing the cam 116
      beneath a selected one of the bell cranks 103. Consequently, clockwise
      rotation of the cam 116 will cause it to bear against a selected bell
      crank 103, rotating the bell crank also in the clockwise direction, as the
      device is shown in FIG. 2. The spring pressed plunger 108 provides
      resistance to the movement of the bell crank, which aids in imparting
      precise increments of movement to it as the cam is turned. The plungers
      108 also provide automatic return of the bell cranks to their engagement
      with the stops 109. The cam 116 is prevented from overtravel in the
      reverse direction by means of a stop pin 119 that extends between the
      blocks 110 and 111 adjacent the shaft 114.
PAR  In use of a device 10 of this invention, as indicated in FIG. 9, it is
      associated with an optical comparator 120 which is of conventional
      construction except for special markings placed upon its screen 121, as
      explained below. The support plate 11 of the device 10 is positioned on
      the stage 122 of the optical comparator 120, while the central opening 12
      in the support plate 11 allows for passage of light and focusing on the
      bottom rows of contacts of the header assembly 15 and motor assembly 16.
      As a result, an enlarged image of the contacts appears on the screen 121
      of the comparator 120, as indicated in FIG. 13. On this screen are
      provided two parallel lines, 123 and 124. These represent the proper
      spacing for the contacts of the header assembly 15 and motor assembly 16,
      with compensation for the fact that the contacts, as mounted in the
      fixture, are spaced apart a greater distance than they will be in the
      assembled relay. Compensation is also made for the fact that the
      comparator optics focuses on the outer periphery of the movable contacts,
      but the actual electrical contact point is hidden due to the angular
      configuration of the contact arm.
PAR  With the header assembly 15 and motor assembly 16 mounted as described
      above, that is, with the normally open contacts along the lower edge, the
      operator manually biases the armature 58 to the normally open, or
      energized, position, and then applies voltage to the coil through the
      leads 72 to secure the armature in this position. The operator then
      adjusts the opposed pairs of fixed and movable contacts successively. In
      doing this, the stage 122 of the comparator is adjusted so that the image
      of the selected movable contact 63 is exactly tangent to the righthand
      line 124 on the screen 121. The image of the opposite fixed contact 98
      then will be outside of the parallel line 123, which indicates that the
      contact spacing is too great. The operator moves the shaft 114 to position
      the cam 116 beneath the end of the bell crank 103 which is opposite the
      fixed contact 98 which is to be adjusted. Then the shaft 114 is rotated so
      that the cam 116 causes clockwise rotation of the appropriate bell crank
      103. The upper end of 106 of this bell crank is brought into engagement
      with the undersurface of the support 126 for the contact 98 and with
      continued rotation bends this support outwardly, as indicated in FIG. 8.
      This brings the selected fixed contact 98, carried by the support 126,
      closer to the opposite contact 63 of the motor assembly, the movement
      being stopped by the operator when the contact 98 is exactly tangent to
      the line 123 to the screen 121. This completes the adjustment of the set
      of fixed and movable contacts.
PAR  Then the shaft 114 is moved until the cam 116 is adjacent the end of the
      next bell crank 103. The operation is repeated as the first movable
      contact 63 is positioned in tangency with the line 124 on the screen 121.
      Then the second bell crank is rotated to bend the support 126 for the
      second fixed contact 98 to bring the image of that contact to a position
      of tangency with the line 123.
PAR  The same operation is carried out for the other pairs of contacts, thereby
      properly matching the normally open contacts of the relay.
PAR  FIGS. 10, 11 and 12 illustrate the sequence of operations in adjusting the
      second pair of contacts from the bottom as they appear on the screen 121.
      As seen in FIG. 10, the two contacts 63 and 98 of the second pair are too
      far apart, being outside of the lines 123 and 124. (The bottom pair of
      opposed contacts 63 and 98 has just been adjusted so that each of those
      contacts is tangent to a line on the screen.) The stage 122 of the
      comparator is moved to the position of FIG. 11 where the selected movable
      contact 63 is tangent to the line 124. Then, as indicated in FIG. 12, the
      contact 98 is set to a position of tangency with the line 123, completing
      the adjustment of the pair of contacts.
PAR  In FIGS. 8 and 13 the adjustment of the next pair of opposed contacts is
      shown.
PAR  In making these adjustments, the gap between the opposite pairs of contact
      is closely controlled, but the rows of fixed and movable contacts do not
      end up straight. This is because there is inherently a small variation in
      the relative positioning of the various movable contacts which serve as
      the point from which the adjustment is made. The fact that the rows are
      not straight is of no consequence because the critical factor is the
      spacing between the contacts of each pair of opposed contacts and not the
      precise relationship of one pair to the other. The adjustment alway
      decreases the spacing between the opposed contacts so that if the spacing
      initially is too small the contact support 126 is bent to provide an
      enlarged spacing before the adjustment operation is commenced.
PAR  After the normally open contacts have been adjusted, as described above,
      the motor assembly 16 is rotated 180.degree. to bring the normally closed
      contacts 64 to the bottom edge. This is, of course, accomplished by
      pulling back on the plunger 31 to remove the pawl 30 from the notch 27,
      then rotating the shaft 20 180.degree. and releasing the plunger 31 to
      cause the pawl to enter the slot 28. The header assembly 15 also is
      rotated 180.degree. by removing it from the clamp 76, turning it over and
      then putting it back into the clamp. This locates the normally closed
      contacts 99 along the lower edge opposite from the movable normally closed
      contacts 64. With the coil de-energized, the armature 58 of the motor
      assembly 16 is manually moved to the normally closed position. The coil is
      then re-energized so as to be secured in this position. The normally
      closed contacts 64 and 99 then are adjusted by the appropriate rotation of
      the bell cranks in the same way as described above for the normally open
      contacts.
PAR  After both sets of contacts have been adjusted, the header assembly 15 and
      motor assembly 16 are removed from the fixture 10 and kept as a matched
      pair for final assembly in the relay. When the relay is completed, the
      adjustment is retained because the indexing surfaces used when the header
      and motor are attached together are the same ones that are employed in
      positioning the header and motor in the fixture.
PAR  When the motor assembly and header assembly are connected, the tabs 127 and
      128 of the bifurcated projecting portions 65 and 66 of the side plates 55
      and 56, respectively, fit within notches 129 and 130 in the opposite side
      edges of the header plate 96. The tabs are welded to the header plate at
      the notches to accomplish the attachment of the header assembly to the
      motor assembly (see FIGS. 14 and 15). At the time the welds are made, the
      motor assembly is positioned by means of the openings 68 and 69 in the
      side plates 55 and 56, respectively, and the header assembly is positioned
      by the surface 101 of the header plate 96. Pins 131 complementarily enter
      the openings 68 and 69, while the surface 101 of the header plate 96 is
      forced against a locating surface 132. The welding electrode 133 then
      produces a spot weld 134. With the same locating surfaces being used both
      in the final assembly and in the contact adjustment, the contact setting
      is permanent and retained as the relay is completed.
PAR  In the event that it is not practical for a particular relay to use the
      same types of openings and surfaces as described above for the positioning
      means, the fixture may be modified to operate on such different locating
      surfaces as the relay may have. In any event, the locating surfaces for
      the assembly of the relay are the same locating surfaces that are used in
      positioning the relay components in the contact adjusting fixture 10.
PAR  The foregoing detailed description is to be clearly understood as given by
      way of illustration and example only, the spirit and scope of this
      invention being limited solely by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with a relay having a movable means having movable
      contact means and fixed means having fixed contact means, a device for
      adjusting the spacing of the contacts of said relay comprising:
PA1  means for positioning said movable means in a first predetermined location,
PA1  means for positioning said fixed means in a second predetermined location
      such that said movable contact means is opposite said fixed contact means
      and spaced therefrom a distance greater than the spacing thereof in a
      completed relay,
PA1  and means for moving one of said contact means relative to the other of
      said contact means while said movable means is in said first predetermined
      location and said fixed means is in said second predetermined location for
      varying said spacing between said movable and said fixed contact means to
      a predetermined value.
NUM  2.
PAR  2. A device for adjusting the spacing of contacts of a relay having a
      movable means having movable contact means and fixed means having fixed
      contact means comprising:
PA1  means for positioning such a movable means in a first predetermined
      location,
PA1  means for positioning such a fixed means in a second predetermined location
      such that said movable contact means is opposite said fixed contact means
      and spaced therefrom,
PA1  means for moving one of said contact means relative to the other of said
      contact means while said movable means is in a said first predetermined
      location and said fixed means is in said second predetermined location for
      varying said spacing between said movable and said fixed contact means,
      and
PA1  means for reproducing an enlarged image of said movable and fixed contact
      means when said movable means is in said first predetermined location and
      said fixed contact means is in said second predetermined location for
      facilitating said varying of said spacing between said movable and fixed
      contact means for setting said spacing to a predetermined value.
NUM  3.
PAR  3. A device as recited in claim 2 including indicia for said means for
      reproducing an enlarged image of said fixed and movable contact means for
      providing a visible indication of said spacing between said movable and
      fixed contact means.
NUM  4.
PAR  4. In combination with a relay motor assembly having a coil, an armature
      and a group of movable contacts carried by said armature, and a relay
      header assembly having a group of fixed contacts, which assemblies are
      connected together in a predetermined relationship in a completed relay, a
      device for adjusting said contacts comprising:
PA1  means for positioning said relay motor assembly in a first predetermined
      location,
PA1  means for positioning said relay header assembly in a second predetermined
      location correlated to said predetermined relationship such that said
      group of movable contacts of said motor assembly and said group of fixed
      contacts of said header assembly provide opposed pairs of contacts spaced
      apart a greater distance than the spacing thereof in an assembled relay,
PA1  and means for moving said contacts of one of said groups relative to said
      contacts of the other of said groups for setting the spacing of said
      opposed pairs of contacts of said groups to predetermined values.
NUM  5.
PAR  5. A device as recited in claim 4 in which each of said motor assembly and
      said header assembly includes index surface means for relative positioning
      of the same at the time of connection of said motor assembly to said
      header assembly in said predetermined relationship, in which said means
      for positioning said motor assembly and said header assembly includes
      means for engaging said index surface means.
NUM  6.
PAR  6. A device as recited in claim 5 in which said motor assembly includes
      opposed side plates defining openings in predetermined locations for
      providing said index surface means, and said positioning means for said
      motor assembly includes pins in predetermined positions substantially
      complementarily received in said openings.
NUM  7.
PAR  7. A device as recited in claim 6 in which said positioning means for said
      motor assembly includes at least one fixed pin, and at least one movable
      pin movable between said predetermined position thereof and a position
      remote therefrom.
NUM  8.
PAR  8. A device as recited in claim 7 in which said positioning means for said
      motor assembly includes:
PA1  a fixed wall,
PA1  at least one pin carried by said fixed wall,
PA1  a pivotal door,
PA1  at least one pin carried by said door,
PA2  said door being pivotal between a first location in which said pin carried
      thereby is in said predetermined position thereof and a second location
      remote therefrom,
PA2  said door when in said first location being substantially parallel to said
      wall and spaced therefrom a distance adapted to substantially
      complementarily receive said side plates therebetween,
PAL  and releasable means for holding said door in said first location.
NUM  9.
PAR  9. A device as recited in claim 5 in which said means for positioning said
      motor assembly includes means for energizing said coil thereof for thereby
      positioning said armature and said movable contacts in predetermined
      positions relative to said motor assembly.
NUM  10.
PAR  10. A device as recited in claim 9 in which said motor assembly and said
      header assembly each includes a group of normally open contacts on one
      side thereof and a group of normally closed contacts on the opposite side
      thereof, and in which said means for positioning said motor assembly and
      said header assembly includes means for selectively positioning said
      groups of normally open contacts in a predetermined location and said
      normally closed contacts in said predetermined location.
NUM  11.
PAR  11. A device as recited in claim 10 in which said means for positioning
      said normally open and said normally closed contacts of said motor
      assembly in said predetermined location includes a rotatable member for
      holding said motor assembly, and means for indexing said rotatable member
      for rotation between two positions 180.degree. apart.
NUM  12.
PAR  12. A device as recited in claim 5 in which header assembly includes a
      substantially flat plate, said index surface means of said header assembly
      is one of the principal surfaces of said plate, and in which said means
      for positioning said header assembly includes abutment surface means for
      engaging said one principal surface of said plate.
NUM  13.
PAR  13. A device as recited in claim 12 including a clamp means for engaging
      the opposite principal surface of said plate for urging said one principal
      surface against said abutment surface means.
NUM  14.
PAR  14. A device as recited in claim 13 including a cam means for actuating
      said clamp.
NUM  15.
PAR  15. A device as recited in claim 4 in which said header assembly includes a
      bendable support for each of said contacts of said header assembly, and in
      which said means for moving the contacts of one of said groups includes
      means for bending said supports of said contacts of said header assembly.
NUM  16.
PAR  16. A device as recited in claim 15 in which said means for bending said
      supports includes means for bending said supports in a direction such as
      to move said fixed contacts toward said movable contacts.
NUM  17.
PAR  17. A device as recited in claim 16 in which said means for bending said
      supports of said contacts of said header assembly includes means for
      bending said supports selectively and individually.
NUM  18.
PAR  18. A device as recited in claim 17 in which said means for bending said
      supports includes a bell crank for each of said supports, each of said
      bell cranks having an end portion adjacent one of said supports for
      bending the same upon rotation of said bell crank.
NUM  19.
PAR  19. A device as recited in claim 18 including a cam positionable adjacent
      each of said bell cranks for effecting rotation thereof for causing each
      of said bell cranks selectively to engage one of said supports for bending
      the same.
NUM  20.
PAR  20. A device as recited in claim 4 including in addition a magnifying
      viewing means for viewing the spacing between said groups of contacts of
      said motor assembly and said header assembly.
NUM  21.
PAR  21. A device as recited in claim 20 in which said viewing means includes an
      optical comparator.
NUM  22.
PAR  22. A device as recited in claim 21 in which said optical comparator
      includes a screen for viewing enlarged representations of said groups of
      contacts, said screen having indicia thereon for providing a visual means
      for said adjusting of said spacing between said opposed pairs of contacts.
NUM  23.
PAR  23. A device as recited in claim 21 in which said optical comparator
      includes a screen for viewing enlarged representations of said groups of
      contacts, said screen having a duality of substantially parallel lines
      thereon in a predetermined spaced relationship for permitting one contact
      of each of said opposing pairs of contacts to be positioned in tangency
      with one of said lines, and the other contact of said pair to be moved
      into tangency with the other of said lines upon said adjustment of said
      spacing of said contacts.
NUM  24.
PAR  24. The method of adjusting the contacts of a relay having a motor assembly
      having at least one movable contact and a header assembly connected to
      said motor assembly in a predetermined relationship therewith, said header
      assembly having at least one fixed contact for engagement with said
      movable contact, comprising the steps of:
PA1  prior to connection of said header assembly to said motor assembly,
      positioning said header assembly and motor assembly in predetermined
      positions correlated to said predetermined relationship such that said
      contacts thereof are opposed and spaced apart a distance greater than the
      distance between said contacts following connection of said header
      assembly to said motor assembly, and
PA1  moving one of said opposed contacts to adjust said spacing between said
      contacts to a predetermined value.
NUM  25.
PAR  25. The method as recited in claim 24 in which said fixed contact is moved
      in said moving of one of said opposed contacts.
NUM  26.
PAR  26. The method as recited in claim 25 in which said fixed contact is moved
      toward said movable contact.
NUM  27.
PAR  27. The method as recited in claim 24 in which said motor assembly can be
      energized for displacing said movable contact relatively toward said fixed
      contact, and including the step of so energizing said motor assembly prior
      to said moving of said fixed contact.
NUM  28.
PAR  28. The method as recited in claim 24 in which said motor assembly and said
      header assembly have reference surfaces used in the final positioning of
      said motor assembly and header assembly at the time the same are connected
      together, and in which said reference surfaces are engaged in said
      positioning of said motor assembly and said header assembly for
      correlating said predetermined positions of said motor assembly and header
      assembly to said predetermined relationship thereof when connected.
NUM  29.
PAR  29. The method as recited in claim 28 in which said motor assembly includes
      portions having therethrough for providing said reference surface of said
      motor assembly, and in which pins are inserted in said openings for said
      positioning of said motor assembly.
NUM  30.
PAR  30. The method as recited in claim 28 in which said header assembly has a
      plate having a principal surface on the side thereof remote from said
      fixed contacts, said principal surface being said reference surface of
      said header assembly, and in which said principal surface is engaged by
      spaced abutments in said positioning of said header assembly.
NUM  31.
PAR  31. The method as recited in claim 24 including the step of providing an
      enlarged image of said fixed and movable contacts when said motor assembly
      and header assembly are in said predetermined positions thereof, and in
      which said adjustment of said spacing between said fixed and movable
      contacts is accomplished by observing said image during said movement of
      one of said contacts.
NUM  32.
PAR  32. The method as recited in claim 31 including the step of providing fixed
      indicia associated with said image for providing a reference for said
      adjustment of said spacing.
NUM  33.
PAR  33. The method as recited in claim 24 including the steps of providing an
      enlarged image of said contacts on a screen when said motor assembly and
      header assembly are in said predetermined position thereof, and providing
      parallel lines on said screen spaced apart a predetermined distance for
      use in said adjustment of said spacing of said contacts.
NUM  34.
PAR  34. The method as recited in claim 33 in which for said adjustment of said
      spacing of said contacts said motor assembly and said header assembly are
      moved as a unit to a position where said movable contact is tangent to one
      of said parallel lines, and said fixed contact is then moved to a position
      of tangency to the other of said parallel lines.
NUM  35.
PAR  35. The method as recited in claim 34 in which said fixed contact is on a
      bendable support, and in which said support is bent in said moving of said
      fixed contact to said position of tangency with said other of said
      parallel lines.
NUM  36.
PAR  36. The method of adjusting the spacing of opposed pairs of contacts of a
      relay having a header assembly having a plurality of fixed contacts and
      supports therefor, and a motor assembly having a plurality of movable
      contacts, comprising the steps of:
PA1  positioning of said motor assembly and header assembly in a fixed spaced
      relationship with said contacts thereof in opposed pairs corresponding to
      the pairs of a completed relay but with the spacing between said pairs
      being greater than in a completed relay,
PA1  then individually bending said supports of said fixed contacts to
      successively cause the spacing between each of said opposed pairs of
      contacts to assume a predetermined value,
PA1  and then attaching said header assembly to said motor assembly in a
      predetermined relationship with said contacts remaining in said opposed
      pairs but closer together than when said motor assembly and header
      assembly are in said fixed spaced relationship.
NUM  37.
PAR  37. The method as recited in claim 36 including the step of associating
      said header assembly and said motor assembly with an optical comparator
      when said assemblies are in said fixed spaced relationship so that
      enlarged reproductions of said contacts of said header assembly and of
      said motor assembly are visible on the screen of said comparator, and in
      which for adjusting said supports of said fixed contacts said screen is
      observed and said opposed pairs of contacts are adjusted to a
      predetermined spacing between said reproductions of said contacts on said
      screen.
NUM  38.
PAR  38. The method as recited in claim 37 including the steps of inscribing
      parallel lines on said screen with a predetermined spacing therebetweeen,
      and in which for adjusting said contacts an individual pair of opposed
      contacts is positioned so that the image of said movable contact thereof
      is tangent with one of said lines, and the support of the fixed contact
      thereof is bent until said movable contact thereof is tangent to the other
      of said lines, and in which each of the remaining of said opposed pairs is
      so adjusted.
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PAL  An apparatus for switching an alarm-signalling device which is connectable
      to a protective circuit so as to signal an alarm when a door or the like
      is displaced from its closed position in a jamb or the like by an
      intruder, in which the switching apparatus is mounted in the door and jamb
      or the like. The switching apparatus includes a switch which is
      connectable to the protective circuit, which is mounted in a housing which
      is installable so as to be recessed in the jamb, and a magnet which is
      magnetized such that opposite faces thereof define poles of opposite
      polarity, which is mounted in a housing which is installable so as to be
      recessed in the side of the door and disposed opposite the switch when the
      door is closed in the jamb. The switch includes a pair of contacts
      disposed in one end of the housing, a metal plate mounted in the other end
      of the housing, and a magnet which is reciprocally movable in the housing,
      which is magnetized such that opposite faces thereof define poles of
      opposite polarity, and which is disposed so that one pole thereof faces
      the metal plate, which pole is of the same polarity as the pole of the
      external magnet which is disposed opposite the portion of the housing in
      which the metal plate is mounted when the external magnet is positioned
      opposite the housing, so that the switch magnet is repelled by the
      external magnet when the external magnet is so positioned such that the
      switch magnet bears against the contacts to compress the contacts in a
      rolling and wiping action to close the protective circuit; when the door
      and external magnet are displaced from their closed position in the jamb,
      the switch magnet is attracted to the metal plate such that the contacts
      are released to open the protective circuit which actuates the
      alarm-signalling device.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation of application Ser. No. 440,660 filed on
      Feb. 8, 1974, which was a continuation of application Ser. No. 296,276
      filed on Oct. 10, 1972.
BSUM
PAR  This invention relates generally to switching devices, and more
      specifically relates to an apparatus for switching an alarmsignalling
      device which is connected to a protective circuit so as to signal an alarm
      upon displacement by an intruder of a door or window or the like from its
      closed position in a jamb or frame or the like in which the switching
      apparatus is mounted.
PAR  Switching devices known heretofore included a switch which was connectable
      to a protective circuit and which was mounted in a housing which was
      installable on the outside surface of a jamb or frame or the like, and a
      magnet which was mounted in a housing which was installable on the outside
      surface of a door or window or the like; the exposed installation of such
      devices, which was necessary for proper operation thereof, subjected such
      devices to being circumvented or disconnected. The switch closing forces
      generated by such devices were insufficient to prevent opencircuiting of
      the protective circuit and signalling of false alarms upon movement
      thereof by extraneous forces acting thereon. Such devices were subject to
      defeat by insertion of an extraneous magnet between the switch and magnet,
      and were subject to switch teasing and breakdown by insertion of metal
      devices between the switch and magnet. The switch surfaces in such devices
      were subject to corrosion and pitting which generated arcing and
      interfered with proper switch operation.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is among the objects of this invention to
      provide a switching apparatus which is installable in a door and jamb or
      the like so as to be operable while being concealed therein, and which is
      operable to generate substantial switch closing and holding force. Among
      other objects of this invention are to provide such an apparatus which is
      substantially immune to defeat or teasing and breakdown by the use of
      extraneous devices, and which is operable to remove corrosion and pitting
      from switch surfaces.
PAR  In accordance with this invention, the foregoing objects and others are
      achieved in an apparatus for switching an alarmsignalling device which is
      connectable to a protective circuit so as to signal an alarm when a door
      or the like is displaced from its closed position in a jamb or the like by
      an intruder, in which the switching apparatus is mounted in the door and
      jamb or the like, which comprises a switch which is connectable to the
      protective circuit, and which is mounted in a housing which is installable
      so as to be recessed in the jamb, and a magnet which is magnetized such
      that opposite faces thereof define poles of opposite polarity, which is
      mounted in a housing which is installable so as to be recessed in the side
      of the door and disposed opposite the switch when the door is closed in
      the jamb. The recessed mounting of the switching apparatus and the
      orientation of the switch and magnet enable the apparatus to be operable
      while being concealed so as to prevent circumvention or disconnection
      thereof. The switch includes a pair of contacts disposed in one end of the
      housing, a metal plate mounted in the other end of the housing, a magnet
      which is reciprocally movable in the housing, which is magnetized such
      that opposite faces thereof define poles of opposite polarity, and which
      is disposed so that one pole thereof faces the metal plate, which pole is
      of the same polarity as the pole of the external magnet which is disposed
      opposite the portion of the housing in which the metal plate is mounted,
      when the external magnet is positioned opposite the housing, so that the
      switch magnet is repelled by the external magnet when the external magnet
      is so positioned such that the switch magnet bears against the contacts to
      compress the contacts in a rolling and wiping action to close the
      protective circuit; when the door and external magnet are displaced from
      their closed position in the jamb, the switch magnet is attracted to the
      metal plate such that the contacts are released to open the protective
      circuit which actuates the alarm-signalling device. The repelling magnetic
      force exerted by the external magnet on the switch magnet generates
      substantial closing and holding force on the contacts when the door is
      closed in the jamb so as to prevent opening of the contacts and signalling
      of false alarms upon movement of the apparatus by extraneous forces such
      as wind and vibration acting thereon. Such repelling magnetic force
      extends between the external magnet and the switch magnet in a narrow beam
      through openings in the metal plate so as to prevent defeat of the
      apparatus by the insertion of extraneous magnets or metal devices between
      the switch and external magnet. The rolling and wiping action of the
      contacts upon compression thereof removes corrosion and pitting from the
      contact surfaces and prevents arcing which would interfere with proper
      switch operation by signalling false alarms and leading to eventual switch
      breakdown.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  This invention is illustrated by way of example in the drawings wherein;
PAR  FIG. 1 is a side cross-sectional elevational view of a switching apparatus
      in accordance with the invention;
PAR  FIG. 2 is a front cross-sectional elevational view of the switch and
      housing taken at line 2--2 of FIG. 1; and
PAR  FIG. 3 is a front elevational view of the switch metal plate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the preferred embodiment of the invention as illustrated in FIG. 1, for
      example, the switching apparatus 10 comprises a housing 11 which is
      installable so as to be recessed in a jamb J, a switch 12 which is mounted
      in the housing 11 and which is connectable to a protective circuit to
      which an alarm-signalling device is connectable, a housing 13 which is
      installable so as to be recessed in the side of a door D and disposed
      opposite the housing 11 when the door D is closed in the jamb J, and a
      magnet 14 which is mounted in the housing 13.
PAR  The housing 11 includes a front wall 20, including a concentric outer
      portion 21 having openings 22, 22' therein through which fasteners and
      securable into the jamb J to secure the housing 11 therein, a cylindrical
      side wall 23, and a back wall 24. The switch 12, as shown in FIGS. 1-3,
      comprises a contact 30 which is mounted on the inside surface of the back
      wall 24 of the housing 11, a cylindrical magnet 31 which is reciprocally
      movable along the inside surface of the side wall 23 of the housing 11 and
      which is magnetized so that the opposite faces thereof define poles of
      opposite polarity comprising a front pole 32 and a back pole 33, a
      resilient support arm 34 which extends into the housing 11 from the inside
      surface of the side wall 23 from a location intermediate the contact 30
      and the back pole 33 of the magnet 31, a contact 35 which is mounted on
      the resilient support arm 34 so as to be disposed in alignment with and
      opposite to the contact 30, a disc 36 which is reciprocally movable along
      the inside surface of the side wall 23 of the housing 11 and which is
      disposed intermediate the resilient support arm 34 and the back pole 33 of
      the magnet 31, which includes a projecting portion 37 thereon which is
      aligned with the contact 35, a metal plate 38 which is mounted on the
      inside surface of the front wall 20 of the housing 11 opposite the front
      pole 32 of the magnet 31 and which includes cutout portions 39, 39', 39"
      therein, and terminal posts 40, 41' which are connected to the contacts 30
      and 35, and to which the leads from the protective circuit are
      connectable.
PAR  The housing 13 includes a front wall 50, including a concentric outer
      portion 51 having openings 52, 52' therein through which fasteners are
      securable into the side of the door D to secure the housing 13 therein, a
      cylindrical side wall 53, and a back wall 54. The magnet 14 is magnetized
      so that the opposite faces thereof define poles of opposite polarity
      comprising a front pole 60 and a back pole 61. The front pole 60 of the
      magnet 14 is of the same polarity as the front pole 32 of the magnet 31.
PAR  The housings 11 and 13 may be installed in the jamb J and in the side of
      the door D by marking off the location of openings to be formed therein at
      locations which are opposite each other when the door D is closed in the
      jamb J, and drilling countersunk holes therein so that the outer surfaces
      of the front walls 20 and 50 of the housings 11 and 13 will be
      substantially flush with the outer surfaces of the door D and jamb J when
      installed therein, then pulling the leads from the protective circuit to
      which the alarm-signalling device is connectable through the opening
      drilled in the jamb J and connecting such leads to the terminal posts 40,
      40', and then securing fasteners through the apertures 22, 22', and 52,
      52' in the concentric outer portions 21 and 51 of the housings 11 and 13
      to secure the housings 11 and 13 in the jamb J and in the side of the door
      D. The recessed mounting of the housing 11 in the jamb J and of the
      housing 13 in the side of the door D, with the front pole 32 of the magnet
      31 facing the front pole 60 of the magnet 14, and the concealment of the
      protective circuit leads, enables the switching apparatus 10 to be
      operable therein while preventing circumvention or disconnection thereof.
PAR  When the door D is closed in the jamb J, the magnet 14 is disposed opposite
      to and in alignment with the magnet 31, whereupon the front pole 60 of the
      magnet 14, which is of the same polarity as the facing front pole 32 of
      the magnet 31, repels the magnet 31 in the housing 11. The lines of
      repelling magnetic force extend between the magnets 31 and 14 in a narrow
      beam through the cutout portions 39, 39', 39" of the metal plate 38. Such
      narrow beam of repelling magnetic force prevents defeat or teasing or
      breakdown of the switch 12 by the insertion of extraneous magnets or metal
      devices between the housings 11 and 13. The repelling magnetic force
      exerted pushes the magnet 31 against the disc 36 such that the projecting
      portion 37 of the disc 36 pushes the resilient support arm 34 and the
      contact 35 mounted thereon so as to compress the contacts 33 and 35 such
      that the contact 35 makes contact with and wipes against the contact 33 to
      close the protective circuit. Substantial contact closing and holding
      force is generated by the repelling magnetic force between the magnets 14
      and 30, which prevents opening of the contacts 33 and 35 and signalling of
      a false alarm upon movement of the switching apparatus 10 by extraneous
      forces such as wind and vibration acting thereon. The rolling and wiping
      action of the contacts 33 and 35 upon compression thereof removes
      corrosion and pitting from the contact surfaces and prevents arcing which
      would result in the signalling of false alarms and lead to eventual switch
      breakdown.
PAR  When the door D is displaced by an intruder from its closed position in the
      jamb J, the magnet 14 moves with the door D away from its position
      opposite the housing 11, whereupon the repelling magnetic force exerted by
      the magnet 14 on the magnet 31 diminishes and is overcome by the
      attracting force of the magnet 31 to the metal plate 38, which releases
      the resilient support arm 34 so as to push the disc 36 forward in the
      housing 11, and releases the contacts 33 and 35 so that the contact 35
      breaks contact with the contact 33 to open the protective circuit, which
      actuates the alarm-signalling device.
PAR  In view of the foregoing disclosure it will be understood that while this
      invention has been set forth in terms of a specific embodiment thereof,
      variations may be made therein by those skilled in the art which are
      nevertheless within the scope and spirit of this invention and disclosure.
      Therefore, this invention is to be broadly construed within the scope and
      spirit of the claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for switching an alarm-signalling device, which is
      connectable to a protective circuit, which comprises:
PA1  a. a housing;
PA1  b. a switch which is disposed in the housing, which comprises:
PA2  1. a first contact;
PA2  2. a metal plate which is mounted in the housing;
PA2  3. a resilient support arm which extends into the housing from a location
      intermediate the first contact and the metal plate;
PA2  4. a second contact which is mounted on the resilient support arm so as to
      be disposed in alignment with and opposite to the first contact;
PA2  5. a first magnet which is reciprocally movable in the housing and which is
      magnetized so that opposite faces thereof define poles of opposite
      polarity, which is disposed so that one pole faces the resilient support
      arm and the other pole faces the metal plate; and
PA2  6. terminals connected to the first and second contacts, to which the leads
      from the protective circuit are connectable; and
PA1  c. a second magnet which is magnetized so that opposite faces thereof
      define poles of opposite polarity and which is positionable so that one
      pole thereof faces the portion of the housing in which the metal plate is
      mounted, which pole is of the same polarity as the pole of the first
      magnet which faces the metal plate so that the second magnet repels the
      first magnet when so positioned.
NUM  2.
PAR  2. A switching apparatus as recited in claim 1, in which the metal plate
      includes cutout portions therein.
NUM  3.
PAR  3. A switching apparatus as recited in claim 1, further comprising a disc
      which is reciprocally movable in the housing, and which is disposed
      intermediate the resilient support arm and the first magnet.
NUM  4.
PAR  4. A switching apparatus as recited in claim 1, in which the pole of the
      first magnet which faces the first contact includes a projecting portion
      thereon which is aligned with the second contact.
NUM  5.
PAR  5. A switching apparatus as recited in claim 1, further comprising a second
      housing in which the second magnet is mounted.
NUM  6.
PAR  6. A switching apparatus as recited in claim 1, in which the first housing
      includes a front wall, a side wall, and a back wall, and in which the
      first contact is mounted on the back wall, the resilient support arm
      extends from the side wall, the first magnet is movable along the side
      wall, and the metal plate is mounted on the front wall.
NUM  7.
PAR  7. A switching apparatus as recited in claim 2, in which the metal plate is
      generally Y-shaped.
NUM  8.
PAR  8. A switching apparatus as recited in claim 3, in which the disc further
      comprises a projecting portion which is aligned with the second contact.
NUM  9.
PAR  9. A switching apparatus as recited in claim 5, in which the second housing
      includes a front wall including a concentric outer portion having openings
      therein, and a side wall.
NUM  10.
PAR  10. A switching apparatus as recited in claim 6, in which the first magnet
      and the side wall of the first housing are generally cylindrical.
NUM  11.
PAR  11. A switching apparatus as recited in claim 9, in which the second magnet
      and the side wall of the second housing are generally cylindrical.
NUM  12.
PAR  12. A switching apparatus as recited in claim 10, in which the front wall
      of the first housing includes a concentric outer portion having openings
      therein.
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ABST
PAL  A high speed solenoid assembly especially adapted for use in impact
      printers of the dot matrix type. The solenoid coil, when energized, drives
      the solenoid armature and a print wire connected thereto for impact
      against an inked ribbon and paper document to form a dot upon the paper
      document. The armature is initially driven against the biasing force of a
      "weak" spring to facilitate rapid acceleration to impact velocity. Just
      before the print wire strikes the inked ribbon and paper document, the
      armature comes under the influence of a "kicker" spring having a greater
      spring force and which is flexed by the moving armature which serves to
      return the armature to the non-impact position at a more rapid rate when
      the solenoid coil is deenergized.
PAL  The use of a headed armature with a depression along its rear surface
      serves to significantly reduce armature "bounce". The assembly
      significantly reduces elapsed time between movement of the armature and
      print wire from the rest position to the impact position and return of the
      armature to the rest position enabling significantly increased printing
      speeds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to impact printers and more particularly to a
      novel multiple spring high speed solenoid assembly for use in such impact
      printers.
PAR  Dot matrix printers are typically comprised of a plurality of solenoid
      driven wires mounted within a movable print head which traverses a paper
      document. During movement of the print head across the paper document
      selected solenoids are energized and drive their associated print wires
      against an inked ribbon and ultimately against the paper document to form
      dot column patterns at closely spaced intervals across the line of print.
      In one typical embodiment the print head utilizes seven solenoid driven
      print wires and successively forms five dot column patterns which
      collectively form a character, each character being formed within a 5
      .times. 7 dot matrix. Selective energization of the solenoids permits the
      generation of alphabetic and numeric characters, punctuation symbols and
      the like.
PAR  In 132 column printers i.e., printers capable of printing 132 characters
      per line of print with each character formed within a 5 .times. 7 dot
      matrix, each individual solenoid may operate as many as 660 times per
      printed line. In the formation of graphic patterns, each solenoid may be
      caused to operate up to 792 times per line of print.
PAR  The print wires are typically spaced of the order of 0.006 inches from the
      inked ribbon and paper document. The total distance travelled by a print
      wire is of the order 0.015 inches. Positioning the forward ends of the
      print wires a distance less than 0.015 inches from the paper document
      takes into account some of the force which is absorbed by the ribbon and
      paper document upon impact.
PAR  Conventional printers of the above mentioned category are capable of
      printing at the rate of 330 characters per second and 125 lines per minute
      (for lines of 132 character length). In order to achieve these print
      speeds, the print wire must be capable of being accelerated from a rest
      position to a velocity sufficient to form a dot on the original document
      and typically five carbon copies and return to its rest position in less
      than one millisecond. It has been found to be impractical to obtain faster
      operating speeds using conventional present day solenoid designs.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is characterized by providing a novel high speed
      solenoid assembly for wire matrix printers utilizing a multiple spring
      design for increasing print wire operating speeds to a level not
      heretofore attainable through present day designs.
PAR  The solenoid assembly comprises a case for housing an annular shaped
      solenoid coil having a hollow core. A cylindrical shaped magnetic core
      stem has its rearward portion positioned within the hollow core of the
      solenoid winding and is provided with an elongated axial opening for
      receiving a slender reciprocating print wire. The rear end of the print
      wire extends beyond the rearward end of the solenoid winding and is
      affixed to a headed armature having a substantially flat annular-shaped
      weak spring affixed thereto.
PAR  The outer periphery of the weak spring rests upon one surface of an
      annular-shaped flux ring. The flux ring is provided with a recessed ledge
      for supporting the periphery of an annular-shaped "kicker" spring which,
      in one preferred embodiment has its inner periphery spaced from the headed
      armature and in another preferred embodiment has its inner periphery
      affixed to the headed armature and its outer periphery spaced from the
      recessed shoulder of the flux ring.
PAR  The rearward end of the solenoid assembly case is fitted with an end cap
      which seals the case and further serves as both a stop means and a
      positioning means for the headed armature.
PAR  The headed armature is provided with a recess in its rearward surface which
      cooperates with the confronting surface of the end cap to provide a
      dash-pot action serving to significantly reduce bounce which occurs as a
      result of movement of the armature toward the rest position.
      Alternatively, the end cap may be provided with a recess and the rear face
      of the armature may be flat.
PAR  Upon energization of the solenoid coil the armature is accelerated toward
      impact velocity rapidly overcoming the biasing force of the weak spring.
      After the armature has achieved print velocity and just before impact, the
      "kicker" spring is flexed by the armature to provide a biasing force of
      sufficient magnitude to rapidly return the armature to the rest position
      after deenergization of the solenoid. This design reduces the elapsed time
      between acceleration of the armature from the rest position to the time
      which the armature which returns to the rest position to approximately
      one-half the elapsed time encountered in conventional print wire solenoid
      assemblies.
PAC  BRIEF DESCRIPTION OF THE FIGURES AND OBJECTS
PAR  It is therefore one object of the present invention to provide a novel
      solenoid assembly for use in wire matrix printers and the like in which a
      multiple spring design is employed for significantly increasing solenoid
      operating speeds and hence increasing print rates.
PAR  Still another object of the present invention is to provide a novel
      solenoid assembly for use in impact printers of the dot matrix type in
      which multiple springs are utilized for selectively biasing the solenoid
      armature to effectively double the solenoid operating speed and hence
      effectively double the printing speed.
PAR  Still another object of the present invention is to provide a solenoid
      assembly for use in impact printers of the dot matrix type in which
      biasing forces are imposed upon the armature assembly in staggered fashion
      to increase both acceleration and return rates of the solenoid armature.
PAR  Still another object of the present invention is to provide a novel
      solenoid assembly for use in impact printers of the dot matrix type
      employing a novel headed armature which is designed to reduce side loading
      forces and acceleration times and which further significantly reduces
      armature bounce normally encountered during return of the armature to the
      rest position.
DRWD
PAR  The above as well as other objects of the present invention will become
      apparent when reading the accompanying description and drawings in which:
PAR  FIG. 1 shows a sectional view of a solenoid assembly designed in accordance
      with the principles of the present invention.
PAR  FIG. 1a shows an enlarged detailed view of the armature and multiple spring
      assembly of FIG. 1.
PAR  FIGS. 1b and 1c show plan views of the disc and wire wheel springs employed
      in the solenoid assembly of FIG. 1.
PAR  FIG. 1d is a plot showing a curve relating static force to deflection
      distance and which is useful in describing the operation and advantages of
      the present invention.
PAR  FIG. 2 is a sectional view of a solenoid assembly showing another preferred
      embodiment of the present invention.
PAR  FIG. 3 shows a sectional detailed view of still another embodiment of the
      present invention.
PAR  FIGS. 4-6 show sectional views of other preferred embodiments of the
      present invention.
PAR  FIGS. 7-9 show plan views of three springs employed in the embodiments of
      FIGS. 4-7.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring initially to FIGS. 1 and 1a, there is shown therein a solenoid
      assembly 10 having a hollow cylindrical-shaped case 11 provided with an
      interior surface 11a of increased diameter and terminating in a recessed
      shoulder 11b spaced inwardly from the left-hand end of the case. The
      right-hand interior end of the case 11 is tapped at 11c for threadedly
      engaging the threaded portion 12a of end cap 12.
PAR  An internal shoulder 11e serves as a support for flux ring 13, to be more
      fully described.
PAR  A forward portion of case 11 is slotted at 11f to provide a passageway for
      the connecting leads 14a of solenoid coil 14. The connecting leads are
      electrically insulated by tubular sleeves 15. After assembly, slot 11f is
      filled with a suitable epoxy, as shown at 16.
PAR  A core stem 17 has an elongated threaded portion 17a which threadedly
      engages a lock nut 18. The threaded portion 17a is adapted to be
      threadedly engaged within a tapped aperture provided in a print head
      housing rear wall shown, for example, in FIG. 3 of U.S. Pat. No. 3,690,431
      issued Sept. 12, 1972 and assigned to the assignee of the present
      invention. FIG. 3 of the above mentioned patent shows a rear wall 32
      having tapped apertures 33 for receiving the threaded portion of core stem
      17. Once the core stem and hence the solenoid assembly is properly
      adjusted, locking nut 18 is firmly tightened against the surface of the
      housing rear wall to secure the solenoid assembly in position.
PAR  The intermediate portion of core stem 17 is provided with an annular-shaped
      flange 17b which is fitted within the increased diameter portion 11a
      provided at the left-hand end of casing 11. The right-hand surface of
      flange 17b rests against the left-hand circular shaped flange 19a of
      bobbin 19 upon which the solenoid coil 14 is wound. After all of the
      elements of the solenoid assembly are assembled and adjusted, the core
      stem is spot welded to the casing. A suitable epoxy is deposited about the
      left-hand marginal portion of flange 17b to seal the slot in case 11
      through which leads 14 extend.
PAR  The rearward portion 17c of core stem 17 extends substantially completely
      through the hollow core in bobbin 19. Core stem 17 is formed of a suitable
      material such as, for example, silicon iron to provide high magnetic
      permeability for a purpose to be more fully described.
PAR  Core stem 17 is further provided with an axially aligned elongated opening
      comprised of a first portion 17d of increased diameter which communicates
      with an opening portion 17e of reduced diameter. The front face of core
      stem 17 has a tapered portion 17f which facilitates the insertion of a
      hollow tubular elongated non-magnetic wire tube guide 20 whose left-hand
      end terminates at the tapered shoulder 17g between the openings 17d and
      17c. The tube guide 20 is epoxied to core stem 17 as shown by epoxy 20a.
      The interior surface of tube guide 17 is preferably coated with a dry
      lubricant to minimize wearing of print wire 21. Print wire 21 is an
      elongated substantially cylindrical shaped flexible metallic member, of
      high compressive strength and durability.
PAR  The forward or left-hand end of print wire 21 is adapted to be impacted
      against an inked ribbon and paper document typically supported by a platen
      (not shown) to form a "dot" upon the paper document. The print wire 21
      slidably engages the interior surface of tube guide 21, extends through
      narrow diameter opening 17e and is spaced inwardly therefrom, and extends
      beyond the right-hand face of core stem 17 with its free end positioned
      within an opening 22a in headed armature 22. Print wire 21 is soldered or
      otherwise secured to armature 22.
PAR  Solenoid coil 14 is a hollow elongated coil wound upon the cylindrical core
      19a of hollow bobbin 19 and has its opposite ends extending between and
      confined by flanges 19a and 19c of bobbin 19. The end terminals extend
      through slot 11f providing connecting leads 14a to facilitate electrical
      connection to a solenoid driver circuit such as, for example, the circuit
      shown in FIG. 4 of the above mentioned U.S. Pat. No. 3,690,431. Insulating
      tapes 23 and 24 are respectively wrapped about the exterior cylindrical
      peripheries of bobbin cylinder 19b and coil 14.
PAR  The headed armature 22 has its left-hand face positioned a spaced distance
      from the right-hand face of core stem 17 (note especially FIG. 1a). The
      right-hand face of armature 22 is provided with a rearwardly extending
      cylindrical shaped portion 22b which is initially perfectly straight and
      cylindrical along its exterior periphery to facilitate the insertion of
      cylindrical projection 22b through the central shaped opening 26a in
      spring 26. Thereafter, cylindrical projection 22b is inserted through the
      central opening in a ring-shaped metallic spring retainer 25. The
      cylindrical projection 22b is then swaged to form flared portion 22c which
      bears against the bevelled surface 25a of spring retainer 25 surrounding
      the central opening to spring retainer 25 and hence spring 26 to armature
      22.
PAR  Flux ring 13 is preferably formed of a material of high magnetic
      permeability such as, for example, silicon iron and aids in directing
      magnetic flux through armature 22 as will be more fully described herein
      below in greater detail.
PAR  The left-hand margin of flux ring 13 abuts against shoulder 11e in case 11.
      Flux ring 13 is provided with first and second spaced recessed annular
      surfaces 13a and 13b. The left-hand marginal periphery of spring 26 rests
      against recess 13a. A second spring 27 has its left-hand marginal
      periphery resting against recessed surface 13b. A central recess 13c
      spaced inwardly from annular shaped surface 13b provides a hollow interior
      space between the left-hand surface of spring 27 and recess 13c. Flux ring
      13 has a central opening 13d through which armature 22 extends.
PAR  Spring 27 has a central opening whose diameter is such that the interior
      periphery of spring 27 lies a spaced distance from the cylindrical
      periphery of armature 22.
PAR  FIG. 1b shows a plan view of spring 26 which is comprised of a central
      opening 26a through which cylindrical shaped projection 22b extends (see
      FIG. 1a). The central portion of spring 26 surrounding opening 26a is
      clamped between armature 22 and spring retainer 25 and has a plurality of
      spokes which extend radially outward from the center of spring 26 and have
      tapering sides whose width narrows toward the free ends thereof which are
      each provided with arcuate shaped portions 26c extending on opposite sides
      of each spoke portion and spaced from adjacent arcuate shaped portions by
      a narrow gap 26d. The arcuate portions 26c rest upon annular shaped
      recessed surface 13a of flux ring 13.
PAR  FIG. 1c shows a plan view of spring 27 having a central opening 27a and a
      substantially circular outer periphery which is truncated at 27b, 27d and
      27c, respectively to reduce bending stresses. Alternatively, spring 27 may
      be of the type shown in FIG. 1b and having a greater spring constant and
      which may be of greater thickness or may be comprised of two springs of
      the type shown in FIG. 1c and arranged in stacked fashion.
PAR  The end cap 12 (note especially FIG. 1) threadedly engages case 11 and is
      provided with a square shaped groove 12b aligned along one diameter
      thereof for receiving an adjusting tool such as, for example, the head of
      a screwdriver for tightening and adjusting the end cap and hence armature
      22. The left-hand face 12c of end cap 12 projects into the interior of
      case 11 and has a substantially flat surface which abuts the right-hand
      surface of retainer ring 25. Retainer ring 25 and hence armature 22 may be
      moved to the left relative to FIG. 1 by appropriate adjustment of end cap
      12 so as to flex spring 26 and thereby adjust the preloading of the
      armature. After the end cap and hence the armature is adjusted for both
      preloading and positioning relative to the right-hand surface of core stem
      17, end cap 12 may be secured into position by depositing a suitable epoxy
      at the diametric ends of slot 12b and against the interior surface
      portions of case 11 adjacent slot 12b.
PAR  The operation of the solenoid assembly is as follows:
PAR  Initially solenoid coil 14 is deenergized and armature 22 is in the rest
      position with spring retainer 25 abutting surface 12c of end cap 12. At
      this time spring 26 is usually under slight flexure providing the proper
      spring preloading and gap position between armature 22 and core stem 17.
PAR  The energization of the solenoid coil causes the armature to move toward
      the left whereby spring 26 undergoes further flexure. The magnetic field
      generated by coil 14 extends and is concentrated through core stem portion
      17c, flange 17b, casing 11 (which is preferably formed of silicon iron),
      flux ring 13, spring 26 (which is preferably formed of spring steel),
      armature 22 and a cross gap G between core stem 17 and armature 22, thus
      increasing the magnitude of the flux in air gap G, which increases the
      acceleration of the armature.
PAR  The "spokes" 26b of spring 26 are caused to flex against the greater force
      of the magnetic field substantially rapidly accelerating armature 22
      toward impact velocity.
PAR  Initially the inner periphery of spring 27 is spaced from flange 22c
      provided around the periphery of armature 22 and exerts no biasing force
      whatsoever upon the armature so that the only biasing force initially
      imparted upon armature 22 is the biasing force of spring 26 (having a
      "weak" spring constant) and the inertia required to move the mass of the
      armature.
PAR  From a consideration of FIG. 1d, it can be seen that the force (measured in
      ounces) required to move armature 22 a distance of 0.0105 inches is less
      than 1 ounce. The amount of force required to move the print wire 21 and
      hence the armature 22 a distance of the order of 0.015 inches (i.e. the
      distance necessary to form a dot on the paper document) is of the order of
      4.4 ounces. Thus, armature 22 has achieved a substantial velocity before
      flange 22c abuts against the inner marginal portion of spring 27.
PAR  Spring 27 is a substantially solid disc member and has a significantly
      greater spring constant than the "wagon wheel" type spring 26. Armature 22
      has thus achieved a sufficient velocity to cause spring 27 to flex just
      prior to the moment that the left-hand end of print wire 21 impacts the
      inked ribbon and paper document. As can be seen from FIG. 1d, the spring
      biasing force increases rapidly as the armature travels through the last
      few thousands of inches in impacting the paper document serving to absorb
      some of the impact and impart sufficient energy to spring 26.
PAR  Solenoid coil 14 is deenergized by a square-wave drive pulse approximately
      225 microsecond duration. There is an elapsed time of the order of 250
      microseconds between the time that the drive pulse is first applied and
      the time that the print wire impacts the paper document. An elapsed time
      of the order of 250 microseconds is required to return the armature to the
      rest position. Thus, the drive pulse to the solenoid coil is terminated
      approximately 25 microseconds prior to the time that the print wire
      impacts the paper document placing armature 22 under the influence of the
      biasing forces of springs 26 and 27. The significantly greater spring
      force of solid disc spring 27 exerts the major influence upon armature 22
      causing it to move rapidly toward the rest position.
PAR  The central opening in projection 22b cooperates with the confronting
      surface 12c of end cap 12 to create a "dash-pot" action which
      significantly attenuates armature bounce thus rapidly bringing the
      armature to the rest position. Experimentation has shown that elapsed
      operating time for solenoid 10 and moving armature 22 from the rest
      position to the impact position and back to the rest position is less than
      500 microseconds which is approximately one-half the elapsed time of
      conventional solenoids thus providing printing rates double that of
      existing dot matrix printers. The dash-pot action greatly reduces wearing
      of the end cap surface 12c thereby maintaining the desired air gap G
      between armature 22 and core stem 17.
PAR  FIG. 2 shows another preferred embodiment of the present invention wherein
      like portions of the solenoid assembly have been designated by like
      numerals. The embodiment of FIG. 2 differs from that of FIGS. 1 and 1a in
      that the headed armature 22' has a flat rear surface 22d' provided with a
      central recess or opening 22e'.
PAR  Flux ring 13' is provided with a curved annular surface 13a' spaced
      inwardly from annular surface 13a'.
PAR  The embodiment 10' of FIG. 2 is provided with first, second and third
      "wagon wheel" type spring members 26', 26" and 26'" having central
      openings for receiving the forward end of armature 22'. A flat ring-shaped
      metallic spacer 30 is positioned between springs 26" and 26'". This
      arrangement eliminates the need for mechanically securing any of the
      springs to the armature thus simplifying assembly and/or disassembly.
PAR  The flat rear surface 22d' of armature 22' abuts against the interior
      surface 12c of end cap 12.
PAR  The forward surface 22g' of armature flange 22c' is slightly curved as
      shown. The outer marginal portion of spring 26'" rests upon the curved
      surface 13a' of flux ring 13 while the outer peripheries of springs 26'
      and 26" can be seen to lie a spaced distance away from spring 26'" and
      hence from surface 13a' of the flux ring.
PAR  The operation of the alternative embodiment of FIG. 2 is substantially
      similar to that of the solenoid assembly of FIG. 1 wherein, upon
      energization of solenoid coil 14, the magnetic flux set up by the coil
      rapidly overcomes the spring biasing force exerted by spring 26'" on
      armature 22' to rapidly accelerate the armature toward impact velocity.
      This is due to the weak spring constant of Wagon Wheel type spring 26'".
PAR  After armature 22' has undergone significant acceleration toward the impact
      velocity, the outer marginal portion of spring 26'" abuts against the
      outer periphery of spring 26'" causing both springs 26' and 26" to begin
      flexing. The increased spring force of springs 26' and 26" absorbs some of
      the impact velocity causing these two springs to flex and store this
      energy in the form of flexures.
PAR  Upon deenergization of coil 14, armature 22' comes under the influence of
      the energy stored in springs 26', 26" and 26'" causing the armature to
      return rapidly to the rest position. Opening 22e' in the rear face of
      armature 22' cooperates with the forward face 12c of end cap 12 to provide
      a dash-pot action to reduce armature bounce and hence rapidly bring the
      armature to the rest position. The shorter armature which does not
      protrude into the core of coil 14 reduces the mass of the armature thereby
      increasing the acceleration of the armature. Also centering of the
      armature is simplified. Spring 26'' also serves as a means for accurately
      centering armature 22' along the longitudinal axis of the solenoid.
PAR  FIG. 3 shows still another embodiment of the present invention wherein like
      elements of FIGS. 1, 2 and 3 are designated by like numerals. The
      embodiment of FIG. 3 differs from that of FIGS. 1 and 2 in that core stem
      17' has its rearward face positioned inwardly from flange 19c of bobbin 19
      and in that armature 22" is of a narrower diameter and is longer than
      armature 22' or 22 so as to extend into the hollow annular region defined
      by the cylindrical portion 19b of bobbin 19.
PAR  Flux ring 13" is provided with a curved annular surface 13a" which is
      spaced inwardly from a flat annular surface 13g". Springs 26', 26" and
      26'" and ring-shaped spacer 30 are substantially the same as the elements
      shown in FIG. 2. The rear surface 22d" of armature 22' is provided with an
      aperture 22e" of greater depth than that shown in FIG. 2.
PAR  The operation of the solenoid assembly 10" of FIG. 3 is substantially the
      same as that shown in FIG. 2 wherein, upon energization of coil 14, the
      only spring force initially imparted to armature 22" is the spring force
      of wagon wheel type spring 26'". Once armature 22' has moved a distance of
      the order of 0.010 inches (i.e., the thickness of spacer 30) the outer
      marginal portion of spring 26" abuts the outer periphery of spring 26'"
      imposing additional spring forces of springs 26' and 26" upon armature
      22". Some of the force of accelerating armature 22' is absorbed and stored
      in springs 26' and 26" which undergo flexure.
PAR  Upon deenergization of solenoid coil 14, armature 22" is under the
      influence of all three springs which rapidly return armature 22' toward
      the rest position. Opening 22e" and the flat surface 12c of end cap 12
      provide the aforementioned dash-pot action to rapidly bring armature 22'
      to rest.
PAR  FIG. 4 shows still another embodiment of the present invention which is
      comprised of a core stem 17' whose rear face terminates inwardly from
      flange 19c of bobbin 19.
PAR  Armature 41 has a rearwardly extending projection 42 which receives spring
      retainer 43 to retain springs 44 and 45 of weak spring force thereto. In
      the rest position the outer periphery of spring 44 rests upon annular
      shaped surface 46a of flux ring 46 while the periphery of spring 45 is
      positioned a spaced distance above the recessed annular surface 46b of
      flux ring 46.
PAR  When solenoid coil 14 is energized, armature 41 begins to move toward core
      stem 17' and is initially under the influence of only spring 44 which
      begins to flex as the armature moves toward core stem 17'. Spring 44 has a
      weak spring force enabling armature 41 to easily overcome this spring
      force and rapidly accelerate towards impact velocity. As the print wire 21
      is about to impact the paper document the periphery of spring 45 moves
      from the solid line position to the dotted line position 45' causing the
      spring to flex and store some of the force imported to spring 45 by by
      armature 41. Once the solenoid coil is deenergized, armature 41 is biased
      by flexed springs 44 (occupying the flex position 44') and flex spring 45'
      of a greater spring force than spring 44 to rapidly return the armature to
      the rest position. The rearward projection 42 is also preferably provided
      with an opening to cooperate with the face 12c of end cap 12 to provide
      the aforementioned dash-pot action. FIG. 5 shows still another preferred
      embodiment 50 comprised of first and second flux rings 51 and 52. Flux
      ring 51 abuts against shoulder 11e of case 11. An annular shaped spring 53
      has its outer marginal portion positioned between flux rings 51 and 52 and
      has a central opening of substantially large diameter. First and second
      springs 54 and 55 of substantially weak and substantially stronger spring
      force are secured to the rear end of armature 56. Spring 54 is shown in
      plan view in FIG. 9 and is comprised of an outer continuous ring 54a and
      inwardly directed spokes 54b whose free ends lie a spaced distance from
      adjacent spokes. The inner marginal portions of the free ends are embraced
      by spring retaining member 57 and secured to armature 56.
PAR  Spring 55 which has a smaller outer diameter than spring 54 may be of the
      type shown in FIG. 7 as being comprised of a continuous annular portion
      55a having a central opening 55b and being provided with radially aligned
      outwardly directed spokes 55c. Alternatively, spring 55 may be a solid
      disc member 55' shown in plan view in FIG. 8, which spring has the same
      outer diameter of spring 55 shown in FIG. 7.
PAR  The continuous outer ring portion of 54a of spring 54 rests upon the rear
      surface 52a of flux ring 52.
PAR  When the solenoid coil is energized, armature 56 is initially biased only
      by spring 54. As the armature continues to move toward impact velocity,
      the outer periphery of solid disc spring member 55' or the outer free ends
      of spokes 55c engage the inner marginal portion of spring member 53
      causing both spring members 53 and 55 (or 55') to undergo flexure. As soon
      as the solenoid coil is deenergized, armature 56 is rapidly driven toward
      the rest position by flexed springs 54, 55 and 53.
PAR  The embodiment 60 of FIG. 6 differs from that of FIG. 5 in that the first
      and second flux rings 51 and 52 are replaced by a single flux ring 61
      having an inwardly directed shoulder 61a for ultimately engaging spring
      55. In operation, as soon as the solenoid coil is energized, armature 56
      is under the influence of only spring 54. Just as the armature is about to
      impinge print wire 21 upon the paper document, spring 55 bears against
      shoulder 61a to undergo flexure. When the solenoid coil is deenergized
      armature 56 is under the influence of both flexed springs 54 and 55 to
      rapidly return the armature to the rest position.
PAR  The armature configurations of FIGS. 1 and 2 minimize friction between the
      armature and the flux ring and between the armature and the coil winding.
      The fit between the springs and the armature serves to provide more
      accurate centering of the armature along the longitudinal axis of the
      solenoid assembly and further significantly reduces side loading forces.
      By forming the armature of a high permeability magnetic material such as
      silicon iron efficiency of operation is greatly increased. Reducing the
      penetration of the armature into the solenoid core and reduction of the
      mass of the armature further increases the acceleration rate. In the
      embodiment of FIG. 2, for example, the use of a double spring and the
      sliding movement therebetween greatly reduces the stress experienced by a
      single spring.
PAR  It can be seen from the foregoing description that the present invention
      provides a novel multiple spring solenoid assembly for use in impact
      printers of the dot matrix type and which is adapted to significantly
      increase solenoid operating speeds and hence printing speeds of printers
      of this category.
PAR  Although there has been described a preferred embodiment of this novel
      invention, many variations and modifications will now be apparent to those
      skilled in the art. Therefore, this invention is to be limited, not by the
      specific disclosure herein, but only by the appending claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high speed solenoid assembly for driving a print wire comprising:
PA1  a housing;
PA1  armature means in said housing movable between an impact and a rest
      position;
PA1  first spring means normally stabily biasing said armature only towards the
      rest position;
PA1  solenoid means for urging said armature means towards said impact position;
PA1  second spring means for exerting a biasing force directed towards the rest
      position upon said armature means only after said armature means has moved
      a predetermined distance towards said impact position;
PA1  said first and second spring means cooperatively operating to rapidly
      return said armature means to said rest position when said coil means is
      deenergized.
NUM  2.
PAR  2. The assembly of claim 1 wherein said first spring means is designed to
      exert a substantially weak biasing force upon said armature means to
      facilitate rapid acceleration thereof from the rest to the impact
      position.
NUM  3.
PAR  3. The assembly of claim 1 wherein said second spring means is designed to
      exert a substantially thereof from the impact to the rest position.
NUM  4.
PAR  4. The assembly of claim 1 wherein the spring constant of said second
      spring means is substantially greater than the spring constant of said
      first spring means to respectively enable rapid acceleration of said
      armature means towards the impact position under control of said coil
      means and rapid movement to said rest position predominantly under control
      of said second spring means.
NUM  5.
PAR  5. The assembly of claim 1 wherein said armature means comprises a magnetic
      member having a portion thereof abutting said first spring means;
PA1  shoulder means positioned along said housing and having a bearing surface;
PA1  said first spring extending towards and engaging said shoulder means
      bearing surface and being flexed when said armature means moves towards
      said impact position.
NUM  6.
PAR  6. The assembly of claim 5 wherein said shoulder means has a second bearing
      surface;
PA1  said second spring means resting upon said second bearing surface and
      extending towards said armature means;
PA1  said armature means having a projection spaced from said second spring
      means when said armature is in the rest position for engaging said second
      spring means after moving said predetermined distance.
NUM  7.
PAR  7. The assembly of claim 5 wherein said shoulder means is an annular flux
      ring;
PA1  said first spring means comprising a first circular shaped substantially
      flat flexible metallic member;
PA1  said bearing surface comprising a continuous annular surface along said
      flux ring for engaging said first spring means;
PA1  the central portion of said first spring means being secured to said
      armature means.
NUM  8.
PAR  8. The assembly of claim 7 wherein said second spring means comprises a
      second circular shaped substantially flat flexible metallic member;
PA1  said flux ring having a second continuous annular surface spaced inwardly
      from said first continuous annular surface;
PA1  the periphery of said second spring means engaging said second annular
      surface;
PA1  said second circular shaped metallic member having a central opening
      surrounding said armature means;
PA1  said armature means having a flange extending radially outwardly and lying
      a spaced distance from the periphery of the central opening in said second
      circular shaped metallic member when the armature means is in the rest
      position and adapted to engage said periphery when said armature means has
      moved said predetermined distance.
NUM  9.
PAR  9. The assembly of claim 1 wherein said armature means comprises a solid
      cylindrical shaped magnetic member having a flange extending radially
      outward;
PA1  said first and second spring means each having a central opening;
PA1  annular shaped spacer means positioned between said first and second spring
      means;
PA1  said magnetic member extending respectively through the openings in said
      first spring means, said spacer and said second spring means;
PA1  a flux ring positioned in said housing and having an annular shoulder;
PA1  the outer periphery of said second spring means resting upon said shoulder;
PA1  the outer periphery of said second spring means being positioned a spaced
      distance from said annular shoulder when the armature is in the rest
      position and adapted to engage said shoulder when said armature means
      moves said predetermined distance.
NUM  10.
PAR  10. The assembly of claim 9 further comprising a housing for said assembly
      and an end cap sealing said housing and protruding inwardly towards said
      armature means;
PA1  the inner surface of said cap being substantially flat;
PA1  said armature means having a first surface for engaging said end cap inner
      surface in the rest position;
PA1  said first surface having a depression which cooperates with said end cap
      inner surface to provide a dash-pot action for significantly reducing
      armature bounce when said armature means impacts said end cap in moving
      towards the rest position.
NUM  11.
PAR  11. The assembly of claim 9 further comprising a housing for said assembly
      and an end cap sealing said housing and protruding inwardly towards said
      armature means;
PA1  the inner surface of said end cap being substantially flat;
PA1  said armature means having a first surface for engaging said end cap inner
      surface in the rest position;
PA1  said inner surface having a depression which cooperates with said armature
      first surface to provide a dashpot action for significantly reducing
      armature bounce when said armature means impacts said end cap in moving
      towards the rest position.
NUM  12.
PAR  12. The assembly of claim 9 wherein said second spring means comprises
      first and second substantially circular shaped flat flexible metallic
      members engaging one another;
PA1  said first spring means comprising a third substantially circular shaped
      flat flexible metallic member having its inner periphery engaging said
      spacer ring and having its outer periphery engaging the shoulder of said
      flux ring;
PA1  the outer peripheries of said first and second metallic members being a
      spaced distance from said flux ring shoulder.
NUM  13.
PAR  13. The assembly of claim 12 wherein at least one of said first, second and
      third metallic members comprises an annular shaped inner ring portion
      having a plurality of integrally joined spoke portions extending radially
      outward from said inner ring portion;
PA1  the free ends of said spoke portions having outward extending arcuate
      shaped arms collectively forming a discontinuous outer ring portion; the
      free ends of adjacent arcuate arms of adjacent spoke portions lying a
      spaced distance apart.
NUM  14.
PAR  14. The assembly of claim 12 wherein at least one of said first and second
      metallic members comprises an annular shaped inner ring portion having a
      plurality of integrally joined spoke portions extending radially outward
      from said inner ring portion;
PA1  the free ends of said spoke portions having outward extending arcuate
      shaped arms collectively forming a discontinuous outer ring portion; the
      free ends of adjacent arcuate arms of adjacent spoke portions lying a
      spaced distance apart.
NUM  15.
PAR  15. The assembly of claim 1 wherein said armature means comprises a
      cylindrical shaped magnetic body having an enlarged head at one end
      thereof forming a bearing shoulder;
PA1  said first and second spring means each being circular in shape and having
      central openings receiving said armature cylindrical body;
PA1  said first spring means having a larger diameter than said second spring
      means;
PA1  a flux ring surrounding said armature means and having first and second
      spaced annular shoulders, said second shoulder being spaced inwardly from
      said first shoulder;
PA1  the outer periphery of said first spring means engaging said first
      shoulder;
PA1  the outer edge of said second spring means being spaced radially inwardly
      from said first shoulder and lying a spaced distance above said second
      shoulder when the armature means is in the rest position and adapted to
      engage said second shoulder when the armature means has moved said
      predetermined distance towards said impact position.
NUM  16.
PAR  16. The assembly of claim 1 wherein said armature means comprises a
      cylindrical shaped magnetic body having an enlarged head at one end
      thereof forming a bearing shoulder;
PA1  said first and second spring means each being circular in shape and having
      central openings receiving said armature cylindrical body;
PA1  said first spring means having a larger diameter than said second spring
      means;
PA1  a flux ring surrounding said armature means and having first and second
      spaced annular shoulders on opposite sides of said ring;
PA1  third annular shaped spring means having its outer periphery engaging said
      second shoulder and having a large central opening surrounding and spaced
      from said armature cylindrical body;
PA1  the outer periphery of said first spring means engaging said first
      shoulder;
PA1  the outer periphery of said second spring means being spaced radially
      inwardly from said ring and lying a spaced distance above said third
      spring means when the armature means is in the rest position and adapted
      to engage the inner periphery of said third spring means when the armature
      means has moved said predetermined distance towards said impact position.
NUM  17.
PAR  17. A solenoid assembly comprising an annular shaped housing;
PA1  a selectively energizable annular shaped solenoid coil having a hollow core
      and being positioned in said housing;
PA1  a core stem of magnetic material extending through the entire axial length
      of said hollow core;
PA1  said core stem having an elongated axially aligned opening;
PA1  an elongated slender print wire extending through said axial opening;
PA1  a cylindrical shaped armature of magnetic material positioned adjacent the
      rear end of said core stem and being secured to the rear end of said print
      wire, said armature being movable between a rest and an impact position;
PA1  annular shoulder means provided along the interior wall of said housing;
PA1  flexible cylindrical shaped spring means having a central portion engaging
      said armature and an outer periphery engaging said shoulder means for
      normally urging said armature away from said core stem;
PA1  an end cap sealing the rear end of said housing and having an inner face
      extending into said housing;
PA1  the rear surface of said armature engaging the inner face of said end cap
      when in said rest position.
NUM  18.
PAR  18. The assembly of claim 17 wherein the rear surface of said armature is
      provided with a depression cooperating with said end cap surface for
      providing a dashpot action to reduce armature bounce when said armature
      engages said end cap in moving towards said rest position.
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ABST
PAL  The invention relates to a two terminal type thermostat having a switch
      controlled by a bimetal unit. An accelerator resistor assembly is in the
      circuit controlled by the switch with the accelerator resistor being in
      thermal proximity to the bimetal unit. The accelerator resistor assembly
      includes diode means in parallel with the accelerator resistor with at
      least two diodes connected in antiparallel relation to each other. In a
      more specific embodiment at least two diodes are in seris relative to each
      other.
PARN
PAR  This is a continuation application of Ser. No. 449,067 filed Mar. 7, 1974.
BSUM
PAR  The invention relates to a thermostat, for instance of the bimetal type,
      with a set of switches, cutting the load in and out, and an accelerator
      resistor, thermally connected to the temperature-sensitive element of the
      thermostat.
PAR  Such accelerator resistors (thermal resistors) serve to speed up the
      heating of the temperature-sensitive element during the period when the
      switches of the thermostat have cut in a load, for instance a solenoid
      valve, for delivery of heating power to the room in which the thermostat
      controls the temperature. What is obtained by this is a cyclic functioning
      of the thermostat, which is cut out before the room has reached the
      desired temperature, with relatively short, constant cut-in periods and
      varying cut-out periods, depending on variations in the heating
      requirement.
PAR  Here an already known procedure is to connect the thermal resistor in
      parallel with the load (for instance the solenoid of a solenoid valve).
      Then the full operating voltage will be available to the accelerator
      resistor, and a constant heating power will be delivered to the
      thermostat. However, this solution requires a three-wire electricity
      system for the thermostat, which means high wiring expenses in case
      thermostat and regulator are located far from each other.
PAR  Therefore, an attempt has been made to connect the thermal resistor in
      series with the load, in which case a two-wire electricity system can be
      used for the thermostat. However, then the heating power will depend on
      the load current, meaning that application of solenoid valves of different
      sizes in connection with the same type of thermostat will result in
      variation in the heating power emitted by the accelerator resistor.
      Therefore, different accelerator resistors were needed for different
      loads, entailing a great many variations, or a variable accelerator
      resistor had to be applied, adjustable to the load in question.
PAR  The operating voltage of such thermostatic control circuits is often 24
      volts. The load current of normally applied solenoid valves is of 0.2-0.4
      ampere. Consequently, the permissible power arrested in the accelerator
      resistor is limited. A typical value is about 0.1 watt.
PAR  It is the object of the invention to specify a thermostat the accelerator
      resistor of which is connected in series with the load and emits a
      constant heating power, independent of the value of the load.
PAR  According to the invention this is obtained by connecting, in parallel with
      the accelerator resistor, two diode circuits, connected in antiparallel.
PAR  What is obtained thereby is that only the diode voltage drop of a value of
      0.7 volt per diode influences the accelerator resistor in both directions
      of the current, and consequently the power emitted by the accelerator
      resistor will be constant, irrespective of the load.
PAR  Adaptation to thermal conditions and the accelerator resistor is obtained
      if one of the diode circuits is or both of them are replaced by two or
      more diodes, connected in series and equally phased.
DETD
PAR  FIG. 1 shows an embodiment in which 24 volts AC is fed to terminal 1 of the
      thermostat, and the load 3 is connected, at one end, to the other terminal
      of the AC supply and at the opposite end to terminal 2 of the thermostat.
      The thermostatic element 4 is shown only schematically and can be of the
      bimetal type. It will cut the load in and out via a switch 5, connecting
      the terminals 1 and 2. Between terminal 1 and one side of the switch an
      accelerator resistor 6 is connected, heated by the load current and
      cutting out the thermostat before the room which is to be heated has
      reached the temperature to which the thermostat has been set. Then the
      resistor is cooled, and the thermostat is cut in again until the resistor
      has again heated the temperature-sensitive element of the thermostat. Such
      cutting-in and -out will continue until the desired room temperature has
      been reached successively.
PAR  To ensure that the output of the accelerator resistor is independent of the
      load applied a complex of diodes 7, connected in antiparallel, is
      connected in parallel with the load. In the embodiment shown one of the
      diode circuits comprises two diodes, connected in series, and the other
      circuit comprises one diode, connected in antiparallel with the former
      circuit. The number of diodes can be adapted to the resistor 6 to ensure
      the required heating power. As the diodes applied have a diode voltage
      drop of 0.7 volt, the voltage via the resistor will, in one half-period,
      be 0.7 volt and in the other half-period 1.4 volts. So, the average power
      desired in the embodiment is of 0.1 watt, the value of resistance having
      been fixed to be 12 ohms.
PAR  The resistor 6 must be of a type matching the diodes and thermal
      conditions, and the diodes must be of types which are operative -- within
      the range of current variation desired (in the embodiment 0.2-0.4 ampere)
      -- partly along the straight part of the characteristic and partly under
      the load required.
PAR  FIG. 2 shows the power arrested in the accelerator resistor as a function
      of the load current.
PAR  In thermostats known so far with adjustable accelerator resistors the
      latter had to be adjusted to a certain load, an intricate job requiring a
      specialist. However, the desired output could always be obtained in that
      way (graph A).
PAR  Another method was to connect different resistors to otherwise identical
      thermostats, and then to specify a certain load current for each
      individual thermostat (dotted graphs B).
PAR  The solid graph (C) shows that the output of the accelerator resistor of
      the thermostat according to the invention is practically constant within
      the range of current applied in the embodiment, i.e. 0.2-0.4 ampere.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thermostat assembly comprising only two terminals, conductor means
      forming a series circuit between said terminals, a switch in said circuit,
      temperature responsive bimetal means for operating said switch, a load in
      said circuit, an accelerator resistor assembly in said circuit in series
      with said load, said assembly including an accelerator resistor and diode
      means in parallel therewith, said diode means being arranged to operate
      with forward voltage drop thereacross to control the voltage drop across
      said resistor when current is admitted to said circuit through one of said
      terminals in the direction of said forward voltage drop.
NUM  2.
PAR  2. A thermostat assembly according to claim 1 wherein said diode means
      include diodes arranged in two antiparallel paths.
NUM  3.
PAR  3. A thermostat assembly according to claim 2 wherein one of said paths
      includes at least two diodes connected in series and poled in the same
      direction.
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ABST
PAL  An alloy for use as a fuse element in a high temperature fuse characterized
      by having a high resistance to corrosion and a melting point at a fixed
      temperature within a range of 1000.degree. to 1100.degree.C. The alloy
      consists of copper containing 10-14% aluminum and 0-2.5% of a second
      constituent which second constituent consists of one or more metals
      selected from a group consisting of nickel, manganese and iron. The alloy
      also has desirable hardness and good workability to enable fabrication of
      the alloy into a fused element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an alloy for a fuse element of a high
      temperature fuse, the high temperature fuse and a method of indicating a
      high temperature condition.
PAR  2. Prior Art
PAR  In devices which operate in an atmosphere of a high temperature such as
      electric furnaces, after burners and manifold reactors for automobiles,
      overheating of the device by exceeding an upper temperature limited of
      approximately 1100.degree. C can cause structural damage such as oxidation
      of wall surfaces or even the melting of various parts of the device. To
      indicate when the device reaches an excessive temperature which may result
      in overheating, it has been suggested to utilize an indicating device in
      an electrical circuit which has a thermo fuse or switch. When the fuse
      element of the fuse melts or breaks due to beginning to melt, the
      indicating device such as a lamp is energized to indicate that a
      predetermined temperature has been reached. By utilizing the signal
      provided by the indicating device, corrective action can be taken to
      prevent any detrimental effects on the equipment or device due to
      overheating. Since pure copper has a melting point of 1083.degree. C, it
      has been suggested to use copper for a fuse element in a fuse to indicate
      reaching a temperature in a range of 1000.degree. to 1100.degree. C. While
      pure copper has the desirable melting point at a fixed temperature, it has
      a very low resistance to oxidation when exposed to an atmosphere at high
      temperatures. Thus, pure copper is unsatisfactory for use as a fuse
      element under these conditions.
PAR  Since pure copper has been found unsatisfactory as a fuse element, alloys
      based on nickel, iron, cobalt and the like which alloys have a high
      oxidation resistance and melt within a temperature range of 1000.degree.
      to 1100.degree. C have been suggested. However, due to the constituents
      used in these alloys, the particular alloys do not melt at a fixed
      temperature or in other words the alloys will not change from a solid
      phase to a liquid phase or molten state at a fixed temperature in the
      manner that pure copper does.
PAR  As one of the particular alloys is heated through a range of temperatures,
      a portion of the alloy will begin to be changed to a liquid phase at a
      given temperature with the amount of liquid phase increasing as the
      temperature of the alloy is raised above the given temperature until the
      alloy reaches a temperature at which the alloy is completely molten. The
      range between the lowest temperature at which the first liquid phase
      appears and the temperature at which all of the alloy is in a molten state
      is hereafter referred to as the range of melting temperatures for the
      alloy and the range of melting temperatures becomes wider as the amount of
      alloying constituents in the alloy is increased. The strength of these
      alloys decreases as the volume of liquid phase therein increases over a
      wide range of melting temperatures so that the strength of these alloys is
      gradually decreased over a wide range of melting temperatures. Since the
      melting and breaking temperature of these proposed alloys is not fixed in
      a narrow range of temperatures, they are unsuitable for use in a fuse
      element. For satisfactory use, the alloy or material used in the fuse
      element must have a good oxidation resistance and have a melting and
      breaking temperature at a fixed temperature which is defined as a
      temperature in a very narrow range of temperatures such as within a range
      of 10.degree..
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an alloy for a fuse element, a fuse
      utilizing the fuse element and a method of indicating an elevated
      temperature. The alloy has a very narrow range of melting temperatures
      which range occurs within a range of 1000.degree. to 1100.degree. C and
      the alloy has a very good resistance to corrosion at elevated temperatures
      and thus has a very good oxidation resistance. To accomplish these
      features, the fuse element is formed from one of two groups of copper
      alloys with the alloys of the first group consisting of 10-14% aluminum
      with the balance being copper and the alloys of the second group
      consisting of 10-14% aluminum, up to 2.5% of a second constituent with the
      second constituent consisting of one or more metals selected from a group
      consisting of iron, nickel and manganese, and the remainder of the alloy
      comprising copper.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a, 1b and 1c are graphs of the thermal analysis of three different
      alloys for a fuse element of the present invention;
PAR  FIG. 2 is a photomicrograph of an example of an alloy of the present
      invention;
PAR  FIG. 3 is one embodiment of a thermo fuse or switch utilizing a fuse
      element of the alloy of the present invention;
PAR  FIG. 4 is a schematic circuit diagram for the fuse and indicating device;
      and
PAR  FIGS. 5-7 are three other embodiments of thermo fuses or switches using a
      fuse element of the alloy of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principles of the present invention are directed to providing a metal
      alloy for use as a fuse element and a fuse device which can be utilized
      for detecting when a prescribed or given abnormally high temperature is
      reached. The metal alloy exhibits a melting point or melting temperature
      in a very narrow range of temperatures which range is within a range of
      1000.degree. to 1100.degree. C, and the alloy exhibits a high resistance
      to corrosion along with very good workability to enable forming the metal
      alloy into the fuse element.
PAR  The metal alloy consists of 10-14% (weight per cent) of aluminum with the
      balance being copper and displays the above-mentioned properties of a very
      narrow range for the melting temperature with the temperature range being
      in a range of 1000 to 1100.degree. C and also a very good oxidation
      resistance at high temperature and thus a high resistance to corrosion. In
      addition, the copper aluminum alloy has the desired hardness and
      workability to enable fabrication of a fuse element. The copper aluminum
      alloy may include a second constituent of up to 2.5% (weight per cent).
      The second constituent can be formed of one or more metals selected from a
      group consisting of iron, manganese, and nickel. The alloy with the second
      constituent provides a good oxidation resistance at high temperature.
      However, if the second constituent exceeds 2.5%, the range of the melting
      temperature becomes wider than the range of the alloys that do not contain
      the second constituent and an alloy containing more than 2.5% of the
      second constituent is unsuitable for making a fuse element.
PAR  Six samples of copper alloys of the present invention were compared with
      six samples of other materials which include pure copper and five other
      copper-aluminum alloys. These comparisons include the range of melting
      temperature as detected by means of a thermal analysis which is the
      measuring of the solidifcation temperature of an alloy with a thermocouple
      during a gradual cooling process of a molten metal. The comparison also
      includes a comparison of oxidation resistance by measuring the weight gain
      of the sample which was maintained at 950.degree. C for a period of 100
      hours. Finally, the comparison in the following table includes a
      comparison of hardness which is one of the standards of workability and
      which hardness was measured by means of a Vickers hardness test determined
      with JIS (Japanese Industrial Standard) Z 22 44 (1961). The results of the
      various tests are given in the following table with samples 1 through 6
      being alloys of the present invention, samples 7 through 11 being other
      copper alloys and sample 12 being pure copper.
TBL                                    The table                               
     __________________________________________________________________________
                                      Oxidation                                
     Chemical         The range of the melting                                 
                                      Resistance Hardness Hv (5kg)             
     Sample                                                                    
         element      temperature     Oxidized weight  After heated at         
     No. (%)          (.degree.C)     gain in the air at                       
                                                 Cast  950.degree.C for 4      
                                                       hrs.                    
                      beginning of                                             
                              ending of                                        
                                      950.degree.C for 100 hrs.                
                                                 state Water                   
                                                           Air Furnace         
     Cu      Al  Others                                                        
                      solidification                                           
                              solidification                                   
                                      (mg/cm.sup.2)    cooled                  
                                                           cooled              
                                                               cooled          
     __________________________________________________________________________
     1   bal.                                                                  
             10.0                                                              
                 --   1041    1039    1.21       134.8 264 122 117             
     2   bal.                                                                  
             12.0                                                              
                 --   1064    1062    1.08       166.4 173 185 346             
     3   bal.                                                                  
             14.0                                                              
                 --   1049    1048    0.89       352.6 273 339 355             
     4   bal.                                                                  
             12.0                                                              
                 Ni 2.0                                                        
                      1049    1046    0.89       212   186 256 302             
     5   bal.                                                                  
             12.0                                                              
                 Mn 2.0                                                        
                      1036    1031    0.44       195   197 227 213             
     6   bal.                                                                  
             12.0                                                              
                 Fe 2.0                                                        
                      1051    1046    0.56       226   223 213 254             
     7   bal.                                                                  
              3.0                                                              
                 --   1082    1075    142        62.7  --  --  --              
     8   bal.                                                                  
              6.0                                                              
                 --   1074    1071    173        63.3  --  --  --              
     9   bal.                                                                  
              8.0                                                              
                 --   1035    1032    0.14       71.3   82.6                   
                                                            78.6               
                                                                82.7           
     10  bal.                                                                  
             16.0                                                              
                 --   1041    1034    0.72       467.2 455 451 457             
     11  bal.                                                                  
             18.0                                                              
                 --   1022    1012    --         529.2 --  --  --              
     12  100 --  --   1083    1083    120        --    --  --  --              
     __________________________________________________________________________
PAR  FIGS. 1a, 1b and 1c are graphic illustrations of the thermal analysis for
      samples 1, 2 and 3, respectively. As illustrated, temperatures (.degree.
      C) is plotted along the axis of the ordinate while time (minutes) is
      plotted along the axis of the abscissas.
PAR  A thermal analysis of sample 1 (Cu-10% Al) is illustrated in FIG. 1a.
      During cooling of the molten alloy, the solidification of the alloy begins
      at 1041.degree. C and the alloy is entirely solidified at 1039.degree. C.
      Thus, FIG. 1a shows that by heating sample 1 rapidly, the alloy will begin
      to melt at 1039.degree. C and be completely melted upon reaching the
      temperature of 1041.degree. C. Therefore, the range of the melting
      temperature is extremely narrow.
PAR  A thermal analysis of sample 2 (Cu-12% Al) is illustrated in FIG. 1b. FIG.
      1c illustrates a thermal analysis for sample 3 (Cu-14% Al).
PAR  From the thermal analysis of samples 1 to 11, the range of the melting
      temperature is very narrow and is less than 10.degree. C. The sample 12,
      which is pure copper, becomes molten at a set temperature of 1083.degree.
      C. The range of melting temperatures of samples 1 through 6, which are
      examples of the alloy of the present invention and contain 10-14% by
      weight of aluminum, is less than 5.degree. C.
PAR  The oxidized weight gain of samples 1 through 6 is 1.21 mg/cm.sup.2 or less
      and this value is much smaller than the weight gain of pure copper (sample
      12) which was 120 mg/cm.sup.2. The copper-aluminum alloys which included a
      small amount of nickel, manganese or iron (samples, 4, 5 and 6) had
      especially good oxidation resistance.
PAR  If the hardness of the alloy is greater or more than Hv 400, the alloy has
      poor workability characteristics, is brittle, and thus, is not practical
      for use as a fuse element. The hardness of samples 1 through 6 is
      approximately 350 or less, and therefore, each of these alloys is usable
      for making fuse elements. Also, the alloys of samples 1 through 6 do not
      become hard and brittle even if the alloys are rapidly cooled after being
      heated at 950.degree. C for a period of 4 hours. As shown in FIG. 2, the
      microstructure of sample 2 (Cu-12% Al) in the cast state indicates a
      homogeneous single phase structure. The sample, which was hardened after
      being heated to 950.degree. C, indicates entirely the same microstructure
      as that of FIG. 2. Thus, the alloy apparently has a single phase .beta.
      structure at a high temperature. This test also shows that the material of
      the alloy is scarcely changed while subjected to heating and cooling
      during use as a fuse element.
PAR  From the test results illustrated in the table, it would appear that sample
      9 (Cu-8% Al) has a range of melting temperature of 3.degree. C, a hardness
      of less than Hv 100, and an oxidation weight gain of 0.14 mg/cm.sup.2.
      However, when the sample is subjected to repeated heating and cooling, the
      oxide film, which formed on its surface, is easily peeled off. Thus, a
      fuse element of the alloy would not endure the repeated heating and
      cooling which would occur when the fuse element was utilized in a thermo
      or high temperature fuse or switch. It is also noted that sample 10
      (Cu-16% Al) has a hardness that is over Hv 400. Thus, the alloy of sample
      10 is brittle, does not display the desired workability, and would not be
      useful for the purposes of the present invention.
PAR  From the results contained in the above table, the range of melting
      temperatures of the copper alloys including 10-14% aluminum (samples 1
      through 6) is very narrow and is 5.degree. C or less. These alloys become
      molten nearly at a fixed temperature in a manner similar to pure copper.
      The oxidation resistance and thus the corrosion resistance of the alloys
      of samples 1 through 6 is good and they display a superior workability so
      that plates and rods of these alloys can be easily produced by means of
      hot working. Furthermore, when heated to a temperature below the melting
      temperature of the alloy, these alloys experience very little structural
      changes. Therefore, since the alloys of samples 1 through 6 become molten
      at almost a fixed temperature, it is recognized that the alloys are
      suitable for a metal fused element. Furthermore, the copper alloys which
      contain the 2% (wt) nickel, 2% (wt) manganese, or 2% (wt) iron in addition
      to the 10-14% (wt) aluminum display an especially good oxidation
      resistance at high temperatures.
PAR  The alloy of the present invention is particularly useful as a fuse element
      in a thermo fuse or switch A such as illustrated in FIG. 3. The thermo
      fuse includes a tubular housing 1, a fuse element 2, and a shaft 3. The
      housing 1 and shaft 3 are made of an electrically conducting material and
      form a pair of terminals which are interconnected by the fuse element 2.
      As illustrated, the housing 1 has a bore 9 with internal threads for
      threadably receiving the fuse element 2. The shaft 3 is threadably
      received in a threaded opening in the fuse element 2 and is disposed in
      the bore 9 of the housing 1. To insulate the housing 1 from the shaft 3,
      an insulator 4 is received in an enlarged portion 9a of the bore 9 of the
      housing 1 and is spaced from the internal shoulders formed by the portion
      9a by ring-type packings 5a and 5b. The shaft 3 has a disc-type projection
      or part 31 received on one end which part 31 acts as an abutment for a
      compression spring 6 disposed between the part 31 and a surface of the
      insulator 4. Thus, when the fuse element 2 of the copper alloy of the
      present invention melts at a fixed temperature, the spring 6 urges the
      shaft 3 out of engagement or electrical contact with the fuse element 2 to
      break the electrical connection between the housing 1 and the shaft 3.
PAR  The fuse is utilized by being mounted on a wall of the device in which the
      temperature is to be detected. As illustrated, the housing 1 has external
      threads 1a which are threadably received in a threaded aperture in the
      housing with the end having the fuse element 2 disposed in the atmosphere
      whose temperature is to be detected.
PAR  In order to detect the melting of the fuse element 2 and the breaking of
      the electrical circuit, the fuse is placed in a detecting circuit such as
      illustrated in FIG. 4. The fuse A is diagrammatically illustrated as a box
      A, with one of the two terminals formed by the housing 1 and the shaft 3
      connected to ground and the other terminal, preferably the shaft 3,
      connected in series with a coil 12 and an electric energy source such as a
      battery 13 which battery is in turn connected to ground. The battery 13 is
      also connected in series through a movable contact switch 11 to an
      indicating device such as the lamp 14 which in turn is connected to
      ground.
PAR  When the terminal formed by the shaft 3 is electrically connected to the
      housing 1 by the fuse element 2, the flow of current through the coil 12
      creates a magnetic field which acts on an armature of the movable contact
      to hold the contact 11 in the open position. When the temperature reaches
      the fixed value to cause melting of the fuse element 2, electrical
      connections between the terminals of the fuse A is broken to deenergize
      the coil 12 which allows the contacts 11 to close to energize the
      indicating device such as by lighting the lamp 14. The electrical circuit
      only applies approximately 200 mA through the fuse element 2 and such a
      current is sufficiently small that it does not generate any heat due to
      electrical resistance of the fuse element.
PAR  Tests were conducted using the alloy of the present invention for the fuse
      element 2. In these tests, three different alloys were utilized. Alloy (A)
      was a copper alloy containing 10% aluminum which corresponds to sample 1
      in the hereinabove described table. Alloy (B) was a copper alloy
      containing 12% aluminum and corresponds to sample 2. Alloy (C) is a copper
      alloy containing 12% aluminum and 2% iron which corresponds to sample 6 in
      the above table. The tests were run with five samples of each of the three
      alloys. By measuring the temperature of the alloy by means of
      alumelchromel thermocouple at the time that the lamp became lighted, the
      following results were determined. With the alloy (A) the lamp was turned
      on when the temperature was in the range of 1040.degree.-1041.degree. C;
      with the alloy (B) the lamp was turned on at a temperature range of
      1063.degree.-1064.degree. C; and with an alloy (C) the lamp was turned on
      at a temperature range of 1048.degree.-1051.degree. C. Thus, if the
      atmosphere of the device is in danger of overheating when the temperature
      exceeds a given temperature, a fuse using any one of the above alloys will
      provide a warning when the temperature approaches the critical temperature
      and will enable corrective action to be taken to avert a further increase
      of the temperature.
PAR  In the embodiment of the fuse of FIG. 3, when the element 2 becomes molten,
      the spring 6 forces the shaft 3 upwards to break the electrical connection
      between the housing 1 and the shaft 3. However, the structure of the fuse
      may be modified so that the shaft is pushed outwards or downward by means
      of the spring force to break the electrical connection. A modified thermo
      fuse or switch is illustrated in FIG. 5 and the parts corresponding to
      those in FIG. 3 are shown with the same element numbers. In the fuse
      device of FIG. 5, a tension spring 6 biases the shaft 3 onto the fuse
      element 2. When the fuse element 2 is heated to its melting point, the
      shaft 3 which is pushing down on the element 2, will break the element and
      therefore break the electrical connection between the housing 1 and the
      shaft 3.
PAR  In FIG. 6 another embodiment of a thermo fuse utilizing fuse element 2 of
      the alloy of the present invention is illustrated. In this embodiment, the
      housing 1 is provided with a projection 1b and the shaft 3 is fixedly
      mounted in the insulator 4 which insulator is in turn held in the housing
      1, as in the previous embodiments. The fuse element 2 electrically
      connects the shaft 3 to the housing 1 through the projection 1b. The fuse
      element 2, which is the only part of the fuse device that is projected
      into the atmosphere whose temperature is to be detected, is made very thin
      so that its heat capacity is small. Therefore, the response time is
      extremely short and the element 2 will melt rapidly to break contact
      between the shaft 3 and the housing 1. In this device, the breaking of the
      connection is accomplished without requiring any spring force as in the
      previous two embodiments.
PAR  A fourth embodiment of a fuse device is illustrated in FIG. 7. In this
      embodiment, an annular fuse element 2 such as a cylindrical ring or part
      is inserted in the tube 7 which has an inner diameter substantially equal
      to the outer diameter of the fuse element 2 and is in contact with a
      bottom plate 7a of the tube 7. The tube 7 is coaxially received in the
      passageway 9b of the housing 1. The shaft 3 is supported in the housing by
      an insulator 4a and in the tube 7 by an insulator 4b with an insulation
      powder 8 packed between the shaft 3 and the inner wall of the tube 7. As
      illustrated, the annular fuse element 2 is in spaced relationship to the
      end of the shaft 3 so that no electrical contact is provided. During use,
      when the alloy forming the fuse element 2 is heated to the melting point,
      the element 2 melts to make an electrical connection between the shaft 3
      and the tube 7 which is electrically connected to housing 1. The
      embodiment of the fuse illustrated in FIG. 7 can be used in series with a
      lamp without requiring the electromagnetic coil and the
      electro-magnetically operated movable contacts 11 of the previously
      described circuit diagram of FIG. 4.
PAR  The thermo fuse or switch has a practical employment for example in a
      safety device for a manifold reactor in which the exhaust gas from the
      exhaust manifold of an engine is collected and the secondary gas is
      supplied to the exhaust gas so that the unburnt elements in the exhaust
      gas can be burned. The manifold reactor will reach a high temperature of
      more than 1000.degree. C when it is operating for a long period of time.
      Because the atmosphere is an oxidizing one, the inner surfaces of the
      walls of the container, which walls are made of steel plate, are in
      contact with the gases and will oxidize when the temperature exceeds
      1100.degree. C. By providing a detecting device including a thermo fuse
      with a fuse element in the chamber of the manifold reactor, the thermo
      fuse will detect when the temperature of the gases approach the critical
      temperature. If the engine is stopped or the velocity of the vehicle is
      lower at the time of detecting the critical temperature, the damage caused
      by abnormally high temperature in the manifold reactor can be prevented.
PAR  Although various minor modifications may be suggested by those versed in
      the art, it should be understood that we wish to employ within the scope
      of the patent warranted hereon all such modifications as reasonably and
      properly come within the scope of our contribution to the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a fuse having a pair of electrical terminals arranged in spaced
      relationship and insulated from each other, and a metal fuse element
      disposed adjacent the pair of terminals for forming the electrical
      connection therebetween, the improvement comprising the metal fuse element
      being of a metal alloy having a higher resistance to corrosion at elevated
      temperatures and a melting point at a fixed temperature within a range of
      1000.degree. to 1100.degree. C, said alloy consisting of 10-14% aluminum,
      a second constituent in a range of 0-2.5% and the balance being copper,
      said second constituent consisting of at least one metal selected from a
      group consisting of nickel, manganese and iron.
NUM  2.
PAR  2. In a fuse according to claim 1, wherein the second constituent is
      present in an amount of 2% and is iron.
NUM  3.
PAR  3. In a fuse according to claim 1, wherein the second constituent is
      present in the amount of 2% and is manganese.
NUM  4.
PAR  4. In a fuse according to claim 1, wherein the second constituent is
      present in an amount of 2% and is nickel.
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ABST
PAL  An adjustable bimetal snap disc thermostat is disclosed which is provided
      with a disc seat having an elongated projection formed of deformable
      material, such as copper. Heat is conducted along the projection between
      the disc and a location remote from the thermostat so that the temperature
      of the disc is responsive, at least in part, to the temperature at such
      remote location.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to bimetal snap disc thermostats and more
      particularly to a novel and improved thermostat of such type having means
      making the thermostat responsive to temperature conditions existing at
      locations remote from such device.
PAC  PRIOR ART
PAR  In some instances, it is desirable to provide a thermostatic control which
      is principally affected by and responds to a temperature at a first
      location, but which also responds to a temperature at another location.
      For example, in room air-conditioners, the control thermostat is arranged
      to respond principally to the room temperature and to control the
      operation of the unit so as to maintain a selective room temperature. In
      such units, however, the evaporator coils sometimes accumulate frost which
      builds up and prevents proper air flow. When this occurs, it is desirable
      for the control thermostat to sense the frost condition and to terminate
      or modify the unit operation until the frost melts and is dissipated. In
      many room air-conditioners, a capillary-type thermostat has been used to
      control the unit. In such units it has been customary to position the
      capillary tube so that at least part of the tube is adjacent to the
      evaporator coil to sense a frost condition. In other instances, shrouds
      are provided so that the thermostat senses a selected temperature
      condition as illustrated in the U.S. Pat. No. 3,194,027.
PAR  The development of improved bimetal operated thermostats of both the blade
      and disc type, has resulted in an increased use of such thermostats in
      room air-conditioners and in other systems formerly dominated by
      capillary, tube-type thermostats.
PAR  Such bimetal thermostats have encountered some problems, since the bimetal
      has been normally sensitive only to the temperature existing in its
      immediate environment. In some instances, special shrouding is provided to
      insure that the bimetal responds to a particular desired temperature
      condition. Examples of particular shroud arrangements are illustrated in
      the U.S. Pat. Nos. 3,194,027 dated July 13, 1965; 3,293,875 dated Dec. 27,
      1966; 3,546,652 dated Dec. 8, 1970; and 3,623,335 dated Nov. 30, 1971.
PAR  It has also been proposed to provide a heat conductive wire connected to
      the stationary end of a cantilever mounted bimetal blade-type thermostat,
      to provide sensitivity to a location remote from the thermostat.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the illustrated embodiment of this invention, an
      adjustable bimetal snap disc thermostat is provided with a disc seat
      formed of heat conductive material, having a projection which can be
      positioned to cause the disc to respond at least in part, to a temperature
      at a remote location.
PAR  The seat and projection are formed of a relatively ductile material having
      good heat conducting properties, such as copper. The disc seat portion is
      formed with a raised annular extending rib which engages the disc at its
      periphery for good conductive heat transfer. Further, the adjacent side of
      the disc is adjacent to the disc seat so convection and radiation heat
      transfer also occurs.
PAR  The thickness and the width of the projection is selected to provide a heat
      flow path of sufficient section to produce the desired disc sensitivity to
      the temperature at the remote location.
PAR  A rivet is located in the zone between the projection and the disc seat so
      that the disc seat position is maintained even when the projection is bent
      to properly locate the projection. The rivet head is located in a socket
      formed in the heat conductor, which cooperates with the ribs to prevent
      the bending of the projection from moving or distorting the disc seat.
      Movement or distortion of the disc seat could adversely affect the
      calibration of the thermostat.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an adjustable bimetal snap disc thermostat in
      accordance with the present invention;
PAR  FIG. 2 is a side elevation partially in section of the thermostat
      illustrated in FIG. 1; and,
PAR  FIG. 3 is a perspective view of the preferred heat conductor which
      functions to transfer heat between the bimetal snap disc and a location
      remote from the thermostat.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In the illustrated embodiment of this invention, an adjustable disc
      thermostat of the type disclosed in detail in the U.S. Pat. No. 3,735,319,
      is provided with the present invention. Reference should be made to such
      patent for a more detailed description of the thermostat, per se, and the
      disclosure of such patent is incorporated herein by reference.
PAR  Referring now to the drawings, the thermostat includes a body assembly 10
      within which is mounted a switch 11 (illustrated in phantom in FIG. 2). A
      bimetal snap disc 12 is movable with snap action between its two positions
      of stability, and is connected to operate the switch 11 by means of a
      bumper 13. In this embodiment a leaf spring 14 applies a spring force to
      the disc 12 in such a manner that adjustment of the spring force applied
      by the leaf spring 14 permits adjustment of the operating temperature of
      the disc. An adjusting mechanism 16 permits the adjustment of the spring
      force of the leaf spring 14 applied to the snap disc 12.
PAR  The snap disc 12 is supported on one side by a disc seat member 17 and is
      laterally positioned by projections 15, formed in the body assembly 10.
      Referring to FIG. 3, the disc seat member provides a disc seat portion 18
      of generally circular shape and having a diameter substantially equal to
      the diameter of the bimetal snap disc. A central opening 19 is provided in
      the seat portion 18 through which the bumper 13 projects with clearance. A
      raised rib 21 of annular shape, extends around the seat portion 18,
      substantially adjacent to its periphery. It is against the rib 21 that the
      periphery of the disc 12 is seated. The seat member 17 is also provided
      with an elongated projection 22 which extends from the thermostat proper
      and is adapted to be positioned adjacent to a location remote from the
      thermostat at which the temperature is to be sensed. For example, in a
      room air-conditioner, the projection 22 extends to and is positioned
      adjacent to the evaporator coil of the air-conditioner so that its
      temperature will be affected by the condition of the evaporator. For
      example, if excessive frost builds up on the evaporator, the air flow
      through the evaporator is blocked and the temperature of the evaporator
      surface drops to abnormal values. The projection 22 is normally positioned
      to sense such abnormal temperature conditions occurring when excessive
      frost occurs on the evaporator.
PAR  Located between the projection 22 and the seat portion 18 is an offset
      stiffening section 23 formed with an opening 24 to receive a rivet-like
      fastener 26. The fastener projects through the opening 26 and secures the
      projection to the body assembly 10 to securely mount the disc seat member
      17 on the body assembly. Because of the stiffening provided by the
      stiffening section 23, any movement of the various portions of the
      projection 22 does not result in significant distortion or movement of the
      seat portion 18. Further, the diameter of the seat portion 18 is selected
      so that the body projections 15 cooperate with the rivet to fix the
      location of the seat portion within the body. If the seat portion 18 were
      allowed to move when the projection is bent to locate it with respect to
      the evaporator, the calibration of the thermostat would be changed. It is,
      therefore, important to arrange the structure so that the bending movement
      of the projection does not result in any significant movement of the disc
      seat portion 18.
PAR  It is preferable to form the seat member 17 of a material which has good
      heat transfer properties, and also to utilize a material which is
      sufficiently soft to allow the projection 22 to be bent or moved to the
      desired location. A soft copper is therefore the preferred material for
      forming the seat member, although other suitable materials may be
      utilized. In the illustrated embodiment, the disc seat member 17 is formed
      as a stamping from sheet copper. The thickness of the disc seat member and
      the width of the projection 22 is selected to provide sufficient heat flow
      between the seat portion and the extremity of the projection to produce
      the required modification of the temperature of the disc 17. In instances
      where the projection must be somewhat longer, the thickness can be
      increased or the width of the projection can be increased to maintain the
      desired heat flow characteristics.
PAR  Because of the heat conducting flow path along the projection 22, the
      temperature of the disc 12 is determined at least in part by the
      temperature of the projection 22. Of course since the disc 12 is also
      exposed to the air in the immediate environment, its temperature also
      responds to the environmental air temperature at the disc.
PAR  In a normal air-conditioning installation, the thermostat is positioned so
      that the disc 12 is sensitive to the air temperature in the room being
      air-conditioned. Usually the disc is arranged so that room air is drawn in
      over the disc as it flows into the air-conditioner. Consequently, the disc
      is sensitive to room air temperature and is connected to control the
      operation of the air-conditioner to maintain a desired room air
      temperature. If desired, shrouds may be provided to produce a desired flow
      of air over the disc. The temperature response resulting from a
      temperature sensed by the projection is usually not dominant. However, in
      the event of frosting, or the like, of the evaporator, the projection 22
      is cooled to a lower than normal temperature and heat flows along the
      projection from the disc to the area of the evaporator. Under such
      condition the temperature of the disc is affected in part by the
      temperature at the evaporator and the operation of the air-conditioner is
      modified to allow the automatic correction of the frost condition.
      Therefore, with the present invention, a bimetal snap disc thermostat is
      provided in which the disc responds, at least in part, to a temperature
      remote from the thermostat.
PAR  In the particular embodiment illustrated, the leaf spring 14 maintains
      tight engagement between the disc periphery and the rib 21. Consequently,
      a good and direct conductive heat flow path is assured between the disc 12
      and the seat member 17. The rib functions to stiffen the seat portion and
      also to provide the central clearance required when the disc snaps through
      from the illustrated position to its opposite position of stability.
      Further, the fact that the disc and the seat portion are substantially
      co-extensive provides good temperature response in the disc to the
      temperature of the seat.
PAR  It should be understood that even though the thermostat in accordance with
      the present invention is described primarily for use in air-conditioning
      units or the like, that the present invention is equally applicable to
      other installations where a bimetal snap disc thermostat is intended to be
      responsive, at least in part, to a temperature condition remote from the
      thermostat.
PAR  Although a preferred embodiment of this invention is illustrated, it is to
      be understood that various modifications and rearrangements may be
      resorted to without departing from the scope of the invention disclosed
      and claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermostat comprising switch means, a bimetal snap disc movable with
      snap action upon reaching operating temperatures and connected to operate
      said switch means, and disc seat means formed of a conductor of heat
      material engaging and locating said disc, said disc seat means being
      provided with a flexible elongated projection extending from said
      thermostat permitting said projection to be deformed to extend to a
      desired location spaced from said body, said disc seat means operating to
      conduct heat along said projection between said disc and said location
      spaced from said body and disc so that the temperature of said disc is
      determined at least in part by the temperature at said location and
      mounting means connecting said conductor to said body preventing movement
      of said projection from causing any substantial change in the calibration
      of said disc.
NUM  2.
PAR  2. A thermostat as set forth in claim 1 wherein said seat means is provided
      with an annular portion engagable with said disc along substantially its
      entire periphery.
NUM  3.
PAR  3. A thermostat as set forth in claim 2 wherein said seat means includes a
      circular portion substantially coaxial with said disc, and a raised
      annular rib engaging the periphery of said disc.
NUM  4.
PAR  4. A thermostat as set forth in claim 3 wherein said seat means includes a
      unitary element formed of sheet material and said projection has
      sufficient cross sections to provide the required heat conducting
      capacity.
NUM  5.
PAR  5. A thermostat as set forth in claim 4 wherein said material is copper or
      the like.
NUM  6.
PAR  6. A thermostat as set forth in claim 4 wherein said thermostat is provided
      with a base assembly, and said mounting means includes a fastener securing
      said seat means to said base assembly.
NUM  7.
PAR  7. A thermostat comprising switch means, a bimetal snap disc movable with
      snap action upon reaching operating temperatures and connected to operate
      said switch means, and disc seat means formed of a conductor of heat
      material engaging and locating said disc, said disc seat means being
      provided with an elongated projection extending from said thermostat, said
      disc seat means operating to conduct heat along said projection between
      said disc and a location spaced from said disc so that the temperature of
      said disc is determined at least in part by the temperature at said
      location, adjusting means for changing the operating temperature of said
      disc adjusting means tightly pressing said disc against said disc seat
      means.
NUM  8.
PAR  8. A bimetal snap disc thermostat comprising a body, switch means on said
      body, a bimetal snap disc on said body operating said switch means upon
      reaching operating temperatures, and a unitary heat conductor formed of
      ductile material and having a deformable elongated projection extending
      from said body and being adapted to be positioned at a location remote
      from said body, said heat conductor engaging said disc for transfer of
      heat between said disc and said remote location, and means connecting said
      heat conductor to said body and preventing movement of said projection
      from causing any substantial change in the calibration of said disc.
NUM  9.
PAR  9. A bimetal snap disc thermostat as set forth in claim 8 wherein said heat
      conductor engages said disc adjacent to the edge thereof.
NUM  10.
PAR  10. A bimetal snap disc thermostat as set forth in claim 9 wherein said
      heat conductor engages said disc along substantially the entire periphery
      thereof, and spring means resiliently maintains said engagement between
      said disc and said heat conductor.
NUM  11.
PAR  11. A thermostat comprising switch means, a bimetal snap disc movable with
      snap action upon reaching operating temperatures and connected to operate
      said switch means, and disc seat means formed of a conductor of heat
      material engaging and locating said disc, said disc seat means being
      provided with an elongated projection extending from said thermostat, said
      disc seat means operating to conduct heat along said projection between
      said disc and a location spaced from said disc so that the temperature of
      said disc is determined at least in part by the temperature at said
      location, mounting means preventing movement of said projection from
      causing any substantial change in the calibration of said disc, said seat
      means being provided with an annular portion engageable with said disc
      along substantially its entire periphery, said seat means including a
      circular portion substantially coaxial with said disc, and a raised
      annular rib engaging the periphery of said disc, said seat means being a
      unitary element formed of sheet material and said projection having
      sufficient cross sections to provide the required heat conducting
      capacity, said thermostat being provided with a base assembly and said
      mounting means including a fastener securing said seat means to said base
      assembly, said unitary element being formed with a stiffening section
      between said projection and said circular portion, and said mounting means
      securing said stiffening section to said base.
NUM  12.
PAR  12. A thermostat as set forth in claim 11 wherein said stiffening section
      includes a lateral projection formed in said unitary element at the
      junction between said circular portion and said projection, and said
      mounting means includes a fastener extending through said lateral
      projection.
NUM  13.
PAR  13. A thermostat as set forth in claim 11 wherein adjusting means are
      provided to change the operating temperatures of said disc.
NUM  14.
PAR  14. A thermostat as set forth in claim 13 wherein said adjusting means
      tightly presses said disc against said rib.
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ABST
PAL  A strain-deformable wire resistance strain gage is cemented to a ship's
      propeller or turbine blade, and covered with a water vapor curable
      silicone plastic polymer protective layer in an unset state; a metal
      screen overlay is tack-welded with the aid of sheet metal strips through
      the unset silicone plastic to the propeller or turbine blade, after which
      the protective layer is air cured, forming a seal around the welds and the
      gage.
BSUM
PAR  This invention relates to strain gages. More particularly, s propellers;
      relates to strain gage assemblies suitable for use on ship'propellers,
      hulls, and steam and water turbines.
PAR  In the past, many attempts have been made to provide a method of attaching
      a strain gage to a ship's propeller or hull or turbine blade such that the
      gage remains operable in spite of repeated flexings and prolonged
      vibrations of the structure to which it is attached, as well as erosion
      caused by water or steam flowing rapidly past the gage, and the corrosive
      effects of a salt water environment. Previously it has been attempted to
      use epoxies or synthetic rubbers to seal out moisture from the strain
      gage, since even the slightest leak will cause loss of the strain
      measurements. However, while success has been attained in use on ship
      hulls, few of the previously attempted solutions have provided a
      sufficiently durable seal to be of practical value on a propeller.
PAR  A satisfactory construction of strain gage assembly is shown, for example,
      in U.S. Pat. No. 3,639,875, "Strain Gage Assembly and Method of
      Attachment," issued Feb. 1, 1972 and assigned to the same assignee as the
      present application. However, this construction is limited to the use of
      waterproofing compounds that are heat-settable, or cured by a catalyst
      included in the waterproofing layer, since the sheet metal overlay, which
      protects the waterproofing layer and the gage within it, effectively
      isolates the unset layer of waterproofing compound from the atmosphere.
      Hence compounds that require exposure to external media such as substances
      in the ambient atmosphere for their cure cannot be used in the structure
      disclosed in U.S. Pat. No. 3,639,875.
PAR  Certain silicone compounds such as RTV silicone rubber offer particular
      advantages for use as waterproofing layers in marine environments and in
      environments with high temperature steam, since these compounds offer good
      resistance to moisture. In addition, they are curable at room temperature,
      but they remain flexible and rubbery at temperatures up to 450.degree.F.
      However, these compounds must be cured by exposure to water vapor, such as
      is present in the ambient atmosphere. Hence, the construction disclosed in
      U.S. Pat. No. 3,639,875 cannot employ these compounds, or other compounds
      requiring exposure to external media for their cure.
PAR  It is therefore an object of this invention to provide a novel and improved
      method of attaching a strain gage to an underlying structure such as a
      ship hull, propeller, or turbine blade in which strain or deformation is
      to be monitored, that employs a waterproofing layer curable by exposure to
      external media such as the ambient atmosphere. It is a further object to
      provide a strain gage attachment that remains firm and reliable through
      prolonged use in a corrosive environment such as salt water.
PAR  It is also an object to provide a strain gage assembly that is flexible and
      durable when attached to a structure subject to repeated flexing and
      prolonged vibration.
PAR  It is a further object to provide a strain gage assembly that operates
      reliably despite the effects of water flowing rapidly and forcefully over
      the assembly.
PAR  It is still another object to provide a strain gage assembly that remains
      moisture proof at temperatures up to 450.degree.F.
PAR  The invention features a method of attaching a strain gage to a surface of
      a metallic object such as a hull or propeller by cementing the gage to the
      structure, covering the gage with a protective barrier layer of silicone
      plastic in an unset state and curable by exposure to an external medium,
      preferably present in the ambient atmosphere, placing over the unset
      protective layer an apertured metallic overlay member, preferably a
      screen, placing a sheet metal strip over the margins of the member and
      welding the metal strip through the member and the protective barrier
      layer to the underlying surface. The silicone plastic is then set and
      cured by exposure to the external medium, such as is present in the
      ambient air, through the openings of the screen.
PAR  In preferred embodiments the silicone plastic is a water vapor curable
      polymer and the apertured metallic overlay member is a stainless steel
      mesh.
DRWD
PAR  Other objects, features and advantages will appear from the following
      description of a preferred embodiment of the invention taken together with
      the attached drawings thereof, in which:
PAR  FIG. 1 is a perspective view of a strain gage assembly constructed
      according to the method of the invention, partially cut away;
PAR  FIGS. 2, 3, 4 and 5 show the assembly at successive stages of construction
      according to the method of the invention; and
PAR  FIG. 6 is a cross-sectional view taken on the lines 6--6 of FIG. 1.
DETD
PAR  Referring now to the drawings, strain or deformation is to be monitored in
      a structure 14, which may be, for example, a ship's hull or propeller. The
      strain gage is to be attached to surface 13 of propeller 14. For this
      purpose surface 13 must first be prepared by removing all foreign matter,
      such as paint, oxide, scale, and the like, by use of a disc sander,
      leaving surface 13 smooth. The surface is next cleaned with tissue
      saturated with methyl ethyl ketone (M.E.K.). The areas to which the gage
      and the lead wires are to be attached are then grit blasted with no. 80
      aluminous oxide grit, after which the surface is again cleaned with tissue
      saturated with M.E.K. The location of the gage is then marked, and the
      surface again is cleaned with M.E.K. A chemical cleaner such as that sold
      under the trade name "Solox" by U.S. Industrial Chemical Co. is then
      applied to the area with a cotton swab and removed with a single stroke of
      clean tissue. The surface must be dry and at a temperature of 60.degree.
      to 100.degree.F. A strain-deformable resistance wire strain gage 10 is
      then cemented to surface 13 by a layer of cement 12, which may be any of
      several suitable compounds, for example, that known in the trade as BR610.
      Lead wires 15 are then attached to the terminals of strain gage 10.
PAR  A protective barrier layer of ambient water vapor curable silicone plastic,
      such as Dow Corning RTV Silastic 732, is now to be deposited over strain
      gage 10. For this purpose, the area of the gage and of the underlying
      propeller to be covered by the barrier layer are prepared by a thorough
      cleansing with methyl ethyl ketone and Solox. Next, the areas not intended
      to be covered by the barrier layer are masked, leaving an area for
      application extending approximately one inch around strain gage 10 and
      approximately one-half inch around lead wires 15.
PAR  The silicone plastic layer 16 is now applied, in a liquid state, to the
      area left exposed by the masking. The mask is removed while the layer is
      still viscous, and the metallic screen overlay 18 is placed over layer 16
      (FIG. 4). Screen 18 is of stainless steel screening of mesh size 70/inch
      and of 0.017 inch thick wire. Screening of mesh size 40/inch to 325/inch
      may be used. The overlay for gage 10 should be of dimensions to provide
      side flange portions 20 extending approximately to the edge of layer 16;
      overlays for lead wires 15, not separately shown in the drawings, should
      extend to the edge layer covering wires 15. The openings in screen overlay
      18 allow ambient air to reach layer 16 to insure proper curing and
      setting.
PAR  Since it is difficult or impossible to weld screening to a surface such as
      surface 13, stainless steel shimstock 22 is placed over flange portions 20
      of screen 18. Stock of 0.005 inch thick and of a width less than that of
      flange 20 has been found suitable. Pressure is now applied along shimstock
      22 to squeeze out excess liquid silicone plastic, and the shimstock 22 is
      tack welded through screen 18 to surface 13 using a welder adjusted to
      about 30 watt seconds. Two rows of spots 21 (FIG. 1) are welded as close
      together as possible around the entire installation (FIG. 6). The silicone
      plastic of layer 16 will cure at room temperature in about 24 hours.
PAR  After the steps of this process have been completed, the resulting strain
      gage assembly comprises strain-deformable resistance wire strain gage 10
      cemented to surface 13 of propeller 14, a protective barrier of cured
      silicone plastic deposited in layer 16 completely covering the exposed
      surface of gage 10 and extending beyond the gage over a portion of surface
      13 and a stainless steel screen overlay covering the protective layers and
      welded through them to the underlying propeller. The layer 16 provides an
      effective void-free seal surrounding each weld spot, while the screen
      overlay is securely attached to the propeller and protects the protective
      layer, gage 10, and lead wires 15 from abrasion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a strain gage assembly for monitoring deformation of a metallic
      structure, the combination of
PA1  a strain-deformable resistance wire strain gage cemented to a surface of
      said structure,
PA1  a protective barrier layer of a curable silicone plastic completely
      covering the exposed surface of said strain gage and extending therebeyond
      over a portion of said structure surface,
PA1   a metallic apertured overlay member covering that portion of said
      protective barrier layer that covers said strain gage and providing flange
      portions adjacent thereto, and
PA1  a sheet metal strip around said protected strain gage over said flange
      portions of said metal screen, part of said metal strip being welded
      through said silicone plastic barrier layer to said flange of said overlay
      member and to said structure surface, said barrier layer thereby providing
      a void-free seal surrounding said welds and said gage.
NUM  2.
PAR  2. The combination of claim 1 wherein said silicone plastic is curable by
      exposure to water vapor in the ambient atmosphere.
NUM  3.
PAR  3. The combination of claim 1 wherein said metallic apertured overlay
      member is a screen.
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ABST
PAL  A doppler effect flow measurement device using ultrasonic stationary random
      noise whereby errors and inaccuracies common in existing doppler flow
      measurement systems are overcome.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The measurement of fluid velocity is important in many industrial
      applications such as for instance, the measurement of the speed of coolant
      flow through pipes, as well as in scientific and medical applications, for
      instance in the measurement of fluid velocity in the wakes of moving
      vessels or models of vessels. Provided that the fluid carries scatterers
      capable of reflecting ultrasound such as tiny air bubbles in the case of
      water or liquid starch suspensions or red blood cells in the case of
      blood, pulsed doppler ultrasound systems have been found to be
      advantageous over other means of measuring fluid velocity. In the known
      doppler ultrasound systems a short burst or pulse of radio frequency sound
      is emitted from a transducer and sent towards the moving scatterers. The
      reflected echo is shifted in frequency because of the doppler effect, and
      by processing this echo in a receiver and measuring the shifted frequency
      with respect to the transmitted signal it is possible to estimate the
      velocity of the moving scatterers and thus of the fluid that contains
      them. Present techniques of measuring fluid velocity around ship models
      for instance, involve placing detectors at various points where the
      velocity of the liquid is to be measured. Using a pulsed ultrasonic
      doppler system, if it were not for the range limitations described below,
      it would be possible simply by pointing the ultrasound beam in different
      directions and adjusting the range, to obtain the velocity at any point in
      a fluid with only a single instrument, and to obtain the velocity over a
      whole region of fluid by rapidly scanning over the region at electronic
      speeds.
PAR  In medical applications, pulsed doppler ultrasound systems are used at this
      time to measure the blood velocity in peripheral blood vessels, i.e.,
      vessels that lie close to the skin, with the transducer being positioned
      outside the body. This is a much more pleasant and convenient way of
      measuring blood velocity than other known techniques which involve cutting
      into the skin. It would be convenient and advantageous if it were possible
      to use this known technique to measure the blood velocity in vessels which
      are deeper in the body such as those near the heart, but this is at
      present impossible because of the range limitations of pulsed doppler
      systems.
PAC  SUMMARY OF THE INVENTION
PAR  In a typical pulsed doppler system the transmitter transducer emits pulses
      of radio frequency ultrasound having a known frequency which pulses are
      reflected from the moving scatterers and are picked up by the receiver
      tranducer in the form of a frequency shifted echo. The amplified echo is
      compared with a time gated sample of the transmitted signal in the phase
      comparator and the output of that circuit when passed through a low pass
      filter gives rise to the doppler shift frequency, whose frequency is
      proportional to the velocity of the scatterers. The width of the region
      from which such a system can receive echoes is determined by the time
      duration of the transmitted signal which is therefore kept as short as
      possible. The range of the point from which the system is receiving
      signals is determined by the time duration between the transmission of the
      signal and the receipt of the echo. If pulses are transmitted at too rapid
      a rate, the system suffers from range ambiguities. This is because it is
      unclear whether a particular echo corresponds to the most recently
      transmitted pulse reflected from a distant target or whether it
      corresponds to the echo of a pulse transmitted earlier, reflected from a
      closer target.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of one embodiment of the invention
      that employs two transducers.
PAR  FIGS. 2A and 2B are is a graphic representations of the output signals of
      the system.
PAR  FIG. 3 is a graphic showing of an aimed system.
PAR  FIGS. 4A and 4B are block diagrams of a double transducer system, detailing
      the digital correlator.
PAR  FIG. 5 is a block diagram of a single transducer random signal system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For pulsed doppler systems which emit a single frequency burst of duration
      .tau. at a repetition rate f.sub.r, avoidance of range ambiguities makes
      it necessary to wait for the return of the echo from the most distant
      target before transmitting another burst.
PAR  Thus:
      ##EQU1##
      where c is the sound velocity and R.sub.max the maximum useful range.
      Furthermore the output doppler frequency is obtained from samples at the
      system repetition rate,
EQU  F.sub.r &gt; 2f.sub.D,                                        Equation (2)
PAL  where f.sub.D is the maximum frequency of the output doppler spectrum.
PAR  Combining the above two relations with the doppler equation
      ##EQU2##
      where v is the maximum velocity along the transducer axis and f.sub.o the
      frequency of the transmitted burst, gives
      ##EQU3##
      showing that the product of the maximum observable velocity and range are
      limited for conventional pulsed doppler systems.
PAR  Using the known velocity of sound in water or human tissue and assuming
      that the transmitted frequency f.sub.o is of the order of 5 MNz, Equation
      3 shows that (vR).sub.max is less than 0.1. Thus at 10 centimeters range
      for instance, it is not possible to measure velocities larger than one
      meter per second. This range velocity limit of pulsed doppler systems
      strongly limits its usefulness not only in applications such as measuring
      fluid flow in industrial and scientific applications but even in medical
      cases since important blood vessels near the heart are at ranges of
      between 6 and 20 centimeters from those points at the body surface from
      which ultrasound can penetrate into the body.
PAR  Another limitation of pulsed doppler systems is that the duration of the
      transmitted burst must be kept short to maintain fine range resolution.
      This requirement imposes very high ratios of peak to average transmitted
      powers. Since the echo from a target at range R gives a range delay or
      time of flight
      ##EQU4##
      it can be seen by differentiation that the range resolution .DELTA.R for a
      transmitted burst of duration .DELTA..tau. is at best
      ##EQU5##
      In terms of the bandwidth B of the transmitted signal the range resolution
      may be witten
      ##EQU6##
      as B is approximately (.DELTA..tau.).sup.-.sup.1.
PAR  The ratio of peak to average transmitted power can be written:
      ##EQU7##
      where .tau..sub.r is the period of the transmitted signal, equal to the
      inverse of the repetition rate given in equation 1. Using the previous
      results, this gives:
      ##EQU8##
      which is equal to at least 10.sup.2 in any high resolution system such as
      those used to observe deep lying structures in the body, or distant flow
      in general.
PAR  Use of random signals in radar has frequently been discussed but the only
      known implementation was described by McGillem, Cooper and Waltman in a
      paper entitled "Use of Wide Band Stochastic Signals for Measuring Range
      and Velocity," published in the EASCON '69 Record, pp 305 - 311. Practical
      implementation of noise as a transmitted radar signal was previously
      impossible because of the difficulties of handling random signals at the
      high frequencies required for broadcast radar. McGillem, Cooper and
      Waltman overcame this problem by using a scheme in which the transmitted
      and received signals were sampled. This led to a high performance but
      relatively complex system, which involved conversion from RF to video
      frequencies, with sampling and delay by means of digital shift registers.
PAR  The basic components of a random signal ultrasonic doppler system which
      uses separate transducers for transmitting and receiving are shown in FIG.
      1.
PAR  In this basic random signal doppler flow measurement system the nose source
      1 produces electrical signals fed to the transmitting transducer 2 and the
      delay line 3. Those fed to the transducer 2 are converted into sound waves
      4 whose echoes 5 from any blood vessel 6 under investigation are received
      by the receiving transducer 7 and converted back into electrical signals.
      These signals, in addition to the noise signals that pass through the
      delay line, are fed into the multiplier 8 and from there to the low pass
      filter 9 which produces the output of the system.
PAR  A continuous or intermittent noise signal is reflected by scatterers in the
      fluid, detected, and correlated with a delayed version of itself. If the
      transmitted noise signal has amplitude x(t), the received echo from a
      single moving scatterer is of the form A .times. [(1 + .alpha.)t -
      .tau..sub.s ], where A is the randomly varying scattering cross section,
      .tau..sub.s is the signal time of flight and
      ##EQU9##
      .theta. and .phi. are the angles made by the transmitting and receiving
      transducers with the direction of flow. The time average of the correlator
      output Z(t) will be proportional to
EQU  Z(t) .alpha. E {A .times. [(1 + .alpha.)t - .tau..sub.s ].times. [t -
      .tau..sub.s ]} = AR [.alpha.t - (.tau..sub.s - .tau..sub.d)], Equation (8)
PAL  where A is the time average of the scattering cross section and .tau..sub.d
      is the reference delay imposed on a sample of the transmitted signal by
      the delay line (see FIG. 1). R[.tau.] is the autocorrelation function of
      the transmitted noise which is known to be equal to the inverse Fourier
      transform of the transmitted power spectral density. For example, for a
      transmitted spectral density
      ##EQU10##
      shown in FIG. 2 (a) the time average of the correlator output will be
EQU  Z(t) = Ae.sup.-.sup.B .vertline..sup..alpha.t .sup.- (.sup..tau..sub.s
      .sup.- .sup..tau..sub.d).vertline. cos 2.pi.f.sub.o (.alpha.t -
      .tau..sub.s + .tau..sub.d)                                Equation (10)
PAL  as shown in FIG. 2 (b). Thus a single scatterer passing through the "range
      cell," i.e., that region where .tau..sub.s .about..tau..sub.d, will
      produce a correlator output of the form e.sup.-.sup.B
      .vertline..sup..alpha.t.vertline. cos 2.pi.f.sub.o .alpha.t. This signal
      can be seen to be a burst at the doppler shift freqency, .alpha.f.sub.o,
      of approximate duration 2/.alpha.B. The spectrum S.sub.z (f) of this burst
      due to a single scatterer, is of width .alpha.B.vertline..pi., and
      consists of a compressed version of the original transmitted spectrum,
      centered around the doppler shift frequency; that is:
      ##EQU11##
PAR  The fact a single particle leads to a finite width doppler spectrum is due
      to the limited time it spends in the range cell and can be shown to be
      identical to the transit time broadening found in conventional pulsed
      doppler systems. If a distribution of scatterers travelling at constant
      velocity pass through the range cell at random time intervals the
      correlator output spectrum is unchanged from that of a single scatterer.
      In fact, the correlator output spectrum produced by a noise system
      observing a distributed target such as moving blood can only depend on the
      spectral density of the transmitted signal. Thus, the relation between the
      doppler output spectrum and the transmitted spectrum is the same whether
      the transmitted ultrasonic signal is a burst of constant frequency or a
      stationary random signal.
PAR  There is a great advantage in using the random signal doppler because it
      does not suffer from the range ambiguity restriction on transmitted signal
      repetition rate as given in Equation 1. In a random signal doppler in
      which every signal is different from every other, an echo from any one
      burst cannot correlate with any other burst. Consequently, there is no
      upper limit on the repetition rate of the transmitted signal. (It is shown
      below in fact that this signal can be continuous). Hence the maximum
      range-velocity limit shown in Equation 3 for a conventional Pulsed Doppler
      Ultrasonic Flowmeter does not apply to a random signal doppler which can
      thus operate at any range.
PAR  The expression for Z(t) in Equation 10 shows that for a stationary target
      the correlator output approaches zero when .DELTA..tau. = .tau..sub.s -
      .tau..sub.d &gt; 1/B. The range resolution of the noise system can therefore
      be written:
      ##EQU12##
      which is exactly the same expression as the one shown in Equation 5
      relating the range resolution and bandwidth of a conventional pulsed
      doppler system. The random signal system has an advantage over
      conventional systems however, in that its range resolution, dependent only
      on transmitted bandwidth, is independent of the transmitted pulse
      duration. For this reason, transmitted power in the random signal system
      can be spread over a much longer time interval than that for pulsed
      doppler systems. Since the sensitivity of optimized random signal and
      pulsed doppler systems can be shown to depend in the same way on the
      average transmitted power, the ratio of peak to average transmitted power
      can be made smaller in the random signal system then in the known pulsed
      doppler systems.
PAR  Unfortunately, if noise is transmitted continuously, reverberation type
      echoes from targets outside the range cell add in an uncorrelated manner
      to the desired signal, worsening the system signal-noise ration. In many
      applications these reverberation echoes can be tolerated, but if this
      cannot be tolerated, and if the various strongly reflecting targets are
      far apart, this problem can be overcome by transmitting bursts of noise
      which are short enough to only intercept one target at a time. Such
      procedures necessarily increase the ratio of peak to average transmitted
      power. A better means of avoiding clutter, one which does not impose
      restrictions on the transmitted signal, (so that the device may still
      utilize a continuous signal and still retain high sensitivity) is to
      arrange for the transmitting and receiving transducer patterns to only
      intercept in the region of the range cell, as shown in FIG. 3. Inspection
      of this arrangement shows that only echoes from the cross-hatched region
      are detected by the receiver. Echoes from other points of the transmitted
      beam approach the receiver at angles for which the receiving transducer is
      not sensitive. In this way reverberation noise can be reduced by an order
      of magnitude or greater.
PAR  One embodiment of a random signal ultrasound flow measurement system was
      made using separate transducers for transmitting and receiving, as shown
      in FIG. 4. FIG. 4 shows a double transducer system tested experimentally
      for flow measurement, a noise source 20 produces electrical output signals
      which are sent to the delay line 22 and to the transmitting transducer 23
      as described in connection with FIG. 1. The echoes 25 from the target 24
      resulting from this signal are reconverted into electrical signals by the
      receiving transducer 26 which transmits them to the R.F. amplifier 27 from
      where they go to the digital correlator 28. The correlator 28 is also fed
      with the signals that are passed through the variable delay line 22. The
      output of the digital correlator 28 is fed either through a frequency to
      voltage converter 29 and thence to a catheter type display 30, or to a
      spectrum analyzer 31 which incorporates its own display. The detail of the
      digital correlator 28 is seen to exist of an exclusive-or gate 35 followed
      by a nor gate 36 followed by an integrator 37. The nor gate 36 is driven
      by an inhibit line 40 whose function is described hereinafter in
      connection with FIG. 5.
PAR  Another embodiment of the present invention employs a single transducer
      system, such as that shown in FIG. 5. FIG. 5 represents a single
      transducer flow measurement system which has been tested experimentally.
      Either a pulsed rf generator 40 or a pulsed noise generator 41 feeds
      signals to the power amplifier 42 into the variable delay line 43, which
      delay line can include a multiple, or plurality, of ultrasonic
      transducers. The power amplifier 42 transmits signals through the
      transducer 45, these in the form of acoustic waves. The echoes from the
      flow to be measured are reconverted into electrical signals by the
      transducer 45 and fed through the input limiter 46, the high gain
      amplifier 47 and the squaring circuit 48 to the exclusive or circuit 49.
      This is also fed by signals passing through the delay line 43 and the
      other squaring circuit 50. The output of the exclusive-or circuit 49
      passes to the gate 51 which corresponds to the nor gate described in
      connection with FIG. 4. The nor gate 51 is fed by an inhibit signal 53
      (except during reflected signal reception) which insures that the
      integrator 54 fed by the gate 51 only receives signals during the time
      that an echo from the flow being measured arrives at the gate. The output
      of the integrator 54 is fed to either a spectrum analyzer 56 or a
      frequency to voltage converter 57. The major difference between this
      system and the two transducer system mentioned above is that power can be
      transmitted for a maximum of 50% of the time, and that rather elaborate
      electronics is required to block the transmitter during the time the
      transducer is receiving. This requirement (which also holds for
      conventional pulsed doppler systems) arises from the fact that scattering
      from targets such as blood cells can easily be 60 dB weaker than the
      transmitted signal.
PAR  The pulsed noise generator produces periodic bursts of noise which are
      transmitted and also sent through the variable delay line. The receiver
      amplifier input limiter circuit protects the high gain amplifier from
      overload during transmission. Both the echo and the delay reference signal
      are then clipped. This gives a slight reduction in signal-noise ratio, but
      allows the multiplication aspect of the correlator function to be
      performed by a very simple digital exclusive-or circuit. The correlator
      output signal is passed through a low pass filter for integration and
      displayed via either a spectrum analyzer or a frequency-voltage converter.
      A frequency shifting network (of the double mixer type) can be
      incorporated into the system to detect the direction as well as the
      magnitude of the flow.
PAR  Other well known techniques for distinguishing approaching from receding
      fluid involving phase quadrature techniques may also be used in these
      systems. By simply replacing the pulsed noise source with the pulsed RF
      source the system operates in a conventional pulsed doppler mode without
      the aforementioned ambiguity problems and peak power/average transmitted
      power problems of the conventional pulsed doppler systems.
PAR  The low peak to average transmitted power ratio of the random signal
      doppler system will be of advantage in giving such systems extra range
      when used in fluid media. This is so because the range of conventional
      pulsed echo systems is often limited by electrical breakdown which occurs
      in the transducers when a certain maximum peak transmitted power is
      exceeded. The range of conventional pulsed doppler flow meters is not
      limited by this effect since their range is usually much more strongly
      limited by the velocity range product maximum, as defined in Equation 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flow measurement device comprising:
PA1  a stationary random noise source having an output signal in the ultrasonic
      range;
PA1  a transmitter to transmit said output signal toward a target in a flowing
      medium, said target reflecting signals in said ultrasonic range;
PA1  a delay means connected with said noise source to receive the output signal
      coupled to said transmitter;
PA1  a receiver to receive said output signal when reflected back from said
      target; and
PA1  signal processing means connected with said delay means and said receiver
      to receive the output therefrom and responsive thereto producing an output
      indicative of the frequency shift between said output signal as
      transmitted and received, said frequency shift being indicative of the
      flow rate of said medium.
NUM  2.
PAR  2. The flow measurement device according to claim 1 in which the output
      signal is substantially continuous whereby the ratio of peak power
      transmitted to average transmitted power is minimized.
NUM  3.
PAR  3. The flow measurement device according to claim 1 in which said delay
      means includes multiple ultrasonic transducers.
NUM  4.
PAR  4. The flow measurement device according to claim 2 in which the receiver
      is aimed to admit only signals received from a preselected angle of
      approach whereby reverbrations and clutter are filtered out of the signal
      received by said receiver.
NUM  5.
PAR  5. A flow measurement device comprising:
PA1  a stationary random noise source having an output signal in the ultrasonic
      range;
PA1  a transducer operatively connected to said random noise source to transmit
      said output signal toward an ultrasonic range signal reflecting target and
      receive said output signal when reflected from said target when under
      movement;
PA1  a delay circuit connected with said noise source to receive said output
      signal simultaneously with the transmission of said signal from said
      transducer; and
PA1  signal processing means connected with said delay circuit and said
      transducer to receive said output signal and said reflected output signal
      therefrom, respectively, said signal processing means responsive to
      receiving said output signal and said reflected output signal producing an
      output that is indicative of the frequency shift between said signals,
      said frequency shift reflecting the rate of movement of said target.
NUM  6.
PAR  6. The flow measurement device of claim 5 wherein said flow measurement
      device includes a high gain amplifier and a receiver input limiter means
      adapted to protect the high gain amplifier from overload during
      transmission.
NUM  7.
PAR  7. The flow measurement device of claim 5 wherein said signal processing
      means includes an integrator and means to preclude processing of a signal
      to said integrator during transmission of said output signal.
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ABST
PAL  An electrode structure is disclosed which is particularly adapted for high
     ensity electrical current transfer to sea water. The electrode of the
      invention is adapted to be towed within sea water by an aircraft at high
      rates of speed. The electrode comprises a non-metallic, high tensil
      strength central strain member, a concentric buoyant encasing layer, and
      an outer current carrying layer. Specific end construction is disclosed to
      compensate for differential electrolytic erosion of the electrode.
      Improved connector construction is described which provides for
      transmission of towing force to the electrode, as well as the transfer of
      electrical energy thereto. Further, specific terminating construction,
      which provides for the towing of both powered as well as nonpowered loads,
      is described.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the Marine Sciences, and, more specifically, to
      the field of electro-oceanography. More explicitly, the invention pertains
      to the transfer of electrical power from a rapidly moving surface source
      into the sea. By way of further description of the field encompassed
      thereby, the invention pertains to an electrode structure useful for the
      transfer of electrical power into the sea water for producing magnetic
      disturbances therein. The electrode structure is particularly adapted for
      direct current applications.
PAR  In modern times, the oceanographic and naval sciences have placed increased
      reliance on aircraft as research vehicles. Specifially, the oceanographic
      maping and minesweeping arts have increasingly made use of the
      high-powered, heavy-lift, rotary wing type of aircraft as a tow vehicle
      for their respective apparatus. The use of the aircraft to perform the
      vehicular duties has permitted a much larger area to be covered for a
      given expenditure of time, manpower, and money. However, the high
      cost-per-unit of time of aircraft operation has placed greater demands on
      the reliability of the equipment deployed by the aircraft.
PAR  Although weakening and breakage of the prior art electrodes have seldom
      occurred as a result of their being towed by slow-moving ships, boats, and
      the like, breakages thereof have been frequent and troublesome when towed
      by fast-moving aircraft. Hence, as a result of such fast towing, the
      electrodes of the prior art have had to be repaired quite often, something
      which is especially difficult and dangerous to do during military
      maneuvers. Moreover, such problems seem to be compounded when using the
      more modern direct current type of field generating electrodes of the
      prior art.
PAR  The development of suitable electrode structures for the aircraft towed
      oceanographic instrumentation has lagged behind the other components of
      the system. In the majority of instances, reliance is placed on electrode
      structure designed and configured to be streamed from much slower surface
      vessels. These units have proven to be unsatisfactory in many instances.
      The electrodes designed for surface towing have excessive bulk and weight
      for optimum deployment in aerial towed applications. Furthermore, and
      perhaps most importantly, the drag load imposed by these large and
      cumbersome devices have prevented their acceptance for use in aerial towed
      application.
PAR  Aerially towed electrodes of the prior art were simply lengths of
      uninsulated metallic copper cable. In addition to their heavy weight, such
      electrodes have a drag load nearly as great as their surface towed
      counterparts. Furthermore, the life expectancy of these prior art
      electrodes was short and unpredictable. The short life is due to a high
      rate of electrolytical erosion weakening the individual wire strands.
PAR  Prior art constructions have avoided the use of lightweight metals, since
      it is commonly supposed that the oxide products which are formed in static
      applications would coat the electrode, thereby electrically insulating it
      from the water and destroying its effectiveness.
PAR  Attempts to overcome these prior art deficiencies have resulted in buoyant
      coverings being placed over the copper cable electrodes. These prior art
      coverings were designed to permit the water to come into contact with the
      cable electrode and were satisfactory for alternating current
      applications. However, these coverings impaired the electrical efficiency
      especially for direct current applications by trapping ions and thereby
      creating a polarization voltage opposing the electrode voltage. Further,
      the thermal insulating properties of the covering cause the electrode to
      become heated by the current flow therein, further impairing its
      electrical performance. Also, the coverings prevented ready inspection of
      the electrode by maintenance personnel between operational deployments.
PAR  The aforementioned problems have posed continual application problems in
      the aerially conducted electro-oceanographic operations. This invention
      incorporates an electrode and electrode system which overcome these prior
      art difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  The electrode of the invention is of a light weight construction with an
      especially configured exterior light metal exterior. Improved terminal
      construction is of effective design and is placed at both ends of said
      electrode to facilitate towing attachment thereto, as well as to permit
      the towing of auxiliary equipment thereby. A special serving of light
      metal wire at the ends thereof are especially effective in extending the
      useful life, as well as the predictability of the life, of the electrode
      of the invention. The electrode structure of the invention, although
      having a life expectancy of five times the prior art electrodes, is of
      such a low cost that it may be considered as expendable.
PAR  It is, accordingly, an object of this invention to provide an improved
      electro-oceanographic electrode.
PAR  A further object of this invention is to provide an electrode structure
      which may be towed at high speed in an ocean environment.
PAR  A further object of this invention is the provision of an expendable
      electrode which may be towed on the surface of a body of water by an
      aircraft tow vehicle.
PAR  A further object of this invention is the provision of a towed electrode
      assembly for electro-oceanographic applications with capability of towing
      an additional load therefrom.
PAR  A further object of this invention is the provision of a high speed towed
      electrode structure which is strong, lightweight and expendable.
PAR  Another object of this invention is the provision of an electrode structure
      which may be towed at high speeds to effectively sweep magnetic type
      marine mines.
PAR  Another object of the invention is to provide a magnetic sweep system
      having auxiliary devices to be used therewith, wherein the power consumed
      by the auxiliary device creates no interference with the electric magnetic
      sweep.
PAR  Another object of the invention is the provision of an electrode system to
      be towed by an aircraft to produce simultaneous magnetic and acoustic
      sweeps for marine mines.
PAR  A further object of this invention is the provision of an electrode
      structure to be towed at a high speed on the surface of the sea to sweep
      magnetically actuated mines located therein.
PAR  A further object of the invention is the provision of a magnetic sweep
      system having an auxiliary oceanographic device the electric current for
      which adds to the magnetic sweep current.
PAR  Other objects and many of the attendant advantages will be readily
      appreciated as the subject invention becomes better understood by
      reference to the following detailed description, when considered in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration of a tow system employing the electrode of the
      invention;
PAR  FIG. 2 is an illustration showing the electrode tow structure per se, with
      the current paths in the water shown for purposes of illustration;
PAR  FIG. 3 is a graphic representation of certain performance characteristics
      of the electrode of the invention in comparison with prior art
      arrangements over a plurality of intervals of operation;
PAR  FIG. 4 is a partial cutaway view of one end of the electrode of the
      invention;
PAR  FIG. 5 is a sectional view of the electrode of the invention taken along
      line 5--5 of FIG. 4;
PAR  FIG. 6 is an exploded sectional view of the electrical connector used in
      the electrode structure of FIG. 4;
PAR  FIG. 7 is an elevation view showing how the electrode may be used to
      provide towing propulsion and power supply to an auxiliary oceanographic
      device;
PAR  FIG. 8 is an elevation view showing how the electrode of the invention may
      be used to tow an unpowered oceanographic device;
PAR  FIG. 9 is an elevation view of a modified electrode according to the
      invention for towing unpowered accessories; and
PAR  FIG. 10 is an elevation view, in partial section, showing the towing eye
      termination structure used in the electrode of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an aircraft 11 is shown towing a surface craft 12 via
      a tow cable 13. Surface craft 12 is supported in the water by means of
      hydrofoils 14 located on the lower portions of struts 15. Struts 15 are,
      of course, attached to surface craft 12, which supports a turbine driven
      electrical generator 16. Electrode structure, indicated generally at 17,
      streams aft of surface craft 12 to provide an electrical circuit for the
      electrical power produced by generator 16.
PAR  Aircraft 11 is shown as a rotary wing type of vehicle, but it should be
      understood that other draft vehicles might be used, if desired. Such
      vehicles might include ships, submarine vehicles, fixed wing aircraft, or
      surface effect vehicles, such as hovercraft and captive air vehicles.
      Similarly, other type of surface vehicle 12 than that shown might be used
      to support the electrical generating equipment. It is, of course, possible
      to place the electrical power generating equipment and the electrical
      instrumentation equipment within the draft vehicle and reduce the size of
      the surface craft 12 to that of a float. Power transmission difficulties
      makes such an arrangement impractical and favors the illustrated
      arrangement, shown in FIG. 1.
PAR  Referring to FIG. 2, there is shown in greater detail the electrode
      structure 17, as it is deployed in a typical application. In this
      application, shown for purposes of illustration, the electrodes are used
      for minesweeping purposes, but this usage should be regarded as
      illustrative only, and not as a critical operational limitation. For
      example, the electrodes of the invention could be used in geophysical
      explorations, piscatological applications, and as a tactical weapon
      against personnel who are swimming, wading, or otherwise located in the
      water.
PAR  As shown, a power strut 18, which is attached to surface craft 12 so as to
      extend downwardly therefrom, has at its lower end a waterproof power
      connection 19. A foreward electrode 21 is attached to power connector 19
      and extends aft therefrom to trail in the water as surface craft is towed
      along the surface by aircraft 11. Similarly, another power connector 22,
      located on the aft edge of power strut 18 above connector 19, provides
      towing and electrical connection for an aft electrode 23. Buoyant
      insulated conductor 24 connects aft electrode 23 to connector 22 for both
      towing and electrical power transfer thereto.
PAR  An auxiliary device, such as acoustic generator 25, may be streamed from
      aft electrode 23 by suitable flexible connection means 26, if desired, in
      a manner to be more fully explained herein.
PAR  The overall dimensions of electrodes 21 and 23 and their towing attachments
      may be altered to conform to the particular requirements. For minesweeping
      applications, an electrode length of 50 meters, and a spacing between the
      electrodes of 100 meters has proven satisfactory.
PAR  In operation, a massive electric current is caused to flow through buoyant
      conductor 24 to the aft electrode 23. The electric current is returned,
      via water conduction, to foreward electrode 21, as indicated by the broken
      lines in FIG. 2. In accordance with the well understood laws of electric
      power transfer, a magnetic field accompanies the concentrated electric
      current flow in buoyant conductor 24 which is uncancelled by the diffuse
      current flow in the sea water. The magnetic field, in turn extends
      outwardly to produce the desired magnetic interaction with the
      environment, in the illustrated instance, it is used to detonate marine
      mines that are sensitive to variations in magnetic fields.
PAR  Referring to FIG. 3, the high rate of wear of prior art cable electrodes is
      graphically illustrated. Curves 27, 28, 29, and 31 represent the dimension
      of 4.2 mm strands of copper wire used in a cable electrode carrying 2,000
      ampers of electrical current for periods of zero, 1, 2 and 4 hours,
      respectively. Under typical operational conditions this amounts to the
      loss of approximately 10 pounds of copper per hour on an electrode of 50
      meters length and 75 mm diameter.
PAR  Curves 32, 33, and 34 represent the material losses experienced by a
      similarly dimensioned electrode of the invention for periods of 4, 8, and
      16 hours respectively. The profound improvement over the prior art
      configuration is obvious.
PAR  The electrode of the invention is made of aluminum. Previously, aluminum
      was believed to be unsatisfactory for service as a sea water contacting
      electrode because of the formation of an insulating film of aluminum oxide
      (Al.sub.2 O.sub.3). It was supposed that the oxide would soon insulate the
      electrode from the water, thereby increasing the resistance of the system
      and the power required for its operation. Such an insulating layer is
      formed in static conditions, but, apparently it is not formed at the high
      speeds at which the invention is practiced, since no increase in
      resistance has been observed, nor can the oxide film be detected after
      periods of use.
PAR  With reference to FIG. 3, it will be observed that the electroyltic erosion
      is greater at the ends and particularly at the foreward end of the
      electrode. This differential erosion, if uncorrected, weakens the
      electrode in an area where the maximum strength is required thereby
      promoting premature failure.
PAR  Referring to FIGS. 4 and 5, the electrode of the invention is shown in a
      partial cutaway end section. For purposes of explanation, the illustration
      may be considered to be electrode 23; however, it should be noted that, in
      most instances, electrodes 21 and 23 are identical. As shown, a central
      strain member 35 forms the core of electrode 23. Strain member 35 is, in
      the preferred embodiment, a suitable diameter rope made of a synthetic
      fibre such as nylon. A buoyant sleeve 36, made of cellular polyethylene,
      for example, surrounds strain member 35.
PAR  Buoyant sleeve 36, as the name suggests, provides the buoyant force which
      keeps the electrode assembly of the invention on or near the surface of
      the water in which it is disposed and in a horizontal attitude. Buoyant
      sleeve 36 is molded, or otherwise formed in place on central strain member
      35. This assembly forms a very light and strong support for electricity
      conducting layer 37 disposed about the outer surface of buoyant sleeve 36.
PAR  Conductor layer 37 is made of a plurality of aluminum strands which are
      helically wound at a small angle about buoyant sleeve 36. The electrical
      contact with the water and power transfer thereto is provided by conductor
      layer 37. The outermost placement of conductor layer 37 facilitates
      electrical power transfer to the water as well, as the cooling of the
      electrode by direct exposure to the water. Additionally, the outermost
      placement of layer 37 permits visual inspection of the strands for
      electrolytic corrosion damage.
PAR  The terminal construction of electrode 23 is illustrated in FIGS. 4 and 6.
      The end of strain member 35 is placed through a central aperture in stop
      member 38 and spread apart in conical opening 39 in the one end thereof.
      Conical opening 39 is then filled with an epoxy type resin adhesive
      material which solidifies, to form a plug 41, and prevents withdrawal of
      strain member 35 from stop member 38. As shown at FIG. 6, a shoulder 42 on
      the opposite end of stop member 38 provides a reduced diameter portion 43
      to receive conducting layer 37 thereon and to abut buoyant sleeve 36.
PAR  An aluminum wire serving 44 is formed of a single aluminum wire and is
      wrapped tightly about layer 37 thereby securing it to reduced diameter
      portion 38. Wire serving 44 extends a considerable length along electrode
      23, for example about 16 meters. Stop member 38, with strain member 35,
      buoyant sleeve 36, conducting layer 37, and wire serving 44 attached
      thereto, is inserted in connector member 45.
PAR  Connector member 45 has a cylindrical portion 46 with an aperture 47
      extending therein for receipt of stop member 38. A beveled edge 48 assists
      the insertion of the stop member 38, particularly with respect to serving
      44 which sometimes requires some compressional force to be applied thereto
      to permit passage into aperture 47.
PAR  when stop member 38 is completely inserted within aperture 47, cylindrical
      portion 46 is mechanically deformed, i.e., crimped, to cause deformations
      49 to be formed therein. As may be seen in FIG. 4, deformations 49 distort
      the inner wall of aperture 47 to cause it to close behind shoulder 42 to
      effectively prevent withdrawal of stop 38 and the electrode components
      secured thereto. This mechanical deformation causes electrical contact to
      be made between connector member 45 and conducting layer 34.
PAR  Connector 45 has, adjacent to cylindrical portion 46, a flattened portion
      51. Two cylindrical apertures 52 and 53 pass through flattened portion 51.
      Apertures 52 and 53 receive threaded fasteners, not shown, to secure
      flattened portion 51 to a similarly shaped connector for mechanical and
      electrical union therewith. The end construction is completed with a
      molded synthetic rubber collar 54 which provides a waterproof seal and an
      anchoring point for an enclosing waterproof boot, not shown, to cover
      connector member 45 and its cooperating counterpart.
PAR  As previously noted in the discussion of electrolytic erosion, the rate of
      material loss is much greater at the ends of the electrode than in the
      central region. The aluminum wire serving 44 provides the source for the
      majority of the material removed from the electrode of the invention. The
      individual conductors comprising conducting layer 37 are thereby
      protected. Further, in the final stages of weakening the individual
      strands are strengthened against breakage and unfraying in the water by
      serving 44.
PAR  Both ends of electrode 23 may be terminated by the use of terminal means
      such as connector member 45. This permits the reversal of electrode 23
      periodically to equalize the electrolytic erosion. Further, the use of a
      terminating connector member 45 permits the towing of an instrument or
      other device which uses electrical power in its operation in such a manner
      that instrument obtains its power from electrode 23. Such an arrangement
      is illustrated at FIG. 7.
PAR  Referring to FIG. 7, there is shown a towing and power supplying
      arrangement for streaming auxiliary oceanographic equipment from electrode
      23. A connecting member 55 is secured to the aft connector 45 for towing
      thereby. An electrically insulated connecting cable 56 is attached to
      connector 55 and extends to the auxiliary oceanographic equipment towed
      thereby. For purposes of illustration, the device towed may be considered
      to be an acoustic generator 57 having an electric motor 58. Motor 58 may
      drive hammers, not shown, or other acoustic energy generating devices.
      Cable 56 is attached mechanically to the generator 57, and is electrically
      connected to motor 58 for electrical current supply thereto. The
      electrical return from the motor may be made through a water return path
      in a manner similar to the generation of the electromagnetic field by
      electrodes 21 and 23. For this purpose, an uninsulated return electrode 59
      is streamed aft the acoustic generator 57. The current return to the
      foreward electrode is shown by the broken lines.
PAR  Although the towed device is described as an acoustic generator, it should
      be clear that other oceanographic devices may be similarly towed. Among
      the devices which may be so deployed are recording thermometers, salinity
      measuring devices and other survey and sampling apparatus. Similarly,
      motor 58 is only representative of operational electric loads which may be
      housed within the towed device. Others may include piezoelectric
      transducers, solid state circuit devices, and fluid testing apparatus, for
      example.
PAR  It will be appreciated by those skilled in the marine engineering and
      electro-oceanographic arts that the electric current used by the auxiliary
      device adds to the total field produced by the buoyant conductor 24. In
      prior art arrangements, when an auxiliary device was used in conjunction
      with a magnetic sweep, it was separately powered, and, in instances where
      the power consumption was appreciable, allowances had to be made for
      disturbances to the sweep field.
PAR  Alternatively, the electrode of the invention may be used to tow
      oceanographic instrument and operational loads which are electrically
      passive. Such an arrangement is illustrated at FIG. 8 where a marker float
      61 is shown as being towed by an aft electrode 62. Such floats are useful
      in plotting course over which the electrodes were towed to thereby record
      the area swept by the towing of the electrodes. For this purpose, float 61
      carries devices, such as pennet 63 and electromagnetic energy reflector
      64, to enhance the visibility thereof. Marker float is attached to
      electrode 62 by a towing bridle 65, towing line 66 and shackle 67. Towing
      attachment may be made to the aft electrical connector member 45, or,
      alternatively a different type connector may be used which transmits only
      towing force. Such shackle and bridle attachment arrangements are familiar
      to those who are skilled in the marine engineering arts, and, being
      conventional arrangements, need not be discussed further herein.
PAR  Referring to FIG. 9, there is shown an electrode 62 made to tow passive
      loads in accordance with the invention. Like electrode 23, previously
      described, its foreward end terminates in an electrical connector member,
      not shown, and has an aluminum wire serving 44 bound about conducting
      layer 37. Likewise, a central strain member 35 and a buoyant sleeve 36
      underlie conducting layer 37 in the same fashion as in the aforedescribed
      construction. However, at the aft end electrode 62 terminates in a towing
      eye 68. Since there is no electrical power transmitted by towing eye 68,
      conducting layer 37 is terminated slightly short of the end of electrode
      62 leaving a buoyant sleeve segment 69 exposed thereat. Conducting layer
      37 is bound to buoyant sleeve 35 by two compressional clamps 71 and 72.
      Central strain member 35 is secured to towing eye 68 in a fashion similar
      to the fashion that it was affixed to stop member 38.
PAR  Referring to FIG. 10, the construction of towing eye 68 and the manner of
      attaching central strain member 35 thereto will be more clearly
      understood. As shown, towing eye 68 comprises a conically tapered body
      portion 73 integrally joined with a closed U shaped eye loop 74. A
      cylindrical bore 75 on the conical axis communicates with a conically
      flared opening 76 to form a passageway through body member 73. A groove 77
      extends circumferentially about the inner surface of conically shaped
      opening 76 to assist in the attachment of towing eye 68 to strain member
      35.
PAR  In assemblying towing eye 68 to central strain member 35, the end of strain
      member 35 is passed through cylindrical bore 75 to communicate with
      conically flared opening 76. The individual strands of central strand
      member 35 are spread apart along the walls of conically flared openings
      76. An epoxy type resin cement, or other suitable hardening cement, is
      placed in opening 76 to the depth necessary to cover groove 73. After
      hardening, this cement forms a plug 78, FIG. 9, which prevents separation
      of towing eye 68 from electrode 62.
PAR  As shown by broken lines in FIG. 9, clamps 71 and 72 may be enclosed in a
      molded rubber protecting collar 79 if desired. Collar 79 may be made of
      suitable synthetics, such as the synthetic rubber used in collar 49, and,
      like collar 49, may be used as a mounting surface for the securing of
      waterproof rubber sleeves and other protecting gear.
PAC  PREFERRED METHOD OF OPERATION
PAR  As suggested in the description of the preferred embodiment, the device of
      the invention is preferably utilized in connection with aircraft tow
      vehicles. The electrodes are assembled to the power strut 18, FIG. 2, with
      the auxiliary devices attached thereto. If the auxiliary device to be
      towed by the aft electrode requires electrical power, the type of
      electrode as designated by the reference numeral 23 is used. Should the
      auxiliary device require no electrical power for its operation, or should
      no auxiliary device be required, then either electrode 62 or 23 may be
      used as the aft electrode. Of course, either terminal construction may be
      used as an end construction on foreward electrode 21.
PAR  Surface craft 12, with the electrodes attached, is secured under aircraft
      11. Aircraft 11 then transports the device to the selected operation site
      where the towing operation is to be conducted. When over the site, surface
      craft 12 is lowered to the water surface via tow cable 13. Foreward motion
      of the aircraft then propels the surface craft along the desired course.
PAR  In minesweeping operations, an auxiliary device, such as an acoustic
      generator, is frequently attached to the electrode structure to effect a
      simultaneous acoustic and electromagnetic sweep. It is understood that
      these devices may be streamed from the end of the aft electrode and
      electrically connected thereto, as discussed above, for derivation of
      operational potential therefrom. However, such auxiliary equipment is not
      limited to minesweeping, and it should be understood that other apparatus
      such as salinity, temperature, or other oceanographic measuring devices
      may be similarly streamed.
PAR  After a predetermined number of hours of use, the electrodes are routinely
      replaced. However, because of the exterior location of the conducting
      layer 37, inspection after each use is possible and excessive erosion or
      other damage which would warrant unscheduled electrode replacement may be
      detected.
PAR  The foregoing description taken together with the appended claims
      constitute a disclosure such as to enable a person skilled in the marine
      engineering arts and having the benefit of the teaching contained therein
      to make and use the invention. Further, the structure herein described
      meets the objects of invention, and generally constitutes a meritorious
      advance in the art unobvious to such a skilled worker not having the
      benefit of the teachings contained herein.
PAR  Obviously, other embodiments and modifications of the subject invention
      will readily come to the mind of one skilled in the art having the benefit
      of the teachings presented in the foregoing description and the drawings.
      It is, therefore, to be understood that this invention is not to be
      limited thereto and that said modifications and embodiments are intended
      to be included within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved oceanographic system adapted for being towed at high speed
      within a body of water for transferring electrical current thereto
      comprising:
PA1  an electrode;
PA1  central strain means disposed for effectively providing a central
      foundation for said electrode capable of withstanding high tensional
      loadings;
PA1  buoyant sleeve means surrounding said central strain means ans
      substantially co-extensive therewith for providing a supporting force
      therefor;
PA1  a plurality of lightweight metal electrical conductor means placed in a
      predetermined pattern about the outer surface of said buoyant sleeve
      means, effectively forming a layer overlying said buoyant sleeve means for
      conduction of electricity therealong;
PA1  first connector means effectively connected to said central strain means at
      one end thereof for providing mechanical attachment thereto and
      effectively electrically connected to said plurality of electrical
      conductor means for electrical energy transfer therebetween;
PA1  lightweight conductor serving means effectively electrically and
      mechanically connected to said first connector means and disposed so as to
      be tightly wound about said predetermined pattern of the aforesaid
      plurality of lightweight metal electrical conductors and extending a
      predetermined distance therealong for providing retaining engagement
      thereof and electrical conduction therefrom;
PA1  second connector means effectively joined to the other end of said central
      strain means for attachment of auxiliary devices to be towed thereby;
PA1  insulated electrical conductor means effectively attached to said second
      connector means for current conducting cooperation therewith;
PA1  oceanographic instrument means effectively mechanically connected to said
      insulated electrical conductor means, so as to be towed thereby for
      performing predetermined oceanographic functions;
PA1  electrically operated means effectively attached to, and located within,
      said oceanographic instrument means and effectively electrically connected
      to said insulated electrical conductor means for activating said
      oceanographic means to perform said predetermined oceanographic functions;
      and
PA1  electrical current return electrode means effectively electrically
      connected to said electrically operated means, and effectively
      mechanically connected to said oceanographic instrument means, so as to be
      towed thereby, said electrical current return electrode means extending
      aft of said oceanographic instrument means and in electrical contact with
      said body of water for providing a current return path therethrough.
NUM  2.
PAR  2. An improved oceanographic system according to claim 1 in which said
      central strain means comprises a non-metallic, synthetic fibre rope.
NUM  3.
PAR  3. An improved oceanographic system according to claim 1 in which said
      buoyant sleeve means comprises a member made of cellular plastic material.
NUM  4.
PAR  4. An improved oceanograhic system according to claim 1 in which said
      plurality of lightweight metal conductor means are made of aluminum.
NUM  5.
PAR  5. An improved oceanographic system according to claim 1 in which said
      first connector means further comprises:
PA1  stop means having an aperture for passage of said central strain means
      therethrough and a conical opening communicating with said aperture, so as
      to receive the end of said central strain means and cement plug formed
      thereabout for attachment to said central strain means;
PA1  an aperture in said connector means for receiving said stop means; and
PA1  deformed walls engaging said stop means for preventing withdrawal thereof.
NUM  6.
PAR  6. An oceanographic system according to claim 1 in which said lightweight
      conductor means is made of aluminum.
NUM  7.
PAR  7. An improved oceanographic system according to claim 1 in which said
      second connector means comprises a towing eye which is effectively
      connected to said central strain member for towing an auxiliary load
      therefrom.
NUM  8.
PAR  8. An improved oceanographic system adapted for being towed at high speed
      within a body of water for transferring electrical current thereto
      comprising:
PA1  first electrode means;
PA1  central strain means for providing a central foundation for said first
      electrode means capable of withstanding high tensional loadings;
PA1  buoyant sleeve means surrounding said central strain means and
      substantially co-extensive therewith for providing a supporting force
      therefor;
PA1  a plurality of lightweight metal electrical conductor means placed in a
      predetermined pattern about the outer surface of said buoyant sleeve
      means, effectively forming a layer overlying said buoyant sleeve means for
      conduction of electricity therealong;
PA1  first connector means effectively connected to said central strain means at
      one end thereof for providing mechanical attachment thereto and
      effectively electrically connected to said plurality of electrical
      conductor means for electrical energy transfer therebetween;
PA1  lightweight conductor serving means effectively electrically and
      mechanically connected to said first connector means and disposed so as to
      be tightly wound about said predetermined pattern of the aforesaid
      plurality of lightweight metal electrical conductors and extending a
      predetermined distance therealong for providing retaining engagement
      thereof and electrical conduction therefrom;
PA1  second connector means effectively joined to the other end of said central
      strain means for attachment of auxiliary devices thereto, so as to be
      towed thereby;
PA1  surface craft means effectively mechanically attached to said first
      connector means for providing towing attachment therefor;
PA1  electrical power generating means attached to said surface craft means for
      support thereby, and effectively electrically attached to said first
      connector means for supplying electrical energy thereto;
PA1  second electrode means effectively mechanically attached to said surface
      craft for towing support thereby and effectively connected with said
      electrical power generating means for providing a return current path via
      water conduction from said first electrode means;
PA1  tow line means effectively mechanically connected at one end thereof to
      said surface craft means for transmission of towing forces thereto; and
PA1  aircraft tractor vehicle means connected to the other end of said tow line
      means for transmitting towing force therethrough, so as to propel said
      surface craft means through said body of water.
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ABST
PAL  A seismic surveillance system for detecting intruders, and the like. A
       seic transmitter coupled to the trunk of a tree establishes a seismic
      field in the earth via the roots of the tree. A seismic receiver similarly
      coupled to another tree detects the field and the presence of an intruder
      on the earth in which the field is established is detected by noting
      changes in the phase, amplitude, or frequency of the seismic field.
GOVT
PAC  GOVERNMENT LICENSE
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes, without the payment of any royalties
      thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Broadly speaking, this invention relates to seismic surveillance systems.
      More particularly, in a preferred embodiment, this invention relates to a
      seismic surveillance system in which the seismic transducers and receivers
      are coupled to the earth by means of selected, naturally growing
      vegetation found in the area to be surveilled.
PAR  2. Discussion of the Prior Art
PAR  Experimental seismic surveillance systems for detecting static and dynamic
      objects on or below the surface of the soil are known. Essentially, these
      experimental systems established a "seismic fence" for intrusion
      detection. Intruding vehicles or personnel passing between the seismic
      transducers which set up the "fence" were detected as a disturbance in a
      delicately balanced seismic loop.
PAR  A microseismic surveillance system can, in general, employ two methods of
      seismic excitation: (1) a transient impulse; or (2) a continuous seismic
      wave (CSW).
PAR  Although the transient impulse method could, in theory, be employed, it has
      not proved to be really practical, for many reasons, including the high
      cost and unreliability of the seismic impulse generators and the
      exceedingly complex nature of the return signals which are generated by
      the transient excitation.
PAR  Unfortunately, great difficulty has been experienced in coupling CSW
      transducers to the earth. If the transducer is merely placed on the earth,
      a very inefficient coupling is achieved and the area of contact is, of
      course, limited by the geography of the transducer. Further, in wet,
      marshy terrain, such as is frequently found in the jungle where seismic
      surveillance is of greatest importance, prior art transducers merely
      wallow in the mud and couple practically no seismic signals into the
      ground.
PAC  SUMMARY OF THE INVENTION
PAR  As a solution to this, and other problems, a first embodiment of the
      invention comprises a method of detecting the presence of an intruder in
      an area under surveillance. The method comprises the step of first
      seismically exciting the trunk of an arboreal plant growing in the area,
      thereby to propagate a seismic wave in the earth via the roots of the
      plant, and then detecting the seismic wave through seismic vibrations
      coupled from the earth to the trunk of a second arboreal plant growing in
      the area, via the roots of the plant. Next, the phase of the detected
      seismic wave is compared with the phase of the exciting wave and then the
      presence of the intruder is detected by the changes induced in the
      relative phase of the two compared waves as the intruder walks on the
      earth through which the seismic wave is propagating.
PAR  To practice the above method an illustrative surveillance system comprises
      a seismic transmitter for mounting to the trunk of an arboreal plant
      growing in the area under surveillance and means for exciting the seismic
      transmitter whereby a seismic wave is propagated into the earth via the
      roots of the arboreal plant. The system further includes a seismic
      receiver for mounting to the trunk of a second arboreal plant growing in
      the area, the receiver detecting the seismic wave through vibrations
      coupled from the earth to the trunk via the roots of the second plant, and
      means, connected to the exciting means and the seismic receiver, for
      comparing the phase of the seismic wave as transmitted with the phase
      thereof, as received, and detector means, connected to the phase comparing
      means, for detecting the presence of the intruder by detecting changes in
      the relative phase of the transmitted and received seismic wave.
PAR  The invention and its mode of operation will be more fully understood from
      the following detailed description and the appended drawings, in which:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially schematic, partially diagrammatic illustration of a
      first seismic surveillance system according to the invention;
PAR  FIG. 2 is a schematic drawing of an alternate embodiment of the invention
      which utilizes amplitude and frequency modulation techniques; and
PAR  FIG. 3 is a schematic drawing of yet another embodiment of the invention
      which uses a Doppler frequency shift technique.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Any theoretical analysis of interaction phenomena between CSW signals
      propagated along the surface of the soil and objects in contact with the
      soil requires the conception of an idealized theoretical model. In
      practice, one records changes in the amplitude and in the relative phase
      of CSW signals, in response to local variations of the soil surface
      conditions. In particular, variations caused by men and vehicles which
      involve localized loading of the soil surface, as well as local changes of
      the soil surface, contours by tracks and ditches, and associated local
      compaction of the soil are of interest.
PAR  To obtain a quantitative insight into the complicated mechanism of the
      interaction of primary and secondary radiators of seismic waves on actual
      seismic media, a high degree of idealization of the primary and secondary
      radiator and the medium is necessary. Nonlinear inelastic properties of
      the actual medium must be neglected. The mechanical and structural
      properties of the medium must be simplified to permit an explicit
      specification of the model in mathematical terms. Further, the wave
      excitation force distribution (primary radiator) and the surface load
      distribution (secondary radiator) which form the boundary conditions for
      the medium must be simple so as to permit explicit solution of the
      resultant integral equations for the displacements of the medium surface,
      i.e., the CSW signal.
PAR  For these reasons, the theoretical model we shall use is specified by the
      following derivation.
PAR  Consider an elastic half-space with given mass density in kg/m.sup.3 and
      intrinsic velocities c.sub.1 and c.sub.2 (m/sec) for the longitudinal
      (pressure) and transverse (shear) waves, respectively. The upper boundary
      of the elastic half-space, constituted by the xy plane, is subjected to an
      oscillatory (e.sup.+.sup.jwt) drive force of frequency f = w/2
      (sec.sup.-.sup.1) acting perpendicular to the xy plane along the Z
      direction and to a loading force from a mass at some distance x.sub.1 from
      the drive force location at x = 0. The drive force and the load produce a
      dynamic stress distribution (.sigma.zz) and (.tau.xy) on the elastic
      half-space, which depends on x (meters) only and not on y (meters). These
      stress distributions, corresponding to a line source and a line load along
      the y direction, are expressed by the following boundary conditions:
EQU  (.sigma..sub.ZZ).sub.z.sub.=0 = .sigma..sub.o (x) = -P.sub.o (x) - m.sub.1
      (x) w.sup.2 w.sub.o (x)                                   (1)
EQU  (.tau..sub.xy).sub.z.sub.=0 =  .tau..sub.o (x) =  -m.sub.1 (x) w.sup.2
      .mu..sub.o(x)                                             (2)
PAL  Here .mu..sub.o (x) and w.sub.o (x) are the unknown horizontal and vertical
      vibration amplitudes of the surface of the elastic half-space in meters.
      P.sub.o (x) is the given source stress distribution in N/m.sup.2, m.sub.1
      (x) is the given load mass distribution in kg/m.sup.2, .sigma..sub.ZZ and
      .tau..sub.xy are the normal and the shear stress in N/m.sup.2.
PAR  Application of Fourier integral methods for the solution of this
      two-dimensional dynamic stress-strain boundary value problem leads to
      integral equations for .mu. and w. Standard procedures of setting up the
      Fourier integrals for the displacements .mu. and w are employed. To solve
      the integral equations, it is assumed that drive force and load mass are
      concentrated along a line x = 0  and x = x.sub.1, respectively, with a
      corresponding delta function distribution of P.sub.o (x) and m.sub.1 (x).
      This provides an explicit solution for: (1) The vertical surface
      displacement component w.sub.o (x) as a function of P.sub.o, (2) The
      amplitude of the concentrated line force (N/m) along y, (3) M.sub.1 (kg/m)
      the concentrated mass line load, (4) The location x.sub.1 (meters) of the
      load M.sub.1, (5) The location of the detector, and (6) The frequency
      .omega. (rad/sec). The solution may be expressed as a ratio of the change
      .DELTA.w.sub.o of the vertical surface displacement component w.sub.o,
      caused by the load M.sub.1 at x.sub.1, relative to the displacement
      component for zero load (w.sub.o).
PAR  The above-discussed equation reveals the possibility of a resonance
      condition between the load (M.sub.1) and the elastic medium. This
      condition occurs for the value (.alpha. a.sup.2 /n).sup.2 &gt;1 at
      corresponding resonance frequencies:
EQU  .omega..sub.1.sup.2 = 2PC.sub.2.sup.2 /M.sub.1 . m.sup.2 - 1/m.sup.2 + 1,
PAL  and
EQU  .omega..sub.2.sup.2 = 2PC.sub.2.sup.2 /M.sub.1 .
PAR  Operating at either of these frequencies without damping by friction,
      infinitely large values of the surface displacement would be reached by
      the mass M.sub.1 at the location x.sub.1. In practice, friction and
      inelastic behavior of the soil limit the displacement amplitude at the
      resonance condition. Thus, instead of a purely inertial loading of the
      medium surface by a corresponding mechanical impedance
EQU  Z.sub.1 = j.omega.M.sub.1,
PAL  in general, a mechanical load impedance,
EQU  Z.sub.1 = j.omega.M.sub.1 + R.sub.1 + 1/j.omega.c.sub.1  occurs where the
      frictional resistance r.sub.1 (x) and compliance c.sub.1 (x), with respect
      to vertical and horizontal motion, need not be equal. Introduction of
      general mechanical load impedances Z.sub.1 .mu. and Z.sub.1w into the
      boundary conditions (Equations 1 and 2) leads to a high degree of
      mathematical sophistication of the theoretical model. This sophistication
      may become necessary in the future for study of the "seismic signatures "
      from various objects which interact with the CSW signals of active seismic
      surveillance systems employing tunable transducers.
PAR  Partial blocking of the seismic wave propagation by a surface object
      permits the mass load M.sub.1 or rather wM.sub.1, to approach infinitely
      large values. Under these conditions, the equation assumes a simple format
      independent of M.sub.1. In the limit the relative change of the CSW
      signal,
      ##EQU1##
      is only a function of the mechanical properties of the medium, the
      location x.sub.1 of the block and X of the detector.
PAR  The usefulness of a theoretical mathematical model can be confirmed by
      introduction of practical numerical values for the various parameters and
      comparison of calculated values representing the change of CSW signal
      phase, as function of loading of the ideal model medium, with actual
      values observed in the field. We have chosen for this purpose the
      following numerical values for the mechanical bulk properties of the model
      medium:
TBL  Mass Density:   .rho. = 2.10.sup.3 kg/m.sup.3                             
     Pressure Wave   c.sub.1 = 500 m/sec; n = c.sub.1 /c.sub.2 = 2             
     (Longitudinal Velocity):                                                  
     Shear Wave (Transverse)                                                   
                     c.sub.2 = 250 m/sec                                       
     Velocity:                                                                 
     Modulus of Rigidity:                                                      
                     .mu. = .rho. c.sub.2.sup.2 = 1.25.times.10.sup.6          
                     N/m.sup.3                                                 
     CSW Operating Frequency:                                                  
PAR  These values are typical for the weathered zone of sandgravel type soil and
      are about equal to those measured with our nominal 80 cps CSW transducers
      at various experimental sites employed. See, for example, W. M. Ewing, W.
      Jardetzky, and F. Press, Elastic Waves in Layered Media (McGraw-Hill Book
      Company, Inc.), New York, 1957, and J. J. Jakosky, Exploration Geophysic
      (TRIJA), Newport Beach, California, 1950, second edition.
PAR  A concentrated load mass of M.sub.1 = 10.sup.3 kg/m was chosen.
      Mathematically, M.sub.1 represents a mass of 10.sup.3 kg/m concentrated
      along a line x = x.sub.1 in the y direction. This can also be interpreted
      as a load distributed over a very narrow strip in the vicinity of line x =
      x.sub.1, whose width is much smaller than the wavelengths. In this case
      the shear wavelength is .lambda..sub.2 = 250/80 = 3.14 m, so that 10 cm
      would be a permissible value for the width of the strip. M.sub.1 can then
      be considered to correspond to a rigid mass load distribution of m = 1
      kg/cm.sup.2 confined to the 10-cm wide strip. If the distances of the load
      and of the CSW signal detector from the CSW signal source are sufficiently
      large to permit the incident seismic wave fronts to be approximately
      planar, then the two-dimensional theoretical model and the chosen
      numerical parameter values describe the following practical situation: the
      intrusion of a vehicle of medium weight into the CSW surface transmission
      path between the transmitter and the receiver transducer of the
      experimental active seismic surveillance system deployed on sand-gravel
      type soil. Hence, one should expect calculated values for the relative
      phase of the received seismic signal, as a function of the mass load
      M.sub.1, to be of the same order of magnitude as those observed in the
      field in comparative situations. Also variation x.sub.1 of the location of
      the load M.sub.1 with constant velocity v.sub.1, should yield a
      corresponding Doppler frequency modulation of the received CSW signal. In
      this connection, an essential difference between the seismic Doppler
      phenomena and similar radio Doppler frequency shift phenomena, associated
      with the motion of secondary seismic and radio wave radiators, is of great
      practical importance for seismic surveillance. The existence of several
      seismic propagation modes and their relative dominance in different
      distance zones from the CSW source, makes the observed seismic Doppler
      frequency modulation of the received signal dependent on the distance of
      the seismic secondary radiator from the primary CSW signal source.
PAR  In practice, we can distinguish a dominant shear zone near the transmitter,
      a dominant pressure transition zone, and a far zone, where, depending on
      the structure of the medium, we find that the Rayleigh wave mode or in the
      case of the weathered zone, a ducted seismic wave mode, is dominant.
      Hence, when the secondary radiation is moving through the pressure
      transition zone of the primary CSW radiator, what is observed in the far
      zone is actually a differential Doppler phenomenon involving the velocity
      of the pressure wave relative to the surface wave. Since there is
      interference between the various CSW propagation modes, distinct CSW
      signal minima occur in certain distance regions from the primary source.
      Moving through these narrow regions of minimum primary CSW signal
      strength, the secondary radiator creates a correspondingly smaller
      disturbance of the received CSW signal. In this way, the knowledge of the
      spatial CSW signal distribution in a certain area around the CSW source
      can be used to deduce the path of the intruding object from the phase or
      Doppler frequency modulation recording. A practical implementation of the
      surveillance principle above discussed is a seismic oscillator circuit
      that yields beat frequency recordings. This circuit will be discussed in
      detail below. We will discuss the calculations that concern the variation
      of the relative phase and Doppler frequency modulation of the received CSW
      signal in response to the position x.sub.1 and velocity v.sub.1 of the
      M.sub.1 = .infin. load on the previously specified medium.
PAR  If the distance x.sub.1 of the load M.sub.1 = .infin. and x of the detector
      are in the surface wave far zones of both the CSW primary transmitter and
      the secondary radiator (M.sub.1), then the relative phase change of the
      received CSW signal (vertical surface vibration amplitude at X) is found
      as:
      ##EQU2##
PAR  By formulation of:
EQU  d.DELTA..phi./dX.sub.1 = d.DELTA..phi./dt . dt/dX.sub.1
      =.DELTA..omega./v.sub.1 = 2.pi..DELTA.f/v.sub.1 , one finds the
      corresponding Doppler frequency modulation of the received signal in Hz/m
      sec,
EQU  .DELTA.f/v.sub.1 = d(.DELTA..phi.)/2.pi.dX.sub.1 and (.phi..sub.8).sub.max
PAL  which has extremum value at .vertline. .DELTA.f/v.sub.1 .vertline. = 0.
      Thus, a vehicle moving at v.sub.1 = 4m/sec (approximately 10 mph) in the
      vicinity of X.sub.1 .apprxeq.2 would produce a Doppler modulation
      frequency. We note in this case, where the object and receiver are in the
      surface wave far zones, the absolute distance x.sub.1 does not enter into
      the formulas of the two-dimensional model for either the phase change or
      Doppler modulation frequency of the received signal.
PAR  Therefore, consider the case where the secondary radiator, the load mass
      M.sub.1, is at a distance x.sub.1 within the dominant pressure mode
      transition region of the primary CSW signal and the detector is at a
      distance x within the far zone of both the primary and second radiator. We
      then find the relative phase change (.DELTA..phi.) of the received CSW as:
      ##EQU3##
      Here, care must be exercised with respect to the validity range of
      x.sub.1, which is constrained by dominance of the pressure mode term over
      the shear and surface wave mode terms in the series expansion
      approximation and for the CSW signals as function of distance from the
      source. For a more general formula, one would have to consider
      contributions from all the wave mode terms (shear, pressure, and surface
      wave), however, for the present purpose this effort is not justified. If
      we assume that the range x.sub.1  for the pressure transition region is
      2&gt;x.sub.1 &gt;10 meters, all the cosine and sine terms in the denominator
      relative to (x.sub.1)3/2 may be neglected, keeping in the numerator the
      first two cosine and sine terms only, since these involve the differences
      of the surface wave and pressure numbers:
EQU  k.sub.o - k.sub.1 = .omega./c.sub.o - .omega./c.sub.1 = 2.15 - 1 = 1.15
      (meters).sup.-.sup.1.
PAR  Using these simplifications, we obtain:
EQU  .DELTA..phi. = arctan 1/X.sub.1.sup.3/2 [2.3 cos 1.15 X.sub.1 - 1.49 sin
      1.15 X.sub.1 ]
PAL  and similarly, as before, one obtains a Doppler frequency modulation
      (.DELTA.f/v.sub.1) of the received CSW signal due to movement of M.sub.1
      with velocity v.sub.1 as:
EQU  (.DELTA.f/v.sub.1) = - 1/X.sub.1.sup.3/2 { [0.55/X.sub.1 + 0.272] cos 1.15
      X.sub.1 + [0.355/X.sub.1 - O.425] sin 1.15 X.sub.1 }
PAR  Here we speak of an actual differential Doppler frequency modulation of the
      transmitted CSW signal, in response to movement of M.sub.1 in the primary
      pressure zone, and reception of the signal in the primary and secondary
      surface wave zones. As pointed out before, the differential Doppler
      modulation frequency of the received CSW signal depends directly on the
      distance X.sub.1 of M.sub.1 and changes rapidly with distance.
PAR  Results of these calculations, in respect to the order of magnitude of the
      numerical values of the phase change and the Doppler modulation frequency,
      agree with experimentally observed phenomena and measurements.
PAR  In practice, the three-dimensional situations being dealt with cannot be
      described adequately by a two-dimensional theoretical model. The
      two-dimensional model is adequate for situations where the intruding
      object is placed or moved along a geometrical line between the CSW
      transmitter and receiver and where the distances are sufficiently large
      for the wave fronts to be approximately planar. However, even then the
      distance dependence of the CSW signal has to be upgraded by introducing a
      factor x.sup.-.sup.1/2 into the formulas of the two-dimensional
      theoretical model. Nevertheless, results of the experiments using the
      two-dimensional theoretical model are useful for the following discussion
      regarding what we have termed "microseismic fence action" of active
      seismic surveillance systems.
PAR  When an intruding object approaches the CSW surface transmission path
      between the CSW transmitter and receiver at an oblique angle, the object
      becomes a secondary radiator, i.e., a block or absorber, whichever the
      dominant characteristic of its mechanical contact impedance with the soil
      may be. The object's presence will be most prominently sensed by variation
      of the received CSW signal whenever its interaction with the primary CSW
      signal is greatest. For the weathered zone, this disturbance is greatest
      when the distances between the primary CSW source and the receiver are
      shortest, in the sense of least loss along the paths. In areas of rather
      dense vegetation, where scatter losses of the CSW signal in the top soil
      are severe, one observes a much sharper response of the system to objects
      moving across the transmission path. This can be seen theoretically by
      referring to the distance dependence of the seismic Doppler modulation
      frequency in the three-dimensional case. Scatter loss by vegetation will
      introduce exponential decay of CSW signals plus exponential dependence of
      the relative phase variation and Doppler modulation frequency signal
      received from the radial distance of the object and detector from the CSW
      source. Hence, we experience a sharp response of the system only when the
      object crosses over a very narrow strip along the transmission path
      forming the microseismic fence. The performance of active surveillance
      systems in the underbrush terrain of the test area employed is extremely
      interesting. Here, loading by an object is transmitted over a larger soil
      area by the root systems of the vegetation. This seems to offset the
      effects of higher CSW signal losses and corresponding lower primary signal
      amplitudes interacting with the object. Choice of the 80 cps operating
      frequency of the active seismic system and the spectrum distribution of
      the natural seismic noise also deserves further comment when one considers
      the effects of noise on conventional passive seismic surveillance systems.
      Natural microseismic noise produced by the motion of the root systems of
      bushes and plants in response to wind is peaked at the natural frequencies
      of the plants, which are well below 80 cps. Passive seismic surveillance
      systems rely on the seismic disturbance producing activities of a dynamic
      object and use wideband receivers which respond to frequencies as low as
      10 Hz. The user has to discriminate between natural noise and man-made
      disturbances, which in areas of dense vegetation, are transmitted into the
      soil via the roots of the bushes and plants. Because of their natural
      common transducer characteristics and equality of energy levels, such
      discrimination is at best very difficult and unreliable. In an active
      seismic surveillance system, there is a clear distinction between the
      seismic carrier signal and its quasi-static modulation in a narrow
      frequency band.
PAR  Since experimental recordings and theoretical models can explain only a
      limited amount of the phenomena occurring in active seismic systems for
      surveillance, seismic modeling techniques were employed to make the
      interaction between objects and CSW signals visible.
PAR  Distortion of seismic wave patterns by the wheels of a car on the soil
      surface was modeled using a laboratory designed Strobo Polariscope,
      photoelastic gelatin simulating the soil, and toy cars. The resultant wave
      patterns were detected as stress fringes in the photoelastic gelatin
      layers. Knowledge of wave propagation immediately reveals the similarity
      between wave patterns in the upper, softer gelatin layer and those in
      electromagnetic waveguides. The Strobo Polariscope displays only the
      transverse shear waves. Once the duct concept has been accepted, the
      analogy between the tapping of the duct by a toy car and/or blocking of
      the duct by a different medium (block located to the right in the upper
      gelatin layer) and the tapping of an electromagnetic waveguide or
      transmission line by a slot or stub and/or their termination with various
      loads, becomes self-evident. Considering that the weathered zone, modeled
      by the soft upper gelatin layer, acts as a duct or waveguide for seismic
      waves, one is tempted to apply familiar electromagnetic transmission line
      concepts and methods to the theoretical discussion of the performance of
      active seismic systems surveillance. A detailed inspection also reveals
      the static stress pattern under the wheels of the toy car. Consider the
      effects of the vehicle as an external mechanical load impedance or an
      internal local variation of the mechanical properties f the mechanical
      transmission line induced by static stress/strain from the vehicle.
      Investigations of the performance of transducer arrays for control of the
      direction of radiated CSW beams and/or excitation of ducted CSW
      propagation modes were undertaken, and proved successful.
PAR  Various experimental CSW surveillance systems were constructed and tested.
      These systems were shown to be workable. The field tests showed that after
      a seismic propagation surveillance system had been set up in an area, and
      then disturbed, the perturbation so produced could be detected without
      difficulty.
PAR  The numerical values, with regard to phase shift and Doppler frequency
      modulation, obtained from solution of the idealized theoretical model and
      numerical values of phase shift and Doppler frequency obtained in
      experimental field tests, agree in order of magnitude. The field tests
      also verify that a surveillance system using phase shift and/or Doppler
      frequency modulation as the basis for recognition of a disturbance in an
      area is feasible.
PAR  During the course of these experiments it was discovered that a seismic
      transducer fastened to a tree will transmit a seismic wave into the earth
      via its root system. By fastening the transducer to the tree a much
      greater efficiency is obtained in inseerting the signal into the soil then
      by placing a transducer directly on the earth. The transducer on the tree
      efficiently transmits a signal into the tree because of its hardness and
      the tree passes the signal into the earth through the greater area of its
      root system. This signal propagates in the soil and excites the roots of
      other trees, thus, an entire woods becomes seismically excited.
PAR  The tree may be tuned to frequency by adjusting the height of the
      transducer on the tree, thus allowing more efficient operation. Several
      trees may be excited to form phased arrays to produce a seismic field of
      controlled propagation direction.
PAR  Initial experiments were made by fastening a commercial sound transducer to
      a tree, however, a transducer designed especially for application on trees
      will be more efficient.
PAR  With this system larger seismic communications ranges can be attained in
      previously lossy terrain. Also seismic signals may now be inserted in wet
      marshy areas where transducers placed on the ground just wallow in the
      mud.
PAR  For surveillance this method improves both the static and dynamic systems.
      Statically, a receiver transducer coupled to a tree will be more efficient
      because it couples to the soil by the tree's root system, rather than the
      present geophones which detect only with their bases on regions which
      could be decoupled seismically. A dynamic surveillance system will be
      improved by the greater coupling efficiency.
PAR  FIG. 1 depicts a first illustrative surveillance system according to the
      invention.
PAR  As shown, the system comprises an audio oscillator 10 connected, via an
      amplifier 11, to a piston transducer 12 fastened to the trunk of a tree
      13, or other suitable vegetation. The output of oscillator 10 is also
      applied, via a variable phase shifter 14 to the input of a lock-in
      amplifier 15, as a reference signal. The CSW output of a receiving
      transducer 16, also mounted to a tree 17 is fed, via an amplifier 18, to
      the lock-in amplifier 15 for comparison with the reference signal. The
      results of this comparison are recorded on a display device 19, such as a
      graphical pen recorder. In operation, the oscillator was adjusted to have
      an output frequency of 77.5 Hz. A CSW signal was then transmitted through
      the earth from the roots of tree 13 to the roots of tree 17 where it was
      received by transducer 16. The phase shifter 14 was then adjusted until a
      null was detected by amplifier 15 and displayed on recorder 19.
PAR  Experiments confirmed that the technique most sensitive for detection of
      surface objects and anomalies was that obtained by use of the circuit
      shown in FIG. 1 and which relies on phase comparison. The seismic feedback
      surveillance system so constructed acts as an open loop circuit where the
      phase difference between the transmitted and received signals remains
      constant. The output of the amplifier 15 is fed into the recording device
      where the phase null indication is recorded. Discounting electronic system
      drift, this null indication will be observed so long as the seismic
      propagation path is not disturbed or upset. If a perturbation should
      occur, an indication is immediately given by an abrupt change in the
      signal displayed by the recorder.
PAR  With no disturbance of the seismic path, a steady continuous CSW signal
      with respect to amplitude and phase was displayed on the recorder. A man
      then approached perpendicular to the seismic transmission path and crossed
      the path 13 meters from the transmitter. As the man crossed the seismic
      path, an abrupt change appeared on the recorder. This change corresponds
      to a disturbance in the seismic path and a phase change in the system.
      After crossing the seismic path, the subject continued for approximately
      10 meters, then reversed his direction to cross the seismic path again,
      this time rolling a 100 lb. barrel. As he crossed the seismic path, a
      second phase shift was recorded. The man and barrel then remained on the
      seismic path.
PAR  When the man and barrel left the seismic path, the seismic system did not
      return its original balanced condition. A small offset from the original
      balance point was measured by rebalancing the system with the precision
      phase shift 14. The residual phase shift that had been introduced into the
      system by the man and barrel was found to be 8.degree..
PAR  In another experiment, the seismic system was again balanced and a
      steady-state condition was achieved. The man then rolled the barrel along
      the 33-meter axis between the transmitter and receiver. As this was done,
      a disturbance of the system was again displayed on the recorder. After
      completion of this experiment, the system was rebalanced and the permanent
      change in the seismic soil transmission path was found to be 10.degree..
PAR  FIG. 2 depicts another illustrative embodiment of the invention which
      employs frequency and amplitude modulation principles. As shown, the
      output of an oscillator 10' is fed through a variable phase circuit 14'
      and an amplifier 11' to a transmitting piston transducer 12'. As in FIG.
      1, oscillator 10' has an output frequency of 77.5 Hz. The output of a
      receiving transducer 16' is fed, via an amplifier 18' to a lock-in
      amplifier 15' where it is heterodyned with a signal derived from an
      internal oscillator. The heterodyned signal is then fed to a recording
      device 19'. Trees 13 and 17 have been omitted from FIG. 2, but are still
      advantageously employed to couple the seismic signals into and out of the
      earth.
PAR  The signal from amplifier 15 is displayed as a smooth sine wave whose
      period is constant if the electronic system drift is negligible and no
      disturbance of the seismic path occurs. If a disturbance does occur, an
      indication is immediately given as a frequency and amplitude modulation
      superimposed upon the steady-state signal.
PAR  In operation of the circuit shown in FIG. 2, a smooth steady signal was
      displayed upon the recorder paper when the seismic path was undisturbed. A
      man then approached the path between the transducers at a right angle
      thereto. When he came in line with the transmitter and receiver
      transducer, he made a 90.degree. left turn and then walked toward the
      receiver. An amplitude and frequency modulation of the system was caused
      by the intruder, which produced a distinct disturbance on the recorder.
      The man walked along the seismic path until he passed the receiver. He
      then made a right angle left turn perpendicular to the seismic line and
      continued to walk until he was out of the region. After the man left the
      range of detection and the seismic disturbance ceased, the electronic
      system was no longer disturbed and the output was once again a smooth,
      continuous sine wave.
PAR  FIG. 3 depicts yet another illustrative embodiment of the invention. This
      embodiment differs from that shown in FIGS. 1 and 2 in that no external
      oscillator is employed to drive the transmitting transducer, e.g., at 77.5
      Hz. In the embodiment shown in FIG. 3, a closed loop seismic electric
      feedback is employed and no external oscillator is necessary.
PAR  As shown, the output from a receiving transducer 16" is fed, via an
      amplifier 18" and another amplifier 11" to a transmitting transducer 12".
      A lock-in amplifier 15" and a VTVM 20 are connected to the loop,
      intermediate amplifiers 18" and 11".
PAR  Using an amplifier phase shifter, and depending upon natural noise, the
      system was adjusted until feedback oscillation occurred. Output from the
      balanced feedback circuit was then fed into the lock-in amplifier 15"
      where it was heterodyned with the internal oscillator signal of fixed
      frequency. This combined output was fed to a recorder 19" and displayed in
      the form of a sine wave. Again, so long as no disturbance of the seismic
      path occurs, the feedback will oscillate at a constant frequency. If a
      disturbance should occur, however, the output will show a change in its
      periodicity. A permanent oscillator change (static) corresponds to a
      permanent change of the seismic feedback system, whereas, a transitory
      change (dynamic), such as caused by a moving object, corresponds to a
      Doppler frequency shift.
PAR  A disturbance was created by a man rolling a 100 lb. barrel along the path
      between the two transducers. As the disturbance began, a gradual shift in
      the repetitive wave being displayed was observed and this disturbance, a
      Doppler frequency shift, continued until the man and barrel were no longer
      in the seismic feedback path. After the disturbance ceased, the seismic
      system again resumed its initial operation; the original feedback system
      was re-established. No further Doppler frequency shift was observed and a
      continuous repetitive sine wave was once again displayed on the recorder.
      The magnitude of the Doppler frequency shift, obtained by graphical
      analysis of the recorded data was found to be approximately 0.25 Hz.
PAR  In another experiment, the subject rolled the barrel perpendicularly to the
      seismic transmission path and cut across the seismic path midway between
      the two transducers. As the man crossed the seismic path, the initial
      feedback loop that had been set up on balance was disturbed. An indication
      was shown on the recorder as a frequency shift in the recorded signal. As
      the man left the area, a continuous seismic wave was again displayed.
      During the interruption of the seismic path by the man and barrel, a
      Doppler frequency shift of approximately 0.94 Hz was obtained by graphical
      analysis of recorded data. The amount of amplitude and phase shift
      observed was found to be a function of the distance of the disturbing
      object from the transmitting (or receiving) transducer.
PAR  In general, the phase and amplitude of the received CSW signal will be
      changed by insertion of an object into the seismic wave transmission path
      between the transmitter and receiver transducers.
PAR  As discussed, the preferred means for coupling seismic energy into the
      earth is a tree. However, other vegetation such as bushes, etc. may also
      be used, provided it has an adequate root system.
PAR  Interestingly, the application of seismic energy to trees, etc., may be of
      some use in controlling or preventing pest infectations, for example, in
      apple orchards, and the like. It may also have a stimulating effect on
      their growth.
PAR  In the experiments described above, the transducers used were
      Electrophonics Transducers manufactured by U.S. Electronics Product
      Corporation; the audio oscillator was a Hewlett-Packard 200 C-D; and the
      lock-in amplifier was a model PAR-JB-5. The recording device was a Texas
      Instruments Rectiwriter.
PAR  Although developed originally for military purposes, it will be evident
      that the invention disclosed herein has application to civilian
      surveillance needs. For example, it may be used to guard the perimeter of
      large industrial plants, large private estates and even may be used as a
      burglar or intruder alarm in private, single-family residences. In these
      latter embodiments, a simple burglar alarm bell would be substituted for
      the recorder disclosed in FIGS. 1-3.
PAR  One skilled in the art may make various changes and substitutions to the
      arrangement of parts shown without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of detecting the presence of an intruder in an area under
      surveillance, comprising the steps of:
PA1  seismically exciting the trunk of an arboreal plant growing in said area,
      thereby to propagate a seismic wave in the earth via the roots of said
      plant;
PA1  detecting said seismic wave through seismic vibrations coupled from the
      earth to the trunk of a second arboreal plant growing in said area, via
      the roots of said plant;
PA1  comparing the phase of the detected seismic wave with the phase of the
      exciting wave; and then
PA1  detecting the presence of said intruder by the changes induced in the
      relative phase of said two compared waves as said intruder walks on the
      earth through which said seismic wave is propagating.
NUM  2.
PAR  2. The method according to claim 1 wherein the frequency of the exciting
      seismic wave is higher than the frequency of the natural microseismic
      noise produced by the motion of the root systems of other plants and
      bushes in said area, in response to the wind.
NUM  3.
PAR  3. A method of detecting the presence of an intruder in an area under
      surveillance, comprising the steps of:
PA1  seismically exciting the trunk of an arboreal plant growing in said area,
      thereby to propagate a seismic wave in the earth via the roots of said
      plant;
PA1  detecting said seismic wave through seismic vibrations coupled from the
      earth to the trunk of a second arboreal plant growing in said area, via
      the roots of said plant;
PA1  heterodyning the detected seismic wave with the output of an oscillator of
      known frequency; and then
PA1  detecting the presence of said intruder by the changes in amplitude and
      frequency in the heterodyned signal as said intruder walks on the earth
      through which said seismic wave is propagating.
NUM  4.
PAR  4. The method according to claim 3 wherein the frequency of the exciting
      seismic wave is higher than the frequency of the natural microseismic
      noise produced by the motion of the root systems of other plants and
      bushes in said area, in response to the wind.
NUM  5.
PAR  5. A method of detecting the presence of an intruder in an area under
      surveillance, comprising the step of:
PA1  coupling a seismic transmitter to the trunk of an arboreal plant growing in
      said area to propagate a seismic wave into the earth, via the roots of
      said plant, when said transmitter is excited;
PA1  coupling a seismic receiver to the trunk of a second arboreal plant growing
      in said area to detect said seismic wave through seismic vibrations
      coupled from the earth, via the roots of said second plant;
PA1  amplifying said detected seismic wave in an amplifier;
PA1  applying said amplified seismic wave to said seismic transmitter thereby to
      establish a closed seismic loop;
PA1  adjusting the gain of said amplifier until said seismic loop oscillates at
      its natural frequency; and then
PA1  detecting the presence of said intruder and his velocity through said area
      by the Doppler frequency shift induced in said natural frequency as said
      intruder walks on the earth comprising said closed seismic loop.
NUM  6.
PAR  6. A seismic surveillance system for detecting the presence of an intruder
      in an area under surveillance, which comprises:
PA1  a seismic transmitter for mounting to the trunk of an arboreal plant
      growing in said area;
PA1  means for exciting said seismic transmitter whereby a seismic wave is
      propagated into the earth via the roots of said arboreal plant;
PA1  a seismic receiver for mounting to the trunk of a second arboreal plant
      growing in said area, said receiver detecting said seismic wave through
      vibrations coupled from the earth to said trunk via the roots of said
      second plant;
PA1  means, connected to said exciting means and said seismic receiver, for
      comparing the phase of said seismic wave as transmitted with the phase
      thereof as received; and
PA1  detector means, connected to said phase comparing means, for detecting the
      presence of said intruder by detecting changes in the relative phase of
      said transmitted and received seismic wave.
NUM  7.
PAR  7. The system according to claim 6 further comprising:
PA1  a first amplifier connecting said exciting means to the input of said
      seismic transmitter;
PA1  a second amplifier connecting the output of said seismic receiver to said
      phase comparing means; and
PA1  a variable phase element connected between said exciting means and said
      phase comparing means to null the phase difference between said
      transmitted and received seismic wave.
NUM  8.
PAR  8. A seismic surveillance system for detecting the presence of an intruder
      in an area under surveillance, which comprises:
PA1  a seismic transmitter for mounting to the trunk of an arboreal plant
      growing in said area;
PA1  means for exciting said seismic transmitter whereby a seismic wave
      propagated into the earth via the roots of said arboreal plant;
PA1  a seismic receiver for mounting to the trunk of a second arboreal plant
      growing in said area, said receiver detecting said seismic wave through
      vibrations coupled from the earth to said trunk via the roots of said
      second plant;
PA1  means, connected to said seismic receiver, for heterodyning said detected
      seismic wave with a local oscillation of predetermined frequency; and
PA1  detector means, connected to said heterodyning means, for detecting the
      presence of said intruder by detecting frequency and amplitude modulations
      superimposed upon said heterodyned signal by said intruder.
NUM  9.
PAR  9. The system according to claim 8 further comprising:
PA1  a variable phase circuit connected to the output of said exciting means;
PA1  a first amplifier connected between said variable phase circuit and said
      seismic transmitter; and
PA1  a second amplifier connected between the output of said seismic receiver
      and said heterodyning means.
NUM  10.
PAR  10. A seismic surveillance system for detecting the presence of an intruder
      in an area under surveillance, which comprises:
PA1  a seismic transmitter for mounting to the trunk of an arboreal plant
      growing in said area;
PA1  a seismic receiver for mounting to the trunk of a second arboreal plant
      growing in said area;
PA1  amplifying means, interconnecting said seismic transmitter and said seismic
      receiver, for establishing a closed seismic loop including the root system
      of said first and second arboreal plants and the earth beneath said area,
      said loop oscillating at its natural frequency; and
PA1  means, connected to said closed loop, for detecting the presence of an
      intruder in said area by detecting Doppler frequency changes in said
      natural frequency caused by said intruder.
NUM  11.
PAR  11. The system according to claim 10 wherein said amplifying means
      comprises first and second amplifiers connected in series; and said
      detecting means includes:
PA1  heterodyning means, connected to the junction of said first and second
      amplifiers, for heterodyning the output of said seismic receiver with a
      locally generated oscillation of predetermined frequency.
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ABST
PAL  Near surface anomalies in common depth point seismic surveying are
      identified by divergence between two records which are obtained by (1)
      wherein generating a set of common depth point traces with full or partial
      fold coverage by combining traces containing energy reflected from common
      depth points and detected in all or a first fraction of the surface
      detector spread; and (2) generating a further set of common depth point
      traces with partial fold coverage by combining traces containing energy
      reflected from the same common depth points but detected in a second
      fraction of the surface detector spread. The first and second fractions
      will not be common. Similarly, this technique is used in verifying the
      accuracy of static corrections applied in seismic processing since
      erroneous corrections give rise to anomalies which can be identified.
BSUM
PAR  This invention relates to common depth point seismic surveying, and more
      particularly to the identification of near surface or static anomalies in
      seismic data by producing two or more common depth point stacks which do
      not have surface locations common between them as to the output traces
      having common depth points.
PAR  In U.S. Pat. No. 2,732,906 to Mayne, seismic exploration utilizing what is
      generally known as common depth point stacking is disclosed. In such
      common depth point operation, the signal-to-noise ratio of the seismic
      data is greatly enhanced by combining single coverage seismic traces
      having common depth points but different shot point-detector spacings
      after static and normal moveout corrections have been applied to the
      respective traces.
PAR  In a given set of such common depth point seismic traces, it may be
      different to differentiate between true subsurface structural features and
      features caused by anomalous conditions near the surface or caused by
      application of inaccurate corrections, called static anomalies. Time
      anomalies, small in lateral extent with respect to the reflection seismic
      spread, can be easily identified, if signal-to-noise ratio is sufficiently
      good, by careful examination of single coverage recordings. These can be
      seen on successive single coverage recordings to occur in a manner
      directly related to their location with respect to the surface. Structural
      features can be seen on successive single coverage recordings, as time
      anomalies occurring in successive single coverage recordings in a manner
      related directly to their location in the subsurface. Seismic recordings
      generally are multitrace recordings having the trace length in terms of
      time and the trace amplitude in terms of amplitude, velocity, or
      acceleration of movement of the earth's surface as seismic energy
      reflected from depth reaches the surface. It will be apparent that
      anomalies of significant magnitude may be due to structural features in
      the rear surface zone rather than at depth. Such structural features cause
      reflections from depth points to appear time shifted. Except for the fact
      that the presence of the anomalies in the near surface be delineated and
      properly compensated, an erroneous interpretation of the subsurface
      results.
PAR  Various techniques have been developed for identifying the presence of
      static anomalies. The present invention provides for certainty in that
      task in connection with the processing of large amounts of data and
      particularly, in a manner such that the data may be treated and presented
      graphically to portray the presence of surface anomalies which may then be
      compensated.
PAR  More particularly, in accordance with the present invention, common depth
      point seismic traces comprises two or more common depth point stacks by
      summing, for each of a number of individual depth point locations, two or
      more traces having such common depth point for each stack. Surface
      locations are not completely common to those output traces having common
      depth points.
PAR  More particularly, in accordance with the present invention, there is
      provided a method of delineating near surface anomalies by common depth
      point seismic surveying wherein a shot point and a detector spread
      continuously move along a traverse. A first set of traces is generated by
      combining traces containing energy reflected from common depth points to
      produce full fold coverage of said common depth point. A second points. of
      common depth point traces is then generated for the same traverse with
      partial fold coverage only. This is done by combining traces containing
      energy reflected from the same common depth point but detected in a
      fraction of the surface detector spread. In another aspect of the
      invention, two sets of traces are generated each with partial fold
      coverage only, where the fractions of the surface detector locations
      employed in generating the two sets of partial fold common depth point
      traces are spaced one from another and do not have surface locations
      common between them. In either case, the presence of near surface
      anomalies will then be indicated by differences between time occurrences
      of the same seismic event in the two sets.
DRWD
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 illustrates one spread in a field arrangement for a full fold common
      depth point stacking technique;
PAR  FIG. 2 illustrates a relationship involved in the identification of a
      structural anomaly at depth;
PAR  FIG. 3 illustrates the relationships involved when a near surface or static
      anomaly is present;
PAR  FIG. 4 illustrates the effect of a static anomaly on conventional multifold
      common depth point record sections and upon record sections produced in
      accordance with the present invention; and
PAR  FIG. 5 illustrates a system for stacking traces in accordance with the
      invention.
DETD
PAR  By way of background, FIG. 1 illustrates a method of generating seismic
      signals in the form of time-amplitude traces for full fold common depth
      point coverage. A line 20 on the earth's surface forms a seismic traverse
      along which there are located a series of equally spaced shot or source
      points and receiver locations. In FIG. 1, the shot points are identified
      by the letters A, B, --K, L interlaced with receiver locations identified
      by the numerals 1,2 -- 11,12. The object of the operation is to provide
      traces which, in a noise free manner, will identify, in terms of travel
      time from the surface, the location of subsurface layers, such as the
      layer 21.
PAR  In common depth point field techniques which are widely carried out and are
      conventional, a seismic impulse is successively created at each of the
      source points A-L with a spread of seismic detectors located at receiver
      points along traverse 20. In the course of such operations, there will be
      produced twelve seismic record traces, one on each of twelve different
      seismic records, all uniquely related to the common depth point 22 on the
      horizon 21. For example, an impulse created at shot point L may travel
      along incident path 23 to point 22 and then follow reflection path 24 to
      receiver location 1. Point 22 will be delineated with a full twelve fold
      coverage. The paths 23 and 24 represent the longest shot-detector spacing
      for common depth point 22. The shortest spacing is represented by the
      production of a seismic impulse at point F which may travel by way of
      incident path 25 to point 22 and then by reflection path 26 to receiver
      location 7. For a full twelve fold coverage, the seismic traces which
      would be combined to produce a single trace for common depth points 22 are
      set out in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
                     4                                                         
     Source Point      Receiver Point                                          
     ______________________________________                                    
     A                 12                                                      
     B                 11                                                      
     C                 10                                                      
     D                 9                                                       
     E                 8                                                       
     F                 7                                                       
     G                 6                                                       
     H                 5                                                       
     I                 4                                                       
     J                 3                                                       
     K                 2                                                       
     L                 1                                                       
     ______________________________________                                    
PAR  By correcting each of the traces detected at receiver locations 1-12 of
      Table I for normal moveout as well as for known surface variations, a
      twelve fold trace is produced for the common depth point 22. In the
      above-identified Mayne patent two fold coverage is illustrated. Twelve
      fold coverage and twenty-four fold coverage and more are frequently
      employed in present day operations. Thus, the twelve fold coverage as
      described herein may be taken as exemplary of seismic trace production for
      carrying out the present invention.
PAR  In FIG. 2, the travel time of a given seismic event is affected by the
      presence at depth of an anomaly in reflecting horizon 21 represented by
      the step function 30. Two shot points A and B are located along the
      surface traverse 20 with receiver locations 1 and 2 to the left of shot
      point A. receiver locations 3 and 4 between shot points A and B, and
      receiver locations 5 and 6 to the right of shot point B. Energy propagated
      from source point A downward to horizon 21, from which it is reflected
      back to the surface, will show a time anomaly between the recordings made
      at receiver locations 3 and 4 because of the presence of the sharp
      discrete step 30. Similarly, a recording made by generating an impulse at
      point B will show the same anomaly between recordings made from signals
      detected at receiver locations 1 and 2. The reason for this relationship
      is that for a horizontal structural interface which is a reflecting
      horizon, the point of reflection or depth point is midway between the
      source and receiver. The geometry of FIG. 2 is such that the recording of
      an impulse from source A detected at receiver location 3 and from source B
      detected at receiver location 1 have the common depth reflection point 31.
      Common depth point 32 is similarly related to the source point A-receiver
      location 4, and the combination source point B-receiver location 2
      combination. If a reflected signal from reflecting horizon 21 is clearly
      seen on a recording, i.e., with a high signal-to-noise ratio, the time
      anomaly can be identified for the case of FIG. 2 as being due to a
      structural feature at depth.
PAR  In FIG. 3, a different relationship is illustrated. Here assume that, for
      the same source points A and B and receiver locations 1-4 the presence of
      a horizontal reflecting horizon 21 beneath traverse 20. Interposed is a
      near surface structure 33 having a discrete anomaly 34 therein located
      between receiver locations 1 and 2. Thus, the anomaly 34 is related not to
      the subsurface but to the near surface. Anomaly 34 is of magnitude similar
      to anomaly 30 in FIG. 2 and can cause an anomaly in time in the resultant
      seismic data as it appears in a slot of the time occurrence of a
      reflection from the deep horizon 21. Such a time anomaly would be seen on
      a recording of energy generated at source point B and detected at receiver
      locations 1 and 2. Similarly the anomaly will be seen in the recording of
      signals generated at source A and detected at receiver locations 1 and 2,
      rather than between receivers 3 and 4 as in FIG. 2. In this way, the
      feature producing the effect is identified as a near surface feature
      related to recording at common surface points rather than a subsurface
      feature related to common depth points.
PAR  The problem often faced is more complex than the simple examples of FIGS. 2
      and 3 because:
PAR  1. Signal-to-noise ratio is not sufficiently good on individual field
      recordings to accurately identify and measure times of individual
      reflected signals.
PAR  2. Anomalies, both those truly structural and those due to near surface
      effects may be broader and more subtle than the sharp discrete feature in
      FIGS. 2 and 3.
PAR  3. A large volume of data is processed and interpreted in many surveys and
      it is too laborious and time consuming to study individual records to
      identify and eliminate near surface anomalies.
PAR  In seismic data processing, machine corrections are often applied to
      eliminate the effects of near surface features provided the features are
      not too large with respect to the size of the seismic spread. However, it
      is highly desirable, particularly in common depth point procedures, to
      have another method to check whether correction of the near surface
      problems have been solved. It is further highly desirable to be able to
      determine whether and when static problems exist, specifically to
      demonstrate whether a certain feature seen in a seismic record section or
      other common depth point data is a true subsurface structure as
      graphically portrayed in FIG. 2 or a static near surface anomaly as
      graphically portrayed in FIG. 3.
PAR  The present invention provides a means for demonstrating whether a certain
      feature seen in a set of seismic records or in a composite seismic record
      section is a static anomaly or a true subsurface structure. In accordance
      with the invention, two or more common depth point stacks are produced by
      summing at each of a number of individual depth point locations two or
      more traces having the common depth point for each stack but wherein there
      are not completely common surface locations between them in the output
      traces having common depth points. In operations involving geometry such
      as illustrated in FIG. 1, common depth point uncommon surface point stacks
      are produced.
PAR  Referring to FIG. 4, curve 40 represents the occurrence on a time scale at
      about 1.0 second of a seismic reflection from a deep horizontal reflecting
      horizon as it would appear on a seismic record section for a region where
      a static anomaly represented by the curve 41 exists.
PAR  More particularly, along the traverse represented by line 42, FIG. 4, there
      are located source points 2,4 -- 40,42 interspersed with receiver
      locations 1,3 -- 41,43. The static feature represented by curve 41 is
      assumed to be located within a set of data recorded with the 12 fold
      common depth point coverage and a 24 trace split spread. The seismic
      reflection signal without the effect of the anomaly 41 imposed on it is
      shown at a record time of about 1.0 second. The anomaly adds time where it
      is traversed. As a seismic field operation moves along spread 42 in the
      direction of arrow 43, the first time that anomaly 41 will have an affect
      on a single trace recording to be used in common depth point stacking will
      be when a receiver at the right end of the spread is for the first time
      located at receiver location 15. A delay of 0.002 second will be
      introduced into the travel time of the signal detected by a receiver at
      location 15. The signal produced by detector at location 17 will suffer a
      delay of 0.006 second. When at source point 14, there will be introduced a
      delay in the travel time of the signals from that source point to any
      detector of 0.001 second. Upon generation of an impulse at source point 24
      and detection at receiver location 23, a delay of 0.016 second is
      introduced with an 8 millisecond delay during downward travel and an 8
      millisecond delay during upward travel. Thus, the effect of the anomaly is
      to delay all signals because of travel through a low velocity surface body
      having the time delay character of the line 41.
PAR  A reflecting horizon at a depth represented by a record time of 1.000
      second would then appear as a nonhorizontal reflector. Rather, it would
      appear to be in the form of a valley as represented by the line 40.
PAR  As above indicated, the presence of anomaly 41 is to be indicated. This is
      done by producing multifold common depth point sets of data with uncommon
      surface coverage.
PAR  To illustrate, it will be appreciated that there are many different sets of
      source points and receiver locations that could be employed for producing
      multifold common depth point seismic record sections. For example, in
      Table II, using the notation of source point and receiver locations of
      FIG. 1, two six fold common depth point sets of signals with common
      surface are set out.
TBL                TABLE II                                                    
     ______________________________________                                    
              Source Point Receiver Locations                                  
     ______________________________________                                    
     Set (A)    A              12                                              
                B              11                                              
                C              10                                              
                D              9                                               
                E              8                                               
                F              7                                               
     Set (B)    G              6                                               
                H              5                                               
                I              4                                               
                J              3                                               
                K              2                                               
                L              1                                               
     ______________________________________                                    
PAR  That is, set A would involve the use of impulses generated at shot points
      A-F and detected at receiver locations 12-7, respectively. The second set
      B would involve impulses generated at source points G-L and detected at
      receiver locations 6-1, respectively. The common surface coverage provided
      by sets A and B will be apparent from inspection of FIG. 1.
PAR  Signals showing the effect of the anomaly 41, FIG. 4, are plotted for the
      common depth point common surface sets A and B. Signals secured using set
      A are recorded to form the curve 40A. The signals secured using set B are
      recorded to form curve 40B. Note that curve 40A and 40B generally track
      the twelve fold curve 40 still portraying the apparent presence of a
      valley at depth.
PAR  In contrast with such procedures, the present invention involves use of
      common depth point sets with uncommon surface locations. Suitable sets are
      shown in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
              Source Point Receiver Locations                                  
     ______________________________________                                    
     Set (C)    A              12                                              
                B              11                                              
                C              10                                              
                J              3                                               
                K              2                                               
                L              1                                               
     Set (D)    D              9                                               
                E              8                                               
                F              7                                               
                G              6                                               
                H              5                                               
                I              4                                               
     ______________________________________                                    
PAR  As shown in Table III, a set C involves generation of seismic impulses at
      source points A, B, C, J, K and L are detecting the resultant energy at
      receiver locations 12, 11, 10, 3, 2 and 1, respectively. The second set B,
      with uncommon surface relative to set A, involves generation of a seismic
      impulse at each of source points D, E, F, G, H and I and detecting the
      resultant seismic waves at receiver locations 9, 8, 7, 6, 5 and 4,
      respectively.
PAR  Signals recorded in FIG. 4 for such uncommon surface location results in
      two widely divergent curves. More particularly, signals produced from the
      common depth point uncommon surface set C of Table III when recorded
      define curve 40C. Signals produced by utilizing a common depth point
      uncommon surface set D of Table III when recorded define curve 40D. The
      wide divergence between curves 40C and 40D represents a benefit resulting
      from employing the present invention, i.e., a dramatic indication of the
      presence of an anomaly near surface, rather than variation in depth of a
      deep subsurface reflecting horizon. The pattern of curves 40A-40D results
      from the spread entering, encompassing and passing beyond the location of
      the surface anomaly 41. The divergence between curves 40C and 40D provides
      a clear indicator of static correction problems.
PAR  Utilization of the present invention would generally be as follows.
PAR  The field procedure would be to carry out a multifold common depth point
      set of operations by successively generating seismic impulses at each of
      points 2,4 -- 40,42 of FIG. 4 as well as at other stations at the ends of
      traverse 42 not shown in FIG. 4. After the field recordings are collected,
      the stacking with full fold techniques would then be carried out to
      produce a set of common depth point seismograms or a common depth point
      seismic record section on which reflections, such as those represented by
      the curve 40, FIG. 4, would appear.
PAR  A second record section would then be produced using a fraction of the full
      fold common depth point set, with the fraction being limited to produce
      partial fold coverage by combining traces containing energy reflected from
      common depth points but detected in a first fraction of each surface
      detector spread. Such a seismic record section would then include a curve
      such as curve 40C if a static anomaly such as represented by the line 41
      is present.
PAR  A third seismic record section would then be generated with partial fold
      coverage by combining traces containing energy reflected from common depth
      points and detected in a second fraction of each surface detector spread
      where the first fraction (curve 40C) and a second fraction (curve 40D) are
      spaced one from another on the earth's surface in a manner such as
      represented by the uncommon surface locations of sets C and D, Table IV.
      The resultant curve 40D would then appear on a seismic record section
      having a surface of static anomaly such as that represented by curve 41.
      The three record sections clearly show the differences between the curves
      40C and 40D to provide guidance in interpretation of the full fold record
      section upon which reflections represented by the curve 40 appear.
PAR  Thus, in the sets C and D, Table III, a depth point is common but input
      traces are so selected that different or separate surface locations are
      involved. A static anomaly would not be common to the two stacks. The two
      stacks test the validity of observed anomalies. For the purpose of the
      present invention they are called selective surface, a common depth point
      stacks.
PAR  A number of other stacks of lesser fold can also be selected from the
      twelve possibilities. Four such possibilities are set out in Table IV,
      sets E, F, G and H having a four fold coverage
TBL                TABLE IV                                                    
     ______________________________________                                    
              Source Point Receiver Point                                      
     ______________________________________                                    
     Set (E)    A              12                                              
                B              11                                              
                C              10                                              
                D              9                                               
     Set (F)    E              8                                               
                F              7                                               
                G              6                                               
                H              5                                               
     Set (G)    I              4                                               
                J              3                                               
                K              2                                               
                L              1                                               
     Set (H)    A              12                                              
                B              11                                              
                K              2                                               
                L              1                                               
     ______________________________________                                    
PAR  Sets E and G have essentially common surface. Sets F and H have separate
      surface coverage and thus may be employed in accordance with the present
      invention.
PAR  In FIG. 4, if the surface anomaly represented by curve 41 were properly
      corrected out of the data, the use of sets C and D would result in curves
      40C and 40D coinciding. True subsurface structure would manifest similarly
      in stacks of sets A-D since they all have common depth points.
PAR  The principle embodied in the present invention of selecting sets of
      signals with a common depth point but separate surface is shown above to
      apply to signals taken along a line of seismic profiling such as traverse
      20 of FIG. 1 or traverse 42 of FIG. 4. However, the invention need not be
      limited to signals taken along a straight line. Any sets of traces
      constrained to have common depth points but separate surface can be used
      to test for and display the validity of true structures as opposed to
      static anomalies. Such sets of traces could be subsets of previously
      recorded traces or traces specially recorded for the specific purpose of
      testing validity of true structures in areas where static anomalies may be
      present.
PAR  In the foregoing discussion it has been shown that the use of two or more
      common depth point uncommon surface sections can indicate the occurrence
      of static anomalies. Means for producing common depth point sections are
      well known and in common use. For example, known photographic means may be
      employed in recording seismic record sections to include the traces
      represented by curves 40C and 40D on the same sheet. Divergences between
      the curves would portray the presence of surface anomalies. Where the two
      sets of traces coincide, no static anomalies are present. Thus, common
      depth point traces are produced with partial fold coverage by combining
      traces containing energy reflected from common depth points and detected
      in a first fraction of each surface detector spread. Another set of common
      depth point traces is generated for the same traverse with partial fold
      coverage by combining traces containing energy reflected from the common
      depth points and detected in a second fraction of each subsurface detector
      spread. The first and second fractions of the spread in accordance with
      the present invention are spaced one from another along the earth's
      surface and have no common points. By this means, the presence of a near
      surface anomaly is portrayed by differences between time occurrences of
      the same seismic events in the two sets of traces.
PAR  Referring now to FIG. 5, records AA-FF are shown only in part. Record AA is
      the record produced by generating seismic energy at source point 2, FIG.
      4, and detecting the resultant seismic waves in spread comprising twelve
      detectors at locations 3,5 -- 25 to the right of point 2 and a similar set
      of twelve located to the left of point 2. Similarly, records BB, CC, DD,
      EE and FF are records produced by successively generating seismic energy
      at source points, 4, 6, 8, 10 and 12, respectively, and detecting the
      resultant energy at relocated 24 location spreads, each symmetrical to its
      source point.
PAR  FIG. 5 represents a known stacking system wherein the records such as
      record CC comprising 24 traces of digitized magnetically recorded data
      moves past a set of reproducing heads 200 to produce on lines 201 a set of
      signals representing the data recorded on record CC. Similarly,
      reproducing heads 202 produce on line 203 signals representative of the
      data on record DD. Playback heads 204 produce on line 205 signals
      representative of record EE and playback heads 206 produce on line 207
      signals representative of data on record FF. The lines 201, 203, 205, 207
      from the other records are connected to a static and normal move out
      correction unit and trace stacker unit 210. In unit 210, the traces are
      corrected for computed static variations and for normal move out and are
      then stacked generally in accordance with the procedures disclosed in
      Mayne U.S. Pat. No. 2,732,906.
PAR  Thus, there may be produced an output which may be in the form of wiggly
      trace record section, or of variable area, variable density or
      combinations thereof to portray the subsurface structural character of the
      area covered by the common depth reflecting points. A record sheet 211 may
      be placed on a recording drum 212 to receive the output signals, resulting
      in a multifold composite of the traces from the various seismograms.
PAR  On sheet 211 the first portion of a plot of traces represented in FIG. 4 is
      shown. Trace 213 is the common depth point stack of set C, Table III.
      Trace 214 is the common depth point stack of set D, Table III. Traces 213
      and 214 are thus common depth point traces with separate surface
      locations. Trace 215 is the next common depth point stack of the type of
      set C and trace 216 is the next common depth point stack of the type of
      set D. Further output traces continue this pattern. Thus, the lines 40C
      and 40D, FIG. 5, represent the beginnings of the corresponding curves 40C
      and 40D of FIG. 4.
PAR  While traces 213-220 are shown as if displayed on the same record sheet
      211, normally the set C will be recorded on one section sheet and set D
      will be recorded on a second section sheet in order to facilitate
      analysis.
PAR  This unit 210, FIG. 5, has been shown in block form. Such systems are well
      know.
PAR  Normal move out and static corrections have been heretofore carried out by
      analog means as shown by U.S. Pat. No. 3,092,805 to Romberg. Static
      corrections and normal move out corrections are today routinely carried
      out digitally in seismic exploration systems. For example, such operations
      are offered as commercial services available from Geophysical Service,
      Inc. of Dallas, Texas, as shown by GEOPHYSICS, Aug. 1964, back cover, and
      by GEOPHYSICS, April 1968 and June 1968 cover disclosures. Thus, while
      common depth point stacking techniques are well known, the relationships
      involved in common depth point uncommon surface stacks have not heretofore
      been known nor the use thereof to signal the presence of uncorrected
      static anomalies.
PAR  Further variations in the manner in which the two sets of common depth
      point stacks with uncommon surface coverage can be developed and presented
      will be apparent.
PAR  A seismic record section having divergence such as between curves 40C and
      40D, FIG. 4, must be corrected in order to properly determine the
      subsurface structure.
PAR  As a first approximation to correction, it might be assumed that the static
      correction could be accomplished by introducing negative time shifts equal
      in magnitudes to the deviations from the time 1.000 second as represented
      by curve 40, FIG. 4. Such corrections thus indicated may be introduced
      into all the traces involved. A corrected common depth point stack may
      then be produced. A test would then be made, in accordance with the
      present invention, to determine if the record section has been properly
      corrected. If common depth point, uncommon surface sections made in
      accordance with the descriptions herein displaced identical times of
      reflection occurrence, then accurate correction would be indicated and the
      analysis could proceed as to the nature of the subsurface structure.
PAR  It will be recognized that, for the case above suggested where the surface
      anomaly was assumed to have delay values proportional to the values of the
      divergence from the 1.000 second time of FIG. 4, the correction would not
      be a correct one. Such imperfect correction for static anomaly would then
      be again reflected by divergence between common depth point uncommon
      surface sections. By whatever means correction is introduced, the present
      invention provides a test for remnant error. Thus, the present invention
      is primarily directed to signaling error in CDP data due to uncorrected
      statics.
PAR  As mentioned above, practice of the invention need not be limited to
      signals generated and detected along a linear traverse. For example, in
      accordance with copending application Ser. No. 372,712, filed June 22,
      1973, entitled "Multifold Seismic Exploration Over Purposefully Crooked
      Traverses", common depth point field practices are carried out along
      traverses that are not straight lines but rather are sawtooth or otherwise
      serpentine in configuration. In such operations areal common depth point
      subsurface coverage is achieved. In such operation, sets of common depth
      point common surface traces are produced. However, sets of common depth
      point, uncommon surface traces will be segregated in accordance with the
      present invention for the production of contrasting record sections to
      indicate the presence of near surface anomalies on an areal basis.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of delineating near surface anomalies in common depth point
      seismic surveying where a shot point and detector spread are moved
      successively along a traverse which comprises:
PA1  a. generating a first set of common depth point traces for said traverse
      with partial fold coverage by combining traces containing energy reflected
      from common depth points and detected in a first fraction of the surface
      locations in spreads of full fold detector locations, and
PA1  b. generating a second set of common depth point traces for said traverse
      with partial fold coverage by combining traces containing energy reflected
      from said common depth points and detected in a second fraction of the
      surface locations in spreads of full fold detector locations where said
      first fraction and said second fraction are spaced one from another on the
      earth's surface,
PA1  whereby the presence of near surface anomalies is indicated by differences
      between time occurrences of the same seismic event in said first and
      second sets.
NUM  2.
PAR  2. The method of delineating near surface anomalies in common depth point
      seismic surveying where a shot point and detector spread are moved
      successively along a traverse which comprises:
PA1  a. generating a first set of common depth point traces for said traverse
      with full fold coverage for production of each trace in said first set,
PA1  b. generating a second set of common depth point traces for said traverse
      with partial fold coverage by combining traces containing energy reflected
      from common depth points and detected in a first fraction of the surface
      locations in spreads of full fold detector locations, and
PA1  c. generating a third set of common depth point traces for said traverse
      with partial fold coverage by combining traces containing energy reflected
      from said common depth points and detected in a second fraction of the
      surface locations in spreads of said full fold detector locations where
      said first fraction and said second fraction are spaced one from another
      on the earth's surface,
PA1  whereby the presence of near surface anomalies is indicated by differences
      between time occurrences of the same seismic event in said first, second
      and third sets.
NUM  3.
PAR  3. The method of delineating near surface anomalies in common depth point
      seismic surveying where a shot point and detector spread are moved
      continuously along a traverse which comprises:
PA1  a. generating a first set of common depth point traces for said traverse
      with full fold coverage by combining traces containing energy reflected
      from common depth points, and
PA1  b. generating a second set of common depth point traces for said traverse
      but with only partial fold coverage by combining traces containing energy
      reflected from said common depth points and detected in a fraction of the
      surface locations in spreads of full fold detector locations,
PA1  whereby the presence of near surface anomalies is indicated by differences
      between time occurrences of the same seismic event in said first and
      second sets.
NUM  4.
PAR  4. The method of delineating near surface anomalies in common depth point
      seismic surveying which comprises:
PA1  a. moving shot points and detector locations successively along a traverse
      to produce single coverage traces for full fold common depth point
      coverage,
PA1  b. generating a first set of full fold common depth point traces for said
      traverse,
PA1  c. generating a second set of common depth point traces for said traverse
      with partial fold coverage by combining traces containing energy reflected
      from common depth points and detected in a first fraction of the surface
      locations in spreads of full fold detector locations, and
PA1  d. generating a third set of common depth point traces for said traverse
      with partial fold coverage by combining traces containing energy reflected
      from said common depth points and detected in a second fraction of the
      surface locations in spreads of full fold detector locations where said
      first fraction and said second fraction are spaced one from another on the
      earth's surface,
PA1  whereby the presence of near surface anomalies is indicated by differences
      between time occurrences of the same seismic event in said first, second
      and third sets.
NUM  5.
PAR  5. The method of delineating near surface anomalies in common depth point
      seismic surveying where a shot point and detector spread are moved
      successively to locations along a traverse which comprises:
PA1  a. generating a first set of partial fold common depth point traces for
      said traverse, and
PA1  b. generating a second set of partial fold common depth point traces for
      said traverse where said first set and said second set have common depth
      points but uncommon coverage on the earth's surface,
PA1  whereby the presence of near surface anomalies is indicated by differences
      between time occurences of the same seismic event in said first and second
      sets.
NUM  6.
PAR  6. The method of common depth point seismic exploration which comprises:
PA1  generating two multifold common depth point record sections wherein at
      least one of said sections is partial fold and wherein the sections have
      significant differences in the surface coverage for at least one of the
      common depth points covered by each said record section.
NUM  7.
PAR  7. The method of claim 6 wherein both said record sections are generated as
      partial fold record sections where the surface coverages in each case are
      not common.
NUM  8.
PAR  8. The method of claim 6 wherein one of said record sections is a full fold
      common depth point section and the other record section is a partial fold
      common depth point section.
NUM  9.
PAR  9. The method of claim 1 wherein said first and second sets of traces are
      detected at surface locations along a linear surface traverse.
NUM  10.
PAR  10. The method of claim 1 wherein said first and second sets of traces are
      detected at surface locations along a non-linear surface traverse.
NUM  11.
PAR  11. The method of claim 2 wherein said first, second and third sets of
      traces are detected at surface locations along a linear traverse.
NUM  12.
PAR  12. The method of claim 2 wherein said first, second and third sets of
      traces are detected at surface locations along a non-linear traverse.
NUM  13.
PAR  13. The method of claim 3 wherein said first and second sets of traces are
      detected at surface locations along a linear surface traverse.
NUM  14.
PAR  14. The method of claim 3 wherein said first and second sets of traces are
      detected at surface locations along a non-linear surface traverse.
NUM  15.
PAR  15. A system for delineating near surface anomalies in common depth point
      seismic surveying where a shot point and detector spread are moved
      continuously along a traverse which comprises:
PA1  a. means for generating a first set of common depth point traces for said
      traverse with partial fold coverage by combining traces containing energy
      reflected from common depth points and detected in a first fraction of the
      surface locations in spreads of full fold detector locations, and
PA1  b. means for generating a second set of common depth point traces for said
      traverse with partial fold coverage by combining traces containing energy
      reflected from said common depth points and detected in a second fraction
      of the surface locations in spreads of full fold detector locations where
      said first fraction and said second fraction are spaced one from another
      on the earth's surface,
PA1  whereby the presence of near surface anomalies is indicated by differences
      between time occurrences of the same seismic event in said first and
      second sets.
NUM  16.
PAR  16. A system for delineating near surface anomalies in common depth point
      seismic surveying where a shot point and detector spread are moved
      successively along a traverse which comprises:
PA1  a. means for generating a first set of common depth point traces for said
      traverse with full fold coverage for production of each trace in said
      first set,
PA1  b. means for generating a second set of common depth point traces for said
      traverse with partial fold coverage by combining traces containing energy
      reflected from common depth points and detected in a first fraction of the
      surface locations in spreads of full fold detector locations, and
PA1  c. means for generating a third set of common depth point traces for said
      traverse with partial fold coverage by combining traces containing energy
      reflected from said common depth points and detected in a second fraction
      of the surface locations in spreads of said full fold detector locations
      where said first fraction and said second fraction are spaced one from
      another on the earth's surface,
PA1  whereby the presence of near surface anomalies is indicated by differences
      between time occurrences of the same seismic event in said first, second
      and third sets.
NUM  17.
PAR  17. A system for delineating near surface anomalies in common depth point
      seismic surveying where a shot point and detector spread are moved
      continuously along a traverse which comprises:
PA1  a. means for generating a first set of common depth point traces for said
      traverse with full fold coverage by combining traces containing energy
      reflected from common depth points, and
PA1  b. means for generating a second set of common depth point traces for said
      traverse but with only partial fold coverage by combining traces
      containing energy reflected from said common depth points and detected in
      a fraction of the surface locations in spreads of full fold detector
      locations,
PA1  whereby the presence of near surface anomalies is indicated by differences
      between time occurrences of the same seismic event in said first and
      second sets.
NUM  18.
PAR  18. A system for delineating near surface anomalies in common depth point
      seismic surveying where a shot point and detector spread are moved
      successively to locations along a traverse which comprises:
PA1  a. means for generating a first set of partial fold common depth point
      traces for said traverse, and
PA1  b. means for generating a second set of partial fold common depth point
      traces for said traverse where said first set and said second set have
      common depth points but uncommon coverage of the earth's surface,
PA1  whereby the presence of near surface anomalies is indicated by differences
      between time occurrences of the same seismic event in said first and
      second sets.
NUM  19.
PAR  19. The system of claim 15 wherein said surface locations are dispersed
      along a linear traverse.
NUM  20.
PAR  20. The system of claim 15 wherein said surface locations are dispersed
      along a non-linear configuration.
NUM  21.
PAR  21. The system of claim 16 wherein said surface locations are dispersed
      along a linear traverse.
NUM  22.
PAR  22. The system of claim 16 wherein said surface locations are dispersed
      along a non-linear configuration.
NUM  23.
PAR  23. The system of claim 17 wherein said surface locations are dispersed
      along a linear traverse.
NUM  24.
PAR  24. The system of claim 17 wherein said surface locations are dispersed
      along a non-linear configuration.
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ABST
PAL  Device for indicating when a vehicle has travelled a predetermined
      distance, calling for inspection or servicing of some part of the vehicle.
      An electrochemical indicator integrates a signal indicative of the vehicle
      speed to provide an output indication.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a device for indicating the need for service or
      inspection of a motor vehicle, wherein the service or inspection is
      carried out whenever the vehicle has travelled certain mileage. An
      indicator is provided which, at the end of the prespecified mileage,
      generates a visible or audible signal.
PAR  2. Description of the Prior Art
PAR  For the decontamination of exhaust gases of motor vehicles, exhaust gas
      catalysts have lately been developed which are installed in the exhaust
      system. Such catalysts are generally no longer effective after having been
      in use for a certain period of time and must then be replaced by fresh
      ones. Therefore, the need for a device exists which after a certain
      mileage, generally 12,500 km (i.e., 7767.5 miles), indicates by means of a
      visible or audible signal the replacement to be carried out, and in which
      the signal can only be extinguished after replacement of the catalysts, so
      as to permit a control of the replacement by the traffic police or other
      governmental authorities.
PAR  To indicate the need for a service or inspection to be carried out after a
      certain mileage has been covered, a number of devices are already known.
      In most of these devices, a switch contact is provided in connection with
      the odometer of the motor vehicle, and the switch contact is actuated
      after a specific mileage to generate a visible or audible signal. Such
      devices have the disadvantage that, during continuing operation, the
      signal is extinguished after a number of miles, regardless of whether or
      not the service or inspection work has been carrried out. Another known
      device contains a cam driven by an odometer, which cam acts upon a
      unilaterally clamped-in leaf spring whose free end engages a groove in a
      spring-loaded indication drum. After a specific mileage the leaf spring is
      disengaged from the indicating roller by the cam, which therefore pivots
      into its indicating position. A considerable disadvantage of this device
      is that, when the service or inspection work must be carried out somewhat
      earlier than required, the signal is nevertheless switched on after the
      prespecified mileage has been reached. Moreover, a switching-off of the
      notice is only possible after a certain mileage has been covered. Besides,
      such a device presents the disadvantage of being bulky and must be placed
      in a casing of its own, outside the tachometer. Electrochemical elements
      are used for measurement mileage travelled by rental automobiles to
      calculate rental fees in U.S. Pat. No. 3,665,397 and 3,754,122.
PAC  SUMMARY OF THE INVENTION
PAR  These disadvantages are to be eliminated by the invention. The invention
      therefore creates a device wherein the visible or audible signal, once it
      has appeared, can be reextinguished by zeroing of the device by an
      authorized person, and an extinction of the indicator by re-zeroing is
      possible even before the end of the prespecified mileage without producing
      a premature signal thereafter. Furthermore, the structural volume of the
      device should be such that it can be installed within the tachometer of a
      motor vehicle.
PAR  The invention provides an indicator in the form of an electrochemical
      ampere-hour cell, controlled by a speed-signal transmitter which produces
      a signal proportional to the prevailing motor vehicle speed, operating by
      integration to measure the predetermined mileage.
PAR  The current supplied by the speedometer generally consists of pulses equal
      polarity, whose number per time unit is proportional to the motor vehicle
      speed. This current causes an electrochemical reaction of the electrolyte
      which is stronger when the number of current pulses per time unit and
      therefore the speed of the motor vehicle is greater. Since, according to
      Faraday's law, the quantity of the materials converted by reaction in an
      electrolytic cell is proportional to the quantity of electric current
      which has passed the cell, the quantity of materials converted by reaction
      is proportional to the mileage covered by the motor vehicle.
PAR  By the use of commercial electrochemical ampere-hour cells of small
      structure which indicate directly or indirectly the electrolytically
      reacted material quantity and thus the covered mileage, the structural
      volume of the device can be kept to a bare minimum. It is possible to
      place the ampere-hour cell and the means controlled by the cell that might
      be additionally required for indicating the quantity of material converted
      by reaction into a customary mechanical or electric tachometer. A further
      reduction in the structural volume and in the price of the device can be
      accomplished in motor vehicles with an electric tachometer, such as are
      produced in growing numbers, by connecting the ampere-hour cell to the
      output circuit of the tachometer. This is so because a separate speed
      signal transmitter for the ampere-hour cell can in this case be omitted.
      Instead of an electrochemical ampere-hour cell, other ampere-hour
      indicator, particularly electromechanical ones, could be used, but the
      problems which form the base of the present invention cannot be solved, or
      can only be solved with substantial difficulty and expense, when such
      indicators are employed.
PAR  In a preferred embodiment, an ampere-hour cell constructed as a small
      incandescent lamp and filled with a liquid electrolyte is provided
      wherein, after a prespecified mileage has been covered, a color change of
      the electrolyte occurs. Such an ampere-hour cell has the advantage that it
      has particularly small outer dimensions, can be readily lodged in a
      tachometer or another motor vehicle instrument, and can be read with
      extreme ease. Since such an ampere-hour cell cannot be regenerated after
      the occurrence of the color change, in order to re-zero the device, the
      cell must be replaced when the service or inspection work for which a need
      is indicated is being carried out.
PAR  When a device that produces an audible signal, or a light source is
      arranged, e.g., on the outside of the motor vehicle body at a place well
      visible from a distance so that it will automatically be switched on when
      the end of the prespecified mileage has been reached, it is advisable to
      use an embodiment provided with an electrolytic miniature cell. In this
      case, after a prespecified mileage has been reached, an unsteady
      resistance varation occurs and a threshold-value switch connected in
      series to the cell is operated, by means of which the device or the light
      source can be switched on. Although the expense for the electronics in
      such an embodiment is greater than in the one described above, this device
      can also be installed without difficulties in the tachometer or other
      motor-vehicle instrument. Especially for control of such an ampere-hour
      indicator by means of a number of pulses per unit of time proportional to
      the motor-vehicle speed, it is advisable to connect in series with the
      electrolytic miniature cell an integrating RC element by which the digital
      input signal is converted to an analog signal. By this device, expensive
      latching circuits in the output stage of the threshold value switch can be
      avoided. This device can also be used in other ampere-hour indicator if it
      should be required on account of the meter structure or for other reasons.
PAR  In another embodiment, an electrolytic miniature cell with two mercury
      electrodes mounted in a small tube and an electrolyte filling the space
      between them is provided. The electrolyte consists of an aqueous solution
      of an iodide salt and mercury iodide. The visible distance from one end of
      the small tube of the electrolyte changes proportionally to the mileage
      passed. Such a miniature cell, in comparison to the cells above described,
      has the advantage that a continuous signal is present, from which the
      driver of the motor vehicle can learn what mileage the motor vehicle can
      still cover before the service or inspection must be carried out, and
      which also shows the amount of mileage by which the service or inspection
      time was exceeded. A further advantage is that the cell can be
      regenerated, that is to say, when the device is being re-zeroed after the
      service or inspection work is carried out, the cell can be reutilized and
      need not be replaced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be explained in greater detail with the aid of the
      drawing which contains three embodiments.
PAR  Fig. 1 is a diagram of a device with an ampere-hour meter with a color
      conversion indication.
PAR  FIG. 2 is a diagram of a device with an ampere-hour meter and with a
      threshold value switch connected in series to the ampere-hour meter.
PAR  FIG. 3 is a diagram of a device with an ampere-hour meter which supplies a
      continuous signal.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus 1 according to FIG. 1 contains an ampere-hour indicator or
      sensor 2, of a commercially available sort, shaped as an incandescent lamp
      and filled with an electrolyte 3 which, in the normal state, is of a
      yellow color. After a prespecified mileage has been covered, this color is
      changed to green. Ampere-hour indicator 2 is connected, by way of a
      high-resistance resistor 4 to the output circuit of a tachometer 5. By
      means of the resistance of resistor 4, the mileage to be covered before
      the ampere-hour indicator 2 changes its color can be prespecified. The
      longer mileage is the prespecified mileage tube covered, the greater is
      the resistance.
PAR  tachometer 5 comprises a speed signal transmitter 6, which may be of an
      inductive, capacitive, galvanic, or other type and whose output is
      connected to the sensing input of a monostable flip flop 7, which receives
      the input signal pulses from transmitter 6 and generates output pulses of
      constant amplitude and constant length. The positive output of monostable
      flip-flop 7 is connected to a moving coil indicator, such as a D'Arsonval
      meter, which integrates the pulses on the basis of its inertia and
      indicates the prevailing traveling speed of the motor vehicle.
PAR  In the embodiment according to FIG. 2, the apparatus 1' contains a
      commercially available electrolytic miniature or sensor 9 whose internal
      resistance increases suddenly after the prespecified mileage has been
      covered, whereby the voltage drop across cell 9 suddenly increases. For
      the adjustment of the required mileage, a high-resistance-resistor 4 is
      used, as in the apparatus 1 of FIG. 1 described above. With respect to its
      resistance value, the statements made in connection with the apparatus
      described above are applicable. The variation in voltage drop at cell 9
      controls a threshold value switch 10 whose output is connected to a signal
      lamp 11.
PAR  Device 1' is also controlled by electronic tachometer 5 mounted in the
      motor vehicle and, in contrast to the embodiment of FIG. 1, the rotary
      coil measuring mechanism 8 is in this case connected to the second output
      of the monostable flip-flop 7. Any reactive effects from the moving coil
      indicator 8 upon the control current are thereby safely eliminated. In
      order to avoid a pulsating voltage drop at cell 9, which results in a
      pulsating operation of threshold value switch 10 unless the latter is
      provided with a latching circuit, an integrating RC element 12 is
      connected in series to cell 9, which element transforms the digital output
      signal of monostable flip flop 7 into an analog signal.
PAR  The embodiment of FIG. 3 contains an apparatus 1" with a commercially
      available electrolytic miniature cell or sensor 13. Miniature cell 13
      consists of a small tube 14 with a sight glass and two mercury electrodes
      15 and 16 mounted in the small tube 14 and separated by the electrolyte
      17. Electrolyte 17 is an aqueous solution of an iodide salt and mercury
      iodide. When current passes through cell 13, mercury is electrolytically
      deposited at one of the mercury electrodes 15, while the other mercury
      electrode 16 is decomposed. Consequently, electrolyte 17 migrates slowly
      from one end of small tube 14 to the other, and migrates back at the
      reversal of the direction of the current. For reversing the direction of
      the current, a bipolar switch 18 is provided by means of which apparatus
      11" is attached to a speed signal transmitter 6. The adjustment of cell 13
      to the required mileage is carried out by a high-resistance resistor 4,
      whose value is adjusted as discussed above.
PAR  The monostable flip-flop is also known as a monostable multivibrator.
      Electro-chemical ampere-hour indicators of the type disclosed are
      commercially available in the U.S. for instance from the firms
      Bissett-Berman, Los Angeles and Curtis Instruments Corporation, Montkisco,
      N.Y.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for indicating the need for service or inspection of a motor
      vehicle because of the passage of a prespecified mileage since the device
      was zeroed, comprising:
PA1  A. a signal transmitter (6) for producing an electrical signal proportional
      to the actual speed of the motor vehicle,
PA1  B. an electrochemical ampere-hour sensor means (2, 9 or 13) connected to
      receive said signal and to integrate the amplitude of the signal over a
      time period, whereby the integrated signal provides a measure of the miles
      travelled by the vehicle, and
PA1  C. means connected with the sensor for supplying a signal to an operator of
      the motor vehicle when the integrated signal reaches a prespecified value.
NUM  2.
PAR  2. A device according to claim 1, wherein the ampere-hour sensor means (2)
      is constructed in the form of a small incandescent lamp and is filled with
      a liquid electrolyte (3), the liquid electrolyte being of the sort that,
      after said prespecified value is reached, a color change occurs in the
      electrolyte.
NUM  3.
PAR  3. A device according to claim 1, wherein the ampere-hour sensor means (9)
      is an electrolytic miniature cell of a type wherein, after said
      prespecified value is reached, an unsteady resistance variation occurs
      therein, and further comprising a threshold value switch (10) connected in
      series with the cell.
NUM  4.
PAR  4. A device according to claim 3, wherein the signal transmitter (6)
      supplies a number of pulses per time unit that is proportional to the
      speed of the motor vehicle, said pulses being supplied to an integrating
      RC element (12) connected in series with the cell (9).
NUM  5.
PAR  5. A device according to claim 1, wherein the ampere-hour sensor means (13)
      comprises two mercury electrodes (15 and 16) mounted in a small tube (14),
      and an electrolyte (17), filling the space between the said mercury
      electrodes (17), the electrolyte consisting of an aqueous solution of an
      iodide salt and mercury iodide, the visible distance of the electrolyte
      from one end of the small tube varying in proportion to the value of the
      integrated signal.
NUM  6.
PAR  6. A device according to claim 1 for a motor vehicle with an electric
      tachometer, wherein the ampere-hour sensor means (2, 9 or 13) is connected
      to an output circuit of the tachometer (5).
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ABST
PAL  A system for monitoring the transmission of a digital code is disclosed
      wherein a block consisting of a predetermined number of bits is extracted
      at a predetermined cycle from an information pulse train before the bit
      rate conversion thereof so that a check code corresponding to the states
      of this block may be formed, and inserted into the time slots formed by
      the bit rate conversion of the information pulse train, and the check code
      with the information pulse train after bit rate conversion, is transmitted
      to a receiving equipment. In the receiving equipment, a check code is
      formed from the received information pulse train, whose bit rate is
      restored to its original rate, in a manner exactly similar to that used in
      the transmitting equipment and is compared with the transmitted check
      code, that is, the check code is extracted from the received pulse train.
      Therefore, the whole transmission system including the channel before a
      bit rate converter in the transmitting equipment and the channel after a
      bit rate converter in the receiving equipment may be monitored.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to generally a digital code transmission
      system and more particularly to a digital code monitor system wherein
      check codes are inserted into the time slots formed by the bit rate
      conversion of the information pulse train.
PAR  The conventional digital code monitor systems of the type described above
      may be divided into the following three systems;
PAR  1. THE FIRST SYSTEM IN WHICH A SPECIFIC PATTERN SUCH AS A PSEUDO RANDOM
      PATTERN CONSISTING OF MORE THAN ONE DIGIT SIGNAL IS TRANSMITTED FOR EACH
      FRAME WHICH EQUALS THE REPETITIVE INTERVAL OF TIME SLOTS NEWLY FORMED BY
      THE BIT RATE CONVERSION, AND IS DETECTED FOR MONITORING OF ITS ERROR ON A
      RECEIVING SIDE;
PAR  2. IN THE SECOND SYSTEM IN WHICH THE COMBINATION OF AN INFORMATION PULSE
      TRAIN AND A CHECK CODE IN EACH FRAME HAS SPECIFIC ADD OR EVEN
      CHARACTERISTICS ODD OR EVEN IN THE SPECIFIC STATE OF THE Q-ary and R-level
      code, for instance, the state of "1" or "0" in the binary code, is
      transmitted, and said specific characteristic is checked.
PAR  3. IN THE THIRD SYSTEM THE NUMBER OF DIGITS IN THE SPECIFIC STATE OF THE
      Q-ary and R-level code, for instance, the number of "1" or "0" in the
      binary code, in each frame are summed, and a check code is formed based
      upon the sum is inserted into the time slots formed by the bit rate
      conversion. The resulting signal is transmitted, and compared with a check
      code formed in a manner substantially similar to that used in the
      transmitting equipment.
PAR  In the monitor systems of the types described, the check codes or monitor
      signals are formed based upon the information pulse train whose bit rate
      is converted in the transmitting equipment so that the section in a
      transmission system which can be monitored by any of the above three
      monitor systems is limited from the point immediately after the
      information pulse trains are subjected to the bit rate conversion in the
      transmitting equipment to the point immediately before the bit rate
      converted pulse train are restored to their normal bit rate in the
      receiving equipment. Therefore, a malfunction in the transmission systems
      before and after the bit rate converters cannot be detected so that the
      automatic switching to an auxiliary circuit or circuits cannot be made.
      Furthermore, it takes a long time before the malfunction can be detected.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is therefore to provide a
      digital code monitor system capable of monitoring the entire transmission
      system, including those channels before and after the bit rate converters
      in the transmitting and receiving equipments, respectively.
PAR  Another object of the present invention is to provide a digital code
      monitor system characterized in that in transmitting equipment, a check
      code is formed for an information pulse train before it is subjected to
      the bit rate conversion from the timing pulse before the bit rate
      conversion or before and after the bit rate conversion, and in receiving
      equipment, where a check code for the information pulse train whose bit
      rate is restored is formed from the timing pulses before the bit rate
      conversion or before and after the bit rate conversion, and compared with
      the check code extracted from the received pulse train.
PAR  A further object of the present invention is to provide for transmitting
      equipment, a digital code monitor system in which the control timing in
      response to which is formed a check code for an information pulse train
      prior to the bit rate conversion thereof, and to provide receiving
      equipment wherein the control timing in response to which is formed a
      check code for the information pulse train after the bit rate conversion
      thereof for the restoration of its original bit rate, occurs within a
      predetermined time interval after a frame synchronizing pulse is inserted
      into the information pulse train after the bit rate conversion thereof in
      the transmitting equipment.
PAR  A further object of the present invention is to provide a digital code
      monitor system in which the control timing, in response to which is formed
      a check code in the receiving equipment, is synchronized with the control
      timing in response to which is formed in the transmitting equipment, the
      check code from the timing pulses before the bit rate conversion or before
      and after the bit rate conversion of the information pulse train. The
      synchronization is accomplished by shifting said control timing in the
      receiving equipment, in response to which is formed the check code from
      the timing pulses after and prior to the bit rate conversion of the pulse
      train, in response to the integrated value of the error pulses derived
      from an error detection circuit when the check code formed in the
      receiving equipment does not coincide with the check code extracted from
      the received pulse train.
PAR  A further object of the present invention is to provide a digital code
      monitor system in which the capacity of a memory which is used for the bit
      rate conversion of the pulse train is an integral submultiplier of the
      number of information bits in each frame.
PAR  Briefly stated according to the present invention, the time slot number of
      information bits in each frame are correlated with the addresses in a
      memory of transmitting or receiving equipment. In the transmitting
      equipment a block consisting of a predetermined number of bits is
      extracted from the information pulse train before the bit rate conversion
      thereof at a predetermined frequency so as to form a check code for this
      block. The check code is inserted into the time slots prepared by the bit
      rate conversion of the information pulse train and transmitted to
      receiving equipment. In the receiving equipment this check code is
      extracted from the received pulse train. In the receiving equipment a
      block consisting of a predetermined number of bits is extracted from
      information pulse train, whose bit rate is restored to its original rate,
      at a predetermined frequency so as to form a check code for this block in
      a manner exactly similar to that used in the transmitting equipment. The
      check code newly formed in the receiving equipment is compared with the
      check code transmitted and extracted in the receiving equipment.
PAR  According to another embodiment of the present invention, in the
      transmitting equipment, a block consisting of a predetermined number of
      bits is extracted in response to a control timing signal at a
      predetermined frequency from an information pulse train before it is
      subjected to the bit rate conversion so as to form a check code for this
      block. The check code thus formed is inserted into the time slots prepared
      by the bit rate conversion of the information pulse train and transmitted
      to receiving equipment. In the receiving equipment, this check code is
      extracted from the received pulse train. Meanwhile in the receiving
      equipment a block consisting of a predetermined number of bits is
      extracted in response to a control timing signal at a predetermined
      frequency from the received information pulse train which is restored to
      its original bit rate so as to form a check code in a manner exactly
      similar to that used in the transmitting equipment. The newly formed check
      code is compared with the extracted check code, and error pulses are
      derived when they do not coincide with each other. When the error pulses
      are derived at a rate in excess of a predetermined frequency, the control
      timing signals in response to which is formed the check code in the
      receiving equipment are shifted in phase until the error pulse or signal
      frequency becomes lower than a predetermmined rate. Thus, the digital code
      monitor system in accordance with the present invention may monitor the
      whole transmission system even before the bit rate conversion of an
      information pulse train is started in the transmitting equipment and even
      after the received information pulse train is restored to its original bit
      rate in the receiving equipment.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of a transmitting equipment of a first embodiment
      of the present invention;
PAR  FIG. 2 is a block diagram of a receiving equipment thereof;
PAR  FIG. 3 is a time chart used for the explanation of the mode of operation of
      the first embodiment;
PAR  FIG. 4 is a block diagram of a transmitting equipment of a second
      embodiment of the present invention;
PAR  FIG. 5 is a time chart used for the explanation of the mode of operation
      thereof;
PAR  FIG. 6 is a block diagram of a receiving equipment of the second embodiment
      of the present invention;
PAR  FIG. 7 is a block diagram of a transmitting equipment of a third embodiment
      of the present invention;
PAR  FIG. 8 is a block diagram of a receiving equipment thereof; and
PAR  FIGS. 9 and 10 are time charts used to explain the mode of operation of the
      transmitting and receiving equipments shown in FIGS. 7 and 8, respectively
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  First Embodiment, FIGS. 1, 2, and 3
PAR  Referring to FIGS. 1, 2, and 3 illustrating the first embodiment of the
      digital code monitor system in accordance with the present invention, and
      more particularly FIG. 1 illustrating in block diagram the transmitter
      equipment, a train of information signals of the type shown in FIG. 3 at A
      is transferred from an input terminal 1 into a memory 4 in a bit rate
      converter 3 through a timing recovery circuit 2 so that the information
      pulse train may be continuously stored in the memory 4 in response to the
      store timing pulses derived from a store timing pulse generator 5 which in
      turn is actuated in response to the clock pulses transmitted from the
      timing recovery circuit 2. In response to the read timing pulses which are
      derived from a read timing pulse generator 6 and whose frequency is
      slightly higher than that of the store timing pulses, an information pulse
      train of n bits is continuously read out from the memory 4 and transferred
      into a multiplexer 7. The output of a phase lock oscillator 8, which is
      controlled not only by the store timing pulse from the store timing pulse
      generator 5 but also by the read timing pulse from the read timing pulse
      generator 6, drives a timing pulse generator 9 which in turn generates the
      timing pulses controlling the read timing pulse generator 6. Therefore
      when the n-bit pulse train is read out from the memory 4, reading is
      interrupted so that a frame synchronizing pulse from the pulse generator 9
      may be transferred into the multiplexer 7 and inserted into an idle time
      slot prepared or constructed by the bit rate conversion of the information
      pulse train as shown in FIG. 3 at B. The check codes are inserted into the
      remaining idle slots P.sub.1, P.sub.2, . . . , and P.sub.w (where w = an
      integer) as shown in FIG. 3. Consequently, after the bit rate conversion
      each frame of the pulse train consists of n information bits I.sub.1
      I.sub.2, . . . , and I.sub.n, w check bits P.sub.1 P.sub.2, . . . , and
      p.sub.w, and the frame synchronizing bit F, as shown in FIG. 3 at B. The
      symbols I.sub.1 through I.sub.n shown in FIG. 3 at A correspond to the
      information bits I.sub.1 through I.sub.n in each frame shown in FIG. 3 at
      B. The check codes are formed by deriving a block consisting of a
      predetermined number of bits from the information pulse train before it is
      subjected to the bit rate conversion at a predetermined time interval and
      encoding the check bits representing the state of the pulse train in the
      block. For instance, a check code may be prepared by one of the following
      methods:
PAR  1. A check code is so constructed that the sum of information bits in each
      block and the bits of the check codes which bits are in a specific state,
      for instance "1" or "0" in case of the binary system, may be an odd or
      even number.
PAR  2. A check code may be the remainder obtained by dividing A by k where A is
      a number of the bits of each block which are in a specific state, for
      instance "1" or "0" in case of the binary code, and k, an integer larger
      than 2 inclusive.
PAR  3. A check code may be so determined that the sum of information bits in
      each block and the check bit which bits are in a specific state, for
      instance "1" or "0" in case of the binary code, is equal to a
      predetermined number.
PAR  In addition to the above check codes, any check code may be used in the
      present invention, but in the instant embodiment, the check code of the
      types described above is used. That is, the check code is formed in
      accordance with the content in a counter 10 whose starting, stopping and
      reset operation is controlled by the output signals from a counter control
      pulse generator 11 which in turn is controlled by the output pulses of the
      store timing pulse generator 5 and the timing pulse generator 9. The pulse
      train converted in the manner described above is transmitted from an
      output terminal 13 of a transmitter 12 to a receiving equipment.
PAR  Next referring to FIG. 2 the receiving equipment of the first embodiment
      will be described. The pulse train received at an input terminal 14 is
      transferred through a receiver 15 into a demultiplexer 16 so that the
      check code and the frame synchronizing pulse may be extracted. The frame
      synchronizing pulse is applied to a frame syncronizing circuit 17 whose
      output is applied to a timing pulse generator 18. In response to the
      timing pulses in synchronism with the received pulse train and derived
      from the timing pulse generator 18, a store timing pulse generator 20 in a
      bit rate converter 19 generates the store timing pulses in response to
      which the information bits I.sub.1 through I.sub.n may be continuously
      stored in a memory 21. The information stored in the memory 21 is
      continuously read out in response to the output pulses of a read timing
      pulse generator 22 (the frequency being slightly lower than that of the
      store timing pulse generator 20). The read out information pulse train
      having the same bit rate as that of the information pulse train applied to
      the input terminal 1 of the transmitter equipment (See FIG. 1) is
      amplified by an amplifier 23 and applied to an output terminal 24. A phase
      lock oscillator 25 is controlled not only by the output pulse of the store
      timing pulse generator 20 but also by the output pulse of the read timing
      pulse generator 22, and the read timing pulse generator 22 is driven by
      the output pulses of the phase lock oscillator 25 so that the frequency of
      the information pulse train derived from the output terminal 24 may equal
      to that of the input information pulse train applied to the input terminal
      1 of the transmitter equipment.
PAR  A counter control pulse generator 26 is controlled by the output pulses of
      the timing pulse generator 18 and the read timing pulse generator 22, and
      a counter 27 is controlled by the output pulses of the counter control
      pulse generator 26 so that the check code may be formed from the
      information pulse train derived from the output terminal 24 in a manner
      substantially similar to that described hereinbefore. The check code
      derived from the counter 27 and the check code extracted by the
      demultiplexer 16 are applied to an error detection circuit 28 which
      provides the detected error pulses to a detected error pulse output
      terminal 29 when the two check codes do not coincide with each other.
PAR  When the number n of information bits in each frame is so selected as to be
      an integral multiple of the capacity m of the memories 4 and 21 of the bit
      rate converters 3 and 19, that is when n = l .times. m (where l = an
      integer), there may be established a correspondence between the addresses
      in the memories 4 and 21 and the number of the information bits of each
      frame. FIG. 3C shows the store timing pulses in response to which
      information is stored in a memory address M.sub.1 of the memory 4 in the
      transmitting equipment. When the above relation, that is, n = l .times. m
      is satisfied, information is written into the address M.sub.i (i = 1, 2, .
      . . , m) a number of times l for each frame. FIG. 3D shows the information
      pulse train I.sub.1 through I.sub.m stored in each address of the memory
      4. FIG. 3E shows the pulse train of the output terminal 13. FIG. 3F shows
      the information pulse train which is read out of the memory 21 and has the
      same bit rate as that of the information pulse train shown in FIG. 3D.
      FIG. 3G shows the read timing pulses in response to which the information
      stored in the address M.sub.1 of the memory 21 is read out. When n = l
      .times. m is satisfied the address M.sub.i of the memory 4 in the
      transmitting equipment from which is read out the x-th (x = 1, 2, . . . ,
      n) information and the address M.sub.j of the memory 21 in the receiving
      equipment in which is stored the x-th information are invariable in any
      frame. Furthermore, the addresses M.sub.i and M.sub.j may be arbitrarily
      selected by means of the frame synchronizing pulse F. A counting interval
      H shown in FIG. 3D starts from the leading edge of the first store timing
      pulse 1 shown in FIG. 3C and ends at the leading edge of the (l - 1)th
      store timing pulse l - 1, and the number of information bits which are
      stored in the memory 4 and are in the specific state "1" or "0" are
      counted by the counter 10. The check code P.sub.1, P.sub.2 formed
      according to the content of the counter 10 are inserted immediately before
      the frame synchronizing pulse F. In like manner, a counting interval H'
      shown in FIG. 3E (in the receiving equipment) starts from the leading edge
      of the second store timing pulse and ends at the leading edge of the l-th
      timing pulse, and the number of information bits which are read out of the
      memory 21 and are in said specific state, are counted by the counter 27.
      The check code formed in accordance with the content of the counter 27 is
      compared with the transmitted check code in the error detection circuit 28
      so that when they do not coincide with each other an error pulse is
      generated. Thus the error in code transmission may be detected and the
      monitor of the transmission equipment and line may be carried out. So far
      the counters 10 and 27 have been described as counting during the time
      intervals H and H', respectively, but it is to be understood that the
      intervals H and H' may be arbitrarily selected by deriving appropriately
      the pulses from the timing pulse generators 9 and 18 instead of the frame
      synchronizing pulses F, deriving appropriately the pulses from the store
      timing pulse generator 5 and the read timing pulse generator 22 applying
      the derived output pulses from the timing pulse generator 9 and the store
      timing pulse generator 5 to the counter control pulse generator 11, and
      applying the derived output pulses from the timing pulse generator 18 and
      the read timing pulse generator 22 to the counter control pulse generator
      26.
PAC  Second Embodiment, FIGS. 4, 5, and 6
PAR  The second embodiment of the present invention shown in FIGS. 4 and 6 is
      different from the first embodiment described hereinabove in that the
      number n of information bits in each frame is not required to be an
      integral multiplier of the capacity m of the memory 4, that is, it is not
      necessary to satisfy the relation n = l .times. m.
PAR  Referring to FIG. 5, the mode of operation of the transmitter equipment of
      the second embodiment will be described hereinafter. The bit rate of a
      pulse train consisting of the information shown in FIG. 5A is converted
      into the pulse train as shown in FIG. 5B. As shown in FIG. 5C the counter
      10 is operated during a time interval t.sub.1 in response to the control
      signal from the counter control pulse generator 11 so as to count the
      number of information bits in a predetermined state "1" or "0" of the
      pulse train stored in the memory 4 as shown in FIG. 5A. In the next time
      interval t.sub.2 the counter 10 is stopped and reset for counting the
      specific bits in the next time interval t.sub.1. The time intervals
      t.sub.1 and t.sub.2 are so selected that t.sub.1 + t.sub.2 may equal the
      period of one frame or an integral multiple thereof. The check code which
      is formed during the operating time t.sub.1 by the counter 10 so as to be
      inserted together with the frame synchronizing pulse F at the end of the
      information pulse train consisting of n information bits in the
      multiplexer 7 is stored in a memory of the counter 10 during the
      inoperative time interval t.sub.2. The check code is read out from the
      memory of the counter 10 and applied to the multiplexer 7 to be inserted
      at the end of each information pulse train. It should be noted that the
      operation time t.sub.1 of the counter 10 is not limited to one frame time.
      For instance the counter 10 may operate at a cycle as shown in FIG. 5D.
      The counter control pulse generator 11 generates the control pulses to be
      applied to the counter 10 in response to the timing pulses of the timing
      pulse generator 9, and the counter 10 is started, stopped or reset by the
      control pulses.
PAR  The bit-rate-converted pulse train with the frame synchronizing pulse F and
      the check code inserted therein is transmitted through the transmitter 12
      from the output terminal 13 to the receiving equipment.
PAR  Next referring to FIG. 6 illustrating the receiving equipment of the second
      embodiment, the counter control pulse generator 26 operates during the
      time interval t.sub.1 as in the case of the counter control pulse
      generator 11 in the transmitting equipment shown in FIG. 4, and interrupts
      its operation during the time interval t.sub.2. Therefore, the counter 27
      operates during the time interval t.sub.1, but interrupts its operation
      during the time interval t.sub.2. During the time interval t.sub.1 the
      counter counts the number of information bits in the specific state in
      each frame so that the check code is formed and applied to the error
      detection circuit 28 to be compared with the check code extracted from the
      received pulse train in the demultiplexer 16 and applied to the circuit
      28. When they do not coincide with each other, an error signal is derived
      from the output terminal 29.
PAR  In the second embodiment, when the control timing signals for controlling
      the formations of the check codes in the transmitting and receiving
      equipments, respectively, are synchronized, the error signal derived from
      the error detection circuit 28 represents that an error occurs in a code
      transmitted through a transmission system or that the transmission system
      has a failure. For this purpose, the counter 27 in the receiving equipment
      must count the same information pulse train as that counted by the counter
      10 in the transmitting equipment. If the counting time intervals of the
      counters 10 and 27 are not in synchronism with each other, the error
      detection circuit provides frequent error signals. The error signals or
      pulses are integrated by an integrator 30 so that when the output of the
      latter is in excess of a predetermined value, an inhibit gate 31 inhibits
      the output of the phase lock oscillator 25 from being applied to the
      counter control pulse generator 26. That is, the counter control pulse
      generator 26 generates control pulses in response to the output pulses of
      the phase lock oscillator 25 so that the counter 27 operates during the
      time interval t.sub.1  and interrupts its operation during the time
      interval t.sub.2, but when the output of the integrator 30, which
      integrates the error pulses derived from the error detection circuit 28,
      becomes in excess of a predetermined value, the inhibit gate 31 inhibits
      the output pulses of the phase lock oscillator 25 from being applied to
      the counter control pulse generator 26. Consequently, the operating time
      interval t.sub.1 and the inoperative time interval t.sub.2 of the counter
      27 are shifted in phase by the output pulses of the counter control pulse
      generator 26. That is, when the integrated value of the error pulses of
      the error detection circuit 28 is in excess of a predetermined value, the
      inhibit gate 31 is actuated so that the output pulses of the counter
      control pulse generator 26 are shifted in phase until the counting time
      interval of the counter 27 in the receiving equipment becomes in phase
      with that of the counter 10 in the transmitting equipment. When the
      counting time intervals are synchronized, no error signal or pulse is
      derived from the error detection circuit 28 as long as a malfunction of
      the transmission system does not occur. However when the error pulses
      appear very frequently even after a predetermined time interval required
      for synchronizing the counting time intervals has elapsed, there exists a
      malfunction or malfunctions of the component part or parts between the
      input terminal 1 and the output terminal 24. Thus the second embodiment of
      the present invention may monitor the whole transmission system.
PAC  Third Embodiments, FIGS. 7, 8, 9 and 10
PAR  In the second embodiment described hereinbefore with reference to FIGS. 4,
      5, and 6, the phase of the control pulses of the counter control pulse
      generator 26 is gradually shifted in order to synchronize the operation of
      the counter 10 in the transmitting equipment with that of the counter 27
      in the receiving equipment, but it takes a long time before they are
      synchronized when they are grossly out of phase with each other. In the
      third embodiment, in order to overcome this problem, the counter 10 is so
      arranged as to be actuated a predetermined time after the frame
      synchronizing pulse F, and the counter 27 in the receiving equipment is so
      controlled as to be actuated a predetermined time after the frame
      synchronizing pulse F extracted in the receiving equipment.
PAR  Next the mode of operation of the transmitting equipment of the third
      embodiment will be described with reference to FIG. 9. The input
      information pulse train shown in FIG. 9A is converted into the pulse train
      shown in FIG. 9B by the bit rate conversion. A pulse shown in FIG. 9C is
      the frame synchronizing pulse F which is inserted into the information
      pulse train converted by the bit rate conversion and obtained from the
      timing generator 9. A pulse shown in FIG. 9D is obtained from the counter
      control pulse generator 11, appears at a time .tau. delayed from the frame
      synchronizing pulse F and decays at the time .tau. + t.sub.s. As shown in
      FIG. 9E, the counter 10 is so arranged as to start counting within the
      time interval t.sub.s and to operate during a time interval t.sub.1 in
      response to the counter control pulse from the counter control pulse
      generator 11. FIG. 9F shows the point in time at which the counter 10 is
      activated so that it starts counting within a specific time interval
      t.sub.s.
PAR  The receiving equipment of the third embodiment shown in block diagram form
      in FIG. 8 is substantially similar in construction to that of the second
      embodiment except that a frequency divider 32 is inserted between the
      inhibit gate 31 and the counter control pulse generator 26. The frequency
      divider 32 steps down the frequency of the output pulses of the phase lock
      oscillator 25 into 1/r so that the following relation
EQU  n = v .times. r
PAL  may be satisfied,
PAL  when n = the number of information bits in each frame; and
EQU  v = an integer
EQU  r = an integer.
PAL  In addition to the output of the frequency divider 32, the frame
      synchronizing pulse F of the timing pulse generator 18 and the output
      pulses of the phase lock oscillator 25 are also applied to the counter
      control pulse generator 26.
PAR  Next referring to FIG. 10, the mode of the receiving equipment with the
      above construction will be described. The pulse train shown in FIG. 10A
      and applied to the input terminal 14 of the receiving equipment is
      converted by the bit rate converter 19 into the train of successive
      information bits I.sub.1 through I.sub.n excluding the frame synchronizing
      pulse F and the check bits P.sub.1 and P.sub.2. The frame synchronizing
      pulse F shown in FIG. 10C and the output of the frequency divider 32 shown
      in FIGS. 10D (10E, 10F, or 10G) are applied to the counter control pulse
      generator 26. As described above, the counter 10 in the transmitter
      equipment is started a predetermined time after the frame synchronizing
      pulse F. For instance, the counter 10 is actuated at one of the timing
      points S.sub.2 through S.sub.r.sub.-1 shown in FIG. 10H, and n, r, and v
      of the above relation n = v .times. r are so selected that the first
      output pulse Z.sub.1 of the frequency divider 32 after the frame
      synchronizing pulse F may appear between the points S.sub.2 and
      S.sub.r.sub.-1. Then the counter control pulse generator 26 is actuated in
      response to the pulse Z.sub.1 to generate the counter control pulses so
      that the counter 27 may operate during the time interval t.sub.1, and then
      may interrupt its operation during the time interval t.sub.2. When the
      output pulses of the counter control pulse generator 26 are not in
      synchronism with those of the counter control pulse generator 11 in the
      transmitter equipment, the error pulses are frequently derived from the
      error detection circuit 28. When the integrated value of the error pulses
      becomes in excess of a predetermined value, the inhibit gate 31 is
      actuated as in the case of the second embodiment. Consequently the output
      of the frequency divider 32 is shifted in phase as shown in FIG. 10E. When
      the inhibit gate 31 is actuated coincidently with the actuation of the
      counter control pulse generator 26 at the time point S.sub.r as shown in
      FIG. 10F, the starting pulse returns to the time point S.sub.1 as shown in
      FIG. 10G. However, as described above, the counter control pulse generator
      11 in the transmitter equipment is actuated only between the time points
      S.sub.1 and S.sub.r so that the synchronization may be attained between
      the time points S.sub.1 and S.sub.r. Therefore it is not necessary to
      attain the synchronization of all timings in each frame.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital code monitor system comprising
PA1  A. a transmitting equipment comprising
PA2  a. bit-rate converting means for forming time slots by the bit rate
      conversion of an information pulse train
PA2  b. means for forming a check code representing the states of bits in a
      block consisting of a predetermined number of bits of said information
      pulse train before bit rate conversion and
PA2  c. means for inserting said check code and a frame synchronizing pulse into
      said time slots and transmitting said bit-rate converted information pulse
      train with said check code and said frame synchronizing pulse inserted
      therein to a receiving equipment; and
PA1  B. said receiving equipment comprising
PA2  a. means for extracting said check code and said frame synchronizing pulse
      from transmitted pulse train,
PA2  b. means for bit-rate converting said transmitted pulse train,
PA2  c. means for forming, in a manner exactly similar to that of forming said
      check code in said transmitting equipment, a check code from a bit-rate
      converted information pulse train, and
PA2  d. means for comparing said extracted check code with said second mentioned
      check code formed in said receiving equipment so as to detect whether said
      extracted and formed check codes coincide with each other or not.
NUM  2.
PAR  2. A digital code monitor system as defined in claim 1 wherein
PA1  the forming of said check code in said transmitting equipment is controlled
      by means of timing pulses derived from said bit-rate converting means, and
      the forming of said second mentioned check code in said receiving
      equipment is controlled by means of the timing pulses derived from said
      bit-rate converting means in said receiving equipment.
NUM  3.
PAR  3. A digital code monitor system as defined in claim 1 wherein
PA1  said bit-rate converting means in said transmitting and receiving
      equipments includes storage means whose capacity is equal to an integral
      submultiplier of the number of bit-rate converted information bits in each
      frame.
NUM  4.
PAR  4. A digital code monitor system as defined in claim 1 wherein
PA1  a control pulse for forming the check code from said bit-rate converted
      pulse train in said receiving equipment is synchronized with a control
      pulse for forming the check code from said information pulse train before
      bit rate conversion in the transmitting equipment by shifting the phase of
      said first-mentioned control pulse formed from the read timing pulse in
      said bit-rate converter, in case of exceeding the predetermined integrated
      value of error pulses derived when said extraction check code does not
      coincide with the check code formed in said receiving equipment.
NUM  5.
PAR  5. A digital code monitor system as defined in claim 4 wherein
PA1  the start point with which said check code is formed from said information
      pulse train in said transmitting equipment and the start point with which
      said check code is formed from said bit rate converted information pulse
      train in said receiving equipment are generated within a predetermined
      time from the time generating the frame synchronizing pulse.
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ABST
PAL  Characters are skeletonized to form skeleton characters consisting of
      single series of character positions. A skeletonizing cycle consists of
      one mark scanning operation, followed by two peeling scanning operations.
      The criteria for marking and peeling can be better adapted to each other
      in this manner. Skeletonizing, thus, is rendered substantially independent
      of the sequence in which the character positions are treated, so that
      notably the symmetry of the character elements remains the same. Moreover,
      the occurrence of random tails can be avoided to a substantial degree.
BSUM
PAR  The invention relates to a method of skeletonizing characters which are
      applied in a two-dimensional regular pattern of positions in this method.
      A character position is distinguished from a background position by
      digital information present, the characters being skeletonized in order to
      isolate superfluous information. Thus, the information of a character
      position is changed into that of a background position until a skeleton
      character is obtained whose line elements consist of single series of
      character positions which succeed each other in accordance with an
      adjacency criterion. The skeletonizing is performed in cycles, the
      positions of the character field being treated during a cycle in a regular
      and fixed sequence. Character positions which are situated at an edge of
      the character in accordance with an edge criterion are marked in a first
      sub-cycle of a cycle by associating additional information with the
      information of those character positions. A method of this kind has been
      described in U.S. Pat. No. 3,339,179 (G. L. Shelton). There character
      positions are marked in a number of cycles by adding a sum thereto. The
      sum is formed according to a method resembling autocorrelation; it
      increases in each cycle. In a number of subsequent cycles the character
      positions whose sums are between given limits are tested against an
      indispensability criterion. It was found that in this manner less
      favourable results are often obtained. The invention relates to an
      improved system in which the marking is performed during a first sub-cycle
      of each cycle. Furthermore, according to this patent skeletonizing is so
      rigorous that characteristic elements of the characters can readily
      disappear: FIG. 3 of the patent shows an example of a skeletonized capital
      letter "F". On the one hand, the cross-stroke half-way the upright stroke
      has substantially completely lost the characteristic seriph at its end. On
      the other hand, superfluous character positions remain.
PAR  Consequently, it appears that less rigorous skeletonizing is desirable on
      the one hand. It was found that in that case short projecting line
      elements can readily appear. These can be the remainder of a seriph in the
      original character. However, even if there was no seriph, they can arise
      "spontaneously" as it were. If they do not correspond to characteristics
      (for example, a projection) of the original character, they should have to
      be removed. It has been proposed to remove these projections after
      skeletonizing, but other problems arise: the method is then liable to
      remove the wrong short projecting line elements. It is an object of the
      invention to avoid the occurence of such projections.
PAR  According to the invention character positions are tested successively
      first in a second sub-cycle against a first indispensability criterion, on
      the basis of which they are either removed or maintained. The maintained
      marked character positions are subsequently tested in a third sub-cycle
      against a second indispensability criterion on the basis of which they are
      either removed or maintained. The character positions which were removed
      in the second sub-cycle appearing as background positions in the third
      sub-cycle. The first indispensability criterion and the second
      indispensability criterion can be adapted to each other. The appearance of
      such short projecting line elements can thus be avoided without
      skeletonizing being too rigorous.
PAR  The indispensability criterion as used in said U.S. Pat. No. 3,339,179
      maintains character positions which would cause an interruption or a loop
      in the character if they were removed. A summarizing criterion is the
      "order" of a character position. This is defined as the "multiplicity"
      (number of times) according to which a character position adjoins a number
      of groups of character positions which together form a continuous pattern.
      This "multiplicity " can be single, dual, etc. A circle is made along the
      positions neighbouring a character position, and the number of times the
      sequence of character positions is interrupted is determined. This number
      then is the order of the central character position. Removal does not
      produce a loop or interruption only if the order is one. Examples thereof
      will be described.
PAR  The projecting line elements start at an end point. Consequently, the
      appearance of end points must remain well under control. They arise in
      three ways:
PA0  a. During a cycle a character position does not satisfy the edge criterion,
      so it is not marked during the first sub-cycle (mark sensing). During the
      second and the third sub-cycle (peeling sensing) it loses so many marked
      neighbours (not satisfying the indispensibility criterion during these
      sub-cycles) that it becomes an end point. It may be that it has only one
      neighbouring character position left, or two positions which adjoin each
      other again.
PA0  b. During a sub-cycle (peeling sensing) a marked character position loses a
      number of neighbouring character positions. When it is its own turn to be
      tested against an indispensability criterion, it appears to form an end
      point.
PA0  c. A marked character position is first tested against an indispensability
      criterion during a sub-cycle. It appears to be indispensable (for example,
      because its order is not equal to one). Subsequently, neighbouring marked
      character positions are tested against the indispensability criterion and
      are removed. At the end of this sub-cycle it appears that the maintained
      character position forms an end point.
PAR  The cases (b) and (c) do not necessarily give end points of characteristic
      line elements which are necessary for recognition. This will often not be
      the case. Assume that marked end points are not indispensable. If the
      character position which is maintained in case (c) is again tested against
      the latter indispensability criterion, then it will be removed.
      Furthermore, which of the character positions are removed often depends on
      the sequence in which the character positions are tested. This is less
      likely with the method according to the invention.
PAR  In a further embodiment of the invention only the marked character
      positions are maintained whose removal would cause an interruption or a
      loop in the character on the basis of the first indispensability
      criterion. On the basis of the second indispensability criterion only the
      character positions are maintained which project from the character in the
      way of an end point (tail point) being removed. It was found that such a
      method offers favourable results. In the second sub-cycle many character
      positions are tested, and a substantial percentage thereof are removed. In
      the third cycle end points which become apparent are removed from
      developing, projecting line elements.
PAR  In a still further embodiment of the invention the cycles are preceded by a
      smoothing cycle in which character positions which project from the
      character in accordance with a smoothing criterion are removed. Background
      positions which project into the character are changed into character
      positions whereby character positions which project from the character in
      accordance with a projection criterion are excluded from marking in the
      subsequent cycles. This combination was found to offer favourable results.
      Notably the character positions according to the above case (a) are
      maintained. These character positions substantially always form end points
      of characteristic line elements of the skeleton character.
PAR  The invention also relates to a device to be used for skeletonizing
      characters. The characters are applied on a carrier, comprising a detector
      which images the information of the character on a provided storage
      device. The characters then are stored as digital information of character
      positions and background positions respectively, which positions are
      arranged on the carrier in accordance with a two-dimensional regular
      pattern of positions. Furthermore a skeletonizing device is included to
      which at least the information of character positions can be applied and
      by which the information of character positions can be changed into that
      of background positions until the information of character positions
      stored in the said storage device has been reduced to the information of
      character positions of skeleton characters whose line elements consist of
      single series of character positions which succeed each other in
      accordance with an adjacency criterion. Skeletonizing is controlled in
      cycles by a control unit, it being possible to apply information of the
      positions of the character field in a regular and fixed sequence to the
      skeletonizing device during a cycle. It is also possible in a first
      subcycle of a cycle to apply at least the information of the character
      positions, together with the information of the positions neighbouring
      these character positions, to a first decision unit in which an edge
      criterion is incorporated, the first decision unit adds additional
      information to the information of the character positions for which the
      said edge criterion has been satisfied. The detector can consist of a
      flying spot scanner, and the storage device can be composed of a matrix of
      bistable elements. As a result of skeletonizing, the rendundancy is
      reduced and recognition is faciliated. The skeletonizing is performed
      advantageously because in a subsequent second sub-cycle the information of
      the character positions can be applied, together with the additional
      information, to a second decision unit in which a first indispensability
      criterion is incorporated and by which, if the edge criterion was
      satisfied but the first indispensability criterion was not satisfied, the
      information of the relevant character position can be changed into that of
      a background position. It is possible in a subsequent third sub-cycle to
      apply the information of the remaining character positions, together with
      said additional information, to a third decision unit in which a second
      indispensability criterion is incorporated and by which, if the edge
      criterion was satisfied but the second indispensability criterion was not
      satisfied, the information of the relevant character position can be
      changed into that of a background position, after which this changed or
      unchanged information appears on an output. The construction of the second
      and the third decision unit can be the same, or different. If they are
      identical, it is even possible that the second and third decision unit are
      the same unit which is passed through twice.
DRWD
PAR  The invention will be described with reference to the drawing in which:
PAR  FIG. 1 shows some commonly used patterns of positions,
PAR  FIGS. 2 - 16 show some examples of the "order";
PAR  FIGS. 17 - 21 show an example of skeletonizing according to an older
      technique;
PAR  FIG. 22 shows an example of a skeletonizing result according to the present
      invention;
PAR  FIGS. 23 - 24 demonstrate the usefulness of a smoothing cycle;
PAR  FIG. 25 shows a diagram of a device according to the invention;
PAR  FIG. 26 shows a skeletonizing store and a processing store;
PAR  FIG. 27 shows a device for generating an edge criterion;
PAR  FIG. 28 shows a device for testing marked character positions against an
      indispensability criterion.
DETD
PAR  FIG. 1 shows three commonly used patterns of positions. The positions are
      denoted by dots. A line indicates in which direction a neighbouring
      position is situated. The positions thus have 4, 6 and 8 neighbours,
      respectively.
PAR  The FIGS. 2 to 16 show examples of the determination of the order of the
      central character position. Character positions are denoted by an
      encircled dot. A number of connections are shown so as to illustrate the
      complex manner in which the central character position adjoins a number of
      groups of character positions which mutually form a closed pattern. Broken
      lines denote connections in the case where a position has eight
      neighbours; the solid lines apply in the case of four and six neighbours,
      respectively. The order is now as follows:
TBL  Figure   Neigh-  Order   Neigh-                                           
                                    Order Neigh-                               
                                                Order                          
              bours           bours       bours                                
     ______________________________________                                    
     2        4       0                   8     0                              
     3                        6     0                                          
     4                        6                                                
     5        4       1                   8     0                              
     6                        6     1                                          
     7        4                           8     1                              
     8        4       1                   8     1                              
     9        4       1                   8     1                              
     10                       6     2                                          
     11       4       1                   8     3                              
     12       4       2                   8     3                              
     13       4                           8     4                              
     14                       6     3                                          
     15       4       1                   8     2                              
     16       4       0                   8     4                              
     ______________________________________                                    
PAR  The cases denoted by an asterisk refer to isolated character positions.
      These cases may be detected separately. FIG. 3 shows the order zero, and a
      loop would arise if this character position were removed. The order
      appears to be dependent of the number of neighbours taken into account.
      The positions neighbouring the central character position form a so-termed
      ring, and the order can also be denoted as the number of times that this
      ring is interrupted.
PAR  FIGS. 17 to 21 show an example of the skeletonizing operation which is
      described in U.S. application Ser. No. 369,201, filed June 12, 1973, which
      is a continuation of application Ser. No. 196,937, filed Nov. 9, 1971 now
      abandoned, and also in U.S. Pat. No. 3,735,349. FIG. 17 shows a character
      element projecting to the right, for example, a horizontal bar of a
      captial letter F. Character positions are denoted by an encircled dot,
      background positions by a dot. The part of the character which is situated
      to the left of the vertical line is not taken into consideration. The edge
      criterion is as follows: a 3.times.3 matrix is considered. If the first
      column thereof has at the most one character position, and the remainder
      (including the central character position) has at least three, the central
      character position is marked. A corresponding criterion is applicable in
      the three other orientations. A marked character position then has at
      least two neighbours; this appears to give rise to rigourous
      skeletonizing.
PAR  The marked character positions are subsequently tested against an
      indispensability criterion, one line after the other from left to right.
      The indispensability criterion is: if removal were to give rise to an
      interruption (or a loop, but this is not applicable due to the choice of
      the edge criterion), the character position is maintained. For this
      purpose all eight outer positions of the 3.times.3 matrix are considered
      to be neighbours of the central character position.
PAR  FIG. 18 shows which character positions were tested against an
      indispensability criterion: the character positions which could be removed
      are denoted by a cross. The letter A indicates that the relevant position
      was maintained: at the instant of testing, the character position at the
      lower right was still present, i.e. removal would have caused an
      interruption. The character position which is denoted by an A in FIG. 18
      is no longer evaluated in subsequent cycles because it has only one
      neighbour. It thus forms a permanent end point. In FIGS. 19, 20, 21 the
      respective character positions denoted by A are maintained because removal
      would cause an interruption. FIG. 21 shows the ultimate result: the
      symmetry has been radically changed. FIG. 17 shows a tendency towards the
      upper right. In FIG. 21 the tendency is stronger and towards the bottom
      right.
PAR  Improved skeletonizing is achieved according to the invention by testing
      the character position denoted by A in FIG. 18 again as regard
      indispensability. Removal does not result in an interruption, and if the
      second indispensability criterion is the same as the first, it may be
      removed. In the subsequent cyles the character positions denoted by an A
      in FIGS. 19 - 21 do not satisfy the indispensability criterion, so they
      are removed. The result of FIG. 22 is thus obtained. Consequently, by
      testing at least twice against an indispensability criterion in a first
      cycle, improved skeletonizing was achieved. It may also be that the
      improvement arises in that in a second etc. cycle testing against an
      indispensability criterion is performed twice. Due to the double testing,
      the end points of many projecting line elements which do not form a
      characteristic of the character are removed upon appearance. In this
      manner, development of these line elements is prevented. In the example
      the two indispensability criterions were identically formulated, but this
      is not necessary. They can even differ from cycle to cycle. An additional
      advantage of the method of double testing against indispensability
      criteria is that these criteria may be less severe. This is because if
      such points are maintained the first time, they are tested once more any
      way. The criterion for marking may be less severe for the same reasons.
PAR  FIG. 23 shows a case illustrating the usefulness of a smoothing cycle for
      the case of eight neighbours. This Figure is immune to skeletonizing.
      Removal of a character position will always cause a loop or an
      interruption. It is assumed that the four ends are not marked. Assume the
      smoothing criterion to be: a background position having more than four
      adjoining character positions is filled. The result is shown in FIG. 24
      which gives a simple configuration. The filling of background positions
      can be limited to cases where none of the vertical or horizontal
      neighbours is a background position. The latter neighbours can generally
      be allotted more significance than the others, for example, by
      incorporating weighting factors in the criteria. This smoothing offers
      favourable results, particularly in combination with the double testing of
      marked character positions against an indispensability criterion. This
      becomes apparent if of a large number of characters applied, for example
      10.sup.5, a larger percentage is recognized correctly. The example has
      been elaborated for eight neighbours per position. Analogous treatments
      are applicable to positions with four or six neighbours.
PAR  A device for testing against an indispensability cirterion is described in
      U.S. application Ser. No. 369,201 and U.S. Pat. No. 3,735,349. FIGS. 7 to
      12 of that application and patent illustrate such a device, i.e., FIG. 7 a
      block diagram, FIG. 8 a more detailed block diagram, FIG. 9 a main store,
      FIG. 10 a marking store with a circuit for marking, FIG. 12 a circuit for
      testing against an indispensability criterion by means of the gates Y4-15
      (no interruption should arise), and FIG. 11 a skeletonizing store, a mark
      store, and a circuit which generates an other indispensability criterion
      which will not be discussed in this context. Using the device as described
      in that application and U.S. Pat. No. 3,735,349, character positions can
      be tested twice against an indispensability criterion. This is effected,
      if, for example, in a first cycle a character position is found to satisfy
      an edge criterion but appears to be indispensable, and satisfies an edge
      criterion again in a second cycle. The device described in that
      application and patent can be extended such that the information of all
      positions circulates twice per cycle, while the mark store (FIG. 11 of
      that application and patent) is extended such that it can contain any
      additional information of all marked character positions. As a result, the
      store would be substantially expanded, i.e. it would become approximately
      as large as the main store, for example, 32 .times. 32 = 2.sup.10 bits.
      Moreover, the completion of a cycle requires about twice as much time as
      required in that application and patent.
PAR  FIG. 25 of the present application, derived from U.S. application Ser. No.
      369,201 and U.S. Pat. No. 3,735,349, shows a device for performing the
      method according to the invention, and comprises a carrier A with
      characters, a detector B, a buffer store C, a switching unit D, a main
      store E, a control unit F, a clock G, an interconnection unit H, a marking
      store I, a skeletonizing store J, a logic unit K, a second logic unit L, a
      mark store M, a bistable unit N, and an output unit O. Broken lines denote
      which parts form part of a main control unit FA, a marking unit MI, and a
      decision unit BSI. The characters are printed in a contrasting ink on the
      carrier A. The detector is a flying spot scanner which scans the character
      one line after the other. The buffer store C is a shift register of, for
      example, 32 bits. The information of a line of the character is stored
      therein: the most simple form is one bit per position, i.e. giving the
      information "occupied" or "empty". The main store E can also be
      constructed as a shift register. The clock G applies clock pulses at
      regular instants to the control unit F which controls the further course
      of events. The buffer store C is used for adapting the properties of the
      detector B and the main store E to each other. After a line of the
      character has been scanned, the information of this line is transported
      via the switching unit D under the control of the control unit F. The
      character consists of, for example, 32 lines of 32 bits. When all
      information of the character has been stored in the main store E,
      skeletonizing commences. To this end, a circuit is formed by a loop
      connection of the main store E, the marking store I, the skeletonizing
      store J, the logic unit L and the output unit O. All stores can be
      constructed as shift registers. Under the control of the clock pulses and
      the control unit F, the information formation of the characer circulates
      until it has returned to the main store E. During this circulation, the
      character positions are marked or are not marked in the marking store I in
      accordance with an edge criterion which compares the information of a
      character position with the fact whether or not the neighbouring positions
      are occupied. This is effected by the logic unit K, the information
      whether or not the relevant character position is marked being applied to
      the mark store M. The output of the marking store I is connected, via the
      interconnection unit H, to the input of the skeletonizing store J. The
      information of marked character positions therein is compared with that of
      the neighbouring positions. In this manner an indispensability criterion
      is implemented: the mark of the character position under consideration,
      and possibly that of other character positions, is applied to the second
      logic unit L by the processing store M. This second logic unit L tests
      against a first indispensability criterion and decides whether or not the
      marked character position may be removed. If the marked character position
      may be removed, its information is changed into that of a background
      position. According to the present invention, this second logic unit L
      then tests against a second indispensability criterion, however, not until
      the first testing has progressed so far that the results thereof can no
      longer influence the second test. The information of the removed or
      nonremoved character returns, via the output unit O, to the main store E
      and becomes available, if desired, on an output terminal of the output
      unit O. If no character position is removed during a cycle, skeletonizing
      is stopped. This is detected by the bistable unit N which receives the
      removed signals. If desired, one or more cycles of an other type can still
      follow. The sub-cycles, consequently, are not separated in time; however,
      the character positions are first subjected to the first, then to the
      second, and finally to the third sub-cycle.
PAR  FIG. 26 shows a skeletonizing store and a mark store. The character field
      consists of, for example, 32 .times. 32 positions, the information of
      which is stored each time as one bit per position.
PAR  The skeletonizing store comprises five 30-bit shift registers IJ, J2, J3,
      J4 and J5 with terminating resistors LRJ, JR2, JR3, JR4 and JR5, and
      regeneration amplifiers IVJ, JV2, JV3, JV4 and JV5. The skeletonizing
      store furthermore comprises ten flipflops IJ1, IJ2, IJ21, J22, J31, J32,
      J41, J42, J51 and J52. The information of the last bits of the shift
      registers and of the flipflops is present on the signal terminals 1 . . .
      . 9 and 18 . . . . 23. Terminal 23 acts as the signal output terminal. The
      flipflops J21 and J41 furthermore comprise reset imput which are not
      shown. FIG. 26 also shows a mark store. This store is constructed in an
      analogous manner, and comprises a signal input terminal Noo, four 30-bit
      shift registers M2, M3, M4, M5 with regeneration amplifiers and
      terminating resistors MV2 . . . . 5 and MR2. . . . 5, nine flipflops M11,
      12, 21, 22, 31, 32, 41, 42 and 51, and the signal terminals 10 . . . . 17.
      Consequently, in the skeletonizing store the information is stored whether
      or not a position is a character position, the information whether or not
      this position is marked being stored in the mark store.
PAR  FIG. 10 of U.S. application Ser. No. 369,201 and U.S. Pat. No. 3,735,349
      shows a device in which a character position is tested against an edge
      criterion. This is analogous to the description given with reference to
      the present FIGS. 17 . . . . 23. FIG. 27 shows a device which generates an
      other type of edge criterion. It is again that each position has eight
      neighbouring positions. This ring of neighbouring positions is followed,
      and it is counted how many times the character position is directly
      followed by a background position.
PAR  The device according to FIG. 27 comprises three 30-bit shift registers I1,
      I2 and IJ with adaptation resistors IR1, IR2 and IRJ and regeneration
      amplifiers IV1, IV2 and IVJ. The device furthermore comprises the
      flipflops I11, I12, I21, I22, IJ1, IJ2, the logic AND-gates DE1 . . . . 9,
      the logic OR-gate DO1, eleven resistors DR1 . . . . 11, one transistor DT,
      and one voltage terminal U. The device forms a marking store and
      corresponds to that shown in FIG. 10 of U.S. application Ser. No. 369,201
      and U.S. Pat. No. 3,735,349. A line comprises 32 positions, so the
      information of a 3.times.3 matrix of positions is available on the outputs
      of the adaptation resistors and the six flipflops. The AND-gates DE1 . . .
      . 8 receive the non-inverted information of a position and furthermore the
      inverted information of the next position of the ring about the central
      character position. If it is found during a round along said ring that a
      character position is directly followed by a background position, the
      output of one of the AND-gates DE1 . . . . 8 becomes high. The resultant
      currents flowing in the resistors DR1 . . . . 8 are added so that the
      voltage across the resistor DR10 is proportional to the number of times
      that a character position is directly followed by a background position.
      If this number is at least equal to one, the output of the OR-gate DO1
      also becomes high. If this number is at least two, the transistor DT
      becomes conductive (the terminal U receives a supply voltage). When the
      resistor DT is conductive, the input of the AND-gate DE9 which is
      connected thereto becomes low as a result of the voltage drop across the
      resistor DR11, so the AND-gate DE9 supplied a high signal only if it is
      found during a round along a ring about a position that:
PA0  a. the central position is a character position;
PA0  b. a character position is directly followed by a background position only
      once.
PAR  With reference to FIG. 27 it can also be noted that the order of the
      central character position can be deteriorated by modifying FIG. 27 as
      follows (not shown): for this purpose four logic OR-gates DOR1 . . . . 4
      are required; these gates receive the input signals from the outputs of:
      IR2 and IRJ; IJ1 I22 and I12; I11 and IR, respectively. The outputs of the
      logic OR-gates DOR1 . . . . 4 are then connected to inputs of four logic
      AND-gates DAND 1 . . . . 4. On their other inputs they receive the
      inverted signals of the outputs of IJ1; I22; I11; IR2, respectively. The
      number of these AND-gates supplying a high signal is equal to the order.
      This number can be determined in the same manner as the number of high
      signals of the gates DE1 . . . . 8 are counted in FIG. 27: all three
      inputs of the gate DE9 become high via the OR-gate and the transistor DT
      only if the order is 1. In the modified device, the base of DT is then
      connected, via four resistors, to the outputs of the gates DAND 1 . . . 4,
      as is directly the case with the input of the OR-gate DO1. The gates DE1 .
      . . 8 can then be omitted, like the superfluous resistors of the series
      DR1 . . . 8.
PAR  The output of the AND-gate DE9 is connected to the input terminal MOO of
      FIG. 26. In FIG. 12 of U.S. application Ser. No. 369,201 and U.S. Pat. No.
      3,735,349 the formation of an indispensability criterion is given: due to
      the use of the NAND-gates Y4-Y15 the removal of a marked character
      position is avoided if this would cause an interruption. This can be
      effected in the same manner in this case: if the output of the logic
      NAND-gate Y15 becomes high, the character position may not be changed into
      a background position. In that case the terminals 7, 8, 9, 18, 19, 20, 21,
      22, 23 in FIG. 26 replace the terminals 1 . . . 9 with reference to the
      input signal terminals of the NAND-gates Y4 . . . 15 of U.S. application
      Ser. No. 369,201 and U.S. Pat. No. 3,735,349 (FIG. 12). The remaining
      elements of this Figure, notably the NAND-gates Y16 . . . 18, the
      transistor T5 and the components connected thereto, will not be further
      described in this context.
PAR  Another possibility is the removal of character positions which project
      from the character during the second test. A device for this purpose is
      shown in FIG. 28. Marked character positions are removed if they have only
      one neighbour or two adjoining neighbours (after removal during the first
      test of the non-indispensable character positions).
PAR  In addition to a number of elements already shown in FIG. 26, the device of
      FIG. 28 comprises the logic AND-gates DE10-19, the logic OR-gates DO2 and
      DO3, the transistors DT2 and DT3, the resistors DR12 . . . 27, and a
      voltage terminal U. If two adjoining positions of a ring about the central
      position are both character positions, the associated AND-gate of the
      series DE10 . . . 17 supplies a high signal. If more than one of the
      positions neighbouring the central position is a character position, the
      transistor DT2 becomes conductive with the result that the associated
      input of the OR-gate DO3 becomes low. If there is only one neighbouring
      character position, and the central position is a marked (terminal 17 of
      FIG. 27) character position (output of flipflop J41), the AND-gate DE19
      supplied a high signal.
PAR  If two or more of the positions neighbouring the central position are
      character positions, the transistor DT3 becomes conductive with the result
      that the associated input of the AND-gate DE18 becomes low. Consequently,
      if two character positions neighbour the central character position, if
      these two positions adjoin each other, and if the central position is a
      marked character position, the output of the AND-gate DE19 becomes high.
PAR  In all cases other than the two said cases the output of the AND-gate DE 19
      is low and the central character position (if any) satisfies the
      indispensability criterion. Under the control of the high signal of DE,
      the central character position is converted into a background position,
      for example, by means of a pulse on the reset input of the flipflop J41.
      The resistors DR 24, 25, 26 and 27 serve to set the transistors DT2 and
      DT3.
PAR  A device of this kind can also be used in a smoothing cycle. In that case,
      for example, terminal 17 is blocked in reaction to a high signal.
PAR  The invention can utilize a variety of criteria. A number of examples is
      given for eight neighbouring positions:
PAR  a. Smoothing criterion for filling:
PA0  a background position adjoins at least five character positions;
PA0  ditto, provided that it subsequently has the order 1;
PA0  a background position would have the order 2 after filling.
PAR  Smoothing criterion for removal:
PA0  a character position has the order 1 and at the most three neighbouring
      character positions;
PA0  ditto, with the additional requirement that the at the most three
      neighbouring character positions are arranged in the same row or column.
PAR  b. Edge criterion
PA0  a row/column in the 3.times.3 matrix comprises at the most one character
      position and the remainder at least three (or four);
PA0  the "order" of the character position is 1;
PA0  the character position adjoins a background position in the horizontal or
      the vertical direction;
PA0  ditto, and has at least three neighbouring character positions.
PAR  c. Indispensability criterion
PA0  removal may not cause an interruption;
PA0  the marked character position may not form part of a block of four marked
      character positions while the remainder of the 3.times.3 matrix comprises
      five background positions;
PA0  the order is not equal to one;
PA0  the character position has only one neighbour (end point): indispensable.
PAR  Corresponding criteria can be composed for other patterns. The list given
      is not even complete for eight neighbours. Different combinations of the
      criteria can be formed: for example, the edge criterion, the first and the
      second indispensability criterion can be adapted to each other. The
      treatment can also be effected in parallel: the character field can be
      divided, for example, into two parts and two devices according to the
      invention can be used. The choice of the criteria can be dependent of, for
      example, the nature of the characters. It is alternatively possible to use
      different edge and/or indispensability criteria in different cycles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine method of skeletonizing characters which are imaged on a two
      dimensional regular pattern of positions, a character position being
      distinguished from a background position by digital information being
      present, the characters being skeletonized for removal of redundant
      information in that the information of a character position is changed
      into that of a background position until a skeleton character is obtained
      whose stroke elements consist of a single series of character positions
      which succeed each other in accordance with an adjacency criterion, said
      skeletonizing being performed in cycles, the position of the character
      during skeletonizing being treated during a cycle in a regular and fixed
      sequence, said method comprising the steps of:
PA1  A. machine marking character positions which are situated at an edge of the
      character in accordance with an edge criterion in a first sub-cycle of a
      cycle by associating additional information with information of those
      character positions;
PA1  B. first testing by the use of a machine, each of the so-marked character
      positions in a second sub-cycle against a first indispensability criterion
      to determine whether to remove or maintain said character position; and
PA1  C. machine testing a maintained character position in a third sub-cycle in
      which the character positions removed in the second sub-cycle appear as
      background positions against a second indispensability criterion to remove
      or maintain the character position.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein only those marked character
      positions are maintained after testing against the first indispensability
      criterion whose removal would cause an interruption or a loop in the
      character, and only the character positions which project from the
      character in the way of an end point are removed after testing against the
      second indispensability criterion.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the testing cycles are preceded
      by a smoothing cycle in which character positions which project from the
      character in accordance with a smoothing criterion are removed, and
      background positions which project into the character are changed into
      character positions, character positions which project from the character
      in accordance with a projection criterion being excluded from marking in
      the subsequent cycles.
NUM  4.
PAR  4. A device for skeletonizing characters imaged on a carrier according to a
      two-dimensional regular pattern of positions comprising:
PA1  A detector and storage means associated therewith, said detector feeding
      information of the characters into said storage means so that the
      characters are stored as digital information of character positions and
      background positions, respectively;
PA1  skeletonizing means for receiving and changing information of character
      positions into those of background positions until the information of
      character positions have been reduced to information of character
      positions of skeleton characters whose stroke elements consist of a single
      series of character positions which succeed each other in accordance with
      an adjacency criterion, said skeletonizing means comprising a control unit
      associated with said storage means for controlling skeletonizing of said
      characters in cycles;
PA1  a first decision unit having therein an edge criterion for receiving, in a
      first sub-cycle of a cycle, at least the information of the character
      positions together with information of the positions neighboring said
      character positions, and adding information to the information of the
      character positions for which said edge criterion is satisfied;
PA1  means for testing said character-related information including said added
      information against first and second indispensability criteria, said means
      having therein a first indispensability criterion for receiving, in a
      second subcycle, the information of the character positions together with
      said added information and in which, if the edge criterion was satisfied
      for a character position, but the first indispensability criterion was not
      satisfied, the information of said character position can be changed into
      that of a background position while retaining said added information,
PA1  and also having therein a second indispensability criterion for receiving,
      in a third sub-cycle, the information of the remaining character positions
      together with said added information and in which, if the edge criterion
      was satisfied but the second indispensability criterion was not satisfied,
      the information of said character position can be changed into that of a
      background position;
PA1  and means for supplying the information provided by said testing means to
      an output.
NUM  5.
PAR  5. A device as claimed in claim 4 including smoothing cycle means, in
      accordance with a smoothing criterion, for removing character positions
      which project from the character, and background positions which project
      into the character are changed into character positions whereby character
      positions which project from the character in accordance with a projection
      criterion are excluded from marking in subsequent cycles.
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ABST
PAL  An electric lock and associated electronic control circuits, the circuit
      being activated by the insertion of a slotted key into a keyway where the
      presence and absence of slots at a number of positions is sensed by a set
      of photoelectric devices which deliver signals through appropriate
      microcircuit logic to energize electric solenoids actuating the bolt of
      the locking mechanism. Additional features are incorporated including a
      time-delay circuit for locking the door and an alarm latch to discourage
      tampering with the lock.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the interest of stemming the growing rate of burglaries and unlawful
      entries into homes and other buildings, much attention has been given
      recently to the provision of better locks for doors.
PAR  It is widely recognized that the simpler mechanical locks often constitute
      only a minor obstacle to a professional burglar or even to a clever
      novice. In some cases a door may be unlocked by simply forcing the latch
      open with a plastic playing card, while even the most intricate and
      expensive mechanical lock is no match for a skilled professional burglar.
PAR  The availability of low cost electronic devices such as photo-electric
      sensors and microcircuit logic of the type employed in digital computers
      opens up new opportunities for the development of fool-proof electric
      locks. Because of the high volume utilization of components of this type,
      and because of the high degree of complexity and flexibility incorporated
      in the microcircuit logic packages, it is possible to produce a very
      sophisticated but relatively inexpensive electric lock using these
      components.
PAR  The opportunity for utilizing such components in the design of an electric
      lock is just beginning to be recognized and numerous innovations in this
      field will surely arise in the immediate future.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention claimed an electric lock and associated
      electronic control circuits are provided, the control circuits rendering
      such an electric lock superior to present mechanical locks in terms of
      their effectiveness against tampering and unlawful entry.
PAR  It is therefore, one object of this invention to provide an electronically
      controlled lock.
PAR  Another object of this invention is to provide such electronic control
      circuits wherein the actuation of the circuits and the operation of the
      lock are accomplished by means of a slotted key.
PAR  A further object of this invention is to incorporate into the design of the
      associated control circuits a facility for providing large numbers of
      uniquely coded sensing patterns so that each specially coded installation
      will require its own slotted key for operation.
PAR  A still further object of this invention is to incorporate into the design
      of the lock and control circuits a safety feature wherein an attempt to
      tamper with the lock or to use an improperly slotted key or other device
      will sound an alarm and thereby discourage any further attempts of this
      sort.
PAR  A still further object of this invention is to provide with such control
      circuits a number of switches which are operable from inside the door and
      which may be used to lock or unlock the door without the use of the
      slotted key.
PAR  A still further object of this invention is to provide as an additional
      feature of such control circuits a time delay circuit which allows the
      operator to press a button before leaving and closing the door with the
      result that the door will lock automatically at the termination of the
      delay period.
PAR  A still further object of this invention is to provide such control
      circuits wherein the coding of the sensing circuits may readily be altered
      to require the use of a new or modified slotted key.
PAR  A still further object of this invention is to provide such control
      circuits through the utilization of standard integrated circuit devices
      which are readily available at low cost.
PAR  Further objects and advantages of this invention will become apparent as
      the following description proceeds and the features of novelty which
      characterize this invention will be pointed out with particularity in the
      claims annexed to and forming a part of this specification.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention may be more readily described by reference to the
      accompanying drawing, in which:
PAR  FIGS. 1A and 1B are schematic illustrations of electronic circuits for
      controlling the operation of a lock.
PAR  FIG. 1C illustrates a modification of the circuit of FIG. 1B.
PAR  FIG. 1D illustrates a modification of the circuit of FIG. 1A.
PAR  FIG. 2 is a TRUTH TABLE indicating the decoding matrix for an integrated
      circuit which is employed to decode the logic signals obtained from a set
      of optical sensors.
PAR  FIG. 3 illustrates the operating waveforms for a pair of time-delay
      circuits employed in an automatic locking feature provided as a part of
      the invention.
PAR  FIG. 4 is a cross-sectional representation of the mechanical portion of the
      lock and of the solenoids employed in its actuation.
PAR  FIG. 5 is an illustration of an alternate alarm circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawing by characters of reference,
      FIGS. 1A and 1B illustrate the electronic control circuit 10 which, along
      with a specially designed electro-mechanical bolt, comprise the instant
      invention.
PAR  The control circuit 10 as illustrated in FIGS. 1A and 1B comprise a number
      of separate control blocks including a central logic decoder 11, an
      optical sensor matrix 12, an alarm latch 13, a time-delay circuit 14, an
      unlock command circuit 15, and a solenoid actuator 16. The decoder 11
      interprets signals received from sensor matrix 12, from time-delay circuit
      14 and from unlock command circuit 15 and responds by appropriately
      setting the actuator 16 to lock or unlock the door or by setting alarm
      latch 13.
PAR  The decoder 11 is an integrated circuit commonly employed in digital
      computers of a type known as a "binary to one-of-eight line decoder." The
      circuit has three binary signal input terminals. Each of these input
      terminals receives binary data, i.e., "ones" or "zeros" as represented by
      a small positive voltage or by a condition of zero volts, respectively.
      Since each of the three input terminals may be either at one or at zero,
      there are eight different combinations possible. The decoder is designed
      to respond to each of these eight combinations by setting a corresponding
      one of its eight output terminals.
PAR  FIG. 2 illustrates the relationships between input signals and output
      signals for the decoder 11 and is commonly called a "truth table." The
      input terminals are identified as A, B and C, and the output terminals are
      identified as Q0 through Q7. In the truth table of FIG. 2, the top row
      identifies input and output terminals for the eleven columns, e.g., the
      signals in the left-hand column are represented as being present at input
      terminal C, etc. Each of the rows of ones and zeros represents a given set
      of conditions at the three input terminals A, B and C and indicates the
      resulting signal levels at the output terminals, Q0 through Q7. Thus, for
      example, if ones are set at all three input terminals as shown in the
      bottom row, output Q7 will be zero and the other seven outputs will be
      ones. Note that for each combination of ones and zeros at the input
      terminals as represented by each of the eight rows in the table, only one
      of the output signals will be zero and the other seven will be ones.
PAR  An additional feature of the decoder 11 is an "enable" input terminal which
      is commonly referenced as the E terminal. The decoder is "enabled" only
      when the E terminal is in a zero or grounded state. If the decoder is not
      enabled in this manner, all of the output terminals will be in the one
      state regardless of the signals present at the input terminals.
PAR  For additional details and descriptive information related to the decoder
      11, see Motorola Semiconductor Products' "TTL Integrated Circuits Data
      Book," First Edition (May 1971). Section 11 describes in detail the
      decoder employed in this invention, the decoder being identified by
      Motorola as the MC4006.
PAR  Referring again to FIG. 1, decoder 11 responds to signals at its input
      terminals, A, B, and C (provided E is at a zero condition) to set alarm
      latch 13 or to operate solenoid actuator 16. To set the alarm latch 13,
      output Q0 must be zero, and to operate actuator 16, either output Q6 or
      output Q7 must be zero. From the foregoing discussion it is recognized
      that only one of these output terminals can be in a zero condition at a
      given time.
PAR  It is appropriate at this time to discuss the operation of the solenoid
      actuator 16. Actuator 16 comprises two p-n-p transistors 17 and 18, two
      semiconductor diodes, 19 and 20, two base-emitter resistors, 22 and 23,
      two base drive resistors 24 and 25, and three solenoids, 26, 27 and 28.
PAR  The transistors 17 and 18 are typical three-layer semiconductor devices,
      each having an emitter 29, a base 31, and a collector 32. Current is
      passed readily from emitter to collector if sufficient emitter-to-base
      current is flowing. If there is no emitter-to-base current, the transistor
      presents a high impedance to emitter-collector current.
PAR  Diodes 19 and 20 are two-layer semiconductor devices each having an anode
      33 and a cathode 34. Current flows easily from anode to cathode but is
      substantially blocked in the opposite direction.
PAR  Both devices, the transistor and the diode are discussed in detail in
      numerous semiconductor texts and handbooks.
PAR  The solenoids 26, 27 and 28 are mounted inside the electromagnetic locking
      mechanism and will be described in greater detail at a later point in the
      specification. At this point it is sufficient to state that the three
      solenoids must be energized in pairs to accomplish a given function, e.g.
      solenoids 26 and 28 must be energized simultaneously to UNLOCK the
      mechanism and solenoids 27 and 28 must be energized simultaneously to LOCK
      the mechanism.
PAR  Thus, to accomplish the UNLOCK function, transistor 17 is turned ON by
      supplying a zero or ground signal at decoder 11 output terminal Q7,
      thereby causing an emitter-base current to flow from +Vcc source terminal
      35 through emitter 29 to base 31 of transistor 17 and through resistor 24
      to terminal Q7 of decoder 11. In the presence of this emitter-base
      current, transistor 17 is effectively "saturated," i.e. it presents a low
      impedance to emitter-collector current so that a second and much larger
      current flows at the same time from terminal 35 through emitter 29 and
      collector 32 of transistor 17. At collector 32 of transistor 17 the
      emitter-collector current splits into two parallel paths, the first path
      being through solenoid 26, and the second path through diode 19 and
      solenoid 28, both paths terminating at ground return 36. While Q7 is at a
      zero state, Q6 is at a one state, i.e. a positive voltage is present at
      Q6, and this positive voltage holds transistor 18 in an "off" condition by
      preventing base-emitter current. Base-emitter resistor 23 also aids in
      holding transistor 18 off by supplying an external path for base-collector
      leakage current.
PAR  The LOCK function is accomplished in a similar manner. In this case Q6 is
      zero or at ground potential while Q7 is at a one state or positive.
      Transistor 17 is thus in an off condition and transistor 18 is in an "on"
      condition. Emitter-collector current from transistor 18 now energizes
      solenoid 27 and it also energizes solenoid 28 via diode 20 as required to
      effect the LOCK function.
PAR  The means by which the appropriate input signals are supplied to decoder 11
      for the unlocking and locking functions will now be explained, first as
      delivered by the optical sensor matrix 12, then by the unlock command
      circuit 15, and finally by the time-delay circuit 14.
PAR  The optical sensor matrix 12 utilizes four optical sensors, 37, 38, 39 and
      40. These devices as employed in this invention are made by Texas
      Instruments and marketed as Type TIL138. Each device consists of a gallium
      arsenide light-emitting diode and an n-p-n silicon phototransistor mounted
      in a molded plastic housing. The diode and the photo-transistor are
      mounted in separate projections of the plastic housing, an open slot
      separating the projections. Light emitted by the diode spans the slot and
      strikes the photosensitive area of the transistor turning the transistor
      on unless the light is blocked by an intervening object inserted in the
      slot.
PAR  In FIG. 1A, the light-emitting diode and the phototransistor are identified
      as 42 and 43, respectively, in each of the devices 37-40. The slotted key
      44 is shown inserted in the keyway 41 with slots in key 44 passing light
      between diode 42 and phototransistor 43 for devices 38, 39 and 40, but
      blocking light between diode 42 and phototransistor 43 for device 37. The
      upper end of key 44 bears against an interlock type switch 45, the switch
      having a lower contact 46 and an upper contact 47. Before key 44 comes to
      bear against lower contact 46, the switch 45 is open. Under this
      condition, current is supplied to light-emitting diode 42 from +Vcc supply
      terminal 35 flowing through limiting resistor 48 and diode 42 to ground.
      Phototransistor 43 of device 37 is also connected to +Vcc source terminal
      35 through collector resistor 49. The diode limiting resistors 51, 52 and
      53 connected to diodes 42 of devices 38, 39 and 40, respectively, and the
      collector resistors 54, 55 and 56 for devices 38, 39 and 40, respectively,
      are all connected to upper terminal 47 of switch 45 which is not connected
      to +Vcc terminal 35 unless switch 45 is closed.
PAR  For these conditions it is thus evident that none of the phototransistors
      43 of any of the devices 37-40 is passing current, device 37 being
      prevented therefrom because the key 44 blocks light between diode 42 and
      transistor 43, and the other devices 38-40 because neither the diode 42
      nor the transistor 43 is energized. Output terminals 57, 58, 59 and 60,
      respectively, of devices 37, 38, 39 and 40 are thus at ground potential by
      virtue of their connection through emitter resistors 62, 63, 64 and 65.
      Input terminals A, B and C and enable terminal E of decoder 11 are
      therefore all in a zero state and, as indicated by the truth table of FIG.
      2, all output terminals of decoder 11 with the exception of Q0 are in a
      one state. As will be explained later, a zero at Q0 is a condition
      required to set alarm 13, but in this case this action is prevented by
      virtue of the fact that switch 45 has not closed to supply positive
      potential +Vcc to alarm circuit 13. Both Q6 and Q7 are high and
      consequently neither a LOCK nor an UNLOCK operation is effected.
PAR  When key 44 is now fully inserted in the keyway 41, the upper end of key 44
      bears against lower contact 46, thereby driving it against upper contact
      47, closing switch 45 and thus supplying current to diodes 42 and
      phototransistors 43 of devices 38-40 are now rendered conductive by light
      passing through slots in key 44, and sensor matrix output terminals 58, 59
      and 60 are therefore positive by virtue of currents from these transistors
      flowing through emitter resistors 58, 59 and 60 to ground. Output terminal
      57 is still at zero because light cannot pass between diode 42 and
      phototransistor 43 of device 37. Enable terminal E is thus at a zero state
      and inputs A, B and C are all in the one state. For this condition, the
      truth table of FIG. 2 indicates that output terminal Q7 is at the zero
      state. As indicated earlier, this is the condition for effecting an UNLOCK
      operation through the operation of actuator 16. Once the UNLOCK operation
      has been completed, the key 44 may be removed without initiating any
      undesired additional operations.
PAR  The unlock command circuit 15 of FIG. 1 provides a means for effecting an
      UNLOCK condition from inside the house or other building by the operation
      of a momentary push-button switch 66. In addition to switch 66, command
      circuit 15 includes a number of inverter-amplifiers 67, 68, 69, 70 and 71.
      These inverter-amplifiers are widely employed in digital computers as
      gates, amplifiers and inverters. Usually they have more than one input
      terminal and can be used as gates. In this case, however, only one input
      terminal is employed and the only function is inversion and amplification
      in terms of the driving current. The amplification also amounts to a
      degree of isolation between input and output terminals. The inverting
      function comprises the conversion of a zero input to a one at the output
      or vice versa. Motorola's MC7400 device incorporates four of these devices
      in one semiconductor package. Additional details defining this device are
      contained in Motorola Semiconductor Products "TTL Integrated Circuits Data
      Book," Section 12, First Edition, May 1971.
PAR  To effect an UNLOCK operation, switch 66 is closed, thereby grounding input
      terminals 72, 73, 74 and 75 of amplifiers 67-70. The resulting one signals
      at the outputs of inverter-amplifiers 67, 68 and 69 are seen to be
      connected by lines 76, 77 and 78 to decoder terminals C, B and A,
      respectively. The resulting one output of amplifier 71 and the zero output
      of amplifier 71 is delivered by line 79 as an "enable" signal to terminal
      E of decoder 11. The conditions A=B=C=1 and E=0 have thus been set for
      decoder 11 for which the truth table of FIG. 2 indicates Q7=0. Again, as
      desired, this is the condition required to effect an UNLOCK operation
      through actuator 16.
PAR  In utilizing the electric lock of this invention it is desirable that a
      push-button be provided to allow locking the door before leaving the house
      or other building in which it is installed. The push-button should
      preferably be located inside the structure to prevent the door from being
      locked from outside against the wishes of the occupant. Obviously, the
      person leaving the structure must initiate the locking operation before
      stepping outside, but the locking action must not be completed until he
      has had time to get outside and close the door.
PAR  The time-delay circuit 14 which meets these requirements comprises a
      momentary push-button switch 81, six inverter-amplifiers, 82-87, and two
      timer circuits 88 and 89.
PAR  Timer circuits 88 and 89 are integrated circuits supplied by a number of
      manufacturers under the identification number 555. Signetics Corporation
      in its 1972 Integrated Circuits handbook for digital linear and MOS
      integrated circuits discusses on page 6-5.2 operation of the 555 as a
      monostable "one-shot" which is the mode of operation employed in this
      invention. The one-shot is another circuit commonly employed in digital
      computers for the generation of a pulse of a desired length. The length of
      the pulse is ordinarily set by means of an RC network (Resistor -
      Capacitor network).
PAR  In the case of timer 88 of FIG. 1, resistor 91 and capacitor 92 determine
      the delay period, delay time in seconds being equal, approximately to the
      product of resistance and capacitance for these two components. With
      switch 81 in the open condition, output terminal 3 of timer 88 is at a
      zero level. If input terminal 2 is grounded momentarily closing switch 81,
      the output at terminal 3 immediately switches to a one state (positive
      voltage level) and remains in the one state until the termination of the
      delay period as determined by the resistance-capacitance product for
      resistor 91 and capacitor 92. At the end of the timing period output
      terminal 3 returns to the zero state.
PAR  The second timer 89 is also connected as a one-shot utilizing a timing
      resistor 93 and a timing capacitor 94. The output of timer 88 is connected
      to the input of timer 89 through a coupling capacitor 95. A "pull-up"
      resistor 96 holds input terminal 2 of timer 89 at +Vcc under steady-state
      conditions.
PAR  The operating waveforms of timers 88 and 89 are shown in FIG. 3 where e1 is
      the output signal of timer 88, e2 is the input signal of timer 89 and e3
      is the output signal of timer 89.
PAR  The operation of timer 88 is initiated by momentarily closing LOCK switch
      81 which momentarily grounds input terminal 2. Signal e1 immediately rises
      to a one level as shown in FIG. 3 and remains at the one level for 10
      seconds as determined by resistor 91 and capacitor 92. As e1 rises to the
      one level at t=0, a positive pulse is coupled to input terminal 2 of timer
      89 as illustrated by waveform e2 of FIG. 3. The positive pulse at input
      terminal 2 has no effect on timer 89 as only a ground or zero signal is
      capable of initiating the timer operation. At t=0 seconds, however, when
      e1 falls to zero a negative pulse is coupled to input terminal 2, as shown
      by waveform e2 of FIG. 3, the negative pulse constituting a momentary zero
      or ground signal which initiates the operation of timer 89. Timer 89
      reacts to supply at its output terminal 3, a positive pulse initiated at
      t=10 and terminating at t=15 as illustrated by waveform e3 of FIG. 3.
      (Resistor 93 and capacitor 94 are in this case set for a delay period of 5
      seconds).
PAR  It will be recognized from an examination of the waveforms of FIG. 3 that
      from the instant, t=0, that LOCK switch 81 is closed, no effect of this
      closing is seen at output terminal 3 of timer 89 for a period of 10
      seconds. During the ten seconds, the person who has momentarily closed
      switch 81 has time to step outside and close the door. At the end of 10
      seconds output terminal 3 of timer 89 switches to a one state where it
      remains for 5 seconds. During the 5 seconds, input terminals 101-104 of
      inverter-amplifiers 82-85, respectively, are at a one state by virtue of
      their common connection to output terminal 3 of timer 89. The resulting
      zero levels at the output terminals of inverter-amplifiers 82 and 83 are
      connected to enable terminal E and to input terminal A, respectively, of
      decoder 11. The zero output signals of inverter-amplifiers 84 and 85 are
      inverted again to ones by inverter-amplifiers 86 and 87, respectively, and
      are delivered as ones to decoder input terminals B and C. The conditions,
      E=A=0 and B=C=1 are thus set as inputs for decoder 11, and as indicated by
      the truth table of FIG. 2, Q6 is consequently set to a zero state, thereby
      effecting the LOCK operation through actuator 16 as desired.
PAR  Alarm latch 13 comprises a silicon-controlled rectifier 105, an audio alarm
      106, an n-p-n transistor 107, resistors 108, 109, 110, 111, and 112 and
      momentary reset switch 113.
PAR  The silicon controlled rectifier 105 is a four-layer semiconductor device
      having an anode 115, a cathode 116 and a gate 117. Controlled rectifier
      105 always blocks current flow from cathode 116 to anode 115 and it also
      blocks current flow from anode 115 to cathode 116 unless it has been
      triggered on by a positive pulse of current into gate 117. Once
      anode-to-cathode current has been initiated the controlled rectifier
      continues to conduct current from anode to cathode until the current is
      interrupted by some external means as, for example, by the momentary
      opening of reset switch 113. Once anode-to-cathode current has been
      interrupted, the controlled-rectifier returns to its blocking state
      relative to anode-to-cathode current and it remains in the blocking state
      until triggered on again by a positive current into the gate. Additional
      information describing silicon controlled rectifiers may be found in
      handbooks published by various manufacturers as, for example, in the
      General Electric Company's "Controlled Rectifier Manual," Copyright 1960
      as a first edition and in a number of successive editions.
PAR  In FIGS. 1A and 1B two conditions are necessary in order to supply a
      positive gate current to controlled rectifier 105 of alarm latch 13.
      First, a positive voltage must be supplied to input line 118. This
      condition requires that switch 45 must be closed by key 44 or by some
      other object inserted in the keyway 41. The second condition required is
      that transitor 107 must be turned off. If transistor 107 is turned off, a
      positive current flowing into line 118 from switch 45 and +Vcc terminal 35
      flows downward through resistors 108 and 109 into gate 117. If transistor
      107 is turned on, however, by a positive or one signal from output Q0 of
      decoder 11, transistor 107 by-passes the current from line 118 and
      resistor 108 to ground, thereby preventing its flow into gate 117. A diode
      may also be substituted for resistor 109, its cathode connected to gate
      117 of controlled rectifier 105 and its anode connected to the lower end
      of resistor 108. The diode may be somewhat more effective as a threshold
      device blocking gate current when transistor 107 is turned on.
PAR  If it is now assumed that a knife or other object is inserted into the
      keyway 41 in place of key 44 and that the object blocks light between
      diodes 42 and phototransistors 43 of devices 37-40 while closing switch
      45, ground or zero signals will be applied to terminals E, A, B and C of
      decoder 11. The result as seen from the truth table of FIG. 2 is that
      decoder output terminal Q0 goes to a zero or grounded state. The zero
      state at Q0 turns transistor 107 off and permits a positive gate current
      to flow originating at positive source 35, flowing through switch 45, line
      118, resistors 108 and 109 and into gate 117 of controlled-rectifier 105.
      Controlled-rectifier 105 thus turns on causing audio alarm 106 to be
      energized by a current flowing from terminal 35 through audio alarm 106,
      anode 115 to cathode 116, and switch 113 to ground. The person tampering
      with the lock will hopefully be discouraged from any further attempts at
      picking the lock. To stop the alarm, the foreign object is removed from
      the key-way and anode-cathode current is interrupted by momentarily
      opening reset switch 113.
PAR  A special solenoid-operated bolt mechanism 120 as illustrated in FIG. 4 is
      utilized in the practice of this invention. Mechanism 120 comprises a main
      bolt 121, a latching bolt 122 and return spring 123 and solenoid coils 26,
      27 and 28, the solenoid coils 26, 27 and 28 being shown also in FIG. 1 as
      connected in actuator 16. The mechanism 120 is contained in a housing 124
      which is mounted in the door jamb 125.
PAR  The main bolt 121 is made from a magnetic material generally cylindrical in
      form, oriented horizontally within mechanism 120, and perpendicularly to
      the opening edge 125 of adjacent door 127. A bolt-hole 128 is provided in
      door 127 at edge 126 which is also horizontally oriented and aligned with
      bolt 121. Bolt 121 is shown in the unlocked position by its solid line
      cross-hatched representation in FIG. 4; its locked position is represented
      by the broken-line representation extending into bolt-hole 128, the free
      motion between these two positions being facilitated by a low-friction
      sleeve 130 surrounding bolt 121. The left-hand end of bolt 121 is
      specially machined to be restrained by latching bolt 122. The machining
      comprises two annular grooves, 131 and 132 spaced apart a distance equal
      approximately to the depth of bolt-hole 128 which is the desired length of
      travel for bolt 121. The portion of bolt 121 lying between grooves 131 and
      132 is turned down to a diameter less than that of the main portion of
      bolt 121 but greater than the diameter of the circle described by the base
      of groove 131 or 132. When bolt 121 is in the unlocked position as shown
      in FIG. 4, latching bolt 122 rests inside forward groove 132 where it is
      held by return spring 123. When bolt 121 is in the locked position, groove
      131 will lie directly under the position of latching bolt 122, and bolt
      122 will rest inside groove 131. In either case, latching bolt 122 resting
      in groove 131 or 132 restrains bolt 121 from moving in either direction.
PAR  Latching bolt 122 is preferably rectangular in cross-section rather than
      cylindrical so that it will fit more securely within grooves 131 and 132.
      It is also fabricated from a magnetic material.
PAR  When solenoid coil 28 is energized the current flowing therein encircles
      bolt 122 and produces the typical solenoid effect of causing bolt 122 to
      move toward the center of coil 28. In this case this implies an upward
      motion of bolt 122 against the force of return spring 123.
PAR  While bolt 122 is thus held in its upward position it is disengaged from
      grooves 131 and 132, but it is not sufficiently withdrawn to clear the
      main body of bolt 121. The motion of bolt 121 is thus limited to the
      distance between grooves 131 and 132. Further, while bolt 122 is in its
      upward position, bolt 121 can be moved to the left or to the right by
      energizing, respectively, coil 26 or coil 27. If coil 26 is energized, for
      example, the center point 133 of bolt 121 will be moved to a position
      under the center of coil 26. If coil 27 is energized, center point 133
      will be moved to the right to a point under the center of coil 27. It is
      thus seen that coil 26 moves bolt 121 to the unlocked position while coil
      27 moves bolt 121 to the locked position, but in either case no motion of
      bolt 121 is possible unless coil 28 is simultaneously energized to
      withdraw bolt 122 from groove 131 or 132.
PAR  A very practical and effective electric lock has thus been provided in a
      design which utilized electronic devices and integrated circuits which are
      readily available at low cost because of their high-volume usage in
      digital computers. The means available for altering the coding of the lock
      include the options of variable location of the optical sensor devices
      along the length of the keyway and the selection of alternate decoder
      output pins for the operation of the actuator. The latter option of course
      requires appropriate changes in logic connections for the push-button
      actuated lock and unlock circuits.
PAR  An alternate alarm circuit 140 is shown in FIG. 5. Circuit 140 utilizes
      controlled rectifier 105, alarm 106, and reset swtich 113 of alarm circuit
      13 but in the embodiment of FIG. 5 another means for triggering controlled
      rectifier 105 is employed. In this case, eight input NAND gate 142 is
      utilized along with semiconductor diode 122.
PAR  NAND gate 141 is a commonly used integrated circuit having eight inputs, a,
      b, c, d, e, f, g and h and an output terminal z. The output terminal is at
      a one state (positive voltage) if at least one of the input terminals is
      zero (ground), and the output terminal is at a zero state if all of the
      input terminals are at a one state. The output terminal will, of course,
      also be at zero (ground) if no source voltage is applied at supply
      terminal 143. Motorola Semiconductor Products, Inc., integrated circuit
      MC7430 is a device of this type and additional information and
      characteristics are given in Motorola's TTL Integrated Circuits Data Book,
      First Edition, May 1971.
PAR  In the alarm circuit 140 of FIG. 5 inputs b through h, respectively, of
      NAND gate 141 are connected directly to outputs Q0 through Q6,
      respectively, of decoder 11. Decoder 11 is the same decoder 11 that is
      shown in FIG. 1B, and is in this case also connected to solenoid actuator
      16 as in FIG. 1B. In FIG. 5 the resistors 144 and 145 have been
      incorporated to guarantee division of drive current from decoder 11 output
      Qf to NAND gate 141 input h and to solenoid actuator 16. Diode 142 is to
      guarantee that when output terminal z is at a zero state, the low value of
      voltage present will be insufficient to trigger controlled rectifier 105.
PAR  The operation of alarm circuit 140 occurs as follows: Unless the key 136 or
      some other object is inserted in keyway 41 to close switch 45, no voltage
      is present at supply terminal 143 of gate 141 and output terminal z is at
      a nominal voltage of zero in which case no trigger voltage is supplied to
      turn on rectifier 105 under any conditions at input terminals a through h
      of gate 141.
PAR  If the proper key 146 is inserted in keyway 41 only output terminal Q7 of
      decoder 11 will be at zero (ground) this being the proper condition to
      UNLOCK, and the remaining outputs Q0 through Q6 of decoder 11 as well as
      all inputs a through h of gate 141 will accordingly be low. Again
      controlled rectifier 105 will not be turned on.
PAR  If, however, an improper key or another object is inserted in keyway 41 and
      any but the proper combination of input signals, E, A, B and C are
      triggered, one of the decoder output terminals Q0-Q6 will go to a zero
      state as will one of the input termminals, b-h of gate 141. Output
      terminal z of gate 141 will accordingly go to a one state (positive
      voltage level) and a positive gate drive current will be delivered to gate
      117 of controlled rectifier 105 which will in turn be triggered to a
      latched conducting state, thereby energizing alarm 106 and causing it to
      sound an audible alarm until reset button 146 is pressed to reset
      rectifier 105 to a non-conducting state.
PAR  Although it was not discussed in the earlier description of the special
      LOCK circuit 14 and of the UNLOCK circuit 15, an interference problem
      exists between these circuits and the key operated UNLOCK circuit 12. This
      problem was intentionally not brought out in connection with the earlier
      discussion of the circuits of FIGS. 1A and 1B in order not to confuse or
      complicate the explanation of the circuit operation.
PAR  The problem arises because of the nature of the inverter-amplfiers 67-71
      and 82-87. In the earlier discussions it was shown that these devices
      could be controlled to deliver the required zero or one outputs to effect
      the LOCK or UNLOCK functions. It was not pointed out, however, that when
      these circuits are not being utilized for the intended purposes the
      outputs of these devices can upset the operation of the key operated
      UNLOCK circuit 12.
PAR  Consider, for example UNLOCK circuit 15 in the rest state wherein
      push-button switch 66 is in the open condition. With switch 66 open the
      inputs to amplifiers 67-70 are all ones and the four output signals of
      circuit 15 are just the opposite of those required to effect the UNLOCK
      operation, i.e. lines 76-78 are at the zero or ground state and line 79 is
      high or at the one state. These signals are therefore in competition with
      the UNLOCK signals delivered by the key-operated circuit 12 and thus will
      interfere with the operation of circuit 12 as well as with the operation
      of circuit 14.
PAR  Similarly, the output signals delivered by amplifiers 82, 83, 86 and 87 of
      circuit 14 will interfere in the rest condition of circuit 14 with the
      operation of circuits 12 and 15.
PAR  The interference problem may be overcome in any one of a number of ways.
PAR  A first approach is to withhold supply voltage from the amplifiers 67-71
      and 82-87 except during the operating cycle for the associated circuit, 15
      or 14. Thus, for example, a second pair of contacts may be added to
      push-button switch 66 which supplies operating voltage, vce, to amplifiers
      67-71 while switch 66 is closed. At all other times these amplifiers will
      be inoperative for want of supply voltage.
PAR  Similarly, additional electronic gating circuits may be provided to deliver
      a supply voltage to amplifier, 82-87 only during the time when e3 of FIG.
      3 is high or at the one level.
PAR  A second approach is to add series blocking diodes as suggested by circled
      insertions 150 and 160 shown in FIGS. 1B and 1A, respectively, and
      illustrated in more detail in FIGS. 1C and 1D. The introduction of the
      blocking diodes permits each amplifier to deliver the signal required for
      the intended function but prevents it from delivering the opposite and
      unwanted signal during the rest state of the associated circuit.
PAR  For an UNLOCK operation, for example, lines 76, 77 and 78 of circuit 15 are
      positive or high while line 79 is at ground. The polarities of diodes
      151-154 which may be inserted in lines 76-79 are seen to be appropriate
      not to interfere with these signals but will in each case block signals of
      the opposite polarities.
PAR  Similarly, diodes 161-164 as shown by insertion 160 when connected in
      series with the outputs of amplifiers 82, 83, 86 and 87 accomplish the
      same purpose for circuit 14.
PAR  A third approach is to provide a variation of the auxiliary circuits which
      does not involve the common connection gate outputs from the different
      circuits.
PAR  FIG. 6, for example, shows a combination of a key-operated unlocking
      circuit, formerly embodied in circuit 12 and a push-button operated
      unlocking circuit formerly embodied in circuit 15.
PAR  The combination circuit 170 of FIG. 6 incorporates a portion of the
      key-operated circuit 12 of FIG. 1B which is identical to circuit 12 in all
      respect except that in circuit 170 the emitters of phototransistors 38, 39
      and 40 are grounded directly rather than through resistors as in circuit
      12. In addition, output signals are taken from the collectors of
      transistors 38-40 in circuit 170 rather than from the emitters.
PAR  The combination circuit 170 comprises, in addition to the modification of
      circuit 12 just described, NOR gates 171, 172 and 173 and normally open,
      momentary push-button switch 174.
PAR  NOR gates 171-173 are typified by Motorola integrated circuit MC3102 as
      described in Motorola Semiconductor Products handbook, "TTL Integrated
      Circuits Data Book," First Edition, May, 1971. Each of the gates 171, 172
      and 173 has two inputs, pins 1 and 2, 4 and 5, and 9 and 10, respectively,
      and one output pin, 3, 6 and 8 respectively. The output is high or
      positive in each case if neither of the two inputs is high, and the output
      is low if either or both of the inputs is high.
PAR  Consider first the operation of the circuit with key 44 inserted in keyway
      41 and with switch 174 open as shown. Because key 44 blocks light to
      transistor 43 of device 37, no current flows through transistor 43 of
      device 37 or through resistor 62 and the voltage at output terminal 57
      which connects to enable terminal E of decoder 11 is therefore zero which
      is appropriate to enable decoder 11. Output terminal 57 is also connected
      to input terminals 1, 4 and 9 of gates 171, 172 and 173, and these
      terminals are thus held at zero volts.
PAR  Because key 44 passes light to transistors 43 of devices 38, 39 and 40,
      these transistors are fully conductive and output terminals 175, 176 and
      177 which are connected respectively to input terminals 2, 5 and 10 of
      gates 171, 172 and 173 are therefore also near zero volts.
PAR  Both input terminals of each of the gates 171, 172 and 173 have thus been
      shown to be at zero volts with key 44 inserted, and output terminals 3, 6
      and 8 which are connected respectively to the A, B and C input terminals
      of decoder 11 are consequently high or in the one state which conditions
      as evidenced by the truth table of FIG. 2 produce a zero output at
      terminal Q7 of decoder 11 and thereby initiate an unlocking operation
      through solenoid actuator 16.
PAR  If key 44 is now withdrawn transistor 43 of device 37 is illuminated and
      passes current through resistor 62 so that output terminal 57 is high.
      Because switch 45 is now open there is no voltage supplied at the upper
      ends of collector resistors 54, 55 and 56, the output at terminals 175,
      176 and 177 and hence also the input terminals 2, 5 and 10 of gates 171,
      172 and 173 are all zeros, i.e. at ground potential.
PAR  Now, when switch 174 is closed the signal at terminal 57 is shorted to
      ground through switch 174. By virtue of the connection of terminal 57 to
      the enable terminal E of decoder 11, decoder 11 is now enabled. But
      terminal 57 is also connected to input terminals 1, 4 and 9, respectively,
      of gates 171, 172 and 173, and these input terminals are therefore also at
      ground potential.
PAR  Because both input terminals of each of the gates 171, 172 and 173 are at
      ground potential, their output terminals 3, 6 and 8 which are connected,
      respectively, to input terminals A, B and C of decoder 11 are all in the
      high or one state, and decoder 11 output termminal Q7 is thus set to the
      zero state which actuates the UNLOCK operation of actuator 16 as desired.
PAR  Additional circuit variations are possible for logically interconnecting
      the auxiliary circuits for push-button control of the locking and
      unlocking operations along with the key-operated circuit and the decoder.
      All such variations are considered to fall within the spirit of the
      invention and within the scope of the appended claims.
PAR  Although but a few embodiments of the present invention have been
      illustrated and described, it will be apparent to those skilled in the art
      that various changes and modifications may be made therein without
      departing from the spirit of the invention or from the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic lock mechanism having a keyway slot for a key comprising
      in combination:
PA1  a control circuit comprising an optical sensing matrix having a plurality
      of optical sensors, each sensor being normally energized unless
      unterrupted by an object inserted in the keyway slot,
PA1  a logic decoder connected to said sensing matrix for receiving signals
      therefrom, said decoder responding to each of said signals received from
      said optical sensors and providing an alarm signal for all combinations of
      signals excepting a first predetermined combination of signals which
      generates a lock actuating signal and a second predetermined combination
      of signals which generates an unlock signal, and
PA1  solenoid means for moving a door latching means,
PA1  said solenoid means being connected to said logic decoder and energized by
      said lock actuating signal and said unlock signal,
PA1  whereby the output of said decode logic controls the position of said
      latching means,
PA1  said control circuit further comprising a time delay circuit connected
      between said logic decoder and said solenoid means for providing time
      delay before the lock actuating signal is effective, and
PA1  an alarm latch connected to an alarm for receiving said alarm signal for
      actuating the alarm.
NUM  2.
PAR  2. An electronic lock mechanism having a keyway slot for a key comprising
      in combination:
PA1  a control circuit,
PA1  said control circuit comprises an optical sensing matrix having a plurality
      of optical sensors each comprising a light emitting diode and a
      phototransistor, each sensor being normally energized unless interrupted
      by an object inserted in the keyway slot, an alarm circuit, an unlock
      command circuit, a solenoid actuator circuit, and a logic decoder,
PA1  a solenoid means for controlling a door latching means,
PA1  a door latching means,
PA1  said logic decoder comprising an integrated circuit being connected to said
      sensing matrix for receiving signals therefrom in response to an object
      inserted in said keyway,
PA1  said decoder responding to each of said signals received from said optical
      sensors and providing an alarm signal formed from a first combination of
      signals from said logic decoder, an unlock signal for said unlock command
      circuit formed from a second combination of signals from said logic
      decoder, and a signal solenoid lock signal for said solenoid actuator
      formed from a third combination of signals from said logic decoder,
PA1  said unlock command circuit when energized actuating said solenoid means to
      unlock said latching means,
PA1  said solenoid actuator when energized locking said door latching means,
PA1  said control circuit further comprising a time delay circuit connected
      between said logic decoder and said solenoid means for providing a time
      delay before said lock signal is effective to actuate said solenoid means,
PA1  an alarm latch connected to an alarm for receiving said alarm signal for
      the alarm,
PA1  an audible alarm connected to said alarm latch for indicating an
      unauthorized unlocking operation, and
PA1  switching means operable by a key inserted in the keyway slot for
      energizing said optical sensors.
NUM  3.
PAR  3. The electronic lock mechanism set forth in claim 2 wherein:
PA1  each of said diodes are spacedly mounted from each other along one side of
      said keyway and each of said phototransistors are spacedly mounted from
      each other along the other side of said keyway with each diode mounted
      directly across from its associated phototransistor.
NUM  4.
PAR  4. The electronic lock mechanism set forth in claim 2 wherein:
PA1  said door latching means comprises a main bolt of magnetic material for
      latching a door,
PA1  said main bolt having an indentation along its length for receiving a
      latching bolt, and
PA1  a latching bolt of magnetic material arranged laterally of said main bolt
      for moving into and out of said indentation in said main bolt for
      controlling the movement of said main bolt,
PA1  said solenoid means actuating said main bolt and said latching bolt in
      response to signals received from said logic decoder.
NUM  5.
PAR  5. The electronic lock mechanism set forth in claim 4 wherein:
PA1  said solenoid means comprises a separate coil for said main bolt and for
      said latching bolt.
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ABST
PAL  An alarm system for reporting the status of a plurality of remote alarm
      points to a central monitoring station. An alarm status transmitter is
      located in the vicinity of the alarm points, and includes a selection
      matrix having sensing inputs coupled to the alarm points for receiving
      status signals. The transmitter further includes a clock for causing the
      sequential scanning of the inputs, and adapted to produce a pulse duration
      modulated (PDM) output signal in response to the scanned status signals.
      The monitoring station includes means for receiving and demodulating the
      PDM signal, and a status display for continually displaying the condition
      of each of the alarm points. The transmitter and receiver are each
      provided with simplified interfacing means, allowing the system to be
      applied using various transmission techniques.
BSUM
PAR  The present invention relates to alarm reporting systems, and more
      particularly to those adapted to monitor the status of a plurality of
      remote alarm points via a centralized monitoring station. Such systems are
      encountered, for example, within the telephone industry where the status
      of equipment within an unattended office may be monitored at an attended
      station. Alarms may be arranged to indicate failures in equipment such as
      ringing generators, battery chargers, heaters and air conditioners, and to
      indicate such occurrences as fire, smoke, unauthorized entry, etc. It is
      within the scope of the art to operate a set of electrical contacts in
      response to conditions such as those set forth above. Alarm reporting
      systems, of the type considered herein, are adapted to scan a group of
      inputs represented by the above noted contact sets, and transmit a signal
      to a monitoring station adapted to display the status of each of the
      inputs.
PAR  While alarm reporting systems are known in the art, the systems known
      heretofore may generally be characterized as bulky, expensive and/or
      complex. For example, many of such systems use conventional coding
      techniques, such as the common ASCII code. Using such techniques for the
      reporting of a plurality of alarm status inputs requires that multiple
      ASCII words be produced for reporting a single scan of all inputs. This
      generally further increases system complexity, in that each word must be
      coded with address data to indicate the identity of the particular alarm
      whose status is being reported. Further, many prior art systems include
      storage means at the reporting station for temporarily holding the data
      before transmission. Such storage means may take the form of registers
      operable as parallel to serial converters.
PAR  Not only is the prior art reporting station equipment complex, as indicated
      above, but the monitoring station equipment is generally of comparable
      complexity. For example, such equipment must interpret individual data
      words (such as ASCII), extract both data and address, and route the data
      to the proper location. Certain of such systems include shared displays
      which require further circuitry for multiplexing the display among the
      various inputs. Additionally, such shared or multi-purpose displays often
      introduce the element of operator confusion.
PAR  With the foregoing in mind, it is a general aim of the present invention to
      provide an alarm system having a different operating mode than those known
      heretofore, in which system complexity is greatly reduced. More
      specifically, it is an object of the invention to provide an alarm
      reporting system comprising a minimum number of components and utilizing
      coded communication techniques wherein encoding, transmission and decoding
      may be accomplished in a reliable fashion.
PAR  A further object is to provide a highly reliable alarm reporting system
      using circuit techniques which reduce system complexity and the resulting
      manufacturing cost. In this regard it is an object of the present
      invention to simplify the identification of individual alarm points by
      utilizing a code word containing data indicative of the status of each
      scanned alarm point and having a unique position therein for each alarm
      point. Likewise, the invention is designed to simplify the reporting
      station circuitry by providing circuitry which utilizes common components
      for both scanning and encoding in conjunction with interfacing means
      allowing flexibility of application.
PAR  According to still another aspect of the invention, it is intended to
      provide a status display at the monitoring station which is easily
      interpreted. More specifically, it is an object to economically provide an
      indicator corresponding to each alarm point in the system.
DRWD
PAR  Other objects and advantages will become apparent from the following
      detailed description when taken in conjunction with the drawings in which:
PAR  FIG. 1 is an illustrative view of a status display panel suitable for
      monitoring 40 remote alarm points;
PAR  FIGS. 2a and 2b when joined, form a circuit schematic of an alarm
      transmitter constructed in accordance with the present invention;
PAR  FIG. 3 is a circuit schematic of an interface for coupling an alarm point
      to its corresponding transmitter status input; and
PAR  FIGS. 4a and 4b, when joined form a circuit schematic of an alarm receiver
      constructed in accordance with the present invention.
DETD
PAR  While the invention will be described in connection with a preferred
      embodiment, it will be understood that there is no intention to limit it
      to that embodiment. On the contrary, the intent is to cover all
      alternatives, modifications and equivalents as may be included within the
      spirit and scope of the invention as defined by the appended claims.
PAR  Turning now to the drawings, and particularly to FIG. 1, there is
      illustrated an exemplary alarm status display panel adapted to indicate
      the status of each of 40 remote alarm points. The panel 21, as shown, is
      designed to accommodate a field of 40 status indicators, generally
      indicated at 22. The status indicating field includes a light emitting
      diode (LED) corresponding to each alarm point, the illuminated condition
      of an LED indicating an alarm-on condition for the corresponding point.
      Additionally, a Major Alarm indicator, LED 24 is provided which is
      illuminated along with an individual status indicator 22 when a sensed
      condition has been designated a major alarm.
PAR  The display panel also includes a Run indicator, shown herein as LED 25,
      adapted to flash periodically in response to the receipt of alarm status
      words from the reporting station, thereby providing a dynamic indication
      of system operation. To indicate that the status of one or more alarm
      points has changed (either off to on, or on to off), a Change of Status
      indicator, shown herein as LED 26, is illuminated and an audible alarm is
      activated. An Audible Cutout switch 28 is provided to allow an operator to
      disable the audible alarm if desired. Operating in conjunction with
      Audible Cutout switch 28 is an indicator 29 provided to indicate the fact
      that the audible alarm is disabled. To indicate a failure in the alarm
      system, a System Failure indicator 30 is provided to operate in response
      to internal self-checking circuitry. The status panel also includes a
      three digit display 31 for indicating the address of the reporting station
      whose status is being displayed. Such address display is particularly
      useful in scanning-type adaptations of the invention, wherein two or more
      alarm transmitters are scanned by a single alarm receiver. The address
      indication feature is also useful in multiple transmitter systems wherein
      an individual status panel is provided for each transmitter, in that a
      "universal" display panel may be connected to any receiver and will
      automatically display the address thereof.
PAR  Also provided on the status panel is a Reset switch 32 which provides the
      operator the capability to acknowledge a change of status indication.
      Depressing such switch after a change of status indication resets the
      system by extinguishing the Change of Status indicator 26 and silencing
      the audible alarm, thereby allowing the system to sense further change of
      status conditions. Also provided are lamp test switches 34 and 35 for
      testing the indicators during trouble-shooting of the system.
PAR  It should be noted that the use of miniaturized, low power components (such
      as the LED's), in conjunctiown with the simplified reporting scheme to be
      described more fully hereinafter, allows the economical provision of a
      receiver and display for each alarm transmitter in the system, thereby
      eliminating the need to multiplex a single receiver and display.
PAR  To monitor each of a plurality of alarm points and report the status
      thereof to the indicating station described above, means are provided to
      sequentially scan each of the alarm points, shown herein as an alarm
      transmitter, including a selection matrix. The alarm transmitter
      illustrated in FIGS. 2a and 2b includes a selection matrix 43, which is
      particularly suited to the simplified status reporting scheme taught
      herein, as it not only scans the various alarm points, but also
      effectively controls the means for producing the modulated output signal.
      The matrix includes alarm status inputs SI-1 to SI-40 which form the
      sensing inputs for the system. It should be noted that although the
      invention will be described in connection with the reporting of 40 status
      points per reporting station, it will be apparent that the system may be
      arranged to include either a greater or lesser number. Other sensing
      inputs to the matrix are major alarm sensing input 41 and address inputs
      42, which are prewired in accordance with the address assigned to the
      reporting station.
PAR  Illustrated at right angles to the sensing inputs are selection inputs
      which, in a preferred embodiment, are coupled to the outputs of a binary
      register 44. Accordingly, the matrix sensing inputs are isolatingly
      combined in a binary progression from the plurality of sensing inputs to a
      matrix output 45. Such convergence of signal paths is controlled by the
      selection inputs in accordance with the state of the binary register 44.
      As will become apparent, the circuitry is arranged to successively enable
      individual paths from each of the sensing inputs to the single matrix
      output. In practicing the invention, a second matrix output is provided
      for indicating the termination of a complete scan of all of the inputs,
      shown herein as intercode output 46.
PAR  Recalling that the means for detecting an alarm condition may take the form
      of a pair of electrical contacts, means are provided responsive to such
      contacts for coupling an alarm-off or alarm-on status signal to the
      matrix. One embodiment of such means is illustrated in FIG. 3, including
      an interfacing relay 51 having both local and remote status reporting
      capabilities. It will be understood that an interfacing relay is provided
      for each alarm point. For sensing the alarm status, the coil of relay 51
      is coupled to the alarm detecting contacts (not shown). In the illustrated
      embodiment, the detecting contacts are adapted to energize the relay 51 in
      response to an alarm condition, and to allow the relay to remain
      deenergized in the absence of an alarm condition. The relay 51 includes
      remote status indicating contacts 51-1, which, in their deenergized or
      alarm-off condition, apply a ground signal to the status input SI-xx
      corresponding to the particular interfacing relay. In response to the
      detection of an alarm condition, the relay 51 is energized by the
      detection equipment, causing contacts 51-1 to assume their alternate
      position, and removing the ground signal from the status input SI-xx of
      the matrix. The resulting open-circuit condition seen by the matrix may be
      termed an alarm-on signal. A jumper 55 may be installed between contacts
      51-1 and the major bus 53 as illustrated, the major bus in turn being
      coupled to major alarm input 41. Installation of jumper 55 on one or more
      interfacing relays serves to designate the corresponding alarm points as
      major alarms. Upon activation of an alarm point thus designated as major,
      the ground signal, which is removed from the status input to indicate an
      alarm condition, is applied to the major alarm input 41 to indicate a
      major alarm condition. It is apparent that the omission of jumper 55
      designates the corresponding alarm point as minor. The reporting station
      may also be provided with local alarm status indication if desired. Such
      indication is controlled by contacts 51-2, which, in response to
      energization of relay 51, complete a circuit between a positive supply of
      voltage and ground through light emitting diode 58 and current limiting
      resistor 59. Thus, if a particular alarm point goes into an alarm
      condition, indication may be provided both at the local and at the remote
      monitoring stations.
PAR  In practicing the invention, means are provided for sequentially scanning
      each status input and producing an output digital word containing data
      indicative of the status of each of said inputs. Referring again to FIGS.
      2a and 2b, a binary register, generally indicated at 44, is comprised of
      six flip-flops 61-66, having their complementary outputs coupled in a
      binary pattern to the selection inputs of the matrix. The count within the
      register 44 is advanced by a timer 121, whose period, in turn, is
      controlled by the matrix output 45.
PAR  For illustrating that any count contained within shift register 44 enables
      only one path between the selected status input and the matrix output 45,
      current paths through the matrix will be traced assuming a count of five
      within the shift register 44. As flip-flop 61 is the least significant
      bit, a count of five provides a high signal on the Q outputs of flip-flops
      61 and 63 (S1 and S3) and the Q outputs of flip-flops 62, 64, 65 and 66
      (S2, S4, S5 and S6) thereby driving busses 70, 72, 75, 76, 78 and 81 high,
      and clamping busses 71, 73, 74, 77, 79 and 80 to ground.
PAR  In this condition, the high signal on selection bus 70 causes current flow
      through each resistor coupled thereto. However, it will be appreciated
      that all but one of such paths will be blocked before reaching the matrix
      output due to the status of register 44. Current will flow through
      resistor 82 and diode 83, which has its cathode coupled to the cathode of
      diode 84 and to the anodes of diodes 85 and 86. As the register 44 is
      holding bus 72 at a high level, diode 86 will be reverse biased, allowing
      current flow through diode 85 to the common anodes of diodes 87 and 88.
      Similarly, flip-flop 63 within register 44 maintains bus 75 at a high
      level, reverse biasing diode 88 and allowing current flow through diode 87
      to the common anodes of diodes 89 and 90. Diode 90 is reverse biased by
      virtue of the high signal on bus 76, allowing current flow through diode
      89 to the common anodes of diodes 91 and 92. In a similar fashion, diode
      92 is reverse biased by bus 78, allowing current flow through diode 91 to
      the common anodes of diodes 93 and 94. Diode 94 is reverse biased due to
      the high signal on bus 81 allowing current flow through diode 93 and diode
      95 to the base of the clock control transistor 132. Thus, a signal path
      for the 5 count within the register 44 has been traced from status input
      SI-5 to the matrix output 45.
PAR  In practicing the invention, such signal path is made responsive to the
      alarm status coupled to status input SI-5. Recalling that a ground will be
      applied to status input SI-5, if the corresponding alarm point is in an
      alarm-off condition, it is seen that each ground signal will forward bias
      diode 96, and thus block the current path described above. This signal
      blocking results in the production of an output pulse of a first
      characteristic duration. If, however, the corresponding alarm point is in
      an alarm-on condition, the ground signal is removed from the input SI-5,
      thereby preventing the forward biasing of diode 96, and allowing current
      flow through the path described above. This current flow, acting through
      the clock circuitry to be described below, causes the production of an
      output pulse of a second characteristic duration.
PAR  To illustrate that all other current paths are blocked for the register
      condition described above, the path for input SI-7 will be traced. The
      positive signal on bus 70, which causes current flow through resistor 82,
      also causes current flow through resistor 97. Such path is through diode
      98 whose cathode is connected to the cathode of diode 99 and the anodes of
      diodes 100 and 101. Recalling that bus 73 is at a low level due to the
      state of flip-flop 62, it is seen that diode 101 is forward biased, thus
      clamping its anode to ground and blocking the current path to the matrix
      output. In other words, as the current path is through resistor 97, diode
      98, diode 101 and flip-flop 62 to ground, there is no complete current
      path from input SI-7 through the matrix to the output thereof for the
      illustrated register condition. All other sensing current paths may be
      traced in this manner to discover a current sink for each path before said
      path reaches the matrix output.
PAR  With the foregoing in mind, it will be apparent that with a count of zero
      in register 44, the uppermost level of the matrix is enabled, and as the
      register is incremented in units of one, successive levels are
      sequentially enabled. In the illustrated embodiment of the matrix, two
      levels thereof, namely those responsive to the counts of 0 and 14, are not
      associated with status inputs, but are incorporated to provide an error
      checking capability within the output signal. Each of these inputs will
      cause current flow to the matrix output when enabled.
PAR  The matrix levels responsive to the counts of 1-13 and 15-41 are coupled to
      associated status inputs. Accordingly, such inputs, when enabled, cause
      current flow to the matrix output in an alarm-on condition, and prevent
      such current flow in an alarm-off condition. The matrix level which is
      enabled by the count of 42 is coupled to the major alarm input 41.
      Recalling that the input to such alarm is normally maintained in an open
      circuit condition, and that the occurrence of a major alarm imposes a
      ground on input 41, it is seen that, when enabled, such input causes
      current flow to the matrix output in the alarm-off condition, and prevents
      current flow in the alarm-on condition. The 12 inputs 42 following major
      alarm input 41 are provided to include the address of the reporting
      station within the output signal. An address may be assigned to a station
      by connecting selected ones of the inputs 42 to ground in a 3 digit BCD
      pattern representing the assigned address, to control current flow to the
      matrix output when such inputs are sequentially enabled.
PAR  After a scan of all the inputs described above, the register 44 is
      incremented to a count of 55, driving busses 70, 73, 75, 76, 79 and 80
      high, and clamping busses 71, 72, 74, 77, 78 and 81 to ground. This
      condition sets up a current path from bus 70 through resistor 108 to the
      common anodes of diodes 109-114. As diodes 109, 110, 111, 112 and 113 are
      each reverse biased by the potentials on busses 73, 75, 76, 79 and 80
      respectively, current flow is allowed through diodes 114 and 115 to the
      intercode output 46, to produce a word termination or intercode signal.
PAR  In accordance with the invention, to control the sequencing of register 44
      and to produce timing pulses having a variable period controlled by the
      sensed status on the selected inputs, clock means are provided including a
      timing element having a variable operating frequency, shown herein as
      timer 121. While the timer may be implemented by various means known to
      the art, in a preferred embodiment, a commercially available integrated
      circuit, the Signetics NE555V, is used.
PAR  The components associated with timer 121 include a timing capacitor 122
      coupled between the timer threshold input 124 and ground. Resistor 125,
      coupled between a suitable supply of positive voltage and the common
      connection of capacitor 122 and threshold input 124 is arranged to charge
      capacitor 122 at a known rate. Control voltage input 126 provides an
      internally generated reference level for comparison with the voltage
      applied to the threshold input 124. When the voltage on capacitor 122, as
      seen at threshold input 124, reaches a known value, timer 121 is
      triggered. Such triggering causes the timer output 128 to be driven from a
      high to a low level and causes capacitor 122 to be discharged through
      resistor 129 by the discharge input 130 of timer 121. As the trigger input
      131 of timer 121 is coupled to timing capacitor 122, the rapid discharge
      of such capacitor also provides a trigger pulse for timer 121. Thus, the
      cicuit is arranged to operate as an astable multivibrator having a period
      controlled by the values of resistor 125 and capacitor 122. As
      illustrated, the timer output 128 is coupled to the clock input of
      flip-flop 61 for sequencing the register 44.
PAR  For varying the period of timer 121, auxiliary timing paths, responsive to
      the matrix outputs, are provided for charging capacitor 122. Transistor
      132 has its base coupled to the matrix output 45 and accordingly conducts
      when current is supplied to the matrix output 45, and is cut-off when the
      current paths are blocked. When transistor 132 is cut-off, a secondary
      charging path for capacitor 122 is provided from the positive supply
      through resistor 134, resistor 135, diode 136 and resistor 129. However,
      when transistor 132 is conducting, its collector is clamped near ground,
      reverse biasing diode 136 and disabling the secondary charging path. Diode
      136 provides isolation to allow the timer to continue functioning when
      such secondary charge path is disabled. Similarly, an auxiliary charging
      path including resistor 138, diode 139, resistor 140 and resistor 129 is
      disablingly controlled by intercode transistor 141, which in turn is
      caused to conduct only when current is provided to intercode output 46.
      Accordingly, such charge path is enabled when intercode transistor is in
      its normally off condition, and disabled when the intercode transistor 141
      is conducting. Additionally, diode 142, coupled between the collectors of
      transistors 141 and 132 is provided to disable the resistor 135 charging
      path when transistor 141 is conducting.
PAR  In summary, the circuitry described above provides timer 121 with three
      operating periods. When intercode transistor 141 is conducting, the timer
      has only a single charging path for capacitor 122, through resistor 125,
      thereby providing the longest timing interval. In one embodiment of the
      invention, the components are selected to provide a 100 millisecond period
      for this condition, termed the intercode period. A second intermediate
      period is provided when transistor 141 is nonconducting but transistor 132
      is conducting, thereby allowing capacitor 122 to be charged through the
      parallel combination of resistor 125 and resistor 140. As will become
      apparent, this condition is the data 1 output condition, and may be
      arranged for a period of 40 milliseconds between succeeding pulses. The
      shortest timing interval is provided when both transistors 132 and 141 are
      switched off, allowing the charging of capacitor 122 through the parallel
      combination of resistor 125, resistor 135 and resistor 140. As will become
      apparent, this is the data 0 condition and may be arranged to provide a
      period of 20 milliseconds between pulses.
PAR  The interrelationship between the matrix, the register, and the variable
      frequency clock set forth above, results in a series of clock pulses, with
      the period between successive pulses indicating the status of the scanned
      matrix inputs. In accordance with the invention interfacing means are
      provided for producing a pulse duration modulated (PDM) signal in response
      to the clock pulses. Accordingly, a transistor 144 has its base coupled
      via a current limiting resistor 143 to the Q output of flip-flop 61. As
      the flip-flop 61 changes state in response to each clock pulse, it is seen
      that the Q output alternates between the logic 0 and logic 1 levels, with
      each logic level maintained for a duration corresponding to the status of
      the input which is then coupled to the matrix output. Thus, transistor 144
      is alternately switched on and off for corresponding periods, thereby
      alternately energizing and deenergizing a relay 145 coupled in the
      transistor load circuit, causing relay contacts 145-1 to produce the
      transmitter output signal.
PAR  It should be noted that the scanning and output signal production are
      accomplished by common components, and without the need for registers for
      accepting and storing status signals, or parallel to serial converters for
      producing an output signal.
PAR  To further illustrate the interrelationship between the matrix, the
      register, and the variable frequency clock in both scanning the inputs and
      producing the output signal, the following description of a typical scan
      cycle is presented. At the initiation of a scan, register 44 is in the
      zero condition, which (a) causes output relay contacts 145-1 to remain
      open and (b) provides a current path through matrix resistor 104 to the
      matrix output 45. Such current path causes transistor 132 to conduct,
      thereby disabling the resistor 135 charging path. Thus, timer output 128
      remains in a low condition for a period of 40 milliseconds, after which a
      brief positive pulse is produced. Such positive pulse is coupled to the
      clock input of register 44, incrementing the register to the count 1. In
      response, the Q output of flip-flop 61 is driven high, which (a) energizes
      transistor 144, thereby closing the output relay contacts 145-1, and (b)
      enables the second matrix level, namely the level coupled to the status
      input SI-1. Assuming that the status input is in the normal alarm-off
      condition, current flow to the matrix output 45 will be disabled due to
      the sinking of current by the interfacing relay 51 through diode 103. In
      this condition, both transistors 132 and 141 will be cut off, enabling
      both supplementary charge paths, and causing the timer 121 to operate with
      a period of 20 milliseconds. At the end of such period, the timer will
      generate a pulse to increment register 44 to the 2 count. Accordingly,
      contacts 145-1 will be opened while the third matrix level is scanned,
      namely the path coupled to status input SI-2. In a manner similar to that
      described above, each matrix level is scanned in turn, and relay contacts
      145-1 alternately opened and closed in synchronism therewith, with the
      length of time the scan dwells at each input being determined by the
      status of such input. More specifically, the first and fourteenth levels
      will always be scanned for 40 milliseconds (for error checking), each
      status input will be scanned for 20 milliseconds if off or 40 milliseconds
      if on, the major alarm input will be scanned for 40 milliseconds if off
      and 20 milliseconds if on, and the address inputs will be scanned for 40
      milliseconds for a data 1 and 20 milliseconds for a data 0 with the
      pattern indicating a 3 digit BCD address. After the scanning, in the
      proper order, of all of the above noted matrix levels, the register 44 is
      incremented to the 55 count, causing intercode transistor 141 to conduct.
      This condition disables both secondary charge paths, causing timer 128 to
      dwell upon the count 55 (with relay contacts 145-1 closed) for a period of
      100 milliseconds, thereby signaling the monitoring station that the
      succeeding pulse will be the first bit of a new word. For resetting the
      register 44 after the intercode period, the collector of transistor 141 is
      coupled to a differentiating capacitor 148, to produce a reset pulse at
      the rising edge of the intercode pulse. In other words, the timer 121
      produces a trigger pulse at the termination of the 100 millisecond period
      which increments the register to the 56 count. As this removes the base
      drive from transistor 141, causing it to turn off, the off turning
      condition is differentiated by capacitor 148, which immediately produces a
      reset pulse which is coupled to the reset inputs of register 44, causing
      the register to again assume the zero condition to initiate a new scan
      cycle.
PAR  In summary, the alarm transmitter is adapted to sequentially scan the
      matrix inputs and produce a PDM signal indicating the status of the
      scanned inputs. In a preferred embodiment, the output PDM signal is
      produced by relay 145, with contacts 145-1 alternately opening and closing
      for successively scanned matrix levels, the length of the individual open
      or closed periods imparting the intelligence to the signal. As will be
      described in greater detail below, the PDM signal is transmitted to the
      central monitoring station, where the intelligence is extracted and the
      status of all alarm points displayed. With regard to the transmission
      means, suffice it to say for the moment, that a signal is provided to the
      alarm receiver capable of alternately energizing and deenergizing
      interfacing means shown herein as a relay coil 201 generally in
      synchronism with the closing and opening of relay contacts 145-1.
PAR  Turning now to FIGS. 4a and 4b, there is shown the alarm receiver including
      a relay 201 having a coil coupled to the transmission means for receiving
      the PDM signal. The relay 201 has normally open contacts 201-1 coupled
      between ground and the input of inverter 204. Additionally, resistor 205
      is coupled between a suitable supply of DC voltage and the input of
      inverter 204. Such arrangement causes the inverter output to be driven to
      a logic 0 when the relay contacts 201-1 are open, and to a logic 1 when
      the relay contacts 201-1 are closed.
PAR  In practicing the invention, the receiver is provided with means responsive
      to the received PDM signal for recovering the transmitter clock signal
      therefrom, thereby to decode the status of each of the alarm points.
      Accordingly, edge detection circuitry is coupled to inverter 204 for
      detecting transitions in the PDM signal. Such circuitry includes delay
      means, comprising resistor 206 and capacitor 207, coupled to one input of
      each of NAND gates 208 and 209. The output of inverter 204 is coupled
      directly to the other input of NAND gate 208 and to one of the inputs of
      NAND gate 210. NAND gate 211, having its inputs coupled to the outputs of
      NAND gates 209 and 210, provides the output of the edge detection
      circuitry, producing a brief positive pulse at each transition of the PDM
      signal. For example, when the output of inverter 204 switches from a low
      to a high level, NAND gate 210 is temporarily satisfied for a period
      necessary to charge capacitor 207, providing a logic 0 input to NAND gate
      211, and causing its output to briefly go to a logic 1. The rising voltage
      on capacitor 207 ultimately satisfies NAND gate 208, driving the
      corresponding input to NAND gate 210 low, and thus driving the output of
      NAND gate 211 low. Similarly, when the output of inverter 204 switches
      from a high to a low level, NAND gate 209 is temporarily satisfied for the
      time necessary to discharge capacitor 207, causing a brief positive output
      from NAND gate 211. It is apparent that, in producing a pulse at each
      transition in the PDM signal, the edge detection circuitry serves to
      recover the transmitter clock signal by providing an indication of the
      period of each pulse in such signal.
PAR  The positive pulses, produced at the output of NAND gate 211, are inverted
      by inverter 212 and coupled to the trigger input of a timing circuit 214,
      which may be implemented using an NE555V integrated circuit timer. The
      timing components associated with such circuit, resistor 215 and capacitor
      216, are selected to provide a delay period sufficient to eliminate the
      effects of relay contact bounce. More specifically, the timer is arranged
      to detect the signal produced by a transition in the PDM signal, and to
      ignore subsequent transitions for a brief period thereafter, such as those
      which might be caused by the bounce of relay contacts 201-1. Thus, a
      single brief trigger pulse is produced at the output of timer 214 in
      response to each PDM signal transition. Inverter 218 inverts the pulse and
      couples the resulting negative trigger pulses to a series of detecting
      timers. Such timers may also be implemented by the Signetics integrated
      circuit described above, used in a slightly different operating mode.
      Referring to timer 220, it is seen that transistor 221 is arranged to be
      driven into conduction by the trigger signal, for discharging timing
      capacitor 222. Thus, a trigger signal will serve to initiate a timing
      period when timer 220 is in its "timed-out" condition, and to reinitiate a
      progressing timing period by discharging capacitor 222. Such arrangement
      is commonly referred to as a retriggerable multivibrator or missing pulse
      detector. The values of the timing components, namely resistor 223 and
      capacitor 222, are selected to provide a period intermediate the data 1
      and data 0 pulse durations, or, in the illustrated embodiment,
      approximately 30 milliseconds.
PAR  It will be appreciated from the foregoing description that when the timer
      220 is in its timed-out condition, the receipt of a trigger pulse from
      inverter 218 will cause the timer output to be driven from a low to a high
      level. If trigger pulses are reapplied at 20 millisecond intervals
      (indicating a succession of data 0's) the output of timer 220 will remain
      in the logic 1 state. However, if the PDM signal includes a pulse of 40
      milliseconds duration (indicating a data 1), the timer 220 will be allowed
      to time out, driving the output thereof to a logic 0 after the 30
      milliseconds timing period. Of course, the next PDM transition will again
      trigger the timer to continue the cycle. Accordingly, the timer 220 output
      signal, when viewed at the instant of PDM signal transitions (as indicated
      by timer 214) may be taken as the demodulated PDM signal, the logic 1
      output level indicating a 20 millisecond pulse duration, and the logic 0
      output level indicating a 40 millisecond pulse duration.
PAR  For accepting the demodulated signal and structuring a digital word
      including a bit corresponding to each matrix level, a serial to parallel
      converter shown herein as register 225 is provided. Accordingly, the timer
      220 output is coupled via inverter 224 to the data input of register 225.
      For causing the register to store a data bit in response to each PDM
      signal transition, the output of timer 214 is coupled to the clock input
      of the register 225. Thus, the receiver serves to extract the status
      information from the PDM signal and store such information in register
      225.
PAR  In order to correlate individual bits within the register 225 with their
      assigned functions, means are provided to detect the intercode bit, and to
      provide a strobe signal in response thereto. It will be appreciated that
      receipt of an intercode bit is a first indication that the individual data
      bits are loaded in their predetermined respective locations in the
      register 225.
PAR  To detect the intercode bit, a timer 226 is provided, arranged like timer
      220 is but having a period which is greater than the duration of a data 1
      pulse, and less than the duration of an intercode pulse, such as 65
      milliseconds. As the timer 226 is triggered by the output of inverter 218,
      which also triggers timer 220, the output of timer 226 will remain at a
      logic 1 until an intercode bit is received, at which time the output will
      be driven to a logic 0. Inverter 227 and its associated components,
      including differentiating capacitor 228, are provided to detect the
      trailing edge of the timer 226 output signal and produce a brief positive
      pulse in response thereto. That pulse is coupled to one of the inputs of
      four input NAND gate 229. The remaining three inputs of NAND gate 229 are
      coupled to predetermined stages of register 225 for checking the
      legitimacy of the word contained therein. More specifically, two of the
      inputs are coupled to the stages which contain the error checking bits,
      which it is recalled, are in the first and fourteenth positions of the
      data word. Therefore the transmitter must accurately encode, and the
      receiver accurately decode data 1's in both error checking positions in
      order for the data word to be considered legitimate. Additionally, an
      overflow stage is provided in the register and coupled via inverter 230 to
      one of the inputs of NAND gate 229. If a logic 1 appears in such position
      in the register, it indicates that the message has been improperly
      shifted, and accordingly prevents further processing of the illegitimate
      message. Thus, a legitimate message is detected by NAND gate 229 when the
      overflow stage of register 225 is low, both error checking stages are
      high, and inverter 227 signals the receipt of a synchronizing intercode
      bit. The simultaneous presence of these four signals at the input of NAND
      gate 229 drives the output thereof low. The output signal is inverted by
      inverter 231 and coupled to the clock inputs of display register 232
      thereby causing the parallel strobing of the information contained in
      register 225 into the display register 232.
PAR  While only flip-flops 300, 301 and 340 are illustrated, it is apparent that
      the display register 232 includes a plurality of flip-flops 300-340 having
      a stage corresponding to each of the alarm points. The flip-flop outputs
      are coupled to drivers 350-390 to illuminate associated indicators (LED's
      22 of FIG. 1) to display the status of each of the alarm points. Flip-flop
      300 within display register 232 and driver 350 correspond to the major
      alarm bit of register 225, while flip-flops 301-340 and drivers 351-390
      correspond to the respective alarm points. It is of note that the alarm
      point drivers 351-390 are coupled to the Q output of their associated
      flip-flops, while the major alarm driver is coupled to the Q output of
      flip-flop 300 because of the inverted logic associated with the major
      alarm. Additionally, the twelve address bits contained within register 225
      are strobed into binary to seven segment decoders, only decoder 234
      corresponding to the hundreds digit being illustrated, for driving the
      seven segment displays 31 described in conjunction with FIG. 1. The lamp
      test switches 34 and 35, also shown in FIG. 1, are coupled to the reset
      and set inputs respectively of register 232 for manually controlling the
      indicators 22 for test purposes.
PAR  Recalling that the detection of an intercode pulse caused timer 226 to
      produce a negative pulse, and that the trailing edge of such pulse was
      differentiated to produce the aforementioned strobing action, it is seen
      that a similar differentiator is provided for responding to the leading
      edge of the timer 226 pulse. Such differentiator, including capacitor 270,
      resistors 271 and 272 and inverter 274, is adapted to reset register 225
      in preparation for the reception of a new data word.
PAR  For detecting a change in status of any of the alarm points, means are
      provided for monitoring the outputs of register 232, for detecting and
      indicating register output stage changes. FIG. 4b illustrates that both
      the Q and Q outputs of each of the stages of register 232 are coupled
      through associated capacitors, such as 235 and 236, to the inputs of a
      multiple input NAND gate such as NAND gate 238. The output of NAND gate
      238 is normally maintained at a logic 0, and is briefly driven to a logic
      1 in response to a transition within register 232. The mechanism for
      providing this brief logic 1 output is the charging of a coupling
      capacitor 235 or 236 in response to the associated input switching from a
      high to a low level thereby briefly disabling NAND gate 238. As both the Q
      and Q outputs of each of the register stages are coupled to the change of
      status detector, it is seen that both changes to an alarm condition, and
      from an alarm condition are detected. Storage means are provided for
      responding to the brief pulses described above to produce a maintained
      change of status signal. For example the output of NAND gate 238 is
      coupled to the clock input of a flip-flop 239. As the data input of such
      flip-flop is coupled to a suitable supply of positive voltage, the
      production of a clock pulse by NAND gate 238 will cause the Q output of
      flip-flop 239 to be driven to a logic 1. The Q output of each of the
      flip-flops such as flip-flop 239 are coupled through isolating diodes such
      as diode 240 to a change of status bus 241. Accordingly, in response to
      the detection of a change of status, a flip-flop such as flip-flop 239
      drives bus 241 to a high level which causes current flow through diode 242
      and driver 244 to energize alarm relay 245. In response thereto, the
      normally open alarm relay contacts 245-1 close, to light the change of
      status indicator (LED 26 on FIG. 1) and to sound the audible alarm 27.
PAR  For allowing an operator to acknowledge a change of status alarm, a bus 248
      coupled to the reset inputs of each of the flip-flops such as flip-flop
      239 is arranged to be driven by the reset switch 32, located on the status
      display. A temporary depression of such switch by the operator generates a
      signal to reset the change of status storage means, thereby removing the
      driving signal from bus 241 and deenergizing alarm relay 245.
PAR  In order to provide a measure of internal self-checking, a timer 250 (FIG.
      4a) arranged similarly to timers 220 and 226, but having a relatively long
      time period such as 5 seconds, is triggered by the inverter 218 pulses
      concurrently with timers 220 and 226. It will be appreciated that the
      output of timer 250 is normally maintained at a logic 1, and will be
      driven to a logic 0 if no trigger pulses are received for a period of 5
      seconds. As the longest interval between trigger pulses in a properly
      functioning system can be no greater than the intercode period, timer 250
      is adapted to indicate a system failure. If a malfunction allows timer 250
      to time out, the timer output SF, which is coupled to the input of
      inverter 251 (FIG. 4b) provides a clock signal to flip-flop 252. In
      response thereto, the flip-flop output is driven to a logic 1 which,
      acting through driver 244 energizes alarm relay 245, with the result
      described above. Additionally, the output of inverter 251 is coupled
      through driver 255 to energize system failure relay 256, closing contacts
      256-1 to illuminate the system failure indicator 30 (described with
      reference to FIG. 1). The aforementioned reset switch 32 is also coupled
      to the reset input of flip-flop 252 for silencing the audible alarm
      resulting from a system failure condition.
PAR  A final timer 280 is provided for causing the Run indicator 30 to flash in
      response to the reception of legitimate messages. Accordingly, the timer
      has its trigger input driven by NAND gate 229, and has its time period set
      to cause the Run indicator to be illuminated for a portion of each message
      reception period. It is apparent that in the normal situation where no
      alarms are being reported, the flashing Run indicator is the only dynamic
      indication of system operation.
PAR  In accordance with an important aspect of the invention, communication
      between the alarm transmitter and alarm receiver is made adaptable to
      various overall system requirements. This flexibility is achieved in part
      by the simplified interfacing cicuitry wherein the output of the
      transmitter may be taken as a contact closure while the input of the
      receiver may be viewed as a relay coil. While the use of relay interfacing
      might at first appear to reduce the overall system sophistication, it will
      become apparent that such interfacing actually increases the applicability
      of the system by allowing the use of numerous transmission techniques and
      equipment for coupling the transmitter signal to the receiver. For
      example, the transmission means coupling the units may take the form of a
      simple dedicated pair of wires including a power souce forming a series
      circuit between the transmitter contacts and the receiver coil.
      Alternatively, the units may be applied in conjunction with appropriate
      modums or data sets to allow coupling by ordinary telephone lines. A data
      set which may be used in such an application is manufactured by GTE
      Lenkurt of San Carlos, Calif. and is designated the 25 C Data Transmission
      System. That particular system uses FSK modulation techniques, and further
      allows frequency multiplexing of a plurality of channels. Additionally,
      the system accepts a relay contact closure as an input and provides an
      output signal suitable for driving a relay coil.
PAR  As a further example of a usable transmission technique, the alarm
      reporting system disclosed herein lends itself to extremely high
      transmission speeds when used with a direct data link. In such an
      application, a dedicated pair of lines is provided, with the transmitting
      end being driven directly by transistor 144 (FIG. 2b), and the receive end
      coupled directly to the input of inverter 204 (FIG. 4a). Such a system
      eliminates the input and output relays thereby allowing the system to
      operate at "electronic speed". Alternatively, to optimize interfacing,
      commercially available line drivers and line receivers may replace the
      transmit and receive relays respectively.
PAR  It will be appreciated that the system taught herein accomplishes encoding,
      transmission and decoding of alarm status signals in an efficient manner
      without sacrificing system integrity. More specifically, relatively low
      digital words are used, with each word having a bit corresponding to each
      matrix level, thereby reporting all alarm points in every scan.
      Accordingly, the only internal addressing within the system is
      accomplished by the bit position within a word. The techniques utilized
      allow such a simplified arrangement, while avoiding the potential problems
      which might arise from cumulative timing tolerance buildup within such a
      long word. As demodulation is dependent only upon the period between
      adjacent transitions in the modulated signal, and is not affected by prior
      transitions, the alarm reporting system may make effective use of the
      relatively long digital words, and additionally may incorporate the
      simplified relay type input-output means.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An alarm reporting system comprising in combination, a selection matrix
      having a plurality of alarm inputs, selector means coupled to the matrix
      for sequentially selecting each of the alarm inputs, clock means for
      producing a clock signal for sequencing the selector means, means coupling
      the matrix to the clock means and responsive to the status of the selected
      alarm input for controlling the period of said clock signal, interfacing
      means for producing a two level output signal including the clock period,
      means for coupling the output signal to a transmission means for
      transmission to a second station, and monitoring means at the second
      station, including means for receiving the transmitted signal and
      recovering the clock period therefrom, and means responsive to the period
      of the recovered clock signal for indicating the status of each of the
      alarm inputs.
NUM  2.
PAR  2. An alarm reporting system comprising in combination, scanning means
      including a selector matrix for producing a PDM signal, said PDM signal
      including pulse periods having a first or a second duration for indicating
      the status of each of a plurality of alarm points, means for transmitting
      the PDM signal to a monitoring station, said monitoring station including
      interfacing means responsive to the transmitted signal for producing a two
      level received signal corresponding to the PDM signal, means for detecting
      transitions in the received signal, means for demodulating the received
      signal including means for comparing the period between transitions to a
      predetermined time period for detecting pulse periods of said first and
      second durations, and means responsive to the demodulated signal for
      indicating the status of each of the alarm points.
NUM  3.
PAR  3. In an alarm reporting system having an alarm transmitter for monitoring
      the status of a plurality of alarm points and producing a PDM signal
      representing the status of each of the alarm points, and an alarm receiver
      located at a distance from the alarm transmitter for responding to the PDM
      signal to display the status of each of the alarm points, the combination
      comprising, a transmitter interface circuit including a semi-conductor
      switch having an input coupled to the alarm transmitter so that said
      switch is opened and closed in response to the PDM signal, and a first
      relay having a coil driven by the semi-conductor switch and contacts
      responsive to the coil; a receiver interface circuit including a second
      relay having a coil and contacts responsive to the coil, the contacts of
      the second relay being coupled to the alarm receiver; and means for
      coupling said interfaces so that the coil of the second relay responds to
      the contacts of the first relay, thereby to couple the PDM signal produced
      by the alarm transmitter to the alarm receiver.
NUM  4.
PAR  4. An alarm reporting system for indicating the status of each of a
      plurality of alarm points comprising in combination, a multilevel matrix
      having a plurality of sensing inputs, a plurality of selector inputs and
      an output, means for coupling individual ones of the alarm points to
      associated sensing inputs for producing individual alarm status signals,
      selector means coupled to the matrix selector inputs for coupling
      individual ones of the sensing inputs to the matrix output, clock means
      for sequencing the selector means, means for coupling the matrix output to
      the clock means for controlling the period between successive clock
      pulses, whereby the clock signal contains information indicating the
      status of each of the alarm points, first interfacing means responsive to
      the clock means for producing an output signal having a transition
      corresponding to each of the clock pulses, means including transmission
      means for coupling the output signal to a monitoring station, said
      monitoring station including second interfacing means for receiving the
      output signal, means responsive to the period between the transitions of
      the received output signal for extracting the status information, and
      means responsive to the extracted status information for indicating the
      status of each of the alarm points.
NUM  5.
PAR  5. The alarm reporting system as set forth in claim 4 wherein the first
      interfacing means includes a relay having a coil responsive to the clock
      means and contacts coupled to the transmission means, and the second
      interfacing means includes another relay having a coil coupled to the
      transmission means and contacts coupled to the extracting means.
NUM  6.
PAR  6. The alarm reporting system as set forth in claim 5 wherein the
      extraction means includes means for establishing a predetermined time
      period, means for detecting transitions in the received output signal, and
      means for comparing the period between transitions to the predetermined
      period.
NUM  7.
PAR  7. The alarm reporting system as set forth in claim 5 wherein the
      extraction means includes a retriggerable multivibrator, a timing circuit
      coupled to the multivibrator for setting the period thereof, means for
      producing a trigger signal in response to each transition of said received
      output signal, and means for coupling said trigger signals to the
      multivibrator trigger input.
NUM  8.
PAR  8. The alarm reporting system as set forth in claim 5 wherein the
      multi-level matrix comprises a plurality of signal paths converging from
      the sensing inputs to the matrix output, and a plurality of selecting
      paths coupled to the selector inputs and intersecting the signal paths,
      whereby the intersections between said paths allow independent selection
      of signal paths between individual ones of the sensing inputs and the
      output.
NUM  9.
PAR  9. The alarm reporting system as set forth in claim 8 wherein the signal
      paths converge according to a binary progression, the selector means
      comprising a binary register.
NUM  10.
PAR  10. The alarm reporting system as set forth in claim 5 further including an
      intercode matrix level and a second matrix output, the selector means
      being adapted to couple the intercode matrix level to the second output
      when sequenced thereto, and means for coupling the second matrix output to
      the clock means for producing an intercode period between successive scans
      of the alarm points.
NUM  11.
PAR  11. The alarm reporting system as set forth in claim 10 further including
      means coupled to predetermined sensing inputs for producing error checking
      signals at predetermined points in the sequential scan, the monitoring
      station including means responsive to the error checking signals for
      verifying the status information, and means responsive to the verifying
      means for enabling the indicating means.
NUM  12.
PAR  12. The alarm reporting system as set forth in claim 5 wherein the
      monitoring station further includes storage means responsive to the
      extracting means for storing the status information, means for coupling
      the storage means to the indicating means, means responsive to the storage
      means for detecting changes in the stored status information, and means
      responsive to the detecting means for producing a change of status
      indication.
NUM  13.
PAR  13. An alarm system for scanning and reporting the status of a plurality of
      alarm points comprising in combination, a matrix having a plurality of
      sensing inputs coupled in isolatingly converging paths to an output, said
      matrix also having a plurality of selecting inputs, selection means
      coupled to the selecting inputs for individually enabling the matrix
      paths, means responsive to the alarm points for coupling status signals to
      associated ones of the sensing inputs, means for producing clock pulses,
      means coupled to the matrix output for setting the time between successive
      clock pulses to a first period in response to an alarm on status signal
      and a second period in response to an alarm off status signal, means for
      coupling the clock pulses to the selection means for sequencing the
      selection means, first interfacing means responsive to the clock means for
      producing an output signal having a transition corresponding to each clock
      pulse, an alarm monitoring station, means for coupling the output signal
      to the alarm monitoring station, the alarm monitoring station including
      second interfacing means for receiving the output signal, means responsive
      to the period between transitions in the received output signal for
      detecting the on or off status of each alarm point, and means responsive
      to the detecting means for indicating the status of each of said alarm
      points.
NUM  14.
PAR  14. The alarm system as set forth in claim 13 wherein the detecting means
      comprises means for detecting the transitions in the received output
      signal, means for setting a predetermined reference period intermediate
      said first and second periods, and means for comparing the period between
      successive transitions in the output signal to the predetermined period
      for determining if the period between transitions is longer than or
      shorter than the predetermined period.
NUM  15.
PAR  15. The alarm system as set forth in claim 13 wherein the detecting means
      comprises means for detecting the transitions in the received output
      signal and for producing a trigger pulse in response to each of the
      detected transitions, a retriggerable multivibrator having a period
      intermediate said first and second periods, means for applying the trigger
      pulses to the trigger input of said multivibrator, whereby the
      multivibrator produces an output signal which corresponds to the status of
      the alarm points.
NUM  16.
PAR  16. The alarm system as set forth in claim 15 wherein the indicating means
      comprises a serial input register having a data input coupled to the
      multivibrator output and a clock input for causing the register to shift,
      means for applying said trigger pulses to the clock input, and means
      including a plurality of light emitting diodes for visually displaying the
      data within said register.
NUM  17.
PAR  17. The alarm system as set forth in claim 16 further including means
      responsive to the matrix for causing the clock means to produce an
      intercode signal between successive scans of the sensing inputs, means at
      said monitoring station for detecting the intercode signal, and means
      responsive to the detected intercode signal for causing the transfer of
      the data within said register to the visual display means.
NUM  18.
PAR  18. The alarm system as set forth in claim 13 further including means for
      applying signals in a reporting station address pattern to predetermined
      ones of the sensing inputs, the monitoring station including means for
      detecting the address pattern, and an address display responsive to the
      detected pattern for displaying the reporting station address.
NUM  19.
PAR  19. The alarm reporting system as set forth in claim 13 wherein the first
      interfacing means includes a relay having a coil responsive to the clock
      means and contacts for producing the output signal, and the second
      interfacing means includes another relay having a coil for responding to
      the output signal and contacts coupled to the detecting means.
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ABST
PAL  The utility of microelectronic devices and the yield of a microelectronic
      fabricating process is increased by providing, in addition to the desired
      circuits, "redundant" circuits of the same type. Each circuit has
      included, in at least one access lead, a nonvolatile, electrically
      alterable semiconductor device, which can be "set" to either conduct or
      not conduct power to the circuit.
PAL  During testing, only the desired number of devices are rendered accessible
      by "setting" the semiconductor device to conduct.
PAL  A microelectronic device having repetitive rows and/or columns for memory
      cells or logical processors is provided with additional rows and columns.
      An electrically alterable device is placed in each row and column. Upon
      the successful test of each row, the row enabling device is set to a
      conductive state. Any row containing a defective device is not enabled. If
      additional defects exist, and no redundant rows are available, redundant
      columns are disabled to isolate the defective devices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved configuration of design and an
      associated method for semi-conductor devices and particularly to a method
      for increasing the yield ratio or the size, or the size-yield relationship
      of useful devices to the total processed in a batch fabricating process,
      and to reconfigurable devices produced by that process.
PAC  Description of the Prior Art
PAR  Present methods of semiconductor fabrication typically require that a
      plurality of substantially identical semiconductor elements or circuits be
      fabricated on a single wafer substrate material in a series of process
      steps. At the conclusion of the wafer fabrication process, the elements or
      circuits are tested and defective elements are identified. The substrate
      wafer is then scored and diced into individual chips, each containing a
      complete circuit. The "good" chips are then "packaged" to provide
      electrical connections and appropriate environmental protection, or
      utilized in hybrid configurations, which in turn can be mounted on circuit
      boards or otherwise interconnected with other devices to provide
      electronic circuits.
PAR  Because each chip from a wafer includes one of the plurality of
      substantially identical circuits, the chips containing the defective
      circuits or devices can be rejected, and all of the remaining, good chips
      are utilizable. This technique has been deemed desirable because of the
      almost inevitable occurrence of defects on a wafer as a result of either
      imperfections in the substrate or anticipated problems in the fabrication
      process.
PAR  Alteration of the circuit configuration of the chip after manufacture has
      been limited to the use of fusible links or destructive changes in cell
      characteristics so that such alterations are irreversible and
      non-repetitive. Incorrect fusing of links, overheating of chips, shorting
      of adjacent circuit elements and similar failures may be considered
      defects introduced by the prior art, which made the semi-conductor end
      product defective. This situation is noted in U.S. Pat. No. 3,656,115
      issued Apr. 11, 1972 to Foerster.
PAR  Most chip or semi-conductor device defects are, for the most part, random
      except for massive damage such as scratches or the partial failure of a
      process step. Therefore, the upper limit size and complexity of circuits
      that can be fabricated has been a function of the probability of at least
      one random defect in each chip. For economic reasons a smaller size which
      compromises size and complexity with defect probability is selected to
      optimize the yield of a design or production batch.
PAR  The number and complexity of devices and circuits produced on a typical
      wafer is limited by the surface area available for the deposition of
      circuit elements, the size of those elements and the accuracy in
      superposition of the successive layers which comprise the circuit
      elements. Therefore, a compromise must be reached between the complexity
      of the circuit to be produced and the probability of random failures,
      which would require the rejection of a circuit.
PAR  The problem has been especially troublesome in the fabrication of matrix
      memory devices. On the one hand, larger memories have become more
      desirable and large memories could be fabricated on a single wafer. On the
      other hand, if the rejection rate is high, the costs of producing
      individual memory components on individual chips, which must then be
      interconnected utilizing circuit boards and wiring and cabling will be
      competitive. If the yield of the microcircuit fabrication can be increased
      to result in a lower cost per chip or packaged device, the added cost and
      volume of the interconnection and packaging could be avoided.
PAR  In the fabrication of a typical matrix memory, such as 32 .times. 32 matrix
      for a 1024 bit memory, frequently only one or two random failures are
      encountered upon testing. Many such memories can be included on a single
      wafer using existing manufacturing and process techniques and these can be
      separated into chips for subsequent packaging. However, because of such
      random defects and processing errors, typically only a fraction of the
      memories on each wafer can be utilized. Clearly, it would be desirable
      either to increase the yield from each wafer or to increase the size of
      memory capable of being fabricated on each wafer.
PAR  For many applications, such as logic arrays or arithmetic processing units,
      predetermined memory storage, unique logical structure or algorithm, or
      end-product programming are required. This specificity is provided by
      either a unique chip design usually unsuitable for any other application,
      by a special variable "mask" for the metalization step in wafer
      processing, or alternatively by fusible links.
PAR  These means provide an invariant configuration which must be selected and
      implemented in the time of manufacture or prior to assembly or
      interconnection with more complex circuits or equipment. Once
      manufactured, or once programmed by fusing of links, these devices cannot
      be modified to perform alternative functions or to utilize algorithms
      requiring new fixed circuits.
PAR  To give a better understanding of the concept of wafer-scale integration,
      which is the subject matter of the present invention, it is instructive to
      consider the following table, which represents various stages in the
      historic development of microelectronic circuit production techniques.
TBL  ______________________________________                                    
                          Nominal Active                                       
                          Devices                                              
     ______________________________________                                    
     SSI                                                                       
     Small Scale Integration     1-20                                          
     MSI                                                                       
     Medium Scale Integration                                                  
            20-100                                                             
     LSI                                                                       
     Large Scale Integration                                                   
            100-5,000                                                          
     VLSI                                                                      
     Very Large Scale Integration                                              
            5,000-20,000                                                       
     WSI                                                                       
     Wafer Scale Integration                                                   
            100,000 plus                                                       
     ______________________________________                                    
PAL  It is apparent from this table that wafer scale integration represents the
      latest and largest of a sequence of quantum jumps by which the development
      of microelectronic technology has advanced since its beginnings.
PAR  As used in this application, "wafer scale" represents the largest possible
      monolithically aggregated construction. If silicon boules (crystals) of
      increasingly larger diameter are available, single interconnected circuits
      covering the entire wafer may be fabricated, in accordance with the
      present invention. Alternatively, substrates with deposited semiconductor
      material are available (such as silicon on sapphire) which can be
      manufactured in even larger wafers than practical to slice from single
      crystal silicon boules. There is also a process by which it is possible to
      produce silicon ribbons of great length. On such materials, a step and
      repeat process could be extended to cover the entire surface with useful
      devices perhaps to monolithic multi-megabit memories.
PAR  The existing art for such wafer scale integration requires testing of the
      partially fabricated active circuits, creation of a final metalization
      mask uniquely defined by the quality and adequacy of the partially
      fabricated circuits, retesting, and then packaging, and finally attaching
      the external contacts. This process, involving as it does, two or three
      stages of metalization each followed by a testing stage, has been
      attempted by several practitioners. The yield of good microelectronic
      packages of wafer scale dimensions using this process is discouragingly
      small.
PAR  A process requiring the origination of a singular, use once, final or
      intermediate metalization mask for each full wafer would seem to be almost
      unworkable as well as prohibitively uneconomic at the present state of the
      art.
PAR  In the process of the present invention, wafer scale integration would be
      accomplished with only the levels of metalization appropriate to normal
      processing such as n-channel, p-channel, CMOS, and so on. No additional
      metalization step is required subsequent to wafer testing -- or any
      singular masking. Since MOS normally requires only one metalization, wafer
      scale integration would be more conveniently fabricated by these
      processes. Thus, in the present invention interconnection of good circuits
      on the wafer is achieved by the use of non-volatile repetitively
      electrically alterable storage gates which are fabricated onto the wafer
      in the initial metalization step and this permits the successive
      metalizations and testing steps required by the techniques of the prior
      art to be dispensed with at considerable savings in cost and considerable
      improvement in reliability.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, redundant or excess rows and columns
      are added to each matrix. As a part of the fabrication process, one or
      more non-volatile repetitively electrically alterable storage "gates" or
      transistors are fabricated into each row and column.
PAR  Upon test, each row and column are tested for defects, and if none are
      found, the electrically alterable gate or transistor is set into a
      conducting state. If a defect is found, the electrically alterable device
      is either not enabled or permanently disabled. The extra, redundant rows
      and columns are inspected until the desired number of "perfect" rows and
      columns have been found and energized. The requisite number of rows and
      columns are then energized.
PAR  If enough good rows cannot be found, individual columns containing the
      defective element can be disabled up to the number of "extra" columns. By
      selectively enabling rows and columns, the adverse effects of random
      defects can be avoided which would substantially increase the yield.
PAR  In other alternative embodiments, yet other complex electronic circuits can
      be fabricated on a single chip with carefully designed redundancy so that
      the effect of random errors can be avoided. Integral storage devices,
      acting as non-volatile, repetitively alterable electronic switches, are
      used to interconnect the elements of the chip and, by selective setting,
      only good circuit components are interconnected together. Such a technique
      would permit the fabrication of more complex circuits on a single wafer to
      avoid the cost and problems associated with the provision of discrete
      chips which must be first packaged and then assembled into a larger, more
      complex configuration.
PAR  Another advantage of the packaged chip device produced by the method of
      this invention would result from incorporating perfect devices with unused
      redundant elements into complex electronic systems. Using a technique
      similar but not limited to that of Roth, J. P., IBM Technical Disclosure
      Bulletin "automatic repair method", Dec. 7, 1967, the system can be
      reconfigured as failure is observed. Alternatively, the system could be
      reconfigured as instructed to cause the programming instructions to be
      modified.
PAR  A plurality of electrically alterable storage transistors have been
      developed and are disclosed, for example, in an article entitled
      "Electrically Alterable Nonvolatile Semiconductor Memory Technology,"
      published in the Proceedings of the Western Electronics Show and
      Convention of 1972 (Wescon) by Andrew C. Tickle and Frank M. Wanlass. In
      that article, several devices are identified, such as the metal nitride
      oxide silicon (MNOS) storage transistor, the metal oxide semiconductor
      (FAMOS) storage transistor, and variations in the design of such devices.
      Further, that article disclosed a new storage device which had been
      termed, by the authors, as an "electrically alterable resistor" (EAR). Any
      of such devices would be suitable in the process of the present invention
      and in the products to be produced thereby.
PAR  To illustrate the mechanism by which such electrically alterable
      non-volatile memory devices operate, the following discussion of the
      writing and erasing mechanism in the MNOS storage transistor is quoted:
PA0  "The most commonly used metal nitride oxide silicon (MNOS) storage
      transistor uses a thin layer of oxide (20 to 60A) between the silicon
      nitride gate dielectric and the substrate. The dielectric constant of the
      silicon nitride is two or more times that of the thin oxide causing the
      applied field to be doubled in the oxide. This field enhancement and the
      small thickness permit tunneling of charge to the oxide conduction band
      once a suitable field has been reached. This charge is stored in traps at
      or near the oxide/nitride interface. Several years of real time storage
      have been demonstrated, and ten years may be reasonably predicted.
PA0  "In the p channel storage array all MNOS transistors in a given row will
      experience threshold shift when the negative writing voltage is applied to
      the gate, except where a negative voltage is applied to the sources and
      drains. When the writing voltage is applied to the gates an inversion
      channel forms at the silicon surface, linking the source and drain
      electrodes. Since the channel forms an ohmic connection to the source and
      drains it is at the same potential when no current flows. Hence, the
      source potential may be used to control the channel potential and hence
      the potential difference across the gate dielectric when the writing
      voltage is applied to the gate. This is known as `channel shielding` and
      is the means by which binary data is selectively entered into an array
      during programming.
PA0  "In order to reset the transistor back into the original state, the
      simplest method to bias the substrate at a large negative voltage with the
      gate at ground potential so as to reverse the writing process. This does
      require that the gate drivers and substrate under the memory array must be
      isolated from each other to prevent the array gates from shorting to the
      substrate through the junctions of the array drivers. In this mode there
      is not selective `clearing` of the storage transistors; all are reset
      simultaneously. This is known as `block erase`."
PAR  From the above discussion, it should be clear that the electrically
      alterable storage gates or transistors used in implementing the present
      invention are correctly referred to as permanently alterable in that once
      an alteration has been made to the device the alteration will persist for
      a period of years. Further, the electrically alterable gates used in
      implementing the processes of the present invention are correctly referred
      to as non-volatile and repetitively alterable, in the sense that the
      alteration introduced can be erased and the transistor restored to its
      original condition. The alteration introduced in the gate or transistor
      electrically alters the electrical structure of the device and that
      structure is not further altered by the normal use of the gate as a
      programmable switch.
PAR  Many advantages result from the use of the electrically alterable switching
      elements used in implementing the present invention. Some of these
      advantages result from the fact that the electrically alterable gates are
      formed on the same wafer or substrate at the same time as the circuits
      which are to be interconnected, while other of the advantages are the
      result of the unique features of the electrically alterable gate. As
      described above, the use of these devices permits the switching
      configurations to be automatically latched without the need of special
      holding circuits. The electrically alterable gates provide the desired low
      impedance interconnection of busses for signal and power lines. Additional
      metalization layer is unnecessary. This gives the capability of
      electrically connecting, or disconnecting and bypassing signal, clock, and
      power lines, so as to incorporate desired circuits or to inactivate faulty
      circuits.
PAR  The need for discrete packaging and reassembly on conventional printed
      circuit boards is minimized or potentially eliminated by the present
      invention. This in turn permits elimination of the off-chip
      interconnection capacitance, thereby improving speed and noise
      performance. Higher reliability is achieved by reduction in the number of
      discrete connections and packages. These advantages are the result of
      direct connections made on the common wafer substrate.
PAR  At the aggregate level, for instance in construction of serial memories,
      conventional large scale integration has achieved 0.5 cent/bit, whereas
      the wafer scale integration made possible by the present invention appears
      likely to achieve 0.01 cent/bit early in production. Additionally, system
      savings in space, weight, power, and higher signal processing rate may be
      realized.
PAR  It must constantly be remembered that the present invention is concerned
      with a most useful technique of interconnecting circuits lying on a single
      wafer, and the nature of these circuits is immaterial to the inventive
      concept. Thus, in the following discussion the circuits may be referred to
      as memory cells or otherwise, but it will be understood that the invention
      applies to all types of logic circuit classes, not just memories,
      including shift registers, counters, and networks of AND and OR gates.
      Thus, throughout this application, the description of an embodiment
      employing memory cells is taken by way of example and not by way of
      limitation, and for convenience of expression.
PAR  Further, it is not essential to the concept of the present invention that
      the circuits which are to be interconnected be of the same type or class.
      For example logic circuits could be connected to memory elements.
PAR  Further, the description of certain embodiments as comprising rows and
      columns of circuit elements is by way of illustration and not by way of
      limitation. Obviously, the geometrical arrangement whether in rows and
      columns, or circles, or some other configuration is immaterial to the
      concept of the present invention.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to organization and method of operation, together with
      further objects and advantages thereof will be better understood from the
      accompanying drawings in which several preferred embodiments of the
      invention are illustrated by way of example. It is to be expressly
      understood, however, that the drawings are for the purpose of illustration
      and description only and are not intended as a definition of the limits of
      the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates a matrix prepared in accordance with the teachings of
      the present invention;
PAR  FIG. 2 illustrates an alternative form of redundant circuits prepared in
      accordance with the present invention, configured to be compatible with
      coder and decoder matrix location addressing; and
PAR  FIG. 3 illustrates the most general form of a redundant circuit prepared in
      accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to FIG. 1, there is illustrated in idealized form a matrix assembly
      10 which includes rows identified by a subscripted X and columns
      identified by a subscripted Y. By way of example, it is assumed that a 4
      .times. 4 matrix is desired which would result in some sixteen devices at
      the cross points.
PAR  In each row 12 there is interposed an electrically alterable semiconductor
      14, that includes a separate, altering electrode 16. A suitable
      electrically alterable device is presently available in the art and may be
      exemplified by one of the devices disclosed in the article entitled
      "Electrically Alterable Nonvolatile Semiconductor Memory Technology,"
      supra.
PAR  An input line 18 is coupled to the device 14 and when a suitable alteration
      has been made via electrode 16, the row 12 is connected to a row input
      terminal 18 through the device 14. In the illustration, three redundant
      identical rows are provided, designated X.sub.n, X.sub.n.sub.+1 and
      X.sub.n.sub.+2, respectively.
PAR  The columnar structure is substantially similar to the row structure in
      that for each of the columns 20, an electrically alterable device 14
      having a control electrode 16, is interposed between the column 20 and a
      column input terminal 22. With appropriate setting of the alterable device
      14, the input terminal 22 is directly connected to the column 20. In this
      embodiment, three redundant columns have also been added and are
      designated Y.sub.m, Y.sub.m.sub.+1 and Y.sub.m.sub.+2, respectively.
PAR  For purposes of explanation, it is to be assumed that a 4 .times. 4 matrix
      is desired an a 7 .times. 7 matrix is fabricated on a single semiconductor
      wafer. In addition to the devices 24 which are fabricated at each of the
      cross points, the process is also capable of fabricating an electrically
      alterable semiconductor device 14 in each column 12 and row 20. It is also
      to be assumed that defective devices 24' exist at the intersections of
      rows and columns identified as (X.sub.1, Y.sub.2), (X.sub.2, Y.sub.1),
      (X.sub.3, Y.sub.3) and (X.sub.4, Y.sub.4). With conventional techniques,
      the chip containing the 4 .times. 4 matrix would be wholly unusable and
      would require rejection.
PAR  Assume now that the chip has been fabricated, as shown, including the
      redundant rows and columns in FIG. 1. On a test of the devices 24 of the
      first row X.sub.1, the defective device 24' in column Y.sub.2 will be
      noted. The fact that all other devices 24 in the row were satisfactory can
      also be noted. However, because of the defective device in the row, the
      electrically alterable device 14 is not set. To illustrate, a 0 has been
      placed within the box graphically representing the electrically alterable
      device 14.
PAR  The second row X.sub.2 is also examined and the defective device 24' is
      noted in the first column Y.sub.1. The examination of devices 24 is
      continued and the defective devices 24' at row X.sub.3, column Y.sub.3 and
      rows X.sub.4, column Y.sub.4 require that none of the rows be energized.
PAR  A test is next made of the semiconductor devices in the three redundant
      rows X.sub.n, X.sub.n.sub.+1 and X.sub.n.sub.+2. This test reveals that
      all of the devices 24 in these rows are operable and accordingly, the
      electrically alterable device 14 for each of these rows is set to its
      conducting state, as indicated by the numeral 1 within the box graphically
      representing the device 14.
PAR  At this point it must be noted that there are insufficient energized rows
      to provide the desired 4 .times. 4 matrix. It is then necessary to examine
      the columnar structure. It is known from the initial test that a defect
      exists in column Y.sub.1 at row X.sub.2. The first column is then not
      enabled, as indicated by the 0 in the device 14. A redundant column
      Y.sub.m is energized, as indicated by the presence of the numeral 1 inside
      the device 14.
PAR  A re-examination of row X.sub.2 now reveals that there are at least four
      operable devices in that row so that the setting of the device 14 can be
      altered to the conductive state, and accordingly, a 1 is shown in device
      14 indicating the energized configuration.
PAR  If now the remaining columns Y.sub.2, Y.sub.3 and Y.sub.4 are activated by
      energization of the storage devices 14, it will be seen that a good, 4
      .times. 4 matrix is available. The 4 .times. 4 matrix would include rows
      X.sub.2, X.sub.n, X.sub.n.sub.+1 and X.sub.n.sub.+2. The columns utilized
      would be Y.sub.2, Y.sub.3, Y.sub.4 and Y.sub.m.
PAR  If in the embodiment of FIG. 1 no defects were found in any of devices 24,
      then the matrix assembly 10 could be provided and sold as a 7 .times. 7
      matrix by maintaining all of the devices 14 in their conductive 1
      representing states, or could be reduced in size to any degree to provide
      any smaller desired matrix, as for example the 4 .times. 4 matrix obtained
      with the settings of devices 14 shown in FIG. 1.
PAR  Obviously, the same procedure could be followed with larger matrices such
      as the 32 .times. 32 matrix of 1024 cross points. To adapt the figure to
      such a matrix, n and m would equal 33 and a total of 35 rows and columns
      would be fabricated. In the worst case situation, the system could provide
      an acceptable matrix with as many errors as redundant columns and rows.
      For example, a 35 .times. 35 matrix could have as many as six random
      errors and yet a usable 32 .times. 32 matrix device could be produced.
PAR  Turning next to FIG. 2, there is shown a similar 4 .times. 4 memory matrix
      100 in which decoding circuits are integral with the memory and are
      therefore included on the chip. Specifically, in connection with the
      matrix 100, there is shown an X decoder 102 and a Y decoder 104. The X and
      Y decoders include the circuits sufficient to convert a 2-bit address into
      one out of four possible locations.
PAR  In the present example, the X decoder 102 is coupled to the several rows
      106 and the Y decoder 104 is coupled to the several columns 108. The X
      decoder 102 selects a one of the four possible rows 106, X.sub.1, X.sub.2,
      X.sub.3 or X.sub.4. The Y decoder 104 selects a one of the four columns
      108, Y.sub.1, Y.sub.2, Y.sub.3 or Y.sub.4.
PAR  As shown in the present example, such a decoder represents no substantial
      equipment saving in view of as many input lines as output lines. Here,
      both address signals and complements are applied to the decoders. Other
      embodiments could employ merely the address signals such as A, B and
      respond to the signal levels employed. As the memory becomes more complex,
      the savings become more appreciable. For example, 16 addresses can be
      identified by 4 bits or 4 complementary pairs of signal lines and 32
      addresses can be located using 5 bits or as many as 10 input lines.
PAR  One redundant row 110 and one redundant column 112 are included as
      illustrative for explanatory purposes. Every row and column includes an
      alterable device 114 which can selectively enable or disable the row or
      column in which it is connected. Further, the redundant row 110 is coupled
      to each of the row address lines through a separate, alterable device 114.
PAR  Each decoder 102 output line is therefore capable of being connected
      through two alterable devices 114, one of which connects to a row 106 and
      the other of which connects to the redundant row 110. Similarly, the
      columnar output of the Y decoder 104 includes connections to the columns
      108 and to the redundant column 112, as well.
PAR  In operation, a memory element at each intersection is checked for
      operability. If all elements of a row 106 are satisfactory, the alterable
      element 114 associated with that row is enabled and the "shunt" element
      114 remains disabled. The alterable devices 110 in rows X.sub.1 and
      X.sub.2 are therefore enabled, coupling those rows to the address lines.
      Similarly, the Y.sub.1, Y.sub.2 columns are coupled to their respective
      address lines.
PAR  If, however, as a result of the test, one of the cells proves to be
      defective, as at locations X.sub.3, Y.sub.3 and X.sub.4 Y.sub.4, a
      decision must be made as to whether to disable the row or the column.
      Here, the row remains disabled. The alterable device 114 coupling the
      X.sub.3 address line to the redundant row X.sub.m 110 is enabled, thereby
      "replacing" defective row X.sub.3 with the redundant row. Next, the
      alterable device 114 in row X.sub.4 is enabled, but the alterable device
      114 in the Y.sub.4 column line remains disabled. In its place, the Y.sub.4
      address line is coupled through the second alterable device 114 to the
      redundant column Y.sub.n 112 and the cells in redundant column Y.sub.n 112
      are addressed thereafter whenever the Y.sub.4 address line is energized.
PAR  With this arrangement, the normal decoding circuits can be mechanized on
      the chip as a part of the memory device and the address decoders can be
      used without alteration. Further, from time to time, as memory cells
      become defective, if sufficient redundancy is provided, a defective row or
      column can be disabled and a redundant row or column can be called into
      service in its place.
PAR  In this manner, a memory device which has failed in operation can be
      repaired readily by simply reconfiguring the failed device to disable
      failed memory cells and enable redundant cells, using the same methods in
      this respect that were employed in original manufacture.
PAR  It will, of course, be understood that each redundant row or column will be
      accessible to all of the corresponding row or column address lines through
      electrically alterable devices. Further, it will be clear that of the
      several alterable devices connected to each of the address output lines,
      only one will be enabled at any time and the others will be disabled.
PAR  Turning next to FIG. 3, there is shown a complex circuit 150 including
      duplicate circuit elements A.sub.1, A.sub.2, 152, 152.sub.2, B.sub.1 and
      B.sub.2, 154.sub.1, 154.sub.2, C.sub.1, C.sub.2, 156.sub.1, 156.sub.2 and
      D.sub.1 , D.sub.2, 158.sub.1, 158.sub.2 which produce an output
      representing the serial combination of the circuits A, B, C, D. It is
      assumed that the outputs of each pair of identical circuits are commonly
      connected and that the input to each circuit includes an electrically
      alterable semiconductor device 14. Circuits A, B, C and D need not be of
      the same type or function. At any one time one of the type A circuits is
      connected in series to one of the type B circuits, which in turn is
      connected in series to one of the type C circuits, etc. Which of the A
      circuits is selected depends on the state of the electrically alterable
      semi-conductor devices 14 which immediately precede the type A circuits,
      and likewise for the B, C and D types of circuits. The setting of the
      state of the electrically alterable devices 14 depends on the results of
      testing the circuits A, B, C and D.
PAR  A circuit such as illustrated in FIG. 3 is then fabricated and tested. One
      circuit of each identical pair is selected either arbitrarily or on the
      basis that it is an operable circuit. If it is assumed that random defects
      existed in circuit A.sub.2, 152.sub.2 and C.sub.1, 156.sub.1, a complete
      system is created by connecting A.sub.1, 152.sub.1 and C.sub.2, 156.sub.2
      into the final configuration. Since both of the B circuits 154 are found
      to be operable as well as both of the D circuits 158, the selection of
      B.sub.2, 154.sub.2 and D.sub.1, 158.sub.1 is purely arbitrary. FIG. 3 may
      be used to illustrate a second embodiment of the circuit shown therein. In
      that circuit, described below, circuit A1 may be of a different type from
      circuit A2, B1 of a different type than B2, and so forth.
PAR  If in the embodiment of FIG. 3, circuit B.sub.2 is provided as an alternate
      circuit which is different from circuit B.sub.1, and if in the same manner
      circuit D.sub.2 is provided as an alternate circuit which is different
      from circuit D.sub.1, then the selection as shown in FIG. 3 of circuits
      B.sub.2 and D.sub.1 provides a selective choice of one logic function
      configuration A.sub.1 B.sub.2 C.sub.2 D.sub.1. It is evident that the B
      and D circuits of the embodiment of FIG. 3 can, if desired, be
      reconfigured to also provide any one of three other desired logic
      functions: A.sub.1 B.sub.1 C.sub.2 D.sub.1 or A.sub.1 B.sub.2 C.sub.2
      D.sub.2 or A.sub.1 B.sub.1 C.sub.2 D.sub.2.
PAR  The connection is indicated by the placing of "1"s within the electrically
      alterable semiconductor device 14. A disabled electrically alterable
      semiconductor device 14 is indicated by the presence of a 0 within the
      block 14. Obviously, the control-terminal for each of the electrically
      alterable semiconductors 14 would be accessible for setting purposes, as
      well as the circuits of the devices A, B, C and D for test purposes.
PAR  Thus, there has been disclosed a method for increasing the yield and
      functional utility of devices produced in a batch on a substrate wafer.
      Substantially redundant circuits are provided and electrically alterable
      semiconductor devices are used as switches to connect acceptable units
      into the final configuration.
PAR  In a first embodiment, a matrix is fabricated with additional rows and
      columns so that, by energizing only the required number of rows and
      columns, as many defective intersections as there are extra rows and
      columns can be tolerated to produce a usable device.
PAR  In other embodiments in which the addressing circuits including address
      decoders are an integral part of the memory matrix, electrically alterable
      devices are provided so that the employment of a redundant row or column
      appears to the addressing circuit at the same address as the defective row
      or column that has been disabled.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. Method of improving the yield of batch processed, microcircuit memory
      arrays comprising the steps of:
PA1  a. forming on a unitary substrate a microcircuit array of a predetermined
      number of rows and columns of selection conductors intersecting at memory
      devices with an electrically alterable switching device in at least all
      rows;
PA1  b. forming on the same unitary substrate and at the same time the
      predetermined number of rows and columns are formed at least one
      additional row including memory devices at all intersections, and an
      electrically alterable switching device;
PA1  c. altering the associated row switching devices in succession to enable
      testing of the individual memory cells in each successive row and testing
      the individual memory cells in each successive row;
PA1  d. disabling those rows containing defective memory cells by realtering the
      associated row switching device to disable access to the memory cells of
      the row and, if access to less than the predetermined number of rows has
      been enabled;
PA1  e. repeating the testing step on the additional row,
PA1  whereby the additional row can be substituted for a defective row to
      achieve the predetermined number of rows of the memory array.
NUM  2.
PAR  2. The method of calim 1, above, wherein:
PA1  a. the forming steps include forming on the same unitary substrate and at
      the same time the predetermined number of rows and columns are formed,
      electrically alterable switching devices in all of the columns and the
      forming of at least one additional redundant column including an
      electrically alterable switching device in said column;
PA1  b. the testing step further includes the initial altering of the associated
      column switching devices to enable access to the columns; and if, after
      the testing step is repeated, less than the predetermined number of rows
      remain enabled, the further steps of;
PA1  c. enabling one of the previously disabled rows; and
PA1  d. disabling the column in which the defective cell of the previously
      disabled row is found and enabling the additional redundant column,
PA1  whereby the additional, redundant row and column are employed to attempt to
      achieve an array of the predetermined number of rows and columns.
NUM  3.
PAR  3. The method of claim 2, above, wherein the creating steps further
      include:
PA1  the forming on the same unitary substrate and at the same time the
      predetermined number of rows and columns are formed row and column
      addressing circuits connected to said rows and columns and wherein every
      row address line is connected to said redundant row through a separate,
      electrically alterable switching device and every column address line is
      connected to said redundant column through a separate, electrically
      alterable switching device; and
PA1  said disabling step includes the enabling of the address line switching
      device connecting the additional row or column to the address line of the
      disabled row or column,
PA1  whereby an enabled, additional row or column takes the address of a
      disabled row or column.
NUM  4.
PAR  4. Method for improving yield of batch processed, microcircuits comprising
      the steps of:
PA1  a. forming redundant circuits simultaneously with the desired circuits and
      on the same unitary substrate;
PA1  b. forming electrically alterable switching devices in association with
      each of said desired and redundant circuits at the same time and on the
      same unitary substrate as the desired and redundant circuits;
PA1  c. testing said desired circuits for operability;
PA1  d. setting said switching devices to include only operating ones of said
      desired circuits;
PA1  e. testing said redundant circuits for operability; and
PA1  f. setting said switching devices to include additional ones of the
      operating, redundant circuits sufficient to provide a predetermined
      desired operating configuration.
NUM  5.
PAR  5. The combination with an integrated microelectronic memory array
      including a predetermined plurality of row and column selection conductors
      having memory cells at each intersection, for improving the production
      yield thereof comprising:
PA1  a. a redundant, duplicate row conductor having memory cells located at the
      intersections with the plurality of column conductors, said redundant row
      formed on the same unitary substrate and at the same time as the
      microelectronic memory array;
PA1  b. an electrically alterable switching circuit fabricated in each of the
      plurality of row conductors and in said duplicate row conductor, for
      selectively enabling and disabling individual row conductors, said
      electrically alterable switching circuits formed on the same unitary
      substrate and at the same time as the microelectronic memory array; and
PA1  c. altering means, integral with the memory array, formed on the same
      unitary substrate and at the same time as the microelectronic memory
      array, for selectively enabling individual ones of said switching circuits
      for testing the memory cells in the row associated therewith and for
      disabling those rows containing defective memory cells, whereby said
      redundant row is available to be substituted for a row containing a
      defective memory cell in attempting to achieve a memory array having a
      predetermined plurality of operable rows.
NUM  6.
PAR  6. The combination of claim 5, above, further including:
PA1  additional redundant duplicate row conductors having memory cells located
      at the intersections with the plurality of column conductors, said
      additional redundant duplicate row conductors formed on the same unitary
      substrate and at the same time as the microelectronic memory array;
PA1  electrically alterable switching circuits fabricated in each said
      additional redundant duplicate row conductor on the same unitary substrate
      and at the same time as the microelectronic memory array, for selectively
      enabling and disabling said additional row conductors; and
PA1  said altering means further including means for selectively enabling and
      disabling said electrically alterable switching circuits in said
      additional redundant duplicate row conductors for testing the memory cells
      in the row associated therewith and for disabling the rows containing
      defective cells.
NUM  7.
PAR  7. The combination of claim 5, above, further including:
PA1  a redundant duplicate column conductor having memory cells at the
      intersections with all of said row conductors, said redundant column
      conductor formed on the same unitary substrate and at the same time as the
      microelectronic memory array;
PA1  an electrically alterable switching circuit fabricated on the same unitary
      substrate and at the same time as the microelectronic memory array in each
      of the plurality of column conductors and in said duplicate column
      conductors for selectively enabling and disabling individual conductors;
      and
PA1  wherein said altering means include means for selectively enabling and
      disabling individual ones of said column switching circuits for testing
      the memory cells in the columns associated therewith.
NUM  8.
PAR  8. The combination of claim 7, above, further including:
PA1  additional redundant duplicate column conductors having memory cells at the
      intersections with row conductors, said additional redundant duplicate
      column conductors formed on the same unitary substrate and at the same
      time as the microelectronic memory array;
PA1  electrically alterable switching circuits formed on the same unitary
      substrate and at the same time as the microelectronic memory array in each
      said additional redundant duplicate column conductor for selectively
      enabling and disabling said column conductors; and
PA1  said altering means further include means for selectively enabling and
      disabling said electrically alterable switching circuits in said
      additional column conductors for testing the memory cells in the column
      associated therewith.
NUM  9.
PAR  9. The combination of claim 8, above, further including:
PA1  additional redundant duplicate row conductors having memory cells located
      at the intersections with the plurality of column conductors, said
      additional redundant duplicate row conductors formed on the same unitary
      substrate and at the same time as the microelectronic memory array;
PA1  electrically alterable switching circuits fabricated in each said
      additional redundant duplicate row conductor on the same unitary substrate
      and at the same time as the microelectronic memory array, for selectively
      enabling and disabling said additional row conductors; and
PA1  said altering means further including means for selectively enabling and
      disabling said electrically alterable switching circuits in said
      additional redundant duplicate row conductors for testing the memory cells
      in the row associated therewith and for disabling the rows containing
      defective cells.
NUM  10.
PAR  10. Method for repairing a batch processed microcircuit array wafer having
      thereon desired circuits in a predetermined operating configuration, each
      of the circuits having a plurality of electrically alterable switching
      devices associated therewith which are settable to enable or disable the
      corresponding circuits, said method comprising the steps of:
PA1  a. testing the desired circuits for operability;
PA1  b. setting the switching devices to include only operating ones of said
      desired circuits; and
PA1  c. repeating said testing and setting steps to include additional ones of
      the operating redundant circuits sufficient to provide the predetermined
      desired operating configuration.
NUM  11.
PAR  11. Method for reconfiguring to an alternate operating configuration a
      batch processed microcircuit array wafer having thereon a plurality of
      desired circuits in a predetermined operating configuration and having
      alternate circuits corresponding to selected ones of the desired circuits,
      each of the selected and alternate circuits having electrically alterable
      switching devices associated therewith which are settable to enable or
      disable the corresponding circuit, said method comprising the steps of:
PA1  a. setting the switching devices associated with one of the selected
      circuits to disable that selected circuit in the predetermined operating
      configuration;
PA1  b. setting the switching devices associated with the corresponding
      alternate circuit to enable the corresponding alternate circuit in the
      alternate operating configuration; and
PA1  c. repeating the said setting steps with the associated switching circuits
      of each of the remaining selected circuits and corresponding alternate
      circuits until the microcircuit array is reconfigured from the
      predetermined operating configuration to the alternate operating
      configuration.
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ABST
PAL  An information processing device for processing instructions, including
      branch instructions, is characterized in that a route memory is provided
      for storing branch target addresses of a plurality of branch instructions
      and branch target instructions in corresponding relationship to the branch
      target addresses, and the route memory is referenced by the address in a
      given instruction, whereby the branch target instruction at the
      corresponding branch target address is read out.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an information processing device in an
      electronic computer, capable of processing instructions including branch
      instructions.
PAR  Pipe-line control systems have been known in the art, which process branch
      instructions at very high speeds.
PAR  In these systems, a minimum of four cycles are required for the processing,
      beginning with the decoding of the presence of a branch instruction until
      the decoding of a branch target instruction, which is stored at a branch
      target address in the branch instruction.
PAR  If a cache memory is provided and the branch target instruction is present
      in the cache memory, the instruction processing would require several
      cycles, such as the cycle for providing an effective branch target
      address, the cycle for referencing a cache index memory, the cycle for
      reading the branch target instruction at the branch target address from
      the cache memory, and the cycle for decoding the read instruction.
PAR  If the branch target instruction at the corresponding branch target address
      is not present in the cache memory or the cache memory itself is not
      provided, a larger number of cycles is needed. In the prior art,
      therefore, a considerable amount of time has been necessary for
      instruction processing, which has hampered an electronic computer from
      operating at a greater processing efficiency.
PAR  Generally, in the pipe-line control system, information processing is
      carried out through a prediction as to whether the branch is established
      or not. If the prediction is wrong, the processing in progress is
      cancelled and an additional number of cycles becomes necessary.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the invention is to provide an information processing
      device capable of processing branch instructions with a minimum number of
      cycles.
PAR  Another object of the invention is to provide an information processing
      device capable of accurately predicting whether the branch is established
      or not.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram showing the flow of branch instruction processing in
      the prior art;
PAR  FIG. 2 is a diagram showing the flow of branch instruction processing
      according to the invention;
PAR  FIG. 3 is a block diagram showing an information processing device of this
      invention;
PAR  FIG. 4 is a block diagram showing the construction of the route control
      memory as in FIG. 3;
PAR  FIG. 5 is a block diagram showing a concrete example of the construction of
      the route index memory in FIG. 4;
PAR  FIG. 6 is a block diagram showing a concrete example of the construction of
      the route buffer memory in FIG. 4;
PAR  FIG. 7 is a diagram showing signals exchanged between the route control
      unit and the instruction unit according to the invention; and
PAR  FIGS. 8 through 10 are flow charts useful for illustrating the operations
      of the devices shown in FIGS. 4 through 6; FIG. 8 for the referencing
      operation, FIG. 9 for the reading operation, and FIG. 10 for the
      completion operation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown the flow of branch instruction
      processing in the prior art, in which three branch instructions are
      processed in succession as a result of the branch being established. As
      shown in FIG. 1, the following four cycles are necessary to complete the
      operation beginning with the decoding of the presence of a branch
      instruction until the decoding of the branch target instruction.
PA0  1. MF: the cycle for establishing the effective branch target address.
PA0  2. CS: the cycle for referencing the cache index memory in order to detect
      whether or not the branch target instruction at the corresponding branch
      target address is present in the cache memory (when the cache memory is
      used).
PA0  3. IF: the cycle for reading out the branch target instruction from the
      cache memory when such instruction is present in the cache memory.
PA0  4. ID: the cycle for decoding the instruction which has been read.
PA0  Note: EX is the cycle for executing the instruction.
PAR  These cycles are for the system provided with a cache memory and for the
      instance that a branch target instruction is present in the cache memory.
      If the branch target instruction at the corresponding branch target
      address is not present in the cache memory or the cache memory itself is
      not provided, the instruction should be read through direct access from
      the main memory and, hence, a far larger number of cycles will become
      necessary.
PAR  In any case, at least four cycles per instruction are required for the
      execution of branch instructions. In the prior art, it has been impossible
      to reduce the number of cycles, or it has been inevitable that the
      instruction processing takes a considerable amount of time.
PAR  FIG. 2 is a diagram useful for illustrating one principle of the invention
      in connection with processing of four branch instructions in succession on
      condition that the branch is established. From the flow shown in FIG. 2,
      it is apparent that only two cycles per instruction are sufficient for the
      execution of branch instructions according to the invention.
PA0  1. RS: the cycle for referencing the route index memory simultaneously when
      the decoding of a branch instruction starts, to detect whether or not the
      branch target instruction at the corresponding branch target address
      indicated in the branch instruction is registered in the route buffer
      memory.
PA0  2. RF: the cycle for reading out the branch target instruction from the
      route buffer memory in case such an instruction is registered in the route
      buffer memory.
PAR  At the beginning of cycle RS, it is unknown whether the given instruction
      is a branch instruction. Accordingly, the route buffer memory is
      referenced with respect to all the instructions. When it is found that the
      given instruction is not a branch instruction, the next cycle RF is not
      executed but an ordinary instruction read operation is carried out.
PAR  In this manner, the processing of a branch instruction can be performed in
      two cycles. k
PAR  Briefly, the invention has its principal feature in the provision of a
      route memory comprising a route index memory and a route buffer memory
      wherein the branch target address corresponds to the branch target
      instruction.
PAR  Another feature of the invention lies in that a predicting bit based on the
      past data is provided for the route index memory in order to improve on
      the prediction as to whether the branch is established or not.
PAR  FIG. 3 is a block diagram showing the constitution of an information
      processing device of the invention, which consists essentially of seven
      components as follows:
PA0  1. Instruction Unit 1: This unit picks up an instruction in advance and
      decodes it.
PA0  2. Execution Unit 2: This unit executes an instruction.
PA0  3. Route Control Unit 3: This uniit includes the route memory of this
      invention and controls this route memory.
PA0  4. Main Memory 4.
PA0  5. Input Output Controller 5.
PA0  6. Memory Control Unit 6: This unit includes a cache memory and controls
      the reference to the main memory 4 from the instruction unit 1, execution
      unit 2, input-output controller 5 and route control unit 3.
PA0  7. Supervisory Control Unit 7.
PAR  In FIG. 3, L1 through L7 represent control lines and data lines for
      connections among the units 1 and 6. The supervisory control unit 7
      governs the control of all associated units. A description of these
      functions is not essential to an understanding of the invention and,
      therefore, the description thereof is omitted.
PAR  FIG. 4 is a diagram showing in concrete form the route control unit 3 in
      FIG. 3. This unit consists essentially of the following three components:
PA0  1. Route Controller 8.
PA0  2. Route Index Memory 9.
PA0  3. Route Buffer Memory 10.
PAR  This control system is operated in the following manner: The route index
      memory 9 is referenced by the address in the instruction supplied from the
      instruction unit 1 through the line L8. When this reference reveals the
      presence of a branch target instruction corresponding to the given branch
      target address of the branch instruction, this branch target instruction
      is read out from the route buffer memory 10 and transferred to the
      instruction unit 1 through the line L9. At the same time, the prediction
      data obtained from the corresponding predicting bit of the route index
      memory 9, indicating whether the branch is established or not, is supplied
      to the instruction unit 1 through the line L10.
PAR  All the addresses in the instructions including the branch instruction are
      supplied to the route index memory 9 through the line L8, and the
      reference to the route index memory 9 is performed. At the same time, this
      address is supplied to the memory control unit 6 through the line L11, and
      the data is read from the cache memory or from the main memory in the
      ordinary manner. The instruction which has been read therefrom is sent to
      the route buffer memory 10 through the line L12 whereby the instruction
      stored in the route buffer memory is rewritten, or this instruction is
      sent to the instruction unit 1 through the line L9.
PAR  The route controller 8 controls these operations through the control lines
      L13 to L16.
PAR  The relationship between the route buffer memory 10 and the route index
      memory 9 is such that when data coincident with the branch target address
      from the instruction unit 1 is present in the route index memory 9, the
      branch target instruction at the branch target address in the
      corresponding cell of the route buffer memory 10 is delivered as an
      output.
PAR  FIG. 5 is a diagram showing a concrete example of the construction of the
      route buffer memory 10 of FIG. 4. This buffer memory consists essentially
      of the following four components:
PA0  1. Route Buffer Memory Section 11: This section stores the branch target
      instruction.
PA0  2. Route Buffer Data Register 12: This register stores the instruction read
      from the route buffer memory section 11.
PA0  3. Instruction Fetch Data Register 13: This register stores the instruction
      supplied from the memory control unit 6.
PA0  4. Data Comparator 14: There may be need of modifying the branch target
      instruction once transferred to the route buffer memory section 11 or of
      modifying the branch target address during its processing. Therefore, even
      if there is a corresponding instruction in the route buffer memory section
      11, the corresponding instruction in the cache memory or in the main
      memory is read by the memory control unit 6 in the ordinary route, and
      then this instruction and the instruction from the route buffer memory
      section 11 are compared with each other.
PAR  FIG. 6 is a diagram showing in detail an example of the construction of the
      route index memory 9 of FIG. 4, which comprises the following six
      components:
PA0  1. Route Index Memory Section 15: This section stores the branch target
      address (in the main memory) of the branch target instruction stored in
      the route buffer memory section 11. Through the route index memory section
      15 and the route buffer memory section 11, the branch target address of a
      branch instruction corresponds to the branch target instruction.
PA0  2. Route Index Status 16: This status consists of the following three bits
      by which the status of the corresponding term of route index memory
      section 15 and route buffer memory section 11 are specified.
PA1  a. Validity Bit V: This bit indicates whether the term is valid or not.
      When validity is found, the corresponding instruction is read from the
      route buffer memory section 11.
PA1  b. Activity Bit A: When reference is made, the corresponding term turns
      into "1". When all terms become "1", they are cleared to "O". This bit is
      used to determine the term which is to be removed from the route memory.
      This bit is preferentially removed from the "O" term.
PA1  c. Establish Bit E: This bit indicates whether or not the branch is
      established when the term was used previously. In other words, this bit is
      the predicting bit which is to predict whether or not the branch is
      established when this term is used the next time.
PA0  Of these bits, the establish bit E is additionally used for the purpose of
      this invention.
PA0  3. Address Comparator 17: Of the terms of route index memory section 15,
      the one in which the validity bit V of route index status 16 is "1" (i.e.,
      this term is valid) is compared with the address supplied from the
      instruction unit 1. This unit, together with the route index memory
      section 15, constitutes a group of associative registers.
PA0  4. Branch Address Register 18: This register stores the address in a branch
      instruction from the instruction unit 1. Accordingly, this register stores
      the addresses of all instructions.
PA0  5. Instruction Fetch Address Register 19: This register stores the address
      in an instruction from the instruction unit 1.
PA0  6. Route Buffer Address Register 20: This register stores the address for
      which coincidence is reached as a result of comparison between the address
      of the branch address register 18 and the address of the route index
      memory section 15. This address serves also as the address of the route
      buffer memory section 11.
PAR  The operation of the route control unit 3 will be described below by
      referring to FIGS. 5 and 6. This operation consists essentially of three
      operations: referencing operation, reading operation, and completion
      operation as follows:
PAC  1. Referencing or Referring Operation
PAR  Reference is made at the same time the instruction is decoded in the
      instruction unit 1. When the corresponding branch target instruction is
      present, this instruction is supplied to the instruction unit 1. At the
      same time, the content of the establish bit E of the route index status 16
      is given to the instruction unit 1 and, thus, a prediction is made as to
      whether or not the branch is established.
PAC  2. Reading Operation
PAR  This is an ordinary instruction reading operation performed in parallel
      with the referencing operation. Even when the branch target intruction
      word has been obtained by the referencing operation, the same instruction
      is read. These operations are performed via an order from the instruction
      unit 1.
PAR  The reading operation is performed for three purposes as follows:
PA0  a. To read an ordinary instruction.
PA0  b. To supply a new instruction to the route buffer memory 10 when an
      instruction in this memory has been modified.
PA0  c. To make a new registration of a branch target instruction when there is
      an unregistered branch target instruction in the route buffer memory 10.
PAC  3. Completion Operation
PAR  The route control unit receives the data of the final status of the branch
      instruction which has been executed between the instruction unit 1 and the
      execution unit 2, i.e., the data as to whether the branch is established
      or not. Then the route control unit modifies the establish bit E of the
      route index status 16.
PAR  Referring to FIG. 7, there is illustrated the relationship between signals
      exchanged between the route control unit 3 and the instruction unit 1, in
      connection with the referencing operation, reading operation and
      completion operation.
PAR  Basically, a branch instruction is processed under the control of (1)
      referencing operation, (2) reading operation, and (3) completion
      operation. In a machine or system operated under sophisticated advanced
      control, a series of branch instructions are very likely to occur. In such
      an event, the referencing operation will start for the succeeding branch
      instruction before the completion operation for the previous branch
      instruction is finished. To prevent this problem, it is necessary to
      provide a certain number of stacks in the route control unit 3. For the
      sake of explanatory simplicity, it is assumed in this specification that
      the processing of the succeeding branch instruction does not start until
      the three control operations for the preceding branch instruction are
      completed.
PAR  FIG. 8 is a flow chart showing the outline of the referencing operation,
      which is carried out in the following order:
PA0  1. The instruction unit 1 sends to the route controller 8 an I decode
      request signal, informing it that the instruction decoding stage of the
      instruction unit 1 is in operation. At the same time, the instruction unit
      1 transmits the address in the instruction being decoded as an I ADDR
      signal. This address is stored in the branch address register 18 and in
      the instruction fetch address register 19.
PA0  2. The address comparator 17 compares the address stored in the branch
      address register 18 with the address of the route index memory section 15
      where the validity bit V of the route index status 16 is "1". Thus, the
      route index memory 9 is referenced to check whether or not the instruction
      corresponding to the address from the instruction unit 1 is present in the
      route buffer memory section 11.
PA0  3. As a result of the decoding of the instruction unit 1, it is determined
      whether or not this instruction is a branch instruction. This result is
      supplied as an I branch signal to the route controller 8. If the I branch
      signal does not appear within a given period of time after the arrival of
      the I decode request signal, the route controller 8 assumes that the
      instruction being decoded is not a branch instruction and, therefore,
      stops referencing the route index memory 9. If the I branch signal arrives
      in a given time, the route controller 8 continues referencing the route
      index memory 9.
PA0  4. If the coincident address is detected in the route index memory section
      15 as a result of referencing the route index memory 9, this address is
      supplied to the route buffer address register 20. At the same time, the
      corresponding branch target instruction in the route buffer memory section
      11 is read out to the route buffer data register 12. The read data is
      supplied as an R instruction signal to the instruction unit 1. On this
      occasion, the route controller 8 supplies an R route response signal to
      the instruction unit 1. On the other hand, the content of the establish
      bit E of the route index status 16, which corresponds to the coincident
      branch target address, is supplied as an R establish signal to the
      instruction unit 1. If no address coincident with the branch target
      address in the branch instruction is present in the route index memory
      section 15, the route control unit 3 does not effect a response and the
      instruction unit 1 assumes that the branch target instruction is not
      present in the route buffer memory 10.
PAR  The instruction unit 1 makes a prediction, according to the R establish
      signal, as to whether the branch is established or not.
PAR  The foregoing is the referring or referencing operation.
PAR  FIG. 9 is a flow chart showing the outline of the reading oepration.
PAR  In the reading operation, not only the branch target instruction at the
      branch target address, but also ordinary instructions are read.
PAR  It is in the following cases that the instruction unit 1 sends out and I
      fetch request signal and starts reading the instruction:
PA0  a. Reading of all ordinary instructions.
PA0  b. Reading of a branch target instruction.
PAL  In this case, an I target signal is set. Even if an instruction is obtained
      from the route memory, reading is executed to check whether the
      instruction is correct.
PAR  The reading operation is performed in the following order:
PA0  1. When an I fetch request signal "1" is supplied to the route controller 8
      from the intruction unit 1, the I ADDR signal which has been fetched in
      the instruction fetch address register 19 is sent to the memory control
      unit 6 to require this memory control unit to read the instruction. When
      the memory control unit 6 completes reading data from the cache memory or
      from the main memory 4, the read data is set into the instruction fetch
      data register 13, and the data exchange between the instruction unit 1 and
      the memory control unit 6 is completed.
PA0  2. When the I target signal is "O", this means the ordinary instruction
      reading. Then, the route controller 8 sends an R advance signal to the
      instruction unit 2. At the same time, the instruction read out to the
      instruction fetch data register 13 is supplied as an R instruction signal
      to the instruction unit 1.
PAR  (3) When the I target signal "1" is sent from the instruction unit 1, this
      means the reading of the branch target instruction. Therefore, the route
      controller 8 sees the I route signal. This I route signal indicates
      whether or not the read branch target instruction is registered in the
      route buffer memory section 11. If the I route signal is "O", it is not
      registered therein. Then, after its registration, the content of the
      instruction fetch data register 13, together with the R cancel signal, is
      supplied as an R instruction signal to the instruction unit 1.
PA0  4. When the I target signal is "1" and the I route signal is "1", it is to
      check the coincidence between the instruction (though this instruction is
      registered) and the instruction which is read to the instruction fetch
      data register 13. The instruction read from the route buffer register 12
      is compared with the instruction of the instruction fetch data register 13
      by the data comparator 14. When coincidence is detected, no modification
      is needed. Then the instruction, together with the R advance signal, is
      supplied as an R instruction signal to the instruction unit 1. If the
      comparison results in discoincidence, the data is re-registered in the
      route buffer memory section 11. The instruction, together with the R
      cancel signal, is supplied as an R instruction signal to the instruction
      unit 1.
PAR  The following cases are considered as the cause of the discoincidence
      between the instructions:
PA0  a. The route of a branch has been changed and the branch target address has
      been changed.
PA0  b. The branch target instruction at the branch target address has been
      rewritten.
PAR  These events would often occur and, hence, it is necessary to check the
      data coincidence and discoincidence. If discoincidence is encountered, the
      instruction unit 1 invalidates the advanced control.
PAR  It is important to determine which part of the existing data is to be
      removed when the new data is re-registered in the route memory.
PAR  To this effect, a method of LRU (Least Recently Used) in which the data are
      ousted in order beginning with the data which has been least recently
      used, or a method of FIFO (First In First Out) in which the data are
      removed in order "first in first out" is generally used. In this example,
      the LRU method using an active bit A is employed.
PAR  The reading operation has been described above.
PAR  FIG. 10 is a flow chart showing the outline of the completion operation.
PAR  The purpose of the completing operation is to control the establish bit E
      in the route index status 16. The data as to whether the branch has been
      established or not is supplied as an I establish signal, together with an
      I proceed signal, to the route controller 8 from the instruction unit 1
      whereby the bit E in the route index status 16 is rewritten.
PAR  Devices and control lines for various controls are not shown in FIGS. 5 and
      6 because they are not essential for the purpose of understanding the
      invention and can easily be realized by those skilled in the art.
PAR  According to the present invention, as has been described above, the branch
      instruction processing time is markedly reduced by providing a route
      memory in which the branch target address corresponds to the branch target
      instruction at the branch target address. Furthermore, it can be
      accurately predicted whether the branch is established or not, by
      disposing a predicting bit therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An information processing device comprising, in combination:
PA1  a route memory which includes
PA2  route index memory means for storing branch target addresses of a plurality
      of branch target instructions, and
PA2  route buffer memory means for storing branch target instructions at the
      corresponding branch target addresses stored in said route index memory;
PA1  instruction unit means for picking up and decoding an instruction to be
      processed;
PA1  referencing means, connected to said instruction unit and said route
      memory, for referencing the route index memory means by the address of the
      instruction to be processed from said instruction unit means when the
      decoding of the instruction is started by said instruction unit means, to
      detect the branch target address in said route index memory means
      coincident with the address of the instruction to be processed; and
PA1  read-out means, connected to said route memory and said instruction unit
      means, for reading out the branch target instruction corresponding to the
      branch target address detected by said referencing means and for
      transferring the branch target instruction read-out from said route buffer
      memory means to said instruction unit means.
NUM  2.
PAR  2. An information processing device in accordance with claim 1, in which
      said route memory is provided with a predicting bit corresponding to each
      branch targer address, which predicting bit indicates whether or not the
      branch is established to the branch traget instruction corresponding to
      each branch target address, and which further includes transfer means,
      connected to said route memory and said instruction unit means, for
      transferring the predicting bit, corresponding to the branch target
      address coincident with the address of the instruction to be processed, to
      said instruction unit means.
NUM  3.
PAR  3. An information processing device in accordance with claim 1, in which
      said referencing means comprises
PA1  register means, connected to said instruction unit means, for storing the
      address of the instruction to be processed, and
PA1  comparator means, connected to said register means and said route memory,
      for comparing the address stored in said register means with that stored
      in said route index memory means.
NUM  4.
PAR  4. An information processing device in accordance with claim 3, in which
      said route index memory means further comprises a predicting bit for
      indicating a branch establishing state of each address stored in said
      route index memory means, and which further includes transfer means,
      connected to said route memory and said instruction unit means, for
      transferring the predicting bit, corresponding to the branch target
      address coincident with the address of the instruction to be processed, to
      said instruction unit means.
NUM  5.
PAR  5. An information processing device in accordance with claim 1, in which
      said read-out and transfer means comprise register means, connected to
      said route memory and said instruction unit means, for storing the branch
      target instruction which is read-out from said route buffer memory means,
      corresponding to the branch target address for which coincidence is
      detected, to transfer said branch target instruction to said instruction
      unit means.
NUM  6.
PAR  6. An information processing device in accordance with claim 1, which
      further comprises
PA1  memory means for storing instructions,
PA1  memory control unit means, connected to said memory, for reading out from
      said memory means the instruction stored at the address of the instruction
      to be processed,
PA1  instruction transfer means, connected to said memory control unit means,
      said instruction unit means and said route memory, for transferring the
      instruction read out from said memory means to said instruction unit means
      and to said route buffer memory means, and
PA1  execution unit means, connected to said instruction unit means, for
      executing the instructions read out from said route buffer memory means
      and said memory means to said instruction unit means.
NUM  7.
PAR  7. An information processing device in accordance with claim 6, in which
      said instruction transfer means comprises
PA1  instruction fetch register means, connected to said memory means, for
      storing the instruction read out from said memory means,
PA1  data comparator means, connected to said instruction fetch register means
      and said route memory means, for comparing the instruction stored in said
      instruction fetch register means with the instruction stored in said route
      buffer memory means corresponding to the address of the instruction to be
      processed,
PA1  storage means, connected to said instruction fetch register means and said
      route memory, for storing the instruction from said instruction fetch
      register means in the route buffer memory means corresponding to the
      address for which discoincidence is detected as a result of a comparison
      by said data comparator means and
PA1  transferring means, connected to said instruction fetch register means and
      said instruction unit means, for transferring the instruction stored in
      said instruction fetch register means to said instruction unit means.
NUM  8.
PAR  8. An information processing device in accordance with claim 6, in which
      said route memory is provided with a predicting bit corresponding to each
      branch target address, which bit indicates whether or not the branch is
      established to the branch target instruction corresponding to each branch
      target address, and which further includes transferring means, connected
      to said route memory and said instruction unit means, for transferring the
      predicting bit, corresponding to the branch target address coincident with
      the address of the instruction to be processed, to said instruction unit
      means.
NUM  9.
PAR  9. An information processing device in accordance with claim 7, in which
      said referencing means comprises a first register means, connected to said
      instruction unit means, for storing the address of the instruction to be
      processed, and comparing means, connected to said first register means and
      said route memory, for comparing the address in said first register means
      with that stored in said route index memory means.
NUM  10.
PAR  10. An information processing device in accordance with claim 9, in which
      said read-out means comprises second register means, connected to said
      route memory and said instruction unit means, for storing the branch
      target instruction which is read out from said route buffer memory means,
      corresponding to the branch target address for which coincidence is
      detected, to transfer said branch target instruction to said instruction
      unit means.
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ABST
PAL  Medical data including temperature, respiration rate and pulse rate are
      measured and stored in an acquisition unit incorporating a circulating
      register for storing data covering many patients. An analog temperature
      signal is converted into binary coded decimal for visual presentation on a
      display of the acquisition unit. The display data is then stored in the
      acquisition unit memory by actuating a RECORD switch. An analog
      respiration rate signal and an analog pulse rate signal are also converted
      into binary coded decimal for sequential display and storage in the
      acquisition unit memory. Medical data from external sources may similarly
      be stored in the acquisition unit memory. This recording procedure is
      repeated for any number of patients desired up to the storage limit of the
      acquisition memory. Data stored in the acquisition unit is then
      transferred into a printer unit that accesses each memory location and
      prints the data on a separate label for each individual patient. The
      printer includes a hard wired minicomputer which reads in data from the
      acquisition unit and compares it with identifying codes for controlling a
      digital printer. Medical data for each patient stored in the acquisition
      unit is temporarily stored in a random access memory and sequentially
      compared with each of a plurality of identifying codes for control of the
      digital printer. After all patient data in the acquisition unit has been
      transferred into the printer memory, a signal is generated to enable
      clearing of the acquisition unit memory for subsequent use thereof.
BSUM
PAR  This invention relates to an acquisition unit for acquiring data relating
      to one or more physiological variables from a patient, displaying the data
      digitally and, upon operator approval, recording the data in an internal
      memory. Further, the invention relates to a data printer responsive to
      data stored in an acquisition unit for a display presentation.
PAR  In the art of medical practice, it has been found desirable, under certain
      conditions, to maintain a substantially running record of certain body
      functions, such as for example, body temperature, pulse rate and
      respiration rate; these three comprising the basic body functions to be
      recorded. Heretofore, this vigilance has ordinarily been maintained by the
      nursing staff of the hospitals or other available attendants, who
      periodically observe and manually record the condition of the patient in
      accordance with a predetermined schedule. This observation and manual
      recording is a time consuming technique which lends itself to erroneous
      recording and analysis of a patient's body functions. Remedial measures
      taken after discovery of previously recorded erroneous data during the
      next period of inspection are often too late for the patient's condition.
PAR  The present invention provides for the automatic acquisition of data
      relating to a patient's body functions and provides an instrument that
      generates readily recordable signals accurately portraying temperature,
      respiration rate, pulse rate and additional data as desired. An important
      feature of the present invention resides in the use of a light weight,
      portable, battery operated acquisition unit having an internal memory for
      storing acquired data. The acquisition unit utilizes a temperature and
      respiration rate probe as described in the copending patent application of
      Emmett L. Hudspeht el al., filed Apr. 2, 1973, Ser. No. 346,952, assigned
      to the asignee of the present invention. In addition, the acquisition unit
      utilizes a standard pulse rate transducer for acquiring data relating to
      this body function. Thus, the nursing staff or other available attendant
      merely performs a mechanical task of placing the desired body function
      probe in or about a patient and operates the acquisition unit for
      acquiring desired data.
PAR  In the field of medical care, accuracy of collected data relating to the
      body functions of a patient is of significant importance. Erroneous data,
      whether collected manually or automatically, presents the possibility of
      an incorrect diagnosis of a patient's condition thereby leading to an
      erroneous prescription of remedial action. Another feature of the present
      invention allows the operator of the data acquisition unit to override the
      automatically generated data with manually generated data. In this
      situation, only the manually generated data is transferred to the
      acquisition unit memory and the automatic data is discarded. For future
      identification of the manually generated data, as opposed to the
      automatically generated data, the memory location containing the manual
      data also contains a highlighting code. This code, when subsequently
      observed along with the accompanying data information, indicates that the
      operator exercised individual judgment in observing a patient's condition.
PAR  A problem often encountered when using portable battery powered recording
      equipment is that the failure of the power supply nullifies or distorts
      previously recorded data. If this condition is observed, the faulty or
      erroneous data may be disregarded thus avoiding serious consequences that
      could result from the reliance upon such data. That particular series of
      data will, however, be lost and cannot be recovered. A more serious
      consequence is that the faulty or erroneous data is not recognized as such
      and is relied upon in diagnosing a patient's condition. Still another
      feature of the present invention is the use of an automatic data
      acquisition unit incorporating circuitry for monitoring the condition of a
      battery supply and for restricting the unit's use when the supply drops
      below a first threshold. In this mode of operation of the acquisition
      unit, all data previously stored in the internal memory is maintained for
      future recovery and utilization. If the battery supply power decreases
      below a second threshold level, the internal memory is deactivated and the
      stored data is lost, thereby preventing reliance on unreliable data.
PAR  Data acquired and stored in the internal memory of the acquisition unit of
      the present invention is transferred to a data printer that provides
      individual patient printouts containing all the body function data
      associated with a particular patient. The data printer transfers all the
      body function data for a particular patient into a random access memory
      where it is utilized, for comparison with character identification codes
      for producing a printout label containing all the data for a particular
      patient. Each printout label also includes a patient's identifying number,
      the date the data was recorded and the time of recording. The printed data
      may then be assembled with a patient's record to provide a continuous
      sequence of data relating to his condition. The data is uniformly
      presented for easy interpretation and analysis. Yet another feature of the
      present invention is to provide a data printer responsive to acquired data
      stored in an acquisition unit by a comparison of a plurality of character
      identifying codes with the acquired data.
PAR  In accordance with one embodiment of the invention, a medical data
      acquisition and storage system comprises a display for providing a visual
      presentation of medical data inputed to the system. Automatically acquired
      data may be accepted through at least one information input and this data
      is gated to the display for visual presentation thereof. In addition to
      accepting automatically acquired data, manually generated data may be
      gated to the display for a visual presentation. When found acceptable,
      data visually displayed is gated into storage means having multiple
      locations for storing in the data sequence. The sequence of operation is
      under the control of a state controller that establishes the priority for
      gating data to the display means for any of the input sources.
PAR  In another embodiment of the invention, a medical data acquisition and
      display system comprises a data printer and one or more acquisition units
      for acquiring and storing a quantity of medical data from one or more
      patients by at least one probe connected to the acquisition unit. The
      medical data in an acquisition unit is stored in a printer memory by
      transfer means that gates the data from one of the acquisition units to
      the memory. A display as part of the data printer includes multiple
      characters each identified by a particular identifying code; each of these
      identifying codes are compared with the stored medical data in the printer
      memory and a display signal is generated upon a predetermined comparison
      condition. The display signal actuates the display to cause a preselected
      character to be presented. The entire system is controlled by a central
      controller for sequentially advancing each identifying code and each entry
      of medical data for comparison.
PAR  Other features and advantages of the present invention will become more
      readily apparent from the following description along with the
      accompanying drawings and the appended claims.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a pictorial view of a battery powered data acquisition unit with
      temperature, respiration rate and pulse rate transducers connected
      thereto;
PAR  FIG. 2 is a pictorial view of a data printer responsive to acquired data in
      an acquisition unit for printing labels for individual patients setting
      forth the acquired data along with a patient's identification number, the
      date of entry and the time of entry;
PAR  FIG. 3 is a block diagram of the data acquisition unit including
      analog-to-digital converters for temperature, respiration rate and pulse
      rate transducers;
PAR  FIGS. 4a, 4b, 4c, 4d and 4e comprise a schematic diagram for each of the
      blocks of FIG. 3 connected to the digital processor of FIG. 3;
PAR  FIGS. 5a, 5b, 5c, 5d, 5e, 5f, 5g, 5h, 5i, 5j, 5k, 5l and 5m comprise a
      logic diagram for the digital processor including various blocks within
      the dotted outline of FIG. 3;
PAR  FIG. 6 is a block diagram of the data printer of FIG. 2 for accepting
      stored data from an acquisition unit to be printed on labels with patient
      identification; and
PAR  FIGS. 7a, 7b and 7c comprise a flow chart of the operation of the data
      printer for comparing each entry in an acquisition unit with a character
      identifying code for a label printing operation.
DETD
PAR  Functionally, the system of the present invention can be divided into two
      component units or systems, the first is a data acquisition unit 10 or TPR
      unit as shown in FIG. 1. Specialized transducer probes 12 and 14 are
      utilized to measure a patient's vital signs such as temperature, pulse
      rate and respiration rate, and the acquisition unit converts this data
      into a digital format for storage in a circulating memory. The second unit
      is a data printer 16, as illustrated in FIG. 2, and functions in response
      to information previously recorded in the circulating memory of the
      acquisition unit 10 and producing hard copy patient labels 18.
PAR  Referring to FIG. 1, the data acquisition unit 10 includes a housing 20
      having a window display 22 and an array of sixteen keyboard switches 24.
      Typically, the display 22 provides a numerical readout 26 and other
      operating indicator lights as will be explained.
PAR  Coupled to the acquisition unit 10 is the temperature and respiration rate
      probe 12 generating an analog voltage varying with the patient's
      temperature and a second analog voltage with a frequency equal to the
      patient's respiration rate. The probe 12 may be of the type described and
      claimed in the copending application of Emmett L. Hudspeth et al., Ser.
      No. 346,952. Also coupled to the data acquisition unit 10 is the pulse
      rate probe 14 of the type commercially available to produce an analog
      voltage with a frequency related to the patient's pulse rate. In one form
      of a pulse probe 14, the probe comprises a clothespin-like clamp that fits
      over a patient's finger and includes a light source and light sensor. The
      light source illuminates the patient's fingertip and the light sensor
      responds to the light transmitted through the fingertip which varies with
      a frequency related to the patient's pulse rate. The volume of blood in a
      patient's finger changes the absorption of light from the source causing
      the light impinging on the sensor to change as a function of the amount of
      blood in the patient's fingertip, which in turn varies with his pulse.
PAR  Considering the keyboard switches 24, there are four control switches for
      operator use. These are labeled RECORD, REPEAT, NOTE and MANUAL START (all
      abbreviated in the FIGURE). The RECORD switch 28 is operator actuated to
      transfer data being displayed in the numerical readout 26 into the
      circulating memory of the acquisition unit and is active and effective any
      time there is numerical information being presented in the readout.
PAR  If the data visible in the display window 22 is unsatisfactory for any
      reason, an operator actuates the REPEAT switch 30 to clear the display for
      accepting new data, either automatically acquired or manually entered from
      the keyboard switches. In the case of temperature, pulse rate, or
      respiration rate, this causes a resampling of the analog voltage produced
      by the probe, either probe 12 or probe 14. The variable, either
      temperature, pulse rate or respiration rate, is recalculated and the newly
      calculated value presented at the numerical readout 26. This new data can
      then be transferred into the internal memory by actuating the RECORD
      switch 28 or the system can again calculate a new data value by again
      actuating the REPEAT switch 30. The REPEAT switch 30 is enabled any time
      the unit 10 is showing a number in the numerical readout 26.
PAR  The NOTE switch 32 may be used whenever the unit is accepting data either
      from the probes 12 or 14 or other transducers. If data is currently being
      presented, but has yet to be recorded in the circulating memory, actuating
      the NOTE switch 32 causes the display to be cleared. Meanwhile, the unit
      is transferred to the note mode. At this point, the operator may manually
      enter, by means of the numerical switches, coded motes to provide
      additional information about the patient. For example, a pre-established
      code number represents weakened or irregular pulse. This code number may
      be recorded in the circulating memory by actuating the RECORD switch 28
      after the operator has entered the code number when in the note mode. In
      addition, this note mode can be used to record relatively unrelated data
      such as a patient's status, blood pressure, diet or medications. After
      recording a coded note, the acquisition unit returns to its previous mode.
PAR  The acquisition unit 10 is normally activated automatically by the rise of
      the temperature at the probe 12 above 90.degree.F. In special situations
      where the temperature portion of the probe 12 is not connected to the unit
      10 or where the ambient temperature is always above 90.degree.F., then the
      unit 10 can be activated by actuating the MANUAL START switch 38. This
      advances the unit to the identification mode and permits normal operation
      without requiring that temperature data be taken.
PAR  The acquisition unit 10 is provided with a four digit numerical readout 26,
      which is capable of displaying numbers from 0-9999, and in addition there
      are also five function indicators representing an identification (ID)
      mode, a temperature (T) mode, a pulse rate (P) mode, a respiration rate
      (R) mode, and an external (E) mode. When the unit 10 is functioning in
      each of the various modes, the appropriate function indicator will be
      illuminated with the NOTE mode indicated by the periodic flashing of any
      function indicator.
PAR  The ID mode indicator is illuminated when the unit 10 is in the
      identification mode and serves to inform an operator that the unit is
      ready to accept numerical data pertaining to a particular patient's
      identification. When in the temperature mode, an indicator is illuminated
      to again identify to a user that the unit is ready to accept temperature
      related data. Similarly, in the pulse mode the pulse mode indicator is
      illuminated and in the respiration mode the respiration mode indicator is
      illuminated to indicate that the unit is ready to accept pulse and
      respiration related data, respectively. When the unit is accepting
      external data, other than from the probes 12 and 14, the external
      indicator is illuminated indicating that the unit is in a mode for
      accepting such externally generated data. Actuating the RECORD switch 28
      when data is present in the display always takes the unit 10 out of a
      previous mode and causes the operation sequence to advance to another
      sequencing mode.
PAR  Returning to the numerical keyboard, it comprises switches identified by
      0-9 for the manual entry of data for presentation at the readout 26
      including patient identification data. The numerical keyboard also allows
      the manual entry of data from patients who are too ill to accept the
      probes 12 and 14. In addition, the keyboard switches are also used
      whenever the numerical readout 26 is blanked and waiting for an
      identification code to be entered. The numerical switches are also
      actively coupled to the system when there is data presented in the
      numerical readout and actuating the numerical switches will modify the
      displayed data. To manually override data presented in the readout 26, the
      appropriate numbered switches are actuated and this data overrides that in
      the display. When the first digit from the keyboard is entered, the
      complete data entry presented at the readout 26 is erased, and the
      corresponding number is displayed in the least significant position of the
      display. Each time a succeeding numerical switch is actuated, the
      corresponding number is displayed in the least significant position and
      all previously entered numbers are shifted one place to the left. Each
      time a number is entered, the number in the most significant position of
      the readout is lost. Data that has been manually entered via the keyboard
      switches is specially coded internally and this special code is stored in
      the internal memory to later denote manual entries when the data is
      printed.
PAR  In normal operation, the unit 10 will be utilized when making "rounds" in a
      hospital nursing unit. Here the nurse or health-care attendant will go
      from bed to bed and acquire data relating to the temperature, pulse rate
      and respiration rate from each patient in the unit. This data, once
      acquired, is stored in the internal memory of the unit 10 for future hard
      copy printout by the printer 16.
PAR  Referring to FIG. 2, after a nurse or health-care attendant has made a
      round, or after the circulating memory of the acquisition unit 10 is
      completely loaded, the unit 10 is placed in one of two chutes 40 or 42 of
      the printer 16. The printer is equipped to accept two acquisition units 10
      at one time, although the printer will address the units one at a time to
      make a permanent recording of the data stored therein. Assuming that the
      unit 10 has been inserted into the chute 42, the contents of the memory of
      the acquisition unit is printed on the labels 18 by pushing a print button
      44. A similar print button 46 is provided for the chute 40 and is
      activated to address an acquisition unit in the chute 40 for printing out
      the data therein on the labels 18. Once the print button for one position
      has been actuated, the data stored in the respective acquisition unit must
      be completely printed, or the unit removed from the chute, before data
      stored in the second acquisition unit in the opposite chute can be
      printed.
PAR  There are three additional controls on the printer, these are a PAUSE
      push-button 48, a CONTINUE push-button 50 and a PAPER FEED push-button 49.
      The PAUSE push-button 48 advances the printer operation to enter a stop
      loop when it has completed printing the data for the present label. This
      control is provided to be utilized if the printer runs out of labels 18,
      if the feed mechanism for the labels becomes jammed, or for any other
      reason requiring a temporary shut down of the printer. Printing may then
      be resumed by actuating the CONTINUE push-button 50 whereby the printer
      sequence takes up printing with the data in the acquisition unit 10 which
      follows the data last printed. Alternatively, printing may be resumed by
      actuating a second time the print button, in which case the printer
      sequence resumes printing with the first data stored in the acquisition
      unit 10. The PAPER FEED push-button 49 is actuated to cause labels 18 to
      be advanced one line at a time for the purpose of loading or alignment.
PAR  In addition to the push-button controls, the printer 16 is also provided
      with date switches 52 for setting in a date to be printed on the labels
      18; there are also provided time switches 54 for setting in the time of
      the recording. This time data is also printed on the labels 18 and
      includes the time of day and a notation of a.m. or p.m.
PAR  The printer mechanism itself (not shown) is a type referred to as a flying
      printer wherein a print drum rotates continuously. The printing mechanism
      is located below the transparent cover 56 in the print housing 58.
      Printing is carried out by selecting a print hammer corresponding to a
      character disposed on the surface of the drum. In conventional large
      capacity flying printers, the print hammers are generally electrically
      driven but other driving techniques are possible.
PAR  The printer mechanism, per se, utilized in the present system is of
      conventional design responding to signals generated within the printer 16.
      The printer mechanism sends three signals to the control circuit of the
      unit 16, these are denoted as the printer reset signal, the TP and TL
      signals. A reset signal occurs once for each complete revolution of the
      print drum and the TP and TL signals occur for each row of characters on
      the print drum. The TP signal occurs prior to the row of characters
      passing under a print hammer and the TL signal occurs at the completion of
      a row of characters. Selection of a character to be printed is
      accomplished by comparing a character identifying code with the data
      transferred from the acquisition unit 10. This will be explained in
      greater detail.
PAR  Referring to FIG. 3, there is shown a block diagram of the acquisition unit
      10 including a temperature analog circuit 60 and a respiration analog
      circuit 62, both of which may contain part of the probe 12 and a pulse
      analog circuit 64 which may contain the probe 14. Each of the analog
      circuits 60, 62 and 64 connects to other circuitry within the housing 20
      wherein the analog signals are converted to binary coded decimal (BCD).
PAR  Within the housing 20 of the acquisition unit 10, there is included a state
      controller 66 comprising logic for sequencing the unit through various
      operational modes. Initially, the state controller 66 determines whether
      the probe portions of analog circuits 60, 62 and 64 are connected to the
      system. In addition, the state controller 66 responds to a signal from the
      temperature analog circuit 60 to initiate operation of the acquisition
      unit.
PAR  As mentioned, the acquisition unit is enabled in an automatic mode when the
      temperature sensor in the probe 12 reaches 90.degree.F. This temperature
      signal is coupled to the state controller 66 over a line 68 from the
      analog circuit 60. After the circuit has been enabled in the automatic
      mode from the temperature analog circuit 60, the state controller 66
      generates a code to a data multiplexer 80 to initiate the illumination of
      an ID mode indicator in the display 22. The system is now in the ID mode
      and an operator enters a patient's ID through the keyboard switches 24.
      Actuating the switches 24 generates signals to a keyboard encoder 72 that
      converts the closing of a switch into a binary code to a keyboard buffer
      74. Coded ID data in the buffer 74 is gated through a gate 76 to a display
      register 78 which is enabled by the display control 70 to transfer ID data
      through the data multiplexer 80 to the display 22. The operator upon
      verifying that the numerical readout 26 of the display 22 accurately shows
      the patient's ID number, actuates the RECORD switch 28 and data from the
      register 78 is transferred through a memory control 82 to a memory 84.
PAR  The heart of the acquisition unit 10 is the solid state memory 84 in which
      the stored data is continually recirculated around a memory loop at an
      established rate. Typically, the memory 84 is composed of 12 512-bit
      P-channel MOS dynamic shift registers circulated at 16 KHz bit rate. The
      circulating frequency to the memory 84 is generated in a clock 86 that
      also provides clock pulses to a clock divider 88 to generate internal
      clock pulses to various sections of the unit.
PAR  Thus, to initiate operation of the acquisition unit 10, the probe 12 is
      placed in the patient's mouth, and the increase in temperature through the
      temperature level of 90.degree.F causes the unit to turn on the ID mode
      indicator in the display 22 and initiate acquisition of data from the
      three analog circuits 60, 62 and 64. The operator now enters the patient's
      ID number by using the keyboard 24. When one of the numeric keys is
      actuated, the corresponding number is coded in BCD and stored in the
      keyboard buffer 74; it is then shifted into the display register 78 and
      displayed in the first numerical readout in the display 22. Up to three
      additional ID digits may then be entered through the keyboard 24 to the
      display register 78. After the correct ID number is presented in the
      display 22, it is stored in the memory 84 by actuating the RECORD switch
      28. The acquisition unit 10 may be programmed to accept patient ID numbers
      with more than four digits. This will be explained in greater detail.
PAR  When the RECORD switch 28 is actuated, the state controller 66
      automatically steps to the next function, which is the pulse mode. The
      state controller 66 again generates the proper binary code, which turns on
      the P mode indicator in the display 22. The pulse rate analog circuit 64
      generates an output signal having a repetition rate the same as the
      frequency of the patient's pulse rate as sensed by the probe 14. This
      pulse rate signal is connected to a pulse rate counter 90 that responds to
      the signal generated by the pulse analog circuit 64.
PAR  Initially, the counter 90, which in effect is two registers in tandem, was
      reset by the state controller 66 in the idle mode. Thereafter, for each
      pulse rate signal from the analog circuit 64, the first register advances
      one count and between the time when it has received four pulses and the
      time when it has received twelve pulses it generates an enable signal to
      the second register of the pulse rate counter 90. A window in time is
      generated which is proportional to the average period of the patient's
      pulse and is in fact eight times the patient's average pulse period.
      During this length of time, between the fourth and twelfth pulses from the
      analog circuit 64, a clock from the divider 88 is counted in the second
      register such that the count in this second register is inversely
      proportional to the pulse rate of a patient.
PAR  An output from the second register of the pulse rate counter 90 is
      transferred to a divider network 92 that consists of a digital divider
      that uses as a numerator one of two numbers hard wired into the circuit.
      The denominator for the divider network 92 is the count in the second
      register of the counter 90. The numerator hard wired into the divider is
      selected to scale the clock pulse count in the second register such that
      after completing the division process, the divider network 92 contains the
      patient's average pulse rate in pulses per minute.
PAR  The divider network 92 is controlled by the output of a data transfer
      controller 94 which in turn is sequenced from the display controller 70
      and the state controller 66. The pulse rate, in pulses per minute, in the
      divider 92 is a binary code that is transferred through a gate 96 to the
      display register 78 in response to a transfer signal from the controller
      94. This transfer takes place after the divider network 92 has completed
      the division process.
PAR  In one embodiment of the invention, the temperature, pulse rate and
      respiration rate circuits all generate pure binary coded information.
      Prior to displaying such information in the display register 78, logic
      circuitry, to be detailed, provides a serial binary to BCD (Binary Coded
      Decimal) conversion which results in the BCD data being stored in the
      display register at the completion of the transfer of data thereto. Data
      entered through the keyboard buffer or through external inputs, however,
      is supplied in BCD form and the display register 78 passively accepts this
      data with no conversion process.
PAR  The pulse rate code in the display register 78 is transferred through the
      data multiplexer 80 and displayed in the numerical readout 26 of the
      display 22. If the operator is satisfied that the number in the display 22
      accurately reflects the patient's pulse rate condition, the RECORD switch
      28 is actuated and the data in the display register 78 is transferred
      through the memory controller 82 to the memory 84.
PAR  If the data presented in the display 22 does not satisfy the operator that
      it represents a true indication of the patient's pulse rate, there are two
      alternatives available. One, the operator actuates the REPEAT switch 30
      which sets the state controller 66 to reset both registers of the pulse
      rate counter 90 and the divider and serial transfer controller 94 so that
      a new pulse rate measurement is made and transferred to the display
      register 78. In the alternative, the operator may enter, through the
      numerical keyboard, a manual pulse rate measurement. This data is then
      stored in the memory 84 by actuating the RECORD switch 28. When manually
      generated data is stored in the memory 84, the memory controller 82
      produces a binary code highlighting the memory entry to signify that it
      was manually generated data.
PAR  Under normal operating conditions the state controller 66 advances the
      operating sequence from an idle mode to an identification mode, from the
      identification mode to the pulse rate mode, from the pulse mode to the
      temperature mode and from the temperature mode to the respiration rate
      mode. When the operator actuates the RECORD switch 28 to transfer the data
      in the display register 78 through the memory control 82 to the memory 84,
      the display control 70 generates a signal to the state controller 66 to
      advance the sequence to the next mode.
PAR  After recording the pulse rate data in the memory 84, the state controller
      66 advances the system to the temperature mode. In the temperature mode, a
      frequency signal from the temperature analog circuit 60 is transferred to
      a temperature counter 98 in response to a control signal from the state
      controller 66. At the appropriate time in the acquisition cycle of the
      temperature mode, the cycles of the frequency signal from the circuit 60
      are counted for a fixed period of time in the temperature counter 98 which
      has been preset with a count representing 90.degree.F. This results in a
      total in the counter 98 that is a function of the frequency of the circuit
      60 and hence is a function of temperature. In effect, the counter 98
      counts a variable incoming frequency for a fixed period of time such that
      by presetting the counter to 90.degree.F. and starting the counter at a
      fixed time and stopping it at a fixed time later there is generated a
      count that is a direct function of temperature. Typically, the counter is
      enabled for 166 milliseconds and this results in the counter being
      incremented one count for each 0.1.degree.F. that the temperature probe is
      above 90.degree.F.
PAR  In the temperature mode, the system has a capability of measuring
      temperature by a direct count or by a predictive algorithm count.
      Normally, the predictive algorithm sequence is utilized as it produces a
      temperature reading in a shorter elapsed time period. In the direct
      reading sequence, the total in the counter 98 represents the actual
      temperature of the probe 12 at the time the temperature measurement is
      made. Unless the probe 12 is left in the patient's mouth sufficiently long
      to stabilize at the patient's temperature there results a measurement
      which may differ from the patient's true temperature. For this reason, the
      direct count mode is normally used only when adequate time has been
      allowed to permit thermal equilibrium between the probe 12 and the
      patient's mouth.
PAR  In the predictive algorithm sequence, a measurement is achieved in the
      counter 98 before the probe reaches equilibrium. When the temperature of
      the probe passes through 90.degree.F., the counter 98 is enabled for a
      predetermined fixed length of time after a constant has been added to give
      a total reading representative of a patient's temperature before the probe
      is actually stabilized. Essentially, there is a prediction of what the
      temperature will be when the probe has stabilized. In implementation of
      this addition of a constant, after the probe has passed through
      90.degree.F., a fixed delay is initiated and the frequency from the
      circuit 60 is counted in the counter 98 for the fixed time period after
      this delay. In effect, the counter is started 1.degree. higher than
      90.degree.F., that is, 91.degree.F., which accomplishes the addition of
      the constant.
PAR  As mentioned previously, an operator has the option of repeating a
      measurement if that presented in the numerical readout 26 appears to be an
      erroneous measurement. When the operator actuates the REPEAT switch 30,
      the temperature counter 98 bypasses the predictive algorithm sequence and
      uses the direct reading sequence. Also, when the acquisition routine is
      initiated by actuating the MANUAL START switch 38, the temperature counter
      again bypasses the predictive algorithm sequence and uses the direct
      reading sequence for temperature measurement. In the direct reading
      sequence, the frequency signal coupled to the counter 98 is counted for a
      fixed period of time thereby giving a measure of a patient's temperature.
      Again, the counter starts at a base count of 90.degree.F. and adds one
      count for each one tenth of a degree of temperature above this initiating
      level. The operator uses the REPEAT switch 30 to repeat the temperature
      measurement and may determine when thermal equilibrium of the probe 12 is
      achieved by comparing successive measurements as shown in the numerical
      readout 26.
PAR  Summarizing the two temperature acquisition sequences, the predictive
      algorithm sequence is started when the temperature of the probe 12 rises
      above 90.degree.F. After a predetermined delay time, the counter 98 is
      preset to a count of 91.degree.F. and then actuated for a fixed period of
      time. The resultant count in the counter 98 is 1.degree.F. higher than the
      temperature of the probe 12 and represents a prediction of the temperature
      the probe 12 would achieve if permitted to attain thermal equilibrium with
      the patient's mouth. The direct reading sequence is started when the
      operator presses the MANUAL START switch 38. It is also started any time a
      temperature measurement is repeated by actuating the REPEAT switch 30.
      Without delay the counter 98 is preset to a count of 90.degree.F. and
      activated for a fixed time period. The count stored in the counter 98
      reflects the actual temperature of the probe 12. The operator must
      determine whether the probe 12 has reached thermal equilibrium with the
      patient's mouth.
PAR  At an appropriate time after actuating the counter 98, the binary data
      stored therein is transferred through the gate 96 to the display register
      78. During the transfer the data is converted to BCD by the display
      register 78. Data in the display register 78, as explained, is transferred
      through the data multiplexer 80 to the display 22. If the operator is
      satisfied with the data displayed, the RECORD switch 28 is actuated to
      transfer the temperature data from the display register 78 through the
      memory control 82 to the memory 84. Again, a signal is generated to a
      state controller 66 to advance the sequence from the temperature mode to
      the respiration rate mode.
PAR  Measurement of the respiration rate is similar to the pulse rate
      measurement. The respiration rate sensor, as part of the probe 12,
      consists of a bead thermistor placed in the nasal airstream of a patient.
      Respiratory air flow induces temperature changes in the thermistor which
      are amplified and conditioned in the respiration analog circuit 62 to
      provide an analog frequency signal to a respiration rate counter 100.
      Thereafter the operation in the respiration mode is analogous to operation
      in the pulse mode.
PAR  The counter 100 registers pulses generated by the analog circuit 62 in a
      first register which is used to generate a window for enabling a second
      register receiving a clock from the divider 88. At the second count in the
      first register the second register is enabled and advances in accordance
      with the frequency from the divider 88 until the sixth count in the first
      register. The count in the second register is proportional to a period of
      the patient's respiration rate. Again, a scaling factor is present and the
      output of the respiration rate counter 100 is transferred to the divider
      92 to produce a binary code equal to the patient's respiration rate. In
      accordance with control pulses from the controller 94, the respiration
      rate binary code is gated through the gate 96 to the display register 78.
      During the transfer the data is converted to BCD by the display register
      78. Next, the data is displayed, and if found acceptable, transferred to
      the memory 84 by actuation of the RECORD switch 28.
PAR  At this time, under normal operating conditions of the acquisition unit 10,
      a particular patient's medical data is stored in the memory 84. The state
      controller 66 returns the system to an idle mode. The operator removes the
      probes 12 and 14 from the patient. The unit is now ready for the next
      patient.
PAR  In the previous description it was assumed that temperature, respiration
      rate and pulse rate data are taken from each patient. If any one of the
      three probes for these measurements are not attached to the unit, the
      state controller 66 skips over that measurement and advances the sequence
      to the next mode. Thus, the unit has the capability of measuring
      temperature, pulse and respiration or any combination of the three. Any
      one or more of these three can be measured and the others automatically
      deleted from the measurement process if the probes are not attached.
PAR  In addition to temperature, respiration rate and pulse rate measurements,
      additional medical data may be gathered for a patient and stored in the
      memory 84. This additional data is gathered from devices identified in
      FIG. 3 by the block 102. Examples of such external devices include a blood
      pressure measuring transducer that will measure a patient's systolic and
      diastolic blood pressure and convert them into BCD data, serialize the
      data and send it on an input line to the display register 78. Data is
      shifted into the display register 78 through the gate 96 under the control
      of the controller 94 and the external input circuit 104. In addition to
      numerical data, an identifying character is also generated by the external
      device to identify the type of medical data. That is, data relating to a
      blood pressure measurement would be identified with an appropriate coded
      prefix such that when printed out on the label 18 the measurement is
      readily identifiable. This identifying character is also stored in the
      display register 78. The data is then presented in the display 22, and if
      found acceptable, shifted into the memory 84 by actuating the RECORD
      switch 28.
PAR  Another example of an external device is a transducer for measuring a
      patient's weight, such as in an out-patient clinic. Still another example
      of an external device is a drop counter that measures the patient's rate
      of intravenous infusion or urine output. Such a device is semi-permanently
      attached to the patient's bed and as the nurse or attendant measures the
      temperature, pulse and respiration of the patient, this external device is
      coupled to the unit for storing in the memory 84.
PAR  In the sequence of operation of the acquisition unit 10, after the state
      controller 66 has stepped the sequence to the respiration rate mode and
      the respiration rate data is transferred to the memory 84, the state
      controller checks to determine if any external devices are coupled to the
      external input circuit 104. If an external device is detected, a first
      pass at the external mode is made for transferring the BCD data generated
      by the external device to the memory 84. Note that the external device
      generates the BCD data and it is merely shifted through the system for
      display and storage in the memory 84.
PAR  As the operator actuates the RECORD switch 28 to transfer data from the
      first external device into the memory 84, the state controller 66 again
      cycles to the external mode to determine if a second such device is
      coupled to the external input circuit 104. If a second device is detected,
      the external mode is again repeated and the data stored in the memory 84.
      Again, the state controller 66 recycles to the external mode to evaluate
      if still a third device is coupled to the external input circuit 104. If a
      third device is detected, the sequence again cycles through this mode to
      transfer data to the memory 84. If at any time the state controller cycles
      to the external mode and an external device is not coupled to the circuit
      104, then the sequence advances to the idle mode as mentioned previously.
PAR  As mentioned, the sequence of operation of the acquisition unit 10 is first
      the ID mode, next is the pulse mode, then the temperature mode, and a
      respiration mode. Following, there is an external device mode wherein data
      from externally connected devices is stored in the memory 84. The memory
      is a serial memory, shift register, that is initially loaded with a
      start-of-data (SOD) word and an end-of-date (EOD) word. The SOD word is
      unique and used to indicate the first word of recorded data in the memory
      84. The EOD word is also unique and is used to indicate the last word of
      data in the memory at any particular time.
PAR  Whenever new data is transferred to the memory 84 it begins recording at
      the position where the EOD word was previously located. After completing
      the transfer of new data into the memory 84, the EOD word is again
      recorded following the last data entry. For example, in the ID mode, the
      ID data is stored in the memory 84 in the next position following the SOD
      word. After the ID data has been stored, the EOD word is written in the
      next available location. Next is the pulse mode and as the pulse data is
      transferred to the memory 84 it is first written over the EOD word at the
      end of the ID data and the new EOD word is written after the pulse data.
      Thus, after each new data entry into the memory 84 the last entry is a new
      EOD word.
PAR  Each item of patient data, whether it be ID number, temperature, pulse
      rate, respiration rate, notes, or data from external devices, is stored in
      the memory prefixed by a coded mode word to unambiguously label the data.
      These mode words identify the nature of each piece of data so that the
      printer 16 can sort and display them properly. Additionally, the first
      coded mode word associated with each patient's data is an ID mode word
      referred to as an IDA code. Like the EOD and SOD codes, the IDA code is a
      unique code specifically reserved for the purpose of facilitating later
      separation of the data by the printer.
PAR  Referring to FIG. 4, and in particular to FIG. 4a, after the state
      controller 66 has received a signal indicating that the ID word has been
      written into the memory 84, it advances to the pulse mode wherein signals
      generated in the pulse analog circuit 64 are coupled to the pulse rate
      counter 90. The pulse rate probe includes a light source 106 coupled to a
      switched power supply 108 to illuminate a patient's finger to transmit
      light therethrough to a photocell 110. The volume of blood in the
      patient's finger changes the absorption of light, in the spectral region
      of sensitivity of the photocell 110, causing the resistance of the
      photocell to change as a function of the amount of blood in a patient's
      finger, which in turn changes with each heartbeat.
PAR  A logic signal for activating the switched power supply 108 is applied over
      a line PL to a transistor 112 having a collector coupled to a transistor
      114 through a base drive resistor 116. Also part of the drive circuit for
      the transistor 114 is a diode 118 and resistors 120 and 122. A DC current
      in the collector of the transistor 114 is applied through a connector 124
      to the light source 106.
PAR  Both the light source 106 and the photocell 110 are coupled to ground
      through a connector 126. Also connected to the interconnection of the
      source 106 and the photocell 110 is a probe present circuit comprising a
      resistor 128 connected to the positive terminal of a DC supply and through
      a connector 130 to the source 106 and photocell 110. Interconnecting the
      pulse probe 132 to the resistor 128 generates a logic signal at a terminal
      134 that is transmitted over a line 136 to the state controller 66 as a
      signal that the pulse mode should be entered.
PAR  A change in resistance of the photocell 110 is converted into a varying
      voltage as an input to an amplifier 138. The resistance to voltage
      converter includes resistors 140 and 142 along with capacitors 144 and
      146. A feedback circuit for the amplifier 138 consists of resistors 148,
      150 and 152 along with capacitors 154 and 156. A voltage output from the
      amplifier 138 that varies with the resistance change of the photocell 110
      is applied for further amplification to the input of an amplifier 158
      through a coupling capacitor 160. Additional circuitry for the amplifier
      158 includes resistors 162-165 and capacitors 166 and 168. An output of
      the amplifier 158 is coupled through a capacitor 170 to a Schmitt trigger
      comprising transistors 172 and 174. The Schmitt trigger also includes
      resistors 176-181.
PAR  Output pulses from the transistor 174 of the Schmitt trigger have a
      repetition rate that varies with the pulse rate as manifested by changes
      in resistance of the photocell 110. These voltage pulses are coupled
      through a capacitor 182 to a one-shot multivibrator comprising transistors
      184 and 186. In addition to the transistors, the one-shot multivibrator
      consists of resistors 188-193, a diode 194 and a capacitor 196. Each pulse
      from the Schmitt trigger causes one output pulse to be generated by the
      one-shot multivibrator. The function of the one-shot multivibrator is to
      produce a series of uniform width voltage pulses having a repetition rate
      equal to a patient's pulse rate. These voltage pulses are transmitted over
      a line 198 to the pulse rate counter 90.
PAR  After writing the pulse rate data into the memory 84, the state controller
      66 advances the acquisition unit 10 to the temperature mode wherein
      temperature related voltage pulses from the temperature analog circuit 60
      are coupled to the temperature counter 98. As part of the temperature
      analog circuit 60 there is a temperature probe 200 comprising a thermistor
      202 coupled to ground through a connector 204. Also connected to the
      thermistor 202 through a connector 206 is a circuit for sensing the
      presence of the probe 200. This circuit includes a resistor 210 connected
      to the positive terminal of a DC supply and generating a voltage at the
      terminal 212 when the probe is connected to the analog circuit 60. This
      voltage at the terminal 212 is a logic signal applied to the state
      controller 66 over a line 214. Whenever a voltage on the line 214 is
      present, the state controller 66 advances from the pulse rate mode to the
      temperature mode. Otherwise, the temperature mode is skipped and the state
      controller advances to the next mode.
PAR  Basically, the analog circuit 60 is a bridge amplifier where the thermistor
      202 is part of a resistance bridge including resistors 216, 218 and 226,
      along with a variable resistor 220. An unbalance of the bridge caused by a
      variation in temperature at the thermistor 202 produces a voltage
      differential at the inputs of an amplifier 224. This unbalance voltage to
      the amplifier 224 is the difference between the temperature at the
      thermistor 202 and a bridge balance temperature as set by the variable
      resistor 220.
PAR  Also forming a part of the circuitry for the amplifier 224 is resistor 228
      along with capacitor 230 and a gain potentiometer 234.
PAR  An output voltage from the amplifier 224 is applied to the input of a level
      sensor amplifier 236 through an input resistor 238. A second input to the
      amplifier 236 is generated at the wiper arm of a potentiometer 240 and
      coupled to the amplifier through a resistor 242.
PAR  The potentiometer 240 is set at the desired turn-on temperature of
      90.degree.F. and whenever the output of the amplifier 224 exceeds the
      voltage at the wiper arm of the potentiometer 240 the amplifier 236
      generates a voltage output of a line 68 to the state controller 66. It is
      the voltage signal on the line 68 that turns on the acquisition unit to
      cause the state controller 66 to advance from the idle mode to the ID
      mode.
PAR  Also coupled to the output of the amplifier 224 is an amplifier 246 as part
      of a unijunction transistor oscillator to convert the voltage output of
      the amplifier 224 into a frequency signal. The amplifier 246 is
      differentially connected with one input coupled to ground through a
      resistor 248 and the second input connected to the amplifier 224 through a
      resistor 250. The output voltage from the amplifier 246 is coupled through
      a biased diode 252 to a unijunction transistor 254 having base one and two
      terminals connected through resistors 256 and 258 to DC supplies. The
      unijunction transistor oscillator is of a conventional design and includes
      a bias resistor 260 coupled to a DC supply and also to the timing
      capacitor 264. Amplifier 246 linearizes the charging of timing capacitor
      264 and controls the charging current of the timing capacitor 264 in
      response to changes in the voltage output of amplifier 224. Additional
      components for the oscillator are output transistor 262 and its bias
      supply resistor 266. A frequency varying with the temperature at the
      thermistor 202 is generated at the collector of the transistor 262 in
      response to the oscillator signal applied at its emitter and is applied
      over a line 268 to the temperature counter 98.
PAR  As explained, after the temperature data has been stored in the memory 84,
      the state controller 66 advances the acquisition unit 10 to the
      respiration mode wherein signals generated at the respiration analog
      circuit 62 are coupled to the respiration rate counter 100. The analog
      circuit 62 includes a thermistor 270, as part of the temperature probe
      200, that senses the rise and fall in the temperature of air passing over
      it. The patient exhales warm air which flows past the thermistor 270 and
      inhales cool air which is pulled back across the thermistor. This causes a
      cycling variation in the resistance of the thermistor 270.
PAR  This variation in resistance of the thermistor 270 is converted into a
      varying voltage by a circuit including resistors 272 and 274 along with
      capacitors 276 and 278. The voltage is then applied to an amplifier 280
      having a feedback network including components similar in connection to
      those for the amplifier 138 of the pulse analog circuit 64.
PAR  Basically, the respiration analog circuit 62 is similar to the pulse analog
      circuit 64. As such, it is provided with a probe sensing resistor 282
      connected to the thermistor 270 through a connector 284 and thence coupled
      to ground through connector 204. A voltage generated at the terminal 286
      indicates that the probe is coupled to the system and a voltage on the
      line 288 is applied to the state controller 66 as an instruction for the
      controller to sequence to the respiration rate mode.
PAR  An output of the amplifier 280 is coupled through a capacitor 290 to one
      input of a differential amplifier 292 having associated circuitry
      including resistors 294-297 and capacitors 298 and 300. From the amplifier
      292, a voltage varying with the resistance of the thermistor 270 is
      coupled to a Schmitt trigger comprising transistors 302 and 304 and
      circuitry therefor. The output of the amplifier 292 is coupled to the
      transistor 302 through a capacitor 306. Also associated with the
      transistors 302 and 304 are resistors 308-313.
PAR  The Schmitt trigger functions as a pulse forming circuit responsive to the
      output of the amplifier 292. Pulses from the Schmitt trigger generated at
      the collector of the transistor 304 are coupled through a capacitor 314 to
      a one-shot multivibrator consisting of transistors 316 and 318. Bias
      voltages for the transistors 316 and 318 are set by various resistor
      networks including resistors 320-325. Also associated with the one-shot
      multivibrator is a diode 326 and a capacitor 328. Uniform width voltage
      pulses are generated on a line 330 having a repetition rate equal to the
      respiration rate and coupled to the respiration rate counter 100 for
      storage in the memory 84.
PAR  Referring to FIG. 4b, data generated by the circuits 60, 62 and 64 is gated
      through the gate 96 into the display register 78 and through a data
      multiplexer 80 to the display 22 over lines Da-Dg. In addition, control
      signals are coupled through the register 78 on lines 328 and 329. Control
      signals on the lines 328 and 329 are decoded in logic including NAND gates
      332-335 and inverting amplifiers 336 and 338.
PAR  Decoded control signals from the NAND gates 332-335 are applied to a
      switching network consisting of transistors 340-347. Specifically, NAND
      gate 332 drives the switching transistor 341 through a resistor 348, the
      NAND gate 333 drives the switching transistor 343 through a resistor 350,
      the NAND gate 334 drives the switching transistor 345 through a resistor
      352 and the NAND gate 335 drives the switching transistor 347 through a
      resistor 354.
PAR  Each of the switching transistor pairs drives one array of light emitting
      diodes (LEDs) as part of the display 22. Transistors 340 and 341 drive a
      diode array 356, the transistor pair 342 and 343 drives a diode array 358,
      the transistor pair 344 and 345 drives a diode array 360 and the
      transistor pair 346 and 347 drives a diode array 362. The individual
      diodes of each array are interconnected and coupled to control transistors
      364-370 which in turn are individually connected to one of the data lines
      Da-Dg.
PAR  Operationally, control signals on the lines 328 and 329 along with data
      signals on the lines Da-Dg set the various transistor switches to
      illuminate the LED arrays 356, 358, 360 and 362 to present a numerical
      display in the display 22.
PAR  In addition to displaying data, there is also presented in the display 22
      mode indicators comprising LEDs 372-379. The LED 372 is an indicator for
      the pulse rate signals generated on the line 198 of the circuit 64. This
      diode is controlled by switching transistors 380 and 382 interconnected
      through a resistor 384 to the line 198. The LED 373 is an indicator for
      respiration rate signals as generated on the line 330 of the circuit 62
      and is controlled by switching transistors 386 and 388 interconnected
      through a resistor 390 to the line 330. The array of LEDs 374-379 are mode
      indicators and each is respectively controlled by a switching transistor
      392-397. Each of the switching transistors is connected to the output of
      decoders 398 and 400 interconnected to control line ML1, ML2, ML4 and ML8.
PAR  The operating mode of the acquisition unit is controlled by the state
      controller 66 and indicated by illuminating one of the LEDs 374-379. These
      diodes are controlled by coded data generated in the data multiplexer 80.
      This coded data is coupled to the decoders 398 and 400 where it is decoded
      to energize the correct LED.
PAR  In addition to controlling the LEDs 374-379, the output of the decoders 398
      and 400 is also coupled to transistors 402-405 and inverter 399 as part of
      a selection network for external devices 102 coupled to the acquisition
      unit. These control signals to the external devices 102 are generated on
      the lines 406-409 and 414.
PAR  Also supplied to the display 22 are clock pulses on lines 410 and 412. The
      clock pulses are utilized to strobe the light emitting diodes such that
      they are energized for only a brief period. Typically, the clock pulses
      strobe the light emitting diodes such that they have about a 5% duty cycle
      during which time they are illuminated very brightly and the effect is
      that they appear to be of average brightness continuously.
PAR  Referring to FIG. 4c, data in the register 78, as presented in the display
      22, is transferred to the memory 84 in response to a command from the
      keyboard 24. The keyboard 24 comprises an array of momentary contact
      switches 416-429 each having a common connection to ground. Actuating any
      one of the keyboard switches provides a voltage to either encoder 430 or
      encoder 432. The encoders 430 and 432 are part of the keyboard encoder 72
      and function to convert the voltage signal generated by actuating one of
      the key switches into a binary code on the output lines 434-438. Also
      forming part of the encoder 72 and associated with the line 434 is logic
      including NAND gates 440-443, and NOR gate 444 and inverting amplifiers
      446 and 448. An output code on the lines 434-438 is coupled to the
      keyboard buffer 74.
PAR  Also illustrated in FIG. 4c is a set-up circuit 450 for initiating the
      operation of the acquisition unit 10. The set-up circuit consists of a
      one-shot multivibrator 452 set by the output of an AND gate 454 coupled to
      a NAND gate 456. An output from the one-shot multivibrator 452 is coupled
      through an ID length state control 458 comprising switches 460 and 462.
PAR  Referring to FIG. 4d, the memory 84 comprises an array of circulating
      registers responsive to clock pulses for continuously circulating data
      stored therein. Data to be stored in the memory 84 from the memory control
      82 is transferred over data lines 464 otherwise identified as SBl, SB2,
      SB4 and SB8. These data lines individually connected to AND gates in an
      array 466 also including gates individually tied to the output of one of
      four flip-flops in an array 468. Pairs of AND gates in the array 466 are
      coupled to individual OR gates in an array 470 which in turn are connected
      in pairs to either dual shift register 472 or 474. The dual shift
      registers 472 and 474 are part of the main memory that also includes dual
      shift registers 476, 478, 480 and 482. Output lines from the dual shift
      registers 480 and 482 are coupled to logic for providing the EOD signal
      and SOD signal and also to logic for transferring the memory data to the
      system printer, as will be explained. In addition, the output lines of the
      dual shift registers 480 and 482 are coupled to the input of the
      flip-flops in the array 468 and it is this interconnection that produces
      recirculation of data through the memory. This recirculation is controlled
      at a clock rate generated on a line 484 as an output from the clock 86.
PAR  The logic for producing the EOD signal and SOD signal comprises NAND gates
      486-488 and inverting amplifiers 490-493. Logic for coupling the output of
      the registers to the printer includes inverting amplifiers 494-496 and
      498-502. The output data from the memory is coupled to the printer through
      terminal hardware 504.
PAR  Data is written into the memory 84 in response to a "write" signal
      generated as a result of actuating the RECORD switch 28 to generate a
      signal to a NAND gate 506. An output from the NAND gate 506, or the
      "write" signal from the memory control 82, is connected to one input of
      each of the AND gates in the array 466.
PAR  Clock signals for operating the entire acquisition unit 10 are generated by
      a clock 86 including a crystal 508. The crystal frequency steps a
      frequency divider 510 coupled to logic including NAND gates 511 and 512
      along with inverting amplifiers 514-521. The output of the inverting
      amplifier 520 is the primary clock frequency for the system generated on
      the line 484, and the output of the inverting amplifier 521 is the logic
      inverse of the primary clock signal and is generated on a line 522.
PAR  Also forming part of the clock 86 are transistor switches 524-527 with the
      transistors 524 and 525 connected to inverting clock driver amplifier 529
      and the transistors 526 and 527 connected to inverting clock driver
      amplifier 528. The outputs of the clock drivers 528-529 provide two phase
      nonoverlapping clock signals to dual shift registers of the memory 84. The
      output of the clock drivers 528-529 are also coupled through a NAND gate
      530 and an inverting amplifier 532 to the terminal hardware 504 for
      supplying a synchronizing clock to the printer.
PAR  Referring to FIG. 4e, there is shown the external device block 102 with
      details of an illustrative external device 534. The external device 534
      includes logic for responding to an inquiry from the state controller 66
      and for producing the BCD data signals to the display register 78. Input
      signals REX, PWR, .theta.5 are provided to the external device 534 if
      present and also to external devices 566 and 568 if present. Input signal
      SEX1 is also provided to the external device 534 while external devices
      566 and 568 receive input signals SEX2 and SEX3 respectively. All three
      external devices 534, 566 and 568 share a common output line ESI 564. In
      the idle state of the acquisition unit 10 the signal PWR is set to a logic
      level which causes all connected external devices to relinquish control of
      the common status and data line ESI 564. During its sequence of operation
      the state controller 66 generates control signals which are decoded by the
      decoder 398 and applied to the transistor 403 to generate a "select
      external device 1" (SEX1) signal on the line 407. If external device 534
      is connected to the acquisition unit 10, it assumes control of the ESI
      line forcing it from a first logic level to a second logic level. This
      transition of the ESI line 564 from the first logic level to the second
      logic level is sensed by NAND gates 742 and 743 of the external input 104
      as shown in FIG. 5l. Upon sensing the proper transition of the ESI line
      564 the gates 742 and 743 generate an EC signal to the state controller 66
      indicating that the first external device is connected. The external
      device maintains the ESI line 564 at the second logic level until it
      completes its measurement and is prepared to send its processed data to
      the acquisition unit. In the illustrative circuit this delay is simulated
      by the one-shot multivibrator 544. When the selected external device is
      ready to transmit its data it returns the ESI line 564 to the first logic
      level. When the state controller 66 advances its sequence to the point for
      accepting data from external devices and the selected external device has
      indicated that its measurement is complete, the NAND gate 747 of the
      external input 104 of FIG. 5l generates a logic signal ERDY to the serial
      data transfer controller 94 of FIG. 5j. Upon receipt of the ERDY signal
      the data transfer controller generates a sequence of pulses .theta.5 on
      the line 555 to the external device 102. The sequence of pulses on the
      .theta.5 line are used as clock pulses by the external device to
      synchronize the transfer of its BCD data which it sends to the data
      acquisition device 10 on the ESI line 564. In addition to its collected
      data, the external device sends to the acquisition unit an identifying
      code for subsequent use by the printer 16 in properly identifying the
      origin of the data. The transmitted data is displayed in the display 22.
      At the operator's discretion the data measurement by the external device
      may be reinitiated by pressing the REPEAT switch 30 of the keyboard 24.
      This action causes a pulse on the REX line to the external devices and the
      external device which has been previously selected collects and transmits
      new data. Use of the RECORD switch 25 will transfer the data received from
      the external device to the memory 84. When the data from the first
      external device 534 is recorded a pulse generated on the PWR line will
      cause the first external device 534 to relinquish control of the ESI line.
PAR  In a similar manner additional external devices are interrogated and if
      attached will sequentially assume control of ESI line 564 indicating their
      presence. Up to three external devices may be attached to the acquisition
      unit 10.
PAR  The structure of an illustrative external device is shown as block 534 of
      FIG. 4e. Logic including NAND gates 536-539, an AND gate 540 and an
      inverting amplifier 542 receives the commands from the state controller 66
      to set a one-shot multivibrator 544. A ready signal is generated at the
      output of the one-shot multivibrator 544 through a NAND gate 546 and a
      count enable signal is generated at the output of one-shot multivibrator
      548 having an input interconnected to an AND gate 550 and a NAND gate 552,
      the latter receiving through line 555 a clock from the divider and serial
      data transfer controller 94. Also receiving a clock is a flip-flop 554
      through a NAND gate 556. The flip-flops 554 and 558 constitute a binary
      counter having outputs coupled through a NAND gate 560 to a NAND gate 562
      in turn tied to the NAND gate 546 to generate an external signal input to
      the input logic 104 on a line 564. This signal is initiated by the control
      signals on lines 406, 407 and 414 and is synchronized with the clock
      signal on line 555. External devices 566 and 568, shown only in block
      form, may be similar to the external device 534.
PAR  Temperature, respiration rate and pulse rate data along with information
      generated by external devices are processed through the acquisition unit
      10 to the display 22 and subsequently stored in the memory 84. The entire
      sequence of operation of the acquisition unit 10 is under the control of
      the state controller 66 and various logic networks interconnected thereto.
      The state controller essentially controls everything in the acquisition
      unit through the various modes including the identification mode, pulse
      rate acquisition mode, respiration rate acquisition mode, the temperature
      acquisition mode and a mode for receiving information from external
      devices.
PAR  Referring to FIGS. 5a-k, there is shown logic circuitry for the state
      controller 66 and interconnected logic networks within the dotted outline
      560 of FIG. 3. Although a logic element by element description of FIG. 5
      will not be given herein, a basic discussion of the diagram will be
      presented to enable a better understanding of the acquisition unit 10.
      Standard logic symbols and interconnecting line format are utilized in the
      logic circuitry of FIG. 5.
PAR  Referring to FIG. 5a, there is shown a logic diagram for the state
      controller 66 wherein the five flip-flops 562 generate the control bits
      for sequentially operating the acquisition unit 10 through the various
      modes. These control bits are decoded in NAND gate logic 564
      interconnected to inverter amplifiers 566 to generate all the mode control
      signals for the acquisition unit. Primary clock pulses for the state
      controller are applied thereto over a line 568.
PAR  An end-of-data signal from the memory 84 is applied to NAND gate 572 and a
      start-of-data signal is applied to a NAND gate 574 as part of the NAND
      logic associated with the flip-flops 570 and NAND gates 596 for detecting
      the full memory condition.
PAR  A feature of the acquisition unit 10 is that it will accept varying length
      identification codes from a four digit code up to a 12 digit code. Control
      signals on the lines 576 and 578 are generated to the state controller 66
      to identify the length of the ID code. When a four digit ID code is
      utilized, signals on both the lines 576 and 578 are at a logic level to
      set the flip-flops 562 for a shortened ID mode operation. For the eight
      digit ID code, a logic signal is generated on the line 576 as a control
      bit to the flip-flops 562. For a 12 digit ID code, a signal is generated
      on the line 578 to set the flip-flops 562 to enable a longer time in the
      ID mode. The logic signals on lines 576 and 578 are programmed by setting
      ID length state switches 460 and 462 of FIG. 4c. The state controller 66
      in turn generates control bits on lines 580 and 582 to the memory control
      82 to set the logic of the memory control to record the proper ID code
      length identifiers in the memory 84.
PAR  Also establishing control of the flip-flop 562 is the output of a NAND gate
      584 receiving the TC, RC and PC probe connection indications from the
      temperature probe, respiration rate probe and pulse rate probe,
      respectively, and the EC external device connection indication from the
      external input circuit 104. It is the NAND gate 584 and additional logic
      connected to the TC, RC, PC and EC signals that determines whether the
      acquisition unit will proceed in the temperature, respiration rate, pulse
      rate, or external modes. The TC signal, RC signal and PC signal are
      received directly from the temperature circuit 60, the respiration rate
      circuit 62 or the pulse rate circuit 64, respectively. The EC signal is
      extracted from the external device signal line 564 by the external input
      circuit 104.
PAR  As discussed previously, the acquisition unit becomes operational when the
      temperature sensor passes a predetermined temperature level. The state
      controller 66 receives the temperature actuating signal at a NAND gate 586
      and inverts this signal through an inverting amplifier 588 for connection
      to the temperature counter 98 of FIG. 5k. A start signal is also applied
      to the temperature counter 98 from a flip-flop 590 as part of logic
      circuitry including NAND gates 726 coupled to receive control pulses from
      the state controller 66.
PAR  NAND gate logic 592, as part of the state controller, provides various
      control signals to the pulse counter 90 and the respiration rate counter
      100, both illustrated in FIG. 5h, and the temperature counter 98 to reset
      all the counters between patients and to reset the appropriate one when
      the REPEAT switch 30 is actuated. When operating in the external mode, a
      flip-flop 594 receives an ESI signal from the external device. The
      flip-flop 594 causes the state controller 66 to return to its idle state
      if the operator attempts to repeat a data measurement from an external
      device which has been disconnected from the acquisition unit 10. Also
      generated by the state controller 66 is a memory full signal at a NAND
      gate 596 coupled to the data multiplexer 80 of FIG. 5e for generating an
      indication in display 22 when memory 84 is filled to capacity.
PAR  Referring to FIG. 5b, there is shown internal logic for the keyboard buffer
      74 receiving encoded data signals, K8, K4, K2, K1 and PK16 from the
      keyboard encoder 72. Included in the logic for the keyboard buffer are
      NAND gates 598 for providing binary encoded data on lines KL1, KL2, KL4
      and KL8 to the display register 78 of FIG. 5d through the gate 76. Also
      included within the keyboard buffer 74 for internal sequencing control are
      flip-flops 600 and 602 and associated NAND gate logic. Various control
      signals are transferred between the keyboard buffer 74 and the state
      controller 66. These include a SPB signal, an REC signal, an I signal and
      an SU signal coupled to the flip-flops 600 and 602. Control signals
      generated by the keyboard buffer 74 are provided at the outputs of NAND
      gates 604.
PAR  Another control section of the logic of FIG. 5 is the display control 70
      wherein signals S2', SO, RPT*, REC, I, S2' and .DELTA. are transferred
      between the state controller and the display control.
PAR  Referring to FIG. 5c, there is shown logic circuitry for the display
      control 70 including four flip-flops 606 and associated NAND gate logic
      for generating the A, A, B, B, C, D, D and DD signals coupled to the data
      multiplexer 80 of FIG. 5e and the memory control 82 of FIG. 5f. Logic
      circuitry for driving the flip-flops 606 includes NAND gates 608
      responsive to the REC signal and the REC signal from the keyboard buffer
      74. These are the record signals for transferring data in the display
      register 78 through the memory control 82 to the memory 84. Timing signals
      to the display logic are applied thereto through NAND gate arrays 610 and
      612. Also included as part of the display control 70 is logic 614 coupled
      to the display register 78 of FIG. 5d. NAND gate logic 616 is coupled to
      the flip-flops 606 and provides the S1, S0 and S0 signals with the S1
      signal coupled to the data multiplexer 80 and the memory control 82, the
      S0 signal connected to the memory control 82 and the data transfer
      controller 94 of FIG. 5j and the state controller 66, and the S0 signal to
      the state controller 66. Also generated by the display control 70 is an EM
      signal to the memory control 82.
PAR  Referring to FIG. 5d, there is shown logic circuitry for the display
      register 78 controlled by signals generated at the logic 614 of FIG. 5c.
      The display register 78 includes NAND gate logic 620 coupled to the
      keyboard buffer 74 of FIG. 5b, and in particular to the NAND gates 598.
      Connected to the outputs of the NAND gates 620 is an array of flip-flops
      622 interconnected to NAND gate logic 624. The outputs of the NAND gates
      624 are coupled through four flip-flops 626 to NAND gate logic 628. In
      turn, the outputs of the NAND gate logic 628 are coupled through four
      flip-flops 630 to NAND gate logic 632. From the NAND gate logic 632, the
      signals are applied to four flip-flops 634 having outputs A4, B4, C4 and
      D4 connected to the data multiplexer 80 of FIG. 5e.
PAR  Also included as part of the display register 78 is NAND gate logic 636
      coupled to the memory control 82. As connected, the display register 78
      comprises a recirculating register and includes NAND gate logic 638 for
      controlling the binary to BCD conversion process. Also applied to the
      display register 78 at the NAND gate logic 632 are signals ISI, ESI and
      DTIN.
PAR  Referring to FIG. 5e, data signals generated by the display register 78 are
      coupled to the data multiplexer 80 at NAND gate logic 640 having outputs
      coupled to decoding logic 642. The decoding logic converts the output of
      the display register 78 into a signal format for driving the display 22.
      Also forming part of the data multiplexer 80 is NAND gate logic 646
      responsive to control signals for generating the various indicator
      messages at the display 22, as explained previously. NAND gate logic 644
      is responsive to the system clock pulses, the displayed data, and display
      control 70 to prevent the display of nonsignificant leading zeros in the
      display register 78.
PAR  Referring to FIG. 5f, there is shown logic circuitry for processing data
      from the display register 78 for transfer to the memory 84. Input data to
      the memory control 82 is coupled to NAND gate logic 648 that in turn
      drives a NAND gate array 650 generating SB1, SB2, SB4, SB8 and WRITE
      signals to the memory 84. In addition to receiving data from the display
      register 78, the memory control 82 connects to the state controller 66 and
      the display control 70. Thus, the memory control 82 provides control logic
      for addressing the memory 84. Forming part of the logic for the memory
      control 82 is a NAND gate array 652 responsive to signals from the display
      control 70.
PAR  The entire acquisition unit 10 is sequenced in accordance with clock pulses
      generated at the clock 86 and divided by the clock divider 88. Referring
      to FIG. 5g, there is shown logic circuitry for the clock divider 88
      including a flip-flop array 654 each having outputs selectively coupled to
      a NAND gate 656 or a NAND gate 658. NAND gate 657 provides a 20 Hz clock
      signal for system timing requirements.
PAR  Also forming part of the clock divider is a NAND gate 660 generating the
      primary clock frequency of 16 kilocycles for the acquisition unit and at
      the output of a NAND gate 662 there is generated a 16 kilocycle clock 180
      electrical degrees displaced from the output of the gate 660. The output
      from the NAND gate 660 is coupled to flip-flops and NAND gate logic 664 to
      generate a 2 kilocycle clock at the output of a NAND gate 666. Also
      provided by the clock divider 88 is a 5 Hz timing signal at the output of
      a flip-flop 668. The primary 16 KHz clock is coupled to the logic
      circuitry of FIGS. 5b, c, d, e, j and k and the 5Hz timing signal from the
      flip-flop 668 is applied to the logic of FIGS. 5h and 5m. The 20Hz timing
      signal from NAND gate 657 is coupled to the logic of FIG. 5h. The 2KHz
      clock signal is coupled to the temperature counter of FIG. 5k and the 16KC
      signal is applied to the data multiplexer 80 of FIG. 5e.
PAR  After completion of the ID mode, the acquisition unit advances to the pulse
      mode wherein pulses generated at the output of the pulse circuit 64 are
      applied to the pulse counter 90. Referring to FIG. 5h, there is shown a
      logic diagram of the pulse counter 90 including a register composed of
      nine flip-flops 670 each having an individual output tied to one input of
      a NAND gate in an array 672. The flip-flops 670 are stepped by the output
      of a NAND gate 674 as part of logic including four flip-flops 676 and
      associated NAND gates.
PAR  Pulse signals generated by the analog circuit 64 are coupled to the first
      flip-flop of the array 676 to advance the counter in accordance with a
      patient's pulse rate. Operation of the counter is controlled by a PC
      signal applied to NAND gate 678 and a PRPT signal connected to flip-flop
      arrays 670 and 676. In the pulse rate mode, the signal S4' is applied to
      the NAND gate 672 to transfer the total count to the pulse and respiration
      rate divider 92 of FIG. 5i. The pulse rate data is generated by the
      counter 90 at the output of the NAND gates 680-684 and 694-697.
PAR  Following the pulse mode, the acquisition unit advances to the temperature
      mode and then to the respiration rate mode and a logic diagram of the
      respiration rate counter 100 is also detailed in FIG. 5h. Both the
      counters 90 and 100 are similar with the respiration rate counter
      including an array of flip-flops 686 having individual outputs connected
      to one input of a NAND gate in an array 688. The respiration rate pulses
      from the analog circuit 62 are applied to the first flip-flop in an array
      690 having associated NAND gate logic including a NAND gate 692 responsive
      to the probe connection signal from the circuit 62.
PAR  In the respiration rate mode a S6' signal is applied to the NAND gates 688
      to transfer the count in the flip-flops 686 to the divider 92. The total
      count from the counter 100 is generated at the output of NAND gates
      694-697 and 680-684.
PAR  At the end of the time interval during both the pulse rate mode and the
      respiration rate mode, the total count from the counter 90 or the counter
      100 is transferred to the pulse rate and respiration rate divider 92 as
      shown in FIG. 5i. FIG. 5i is a logic diagram of the divider 92 and
      includes a register of flip-flops and interconnected NAND gates in an
      array 700. The total count data from either the counter 90 or 100 is
      applied to the array 700 through an EXCLUSIVE OR gate array 702, NAND gate
      logic 704 and NAND gate logic 706. Also coupled to the output lines of the
      counters 90 and 100 and the EXCLUSIVE OR gate array 702 is NAND gate logic
      in seven arrays 708.
PAR  Operationally, the NAND gate arrays 708 and the EXCLUSIVE OR gate arrays
      702 along with the NAND gate logic 704 and 706 combine with the array 700
      to complete the division function as described earlier to provide binary
      data to the display register 78 for a visual presentation in the display
      22. This transfer of data is controlled by the data transfer controller 94
      by signals coupled to logic including NAND gates 710 and flip-flops 712
      and 714.
PAR  Primarily, the divider 92 is sequenced by the controller 94 in the various
      modes as established by the state controller 66. Referring to FIG. 5j,
      there is shown a logic diagram for the data transfer controller 94
      generating control signals at the output of NAND gates in an array 716.
      The NAND gates in the array 716 have inputs coupled to terminals of an
      array of five flip-flops 718 and NAND gate logic 720.
PAR  Input control signals from the state controller 66 are received at the
      flip-flop array 718 which also generates N, N, M, P, R, b, and DSI signals
      to the temperature counter 98 of FIG. 5k. The flip-flop array 718 is also
      coupled to the NAND gate logic 720 which receives the primary clock signal
      and a pulse rate and respiration rate ready input at a NAND gate 722.
PAR  In the normal sequence of operation of the acquisition unit 10, the unit
      enters the temperature mode following the pulse mode. Frequency signals
      produced by the temperature circuit 60 are applied to the temperature
      counter 98 that is actuated for a predetermined time interval. This time
      interval is generated by flip-flop array 734.
PAR  Referring to FIG. 5k, there is shown a logic diagram of the temperature
      counter 98 receiving temperature related frequency signals on a line 724
      coupled to selected NAND gates in an array 726. Also coupled to the NAND
      gates of the array 726 are control signals from three flip-flops 728
      having inputs connected to a NAND gate array 730. Connected to the NAND
      gate array 730 is the TRPT signal and the TRPT signal from the state
      controller 66. These signals as applied to the flip-flops 728 are coupled
      to the NAND gate array 726 for stepping a counting register comprising
      flip-flop arrays 732, 734 and 736. A totalized count as generated in the
      flip-flop arrays 732 and 736 is applied to a NAND gate array 738 that
      receives control signals from the data transfer controller 94.
PAR  Also applied to the temperature counter 98 is the temperature activating
      signal (TL.sub.*) applied to selected gates of the array 726. This array
      of NAND gates 726 also receives a START signal and generates a temperature
      ready TRDY signal and a TRDY signal to the controller 94 and the display
      register 78, respectively. Both the 16 kilocycle clock and the 2 kilocycle
      clock are coupled to the temperature counter 98 for sequencing thereof.
PAR  During the external mode operation of the acquisition unit 10, externally
      generated data from devices 102 are transferred through the external input
      104 to the gate 96. Referring to FIG. 5l, there is shown logic for the
      external input circuit 104 including NAND gates 740-747. The NAND gates
      740, 744, 745 and 746 are coupled to the input control signals and the
      NAND gates 743, 744 and 747 generate output signals to other sections of
      the logic of FIG. 5. Basically, the external input circuit 104 is logic
      for determining the status of the external device 102.
PAR  Although not specifically shown in FIG. 3, the line encoder of FIG. 5m is
      associated with the data multiplexer 80 for converting the timing and
      control signals from the state controller 66 into control signals to the
      display 22 and to the external devices 102 and to the switched power
      supply 108. Input signals are connected to the line encoder at NAND gates
      748-756 and these gates in turn are coupled to inputs of a NAND gate array
      758 for decoding into ML1, ML2, ML4 and ML8 signals to the display 22 and
      external devices 102 as shown in FIG. 4b and PL to the switched power
      supply 108 of FIG. 4a. The output signals from the line encoder are
      generated at the terminals of NAND gates 760-763 and 758.
PAR  Referring to FIG. 6, after an attendant has made a round and stored in the
      memory 84 the pulse rate, temperature and respiration rate of patients
      under his control, or after the memory 84 is completely loaded, the
      acquisition unit is placed in one of the two chutes 40 or 42 of the
      printer 16 illustrated by a block diagram wherein the print buttons 44 and
      46 are part of block 101 connected to random logic 103.
PAR  Basically, the printer 16 is a computer controlled sequential comparison
      system wherein the computer program is hard wired logic including a master
      read-only-memory (ROM) 105 and a subroutine read-only-memory 107. The
      read-only-memories 105 and 107 store the program for sequentially
      operating a comparison network to generate control signals to a character
      printer such as the Suwa Seiko Model EP101-S. Summarily, the
      read-only-memories 105 and 107 operate as follows: the read-only-memory
      105 contains the main working program which includes instructions for
      addressing the read-only memory 107 to select a subroutine stored therein.
      Addressing the read-only-memory 105 is accomplished in one of three ways:
      (1) by data stored in the memory itself, (2) by selecting an address
      stored in a jump table located at the last fourteen words of the memory
      105, or (3) by incrementing the address register of the read-only-memory
      105. The read-only-memory 107 contains the subroutines called for by the
      memory 105 and when so specified by a particular subroutine, the output of
      the memory 105 is applied to the data bus through the ROM 1 output buffer
      151. The subroutines of the read-only-memory 107 direct the functions of
      the printer such as performing all data transfers into the printer. Such
      transfers include reading data from the acquisition unit 10 or the lever
      switches 135 including the date switch 52 and the time switch 54. In
      addition, the subroutines of the read-only-memory 107 provide instructions
      for storing data in a random access memory 109, reading data from the
      random access memory and other functions to complete the printing of hard
      copy patient labels 18. Subroutines of the read-only-memory 107 are
      utilized through the use of decoders 111, 113 and 115 which control data
      lines 117 and 119 to the random logic 103.
PAR  Inserting an acquisition unit 10 into either the chute 40 or 42 of the
      printer 16 interconnects the memory 84 to interface circuitry 121
      including an input buffer 123 and control lines 125 and 127. The input
      buffer 123 interconnects an acquisition unit to data selector logic 129
      having an output line coupled to a bus tie-in 131. Also connected to the
      bus tie-in is a data buffer 133, the lever switches 135, and decoding
      logic 137, the latter also connected to the random logic 103. Data
      transferred through the bus tie-in 131 is transferred over a line 139
      connected to comparator logic 141, a random access memory (RAM), address
      register 145, a RAM input register 143 and a read-only-memory address
      register 147.
PAR  Various sequencing operations of the printer are controlled by instructions
      from the random logic 103 as generated on a line 149 having
      interconnections to the register 145, the data selector 129, and the RAM
      input register 143 in addition to terminations at the lines 125 and 127.
PAR  As mentioned, sequencing of the operation of the printer is primarily under
      the control of the read-only-memory 105 and secondarily under the control
      of the read-only-memory 107. Enabling instructions to the memory 105 are
      received through the register 147 and control instructions from the memory
      are coupled through a buffer 151 to a word detector 153 and data select
      logic 155. Also coupled to the output buffer 151 is the address register
      147 for addressing the memory 105 by data stored therein. Instructions
      from the read-only-memory 105 for the read-only-memory 107 are coupled
      through the data select logic 155 to a read-only-memory address register
      157. Selected subroutines in the memory 107 provide instructions to the
      decoders 111, 113 and 115 through an output register 159.
PAR  Control signals to the character printer (not shown) and timing signals for
      operation of the printer are connected to the random logic 103 through
      printer interface logic 163. The logic 163 includes a trigger magnet
      controller 161 generating energizing signals to individual print hammer
      solenoids for producing a printing action on the labels 18. The number of
      trigger magnet controllers 161 depends on the number of columns possible
      to be printed by the character printer. In addition, the random logic 103
      provides a control signal to paper feed logic 167 providing a voltage for
      controlling the movement of the labels 18 past the character printer.
      Timing signals generated by the character printer are applied to shaping
      circuits 169 to provide clock signals to the random logic 103 to
      synchronize the operation of the comparison system with the actual
      printing operation.
PAR  A clock 171 provides a primary clock for the printer through the random
      logic 103. Since the printer 16 is synchronized with the operation of the
      acquisition unit 10, the random logic 103 provides control signals to the
      clock 171.
PAR  Referring to FIG. 7, the printer 16 remains in an idle mode until an
      acquisition unit is inserted into either chute 40 or 42 thereby completing
      a connection between the acquisition unit 10 and the interface 121.
      Initially, the printer, through instructions from the memory 105,
      sequences to step 173 to check the condition of a status register located
      in decoding logic 137 to determine if the acquisition unit 10 is inserted
      into either chute 40 or 42 and the associated PRINT button has been
      pressed. If inquiry 173 produces a positive response, the printer advances
      to step 183 where system registers are initialized and the contents of the
      status register of random logic 103 modified so that subsequent inquiry
      175 also results in a positive response. To test the condition of the
      status register, ROM 105 addresses ROM 107 to cause a comparison of a code
      in the register 143 with the code stored in the status register. This is
      completed by a subroutine of ROM 107 transferring a code from ROM 105 to
      the register 143 which is then compared in a comparator 141 with the code
      from the status register of random logic 103.
PAR  After the PRINT button has been actuated, the PAUSE button is enabled. If
      this button is actuated, the printer completes printing of any partially
      printed label and then cycles through inquiry steps 173 and 175. Actuating
      the CONTINUE button sets the status register of the random logic 103 such
      that inquiry 173 produces a negative response but inquiry 175 produces a
      positive response. Actuating the same PRINT button sets the status
      register of random logic 103 such that inquiry 175 produces a negative
      response but inquiry 173 produces a positive response, sequencing the
      printer through step 183 which results in a positive response to inquiry
      175.
PAR  A positive response to the inquiry 175 then advances the printer operation
      to a step 185 wherein the ID counters are set. The printer logic scans the
      memory 84 for the start of data (SOD) code at a step 187. Upon detecting
      the start of data code the printer advances to a step 195 where it waits
      for an IDA code to appear, thereupon advancing to a step 197. Step 197
      increments the IDA counters. When the ID data for one patient appears at
      the input buffer 123, the ROM 105 calls a subroutine from the ROM 107 to
      increment the patient ID counters. The contents of patient ID counters are
      compared with the contents of the patient ID registers in inquiry steps
      201 and 203. If either inquiry 201 and 203 produce a negative response,
      indicating the patient ID register and patient ID counters do not contain
      the same bit pattern, the printer sequences back to inquiry step 195 to
      wait for the next ID mode word.
PAR  If both 201 and 203 produce a positive response the printer advances
      through a data storing step 207, an inquiry 209, a second data storing
      step 211 and an inquiry 213. During this sequence the patient ID is stored
      in the random-access-memory 109.
PAR  Upon completion of the inquiry 209 or 213 with a negative response, the
      memory 105 advances the printer into a sequence of inquiries 215, 217 and
      219. If there is no external device data associated with the present
      patient, the sequence of operation advances through inquiries 215 and 217
      to inquiry 219. The conditions of a negative response to the inquiry 215
      or a positive response to the inquiry 217 will be discussed shortly. A
      positive response to the inquiry 219 advances the printer operation to
      step 227 wherein a register is set to denote the case of ID data followed
      immediately by note data. Upon completion of step 227, the printer
      sequences to a step 225 wherein the note data is placed in a temporary
      storage area in the RAM 109. The data storage step 225 may also be entered
      through step 223 any time a note mode word has been detected in the
      patient's data. When the printer operation has advanced to step 225, the
      patient ID has been stored in the RAM 109 and note data from memory 84 is
      transferred to the RAM 109 through the register 143. All data transferred
      from the memory 84 to the RAM 109 is transferred at the clock frequency of
      the acquisition unit 10.
PAR  A negative response to the inquiry 219 advances the printer operation to
      step 221 and the ROM 105 is addressed with operating instructions from the
      jump table. In step 221 the current data mode word is used to select an
      address from a jump table in ROM 105 for the purpose of causing a branch
      in the sequence to the step appropriate for processing the type of data
      indicated by the mode word. From step 221, a jump may be made to any of
      steps 281, 283, 291, 303, 319, 337, 353, or 355. Results of these jumps
      will be discussed.
PAR  Upon completion of the load data step 225, the sequence advances to an
      inquiry 229 and upon a negative response to inquiries 231 and 233 to a
      step 235. After completing the step 235, the printer operation advances to
      an inquiry 237 of FIG. 7b.
PAR  The inquiry 237 is also entered if the inquiry 215 produces a negative
      response. If the inquiry 215 produces a positive response and the inquiry
      217 results in a positive response, then a register incrementing step 239
      is entered and upon completion of this step the sequence moves to inquiry
      237.
PAR  Still another sequence for entering the inquiry 237 is through a step 241
      any time an external or external manual mode word is detected in the
      patient's data. Still another path for entering the inquiry 237 is when
      the inquiry 229 produces a positive response indicating that a word from
      the acquisition unit 10 is an external or external manual mode word
      whereupon the inquiry 243 is made. A negative response to the inquiry 243
      enters the inquiry 237 directly and a positive response advances the
      sequence to a step 245 and through the step 239 to the inquiry 237.
PAR  If the word transferred from the memory 84 is identified as an external
      manual mode word, the sequence advances to a store data step 247 wherein
      the word from the memory 84 is transferred to the register 143 for storage
      in the RAM 109. Upon completion of the step 247, the sequence advances to
      an inquiry 251. A positive response to inquiry 251 advances the printer to
      a register incrementing step 253 which is the same as step 239. Following
      the step 253, a label stop code is loaded into the RAM 109 in a step 255
      and then, a line stop code and column stop code are loaded into the memory
      109 in a step 257. A column stop code indicates that all characters on the
      present row of the print drum which are to be printed on the current line
      of the label have been printed. A line stop code indicates that all
      characters to appear on one line of the label have been printed. A label
      stop code indicates that an entire label has been printed. Also during the
      step 257, the RAM input register 143 is cleared, whereupon the sequence
      advances to a step 261. Step 261 loads the trigger magnets controller 161.
      Following the step 261 an inquiry 263 is made to determine if the accessed
      address in the RAM 109 contains a column stop code. If not, the printer
      cycles from step 263 to inquiry 261 until all characters on the present
      drum row which are to appear on the current label line have been printed.
      This is indicated by the detection of a column stop code. The printer 16
      then advances to an inquiry 259 wherein the RAM input register 143 is
      incremented and tested for the presence of a line stop code which would
      indicate that all characters on the present line of the label have been
      printed. Until this code is detected the printer cycles from inquiry 259
      to step 261 until each row on the print drum has passed and the line stop
      code is detected. The printer then advances to inquiry 265 wherein the
      presence of the label stop code is tested. If not present, the printer
      cycles to step 257 to print additional lines of data until inquiry 265
      detects the label stop code indicating that the entire label has been
      printed. The printer then advances to step 267 wherein the next label 18
      in the strip is advanced until it enters the printer mechanism. The RAM is
      then cleared of patient data in step 269 and the sequence then returns to
      inquiry 175.
PAR  Returning to the inquiry 237, if the word under consideration in the memory
      84 is not an external manual mode word, the sequence advances to an
      inquiry 271 (instead of the step 247) and upon a positive response thereto
      continues to the inquiry 251 and therefrom as explained. A negative
      response to the inquiry 271 advances the sequence to an inquiry 273 which
      returns the sequence to the load data step 225 upon a positive response
      and advances the sequence to an inquiry 275 from a negative response. A
      positive response to the inquiry 275 indicates that the word next to be
      transferred from the memory 84 is the end-of-data word and the sequence
      advances to a step 277 to set the status flip-flop and the sequence
      advances to an incrementing step 279. The step 279 increments the IDA
      registers. This step is also entered through a step 281 when an IDA mode
      word is detected.
PAR  The steps 277 and 279 are also completed any time an end-of-data mode word
      is used to address the read-only-memory 105 jump table.
PAR  Referring to FIG. 7c, a negative response to the inquiry 251 advances the
      printer sequence to an inquiry 285 and upon a positive response thereto
      advances to an inquiry 287 and then to an asterisk code storing step 289.
      The step 289 is also entered from a step 291 when the word to be
      transferred from the memory 84 is manually entered temperature data. The
      step 289 stores an asterisk code in the RAM 109 for printing on a label 18
      to highlight manually generated data.
PAR  Following completion of the step 289, the printer sequence advances to a
      data storing step 293 wherein an inquiry of the content of the external
      register is made. The step 293 may also be entered from a step 303 when a
      temperature mode word is detected at the memory 84. A positive response to
      the inquiry of step 293 advances the printer to a data storing step 299
      and then to a step 301. The step 301 is a step for loading the RAM 109
      with data from an acquisition unit.
PAR  A negative response to the inquiry 285 sequences the printer to an inquiry
      305 which again checks the condition of the external register. Following a
      negative response to the inquiry 305, the sequence advances through an
      inquiry 307 and then to a data storing step 315 either directly or through
      an asterisk data storing step 317. The step 317 for storing an asterisk
      code in the RAM 109 may also be entered through a step 319 if a
      respiration rate manual mode word is detected in the memory 84. In the
      step 315, data transferred from the memory 84 is stored in the RAM 109.
      This step is also entered from a step 337 when a respiration rate mode
      word is detected in the memory 84. Step 315 is completed by using the next
      mode word in the memory 84 to address the ROM 105 jump table to branch in
      accordance with the mode word.
PAR  A positive response to the inquiry 305 sequences the printer routine to an
      inquiry 339 and from the inquiry 339 directly to a data storing step 349
      or through an asterisk code storing step 351. The asterisk code storing
      step 351 may also be entered from the step 353 when a pulse rate manual
      mode word is detected in the memory 84. The data storing step 349 is also
      entered from the step 355 when the pulse rate mode word is detected in the
      memory 84.
PAR  Primarily, data is stored in the RAM 109 from the acquisition unit 10 in
      the steps 301, 315 and 349. When manually generated data for the
      temperature, pulse rate and respiration rate are stored in the memory 84,
      an asterisk code is stored in the RAM 109 in the steps 289, 317 or 351.
PAR  Upon completion of the transfer of data from the acquisition unit 10 into
      the RAM 109, the print routine is entered. During the print routine, the
      printing mechanism sends three signals to the control circuitry. These are
      denoted as the printer reset signal and the TP and TL signals. The reset
      signal occurs once for each complete drum revolution of the printing
      mechanism and the TP and TL signals occur for each row of characters on
      the print drum. In a typical embodiment of the printer mechanism there are
      sixteen rows of characters with each character identified by a code
      signifying its row and column location on the print drum. The TP signal
      occurs prior to the row it is associated with and the TL signal occurs at
      the end of the row with which it is associated. Actual printing of a
      character is completed by activating trigger magnets to drive a hammer
      against the print drum, causing the character in that row and column
      location on the print drum to be printed on the label 18. The trigger
      magnets are activated on the TP signal and deactivated on the TL signal.
PAR  Printing of a character is completed by transferring to the RAM input
      register 143 the code for a character at a particular row and column
      location and comparing the number in the register 143 with the data stored
      in the RAM 109, the comparison taking place in the comparator 141. Thus,
      the register 143 contains the code of the print drum line which will next
      be struck by the printer hammers (that is, the line on which the next set
      of characters to be printed is located). The print drum is constructed
      such that the data stored in the RAM 109, when the same as the print drum
      line code, is the correct character to be printed.
PAR  A character is printed by shifting a logic ONE signal into a twenty bit
      serial input, parallel output shift register in the trigger magnets
      controller 161. If the code at a particular address in the RAM 109 and the
      code in the register 143 are the same, a logic ONE is shifted into the
      shift registers. If the codes are different, a logic ZERO is shifted and
      the hammer magnets remain deactivated. Each shift register output controls
      a trigger magnet driver which is switched on when the shift register
      output goes to logic ONE.
PAR  As an example, assume the data to be printed is T102.5* starting in column
      one on the label 18. Starting at line zero on the print drum, the shift
      registers of the trigger magnets controller 161 will contain all logic
      ZEROES with the exception of a logic ONE in column 3 which will cause the
      number 0 to be printed on the label 18. This is because the number stored
      in the third location of the RAM 109 contained a code representing the
      number 0 in the data T102.5*. Next, the register 143 is incremented to a
      code representing the number 1. When the second location in the RAM 109 is
      compared to the contents of the register 143 in the comparator 141, a
      match will result and a logic ONE will be shifted into the trigger magnets
      controller 161 thereby causing the number 1 to be printed in column 2 on
      the label 18. This sequence continues with codes representing the numbers
      2-9 and other characters shifted into the register 143 and compared with
      the various locations of the RAM 109. When the code representing the
      letter T is shifted into the RAM input register 143, a match is made in
      column one since the code for the letter T is now in the register 143.
      Thus, a logic ONE will be shifted into column one of the trigger magnets
      controller 161 to control the appropriate trigger magnet causing the
      letter T to be printed in colunn one of the label 18. The other characters
      are printed in a similar manner as is the asterisk.
PAR  After completely printing the data for a particular patient ID, the next
      label is incremented under the print drum, the printer sequences to
      inquiry 175, and data for the next patient ID is printed on the label 18.
      This continues for each patient ID until all the data transferred from the
      acquisition unit 10 to the RAM 109 is printed on a label 18. Following the
      printing of data for the last patient ID, the print sequence returns to
      the idle mode.
PAR  If during the operation of a printing sequence the label supply is depleted
      or a malfunction occurs in the print mechanism, the printer may be halted
      by use of the PAUSE button to await further instructions to proceed. When
      reactivated with the CONTINUE button, the sequence of printing begins
      where previously terminated. If during this shut down another acquisition
      unit is inserted into the printer, the data therein cannot be read into
      the RAM 109 until the data in the previously inserted acquisition unit has
      been printed on the labels 18.
PAR  Following completion of the printing of all the data in a particular
      acquisition unit, and upon its removal from the chute 40 or 42, the memory
      84 is cleared except for a start-of-data word at one location and an
      end-of-data word at the next location. The acquisition unit is then ready
      to be used again for acquiring and storing additional temperature, pulse
      rate, and respiration rate data from patients up to the limit of the
      memory 84.
PAR  While only one embodiment of the invention, together with modifications
      thereof, has been described in detail herein and shown in the accompanying
      drawings, it will be evident that various further modifications are
      possible without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a medical data acquisition and storage system, comprising in
      combination:
PA1  display means for providing a visual presentation of input medical data,
PA1  at least one data input means for accepting externally generated data,
PA1  a display register for receiving and holding externally generated data to
      be presented at said display means,
PA1  first means for gating data from each of said input means to said display
      register,
PA1  manual input means for generating input data to be gated to said display
      register,
PA1  memory means having multiple address locations for storing data holding in
      said display register,
PA1  second means for gating the data holding in said display register into said
      memory means for retention therein,
PA1  a state controller connected to said means for gating for establishing the
      order of data gated to said display register from all of said input means,
PA1  record means for actuating said second means for gating to transfer data
      from said display register to said memory means,
PA1  memory control means responsive to the transfer of data from said display
      register to said memory means to actuate said state controller to advance
      the sequence of ordered data gated to the display register, and
PA1  repeat means for actuating said state controller to repeat the gating of
      input data into said display register from the input means previously
      gated thereto.
NUM  2.
PAR  2. A medical data acquisition and storage system as set forth in claim 1
      wherein said state controller includes means for establishing the order of
      data gated from said display register into said memory means.
NUM  3.
PAR  3. A medical data acquisition and storage system as set forth in claim 1
      wherein said display means further includes display control means
      responsive to said state controller and connected to said display register
      to select either data from the data input means or the manual input means
      for visual presentation.
NUM  4.
PAR  4. A medical data acquisition and storage system as set forth in claim 1
      wherein said state controller advances the sequence of ordered data gated
      to said display means in response to a transfer of data into said memory
      means.
NUM  5.
PAR  5. A medical data acquisition and storage system as set forth in claim 1
      wherein said state controller includes means responsive to an externally
      generated signal to activate the system from an idle mode to a data
      receiving mode.
NUM  6.
PAR  6. A medical data acquisition and storage system as set forth in claim 1
      including clock means for generating system clock pulses to establish the
      timing interval between data transferred within the system.
NUM  7.
PAR  7. A medical data acquisition and storage system as set forth in claim 6
      including means for sensing the condition of a power supply to initially
      shut down the system to a first threshold condition and to completely shut
      down the system at a second threshold condition.
NUM  8.
PAR  8. A medical data acquisition and storage system, comprising in
      combination:
PA1  display means for providing a visual presentation of input medical data,
PA1  temperature input means responsive to externally generated temperature
      related data and providing a system signal varying with the externally
      generated data,
PA1  respiration rate input means responsive to externally generated respiration
      rate related data and providing a system signal varying with the
      externally generated data,
PA1  pulse rate input means responsive to externally generated pulse rate data
      and providing a system signal varying with the externally generated data,
PA1  manual input means for generating a system signal including an I.D. code to
      be visually presented on said display means,
PA1  a display register for receiving and holding the system signals to be
      presented at said display means,
PA1  means for gating each of the system signals in sequence to said display
      register,
PA1  memory means having multiple address locations for storing system signals
      visually presented in said display means,
PA1  means for transferring the signals holding in said display register into
      said memory means for retention therein;
PA1  a state controller connected to said means for gating for establishing the
      order of signals gated to said display register for all of said input
      means,
PA1  record means for actuating said means for transferring to transfer data
      from said display register to said memory means,
PA1  memory control means responsive to the transfer of data from said display
      register to said memory means to actuate said state controller to advance
      the sequence of system signals gated to the display register, and
PA1  repeat means for actuating the said state controller to repeat the gating
      of system signals into said display register from the input means
      previously gated thereto.
NUM  9.
PAR  9. A medical data acquisition and storage system as set forth in claim 8
      including clock means for generating system clock pulses.
NUM  10.
PAR  10. A medical data acquisition and storage system as set forth in claim 9
      wherein said temperature input means includes means responsive to a
      frequency varying with the temperature related data and providing a pulse
      train as the system signal.
NUM  11.
PAR  11. A medical data acquisition and storage system as set forth in claim 10
      wherein said means responsive to a frequency varying with the temperature
      related data includes counting means receiving the temperature related
      frequency data and triggered into an "on" state by one clock pulse and to
      an "off" state by a subsequent clock pulse and where the total count
      registered represents the system signal.
NUM  12.
PAR  12. A medical data acquisition and storage system as set forth in claim 9
      wherein said respiration rate input means includes counting means
      receiving the clock pulses and triggered to an "on" state and an "off"
      state by the externally generated respiration rate data and where the
      total count registered represents the system signal.
NUM  13.
PAR  13. A medical data acquisition and storage system as set forth in claim 12
      wherein said respiration rate input means further includes means for
      dividing a fixed factor by the total count registered to normalize the
      system signal.
NUM  14.
PAR  14. A medical data acquisition and storage system as set forth in claim 9
      wherein said pulse rate input means includes counting means receiving the
      clock pulses and triggered into an "on" state and "off" state by the
      externally generated pulse rate data and where the total count registered
      represents the system signal.
NUM  15.
PAR  15. A medical data acquisition and storage system as set forth in claim 14
      wherein said pulse rate input means includes means for dividing a fixed
      factor by the total count registered to normalize the system signal.
NUM  16.
PAR  16. A medical data printer for receiving data from a portable data
      acquisition means having stored therein a quantity of medical data,
      comprising in combination:
PA1  memory means for storing a quantity of medical data from the acquisition
      means,
PA1  transfer means for gating the medical data from said acquisition means to
      said memory means,
PA1  display means including a printer of multiple characters, said display
      means including means for storing each character as identified by an
      identifying code,
PA1  means for comparing each identifying code with the stored medical data in
      said memory means and generating a print signal upon a predetermined
      comparison condition,
PA1  means responsive to the print signal to actuate said printer to cause a
      preselected character, representative of the medical data, to be printed;
      and
PA1  control means for sequentially shifting each identifying code and each
      entry of medical data from said memory means to said means for comparing.
NUM  17.
PAR  17. A medical data printer system as set forth in claim 16 wherein said
      print includes a character printer with a character print controller
      responsive to the print signals for actuating preselected characters for
      printing thereof on a hard copy.
NUM  18.
PAR  18. A medical data printer system as set forth in claim 17 wherein said
      control means includes a first read-only memory storing a first set of
      operating instructions for said control means and a second read-only
      memory storing a second set of operating instructions for said control
      means.
NUM  19.
PAR  19. A medical data printer system as set forth in claim 18 including means
      connected to the output of the first read-only memory for providing
      sequence instructions thereto at the inputs thereof.
NUM  20.
PAR  20. A medical data printer system as set forth in claim 16 wherein said
      memory means includes a random access memory having storage locations for
      each entry of medical data transferred from said acquisition means.
NUM  21.
PAR  21. A medical data printer system as set forth in claim 20 wherein said
      means for comparing includes a register for temporarily storing each
      identifying code to be compared with the stored entries of medical data in
      said random access memory.
NUM  22.
PAR  22. A medical data printer system as set forth in claim 21 including
      external control means for selecting one of a plurality of acquisition
      means having stored multiple entries of medical data for transferring to
      said random access memory.
NUM  23.
PAR  23. A medical data printer system as set forth in claim 22 including date
      and time switches for generating date and time data for comparison with
      the identifying codes for presentation at said display means.
NUM  24.
PAR  24. A medical data acquisition and display system as set forth in claim 16
      wherein said control means includes means for controlling said transfer
      means to gate in additional medical data entries from said acquisition
      means to said memory means after each identifying code has been compared
      with previously stored data in said memory means.
NUM  25.
PAR  25. A medical data acquisition and display system as set forth in claim 24
      including clearing means responsive to the last entry of medical data in
      said acquisition means for presetting said acquisition means to clear the
      medical data stored therein.
NUM  26.
PAR  26. A medical data acquisition and display system as set forth in claim 16
      wherein said control means responds to a start-of-data signal from said
      acquisition means to control said transfer means to gate a first quantity
      of medical data to said memory means.
NUM  27.
PAR  27. A medical data acquisition and display system as set forth in claiim 16
      wherein said control means includes a first read-only-memory storing a
      first set of operating instructions for said control means, and a second
      read-only-memory storing a second set of operating instructions for said
      control means.
NUM  28.
PAR  28. A medical data acquisition and display system as set forth in claim 27
      wherein the second read-only-memory receives operating instructions from
      the first read-only-memory.
NUM  29.
PAR  29. A medical data acquisition and display system as set forth in claim 27
      wherein the second read-only-memory includes address locations each
      containing a particular identifying code.
NUM  30.
PAR  30. A medical data acquistion and storage system, comprising in
      combination:
PA1  display means for providing a visual presentation of input medical data,
PA1  at least one data input means for accepting externally generated data,
PA1  a display register for receiving and holding externally generated data to
      be presented at said display means,
PA1  first means for gating each of said input means to said display register,
PA1  memory means having multiple address locations for storing data visually
      presented to said display means,
PA1  second means for gating the data holding in said display register into said
      memory means for retention therein,
PA1  a state controller connected to said means for gating for establishing the
      order of data gated to said display register from all of said input means,
PA1  record means for actuating said second means for gating to transfer data
      from said display register to said memory means,
PA1  memory control means responsive to the transfer of data from said display
      register to said memory means to actuate said state controller to advance
      the sequence of ordered data gated to the display register, and
PA1  repeat means for actuating said state controller to repeat the gating of
      input data into said display register from the input means previously
      gated thereto.
NUM  31.
PAR  31. A medical data acquisition and storage system as set forth in claim 30
      including a temperature data generator, a respiration rate data generator,
      and a pulse rate data generator for providing the externally generated
      data.
NUM  32.
PAR  32. A medical data acquisition and storage system as set forth in claim 31
      wherein said state controller first sequences the gating of pulse rate
      data to said display register, next sequences the gating of temperature
      data to said display register and then sequences the gating of respiration
      rate data to said display register.
NUM  33.
PAR  33. A medical data acquisition and storage system as set forth in claim 31
      including a temperature counter connected to said temperature data
      generator for converting an analog output thereof into binary coded data
      to be gated to said display means.
NUM  34.
PAR  34. A medical data acquisition and storage system as set forth in claim 31
      including a respiration rate counter connected to said respiration rate
      generator for converting the analog output thereof into binary coded data
      to be gated to said display means.
NUM  35.
PAR  35. A medical data acquisition and storage system as set forth in claim 31
      including a pulse rate counter connected to said pulse rate generator for
      converting the analog output thereof into binary coded data to be gated to
      said display means.
NUM  36.
PAR  36. A medical data acquisition and storage system, comprising in
      combination:
PA1  display means for providing a visual presentation of input medical data;
PA1  temperature, respiration rate and pulse rate input means for generating
      temperature related input data, respiration rate related input data and
      pulse rate related input data;
PA1  manual input means for generating input data including an I.D. code to be
      associated with selected input data;
PA1  first means for gating the I.D. code and input data to said display means
      to visually present the generated data;
PA1  memory means having multiple address locations for storing an I.D. code and
      input data associated therewith after visually presented in said display
      means;
PA1  second means for gating the data after being visually presented in said
      display means to an address location of said memory means for retention
      therein;
PA1  a state controller connected to said first means for gating to establish
      the order of input data gated to said display means;
PA1  record means for actuating said second means for gating to transfer data
      from said display means to said memory means;
PA1  memory control means responsive to the transfer of data from said display
      means to said memory means to actuate said state controller to advance the
      sequence of ordered data gated to the display means; and
PA1  repeat means for actuating said state controller to repeat the gating of
      input data into said display means from the input means previously gated
      thereto.
NUM  37.
PAR  37. A medical data acquisition and storage system as set forth in claim 36
      wherein said state controller includes means for recycling in an ID mode
      to enable storing in said memory means a particular ID data length.
NUM  38.
PAR  38. A medical data acquisition and storage system as set forth in claim 36
      wherein said display includes light emitting diodes arranged for
      alphanumeric presentation, and further including a data multiplexer
      coupled to said means for gating to convert the input data into signals
      for driving the light emitting diodes.
NUM  39.
PAR  39. A medical data acquisition and storage system as set forth in claim 36
      wherein said pulse rate input means includes a pulse probe sensor for
      generating a probe interconnection signal to the state controller.
NUM  40.
PAR  40. A medical data acquisition and storage system as set forth in claim 36
      wherein said temperature input means includes a temperature probe sensor
      for generating a probe interconnection signal to said state controller.
NUM  41.
PAR  41. A remote date acquisition and storage system as set forth in claim 36
      including an indicator for presenting a system ready signal to an operator
      prior to actuating said manually input means to generate an I.D. code.
NUM  42.
PAR  42. A medical data acquisition and storage system as set forth in claim 36
      wherein said temperature related input data, respiration rate related
      input data and pulse rate related input data is generated simultaneously
      and sequentially transferred to said display means in the order of pulse
      rate related input data, temperature related input data and respiration
      rate related input data.
NUM  43.
PAR  43. A remote data acquisition and storage system as set forth in claim 36
      including means for rejecting initial pulse rate related input data to
      permit system stabilization.
NUM  44.
PAR  44. A medical data acquisition and storage system as set forth in claim 43
      including means for rejecting initial respiration rate related input data
      to permit system stabilization.
NUM  45.
PAR  45. A medical data acquisition and storage system as set forth in claim 36
      including means for displaying pulse beat to indicate to an operator a
      system ready condition prior to actuating said manual input means to
      generate an I.D. code.
NUM  46.
PAR  46. A method of acquiring and storing medical data in a portable unit,
      comprising the steps of:
PA1  generating input data, including temperature related input data,
      respiration rate related input data and pulse rate related input data, and
      an I.D. code to identify certain selected input data;
PA1  sequentially gating the generated input data to a display for providing a
      visual presentation of the input data;
PA1  actuating record means for gating the data visually presented into a
      storage means having multiple address locations wherein the I.D. code is
      stored at address locations with associated input data;
PA1  establishing the order of data gated to the display; and
PA1  advancing the sequence of the established order of data gated to the
      display in response to the transfer of data from the display to the
      memory.
NUM  47.
PAR  47. A method of acquiring and storing medical data as set forth in claim 46
      wherein the input data is gated for display sequentially in the order of
      the I.D. code for associated data followed by pulse rate related input
      data, temperature related input data and respiration rate related input
      data.
NUM  48.
PAR  48. A method of acquiring and storing medical data as set forth in claim 47
      including the step of generating a pulse beat display to indicate a system
      ready condition.
NUM  49.
PAR  49. A method of acquiring and storing medical data as set forth in claim 46
      including the step of generating a code indicator for signifying generated
      additional input data.
NUM  50.
PAR  50. A method of acquiring and storing medical data as set forth in claim 46
      including the step of sensing the condition of a system power supply to
      initially shut down the system at a first threshold condition and to
      completely shut down the system at a second threshold condition.
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ABST
PAL  A unit for interconnecting otherwise independently operable data processing
      systems. When one data processing system addresses the interconnecting
      unit, the unit acts like a peripheral device. It converts the address to a
      physical memory address for the other data processing system. Furthermore
      it interrupts the other system to effect a data transfer either to or from
      the other system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  i. Cross-references to related patents and publications
PAR  The following references, including patents assigned to the same assignee
      as the present invention, describe aspects of a data processing system
      which are particularly adapted for utilizing this invention.
PA0  A. U.S. Pat. No. 3,614,741 issued Oct. 19, 1971, and entitled "Data
      Processing System With Instruction Addresses Identifying One of a
      Plurality of Registers Including the Program Counter";
PA0  B. U.S. Pat. No. 3,710,324 issued Jan. 9, 1973, and entitled "Data
      Processing System";
PA0  C. PDP-11 Peripherals and Interfacing Handbook, Digital Equipment
      Corporation, 1971.
PAR  II. Field of the Invention
PAR  This invention relates to data processing systems and more specifically to
      the interconnection of otherwise independently operable digital computer
      systems.
PAR  III. Prior Art
PAR  A digital computer system normally includes a central processor unit, a
      random access memory unit and a number of peripheral units. These units
      are usually interconnected by some means, such as one or more buses as
      described in the above-identified U.S. Pat. No. 3,710,324. Generally these
      units can be designated "system resources."
PAR  Some systems include two or more sets of system resources including
      multiple central processing units. These system resources may then be
      arranged differently in each set. In one approach the different central
      processor units may be connected with different resources to form normally
      independently operable digital computer systems. To achieve improved
      operating efficiencies, however, it is oftentimes desirable for one set of
      system resources to be able to use the resources of another set.
PAR  For example, one central processor unit and its associated memory and
      peripheral units may perform arithmetic operations while another set of
      system resources performs input/output functions. In large multiprocessor
      systems there may be a library of programs on several disk memory units.
      In order to improve storage efficiency, it may be desirable to store
      programs in one set of resources and then allow the other sets to retrieve
      individual programs as they are needed for processing.
PAR  In one interconnecting approach, one memory unit has two "ports" and can be
      connected to two digital computer systems as a common memory. One system
      transfers data to a memory location in the multi-port memory which is
      common to both systems. Then a series of control signals cause the other
      digital computer system to use that data.
PAR  In another approach, a buffer register connects two systems. A first system
      moves data to the buffer and sends an interrupting signal to the second
      system. The second system responds to the signal with a program which
      moves the data in the buffer to a new location and sends another
      interrupting signal back to the first system. The first system receives
      the interrupting signal from the second system, notes that the transfer is
      finished and continues its operation.
PAR  These are fairly simple approaches to implement but they have several
      disadvantages. For one, a program in one system cannot directly address a
      location in the other system. In systems where peripheral devices have
      memory addresses, it is not possible to transfer data from one system
      directly to a peripheral device in another system. Further, such systems
      perform slower. This is especially true in the second approach because the
      first system can not continue operating until the returning signal is
      received from the other system. In both approaches programming is more
      complex.
PAR  In still another approach, an interconnecting circuit provides a data path
      between the buses in otherwise independently operable data processing
      systems. Usually such systems have a reserved block of addresses for
      identifying various registers in different peripheral units. The block is
      often termed an I/O page, and it resides in memory or is constituted by a
      range of available peripheral addresses. A fixed number of these locations
      are assigned to the interconnecting unit. The interconnecting unit
      reassigns an address and effects a transfer to the other system. In these
      systems the I/O page comprises a fixed number of locations. Thus, the
      number of locations is usually limited to only a few locations (e.g., 512
      locations). Larger numbers would severely restrict the size of the number
      of locations in the memory or available for actual input/output
      operations.
PAR  Therefore, it is an object of this invention to provide a unit for
      interconnecting otherwise independently operable digital computer systems.
PAR  Another object of this invention is to provide an interconnecting unit
      between digital computer systems which enables an instruction in one
      system to directly address a memory location in the other system.
PAR  Yet another object of this invention is to provide an interconnecting unit
      between two digital computer systems which is relatively simple to
      implement.
PAC  SUMMARY
PAR  In accordance with one aspect of this invention, a first digital computer
      system is characterized by a range of memory addresses which have no
      corresponding physical locations in the memories or peripheral units in
      the system. An interconnection unit responds to addresses in the unused
      range. It converts an address in this range into an address in a second
      digital computer system which does correspond to a physical memory
      location. The interconnection unit receives data from the first system in
      the same manner as a peripheral device. It then exchanges transfer control
      signals with the second digital computer system to act as an interrupting
      peripheral unit for that system. In similar fashion, the interconnnection
      unit may also transfer data from the second data processing system under
      the control of the first. Additionally, the interconnection unit can
      retrieve data from or send data to the first system under the control of
      the second system.
PAR  This invention is pointed with particularity in the appended claims. The
      above and further objects and advantages of this invention may be attained
      by referring to the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates two normally independently operated digital computer
      systems interconnected in accordance with this invention;
PAR  FIG. 2 illustrates the utilization of memory addresses in a typical digital
      computer system;
PAR  FIG. 3 is a block diagram of the interconnection unit shown in FIG. 1;
PAR  FIG. 4 is a timing diagram of transfer control signals used to transfer
      data from a first system to a second system;
PAR  FIG. 5 is a timing diagram of transfer control signals used to transfer
      data from the second system to the first system;
PAR  FIG. 6 is a circuit diagram of the control logic used in the
      interconnection unit FIG. 3;
PAR  FIG. 7 shows the organization of a control and status register shown in
      FIG. 3;
PAR  FIG. 8 shows the organization of a relocation address register shown in
      FIG. 3; and
PAR  FIG. 9 shows the organization of a displacement address register shown in
      FIG. 3.
DETD
PAC  DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT
PAR  FIG. 1 depicts a data processing system including two digital computer
      systems. A first digital computer system 10 includes a central processor
      unit (CPU) 11, a memory 12 and peripherals 13 all connected in parallel to
      a bus 14. The second digital computer system 20 likewise comprises a CPU
      21, a memory 22 and peripherals 23 in parallel on a bus 24. These systems
      10 and 20 can operate independently of each other and, for purposes of
      explanation, it is assumed that each operates in accordance with the
      disclosures in the above-identified cross-references.
PAR  Each system uses a single set of addresses to identify locations in their
      respective memories and peripherals. The peripherals 13 and 23 may be
      assigned high order addresses. Other high order addresses may be reserved
      for storing other basic control information utilized in trap and
      interruption operations. The remaining addresses may designate locations
      in the memories 12 and 22. Assuming for example that 18-bit addresses are
      produced, then 777,777.sub.8 or 256K (K=1024.sub.10) locations can be
      addressed, including all the locations assigned to peripherals and memory.
      In the systems described, locations can be addressed in terms of high and
      low byte positions; thus an 18-bit address identifies 128K full-word
      locations. Even numbers designate the one byte while odd numbers designate
      the other byte when byte addressing is used.
PAR  FIG. 2 shows the assignment of available location addresses in a typical
      system. Block 15 represents all the possible addresses. The addresses of
      the locations in memory 12 (i.e., the physical memory locations) are shown
      in the shaded block 12, while the block of addresses assigned to registers
      and peripherals are shown in the shaded block 16. The remaining possible
      addresses are not used; that is, there are no physical locations
      corresponding to those addresses.
PAR  Similarly block 25 represents the allocation of possible location addresses
      in the digital computer system 20 in FIG. 1. Shaded block 26 represents
      the addresses reserved for registers and peripherals while the shaded
      block 22 represents the physical memory addresses. Again there is a range
      of "unused" addresses which do not correspond to physical storage
      locations in the system.
PAR  It will be helpful to review the process of transfering data between two
      storage locations. In the system 10 (FIG. 1) either the CPU 11 or one of
      the peripherals 13 may control a data transfer over the bus 14. The unit
      controlling a transfer is a "master unit" while the unit responding to
      that control is a "slave unit." The master unit takes control of the bus
      14 either through an interruption sequence, in the case of a peripheral
      unit, or active or passive acceptance of control by the CPU 11. A
      peripheral unit, for example, transmits a non-processor request (NPR)
      signal as an interruption signal onto a corresponding control wire in the
      bus 14. A priority arbitration unit (not shown but generally located in
      the CPU 11) grants the request at an appropriate time and, though a series
      of signals including a non-processor granting (NPG) signal and an
      acknowledgement (SACK) signal, control passes to the requesting peripheral
      unit.
PAR  A master unit assumes control by transmitting a BUSY signal indicating that
      the bus is, or is about to be involved in a transfer. Simultaneously, the
      master unit transmits address signals designating a data location (and
      slave unit) and direction control signals indicating that the data is
      being transferred from or to the master unit. In the first case, the data
      appears on the bus 14 at the same time as the address and direction
      control signals. After a settling delay, the master unit transmits a
      master synchronization (MSYN) signal. The slave unit will have decoded the
      address and direction control signals by the time it receives the MSYN
      signal. The designated slave unit responds by loading the data into the
      specified location and then transmitting a slave synchronization (SSYN)
      signal indicating the transfer is complete. When the master unit receives
      that SSYN signal, it terminates its MSYN signal which, in turn, enables
      the slave unit to terminate its SSYN signal. When both the SSYN and MSYN
      signals terminate, the master unit terminates its BUSY signal, enabling
      another master unit to take control of the bus.
PAR  If the master unit is to receive data, then no data appears on the bus 14
      until the slave unit transmits the SSYN signal indicating that it has
      retrieved that data from the addressed location and has placed it on the
      bus 14. Otherwise the interaction between master and slave units is the
      same.
PAR  The digital computer system 20 in FIG. 1 operates in the same manner as the
      system 10 and the two systems are independently operable. However, in
      accordance with this invention system 10 can use resources in system 20
      and vice-versa. An interconnecting unit provides this function.
      Effectively, the unit enables one system to "see" memory locations in the
      other system; for this reason we call the interconnecting unit a "bus
      window" 30.
PAR  The bus window 30 performs several functions. In order to simplify the
      understanding of these functions, it is helpful to define other terms. An
      "originating system" is one of the systems 10 or 20 which seeks access to
      the other system, the other system then being a "target system." The bus
      in the originating system is also called the "originating bus" and the
      other bus is the "target bus." Thus, if the digital computer system 10
      needs to use the resources of the system 20, it uses the bus window 30 and
      is the originating system, while system 20 is the target system.
PAR  Referring to block 15 in FIG. 2, there is within the unused block of
      addresses, a section 17 which constitutes a range of input addresses for
      the bus window 30. The bus window 30 converts any window address generated
      by the originating system into an address of a physical memory location in
      the target system. As shown in FIG. 2, it converts them into locations in
      the block 22 associated with the system 20 as described below.
PAR  The bus window 30 operates in response to transfer control signals from the
      originating system and appears as "slave unit" on the originating bus.
      Furthermore, the bus window 30 can interrupt the operations of the digital
      computer systems and transfer data between itself and a location in the
      target system by interrupting the target system and transmitting and
      receiving appropriate transfer control signals, thus appearing as a master
      unit on the target bus.
PAR  Now referring to FIG. 3, the bus window 30 which interconnects the buses 14
      and 24 and their associated resources, comprises three basic sections. A
      data channel 31 operates when the bus 14 is the originating bus and bus 24
      is the target bus; and a data channel 32, when the bus 24 is the
      originating bus. The data channels 31 and 32 may operate in a full duplex
      mode. A status and control circuit 33 provides appropriate timing,
      controlling and monitoring functions.
PAR  Referring to data channel 31, a window address decoder 34 receives a first
      set of address signals corresponding to high order address bits from
      address lines in the bus 14. When those bits indicate a window address,
      the decoder 34 enables the channel 31 to respond to subsequent transfer
      control signals on the bus 14.
PAR  If the bus 14 has eighteen address conductors and the least significant bit
      position identifies a high or low order byte, then the eighteen address
      bits can identify up to 128K addresses where K=1024.sub.10. In order to
      simplify the structure of the window decoder, the window addresses have
      ranges of 1K, 2K, 4K, or 8K locations. The starting address for the window
      starts at an even boundary address for the size of the window. Thus, if
      the window decoder 34 is to be responsive to a 1K window, the bus window
      can start at any unused address evenly divisible by 1K. If the window is
      to be 4K, the starting address must be evenly divisible by 4K. For
      example, an address of 140000.sub.8  in which the least significant bit
      identifies a particular byte is really location 24K. This is a valid
      starting address for windows of 1K, 2K, 4K, or 8K.
PAR  With this particular starting address of 140000.sub.8, the window address
      decoder 34 responds if bits 17 and 16 contain ZERO's and bit 15 is ONE
      (i.e., A(17) = 0, A(16) = 0, and A(15) = 1.). For an 8K window the decoder
      34 additionally tests for A(14) = 1. In this case, bits 14 through 17
      constitute a first set of address signals and these are the high-order
      bits. Bits 0 through 13 are low-order bits and their corresponding signals
      define a second set of signals. For a 4K window, the decoder 34 responds
      whenever A(14) = 1 and A(13) = 0 while A(12) through A(0) are the
      low-order bits. If the decoder additionally monitors bit 12 as a
      high-order bit, the window is 2K while testing all of bits 11 through 17
      is required for a 1K window. For different starting address, the decoder
      34 monitors different values in the high-order bit positions. While this
      particular decoder is responsive to fixed addresses, more sophisticated
      window address decoders could provide more flexible addressing.
PAR  More specifically, the decoder 34, in response to a window address,
      produces an REQ NPR signal which enables an NPR control circuit 35 to
      transmit an NPR signal onto a corresponding NPR conductor in the bus 24 to
      thereby initiate an interruption in the system 20 (FIG. 1) as the target
      system. Further, the REQ NPR signal serves as a CLK signal to load
      direction control signals C0 and C1 into an ACBUF register 36 and an ADA
      register 37 to receive the low order address bits on the bus 14 as a
      displacement address. A BRA register 40 provides a starting relocation
      address which substitutes for the high order address bits on the
      originating bus 14. This substitution converts the starting window address
      into a starting location for the section 27 in block 25 (FIG. 2). An ADB
      register 41 is a data buffer used to hold data during a transfer from the
      originating bus 14 to the target bus 24. Transfers from the target bus 24
      pass directly through the channel 31 on a conductor 51.
PAR  Reference is now made to FIG. 3 and FIG. 4, which show the timing of
      various address, transfer, control, and data signals during a transfer
      from a location in the target system 20 to a location in the originating
      system 10. In FIG. 4, each block represents a step in the operation of one
      of the data channels 31 or 32 in FIG. 2. The following discussion is
      directed to transfers through the channel 31. The transfer initially
      begins with the CPU 11 or one of the peripherals 13 (FIG. 1) acting as a
      master unit. The master unit transmits the BUSY, address and direction
      control signals onto corresponding conductors on the bus 14. The window
      address decoder 34 then enables the bus window 30 (block 42). When an MSYN
      signal appears on the bus 14, the bus window begins serving as a slave
      unit on the bus 14 and interrupts the system 20 seeking to become a master
      unit on the bus 24. Specifically, if the address is valid (block 43), the
      bus window 30 transmits an NPR signal onto the bus 24. Also, the ADA
      register 37 stores the low-order address bits (block 44) and the ACBUF
      register 36 stores the direction control signals C0 and C1 (block 45).
      These operations occur before the target system 20 subsequently transmits
      the NPG signal in response to the NPR signal. The NPG signal indicates
      that the interruption request to the system 20 is granted.
PAR  Accordingly the bus window is now enabled to become a master unit on the
      bus 24. It does so by transmitting the BUSY signal, C0, and C1 direction
      control signals from the ACBUF register 36 and the displacement address
      from the ADA register 37. Bits stored in the BRA register 40 are
      substituted for the high-order bits in the address on the originating bus
      (block 46).
PAR  The addressed unit in the target system 20 decodes the address and control
      signals (block 47) prior to the receipt of an MSYN signal from the bus
      window 30. Upon receiving the MSYN signal, the unit in the target system
      20 retrieves data from the target location, places the data on the data
      lines on the target bus 24 and transmits an SSYN signal (block 50).
PAR  This data passes directly through the data channel 31 on the conductor 51
      (FIG. 3). The SSYN signal (FIG. 4) also passes directly through the data
      channel, as shown later, so that the master unit in the originating system
      10 responds in a normal manner to accept the data. After a time delay, the
      master unit on the bus 14 stops sending the MSYN signal. This initiates
      two parallel sequences. First, the bus window 30 uses this as a DATA
      ACCEPTED signal, stops transmitting its MSYN signal and generates an
      internal END CYCLE signal indicating that the bus window 30 is now ready
      to start a new transfer. The slave unit in target system 20 then
      terminates its SSYN signal, so the bus window 30 can stop transmitting its
      BUSY signal onto the bus 24, thereby releasing it. Secondly, the bus
      window terminates its SSYN signal back to the bus 14 so that the master
      unit in the originating bus 14 can release the bus 14 by dropping its BUSY
      signal.
PAR  This sequence of operations occurs during normal transfers in which data is
      rewritten into a destructively read location. There are times when a
      programmer knows that new data will be rewritten into a location on the
      next transfer so that the automatic rewriting operation can be inhibited
      to speed up operations. In these cases it is desirable to maintain control
      over the bus until a subsequent writing operation is completed. One set of
      direction control signals indicates this operation; and, when produced,
      the control circuitry in the originating system 10 and the bus window 30
      do not terminate their respective BUSY signals when the first SSYN signals
      terminate. Thus, the two systems remain interconnected through the bus
      window for the immediately subsequent transfer of data from the
      originating system 10 to the target system 20.
PAR  Now referring to FIGS. 3 and 5, the data processing system 10 as the
      originating system can also transfer data to the target system 20.
      Initially it transmits the BUSY, window address, direction control and
      data signals onto the originating bus 14 simultaneously. The window
      address decoder 34 decodes the window address (block 52) to enable a
      subsequent MSYN signal at block 53 from the originating system 10 to
      perform several functions. Specifically, block 54 indicates the storage of
      direction control signals in the ACBUF register 36 in response to the
      completion of the operation in block 53. Block 55 indicates the
      simultaneous storage of the low-order address bits in the ADA register 37
      as a displacement address. These are similar to the functions shown in
      FIG. 4. In addition, the MSYN signal also causes the NPR control circuit
      35 to transmit an NPR signal onto the target bus 24. This NPR signal also
      loads the data on the originating bus 14 into the ADB register 41 (block
      56) and produces an SSYN signal for the originating system 10. Once the
      ADB register 41 stores the data, the originating system 10 and bus window
      30 disconnect. Specifically, the originating system 10 terminates its MSYN
      and BUSY signals in sequence after receiving, respectively, the leading
      and trailing edges of the SSYN signal. The bus window stops transmitting
      the SSYN signal in response to the termination of the MSYN signal.
PAR  Now referring to the subsequent interaction between the bus window 30 and
      the target system 20, the target system 20 processes the NPR request and
      returns an NPG signal after a delay. After receiving the NPG signal, the
      bus window 30 assumes control of the bus 24 as a master unit. It then
      transmits the BUSY, address, direction control, and data signals. The
      system 20 decodes the address and direction control signals (block 60) to
      enable circuitry to respond to the MSYN signal (block 61) which the bus
      window 30 generates after a short time delay. In response to the MSYN
      signal, the target system 20 stores the data on the data conductors in the
      identified location after a time delay (block 62). The target system 20
      then transmits an SSYN signal back to the bus window 30 starting the
      sequence of terminating the MSYN, SSYN, and BUSY signals to disconnect the
      target system 20 and the bus window 30.
PAR  Thus, FIGS. 3 through 5 show the circuitry and timing and control signals
      necessary to effect a transfer to or from the bus 14 when it is the
      originating bus. Data channel 32 (FIG. 3) performs a similar function when
      the bus 24 is the originating bus. Specifically, the channel 32 contains a
      window address decoder 63 for decoding high order address bits from the
      bus 24. This window address decoder 63 responds to a range of otherwise
      unused addresses on the bus 24 and can define a window of any size,
      dependent only upon the previously described restrictions. An NPR control
      circuit 64 transmits NPR signals and receives NPG signals when the channel
      32 is activated. A BCBUF register 65 recieve the C0 and C1 direction
      control signals from the bus 24 and transmits them to the bus 14. The low
      order address bits from the bus 24 are stored in a BDA register 66, the
      high order address bits identifying the base physical location being
      stored in an ARA register 67. A bus 70 transfers data from the bus 14 as a
      target bus directly to the bus 24 while a BDB register 71 buffers data
      when it is transmitted to the bus 14 from the bus 24. These circuits
      operate analogously to those in the data channel 31 and are not discussed
      further.
PAR  The bus window 30 in FIG. 3 also contains other data paths. These paths
      enable one or the other of the digital computer systems to obtain
      information about or alter the characteristics of the bus window 30. For
      example, the digital computer system 10 can address the ADA register 37
      and read its contents for diagnostic or other purposes. In this sense, the
      ADA register is like any other register with an address in block 16 (FIG.
      2). Similarly, the BRA register 40 has an address in block 26 so the
      digital computer system 20 can alter the starting address for the window
      in the system 20. In the data channel 32, the system 20 can read the
      contents of the BDA register 66. The starting address stored in the ARA
      register 67 can be altered by the system 10.
PAR  The status and control circuit 33 of FIG. 3 includes the circuitry for
      responding to signals on the buses 14 and 24 to connect these and other
      registers to their respective buses or to perform other functions. For
      example, an ACS register 72 and a BCS register 73 store data for use by
      the respective systems 10 and 20. The ACS and BCS registers 72 and 73 are
      used to transfer information about various system operating parameters and
      interruption requests from one system operating parameters and
      interruption requests from one system to the other. A control logic
      circuit 74 can alter or use the contents of either register 72 or 73. An A
      interrupt control circuit 75 can generate a BR interruption request onto
      the bus 14. Unlike an NPR request, a BR request can only be granted when
      the central processor unit 10 completes an operating cycle for the system
      because the central processor unit is actively involved in granting the
      request. This is a priority request, usually with the highest priority,
      and it appears as a BR signal on the bus 14. When the digital computer
      system 10 grants such an interruption, it sends a BG signal of the same
      priority back to the A interrupt control circuit 75. Thereafter, there is
      a sequence of signal transfers during which the A interrupt control
      circuit sends VECTOR signals identifying certain registers in the block 16
      (FIG. 2) onto the bus 14. The data processing system 10 then begins an
      interruption routine identified by the contents of a vectored register. A
      B interrupt control circuit 76 performs similar functions with respect to
      the digital computer system connected to the bus 24 and both the A and B
      interrupt control circuits 75 and 76 have bidirectional communications
      links with the control logic circuit 74. An M 7821 Interrupt Control
      Module described in the above-identified PDP-11 Peripherals and
      Interfacing Handbook can perform this function.
PAR  An A register decoder 77 selects one of five registers including the ADA
      register 37 and ARA register 67. Addititionally, the A register decoder 77
      responds to the addresses of the ACS register 72, the ADB register 41 and
      the ARA register 67. Similarly, a B register decoder 80 is responsive to
      the addresses on the target bus 24 for identifying the BCS register 73,
      the BDB register 71, the ADB register 41, the BDA register 66, and the BRA
      register 40. Each register has an address in the blocks 16 or 26 (FIG. 2).
      Either system may read the contents of the registers it can address.
      Further, the digital computer system 10 can alter the contents of the ACS
      register 72, the ADB register 67 while the system 20 can alter the
      contents of the BCS register 73, the BDB register 71 and the BRA register
      40. The process for altering an addressed register is known in the art.
PAR  FIG. 6 shows the various elements in a data channel, the logic for
      controlling those elements and other signal sources. It is not discussed
      with reference to either data channel 31 or 32 but it will be apparent
      that certain elements must be duplicated for each system. Signals to or
      from the left of FIG. 6 represent signals to or from an originating bus,
      while signals to or from the right side of FIG. 6 represent signals to or
      from the target bus.
PAR  Whenever the originating system addresses the bus window, an address
      decoder 100 provides one enabling input to an AND gate 101 using, for
      purposes of this discussion, positive assertion logic (i.e., a positive
      voltage is a logical ONE or TRUE value). This permits a subsequent MSYN
      signal from the originating bus to pass through the AND gate 101 to an AND
      gate 102 and an AND gate 103. If an ERROR bit position in a CS register
      104 contains a ONE, an inverter 105 disables the AND gate 101. Conditions
      producing an asserted ERROR signal are described later. If the target
      system is not enabled, an inverter 106 responds to a non-asserted TARGET
      TRANSFER ENABLED signal from the CS register 104 to enable the AND gate
      102. The non-asserted signal disables the AND gate 103. Thus, if the
      originating bus issues a bus window address when the target system is not
      enabled, the AND gate 102 enables an ACCESS ERROR flip-flop 107 to set
      after a delayed pulse from a clock generator 108. Any time the bus window
      30 is addressed properly and receives a MSYN signal, the AND gate 101
      enables the clock generator 108 to produce the delayed clocking pulse.
PAR  If the ACCESS ERROR flip-flop 107 sets, it enables an interruption circuit
      111 which responds by generating a BR signal requesting the originating
      system to interrupt its operations at the end of a current operating
      cycle. When that request is granted the interruption circuit 111 receives
      a BG signal indicating the request is being granted. The interruption
      circuit 111 also includes the means for generating VECTOR signals to
      identify the necessary interruption routine.
PAR  Normally, however, CS register 104 contains a ONE in the TARGET TRANSFER
      ENABLE bit position, so the AND circuit 103 applies data input to the REQ
      NPR flip-flop 110. As a result, the clock generator 108 sets the REQ NPR
      flip-flop 110 and thereby enables an interruption control unit 112, which
      generates the NPR request onto the target bus. When the target system
      subsequently grants this NPR request, the interruption control unit 112
      eventually transmits the BUSY signal as previously discussed and
      effectively connects the data channel to the target bus as a master unit.
      Specifically, when the data channel becomes a master unit, the
      interruption control unit 112 enables a gating circuit 109 to couple
      address and direction control signals onto the bus. If data is
      transferring to the target bus, data signals are not coupled through the
      gating circuit 109. The interruption control unit control circuit 112 also
      provides a signal to a bus control circuit 113, which generates a MSYN
      signal onto the target bus and receives an SSYN signal as also discussed
      previously. The interruption control circuit 112 and bus control circuit
      113 can be constructed with M796 and M7821 modules described in the
      above-identified PDP-11 Peripherals and Interfacing Handbook.
PAR  The clock pulse from the clock generator 108 also passes to a control
      buffer register 114. This buffer represents either the ACBUF register 36
      or the BCBUF register 65 in FIG. 3. The C0 and C1 direction control
      signals are stored in the register 114 with the output appearing at the
      input to the gating circuit 109, and thus on the C0 and C1 direction
      control lines for the target bus.
PAR  The same clock pulse transfers the low order address bits from the
      originating bus into an address register 115 which corresponds to either
      the ADA register 37 or the BDA register 66 in FIG. 3. These address bits
      pass through the gating circuit 109 and appear without modification as low
      order address bits on the target bus.
PAR  A decoder 116 receives the direction control bits from the control buffer
      register 114. If the C0 and C1 signals indicate that data is to be
      transferred from the originating bus to the target bus, the decoder 116
      issues a DATAO signal and enables an AND gate 117 to load data on the data
      lines of the originating bus into a data buffer 120 which corresponds to
      the ADB register 41 or the BDB register 71 in FIG. 3. The signal from the
      AND gate 117 also passes through an OR gate 130 as an SSYN signal. The
      DATAO signal also enables the data gates in the gating circuit 109.
PAR  When the direction control signals indicate a transfer from or a normal
      transfer to the originating bus (i.e. one in which a destructively read
      location is restored), the decoder 116 uses a NOT DATIP signal to enable
      an AND gate 121 to pass an END CYCLE signal from the bus control circuit
      113 to reset the flip-flop 110 and enable the circuit 112 to terminate the
      BUSY signal while simultaneously clearing the control buffer register 114
      and disabling the gating circuit 109. An inverter 131 receives the DATAO
      signal and provides one input to an AND gate 132. The SSYN signal from the
      target bus is the other input. Thus, when data is read from the target
      system, the AND gate 132 transmits the SSYN signal through the OR gate
      130.
PAR  If the decoder 116 does not enable the AND circuit 121, a reading operation
      from the target bus is followed by the transfer of data from the
      originating bus to the target bus. In this case the interruption control
      circuit 112 maintains the BUSY signal so the bus window keeps its control
      over the target bus.
PAR  The ACS and BCS registers 72 and 73 (FIG. 3) have an analogous function in
      association with their respective systems 10 and 20. FIG. 7 shows the
      organization of the ACS register 72. The digital computer system 10 can
      address this register to either read or alter its contents. Circuitry in
      the control logic 74 sets the previously discussed A ERROR bit, bit 15,
      whenever the digital computer system 10 connected to the bus 14 as an
      originating bus cannot access the target bus. This occurs if the other bus
      is not available for a transfer, (i.e., bit 7 is set to a ZERO) the
      transfer of data is to be made to the bus 24 and the B WRITE ENABLE bit is
      reset, (i.e., bit 2 is set to a ZERO) or an extraordinary period of time
      elapses between the generation of an MSYN signal onto the bus 24 and the
      receipt of an SSYN signal, (i.e., bit 14 is set to a ONE, bit 14 being a B
      TIME OUT bit). If the DC power on the bus 24 decreases below a safe value
      a B DCLO bit is set (bit 13 is a ONE).
PAR  If an A INTERRUPTION ENABLE bit is set (bit 6 is a ONE), setting bit 15
      will cause the control logic 74 and the A interruption control logic 75 to
      respond to the A ERROR bit. They interrupt the operation of the
      originating digital computer system 10 connected to the bus 14.
PAR  Bit 12 is a B NEW DATA bit. When it has a ONE, the BCS register 73 or the
      BDB register 71 in FIG. 3 has new information. It is set whenever the
      control logic 74 senses that bit 0 in the BCS register 73 is set. Any time
      bit 12 in the ACS register 72 is set, the status and control circuit 33
      interrupts the digital computer system 10 if bit 6 is set. The resulting
      interruption routine clears the B NEW DATA bit 12 and the control logic 74
      clears bit 0 in the BCS register 73.
PAR  The digital computer system 10 can only read bits 9 through 11 in the ACS
      register 72. These three bits are used to pass parameters between systems.
      They are defined by the program passing the parameters. Thus, bits 9
      through 12 and bits 0 and 2 through 4 provide a cross-interruption
      capability. That is, if system 20 needs to interrupt system 10 at some
      point in the program, the programmer writes an instruction to alter the
      contents of the BDB register 71 or the BCS register 73. This includes
      loading a ONE into bit 0 of the BCS register 73. The control logic senses
      this new value and sets bit 12 in the ACS register 72. If bit 6 contains a
      ONE, the A interrupt control unit 75 initiates an interruption operation.
      A similar operation occurs if it is necessary to interrupt operations in
      the system 20 from the system 10. Programs in the interrupted system may
      respond by using the NEW DATA bits to obtain parameters and provide other
      information useful in servicing the interruption request. For example, the
      data which transfers may eliminate polling steps which would otherwise be
      necessary to determine the exact nature of the interruption. Thus, the bus
      window 30 provides a cross-interruption capability which can be a very
      important programming tool in multiple system configuration.
PAR  Bit 8 is a TRANSFER ENABLE bit for the digital computer system 10 connected
      to bus 14. When set, this bit position indicates that the digital computer
      system 10 can be used as a target system and that the ARA register 67
      contains an address. The BCS register 73 contains the corresponding
      information in bit 7. Similarly, the B TRANSFER ENABLE bit appears in the
      ACS register 72 as bit 7 to indicate that the system connected to the bus
      24 may be used as a target system.
PAR  The digital computer system 10 can alter bits 3 through 5. These are A DATA
      bits. The control logic 74 transfers the information to bits 9 through 11
      in the BCS register 73. Bit 2 in the ACS register 72 contains the B WRITE
      ENABLE bit while bit 1 contains the A WRITE ENABLE bit. Conversely, the
      BCS register 73 has the B WRITE ENABLE bit information in bit 1. Bit 2
      contains the A WRITE ENABLE bit. Bit 2 can only be read by the digital
      computer system while bit 1 may be read or written. If the direction
      control signals on the bus 14 as an originating bus indicate a writing
      operation and bit 2 is reset, circuitry in the control logic can block the
      REQ NPR flip-flop 110 (FIG. 6) and enable the ACCESS ERROR flip-flop 107
      to set.
PAR  There is no discussion of the circuitry in the control logic 74 which
      alters the particular state of any specific bit position. Such circuits
      are known in the art and apparent from the previous functional discussion.
PAR  FIG. 8 shows the BRA register 40 and FIG. 9, the ADA register 37. In the
      BRA register 40, bits 12 through 15 identify the base address for any
      window size up to 8K, and bits 0 through 8 are never used. Similarly, bits
      0 through 8 in the ADA register 37 are always used in a displacement
      address while bits 12 through 15 are never used. The respective boundaries
      between the used and unused areas of the BRA register 40 and ADA register
      37 are complementary. For a 1K window size, the BRA register 40 contains
      relocation bits in positions 9 through 15 while the ADA register 37
      contains displacement information in bits 0 through 8. If the window is an
      8K window, the BRA register contains information in bits 12 through 15
      while the ADA register 37 contains displacement information in bit
      positions 0 through 11. Analagous organizations are found in the ARA
      register 67 and the BDA register 66.
PAR  Now referring to FIGS. 1, 2, and 3, the bus window 30 provides
      bidirectional communication paths between the buses 14 and 24. The bus
      window 30 can be considered as having two ports: one connected to the bus
      14, and the other connected to the bus 24. While the addresses for channel
      31 are in a fixed range, the digital computer system 20 relocates those
      addresses in itself. In accordance with the objects of this invention, the
      bus window 30 thus interconnects otherwise independently operable digital
      computer systems 10 and 20. A program instruction processed by the CPU 11
      in the digital computer system 10 for example, performs the transfer
      through the bus window 30 without any programmer intervention. The bus
      window 30 controls this transfer; hence, timing and synchronizing
      considerations in prior systems are eliminated.
PAR  This interconnecting device has been described in terms of a specific data
      processing system. It will be apparent, however, that the utilization and
      manipulation of the various transfer control, address and data signals may
      be altered to conform with the requirements of other systems. While
      specific circuit details have been shown, it is well known that many
      equivalents for those particularly disclosed circuits exist. Therefore, it
      is the object of the appended claims to cover all such variations and
      modifications as come with the spirit and scope of this invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a data processing system including first and second buses for
      transferring data, address and control signals, means with a plurality of
      first storage locations connected to said first bus, each of said first
      storage locations being identified by an address on said first bus, means
      connected to said first bus for generating addresses including addresses
      for said first storage locations and other addresses, means for
      transmitting onto said first bus first transfer control signals for
      effecting a data transfer over said first bus, and means with a plurality
      of second storage locations connected to said second bus, each of said
      second storage locations being identified by an address on said second
      bus, the improvement of interconnecting means connected to said first and
      second buses comprising:
PA1  A. a bidirectional data path for coupling data signals between the first
      and second buses,
PA1  B. decoding means responsive to preselected ones of the other addresses on
      said first bus for enabling said interconnecting means,
PA1  C. means responsive to the receipt of one of the preselected addresses in
      said decoding means for converting an address on the first bus to an
      address on said second bus corresponding to one of said second storage
      locations,
PA1  D. means responsive to the first transfer control signals on the first bus
      for transferring data between said first bus and said bidirectional data
      path, and
PA1  E. means for generating second transfer control signals in response to the
      address and first transfer control signals, said data processing system
      additionally including means responsive to second transfer control signals
      on said second bus for transferring signals between said second bus and
      the second addressed location identified by the address from said address
      conversion means to thereby transfer the data between said bidirectional
      data path and said one of said second storage locations.
NUM  2.
PAR  2. A data processing system as recited in claim 1 wherein said
      bidirectional data path additionally comprises
PA1  i. a storage register for receiving data from said first bus, and
PA1  ii. means responsive to the first transfer control signals and said
      decoding means for enabling said storage register to store data.
NUM  3.
PAR  3. A data processing system as recited in claim 1 wherein the address
      signals include first and second groups of signals, said decoding means
      being responsive to the first group of signals and said address conversion
      means additionally comprising means for storing a substitute group of
      address signals and means for concatenating the substitute group of
      address signals with the second group of address signals to thereby
      identify one of said second storage locations.
NUM  4.
PAR  4. A data processing system as recited in claim 3 wherein said data
      processing system additionally includes means connected to the second bus
      for generating addresses for said second storage locations and means for
      transmitting onto the second bus second transfer control signals and
      wherein said storage means for the substitute group of address signals is
      one of the addressed second storage locations, said system additionally
      comprising means connected to said second bus for altering the contents of
      said storage means for the substitute group of address signals in response
      to the address and second transfer control signals.
NUM  5.
PAR  5. A data processing system as recited in claim 1 wherein said second
      transfer control signal generating means includes:
PA1  i. means for transmitting onto the second bus an interrupting request
      signal in response to the receipt of a preselected address in said decoder
      means, said data processing system additionally including means responsive
      to the receipt of an interrupting request signal on the second bus for
      performing an interruption operation, and
PA1  ii. means for generating signals for effecting a transfer of data during
      the interruption operation.
NUM  6.
PAR  6. A unit for connection to a data processing system including first and
      second independently operable digital computer systems, each digital
      computer system including a set of physical locations identified by memory
      addresses and connected to a bus including address, control and data
      signal paths and means for effecting a transfer between locations on the
      bus, said unit interconnecting the first and second digital computer
      systems and said unit comprising:
PA1  A. a first channel responsive to one of a preselected plurality of memory
      addresses other than addresses for physical locations in the first digital
      computer system for effecting a data transfer between the first system bus
      as an originating bus and the bus in the second digital computer system as
      a target bus,
PA1  B. a second channel responsive to one of a preselected plurality of memory
      addresses other than addresses for physical locations in the second
      digital computer system for effecting a data transfer between the second
      system bus as an originating bus and the bus in the first digital computer
      system as a target bus,
PA1  C. each of said channels including:
PA2  i. an address decoder responsive to the receipt of address signals
      corresponding to the preselected plurality of memory addresses on its
      originating bus for selecting the channel,
PA2  ii. means connected to said address decoder for converting the address on
      the originating bus to an address for a physical location on the target
      bus in response to the receipt by said decoder of the address signals
      corresponding to the preselected plurality of memory addresses,
PA2  iii. first channel transfer means responsive to the transfer means in the
      digital computer system connected to the originating bus and enabled by
      said address decoder for transferring data between said channel and the
      originating bus, and
PA2  iv. second channel transfer means responsive to said address decoder for
      generating transfer control signals onto the target bus, the transfer
      means in the digital computer system connected to the target bus
      transferring data between the channel and the target bus in response to
      the transfer control signals.
NUM  7.
PAR  7. An interconnecting unit as recited in claim 6 wherein said address
      signals include first and second groups of signals, each said address
      decoder being responsive to the first group of address signals on its
      originating bus, said address conversion means additionally including a
      relocation register for storing a substitute group of address signals to
      be substituted for the address signals in the first group to thereby
      define the physical location on the target bus.
NUM  8.
PAR  8. An interconnecting unit as recited in claim 7 wherein said relocation
      register constitutes one of the physical locations connected to the target
      bus and the digital computer system connected to the target bus alters,
      the contents of said relocation register.
NUM  9.
PAR  9. An interconnecting unit as recited in claim 6 wherein each digital
      computer system generates transfer control signals including signals
      indicating the direction of a data transfer, each channel additionally
      comprising a control buffer register for storing the direction signals
      from the originating bus and means for enabling said control buffer
      register when an address in the originating bus identifies said
      interconnecting unit.
NUM  10.
PAR  10. An interconnecting unit as recited in claim 9 wherein said
      bidirectional data path in said channel comprises a data buffer register
      for receiving data from the originating bus in response to the first
      direction signals indicating a transfer of data to the target bus.
NUM  11.
PAR  11. An interconnecting unit as recited in claim 10 wherein said
      bidirectional data path in the channel comprises a direct data path
      between the originating and target buses for receiving data from the
      target bus in response to other direction signals indicating a transfer of
      data to the originating bus.
NUM  12.
PAR  12. An interconnecting unit as recited in claim 6 wherein each digital
      computer system includes means for generating onto the originating bus a
      master synchronization signal after address and transfer control signals
      are present on the originating bus, said first channel transfer means
      including means responsive to a master synchronization signal from the
      originating bus for generating a slave synchronization signal onto the
      originating bus upon the completion of a data transfer over the
      originating bus.
NUM  13.
PAR  13. An interconnecting unit as recited in claim 12 wherein said second
      transfer means includes means responsive to said address decoder for
      transmitting onto the target bus an interruption request signal thereby to
      interrupt operations in the digital computer system connected to the
      target bus, means responsive to the granting of the interrupt request for
      transferring address signals from said converting means and transfer
      control signals onto the target bus and means for transmitting a delayed
      master synchronization signal onto the target bus, the digital computer
      system responding to the master synchronization signal by generating a
      slave synchronization signal upon the completion of a transfer over the
      target bus.
NUM  14.
PAR  14. An interconnecting unit as recited in claim 6 wherein said
      interconnecting unit additionally comprises a status and control means for
      passing information between the first and second digital computer systems
      and wherein said status and control means includes:
PA1  i. a status register for each channel, each status register including a
      first bit position designating whether its corresponding channel has new
      data, and a second bit position designating whether the other channel has
      new data,
PA1  ii. control means for setting the second bit position when the first bit
      position is set, and
PA1  iii. means connected to the corresponding channel and responsive to the
      second bit position being set for generating an interrupting request
      signal to the corresponding system.
NUM  15.
PAR  15. An interconnecting unit as recited in claim 14 wherein said status
      register additionally includes data bit positions, the contents of said
      first and second bit positions indicating whether new data is present in
      said data bit positions in the corresponding status registers.
NUM  16.
PAR  16. An interconnecting unit as recited in claim 14 wherein said each of
      said channels additionally comprises a data buffer and wherein the first
      bit position in said status register indicates whether new data is present
      in the data buffer in the corresponding channel and the second bit
      position indicates whether new data in the data is present buffer of the
      other of said channels.
NUM  17.
PAR  17. An interconnecting unit as recited in claim 14 wherein said status and
      control means includes:
PA1  i. first and second multi-bit status and control registers each
      constituting a physical location in their respective digital computer
      systems, said respective digital computer system being connected for
      altering the contents of predetermined bit positions, and
PA1  ii. an address decoder responsive to an address of said status and control
      register for enabling the corresponding register.
NUM  18.
PAR  18. An interconnecting unit as recited in claim 17 wherein the contents of
      a first bit position in each of said status and control registers
      indicates whether an error condition exists and the contents of a second
      bit position indicates whether the corresponding digital computer system
      may be interrupted, said status and control circuit means additionally
      including means responsive to the contents of the first and second bit
      positions for generating interruption signals for the respective digital
      computer system.
NUM  19.
PAR  19. An interconnecting unit as recited in claim 18 wherein certain bit
      positions in one of said status and control registers associated with one
      of said digital computer systems contain information about the status of
      the other digital computer system.
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PAL  A Read-Only Memory device in the CPU of a microprogrammable computer
      contains a diagnostic program suitable for self-testing the computer. A
      microprogram for loading this diagnostic program from the Read-Only Memory
      device into Main Memory is contained in the Control Memory of the CPU.
      When required, the diagnostic program is loaded into Main Memory and
      executed thus allowing for the testing of a computer without the need of
      operational peripherals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to data processing equipment and more particularly
      to circuits for storing a diagnostic program on a Read-Only Memory device
      within the central processing unit (CPU). Upon an appropriate setting of
      control panel switches, this diagnostic program may be transferred to Main
      Memory and executed.
PAR  In a data processng installation containing a microprogrammable CPU, there
      are three kinds of diagnostic programs that may be used. One is the
      micro-coded diagnostic program contained in the Control Memory of the CPU.
      At predetermined timed intervals or upon the occurrence of predetermined
      events and switch positions, the CPU will execute its internal micro-coded
      diagnostic program. This micro program may either be brief or extensive
      and may test the data processing capability of either the CPU or the
      entire data processing system. One shortcoming of this kind of micro-coded
      diagnostic program is that it does not test the ability of the system to
      execute a program contained in Main Memory.
PAR  The second, and most common, form of diagnostic program is written into
      Main Memory, may be implemented to test any part of the data processing
      system or the entire system, may be on-line or off-line, and may be
      instituted on the occurrence of any predetermined set of conditions. The
      problem with this form of diagnostic program is that it must be loaded
      from a peripheral device and therefore the existence of this program in
      memory is dependent upon the proper operation of the CPU, the Main Memory,
      at least one controller and at least one peripheral device.
PAR  A third form of diagnostic program is one that is written into Main Memory
      in permanent form. In a core memory, for instance, that portion of memory
      containing the diagnostic program may be wired such that the contents of
      memory cannot be changed. A diagnostic program implemented in this fashion
      would not be dependent upon an operable peripheral device and controller,
      and would test the CPU's ability to execute a program contained in Main
      Memory. However, the portion of memory used in this manner becomes
      dedicated to the diagnostic program and can not be erased and used for
      application programs upon the successful completion of the diagnostic
      test. Furthermore, since the program is not modifiable the program's
      testing ability is not as powerful as it could otherwise have been since
      the program must perform without the benefit of self-modifying instruction
      sets which increase the power and flexibility of the program.
PAR  Thus, it can be seen that in the prior art there is no capability for
      testing of a stand-alone computer by means of an erasable diagnostic
      program located in Main Memory.
PAC  SUMMARY OF THE INVENTION
PAR  This application discloses a data processing system comprising a Main
      Memory and a microprogrammable CPU. In the described embodiment the Main
      Memory is organized to store sixteen bit words.
PAR  The CPU is controlled by a several thousand word control microprogram. Each
      word is 60 bits in length and the entire microprogram is stored on
      Read-Only Memory (ROM) chips in the Control Memory.
PAR  Separate ROM's contained within the CPU store a 16 bit software diagnostic
      program coded in machine language that can be loaded into and executed
      from Main Memory. When a control panel switch is in the "Diagnostic"
      position, a micro-coded subroutine in the Control Memory for loading this
      diagnostic program from the ROM's into Main Memory will be executed, and
      control of the CPU will then be passed to that diagnostic program just
      loaded. The diagnostic program will test the computer, isolate any faults
      and report the results to an appropriate fault register, the output of
      which may be viewed at the control panel. Provision is also made for
      stepping through the diagnostic program so that the particular instruction
      generating the fault may be isolated.
PAR  With this implementation it may be seen that all the disadvantages
      incorporated within the prior art diagnostic systems have been overcome.
      Since the diagnostic program is a standard software diagnostic it can test
      the ability of the CPU to execute Main Memory programs. As such it is very
      useful in conjunction with a micro-coded diagnostic program in that the
      microcoded diagnostic may be run first to test the proper operation of the
      CPU and then the software diagnostic program may be run to test the proper
      operation of Main Memory programs.
PAR  Since the diagnostic program is loaded from the CPU and not from a
      peripheral device, a stand-alone computer may be tested without the
      necessity of an operable peripheral device and controller. Finally, since
      the diagnostic program is a standard software program it is fully
      self-modifiable, it may be transferred to any part of Main Memory, and it
      is erasable upon completion of its testing so that the entire Main Memory
      may be used for application programs.
PAR  It is therefore the object of this invention to provide a capability for
      the testing of a stand-alone computer by means of an erasable diagnostic
      program located in Main Memory.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a block diagram of a computer in which this invention may be
      utilized.
PAR  FIG. 2 is a flow chart of a micro-coded loader program contained in the
      control memory.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the preferred embodiment the hardware necessary to implement this
      internal software diagnostic capability is shown in block diagram form in
      FIG. 1 and may be described generally as a data processing system with a
      CPU controlled by a microprogrammed Control Memory. Operation codes in
      machine language contained in Main Memory are used to call on the various
      microprograms contained in the Control Memory which implement the
      specified operations.
PAR  The CPU in FIG. 1 is implemented to provide parallel handling of 16 bit
      words and is built around an Arithmetic Logic Unit (ALU) 1 which performs
      all the required arithmetic or logic functions. The two input functions
      are the A Bus 2 and the B Bus 3 and the output is distributed throughout
      the CPU on the S Bus 4. The SW Switch 6 controls the loading of the W
      Register from the S Bus 4 or the SA Switch 7.
PAR  The SA Switch 7 is a multiplexer that determines what function is to be
      placed on the sixteen bit A Bus 2. The relevant input functions are
      defined as follows: F is the output of the File 9. F/2 is the File output
      shifted one place to the right. This is used in conjunction with the
      hardware multiply. 2F is the output of the File shifted one place to the
      left. This is used in conjunction with the hardware divide. PSW is the
      program status word which contains the over flow and carry indicators as
      well as bits pertaining to other CPU status functions. I is the output of
      the I Register 10. The DIO input is received on a set of data lines from
      an Input/Output Processor 18. The FCA+1 input is the address of the
      current microprogram instruction address +1. This is generally used for
      "branch and save" micro subroutine calls wherein the return address is
      stored in the File 9 or I Register 10.
PAR  The SB Switch 8 is another multiplexer which determines what function is to
      be placed on the sixteen bit B Bus 2 which is the other input to the ALU
      1. MBR is the data input from the MBR Register 12. SD is the lower byte of
      the MBR data with the sign of the byte (bit 8) spread through the upper
      byte. This is used for effective operand address calculation. D is the
      lower byte of the MBR data with 0's in the upper byte. This is also used
      for effective operand address calculations. The ROM input is the output of
      the addressable ROM's contaning the diagnostic program. The programmable
      ROM's are addressed by the eight least significant bits of the W Register.
      The W input is data from the W Register 5. The EMIT input receives 16 bits
      of EMIT data from the Control Memory 20 output. This emit data will be
      explained below. COUNT is the output of an eight bit Hardware Counter 15
      contained within the CPU and is used for various counting operations by
      the Control Memory microprograms.
PAR  The File 9 may be implemented from any random access memory device and has
      a capability of 32,16 bit words. The first eight words have specific
      functions. Z is a zero source. P is the address of the current instruction
      in the Main Memory program. L is the link address and is used to store the
      return address during the execution of a Main Memory program subroutine. T
      is a temporary storage location. X is index register number 1 and is used
      by the hardware for post-indexing. D is index register number 2 and is
      used by the hardware for preindexing. A is the Accumulator and E is the
      Extension of the Accumulator. The remaining 24 locations in the File may
      be used by the microprogrammer as working File locations and are referred
      to as File Eight through 31. The MBW Register 13 holds data that will be
      written into Main Memory 11 while the MBR Register 12 holds data that has
      been read from Main Memory. The MA Register 14 holds the address of that
      location in Main Memory that is currently being read from or written into.
PAR  The microprogram for control of the CPU is contained in the Control Memory
      20. In the described embodiment, this microprogram comprises about 2000
      words, each 60 bits long. As each word in Control Memory is accessed, the
      60 bits of information are fed out through control lines, not shown, to
      control all elements of the CPU. Sixteen of these control lines go to the
      Next Address Generator 19. The Next Address Generator determines the
      address of the next microprogram instruction to be accessed based not only
      on the 16 lines of address information from the Control Memory but also on
      the status of various registers and indicators throughout the system. In
      this fashion, the microprogram in Control Memory proceeds from one
      instruction to the next.
PAR  In the case where instructions are being executed in numerical sequence in
      the Control Memory, the 16 bits of next address information are not used
      for addressing and can be used for another purpose. These sixteen address
      lines are permanently wired to the EMIT input of the SB Switch. At the
      election of the microprogrammer, the next sequential address can be
      specified and the EMIT field may be selected through the SB Switch and
      applied as one of the two inputs to the ALU. In this case the 16 bits from
      Control Memory which normally represent an address are used as a sixteen
      bit data word. This is known as a "literal" in normal software
      programming. This technique presents an increased efficiency in the use of
      the Control Memory since in the EMIT mode, data is supplied directly from
      the Control Memory instead of data being supplied from a location the
      address of which is supplied by Control Memory.
PAR  FIG. 2 is a flow chart of the micro-coded subroutine in Control Memory that
      is used to load the diagnostic program from the ROM into Main Memory. The
      micro-coded subroutine is entered at Location 1 where the return address
      is stored in the Link Register of the File 9. The Next Address Generator
      19 in FIG. 1 automatically adds 1 to the address of the current
      microprogram instruction and supplies it to the SA Switch 7. The control
      lines emanating from Control Memory 20 select the FCA +1 output from the
      SA Switch onto the A Bus 2, select the appropriate ALU function such that
      the output equals the A Bus input, and finally controls the File 9 so that
      the S Bus data is clocked into the L Register. The result of these
      operations is that the return address for this subroutine is transferred
      from the Next Address Generator 19 through the SA Switch, through the ALU,
      and then to the L Register in one instruction cycle.
PAR  At location 2 of FIG. 2, 16 zero bits from the Zero Register of File 9 are
      clocked through the SA Switch and through the ALU to the Accumulator in
      File 9. The Accumulator in this subroutine is used as a check sum and
      therefore the instruction in Location 2 zeros the check sum prior to
      loading of the diagnostic program into Main Memory.
PAR  At location 3, a hexidecimal "OOFF" is produced by the EMIT field and is
      loaded into the P and W Registers. Since this subroutine is executing
      instructions from sequential words in memory, the next address field of
      the current instruction is not being used for addressing purposes and is
      therefore programmed with an "OOFF," 255 in decimal notation, and is used
      as the EMIT input to the SB Switch 8. The 256 word diagnostic program is
      stored in locations 0-255 in the ROM and will be loaded into locations
      0-255 in Main Memory. Since W is used to address the ROM, and P is used
      eventually as the address of the location to be loaded in Main Memory, the
      effect of the execution of the instruction in Location 3 is to set up both
      addresses. At this point, P and W now contain the address of the last word
      of the diagnostic program.
PAR  In location 4 the contents of the P Register which is a Main Memory
      address, is loaded into the MA Register, and in location 5 the contents of
      the ROM, which is a diagnostic program instruction, is loaded into the MBW
      Register 13 and the W Register 5.
PAR  In Location 6, the last diagnostic program instruction is loaded into the
      Main Memory from the MBW Register 13, into the location specified by the
      contents of the MA Register 14. During the same instruction cycle, the
      contents of W which is the instruction just loaded into Main Memory, is
      added to the content of the Accumulator which is the previous check sum,
      resulting in an updated check sum.
PAR  At Location 7, the contents of the P Register, which is the address of the
      word just loaded, is decremented by 1 to produce the address of the next
      diagnostic program word to be loaded and that address is loaded into the P
      and W Registers.
PAR  At Location 8, the S Bus which contains the memory address just computed is
      tested for all 1's ("FFFF"). The first time through the subroutine the
      number will become "OOFE" or 254 in decimal notation. Therefore, the
      program will branch back to location 4 to enable the next load operation.
      The subroutine will continue to loop until the last word has been loaded
      from the ROM into Main Memory. At that point, location eight will contain
      a minus 1, "FFFF" in hexidecimal notation. At this point the subroutine
      will proceed to location 9 where the final check sum is compared through
      the use of an exclusive OR function with the EMIT field data, "AAAA,"
      which represents the correct check sum. If an error is detected the
      subroutine branches to an error subroutine; otherwise control of the
      computer passes back to the calling microprogram which will initiate a
      transfer of control to the diagnostic program just loaded into Main
      Memory.
PAR  The use of an additional memory for storing a diagnostic program is
      discussed in the preceding discussion of the preferred embodiment, but the
      additional memory could be used equally well for other purposes. For
      example, individual users may need a self contained loading apparatus for
      storing into memory, loader subroutines, system turn-on and initialization
      subroutines, system generation programs, or any short program which the
      individual user may need to load into main memory and execute prior to
      loading full programs through the normal I/O channels. This apparatus
      could also be used to load a reduced capability application program into a
      stand-alone computer which would then be operable on a limited basis,
      without requiring the availability of peripheral devices.
PAR  It is to be understood that the above described arrangement is merely
      illustrative of the principles of the invention. For instance, this
      invention may be used in a variety of computers, and its use need not be
      restricted to computers with the specific architecture shown. Similarly,
      other micro-coded programs for accomplishing the loading and execution of
      a diagnostic program may be equivalent to the one shown and described
      herein.
PAR  While particular embodiments of the present invention have been described
      and illustrated it will be apparent to those skilled in the art that
      changes and modifications may be made therein without departure from the
      spirit and scope of the invention as claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a computer having a main memory for storing programs, apparatus
      comprising:
PA1  additional memory for permanently storing a program, and
PA1  a central processing unit for transferring said program from said
      additional memory to said main memory and for executing programs in main
      memory.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said additional memory is implemented
      from read-only memory devices.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said central processing unit further
      comprises:
PA1  a control memory containing a microprogram which specifies all steps for
      the performance of said transferring of programs, and
PA1  circuits responsive to the execution of said control memory microprogram
      for performing said steps.
NUM  4.
PAR  4. In a computer having a main memory for storing programs, apparatus
      comprising:
PA1  additional read-only memory for storing a program,
PA1  circuit means for copying said program from said additional memory into
      said main memory, and
PA1  a microprogrammable control memory means responsive to the execution of a
      micro-coded program contained within said control memory means for
      controlling said circuit means in the copying of said program from said
      additional memory to said main memory.
NUM  5.
PAR  5. In a computer having a control memory for controlling the central
      processing unit of said computer and a main memory for storing programs,
      apparatus comprising:
PA1  additional memory for permanently storing a program, and
PA1  circuits contained within said central processing unit and responsive to
      the execution of control memory programs for copying the program from said
      additional memory into said memory and for executing said program.
NUM  6.
PAR  6. In a computer having a main memory for storing programs, diagnostic
      apparatus comprising:
PA1  additional memory for permanently storing a program,
PA1  a diagnostic program stored within said additional memory, and
PA1  a central processing unit for transferring said diagnostic program from
      said additional memory to said main memory and for executing programs in
      main memory.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said additional memory is implemented
      from read-only memory devices.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said central processing unit further
      comprises:
PA1  a control memory containing a microprogram which specifies all steps for
      the performance of said transferring of programs, and
PA1  circuits responsive to the execution of said control memory microprogram
      for performing said steps
NUM  9.
PAR  9. In a computer having a main memory for storing programs, diagnostic
      apparatus comprising:
PA1  additional read-only memory for storing a program,
PA1  a diagnostic program stored within said additional memory,
PA1  circuit means for copying said diagnostic program from said additional
      memory into said main memory, and,
PA1  a microprogrammable control memory means responsive to the execution of a
      micro-coded program contained within said control memory means for
      controlling said circuit means in the copying of said diagnostic program
      from said additional memory to said main memory.
NUM  10.
PAR  10. In a computer having a control memory for controlling the central
      processing unit of said computer and a main memory for storing programs,
      diagnostic apparatus comprising:
PA1  additional memory for permanently storing a program,
PA1  a diagnostic program stored within said additional memory, and
PA1  circuits contained within said control processing unit and responsive to
      the execution of control memory programs for copying the program from said
      additional memory into said main memory and for executing said program.
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ABST
PAL  A data processing unit having a plurality of hardware data processing
      circuits each one including a program counter register for addressing the
      microinstructions, an accumulator register and an addressing register for
      storing the addressing of the operands of the microinstructions. Means are
      provided for switching the CPU from the hardware data processing circuits
      having a predetermined priority level to the hardware data processing
      circuits having a less priority level, by executing a particular
      microinstruction, which includes information either about the changing of
      the priority level or about the memory address of the starting
      microinstruction of the microprogram to be executed on the less priority
      level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention refers to a data processing unit having facilities for
      changing the priority level of data processing circuits.
PAR  Particularly the data processing unit comprises a plurality of hardware
      data processing priority circuits, a memory for storing a plurality of
      microinstructions and, for each of said priority levels, a program counter
      register for addressing said microinstructions in succession and an
      addressing register for storing the addresses of the operands of said
      microinstructions.
PAR  2. Description of the Prior Art
PAR  As is known, most electronic computers are provided with a plurality of
      processing priority levels and each of such levels executes a
      predetermined number of processing operations. For instance, in a three
      level computer, the level three (having the less priority) is used for
      computing and controlling the data, while the levels one and two are used
      for the character interchange with the peripheral units.
PAR  Several systems are known for shifting from a priority level to another one
      having a less priority as a consequence of particular events occurring
      during the data processing. For instance, one of such events occurs when a
      computer is processing data by using hardware of the priority level having
      order 3 and it is interrupted by a peripheral unit requesting a "character
      interchange operation". At this moment the computer stops the processing
      in progress at the level 3 and manages the character interchange operation
      by using hardware of the level 2. As is known, such management is executed
      by the interrupt facility which allows the "overlapping" operation of both
      the character interchange at level 2 and the processing at level 3.
PAR  When the character interchange has been performed, the peripheral unit
      communicates this event in a known manner to the computer which checks up
      on the received characters, for instance the computer may carry out a
      parity check operation by means of a redundancy polynominal in the case
      where the characters have been transmitted from a magnetic substrate
      reading unit. This checking operation is generally carried out by a
      specific program and executed at level 3 which is, as said above, the
      level wherein all checking operations take place. When the character
      interchange operation has finished, the data processing unit must switch
      from the level 2 (which is the level whereat the interchange occurred) to
      the service microprogram of the level three to manage the checking
      operation of the characters and at the same time it is required to reserve
      the microprogram of the level, the execution of which is already in
      progress.
PAR  In a known system these operations are carried out separately by means of
      two instructions: one instruction executes the "reservation" operation,
      namely it transfers the program counter contents of the level three onto a
      suitable memory register; the other instruction carries out the shifting
      operation from the level 2 onto a special memory cell whereon is stored
      the address of the first service program instruction to be executed at the
      level three.
PAR  Such a system has two disadvantages: the first being that the control
      switching occurs by means of the execution of two instructions, wherefore
      the time required for switching the control from the level 2 onto the
      level 3 is the sum of the execution times of the two instructions. The
      second disadvantage being that afterwards it is still required to transfer
      the contents of the memory cell addressed by the second instruction onto
      the program counter of the level three. Consequently the total time
      required for the control switching from the level two onto the level three
      must be further increased.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is thus an object of the present invention to provide a unit which
      eliminates the aforementioned disadvantages by reducing the time required
      for shifting from a priority level, for instance the level 2, onto a
      specific service program of another level having a lower priority, for
      instance the level 3.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention is now described with reference to
      the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of a CPU;
PAR  FIG. 2 is a block diagram of the facilities of the CPU in accordance with
      the invention; and
PAR  FIG. 3 shows the format of a specific microinstruction executed by the
      system of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The system according to the invention is applied to a CPU 1 (FIG. 1) which
      is connected with a memory 2 and a group of peripheral units, generically
      identified by 3, by any known data linking means. The memory 2 is of the
      known type and is preferably embodied by MOS-LSI circuits (integrated
      metal oxide semi-conductors). The memory 2 preferably has a capacity of
      256 .times. 256 cells, each of the cells storing an 8-bit byte and is
      split into 256 sections called pages. Therefore, the addressing of a cell
      of the memory requires 16 bits, of which eight bits are used for
      identifying the page and eight bits for identifying the cell within the
      page.
PAR  The first memory page, called the zero page, is of the read/write type and
      it is identified by the symbol RAM, while all other pages are of the
      read-only type being identified by the symbol ROM. The ROM pages of the
      memory 2 can suitably contain the microinstructions to be executed by the
      central unit 1 in order to carry out the many operations requested. The
      sequence whereby the microinstructions are read from the ROM pages and
      transferred onto the central unit 1 to be executed is defined according to
      the program stored on the zero page. In fact, the zero page stores the
      instruction of the program entered to the operator by means of the
      peripheral units 3, for instance, such as by a keyboard or a magnetic card
      reader.
PAR  Furthermore, the zero page contains a zone called a reserved zone, adapted
      to contain specific registers which will be described below.
PAR  The CPU 1 is suitable for processing the data at a plurality of priority
      levels, each of them managing, at different execution rates, predetermined
      operations, for instance, such as the data interchange operations with the
      peripheral units 3, the writing and reading operations on the memory 2,
      the computing operations, etc.
PAR  In the present specification reference is made to a CPU 1 provided with
      three priority levels. Nevertheless, the device according to the invention
      can be applied to control units provided with a different number of
      priority levels.
PAR  Each of the three priority levels comprises a specific hardware including a
      group of operational registers having a 16-bit capacity and, more
      precisely, an accumulator register 4, a program counter register 5, and an
      operand address register 6. Similarly, the levels two and three are
      provided with three registers 7, 8, 9 and three registers 10, 11, 12
      similar to the registers 4, 5, 6 respectively. The shifting operation from
      a priority level 3 onto a priority level 2, or from the level 2 onto the
      level 1 occurs by means of suitable microinstructions which are not
      described in detail as they do not deal with the object of the present
      invention.
PAR  For defining the operation priority level, the control unit 27 energizes
      one of three wires 30, 31 or 32 corresponding to the selected level. In
      particular, the wire 30 enables the operation of the registers 4, 5 and 6
      of the first level, the wire 31 enables the registers 7, 8 and 9 of the
      second level, and the wire 32 enables the registers 10, 11 and 12 of the
      third level. More details will be supplied below about the operations of
      the wires 30, 31 and 32.
PAR  The CPU 1 furthermore comprises an arithmetic unit 13 for executing the
      arithmetic operations and which is connected with both the inputs 14.sub.4
      - 14.sub.12 and the outputs 15.sub.4 - 15.sub.12 of the registers 4 - 12.
      The inputs 14.sub.4 - 14.sub.12 and the outputs 15.sub.4 - 15.sub.12 are
      in turn connected with an input/output register 23 of the CPU 1 by means
      of the channels 21 and 22 respectively. The register 23 is connected with
      the memory 2 and the peripherals 3 by means of the channels 24 and 25.
PAR  Furthermore, the CPU 1 comprises a register 26, having eight cells
      connected with the channels 21 and 22 for storing, as will be seen below,
      the code combination of the microinstructions the control unit must
      execute each time. The register 26 is in turn connected with a control
      unit 27 by means of a channel 71, the control unit 27 generating a
      sequence of control signals hereinafter identified by the symbol COM and
      applied to the outputs 28 as a function of the code combination stored on
      the register 26. The control unit 27 is timed by a timer 29, and
      consequently the signals COM are generated in succession at a timing rate
      which is defined by the timer 29. The control unit 27 is not specified in
      detail, as it may be readily embodied by one skilled in the art.
PAR  In fact, the control unit 27 is substantially a decoding combination
      network, decoding the microinstruction code combination stored each time
      in the register 26. As a consequence of the decoding of a microinstruction
      the combination network selects only some of the outputs 28, which are
      then sequentially energized by the timer 29 generating the control signal
      COM. These control signals act, as it will be specified below, upon the
      channels interconnecting the registers 4 - 12 and the arithmetic unit 13,
      or upon the channels 21 and 22, controlling in this way the data flow in
      the CPU 1 and between the CPU 1 and the external peripherals 3.
PAR  With reference to the FIG. 2, there are now set forth in detail connections
      between the registers of the CPU 1 and the memory 2 and the control unit
      27, which are related to the invention. In order to simplify the
      description, only the connections related to the shifting operation from
      the priority level 2 to the priority level 3 are pointed out, but
      nevertheless the same connection means are used for the levels one and two
      and, more generally, for the levels n and n + 1.
PAR  In FIG. 2 the connections between the registers are shown by channels
      carrying eight bits in parallel and the data transferring direction is
      defined by the arrows. The data transferring operation from one register
      to another occurs if the gate circuit inserted on the linking channel and
      indicated by a circle, is enabled by the corresponding control signal COM.
      For instance, the content of the register 8 is transferred into the
      register 65 only when the control unit 27 generates a control signal COM01
      which enables the gate circuits 36 and 37. As set forth, the registers 8,
      9, 11 and 12 have a 16-bit capacity, each being split into two sections
      each having an 8-bit capacity, wherein one stores the least significant
      bits and the other the most significant bits. In particular, the register
      8 is split into the sections 45 and 46, the registers 9 is split into the
      sections 47 and 48, the register 11 is split into the sections 49 and 50,
      and the register 12 is split into the sections 51 and 52.
PAR  The section 45 of the register 8 is connected with the section 47 of the
      register 9 by means of the gate circuit 44, while the section 48 of the
      register 9 is connected with the output channel 21 of the register 23 by
      means of the gate circuit 43.
PAR  The input channel 22 of the register 23 is connected with the section 50 of
      the register 11 by means of the gate circuit 53, the section 50 of the
      register 11 is in turn connected with the section 48 of the register 9 by
      means of a gate circuit 54 and with the output of an 8-bit register 56 by
      means of a gate circuit 55. The register 56 is in turn connected with the
      output channel 21 of the register 23 by means of the gate circuit 57. The
      section 49 of the register 11 is connected with the channel 22 by means of
      the gate circuit 60 and with the channel 21 by means of a gate circuit 61.
      The register 26 is connected with the channel 21 by means of a gate
      circuit 62 and the section 49 of the register 11 by means of a gate
      circuit 75. Furthermore, the sections 45 and 46, 47 and 48 of the
      registers 8 and 9 are connected with the input of a register 65 of the
      memory 2 by means of the gate circuits 36, 37, 63 and 64.
PAR  Furthermore, another 8-bit register called the "pointer" register 66 is
      connected with the register 65 by means of a gate circuit 67.
PAR  The register 65 is the addressing register of the memory 2 and it comprises
      16 cells. This register is used for selecting the memory cell in which a
      character must be read or written. Moreover, the memory 2 comprises a zone
      70 located on the zero page on which the reserving addresses of the
      interrupted microprograms are recorded each time. More precisely, when a
      microprogram execution which is in progress at a predetermined level, is
      interrupted because a microprogram must be executed at another priority
      level, the address, called old program starting address (OPSA) of the
      interrupted microprogram is to be reserved. In this address is recorded
      the microinstruction subsequent to the last microinstruction executed by
      the microprogram of the interrupted priority level. It is to be noted that
      it is not required to reserve the address of the microinstruction of the
      program executed on the interrupted level, because, as set forth, the
      accumulators, the program counters and the operand address registers are
      supplied for each of the priority levels.
PAR  All old program starting addresses (OPSA) are stored on successive cells of
      the zone 70. The addressing of the zone 70 cells is performed by the
      "pointer" register 66 which is connected, as seen above, with the
      addressing register 65. As is explained below, the "pointer" register 66
      is increased by one each time a microprogram is interrupted, and in this
      way the "pointer" register 66 always identifies the first free cell of the
      zone 70 whereon the old program starting address of the interrupted
      priority level microprogram may be stored. It is to be noted, finally,
      that the gate circuits 36, 37, 43, 44 and 62 may be energized only at the
      second level as they are enabled by the wire 31 and on the contrary all
      other gate circuits may be energized at the third level, with the
      exception of the gate circuit 67 which may be enabled at all of the three
      levels. The functional description of the device according to the
      invention will now be explained.
PAR  It is assumed that the CPU 1 is processing the data at the priority level 2
      and thus the control unit 27 has energized the wire 31. It is furthermore
      assumed that, during the microprogram execution, the CPU 1 should carry
      out a microinstruction called "JSL" which has the purpose, as it will be
      seen below, to switch the CPU 1 from the level 2 to the level 3.
PAR  The microinstruction JSL is built up of two 8-bit bytes (FIG. 3) wherein
      the first byte has the following meaning: the bit 0 specifies whether the
      address identified by the second microinstruction byte is located in the
      "zero" page or in the "current" page. The "current" page is defined as the
      memory page wherein the microinstruction JSL has been read; the bit 1
      specifies the direct or the indirect addressing mode. In the first case
      the contents of the second microinstruction byte is the operand address
      (of "zero" or "current" page according to the level of the bit 0). In the
      second case it specifies the first of two adjacent cells of the memory 2
      wherein are stored the two bytes forming the operand address. The bits 2-5
      specify the code combination of the instruction JSL within the extent of
      the microinstruction group; the bits 6-7 specify the microinstruction
      group to which the microinstruction belongs.
PAR  The second byte of the microinstruction JSL specifies, as already set
      forth, the memory location wherein the operand is recorded when the direct
      addressing operation mode is used, and the first of two adjacent cells of
      the memory 2 containing the operand address when the indirect addressing
      operation mode is used.
PAR  The microinstructions are executed by the CPU 1 on successive cycles having
      a period established by the timer 29. More precisely, the CPU 1 executes
      the microinstructions within two stages, the first stage comprising two
      cycles during which the CPU 1 carries out the recognition of the
      microinstructions. The second stage comprises a number of cycles being
      variable for each microinstruction and during which the operations related
      to the recognized microinstruction are carried out.
PAR  The recognition stage is executed as follows:
PAR  In synchronism with the first timing signal generated by the timer 29 the
      control unit 27 generates the control signal COM01 which enables the gates
      36 and 37 and transfers the bits specifying the last address used during
      the previous microinstruction of the memory 2, from the program counter 8
      into the addressing register of the memory 2. Then, the control unit 27
      generates the control signal COM02 which causes the register 8 contents to
      be increased by one unit. Subsequently, the control unit 27 generates the
      control signals COM03 which causes the transferring of the 8-bit
      information contained in the addressed cell, from the register 65 into the
      instruction register 26.
PAR  In this way, at the output 71 of the microinstruction register 26 is stored
      the 8-bit code of the first byte of the microinstruction JSL; and this
      code is transmitted onto the control unit 27 by means of the output 71.
PAR  Subsequently, the control unit 27 loads the instruction operand address
      (second byte) into the register 9 during a second cycle, as will be
      described below. The control unit 27 generates the control signal COM01
      which transfers the contents of the register 8 (which was increased by one
      unit during the previous cycle) into the addressing register 65; thus the
      control unit 27 generates the control signal COM04 which transfers the
      contents of the memory 2 cell addressed by the register 65 into the
      section 48 of the register 9. In order to complete the operand address,
      the control unit 27 generates the control signal COM05 if the bit 0 of the
      first byte is at level 1, or the control COM06 if the bit 0 is at level 0.
      In the first case the control signal COM05 writes eight bits at level 0
      into the section 47 of the register 9, and thus the address stored on the
      section 48 of the register 9 relates to the zero page. In the second case
      the control signal COM06 transfers the contents of the section 45 of the
      register 8 into the section 47 of the register 9. As already set forth,
      the section 45 contains the number of the page from which was read the
      microinstruction in execution, wherefore the "current" page is forced into
      the section 47 of the register 9. The control unit 27 generates
      subsequently a new control signal COM02 which increases by one the
      contents of the register 8.
PAR  Therefore, at the end of the second cycle the code combination of the
      instruction JSL (first byte) is stored on the register 26, the second byte
      of the microinstruction is stored on the register 9, and the address of
      the memory 2 wherein is stored the first byte of the subsequent
      microinstruction, is stored in the register 8.
PAR  After this, the control unit 27 starts the execution stage of the
      instruction JSL. As the timer 29 generates the first timing impulse, the
      control unit 27 generates the control signal COM07 which transfers the
      contents of the "pointer" register 66 into the addressing register 65. As
      set forth above, the "pointer" register 66 contains the address of the
      first free cell of the zone 70 of the memory 2 in which are stored the old
      program starting addresses (OPSA). As explained above, such a zone is
      located on the zero page wherefore the eight bits of the "pointer"
      register 66 are sufficient to address a cell in the zero page.
      Subsequently, the control unit 27 generates the control signal COM08 which
      increases by one the contents of the "pointer" register 66.
PAR  At this moment the control unit 27 disenables the wire 31 and enables the
      wire 32, consequently all control signals subsequently generated by the
      control unit 27 will concern the gate circuits of the third priority level
      only, wherefore all registers of the second level are no longer influenced
      by these control signals. In this way the address stored in the program
      counter register 8 of the level 2 is static and it is not modified during
      the operations at level 3, and therefore no reserving operation of the
      address concerned is required.
PAR  On the contrary, the control unit 27 carries out, as shown below, the
      reserving operation of the last address stored on the program counter 11
      of the level 3 the control unit 27 generates the control signal COM09
      which transfers the eight bits stored in the section 50 of the register 11
      starting from the memory cell addressed by the addressing register 65. As
      said above, this cell being specified by the pointer register 66, is the
      first free cell of the address reserving zone 70. After the reserving
      operation of the less significant bits of the program counter 11, the
      control unit 27 generates the control signal COM10 which transfers the
      eight bits stored in the section 48 of the register 9 into the section 50
      of the program counter 11. Subsequently, the control signal COM07 is newly
      generated and it forces the contents of the pointer register 66 into the
      addressing register 65. It is to be pointed out that the contents of the
      register 65 have been previously increased by one by the control signal
      COM08. Then, the control unit 27 generates the control signal COM08 which
      still increases the contents of the pointer register 66 by 1. At this
      moment the control unit 27 provides the reserving of the 8 bits stored on
      the section 49 of the program counter 11 by generating the control signal
      COM11, which transfers these bits into the memory cell specified by the
      pointer register 66, the cell being subsequent to the one wherein the bits
      contained by the section 49 of the register 11 were stored.
PAR  Subsequently, there is generated a control signal COM12 which transfers the
      contents of the section 47 of the register 9 into the section 49 of the
      program counter 11.
PAR  At this moment the second byte of the microinstruction JSI is stored on the
      program counter 11 of the level 3 and in the address reserving zone 70 is
      stored the microinstruction address, which must be resumed the level 3
      program interrupted by the control unit 27. The pointer register 66 stores
      the address of the first free cell of the zone 70 which may thus be used
      for possible subsequent reserving operations.
PAR  As it was previously set forth, the bits of the second byte of the
      instruction JSL have different meanings according to the addressing mode
      (direct or indirect) selected by the bit 1 of the first byte. If the
      addressing mode is direct, these bits specify the address of the first
      instruction to be executed. As this address is stored in the program
      counter 11 of the level 3 and the control unit 27 generates now the
      control signal COM01 which activates only the registers of the level 3, as
      there is energized the wire 32 related to the level 3. Therefore, the
      recognition stage of the first microinstruction of the level 3 is started
      and then is followed by the execution stage.
PAR  If the addressing mode is indirect, the bits stored on the register 9
      (which are the same stored in the register 11) specify the address of the
      first of the two adjacent cells of the memory 2 which contain the operand
      address. Consequently, the control unit 27 generates the control signal
      COM13 which transfers the address stored on the register 9 of the level 2
      into the addressing register 65; consequently, there is generated the
      control signal COM14 which increases the contents of the register 9 by one
      unit. At this moment the control unit 27 generates the control signal
      COM15 which transfers the contents of the cell addressed by the register
      65 into the register 56. Subsequently, the control signal COM13 is again
      generated and it forces the contents of the register 9 into the addressing
      register 65. The register 9 is then increased by one of the control signal
      COM14. Subsequently, the control unit 27 generates the control signal
      COM16 which transfers the contents of the memory cell addressed by the
      register 65 into the section 49 of the program counter 11 of the level 3,
      and furthermore the control unit 27 generates the control signal COM17
      which transfers the contents of the register 56 onto the section 50 of the
      program counter 11. In this way the address of the first instruction of
      level 3 to be executed is recognized by the program counter 11.
PAR  Then, the control unit 27 again generates the control signal COM01 which
      energizes only the registers of the level 3, as there is now energized the
      wire 32 of the level 3. The execution of the level 3 instruction is now
      started in a mode which is substantially similar to what explained for the
      instruction JSL.
PAR  For the sake of clarity, there is listed on the chart below the sequence of
      the control signals generated by the control unit 27 for executing the
      instruction JSL. For each control signal, there are shown on the second
      column of the chart the gate circuits energized and on the third column
      there are the registers connected by the energization of the corresponding
      gate circuit. The increasing by one of a register is indicated by the
      symbol 8 + 1.fwdarw.8; finally, it is to be noted that the control signals
      subsequent to the COM12 one are generated in the event of indirect
      addressing operation mode only.
TBL  ______________________________________                                    
     Control signal                                                            
                 GATE         Operation                                        
     ______________________________________                                    
     COM01       36, 37       8        65                                      
     COM02       --           8+1      8                                       
     COM03       62            2       26                                      
     COM01       36, 37        8       65                                      
     COM04       43            2       48(9)                                   
     COM05       --            0       47(9)                                   
     COM06       44           45(8)    47(9)                                   
     COM02       --           8+1      8                                       
     COM07       67           66       65                                      
     COM08       --           66+1     66                                      
                 --                    32                                      
     COM09       53           50(11)   M                                       
     COM10       54           48(9)    50(11)                                  
     COM07       67           66       65                                      
     COM08       --           66+1     66                                      
     COM11       60           49(11)   M                                       
     COM12       61           47(9)    49(11)                                  
     COM13       63, 64       9        65                                      
     COM14       --           9+1      9                                       
     COM15       57            2       56                                      
     COM13       63, 64        9       65                                      
     COM16       75            M       49(11)                                  
     COM17       55            56      50(11)                                  
     ______________________________________                                    
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a data processing unit of the type having a plurality of hardware
      data processing circuits for processing data at corresponding priority
      levels, a memory for storing microinstructions and, for each of said
      priority levels a program counter register for addressing in succession
      said microinstructions, wherein the improvement comprises:
PA1  means controlled by a level change signal defined by a predeterined
      microinstruction executed by the circuits of a predetermined priority
      level for switching said unit from said predetermined level to a lower
      priority level, said predetermined microinstruction comprising a first
      character code for defining the priority level change microinstruction and
      a second character code for specifying an address;
PA1  a first register included in said data processing unit for storing said
      first character code;
PA1  a control unit connected to said first register for decoding said first
      character code and for generating a plurality of control signals in
      accordance with said predetermined microinstruction defined by said first
      character code;
PA1  means responsive to said control signals for transferring the content of
      the program counter register of said lower priority level into a
      predetermined location of said memory; and
PA1  means responsive to said control signals for storing the address specified
      by said second character code into said program counter register of said
      lower priority level.
NUM  2.
PAR  2. A data processing unit according to claim 1, further comprising an
      addressing register for each priority level for storing the operand
      addresses of microinstructions and wherein said memory is split into a
      plurality of pages each of said pages comprising a plurality of cells,
      said program counter registers and said address registers being split into
      a first section defining a predetermined page in said memory and into a
      second section defining a predetermined cell in said predetermined page
      and wherein, a bit of said first character is decoded by said control unit
      for selectively generating a first control signal for transferring the
      bits stored on the first section of said program counter register into the
      first section of said address register, and a second control signal for
      clearing said first section of said address register, said second
      character being stored by said control unit into the second section of
      said address register.
NUM  3.
PAR  3. A data processing unit according to claim 2, wherein said control unit
      includes means controlled by said predetermined microinstruction for
      generating a third control signal for transferring the contents of the
      program counter register of said lower priority level into said
      predetermined location of said memory.
NUM  4.
PAR  4. A data processing unit according to claim 3, further comprising a second
      register in said control unit the contents of which defines said
      predetermined location of said memory, said contents being increased by
      said control unit when said predetermined microinstruction is present.
NUM  5.
PAR  5. A data processing unit according to claim 3, wherein said control unit
      further includes means responsive to said predetermined microinstruction
      for generating a fourth control signal for transferring the contents of
      the addressing register of the higher priority level into the program
      counter register of the lower priority level.
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ABST
PAL  An automatic text processing system, wherein a text is printed by a
      typewriter and simultaneously recorded line by line in corresponding
      blocks of a magnetic tape. The system automatically prints the address of
      the block in which each line is stored, whereby an operator can cause the
      system to print selected lines of the text by posting the corresponding
      addresses on the typewriter. The lines or paragraphs of a text can be
      cancelled or added and their succession can be changed, by posting the
      addresses of the lines which are to be cancelled, added or shifted in the
      text. The fair copy is then automatically printed with the lines justified
      according to a format selected by the operator. According to another
      embodiment the system can be used to automatically search the information
      recorded on the magnetic tape.
PARN
PAR  This is a continuation, of application Ser. No. 291,145 filed Sept. 15,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system for automatically processing and
      printing the contents and the format of a text.
PAR  More particularly it refers to a system in which a draft of the text is
      first prepared and stored, and subsequently modified into a final text
      which is stored for final printing.
PAR  In such systems the final text is usually stored on magnetic tapes or other
      recording media. One of the purposes of so storing the final text is for
      using it for the high speed reprinting of the text, as required for
      instance for printing a large number of standard form letters.
PAR  Another purpose is to do a so-called semi-standard form letter work, in
      which a standard form letter is reprinted many times with only the address
      or other personal information added. Additionally, the same final text can
      be used for reprinting it in different page formats. Also the final text
      is available at a later time for further correction, without the need of
      retyping it again in its entirety.
PAR  Yet another purpose is to use the final text record for subsequent text
      composing and margining operations. Still other purposes are known in the
      art.
PAR  Among the known systems of this kind, there is a first category based on
      the use of two tapes or other recording media, one for recording the draft
      of the text and the other for recording the final text.
PAR  Some examples of one type of system in this first category are disclosed in
      U.S. Pat. to Tholstrup et al, 2,859,851, Blodgett et al, 3,025,941 and
      Knudsen et al, 3,414,013. This type of system operates in the following
      manner. While the operator types the draft of the text, this draft is
      printed and at the same time is punched on a tape. The corrections are
      then normally evidenced by marking them on the printed draft. To enter the
      corrections, the operator then puts the reader of the first punched tape
      in the reading mode, and starts a reprinting operation during which the
      machine reads the first tape, prints its contents on the final sheet and
      at the same time punches a fresh tape.
PAR  When the printer arrives at a point where a correction is to be made, the
      operator stops the reprinting and repunching operation and types in the
      correction, which is thereby printed in the final page and punched in the
      second page.
PAR  After this correction, the operator resumes normal automatic printing of
      the first draft tape from the point following the correction until he
      finds the location when the next correction is to be made.
PAR  It is therefore apparent that in these systems the text correction process
      is based on transferring the draft text from the first to the second tape
      line by line, interrupting the transfer at the points requiring correction
      so as to avoid transfer of incorrect words, typing in and recording on the
      second tape the correct words in the place of the incorrect ones during
      this interruption of the transfer, and then resuming the transfer.
PAR  This category of system, besides having the disadvantage of requiring two
      tapes which affects both cost and ease of operation in handling the tapes
      in the machine, has the drawback that the operator cannot access any point
      of the text to make a correction without first reprinting the whole text
      each time up to the point at which the error appears. A further drawback
      is that it requires continuous attention by the operator during the
      reprinting of the draft in order to stop exactly at the place to be
      corrected. All of the above disadvantages make the correction process a
      slow and tedious one.
PAR  In the first category of systems, based on the transfer between two
      recording media, a second type of system is known which operates
      substantially in the manner described above, except that the operator has
      the ability to command the tape-to-tape transfer operation in a
      line-by-line manner. Therefore, in the case where a page requires a
      correction for instance in the 15th line, in the first tape of systems the
      operator starts the reprinting and transfer operations at the first line
      and the operation continues in a fast automatic mode until stopped by the
      operator at the 14th line. In the second type of system the operator has
      to depress a button 14 times which commands the transfer of a line between
      the two tapes without printing. The operator has also the choice of
      combining the two methods so that he can for instance command a first
      transfer with printing up to, for example, the 10th line and then continue
      up to the 16th line on a line-by-line basis.
PAR  A system of this second type is disclosed in the U.S. Pat. to Ross No.
      3,490,004 (see also Sims et al U.S. Pat. No. 3,297,124) which uses two
      magnetic tapes.
PAR  Therefore this second type system in the first category still requires two
      tapes for the text correction operation, and additionally requires the
      operator to manually go through the entire text in order to locate the
      points where he has to insert a correction, which still results in a slow
      and difficult operation.
PAR  A second category of systems in known in which the recording medium for
      recording the final text is the same as that which is used for recording
      the draft of the text.
PAR  Systems of this second category are disclosed in U.S. Pat. Nos. to Locklar
      et al 3,260,340, Jones et al 3,512,132 and 3,512,137, and Kolpek
      3,674,125. These systems, however, present the same drawbacks with regard
      to the search of the lines to be modified, since they require the operator
      to manually go through all the correct lines of the text before locating
      the line to be corrected.
PAR  A modification of the above systems is the one described in the U.S. Pat.
      to Bernier No. 3,579,193, in which during the correction phase the
      operator can speed up the skipping of correct lines by using a "paragraph
      skip" button. However, this requires that the operator record an end of
      paragraph signal when typing the draft. Additionally, it still requires
      the operator to go through the entire text, even though it skips sections
      longer than a line.
PAR  A third category of system is one based on the use of a page display for
      diaplaying the page to be corrected.
PAR  An example of this category of system is disclosed in the U.S. Pat. to
      Damman et al No. 3,248,705 in which the text is introduced through a
      remote keyboard into the memory of a main central processor located at a
      certain distance away and is visually displayed on a cathode ray screen.
      The operator can amend the visually displayed text by actuating suitable
      keys of the keyboard and in this way, the contents of the memory of the
      central processor are altered. When the text is then to be printed, the
      processor supplies the coded characters of the correct text to the
      typewriter. This printing system, however, has the disadvantage of being
      costly owing to the necessity of being connected to a main central
      processor. Moreover, the sytem does not automatically provide a first tape
      with the final text. Additionally, it still requires the operator to go
      through the entire text, by manually shifting a marker point on the
      screen, in order to arrive at the location to be corrected. Another system
      of this type having the same disadvantages is disclosed in the U.S. Pat.
      to Goldsberry No. 3,618,032 issued later with a published corresponding
      French application No. 2,025,653.
PAR  A variation of the display type system is the one disclosed in the U.S.
      Pat. to Adams No. 3,380,568 in which the marker on a CRT display is
      replaced by a mechanical converter (FIG. 7) to locate within the page the
      zone to be corrected. Therefore, during the correction operation, the
      accessing of the line to be corrected is accomplished by manually
      measuring with the converter the coordinates of the point to be corrected.
PAR  A somewhat similar system is the one described in the British Pat. to Dirks
      No. 786,037 and the German Pat. publication No. 1,086,072. In this system,
      the draft is first recorded on a first page. During the correction
      operation the operator scans, with the use of means not disclosed, the
      entire text line-by-line until he finds the point to be corrected. He then
      inserts a mark in the memory to identify the correction point and at the
      same time inserts the correct words on a second tape. The mark is later
      used by the machine for automatically merging the two tapes and so
      inserting the correction in place of the incorrect words. Therefore the
      accessing of the point to be corrected still requires the operation to go
      through the entire text.
PAR  Finally, a fourth category of systems is known, in which some numbering of
      the printed lines is used to help the operator in the correction
      operation.
PAR  A first system in this category is described in U.S. Pat. to Bafour et al
      No. 2,762,485 (other features of the same machine, but not related to the
      subject matter in question, are described in Bafour U.S. Pat. No.
      2,947,357).
PAR  Bafour et al describes an automatic composing machine wherein the draft of
      the text is typed on the keyboard 10' (FIG. 2) and at the same time
      printed on a sheet and simultaneously recorded on a first paper tape 1A.
      During this phase of operation the machine automatically numbers the lines
      by printing the progressive line numbers on the same sheet and recording
      the same number in the corresponding location of the paper tape. After
      reviewing the draft, the operator, in order to correct it, introduces into
      the machine a second tape 1Z (the correction tape) and retypes all the
      lines which must be modified, together with their reference numbers. These
      lines and their reference numbers are recorded on the second tape 1Z.
      After this, the two tapes are introduced in corresponding reading units
      21A and 21Z (FIG. 6). While the two tapes are read together, a selector 43
      compares line-by-line the reference numbers stored on the tape 1A with the
      ones stored on the tape 1Z. When these numbers are different, the selector
      sends the line stored on the first tape 1A to the printer 64. When, on the
      contrary, these numbers are equal, this means that the line stored on tape
      1A is incorrect and so the selector sends to the printer 64 the line
      stored on the second tape 1Z. In this way, the printer 64 prints only the
      correct lines, whereby a fair copy as amended by the operator is obtained.
PAR  From the above it appears that the Bafour et al system has the disadvantage
      of requiring at least two tapes for the correction operation and a total
      of three tape if it is desired, as in the case of the present invention,
      to obtain a final tape with the correct text.
PAR  Moreover, in the Bafour et al system the line numbers printed on the draft
      sheet give the operator very limited help in locating the lines to be
      corrected. In fact, by looking at the line numbers the operator can
      identify the number of a line he wishes to correct without counting all
      the preceding lines in the page. But this is the only facility available
      since he cannot use the same numbers as "addresses" for accessing any
      specific desired line to be modified on the tape. On the contrary, the
      system is not provided with addressing means capable of searching and
      locating a selected position on the tape identified by an address given by
      the operator, but rather the tapes are only scanned sequentially and
      completely by the machine without the operator being able to intervene in
      the tape scanning and merging process. Therefore, should the operator
      desire to switch repeatedly from the draft typing mode to a correction
      mode, he must switch to a new correction tape each time and this is
      practically impossible. In other words, the numbering of the lines on the
      printed draft and on the second (or correction) tape only serves the
      purpose of creating a one-to-one rigid correspondence among line positions
      on the sheet, line positions on the first (or draft) tape and line
      positions on the second (or correction) tape. This rigid correspondence
      between printed sheet and the two tapes is similar to the Dirks' system
      cited above.
PAR  This rigidity, which is due to the lack of addressing means for the tape,
      has serious consequences in the correction procedure. As a matter of fact,
      if the operator wishes to make successive correction operations in the
      same text, which is usually necessary, he has to start again each time
      from the beginning and prepare a new correction tape and then merge it
      again with the draft tape. For the same reason, even if he desires to
      correct the page only once, he is bound to enter the corrections in the
      exact numbering order, so that for instance he cannot correct the third
      line after having entered a correction in the tenth, unless he decides to
      restart an entire page correction process by repunching a new correction
      tape.
PAR  Moreover, since there are no addressing means for the tape, the operator
      cannot access a line for the purpose of modifying only a part of it. All
      he can do is to indicate to the machine a new complete line to be
      substituted for an old one, but from this point on he has no more control
      over the system.
PAR  The numbering of the lines on the printed draft page is also used in the
      system disclosed in the German application of Gonsior Ser. No. 1,944,443
      which describes a word processing machine comprising a first magnetic tape
      11 for storing the text keyed in on the typewriter 6. Before typing a
      text, the operator must assign it to an address code representing the
      location where recording of the text is to start on the tape, otherwise
      the text cannot be located in the subsequent processing of the tape. After
      this initializing operation, the operator keys in on a line-by-line basis,
      the draft of the text on the keyboard to record it on the first magnetic
      tape 21. After this recording, the operator commands the printing of the
      draft from the tape 21 on a form which has pre-printed numbers on its
      lines, for example from 00 to 99. Optionally the numbers of the lines can
      be printed by the machine during the print-out of the draft of the text
      but not during the typing in thereof. The machine also comprises a second
      read/write station for a second magnetic tape.
PAR  Thereafter, when the operator wishes to amend the draft of the text he must
      first introduce the address code of the text to be amended in the
      read/write station of the first tape, which thus searches on the tape for
      the corresponding initial location. After this, the operator enters a
      second address in the read/write station of the second tape for
      positioning the second tape at the proper initial position for storing the
      final edition of the text.
PAR  Having so initialized the two tape stations, the operator starts a
      tape-to-tape transfer operation, during which the correction occurs as
      follows. If for instance the operator has to correct line 19, he keys on
      the programming keyboard 28 the number 18, and by so doing it causes the
      machine to transfer the first 18 lines without change from the first
      (draft) to the second (final) tape and then automatically stops. Then the
      operator switches to the second tape station in order to key-in the
      characters on the second tape at the points where a correction is to be
      made. After a mistake has been corrected the operator commands the restart
      of the tape-to-tape transfer until he encounters the next line in which a
      mistake is to be corrected.
PAR  This system is therefore an improvement of the correction technique based
      on tape-to-tape transfer which is already known from the above mentioned
      patent to Sims Ser. No. 3,297,124. The improvement consists of utilizing
      the numbering of the line for stopping the tape-to-tape transfer at the
      points selected by the operator.
PAR  In summary, among the systems based on the tape-to-tape transfer to locate
      a line to be corrected, the operator stops the automatic transfer by
      looking at the progress of the printing and keying a stop signal. In Sims
      Ser. No. 3,297,124 the operator commands the transfer line-by-line and in
      Gonsior the operator indicates the end (line number) of the portion to be
      transferred without correction.
PAR  Therefore Gonsior improves operation, but still has the disadvantages of
      requiring two tape stations. Moreover it has the drawback of not providing
      automatic printing of the line numbers while keying in the draft but
      rather at a later printing step and then requiring one more sheet printing
      operation. Another drawback is in that the two tapes have to be scanned in
      a correlated way during the correction process. This fact, plus the fact
      that in each tape the access to a line is by skipping a predetermined
      number of lines rather than by locating the address of the line creates
      again, as in Bafour, the practical need for the operator to enter the
      corrections in the exact order according to the respective line numbers.
      In fact, if the operator accesses the correction location in the wrong
      order when skipping to a location, he causes the error in the skipped zone
      to be printed on the final text. This also makes repeated corrections of
      the same text very complicated for this reason and for the reason that the
      operator has to repeatedly switch between the two tapes. Moreover, in any
      case in which correction requires insertions overflowing the original
      length of a line, the Gonsior addressing system fails.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the main object of the present invention to provide a
      text processing system which elminates the disadvantages of the known
      systems.
PAR  It is another object of the present invention to provide a text processing
      system in which the correction to a pre-recorded text can be easily and
      quickly entered.
PAR  It is still another object of the present invention to provide a text
      processing system which automatically prints, while recording a text,
      address identifications in visual correspondence to the printing lines and
      associated with the locations of a record medium in which the lines are
      stored.
PAR  It is yet another object of the present invention to provide a text
      processing system which searches for a line of the text on the basis of
      the address identifications printed on the draft of the text.
PAR  Still another object of the present invention is to provide a text
      processing system wherein the searching for a line is controlled by
      address information entered by the operator into the system.
PAR  A further object of the present invention is to provide a text processing
      system which has a first text recording mode in which a text is recorded
      on a magnetic tape and the address identifications are automatically
      printed on a sheet, and a second line modifying mode in which line
      searching is enabled to search for the line to be modified.
PAR  A still further object of the present invention is to provide which stores
      textual information entered by the input into the line accessed during the
      line searching.
PAR  Another object of the present invention is to provide a text processing
      system in which upon a key actuation, after a desired line having been
      accessed for confirming a word of said line and for accessing to the next
      following word, the operator can access word-by-word the word to be
      modified in the accessed line.
PAR  Yet another object of the present invention is to provide a text processing
      system in which the address identification of each line of the text is
      automatically printed after indication of a change-of-line.
PAR  Yet still another object of the present invention is to provide a text
      processing system in which modification in a pre-recorded text of a
      succession of lines is performed by cancelling and inserting one line or a
      group of lines between the pre-recorded lines of the text.
PAR  A further object of the present invention is to provide a text processing
      means in which each recorded line of a text comprises a designation of the
      location in the recording medium in which the following line is to be read
      and wherein the operator can modify the designation, thus altering the
      succession of the lines.
PAR  A still further object of the present invention is to provide a text
      processing system in which at least two designations of two selected lines
      of the text can be altered in succession by recording in the line of the
      text after which a new paragraph is to be inserted a designation
      associated to the first line of a new paragraph and in the last line of
      this paragraph a designation associated to the line of the text which must
      follow the last line of the new paragraph, thus allowing the insertion of
      a new paragraph between two consecutive lines of a text or the
      substitution of an entire paragraph with a new paragraph.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These characteristics and other characteristics of the invention will
      become clearer from the following description of a preferred embodiment
      given by way of example, but without restriction, with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of a printing system according to the invention;
PAR  FIG. 2 is a block diagram of the central unit of the system of FIG. 1;
PAR  FIG. 3 is a block diagram of a timing circuit of the central unit of FIG.
      2.
PAR  FIG. 4 is a diagram of the timing signals generated by the circuit of FIG.
      3;
PAR  FIG. 5 shows a circuit for generating the working states of the central
      unit of FIG. 2;
PAR  FIGS. 6 - 12 show the command circuits corresponding to an equal number of
      working states of the unit of FIG. 2;
PAR  FIG. 13 shows an input circuit of the central unit of FIG. 2;
PAR  FIG. 14 is a block diagram of a control unit for the input and output
      devices of the system of FIG. 1;
PAR  FIG. 15 shows a length of magnetic tape of the system of FIG. 1;
PAR  FIG. 16 shows a detail of the tape of FIG. 15;
PAR  FIG. 17 is a block diagram of the control unit of the device for recording
      and reading the magnetic tape of the system of FIG. 1;
PAR  FIG. 18 is a flowchart of the operation of the control unit of FIG. 17;
PAR  FIGS. 19 and 20 are flowcharts of the loading of instructions in the system
      of FIG. 1;
PAR  FIG. 21 is a flowchart relating to the recording of a text;
PAR  FIG. 22 is a flowchart relating to the modifications of format of a text;
PAR  FIG. 23 is a flowchart relating to the correction of a line of the text;
PAR  FIG. 24 is a flowchart relating to the printing of a text;
PAR  FIG. 25 is a flowchart relating to the justification of a line of a text;
PAR  FIG. 26 is a flowchart relating to the recording of the format of a file;
PAR  FIG. 27 is a flowchart relating to the recording of a file;
PAR  FIG. 28 is a flowchart relating to the amendment of the file;
PAR  FIG. 29 is a flowchart relating to the search for a document;
PAR  FIG. 30 is a block diagram of a second embodiment of a system according to
      the invention; and
PAR  FIG. 31 is a flow chart of the functions of FIG. 30.
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PAC  DESCRIPTION OF A PREFERRED EMBODIMENT - INTRODUCTION
PAR  The automatic printing system according to the invention comprises a
      central unit 5 (FIG. 1) having a processing unit 39 and a core store 42.
      The unit 5 is connected to a group of peripheral units including a
      typewriter 6, a magnetic tape store 7 and a command keyboard 8. The
      typewriter 6 is connected to the central unit 5 through a control unit 9,
      which controls the transmission of the commands and data between the
      typewriter 6 and the central unit 5.
PAR  The typewriter 6 is of known type and comprises an input/output device 12
      adapted to encode and decode the characters coming from the central unit 5
      and to transmit the relevant commands to the typewriter 6, which may be of
      any known type.
PAR  The typewriter 6 is the input/output device of the central unit 5. In fact,
      by means of the typewriter 6 it is possible both to enter texts and
      transmit them to the store 42 of the central unit 5, and to select the
      processing operations to be carried out by means of the automatic printing
      system, and to print the processed texts in their final form, as will be
      seen hereinafter.
PAR  The magnetic tape store 7 is also connected to the central unit 5 through a
      control unit 10. The store 7 is adapted to contains all the instructions
      for controlling the printing system, which from time to time are selected
      and transferred to the store 42 of the central unit 5, and moreover
      contains the magnetic recording of the texts which are entered by means of
      the typewriter 6. These texts can be retrieved from time to time by the
      operator and placed in the central unit 5 for the purpose of being printed
      by the typewriter 6.
PAR  The command keyboard 8 is connected to the central unit 5 through another
      control unit 11 and comprises a plurality of keys each associated with a
      particular group of instructions of the system. By means of these keys it
      is therefore possible to select the corresponding group of instructions
      without making use of the typewriter 6.
PAR  Firstly, the text to be processed is entered on the typewriter 6, which at
      the same time the text itself and transmits the latter, through the
      input/output device 12 and the control unit 9, to the store 42 of the
      central unit 5. From here the text is transferred through the control unit
      10 to the tape store 7 to be recorded. The operator can now amend or
      modify this text both by adding or removing lines or paragraphs, and by
      modifying the length of the lines and by correcting typing errors. To
      effect these operations, the operator selects through the typewriter or of
      the command keyboard 8 that group of instructions which corresponds to the
      change he intends to make.
PAR  Each group of instructions is identified by a label, consisting for example
      of four letters, so that it can be easily picked out. In consequence of
      this operation, the selected group of instructions is transferred from the
      tape store 7 to the store 42 of the central unit 5 to become operative.
      The central unit 5, carrying out the selected instructions, therefore
      processes the text and then transfers it to the tape store 7. The text is
      thus recorded in the desired form to be then printed by the typewriter.
PAR  The operations described hereinbefore are carried out by means of the
      execution of a set of instructions which are recorded in the tape store 7.
PAC  CENTRAL UNIT
PAR  The central unit 5 includes a timing circuit or timer 20 (FIG. 2) for
      generating the timing signals necessary for the flow of the data within
      the central unit 5 itself. The timer 20 comprises an oscillator 21
PAR  (FIG. 3) which supplies a signal C of frequency 6 MHz (FIG. 4). This signal
      acts on a shift register 22 (FIG. 3) formed by six flip-flops F1 - F6,
      which performs its entire cycle in 12 periods each with a duration of 2
      .mu.. The output signals of the six flip-flops F1 - F6 are shown in FIG. 4
      and are indicated by the references T1 - T6, respectively. To obtain the
      signals required for timing, the outputs of the six flip-flops F1 - F6 are
      coupled to one another through the medium of gate circuits the outputs of
      which constitute the timing signals of the central unit 5.
PAR  For example, for the purpose of obtaining a signal TS, the flip-flop F1 is
      coupled with the flip-flop F3. More precisely, through an inverter 23
      (FIG. 3) the direct output of the flip-flop F3 is applied to one input of
      an AND gate circuit 24, while on the other hand the output of the
      flip-flop F1 is applied to the outer input of the circuit 24. The output
      TS of the circuit 24 will therefore be at level 1 when the outputs of the
      flip-flops Fl and F3 have the values 1 and 0, respectively. it will be at
      level 0 in the other cases. It is therefore clear that by suitably
      coupling the outputs of the other flip-flops F1 - F6 all the other timing
      signals shown in FIG. 4 can be obtained.
PAR  The central unit 5 moreover comprises a register 30 (FIG. 2) with a
      capacity of three bits and composed of three flip-flops. The register 30
      is provided with three inputs 30a, 30b and 30c which are respectively
      connected to the typewriter 6 (FIG. 1), to the external store 7 and to the
      operative keyboard 8. The register 30 (FIG. 2) is moreover provided with
      three outputs 31a, 31b and 31c which constitute an equal number of inputs
      for a logic circuit 31 adapted to force into a register 32 with a capacity
      of eight bits the code of an eight-bit character indicating the peripheral
      unit which has activated the corresponding input 30 a, 30b or 30c of the
      register 30.
PAR  More precisely, during the execution of an instruction by the central unit
      5, a peripheral unit 6, 7 or 8 can interrupt this execution to transmit
      data or instructions to the central unit 5. To this end, the peripheral
      unit 6, 7 or 8 then activates the corresponding input 30a, 30b or 30c of
      the register 30, and therefore the input 31a, 31b or 31c of the logic
      circuit 31, which supplies the corresponding eight-bit character.
PAR  Moreover, in the event of two peripheral units activating the respective
      inputs 31a, 31b and 31c at the same time, the logic circuit 31 is adapted
      to select from the two peripheral units the one which has precedence over
      the other and supplies as output a configuration of eight bits
      corresponding to this unit in accordance with a given priority order. To
      this end, the logic circuit 31 is constituted substantially by a
      combinatory network with three inputs and eight outputs. The voltage
      values of the eight outputs selectively constitute the configuration of
      eight bits corresponding to each of the inputs 30a, 30b and 30c.
PAR  The three inputs 31a, 31b and 31c are moreover connected to the logic
      circuit 31 in such manner that each of them can condition the
      corresponding combination of eight bits only if the input of higher order
      of priority is at zero level, in a manner known per se. For example, the
      input 31b can activate as output from the logic circuit 31 the combination
      of eight bits associated therewith only if the input 31a is at level O.
      This obviously entails the input 31a having precedence over the input 31b.
      The same also applies to the input 31c compared with the input 31b.
PAR  As has been said, the outputs of the logic circuit 31 constitute as many
      inputs for the register 32. The outputs of the register 32 are connected
      through a channel 33 to a reset logic circuit 34. This last-mentioned
      circuit has three outputs 34a, 34b, 34c each associated with a combination
      of eight bits transmitted to the circuit through the channel 33 from the
      register 32, so that the reset logic circuit 34 actuates the output
      corresponding to the combination of eight bits present on the channel 33.
PAR  Each of the outputs 34a, 34b and 34c is connected to a corresponding reset
      circuit for the three flip-flops forming the register 30, so that when one
      of these outputs is activated the corresponding flip-flop of the register
      30 is zeroized. In this way, if two signals are present at the same time
      as input to the register 30, for example at the inputs 30a and 30b, the
      logic circuit 31 forces into the register 32 an eight-bit character
      corresponding to the peripheral unit of a higher order of priority, that
      is to the typewriter 6, which is associated with the input 31a.
      Consequently, this character is transmitted through the channel 33 to the
      logic circuit 34, which activates only the output 34a corresponding to the
      typewriter 6. The flip-flop of the register 30 corresponding to the
      peripheral unit of higher order of priority is therefore zeroized, that is
      the flip-flop connected to the input 30a. In this way, after the
      operations connected with the peripheral of higher order have been
      effected, the flip-flop of the register 30 corresponding to the peripheral
      of less high order of priority remains activated, that is the flip-flop
      connected to the input 30b. There is therefore forced into the register 32
      the eight-bit character corresponding thereto, after which the operations
      previously described are repeated, so that the peripheral units are taken
      into consideration by the central unit 5 always in accordance with the
      predetermined order of priority.
PAR  The outputs of the register 32 are moreover connected through a channel 40
      to another register 41 completely identical to the register 32 and forming
      an input register of the core store 42. The character stored in the
      register 41 is transferred through a channel 43 to a counting network 44,
      the operation of which is known and which is adapted to increment by one
      unit the character introduced into it through the channel 43. The outputs
      of the counting metwork 44 are connected in turn to the inputs of the
      register 32. In this way, the contents of the register 41 are incremented
      by one unit whenever a configuration of eight bits is forced into it
      through the channel 40. As will be better explained hereinafter, this
      enables the cells of the store 42 in which the data or the instructions of
      the programme in process of development are contained to be accessed
      sequentially.
PAR  The bits contained in the input register 41 are also transferred to an
      address decoding network 45 of the store 42. On the basis of the
      configuration of the eight bits present in the register 41, the decoding
      network 45 is adapted to select one of the cores of the store 42. The core
      store 42 has a capacity of 1024 eight-bit characters and is divided into
      four zones, called pages, each with a capacity of 256 characters. Each
      page is identified by a code number, these being 0, 1, 2 and 3,
      respectively. For identifying a cell of the store 42, ten bits are
      therefore necessary, that is two for identifying the page and eight for
      identifying a cell in the compass of the identified page.
PAR  The store 42 comprises eight like core matrices disposed in eight planes.
      Each core matrice is formed of 32 rows and 32 columns for a total of 1024
      cores, so that each matrix has a capacity of 1024 bits. As is known, each
      core of the store 42 is traversed by four conductors; a write or inhibit
      conductor, read or sense conductor and two addressing conductors. More
      particularly, each inhibit or sense conductor passes serially through all
      the cores and in each plane and there are therefore eight sense and eight
      inhibit conductors. The two addressing conductors, on the other hand, and
      disposed at right angles and intersect in a corresponding core. Each
      addressing conductor passes serially through all the cores disposed in the
      same row and the same column of the eight matrices. More precisely, the
      addressing conductors associated with the first row and the first column
      of a core matrix pass serially through all the cores of the eight planes
      disposed in the first row and in the first column of each matrix. There
      are therefore in all 32 pairs of addressing conductors.
PAR  The decoding network 45 may be a combinatory network of any known kind and
      is therefore not described in detail. More particularly, the decoding
      network 45 has eight input conductors, to which the signals present in the
      register 41 are applied, and 32 outputs which are connected in order to
      the 32 pairs of addressing conductors. Each core is selected when the two
      addressing conductors which intersect in it are activated at the same
      time. Each pair of addressing conductors is energized in correspondence
      with a particular configuration of the signals present on the eight input
      conductors of the decoding network 45, thus selecting a corresponding
      group of eight cores which are brought to the O state. In order to
      introduce the information coming from one of the peripheral units 6, 7, 8
      into a core of the store 42 which is selected in this way, these
      peripherals are connected through a channel 46 formed by eight conductors
      to the input of a store input logic circuit 47 hereinafter described. The
      output of this logic circuit 47 is formed by eight conductors forming a
      transmission channel 48. These conductors are connected to the
      corresponding inhibit conductors of each of the eight matrices of the
      store 42.
PAR  Over the inhibit conductors corresponding to those cores in which it is
      desired to write a 0 there is sent a current such as not to cause the
      switching or change of state of the selected core, whereas on the
      conductors corresponding to those cores in which it is desired to write a
      1 the change of state is effected in known manner.
PAR  Similarly, in order to read the information recorded in the cores, the
      logic circuit 47 sends to the pair of addressing conductors a current
      opposite to that sent during the writing, so that there will be a
      change-over only in the cores in which a 0 was recorded. There will
      therefore be an induced voltage only in the sense conductors passing
      through a core in which a 0 was recorded. The eight sense conductors are
      connected through the medium of an output channel 49 of the store 42 to an
      output register 50. The information read in the store 42 and recorded in
      the output register 50 may have different significances. In fact, it may
      relate to data which are to be transmitted to the peripheral units 6, 7, 8
      or to store addresses which are to be used thereafter, or to data which
      are to be temporarily stored to be then compared with other data read in
      the store 42 or transferred to other addresses in the store 42, or to
      codes of the instructions which are to be executed by the central unit 5
      during the carrying out of a set of instructions.
PAR  To this end, the register 50 is connected through a channel 51 to the
      peripheral units to transmit to them the data read in the store 42. The
      register 50 is moreover connected through a channel 55 to the register 41
      to force into the same the store address which is to be used next. The
      register 50 is moreover connected through a channel 56 to an eight-bit
      register 57 to force into the same the data which are to be temporarily
      stored. Finally, the register 50 is connected through a channel 58 to
      another eight-bit register 59 for forcing into the same the codes of the
      instructions. The data which are to be temporarily stored in the register
      57 may come, apart from the register 50, also from the register 32. To
      this end, the output of the register 32 is connected through a channel 66
      to the input of the register 57.
PAR  The register 59 is connected through an output channel 60 to a decoding
      network 62 which has thirteen outputs 62.sub.1 to 62.sub.13, each one
      associated to an instruction used by the central unit 5. The decoding
      network 62 is a combinatory network of the type described in regard in the
      circuit 31.
PAR  As will be better explained hereinafter, each instruction is identified by
      an eight-bit code. The first four bits of the code distinguish an
      instruction from the remaining twelve, the second four bits constitute the
      so-called "address modifier," the significance of which will be seen
      hereinafter.
PAR  The network 62 activates from among the 13 output conductors the one
      corresponding to the instruction expressed by the four-bit code present on
      the channel 60. The outputs 62.sub.1 to 62.sub.13 of the decoding network
      62 command a command logic unit 63 which supplies, in the manner to be
      described, a series of commands indicated hereinafter by the symbols COM01
      .... COM27, which control the transfer of the data within the central unit
      5. More particularly, these commands actuate the gate circuits indicated
      in FIG. 2 by a circle, therefore permitting the transfer of the
      information along the transmission channel in which these circuits are
      inserted, from one register to the other or from the store 42 (FIG. 2) to
      one of the registers 50, 57, 59 connected to it, thus executing the
      respective instructions.
PAR  In FIG. 2, near each gate circuit there is indicated its particular
      actuating command. For example, the command COMO1 actuates a gate circuit
      64 which allows the transfer of the contents of the register 32 through
      the channel 40 to the register 41.
PAR  The register 59 is divided into two parts each formed of four flip-flops.
      To the first four flip-flops there are sent the first four bits of the
      code of the instructions which define the type of instruction. The outputs
      of these flip-flops are grouped together in the channel 60. To the second
      four flip-flops of the register 59 there are sent the bits constituting
      the modifier. The outputs of these flip-flops are grouped together in
      another channel 61.
PAR  The bits of the modifier have a different significance according to the
      type of instruction. More precisely, the bits of the modifier can identify
      one of the peripheral units 6,7,8, to which is directed a message, or a
      command expressed by the instruction, or the store page to which a given
      address belongs. Moreover, the bits of the modifier can indicate that an
      address or a datum is to be incremented by one unit.
PAR  In the first case, the bits of the modifier are present on a channel 64'
      and are used by a decoding network 65 of the same type as the network 62,
      which selects the peripheral unit on the basis of the contents of the
      modifier activating one of its three outputs 65.sub.1, 65.sub.2, 65.sub.3.
      In this way, through the channel 51, the decoding network connects the
      register 50 with the selected peripheral unit for the transfer of the data
      between the central unit 5 and the selected peripheral unit.
PAR  When the bits of the modifier indicate a store page, the gate circuit 121
      is activated by the command logic unit 63, as a result of which the first
      two bits of the modifier are sent through a channel 70 to a register 71
      with a capacity of two bits, which thus stores the address of the page of
      the store 42. The contents of the register 71 and those of the register 41
      form a complete store address which, as already seen, is formed by ten
      bits which define the 1024 cells of the store 42. The contents of the
      registers 71 and 41 may be varied or statiticized independently of one
      another, since the bits forced separately into the two registers 59 and 32
      are sent to them through the respective channels 70 and 40. This
      possibility, for example, enables the data to be addressed by keeping the
      contents of the register 71 constant. The number of the page can also be
      directly introduced into the decoding logic network 45 through a channel
      72, as will be seen hereinafter. The command logic unit 63 is also adapted
      to be conditioned by the bits of the modifier which are staticized in the
      register 59 and transmitted to it by means of a channel 75. A conductor 76
      moreover connects the logic circuit 31 to the command logic unit 63. In
      this way, every time a peripheral unit 6, 7, 8 causes an interruption,
      activating one of the flip-flops of the register 30, the logic circuit 31
      transmits a signal on the conductor 76. This signal is then used by the
      command logic unit 63 for generating the commands appertaining to the
      interruption itself.
PAR  The operative condition in which the central unit 5 is during the carrying
      out of an instruction is given the name of "machine state". Each machine
      state has a duration of 2 .mu.s and is defined by the time signal TS, the
      course of which is shown in FIG. 4. In each machine state defined in this
      way, a series of commands is generated by the command logic unit 63 (FIG.
      2) as a function of the signals present at its inputs, which, as has been
      said, are significative of the individual instructions. More precisely,
      the instructions are executed by the central unit 5 by means of the
      succession of a plurality of machine states. In each state there are
      defined univocally the operations to be carried out by the central unit 5.
      To this end, the command logic unit 63 comprises two blocks 63A and 63B.
      The block 63A, shown in detail in FIG. 5, determines the sequence of
      machine states through which the selected instruction is to be carried out
      on the basis of the input signals transmitted by the function decoding
      network 62. The block 63B, shown in FIGS. 6 to 12 for each machine state,
      generates a sequence of operative commands COM01 - COM27 relating to the
      selected instruction.
PAR  More particularly, the block 63A has as inputs the conductors 62.sub.1 -
      62.sub.13 (FIG. 2) coming from the decoding network 62, each of the
      conductors 62.sub.1 - 62.sub.13 being associated with one of the thirteen
      instructions. Moreover, the block 63A has as input the conductors 75 and
      76 coming respectively from the second series of four flip-flops of the
      register 59 and from the register 31, and a conductor 100 coming from the
      store input logic circuit 47. Each machine state is defined by the
      energization of a corresponding output MA-MG of a series of flip-flops
      FA-FG included in the block 63A. Since each machine state has a duration
      of 2 .mu.s, each of the flip-flops FA - FG must remain activated for an
      interval of time equal to 2 .mu.s. To achieve this, there is introduced
      into the block 63A the timing signal TS, which activates the inputs of the
      flip-flops FA - FG through the AND circuits DA - DG. The outputs MA - MG
      of the flip-flops FA - FG condition the block 63B, so that in each state
      there are generated the commands associated with the individual
      instructions. More particularly, each circuit shown in FIGS. 6 to 12, of
      which the block 63B is composed, is activated by a corresponding signal MA
      - MG and is conditioned furthermore by the same input signals to the block
      63A.
PAR  Since the need arises for timing a number of the commands COM01 - COM27 in
      the compass of a machine state, timing signals TR, TI and TM (FIG. 4)
      generated by the timing circuit 20 (FIG. 3) are also located as input to
      the circuits of the block 63B.
PAR  The commands COM01 - COM27 generated by the block 63B of the logic unit 63
      moreover act on the input logic circuit 47 (FIG. 2) of the store 42. This
      logic circuit 47 also has as inputs two channels 80 and 81, each with a
      capacity of eight bits. The channel 80 comes from the register 50, while
      the channel 81 comes from the register 57. The logic circuit 47 moreover
      has as input a channel 82 with a capacity of two bits and coming from the
      register 71. The channels 80, 81 and 82 transfer the contents of the
      registers 50, 57 and 71 to the input logic circuit 47, so that they may be
      processed therein in accordance with the corresponding commands COM01 -
      COM27 generated by the command logic unit 63. The results of these
      processing operations, represented by a combination of eight bits, are
      sent through the output channel 48 to the cell of the store 42 identified
      by the address contained in the addressing register 41.
PAR  More precisely, the logic circuit 47 simply transfers the data present at
      its inputs on the output channel 48 when one of the commands COM03, COM14
      and COM17 acts on it. In fact, the command COM03 acts on a gate circuit 85
      (FIG. 13), as a result of which the bits present on the channel 80 coming
      from the register 50 are transferred on the channel 48. The commands COM14
      and COM17, acting on two gate circuits 86 and 87, respectively, cause the
      transfer of the bits present on the channels 81 and 46, respectively, to
      the output channel 48. In this way, the characters present in the register
      57 (FIG. 2) and the characters coming from one of the peripheral units 6,
      7, 8 are introduced into the store 42 without being processed.
PAR  On the other hand, when the command COM06 acts on the logic circuit 47, the
      character present on the input channel 80 is incremented by one unit from
      a counting network 88 (FIG. 13) and is then transferred through a gate
      circuit 89 to the output channel 48. When the command COM19 is generated,
      the eight bits present on the input channel 81 are introduced into an
      interchange network 90, which interchanges the first four bits with the
      second four in a manner known per se. The new character obtained in this
      way is transferred through a gate circuit 91 on the output channel 48.
PAR  The logic circuit 47 (FIG. 2) can moreover compare the contents of the
      register 50 with the contents of the register 57. More precisely, if the
      command COM20 is present, a comparison circuit 98 known per se is actuated
      and compares the contents of the two registers 50 and 57 coming from them
      through the channels 80 and 81. The comparison effected by the comparison
      circuit 98 is significative of the likeness or dissimilarity of the
      characters present in the two registers 50 and 57. The result of this
      comparison is represented by a bit E generated by the comparison circuit
      98 and sent over a conductor 95. This bit is equal to 1 if the characters
      present in the two registers 50 and 57 are alike and equal to 0 if they
      are different. The bit E is forced through the conductor 95 into a
      register 96 (FIG. 2) having a capacity of one bit. The contents of the
      register 96 can be forced into another register 97 identical to the
      register 96 when the command COM 26 is generated. Conversely, the command
      COM13 produces the reverse transfer. Through the conductor 100, the bit E
      can moreover condition the operation of the command logic unit 63 during
      the carrying out of particular instructions.
PAR  Moreover, if the command COM21 is present, an AND circuit 92 (FIG. 13)
      effects the logical AND between the eight bits respectively present on the
      input channels 80 and 81. The result of this operation is an eight-bit
      character which is transferred through a gate circuit 93 on the output
      channel 48. If, on the other hand, the command COM22 is present, a circuit
      94 effects the logical exclusive-OR between the bits respectively present
      on the input channels 80 and 81. As is known, the result of this logical
      operation is equal to 1 if the two bits are different and is equal to 0 if
      the bits are alike. This result is then transferred through a gate circuit
      99 on the output channel 48.
PAR  As has been said, all the groups of instructions which condition the
      operation of the central unit 5 are recorded, in a configuration described
      hereinafter, in the magnetic tape store 7 (FIG. 1). So that these groups
      of instructions may be executed by the central unit 5, they must be
      transferred one at a time from this store 7 to the core store 42 (FIG. 2).
      After this, the instructions making up the selected group are executed in
      sequence by the central unit 5. For transferring the groups of
      instructions from the tape store 7 to the core store 42, a particular
      group of instructions called the "group of initial instructions" is used.
      This group of instructions is composed of 64 characters and is also
      recorded in the external store 7, in two positions predetermined by the
      magnetic tape.
PAR  The control unit 10 of the store 7 is adapted to recognize, in a manner
      which will be described hereinafter, the two store addresses in which the
      group of initial instructions is recorded. When these addresses are
      recognized, it initiates the transfer of the "group of initial
      instructions" in the following manner. Normally, the central unit 5 is in
      an inoperative condition, so that all its registers are zeroized. When the
      timer 20 (FIG. 2) generates the signal TS, through the AND circuit DA
      (FIG. 5) the output MA of the flip-flop FA is brought to level 1, so that
      the central unit 5 is put into the state A.
PAR  Then, an AND circuit 112 (FIG. 6) of the block 63B activated at the time
      TS, generating the command COMO1 which opens the gate circuit 64 (FIG. 2),
      causes the transfer of the contents of the register 32 to the register 41
      and therefore to the decoding network 45. Moreover, the output MA directly
      generates the command COM18 (FIG. 6) which, opening a gate circuit 113
      (FIG. 2), transfers the contents of the register 71 to the circuit 45. The
      address 00000000 of the store 42 - since all the registers of the central
      unit 5 are zeroized - is then forced into the decoding network 45. The
      contents of the corresponding cell are now transferred to the output
      register 50.
PAR  The control unit 10 of the tape store 7 has meanwhile already selected the
      character to be transmitted to the central unit 5 and has put this
      character into the input channel 46 in a manner which will be described
      hereinafter.
PAR  An AND circuit 114 (FIG. 6) of the block 63B generates in turn a command
      COM17, which opens the gate 87 (FIG. 13) of the circuit 47 and causes the
      transfer of the first character present on the channel 46 from the tape
      store 7 to the cell of the core store 42 the address of which is indicated
      by the decoding network 45.
PAR  At the instant TR (FIG. 4) following the time interval TS, an AND circuit
      115 (FIG. 6) of the block 63B generates the command COMO4, which opens a
      gate circuit 116 (FIG. 2) and transfers to the register 32 the contents of
      the register 41 incremented by one unit from the counting network 44. In
      this way, into the register 32 there is forced the configuration 00000001,
      therefore incrementing the address of the store 42.
PAR  The central unit 5 then controls the operation of the control unit 10 of
      the store 7 so that it selects and puts into the channel 46 the following
      character to be introduced into the store 42. The same operations as are
      described hereinbefore are then repeated, so that the succeeding
      information is recorded in the cell 00000001 of the store 42. In this way,
      the sixty-four characters of the group of initial instructions are
      recorded in the first sixty-four cells of the store 42. Since each machine
      state has a duration of 2 .mu.s, the entire transfer of the group of
      initial instructions has a duration of 128 .mu.s.
PAR  When the contents of the register 32 reach the binary value 64, the
      flip-flop of weight 64 of the register 32 assumes the value 1, therefore
      generating a signal R64 which activates an AND circuit 120 (FIG. 6) of the
      block 63B. The AND circuit 120 now generates a signal RBT which resets a
      flip-flop 35 (FIG. 2), so that the output BT of the latter assumes the
      value 0. At the same time, the register 32 is zeroized by a signal R4
      generated by an AND circuit 121 (FIG. 6) of the block 63B, since the
      output signal BT of the flip-flop 35 is zero. At this instant, therefore,
      all the registers of the central unit 5 (FIG. 2) are zeroized and that the
      group of initial instructions is recorded in the core store 42. This group
      contains the instructions adapted to load the following instructions into
      the store 42.
PAR  All the following instructions begin with the state A. For these
      instructions, however, the flip-flop 35 is reset, that is its output BT
      has the value 0. When the commands COMO1 and COM18 (FIG. 6) are now
      generated again, the address of the cell of the store 42 recorded in the
      registers 32 and 71 is transferred to the decoding network 45 (FIG. 2).
      The contents of this cells are therefore read and are then transferred to
      the output register 50. Therefore, when BT = 0, the reading of the store
      42 takes place.
PAR  Since, as is known, the reading of the core store 42 is destructive, it is
      necessary to re-write the information read in the selected store cell. To
      this end, an AND circuit 123 of the block 63B (FIG. 6) activated by the
      signal BT generates the command COMO3, which closes the gate circuit 85
      (FIG. 13) of the logic circuit 47 and now transfers the contents of the
      register 50 (FIG. 2) to the same cell of the store 42 in which they were
      stored at the instant TR. The command COMO4, in turn, transfers to the
      register 32 the contents of the register 41 incremented by one unit.
PAR  An AND circuit 122 of the block 63B (FIG. 6) being controlled by the signal
      BT through an inverter, now generates the command COMO5 at the instant TR
      (FIG. 4) following the instant TS. This command, opening a gate 124 (FIG.
      2), transfers to the register 59 the contents of the register 50 which
      represents the first character of the instruction, so that during the
      state A the first character of the instruction is read.
PAR  An AND circuit 124 of the block 63A which is also controlled by the signal
      BT through an inverter (FIG. 5) now activates the flip-flop FB at the
      instant TS, through the AND circuit DB, so that the output MB of this
      flip-flop is brought to the level 1. At the same time, the flip-flop FA is
      reset, as a result of which the central unit 5 passes from the state A to
      the state B.
PAR  During the state B there are generated the commands COMO1, COM18 and COMO3
      common to all the instructions, which commands, as has been seen, cause
      the transfer to the output register 50 of the contents of the cell of the
      store 42 identified by the contents of the register 32 and the subsequent
      writing of these contents in the same cell of the store 42. These
      operations during the state B produce the reading of the second character
      of the instruction, since the address staticized in the register 32 has
      been incremented by one unit during the state A.
PAR  During the state B there are moreover generated by the block 63B commands
      relating to the individual instructions, on the basis of the contents of
      the register 59, which still contains the code of the instruction. The
      first four bits of this code are transferred through the channel 60 to the
      decoding network 62, which activates the output corresponding to the
      instruction expressed by the four bits that are input. As will be seen
      hereinafter, this output remains activated throughout the interval
      necessary for the execution of the instruction itself and therefore
      conditions the generation of the commands by the logic unit 63 during the
      various machine states which are generated by the block 63A.
PAC  EXECUTION OF INSTRUCTIONS
PAR  There will now be described the execution of the individual instructions by
      the central unit 5. There are thirteen instructions provided for the
      execution of any programme and they may be formed by two or three
      characters, each character comprising eight bits. The first character of
      each instruction is used to characterize the instruction itself and it has
      the format:
EQU  b0 b1 b2 b3  b4 b5 b6 b7
PAR  The first four bits b0 - b3 represent the code of the instruction, while
      the second four b4 - b7 represent the modifier. The instructions are
      substantially of two types in relation to the number of characters of
      which they are formed.
PAR  The instructions of the first type are composed of three characters, the
      first of which defines the instruction, while the second and third
      characters respectively define the addresses of the cells of the core
      store 42 on the contents of which the instruction itself is to operate.
      The contents of these cells will be called the operand. More particurarly,
      the operand of which the address is defined by the second character of the
      instruction will be called the 1st operand, and the operand the address of
      which is defined by the third character of the instruction will be called
      the 2nd operand.
PAR  The instructions of the second type are composed of two characters, the
      first of which defines the instruction, while the second character defines
      the address of the cell of the operand in the store 42. The instructions
      of the second type are called external instructions, since, as will be
      explained hereinafter, they permit the transfer of commands or information
      from the central unit 5 to one of the peripheral units 6, 7, 8 connected
      thereto or vice versa.
PAR  The thirteen instructions are divided in relation to the machine states
      necessary for their execution into four groups, which will now be
      described in detail.
PAC  1ST GROUP OF INSTRUCTIONS
PAR  To the 1st Group of Instructions there belong the instructions which are
      executed by the central unit 5 by means of the sequence of the five states
      A, B, C, D, E. The time necessary for their execution is therefore 10
      .mu.s.
PAR  These instructions are: Transfer (TRA), Interchange (SCA), Comparison
      (CFR), Logical product (AND), Exclusive-OR (EX OR), Free Transfer (TRL)
      and are described individually in detail hereinafter with reference to
      Tables I and II on pages 47 and 48. 1. Transfer (TRA)
PAR  The transfer instruction identified by the code 1000 effects the transfer
      of the 1st operand from the address defined by the second character of the
      instruction to the address defined by the third character. As has been
      said, the address of the cells of the store 42 is such that every store
      cell is identified by the number of the page and the number of the cell in
      that page. However, the instructions are organized in such manner that all
      the addressees of the operands relating to the instructions of a single
      programme are located in the same page of the store, called precisely the
      "curent page." Moreover, during the execution of a programme, as will be
      seen hereinafter, reference may be made to operands or to instructions the
      address of which belongs to page 0. An operand or an instruction may
      therefore belong either to the "current page" or to "page 0".
PAR  The code relating to the store page to which the operands of the
      instructions belong is supplied with the bits b4 and b6 of the modifier in
      the following manner. If the bit b4 = 1, the store cell defined by the
      second character of the instruction (address of the 1st operand) belongs
      to the current page, if the bit b4 = 0 it belongs to the page 0. If the
      bit b6 = 1, the store cell defined by the third character (address of the
      second operand) belongs to the current page, if b6 = 0 it belongs to the
      page 0.
PAR  During the execution of a programme, moreover, it may become necessary,
      after the execution of an instruction, for the store address of the two
      operands to be incremented or not by one unit. This eventually is
      expressed by the value assumed by the bits b5 and b7. If the bit b5 = 1,
      the address of the 1st operand is incremented by one unit after the
      execution of the instruction, if b5 = 0 it remains unchanged. The same
      occurs in the case of the address of the 2nd operand if b7 = 1 or b7 = 0,
      respectively.
PAR  As has been said, the code of the instruction TRA is read during the state
      A and is sent through the register 59 (FIG. 2) to the decoding network 62.
      During the state B, this network effects the decoding of the code of the
      instruction while the commands COM01, COM18 and COM03 are generated, which
      cause the reading of the second character of the instruction, that is the
      address of the 1st operand. In correspondence with the code of this
      instruction, the decoding network 62 activates the output 62.sub.1 (FIGS.
      2 and 7) and, therefore, the output of an OR circuit 130 (FIG. 7) of the
      block 63B.
PAR  If the bit b5 of the modifier of the instruction has the value 1, the
      second character of the instruction, which is staticized in the register
      50 (FIG. 2), must be re-written in the store 42 incremented by one unit.
      In this case, the inputs of an AND circuit 131 (FIG. 7) of the block 63B
      are all at the level 1, so that the circuit 131 generates the command
      COM06. This command opens the gate 89 (FIG. 13) of the circuit 47, whereby
      the character contained in the register 50 is carried through the input
      channel 80 to the circuit 98, which increments it by one unit; it is then
      transferred through the output channel 48 to the store 42.
PAR  If, on the other hand, the bit b5 of the modifier is zero, the output of
      the AND circuit 131 (FIG. 7) is at zero level, whereby the command COM06
      is not generated. During the state B, an AND circuit 300 of the block 63B
      being now activated, the command COM04 is now generated at the instant TR
      and opens the gate circuit 116 (FIG. 2), causing, as has been seen, the
      transfer to the register 32 of the address staticized in the register 41
      and incremented by one unit by the counting network 44. At the same
      instant TR (FIG. 4) there is activated the output of another AND circuit
      132 (FIG. 7) of the block 63B, whereby the command COM15 is generated.
      This command causes the activation of a gate circuit 146 (FIG. 2), which
      causes the transfer of the contents of the register 50 to the register 57.
PAR  During the state B, there has therefore been carried out the reading of the
      second character of the instruction which represents the address of the
      first operand and this has then been transferred to the register 57. If
      the bit b5 is equal to 1, this address has moreover been re-written in
      store incremented by one unit.
PAR  The passage of the central unit 5 to the state C now takes place. To this
      end, during the state B, the outputs 62.sub.7, 62.sub.10, 62.sub.11 and
      62.sub.13 (FIG. 5) of the decoding circuit 62 are all at the level 0,
      since only the output 62.sub.1 corresponding to the instruction TRA is
      activated. Through the inverter circuits 134, these outputs activate the
      corresponding inputs of an AND circuit 133 of the block 63A. Morevover,
      since also the output 62.sub.6 of the circuit 62 is at zero level, through
      an inverter 135 the input 136 of an OR circuit 137 of the block 63A is
      activated. In this way, an AND circuit 133 of the block 63A is actuated
      and in turn actuates the input 138 of another AND circuit 139 of the block
      63A. Since the other input of this AND circuit 139 is connected to the
      output MB of the flip-flop FB, the AND circuit DC is activated at the
      instant TS, as a result of which the flip-flop FC places the output MC at
      the level 1. At the same time, the AND circuit DC resets the flip-flop FB,
      as a result of which the central unit 5 therefore passes from the state B
      to the state C.
PAR  The state C is used for the reading of the 1st operand. In fact, an AND
      circuit 140 (FIG. 8) of the block 63B generates the command COM10 at the
      instant TS. This command, opening a gate circuit 141 (FIG. 2) of the
      channel 55, causes the transfer of the address of the first operand from
      the register 50 to the addressing register 41.
PAR  If the address of the 1st operand belongs to the current page, since the
      bit b4 of the modifier of the instruction TRA has the value 1, the input
      142 of an AND circuit 143 (FIG. 8) is activated. The input 144 of the
      circuit 143 is moreover activated through an inverter, since the output
      62.sub.6 of the decoding circuit 62 is at the level 0. The AND circuit 143
      therefore generates the command COM18 which, as has been seen, controls
      the transfer of the contents of the page register 71 (FIG. 2) to the
      address decoding circuit 45.
PAR  If, on the other hand, the bit b4 is at the level 0,  the command COM18 is
      not generated and no bit is forced into the address decoding circuit 45,
      so that the store page selected is the page 0.
PAR  At the same time there takes place the reading of the contents of the store
      cell selected by the address of the 1st operand and the transfer of the
      contents to the output register 50. At the instant TR (FIG. 4) an AND
      circuit 145 (FIG. 8) is moreover enabled, so that the command COM15 is
      generated. This command, opening a gate circuit 146 (FIG. 2), causes the
      transfer of the first operand from the register 50 to the register 57.
      Finally, the command COM03 is generated by another AND circuit 146 (FIG.
      8) and commands the writing in the cell of the store 42 of the same
      information that has been read. Thus, in the state C, there is carried out
      the reading of the 1st operand, which is re-written in the cell in which
      it was located and transferred to the register 57.
PAR  The passage of the central unit 5 to the state D is then effected. In fact,
      since the output 62.sub.1 of the decoding circuit 62 has the value 1, an
      OR circuit 147 (FIG. 5) of the block 63A is now activated and,
      consequently, the input 148 of an AND circuit 149. Since the other input
      150 of the AND circuit 149 is activated by the flip-flop FC, the flip-flop
      FD is activated at the instant TS through the AND circuit DD; at the same
      time, the and circuit DD resets the flip-flop FB, as a result of which the
      central unit 5 passes from the state C to the state D.
PAR  The state D is used for reading the address of the cell to which the first
      operand is to be transferred. In fact, at the time TS (FIG. 4), an AND
      circuit 155 (FIG. 9) of the block 63B generates the command COM01 which,
      opening the gate circuit 64 (FIG. 2), transfers the contents of the
      register 32 to the register 41. The contents of the register 32 have been
      incremented by one unit during the state C, so that into the addressing
      register 41 there is forced the address of the store cell following that
      in which the contents were read during the state C. If the bit b6 of the
      modifier is 1, the current page is selected by an AND circuit 156 (FIG. 9)
      through the command COM18. In fact, in this case, the outputs 62.sub.12
      and 62.sub.13 of the decoding circuit 62 are at zero level and through two
      inverters energize, together with the bit b6, the AND circuit 156. Through
      the medium of the circuit 113 (FIG. 2), the command COM18 now transfers
      the contents of the page register 71 to the addressing circuit 45. Since
      the contents of the register 71 have not been changed during the preceding
      states, they define the current page.
PAR  If the bit b6 is 0, the command COM18 is not generated by the AND circuit
      156 (FIG. 9), so that no bit is forced into the addressing circuit 45,
      causing the selection of the page 0.
PAR  At the same time there takes place the reading of the store cell selected
      by the third character of the instruction, that is by the address of the
      cell to which the first operand is to be transferred. These contents are
      then transferred to the output register 50. The command COM03 (FIG. 9) is
      moreover generated directly by the flip-flop FD and causes the address
      read to be re-written in the cell selected.
PAR  If the bit b7 of the modifier is 1, it activates an input of an AND circuit
      157 (FIG. 9). Since the output 62.sub.12 is at the level 0, the other
      input is also activated, as a result of which the AND circuit 157
      activates in turn an OR circuit 158 and therefore an AND circuit 159. The
      last-mentioned circuit then generates the command COM06 which, as has been
      seen hereinbefore, conditions the store input circuit 47 (FIG. 2) in such
      manner as to re-write in the selected store cell the address read therein
      incremented by one unit. During the state D, an AND circuit 160 generates
      at the instant TR the command COM04 which, as has been seen before, causes
      the contents of the register 32 (FIG. 2) to be incremented by one unit.
PAR  Finally, at the instant TS (FIG. 2) there is activated the AND circuit DE
      (FIG. 5), which in turn activates directly the flip-flop FE, as a result
      of which the output ME is brought to the level 1. The AND circuit DE
      moreover resets the flip-flop FD, as a result of which the central unit
      passes from the state D to the state E.
PAR  The state E is used to transfer the 1st operand, which has been staticized
      during the state C in the register 57 (FIG. 2), to the cell of the store
      42 the address of which has been read during the state D. In fact, at the
      instant TS, the command COM10 is generated by an AND circuit 161 (FIG. 10)
      of the block 63B and, acting on the gate circuit 141 (FIG. 2), causes the
      transfer to the register 41 of the address read during the state D and
      forced into the register 50.
PAR  If the bit b6 is 1, an AND circuit 162 (FIG. 10) generates the command
      COM18 which, causes the transfer of the contents of the page register 71
      (FIG. 2) to the addressing circuit 45. Since the output 62.sub.1 of the
      circuit 62 corresponding to the transfer instruction is at level 1, an OR
      circuit 163 (FIG. 10) is activated and, therefore, an AND circuit 164. In
      this way there is generated the command COM14 which, by means of the store
      input circuit 47 (FIG. 13), causes the transfer of the 1st operand
      contained in the register 57 to the store cell selected by the decoding
      network 45. Therefore, during the state E, the 1st operand is transferred
      from the cell corresponding to the address identified by the second
      character of the instruction read during the state B to the cell
      corresponding to the address identified by the third character read during
      the state D.
PAR  At the instant TS (FIG. 4) following the operations described, if any of
      the peripheral units 6, 7, 8 do not interrupts, the flip-flop FE (FIG. 5)
      activates the input 166 of an AND circuit 167. The other input 168 is
      activated through an inverter 169 by a signal INT indicating the
      interrupt, since it has the value 0. The output 204 of the AND circuit 167
      activates in turn, through the AND circuit DA, the flip-flop FA, as a
      result of which the central unit passes from the state E to the state A
      and the execution of the following instruction can be initiated.
PAC  2. INTERCHANGE (SCA)
PAR  The interchange instruction (SCA) is identified by the code 1010 and
      effects the transfer of the 1st operand read in the cell defined by the
      second character to the cell defined by the third character, interchanging
      the first four bits with the second four bits of the 1st operand. The
      modifier of this instruction has the same significance as the modifier of
      the instruction TRA.
PAR  The instruction SCA is recognized by the decoding circuit 62, which then
      generates as output a signal 62.sub.2. The instruction is executed in a
      manner entirely identical to that in which the instruction TRA discussed
      above is executed. The only difference consists in the fact that during
      the state E an AND circuit 175 (FIG. 10) activated by the output 62.sub.2
      generates the command COM19. This command, acting on the store input
      circuit 47, in the manner hereinbefore described, causes the transfer of
      the contents of the register 57 (FIG. 2) to the selected store cell,
      interchanging the two groups of bits.
PAC  3. COMPARISON (CFR)
PAR  The comparison instruction (CFR) is identified by the code 1001 and effects
      the comparison bit by bit between the 1st operand and the 2nd operand, the
      result of which is expressed by the bit E forced into the register 96
      (FIG. 2) of the central unit 5. The modifier of this instruction has the
      same significance as the modifier of the preceding instructions. The
      instruction CFR is recognized by the circuit 62, which then generates a
      signal at the output 62.sub.3. The instruction CFR is executed in a
      similar manner to the instruction TRA. The sole difference consists in the
      fact that during the state E the commands COM03 and COM20 are generated.
      In fact, the command COM03 is now generated by an AND circuit 176 (FIG.
      10) and causes the writing of the contents of the register 50, that is the
      writing of the 2nd operand, in the selected store cell. The command COM20
      is generated at the instant TI (FIG. 4) by an AND circuit 177 (FIG. 10)
      and, as has been seen, conditions the store input circuit 47 (FIG. 2) so
      that a comparison is made between the contents of the registers 50 and 57
      and the bit E = 1 is forced into the register 96 if the two contents are
      the same.
PAC  4. LOGICAL PRODUCT (AND)
PAR  The instruction AND is identified by the code 1111 and effects the logical
      AND bit by bit between the 1st operand and the 2nd operand. The modifier
      of this instruction has the same significance as the modifier of the
      preceding instructions.
PAR  The instruction AND is recognized by the circuit 62, which then generates
      as output a signal 62.sub.4. This instruction is executed in an entirely
      similar manner to the instruction CFR. The sole difference consists in the
      fact that during the state E the output 62.sub.4 activates an AND circuit
      178 (FIG. 10) which generates in turn the command COM21. This, as has been
      said, acts on the store input circuit 47 so that the logical AND is
      effected between the contents of the registers 50 and 57. The result of
      this comparison, represented by an eight-bit character, is in turn
      transferred to the store cell in which the 2nd operand was located. This
      is made possible by the fact that during the state E the address of the
      2nd operand is present in the register 41.
PAC  5. EXCLUSIVE-OR (ORE)
PAR  The instruction ORE is identified by the code 1110 and effects the
      exclusive-OR bit by bit between the 1st operand and the 2nd operand. The
      result of this operation is stored in the cell of the 2nd operand in the
      store 42. As regards this instruction also, the modifier has the same
      significance as the modifier of the preceding instructions.
PAR  The instruction ORE is recognized by the circuit 62, which then generates
      as output a signal 62.sub.5 and operates like the instruction AND. The
      sole difference consists in the fact that during the state E the output
      62.sub.5 activates an AND circuit 179 (FIG. 10), which in turn generates
      the command COM22. As has been seen, this command acts on the store input
      circuit 47 so that the exclusive-OR operation is carried out.
PAC  6. FREE TRANSFER (TRL)
PAR  The free transfer instruction (TRL) is defined by the code 1011 and effects
      the transfer of the 1st operand from the cell defined by the second
      character to the cell defined by the third character, in any page of the
      store 42, in contrast to the instruction TRA. The page in which the
      transfer takes place is identified by the bits b6 and b7 of the modifier.
      If b6 = b7 = 0, the address defined by the third character belongs to page
      0, if b6 = 0 and b7 = 1 it belongs to page 1, if b6 = 1 and b7 = 0 it
      belongs to page 2, if b6 = b7 = 1 it belongs to page 3. The bits b4 and b5
      of the modifier have the same significance as the bits b4 and b5 of the
      modifier of the instruction TRA.
PAR  The instruction TRL is recognized by the circuit 62, which then generates
      as output a signal 62.sub.12, and is executed in the same way as the
      instruction TRA, except that, in the state D, the output 62.sub.12
      activates an OR circuit 180 (FIG. 9) which in turn generates the command
      COM27. This command, acting on a gate circuit 185 (FIG. 2), transfers to
      the decoding network 45 the bits b6 and b7 of the modifier, that is the
      address of the store page to which the 1st operand is to be transferred.
PAC  2ND GROUP OF INSTRUCTIONS
PAR  To this group there belong the instructions concerning a constant which
      represents the 1st operand and is expressed by the second character of the
      instruction. These instructions are: transfer of constant (TRC), free
      transfer of constant (TLC) and comparison of constant (CDC). The said
      instructions are executed by the central unit 5 by means of the sequence
      of the states A, B, D, E. The time required for their execution is
      therefore 8 .mu.s. These instructions are respectively associated with the
      outputs 62.sub.10, 62.sub.13 and 62.sub.11 of the decoding circuit 62.
PAR  They are executed substantially in the same way as the instructions (TRA),
      (TRL) and (CFR) except for the fact that the state C is not carried out.
      In fact, the operations carried out in the states A and B are entirely
      identical to the operations executed by the corresponding instructions of
      the 1st Group. More precisely, during the state A the code of the
      instruction is read and during the state B the second character, which now
      represents the constant, is read. Since the constant is now read during
      the state B, it is not necessary to carry out the state C, which is used
      by the corresponding instructions of the 1st Group to read the 1st operand
      in the store 42.
PAR  Since one of the outputs 62.sub.10, 62.sub.13, 62.sub.11 is now always at
      level 1, the OR circuit 186 (FIG. 5) is activated. This circuit activates
      the input 187 of an AND circuit 188, while the other input 189 is
      activated by the flip-flop FB, as a result of which the AND circuit 188
      activates the flip-flop FD through the AND circuit DD at the time TS (FIG.
      4). The AND circuit DD moreover resets the flip-flop FB, acting on the
      corresponding reset circuit, so that there is a change directly from the
      state B to the state D.
PAC  1. TRANSFER OF CONSTANT (TRC)
PAR  The transfer-of-constant instruction (TRC) is identified by the code 1100
      and effects the transfer of the constant expressed by the second character
      of the instruction to the cell identified by the the third character of
      the instruction. The constant may also be incremented or not by one unit
      after the execution of the instruction under the control of the bit b5 of
      the modifier. If b5=0, the constant remains unchanged, if the bit b5 = 1
      the constant is incremented by one unit. The store address defined by the
      third character may also be incremented or not by one unit under the
      control of the bit b7 of the modifier. If b7 = 0, the address remains
      unchanged, if b7 = 1 the address is incremented by one unit.
PAR  It is to be noted that the bit b4 of the modifier is always zero and is not
      used. Therefore, to define the store page to which the address expressed
      by the third character belongs, the bit b6 of the modifier is used. If b6
      = 0, the address belongs to page 0, if b6 = 1 the address belongs to the
      current page.
PAR  The instruction TRC is recoginized by the circuit 62, which then generates
      as output a signal 62.sub.10. As has been said, this signal directly
      causes the passage of the central unit 5 to the state D. During this
      state, the same operations as have been described for the instructin TRA
      are performed, that is the reading of the third character of the
      insruction. During the state E there then takes place the transfer of the
      constant to the address defined by the third character, as for the
      instruction TRA.
PAC  2. FREE TRANSFER OF CONSTANT (TLC)
PAR  The instruction for free transfer of constant (TLC) is defined by the code
      0100 and effects the transfer of the constant defined by the second
      character to the address defined by the third character. The modifier of
      this instruction has the same significance as the modifier of the
      instruction TRL. During the states A and B there are executed the same
      operations as have been described for the instruction TRC, that is the
      reading of the code of the instruction and of the constant.
PAR  The instruction is recognized by the circuit 62, which then generates as
      output a signal 62.sub.13. As has been said, this signal directly causes
      the passage of the central unit 5 from the state B to the state D. During
      this state there is effected the reading of the third character of the
      instruction, as in the case of the instruction TRL. During the state E
      there then is carried out the transfer of the constant to the address
      defined by the third character as for the instruction TRA.
PAC  3. COMPARISON OF CONSTANT (CDC)
PAR  The instruction for comparison of a constant (CDC) is identified by the
      code 1101 and effects the comparison bit by bit between the constant
      expressed by the 1st operand and the 2nd operand. The result of this
      comparison is expressed by the bit E = 1 if the two operands are alike and
      by the bit E = 0 is they are different. This bit is placed in the register
      96 of the central unit 5 (FIG. 2).
PAR  The modifier of the instruction CDC has the same significance as the
      modifier of the instruction TRC. The instruction CDC is recognized by the
      circuit 62, which then generates as output a signal 62.sub.11, as a result
      of which the passage of the central unit 5 from the state B to the state D
      takes place. During this state, the reading of the second operand is
      effected as in the case of the instruction CFR. Finally, during the state
      E comparison takes place between the constant and the 2nd operand.
PAC  3RD GROUP OF INSTRUCTIONS
PAR  To this group there belong the instructions which are executed by the
      central unit 5 (FIG. 2) by means of the sequence of the states A, B and C.
      The time required for their execution is therefore 6.mu.s. These
      instructions are: the character-from-peripheral instruction (CDP), the
      character-to-peripheral instruction (CAP) and the jump instruction (SAL).
PAR  These instructions have a single address and are therefore formed by two
      characters. The first character contains the code which characterizes the
      type of instruction within the limits of the group and the relevant
      modifier. The second character contains the store address of the operand
      1. Character from peripheral (CDP)
PAR  The character-from-peripheral instruction (CDP) is defined by the code 0110
      and effects the transfer of the operand from the peripheral unit defined
      by the bits b6 and b7 of the modifier to the store address defined by the
      second character. The bit b4 of the modifier defines the store page to
      which the address defined by the second character belongs. If b4 = 0, the
      address belongs to page 0, if b4 = 1 it belongs to the current page. If,
      moreover, the bit b5 = 0, the address remains unchanged after the
      execution of the instruction, if the bit b5 = 1 the address is incremented
      by one unit.
PAR  During the state A, the instruction CDP is recognized by the circuit 62,
      which then generates as output a signal 62.sub.8. During the state B, the
      second character of the instruction is read, as for the instructions of
      the 1st and 2nd Groups. The second character of the instruction identifies
      the cell of the store 42 in which is to be recorded the character
      transmitted by the peripheral unit 6, 7 or 8 defined by the bits b6 and b7
      of the modifier.
PAR  From the state B the central unit then passes to the state C, since the AND
      circuit 139 of the block 63A (FIG. 5) is activated by the OR circuit 133,
      the outputs 62.sub.6, 62.sub.7, 62.sub.10,62.sub.11 and 62.sub.13 of the
      circuit 63 being zero. During the state C, the output 62.sub.8 activates
      an AND circuit 197 (FIG. 8) which in turn generates the command COM17,
      which causes in the store input circuit 47 the transfer of the character
      present on the channel 46 (FIG. 2) to the cell of the store 42 the address
      of which has been read during the state B.
PAR  After these operations, the central unit 5 returns to the state A. In fact,
      since the output 62.sub.8 is at level 1, an OR circuit 198 (FIG. 5) is
      always activated. Consequently, there is activated an input 199 of an AND
      circuit 200, the other input 201 of which is activated through an inverter
      169. In this case, the AND circuit 200 activates an AND circuit 202
      enabled by the output 203 of the flip-flop FC. The output 204 of the AND
      circuit 202 activates in turn at the instant TS (FIG. 4) the flip-flop FA,
      as a result of which the central unit passes from the state C to the state
      A.
PAC  2. CHARACTER TO PERIPHERAL (CAP)
PAR  The character-to-peripheral instruction (CAP) is identified by the code
      0111 and effects the transfer of the operand the address of which is
      defined by the second character to the peripheral defined by the bits b6
      an b7 of the modifier. These bits have the same significance as the
      corresponding bits of the instruction CDP. During the state A, this
      instruction is recognized by the circuit 62, which then generates as
      output a signal 62.sub.9.
PAR  The second character of the instruction read in the state B now identifies
      the address of the character which is to be transmitted to the peripheral
      unit defined by the bits b6 and b7 of the modifier. As regards this
      instruction also, the central unit passes from the state B to the state C
      owing to the fact that the OR circuit 133 of the block 63A (FIG. 2) is
      activated. During the state C there takes place the reading of the
      character the address of which has been selected during the state B and
      simultaneous staticization in the register 50 (FIG. 2). Moreover, the
      output 62.sub.9 activates the AND circuit 195 (FIG. 8), which in turn
      generates the command COM08. This command is transmitted to the selected
      peripheral unit to prepare it to receive the character transmitted from
      the central unit 5. After these operations, the central unit 5 returns to
      the state A, as in the case of the instruction CDP.
PAC  3. JUMP (SAL)
PAR  The jump instruction (SAL) is identified by the code 0010 and makes it
      possible to pass from one instruction to another, even if these
      instructions are not consecutive in the course of the programme being
      executed. The second character of the instruction SAL indicates the
      address in store of the next instruction which is to be carried out by the
      central unit 5.
PAR  The same operations as have been described for the preceding instructions
      are also carried out for the instruction SAL during the states A and B.
      The bits b6 and b7 of the modifier define, on the other hand, the page to
      which the cell defined by the second character of the instruction belongs,
      as for the instructions TRL and TLC. In this store cell there is now
      contained the first character of the instruction which is to be executed
      thereafter.
PAR  The jump may be conditional or unconditional. For example, in a comparison
      effected by the instruction CDC, the result is expressed by the bit E
      forced into the register 96 (FIG. 2) of the central unit 5. The
      instruction SAL may then be conditioned either by the bit E = 0 or by the
      bit E = 1, in dependence upon the particular arrangement of the programme
      in process of execution.
PAR  The value of the bit E which conditions the execution of the jump
      instruction is identified by the bits b4 and b5 of the modifier of the
      instruction. More precisely, we have the following two cases: b4 = b5 = 0
      for the instruction SAL conditioned by the value E = 0, that is effected
      if E = 0, b4 = 0 and b5 = 1 for the jump instruction conditioned by the
      value E = 1.
PAR  The second character, read during the state B and recorded in the register
      50, now represents the store address to which the jump is to take place.
PAR  The block 63A comprises a logic circuit 105 (FIG. 5) adapted to emit in
      known manner an output signal CV which represents the following logical
      function:
EQU  CV = b4 + b5 . E + b5 . E
PAL  Therefore, CV is 1 if b4 = b5 = E = 0 or b4 = 0 and b5 = E = 1.
PAR  If the jump condition is not verified, that is if in the said two cases we
      have respectively E=1 and E=0, the signal CV = 0. An AND circuit 210 of
      the block 63A is then activated, since the two inputs 211 and 212 are at
      level 1, the output 62.sub.6 of the circuit 62 being activated. In
      consequence, through an OR circuit 213, the AND circuit 210 activates the
      input 214 of an AND circuit 215, the other input 216 of which is then
      activated by the inverter 169. In this case, the AND circuit 215 activates
      the input 217 of an AND circuit 218, the other input 219 of which is
      connected to the output 220 of the flip-flop FB. Consequently, the output
      221 of the AND circuit 218 activates the flip-flop FA at the instant TS
      through a conductor 204. Therefore, when the jump condition is not
      verified, the central unit 5 returns from the state B to the state A, as a
      result of which the jump instruction is not executed.
PAR  if, on the other hand, the jump condition is verified, that is, referring
      to the two preceding cases, if the bit E has the values 0 and 1,
      respectively, the signal CV is at level 1. This signal therefore activates
      an OR circuit 137 and, through the AND circuit 133, also the input 138 of
      the AND circuit 139. The other input of this circuit is activated by the
      flip-flop FB, inasmuch as the central unit 5 is in the state B.
      Consequently, the flip-flop FC is activated at the instant TS through the
      AND circuit DC.
PAR  The central unit then passes from the state B to the state C, wherein the
      command COM10 is generated by the AND circuit 140 (FIG. 8) and commands
      the transfer of the contents of the register 50 (FIG. 2) to the addressing
      register 41. In this way, the store address to which the jump is to be
      made is staticized in the register 41. At the instant TI, an AND circuit
      225 (FIG. 8) generates the command COM12 which, opening a gate circuit 221
      (FIG. 2), transfers to the page register 71 the bits b6 and b7 indicating
      the page to which the address belongs.
PAR  Another AND circuit 226 moreover generates the command COM11, which is
      adapted to inhibit the counting network 44 (FIG. 2). In this way, when an
      AND circuit 227 generates the command COM04 at the instant TR, the same
      address which is staticized in the register 41 is forced into the register
      32, that is the second character of the instruction which indicates the
      address from which the following instruction will be carried out.
PAR  The operations carried out in the state C having been completed, the
      central unit 5 passes to the state A, as seen in the case of the
      instructions CDP and CAP. During the state A which follows there will then
      be forced into the addressing registers 41 and 71 the address defined by
      the second character of the instruction and by the bits b6 and b7 of the
      modifier.
PAR  The unconditional jump is effected, for example, when any peripheral unit
      interrupts a programme which is in course of execution. For example, the
      interrupt may be caused when a peripheral unit has carried out the
      operation indicated by an instruction CAP sent to it by the central unit
      5, or when a peripheral unit introduces a character into the central unit
      5 by means of an instruction CDP. Owing to this interrupt, it is necessary
      for the central unit 5 to store in a store cell a jump instruction which
      will make it possible to return to the last address taken into
      consideration by the programme before the interrupt. This jump instruction
      is therefore not conditioned by the value of the bit E. It is identified
      by the bits b4 and b5 of the modifier, which assume in this case the
      values 1 and 0, respectively. The output signal CV of the circuit 105
      (FIG. 5) is then always at level 1, whatever the value of the bit E. In
      this case, the same operations as have been described for the conditional
      jump instruction with the condition verified are performed by the central
      unit 5.
PAR  Moreover, there is an unconditional jump instruction called the "re-entry"
      jump instruction, the significance of which will be explained hereinafter.
      This instruction is identified by the bits b4 and b5 of the modifier,
      which both assume the value 1. The signal CV is also always at level 1 in
      this case, as a result of which the same operations as have been described
      for the conditional jump instruction with the condition verified are
      performed by the central unit 5.
PAC  4TH GROUP OF INSTRUCTIONS
PAR  To the 4th Group of Instructions there belong the instructions which are
      executed by the central unit 5 by means of the sequence of the states A
      and B. To this group there also belongs the conditional jump instruction
      when the jump condition is not verified, as already described.
PAR  To this group there moreover belongs the command-to-peripheral instruction
      (COP), which is identified by the code 0101 and effects the transfer of
      the command, the code of which is defined by the second character, to the
      peripheral defined by the bits b6 and b7 of the modifier in the manner
      described with reference to the instructions CDP and CAP. It is to be
      noted that the bits b4 and b5 of the modifier are not used by this
      instruction and are therefore always at level 0.
PAR  During the state A there now is carried out the decoding of the instruction
      by the circuit 62, which activates the output 62.sub.7. During the state B
      there takes place the reading of the second character of the instruction
      which represents the command to be transmitted to the selected peripheral
      unit, and the transfer thereof to the register 50.
PAR  Two AND circuits 230 and 231 (FIG. 7) activated by the output 62.sub.7 now
      generate the commands COM08 and COM09, respectively. The command COM08
      causes the transfer of the contents of the register 50 to the peripheral
      unit, while the command COM09 is transmitted directly to the peripheral
      unit to specify that the character coming from the central unit is a
      command and not a character.
PAR  After the execution of these operations, the circuit 213 (FIG. 5) activated
      at the instant TS by the output 62.sub.7 of the circuit 62 causes the
      activation of the flip-flop FA in the same way as has been described for
      the jump instruction with the condition not verified, as a result of which
      the central unit therefore passes from the state B to the state A.
PAR  The above-mentioned instructions are synthetized in the following
      recapitulatory Tables, there being given in Table I the symbol for each
      instruction, the corresponding name, the code associated with the
      instruction, the corresponding output of the circuit 62, the bits b4 and
      b5 and their significance. In Table II there are given machine states in
      which each instruction is executed by the central unit 5, the group to
      which the instruction belongs, the value of the bits b6 and b7 and their
      significance.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                  Code                                                         
     Symbol                                                                    
         Instruction                                                           
                  b0-b3                                                        
                       Output                                                  
                            b4 and b5                                          
                                   Significance                                
     __________________________________________________________________________
     TRA Transfer 1000 62.sub.1                                                
     SCA Interchange                                                           
                  1010 62.sub.2                                                
                            b4=0   1st operand                                 
                                   is on page 0                                
     CFR Comparison                                                            
                  1001 62.sub.3                                                
     AND AND      1111 62.sub.4                                                
                            b4=1   1st operand                                 
                                   is on current                               
     ORE Exclusive-OR                                                          
                  1110 62.sub.5    page                                        
     TRC Transfer of                                                           
                  1100 62.sub.10                                               
         constant                                                              
     CDC Comparison                                                            
                  1101 62.sub.11                                               
                            b5=0   1st operand                                 
         of constant               unchanged                                   
     TRL Free transfer                                                         
                  1011 62.sub.12                                               
     TLC Free transfer                                                         
                  0100 62.sub.13                                               
                            b5=1   1st operand                                 
         of constant               + 1                                         
     CDP Character from                                                        
                  0110 62.sub.8                                                
         peripheral                                                            
     CAP Character to                                                          
                  0111 62.sub.9                                                
         peripheral                                                            
     COP Command to                                                            
                  0101 62.sub.7                                                
                            b4=b5=0                                            
                                   not used                                    
         peripheral                                                            
                            b4=0 b5=0                                          
                                   jump condi-                                 
                                   tioned by                                   
                                   E=0                                         
                            b4=0 b5=1                                          
                                   jump condi-                                 
                                   tioned by                                   
                                   E=1                                         
     SAL JUMP     0010 62.sub.6                                                
                            b4=1 b5=1                                          
                                   unconditional                               
                                   jump                                        
                            b4=1 b5=0                                          
                                   re-entry                                    
                                   jump                                        
     __________________________________________________________________________
TBL                TABLE II                                                    
     ______________________________________                                    
           Machine                                                             
     Symbol                                                                    
           states     Group   b6 and b7                                        
                                       Significance                            
     ______________________________________                                    
     TRA                                                                       
     SCA   A,B,C,D,E  I       b6=0     2nd operand is                          
                                       on page 0                               
     CFR                                                                       
     AND                      b6=1     2nd operand is                          
                                       on current page                         
     ORE                      b7=0     2nd address                             
                                       unchanged                               
     TRC                                                                       
           A,B,D,E    II      b7=1     2nd address                             
     COC                               + 1                                     
                              b6=0 b7=0                                        
     TRL   A,B,C,D,E  I       b6=0 b7=1                                        
                                       as for jump                             
                              b6=1 b7=0                                        
                                       instruction                             
     TLC   A,B,D,E    II      b6=1 b7=1                                        
     CDP                      b6=0 b7=1                                        
                                       tape store                              
           A,B,C      III     b6=1 b7=0                                        
                                       typewriter                              
     CAP                      b6=1 b7=1                                        
                                       console                                 
     COP   A, B       IV                                                       
                              b6=0 b7=0                                        
                                       2nd operand is                          
                                       on page 0                               
                              b6=0 b7=1                                        
                                       2nd operand is                          
     SAL   A, B, C    III              on page 1                               
                              b6=1 b7=0                                        
                                       2nd operand is                          
                                       on page 2                               
                              b6=1 b7=1                                        
                                       2nd operand is                          
                                       on page 3                               
     ______________________________________                                    
PAC  INTERRUPT
PAR  During the carrying out of one of the instructions hereinbefore described
      an interrupt command may reach the central unit 5 (FIG. 2) from any one of
      the peripheral units connected to it. For the purpose of executing the
      current instruction, the execution of the programme in process of
      execution is then interrupted and another series of instructions is
      carried out. The machine states used for carrying out the interrupt are
      the states F and G, so that the interrupt is carried out in 4 .mu.s.
PAR  When one of the peripheral units 6, 7 and 8 sends an interrupt signal INT,
      the logic circuit 31 (FIG. 2) activates the conductor 76, which introduces
      the signal INT into the block 63A (FIG. 5). If, at the instant when the
      signal INT is sent, an instruction of the 1st or 2nd group, which
      terminates with the state E, is in process of execution, the central unit
      5 continues to execute the instruction until this state has been reached.
      Then, as has been said, the output ME of the flip-flop FE is activated and
      the input 232 of an AND circuit 233 is activated, the other output 234 of
      which circuit is activated by the signal INT. Through the AND circuit DF,
      the circuit 233 therefore activates the flip-flop FF at the instant TS, so
      that the central unit passes from the state E to the state F.
PAR  If, at the instant when the signal INT is sent, an instruction of the 3rd
      group, the execution of which terminates with the state C, is in process
      of execution, the interrupt begins to be carried out only when this state
      is reached. In fact, the output MC of the flip-flop FC is activated and,
      consequently, the input 203 of an AND circuit 248 is activated. The other
      input 235 of this circuit is activated only when an AND circuit 236 is
      activated. This occurs only when both the conductor 76 and the output of
      the OR circuit 198 are at level 1. This OR circuit is activated when an
      instruction terminating with the state C is in process of execution,
      inasmuch as its inputs are connected to the outputs 62.sub.6, 62.sub.8,
      62.sub.9 corresponding to the instructions SAL, CAP and CDP. In this way,
      it can never happen that the execution of an instruction which does not
      terminate with the state C can be interrupted in the state C by the signal
      INT. When the AND circuit 248 is activated through the AND circuit DF, the
      central unit passes from the state C to the state F.
PAR  Similarly, when an instruction of the 4th group, which terminates with the
      state B, is in process of execution, the signal INT acts only when this
      state is reached. In fact, the output 220 of the flip-flop FB activates
      the input 240 of an AND circuit 241, the other input 242 of which is
      activated by another AND circuit 243. This last-mentioned circuit is
      activated only when both the signal INT and the output of the OR circuit
      213 are at level 1. This occurs only when the instruction COP or the jump
      instruction with condition not verified is in process of execution. In
      this way, the possibility of the execution of an instruction which does
      not terminate with the state B being interrupted in the state B by the
      signal INT is prevented. When the AND circuit 241 is activated, the
      central unit therefore passes from the state B to the state F.
PAR  In each case, during the state F there is carried out in known manner the
      reading of the store cell selected during the preceding state, as if the
      central unit 5 had returned to the state A. The contents of this cell are
      transferred to the output register 50 in the manner seen hereinbefore.
PAR  An AND circuit 245 (FIG. 11) then generates at the instant TM (FIG. 4) the
      command COM25 which, acting on a gate circuit 246 (FIG. 2), transfers the
      contents of the register 32 to the register 57. These contents correspond
      to the store address of the last instruction in process of execution. At
      the same time, the command COM25 puts all the flip-flops of the register
      41 at level 1, acting on the respective set circuits. In this way, the
      cell 255 is selected, since the configuration 11111111 of the register 41
      corresponds precisely to this cell.
PAR  The page to which this cell belongs is page 0, since the contents of the
      register 71 are not transmitted to the addressing circuit 45, the gate
      circuit 113 being closed. In fact, during the state F, the command COM18
      which opens the gate circuit 113 is not generated, as a result of which
      the configuration 00 is present in the register 71.
PAR  The output MF of the flip-flop FF then generates directly the command COM23
      (FIG. 11) which, acting on the store input circuit 47 (FIG. 2), forces
      into the output channel 48 the character 001011, followed by the bits
      contained in the register 71. To this end, the logic circuit 47 comprises
      a circuit 101 (FIG. 13) formed, for example, by six flip-flops which are
      conditioned by the command COM23 in such manner that the bit configuration
      001011 is obtained at their outputs. To this configuration the circuit 101
      moreover adds the two bits coming from the register 71 through the input
      channel 82. The configuration of eight bits is then transferred on the
      output channel 48. The output channel 48 constitutes the input of the
      store 42 (FIG 2), so that the configuration of eight bits is written into
      the cell of the store 42 selected by the address contained in the register
      41. This address, as has been seen, corresponds to the cell 255 of page 0.
      As has been said, the character 001011 defines the "re-entry jump"
      instruction, the bits in the register 71, on the other hand, define the
      current page. At the instant TR (FIG. 4), an AND circuit 247 (FIG. 11)
      generates the command COM04, which causes the forcing into the register 32
      of the contents of the register 41 incremented by one unit, that is the
      character 00000000 corresponding to cell 0 of page 0.
PAR  It is therefore clear that during the state F there is written into the
      cell 255 of page 0 the re-entry jump instruction and there is forced into
      the addressing register 32 the address 00000000.
PAR  At the instant TS (FIG. 4) following these operations, the central unit
      passes to the state G, since the AND circuit DG (FIG. 5) is activated.
      During the state G, another AND circuit 250 (FIG. 12) generates at the
      instant TS the command COMO1 which commands the transfer to the register
      41 of the contents of the register 32, that is the address corresponding
      to cell 0 of page 0.
PAR  At the instant TN (FIG. 4) following the instant TS, an AND circuit 251
      (FIG. 12) moreover generates a signal RO which resets the flip-flops of
      the register 71 (FIG. 2) in known manner, selecting in this way the page
      0. The output MG of the flip-flop FG moreover generates directly the
      command COM14 (FIG. 12) which, acting on the circuit 47 in the manner
      already seen, transfers the address in store of the last instruction in
      process of execution, this address being contained in the register 57
      (FIG. 2), to cell 0 of page 0 of the store 42.
PAR  By means of the operations which have just been described there has
      therefore been compiled in the cell 255 of page 0 an instruction for a
      re-entry jump to the page to which belongs the address of the instruction
      in process of execution at the moment when the interrupt occurred. This
      address has moreover been stored in cell 0 of page 0.
PAR  After these operations, another AND circuit 252 (FIG. 12) generates at the
      instant TR following the instant TM (FIG. 4) the command COM26. This
      command, acting on a gate circuit 253 (FIG. 2), transfers the contents of
      the logic circuit 31 to the register 32, that is forces into the register
      32 the address corresponding to the peripheral 6, 7 or 8 which has caused
      the interrupt. Through the channel 33 the contents of the register 32 are
      at the same time forced into the reset logic circuit 34. Moreover, the
      command COM26, acting on a gate circuit 255, transfers the possible
      comparison bit E from the register 96 to the register 97, where it is
      stored for the entire duration of the interrupt. In fact, the register 96
      could be used during the interrupt itself if, for example, the interrupt
      contains the instruction CFR or CDC.
PAR  If the signal INT is generated in the course of an instruction by more than
      one of the peripherals 6, 7, 8, at the instant TI following the instant TR
      (FIG. 4), an AND circuit 256 (FIG. 12) generates the command COM24 and
      opens a gate circuit 257 (FIG. 2). This therefore causes the resetting of
      the flip-flop of the register 30 corresponding to the peripheral unit of
      higher order of priority which has caused the interrupt. In this way,
      after the execution of the programme corresponding to the interrupt
      introduced by this peripheral, there can once more be introduced another
      possible interrupt corresponding to a peripheral unit of less high order
      of priority.
PAR  After these operations, the central unit 5 returns to the state A at the
      instant TS following the instant TI, inasmuch as at this instant the AND
      circuit DA (FIG. 5) activated by the output MG of the flip-flop FG is
      enabled. There is begun, therefore, the execution of the first instruction
      of the series of instructions relating to the interrupt, the address of
      which has been staticized in the register 32. Consequently, during the
      state A in which the central unit 5 is at the end of the interrupt, there
      is generated inter alia the command COMO1, which permits the transfer of
      the address corresponding to the first instruction which is to be
      executed, from the register 32 to the register 41. This instruction,
      together with the others of the series relating to the interrupt, is then
      carried out under the same conditions which have been seen hereinbefore in
      accordance with the type of the instruction itself.
PAR  For the purpose of resuming the execution of the interrupted instructions
      by the central unit 5, the last instruction of the series relating to the
      interrupt is always an instruction for an unconditional jump to the
      address of cell 255 of page 0. In this cell, as has been said, there has
      been stored the first character of an instruction for a re-entry jump to
      the address defined by the second character of the instruction stored in
      cell 0 of page 0 following cell 255.
PAR  The re-entry jump instruction is then carried out by the central unit 5 in
      the manner seen hereinbefore and in fact causes the central unit 5 to
      return to the same conditions in which it was at the time of the
      interrupt. More precisely, at the end of the re-entry jump instruction
      there is recorded in the register 41 the address defined by the second
      character of the instruction itself, that is the same address at which the
      central unit 5 was at the instant of the interrupt. Moreover, during the
      state B of the re-entry jump instruction, since the bits b4 and b5 of the
      modifier both assume the value 1, the command COM13 is generated by the
      AND circuit 258 (FIG. 7). This command, acting on a gate circuit 259 (FIG.
      2), transfers the bit E from the register 97 to the register 96. In the
      register 96 there is therefore staticized the bit E which was therein at
      the moment of the interrupt. The re-entry jump instruction having been
      completed, return to the state A is effected, which gives rise to the
      continuation of the interrupted programme.
PAC  TYPEWRITER CONTROL UNIT
PAR  The controller 9 (FIGS. 1 and 14) of the typewriter 6 is adapted to control
      the exchange of data and commands between the typewriter 6 and the central
      unit 5. The input and output device 12 of the typewriter 6 comprises an
      input device 12' for receiving from the controller 9 the codes of the
      printing characters and the codes of the function characters. These codes
      are formed by eight bits, six of which are used to define the character,
      one of which is a shift bit for defining upper case and lower case, while
      one bit can be used, for example, as a parity bit. The six bits of the
      character act in known manner on a series of six electromagnets for
      selecting the character or the function to be effected.
PAR  The device 12 moreover comprises an output device 12" adapted to transmit
      to the control unit 9 the codes of the 7 characters and of the functions
      entered in known manner on the keyboard 270 and the keyboard 271,
      respectively. The transmission of the codes takes place through the
      switching of six switches of any known type which are not shown in FIG.
      14.
PAR  The function conductor 65.sub.1 connecting the controller 9 to the central
      unit 5 is activated by the decoding network 65 only when this network
      selects, in the manner seen hereinbefore, the typewriter 6. The data are
      moreover exchanged with the central unit 5 through the output channel 46
      connected to the store input circuit 47 of the central unit 5 and through
      the input channel 51 connected to the output register 50 of the central
      unit 5.
PAR  The input channel 51 transfers the data present in the register 50 to an
      eight-bit register 273 of the controller 9. The operation of the
      controller 9 is controlled by the central unit 5 through the external
      instructions COP and CAP for the reception of a command or a writing
      character from the central unit 5 and through the instruction CDP for the
      transmission of a character to the central unit 5. More precisely, the
      controller 9 can be put into a transmitting or receiving state by the
      central unit 5 by means of the instruction COP. In fact, as has been seen,
      the instruction COP generates two commands COMO8 and COMO9 which are sent
      through a conductor 269 to a decoding circuit 274 of the controller 9.
      This circuit 274 effects in known manner the decoding of the command
      received. If this command is the command COMO8, the circuit 274 activates
      the output COMO8', if it is the command COMO9 it activates the output
      COMO9'. These outputs put the controller 9 in the transmitting condition
      and the receiving condition, respectively.
PAR  If the central unit 5 proposes to receive a character from the control unit
      9 by means of the instruction CDP, it sends to the control unit 9 an
      instruction COP which generates the command COMO8. This command, together
      with the signal present on the conductor 65.sub.2 which selects the
      controller 9, activates an AND circuit 275 which acts in such manner on
      the reset circuit of a flip-flop 276 that it then indicates that the
      controller 9 is in the transmitting condition.
PAR  If the operator actuates a character key on the keyboard 270, the output
      device 12" activates in known manner, through a conductor 277, an AND
      circuit 278 enabled in turn by the flip-flop 276. The output signal of the
      AND circuit 278, acting on the reset circuit of a flip-flop 279, opens a
      gate circuit 280, so that the character entered on the keyboard 270 is
      transferred to the output channel 46. the conductor 277 is connected to
      the input 30a of the register 30 (FIG. 2), and causes in the register 30,
      in the manner described before, an interrupt in the operation of the
      central unit 5. The central unit 5 then jumps to the store address
      identified by the conductor 30a, corresponding to the typewriter 6 and
      decoded by the circuits 31. In this address there is contained the first
      character of an instruction CDP, whereby the central unit 5 is arranged to
      receive the character present on the channel 46.
PAR  If the operator actuates a function key of the keyboard 271 (FIG. 14), the
      keyboard emits a signal on the conductor 285, which causes in the same way
      as the conductor 277 the transmission of an interrupt signal to the
      central unit 5. This is therefore prepared to receive the function
      character which is present on the channel 46. The conductor 285 moreover
      activates an AND circuit 282 which, acting in turn on the set circuit of
      the flip-flop 279, opens the gate circuit 283 which places a channel 284
      in communication with the output channel 46.
PAR  The keyboard 271 moreover emits on a conductor 286 a signal corresponding
      to the function key actuated. This signal acts on a decoding circuit 287,
      which supplies the code corresponding to the key actuated. This code is
      formed of eight bits, of which the bits b4, b5 and b6 are always zero to
      distinguish a function character from a printable character. This code is
      sent over the channel 284 and through the gate circuit 283 to the output
      channel 46.
PAR  If it is desired to transmit a command character to the control unit 9, the
      central unit 5 sends thereto on the channel 57 an instruction CAP which
      generates the command COMO9. This command is decoded by the decoding
      circuit 274, which then activates the output COMO9'. Through an AND
      circuit 290 this output acts on the set circuit of the flip-flop 276,
      which puts the control unit 9 into the receiving condition. This condition
      is identified by an output signal R of an AND circuit 291 enabled at the
      instant TN by the flip-flop 276. The enabling of the AND circuit 291 at
      the instant TN is effected since at this instant during the instruction
      CAP the central unit 5, as has been seen hereinbefore, has already read in
      the store 42 the character to be sent to the peripheral and has staticized
      it in the register 50 (FIG. 2) connected to the input channel 57 of the
      control unit 9.
PAR  In the execution of the instruction CAP, the character present on the
      channel 57 is then transferred by the central unit 5 to the register 273.
      If this character is a service character, identified as has been said by
      the zero bits b4, b5 and b6, a decoding circuit 299 for these bits which
      is connected to the register 273 emits a signal Y, while if this character
      is a printing character the decoding circuit 274 emits instead a signal W
      in a manner known per se.
PAR  In the first case, a gate circuit 295 is enabled, whereby the character
      present in the register 273 is sent through a channel 296 to the decoding
      circuit 287. This circuit supplies at an output 297 a signal which is sent
      through a gate circuit 298 enabled by the signal Y to the input circuit
      12' of the typewriter 6. It is to be noted that the gate circuits 295 and
      298 are opened only when the receiving condition obtains (R = 1) and the
      character is a function character (Y = 1 and W = 0).
PAR  If the character present in the register 273 is printable, the signal W
      enables a gate circuit 300, so that this character is transferred to the
      input circuit 12' of the typewriter 6. It is to be noted that the gate
      circuit 300 is opened only when the control unit 9 is in the receiving
      condition (R = 1) and the character is printable (W = 1 and Y = 0).
PAR  What has been said for a single character also applies as regards
      succeeding characters both being received and being transmitted.
PAR  Every time the input circuit 12' has received a character, it emits a
      signal on a conductor 301, which introduces an interrupt into the central
      unit 5 through the input 30a, so that the central unit 5 is prepared for
      sending another character.
PAR  On the basis of the contents of the store cell which are identified by the
      interrupt, the central unit 5 can now send a command or a character
      through a following instruction. If, for example, the control unit 9 is in
      the transmitting condition, the central unit 5 can send either an
      instruction CDP, whereby the transmission continues, or an instruction COP
      for reception, whereby the control unit 9 is put into the receiving
      condition. Of course, the character is sent from the central unit 5 by
      means of a following instruction CAP. It is to be noted that the
      connecting of the input device 12' and the output device 12" to the
      register 6 have not been described in details, because it is known in the
      field of the machines with I/O devices to derive from the character and
      command signals supplied to the I/O devices, the functions associated to
      them. For example, if a character is to be printed, the input device 12'
      is able to selectively position the code bars of the typewirter 6 in order
      to carry out the printing of the character. In the same manner the other
      functions can be carried out.
PAC  COMMAND KEYBOARD CONTROL UNIT
PAR  The command keyboard 8 is used for sending a number of commands to the
      central unit 5 through the corresponding control unit 11. More precisely,
      this keyboard comprises a general switch, not shown in the drawings, for
      the electrical supply of all the units of the printing system. It moreover
      comprises a start button known per se which enables the operation of the
      units to be started in such manner as to cause the loading of the group of
      initial instructions into the store 42 of the central unit 5 in the manner
      hereinbefore described. These instructions moreover allow the loading into
      the store 42 of a particular group of instructions called the "loading"
      instructions which are adapted to load into the store 42 any other
      operative group of instructions, in the manner which will be explained
      hereinafter. The keyboard 8 moreover comprises an indicator lamp which is
      lit by means of a command coming from the central unit 5. To this end,
      since the exchange of commands between the central unit 5 and the keyboard
      8 takes place through the medium of an instruction COP, this acts on the
      keyboard 8 in the manner described for the control unit 9 of the
      typewriter 6. More precisely, by means of the decoding circuit 65 (FIG. 2)
      the instruction COP selects the keyboard 8, which accepts only a
      particular command expressed by the second character of the instruction
      COP and formed by eight bits all at level one. This command acts in known
      manner on the keyboard 8 to produce the lighting of the indicator lamp.
PAR  The keyboard 8 in turn is adapted to send only one interrupt signal to the
      central unit 5 by means of the actuation of the interrupt key connected to
      the input 30c of the circuit 30 (FIG. 2). The interrupt key then
      conditions the central unit 5 in the manner seen hereinbefore to carry out
      a series of instructions associated with the interrupt originating from
      the keyboard.
PAC  MAGNETIC TAPE STORE CONTROL UNIT
PAR  The control unit 10 of the tape store 7 controls the reading and writing of
      addresses, programmes and data in the store 7.
PAR  The store 7 is constituted by a magnetic tape 310 (FIG. 15) closed on
      itself and contained in a cartridge. The cartridge is interchangeable, so
      that the system may comprise any number of cartridges whatsoever. The tape
      310 comprises a series of parallel tracks P1, P2 ... PN on which the data
      are recorded serially in blocks B1...B256, each of which corresponds to a
      line of print. Each block is separated from an adjacent block by a zone,
      called the erasure zone, in which no recording takes place.
PAR  Each store block has a fixed length and comprises 80 characters each of
      eight bits. The characters of each block are numbered in progression (FIG.
      16) from fixed 0 to 79. The characters from 6 to 78 are used for recording
      the data relating to a corresponding line of print, while the characters
      from 0 to 5 are used as function characters. More precisely, the first
      function character contains a constant which is used by the central unit 5
      to select from among the tracks P1...PN the one which contains the block
      in which the following characters are to be recorded. The address of this
      block in the limits of the track selected is defined by the second
      character, while the cartridge itself is identified by the third
      character. The fourth character indicates the number of characters that
      each line can contain; this number can be selected by the operator to
      extend or reduce, in the manner which will be seen hereinafter, the length
      of a line of print. The fifth character indicates the number of characters
      actually contained in the line of print. The sixth character indicates the
      code of the function to be carried out on the line, for example centring,
      underlining, etc. The 79th character, finally, is a longitudinal parity
      character relating to the remaining seventy-nine characters.
PAR  In addition to the data tracks P1...PN, the tape 310 also contains a track
      PO which contains the addresses I1 ...I256 of the data blocks. Each
      address block I1...I256 is formed of twenty-five characters, only one of
      which is used to contain the address of the data block or of the programme
      block. Since this character contains eight bits, it is sufficient to
      define one data block from the remaining 255 in the selected track. The
      remaining 24 characters of each address block are used as function
      characters. The first three of these characters in particular may
      represent two constants used for identifying an address block and a
      programme block, respectively. In fact, on the track PO, between one
      address and the next, there is recorded a programme block BP1...BP256
      formed of 70 characters in which there are recorded the characters of the
      operative instructions of the printing system.
PAR  Each address block I1...I256 is used to select the blocks of data which
      geometrically follow it in the direction of advance of the tape. For
      instance, the data blocks B2 recorded on the tracks P1...PN are selected
      by the address block I2. To select a data block univocally, the track to
      which it belongs must therefore be selected first and then, within the
      track, the block itself must be selected from the remaining 255 blocks.
PAR  The control unit 10 is connected through an input channel 51 (FIG. 17) to
      the register 50 (FIG. 2) of the central unit 5 and through an output
      channel 46 to the input circuit 47 of the store 42. More particularly, the
      two channels 51 and 46 are connected through two gate circuits 316 and 317
      to a register 318 of the control unit 10. The register 318 can exchange
      the bits staticized therein with a shift register 319 through two gate
      circuits 320 and 321. The register 318 moreover transmits the bits to a
      decoding circuit 325 adapted to generate a plurality of commands in
      correspondence with the bits received from the register 318. The decoding
      circuit 325 acts on a timer 326, which generates time signals controlling
      the operation of the control unit 10.
PAR  The decoding circuit 325 can moreover be actuated by means of a signal
      present on the conductor 327, which is at level 1 when the start button of
      the keyboard 8 is actuated. The decoding circuit 325 is connected through
      a gate circuit 328 to a four-place register 329 which is adapted to emit
      on a conductor 330 a signal which, acting on a reading head of the tape
      store 7, selects the track corresponding to the bits contained in the
      register.
PAR  The register 319 is moreover connected to another decoding circuit 335,
      which emits a signal at its output 336 when an address is present in the
      register 319. The signal present at the output 336 acts in turn on a
      circuit 337 which, when it is activated, sends an interrupt signal on the
      input 30b of the circuit 30 (FIG. 2) of the central unit 5.
PAR  The register 319 is connected by means of a gate circuit 338 to a signal
      shaping device 339 which is adapted to supply at an output 340 signals
      corresponding to the character contained from time to time in the register
      319. These signals are used by a writing device of the store 7, this
      device not being shown in the drawing. Finally, the register 319 is
      connected to a reading device 342 of known type adapted to read serially
      the bits recorded on the tape 310 and transmit them to the said register
      through the conductor 343.
PAR  The exchange of the data between the central unit 5 and the control unit 10
      takes place by means of the instructions COP, CDP, CAP generated by the
      central unit 5. The control unit 10 is initially in a rest or inoperative
      state. This state is expressed symbolically in FIG. 18, which shows
      diagrammatically the succession of the operations performed both by the
      central unit 5 and by the control unit 10. The operations performed by the
      control unit 10 are indicated in rectangular blocks, while the logical
      decisions or alternatives are represented by rhombi. The operations
      performed by the central unit 5, on the other hand, are indicated by
      arrows, which symbolically enable gate circuits so as to permit the
      passage of the control unit 10 from one operative state to another.
PAR  To write or read information on the tape 310 of the store 7, the central
      unit 5 sends to the control unit 10 in the manner seen hereinbefore a
      so-called "selection" instruction COP. Sinc, if b6=0 and b7=1 in the first
      character of the instruction, the peripheral selected is the store 7,
      these bits, acting on the decoding circuit 65 (FIG. 2) of the central unit
      5, cause the activation of the conductor 65.sub.2 (FIGS. 2 and 17), which
      activates an input of an AND circuit 350 of the control unit 10 (FIG. 17).
      The other input of the AND circuit 350 is activated by the command COMO8,
      which is generated by the instruction COP during the state B. In this way,
      the gate circuit 316 is activated, so that the second character of the
      instruction present on the channel 51 can be introduced into the register
      318. The second character is introduced at the same time into the decoding
      circuit 325 which, if it recognizes a so-called selection character, emits
      a signal on a conductor 352, causing the starting of the tape 310. The
      selection character is identified by the fact that the bits b5, b6, b7
      have the value 001.
PAR  At the same time, the decoding circuit 325 emits in known manner a signal
      L, which enables the gate circuit 328 and transfers to the register 329
      the first four bits of the character present in the decoding circuit.
      These bits are used for the selection of a track from among the tracks
      P1...PN of the tape 310. The register 329 now sends on the conductor 330 a
      signal which is used in known manner by the store 7 to select the track.
PAR  Moreover, the signal L prearranges the reading circuit 342 in known manner
      for reading the addresses. The circuit 342 sends serially to the register
      319 the bits of the first character of the first address block that is
      read. These operations are symbolically expressed by the block 353 (FIG.
      18).
PAR  It is equally possible to put the control unit 10 into the address reading
      state by actuating the start button of the keyboard 8. This button or key
      acts on the circuit  325 in such manner as to simulate a selection
      instruction COP. The circuit 325 then effects the same operation as have
      been described hereinbefore, whereby the control unit 10 likewise assumes
      the reading state represented by the block 353. For selecting the address
      of the block of the tape 310 in which the data are to be read or written
      the central unit 5 stores in the register 57 of the central unit 5 the
      address of the block. The way of determining and recording this address in
      the register 57 will be described in pages 73 and following.
PAR  As has been said, the address blocks I1...I256 of the tape 310 are
      identified when the first three characters represent the corresponding
      constant. Therefore, if the decoding circuit 335 (FIG. 17) recognizes that
      the block read is an address block, it actuates the circuit 337, which
      causes the sending of an interrupt command on the input 30b of the circuit
      30 of the central unit 5 (FIG. 2). These operations are expressed
      symbolically by the blocks 354 and 355 (Fig. 18). The central unit 5 now
      carries out the interrupt.
PAR  The interrupt now causes the central unit 5 to execute a jump instruction
      to the cell of the store 42 (FIG. 2) corresponding to the store 7 in which
      the instruction CDP is recorded. The central unit 5 then sends the
      instruction CDP on the channel 51 to the register 318 (FIG. 17) of the
      control unit 10. This instruction is decoded by the circuit 325, which
      emits a signal M which puts the control unit 10 into the address sending
      state (block 356 of FIG. 18). The signal M moreover opens the gate
      circuits 321 and 317 so that the address read is transferred from the
      register 319 to the register 318 and from here through the channel 46 and
      the store input circuit 47 (FIG. 2) to a predetermined cell of the core
      store 42.
PAR  The central unit 5 then executes an instruction CDC, by means of which it
      compares the address received from the control unit 10 with the constant
      staticized in the register 57 (FIG. 2), which represents the address of
      the block. If the comparison between the two characters is negative (bit E
      = 0), the central unit 5 does not send any command to the control unit 10
      (logical decision 357 of FIG. 18) and the latter therefore sends the next
      address in the manner seen hereinbefore, the operations described in
      blocks 354, 355, 356 of FIG. 18 being repeated. When the comparison
      between the two characters becomes positive (bit E = 1), the central unit
      5 sends the instruction COP, which may be for reading or writing. Of
      course, the logical decision 357 is achieved by means of a conditional
      jump instruction. In fact, if the condition is not verified (bit E = 0),
      the central unit 5 returns, as has been seen, to the state A; if, on the
      other hand, it is verified (bit E = 1), the central unit 5 executes the
      jump instruction to a store address in which the first character of an
      instruction COP is recorded.
PAR  The type of command (writing or reading) is defined by the second character
      of the instruction COP that is decoded by the circuit 325. If this
      character indicates a reading command, the circuit 325 emits the signal L
      which, actuating the reading device 342, produces the serial reading of
      the bits of the first character of the selected block, whch are
      transferred to the register 319 (block 358 of FIG. 18). When this register
      is filled, it actuates the circuit 337, which sends an interrupt signal to
      the central unit 5 (block 360 of FIG. 18). Through an instruction CDP, the
      central unit causes the transfer of the character read from the control
      unit 10 to the store 42 (block 361 of FIG. 18). In this way, all the
      characters of the selected block are transferred to the store 42.
PAR  When the central unit detects that the character read is the last of the
      selected block, it sends to the control unit 10 a so-called end
      instruction COP (logical decision 362 of FIG. 18). The decoding of the
      last character of the block is effected by the central unit 5 by means of
      an instruction CDC which causes the constant representing the serial
      number of the character read from time to time to be compared with the
      constant representing the maximum number of characters in the block. When
      the comparison is positive (bit E = 1), the central unit 5 emits an end
      instruction COP, by a procedure entirely identical to that used for the
      emission of an instruction COP for reading.
PAR  The decoding circuit 325 (FIG. 17) of the controller 10 decodes the second
      character of the end instruction COP and emits command signals, not shown
      in the drawing, which cause in known manner the passage of the controller
      10 to a state corresponding to the end instruction COP (block 363 of FIG.
      18).
PAR  If this character indicates the end of the reading of the block with
      stopping of the tape, the controller 10 returns to the initial state (FIG.
      18). If, although indicating the end of the reading of the block, the
      reading of the next block is commenced, the controller 10 returns to the
      state expressed by the block 358. Finally, if the character indicates the
      end of the reading of the block and at the same time the reading of a
      block not following the one read is commenced, the controller 10 returns
      to address reading, that is to the state expressed by the block 354.
PAR  In the case where the central unit 5 proposes to record or write data in
      the selected block, it sends to the control unit 10 an instruction COP for
      writing (logical decision 359). This instruction is decoded by the circuit
      325 (FIG. 17), which consequently activates the circuit 337 by means of a
      signal H. This last-mentioned circuit sens an interrupt (block 365 of FIG.
      18) to the central unit 5, which sends an instruction CAP to the control
      unit 10 in the manner seen hereinbefore. When this instruction is
      recognized by the circuit 325 (FIG. 17), it sends a signal K which,
      opening the gate circuit 320, transfers the character to be recorded or
      written from the register 318 to the register 319. At the same time, the
      circuit 325 activates the timer 326 which, through a time signal TH,
      causes the bits in the shift register 319 to shift to introduce them
      serially into the writing device 339. These operations are indicated by
      the block 366 of FIG. 18.
PAR  When the whole character has been recorded, the writing device emits in
      known manner a signal J, which causes the sending of an interrupt by the
      circuit 337 (block 367). Consequently, the central unit 5 can send in the
      manner seen hereinbefore an end instruction COP or an instruction CAP
      (logical decision 368). In the first case, the control unit 10 returns to
      the inoperative state, in the second case it returns to the state
      identified by the block 366 of FIG. 18.
PAC  INTRODUCTION OF THE INSTRUCTIONS INTO THE CENTRAL UNIT
PAR  As has been said, the operation of the automatic printing system is
      controlled by groups of instructions each relating to a particular
      processing operation to be carried out on a text. These groups of
      instructions are recorded on the tape 310 (FIG. 15) in the programme
      blocks BP1...BP256 located on the track PO. More precisely, the processing
      operations which can be carried out on a text may be either processing
      operations on the format of the text or processing operations on the
      content.
PAR  The processing operations on the format enable the characters in a line to
      be increased or reduced selectively, the so-called justification of the
      lines to be obtained, that is the alignment of the right-hand margin of
      the lines, one or more words in a line or one or more lines to be
      underlined, or one or more words to be centred with respect to the length
      of the line of print. The processing operations on the content, on the
      other hand, enable one or more lines to be arased, new lines or paragraphs
      to be added, or corrections of errors to be made.
PAR  Each of the processing operations described is defined by a corresponding
      group of instructions which, to become operative, must be transferred from
      the tape store 7 to the core store 42 of the central unit 5 (FIG. 2),
      which executes them in the sequence in which they are recorded in the
      store 42.
PAR  To transfer a group of instructions from the tape store 7 to the core store
      42, the operator actuates the start push botton of the keyboard 8. The
      decoding circuit 325 (FIG. 17) is then actuated in the manner hereinbefore
      described and puts the control unit 10 of the tape store 7 into the
      reading state 358 (FIG. 18). The central unit 5 then leaves the
      inoperative state expressed by the block 380 of FIG. 19.
PAR  The addresses recorded on the track PO of the store 7 (FIG. 1) are now read
      and sent through the control unit 10 to the central unit 5. Since each
      address is preceded by an interrupt, this causes the central unit 5 to
      execute a jump instruction to a cell of the store 42 (FIG. 2) the address
      of which is defined by the interrupt itself in the manner seen
      hereinbefore. In this address there is recorded an instruction CDC by
      means of which the central unit 5 compares in the circuit 98 (FIG. 13) the
      address coming from the control unit 10 with the one staticized in the
      register 57. Since the latter is formed by eight bits all of which are
      zero, when the control unit 10 sends the address of the first programme
      block recorded on the tape 310 and identified by eight zero bits to the
      central unit 5, the transfer of this block from the tape store 7 to the
      core store 42 takes place. The loading of the initial instructions is
      expressed symbolically by the block 381 (FIG. 19). The addresses of the
      cells of the store 42 in which the characters of this block are recorded
      are supplied by the addressing circuit 45 of the store 42. As has already
      been seen, the group of instructions recorded in the first block are the
      initial instructions, which enable the central unit 5 to record succeeding
      instructions in the manner hereinafter described.
PAR  It has been seen that the central unit 5 carries out the recording of the
      initial instructions during the state A and the staying in this state is
      defined by the output signal BT of the flip-flop 35 (FIG. 2). When this
      signal is zero, that is when the group of initial instructions is wholly
      written in the store 42, the central unit 5 turns to the execution of the
      instructions contained in the group of initial instructions (block 382 of
      FIG. 19).
PAR  At this instant, the central unit 5 (FIG. 2) is still in the state A and in
      the address decoding network 45 there is recorded the address of the cell
      following the cell occupied by the last instruction of the group of
      initial instructions. When the central unit 5 passes into the state B to
      execute the first instruction of the group of initial instructions, the
      contents of the cell of the last instruction are transferred to the output
      register 50 and then, because of the generation of the command COM15 (FIG.
      7), to the register 57 (FIG. 2).
PAR  The first instruction of the group of initial instructions is an
      instruction COP by means of which the central unit 5 puts the control unit
      10 into the reading state 358 (FIG. 18). The central unit 5 then compares
      the addresses supplied by the control unit 10 with the contents of the
      register 57 (FIG. 2) previously staticized. These contents are the address
      of a block recorded on the tape 310 contained in the loading instructions,
      which relates to another group of instructions associated with a
      particular processing operation carried out on the text. When this address
      is recognized by the central unit 5, the transfer of the block identified
      thereby from the tape store 7 to the core store 42 takes place. The
      operations performed by the central unit 5 for recording the block of the
      loading instructions are expressed symbolically by the block 382 (FIG. 19)
      and are the same as are expressed symbolically by the blocks 354, 355 and
      356 (FIG. 18) described hereinbefore.
PAR  The block of instructions written in this way in the store 42 contains, as
      has been said, the address of a second block, which is also a block of
      laoding instructions. The writing of this second block in the store 42
      then takes place, as described hereinbefore. The central unit 5 is now in
      the operative state expressed symbolically by the block 383 (FIG. 19). In
      this state, the group of initial instructions and the two loading
      programme blocks are in the store 42, being written therein.
PAR  The loading blocks permit the writing in the store 42, inter alia, of a
      particular group of instructions called the "selection" instructions,
      which enables a particular group of instructions posted on the keyboard
      270 (FIG. 14) of the typewriter 6 to be selected from among all the groups
      of instructions recorded on the track PO of the tape.
PAR  After the loading condition expressed by the block 383 (FIG. 19), the
      central unit 5 is faced with a logical decision expressed symbolically by
      the block 384. This logical decision or alternative expresses the
      possibility that the central unit 5 has of loading a group of generic
      instructions or the group of "slection" instructions. This logical
      decision is represented by a conditional jump instruction recorded at the
      beginning in the first loading block.
PAR  By means of the conditional jump instruction, the central unit 5 can now
      execute a jump to a cell of the store 42 which contains an instruction COP
      such as to select, in the manner seen hereinbefore, the address of the
      programme block recorded in the track PO (FIG. 15) corresponding to the
      group of instructions entered by the operator on the keyboard 270, whereby
      the central unit 5 is disposed in the condition of loading the generic
      instructions which is indicated by the block 386 (FIG. 19). By means of
      this jump, the central unit 5 can execute a jump to a cell of the store 42
      which contains an instruction COP associated with the group of "selection"
      instructions (block 385 of FIG. 19). The central unit 5 will carry out the
      jump instruction to one cell or the other in dependence upon the fact of
      the operator having entered or not a particular processing operation on
      the keyboard 270.
PAR  If the operator has not entered any processing operation, the central unit
      5 executes a jump instruction to the store cell containing the instruction
      COP for "selection." The address of this cell is represented by the second
      character of the jump instruction. The first instruction of this group is
      an instruction COP direct to the control unit 9 of the typewriter 6. By
      means of this instruction, the central unit 5 puts the control unit 9 into
      the receiving state and then by means of succeeding instructions CAP sends
      to the typewriter the label JOB? These operations are represented
      symbolically by the block 388 (FIG. 20). The control unit 9 then sends to
      the input device 12' (FIG. 14) the command for printing this label, which
      therefore appears on the printing sheet. After this, by means of a
      following instruction COP, the central unit 5 puts the control unit 9 into
      the transmitting state, represented symbolically by the block 389 (FIG.
      20).
PAR  The operator then enters on the keyboard 270 (FIG. 14) of the typewriter 6
      the label or group of characters which form the desired group of
      instructions. The control unit 9 introduces an interrupt after each
      character, as has already been stated in the description of the control
      unit 9. The state in which the central unit 5 now is is represented by the
      block 390 (FIG. 20). Thereafter, each character transmitted by the control
      unit 9 is staticized in a cell of the store 42 (block 391). On acceptance
      of each character, the central unit 5 has to make a logical decision
      expressed by the block 392, whereby it checks whether the label has been
      sent in full. The central unit 5 checks more particularly whether the last
      character coming from the typewriter 6 is the fourth character of the
      label or not. As usual, this logical decision is represented by a jump
      instruction conditioned by the result of the comparison operation made by
      the instruction CFR. The carrying into effect of this instruction is
      identical to that for the logical decisions explained hereinbefore.
PAR  If the last character received is not the fourth character of the label,
      the central unit 5 sends to the control unit 9 of the typewriter an
      instruction COP by means of which it puts the control unit 10 into the
      transmitting state represented by the block 389. The sending of the
      following character to the central unit 5 is then obtained, so that the
      central unit 5 returns to the state expressed by the block 389. When the
      fourth character is sent, the central unit 5 checks whether the label sent
      corresponds to one of the labels recorded on the track PO of the tape 310
      (block 393). Of course, the comparison takes place by means of an
      instruction CFR which is repeated so many times until the selected label
      is recognized.
PAR  If the operator has made a mistake when striking the keys in entering a
      label, the central unit 5 again commands the control unit 10 by means of
      an instruction COP to print the label JOB? (block 388), as a result of
      which the operator re-enters the label.
PAR  In the event of the label having been entered correctly, the central unit 5
      executes a jump instruction to the cell of the store 42 in which is
      recorded the address I1...I256 in the store 7 of the first block of the
      group of instructions entered. The central unit 5 now commands the reading
      of this cell of the store 42 and, by means of an instruction TRA,
      transfers the address thereof read therein to the cell of the store 42
      corresponding to the second character of the jump instructions of the
      group of loading instructions. In this way, the central unit 5 can execute
      the operations expressed by the block 386 (FIG. 19). In the cell defined
      by this character there is contained the address I1...I256 of the first
      block of instructions in the store to be transferred to the store 42.
      These operations are expressed symbolically in the block 394 (FIG. 20). It
      is therefore clear that, in correspondence with each label entered on the
      keyboard, the address of the first block of instructions can be varied in
      accordance with the label entered, so that the corresponding block
      selected by the label in the store 7 can be transferred to the store 42.
      After this, the central unit 5 transfers the selected block to the store
      42 by means of the operations described with reference to FIG. 19 and
      represented symbolically by the block 386 (FIGS. 19 and 20).
PAR  In conclusion, on the starting of the printing system, there first takes
      place the transfer to the store 42 of the initial instructions (block 381
      of FIG. 19), which retrieve the loading instructions from the tape store 7
      (block 383), and finally the last-mentioned instructions "load" the
      selection instructions into the store 42 (block 385) if no label has been
      selected by the operator. When these instructions are loaded, there takes
      place the printing of the label JOB? (block 388 of FIG. 20). Consequently,
      through the typing of a label, the operator selects a group of operative
      instructions. The "selection" instructions select the address of this
      group from among those assigned to the various groups of operative
      instructions and supply it to the loading instructions (block 394).
      Finally, the latter load the selected group of instructions into the store
      42 (block 386), whereby they can be executed by the central unit 5.
PAC  RECORDING A TEXT
PAR  When it is desired to record a text, the operator inserts a printing sheet
      over the platen of the typewriter 6 (FIG. 1) and actuates the start push
      button of the keyboard 8. The central unit 5 is thus conditioned so as to
      write the initial instructions, the loading instructions and the selection
      instructions into the store 42 (FIG. 2) in the manner described with
      reference to FIGS. 19 and 20. After this, the selection instructions
      control the printing of the label "JOB?" by the typewriter 6. The central
      unit then sends to the typewriter 6 a command "return to the beginning
      with line spacing" through an instruction COP, which cause the input
      device 12' to send to the typewriter 6 the associated command.
PAR  The operator then enters on the typewriter a label "REGI" (block 410 of
      FIG. 21), which conditions the central unit 5 so as to select a group of
      so-called "recording" instructions (block 411) in the blocks BP1...BP256
      of the tape 310 and transfer it to the store 42. These instructions are
      adapted to preset the arrangement of the margins and to control the
      recording of the text, typed thereafter on the typewriter, in the tape
      store 7. In fact, the recording instructions supply to the central unit 5
      the addresses of the blocks B1... B256 of the tape 310 (FIG. 14) in each
      of which the lines of typescript or print are to be recorded.
PAR  To this end, each of the tracks P1...PN of the tape 310 contains a special
      block called the table block. This table block is in a predetermined
      position in each track and is accessible, in the manner which will now be
      described, by the central unit 5 by means of an address kept unchanged
      throughout the operation of the printing system. By way of example, let it
      be assumed that the table block of each track P1...PN (FIG. 14) is the
      respective block B1. The table block is formed of 67 eight-bit characters,
      so that the first 64 characters contain a total of 512 bits. These bits
      are grouped in pairs, each of which is assigned to a data block B2...B256.
      More precisely, the first pair of bits of the table block B1 recorded on
      the track P1 is associated with the same block B1, the second pair with
      the block B2.....; the 256th pair is associated with the block B256.
PAR  Since the two bits of these pairs can assume four configurations, with each
      of these configurations there is associated an item of information on the
      corresponding block. More precisely, the significance of these items of
      information is synthetized in the following Table:
TBL  1st bit  2nd bit       Significance                                       
     ______________________________________                                    
     0        0          Block free and recordable                             
     1        0          Block occupied and recordable                         
     0        1          Block free but not recordable                         
     1        1          Block not usable                                      
     ______________________________________                                    
PAR  The first combination indicates that the block is free and recordable and
      can therefore be occupied by the data. The second combination indicates
      that the block is occupied but recordable by means of the erasure of the
      data contained therein. The third combination indicates that the block is
      free of data, but is not recordable, for example because of a change in
      the magnetic material of the tape 310 or because of an abrasion. This
      avoids any line of the text being lost because of being recorded in a
      spoilt block. The last combination is used to indicate that the block is
      not recordable in the event of it being desired not to change the contents
      thereof, as for example in the case of the table block.
PAR  After the first 64 characters of a table block there is recorded a group of
      another three characters which are the same for all the table blocks. The
      first of these characters indicates a selection instruction COP which, as
      has been seen, is adapted to select a track P1...PN of the tape 310. This
      instruction COP, as will be seen, is used to select the track containing
      the first free and recordable block. The second character of the group of
      three indicates the address of the first free and recordable block, while
      the third indicates the label of the tape cartridge to which this block
      belongs. The first two characters, called the "indicator," are sufficient
      to indicate the address of the first free and recordable block of the
      tape, while the third can be used in the event of a plurality of cartridge
      being used simultaneously and will not be taken into consideration here.
      Of course, the indicator is updated in the table block after each
      recording in the manner to be described hereinafter.
PAR  The first of the "recording" instructions is a selection instruction COP
      direct to the control unit 10 of the tape store, by means of which the
      track P1 of the tape 310 is selected, putting the control unit 10 in the
      reading state 358 (FIG. 18). Then, by means of an instruction of SAL at
      the central unit 5 reads the character stored in the address identified by
      the SAL instruction. This address has been previously stated by the
      programmer and defines the address of the table block B1. In this way the
      address of the table block is read from the memory 42, then it is
      transferred to the register 57. Then the "recording" instructions control
      the search of the block B1 in the manner described with reference to pages
      64 and following. When the address corresponding to the table block B1 of
      the track P1 is recognized, which address as has been said is
      unchangeable, the "recording" instructions control the reading of the
      table block. This condition is represented symbolically by the block 412
      (FIG. 21). The table block B1 corresponding to the track P1 is therefore
      transferred to a zone or second register (RB) of the store 42 by the
      central unit 5.
PAR  A jump instruction contained in the "recording" instructions then causes
      the central unit 5 to execute a jump to the cell of the store 42 in which
      the first character of the indicator has been recorded. This cell is
      always the same whatever the table block, since the characters which
      define the indicator have a fixed position in the table block, which, as
      is known, is recorded serially always in the same zone of the store 42.
PAR  Since the first character of the indicator is an instruction COP for
      selection of the track containing the first free and recordable block, the
      address of this block is moreover recorded in the following cell of the
      store 42, so that the first free and recordable block of the tape store 7
      is identified in this way. This condition is expressed symbolically by the
      block 413 (FIG. 21).
PAR  By means of the selection instruction COP, the control unit 10 of the tape
      store 7 is put into the address reading state (block 414), similarly to
      what has been said with reference to FIG. 18. The selection of the free
      and recordable block indicated by the indicator then takes place (block
      415 of FIG. 21) in the manner seen with reference to the said FIG. 18.
PAR  Starting from the address of the free block, the central unit 5 then
      selects a series of 23 free and recordable blocks in the following manner.
      By means of an instruction TRC, it transfers to a cell of the store 42 the
      address indicated by the indicator incremented by one unit. This new
      address defines the data block following the one defined by the indicator.
      The central unit 5 then checks, on the basis of the contents of the table
      block B1, whether the data block defined by this address is free and
      recordable. In fact, it checks by means of an instruction CDC whether the
      bits of the table block which correspond to this address both have zero
      value.
PAR  If the block identified by the new address is occupied, the result of the
      comparison gives bit E = 0. The central unit 5 then executes an
      instruction TRC, by means of which it transfers the address of the
      occupied block incremented by one unit to another cell of the store 42.
      The same operations as have been described hereinbefore are then repeated
      to state whether the block with this last address is free and recordable.
      If the result of the comparison is positive (bit E = 1), the cental unit 5
      records the new address in the store 42 in two stages. In the first stage
      the central unit 5 executes a conditional jump instruction to a store cell
      in which an instruction TRL is recorded. In the second stage, by means of
      this instruction, it transfers the address following the one indicated by
      the indicator to the store cell following the last cell occupied by the
      table block, thus recording the second block of the 23 blocks being
      searched for. The operations which have just been described are expressed
      synthetically by the block 416 (FIG. 21).
PAR  The operation is repeated for the remaining blocks, which may be disposed
      on the tape 310 in positions distant from one another. In this way, the
      central unit 5 selects a group of free and recordable data blocks. The
      number 23 of such blocks has been chosen since this is usually the average
      number of lines of writing on a typewriter sheet. It is to be noted that
      the addresses of these blocks are recorded in predetermined celles of the
      store 42.
PAR  If the number of free and recordable blocks is less than 23, the central
      unit 5, by means of a following selection instruction COP, passes on to
      the reading of the table block belonging to the next track, so as always
      to supply 23 free blocks. To establish whether the blocks free are less or
      more than 23, the central unit 5 transfers the bits of the table block
      which correspond to the data blocks following the block defined by the
      indicator to a cell of the store 42 to check, by means of the execution of
      an instruction CDC, whether these bits are all zero and are 46 in number.
      If this is the case (logical decision 425), that is if there are at least
      23 free blocks, the central unit 5 performs the operations hereinbefore
      described with reference to the block 416, otherwise it jumps to the
      address reading state (block 414) to read the table block of the next
      track.
PAR  After this, the central unit 5 puts the control unit 9 of the typewriter 6
      into the receiving state by means of an instruction COP. Then, by a
      following instruction CAP, it sends to the input device 12' (FIG. 14) the
      address of the first free block stored in the register RB. The input
      device 12' then commands the typewriter 6 in the manner seen hereinbefore
      to print this address in the left-hand margin of the sheet under the label
      REGI (block 417 of FIG. 21). By means of the selection instruction COP
      recorded in the first character of the indicator, the central unit 5 puts
      the control unit 10 of the tape store in the state of reception and
      selection of the free address (block 418). The central unit 5 then sends
      to the control unit 9 of the typewriter 6, by means of instructions CAP, a
      group of four space characters so as to cause the carriage to advance by
      four steps. At this point, the operator can enter, through the keyboard
      270 of the typewriter 6, a code corresponding to an operation which the
      central unit will have to perform in the line of print or writing during
      the following printing of the text. The operations that the central unit 5
      can perform comprise the definition of the righthand margin of the line,
      centring and underlining.
PAR  To effect the entering of the codes corresponding to these operations, the
      operator actuates the "return-by-one-step" key of the keyboard 270
      (logical decision 417' of FIG. 21) which causes the carriage of the
      typewriter 6 to go back by one step. The control unit 9 of the typewriter
      6 then sends to the central unit 5, by means of an instruction CDP, the
      code for "return by one step;" the central unit 5 in turn recognizes this
      code by means of the circuit 98 (FIG. 13) of the store input circuit 47,
      under the control of an instruction CFR. In response, the central unit 5
      sends an instruction CDP to the control unit 10, which puts itself in the
      transmitting state. Since the second character of the instruction CDP is
      an address of the cell of the store 42 in which the character coming from
      the control unit 10 is to be recorded, this character will not be recorded
      in the store cell following the cell in which the address of the line of
      print had been recorded.
PAR  After this, the operator can actuate on the keyboard 270 a key of a group
      of alphanumeric keys associated with the operations which the central unit
      5 is to perform. The control unit 10 then sends the code corresponding to
      this key to the central unit 5 and the latter records this code in the
      selected cell of the store 42 (block 417").
PAR  More particularly, in order to define the right-hand margin of the line,
      the operator actuates the capital L key after the "return-by-one-step"
      key, followed by as many spaces as there are characters of which it is
      desired that a line of print should be formed. The central unit 5 accepts
      the printed character L and transfers it to a predetermined cell of the
      store 42 in the manner seen. The instruction following the instruction CDP
      by means of which the character L is recorded in this way is a jump
      instruction to another cell of the store 42 in which an instruction CFR is
      recorded. By means of this instruction, the central unit 5 compares the
      character L with the possible command characters of the printing system.
PAR  When this character is recognized, the central unit 5 effects by means of
      another jump instruction the counting of the space characters tapped out
      following the character L, by means of successive operations controlled by
      a series of instructions TRC. There is then effected each time the
      transfer of a constant which expresses the space character incremented by
      one unit. If a particular value has been chosen for this constant, for
      example 00000000, at the end of the count the final constant corresponds
      to the number of characters entered for that line of print.
PAR  By a further instruction TRC, the central unit 5 transfers this number to a
      predetermined cell of the store 42, as a result of which the length of the
      line remains recorded in the store 42.
PAR  If the operator has to enter other commands, for example centring of
      titles, underlining, etc., he again enters the return by one step and this
      is followed by actuation of the respective alphanumeric key. In similar
      manner to that seen hereinbefore, the code corresponding to this
      alphanumeric character is recorded in a corresponding cell of the store 42
      instead of in the cell following that in which the address of the line is
      recorded.
PAR  With the writing of the character L or of the other alphanumeric characters
      associated with the commands, the carriage recovers the space of the
      return by one step and is in the beginning-of-line position.
PAR  The operator now enters on the keyboard 270 (FIG. 14) the characters of a
      line of the text to be recorded, which is then printed on the sheet beside
      the address of the block in which this line is to be recorded and spaced
      by four steps. These characters are now transferred serially, in the
      manner seen hereinbefore, to a first register 42' (FIG. 2) of the store 42
      reserved for this transfer (block 419 of FIG. 21). At the end of the line,
      the operator actuates the key for carriage return with line spacing, as a
      result of which the carriage returns to the beginning. Moreover, the
      relevant code is recognized by the central unit 5 by means of an
      instruction CDC which, as usual, puts the central unit 5 into a following
      operative condition by means of a conditional jump instruction.
PAR  In this operative condition, the central unit 5 sees to transferring the
      line recorded in the register 42' (FIG. 2) to a second register 42" of the
      store 42 and to completing the data block therein with the function
      characters, and to starting the search for the block of the tape 310 in
      which the completed block is ultimately to be recorded. More precisely, by
      means of the instructions TRA, the central unit transfers to the first
      three characters of the block an instruction COP for track selection, the
      address of the next free block and the label corresponding to the tape
      310. In this way each block indicates the next following block, which is
      to be read by the central unit 5 during the reading state, for example
      when the text is to be printed by the typewriter 6. Since the three
      function characters were recorded previously (block 416 of FIG. 21) in
      predetermined cells of the store 42, the instruction TRA can be used for
      any data block without changing the second character of the instruction,
      which defines the address of the cell from which it is necessary to
      extract the three function characters to be transferred. Since also the
      data blocks are successively recorded in the same cells of the store 42,
      the third character of the instruction TRA is also always the same.
PAR  By means of another instruction TRA executed thereafter, the central unit 5
      then transfers to the fourth cell of the data block the number of printing
      characters that the block can contain, which has been recorded in the
      store 42. The central unit 5 then transfers to the fifth cell of each data
      block, by means of a following instruction TRA, the number of characters
      actually entered. This number is counted by the central unit 5 in a
      similar manner to the number of spaces as seen earlier. In this latter
      case, however, the command for initiating the count is given by the
      character "carriage return with line spacing."
PAR  The central unit 5 then transfers to the sixth cell of the block the code
      of the operation to be carried out on the line (centring, underlining,
      etc.). Finally, the central unit 5 calculates in any manner known per se
      the parity character resulting from the whole data block and transfers it
      to the seventh cell of the block itself. The operations which have just
      been described are represented in brief in the block 420 (FIG. 21).
PAR  Simultaneously with the completion of the block which has just been
      described, the central unit 5, by means of a selection instruction COP,
      puts the control unit 10 of the typewriter 7 into the state for reading
      the tape 310 (block 358 of FIG. 18). In this way, the control unit 10
      causes the search in the store 7 for the address of the block in which is
      to be recorded the line of print previously entered on the keyboard 270,
      in the manner seen hereinbefore. This address was indicated by a cell of
      register BB and the central unit 5 reads this address and puts it in the
      register 57. At this point begins the search of the address stored in the
      register 57 as previously explained. While the control unit 10 is
      searching for this address, the operator enters on the keyboard 270 the
      second line of print, which is transferred in the manner already seen to
      the register 42' (FIG. 2) of the store 42.
PAR  Thus, the central unit 5 effects, simultaneously with the completion of the
      block corresponding to the first line of print, the recording in the
      register 42' of the block corresponding to the second line of print and
      the search on the tape 310 for the block in which the block recorded in
      the register 42", and corresponding to the first line of print is to be
      recorded, effecting from time to time an interrupt of the completion of
      the data block. In fact, when the control unit 9 of the typewriter 6 or
      the control unit 10 of the tape store 7 sends a character to the central
      unit 5, they introduce into the latter an interrupt, as has been seen. The
      central unit 5 then interrupts the completion in progress on the data
      block recorded in the register 42" to accept the character coming from one
      of the two control units 9 and 10. The central unit 5 then resumes the
      completion in progress. More particularly, the time that the control unit
      10 takes to search on the tape 310 for the block in which the contents of
      the register 42" of the central unit 5 is to be recorded varies according
      to the position of the block on the tape. This time may be at the most
      about equal to the average time that the operator takes to enter the
      following line on the keyboard 270. It is to be noted that, as has been
      seen, the control unit 10 effects in succession the reading of the
      addresses of the blocks recorded on the tape 310 until it recognizes the
      address received from the central unit 5. The maximum time required for
      reading the addresses therefore depends on the feed rate of the tape and
      the length of the tape itself.
PAR  When the operator has finished the entering of the second line of print, he
      again actuates the key for "carriage return with line spacing."
      Consequently, the central unit 5 performs the transfer of the completed
      data block corresponding to the first line of print in the register 42" of
      the store 42 to the tape store 7 and the transfer of the second line of
      print from the register 42' of the store 42 to the register 42". After
      this, the central unit 5 returns to the recording state indicated by the
      blocks 417 and 418 of FIG. 21. The operator can now begin to enter the
      third line of print, as a result of which the operations hereinbefore seen
      are repeated.
PAR  These operations are indicated symbolically by the blocks 421 (FIG. 21).
PAR  When the operator has finally completed the entry of the text, he
      communicates the end of the text to the central unit 5. To this end, after
      the printing of the last address, he actuates the return-by-one-step key
      and thereafter the key for the capital E of the keyboard 270 (logical
      decision 423). The central unit 5 then recognizes the code associated with
      this key and, by means of an instruction TRA, consequently transfers the
      first three characters of the block associated with the last line of print
      to the cells of the register RB of the store 42 in which the 65th, 66th
      and 67th characters of the table block are recorded. It has been explained
      that the first three characters of back block indicate the address of the
      following free block, whereby in the 65th, 66th and 67th character of the
      table block is recorded the address of the next block free of characters.
PAR  The table block, as has been said, has been recorded in the register RB of
      the store 42 after the operator has entered the label REGI on the keyboard
      270, as a result of which the indicator is updated in this way and again
      contains the address of the first free and recordable block (block 424 of
      FIG. 21), so that when it is desired to record a following text the
      central unit 5 again supplies in the manner seen hereinbefore the address
      of this block. The second and third characters of the instruction TRA are
      always the same, whatever the table block recorded in the store 42.
PAR  In fact, since the table blocks are always recorded in the same cells of
      the store 42, the third character of the instruction TRA, which represents
      the address to which the contents of the cell identified by the second
      character is to be transferred, is always the same and is therefore valid
      for each table block. Similarly, the second character of the instruction
      always remains unchanged, since the addresses of the free blocks are
      always recorded in the same cells of the store 42.
PAR  It is therefore clear that the central unit 5 supplies the address of the
      first free and recordable block, controls the recording of a text line by
      line, inserts in each data block the address of the next data block and
      the code of the type of operation to be performed on the line of print
      recorded in that block when the line itself is printed and renews the
      value of the indicator after each recording.
PAR  It is to be noted, moreover, that if during the printing of a line the
      operator notices a typing error, he actuates the return-by-one-step key.
      The command character associated with this key is recognized by the
      central unit 5 and the interrupt with which this command is associated
      causes, as has been seen, the inhibition of the increment of the addresses
      by the central unit, as a result of which the character thereafter entered
      is substituted for the character previously recorded in the store 42.
PAR  If, finally, the operator proposes to underline one or more words of a line
      of print, he actuates, after the printing of the address corresponding to
      this line, the return-by-one-step key and then the key corresponding to
      the letter S. He then records the test of the line and, when he reaches
      the word to be underlined, actuates the underlining key in place of the
      space key. He then records the word or words to be underlined. At the end
      of the word, he again actuates the underlining key in place of the space
      key. The codes corresponding to the underlining key are therefore recorded
      in the cells of the store 42 in such manner as to identify the beginning
      and the end of the words to be underlined.
PAC  AMENDING A TEXT
PAR  The printing system enables the contents of a text to be amended, for
      example by adding or removing one or more lines.
PAR  If the operator wishes to insert one or more lines in the text previously
      printed, he enters the label REGI on the keyboard 270 of the typewriter 6.
      This label is recognized by the central unit 5 and causes the transfer of
      the group of "recording" instructions from the tape store 7 to the core
      store 42, in the manner described with reference to FIG. 19. These
      operations are indicated synthetically by the block 425 (FIG. 22). The
      line or the group of lines to be inserted in the text is then recorded in
      the store 7 in a similar manner to the recording of a text as seen
      hereinbefore (block 424).
PAR  To insert the lines now entered at any point whatsoever of the text already
      recorded, the operator enters the label MODI on the keyboard 270. More
      precisely, this label produces in the manner seen hereinbefore the
      transfer in the tape store 7 to the core store 42 of the central unit 5 of
      a group of instructions called the "modifying" or amending instructions
      (block 426).
PAR  The modifying instructions serve to modify the sequence of the addresses of
      the data blocks, so that during the stage of reading and printing (which
      will be seen hereinafter) they are read from the store 7 in an order
      different to that in which they have been recorded.
PAR  It has been said, in fact, that each data block contains in the first and
      second characters the address of the following data block. The modifying
      instructions act on the contents of these characters in such manner as to
      change the address of the following data block. To achieve this, after
      entering the label MODI and the return of the carriage of the typewriter 6
      to the beginning, the operator actuates on the keyboard 270 an
      alphanumeric command key, for example the key for the letter I, and this
      is followed by the entry of four labels. The first of these labels
      represents the address printed on the printed sheet during the recording
      of the text and corresponding to the line of the text from which the
      operator desires to insert the new text. The first label is entered by the
      central unit 5 in the register 57 in the same way previously described.
PAR  The second label represents the address of the first line of the insertion,
      this being also printed on the sheet of print and it is stored by the
      central unit 5 in a register RM or fourth register of the memory 42. The
      third and fourth labels respectively represent the address of the last
      line of the insertion and the address from which it is desired that the
      printing of the text previously recorded be resumed, which is generally
      the address of the line following that from which the new lines are
      inserted. The four addresses are recorded in the manner seen hereinbefore
      in corresponding cells of the core store 42.
PAR  The central unit 5 now recognizes the command code I entered (block 427).
      Since this code is in this case the insertion code I, by means of an
      instruction CFR, and an instruction SAL the central unit executes a jump
      instruction to a predetermined store cell associated with the code I
      (block 438). In this cell there is recorded the first instruction of the
      group of modifying instructions which are associated with the code I. This
      first instruction is an instruction COP for selection, which puts the
      control unit 10 of the tape store 7 in the address reading state (block
      428). In this way there takes place the selection of the data block
      corresponding to the first of the four addresses entered, from which it is
      desired to put in the insertion (block 429 of FIG. 22), that is at the
      address of the data block.
PAR  By means of succeeding instructions CDP, this first block is transferred to
      a corresponding group of cells of the core store 42, as has been seen
      hereinbefore.
PAR  By means of an instruction TRA, the central unit 5 now transfers the second
      address entered, that is the address of the first line of the insertion,
      to the cell of the store 42 in which is recorded the second character of
      the data block selected and just transferred to the store 42, which
      identifies the address of the following data block (block 430 of FIG. 22).
      Of course, if the address of the first line of the insertion does not
      belong to the same track P1...PN in which the address of the selected
      block is recorded, the central unit 5 moreover transfers to the first
      character of this data block an instruction COP for selection of the track
      to which the address of the first line of the insertion belongs. These
      transfer operations are shown symbolically in the block 430.
PAR  It is to be noted that the cells of the store 42 in which are recorded the
      addresses following the code I are predetermined, just as the cells in
      which is recorded the selected block of the first address are also fixed.
      Because of this, the second and third characters of the instructions TRA
      which have just been described always have the same configuration inasmuch
      as these characters refer precisely to the addresses of these cells.
PAR  Thereafter, by means of another selection instruction COP, the central unit
      5 again puts the control unit 10 of the tape store 7 into the address
      reading state (block 431). There is therefore selected the data block
      associated with the third address entered, that is the address of the last
      line of the insertion (block 432). By means of the same operations as have
      been described hereinbefore, other instructions TRA control the transfer
      to the store cell in which the first and second characters of the selected
      block are recorded, of the fourth address entered after the code I, that
      is the address from which it is desired that the printing of the old text
      be resumed.
PAR  If the operator wishes to eliminate from the tape 310 a line or a group of
      lines of writing recorded thereon, he actuates the key E after the label
      MODI. The operator then enters two labels respectively corresponding to
      the address of the line preceding and of the line following the group of
      lines he wishes to eliminate.
PAR  The central unit 5 now recognizes the code E in the manner seen
      hereinbefore and executes a jump instruction to a corresponding store cell
      which contains the first of the instructions associated with the code E
      (block 439). This instruction is a selection instruction COP which puts
      the control unit 10 of the tape store 7 into the address reading state
      (block 435). There is therefore selected the data block corresponding to
      the address of the line preceding the initial line of the group of lines
      to be eliminated. The central unit 5 then transfers to the first and
      second characters of this block the address corresponding to the line
      following the last line of the group of lines to be eliminated.
PAR  In this way, in the data block corresponding to the line preceding the
      group to be eliminated there is recorded the address of the data block
      corresponding to the line following the group. Consequently, when these
      blocks are retrieved from the tape store 7, the central unit 5 jumps the
      group of lines which the operator has previously eliminated.
PAR  If the operator intends to add at the end of a text a group of lines which
      have been recorded previously, he enters the label MODI, thereafter
      actuates the key T, this being followed by the entry of the address of the
      last line of the text and of the address of the initial line of the group
      of lines with which he intends to terminate the text itself. The central
      unit 5 recognizes the code T and goes to the store cell containing the
      first of the corresponding instructions (block 443). In the manner already
      seen, the central unit 5 inserts the second address in the first two
      characters of the data block identified by the first address. This
      facility afforded by the printing system is particularly useful for
      terminating, for example, a group of different personalized letters or
      circulars with a standard formula, which is therefore recorded a single
      time for all the letters.
PAR  It is therefore clear that a text is modified or amended by acting
      exclusively on the addressing characters of data blocks without changing
      the positions in which these blocks are recorded on the tape 310. As will
      be explained hereinafter, these blocks will be retrieved from the tape
      store 7 and introduced into the central unit and then printed on the
      typewriter 6 in the sequence desired by the operator. It is to be noted
      that the sequence of the addresses of the data blocks corresponding to the
      lines within the group of lines to be inserted or to be added is not
      changed, so that these lines are printed in the order in which they have
      been entered previously.
PAR  Finally, if the operator intends to replace a line of print by another line
      previously recorded, he enters the label MODI and thereafter actuates the
      key S, this being followed by entry of the address of the line of print to
      be substituted and of the address of the new line of print. The central
      unit 5 recognizes the code S and executes a jump instruction to the store
      cell in which is recorded the first of the corresponding instructions
      (block 444). The first instruction is a selection instruction COP by means
      of which the central unit 5 selects the track in which the address of the
      data block corresponding to the line of print to be substituted or
      replaced is recorded (block 440).
PAR  The central unit 5 then transfers this data block to the store 42 by means
      of successive instructions COP, in the manner seen hereinbefore (block
      441). In the same way, the central unit 5 transfers the data block
      corresponding to the new line of print to the store 42. The central unit 5
      now executes a series of instructions TRA by means of which it transfers
      all the characters of the second block to the cells of the store 42 in
      which the characters of the first block were recorded. In this way there
      takes place the substitution of the characters of the line to be
      substituted by the characters of the new line.
PAR  Since the cells of the store 42 in which the two blocks are recorded are
      fixed, the central unit 5 can use, for carrying out the substitution, one
      and the same instruction TRA in which the modifier causes each time the
      incrementing of the address of the two operands by one unit. In this way,
      it is possible to access in succession all the characters constituting the
      data block of the new line and at the same time transfer these characters
      successively to the cells occupied by the characters to be substituted.
      These operations are shown diagrammatically by the block 442.
PAR  By means of the operations described above the operator can therefore
      process a text according to requirements, provided that the processing
      operations concern a whole number of lines.
PAC  CORRECTION OF WORDS
PAR  If the operator, detects wrong words, he can condition the central unit 5
      so as to correct these errors. More precisely, the operator actuates the
      start key of the operative keyboard 8, which, as has been seen, produces
      the printing of the label JOB?. After this, the operator enters on the
      keyboard 270 the label FAST, which is recognized by the central unit 5 and
      consequently causes the loading of a group of so-called "correction"
      instructions into predetermined cells of the store 42 (block 445 of FIG.
      23). Thereafter, the operator enters the label corresponding to the
      address of the line of print which he desires to correct. This address is
      recorded in a predetermined store cell in the manner already seen.
PAR  The first of the correction instructions is a selection instruction COP
      which puts the control unit 10 of the tape store 7 into the address
      reading state (block 446). When the address entered is recognized, the
      data block identified thereby is transferred to the store 42 (blocks 447
      and 448) into predetermined cells thereof in the same way as has been
      described hereinbefore for the amendment of a text. Thereafter, the
      central unit 5 prearranges itself for the reading of the data block
      starting from the sixth character, that is jumping the five function
      characters of the data block (block 449). This prearrangement is effected
      by means of a jump instruction to the store cell in which the sixth
      character of the data block is recorded.
PAR  If the first word of the line is correct (logical decision 450), the
      operator now actuates the interrupt key of the keyboard 8, which causes,
      as has been said, the reading of the contents of the following store cell
      (block 451), making the central unit begin the reading of the characters.
      After the reading of each character, the central unit 5 checks whether
      this character is a space character, through an instruction CFR, in which
      the two operands are the space character and the character read (logical
      decision 452).
PAR  If the character read is not a space character, the central unit 5 executes
      a jump instruction to a cell of the store 42 in which there is recorded an
      instruction COP direct to the control unit 9 of the typewriter 6. As has
      been seen, the instruction COP produces the printing of the character read
      (block 453), so that the first word of the line in which the error has
      been detected is printed. When the character read is a space character,
      the central unit 5 sends to the control unit 9 of the typewriter 6 an
      instruction COP which, acting on the input device 12' (FIG. 14) of the
      control unit 9, stops the printing in the manner described (block 454).
PAR  If the word following that printed is a correct word, the operator again
      actuates the interrupt key of the keyboard 8, which produces the reading
      of the cell following that in which the space character is recorded and
      the central unit 5 returns to the state expressed by the block 451. In
      this way, the words forming the selected line are printed individually.
PAR  When the operator notices that the word following the one printed is the
      wrong word (logical decision 450), instead of actuating the interrupt key
      he enters the right word on the keyboard and this is transmitted through
      the instruction COP to the central unit 5 and thereafter recorded in the
      cells of the store 42 in which the wrong word was recorded (block 455). If
      the number of characters forming the right word is larger than that in the
      wrong word, the operator must enter on the keyboard 270 not only the right
      word, but also all the other words until the line is completed.
PAR  When the last character of the line has been reached (logical decision
      456), that is when the last free cell of the data block has been occupied,
      the central unit 5 passes over to the recording of the line amended in
      this way in the tape store 5. To this end, the cell following the one
      occupied by the last character of the data block contains a selection
      instruction COP which puts the control unit 10 into the receiving state.
      Thereafter, the corrected data block is transferred to the store 7 in the
      same location in which it was recorded previously (block 457), in a
      similar manner to what was seen in the case of the recording of a text
      with reference to FIG. 18.
PAR  By means of the operations which have just been described, the operator can
      therefore effect any correction of text, provided that he does not
      introduce characters in excess with respect to the maximum number of
      characters recordable in a block.
PAC  PRINTING OF A CORRECTED TEXT
PAR  After the operator has made all the amendments or modifications in the
      contents of the text and has made the relevant corrections of errors, he
      can command the printing of the processed text in "fair copy." To achieve
      this, he actuates the start key of the operative keyboard 8, which as has
      been said produces the printing of the label or inscription JOB?. The
      operator then enters on the keyboard 270 (FIG. 14) the label EDIT, which
      is recognized by the central unit 5. Consequently, a group of instructions
      called the "printing" instructions is transferred from the tape store 7 to
      the core store 42. These operations as shown diagrammatically by the block
      460 (FIG. 24). After the label EDIT, the operator enters on the keyboard
      270 the label corresponding to the address of the initial line of the
      first page of the text to be printed. This operation is represented
      symbolically by the block 460' (FIG. 24).
PAR  The first instruction of the group of printing instructions is an
      instruction COP direct to the control unit 11 of the operative keyboard 8.
      This instruction COP has its second character formed by eight bits at
      level 1 and, as has been seen, causes the lighting of the indicator lamp
      of the keyboard 8. The operator is thus warned that he must change the
      printing sheet. He now inserts a "fair copy" sheet over the platen of the
      typewriter 6 and actuates the interrupt key. The interrupt so introduced
      causes the lamp to go out and makes the central unit 5 execute a jump
      instruction to a store cell associated with the keyboard 8. In this cell
      there is recorded an instruction COP for selection direct to the control
      unit 10 of the store 7. The selection instruction COP loads the address
      entered on the keyboard 270 into a predetermined cell of the store 42 and
      puts the control unit 10 into the address reading state. When the address
      recorded in this way in the store 42 is recognized (block 462), the data
      block identified in this way is trasnferred from the tape 310 to a
      predetermined group of cells of the store 42 (block 463).
PAR  By means of an instruction CFR, the central unit 5 reads the sixth
      character of the block transferred to the store 42 which indicates the
      specific operation to be carried out on the line (logical decision 464).
      If the sixth character is zero, the central unit 5 carries out the
      so-called "justification" of the line in the manner which will be
      described hereinafter (block 465). Thereafter, by means of successive
      instructions CAP the characters are sent to the control unit 9 of the
      typewriter 6 (block 466), which, in the manner already seen, attends to
      the printing of the line itself.
PAR  If the sixth character of the block is not zero, the central unit 5
      compares this character with the possible characters associated with the
      various operations to be carried out on the line and recorded in
      predetermined cells of the store 42, together with the group of "printing"
      instructions (block 467). If the operation to be carried out is the
      centring or the underlining of the characters of the line, the central
      unit 5 carries out these functions (blocks 468 and 468') in a manner which
      will be described hereinafter. After these processing operations, by means
      of successive instructions CAP, the characters are sent to the control
      unit 9 of the typewriter 6 to be printed.
PAR  At the end of each line, the central unit 5 checks whether the following
      block contains the end-of-text character E (block 469). If this character
      is not recognized, the central unit 5 establishes through the store 42
      whether the line printed is the last of the page or not (block 475). If it
      is not the last line, the central unit repeats the same operations as have
      been described from the block 461, for the following data block, the
      address of which is identified by the first three characters of the
      preceding block, so that the central unit 5 carries out sequentially the
      printing of all the lines of the recorded page. It is to be noted that the
      cells of the store 42 in which the first three characters of each block
      are recorded are always the same, since all the blocks are recorded
      successively in the same cells occupied by the preceding block. In this
      way, the operation of addressing each block is always effected with the
      same instructions in the manner seen with reference to FIG. 18.
PAR  On the other hand, when the last line of the page has been printed, the
      store 42 signals the end-of-page condition to the central unit 5 (logical
      decision 475). The central unit 5 puts itself into a waiting condition
      (block 468) and, by means of an instruction COP direct to the control unit
      11 of the keyboard 8, causes the indicator lamp to light up again. The
      operator is thus warned that he must change the sheet. Moreover, the
      central unit 5 loads the address of the first line of the new page into
      the store 42 (block 460"). After changing the sheet, the operator again
      depresses the interrupt key, as a result of which the operations of
      printing the new page are repeated.
PAR  When the central unit 5 finally recognizes the end-of-text character E
      (logical decision 469), it produces the stopping of the typewriter 6, as a
      result of which the system returns to the stop or inoperative condition
      (block 476).
PAR  For the justification of the lines, it has been said that each data block
      contains function characters relating to the length of the line of print.
      More precisely, the fourth character indicates the number of characters
      that the block can contain, which will be indicated hereinafter as NI,
      while the fifth character indicates the number NE of characters actually
      contained in the block. When a data block is transferred to the central
      unit 5 (block 463 of FIG. 24) and the sixth character of the data block is
      zero (block 464), the central unit 5 compares, by means of an instruction
      CFR, the fourth and fifth characters of the block (logical decision 470 of
      FIG. 25). If these characters are the same or equal, the printing of the
      block from the seventh character onwards is commanded, as a result of
      which the function characters are not printed (block 466). This is
      achieved by means of the instructions COP directed to the control unit 9
      of the typewriter 6, which put the latter into the receiving state, and by
      means of instructions CAP which transfer the characters from the store 42
      to the control unit 9 of the typewriter 6. In fact, the second character
      of the instruction CAP indicates the address in the store 42 corresponding
      to the seventh character of each block.
PAR  If the comparison between the fourth and fifth characters of the block is
      negative (bit E = 0), the central unit 5 checks starting from the seventh
      character of the block, by means of an instruction CDC, that the character
      of the data block is not a single space character (logical decision 471).
      If this character is not a single space character, that is if it is a
      printing character or if it is in its turn followed by another space (bit
      E = 0), the central unit 5 executes a jump instruction to a cell of the
      store 42 in which there is recorded an instruction TRA, by means of which
      it transfers the checked character to a predetermined cell of the store 42
      (block 472).
PAR  If the character is a space character, after the central unit 5 has
      transferred the space character it executes a jump instruction to a store
      cell in which another instruction TRA is recorded. By means of this last
      instruction there takes place the transfer of another space character to
      the store cell following the cell to which the first space character has
      been transferred (block 473). There takes place then the transfer of the
      characters completing the data block to the following cells, as has been
      seen with reference to the block 472. After completing the transfer of the
      data, the central unit 5 transfers the function characters to the
      corresponding cells. In particular, the character NE is transferred
      incremented by one unit (block 474).
PAR  By means of these operations, the central unit 5 has therefore transferred
      the data block from a first register of the store 42 to a second register
      of the store 42, but inserting after the first space character a further
      space character. In this way, the line of print has been extended by one
      space.
PAR  After this, the central unit 5 again compares the characters NI and NE
      (block 470); if these characters are not equal, it effects the transfer of
      the block from the second to the first register, inserting a further space
      character in the position following the second recognized space character,
      which is the first single space. The central unit 5 repeats this operation
      so many times until the character NE is equal to the character NI. When
      this happens, the line is printed with the right-hand margin aligned
      (block 466).
PAR  If, for example, the capacity of a data block is sixty characters (NI = 60)
      and fifty-seven characters are contained therein (NE = 57), the central
      unit 5 performs the justification in three steps, as is indicated in the
      following Table, in which: ND is the difference between NI and NE, S1...S5
      is the number of spaces between respectively the first and the second word
      of the line, between the second and the third, and so on.
TBL  ______________________________________                                    
     STEP  NI      NE      ND   S1   S2   S3   S4   S5                         
     ______________________________________                                    
     0     60      57      3    1    1    1    1    1                          
     1     60      58      2    2    1    1    1    1                          
     2     60      59      1    2    2    1    1    1                          
     3     60      60      0    2    2    2    1    1                          
     ______________________________________                                    
PAR  If after inserting a space character, after all the space characters
      present in the line of print, the difference ND is still different from 0,
      the central unit 5 increments the terms of comparison with the space
      between the words, in such manner as now to identify the two consecutive
      spaces. In this way, it again inserts a space character between the words
      forming the line, repeating the same operations as have been described
      with reference to FIG. 25. Therefore, by means of these operations, each
      line is therefore printed with the right-hand margin aligned on a
      predetermined position.
PAR  If, after adding two spaces to the space between the words, the length of
      the line is still not reached, for example in the case of the end of a
      sentence in which the text comes to an end a long way before the end of
      the line, the process of justification stops.
PAR  As has been seen, the end-of-line position can be varied by varying the
      character NI. By suitably varying the character NI, for example, a space
      can be left in a text for inserting a figure, or a text can be printed in
      a plurality of parallel columns and so on.
PAR  It has been said that if the sixth character of the block is zero, the
      central unit 5 compares this character through an instruction CFR with the
      possible function characters (block 467 of FIG. 24). If the central unit 5
      recognizes a centring character, for example, expressed by the letter C,
      it compares under the control of suitable instructions, as in the case of
      justification, the characters NI and NE. If they are different, it effects
      in similar manner the transfer of the data block from the first to the
      second register of the store 42, inserting two space characters, one
      before the seventh character of the data block and the other after the
      last character occupied by the information. After each transfer, it then
      increments the character NE by two units. When the difference ND between
      NI and NE is finally zero, it commands the printing of the contents of the
      block, which is therefore centred.
PAR  If the central unit 5 recognizes the underlining character, expressed by
      the letter S, it first commands the printing of the line recorded in the
      block. Then, by means of an instruction COP, it sends to the control unit
      9 of the typewriter 6 a command for carriage return without line spacing,
      as a result of which the carriage is brought into the beginning-of-line
      position.
PAR  After this, the central unit 5 checks by means of an instruction CDC
      whether in the cell of the store 42 corresponding to the first part of the
      line there is recorded an underlining character. If this character is
      recorded, the central unit 5 commands, by means of an instruction COP sent
      to the control unit 9 of the typewriter 6, the printing of the underlining
      character until it recognizes the underlining character recorded at the
      end of the word to be underlined, by means of successive instructions CDC
      carried out after the printing of each underlining character.
PAR  When the central unit 5 recognizes this last character, it sends space
      characters in succession to the control unit 9, whereby it moves the
      carriage until it recognizes a following underlining character. When this
      happens, the central unit 5 carries out the same operations as have been
      described before for underlining the following words. Of course, if one
      underlining character is recorded at the beginning of the block and one at
      the end, the central unit 5 underlines the whole line corresponding
      thereto in the manner described. When the carriage arrives at the end of
      the line, carriage return with line spacing is then automatically
      commanded in the manner seen hereinbefore.
PAR  According to a variant of the invention, the command S, before the
      recording of a line of print, may be incorporated in the instructions
      corresponding to the label REGI. In this case, the underlining character
      is only used to indicate the ends of the words to be underlined and not as
      a printing character existing by itself. In this case, the printing is
      effected as seen for the preceding case.
PAR  According to another variant of the invention, the underlining character
      may condition the recording of the characters to be underlined in such
      manner as to assign to them a code different from that of the characters
      without underlining, for example by using for this purpose the eighth bit
      of each character. In this case, during the printing of the fair copy, the
      central unit 5 decodes these characters in known manner, commanding for
      each character successively the printing of the underlining symbol, return
      by one step and then the character. If the underlining symbol is
      associated with a so-called dead key, that is a printing key which does
      not command spacing, command of return by one step after each underlining
      character can be suppressed.
PAR  According to a further variant of the invention, the addresses of the lines
      of print may be formed of two characters instead of four. In this case,
      the central unit 5 automatically supplies a number which identifies the
      text to which the line belongs. More precisely, when the operator enters
      the label "REGI," the central unit 5 commands the printing of a number
      which identifies the first free block of the tape 310. The following
      blocks are then numbered progressively until the end of the text to be
      recorded is reached.
PAR  In this way, when the operator intends to select a line of print, he first
      enters the characters which identify the text and then the two characters
      which identify the line within the limits of the text.
PAR  According to yet another variant of the invention, the various programmes
      of the printing system can be selected by the operator by acting solely on
      the command keyboard 8. In this case, neither the label "JOB?", nor the
      various labels which identify the corresponding programmes (REGI, MODI,
      etc.) are printed by the typewriter 6.
PAR  According to still another variant of the automatic printing system, the
      function character hereinbefore described, such as, for example, the
      characters L (line length), S (underlining), E (end of text), etc., can be
      modified for the purpose of facilitating use by the operator. The various
      embodiments of the invention now described can be simply obtained by
      varying the instructions stored in the group of instructions EDIT, whereby
      the central unit 5 is caused to perform operations controlled by the new
      group of instructions EDIT.
PAC  1ST EXAMPLE OF OPERATION
PAR  In the following Table A there is given a brief example of the operation of
      the system, including the most important operations hereinbefore
      described. More particularly, in Table A there is given the recording of a
      short text under the control of the group of instructions REGI. In Table B
      the text is given printed in "fair copy."
PAR  After the printing of the label JOB?, which is obtained by means of the
      actuation of the start key of the keyboard 8, the operator enters on the
      keyboard 270 of the typewriter the label REGI, which produces automatic
      printing of the label M4C6 which represents the address supplied by the
      indicator of the first free and recordable data block.
PAR  The carriage then moves forward by four steps and the operator actuates,
      after the carriage return keys, the key C, to indicate that the line of
      print entered subsequently is to be centred. After the operator has
      entered the line of print on the keyboard 270, he actuates the key for
      carriage return with line spacing, which at the same time causes return of
      the carriage to the beginning, the printing of the address M4C7 and the
      subsequent advance of the carriage by four steps.
PAR  The operator then enters the other lines of print, which are recorded in
      the blocks defined by the addresses M4C7 to M4CC.
PAR  In the line M4CD, the operator actuates the return-by-one-step key and the
      key E to indicate the end of the text.
PAR  After this, the operator re-reads the text and notes that in the line M4C8
      he has written the word "defimitive," instead of "definitive." To effect
      the correction, he again actuates the start key, so that the label JOB? is
      re-printed and the label FAST is now entered.
PAR  When the carriage has returned to the beginning, he actuates the
      "return-by-one-step" key four times and then enters the address M4C8 on
      the keyboard. He then commands
TBL                TABLE A                                                     
     ______________________________________                                    
     JOB?                                                                      
     REGI                                                                      
     M4C6    CGENERALITY OF THE SYSTEM                                         
     M4C7    This set of programmes is neither                                 
     M4C8    complete nor defimitive                                           
     M4CB    From the operative point of view we are                           
     M4CC    interested essentially in the programmes                          
     M4CD    E                                                                 
     JOB?                                                                      
     FAST                                                                      
     M4C8    complete nor definitive                                           
     JOB?                                                                      
     REGI                                                                      
     M5C1    It is noted in particular that as                                 
     M5C2    regards to the other applications                                 
     M5C3    we are formulating new programmes                                 
     JOB?                                                                      
     MODI    IM4C8 M5C1 M5C3 M4CB                                              
     JOB?                                                                      
     EDIT    M4C6                                                              
     ______________________________________                                    
PAL  through the interrupt key the beginning of the printing of the first word
      of the line, then actuates the interrupt key and the second word is
      printed, and so on. When the word "nor" which precedes the word
      "defimitive" has been printed, the operator, instead of actuating the
      interrupt key, enters the word "definitive," which is therefore recorded
      in place of the wrong word.
PAR  If the operator wishes to insert a paragraph in the text which has just
      been recorded, he actuates the start key, which produces the printing of
      the label JOB?. He then enters the label REGI, which produces the printing
      of the address M5C1. After this, the operator enters the lines of the
      insertion from M5C1 to M5C3. He then again actuates the interrupt key and,
      after the label JOB?, enters the label MODI. The carriage therefore
      carries out return to the beginning with line spacing and the operator
      enters the letter I followed by the addresses M4C8, M5C1, M5C3 and M4CB.
      The address M4C8 is the address of the line after which he wishes to
      insert the new paragraph; M5C1 and M5C3 are the addresses of the first and
      last lines of the paragraph to be inserted; M4CB is the address of the
      line from which he wishes to resume the recorded text.
PAR  After this, the operator again depresses the interrupt key and, after the
      printing of the label JOB?, enters the label EDIT followed by the address
      M4C6 corresponding to the initial line of the text.
PAR  Finally, the operator changes the sheet and, again actuating the interrupt
      key, commands the printing of the "fair copy" text given in Table B.
TBL                TABLE B                                                     
     ______________________________________                                    
     GENERALITY OF THE SYSTEM                                                  
     Thissetofprogrammesisneither                                              
     completesnordefimitive                                                    
     Itisnotedinparticularthatas                                               
     regardstotheotherapplications                                             
     weareformulatingnewprogrammes                                             
     From the operative point of view we are                                   
     interestedessentiallyintheprogrammes                                      
     ______________________________________                                    
PAR  The title has now been printed centred; the other lines have to be
      justified to a total of 40 characters. In the first line of the text
      justification is effected by adding seven missing spaces, four of them
      being distributed in the first two interwords and one each in the
      remaining three interwords. In the second line, the central unit 5 inserts
      two additional spaces in the two interwords of the line, after which the
      justification process stops. In the third line seven additional spaces are
      inserted, two in the first interwords and one in each of the remaining
      five interwords; while in the fourth and in the fifth line six of the
      seven missing spaces are inserted in the first three interwords and one in
      the fourth interword. The other lines are justified according to the above
      described process.
PAR  In conclusion, by means of the printing system according to the invention,
      it is possible to amend or modify a text both in content and in format by
      operating on a first draft of the text in which at the beginning of each
      line of print there is printed the address of the corresponding data
      block. These addresses are supplied automatically, so that each line of
      print or writing is recorded in the data block the address of which is
      recorded from time to time in the preceding block. It is moreover clear
      that the operator can access the data blocks by entering on the keyboard
      270 of the typewriter 6 labels corresponding to the addresses of the lines
      of print which he proposes to process. After these operations, the
      operator can finally command the printing of the text so corrected an
      unlimited number of times, inasmuch as the text is permanently recorded in
      the tape store 7. As has been said, the present invention can be used as
      an automatic information recording and search system. To achieve this, it
      is necessary for the operator to select through the typewriter 6 or the
      command keyboard 8 the groups of instructions relating to automatic
      searching for information. More particularly, there are four of these
      groups of instructions and they are used respectively for recording the
      format of the file, for recording the file, for correction and for
      searching for documents.
PAR  The operation of the system when it is used for searching for documents
      will now be described in a more detailed manner and finally a second
      example of operation is given.
PAC  RECORDING THE FORMAT OF A FILE (FORM)
PAR  When the operator wishes to record a file in the store 7, he must first of
      all define the format of the file, that is the set of key words which
      define one and the same document in the file. For example, in the case
      where it is desired to record a file for a buying office, the format of
      the file could contain the following key words: number of the document,
      number of the matter, date of the document, date due, firm, material. Of
      course, the format may vary according to requirements, but must always
      remain the same for all the documents recorded in one and the same file.
PAR  To record the format of the file, the operator enters on the typewriter 6
      the label FORM (block 520 of FIG. 26) or depresses the key of the keyboard
      8 corresponding to the instructions FORM. The operator can then select the
      type of format. The system according to the invention provides two types
      of format: a format composed of 43 characters and a format composed of 60
      characters. To select the format of 43 characters, the operator depresses
      the key of the typewriter 6 corresponding to the digit 1. This digit is
      transmitted by means of a character-from-peripheral instruction (CDP) to
      the central unit 5, which is therefore presented with the logical decision
      521. Consequently, the central unit 5 generates a code corresponding to
      the address in the tape store 7 of the first character of the group of
      instructions FORM relating to the format of 43 characters (block 522). If,
      on the other hand, the operator proposes to select the format of 60
      characters, he depresses the key of the typewriter 6 corresponding to the
      digit 2, which causes the addressing of the tape store 7 at the first
      character of the group of instructions FORM relating to the format of 60
      characters (block 523). After these operations, the central unit 5 attends
      to the transfer to the core store 42 of the instructions FORM thus
      selected in the manner described hereinbefore (block 524). After the
      loading of the instructions FORM, the central unit 5 commands by means of
      an instruction COP the return of the carriage of the typewriter 6 (block
      525). The system then puts itself into a waiting state (block 526), so
      that the operator begins to enter the format on the typewriter 6, starting
      from the first key word of the format itself. Each character entered on
      the typewriter 6 is recorded in a corresponding cell of the store 42 and
      is then compared by the central unit 5 with a character associated with
      the carriage return (logical decision 527) by means of a comparison
      instruction (CFR). If the character entered is a carriage return
      character, the central unit 5 returns to the waiting state after carrying
      out the carriage return. Obviously, the operator enters the carriage
      return only if he has finished entering the format, at the end of a line
      of print.
PAR  After checking that the character entered is not a carriage return, the
      central unit 5 checks in the same way that the character is not a
      tabulation character (logical decision 528). If the character entered is a
      tabulation character, the central unit 5 still checks that it is not the
      tenth tabulation character entered for the line of print in process of
      entry (logical decision 529). This check is made since in the system
      according to the invention it is possible to enter up to ten key words for
      each file. In fact, to pass from the first key word to the second key
      word, the operator acts on the tabulating bar of the typewriter 6. In this
      way, the carriage moves into the position corresponding to the second key
      word, so that the operator can enter the characters of the second key word
      on the keyboard. When the operator reaches the tenth key word, the central
      unit 5 does not accept any more characters; in fact, if the operator acts
      again on the tabulating bar, the central unit 5 recognizes that the
      tabulation character entered is the tenth of the line and returns to the
      waiting state.
PAR  To be able to count the number of tabulations entered by the operator, the
      central unit 5, consequent upon the check effected by the logical decision
      528, increments the contents of a predetermined cell of the store 42. At
      each tabulation character entered, the central unit 5 checks by means of a
      comparison-of-constant instruction (CDC) that the contents of this cell do
      not exceed the number ten.
PAR  If the tabulation character is not the tenth, the central unit 5 records it
      in the store 42 following the other characters previously entered (block
      530). If, on the other hand, the tabulation character is the tenth, the
      central unit 5 carries out a carriage return (block 525) and does not
      accept any more characters.
PAR  If the character entered by the operator is not a tabulation character, the
      central unit 5 checks in a similar manner to that seen hereinbefore that
      the character entered is not in excess of the maximum number of characters
      allowed for the selected file format (logical decision 531). More
      precisely, if the operator has selected the format with 43 characters, the
      central unit checks that the character entered is not the forty-fourth, if
      he has selected the 60-character format it checks that the character is
      not the sixty-first.
PAR  The operations which have just been described are repeated by the central
      unit 5 for each character until the operator acts on a push button of the
      console 8 called the interrupt push button.
PAR  This push button, as has been said, produces an interrupt in the working of
      the system and commands the central unit 5 to carry out a jump instruction
      (SAL) to a predetermined cell of the store 42 in which the next
      instruction that the central unit is to execute is recorded. In this case,
      this instruction is a comparison instruction by means of which the central
      unit 5 checks, as seen before, that the last character entered is not in
      excess of the number of characters of the format selected (logical
      decision 535). In fact, the operator can actuate the interrupt push button
      both before completing the line of print and after completing it. If the
      last character entered is not the forty-fourth, the central unit carries
      out a carriage return (block 525), as a result of which the entire line
      entered is erased from the store 42. This naturally happens when the
      operator becomes aware of having made a mistake and wishes to re-write a
      line that is wrong.
PAR  If the last character entered is the forty-fourth, the central unit 5, by
      means of an instruction COP, puts the control unit 10 of the tape store 7
      into the recording state (block 536).
PAR  In this state, the control unit 10 of the tape store 7 selects the block 0
      of the first track of the recording tape and stores therein the format
      recorded in the store 42. After this, the central unit 5 commands the
      reading of this block and compares the contents thereof with the
      characters recorded in the store 42 and corresponding to the format
      entered (block 537). This comparison is made in order to avoid the
      possibility of there having been any errors during the recording of the
      format in the store 7.
PAR  If the characters read from the store 7 are equal to those entered (logical
      decision 538), the central unit 5 commands the typewriter 6 to print the
      label "OK" (block 539), if the characters are not equal it commands the
      printing of the label "ERROR" (block 540). In this way, the operator is
      averted that the format has not been recorded correctly in the tape store
      7.
PAR  After these operations, the result that is obtained, in conclusion, is that
      the operator has recorded in the block 0 of the first track of the tape
      the format of the file that he intends to record subsequently.
PAC  RECORDING A FILE (FILE)
PAR  After the operator has recorded the format of the file, he can begin to
      record the file itself. To do this, he enters the label FILE on the
      keyboard of the typewriter 6, or depresses the key of the console 8
      associated with thte recording of the file (block 546 of FIG. 27). As has
      been said, this causes the transfer of the instructions associated with
      the label FILE from the tape store 7 to the core store 42 (block 547).
PAR  The central unit 5 then executes the first instruction of the group FILE
      that is recorded in the store 42. This instruction is a selection
      instruction COP directed to the control unit 10 which commands the reading
      of the block 0 of track 1 in which is recorded, as has been said, the
      format of the file. The format is then transferred to a predetermined
      register of the store 42 (block 548).
PAR  After the format has been transferred to the store 42, the central unit 5
      sends an instruction COP to the typewriter 6 by means of which it commands
      a device not shown in the drawings which is adapted to clear in known
      manner all the tabulation stops previously selected by the operator (block
      549). When all the tabulation stops are cleared and the carriage has
      returned to the beginning-of-line position, the central unit 5 sends to
      the typewriter 6, by means of successive character-to-peripheral
      instructions (CAP), the characters of the format (block 550). At the same
      time, the central unit 5 compares, by means of instructions CFR, the
      number of characters sent with the number of characters of which the first
      key word is formed (logical decision 551). When equality occurs (positive
      comparison), that is when the first key word has been printed, the central
      unit 5 commands the sending of two spaces and thereafter commands, by
      means of an instruction COP, a device for setting the tabulation stops of
      the typewriter 6 (block 552). After this, the central unit 5 begins to
      print the second key word, then the third and so on as far as the last key
      word.
PAR  When the central unit 5 has commanded the printing of the last key word of
      the format (logical decision 555), it sends a carriage return command and
      puts itself into a waiting state (block 556). In this way there is
      obtained the printing of the entire format and also the setting of the
      tabulation stops appertaining to the format itself.
PAR  At this point, the operator can begin to record the key words of the file,
      entering the individual characters on the keyboard of the typewriter 6.
      From time to time the characters are transmitted by means of instructions
      CDP to the central unit 5, which carries out a series of checks on them.
      As usual, these checks are carried out by means of instructions CFR, that
      is by comparing the individual characters entered with characters
      contained in the group of instructions FILE and recorded in predetermined
      cells of the store 42.
PAR  The central unit 5 therefore checks whether the character entered is a
      carriage return character (logical decision 557); if the comparison is
      positive, it returns to the state expressed by the block 556. The central
      unit 5 then checks whether the character entered is a tabulation character
      (block 558), which has been entered by the operator if he has used only a
      part of the characters assigned to the key word. More precisely, if the
      key word in process of entry is, for example, "firm name", that is it is
      composed of nine characters, the operator enters in correspondence with
      this key word the word "OLIVETTI," using only eight of the nine characters
      of the key word. In this case, after the letter I, the operator acts on
      the tabulating bar, thus sending a tabulation character to the central
      unit 5. In this case, the central unit 5 introduces into the cell of the
      store 42 following the cell occupied by the letter I a space character. Of
      course, if the operator had entered a word of five characters, the central
      unit 5 would have introduced four spaces. To do this, the central unit 5
      compares each character entered with the tabulation character; when the
      comparison is positive, the central unit 5 sends as many spaces as there
      are characters missing for completion of the word following the
      tablulation character entered by the operator (block 559).
PAR  Finally, the central unit 5 checks whether the character entered is a
      "return-by-one-step" character (logical decision 560); if the comparison
      is positive, it reduces by one unit the address of the cell of the store
      42 in which the following character entered by the operator is to be
      recorded, so that it is possible to correct a character entered wrongly
      (block 561).
PAR  If the character entered by the operator is different from "carriage
      return," "tabulation" and "return by one step," it is recorded in a
      particular cell of the store 42 (block 565). The central unit 5 then
      checks whether the character entered is the last character of the key word
      (logical decision 566); if the comparison is positive, the central unit 5
      sends a tabulation code to the typewriter 6 (block 567), so that the
      carriage moves into correspondence with the beginning of the next key
      word. In this way, the operator cannot introduce extra characters with
      respect to the number of characters forming a key word.
PAR  The central unit 5 then checks that the character entered is not the last
      character of the line (logical decision 568). If the comparison is
      negative, the central unit 5 returns to the waiting state, if the check is
      positive and the operator does not communicate, in the manner described
      hereinafter, the fact that the character is the last of the file (logical
      decision 569), the central unit 5 sends a selection command to the tape
      store 7 by means of a selection instruction COP (block 570). The
      controller 10 selects the first free block and records therein the line
      entered (block 571).
PAR  It is to be noted that while the recording of the entered line is carrying
      out the central unit 5 returns to the state expressed by the block 556, so
      that the operator can enter the next line of print. The simultaneousness
      of the two operations is achieved by means of alternate interrupts by the
      tape store 7 and by the typewriter 6.
PAR  In brief, every time the operator enters a new character, an interrupt is
      sent automatically to the central unit 5, so that the recording of the
      previously entered line in the store 7 is interrupted. The central unit 5
      can therefore accept the new character entered. The same operations are
      repeated for the following lines, which are therefore each recorded in a
      corresponding data block. The addressing of the data blocks is effected by
      recording in each block the address of the next data block, in the manner
      described hereinbefore.
PAR  When the operator has finished the recording of the file, he actuates a
      predetermined key of the typewriter 6, for example the key corresponding
      to the symbol "!". The central unit 5 then sends a selection instruction
      COP , which puts the controller 10 of the tape store 7 in the data block
      reading state (block 575). During the reading of each block, the central
      unit 5 carries out the parity check on the characters of the block and
      compares the parity character obtained in this way with the parity
      character recorded in the block (logical decision 576). This last
      character had already been recorded in the block by the central unit 5 on
      the transfer of the entire block from the core store 42 to the tape store
      7. If the comparison is negative, this signifies that a recording error
      has been committed and the central unit 5 then commands the printing of
      the entire block (block 577), so that the operator can obtain sight of the
      error and consequently make the changes in the manner which will be
      described hereinafter.
PAR  If the comparison is positive, the central unit checks that the block read
      is not the last of the file (logical decision 578), checking that there is
      not recorded therein the character corresponding to the symbol "!."
PAR  If the check is negative, the central unit passes over to reading the next
      block, if the check is positive the central unit 5 sends to the controller
      10 an instruction COP for selection of the block O of track 1.
PAR  When this block has been selected, the central unit 5 transfers thereto the
      address of the last block of the store 7 occupied by the lines
      corresponding to the file previously recorded (block 579). After this, the
      central unit 5 commands the printing of the label "OK" (block 580). In
      this way, the operator is informed visually that the recording of the
      whole file has been effected correctly.
PAC  AMENDING A FILE (COIR)
PAR  After the operator has recorded the file, he carries out a check of the
      file itself, re-reading the sheets previously printed. If he detects an
      error which has escaped him during the recording stage, he inserts a fresh
      printing sheet in the typewriter 6 and enters the label COIR or actuates
      the push button of the console 8 associated with the instructions COIR
      (block 585 of FIG. 28), causing the transfer of the instructions COIR from
      the tape store 7 to the core store 42 (block 586). The central unit 5 then
      begins the execution of the instructions COIR; the first instruction is a
      selection instuction COP directed to the control unit 10 of the store 7.
      By means of this instruction, there is selected the block O of track 1,
      which contains, as has been said, the format of the file. The format is
      thus transferred to the core store 42 and printed on the printing sheet
      (block 587) and at the same time the tabulation stops are set again in the
      manner hereinbefore described. If the operator intends to substitute a
      line that is wrong by a new line, he enters the letter M on the keyboard
      of the typewriter (block 588 of FIG. 28); he then enters on the keyboard
      in its wrong form the line to be corrected, which is thus recorded in a
      register of the store 42. When the operator has finished printing the line
      of writing or print, the central unit 5 begins to read the block following
      the block 0 of track 1, comparing it at the same time with the block
      entered by the operator. The blocks recorded on the tape are read and
      compared in succession in this way until the central unit detects equality
      between the block entered and the block recorded (block 590). At this
      point, the central unit 5 commands the stopping of the tape and informs
      the operator that he can enter a new line of print, for example by
      lighting a lamp. The operator then enters the new line in the correct form
      and this is recorded in this way in the place of the line that is wrong
      (block 591)
PAR  If the operator wishes to erase all the documents from the beginning of the
      file as far as a certain serial number, he enters the letter A (block 592)
      and thereafter enters all the key words relating to the first document he
      intends to retain (block 593). The central unit 5 then commands the
      selection of the block corresponding to the document entered (block 594)
      and stores the address of this block in the store 42. As has been said, in
      each data block there is also recorded the address of the following data
      block; therefore, if this address is altered, it is possible to initiate
      the reading of the file from the block identified by the new address.
      After this, the central unit 5 commands the selection of the block O of
      track 1 and transfers thereto the address relating to the block which the
      operator has entered in the place of the one recorded previously (block
      595). In this way, during the successive searches only the documents
      following the one selected by the operator will be taken into
      consideration.
PAR  If the operator intends to eliminate all the documents following a certain
      document as far as the end of the file, he enters the letter I (block 596)
      and thereafter enters the key words relating to the last document he
      intends to retain (block 597). The central unit 5 then selects the data
      block corresponding to the document entered (block 598) and records the
      address associated therewith in the store 42. After this, the central unit
      5 selects the block 0 of track 1, which, as has been said, contains the
      address of the last block of the file. After this, it inserts in the place
      of the address of the last block of the file the new address selected by
      the operator (block 599). In this way, during the succeeding searches,
      only the addresses between the beginning of the file and the new
      end-of-file address entered by the operator will be taken into
      consideration.
PAC  SEARCHING FOR DOCUMENTS (LOOK)
PAR  When the operator desires to search for a document from the file previously
      recorded, he can use, to identify the document itself, all the key words
      under which the document had been inserted in the file; in this case, the
      printing system will supply, in the manner to be described hereinafter,
      the reference number of the document sought. However, if the operator does
      not remember exactly all the key words relating to the document, he can
      communicate to the system only some key words and consequently the system
      will supply the particulars of all those documents in the file which
      correspond to the key words communicated. Moreover, the operator could be
      uncertain regarding a key word; for example, if the key word is "date of
      issue", the operator could be uncertain whether the month in which the
      document was issued is the month of May or June. In this case, the
      operator can insert a plurality of alternatives for each key word up to a
      maximum of three alternatives. Naturally, the number of documents supplied
      by the system at the end of the search will be so much smaller the more
      accurate the items of information furnished by the operator concerning the
      document to be searched for have been.
PAR  At the beginning of the search, the operator inserts in the tape store 7
      the reel for the file in which he presumes the document to be searched for
      is recorded. He then enters the label LOOK on the typewriter 6, or
      actuates the button of the keyboard 8 associated with the instructions
      LOOK (block 600 of FIG. 29), causing the transfer of the instructions FORM
      from the tape store 7 to the core store 42. When all the instructions are
      recorded in the store 42 (block 601), the central unit 5 begins to execute
      the first of these instructions. The first instruction is a selection
      instruction COP directed to the controller 10 of the tape store 7. This
      instruction produces the selection of the block of track 1 in which there
      is recorded, as has been said, the format of the file. When the block 0
      has been selected, the central unit 5 commands the transfer of the format
      to the core store 42; it then commands, as has been said with reference to
      the instructions FILE, the clearing of the tabulation stops existing on
      the typewriter 6, and also the setting of the tabulation stops relating to
      the format recorded in the store 42. After this, the central unit 5
      commands the printing of the format (block 602) and thereafter the return
      of the carriage.
PAR  At this point, the operator begins to introduce the key words relating to
      the document or documents that he wishes to search for; after the entry of
      each character, the central unit 5 checks whether it is the last character
      of the key word, effecting the comparison of the number of characters
      entered with the number of characters of which the corresponding key word
      of the format recorded in the store 42 is composed (logical decision 603).
      If the character is not the last of the key word, the central unit 5
      enables the keyboard of the typewriter 6, as a result of which the
      operator can enter the following character (block 604).
PAR  The central unit 5 then carries out a series of checks on the character
      entered by means of successive instructions CFR. If first checks that the
      character entered is not a tabulation character (logical decision 605).
      The entry of a tabulation character by the operator may occur in two
      cases: when he enters a key word in which the number of characters is less
      than the number of characters of which the corresponding key word of the
      format is composed, or when he does not intend to use that keyword for the
      search. This last case obviously presents itself when the operator does
      not remember the information relating to the key word in process of entry;
      for example, if the key word is "date of issue," the operator might not
      remember the date on which the document to be searched for was issued.
PAR  When the central unit 5 recognizes a tabulation character, it sends to the
      typewriter 6 as many spaces as there are characters wanting for completion
      of the key word (block 606), recording at the same time in the store 42 an
      equal number of space characters.
PAR  After this, the central unit 5 checks whether the character entered is a
      carriage return character (logical decision 607); if the check is
      positive, it commands simultaneously the return of the carriage of the
      typewriter 6 and the erasure of all the characters previously entered and
      recorded in the store 42 (block 608). In this way, the operator can erase
      a complete line of print if he realizes that he has made an error of
      entry. If the central unit 5 recognizes that the character entered is
      neither a tabulation character nor a carriage return character, it records
      it in a particular register of the store 42 (block 609).
PAR  When the central unit 5 recognizes that the character entered is the last
      character of a key word (logical decision 603), it checks that the key
      word previously entered is not the last of the format (logical decision
      610). This is naturally achieved by means of successive instructions CFR,
      by means of which the central unit 5 compares the line of print entered
      with the line of format recorded in the store 42. If the key word entered
      is not the last, the central unit 5 sends a tabulation character (block
      611) to the typewriter 6, as a result of which the carriage moves into
      correspondence with the next key word. When the carriage is located at the
      line end, the central unit 5 automatically sends a carriage return command
      (block 612).
PAR  At this point, the key words corresponding to the document to be searched
      for are located recorded in a register of the store 42 indicated generally
      by the reference R' and not shown in the drawings. The addresses of the
      cells of the register R' are predetermined, so that the characters
      recorded in it can be placed at the disposal of the central unit 5 during
      the search stage, as will be seen hereinafter.
PAR  The operator moreover has the possibility of introducing key words
      alternative to those previously entered (logical decision 613), up to a
      maximum of three. To do this, in the following line, the operator
      re-enters the key words for which he does not wish to put an alternative,
      while he enters the new key words where he has the intention of putting
      the alternative. Thus, if, for example, the operator does not remember the
      date of issue of the document sought, he enters under the key word "date
      of issue" the date alternative to the date entered in the preceding line.
      The same operations are performed if the operator desires to enter a third
      alternative.
PAR  Similarly to what has been said hereinbefore, the alternative key words are
      recorded in two more registers R" and R'" of the store 42, to be then
      placed at the disposal of the central unit 5 during the search operations.
PAR  After this, the central unit 5 commands the locking of the keyboard of the
      typewriter 6 (block 614) and the lighting of a lamp located on the console
      8 (block 615). At this point, there comes to an end the stage of entry of
      the key words, which are thus located recorded in predetermined registers
      (R', R" and R'") of the store 42 of the central unit 5.
PAR  When the operator wishes to command the beginning of the search, he
      depresses the interrupt button of the console 8, which produces the
      starting of the tape (block 620). It is to be noted that at this instant
      the tape is positioned with the block 0 of track 1 in correspondence with
      the reading head, so that he central unit 5 commands the reading of the
      address of the first block of the file (block 621) which, as has been
      said, is recorded in the block 0 of track 1.
PAR  After this, the central unit 5 begins the reading of the characters of the
      block selected in this way (block 622), transferring them to a register of
      the store 42 indicated generally by the reference M and not shown in the
      drawings. The central unit 5 then checks that the characters entered by
      the operator and recorded in the register R' are not space characters
      (logical decision 623). If the character entered by the operator is a
      space, the central unit 5 considers as positive the comparison with the
      corresponding character recorded in the register M of the store 42. In
      fact, if the operator has not used all the characters of the key word or
      has not used the key word at all, the central unit 5 operates as if the
      operator had entered a key word entirely identical to the corresponding
      key word of the file. This is necessary since the comparison must be
      effected only on the key words actually entered by the operator.
PAR  If the character is not a space character, the central unit 5 compares it
      with the corresponding character of the register M (logical decision 624);
      if the comparison of the following character, if the comparison is
      negative the central unit 5 records in a cell of the store 42 a character
      which signals dissimilarity (block 625), then continuing the comparison of
      the following characters. When the last character of the block is reached
      (logical decision 626), the central unit 5 records in a cell of the store
      42 whether the block of the file is equal or not to the block recorded in
      the register and entered by the operator. It is to be noted that if the
      operator has entered three alternatives during the stage of entry of the
      search, the central unit 5 compares each block of the file, that is the
      contents of the register M, first with the first block entered by the
      operator and recorded in the register R', then with the second register R"
      and finally with the third register R"'. In this way, the comparison is
      considered positive if the block of the file is recognized as equal to at
      least one of the three entered by the operator.
PAR  If the block of the file is not equal to one of those entered by the
      operator, the central unit checks whether the end of the file has been
      reached (logical decision 628). If the check is positive, the printing of
      the letter F is commanded as a result of which the operator is informed
      that the document sought is not recorded in the cartridge inserted in the
      store 7 and can therefore replace it by another. If the comparison is
      positive, the central unit 5 commands the reading of the address of the
      next block (logical decision 630). If this block is the one adjacent that
      read previously, the central unit 5 returns to the state expressed by the
      block 622 and begins to read the characters without stopping the tape; if
      the block is not adjacent the one read, the central unit 5 commands the
      selection of the block to be read (block 631), consequently positioning
      the tape with this block in correspondence with the reading head. These
      operations are repeated until the central unit 5 recognizes a block of the
      file equal to one of those entered by the operator and recorded in the
      register R', R" or R"40  of the store 42. At this point, the stopping of
      the tape is commanded (block 632). The central unit 5 then checks that the
      end of the printing sheet has not been reached, comparing the number of
      printed lines with the maximum number of printable lines. This comparison
      is effected by means of an instruction CFR in which the first operand is
      the number of printed lines and the second operand is the maximum number
      of printable lines (logical decision 633). If the comparison is negative,
      the central unit 5 commands the printing of the block of the file, as a
      result of which the operator can read all the key words of the document
      sought (block 634). After this, the central unit 5 returns to the state
      expressed by the block 622, continuing the reading of the following
      blocks. If the comparison is positive, the central unit 5 commands the
      stopping of the printing (block 635), so that the operator can replace the
      printing sheet. After this, the operator depresses the interrupt button,
      which causes the resumption of the interrupted printing on the new sheet.
      When all the documents corresponding to the key words entered have been
      printed, the central unit 5 commands the printing of the label "END," so
      that the operator is averted of the end of the search.
PAC  2nd EXAMPLE OF OPERATION
PAR  There will now be described an example of operation of the system when it
      is used for automatic information search.
PAR  When the operator desires to record a new file, he inserts a printing sheet
      in the typewriter 6 and a cartridge of magnetic tape in the store 7. He
      then clears all the tabulation stops and enters the label FORM on the
      keyboard or alternatively depresses the key of the console 8 corresponding
      to the instructions FORM. To select the type of format the operator then
      depresses the key corresponding to the digit 1 or 2, according to whether
      he intends to select the format of 43 or 60 characters, respectively.
      After this, the system is reading to record the format of the new file in
      the block 0 of track 1.
PAR  To do this, the operator enters through the keyboard of the typewriter 6 a
      line of print containing the key words of the file, that is: FORM
PAC  N DOC NMATT DATE DOC DUE DATE BODY MATERL SUPPLD
PAR  The key word N DOC (number of the document), formed of five characters,
      identifies the serial number with which the document is to be recorded in
      the file; the key word NMATT (number of the matter), also formed of five
      characters, identifies the number of the matter to which the document
      belongs; the key word DATA DOC (date of the document), formed of seven
      characters, identifies the date of issue of the document; the key word DUE
      DATE (due date), formed of eight characters (including the space)
      identifies the due date of the document; the key word BODY (body), formed
      of four characters, identifies the body which has issued the document; and
      finally the key word MATERL SUPPLD (material supplied), formed of thirteen
      characters, identifies the subject of the document, for example the supply
      of material to which the document relates.
PAR  In this way, the operator has recorded the format of the file which, as has
      been seen, is composed of seven key words, each comprising a predetermined
      number of characters.
PAR  When the operator intends to record the file, he enters the label FILE on
      the typewriter or depresses the key of the console 8 associated with the
      instruction FILE. This produces the automatic printing of the format of
      the file and the simultaneous recording of the format in the store 42 of
      the central unit 5. After this, the operator enters the first key word of
      the first document (see TABLE I); since in this case there are five
      characters used, the central unit 5 automatically commands tabulation, so
      that the carriage moves into correspondence with the next key work. If, on
      the other hand, the operator should not have used the five characters
      fully, he will have had to actuate the tabulating bar manually. The same
      operations are repeated for the other key words of the first document. The
      operator then commands return of the carriage and enters all of the key
      words of the second document and so on up to the end of the file. When he
      has completed the file, the operator depresses the key corresponding to
      the symbol "!," as a result of which the central unit 5 carries out the
      parity check on all the recorded blocks; if the recording has been
      effected correctly, printing of the label "OK" takes place.
PAR  It can be noticed from TABLE IA that the operator has not used the key word
      "due date" for document N. 002 and that the operator has not fully used
      the characters of the key word "MATERL SUPPLD" for all the documents.
TBL                                    TABLE IA                                
     __________________________________________________________________________
     FILE                                                                      
     N DOC                                                                     
          NMATT                                                                
               DATE DOC                                                        
                      DUE DATE                                                 
                             BODY                                              
                                 MATERL SUPPLD                                 
     __________________________________________________________________________
     00001                                                                     
          00051                                                                
               01-03-71                                                        
                      01-03-72                                                 
                             B041                                              
                                 STEEL                                         
     00002                                                                     
          00051                                                                
               03-11-70      B041                                              
                                 PACKAGING                                     
     00003                                                                     
          000101                                                               
               14-04-71                                                        
                      01-11-72                                                 
                             B041                                              
                                 INSTRUMENTS                                   
     00004                                                                     
          000110                                                               
               11-05-70                                                        
                      11-11-71                                                 
                             C004                                              
                                 STATIONERY                                    
     OK                                                                        
     __________________________________________________________________________
PAR  After the operator has recorded the file, he re-reads the key words entered
      on the typewritten sheets to check the accuracy of what he has recorded.
      If he notices any error, he enters the label COIR and carries out the
      corrections in the manner seen hereinbefore. After this, the operator
      removes the cartridge from the tape store and notes on the cartridge
      itself the first and last documents in the recorded file, so as to be able
      to recognize thereafter what documents are recorded in that cartridge.
PAR  Of course, if a single cartridge is not sufficient to record the whole
      file, the operator introduces another cartridge into the store 7 and
      repeats the same operations as have been described before.
PAR  When the operator has to search for a document, he inserts a printing sheet
      in the typewriter 6 and, in the store 7, the cartridge in which he
      presumes the document to be searched for is recorded. He then enters the
      label LOOK or depresses the key of the console 8 associated with the
      instructions LOOK. This produces the printing of the format of the file
      (see TABLE IIA).
TBL                                    TABLE IIA                               
     __________________________________________________________________________
     N DOC                                                                     
          NMATT                                                                
               DATE DOC                                                        
                      DUE DATE                                                 
                             BODY                                              
                                 MATERL SUPPLD                                 
     __________________________________________________________________________
               03-71         B041                                              
               04-71         B041                                              
     0 001                                                                     
          00051                                                                
               01-03-71                                                        
                      01-03-72                                                 
                             B041                                              
                                 STEEL                                         
     0 003                                                                     
          00101                                                                
               14-04-71                                                        
                      01-11-72                                                 
                             B041                                              
                                 INSTRUMENTS                                   
     END                                                                       
     __________________________________________________________________________
PAR  Let it be assumed that the operator knows exactly only the body which has
      issued the document and that he is uncertain whether the document was
      issued in the month of March or in the month of April. In correspondence
      with the key word DATE DOC the operator therefore enters "03-71," taking
      care to leave three spaces after the beginning of the key word to indicate
      that the digits 03 refer to the month, and in correspondence with the key
      word BODY he enters the label "B041." He then depresses the carriage
      return key and, acting on the tabulating bar, again comes into
      correspondence with the key word "DATE DOC" to enter the date "04-71" and
      then comes into correspondence with the key word BODY and re-enters the
      label "BO41."
PAR  The operator then actuates the carriage return key, putting the system into
      a waiting state. In this condition, the date entered by the operator are
      recorded in the registers R' and R".
PAR  To start the search off, the operator depesses the interrupt key of the
      console 8, the central unit 5 then begins to read the file and to compare
      the key words of the individual blocks read from the store 7 and
      transferred one at a time to the register M with the key words entered by
      the operator and recorded in the registers R' and R" of the store 42. When
      the key words of a block prove to be equal to the corresponding key words
      entered by the operator, the central unit 5 commands the printing of the
      entire block. Similarly, all the blocks of the file are compared and when
      the whole file has been read the central unit 5 commands the printing of
      the label "END."
PAR  As can be observed in TABLE IIA, there are two documents which coincide
      with the key words entered, so that the operator can recognize the one
      sought by him only after having sight thereof.
PAR  Of course, if the operator had supplied more precise indications concerning
      the document to be searched for and such as to identify the document
      itself univocally, the system would have supplied only the document sought
      as the result of the search.
PAR  It is therefore clear that each document is classifiable by means of a
      plurality of key words or groups of characters and that through the medium
      of the typewriter or the input unit 6 it is possible to record in the
      block 0 of track 1 of the tape a plurality of labels, or combinations of
      characters, to define the format of the file selectively.
PAR  The information search system can moreover be used to automate the sending
      of the correspondence of an office. In fact, the need to send a certain
      number of like letters to certain addresses arises very frequently. This
      occurs, for example, when it is intended to start a promotional campaign
      by sending letters to certain categories of users. To achieve this, the
      operator records a file in which the users are identified by suitable key
      words, such as, for example, "type of customer", "due date of reply", etc.
      Thereafter, using the groups of instructions described hereinbefore the
      operator records a standard letter in a particular block of the tape store
      7.
PAR  When the operator intends to select a group of addressees, he enters in the
      manner seen hereinbefore the key words which identify this group and then
      selects the block of the store 7 in which the first line of the letter to
      be printed is recorded, in the manner seen hereinbefore.
PAR  After this, the system searches for the addresses on the basis of the key
      words entered by the operator and transfers them to the store 42 and
      thereafter also transfers to the store 42 the letter to be printed, on the
      basis of the address entered by the operator.
PAR  After this, the operator introduces a first printing sheet into the
      typewriter 6 and commands the printing of the first letter, which will
      therefore contain the first address selected. The printing of the first
      letter having been completed, the operator introduces a fresh printing
      sheet into the typewriter 6, thereafter commands the printing of the
      second letter and so on until the list of addressees has been exhausted.
      In this way, it is possible to conduct the sending of correspondence in an
      entirely automatic manner, a considerable saving of time being obtained.
PAR  The format of the file can moreover be recorded in a different manner to
      that described, for example by effecting suitable encoding of the key
      words. The list of addressees can in fact be recorded by associating with
      each customer a particular combination of letters in which each letter
      represents a key word. In this case, the selection of the addressees is
      effected by commanding a search for all those addressees to whom one and
      the same letter has been assigned.
PAR  It is understood that modifications, substitutions or additions may be made
      in the system according to the invention without departing from the scope
      of the invention; for example, instead of all the operative programmes of
      the system being recorded on the tape 310, they may be recorded in a
      static read-only store (ROM). This store may be of any known type, for
      example produced by integrated circuit technology, and may be included in
      the central unit 5. This can naturally be done to render times of access
      of the programmes shorter and, consequently, to render the execution of
      the required services faster.
PAC  SECOND EMBODIMENT
PAR  According to another embodiment, the unit 5 can be connected to two
      magnetic-tape stores 7 and 7' (FIG. 30). The tape stores 7 and 7' are of
      the same type as and equivalent to the tape store hereinbefore described.
      Consequently, the control unit 10 differs from the corresponding control
      unit hereinbefore described only in the fact that its output channel 340
      and input channel 343 are connected to both the tape stores 7 and 7'
      instead of to one only. From the operative point of view, this does not
      entail any differences with respect to the working described hereinbefore
      since the control unit 10 is not connected simultaneously to the two
      stores 7 and 7', but either to one or to the other. To achieve this, each
      of the two stores 7 and 7' is identified by an address whereby, when the
      central unit 5 recognizes the address of the store 7, connection is
      effected with the store 7; on the other hand, when it recognizes the
      address of the store 7', connected is effected with the store 7'.
PAR  When the operator wishes to record a text or a certain number of
      paragraphs, he puts a cartridge into the tape store 7 and through the
      medium of the command keyboard 8 selects the zone of the tape on which the
      text is to be recorded. As has been seen, the central unit 5 automatically
      supplies the addresses of the blocks in which the lines of print or
      writing entered by the operator by means of the keyboard of the typewriter
      6 are recorded and automatically connects the tape store 7 to the keyboard
      of the typewriter 6. In this way the operator can note the addresses
      corresponding to the various paragraphs in a copy-book so as then to be
      able to command the reading of the paragraphs themselves when he wishes
      them to be printed. The operator can moreover successively record a list
      of addresses of the addressees to whom he intends to send the letters. In
      this way, the operator prepares a file in which there are recorded both
      the standard paragraphs and the addresses of the addressees. When the
      operator desires to print a series of like letters to a plurality of
      addressees, he introduces the cartridge previously recorded into the tape
      store 7' and a fresh cartridge into the tape store 7. Then, through the
      medium of the function keyboard 8 and the typewriter 6, he selects in
      succession the paragraphs he intends to put into the letter in the manner
      hereinafter described. He introduces a sheet of paper into the typewriter
      6 and enters the label REGI through the keyboard of the typewriter 6
      (block 650 of FIG. 31). As has been seen, this causes the transfer of the
      recording instructions to the core store 42 and the simultaneous return of
      the carriage with line spacing. The operator then actuates the key
      corresponding to the letter K (block 651), the central unit 5 recognizes
      the corresponding code and performs a jump instruction (SAL) to a cell of
      the store 42 in which the first of the instructions associated with the
      command K is recorded.
PAR  The first of these instructions is an instruction COP directed to the
      typewriter 6, which generates a carriagereturn with line-spacing code
      (block 652). After this, the operator can enter the initial and final
      addresses of the first paragraph he intends to put into the letter (block
      653). The central unit 5 then transfers the paragraph selected in this way
      from the store 7' to the core store 42; simultaneously, the paragraph is
      printed by the typewriter 6 (block 654). If the operator does not desire
      the printing of the paragraph, he depresses the interrupt key of the
      command keyboard 8 (logical decision 655); this conditions the central
      unit 5 not to send the characters read from the tape to the typewriter 6.
      Simultaneously with the printing of the paragraph there takes place the
      transfer of the same from the core store 42 to the tape store 7 (block
      656) in the following manner: the central unit 5 transfers the first line
      from the store 7' to the store 42. When the whole of the line has been
      transferred, it initiates the printing of the line and at the same time
      transfers it to the store 7. Simultaneously with the printing of the first
      line, the central unit 5 tranfers the second line from the store 7' to the
      store 42. Synchronism between the various operations is obtained through
      the mechanism of the interrupts which has already been explained
      hereinbefore.
PAR  After the transfer of the selected paragraph has been finished, the central
      unit 5 puts itself into a waiting state (block 659). The operator now has
      two possibilities (logical decision 660): either to select the transfer of
      another paragraph from the tape store 7' to the store 7, or to enter a new
      paragraph; in the first case, the same operations as have been described
      hereinbefore are repeated, that is a return is made to block 653, in the
      second case the central unit 5 sees to the connection of the store 7 with
      the typewriter 6 and to the recording in the store 7 of the paragraph
      entered by the operator on the keyboard of the typewriter 6 (block 661).
      This paragraph is recorded following the paragraph read previously from
      the store 7' and transferred to the store 7. In this way, the operator can
      record in the store 7 the complete text of the letter he intends to print
      by extracting the permanent paragraphs from the store 7' and entering the
      new paragraphs directly on the keyboard of the typewriter 6.
PAR  When the operator has completed the entry of the text (logical decision
      662), he enters on the keyboard of the typewriter 6 the address in the
      store 7' in which is recorded the name and place of residence of the first
      addressee to whom the letter is to be sent (block 663), taking this
      address from the copy-book in which he has previously recorded it.
      Consequently, the central unit 5 selects the address entered in this way
      and puts itself into a waiting state. The operator then changes the
      printing sheet and depresses the interrupt key of the function keyboard 8.
      As has been seen, this produces the printing of the name and address of
      the first addressee (block 664). When the central unit 5 recognizes the
      end of the address, it goes on to read the first line of the letter
      recorded in the store 7 (block 665) in the following manner. A code is
      recorded at the end of each address; when the central unit 5 recognizes
      this code, it executes a jump instruction (SAL) to a predetermined cell of
      the store 42. In this cell there is recorded a selection instruction COP
      directed to the tape store 7. This instruction COP produces connection
      between the central unit 5 and the tape store 7. When this connection has
      taken place, the central unit 5, through the same selection instruction
      COP, selects the address in the store 7 in which is recorded the first
      line of the standard letter to be printed. When this line has been
      selected, the central unit 5, by means of successive instructions CDP,
      commands the transfer of the characters of the line to the store 42 and
      simultaneous printing by the typewriter 6. The same operations are
      executed for the following lines.
PAR  Simultaneously with the printing of the letter, the central unit 5 commands
      the selection of the address of the second addressee in the tape store 7';
      the simultaneousness of the two operations is obtained through the medium
      of the mechanism of the interrupts. Because of this, when the printing of
      the standard letter by the typewriter 6 has been finished, the address of
      the second addressee has already been selected and is ready to be read by
      the central unit 5. When the central unit 5 recognizes the end code of the
      standard letter, it stops the printing, so that the operator can introduce
      a second sheet of paper into the typewriter 6. When the operator again
      depresses the interrupt key, the central unit 5 commands, in the manner
      described hereinbefore, the printing of the second address and
      simultaneously acts on the store 7 so that the first line of the letter to
      be printed is positioned in correspondence with the reading head for the
      magnetic tape, as a result of which, after the printing of the address,
      the central unit 5 commands the printing of the letter in the manner seen
      hereinbefore. The same operations are then repeated for the other
      addresses until the list is exhausted. When the central unit 5 recognizes
      the last address (logical decision 666), it returns to the waiting state
      (block 667).
PAR  It is clear from what has been said that the use of the two tape stores 7
      and 7' renders the printing of the documents faster: in fact, in this way,
      all the paragraphs of the text, both those which are fixed and those which
      are variable, are recorded in succession in the store 7 and, consequently,
      the loss of time due to searching for the individual paragraphs is
      eliminated.
PAR  Moreover, in the case of the repetitive printing of a letter addressed to a
      plurality of addressees, the system according to the invention has the
      advantage that while an address is being printed the text of the letter is
      automatically brought into the reading position, and vice versa,
      increasing in this way the printing speed.
PAR  A further advantage of the system having two tape stores consists in the
      fact that it is possible to reproduce the recording made on one cartridge
      on other cartridges. This is particularly useful in offices in which a
      plurality of printing systems which use like cartridges at the same time
      are installed. To achieve this, the operator actuates the key K without
      specifying any address. As seen hereinbefore, this causes the tranfer of
      the contents of the cartridge inserted in the store 7' to the cartridge
      inserted in the store 7.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for automatically processing and printing the contents and the
      format of a text of lines of characters, the system comprising:
PA1  input means for developing character codes corresponding to desired
      characters to be entered into the system;
PA1  printing means receptive of character codes for printing characters in
      character lines each line having a maximum predetermined length;
PA1  storage means receptive of character codes for storing each of the codes
      associated with entered character lines into one of a plurality of storage
      blocks and for reading same, each block having a capacity for storing the
      code of one character line of said maximum predetermined length and
      comprising means defining an address for each block and means for
      indicating whether a block is free for storing code data therein; and
PA1  control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising selecting means associated with the indicating means and
      the address defining means for automatically selecting a block free for
      storing code data therein and means associated with said selecting means
      for enabling said printing means to print the address of the free block
      and for enabling said storage means to record in the free block the
      character codes of the next character line subsequently entered by said
      input means.
NUM  2.
PAR  2. A system according to claim 1, wherein said storage means comprises a
      recording medium having at least one recording track and means for
      recording data in said blocks along said track of the medium and wherein
      said indicating means comprises a table block for each track, means for
      recording in each table block information indicating that a block of the
      corresponding track is free for storing code data therein and reading
      means for reading the information in the table block to effect a search
      for a block free for storing code data therein.
NUM  3.
PAR  3. A system according to claim 2, wherein said control means further
      comprises means for controlling the storage means to store the free status
      of each block sequentially in order of address into said table block,
      manually manipulatable means for controlling said storage means to effect
      movement of the medium and to enable said reading means to sequentially
      read the information in each table block, means responsive to the
      sequential reading of the table block for identifying the address of the
      first encountered free block, a first storage register, means for
      recording the identified address in said first storage register, and
      comparison means for comparing the identified address with the addresses
      of the sequentially read blocks during further movement of the medium and
      for generating a command signal when the read address compares with the
      address stored in said first register.
NUM  4.
PAR  4. A system according to claim 3, wherein said control means further
      comprises a second storage register receptive of data from said first
      storage register and means responsive to said command signal for
      transferring the address stored in said first storage register into the
      second storage register.
NUM  5.
PAR  5. A system according to claim 4, wherein said control means further
      comprises a first transmission channel connecting said control means to
      said printing means, a first gate circuit in series with said first
      channel and responsive to said command signal to enable the transfer of
      the address stored in said second register to said printing apparatus and
      means responsive to said command signal for controlling said printing
      means to print said identified address.
NUM  6.
PAR  6. A system according to claim 5, wherein said input means comprises a
      keyboard apparatus having a manually actuatable end-of-line key and
      wherein said control means further comprises a third storage register,
      means for tranferring to said third storage register code data associated
      with a line of characters entered by said keyboard apparatus, means
      responsive to the actuation of said end-of-line key for generating a
      second command signal and means receptive of data from said second and
      third storage registers and responsive to said second command signal for
      controlling said storage means to record the character code data stored in
      said third storage register into the block of said medium identified by
      the address stored in said second register.
NUM  7.
PAR  7. A system according to claim 6, wherein said control means further
      comprises means defining a zone in each block for recording the address
      code of the next block in which the code data of the following line of
      characters is to be recorded and means receptive of the address data in
      the zone of each block for transferring into said second storage register
      the address recorded in the zone.
NUM  8.
PAR  8. A system according to claim 7, wherein said keyboard apparatus comprises
      means for selectively generating an end-of-text signal and wherein said
      control means further comprises means for decoding said endf-of-text
      signal and updating means receptive of data from said third storage
      register and responsive to said decoding means for controlling said
      storage means to record in the table block corresponding to the last block
      recorded in information indicating that the block identified by the
      address stored in said second register is no longer free.
NUM  9.
PAR  9. A system according to claim 8, wherein said control means further
      comprises manually manipulatable means for effecting modification of the
      address data recorded in the zone of a preselected block to modify the
      sequence of the reading of said blocks.
NUM  10.
PAR  10. A text processing system for preparing and revising multi-line printed
      texts, comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PA2  1. first means for controlling said storage means to record textual
      information, each line of the textual information recorded in a different
      location of the recording medium,
PA2  2. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PAR  3. second means responsive to said indicating means for controlling said
      printing means to print said line address identifications in visual
      correspondence with printed lines, each identification being associated
      with the location in which the corresponding line of the text is stored
      under the control of the first controlling means,
PA2  4. line searching means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information, and
PA2  5. means associated with said line searching means and actuatable by an
      operator for enabling said storage means to record textual information
      entered from said input means in said accessed location of said recording
      medium.
NUM  11.
PAR  11. A text processing system according to claim 10, wherein said printing
      means has means for printing textual information on a sheet of paper and
      wherein said second means controls said printing means to print said line
      address identifications on the same sheet of paper.
NUM  12.
PAR  12. A text processing system for preparing and revising multi-line printed
      texts, comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PAR  1. means defining a first and a second mode of operation of the system,
PA2  2. first means for controlling said storage means to record textual
      information during the first mode of operation, each line of the textual
      information recorded in a different location of the recording medium,
PA2  3. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  4. second means responsive to said indicating means for controlling said
      printing means to print said line address identifications in visual
      correspondence with printed lines during the first mode of operation, each
      identification being associated with the location in which the
      corresponding line of the text is stored under the control of said first
      controlling means,
PA2  5. line searching means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information during the second
      mode of operation, and
PA2  6. means associated with said line searching means and actuatable by an
      operator for enabling said storage means to record textual information
      entered from said input means in said accessed location of said recording
      medium during the second mode of operation.
NUM  13.
PAR  13. A text processing system for preparing and revising multi-line printed
      texts, comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PA2  1. first means for controlling said storage means to record textual
      information, each line of the textual information recorded in a different
      location of the recording medium,
PA2  2. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  3. second means responsive to said indicating means for controlling said
      printing means to print said line address identifications in visual
      correspondence with printed lines, each identification being associated
      with the location in which the corresponding line of the text is stored
      under the control of said first controlling means,
PA2  4. line searching means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information,
PA2  5. means associated with said line searching means and actuatable by an
      operator for indicating a position in said accessed location, and
PAR  6. means for enabling said storage means to record textual information
      entered from said input means in said accessed location of said recording
      medium starting from said position.
NUM  14.
PAR  14. A text processing system for preparing and revising printed texts, each
      including at least one line having at least one word, comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a reading medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PA2  1. first means for controlling said storage means to record textual
      information, each line of the textual information recorded in a different
      location of the recording medium,
PA2  2. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  3. second means responsive to said indicating means for controlling said
      printing means to print said line address identifications in visual
      correspondence with printed lines, each identification being associated
      with the location in which the corresponding line of the text is stored
      under the control of said first controlling means,
PA2  4. line searching means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information,
PAR  5. means associated with said line searching means and actuatable by an
      operator for accessing a word in an accessed line, and
PA2  6. means for enabling said storage means to record textual information
      entered from said input means in said accessed location of said recording
      medium starting from the accessed word.
NUM  15.
PAR  15. A text processing system according to claim 14, wherein the word
      accessing means includes an operator actuatable key and means responsive
      to each actuation of said key for establishing access to the next
      following word.
NUM  16.
PAR  16. A text processing system for preparing and revising multi-line printed
      texts, comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PA2  1. means defining a first and a second mode of operation of the system,
PA2  2. first means for controlling said storage means to record textual
      information during the first mode of operation each line of the textual
      information recorded in a different location of the recording medium,
PAR  3. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  4. second means responsive to said indicating means for controlling said
      printing means to print said line address identifications in visual
      correspondence with printed lines during the first mode of operation, each
      identification being associated with the location in which the
      corresponding line of the text is stored under the control of said first
      controlling means,
PA2  5. line searching means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information during the second
      mode of operation,
PA2  6. means associated with said line searching means and actuatable by an
      operator for indicating a position in said accessed location, and
PA2  7. means for enabling said storage means to record textual information
      entered from said input means in said accessed location of said recording
      medium starting from said position during the second mode of operation.
NUM  17.
PAR  17. A text processing system for preparing and revising printed texts each
      including at least one line having at least one word, comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PAR  1. means defining a first and a second mode of operation of the system,
PA2  2. first means for controlling said storage means to record textual
      information during the first mode of operation each line of the textual
      information recorded in a different location of the recording medium,
PA2  3. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  4. second means responsive to said indicating means for controlling said
      printing means to print said line address identifications in visual
      correspondence with printed lines during the first mode of operation, each
      identification being associated with the location in which the
      corresponding line of the text is stored under the control of said first
      controlling means,
PA2  5. line searching means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information during the second
      mode of operation,
PA2  6. means associated with said line searching means and actuatable by an
      operator for accessing a word in an accessed line, and
PA2  7. means for enabling said storage means to record textual information
      entered from said input means in said accessed location of said recording
      medium starting from the accessed word during the second mode of
      operation.
NUM  18.
PAR  18. A text processing system according to claim 17, wherein the word
      accessing means includes an operator actuatable key and means responsive
      to each actuation of said key for establishing access to the next
      following word.
NUM  19.
PAR  19. A text processing system for preparing and revising multi-line printed
      texts, comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PA2  1. means controlled by said input means for developing a change-of-line
      signal,
PA2  2. first means responsive to said change-of-line signal for controlling
      said storage means to record textual information, each line of the textual
      information recorded in a different location of the recording medium,
PA2  3. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  4. second means responsive to said change-of-line signal and said
      indicating means for controlling said printing means to print said line
      address identifications in visual correspondence with printed lines, each
      identification being associated with the location in which the
      corresponding line of the text is stored under the control of said first
      controlling means,
PAR  5. line searching means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information, and
PA2  6. means associated with said line searching means and actuatable by an
      operator for enabling said storage means to record textual information
      entered from said input means in said accessed location of said recording
      medium.
NUM  20.
PAR  20. A text processing system for preparing and revising multi-line printed
      texts, comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PA2  1. means defining a first and a second mode of operation of the system,
PA2  2. means controlled by said input means for developing a change-of-line
      signal,
PA2  3. first means responsive to said change-of-line signal for controlling
      said storage means to record textual information during the first mode of
      operation each line of the textual information recorded in a different
      location of the recording medium,
PAR  4. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  5. second means responsive to said change-of-line signal and said
      indicating means for controlling said printing means to print said line
      address identifications in visual correspondence with printed lines during
      the first mode of operation, each identification being associated with the
      location in which the corresponding line of the text is stored under the
      control of said first controlling means,
PA2  6. line searching means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information during the second
      mode of operation, and
PA2  7. means associated with said line searching means and actuatable by an
      operator for enabling said storage means to record textual information
      entered from said input means in said accessed location of said recording
      medium during the second mode of operation.
NUM  21.
PAR  21. A text processing system for preparing and revising printed texts, each
      including at least one line having at least one word comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PAR  1. means controlled by said input means for developing a change-of-line
      signal,
PA2  2. first means responsive to said change-of-line signal for controlling
      said storage means to record textual information, each line of the textual
      information recorded in a different location of the recording medium,
PA2  3. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  4. second means responsive to said change-of-line signal and said
      indicating means for controlling said printing means to print said line
      address identifications in visual correspondence with printed lines, each
      identification being associated with the location in which the
      corresponding line of the text is stored under the control of said first
      controlling means,
PA2  5. line searching means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information,
PA2  6. means associated with said line searching means and actuatable by an
      operator for accessing a word in an accessed line, and
PA2  7. means for enabling said storage means to record textual information
      entered from said input means in said accessed location of said recording
      medium starting from the accessed word.
NUM  22.
PAR  22. A text processing system according to claim 21, wherein the word
      accessing means includes an operator actuatable key and means responsive
      to each actuation of said key for establishing access to the next
      following word.
NUM  23.
PAR  23. A text processing system for preparing and revising multi-line printed
      texts, comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. manifesting means including means receptive of textual information for
      manifesting the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said manifesting means, said control
      means comprising
PA2  1. first means for controlling said storage means to record textual
      information, each line of the textual information recorded in a different
      location of the recording medium;
PA2  2. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  3. second means responsive to said indicating means for controlling said
      manifesting means to manifest said line address identifications in visual
      correspondence with manifested lines, each identification being associated
      with the location in which the corresponding line of the text is stored
      under the control of said first controlling means,
PA2  4. line searching means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information, and
PA2  5. means associated with said line searching means and actuatable by an
      operator for enabling said storage means to record textual information
      entered form said input means in said accessed location of said recording
      medium.
NUM  24.
PAR  24. A text processing system for preparing and revising multi-line printed
      texts, comprising:
PA1  a. manual input means for entering textual information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PA2  1. first means for controlling said storage means to record textual
      information, each line of the textual information recorded in a different
      location of the recording medium,
PA2  2. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  3. second means responsive to said indicating means for controlling said
      printing means to print said line address identifications in visual
      correspondence with printed lines, each identification being associated
      with the location in which the corresponding line of the text is stored
      under the control of said first controlling means,
PA2  4. manually operable line searching means for effecting the access in said
      recording medium of a desired location as identified through said manual
      input means, and
PA2  5. means associated with said line searching means and actuatable by an
      operator for enabling said storage means to record textual information
      entered from said input means in said accessed location of said recording
      medium.
NUM  25.
PAR  25. A text processing system for preparing and revising multi-line printed
      texts, comprising:
PA1  a. manual input means including means for entering textual information and
      means for entering line address information;
PA1  b. storage means associated with said input means and including means for
      recording and reading information on a recording medium;
PA1  c. printing means including means receptive of textual information for
      printing the textual information; and
PA1  d. control means associated with said input means for controlling the
      operation of said storage means and said printing means, said control
      means comprising
PA2  1. first means for controlling said storage means to record textual
      information, each line of the textual information recorded in a different
      location of the recording medium,
PA2  2. means for developing a designation associated with each stored line
      indicating the location in the recording medium in which the following
      line is stored,
PA2  3. second means for controlling said storage means to read the stored line
      of text indicated by the designation in the previously read line of text,
PA2  4. means for indicating line address identifications each corresponding to
      a line of recorded textual information,
PA2  5. third means responsive to said indicating means for controlling said
      printing means to print said line address identifications in visual
      correspondence with printed lines, each identification being associated
      with the location in which the corresponding line of the text is stored
      under the control of said first controlling means,
PAR  6. line selecting means responsive to entered line address information for
      effecting the access in said recording medium of the location
      corresponding to said entered line address information, and
PA2  7. means associated with said line selecting means and actuatable by an
      operator for enabling said storage means to modify the stored designation
      associated with said accessed location of said recording medium.
NUM  26.
PAR  26. A text processing system according to claim 25, wherein said means for
      modifying said stored designation comprises means for controlling said
      storage means to store in said accessed location line address information
      entered from said input means.
NUM  27.
PAR  27. A text processing system according to claim 25, wherein said line
      selecting means comprises means responsive to said entered line address
      information for accessing in succession in said recording medium a pair of
      locations corresponding to said entered line address information and
      wherein said means associated with said line selective means comprise
      means for enabling said storage means to store, in the first and in the
      second accessed location of said pair of locations, first and second line
      address information entered from said input means.
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PAL  The disclosure relates to a high density, high speed random access memory
      (RAM) which uses one transistor per storage cell. The cells are in a
      matrix of rows and columns, and a sense and refresh amplifier is located
      in the center of each column. Row address circuitry selects one row to be
      read out. The data stored in the cells in the selected row are transferred
      to the sense and refresh amplifiers, and column address circuitry selects
      one of the rows to be coupled to circuitry which performs both input and
      output functions.
BSUM
PAR  This invention relates to a high density, high speed random access
      read-write memory and, more specifically, to such a device which is
      capable of providing random access to a large number of bit storage, i.e.,
      4096 bit storage cells.
PAR  Random access storage devices which utilize a single MOS chip have been
      known in the art. The number of storage cells capable of being placed on a
      single MOS chip has been limited by the ability to pack components closer
      together or reduce component sizes as well as by operation speed
      considerations. Many of the known random access storage devices utilizing
      a single chip require a three transistor storage cell, these being
      difficult to process as well as consuming a relatively large amount of
      space. These devices also present timing problems within the chip and
      therefore require plural clocks.
PAR  In accordance with the present invention, there is provided a high speed,
      high density RAM which is capable of having more bit storage cells than
      any known commercial RAMs, which has higher speed than known very high
      density RAMs and which has high yield due to design thereof.
PAR  Briefly, the above is accomplished by providing an MOS chip having a single
      external clock input which, internally of the chip, generates other timing
      signals, some of which are responsive to the receipt of all address bits
      of the address to delay the beginning of certain timing cycles until all
      information is received, thereby preventing error, yet commencing
      operation as soon as all address data is received to improve chip speed of
      operation. The RAM includes a basic storage cell which is composed of one
      transistor and one capacitor, thereby providing smaller cells and greater
      cell density as well as increasing chip speed due to decrease in stray
      capacitances. The circuit also includes a sense amplifier associated with
      each column of a storage matrix to provide refreshing of data, transfer of
      data in or out as well as operation in conjunction with dummy cells and a
      precharge voltage generator to precharge the sense amplifier to
      predetermined levels to allow accurate comparison with stored data or data
      to be written in and provide accurate results. The circuit also includes
      an input buffer circuit which connects the source of the driver to the
      input to permit the use of a small driver transistor while still
      accurately operating with TTL devices as well as other devices. This
      reduction in driver size permits greater component packing density as well
      as increased speed due to capacitance reduction. The input buffer also has
      provision for power conservation when reading out a "O" at one of its
      outputs by isolating the output from the power source and coupling the
      output to ground.
PAR  It is therefore an object of this invention to provide an MOS random access
      memory having relatively very high component density and high speed of
      operation.
PAR  It is a further object of this invention to provide a random access memory
      on a single MOS chip having a single clock input.
PAR  It is a yet further object of this invention to provide a timing circuit
      for an MOS memory which generates clock signals internally in response to
      accurate reception of address signals.
PAR  It is a still further object of this invention to provide an MOS RAM
      utilizing a sense amplifier for refresh as well as read and write
      functions which is precharged to a predetermined voltage level which can
      be varied based upon supply voltage (V.sub.DD) and threshold voltage
      (V.sub.T) to provide accurate data sensing.
DRWD
PAR  The above objects and still further objects of the invention will become
      immediately apparent to those skilled in the art after consideration of
      the following preferred embodiment thereof, which is provided by way of
      example and not by way of limitation, wherein:
PAR  FIG. 1 is a block diagram of the MOS chip of the present invention with
      circuits formed therein;
PAR  FIG. 2 is a block diagram of cell matrices 1 and 2, refresh amplifier, I/O
      and Y selection and PVG;
PAR  FIG. 3 is the circuit diagram of a basic storage cell X.sub.n D.sub.n of
      FIG. 2 in accordance with the present invention;
PAR  FIG. 4 is a circuit diagram of a sense amplifier with associated dummy
      cells and charging circuit;
PAR  FIG. 5 is a logic diagram of the I/O buffer;
PAR  FIG. 6 is a timing diagram in the form of a graphic representation of
      voltage vs. time of the various clock or timing signals produced in the
      chip from the external clock signal .phi.;
PAR  FIG. 7 is a circuit diagram of the precharge voltage generator (PVG);
PAR  FIG. 8 is a circuit diagram of the X address buffer and Y address buffer;
PAR  FIG. 9 is a circuit diagram of a decoding circuit as used in the present
      invention; and
PAR  FIG. 10 is a circuit diagram of the clock generator for internally
      generating the .phi..sub.TM timing signals.
DETD
PAR  Referring first to FIG. 1, there is shown a schematic diagram of a high
      density, high speed random access read-write memory in accordance with the
      present invention. In the preferred embodiment, the memory is described in
      the form of a single semiconductor chip, such chip containing n-channel
      MOS transistors formed therein. The chip includes 21 terminals or external
      connections, these including six row address input terminals (A.sub.o to
      A.sub.5), six column address input terminals (A.sub.6 to A.sub.11),
      external voltage input terminals V.sub.DD, V.sub.CC, V.sub.SS, and
      V.sub.BB and external clock input terminal .phi. or CE, a data output
      terminal, a data input terminal, a chip select (C/S) terminal which can be
      used as an additional address signal and indicates whether this particular
      chip of a multi-chip array has been selected and a read/write (R/W)
      terminal which indicates whether data is to be written in at the selected
      address or read out from the selected address.
PAR  The chip includes a memory matrix which is composed of cell matrix 1 and
      cell matrix 2, each cell matrix having 32 rows and 64 columns of cells to
      provide a 4096 cell memory matrix. A particular cell in the memory matrix
      is selected for read out when a read signal is on the read/write line by
      providing a six bit row address and a six bit column address, the row
      address being fed to an X address buffer which converts the input signal
      from TTL level to MOS level. The output of the buffer is fed to an X
      decoder which is composed of X decoder 1 for cell matrix 1 and X decoder 2
      for cell matrix 2. The X decoder converts the output of the buffer to a
      one out of sixty-four output which, via a driver, energizes the selected
      row in the cell matrix. The selected row is read out to a refresh
      amplifier and thus to an input/output (arrangement labelled I/O) and Y
      selection circuit. The refresh function is well known and is nothing more
      than a rejuvenation of the outputs of the cells of the selected row prior
      to restoring the signals in the cells from which they came. Of this row of
      data signals, one signal is selected by means of the column or Y address
      buffer and Y decode circuit. The Y address buffer functions in a manner
      similar to the X address buffer, the output of this buffer controlling the
      Y decode circuit which is a gating circuit which allows only the data from
      the cell in the selected column to be read out to the input/output (I/O)
      buffer from which the data is read out on the DATA OUT lead. The timing of
      the circuit operations within the chip is controlled by a single external
      clock which provides pulses at the clock input .phi. (CE) to the chip.
      Other timing pulses are developed within the chip by the timing pulse
      generator, under control of the external clock. The PVG is a precharge
      voltage generator and provides the function of precharging circuitry on
      the chip (to be explained later hereinbelow) to provide an accurate
      reference for determination as to whether a "1" or a "0" is being sensed.
PAR  In the event data is to be written into the cell matrix, the read/write
      line will have a write signal thereon and data will be fed to the chip
      along the DATA IN line. The data flow will now operate in substantially
      the reverse order of that described above for the read function. The
      incoming bit signal will be fed via the I/O buffer to the I/O and Y
      selection circuit wherein the bit signal will be allowed to pass to the
      sense amplifier (to be described in detail hereinbelow) associated with
      the selected column only. This data signal will then be applied to all
      cells of the selected column, the cell in which said data signal is stored
      being determined by the particular row selected by the X decoder under
      control of the row address and X address buffer.
PAR  Referring now to FIG. 2, there is shown a typical cell matrix composed of
      plural basic memory cells, one at the junction of each X line and each D
      line. The basic memory cells to the left of the sense amplifier in FIG. 2
      would correspond to cell matrix 1 of FIG. 1 and the basic memory cells to
      the right of the sense amplifiers in FIG. 2 would correspond to cell
      matrix 2 of FIG. 1. The sense amplifiers and charging circuits (noted as
      FIG. 4) in FIG. 2 correspond to the refresh amplifier of FIG. 1. The
      gating circuits composed of AND gates, each coupled to one lead of a one
      out of sixty-four Y address from the Y decoder and one of the D lines or
      column lines, all said AND gates coupled to an OR gate, corresponds to the
      I/O and Y selection circuit of FIG. 1. The circuitry is designed whereby
      the six bit row address signal (FIG. 1) results in the X decoder selecting
      one of the X lines in the memory matrix. If an X line to the left of the
      sense amplifiers of FIG. 2 is selected, the line X.sub.DUM will also be
      selected. As will be explained in detail hereinbelow, selection of an X
      address provides read out of all memory cells along the selected row via
      the sense amplifier with refreshing. However, the only cell actually read
      out by the logic is determined by the six bit column address and Y decoder
      (FIG. 1) which enables only one of the AND gates of FIG. 2.
PAR  The basic cell is shown in detail in FIG. 3 where the cell at the matrix
      junction X.sub.n D.sub.n of FIG. 2 is set forth. It can be seen that the
      enablement of the row line X.sub.n turns on the transistor 9 and permits
      the charge stored on the capacitor 13 to be applied to the line D.sub.n.
      The voltage of the capacitor 13 is either about zero (ground) to denote
      one storage condition, or some higher voltage to denote the opposite
      storage condition. The line V.sub.DD is a positive source of potential.
PAR  The capacitor 13, in fact, represents the capacitance between V.sub.DD and
      line D.sub.n as shown as well as stray capacitance within the chip which
      is generated in the chip between line D.sub.n and the terminal of
      capacitor 13 remote from V.sub.DD.
PAR  FIG. 4 sets forth in detail a typical set of dummy cells X.sub.DUM D.sub.n
      and X.sub.DUM D.sub.n coupled to a sense amplifier with a charging circuit
      identified in FIG. 2 as "FIG. 4." There is one sense amplifier and one
      charging circuit in each column. The precharge voltage generator (PVG)
      shown in FIGS. 1 and 2 applies a V.sub.DD and V.sub.T tracking voltage to
      the dummy storage cells. The PVG circuit will be described in detail
      hereinbelow with respect to FIG. 7. The term V.sub.T represents the
      "threshhold voltage" which is that voltage required on the gate of the
      transistor to cause it to conduct.
PAR  FIG. 5 is a logic diagram of the box in FIG. 2 labeled output buffer as
      well as the input buffer which is coupled to the sense amplifier as shown
      in FIG. 2.
PAR  FIG. 6 sets forth the time relation of the various timing signals present
      on the chip. The timing signals .phi. is introduced externally of the chip
      as noted earlier, .phi., the logical inverse of .phi., being generated
      internally. The remaining timing signals are generated within the chip
      itself from the .phi. signal as will be set forth in detail hereinbelow.
PAR  Referring now to FIGS. 2 to 6, the read out function will be described in
      detail. If we assume that the data stored in basic cell X.sub.n D.sub.n of
      FIG. 2 is to be read out, this is accomplished by providing the necessary
      row address input to define the address of the row line X.sub.n. Also, the
      column address input will define the address Y.sub.n. In addition, as
      noted supra, when an X address to the left of the sense amplifier in FIG.
      2 is selected the line X.sub.DUM is also selected.
PAR  The initial operations take place during .phi. and .phi..sub.s time. During
      the .phi. time period, the PVG (of FIG. 7) generates the high voltage
      previously described at lead PVG 1 (FIG. 4) and ground voltage at lead PVG
      2. Since the sense amplifier (FIG. 4) operates as a flip flop, one of the
      nodes A and B is initially of high voltage (above V.sub.T). When
      .phi..sub.s is on, .phi..sub.DS is off (FIG. 6) so nodes A and B (FIG. 4)
      are equalized in voltage through transistor 1. If we assume that the
      voltage at node A is high relative to node B, node B charges up through
      low conducting transistor 1 to equalize the voltage of nodes A and B and
      then turns on transistor 3 to allow node A to discharge toward V.sub.T.
PAR  Referring again to FIG. 4, during .phi. time, transistor 5 is turned on and
      thereby equalizes the voltage at the PVG 1 and PVG 2 inputs to V.sub.DD
      -2V.sub.T /2. Therefore, during T.sub.DUM time, transistors 7 and 7'
      conduct and charge the capacitors C and D in the dummy cells to the
      voltage V.sub.DD -2V.sub.T /2. The voltage V.sub.DD -2V.sub.T /2 is
      selected to be about midway between the "1" and the "0" voltage stored in
      a basic cell and acts as a V.sub.DD and V.sub.T tracking reference to
      allow more accurate determination of a stored "1" or "0. "
PAR  After the system has been set up as described above, the line X.sub.n (FIG.
      2) will be energized and turn on transistor 9 (FIG. 3). The charge on the
      capacitor 13 of the cell will be applied to the line D.sub.n and is
      therefore applied to node A of the sense amplifier (FIG. 4). Selection of
      line X.sub.n also causes selection of line X.sub.DUM and, accordingly, the
      charge on the capacitor D (FIG. 4) will be applied to node B via
      transistor 11. As described supra, the nodes A and B of the sense
      amplifier were initially in the balanced state. Therefore, the voltage now
      applied to node B via capacitor 11 is midway between a "1" and a "0" so
      the sense amplifier can easily determine whether the voltage at node A
      represents a "1" or a "0" and the flip flop will conduct accordingly. If
      node A is above the node B voltage, transistor 3' will conduct and a
      ground potential will be applied to node B. This is accomplished during
      .phi..sub.DS time when transistors 15 and 15' are conducting to apply
      V.sub.DD to the nodes A and B. Alternatively, if a ground voltage is
      applied to node A, node B would have charged up to above V.sub.T and
      turned on transistor 3, thereby applying a ground potential to node A.
PAR  At the end of .phi..sub.DS time, assuming a "1" was read out of cell
      X.sub.n D.sub.n, node A (FIG. 4) is charged to about V.sub.T below
      V.sub.DD voltage and node B is at ground potential. The voltage on node A
      is at this time applied to capacitor 13 of the cell X.sub.n D.sub.n. Also,
      the information read out from all other cells along the row X.sub.n has
      undergone the same operations discussed above. Therefore, when the signal
      is removed from X.sub.n, the cells along the row X.sub.n have been
      refreshed.
PAR  Also, at the end of .phi..sub.DS time, the opposite of the signal stored in
      basic cell X.sub.n D.sub.n is applied to node B (FIG. 4). Node B, as seen
      from FIG. 2, is applied to an AND gate having inputs D.sub.n and Y.sub.n.
      All of the remaining columns are coupled to AND gates in the same manner.
      Only one of these AND gates will be enabled, this being determined by the
      Y address, as noted previously. Assuming Y.sub.n was selected, the data
      bit is read out through the OR gate of the selection circuit to the output
      buffer which is set forth in detail in FIG. 5.
PAR  The output buffer (FIG. 5) includes a gate which is open during .phi. time
      and passes the output of the selection circuit to an AND gate 19 which is
      enabled when (1) the chip has been selected (C/S), (2) a .phi. chip enable
      signal is provided. The output of gate 19 makes transistor 17 conduct when
      transistor 21 is also caused to conduct via AND gate 23 when the .phi.
      signal is not present. Because the output signals of gates 19 and 23 are
      opposite, only one of the output push-pull devices 17 and 21 will conduct,
      depending upon the output of the sense amplifier to the output buffer
      circuit. This provides the output signal at the DATA OUT pin of the chip.
      When one or both the signals C/S and .phi. (CE) are off, device 17 and 21
      turn off and the data output terminal is isolated or in a high impedance
      state.
PAR  When the data to be read out is located in a basic cell to the right of the
      sense amplifiers in FIG. 2, as, for example, basic cell X.sub.m D.sub.n,
      the operation is altered slightly as follows. When the address line
      X.sub.m is addressed, the line X.sub.DUM is also addressed. This will mean
      that the signal stored in the capacitor 13 of the cell X.sub.m D.sub.n
      will appear at node B (FIG. 4) which is the portion of line D.sub.n to the
      right of the sense amplifier. Node A is charged to a voltage between a "1"
      and a "0" as previously described.
PAR  It can be seen that, since the sense amplifiers operate as flip flops,
      signals read out of cells to the left of the sense amplifiers, if high at
      node A, are low at node B and vice versa. This is also true for cells to
      the right of the sense amplifiers. Therefore, a high voltage (or low
      voltage, as the case may be) in a cell to the left of the sense amplifiers
      appears at the gate circuits as a low voltage whereas a high voltage in a
      cell to the right of the sense amplifiers appears at the gate circuits as
      a high voltage. It is therefore apparent that a stored logical "1" to the
      left of the sense amplifiers is of opposite voltage to a stored logical
      "1" to the right of the sense amplifiers.
PAR  In order to provide a write function of information into a cell to the left
      of the sense amplifiers, such as cell X.sub.n D.sub.n, the chip select
      (C/S) signal for the chip is provided and with the proper read/write
      signal and Y.sub.n address as shown in FIG. 5, the signal on the data
      input line is passed via the input buffer to the right hand side of the
      sense amplifier at the point noted in FIG. 2 with the arrow "to input
      buffer." The sense amplifiers have otherwise at this time been precharged
      as stated above for the read out operation with nodes A and B (FIG. 4) at
      slightly below V.sub.T. The input signal from the input buffer is applied
      to node B of the sense amplifier associated with line D.sub.n, this being
      the output line from the input buffer which has been selected by the Y
      address. The lines from the input buffer (not shown) which are associated
      with the remaining sense amplifiers are not carrying signals since the
      address associated therewith has not been selected. Since the sense
      amplifiers operate as flip flops, if we assume a high voltage was
      impressed at node B, transistor 3 will conduct and bring node A to ground
      potential. During this operation, X address line X.sub.n has been
      energized, thereby allowing the capacitor 13 of cell X.sub.n D.sub.n to be
      charged to the voltage of node A through transistor 9, this voltage being
      ground potential. When the signal on line X.sub.n is removed, the new
      input has been stored in cell X.sub.n D.sub.n. It is noted that during the
      write operation, since all cells along the row X.sub.n are addressed, the
      entire row X.sub.n is refreshed in the manner previously described except
      for the cell X.sub.n D.sub.n wherein new data has been entered.
PAR  In the event the new data at the input is to be read into a cell to the
      right of the sense amplifier, such as cell X.sub.m D.sub.n, the operation
      would be the same as explained above, except that the signal impressed at
      node B would not be inverted by the sense amplifier prior to storage. It
      can therefore be seen that the voltage on the capacitor 13 which stores a
      "1" to the left of the sense amplifiers is the opposite of that which
      stores a "1" to the right of the sense amplifiers. This reversal of
      voltage level accommodates for the reversal discussed hereinabove for the
      read out operation.
PAR  Referring now to FIG. 7, there is shown a circuit diagram of the precharge
      voltage generator (PVG). This circuit provides an intermediate V.sub.T,
      V.sub.DD tracking voltage at the sense amplifiers as discussed above via
      the inputs PVG 1 and PVG 2 as shown in FIG. 4. One PVG precharges all of
      the sense amplifiers as noted in FIG. 2 via the charging circuit.
      Transistors 55 and 56 conduct, but transistor 56 is of such high
      resistance that the voltage drop across transistor 55 is one threshold
      voltage V.sub.T. Therefore, the voltage at the gate of transistor 57 is
      V.sub.DD - V.sub.T. Transistor 57 conducts and provides an additional
      voltage drop of V.sub.T so that the voltage at the source of transistor 57
      is V.sub.DD - 2V.sub.T. Transistor 58 provides the proper timing and
      allows the voltage at the source of transistor 57 to be impressed on the
      line PVG 1 in accordance with the input signal on the gate of transistor
      58 and charging the capacitor 60. The transistor 58 is turned on at the
      end of a .phi.  time and stays on until the beginning of the next .phi.
      time. Transistor 59 is turned on during .phi..sub.DS time to discharge
      capacitor 60 prior to a new recharging cycle in order to accurately
      control the output voltage of line PVG 1.
PAR  Line PVG 2 provides a zero voltage as follows. During .phi..sub.DS time,
      transistor 67 is turned on and thereby turns on transistor 61. At the end
      of the .phi. time period, transistor 62 is turned on and short circuits
      line PVG 2 to ground to provide the zero voltage level thereon. It can
      therefore be seen that at the beginning of each .phi. time period, a
      voltage of V.sub.DD - 2V.sub.T is provided at the line PVG 1 and a zero
      voltage is provided at line PVG 2. When .phi. time is on, transistor 5 is
      turned on and equalizes the voltage at PVG 1 and PVG 2 to about (V.sub.DD
      /2) - V.sub.T. Since the stored voltage "1" at the cell is (V.sub.DD -
      V.sub.T - .DELTA.V) and "0" is ground, the intermediate voltage to which
      the dummy cells should be charged is (V.sub.DD /2) - V.sub.T + (V.sub.T -
      .DELTA.V)/2,  which is about equal to the precharge voltage, where
      (-.DELTA.V) is a time dependent voltage drop which is assumed to be about
      V.sub.T at operating conditions.
PAR  The row select signal (X.sub.1 - - - X.sub.n - - - ) and the column select
      signals (Y.sub.1 - - - Y.sub.n - - - ) as shown in FIG. 2 are provided by
      means of the address buffers and associated decoder. The X address buffer
      and decoder is essentially the same as the Y address buffer and decoder,
      so only one will be described in detail.
PAR  The row address signals A.sub.o to A.sub.5 are applied to the X address
      buffer (FIG. 1). The X address buffer is composed of six circuits of the
      type shown in FIG. 8, one of the row address signals being applied to each
      of these circuits. The purpose of the address buffer is to permit a TTL to
      MOS input. The outputs of TTL devices are normally too low for proper
      operation of MOS circuits. Therefore, conventional circuits have required
      elements with a large beta, this requiring the use of a large driver since
      conductance is related to the square of the input voltage. A large driver
      takes up a great deal of chip space and increases parasitic capacitance.
      This cuts down on both component density as well as speed of operation.
      This problem is overcome by utilizing a buffer of small size by coupling
      the source of the driver of the second inverter stage back to the buffer
      input.
PAR  Referring to FIG. 8, one of the row address inputs A.sub.o to A.sub.5 is
      applied to the input. If the input is a "1" (assuming "1" to be a positive
      voltage), transistor 21 is turned on and applies a potential which is less
      than V.sub.T + V.sub.IN to node 23. The input "1" increases the voltage at
      the source of transistor 25 due to the direct connection thereof to the
      buffer input and reduces the gate to source voltage thereof. Without using
      this source to input connection (that is connecting the source of
      transistor 25 directly to ground, as is conventionally the case), the gate
      of transistor 25 must be less than V.sub.T. This means that the first
      inverter 21 must have a high beta ratio, this meaning that it would have
      to be larger in size and slower in speed. By these circuit connections
      (source of transistor 25 to input), the "0" level voltage at node 23, when
      transistor 21 is conducting, can be higher than in the conventional
      circuit by an amount V.sub.IN. This allows a lower beta ratio between
      devices 21 and 22 (ratio of 21/22) or a smaller device size for transistor
      21. The lower beta ratio and smaller driver device provides an increase in
      speed. At the same time, the use of the circuit allows for better input
      noise margin. This enables the circuit to be fully compatible with TTL
      logic.
PAR  In operation, node 29 is precharged through transistor 27 during .phi.
      time. Therefore, node 29 is conditionally discharged, depending upon the
      gate voltage of transistor 25. The gate voltage of transistor 25 depends
      upon the input voltage as previously described.
PAR  The circuit B is utilized to conserve power. During .phi. time, nodes 47
      and 49 are precharged to a high level because transistors 43 and 45 are
      conducting. Node 37 is discharged at this time to ground level because
      transistors 51 and 53 are conducting and .phi. is at ground level. Node 33
      is discharged to ground level through transistor 31 because node 29 is
      precharged high as previously mentioned. When .phi. is high, nodes 35 and
      37 will be charged high and turn on load devices 39 and 41. If the
      terminal is high, transistor 31 is off. However, if out terminal is low,
      transistors 31 and 39 are both on or conducting and dissipating power
      between the line V.sub.DD, the high voltage line, and the line V.sub.SS
      the ground line. This power is saved by detecting if transistor 31 is on
      and if the voltage at terminal out is high, turning off transistor 39 via
      transistors 71 and 73.
PAR  Transistor 73 detects the output voltage at terminal OUT, this being the
      logical opposite of the voltage at terminal OUT. If the voltage on the
      gate of transistor 73 is high, this transistor is on as well as transistor
      71. When transistor 71 is on, since transistor 73 turns off transistor 51,
      the gate of transistor 39 discharges to ground and turns off transistor
      39, thereby turning off current through transistor 31. However, since
      transistor 31 is still on, the ground potential V.sub.SS is applied to the
      line OUT to improve the signal level for a ground output.
PAR  If a high voltage is sensed at terminal OUT, a low voltage will be applied
      to terminal OUT. Accordingly, the circuit portion above the V.sub.DD and
      .phi. lines will operate to perform the same function since the circuits
      are identical, one for each of the output terminals.
PAR  It can be seen that each address buffer circuit will provide a pair of
      output signals, will be capable of receiving input signals from TTL
      devices, increased speed, and will conserve power.
PAR  The outputs of the address buffers are applied to binary to one out of 64
      decoders as set forth in FIG. 9. Only one of the decoders is shown, it
      being understood that 64 such circuits are present. The decoder includes
      six inputs for driving six parallel transistors, two of these, labeled 81
      and 83, being shown. Only one of the circuits will match the input signals
      thereto to provide an open circuit from node PIX to ground. At time .phi.,
      the decoder will have a precharged gate on transistor 85 and at
      .phi..sub.TM provide the row select signal X.sub.n. Transistor 85 provides
      the large drive capability required to drive the row lines. Timing signal
      .phi..sub.TM is similar to .phi..sub.DXF and will be explained in more
      detail hereinbelow.
PAR  Referring now to FIG. 10, there is shown a timing circuit which generates
      an internal reference timing signal .phi..sub.TM from the single external
      clock signal .phi. to provide minimum delay with an adequate safety
      margin. Other internal clock signals are provided using .phi..sub.TM as a
      reference. The timing circuit cannot provide a .phi..sub.TM signal until
      all row signals have been received.
PAR  The output signals from the X address buffer are applied to a series of six
      NOR gates labeled 101, 103, 105, only three being shown. Each NOR gate
      includes a pair of transistors. When one of the two outputs from each of
      the address buffers, A.sub.o A.sub.o, - - - A.sub.m A.sub.m, provides a
      logical "1" to the NOR circuits during .phi. time, the nodes P.sub.21 - -
      - P.sub.2m will be at ground potential and turn off the associated
      transistors 107, 109, 111. Transistors 113 and 115 are clock load
      transistors and transistor 117 is a load transistor for transistors 107,
      109 and 111. The transistors 107, 109, 111 act as a NOR gate and when all
      of the transistors thereof are off, during .phi. time, node P will be
      charged up. This will only happen after all of the X address signals from
      the buffer have been received, thereby preventing the possibility of
      operation prior to receiving a complete address and the possibility of
      addressing two lines simultaneously as will be shown hereinbelow. The
      signal at node P is below V.sub. DD and will go through amplification
      before becoming the timing signal .phi..sub.TM to be at the same voltage
      as V.sub.DD. This is provided by the remainder of the circuit. The
      .phi..sub.TM timing signal will therefore not allow the row select signal
      to be provided (FIG. 9) until all of the row address signals have been
      received from the X address buffer circuit.
PAR  With node P high, transistor 119 is precharged and at .phi. time transistor
      121 is on, turning transistor 123 off. Transistor 125 is on and therefore
      node P4 is high. This turns on transistor 127 and charges up node P7 to
      turn on transistor 129. Transistor 131 precharges the gate of transistor
      133 during .phi. time when transistor 129 is off. Since transistor 129 is
      on, node P8 is low and transistor 133 is off. Since transistors 135 and
      137 perform the bootstrap function, the capacitor 200 boosts node P5 high.
      This causes node P6 to go high and force an output .phi..sub.TM of the
      same amplitude as V.sub.DD.
PAR  Because all of the circuits, except transistors 133 and 135, is dynamic,
      transistors 133 and 135 drawing low current, the power dissipation is
      small for generation of full voltage.
PAR  It can be seen that there has been provided a memory system which has a
      high density, high speed, is capable of accurately determining the logic
      level of the stored data or data to be stored, which can be operated with
      TTL devices, which operates with a single external clock pulse and
      generates internal clock pulses based upon the earliest time when an
      address is fully received.
PAR  Though the invention has been described with respect to a specific
      preferred embodiment thereof, many variations and modifications will
      immediately become apparent to those skilled in the art. It is therefore
      the intention that the appended claims be interpreted as broadly as
      possible in view of the prior art to include all such variations and
      modifications
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A random access memory device which comprises, in combination:
PA1  a. a data input terminal,
PA1  b. a data output terminal,
PA1  c. a matrix of memory storage cells arranged in rows and columns,
PA1  d. a plurality of sense and refresh amplifier means, one located in the
      center of each of said columns of storage cells, each amplifier means
      having a data line associated therewith and connected to each storage cell
      in the associated column, a portion of each data line being positioned on
      each side of the amplifier means, each amplifier means including two dummy
      storage cells, each dummy storage cell being directly coupled to a
      different one of the said portions of each data line,
PA1  e. address input means for providing a row select signal and a column
      select signal,
PA1  f. read/write means for determining whether a read or a write function is
      to be performed,
PA1  g. said cells being responsive to a selected row address signal and a read
      signal on said read means to place an indication of the data stored in
      each storage cell of said on the associated data line for all of the
      amplifier means,
PA1  h. means responsive to a selected column address signal to read out from
      the amplifier means associated with said selected column onto said row
      output terminal, to provide a read-out operation,
PA1  i. means responsive to a write signal to couple data from said data input
      terminal to said data line of the amplifier means associated with said
      column address signal, means responsive to said row address signal to
      cause said data at said line associated with said amplifier means to be
      stored in the storage cell in the selected column corresponding to said
      column address, and means responsive to said write signal to inhibit
      read-out to said data output terminal, , and
PA1  j. the sense and refresh amplifier means functioning to restore data
      read-out from the storage cells to the data lines at full logic levels
      when read back into the respective cells.
NUM  2.
PAR  2. A random access memory system as set forth in claim 1, wherein said data
      line includes a pair of nodes, one on each side of said sense amplifier
      and means to isolate said nodes from each other.
NUM  3.
PAR  3. A random access memory as set forth in claim 2 further including means
      to precharge both said dummy cells to store a predetermined voltage
      immediately prior to a read-out and write-in operation.
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PAL  An optical information storage and retrieved system is presented wherein
      intersecting beams of coherent light at least one of which is information
      bearing are used to change the state of color centers in a crystal to
      effect information storage. Information is retrieved or read out by
      determining the state of color centers in the crystal.
PARN
PAR  This is a continuation application of U.S. Pat. application Ser. No.
      525,484, now abandoned filed Feb. 7, 1966, for improvements in "Optical
      Information Processing System with Color Center Crystal", which
      application Ser. No. 525,484 was a continuation application of U.S. Pat.
      application Ser. No. 217,858, now abandoned filed Aug. 20, 1962 for
      improvements in "Optical Information Processing System", by Arthur N.
      Carson.
BSUM
PAR  This invention relates to an optical information processing system. More
      particularly, this invention relates to an optical information storage and
      retrieval system which utilizes the phenomenon of color centers in ionic
      crystals such as alkali halides.
PAR  The phenomenon of color centers, also known as F centers, has been a
      subject of scientific investigation for many years. An F center
      constitutes a local imperfection in a crystal such as where an electron is
      trapped at the position of a missing (negative) halogen ion. Although the
      trapped electron provides a superficial replacement for the missing
      halogen ion to provide electrical neutrality, the electron behaves
      essentially different from the ion. Since the trapped electron is bound by
      considerably weaker forces than electrons in the atoms it will absorb
      light of comparatively low energy which cannot be absorbed by electrons
      bound normally. When the F center electron does absorb a light photon, it
      is excited to an energy level between the ground state of the F center and
      the conduction band of the crystal. A further absorption of a proper
      amount of energy when the F center electron is in the excited state
      results in the electron being raised to the conduction band of the crystal
      and being transferred to a neighboring F center which then becomes an F'
      center containing two electrons. This transfer of the electron in the F
      center is referred to as a bleaching process because the F center from
      which the trapped electron has been liberated is no longer capable of
      absorbing light of the frequency required to raise the F center electron
      from the ground state to the excited state.
PAR  Most alkali halide crystals at room temperature will be rapidly and
      uniformly bleached when illuminated with a strong beam of light of the
      proper wave length to raise the F center electrons to the excited state.
      This bleaching occurs because the excited state to which each F center
      electron is raised in absorbing a light photon is sufficiently near the
      conduction band to permit the electron to be liberated into the conduction
      band by absorbing a small amount of additional energy from thermal lattice
      vibrations. In some crystals of refractory materials the energy separation
      between the conduction band and the excited state of the F center
      electrons is sufficiently large that a thermal transition of this type
      becomes unlikely, and such crystals will be stable at room temperature.
      However, most crystals must be cooled to approximately liquid air
      temperature to prevent unwanted bleaching from occuring.
PAR  The present invention employs the difference between the normal colored
      condition, with the electron situated in the ground state of the F center,
      and the bleached condition, with the electron trapped in the F' color
      center, as a memory device for the storage and retrieval of information.
      Storage of information within the crystal consists of bleaching a small
      volume element of the crystal, or could also consist of restoring the
      original color to an already bleached volume element. The present
      invention employs a dual absorption process of two light photons by each F
      center trapped electron to accomplish information storage in the crystal.
      The dual process consists of the use of two different colors of light. One
      color, referred to as excitation light or F light, is used to raise the F
      center electron to the excited state. The second color referred to as
      ionization light and which may be defined as the energy absorbed by the
      electron while in the excited state, is used to elevate the electron from
      the excited state into the conduction band of the material for transfer to
      and trapping by a neighboring occupied F center. A significant advantage
      of this dual optical process for bleaching resides in the use of two
      intersecting regions of illumination to define the element of volume which
      is to be bleached. The crystal will be bleached only in that volume where
      both colors of light are jointly effective, thus permitting precise
      location and resolution of bleached regions by focusing two orthogonal
      differently colored light beams upon the same volume of the material.
PAR  The present invention also accomplishes readout or retrieval of stored
      information by means of a second dual process similar to the dual process
      used for bleaching. The primary light beam in either readout or bleaching
      serves to elevate color center electrons from the ground state to the
      excited state, from which the electron is able to interact with light in
      the second beam so as to make a second change or transition. This
      transition or change in the readout process is simply a passage back to
      the ground state of the F center accompanied by the emission of
      fluorescent radiation; and the secondary beam referred to as readout light
      or fluorescent light, which causes the return to the ground state to
      occur, must have the same color as the spontaneous fluorescence which
      would naturally occur if the F center excited electron were allowed to
      naturally decay back to the ground state. The illumination of the excited
      F center with light of the same color as would occur through spontaneous
      fluorescence results in an induced fluorescence, and hence the intensity
      of the secondary light beam is amplified during its passage through the
      selected elementary volume thus indicating that the electron in that
      particular elementary volume have not been transferred to F' traps and
      that the region has not been bleached. The indication obtained from an
      elementary volume which has been bleached and does contain a stored bit of
      information is simply no amplification of the incident secondary beam. Of
      course, it will be understood that the opposite process could equally as
      well be used for storage and retrieval. That is, information could be
      stored by leaving an F center in the colored or unbleached condition and
      bleaching the surrounding area, the unbleached F center representing a bit
      of stored information. In this case, amplification would indicate that
      information was stored in the elementary volume, and no amplification
      would indicate that information was not stored in the volume.
PAR  Erasing of stored information is achieved in the present invention by
      illuminating F' centers with light of the proper energy to ionize the
      electrons trapped in the F' centers, i.e., to free the trapped electrons
      in the F' centers. Once ionized and placed in the conduction band of the
      material, the electrons will be readily trapped by the original F centers
      which have been depopulated of electrons during bleaching. This ionization
      of F' centers is a one step process, there being no known bound excited
      state of the F' center, and hence erasing will be done in large blocks of
      memory simultaneously.
PAR  A further aspect of the present invention involves the storing of patterns
      of information in the crystal rather than merely storing single bits of
      information. Since the bleaching of any one elementary volume and the
      attendant storage of information in that volume depends upon the
      interaction and joint influence of the primary and secondary light beams,
      a pattern of information, such as a series of digital ones and zeros,
      numbers, words, geometric figures, etc., can be stored in the crystal at
      one time by having one light beam bear the desired pattern or by having
      both light beams bear parts of the pattern to be stored.
PAR  Accordingly, one feature of the present invention is a novel optical memory
      device for storage and retrieval of information.
PAR  Another feature of the present invention is a novel optical memory device
      utilizing the phenomenon of color centers in crystals for storage and
      retrieval of information.
PAR  Still another feature of the present invention is a novel optical memory
      device which accomplishes information storage in a crystal by bleaching
      color centers.
PAR  Still another feature of the present invention is a novel optical memory
      device in which information is stored by bleaching color centers and in
      which readout is accomplished by inducing characteristic fluorescence from
      color centers.
PAR  Still another feature of the present invention is a novel optical
      information storage and retrieval device in which entire patterns of
      information can be stored or read out in one operation.
PAR  Other features and advantages will be apparent from the specification and
      claims and from the accompanying drawings which illustrate an embodiment
      of the invention.
DRWD
PAR  FIG. 1 is a schematic representation of the memory storage device of the
      present invention.
PAR  FIG. 1a is a view of a pattern of bits of information which may be
      simultaneously stored in the device of FIG. 1.
PAR  FIG. 1b is a view of the pattern stored in the memory device when using the
      pattern of FIG. 1a.
PAR  FIG. 1c is an illustration of a modified focusing system which may be used
      with the device of FIG. 1.
PAR  FIG. 2 is an illustration of a modification of the memory storage device of
      this invention by which shifting of information can be accomplished.
DETD
PAR  Referring now to FIG. 1, the memory storage device has a KCl crystal 2
      having color centers therein. Attached to and extending from each side of
      the crystal are bundles 4a, 4b and 4c of closely packed optical wave guide
      fiber lasers. The lasers are shown representatively in the drawing, but in
      reality they are extremely small diameter optical wave guide fibers of a
      type known in the art. The lasers are packed in bundles which cover
      substantially the entire area of each side of the crystal and which
      contain millions of individual strands, each of the strands having a rod
      encased in a tube having a lower index of refraction than the rod. Several
      different types of lasers will be required to produce different spectral
      outputs so that excitation light, ionization light, fluorescent light or
      erasing light can be obtained. It may be desirable, although at the
      sacrifice of some resolution, to mix lasers of different types, i.e.,
      different spectral outputs, in each bundle in order to gain symmetry of
      operation. In this way the cube of material 2 would be symmetric with
      respect to the performance of all operations. However, resolution would be
      improved if only one type of laser were attached to each side of the
      crystal, and the following discussion will be based in this arrangement so
      that excitation light will be emitted only from certain sides of the
      crystal, ionization light from other sides, etc. More particularly,
      excitation light will be supplied by lasers 4a, ionization light will be
      supplied by lasers 4b which are present on the front and back sides of the
      crystal and extend outwardly from the crystal perpendicular to the plane
      of the paper, and readout light will be supplied by lasers 4c.
PAR  The absorption characteristics of the crystal used for memory storage
      determine the wave lengths of light necessary to accomplish the various
      operations. That is, a crystal will have a characteristic band of wave
      lengths for each operation. The absorption characteristics for the KCl
      crystal for excitation light are determined by the F center absorption
      line which achieves maximum absorption at a wave length of 0.563 microns
      and has a width of approximately .+-. 10%; and excitation light can be
      provided with lasers of cadmium fluoride with europtium impurities
      (CdF.sub.2 :Eu) which emit light of a wavelength of 0.589 microns. The
      fluorescent emission characteristics of KCl are determined by the F center
      emission line which achieves maximum emission at a wave length of 1.01
      microns and has a width of approximately .+-. 10%; and fluorescent light
      can be provided with lasers of calcium tungstate with neodymium impurities
      (CaWo.sub.4 :N.sub.2) which emit light of a wave length of 1.06 microns.
      The absorption characteristics of KCl for ionization light are determined
      by the F center excited absorption line which achieves maximum absorption
      at a wave length of 2.4 microns and has a width of approximately .+-. 10%;
      and ionization light can be provided with lasers of calcium fluoride with
      uranium impurities (CaF.sub.2 :U) which emit light of a wave length of 2.5
      microns. The absorption characteristics of KCl for erasing light are
      determined by the F' center absorption line which achieves maximum
      absorption at a wave length of 0.75 microns and has a width in excess of
      .+-. 10%; and erasing light can be provided with lasers of calcium
      fluoride with samarium impurities (CaF.sub.2 :Sm) which emits light of a
      wave length of 0.708 microns.
PAR  Attached to each bundle of lasers is a pair of highly reflecting, high
      parallel Fabry-Perot plates 6 with a material therebetween having a large
      Kerr coefficient, such as liquid nitrobenzine. The plates 6 serve to
      establish an interference pattern of alternately bright and dark rings on
      the one of the plates which is attached to a laser bundle when the other
      of the plates is illuminated from the point source of light located
      exteriorly of crystal 2. The material between the plates 6, due to its
      large Kerr coefficient can be used to change the radii of the interference
      patterns. The establishment of the interference pattern on the plate
      attached to the laser bundle will initiate firing of lasers opposite the
      bright rings. The light emitted by the individual lasers is all mutually
      coherent due to the property of lasers that the light which they emit is
      coherent with the triggering stimulus and due to the fact that all the
      triggering stimuli are coherent with each other because they are parts of
      the same interference pattern. Thus, the light emitted from the lasers
      will be focused at a point within crystal 2 defined by the characteristics
      of the interference pattern. Each bundle of lasers is surrounded by an arc
      discharge tube 8 which provides energy for pumping the lasers to the
      threshold level so that the lasers can be fired or triggered by the bright
      rings of the interference pattern.
PAR  In the event that it is necessary to cool crystal 2 to prevent thermal
      transition of excited electrons from the color centers to the conduction
      band of the crystal, an insulated container 10 can be provided as shown in
      FIG. 1. Container 10 would house a bath of suitable refrigerant such as
      liquid air to cool crystal 2, and would have transparent windows 12 in
      alignment with each side of crystal 2 to allow the passage of light to and
      from the crystal.
PAR  To store information in crystal 2, a source of monochromatic light is
      placed at the focal point of a lens 16. Lens 16 delivers the light from
      source 14 to a mask 18 such as a photographic negative which has been
      previously exposed to allow passage of light only through a small area
      which is effectively a point source of light 20. The light from point
      source 20 travels to the plates 6 where an interference pattern of
      alternately bright and dark rings is established, each ring being of
      uniform intensity around its circumference since source 20 is a single
      point source. Those of the lasers of bundle 4a which are aligned with the
      bright rings of the interference pattern will be triggered and will
      produce beams of light which will intersect constructively at the focal
      point 22 which is defined by the characteristics of the interference
      pattern. Lasers 4a are selected so that the light emitted therefrom is of
      the proper wave length and intensity to excite the color centers at point
      22 to raise the electrons therein to the excited state.
PAR  In a manner similar to the establishment of point source 20, a point source
      of light is established along a line through point 22 and perpendicular to
      the plane of the paper. This point source establishes an interference
      pattern which triggers certain of lasers 4b to produce coherent beams of
      light which penetrate crystal 2 and focus at point 22. Lasers 4b are
      selected so that the light emitted therefrom is of the proper wave length
      and intensity to raise the excited electrons of the color centers to the
      conduction band of the crystal thereby bleaching the color centers and
      storing a bit of information in the crystal. For example, the position of
      point 22 may itself represent a bit of information. It will be observed
      that the sides of the crystal from which the intersecting beams of light
      emanate, and the beams themselves, need not be mutually perpendicular, but
      only at an angle to each other.
PAR  Information readout or retrieval is accomplished in the following manner.
      Point source 20 is re-established so that excitation light is again
      focused on point 22 by lasers 4a. Another point source is established at
      point 24 along a line extending from point 22 perpendicular to the bottom
      surface of cube 2. In the manner similar to that described for lasers 4a
      and 4b, point source 24 establishes an interference pattern which triggers
      lasers 4c and produces coherent beams of light which focus at point 22.
      Lasers 4c are selected to provide the proper wave length and intensity to
      generate fluorescent light when focused on a color center in the excited
      state. Thus, in the readout process, point 22 is illuminated with exciting
      and fluorescent light from mutually perpendicular directions. However,
      since the color centers at point 22 are in the bleached condition there
      are no electrons present which the flourescent light from lasers 4c could
      drive back to the ground state. Consequently, the flourescent light from
      the lasers 4c at the bottom of cube 2 passes on through the cube and
      impinges on the ends of lasers 4c attached to the top of crystal 2 in the
      form of an interference pattern generated by a point source of light at
      point 22 between the top and bottom surfaces of cube 2 which act as
      interferometer plates. Some of the lasers 4c at the top of crystal 2 are
      fired by this impingement of light and an interference pattern is
      established which focuses as a point image screen 26 which is a recording
      device sensitive to the wave length of the fluorescent light such as film
      or a photocathode. The light striking screen 26 is unamplified over the
      light which was emitted from lasers 4c at the bottom of cube 2, and this
      state of unamplification constitutes an indication that a bit of
      information is stored at point 22.
PAR  An alternate method of readout would involve increasing the depth of the
      light passing portion 20 of mask 18 in the plane of the paper and widening
      source 24. This would result in illuminating a band of color centers
      through point 22 and parallel to the top and bottom of the cube with
      exciting light while at the same time illuminating this band with
      fluorescent light. The color centers on either side of point 22 would thus
      be raised to the excited state, and the fluorescent light focused on these
      excited color centers would be amplified in passing to screen 26. Thus,
      the reading on screen 26 will show an unamplified spot flanked by
      amplified spots for readout.
PAR  Of course, it will be borne in mind that information could have been stored
      at point 22 by bleaching color centers around point 22 while leaving point
      22 in the ground state. In this event, the readout process would result in
      an amplified signal at screen 26 representing the storage of information
      at point 22.
PAR  The preceding discussion has described the storage and retrieval of
      information at the rate of one bit of information per cycle, but it is
      desirable to store and retrieve information in a parallel process
      involving several bits of information in each cycle. This objective can be
      accomplished by feeding patterns of information into crystal 2. As shown
      in FIG. 1a, mask 18 has been exposed so as to constitute, when illuminated
      by source 14, a vertical series of closely adjacent point sources of
      light. The light from these point sources will impinge upon the
      interference plates to produce an interference pattern in which the
      individual rings vary in intensity around their circumference. As a
      result, lasers 4a would be triggered to reproduce the pattern in the
      crystal as a vertical series of closely adjacent volume elements
      containing excited color centers as shown in FIG. 1b. The mask used to
      supply light to lasers 4b would then be provided with a vertically
      extending opening of discrete depth so that the lasers 4b would be fired
      to produce a beam of ionization light to bleach the vertical band of color
      centers and store a pattern of information in the crystal. It will also be
      understood that since bleaching occurs only where both the primary
      exciting beam of light and the secondary ionization beam of light
      intersect, a desired pattern can be carried either entirely on one beam or
      partially on both beams. Simultaneous readout of several bits of
      information can also be accomplished as, for example, by illuminating a
      band of color centers along a line perpendicular to the plane of the paper
      with excitation light and extending source 24 perpendicular to the plane
      of the paper.
PAR  A further modification of the device of FIG. 1 is shown in FIG. 1c. The
      preceding discussion regarding storage and retrieval has proceeded on the
      assumption that the point sources supplying the light in orthogonal
      directions to establish the interference patterns are positioned manually
      or by any convenient method. However, it may be desirable to position
      these sources of light automatically and swiftly according to a
      predetermined program to increase the speed of operation of the device.
      The position of any one point source of light can be used as a reference,
      and the desired position of any other cooperating point source of light is
      automatically determined. Three directions of movement can occur to change
      the position of one light source, and movements in two of the directions
      in the plane of photographic negative 18 can be accomplished by
      selectively positioning the light passing portion 20 at any desired point
      on the negative. The structure shown in FIG. 1c is designed to eliminate
      the necessity for moving the point sources of light toward and away from
      their respective sides of the crystal. To this end, each of the
      interference plates 6 has an overlay of a grid 28 of conducting wires and
      a potential difference is maintained across plates 6 by a variable source
      of DC potential 30 connected to grids 28. A polaroid filter 32 is placed
      in front of the plate 6 on which the point source of light impinges, and
      the electrostatic field across plates 6 can be adjusted to vary the index
      of refraction encountered by the polarized light passing through the
      medium between the interference plates. Thus, the radii of the rings of
      the interference pattern can be adjusted to regulate the point of focus of
      the laser light inside crystal 2.
PAR  Referring now to the structure shown in FIG. 2, a device is shown whereby a
      bit of stored information can be transferred or shifted from one place in
      the memory to another place. A bit of information represented by a
      bleached volume at point 32 can be illuminated, along with the surrounding
      volume, with exciting light from lasers 34 and with fluorescent light from
      lasers 35, both of which are triggered by interference patterns as
      previously described. The combined action of this focusing of exciting and
      fluorescent light on point 32 will be to generate an amplified emission of
      the outline or complement of the information stored at point 32 traveling
      in the direction of the light emitted from lasers 35. Each laser bundle in
      FIG. 2 extends from the crystal at gradually and uniformly increasing
      lengths so that the ends attached to the plates 6 terminate in a plane at
      an acute angle to the surface of the crystal, and the plates 6 are
      similarly disposed. The time required for light to traverse a laser is a
      direct function of the length of the laser, and thus the direction of
      travel of the wave front of the light emitted from lasers 35 is at an
      acute angle to the side of the crystal to which those lasers are attached.
      The fluorescing complement of the information stored at point 32 will
      impinge on the top of the crystal along this direction of travel, and the
      light incident on the top of the crystal appears to be emanating from a
      point source located at point 32. The surfaces of the crystal are made to
      be highly reflective so that opposing sides of the crystal form
      interference plates. Thus, an interference pattern will be established at
      the top surface of the crystal to trigger lasers 36 which also emit
      fluorescing light in accordance with the complement of the information
      stored at point 32. However, because the light incident on the top surface
      of the crystal from point 32 was traveling at an angle to the top surface
      of the crystal, the light emitted from the variable length lasers 36 will
      be turned and will travel in a direction perpendicular to the top surface
      and will be temporarily refocused slightly to the right of point 32. This
      new focusing to the right of the point 32 now acts as a point light source
      for lasers 35 in the above-described reflection process continues with the
      result that the complement of the information stored at point 32 is
      effectively caused to move in a path directly to the right of point 32.
      The new point to which it is desired to ultimately shift point 32 can be
      determined by triggering lasers 38 and either lasers 34 or 37 to focus
      ionization light and exciting light, respectively, at the new point, point
      40, at the time that the complement of the information stored at point 32
      reaches point 40. The interaction of the complement of the information
      stored and point 32 with the exciting and ionization light will result in
      the bleaching at point 40 to store at point 40 the information contained
      at point 32.
PAR  An alternate method of information transfer or shifting would be to focus
      ionization light at point 32 from lasers 35 which would be chosen to emit
      ionization light rather than fluorescent light as in the foregoing
      explanation. This ionization light would be focused and refocused to the
      right of point 32 as explained above, and point 40 could be illuminated
      with exciting light from appropriately selected lasers 38 to bleach point
      40 and store the information from point 32 at point 40.
PAR  By way of further discussion, as more fully disclosed and claimed in my
      application Ser. No. 453,294, filed May 5, 1965, now U.S. Pat. No.
      3,568,167, it should be pointed out that bleaching can be made to occur by
      focusing exciting light on a crystal which is raised to a sufficiently
      high temperature or by focusing exciting light at low temperature in the
      presence of an electric field. However, assuming that two intersecting
      beams of light are used to accomplish bleaching, the dimensions of the
      region of intersection of the two beams of light will be determined by the
      dimensions of the sources of the two beams. Assuming that maximum
      resolution of about one wave length of light is provided by the focusing
      devices, an ultimate storage capacity of about 1/.lambda..sup.3 where
      .lambda. is the wavelength of the light or about 10.sup.12 bits/cm.sup.3
      may be attainable with this technique.
PAR  It is to be understood that the invention is not limited to the specific
      embodiment herein illustrated and described but may be used in other ways
      without departure from its spirit as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus comprising a body having color centers therein normally in a
      first stable state, means to generate first and second coherent light
      beams of predetermined wave lengths, at least one of said beams containing
      information, means for directing said first and second beams to intersect
      at a selected part of said body to illuminate color centers in said
      selected part with both of said coherent light beams, said illuminated
      color centers being changed to a second stable state whereby information
      is stored in said body where said beams intersect, and means for
      irradiating said body with at least one coherent light beam to retrieve
      said information.
NUM  2.
PAR  2. Apparatus as in claim 1 and including means for generating interference
      patterns, and means for modulating said interference patterns to modulate
      said information upon said one beam.
NUM  3.
PAR  3. A three-dimensional optical information processing system including a
      crystal having color centers therein normally in a stable ground state,
      first laser means associated with a first surface of said crystal, second
      laser means associated with a second surface of said crystal, said second
      surface being at an angle to said first surface, means for actuating said
      first laser means, means for focusing the output of said first laser means
      on an internal portion of said crystal including a color center to
      establish a color center excited state, means for actuating said second
      laser means and introducing the output of said second laser means into
      said crystal along a path intersecting the output of the first laser at
      said internal portion of said crystal to change the color center from an
      excited state to a stable state other than the ground state, and means for
      illuminating said crystal with the output from at least one laser to
      determine the state of color center.
NUM  4.
PAR  4. An optical information processing system including a crystal having
      color centers therein normally in a ground state, a plurality of first
      monochromatic optical fiber lasers attached to a first surface of said
      crystal, a plurality of second monochromatic optical fiber lasers attached
      to a second surface of the crystal, said first and second surfaces of the
      crystal being at an angle to each other, means including a first pair of
      parallel reflecting surfaces attached to the first lasers and a second
      pair of parallel reflecting surfaces attached to the second lasers for
      producing interference patterns in response to patterns of light incident
      thereon to fire selected ones of said first and second lasers and focus
      the light therefrom on a volume within said crystal, at least one of the
      patterns of incident light being information bearing, the light emitted
      from said selected ones of said first plurality of lasers being of
      selected wave length in accordance with absorption characteristics of said
      crystal to raise color centers in said volume to an excited state in
      accordance with the pattern of light incident on said first pair of
      parallel reflecting surfaces, and the light emitted from said second
      plurality of lasers being of selected wave length in accordance with
      absorption characteristics of said crystal to alter the excited state
      color centers to a stable state and means for determining the state of the
      color centers in said volume.
NUM  5.
PAR  5. An optical information processing system as in claim 4 wherein opposing
      sides of said crystal form pairs of parallel reflecting surfaces, the
      optical fiber lasers extending from each pair of opposing sides for
      uniformly varying distances outwardly therefrom along the sides.
NUM  6.
PAR  6. An optical information processing system including a crystal having
      color centers therein normally in a ground state, a plurality of first
      monochromatic optical fiber lasers attached to a first surface of said
      crystal, a plurality of second monochromatic optical fiber lasers attached
      to a second surface of the crystal, said first and second surfaces of the
      crystal being at an angle to each other, means including a first pair of
      parallel reflecting surfaces attached to the first lasers and a second
      pair of parallel reflecting surfaces attached to the second lasers for
      producing interference patterns in response to patterns of light incident
      thereon to fire selected ones of said first and second lasers and focus
      the light therefrom on a volume within said crystal, the light emitted
      from said selected ones of said plurality of lasers being of selected wave
      length in accordance with absorption characteristics of said crystal to
      raise color centers in said volume to an excited state in accordance with
      the pattern of light incident on said first pair of parallel reflecting
      surfaces, and the light emitted from said second plurality of lasers being
      of selected wave length in accordance with absorption characteristics of
      said crystal to return the excited state color center from the excited
      state to the ground state accompanied by an amplified beam of light of the
      second wave length.
NUM  7.
PAR  7. An optical information processing system including a crystal having
      color centers therein normally in a ground state, a plurality of first
      monochromatic optical fiber lasers attached to a first surface of said
      crystal, a plurality of second monochromatic optical fiber lasers attached
      to a second surface of the crystal, said first and second surfaces of the
      crystal being at an angle to each other, means including a first pair of
      parallel reflecting surfaces attached to the first lasers and a second
      pair of parallel reflecting surfaces attached to the second lasers for
      producing interference patterns in response to patterns of light incident
      thereon to fire selected ones of said first and second lasers and focus
      the light therefrom on a volume within said crystal, at least one of the
      patterns of incident light being information bearing, the light emitted
      from said selected ones of said first plurality of lasers being of
      selected wave length in accordance with absorption characteristics of said
      crystal to raise color centers in said volume to an excited state in
      accordance with the pattern of light incident on said first pair of
      parallel reflecting surfaces, and the light emitted from said second
      plurality of lasers being of selected wave length in accordance with
      absorption characteristics of said crystal to raise the electron of the
      color center from the excited state to the conduction band of the crystal
      to bleach the color centers and store the information carried by the
      information bearing incident light pattern in said volume; and means for
      determining the state of color centers in said volume.
NUM  8.
PAR  8. An optical information processing system as in claim 7 including means
      for shifting bleached color centers to move the stored information from
      said volume to another volume in said crystal.
NUM  9.
PAR  9. An optical information processing system as in claim 8 wherein the means
      for shifting bleached color centers to move the stored information
      includes pluralities of optical lasers extending outwardly from pairs of
      opposing sides of the crystal the length of said optical lasers varying
      uniformly along said sides of said crystal.
NUM  10.
PAR  10. The method of storing information in and retrieving information from a
      crystal having color centers therein normally in a ground state, including
      the steps of focusing a first light of selected wave length on a volume in
      said crystal to raise at least one color center therein to an excited
      state, illuminating said volume with a second light, at least one of said
      first and second lights being information bearing, said second light being
      of selected wave length to bleach said color center and store the
      information borne on said one light, and illuminating said volume with at
      least one light to determine the state of said color center and retrieve
      said information.
NUM  11.
PAR  11. The method as in claim 10 including the steps of illuminating said
      volume with said first light, and illuminating said volume with a third
      light of selected wave length to read out the information stored in said
      volume.
NUM  12.
PAR  12. A three-dimensional information storage system comprising an element
      having a plurality of color centers therein, means for switching selected
      ones of said color centers within the volume of said element from one
      stable color center state to another stable color center state to thereby
      store information in said element, and means for determining the state of
      said selected color centers to retrieve said information without altering
      the state of the color center.
NUM  13.
PAR  13. An information storage system as in claim 12 in which said switching
      means comprises means for generating first and second light beams of
      selected wave lengths and includes means for illuminating said selected
      color centers with intersecting beams of said first and second light
      beams.
NUM  14.
PAR  14. An information storage system as in claim 13 and including means for
      selectively varying the areas of intersection of said first and second
      light beams to thereby vary the information stored in said element.
NUM  15.
PAR  15. An information storage system as in claim 13 in which said means for
      determining the state of said selected color centers comprises means for
      generating a third light beam of selected wave length, and means for
      converging said first and third light beams upon said selected color
      centers.
NUM  16.
PAR  16. An information storage system as in claim 12 in which said element is a
      crystal, and including means for cooling said crystal to retain said color
      center stable states.
NUM  17.
PAR  17. An information storage system as in claim 16 in which said crystal is
      an alkali halide.
NUM  18.
PAR  18. A three-dimensional optical information processing system including an
      element having color centers therein in a first stable state, means for
      generating a first light of predetermined wave length and intensity, means
      for focusing said first light on an internal portion of said element to
      establish color center excited state, means for generating a second light
      of predetermined wave length and intensity, means for introducing said
      second light into said element along a path intersecting the first light
      at the place of focus of said first light to change the color center from
      an excited state to a second stable state, and means for illuminating said
      element with at least one light to determine the state of the color
      center.
NUM  19.
PAR  19. A three-dimensional optical information processing system including a
      crystal having color centers therein normally in a stable ground state,
      means for generating a first light of predetermined wave length and
      intensity, means for focusing said first light on an internal portion of
      said crystal to establish a color center excited state, means for
      generating a second light of predetermined wave length and intensity,
      means for introducing said second light into said crystal along a path
      intersecting with the first light at the place of focus of said first
      light to raise the excited electron of the color center to the conduction
      band of the crystal and change the color center to a stable state other
      than the ground state and means for determining the state of the color
      center without altering the state of the color center.
NUM  20.
PAR  20. An optical information processing system as in claim 19 in which the
      means for determining the state of the color center without altering the
      state of the color center comprises:
PA1  said means for focusing said first light on the said internal portion of
      the crystal;
PA1  means for generating a third light of predetermined wave length and
      intensity; and
PA1  means for introducing said third light into said crystal along a path
      intersecting said first light at the place of focus of said first light.
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ABST
PAL  A network for the temporary storage of binary code words, such as calling
      digits accompanied by line-identification signals in a telecommunication
      system, includes a multistage shift register together with a one-stage
      buffer register and a one-stage extraction register, each stage
      accommodating a multiplicity of calling and identification bits together
      with a discriminating bit indicating the availability or non-availability
      of an outgoing channel to which the accompanying code word is to be
      transmitted. The three registers are cascaded in a loop for continuous
      recirculation in a recurrent cycle of z time slots, z being the number of
      register stages (514 in the specific example given), of the code words
      accompanied by availability bits; the code words are read out from the
      loop between the extraction and buffer registers. The beginning of a cycle
      is marked by a heading in the form of a pair of complementary special code
      words in immediate succession, periodically generated in the output of the
      buffer register; the occurrence of the first one gives rise to a start
      pulse while the second one generates a verification pulse. A monitoring
      circuit determines from the occurrence or nonoccurrence of these pulses
      whether the network operates correctly. The start pulse establishes an
      interval during which all code words pass through the extraction register
      until the appearance of an availability bit initiates the read-out of the
      associated code word; the extraction register is then short-circuited
      until the start signal recurs. Incoming code words stored in a set of
      input registers are sequentially entered in vacated time slots occurring,
      as a result of the reinsertion of the extraction register by the start
      pulse, at the very end of each cycle in which a code word is read out.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 332,696, filed 15 February 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a storage network of circulatory type
      designed for the temporary preservation of a multiplicity of binary code
      words which are to be transmitted to one or more outgoing channels as soon
      as the latter become available and which, during storage, are to be
      maintained in the original order of their reception by the network. The
      invention has more specific application to a telecommunication (e.g.
      telephone) system in which successive digits of a called number, generated
      for example by means of a pushbutton-type selector, are translated into
      binary codes (hereinafter referred to as calling codes) accompanied by
      address codes which identify the line of the calling subscriber.
PAC  BACKGROUND OF THE INVENTION
PAR  Circulating memories are known in which the bits of a calling code,
      specifically a 4-bit digital code, are stored together with associated
      address bits in a time slot temporarily assigned to them. In such a
      system, a time slot vacated by the extraction of a stored code word is
      subsequently filled with a new code word from an input register; since the
      read-out of the code words from the memory occurs on the basis of the
      availability of outgoing channels leading to their respective
      destinations, rather than in a sequential manner according to their order
      of appearance in a memory cycle, the original sequence of entry of the
      code words cannot be preserved and each code word must be tagged with a
      supplemental set of bits indicating its relative time position. These
      supplemental bits require, of course, a corresponding storage capacity of
      the circulating memory in each time slot.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of our present invention is to provide a storage network
      of this character in which the need for such supplemental bits is
      eliminated and which automatically maintains the original order of
      introduction of the several code words into the memory regardless of the
      sequence in which they are extracted therefrom.
PAR  A more particular object is to provide means in such a network for
      verifying the correct operation of the circulating memory and clearing
      same in the event of a malfunction, with establishment of a new sequence.
PAC  SUMMARY OF THE INVENTION
PAR  A circulatory storage network according to our invention comprises a
      closed-loop memory in which the code words are continuously recirculated
      in a recurrent cycle composed of a multiplicity of time slots, at least
      one of these time slots being occupied by an invariable binary code
      (referred to hereinafter as a heading) which marks the beginning of each
      cycle and which is introduced into the loop, at the beginning of
      operations and possibly also at subsequent times, by an associated
      insertion circuit. A detector circuit coupled to the memory generates a
      periodic start pulse in response to circulation of the heading past a
      predetermined point of the closed loop preceding a one-word storage
      section of the memory; this start pulse synchronizes the memory cycle with
      the operation of both a control circuit for the extraction of a
      circulating code word from the memory and a transfer circuit for the entry
      of a new code word into a time slot vacated as a result of that
      extraction. In the event of availability of an outgoing channel or
      utilization circuit for the calling code, such as a selector switch seized
      by the calling subscriber line as identified by the address portion of a
      circulating code word, the control circuit establishes a short circuit
      around the aforementioned one-word storage section of the memory
      containing at that instant this particular code word; the same is then
      read out from that storage section while the other code words circulate
      through the short circuit so that the void created by the read-out is
      immediately filled as subsequent code words advance by one time slot
      within the cycle in skipping that storage section. Upon the next
      occurrence of the start pulse as determined by the detector circuit, the
      short circuit is opened so that the previously bypassed storage section is
      now effectively reinserted into the loop and creates a gap of one time
      slot in the cycle immediately before the next heading. This gap, or vacant
      time slot, is then sensed by the transfer circuit which causes the entry
      of a new code word into that time slot. Thus, during normal operation,
      every newly entered code word occupies the last time slot of the current
      cycle regardless of the time position of the code word previously
      extracted to make room for the new entry.
PAR  In a preferred embodiment, the circulating memory consists essentially of
      three cascaded registers, namely a shift register of z-2 stages (z being
      514 in the specific example described hereinafter), a single-stage
      extraction register constituting the short-circuitable one-word storage
      section, and a single-stage buffer register interposed between the
      extraction register and the shift register, the insertion circuit for the
      heading being connected to this buffer register. This insertion circuit
      includes a set of input and output gates respectively upstream and
      downstream of the buffer register, the two sets of gates complementing
      each other to generate two immediately consecutive complementary codes
      which constitute the heading. The first one of these consecutive codes
      gives rise to the start pulse whereas the second one produces, also within
      the detector circuit, a verification pulse which can be used in a
      monitoring circuit checking on the correct operation of the storage
      network. The monitoring circuit may comprise several pulse counters,
      including a 2-stage counter for the start pulse, a z-stage counter for
      clock pulses occurring in the rhythm of the time slots, and a y-stage
      counter (y&lt;z) for the same clock pulses, the two last-mentioned counters
      being normally reset by the verification pulse at the beginning of each
      cycle with consequent resetting of the 2-stage counter by the z-stage
      counter at the end of that cycle. Failure to reset the y-stage counter
      results in the emission of an alarm signal, the same as a count of two
      start pulses by the 2-pulse counter. The alarm signal clears the buffer
      register and starts a period of x clock pulses (z&lt;x&lt;y) in which this
      buffer register is blocked whereby the (z-2)-stage shift register is also
      cleared. The subsequent disappearance of the alarm signal enables the
      insertion circuit to reintroduce the heading codes and to restart the
      loading of the shift register with new code words from the input circuit.
PAR  According to a further feature of our invention, the availability of a
      switching stage served by an outgoing channel is marked by a
      discriminating bit included in the time slot of the code word destined for
      that switch. The discriminating bit is introduced into the loop,
      advantageously, between the extraction register and the buffer register in
      response to address information communicated to a processor by the output
      of the extraction register.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is an overall block diagram of a circulatory storage network
      embodying our invention;
PAR  FIG. 2 is a more detailed circuit diagram of an input section of the
      network shown in FIG. 1;
PAR  FIG. 3 is a similar diagram of an extraction-control circuit included in
      the network;
PAR  FIG. 4 is a circuit diagram of a heading detector forming part of the
      network;
PAR  FIG. 5 is a diagram of a transfer circuit associated with the input section
      of FIG. 2;
PAR  FIG. 6 is a circuit diagram of a component of the network controlling the
      insertion of a heading code; and
PAR  FIG. 7 is a diagram of a monitoring circuit controlled by the detector of
      FIG. 4.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 we have shown the layout of a circulatory storage network
      according to our invention forming part of a central office of a telephone
      system with a plurality of feeder lines L.sub.l - L.sub.n and outgoing
      channels CH.sub.l - CH.sub.m. Lines L.sub.l -L.sub.n originate at a
      processor 100 which receives, in conventional manner, digital signals in
      the form of multilevel or multifrequency d-c voltages generated by
      pushbuttons at the remote ends of incoming subscriber lines terminating at
      the processor. The ten voltage levels or frequency combinations
      representing digits 0 through 9 are converted in the processor into a
      4-bit binary calling code whose bits are transmitted in parallel, together
      with those of an accompanying 10-bit address code, over the 14 wires of
      each line L.sub.l - L.sub.n to an input circuit S. This input circuit,
      more fully shown in FIG. 2 described hereinafter, stores the arriving bits
      until they can be entered in a closed-loop memory by means of a transfer
      circuit H more fully shown in FIG. 5. The closed-loop memory includes a
      512-stage shift register M, a 1-stage extraction register 0 and a 1-stage
      buffer register N, each of the 514 stages of this memory accommodating the
      14 original bits of an incoming code word along with a 15th, or
      discriminating bit k.sub.15 introduced by the processor 100 in response to
      switching information stored in the processor. Thus, the memory loop
      consists of 15 parallel tracks 1-15 over which the respective code bits
      are transmitted; from tracks 1 - 10 there is branched off, in the output
      of extraction register 0, a 10-conductor cable 20 delivering to the
      processor 100 the address code of the word currently stored in that
      register to facilitate a determination of prior seizure of a selector
      switch designed to handle the calling digit in the message part of the
      stored code word. If the processor finds that such a selector has been
      seized and that the code word can therefore be transmitted to it upon the
      availability of an outgoing channel, it generates on a lead 21 the bit
      k.sub.15 of binary value "0" which is fed to one of three inputs of a NAND
      gate 115 forming part of a set of such NAND gates 101 - 115 inserted in
      tracks 1 - 15, respectively. The closed loop also includes a set of AND
      gates 201 - 215 upstream of extraction register 0, a set of NAND gates 301
      - 315 downstream of that register but ahead of NAND gates 101 - 115, and a
      further set of NAND gates 401 - 415 in a bypass path extending from the
      output of shift register M to the inputs of NAND gates 101-115, NAND gates
      401 - 415 normally having a true output which makes the NAND gates 101 -
      115 switchable by the outputs of NAND gates 301 - 315. It will be
      understood, in this connection, that the bits pass virtually
      instantaneously from one register to the other but are delayed within each
      register by a number of basic time periods equal to the number of register
      stages, these time periods being measured by a train of clock pulses ck
      emitted from processor 100 on a lead 22.
PAR  Processor 100 has a structure similar to that of a line concentrator
      disclosed in commonly owned U.S. Pat. No. 3,819,869. This unit includes an
      internal binary counter generating the address codes that are read out on
      ten of the fourteen wires of each line L.sub.l - L.sub.n from call
      registers on which they are temporarily stored. The patent also describes
      the insertion of an extra bit, such as bit k.sub.15, in a circulating
      memory in response to activity signals on an incoming line, here
      specifically a signal confirming the seizure of a selector by that line.
PAR  Other units shown in FIG. 1 include a heading-insertion circuit ST, more
      fully illustrated in FIG. 6; a heading detector RT (see also FIG. 4)
      associated with a monitoring circuit RCT (FIG. 7); and an
      extraction-control circuit C (FIG. 3) serving to initiate, under
      conditions specified hereinafter, the read-out of a code word from
      register 0 into a set of output registers R.sub.l - R.sub.m feeding the
      outgoing channels CH.sub.l - CH.sub.m. It will be understood that these
      channels may be interchangeably connectable through a conventional decoder
      to a selector switch (not shown), seized by the line identified by the
      address portion of the code word, under the control of the processor.
PAR  The clock pulses ck are supplied in parallel to the three memory registers
      M, N and O for stepping same, the stepping connection between lead 22 and
      extraction register 0 including an AND gate 23 whose other input receives
      a blocking pulse r" from control circuit C when the contents of register 0
      are to be discharged into an available output register R.sub.l - R.sub.m.
      During such discharge, and for the remainder of the cycle in which it
      occurs, a blanking signal k' from controller C unblocks the NAND gates 401
      - 415 and, through an inverter 24, blocks the AND gates 201 - 215 and
      renders unswitchable the NAND gates 301 - 315. With the output of the
      latter NAND gates now constantly maintained at its binary value "1", NAND
      gates 101 - 115 respond to the outputs of NAND gates 401 - 415, thereby
      establishing a bypass path which short-circuits the extraction register 0
      together with the nonconducting AND gates 201 - 215 in its input. The
      blanking signal k'  is canceled upon the occurrence of a start pulse t
      which is emitted by detector RT at the beginning of each new cycle, in
      response to the first one of two mutually complementary code words (the
      "heading") introduced into the first two cycles by the insertion circuit
      ST. Start pulse t is also transmitted to input circuit S, to trigger the
      reloading of its registers from lines L.sub.l - L.sub.n, and to monitoring
      circuit RCT further receiving from detector RT a verification pulse k" in
      response to the second code word of the heading. If that heading does not
      recur once per cycle as required, or if it is mutilated so that the
      verification pulse k" is not generated, an alarm signal a is transmitted
      to insertion circuit ST which gives rise to a clearing pulse r' for
      register N and, after a time sufficient to clear the 512 stages of shift
      registers M and to empty the extraction register 0, causes the
      reappearance of the heading in the output of register N. A pulse p.sub.15
      in the output of register 0, transmitted to controller C, indicates the
      presence of a true discriminating bit in the code word currently entered
      in that register.
PAR  Output registers R.sub.l - R.sub.m are cyclically discharged in response to
      pulses sp.sub.l - sp.sub.m from a scanner SC.sub.I stepped by another
      train of clock pulses ck' from processor 100. Their discharged state is
      indicated to controller C by unloading signals r.sub.l - r.sub.m whereas
      the completion of transfer of a new word into same is communicated to the
      controller by reloading signals b.sub.l - b.sub.m.
PAR  Transfer circuit H, upon detecting an unoccupied time slot among the series
      of code words issuing from shift register M, transmits to input circuit S
      a vacancy pulse f which induces the emptying of one of the input registers
      in that circuit via a set of leads s.sub.1 - s.sub.14 into transfer
      circuit H for entry into the first 14 tracks of the circulating memory.
      Track 15, serving for the conveyance of the discriminating bit, bypasses
      the transfer circuit.
PAR  In FIG. 2 we have shown details of the input circuit S with its feeder
      lines L.sub.l - L.sub.n, each of these lines having 14 wires L.sub.1,1 -
      L.sub.1,14 . . . L.sub.n,1 - L.sub.n,14 (only the first and the last line
      having been illustrated along with the associated circuit elements). These
      feeder lines terminate at respective gating circuits U'.sub.l - U'.sub.n
      which are normally blocked but are periodically unblocked by the start
      pulse t at the beginning of each cycle. Upon such unblocking, the bits
      carried by the 14 wires of each line are delivered to respective 14-bit
      input registers RG.sub.l - RG.sub.n working into another set of gating
      circuits U".sub.l - U".sub.n that are also normally blocked. The outputs
      of registers RG.sub.l - RG.sub.n are further transmitted, via associated
      OR gates OG.sub.l - OG.sub.n, to a scanner SC.sub.II further receiving the
      clock pulses ck  from processor 100 (FIG. 1). Scanner SC.sub.II cyclically
      unblocks, via pulses sc.sub.1 - sc.sub.n, only those gating circuits
      U".sub.l - U".sub.n whose input registers RG.sub.l - RG.sub.n contain one
      or more significant bits as determined by the outputs of the associated OR
      gates OG.sub.l - OG.sub.n. Moreover, the unblocking of any of the
      downstream gating circuits U".sub.l - U".sub.n is effective only in the
      presence of a vacancy pulse f from transfer circuit H (FIGS. 1 and 5)
      which is transmitted in parallel to all the gates thereof.
PAR  Scanner SC.sub.I of FIG. 1 may be controlled in an analogous manner by the
      contents of the associated output registers R.sub.l - R.sub.m so as to
      skip those registers which do not contain any significant bits. Such
      scanners are well known per se, e.g. from commonly owned U.S. Pat. No.
      3,551,888.
PAR  Leads s.sub.1 - s.sub.14 are energized in parallel from corresponding gates
      of circuits U".sub.l - U".sub.n. These leads, as shown in FIG. 5,
      terminate in transfer circuit H at respective OR gates OH.sub.1 -
      OH.sub.14 inserted in tracks 1 - 14 of the circulating memory. The
      conductors forming these tracks between registers M and O (FIG. 1) are
      also connected to respective inputs of a NOR gate 25 generating the
      vacancy pulse f whenever, in the presence of an empty time slot, none of
      these conductors is energized.
PAR  In FIG. 3 we have shown details of controller C which comprises a pair of
      OR gates 26, 27 with input connections to registers R.sub.l - R.sub.m
      (FIG. 1) for energization by signals r.sub.l - r.sub.m and b.sub.l -
      b.sub.m, respectively. OR gate 26 works into a NAND gate 28 also receiving
      the pulse p.sub.15 from register 0 (FIG. 1) as an indication of the
      availability of a selector switch ready to receive the digital information
      of a code word currently stored in that register. With either or both
      inputs of NAND gate 28 de-energized, two flip-flops 29, 30 are in a reset
      state generating zero outputs on a pair of leads 31 and 32 which terminate
      at a further NAND gate 33. In that reset state, therefore, NAND gate 33
      has a true output r" whereby the AND gate 23 (FIG. 1) is made conductive
      to the clock pulses ck stepping the register 0. The setting input of
      flip-flop 29 receives the start pulse t from heading detector RT (FIG. 1);
      the corresponding input of flip-flop 30 is tied to the output of OR gate
      27.
PAR  Whenever there appears in register 0 a code word whose address portion
      (transmitted to processor 100 via cable 20) identifies a calling
      subscriber line to which a selector switch has already been assigned,
      processor 100 emits the 0-level pulse k.sub.15 so that NAND gate 115 has a
      true output and causes the circulation of a discriminating bit of value
      "1" through the memory loop back to register 0. On the next cycle,
      therefore, an availability pulse p.sub.15 is transmitted to NAND gate 28
      and cuts off that gate if, simultaneously, one or more registers R.sub.l -
      R.sub.m are empty so that OR gate 26 conducts in response to one or more
      pulses r.sub.l - r.sub.m. This operation sets the flip-flops 29 and 30,
      with resulting energization of lead 31 to generate the blocking signal k'
      and with concurrent de-energization of the output lead 34 of NAND gate 33
      to create the blocking pulse r" for AND gate 23. At this point, therefore,
      the stepping of extraction register 0 is arrested so that the code word
      stored therein, transmitted in parallel to all the output registers
      R.sub.l - R.sub.m can be read into whichever of these output registers is
      receptive therefor as indicated by an unloading signal r.sub.l - r.sub.m.
      It will be seen that these unloading signals are also fed back to an
      unblocking terminal in the inputs of the respective registers, aside from
      being delivered to OR gate 26 of control circuit C.
PAR  The reloading of a previously emptied output register generates one of the
      signals b.sub.l - b.sub.m causing conduction of OR gate 27 with consequent
      resetting of flip-flop 30. This cancels the blocking pulse r" so that
      clock pulses ck can again pass the AND gate 23 to step the register 0
      which is thereby cleared of its contents. If a time slot just vacated is
      not the last one in the cycle, i.e. is not immediately followed by the
      heading which marks the beginning of the next cycle, blanking signal k"
      remains in effect for one or more clock pulses so that subsequent code
      words bypass the register 0 in circulating from register M to register N.
      At the commencement of the next cycle, start pulse t resets the flip-flop
      29 to restore the original condition, with disappearance of blanking
      signal k' and effective reinsertion of register 0 into the circulation
      path.
PAR  The heading detector RT has been illustrated in FIG. 4 as comprising a pair
      of AND gates 35, 36 with 15 inputs each (only six of them shown) connected
      to the several track leads 1 - 15, these inputs being partly inverting
      according to a complementary pattern. Thus, in the particular example
      chosen, gate 35 has odd-numbered inverting inputs (connected to leads 1, 3
      . . . 15) whereas gate 36 has even-numbered inverting inputs (connected to
      leads 2, 4 . . . 14). Thus, the heading is assumed to consist of two
      mutually complementary code words 0101 . . . 010  and 1010 . . . 101
      appearing in immediately consecutive time slots. The first of these code
      words opens the AND gate 35 to generate the start pulse t; the second code
      word opens the AND gate 36 to produce the verification pulse k".
PAR  The insertion circuit ST, more fully illustrated in FIG. 6, comprises a
      pulse counter 37 of 12 binary stages stepped by clock pulses ck via an AND
      gate 38 whose second input is tied to a lead 39 in the output of a NAND
      gate 40. The set outputs of the flip-flops constituting the fifth through
      twelfth stages of counter 37 work into an AND gate 41 feeding the NAND
      gate 40; another input of this NAND gate receives the set output of the
      fourth counter stage. The first four stages of counter 37 have their set
      outputs connected to respective inputs, the first and the fourth of them
      inverting, of an AND gate 42 feeding a NAND gate 43 which also receives
      the output of AND gate 41. Lead 39 is further connected through an
      inverter 44, an AND gate 45 and an OR gate 46 to a resetting lead 47 for
      all the stages of counter 37. OR gate 45 has a second input connected to
      monitoring circuit RCT (FIGS. 1 and 7) to receive from it the alarm signal
      a.
PAR  An energizing circuit for the entire network comprises a master switch 48
      operated to connect a bus bar 49, supplying its components in a manner not
      further illustrated, to a source of operating current here
      diagrammatically indicated by +. A differentiation circuit CR is connected
      to bus bar 49 to generate a brief trigger pulse upon closure of switch 48,
      this pulse tripping a monoflop FC which measures a short warm-up period
      and then returns to normal with generation of a delayed pulse d in another
      input of OR gate 46. Pulse d resets the counter 37 to zero, if it was
      previously in a different position, and cancels a signal r' on an output
      lead 50 of counter 37 which terminates at buffer register N. The
      disappearance of this signal r' is tantamount to the generation of a
      clearing pulse r' which empties the register N of its contents.
PAR  The resetting of counter 37 removes voltage from all the inputs of AND gate
      41 so that NAND gate 40, which heretofore had a false output, now conducts
      to unblock the AND gate 38 whereby clock pulses ck can step the counter
      through its full count of 2.sup.11 - 1 clock cycles before output lead 50
      is re-energized.
PAR  AND gate 41 conducts already 15 clock pulses earlier so as to energize one
      of the inputs of each associated NAND gate 40 and 43. Six pulses later,
      gate 42 also conducts to cancel a signal k (with generation of its
      negation k) on an output lead 51 of NAND gate 43. After two further steps
      of counter 37, its second and third stages are reset while its fourth
      stage is set to energize the second input of NAND gate 40 with consequent
      de-energization of lead 39 so as to arrest the counter. Inverter 44
      thereupon enables the AND gate 45 to pass an alarm signal a which may
      subsequently arrive from monitoring circuit RCT.
PAR  The clearing pulse r', disappearing after 2.sup.11 clock cycles, persists
      for a period well in excess of that required to discharge the 514 stages
      of registers M, N and 0. With AND gate 45 blocked during that period, no
      false alarm can be generated as a result of the noncirculation of the
      heading code through the memory loop. After the unblocking of gate 45, the
      arrival of an alarm signal a resets the counter 37 and initiates the same
      sequence of operations as the original closure of master switch 48.
PAR  Circuit ST further comprises a pair of multi-input NAND gates 52, 53
      connected across track leads 1 - 15 upstream and downstream of buffer
      register N, respectively. The upstream NAND gate 52 has a pattern of
      inverting and noninverting inputs identical with that of gate 36 (FIG. 4),
      specifically with all even-numbered inputs inverting, whereas NAND gate 53
      has the complementary pattern identical with that of gate 35 in FIG. 4.
      Thus, a normally energized output lead 54 of NAND gate 52 is de-energized
      in the presence of the second heading code in the input of register N, an
      output lead 55 of NAND gate 53 being similarly de-energized in the
      presence of the first heading code in the output of that register. Leads
      51, 54 and 55 terminate at an AND gate 56 working in parallel into two
      sets of NAND gates 501 - 515 and 601 - 615 inserted in the several bit
      tracks 1 - 15. NAND gates 501 - 515 are disposed upstream of register N,
      between the input terminals thereof and the junction points leading to
      NAND gate 52, whereas NAND gates 601 - 615 are located downstream of the
      output terminals of register N and of the junctions with the inputs of
      NAND gate 53. Furthermore, a set of inverters 501' . . . 515' precede the
      odd-numbered NAND gates 501 . . . 515 whereas a set of other inverters
      502' . . . 514' follow the even-numbered NAND gates 502 - 514 upstream of
      register N. In complementary fashion, a set of inverters 602' . . . 614'
      precede the even-numbered NAND gates 602 . . . 614 whereas a set of
      inverters 601' . . . 615' follow the odd-numbered NAND gates 601 . . . 615
      downstream of register N. (The combinations of NAND gates 502 . . . 514
      and inverters 502' . . . 514' or NAND gates 601 . . . 615 and inverters
      601' . . . 615' could, of course, be replaced by respective AND gates, yet
      this simplification has not been adopted in order to make the inversion
      patterns more clearly apparent.)
PAR  Normally, with all three inputs of AND gate 56 energized, NAND gates 501 -
      515 and 601 - 615 are switchable to pass the incoming bits into register N
      and read them out of that register with their original values unchanged.
      AND gate 56 momentarily ceases to conduct, for the duration of one clock
      cycle, in response to any of the following occurrences:
PA1  a. generation of a pulse k on lead 51 following energization of the network
      ST by closure of master switch 48 as described above;
PA1  b. recognition by NAND gate 52 of the second heading code (assumed to be 10
      . . . 01) in the input of register N;
PA1  c. recognition by NAND gate 53 of the first heading code (assumed to be 01
      . . . 10) in the output of register N.
PAR  In any of these events, AND gate 56 is cut off and blocks the NAND gates
      501 - 515, 601 - 615 which thereupon all have a true output. The presence
      of inverters 601' - 615' in the odd-numbered leads 1 . . . 15, however,
      converts the all-one code word downstream of register N into the first
      heading code 01 . . . 10 whereas the presence of inverters 502' . . . 514'
      in the even-numbered upstream leads generates the second heading code 10 .
      . . 01 in the input of that register.
PAR  The second heading code emerges unaltered from the register immediately
      after the generation of the first heading code so that the two code words
      circulate through the loop in consecutive time slots. If both NAND gates
      52 and 53 are simultaneously cut off, as will normally be the case, the
      operation of regenerative circuit ST does not modify the contents of the
      circulating memory; if, however, either half of the heading has been
      mutilated on passing through extraction register 0, the error is corrected
      before it can give rise to an alarm signal issuing from monitoring circuit
      RCT.
PAR  In FIG. 7 we have shown details of that monitoring circuit which comprises
      a plurality of pulse counters generally similar to counter 37 of FIG. 6,
      namely a 13-stage counter BC, a 10-stage counter FG and a 2-stage counter
      Q. Counters BC and FG are stepped in parallel by clock pulses ck whereas
      counter Q is stepped by start pulse t from detector RT; counters BC and FG
      are resettable by the verification pulse k" from that detector whereas
      counter Q is normally reset by the counter FG after every 514.sup.th clock
      pulse. If the verification pulse k" does not appear, counter BC reverses
      its final stage after 2.sup.12 clock pulses to de-energize a lead 57
      terminating at respective inputs of an AND gate 58 and a NAND gate 59. AND
      gate 58, disposed in the path of the clock pulses ck, blocks the further
      stepping of the counter BC beyond that point; NAND gate 59, whose other
      input is connected to a normally de-energized output lead of counter Q,
      thereupon conducts to emit an alarm signal a. That alarm signal is also
      generated if, within the 514-pulse counting period of counter FG, start
      pulse t steps the counter Q more than once.
PAR  It will be noted that the period measured by counter BC exceeds that
      established by counter 37 (FIG. 6) for the maintenance of the clearing
      signal r'.
CLMS
STM  We claim:
NUM  1.
PAR  1. A network for the temporary storage of binary code words assigned to at
      least one outgoing channel, comprising:
PA1  input means for storing incoming code words;
PA1  closed-loop memory means for continuously recirculating several code words
      in a recurrent cycle composed of a multiplicity of time slots;
PA1  insertion means for introducing an invariable binary heading into at least
      one of said time slots to mark the beginning of a cycle;
PA1  detector means coupled to said memory means for generating a periodic start
      pulse in response to circulation of said heading past a predetermined
      point of the closed loop preceding a one-word storage section thereof;
PA1  transfer means responsive to said start pulse and coupled to said memory
      means for entering a code word from said input means in a vacant time
      slot; and
PA1  control means responsive to the availability of said outgoing channel for
      establishing a short circuit for the circulating code words around said
      storage section while initiating the read-out therefrom of a code word
      destined for said outgoing channel, said control means being responsive to
      said start pulse from said detector means for opening said short circuit
      with generation of a vacant time slot immediately preceding said heading
      whereby the next code word entered from said input means by said transfer
      means occupies the last time slot of a cycle.
NUM  2.
PAR  2. A network as defined in claim 1 wherein said memory means comprises a
      multistage shift register and a one-stage extraction register in cascade
      therewith, said extraction register constituting said storage section.
NUM  3.
PAR  3. A network as defined in claim 2 wherein said detector means is coupled
      to the output of said multistage shift register immediately ahead of said
      extraction register.
NUM  4.
PAR  4. A network as defined in claim 2 wherein said memory means further
      comprises a one-stage buffer register between said extraction and shift
      registers, said insertion means including gating circuits upstream and
      downstream of said buffer register for generating a pair of immediately
      consecutive code words constituting said heading.
NUM  5.
PAR  5. A network as defined in claim 4 wherein said upstream and downstream
      gating circuits are mutually complementary for making said consecutive
      code words complements of each other.
NUM  6.
PAR  6. A network as defined in claim 4, further comprising monitoring means
      connected to said detector means for determining the number of occurrences
      of said heading in a cycle and for generating an alarm signal upon said
      number differing from unity.
NUM  7.
PAR  7. A network as defined in claim 6 wherein said insertion means is
      connected to said monitoring means for clearing said buffer register in
      response to said alarm signal.
NUM  8.
PAR  8. A network as defined in claim 4 wherein said insertion means comprises a
      first coincidence gate in the input of said buffer register ahead of said
      upstream gating circuit and a second coincidence gate in the output of
      said buffer register ahead of said downstream gating circuit for
      respectively recognizing the second and the first one of said consecutive
      code words, and logical circuitry connected to said coincidence gates and
      to said gating circuits for regenerating both said consecutive code words
      upon recognition of at least one of same by the respective coincidence
      gate.
NUM  9.
PAR  9. A network as defined in claim 8, further comprising switch means for
      closing a power-supply circuit at the beginning of operations and timer
      means responsive to closure of said switch means for triggering said
      insertion means to clear said buffer register for a period sufficient to
      empty said shift register and to generate said consecutive code words at
      the end of said period.
NUM  10.
PAR  10. A network as defined in claim 1 wherein said transfer means includes a
      bit sensor connected to said memory means for detecting a vacant time
      slot, said input means comprising a plurality of input registers receiving
      said incoming code words from respective feeder lines, first gate means
      connected to said detector means for loading said input registers once per
      cycle upon the occurrence of said start pulse, second gate means normally
      blocking the transmission of the contents of said input registers to said
      transfer means, and scanning means for enabling said second gate means to
      unblock the transmission of the contents of said input registers in cyclic
      succession in the presence of signals from said bit sensor indicating the
      existence of vacant time slots.
PATN
WKU  039407500
SRC  5
APN  344659&
APT  1
ART  235
APD  19730326
TTL  Wall topology storage system
ISD  19760224
NCL  13
ECL  1
EXP  Moffitt; James W.
NDR  3
NFG  9
INVT
NAM  Voegeli; Otto
CTY  San Jose
STA  CA
ASSG
NAM  International Business Machines Corporation
CTY  Armonk
STA  NY
COD  02
CLAS
OCL  340174TF
XCL  340174BC
XCL  340174EB
XCL  340174VA
XCL  340174YC
EDF  2
ICL  G11C 1115
FSC  340
FSS  174 TF
UREF
PNO  3114898
ISD  19631200
NAM  Fuller
OCL  340174TF
UREF
PNO  3176276
ISD  19650300
NAM  Smith
OCL  340174TF
UREF
PNO  3793639
ISD  19740200
NAM  Enz et al.
OCL  340174TF
UREF
PNO  3836895
ISD  19740900
NAM  DeJonge
OCL  340174TF
UREF
PNO  3868659
ISD  19750200
NAM  Schwee
OCL  340174TF
OREF
PAL  IEEE Transactions on Magnetics - Sept.,  1972, pp. 405-407.
LREP
FR2  Kieninger; Joseph E.
ABST
PAL  A wall topology storage system wherein information in the form of data bits
      is stored as polarity reversals in magnetic domain walls separating
      adjacent magnetic domains. A plurality of bits is stored in each wall as a
      plurality of reversals, resulting in greater storage capacity than when
      using the adjacent domain itself.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Magnetic storage devices, particularly devices utilizing magnetic domains
      and magnetic domain wall storage.
PAC  BACKGROUND OF THE INVENTION
PAR  Magnetic domain storage devices are known in the prior art, where the
      direction of magnetization or polarity within a domain is utilized to
      indicate information stored in the domain. Domain walls, formed between
      domains of opposed polarity, have also been utilized in conjunction with
      domains for storage purposes. In these devices, the entire domain wall is
      made to be of a single uniform polarity, and can be used in conjunction
      with the domains for data storage. Such domain-domain wall devices are
      described for example in U.S. Pat. Nos. 3,140,471, 3,114,898, and
      3,176,276.
PAR  Since as a generality there is one domain wall for each domain, using the
      walls or domains results in equal storage capacity. Using both merely
      doubles storage capacity. As domain or wall storage is non-volatile,
      inexpensive, and has no moving parts in some configurations, it is a
      desirable storage medium. Higher density storage is still more desirable
      utilizing the domain concept.
PAR  Thus, an object of this invention is to significantly increase storage
      capacity in domain-domain wall devices by storing a plurality of data bits
      in a single wall.
PAR  Another object is to optionally represent data either by the presence and
      absence of wall polarity reversals or by the sense of such reversals as
      desired.
PAR  Still another object is to afford means for accessing data in a
      non-mechanical manner by utilizing equilibrium domain configurations that
      are translated under the influence of externally applied fields.
PAR  The overall object is to provide a storage medium, method and apparatus
      utilizing wall polarity reversal as a high density storage means.
PAR  These and other objects will best be understood in relation to the summary,
      drawings, and general description that follows.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects are met by the method, medium, and apparatus of this
      invention. Briefly stated, this invention includes a data storage medium
      comprising at least one magnetic domain wall separating adjacent domains,
      and at least one polarity reversal in the wall representing data stored in
      the wall. Data may be represented by the presence and absence of wall
      polarity reversals or by the sense of such reversals, i.e. the polarity of
      wall lines. A plurality of bits may be stored in a single wall as a
      plurality of wall polarity reversals. In one embodiment, the data storage
      apparatus comprises a storage film and a drive film, each having a striped
      domain configuration and oriented orthogonally to each other. Other
      embodients are described.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 depicts domain walls in magnetic films with (a) the easy axis normal
      to the film plane and (b) the easy axis in the film plane.
PAR  FIG. 2 depicts different schemes for data representation.
PAR  FIG. 3 shows stripe domains in a film having (a) the easy axis in the film
      plane and (b) the easy axis normal to the film plane.
PAR  FIG. 4 and 5 show methods of wall injection and wall ejection,
      respectively.
PAR  FIG. 6 shows the combination of wall injection and ejection in a magnetic
      film.
PAR  FIG. 7 shows two wall topology devices utilizing storage and drive films.
PAR  FIG. 8 schematically shows the effect of the drive film interacting with
      the storage film.
PAR  FIG. 9 shows a complete wall topology devide including domain drive means,
      a storage film and a drive film.
DETD
PAC  GENERAL DESCRIPTION
PAC  I. Theory of Operation
PAR  A demagnetized, anisotropic magnetic film generally consists of many
      domains which are uniformly magnetized along some easy direction of
      magnetization. The orientation of the magnetization M changes as one moves
      from domain to domain. Because of a strong coupling between adjacent
      magnetic moments, the reorientation of M does not occur abruptly at the
      domain boundary but over a finite transition region called a domain wall.
      Film thickness and material characteristics determine the domain size as
      well as the width of the domain walls. The chirality, i.e. the sense of
      rotation of M, the magnetization within the wall, is defined by the
      requirement of having minimal wall energy, the wall energy being roughly
      proportional to the angle through which M rotates across the wall. When
      the orientation of M in adjacent domains differs by an angle .theta., then
      one chiral state requires a rotation through an angle .theta., whereas the
      opposite state would necessitate a rotation through an angle of
      (360-.theta.).degree.. Therefore, if M in adjacent domains is not
      antiparallel, then the domain magnetization determines the chiral state of
      the wall. Conversely, if M in the adjacent domains is antiparallel as is
      the case in samples with a purely uniaxial anisotropy, then the two chiral
      states are degenerate and hence equally likely to occur. Under those
      conditions, the two chiral states can be used to represent binary data.
      Such a storage scheme can only be practical if some energy barrier opposes
      a transition from one chiral state to the other. Otherwise the stored data
      would be volatile. A barrier, magneto static in nature, does indeed exist,
      because the wall energy increases momentarily during a transition between
      chiral states. The height of this barrier depends on the spontaneous
      magnetization and the thickness of the storage medium.
PAR  In wall topology storage systems with non-mechanical accessing, the storage
      medium should have low coercivity so that the resulting domain
      configuration is in equilibrium. When the medium has an uniaxial
      anisotropy then the magnetization in adjacent domains is antiparallel and
      the domains form some periodic pattern. Similarly, the magnetization
      configuration within each domain wall is micromagnetically defined, except
      that there exist two possible chiral wall states depending on the
      magnetization's sense of rotation within the wall. Furthermore, the
      transition region between wall segments of opposite chirality,
      subsequently referred to as wall lines, has a well defined magnetization
      configuration, except that there again exist two possible chiral states
      for the wall line depending on the magnetization's sense of rotation. In
      wall topology storage, binary data may be stored either in the binary
      chiral states of domain walls, or in the binary chiral states of wall
      lines. It is a chief attribute of either means of data representation that
      the stored data is not subject to degradation, for when perturbed, the
      magnetization reestablishes the original equilibrium configuration. The
      same is true for the bit positions when they are defined by an equilibrium
      domain configuration. It is a further attribute of wall topology storage
      that the magnetization at a data bit is orthogonal to the surrounding
      magnetization. Externally applied fields in the direction of the
      surrounding magnetization can thus be utilized to translate an existing
      magnetization configuration for accessing stored data. The consequences of
      equilibrium storage are threefold:
PAR  1. In contrast to conventional storage, the storage density is not limited
      by the finite coercivity of the storage medium. Densities up to
      approximately 10.sup.11 bits/cm.sup.2 are in principle possible in
      equilibrium storage.
PAR  2. Since non-volatility does not depend on material coercivity in
      equilibrium storage, a storage medium having a very small coercivity can
      be employed. This makes it possible to propagate the data through a
      stationary storage medium and thereby eliminate mechanical accessing of
      the information.
PAR  3. The orientation of M in walls and domains is orthogonal to each other.
      This makes it possible to devise drive mechanisms for data propagation
      which intereact with the domain magnetization only, but do not affect the
      chiral states of the data bits.
PAR  The concept of equilibrium storage can be employed in many different ways,
      since there exist various possibilities for chiral data representation.
      Different schemes can also be devised and different techniques used to
      access and read/write the data. Consequently, the resulting system
      configurations within the scope of this invention are numerous. The
      following are but a few examples of storage, accessing and read/write
      methods available.
PAR  The design of such system configuration depends also on the orientation of
      M in the domains, domain walls and wall lines relative to the plane of the
      storage film and direction of the domain walls. These orientations are
      determined by material characteristics and thickness of the storage
      medium. Three different orientations for the domain and the wall
      magnetization exist. They in turn determine the orientation of M in the
      wall lines which must be orthogonal to both, the domain and the wall
      magnetization.
PAR  a. The storage medium has an easy axis of magnetization normal to the film
      plane. The magnetization in the domains is also oriented perpendicular to
      the film plane. The associated surface charges will cause a comparatively
      small equilibrium domain width. The walls are of the Bloch type, i.e. M in
      the center of the wall lies in the film plane and parallel to the wall.
      The orientation of the walls in the film plane is determined by the
      mechanism of domain generation.
PAR  b. The storage medium is comparatively thick and has an easy axis of
      magnetization in the film plane. The magnetization in the domains lies
      along the easy axis and surface charges arise only at the edge of the
      film. The equilibrium domain width is therefore comparatively large and
      depends on the film dimension parallel to the easy axis. The wall
      orientation is parallel to the easy axis.
PAR  c. The storage medium has an easy axis of magnetization in the film plane
      but is then compared to (b) above. This situation differs from (b) as the
      walls are of the Neel type with M in the center of the wall perpendicular
      to the wall direction.
PAC  1. Data Representation
PAR  In wall topology storage the data is to be stored by means of a
      corresponding sequence of polarity reversals along each domain wall. Such
      polarity reversals can represent data in two ways, namely:
PA1  a. Through the presence or absence of a polarity reversal at each bit
      position.
PA1  b. Through the chirality of the polarity reversal, i.e. the polarity of the
      wall lines.
PAR  Different encoding schemes are enumerated in the discussion of specific
      embodiments.
PAR  Both means of data representation require some mechansim for pinning wall
      lines to particular wall positions in order to define the bit positions.
      Intrinsic material coercivity model suffice for this purpose. However, if
      positional stability hinges on material coercivity, then the stored
      information must remain stationary and can only be accessed through
      mechanical motion. Since a system configuration not involving mechanical
      motion is advantageous, an additional mechanism must be incorporated for
      pinning the wall lines to the bit position along the wall without
      affecting wall motion. Such an effect can be achieved with a set of
      discrete tracks running perpendicular to the walls, described later in
      conjunction with the preferred embodiments. If the wall line energy is
      reduced on a track position, then the lines will stay on the tracks as the
      wall containing the lines moves through the storage medium. Because of the
      orthogonal orientation of walls and tracks, the tracks will not affect
      wall motion. A set of parallel grooves in the film surface, or an overlay
      of lines made of a soft magnetic material constitute such tracks for the
      wall lines. In the preferred embodiment shown in FIG. 7, these tracks are
      defined through magnetostatic interactions by the set of parallel domain
      walls in the drive film.
PAC  2. Accessing of Data
PAR  To access data in a stationary medium, the information must be moved
      through the storage medium. This is done by propagating the walls parallel
      to the bit tracks. In principle, there is no need to drive each wall
      individually, since the storage medium itself tries to maintain the
      equilibrium spacing between the walls. Instead, walls may be shifted at a
      few locations along the propagation direction only, with spacings between
      drive locations much larger than the distance between walls. Magnetostatic
      interactions between domains will tend to propagate the whole wall array
      in unison. In practice, the allowable separation between drive locations
      is limited, because every real material exhibits some finite coercivity
      for wall motion. When there are n walls between drive locations, then the
      drive mechanism has to overcome a coercivity n times the coercivity of an
      individual wall. However, this limitation is overcome with one of the
      following methods:
PAR  a. Anhysteretic wall motion. A spatially uniform ac field along the easy
      axis of magnetization will vacillate each wall about its equilibrium
      position, with the frequency of the applied field. If the field amplitude
      exceeds the coercive field of an individual wall, then the unidirectional
      wall propagation is anhysteretic.
PAR  b. Bias Pressure on Wall Array. A unidirectional pressure can be applied to
      each wall and thereby compensate for coercivity. A static basis field
      along the easy axis of magnetization will exert such a pressure, if the
      field magnitude decreases along the desired direction of wall propagation.
      The pressure arises because the average magnetostatic energy in the film
      increases with the magnitude of the bias field and the walls try to move
      toward a low energy position.
PAR  c. Wall Injection. When the storage medium is rectangular, current carrying
      conductors can be employed along opposite edges of the storage medium to
      inject new walls along one edge while at the same time ejecting an
      existing wall at the opposite edge. As the material tries to maintain
      fixed spacings between walls, the whole wall array will shift by one wall
      spacing during this process. A given number of current pulses will access
      the addressed wall.
PAR  d. Propagation of Bias Field. This technique employs a bias field along the
      easy axis of magnetization, with the field amplitude varying periodically
      along the direction of desired wall propagation. The wavelength of the
      bias field can be much larger than the spacing between walls. The peak
      amplitude of for example the sinusoidally varying bias field is such as to
      saturate the sample in regions of peak amplitude. The average magnetic
      energy density in the storage medium then varies with the local magnitude
      of the bias field, and the domain walls will occur in packages about
      regions of low field magnitude. When the applied field configuration is
      propagated in a direction perpendicular to the walls, then the wall
      packages will propagate along with the field. This method has the
      principle advantage that the drive fields can be produced with conductors
      for example, whose width is much larger than the wall spacing. A possible
      disadvantage of the method lies in the induced irregular spacing between
      walls.
PAR  e. Localized Drive Fields. Localized drive fields are to interact with the
      magnetization of two adjacent domains and the spatial extent of these
      fields along the direction of wall propagation must be comparable to the
      wall spacing. The drive fields do not however have to interact with the
      whole stripe domain but may be confined to the domain tip at the edge of
      the storage medium. Wall propagation is obtained by shifting the drive
      field configuration along the direction of wall propagation.
PAR  f. Passive Magnetic Circuits. In this approach, a soft magnetic material
      (keeper) is located in close proximity to the storage medium, as to
      provide partial shunting for the stray flux from the domain magnetization.
      The keeper has a structural asymmetry along the direction normal to the
      walls, and thereby creates a coercivity which is different for opposite
      directions of wall motion. A spatially uniform ac field is now applied to
      the storage medium along the easy axis of magnetization. In the absence of
      a keeper, such a field would just tend to vacillate each wall about its
      equilibrium position. With the keeper present the walls tend to move in
      the direction of low coercivity only and unidirectional propagation of the
      wall array is accomplished.
PAC  3. Drive Field Generation
PAR  Some of the above methods employ spatially non-uniform drive fields, which
      are to interact with the domain magnetization in the storage medium. Means
      are thus necessary to propagate these drive fields along some axis. The
      following methods are used to generate and propagate drive fields:
PAR  a. Current Carrying Conductors. The desired field configuration is
      generated with suitable current carrying conductors. The field position is
      then shifted by activating a conductor located a certain distance from the
      first one. Three such conductors, activated in a three phase sequence, are
      in general required to obtain unidirectional field propagation.
PAR  b. Discrete Active Magnetic Circuits. The desired field configuration can
      be generated with a magnetic circuit which then is driven by a spatially
      uniform drive field. When these circuits are in close proximity to the
      storage medium, their stray fields will interact with the domain
      magnetization in the storage medium. The desired configuration of the
      stray fields is obtained by using an appropriate circuit geometry. For
      propagating the stray fields, the circuit geometry must be periodic along
      the propagation direction. Propagation occurs when the circuits are
      activated by a uniform, but rotating drive field. The direction of
      propagation depends on the handedness of rotation. Instead of a rotating,
      an alternating drive field can be employed, if the circuit has a suitable
      asymmetry about the propagation axis.
PAR  c. Homogeneous Active Magnetic Circuits. Instead of generating the desired
      field configuration by using a suitable circuit geometry, the domain
      geometry in a proximate continuous medium can be utilized to generate the
      drive fields. These fields are the stray fields associated with the
      equilibrium domain configuration in said drive medium. To propagate the
      stray fields, the domain configuration is propagated in the drive medium.
      Thus the drive mechanism only has translated from the storage medium to a
      separate drive medium, but in doing so, advantages are gained. The
      material characteristics and geometry of the drive medium can be tailored
      for its drive function, while the storage medium is optimized for its
      storage function. Also, large separation between the drive conductors and
      the read element yields improved decoupling between these two components.
      And, one drive medium can interact with several storage planes.
PAC  4. Writing of Data
PAR  In one storage scheme, the write process determines the chiral state of the
      addressed wall segment. Depending on the system configuration, two
      different write mechanisms may occur.
PAR  a. Bias Writing. In a system operating as a set of parallel shift
      registers, where the walls propagate from one to the opposite edge of the
      storage medium, data can be written as the walls are injected at the edge
      of the storage film. In this case, the write field has to perform merely a
      bias function to perturb the degeneracy between the two storage states.
PAR  b. Transitional Writing. In a circulation system, where the walls propagate
      around a closed loop, it is necessary to reverse the state of some wall
      segments to overwrite existing data. In this case, the write field must
      overcome the energy barrier associated with a transition between the two
      storage states.
PAR  Transitional and bias writing hence require write fields of different
      magnitude. Otherwise the write process is identical: a magnetic field is
      applied about an area containing the data bit. The direction of said
      applied field is parallel to the wanted domain wall polarity or wall line
      polarity depending on the scheme of data representation. If the applied
      field is of sufficient magnitude, it will reverse the polarity of the
      storage state.
PAC  5. Reading of Data
PAR  In wall topology storage the data can be read by sensing the magnetic stray
      fields from data bits by means of a flux sensing device. Inductive read
      elements and magnetoresistive transducers are examples of such sensing
      devices. It is also possible to sense the state of data bits
      magneto-optically by sensing the change in polarization of a light beam
      passing through a data bit.
PAC  II. Specific Embodiments
PAR  The magnetization (M) in a demagnetized anisotropic medium is divided into
      domains with different orientations of M. If the medium is magnetically
      continuous, then M does not change it orientation abruptly at domain
      boundaries, but over a transistion region, the domain wall, of finite
      width. Across the width of the wall, M rotates in a well defined fashion,
      dictated by intrinsic magnetic properties and physical dimensions of the
      sample. When M in the adjacent domains is antiparallel the sense of
      rotation, however, is indeterminate.
PAR  Two opposite wall polarities are hence equally likely to exist. Under
      appropriate conditions, both polarities are often found to occur
      alternately along the wall. Like the domain wall, the wall line between
      wall segments of opposite polarity has a well defined length but an
      indeterminate sense of rotation. A random distribution of wall line
      polarities is often observed along the wall. FIG. 1 depicts types of
      domain walls are associated wall lines for magnetic films with (a) the
      easy axis normal to the film plane and (b) the easy axis of magnetization
      of the film plane.
PAR  Particular trains of wall polarities can be written so that the resulting
      wall topology represents binary data. A binary number may be represented
      by:
PA1  1. The polarity of a unichiral wall (entire wall).
PA1  2. The presence or absence of a wall line at a particular (bit) location.
PA1  3. The polarity of a wall line at a bit location
PA1  4. A combination of (2) and (3).
PAL  Fig. 2 shows examples of these encoding schemes.
PAR  The storage concept described in prior art is shown in FIG. 2-1 for
      reference purpose. The figure depicts two domain walls of uniform, but
      each of opposite polarity as indicated by the direction of hatching. The
      two polarities are used to represent two values of binary data.
PAR  FIG. 2-2 illustrates a first method for storing a plurality of binary data
      bits along each domain wall. In this method, `O` 's are represented by the
      absence of a wall line at specified bit positions, whereas `L` 's are
      represented by the presence of a wall line at such bit positions. The bit
      positions, located at regular spacings along each domain wall, are defined
      by the set of discrete tracks running perpendicular to the wall (described
      on page 8). In this storage scheme, the polarity of wall lines need not be
      controlled.
PAR  FIG. 2-4 illustrates a method for storing a plurality of ternary data bits
      along each domain wall. This scheme differs from the one shown in FIG.
      2-2, in that not only the presence or absence, but also the polarity of
      wall lines is being controlled. The ternary values at bit positions are
      then represented by:
PA1  `O` -- the absence of a wall line
PA1  `L` -- presence of a wall line with positive polarity
PA1  ` ` -- presence of a wall line with negative polarity
PAL  As in FIG. 2-2, bit positions are again defined by a set of discrete tracks
      running perpendicular to the walls.
PAR  FIG. 2-5 illustrates a method for storing data bits in a number system
      whose base may be arbitrarily high--for example, decimal. In this scheme,
      the value of each data bit is determined by the number of wall lines along
      specified wall segments where all wall lines within a data bit have
      identical chirality so that they cannot unwind. Each wall segment
      constituting one data bit may again be defined by lines attached to
      discrete tracks normal to the walls. However, a preferred embodiment for
      this method of data representation utilizes closed domain walls like the
      ones of cylinder domains. Each cylinder domain then stores one data bit,
      the value of said data bit being determined by the number of wall line
      pairs contained in the domain wall.
PAR  FIG. 2-3 illustrates a second method for storing a plurality of binary data
      bits along each domain wall. This scheme utilizes one wall line at each
      bit position. The binary values are represented by the polarity of said
      wall lines. Bit positions may again be defined by a set of discrete tracks
      normal to the domain walls. However, since in this scheme of data
      representation the wall segments between successive bit positions are
      alternately of positive and negative polarity, in a preferred embodiment
      the storage film is superposed above a drive film so that the domain array
      in the drive film defines the bit positions in the storage film (as
      described on page 18). In this embodiment stored data can be accessed
      orthogonally through a translation of the domain arrays in the drive and
      in the storage films.
PAR  In furtherance of any of these encoding schemes, it is desirable to
      generate stripe domain configurations and to have the ability to generate
      and propagate parallel domain walls.
PAR  Stripe domains form naturally in demagnetized magnetic films having an easy
      axis of magnetization in the film plane, FIG. 3a. The equilibrium spacing
      between walls is determined by intrinsic material properties and film
      dimensions as to minimize the sum of magnetostatic and wall energy.
      Because stray fields arise only at the film edges in this anisotropy
      configuration, the spacing between walls is comparatively large. Smaller
      spacings occur in films having an easy axis perpendicular to the film
      plane, but their domain configuration is undetermined as many different
      patterns will yield roughly the same energy. Serpentine patterns are
      typically obsrved in self-demagnetized samples as shown in FIG. 3b.
      Demagnetization in the presence of an in-plane bias field, however, yields
      a regular array of stripe domains parallel to this bias field.
PAR  Such regular arrays of stripe domains can also be generated by alternately
      switching the magnetization along one film edge into opposite directions.
      This is shown in FIG. 4a, b, c. Current carrying conductor 30 runs along
      one film edge. The initial condition of the film 31 is shown, with
      alternating polarity domains. The magnetic field about the conductor 30a
      in FIG. 4(b) switches the magnetization along the film edge into the field
      direction by nucleating a domain wall 32 which then moves a certain
      distance from the film edge. A new equilibrium state FIG. 4c is then
      attained. When the current direction is reversed, a new domain wall is
      produced so that an alternating current injects two domain walls during
      each cycle. The generated walls shift away from the film edge to retain
      the characteristic separation between walls. As the wall arrives at the
      opposite film edge, it ceases to exist.
PAR  The foregoing description a priori assumed wall injection when the polarity
      of the applied field is anti-parallel to the magnetization along the film
      edge. Such a field may however cause ejection of the wall next to the film
      edge instead as described with FIG. 5a-c, for a certain energy barrier
      must be overcome for nucleating a new wall. Which process occurs is
      determined by the spatial configuration of the applied field and by the
      shape of the current pulse. A short duration field that falls off rapidly
      with distance from the film edge will cause wall injection, as the nearest
      domain wall is subject to a much smaller field and does not have time to
      move back to the film edge. Conversely, a field of longer duration but
      with a smaller gradient causes wall ejection, particularly when the field
      magnitude is insufficient to overcome the nucleation barrier.
PAR  Both processes may be utilized in a system whereby a wall is injected along
      one film edge and at the same time a wall is ejected at the opposite film
      edge as shown in FIG. 6. Such a system assures that the number of walls in
      the film remains constant.
PAR  Utilizing the concept and coding scheme of FIGS. 1 and 2 in conjunction
      with the propagation method of FIGS. 4-6, a wall topology memory may be
      built. Thus the system below produces a regular array of bits in the
      storage plane and provides for moving the bit array about the plane.
PAR  FIG. 7 shows two wall topology memories which employ the method disclosed
      here. Both systems consist of two superimposed magnetic films. One, the
      storage film 70 is used for information storage; the other, the drive film
      71, controls the bit positions in the storage film. Systems 7(a) and 7(b)
      differ only in the anisotropy characteristics of the storage film. In
      system 7(a) the easy axis of magnetization is normal to the film plane
      whereas in system 7(b) the easy axis lies in the film plane. Although the
      two anisotropy characteristics yield different orientations of the
      magnetization in the storage film, the domain configurations are the same
      in both cases, an array of stripe domains. In both systems, binary data is
      to be stored in the wall lines of the storage film, whereby each wall
      contains a train of data bit. These bits are located wherever the wall
      reverses its polarity. The magnetization's sense of rotation at the bit
      location determines the stored binary value.
PAR  FIGS. 7-9 show the method for positioning bits at controllable locations
      along the walls. The required polarity reversals are induced by stray
      fields which originate from the domains in the underlying drive film. This
      film has an easy axis of magnetization normal to the film plane and like
      the storage film contains an array of stripe domains, but oriented
      orthogonally to the ones in the storage film. Magnetostatic interactions
      between drive and storage film generate a regular array of bits in the
      latter, one bit for each wall intersection.
PAR  Consider the situation when storage and drive film are widely separated as
      to be noninteracting, FIG. 7. The magnetization within the domains of the
      storage film 70 then lies along the easy axis as indicated. The local wall
      polarity is undetermined, for 180.degree. walls of equal energy are
      associated with either polarity. Reversals in wall polarity are hence
      incidental and usually occur at random intervals.
PAR  The situation changes as the separation between storage and drive film is
      reduced so that the stray fields from the drive film domains can interact
      with the magnetization in the storage film, as shown in FIG. 8, where FIG.
      8a and 8b correspond to FIG. 7a and 7b respectively. These stray fields
      now tilt the magnetization in the storage film 70 domains through a small
      angle .theta. from the eaxy axis. The angle .theta. is determined by the
      stray field component perpendicular to the magnetization.
PAR  Thus .theta. = H.sub.x /H.sub.u in system 8 (a); .theta. = H.sub.z /H.sub.u
      in system (b), where H.sub.u is the effective anisotropy field in the
      storage film, H.sub.x and H.sub.z are the horizontal and vertical
      components of the stray fields respectively. These stray field components
      have the same periodicity as the domains in the drive films and are given
      by: H.sub.x = -H.sub.o cos kx; and H.sub.z =H.sub.o sin kx, where k =
      .pi./D.sub.d and H.sub.o = 8 M.sub.d e.sup.-.sup.kz (1-e.sup.-.sup.kT d).
      M.sub.d is the saturation magnetization in the drive film, D.sub.d is the
      domain width in the drive film and T.sub.d is the thickness of the drive
      film. FIG. 8 shows the coordinate system used and also depicts the
      alternating tilt of the magnetization in two adjacent domains of the
      storage film. Now the local wall polarity is no longer undetermined, since
      a (180-2.theta.).degree. wall is associated with one polarity whereas a
      (180+2.theta.).degree. wall would be associated with the opposite
      polarity. The energy, .sigma., of the (180-2.theta.).degree. wall is lower
      by an amount .DELTA..sigma./.sigma. = .pi..theta. and this wall type will
      hence occur. But as .theta. alternates with the periodicity of the drive
      film domains, the polarity of the storage film walls will alternate with
      the same periodicity, bit positions occur at every polarity reversal and
      the desired bit array has been generated.
PAR  FIG. 9 depicts the utilization of the shift method with storage system
      8(a). Domain shifting in the drive film 71 with the current I.sub.d from
      conductor 74 will shift the bit array 80 in the x-direction. If instead
      the domains in the storage film are shifted with current I.sub.s from
      conductor 75, then the bit array 80 will be shifted in the y-direction. A
      combination of both processes allows for othogonal accessing of the stored
      information.
PAR  For simplicity, the disclosed embodiment has been described for storage
      films having an uniaxial anisotropy. For some purposes, it may be
      advantageous to employ storage films having a biaxial anisotropy in the
      plane parallel to the domains, in order to facilitate the alternating tilt
      of the magnetization.
PAR  The advantages of such a system are manyfold. Since domain walls and wall
      lines have well defined micromagnetic configurations, wall topology
      storage is not subject to creeping disturb by demagnetization. A single
      domain wall may contain a large number of bits (the length of a wall line
      is comparable to the width of a domain wall). Wall topology storage hence
      offers higher packing densities than domain storage. By pinning wall lines
      to particular positions along the wall, then walls can be moved through
      the storage medium without altering the wall topology. A wall
      (constituting a track of bits) may then be addressed by moving it to a
      read/write location. The spacing between walls can be expanded about this
      location by magnetic overlays to facilitate read/write operations, but
      compressed in other areas of the medium for high density storage.
PAR  Different materials may be utilized for the magnetic materials. These
      include NiFe films, MnBi, Co, magnetic ferrites and other well known
      magnetic materials, preferable in film form, as disclosed in the art. In a
      preferred embodiment to illustrate the invention, a single crystal rare
      earth iron garnet film, preferably europium/gallium iron garnet, is used
      for both storage and drive film. The films are substantially 5 microns
      thick, and the storage film is upon a single crystal gadolinium-gallium
      garnet substrate. The planar film may be 1 inch square. The magnetic
      domains are, in one example, 6 microns by 1 inch long, the walls being
      0.06 microns in width. The wall line width is 0.2 microns. The unichiral
      segments between lines are about 6 microns in length.
PAR  The particular material affects domain and wall size. When cobalt is used,
      domains of less than 1 micron may be obtained. Further, thinner films are
      known to afford smaller domains, according to the known relationship
      between width of domains and the thickness of the film layer for each
      different magnetic material.
PAR  Further, while the effects noted above are for magnetic films, the same is
      conceptually true for some ferroelectric materials having ferroelectric
      domains and walls separating one ferroelectric domain from another.
PAR  Basically then the above device is a data storage medium comprising at
      least one magnetic domain wall separating adjacent magnetic domains, at
      least one wall polarity reversal i.e. a wall line presenting a data bit.
      The value of said data bit is given by the presence or absence and/or by
      the polarity of the wall line. These reversals can store binary data,
      ternary data or data to any base greater than two. It is preferred that
      the domains be substantially orthogonal configuration although one
      embodiment utilizes a cylinder domain configuration. Where cylinder
      configuration exists, obviously a closed domain wall exists, and there can
      only be an even number of polarity reversals. As the data storage
      apparatus, accessing read/write means are utilized for determining the
      polarity state of the data bits. Further, generating means for generating
      domains in the storage medium may also be utilized. This includes means
      for injecting and ejecting domains, such as a conductor medium described
      previously. Synchronizing means may also be utilized in conjunction with
      the conductor means as shown in FIG. 9, to maintain the rate of generation
      and removal of domains to maintain the number of domains in a desired
      amount. The stripe domain configuration as noted above is the preferred
      embodiment. Further within the preferred embodiment an orthogonal drive
      film and storage film system as described in conjunction with FIGS. 7, 8,
      9 is desired. As a method, broadly the data can be stored at polarity
      reversals in a magnetic domain wall separating two adjacent domains
      comprising the steps of generating at least one domain wall and the
      magnetic domain material by generating at least two adjacent domains in
      the material, and generating at least one desired polarity reversal within
      the domain wall representing data stored in the wall. Further, the
      polarity reversals may be achieved in a number of ways as discussed above,
      as by interacting the magnetic field of the write means with the localized
      region of the wall chosen to store the data. Reading and writing of data
      may include a magnetic inductive recording head which is to interact with
      the magnetization comprising a data bit. Data stored in the walls may be
      sensed by locating a magnetic polarity sensing means to sense the domain
      wall regions capable of having polarity reversal representing data stored
      in the wall, and the sensing the polarity fo the wall reversal regions as
      indicative of the data stored in the walls.
PAR  Other embodiments will be evident to those skilled in the art, within the
      scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data storage apparatus comprising a magnetic storage medium having a
      series of stripe domains separated by domain walls having at least one
      polarity reversal in the wall, the sign of said polarity reversal
      representing data stored in the wall, and
PA1  a drive film comprising a series of stripe domains separated by domain
      walls and located adjacent to and orthogonal to the stripe domains in said
      storage medium, wherein the intersections of the domain walls of said
      storage medium and of said drive film define bit locations.
NUM  2.
PAR  2. The apparatus of claims 1 including generating means for generating
      domains in and removal means for removing domains from the drive film.
NUM  3.
PAR  3. The apparatus of claim 1 including means for changing state of the
      polarity reversal.
NUM  4.
PAR  4. The data storage apparatus of claim 1 including generating means for
      generating domains in the storage medium.
NUM  5.
PAR  5. The data storage apparatus of claim 4 wherein the generating means
      comprises at least one electrical conductor located adjacent the medium to
      generate domains as a function of the applied current direction.
NUM  6.
PAR  6. The data storage apparatus of claim 4 including removal means for
      removing domains in the storage medium.
NUM  7.
PAR  7. The data storage apparatus of claim 6 wherein the removal means
      comprises at least one electrical conductor located adjacent the medium to
      remove domains as a function of the applied current direction.
NUM  8.
PAR  8. A method of reading data stored as the sign of the polarity reversals in
      domain wall in a magnetic storage medium having a series of stripe domains
      separated by domain walls and having a drive film comprising a series of
      stripe domains separated by domain walls and located adjacent to and
      orthogonal to said stripe domains in said storage medium and where the
      intersections of the domain walls of said storage medium and of said drive
      film define bit locations comprising the steps of
PA1  sensing the sign of the polarity of the wall reversal at a first bit
      location as indicative of data stored in the walls.
NUM  9.
PAR  9. A method as described in claim 8 including the step of
PA1  moving the sensing means relative to said first bit location to access a
      second bit location.
NUM  10.
PAR  10. A method as described in claim 8 including the step of
PA1  moving the domains in said drive film relative to said drive film to access
      a third bit location.
NUM  11.
PAR  11. A method as described in claim 8 including the step of
PA1  moving the domains in said storage medium relative to said storage medium
      to access a fourth bit location.
NUM  12.
PAR  12. A method as described in claim 11 including the step of
PA1  moving the domains in said drive film relative to said drive film to access
      a fifth bit location.
NUM  13.
PAR  13. A method as described in claim 12 including the step of
PA1  moving the sensing means relative to said drive film to access a sixth bit
      location.
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ABST
PAL  Parallel "crow-foot" circuit elements in different bubble paths symmetrical
      about an axis parallel to and between the paths propagate bubbles in
      opposite directions with the same set of pulsed drive fields and are used
      to build closed loop paths with parallel sides. Special cornering elements
      couple parallel channels to form rectangular loops.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to the field of magnetic bubble technology
      (MBT) and, more particularly, to means for propagating or transmitting
      magnetic bubbles, especially in recirculating closed loops.
PAR  MBT involves the creation and manipulation of magnetic bubbles in specially
      prepared magnetic materials. The word "bubble", used throughout this text
      is intended to encompass any single-walled magnetic domain, defined as a
      domain having an outer boundary which closes on itself. The application of
      a static, uniform magnetic bias field orthogonal to a sheet of magnetic
      material having suitable uniaxial anisotropy causes the normally random
      serpentine pattern of magnetic domains to shrink into isolated, short
      cylindrical configurations or bubbles whose common polarity is opposite
      that of the bias field. The bubbles repell each other and can be moved or
      propagated by a magnetic field in the plane of the sheet.
PAR  Many schemes exist for propagating bubbles along predetermined channels.
      These techniques can be classed generally as conductor-accessed and
      field-accessed. In conductor-accessed propagation systems electrically
      pulsed conductive loops are disposed in series over the magnetic sheet. In
      field-accessed propagation systems electrical conductors are not disposed
      on the magnetic sheet for propagation; instead, an overlay pattern of
      ferromagnetic elements establishes a bubble propagation channel in which a
      sequence of attracting poles is caused to be formed in the presence of a
      continuous, uniformly rotating magnetic drive field in the plane of the
      sheet.
PAR  A major distinction in function between conductor-accessed and
      field-accessed circuits is that several conductor-accessed circuits can be
      disposed on the same sheet or "bubble chip" and operated completely
      separately and exclusively from each other while field-accessed circuits
      on the same chip all operate at the same time under the control of a
      ubiquitous, uniformly rotating, common drive field.
PAR  One attempt at providing field-accessed channel selection is shown in U.S.
      Pat. No. 3,543,252 to Perneski illustrating several variations on the
      familiar T-bar circuit to which different permutations of pulsed
      orthogonal drive fields are applied.
PAR  MBT can be used in data processing because magnetic bubbles can be
      propagated through channels, whether field-accessed or conductor-accessed,
      at a precisely determined rate so that uniform data streams of bubbles are
      possible in which the presence or absence of a bubble at a particular
      position within the stream indicates a binary "1" or "0". Because of its
      potential for low cost, low power consumption and extremely high bit
      density, MBT is under active consideration for use in large scale memories
      of moderate speed. One of the prime design elements of many memory systems
      utilizing field-accessed magnetic bubbles is the provision of a closed
      loop bubble path which can be used as a recirculating "shift register".
      Many memory arrangements of this type employ a plurality of "minor" loops
      selectively interconnectible with a "major" loop such that bubbles can be
      transferred between the major and minor loops on command. The ability to
      propagate bubbles in one or more recirculating loops without operating
      other loops on the same chip has until recently been confined to systems
      employing conductor-accessed circuits. Mutually exclusive closed loop
      field-accessed bubble propagation circuits are disclosed in copending
      application Ser. No. 432,450, filed Jan. 11, 1974, by Howard H. Aiken,
      Paul T. Bailey and Robert C. Minnick, entitled "Mutually Exclusive
      Magnetic Bubble Propagation Circuits". Discrete mutually exclusive circuit
      elements and systems composed thereof are disclosed in copending
      application Ser. No. 448,649, filed Mar. 6, 1974, by Paul T. Bailey and L.
      John Doerr III, entitled "Mutually Exclusive Magnetic Bubble Propagation
      Circuits With Discrete Elements" now U.S. Pat. No. 3,879,716. Both of the
      aforementioned copending applications are assigned to the assignee of this
      application and incorporated herein by reference.
PAR  One of the features of the closed loop embodiments disclosed in the
      aforementioned copending applications is that the sides of each circuit
      must be parallel to corresponding sides of a reference triangle,
      preferably equilateral. Consequently, the embodiments therein disclosed
      did not have the geometry of a rectangle or parallelogram. This feature
      may be a disadvantage in applications where complex circuit paths become
      necessary to conserve space on the bubble chip.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the invention is to provide parallel-sided
      propagation paths for circuit elements of the mutually exclusive type
      whereby closed loops having the form of rectangles and parallelograms are
      possible. Another object of the invention is to propagate bubbles in
      opposite directions along parallel propagation channels of discrete
      circuit elements of the mutually exclusive type under the control of the
      same drive field sequence.
PAR  The applicant has discovered that these and other objects of the invention
      are achieved by arranging two bubble paths in parallel composed of similar
      discrete overlay circuit elements of the mutually exclusive field-accessed
      type such that the shape and orientation of the elements in one channel
      are symmetrical to corresponding elements in the other channel about a
      parallel axis between the channels. The parallel channels, when driven by
      the same set of pulsed in-plane drive fields, propagate bubbles in
      opposite directions. Utilizing this principle of symmetrical parallel
      channels, closed loops may be formed having at least two parallel sides
      along which bubbles always propagate in opposite directions, for example,
      a trapezoid, parallelogram or hexagon. Moreover, by using circuit elements
      of the mutually exclusive type, parallel-sided closed loops can be
      exclusively selected by different, corresponding sets of drive fields.
PAR  In the preferred embodiments, parallel-sided loops are formed using the
      "crow-foot" circuit elements disclosed in the aforementioned copending
      application by Paul T. Bailey and L. John Doerr. In particular, mutually
      exclusive loops in the form of parallelograms and rectangles are described
      herein with special 120.degree. and 90.degree. cornering elements,
      respectively.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a bubble chip furnished with a
      conventional chevron circuit.
PAR  FIG. 2 is a schematic diagram illustrating two opposite parallel crow-foot
      channels driven by the same pulsed drive field.
PAR  FIG. 3 is a schematic diagram illustrating a closed loop bubble path having
      opposite parallel sides composed of crow-foot circuit elements, and the
      associated set of sequential drive fields.
PAR  FIG. 4 is a schematic diagram illustrating an alternative 120.degree.
      cornering arrangement for the circuit of FIG. 3.
PAR  FIG. 5 is a schematic diagram illustrating a parallelogram crow-foot
      circuit, mutually exclusive from the circuit of FIG. 3, and drive fields
      therefor.
PAR  FIG. 6A is a schematic diagram illustrating the relationship of the drive
      field sets and propagation directions for the mutually exclusive circuits
      in FIGS. 3 and 5.
PAR  FIG. 6B is a schematic diagram further illustrating the relationship of the
      drive field sets in FIG. 6A.
PAR  FIGS 7-11 are schematic diagrams illustrating parallel crow-foot channels
      coupled by different 90.degree. cornering elements, and the associated
      drive fields.
PAR  FIGS. 12 and 13 are schematic diagrams illustrating closed loop rectangular
      crow-foot paths and the associated drive fields for each.
PAR  FIG. 14 is a schematic diagram illustrating the relationship between the
      drive field sets and propagation directions for the mutually exclusive
      circuits of FIGS. 12 and 13.
PAR  FIG. 15 is a schematic diagram of a serpentine bubble path.
PAR  FIG. 16 is a schematic diagram illustrating the definition of "mutually
      exclusive element" as applied to the set of crow-foot elements.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the basic components of a field-accessed garnet bubble
      chip having a conventional chevron circuit. A substrate 10 of nonmagnetic
      garnet supports an epitaxial magnetic bubble garnet layer 12 and spacing
      layer 14 of silicon oxide to which conventional permalloy chevron circuit
      elements 16, 18 and 20 are bonded. The chip is subject to a static
      magnetic bias field orthogonal to the plane of the magnetic bubble garnet
      layer 12. In the presence of a bias field of suitable strength,
      cylindrical bubbles (not shown in FIG. 1) are maintained in garnet layer
      12. Conventionally, a rotating in-plane magnetic drive field, produced by
      an orthogonal pair of Helmholtz coils causes bubbles to propagate along
      chevron circuit element 16 to element 18, for example. Many parameters
      affect the performance of chevron circuits, such as the number of parallel
      chevrons per bubble position (single chevrons are illustrated in FIG. 1),
      the spacing of adjacent chevron elements, their width, the magnetic
      properties of the overlay material, the propagation rate, and the strength
      of the bias and drive fields.
PAR  If one were concerned only with finding the best field-accessed overlay
      pattern for use with a uniformly rotating drive field, among those
      presently available, certainly either chevrons or T-bars would be a good
      choice. Another kind of overlay circuit element, however, has been
      discovered to be more particularly suited to the task of circuit
      discrimination via different pulsed drive field orientations.
PAR  The crow-foot element, comprises a straight bar or stem having an arm at
      one end making an acute angle with the stem and another arm intermediate
      of the ends of the stem extending at an acute angle on the other side
      thereof. The angled arms resemble staggered branches or barbs. In the
      preferred embodiment the angles of the arm relative to the stem are both
      60.degree.. Bubbles are transported in the magnetic bubble garnet layer
      immediately beneath the stem portion by the sequential application of
      three fields preferably separated by 120.degree., aligned along the stem
      and the two angled arms respectively such that attractive bubble positions
      are formed consecutively at one end of the stem, the middle, and the other
      end of the stem. Crow-foot elements are arranged serially with the stem
      portions in alignment to form bubble propagation paths which resemble bird
      tracks, hence the element's name.
PAR  The "complementary" set of three drive fields (in which the orientations
      are all reversed) will drive a channel of crow-foot elements of "reverse"
      shape, but is ineffective to propagate bubbles on the "normal" crow-foot
      channel. Thus channels of crow-foot elements having reverse shapes
      relative to each other are mutually exclusively field-accessable. The term
      "mutually exclusive element" as used herein, means any one of at least two
      kinds of analogous elements, where a channel composed of one kind of
      elements propagates bubbles by means of a corresponding set of sequential
      drive field orientations which does not propagate bubbles on a channel
      composed of the other kind of elements, and vice versa, where both kinds
      of elements bear the same geometrical relationship to the corresponding
      sets of field orientations which drive them.
PAR  In FIG. 2 a crow-foot channel 22 is composed of three serially aligned
      crow-foot elements 24, 26 and 28. A second crow-foot channel 30 parallel
      to channel 22 is composed of serially aligned crow-foot elements 32, 34
      and 36. The shape and orientation of each crow element in channel 30 are
      symmetrical to the shape and orientation of each element in channel 22,
      about a line of symmetry, the x-axis, drawn between and parallel to the
      two channels 22 and 30.
PAR  A set of pulsed drive fields 38 is applied to the two channels to propagate
      bubbles along the aligned stemmed portions of the elements in each
      channel. With reference to channel 22, the drive field orientation labeled
      1 is parallel to the stem portion of the crow-foot element, field
      orientation 2 is parallel to the intermediate angled arm and field
      orientation 3 is parallel to the angled end arm of each crow-foot element.
      The direction of each field is such that three consecutive attracting
      magnetic positions are formed along each crow-foot element at one end, at
      the intersection of the intermediate angled arm and at the other end.
      Bubbles are propagated along the stem portions of the crow-foot elements
      24, 26 and 28 toward the right, as viewed in FIG. 2, through the bubble
      positions labeled 1, 2 and 3 corresponding to the sequential application
      of the drive field set 38. In the parallel channel 30 bubbles are
      propagated in a similar manner through the labeled bubble positions which
      again correspond to the numbered field sequence 38. However, because of
      the interchanged arrangement of the angled arms of elements 32, 34 and 36,
      bubbles propagate to the left in channel 30.
PAR  In the aforementioned copending application by Bailey and Doerr,
      triangular, closed loop crow-foot circuits were described. In the
      preferred embodiments adjacent sides of of the closed loop path are joined
      by 60.degree. angles using special cornering elements.
PAR  The principle described in FIG. 2 of the present application can be used in
      building closed loop circuits having at least two parallel, opposite,
      propagating sides. A parallelogram, crow-foot, closed loop circuit 40 is
      shown in FIG. 3. The circuit is composed of two pairs of parallel sides
      42, 44 and 46, 48. The elements which make up corresponding sides 44 and
      46 correspond to the channels 22 and 30 in FIG. 2. The elements making up
      the sides 46 and 48 also bear the same reflection relationship to each
      other as that in FIG. 2. The parallelogram circuit 40 contains four
      corners at two 60.degree. angles and two 120.degree. angles. The two
      60.degree. corners are formed by cornering elements 50 and 52 which are
      further described in the aforementioned, copending application by Bailey
      and Doerr. One of the, 120.degree. angles, corner 54, is accomplished by
      means of mere juxtaposition of two crow-foot elements belonging
      respectively to sides 42 and 48 in the case. The special cornering element
      56 for the remaining 120.degree. corner is a composite of a whole
      crow-foot element belonging to side 46 and a half stem with the
      intermediate angled arm of another crow-foot element belonging to side 44.
      The half element from side 44 is joined at its vertex to the free end of
      the angled end arm of the whole crow-foot element belonging to side 46.
      The operation of the parallelogram circuit 40 by drive field sequence 38
      is indicated by the correspondingly labeled bubble positions throughout
      the circuit 40.
PAR  FIG. 4 illustrates a variation on the special 120.degree. cornering element
      between sides 44 and 46 of the parallelogram circuit 40 of FIG. 3. In FIG.
      4 the right-hand member of the lower side 44 is a whole crow-foot element
      58 and the adjacent member of the right side 46 is a half element 60
      separated by a gap from the whole element 58. The half element 60
      comprises a half stem with the joined intermediate angled arm. The vertex
      of element 60 is juxtaposed, but not joined with the right-hand end of the
      whole crow-foot element 58. The operation of the 120.degree. corner is
      indicated by the labeled bubble positions corresponding to the numbered
      drive field sequence in FIG. 3
PAR  FIG. 5 is another crow-foot parallelogram circuit 62 with analogous
      cornering elements to the circuit 40 of FIG. 3 Circuit 62 is driven by
      drive field sequence 64 as indicated by the correspondingly numbered
      consecutive bubble positions.
PAR  In FIG. 6A, the interrelationship between circuits 40 (FIG. 3) and 62 (FIG.
      5) is illustrated. The circuit of FIG. 3 is designated circuit A and is
      driven by drive field sequence 1A, 2A, and 3A. Similarly, the circuit 62
      of FIG. 5 is designated circuit B and is driven by field sequence 1B, 2B
      and 3B. The patterns of elements as well as the individual elements in
      circuits 40 and 62, respectively, are symmetrical in shape and orientation
      about the vertical y-axis. It should be noted that the y-axis is
      perpendicular to one segment of each crow-foot element on each side of
      circuits 40 and 62. For example, the stems of the elements comprising side
      42 of circuit 40 are perpendicular to the y-axis. Because in the preferred
      embodiment the arms make 60.degree. angles with the stem of the crow-foot
      element, the y-axis cannot be parallel to any segment of any element of
      the circuits 40 and 62 (A and B). In contrast, the x-axis of FIG. 2 is
      parallel to one segment of each element, in this case the stem. Moreover,
      the A and B drive field sets (38 and 64) are also symmetrical about the
      y-axis. The B field sequence is opposite from the A field sequence in that
      the orientation of the B vectors are 180.degree. with respect to
      corresponding ones of the A vectors, as seen more clearly in FIG. 6B. The
      A fields are not effective to propagate bubbles around the B circuit and B
      fields are not effective to drive bubbles around the A circuit. Hence, the
      parallel-sided, field-accessed closed loop circuits, A, B are mutually
      exclusive. Thus by choosing the axis of symmetry between the separate
      circuits as a line (the y-axis) perpendicular to segments of the crow-foot
      elements, mutually exclusive circuits are provided, while choosing the
      axis of symmetry within each circuit as a line parallel to segments of the
      crow-foot elements provides parallel paths which propagate in opposite
      directions in the same field sequence. This latter principle is, of
      course, the one which enables construction of parallel sided closed loops.
PAR  It should also be noted that if the rotational order of either field
      sequence A or B in FIG. 6A were reversed, the corresponding circuit would
      propagate in the opposite direction.
PAR  FIG. 7 illustrates one form of 90.degree. cornering element 66 joining
      parallel commonly driven crow-foot channels 68 and 70. Cornering element
      66 comprises a pair of parallel bars 72 and 74 extending to the right of
      the channels 68 and 70. Two angled bar elements are combined to form an
      x-shaped element 76 whose end are aligned between the left-hand ends of
      the bar elements 72 and 74. The Operation of cornering element 66 is
      indicated by the labeled bubble positions corresponding to the numbered
      standard drive field sequence 38.
PAR  FIGS. 8-11 include other types of 90.degree. cornering elements useful in
      linking two parallel channels. The operation of each of these cornering
      elements is indicated by the bubble positions which are labeled in
      accordance with the numbered drive field sequence 38.
PAR  In FIG. 12 a closed loop rectangular circuit 78 is composed of parallel
      opposite crow-foot channels driven by drive field sequence 38. The
      opposite ends of the channel are coupled by means of different cornering
      elements 80 and 82. Cornering element 80 is the same as that shown in FIG.
      10. Cornering element 82 includes two angled elements 84 and 86 whose
      vertices are aligned with the left-hand end of a bar 88 parallel to the
      crow-foot channels. Again, the operation of circuit 78 is indicated by the
      numbered bubble positions corresponding to the numbered drive field
      sequence 38. Corresponding ones of parallel opposite crow-foot elements in
      the parallel channels are joined in parts by connecting the ends of the
      corresponding angled arms together. This latter feature is facilitated by
      the 90.degree. cornering elements.
PAR  FIG. 13 shows a rectangular, closed loop crow-foot circuit 90 which is
      mutually exclusive to the circuit 78 of FIG. 12. The circuit 90 is driven
      by the drive field sequence 64, and the relative locations of the
      cornering elements 80' and 82' are reversed with respect to the
      arrangement in FIG. 12, as well as the shape of the elements making up the
      parallel channels.
PAR  FIG. 14 illustrates the relationship between the drive fields for the
      circuits 78 and 90. The same convention as in FIGS. 6A and 6B are observed
      for distinguishing the drive field sequence exclusively associated with
      either circuit. Thus, two rectangular loops can be mutually exclusively
      field-accessed by using the parallel channel technique of the invention.
PAR  Although the preferred embodiments have involved crow-foot circuit
      elements, the underlying principle of the invention is applicable to any
      other discrete mutually exclusive circuit elements of the mutually
      exclusive type. While pulsed field sequences have been illustrated in
      connection with the preferred embodiments, crow-foot circuit elements may
      also be driven by uniformly rotating fields. Besides closed loops, those
      familiar with the art will recognize that the invention also enables
      parallel-sided, "back and forth" shift registers having parallel
      serpentine configurations as indicated by circuit 92 in FIG. 15.
PAR  The significance of the definition of "mutually exclusive element"
      appearing immediately prior to the discussion of FIG. 2 above is
      illustrated in FIG. 16. S is a particular set (the crow-foot set) of
      field-accessed, overlay circuit elements having two subsets S.sub.i and
      S.sub.j each composed of geometrically analogous elements. The subset
      S.sub.i may have, for example, two subsubsets S.sub.i.sbsb.1 and
      S.sub.i.sbsb.2 (so grouped because they propagate in parallel) each
      composed of elements which propagate simultaneously in opposite
      directions. The subset S.sub.j may have similar subsubsets. All of the
      elements of S.sub.i are distinguished collectively from all of the
      elements of S.sub.j only by the fact that there exists an in-plane drive
      field system F.sub.i which causes bubbles to advance along paths defined
      by elements of S.sub.i without causing bubbles to advance along paths
      defined by elements of S.sub.j and there exists another in-plane drive
      field system F.sub.j which causes bubbles to advance along paths defined
      by the elements of S.sub.j without causing bubbles to advance along paths
      defined by the elements of S.sub.i. Thus, it is said that elements in
      subsubset S.sub.i.sbsb.2 are "mutually exclusive circuit elements", in
      that they belong to the set S.sub.i which is mutually exclusive from
      S.sub.j, even though all elements in S.sub.i.sbsb.2 propagate
      simultaneously under the same drive field F.sub.i.
PAR  The invention may be embodied in other specific forms without departing
      from its spirit or characteristic. The present embodiments are therefore
      to be considered in all respects as illustrative and not restrictive, the
      scope of the invention being indicated by the claims rather than by the
      foregoing description, and all changes which come within the meaning and
      range of equivalence of the claims are therefore intended to be embraced
      therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A field-accessed bubble propagation system, comprising a sheet of
      magnetic bubble material, means for producing and maintaining bubbles
      therein, a ferromagnetic overlay pattern operatively disposed on said
      sheet including a first bubble path composed of discrete mutually
      exclusive circuit elements and a second bubble path parallel to said first
      path composed of discrete mutually exclusive circuit elements whose shape
      and orientation are symmetrical to the elements in said first path with
      respect to a symmetry line between and parallel to said first and second
      paths, and means for applying a magnetic drive field in the plane of said
      sheet to propagate bubbles simultaneously in opposite directions along
      said first and second paths, said discrete mutually exclusive circuit
      elements each being in the form of a stem aligned with the direction of
      propation having an angled arm at one end and another angled arm on the
      other side of said stem intermediate of the ends of said stem, said angled
      arms being like staggered branches projecting from said stem.
NUM  2.
PAR  2. The propagation system of claim 1, wherein said means for applying a
      magnetic drive field includes means for applying a sequence of three
      discrete pulsed drive field orientations aligned respectively with said
      stem and angled arms such that attracting magnetic poles are formed along
      said stem consecutively at one end, at the junction of the intermediate
      angled arm and the stem, and at the other end of said stem.
NUM  3.
PAR  3. The propagation system of claim 2, wherein consecutive ones of said
      three drive field orientations are separated by approximately 120.degree..
NUM  4.
PAR  4. A field-accessed bubble propagation system, comprising a sheet of
      magnetic bubble material, means for producing and maintaining bubbles
      therein, a ferromagnetic over-lay pattern operatively disposed on said
      sheet including first and second parallel bubble paths composed
      respectively of different discrete mutually exclusive circuit elements,
      said respective mutually exclusive circuit elements belonging to the same
      subset of first set of field accessed elements composed of at least two
      subsets S.sub.i and S.sub.j, each composed of elements designed with
      respect to elements in the other subset such that the respective members
      of S.sub.i and S.sub.j are distinguished collectively from each other only
      by the fact that there exists an in-plane dirve field system F.sub.i which
      propagates bubbles on each species of elements in S.sub.i without causing
      bubble propagation on any element in S.sub.j and there exists another
      in-plane drive field system F.sub.j which propagates bubbles on each
      species of element in S.sub.j without causing bubble propagation on any
      element in S.sub.i, the shape and orientation of said elements of said
      second path being symmetrical to the shape and orientation of said
      elements in said first path with respect to a symmetry line between and
      parallel to said first and second paths, said overlay pattern further
      including a third bubble path including a discrete mutually exclusive
      circuit element belonging to a subset of a second set arranged to transfer
      bubbles on said first path to said second path, and means for applying a
      magnetic drive field associated with said same subset of said first set
      and said subset of said second set in the plane of said sheet to propagate
      bubbles simultaneously in opposite directions along said first and second
      paths and also therebetween on said third path, said drive field applying
      means including means for generating a set of sequential discrete field
      orientations to which said first, second and third paths are
      simultaneously responsive to propagate bubbles.
NUM  5.
PAR  5. The propagation system of claim 4, wherein said set consists of three
      field orientations, approximately equally separated.
NUM  6.
PAR  6. The propagation system of claim 5, wherein said element of said third
      path is in a form like an arrow pointing in the direction of propagation
      of the path to which bubbles are transferred, said arrow-like form being
      composed of a V-shaped portion and a bar-shaped portion joined at one end
      to the vertex of said V-shaped portion being operatively coupled
      respectively to the ends of elements in said first and second paths
      respectively, said bar-shaped portion being parallel to one of said three
      field orientations, and said V-shaped portion being parallel respectively
      to the other two field orientations.
NUM  7.
PAR  7. The propagation system of claim 5, wherein said element of said third
      path includes a bar parallel to one of said three field orientations and a
      pair of V-shaped elements with their vertices juxtaposed on opposite sides
      of the end of said bar that points in the direction of propagation on the
      path from which bubbles are transferred, said V-shaped elements pointing
      in opposite directions transverse to said bar, corresponding portions of
      said V-shaped elements being parallel respectively to said other two field
      orientations, each of said V-shaped elements having one end operatively
      coupled with the ends of respective elements of said first and second
      paths.
NUM  8.
PAR  8. A field-accessed bubble propagation circuit comprising a sheet of
      magnetic bubble material, means for producing and maintaining bubbles
      therein, a ferromagnetic overlay pattern operatively disposed on said
      sheet including a closed loop bubble path composed of discrete mutually
      exclusive circuit elements, said mutually exclusive circuit elements
      belonging to the same subset of a set of field accessed elements composed
      of at least two subsets S.sub.i and S.sub.j, each composed of elements
      designed with respect to elements in the other subset such that the
      respective members of S.sub.i and S.sub.j are distinguished collectively
      from each other only by the fact that there exists an in-plane drive field
      system F.sub.i which propagates bubbles on each species of elements in
      S.sub.i without causing bubble propagation on any element in S.sub.j and
      there exists another in-plane drive field system F.sub.j which propagates
      bubbles on each species of element in S.sub.j without causing bubble
      propagation on any element in S.sub.i, said path having two parallel sides
      which propagate bubbles in opposite directions on respective circuit
      elements which are different but belong to said same subset, and means for
      applying a magnetic drive field associated with said same subset in the
      plane of said sheet to circulate bubbles in said closed loop, said means
      for applying a magnetic drive field including means for applying a
      sequence of discrete pulsed drive field orientations to which the circuit
      elements in said parallel sides are simultaneously responsive to propagate
      bubbles around said closed loop.
NUM  9.
PAR  9. The circuit of claim 8, wherein consecutive ones of said pulsed drive
      field orientations are separated by approximately 120.degree..
NUM  10.
PAR  10. The circuit of claim 9, wherein said mutually exclusive discrete
      circuit elements are each in the form of a elongated stem parallel to the
      local direction of propagation and having an angled arm on one end and
      another angled arm intermediate of the ends of said stem, said arms being
      arranged in the form of staggered branches projecting from said stem.
NUM  11.
PAR  11. The circuit of claim 10, wherein said means for applying a magnetic
      drive field includes means for applying a sequence of three discrete
      pulsed drive field orientations aligned respectively with said stem and
      said angled arm such that attracting magnetic poles are formed at one end
      of said stem, at the junction of said intermediate arm with said stem, and
      at the other end of said stem.
NUM  12.
PAR  12. The circuit of claim 11, wherein said closed loop bubble path is in the
      form of a parallelogram.
NUM  13.
PAR  13. The circuit of claim 11, wherein said closed propagation path is
      rectangular.
NUM  14.
PAR  14. The circuit of claim 13, wherein first and second paths defined by said
      two sides are joined by cornering elements magnetically responsive to said
      three discrete pulsed field orientations for transferring bubbles from
      said first path to said second path.
NUM  15.
PAR  15. The circuit of claim 14, wherein at least one of said cornering
      elements is in a form like an arrow pointing in the direction of
      propagation of the path to which bubbles are transferred, said arrow-like
      form being composed of a V-shaped portion and a bar-shaped portion joined
      at one end to the vertex of said V-shaped portion, the ends of said
      V-shaped portion being joined respectively to the ends of elements in said
      first and second paths respectively, said bar-shaped portion being
      parallel to said first and second paths and the V-shaped portion being
      parallel respectively to said angled arms.
NUM  16.
PAR  16. The circuit of claim 14, wherein at least one of said cornering
      elements includes a bar parallel to said first and second paths and a pair
      of V-shaped elements with their vertices juxtaposed on opposite sides of
      the end of said bar that points in the direction of propagation on the
      path from which bubbles are transferred, said V-shaped elements pointing
      in opposite directions transverse to said first and second paths, said
      V-shaped elements being parallel respectively to said angled arms, each of
      said V-shaped elements having one end juxtaposed with the ends of
      respective elements in said first and second paths.
NUM  17.
PAR  17. A field-accessed bubble propagation system, comprising a sheet of
      magnetic bubble material, means for producing and maintaining bubbles
      therein, a ferromagnetic overlay pattern operatively disposed on said
      sheet including a first bubble path composed of discrete, mutually
      exclusive circuit elements, said mutually exclusive circuit elements
      belonging to a subset of a set of field accessed elements composed of at
      least two subsets S.sub.i and S.sub.j, each composed of elements designed
      with respect to elements in the other subset such that the respective
      members of S.sub.i and S.sub.j are distinguished collectively from each
      other only by the fact that there exists an in-plane drive field system
      F.sub.i which propagates bubbles on each species of elements in S.sub.i
      without causing bubble propagation on any element in S.sub.j and there
      exists another in-plane drive field system F.sub.j which propagates
      bubbles on each species of element in S.sub.j without causing bubble
      propagation on any element in S.sub.i, and a second bubble path parallel
      to said first path composed of discrete mutually exclusive circuit
      elements different from those of said first path but belonging to the same
      subset as those of said first path, whose shape and orientation are
      symmetrical to the elements in said first with respect to a symmetry line
      between and parallel to said first and second paths, and for means
      applying a magnetic drive field associated with said same subset in the
      plane of said sheet to propagate bubbles simultaneously in opposite
      directions along said first and second paths, said means for applying a
      magnetic drive field including means for applying a predetermined set of
      sequential pulsed discrete drive field orientations to which the elements
      in said first and second paths are simultaneously responsive to propagate
      bubbles.
NUM  18.
PAR  18. The propagation system of claim 17, wherein consecutive ones of said
      discrete drive field orientations are separated by approximately
      120.degree..
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ABST
PAL  A transducer sytem comprising a plurality of patient mounted transmitters,
      each of the transmitters including means for generating an asymmetric wave
      or a variable periodic pulse train, the asymmetry or variable periodicity
      of said pulse train being proportional to the quantity being transduced,
      each of said transmitters including an output electrode. A receiver is
      also provided including portable hand held input electrode
      electrostatically coupled to one of the transmitter electrodes, the
      receiver including means for converting the variable periodicity or
      asymmetry to a magnitude representative of the transduced quantity in
      proportion to the variable periodicity or asymmetry.
BSUM
PAC  TRANSDUCING SYSTEM
PAR  This invention relates to sensing systems and more particularly to sensing
      transmitter and receiver systems for use in sensing measurements from
      locations removed from the transmitter.
PAR  The conventional format for utilizing pluralities of remote transducers
      including remote transmitting devices for cooperation with a single
      receiver employs radio frequency transmission and the employment of
      varying frequency signals indicative of a varying parameter. One
      conventional form of parameter transduced is that of temperature
      measurement. In environments wherein many transducing transmitters operate
      in continuous operation within relatively close proximity, it is extremely
      difficult for a receiver unit to distinguish between the various signals
      emitted from the various transducers. In addition, the use of varying
      frequency to indicate varying parameters must of necessity, utilize a
      receiver capable of receiving the frequency range transmitted. Thus, it is
      necessary to repeatedly tune the receiver to insure that the frequency of
      transmission will coincide with the frequency being detected. In an
      environment utilizing pluralities of transmitters, it is often necessary,
      in order to prevent overlap of transmitted signals, to require each of the
      transmitters to transmit over a different frequency range, thereby
      necessitating either a plurality of receivers or a single receiver which
      must be tuned to receive each individual transmission frequency. In
      addition, the relatively higher current drain of conventional transmitters
      results in requiring larger battery supplies or reduced battery life,
      thereby making the utilization of such units in an environment requiring
      miniaturization and portability difficult. In an environment such as the
      medical field, utilization of a portable low current transmitter of
      relatively small size which may be attached to the body from which the
      temperature is to be transduced and transmitted is thus greatly desirable.
PAR  It is therefore the prime object of the present invention to provide a
      transducing system employing a transmitter and receiver having wireless
      communication and which does not rely on radio frequency transmission.
PAR  It is a further object of the present invention to provide a plurality of
      transducer transmitters cooperating with a single receiver which does not
      require individual adjustment of the receiver for each transmitter and
      which will be able to distinguish between each transmitted signal.
PAR  The foregoing objects are accomplished by employing electrostatic or
      capacitive coupling between the transmitter and receiver, and to
      communicate information therebetween by means of an asymmetric square wave
      or an aperiodic pulse train. By choosing the frequency of the pulse train
      to be relatively low, within the audio range as opposed to the radio
      range, a single receiver may be utilized to read the signals from a
      selected transmitter without the necessity of frequency adjustment by the
      receiver operator.
PAR  The advantages of the foregoing arrangement over a conventional transducer
      transmitter receiver system are evident, particularly in the area of
      medical instrumentation. By employing a thermally sensitive
      transducer-transmitter, having a relatively low current draw, a relatively
      small electronic circuit may be designed to be attached by means of
      suitable adhesive on a suitable temperature transducing area of a patient.
      The receiver may then be employed as a small portable battery powered unit
      which a nurse or attendant will carry to the bedside to monitor the output
      of a patient's transmitter. Thus, the nurse or attendant can determine the
      patient's temperature without disturbing the patient. In addition, the
      transducer transmitter may be placed in continuous operation when the
      patient is admitted to the hospital so that the nurse or attendant may
      determine the patient's temperature as desired without the undue waiting
      time necessitated by conventional mercury thermometer techniques. Clinical
      as well as economical desirability is therefore evident.
DRWD
PAR  The foregoing objects and brief description of the present invention will
      become more apparent from the following more detailed description and
      appended drawings wherein FIG. 1 is a block diagram of a transducer
      transmitter-receiver system illustrating the utilization of the present
      invention;
PAR  FIG. 2A is a circuit diagram of a multivibrator utilizing temperature
      dependent components for asymmetry;
PAR  FIG. 2B is a modification resulting in a variable periodic pulse train
      providing an asymmetric waveform;
PAR  FIG. 2C is a preferred form of multivibrator utilized in accordance with
      the invention to provide a waveform suitable for direct coupling to the
      antenna and with the added advantage of relatively low power consumption;
PAR  FIGS. 3A - E illustrate the waveforms generated in accordance with the
      circuits of FIGS. 2A, 2B and 2C;
PAR  FIG. 4A and 4B illustrate preferred forms of receivers cooperating with the
      transmitter elements of FIG. 2;
PAR  FIGS. 5A - E illustrate waveforms generated in accordance with the
      receivers shown in FIGS. 4A and 4B;
PAR  FIG. 6 is an analog meter display utilizable with the receivers of FIG. 4;
PAR  FIG. 7 is a digital output indicator utilizable with the receiver of FIG.
      4B
PAR  and FIG. 8 shows an alternative form of circuitry necessary for obtaining a
      positive output in accordance with the use of the transmitter shown in
      FIG. 2B taken in conjunction with the receiver unit shown in FIG. 4A.
DETD
PAR  Referring now to FIG. 1, the transducer-transmitter-receiver system
      utilized in accordance with the present invention is illustrated. As shown
      therein, a plurality of transmitters indicated generally as T.sub.1,
      T.sub.2 T.sub.3, etc., are each provided with a plurality of transducer
      inputs indicated generally as TD.sub.1, TD.sub.2, etc. For temperature
      measurement, the transducers may be temperature sensitive components such
      as resistors or capacitors and which are located in proximity to a body,
      the temperature of which is to be measured. The transduced signals are
      converted into an electrical representation within each of the
      transmitters and applied along the output lines 01, 02 and 03 to the
      respective output electrodes which may be designated as electrodes
      TA.sub.1, TA.sub.2 TA.sub.3  for purposes of description, and so on. A
      receiver unit R is provided with a receiver electrode also designated for
      descriptive purposes as an input electrode RA and an output indicator I.
      When it is desired to detect the output of any of the operating
      transmitters, the receiver input electrode RA is placed into proximity
      with the desired one of the transmitter output electrodes TA.sub.1,
      TA.sub.2, TA.sub.1, etc.
PAR  In environments such as medical instrumentations, particularly for use
      within a hospital, it is particularly desirable for all of the
      transmitters to be identical so that a single detecting instrument may be
      used to observe the temperature of all patients under the surveillance of
      an attendant. In this situation, as in other situations requiring similar
      criteria of measurement, it becomes necessary to limit the range of
      transmission to avoid interference from adjacent transmitter units. It has
      been discovered that this can be accomplished by electrostatic or
      capacitive coupling between the transmitter and receiver at low frequency
      rather than radio frequency. The use of the capacitive coupling electrodes
      permits a reliable and wireless form of transmission with a relatively low
      interference pattern, operating merely by placing the receiver input
      electrode in close proximity to the transmitter output electrode. In
      addition, the use of such a system allows all of the transmitters to be
      continuously operative, thereby obviating the need for individual
      activation when a reading is desired.
PAR  With reference now to FIG. 2, various transmitter devices will be explained
      to illustrate the operation of the present invention.
PAR  As shown in FIG. 2A, a basic temperature sensing electronic circuit is
      illustrated. The circuit constitutes a standard multivibrator for which
      outputs at points A and B are shown in the graphical relationships of
      FIGS. 3A and 3B. In this circuit, the time interval t.sub.1 shown in FIG.
      3A and 3B is determined by and is proportional to the product R.sub.1
      C.sub.1 and the interval t.sub.2 by R.sub.2 C.sub.2. The resistors R.sub.3
      and R.sub.4 provide biasing to the alternating on and off switches
      represented by transistors Q.sub.1 and Q.sub.2. The operation of the
      multivibrator is straight forward and need not be set forth herein. By
      using temperature sensitive resistors and capacitors, the times t.sub.1
      and t.sub.2 may thus be made temperature dependent. It will be evident
      that the temperature dependent frequency of the output of the circuit may
      be measured by any conventional frequency detecting system. However, a
      disadvantage of using frequency measurement as the basis of reception lies
      in the fact that the frequency generated by a multivibrator in free
      running form is dependent upon the voltage applied to the entire circuit.
      In addition, for a battery powered operation over a period of normal
      hospitalization or, for inaccessible or other remote use, a change in
      supply voltage due to battery drain would necessarily have to be overcome
      to provide satisfactory performance. Thus, if the resistor R.sub.1 is
      selected to have a temperature coefficient differing from the temperature
      coefficient of R.sub.2, the ratio of the intervals of t.sub.1 and t.sub.2
      will be temperature dependent but independent of the supply voltage.
      Stated in another way, although the frequency of the waveform generated by
      the multivibrator illustrated in FIG. 2A will vary should the voltage
      vary, the ratio of the intervals t.sub. 1 and t.sub.2 will not vary in
      accordance with supply voltage but only with temperature. Alternatively,
      it is possible to use capacitors such as C.sub.1 and C.sub.2 having
      different temperature coefficients with the same results. In addition, a
      combination of different coefficients for both resistors and capacitors is
      also possible and offers the greatest sensitivity in the resulting
      indication.
PAR  The capacitive coupling between transmitter and receiver requires a rise
      and fall rate occurring at the transitions of the multivibrator which must
      be relatively large in order to provide adequate coupling across the
      capacitive gap. The conventional astable multivibrator shown in FIG. 2A
      results in a relatively slow rise rate as shown in FIG. 3A at the
      beginning of the t.sub.1 pulse or in FIG. 3B at the beginning of the
      t.sub.2 pulse. As a result, the ratio of t.sub.1 to t.sub.2 will be
      difficult to determine due to the indeterminate juncture between t.sub.1
      and t.sub.2, evident most clearly in FIG. 3B. The low rise rate results in
      a variation in the detected interval.
PAR  Referring to FIG. 2B, one method of reducing this variation is illustrated.
      In addition to the conventional cross coupled first and second switching
      stagess Q1 and Q2 forming the multivibrator, a capacitor diode network is
      coupled to both points A and B to generate the sharply rising pulses shown
      in FIG. 3C. The characteristic shown in FIG. 3C represents the output
      pulse occurring at point C in the circuit each time the voltage at point A
      drops due to the turning on of transistor Q1, through the capacitor
      C.sub.3, to the base of transistor Q3, due to the action of diodes D.sub.1
      /D.sub.2. A similar pulse occurs at point C each time the voltage at point
      B drops due to the turning on of transistor Q2, through the capacitor
      C.sub.4, to the base of transistor Q3, due to the action of the diode
      D.sub.3 /D.sub.4. The resulting waveform is shown in FIG. 3C. As is
      evident, the waveform of FIG. 3C consists of a pulse train with alternate
      long and short intervals, corresponding to t.sub.1 and t.sub.2, marked by
      sharply rising spikes, the ratio of the intervals being determined in
      accordance with the temperature coefficients set up by resistance R.sub.1
      and R.sub.2 or by the capacitors C.sub.1 and C.sub.2 in the same manner as
      described in conjunction with FIG. 2A. This pulse train may be transmitted
      by connecting the point C to the output electrode for coupling with a
      receiver, and represents a suitable variable periodic pulse train.
PAR  It will be evident from the foregoing description that the ideal waveform
      will be a waveform having an output consisting only of the ratio intervals
      between t.sub.1 and t.sub.2, and having the fastest rise time possible for
      maximum capacitive coupling across the electrode gap. Referring now to
      FIG. 2C, a preferred circuit for generating a suitable waveform is
      illustrated. The circuit shown in FIG. 2C consists of dually cross-coupled
      transistor pairs. The cross-coupling of the on-off action of the
      transistors are such that Q.sub.1 and Q.sub.4 are on while Q.sub.2 and
      Q.sub.3 are off and vice versa. Utilization of this format results in
      appreciable reduction of the switching time as well as a reduction power
      consumption of the circuit. Resistors R.sub.1 and R.sub.2 or capacitors
      C.sub.1 and C.sub.2 may again be utilized to determine temperature ratios
      by means of distinct coefficients of temperature. Other arrangements
      possible will be described in further detail below. In operation, the
      resistors R.sub.3 and R.sub.4 perform a function similar to resistors
      R.sub.3 and R.sub.4   in FIG. 2A, that of biasing. In FIG. 2C, however,
      the resistors R.sub.3 and R.sub.4 are reduced in value and supplemented by
      the addition of resistor-capacitor-transistor networks R.sub.5 C.sub.3
      Q.sub.3 and R.sub.6 C.sub.4 Q.sub.4. In operation, when the transistor
      Q.sub.2 is turned on, the drop in voltage at a point B' turns off
      transistor Q.sub.1 and simultaneously turns on transistor Q.sub.3 through
      the action of capacitor C.sub.3. The low effective resistance of R.sub.3
      and Q.sub.3 results in a rapid rise in the voltage at point A'. The base
      current flow through resistor R.sub.5 maintains the voltage at A' after
      the effect of capacitor C.sub.3 diminishes. Similar action at point B'
      occurs when the transistor Q.sub.1 is again turned on and transistor
      Q.sub.2 is turned off. The action of capacitor C.sub.3 when capacitor
      Q.sub.4 is turned on results in cutting off transistor Q.sub.3. The
      resulting high effective resistance of resistor R.sub.3 and transistor
      Q.sub.3 allows very little current flow through transistor Q.sub.1 and
      hence the power consumption of the circuit is very low. As was stated
      hereinabove, low power consumption is an important and desirable feature
      in maintaining battery life, particularly when used in a continuous
      transmission mode in a remote location such as upon the body of a patient
      for transmission of temperature data. The complementary transistor pairs
      may be replaced with C/MOS inverters, with a resultant reduction in
      power-drain. In this instance, a higher supply voltage may be necessary.
PAR  As was previously stated, the ratio of the intervals between the switching
      of the transistors and the transducer is temperature dependent. By
      selecting capacitors C.sub.1 and C.sub.2 with small equal temperature
      coefficients, resistor R.sub.1 with a negligible temperature coefficient
      and with resistor R.sub.2 having a large negative temperature coefficient
      (such as a thermistor device) the interval t.sub.1 will be nearly constant
      and the interval t.sub.2 will decrease with temperature. The ratio of the
      pulse width of t.sub.1 to pulse period t.sub.1 + t.sub.2 will thus
      increase with increasing temperature. In an environment such as the
      clinical thermometer, wherein only a limited variation is necessary, the
      ratio variation will be nearly linear to the temperature variation and
      will be used to indicate the temperature.
PAR  The output waveforms at points A' and B' are illustrated in FIGS. 3D and
      3E, and clearly illustrate the maximum desirable characteristics of a
      transmitter device utilized in accordance with the invention.
PAR  It should be noted that although thermistors are discussed as the large
      negative temperature coefficient element for resistor R.sub.2, it should
      be evident that the use of the multivibrator of FIG. 3C as the transducer
      for other types of variations should also be considered. Thus, for
      example, the thermistor utilized as the resistor R.sub.2 may also be a
      strain gage resistor, thereby allowing strain gage measurements to be made
      in the same manner i.e. remote transducing transmission, and temperature
      measurement. The use of a strain gage resistance would have a distinct
      advantage over conventional strain gage monitoring, particularly of the
      rotating member of a machine, since the conventional use of electrical
      brushes have a tendency to introduce noise into a transmitted signal. It
      should be noted that temperature transducers may be used for other
      purposes than clinical, such as to monitor temperatures at various remote
      locations or on rotating equipment.
PAR  Referring now to FIGS. 4A and 4B, circuits for reproducing waveforms
      generated by the multivibrator of FIGS. 2B and 2C are shown. Referring to
      FIG. 4A, first and second operational amplifiers A.sub.1 and A.sub.2 are
      illustrated in a series connection, with the output of the operational
      amplifier A.sub.2 connected to a flip-flop FF.sub.1. The operational
      amplifier A.sub.1 is a high gain amplifier having its noninverting input
      coupled to the transducer antenna TA. The potentiometer P.sub.1 provides
      adjustable thresholding through a current limiting resistance R.sub.7 to
      the noninverting input of the operational amplifier A.sub.1. A feedback
      resistance R.sub.8 is provided from the output of the amplifier A.sub.1 to
      the inverting input of the amplifier A.sub.1, and a further resistance
      R.sub.9 couples the inverting input of the amplifier A.sub.1 to a
      reference level. It will be evident that variations in the input signal
      through the capacitive electrode TA will be closely followed by the
      amplifier A.sub.1 and thus the amplifier output of amplifier A.sub.1 is
      closely related to the rate of rise and fall of the voltage at the
      transmitter antenna TA. Detected waveforms are illustrated in FIGS. 5A and
      5D for FIGS. 4A and 4B respectively. The waveforms in FIG. 5A correspond
      to the transmission of a signal by the transmitter circuit shown in FIG.
      2B, the waveform of which is shown in FIG. 3C. The amplifier A.sub.2 in
      FIG. 4B is coupled as a feedback amplifier having an input resistor
      R.sub.10, a feedback resistor R.sub.11, a threshold resistor R.sub.12, and
      a threshold adjusting potentiometer P.sub.2. The waveform of FIG. 5D
      corresponds to the output E' of the amplifier in FIG. 4B illustrating
      receipt of a signal provided by the circuit of FIG. 2C, the waveform of
      which is shown in FIG. 3D.
PAR  The amplifier A.sub.2 in FIG. 4A is a comparator, and is utilized to shape
      the pulses from the amplifier A.sub.1 for satisfactory functioning as
      clock pulses in order to trigger the flip-flop circuit FF.sub.1 for
      forming the square wave pulse train shown in FIG. 5B and in FIG. 5C, FIGS.
      5B and 5C representing the outputs Q and Q of the flip-flop FF.sub.1 of
      the FIG. 4A. It would be evident that since a ratio circuit is being
      employed, it is necessary to know which of the outputs Q or Q should be
      utilized for detection. A circuit for determining the appropriate output
      to be employed is illustrated in greater detail in FIG. 8, and will be
      discussed in conjunction with that figure.
PAR  Amplifier A.sub.2 shown in FIG. 4B is also employed as a comparator and
      includes a feedback network connected to cause the state of the comparator
      to change only when the sharp rise or fall of the output of the amplifier
      A.sub.1 occurs. The transducer output wave is thus reproduced at the
      output of the amplifier A.sub.2 as shown in FIG. 5E. Thus, either the
      circuits of FIG. 4A or FIG. 4B may be employed in conjunction with its
      appropriate transmitter for generating a like output waveform, as shown in
      FIG. 5B or C, and in 5E.
PAR  The receiver unit may be desired to illustrate the data signal either in
      analog form as by means of a meter or in digital form as by means of a
      digital readout on a light emitting diode or liquid crystal display.
PAR  Referring more specifically to FIG. 5, there is illustrated the conversion
      of the transducer waveform of FIG. 3D as received by the receiving circuit
      of FIG. 4B into a voltage analog of the transduced parameter. The
      operational amplifier A.sub.3 shown in FIg. 6 is provided with an
      exponential feedback network consisting of resistances R.sub.13 and
      capacitor C.sub.5, coupling the output of the amplifier A.sub.3 to the
      inverting input of the amplifier A.sub.3.
PAR  The input to the amplifier A.sub.3 through the resistance R.sub.15 is
      determined by the switching mechanism S.sub.1 which provides for
      alternating the input line between a source of reference potential and
      ground, under the control of the voltage E.sup.1. To this end, the
      switching mechanism S.sub.1 may be a relay or solid state switch, or the
      like.
PAR  The output of amplifier A.sub.3 will therefore exponentially increase while
      the -Vref potential is applied and exponentially decreases when the ground
      potential is applied. The resulting output voltage will therefore
      oscillate about a mean value which is proportional to the desired ratio
      t.sub.1 /(t.sub.1 + t.sub.2).
PAR  Potentiometer P.sub.3 and resistance R.sub.14 provide means for offsetting
      the zero to permit selection of the low end of the scale as desired. The
      magnitude of the reference potential will thusly determine the range of
      the readings displayed on the meter.
PAR  In operation, the exponential feedback network consisting of R.sub.13 and
      C.sub.5 is provided with a long time constant when compared to the
      intervals t.sub.1 and t.sub.2 in order that the fluctuation in the output
      of the amplifier about the mean will be small. The output of the amplifier
      A.sub.3 is therefore proportional to the desired ratio t.sub.1 /(t.sub.1 +
      t.sub.2). The use of the offset adjustment indicated at potentiometer
      P.sub.3 permits a measured range such as clinical temperature to be
      displayed on the milliammeter, adjusted to cover nearly the full scale of
      the instrument for maximum readability. Thus a very accurate analog
      display of the temperature variation may be produced.
PAR  The analog measurement may be replaced by a digital measurement at the
      output of the amplifier A.sub.3 merely by replacing the milliameter with a
      digital voltmeter. In this case, it may be necessary to also include a
      filter for removing any ripple produced by the on-off action of the analog
      switch S.sub.1.
PAR  Referring now to FIG. 7, a method of direct digital conversion of the
      output of a receiver is illustrated. This conversion is effected using the
      logic arrangement of FIG. 7 by initializing the operation through the
      switch S.sub.2. Closing of the switch S.sub.2 causes the one-shot
      multivibrator OS.sub.1 to reset the counters CN.sub.1 and CN.sub.2 and
      thus set the flip-flop FF.sub.2 for enabling the gates G.sub.1 and
      G.sub.2. The oscillator OSC generates a clock pulse string through gates
      G.sub.1 and G.sub.2 to counter CN.sub.1 and CN.sub.2. The clock pulse
      string will have a frequency larger than the frequency of the transducer.
      When the counter CN.sub.1 overflows, the output of the counter CN.sub.1 is
      coupled to the reset input of the flip-flop FF.sub.2, thereby clearing the
      flip-flop FF.sub.2. This will cease the operation of the counters CN.sub.1
      and CN.sub.2 due  to the inhibit now placed upon the gates G.sub.1 and
      G.sub.2. At this point, the counter CN.sub.2 will contain a count
      proportional to the ratio t.sub.1 /(t.sub.1 + t.sub.2). By selecting the
      maximum count position of counter CN.sub.1, the count at which overflow
      occurs, the count CN.sub.2 will represent an appropriate number
      representation of the transduced measurement required. For example, if
      body temperature is being measured, the range of CN.sub.1 and CN.sub.2
      will be set to vary, the CN.sub.2 count, for example, between 95.00 and
      110.00, representing degrees Farenheit. Obviously, Centigrade can also be
      employed and other ranges may be present in accordance with the desired
      parameters being transduced. The clearing of the flip-flop FF.sub.2
      initiates the transfer of the count from the counter CN.sub.2 to a display
      buffer DB.sub.1, activating the display DS. The display buffer DB.sub.1
      and display DS may be conventional in nature, such as integrated drive
      circuitry energizing a light emitting diode display, liquid crystal,
      display tubes, or the like, and activated through conventional switching
      circuits S.sub.3 and S.sub.4 .
PAR  The one-shot multivibrator OS.sub.2 is also activated each time the output
      of the receiver drops and OS.sub.3 each time the voltage rises. Each one
      shot will have a negative output pulse having a duration approximately
      3/4ths of the period of the transducer wave. Since one or both of these
      outputs will be low as long as the transducer wave is received
      continuously, the output of gate G.sub.3 will remain high. If, during the
      sampling period a receiver is not positioned to receive a continuous
      string of transducer pulses, gate G.sub.3 will eventually enter a negative
      transition when the timer period of the one shots OS.sub.2 and OS.sub.3 is
      exceeded, thereby causing one shot OS.sub.1 to re-initiate a conversion.
      Thus, this circuitry insures that valid readings are continuously
      displayed.
PAR  It is noted with regard to the analog configuration shown in FIG. 6 that no
      circuitry is necessary for insuring the validity of readings since absence
      of a signal will cause off scale readings and intermittent signals will
      cause eratic readings.
PAR  Referring to FIG. 8, a phase detecting circuit is utilized for obtaining a
      positive output when the transducer system of FIG. 2D is employed in the
      transmission is illustrated. Thus, when the inverted output of the
      flip-flop FF.sub.1 shown in FIG. 4A is gated to the amplifier A.sub.3, the
      output will be negative instead of positive. A negative output will be
      detected by a comparator amplifier A.sub.4, which in turn will cause
      flip-flop FF.sub.3 to change state, and thereby gate the correct receiver
      output into the amplifier A.sub.3 for correcting the polarity of the
      signal. This is accomplished by gating the complemented output into the
      gate G.sub.4 and the uncomplemented output into the gate G.sub.5. Receipt
      by the analog unit shown in FIG. 6 of the incorrect polarity signal will
      be inverted in the amplifier A.sub.4 and will thus select the gate
      G.sub.5, permitting the non-complemented output of flip-flop FF.sub.1 to
      pass through the gate G.sub.6 for entrance into the analog display circuit
      of FIG. 6.
PAR  The transmitter circuits of FIG. 2 lend themselves particularly to
      calibration when constructed as an integrated circuit. Thus, when
      resistors are deposited, the transducer may be calibrated to produce a
      true reading at two points on its scale. This may be accomplished by
      screening the temperature sensitive resistance R.sub.2 in two portions, a
      major portion R.sub.2 ' which will be pressure sensitive and a minor
      portion R.sub.2 ". The output at a selected point can be set by trimming
      the resistor on a 1. Obviously, other forms of calibrating by presetting
      the resistances R.sub.1 and R.sub.2 may be accomplished within the
      framework of the present invention.
PAR  The capacitive coupling of the transmitter and receiver electrodes may be
      accomplished by any conventional techniques. For example, the transmitter
      and receiver may each include a conductive plate or wire positioned in
      proximity to the outer surface of each unit. The coupling is thus achieved
      by bringing the respective electrode of a receiver into proximity with the
      electrode of a transmitter.
PAR  By way of illustration and with the intent to be exemplary and not in any
      way limiting, the circuit elements disclosed herein may employ the
      following parameters.
TBL  FIG. 2A -           C.sub.1... 75pf                                       
                         C.sub.2... 75pf                                       
                         R.sub.1... 150K                                       
                         R.sub.2... 150K                                       
                         R.sub.3... 27K                                        
                         R.sub.4... 27K                                        
                         Q.sub.1... 2N3640                                     
                         Q.sub.2... 2N3640                                     
                         V.sub.1... 1.5V                                       
     FIG. 2B -           V.sub.1... 1.5V                                       
                         R.sub.1... 150K                                       
                         R.sub.2... 150K                                       
                         R.sub.3... 27K                                        
                         R.sub.4... 27K                                        
                         C.sub.1... 75pf                                       
                         C.sub.2... 75pf                                       
                         C.sub.3... 75pf                                       
                         C.sub.4... 75pf                                       
                         Q.sub.1... 2N3640                                     
                         Q.sub.2... 2N3640                                     
                         D.sub.1... TI-51                                      
     FIG. 2C -           R.sub.1... 150K                                       
                         R.sub.2... 150K                                       
                         R.sub.3... 39.OMEGA.                                  
                         R.sub.4... 39.OMEGA.                                  
                         R.sub.5... 220K                                       
                         R.sub.6... 220K                                       
                         C.sub.1... 75pf                                       
                         C.sub.2... 75pf                                       
                         C.sub.3... 25pf                                       
                         C.sub.4... 25pf                                       
                         Q.sub.1... 2N3640                                     
                         Q.sub.2... 2N3640                                     
                         Q.sub.3... 2N3646                                     
                         Q.sub.4... 2N3646                                     
     FIG. 4A -           R.sub.7... 1M                                         
                         R.sub.8... 1M                                         
                         R.sub.9... 1K                                         
                         P.sub.1... 50K                                        
     FIG. 4D -           R.sub.7... 1M                                         
                         R.sub.8... 1M                                         
                         R.sub.9... 1M                                         
                         R.sub.10.. 100K                                       
                         R.sub.11.. 100K                                       
                         R.sub.12.. 20K                                        
                         P.sub. 2... 50K                                       
     FIG. 6 -            R.sub.13.. 500K                                       
                         R.sub.14.. 100K                                       
                         R.sub.15.. 100K                                       
                         P.sub.3... 20K                                        
                         C.sub.5... 1.mu.f                                     
PAR  The amplifiers may be conventional differential amplifiers. Thus, A.sub.1
      A.sub.1, may be .mu.741 , and A.sub.2 A.sub.2, may be .mu.710,
      manufactured by the Fairchild Instrument Corporation.
PAR  It is emphasized that the transducing parameters to be transmitted and
      detected may include a variety of physical conditions, including
      temperature, strain, and other detectable quantities for which the present
      invention may find utility. Since certain other changes may be made in the
      foregoing disclosure without departing from the scope of the invention as
      herein involved, it is intended that all matter contained in the foregoing
      description and depicted in the accompanyiing drawings be construed in an
      illustrative and not a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transducer system comprising a plurality of transmitters, each of said
      transmitters including means for generating an asymmetric wave form, the
      asymmetry of said wave being proportional to a quantity being transduced,
      each of said transmitters including a capacitive coupling output
      electrode, a receiver, said receiver including a capacitive coupling input
      electrode adapted to be selectively positioned closely adjacent and
      electrostatically coupled to any one of said transmitter electrodes to
      receive signals therefrom, said electrostatic coupling comprising the
      principal signal coupling between said transmitters and receiver, said
      receiver including means for converting said asymmetric wave to a
      representation of said transduced quantity in proportion to said
      asymmetry.
NUM  2.
PAR  2. A transducer system comprising a plurality of transmitters, each of said
      transmitters including means for generating an asymmetric wave form, the
      asymmetry of said wave being proportional to a quantity being transduced,
      each of said transmitters including a capacitive coupling output
      electrode, a receiver, said receiver including a capacitive coupling input
      electrode adapted to be selectively positioned closely adjacent and
      electrostatically coupled to any one of said transmitter electrodes, said
      receiver including means for converting said asymmetric wave to a
      magnitude representation of said transduced quantity in proportion to said
      asymmetry, said transmitter including an asymmetric pulse generator
      comprising a first stage and a second stage, said first stage including
      first and second transistors, said second stage including first and second
      transistors, said first stage first and second transistors and said second
      stage first and second transistors each being coupled in series current
      relationship within each of said stages, means connecting the junction of
      said first stage first and second transistors to the respective inputs of
      said second stage first and second transistors, and means for coupling the
      junction of said second stage first and second transistors to the inputs
      of said first stage first and second transistors respectively, first means
      for determining the time constant of said first stage, and second means
      for determining the time constant of said second stage, said first and
      second time constants differing, and means for biasing said first and
      second stage such that said first stage first transistor and said second
      stage second transistor are on while the remaining transistors are off,
      and said first stage second transistor and said second stage first
      transistor are off while the other transistors are on, said first and
      second means establishing a transmission ratio indicative of said
      transduced quantity.
NUM  3.
PAR  3. The system of claim 1 wherein said receiver includes a first amplifier
      and a second amplifier, said first amplifier comprising a high gain
      operational amplifier having said electrostatically coupled input
      electrode connected to one input thereof, and a signal fed back from the
      output thereof to the remaining input thereof, said amplifier following
      the rate of rise and fall of the signal transmitted by said transmitter,
      and a display means coupled to said first amplifier for displaying a
      magnitude proportional to said transduced quantity.
NUM  4.
PAR  4. The combination of claim 3 wherein said display means includes a further
      amplifier, said amplifier including an exponential feedback network having
      a relatively long time constant compared to the asymmetric intervals of
      said transmitted signal, said further amplifier integrating said square
      wave pulses, said display means indicating said integrated level as an
      analog of said transmitted asymmetry.
NUM  5.
PAR  5. The combination of claim 3 wherein said display means includes a first
      counter and a second counter, a source of clock pulses, means for gating
      input pulses from said transmitter and clock pulses to said first and
      second counters, means for establishing a predetermined count level in
      said first counter, a bistable means responsive to an overflow condition
      in said first counter, said bistable means disconnecting said source of
      input pulses from said first and second counters, switching means coupled
      to said bistable means, display means coupled to said second counter, said
      switching means responsive to said bistable means disconnecting said first
      and second counter for enabling said display means and displaying the
      contents of said second counter.
NUM  6.
PAR  6. An asymmetric pulse generator comprising a first stage and a second
      stage, said first stage including first and second transistors, said
      second stage including first and second transistors, said first stage
      first and second transistors and said second stage first and second
      transistors each being coupled in series current relationship within each
      of said stages, means connecting the junction of said first stage first
      and second transistors to the respective inputs of said second stage first
      and second transistors, and means for coupling the junction of said second
      stage first and second transistors to the inputs of said first stage first
      and second transistors respectively, first means for determining the time
      constant of said first stage, second means for determining the time
      constant of said second stage, said first and second time constants
      differing, and means for biasing said first and second stage such that
      said first stage first transistor and said second stage second transistor
      are on while the remaining transistors are off, and said first stage
      second transistor and said second stage first transistor are off while the
      other transistors are on, said first and second means establishing an
      asymmetry indicative of a transduced quantity, and further comprising a
      receiver electrostatically selectively manually coupled to said generator,
      said receiver comprising first and second series coupled amplifiers, a
      capacitive coupling input electrode, said first amplifier comprising a
      high gain operational amplifier having said input electrode connected to
      one input thereof, and a signal fed back from the output thereof to the
      remaining input thereof, said amplifier following the rate of rise and
      fall of the signal transmitted by said transmitter, and a display means
      coupled to said second amplifier for displaying a magnitude proportional
      to said transduced quantity.
NUM  7.
PAR  7. The combination of claim 6 wherein said display means includes a further
      amplifier, said amplifier including an exponential feedback network having
      a relatively long time constant compared to the asymmetric intervals of
      said transmitted signal, said further amplifier integrating said square
      wave pulses, said display means indicating said integrated level as an
      analog of said transmitted asymmetry.
NUM  8.
PAR  8. The combination of claim 6 wherein said display means includes a first
      counter and a second counter, a source of clock pulses, means for gating
      input pulses from said transmitter and clock pulses to said first and
      second counters, means for establishing a predetermined count level in
      said first counter, a bistable means responsive to an overflow condition
      in said first counter, said bistable means disconnecting said source of
      input pulses from said first and second counters, switching means coupled
      to said bistable means, display means coupled to said second counter, said
      switching means responsive to said bistable means disconnecting said first
      and second counter for enabling said display means and displaying the
      contents of said second counter.
NUM  9.
PAR  9. A transducer system comprising a plurality of transmitters, each of said
      transmitters including means for generating a variable periodic pulse
      train, the variable periodicity of said pulse train being proportional to
      a quantity being transduced, each of said transmitters including a
      capacitive coupling output electrode, a receiver, said receiver including
      a capacitive coupling input electrode adapted to be selectively positioned
      closely adjacent and electrostatically coupled to any one of said
      transmitter electrodes for receiving signals therefrom, whereby said
      electrostatic coupling comprises the principal signal coupling between
      said transmitters and receiver, said receiver including means for
      converting said variable periodic pulse train to a representation of said
      transduced quantity in proportion to said variable periodicity.
NUM  10.
PAR  10. A transducer system comprising a plurality of transmitters, each of
      said transmitters including means for generating a variable periodic pulse
      train, the variable periodicity of said pulse train being proportional to
      a quantity being transduced, each of said transmitters including a
      capacitive coupling output electrode, a receiver, said receiver including
      a capacitive coupling input electrode adapted to be electrostatically
      coupled direction, to any one of said transmitter electrodes, said
      receiver including means for convering said variable periodic pulse train
      to a magnitude representation of said transduced quantity in proportion to
      said variable periodicity, said transmitter including a variable periodic
      pulse generator comprising a first switching stage and a second switching
      stage, means cross coupling said first and second stages in a free running
      multivibrator configuration, a third stage, first coupling means coupling
      said first stage to said third stage for producing a sharply rising signal
      at a point in said third stage when said first stage is switched in a
      first current direction, second coupling means coupling said second stage
      to said third stage for providing a sharply rising signal at said point in
      said third stage when said second stage is switched in said first current
      direction, and a capacitive coupling output electrode coupled to said
      point in said third stage, first means controlling the time constant of
      said first stage, second means controlling the time constant of said
      second stage, said first and second time constants differing, said first
      and second means thereby establishing a variable periodic transmission
      ratio indicative of said transduced quantity.
NUM  11.
PAR  11. The system of claim 10 wherein each said coupling means includes a
      capacitor and first diode series coupled between the respective stages,
      and a second diode coupling the junction of said capacitor and diode to a
      reference level.
NUM  12.
PAR  12. The system of claim 10 wherein said receiver includes a first amplifier
      and a second amplifier, said first amplifier comprising a high gain
      operational amplifier with first and second inputs and having a capacitive
      coupling input electrode connected to said first input, and a signal fed
      back from the output thereof to said second input, said amplifier
      following the rate of rise and fall of the voltage transmitted by said
      transmitter, and a display means coupled to said first amplifier for
      displaying a magnitidue proportional to said transduced quantity.
NUM  13.
PAR  13. The system of claim 12 wherein said second amplifier includes a
      bistable output means triggered into respective bistable conditions by
      said sharply rising signals, and said display means includes a phase
      detection circuit for gating the correct polarity signal to said display
      means.
NUM  14.
PAR  14. The system of claim 13 wherein said display means includes a further
      amplifier, said amplifier including an exponential feedback network having
      a relatively long time constant compared to the variable periodic
      intervals of said transmitted signal, said further amplifier integrating
      said square wave pulses, said display means indicating said integrated
      level as an analog of said transmitted aperiodicity.
NUM  15.
PAR  15. The system of claim 13 wherein said display means includes a first
      counter and a second counter, a source of clock pulses, means for gating
      input pulses from said transmitter and clock pulses to said first and
      second counters, means for establishing a predetermined count level in
      said first counter, a bistable means responsive to an overflow condition
      in said first counter, said bistable means disconnecting said source of
      input pulses from said first and second counters, switching means coupled
      to said bistable means, display means coupled to said counter, said
      switching means responsive to said bistable means disconnecting said first
      and second counter for enabling said display means and displaying the
      contents of said second counter.
NUM  16.
PAR  16. A variable periodic pulse generator comprising a first switching stage
      and a second switching stage, means cross coupling said first and second
      stages in a free running multivibrator configuration, a third stage, first
      coupling means coupling said first stage to said third stage for producing
      a sharply rising signal at a point in said third stage when said first
      stage is switched in a first current direction, second coupling means
      coupling said second stage to said third stage for providing a sharply
      rising signal at said point in said third stage when said second stage is
      switched in said first current direction, and a capacitive coupling output
      electrode coupled to said point in said third stage, first means
      controlling the time constant of said first stage, second means
      controlling the time constant of said second stage, said first and second
      time constants differing, said first and second means thereby establishing
      a variable periodic transmission ratio indicative of a transduced
      quantity, further including a receiver, said receiver including a first
      amplifier and a second amplifier, said first amplifier comprising a high
      gain operational amplifier with first and second inputs having a manually
      positionable capacitive coupling input electrode coupled to said output
      electrode and connected to said first input, and a signal fed back from
      the output thereof to the second input, said amplifier following the rate
      of rise and fall of the voltage transmitted by said transmitter, and a
      display means coupled to said first amplifier for displaying a magnitude
      proportional to said transduced quantity.
NUM  17.
PAR  17. The generator of claim 16 wherein said second amplifier includes a
      bistable output means triggered into respective bistable conditions by
      said sharply rising signals, and said display means includes a phase
      detection circuit for gating the correct polarity signal to said display
      means.
NUM  18.
PAR  18. The generator of claim 17 wherein said display means includes a further
      amplifier, said amplifier including an exponential feedback network having
      a relatively long time constant compared to the variable periodic
      intervals of said transmitted signal, said further amplifier integrating
      said square wave pulses, said display means indicating said integrated
      level as an analog of said transmitted variable periodicity.
NUM  19.
PAR  19. The generator of claim 17 wherein said display means includes a first
      counter and a second counter, a source of clock pulses, means for gating
      input pulses from said transmitter and clock pulses to said first and
      second counters, means for establishing a predetermined count level in
      said first counter, a bistable means responsive to an overflow condition
      in said first counter, said bistable means disconnecting said source of
      input pulses from said first and second counters, switching means coupled
      to said bistable means, display means coupled to said counter, said
      switching means responsive to said bistable means disconnecting said first
      and second counter for enabling said display means and displaying the
      contents of said second counter.
NUM  20.
PAR  20. A monitoring system comprising at least one transmitter, said
      transmitter including means for generating a repetitive pulse waveform,
      said pulse waveform having a characteristic which varies in proportion to
      a quantity being sensed, each of said transmitters including electrode
      means adapted to transmit said signal waveforms at a predetermined signal
      strength, a receiver, said receiver having mobility with respect to said
      transmitter and including electrode means adapted to be selectively
      positioned closely adjacent and capacitively coupled to said transmitter
      electrode means when moved into proximity thereto, the capacitive coupling
      between electrodes comprising the principal signal coupling between said
      tranmitter and receiver, thereby allowing said receiver to detect said
      signal waveform, said receiver including means for converting said
      detected signal waveform to a representation of said quantity in
      proportion to said characteristics.
NUM  21.
PAR  21. The system of claim 20 wherein said system includes a plurality of
      transmitters, each responsive to a sensed quantity.
NUM  22.
PAR  22. The system of claim 21 wherein said plurality of transmitters are each
      spaced one from the other so as to be relatively non-interferring.
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ABST
PAL  At least two photoelectric sensors, sensitive to different spectral ranges
      of incident light, provide two sensed output signals; the relationship of
      the a-c components of the sensed output signals is evaluated, and it is
      determined if these a-c components fall within predetermined low frequency
      ranges, for example, 2 to 50 Hz, preferably 5 to 25 Hz; if so, a "flame
      present" signal is provided, for example to give a fire alarm, or to
      indicate that a burner is operating. Preferably, the relationship of the
      signals is such that a different signal is provided between one of the
      sensed signals and a fraction of the other, and conversely, and the
      sensitivity of the sensors is adjusted to have the same output signals at
      a predetermined color temperature, for example about 1,400.degree. K.
      Illumination signals incident on the sensors due to other sources than
      flames then are reliably eliminated while still providing the "flame
      present" signal upon coincidence of the appropriate difference signals,
      which coincidence preferably is determined by analyzing the phase
      relationships of the resulting difference signals in a phase comparator.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENTS
PAL  U.s. pat. No. 3,716,717, Scheidweiler;
PAL  U.s. pat. No. 3,739,365, Muller;
PAL  U.s. pat. No. 3,742,474, Muller,
PAL  Assigned to the assignee of the present invention.
PAR  The present invention relates to determining the presence or absence of a
      flame in which visible and/or invisible radiation from the flame is
      applied to at least two photoelectric sensors having different spectral
      sensitivity, and the output signals from the sensors are then evaluated.
      The flame may be detected in order to provide a fire alarm signal or, for
      example, to supervise operation of burners, furnaces and the like.
PAR  Flame detectors in which radiation from the flames is sensed have been
      proposed, utilizing radiation derived from the flames in the visible light
      range, infrared (IR) range, or ultraviolet (UV) range. Known flame
      detectors, to provide outputs representative of presence of a flame, and
      operating purely within the above referred to light ranges, frequently are
      not reliable, since signals are derived not only from radiation due to
      flames, but also caused by extraneous radiation, such as daylight,
      artificial light sources, radiant heaters providing IR radiation, and the
      like, although no real flame -- to be sensed -- is present. It is
      therefore necessary to provide characteristic differences which
      distinguish flame radiation from extraneous disturbance radiation when
      evaluating the signals in order to prevent erroneous signals and
      malfunction.
PAR  In one flame detector, which has been proposed, different spectral
      composition of radiation from flames is used in order to distinguish
      radiation from flames and disturbing or interfering radiation. Two
      photoelectric sensors with different spectral sensitivity are exposed to
      radiation from the flame; for example, one photoelectric sensor is
      sensitive to blue light, and one is sensitive to red light. The photo
      cells may be serially connected. At the junction point between the two
      photo cells, a d-c signal will occur which depends on the spectral
      composition or the color of the light radiation to which the sensors are
      exposed. Such a flame detector, while functioning properly under most
      conditions may, however, react to interfering radiation which by chance
      has the same, or similar spectral composition as radiation from a flame.
PAR  It has also been proposed to distinguish between signals from flames and
      disturbing signals by utilizing variation of radiation from a flame.
      Flames do not radiate constantly, that is, with uniform intensity, but
      rather fire, or flames are subject to flicker, particularly within a
      certain frequency range. The signal from a photo sensor is applied to a
      band pass filter which passes signals only in a limited frequency range
      which is characteristic for flame flicker. Such apparatus unfortunately
      also can be triggered by disturbing radiation of varying intensity, for
      example light reflected from water surfaces, sunlight interrupted by
      leaves and branches moving in the wind, or by fluorescent lights which are
      about to burn out and flicker off and on.
PAR  The two above referred to characteristics of flames can be combined, and in
      a further previously proposed flame detector, the two characteristics are
      both evaluated. First, a difference signal from two photoelectric devices
      of different spectral sensitivity is formed, and later the a-c component
      within a specific flicker frequency is derived. The sensitivity or the
      amplification of the two photoelectric devices is so set that the
      difference signal is zero for certain expected disturbing radiations of
      known spectral composition. Such an apparatus may eliminate, however, only
      a single interfering radiation, and can be set only to eliminate such a
      single interference, for example sunlight or daylight; other interfering
      radiation of different spectral composition, for example artificial light
      sources, fluorescent lamps and the like, may still trigger an erroneous
      "flame present" signal.
PAR  It is an object of the present invention to improve the detection of flames
      by eliminating disturbances to a degree heretofore not possible, which is
      reliable and does not lead to generating erroneous "flame present" signals
      due to disturbing radiation.
PAC  Subject matter of the present invention
PAR  Briefly, the relationship of the a-c components of output signals from
      sensors of different spectral sensitivity is evaluated to determine if the
      relationship of the a-c components falls within a predetermined frequency
      range between two limiting values; a "flame present" signal is generated
      only if the relationship is between these two values. Preferably, one of
      the sensors is sensitive to blue radiation and the other to red radiation,
      the sensitivity of the sensors being so adjusted that at one specific
      color temperature the output of the sensors is equal. A suitable color
      temperature is, for example, in the order of about 1,400.degree. K. The
      signal is evaluated by forming a difference signal between the red signal
      and a portion of the blue, and the blue signal and a portion of the red,
      and then analyzing the relative phases of the output signals within a
      limited low-frequency range, for example about 2 to 50 Hz, preferably
      about 5 to 25 Hz.
PAR  In accordance with a feature of the invention, the system to evaluate the
      signals from the sensors includes at least one differentiating amplifier
      to which the signals are applied, and a phase comparator which has the two
      weighted difference signals applied thereto and which compares the phase
      differences between the signals and provides a "flame present" signal when
      the first and second difference signals, derived as above, have the same
      phase position.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a general schematic block circuit diagram of the system of the
      present invention;
PAR  FIG. 2 is a detailed circuit diagram of the system of FIG. 1;
PAR  FIG. 3 is a fragmentary detailed diagram of a different embodiment of the
      sensing and difference forming circuit; and
PAR  FIG. 4 is a graph of output current from the respective sensors (ordinate)
      with respect to color temperatures in .degree.K (abscissa).
DETD
PAR  Two photoelectric sensors 1, 2 (FIG. 1) are exposed to light radiation from
      the flame. The sensor 1 is primarily sensitive to red radiation, and the
      sensor 2 is primarily sensitive to blue radiation, and the output signals
      are red (R) and blue (B), respectively. The spectral sensitivity,
      therefore, of the two sensors is different. Various types of photoelectric
      sensors may be used; the sensor is shown only schematically and may
      include, if necessary, further circuit elements, for example amplifiers
      and the like, to convert the incident radiation into an electrical signal.
      The different spectral sensitivity can be obtained either by using
      different types of photoelectric sensors, or by placing suitable filters
      before the sensors. The spectral sensitivity of the two photoelectric
      sensors may be selected to be in any desired range of electromagnetic
      radiation; a preferred range, however, is visible light and infrared
      radiation, sensitivity to red and blue being only an example. In the
      example of FIG. 1, the sensor 2 is sensitive to blue light, the sensor 1
      is sensitive to red light. The sensors may, however, also be sensitive for
      example to different wave lengths, or ranges of wave lengths within the
      infrared band.
PAR  The two output signals R and B from the photoelectric cells are applied to
      two inputs of a difference amplifier 3. The difference amplifier 3 is so
      arranged that at the outputs thereof signals appear which are proportional
      to (R-k.sub.1 (B-and (B-k.sub.2 R), in which k.sub.1 and k.sub.2 are
      constants. The amplifier is so designed that it passes only the a-c
      component within a predetermined low-frequency range of the signals; this
      low-frequency range is so selected that it is characteristic for the
      flicker of flames and is, for example, in the order of from 2 to 50 Hz. If
      better selectivity is desired, then the range may be narrowed to be
      between 5 to 25 Hz. The difference amplifier 3 preferably includes a
      difference amplifier unit 4 which has two outputs, connected to filters 5,
      6, passing the desired frequency band only; alternatively, instead of
      filters, frequency selective amplifiers may be used.
PAR  The two output signals from the difference amplifier 3 are applied to the
      two inputs of a phase comparator 7. The phase comparator 7 first includes
      threshold detectors 8, 9, one each connected to an input of the phase
      comparator. The threshold detectors 8, 9 pass a signal only if the input
      signal exceeds a predetermined threshold level. The threshold level can be
      selected to be low, that is, just slightly greater than 0, or null, so
      that even low radiation from small flames can still be detected. The two
      signals are then applied to the inputs of a gate 10 which provides an
      output signal only if the two input signals applied have the same phase
      position, that is, are either instantaneously both positive, or both
      negative; no signal is derived from gate 10 when the two signals are
      oppositely phased. The output signal from gate 10 is applied over a
      rectifier 11 to form an average value to an output which, if the system is
      to be a fire detector, provides an alarm signal.
PAR  The output itself preferably includes a timing circuit 12 between it and
      the alarm circuit itself; the timing circuit provides an output signal to
      the actual alarm system, schematically shown as a switch 13 only if the
      input signal persists for a predetermined period of time, in order to
      prevent false alarms due to short interferences or disturbances, for
      example when room illumination is first switched ON or OFF.
PAR  The output signal can trigger an external alarm if the flame detector is
      utilized in a fire alarm system. The output signal may, however, also be
      utilized to signal the presence of a desired flame, that is, to supervise
      presence of a flame from a burner, for example.
PAR  A feedback circuit F is provided to test operability of the system by
      applying a test signal from a central line to one input of the gate F.
PAR  One embodiment of a detailed circuit is seen in FIG. 2: The two
      photoelectric devices 1, 2 are connected in parallel. Each includes a
      photo resistor 14, 15 and a series connected trimmer resistor 16, 17 and,
      further, each has an optical filter r, b, filtering radiation from flames;
      the filters have different spectral pass band ranges, for example
      preferentially passing red and blue light, respectively.
PAR  The output signals which arise at the junction point between the photo
      resistor and the fixed trimmer resistor of the two photoelectric sensors
      1, 2, are applied over capacitors 18, 19 to the difference circuit 4. The
      difference circuit 4 includes, for each of the signals, an amplifier
      having transistors 20, 21 and associated collector and base resistors 22,
      23, 24, 25.
PAR  The transistors are so connected that each one has a separate emitter
      resistor r.sub.1 and r.sub.2, respectively, which are commonly connected
      to a common resistor r.sub.0. By arranging the circuit such that the
      transistors have both separate and common emitter resistors, signals
      V.sub.1 and V.sub.2 will be obtained at the outputs of the difference
      circuit 4 which are defined by relationships (1) and (2). In those
      relationships, the factors k.sub.1 and k.sub.2 are derived from the
      resistors r.sub.0, r.sub.1 and r.sub.2 as set forth in relationships (3)
      and (4). The proportionality factors g.sub.1 and g.sub.2 are derived from
      the amplification data and from the operating characteristics of the
      transistors 20, 21, respectively, as well as from the value of the
      resistors 22, 23 for transistor 20 and 24, 25 for transistor 21, as well
      as of the relative values of the resistances r.sub.1, r.sub.2 and r.sub.0.
PAR  The output signals V.sub.1 and V.sub.2 of the difference circuit 4 are
      applied over coupling capacitors 26, 27 to band pass filters or band pass
      amplifiers 5, 6 which, in turn,
PAC  LISTING OF FORMULAE FORMING PART OF THE SPECIFICATION AND CLAIMS
EQU  V.sub.1 = g.sub.1 (R - k.sub.1 B)                          (1)
EQU  V.sub.2 = g.sub.2 (B - k.sub.2 R)                          (2)
      ##EQU1##
EQU  k.sub.1 = 1                                                (5)
EQU  k.sub.2 = - r.sub.3 /r.sub.4                               (6)  provide
      their output signals to the input capacitors 28, 29 of the phase
      comparator 7.
PAR  The phase comparator 7 includes a transistor 30, having its base coupled by
      capacitor 29 to the output signal from band pass filter or band pass
      amplifier 6. The transistor 30 further has a base resistance 31, and its
      collector is connected to the junction between capacitor 28 and a diode
      32. The anode of the diode 32 is connected to one terminal of a capacitor
      33 with a parallel connected resistor 34.
PAR  Operation of phase comparator: If the signals V.sub.1 and V.sub.2 are in
      phase, then the circuit operates like the well known voltage doubler
      circuit, in which, however, the transistor 30 replaces a further diode,
      similar to the diode 32. When the a-c voltage across capacitor 29 is in
      phase with the a-c voltage across capacitor 28, transistor 30 is
      alternately conductive and blocked, in phase, that is, in rhythm or in
      synchronism with the signal across capacitor 28, so that capacitor 33 will
      have twice the input voltage of capacitor 28 built up thereacross. If,
      however, the two input signals are oppositely phased, transistor 30 is
      opened in the wrong rhythm, and will block at the wrong time to permit
      capacitor 33 to charge; no output voltage can build up across capacitor 33
      or, respectively, the capacitor discharges immediately over resistor 34.
      Simultaneously, the circuit provides for rectification, so that the output
      terminal A of the phase comparator 7 will have a voltage built up
      thereacross which is a direct voltage, but only if the two input signals
      are in synchronous phase; no voltage will build up when the phase position
      is different.
PAR  The embodiment of FIG. 3 utilizes a first photoelectric device 1 which,
      again, includes a photosensitive resistor 14 and a trimmer resistor 16 in
      series therewith. The second photoelectric device 2, however, includes a
      photo diode 35 with a parallel connected load resistor 36. Both
      photoelectric sensors are so selected that they have, due to their
      characteristics, different spectral sensitivity. Additional filters may
      thereby be avoided. In one practical example, the sensor 14 is a lead
      sulfide resistor with a germanium filter; the photo diode 35 is a silicon
      diode of the solar cell type. Both the sensor 14 as well as the silicon
      diode are located behind a common infrared filter glass. The maximum
      sensitivity of the sensor unit 14 is at about 2.2 microns and that of the
      silicon diode is at about 0.9 microns.
PAR  The difference circuit 4' has two input resistors 43, 45 and two
      transistors 37, 38 having respective collector and base resistors 39, 40;
      41, 42. The emitter resistor 44 of transistor 38 is directly connected to
      one terminal of the supply line; the emitter resistor 46 of the transistor
      37 is connected, however, to the output of the other photoelectric device
      2, that is, to the silicon diode solar cell 35, with parallel connected
      resistor 36. This circuit provides, again, the signals V.sub.1 and V.sub.2
      of the relationships (1) and (2) above, in dependence on the input signals
      R and B. The factors k.sub.1 and k.sub.2 will, however, be as in
      relationships (5) and (6).
PAR  A negative temperature coefficient (NTC) resistor 51 and a transistor 50
      can be connected in series with the lead sulfide cell 14. The base of the
      transistor 50 is connected to the tap or junction point of the voltage
      divider formed by resistors 52, 53. Change in the dark current and the
      photosensitivity of the PbS resistor 14 due to temperature changes is
      thereby compensated. A capacitor 54 is connected in parallel to the photo
      resistor 14 and the balancing or trimmer resistor 16 to provide for
      smoothing of the voltage on the photo resistor 14.
PAR  The present invention is not restricted to the examples shown, nor to the
      circuits described; other circuits may be used, which provide output
      signals of similar characteristics. Various different types of circuit
      elements, components and sub-circuit assemblies may be used which provide
      similar outputs with similar input signals.
PAR  Operation of the system, with reference to FIG. 4: Curve R -- full line --
      illustrates the relative output signals of a detector which operates in a
      range of relatively high wave length, for example in the high infrared
      range, in dependence on absolute temperature T of a radiation source. The
      broken-line curve B shows relative output current for a temperature sensor
      sensitive to relatively shorter wave length. The trimmer resistors 16, 17,
      and 36, respectively, of the photoelectric sensors 1 and 2 are so adjusted
      that the output signals R and B are equal at a given temperature. The
      given color temperature selected is the average temperature T.sub.F which
      is ordinarily expected in a flame; a typical temperature is in the order
      to about 1,400.degree. K. This is a suitable color temperature when the
      system is to be used for fire detection.
PAR  The resistance values of the difference amplifier are then so selected that
      the factors k.sub.1 and k.sub.2 are between 0 and 1; a suitable value, for
      example, is about 1/3. If the red/blue signal relationship, after the
      sensors are adjusted to an average temperature, becomes less than 1, that
      is, if the source of radiation has a higher color temperature, then the
      output signals from the two amplifiers will be oppositely phased if the
      red/blue ratio becomes smaller than the factor k.sub.1. A source of
      radiation of lower color temperature, that is, having a red/blue
      relationship greater than 1, provides oppositely phased signals when the
      red/blue relationship becomes greater than 1/k.sub.2. At an assumed value
      of k.sub.1 = 1/3 and k.sub.2 = 1/3, and an adjustment for an average
      temperature of 1,400.degree. K, a temperature range of the radiation
      source of about 1,150.degree. K to 1,700.degree. K will still provide
      output signals in which the two signals are still in phase, that is, a
      range in which an alarm signal will be obtained. Above a color temperature
      of about 1,700.degree. K, that is, in the range in which natural light
      sources are prevalent (sunlight, average daylight) and practically all
      artificial light sources (incandescent lamps, discharge lamps, fluorescent
      lamps), alarm signals are blocked since both output signals from the
      amplifier will be in phase opposition. Radiation sources which have color
      temperatures below about 1,150.degree. K, that is, artificial heat sources
      such as heat radiation lamps, heat generating apparatus, exhaust pipes
      from internal combustion engines, and the like, also will not lead to an
      output signal which might trigger a fire alarm. Monochromatic radiation
      sources and most radiation sources which do not provide a continuous
      spectrum of radiation usually do not lead to an output signal from the
      detection system, since the portion of radiation from such sources in the
      spectral ranges which are being evaluated by the system of the present
      invention is usually highly different. In the example of FIG. 3, the
      factor k.sub.2 is negative, and in this special situation, the lower limit
      will be close to zero.
PAR  The system according to the present invention has the advantage with
      respect to previously proposed flame detection and flame supervision
      systems and methods that it reacts only to radiation within a narrow
      temperature range, which is characteristic for flames, and is essentially
      immune with respect to artificial light sources. Additionally, it is
      sensitive only to radiation which has the typical changes in intensity, or
      flicker frequencies, of a flame. The additional possibility presents
      itself to prevent an output signal if this flicker is strictly cyclical
      and not random, as in a flame. Detection of a flame can, therefore, be
      made less subject to extraneous disturbances, and will be practically free
      from false alarms, or erroneous indication of presence of a flame.
PAR  Various changes and modifications may be made, and features described in
      connection with one of the embodiments may, similarly, be used with the
      other, within the inventive concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method to detect presence or absence of a flame in which at least two
      photo-electric sensors (1, 2) are provided, wherein
PA1  each one of the sensors is sensitive to a predetermined spectral range of
      incident light and wherein the respective spectral ranges to which said
      sensors are sensitive are different;
PA1  the sensors providing at least two respective sensed signals,
PA1  said method comprising
PA1  evaluating the relative relationship of the a-c components of the
      respective sensed signals from the sensors (1, 2) representative of
      presence of light in said spectral ranges and determining if these a-c
      components fall in a predetermined low-frequency band between two
      predetermined low frequency limits and, if so, providing a "flame present"
      signal if, and only if (a) the color temperature of the light incident on
      the respective sensors is lying between limits defined by said respective
      different spectral ranges and (b) the flicker of said light within both
      said limits is within said predetermined low frequency limits.
NUM  2.
PAR  2. Method according to claim 1, further comprising timing the duration of
      presence of the "flame present" signal and providing an output signal only
      if said "flame present" signal persists for a predetermined period of
      time.
NUM  3.
PAR  3. Method according to claim 1, wherein the low-frequency band has a range
      of between 2 and 50 Hertz.
NUM  4.
PAR  4. Method according to claim 1, wherein the low-frequency band has a range
      between 5 and 25 Hz.
NUM  5.
PAR  5. Method according to claim 1, further comprising the step of adjusting
      the sensitivity of the sensors (1, 2) of different spectral response to
      supply similar output signals when irradiated by luminescent radiation of
      a color temperature in the order of about 1,400.degree. K.
NUM  6.
PAR  6. Method according to claim 1, wherein the step of evaluating the
      relationship of the signals comprises
PA1  forming a first difference signal
PA1  between a first sensed signal and a second sensed signal weighted by a
      predetermined first factor k.sub.1 ;
PA1  forming a second difference signal
PA1  between the second sensed signal and the first sensed signal weighted by a
      predetermined second factor k.sub.2 ;
PA1  and utilizing that portion of said difference signals which falls within
      said low-frequency band.
NUM  7.
PAR  7. Method according to claim 6, wherein the factors k.sub.1 and k.sub.2 are
      in the order of about 1/3.
NUM  8.
PAR  8. Method according to claim 6, wherein the step of evaluating the signals
      further comprises
PA1  analyzing the relative phase of the first and second difference signals and
      providing said "flame present" signal only if the phase of the first and
      of the second difference signals is about the same.
NUM  9.
PAR  9. Method according to claim 6, wherein two sensors are provided, one
      sensor having a peak sensitivity in one spectral range (R) and the other
      sensor having a peak sensitivity in another spectral range (B);
PA1  and wherein the step of forming said first difference signal comprises
      forming a signal defined by the relationship
EQU  V.sub.1 = g.sub.1 (R - k.sub.1 B);
PA1  the step of forming the second difference signal comprises forming a signal
      defining the relationship:
EQU  V.sub.2 = g.sub.2 (B - k.sub.2 R),
PA1  wherein g.sub.1 and g.sub.2 are predetermined proportionality factors; and
      R and B are the signals from the respective sensors.
NUM  10.
PAR  10. Method according to claim 9, further comprising the step of adjusting
      the sensitivity of the sensors of the different spectral response to
      supply equal output signals when irradiated by luminescent radiation of a
      predetermined color temperature;
PA1  and wherein one of the sensors is adjusted to have a color temperature vs.
      output signal characteristic which is changing at a lesser rate than the
      change of output signal with respect to color temperature of the other
      sensor in the ranges at both sides of said predetermined color
      temperature.
NUM  11.
PAR  11. System to detect presence or absence of flames
PA1  having at least two photo-sensitive sensors (1, 2) providing sensed output
      signals (R, B) comprising
PA1  frequency selection means (5, 6) connected to said sensors and passing a-c
      signal components from said sensors within a low-frequency range lying
      between two predetermined limits,
PA1  a difference amplifier means (4) having the sensed signals applied thereto
      and forming a first difference signal defined by
EQU  V.sub.1 = g.sub.1 (R - k.sub.1 B),
PA1  and a second difference signal defined by
EQU  V.sub.2 = g.sub.2 (B - k.sub.2 R)
PA1  wherein g.sub.1 and g.sub.2 are proportionality factors determined by the
      circuit components of the difference amplifier means; R and B are the
      output signals from the respective sensors;
PA1  and k.sub.1 and k.sub.2 are other proportionality factors determined by the
      relative circuit components of the difference amplifier means:
PA1  and a phase comparator (7) having the first and second difference signals
      applied thereto and comparing the phase relationship between said signals
      and providing a "flame present " signal when said first and second
      difference signals have the same relative phase position.
NUM  12.
PAR  12. System according to claim 11, wherein the difference amplifier means
      (4) comprises two transistors (20, 21) having their bases controlled by
      the photo-electric sensors, and having, each, an individual separate
      resistor (r.sub.1, r.sub.2) connected in the emitter-collector path and a
      common resistor (r.sub.0) in the emitter-collector paths of the
      transistors.
NUM  13.
PAR  13. System according to claim 11, wherein the phase comparator (7)
      comprises a voltage doubler circuit including a capacitor (33) and a diode
      (32) connected to one output of the difference amplifier means, and a
      transistor, controlled from the other output of the difference amplifier
      means, one output providing one of said difference signals and the other
      output providing the other of said difference signals.
NUM  14.
PAR  14. System according to claim 13, wherein the diode (32) and the transistor
      (30) of the phase comparator (7) are so poled, and connected, relative to
      each other, that a signal will build up on the capacitor (33) of the
      voltage doubler circuit only if the two first and second difference
      signals derived from the difference amplifier means (4) have the same
      relative phase.
NUM  15.
PAR  15. System according to claim 11, further including a timing circuit (12)
      connected to the output of the phase comparator (7) and passing the output
      signal therefrom only if the output signal from the phase comparator
      persists for a predetermined period of time.
NUM  16.
PAR  16. System according to claim 11, further comprising a
      temperature-sensitive, temperature-compensating component (51) in circuit
      with at least one of the photo-electric sensors.
NUM  17.
PAR  17. System according to claim 16, wherein the temperature sensitive
      component comprises a negative temperature coefficient resistor (51)
      connected in series with the photoelectric sensor.
NUM  18.
PAR  18. System according to claim 12, wherein the transistors (20, 21) have,
      each, a separate base resistor of resistance r.sub.1 and r.sub.2,
      respectively, connected to a common junction, and a common resistor having
      a resistance of r.sub.0, connecting the common junction to a source of
      power supply, wherein the relative values of the resistances determine
      said factors k.sub.1, k.sub.2 in accordance with relationships (3) and (4)
      as aforesaid.
NUM  19.
PAR  19. System according to claim 18, wherein each of said transistors has its
      collector connected in an amplifier circuit and the gain of amplication of
      each amplifier circuit is matched to the spectral response of each of the
      sensors such that at a predetermined color temperature of radiation, the
      difference signals will be equal, and change of difference signals upon
      change of said color temperature of irradiation of the sensors has
      opposite effect on the difference signals from said transistors.
NUM  20.
PAR  20. System according to claim 19, wherein said predetermined color
      temperature is about 1,400.degree.K.
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PAL  An electric drive motor for an underground mining machine includes a
      capacitive-type detector supported within the motor housing for contact by
      fluid that may penetrate beyond the motor shaft seals and the like. The
      capacitance of the detector decreases when fluids penetrate the motor
      shaft seals and electrical circuitry detects such a capacitance change of
      the detector for indicating the presence of fluids within the motor
      housing to prevent damage to the motor windings. The disclosure includes
      several forms and arrangements of the detector for the electric motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a protective device to indicate the possible
      entry of fluid including liquid substances into the interior of a drive
      motor for an underground mining machine especially drum-type coal mining
      machines. Drum or roller-type coal cutting machines consist, in the
      present state-of-the-art, of a large number of flange connected
      components. Such underground mining machines are equipped with one or two
      cutting drums and they include one or sometimes two drive motors,
      depending upon the desired capacity of the mining machine. A gear head or
      turret having a drive motor together with cutting drums and worm gears or
      screw jacks form a single unit which is rigidly attached together to form
      a compact part of the machine body. The arrangement of parts is such that
      the ends of the drive shaft project out of the opposite end faces of the
      drive motor into neighboring gear heads. The drive shaft actually extends
      into a reducing gear to drive the gear head at one end of the motor and
      into a worm gear drive at the other end of the motor.
PAR  During the extraction operation, the drum cutting machine must travel in a
      manner so as to follow the direction of a coal seam, for example. As a
      result, the position of the machine frequently changes from the horizontal
      and therefore the integrity of the seals must remain effective at those
      places where the ends of the drive shaft enter into the gear head and the
      worm gear, respectively. The integrity of these seals is important to the
      assurance that no lubricating oil from the reduction gearing will
      penetrate or otherwise find its way into the drive motor causing damage to
      the motor's winding should the extraction machine be tilted at an angle.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide detector apparatus to
      indicate the possible entry or penetration of fluid including liquids into
      the interior of the drive motor and/or the extraction machine therefor.
PAR  According to the present invention, there is provided in combination with a
      drive motor for an extracting machine such as a drum-type coal cutting
      machine employed for underground mining operations, the drive motor
      includes windings within a motor housing and having a motor shaft
      extending through end plates of the motor housing, bearing means
      supporting the motor shaft for rotation within the housing and annular
      seal means between the motor shaft and the housing to prevent the passage
      of fluid into the housing from at least one end thereof, the improvement
      comprising: capacitive detector means supported within the motor housing
      for contact by fluid penetrating beyond the seal means and into the motor
      housing to produce a change to the capacitance of the detector means, and
      means for producing an electrical signal in response to a change in the
      capacitance of the detector means.
PAR  According to the present invention, there is arranged within the housing of
      the drive motor, capacitive probes which shield the opposite ends of the
      motor winding against liquids and which probes are connected to an
      indicating or switching device. Because the probes which are arranged in
      such a manner that they always come into contact with liquid which may
      penetrate into the housing of the motor, the dielectric between the two
      electrodes constituting the probes is modified by the liquid which
      penetrates into the housing. As a result, the electrical conductivity of
      the dielectric increases and the change which this produces in the
      electrical field between the two electrodes is employed to actuate an
      indicating or switching device.
PAR  In accordance with a further characteristic feature of the invention, the
      capacitive probes are made in the form of rings which are secured in the
      hollow of the motor housing or between the motor cover and a bearing plate
      for the motor shaft, or such rings are located in the area between two
      spaced-apart seals surrounding the motor shaft within the housing cover.
      The capacitive probes, located in this way, extend about the entire
      periphery of the motor housing or about the surface of the cover or,
      alternatively, they enclose the entire drive shaft and thus the probes
      always remain accessible for contact with any fluid likely to enter into
      the housing in an absolute independent manner of the inclination of the
      mining machine.
PAR  Ring-shaped capacitive probes may be supported within the motor housing
      within the plane of the dynamic balancing ring in which event such probes
      preferably have a U-shaped cross section which is openly exposed to the
      balancing ring. Lubricating oil which has penetrated beyond the periphery
      of the motor shaft, invariably collects on the periphery of the balancing
      ring which rotates with the motor shaft. As a result of the centrifugal
      force produced by the rotating balancing ring, the oil is thrown into the
      open profile of the U-shaped probe where it collects at the lowest point
      and comes into contact with the dielectric. In order to simplify the
      mounting and attachment of the ring-shaped probes, it is preferred that
      the probes are made of material such that they are flexible in the radial
      direction and that the diameter of the probe is slightly larger than the
      bore supporting it. In this manner, the probes can be introduced into the
      hollow bore in the motor housing in a compressed state and then they are
      allowed to expand and lie in a firmly held position therein.
DRWD
PAR  These features and advantages of the present invention as well as others
      will be more fully understood when the following description is read in
      light of the accompanying drawings, in which:
PAR  FIG. 1 is an elevational view of an underground mining or extraction
      machine;
PAR  FIG. 2 is a longitudinal section through the drive motor for the mining
      machine shown in FIG. 1 and illustrating one form of capacitive probes
      according to the present invention;
PAR  FIG. 3 is an enlarged view of the capacitive probe illustrated in FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 2 but illustrating a second form of
      capacitive probe according to the present invention;
PAR  FIG. 5 is an enlarged view of the capacitive probe associated with seals
      for the motor shaft shown in FIG. 4;
PAR  FIG. 6 is a view similar to FIG. 2 and illustrating a further embodiment of
      the capacitive probe according to the present invention; and
PAR  FIG. 7 is a circuit diagram for detecting a capacitance change by a probe
      according to the present invention.
DETD
PAR  In FIG. 1, there is illustrated a drive motor 1 located on a housing frame
      2 of the body of a drum-type coal cutting machine 3. The drive motor as
      shown in FIG. 2 consists essentially of a cylindrical motor housing 4 with
      bearing plates 7 and 8 carrying ball or other type of bearing assemblies 5
      and 6 used to rotatably support a motor shaft 9. An end cover plate 10 is
      provided at one end of the motor housing and a ventilator fan 11 is
      located at the other end of the housing. Both ends of the drive shaft 9
      project outwardly beyond end faceplates of the housing frame 2 where they
      are provided with a spur gear 12 at one end and a spur gear 13 at the
      other end. These gears project into the adjacent constructional parts of
      the mining machine and specifically into gear head or turret 14 and worm
      gear drive 15 of the drum-type coal cutting machine 3. The ventilator fan
      11 is located in front of the bearing plate 7, that is, outwardly of the
      motor housing, and motor cover 10 closes off the opposite end of the motor
      housing 4.
PAR  On the motor shaft 9 located within the motor housing 4 is an armature
      winding 16 which is surrounded by a field winding 17. Attached to the
      motor shaft 9 is a balancing ring 18 which is located between the armature
      winding 16 and the bearing support plate 8. The area within the motor
      housing 4 is closed off at both ends by seals 19 and 20 supported by cover
      10 and an end cap 21, respectively. The seals are stationary and engage
      the rotating drive shaft 9. These seals, together with the other seals in
      adjacent gear head 14 and worm drive 15, are provided to insure that oil
      does not enter into the motor housing 4 from the gear drive units 14 and
      15.
PAR  According to the present invention, there is provided, inside the motor
      housing 4 in front of the end faces of windings 16 and 17, capacitive
      probes 22 and 23 which actuate an indicating device 24 or a shut-off
      device 25 should fluid, particularly a liquid, enter into the housing,
      thereby warning the operator of the drum-type coal cutting machine or,
      alternatively, shutting down the operation of the machine.
PAR  In FIG. 2, the capacitive probe 22 includes a ring 26 having its outer
      peripheral surface facing toward the housing bore. The ring 26 is provided
      with ribs of an electrical insulating material 27. The ring 26 and the
      housing 4 form two electrodes or charge carriers which have different
      states of electrical charge and separated from each other by an air gap or
      ribs of insulation 27.
PAR  A capacitive probe 23 is located at the other end of the motor windings and
      includes a U-shaped ring 28 extending about the periphery of the bore in
      the housing. The ring 28 lies in the same plane as the balancing ring 18
      and the open profile provided by the U-shaped configuration faces toward
      the balancing ring. Insulation 29, consisting of individual and spaced
      apart ribs, separates the U-shaped ring 28 from a narrower ring 30 lying
      inside it as best illustrated in FIG. 3. The two rings 28 and 30 have
      different states of electrical charge.
PAR  FIGS. 4 and 5 illustrate a further arrangement of parts according to the
      present invention to form a capacitive probe 31 in the area between two
      spaced-apart seals 19 which are carried by the motor cover 10. The
      capacitive probe 31 includes a ring 32 surrounding the motor shaft 9 and
      insulated therefrom by a dielectric 33. The dielectric consists in the
      main of an air gap, but may also consist of ribs distributed about the
      annular bore defined by the ring 32. In this embodiment of the invention,
      the motor shaft 9 and ring 32 have different states of electrical charge.
PAR  FIG. 6 illustrates a further embodiment of the present invention wherein
      the motor cover 10 carries a disc-shaped probe 37 on its inner facing
      surface. The probe 37 is insulated from the cover by a dielectric 38. In
      this embodiment, the disc-shaped probe 37 and the motor cover 10 have
      different states of electrical charge which give rise to indicating or
      switching pulses when the capacitance of the dielectric changes due to the
      penetration of moisture beyond the two seals 19 into the motor housing.
PAR  The capacitance of each probe 22, 23, 31 and 37 is based on (1) the values
      of the dielectric constants; (2) the areas of the two electrodes forming
      the charge carriers; and (3) the distance between the electrodes of the
      probes. The capacitance is inversely proportional to the separation
      distance between the electrodes. Moisture reduces the value of the
      dielectric constant and, hence, the capacitance of the probes 22, 23, 31
      and 37. This change in capacitance is superimposed on a series-connected
      oscillator 34 and forms by way of a demodulator 35 and amplifier 39, an
      output signal to control the operation of a relay 36. The relay 36
      actuates a switching device 25 to turn OFF the current supplied to the
      drive motor of the mining machine. Alternatively, an output signal from
      the relay 36 can be employed to energize an indicating device 24, thereby
      informing the machine operator that fluids which may include a liquid have
      penetrated into the confines of the motor housing.
PAR  FIGS. 2 and 6 illustrate a radial arrangement of bored holes spaced about
      the periphery of the motor housing. These holes are closed off by plugs
      40. By removing the plugs 40, liquid which has penetrated into the motor
      housing 4 can be drained off so that the drum-type coal cutting machine
      can remain in operation until appropriate repairs can be accomplished.
PAR  Although the invention has been shown in connection with a certain specific
      embodiment, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Apparatus for detecting penetration of fluid in combination with a drive
      motor for an extracting machine such as a drum-type coal cutting machine
      employed for underground mining operations, said drive motor including
      windings within a motor housing, a motor shaft extending through end
      plates at the ends of the motor housing, bearing means supporting the
      motor shaft for rotation within the housing, and annular seal means
      between the motor shaft and the housing to normally prevent the passage of
      fluid into the housing from at least one end thereof, the improvement
      comprising:
PA1  capacitive means including at least one charged carrier probe spaced from
      said seal means along said motor shaft for ultimate support by the motor
      housing between the end plates in a manner such that fluid penetrating
      into the motor housing beyond said seal means contacts and reduces the
      capacitive charge of said capacitive means,
PA1  detecting means coupled in an electric circuit which includes said
      capacitive means for producing an electrical signal corresponding to a
      decrease capacitance of said capacitive means to thereby indicate
      penetration of fluid into the motor housing, and
PA1  means energized in response to said electrical signal.
NUM  2.
PAR  2. The combination according to claim 1 wherein said means energized in
      response to said electrical signal includes an indicating device for
      indicating the change in the capacitance of the detector means.
NUM  3.
PAR  3. The combination according to claim 1 wherein said means energized in
      response to said electrical signal includes control means for rendering
      said drive motor inoperative.
NUM  4.
PAR  4. The combination according to claim 1 wherein said capacitive means
      includes an annular member arranged within the motor housing between an
      end plate therefor and a support plate carrying a bearing means for said
      motor shaft.
NUM  5.
PAR  5. The combination according to claim 1 wherein said capacitive means
      includes a generally disc-shaped plate supported in a closely-shaped
      relation by a dielectric from the inside surface of an end plate for the
      motor housing.
NUM  6.
PAR  6. The combination according to claim 1 wherein said annular seal means
      includes two annular seal elements carried by an end plate of the motor
      housing in a spaced-apart relation along said motor shaft, and wherein
      said capacitive means includes an annular ring between said seal elements.
NUM  7.
PAR  7. The combination according to claim 1 wherein said capacitive means
      includes an annular ring carried by an internal face surface of said motor
      housing.
NUM  8.
PAR  8. The combination according to claim 1 further comprising a balancing ring
      carried by said motor shaft, and said capacitive means includes an annular
      ring having a U-shaped cross section facing in an outwardly-spaced
      relation from said ring, said annular ring being supported within said
      motor housing so as to lie within the radial plane containing said
      balancing ring.
NUM  9.
PAR  9. The combination according to claim 1 wherein said capacitive means
      includes a radially flexible annular ring having an outer diameter thereof
      exceeding the diameter of the internal support surface thereof in the
      motor housing.
NUM  10.
PAR  10. The combination according to claim 7 wherein said capacitive means
      further includes insulating ribs carried in a spaced-apart relation along
      the face surface of said annular ring.
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PAL  Apparatus for driving a plasma discharge display employs a sustaining
      voltage pulse train source for quiescently energizing the display
      electrodes. To modify the display presentation, e.g., to initiate
      discharges at a new cell or terminate that previously obtaining, one of
      the sustaining voltage pulses is suppressed and an appropriate display
      changing signal introduced in its place.
PAL  Because the change signals are developed during the time interval otherwise
      allotted to a sustaining pulse, there is no requirement for an interval
      between sustaining pulses for display modifying signaling. Accordingly,
      the sustaining pulse rate can be rapid, resulting in a bright display with
      good operating margins.
BSUM
PAC  DISCLOSURE OF INVENTION
PAR  This invention relates to plasma display driving apparatus and, more
      particularly, to plasma display driving apparatus including a memory
      function.
PAR  In a basic driving method for a plasma display panel with memory, all
      electrode pairs are energized with an a.c. pulse voltage so that every
      discharge cell, i.e., every gas discharge space corresponding to the
      cross-points of a matrix (or all elements of another graphic display) at
      the intersecting electrodes is supplied with a discharge sustaining
      voltage lower than a discharge triggering voltage. If a display element is
      to be illuminated, a pair of electrodes are selected by applying a firing
      voltage pulse larger than the discharge triggering threshold across the
      discharge cell at the cross-point between the selected electrodes. Once
      the discharge has been initiated, the pulsating discharge is sustained by
      the wall charge deposited on the wall surfaces of the discharge cell and
      the discharge sustaining voltage. Each pictorial element can therefore be
      displayed as a luminous point.
PAR  When a discharging luminous picture element is to be extinguished, an erase
      voltage pulse of an appropriate amplitude is applied across the cell to be
      erased to reduce the wall charge formed on the wall surfaces of the cell
      to substantially zero.
PAR  The above-described plasma display system with the so-called memory
      attribute is believed to have favorable prospects for replacing CRT
      (Cathode Ray Tube) display systems, having as advantages the facts that
      the plasma display does not require a refresh memory, and that it can be
      digitally driven. Other advantages are that since the display member is
      transparent, it is possible to display an image projected by a slide
      projector or the like coincident with the displayed data; that the
      distortion of a displayed picture is small; and that the plasma display
      structure is relatively simple and characterized by a plane shape. For
      example, such a plasma display system forms a character display system or
      a graphic display system by the combination of a well-known character
      generator or a line segment generator so that it may be efficiently
      utilized for various display terminals in a data entry system, an
      information retrieval system, a CAI (Computer Assisted Instruction)
      system, or a pictorial response system.
PAR  Heretofore, in plasma display driving apparatus having the memory function
      based upon the above-described basic principles, driving methods as
      illustrated in FIGS. 1i and 1ii have been employed for developing the
      graphic presentation at the display panel. In FIGS. 1i and 1ii which show
      the voltage waveforms applied across a discharge cell in accordance with
      prior art driving techniques, the reference letters Vs and Vf represent
      the amplitude of the sustaining voltage and firing voltages, respectively.
PAR  In the method exemplified by the waveforms of FIG. 1i, a firing voltage
      pulse b or an erase voltage pulse c is generated adjacent in time to a
      sustaining voltage pulse a, that is, during an interval d when no
      sustaining voltage pulse is present. On the other hand, in the method
      illustrated in FIG. 1ii, a firing voltage pulse b' is supplied coincident
      with a positive sustaining voltage pulse a'.
PAR  In FIGS. 1i and 1ii, a waveform Vw depicted by a dotted line shows the cell
      wall voltage. As shown in the respective drawings, a gas discharge is
      initiated by the application of the firing voltage pulses b and b',
      respectively, hence creating wall voltage Vw where none had previously
      obtained. Thereafter, due to the presence and effect of the wall voltage,
      the gas discharge can be sustained by the respective sustaining voltage
      pulses a and a'. As also shown in FIGS. 1i and 1ii, the erase pulses c and
      c' again reduce the wall voltage to zero, thereby terminating the gas
      discharge notwithstanding application of further sustaining pulses. The
      amplitude and duration (pulse-width) of the voltage pulses c and c' are
      chosen such that after the gas discharge caused by the generation of these
      pulses, the wall voltage may be reduced substantially to zero. The voltage
      pulses c and c' may illustratively have an amplitude smaller than the
      amplitude Vs of the sustaining voltage pulses a and a', and a pulse-width
      narrower than that of the pulses a and a'. The driving method of FIG. 1i
      is disclosed in FIG. 1 on page 105 of a paper entitled "INTERNATIONAL
      SYMPOSIUM: DIGEST OF TECHNICAL PAPERS", published by SID (Society for
      Information Display) in 1971 (Reference 1). The driving method of FIG. 1ii
      is disclosed in FIG. 5 on page 109 of Reference 1.
PAR  These prior-art driving methods are characterized by attendant
      disadvantages. Thus, the sustaining voltage pulses must maintain a
      sufficient interval as represented by the interval d to permit insertion
      of a firing voltage pulse b or an erase voltage pulse c or c' as shown in
      FIGS. 1i and ii. Further disadvantages for the prior-art methods of FIGS.
      1i and ii will be described in more detail with reference to FIGS. 2i, 2ii
      and 2iii. In FIGS. 2i, ii and iii, symbols a-1, a-2 and a-3 represent
      waveforms of the sustaining voltage pulses, while symbols e-1, e-2 and e-3
      represent the timing relationship of the discharge luminescence produced
      by the corresponding sustaining voltage pulses.
PAR  In the case of the prior-art method shown in FIG. 2i corresponding to FIGS.
      1i and ii, the frequency of the sustaining voltage pulses cannot be raised
      to a value higher than a predetermined rate as above-discussed, and,
      accordingly, a display with high brightness cannot be obtained because of
      the limited number of discharges possible within a given period.
      Furthermore, since the interval d is needed, the width of the sustaining
      voltage pulse cannot be made larger than a predetermined value when the
      pulse frequency has a fixed upper bound. As a result, the display exhibits
      a relatively small operational margin.
PAR  Unless the period d is required, it is desired that the interval between
      the sustaining voltage pulses be made minimal to enhance the frequency of
      the sustaining voltage pulses, as shown in FIG. 2ii. A display with high
      brightness may thus be obtained or, even if the frequency of the
      sustaining voltage pulses is unchanged, the operating margin is increased
      by broadening the pulse-width as shown in FIG. 2iii so that stable driving
      operation may be obtained.
PAR  The method in which the firing voltage pulse is superimposed on the
      sustaining voltage pulse as shown in FIG. 1ii has the disadvantage that
      half-selected discharge cells are supplied with a voltage of 1/2 (Vf + Vs)
      that is higher by 1/2 Vs than the half-selection voltage 1/2 Vf in the
      case where the firing voltage pulse alone is applied. As a result, the
      driving procedure of FIG. 1ii increases the rick of erroneous firing.
PAR  It is therefore one object of the present invention to provide a plasma
      display driving apparatus which is free from the above-mentioned
      disadvantages inherent in the prior-art driving methods, and which is
      capable of performing stable driving operation and developing a display
      with high brightness.
PAR  The above and other objects of the present invention are realized in a
      specific, illustrative driving circuit of the present invention for a gas
      discharge display device having a pair of parallel spaced glass plates,
      each of the glass plates having an inside surface with a group of
      electrodes positioned in rows and with the electrodes on one glass plate
      being oriented at right angle relative to those on other glass plates.
      This permits a discharge at each cross-point between the electrodes by
      applying voltage therebetween, wherein the driving circuit comprises:
      circuitry for generating a reference sustaining signal pulse train
      characterized by a predetermined period; X-axis and Y-axis sustaining
      voltage driving circuitry responsive to the reference sustaining signal
      pulse trains for generating a sustaining voltage pulse train to be applied
      to the respective groups of the parallel electrodes; means for inhibiting
      the generation of selected pulses of a sustaining voltage pulse train;
      means for determing the timing for the suppression of sustaining pulses;
      circuitry for generating firing and erase timing pulses; X-axis and Y-axis
      firing-erase driving circuity for generating firing and erase voltage
      pulses, respectively; and circuitry for superimposing the firing and the
      erase voltage pulses on the sustaining voltage pulses in the X- and Y-axis
      directions, whereby a display with stability and high brightness is made
      possible by selectively providing a firing or an erase voltage pulse at an
      inhibited part of the sustaining voltage pulse train.
DRWD
PAR  The features and advantages of the present invention will become more clear
      from the detailed description of a specific embodiment thereof presented
      herein below in conjunction with the accompanying drawings, in which:
PAR  FIGS. 1i and 1ii are timing diagrams of the driving waveforms
      characterizing two prior-art plasma display driving methods discussed
      above;
PAR  FIGS. 2i and 2ii and 2iii are diagrams for explaining the disadvantages of
      the prior-art driving methods;
PAR  FIG. 3 comprises a waveform for presenting operation of the present driving
      apparatus;
PAR  FIG. 4 is a block diagram of one specific embodiment of the present
      invention;
PAR  FIG. 5 comprises a diagram for showing in greater detail that part of the
      FIG. 4 apparatus encircled by a dash-line frame 100, constituents in FIGS.
      4 and 5 being identified by the same reference numerals; and
PAR  FIG. 6 illustrates the various signal waveforms characterizing principal
      elements of FIG. 5 (reference numerals with a prefix S given to each
      waveform being identical to the reference numerals of the signal lines of
      FIG. 5 on which the corresponding waveforms appear).
DETD
PAR  Turning now to FIG. 3, a pulse train a" is continuously applied across all
      the discharge cells for providing the sustaining voltages. In a firing
      cycle of operation, a pulse a.sub.1 " of the pulse train a" is suppressed
      and a firing voltage pulse b" is supplied during the a.sub.1 " interval.
      Similarly, for an erase operation, a portion a.sub.2 " of the pulse train
      a" is similarly blocked and an erase voltage pulse c" is supplied in place
      of the deleted pulse a.sub.2 ". When this method is employed, there is no
      necessity for providing an interval for inserting a firing or erase
      voltage pulse between sustaining voltage pulses. As a result, it becomes
      possible to obtain a display of high brightness by increasing the
      frequency of the sustaining voltage pulses, and also, to realize stable
      driving operation by using sustaining voltage pulses with a large
      pulse-width. In addition, since the firing pulses are isolated, the risk
      of erroneous operation in half-selected discharge cells as described above
      becomes very small.
PAR  It is noted that the waveform Vw represented by a dotted line in FIG. 3
      shows the variation of wall voltage generated by the firing voltage pulse
      b", which terminates in response to the erase voltage pulse c". A more
      detailed description of the variation of wall voltage is omitted herein
      since it has been briefly discussed in connection with FIGS. 1i and 1ii,
      and because it is well known per se and has no bearing on the subject
      matter of the present invention.
PAR  FIG. 4 shows a block diagram of one embodiment of the present invention,
      which includes a reference sustaining signal pulse generator 1 for
      continuously producing two reference sustaining signal pulse trains having
      a predetermined period. The signal pulse trains normally pass through
      inhibit circuitry 4 without interruption and are sent to sustaining
      voltage drivers 2 and 3 when a firing or erase operation is not being
      carried out. The drivers 2 and 3 generate sustaining voltage pulses in
      response to the reference sustaining signal pulse trains which are applied
      to X-axis electrodes 11 and Y-axis electrodes 12 through corresponding
      superposition (linear summing) circuits 9 and 10, respectively.
PAR  When a firing or an erase instruction signal is applied to a signal line
      010, timing determining circuitry 5 determines the timing for inhibiting a
      part of the sustaining voltage pulse train e.g., the pulse a.sub.1 " of
      FIG. 3, and the sustaining voltage pulse so identified is blocked by the
      inhibit circuitry 4.
PAR  A firing or an erase timing pulse is generated in a firing-erase timing
      pulse generator 6 coincident with suppression of the deleted sustaining
      pulse. Firing-erase drivers 7 and 8 generate firing or erase voltage
      pulses in response to a firing or an erase timing pulse which are supplied
      to the electrodes 11 and 12 through the summing, superposition circuits 9
      and 10, respectively. A part of X-axis address designation signals on a
      signal line group 020 is fed to the firing-erase driver 7, and the
      remainder is sent to the circuit 9 so that only a particular electrode
      among the X-axis electrodes 11 is energized with the firing or the erase
      voltage pulse. In the same manner, in response to Y-axis address
      designation signals on a signal line group 030, only a particular
      electrode among the Y-axis electrodes 12 is energized with the firing or
      the erase voltage signal. Thus, each particular discharge cell 13 of the
      cell array can be selectively ignited or erased. After completion of a
      firing or erase operation, since the sustaining voltage pulses generated
      in response to the reference sustaining signal pulses are applied to every
      discharge cell 13, display information is preserved and sustained.
PAR  The circuit construction of the FIG. 4 drive arrangement is well-known
      except for the structure encircled by a dashed rectangle 100 in FIG. 4.
      For example, such circuitry is disclosed on pages 104-105 and pages
      108-109 of Reference 1, the full disclosure of which is incorporated
      herein by reference. Accordingly, only the circuit construction of the
      block 100 will be described in greater detail hereinbelow with reference
      to FIG. 5, which shows detailed structure for the block 100, and FIG. 6
      which shows signals waveforms characterizing operation of the FIG. 5
      apparatus.
PAR  The reference sustaining signal pulse generator 1 is illustratively shown
      in FIG. 5 as formed by an oscillator 15, a binary counter 16 and AND-gates
      17 and 18. Oscillation pulses from the oscillator 15 are shown at
      waveforms S-151 of FIG. 6, and have a frequency twice that of the
      reference sustaining signal pulse waveforms S-101 and S-102. The pulses
      are supplied to the counter 16. By taking logical products (coincidence
      logic) of the oscillation pulses and true and complementary outputs of the
      counter 16 as shown at waveforms S-161 and S-162, respectively, in the
      AND-gates 17 and 18, reference sustaining signal pulse trains such as
      shown at waveforms S-101 and S-102 are generated on signal lines 101 and
      102. If it is assumed that the signal S-101 is used to produce the
      sustaining voltage pulses provided to the X-axis electrodes 11 of FIG. 4,
      the signal S-102 is used to generate the sustaining voltage pulses which
      drive the Y-axis electrodes 12 of FIG. 4.
PAR  The timing determination circuitry 5 for selectively blocking a part of the
      sustaining voltage pulses is illustratively formed of inverters 51, 52, 55
      and 56, delay elements 53 and 54, AND-gates 57, 58, 59, 510, 511 and 512,
      flip-flops 513 and 514, and delay elements 515 and 516. The delay element
      53, the inverters 51 and 55, and the AND-gates 57 and 59 produce timing
      pulses representing leading and trailing edges of the reference sustaining
      signal pulses S-101 appearing on the signal line 101. These circuit
      elements generate the leading edge pulses represented by waveform S-503 on
      a signal line 503 and the trailing edge pulses represented by waveform
      S-571 on a signal line 571. The delay element 54, the inverters 52 and 56,
      and the AND-gates 58 and 510 similarly produce, on a signal line 504,
      leading edge pulses S-504 of the reference sustaining signal pulses S-102
      generated on the signal line 102, and generate on a signal line 581
      trailing edge pulses S-581 of the pulses S-102.
PAR  The flip-flop 513 is set by a firing instruction signal S-011 on a signal
      line 011, and is reset by a pulse produced by slightly delaying an output
      pulse S-501 of the AND-gate 511 at the delay element 515. When the
      flip-flop 513 is in a set condition and its true output S-505 generated on
      a signal line 505 is "high", the AND-gate 511 is enabled and supplied to a
      signal line 501 the trailing edge pulses S-571 of the sustaining signal
      pulses S-101 appearing on the signal line 571.
PAR  The flip-flop 514 is set by an erase instruction signal S-012 impressed on
      a signal line 012, and is reset by a pulse produced by slightly delaying
      an output pulse S-502 of the AND-gate 512 via the delay element 516. When
      the flip-flop 514 is in a set condition and its true output S-506 on a
      signal line 506 is "high", the AND-gate 512 is enabled and generates on a
      signal line 502 the trailing edge pulses S-581 of the sustaining signal
      pulses S-102 appearing on the signal line 581.
PAR  The circuitry 4 for selectively inhibiting the sustaining voltage pulses
      supplied to the X- and Y-axis electrodes 11 and 12 of FIG. 4 may comprise
      monostable multivibrators (hereinafter abbreviated as MM) 41 and 42,
      inverters 43 and 44, and AND gates 45 and 46. The MM41 is triggered by the
      timing pulse S-502 produced on the signal line 502 and generates on a
      signal line 411 an inhibit signal S-411 having a pulse-width somewhat
      broader than that of the reference sustaining signal pulses S-101. The
      output of MM41 is supplied to the AND-gate 45 via the inverter 43 to block
      one pulse of the signal pulses S-101 appearing on the signal line 101. As
      a result, a sustaining signal pulse train having one inhibited pulse is
      produced on a signal line 401.
PAR  The MM42 is triggered by the timing pulse S-501 generated on the signal
      line 501 to generate an inhibit signal S-422 on a signal line 422 with a
      pulse-width also somewhat broader than that of the reference sustaining
      signal pulses S-102. The output of MM42 is applied to the AND-gate 46 via
      the inverter 44 to block one pulse of the signal pulses S-102, produced on
      the signal line 102. Accordingly, a sustaining signal pulse train with one
      inhibited pulse is produced on a signal line 402.
PAR  The firing-erase timing pulse generator 6 may comprise flip-flops 61 and
      62, AND-gates 63 and 64, delay elements 65 and 66, and monostable
      multivibrators 67 and 68. The flip-flop 61 is set by the timing pulse
      S-501 appearing on the signal line 501, and is reset by a pulse produced
      by slightly delaying an output pulse S-631 of the AND-gate 63 with the
      delay element 65. The AND-gate 63 produces on a signal line 631 one of the
      leading edge pulses S-504 of the sustaining signal pulses S-102 appearing
      on the signal line 504 when the flip-flop 61 is in a set condition such
      that its true output S-611 produced on a signal line 611 is "high". This
      timing pulse S-631 appearing on the signal line 631 triggers the MM67 to
      impress a firing timing pulse S-601 on line 601 with an appropriate
      pulse-width.
PAR  The flip-flop 62 is set by each timing pulse S-502 generated on the signal
      line 502, and is reset by a pulse produced by a slightly delayed output
      pulse S-641 of the AND-gate 64 effected by the delay element 66. The
      AND-gate 64 generates on a signal line 641 one of the leading edge pulses
      S-503 derived from the sustaining signal pulses S-101 produced on the
      signal line 503, when the flip-flop 62 is set (its true output S-621 on
      signal line 621 is "high"). This pulse S-641 triggers the one shot circuit
      68 to form an erase timing pulse S-602 with an appropriate pulse-width on
      the line 602.
PAR  When neither a firing nor erase command signal is applied, the reference
      sustaining signal pulses S-101 and S-102 generated by the generator 1 are
      continuously transmitted to signal lines 401 and 402, respectively.
PAR  To review the functioning above described, upon the application of the
      firing instruction signal S-011 to the signal line 011, a timing signal
      S-501 for inhibiting a sustaining voltage pulse is generated on the signal
      line 501, and the MM42 generates a signal with a pulse-width sufficient to
      completely block one pulse of the reference sustaining signal pulses --
      i.e., one pulse of the sustaining signal pulses S-102 is suppressed by the
      AND-gate 46. Simultaneously with the foregoing, the timing signal S-501
      sets the flip-flop 61 so that one pulse of the leading edge pulses S-504
      of the sustaining signal pulses S-102 is produced via the AND-gate 63 on
      the signal line 631. The multivibrator 67 generates the firing timing
      pulse S-601 on the signal line 601 during the period in which the
      sustaining signal pulse S-102 is blocked.
PAR  When an erase command signal S-012 is applied to the signal line 012, the
      timing signal S-502 for inhibiting a sustaining voltage pulse is generated
      on the signal line 502, and the MM41 generates a signal of sufficient
      pulse-width to block one pulse of the reference sustaining signal pulses.
      As a result, one pulse of the sustaining signal pulse train S-101 is
      inhibited by the AND-gate 45. At the same time, the timing signal S-502
      sets the flip-flop 62 so that one of the leading edge pulses S-503 of the
      sustaining signal pulses S-101 is coupled via the AND-gate 64 to the
      signal line 641, and thereby to the MM68 which generates an erase timing
      pulse S-602 on the signal line 602 during the period in which a sustaining
      signal pulse S-101 is suppressed.
PAR  By reason of the structure and functioning abovediscussed, signal waveform
      S-900 as illustrated in FIG. 6 is developed as the driving voltage
      waveform applied to a discharge cell. This waveform S-900 includes
      sustaining voltage pulses a"; a firing voltage pulse b"; and an erase
      voltage pulse c".
PAR  It is noted at this point in accordance with one aspect of the present
      invention, that a control pulse for driving a plasma display panel is
      inserted in the time period in which a sustaining voltage pulse is
      inhibited. Also, the driving waveform of FIG. 3 merely illustrates one
      illustrative example within the scope of the present invention and various
      modifications and adaptations thereto may be made. For instance, the
      timing relationship of the application of the firing voltage pulse and the
      erase voltage pulse could be reversed opposite to that shown in FIG. 3 so
      that the firing voltage pulse b" is applied while the sustaining voltage
      pulse a.sub.2 " is inhibited. Also, a voltage pulse with an opposite
      polarity to that of the pulse c" may be applied while the sustaining
      voltage pulse a.sub.1 " is inhibited for serving as the erase signal. The
      firing voltage pulse b" as well as the erase voltage pulse c" can be
      supplied at the timing of a sustaining voltage pulse a.sub.2 " or a.sub.1
      ". Further, the circuit construction shown in FIGS. 4 and 5 is merely one
      practical form of the present invention.
PAR  In the embodiment of the present invention explained with reference to
      FIGS. 4 to 6, only one firing operation or one erasing operation was
      performed. As a practical matter, however, a plurality of the firing or
      erasing operations must typically be carried out in order to continuously
      fire or erase a plurality of the discharge cells. With the present
      invention, since a part of the sustaining voltage pulse train is inhibited
      due to firing or erasing operations, it is necessary to consider the
      brightness change in the discharge cells forming the pictorial elements of
      the displayed image previously fired if firing or erasing operations are
      successively performed. In order to avoid a condition in which the
      sustaining voltage pulse train is continuously inhibited during sequential
      firing or erasing operations, consecutive firing or erasing instruction
      signals must be generated on the signal lines 011 or 012 only for every
      two, three or more intervening cycles of the sustaining voltage pulse
      train (a pair of positive and negative sustaining voltage pulses
      correspond to one cycle of the pulse train as shown in the waveform S-900
      of FIG. 6), thus ensuring that brightness of the display is not diminished
     .
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STM  What is claimed is:
NUM  1.
PAR  1. In combination, an apparatus for driving a plasma discharge display
      including plural display generating electrodes, means for supplying a
      sustaining voltage pulse train, selective pulse inhibiting means
      connecting said sustaining pulses supplied by said supplying means
      therefor to the display electrodes, command responsive means for
      signalling a display change, said inhibiting means including means
      responsive to a signal provided by said command responsive means for
      suppressing one of said sustaining pulses provided by said supplying means
      therefor and means responsive to a signal provided by said command
      responsive means for supplying a display modifying signal to a display
      electrode during the time interval when said sustaining signal is
      suppressed by said inhibiting means, wherein said inhibiting means
      comprises gate means, and monostable multivibrator means for disabling
      said gate means for a timed interval.
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ABST
PAL  A composite semiconductor light-emitting display array is disclosed in
      which light is emitted and observed through a light-transmissive planar
      array of light-emitting devices. The latter are preferably LED's which are
      formed in a monolithic transparent single crystal such as GaP. Light is
      generated at the back of the single crystal, but is observed through the
      front of the crystal. The crystal with its array of LED's is directly
      interconnected with monolithic integrated circuit, resulting in a
      composite sandwich structure with interconnections sandwiched between the
      LED array and the integrated circuit. The latter comprises an array of
      memory elements such as flip-flops for selectively energizing the
      light-emitting devices, obviating the need for large peak currents in the
      planar display.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the visual display devices, and
      more particularly, to a composite integrated circuit light-emitting
      display array using semiconductor light-emitting devices in planar array
      in a transparent, monolithic crystal wherein the light is generated at the
      back of the crystal, but is transmitted through the crystal and is
      observed from the front surface of the crystal.
PAR  In the past, a variety of devices for non-permanent visual presentation of
      information has been available. Perhaps one of the most widely used and
      accepted visual display devices is the cathode ray tube. While the cathode
      ray tube has served admirably in many diverse applications, it does suffer
      many disadvantages which limits its future use in many applications. These
      include high-voltage requirements (usually on the order of 15,000 volts or
      more) and x-ray and radio frequency emissions which are attendant to such
      high voltages requiring shielding in order to reduce radio-frequency
      interference. In addition, cathode ray tubes are expensive owing to their
      complexity of manufacture and their relatively short life-time requiring
      periodic replacement. The low light output of cathode tube displays
      requires care to prevent glare from the ambient surroundings from
      preventing the readability of the display. Even under ideal conditions,
      cathode ray tube displays being analog in nature have poor resolution with
      accuracies achievable only to about 2%. Furthermore, the large size and
      weight and the nonruggedness of the cathode ray displays prevent their use
      in many environments where space is at a premium and rugged, dependable
      construction is a prerequisite.
PAR  Another type of display is the so-called plasma discharge (or simply "gas
      discharge") display, in which gas between planar electrodes in a
      gas-filled envelope is excited by voltages across the electrodes provides
      emission of light. Such devices require relatively high energizing
      voltages, are somewhat bulky, and have limited lifetime. Because of their
      higher energizing voltages, they are not directly compatible with
      semiconductor circuitry of the type employed in integrated circuits.
PAR  These and other type of displays are described, and their relative merits
      noted, in the article entitled "Circuit/System Building Blocks" by
      Lapidus, G., in IEEE Spectrum, Vol. 11, No. 1, Jan. 1974, p. 54.
PAR  Recently, semiconductor light-emitting devices such as the LED
      (light-emitting diode) have been developed. The development of these
      devices has given rise to the forecast of a solid state planar display
      that will overcome all of the above limitations of cathode ray tube
      displays and, perhaps, have many other added benefits. However, while
      these light-emitting devices lend themselves to X-Y scanning, a simple X-Y
      matrix of solid-state light-emitting devices has many drawbacks. One major
      disadvantage to X-Y scanning of a large array, which may have of the order
      of 500,000 light-emitting devices, is that high-peak currents are required
      for every short period of time. For example, assume that a planar display
      has 500,000 light-emitting devices in a 7 .times. 7 inch format with 100
      light-emitting devices to the inch. A 10 ma DC current is required for
      each light-emitting device to provide an average display brightness of
      1,000 lumens per square foot. For a frame rate of 50 Hz, the clock
      scan-rate must be greater than, or equal to, 25 MHz. Under these
      conditions, it can be calculated that the peak current in any
      light-emitting device in the array will be 5000 A. Even with two orders of
      magnitude reduction in DC current in the light-emitting devices, the peak
      current would be approximately 50A. This is intolerable and presents an
      almost insolvable problem when one considers the potential radio-frequency
      interference in addition to the small conductor cross-sectional areas
      associated with an array of the above dimensions.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the invention are the provision of a composite
      integrated semiconductor light-emitting display array having the
      high-contrast, brightness and resolution potential of such displays, but
      requiring only low voltages and currents for operation, thereby permitting
      the realization of that potential; the provision of such an array
      providing for compact, economical, relatively simple integration of
      semiconductor light-emitting devices with semiconductor circuitry for
      energization of the light-emitting devices; and the provision of such an
      array which is directly compatible with semiconductor circuitry.
PAR  The foregoing and other objects of the invention are attained by providing
      a sandwich structure comprising a monolithic array of light-emitting
      devices and a monolithic silicon semiconductor integrated circuit with
      multilayer metallization and interconnections sandwiched between the two.
      The monolithic array of light-emitting devices comprises a single
      transparent crystal, and the light is generated at the back of the crystal
      adjacent to the interface with the integrated circuit. Since the crystal
      is transparent, the light is observed through the front of the crystal.
      The integrated circuit comprises an array of memory elements, such as
      flip-flops, which provide the driving current for each of the light
      emitting devices in the transparent crystal. This combination of memory
      elements and light-emitting devices permits and addressed light-emitting
      device in an X-Y array to be on in excess of 90 per cent of the time,
      which means that the peak current requirement in the light-emitting device
      is less than 1.1 times the steady current required for a particular
      brightness level. The integrated circuit is mounted on a metallic heat
      sink to provide both rigidity and even thermal distribution.
PAR  Other objects and features are apparent or are pointed out below.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating a typical display array in the form
      of an X-Y matrix of integrated circuit memory elements and light-emitting
      devices according to the invention;
PAR  FIG. 2 is a simplified schematic diagram of one row in the X-Y matrix
      illustrating the operation of the memory elements in combination with the
      light-emitting devices;
PAR  FIG. 3 is a detailed schematic diagram of a 2 .times. 2 matrix of memory
      elements and light-emitting devices;
PAR  FIG. 4 is a cross-sectional view of the integrated semiconductor
      light-emitting display array according to the invention; and
PAR  FIG. 5 is an enlarged cross-sectional view of one of so-called mesas of the
      crystal in which such light-emitting devices are formed.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the view of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings, a composite integrated circuit
      light-emitting display array 10 according to the invention is generally
      illustrated as an X-Y matrix of integrated memory circuit elements and
      solid state light-emitting devices. This X-Y matrix array 10 can be
      addressed in any number of well-known ways. Either serial or parallel
      formats may be used; however, for purposes of illustration, FIG. 1
      illustrates a raster-scanning address circuit comprising an X counter 11
      and a Y counter 12. Both the X counter 11 and the Y counter 12 are reset
      to zero by a frame sync pulse applied to terminal 13. A clock of suitable
      pulse repetition rate is applied to the X counter 11 at terminal 14. Both
      the X counter 11 and the Y counter 12 may be constructed by using a
      conventional binary counter comprising a cascaded series of bistable
      multivibrators and an appropriate decoding detwork so that the counters
      provide only a single output corresponding to a specific column or row,
      respectively. Thus, with each clock pulse applied to terminal 14, the X
      counter 11 provides a single output which advances from column 1 to column
      n of the X- Y matrix array 10 in synchronism with the clock. When the X
      counter 11 reaches the last n count, it also provides an output to the
      input of the Y counter 12. Thus, the Y counter 12 which selects the rows
      of the X-Y matrix array 10 counts at a rate of 1/n that of the X counter
      11. The Y counter 12 operates in a manner similar to that of the X counter
      11, providing a single output which advances from row 1 to row n in
      synchronism with the nth count of the X counter 11. A complete cycle of
      the Y counter 12 constitutes one frame.
PAR  The video signal in the form of a serial binary code synchronized with the
      clock is applied to terminal 15 connected to a series of AND gates 16, one
      for each column of the X-Y matrix array 10. The X counter 11 enables only
      one of the AND gates 16 at any one time. The video signal applied at
      terminal 15 is connected to all of the AND gates 16 so that the video
      signal will be passed by the enabled AND gate corresponding to the column
      selected by the X counter 11. As will be explained in more detail, the
      coincidence of row and column outputs from the Y counter 12 and the AND
      gates 16, respectively, selects a specific memory element and its
      associated light-emitting device in the X-Y matrix array 10. This
      selection triggers the memory element which in turn provides the current
      to drive the light-emitting device.
PAR  It will be appreciated from the foregoing description that the integrated
      semiconductor display array according to the invention is shown in FIG. 1
      as being addressed by a scheme analogous to a conventional TV raster. In
      such a system, both the frame sync pulse applied at terminal 13 and the
      clock pulses applied at terminal 14 are derived directly from suitable
      video signal input in a manner well known to those skilled in the art. It
      should be emphasized, however, that the present invention is not limited
      to the specific means for addressing the display array and that the system
      shown in FIG. 1 is for purposes of explanation only. For example, one or
      the other of counters 11 and 12 may be replaced by a register in which
      binary data is transferred to the array in parallel. This eliminates
      scanning in one of the X or Y directions, thereby greatly reducing the
      time required to address the entire array. Other methods of addressing the
      array will readily suggest themselves to those skilled in the art.
PAR  The addressing scheme illustrated in FIG. 1 sets selected ones of the
      memory elements in the X-Y matrix array 10. According to the principles of
      the invention, it is also necessary to reset the memory elements in the
      X-Y matrix 10 after a predetermined time. This is readily accomplished,
      for example, by a second pair of X and Y counters (not shown in order to
      simplify the drawings) which are identical to counters 11 and 12. The
      second pair of X and Y counters are also reset by the frame sync pulse but
      delayed by a time equal to about 90% of the frame period. Obviously, there
      are no AND gates interposed between the X counter of this second pair of
      counters and the X-Y matrix 10 since the purpose of this second pair of
      counters is to reset rather than set the memory elements in the matrix.
      Illustration of this second pair of counters has been omitted in order to
      avoid unduly complicating the drawing.
PAR  A simplified schematic diagram for one row of elements in the X-Y matrix 10
      is shown in FIG. 2. In this figure, the light-emitting devices are
      represented by light-emitting p-n junction diodes (LED's) 20.sub.li to
      20.sub.ni where the first number of the subscript represents the column
      and the second number represents the row of that particular LED. While the
      light-emitting p-n junction diodes are illustrated, any semiconductor
      light-emitting device may be used. Thus, aspects of the invention embrace
      not only p-n junction diodes, but also a simple semiconductor monode
      (e.g., electroluminescence, such as employed in ZnS electroluminescent
      panels) and also more complex structures such as of p-i-n, p-n-p, and
      similar configurations, junction semiconductor devices capable of emitting
      light. Each of the light-emitting diodes 20.sub.li to 20.sub.ni are
      connected to a corresponding memory circuit element, viz. flip-flops
      21.sub.li to 21.sub.ni. Each of flip-flops 21.sub.li to 21.sub.ni have two
      inputs, one corresponding to its associated column and, in this case, one
      corresponding to the ith row. In order for any of the flip-flops 21.sub.li
      to 21.sub.ni to be set (i.e., to transition from the first state to the
      second state), pulses on the two input lines or leads must be coincident.
      Once set, the flip-flops remain set regardless of the status of either of
      their two inputs until they are reset by a clear pulse. While the clear
      pulse is indicated as being simultaneously to all of the flip-flops
      21.sub.li to 21.sub.ni by means of a single clear line, it will be
      appreciated that the flip-flops may be individually reset in the same
      manner in which they were set, if desired. The anodes of the
      light-emitting diodes 20.sub.li to 20.sub.ni are each connected to a
      source of supply voltage V.sub.B.
PAR  In operation, the flip-flops in the display array are scanned in the X and
      Y directions corresponding to the columns and rows of the array. This
      scanning operation requires very low power. Coincidence of an X and Y
      pulse at a particular flip-flop will set or change the state of that
      flip-flop, causing its associated light-emitting diode to emit light. An
      important aspect of this invention resides in the fact that once set, a
      flip-flop remains in the set condition (the second state) until reset to
      the first state thereby causing current to flow in its light-emitting
      diode for a relatively long period of time. This greatly reduces the peak
      current required for each LED to achieve a certain level of brightness of
      emitted light. This is due to the fact that the brightness of the emitted
      light from an LED or the like is directly proportional to the average
      current in the diode. By maintaining the diode in a conducting state for a
      longer period of time, the same average current can be realized at a much
      lower value of peak current.
PAR  In a simple on/off single-color display of the invention, total display
      brightness variation can be achieved by control of the V.sub.B voltage
      line. In the case of a shades-of-gray type single-color display, memory
      external to that illustrated in FIG. 2 is additionally required, in which
      case the light-emitting diodes are turned on by scanning as described
      above. However, to turn the light-emitting diodes off at different times
      corresponding to the required shades-of-gray modulation, further scanning
      is required to extinguish discrete elements. State-of-the-art digital
      computer technology is readily utilized for this purpose. In the case of
      an on/off multicolor or multicolor shades-of-gray display employing the
      invention, the electronics associated with the display array are identical
      to that required for the single color displays just described.
PAR  FIG. 3 shows a detailed schematic diagram of a simple 2 .times. 2 matrix of
      memory elements and light-emitting devices which is suitable for
      implementation in an integrated semiconductor array embodying the present
      invention. Since each memory element and the control circuitry for its
      associated light-emitting device is identical within the matrix, only the
      circuitry of that memory element and its associated light-emitting device
      shown in the upper left hand corner of the figure are described in detail.
      Each memory element comprises a fli-flop having two multiple emitter
      transistors 31 and 32. Transistors 31 and 32 are cross-coupled in the
      usual fashion to form a bistable multivibrator. This cross-coupling is in
      the form of a resistor 33 connected between the collector of transistor 31
      and the base of 32 and a resistor 34 connected between the base of
      transistor 31 and the emitter of another transistor 35. Transistor 35 is
      connected as an emitter-follower and has its base connected to the
      collector of transistor 32. Each of transistors 31 and 32 are provided
      with load resistors 36 and 37, respectively, which are connected to a
      source V.sub.L of logic-controlled power. The collector of transistor 35
      is also connected to the source of logic-controlled power, while the
      emitter of transistor 35 is connected through a load resistor 38 to the
      base of another drive transistor 39. Transistor 39 is connected in common
      emitter fashion with its emitter connected to ground and its collector
      being connected through a load resistor 40 and a light-emitting dioes 41
      to a source of voltage V.sub.B. The first emitter of transistor 31 and 32
      are both connected to the X.sub.O column address line, and the second
      emitter of each of transistors 31 and 32 are connected to the Y.sub.O row
      address line. The third emitter of transistor 31 is connected to a D
      select line, and the third emitter of transistor 32 is connected to a D*
      select line.
PAR  The D and D* select lines relate to logic control functions which may be
      used to clear or reset the memory elements in the display array. Both
      decoding and memory functions are preformed by the multiple emitter
      transistors. Should either the X or Y address lines be low, the flip-flop
      will remain in its present state. When both X and Y address lines are high
      indicating that the memory element has been selected in the scanning
      operation, the flip-flop will remain in its present state unless either
      the D or D* line is high. Thus, for example, with the D* line high and the
      D line at ground potential, the flip-flop will be set with transistor 31
      in the conducting state and transistor 32 in the nonconducting state. When
      transistor 32 is in the non-conducting state, a positive potential appears
      at the base of transistor 35 causing it to conduct turning on transistor
      39. With transistor 39 conducting, a conduction path is established for
      the light-emitting diode 41 causing it to emit light. While both the D and
      D* select lines are at ground potential, the flip-flop will remain in its
      set or reset state irrespective of the state of the X and Y address lines.
      The flip-flop is reset by a high level appearing on the D select line and
      ground potential appearing on the D* select line, thereby causing
      transistor 32 to conduct and transistor 31 to cease conduction. This
      arrangement of D and D* select lines allows complete freedom in how data
      update can be performed. For example, random updating can occur as data
      changes, all memory elements can be cleared, data can be refreshed on a
      scan basis, and so forth.
PAR  The physical construction of the monolithic light-emitting diode display
      array according to the invention is shown in cross-section in FIG. 4 of
      the drawings. The array is a sandwich structure comprising a monolithic
      array 43 of individual light-emitting diodes 43a, 43b and so forth and a
      monolithic silicon large scale integrated circuit (LSI) 44 with a
      multilayer metallization and spherical interconnections generally
      indicated at 45 sandwiched between the two. The LSI silicon circuit
      comprising the array of memory elements is mounted on a metallic heat sink
      46 to provide both rigidity and even thermal distribution.
PAR  A characteristic feature of this invention resides in the fact that the
      light is generated at the p-n junctions back of the crystal of the array
      43, or adjacent the interconnections 45 with the LSI circuit 44. Thus, for
      example, if light-emitting diodes are used as the semiconductor
      light-emitting devices, then the crystal of array 43 is preferably bulk
      monocrystalline GaP with the p-n junctions, representatively indicated as
      part of p-n junction regions of the diodes on the back surface of the
      crystal. Since the GaP crystal is transparent, the light generated at the
      p-n junctions is observable from the front surface as indicated by the
      arrows in the drawing.
PAR  The monolithic array of light-emitting devices 43 is shown deeply etched on
      the p-n junction side at 48 providing deep channels which form a grid
      which isolates each light-emitting diode area. Such an etched grid has two
      advantages. First, it provides a reflector system to improve light from
      the array 43. Second, the grid effectively reduces the optical cross-talk
      between adjacent elements in the array because of the optical isolation it
      provides.
PAR  The channels of the grid 48 effectively cause the back surface of crystal
      48 to be constituted by individual mesas 50 arranged in rows and columns
      so that the face of each such mesa has a rectangular shape. Each mesa 50
      contains a p-n junction region 47 and thus each mesa forms an LED.
PAR  A representative p-n junction in such a mesa 50 is illustrated at 51 in
      FIG. 5, with a layer or region of n-type conductivity shown at 53 and a
      thin surface layer or region of p-type conductivity shown at 55. The p-
      regions may be formed by diffusing a dopant such as zinc into epitaxially
      grown n-type material.
PAR  It will be understood, of course, that suitable metallization (not shown)
      or other contact means is applied to the GaP crystal in order to apply the
      energizing potential across the individual junction regions 47
      alternatively, one of the mesas such as that designated 57 may be free of
      the p-type surface layer so as to provide electrical interconnection
      between the memory circuit elements and the body of crystal 43. In either
      case, all of the opposite sides of the individual diodes are contacted via
      the body of the crystal.
PAR  Spherical or hemispherical metal contacts 49 are preferably used between
      the multilayer metallization 45 and the p-layer 55 of the individual p-n
      junction regions 47 to provide good electrical contact between one side of
      each of the light-emitting diodes and the associated memory elements in
      the LSI circuit.
PAR  The resultant sandwiched construction and electrical interconnection may be
      referred to as of flip-chip configuration and permits an extremely compact
      fabrication of the integrated semiconductor display array according to the
      invention.
PAR  In the specific example given in FIG. 4 of a GaP crystal, a single color
      (green) display is provided. Other colors, however, can also be achieved
      in this display array. For example, the basic GaP crystal can have arsenic
      diffused on the p-n junction side to provide GaAsP diodes which produce
      red light. Alternatively, GaAsP may be epitaxial grown on the GaP
      substrate. Or, the GaP may be doped with a isoelectronic impurity such as
      nitrogen in a magnitude sufficient to produce a spectral shift from green
      toward yellow or yellow-green. In any event, the basic GaP crystal is
      transparent to the emitted light. Other combinations and materials can be
      readily envisioned by those skilled in the art to provide different color
      or multicolor display.
PAR  The invention herein described contemplates also the use of a multicolor
      LED display array as disclosed in the copending, co-assigned U.S.
      application of M. G. Craford et al., Ser. No. 497,992, filed Aug. 16, 1974
      (attorneys' docket C-19-21-0226), entitled "Integrated Semiconductor
      Light-Emitting Display Array", hereby incorporated by reference.
PAR  In view of the foregoing, it will be seen that the several objects of the
      invention are achieved and other advantages attained.
PAR  It will be apparent that the embodiment shown is only exemplary and that
      various modifications can be made in constructon and arrangement without
      departing from the scope of the invention. Accordingly, it is intended
      that all matter contained in the foregoing description or shown in the
      accompanying drawings be interpreted as illustrative rather than in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite integrated circuit light-emitting display array comprising:
PA1  a monolithic array of LED devices, each of said devices being adapted when
      energized to emit light observable from the front surface of said array,
      said monolithic array being constituted by a monolithic transparent GaP
      crystal, each of said LED devices constituting at least one diode having a
      separate p-n junction at which light is radiated, said junction being at
      the back surface of said crystal, said light being transmitted through
      said crystal for being observed at the front surface of said crystal;
PA1  a monolithic integrated circuit array of selectively addressable
      independent memory circuit elements corresponding to and adapted for
      energizing respective ones of said LED devices, said integrated circuit
      array being adjacent the back surface of said crystal; and
PA1  interconnection means sandwiched between said planar arrays for providing
      electrical interconnection between respective ones of said LED devices and
      said circuit elements at the back surface of the first-said array, said
      circuit elements being operable when addressed to selectively and
      independently energize said LED devices for causing emission of light
      observable from the front surface of the first-said array.
NUM  2.
PAR  2. A composite integrated circuit light-emitting display array as set forth
      in claim 1 wherein said memory circuit elements comprise integrated
      flip-flop circuits corresponding to respective ones of said LED devices,
      each of said flip-flops having a normal first state and being selectively
      operable to assume second state, each said flip-flop causing energization
      of a respective LED device when in said second state, each said flip-flop
      remaining in said second state after assuming said second state to cause
      continued energization of the respective LED device, and each said
      flip-flop being resettable for returning to said first state from said
      first state.
NUM  3.
PAR  3. A composite integrated circuit light-emitting display array as set forth
      in claim 2 wherein said LED devices and said flip-flops are arranged in
      respective rows and columns and constitute an X-Y array.
NUM  4.
PAR  4. A composite integrated circuit light-emitting display array as set forth
      in claim 2 wherein each of said flip-flops comprises a pair of
      cross-coupled transistors, each said pair constituting a bistable
      multivibrator.
NUM  5.
PAR  5. A composite integrated circuit light-emitting display array as set forth
      in claim 3 wherein each of said transistors has multiple emitters, one of
      the emitters of each transistor being interconnected with one of a
      plurality of X-address leads, another of the emitters of each transistor
      being interconnected with one of a plurality of Y-address leads whereby
      the conduction of said transistors is selectively controlled by X-Y
      addressing.
NUM  6.
PAR  6. A composite integrated circuit light-emitting display array as set forth
      in claim 5 wherein each of said transistors contains a further emitter,
      said further emitters being interconnected with a plurality of logic
      select leads for resulting said flip-flops.
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PAL  A photoconductor gas discharge display is adapted for such rapidly moving
      images as television pictures by means of the present invention wherein
      the photoconductive elements (abbreviated as PC elements) are illuminated
      in advance of the addressing thereof so the impedance of each element will
      be low at the time of addressing. Time controlled means are provided for
      causing rows of PC elements to be illuminated in succession and in advance
      of the addressing thereof. The illuminating of the rows of elements is
      accomplished by gas discharge chambers disposed adjacent thereto. Each PC
      element opposite the gas discharge chamber has a photosensitive resistor
      connected thereto by which voltage signals are applied to the PC element
      and each PC element must be in illuminated condition for the voltage
      signal to be effective when applied to the element. The invention
      functions by pre-illuminations to achieve a sufficiently low impedance
      level so as to be illuminated by an addressing from a voltage signal. The
      PC elements are illuminated in horizontal rows and are addressed in
      vertical rows so that the combination of an illuminated row of the PC
      elements and the addressing of a vertical column of the PC elements with a
      voltage signal specifies a respective point in the first mentioned
      chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a display device and is particularly
      concerned with a display device similar to that shown in my issued U.S.
      Pat. No. 3,812,486 but representing a substantial improvement thereover
      particularly in respect of greatly increasing the device's speed of
      response to applied signals in order that the earlier invention may be
      adapted for television use.
PAR  A display device of the general nature with which the present invention is
      concerned is illustrated and described in detail in my issued U.S. Pat.
      No. 3,812,486. Because the display device of the patent, however, is slow
      in operation it is for that reason suitable primarily for slow moving or
      stationary displays.
PAR  When a display is to be created which moves rapidly, as in the case of a
      television picture, the device of the patent is ineffective because the
      photoconductor lacks sufficient response time to be effective in
      transferring the electrical signals to the display gas discharge.
PAR  The present invention is concerned with a display device of the general
      type disclosed in U.S. Pat. No. 3,812,486, but basically modified so that
      the response of the device to applied signals is substantially increased.
PAR  The device of the present invention is adapted for displaying rapidly
      moving images and establishes the display with minimum structure and
      minimum electrical connections and circuitry external to the display
      device.
PAR  Still further, the present invention permits the making of a relatively
      thin flat display device sometimes referred to as a "flat image" picture
      display which can be used as a low cost television screen.
PAC  SUMMARY OF THE INVENTION
PAR  This invention has as its principal purpose the development of a television
      display utilizing a minimum number of conductors and which utilize the
      photoconductor elements generally described in my prior U.S. Pat. No.
      3,822,414 issued July 2, 1974 and wherein the display elements are
      essentially the same construction and operation, but in this instance
      serve as television display elements rather than character and graphic
      display elements. By "minimum number of conductors," I mean and refer to
      those conductors which are external to the system and are connected to it.
PAR  The technical problem which I surmount by means of this invention is how to
      make the display sufficiently responsive in time so that it is capable of
      depicting rapidly moving images. Since the photoconductor response time is
      inherently limited, means have been improvised for directly overcoming the
      inherent lag time of response by the PC elements and I do this by
      pre-conditioning the photoconductors so that they become capable of
      response equal to any typical resistor-capacitor element. The technical
      solution to the problem is that I provide a scanner which moves across
      rows of the PC elements illuminating them in segments or clusters and by
      sweeping across the rows and indexing appropriately from row to row, I can
      pre-condition the PC elements by bringing them to an energy level so that
      if an individual PC element is electrically addressed by a gray scale
      electrical signal, the PC elements will be energized to make a display.
      The invention calls for these three groups - (1) a display, (2) a scanner,
      and (3) a gray scale. Although the display contains PC elements which are
      of the same construction and functional characteristics as in my previous
      patent, I can increase the apparent response time by pre-conditioning the
      PC elements with the scanner and in a synchronous but time lag manner, I
      then address the pre-conditioned PC elements with a gray scale device
      which electrically addresses an appropriate one of the pre-conditioned PC
      elements and the response is within the limits required so that the
      display is adapted to serve for television pictures.
PAR  As a result of this unique combination of elements, I can make it possible
      to secure a practical and economical flat image picture tube. In fact, the
      display size of a television picture can be made larger than state of the
      art devices now permit and without cumbersome multiplicity of conductors
      external to the device or requiring large cathode ray tubes which are now
      the limiting factor in size for most commercial television pictures.
PAR  The exact nature of the present invention and the several objects and
      advantages thereof will become more apparent upon reference to the
      following detailed specification taken in connection with the accompanying
      drawings.
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PAC  DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view showing the principal parts of the
      display device;
PAR  FIG. 2 is a perspective detail view showing the construction of one of the
      photoconductor elements of the device in FIG. 1;
PAR  FIG. 3 is a schematic showing the scanning panel in one form which the
      device can take and illustrating the arrangement of several control
      electrodes therein;
PAR  FIGS. 4 and 5 are a combined graph illustrating (a) the timed relationship
      of energization of certain of the electrodes forming a part of the device,
      and (b) using the same time intervals as FIG. 4, FIG. 5 is a graph showing
      the reaction time of the photoconductor elements;
PAR  FIG. 6 is a schematic view showing how the device of the present invention
      can be connected for receiving a television video signal for display of
      the video information thereon;
PAR  FIG. 7 is a switch matrix for the gray scale for addressing the selected
      photoconductor elements;
PAR  FIG. 8 is a switch matrix illustrating the differential reset scan system;
PAR  FIG. 9 is a schematic diagram of the display, scanner and gray scale
      address;
PAR  FIG. 10 is a schematic view of a single PC element showing the energy
      levels achieved by pre-illumination and subsequent addressing thereof by
      the gray scale address; and
PAR  FIGS. 11A - 11F illustrate the sequential scanning which occurs by the
      illuminating means as it progresses in segments of eight PC elements
      proceeding from left to right and the indexing from one row to the next,
      and preparing the PC elements for their electrical addressing.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings more in detail, the device, as shown in FIG. 1,
      comprises an opaque back panel 20 which is engaged by a second panel 22
      which is also preferably opaque and which may be formed of ceramic or
      other suitable insulating material. Panel 20 is also insulating material.
PAR  Panel 22 is provided with a plurality of gas discharge chambers 24 formed
      therein extending horizontally and laterally from front to back. Panel 20
      carries an elongated cathode 26 which registers with each aperture 24 over
      the major portion of the length thereof while at one end of gas discharge
      chamber 24 panel 20 carries a single ionizing reset cathode 28 which is
      part of a switch matrix which is to be explained later and forming a part
      of the scanning system.
PAR  A further panel 30 engages panel 22 on the opposite side from panel 20.
      Panel 30 is transparent and on the side facing panel 22 is a plurality of
      anodes 32 thereon and which are also transparent. Anodes 32 may, for
      example, be in the form of tin oxide films.
PAR  Panel 30 also carries a further ionizing reset anode indicated at 34, and
      which is opposed to the ionizing reset cathode 28 on panel 20. A further
      panel 36 of opaque electrical insulating material engages panel 30 on the
      side opposite panel 22. Rows of photoconductive elements 38 in side by
      side relation are distributed in panel 36 in registration with gas
      discharge chamber 24.
PAR  A typical photoconductive element 38 (illustrated in FIG. 2) comprises a
      metallic body 40 having a recess 42 in the end facing panel 30 and within
      which recess 42 there is mounted a photoconductor element 44. The
      photoconductor element may comprise, for example, a polycrystalline
      material suspended in a transparent plastic in sufficient density to be in
      continuous phase.
PAR  The individual polycrystals may be formed of cadmium and selenium with a
      doping agent which may consist of copper or chlorine. A variety of
      compositions of the photoconductor elements can be employed and the
      cadmium selenide referred to will be understood to be merely an example
      composition.
PAR  In any case, the photoconductor element 44 is mounted in metallic body 40
      with a layer of insulating material 46 interposed therebetween. The
      photoconductor element 44 is electrically connected to metallic body 40 by
      metallic films as at 48 and 50 and metallic film 52 is provided which is
      connected to the photoconductor element 44 in a region spaced from the
      aforementioned points 48 and 50. The arrangement is such that a voltage
      applied to film 52 will be transmitted to metal body 50 only when the
      photoconductor element 44 is illuminated and, thus, in a low impedance
      condition.
PAR  The end of metallic body 40 facing away from photoconductor element 44 is
      formed with a concavity 54 to enhance brightness and reduce sputter.
PAR  The panel 36 has arranged in spaced opposed relation thereto a further
      transparent panel 56 the inward side of which is provided with transparent
      electrode means, tin oxide, for example, and indicated at 58. A spacing
      strip 60 is provided which forms a grid and extends about the periphery of
      panel 36 and is disposed between panels 36 and 56 to provide for a gap
      therebetween.
PAR  The gas discharge chamber 24 and the gap between panels 36 and 56 is filled
      with a gas, such as neon, containing traces of other gases which will
      luminesce with the application of an electric signal.
PAR  The wires or film 52 previously referred to (FIG. 2) extend in the vertical
      direction at right angles to the length of chamber 24 (FIG. 1) and each
      wire of a group of eight wires is connected to a corresponding
      photoconductor element 44 in each row of the photoconductive elements 38
      with a common conductor for each group in a row, the groups each
      consisting of groups of eight PC elements. Display anode selector 58 (FIG.
      1), together with selecting a chamber 24, and a respective wire or film
      52, uniquely selects a point in the display device. Thus any PC element of
      the display matrix 10 will be uniquely actuated if these conditions occur
      simultaneously:
PAR  1. The PC element is in a row addressed optically by the scanner to bring
      the PC element to a high conductive state (FIG. 10).
PAR  2. The same PC element is in a column addressed by the gray scale address
      applied on film 52 (FIG. 2) and
PAR  3. The display anode 58 (FIG. 1) is selected; or expressed in Boolean logic
      terms:
      ##SPC1##
PAL  where A, B and C correspond to (1), (2) and (3) above, and D is the visible
      light to the observer. Quite briefly that is the scheme of the invention.
      Viewed still somewhat differently - this is why I call this a three level
      matrix address and the means by which I have achieved the unique results.
PAR  In FIGS. 3 and 8 it will be seen that the cathodes 26 (which comprise what
      are referred to as scan cathodes) are connected to a voltage source 62 and
      have a plurality of output wires, for example, three output wires; every
      fourth electrode is connected to a respective one of the output wires.
PAR  The electrodes 32 (which are referred to as the scan anodes), extend
      completely across all of the chambers 24 and, thus, across all of the
      cathodes 26. Each of the scan anodes 32 is connected to a source 64 having
      a respective output wire connected to each of the scan anodes.
PAR  The reset cathodes 28 (FIG. 8) are provided with still another source 66
      which has a plurality of output wires, in this case, five output wires,
      and every sixth one of reset cathodes 28 is connected to a respective one
      of the output wires.
PAR  The electrodes 34 (referred to as the reset anodes) are elongated elements
      with each extending over a plurality of the reset cathodes 28 with each of
      the reset anodes being connected to a respective wire which wires lead to
      a still further voltage source 68 (FIG. 3).
PAR  The conductive elements 38 consisting of the conductive body 40 and the
      photoconductor element 44 mounted thereon are distributed along each
      chamber 24 to form a row so that, for example, eight of the members are
      disposed within the range of each of the scan anodes 32. It will be
      understood that the particular number of conductive members under each
      scan anode is subject to variation.
PAR  The addressing wires 52 extend vertically as shown in FIG. 2 and
      interconnect corresponding ones of the resistance elements in each row.
PAR  The device described above will be seen to be similar to that disclosed and
      described in my issued U.S. Pat. No. 3,812,486 with the exception that the
      chambers 24 in the present arrangement are completely isolated from one
      another instead of being interconnected for ion exchange therebetween as
      in the device of the patent referred to.
PAR  The reason for this difference is that the previous device was adapted for
      making stationary or slow moving displays whereas the device of the
      present invention is adapted for use in creating rapidly moving displays
      as for television purposes and the like.
PAR  The arrangement of the device to adapt it to the creation of rapidly moving
      displays such as used in television comes about on account of the
      characteristics of the photoconductive elements and which are shown in
      FIG. 5. FIG. 5 shows a graph line 70 which represents the conductivity of
      the photoconductive element 44. Starting at the left side of FIG. 5, the
      conductivity of the element 44 is quite low and if illumination is
      initiated at that point, the conductivity of the element gradually rises
      and becomes useful for conducting current at about the point marked by
      dashed line 72.
PAR  When the conductivity of the element rises to line 72 or somewhat beyond
      that point, the addressing of the resistance material by the application
      of a voltage pulse to a wire 52 (FIG. 2) associated with the gray scale
      address 14 (FIG. 9) will result in comparatively instantaneous
      transmission of the voltage to the opposite end of the respective
      photoconductive element 38 and the creation of an optical display in the
      chamber at that end of the conductive member, these elements 38 forming
      part of the display system (FIG. 1).
PAR  Since the addressing of individual pulses to each photoconductive element
      38 for television purposes must take place in the range of from about 1 to
      2 microseconds, it will be apparent that the rise time of the conductivity
      of the photoconductive elements 44, which is on the order of about 30
      microseconds, is in excess of what is tolerable. Thus, according to the
      present invention, an arrangement is provided whereby each photoconductive
      element 44 (FIG. 10) is illuminated for a sufficient length of time from
      scanner 12 (FIG. 9) prior to the supply of the appropriate signal thereto,
      in the form of a voltage pulse, from the gray scale address 14 so as to
      increase the conductivity of the element 44 to a predetermined level when
      it can be comparatively instantaneously energized.
PAR  This is accomplished according to the present invention by energizing the
      electrodes according to the charts illustrated in FIG. 4. FIG. 4, at the
      top, has a line 74 representing the period of energization of a respective
      scan cathode 26. Therebeneath is a line 76 representing the period of
      energization of the respective reset cathode 28 and which is in the same
      chamber 24. Next beneath line 76 is a line 78 which represents the period
      of energization of the reset anode 34 pertaining to the energized reset
      cathode.
PAR  Next beneath line 78 is a group of lines 80, 82, 84 and 86 and which
      represent periods of energization of the respective scan anodes 32 (FIG.
      3). The timed period of energization of each scan anode overlaps in time
      about one-half the period of energization of a respective adjacent scan.
PAR  Toward the right side of FIG. 4, line 74a represents the period of
      energization of the scan cathode next beneath the one pertaining to line
      74 and line 76a pertains to the reset cathode next below the one
      pertaining to line 76. The line 78 pertaining to reset anodes 34 continues
      down through the fifteenth one of the scan cathodes to be energized
      according to the arrangement of FIG. 3 and then the second one of the
      reset anodes is energized. This dividing of the reset anodes into parts
      permits the group of the scan cathodes as illustrated without it occurring
      that two of the chambers 24 in spaced relation will be ionized at the same
      time.
PAR  The lines 80a, 82a, 84a and 86a pertain to the periods of energization of
      the scan anodes during the period that the scan cathode pertaining to wire
      74a is energized.
PAR  From the chart of FIG. 4 and the circuit diagram of FIG. 8, it will be seen
      that the reset cathodes and reset anodes are successively energized moving
      in one direction across the device, namely, in the downward direction
      while the scan cathodes 26 are energized at the same time moving
      downwardly across the display device but that the energization of the scan
      cathodes groups will result in only a single chamber 24 becoming ionized
      and becoming luminescent at any one time.
PAR  In Boolean logic terms a group of PC elements are uniquely determined by
      the scanner function which comprises a four input AND gate where A is the
      reset anode, B is the reset cathode, C is the scan cathode and D is the
      scan anode, A+B+C+D=E where E is light emission from the segment of the
      scanner.
PAR  It will also be seen that the scan anodes 32 in groups are energized in
      succession moving in one direction across the device, namely, toward the
      right during each interval that a scan cathode is energized and then to a
      next lower row as successively shown in FIGS. 11A - 11F.
PAR  Thus, when a reset anode 34 and a respective reset cathode are energized
      and ions are developed in the chamber pertaining to the reset cathode, and
      the scan cathode in the chamber is energized, successive energization of
      the scan anodes 32 will result in the establishing of regions of
      luminescence along the respective chamber 24 moving from left to right.
PAR  During the final portion of the period of energization of each of the scan
      anodes, the photoconductive elements 38 distributed therealong are
      successively addressed by the application of voltage pulses to the
      respective photoconductive elements connected thereto. Inasmuch as the
      chamber adjacent the respective-groups of conductive members are in a
      luminescent condition for a period of about 30 microseconds prior to the
      addressing of the respective elements, the supply of a voltage pulse to
      the photoconductive element will result in comparatively instantaneous
      development of a condition of luminescence between the opposite end of the
      respective photoconductive element and the pertaining one of the display
      anodes 58.
PAR  Once the addressing of the photoconductive elements 38 in the row
      pertaining to a respective chamber 24 commences, the elements are all
      addressed successively and then the wires leading from the elements are
      then addressed in order, but this time the next adjacent chamber 24 is in
      a luminescent condition so that signals will be developed at the opposite
      ends of the next row of conductive members. In this manner, each row of
      conductive members is addressed in succession moving from one side to the
      other and moving downwardly from the top of the display device to the
      bottom and then the addressing of the device commencing with the upper
      lefthand corner can then again commence.
PAR  This is the manner in which a television screen establishes the display
      thereon and the device of the present invention is adapted for this
      purpose due to the fact that the arrangement provides for the
      pre-illumination of each of the photoconductive elements sufficiently in
      advance of the addressing thereof that the display created by a voltage
      pulse appears at the end of the photoconductive element 38 pertaining
      thereto and facing panel 56 substantially instantaneously with the
      application of voltage pulse.
PAR  FIG. 6 schematically illustrates one way in which the device of the present
      invention could be connected to receive a video signal. In FIG. 6, the
      display device of the present invention is generally indicated at 100, and
      it will be understood that the scan cathodes extend horizontally in
      respective chambers and that the conductive members 38 are addressed by
      wires extending vertically along the device. Also see FIG. 7.
PAR  The television video signal comes in on a wire 102 and this wire is
      connected to a sync detector 104.
PAR  The video signal is also supplied to a three bit analog digital converter
      106 which, in turn, controls a selector 108. The selector 108 controls a
      group of resistors 110 and connects the resistors either singly or in
      various combinations to wire 112 which supplies the energy to the
      addressing wires 52 that have previously been referred to as being
      connected to the columns of photoconductive elements. The resistors 110
      control the size of the energy supplied to each wire 52 and in this manner
      controlling the intensity of the display at the display end of the
      respective photoconductive element.
PAR  It has been mentioned that the chambers 24 are confronted by a plurality of
      scan anodes which are successively addressed as shown in the graph of FIG.
      4. A comparison of FIG. 4 with FIG. 5 using the same time scale, will show
      that the peak of conductivity of each of the photoconductive elements 38
      occurs during the period that the adjacent scan anode is energized and
      falls off rapidly thereafter.
PAR  Thus, it is not necessary for the wires 52 each to be independent of all
      the others but, instead, every ninth one of the wires 52 can be
      interconnected so that only eight addressing wires are required to address
      all of the photoconductive elements in each of the rows and with each wire
      extending completely across the display device in the vertical direction,
      only eight wires are required for addressing all of the photoconductive
      elements.
PAR  With the foregoing in mind, FIG. 6 includes a clock 114 which drives
      one-of-eight selectors 116 the output wires of which are connected to the
      eight addressing wires 52 previously referred to. The one-of-eight select
      driver 116 is also under the control of sync detector 104 which sets the
      driver back to zero on each sync pulse. With the described arrangement, a
      row of the photoconductive elements 38 will be addressed in succession and
      at the end of each line the select driver will be set back to zero so as
      to commence with the first element in the next row.
PAR  The one-of-eight selector 116 also drives a ROM address counter 118 which
      addresses a read only memory driver 120 which successively energizes the
      three wires leading from the source previously identified by reference
      numeral 62 in FIG. 3.
PAR  Clock 114 also drives a monostable vibrator 122 which, in turn, drives a
      one-of-five counter 124 having five outputs which are connected to form
      the five wires for energizing reset cathodes 28 and previously described
      as being taken from source 66 in FIG. 3.
PAR  The clock 114 also drives a one-of-two counter 126, the two outputs of
      which represents the outputs from source 68 in FIG. 3 and which are
      connected to reset anodes.
PAR  Clock 114 also drives a ROM address counter which addresses a ROM scan
      anode driver 130 having four output wires connected to scan anodes 32 with
      the four wires representing the output from source 64 referred to in FIG.
      3.
PAR  Finally, clock 114 drives a read only memory address counter 132 which
      controls a read only memory anode driver 134 having four wires connected
      to respective ones of the display anodes 58 illustrated in FIG. 1 and of
      which there are advantageously four distributed across the device in the
      same manner as the scan anodes.
PAR  It will be understood that the particular display device illustrated has a
      relatively small number of chambers 24 therein and a relatively small
      number of conductive members 38 distributed along each of the said
      chambers. However, displays far beyond state of the art are achievable.
      Further, the photoconductive elements 38 can be quite small and, thus, can
      provide for the greater detail in the display as might be desired. The
      chambers 24 similarly can be small, and in this manner, the rows of
      conductive members can be closely adjacent each other and further increase
      the degree of detail that can be shown in the display.
PAR  In particular, as mentioned, the arrangement provides for pre-illumination
      of the photoconductive elements so that the created display occurs
      relatively instantaneously with the application of a voltage pulse
      intended to create the display. This speed of response makes a device
      suitable for television display purposes.
PAR  No high voltages are encountered so that there are no problems of
      installation and safety of operation.
PAC  SUMMARY
PAR  This device consists of three essential subassemblies of parts, the first
      being (FIG. 9) a photoconductor controlled gas discharge display matrix 10
      which is responsive to a gas discharge scanner 12 and a gray scale address
      14. The point of the entire invention is that any given PC element 16
      (FIG. 10) shall be energized and in isolated relation to all other PC
      elements. This is accomplished by first bringing a given PC element from a
      low conductance condition C (FIG. 10) to a high conductance condition A by
      illuminating the photoconductor element by the gas discharge scanner 12
      and while in this condition addressing it by the gray scale address 14 in
      which case the photoconductor element 16 will be energized and uniquely so
      in relation to all other PC elements.
PAR  The gas discharge scanner operates in a unique manner by, as shown in FIG.
      11, moving progressively across the horizontal row of PC elements in
      segments progressing as it does from FIG. 11A to FIG. 11B, 11C, 11D and
      then repeating 11A in 11E but in the second row. Also compare FIG. 11B and
      FIG. 11F. This condition occurring progressively through all of the rows.
      If, during such scanning, the given PC elements are electrically addressed
      in their high-conductance condition by the gray scale address 14 (FIG. 9)
      it is possible under both these conditions, occurring simultaneously, that
      the PC element will be energized to the exclusion of all of the other PC
      elements.
PAR  Because scanning by 12 occurs in advance of address, by the gray scale
      address 14, the response of the photoconductor is very fast when
      electrically addressed by the gray scale. Thus if the three conditions are
      met - (1) sufficient illumination while the PC is in an energized level,
      (2) is electrically addressed by the gray scale address, and (3) anode
      switch is closed, the PC elements will be energized and uniquely so.
PAR  What earmarks the present invention is the unique addressing,
      pre-conditioning and switching for the PC elements in order to make the
      pattern effective for rapidly moving displays such as television pictures,
      and all has been accomplished with a minimum number of conductors, this
      making the invention adapted for flat image picture tube operation, and is
      therefore the first of its kind.
PAR  Although the present invention has been illustrated and described in
      accordance with a single example embodiment, it is understood that this is
      illustrative of the invention and is by no means restrictive thereof. It
      is reasonably to be expected that those skilled in this art can make
      numerous revisions and adaptations and it is intended that such revisions
      and adaptations will be included within the scope of the following claims
      as equivalents of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an optical display device; at least one conductive member having at
      least one end exposed, light emitting means at said one end of said member
      responsive to a voltage applied to said member for developing light, a
      source of chronologically spaced voltage pulses, an impedance element
      serially connected between said source and said member, the impedance of
      said element being high when the element is dark and going low after a
      predetermined time delay when the element is illuminated, and illuminating
      means for illuminating said element for a period of time prior to the
      supply of a pulse thereto from said source, said period of time being at
      least as long as said time delay whereby the supply of a voltage pulse to
      said element results in substantially instantaneous actuation of said
      light emitting means.
NUM  2.
PAR  2. An optical display device according to claim 1 which includes means for
      varying the voltage of said pulse thereby to control the amount of light
      produced by said light emitting means.
NUM  3.
PAR  3. An optical display device according to claim 1 in which said
      illuminating means includes gas containing means electrically operable
      into a condition of luminescence.
NUM  4.
PAR  4. An optical display device according to claim 1 in which said light
      emitting means includes gas containing means electrically operable into a
      condition of luminescence.
NUM  5.
PAR  5. In a display device; at least one row of conductive members supported in
      spaced electrically insulating relation with at least one and the same end
      of each member exposed, light emitting means at said one end of each said
      member responsive to a voltage on said member for developing light
      adjacent said one end of the member, a plurality of wires, an impedance
      element connected between each member and a respective wire, each element
      having a high impedance when dark and going to a low impedance at the end
      of a predetermined delay after being illuminated, illuminating means for
      illuminating said elements, means for applying voltage pulses to said
      wires sequentially, and means for initiating illumination of each said
      element a period of time in advance of the application of a voltage pulse
      to the wire connected to the respective element which is not less than
      said predetermined delay whereby each said light emitting means is
      actuated substantially simultaneously with the application of a voltage
      pulse to the wire connected to the element pertaining to the respective
      member.
NUM  6.
PAR  6. A display device according to claim 5 which includes means for varying
      the voltage of respective ones of said pulses thereby to vary the amount
      of light emitted by respective ones of said light emitting means.
NUM  7.
PAR  7. A display device according to claim 4 which includes at least one other
      row of the said members and respective elements, said other row being
      parallel to said one row and adjacent said one row and having respective
      illuminating means for illuminating the elements pertaining thereto, the
      said wires being connected to corresponding elements of each said row, and
      means for energizing the illuminating means for the elements of said rows
      sequentially.
NUM  8.
PAR  8. A display device according to claim 5 in which said one row of members
      is divided into a series of groups of members, said illuminating means
      comprising a chamber extending along said row and containing a gas which
      luminesces in the presence of an electric discharge, a first electrode
      extending the length of said row on the side of the chamber remote from
      said row, a second electrode on the side of the chamber nearest said row
      for each said group of members, means for ionizing the gas in the chamber
      and for energizing said first electrode, means for supplying voltage
      pulses to the wires connected to said elements sequentially commencing at
      one end of said row, and means for energizing said second electrodes
      sequentially commencing at the same said end of said row, each second
      electrode being energized the same period of time prior to the supply of a
      voltage pulse to the one of the elements of the respective group which is
      nearest said one end of said row.
NUM  9.
PAR  9. A display device according to claim 7 in which each said row of members
      is divided into a series of groups of members with the groups of one row
      registering with the groups of the other row, said illuminating means
      comprising a chamber extending along each said row and containing a gas
      which luminesces in the presence of an electric discharge, a first
      electrode extending the length of each said row on the side of the
      respective chamber remote from the row, a second electrode on the side of
      each chamber nearest said rows for each said group of members, said second
      electrodes being common to the groups in each row, means for ionizing the
      gas in said chambers sequentially and during each period of ionization
      energizing the respective said first electrode, means for supplying
      voltage pulses to the wires connected to said elements sequentially
      commending at the same end of each said row during each said period of
      ionization, and means for energizing said second electrodes sequentially
      during each period of ionization commencing at the same said end of each
      row, each second electrode being energized the same period of time prior
      to the supply of a voltage pulse to the one of the elements of the
      respective group which is nearest said one end of said row.
NUM  10.
PAR  10. A display device according to claim 8 in which each second electrode is
      transparent.
NUM  11.
PAR  11. A display device according to claim 9 in which each second electrode is
      transparent.
NUM  12.
PAR  12. A display device according to claim 1 which includes a first panel
      closing the side of the chamber remote from said row and having said first
      electrode thereon on the chamber side, a second transparent panel closing
      the side of the chamber adjacent said row, each said element being mounted
      on the respective member adjacent said transparent panel, and each said
      second electrode comprising a transparent electrically conductive film on
      the chamber side of said second panel.
NUM  13.
PAR  13. A display device according to claim 8 which includes a first panel
      closing the sides of the chambers remote from said rows and having said
      first electrodes thereon on the chamber side facing the said chambers, a
      second transparent panel closing the sides of the chambers adjacent said
      rows, each said element being mounted on the respective member adjacent
      said transparent panel, and each said second electrode comprising a
      transparent electrically conductive film on the chamber side of said
      second panel, each second electrode being common to a respective group of
      members of each said row.
NUM  14.
PAR  14. A display device according to claim 5 which includes a plurality of
      parallel and adjacent rows of said members and respective elements, said
      elements being mounted on the ends of said members opposite the said one
      end thereof, a transparent panel overlying said elements, a body engaging
      the side of the panel facing away from the elements and having a chamber
      extending therethrough registering with each row of elements, a closure
      plate engaging the side of said body opposite said panel, a gas in said
      chambers which luminesces in the presence of an electric discharge, a
      first electrode on said plate in each chamber substantially coextensive
      with the respective row of elements, transparent second electrodes on the
      chamber side of said panel extending over all of said chambers at right
      angles to said first electrodes and insulated from each other, each second
      electrode registering with a group of a predetermined number of said
      elements in each row thereof, first and second electrode elements in each
      chamber operable to ionize the gas in the respective chamber when
      energized, each said wire being connected to the corresponding element in
      each row, means for energizing said first and second electrode means for
      said chambers in succession proceeding in one direction to ionize the gas
      therein, means for energizing said first electrodes for each group of
      chambers in succession proceeding in the said one direction and during the
      interval that gas in the respective chambers is ionized, means for
      engaging said second electrodes in succession proceeding in a second
      direction perpendicular to said one direction and during the interval of
      energization of each first electrode, the period of energization of each
      second electrode overlapping the periods of energization of the second
      electrodes next adjacent thereto on each side, and means for addressing
      said wires in succession proceeding in said second direction with the
      wires pertaining to each group of elements being addressed during the
      final portion only of the period of energization of the respective second
      electrode.
NUM  15.
PAR  15. A display device according to claim 14 which includes n sources for
      energizing said first electrodes and every nth first electrode is
      connected to a respective one of said n sources, and an independent source
      for energizing the said first and second electrode means for each said
      chamber.
NUM  16.
PAR  16. A display device according to claim 3 in which said light emitting
      means comprises a transparent panel in spaced parallel relation to said
      one ends of said members, transparent electrode means on the side of the
      panel facing said elements, and a gas in the space between said panel and
      said members which luminesces in the presence of an electric discharge.
NUM  17.
PAR  17. A display device according to claim 16 in which said transparent
      electrode means comprises a plurality of electrodes parallel to said
      second electrodes and adapted for energization sequentially.
NUM  18.
PAR  18. A display device according to claim 16 in which said one end of each
      member is concave toward said panel.
NUM  19.
PAR  19. A display device according to claim 16 which includes means for varying
      the voltage between said members and said transparent electrode means
      thereby to vary the light developed at said one end of respective ones of
      said members.
NUM  20.
PAR  20. A display device according to claim 14 which includes a panel of
      electrical insulating material supporting said members, said light
      emitting means comprising a further transparent panel parallel to and
      spaced from said one ends of said members and having transparent electrode
      means on the side facing said members, a gas in the space between said
      further panel and said members which luminesces in the presence of an
      electric discharge, and means sealing said panels together about the
      periphery thereof.
NUM  21.
PAR  21. A display device according to claim 20 which includes means for varying
      the voltage between said transparent electrode means and said members when
      pulses are supplied to the members thereby to vary the amount of light
      created at said one end of respective ones of said members.
NUM  22.
PAR  22. A display device according to claim 17 which includes means for
      receiving a television video signal and for detecting the sync signal
      therein, a clock, a first counter operating by said clock and having
      outputs connected to said wires and connected to be set to zero count on
      each sync signal, a monostable vibrator actuated by said clock and having
      outputs connected to said first electrode means, a second counter actuated
      by said clock and having outputs connected to said second electrode means,
      a third counter actuated by said clock, a first read only memory having
      inputs connected to the outputs of said third counter and outputs
      connected to said second electrode, said third counter being connected to
      be set to zero on each sync signal, a fourth counter actuated by said
      clock and a second read only memory having inputs connected to the outputs
      of said fourth counter and outputs connected to said transparent electrode
      means, a fifth counter actuated by said first counter and a third read
      only memory having an input connected to the output side of said fifth
      counter and outputs connected to said first electrodes.
NUM  23.
PAR  23. The method of controlling the supply of control pulses from a signal
      source to a signal receiver in which a radiation sensitive impedance
      element is serially connected between the source and the receiver, said
      impedance element going to a high impedance when the radiation thereto is
      interrupted and going to a low impedance after a predetermined delay when
      radiation is supplied thereto, said method comprising; placing a source of
      radiation adjacent said element, interrupting the supply of radiation to
      the impedance element to block the flow of signals from the source to the
      receiver, supplying radiation to the impedance element to permit the flow
      of signals from the source to the receiver, and establishing the said
      supply of radiation to said element a predetermined period of time before
      the supply of a control pulse from said signal source and which period of
      time is at least as great as said predetermined delay.
NUM  24.
PAR  24. The method according to claim 23 in which said radiation is light, said
      source of radiation is an electrically operable light source, and the
      control of the light supplied to said element is controlled by controlling
      the energization of said light source.
NUM  25.
PAR  25. In a signal transmitting device; a conductive member having an electric
      signal emitting region and an electric signal receiving region, a source
      of electric signals, a radiation sensitive impedance element connecting
      said source to said signal receiving region and having a predetermined
      time constant representing the time required for the element to go to a
      condition of high conductivity in the presence of radiation, means for
      supplying chronologically spaced signals from said source to said element
      with each signal having a duration substantially less than the same time
      constant of said element, and means for intermittently supplying radiation
      to said element in such timed relation to the supply of said signals
      thereto that the element is in a condition of high conductivity when each
      said signal is supplied thereto.
NUM  26.
PAR  26. The method of transmitting electric signals under the control of a
      radiation sensitive impedance element in which the time period of a said
      signal is substantially less than the time period required for the element
      to go to low impedance in the presence of radiation, said method
      comprising effecting the intermittent and repetitive supply of radiation
      to said element and the intermittent and repetitive supply of electric
      signals to said element in such timed relation that the element has low
      impedance when a said signal is supplied thereto.
NUM  27.
PAR  27. The method according to claim 26 which includes supplying said signals
      to the element at a rate which is a multiple of the rate at which
      radiation is supplied to the element whereby the rate of signal
      transmission via said element is controlled by the rate at which radiation
      is supplied thereto.
NUM  28.
PAR  28. The method of producing a display comprising the steps of optically
      scanning in groups a plurality of photoconductor elements arranged in a
      series of rows to produce pre-energization of such photoconductor
      elements, electrically addressing selected ones of the pre-energized
      photoconductor elements through a gray scale address system, and repeating
      the optical scanning and addressing through the entirety of the array of
      photoconductor elements to produce a display by those discharging
      photoconductor elements which are electrically addressed in their
      pre-energized condition.
NUM  29.
PAR  29. The method of producing a display comprising the steps of optically
      scanning a plurality of photoconductor elements to produce the
      pre-energization thereof, superimposing in delayed sequence an electrical
      signal to pre-selected ones of said pre-energized photoconductor elements
      through a gray scale address, with a pre-select display anode to effect
      discharge of a particular photoconductor element.
NUM  30.
PAR  30. The method of producing an intelligible light display through a
      coordinated system of the multiple layer matrix systems having the
      relationship of:
      ##SPC2##
PAL   and wherein:
PA1  A.sub.r = reset anode
PA1  C.sub.r = reset cathode
PA1  A.sub.s = scan anode
PA1  C.sub.s = scan cathode
PA1    = gray scale address
PA1  D.sub. a = display anode
PA1  A - light.
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ABST
PAL  An expandable keyboard for a pocket-type calculator is made in modular form
      to electrically interconnect to form a keyboard much larger than that of a
      familiar pocket calculator. The keyboard portions are hinged together
      normally forming a stack, which occupies along with the display and the
      electronics, a space about as large as a conventional pocket calculator.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to electronic apparatus, and more particularly to
      expandable keyboards for the operation of such apparatus.
PAC  BACKGROUND OF THE INVENTION
PAR  It is evident from a glance at any pocket calculator that the minimum size
      of such apparatus is determined by the keyboard and by the display
      arrangements; not by the electronics within the device. Of the two
      determining factors, the keyboard occupies, by far, the greater amount of
      surface space. With maximum surface dimensions of about three and one-half
      inches by seven inches, space available for a full spectrum of function
      keys is at a premium. Particularly when the human factors are considered
      and minimum key size is determined, it is clear that fewer keys are
      employed than would otherwise be permitted by the electronics within the
      calculator. Space within the calculator goes unused instead.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is based on the realization that a folding or modular
      arrangement for a keyboard for a pocket electronic device would provide a
      much greater surface area for a keyboard than would otherwise be possible.
      Yet, when the keyboard is folded, the device would still be pocket size.
      To this end, a keyboard of familiar layout for a full-size desk top data
      terminal is illustratively organized in three modular portions, each
      having surface dimensions equal to that available with a pocket
      calculator. The portions hinge or snap fit in a side-by-side relationship
      with a main portion conveniently affixed to a housing for the electronics
      for the various functions. Electrical interconnection between the side
      portions of the modular or folding keyboard arrangement is achieved at the
      edges of the portions by means of arrays of electrical interfaces exposed
      at the mating edges for interconnection.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2 are side and top views of a keyboard arrangement in
      accordance with this invention;
PAR  FIG. 3 is a block diagram of apparatus including a keyboard arrangement in
      accordance with this invention;
PAR  FIGS. 4 and 5 are sectional views of portions of the keyboard arrangement
      of FIGS. 1 and 2;
PAR  FIGS. 6 and 7 are side views of the arrangement of FIGS. 1 and 2
      illustrating hinge and latch arrangements for the various keyboard
      portions thereof; and
PAR  FIGS. 8 and 9 are side and cross-sectional views of alternative embodiments
      of this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1 and 2 show side and top views of an illustrative modular or
      foldable keyboard arrangement 10 in accordance with this invention. The
      keyboard arrangement includes three modular portions 11, 12, and 13 which
      interconnect electrically and hinge together mechanically. Each keyboard
      portion is nominally 3.25 inches by 3.25 inches, completely consistent in
      size and organization with any familiar pocket calculator. In fact,
      portion 13 considered alone as shown in the absence of portions 11 and 12
      forms a familiar pocket calculator, portion 13 in FIG. 2 illustratively
      being affixed to a housing for both a display 16 and an electronic
      circuit. The electronic circuit is operative on display 16 for selective
      activation thereof in response to the selective depression of keys 17 of
      the keyboard portion 13 in conventional calculator fashion. Portion 13,
      then, with display 16 is illustratively operative as a familiar pocket
      calculator. The electronic circuit, therefore, is conventional and is well
      understood and commercially available.
PAR  FIG. 3 represents the electronic circuit as a block 20, portion 13 of the
      modular keyboard being represented as a block also designated 13. A
      conventional pocket calculator is thus represented in FIG. 3 by the blocks
      13, 16, and 20. In accordance with an aspect of the present invention,
      circuit 20 includes additional electrical interconnection paths over and
      above those operative by the keys of portion 13. These additional paths
      are available for interconnections illustratively at the edge of portion
      13 for mating with portions 11 and 12 of the keyboard arrangement of FIG.
      2. The interconnection of portions 11 and 12 is represented in FIG. 3 by
      the addition of blocks 11 and 12 there. Circuit 20, in accordance with
      this embodiment of this invention, is operative in response to selective
      activation of the keys in portions 11 and 12 to apply different signals to
      display 16 than are applied by selective activation of the keys of portion
      13. Circuit 20 thus can be seen to be available to provide a considerably
      greater number of functions (i.e., alpha-numeric) than a circuit for a
      pocket calculator would normally be called on to perform. Additional
      interconnection paths in this circuit over and above what is shown in the
      above-mentioned pocket calculator circuit are brought to the edge of
      portion 13 for interconnection.
PAR  One arrangement for interconnection is illustrated in FIGS. 4 and 5. FIG. 4
      is a cross-section view of a part of portion 13 of the keyboard
      arrangement taken along line 2-2' of FIG. 2 along with a cross section of
      the mating portion of portion 12. In this illustrative embodiment, the top
      and bottom faces 30 and 31 of portion 12 form lips 32 and 33 for receiving
      a conductive elastomer side member 34. Portion 12 also houses a
      double-sided printed circuitboard 35 terminating to the right with
      metallic bumps 36. The bumps may be seen to be closely spaced with respect
      to elastomer side member 34.
PAR  Portion 13 is adapted to mate with portion 12 to make contact with metallic
      bumps 36. To this end, portion 13 includes top and bottom surfaces 40 and
      41 which protrude beyond side wall 43 thereof in a manner to allow portion
      12 to be inserted therebetween as indicated in FIG. 4. A printed circuit
      board 45 is secured to side wall 43 with metallic pins or eyelets 46
      extending through both board 45 and side wall 43. Pins 46 extend beyond
      the side wall and thus are exposed or at least available for contact at
      the side wall. it is convenient for an insulating layer such as
      polyurethane layer, indicated by broken line 47 in FIG. 4, to cover side
      wall 43 to a thickness equal to the exposed length of the pins to provide
      a relatively smooth side wall appearance to the module portions.
PAR  In either case, when two portions of the keyboard arrangement are moved
      into an open or electrically interconnected position, bumps 36 and
      associated pins 46 compress localized regions of elastomer 34 to make
      contact therebetween as indicated most clearly in an expanded view of a
      representative bump and pin in FIG. 5. Elastomer layer 34 is typically a
      silver-filled silicone elastomer which provides localized electrical
      contact therethrough when compressed as is the case between the bump and
      pin shown in FIG. 5.
PAR  A connector 50, shown in FIG. 6, acts as a guide to align pins and bumps
      for effecting suitable electrical interconnections between two adjacent
      portions of the module. FIG. 6 shows portions 11, 12, and 13 of the
      keyboard arrangement of FIG. 1 in an open or interconnected position with
      connectors or hinges 50 in position. Each connector 50 includes two studs
      (51 and 52) with which it is slidably engaged to adjacent portions. The
      keyboard portions are normally in one of two positions with respect to one
      another, the open or interconnected position shown in FIG. 6 or the closed
      or stacked position shown in FIG. 7. Hinges 50 slide to allow portions 12
      and 13 to be separated electrically and to be pivoted into face-to-face
      relationship as shown in FIG. 7. Of course, four hinges of this type are
      employed to allow the three portions of the keyboard, shown in FIGS. 2, 6,
      and 7, to adjust into the two positions as needed. But the hinges between
      portions 11 and 12 allow the two portions to stack into a back-to-back
      relationship as indicated by the curved arrow 54 in FIG. 6 and as shown in
      FIG. 7 whereas the hinges between portions 12 and 13 allow the two
      portions to stack in a face-to-face relationship as indicated by the
      curved arrow 55 in FIG. 7. Actually, slidable hinges are easily adapted to
      allow adjacent portions of the keyboard arrangement to fold in either
      direction with respect to one another.
PAR  A latch 55 shown in FIG. 7 (or a suitable snap fastener arrangement)
      retains the portions in the stacked position for convenience of carriage.
PAR  It may be appreciated that when the assembly is in the stacked position,
      the keys may be raised from the surfaces as shown in FIG. 6. If this is
      the case, the rear surfaces of the portions against which a face of
      another portion abuts when stacked may include recesses to receive the
      raised buttons so that the stack may occupy as little space as possible.
      On the other hand, keys are available which are not raised. In this case
      the recesses are not necessary. Since the electronics occupy very little
      space, a three-portion stack as shown in FIG. 9 occupies about an inch and
      extends to about 10 inches when in the open position, respectively.
PAR  The individual portions of the foregoing illustrative embodiment fold out
      from portion 13 to the left thereof into the spread or open position shown
      in FIG. 2. The keys are disposed typically to form a familiar extended
      keyboard such as an electronic typewriter or intelligent terminal
      keyboard. The electronic circuits for such keyboards for controlling the
      operating of display 16 are well known. All that is necessary in addition
      herein is, that if all the electronics for the extended keyboard functions
      are included within portion 13, the various electrical paths are not
      directly controlled by the keys of portion 13 be terminated at the (side
      or) sides of portion 13 for interconnection as shown with electrical paths
      from the keyboards of portions 11 and 12. The separate keyboard portions
      may include any suitable keyboard arrangement, inductive, capacitive, heat
      sensitive, etc., capable of applying a signal to a conductor for
      operation, via the interconnections shown, for operating the electronic
      circuitry in conventional fashion.
PAR  It may be desirable to design the keyboard modules so that portions 11 and
      12 fold behind portion 13 of FIG. 2. FIG. 8 shows an illustration of one
      such arrangement in which a keyboard portion 110 is affixed to the housing
      for the electronic circuit and display of a pocket calculator and portions
      111 and 112 stack to the rear of portion 110. Portions 111 and 112 may
      hinge together to spread to one side of the portion 110 when opened, to
      provide the arrangement of FIG. 2 when in a spread position or portions
      111 and 112 may hinge individually to either side of portion 113. The
      display is identified by broken block 114 in the Figure.
PAR  It is possible in accordance with one aspect of this invention to employ a
      familiar alpha-numeric keyboard arrangement of a conventional input data
      terminal as shown in FIG. 2 for portions 11 and 12 but divided into three
      portions as shown in FIG. 6 rather than into two. When in a stacked
      position, the three keyboard portions would appear much as shown in FIG.
      7. In this instance, the rear surface of one of the portions is
      conveniently adapted to include the keyboard layout of a pocket calculator
      similar to the keyboard arrangement shown for portion 13 in FIG. 2. Such
      an arrangement perhaps is better visualized by considering portion 12 of
      FIG. 2 to house display 16 and the electronics. In this case, portions 11
      and 13 would fold on top of portion 12 and the reverse side of say portion
      13 would include the keyboard layout shown for the front face of portion
      13 in FIG. 2.
PAR  FIG. 9 shows a cross-sectional view of a portion 13 including keys on both
      surfaces thereof. The portion, in this instance, includes a printed
      circuitboard 115 having metallic bumps 116. Elastomer layers 117 and 118
      are disposed to the sides of board 115. Keys 119 and 120 include
      conductive layers 122 and 123 for completing an electrical path between
      associated bumps 116 when depressed as indicated by the broken lines in
      the Figure. The printed circuit in such an arrangement is arranged to
      include a pair of bumps for each key.
PAR  In embodiments in which the rear surface of a keyboard module also includes
      a keyboard, electrical interconnections are provided when that portion is
      in either the stacked or in the open position. In this instance, the
      keyboard portion housing the electronics, such as portion 13 of FIG. 2,
      accordingly, includes a top edge adapted for electrical interconnection as
      shown in FIGS. 1 and 6. Specifically, if portion 12 is affixed to the
      housing for the display and portion 13, for example, is adapted in this
      manner, portion 13 may be spring loaded, via hinges 50 of FIG. 6, with
      respect to portion 12 to pressure contact metallic eyelets, represented by
      broken block 130 in housing 131 shown in phantom in FIG. 6, when stacked.
      Once again, the apparatus is operative as a pocket calculator when stacked
      and as a full terminal when open.
PAR  When a relatively small keyboard of a pocket electronic device such as a
      pocket calculator is extended to provide an enlarged keyboard with a more
      complete arrangement of function keys, the electronic circuits operative
      in response to selective operation of those keys also is augmented to
      respond in a useful manner. If the added functions relate to alphabetic
      functions, the display may include alpha-numeric capabilities and the
      electronic circuit housed within the device may be increased in a well
      understood manner to perform such functions. Alternatively, the apparatus
      may be adapted such that the added functions may be performed with an
      external second electronic circuit found in existing modems. In this
      instance access to the modem may be realized via a cable connected to a
      connector 140 housed, illustratively, in portion 13 of FIG. 2. The added
      functions need only be organized so that the keys provide a conventional
      ASCII code.
PAR  Of course, a keyboard for a pocket calculator may itself be implemented in
      two or more portions in accordance with this invention. With such an
      arrangement, the pocket calculator may be reduced in size to, for example,
      wrist watch size. Still the keys of the keyboard would be of a size now
      employed for pocket calculators. This aspect of the invention emphasizes
      that the size of finger-operated electronic equipment may be reduced below
      that anticipated by human factors alone. For example, the inclusion in a
      keyboard of multiple shift keys may allow the keys of a keyboard to
      perform double or even triple functions but they do not allow a reduction
      in size of the equipment below that dictated by the keyboard array. In
      accordance with the present invention, the equipment may be reduced to a
      size dictated by the electronics housed within it rather than by the size
      of the keyboard and the keys and spacings therein.
PAR  A hingeable keyboard in accordance with the present invention has the
      further advantage that the keyboard can always provide a familiar format
      to the operator. With shift keys (to allow the keyboard to serve double
      functions) operator confusion due to an unfamiliar and a changing key
      format is avoided only to some extent, for example, by combining logically
      paired functions.
PAR  FIG. 9 depicts a two-sided keyboard arrangement as was mentioned
      hereinbefore. It should be clear that such an arrangement can be
      implemented merely by defining (i.e. printing) a keyboard format on each
      face of say an elastomeric keyboard arrangement. The two keyboards would
      show different functions and operate differently depending upon whether
      interconnection was achieved via a side interconnection or at 140 of FIG.
      1. The electrical keyboard interconnections would be the same and would be
      operative in the same mode regardless of which face (front or rear)
      defined the depressed key.
PAR  The invention is disclosed in terms of a modular keyboard arrangement which
      hinges from a stacked position, convenient for carrying, into an open and
      electrically interconnected position, convenient for operation. In this
      manner, an expandable keyboard arrangement permits a relatively large
      keyboard for a pocket size electronic device. The keyboard, on the other
      hand, may be expanded in accordance with this invention by slide or
      roller-type implementations. A roller-type implementation may, for
      example, be electrically interconnected at a top portion and unrolled from
      the bottom to expose additional keys. Thin flexible keyboards easily
      permit such an implementation.
PAR  What has been described is considered only illustrative of the principles
      of this invention. Therefore, those skilled in the art can devise various
      embodiments of this invention in accordance with those principles within
      the spirit and scope thereof as encompassed by the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A keyboard arrangement including a first array of keys operative
      selectively on a first electronic circuit, said keyboard arrangement being
      physically detachable into a plurality of portions each bearing a section
      of said array of keys, each of said portions being adapted to electrically
      interconnect with adjacent keyboard portions for selective operation on
      said first electronic circuit.
NUM  2.
PAR  2. A keyboard arrangement in accordance with claim 1 wherein said keyboard
      comprises first and second portions hinged together for pivoting into a
      stacked or into a spread position for operation, said portions being
      adapted for electrical interconnection when in the spread position.
NUM  3.
PAR  3. A keyboard arrangement in accordance with claim 2 wherein said first
      portion houses said first electronic circuit and a display connected to
      said circuit and said second portion is operative upon said first
      electronic circuit in response to the selective operation of keys thereon
      when said portions are pivoted into said spread positions.
NUM  4.
PAR  4. A keyboard arrangement in accordance with claim 1 wherein said keyboard
      comprises first, second and third portions, said portions being hinged
      together for pivoting into a stacked or into a spread position for
      operation, said portions being adapted for electrical interconnection when
      in the spread condition.
NUM  5.
PAR  5. A keyboard arrangement in accordance with claim 4 wherein said first
      portion houses said first electronic circuit and a display and said second
      and third portions are operative upon said first electronic circuit in
      response to the selective operation of keys thereon when said portions are
      in said spread position.
NUM  6.
PAR  6. A keyboard arrangement in accordance with claim 5 wherein said second
      portion includes front and rear surfaces and said front surface includes
      said corresponding section of said array of keys, wherein said rear
      surface includes a second array of keys.
NUM  7.
PAR  7. A keyboard arrangement in accordance with claim 6 organized so that said
      first, second and third portions are interconnected to expose said first
      array of keys when in a spread position and to expose only said second
      array of keys when in a stacked position, said third portion being adapted
      to interconnect electrically with said first electronic circuit when in
      the spread or in the stacked position.
NUM  8.
PAR  8. A pocket electronic device housing a display and an electronic circuit,
      a first keyboard integral with said device and selectively operative on
      said circuit for activating said display, said device being adapted for
      electrical interconnection with a second keyboard physically moveable with
      respect thereto, said circuit being adapted to respond to the selective
      depression of the keys of said second keyboard for operating said display.
NUM  9.
PAR  9. A pocket electronic device housing a display and an electronic circuit,
      said device including a keyboard having a first set of keys selectively
      operative on said circuit for controllably activating said display in a
      first manner, said keyboard being adapted to expand to include a second
      set of keys physically moveable with respect thereto in addition to said
      first set, said circuit being adapted to respond to the keys of said
      second set for controllably activating said display in a second manner.
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ABST
PAL  Low level analog signals from remote locations are amplified after being
      converted into two consecutive analog signals of opposite polarities and a
      digital system causes A/D conversion to occur in two successive readings
      corresponding to said polarities and an algebraic combination of the two
      successive readings in binary form provides a true reading which is made
      available for digital processing by a special control circuit.
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PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates in general to analog data processing systems and more
      particularly to low level analog data acquisition multiplexed subsystem
      interfaced with a digital subsystem.
PAR  Digital computer process control or monitoring requires many input data in
      analog form which are derived by sensing devices located at various points
      of the controlled industrial process. These input data are converted into
      digital form for fast and complex treatment within a digital processing
      system before output signals can be supplied for control or monitoring
      action. A digital system includes digital circuitry which controls the
      opening and closing of relays associated with the analog multiplexing
      system. As a result of such relay closing and opening actions, input data
      acquisition is obtained from the multiplexed system through cables
      providing communication between the interface of the digital system and
      the various and remote locations where the transducers sense process
      variable instantaneous conditions. The multiplexed cable system leads to
      terminals which form the input to an analog digital converter providing
      the necessary transformation from analog to digital of the analog signals
      sequentially received each during a time interval of measurement generally
      of 1/60 of a second duration. Since the sensing devices are remotely
      located, long cables are necessary for the transmission of the measurement
      signals. These signals, however, have a small magnitude, so that the
      cables have to be shielded from parasitic interference to minimize noise,
      and these shields are connected electrically to form a potential floating
      system from the point of measurement to the input of the analog digital
      converter.
PAR  Problems arise due to common mode, normal mode potentials, and offset
      voltages, which potential and voltages may often exceed by several orders
      the magnitude of the sensed analog signal. These problems are more
      difficult to cope with when high speed multiplexing is involved. In
      particular high voltage switches are required to stand off common mode
      voltages, and offset voltage errors subsist. Attempts have been made in
      the prior art to solve these problems in general. For instance, it is
      known to modulate each of the input signals received on a plurality of
      channels in order to take advantage of transformer coupling and to allow
      the associated channel to float freely on one side of the transformer
      according to a generally known technique for rejecting the common mode
      noise. However, such prior art solutions do not eliminate the errors due
      to offset voltages and contact potentials. These errors subsist after
      demodulation in the input signal reading effect at the interface with the
      digital system.
PAR  It is known from U.S. Pat. No. 2,877,308 of Reiner to periodically inverse
      both the input and the output connections of a direct current integrator
      having a balanced amplifier in order to eliminate offset errors in the
      reading of low-level analog signals. However, the Reiner patent does not
      deal with these problems in the context of a multiplexed analog signal
      system coupled to a digital system.
PAR  It is known, from U.S. Pat. No. 3,656,065 of Reinhard, to transmit a
      low-level analog imput signal from a floating data acquisition system
      including a floating input differential amplifier, through an isolation
      power transformer after modulation by an AC signal and to synchronously
      demodulate the signal for reconversion as one analog signal to be read. In
      this arrangement, however, modulation is effected after the input
      differential amplifier and it does not eliminate potential offset errors.
PAR  The object of the present invention is to provide an improved multiplexed
      analog data acquisition system suitable for low level input signals and
      capable of being interfaced with a digital system.
PAR  Another object of the present invention is to provide an improved analog
      signal processing system which is compatible with digital processing
      techniques and which is free from offset voltage errors and contact
      potentials as generally encountered when dealing with low level input
      signals derived from remote locations.
PAC  SUMMARY OF THE INVENTION
PAR  The invention resides in an analog signal processing system comprising a
      floating analog data acquisition subsystem coupled with a digital
      subsystem, in which each of a plurality of low-level analog input signals
      is converted within said data acquisition subsystem into two information
      bearing analog signals of opposite polarities and in which said digital
      subsystem includes an analog to digital converter for deriving digital
      signals from each of said information bearing analog signals and means for
      combining the derived digital signals so as to obtain said information in
      digital form and free from any offset voltage error.
PAR  One of the main features of the analog signal processing system according
      to the present invention is the provision of a low-level analog data
      acquisition subsystem coupled to a modern digital subsystem through a
      high-speed multiplexer, with measures being taken in part within the data
      acquisition subsystem and in part within the digital subsystem for
      eliminating any offset voltage error which could affect the reading of the
      acquired data. Other important features will appear later from the
      description given, hereinafter, of the preferred embodiment of the present
      invention.
PAR  For the sake of illustration, the invention will now be described in the
      context of an industrial process controlled by a digital process control
      system embodying a digital computer system such as a Prodac 2000 (P2000)
      sold by Westinghouse Electric Corporation. A descriptive book entitled
      "Prodac 2000 Computer Systems Reference Manual" has been published in 1970
      by Westinghouse Electric Corporation and made available for the purpose of
      describing in greater detail this computer system and its operation.
PAR  The computer processor is associated with well known input systems
      including conventional contact closure input systems which scans contact
      or other signals representing the status of various process conditions, an
      analog input system which scans and converts process analog signals. The
      invention is more particularly concerned with the analog data acquisition
      system scanned by the analog input system and the generation of digital
      data in response thereto which are free from offset voltage errors. The
      analog input data are provided by a plurality of transmission cables which
      extend to various sensing devices, such as thermocouples, which are
      remotely connected and located within the industrial environment of the
      controlled process. The digital data are specially treated before passing
      to the digital system proper.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the analog data acquisition system and the digital system
      which together form the analog signal processing system according to the
      present invention.
PAR  FIG. 2 shows with particularity the converter-amplifier circuit which is
      part of the analog data acquisition system of FIG. 1.
PAR  FIG. 3 diagrammatically illustrates the relationship of the control
      circuit, the A/D converter and the binary logic circuit which are parts of
      the digital system of FIG. 1.
PAR  FIG. 4 illustrates by a series of curves the operation of the analog signal
      processing system according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a multichannel data acquisition system 1 is shown
      comprising n transducers such as T.sub.1, T.sub.2 . . . T.sub.n connected
      by shielded cables K.sub.1, K.sub.2 . . . K.sub.n respectively to inputs
      I.sub.1, I.sub.2 . . . I.sub.n of respective converter-amplifier circuits
      C.sub.1, C.sub.2 . . . C.sub.n, each having an output connected to the
      primary winding of an associated isolation transformer, TR.sub.1, TR.sub.2
      . . . or, TR.sub.n and supplied with power each individually from the
      secondary winding 57 of a corresponding isolation transformer TP.sub.1,
      TP.sub.2 . . . or, TP.sub.n.
PAR  Between each transducer T.sub.1, T.sub.2 . . . or T.sub.n, and the primary
      of transformer TR.sub.1, TR.sub.2 . . . or TR.sub.n, a communication
      channel is defined by a two-wire cable (21, 22), a bilateral switch device
      20 (FIG. 2) responsive to symmetrical inputs 21, 22 of opposite polarities
      derived from the cable K.sub.1, K.sub.2 . . . or K.sub.n, a balanced
      preamplifier circuit formed of two operational amplifiers 31, 32 connected
      as a high input impedance adjustable gain differential amplifier (FIG. 2),
      and a DC source in the form of a full wave rectifier bridge 55 for
      supplying current to the bilateral switch device 20 and to each
      operational amplifier 31, 32, the energy being derived from the secondary
      of the associated isolation transformer TP.sub.1, TP.sub.2 . . . or
      TP.sub.n.
PAR  In each particular channel so defined, the shield of the cable is connected
      at 100 to a common point 53 which is also connected to the case of the
      converter-amplifier circuit, to the middle point of the balanced
      arrangement formed by the two operational amplifiers, to the middle point
      between the two input lines 21, 22, to the bilateral switch device 20, and
      also to the center tap of the secondary of the associated transformer
      TP.sub.1, TP.sub.2 . . . or TP.sub.n. Thus each channel is floating with
      the common mode noise that the transformer coupling at TR.sub.1, TR.sub.2
      . . . TR.sub.n and TP.sub.1, TP.sub.2 . . . TP.sub.n tends to isolate from
      the other portions of the circuitry.
PAR  Between the data acquisition system 1 and the digital system 2 of FIG. 1,
      an analog multiplexer circuit 3 is provided for supplying on a common bus
      4 analog data derived in a sequential manner or at random under control of
      an address instruction from bus 205 issued from a digital processing
      circuit 10 within the digital system. Such address instructions select
      channels on a scanning, or random fashion. A card encoder circuit is
      generally associated with the A/D converter in order to effect a proper
      selection between the multiplexer cards and the particular circuit package
      therein for reading the desired channel at any given time.
PAR  Bus 4 supplies the derived analog data to an analog to digital converter 7
      from which a binary number is obtained along lines 8 which correspond in
      number to the number of bits treated. Twelve bits are used in the
      particular instance of the preferred embodiment. Such binary number is
      stored in a binary logic circuit 9 which treats the binary number in such
      a way, as explained hereinafter, that the digital information derived at
      the output on lines 115 is a representation of the true analog reading of
      the selected transducer T.sub.1, T.sub.2 . . . or T.sub.n, which is to be
      processed by the digital processing circuit 10. A power amplifier 12 is
      associated with the digital processing circuit, and supply is provided
      from it on line 80 to the primary windings of transformers TP.sub.1,
      TP.sub.2 . . . TP.sub.n and on line 81 to the A/D converter 7. The
      secondary windings of the transformers TR.sub.1, TR.sub.2 . . . TR.sub.n
      are connected to each of the inputs of multiplexer 3. One extremity of
      each secondary winding of transformers TR.sub.1, TR.sub.2 . . . TR.sub.n
      and one extremity of each winding of transformers TP.sub.1, TP.sub.2 . . .
      TP.sub.n are connected to ground potential, as shown on FIG. 1 at 13. From
      an overall consideration of the isolation transformers TR.sub.1, TR.sub.2
      . . . TR.sub.n and TP.sub.1, TP.sub.2 . . . TP.sub.n and the shielded
      cables K.sub.1, K.sub.2 . . . K.sub.n and the case of converter amplifier
      circuits C.sub.1, C.sub.2 . . . C.sub.n, it appears that a floating
      circuitry has been created which does not affect the digital system 2,
      despite the relatively large common mode noise present at the input of the
      floating end of the transformers TR.sub.1 . . . TR.sub.n.
PAR  The analog data acquisition system and the digital system will now be
      considered with particularity.
PAC  The Analog Data Acquisition System
PAR  Referring to FIG. 2, converter-amplifier circuit C.sub.1 of the first
      channel is shown in order to typify one of the circuits C.sub.1, C.sub.2 .
      . . C.sub.n belonging to the channels of FIG. 1. Circuit C.sub.1 is shown
      with the connections to the associated isolation transformers TR.sub.1 and
      TP.sub.1. Both transformers in the preferred embodiment admit signals of
      .+-. 15 volts at 2KHz without saturating the core. Transformer TR.sub.1 is
      a low level pulse transformer capacitively coupled at 50 to the output
      lines 37 and 38 from two operational amplifiers 31 and 32 in order to
      eliminate core saturation due to any DC bias current from the
      preamplifiers.
PAR  Operational amplifiers 31 and 32 are identical and symmetrically disposed
      about a floating common potential connection 53 which is connected to the
      case of the converter-amplifier circuit C.sub.1, as well as by 100 to the
      shield of the two-wire cable K.sub.1. The input signal from transducer
      T.sub.1 is transmitted through twisted wires 21, 22 which are connected to
      the high resistance input of a bilateral switch device 20. Switch device
      20 is preferably a COS/MOS Quad Bilateral Switch, Model CD4016A sold by
      RCA Corporation. This is a solid state commutating switch controlled by
      two identical squarewave signals of opposite phases which are applied on
      lines 27, 28, respectively. The device operates as a double-pole,
      double-throw switch at the squarewave rate. The input signal from
      transducer T.sub.1 appears on lines 21, 22 as a differential signal
      between two voltages of opposite polarities relative to the floating
      preamplifier common point 53. The measured potential is thus floating with
      the common mode noise due to the cable shield. Similarly, the outputs
      derived on lines 37, 38 from operational amplifiers 31, 32, are floating
      with the common mode noise in this balanced preamplifier arrangement. The
      bilateral switch device 20 of FIG. 2 performs the function of a
      double-pole, double-throw, switch between wires 21, 22 from the associated
      cable K.sub.1, K.sub.2 . . . or K.sub.n, and the non-inverting inputs 29,
      30 of the operational amplifiers 31, 32 in applying thereto in direct and
      reverse order, alternately, the two polarities of the differential analog
      signal received from transducer T.sub.1, T.sub.2 . . . or T.sub.n. In the
      preferred embodiment, device 20 has four inputs, two 23, 24 affected to
      one polarity and two, 25, 26 affected to the other polarity. Device 20
      also has four outputs associated with these same polarities, namely, 23',
      24', 25', 26'. Control signals on lines 27, 28 cause switching of the
      inputs and outputs by pairs two at a time, alternatively, so that the
      bipolar differential signal on wires 21, 22 appear successively in reverse
      order between outputs 23', 26' and 24', 25', as shown in FIG. 2, to be
      impressed on the noninverting inputs 29, 30. The inverting inputs 34, 36
      of operational amplifiers 31, 32 are connected to the two ends of a
      variable resistor 54 via respective lines 151, 152 which are also
      respectively connected to the output lines 37, 38 by a network of
      capacitors and resistors adjusted to the characteristics of the associated
      operational amplifier. Thus, resistor 54 can be used to vary the gain of
      the balanced preamplifier arrangement. This arrangement is known as a high
      input impedance adjustable gain differential amplifier, and a description
      of this circuit can be found on page 207 of a book by Graeme, Tobey and
      Huelsman entitled Operational Amplifier Design and Applications, published
      by McGraw-Hill in 1971. The operational amplifiers 31, 32 are preferably
      of the type sold as the LM 308 by National Semiconductor Corporation. The
      specific values shown on FIG. 2 for the resistors and capacitors of the
      network associated in circuit have been selected to match the
      characteristics of this particular model. A 511 .OMEGA. resistor is
      connected within the feedback loop for current limiting of the operational
      amplifier output during transient conditions. In the configuration shown,
      the closed loop gain is equal to (200 K .OMEGA./r) + 1, where r is the
      gain selection resistor 54.
PAR  The generation of the squarewaves controlling the bilateral switch 20 via
      lines 27, 28 and the provision of the DC power required to operate the
      bilateral switch 20 and the operational amplifiers 31, 32, come from
      transformer TP.sub.1 and the associated full wave rectifier bridge 55. The
      primary winding 56 of transformer TP.sub.1 is supplied with a 2KHz and
      .+-. 15v squarewave, derived from the digital system, and, as depicted in
      FIG. 1, one end 153 of the primary winding is at ground potential, the
      other end 154 receiving the squarewave signal. The secondary 57 supplies a
      .+-. 7.5v squarewave. The control signals on lines 27, 28 are thus
      180.degree. out of phase and, as shown on FIG. 2, they are attenuated each
      by a 50K and 100K resistor network about the common point 53 before being
      used as control signals for the bilateral switch 20. A similar
      configuration applies to all the other channels.
PAR  In each channel a full wave bridge rectifier circuit 55 is associated with
      the secondary winding 57 of the corresponding transformer TP.sub.1,
      TP.sub.2 . . . or TP.sub.n. This bridge rectifier circuit provides on
      lines 59, 59' the energy necessary for the bilateral switch device 20 and
      for each of the operational amplifiers 31, 32 which are part of the
      converter-amplifier circuits C.sub.1, C.sub.2 . . . C.sub.n.
PAR  The secondary of transformer TP.sub.1 has a center tap which is connected
      to the common point 53 providing the floating potential. Since the center
      point between lines 21, 22 is also connected to common point 53, and so is
      the junction point between the two networks formed by the 50K and 100K
      resistors as well as the center point of the rectifier bridge 55, a
      generally balanced circuitry is provided for each channel which is able to
      float freely with the common mode.
PAR  It also appears from FIG. 2 that in each channel while the end of cable
      K.sub.1 associated with transducer T.sub.1 is connected to a changeover
      switch 20 preceding a balanced preamplifier arrangement, the changeover
      switch 20 reverses the polarity of the input signal on lines 21, 22
      synchronously with the 2KHz squarewave from the secondary of transformers
      TP.sub.1, TP.sub.2 . . . TP.sub.n in accordance with the control signals
      on lines 27, 28. In each channel also, the gain of the preamplifier
      arrangement can be selected by adjusting the corresponding resistor 54, so
      that a common full scale output range is obtained. The data acquisition
      system according to the present invention, is therefore providing a
      plurality of inputs, on lines 70, to the analog multiplexer 3 (see FIG.
      1), which inputs are selected by the digital system, either at random or
      at a scan rate. The analog multiplexer 3 receives the signals from one end
      155 of the respective primary windings 52 of the transformers TR.sub.1,
      TR.sub.2 . . . TR.sub.n, the other end 156 thereof being at ground
      potential, by line 13. Thus, single-ended switches operating at high speed
      can be used in the analog multiplexer. From power amplifier 12 the 2KHz
      squarewave is supplied via line 80 to one end 154 of each primary winding
      of transformers TP.sub.1, TP.sub.2 . . . TP.sub.n, the opposite end 153 of
      each winding as previously mentioned being connected to ground via line
      13. As a result of the switching operation by the bilateral switch device
      20, in each channel selected via line 205 by the digital processing
      circuit 10, two successive signals of opposite polarities appear at the
      secondary of transformer TR.sub.1, TR.sub.2 . . . or TR.sub.n which are
      transmitted via lines 70 and 4 to the A/D converter 7. The control circuit
      200 synchronizes the operation of the A/D converter 7 with the squarewave
      voltage supplied on line 80 by the power amplifier 12. Synchronization
      results from a Clock 2 signal and a Convert signal. It follows that two
      successive conversions on the respective two signals of opposite
      polarities read on line 4 are obtained. These two readings are
      algebraically combined in a binary logic circuit 9 in order to obtain on
      line 204 a binary reading of the signal sensed by the transducer T.sub.1,
      T.sub.2 . . . or T.sub.n which can be processed by the digital processing
      circuit 10.
PAR  The multiplexed analog data acquisition system just described is floating
      with each individual channel (K.sub.1, K.sub.2 . . . K.sub.n) and the
      selected floating circuitry includes one side of the two associated
      transformers such as TR.sub.1 and TP.sub.1. Each channel has its own power
      source (55, 59, 59'). Each channel includes a converter-amplifier circuit
      (C.sub.1, C.sub.2 . . . C.sub.n) which provides preamplification for the
      analog input signal through a balanced high input impedance adjustable
      gain differential arrangement which is floating by its own common point
      53, thus, it is devoid of any common mode error. Still, any offset error
      due to the preamplifier arrangement is, according to the present
      invention, eliminated by splitting the input signal into two signals of
      opposite polarities before preamplification. Therefore, the offset error
      which would have been carried by the amplified sensed analog signal is
      found to the same extent superposed on both of the amplified signals of
      opposite polarities. A subsequent correction is effected by subtraction of
      the two corresponding digitally converted signals, thus, after
      analog-to-digital conversion. Advantage is also taken of the alternating
      current form of the amplified signal in order to couple this portion of
      the data acquisition system to the analog multiplexer 7 via isolating
      transformers, whereby the floating condition on one side thereof within
      the data acquisition system is independent from the ground-related other
      side including the digital system which will be considered now with
      particularity.
PAC  The Digital System
PAR  FIG. 3 represents the digital system portion 2 of the analog signal
      processing system according to the present invention. It includes an A/D
      converter 7, a binary logic circuit 9 responsive to the binary output of
      the A/D converter, a digital processing circuit 10 for processing the
      output of the binary logic circuit 9, a control circuit 200 for generating
      pulses to control the operation of the A/D converter and of the binary
      logic circuit. The control circuit also makes the A/D conversion available
      upon request by the digital processing circuit, e.g. in response to a
      signal START is sent via line 76 to the control circuit 200, as will be
      seen hereinafter.
PAR  The control circuit 200 depicted in FIG. 3 includes an 8KHz clock 71
      controlling a first flip-flop FF.sub.1 dividing the frequency by two to
      provide at its Q output a signal Clock 1 and at its Q output a signal
      Clock 1, on respective lines 72, 73. Signal Clock 1 in turn controls a
      second flip-flop FF.sub.2 also dividing the frequency by two to provide at
      its Q output a signal Clock 2, and at its Q output a signal Clock 2, on
      respective lines 74, 75. Signals Clock 1 and Clock 2 are shown by curves A
      and B, respectively, in FIG. 4. Flip-flops FF.sub.1 and FF.sub.2 are
      preferably of the type known on the open market as a J-K FLIP-FLOP.
PAR  Signal Clock 2 is applied to the power amplifier 12 to generate on lines 80
      the 2KHz squarewave supplied to the primary windings 56 of transformers
      TP.sub.1, TP.sub.2 . . . TP.sub.n.
PAR  Signal Clock 2 is also impressed at the data input D of a third flip-flop
      FF.sub.3. The third flip-flop is preferably of the D type, generally known
      on the open market. With such devices a transfer of the D input to the Q
      output occurs on the positive edge of the signal at the clock input e.g.
      the A/D READY signal on line 78 from the A/D converter 7. Such flip-flop
      has three inputs called Reset, Clock and D (for Data), and two outputs
      called Q and Q. FF.sub.3 provides at its Q output a Data Ready signal
      which, via line 77, is applied to the digital processing circuit 10. A
      conversion cycle is started via line 76 by the digital processing circuit
      10, which resets FF.sub.3. The Start signal is depicted by curve C in FIG.
      4. The Data Ready signal appears as curve D. Since the logic circuitry of
      the A/D converter 7 requires some time to effectively assume the proper
      state at any given time, it includes as generally known a Sample and Hold
      circuitry. The signal A/D Ready is provided by the A/D converter on line
      78 to indicate that the A/D conversion is completed. The A/D Ready Signal
      is shown by curve H in FIG. 4.
PAR  A fourth flip-flop circuit FF.sub.4 of the D type, thus like flip-flop
      FF.sub.3 (e.g. transfer of the D input to the Q output occurs on the
      positive edge of the clock signal) is also provided. FF.sub.4 is
      controlled by signal Clock 2. It receives as data input D the Q output of
      the third flip-flop FF.sub.3 from line 96. It is also reset via line 97 by
      the Data Ready signal, or Q output, from flip-flop FF.sub.3. The
      transferred data appears on line 91 as an input to an AND device 79 also
      responsive to signal Clock 1. As a result, a signal Trigger is generated
      on line 93. The signal Trigger is shown by curve E in FIG. 4. Two cascaded
      monostable circuits 94, 95 provide in response to the signal Trigger a
      Convert signal on line 98 which is the signal determining operation of the
      A/D converter 7 on the analog output from the multiplexer 3. Two
      conversions are made in each succession, each for one of the two signals
      of opposite polarites appearing on line 4. Thus, two successive readings
      in binary appear on the 12-bit output 8. The output signal from monostable
      circuit 94 is shown by curve F in FIG. 4, and the Convert signal is
      illustrated by curve G. In coincidence with signal Clock 2 an AND device
      102 generates in response to the A/D Ready Signal on line 78 a Memory
      Enable signal. The latter signal is applied via line 103 to a Buffer
      Memory circuit 99 which stores the binary number received on lines 8 from
      the A/D converter during the first reading (first polarity signal from
      multiplexer 3), and inverts it. During the second reading, the binary
      number on lines 8 is applied via lines 112 to the input of a binary
      parallel adder 111 which also responds to the inverted number derived via
      lines 113 for the first reading. A Carry signal is also applied on line
      114 to the binary parallel adder 111. The adder when adding the input on
      line 113 to the input on line 112 and the carry bit, in fact effects, as
      generally known, the sum of the second reading and the two's complementary
      of the first reading, which results in an arithmetic subtraction of the
      two readings. As a result of such digital subtraction of the two amplified
      signals of opposite polarities, the offset error appearing equally in each
      of them cancels out and a true reading of the analog signal sensed in the
      selected channel is obtained in binary form on lines 115, e.g. a reading
      free from the offset error due to preamplification which would have been
      present in the amplified analog signal and would have been carried over by
      the conversion into digital form effected by the A/D converter. In
      contrast, the two signals of opposite polarities carry after amplification
      the same offset error. When the two signals are received sequentially on
      line 4 the common offset error is eliminated after conversion by the
      algebraic subtraction made in digital form, in accordance with the present
      invention.
PAR  The timing of the operational steps under control of the control circuit
      200 can best be understood from a consideration of the curves of FIG. 4.
PAR  The digital processing circuit 10 is so arranged that no Start signal
      (curve C) will be transmitted unless the Data Ready signal (curve D) on
      line 77 is high in accordance with the state of FF.sub.3 on its output Q.
      When a START signal is received via line 76, FF.sub.3 is reset and as a
      result the Q output thereof is lowered which appears on line 77. At the
      same time Q is raised on FF.sub.3 thereby to set the D input of FF.sub.4
      in the high state (via line 96), and FF.sub.4 is thus conditioned for
      further operation.
PAR  Synchronously with the rising edge of the clock 2 signal, FF.sub.4
      transfers the D input to the Q output thereof so that via line 91 the AND
      device 79 will be set in coincidence with the clock 1 signal to generate
      on line 93 a Trigger signal (curve E). The rising edge of the Trigger
      signal triggers the first monostable circuit 94 thereby establishing on
      line 206 a time delay (curve F) for the initiation of the second
      monostable circuit 95 which actually produces the Convert signal (curve G)
      to effectively command operation of the A/D converter 7.
PAR  Once the first reading is performed by the A/D converter 7, an A/D Ready
      signal (curve H) is established via line 28 to be received by the AND
      device 102 in order to generate in coincidence with the Clock 2 signal a
      Memory Enable signal (curve I) to enable Buffer Memory 99, thus at the end
      of the first reading, to store the first reading from the A/D converter 7.
      It is observed that during the occurrence of the second polarity signal on
      line 4 (thus with the Clock 2 signal) the Memory Enable signal (curve I)
      is not generated, thereby to have only a direct second reading on lines
      112 to the Binary Parallel Adder 111. The Trigger signal is again
      generated when Clock 1 signal rises and operates in conjunction with the Q
      output of FF.sub.4. Again, the first monostable circuit 94 establishes its
      delay on line 206, and the second monostable circuit at the end of the
      delay commands via line 98 the second reading by the A/D converter 7 to be
      derived on line 112.
PAR  Now the A/D Ready signal synchronously sets FF.sub.3 by transferring the
      Clock 2 signal at its D input to its Q output thereby to generate the Data
      Ready signal on line 77 and on the rising edge of the A/D Ready signal.
      The Data Ready signal is intended to inform the digital processing circuit
      10 that the two readings have been completed, and that the binary parallel
      adder has made available the desired true reading. Again, the Data Ready
      signal on line 97 resets FF.sub.4 for a subsequent conversion cycle.
PAR  As can be seen by reference to instants t.sub.0 and t.sub.1 through
      t.sub.5, the monostable circuit 94 establishes two intervals (t.sub.1,
      t.sub.2) and (t.sub.4, t.sub.5) before initiating at times t.sub.2 and
      t.sub.5 the first and second reading operations of the A/D converter 7.
      The Sample and Hold circuit within the A/D converter responds to the
      Convert signal to cause effective transmissions on lines 8 and 112 of the
      two successive readings during the conversion cycle. The Memory Enable
      signal on line 103 causes latching of the 12 bits on line 8 during the
      first reading, e.g. at time t.sub.3 (curve I) to provide an inverted
      representation on line 113 of the binary number derived during the first
      reading. At time t.sub.5 (curve I) the second reading starts and data is
      made available on line 112 concurrently with the binary number of line
      113. At time t.sub.6, Data Ready and A/D Ready signals (curves D and H)
      acknowledge completion of the reading and at time t.sub.0 another Start
      signal from the digital processing circuit 10 may follow for a new A/D
      conversion cycle. The first reading cycle to the left of FIG. 4 showed
      that while the data processing circuit 10 asks by its signal Start from
      the control circuit 200 another conversion cycle, this was too early for
      the A/D converter 7. It is not until the rising edges of Clock 2 signal,
      that the first monostable circuit 94 (curve F) can start establishing its
      delay for the second monostable circuit 95 to generate the Convert signal
      on line 98 thus within the time interval corresponding to duration of the
      analog signal of one polarity to be read. In contrast, for the next
      conversion cycle (to the right of FIG. 4) the Start signal occurs at time
      t.sub.0 which is close enough to the rising edge of the Clock 2 signal so
      that a Trigger signal can occur substantially without waiting. In this
      fashion the digital processing circuit can take analog data readings which
      are synchronized with 2KHz rate of polarity reversals by the bilateral
      switches 20 for each selected channel.
PAR  It appears from such time operation that the 2KHz squarewave controlling
      the conversion of the analog signals from transducers T.sub.1, T.sub.2 . .
      . T.sub.n by the associated bilateral switch devices 20, is synchronized
      with the conversion cycles depicted on FIG. 4, since it is within such
      conversion cycles that the first and second readings are effected and the
      binary parallel adder 111 effectively combines the two readings to
      generate on lines 115 a true representation of the original analog signal
      initially split into two signals of opposite polarities.
PAR  FIG. 3 also shows that the binary logic circuit 9 includes a Buffer Memory
      99 (which in fact consists of three QUAD latches responsive to the 12-bit
      output of the A/D converter, on lines 95) and a binary parallel adder 111
      responsive via lines 112 to the 12-bit output of the A/D converter 7 and
      further responsive to the 12-bit complement output from the Buffer Memory
      99 via line 113. The binary parallel adder 111 in this particular instance
      comprises a cascaded set of three 4-bit parallel adders and a single adder
      to form a 13-bit parallel adder at the addition of two 12-bit numbers
      required and is provided on line 114, with the Carry input of the least
      significant bit adder being a ONE, thereby to form within the binary
      parallel adder 111 the function of two's complement subtraction between
      two successive readings by inverting the first reading and adding it with
      a carry to the second reading non-inverted. As a result the binary logic
      circuit 9 in fact subtracts the readings successively derived on line 4
      from the analog signal acquisition system 1 for a pair of signals of
      opposite polarities received at the output of the transformer TR.sub.1,
      TR.sub.2 or TR.sub.3. As hereabove explained, each signal represents the
      same analog input signal sensed by transducer T.sub.1, T.sub.2 or T.sub.3,
      however, each having the same undesirable voltage offset. The subtraction
      effected digitally by the binary logic circuit 9 between two successive
      digital readings made after the A/D converter 7 cancels out the voltage
      offset. The binary parallel adder 111 offers a very simple circuit for
      obtaining such a subtraction. At the output of the binary parallel adder a
      single 13-bit reading is available, free from the common offset error
      which has now disappeared through the arithmetic process and the correct
      reading is inputted into the digital processing circuit 10 for further
      processing as desired within the overall analog signal processing system
      according to the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An analog signal processing system including an analog data acquisition
      subsystem for transmitting from remote locations at least one low-level
      analog signal;
PA1  analog to digital (A/D) converter means responsive  to said analog input
      signal for converting the said signal into a digital input signal, and
PA1  a digital system for processing said digital input signal with said analog
      signal processing system comprising:
PA1  means within said data acquisition subsystem for converting one low-level
      analog signal into a pair of time-displaced analog input signals having
      opposite polarities, with each input signal of said pair carrying
      information relative to the magnitude of said low-level analog signal;
PA1  amplifier means successively responsive to each input signal of said pair
      of input signals for generating a corresponding pair of time-displaced
      amplified signals each having an offset error due to drift in said
      amplifier means;
PA1  analog to digital converter means successively responsive to each amplified
      signal of said pair of amplified signals for generating a corresponding
      pair of successive digital output signals;
PA1  a digital subsystem including means for algebraically combining said of a
      pair digital output signals to derive one digital measurement signal
      characteristic of said magnitude of said one low level analog signal; and
PA1  means for digitally processing said digital measurement signal in relation
      to said data acquisition subsystem, in relation to said means for
      algebraically combining and in relation to said analog to digital
      converter means, whereby said offset error is substantially eliminated
      from said digital measurement signal.
NUM  2.
PAR  2. The processing system of claim 1 with means for synchronizing the
      operation of said means for converting with the operation of said A/D
      converter means.
NUM  3.
PAR  3. The processing system of claim 1 with said analog data acquisition
      subsystem transmitting in a multiplex fashion a plurality of said
      low-level sensed analog signals; and including
PA1  a plurality of said means for converting and a corresponding plurality of
      said amplifier means, with said plurality of converting means being
      multiplexed to separately respond to respective ones of said low level
      analog signals and to derive successive pairs of said input signals of
      opposite polarities as a function of time;
PA1  said plurality of amplifier means generating a corresponding plurality of
      pairs of amplified signals;
PA1  with said analog to digital converter means being responsive to each of
      said pairs of amplified signals successively, thereby to generate a
      corresponding succession of pairs of digital output signals; and
PA1  with said algebraically combining means being operative synchronously with
      said means for converting to derive a plurality of digital measurement
      signals as a function of time and in correspondence with said plurality of
      low-level analog signals.
NUM  4.
PAR  4. The processing system of claim 3 with analog multiplexer means being
      provided between each of said means for converting and said analog to
      digital converter means.
NUM  5.
PAR  5. The processing system of claim 4 with the provision of isolating
      transformer means between each of said means for converting and said
      analog multiplexer means, each said transformer means passing a
      corresponding pair of signals and separating voltage potentials
      therebetween.
NUM  6.
PAR  6. The processing system of claim 5 with said analog data acquisition
      subsystem having a floating potential determined by a common mode noise.
NUM  7.
PAR  7. The processing system of claim 6 with said means for converting said
      each including a changeover switch responsive to one said low-level analog
      signal.
NUM  8.
PAR  8. The processing system of claim 7 with the provision of preamplifier
      means between said changeover switch and said isolating transformer means.
NUM  9.
PAR  9. The processing system of claim 8 with each said amplifier means
      including two balanced operational amplifiers operative in the
      differential mode and having a non-inverting input responsive to a
      corresponding one of said analog input signals and having an output
      connection, each said output connection providing a corresponding pair of
      amplified signals.
NUM  10.
PAR  10. The processing system of claim 1 with said means for algebraically
      combining comprising:
PA1  inverting means for deriving the inverted value of one of said two digital
      output signals and a binary adder effecting a subtraction of said two
      digital output signals by adding the binary value of one digital output
      signal to the said inverted value of the other digital output signal with
      a carry.
NUM  11.
PAR  11. The processing system of claim 10 with means for synchronizing the
      operation of said means for converting with the operation of said analog
      to digital converter means, said means for synchronizing including control
      means for establishing alternate time intervals corresponding to the
      duration of said analog input signals of opposite polarities and for
      generating control signals for causing operation of said analog to digital
      converter means each during a corresponding one of said alternate time
      intervals.
NUM  12.
PAR  12. The processing system of claim 11 with said digital subsystem including
      a digital processor operative with the output of said means for
      algebraically combining, with said means for algebraically combining
      including buffer means responsive to one digital output signal of one pair
      during a first reading, to store a representation thereof and parallel
      adder means responsive to the other digital output signal of said one pair
      during a second reading and to the stored representation of said one
      digital output signal for providing a binary subtraction of said first and
      second readings.
NUM  13.
PAR  13. The processing system of claim 12 with said buffer means providing an
      inverted representation of said first reading and said parallel adder
      means accomplishing a subtraction by adding said inverted representation
      to said second reading with a carry.
NUM  14.
PAR  14. The processing system of claim 11 with said digital subsystem
      generating a start signal at predetermined time instants, said control
      means being responsive to one said start signal to generate one such said
      control signal.
NUM  15.
PAR  15. The processing system of claim 14 with said control signal being
      generated a predetermined time interval after initiation of the generation
      of the first one of said analog input signals of a pair following the
      occurrence of said start signal.
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ABST
PAL  A digital-to-analog converter of the type formed with a plurality of
      current source transistors arranged to carry different levels of current
      according to a predetermined weighting pattern, e.g., a binary weighting
      pattern. In the converter, a plurality of identically sized current source
      transistors carry the different levels of current and thus operate at
      different current densities with different base-to-emitter voltages
      subject to temperature drift. Stable emitter voltages, providing accurate
      levels of weighted current, are developed by means of resistances between
      the bases of successive current source transistors and a current source
      for developing across the interbase resistances a voltage linearly varying
      with absolute temperature, corresponding to the difference between
      base-to-emitter voltages of the successive current source transistors.
PAL  The apparatus for generating a current linearly varying with absolute
      temperature is formed with first and second transistors forced to carry
      the same current at different current densities to produce different
      base-to-emitter voltages, and means such as an emitter resistor responsive
      to the difference in the base-to-emitter voltages for developing a
      current, corresponding to the difference in base-to-emitter voltages,
      which varies linearly with temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to digital-to-analog converters. More particularly,
      this invention relates to such converters of the type formed with a
      plurality of current source transistors arranged to carry different levels
      of current according to a predetermined weighting pattern, such as a
      binary weighting pattern. This invention relates also to apparatuses for
      generating a temperature-varying current.
PAR  2. Description of the Prior Art
PAR  Digital-to-analog converters generally have comprised a plurality of
      transistors arranged to carry different levels of current according to a
      predetermined weighting pattern, with switches selectively operated by an
      input digital signal to combine selected currents into an analog output
      signal. Examples of such designs are shown in U.S. Pat. Nos. 3,685,045 and
      3,747,088. In such digital-to-analog converters, the transistor current
      sources are connected to a current-weighting network of resistors which
      determines the current each transistor is to carry. These converters also
      use a control loop to establish the proper base voltage for a reference
      current transistor, and all the current source transistors are driven from
      this same base voltage.
PAR  In such converters it is desired to establish equal voltages at the
      emitters of the current source transistors, since each of the emitters
      then can force the appropriate weight of current in its associated
      resistor or in the current-weighting resistive network. If the emitter
      voltages are unequal, the currents associated with each bit will not be in
      the proper ratio. Moreover, temperature drifts in these emitter voltage
      differences produce temperature-dependent errors in the output. While the
      resistors could be trimmed to eliminate initial errors, any temperature
      drift cannot be so corrected.
PAR  One technique for establishing equal emitter voltages, as shown in U.S.
      Pat. No. 3,747,088, is to proportion the emitter areas so that all of the
      current source transistors operate at the same current density and thus
      have the same base-to-emitter voltages and temperature characteristics.
      Since all the current source transistors are driven with a common base
      voltage, the emitter voltages also will be equal, even with changes in
      temperature. Since the currents in such converters are ordinarily scaled
      with a binary weighting pattern, this means that the emitter areas must
      also have a binary weighting. Even taking advantage of the significant
      step of dividing the current sources into separate four-bit modules,
      commonly referred to as "quad switches", as described in U.S. Pat. No.
      3,747,088, each four-bit unit requires emitter areas in the ratios of
      8:4:2:1. This requires a total of 15 unit emitter areas which, in
      integrated circuit processing, consumes a substantial part of the total
      chip area.
PAR  Notwithstanding the foregoing development in the design of solid state
      digital-to-analog converters, there still has existed a need for
      converters requiring less chip area but still providing acceptable
      performance. One technique that has been proposed is to use current source
      transistors with equal emitter areas and to use a series of fixed voltage
      offsets between the base of the current source transistors. The fixed
      offsets would be chosen to approximate the base-emitter voltage difference
      due to the 2:1 current density ratio in successive transistors. A problem
      with this proposal is that the base-emitter voltage difference due to
      operation at different current densities is a function of absolute
      temperature. Accordingly, the fixed voltage offsets would provide poor
      temperature performance, particularly in a multiplying digital-to-analog
      converter where the voltage across the current source transistors may be
      driven to small values.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of this invention to provide an improved
      digital-to-analog converter. A more specific object of this invention is
      to provide such a converter which is capable of utilizing current source
      transistors of uniform size, and therefore operating at different current
      densities, yet which is capable of providing equal and stable emitter
      voltages and good temperature performance. Still another object of this
      invention is to provide good temperature performance in uniform current
      source transistors by means of devices which are fully compatible with the
      significant advances in input circuitry, output diverting circuitry, etc.,
      which have been developed for use in digital-to-analog converters. Still
      another object of the invention is to provide such a converter capable of
      being manufactured at reasonable cost, using straightforward IC processing
      techniques.
PAR  In a preferred embodiment of the invention to be described hereinbelow in
      detail, the digital-to-analog converter, of the type formed with a
      plurality of current source transistors arranged to carry different levels
      of current according to a predetermined weighting pattern, comprises a
      plurality of current source transistors, typically having uniform emitter
      conductive areas, arranged to operate at different current densities and
      therefore different base-to-emitter voltages when carrying the different
      levels of current. Resistance means are connected between the bases of
      successive current source transistors, and means are provided for
      developing across the resistance means a voltage, varying with absolute
      temperature, which corresponds to the difference between base-to-emitter
      voltages of the successive current source transistors. The emitter
      voltages of the successive current source transistors then are equal and
      stable with respect to temperature, provided accurate levels of weighted
      current in the converter and accurate digital-to-analog conversion. The
      voltage developing means in the preferred embodiment of the invention is a
      current generator comprising first and second transistors with conductive
      areas in the same ratio, e.g. 2:1, as the ratio of current densities in
      the successive current source transistors, and means for forcing equal
      currents through the first and second transistors to produce different
      base-to-emitter voltages corresponding to the different current densities.
      A means, such as a resistor connected between the emitters of the first
      and second transistors and carrying the current through one of the
      transistors, responds to the difference in base-to-emitter voltages and
      develops a current which corresponds to the temperature varying difference
      in base-to-emitter voltages.
PAR  Other objects, aspects, and advantages of the invention will be pointed out
      in, or apparent from, the following description of preferred embodiments
      considered together with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a digital-to-analog converter in
      accordance with the present invention; and
PAR  FIG. 2 is a schematic diagram illustrating another current generator
      suitable for the converter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates an eight-bit binary integrated circuit digital-to-analog
      converter DA1 in accordance with the present invention. The converter
      comprises a plurality of current source transistors 10.1 through 10.8
      arranged to carry different levels of current according to a binary
      weighting pattern determined by a resistive weighting network 12 connected
      to the emitters of the current source transistors. The resistive weighting
      network 12 shown in FIG. 1 is an R-2R ladder network which sets the
      current level of each current source transistor in the ladder at one-half
      the level of the preceding current source transistor. An additional
      transistor 11, matched to the current level of the 8th bit current source
      transistor 10.8, is provided to properly terminate the R-2R network.
PAR  Associated with the current source transistors 10.1 through 10.8 are a
      plurality of selectively-operable, identical switching cells 14.1 through
      14.8 (one of which is shown in detail), controllable by digital logic
      signals applied to respective logic signal input terminals 16.1 through
      16.8. Each switching cell is arranged to switch the current flowing
      through a corresponding current source transistor, alternatively between
      (1) an output current summing bus 18 and (2) a ground line 20. The
      switching cells 14, as described in greater detail in the co-pending
      patent application of Robert B. Craven, Ser. No. 505,477, filed Sept. 12,
      1974, entitled "Improved Solid State Digital-To-Analog Converter",
      advantageously provide rapid switching with a constant speed switching
      characteristic and supply a constant potential to the collectors of the
      current source transistors 10.1 through 10.8 for either switch state.
      Briefly, the switching cells 14 comprise a transistor 40 and current
      setting resistor 42 coupled to the positive supply voltage line 44 and to
      a base voltage line 46 to act as a constant current source producing a
      current I.sub.o of 0.5MA. PNP transistors 36A and 36B form a first
      differential pair 38 which steers the current I.sub.o in accordance with
      the logic signal from input terminal 16, received at the base of
      transistor 36A, and in accordance with a fixed voltage received at the
      base of transistor 36B from threshold voltage line 50 and developed by
      threshold voltage circuit 52 to match the requirements of the particular
      logic signals (e.g. TTL or CMOS logic) which are used. The collectors of
      transistors 36A, 36B are connected through resistors 56A, 56B to a bias
      voltage line 58, the voltage of which is maintained constant by a bias
      generating circuit 60. A second differential pair 62 of matched
      transistors 64A, 64B is controlled by the voltages across resistors 56A,
      56B, and the transistors in the second pair 62 are alternatively
      conductive, depending upon the signal input at terminal 16, to direct the
      current from the current source transistor 10 either to the output current
      summing bus 18 or to the ground line 20.
PAR  As shown in FIG. 1, the current source transistors 10.1, 10.2 and 10.3 for
      the three most significant bits have their emitter areas binarily scaled
      to provide uniform current density therein in accordance with the
      above-mentioned U.S. Pat. No. 3,747,088. The bases of current source
      transistors 10.1 through 10.3 are connected together and driven from a
      common base line 24 connected to the output of a control circuit 25. The
      control circuit 25 comprises an operational amplifier 26 which compares
      the current through a seriesconnected pair of reference transistors 28, 30
      with a constant reference current developed by a reference voltage source
      32 and a reference resistor 34, and continuously adjusts the base voltage
      of the reference transistor 30 to maintain the current through that
      transistor constant. This voltage control similarly maintains the current
      through the current source transistors 10.1 through 10.3 fixed as
      explained in the abovementioned U.S. Pat. Nos. 3,685,045 and 3,747,088. As
      further explained in above-mentioned co-pending application Ser. No.
      505,477, converter DA1 can function as a multiplying converter by varying
      the reference voltage 32 as one of the values to be multiplied, the other
      value being the digital input number. The magnitude of the reference
      voltage directly controls the magnitude of all of the bit currents
      correspondingly because the amplifier 26 sets the base voltage line 24 so
      that the bit currents track the reference current flowing through resistor
      34.
PAR  In accordance with one aspect of the present invention, the current source
      transistors 10.3 through 10.8 have emitters with equal conductive areas
      and, because the currents carried by these transistors are in a binary
      weighting pattern, the transistors will operate at different current
      densities and different base-to-emitter voltages V.sub.BE when carrying
      the different levels of current. In accordance with the invention, the
      bases of successive current transistors 10.3 through 10.8 are
      interconnected through resistors R of, for example, 150 ohms, and a
      current generator 70 is connected through a current supply line 71 in
      series with the resistors R to send a current I.sub.T through the
      resistors R to develop across each one of them a voltage .DELTA.V.sub.BE ,
      varying with absolute temperature, corresponding to the difference between
      base-to-emitter voltages of successive current source transistors operated
      at current densities in a ratio of 2 to 1. As a result, the emitter
      voltages of the successive current source transistors 10.3 through 10.8
      will be equal to one another and equal to the emitter voltages of
      transistors 10.1 and 10.2. Moreover, since the current I.sub.T through the
      resistors R varies with absolute temperature, the voltages .DELTA.V.sub.BE
      developed across resistors R will track the changes in transistor
      base-to-emitter voltage V.sub.BE with temperature, and the emitter
      voltages will remain stable with respect to temperature to provide
      accurate levels of weighted current in the converter and accurate
      digital-to-analog conversion.
PAR  Turning now to the structure of current generator 70 in detail, the
      generator is connected between the current supply line 71 extending to the
      series of interbase resistors R and the negative power supply line 72.
      First and second NPN transistors 74 and 76 have their bases connected
      together and have emitter areas provided in the ratio of 1:2, and a
      regeneratively coupled transistor circuit 78 is arranged to force equal
      currents through the transistors 74, 76 to a summing point 80. A resistor
      82, having a resistance value of 2R, or 300 ohms, is connected between the
      emitters of transistors 74 and 76 and is arranged to carry the current
      through transistor 76, which is operating at the lower current density, to
      summing point 80. The base-to-emitter voltage difference .DELTA.V.sub.BE
      between transistors 74 and 76 appears across emitter resistor 82 and
      forces a current through it of .DELTA.V.sub.BE /2R. An equal current flows
      through transistor 74 in the opposite side of the circuit so that the sum
      current I.sub.T is given by
EQU  I.sub.T =.DELTA.V.sub.BE /R
PAL  When the current I.sub.T passes through the interbase resistors R
      positioned between current source transistors 10.3 through 10.8. there
      will be developed across each resistor R a voltage of I.sub.T .times. R
      =.DELTA.V.sub.BE, which is the desired base-to-emitter voltage difference
      associated with a 2:1 current density ratio. This voltage varies linearly
      with absolute temperature according to the following expression
      ##EQU1##
      where T is the absolute temperature of transistors 74, 76 in degrees
      Kelvin, k is Boltzman's constant and q is the electron charge.
PAR  The transistor circuit 78 which forces equal currents through transistors
      74 and 76 is formed with a balanced pair of PNP transistors 84, 86,
      complementary in type to the transistors 74, 76. Transistors 84, 86 have
      their emitters connected together and to the current supply line 71, have
      their bases connected together, and have their collectors connected
      respectively to the collectors of transistors 74 and 76. As shown in FIG.
      1, transistor 86 has its base and collector connected, as does transistor
      74. The foregoing arrangement provides a current mirror which will cause
      the loop to be regenerative when the collector current of transistor 76 is
      less than that of transistor 74, so that the currents through both
      collectors will increase until the currents are equal and the loop gain is
      1.
PAR  Current generator 70 has a stable "off" state and thus is provided with a
      starting circuit 88 to cause current to begin flowing in the transistors
      so that regenerative operation will begin. The starting circuit 88, as
      illustrated, comprises a pinch resistor 90 connected to the bases of
      transistors 74, 76 and connected through the base-to-emitter circuit of an
      NPN transistor 92 to the negative power supply line 72. A current of about
      3 microamperes flows through the starting circuit 88 to begin regenerative
      operation. A typical value of current I.sub.T is about 0.12ma, which is
      not seriously affected by the current flowing through starting circuit 88.
PAR  In addition to the current I.sub.T, it will be observed that the base
      currents of the current source transistors 10.4 through 10.8 will add to
      the total current flowing through interbase resistors R and will be most
      significant in the higher order bits. The effect of these base currents is
      small, however, and can be compensated by adjusting the values of the
      interbase resistors R to be slightly smaller near the higher order bits.
      One technique for accomplishing compensation is to use paralleled pinched
      base resistors for the interbase resistors R, since such resistors have a
      value which varies with h.sub.FE and hence can be selected to compensate
      for base current.
PAR  FIG. 2 illustrates another current generator 100 which, like current
      generator 70, is to generate a current I.sub.T varying linearly with
      absolute temperature and comprises first and second transistors 74, 76
      with emitter areas in the ratio of 1 to 2, and an emitter resistor 82
      having a value of 2R. Equal currents are forced through transistors 74 and
      76 by means of a regeneratively coupled transistor circuit 102 which is
      capable of more accurate operation in forcing equal currents than the
      circuit 78 in current generator 70. The transistor circuit 102, as shown,
      comprises a first balanced pair of NPN transistors 104, 106, a second
      balanced pair of PNP transistors 108, 110, and a third pair of balanced
      PNP transistors 112, 114. The emitters of transistors 112, 114 are
      connected to current supply line 71, and the three pairs of transistors
      are regeneratively coupled as shown to cause the currents flowing in the
      two sides of the circuit to become equal. A starting current is supplied
      by an FET transistor 116 having its gate connected to the negative power
      supply line 72 and having its source and drain connected across the
      collector-to-emitter circuit of transistor 104. The FET transistor 116
      permits a controlled current leakage sufficiently large to start the
      circuit, but small enough so that it does not seriously affect the desired
      operation of the circuit once it begins regenerative operation. Current
      generator 100 supplies a current I.sub.T given by
      ##EQU2##
      The current produced by generator 100 is very linearly proportional to
      temperature, and achieves good temperature performance in a
      digital-to-analog converter.
PAR  Accordingly, the use of interbase resistors R together with generator 70 or
      100 allows current source transistors with uniform emitter areas, such as
      10.3 through 10.8, to be effectively used in a digital-to-analog converter
      without losing accuracy due to temperature drift. This characteristic is
      particularly valuable since the means to achieve it is fully compatible
      with switching cells 14, base voltage control 25 with its multiplying
      ability, and even with current source transistors having weighted emitter
      areas, such as transistors 10.1 through 10.3. It should further be noted
      that since the invention allows some or all of the current source
      transistors to have uniform emitter areas, substantial savings can be made
      in the amount of IC chip area that is required for a converter.
PAR  Although specific preferred embodiments of the invention have been
      described hereinabove in detail, it is desired to note that this is for
      the purpose of illustrating the invention, and should not be construed as
      necessarily limiting of the invention, since it is apparent that those
      skilled in this art will be able to modify the form of the invention in
      many ways to meet the requirements of different applications.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a digital-to-analog converter of the type formed with a plurality of
      current source transistors arranged to carry different levels of current
      according to a predetermined weighting pattern, the improvement which
      comprises:
PA1  a plurality of current source transistors arranged to operate at different
      current densities and therefore different base-to-emitter voltages when
      carrying said different levels of current;
PA1  resistance means connected between the bases of successive current source
      transistors; and
PAR  means for developing across the resistance means a voltage, varying with
      absolute temperature, corresponding to the difference between base to
      emitter voltages of the successive current source transistors;
PA1  whereby the emitter voltages of the successive current source transistors
      are equal and stable with respect to temperature, thereby providing
      accurate levels of weighted current in the converter and accurate
      digital-to-analog conversion.
NUM  2.
PAR  2. A digital-to-analog converter as claimed in claim 1 wherein the voltage
      developing means comprises means for generating, through the resistance
      means, a current varying linearly with absolute temperature and
      corresponding to the temperature-varying difference between
      base-to-emitter voltages of successive current source transistors.
NUM  3.
PAR  3. A digital-to-analog converter as claimed in claim 2 wherein the current
      generating means comprises:
PA1  first and second transistors;
PA1  means for operating the first and second transistors at different current
      densities corresponding to the different current densities of the two
      successive current source transistors, thereby to produce different
      base-to-emitter voltages in the first and second transistors; and
PA1  means responsive to the difference in the base-to-emitter voltages of the
      first and second transistors for developing a current corresponding to the
      difference in base-to-emitter voltages.
NUM  4.
PAR  4. A digital-to-analog converter as claimed in claim 3 wherein the first
      and second transistors have conductive areas in the same ratio as the
      ratio of current densities in the successive current source transistors
      and wherein the means for operating the first and second transistors
      forces equal currents through them to produce said different current
      densities corresponding to the different current densities of the two
      successive current source transistors.
NUM  5.
PAR  5. A digital-to-analog converter as claimed in claim 4 wherein the means
      for operating the first and second transistors at equal currents comprises
      regeneratively coupled transistor means connected to the collectors of the
      first and second transistors.
NUM  6.
PAR  6. A digital-to-analog converter as claimed in claim 4 wherein the first
      and second transistors have their bases connected together and wherein the
      means responsive to the difference in the base-to-emitter voltages of the
      first and second transistors comprises a resistance connected between the
      emitters of the first and second transistors and arranged to carry the
      current through the one of the first and second transistors operating at
      the lower current density.
NUM  7.
PAR  7. A digital-to-analog converter as claimed in claim 6 wherein the sum of
      the currents through the first and second transistors is supplied by the
      current generating means to the resistance means connected between the
      bases of the successive current source transistors and wherein said
      interbase resistance means is selected to be half of the resistance
      connected between the emitters of the first and second transistors,
      whereby the voltage developed across the interbase resistance means equals
      the difference between base-to-emitter voltages of the first and second
      transistors, which in turn corresponds to the difference between
      base-to-emitter voltages of the successive current source transistors.
NUM  8.
PAR  8. A digital-to-analog converter as claimed in claim 4 wherein the first
      and second transistors have their bases connected together, the first
      transistor is the one operating at the lower current density, the means
      responsive to the difference between the base-to-emitter voltages of the
      first and second transistors is a resistance connected between the
      emitters of the first and second transistors and arranged to carry the
      current through the first transistor, and means for forcing equal currents
      through the first and second transistors comprises regeneratively coupled
      transistors, complementary to the first and second transistors, connected
      to the collectors of the first and second transistors.
NUM  9.
PAR  9. A digital-to-analog converter as claimed in claim 8 wherein the
      regeneratively coupled transistor means comprises balanced transistor
      pairs regeneratively coupled with one transistor of the pair having its
      collector and base connected together.
NUM  10.
PAR  10. A digital-to-analog converter as claimed in claim 9 wherein the first
      and second transistors are NPN transistors, and the regeneratively coupled
      transistor pairs comprise a first pair of NPN transistors connected to the
      first and second transistors, a second pair of PNP transistors connected
      to the first pair, and a third pair of PNP transistors connected to the
      second pair.
NUM  11.
PAR  11. A digital-to-analog converter as claimed in claim 1 wherein the
      plurality of current source transistors have emitters of equal conductive
      area and carry currents differing in levels according to a binary
      weighting pattern, whereby successive current source transistors operate
      at current densities in a ratio of 2:1; and wherein the voltage developing
      means develops across the resistance means between successive bases a
      voltage, varying with temperature, corresponding to the difference between
      base-to-emitter voltages of transistors operated at a current density
      ratio of 2:1.
NUM  12.
PAR  12. A digital to analog converter as claimed in claim 11 wherein the
      voltage developing means comprises means for generating a current through
      the resistance means varying linearly with absolute temperature and
      corresponding to the temperature varying difference between
      base-to-emitter voltages of successive current source transistors operated
      at a current density ratio of 2:1.
NUM  13.
PAR  13. A digital-to-analog converter as claimed in claim 12 wherein the
      current generating means comprises:
PA1  first and second transistors;
PA1  means for operating the first and second transistors at current densities
      in the ratio of 2:1; and
PA1  means responsive to the difference in the base-to-emitter voltages of the
      first and second transistors for developing a current corresponding to the
      difference in base-to-emitter voltages.
NUM  14.
PAR  14. A digital-to-analog converter as claimed in claim 13 wherein the first
      and second transistors have conductive areas in the ratio of 2:1, and
      wherein the means for operating the first and second transistors forces
      equal currents through them.
NUM  15.
PAR  15. A digital-to-analog converter as claimed in claim 14 wherein the means
      for operating the first and second transistors at equal currents comprises
      regeneratively coupled transistor means connected to the collectors of the
      first and second transistors.
NUM  16.
PAR  16. A digital-to-analog converter as claimed in claim 14 wherein the means
      responsive to the difference in base-to-emitter voltages of the first and
      second transistors comprises a resistance connected between the emitters
      of the first and second transistors and arranged to carry the emitter
      current through the one of the first and second transistors carrying the
      lower current density.
NUM  17.
PAR  17. A digital-to-analog converter as claimed in claim 16 wherein the sum of
      the currents through the first and second transistors is supplied by the
      current generating means to the resistance means connected between the
      bases of the excessive current source transistors, and where said
      interbase resistance means is selected to be half of the resistance
      connected between the emitters of the first and second transistors,
      whereby the voltage developed across the interbase resistance means equals
      the difference between base-to-emitter voltages of the first and second
      transistors operated at current densities in the ratio of 2:1.
NUM  18.
PAR  18. A digital-to-analog converter as claimed in claim 14 wherein the means
      forcing equal currents through the first and second transistors comprises
      a balanced pair of transistors, having their bases connected together,
      coupled to supply equal currents to the collectors of the first and second
      transistors.
NUM  19.
PAR  19. A digital-to-analog converter as claimed in claim 14 wherein the means
      for forcing equal currents through the first and second transistors
      comprises a plurality of balanced pairs of regeneratively coupled
      transistors arranged with interconnected bases and connected to supply
      equal currents to the collectors of the first and second transistors.
NUM  20.
PAR  20. A digital-to-analog converter as claimed in claim 19 wherein the
      plurality of balanced transistor pairs comprises a first pair connected to
      the collectors of the first and second transistors and being of the same
      type as the first and second transistors, a second pair connected to the
      collectors of the first pair and being of a type complementary to the
      first and second transistors, and a third pair connected to the second
      pair and being of a type complementary to the first and second
      transistors.
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PAL  A memory mechanism for controlling incremental change of informations in a
      plurality of information systems to be indicated successively in turn. The
      mechanism comprises actuation means adapted to be actuated in response to
      an input signal each time said actuation means receives such a signal, a
      first memory wheel operated by said actuation means to incrementally
      change the informations in the first system of said plurality of
      informations systems and having an intermittent transmission means, a
      first transmission wheel for engaging said intermittent transmission
      means, a second memory wheel including a second transmission wheel and
      adapted to incrementally change the informations in the second information
      system of said plurality of information systems, a first camming portion
      formed on said first memory wheel, second camming portions formed on said
      second memory wheel, lever means acting on said first and second camming
      portions and adapted to be operated during the lever means is in
      engagement with both said first and a selected one of said second camming
      portions and operation means operatively connected to said lever means to
      operate said first memory wheel so as to allow the first memory wheel to
      effect incremental information change in said first information system
      independent of said input signal during said lever is operating whereby
      incremental change of the informations in the first information system is
      controlled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to a memory mechanism and more
      particularly, to a memory mechanism which is adapted incrementally change
      or eliminate selected information of a plurality of informations each
      including a plurality of incremental informations whenever the
      informations in the one or more information systems are desired to be
      incrementally changed.
PAR  In a digital clock, for example, when the day and month indications are to
      be changed in increment, it is only necessary that the day indications
      ranging from the first day to the thirty-first day and the month
      indications ranging from January to December are cyclically repeated.
      However, the number of days of the month varies one month after another,
      that is, January has thirty-one days, February has twenty-eight or nine
      days, March has thirty-one days and April has thirty days, respectively,
      for example and thus, if the incremental month indication change cycle is
      merely related to the incremental day indication change cycle in such a
      manner that the month indication is changed by one increment at the end of
      the thirty-first day of the preceding month, there will be the delay time
      of three or two days if the month indication is changed from that of
      February to that of March, for example. And there will be also the delay
      time of one day when the month indication is incrementally changed from
      the indication of April to that of May. Thus, error will occur when the
      day and month indications are changed. In order to eliminate such error in
      changing the day and month indications when the month indication is
      changed in increment from that of an even month to that of the succeeding
      odd month, it is necessary that the month indication change is effected by
      skipping the day indications corresponding to the difference in number of
      days between the consecutive two months. As one example of the memory
      mechanisms for controlling the date indication change, the gear mechanism
      which utilizes the differential gear feeding has been developed by Solari
      & C.U. in Italy. However, the prior art memory mechanism has the
      disadvantages that the mechanism has a complicated construction and
      encounters difficulty in controlling incremental date change and
      adjustment.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a memory mechanism which
      is simple in construction and reliable in operation and in which various
      memory wheels are operated in a predetermined mutual relationship by the
      utilization of an intermittent feed mechanism and cam means provided on
      the memory wheels to control the operation of the wheels whereby a
      selected information or informations are selectively changed or eliminated
      in one or more of a plurality of information systems each comprising a
      plurality of informations to be selectively changed or eliminated and
      controlled so that the indications of the informations in a desired
      information system or systems can be properly changed incrementally and
      cyclically.
PAR  The above and other objects and attendant advantages of the present
      invention will be more readily apparent to those skilled in the art from a
      reading of the following detailed description in conjunction with the
      accompanying drawings which show a preferred embodiment of the invention
      for illustration purpose only, but not for limiting the same in any way.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of essential parts of a preferred
      embodiment of the memory mechanism of the invention as being employed in a
      digital clock for cooperation with the date indication device in the
      clock;
PAR  FIG. 2 is a fragmentary developed view on an enlarged scale of the second
      camming portions on the second memory wheel of the memory mechanism of
      FIG. 1; and
PAR  FIG. 3 is a fragmentary perspective view of a modification of the memory
      mechanism of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will be now described referred to the accompanying
      drawings which show one application of the memory mechanism of the
      invention in which the memory mechanism is employed for cooperation with
      the date indication device of a digital clock.
PAR  First referring to FIG. 1, reference numeral 1 denotes an electric motor
      which is adapted to be actuated in response to an input signal generated
      in a control circuit (not shown) within a digital clock (not shown) at the
      end of a particular day or when the digital clock shows that the time has
      passed 11.59 p.m. of the day. The motor 1 has an output shaft having a
      worm 2 fixedly secured thereto and the worm is in meshing with a worm
      wheel 3 having a pinion 4 fixedly secured thereto. The pinion 4 is in
      meshing with a gear 5 with which a pinion 6 is coaxial for rotation
      together with the gear 5 and the pinion 6 is in meshing with a gear 7 to
      which a first memory wheel shaft 8 is fixedly secured. The shaft 8 has a
      first memory wheel 9 fixedly secured thereto. Thus, when the motor 1 is
      actuated or rotated in response to the above-mentioned input signal, the
      motor 1 rotates the first memory wheel shaft 8 through the transmission
      arrangement 2, 3, 4, 5, 6 and 7 to thereby rotate the first memory wheel 9
      on the shaft 8. The first memory wheel 9 is adapted to take thirty-one
      days for making one complete rotation and thus, the first memory wheel 9
      rotates by an angular distance corresponding to one thirtieth of its one
      complete rotation a day or each time the motor 1 is actuated. In other
      words, the fist memory wheel 9 makes one complete rotation when the
      above-mentioned input signal has been generated thirty-one times in the
      control circuit within the digital clock.
PAR  The first memory wheel 9 is interlocked with the day indication device (not
      shown) of the digital clock and when rotated, the first memory wheel
      causes the day indication device to give a day indication which varies day
      after day ranging from the first day to the thirty-first day of a
      particular month.
PAR  The first memory wheel 9 is formed with an intermittent transmission means
      10 in a position thereof corresponding to the indication of the
      twenty-eighth day of the month, for example and the intermittent
      transmission means is in the form of projections extending from one side
      of the wheel 9 (the right-hand side as seen in FIG. 1) at right angles to
      the plane of the wheel side. The intermittent transmission means 10 is
      adapted to intermittently engage a star-shaped first transmission wheel 12
      which is in turn rotationally mounted on a stationary shaft 11 which is
      parallel to the shaft 8. The first transmission wheel 12 is engaged by a
      second transmission wheel 13 which is rotatably mounted on the shaft 8
      secured to the gear 7 so that the second transmission wheel 13 is rotated
      by an angular distance corresponding to one twelfth of its one complete
      rotation each time the first memory wheel 9 makes its one complete
      rotation on the assumption that the second transmission wheel makes one
      complete rotation a year. The second transmission wheel 13 includes a
      click mechanism 14 which is adapted to selectively engage a plurality of
      holes 16 arranged in the circumferential direction of a second memory
      wheel 15 mounted on the shaft 8 in such a manner that the angle of the
      click mechanism 14 relative to the holes 16 may be varied to thereby
      rotate the second memory wheel 15 together with the second transmission
      wheel 13.
PAR  Therefore, the second memory wheel 15 rotates by an angular distance
      corresponding to one twelfth of its one complete rotation a month or each
      time the first memory wheel 9 makes one complete rotation in thirty-one
      days. The second memory wheel 15 is interlocked with the month indication
      device (not shown) of the clock to cause the month indication device to
      give a month indication which varies month after month each time the
      second memory wheel rotates by an angular distance corresponding to one
      twelfth of its one complete rotation. Thus, the month indication change
      cycle is renewed every twelve months.
PAR  In this way, if every month of the year had thirty-one days, the
      above-mentioned mechanism would properly effect increment month and day
      indication changes.
PAR  However, in fact, the months of the year are not identical in the number of
      days and with respect to February, for example, after the indication of
      the twenty-eighth or twenty-ninth day, the month indication should be
      changed to the month indication of March and at the same time, the day
      indication should be also changed to the day indication of the first day
      of the month. Similarly, with respect to the months such as April, June,
      September and November, too, after the day indication of thirty-first day
      of each of their preceding months, the day indication should be changed to
      that of the first day of the month and at the same time, the month
      indication should be also changed to that of the next month.
PAR  For the purpose, according to the present invention, the first memory wheel
      9 has a peripheral cam member 17 integrally formed with the periphery of
      the wheel and the peripheral cam member is formed with a first camming
      portion 18 in the position corresponding to the indications of the
      twenty-eighth and a half - thirty-first and a half days of the month and
      the second memory wheel 15 is formed as having the same diameter as the
      cam member 17. The periphery of the second memory wheel 15 is formed with
      a plurality of spaced second camming portions 19a, 19b, 19c, 19d and 19e
      in the positions corresponding to specific days of the various months
      having different numbers of days of the year, that is, the second camming
      portions correspond to the thirty and a half-thirty-first and a half days
      for each of the even months such as April, June, September and November of
      the year, to the twenty-eighth and a half - thirty-first and a half days
      for February of the common year and to the twenty-ninth and a half -
      thirty-first and a half days for February of the leap year, respectively.
PAR  Aligned contact bars 24 and 24 are fixedly secured to the end of one arm 23
      of a lever 22 which is pivoted to a stationary shaft 20 and adapted to be
      urged in the counter-clockwise direction (as seen in FIG. 1) by a spring
      21 and the contact bars 24 are adapted to be urged to selectively engage
      the first camming portion 18 and second camming portions 19a, 19b, 19c,
      19d and 19e, respectively. An operation bar 25a is secured to the end of
      the other arm 25 of the lever 22 substantially in parallel to the bars 24
      and abuts against a pin 28 on an actuator 27 pivoted to a stub shaft 26.
      The actuator 27 has a downwardly extending arm 29 and a limit switch 30 is
      provided adjacent to the arm 29 to be actuated by the actuator 27.
      Although the actuator 27 is normally urged away from the limit switch 30
      by means of a spring (not shown), when the contact bars 24 of the lever 22
      simultaneously engage the first camming portion 18 and a selected one of
      the second camming portions 19a, 19b, 19c, 19d and 19e, respectively, the
      lever 22 is urged to pivot in the counter-clockwise direction by the
      action of the lever 21 and the actuation bar 25a on the other arm 25 of
      the lever 22 pushes the pin 28 on the actuator 27 whereby the actuator 27
      is urged in the clockwise direction as seen in FIG. 1 so as to cause the
      arm 29 of the actuator 27 to contact the limit switch 30 to actuate the
      switch.
PAR  The limit switch 30 is electrically connected to the energizing circuit
      (not shown) for the electric motor 1 and adapted to energize the motor
      independent of the above-mentioned input signal whenever the switch is
      actuated. When the motor 1 is energized, the first memory wheel 9 is
      rotated through the above-mentioned transmission arrangement and one of
      the contact bars 24 (the left-hand contact bar as seen in FIG. 1) is
      disengaged from the first camming portion on 18. As the contact lever 24
      is disengaged from the first camming portion section 18 in the manner
      mentioned just above, the lever 22 is pivoted in the clockwise direction
      to rotate the first memory wheel 9 until the actuator 27 returns to the
      initial position in which the arm 29 of the actuator is not in engagement
      with the limit switch 30. Thus, by the shape and arrangement of the first
      and second camming portions as mentioned hereinabove, the day indication
      change can be properly effected in accordance with the number of days
      involved in a particular month and similarly, the month indication change
      can be also properly effected in keeping with the day indication change.
PAR  When the first and second camming portion 18 and second camming portions
      19a, 19b, 19c, 19d and 19e are provided in the first and second memory
      wheels 9 and 15, respectively and the lever 22 is provided for cooperating
      with the first and second camming portions so as to selectively actuate
      the limit lever 22 as mentioned hereinabove a memory mechanism whereby the
      month indication change means designed for the months having thirty-one
      days therein can be also operated for effecting the month indication
      change for the other months having the number of days less than thirty-one
      days is provided.
PAR  With the construction and arrangement of the parts of the memory mechanism
      of the invention mentioned hereinabove, the day indication for the month
      of February always terminate at the day indication of the twenty-eighth
      day and the day indication is immediately changed to that of the first
      day. However, in practice, February in the leap year which comes every
      four years has twenty-nine days. Therefore, in order that the digital
      clock incorporating the abovementioned memory mechanism therein be
      properly operated for many years, the digital clock is also required to
      have the day indication change control function for the leap year.
PAR  Thus, according to another feature of the present invention, the day
      indication change for February and the month indication change from that
      of February to that of March in the leap year will be performed by the
      arrangement as will be described hereinbelow.
PAR  The second memory wheel 15 has a shaft 31 embedded therein and projecting
      laterally from one side therefrom in a position adjacent to the camming
      portion 19e corresponding to February in the periphery of the associated
      wheel and a third memory wheel 32 is rotatably mounted on the shaft 31.
      And as the second memory wheel 15 rotates, the third memory wheel 32
      rotates in an epicyclic movement. A third transmission wheel 33 is
      rotatably mounted on the shaft 8 and has the free end fixedly secured to a
      stationary shaft 11 against rotation relative to the shaft 11. The third
      transmission wheel 33 has a notch 33a in the periphery and when any one of
      the teeth on the third memory wheel 32 engages the notch 33a on the third
      transmission wheel 33 as the second memory wheel 15 rotates and in
      consequence, the third memory wheel 32 rotates, the third transmission
      wheel 33 is rotated by an angular distance of one quarter of its one
      complete rotation. The third memory wheel 32 has a third camming portion
      34 formed integrally therewith and the third camming portion 34 is so
      arranged that the camming portion 34 is brought to the position in which
      the camming portion covers a portion of the leading side of the second
      camming portion 19e in the second memory wheel 15 which is associated with
      February or the camming portion corresponding to the twenty-eighth and a
      half - twenty-ninth and a half days when the second memory wheel 15
      rotates every four complete rotations.
PAR  When the third camming portion 34 is positioned in the second camming
      portion 19e as the second memory wheel 14 rotates every four complete
      rotations, the time when the right-hand contact bar 24 engages the second
      camming portion 19e is delayed by the time space corresponding to one day
      to thereby make it possible to indicate the twenty-ninth day for February
      and similarly, the change of the month indication from February to March
      can be also delayed by the time space corresponding to one day whereby the
      digital clock incorporating the memory mechanism of the invention can
      provide proper day and month indications for the leap year.
PAR  In the foregoing, description has been made of the application in which the
      memory mechanism of the invention is employed in conjunction with the date
      indication device of a digital clock, the memory mechanism is not
      necessarily limited to such an application, but can be broadly applied to
      an indication device having an increment indication change cycle for a
      plurality of information systems in which the informations to be changed
      should be controlled in such a manner that the informations are
      selectively changed or eliminated.
PAR  FIG. 2 shows a portion of the second camming portions on the second memory
      wheel 15 in a developed enlarged scale view. The cooperation between these
      second camming portions 19a - 19e on the second memory wheel 15 and the
      first camming portion 18 on the first memory wheel 9 for operating the
      contact bars 24 has been described hereinabove.
PAR  FIG. 3 shows a modification of the memory mechanism of FIGS. 1 and 2 and in
      this modified form, the first memory wheel 9 is mechanically actuated by
      the lever 122 instead of by the lever-operated actuator 27 and limit
      switch 30 as shown in FIG. 1.
PAR  In the modification of FIG. 3, the lever 122, spring 121 and contact bars
      124 have the same functions as described in connection with the
      corresponding parts in the mechanism of FIG. 1. As in the memory mechanism
      of FIG. 1, when the contact bars 24 engage the first camming portion 18
      and any one of the second camming portions 19a, 19b, 19c, 19d and 19e (not
      shown in FIG. 3), the lever 122 is urged to pivot about the pin 120 in the
      clockwise direction as seen in FIG. 3 by the action of the spring 121 so
      as to move the actuation bar 125a of the lever in the arrow direction.
PAR  In the modified memory mechanism as shown in FIG. 3, instead of the
      electric motor 1 as shown in FIG. 1, there is provided a ratchet wheel 131
      operatively connected to the first memory wheel 9 (not shown) and a feed
      pawl 132 adapted to engage the ratchet wheel for incrementally feeding the
      same is reciprocally moved in the arrow direction by an actuation device
      (not shown) which is operated in response to the above-mentioned input
      signal generated once a day so as to rotate or feed the ratchet wheel 131
      by an angular distance corresponding to one thirty-first of its one
      complete rotation as the pawl 132 moves in its forward stroke of the
      reciprocal movement. For preventing the ratchet wheel 131 from rotating in
      the reverse direction as the pawl moves in its return stroke of the
      reciprocal movement there is provided a detent pawl 133.
PAR  The ratchet wheel 131 has a cam 134 formed integrally with one side thereof
      and a roller 137 rotatably supported on a lever 136 which is in turn
      pivoted at 135 is adapted to abut against the cam 134. Thus, as the
      ratchet wheel 131 is rotated, the roller 137 and in consequence, the lever
      136 is pivoted about the pivot pin 135. The other end of the lever 136
      pivotally supports a drive lever 139 by means of a pivot pin 138. A
      tension spring 140 is anchored to the other end of the drive lever 139 and
      for the period of time during which the ratchet wheel 131 is rotating by
      the angular distance corresponding to the indications of the first -
      twenty-eighth days of the month by the engagement between the cam 134 and
      roller 137, the pivotal lever 136 is pivoted in the clockwise direction as
      seen in FIG. 3 against the action of the tension spring 140 so as to
      tension the spring 140. The cam 134 is provided with a recess in the
      position corresponding to the indications from the twenty-ninth day of the
      preceding month to the first day of the succeeding month to allow the
      lever 136 to pivot in the counter-clockwise direction. However, the
      ratchet wheel 131 has a pin 141 in a suitable position on the side where
      the cam 134 is formed and the pin 141 is embedded in and projects from the
      cam so as to engage a shoulder 139a formed in the drive lever 139 when the
      ratchet wheel 31 has rotated to the position corresponding to the
      indication of the 28th day of the month. The drive lever 139 is formed at
      the end remote from the shoulder 139a with a hook 139b which is adapted to
      engage the actuation bar 125a of the lever 122 so as to prevent the lever
      136 from pivoting in the counter-clockwise direction.
PAR  When the lever 122 is pivoted in the clockwise direction, the actuation bar
      125a disengages from the hook 139b and allows the lever 136 to pivot about
      the pin 138 in the counter-clockwise direction by the energy stored in the
      tension spring 140 to thereby rotate the ratchet wheel 131 through the pin
      141 engaged by the shoulder 139a on the drive lever 139 independent of the
      abovementioned input signal. In such a case, as described above in
      connection with the memory mechanism of FIG. 1, if the day indication of
      the twenty-eighth or ninth day of February is to be changed to that of the
      first day or alternately, the day indication of the thirtieth day of an
      even month is to be changed to that of the first day of the next odd
      month, the month indication is also simultaneously changed to that of the
      next month.
PAR  As clear from the foregoing description of the preferred embodiment of the
      invention, according to the present invention, there has been provided a
      memory mechanism which is simple in construction and reliable in operation
      and which can properly control incremental changes of informations in a
      plurality of information systems.
PAR  While preferred embodiments of the invention which are considered as best
      at the present time have been shown and described in detail, it will be
      understood that the same are for illustration purpose only and not to be
      taken as a definition of the invention, reference being had for the
      purpose to the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a memory mechanism for controlling change of informations in a
      plurality of information systems each including information to be
      incrementally changed and indicated in succession, the improvement which
      comprises actuation means adapted to be actuated in response to a
      predetermined input signal whenever said actuation means receives such a
      signal, a first memory wheel operated by said actuation means to
      incrementally change the informations in the first system of said
      information systems until a cycle of incremental information change is
      completed and having an intermittent transmission means, a first
      transmission wheel for engaging said intermittent transmission means to be
      operated thereby, a second memory wheel including a second transmission
      wheel engaging said first transmission wheel to be operated thereby and
      adapted to incrementally change the informations in the second system of
      said plurality of information systems each time said first memory wheel
      has made one complete rotation so as to complete a cycle of incremental
      information change each time said second memory wheel makes one complete
      rotation, a first camming portion formed in at least one selected position
      of said first memory wheel, a second camming portion formed in at least
      one position of said second memory wheel, lever means urged to act on said
      first and second memory wheels and adapted to be operated during the lever
      is in engagement with both said first and second camming portions and
      operation means operatively connected to said lever means to operate said
      first memory wheel to allow the first memory wheel to effect incremental
      information change in said first information system during said lever
      means is operating independent of said input signal whereby incremental
      change of the informations in the first information system is controlled.
NUM  2.
PAR  2. The memory mechanism according to claim 1, in which said actuation means
      is an electric motor and said operation means for said first memory wheel
      is a switch means connected to said motor for selectively energizing the
      motor.
NUM  3.
PAR  3. The memory mechanism according to claim 1, in which said actuation means
      for operating said first memory wheel in response to said predetermined
      signal is a reciprocally movable feed pawl for operating ratchet means
      integrally formed with the first memory wheel and said operation means
      operatively connected to said lever means includes a pivotal lever
      engaging a cam formed on said ratchet means to be pivoted thereby, a drive
      lever pivoted to the free end of said pivotal lever and having at one end
      an engaging portion adapted to be engaged by said lever means and at the
      other end a shoulder engaging a pin formed on said ratchet means to
      incrementally feed said ratchet means in response to the pivotal movement
      of said pivotal lever in one direction and spring means connected to said
      drive lever and adapted to accumulate energy therein when said pivotal
      lever is pivoted in the direction opposite to said first direction by said
      cam and to incrementally feed said ratchet means by said drive lever in
      response to the pivotal movement of said pivotal lever when said spring
      means is disengaged from said drive lever by the operation of said lever
      means as said energy accumulated in said spring means is released.
NUM  4.
PAR  4. The memory mechanism according to claim 1, in which the angular position
      of said second transmission wheel relative to said first memory wheel is
      adjustable whereby relative angular position between said first and second
      memory wheels is varied so as to change the indication of the information
      to be changed.
NUM  5.
PAR  5. The memory mechanism according to claim 1, further including a third
      memory wheel rotatably mounted on a shaft provided adjacent to the
      periphery of said second memory wheel and adapted to move epicyclically as
      the second memory wheel rotates, a third transmission wheel engaging said
      third memory wheel to rotate the third memory wheel by a predetermined
      angular distance corresponding to a fraction of one complete rotation of
      the third memory wheel and a third camming portion integrally formed with
      said third memory wheel and adapted to be selectively brought to a
      position in which said third camming portion interferes with said second
      camming portion as the third memory wheel rotates by said predetermined
      angular distance whereby when said third camming portion is brought to
      said position in which the third camming portion interferes with the
      second camming portion, indication of information is changed.
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ABST
PAL  A digital detection criteria control device for use in a radar tracking
      system incorporating a memory that is electronically synchronized to a
      surveillance radar in a manner to perform video mapping and control
      functions. This memory is organized so that each small quantum area of the
      radar's surveillance area has code bits which are controlled primarily by
      inputs from valid and invalid video return detectors. These detectors
      examine quantized video returns from the radar for certain bit densities
      and bit patterns to determine whether the video returns are valid or
      invalid targets. The code bits provide a history of the type of video
      return for each quantum area thereby making a more accurate indication of
      the nature of the video return possible.
BSUM
PAR  This invention relates to radar data processing apparatus and, more
      particularly, to digital apparatus including a memory which is
      electronically synchronized to a surveillance radar to perform video
      mapping and control functions.
PAR  In contemporary radar data processing systems, it is the general practice
      to employ digital computers to distinguish between valid and invalid
      targets and to track the valid targets. The area covered by a surveillance
      radar seldom has uniform characteristics. Clouds, for example, may
      generate hundreds of additional targets per scan. Thus, if the sensitivity
      of the surveillance radar is adjusted to an optimum value for one portion
      of the area covered by the radar, the remaining area will usually generate
      sufficient targets to overload the computer thereby rendering the entire
      data processing system temporarily inoperative. In order to avoid having
      the system become inoperative, a very large commputer is often employed.
PAR  It is, therefore, an object of the present invention to provide an improved
      digital detection criteria control apparatus whereby the size of an
      associated computer is minimized.
PAR  Another object of the present invention is to provide a radar data
      processing apparatus that allows the best possible target detection in
      each quantum area of the surveillance area covered by the radar.
PAR  Still another object of the present invention is to provide apparatus for
      eliminating stationary returns without using expensive computer programs
      and computer memory.
PAR  A further object of the present invention is to provide apparatus for
      establishing an appropriate system operational mode for each quantum area
      whereby a localized disturbance does not degrade automatic operation of
      the system over the entire surveillance area.
PAR  A still further object of the present invention is to provide a digital
      detection criteria control apparatus including a memory that is
      electronically synchronized to a surveillance radar and containing code
      bits for retaining a history of the type of video returns from each
      quantum area of the surveillance area.
PAR  Another object of this invention is to provide an apparatus capable of
      allowing the detection criteria to be selected either manually or
      automatically for any quantum area in the total radar surveillance area.
PAR  A further object of this invention is to provide an apparatus capable of
      having the video quantizing level (the skim level) selected either
      manually or automatically for any quantum area in the total radar
      surveillance area.
PAR  A still further object of this invention is to provide an apparatus capable
      of allowing any radar receiver to be selected either manually or
      automatically for any quantum area in the overall radar surveillance area.
PAR  More particularly, the digital detection criteria control device of the
      present invention incorporates a memory which is electronically
      synchronized to a surveillance radar in a manner to perform video mapping
      and control functions. This synchronized memory is organized so that each
      small quantum area of the radar's surveillance area has memory code bits
      which are controlled by an up-down counter. The up-down counter is, in
      turn, controlled primarily by inputs from two sources, namely, from valid
      and invalid video return detectors. These detectors examine the quantized
      video returns for certain hit densities and hit patterns to determine the
      presence of a valid or invalid video target return. A more accurate
      indication of the nature of the video return is possible with the memory
      code bits of the synchronized memory than can be determined from a single
      sample in that the memory code bits provide a history of the type of video
      return for each quantum area which typically is only a few square miles.
PAR  The codes stored in the memory are controlled by the counter in the
      following manner: the valid and invalid detectors are sampled every scan;
      if both are true, a count up signal is generated. When both valid and
      invalid detectors are false in response to a sample from the selected
      radar receiver, a count down signal is initiated. On the other hand, every
      sixth scan only valid target indications are sampled and the presence or
      absence of a valid target indication generates a count up or count down
      signal. This will eliminate stationary returns which do not have a clutter
      pattern, such as stationary point source returns, but will not reject
      moving targets because moving targets will appear for only 2 or 3 sample
      periods in the same area. In addition, a count-up signal is initiated
      every time a "False Target Alarm Rate Too High Signal" is received. This
      signal is generated when the number of tracks which do not correlate in
      position (noise generated tracks) exceed a certain specified rate such as,
      for example, ten per scan or one per second (a typical scan time is 10
      seconds). Similarly, a "False Target Alarm Rate Too Low Signal" is
      generated for counting down when the detection process is too insensitive.
PAR  Each time the code changes, the detection parameters, system operation mode
      (e.g., auto-acquire, auto-update or manual control) as well as the radar
      receiver selection can be changed. By way of example, if a cloud entered
      the radar's surveillance area, the code would be changed once every scan
      for the quantum areas that received both valid and invalid target
      indications. Typically, the first scan during which this occurred, the
      detection criteria and video quantizing threshold would be changed; the
      next succeeding second sample in which valid and invalid target
      indications were received, the radar receiver would be changed to a log or
      MTI type; next, the auto-acquisition would be inhibited; and finally
      auto-updating would be inhibited. After the cloud had passed, the code
      bits would be counted back down. In this way, the effect of localized
      disturbances can be minimized.
PAR  In addition to the automatic control for specific areas, such as a cloud in
      one particular area as described above, the system false target rate can
      be used to set the codes to make the detection criteria control more
      accurate so that the system false alarm rate is set at an optimum value. A
      reasonably accurate count of the system false target rate may be found by
      measuring the number of targets that do not correlate in position from
      scan to scan; these represent targets generated by noise. Other false
      targets caused by weather or ground clutter can be detected by their hit
      patterns, hit densities, and by the fact that they are not moving; these
      targets are inhibited before they enter the correlation and tracking
      system; thus, these returns will not affect the system false alarm rate.
      Therefore, the detection criteria is controlled by two closed loop
      feedback signals; one representing invalid and valid targets in a quantum
      area and the other representing the total system false target rate (which
      is primarily due to noise generated targets). Thus, the automatic code
      control allows the best detection possible in any quantum area; i.e., in
      clear areas weak targets can be detected and in noisy areas "see through"
      capability is automatically provided for strong target returns by the
      automatic selection of radar receivers and detection parameters. Manual
      entries allow an operator to override the auto-code and select the code he
      desires. The code selected permits the operator to choose the desired
      detection criteria, video quantizing level and radar receiver for any
      quantum area. This represents a marked improvement over previous system
      designs which used range gating to select radar receivers and detection
      criteria.
DRWD
PAR  The above-mentioned and other features and objects of this invention and
      the manner of obtaining them will become more apparent by reference to the
      following description taken in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 illustrates a schematic block diagram of a radar data processing
      system incorporating the digital detection criteria control apparatus of
      the present invention;
PAR  FIG. 2 shows a schematic block diagram of the digital detection criteria
      control apparatus of FIG. 1;
PAR  FIG. 3 illustrates the manner in which the bits of each word in memory 24
      are allocated to the sectors of the surveillance area;
PAR  FIGS. 4, 5, 6 and 7 illustrate the count logic for Write Control Flip-Flops
      ABCDE; and
PAR  FIG. 8 illustrates an example of control logic included in the memory
      decoder apparatus (FIG. 2) that operates in response to code bits EDCBA
      for controlling certain receiving characteristics of the radar system and
      video quantizer.
DETD
PAR  In describing the apparatus of the present invention, a convention is
      employed wherein individual "and" and "or " gates are shown as
      semicircular blocks with the inputs applied to the straight side and the
      output appearing on the semicircular side. An "and" gate is indicated by a
      dot (.sup..) and an "or" gate by a plus (+) in the semicircular block. As
      is generally known, an "and" gate produces a "one" or information level
      output signal only when every input is at the information level; whereas,
      an "or" gate produces an information level output signal when any one of
      the input signals applied thereto are at the information level. Further,
      in describing the operation of "and" and "or" gates, a dot (.sup..) or a
      plus (+) is inserted between the quantities operated upon to indicate the
      "anding" and "oring" operations, respectively. An inverter is shown as a
      semicircular block with an I symbol in the block; it performs a logical
      complement function.
PAR  Also, in addition to the above, a convention is employed in describing the
      particular embodiment of the present invention wherein the two inputs of
      the flip-flops are designated as "set" and "reset" inputs. An information
      level signal applied to either the set or reset inputs of a flip-flop will
      change its state in a manner such that an information level signal appears
      at the corresponding principal or complementary output terminal. Further,
      if information level signals are applied to both the set and reset inputs
      of a flip-flop, the flip-flop will revert to the reset state. If no input
      signals are applied, the flip-flop will remain in its previous state. The
      principal output from a flip-flop is designated Q and the complementary
      output Q. The principal output from a logic control function is designated
      X and its complement X.
PAR  Further, in the following description, it is presumed that flip-flops
      having a negligible delay time are employed whereby logic propagation is
      complete at the termination of each range bin or bit interval. If delay
      time cannot be made negligible, it becomes necessary to employ
      synchronizing means to compensate for the different delays which occur in
      processing so that the control bits are properly aligned with the
      quantized video bits. The use of synchronizing delay means is well known
      in the digital computer art.
PAR  Referring now to FIG. 1 of the drawings, there is shown a block diagram of
      an embodiment of the present invention wherein a digital detection
      criteria control device 10 receives radar synchronization, and scan signal
      XI and range bin count signals from a surveillance radar system 12
      together with valid non-moving and invalid video return indications X3, X2
      from valid and invalid video target detectors 14, a system false target
      rate too high or too low indication X4, X5 from a correlation and tracking
      system 16 and manual switch entries from an operator's console 18. The
      surveillance radar system 12 receives the control signals to select the
      optimum radar receiver from the digital detection criteria control device
      10 and, in turn, generates video returns which are applied to a video
      quantizer 20. Video quantizer 20 generates a quantized video signal which
      constitutes a 1 or hit indication every time the video exceeds a certain
      threshold level in successive range bins and a 0 or no hit indication
      every time the video does not exceed this threshold level. This threshold
      level is controlled by an optimum quantizer threshold level set signal
      received from the digital detection criteria control device 10.
PAR  The quantized video signal from the video quantizer 20 together with an
      optimum detection criteria set signal generated by the digital detection
      criteria control device 10 are applied to the valid and invalid video
      target detectors 14. The valid and invalid video target detectors in
      response to these signals generate valid non-moving (and some valid moving
      target returns) and invalid video returns which are applied to the digital
      detection criteria control device 10, as previously specified, and valid
      video returns which are applied together with a set correct system
      operational mode control signal from the digital detection criteria
      control device 10 to the correlation and tracking system 16. The valid and
      invalid video target detectors may be of the type described in co-pending
      applications for patent, Ser. No. 440,024, entitled "Radar Video
      Processing Apparatus," by Richard Dean Wilmot, filed Mar. 15, 1965, now
      U.S. Pat. No. 3,878,530, and Ser. No. 445,130, entitled "Radar Video
      Processing Apparatus," Richard Dean Wilmot, Inventor, filed Apr. 2, 1965,
      now U.S. Pat. No. 3,727,215. The correlation and tracking system 16
      generates the "system false target rate too high or too low signals" X4,
      X5 applied to the digital detection criteria control device 10 and a valid
      video return output which is applied to the operator's console 18.
PAR  Referring now to FIG. 2 of the drawings, there is shown a schematic block
      diagram of the digital detection criteria control device 10 in the
      apparatus of FIG. 1. In particular, the device 10 includes a core memory
      24 which is controlled by memory timing control logic apparatus 26 which
      operates in response to the range-bin count and azimuth segment count and
      radar synchronizing signals available from the surveillance radar system
      12. There are no restrictions on the memory size or type except it must be
      synchronized with the radar and that the writing and reading of memory
      data must be done in real time. The quantum area size and number of code
      bits per quantum area are variable. Referring to FIG. 3, there is shown a
      typical example of the type of memory organization that can be used with a
      core memory having 1024 words of 42 bits each that are organized to give 5
      bits per quantum area with the two spare bits designated T.V. for
      temporary valid bit and T.I. for temporary invalid bit. For this 5 bit
      arrangement, a 360.degree. surveillance area is divided into eight azimuth
      sectors I, II, III, IV, V, VI, VII, VIII of 45.degree. each. This allows
      all of the 1024 words to be addressed each sector, and a counter included
      in the memory address timing control logic apparatus 26 controls which of
      the different sets of 5 bits each is used so that all bits are used. Each
      set of 5 bits is designated A, B, C, D and E with subscripts to correspond
      with the sector. The eight azimuth sectors I, II, III, IV, V, VI, VII and
      VIII, are each divided into 1024 quantum areas by the addressing of the
      1024 words. A convenient size is to use quantum areas of 2.81.degree. by 4
      miles; this allows each group of 1024 addresses to be divided into 16 for
      azimuth and 64 for range (16 .times. 64 =  1024). This makes each
      surveillance sector 16 .times. 2.81.degree. = 45.degree. in azimuth and 64
      .times. 4 = 256 miles in range. This gives a tital of 8,192 quantum areas
      with 5 bits each; their size is 2.81.degree. in azimuth and 4 miles in
      range. This gives coverage of the radar surveillance area of 360.degree.
      in azimuth and 256 miles in range.
PAR  The above example indicates the flexibility and versatility of the digital
      detection criteria control device 10 of the present invention; minor
      changes in the organization of the memory 24 will allow the control device
      10 to be used with different effects. Also, it is apparent that the memory
      24 can be organized to fit a particular radar's surveillance area.
PAR  If automatic control based on video return history is desired, the spare
      memory bits TV and TI can be used to give a temporary storage of the
      results of the valid and invalid video detectors. This temporary storage
      is useful because a quantum area is typically 28 sweeps in azimuth and 8
      range bits in range. To ensure that all detection cells have been sampled,
      it is necessary to wait until the last range bin of the last radar sweep.
      The spare bits in each memory word can be used for temporary storage of
      whether or not valid or invalid video detections occurred during the
      sample period. The temporary storage bits are reset at the end of the
      quantum area; thus, they can be used over and over again irrespective of
      the group of bits used in the different azimuth segments.
PAR  Referring again to FIG. 2, information is written into the core memory by
      means of a code bit write control logic apparatus 28 which receives
      operator manual code control entries X8, X9, X10, X12, X14, system false
      target rate too high or too low signals X4, X5, and input signals from
      logic apparatus 30 for automatic code control. The logic apparatus 30
      receives valid target indications X3, invalid video returns detected X2
      for invalid video returns and previous code history and temporary storage
      signals QA, QB, QC, QD, TV and TI from a memory decoder apparatus 36 which
      reads information out of the memory (which is typically a core memory) 24.
      The memory decoder 36, in addition to reading information out of the core
      memory 24 to provide the logic apparatus 30 with the previous code
      history, includes appropriate gating to generate "select radar receiver"
      signals, "set video quantizer threshold level" signals, "set target
      detection parameters" signals, and "set operational mode control" signals
      in response to QA, QB, QC, QD, and QE signals.
PAR  Following is a table (Table A) illustrating a typical use of a five bit
      code control in accordance with the invention:
TBL                                    TABLE A                                 
     __________________________________________________________________________
                                             ***                               
                                             Valid or                          
           Operator                                                            
                Code                **       Invalid                           
     Beacon                                                                    
           Control                                                             
                Control  Operating  Skim     Target De-                        
     Processing                                                                
           of Codes                                                            
                Bits     Mode  Receiver                                        
                                    Level                                      
                                        k/w  tections                          
     __________________________________________________________________________
     E     D    C  B  A                                                        
     *     0    0  0  0  A.A.  Normal                                          
                                     3   8/13                                  
                                             0                                 
           0    0  0  1  A.A.  Normal                                          
                                     4   9/13                                  
                                             1                                 
           0    0  1  0  A.A.  Normal                                          
                                     6  10/13                                  
                                             2                                 
           0    0  1  1  A.U.  Normal                                          
                                    12  11/13                                  
                                             3                                 
           0    1  0  0  A.U.  Log  15   9/13                                  
                                             4                                 
           0    1  0  1  A.U.  Log  18  10/13                                  
                                             5                                 
           0    1  1  0  A.U.  M.T.I.                                          
                                    21  11/13                                  
                                             6                                 
           0    1  1  1  I.A.  M.T.I.                                          
                                    24  12/13                                  
                                             7 or more                         
                                             Switch                            
           1    0  0  0  A.A.  Normal                                          
                                     3   8/13                                  
                                             S1                                
           1    0  0  1  A.A.  Normal                                          
                                     6  10/13                                  
                                             S2                                
           1    0  1  0  A.A.  Normal                                          
                                    12  11/13                                  
                                             S3                                
           1    0  1  1  A.U.  Normal                                          
                                    15  10/13                                  
                                             S4                                
           1    1  0  0  A.U.  Log  18   9/13                                  
                                             S5                                
                               Fast                                            
                               Time                                            
           1    1  0  1  A.U.  Constant                                        
                                    18   9/13                                  
                                             S6                                
                               Inte-                                           
                               grated                                          
           1    1  1  0  A.U.  Video                                           
                                    18   9/13                                  
                                             S7                                
           1    1  1  1  I.A.  M.T.I.                                          
                                    18   9/13                                  
                                             S8                                
     __________________________________________________________________________
      * 1 = Automatic Beacon Processing                                        
       0 = No Automatic Beacon Processing                                      
      ** (db above R.M.S. Noise)                                               
      *** or Valid Detections Every 6th Scan                                   
PAR  The following abbreviations were used in Table A:
PA1  A. a. designates "Automatic Acquisition and Updating";
PA1  A. u. designates "Automatic Updating with Manual Acquisition";
PA1  I. a. designates "Inhibit Automatic Acquisition and Updating: Manual
      Tracking Mode";
PA1  M. t. i. designates "Moving Target Indicator."
PAR  The above Table A illustrates a typical manner for controlling the
      receiving characteristics of the surveillance radar system 12 and the
      threshold of video quantizer 20 in response to various combinations of the
      code bits A, B, C, D and E. In particular, the code bit E is used to
      initiate automatic data processing of radar beacon identification signals
      and the code bit D is used to provide manual override of the code bits for
      selected quantum areas of the surveillance area. Manual operation may be
      achieved by means of a switching system that is synchronized with the
      memory 24 as described in copending application for patent entitled:
      "Video Mapping Device," Richard Dean Wilmot, et al., Inventors, Ser. No.
      460,267, filed June 1, 1965, now U.S. Pat. No. 3,325,806. This application
      for patent also describes a technique for timing and control for writing
      and recirculation of temporary memory bits for each quantum area.
PAR  The criteria for changing the remaining code bits A, B and C may vary to
      accommodate different circumstances. Logical equations have been developed
      to achieve the following mode of operation:
PAR  1. Count-up every scan in response to a true signal from both valid and
      invalid detectors 14. In this respect, the code bits are considered a
      binary number with A as the least significant, B, the next least
      significant and C the most significant bit.
PAR  2. Count-down every scan in response to a false signal from both valid and
      invalid detectors 14.
PAR  3. Count-up every sixth scan in response to a valid target indication and
      no invalid target indication to eliminate stationary, point source
      returns.
PAR  4. Count-up every time a "False Target Alarm Rate Too High" signal is
      received from correlation and tracking system 16. This signal is true when
      the number of targets which do not correlate in position exceed the rate
      of 10 per scan or one per second, a typical scan time being 10 seconds.
      Targets which do not correlate in position from scan to scan are either
      noise targets or new targets. The correlation and tracking system 16
      generates the False Target Alarm Rate Too High by counting the time
      interval in seconds required to generate 32 uncorrelated targets. If this
      time is 32 seconds or less, the "False Alarm Rate Too High" signal is
      true. If the time is between 32 and 96 seconds, no correction signal is
      generated. If the time is greater than 96 seconds, a "False Alarm Rate Too
      Low" signal is generated. When this signal is true, the count decrements
      by one in those sectors in which the normal receiver is selected.
PAR  Logic for the above-described mode of operation can assume many different
      forms, only one example of which is presented by way of illustration.
      Referring to FIG. 2, the code bit write control logic includes a flip-flop
      (not shown) for each code bit, i.e., a total of 42 memory write control
      flip-flops. In the following logical equations, an .omega. subscript
      indicates the write control signal, a Q preceding this signal designates
      that it is a flip-flop signal, an S preceding the Q designates that it is
      applied to the respective set input, and an R preceding the Q designates
      that it is applied to the respective reset input; a bar over these terms
      indicates the logical complement of the term. No .omega. subscript, on the
      other hand, indicates an output from read sense amplifiers (not shown)
      included in the memory decoder for each quantum area 36, a Q preceding the
      signal designating a principal output and a Q preceding the signal and
      with the bar extending over the designation for the signal indicates a
      complementary output. Also, signals designating the eight separate
      channels corresponding to sectors I - VIII are generated by the memory
      address timing control 26 for use by the memory decoder for each quantum
      area 36 to control which set of bits will be recirculated and which will
      be updated. It is considered well within the present scope of computer art
      to synchronize memory 24 so that successive outputs X6.sub.1-8 correspond,
      respectively, to sectors I to VIII, FIG. 3.
PAR  The following logical function signals are required as follows for inputs
      to the Digital Detection Criteria Control Device 10:
PA1  Xi: a signal true for 1 scan every six scans;
PA1  X2: invalid video detected or TI bit true;
PA1  X3: valid video detected or TV bit true;
PA1  X4: false alarm rate too high;
PA1  X5: false alarm rate too low;
PA1  X6.sub.1-8: last range bin of last sweep of quantum area of the current
      azimuth segment;
PA1  X8: operator is entering data;
PA1  X9: code bits are to be controlled manually;
PA1  X10: process beacon replies automatically;
PA1  X12: process beacon replies manually;
PA1  X13: code bits are to be controlled automatically;
PA1  X14: real time range - azimuth comparison true for area selected by console
      operator and the D.C.C. memory address.
PAR  The Code Bit Write Control Logic Apparatus 28, together with Logic for
      Video Detection History Apparatus 30 includes appropriate gating for
      generating memory write control signals as shown in FIGS. 5 through 8. The
      operation of the logic functions in these diagrams are best described by
      Boolean equations; these are listed below:
TBL  SQA.sub..omega.=                                                          
     X6.  X8.(S2+S4+S6+S8).(X9+QD).X14                                         
                            (Manual Switch Entries)                            
     + X6.                                                                     
          (X8+S1.S3.S5.S7+X9.QD+X14)                                           
                            (Count Up for High False                           
          .X4.QD.QC.(QA+QA.QB)                                                 
                            Alarm Rate)                                        
     + X6.                                                                     
          (X8+S1.S3.S5.S7+X9.QD+X14)                                           
                            (Count Down for Low False                          
          .X5.QD.QC.QB.QA   Alarm Rate)                                        
     + X6.                                                                     
          (X8+S1.S3.S5.S7+X9.QD+X14)                                           
                            (Automatic Count Up)                               
          .(X4.X5+QD+QC).QD.(QA+QA.QB.QC)                                      
          .(X1.X3+X2.X3)                                                       
     + X6.                                                                     
          (X8+S1.S3.S5.S7+X9.QD+X14)                                           
                            (Automatic Count Down)                             
          .(X4.X5+QD+QC).QD.QA.(QB+QC)                                         
          .(X1.X3+X2.X3)                                                       
     +RQA.sub..omega..QA    (Recirculate A One)                                
     RQA.sub..omega.=                                                          
     X6.  X8.(S1+S3+S5+S7).(X9+QD).X14                                         
                            (Manual Switch Entries)                            
     + X6.                                                                     
          (X8+S2.S4.S6.S8+X9.QD+X14)                                           
                            (Count Up for High False                           
          .X4.QD.QC.QB.QA   Alarm Rate)                                        
     + X6.                                                                     
          (X8+S2.S4.S6.S8+X9.QD+X14)                                           
                            (Count Down for Low False                          
          .X5.QD.QC.(QA+QA.QB)                                                 
                            Alarm Rate)                                        
     + X6.                                                                     
          (X8+S2.S4.S6.S8+X9.QD+X14)                                           
                            (Automatic Count Up)                               
          .(X4.X5+QD+QC).QD.QA(QB+QC)                                          
          .(X1.X3+X2.X3)                                                       
     + X6.                                                                     
          (X8+S2.S4.S6.S8+X9.QD+X14)                                           
                            (Automatic Count Down)                             
          .(X4.X5+QD+QC).QD.(QA+QA.QB.QC)                                      
          .(X1.X3+X2.X3)                                                       
     + SQA.sub..omega..QA   (Recirculate A Zero)                               
     SQB.sub..omega.=                                                          
     X6.  X8.(S3+S4+S7+S8).(X9+QD).X14                                         
                            (Manual Switch Entries)                            
     + X6.                                                                     
          (X8+S1.S2.S5.S6+X9.QD+X14)                                           
                            (Count Up for High False                           
          .X4.QD.QC.(QA+QB) Alarm Rate)                                        
     + X6.                                                                     
          (X8+S1.S2.S5.S6+X9.QD+X14)                                           
                            (Count Down for Low False                          
          .X5.QD.QC.QB.QA   Alarm Rate)                                        
     + X6.                                                                     
          (X8+S1.S2.S5.S6+X9.QD+X14)                                           
                            (Automatic Count Up)                               
          .(X4.X5+QD+QC).QD.(QB.QA+                                            
          QB.QA+QC.QB).(X1.X3+X2.X3)                                           
     + X6.                                                                     
          (X8+S1.S2.S5.S6+X9.QD+X14)                                           
                            (Automatic Count Down)                             
          .(X4.X5+QD+QC).QD.QB.QA.                                             
          (X1.X3+X2.X3)                                                        
     + RQB.sub..omega..QB   (Recirculate A One)                                
     RQB.sub..omega.=                                                          
     X6.  X8.(S1+S2+S5+S6).(X9+QD).X14                                         
                            (Manual Switch Entries)                            
     + X6.                                                                     
          (X8+S3.S4.S7.S8+X9.QD+X14)                                           
                            (Count Up for High False                           
          .X4.QD.QC.QB.QA   Alarm Rate)                                        
     + X6.                                                                     
          (X8+S3.S4.S7.S8+X9.QD+X14)                                           
                            (Count Down for Low False                          
          .X5.QD.QC.(QB+QA) Alarm Rate)                                        
     + X6.                                                                     
          (X8+S3.S4.S7.S8+X9.QD+X14)                                           
                            (Automatic Count Up)                               
          .X4.X5+QD+QC).QD.(QA.QB+                                             
          QA.QB.QC).(XI.X3+X2.X3)                                              
     + X6.                                                                     
          (X8+S3.S4.S7.S8+X9.QD+X14)                                           
                            (Automatic Count Down)                             
          .(X4.X5+QD+QC).QD.(QB.QA+                                            
          QB.QA+QC.QB).(X1.X3+X2.X3)                                           
     + SQB.sub..omega..QB   (Recirculate A Zero)                               
     SQC.sub..omega.=                                                          
     X6.  X8.(S5+S6+S7+S8).(X9+QD).X14                                         
                            (Manual Switch Entries)                            
     + X6.                                                                     
          (X8+S1.S2.S3.S4+X9.QD+X14).QD.                                       
                            (Automatic Count Up)                               
          (QA.QB+QC).(X1.X3+X2.X3)                                             
     + X6.                                                                     
          (X8+S1.S2.S3.S4+X9.QD+X14).QD                                        
                            (Automatic Count Down)                             
          QC.(QA+QB).(X1.X3+X2.X3)                                             
     + RQC.sub..omega..QC   (Recirculate A One)                                
     RQC.sub..omega.=                                                          
     X6.  X8.(S1+S2+S3+S4).(X9+QD).X14                                         
                            (Manual Switch Entries)                            
     + X6.                                                                     
          (X8+S5.S6.S7.S8+X9.QD+X14).QD.                                       
                            (Automatic Count Up)                               
          QC.(QA+QB).(X1.X3+X2.X3)                                             
     + X6.                                                                     
          (X8+S5.S6.S7.S8+X9.QD+X14).QD.                                       
                            (Automatic Count Down)                             
          (QA.QB+QC).(X1.X3+X2.X3)                                             
     + SQC.sub..omega..QC   (Recirculate A Zero)                               
     SQD.sub..omega.=                                                          
      X6.X8.X9.X14          (Manual Switch Entry)                              
     + RQD.sub..omega..QD   (Recirculate A One)                                
     RQD.sub..omega.=                                                          
      X6.X8.X13.X14         (Manual Switch Entry)                              
     + SQD.sub..omega..QD   (Recirculate A Zero)                               
     SQE.sub..omega.=                                                          
      X6.X8.X10.X14         (Manual Switch Entry)                              
     + RQE.sub..omega..QE   (Recirculate A One)                                
     RQE.sub..omega.=                                                          
      X6.X8.X12.X14         (Manual Switch Entry)                              
     + SQE.sub..omega..QE   (Recirculate A Zero)                               
PAR  In operation, a code for each quantum area of the surveillance area is
      either developed automatically or manually selected in accordance with the
      above-defined Boolean equations. The logic given here assigns highest
      priority to manual entries, next highest to system false alarm
      indications, and lowest priority to automatic local area count. Also, the
      count up and count down rates are the same. These details may be varied to
      accomodate the requirements of different systems.
PAR  Memory decoding apparatus 36 includes gating responsive to the code bits
      for each quantum area for generating control signals to select the radar
      receiver, to set the threshold level for video quantizer 20 (FIG. 1), to
      set the target detection parameters in the valid and invalid video target
      detectors 14 (FIG. 1), and to set the system operational mode control in
      the manner defined in Table A. A typical example of this gating is
      illustrated in FIG. 8. In particular, memory decoding apparatus 36
      includes flip-flops A, B, C, D, E, designated 40, 42, 44, 46, 48
      respectively, for storing the code bits corresponding to the successive
      quantum areas of the particular azimuth segment being scanned. An "and"
      gate 50, for example, has inputs connected to the principal outputs of
      flip-flops 42, 44 and to the complementary outputs of flip-flops 40, 46,
      48, thereby to produce an information level output when the code bits
      EDCBA are 00110 as illustrated in row 7, Table A. This information level
      signal sets a skim level of 21 db. in the video quantizer 20, activates
      the MTI receiver in radar 12 through "or" gate 52, establishes target
      detection criteria of 11 hits out of 13 possible hits in the valid and
      invalid target detectors 14 through "or" gate 54, and causes the system to
      operate in an automatic updating with manual acquisition mode through "or"
      gate 56. Additional gating is employed in a similar manner to instrument
      the remaining code bit combinations shown in Table A.
PAR  Although the invention has been shown in connection with a certain specific
      embodiment, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital detection criteria control device for operation in conjunction
      with a radar transmitter-receiver apparatus having range count and azimuth
      position signals and capable of generating a quantized video signal, said
      digital detection criteria control device comprising a memory having a
      predetermined number of words, each of said words having a plurality of
      sets of first, second and third bits, corresponding sets of said first,
      second and third bits within each word corresponding to quantum areas
      within one of a plurality of sectors constituting the surveillance area of
      said radar transmitter-receiver; means responsive to said range count and
      azimuth position signals for sensing successive bits of said memory at the
      same rate as and in synchronism with the bits of said quantized video
      signal; target detection apparatus responsive to said quantized video
      signal for determining whether target indications from said quantized
      video signal are valid or invalid; means for periodically generating code
      bits and writing said code bits in said memory in response to said target
      indications for each quantum area of said surveillance area; means for
      reading said code bits out from said memory in synchronism with coverage
      of said surveillance area by said radar transmitter-receiver; and means
      responsive to said code bits read out from said memory for providing
      control indications for successive corresponding quantum areas of said
      surveillance area and to switch to preselected types of receivers of said
      radar transmitter-receiver apparatus for said successive corresponding
      quantum areas.
NUM  2.
PAR  2. The digital detection criteria control device as defined in claim 1
      wherein said code bits generated and written into said memory increase one
      in numerical value each scan said valid and invalid target indications are
      both type.
NUM  3.
PAR  3. The digital detection criteria control device as defined in claim 1
      wherein said code bits generated and written into said memory decrease one
      in numerical value each scan said valid and invalid target indications are
      both false.
NUM  4.
PAR  4. The digital detection criteria control device as defined in claim 1
      wherein said code bits generated and written into said memory increase by
      one every predetermined plurality of scans in response to said valid
      target indication being true and said invalid targe indication being
      false.
NUM  5.
PAR  5. A digital detection criteria control device for operation in conjunction
      with a surveillance radar transmitter-receiver apparatus having range
      count and azimuth position signals and capable of generating a quantized
      video signal, said digital detection criteria control device comprising a
      memory having a predetermined number of groups of words, each word having
      a plurality of sets of first, second, third and fourth bits for each of a
      corresponding plurality of equiangular radial segments constituting the
      surveillance area of said radar apparatus, the number of said groups of
      words being equal to the number of quantum sectors in one of said
      equiangular radial sectors and the number of words in each group being
      equal to the number of quantum areas in one quantum sector; means
      including a target detector memory for providing valid and invalid target
      threshold indications serially by range; means responsive to said range
      count and azimuth position signals for repeatedly recirculating digital
      signals derived from corresponding sets of said first, second, third and
      fourth bits from words of successive groups thereof for a number of times
      equal to the number of azimuth sweeps in one quantum sector; means once
      each scan for increasing the count of said digital signals in response to
      corresponding valid and invalid target threshold indications being true
      and for decreasing the count of said digital signals in response to
      corresponding valid and invalid target threshold indications being false;
      means once every predetermined plurality of scans no less than four for
      increasing the count of said digital signals in response to a
      corresponding valid target threshold indication being true together with a
      corresponding invalid target threshold indication being false; and means
      responsive to said recirculating digital signals for generating signals to
      control the receiving characteristics of said radar transmitter-receiver
      for corresponding quantum areas of said surveillance area.
NUM  6.
PAR  6. The digital detection criteria control device for operation in
      conjunction with a surveillance radar transmitter-receiver as defined in
      claim 5 additionally including a track position correlator for generating
      a false target alarm rate too high signal in response to a number of
      targets that do not correlate in position exceeding no less than five per
      second; and means responsive to the occurrence of a false target alarm
      rate too high signal for increasing the count of said digital signals.
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ABST
PAL  A digital tacan system which provides improved bearing and range accuracy
      and allows faster acquisition. In computing, both bearing and range
      updates are maintained current using a Kalman filter. Portions of the
      computation may be performed in an on-board computer with the remainder
      done is a special purpose computer capable of being implemented using a
      few custom made MOS/LSI chips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to aircraft navigation in general and more
      particularly to a digital Tacan processor for use in aircraft.
PAR  Tacan equipment is used on most military aircraft to provide an indication
      of the distance, and bearing to any selected Tacan station. In a Tacan
      system, a ground station transmits Tacan pulses at a rate of approximately
      2700 per second. The ground station antenna rotates 15 times per second
      and has an antenna directivity pattern which has a cardioid component to
      it. This causes the pulses received by the aircraft to have a 15 hertz
      modulation of plus or minus 20% amplitude and a phase which depends upon
      the aircraft's bearing with respect to the Tacan station. The transmitter
      also sends a reference pulse code once each antenna cycle at a fixed point
      in the antenna rotation to establish an absolute reference phase. The
      aircraft equipment determines the bearing by comparing the phase of the
      amplitude modulated signal with the reference phase pulses. For further
      accuracy, a ninth harmonic is also superimposed on the antenna directivity
      pattern producing a 135 hertz amplitude modulation. This will be present
      at the receiver at phase coherence with the 15 hertz modulation described
      above and permits making a finer determination of bearing in a manner
      similar to that used in two speed servo systems.
PAR  To measure range the aircraft transmits an inquiry to the ground station
      and determines the range by using the time interval of a reply to its
      inquiry. Many extranious transmissions such as replies to other aircraft
      and the providing of other functions are also made by the ground station
      (approximately 2700/sec). The range pulses are the same pulses used for
      determining bearing. In other words only one set of pulses is transmitted
      by the ground station with the bearing information being imposed thereon
      through amplitude modulation and the range information by the time
      interval between a reply and its inquiry. The total pulses which the
      aircraft will receive will include all replies, i.e., replies from its own
      interrogations and replies to interrogations from other aircraft. In
      addition, within the total number of pulses, will be the coded reference
      pulses and additional pulses which are randomly added by the ground
      station to achieve the desired number of pulses necessary for the system
      to operate properly i.e. approximately 2700/sec. Out of all these received
      pulses, the aircraft must be capable of identifying the reply to its own
      interrogation by corrolation over a number of inquiries. Generally, during
      the initial acquisition mode, a high inquiry rate of approximately 150
      inquiries per second is used to speed up acquisition. Thereafter, a
      tracking mode is entered with a reduced inquiry rate which is less than
      thirty per second. During the acquisition mode, a conventional Tacan
      distance measuring equipment (DME) system employs slow scan with scans
      from zero towards a maximum range and takes typically 10 seconds.
PAR  Most prior art systems for processing Tacan systems have been of an analog
      nature and have been quite costly, due to the complexity of the equipment.
      This is particularly true of the equipment necessary to determine bearing.
      Because of this high cost, most commercial airlines have elected to use
      the less complex VOR equipment for bearing along with a Tacan DME.
PAR  Thus, it can be seen that there is a need for less expensive, accurate and
      faster operating Tacan equipment which can be universally used in both
      military and commercial aircraft.
PAC  SUMMARY OF THE INVENTION
PAR  The Tacan signal processor of the present invention provides a novel
      optimum signal processor which can be implemented using a few custom made
      MOS/LSI chips and/or can be implemented using an existing general purpose
      computer already installed on an aircraft along with special purpose
      computing circuits. The system employs the technique of a least square
      recursive (Kalman) filter to update the current bearing estimates in an
      optimum way with each new data input. In performing the bearing
      computation, a simple Kalman filter provides a continuous estimate of the
      reference frequency w and the reference phase .theta.. A second Kalman
      filter acting as a bearing signal tracker accepts amplitude data, data
      from the first filter and, also, the time of arrival of each bearing pulse
      and updates five state variables related to the amplitude and phase of the
      15 and 135 hertz modulations and a d-c amplitude component which gives the
      average amplitude of the modulated bearing pulses. Finally, a bearing
      computer uses the outputs of the bearing signal tracker and the reference
      phase tracker to compute the final bearing to be displayed to the pilot.
PAR  The use of the digital processing techniques of the present invention
      allows a shorter acquisition time, improved bearing accuracy at low signal
      to noise levels, automatic signal to noise monitoring, and improved
      integration and sharing of hardware with other equipment such as for Time
      Frequency Ranging Communications.
PAR  The implementation of the range function permits scanning all ranges
      simultaneously and the acquisition to be completed in well under a second.
      During this acquisition phase, a coarse range estimate to a specific
      tolerance in miles is made with a minimum number of interrogations. To
      accomplish this, the maximum allowable range designated Rmax (normally
      Rmax equals approximately 300 miles) is partitioned and completely covered
      by equal intervals or "bins" which are preselected as W miles wide. During
      acquisition, a record is maintained of the total number F of range pulses
      which have occurred in each bin and this record is updated after every new
      interrogation. The contents of the range bin corresponding to the aircraft
      range will increase by one count after each inquiry but all others will
      grow more slowly as determined by the random occurrence of the extraneous
      pulses received. Analysis has shown that with the range divided into 128
      bins each 2.3 miles wide, each bin will accumulate less than nine
      extraneous pulses in 20 inquiries. During the same time interval, the
      correct range bin will increase one count after each inquiry except for
      occasional lost pulses. Allowing for a conservative 20% loss, the proper
      bin should accumulate at least 16 pulses for each 20 inquiries. Using this
      data, a number of decisions can be made to determine which bin corresponds
      to the proper range. To avoid problems of falling on the line between two
      bins, the number of bins can be doubled to provide overlapping bins.
PAR  Once the course range has been determined within the tolerance of plus or
      minus W/2, fine tracking commences to improve accuracy and achieve and
      maintain a required accuracy of better than 0.1 mile. Here again a simple
      Kalman filter of two state variables, range and range rate is used.
PAR  The digital range tracking portion of the system provides improved speed of
      acquisition, fewer ground station interrogations (thus permitting higher
      traffic density) and, increased accuracy through the Kalman filtering. The
      method can be implemented using an existing general purpose computer along
      with some special purpose elements in conjunction with other functions at
      a small additional computer burden or can be completely implemented in
      hardware using one or two cards of custom digital circuitry.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a block diagram of the Digital Tacan system of the present
      invention.
PAR  FIG. 2 is a flow diagram illustrating the operation of the reference phase
      tracker of FIG. 1.
PAR  FIG. 3 is a flow diagram of the operation of the bearing signal tracker of
      FIG 1.
PAR  FIG. 4 is a flow diagram illustrating the bearing computation of FIG. 1.
PAR  FIG. 5 is a flow diagram illustrating operation of the range portion of the
      system in the range acquisition mode.
PAR  FIG. 6 is a similar diagram illustrating the tracking mode of the range
      portion of the system.
PAR  FIG. 7 is a basic block diagram of the computing hardware portion of the
      system.
PAR  FIG. 8 is a block diagram illustrating the implementation of the matrix
      multiplication indicated on FIG. 3.
PAR  FIG. 9 is a block-logic diagram illustrating the control of the
      computations associated with FIG. 8.
PAR  FIG. 10 is a system model of the reference phase tracker.
PAR  FIG. 11 is a diagram illustrating the received signal at the varying
      tracker.
PAR  FIG. 12 is a system model for the varying signal.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An overall block diagram of the digital Tacan system is shown on FIG. 1.
      Bearing information transmitted from the ground station which will contain
      the 15 hertz, 135 hertz and reference pulse information described above is
      received by a conventional receiving antenna 11 and provided to an RF and
      detector stage 13. RF and detector stage 13 has an input from a frequency
      synthesizer 15 which will output a frequency dependent upon the Tacan
      channel selected by a channel select input 17. Frequency synthesizer 15
      will also provide an input to a modulator and amplifier 18 which has its
      output connected to a transmitting antenna 19. This is the transmitter
      used to transmit the interrogation pulses used in determining range. The
      pulses for interrogating are developed in a pulse generator 21. The output
      of RF and detector stage 13 is provided to a matched filter 23. These
      portions of the system are identical to those found in a conventional
      Tacan system and will not be discussed in detail further herein. It should
      be noted however, that the filter 23 can be constructed as a digital
      matched filter using conventional techniques if desired.
PAR  The output of the filter 23 is provided to a first analog digital coverter
      25 where the information is encoded to provide a time of arrival output.
      This may simply be a high frequency oscillator or clock and counter. The
      counter will count the number of clock pulses between Tacan reference
      pulses. Each time a new pulse is received the oscillator counter output
      will be gated out and the counter reset. This will give the .DELTA.t
      between pulses which is the quantity of interest as will be seen below.
      The signal from filter 23 is also provided to a second analog to digital
      converter 27 which encodes its amplitude. This converter will be of the
      type which senses amplitude such as a peak detector along with a
      conventional analog to digital converter, i.e., it will sample, hold and
      convert the amplitude of each pulse received. The Tacan ground station
      also transmits a code group which is channel identification. This is
      decoded by conventional means 29 and provided to the pilot display 31.
PAR  The time of arrival information is provided through a reference decoder 33
      to the reference phase tracker 35. The ground station sends a series of
      coded pulses to identify the reference phase. Block 33 contains
      conventional decoding circuits to sense this code and provide an output
      each time it occurs. This may also be a .DELTA.t output, i.e., time
      between reference pulses, as described above for the time of arrival
      output. Phase tracker 35 is a Kalman filter to be described in more detail
      below. The reference phase tracker 35 provides a continuous best estimate
      of the reference frequency w and the phase .theta.. The w output is
      provided along with the amplitude output of block 27 to a bearing signal
      tracker 37 which will also be a Kalman filter. In the bearing signal
      tracker 37, this data is used to update five state variables related to
      the amplitude and phase of the 15 and 135 hertz modulation and a d-c
      amplitude component. The outputs of the bearing signal tracker are
      provided to a bearing computer 39 where they are used with the phase
      information from reference phase tracker 35 to compute a final bearing
      output which is provided to the display 31.
PAR  Time of arrival information is also provided to the range tracker 41.
      Provided as second input to tracker 41 are the interrogation pulses.
      Tracker 41 uses these inputs to determine the range in a manner to be
      described below. The final output is then also provided to the display 31.
      Another output from the bearing signal tracker 37 is provided to a signal
      to noise monitor 43.
PAR  At this point it might be well to provide a very basic explanation of the
      Kalman filtering technique. In essense, it can be considered to be a
      method of determining a weighted average of a number of data measurements.
      Consider the problem of measuring a voltage using two separate voltmeters.
      The voltage out of first meter may be designated V.sub.1 and that out of
      the second meter as V.sub.2. The average voltage V could be set equal to
      the voltage V.sub.1 times a weighting factor L, plus the voltage V.sub.2
      times another weighting factor, K, divided by the sum of the weighting
      factors. (The weighting factor would of course be related to the relative
      accuracy or deviation of the two meters.) If the sum of the weighting
      factors is made equal to one, the division is no longer necessary. The
      resulting equation will be V = LV.sub.1 + KV.sub.2, where the hat over V
      indicates an estimated value. In the Kalman technique what is essentially
      done is to determine the value of K in the above equation. Knowing K it is
      then possible to determine L, L being one minus K. As applied in the
      present system, the two measurements are measurements which occur at
      different times rather than inputs from separate instruments. The Kalman
      filtering of the present invention keeps an estimate of the value being
      measured between measurements and uses this estimate value along with a
      new measured value in an equation similar to that above to come up with a
      new estimate. To keep the estimate current between measurements, a model
      of the system is used. Thus, the systems keeps track of two quantities;
      one designated as X is the quantity which is being measured, the other
      designated P and termed the variance is a measure of the error or
      unreliability of the estimated value and can be used to compute K shown as
      the Kalman gain.
PAR  Consider the above equation when used to estimate the voltage from two
      readings made at different times. V.sub.1 is now V(t.sub.1) and V.sub.2
      now V(t.sub.2) where t.sub.1 is the time of the first measurement and
      t.sub.2 the time of the second the equation becomes V = LV(t.sub.1) +
      KV(t.sub.2), the estimated value at t.sub.1 being now used to obtain the
      new estimate. This example assumed a fixed voltage and a random
      observation error. Now consider the measurement of a changing value such
      as the distance or range R to a moving vehicle, moving in a straight line
      away from the observer. This computation which would be done is
      represented by R = LR.sub.2 + KR.sub.1. If measurements are close in time
      this equation will work well with proper weighting. But if measurements
      are far apart in time it is helpful to provide a better value of R.sub.1.
      This may be done by using both range and range rate. In the Kalman
      equations, this would be expressed in matrix form as
      ##EQU1##
      where X.sub.1 = Range and X.sub.2 = Range Rate. X.sub.1 and X.sub.2 are
      the state variables of the vector represented by X. Now if X(t.sub.1) is
      measured at time t.sub.1 a current value of X(t.sub.n) at time t.sub.n may
      be computed through the estimated range rate X.sub.2 and t.sub.n -t.sub.1
      = .DELTA.t i.e. R(t.sub.n) = R(t.sub.1) + (range rate) .DELTA. t. Now a
      R(t.sub.n) which is updated in the equation R = LR(t.sub.n) + KR(t.sub.n)
      may be used to provide a more accurate estimate. The computation to find
      the current range is where the system/model comes in. In this sample
      system our model for range is the well known relationship between
      velocity, time and distance. Similar known models are used in the Tacan
      system as will be evident below. Further details as to system models and
      the deviations of the various equations are given in the appendix. The
      value P for the two dimensional case becomes a matrix, the covariance
      matrix, instead of the previous scalar variance. Note that in computing P,
      the co-variance, similar matricies are used, e.g., where in the present
      example
      ##EQU2##
      where P.sub.1 and P.sub.2 relate to the badness or deviation of X.sub.1
      and X.sub.2 respectively (the quality of the range and range rate
      estimates,) and P.sub.3 is a measure of the correlation between X.sub.1
      and X.sub.2.
PAR  The Kalman filtering technique is described in detail by R. E. Kalman in "A
      new Approach to Linear Filtering and Prediction Problems", Journal of
      Basic Engineering March 1960, page 35 and by R. E. Kalman and R. S. Bucy
      in "New Results in Linear Filtering and Prediction Theory", Journal of
      Basic Engineering, March 1961 page 95.
PAR  FIG. 2 is a flow diagram illustrating the operation of the reference phase
      tracker 35 of FIG. 1. As shown in FIG. 2, the system is first initialized
      by setting N, a variable which represents the number of reference pulses
      already received, equal to zero as indicated by block 50. The time of
      receipt of a reference pulse, t.sub.0, is then read as indicated by block
      51. For purposes of this calculation, the variables X and P are defined to
      be:
      ##EQU3##
      where .omega. and .theta. are the reference pulse frequency (i.e., number
      of reference pulses per second) and phase (i.e. 2 .pi..omega. t where t is
      the elapsed time from the receipt of the peak pulse signal of the
      reference) respectively. The initial values of X and P are taken to be:
      ##EQU4##
      where .OMEGA. equals either 15 or 135 hz depending upon which pulse
      frequency is being utilized and P.sub.1 (0), P.sub.2 (0) are best guess
      inputs as indicated in block 52. The "hats"   over the values shown in
      block 52 are a well known notation indicating that the values are
      estimates. The computation then proceeds to block 53 where N is
      incremented by 1. The time of arrival of the next reference pulse is read
      as indicated by block 54. From this the measured time elapsed between
      pulses, is computed as indicated by block 55. (As indicated above, in
      actual practice .DELTA.t.sub.n may be supplied directly from the
      analog-digital time of arrival converter 25 shown in FIG. 1.) The value of
      the transition matrix .phi. and the system noise covariance matrix Q is
      then computed as:
      ##EQU5##
      Updated values of X and P are then computed as:
EQU  X (t.sub.n) = .phi..sub.n X (t.sub.n.sub.-1)
EQU  P (t.sub.n) = .phi..sub.n P (t.sub.n.sub.-1) .phi. .sub.n .sup.T + Q
      (t.sub.n.sub.-1) .DELTA.t.sub.n
PAL  as shown in block 56 to provide a running estimate of phase and frequency
      and their variances in accordance with the system model that phase is
      frequency multiplied by time. A vector K, the Kalman gain, is computed as:
EQU  K = P (t.sub.n) H.sup.T (HP(t.sub.n) H.sup.T + R).sup.-.sup.1
PAL  where H is the row vector [0 1] and R the observation noise, var (r). From
      this value of K, as shown in block 57, new values of X (t.sub.n) and P
      (t.sub.n) are computed. The equations shown in block 57 are essentially
      identical to the simple equations described above to accomplish weighing.
      Consider what has happened here; the antenna has completed a revolution as
      indicated by a pulse. Thus, the new phase may be said to represent a
      measurement of 2 .pi.. Returning to the equation of page 9, line 9
PAL  where
EQU  X.sub.2 = (l-K.sub.2)X.sub.2 (t.sub.1) + K.sub.2 X.sub.2 (t.sub.2) =
      X.sub.2 (t.sub.1) + X.sub.2 (New) = (l-K.sub.2) X.sub.2 (Predicted) +
      K.sub.2 X.sub.2 (Measured)
PAL  Substituting we have with
PA1  X.sub.2 (Measured) = 2.pi.
PA1  X.sub.2 (New) = (l-K.sub.2)X.sub.2 (Predicted) + 2.pi.K.sub.2 or
PA1  X.sub.2 (New) = X.sub.2 (Pred) + K.sub.2 (2.pi. - X.sub.2 (Pred)) = X.sub.2
      (Pred) + K.sub.2 (2.pi. - HX(Pred))
PAL  where the H matrix [ 0, 1 ] must be included to transform the vector X back
      to the same form as the 2.pi. i.e., to project the phase. A similar
      expression can be written for X.sub.1 and to get this in matrix form these
      become the second equation in block 57, the computation of P follows in
      similar fashion. This is all done in the block 57 and the outputs
      therefrom then provided back to block 53. This is the tracking loop and,
      each time through this loop, new values of X and P will be computed and
      used in maintaining a current estimate. For any pulse at a time t.sub.i
      between t.sub.n.sub.+1 and t.sub.n, as shown in block 58, X(t.sub.i) will
      equal the quantity shown. (Remember
      ##EQU6##
      and thus, X1 and X2 will be available to provide the .omega. and .theta.
      outputs to blocks of FIG. 1.
PAR  FIG. 3 illustrates in flow diagram form, the operations which take place in
      the bearing signal tracker 37 of FIG. 1. The system is initialized by
      setting i equal to zero in block 59 and then reading the signal amplitude
      y.sub.0 and its arrival time t.sub.0 in block 60. These are then used to
      compute initial values of X(0) and P(0) in block 61. Here X is a function
      of five state variables. These arise from the 15Hz phase and amplitude 2,
      135 Hz bearing phase and amplitude 2, and DC component 1 giving the mean
      amplitude. Similarly, the covariance matrix P 0 will have five non-zero
      quantities in it corresponding to the variance of each of these
      quantities. For each iteration, i is increased by one as indicated in
      block 62 and new values of the amplitude y and the time of arrival t.sub.i
      of received pulses are read in, as indicated by block 63. In block
      64.DELTA.t.sub.n equal to t.sub.i minus t.sub.i.sub.-1, is then computed.
      (Again, .DELTA.t will generally be provided directly as directed above.)
      The values k, X and P are computed in block 65 in the manner described
      above. [Block 65 correspondents to block 57 of FIG. 2 and blocks 67 and 68
      to block 56. The order of these two computations does not particularly
      matter since in both cases the loop is closed.] The estimated old values
      used in block 65 will have been obtained from block 68. The outputs
      herefrom are provided to the bearing computer 39 and the signal to noise
      monitor 43. At this point, a new .omega. from the reference phase tracker
      35 is obtained as indicated by block 66 and a matrix computation performed
      as shown by block 67. .theta. is continually computed using .omega. and
      .DELTA.t between pulses to keep current the estimates of block 68. The
      matrix shown is in an approximate form. The exact matrix would include
      sine and cosine functions in the appendix. (Here because of small angles
      sin .omega. is assumed to be .omega. and cos .omega. to be 1.) From the
      value of .theta. computed therein the updated value of X and P is computed
      in the block 68 and then provided through the tracking loop 69 and back to
      block 62.
PAR  The computations shown hereon in blocks 65, 67 and 68 are the ones which
      consume the most time. Computer simulation has shown that the value of the
      non-zero components of K will initially be large, due to the inaccuracy of
      the initial estimates but will quickly reach a limit which is a constant.
      It then becomes possible to supply the constant components of K (or to
      supply them as a series of step values to speed up the settling process)
      and still acquire the bearing signal in a reasonably short time. Thus, the
      K computation in block 65 and the P computations in blocks 61, 65 and 68
      may all be eliminated to substantially reduce the amount of computation
      needed. The remaining time consuming computation is that of blocks 65 and
      68. As is evident, a large number of matrix multiplications are required
      and must be a number of times for each of the approximately 2700 pulses if
      accuracy is to be maintained. This is beyond the capability of most
      airborne general purpose digital computers. Thus, as will be described
      below, special purpose computing hardware is provided to perform these
      computations.
PAR  The bearing computation of block 39 is shown in flow diagram form on FIG.
      4. At the time of a requested update of the bearing display as indicated
      by block 70, a new value of time t.sub.j is input. The value X (t.sub.j)
      and P (t.sub.j) is then obtained from the bearing signal tracker 37. If
      the P computation is eliminated as described above, the P (t.sub.j) value
      will not be used. In block 71, the value .theta. (t.sub.j) is then
      obtained from the reference phase tracker 35 as indicated by block 72.
      From the state variables of X, the coarse and fine bearings are computed
      as indicated by blocks 73 and 74. A check is then made in block 75 using P
      to see if the fine bearing is reliable. If P is not computed the decision
      to use or not to use fine bearing may be based on elapsed time from the
      start of computation. If the fine bearing is not reliable, then the
      bearing is set equal to the coarse bearing as indicated by block 76 and
      provided as an output to the display. If the fine bearing is reliable, the
      computation indicated in block 77 is performed which combines the coarse
      and fine bearings to obtain a final bearing output to be displayed.
PAR  Operation in the range acquisition mode is illustrated by the flow diagram
      of FIG. 5. First, as indicated by block 80, the command to initiate an
      acquisition phase is made and the value I set to zero. In block 81, I is
      incremented by one and, as indicated by block 82, an interrogation pulse
      is transmitted. After transmission all the received pulses are provided to
      block 83 and a check then made in block 84 to see if R is greater than
      R.sub.max. The value R will be directly related to time of arrival in a
      known fashion. That is to say, pulses travel at the speed of light. Thus,
      knowing the time of transmission of the interrogation pulse and the manner
      in which the ground station responds, it is only necessary to find the
      .DELTA.t between transmission of the pulse the time of arrival of each
      received pulse, and multiply it by a constant to obtain the range, R
      associated with that received pulse (each pulse, at this point, is assumed
      to be a response to the interrogation.) Any pulses received after a time
      corresponding to R.sub.max cannot be responses. The pulses themselves may
      be used in this decision or alternately a timer used to indicate passage
      of the time associated with a responsive at maximum range. If R has not
      reached R.sub.max, then block 85 is entered and a value K equal R/W/2
      computed. This value K is used in block 86 to compute a value F(K) and F
      (K+1) which correspond to the two overlapping range bins into which the
      received pulse falls. These two range bins are incremented by one. The
      computation returns to block 83 with the system remaining in this loop and
      determining a range bin for each pulse until a pulse corresponding to R
      greater than R.sub.max is received indicating that the full range
      including all bins has been cycled through. At that point, R will be
      greater than R.sub.max and the program will enter the block 87. Here a
      check is made to see if I, the number of interrogation pulses, is equal to
      20. If I is not equal to 20 an output on line 88 enables a gate from the
      interrogate pulse generator to transmit another pulse as indicated by
      block 89 and then goes back to block 81 to increment I by one. The system
      will then go through the blocks described above, i.e. blocks 82, 83, 84,
      85 and 86 and will continue in these two loops until 20 interrogation
      pulses have been transmitted. After 20 interrogations block 84 will be
      exited on the line 90. At this time, 20 pulses have been sent out and each
      bin has gone through once for each pulse. In block 91 the value FM is set
      equal to the maximum F(I) i.e. the range bins are searched to see which
      has the most entries in it and FM set equal to the maximum number in any
      of the bins. A check is then made to see if FM is greater than 15. As
      noted above, a bin representing the proper range will have received at
      least 16 of the 20 interrogations. The other bins will have been randomly
      incremented by pulses not corresponding to responses. If FM is less than
      15 a block 93 is entered to see if it is less than 9. If it is less than
      9, an indication on line 94 to tell the system it is out of range is
      provided. If out of range, each bin will be incremented in a random
      fashion and none should receive more than 9 pulses in the time required to
      make 20 interrogations. Otherwise, i.e. if FM is between 9 and 16, an
      indication that anamalous condition is present is given on line 95. If FM
      is between 9 and 15 then something is wrong and steps must be taken to
      reacquire the range.
PAR  If FM is greater than 15, then block 96 is entered where M is set equal to
      F.sup.-.sup.1 of FM, i.e. M is set to the bin number which accumulated the
      value FM therein. A check is then made in block 97 to see if all of F (I)
      with the exception of F(M) and F(M.+-.l) is less than 9. Only one bin, and
      because of the overlapping, the bin next to it should have more than 9 in
      it. If no bin other than these contains more than nine, an output
      indicating that the proper bin has been selected is provided and the
      coarse range R.sub.0 is set equal to W/2 X M. (The range is divided up
      into y bins each W/2 miles wide, i.e. if R.sub.max equals 300 miles and y
      = 128 then 256 overlapping bins are provided (i.e. 2 .times. 128 bins of
      2.3 miles) then M .times. 2.3/2 = 300 miles.) If not, an output on line 95
      indicating an anamalous condition which may be used to restart the
      acquisition mode is provided.
PAR  FIG. 6 is a flow diagram illustrating the tracking mode of the range
      portion of the system. The coarse range value R.sub.o is entered to block
      100 and used to compute X. X here has two state variables corresponding to
      range (x.sub.1) and range rate (x.sub.2). P is estimated as above.
      (P.sub.1 is the range variance, P.sub.2 the rate variance.) An
      interrogation is then transmitted as indicated by block 101 and a new set
      of R equal to range replies received as shown by block 102. A check is
      then made to see if any received R is equal to X.sub.1 plus or minus 30
      where X.sub.1 is the range estimate and 0 is the standard deviation
      obtained from P.sub.1. A range gate can be opened for a short period
      corresponding to the time when a reply is expected. In practice this gate
      may be made narrow enough to only gate reply pulses and the computation of
      block 103 reduced to determining the presence or absence of a pulse. If
      the answer is no, the block 103 is exited on line 104 and the computation
      goes to a block 105. If the answer is yes, block 106 is entered and the
      value of y closest to X.sub.1 is selected. In practice this need not be
      done either since only one pulse will be received through the gate. A
      Kalman update is then performed in block 107 is the same way as described
      above in connection with bearing computation to obtain the values X and P.
      The range is updated as shown by block 108 with the range R equal to
      x.sub.1. After this block 105 is entered, the computations therein are
      performed either using the values of X and P from block 107 or the initial
      values obtain over line 104 to compute a new X and P using the value .phi.
      obtained from the matrix shown and Q which is the system noise covariance.
      This provides the constant updating of the system between pulses. A check
      is then made to see if P.sub.1 is less than P.sub.max, an established
      value. If it is, then the block 109 is exited on line 110 back to block
      101 causing another interrogation to be transmitted. As long as P.sub.1 is
      less than P.sub.max, the system will stay in this tracking loop. If
      P.sub.1 does not stay less than P.sub.max, the block 109 will be exited on
      line 111 and cause the system to return to the acquisition phase.
PAR  A block diagram of the basic hardware arrangement is shown in FIG. 7. The
      input pulses are received by the receiver 121 described above and provided
      to the conversion equipment 123 wherein the time of arrival of the pulses,
      an indication of the reference pulse and an amplitude signal Y will be
      provided as outputs in the manner described above. The computation
      associated with FIGS. 2, 4, 5 and 6 will be performed within a digital
      computer 125. The bearing signal tracker module 127 will comprise special
      purpose computing hardware to be described below. The bearing signal
      tracker 127 will obtain outputs .theta. and y from digital computer 125
      and use these to compute X which is then provided back to the computer 125
      for use and computations of the bearing outputs of FIG. 4. The bearing and
      range outputs obtained in digital computer 125 are then provided to the
      pilots display 129.
PAR  The bearing signal tracker 127 of FIG. 7 is shown in schematic form on FIG.
      8. The hardward of FIG. 8 uses conventional digital computing elements
      such as adders, registers, and multipliers which are shown only in
      schematic form and will not be described in detail herein. The computation
      shown thereon is only shown for the coarse bearing in order to simplify
      the figure. Similar computations would also be made for the fine bearing.
PAR  The heart of the system is the portion shown in dotted lines and indicated
      as block 131. Herein the matrix multiplications of blocks 67 and 68 of
      FIG. 3 are performed. After a new input is received the values of X.sub.1
      X.sub.2 and X.sub.3 which are computed in a manner to be described below
      are loaded into the respective registers 133, 134 and 135. X.sub.3 is the
      DC component and will simply be stored in the register 135 until a new
      update is required. The values of X.sub.1 and X.sub.2 however, must be
      incremented to maintain an estimate of the phase and frequency. Values of
      pulse updates are obtained approximately every 300 microseconds. The
      computation in block 131 is updated approximately every 90 microseconds.
      This requires adding 0.5 .degree. increment to the angle during each
      update. In performing the update the value in register 133 is provided to
      a block 136 where it is multiplied by cosine theta where theta is the
      angle of rotation i.e. 0.5 .degree.. Since for a small angle such as this
      the cosine is approximately 1, block 136 can actually be eliminated and
      the cosine approximately as being 1. The ouput of register 134 is provided
      to a block 137 where it is multiplied by the sine of theta. In actual
      practice the multiplication may be done by shifting. The values after
      multiplication are then provided to an adder block 139 where they are
      added together and then provided back to register 133. In similar fashion,
      the output of register 133 is multiplied by cosine theta in block 140 and
      the output of register 133 by sine theta in block 141 whereupon the two
      values are added in an adder 143 and provided back to the register 134.
      Thus, between updates the values in registers 133 and 134 will be
      continually incremented to provide a best estimate of the state variables.
      When a new y.sub.1 input is obtained, it is provided into an adder 149
      where it has subtracted from it the value in register 133. This will be
      the updated value and, depending on the particular hardware design may be
      provided out of the adder 139 or alternatively from the register 133. It
      also has substracted from it the values stored in register 135. This
      develops the value Y - HX shown in block 65 of FIG. 3. This value is then
      provided to three multipliers numbered respectively 151, 153 and 155. Here
      it is multiplied by the Kalman gains indicated as K.sub.1, K.sub.2 and
      K.sub.3. As mentioned above, these Kalman gains can be constants.
      Preferably, they will be powers of 2 so that the multiplications indicated
      in blocks 151, 153 and 155 can be done in a simple manner by shifting, in
      which case blocks 151, 153 and 155 can be registers. The multiplier
      outputs are then added in the respective adders 157, 159 and 161 to the
      estimated values of X.sub.1, X.sub.2 and X.sub.3 to provide the final
      update value. This corresponds to the second equation in block 65 of FIG.
      3. These outputs are then used to update the registers 133, 134 and 135
      and will also be provided as outputs to the digital computer 125 of FIG.
      7. Preferably, the operations shown on FIG. 8 will be implemented with
      serial arithmetic to minimize hardware but still obtain the necessary
      speed.
PAR  FIG. 9 illustrates in block diagram form the control of the computations
      associated with FIG. 8. The rotator 131 is shown with the remainder of the
      computation hardware of FIG. 8 indicated by a block 165 designated a
      corrector. Once new data is loaded into the registers of FIG. 8, a clock
      167 provides inputs to the register to cause the vector rotation to be
      carried out as described above. This rotation continues until a new
      y.sub.1 value is obtained as evidenced by a y.sub.1 interrupt on line 169.
      To avoid breaking off the rotation computation in the middle, nothing
      further is done until the clock output indicates that this computation is
      finished. Thereupon an input is provided on line 171 to a group of AND
      gates designated 173, 174 and 175 and the new value provided out on line
      176. In response to these signals, the values in block 131 are gated into
      the corrector 165 where the additions and multiplications described above
      in connection with FIG. 8 are performed and the new values immediately fed
      back into the rotator to update the registers therein. The rotation then
      continues in response to the outputs of clock 167.
PAR  Thus, an improved digital tacan system which makes use of the Kalman
      filtering technique has been shown. Although a specific embodiment has
      been illustrated and described, it will be obvious to those skilled in the
      art that various modifications may be made without departing from the
      spirit of the invention which is intended to be limited solely by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus to receive and decode a Tacan bearing signal comprising:
PA1  a. an antenna;
PA1  b. an RF and detector stage coupled to said antenna;
PA1  c. a matched filter having the output of said RF and detector as an input;
PA1  d. means coupled to the output of said filter to detect the time arrival of
      each signal pulse and to provide an output indicative thereof;
PA1  e. means to detect the amplitude of each signal pulse and to provide an
      output indicative thereof;
PA1  f. means coupled to the output of said filter to detect the time of arrival
      of a reference pulse and to provide an output indicative thereof; and
PA1  g. digital computing apparatus having as inputs the output of said means to
      detect the time of arrival of each signal pulse, means to detect the
      amplitude of each signal pulse and means to detect the time of arrival of
      a reference pulse, said digital computing means programmed to:
PAR  1. compute from the time of arrival of said reference pulses using a first
      Kalman Filter, the estimated frequency and phase of the transmitted
      signal;
PA2  2. compute from the frequency, the amplitude and the estimated frequency,
      using a second Kalman Filter, an estimate of the state variables of the
      bearing signal; and
PA2  3. compute from said state variables and the estimated phase, the bearing
      of the receiver with respect to the transmitting station.
NUM  2.
PAR  2. The invention according to claim 1 wherein said digital computing means
      comprise a programmed digital computer implementing said first Kalman
      Filter and to compute the bearing of the transmitting station a special
      purpose computing circuit interconnected therewith to implement said
      second Kalman Filter.
NUM  3.
PAR  3. The invention according to claim 1 wherein said digital computing means
      include means to compute range.
NUM  4.
PAR  4. The invention according to claim 3 and further including:
PA1  a. a transmitting antenna;
PA1  b. means to transmit a plurality of interrogation pulses via said antenna;
      and
PA1  c. wherein said digital computing means are further programmed to:
PA2  1. divide the maximum range into increments and assign a range bin to each
      increments;
PA2  2. between transmissions using the time of arrival of each received pulse
      to increment the bin corresponding to the range for that time of arrival;
PA2  3. after a predetermined number of interrogation pulses are transmitted,
      examine the bins and select the one with the most entries as the estimated
      range;
PA2  4. reduce the interrogation rate;
PA2  5. use said estimated range as the initial value in a third Kalman Filter
      along with responses from subsequent interrogation pulses to maintain a
      current range estimate.
NUM  5.
PAR  5. The invention according to claim 4 wherein said digital computing means
      are further programmed to compare the covariance of said third Kalman
      Filter with a predetermined value and to provide an output indicating the
      need for reacquisition when said value is exceeded.
NUM  6.
PAR  6. A method of determining a Tacan bearing comprising:
PA1  a. receiving the Tacan pulses transmitted by a Tacan station;
PA1  b. determining the time of arrival of each pulse and its amplitude;
PA1  c. determining the time of arrival of each reference pulse;
PA1  d. computing from the time of arrival of said reference pulses in a first
      Kalman Filter the estimated frequency and phase of the transmitted signal;
PA1  e. computing from the frequency, the amplitude, and the estimated
      frequency, in a second Kalman Filter, an estimate of the state variables
      of the bearing signal;
PA1  f. computing, from said state variables and the estimated phase, the
      bearing of the receiver with respect to the transmitting station.
NUM  7.
PAR  7. The invention according to claim 6 wherein the range to said station is
      also computed by steps comprising:
PA1  a. dividing the maximum range into increments and assigning a range bin to
      each increment;
PA1  b. between transmissions using the time of arrival of each received pulse
      to increment the bin corresponding to the range for that time of arrival;
PA1  c. after a predetermined number of interrogation pulses are transmitted
      examining the bins and selecting the one with the most entries as the
      estimated range;
PA1  d. reducing the interrogation rate;
PA1  e. using said estimated range as the initial value in a third Kalman Filter
      along with responses from subsequent interrogation pulses to maintain a
      current range estimate.
NUM  8.
PAR  8. The invention according to claim 7 and further including providing an
      additional W bins overlapping the prior bins to avoid problems when a
      range falls on a bin division.
NUM  9.
PAR  9. In a Tacan receiver, means to decode the Tacan bearing comprising:
PA1  a. means to detect the time of arrival of each signal pulse and to provide
      an output indicative thereof;
PA1  b. means to detect the amplitude of each signal pulse and to provide an
      output indicative thereof;
PA1  c. means to detect the time of arrival of a reference pulse;
PA1  d. digital computing apparatus having as inputs the output of said means to
      detect the time of arrival of each signal pulse, means to detect the
      amplitude of each signal pulse and means to detect the time of arrival of
      a reference pulse, said digital computing means programmed to:
PA2  1. compute from the time of arrival of said reference pulses using a first
      Kalman Filter, the estimated frequency and phase of the transmitted
      signal;
PA2  2. compute from the frequency, the amplitude and the estimated frequency,
      using a second Kalman Filter, an estimate of the state variables of the
      bearing signal; and
PA2  3. compute from said state variables and the estimated phase, the bearing
      of the receiver with respect to the transmitting station.
NUM  10.
PAR  10. The invention according to claim 9 wherein said Tacan receiver further
      includes means for transmitting interrogation pulses and wherein said
      digital computing means are also programmed to compute range.
NUM  11.
PAR  11. The invention according to claim 10 wherein said digital computing
      means are further programmed to:
PA1  1. divide the maximum range into increments and assign a range bin to each
      increment;
PA1  2. between transmissions using the time of arrival of each received pulse
      to increment the bin corresponding to the range for that time of arrival;
PA1  3. after a predetermined number of interrogation pulses are transmitted,
      examine the bins and select the one with the most entries as the estimated
      range;
PA1  4. reduce the interrogation rate;
PA1  5. use said estimated range as the initial value in a third Kalman Filter
      along with responses from subsequent interrogation pulses to maintain a
      current range estimate.
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ABST
PAL  A circuit arrangement for recognising two pulses in a series by their
      mutual separation and indicating the time of arrival of one of the pulses
      comprising a counter gated by the input signals which counts clock signals
      until a predetermined reference instant in time, a multiple shaft register
      which stores the binary count when the counter is inhibited and a serial
      shift register connected to receive the input signal and having along its
      length tappings spaced by an interval corresponding to a desired
      separation between the two input pulses, the tappings being connected to a
      coincidence gate which provides recognition pulses.
PARN
PAC  Cross Reference to Related Application
PAR  This is a continuation-in-part of my copending application Ser. No.
      543,153, filed Jan. 22, 1975, now abandoned which is a continuation of my
      application Ser. No. 403,762, filed Oct. 5, 1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to pulse signal handling arrangements and more
      particularly to circuit arrangements for recognising two or more pulses in
      a series by their mutual separations and indicating the time of arrival of
      one of the pulses in the series with respect to a known reference time.
      Pulse signal handling circuits such as this are commonly required for use
      in interrogator/transponder systems in, for example, airborne distance
      measuring equipment (DME).
PAR  This invention relates to a circuit for use in a transponder system for
      identifying response signals by their mutual separation in time and
      measuring the time of arrival of one of the pulses in relation to the time
      of transmission of an interrogation pulse. Such circuits are used in
      transponder systems for the purpose of airborne distance measurement, the
      TACAN system being an example of such an application.
PAR  In an airborne distance measuring equipment (DME) a transponder
      (transmitter/responder) aboard an aircraft transmits towards one of a set
      of navigation beacons on the ground a pair of pulses which are treated by
      the beacon as an instruction to send in reply two pulses of predetermined
      separation (after a predetermined time delay required for the purpose of
      processing). Upon receiving the response signals, the transponder aboard
      the aircraft first attempts to recognise the true response signals from
      spurious background signals by the mutual separation of the pulses, and
      measures the time of arrival of one of the received pulses in relation to
      the time that the interrogation was transmitted. The timing of arrival of
      the response is transmitted to a computer which, by subtracting the known
      processing delays inherent in the system arrives at a time representative
      of the travel time of radio waves to and from the beacon and by this
      method the distance of the aircraft from the beacon is calculated.
PAR  It is well known to discriminate between pulses of a known separation and
      spurious pulses by applying all the response pulses to a shift register
      having multiple tappings spaced apart by a number of stages corresponding
      to a time separation equal to the separation of the received signals. When
      a coincidence gating circuit detects the simultaneous presence of a
      response signal in each of the tapped stages then it is known that the
      sequence in the shift register is a true reply.
PAR  Since the accuracy requirements for distinguishing between true responses
      and spurious signals are not particularly stringent it is possible to
      utilise for the purpose of discrimination relatively slow acting shift
      registers. However, if it is desired to time the arrival of the first
      pulse in the series with respect to the time that the interrogation pulse
      was transmitted the coarse time quantisation effected by a shift register
      would destroy the accurate timing required for the purpose of distance
      measurement.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a circuit which
      while using only slow acting shift registers, (by which it is meant shift
      registers capable of discriminating between true responses and spurious
      signals but not sufficiently fast to allow accurate distance measurement
      in conventional circuits) enables both pulse discrimination and timing to
      be effected.
PAR  Preferably a single serial shift register and a serial multiple shift
      register are each controlled to be stepped at the same relatively low or
      coarse frequency by a clock signal generating means which is itself
      controlled by a first clock signal generating means having a relatively
      high or fine frequency output.
PAR  The simple serial shift register is employed to constitute means for
      generating a signal which indicates that the separation in time between
      first and second response pulses is of the correct value corresponding to
      the aircraft in question and the multiple shift register is employed to
      recover the number of fine clock signals occurring between the time of
      reception of the first pulse and the occurrence of a subsequent coarse
      clock signal. If this delay is subtracted from the time, measured in
      coarse clock signals, which has elapsed beginning with the interrogation
      pulse, a time value from which distance or range can be computed is known.
PAR  The generation of the signal which indicates correct separation of pulses
      involves means for taking signals from the last and from an appropriate
      intermediate stage in the simple serial shift register to determine
      coincidence thereof.
PAR  Normally said means responsive to the coincidence of signals in said two
      stages of said shift register comprises an AND gate.
PAR  Where it is desirable to permit a degree of tolerance in the spacing of
      said two pulses which is acceptable, in order for example to take into
      account pulse jitter, means may be provided for taking output from said
      appropriate intermediate stage and from stages on either side of said
      appropriate intermediate stage and apply signals thus obtained to an OR
      gate, the output terminal of which is connected to the input terminal of
      said AND gate to which said appropriate intermediate stage alone would
      otherwise be connected.
PAR  The output from said AND gate is applied to inhibit counting of a further
      binary counting arrangement which is arranged to be triggered at the known
      reference time, e.g. upon transmission of the interrogating signal,
      thereby to provide the aforesaid number of coarse clock pulses which have
      elapsed beginning with the interrogation pulse.
PAR  Where there are more than two pulses in said series and it is desired to
      check that the mutual separations of more than said two pulses is that
      required, means may be provided for taking output from further appropriate
      intermediate stages in said serial shift register.
PAR  If desired, further multiple shift registers may be provided controlled in
      the manner in which said first mentioned shift register is controlled to
      which binary information relating to, for example, the amplitudes of the
      pulses in the series may be applied.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  The invention is illustrated in and further described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a highly schematic diagram of one pulse sequence recognition
      arrangement in accordance with the present invention;
PAR  FIGS. 2 and 3 illustrate modifications thereof;
PAR  FIG. 4 is a block diagram illustrating a practical embodiment of the
      invention employing the principles described in conjunction with FIG. 1;
      and
PAR  FIG. 5 is a timing diagram illustrating certain principles of the FIG. 4
      system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, at input 1 is applied a pair of pulses whose mutual
      separation and time of arrival are to be determined. The pair of pulses
      may be assumed to be a pair of pulses received by an airborne distance
      measuring apparatus from a ground station. The mutual separation of the
      pulses identifies the pulse pair as being intended for the airborne
      distance measuring equipment in question, while the time of arrival of the
      pair of pulses is indicative of the distance separating the airborne
      equipment from the station which transmitted the pair at a known
      predetermined time. Airborne distance measuring equipments and systems
      including the same are well known per se and will not be described in
      greater detail.
PAR  Input terminal 1 connected to a binary counter arrangement 2 which is
      arranged to commence counting upon receipt of the first of the pair of
      pulses. The rate of counting by binary counter arrangement 2 is relatively
      high, e.g. 8 MHz, and is controlled by a clock generator 3 operating at
      this relatively high frequency F.sub.b. The output count of counter 2 is
      applied in parallel fashion to respective inputs of a multiple shift
      register 4 so that when counter arrangement 2 is caused to provide output
      to register 4, a binary signal representing the count of counter 2 is
      entered into the register 4.
PAR  Output from clock generator 3 is also applied via a suitable divider 5 to
      control the counting of a relatively low frequency clock generator 6
      operating at a frequency F.sub.c which is substantially lower than the
      frequency F.sub.b. Commonly F.sub.c would be 500 Kc/s. Output from clock
      generator 6 is connected both to control the stepping of multiple shift
      register 4 and the stepping of a simple shift register 7 which has a
      tapped output 8 from an intermediate stage along its length and a tapped
      output 9 from its final stage. Output from clock generator 6 is also
      connected to counter arrangement 2 in order to inhibit counting of the
      counter arrangement 2 and effect the transfer of the count current at that
      time to the inputs of the multiple shift register 4. As will be
      appreciated, at the time counting by counter arrangement 2 is inhibited
      the count attained will be a measure, with an accuracy depending upon the
      frequency F.sub.b, of the time of arrival of the pair of pulses with
      reference to the frequency F.sub.c of clock generator 6. The output signal
      of clock generator 6 applied to counter arrangement 2 is not only utilised
      to transfer the inhibit count to the inputs of multiple shift register 4,
      but also to apply a single pulse to the input of simple shift register 7.
      The application of input signals to the registers 4 and 7 is arranged to
      be subjected to a delay equal to one period of the frequency F.sub.c by
      means not shown, but assumed to be within counter arrangement 2, to allow
      for slow acting components requiring a relatively longer "set up" time to
      be used for the shift registers 4 and 7. The tapped outputs 8 and 9 of
      shift register 7 are connected to different input terminals of an AND gate
      10. The mutual separation of the tapped outputs 8 and 9 correspond to the
      acceptable separation of the two pulses in the pair of pulses for the
      particular airborne distance measuring equipment in question.
PAR  In operation upon the arrival of the first of the pair of pulses, counter
      arrangement 2 commences counting with a frequency F.sub.b under the
      control of clock generator 3. Upon the occurrence of an output signal from
      clock generator 6 counting by counter arrangement 2 is inhibited. One
      period of the frequency F.sub.c later the inhibited count of counter
      arrangement 2, which is a measure of the time of arrival of the pair of
      pulses relative to the output F.sub.c of clock generator 6, is applied to
      the inputs of register 4 and at the same time a signal is applied to the
      input of shift register 7. Registers 4 and 7 are stepped in unison under
      the control of clock generator 6, until the first of the pair of pulses
      reaches the last stage of register 7 to provide an output on tapped output
      9. If at this time the second of the two pulses has triggered counter 2
      and a further signal has been transferred to register 7 (and of course,
      incidentally register 4) which further signal reaches the intermediate
      stage of register 7 to which tapped output 8 is connected, at the time the
      first signal reaches the last stage of register 7 an output signal will
      appear on tapped output 8 and AND gate 10 will provide an output to output
      terminal 11 which indicates that the pulses separation of the pair of
      pulses is that required. At the same time a binary signal will appear at
      the multiple outputs 12 of register 4 which represents the time of arrival
      of the first of the pair of pulses.
PAR  The output signal appearing at terminal 11 is utilised to inhibit the
      counting of a further counting arrangement which has been triggered at a
      predetermined previous time (which may be the time of transmitting the
      interrogation pulse) and which is controlled as to its counting by the
      clock generator 6. The time of arrival of the first pulse of the pulse
      pair is obtained by combining the count of this further counting
      arrangement with the binary signal appearing on the multiple outputs 12 of
      register 4 and subtracting the known processing delays.
PAR  Referring to FIG. 2, the acceptable identifying separation of the pair of
      pulses is often allowed a certain amount of tolerance at the airborne
      equipment in order to allow for such effects as pulse jitter. In such a
      case tapped output may be taken from a number of adjacent stages in
      register 7, depending upon the tolerance allowed, which tapped outputs are
      connected to different input terminals of an OR gate 13, the output
      terminal of which is connected to that input terminal of AND gate 10 to
      which would otherwise be connected the intermediate tapped output of
      register 7 alone.
PAR  If desired, further multiple shift registers may be provided controlled in
      the manner in which said first mentioned shift register is controlled to
      which binary information relating to, for example, the amplitudes of the
      pulses in the series may be applied.
PAR  Referring to FIG. 3, the modification illustrated therein may be used where
      the nominal pulse spacing of the two pulses in the series may differ in
      value depending upon the operating mode or channel of the overall
      equipment. In this case output is again taken from the last stage 14 in
      register 7 and applied, as before, to AND gate 10. Output is also taken
      from an intermediate stage 15 in register 7 which is spaced from stage 14
      in accordance with one of the pulse spacings which is to be recognised.
      Output is also taken from a further intermediate stage 16 in register 7,
      the separation between stage 16 and stage 14 corresponding to another
      pulse spacing which may be required to be recognised by the arrangement.
      Similarly, outputs may be taken from intermediate stages of the register 7
      in correspondence with yet further pulse spacings to be recognised.
      Intermediate stage 15 is connected to one input of an AND gate 17, a
      second input 18 to which is derived from a control unit (not shown) when a
      pulse separation corresponding to the separation between stages 14 and 15
      is required to be recognised. Intermediate stage 16 is similarly connected
      to an AND gate 19 which has a second input 20 derived from said control
      unit when a pulse separation corresponding to the stages 16 and 14 is
      required to be recognised. Any further intermediate stages from which
      outputs are taken are connected to respective gates whose second inputs
      are correspondingly controlled by the control unit. The outputs of gates
      17,19 and any further gates provided in respect of any further
      intermediate stages from which outputs are taken are connected to
      different input terminals of an OR gate 21. Output from OR gate 21 is
      connected to AND gate 10 so that once a gate such as gate 17 and 19 are
      selectively rendered conductive by the control unit, the arrangement
      operates in similar fashion to the arrangement already described with
      reference to FIG. 1. Where pulse jitter is to be taken account of, for
      each intermediate stage such as 15 and 16 an arrangement as described with
      reference to FIG. 2 may be used. This, however, results in considerable
      complication and to avoid this a further simple shift register 22 is
      introduced between the output of OR gate 21 and AND gate 10. The
      arrangement of register 22 is such that upon receipt of a signal from OR
      gate 21 signals are immediately loaded into the final stages of the
      register. The number of final stages so loaded depends upon the extent of
      the permitted tolerances in the spacing of the expected pairs of pulses.
      If a degree of tolerance similar to that assumed in the case of the
      arrangement shown in FIG. 2 is permitted, the last three stages of
      register 22 would be loaded. The register 22 is arranged to be stepped in
      synchronism with registers 7 and 4. For each nominal pulse spacing the
      intermediate stage of register 7 from which output is taken is that which
      corresponds to the narrowest pulse spacing within the tolerance allowed.
      As a signal appears in an intermediate stage, such as 15 whose AND gate,
      such as 17, is rendered conductive by the control unit a gating waveform
      will appear at the output of register 22 which embraces the first pulse
      output from register 7, if the spacing between the two pulses is within
      tolerance.
PAR  As with all of the arrangements herein before described, pulse sequences
      consisting of more than two pulses may be recognised by the spacings
      between the pulses by combining in final AND gate 10, output from the
      final stage of the register 7 and output from appropriate intermediate
      stage 15. In the case of an arrangement as shown in FIG. 3 registers such
      as 22 would be provided for each pulse spacing to be recognised and
      outputs from all of such further registers 22 would be applied as input to
      AND gate 10. The further registers 22 would be connected to inputs of AND
      gate 10 such as those represented at 23, 24 and 25.
PAR  Referring to FIGS. 4 and 5, an oscillator 33 produces a series of fine
      pulses of frequency F.sub.b. This series of pulses is divided by a factor
      of 16 in a divider circuit 35 to produce a train of coarse clock pulses of
      frequency F.sub.c. The fine pulses from oscillator 33 are counted in a
      counter CR1 between the time that an input signal (see FIG. 5) is received
      on the terminal labelled "Input" and the first subsequent leading edge
      occurring in the train of clock pulses F.sub.c. Each time that an input
      signal pulse is received, the counter CR1 commences to count clock pulses
      and stops as soon as it is full whereupon a terminal count TC appears on
      the lead labelled 36. When the signal TC goes high, it is applied to the
      "count enable" input of the counter CR1 to prevent further counting until
      a new input signal is received.
PAR  The counter CR1 is full when it receives 16 counts and since the divider
      circuit 35 has a ratio of 16 there will necessarily be produced a coarse
      clock pulse F.sub.c during the course of counting. This clock pulse when
      applied to a latch circuit L1 transfers into the latch circuit the count
      in the counter CR1 obtaining at that instant and maintains this count
      until it can be transferred into a set of shift registers SR2 to SR5 upon
      occurrence of a further coarse clock pulse. The purpose of the latch
      circuit is to provide a buffer between the rapidly changing count in the
      counter CR1 and the shift registers SR2 to SR5 which require a relatively
      long "setting-up" time.
PAR  The terminal count TC is further applied to a bistable circuit B1 which
      also receives coarse clock signals F.sub.c and is so designed that it is
      set by a leading edge of the clock F.sub.c if at any time in the
      immediately preceding low period the signal TC went low, and is re-set by
      a clock F.sub.c leading edge if at any time during the immediately
      preceding low period of the clock the signal TC went high. Thus, the clock
      pulse which enables the latch circuit L1 to store the count in the counter
      also triggers the bistable circuit B1. The next leading edge of a coarse
      clock pulse F.sub.c transfers the information in latch circuit L1 to the
      first stage of the shift registers SR2 to SR5 (as before mentioned) and
      also acts on a shift register 37 whose data input is connected to an
      output terminal of the bistable B1 so that a signal enters the shift
      register indicating that a response was received at the input terminal.
PAR  Thus, as each input signal arrives a bit is entered in shift register 37 to
      indicate the arrival and there is entered into the parallel shift
      registers SR2 to SR5 a count which is indicative of the time of arrival of
      the input pulse in relation to the repetition cycle of the coarse clock
      pulses.
PAR  With further clock pulses from the coarse clock, the stored data travels
      through the shift registers accompanied by further data pertaining to each
      subsequently received input signal. If two signals arrive with the desired
      separation, indicating that there was a response from the ground beacon,
      then when the first pulse is in the last stage of the shift register 37,
      the second pulse will lie in another known stage of the shift register 37.
      Thus, an AND gate 40 is connected to two stages and when there is
      generated an output signal indicative of the simultaneous presence of a
      signal in the two stages of the shift register, then it is known that the
      first signal is part of a valid reply from the ground beacon. This output
      signal from the AND gate 40 is applied to a second latch circuit L2 which
      then reads the contents of the last stages of the shift registers SR2 to
      SR5 which represent the time of arrival of the first pulse in relation to
      the coarse clock cycle. To complete the timing information required for
      measuring the time of arrival of this pulse it must also be known how many
      clock pulses F.sub.c have elapsed since an interrogation pulse was
      transmitted. For this reason a second counter CR2 counts the coarse clock
      pulses F.sub.c from the time that an interrogation pulse is transmitted
      and the count in this counter CR2 is also frozen in the latch circuit L2
      for transmission to a computer in parallel with the data derived from the
      shift registers SR2 to SR5. The information derived from the counter CR2
      represents the number of coarse clock pulses in the interval between
      interrogation and validation of the response pulse which, when combined
      with the fine information derived from the counter CR1 makes it possible
      to compute the accurate time of arrival of the input pulse. After
      subtracting the delays inherent in the system, both in the processing in
      the radio beacon and in the receiving section of the transponder it is
      possible to compute the travel time of the radio waves and hence the
      distance from the radio beacon.
PAR  The techniques described in conjunction with FIGS. 2 and 3 may also be
      applied to the circuit of FIG. 4.
PAR  The timing diagram of FIG. 5 illustrates the basic operation described
      above. One may consider the signal F.sub.c to be the output of a first
      clock means while the signal F.sub.b may be considered the output of a
      second clock means having a much higher frequency. The counter CR1 starts
      counting at the higher frequency when it receives the first input pulse
      and the count reached by the time the low frequency or first clock next
      produces a clock signal F.sub.c is latched. In FIG. 5, this count of
      "three" is shown circled and this count enters the multiple shift register
      arrangement and is shifted into the multiple shift register arrangement
      SR2-SR5 by the clock signal F.sub.c. Since the latch L1 is loaded at every
      clock signal F.sub.c, the count of "sixteen" is next latched and this
      "full count" is shifted into the multiple shift register arrangement so
      that the sequence "three", "sixteen" is now in this multiple shift
      register. In accord with the timing diagram, the second pulse then appears
      and starts the counter CR1 again and, as shown, the count of "ten" is
      latched upon occurrence of the clock signal F.sub.c. Thus, the sequence
      "three", "sixteen", "ten" will be present in the multiple shift register
      arrangement SR2-SR5. It will be appreciated of course that the two pulses
      may be widely separated so that a number of cycles of F.sub.c may occur
      between them, in which case a number of successive "sixteen" counts will
      be shifted into the multiple shift register arrangement. The number of
      these "sixteen" counts will of course correspond to the separation of
      stages to which the AND gate 40 is connected.
PAR  Data is shifted into the shift register 37 every time an input pulse
      appears, but not otherwise because the signal TC must go low (count
      initiated) before a signal from the flip-flop or binary B1 will appear.
      Thus, for the sequence depicted in FIG. 5 (count sequence "three",
      "sixteen", "ten" in the multiple shift register), the sequence "one",
      "zero", "one" would be in the shift register 37, considering "one"
      representative of data and "zero" representative of no data. If the
      separation is proper, the AND gate 40 responds and actuates the latch L2,
      at which time the number "three" is in the last stage of the multiple
      shift register arrangement and is latched by L2. At this time, the latch
      L2 also latches the count in the counter CR2 which has been counting
      coarse clock pulses from the time of transmission of the interrogating
      pulse to the ground beacon.
PAR  It will be appreciated that the multiple shift register 4 of FIG. 1 or the
      registers SR2-SR5 of FIG. 4 constitute storage means which capture the
      fine clock counts of the counter 2 or CR1 which occur between the
      receptions of the input pulses and occurrences of those coarse clock
      pulses known to follow such receptions. The simple shift registers of
      FIGS. 1 and 4, on the other hand, constitute signal generating means which
      produce recognizing signals when the time separation between response
      signal pulses is correct and in each case the response signal occurs in
      fixed time relation to the aforesaid known coarse clock cycles. In this
      way, if the output from the last stages of the multiple shift register at
      the time of occurrence of the recognizing signal corresponds to the fine
      count data associated with a particular pulse, all the information
      required to obtain the fine count separation between the time of reception
      of that pulse and the fixed reference time is available. Thus, if the time
      separation with respect to the second pulse in FIG. 5 is desired, the
      "length" of the multiple shift register may be decreased so that the count
      of "ten" will be available when the recognizing signal occurs. The fixed
      reference time conveniently is made the interrogation time itself, as in
      FIG. 4, the counter CR2 simply counting the coarse clock pulses generated
      between the time of interrogation until the time of occurrence of the
      recognizing signal. The delay, in units of the coarse clock cycle, between
      the coarse clock cycle known to follow pulse reception and the time of
      occurrence of the recognizing signal is of course a function of the number
      of stages in the simple shift register, counting from the first stage
      thereof to that stage at which the first pulse must be present in order to
      generate the recognizing signal. This demonstrates that the connection 9
      to the gate 10 in FIG. 1, for example, need not be connected to the last
      stage of the shift register 7. Likewise, the output from the multiple
      shift register need not be taken from its last stage or, for that matter,
      it will be seen that plural outputs could be taken in parallel from those
      different stages of the multiple shift register whereat fine count data
      with respect to different pulses are known to reside when the recognizing
      signal occurs.
PAR  The counter CR2 is illustrated as effecting counting of coarse clock pulses
      from interrogation to the generation of the recognizing signal but it will
      be appreciated that if interrogation is not synchronized with the coarse
      clock, the counter CR2 could be clocked to count the fine clock pulses
      instead.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit arrangement for recognizing two pulses in a series which are
      separated in time by an amount equal to a certain number of periods of a
      selected frequency and for indicating the time of arrival of one of said
      pulses with reference to a recurrent timing signal occurring at said
      selected frequency, comprising in combination:
PA1  first clock means for producing a recurrent timing signal at said selected
      frequency;
PA1  a serial shift register having a plurality of stages, a data input
      connection for the first stage, output connections from two stages which
      are separated by a number of stages which is one less than said certain
      number of periods, and a shifting input connected to said recurrent timing
      signal;
PA1  means connected to said output connections of said serial shift register
      for producing a recognizing signal in response to the presence of data
      simultaneously at said output connections;
PA1  a multiple shift register having a series of parallel stages, count data
      inputs to the first of said parallel stages, count data outputs at the
      last of said parallel stages, and a shifting input connected to said
      recurrent timing signal;
PA1  second clock means for producing a recurrent output signal at a frequency
      much higher than said selected frequency; and
PA1  counter means for providing data input to said serial shift register and
      count data input to said multiple shift register in response to pulse
      input thereto, said counter means being connected to said output signal of
      the second clock means to count at said much higher frequency and having
      an input connection receiving said two pulses for initiation of counting,
      said counter means having a data output connected to said serial shift
      register in response to each of said two pulses and having a plurality of
      count outputs connected to said multiple shift register, whereby the count
      initiated by each of said two pulses up to the time of the timing signal
      next following each such pulse is shifted into said multiple shift
      register and through its succeeding stages in response to succeeding
      timing signals while data inputs to said serial shift register
      correspondingly are shifted into and through said serial shift register.
NUM  2.
PAR  2. An arrangement as claimed in claim 1 and wherein said means responsive
      to the coincidence of signals in said two stages of said shift register
      comprises an AND gate.
NUM  3.
PAR  3. An arrangement as claimed in claim 2 and including means for taking
      output from said appropriate intermediate stage and from stages on either
      side of said appropriate intermediate stage and applying signals thus
      obtained to an OR gate, the output terminal of which is connected to the
      input terminal of said AND gate to which said appropriate intermediate
      stage alone would otherwise be connected.
NUM  4.
PAR  4. In a transponder system, a circuit for identifying response signals by
      their mutual separation in time and for measuring the time of arrival of
      one of the pulses in relation to a transmitted interrogation pulse, the
      circuit comprising:
PA1  first clock means for generating first clock pulses of predetermined
      frequency,
PA1  second clock means for generating second clock pulses having a frequency
      equal to a whole number multiple of the frequency of the first clock
      pulses,
PA1  first counting means operative to count second clock pulses under the
      control of the response signals and the first clock pulses and to produce
      a count representative of the time of arrival of each response signal in
      relation to the repetition cycle of the first clock pulses,
PA1  storage means for storing the counts of the first counting means,
PA1  a multi-stage shifting register connected to receive as data input signals
      derived from the response signals and arranged to be stepped by the first
      clock pulses,
PA1  coincidence gating means for detecting the simultaneous presence of signals
      in stages of the shift register spaced from one another by a time
      corresponding to the mutual separation of the response signals to be
      identified,
PA1  second counting means operative to count clock pulses so as to measure the
      time interval between the transmission of the interrogation pulse and the
      appearance of a signal at the output of the coincidence gating means, and
PA1  means for combining the count of the second counting means with the count
      stored in the storage means in respect of the response signal of which the
      time of arrival is to be measured.
NUM  5.
PAR  5. A circuit as claimed in claim 4, in which the first clock means is a
      divider means connected to the second clock means and arranged to divide
      the second clock pulses by a whole number.
NUM  6.
PAR  6. A circuit as claimed in claim 4, in which the storage means is
      constituted by a set of multi-stage shift registers connected in parallel
      with one another and all arranged to be stepped by the first clock pulses.
NUM  7.
PAR  7. A circuit as claimed in claim 4, in which the coincidence gating means
      is an AND gate having a plurality of inputs connected to different stages
      of the shift register.
NUM  8.
PAR  8. A circuit as claimed in claim 7, in which an input of the AND gate is
      connected by way of an OR gate to a plurality of adjacent stages of the
      shift register.
NUM  9.
PAR  9. A circuit as claimed in claim 7, in which one input of the AND gate is
      connected to the output of an OR gate having a plurality of inputs each
      connected by way of a respective AND gate to a different stage of the
      shift register, the latter AND gates being operative to receive as further
      input signals control signals by means of which the desired spacing
      between pulses to be identified may be selectively adjusted.
NUM  10.
PAR  10. A circuit as claimed in claim 9, in which there is interposed between
      the first mentioned AND gate and the OR gate, a shift register operative
      to be stepped by the coarse clock pulses and connected so as to produce a
      plurality of output pulses for each received input pulse.
NUM  11.
PAR  11. In a circuit arrangement for recognizing two pulses in a series which
      are separated in time by an amount equal to a certain number of periods of
      a selected coarse frequency and for determining the time of arrival of one
      of said pulses with respect to a known reference time in units of a
      recurrent timing signal occurring at a fine frequency which is much
      greater than said selected frequency, in combination:
PA1  first clock means for producing a recurrent timing signal at said fine
      frequency;
PA1  second clock means for producing a recurrent output signal at said coarse
      frequency;
PA1  signal generating means for producing a recognizing signal in response to a
      time separation between said pulses corresponding to said certain number
      of periods of said second clock means, the occurrence of said recognizing
      signal being in fixed time relation to a known cycle of said second clock
      means;
PA1  a multiple shift register having a series of parallel stages, count data
      inputs to the first of said parallel stages, count data outputs at the
      last of said parallel stages, and a shifting input connected to said
      output signal of the second clock means;
PA1  counter means for providing data input to said signal generating means and
      count data input to said multiple shift register in response to pulse
      input thereto, said counter means being connected to said output signal of
      the first clock means to count at said selected frequency and having an
      input connection receiving said two pulses for initiation of counting,
      said counter means having a data output connected to said signal
      generating means and having a plurality of count outputs connected to said
      multiple shift register;
PA1  said multiple shift register having a number of stages such that the count
      data corresponding to all of said pulses is present in the last of said
      parallel stages when said recognizing signal is generated.
NUM  12.
PAR  12. In an arrangement as defined in claim 11 wherein said signal generating
      means comprises a serial shift register having a plurality of stages, a
      data input connection for the first stage, output connection from two
      stages which are separated by a number of stages corresponding to said
      predetermined number of periods of said second clock means, and a shifting
      input connected to said output signal of the second clock means, and means
      connected to said output connections of said serial shift register for
      producing said recognizing signal in response to the presence of data
      simultaneously at said output connections.
NUM  13.
PAR  13. An arrangement as claimed in claim 12 and wherein said means responsive
      to the coincidence of signals in said two stages of said shift register
      comprises an AND gate.
NUM  14.
PAR  14. In an arrangement as claimed in claim 13 and including means for taking
      output from an appropriate intermediate stage and from stages on either
      side of said appropriate intermediate stage of said serial shift register
      and applying signals thus obtained to an OR gate, the output terminal of
      which is connected to the input terminal of said AND gate to which said
      appropriate intermediate stage alone would otherwise be connected.
NUM  15.
PAR  15. In a range computing system aboard an aircraft, in combination:
PA1  clock means for generating fine clock pulses of a high frequency and coarse
      clock pulses of a low frequency, the frequency of said coarse clock pulses
      being a whole number division of the frequency of said fine clock pulses
      and being synchronized therewith;
PA1  an input terminal for receiving pulse pairs transmitted by a ground beacon
      in response to interrogation by the aircraft;
PA1  counter means connected to said input terminal and to said fine clock
      pulses for counting fine clock pulses subsequent to reception of each
      pulse of said pair;
PA1  storage means connected to said counter means and to said coarse clock
      pulses for capturing the count of said counter means when known cycles of
      said coarse clock pulses occur;
PA1  signal generating means connected to said counter means and to said coarse
      clock pulses for producing a recognizing signal in response to a
      predetermined time separation between the pulses of said pair which
      corresponds to the aircraft, the occurrence of said recognizing signal
      being in fixed time relation to said known cycles of said coarse clock
      pulses;
PA1  a second counter means connected to said coarse clock pulses for counting
      coarse clock pulses subsequent to interrogation; and
PA1  latch means connected to said storage means and to said second counter
      means for recovering the count from said storage means which corresponds
      to one of the pulses of said pair and for capturing the count of said
      second counter means when said recognizing signal occurs, whereby the time
      delay between interrogation and the reception of said one pulse of said
      pair may be determined.
NUM  16.
PAR  16. In a range computing system as defined in claim 15 wherein said storage
      means comprises a set of multi-stage shift registers connected in parallel
      and stepped by said coarse clock pulses.
NUM  17.
PAR  17. In a range computing system as defined in claim 16 wherein said signal
      generating means comprises a simple multi-stage shift register, and gating
      means connected to separate stages of said simple shift register.
NUM  18.
PAR  18. In a transponder system aboard an aircraft, in combination:
PA1  clock means for generating fine clock pulses and coarse clock pulses, the
      coarse clock pulses being synchronized with the fine clock pulses and
      occurring at a frequency much less than the frequency of said fine clock
      pulses;
PA1  an input terminal receiving a pair of response pulses transmitted by a
      ground beacon in response to interrogation by the aircraft;
PA1  signal generating means for recognizing a particular time separation
      between said pair of response pulses and for generating a recognizing
      signal in response thereto, said signal generating means being driven by
      said coarse clock pulses whereby an unknown time delay occurs between
      response pulse reception and input to said signal generating means whereas
      a predetermined time delay occurs between input to said signal generating
      means and generation of said recognizing signal; and
PA1  means for determining said unknown time delay comprising counter means
      connected to said input terminal and to said fine clock pulses for
      counting fine clock pulses beginning at each response pulse reception and
      storage means connected to said coarse clock pulses for capturing the
      count of said counter means in synchronism with said coarse clock pulses,
      the captured count associated with one of said response pulses being
      available at the time of generation of said recognizing signal.
NUM  19.
PAR  19. In a transponder system as defined in claim 18 wherein said storage
      means comprises a set of parallel multiple-stage shift registers clocked
      by said coarse clock pulses, the number of stages of said shift registers
      being such that the captured count associated with one of said response
      pulses is at the last stage thereof when said recognizing signal is
      generated.
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PAL  This invention relates in general to a passive responder of a position
      finding system including at least one microwave antenna and a resonator
      body. The resonator body is mounted adjacent the rail of a railroad track
      and is connected to a microwave antenna which points upwardly such that it
      receives radiation from a transmitter carried by the train. The radiation
      opening of the receiving antenna is adjacent the rail head and the antenna
      is covered with a cover member comprising dielectric material which comes
      into contact with the wheel as each wheel rolls past. The contact of the
      wheel with the dielectric cover assures that ice, snow, and other foreign
      material will be continuously cleared from the receiving antenna so as to
      assure optimum operation of the transponder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to passive responders for position
      finding systems which comprise at least one microwave antenna and a
      resonator member and forming a part of a position locating system wherein
      interrogation signals are transmitted by the train as it passes so as to
      interrogate and receive a signal from the passive responder as the railway
      vehicle moves by.
PAR  2. Description of the prior Art
PAR  Position finding systems comprise interrogators which utilize a given
      frequency band located in the microwave zone and which periodically emit
      interrogation signals which are changed in frequency as the railroad
      vehicle passes passive responders mounted along the railway track. Coded
      information is stored in the responders by means of tuned resonators which
      information is received by the interrogating units on the moving train by
      means of frequency selective reflection. This information may include
      fixed data about distances from fixed reference points and may also
      include variable data relating, for example, to travel orders.
PAR  There are many ways in which the responders can be arranged along the
      railway. They might, for example, be mounted above the railway as for
      example on overhead contact wire terminations or on poles in such a way
      that the main direction of radiation of the antenna is pointed downwardly.
      In such an arrangement the antenna cover of the antenna on the moving
      vehicle can be heated. In this fashion and due to the air flow, the
      antennas of the responders and the interrogating units can be kept free of
      snow. Very wet snow dampens the transmission path so much that positive
      transmission between the position finding devices is degradated to a point
      where proper operation is not assured. For reasons which need not be
      explained here, the arrangement of such overhead transponding units is not
      feasible for technical reasons.
PAR  Another arrangement would be to mount the responders on posts located at
      the side of the railway such that the main direction of radiation of the
      antennas would always be pointed horizontally toward passing vehicles. In
      such an arrangement although small amounts of snow may adhere to the
      antennas, generally wet snow would fall from the antenna due to its heavy
      weight. However, such an arrangement is not usable under actual railway
      conditions due to weather factors.
PAR  The only approved method of mounting the responders is to mount them in or
      at the tracks in the gravel of the road bed or on the railroad ties. With
      such mounting, the antennas of the transponders are pointed directly
      upward, however, such arrangement allows the transmission path between the
      responders and interrogators to be destroyed due to heavy snow cover which
      is maximum with such arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves the problem caused by snow cover which
      destroys the transmission path between an interrogator and a responder in
      a position finding system, wherein the responder includes at least one
      microwave antenna and a resonator member which provides information
      concerning the location of the responder to an interrogator mounted on a
      railway vehicle by means of high frequency radiation. The present
      invention also assures that the transmission between responders and
      interrogators will not be significantly impaired by wet snow or ice.
PAR  Accordingly, it is an object of the present invention to solve the problem
      wherein the responder is mounted near the rail with the microwave antenna
      pointing upwardly with its receiving and radiating opening in immediate
      proximity of the head of the rail and wherein the antenna opening is
      covered with a cover member comprising a dielectric material which does
      not interfere with the radiation and which is contacted by the wheel as
      the vehicle moves passed.
PAR  In further developments of the invention, the following features may be
      employed advantageously either individually or in combination with each
      other. For example, the responder or transponder may be located on the
      inside of the rail. The responder or transponder may be also located on
      the outside of the rail. In this application, the inside and the outside
      of the rail refers to that side of the rail toward the other rail of the
      track and the side of the rail which is away from the other rail of the
      track, respectively. The antenna cover member may consist of a block of
      harder soft elastic dielectric synthetic block material. The cover member
      may also comprise a dome of soft elastic synthetic material which has at
      least the general shape of a spherical segment. The cover member may
      consist of a combination of a block of soft elastic dielectric material
      with a dome of soft elastic dielectric material having the general shape
      of a spherical segment.
PAR  The resonator member may be spatially separated from the antenna and may be
      mounted below the foot of the rail and may be connected to the antenna by
      a flexible high frequency line.
PAR  The resonator member may be mounted in a position in which the longitudinal
      axes of the resonators are each perpendicular to the plane of the track.
PAR  The resonator member may have a wave guide with a rectangular cross section
      which extends to an upper wall and a plurality of resonators may be
      coupled to the wave guide and the antenna can be connected to the
      resonator member by way of at least one hollow curved transmission line
      which is matched high frequencywise. With such an arrangement, the
      resonator member may be mounted on the rail web and the longitudinal axis
      of the wave guide may extend in the direction of the rails.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates schematically a sectional view of a responder having a
      dome-shaped cover member mounted on the inside of a rail of the track;
PAR  FIG. 1A illustrates a responder having a solid dome-shaped cover member
      mounted on the inside of a rail;
PAR  FIG. 2 illustrates schematically a sectional view wherein the responder has
      a soft elastic cover member and is mounted on the outside of a rail;
PAR  FIG. 3 illustrates a further modification of the invention with the
      responder having a soft elastic cover member with the transponder mounted
      on the outside of a rail;
PAR  FIG. 4 is a partially cut-away view illustrating the responder shown in
      FIG. 3; and
PAR  FIG. 5 is a sectional view illustrating a member separated from the antenna
      and mounted below the base of the rail and with the antenna having a cover
      member which engages the wheel and being mounted on the outside of the
      track.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a rail 1 having a head 11 and a web 12 and a base 13
      over which railroad wheels 2 pass. The lower portion of the railway wheel
      2 is shown and consists of a tire 21 and a flange 22. The responder 3 of a
      position finding system is mounted so as to be engaged by the flange 22 of
      the wheel and consists of a resonator member 31 to which is attached a
      microwave antenna 32 which in the specific example illustrated in FIG. 1
      comprises a horn antenna. A flexible cover member 33 is mounted over the
      upwardly extending end of the antenna horn 32 and is formed of a
      dielectric material which is flexible as shown in the figure such that
      when the flange 22 engages it, it can deform to allow the wheel to pass
      without injuring the antenna or the resonator.
PAR  In FIG. 1 the responder 3 is mounted on the inside portion of the rail 1,
      or in other words, it is mounted between the two rails and adjacent one of
      the rails. The antenna 32 points upwardly and is covered and closed by the
      cover member comprising the flexible dome 33 made of synthetic material.
      The cover or dome 33 may comprise soft elastic synthetic material which
      will be depressed by the flange 22 as the wheel passes by the horn 32.
      After the flange of the wheel has passed the synthetic dome 33, it will,
      of course, rebound to its approximately hemispherical shape. Snow, ice, or
      other foreign material that might be on the surface of the cover member 33
      will be thrown off by the rebound action as it moves after the flange 22
      has moved out of engagement with it.
PAR  FIG. 1A illustrates a modification of the invention, wherein all of the
      parts are the same as in FIG. 1 except the cover member, instead of being
      a relatively thin hemispherical dome-shape member, is formed to be of
      solid soft elastic synthetic material 333. The relatively thick dome-shape
      member 333 illustrated in FIG. 1A serves the same purpose as the dome 33
      in FIG. 1 in that it protects and prevents ice and snow and other foreign
      materials from passing down into the antenna 32 and also it is depressed
      by the flange 22 of the wheel and rebounds to its original shape after the
      flange has passed thus clearing and freeing the dome-shape member 333 of
      ice and snow.
PAR  FIG. 2 illustrates a modification of the invention wherein the resonator
      member 31 and antenna horn 32 are mounted on the outer side of the rail
      that is the side of the rail 1 which is opposite to that where the flange
      22 passes. In the embodiment illustrated in FIG. 2, the upper opening of
      the antenna 32 is covered by soft elastic synthetic block 34 which has an
      upper surface which is engaged by the tire 21 of the wheel 2 such that the
      block 34 is slightly deformed as the wheel 2 passes thereby thus clearing
      and freeing the antenna opening which is covered by the block 34 as the
      wheel passes.
PAR  FIGS. 3 and 4 illustrate another embodiment of the invention with FIG. 3
      being a sectional view through the rail 1, and wherein the responder 3 is
      mounted on the outside of the track as in FIG. 2. However, the responder 3
      is formed such that its resonator member 36 illustrated in FIG. 4 extends
      in the direction of the rails with the longitudinal axis of its wave guide
      361 illustrated in FIG. 4 extending in the direction of the rail 1 and
      being mounted on the web 12 of the rail by suitable attaching means. The
      resonator member 36 is mounted above the wave guide 361 which connects to
      the antenna horn 35 which is covered by a block 34 consisting of soft
      elastic synthetic material. The tire 21 of the wheel 2 engages the block
      34 to deform it slightly as the tire 21 of each wheel rolls past thus
      freeing it of ice and snow.
PAR  FIG. 5 illustrates a further modification of the invention, wherein the
      responder 3 consists of a resonator member 37 which is spatially separated
      from the antenna 38 and is connected thereto by a flexible high frequency
      line 40. The resonator member 40 is mounted below the base 13 of the rail
      1 in an appropriate fashion. The opening of the antenna 38 is covered by a
      hard synthetic block 39 against which the tire 21 of the wheel engages so
      as to clean it of ice and snow. However due to the block 39, the tire 21
      does not push the antenna 38 down sufficiently to injure since the block
      39 will wear with the railhead 11 and the antenna 38 will not be damaged.
PAR  Thus, by mounting the antenna 38 and the block 39 on the outside of the
      rail, the top of the antenna 38 can extend higher than where it is mounted
      on the inside of the rail due to the flange 22 on the wheel which extends
      below the upper surface of the railhead 11. It is to be realized, of
      course, that the embodiments wherein the antenna is mounted on the outside
      of the rail can also be closed by soft elastic synthetic blocks such as
      block 34 and such synthetic blocks should be mounted so that they protrude
      slightly above the upper edge of the rail such that it wears with the head
      of the rail and the tire 21 engages it. On the other hand, if the antenna
      38 is mounted on the inside of the rail, the antenna should be adjusted so
      that the cover member extends slightly higher than the flange 22 of the
      wheel so that the flange depresses it slightly to clean it as the wheel 2
      passes by the cover member.
PAR  The position and manner of mounting the responder is not the primary
      subject of the invention. For example, the answering device may be mounted
      on the inside of the track as well as at the outside of the track on a
      tie. However, it is possible, as discussed above, to mount the responder
      directly or indirectly on the rail web or below the rail base. The antenna
      of the responder may be covered with snow and the invention will provide
      that an area which is exposed will be at least partially cleaned by the
      wheel or flange so as to allow proper operation of the antenna and the
      responder. In order to assure transmission, only a partially exposed area
      is required for proper operation of the antenna. Since the wheels of the
      vehicle pass freely back and forth on the rails, it is assured that at
      least a partial area which will be sufficient to assure transmission will
      be exposed by the contact of the wheels or the wheel flanges with the
      cover member, and thus, the antenna of the responder will be kept clear of
      ice and snow. It is also possible to improve the characteristic of the
      antenna of the responding device in an efficient manner by the use of a
      cover member consisting of a dielectric material.
PAR  Although it has been described with respect to preferred embodiments, it is
      not to be so limited as changes and modifications may be made which are
      within the full intended scope as defined by the appended claims.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A passive responder for a position locating system for a wheeled railway
      vehicle moving on a track and in which said vehicle carries a microwave
      transmitter and receiver and transmits an interrogation signal to said
      passive responder the improvement wherein said responder includes a
      resonator member with several resonators which is mounted in the proximity
      of a rail of the track, a microwave antenna forming a part of said
      responder and pointed upwardly with its reciving and radiation opening in
      immediate proximity to the head of the rail, and a cover member of a
      dielectric material covering the upper end of said antenna and mounted so
      that it is engaged by the wheels of said vehicle as they roll by the
      responder on the rail.
NUM  2.
PAR  2. An arrangement according to claim 1, wherein said responder is mounted
      on the inside side of the rail between the tracks.
NUM  3.
PAR  3. An arrangement according to claim 1, wherein said responder is mounted
      on the outside side of the rail.
NUM  4.
PAR  4. An arrangement according to claim 1, wherein said cover member consists
      of a hard synthetic block.
NUM  5.
PAR  5. An arrangement according to claim 1, wherein said cover member consists
      of a soft elastic synthetic block.
NUM  6.
PAR  6. An arrangement according to claim 1, wherein said cover member consists
      of a soft elastic synthetic dome which has at least approximately the form
      of a segment of a sphere.
NUM  7.
PAR  7. An arrangement according to claim 1, wherein said cover member consists
      of a combination of a soft elastic synthetic block and a soft elastic dome
      which has at least approximately the form of a segment of a sphere.
NUM  8.
PAR  8. An arrangement according to claim 1, wherein said resonator member is
      spatially separated from the antenna and mounted below the base of the
      rail and is connected to the antenna by means of a flexible high frequency
      line.
NUM  9.
PAR  9. An arrangement according to claim 1, wherein said resonator member is
      mounted in a position such that the respective longitudinal axes of the
      resonator member extend perpendicular to the plane of the track.
NUM  10.
PAR  10. An arrangement according to claim 7 wherein said resonator member
      includes a wave guide with rectangular cross section and with an upper
      wall to which vertically extending resonators of the member are coupled,
      said antenna connected to said resonator member via at least one hollow
      bend which is formed to match high frequencies, and said resonator member
      mounted to the web of the rail with the longitudinal axis of the wave
      guide extending in the direction of the rails.
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PAL  The disclosed invention provides an accurate, simple and flexible method
        processing the receiver output of a high range resolution monopulse
      tracking radar to generate range and angle tracking error voltages based
      on the location of only the leading edge of the target echo replacing the
      conventional analog range error detectors and angle error processors in
      closed tracking loop systems. The invention also processes the radar
      return signal to avoid interference from repeater jammers or multipath
      returns at low angle tracking.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional leading edge monopulse radar range error detectors operate
      effectively only with "long" pulse lengths usually on the order of .1
      microseconds or longer. These detectors normally incorporate threshold
      devices to generate a "clean" video pulse indicating the leading edge of
      the return signal. Analog circuitry is then used to track the video pulse.
      Typical analog circuitry use various methods for tracking such a double
      differentiating the range video return signal and detecting subsequent
      zero crossings to determine the leading edge. These schemes however do not
      provide accurate angle tracking data on the leading edge only. They have
      limited use with wideband data since noise induced threshold crossings are
      prevalent in such data. Due to advancing state of the art, wideband
      receivers having high range resolution offer many advantages over the
      prior systems. As a result, an alternate approach is needed for leading
      edge tracking which is compatible with the wideband data.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a leading
      edge tracker which is compatible with wideband, high range resolution
      radar receivers.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
PAR  The present invention uses high speed digital sampling and data processing
      techniques to achieve these results. The leading edge of the return range
      video signal is determined by summing the stored digital value of
      successive groups of range video data and comparing each of these groups
      to an automatic threshold value generated by sampling the background noise
      of the range video signal such that when the summed value exceeds the
      automatic threshold value a leading edge is indicated. The position of the
      leading edge is stored in memory and used by both the azimuth and
      elevation control circuitrty for generating error voltages which are used
      in a closed loop tracking system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the entire system of the preferred embodiment.
PAR  FIGS. 2A through 2J show various signals produced by the preferred
      embodiment.
PAR  FIGS. 3A and 3B are a block diagram of the range error detector portion of
      the leading edge detector.
PAR  FIG. 4 is a block diagram of the angular error detection system of the
      leading edge detector.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a block diagram of a conventional monopulse closed loop servo
      control system as previously disclosed in application Ser. No. 136,946,
      now U.S. Pat. No. 3,718,927 for AN AUTOMATIC DIGITAL ERROR DETECTOR FOR
      RANGE RADAR TRACKING by Dean D. Howard and David C. Cross, with the
      addition of a leading edge processor 42 comprising the improvement of the
      preferred embodiment. In general, the system uses high resolution range
      and angle video information to generate tracking error voltages. These
      error voltages provide the inputs to conventional range and angle servo
      control circuitry. The error voltages generated by the invention are an
      indication of the errors in centering the range gate and radar pencil beam
      on the leading edge of the target. As a closed-loop tracking system the
      error detectors 28 and 30, leading edge processor 42, and servo controls
      50 will maintain the range gate centered on the leading edge of the video
      return and the radar beam normal to the phase front reflected by the
      leading edge of the target. By virtue of the sampled and stored data any
      undesired portions of the target echo may be readily rejected.
PAR  The invention requires that the wideband video of the monopulse channels
      (i.e., range, azimuth and elevation) be sampled and stored in digital
      format. However, the video signals need only be sampled in the vicinity of
      the target. In addition, the invention requires that the average noise
      level in the range video channel be determined. This is done by sampling
      the video just prior to receiving the target return.
PAR  FIGS. 2A through 2J illustrate the type of sampling performed by the device
      of FIG. 1. The samplers are similar to the type used in sampling scopes.
      The range tracking system in the radar provides gates to initiate both the
      target and noise sampling, shown as trigger pulses in FIGS. 2B and 2D.
PAR  FIG. 3 shows a detailed view of the leading edge processor 42 which
      processes the sampled data to generate error voltages to control the
      system timing circuits 36 via D to A converter 48B, and automatic gain
      control voltages for AGC voltage amplifier 24 via D to A converter 48A.
      The range video is fed to the leading edge processor from A to D converter
      40, FIG. 1, via range video input 110, FIG. 3. The range video is fed to
      both an automatic threshold level device 112 and a sampler and digitizer
      134.
PAR  Automatic threshold level circuitry 112 generates a threshold signal from
      the sampled background noise. A pretrigger input for the range gate is fed
      to sampler 114 via input 130. The pretrigger input is shown in FIG. 2B.
      Adjustable thumbwheel input 116 selects the number of samples to be made
      by sampler 114; in this case L samples. Adder 118 adds the samples to get
      a sum which is fed to divider 120 which divides the sum by the selected
      value L to give an indication of the average noise. This average noise
      level is subsequently fed to a multiplier 122 which multiplies this level
      by a value K equal to the number of range video samples added together in
      adder 140 as explained below. Multiplier 126 in turn multiplies this value
      by an operator selected value N.sub.L to assure that the value of the
      threshold X.sub.T exceeds the background noise level. Thus X.sub.T
      represents a threshold value for the sum of K range video signals.
PAR  The range video signal is also fed to sampler and digitizer 134 which
      samples the range video N times signaled by range gate trigger input 174
      shown in FIG. 2D. The output of the sampler and digitizer 134 is fed to a
      random access memory 136 which is capable of "dumping" into memory
      information register 138, the information which it has stored in those
      memory units which are addressed by memory address register 148. Thus the
      range video information is serially fed to sampler and digitizer 134 and
      stored in the first N locations of random access memory 136 where it can
      be addressed in the manner prescribed by memory address register 148 for
      feed out to memory information register 138 and adder 140 for summing. The
      manner in which the memory address register 148 addresses the random
      access memory 136 can be more fully explained by reference to FIG. 2F.
PAR  The desired addressing sequences are shown in FIG. 2F. As shown, M
      subgroups are desired which consist of sequential sums of K range video
      samples. As shown in FIG. 2F, K = 4. Thus subgroup 1 would equal the sum
      of the first four range video samples as shown in FIG. 2E. Subgroup 2
      would equal the sum of the second through the fifth range video samples,
      and so on. This addressing sequence is achieved by the apparatus of FIG. 3
      in the following manner.
PAR  The clock pulses from clock 132 are fed via output 133 to counter 156 via
      nand gate 172. Output 155 counts sequentially up to the value K which is
      determined by thumbwheel input 124 via output 303. In addition counter 156
      produces an output pulse on line 157 each time the Kth value is reached.
      These pulses are accumulated in counter 154. These outputs are added in
      adder 150 and fed to memory address register 148. The value of the binary
      counter 154 thus in effect steps up the sequential values produced on
      output 155 by the value of one for each cycle, thereby addressing
      sequential sums as desired and shown in FIG. 2F.
PAR  The sums of the addressed memory positions are produced by adder 140 as
      noted above. Storage register 142 is located in the feedback loop of the
      adder 140. For each clock pulse produced for the counter 156 via nand gate
      172 the storage register is strobed via input 143. It stores the value of
      the output of adder 140, "dumping" via output 141 the previous value that
      was stored therein. The result is that the values which are fed to adder
      140 are accumulated in this closed loop system. After K values have been
      added or a new range video signal is being processed, the value of the
      storage register 142 which represents the sum of K range video samples is
      "dumped" in random access memory 144 via output 145 where it is stored.
      The storage register's "clear" and "dump" signal is produced by "or" gate
      149. Memory address register 152 addresses the particular memory address
      in the random address memory 144 to be "dumped". The address produced by
      memory address register 152 corresponds to the sequential subgroup as
      accumulated in binary counter 154. Memory information register 146
      channels the subgroup sums indicated in FIG. 2F from the output of the
      random access memory 144 to comparitor 164 as they are addressed.
PAR  Each subgroup value is compared with the value X.sub.T of the automatic
      threshold signal. If the subgroup sum exceeds the value X.sub.T produced
      by the automatic threshold circuitry, a signal is produced by the
      comparitor at output 165. This output is used to "strobe on" digital to
      analog converters 48A and 48B. It also sets flip-flop 166 which is
      connected to nand gate 172 to stop counter 156 from counting when a
      favorable comparison has been made.
PAR  When a favorable comparison has been made, D to A converter 48A converts
      the digital value of the signal which exceeded the threshold value X.sub.T
      to an analog voltage which is fed to AGC voltage amplifier 24 which
      operates the gain of the system as disclosed in the previously mentioned
      patent.
PAR  D to A converter 48B converts the digital value of the range error signal
      to analog form to be fed to system timing circuits 36 which control the
      system as also disclosed in the previously mentioned patent. The digital
      range error signal is produced by elements 158, 160 and 162 of FIG. 3.
      Subtractor 160 takes the value of signal stored in the memory address
      register 152 and subtracts the value set on thumbwheel input 158. The
      resultant value is then divided in divider 162 by the same value set on
      thumbwheel 158. The value set on thumbwheel 158 is 1/2M where M equals the
      number of subgroup sums, or
EQU  M = N - K + 1
PAL  where:
PA1  N = number of range video samples;
PA1  K = number of samples in each subgroup;
PAL  as disclosed above. The result is that half of the total number of
      subgroups is subtracted from the subgroup indication at the output of
      memory address register 152. That value is in turn divided by half the
      total number of subgroups. Thus the error signal output of divider 162 can
      vary between -1 and +1 depending on the value at the output of memory
      address register 152. If the value of the memory address register 152 is
      equal to one half of the total number of samples N when D to A converter
      48B is "strobed on", its output will be zero. Any variation of the
      detected leading edge of the return range video signal from the center
      location in random access memory 144 will result in a proportional change
      in output voltage at 178 so that adjustments can be made in the system
      timing circuits 36 as disclosed in the previously mentioned patent.
PAR  The memory address and other information generated by the range error
      circuitry of FIG. 3 is used in the azimuth and elevation error circuitry
      of FIG. 4 to compute both azimuth and elevation error voltages to drive
      the servo device 50 of FIG. 1 which operates in the manner disclosed in
      the previously mentioned patent.
PAR  Considering first the azimuth error circuitry, sampler and digitizer 184
      sample the azimuth input (FIG. 2G) 180 N times (FIG. 2H) and store these
      values in random access memory 188. Random access memory 188 is
      subsequently addressed by memory address register 148 of FIG. 3 over line
      uu in the same manner the random access memory 136 was addressed in the
      range error circuitry of FIG. 3 as previously disclosed. These values are
      subsequently fed through memory information register 190 which acts as an
      interface unit to adder and storage register 192 and 194 respectively
      where subgroup sums are formed of the azimuth bipolar video signal in the
      same manner as they were for the range video signals in FIG. 3. Random
      access memory 196 is sequentially addressed by memory address register 152
      via line vv and fed through memory information register 198 which acts as
      an interface device. D to A converter 48C is "strobed on" via line zz upon
      a favorable comparison as explained above. The analog voltage V.sub.A
      produced at the output 226 of D to A converter 48C is an indication of the
      system's error in tracking in the azimuth coordinate. This voltage is used
      to drive the servo device 50 of FIG. 1 as disclosed above.
PAR  The elevation channel also shown in FIG. 4 operates in precisely the same
      manner as the azimuth channel except with elevation data (FIGS. 2I and
      2J). The elevation error voltage V.sub.E is also used to drive the servo
      device 50 as disclosed above.
PAR  Clearly the disclosed system of leading edge tracking has many advantages
      over the prior art. By segmenting the target echo into range resolution
      bins in all three monopulse channels, the leading edge of the target can
      be accurately located because of the capability of the invention to
      effectively isolate the leading edge from the rest of the target. This
      allows receiver gain levels to be automatically controlled only by the
      signal from the leading edge of the target, thus stabilizing the leading
      edge return. By segmenting the angle tracking information into range bins,
      the target's leading edge can be accurately tracked in both azimuth and
      elevation coordinates. These are new features and are not found in other
      leading edge tracking schemes. The combination of high speed sampling and
      conventional digital processing techniques which can also be used to
      implement the invention allows the system to be extremely flexible. For
      example, the ability to estimate the average noise level near the target
      is easily accomplished using digital schemes and sampling techniques. This
      provides an adaptive threshold setting with a minimum of design
      complexity. Also the ability of the digital system to accept operator
      generated instruction allows the system to conveniently and simply adjust
      the different targets and environmental operating conditions. The use of
      digital processing techniques will allow the adaptive features sof this
      tracking scheme to be totally automated.
PAR  In general, both digital processing techniques and standard digital
      circuitry result in an adaptive flexible system which can be generated
      with the present state-of-the-art. This is compatible with the present
      trend in radar systems toward digital control. The invention provides a
      simple, flexible process to implement one more radar function with digital
      control.
PAR  This invention may also be implemented using analog techniques. In this
      mode, the sampled data are stored in analog storage devices such as a
      capacitor. The stored samples can then be processed using conventional
      summing, and differential amplifiers together with analog threshold
      comparators. However, the scheme is more naturally suited to digital
      processing techniques. Limited versions of the invention could be
      implemented where less performance is acceptable and reduced cost is
      necessary.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. In a conventional monopulse closed loop digital tracking system, a
      method of determining the leading edge of a return video signal comprising
      the steps of:
PA1  deriving the improvement in a threshold signal from said return video
      signal;
PA1  sequentially sampling said return video signal;
PA1  summing said samples over successive intervals;
PA1  addressing said summed successive intervals;
PA1  comparing said threshold signal with each of said summed successive
      intervals;
PA1  indicating the location of said address when any of said summed successive
      intervals exceeds said threshold signal;
PA1  converting a signal representative of said address location to analog form
      which is indicative of the leading edge of the return video signal.
NUM  2.
PAR  2. The method of claim 1 including the further steps of:
PA1  simultaneously summing samples over successive intervals of said return
      video signal representative of bipolar angle information;
PA1  converting to analog form the summed successive interval having an address
      location corresponding to said indicated address location.
NUM  3.
PAR  3. The method of claim 1 wherein said step of deriving a threshold signal
      comprises the further steps of:
PA1  sampling background noise a predetermined number of times from said video
      signal;
PA1  adding the amplitudes of said sampled background noise;
PA1  dividing said added amplitudes by the number of samples to derive an
      average noise level.
NUM  4.
PAR  4. The method of claim 3 including the further steps of:
PA1  simultaneously summing samples over successive intervals of said return
      video signal representative of bipolar angle information;
PA1  converting to analog form the summed successive interval having an address
      location corresponding to said indicated address location.
NUM  5.
PAR  5. In a conventional monopulse, closed loop, digital tracking system having
      a video return signal supplied from range and bipolar azimuth angle and
      elevation angle tracking channels, a leading edge tracker comprising:
PA1  automatic threshold means for deriving a threshold signal from the video
      signal;
PA1  means for sequentially sampling said video signal;
PA1  accumulating means for summing said samples over sequential intervals;
PA1  comparison means for comparing each summed sequential interval with said
      threshold value and indicating when any of said summed sequential
      intervals exceeds said threshold value; and
PA1  means for generating error signals from said indication to correct errors
      in tracking.
NUM  6.
PAR  6. The system of claim 5 wherein said means for generating an error signal
      comprises;
PA1  memory means for addressing corresponding summed sequential intervals of
      the range and bipolar angle video signal;
PA1  means connected to said memory means for converting to analog form a signal
      indicative of the address location of the summed interval of range video
      in said memory means when said summed interval exceeds said threshold
      value; and
PA1  additional means connected to said memory means for converting to analog
      form a signal indicative of the summed sequential interval of bipolar
      angle video corresponding in address to said indicated range address.
NUM  7.
PAR  7. The system of claim 5 wherein said system further includes means for
      controlling said accumulating means to sum a fixed number of sequential
      samples in each sequential interval, and means for causing the initial
      sample of each sequential interval to be the first sequential sample
      following the initial sample of the preceeding interval.
NUM  8.
PAR  8. The system of claim 5 wherein said automatic threshold means comprises:
PA1  means for sampling background noise from said video signal a predetermined
      number of times;
PA1  means for accumulating the amplitudes of said sampled background noise;
PA1  means for dividing said accumulated amplitudes by the number of said
      predetermined samples to get an average value for said background noise;
PA1  means for multiplying said average value of said background noise by
      another predetermined number.
NUM  9.
PAR  9. The system of claim 8 wherein said means for generating error signals
      comprises:
PA1  memory means for addressing sequential intervals of said video signal;
PA1  D to A converter means connected to said memory means for converting to
      analog form a signal indicative of the address location of said memory
      means when a summed sequential interval exceeds said threshold value to
      indicate an error in tracking.
NUM  10.
PAR  10. The system of claim 9 wherein said means for generating error signals
      comprises:
PA1  additional D to A converter means connected to said memory means for
      converting to analog form a signal indicative of summed sequential
      intervals of a bipolar angular signal derived from said system.
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ABST
PAL  1. In a radar-controlled system including a radome-covered antenna adapted
      to receive a radar beam and to develop direction signals in accordance
      with the direction of said received beam, and an electronic receiver
      adapted to receive and convert said direction signals derived from said
      antenna to develop output signals in a predetermined manner, wherein said
      radome-covered antenna subjects said beam to radome-error, and wherein
      said radome-error is functionally related to the offset angle of said
      beam, an electronic radome-error compensating system comprising: means
      coupled to said radar-controlled system and responsive to said direction
      signals for developing a signal representative of said offset angle of
      said beam, a function generator coupled to said means for receiving
      information indicative of said offset angle, and a compensation input
      terminal in said radar-controlled system, said function generator being
      coupled to said input terminal and adapted to generate a compensating
      signal which is at all times the negative replica of the effective
      radome-error contribution to said direction signals as related to the
      position of said input terminal, whereby said compensating signals are
      added to said direction signals, thereby rendering said output signals
      substantially independent of said radome-error.
BSUM
PAR  This invention relates to radar-controlled guidance systems for aircraft
      and more particularly to a system which electronically compensates such a
      guidance system for the effects of directional errors suffered by the
      microwave guidance signal in traversing a radome which covers the
      receiving antenna.
PAR  When an antenna is enclosed in a radome, the apparent line of sight,
      defined as the direction of zero error signal of the radar-controlled
      guidance system, generally does not coincide with the true line of sight.
      The angle between the apparent and the true lines of sight is called the
      radome-error angle or simply the radome-error. It should be noted that the
      radome-error, as defined above, is not a characteristic of the radome
      alone, but rather depends upon the complex electromagnetic interactions of
      the complete housing system including the radome and the antenna.
PAR  One of the more serious problems encountered in radar-controlled guidance
      systems, having a radome-covered antenna, has been the development of a
      satisfactory radome. Apart from certain strength and temperature
      requirements, the radome design is largely a compromise between
      aerodynamic and electromagnetic performance. A long, slender, pointed
      radome is optimum aerodynamically, but cannot readily be made to have good
      electromagnetic performance, that is, it has a relatively large
      radome-error. With a blunt radome, acceptable electromagnetic performance
      can be more readily achieved, but the high drag due to a blunt radome
      seriously reduces the aerodynamic performance of the aircraft.
PAR  Constant research and improvements have led to the development of radomes
      which have vastly improved electromagnetic characteristics for optimum
      aerodynamic shapes. However, such improvements are partly restricted to
      radomes which are large in comparison to the width of the microwave beam
      to be received. If the beam width is such that it passes through a
      considerable portion of the radome, the imperfections presented to the
      passage of the beam, some of which are not entirely due to the radome
      itself, are still a serious problem.
PAR  In some applications, the radome-error angle itself is of direct
      importance. On the other hand, many radar-controlled guidance systems are
      designed to be responsive not to the absolute orientation of the line of
      sight, but rather to the rate at which that orientation is changing.
      Correspondingly, in such systems, it is not primarily the radome-error
      itself which affects the navigation, but rather the rate of change of the
      radome-error with change in orientation of the line of sight relative to
      the coordinates of the guidance system. In a radar-controlled guidance
      system which provides proportional navigation, for example, it can be
      shown that the result of the radome-error derivatives is such as to
      introduce three major kinds of undesirable effects: first, it may tend to
      make the system unstable; second, it affects the navigation constant; and
      third, it may produce a marked increase in the response to scintillation
      noise.
PAR  The prior art, in combating such consequences of radome-error, has
      concentrated on minimizing radome-error itself by attempting with various
      degrees of success to manufacture more perfect radomes. However, no
      attempt has been made to meet this problem by an electronic compensation
      scheme.
PAR  It is therefore an object of this invention to reduce or to eliminate the
      effects of radome-error in a radar-controlled guidance system by the
      introduction of electronic radome-error compensating signals.
PAR  It is also an object of this invention to electronically compensate,
      jointly or severally, any parameters which, as a consequence of
      radome-error derivatives, produce or tend to produce a material
      deterioration of the performance of the radar-controlled guidance system.
PAR  It is another object of this invention to electronically compensate the
      steering signals of a radar-controlled guidance system for the effects
      caused by radome-error.
PAR  It is a further object of this invention to relax the usual stringent
      requirement on radomes, such as specifications calling for extremely small
      radome-error angles or their derivatives, by electronically compensating
      those parameters of the guidance system which would otherwise tend to
      materially deteriorate performance of the radar-controlled guidance
      system.
PAR  For the purpose of this invention, it is essential that the particular kind
      of radome-error for which compensation is desired not be of a random
      nature. In other words, if the particular signal for which compensation is
      desired depends solely on the input error angle, it is essential that the
      radome-error angle be either constant or some function of the angle
      between the radome axis and the line of sight and also, for most practical
      applications, independent of the azimuth angle. If the particular signal
      for which compensation is desired depends solely on the rate of change of
      the input error angle, it is essential that the first derivative of the
      radome-error with respect to changes of the angle of the line of sight be
      either constant or some function of the angle between the radome axis and
      the line of sight and, for most practical applications, independent of the
      azimuth angle. The same is true for higher derivatives of the radome-error
      in systems which are sensitive to higher derivatives of the input error
      angle.
PAR  This invention contemplates the introduction of an electronic compensating
      voltage into the radar-controlled guidance system at a suitable point to
      reduce or to eliminate the effects produced by radome-errors, which, in
      the absence of such compensation, would produce a serious guidance defect
      in the system. If the defect of the system depends on the radome-error
      angle, a voltage is introduced whose magnitude and whose sign correspond,
      to some scale, to the magnitude and sign of the radome-error angle in the
      neighborhood of the line of signt. If the defect of the system depends on
      the radome-error derivative, a voltage is introduced whose magnitude and
      sign correspond, to some scale, to the magnitude and sign of the
      derivative of the radome-error with respect to the line of sight in the
      neighborhood of the line of sight, multiplied by the time-rate of change
      of the angle between the radome axis and the line of sight.
DRWD
PAR  The novel features which are believed to be characteristic of the
      invention, both as to its organization and method of operation, together
      with further objects and advantages thereof, will be better understood
      from the following description considered in connection with the
      accompanying drawings, made a part of this specification, in which several
      embodiments of the invention are illustrated by way of example.
PAR  FIG. 1 is a coordinate system and defines symbols for various angles which
      will be used in the specification of this invention.
PAR  FIGS. 2, 5 and 9 are block diagrams to aid in explaining the presence and
      effect of radome-error as pertaining to guided aircraft.
PAR  FIG. 3 is a schematic block diagram of a simple radar-controlled system
      provided with electronic radome-error compensation in accordance with this
      invention.
PAR  FIG. 4 is a graph showing a typical relation as found to exist between the
      radome-error and the offset angle.
PAR  FIG. 6 is a schematic block diagram of the tracking loop portion of a
      radar-controlled guidance system for aircraft showing possible ways of
      introducing electronic radome-error compensation into the system for the
      purpose of explaining this invention.
PAR  FIGS. 7, 8, 10, 11 and 12 are schematic block diagrams of the tracking loop
      portion of a radar-controlled guidance system for aircraft showing
      different embodiments for generating and introducing electronic
      radome-error compensation into the system in accordance with FIG. 6 of
      this invention.
DETD
PAR  For the purpose of explaining this invention, FIG. 1 defines the angles
      employed using an inertial reference axis 10, fixed in space, as the base
      line. The axis 12 is the center line of the aircraft and makes an angle
      .theta., called the aircraft axis angle, with the inertial reference axis
      10. In almost all aircraft configurations the axis of the radome covering
      the antenna is coincident with the aircraft axis 12. The true line of
      sight 14 indicates the actual position of the target and forms an angle
      .sigma., called the line of sight angle, with the inertial reference axis
      10. If the aircraft is equipped with a radome which covers the antenna of
      the aircraft and if the radome-antenna combination exhibits imperfect
      microwave transmission characteristics, the true line of sight 14 will
      deviate through an angle .eta. to become the apparent line of sight 16.
      The apparent line of sight 16 makes an angle .sigma..sub.r, called the
      apparent line of sight angle, with the inertial reference axis 10, and the
      angle .eta. between the apparent line of sight 16 and the true line of
      sight 14 is called the radome-error angle. The angle between the true line
      of sight 14 and the aircraft axis 12 is .beta.=.theta.-.sigma., the offset
      angle.
PAR  If the aircraft is equipped with an antenna such as a scanning antenna
      having an axis stabilized by a gyroscope and which does not coincide with
      the aircraft axis, then the antenna scan axis 18 makes an angle .psi.,
      called the scan axis angle, with the inertial reference axis 10. The angle
      between the antenna scan axis 18 and the apparent line of sight 16 is
      .epsilon.=.sigma..sub.r -.psi., the error angle.
PAR  FIG. 2 shows a simple explanatory block diagram illustrating the character,
      effect and location of radome-error as experienced in flight by an
      aircraft control system and aerodynamics. The particular block diagram
      shown serves to elucidate the case where radome-error appears as an
      angular deviation which does not suffer differentiations or integrations.
PAR  The aircraft control system and aerodynamics 20 has an input .sigma..sub.r,
      the apparent line of sight angle, and an output, .theta., the aircraft
      axis angle. Since the apparent line of sight angle, .sigma..sub.r, in
      accordance with FIG. 1 can be regarded as made up of the true line of
      sight angle, .sigma., and the radome-error angle, .eta., it is possible to
      assume the existence of a summing network 22 having the input signals
      .sigma. and .eta. which are added to form the output .sigma..sub.r. As
      mentioned above, this electronic radome-error compensation in accordance
      with the present invention is feasible if the type of radome-error bears,
      at least substantially, a functional relationship to the offset angle
      .beta. so that .eta.=f(.beta.).
PAR  Let a function generator 24 represent the radome-error generator so that it
      has an output signal corresponding to the radome-error angle .eta. which
      is impressed upon the summing network 22 and an input signal corresponding
      to the offset angle .beta.. Since .beta., as defined in FIG. 1, is equal
      to the aircraft axis angle minus the true line of sight angle or
      .theta.-.sigma., it is possible to assume a second summing network 26
      having the input signals corresponding to the aircraft axis angle .theta.
      and .sigma., these input signals being subtracted to develop the output
      signal corresponding to the offset angle .beta.. As can be seen from FIG.
      2, the two input signals to the summing network 26 are the same as the
      input to summing network 22 and the output of the aircraft control system
      and aerodynamics 20. It is therefore feasible to construct the loops as
      shown in FIG. 2 which illustrate the character of the radome-error and its
      effect on the overall system.
PAR  FIG. 2, therefore, shows that a radar-controlled guidance system for
      aircraft which is responsive to the absolute line of sight angle, .sigma.,
      can be made independent of radome-error by merely introducing into the
      summing network 22 an electronic radome-error compensation signal
      corresponding to the negative value of the radome-error angle .eta..
PAR  FIG. 3 is a schematic block diagram of the input stage of a simple radar
      system which is responsive to the absolute line of sight angle, .sigma.,
      forming the input signal, and which develops a steering signal as an
      output signal obtained from output lead 37. A fixed antenna 30 is covered
      with a radome 31 through which the antenna looks at the true target 38.
      The target 38 is located along the true line of sight 14 but due to radome
      error or other imperfections in the radome-antenna combination, the
      antenna sees an apparent target 39 along the apparent line of sight 16,
      displaced by the radome-error angle, .eta., from the true line of sight
      14. The signal output from the antenna 30 is therefore proportional to
      .sigma..sub.r =.sigma.+.eta. and is passed through a microwave converter
      32 to the electronic system 33 which develops as an output the steering
      signal which may be obtained from output lead 37. The electronic system 33
      may be considered as being made up of a number of receiver circuits in
      cascade, say N circuits. A function generator 34 having an input lead 35
      and an output lead 36 is connected to the input stage of the radar system
      in any convenient manner. FIG. 3 shows the input lead 35 connected between
      circuit No. 2 and circuit No. 3, and the output lead 36 connected to a
      summing network 38 located at the output of the circuit No. N. The summing
      network 38 adds the output signal from the function generator 34 to the
      output signal "N" of the circuit No. N. The points of interconnection for
      the loop including function generator 34 are to be determined almost
      solely by the convenience of removing an input lead 35 from and inserting
      a summing network 38 into the radar system.
PAR  The operation of the electronic radome-error compensation system can best
      be explained by referring again to FIG. 2. As shown there, the
      randome-error .eta. can be thought of as being introduced into the summing
      network 22, and is functionally dependent on the offset angle .beta.. The
      function generator 34 of FIG. 3 is a computer which computes the amount of
      radome-error corresponding to the position of the radome through which the
      true line of sight passes, namely, the offset angle. Therefore, all that
      is necessary is to supply to the function generator 34 of FIG. 3 an input
      signal proportional to .beta..sub.a and to inject its output signal
      .eta..sub.a into the electronic system after providing for the same
      amplification which the radome-error has suffered in reaching the point at
      which the radome-error compensation is inserted. Whenever electric signals
      corresponding to angles are described, the electrical quantities are
      denoted by the appropriate angle symbols having a subscript a.
PAR  Since the error angle .sigma. to which the system is subjected is equal to
      the negative of the offset angle .beta., the antenna being fixed along the
      radome axis, the signals developed at any point in the electronic system
      are a measure of this offset angle. A signal representative of the offset
      angle can therefore be abstracted from the system at any convenient place
      and supplied to the function generator 34. Also, the radome-error angle
      .eta. is small and therefore relatively unimportant compared to the offset
      angle .beta., so that for all practical purposes it is immaterial whether
      the input to the function generator 34 is proportional to the angle .beta.
      or to the angle .beta.-.eta., (.beta.&gt;&gt;.eta.).
PAR  In the absence of the electronic radome-error compensation system the
      steering signals will not be representative of the true line of sight
      angle .sigma. but rather of the apparent line of sight angle .sigma. +
      .eta.. The output of the function generator 34 is .eta..sub.a, the
      electronic radome-error compensation signal. The effect of introducing the
      signal .eta..sub.a is such as to make the steering signals proportional to
      the true line of sight angle .sigma. and therefore independent of the
      radome-error.
PAR  Principally, there are two ways of connecting the function generator 34 to
      the electronic system 33; namely, either to put the function generator
      input lead 35 ahead of the output lead 36 or vice versa. If the function
      generator 34 is connected with the output lead 36 ahead of the input lead
      35, a regenerative feedback loop results which may cause stability
      problems. For this reason it is generally preferred to derive the input to
      the function generator 34 from the electronic system 33 at a point ahead
      of that at which the output of the function generator 34 is injected into
      the system shown in FIG. 3.
PAR  The function generator 34 used to generate the electronic radome-error
      compensation signal may be one of many well known in the prior art. (See
      "Waveforms", M.I.T. Radiation Laboratory Series, Vol. 19, p. 293, by
      Chance, Hughes, MacNichol, Sayre and Williams, McGraw-Hill Book Company,
      Inc., New York, N.Y. 1949), discussing the staircase waveform
      approximation.) A typical curve of radome-error .eta. versus offset angle
      .beta. is shown in FIG. 4. This curve 40 may be approximated by a
      staircase waveform 41 as illustrated in FIG. 4 to any desired degree of
      accuracy. One example of generating a staircase waveform is accomplished
      by utilizing a computer using diodes to approximate, by a sequence of
      contiguous straight line segments, the curve 40 of radome error .eta. with
      respect to the offset angle .beta.. Another way of realizing such a
      function generator would be the use of one or more potentiometers driven
      by a Selsyn motor. The summing network 38 of FIG. 3 is likewise well known
      in the prior art. (See "Waveforms", M.I.T. Radiation Laboratory Series,
      Vol. 19, p. 629, by Chance, Hughes, MacNichol, Sayre and Williams,
      McGraw-Hill Book Company, Inc., New York, N.Y. 1949).
PAR  The large majority of radar-controlled guidance systems for aircraft
      develop steering signals proportional to the time-rate of change of the
      line of sight angle, .sigma., even though the input is the line of sight
      angle .sigma.. This is accomplished by the differentiation action of the
      input stage of the radar-controlled guidance system called the tracking
      loop. In order to achieve electronic radome-error compensation in such a
      system, it is necessary to determine how radome-error affects such a
      system.
PAR  FIG. 5 is a simple illustrative block diagram, of the type shown in FIG. 2,
      of a radar-controlled guidance system for aircraft responsive to the
      time-rate of change of the line of sight angle, .sigma.. The aircraft
      control system and aerodynamics 50 has an input signal .sigma..sub.r, the
      time-rate of change of the apparent line of sight, and an output .theta.,
      the time-rate of change of the aircraft axis angle. Since .sigma..sub.r in
      accordance with FIG. 1 is equal to the radome-error angle added to the
      true line of sight angle, or .sigma. + .eta., the time-rate of change of
      .sigma..sub.r is equal to .sigma. + .eta.. Therefore, a summing network 52
      may be assumed as shown in FIG. 5 having input signals .sigma. and .eta.
      and an output signal .sigma..sub.r. Let a multiplier network 54 be assumed
      which has an output which represents the radome-error as suffered by the
      system, namely .eta., which is impressed upon the assumed summing network
      52. Since
      ##EQU1##
      and
      ##EQU2##
      in accordance with FIG. 1, the quantity .eta. which represents the
      time-rate of change of the radome-error angle can be written as
      ##EQU3##
      Therefore, to obtain the desired output signal from the assumed multiplier
      54, two input signals can be provided; namely
      (.delta..eta./.delta..beta.), which is the slope of the radome-error angle
      .eta. plotted against the offset angle .beta., and the time-rate of change
      of the offset angle .beta. = .theta. - .sigma.. The quantity
      (.delta..eta./.delta..beta.) must either be computed by a suitable
      function generator or, if substantially constant, can be inserted as
      indicated in FIG. 5 as a constant voltage. In the latter case, the assumed
      multiplier 54 may be replaced by an assumed amplifier having a constant
      amplification equal to .delta..theta./.delta..beta.. A second summing
      network 56 may now be assumed as shown in FIG. 5 having input signals
      .theta. and .sigma., these input signals being substracted from one
      another by the summing network 56 to develop an output signal .beta..
      These two input signals, as seen from FIG. 5, are the output signal of
      aircraft control system and aerodynamics 50 and the input signal of the
      assumed summing network 52. Consequently, two loops as shown in FIG. 5 may
      be formed which illustrate how radome-error affects the radar-controlled
      guidance system for aircraft which is responsive to the time-rate of
      change of the line of sight angle.
PAR  It is therefore seen that a radar-controlled guidance system for aircraft
      which is sensitive to the time-rate of change of the line of sight angle
      can be made independent of radome-error by introducing into the assumed
      summing network 52 an electronic radome-error compensation signal equal
      and opposite to the quantity .eta..
PAR  FIG. 6 is a schematic block diagram to illustrate four possible ways of
      introducing electronic radome-error compensation into the tracking loop of
      a typical radar-controlled guidance system for aircraft. The tracking loop
      is a portion of the guidance system and comprises a closed-loop
      servo-system whose behavior is continuously a function of the error angle,
      i.e., whose output is a function of the difference between the line of
      sight angle and the scan axis angle. The tracking loop develops a steering
      signal derived from output lead 61 proportional to the time-rate of change
      of the line of sight angle, .sigma., and has an input lead 62 upon which
      is impressed the apparent line of sight angle .sigma..sub.r = .eta. +
      .sigma.. The tracking loop essentially comprises a forward path and a
      feedback path, the forward path including a receiver 63 having a transfer
      function K.sub.1, K.sub.1 being a constant and the feedback path including
      the antenna-gyroscope-torquer-combination 64 acting as an integrator
      having a transfer function (K.sub.2 /P), K.sub.2 being a constant. The
      output of the feedback path of the tracking loop is connected to a summing
      network 65 which substracts from the input signal .sigma..sub.r, the
      feedback signal .psi. from the antenna-gyroscope-torquer-combination 64.
      The output of the summing network 65 is the error angle signal .SIGMA.
      which is the input to the receiver 63. In other words, the summing network
      65 has two input signals, one of which is a guidance signal in the form of
      the apparent line of sight angle .sigma..sub.r = .eta. + .sigma., and the
      other of which is the feedback signal in the form of the antenna scan axis
      signal .psi.. Therefore, it would appear that the system is responsive to
      the line of sight angle, .sigma..sub.r, but by virtue of the fact that the
      antenna-gyroscope-torquer-combination 64 is an integrator and precesses
      the antenna axis so as to align itself with the apparent line of sight,
      the output of the tracking loop is actually responsive to the time-rate of
      change of the line of sight angle .sigma..sub.r.
PAR  In order to make the radar-controlled guidance system independent of
      radome-error and keeping in mind that the input signal to the summing
      network 65 always includes the radome-error angle .eta., means and ways
      have to be found to remove from the steering signal the time-rate of
      change of the error angle .eta..
PAR  By analysis of the tracking loop of FIG. 6, it can be shown that by
      introducing a compensating voltage at a specified point in the tracking
      loop, the steering signal can be made substantially independent of the
      radome-error contribution. For example, a signal -K.sub.1 .eta..sub.a may
      be impressed upon a summing network 66 and added to the receiver output
      voltage by closing switch S.sub.1, where said summing network 66 is
      inserted into the forward path of the tracking loop behind the receiver
      63. A second way to substantially eliminate radome-error is to impress a
      signal (.eta..sub.a /K.sub.2) upon a summing network 67 so that it may be
      added to the signal in the feedback path by closing switch S.sub.2, where
      said summing network 67 is inserted into the feedback path ahead of the
      antenna-gyroscope-torquer-combination 64. A third way of rendering the
      steering signal substantially independent of radome-error is to impress a
      signal .eta..sub.a upon a summing network 68 so that it may be added to
      the output signal of the feedback path by closing switch S.sub.3, where
      said summing network 65 is inserted into the feedback path ahead of the
      summing network 65. A further way of accomplishing the desired result is
      to impress a signal
      ##EQU4##
      upon a summing network 69 so that it may be subtracted directly from the
      steering signal by closing switch S.sub.4, where said summing network 69
      is inserted into the output of the tracking loop.
PAR  Consequently, for the system shown in FIG. 6, any one of the four ways
      mentioned will result in effective electronic radome-error compensation.
      The choice of any particular way of achieving such compensation is
      determined by two factors; first, the convenience of impressing a signal
      into a particular part of the system, and second, the relative ease of
      generating the required signal.
PAR  FIG. 7 is a block diagram showing a specific embodiment of this invention
      for achieving electronic radome-error compensation. This embodiment
      provides for the insertion of the electronic compensating signal into the
      forward path of the tracking loop as indicated in FIG. 6 by closing the
      switch S.sub.1. The tracking loop shown in FIG. 7 is the same as the one
      shown and described in conjunction with FIG. 6. The input signal to the
      tracking loop, namely .sigma..sub.r, obtained from lead 62, can be
      regarded as the output of the summing network 22 which was shown and
      described in conjunction with FIG. 2, having two inputs, namely, the true
      line of sight angle, .sigma., and the radome error angle, .eta.. The
      compensation signal necessary to cancel out the radome-error contribution
      is, as shown in FIG. 6, equal to K.sub.1 .eta..sub.a and must be impressed
      upon the summing network 66 which is designed to subtract the compensating
      signal K.sub.1 .eta..sub.a from the output signal K.epsilon..sub.a of the
      receiver 63.
PAR  A function generator 34, shown and described in conjunction with FIG. 3,
      has an input lead 71 and an output lead 72 which is connected to an
      amplifier 73. The amplifier 73 provides a constant amplification equal to
      K.sub.1 which is the same as that of the receiver 63. The output lead 74
      of the amplifier 73 is connected to the summing network 66 and provides
      the compensating signal K.sub.1.eta..sub.a. The input to the function
      generator 34 is a signal corresponding to the offset angle .beta.. The
      function generator 34 then computes the radome-error signal, .eta..sub.a,
      according to .eta..sub.a = f (.beta..sub.a) as mentioned above.
PAR  One problem experienced with this particular kind of electronic
      radome-error compensation system is that of obtaining the input signal
      .beta..sub.a. If the system is sensitive to the time-rate of change of the
      line of sight angle as here, the guidance system has no knowledge of the
      offset angle .beta., and it is therefore impossible to obtain an
      indication of the offset angle .beta. from the electronic signals in any
      part of the system. This situation is experienced if we deal with a
      radar-controlled guidance system having an
      antenna-gyroscope-torquer-combination whose scan axis is constantly
      precessed to coincide with the line of sight. In such a case, it has been
      found feasible to attach a potentiometer or a reluctance pickoff to the
      antenna-gyroscope which will at any time give an indication of the angle
      .theta. - .psi. an angle usually very close to the offset angle .beta. for
      the reason that .delta. will constantly tend to zero. It is thereby
      possible to extract the offset angle .beta. from the radar-controlled
      guidance system, making use of an auxiliary pickoff device. If the
      radar-controlled guidance system has knowledge of the offset angle .beta.,
      the offset angle then may be extracted from the guidance signals in any
      part of the aircraft control system and aerodynamics as shown in FIG. 2.
PAR  FIG. 8 is another block diagram showing a specific embodiment for achieving
      electronic radome-error compensation. This embodiment provides for the
      insertion of the compensating signal into the feedback path of the
      tracking loop as shown and described in FIG. 6 by closing the switch
      S.sub.2. The tracking loop shown in FIG. 8 is the same as the one shown
      and described in conjunction with FIGS. 6 and 7. The compensation signal
      necessary to cancel out the randome-error contribution is, as indicated in
      connection with FIG. 6, equal to (.eta..sub.a /K.sub.2) and must be
      impressed upon the summing network 67 which is designed to effect the
      addition of the compensating signal to the feedback signal. A function
      generator 80 having an input lead 81 and designed to compute the time-rate
      of change of the randome-error angle .eta. has its output lead 82
      connected to an amplifier 83. The amplifier 83 provides a constant
      amplification equal to (1/K.sub.2) which is the inverse of that of the
      antenna-gyroscope torquer-combination 64. The amplifier 83 has its output
      lead 85 connected to the summing network 67 and provides the compensation
      signal (.eta..sub.a /k.sub.2 ).
PAR  The remarks made in the description of FIG. 7 concerning the availability
      of an input signal to the function generator 71 corresponding to the
      offset angle .beta. are applicable here also. In addition, a further
      problem has to be considered in conjunction with the particular kind of a
      function generator shown in FIG. 8; namely, the requirement of a smooth
      and continuous input signal corresponding to the offset angle .beta.,
      capable of being differentiated. For this reason, it is desirable to
      attach reluctance pickoffs to the antenna-gyroscope in preference to
      utilizing potentiometers.
PAR  FIG. 9 is another illustrative block diagram of the type shown and
      described in conjunction with FIG. 5 but where the summing network 56 has
      been eliminated with the aid of a transformation, thereby removing one of
      the two loops shown therein. To make the block diagrams depicted in FIG. 9
      and FIG. 5 equivalent, it is only necessary to insert a multiplier 90, the
      output of which is connected to the summing network 52. Two input signals
      are impressed upon the multiplier 90; namely, the time-rate of change of
      the line of sight, .sigma., and the quantity
      ##EQU5##
      where the (.delta..eta./.delta..beta.) is the slope of randome-error angle
      with respect to the offset angle. Except for the elimination of summing
      network 56 and the addition of multiplier 90, the description given in
      conjunction with FIG. 5 is applicable here also.
PAR  The reason for such a presentation becomes apparent when .beta. is split up
      into its components; namely .sigma.+ .theta.. Since it is at times
      desirable to achieve electronic randome-error compensation without the use
      of a function generator computing the quantity .beta., it is desirable to
      determine what approximations could be made to simplify the electronic
      error compensation system. Since (.delta..eta./.delta..beta.) is usually
      small compared with unity, it is permissible to approximate
      ##EQU6##
      as unity. Therefore, the randome-error contribution to the system may be
      substantially compensated for by inserting the negative value of
      ##EQU7##
      into the summing network 52.
PAR  As a consequence of this approximation, it is possible to obtain electronic
      randome compensation by using a function generator which merely computes
      the randome-error angle derivative with respect to the offset angle .beta.
      for a particular offset angle. The output signal of this function
      generator is then multiplied with the time-rate of change of the aircraft
      axis angle and injected into the tracking loop to achieve satisfactory
      electronic radome-error compensation. It is very much easier to obtain the
      quantity .theta. from a radar-controlled guidance system by means of rate
      gyroscopes than it is to obtain the quantity .beta.. Furthermore, it has
      been found that for most applications the randome-error derivative
      (.delta..eta./.delta..beta.) may be regarded as a constant. In such a
      case, it is then possible to achieve effective randome-error compensation
      without using a function generator at all, but instead, to generate the
      quantity .theta. from a rate gyroscope and inject this quantity in the
      tracking loop after necessary amplification occasioned by the constant
      slope (.delta..eta./.delta..beta.).
PAR  FIG. 10 is a block diagram showing another embodiment of this invention of
      obtaining substantial electronic randome-error compensation. This
      embodiment provides for the insertion of the compensating signal into the
      feedback path of the tracking loop as shown and described in conjunction
      with FIG. 8. The difference between this embodiment and that of FIG. 8 is
      that here the approximation suggested in conjunction with the description
      of FIG. 9 is used to obtain substantial electronic radome-error
      compensation while in the latter, essentially complete radome-error
      compensation was attempted.
PAR  The tracking loop including the summing network 65 shown in FIG. 10 has
      been fully described in conjunction with the description of FIG. 8. The
      compensation signal added to the feedback signal to achieve substantial
      electronic randome-error compensation is changed from (.eta..sub.a
      /k.sub.2) of FIG. 8 to
      ##EQU8##
      A function generator 100 having an input lead 101 is designed to compute
      the quantity (.delta..eta..sub.a /.delta..beta..sub.a). and has its output
      lead 102 connected to an amplifier 103 which provides the constant
      amplification (1/K.sub.2), as mentioned in conjunction with FIG. 8. The
      output 104 of the amplifier 103 is connected to a multiplier 105. A rate
      gyroscope 106 fastened to the air frame and capable of measuring the
      time-rate of change of the guided aircraft axis has an output lead 107
      from which is obtained .theta. and which is also connected to the
      multiplier 105. The multiplier 105 forms the desired product
      ##EQU9##
      by multiplying the two inputs obtained from leads 104 and 107 and has an
      output lead 108 connected to the summing network 109 for impressing upon
      the summing network the desired approximation of the electronic
      randome-error compensating signal which is added to the feedback signal of
      the tracking loop. The input lead 101 to the function generator 100 has
      impressed upon it a signal corresponding to the offset angle .beta. from
      the radar-controlled guidance system as discussed in connection with FIGS.
      7 and 8. The system described here has a considerable advantage over the
      system described in conjunction with FIG. 8 in that electronic
      differentiation of .beta. with respect to time is not required. This makes
      possible the employment of a more simplified function generator and avoids
      the necessity of obtaining a smooth electrical signal representing the
      offset angle .beta..
PAR  FIG. 11 is a block diagram showing a further embodiment of the electronic
      radome-error compensating system of this invention similar to that
      discussed in conjunction with FIG. 10. A second approximation is made in
      order to obtain still further simplification. The description of the
      tracking loop and of the summing network 109 shown in FIG. 11 is identical
      to that discussed in conjunction with that of FIG. 10 except for the
      method of generating the compensation signal. The second approximation is
      obtained if (.delta..eta./.delta..beta.) can be treated as substantially
      constant which is usually the case. It then becomes unnecessary to employ
      a function generator 100 at all which in turn eliminates entirely the
      necessity of providing a signal representative of the offset angle 62 . It
      further eliminates the necessity of using the multiplier 105. In this
      case, electronic randome-error compensation can be achieved by employing a
      rate gyroscope 106 fastened to the air frame and having an output signal
      equal to .theta..sub.a. This output signal .theta..sub.a is then subjected
      to constant amplification (k/K.sub.2) where
      ##EQU10##
      the randome-error slope assumed to be constant and K.sub.2 is the constant
      amplification of the feedback path. FIG. 11 shows this system where the
      output lead 107 of the rate gyroscope 106 is connected to an amplifier 110
      which provides a constant amplification (k/K.sub.2). The output lead 111
      of the amplifier 110 is then connected to the summing network 109 which
      adds the compensating signal (k.theta..sub.a /K.sub. 2) to the signal
      (.psi..sub.a /K.sub. 2) in the feedback loop.
PAR  It was shown in FIG. 6 that electronic radome-error compensation could be
      achieved by inserting a function (.eta..sub.a /K.sub. 2) into the feedback
      path by closing the switch S.sub.2 and connecting the signal to the
      summing network 67. It was also shown in conjunction with the description
      of FIGS. 10 and 11 that this compensating signal may be approximated by
      supplying to the summing network 67 of FIG. 6 the compensating signal
      ##EQU11##
      It is usually found that these approximations will substantially
      accomplish electronic radome-error compensation and thereby make the
      steering signal substantially free of any radome-error. Therefore, it is
      possible to employ the different means used in conjunction with FIGS. 8,
      10 and 11 to generate the electronic radome-error compensating signal. All
      these compensating signals are proportional to the time-rate of change of
      the random-error. Since the steering signals are also subjected to the
      time-rate of change of the radome-error, the methods of generating a
      compensating signal described in FIGS. 8, 10 and 11 can therefore be used
      to compensate the steering signals directly.
PAR  FIG. 12 is a block diagram of another specific embodiment for achieving
      electronic radome-error compensation by providing for the insertion of the
      compensating signal directly into the output of the tracking loop as
      indicated in FIG. 6 by closing the switch S.sub.4. The tracking loop shown
      in FIG. 12 is the same as the one shown and described in conjunction with
      FIG. 6. The compensation signal necessary to cancel out the radome-error
      contribution is, as indicated in the description in FIG. 6, equal to
      ##EQU12##
      and must be impressed on the summing network 69 so that it can be
      subtracted from the steering signal. An electronic network 120 having a
      transfer function equal to
      ##EQU13##
      has its output lead 121 connected to the summing network 69. The network
      120 has an input lead 122 on which the compensating signal is impressed.
      As discussed before, it is possible to effect electronic radome-error
      compensation by the alternative use of three different compensating
      signals; namely,
      ##EQU14##
      For convenience, the systems developing the signals are not shown in
      detail and the possibility of using either one of the three is indicated
      by means of a switch S.sub.5. These signals can be developed for the
      system shown in FIG. 12 in exactly the same way as described in
      conjunction with FIGS. 8, 10 and 11, as indicated in FIG. 12.
PAR  In the above description of this invention no attention has been paid to
      the fact that the radar-controlled guidance system for aircraft must
      usually provide three-dimensional and not two-dimensional steering signals
      as shown. However, this invention is just as applicable to a
      three-dimensional radar-controlled guidance system as it is to a
      two-dimensional one. In the majority of radar-controlled guidance systems
      the guidance information is intercepted by the antenna and is resolved
      into two perpendicular components before leaving the tracking loop, these
      usually being referred to as the pitch and yaw components. The output of
      the tracking loop, therefore, consists of a pitch steering signal and a
      yaw steering signal which serve the purpose of controlling a pair of
      orthogonally located aerodynamic control surfaces. The invention described
      above can be applied by individually compensating the pitch and yaw
      components of the guidance signal in the same fashion as described for a
      single guidance signal component.
PAR  A few examples will illustrate such applications. The embodiment of the
      invention described in FIG. 3 shows the electronic radome-error
      compensation being introduced into the electronic system. If the summing
      network is ahead of the point at which separation into two components
      occurs, no problem is encountered, since the input to the function
      generator 34 is also removed from the unresolved signal. If the output of
      the function generator, however, is applied to the two resolved signals
      and the input is abstracted from the unresolved signal, it is necessary to
      add into the output of the function generator 24 a resolver which works in
      synchronism with the resolver in the electronic system, and two summing
      networks must be inserted, one for each component.
PAR  The embodiment of the invention described in FIG. 7 shows the electronic
      radome-error compensation applied to the resolved steering signals, if a
      three-dimensional configuration is considered. If the input to the
      function generator 34 is also resolved into a pitch and a yaw component as
      would be obtained from pitch and yaw antenna attitude potentiometers, for
      example, it will be necessary for the function generator to combine this
      information, compute the corresponding radome-error, and then resolve the
      radome-error again into its pitch and yaw components. The same is true for
      the embodiment of the invention in FIG. 8.
PAR  In the embodiment of the invention shown in FIGS. 10, ll and 12, and
      assuming that the radome-error derivative (.delta..eta./.delta..beta.) is
      constant, no difficulty whatsoever is experienced. The quantity
      .theta..sub.a is taken from two gyroscopes, a pitch rate gyroscope and a
      yaw rate gyroscope, and inserted directly into the corresponding component
      signals as shown in the figures.
PAR  The invention described above has been illustrated as being generally
      applicable to radar-controlled systems, and more particularly, to
      radar-controlled guidance systems for aircraft which are responsive to
      microwave energy. However, the invention is equally applicable to systems
      which are responsive to signals located elsewhere in the electromagnetic
      spectrum. An example of such a system would be an infrared-controlled
      guidance system for aircraft using electromagnetic waves in the infrared
      spectral region. Such a system has an optical antenna adapted to receive a
      beam of infrared energy which is equipped with a protective cover called
      nirdome. A nirdome as used in this specification is an abbreviation of
      Near-Infra-Red-Dome signifies a protective antenna cover which is
      transparent to electromagnetic waves in the infrared spectral region. The
      optical imperfections of the nirdome covered antenna would again deviate
      the true line of sight through an error angle to form the apparent line of
      sight. This error is referred to as the nirdome-error and the angle
      between the true and the apparent line of sight would be called the
      nirdome-error angle. Moreover, the radome-error referred to in this
      specification has been considered as caused mainly by an imperfect radome.
      However, radome-error as defined in this specification is the angle
      between the apparent line of sight and the true line of sight and,
      consequently, no matter what agency is responsible for this deviation of
      the true line of sight, this invention pertains to the correction of a
      radar-controlled guidance system for aircraft for the angle between the
      apparent and the true line of sight.
PAR  The system described for inserting electronic radome-error compensation
      into a guided aircraft has been illustrated with some particular examples
      applied to a representative form of a radar-controlled guidance system.
      This invention, however, should in no way be limited to the examples shown
      since there are a large number of combinations which can achieve the
      result desired. Any guidance system might have one or more convenient
      places for inserting electronic radome-error compensation and the actual
      amount of compensation necessarily depends on the location of the point of
      insertion. Further, the particular quantity necessary to achieve
      radome-error compensation in any particular way will determine the
      particular kind of function generator to be used and the particular kind
      of approximation which may be made to simplify the compensation system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a radar-controlled system including a radome-covered antenna adapted
      to receive a radar beam and to develop direction signals in accordance
      with the direction of said received beam, and an electronic receiver
      adapted to receive and convert said direction signals derived from said
      antenna to develop output signals in a predetermined manner, wherein said
      radome-covered antenna subjects said beam to radome-error, and wherein
      said radome-error is functionally related to the offset angle of said
      beam, an electronic radome-error compensating system comprising: means
      coupled to said radar-controlled system and responsive to said direction
      signals for developing a signal representative of said offset angle of
      said beam, a function generator coupled to said means for receiving
      information indicative of said offset angle, and a compensation input
      terminal in said radar-controlled system, said function generator being
      coupled to said input terminal and adapted to generate a compensating
      signal which is at all times the negative replica of the effective
      radome-error contribution to said direction signals as related to the
      position of said input terminal, whereby said compensating signals are
      added to said direction signals, thereby rendering said output signals
      substantially independent of said radome-error.
NUM  2.
PAR  2. In an infrared-controlled system including a nirdome-covered optical
      antenna adapted to receive an infrared beam and to develop direction
      signals in accordance with the direction of said received beam, and an
      electronic receiver adapted to receive and convert said direction signals
      derived from said antenna to develop output signals in a predetermined
      manner, and wherein said nirdome-covered antenna subjects said beam to
      nirdome-error and wherein said nirdome-error is functionally related to
      the offset angle of said beam, an electronic nirdome-error compensating
      system comprising: means coupled to said infrared-controlled system and
      responsive to said direction signals for developing a signal
      representative of said offset angle of said beam, a function generator
      coupled to said means for receiving information indicative of said offset
      angle, and a compensation input terminal in said infrared-controlled
      system, said function generator being coupled to said input terminal, and
      adapted to generate a compensating signal which is at all times the
      negative replica of the effective nirdome-error contribution to said
      direction signals as related to the position of said input terminal,
      whereby said compensating signals are added to said direction signals,
      thereby rendering said output signals substantially independent of said
      nirdome-error.
NUM  3.
PAR  3. In a radar-controlled guidance system for aircraft including a
      radome-covered antenna adapted to receive a radar beam and to develop
      guidance signals in accordance with the direction of said beam, and an
      electronic receiver adapted to receive and convert said guidance signals
      derived from said antenna to develop steering signals in a predetermined
      manner, and wherein said radome-covered antenna subjects said beam to
      radome-error and wherein said radome-error is functionally related to the
      offset angle of said beam, an electronic radome-error compensating system
      comprising: means coupled to said guidance system and responsive to said
      guidance signals for developing a signal representative of said offset
      angle of said beam, a function generator coupled to said means for
      receiving information indicative of said offset angle, and a compensation
      input terminal in said guidance system, said function generator being
      coupled to said input terminal adapted to generate a compensating signal
      which is at all times the negative replica of the effective radome-error
      contribution to said guidance signals as related to the position of said
      input terminal, whereby said compensating signal is added to said guidance
      signals, thereby rendering said steering signals substantially independent
      of said radome-error.
NUM  4.
PAR  4. In an infrared-controlled guidance system for aircraft including a
      nirdome covered optical antenna adapted to receive an infrared beam and to
      develop guidance signals in accordance with the direction of said beam,
      and an electronic receiver adapted to receive and convert said guidance
      signals derived from said antenna to develop steering signals in a
      predetermined manner, and wherein said nirdome covered antenna subjects
      said beam to nirdome-error and wherein said nirdome-error is related to
      the offset angle of said beam, an electronic nirdome-error compensating
      system comprising: means coupled to said guidance system and responsive to
      said guidance signals for developing a signal representative of said
      offset angle of said beam, a function generator coupled to said means for
      receiving information indicative of said offset angle, and a compensation
      input terminal in said guidance system, said function generator being
      coupled to said input terminal and adapted to generate a compensating
      signal which is at all times the negative replica of the effective
      nirdome-error contribution to said guidance signals as related to the
      position of said input terminal whereby said compensating signal is added
      to said guidance signals, thereby rendering said steering signals
      substantially independent of said nirdome-error.
NUM  5.
PAR  5. In a radar-controlled guidance system for aircraft including a
      radome-convered antenna adapted to receive a radar beam and to develop
      guidance signals in accordance with the time-rate of change of the
      direction of said received beam, and an electronic receiver adapted to
      receive and convert said guidance signals derived from said antenna to
      develop steering signals in a predetermined manner the antenna axis being
      subject to mechanical motion, and wherein said radome-covered antenna
      subjects said beam to radome-error, and wherein said radome-error is
      functionally related to the offset angle of said beam, and electronic
      radome-error compensating system comprising: means coupled to said antenna
      and responsive to the mechanical motion of the antenna axis for developing
      a signal representative of said offset angle, a function generator coupled
      to said means for receiving information indicative of said offset angle,
      and a compensation input terminal in said guidance system, said function
      generator being coupled to said input terminal and adapted to compute
      compensating signals in accordance with said offset angle which are at all
      times the negative replica of the effective radome-error contribution to
      said guidance signals related to the position of said input terminal,
      whereby said compensating signals are added to said guidance signals,
      thereby rendering said steering signals substantially independent of said
      radome-error.
NUM  6.
PAR  6. In an infrared-controlled guidance system for aircraft including a
      nirdome-covered optical antenna adapted to receive an infrared beam and to
      develop guidance signals in accordance with the time-rate of change of the
      direction of said received beam, and an electronic receiver adapted to
      receive and convert said guidance signals derived from said antenna to
      develop steering signals in a predetermined manner the antenna axis being
      subject to mechanical motion, and wherein said nirdome-covered antenna
      subjects said beam to nirdome-error and wherein said nirdome-error is
      functionally related to the offset angle of said beam, an electronic
      nirdome-error compensating system comprising: means coupled to said
      antenna and responsive to the mechanical motion of antenna axis for
      developing a signal representative of said offset angle, a function
      generator coupled to said means for receiving information indicative of
      said offset angle, and compensation input terminals in said guidance
      system, said function generator being coupled to said input terminal and
      adapted to compute compensating signals in accordance with said offset
      angle which are at all times the negative replica of the effective
      nirdome-error contribution to said guidance signals related to the
      position of said input terminals, whereby said compensating signals are
      added to said guidance signals, thereby rendering said steering signals
      substantially independent of said nirdome-error.
NUM  7.
PAR  7. In a radar-controlled guidance system disposed in an airborne frame and
      including a radome-covered antenna adapted to receive a radar beam and to
      develop guidance signals in accordance with the time-rate of change of the
      direction of said beam, and an electronic receiver adapted to receive and
      convert said guidance signals derived from said antenna to develop
      steering signals in a predetermined manner, wherein said radome-covered
      antenna subjects said beam to radome-error, and wherein said radome-error
      is functionally related to the offset angle of said beam, an electronic
      radome-error compensating system comprising: means coupled to said
      guidance system and responsive to said guidance signals for developing a
      signal representative of said offset angle, a function generator coupled
      to said means for receiving said signal, a rate gyroscope fastened to said
      frame whereby said gyroscope is subjected to angular motion of said frame,
      an electronic multiplier having input means, said function generator and
      said rate gyroscope being coupled to the input means of said multiplier, a
      compensating input terminal in said guidance system, said multiplier being
      coupled to said compensating input terminal, said function generator being
      adapted to generate a voltage which is substantially equal to the slope of
      said radome-error at said offset angle, said rate gyroscope being adapted
      to generate a voltage proportional to the angular velocity of said frame,
      said multiplier being adapted to receive the voltages from said function
      generator, and from said rate gyroscope for developing a compensating
      signal proportional to the product of the voltages supplied thereto,
      whereby said compensating signal renders said steering signals of said
      guidance system substantially independent of said radome-error.
NUM  8.
PAR  8. In a radar-controlled guidance system disposed in an airborne frame and
      including a radome-covered conically scanning gyroscopic antenna having a
      scan axis, said antenna being adapted to receive a radar beam and to
      develop guidance signals in accordance with the direction of said received
      beam, and a tracking loop having an electronic receiver in the forward
      path and an antenna-gyroscope-torquer-combination in the feedback path of
      said tracking loop, where said torquer is mechanically coupled to the
      antenna-gyroscope to align continuously said scan axis with the direction
      of said received beam, whereby said feedback path provides integration,
      said tracking loop being adapted to receive and convert said guidance
      signal derived from said antenna to develop steering signals proportional
      to the time-rate of change of direction of said received beam, wherein
      said radome-covered gyroscopic antenna subjects said beam to radome-error,
      and wherein said radome-error has a substantially constant slope with
      respect to the offset angle, an electronic radome-error compensating
      system comprising: a rate gyroscope fastened to said frame, whereby said
      rate gyroscope is subjected to the angular motion of said frame, said rate
      gyroscope being adapted to generate a compensating signal proportional to
      the angular velocity of said frame, and a compensating input terminal in
      said feedback path located ahead of said torquer, said rate gyroscope
      being coupled to said compensating input terminal, said compensating
      signal being substantially equal in magnitude to the product of the
      time-rate of change of the direction of said frame, of the slope of said
      radome-error with respect to said offset angle and of the amplification of
      said receiver, whereby the introduction of said compensating signal into
      said compensating terminal renders said steering signals of said guidance
      system substantially independent of radome-error.
NUM  9.
PAR  9. In a radar-controlled guidance system disposed in an airborne frame
      including a radome-covered antenna adapted to receive a radar beam and to
      develop guidance signals in accordance with the time-rate of change of the
      direction of said received beam, and an electronic receiver adapted to
      receive and convert said guidance signals derived from said antenna to
      develop steering signals in a predetermined manner, wherein said
      radome-covered antenna subjects said beam to radome-error, and wherein
      said radome-error is functionally related to the offset angle of said
      beam, an electronic radome-error compensating system comprising: a rate
      gyroscope rigidly attached to said frame and subjected to the angular
      motion of said frame, said rate gyroscope being adapted to generate a
      compensating signal proportional to the time-rate of change of the angular
      velocity of said frame, means coupled to said gyroscope and adapted to
      receive said compensating signal, and a compensating input terminal in
      said guidance system, said means being coupled to said terminal and being
      adapted to amplify said compensating signal to be substantially equal to
      said radome-error contribution in said guidance signals at said terminal,
      thereby rendering said steering signals of said radar-controlled guidance
      system substantially independent of said radome-error.
NUM  10.
PAR  10. In a radar-controlled guidance system disposed in an airborne frame and
      including a radome-covered conically scanning antenna, the system being
      adapted to receive a radar beam and to develop guidance signals in
      accordance with the time-rate of change of the direction of said received
      beam, and a tracking loop having an electronic receiver in the forward
      path of said tracking loop, and an antenna-gyroscope-torquer-combination
      in the feedback path thereof, the torquer of said combination being
      mechanically coupled to the antenna-gyroscope of said combination to align
      said scan axis with the direction of said received beam, whereby said
      feedback path provides integration, said tracking loop being adapted to
      receive and convert said guidance signal derived from said antenna to
      develop steering signals proportional to the time-rate of change of
      direction of said received beam, wherein said radome-covered antenna
      subjects said received beam to radome-error, and wherein said radome-error
      is functionally related to the offset angle, an electronic radome-error
      compensating system comprising: means coupled to said guidance system and
      responsive to said guidance signals for developing a signal representative
      of said offset angle, a function generator coupled to said means for
      receiving information indicative of said offset angle, a rate gyroscope
      fastened to said frame, whereby said gyroscope is subjected to angular
      motion of said frame, an electronic multiplier having input means, said
      function generator and said rate gyroscope being coupled to the input
      means of said multiplier, and a compensating input terminal in said
      guidance system, said multiplier being coupled to said input terminal,
      said function generator being adapted to generate a voltage which is at
      all times equal to the slope of said radome-error at said offset angle,
      said rate gyroscope being adapted to generate a voltage proportional to
      the angular velocity of said frame, said multiplier being adapted to
      receive the voltages from said function generator and from said rate
      gyroscope and to develop a compensating signal proportional to the product
      of the voltages supplied thereto, whereby said compensating signal renders
      said steering signals of said guidance system substantially independent of
      said radome-error.
NUM  11.
PAR  11. In a radar-controlled guidance system disposed in an airborne frame and
      including a radome-covered conically scanning antenna, the system being
      adapted to receive a radar beam and to develop guidance signals in
      accordance with the time-rate of change of the direction of said received
      beam, a tracking loop having an electronic receiver in the forward path of
      said tracking loop and an antenna-gyroscope-torquer-combination in the
      feedback path thereof, the torquer of said combination being mechanically
      coupled to the antenna-gyroscope of said combination to align said scan
      axis with the direction of said beam, whereby said feedback path provides
      integration, said tracking loop being adapted to receive and convert said
      guidance signal derived from said antenna to develop steering signals
      proportional to the time-rate of change of direction of said received
      beam, wherein said radome-covered antenna subjects said received beam to
      radome-error, and wherein said radome-error is functionally related to the
      offset angle, an electronic radome-error compensating system comprising:
      means coupled to said antenna gyroscope and responsive to the angular
      position of said scan axis for developing a signal representative of the
      angle between said scan axis and said frame, a function generator coupled
      to said means for receiving information indicative of said angle and being
      adapted to generate a voltage which is at all times equal to the product
      of the time-rate of change of said angle and of the slope of said
      radome-error at said angle, and a compensating input terminal in said
      feedback path located ahead of said torquer, said function generator being
      coupled to said input terminal and providing amplification substantially
      equal to the reciprocal of the amplification of said feedback path,
      thereby rendering said steering signals of said radar-controlled guidance
      system substantially independent of said radome-error.
NUM  12.
PAR  12. In a radar-controlled guidance system housed in an airborne frame and
      including a radome-covered conically scanning gyroscopic antenna having a
      scan axis, said antenna being adapted to receive a radar beam and to
      develop guidance signals in accordance with the direction of said beam, a
      tracking loop having an electronic receiver in the forward path of said
      tracking loop and an antenna-gyroscope-torquer-combination in the feedback
      path thereof, the torquer of said combination being mechanically coupled
      to the antenna gyroscope of said combination to align said scan axis with
      the direction of said received beam, whereby said feedback path provides
      integration, said electronic system being adapted to receive and convert
      said guidance signal derived from said antenna to develop steering signals
      proportional to the time-rate of change of direction of said received
      beam, wherein said radome-covered antenna subjects said beam to
      radome-error, and wherein said radome-error has a substantially constant
      slope with respect to the offset angle, an electronic radome-error
      compensating system comprising: means coupled to said antenna gyroscope
      and responsive to the angular position of said scan axis for developing a
      signal representative of the angle between said scan axis and the axis of
      said frame, a function generator coupled to said means for receiving said
      signal, and a compensation input terminal in said guidance system, said
      function generator being coupled to said compensation input terminal and
      being adapted to generate a compensating voltage which is at all times the
      negative replica of the effective radome-error contribution to said
      guidance signals present at said compensation input terminal to effect
      substantial compensation of said steering signals for said radome-error,
      thereby rendering said steering signals independent of said radome-error.
NUM  13.
PAR  13. In a radar-controlled guidance system housed in an airborne frame and
      including a radome-covered conically scanning gyroscopic antenna having a
      scan axis, said antenna being adapted to receive a radar beam and to
      develop guidance signals in accordance with the direction of said received
      beam, a tracking loop having an electronic receiver in the forward path of
      said tracking loop and an antenna-gyroscope-torquer-combination in the
      feedback path thereof, the torquer of said combination being mechanically
      coupled to the antenna gyroscope of said combination to align said scan
      axis with the direction of said received beam, whereby said feedback path
      provides integration, said electronic system being adapted to receive and
      convert said guidance signal derived from said antenna to develop steering
      signals proportional to the time-rate of change of direction of said
      received beam, wherein said radome-covered antenna subjects said beam to
      radome-error and wherein said radome-error has a substantially constant
      slope with respect to the offset angle, an electronic radome-error
      compensating system comprising: means coupled to said guidance system and
      responsive to the angular position of said scan axis for developing a
      signal representative of the angle between said scan axis and the axis of
      said frame, a function generator coupled to said means for receiving said
      signal, and a compensation input terminal in said guidance system, said
      function generator being coupled to said compensation input terminal and
      being adapted to generate a compensating voltage which is at all times the
      negative replica of the effective radome-error contribution to said
      guidance signals present at said compensation input terminal to effect
      compensation of said steering signals for said radome-error, thereby
      rendering said steering signals independent of said radome-error.
PATN
WKU  039407683
SRC  4
APN  7915373
APT  1
ART  222
APD  19690107
TTL  Precise pulse repetition frequency measuring device and signal sorter
ISD  19760224
NCL  5
ECL  1
EXP  Hubler; Malcolm F.
NDR  3
NFG  4
INVT
NAM  Olsen; Robert C.
CTY  Indianapolis
STA  IN
INVT
NAM  Stahlhut; Frederick O.
CTY  Indianapolis
STA  IN
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL  343 18E
XCL  343 172R
EDF  2
ICL  G01S  736
FSC  343
FSS  18;17.2
UREF
PNO  3021523
ISD  19620200
NAM  Davis et al.
OCL  343 18E
UREF
PNO  3105192
ISD  19630900
NAM  Messin et al.
XCL  343 17.2R
UREF
PNO  3117317
ISD  19640100
NAM  Kenyon
XCL  343 17.2R
UREF
PNO  3321759
ISD  19670500
NAM  Freedman
OCL  343 17.2R
LREP
FR2  Sciascia; R. S.
FR2  Collignon; Paul S.
ABST
PAL  An electronic signal processing device comprised of timing and coincident
      ting means for utilization between one or more conventional radar
      receivers and a conventional visual display, multi-gun pulse analyzer to
      enable an electronic intelligence operator to perform precise real time
      measurement of the pulse repetition interval (PRI) and its counterpart,
      pulse repetition frequency (PRF), for any one of a group of radar signals
      in a multi-signal environment. The device provides an automatic gating
      loop for separating the received radar video signals into various known
      preset PRI-PRF bands, an electronic chopping circuit for enabling the
      device to produce an interleaved, panoramic display of all of the radar
      video signals within any one of the preset bands on a visual display pulse
      analyzer, various single-shot multivibrator and gating means for producing
      necessary synchronizing pulses, and a variable delay unit and pulse
      generator for selecting a single video signal from the panoramic display
      for closer examination on an expanded scale of the multi-gun analyzer and
      for producing a marking pulse which may be positioned by the operator to
      obtain an indication of the PRI and PRF of the selected signal from a
      calibrated dial of the variable delay unit.
GOVT
PAC  Statement of Government Interest
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  Background of the Invention
PAR  This invention is in the field of radio wave communications, and more
      specifically in the area of passive radar countermeasures and electronic
      intelligence gathering systems for determining the pulse repetition
      interval and pulse repetition frequency of any one of a group of radar
      signals in a multi-signal environment.
PAR  Those engaged in military electronic intelligence gathering have indicated
      a critical need for signal processing equipment to enable them to obtain
      useful information from intercepted signals originating from unknown
      emitters in complex electromagnetic environments. These intercepted
      signals have individual characteristics or "signatures" which may be
      utilized for signal identification and sorting purposes. These
      characteristics include the emitter radio frequency, pulse width, and
      pulse repetition interval (PRI) with its inverse function, pulse
      repetition frequency (PRF). In prior art intelligence gathering devices,
      sorting by radio frequency has received the major emphasis. However, today
      many different types of emitters utilize the same radio frequency bands,
      requiring signal identification to be based upon one or more of the other
      signal characteristics. Of these other characteristics, PRI, and its
      inherent PRF, has been found to be the most useful sorting parameter. Most
      of the prior art means for measuring this parameter has been comprised of
      some form of analog scale device with rather low accuracy, usually no
      closer than plus or minus five percent of the true PRF value. Even this
      accuracy is usually not attainable with prior art devices when operating
      in a complex (multi-signal) environment.
PAR  The present invention satisfies this need for signal processing equipment
      by providing a device for utilization between a conventional radar
      receiver and visual pulse analyzer for enabling an electronic intelligence
      gathering operator to separate selected signals in a multi-signal
      environment for closer examination, and to measure the pulse repetition
      interval and frequency of each of these selected signals.
PAC  Summary of The Invention
PAR  The present invention provides a signal processing device comprised of
      electronic timing and coincident gating means, for utilization with
      conventional radar receivers and a multi-gun visual pulse analyzer, to
      perform precise real time measurement of the pulse repetition interval and
      pulse repetition frequency of radar signals in a multi-signal environment.
PAR  The invention is comprised of an automatic gating loop for separating the
      received, pulse radar video signals into discrete steps or bands of pulse
      repetition intervals (PRIs), an electronic chopping circuit coupled to the
      automatic gating loop for enabling the device to produce a panoramic PRF
      display of all of the radar video signals within any one of the preset
      bands on a visual display means, various video gating means, and an
      adjustable linear delay unit coupled to a marker pulse generating unit and
      having a dial calibrated in microseconds for indicating the amount of time
      delay to be introduced prior to the production of a marker pulse, through
      the manual positioning of the dial by an operator.
PAR  The invention accepts pulse radar signals from a radar receiver covering a
      desired radio frequency spectrum and employs an adjustable, crystal
      controlled oscillator and flip-flop countdown binary divider circuit
      within the automatic gating loop to cause these signals to be gated or
      separated into discrete bands depending upon the time between pulses in a
      video pulse train, or PRI. All of the received radar signals having a PRI
      within the band which has been selected by adjustment of the crystal
      controlled oscillator are gated on a time shared basis to a summing
      amplifier and combined with a synchronizing signal. This combined video
      and sync signal is coupled to the input of a visual display pulse analyzer
      means having a multi-gun display tube capable of producing a first trace
      in one period of time, for example, 50 microseconds (.mu.s), and a second,
      expanded trace in a much shorter period of time, such as 5 .mu.s. A marker
      pulse produced by the marker pulse generating unit is coupled via the
      summing amplifier to the visual display means. With the invention in its
      "panoramic mode" of operation, all pulse video signals received from the
      radar receiver which have a PRI within the band selected by adjustment of
      the crystal oscillator-countdown divider unit will be displayed on the
      longer period trace (50 .mu.s) of the pulse analyzer in relative position
      with respect to one another in accordance with the particular PRI of each
      of the signals. The marker pulse produced by the one-shot marker pulse
      generating unit also appears on the pulse analyzer screen, and by
      adjusting the calibrated dial of the variable linear delay unit, the
      leading edge of the marker pulse may be moved backward or forward across
      the analyzer screen and placed in coincidence with the leading edge of any
      one of the unknown radar signals. An indication of the PRI
      ##EQU1##
      of any of the displayed signals can then be obtained by observing the dial
      reading of the variable linear delay unit after placing the leading edge
      of the marker pulse in coincidence with the leading edge of the pulse
      whose PRI and PRF are to be determined. The dial reading in microseconds
      is added by the operator to a fixed value in microseconds determined by
      the selected band of operation of the crystal oscillator, in order to
      obtain the PRI in microseconds of the chosen unknown signal. The PRF of
      the unknown signal may then be determined from the relationship of PRI to
      PRF.
PAR  When the invention is switched to its "select mode" of operation, the
      marker pulse also serves as a gating pulse and only a pulse with which it
      is set to coincide is gated to the pulse analyzer and reproduced on the
      fast trace, or expanded scale, for closer examination by the operator.
DRWD
PAC  Brief Description of the Drawing
PAR  The objects and attendant advantages, features, and uses of the invention
      will become apparent from the following detailed description when
      considered in conjunction with the accompanying figures of drawing
      wherein:
PAR  FIG. 1 represents a block-schematic diagram of the invention coupled
      between a suitable radar receiver and multi-gun visual pulse analyzer
      display means;
PAR  FIG. 2 depicts the cathode ray tube (CRT) face plate of a conventional
      multi-gun visual pulse analyzer suitable for use with the invention, and
      the various video, marker, and sync waveforms provided by the invention as
      they might appear with the invention operating in its panoramic mode;
PAR  FIG. 3 shows the face of the pulse analyzer as it might appear with the
      invention operating in the select mode including the marker, selected
      video, and sync waveforms; and
PAR  FIG. 4 represents a relative timing chart of various waveforms as they
      might appear at various points during the operation of the invention in
      the panoramic mode.
DETD
PAC  Description of The Preferred Embodiment
PAR  Referring more particularly to FIG. 1, there is shown, in block-schematic
      form, an embodiment of the invention as it would be utilized in
      conjunction with a conventional prior art radar receiver 11 and a
      conventional prior art multi-gun pulse analyzer 12. The output of radar
      receiver 11 is coupled, via conducting means 13, to a video amplifier 14
      for amplifying the incoming signals. These amplified video signals from
      receiver 11 are applied to any suitable automatic threshold control means
      15 which produces a standard width output pulse in response to each input
      video pulse above an adjustable threshold level. The output of automatic
      threshold control 15 is coupled as an input to a "locked loop" gating
      means 16, which forms a part of an automatic gating loop for separating
      the video pulses received from receiver 11 into discrete bands according
      to the time interval, or PRI, between successive pulses in the same pulse
      train. Gate 16 may be a suitable three-input AND gate.
PAR  This automatic gating loop also includes a highly accurate local time
      reference comprised of a crystal controlled oscillator 17, a
      multi-position crystal selector 18 including a set of band selecting
      crystals to enable the operator to manually select the operating frequency
      of oscillator 17 and thereby the desired PRI-PRF band, and a countdown
      binary divider unit 19 comprised of a group of electronic flip-flops
      coupled in a series chain. Crystal controlled oscillators have proven to
      be very stable time reference devices. However, the minimum stable
      frequency range of prior art oscillators of this type is too high to
      produce reference time intervals, or delays, in a range suitable for use
      in the automatic gating loop of this invention. Therefore, the output of a
      stable crystal controlled oscillator 17 is utilized as the input to a
      series of binary flip-flops forming countdown divider unit 19 in order to
      lower, or divide, the stable oscillator frequency, thereby causing the
      output level on a conductor 21 from the final flip-flop stage of the
      divider unit to change at a rate directly dependent upon, but much lower
      than, the oscillator frequency. Thus the reference time interval, or
      delay, between changes in the output level of countdown divider unit 19
      will be governed by the operating frequency of oscillator 17 and the
      number of flip-flop stages coupled in series to make up divider unit 19.
      For example, a divider unit 19 comprised of eleven series-coupled binary
      flip-flop stages (2.sup.0 through 2.sup.10) will divide any frequency
      produced by oscillator 17 by the number "1024" (2.sup.0 through 2.sup.10 =
      1024), so that by proper selection of the crystals for crystal holder 18 a
      relatively wide range of discrete PRI bands may be produced with a high
      degree of accuracy. The specific function of this accurate local time
      reference will become more clear as the disclosure proceeds. The output of
      gating means 16 is coupled to the input of a "one-shot", or monostable
      multivibrator, circuit 22 which produces an output pulse on conductors 23
      and 24 in response to each pulse received at its input. Conductor 23 is
      coupled to flip-flop divider unit 19 as a reset line, and each pulse
      produced by one-shot circuit 22 resets all of the flip-flop stages of the
      divider unit to their "zero", or low level, state. The output level of
      divider unit 19 is coupled via a conductor 25 directly to the middle input
      terminal of three-input AND gate 16 and to the "panoramic" input terminal
      of a SPDT mode switch 26, whose output terminal is coupled to the
      remaining input of gate 16. A conductor 27 also couples the output level
      of divider unit 19 back to its own first stage, as a form of lock-out
      circuit to prevent constantly running oscillator 17 from driving divider
      19 except during the countdown period. This "feedback" constantly
      maintains the first flip-flop stage at the "one", or high, level until a
      reset pulse from one-shot 22 causes the output of divider 19, taken from
      its final flip-flop stage, to drop to its "zero", or low, level allowing
      oscillator 17 to drive divider 19 and begin the countdown period.
PAR  Conductor 21 from divider 19 is coupled as an input to a one-shot gating
      pulse generator 28 to cause it to produce a single output pulse of 50
      microseconds duration at the conclusion of each countdown by divider 19.
      The output of one-shot 28 is coupled to the "panoramic" input terminal of
      a SPDT mode switch 29 whose output terminal is coupled via a conductor 31
      to the control input terminals of gating means 32 and 33.
PAR  Conductor 21 is also coupled as an input to a one-shot synchronizing pulse
      generator 34 which produces a single output pulse, having a duration of
      less than 1 microsecond, at the conclusion of each countdown by divider
      19. This "sync" pulse is coupled via a conductor 35 to an input terminal
      of a summing amplifier 36, whose output terminal is coupled to the input
      means of pulse analyzer 12.
PAR  Conductor 21 further couples the output of divider 19 to the input of a
      variable linear delay unit 37 having a calibrated control dial 38 for
      positioning by an operator to obtain any desired delay from zero to 50
      microseconds. The output of delay unit 37 is a bi-level, or binary, signal
      which stands at the "one", or high, level at all times until triggered by
      the completion of a countdown by divider 19, at which time the output from
      delay 37 drops to the "zero" level for the delay period selected by dial
      38 (between 0 and 50 .mu.s), and then returns to the "one" level. The
      output of delay 37 is coupled directly to a one-shot marker pulse
      generator 39, and via conductor 41 to the "select" input terminal of mode
      switch 26 for coupling as an input to gate 16 when switch 26 is in the
      "select" mode. The inputs to gate 16 via conductor 25 and switch 26
      maintain gate 16 blocked, or nonconducting, during the countdown period of
      divider unit 19 when switch 26 is in the "panoramic" position, and during
      the countdown period plus the additional variable delay introduced by
      delay unit 37 when switch 26 is in the "select" position. When the output
      of variable delay 37 returns from the "zero" to the "one" level, it
      triggers one-shot marker pulse generator 39, which produces a marker pulse
      of approximately three microseconds duration. This marker pulse from
      one-shot 39 is coupled, via a conductor 42, directly to summing amplifier
      36 as a component of the composite sync-videomarker signal to be supplied
      by amplifier 36 to analyzer 12, and via a conductor 43 to the "select"
      input terminal of mode switch 29. When switch 29 is placed in the "select"
      position, the marker pulse is coupled, via conductor 31, as an "enabling"
      or gating pulse to standard and linear video gates 32 and 33 respectively,
      in place of the 50 .mu.s enabling pulse from one-shot 28. The
      resetstandard video pulse produced by one-shot 22 is coupled via conductor
      24 as an input to "standard video" gate 32 which, when held open by an
      enabling signal on conductor 31, permits the standard video pulse to pass
      therethrough. This standard video pulse is coupled via a conductor 44 to
      the input of an integrator and signal lamp driver circuit 45 for lighting
      a signal indicator lamp 46. If a sufficient number of standard video
      pulses are passed by gate 32 within a preselected time as determined by
      adjustment of integrator 45, for example, 400 pulses per second, lamp 46
      will be lighted, indicating at least one solid pulse train is present in
      the selected PRI band. The standard video pulse from gate 32 is also
      coupled, via a conductor 47, to the "standard video" input terminal of an
      SPDT switch 48 whose output terminal is coupled via a conductor 49 to an
      input of summing amplifier 36 to provide the "video" component of the
      composite sync-video-marker signal to be supplied by the summing amplifier
      to analyzer 12. The linear, or "raw", video signal received by the
      invention from receiver 11 and present on conductor 13 is also coupled as
      an input to gate 33 which permits this raw video pulse signal from
      receiver 11 to pass directly to the "linear video" input terminal of
      switch 48 so long as gate 33 is held open by an enabling signal on
      conductor 31. This raw gated video from the output of gate 33 is also
      coupled to a terminal 50 for further processing by associated equipment if
      desired, and via a conductor 51 to the input of a pulse stretcher and
      audio amplifier circuit 52 whose output is coupled to a pair of headphones
      53, for providing audio monitoring of the gated raw video signal by the
      operator.
PAR  A free running multivibrator of "chopper" 54, operating at a frequency
      lower than the lowest PRF to be measured by the invention, is coupled to
      the "panoramic" input terminal of an SPDT switch 55 whose output terminal
      is coupled via a conductor 56 to the input of one-shot 22. Thus, so long
      as switch 55 is in the "panoramic" position, the output of chopper 54 is
      coupled directly to the input of one-shot reset pulse generator 22,
      causing it to generate a reset pulse at the chopper frequency, independent
      of input pulses from gate 16, in order to prevent the automatic gating
      loop from being captured by a solid pulse train having the highest PRF
      within the selected PRI-PRF band. These independently generated reset
      pulses force the automatic gating loop to jump from one input pulse train
      to another on a time shared basis if more than one is present within the
      selected PRI-PRF band. This automatic time sharing produced by chopper 54,
      when the invention is placed in the "panoramic" mode, enables the operator
      to view all of the pulse trains within a selected PRI-PRF band, at one
      time in a panoramic display on the 50 .mu.s trace of analyzer 12. The
      "storage" effect produced by the phosphors of the cathode ray tube of
      analyzer 12 combined with the retention effect of the human eye conceal
      the fact that time sharing is occurring. If any of these incoming pulse
      trains includes "jitter", this characteristic becomes immediately
      apparent, and can be precisely measured.
PAR  Mode switches 26, 29, and 55 may be combined in a single, triple
      pole-double throw switch means for simplicity in placing the invention in
      either of its two modes of operation, i.e., panoramic or select. Each of
      the component blocks of FIG. 1 may be comprised of a circuit or device
      well known and understood by those skilled in the art, and it is the
      combination of these well known components which comprises the invention.
PAR  As previously indicated, the PRI-PRF bands are determined by the frequency
      of oscillation of oscillator 17 and the number of flip-flop units coupled
      in series to make up countdown divider 19. In one embodiment of the
      invention which was constructed and successfully tested, the divider unit
      was comprised of eleven series flip-flop units which produced division of
      the oscillator frequency by 1024 (2.sup.10 = 1024, for 2.sup.0 through
      2.sup.10 flip-flops), and 10 crystals were chosen and placed in
      multi-position crystal selector 18 to produce the ten fixed countdown
      delays and corresponding PRI-PRF bands shown in the following TABLE I:
TBL                                    TABLE I                                 
     __________________________________________________________________________
             Fixed Delay                                                       
                      PRI Band PRF Band (10.sup.6 /PRI                         
     Position of                                                               
             For Countdown                                                     
                      (Fixed Delay                                             
                               Band)                                           
     Selector 18                                                               
             Divider 19                                                        
                      + 50 .mu.s)                                              
     __________________________________________________________________________
     1       350 .mu.s.                                                        
                      350 - 400 .mu.s.                                         
                               2500 - 2857 pps.                                
     2       395      395 - 445                                                
                               2247 - 2532                                     
     3       440      440 - 490                                                
                               2040 - 2272                                     
     4       484      484 - 534                                                
                               1872 - 2066                                     
     5       529      529 - 579                                                
                               1727 - 1890                                     
     6       573      573 - 623                                                
                               1605 - 1745                                     
     7       797      797 - 847                                                
                               1180 - 1255                                     
     8       843      843 - 893                                                
                               1120 - 1186                                     
     9       887      887 - 937                                                
                               1067 - 1127                                     
     10      933      933 - 983                                                
                               1017 - 1072                                     
     __________________________________________________________________________
PAL  It is to be understood that the values shown in TABLE I are for purposes of
      information only and are not intended to limit the use of the invention to
      these bands. It will be obvious to one skilled in the art that by varying
      the number of crystals or their frequencies and/or the number of series
      flip-flops comprising divider unit 19, the invention may be constructed so
      as to provide suitable PRI-PRF bands for any required general or specific
      application. After the bands for a particular embodiment have been
      established, a conversion chart for each of the bands may be prepared to
      enable the operator to rapidly convert the reading of dial 38 directly
      into the PRF value for the unknown signal in that band. Such a chart could
      include the dial readings from 0 to 50 .mu.s as the abscissas, and the
      resulting PRF in pulses per second would comprise the ordinates. The
      relationship is a linear one, and the charts may be readily prepared once
      the fixed delay for each band has been established.
PAR  Referring now to FIG. 2, a representation of the CRT face plate of a
      suitable multi-trace pulse analyzer 12 is shown. It depicts the form of
      display which would be produced with the invention operating in its
      "panoramic" mode, and the video signals from radar receiver 11 including
      two solid, pulse trains within the particular PRI-PRF band being
      monitored. The 50 .mu.s trace most effectively shows the panoramic effect,
      and will display each of the pulse trains occurring within the band
      selected to be monitored, as well as the sync pulse and the movable marker
      pulse. The pulse trains are displayed in relative position according to
      their respective PRI-PRF values, with the lower PRI (higher PRF) pulses
      nearer the sync pulse, or left end of the display. The position of the
      marker pulse may be varied from "0" at the left end, to "50" .mu.s at the
      right end of the 50 .mu.s trace by moving the calibrated dial 38 on the
      variable linear delay unit 37 between its 0 and 50 .mu.s readings. When
      operating in this panoramic mode, the PRI in microseconds for any of the
      displayed pulse trains may be determined by observing the 50 .mu.s trace
      and adjusting dial 38 until the leading edge of the marker pulse is placed
      in coincidence with the leading edge of the selected pulse. The PRI of
      that pulse train is then obtained by reading the calibrated dial 38 of
      variable delay unit 37 (some value between 0 and 50 .mu.s) and adding that
      reading to the known fixed delay in microseconds produced by countdown
      unit 19 when operating in the particular band selected on crystal selector
      18. For example, if the crystal selector 18 is set at position 4 thereby
      selecting a crystal which is known to cause oscillator 17 to operate at a
      frequency such that divider 19 produces a fixed delay of 484 .mu.s for
      each full countdown, and calibrated dial 38 reads 36.0 .mu.s (as shown in
      FIG. 1) when the leading edge of the marker pulse is placed in coincidence
      with the leading edge of the video pulse, then the PRI of that particular
      pulse train would be 520 .mu.s (484 .mu.s fixed delay + 36.0 .mu.s
      variable delay), and its PRF would be equal to 10.sup.6 /PRI .mu.s or
      1,923 pulses per second (10.sup.6 /520 = 1,923 pps., to the nearest
      pulse).
PAR  With reference to FIG. 3, there is shown the form of display which would be
      produced on the CRT of analyzer 12 with the invention operating in its
      "select" mode. The select mode is provided to enable an operator to more
      closely examine a single video pulse train on both the 50 .mu.s and
      expanded 5 .mu.s scales without displaying other distracting pulse trains
      occurring within the selected band. This is accomplished by causing the
      marker pulse to also serve as the gating pulse for video gates 32 and 33
      in the select mode, thereby blocking all video pulses to analyzer 12
      except the one which coincides with the movable marker. Thus by moving the
      marker pulse, by adjustment of dial 38, until it coincides with the second
      pulse train, that pulse train is displayed on analyzer 12 and all other
      pulse trains within the selected band are blocked.
PAR  In both FIGS. 2 and 3 it has been assumed that switch 48 of FIG. 1 was
      placed in the linear or "raw" video position, and, accordingly, the video
      pulse trains are depicted as having irregular tops followed by stray
      signals or "grass". If the linear characteristics of the video pulse
      trains are unnecessary or undesirable, switch 48 may be placed in the
      "standard video" position and each of the pulse trains displayed will then
      be comprised of pulses of standard width and amplitude since they will be
      the standard reset pulses from one-shot 22.
PAR  Referring now to FIG. 4, there is shown a timing chart depicting the output
      signals of various components of the invention and their relative
      relationships during operation in the panoramic mode. The timing chart
      will be discussed in detail in the following description of operation.
PAC  OPERATION
PAR  The operation of the embodiment of the invention shown in FIG. 1 occurs in
      the following manner. Initially, it will be assumed that a suitable pulse
      radar receiver 11 and multi-trace pulse analyzer display means 12 have
      been coupled to the respective input and output terminals of the
      invention, and that switch means 26, 29, and 55 have been placed in the
      "panoramic" position. The invention is now ready for operation in the
      panoramic mode. Switch 48 may be in either the linear or the standard
      video position, as selected by the operator. The video signals from
      receiver 11 are coupled via conductor 13 through video amplifier 14 to
      automatic threshold control (ATC) 15 which produces an output pulse of
      standard width and amplitude in response to each input video pulse above
      an adjustable threshold level. The waveforms labeled "radar receiver 11"
      in FIG. 4 are representative of the video pulse trains applied to the
      input of ATC 15, and the waveforms immediately below labeled "ATC 15",
      represent the standard output pulses therefrom. These standard pulses from
      ATC 15 are applied to "locked loop", three-input AND gate 16. In the
      panoramic mode, the other two inputs of gate 16 are coupled via conductor
      15 to the output (final flip-flop stage) of divider 19 which rests in the
      "1" state until reset. This "1" state output of divider 19 is also coupled
      via conductor 27 to its own input (first flip-flop stage) to prevent the
      output of oscillator 17 from driving divider 19 until it is reset by
      one-shot 22. Therefore, when the first pulse from ATC 15 is applied to
      gate 16, all of its inputs will be at the "1" level and it will supply an
      output pulse to one-shot reset generator 22, causing one-shot 22 to
      produce a reset pulse on conductor 23 which immediately resets all
      flip-flops in divider 19 to their "0" states. This "unlocks" the first
      stage of divider 19, permitting it to be driven by oscillator 17 and
      immediately begin the countdown period, or fixed delay, at time T.sub.1 of
      FIG. 4. The resetting of divider 19 also causes the inputs to gate 16 via
      conductor 25 to drop to the "0" level, "locking out" all video signals
      after the first pulse for the remainder of the countdown interval (except
      as modified by the action of chopper 54 which will be explained later).
PAR  At the conclusion of the countdown interval, i.e., when oscillator 17 has
      driven divider 19 sufficiently to again place a "1" in its final flip-flop
      stage (time T.sub.2 of FIG. 4), the change in its output level from "0" to
      "1" produces the following results simultaneously: (1) oscillator 17 is
      again prevented from driving divider 19, (2) the "1" level is restored to
      the two inputs of gate 16 via conductor 25 and switch 26, removing it from
      the "locked out"   condition, (3) one-shot sync pulse generator 34 is
      activated, via conductor 21, to produce a sync pulse which is coupled via
      conductor 35 and summing amplifier 36 to analyzer 12 causing it to sync
      all of its traces, (4) one-shot gating pulse generator 28 is activated,
      via conductor 21, and produces a gating pulse of 50 .mu.s width which is
      coupled via switch 29 and conductor 31 as a "1" level enabling signal to
      each of the video gates 32 and 33, allowing these gates to pass to
      analyzer 12, through switch 48 and summing amplifier 36, any video signals
      applied to their other input terminals, via conductor 24 for standard
      video gate 32, and directly from receiver 11 for linear or "raw" video
      gate 33, during the 50 .mu.s enabling signal, and (5) it activates
      variable linear delay unit 37 causing its output to drop from the "1"
      level to the "0" level and remain at the "0" level for an interval (from 0
      to  50 .mu.s) determined by the position of adjustable, calibrated dial
      38. At the conclusion of this selected variable delay period (time T.sub.3
      of FIG. 4), the output of delay 37 returns to the "1" level, activating
      one-shot marker pulse generator 39 thereby producing a marker pulse on
      conductor 42, which is coupled via summing amplifier 36 for display on
      analyzer 12. At the end of the 50 .mu.s gating pulse (time T.sub.4 of FIG.
      4) produced by one-shot 38, the output level on conductor 31 drops to "0"
      and gates 32 and 33 are blocked, or prevented from passing additional
      video pulses to analyzer 12. Thus, between times T.sub.2 and T.sub.4 of
      FIG. 4, the invention will provide at the output of summing amplifier 36 a
      composite sync-videomovable marker signal which will produce on a time
      shared basis a panoramic display on analyzer 12 of all of the video pulse
      trains within the selected band, of the type shown in FIG. 2.
PAR  The chopper 54, operating at a frequency lower than that of the lowest PRF
      band, automatically causes one-shot reset generator 22 to produce reset
      pulses at the rate of its operating frequency, independent of the reset
      pulses produced in response to the highest PRF video pulse train passing
      "locked loop" gate 16. These independently generated reset pulses force
      divider 19 to unlock gate 16 at different times allowing the "locked loop"
      to jump from one PRF train to another within the desired band, thereby
      preventing "capture" of the locked loop by the highest PRF pulse train
      (1st pulse train in FIG. 4), and producing equal time sharing among all of
      the unknown video pulse trains, within one band. This time sharing of the
      locked loop, when combined with the "storage" effect produced by the
      phosphors of the CRT of analyzer 12 and the retention properties of the
      human eye, provide the operator with a panoramic view of all of the pulse
      trains within a selected PRI-PRF band. The procedure for determining the
      values of PRI and PRF of each of the video pulse trains displayed by
      positioning of the marker pulse has been previously explained with regard
      to TABLE I and FIG. 2.
PAR  When it becomes desirable in a particular application for the operator to
      more closely examine one of the video pulse trains on the expanded 5 .mu.s
      trace of analyzer 12 without the distraction produced on that scale by
      other pulse trains present within the band when operating in the panoramic
      mode, he may place the marker pulse in coincidence with the pulse train to
      be more closely examined and then place switches 26, 29, and 55 in the
      "select" position. The invention will then be operating in the "select"
      mode, and the display on analyzer 12 will appear generally as shown in
      FIG. 3 with only the pulse train which coincides with the marker pulse
      being displayed.
PAR  By placing switch 55 in the "select" position, chopper 54 is removed from
      the circuit because time sharing is unnecessary when only one pulse train
      is to be displayed. When switch 26 is placed in the "select" position, one
      of the inputs to "locked loop" AND gate 16 is coupled to the output of
      variable delay unit 37 via conductor 41 to cause gate 16 to remain
      "locked" or blocking not only for the countdown, or fixed delay period, of
      divider unit 19 (as in the panoramic mode), but also for the additional
      variable delay period produced by delay unit 37. This prevents any pulse
      train which might happen to occur within the interval after the countdown
      and before the conclusion of the variable delay period, from "stealing"
      the locked loop away from the pulse train selected to be displayed.
      Placing switch 29 in the "select" position couples conductor 31 and the
      enabling inputs of video gates 32 and 33, via conductors 43 and 42, to the
      output of one-shot marker pulse generator 39, so that gates 32 and 33 are
      enabled by the 3  .mu.s marker pulse rather than the 50 .mu.s output
      signal from one-shot 28. Thus it may be seen that the only video pulses
      which will be allowed to pass through gates 32 and 33 when the invention
      is operating in the "select" mode will be those which coincide with the
      marker, or "selecting", pulse. These selected pulses will pass, via switch
      48, conductor 49, and amplifier 36, to analyzer 12, producing a display of
      the type shown in FIG. 3. The PRI and PRF values for each of the selected
      signals may be determined in the same manner in the "select" mode as
      previously explained for the "panoramic" mode.
PAR  The embodiment of the invention which has been constructed and successfully
      tested has demonstrated an accuracy of 0.1% in determining PRI and PRF
      values of unknown video pulse trains in complex, multi-signal environments
      compared with an accuracy, at best, of .+-. 5.0% for known devices of the
      prior art. The invention provides the rapid acquisition, or "lock up", as
      early as the second or third pulse in most pulse trains, which is required
      when a rotating antenna is employed either by the receiver or the unknown
      transmitter.
PAR  Thus it may be seen, in view of the foregoing explanation and figures of
      drawing, that the invention, an electronic signal processing device for
      determining the pulse repetition interval and frequency of unknown radar
      signals in a multi-signal environment is a useful and necessary device
      having utility in the area of radar countermeasures and electronic
      intelligence gathering systems.
PAR  While many modifications may be made in this disclosed embodiment by
      replacing various elements and components with equivalent structures, it
      is to be understood that we desire to be limited in the spirit of our
      invention only by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronic signal processing device for performing precise real time
      measurement of the pulse repetition interval and frequency of pulse radar
      signals in a multi-signal environment, comprising:
PA1  input means for coupling to a radar receiver to receive said pulse radar
      signals therefrom;
PA1  an automatic gating loop coupled to said input means, for receiving said
      pulse radar signals and separating said signals into discrete bands by
      pulse repetition interval and frequency;
PA1  synchronizing pulse generating means having input means coupled to said
      automatic gating loop, for producing video synchronizing pulses at its
      output means in response to control signals from said automatic gating
      loop;
PA1  a first video gating means having first and second input means and an
      output means, said first input means thereof being coupled to said
      automatic gating loop for receiving standard video pulses therefrom for
      each video pulse train within a selected one of said discrete bands, and
      said second input means thereof being for receiving enabling signals to
      control the passage of said standard video pulses from said first input
      means thereof to said output means thereof;
PA1  a second video gating means having first and second input means and an
      output means, said first input means thereof being coupled to said input
      means for receiving said pulse radar signals from said radar receiver, and
      said second input means thereof being coupled in parallel with said second
      input means of said first gating means for receiving said enabling signals
      to control the passage of said pulse radar signals from said first input
      means thereof to said output means thereof;
PA1  video gating signal generating means having input means coupled in parallel
      with said input means of said synchronizing pulse generating means to said
      automatic gating loop for receiving said control signals therefrom, and
      having output means switchably coupled to said second input means of each
      of said first and second video gating means, for producing said enabling
      signals at said output means thereof in response to said control signals
      from said automatic gating loop;
PA1  adjustably linear delay means having input means coupled to said automatic
      gating loop for receiving said control signals therefrom, having manually
      adjustable control means for determining the length of delay to be
      introduced by said delay means between the receipt of said control signals
      and the production of corresponding output signals, and having output
      means for providing the delayed said corresponding output signals thereat;
PA1  marker pulse generating means having input means coupled to said output
      means of said adjustable linear delay means for receiving said delayed
      corresponding output signals therefrom and producing a marker pulse of
      relatively short duration in response to each such signal, and having
      output means for providing said marker pulses thereat, said output means
      thereof being switchably coupled to said second input means of each of
      said first and second video gating means for providing said marker pulses
      as enabling signals thereto; and
PA1  summing amplifier means having a first input means coupled to said output
      means of said synchronizing pulse generating means for receiving said
      video synchronizing pulses therefrom, a second input means coupled to said
      output means of said marker pulse generating means for receiving said
      marker pulses therefrom, and a third input means switchably coupled to the
      respective output means of said first and second video gating means for
      alternatively receiving said standard video pulses from said first video
      gating means and said unknown pulse radar signals from said second video
      gating means, and having output means for providing thereat a composite
      signal comprised of said synchronizing pulses, said video pulses, and said
      marker pulses for coupling to a pulse analyzing display means.
NUM  2.
PAR  2. An electronic signal processing device for performing precise real time
      measurement of the pulse repetition interval and frequency of pulse radar
      signals in a multi-signal environment as set forth in claim 1 wherein said
      input means for coupling to a radar receiver comprises:
PA1  a video amplifier for amplifying said pulse radar signals received from
      said radar receiver; and
PA1  an automatic threshold control means having input means coupled to said
      video amplifier for receiving the amplified said pulse radar signals
      therefrom and having output means for providing thereat a pulse of
      predetermined amplitude and width for each incoming pulse radar signal
      having an amplitude above a preset level.
NUM  3.
PAR  3. An electronic signal processing device for performing precise real time
      measurement of the pulse repetition interval and frequency of pulse radar
      signals in a multi-signal environment as set forth in claim 1 wherein said
      automatic gating loop comprises:
PA1  a coincidence gating means having a plurality of inputs and an output, one
      of said inputs being coupled to said input means for coupling to a radar
      receiver to receive said pulse radar signals therefrom;
PA1  a timing reference means for providing selected fixed delays, including a
      countdown divider means driven by a stable oscillator means, the output of
      said divider means being coupled to at least one of said inputs of said
      coincidence gating means to cause said coincidence gating means to be
      maintained in a blocking condition throughout each of said selected fixed
      delays;
PA1  a standard pulse generating means having input means coupled to said output
      of said coincidence gating means for receiving coincidence signals
      therefrom, and having output means for providing thereat a pulse signal of
      predetermined width and amplitude in response to each of said coincidence
      signals received, said output means being coupled to said countdown
      divider means to initiate each of said fixed delays and to said first
      input means of said first video gating means for providing said standard
      video pulses thereto; and
PA1  an electronic chopper means switchably coupled to said input means of said
      standard pulse generating means for causing said standard pulse generating
      means to produce output pulses independent of said coincidence signals
      from said coincidence gating means.
NUM  4.
PAR  4. An electronic signal processing device for performing precise real time
      measurement of the pulse repetition interval and frequency of pulse radar
      signals in a multi-signal environment as set forth in claim 1 wherein:
PA1  said synchronizing pulse generating means is comprised of a monostable
      multivibrator, for providing an output pulse of high amplitude and short
      duration;
PA1  said video gating signal generating means is comprised of a monostable
      multivibrator, for providing an output pulse of medium amplitude and long
      duration; and
PA1  said marker pulse generating means is comprised of a monostable
      multivibrator, for providing an output pulse of medium amplitude and short
      duration.
NUM  5.
PAR  5. An electronic signal processing device for performing precise real time
      measurement of the pulse repetition interval and frequency of pulse radar
      signals in a multi-signal environment as set forth in claim 4 wherein said
      automatic gating loop comprises:
PA1  a coincidence gating means having a plurality of inputs and an output, one
      of said inputs being coupled to said input means for coupling to a radar
      receiver to receive said pulse radar signals therefrom;
PA1  a timing reference means for providing selected fixed delays, including a
      countdown divider means driven by a stable oscillator means, the output of
      said divider means being coupled to at least one of said inputs of said
      coincidence gating means to cause said coincidence gating means to be
      maintained in a blocking condition throughout each of said selected fixed
      delays;
PA1  a standard pulse generating means having input means coupled to said output
      of said coincidence gating means for receiving coincidence signals
      therefrom, and having output means for providing thereat a pulse signal of
      predetermined width and amplitude in response to each of said coincidence
      signals received, said output means being coupled to said countdown
      divider means to initiate each of said fixed delays and to said first
      input means of said first video gating means for providing said standard
      video pulses thereto; and
PA1  an electronic chopper means switchably coupled to said input means of said
      standard pulse generating means for causing said standard pulse generating
      means to produce output pulses independent of said coincidence signals
      from said coincidence gating means.
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ABST
PAL  An apparatus for presenting radar target return signals having a spectrum
      of frequency components in a binaural audible form whereby an operator can
      detect a target or a plurality of simultaneous unresolved targets,
      determine the direction of each target relative to the radar antenna axis,
      and identify the type and motion of each target using only his auditory
      sense. The apparatus utilizes a filter to ensure that all frequency
      components of the return signal from each target have the same relative
      time of arrival at the two ears, thus binaurally localizing each target.
BSUM
PAC  Background of the Invention
PAR  1. Field of the Invention
PAR  This invention relates to binaural auditory presentation of radar or sonar
      returns to a trained operator. More specifically, the present invention is
      concerned with the binaural auditory presentation of data from moving
      targets or targets whose external parts are in relative motion.
PAR  2. Description of the Prior Art
PAR  Conversion of radar returns into an audible form for presentation to
      trained operators is a known technique. The audible signal is obtained by
      detecting or demodulating the received radio-frequency target returns. The
      operator listens to the audio signal through a loud speaker or a pair of
      earphones. In the prior art, both earphones are connected in parallel and
      carry the same signal. With training and experience, the operator can
      learn to detect and identify various types of moving targets by the
      characteristic modulations. The radar-derived audio "signatures" of
      helicopters, moving ground vehicles, moving personnel, and other targets
      often resemble their ordinary acoustic sounds. However, the operator
      cannot determine the position of a target within the radar beam relative
      to the antenna axis from the audio signals alone. Nor, can he resolve and
      individually locate and identify a plurality of targets within the radar
      beam and within the same range resolution cell.
PAR  Direction-finding receivers such as disclosed in U.S. Pat. No. 3,626,416 to
      Gerald Rabow, issued Dec. 7, 1971, have binaurally presented a beacon
      signal to an operator to determine the direction of the beacon signal
      source. The direction-finding receivers utilize a pair of antennas to
      impart a phase difference in a beacon signal of a particular radio
      frequency as received at the two individual antennas. The antennas are
      critically spaced to create a phase difference between the signals at the
      antennas related to the angular position of the beacon signal source with
      respect to a reference direction perpendicular to the line joining the two
      antennas. The radio-frequency beacon signals as received by the two
      antennas are converted to audio-frequency signals maintaining the same
      phase relationship. The audio signals are presented to the respective ears
      of the operator. The operator's auditory facilities interpret the
      difference in the time of arrival of the signals at his ears as a
      direction by what is termed binaural localization. Thus, the phase
      difference imparted to the binaural signals causes a difference in the
      time of arrival at the operator's ears related to the angular position of
      the beacon source for beacon signals of the particular frequency to which
      the system is tuned.
PAR  However, direction-finding receivers, as described above, are operable for
      only a single chosen beacon frequency and are, therefore, not compatible
      with radar target return signals which may be frequency-distributed; i.e.,
      have discrete frequency components or a wide continuous spectrum of
      frequencies, as will be explained. Furthermore, they present signals of
      the same loudness or intensity to both ears, whereas binaural
      localization, to be fully effective, requires both a time-of-arrival
      difference and a difference in loudness between the signals reaching the
      two ears.
PAR  In general, radar return signals are amplitude-modulated or phase-modulated
      or both, whenever target motion of one or more of the following types
      occurs: (1) translational motion of the entire target having a component
      toward or away from the radar; (2) rotational motion of the entire target,
      unless the target is symmetrical about the axis of rotation; (3) relative
      motion of external parts of the target, such as arm and leg motions of a
      human target, rotation of aircraft propellers, or vibrations caused by a
      running motor. The modulations generate new radio-frequency components in
      the return signal that are not present in the transmitted signal. The
      process of detection or demodulation converts these new radio-frequency
      components into corresponding audio-frequency components. The frequency of
      each audio component equals the difference between the radio frequency
      from which it was derived and the carrier frequency of the transmitted
      signal. The audio frequencies can be translated upward or multiplied or
      divided by a scale factor if desired, without changing the principles of
      this invention to be described. In practice, target characteristics and
      motions are usually complex and cause a wide spectrum of audio
      frequencies. Even if there is only one audio frequency component, it can
      have any frequency over a wide band depending on the target motion. Thus,
      each moving target return signal carries a modulation (which is converted
      to an audio "signatures") that is characteristic of the target type and
      motion.
PAR  The spread of radio frequencies due to target modulation is small as
      compared to the carrier or center frequency of the exploratory radar
      signal. Audio frequencies that can be binaurally localized by human ears
      are approximately between 30 and 1000 Hz. Radar frequencies are generally
      between 10 and 70,000 MHz, while a typical radar frequency is 1,300 MHz.
      See Skolnik, "Introduction to Radar Systems," published by McGraw Hill
      Book Company, Inc., New York, 1962, and Skolnik, "Radar Handbook,"
      published by McGraw Hill Book Company, Inc., New York, 1970, for a
      detailed description of radar principles and systems.
PAR  In systems such as that disclosed in the above mentioned U.S. Pat. No.
      3,626,416, the antennas are critically spaced with respect to each other
      so that, at the particular frequency of the beacon, there is a phase
      difference between the signals as received at the individual antennas
      (maintained in conversion to an audio frequency), whereby the operator can
      binaurally localize the beacon source. However, if the beacon signal is of
      a typical radar frequency and is modulated as in a radar return, so that
      modulation frequency sidebands are generated, the radio-frequency phase
      difference between the signals at the two antennas for each of the
      frequency components will be practically identical, in view of the
      negligible percentage differences in the radio-frequency component
      signals. Thus, the same phase difference between the two earphones will be
      preserved in the various audio-frequency signals.
PAR  A phase difference between two audio signals at the same frequency creates
      a proportional difference in the time of arrival of the respective signals
      at the ears (.DELTA.t) equal to the phase difference in degrees (.phi.)
      divided by the product of 360.degree. and the audio frequency (f), in
      accordance with the formula .DELTA.t = .phi./(360f). Therefore, since each
      frequency component has the same phase, each will have a different
      time-of-arrival differential at the two ears, and the operator will have
      the sensation that each is coming from a different direction.
PAR  In order for a binaural signal containing a spectrum of frequency
      components to be perceived as coming from a single location, each
      frequency component of the signal must have approximately the same
      time-of-arrival differential at the ears, as opposed to the same phase.
      Systems such as disclosed in the aforementioned U.S. Pat. No. 3,626,416,
      therefore, are not compatible with radar return signals, which are usually
      frequency distributed.
PAR  Moreover, such systems as described in U.S. Pat. No. 3,626,416 make no
      provision for differing the intensity of the signal at the two ears in
      accordance with their relative position with respect to the target.
PAC  Summary of the Invention
PAR  The present invention provides a means of presenting all frequency
      components of a signal spectrum from each particular target of a plurality
      of targets with essentially the same time-of-arrival differential at the
      two ears.
PAR  Further, the present invention presents the pair of audio signals to the
      ears with a greater intensity on the side closer to the target.
PAR  More specifically, the present invention is a binaural auditory
      presentation device comprising means for receiving sum and difference
      signals, derived from doppler-shifted or modulated target signals as
      received at a first and a second input means, the sum and difference
      signals having multiple frequency components characteristic of the target.
      Filter means modify the amplitude and phase of each frequency component of
      the difference signal. The filtered difference signal is then vectorially
      summed with the sum signal to produce a first audio output signal and is
      inverted and summed with the sum signal to produce a second audio output
      signal. The transfer function of the aforementioned filter means is such
      that each frequency component of the first and second audio output signals
      representing a particular target maintains substantially the same
      time-of-arrival differential, the time-of-arrival differential being
      related to the off-axis angle of the corresponding target and an amplitude
      ratio that is also a function of the off-axis of the target. The two
      output signals are binaurally presented to the operator, one signal to
      each ear.
DRWD
PAC  Brief Description of the Drawing
PAR  FIG. 1 is a block diagram of a system embodying the present invention.
PAR  FIG. 2 is a phasor diagram illustrating the phases and amplitudes of the
      signals of concern.
PAR  FIG. 3 is a schematic of a preferred filter used in the system of FIG. 1.
DETD
PAC  Detailed Description of a Preferred Embodiment
PAR  In many radar applications, only one dimensional component of the direction
      of the return signals, for instance the azimuth or elevation component, is
      of interest. For example, in a battlefield surveillance radar, information
      concerning the azimuth component alone is needed. If binaural
      presentations are desired for more than one angular component, the
      invention herein described must be implemented, it should be understood,
      for each component separately, and two operators are accordingly required.
PAR  In analogy to the ears of the human auditory facilities, a radar system
      must, in order to produce binaural signals, have at least a first and a
      second receiving means with a reference axis or direction for receiving
      target return signals, such as two antennas or a single antenna with at
      least two beams as in a conventional monopulse radar system. The antenna
      axis serves as a reference axis. The target signals received by the
      individual receiving means are either processed through "left" and "right"
      receivers, or are combined into a sum signal and a difference signal, then
      processed through a sum receiver and difference receiver.
PAR  Monopulse radar, such as above described, is well known in the art. A more
      complete description can be found in "Introduction to Monopulse," by D. R.
      Rhodes, published by McGraw Hill Book Company, Inc., New York, 1959, and
      in many other publications.
PAR  The radio frequency sum and difference signals (right and left beam
      signals) are converted to audio frequency signals by well-known methods of
      detection, demodulation, or heterodyning.
PAR  The frequencies of primary interest to the system are those between 30 and
      1000 Hz. Binaural qualities deteriorate rapidly with increasing frequency
      for frequencies above 1000 Hz, although such audio frequencies do improve
      the fidelity of the audio system. Frequencies below approximately 30 Hz
      are not usually considered audible. Thus, the useful audio bandwidth for
      binaural localization comprises frequencies between 30 and 1000 Hz.
PAR  The highest audio-frequency component that can be obtained at the output of
      a radar is half the pulse repetition frequency (PRF) of the radar system.
      Any higher-frequency components that may be present in the target return
      signal are "folded over" and cannot be distinguished from those that lie
      between zero and half the PRF. PRF's are typically high enough to provide
      signals within the useful audio bandwidth. For example, PRF's of 500 to
      2,000 pps are common and higher PRF's can usually be provided for special
      modes (such as auditory presentation) if needed. Furthermore, some radars
      have continuous-wave (CW) transmissions rather than pulsed transmissions.
      In such CW radars, there is practically no upper limit to the
      audio-frequency spectrum that can be preserved.
PAR  The audio-frequency sum and difference signals must then be converted into
      two binaural signals, i.e. a first and a second audio-frequency output
      signal, one for each ear. For binaural localization of a signal source,
      the difference in time-of-arrival of the two binaural signals at the ears
      should be approximately proportional to the sine of the angle between the
      target direction and the antenna axis. The binaural signal to the ear on
      the side nearer the target should precede the signal to the ear further
      from the target. Appropriate constants can be chosen to establish the
      sensitivity or "scale" of the binaural effect. It should be noted that an
      "expanded scale" can be obtained whereby the apparent angle of the target
      can be made much larger than the true angle, by suitable choice of the
      constants.
PAR  As previously noted, a further prerequisite for binaural localization of a
      frequency-distributed signal is that each individual frequency component
      have approximately the same time-of-arrival differential at the two ears.
PAR  The signal on the side nearer the target should also be stronger in
      amplitude than the other signal by a ratio that increases with the angle
      of the target from the antenna axis.
PAR  Reference is now made to FIG. 1, which is a block diagram of one embodiment
      of a device for presenting the audio signals binaurally in accordance with
      the above stated requirements for binaural localization of the target.
      Input means such as terminals 10 and 12, respectively, receive the audio
      frequency sum signal S and difference signal D, as generated by a
      conventional radar system. The difference signal, as received at terminal
      12, is applied to a suitable filter 16 over path 14. Filter 16 in the
      preferred form of the invention must meet certain operating properties as
      will be described, noting, nevertheless, that any suitable filter will
      serve the general operating requirements. The output signals D' of the
      filter 16 are applied over path 18 to summer 20, suitably a resistor
      network or a two-input operational amplifier (op amp) summer. Summer 20
      also receives, as an input signal, the audio sum signal S over path 22.
      The filtered difference signal D' and sum signal S are therein vectorially
      summed by summer 20. The resultant sum is a first audio output signal
      A.sub.R, which is applied to (right) earphone 23. Thus, summing means 20
      and earphone 23 comprise a first presentation means 25. The filtered
      difference signal D' is also applied over path 24 to a suitable phase
      inverter 26, such as an op amp inverter or a transformer, and is therein
      inverted. The inverted signal, -D', is applied over path 28 to summer 30,
      suitably a two-input op amp summer or a resister network. Summer 30 is
      also receptive of the sum signal S, over path 32. The output signal of
      summer 30 is the resultant sum of the vectorial addition of the inverted
      filtered difference signal -D', and the sum signal S and is a second audio
      output signal A.sub.L which is applied to (left) earphone 34. Thus,
      inverter 26, summer 30, and earphone 34 comprise a second presentation
      means 35.
PAR  The operation of the preferred embodiment of the present invention will be
      described in conjunction with the phasor diagram of FIG. 2. In monopulse
      radar, the sum signal S and difference signal D are in phase with each
      other when the target is on the "positive" side of the antenna axis and
      180.degree. out of phase when the target is on the " negative" side of the
      axis. In general, the choice of the "positive" side is arbitrary, but for
      the purpose of illustration, it is assumed here that "positive" is right
      and "negative" is left. In the particular case illustrated in FIG. 2, the
      target is to the right of the antenna axis. Thus, merely presenting the
      sum signal S plus the difference signal D (S + D) to the right ear and the
      sum signal minus the difference signal (S - D) to the left ear, will not
      maintain the requisite difference in time-of-arrival for binaural
      localization. Filter 16, therefore, is used to modify the amplitude and
      phase of each frequency component. The resultant phasor is generally
      indicated as D' in FIG. 2. Inverter 26 inverts D', indicated in FIG. 2 as
      phasor -D'. The phasors D' and -D', are vectorially summed with the sum
      signal S to produce the resultant audio output signals A.sub.R and
      A.sub.L, respectively. The transfer function of filter 16 is chosen so as
      to produce the requisite time-of-arrival differential and amplitude ratio
      between the audio output signals A.sub.R and A.sub.L.
PAR  Such a transfer function should be linear with constant parameters to
      permit linear superposition of signals simultaneously received from a
      multiplicity of targets or sources.
PAR  As described above, the audio output signals A.sub.R and A.sub.L are the
      vectorial sum and difference of the sum signal s and the filtered
      difference signal D'. That is:
EQU  A.sub.R =  S + D'                                          (1)
EQU  A.sub.L =  S - D'                                          (2)
PAL  The ratio of the A.sub.L and A.sub.R signals defined by equations (1) and
      (2) may be expressed in a useful form based on the following definitions:
      ##EQU1##
EQU  f = frequency
EQU  H(f) = transfer function of the filter = D'/D
EQU  by which A.sub.R precedes A.sub.L
EQU  .phi. = phase of A.sub.R relative to A.sub.L
PAL  The ratio of the audio output signals A.sub.R and A.sub.L may thus be
      expressed as follows:
      ##EQU2##
      Further, and since
      ##EQU3##
      it follows that:
EQU  .phi. = 2.pi.f .DELTA.t                                    (4)
PAL  Therefore,
      ##EQU4##
      Also,
      ##EQU5##
      or
EQU  d' = d H(f)                                                (7)
PAL  Substituting in (5)
      ##EQU6##
      from which the ideal filter transfer function is obtained:
      ##EQU7##
PAR  In order to determine whether the ideal filter transfer function, expressed
      by equation (9), can be realized physically, it is noted and should be
      appreciated that .DELTA.t should be a function only of the target angle,
      whereas H(f) depends only on the parameters of the filter and cannot be a
      function of the target angle. Therefore, the ideal filter transfer
      function and consequently the required relationship between the right and
      left audio signals cannot be realized exactly, but must be a compromise of
      the dilemma.
PAR  However, for a finite frequency band, the ideal filter transfer function
      can be approximated by physically realizable filters to the degree
      necessary for satisfactory binaural perception, as will be illustrated.
PAR  To produce a binaural effect in which the apparent angle perceived by the
      listener equals the true angle of the target, the time-of-arrival
      differential .DELTA.t should theoretically be proportional to the sine of
      the target angle from the radar axis. However, in practice the apparent
      angle as perceived by the operator need not equal the true angle. For
      example, the apparent angle may be magnified. Once the relations between
      the apparent angle and the true angle have been determined by computation
      or test, the former can be converted to the latter by a calibration curve.
      Thus, it is essential only that the time-of-arrival differential .DELTA.t
      be a monotonically increasing odd function of the true angle (and
      therefore a monotonically increasing odd function of d), and that it be
      zero when the target is on the axis (i.e., when d = 0). Further, .DELTA.t
      should be essentially independent of frequency over the band of audio
      frequencies contained in the signals (30 - 1000 Hz). However, moderate
      dependence on frequency can be tolerated in human binaural perception.
PAR  The amplitude ratio r has less rigid requirements than .DELTA.t over the
      usual range of audio frequencies available from a radar. The essential
      requirement is that r be a monotonically increasing function of d, with r
      = 1 when d = 0, and that the values of r for equal but opposite values of
      d be reciprocals of each other.
PAR  One filter that meets the above stated relationships is shown in FIG. 3.
      The difference signal D is applied through input terminals 36 and 38
      across a series combination of capacitor 40, of value C, and resistor 42,
      of value R. The output signal is taken from terminals 44 and 46 across
      resistor 42.
PAR  As well known in the art, the response of the filter at a particular
      frequency f can be expressed as:
      ##EQU8##
PAR  Thus, the audio output signals A.sub.R and A.sub.L of the binaural
      apparatus at frequency f can be expressed as:
      ##EQU9##
      where S is the component of the sum signal at the same frequency f. Again,
      as indicated above, the symbol d represents the ratio of the difference
      and sum signals at the particular direction of the target,
      ##EQU10##
      Thus, d is a measure of the target angle with respect to the antenna axis.
      The amplitude ratio r, between the audio output signals in terms of d can
      be computed to be:
      ##EQU11##
PAR  The phase difference .phi. between the audio output signals A.sub.L and
      A.sub.R can be expressed as:
      ##EQU12##
PAR  The difference in time-of-arrival, .DELTA.t, of the audio output signals at
      the ears can be expressed as:
      ##EQU13##
      when .phi. is expressed in radians. With proper choice of RC, .DELTA.t can
      be made substantially independent of frequency.
PAR  It is clear from equation (16) that the time-of-arrival differential
      .DELTA.t created by such a filter varies by only a small percentage as a
      function of frequency over the frequency band of interest (30 - 1000 Hz).
      It is zero when d is zero, its absolute value increases monotonically with
      that of d, and it has the same sign as d.
PAR  Moreover, equation 14 establishes that the amplitude ratio r maintained by
      such a filter is unity when d = 0, increases monotonically with d, and
      further is converted to its reciprocal when d is replaced by -d.
PAR  Thus, it is seen that such a filter maintains the requisite relationships
      for binaural localization over the band of frequencies of interest.
      Further, it has been found by calculation that for constant frequency,
      .DELTA.t is very nearly proportional to the sine of the off-axis angle, as
      required for accurate angular localization.
PAR  Table I shows a sample tabulation from the above equations, for both a
      small (0.04) and a moderately large (0.5) value of the D/S amplitude
      ratio, .vertline.d.vertline. = .vertline.D/S.vertline., with RC chosen as
      160 .times. 10.sup.-.sup.6. In a typical monopulse radar
      .vertline.d.vertline. = 0.04 when the target is about one-fiftieth
      beamwidth from the antenna axis and .vertline.d.vertline. = 0.5 when the
      target is about one-quarter beam width from the antenna axis. In Table I,
      the frequencies were chosen in approximately equal logarithmic steps, so
      that the ratio of each frequency to the one above it is about 0.7.
TBL                TABLE I                                                     
     ______________________________________                                    
     TABULATIONS FROM EQUATIONS (14) and (16)                                  
            Large Angle   Small Angle                                          
            d = 0.5       d = 0.04                                             
     Freq.,   Ampl.               Ampl.                                        
     Hertz    Ratio     .DELTA.t, .mu.sec.                                     
                                  Ratio .DELTA.t, .mu.sec.                     
     ______________________________________                                    
     1000     1.6        84       1.04   6.4                                   
     700      1.4       107       1.03   8.4                                   
     500      1.2       128       1.02  10.2                                   
     350      1.1       143       1.01  11.4                                   
     250      1.06      150       1.00  12.1                                   
     175      1.03      154       1.00  12.4                                   
     125      1.015     156       1.00  12.5                                   
     88       1.009     158       1.00  12.6                                   
     62       1.005     158       1.00  12.6                                   
     44       1.002     158       1.00  12.6                                   
     ______________________________________                                    
PAR  It is seen from Table I that for frequencies up to about 500 Hz, .DELTA.t
      does not vary as a function of frequency by more than about 10% above or
      below a mean value. The 10% deviation is within the moderate departure
      from the theoretical requirement that .DELTA.t be independent of frequency
      that can be tolerated by the human ear. The mean value of .DELTA.t is a
      functiion of d, which, in turn, is a measure of target angle from the
      antenna axis. It is known from tests of binaural hearing that a .DELTA.t
      as small as 10 microseconds can be detected by a human listener. Thus,
      binaural localization is realizable for the time differentials established
      by the filter shown in FIG. 3.
PAR  In many radars the PRF is below 1000 pulses per second (PPS), so that the
      audio signals do not extend above 500 Hz. An audio bandwidth extending
      from the lowest audible frequency up to 500 Hz. or even considerably less
      is usually ample to identify characteristic "signatures" of various types
      of targets. Therefore, the simple filter with RC = 160 .times.
      10.sup.-.sup.6 is adequate for use with many radars.
PAR  Moreover, it is known that in the higher frequency region, the ears depend
      more on amplitude ratio than on time differential for binaural
      localization, and although in the frequency region above 500 Hz. .DELTA.t
      established by such a filter decreases more rapidly, the ratio
      .vertline.A.sub.R /A.sub.L .vertline. at those frequencies begins to
      become significant. Thus, such a filter can be used even when the audio
      bandwidth extends above 500 Hz.
PAR  In any case, .DELTA.t can be made to more closely approach independence of
      frequency by lowering the value of RC in the filter shown in FIG. 3. This
      is disadvantageous in that the magnitude of D' (and therefore of d' ) will
      be attenuated as RC is lowered, and therefore, the sensitivity of angle
      perception will be decreased. However, the attenuation can be compensated
      for, and the sensitivity restored, by suitable amplification of D before
      filtering or of D' after filtering. Unfortunately, while amplification
      following attenuation restores the desired signal level, it also increases
      the noise. Furthermore, too small a value of RC will tend to suppress the
      variation of r with d. Therefore, RC should not be made smaller than
      necessary.
PAR  Alternately, .DELTA.t can be made to more closely approach independence of
      frequency by utilizing a more complex filter that more closely achieves
      the ideal transfer function.
PAR  An additional feature of the present invention provides a means to
      differentiate between and identify a plurality of heretofore unresolvable
      targets present at different angles within the radar beam. Each individual
      target, in effect, is described by a characteristic phasor diagram,
      similar to that in FIG. 2, whereby the auditory facility of the operator
      can separate them. The characteristic sound of each target also helps the
      operator to correlate and identify the targets. The process is the same as
      the process by which a blindfolded person can identify and localize music,
      conversations, and other sounds emanating simultaneously from different
      parts of a room.
PAR  It should be appreciated by those skilled in the art that the present
      invention can easily be adapted for localization of voice-modulated
      communications. Particular utility can be found in a space environment,
      whereby the radio communications equipment of the astronauts' space suits
      may be made to simulate natural binaural location. Similar utility may be
      found in any environment not conductive to natural speech communication.
PAR  It is apparent from the foregoing description that the present invention
      provides a particularly advantageous apparatus for binaural presentation
      of signals. It will be understood that the above description is of an
      illustrative embodiment of the present invention, and that the invention
      is not limited to the specific form shown. Modification may be made in the
      design and arrangement of the elements without departing from the spirit
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system wherein an audio-frequency sum signal and an audio-frequency
      difference signal are derived from frequency-distributed radio-frequency
      (RF) signals from at least one remote source, said RF signals being
      received at a plurality of reception means having a specified reference
      axis, a binaural auditory presentation apparatus comprising:
PA1  input means for receiving said sum signal and said difference signal;
PA1  filter means receptive of said difference signal for modifying the
      amplitude and phase of each frequency component of said difference signal;
PA1  first presentation means receptive of said sum signal and said filtered
      difference signal for deriving from said sum signal and said filtered
      difference signal a first audio-frequency output signal representative of
      said RF signals from said remote sources;
PA1  means, receptive of said filtered difference signal, for inverting said
      filtered difference signal; and
PA1  second presentation means, receptive of said sum signal and said inverted
      filtered difference signal, for deriving from said sum signal and said
      inverted filtered difference signal a second audio-frequency output signal
      representative of said RF signals from said remote sources;
PA1  said filter means modifying the amplitude and phase of each of said
      frequency components of said difference signal such that;
PA1  each of the frequency components of said first output signal representative
      of the RF signals from each respective individual remote source maintain
      substantially the same time differential between a presentation by said
      first presentation means and a presentation by said second presentation
      means of the corresponding frequency component of said second output
      signal, where each of said time differentials is a function of the
      position of said respective individual remote source with respect to said
      reference axis and each of said time differentials is of such a duration
      as to be binaurally discernable
PA1  and such that the amplitude ratio of each corresponding frequency component
      of said first and second audio-frequency output signals representative of
      the RF signals from each respective individual remote source is a function
      of the position of said respective individual remote source with respect
      to said reference axis.
NUM  2.
PAR  2. The system of claim 1 wherein:
PA1  said time differential between presentation by said first and said second
      presentation means is a monotonically increasing function of the position
      of said respective individual remote source with respect to said reference
      axis whereby said time differential is zero when said respective
      individual remote source is located on said reference axis; and
PA1  said amplitude ratio is a monotonically increasing function of the position
      of said respective individual remote source with respect to said reference
      axis whereby said ratio equals unity when said respective individual
      remote source is located on said reference axis and said ratio is
      reciprocally related for individual remote sources equidistant from but on
      opposite sides of said reference axis.
NUM  3.
PAR  3. The apparatus of claim 2, wherein:
PA1  said filter means comprises a resistance, R, and a capacitance, C;
PA1  said difference signal being applied across said resistance and capacitance
      in series;
PA1  said filtered difference signal being taken from across said resistance.
NUM  4.
PAR  4. The apparatus of claim 3, wherein:
EQU  RC = 160 .times. 10.sup.-.sup.6 second.
NUM  5.
PAR  5. The apparatus of claim 1, wherein:
PA1  said first presentation means comprises summing means receptive of said sum
      signaal and said filtered difference for vectorially summing said sum
      signal with said filtered difference signal; and
PA1  said second presentation means comprises;
PA1  summing means, receptive of said inverted filtered difference signals and
      said sum signal, for vectorially summing said inverted filtered difference
      signal with said sum signal.
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ABST
PAL  A cylindrical array antenna is disclosed wherein rows of antenna elements
      disposed about the periphery of the antenna each include a feed network
      coupled to a monopulse arithmetic unit through a radial line power divider
      and a hemispherical sector selector switching network. Monopulse "sum" and
      circumferential "difference" patterns are obtained by dividing a selected
      hemispherical sector into four adjacent antenna aperture segments. The
      antenna elements associated with alternate antenna aperture segments are
      coupled to the arithmetic unit in like polarity and the antenna elements
      associated with adjacent antenna aperture segments are coupled to such
      arithmetic unit in opposite polarity. With such arrangement
      cross-polarization or "null filling" effects associated with the
      cylindrical array antenna are reduced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to array antennas used in radar systems
      and feed networks for such antennas and more particularly to antennas of
      such type which are adapted to provide monopulse tracking.
PAR  As is known in the art, array antennas, such as cylindrical array antennas,
      have been suggested for use in many applications of radar requiring wide
      scan angle coverage, such as in known airborne "multimode" radar systems.
      In such a type of array antenna a plurality of antenna elements
      circumferentially disposed on the surface of a cylinder corresponding
      generally to a portion of the fuselage of an aircraft are coupled to a
      transmitter/receiver through a feed network. Various types of feed
      networks generally used in such applications are described in an article
      entitled "A Survey of Circular Symmetric Arrays" by J. H. Provencher
      published in the book "Phased Array Antennas" edited by Drs. A. A. Olinir
      and G. H. Knittel, published in 1972 by Artech House, Inc., 610 Washington
      Street, Dedham, Mass. 02026. The feed networks shown in the just-cited
      reference include various kinds of switching arrangements to direct radio
      frequency energy to selected sectors of the antenna array so that a
      resulting beam has a desired circumferential position. It is obviously
      desirable that the particular feed network and the switching arrangement
      used therewith include a minimum number of switching elements in order
      that power loss, phase error and amplitude error within the antenna be, in
      turn, reduced to a minimum. While the feed networks described in the above
      mentioned article have been found adequate in many applications, such
      networks require the use of a relatively large number of switching
      elements. The concomitant losses and errors inherent in such networks then
      militate against their use in applications in which beam shape and low
      sidelobe levels of a beam are of primary importance.
PAR  The shortcomings of known feed networks for the antenna elements of an
      array antenna are especially evident when a cylindrical or frusto-conical
      shaped array is desired to provide monopulse tracking of targets within a
      relatively wide field. It is generally desirable with any such array that
      the gain of the antenna be maximized for both circumferential and axial
      scans.
PAR  In order to maximize the gain of such an antenna array in the axial
      direction, it is desirable that the radiating elements be configured so
      that the E field (i.e. the polarization) of the radio frequency energy in
      the "near" field is codirectional with the longitudinal axis of the array.
      It follows, then, that when axial scanning is effected (i.e. when the beam
      is scanned in a plane containing the longitudinal axis of the array) the
      "far" electric field may be considered as having a component orthogonal to
      the radiating face of the array. This component in turn has two
      components, one orthogonal to a selected antenna "plane" (i.e. any plane
      orthogonal to the normal to the array at the center of the beam) and the
      other being parallel to such antenna "plane." Unfortunately, then, if any
      of the feed networks of any of the antenna arrays illustrated in the cited
      reference are adapted for use in either a cylindrical or a frusto-conical
      array, undesirable cross-polarization components exist between radiating
      elements. That is, with known feed networks the "far" electric field
      component parallel to the "plane" (i.e. the cross-polarization components)
      generally seriously degrades the antenna monopulse "sum" and "difference"
      patterns at large axial scan angles. Such pattern degradation is sometimes
      referred to as "null filling" because the cross-polarization components
      tend to form a "sum type" pattern for the monopulse "difference" patterns
      and also tend to form a "difference type" pattern for the monopulse "sum"
      pattern at the center of such patterns.
PAC  SUMMARY OF THE INVENTION
PAR  With this background of the invention in mind it is therefore an object of
      this invention to provide an improved nonplanar array antenna.
PAR  It is another object of this invention to provide a nonplanar array antenna
      having an improved feed network.
PAR  It is another object of this invention to provide a nonplanar array antenna
      having improved monopulse tracking in two orthogonal planes.
PAR  These and other objects of the invention are generally attained by
      providing at least two pairs of antenna aperture segments, each one of
      such segments including at least one axial row of antenna elements, such
      antenna elements being arranged to form an antenna array, and, means for
      coupling the antenna elements in alternate antenna aperture segments with
      like polarity and the antenna elements in adjacent antenna aperture
      segments with opposite polarity. The coupling means includes a centrally
      fed radio frequency lens having a plurality of output ports disposed about
      the periphery thereof and a smaller plurality of input feed ports disposed
      centrally within the lens, such input feed ports being selectively coupled
      to a monopulse arithmetic network by means of a switching network.
PAR  In a preferred embodiment in a cylindrical array antenna each one of the
      antenna elements includes a phase shifter to collimate and direct shaped
      beams of radiation in both azimuthal (or circumferential) and elevation
      (or axial) directions in a selected one of n different overlapping
      hemispherical sectors. Two centrally fed radio frequency lenses (sometimes
      alternatively called radial line power dividers) are provided; one for the
      monopulse "sum" and circumferential "difference" patterns and one for the
      monopulse axial "difference" pattern. The antenna elements in each row are
      combined by a center fed serial feed network, thereby providing each row
      of elements with a "sum" and axial "difference " output. The "sum" outputs
      of the center fed serial feed networks are fed to the "sum" and
      circumferential "difference" radial line power divider while the
      "difference" outputs are fed to the axial "difference" radial line power
      divider. The radial line power dividers provide a desired amplitude
      distribution to the antenna elements and couple four of n of the inner
      feed ports thereof in proper phase and amplitude excitation at any instant
      in time to a selected one of the n hemispherical sectors. Four selected
      inner feed ports of the "sum" and circumferential "difference" radial line
      power dividers are coupled respectively to four adjacent antenna aperture
      segments. Adjacent ones of such four selected input feed ports are
      combined in opposite polarity to reduce the effect of cross polarization
      or null filling caused by axial scanning the antenna.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of this invention, reference is now made
      to the following description of a preferred embodiment and to the
      drawings, in which:
PAR  FIG. 1 is an isometric drawing, greatly amplified, of a portion of the
      cylindrical array antenna system according to the invention;
PAR  FIG. 2 is a schematic diagram, greatly simplified, of a portion of the
      cylindrical array antenna shown in FIG. 1, a portion of the antenna
      elements thereof being shown disposed about a portion of the periphery of
      the antenna;
PAR  FIG. 3 is an isometric drawing, partially broken away, of a radial line
      power divider used in the cylindrical array antenna shown in FIG. 1;
PAR  FIG. 4 is a schematic diagram of switching networks, null filling
      compensator and monopulse arithmetic unit used to complete the cylindrical
      array antenna shown in FIG. 1.
PAR  FIG. 4A is a schematic diagram of a switching element used in the switching
      network shown in FIG. 4;
PAR  FIGS. 4B and 4C are diagrams useful in the understanding the operation of
      the switching element shown in FIG. 4A;
PAR  FIG. 5 is a diagram showing "far" electric field components of portions of
      the cylindrical array shown in FIG. 1;
PAR  FIG. 5A is a diagram useful in understanding the operation of a monopulse
      antenna according to the prior art;
PAR  FIG. 5B is a diagram useful in understanding the operation of a monopulse
      antenna according to the invention;
PAR  FIG. 6 is TABLE I, useful in describing the relationship between the state
      of the switching elements used in the switching networks shown in FIG. 4
      and the hemispherical sectors selected by a beam steering computer;
PAR  FIG. 7 is TABLE II, useful in understanding the operation of the null
      filling comparator shown in FIG. 4; and
PAR  FIG. 8 is a diagram greatly simplified for clarity showing, in a single
      figure, the relationship between the elements of the diagrams shown in
      FIG. 2 and FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS GENERAL
PAR  Referring now to FIG. 8, a cylindrical array antenna 10 includes a
      plurality of antenna elements 12 each including a phase shifter (not
      numbered) (responsive to control signals supplied by beam steering
      computer 16 via lines (not shown in this figure)) to collimate and direct
      shaped beams of radiation in both azimuthal (or circumferential) and
      elevation (or axial) directions in a selected one of n, here 16, different
      overlapping hemispherical sectors, such sector being selected in response
      to control signals supplied by beam steering computer 16 to switching
      networks 400, 400'. Radio frequency energy to and from the antenna
      elements 12 in each row are combined by a center fed serial feed network
      200, thereby providing each row of elements 12 with a "sum" and "axial"
      difference output (i.e., "sum" port 202 and "difference" port 204,
      respectively). Two centrally fed radio frequency lenses 312, 314
      (sometimes alternatively called radial line power dividers) are provided;
      one for the monopulse "sum" and circumferential "difference" patterns and
      the other one for the monopulse axial "difference" pattern. The "sum"
      ports 202 are connected to the "sum" and circumferential "difference"
      radial line power divider 312 and the "difference" ports 204 are connected
      to the axial "difference" radial line power divider 314.
PAR  The inner feed ports 316.sub.1 -316.sub.16 and 318.sub.1 -318.sub.16 are
      connected to switching networks 400, 400'. In response to signals supplied
      by beam steering computer 16 (FIG. 1), four successively disposed input
      feed ports are coupled to the four output terminals of such switching
      networks 400, 400'.
PAR  The output ports of switching network 400 are coupled to a "null filling"
      compensator 406. The "null filling" compensator 406 couples adjacent ones
      of the four selected inner input ports 316.sub.1 -316.sub.16 to monopulse
      arithmetic unit 428. As described in connection with FIG. 4, such
      compensator is operative to reduce the effect of cross polarization or
      "null filling" on the monopulse circumferential "difference" pattern and
      on the monopulse "sum" pattern.
PAR  Four adjacent input feed ports 318.sub.1 -318.sub.16 are correspondingly
      coupled by switching network 400' to the monopulse arithmetic unit 428
      where they are combined in phase thereby to form the monopulse axial
      "difference"  pattern (i.e., at port .DELTA..sub.A).
PAR  Referring now to FIG. 1, a cylindrical array antenna 10 is shown to include
      a plurality of antenna elements 12 arranged in longitudinal rows (not
      numbered). Such rows are aligned codirectionally with the antenna's
      longitudinal axis 14. The antenna 10 is adapted (in a manner to be
      described) to direct a beam of radio frequency radiation in a selected one
      of n overlapping hemispherical sectors disposed regularly about the
      circumference of the antenna. Each one of the antenna elements 12 includes
      a phase shifter (not shown) responsive to control signals supplied by a
      beam steering computer 16 to collimate and direct such beam of radiation
      in both an "azimuthal" direction, .theta., (i.e. circumferentially) and an
      "elevation" direction, .alpha., (i.e. axially) within any selected sector
      as indicated in FIG. 5. Further, the antenna elements 12 are arranged so
      that monopulse "sum," "azimuthal difference" and "elevation difference"
      radiation patterns are developed within such selected sector in a manner
      to be described hereinafter.
PAR  Cylindrical array antenna 10 here includes 228 rows of antenna elements 12
      regularly spaced about the circumference of the antenna, here each such
      row having forty-two antenna elements 12. Antenna elements 12 may be of
      any conventional design. Here, for example, such antenna elements 12
      include a rectangular waveguide section (not shown), preferentially
      arranged with the narrow wall thereof disposed parallel to the
      longitudinal axis 14 at the radiating face of the antenna 10, each
      waveguide section having a ferrimagnetic toroid disposed within such
      waveguide section as described in the book "Radar Handbook" by M. I.
      Skolnik, McGraw-Hill Book Company, 1970, in chapter 12. It is here noted
      that by arranging the waveguide section as described, radio frequency
      energy will be propagated in the TE.sub.10 (or dominant mode) and hence
      the electric field of such energy radiated from any one of the antenna
      elements 12 (i.e. the polarization) will be oriented codirectionally with
      the longitudinal axis 14. With such polarization orientation the gain of
      the antenna is increased by about 2db at elevation angle deflections from
      a normal to the surface of the antenna, (i.e. .alpha., as defined in FIG.
      5) in the order of 60.degree. as compared with an antenna operating with a
      circumferentially oriented polarization.
PAC  AXIAL ROW FEED NETWORK
PAR  Referring now also to FIG. 2, a schematic diagram of the cylindrical array
      antenna 10 shows antenna elements 12 disposed in exemplary rows about the
      periphery of the antenna 10. The antenna elements 12 in each row are
      coupled together by means of an axial row feed network 200. Here such feed
      network 200 is a center fed series feed network described in the above
      referenced book "Radar Handbook" on pages 11-50 through 11-54. Each such
      feed network 200 includes a "sum" port 202 and a separate "difference"
      port 204. As is known, each one of the antenna elements 12 is coupled in
      phase to the "sum" port 202 and each "half" (i.e. here the "left half" and
      the "right half") of the antenna elements in such row are coupled with a
      180.degree. relative phase shift therebetween to the "difference"  port
      204. For convenience, four adjacent rows of antenna elements are, as
      indicated, grouped together by two conventional "four to one" power
      dividers 206, 207. In particular, the "sum"  ports 202 of four adjacent
      axial row feed networks are coupled together by power divider 206 to form
      a "group sum" port 208 and the "difference" ports 204 of such four
      adjacent axial row feed networks 200 are coupled together by power divider
      207 to form a "group difference" port 210. It follows then that 57 "group
      sum" and 57 "group difference" ports are formed from the 228 rows of
      antenna elements 12. Each "group sum" port 208 is coupled to a different
      one of the 57 outer ports 302.sub.1 -302.sub.57 (only 302.sub.1,
      302.sub.2, 302.sub.57 being numbered) of a centrally fed radio frequency
      lens, here sometimes called a radial line power divider (sometimes
      referred to as "sum" and circumferential "difference" radial line power
      divider) 312, the details of which will be described hereinafter in
      connection with FIG. 3. Further, each "group difference" port is coupled
      to a different one of the 57 outer ports 304.sub.1 -304.sub.57, (only
      304.sub.1, 304.sub.2, 304.sub.52 being numbered) of radial line feed power
      divider (sometimes referred to as the axial "difference" radial line power
      divider) 314, here equivalent in construction to radial line feed power
      divider 312.
PAR  Disposed centrally within radial line power dividers 312, 314 are a
      plurality of n, here 16, input feed ports 316.sub.1 -316.sub.16 and
      318.sub.1 -318.sub.16 (only 316.sub.1, 316.sub.2 and 316.sub.16 and
      318.sub.1, 318.sub.2 and 318.sub.16 being numbered) respectively. Input
      feed ports 316.sub.1 -316.sub.16 are coupled to a switching network 400
      (not here shown), the details of which will be described in connection
      with FIG. 4. Suffice it to say here that the beam steering computer 16
      sends, in addition to the control signals for the phase shifters (not
      numbered) associated with antenna element 12, control signals to such
      switching network 400 to select four of the 16 input feed ports 316.sub.1
      -316.sub.16, thereby directing the beam of radio frequency radiation to a
      selected one of the 16 overlapping hemispherical sectors regularly spaced
      about the circumference of the antenna 10. Likewise, the input feed ports
      318.sub.1 -318.sub.16 are coupled to a switching network 400' (not shown),
      such network being equivalent in construction to switching network 400.
      Such switching network 400' also responds to control signals from beam
      steering computer 16 to select four of the 16 input feed ports 318.sub.1
      -318.sub.16 to thereby select the same hemispherical sector selected by
      switching network 400.
PAC  RADIAL LINE POWER DIVIDER
PAR  Referring now to FIG. 3, an exemplary one of the identically constructed
      radial line power dividers, 312, 314, here radial line power divider 312,
      is shown. It is here noted that such power divider may be any
      conventional, well known, centrally fed radial line power divider. For
      convenience a particular power divider of such type thereof is shown. Such
      radial line power divider 312 is used to distribute, with a desired
      amplitude and phase weighting (established in a manner to be described),
      the radio frequency energy passing between four selected ones of the 16
      input feed ports 316.sub.1 -316.sub.16 and the output ports 302.sub.1
      -302.sub.57.
PAR  Radial line power divider 312 is here fabricated from aluminum and includes
      a toroidal parallel plate region 320, a ring 322, a concentric outer ring
      324 and a concentric waveguide support ring 326. The radial line feed
      power dividers 312, 314 are disposed symmetrically about the antenna's
      longitudinal axis 14 (FIG. 1). Each one of the rings 322, 324, 326 has a
      plurality of rectangular slots formed therein, such slots being regularly
      placed about the periphery of such rings. Here ring 322 has 16 such
      rectangular slots 322.sub.1 -322.sub.16 (only slots 322.sub.1, 322.sub.6,
      322.sub.7 being visible in FIG. 3) formed therein whereas outer ring 324
      and waveguide support ring 326 have 57 such slots 324.sub.1 -324.sub.57,
      326.sub.1 -326.sub.57 (only slots 324.sub.1, 324.sub.14, 326.sub.1,
      326.sub.14 being visible in FIG. 3) formed therein. Here the diameters of
      ring 322, outer ring 324 and waveguide support ring 326 are 5.348 inches,
      21.00 inches and 28.900 inches, respectively, for an operating wavelength
      of approximately 1.2 inches. The size of the rectangular shaped slots
      formed in the ring 322 is here 0.2 inches by 0.750 inches, the wide wall
      being disposed circumferentially, with the center to center spacing of
      such slots being one inch. The rectangular slots formed in the ring 324
      are 0.200 inches .times. 0.750 inches with the center to center spacing
      being 1 inch.
PAR  Front and back disk-shaped covers 328, 330 are mounted to the ring 322,
      outer ring 324 and waveguide support ring, here by conventional screws
      (not numbered) thereby forming the parallel plate region 320 between front
      and back covers 328, 330 and ring 322 and ring 324. The covers 328, 330
      are formed so that the inner height of the parallel plate region 320 is
      equal to the height of the rectangular slot (i.e. 0.2 inches). The
      condition produces primarily modes having substantially no electric field
      component parallel to the plane of the parallel plate region and results
      in maximum power transfer within the parallel plate region 320 without any
      additional matching devices.
PAR  Rectangular waveguide sections 332.sub.1-57 are disposed between the
      rectangular slots 324.sub.1 -324.sub.57 formed within the outer ring 324
      and the waveguide support ring 326, as shown. The inner ends of such
      waveguide sections 332.sub.1 -332.sub.57 are positioned through slots
      324.sub.1 -324.sub.57.
PAR  Mounting flanges (not numbered) are formed at the outer ends of such
      waveguide sections 332.sub.1-57 as shown to provide output ports
      302.sub.1-57.
PAR  The rectangular slots 322.sub.1 -322.sub.16 formed in the ring 322 are
      coupled to the inner ends of substantially L-shaped rectangular waveguide
      sections 336.sub.1-16, as shown. The outer ends of such waveguide sections
      336.sub.1-16 have mounted flanges formed thereon to define the input feed
      ports 316.sub.1-16. It follows then that radio frequency energy entering
      into any one of the input feed ports 316.sub.1 -316.sub.16 passes into
      parallel plate region 320 and is then distributed to waveguide sections
      332.sub.1 -332.sub.57. The distribution to such waveguide sections
      332.sub.1 -332.sub.57 depends on the position of the waveguide sections
      332.sub.1 -332.sub.57 relative to the position of the excited one of the
      input feed ports 326.sub.1 -326.sub.16, as described above. The radio
      frequency energy passing through waveguide sections 332.sub.1 -332.sub.57
      exits via output ports 302.sub.1 -302.sub.57. It is noted that "on
      receive" principles of reciprocity apply.
PAC  SWITCHING NETWORK
PAR  Referring now to FIG. 4, a schematic diagram is shown of the switching
      network 400. Such switching network 400, which is identical in
      construction to switching network 400', includes a first row of switching
      elements, here switching elements 402.sub.1 -402.sub.8, each one thereof
      having a pair of input terminals indicated by the notation i.sub.1,
      i.sub.2 and a pair of output terminals indicated by the notation o.sub.1,
      o.sub.2. An exemplary one of the switching elements, say 402, is shown in
      FIG. 4A, the details of which will be discussed. One of the pair of output
      terminals, o.sub.1, of each one of the switching elements 402.sub.1
      -402.sub.4 is connected by waveguide to one of the input feed ports
      316.sub.1 -316.sub.4, respectively, as shown, and the other one of such
      output terminals, o.sub.2, is connected to one of the input feed ports
      316.sub.9 -316.sub.12, respectively, as shown. Further, one of the pair of
      output terminals, o.sub.1, of each one of the switching elements 402.sub.
      5 -402.sub.8 is connected to one of the input feed ports 316.sub.5
      -316.sub.8, respectively, as shown and the other one of such output
      terminals, o.sub.2, is connected to one of the input feed ports 316.sub.13
      -316.sub.16, respectively, as shown. Input feed ports 316.sub.1
      -316.sub.16 are successively and regularly disposed about the inner
      periphery of the radial line feed power divider 312, as discussed in
      detail in connection with FIG. 3. One of the input terminals i.sub.2 of
      each one of the switching elements 402.sub.1 -402.sub.8 is coupled to a
      suitable terminating impedance (not numbered). A second row of switching
      elements is included in switching network 400, here switching elements
      402.sub.9 -402.sub.12, similar in construction to switching elements
      402.sub.1 -402.sub.8 and each having a pair of output terminals o.sub.1,
      o.sub.2. One of the pair of output terminals o.sub.1 of each one of the
      switching elements 402.sub.9 -402.sub.10 is connected to the input
      terminal i.sub.1 of one of the switching elements 402.sub.1 -402.sub.2,
      respectively, as shown and the other one of the pair of output terminals
      o.sub.2 is connected to the input terminal i.sub.1 of one of the switching
      elements 402.sub.5 -402.sub.6, respectively, as shown. Further, one of the
      pair of output terminals o.sub.1 of each one of switching elements
      402.sub.11 -402.sub.12 is connected to one of the switching elements
      402.sub.3 -402.sub.4, respectively, as shown, and the other one of such
      output terminals o.sub.2 is connected to one of the switching elements
      402.sub.7 -402.sub.8, respectively, as shown. One of the input terminals
      o.sub.1 of the switching elements 402.sub.9 -402.sub.12 is connected to a
      suitable matching impedance (not numbered).
PAR  Referring to FIG. 4A, the details of an exemplary switching element, here
      switching element 402, is shown to include a pair of hybrid junctions 403,
      405, one "sidearm" of each such junction being coupled together and the
      other "sidearm" being coupled together through a switchable phase shifter
      407. Such switchable phase shifter 407 is here of any conventional design,
      here adapted to switch to a 0.degree. phase shift condition in response to
      a "state 1" command signal applied thereto from beam steering computer 16
      and to switch to a 180.degree. phase shift condition in response to a
      "state 2" command signal. One of the pair of input terminals, i.sub.1, is
      connected to the "H-arm" of hybrid junction 403 and the other input
      terminal, i.sub.2, is connected to the "E-arm" of such hybrid junction.
      One of the output terminals, o.sub.1, is connected to the "H-arm" of
      hybrid junction 405 and the other output terminal, o.sub.2, is connected
      to the "E-arm" of such hybrid junction.
PAR  In operation, when the switchable phase shifter 407 is in the "state 1"
      condition, radio frequency energy applied to the input terminal i.sub.1
      will divide equally, in like phase, between the sidearms of hybrid
      junction 403. Such "divided" energy will be combined, in like phase, and
      appear at output terminal o.sub.1. Also, when in the "state 1" condition,
      radio frequency energy applied to the input terminal i.sub.2 is divided
      equally, but in opposite phase (i.e. 180.degree. phase) between the
      sidearms of the hybrid junction 405. Such divided energy will be combined
      and appear at the output terminal o.sub.2. The operation of such switching
      element in such "state 1" condition may be represented as shown in FIG.
      4B. It is here noted that such switching element is reciprocal, that is
      the operation of such element is equivalent when radio frequency energy is
      introduced into the output terminals o.sub.1, o.sub.2.
PAR  When the switchable phase shifter 407 is in the "state 2" condition, radio
      frequency energy introduced into input terminal i.sub.1 will divide
      equally, in like phase, between the sidearms of hybrid junction 405. The
      energy in one of such sidearms will experience a 180.degree. phase shift
      because of the state of phase shifter 407. Therefore, because such
      "divided"  energy is 180.degree. out-of-phase in the sidearms of hybrid
      junction 403, such divided energy will combine and appear at output
      terminal o.sub.2. Similarly, if energy is introduced into input terminal
      i.sub.2 it will appear at terminal o.sub.1. The state of such switching
      element in the "state 2" condition may be represented as shown in FIG. 4C.
PAR  By properly selecting the "states " for each one of the switching elements
      402.sub.1 -402.sub.12 one of 16 different sets of 4 successively disposed
      input feed ports may be selectively coupled to the input terminals
      (i.sub.1) of switching elements 402.sub.9 -402.sub.12. Table I (FIG. 6)
      shows the "states" required for the switching elements 402.sub.1
      -402.sub.16 in order to selectively couple each one of the 16 different
      sets of 4 successively arranged input feed ports to the input terminals
      (i.sub.1) of switching elements 402.sub.9 -402.sub.12 and hence each one
      of the 16 different hemispherical sectors. It is noted that where there is
      no "state" indicated for a particular switching element, the feed lines
      coupled thereto are terminated by a matching impedance. It is further
      noted that, with such arrangement, the input terminals of switching
      elements 402.sub.9 and 402.sub.11 will be coupled to the "odd" numbered
      input feed ports 316.sub.1, 316.sub.3, 316.sub.5 . . . 316.sub.15 and the
      input terminals of switching elements 402.sub.10 and 402.sub.12 will be
      coupled to the "even" numbered input feed ports 316.sub.2, 316.sub.4 . . .
      316.sub.16. The significance of such "odd"-"even" arrangement will become
      apparent hereinafter. It is also noted that input feed ports which are not
      selected are properly terminated in the matching impedance.
PAC  "NULL FILLING" COMPENSATOR
PAR  A "null filling" compensator 406 is coupled to switching network 400
      through a pair of switching elements 402.sub.13, 402.sub.14 to properly
      couple the selected four successive input feed ports to lines A.sub.1
      -A.sub.4. In particular, such switching elements 402.sub.13, 402.sub.14
      are provided to couple, respectively, the outer pair of a set of four
      selected successive input feed ports to lines A.sub.1 and A.sub.4 and
      similarly the inner pair of such set of selected successive input feed
      ports to lines A.sub.2, A.sub.4. Table II (FIG. 7) shows the coupling
      between the input feed ports and lines A.sub.1 -A.sub.4 for each one of
      the 16 hemispherical sectors. Phase shifters 408, 410 are coupled to line
      A.sub.1, A.sub.4, respectively as shown and are provided for adjusting the
      phase of the radio frequency energy on such lines relative to the phase of
      the energy in lines A.sub.2, A.sub.4 for reasons to be discussed
      hereinafter. The phase shifted signals on lines A.sub.1 and A.sub.4 are
      combined, as shown, with the radio frequency signals on lines A.sub.2 and
      A.sub.4 by conventional directional couplers 412, 414 as shown. With such
      arrangement the signal on line A.sub.3 and the phase shifted signal on
      line A.sub.1 are combined into composite signals on line 416, 418 and
      likewise the signal on line A.sub.2 and the phase shifted signal on line
      A.sub.4 are combined into composite signals on lines 420, 422. Lines 418,
      422 are coupled to phase shifters 424, 426, respectively, as shown for
      reasons to become apparent hereinafter. Phase shifters 424, 426 and lines
      416, 420 are coupled to a monopulse arithmetic unit 428.
PAC  MONOPULSE ARITHMETIC UNIT
PAR  Monopulse arithmetic unit 428 includes a hybrid junction 430, the sidearms
      of which are coupled, as shown, to lines 416, 420. The "E-arm" of hybrid
      junction 430 is coupled to .DELTA..sub.C output port (i.e. circumferential
      difference output port) through a phase shifter 432 and a switchable phase
      shifter 434. Switchable phase shifter 434 is here adapted to provide
      selectively 0.degree. or 180.degree. phase shift in response to a signal
      from beam steering computer 16 for reasons to become apparent hereinafter.
      The "H-arm" of hybrid junction 430 is coupled to the .SIGMA. output port,
      as shown. Also included in the arithmetic unit 428 is a hybrid junction
      436, the sidearms thereof being coupled to phase shifters 424, 426, as
      shown. The "E-arm" of hybrid junction 436 is coupled to phase shifter 434
      by directional coupler 438 and the "H-arm" of hybrid junction 436 is
      coupled to the .SIGMA. output port by directional coupler 440.
PAR  The input feed ports 318.sub.1 -318.sub.16 of radial line power divider 314
      are coupled to the monopulse arithmetic unit 428 through switching network
      400'. As mentioned above, the same hemispherical sector selected by
      switching network 400 and coupled to monopulse arithmetic unit 428 is also
      selected by switching network 400' and coupled to such unit. Therefore,
      four successive input feed ports 318.sub.1 -318.sub.16 are coupled to
      monopulse arithmetic unit 428 when switching network 400' responds to the
      control signal supplied by beam steering computer 16. Such four selected
      input feed ports 318.sub.1 -318.sub.16 are combined in phase into a single
      output, .DELTA..sub.A, by directional couplers 442, 444 and hybrid
      junction 446. In particular, the outputs of directional couplers 442, 444
      are coupled to the "sidearms" of hybrid junction 446 and the output
      .DELTA..sub.A (axial difference output port) is coupled to the "H-arm" of
      such hybrid junction. Here phase shifters 448, 450 are included to provide
      proper phasing for the signals coupled to radial line power divider 314,
      as will be described hereinafter.
PAC  OPERATION
PAR  To more fully understand the operation of the antenna reference is made to
      FIG. 5 where the radiating face of a selected one of the hemispherical
      sectors is represented as shown. Let us consider the exemplary rows of
      antenna elements represented to FIG. 5 by lines A, B and C, the antenna
      elements represented by line B being symmetrically disposed within the
      selected sector and the antenna elements represented by rows A and C being
      symmetrically spaced with respect to the antenna elements represented by
      line B.
PAR  Let us consider that the antenna elements are commanded to direct an
      antenna pattern at an elevation angle .alpha., as indicated by the vectors
      V.sub.A, V.sub.B, V.sub.C as shown. The "far" electric field then may be
      represented by the vectors E.sub.A, E.sub.B, E.sub.C as shown (i.e. the
      vector V.sub.A being orthogonal to the vector E.sub.A, the vector V.sub.B
      being orthogonal to the vector E.sub.B, and the vector V.sub.C being
      orthogonal to the vector E.sub.C). Such vectors E.sub.A, E.sub.B, and
      E.sub.C may be resolved into two orthogonal components; E.sub.AP, E.sub.AN
      ; E.sub.BP, E.sub.BN ; and E.sub.CP, E.sub.CN, as shown where the
      components E.sub.AN ; E.sub.BN ; and E.sub.CN are normal to the radiating
      face of the antenna (the magnitude of such components being approximately
      proportional to sin .alpha.).
PAR  Referring now to FIG. 5A, let us consider the selected antenna sector
      according to the prior art as being comprised of two equal antenna
      aperture segments, I, II as indicated. From the discussion above it is
      evident that each antenna element now will generate an electric field
      component normal to the face of the antenna, such component being
      proportional to sin .alpha.. If we consider the components associated with
      the antenna elements represented by lines A, B, and C, such components may
      be resolved into two orthogonal components: E.sub.AN.sbsb.1,
      E.sub.AN.sbsb.2, E.sub.CN.sbsb.1 and E.sub.CN.sbsb.2, one such component
      being disposed parallel to an antenna "plane" 500 (indicated by the
      subscript "1") and another component disposed normal to such component
      (indicated by the subscript "2"). (It is here noted that the magnitude of
      the component disposed orthogonal to the antenna "plane" 500 associated
      with the antenna elements represented by line C is zero).
PAR  In monopulse operation a monopulse circumferential difference pattern is
      derived by combining the energy in antenna aperture segment I in opposite
      phase (i.e. 180.degree. phase relationship) with the energy in antenna
      aperture segment II. With such arrangement, however, the components (i.e.
      cross-polarization components) disposed parallel to the antenna "plane"
      500 (i.e. E.sub.AN.sbsb.1, E.sub.CN.sbsb.1) will add "in phase" because
      such components are spatially disposed 180.degree. with each other. This
      will be true for all the antenna elements associated with the selected
      sector in segment I as compared with those elements in segment II, thereby
      causing "null filling" to the antenna pattern.
PAR  Referring now to FIG. 5B, the selected hemispherical sector is shown
      divided into four antenna aperture segments: I.sub.A, I.sub.B, II.sub.A
      and II.sub.B. Further, from the discussion in connection with FIG. 5, the
      antenna elements in each row may be considered as effectuating a "far"
      electric field component disposed normal to the antenna's radiating face,
      such being represented by exemplary vectors: E.sub.AN '; E.sub.AN ";
      E.sub.CN "; and E.sub.CN '. Again such vectors may be considered as having
      one component disposed normal (as indicated by the subscript 2) to the
      antenna "plane" 500, and another component (i.e. the cross-polarization
      component) disposed parallel (as indicated by the subscript 1) to such
      scan plane.
PAR  Let us consider the components associated with antenna aperture segments
      I.sub.A and I.sub.B is represented by exemplary components E.sub.CN.sbsb.1
      ' and E.sub.CN.sbsb.1 ". By combining the energy in such segments with a
      180.degree. phase shift therebetween, it may be observed that the
      component of the vectors E.sub.CN.sbsb.1 ' and E.sub.CN.sbsb.1 " tend to
      cancel. Further, by appropriately weighting such energy (i.e. attenuating
      the energy represented by the vector E.sub.CN.sbsb.1 ' greater than the
      energy associated with the vector E.sub.CN.sbsb.1 "), such cancellation
      can be effectively complete. Likewise, combining the energy in antenna
      aperture segments II.sub.A and II.sub.B with a 180.degree. phase shift and
      with appropriate weighting, the cross-polarization components, or "null
      filling"  effect may be effectively eliminated. In order to maintain
      proper monopulse operation the energy associated with antenna aperture
      segments I.sub.B and II.sub.A are combined with a 180.degree. phase shift
      therebetween in generating a monopulse difference pattern. In summary,
      then, a proper monopulse circumferential difference pattern is derived
      with reduced cross-polarization effects (or "null filling") by applying
      proper amplitude weighting to four adjacent antenna aperture segments and
      combining alternate segments with like polarity and adjacent segments with
      opposite polarity.
PAR  Implementation of such arrangement is here accomplished through switching
      network 400, null filling compensator 406, and monopulse arithmetic
      section 428, as shown in FIG. 4. For convenience the energy associated
      with antenna aperture segments I.sub.A, I.sub.B, II.sub.A,II.sub.B (FIG.
      5B) may be considered as being selectively coupled to lines A.sub.1,
      A.sub.2, A.sub.3 and A.sub.4. Phase shifters 408, 410, 424, 426, 432 and
      directional couplers 412, 414, 438, 440 are selected in order to obtain
      proper weighting to the signals on lines A.sub.1, A.sub.2, A.sub.3,
      A.sub.4 and hence to the four selected input feed ports in order to reduce
      the effect of cross-polarization or "null filling."
PAR  In operation, let us consider for purposes of explanation the distribution
      of energy introduced into the .DELTA..sub.C port, realizing that
      principles of reciprocity hold thereby enabling the discussion to apply
      the energy received by the antenna. The energy introduced into the
      .DELTA..sub.C port is coupled to the "E-arm" of hybrid junction 436 and
      the "E-arm" of hybrid junction 430. It follows then that the energy in the
      sidearms of such junctions will be in opposite phase relationships and
      hence the energy passing to lines A.sub.1, A.sub.3 will be in opposite
      phase to the energy in lines A.sub.2, A.sub.4. Further, here each left
      sidearm of such hybrid junctions is coupled to both lines A.sub.1 and
      A.sub.3 whereas here the right sidearm is coupled to lines A.sub.2,
      A.sub.4. As discussed, lines A.sub.1, A.sub.3 will be coupled to the "odd"
      numbered input feed ports and lines A.sub.2, A.sub.4 will be coupled to
      the "even" numbered input feed ports. Therefore, the "odd" numbered
      selected input feed ports will be coupled to the .DELTA..sub.C port in
      180.degree. phase relationship with the "even" numbered selected input
      feed ports. Phase shifters 408, 410 are included to provide phase
      weighting to the outer one of the "odd" numbered selected input feed ports
      and to the outer one of the "even" numbered selected input feed ports. As
      discussed, (see Table II) (FIG. 7) switching elements 402.sub.13,
      402.sub.14 are provided to couple lines A.sub.1, A.sub.4 to the outer ones
      of the four selected input feed ports and to couple lines A.sub.2, A.sub.3
      to the inner ones of the four selected input feed ports. It follows, then,
      referring also to FIG. 5B, that lines A.sub.1 and A.sub.4 may be
      considered as being coupled to the "outer" antenna aperture segments,
      I.sub.A, II.sub.B, and the lines A.sub.2, A.sub.3 may be considered as
      being coupled to the "inner" antenna aperture segments I.sub.B, II.sub.A
      of a selected hemispherical sector. Therefore, because the energy passing
      to lines A.sub.1, A.sub.3 is coupled to port .DELTA..sub.C in opposite
      phase to the energy coupled to lines A.sub.2, A.sub.4, the energy
      associated with "outer" antenna segments I.sub.A, II.sub.B is coupled in
      opposite phase to port .DELTA..sub.C and the energy associated with
      "inner" aperture segments I.sub.B, II.sub..delta.is also coupled to such
      port .DELTA..sub.C in opposite phase, thereby tending to cancel
      cross-polarization effects.
PAR  Because the phase of the four sectors changes 180.degree. between each
      adjacent set of four selected input feed ports (i.e. aperture sectors)
      phase shifter 434 is included to here provide phase 180.degree. when the
      first input feed port of the set of four selected input feed ports is an
      "even" number (i.e. hemispherical sectors 2, 4, 6 . . . 16 as in Table II)
      (FIG. 7) and to provide 0.degree. phase shift when such first input feed
      port is an "odd" numbered input feed port (i.e. hemispherical sectors 1,
      3, . . . 15, Table II (FIG. 7). This is here mechanized by having the beam
      steering computer provide, in any convenient manner, a binary signal
      indicative of the selected one of the 16 hemispherical sectors. If the
      least significant bit is 0, the selected sector is an "odd" numbered
      sector (i.e. the first input feed port of the set of four selected input
      feed ports is an "odd" numbered feed port) and a 0.degree. phase shift is
      provided by phase shifter 434; if the least significant bit is a 1, a
      180.degree. phase shift is provided.
PAR  Because of reciprocity, radio frequency energy impressed on the .SIGMA.
      port, as during transmission, is coupled to the "H-arms" of hybrid
      junctions 430, 435 and then distributed to the lines A.sub.1 -A.sub.4.
      Phase shifters 408, 410, 424, 426 are provided to properly phase the
      energy on such lines and thereby obtain a desired focusing effect within
      the parallel plate region of the radial line feed power divider.
      Satisfactory operation may be obtained by using the following amplitude
      and phase distribution for the sum (.SIGMA.) pattern: The outer pair of
      feed ports has voltage excitations 40% less than the voltage excitation of
      the inner pair of feed ports; and, the outer pair of feed ports is phase
      advanced by 35.degree. with respect to the inner pair of feed ports. For
      the circumferential difference pattern (.DELTA..sub.C) satisfactory
      operation may be obtained by using the following amplitude distribution:
      The outer pair of feed ports has voltage excitations 60% less than the
      voltage excitation of the inner pair of feed ports. Such distributions are
      obtained by properly adjusting phase shifters 408, 410, 424, 426 and 432
      and properly selecting directional couplers 412, 414, 438, 440. Further,
      phase shifters 448, 450 are included to provide phase adjustments
      analogous to those provided by phase shifters 408, 410 as described above.
      It is also noted that while phase shifters 408, 410, 422, 424, 432, 448,
      450 are shown as variable phase shifters to optimize the feed system, such
      may be fixed phase shifters once such optimum feed system is obtained.
PAR  Having described a preferred embodiment of the invention, other embodiments
      will immediately become apparent to those of skill in the art. For
      example, while a cylindrical array antenna has been shown, other nonplanar
      or conformal array antennas may be used. Also, other feed networks may be
      used to combine the antenna elements in the rows making up the array
      antenna. Further, the effect of null filling may be compensated according
      to the invention when a conformal array antenna used therewith has the
      "near" electric field associated therewith oriented circumferentially
      about the radiating face of the antenna. It is felt, therefore, that the
      invention should not be restricted to its disclosed embodiments but rather
      should be limited only by the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a conformal antenna, the combination comprising:
PA1  a. a plurality of antenna elements arranged in rows about the periphery of
      the antenna;
PA1  b. a radio frequency lens having a plurality of output ports disposed about
      the periphery of such lens and a plurality of input ports disposed
      centrally within such periphery of the lens;
PA1  c. a switching network means, having a plurality of output terminals
      connected to the plurality of input ports and having four input terminals,
      for electrically coupling such four input terminals to a selected set of
      four of the plurality of input ports; and
PA1  d. means for coupling alternate ones of the four input terminals with like
      polarity and adjacent ones of such four input terminals with opposite
      polarity.
NUM  2.
PAR  2. The combination recited in claim 1 wherein each one of the antenna
      elements includes a phase shifter.
NUM  3.
PAR  3. The combination recited in claim 1 including additionally a second radio
      frequency lens and wherein each one of the plurality of rows of antenna
      elements includes a feed network having a "sum" port and a "difference"
      port, the "sum" port being connected to one of the output ports of the
      first mentioned radio frequency lens, and the "difference" port being
      coupled to the second radio frequency lens.
NUM  4.
PAR  4. The combination recited in claim 3 including additionally a second
      switching means coupled to the second radio frequency lens; and including
      additionally a monopulse arithmetic unit coupled to each one of the two
      switching means.
NUM  5.
PAR  5. The combination recited in claim 1 including additionally means for
      adjusting the amplitude of radio frequency energy applied to each one of
      four selected input ports.
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ABST
PAL  An adjustable support apparatus adapted primarily for antennas wherein most
      of the load is carried by pivotal rigid structural members and the drive
      members are subjected to a much smaller force. An embodiment is also
      described illustrating selferection principles.
BSUM
PAC  THE INVENTION
PAR  The present invention pertains generally to support apparatus and
      particularly to a device for erecting a support to an operating position
      and utilizing the same basic structure used for erecting to adjust the
      operating position of the support.
PAR  There have been many support mechanisms designed in the past. Many of these
      have been used for antenna positioners. However, all known prior art has
      suffered from one or more of the following. The apparatus was supported
      from the center for ease of ajustment and thus did not allow room for
      electronics adjacent the most desirable and balanced position which is at
      the center and was less stable for a given support apparatus weight. The
      apparatus providing the adjustment in position or boresight angle also
      provided the support thus causing the drive mechanism to be excessively
      heavy. The antenna was of such a nature that to obtain the design angle
      adjustment, separate apparatus had to be used to place it in a storage
      condition for transportation to a different area. The support and
      adjustment mechanism was so heavy that it created problems in attempting
      to transport the device from one area to another. The adjustment and
      support mechanism was complex in design and there was no
      interchangeability of parts thus creating a spare parts inventory problem.
PAR  The present mechanism is lightweight and uses a plurality of similar rigid
      members which are hinged at each end and which form triangles between the
      base and a point on the antenna support or load. The adjustment mechanism
      adjusts the configuration of two of the triangles both for initial
      erection purposes and for azimuth and altitude angles after erection. The
      rigid members of the triangular configurations carry most of the load so
      that the drive members may be of a minimum size. In one embodiment, the
      driven member is clamped to the base after final adjustment and thus there
      is no further strain on the drive member. The triangular member
      configurations are not limited to the support but are also used in
      providing stabilization against wind deflection.
PAR  In view of the above, it is an object of the invention to provide an
      improved support angle adjustment mechanism.
DRWD
PAR  Other objects and advantages of the present invention may be ascertained
      from a reading of the specification and appended claims in conjunction
      with the drawings wherein:
PAR  FIG. 1 is a representation of a preferred embodiment of the self-erecting
      and adjustment mechanism;
PAR  FIGS. 2, 3, 4 and 5 illustrate the positions of the support triangles and
      the antenna as it is being raised from its stored or transportable
      position to the operating position;
PAR  FIG. 6 illustrates a second embodiment of the invention wherein the drive
      mechanism is incorporated into the triangular support mechanisms; and
PAR  FIG. 7 illustrates a third embodiment of the invention wherein the bases of
      the triangles are reversed to illustrate that the concept is usable in a
      plurality of configurations.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, a base generally designated as 10 has a first I-beam 12 and a
      second I-beam 14 which are connected by cross-supports 16 and 18 and an
      antenna generally designated as 20 has a flat load bearing surface 22 with
      a plurality of mounting means attached thereto. A first rigid member 24 is
      connected between beam 14 and a mounting means 26 on surface 22. A second
      rigid member 28 is connected between I-beam 12 and a second mounting means
      30. One of the members 24, 28 and a later defined member 64 must be length
      adjustable during azimuth adjustments. The members 24 and 28 are pivotally
      attached at both ends to their respective mounts. A rigid member or rod 32
      is connected at one end to I-beam 14 and although laying in a horizontal
      position is designed to be connected to a further mounting means 34
      adjacent mounting means 26. A rod 36 is connected at one end to beam 12
      and is designed to be connected at the other end to a mounting means 38
      adjacent mounting means 30. A drive member or adjustment means 40 is
      positioned between a pair of clamps 42 and 44 on I-beam 14. The clamp 44
      is connected to one end of a rigid pivotal member 46 whose other end is
      connected to a mounting means 48 on the surface 22. A further rigid member
      50 is connected between mounting means 48 and a mount on I-beam 14. A
      second adjustment means 52 is connected between a pair of clamps 54 and 56
      on beam 12. A rigid member 58 is connected between the mounting means 56
      and a mounting means 60 on the surface 22. A further rigid member 62 is
      connected between the mounting means 60 and the I-beam 12. A final rigid
      member 64 is connected between a mounting means 66 and a mount on I-beam
      12. All of the rigid members (24, 28, 32, 36, 46, 50, 58, 62, and 64) are
      pivotally connected at each end to allow general flexibility of action.
      The electric mechanisms 40 and 52 are of the type which will vary in
      length upon an application of an electric signal to the means. Such a
      device can be purchased as a MiniPac Actuator under No. MPA-6405-18 from
      Dunn-Norton, a subsidiary of Amster Corporation of Charlotte, N.C.
PAR  The rods 24 and 28 in conjunction with the member 16 of base 10 form a
      triangle whose apex is generally located in the antenna section 20. The
      triangle is formed by the set of members will be termed the main pivot
      triangle. A further triangle is formed by the members 32 and 36 when
      attached to mounting means 34 and 38, respectively, and the base 10. This
      triangular configuration will be designated as the erection triangle. The
      leg 50 along with the leg 64 and the base 10 form a stabilization triangle
      with the apex connected to the antenna 20. As will be realized, the leg 62
      and member 64 form a further triangle using the antenna 20 as the base and
      the common junction of 62 and 64 being the apex. Thus, there are in
      actuality two stabilization triangles but they use the member 64 as a
      common element. The members 46 and 50, in conjunction with the I-beam 14
      form a first adjustment triangle while members 58 and 62 in conjunction
      with I-beam 12 form a second adjustment triangle.
PAR  In FIGS. 2-5 the same designations have been used as were used in FIG. 1
      for identical members. However, there is an additional box 70 which
      contains the control electronics for use by the antenna.
PAR  In FIG. 6, a base 80 supports an antenna 82 similar to that of FIG. 1. The
      antenna 82 is supported in a fashion similar to that shown in FIG. 1 by
      supports 84, 86, 88, 90, 92, 94 and 96. The antenna of FIG. 6 is designed
      for permanent installation and thus can be erected by other means and does
      not need erection supports similar to 32 and 36 of FIG. 1. Further, since
      the design is substantially permanent, the driving members of FIG. 1 may
      be incorporated in the triangular adjustment means and comprise part of
      the triangular adjustment triangle as legs 88 and 96. These legs are
      connected between a load bearing surface 98 of antenna 82 and base members
      100 and 102, respectively, of base 80. However, the members 84 and 86
      along with base 80 still form a main pivot triangle. The base 80 along
      with members 90 and 92 form a stabilization triangle and the members 88
      and 90 along with member 100 form a first adjustment triangle and members
      94 and 96 along with member 102 form a second adjustment triangle in a
      manner similar to that described in connection with FIG. 1.
PAR  In FIG. 7, a base generally designated as 110 has the vertex of a main
      pivot triangle comprising members 112 and 114 attached to a load bearing
      section 116 of an antenna generally designated as 118. The section 116
      provides the base of the main pivot triangle for this support
      configuration. A member 120 in combination with a stabilization bar 122
      forms a first stabilization triangular configuration with one side
      utilizing base 110 having a pivotal vertex or apex at the section 116. A
      further member 124, in combination with member 122 forms a second
      stabilization triangle. Adjustable member means 126 and 128 form first and
      second adjustment triangles along with respectively the members 128 and
      124. As shown, the vertex of each of these triangles is attached to base
      110 while the side comprises part of the section 116 of antenna 118.
PAR  As will be realized, the member 126 can be positioned in its attachment
      point to section 116 in a sliding configuration similar to that shown in
      FIG. 1 if so desired. Further, the erection members illustrated in FIG. 1
      may also be added to FIG. 7 if so desired. Finally, while the section 116
      forms one side of each of the various triangles except for one of the
      stabilization triangles, either base 110 or section 116 can form the side
      or vertex pivot point for each of the triangles and they can be
      interchanged so as to provide combinations of the configurations of FIGS.
      1, 6 and 7.
PAC  OPERATION
PAR  Referring to the series of Figures from 2 to 5, it will be noted in FIG. 2
      that the antenna is situated in a horizontal, stow or storage condition.
      By horizontal, it is meant that the load bearing portion 22 of antenna 20
      is horizontal with respect to base 10. In this condition, the drive member
      52 is in a fully retracted position and the pivot member 56 is rigidly
      clamped to frame member 12. In most instances, it would be desirable that
      member 54 also be ridigly clamped to 12. It is desirable to transport an
      antenna in this position as there is minimum wind resistance to provide
      forces which would tend to destroy the structure.
PAR  In FIG. 3, the drive member 52 is fully extended and has the antenna 20 at
      a substantial angle with respect to base 10. At this position, the members
      28 and 24 can be connected to mounting points 30 and 26 and the members 36
      and 32 can be removed from their mounting members 34 and 38. This
      changeover is illustrated in FIG. 4.
PAR  In FIG. 5, the drive member 52 is again retracted to continue altering the
      angle of the antenna 20 with respect to base 10. In most instances, the
      antenna will be designed such that leg or member 62 is substantially
      parallel with the supporting means 22 in an operational mode. The angle of
      adjustment of the antenna in elevation or attitude is about .+-.15.degree.
      from the design angle in one working embodiment.
PAR  Reference will now be made to FIG. 1. It will be noted that if member 52 is
      extended without extending the drive member 40, the azimuth angle of the
      boresight of the antenna 20 will be affected. This will occur because the
      triangular configuration of 12, 58 and 62 is different from that of 14, 46
      and 50. The azimuth direction of the antenna may be altered .+-.
      15.degree. from the fixed position of the base 10 in the above referenced
      embodiment.
PAR  In the above movement of member 40 without a corresponding movement of 52,
      the antenna 20 will attempt to pivot with respect to an axis formed by a
      line from 60 to one of 26 and 30 as restrained by stabilizer 64. If one of
      24, 28 and 64 are designed to be movable or lockable in any position as
      desired, the antenna 20 can pivot along an axis from 60 to 26. Although 26
      and 30 are shown separately for clarity, it may be desirable to combine
      the pivotal ends of members 24 and 28 as a single unit and thus have a
      single pivotal contact with base 22.
PAR  As stated above, some one or more members of FIG. 1 must be length
      adjustable to accomplish any major azimuth adjustments. This requirement
      occurs because if the length of the members 24, 28, 58 and 62 are held
      constant while attachment point 48 is moved upwardly and forwardly in an
      arc described by member 50, the member 64 will provide a restraining
      action in defining a different arc of allowable motion for attachment
      point 66.
PAR  While limited azimuth adjustments may be made without having any members
      length adjustable by moving 52 in an amount equal to and in a direction
      opposite that of 40, it is desirable that members 64 and/or 28 be
      adjustable for maximum usefulness of the adjustment apparatus.
PAR  The above comments not only apply specifically to FIG. 1, but also
      generally to the remaining figures.
PAR  While the illustrative erection of FIGS. 2-5 show the drive member 52
      extending the full required distance when mounting means 54 is stationary,
      the drive members 52 can be of a much shorter extension and in one
      embodiment was of the design whereby it only extended 18". In operation,
      the member 52 would be extended the full length with the clamps on
      mounting means 56 released. Upon full extension, the clamps in 44 and 56
      are applied and the clamps in mounts 42 and 54 are released. Upon release
      of mounting means 42 and 54, the drive members 40 and 52 are retracted to
      move the mounting means 42 and 54 toward the antenna. Upon full
      retraction, the clamps and mounting means 42 and 54 are again applied and
      those in mounting means 44 and 56 are released so that further driving or
      positioning of the antenna 22 can be provided. Thus, the action is a
      walking-type action of total adjustment. The antennas involved are
      repositioned on a very infrequent basis and thus this type of adjustment
      is satisfactory. In fact, the adjustment is so seldom in some working
      applications that a drive mechanism such as 40 and 52 is not necessary and
      the adjustment can be made by the use of a long rod used as a lever to pry
      the mounting means 44 and 56 in the desired direction both for erection
      and for final positioning. Additional members would be necessary for the
      bars or levers to operate against in the prying operation. However, these
      have not been shown.
PAR  As previously mentioned, the drive members in this embodiment are subjected
      to much lower strain than has occurred in prior art designs. One
      embodiment of the invention in a static condition subjected members 24 and
      28 to static compressive forces of 93 pounds with members 46 and 58 being
      subjected to 65 pounds and members 50 and 62 being subjected to 316
      pounds. The cross-stabilizer member 64 was not subjected to any force.
      This loading occurred with the antenna looking at an angle of 40.degree.
      with respect to a horizontal reference. In this configuration, the main
      pivot member arms 24 and 28 were approximately 128 inches, the legs 50 and
      62 were approximately 36 inches and the members 46 and 58 were
      approximately 63 inches. The drive members 40 and 52 under these
      conditions were each subjected to only 54 pounds for further adjustments.
      However, during normal operating conditions with no adjustments, the
      mounting means 44 and 56 are clamped permanently in place and no further
      stress is applied to the drive members 40 and 52. The embodiment of FIG. 6
      where the drive members 88 and 96 are part of the support mechanism, do
      not have this last advantage but it will be noted that they still have
      substantially less force applied thereto than do the remaining support
      members.
PAR  The removal of stresses from the drive members is even more important
      during high loading conditions such as would occur with a high wind. If
      the same antenna as referenced above were subjected at the indicated angle
      to a 60-mile wind head-on in a horizontal direction, the loading in the
      main pivot members is increased from 93 to 645 pounds, the stress in the
      adjustment members 46 and 58 is increased from 65 to 810 pounds and the
      compressive forces in members 50 and 62 is decreased from 316 to 266
      pounds. Again, assuming that the wind is head-on there would be no loading
      on the stabilizer member 64. If the mounting means 44 and 56 were not
      securely clamped in place, the drive members 40 and 52 would each be
      subjected to forces of 680 pounds as opposed to the previous force of 52
      pounds. Thus, in areas having high wind conditions, the removal of strain
      from movable members 40 and 52 is extremely important. The use of lower
      force movable members is not only a significant cost item, but
      substantially lowers the weight involved from the entire apparatus.
PAR  As previously indicated, the embodiment of FIG. 6 is designed for permanent
      installation without the requirement of self-erection and thus any
      clamping action would of necessity be limited to removing the stress from
      the drive motor itself by clamping the internal piston to the exterior
      frame or shell of the support means 88 and 96.
PAR  The erection operations of FIGS. 2-5 can be reversed for storing the
      antenna and transporting it to another site.
PAR  In view of the operational descriptions of the Figures above, no further
      explanation need be required for FIG. 7. It may be mentioned, however,
      that the configuration 7 provides more support points on the main antenna
      or reflector and specifically on section 116. With the support points
      placed further apart, section 116 need not be designed as sturdily as
      would be the case in FIGS. 1 and 6 for a given wind loading on the
      antenna. Further, with the configuration illustrated the foundation area,
      or base area 110, may be somewhat smaller than would be the case with the
      configurations of FIGS. 1 and 6. Further, as mentioned above, the fact
      that FIG. 7 illustrates that the vertexes of each of the triangles are
      connected to the base 110 is not controlling since the vertex for the main
      pivot triangle can be connected to one of the antenna and the base while
      the vertex of the adjustment triangles may be connected to the other of
      the antenna and the base.
PAR  While other modifications will occur to those skilled in the art, the
      present inventive concept is directed to the use of triangular support and
      pivot mechanisms wherein the leg of one or both of the two adjustment
      triangles is altered to change the elevation and azimuth angles of the
      load being supported. In the present illustrated embodiment, this load is
      an antenna. However, other loads may require the same adjustability. By
      using different length rods, the antenna can be used over a complete
      90.degree. operating range and can be adjusted over a considerable azimuth
      angle. However, the support design is lightweight and thus the apparatus
      can be easily mounted on a tractor-trailer and the trailer can be
      repositioned for different azimuth angles. Further, while the drive
      members have been illustrated as being hydraulic or electric, the drive
      members in the illustrated embodiment may be as simple as levers or jacks
      in a prying operation to provide the full adjustment of the boresight of
      the load.
PAR  In view of the above, it is my wish to be limited only by the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Support adjustment apparatus comprising, in combination:
PA1  base means having a generally horizontal reference;
PA1  load means to be supported and movable with respect to said base means and
      having a range of normal operating positions between 0.degree. and
      90.degree. with respect to said base means;
PA1  first and second rigid members pivotally connected to both said base means
      and the portion of said load means closest to said base means when said
      load means is in its range of normal operating positions;
PA1  third rigid member means pivotally connected to said base means adjacent
      said first member means and pivotally connected to said load means
      adjacent said second member means to form, in combination with said load
      and base means, two substantially triangular and constant shape supporting
      configurations;
PA1  fourth and fifth rigid member means pivotally connected to said base means
      and to said load means, in an area removed from said first and second
      members, to form, in combination with one of said load means and said base
      means, a substantially triangular and constant shape supporting
      configuration while said load means is in its range of normal operating
      positions;
PA1  sixth and seventh member means pivotally connected to said base means and
      pivotally connected adjacent respectively said first and second members to
      form alterable triangular configurations between the associated members
      and one of said load means and said base means; and
PA1  means for adjusting said sixth and seventh members to change the alterable
      triangular configurations and simultaneously change the operating position
      of said load means with respect to said base means.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein:
PA1  said means for adjusting comprises means for adjusting the length of said
      sixth and seventh members.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein:
PA1  said means for adjusting comprises means for adjusting the position of
      pivotal connection of said sixth and seventh means at the ends thereof
      which are remote from the first and second members, respectively.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 comprising in addition:
PA1  eighth and ninth rigid members pivotally connected to said base means, and
PA1  means for connecting said eighth and ninth members to said load means,
      adjacent the connection thereto for said fourth and fifth members for
      lowering said load means to a substantially horizontal transportable
      position.
NUM  5.
PAR  5. Apparatus for adjustably supporting a load in different positions using
      triangular support sections, comprising in combination:
PA1  base means situated in a generally horizontal position;
PA1  load means;
PA1  stabilizer triangular support means having a side pivotally attached to
      said base means and a vertex pivotally attached to said load means;
PA1  main pivot triangular support means having a side pivotally attached to one
      of said load means and said base means and a vertex pivotally attached to
      the other said load means and said base means;
PA1  first and second driving triangular support means each having a side
      pivotally attached to one of said load means and said base means and a
      vertex pivotally attached to the other of said load means and said base
      means; and
PA1  adjusting means for altering to length of one side of each of said first
      and second driving triangular support means for adjusting the orientation
      of said load means with respect to said base means.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 comprising, in addition:
PA1  erection triangular support means having one side attached to said base
      means and a vertex attachable to said load means in substitution for the
      attachment thereto of said main pivot means during erection of said load
      means to an operational position.
NUM  7.
PAR  7. Apparatus for erecting a load from a substantially horizontal storage
      position to an operating position comprising, in combination:
PA1  base means;
PA1  load means for storage in a position generally parallel with said base
      means and for operating in a position approaching perpendicular with
      respect to said base means;
PA1  stabilizer triangular support means having a side pivotally attached to
      said base means and a vertex pivotally attached to said load means;
PA1  main pivot triangular suport means having a side pivotally attached to said
      base means and a vertex attachable to said load means;
PA1  first and second driving triangular support means each having a side
      pivotally attached to said base means and a vertex pivotally attached to
      said load means;
PA1  adjusting means for altering to length of one leg of each of said first and
      second driving triangular support means for adjusting the orientation of
      said load means with respect to said base means;
PA1  erection triangular support means having one side attached to said base
      means and a vertex attachable to said load means; and
PA1  means for attaching the vertex of each of said main pivot triangular
      support means and said erection triangular support means to said load
      means.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 comprising, in addition:
PA1  means for clamping said adjusting means in a given driven position to
      eliminate strain on the driving portion thereof during storage and
      operation.
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ABST
PAL  An antenna for radiating circularly polarized signals omnidirectionally
      about and broadside a support mast is provided by four conductors
      helically wound about the mast. The conductors are spaced from the mast
      and are equally distributed about the periphery of the mast with signals
      coupled to the conductors such that the phase of the signal coupled to one
      conductor is 180.degree. out of phase with the phase of the signal coupled
      to adjacent conductors and is in phase with the phase of the signal
      coupled to the alternate conductor. The pitch of the helically wound
      conductors is selected relative to the radius of the conductors to achieve
      substantially circularly polarized radiation substantially perpendicular
      or broadside to the lengthwise axis of the mast.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to circularly polarized antennas and more
      particularly to circularly polarized antennas for use in FM radio or in
      television broadcasting where the antennas are mounted on the top of a
      support tower and about a support mast which may be of conductive
      material.
PAR  Although horizontally polarized television broadcasting has been almost
      exclusively used in the United States, it appears from some recent test
      results, that circularly polarized broadcasting might well greatly improve
      television reception both in large metropolitan areas and in fringe areas.
PAR  This invention provides an antenna for broadcasting circularly polarized
      signals and which, when mounted on a support mast, radiates these signals
      in an omnidirectional pattern about the mast such that when this mast is
      erected in the center of a city, for example, substantially equal coverage
      is provided about the city. The problem of equal coverage about the mast
      becomes increasingly difficult with conventional antenna systems as the
      diameter of the mast becomes larger with attendant cloverleaf radiation
      patterns. These tower diameters tend to become fairly large if the tower
      supports many antenna systems for a plurality of broadcasters. The problem
      becomes increasingly difficult when this omnidirectional pattern is in the
      circularly polarized mode.
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  Briefly, a low cost antenna for radiating circularly polarized signals over
      a given range of frequencies omnidirectionally about and broadside a
      support mast is provided by four conductors helically wound about and
      spaced from the mast a given radial distance from the center of the mast
      with each conductor spaced about 90.degree. of arc about the mast from the
      adjacent conductors. The conductors are fed with equal power signals at a
      frequency within the given range of frequencies so that in a plane
      perpendicular to the axis of the mast the phase of the signals at one
      conductor is 180.degree. out of phase with the phase of the signals at the
      two adjacent conductors and in phase with signals at the alternate
      conductor. The pitch angle of the conductors for the given radial distance
      is selected to radiate circularly polarized signals substantially
      broadside the support mast.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A more detailed description of a preferred embodiment of the present
      invention follows in conjunction with the following drawings wherein:
PAR  FIG. 1 is an elevation view of an antenna system according to a preferred
      embodiment of the present invention.
PAR  FIG. 2 is a sketch illustrating the helical conductors mounted about a
      support pole.
PAR  FIG. 3 is a sketch taken along lines 3--3' in FIG. 2 illustrating the
      relative phases of the signals on the helical conductors and the radius of
      the helices.
PAR  FIG. 4 is a sketch of the feed system taken along lines 4--4' in FIG. 1.
PAR  FIG. 5 is a perspective view of one of the baluns in FIG. 4.
PAR  FIG. 6 is a plot of pitch angle in degrees versus the radius of the helices
      in wavelengths.
PAR  FIG. 7 illustrates the horizontal patterns associated with the antenna
      system of FIG. 1.
PAR  FIG. 8 illustrates the vertical patterns associated with the antenna system
      of FIG. 1 as viewed in the 0.degree.-180.degree. primary axis of FIG. 7 or
      in the direction of arrows A--A' of FIG. 7.
DETD
PAR  Referring to FIG. 1, there is illustrated a circularly polarized antenna
      system 11 mounted in the example on a vertically extending circular metal
      conducting mast 15. The mast 15 in this example is a hollow core metal
      mast. The antenna system includes four conductors 17, 18, 19 and 20
      helically wound about the mast 15. The conductors are spaced from the mast
      15 by spacers 21, which are made of insulator material.
PAR  As illustrated in the sketch of FIGS. 2 and 3, the four conductors 17, 18,
      19 and 20 spiral about the mast, with each conductor always spaced
      90.degree. of arc from the adjacent conductors as the conductors spiral
      about the mast 15. The four conductors 17, 18, 19 and 20 spiral about the
      mast 15 a given radius R, illustrated in FIG. 3, from the center 22 of the
      mast. The conductors 17, 18, 19 and 20 are fed at the bottom end via feed
      31 in FIG. 1, such that the adjacent conductors about the periphery of the
      mast are fed 180.degree. out of phase and the alternate conductors are fed
      in phase. In other words, the phase of the signals about the mast 15 in a
      plane perpendicular to the lengthwise axis of the mast is (as illustrated
      in FIG. 3) 0.degree., 180.degree., 0.degree., 180.degree. in either a
      clockwise or counterclockwise direction about the mast. This may be
      represented as -, +, -, and + about the mast 15. The dots 17a, 18a, 19a,
      and 20a in FIG. 3 represent the conductors 17, 18, 19, and 20 in a plane
      perpendicular to the lengthwise axis of the mast. These conductors may be
      connected to the mast at their free or top ends.
PAR  To achieve this relative phase relationship the feed 31 may be like the
      system illustrated in FIGS. 4 and 5. A cylindrical shield 41 encloses the
      feed system 31. Inside the shield 41 are four baluns 43, 45, 47, and 49
      spaced 90.degree. arc from each other about the mast 15 extending through
      the center of the shield 41. The balun 43 is made of a section 51 of
      conductive tubing that extends at end 33 through the shield 41. The
      section 51 has two slits 51a and 51b one quarter wavelength long at the
      operating frequency of the antenna from the end 52 to form an upper half
      57 and a lower half 59 near the end 52. The lower half 59 is filled at the
      end 52 with conductive material. A coaxial transmission line 63 is coupled
      at end 33 of the balun 43 with the outer conductor 62 of this coaxial
      transmission line 63 connected to the end 33 of the balun 43 and the
      shield 41. The center conductor 61 of the transmission line extends in
      insulative manner through the center of the balun 43 and makes contact
      with lower half 59 at end 52. The baluns 45, 47, and 49 are similar to the
      balun 43. The half 59 of balun 43 (represented by shading in FIG. 4 of the
      balun 43) connected to the center conductor 61 of the coaxial feed line 63
      is connected to the mast 15. Similarly the half 48 of the balun 47
      connected to the center conductor of its feed line is connected to mast
      15. The halves 44 and 46 of the respective baluns 45 and 49 that are not
      directly connected to the center conductor of their feed lines are
      connected to the mast 15. The baluns 43, 45, 47, and 49 are connected to
      the wires 17, 18, 19, and 20, respectively, at the outboard halves of 43,
      45, 47, and 49 not directly connected to the mast 15. The input power to
      the four coaxial lines feeding the baluns should be equal. This may be
      provided by a four way power divider 30 coupled between the signal source
      58 and the four baluns 43, 45, 47, and 49 in feed 31.
PAR  In the arrangement illustrated in FIG. 1, the conductors 17, 18, 19, and 20
      are wound four turns at a pitch angle .psi..sub.1 between feed points 23,
      24, 25, and 26 on conductors 17, 18, 19, and 20 and points 32, 34, 36, and
      38 on the conductors 17, 18, 19, and 20. The conductors 17, 18, 19, and 20
      extend one turn beyond points 32, 34, 36, and 38 to the free ends 64, 65,
      66, and 67, respectively, at a second pitch angle .psi..sub.2. This pitch
      angle .psi. as illustrated in FIG. 2, is the angle of the slope of the
      coil (the vertical projection) relative to the axis perpendicular to the
      lengthwise axis of the mast 15. This pitch angle .psi. to achieve circular
      polarization and substantially broadside radiation (in a direction
      perpendicular to the lengthwise axis of the tower) is achieved by
      satisfying the following condition of
      ##EQU1##
      where .psi. is the pitch angle, R is the helix radius as illustrated in
      FIG. 3, .lambda..sub.0 is the free space wavelength of a signal at a
      frequency within the operating frequencies of the antenna and J.sub.1 and
      J.sub.2 are the Bessel functions of the order of 1 and 2 respectively. The
      term 2.pi. R/.lambda. .sub.0 is the circumference in wavelengths of the
      coil. FIG. 6 is a plot of the solution of this equation for degrees in
      pitch angle (.psi.) versus the radius R of the helices.
PAR  It has been found that to achieve nearly perfect broadside radiation
      (radiation perpendicular to the lengthwise axis of the mast 15) the
      following relationship should be true
      ##EQU2##
      where .gamma. equals the propagation constant along the helical
      conductors, k is 2.pi. /.lambda..sub.0, where .lambda..sub.0 is a free
      space wavelength at a frequency within the operating frequencies of the
      antenna, R is the helix radius and .psi. is the pitch angle as illustrated
      in FIG. 2.
PAR  The ratio of .gamma./k should be less than one to achieve nearly perfect
      circular polarization and broadside radiation. This, however, may be
      difficult to achieve at a low cost. Reasonably good circular polarization
      with good broadside radiation can be achieved by ratios of .gamma./k equal
      to 1. In the example discussed above operating at 958 MHz with a radius of
      the helices of 2.165 inches, a pitch angle .psi..sub.1 of 60.degree. was
      the solution to the first mentioned equation. However, due to difficulties
      in providing a ratio of .gamma./k less than 1, a slight tilt angle was
      observed. By making a slight correction such that the second mentioned
      equation was satisfied with .gamma./k = 1 and at 1020 MHz, the pitch angle
      was corrected to 54.degree.. The tilt angle was minimized at the sacrifice
      of slight increase in the axial ratio (poorer circular polarization). The
      axial ratio was only slightly increased to 1.5 db. The solution also
      resulted in an approximation for determining the pitch angle on a more
      general basis for this particular example which is that the pitch angle
      and the radius is to be made so that each of the conductors make one
      complete turn about the mast over a length along the conductors about
      equal to two wavelengths at an operating frequency of the antenna.
PAR  It has been found that an improved omnidirectional pattern can be achieved
      by an extra two wavelengths long turn of the conductors at the free end
      with a smaller pitch angle .psi..sub.2, and with the helices at a greater
      radius R as illustrated near the top of mast 15 in FIG. 1. The conductors
      17, 18, 19 and 20 extend the other turn at this second pitch angle
      .psi..sub.2 from points 32, 34, 36 and 38 in FIG. 1. This second pitch
      angle .psi..sub.2 basically fits the first mentioned formula with larger
      valued radius R of the helices. For operation at 1020 MHz, this radius R
      of the helices was about 35/8 inches [9.2 centimeters (cm)] and the pitch
      angle .psi..sub.2 was 10.degree..
PAR  For the example discussed above and operated at 1020 MHz, the antenna had
      the other following dimensions.
PAR  Diameter of mast 15, 21/4 inches (5.72 cm)
PAR  Length of mast from point 33, where the baluns connect to coaxial feed
      lines, to ends 64, 65, 66 and 67 of conductors 17, 18, 19 and 20 -- 80
      inches (203 cm)
PAR  Length of balun section 31 along mast 15, 3 inches (7.6 cm)
PAR  Radius R of the helices of the conductors 17, 18, 19, 20 from points 23,
      24, 25 and 26 to points 32, 34, 36 and 38, 2.165 inches (5.5 cm)
PAR  Pitch angle (as stated previously) .psi..sub.1 = 54.degree.
PAR  Radius R of the helices of the conductors 17, 18, 19 and 20 from points 32,
      34, 36 and 38 to points 64, 65, 66 and 67, 3.625 inches (9.2 cm)
PAR  Pitch angle .psi..sub.2, 10.degree.
PAR  Diameter of conductor wire of conductors 17, 18, 19 and 20, 0.085 inch
      (0.216 cm).
PAR  The helices of conductors 17, 18, 19 and 20 extend at the pitch angle of
      10.degree. over a length along the mast 15 of about 5 inches (12.7 cm).
      Slight improvement was provided by extending the conductors an extra 3
      inches (7.6 cm) beyond one complete turn beyond points 32, 34, 36 and 38
      at the pitch angle of 10.degree..
PAR  FIG. 7 illustrates the horizontal pattern for an antenna system as
      described above. The horizontal polarization is represented by solid line
      71 and the vertical polarization pattern is defined by the dashed lines
      72. As can be seen viewing FIG. 7, they approximate each other. The
      serrated pattern 75 over one quadrant from 0.degree. to 90.degree.
      illustrates the axial ratio of this particular antenna when measured by a
      test set up as described by Dr. Ben-Dov in IEEE Transactions on
      Broadcasting, March 1972, entitled "Measurement of Circularly Polarized
      Broadcast Antennas." The minimum to maximum ratio of the serrated pattern
      at any azimuth angle is the axial ratio in that direction. This axial
      ratio is on the order of 1.5 db or less. It can be seen that a
      satisfactory omnidirectional pattern with low axial ratios is provided by
      this structure. It is also desirable that the energy be transmitted
      broadside of the mast 15. FIG. 8 illustrates the vertical pattern produced
      in the 0.degree. - 180.degree. axis of FIG. 7 or in the direction of
      arrows A-A' in FIG. 7. The pattern for the horizontally polarized
      radiation in the vertical pattern is essentially like that shown by dashed
      lines 77 in FIG. 8 and the pattern for the vertically polarized radiation
      is essentially like that shown by line 78.
PAR  While the above example was for 1020 MHz, a scaled version can be made for
      any of the television or FM carrier frequencies. For example, by making an
      antenna on the order of 5 to 1, or five times larger, the above antenna
      system would be usable at about television channel 12. Various other
      ratios may be used to operate with scaled versions at any of the
      television or FM radio frequencies.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antenna for radiating circularly polarized signals over a given range
      of frequencies omnidirectionally about and broadside a support mast
      comprising:
PA1  four conductors helically wound about and spaced from the support mast a
      given radial distance from the center of the support mast with each
      conductor of said four conductors spaced about 90.degree. of arc about the
      support mast from the adjacent two of said four conductors.
PA1  means for coupling equal power signals at the same frequency within said
      given range of frequencies to said four conductors so that in a plane
      perpendicular to the axis of the support mast the phase of the signals at
      one of said four conductors is 180.degree. out of phase with the phase of
      the signals at the two of said four conductors adjacent thereto and is in
      phase with the phase of the signals at the one of said four conductors
      alternate therefrom,
PA1  said four conductors at a pitch angle and at a given radial distance such
      that each of said four conductors makes a complete turn about said support
      mast in a length along said four conductors about equal to two wavelengths
      at a frequency within said given range of frequencies whereby circularly
      polarized signals are radiated substantially broadside said support mast.
NUM  2.
PAR  2. The combination in claim 1 wherein said four conductors are fed by said
      coupling means at one end of the conductors.
NUM  3.
PAR  3. The combination in claim 2 wherein said four conductors are helically
      wound at a first spaced radial distance from the mast near the feed point
      at one end and are wound at a second spaced radial distance greater than
      the first radial distance near the opposite free end of said conductors.
NUM  4.
PAR  4. The combination in claim 3 wherein said four conductors extend for four
      turns about the mast at said first radial distance and extend for about
      one turn about the mast at said second radial distance.
NUM  5.
PAR  5. The combination in claim 4 wherein said pitch angle of said conductors
      at said first and second radial distance approximates the following
      relationship of
      ##EQU3##
      where .psi. is the pitch angle, R is the radius of the helix formed by the
      conductor, .lambda..sub.0 is a free space wavelength at a frequency within
      said given range of frequencies, J.sub. 1 is a Bessel function of the
      order of one and J.sub. 2 is a Bessel function of the order of two,
      .gamma. is the propagation constant along the helical conductor, and k is
      2.pi. /.lambda..sub.0.
NUM  6.
PAR  6. The combination in claim 4 wherein said pitch angle of said conductors
      at said first and second radial distances is such that each conductor
      makes a complete turn about said mast over a length along said conductor
      about equal to two wavelengths at a frequency within said given range of
      frequencies.
NUM  7.
PAR  7. An antenna for radiating circularly polarized signals over a given range
      of frequencies omnidirectionally about and broadside a support mast
      comprising:
PA1  four conductors helically wound about and spaced from the support mast a
      given radial distance from the center of the support mast with each
      conductor of said four conductors spaced about 90.degree. of arc about the
      support mast from the adjacent two of said four conductors,
PA1  means for coupling equal power signals at the same frequency within said
      given range of frequencies to said four conductors so that in a plane
      perpendicular to the axis of the support mast the phase of the signals at
      one of said four conductors is 180.degree. out of phase with the phase of
      the signals at the two of said conductors adjacent thereto and is in phase
      with the phase of the signals at the one of said four conductors alternate
      therefrom,
PA1  said four conductors extending at a pitch angle relative to said given
      radial distance to radiate circularly polarized signals substantially
      broadside said support mast,
PA1  said pitch angle .psi. for said given radial distance approximating the
      following relationships
      ##EQU4##
      where .psi. is the pitch angle, R is the radius of the helix formed by the
      conductor, .gamma..sub.0 is a free space wavelength at a frequency within
      said given range of frequencies, J.sub. 1 is a Bessel function of the
      order of one and J.sub. 2 is a Bessel function of the order of two,
      .gamma. is the propagation constant along the helical conductor, and k is
      2.pi. /.lambda..sub.o.
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PAL  A writing mechanism for applying fluid droplets to a surface includes a
      chamber which is divided into an outer chamber portion and an inner
      chamber portion with a channel connecting the outer and inner chamber
      portions. The inner chamber portion is provided with a device which
      produces short duration pressure increases in the fluid in the chamber.
      The outer chamber portion is provided with an intermediate reservoir
      chamber which is in communication with an intake channel for the supply of
      liquid from a supply container and a discharge channel through which the
      liquid is discharged for deposition on the surface.
BSUM
PAR  The present invention relates to an arrangement for applying fluid droplets
      to a surface, and more particularly to improvement to a mechanism for
      writing on paper with an ejected ink.
PAR  The speed of recording data on paper in, for example, a data processing
      system is limited for one thing by the capability of the writing
      mechanism, which in many cases is substantially less than that of the data
      processing system.
PAR  Because of the high speed capability of the ink ejection type writing
      mechanism, many proposals have been made in which the liquid is discharged
      onto the paper by application of electrical pulses, the liquid being
      ejected in a series of pulsed jets. The speed of the writing mechanism is
      in turn largely determined by the capability of the liquid responding to
      the rapidly occurring electrical pulses.
PAR  U.S. Pat. No. 3,747,120 discloses an ink ejection type writing mechanism
      which utilizes a piezoelectrical crystal as a means for creating pressure
      variations in the liquid, and which comprises an inner and outer chambers
      for accommodating the liquid, an intake channel communicating between a
      liquid supply container and the outer chamber. The outer and inner chamber
      is communicated by a connecting channel and which is provided in a
      position opposite to and axially aligned with the connecting channel. The
      outer chamber has a narrow width to permit the liquid in the intake
      channel to admit thereinto by capillary action. The piezoelectrical
      crystal is positioned adjacent the inner chamber and adapted to apply the
      varying pressure to the liquid in the inner chamber by electrical pulses
      applied thereto.
PAR  In order to meet the speed requirements of the date processing system, the
      writing mechanism should be driven by pulses occurring at a rate higher
      than 5 kHz, preferably in the range of 10 to 30 kHz. Under these
      circumstances, it is experienced that the fluid droplets are not
      satisfactorily discharged because of the slow response characteristic of
      the prior art writing mechanism.
PAR  Therefore, an object of the invention is to provide an improved arrangement
      for applying fluid droplets to a surface wherein the fluid is
      satisfactorily ejected by electrical drive pulses occurring at a rate up
      to the order of several tens kiloherz.
PAR  In accordance with one aspect of the present invention there is provided an
      improved arrangement for applying liquid droplets to a surface, comprising
      a liquid applying unit including a chamber having an intake channel
      connected to a liquid supply container and a discharge channel through
      which the liquid is discharged from the chamber into the atmosphere, means
      for producing short duration pressure increases in the liquid in the
      chamber, the chamber having means dividing the chamber into an outer
      chamber portion adjacent to the discharge channel and an inner chamber
      portion, a connecting channel in the dividing means connecting the outer
      and inner chamber portions, the connecting channel being axially aligned
      with the discharge channel and intake channel and the intake channel being
      communicated with the outer chamber portion. The invention is
      characterized by an intermediate reservoir chamber communicated with the
      outer chamber portion and with the intake channel to serve as a reservoir
      for the outer chamber portion, whereby the liquid discharged through the
      discharge channel is replenished with the liquid in the intermediate
      reservoir chamber to enable the liquid in the outer chamber portion to
      respond to the rapid variations of the short duration pressure increases.
PAR  The present invention is further characterized in that the ratio of the
      distance between the outer end of the discharge channel and the pressure
      producing means and to the diameter of the inner chamber portion adjacent
      to the pressure producing means which produces short duration pressure
      increases lies between 0.15 and 1.0.
DRWD
PAR  The invention will become understood from the following description taken
      in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a cross-sectional view of a prior art writing mechanism with a
      divided fluid chamber and a fluid container;
PAR  FIG. 2 is a cross-sectional view of a writing mechanism of a first
      embodiment of the present invention; and
PAR  FIG. 3 is a cross-sectional view taken along the lines III--III of FIG. 2.
DETD
PAR  Prior to the description of the present invention, reference is made to a
      prior art writing unit in a simplified form. The writing unit 1 is
      provided with an outer chamber portion 2 and an inner chamber portion 3
      which are in communication through a connecting channel 4 which is
      provided in a dividing plate 12 situated between and forming the
      separation of the chamber into the chamber portions 2 and 3. The
      connecting channel 4 is positioned in the dividing plate 12 so that it is
      directly opposite to and axially aligned with a discharge channel 7 which
      is provided at the outer end of the outer chamber portion 2 and opens to
      the atmosphere from the outer chamber portion 2. A circular metal plate or
      membrane 5 is fastened to the wall 3' of the inner chamber portion 3. The
      dividing plate 12 has an intake channel 6 which opens into the outer
      chamber 2 and is in communication with a fluid container 8 via a conduit
      9. The container 8 may be disposed at a lower level than the discharge
      channel 7 because of the capillary forces existing in the channels
      communicating with the chamber portion 2. A piezoelectric crystal 10 is
      attached to the metal membrane 5 in any conventional manner. Conductive
      wires 11 are provided with one being electrically connected to the metal
      membrane 5 and the other to the exterior of the piezoelectric crystal 10.
      The wires 12 supply the control pulses to the crystal 10. The inner
      chamber portion 3 has its one end opposite to the outer chamber portion 2
      a larger diameter portion 3" which is in contact with the metal membrane
      5. The cross-sectional area of the discharge channel 7 is substantially
      smaller than the cross-sectional area of the larger diameter portion 3".
PAR  When the crystal 10 is activated by a pulse, fluid is discharged from the
      inner chamber portion 3 through the connecting channel 4, through the
      fluid layer in the outer chamber portion 2 and further through the
      discharge channel 7 whereupon it is applied to a writing surface. When the
      voltage pulse drops to zero the direction of the fluid stream in the
      connecting channel 4 is reversed and fluid is now sucked in through the
      outer chamber portion 2 from the container 8 via the intake channel 6. If
      the repetition rate of the applied pulses is increased and since the
      thickness of the outer chamber portion 2 and the cross-sectional area of
      the intake channel 6 are small to produce capillary forces associated with
      the liquid therein, a depletion of liquid occurs in the outer chamber
      portion 2 which causes an inflow of air through the discharge channel 7,
      and such inflow of air causes interruption of liquid discharged.
      Experiments show that when the pulse repetition rate is above 5 kHz,
      liquid is not substantially discharged from the discharge channel 7
      because of the depletion of liquid in the outer chamber portion 2, and
      therefore the prior art writing unit is not capable of satisfactorily
      responding to the pulse repetition rate exceeding 5 kHz.
PAR  FIGS. 2 and 3 show one embodiment of the liquid applying unit of the
      invention, wherein like parts are numbered with numerals similar to that
      shown in FIG. 1. In accordance with the present invention, the writing
      unit 1 of the invention is generally similar in construction to that shown
      in FIG. 1 except that there is provided an intermediate reservoir chamber
      13 which is in communication with the outer chamber portion 2. The
      reservoir chamber 13 is preferably formed into an annular groove which
      axially extends in a direction opposite to the outer chamber portion 2 to
      a depth greater than the spacing of the opposing walls of the outer
      chamber portion 2, and also in communication with the intake channel 6.
PAR  In the exemplary embodiment of the invention, the following parameters are
      used:
TBL  a)  Spacing A between the opposing                                        
         walls of outer chamber                                                
         portion 2              50 - 40 microns                                
     b)  Outer diameter B of outer                                             
         chamber portion 2      6 mm                                           
     c)  Diameter of discharge                                                 
         channel 7              50 microns                                     
         Length of connecting                                                  
         channel 4              30 microns                                     
     d)  Ratio of distance L between                                           
         the outer end of discharge                                            
         channel 7 and metal membrane 5                                        
         to the diameter D' of larger                                          
         diameter portion 3" of inner                                          
         chamber portion 3      0.15&lt; L/D'&lt; 1.0                                
     e)  Depth C of annular groove 13                                          
                                2 mm                                           
     f)  Width D of annular groove 13                                          
                                1 mm                                           
PAL  With these parameters, the writing unit 1 of the invention was activated
      satisfactorily with pulse repetition rates up to 30 kHz. The test showed
      that the writing unit operated satisfactorily in an extended period with
      the fluid droplets being ejected in a series of jet streams having a
      diameter of about 100 microns, over the entire range of the repetition
      rates.
PAR  In order to enhance the pulse frequency response characteristic of the
      writing unit 1, it is necessary to minimize the loss of pressure within
      the inner chamber portion 3 so as to effectively transmit the pressure
      caused by the metal membrane 5 to the connecting channel 4. For this
      purpose, it is preferable that the inner surface of the inner chamber
      portion 3 is coated to a thickness of about 20 microns with high polymers
      such as silicon resin, fluorin-containing resin, polyethylene resin or an
      organic metal compound chosen in consideration of the physical properties
      of the associated liquid by a known method such as painting, sputtering,
      evaporation or thermal decomposition. Such coating material, in addition
      to minimizing the loss of pressure, serves as a protective coating to
      avoid the possibility of the inner chamber portion 3 being corroded with
      the liquid material, and thereby extends the usable life of the writing
      unit. Alternatively, the writing unit 1 is formed of the material as
      referred to above in a known extrustion method whereby machining errors
      which might be otherwise introduced can be avoided.
PAR  It is found that where the writing unit 1 is activated with pulses of a
      repetition rate lower than 5 kHz, the dimensional parameters of the
      writing unit have substantially no influence on the liquid ejecting
      performance of the unit, that is, the frequency characteristic of the unit
      is not critical to the dimensions of the unit. However, when the unit is
      activated at a higher repetition rate in the range 10 to 30 kHz, due
      consideration should be given to the choice of the dimensional parameters.
      If the ratio of the distance (L) between the outer end of the discharge
      channel 7 and the metal membrane 5 to the diameter (D') of the larger
      diameter portion 3" adjacent to the metal membrane 5, that is L/D', is
      greater than unity, no fluid is discharged from the discharge channel 7
      when the pulse repetition rate reaches 5 kHz. On the other hand, if the
      ratio is smaller than 0.15 and the pulse repetition rate is 5 kHz, the
      pressure exerted by the pulse becomes too strong so that the stream of
      fluid is distrubed resulting in the production of tiny particles which are
      ejected in a series of streams which randomly fluctuate in width. It is
      found that with the ratio L/O' lying between 0.15 and 1.0 inclusive,
      preferably in the neighborhood of 0.25 and with the writing unit being
      activated at repetition rates up to 30 kHz, the fluid is discharged in a
      stabilized manner.
PAR  Another factor that must be taken into account is the ratio of the diameter
      (d.sub.1) of the smaller diameter portion of the inner chamber portion 3
      to the diameter D'. With the pulse repetition rate being varied up to 30
      kHz as described above, the writing unit 1 is operated satisfactorily if
      the ratio lies between 0.05 and 0.4 inclusive. If the ratio (d.sub.1 /D')
      is greater than 0.4 the pressure exerted by the metal membrane 5 is not
      effectively transmitted to the connecting channel 4 and thus no fluid is
      discharged, while if the ratio is smaller than 0.05, strong pressure will
      be produced in the liquid in the inner chamber portion 3 and the
      discharged fluid stream is disturbed producing tiny particles as described
      above. The preferable value of the ratio is in the neighborhood of 0.15.
PAR  Still another factor which influences the fluid ejection performance of the
      writing unit is the ratio of the spacing (S) between the opposing walls of
      the larger diameter portion 3" of the inner chamber portion 3 to the
      diameter D'. The ratio S/D' should preferably lie between 0.01 and 0.05
      and most preferably in the neighborhood of 0.025.
PAR  It was also found that one edge of the inner chamber portion 3 opposite to
      the connecting channel 4 is preferably chamfered as illustrated in FIG. 4
      so that smaller diameter portion of inner chamber portion 3 gradually
      continuously opens into larger diameter portion 3" to provide smooth flow
      of fluid for effective transmission of pressure caused by the metal
      membrane 5.
PAR  In accordance with the invention, the usable pulse repetition rate is
      extended to a rate higher than 30 kHz when the writing unit 1 is
      constructed to have the intermediate reservoir chamber 13 and to have the
      dimensional ratios as described above.
PAR  The foregoing description shows only preferred embodiments of the present
      invention. Various modifications are apparent to those skilled in the art
      without departing from the scope of the invention which is only limited by
      the appended claims. Therefore, the embodiments shown and described are
      only illustrative, not restrictive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an arrangement for applying liquid droplets to a surface, comprising
      a liquid applying unit including a chamber having an intake channel
      connected to a liquid supply container and a discharge channel through
      which the liquid is discharged from the chamber into the atmosphere, means
      for producing short duration pressure increases in the liquid in the
      chamber, the chamber having means dividing the chamber into an outer
      chamber portion adjacent to the discharge channel and an inner chamber
      portion, a connecting channel in the dividing means connecting the outer
      and inner chamber portions, the connecting channel being axially aligned
      with the discharge channel and the intake channel being communicated with
      the outer chamber portion, the inner chamber portion having a larger
      diameter portion in contact with the pressure producing means and a
      smaller diameter portion adjacent to the connecting channel, the
      improvement comprising:
PA1  an intermediate reservoir chamber communicated with said outer chamber
      portion and with said intake channel; and
PA1  the ratio of the diameter of said larger diameter portion to the distance
      between the outer end of said discharge channel and said pressure
      producing means ranges from 0.15 to 1.0 inclusive,
PA1  whereby the liquid discharged through said discharge channel is replenished
      with the liquid in said intermediate reservoir chamber to enable the
      liquid in said outer chamber portion to respond to the rapid variations of
      said short duration pressure increases.
NUM  2.
PAR  2. The improvement of claim 1, wherein said intermediate reservoir chamber
      is an annular groove extending axially in a direction opposite to said
      outer chamber portion.
NUM  3.
PAR  3. The improvement of claim 2, wherein the depth of said annular groove is
      greater than the spacing between the opposing walls of said outer chamber
      portion.
NUM  4.
PAR  4. The improvement of claim 1, wherein said ratio is in the neighborhood of
      0.25.
NUM  5.
PAR  5. The improvement of claim 1, wherein the ratio of the diameter of said
      larger diameter portion to the diameter of said smaller diameter portion
      lies between 0.05 and 0.4 inclusive.
NUM  6.
PAR  6. The improvement of claim 5, wherein said ratio is in the neighborhood of
      0.15.
NUM  7.
PAR  7. The improvement of claim 1, wherein the ratio of the diameter of the
      larger diameter portion to the spacing between the opposing walls of said
      larger diameter portion lies between 0.01 and 0.05, inclusive.
NUM  8.
PAR  8. The improvement of claim 7, wherein said ratio is in the neighborhood of
      0.025.
NUM  9.
PAR  9. The improvement of claim 1, wherein said inner chamber portion has its
      inner wall coated with a high polymer material.
NUM  10.
PAR  10. The improvement of claim 1, wherein the ratio of the diameter of said
      larger diameter portion to the diameter of said smaller diameter portion
      lies between 0.05 and 0.4 inclusive, and wherein the ratio of the diameter
      of the larger diameter portion to the spacing between the opposing walls
      of said larger diameter portion lies between 0.01 and 0.05 inclusive.
NUM  11.
PAR  11. The improvement of claim 1, wherein said inner chamber portion has its
      inner wall coated with a high polymer material.
NUM  12.
PAR  12. The improvement of claim 1, wherein said inner diameter portion
      gradually continuously opens into said outer diameter portion at the
      junction therebetween.
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ABST
PAL  Photographic apparatus for use with film units of the self-developing type
      including at least one photosensitive layer and a light transmitting
      layer. A preferred form of the apparatus includes a pair of rollers
      mounted adjacent an exit opening for advancing an exposed film unit
      through the exit opening while simultaneously spreading a processing
      composition across the photosensitive layer. A coil of opaque material is
      mounted adjacent the exit opening in position to be engaged and uncoiled
      by the leading edge of the film unit as it passes through the exit
      opening. The coil progressively covers portions of the light transmitting
      layer adjacent to those portions of the film unit which have been treated
      with the processing composition, thereby preventing further exposure of
      untreated portions of the photosensitive layer by ambient light which
      would otherwise be transmitted lengthwise by the light transmitting layer.
BSUM
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is related to copending application Ser. No. 466,414 filed
      on even date herewith by J. Amey et al. and entitled Film Catcher.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to photographic apparatus of the self-developing
      type.
PAR  2. Description of the Prior Art
PAR  Photographic apparatus of the self-developing type are well known and
      generally comprise, e.g., a camera having a pair of pressure-applying
      members through which an exposed film unit is advanced while a processing
      composition is spread across a photosensitive layer of the film unit to
      initiate formation of a visible image in the film unit. The treated film
      unit is then advanced to a lighttight chamber wherein it remains for a
      period of time sufficient for a visible image to be substantially formed
      therein. Examples of cameras of the foregoing type may be found in U.S.
      Pat. Nos. 2,873,658; 3,396,647; and 3,537,370. Each of these patents shows
      a camera having a chamber for receiving at least a portion of a film unit
      as it is advanced from between a pair of rollers. The chambers in the
      first two mentioned patents function to prevent further exposure of a
      treated film unit to the ambient light while the chamber in U.S. Pat. No.
      3,537,370 cooperates with a curtain in the form of a coil of opaque sheet
      material to prevent further exposure of an untreated film unit. In the
      latter patent, the leading edge of a film unit is adapted to engage a
      member on an end of the sheet and uncoil the curtain as they move together
      passed a viewfinder, thereby preventing further exposure of the film unit
      to light passing through the viewfinder. However, while the foregoing
      arrangements performed their function well, the chambers added to the
      overall dimensions of the cameras thereby placing them at an economic
      disadvantage relative to similar cameras of a more compact design.
PAR  Lately, there has been disclosed a family of film units of the
      self-developing type which can be advanced into the ambient light
      substantially immediately after the processing composition has been spread
      across at least a predetermined length of the film unit. One example of
      this type of film unit is described in U.S. Pat. No. 3,415,644 granted to
      Edwin H. Land on Dec. 10, 1968. Film units of this type enhance the
      compactness of cameras with which they are adapted to be used in that the
      cameras may be designed to advance a section of the film unit which has
      been treated with a processing composition from the camera while a section
      of that film unit yet untreated with the processing composition still
      remains within the camera.
PAR  In order for such an arrangement to be possible, the aforementioned film
      unit includes a relatively thin, substantially light transparent layer or
      element, which may comprise a polyester, such as a polymeric film derived
      from ethylene glycol terephthalic acid, or a cellulose derivative such as
      cellulose triacetate, defining an outside face or surface of the film
      unit, and a rupturable pod of processing composition that includes an
      opacifying constituent. During exposure operations image-carrying light
      rays from the camera's lens pass through the transparent surface layer
      before impinging upon a photosensitive layer of the film unit. As the film
      unit is subsequently advanced between a pair of spread rollers and towards
      the film exit means of the camera, the spread rollers progressively
      distribute a mass of the processing composition intermediate predetermined
      layers of the film unit. Thus, those portions of the film unit
      progressively exposed to ambient light have been treated by the processing
      composition with its opacifying constituent which precludes ambient light
      subsequently incident upon the transparent layer and which is actinic to
      the photosensitive layer from reaching adjacent or underlying sections of
      the photosensitive layer. Once the diffusion transfer process has been
      completed, the developed image is viewable through the aforementioned
      transparent element.
PAR  One of the considerations in camera systems of the aforementioned type is a
      phenomenon generally referred to as "light-piping". More specifically,
      light-piping comprises ambient light, which is actinic to the
      photosensitive layer, incident upon any portion of the transparent
      material exteriorly of the camera during film processing operations being
      conducted thereby to portions thereof adjacent yet untreated sections of
      the exposed photosensitive layer of the film unit. Such light rays can
      cause undesirable "fogging" of those yet untreated sections of the film
      unit's photosensitive layer.
PAR  To understand this phenomenon more clearly, it should be recognized that
      the aforementioned film unit comprises an opaque dimensionally stable
      layer or support element positioned on the side of its photosensitive
      layer opposed from its light transparent layer. Thus, once the processing
      composition including its opacifying constituent has been spread across
      the photosensitive layer, that photosensitive layer is protected from
      ambient light incident upon the film unit which is actinic to the
      photosensitive layer, and its development process may therefore be
      completed when the film unit itself is exposed to ambient light. However,
      in the aforementioned camera arrangement, a treated section of each such
      film unit is exposed to ambient light while a section thereof remains on
      the opposite side of the spread rollers within a light protected chamber
      of the camera and is yet untreated with the processing composition. While
      at such times ambient light incident upon the transparent layer of the
      treated section of the film unit cannot pass through the layer of
      processing composition to adjacent portions of the exposed photosensitive
      layer, a portion of these light rays may be reflected internally of the
      light transparent layer and scatter or diffuse lengthwise therealong into
      the light protected camera chamber until it reaches a point within the
      light transparent layer in advance of the composition being spread
      intermediate the film unit's transparent and photosensitive layers. Since
      there is no opacifying agent intermediate the light transparent layer and
      the adjacent portion of the exposed photosensitive layer at this point,
      these light rays, if actinic to the photosensitive layer, will have the
      effect of further exposing, or "fogging", the yet untreated section of the
      photosensitive layer.
PAR  One solution of this light-piping problem as disclosed in copending U.S.
      patent application Ser. No. 419,808 by Edwin H. Land entitled NOVEL
      PRODUCTS AND PROCESSES filed on Nov. 28, 1973 is to include an opacifying
      pigment in the light transparent or conducting layer itself. Such an
      opacifying pigment may comprise carbon black particles in such amounts as
      to offer little resistance to light rays passing therethrough in its
      relatively thin (thickness) dimension, i.e., so as to not materially
      impair the ability to expose the photosensitive layer therethrough nor the
      ability to subsequently view therethrough the final image produced in the
      image-receiving layer or element. However, at the same time the amount of
      such pigment is sufficient to substantially preclude ambient light which
      is actinic to the photosensitive layer from being piped lengthwise through
      the light transparent layer to sections thereof in advance of the
      processing composition. In other words, when the camera lens is operative
      to expose the photosensitive layer, the image-carrying light rays pass
      through a very thin section of the light transparent element of the film
      unit and hence the opacifying pigment therein offers little resistance to
      such light rays. Similarly, the opacifying pigment does not materially
      affect the ability to view the final image through the transparent layer
      in which it is retained. However, ambient light rays attempting to pass
      through the same light transparent layer of the film unit must be
      light-piped through a much larger distance thereof, i.e., in its
      lengthwise direction, before reaching untreated portions of the
      photosensitive layer and hence the opacifying pigment is highly effective
      in precluding the passage of those light rays which are actinic to the
      photosensitive layer therethrough.
PAR  Aforementioned copending application Ser. No. 419,808 discloses densities
      of opacifying pigments employed in light transparent layers of particular
      film units which have proven suitable for resolving the light-piping
      problem without materially diminishing the quality of the finished
      photographic print. However, it will be recognized that it is highly
      desirable to minimize the light resistant characteristic of the film
      unit's light transparent layer during normal film exposure operations and
      therefore desirable to minimize the density of the opacifying pigment in
      the light transparent layer whenever this can readily be accomplished
      while still precluding the light-piping phenomenon and without
      compromising the size of the camera structure. It is to this end that one
      aspect of the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention relates to photographic apparatus and, more
      particularly, to a camera of the self-developing type especially designed
      for use with film units which are adapted to be advanced to the exterior
      of the camera substantially immediately after being treated with a
      processing composition. The camera includes a chamber for locating and
      supporting a film unit in position for exposure and, in a preferred
      embodiment, film-advancing apparatus which is adapted to engage an exposed
      film unit and advance it between a pair of driven rollers. The rollers are
      adapted to spread a processing composition between photosensitive and
      transparent layers of the film unit while simultaneously advancing treated
      portions of the film unit into the ambient light via an exit opening in
      the camera. In order to protect the as yet untreated portion of the
      photosensitive layer of the film unit from being fogged by light being
      piped or transmitted along the length of the transparent layer, a curtain
      formed from a resilient opaque material, e.g., Mylar, is mounted adjacent
      to and preferably in lighttight relation with the exit opening and in the
      path of travel of the advancing film unit. The curtain is formed such that
      it has a coiled or rolled configuration when in a non-stressed condition.
      Means are provided for attaching one end of the coil of opaque material to
      the camera at a position adjacent the exit opening such that as the
      leading edge of the exposed film unit passes beyond the bite of the
      rollers, it engages the curtain and uncoils it as treated portions of the
      film unit exit into the ambient light. As the curtain uncoils, it
      progressively covers those portions of the transparent layer emerging from
      the exit opening thereby preventing any of the ambient light which is
      actinic to the photosensitive layer from striking the transparent layer
      and being piped along its length to a position behind the rollers where it
      would fog the yet untreated portions of the photosensitive layer. At this
      point, it should be noted that the opacifying pigment in the transparent
      layer need not be of a density that would preclude all transmission of
      light along the length of the transparent layer. Its density may only need
      to be sufficient to stop the light which is actinic to the photosensitive
      layer after it has travelled along the length of the transparent layer a
      predetermined distance, e.g., two inches. Accordingly, it can be seen that
      the transparent layer must be protected from the light as it passes from
      the exit opening until said predetermined distance has been exceeded.
      Stated another way, a two inch length of the transparent layer, as
      measured in the direction of the movement of the film unit from the line
      between treated and untreated portions of the photosensitive layer, must
      always be protected from the ambient light until the photosensitive layer
      has been completely covered by the processing composition. If the
      transparent layer does not contain any opacifying pigment, the transparent
      layer must be protected from actinic light until the entire photosensitive
      layer has been treated, in which case the aforementioned predetermined
      distance would be substantially equal to the length of the photosensitive
      layer. After the photosensitive layer has been completely treated with the
      processing composition, the curtain may be released from engagement with
      the film unit and returned to substantially its original position in or
      adjacent to the exit opening. The length that the curtain can be unrolled
      through is at least equal to the aforementioned predetermined distance and
      in the preferred embodiment is such that when the curtain has been fully
      uncoiled, the leading edge of the film unit moves out of engagement with
      the free end of the curtain. Once the leading edge of the film unit moves
      out of engagement with the free end of the curtain, it, the curtain,
      automatically returns to its coiled configuration. This return is
      accomplished in the preferred embodiment of the invention by the
      resiliency of the material while in an alternative embodiment a spring is
      provided.
PAR  In an another alternative embodiment of the invention, the apparatus is
      constructed for use with film units of the type which are adapted to be
      manually withdrawn from the apparatus. These film units are adapted to be
      manually removed from the camera by means of exteriorly located pull tabs
      or leaders thereby obviating the need for relatively expensive film
      advancing apparatus for advancing the exposed film unit into the bite of
      the rollers.
PAR  An object of the invention is to provide photographic apparatus of the
      self-developing type which is capable of preventing further exposure of an
      exposed film unit which has been advanced to a position outside of the
      apparatus.
PAR  Another object of the invention is to provide photographic apparatus of the
      self-developing type with an extendible opaque light barrier for
      preventing further exposure of an exposed film unit which has been
      advanced to a position outside of the apparatus.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the apparatus possessing the
      construction, combination of elements and arrangement of parts which are
      exemplified in the following detailed disclosure, and the scope of the
      application of which will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is an elevational view, partly in section, of photographic apparatus
      embodying the instant invention;
PAR  FIGS. 2-5 are sectional views, partly in section, of the apparatus of FIG.
      1 diagrammatically illustrating the relationship between an exposed film
      unit and the apparatus of the invention as the film unit is advanced to a
      position outside of the apparatus;
PAR  FIG. 6 is a front elevational view of a portion of the apparatus taken
      generally along the line 6--6 of FIG. 4;
PAR  FIG. 7 is a sectional view, partly in section, of an alternative embodiment
      of the invention;
PAR  FIG. 8 is a view similar to FIG. 7 showing the film unit of FIG. 7 as it is
      about to be moved out of engagement with a pair of rollers; and
PAR  FIGS. 9 and 10 are side elevational views showing still another embodiment
      of the instant invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Reference is now made to FIG. 1 of the drawings wherein is shown
      photographic apparatus in the form of a self-developing type camera 10.
      Camera 10 includes a plurality of housing sections 12, 14 and 16 which
      cooperate with a pair of side walls 18 and 20 to define an exposure
      chamber 22. Extending forwardly of and pivotally coupled to housing
      section 16 is a housing 24. Extending upwardly from housing sections 12
      and 14 is a conventional viewfinder 26 through which the scene to be
      photographed may be viewed and/or focused.
PAR  Housing section 16 includes an open end chamber 28 defined in part by a
      bottom wall 30, a platelike member 32 having an exposure aperture 34
      therein, side walls 36 and 38 and an end wall 40. Extending across the
      open end 42 of chamber 38 is a pair of pressure-applying members in the
      form of rollers 44 and 46. The rollers 44 and 46 are mounted within
      housing section 24 for movement therewith between the position shown in
      FIG. 1 and a film loading position wherein housing section 24 has been
      pivoted clockwise through an angle of approximately ninety degrees to
      allow a film cassette 48 to be inserted into chamber 28 via opening 42.
PAR  The film cassette 48 comprises a container 50 having an exposure opening 52
      in a forward wall 54, an elongated opening 56 in leading end wall 58, and
      a slot 60 in the left-hand portion of forward wall 54 which also extends
      part way down a trailing end wall 62. Mounted within container 50 are a
      plurality of film units 64, a platen 66 for resiliently urging the
      forwardmost film unit into engagement with forward wall 54, preferably a
      battery (not shown) for providing the energy to operate various components
      of the camera as is well known in the art, and a conventional dark slide
      (not shown). A spring 68 mounted on wall 30 of chamber 28 cooperates with
      forward wall 32 to locate the forwardmost film unit 64 in position for
      exposure.
PAR  The film units 64 are preferably of the type described in the
      aforementioned U.S. Pat. No. 3,415,644 and are diagrammatically
      illustrated as including superposed image-receiving and photosensitive
      systems 70 and 72 between which a processing composition 74, located
      within a pod 76 attached to leading edges of the image-receiving and
      photosensitive systems 70 and 72, is adapted to be spread to initiate
      formation of a visible image in the film unit. Image-receiving system 70
      includes a transparent, light transmitting layer 78, preferably formed
      from Mylar, through which the photosensitive system is exposed, and the
      rearwardly facing surface of the latter system is provided with an opaque
      layer 80.
PAR  Housing section 24 includes an exit opening 82 defined by spaced members 84
      and 86 through which an exposed film unit is adapted to be advanced by
      rollers 44 and 46. Mounted adjacent exit opening 82 and in lighttight
      relation therewith is a curtain 88 formed from a generally rectangular
      sheet of opaque, resilient material, e.g., Mylar, having a thickness of
      approximately 0.0015 inch and a width substantially equal to that of the
      film unit. The curtain 88 is preferably formed by wrapping the material
      around a mandrel and heat treating it such that its normal unstressed
      configuration will be that of a coil. Alternatively, the material may be
      coiled, inserted into a metal tube and then heat treated. One end 90 of
      curtain 88 is suitably secured between members 86 and 92 so as to locate
      the remainder of the curtain in position to be uncoiled by the leading
      edge of the film unit as it is being advanced to the exterior of the
      camera. Also mounted on housing section 24 and extending into engagement
      with member 86 are a pair of resilient tabs 94 and 96, the function of
      which will be described hereinafter.
PAR  The operator of the camera initiates an exposure cycle by actuation of a
      start button or switch (not shown). Actuation of the button results in the
      forwardmost film unit 64 being exposed via light passing through a lens
      and shutter assembly 98 and being reflected by a mirror 100 onto the
      photosensitive layer of the film unit. After the exposure, power is
      transmitted from the camera's motor to a gear 102 attached at one end to
      roller 44 to rotate the rollers 44 and 46, and to a film advancing
      apparatus comprising a film engaging member 104 to actuate the latter in a
      reciprocating manner so as to engage the trailing edge of the exposed film
      unit and advance it into engagement with the rotating rollers. The rollers
      continue to advance the exposed film toward the exterior of the camera via
      exit opening 82 while simultaneously spreading the processing composition
      74 across the photosensitive system 72 of the exposed film unit, as shown
      in FIG. 2. As the leading edge of the exposed film unit leaves the bite of
      rollers 44 and 46 it first deflects tabs 94 and 96 and then engages
      curtain 88 and progressively uncoils it, as shown in FIGS. 2 and 3, so as
      to prevent ambient light from striking those portions of the light
      transmitting layer 78 overlying the treated portions of the photosensitive
      system 72 and being piped lengthwise along this layer to portions of the
      layer overlying untreated portions of the photosensitive system 72 where
      it may fog the photosensitive system. As shown in FIG. 4, the rollers 44
      and 46 continue to advance the exposed film unit until the curtain 88 has
      been fully uncoiled. At this time the rollers 44 and 46 have substantially
      completed spreading the processing composition and the trailing edge of
      the film unit is entering the bite of the rollers. Further advancement of
      this exposed film unit results in its leading edge moving out of
      engagement with the free end of the curtain 88 thereby allowing the latter
      to recoil itself as it moves back toward the exit opening 82. At
      substantially this time the trailing edge of the film unit moves out of
      engagement with the rollers 44 and 46 and the film unit is releasably
      retained by the resilient action of tabs 94 and 96 and the coiled curtain
      88, as shown in FIG. 5.
PAR  Reference is now made to FIGS. 7 and 8 of the drawings wherein is shown
      another embodiment of the instant invention. In this embodiment, the
      roller housing section 24 includes a chamber 110 having an opening 112
      therein. Mounted within chamber 110 is a curtain 114 formed from a
      generally rectangular sheet of opaque material. One end of the curtain 114
      is suitably attached to a roller 116 having suitable spring means 118
      mounted thereon, much like the conventional window shade. The other end of
      the curtain 114 is provided with a down-turned lip 120 which is located
      exteriorly of chamber 118 in position to be engaged by the leading edge of
      an exposed film unit as it exits from the bite of rollers 44 and 46. As in
      the previously described preferred embodiment, rollers 44 and 46 advance
      the exposed film unit toward and through exit opening 82 while
      simultaneously spreading the processing composition 74 across the
      photosensitive system 72 of the film unit. As the exposed film unit exits
      from the bite of the rollers, its leading edge deflects tabs 94 and 96 and
      then engages lip 120 and gradually uncoils the curtain 114 so as to
      progressively cover all portions of the light transmitting layer 78 as the
      film unit leaves the camera thereby preventing any light, which is actinic
      to the photosensitive system 72, from being piped or transmitted by
      portions of layer 78 which are to the right of rollers 44 and 46 to
      portions of layer 78 which are to the left of the rollers. As the curtain
      114 is uncoiled, relative rotational motion between roller 116 and spring
      means 118 results in the latter being progressively tensioned. The
      advancing film unit continues to uncoil the curtain 114 until
      substantially its entire length has been run out. At this point, the
      trailing end of the film unit is about to leave the bite of rollers 44 and
      46 and further advancement of the film unit results in the leading edge of
      the film unit moving out of engagement with lip 120, as shown in FIG. 8.
      Spring means 118 now recoils the curtain 114 back towards its original
      position where it cooperates with tabs 94 and 96 to releasably retain the
      trailing end of the film unit in much the same manner as shown in FIG. 5.
PAR  Reference is now made to FIGS. 9 and 10 of the drawings wherein is shown
      still another embodiment of the invention. In this embodiment the camera
      10' is substantially identical to the camera 10 described in FIGS. 1-6
      except for the absence of any film engaging member 104 and for a modified
      housing section 16'. Housing section 16' includes a rear wall 30' suitably
      hinged at 17 for counterclockwise rotation to a film cassette loading
      position. A pair of biasing springs 130 (only one of which is shown) are
      mounted at opposite lateral sides of wall 30' for urging a film cassette
      50 against member 32. One end 19 of wall 30' cooperates with a trailing
      end wall 40' to provide an aperture 21 through which a leader attached to
      a film unit may be withdrawn. Each of the film units 64' is substantially
      identical to the film units 64 previously described except for the
      addition of a leader 23. Each leader 23 is detachably secured, e.g., by an
      adhesive, at one end 25 to the opaque layer 80 near the trailing end (to
      the left as viewed in FIGS. 9 and 10) of the film unit. The opposite end
      27 of each leader extends around a guide member 29, between biasing
      springs 130 and through aperture 21 to the exterior of the camera. After
      the forwardmost film unit 64' has been exposed, the photographer grasps
      the end 27 of the lowermost leader 23 and pulls it to the left thereby
      resulting in the exposed film unit being manually advanced into engagement
      with the rotating rollers 44 and 46. Rollers 44 and 46 continue to advance
      the exposed film unit to the exterior of the camera as described
      hereinbefore with reference to the embodiment described in FIGS. 1-6.
      Leader 23 eventually is detached from the film unit either by being
      stripped away from the film unit by the opposing forces of the rollers and
      the photographer or, as is well known in the art, is detached from the
      film unit when the force being directed along the leader is substantially
      perpendicular to its point of attachment to the film unit. Although the
      leader 23 has been described as being releasably secured near the trailing
      end of the film unit, it should be understood that its point of attachment
      may be at any point thereon so long as it advances the leading end of the
      film unit into the bite of the rollers.
PAR  Since certain changes may be made in the above apparatus without departing
      from the scope of the invention herein involved, it is intended that all
      matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1.  Photographic apparatus for processing an exposed film unit of the type
      including a plurality of superposed layers including photosensitive and
      transparent layers, and a processing composition including an opacifying
      agent which is adapted to be spread across the photosensitive layer
      comprising:
PA1  means for supporting the film unit in position for exposure of the
      photosensitive layer;
PA1  means for advancing the film unit subsequent to exposure away from said
      exposure position;
PA1  pressure-applying means including a pair of juxtaposed members between
      which the exposed film unit is adapted to be advanced leading edge first
      during spreading of the processing composition;
PA1  means defining an exit opening located forwardly of said pressure-applying
      means through which the film unit is adapted to be advanced to the
      exterior of said photographic apparatus; and
PA1  opaque means mounted adjacent said exit opening for movement between
      non-extended and extended positions, said opaque means being movable
      toward said extended position with the leading edge of the film unit as it
      passes through said exit opening for covering in lighttight relation at
      least a predetermined area of the transparent layer as it passes from said
      exit opening sufficient to prevent ambient actinic light from being
      transmitted by portions of the transparent layer forward of said
      pressure-applying means to portions of the transparent layer rearwardly of
      said pressure-applying means, and toward said non-extended position while
      the predetermined area remains outside said photographic apparatus for
      progressively exposing the predetermined area to the ambient light.
NUM  2.
PAR  2. Photographic apparatus as defined in claim 1 further including means for
      mounting said opaque means in the path of travel of the film unit as the
      film unit moves from between the pressure-applying means such that the
      leading edge of the film unit engages said opaque means and progressively
      extends said opaque means in lighttight relation with at least said
      predetermined area of the transparent layer as the latter passes through
      said exit opening.
NUM  3.
PAR  3. Photographic apparatus as defined in claim 1 further including means for
      mounting said opaque means in lighttight relation to said exit opening.
NUM  4.
PAR  4. Photographic apparatus as defined in claim 2 wherein said opaque means
      extends across said exit opening in lighttight relation therewith when
      said opaque means is in a non-extended condition.
NUM  5.
PAR  5. Photographic apparatus as defined in claim 4 wherein said opaque means
      comprises a coil of resilient material one end of which is secured
      adjacent said exit opening by said mounting means.
NUM  6.
PAR  6. Photographic apparatus as defined in claim 1 wherein said opaque means
      comprises a coil of resilient material and said photographic apparatus
      further includes means for mounting said coil of resilient material in
      position to be at least partially uncoiled by the leading edge of the film
      unit through a predetermined distance.
NUM  7.
PAR  7. Photographic apparatus as defined in claim 6 further including means for
      returning said opaque means to said non-extended position after said
      pressure-applying means have advanced the leading edge of the film unit a
      distance greater than said predetermined distance.
NUM  8.
PAR  8. Photographic apparatus as defined in claim 7 wherein said returning
      means includes a spring.
NUM  9.
PAR  9. Photographic apparatus as defined in claim 7 wherein said
      pressure-applying means includes at least one roller.
NUM  10.
PAR  10. Photographic apparatus as defined in claim 2 wherein said opaque means
      comprises a sheet of resilient material formed to assume a coiled
      configuration when in said non-extended position and adapted to be
      uncoiled through a distance less than that which the leading edge of the
      film unit moves past said exit opening whereby said opaque means moves out
      of engagement with the leading edge of the film unit and automatically
      returns to said coiled configuration in said non-extended position when
      the leading edge of the film unit has been advanced past said exit opening
      a distance greater than the distance said opaque means has been coiled.
NUM  11.
PAR  11. Photographic apparatus as defined in claim 10 wherein said
      pressure-applying means includes at least one roller.
NUM  12.
PAR  12. Photographic apparatus as defined in claim 1 wherein said opaque means
      includes means for returning said opaque means to said non-extended
      position from said extended position after the leading edge of the film
      unit has travelled a predetermined distance past said exit opening.
NUM  13.
PAR  13. Photographic apparatus as defined in claim 12 wherein said
      pressure-applying means includes at least one roller.
NUM  14.
PAR  14. Photographic apparatus for processing an exposed film unit of the type
      including a plurality of superposed layers including photosensitive and
      transparent layers, and a processing composition including an opacifying
      agent which is adapted to be spread across the photosensitive layer
      comprising:
PA1  means for supporting the film unit in position for exposure of the
      photosensitive layer;
PA1  means for advancing the film unit subsequent to exposure away from said
      exposure position;
PA1  pressure-applying means including a pair of juxtaposed members between
      which the exposed film unit is adapted to be advanced leading edge first
      during spreading of the processing composition;
PA1  means defining an exit opening through which the film unit is adapted to be
      advanced to the exterior of said photographic apparatus; and
PA1  opaque means mounted adjacent said exit opening for sequential movement
      from a first position wherein said opaque means is in lighttight relation
      with said exit opening to a second position wherein it is in lighttight
      relation with the transparent layer of the film unit as it passes from
      said exit opening to the exterior of said photographic apparatus and then
      back toward said first position while a major portion of the film unit
      remains outside said photographic apparatus.
NUM  15.
PAR  15. Photographic apparatus as defined in claim 14 wherein said opaque means
      comprises a sheet of opaque material adapted to assume a coiled
      configuration when in said first position and a substantially flat
      configuration when in said second position.
NUM  16.
PAR  16. Photographic apparatus as defined in claim 15 wherein said sheet of
      opaque material includes a resilient property for automatically returning
      said opaque sheet to said coiled configuration when in an unstressed
      condition.
NUM  17.
PAR  17. Photographic apparatus as defined in claim 16 wherein said opaque sheet
      is mounted in position to be uncoiled by the leading edge of the film unit
      as it passes from said exit opening.
NUM  18.
PAR  18. Photographic apparatus as defined in claim 17 wherein said opaque sheet
      is adapted to be uncoiled through a predetermined distance by the leading
      edge of the film unit, said predetermined distance being less than the
      length of the film unit whereby said opaque sheet automatically returns to
      said first position before the film unit passes completely through said
      exit opening.
NUM  19.
PAR  19. Photographic apparatus for processing an exposed film unit of the type
      including a plurality of superposed layers including photosensitive and
      transparent layers, and a processing composition including an opacifying
      agent which is adapted to be spread across the photosensitive layer
      comprising:
PA1  means for supporting the film unit in position for exposure of the
      photosensitive layer;
PA1  means for advancing the film unit subsequent to exposure away from said
      exposure position;
PA1  pressure-applying means including a pair of juxtaposed members between
      which the exposed film unit is adapted to be advanced leading edge first
      during spreading of the processing composition;
PA1  means defining an exit opening through which the exposed film unit is
      adapted to be advanced to the exterior of said photographic apparatus;
PA1  opaque means movable with the leading edge of the film unit a predetermined
      distance for covering the transparent layer of the film unit as it passes
      through said exit opening; and
PA1  means for uncovering the transparent layer while the transparent layer
      remains outside said photographic apparatus so as to expose it to the
      ambient light when said predetermined distance has been reached by said
      opaque means.
NUM  20.
PAR  20. Photographic apparatus as defined in claim 19 wherein said means for
      uncovering the transparent layer includes a spring.
NUM  21.
PAR  21. Photographic apparatus for processing an exposed film unit of the type
      including a plurality of superposed layers including photosensitive and
      transparent layers, and a processing composition including an opacifying
      agent which is adapted to be spread across the photosensitive layer
      comprising:
PA1  means for supporting the film unit in position for exposure of the
      photosensitive layer;
PA1  pressure-applying means including a pair of juxtaposed members between
      which the film unit is adapted to be advanced, subsequent to exposure,
      leading edge first during spreading of the processing composition;
PA1  means defining an exit opening located forwardly of said pressure-applying
      means through which the film unit is adapted to be advanced to the
      exterior of said photographic apparatus; and
PA1  opaque means mounted adjacent said exit opening for movement between
      non-extended and extended positions, said opaque means being movable
      toward said extended position with the leading edge of the film unit as it
      passes through said exit opening for covering in lighttight relation at
      least a predetermined area of the transparent layer as it passes from said
      exit opening sufficient to prevent ambient actinic light from being
      transmitted by portions of the transparent layer forward of said
      pressure-applying means to portions of the transparent layer rearwardly of
      said pressure-applying means, and toward said non-extended position while
      the predetermined area remains outside said photographic apparatus for
      progressively exposing the predetermined area to the ambient light.
NUM  22.
PAR  22. Photographic apparatus as defined in claim 21 further including means
      for mounting said opaque means in the path of travel of the film unit as
      the film unit moves from between the pressure-applying means such that the
      leading edge of the film unit engages said opaque means and progressively
      extends said opaque means in lighttight relation with at least said
      predetermined area of the transparent layer as the latter passes through
      said exit opening.
NUM  23.
PAR  23. Photographic apparatus as defined in claim 21 further including means
      for mounting said opaque means in lighttight relation to said exit
      opening.
NUM  24.
PAR  24. Photographic apparatus as defined in claim 22 wherein said opaque means
      extends across said exit opening in lighttight relation therewith when
      said opaque means is in a non-extended condition.
NUM  25.
PAR  25. Photographic apparatus as defined in claim 24 wherein said opaque means
      comprises a coil of resilient material one end of which is secured
      adjacent said exit opening by said mounting means.
NUM  26.
PAR  26. Photographic apparatus as defined in claim 21 wherein said opaque means
      comprises a coil of resilient material and said photographic apparatus
      further includes means for mounting said coil of resilient material in
      position to be at least partially uncoiled by the leading edge of the film
      unit through a predetermined distance.
NUM  27.
PAR  27. Photographic apparatus as defined in claim 26 further including means
      for returning said opaque means to said non-extended position after said
      pressure-applying means have advanced the leading edge of the film unit a
      distance greater than said predetermined distance.
NUM  28.
PAR  28. Photographic apparatus as defined in claim 27 wherein said returning
      means includes a spring.
NUM  29.
PAR  29. Photographic apparatus as defined in claim 27 wherein said
      pressure-applying means includes at least one roller.
NUM  30.
PAR  30. Photographic apparatus as defined in claim 22 wherein said opaque means
      comprises a sheet of resilient material formed to assume a coiled
      configuration when in said non-extended position and adapted to be
      uncoiled through a distance less than that which the leading edge of the
      film unit moves past said exit opening whereby said opaque means moves out
      of engagement with the leading edge of the film unit and automatically
      returns to said coiled configuration in said non-extended position when
      the leading edge of the film unit has been advanced past said exit opening
      a distance greater than the distance said opaque means has been uncoiled.
NUM  31.
PAR  31. Photographic apparatus as defined in claim 30 wherein said
      pressure-applying means includes at least one roller.
NUM  32.
PAR  32. Photographic apparatus as defined in claim 21 wherein said opaque means
      includes means for returning said opaque means to said non-extended
      position from said extended position after the leading edge of the film
      unit has travelled a predetermined distance past said exit opening.
NUM  33.
PAR  33. Photographic apparatus as defined in claim 32 wherein said
      pressure-applying means includes at least one roller.
NUM  34.
PAR  34. Photographic apparatus for processing an exposed film unit of the type
      including a plurality of superposed layers including photosensitive and
      transparent layers, and a processing composition including an opacifying
      agent which is adapted to be spread across the photosensitive layer
      comprising:
PA1  means for supporting the film unit in position for exposure of the
      photosensitive layer;
PA1  pressure-applying means including a pair of juxtaposed members between
      which the film unit is adapted to be advanced, subsequent to exposure,
      leading edge first during spreading of the processing composition;
PA1  means defining an exit opening through which the film unit is adapted to be
      advanced to the exterior of said photographic apparatus; and
PA1  opaque means mounted adjacent said exit opening for sequential movement
      from a first position wherein said opaque means is in lighttight relation
      with said exit opening to a second position wherein it is in lighttight
      relation with the transparent layer of the film unit as it passes from
      said exit opening to the exterior of said photographic apparatus and then
      back toward said first position while a major portion of the film unit
      remains outside said photographic apparatus.
NUM  35.
PAR  35. Photographic apparatus as defined in claim 34 wherein said opaque means
      comprises a sheet of opaque material adapted to assume a coiled
      configuration when in said first position and a subsequently flat
      configuration when in said second position.
NUM  36.
PAR  36. Photographic apparatus as defined in claim 35 wherein said sheet of
      opaque material includes a resilient property for automatically returning
      said opaque sheet to said coiled configuration when in an unstressed
      condition.
NUM  37.
PAR  37. Photographic apparatus as defined in claim 36 wherein said opaque sheet
      is mounted in position to be uncoiled by the leading edge of the film unit
      as it passes from said exit opening.
NUM  38.
PAR  38. Photographic apparatus as defined in claim 37 wherein said opaque sheet
      is adapted to be uncoiled through a predetermined distance by the leading
      edge of the film unit, said predetermined distance being less than the
      length of the film unit whereby said opaque sheet automatically returns to
      said first position before the film unit passes completely through said
      exit opening.
NUM  39.
PAR  39. Photographic apparatus for processing an exposed film unit of the type
      including a plurality of superposed layers including photosensitive and
      transparent layers, and a processing composition including an opacifying
      agent which is adapted to be spread across the photosensitive layer
      comprising:
PA1  means for supporting the film unit in position for exposure of the
      photosensitive layer;
PA1  pressure-applying means including a pair of juxtaposed members between
      which the film unit is adapted to be advanced, subsequent to exposure,
      leading edge first during spreading of the processing composition;
PA1  means defining an exit opening through which the exposed film unit is
      adapted to be advanced to the exterior of said photographic apparatus;
PA1  opaque means movable with the leading edge of the film unit a predetermined
      distance for covering the transparent layer of the film unit as it passes
      through said exit opening; and
PA1  means for uncovering the transparent layer while the transparent layer
      remains outside said photographic apparatus so as to expose it to the
      ambient light when said predetermined distance has been reached by said
      opaque means.
NUM  40.
PAR  40. Photographic apparatus as defined in claim 39 wherein said means for
      uncovering the transparent layer includes a spring.
NUM  41.
PAR  41. Photographic apparatus for processing an exposed film unit including a
      pod of processing fluid located adjacent a leading edge thereof and
      arranged to release the processing fluid retained therein responsive to a
      compressive force being exerted thereagainst, the film unit further
      including a photosensitive layer and a light transparent layer overlying
      one side of the photosensitive layer, said apparatus comprising:
PA1  a housing formed of opaque material, said housing being configured to
      retain at least one of the exposed film units at a given position and to
      define an opening through which the film unit may be advanced from said
      housing;
PA1  a pair of elongated juxtaposed members located intermediate said given
      position within said housing and said opening and arranged to first exert
      a compressive force on the pod to release the processing fluid retained
      therein and then to subsequently direct the released processing fluid
      progressively over the photosensitive layer responsive to the exposed film
      unit being advanced from its said given position within said housing
      through said opening; and
PA1  means for at least substantially protecting the light transparent layer
      from ambient light rays as the film unit emerges from said housing through
      said opening, said means including an extendable opaque member mounted on
      said housing and structured and arranged to be stored in an initial
      compact non-extended position and to be engaged by the leading edge of the
      film unit and progressively automatically extended therefrom to overlie
      the transparent layer as the film unit emerges from said housing through
      said opening and to automatically return to said compact non-extended
      position upon disengagement of said extendable opaque member from the film
      unit while the film unit remains outside said housing so as to expose the
      transparent layer to ambient light rays.
NUM  42.
PAR  42. The apparatus of claim 41 in which said opaque member is flexible and
      coiled when in its said initial compact non-extended position and
      progressively uncoiled from its initial position to overlie the film
      unit's transparent layer as the film unit emerges from said housing
      through said opening.
NUM  43.
PAR  43. The apparatus of claim 41 wherein said opaque member is further
      configured to be automatically released from the leading edge of the film
      unit after a predetermined length of the film unit has been transported
      through said opening.
NUM  44.
PAR  44. The apparatus of claim 41 wherein said means includes means for
      automatically returning said opaque member to its said initial compact
      non-extended position at a predetermined time following the emergence of
      the film unit's leading edge from said opening, thereby leaving the light
      transparent layer of the film unit fully exposed to ambient light rays.
NUM  45.
PAR  45. Photographic apparatus for processing an exposed film unit of the type
      having opposed major surfaces and including a pod of processing fluid
      arranged to release the processing fluid retained therein along a
      photosensitive layer in response to a compressive force being exerted
      thereagainst, said apparatus comprising:
PA1  a housing formed of opaque material, said housing being configured to
      retain at least one of the exposed film units at a given position and to
      define an opening through which the film unit may be advanced from said
      housing;
PA1  a pair of elongated juxtaposed members located intermediate said given
      position within said housing and said opening and arranged to first exert
      a compressive force on the pod to release the processing fluid retained
      therein and then to subsequently direct the released processing fluid
      progressively over the film unit's photosensitive layer responsive to the
      exposed film unit being advanced from its said given position within said
      housing through said opening; and
PA1  means for at least substantially protecting a major surface of the film
      unit from ambient light rays as the film unit emerges from said housing
      through said opening, said means including an extendable opaque member
      mounted from said housing and structured and arranged to be automatically
      progressively extended from said housing to overlie at least one major
      surface of the film unit as the film unit is advanced a predetermined
      distance outward of said opening, and to be automatically returned to its
      unextended position while the major surface of the film unit remains
      outside said housing in response solely to said film unit being advanced
      further so as to expose the major surface to ambient light outwardly of
      said opening.
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ABST
PAL  A method of composing pictures of objects comprises the steps of exposing a
      frame of a record medium such as a frame of a roll of film or a target in
      a television camera via a camera lens while masking a portion of the field
      from exposure by a first mask disposed in front of the lens. The field
      frame of the record medium is then re-exposed via the same lens, while
      masking a previously unmasked portion of the field or frame and
      maintaining the f/stop for the lens the same as for the first exposure.
      The foregoing is accomplished by apparatus in one instance comprising a
      camera having means for transporting film, a lens, first and second masks
      serving to block light to complimentary portions of the film, a light
      shade supported by the lens to sequentially support the masks in front of
      the lens at a distance sufficient to inhibit exposure of complementary
      portions of the film. In another embodiment of the apparatus, a support
      holder having a plurality of masks is detachably securable to a light
      shade in front of the lens. The support holder is designed to selectively
      position each of its masks individually in front of the lens as desired.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of patent application Ser. No.
      344,107 filed Mar. 23, 1973 for MULTIPLE EXPOSURE OPTICAL RECORDING METHOD
      AND APPARATUS, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to a method for composing pictures employing a
      multiple exposure optical recording method, and apparatus particularly
      useful for carrying out such method in, for example, still photography,
      movies, projection, and photo processing, and also in television
      broadcasting.
PAR  It has long been desired to provide multiple optical images recorded on a
      single record medium, such as on a single film frame or screen.
      Ordinarily, however, special precautions and equipment are required in
      order to eliminate the distinguishable edges of the areas of each of the
      two images which are superimposed to make a single picture, and to prevent
      image overlap.
PAR  It has further long been desired to be able to achieve the foregoing with
      relative simplicity without involving special treatment, such as the
      implementation of air brushes and the like to paint out and retouch
      photographs, for example.
PAR  As disclosed herein, a method and apparatus have been provided whereby a
      photographer using relatively simple equipment can obtain successive
      exposure of adjacent areas on the same frame of a film or a television
      picture and leave virtually no evident line of demarcation between the
      areas of the images as recorded, notwithstanding differences in background
      of the images.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the method of the invention relates to composite image
      photography and, more particularly, a method of controlling the formation
      of two or more images at different locations on the same film frame. The
      method includes the step of providing at least two photographic masks,
      each of which has two adjacent areas of differing light transmission
      qualities, e.g., an opaque region and a transparent or translucent region.
      The geometrical configuration of at least a portion of the boundary
      between the two areas on one of the masks is complementary to the
      geometrical configuration of a corresponding portion of the boundary
      between the two areas on the other of the masks. The complementary
      boundary portions will, therefore, represent the configuration of a
      demarcation between the two image exposures to be formed on the same film
      frame.
PAR  A first one of the masks is positioned in the optical path of the light
      entrance lens of a camera so that light from any subject to be
      photographed will pass through such mask prior to being received by the
      camera. Such positioning should be such as to also image the portion
      between the two areas of the mask on the film plane within the camera when
      the shutter is opened. The focusing (focusing distance) and the f/stop
      (focal ratio) of the lens are then adjusted to focus on the film plane, a
      first subject to be photographed through one of the areas of the first
      mask. Next the frame of film is exposed with the first mask in position as
      stated to obtain an image of both the subject through such area and the
      boundary portion on the first mask.
PAR  After the first exposure, the second mask is substituted for the first mask
      in the optical path of the lens at a position which will result in the
      boundary portion between the two areas thereon being imaged at generally
      the same location on the film frame as the image of the boundary portion
      of the first mask. Then the focus of the lens is adjusted to focus a
      second subject to be photographed through that area of the second mask on
      the opposite side of the complementary boundary portions as the area
      through which the first subject was photographed. It is important that the
      f/stop setting used with the second mask be maintained the same as it was
      for the first mask. The film frame is then again exposed to obtain an
      image of the second subject on the film frame along with the boundary
      portion.
PAR  It has been found that if the f/stop or, in other words, focal ratio of the
      lens is maintained the same for both exposures as aforesaid, there will be
      no overlapping of the images on the film frame. Although the optical
      phenomenon which is responsible for this clear demarcation between the two
      images when the focal ratio is maintained the same for both exposures is
      not completely understood, it is a phenomenon which has been empirically
      found to be quite important in the formation of aesthetically pleasing
      composite image photographs.
PAR  The invention also includes apparatus which is especially useful in
      practicing the method of the invention by providing in one compact unit a
      plurality of masks and enabling the substitution of one mask for another
      in front of the camera lens in a simple and expeditious manner. Such
      apparatus, however, is also advantageously useable to position other light
      modifying elements, such as filters and vignetters, before the lens of a
      camera. In its basic aspects, such apparatus includes a light shade, means
      for removably securing the light shade to the camera in front of the lens
      at a position which will result in all light received by the lens first
      passing through an entrance opening of the light shade, and a support
      holder for a plurality of the desired light modifying elements detachably
      secured to the light shade in front of the entrance opening. The support
      holder includes for each of the light modifying elements, a frame and
      means for pivotally securing the frame to the holder for movement between
      an inactive position in which it projects into the light shade adjacent
      one of its sides and out of the field of view of the lens and an active
      position within the holder in which it is in front of the light entrance
      opening of the light shade. As a particularly salient feature of the
      apparatus, all of the frames and light modifying elements associated with
      the support holder are also simultaneously positionable within the
      interior of the holder housing for protection whenever the holder is
      detached from the light shade.
PAR  A plurality of separate support holders can be provided, each of which
      includes different light modifying elements. Then, any selected one of the
      support holders can be individually secured to the light shade to provide
      a desired set of light modifying elements at any particular time. Because
      all the light modifying elements of each holder can be positioned within
      the holder housing when the holder is separated from the light shade,
      adequate protection for the light modifying elements associated therewith
      is provided so that the holder can be freely handled. As will be explained
      hereinafter, light shades of different depths may be desired under
      differing circumstances, and this arrangement of apparatus enables any
      combination of light shades with support holders to be provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a diagrammatic isometric exploded view with portions broken
      away of apparatus for composing pictures of multiple objects according to
      the method of the present invention;
PAR  FIG. 2 shows a side elevation of a mask assembly with portions broken away
      for clarity;
PAR  FIGS. 3 and 4 diagrammatically illustrate some of the general steps in
      carrying out the method of the invention;
PAR  FIG. 5 shows a picture composed according to the method of the invention
      employing the view subjects of FIGS. 3 and 4;
PAR  FIG. 6 is an isometric exploded view of a preferred embodiment of the
      apparatus of the invention;
PAR  FIGS. 7 and 8 are enlarged partial sectional views taken on the plane
      indicated by the lines 7--7 in FIG. 6 when the apparatus of the invention
      is assembled, illustrating the releasable mechanism for normally
      maintaining each of the masks in its inactive position;
PAR  FIGS. 9 and 10 are enlarged partial sectional views taken on the plane
      indicated by the lines 9--9 in FIG. 6 illustrating details of the
      construction of the support holder; and
PAR  FIG. 11 illustrates an apparatus for adjustably supporting a frame for a
      light modifying element in front of the lens of, for example, a
      photographic enlarger.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Using the photographic system 10 shown in FIG. 1 and described further
      below, the general method to which the invention relates for composing
      pictures on a record medium, such as a photographic film carried in a
      camera 11 and having a lens 12, proceeds along the steps of first exposing
      a frame of the film (or target of a television camera) via the lens 12
      while masking a portion of the frame of film from exposure by a first mask
      assembly 13. Thus, if the frame of film were to be developed at this
      point, it would provide a frame such as shown at 14 in FIG. 3 wherein the
      subject has been recorded in one portion of the frame while another
      portion of the picture has been masked from exposure and, hence, remains
      unexposed.
PAR  In composite image photography, however, the next step after forming the
      first exposure is to dispose another mask assembly 16 in front of the
      camera lens so that a close-up or different picture from a different view
      of another subject (or the same subject) can be taken and recorded on the
      same frame through a previously masked portion of the frame. If this step
      were executed solely by itself, it would provide a developed frame of the
      type shown in FIG. 4 at 17 with a protected, unexposed portion.
PAR  By protecting a portion of the film frame from exposure as in FIG. 3 and
      reserving that portion for later exposure, the picture can be composed of
      a plurality of images as shown in FIG. 5 at 18.
PAR  It will be recognized that when each of the exposures discussed above is
      taken, following conventional practice it would be common to adjust the
      focusing, f/stop, and lens speed in order to achieve the optimum image on
      the film of each of the subjects. In the past, however, there has been
      difficulty in providing an appropriate demarcation between the two
      exposures on the film. In this connection, one of the more troublesome
      problems with composite image photography has been the overlapping at the
      boundary of the two images. As a particularly salient feature of the
      method, it has been found that if the f/stop setting for the lens is
      maintained the same for both exposures, (assuming that the same lens is
      being used for both exposures), no overlapping occurs. Thus, the method of
      the invention includes the step of providing for the second exposure in
      which the second mask is used the same focal ratio as used for the first
      exposure. The lens focusing and speed are then adjustable for each
      exposure independently of their setting for the other exposure. It is
      preferable, however, that in those cases in which it is desired that the
      demarcation be indistinguishable, that the amount of light received by the
      film in each exposure be generally the same. The result is that there will
      be substantially no contrast between the film exposure for each of the
      images. In order to provide such equal light exposure for both images, the
      speed of the lens, i.e., the amount of time that the lens is opened by the
      shutter to receive light, is adjustable. It must be remembered, though,
      that the focal ratio of the lens must be the same for both exposures so as
      to avoid overlap. Thus, if the same lens is used for both exposures, the
      f/stop setting for both exposures should be the same.
PAR  The above discussion with respect to maintaining the f/stop of the lens the
      same for both exposures applies in those cases in which the same lens is
      used for both exposures. There are some instances, however, when one lens
      is desired for a close-up view, and another for a more distant view.
      Typically, it has been observed that where an image taken with a telephoto
      lens is to be combined with an image taken through a standard lens, a
      difference in lens opening of a number of f/stops serves to provide
      optimum results in eliminating the demarcation between zones. As an
      example, a standard 80mm, f:2.8 lens and a telephoto 250mm, f:5.6 lens use
      a difference of substantially three f/stops, and these are respectively
      preferably f:8 and f:22.
PAR  The distance that each of the masks is disposed in front of the camera lens
      is also a variable which must be carefully considered in composite image
      photography. In this connection, each of the masks must be positioned such
      a distance in front of the lens that the frame or other structure which is
      supporting the same is not within the field of view of the lens. Also,
      because the boundary portion between the two areas of different light
      transmission qualities on the mask will be seen as an image on the film
      which is exposed, it is imperative that the magnification provided by the
      camera lens of the two complementary boundary portions of the two masks be
      such that the two images of the boundary portions formed by the two film
      exposures will be superimposed upon one another. If they are not, it will
      readily be appreciated that overlapping of the exposures at such boundary
      will occur. Such magnification is also controlled by the distances the
      masks are positioned in front of the lens. For simplicity, the location at
      which the masks are positioned in front of the lens is most desirably one
      providing a generally 1-to-1 magnification ratio between the area of the
      mask within the field of view of the lens and the area of the film frame
      exposable by such lens. Such positioning has the advantage of facilitating
      the composition of the photograph since the boundary between the two
      exposures on the film will correspond with the boundary visible in the
      view finder.
PAR  It should be noted that the method of the invention is not only applicable
      to composite image photography when the masks include an opaque and
      transparent area, but also when one of the masks includes a translucent
      area, such as is used in color vigneeting. Thus, for the purposes of the
      method of the invention it is only necessary that the two adjacent areas
      in each mask be of differing light transmission qualities, rather than
      necessarily opaque and transparent.
PAR  Having in mind the foregoing method, it will be readily appreciated that
      relatively precise registration between the regions of two successively
      employed masks is required in order to avoid the formation of a line of
      definition at the area of one or the other of the two masked portions.
      Accordingly, the apparatus shown in FIGS. 1 and 2 serves to provide
      substantially precise registration of any number of masks so as to avoid
      the problem of creating a demarcation line where a first mask and a second
      mask fail to precisely register. The precision required by the above
      circumstances is readily achieved by the utilization of glass or other
      optically ground, transparent panes as used herein whereby the masking
      portion thereof can be accurately disposed thereon.
PAR  With reference to FIGS. 1 and 2, a support, such as a sun or other light
      shade 19, serves to dispose the masks at that distance in front of lens 12
      maintaining substantially a one-to-one ratio between the size of the mask
      and the size of the overall area of the record medium to be recorded upon.
      Sun shade 19 includes a generally square configuration on one end and a
      cylindrical configuration on the other arranged to be secured to lens 12
      by any suitable means well known to those in the art, such as by a bayonet
      connection or simply a press fit. Lens 12 for the moment will be deemed to
      be a standard focal length lens. Later, using extender 36 the same mask
      assemblies can be employed with a telephoto lens.
PAR  A supporting assembly 21 is readily secured to sun shade 19 by insertion of
      the four tangs 22 which snugly fit in a wedged relation within the opening
      of the square end of sun shade 19. Support assembly 21 includes on its
      forward face a pair of elongated retaining flanges forming slots 23
      defined by lips 24 on opposite sides of the assembly frame folded over
      toward each other in confronting relationship. Oppositely facing lips 26
      are carried on the backside of each mask assembly to be mounted on
      assembly 21. Thus, an upwardly facing lip 26 is shown on mask assembly 27
      and is understood to be similarly disposed on the other mask assemblies 13
      and 16 for forming with upper lips 24 a connection similar to that of a
      sliding tongue-and-groove connection. A similar downwardly directed
      elongated lip member 25 is carried along the bottom transverse member 28
      of the assemblies 13, 16, 27 on the backside thereof (FIG. 2) so as to
      engage the upwardly extending lower lip 24.
PAR  It is readily evident that any one of mask assemblies 13, 16 or 27 is
      arranged to slide laterally into aligned position with regard to the
      optical axis of lens 12 simply by urging the assemblies 13, 16, 27
      laterally while in engagement with the lip arrangement just described. A
      pane of glass 33 is cemented into the frame forming each assembly. Each
      pane includes portions which are transparent to light and portions which
      inhibit the transmission of light therethrough. Thus, the darkly shaded
      areas in FIG. 1 are intended to represent those portions which are
      essentially black or intended to inhibit light passing therethrough,
      typically totally.
PAR  In carrying out the method of the invention with this apparatus, mask
      assembly 13 would first be positioned onto support assembly 21 as noted
      above for the first exposure. It should be noted that cooperating means
      have been provided on both support assembly 21 and on the reverse side of
      each of the mask assemblies 13, 16, 27 for retaining a mask assembly from
      loosely sliding to the left as viewed in FIG. 1. Thus, the retaining nibs
      29 serve to engage downwardly (FIG. 2) directed nibs of similar extent 31,
      and by simply inserting a fingernail into the slot 32 and gently pressing
      rearwardly, nibs 29 and 31 may be separated for sliding movement.
PAR  With the above construction, a number of mask assemblies can be cascaded
      together to form various patterns and designs as desired. Moreover, as is
      well known, use of complementary masks or other masks in positions
      adjacent the film but behind the lens serves to provide relatively sharp
      outlines of the areas controlled by the masks. However, in the present
      instance where the mask assemblies are disposed in front of the lens, this
      is not true.
PAR  In the event that lens 12 is a telephoto lens having a longer focal length
      and narrower lens angle, it is preferred to employ a mask extender unit 36
      in front of the sun shade 19 to obtain the previously discussed one-to-one
      ratio. The extender is face constructed in the manner of the front and
      reas sides of each of the masks to include flange assemblies for
      interlocking sliding relationship. Unit 36 thereby serves to support the
      mask assemblies at an appropriate position from a telephoto lens whereby
      they can also be effective when used with a telephoto lens to maintain
      substantially a one-to-one ratio between the size of the mask and the size
      of the overall area of the record medium to be recorded upon. Thus, the
      same mask assemblies 13, 16, 27 are usable with both a standard lens and a
      telephoto lens.
PAR  It is preferable to form the mask assemblies of a size corresponding to the
      size of the frame of film or other record image. This simplifies the task
      of composing multi-image pictures. Moreover, this feature, along with the
      previously discussed location of the masks a distance in front of the lens
      providing substantially a one-to-one ratio between the size of the mask
      and the size of the overall area of the record medium to be recorded upon,
      assures that the images of the boundaries will be congruent with one
      another.
PAR  It should be observed that two or more mask assemblies can be readily
      combined such as 13 and 27 to provide a first exposure of the record
      material and then frame 16 can be employed to take a second exposure of
      the same film in the region protected by mask 13. Ultimately, a third
      exposure can be made in the small circular region 37 formed in the pane of
      glass in mask assembly 27.
PAR  FIGS. 6 through 10 illustrate an apparatus which is especially adapted for
      use in practicing the method of the invention. Such apparatus not only
      provides precise registration of masks in front of the camera lens as
      necessary for the method, but also carries a plurality of masks in a
      single unit so as to minimize the number of parts which must be kept
      together by a photographer in any particular situation. Such apparatus
      include an adapter plate 41 for detachably securing a light shade 42 in
      front of the camera lens. As shown, such adapter 41 includes a bayonet
      ring 43 of a conventional construction for securance to the camera, and a
      plate 44 having a peripheral construction to be described in more detail
      hereinafter which cooperates with a corresponding peripheral construction
      on the light shade 42 to detachably secure them together.
PAR  The adapter 41 is useful for securing structures other than the light shade
      42 to the camera lens. In this connection, a frame 46 for a mask, filter,
      or other light modifying element is shown to exemplify such an alternate
      structure. The manner in which the frame 46 is securable to the adapter 41
      is the same as the manner in which the light shade is so securable
      thereto.
PAR  The light shade 42 is generally of a square shape and has a light entrance
      opening 47 through which all light which is transmitted by the lens 12
      into the camera first passes.
PAR  The apparatus also includes a support holder 48 which simultaneously holds
      a plurality of light-modifying element assemblies, e.g., frames 49 and 50.
      More particularly, the support holder 48 includes a housing 51 which has a
      square shape complementary to that of the light holder, and a frame 49
      with a light modifying element is positioned therein parallel to one of
      its sides and projecting outward therefrom into the light shade 42 through
      its entrance opening 47. Thus, when the support holder 48 and the light
      shade 42 are secured together, they cooperate to house the four masks and
      their frames.
PAR  The position in which each of the mask assemblies is shown in FIG. 6 is an
      inactive position. That is, when each of the masks is positioned as shown
      generally adjacent and parallel to the sidewalls of the support holder
      housing 51 and the light shade 42, it is out of the field of view of the
      lens so that it does not interfere with the passage of a full field of the
      subject to such lens.
PAR  Releasable means are associated with the light shade for securing each of
      the frames in its inactive positions. More particularly, as is best
      illustrated in FIGS. 7 and 8, a magnet 52 is secured to the interior side
      of each of the light shade walls at a location at which it will
      magnetically interact with the frame 49 of each of the mask assemblies. In
      this connection, the frames 49 are made of a metal for such interaction.
      It will be appreciated that this construction will result in each of the
      frames and its associated mask normally being maintained against its
      adjacent light shade side wall.
PAR  Associated with each of the magnetic structures is an actuator accessible
      from the exterior of the light shade enabling selective release of the
      individual frames. More particularly, a plunger 53 extends through each of
      the light shade side walls. Each of such plungers is urged to its
      undepressed position by a leaf spring 54. Such plunger is, however, so
      situated that upon being depressed from the exterior of the light shade,
      it will engage the mask frame adjacent the side wall and separate it from
      the magnet and, thereby, effect release of the frame.
PAR  Each of the frames 49 is pivotably secured to the holder for movement
      between the inactive position illustrated in FIG. 6 and an active position
      within the holder in which it is in front of the entrance opening 47 so
      that the mask supported thereby is in the field of view of the lens. More
      particularly, as best illustrated in FIGS. 9 and 10, means are provided
      defining a pivot axis for each of such frames parallel the edge of it
      which is within the holder housing and along its front wall 55. Such means
      includes a pair of collars 56 respectively adjacent each end of such edge
      projecting to the side of the frame. As shown, a pivot pin 57 associated
      with each frame passes rotatably through the collars 56 and has its ends
      received within opposed track slots 58 at the corner edges of the holder
      housing for transverse movement of the same pin along the side walls of
      such housing. Spring means in the form of a double eliptical leaf spring
      59 is positioned with its ends also within the opposed track slots at the
      housing corners to normally urge the pins toward the front wall 55 of the
      housing.
PAR  Because of the above construction, each of the frames 49 and its supported
      light modifying element is pivotal between the inactive position shown,
      for example, for the frame 49, in FIG. 9 to the position shown for such
      assembly in FIG. 10. When any one of the frames is in the position
      represented by the frame 49, the leaf spring 59 associated therewith will
      cooperate with the collar construction 56 on the frame to aid in
      maintaining such frame in the active position, as well as forward against
      the front wall 55 of the housing. Moreover, a coil spring 62 is provided
      circumscribing each of the pins 57 with one of its ends 63, for example,
      bearing against the interior side of the housing wall and its other end 64
      bearing against the frame with which it is associated, to thereby urge the
      frame toward its active position whenever it has been released from its
      inactive position by the depression of the plunger 53.
PAR  It will be recognized that because of the above construction, the active
      position for all of the frames will be in the same plane against the front
      wall 61 of the holder housing. However, only one of such frames can occupy
      such location at any one time. As a particularly salient feature of the
      invention, however, the above construction enables all of the frames to be
      pivoted together into positions within the holder for protection when, for
      example, the holder is detached from the light shade. That is, when one of
      the frames is in the active position shown for frame 49, for example,
      because of the capability of the pivot pin moving within their track slot
      against the urging of the springs 59 associated therewith, the other pivot
      pins can be moved to locations further inwardly of the housing so that the
      frame associated therewith is pivotal into a position parallel to the
      active position within the holder. Such a positioning of a frame is shown
      for the frame 49" in FIG. 10. It will be understood that the frame 49'"
      and the fourth frame not shown can also be moved upward as indicated by
      the arrow 66 so that they can be pivoted into the housing. The result is
      that rather than the frames projecting outward of the housing as
      illustrated in FIG. 6, they may be "stacked" within the holder for
      protection. Thus, whenever any particular support holder of the invention
      is detached from a light shade, the holder housing protects all of the
      frame and light modifying elements it provides.
PAR  It will be seen from the above that it is a simple matter to substitute one
      holder for another with any particular light shade to provide desired
      light modifying elements. Moreover, it will be appreciated that the depth
      of the light shade needed to provde, for example, the 1-to-1 ratio will
      depend upon the particular lens 12 which is being used with a camera. This
      construction enables any one of several different light shades to be
      combined as desired with any one of a plurality of support holders.
PAR  The means by which each of the support holders is securable to a light
      shade enables quick and simple securance and detachment as desired. To
      this end, the housing 51 of the support holder is provided with a ledge 67
      which defines a square projection circumscribing the opening of such
      housing to be mated with the entrance opening of the light shade. As shown
      in FIG. 9, such ledge projections into the entrance opening and has on one
      side thereof (the right side as viewed in FIG. 9) an outwardly projecting
      tab 68 which sandwiches an inwardly projecting flange 69 on the light
      shade between it and the support housing. On the side of the flange
      opposite the tab 68, a releasable catch 71 is provided for gripping the
      flange 69 of the light shade on such side. The releasable catch is secured
      to the support holder via a wire spring 73 which projects lengthwise
      thereof and normally urges the same into the position shown in both FIGS.
      9 and 10. Depression of the catch against the urging of the spring 73 will
      disengage the grip projection 74 on such catch from the flange 69 and
      thereby allow the holder to be detached from the light shade.
PAR  It should be noted that the flange 69 associated with the light shade
      extends around the full periphery of the entrance opening 47. The result
      is that the support holder is securable to such light shade at four
      different, 90.degree. apart, relative orientations. This enables the masks
      of each holder to be oriented to provide differing positions of the areas
      of a film which are affected thereby, adding to the versatility of the
      arrangement.
PAR  The light shade is securable to the adapter 41 with the same type of
      releasable catch structure. Moreover, the auxiliary frame 46 is also
      securable thereto by such catch structure. Thus, such constructions will
      not be described in detail.
PAR  As previously mentioned, the apparatus as illustrated in FIGS. 6 through 10
      is not only useful in the performance of the method of the invention, but
      also to position filters, vignetters, or other light modifying elements
      before the lens of a camera. As is known, a vignetter is a light modifying
      element which includes an area of a desired translucency and/or color to
      provide, for example, edge modification of a photograph.
PAR  FIG. 11 illustrates a structure which is particularly useful for
      positioning a vignetter, for example, in front of the lens 81 of a
      photograph enlarger. As shown, such apparatus includes a threaded rod 82
      which projects from the enlarger parallel to the optical axis of the lens
      81. A frame holder 83 is adjustably positionable along the rod 82 by
      varying the location therealong of the wing nuts 84 which support the
      same. The frame holder 83 includes a wire support 86 which projects
      transversely into a location in front of the lens 81. As shown, such wire
      holder supports a frame 87 for a vignetter, for example. The frame holder
      83 is also adjustable along the optical axis of the lens 81 without the
      necessity of changing the location of the nuts 84. More particularly, the
      legs 86 of such holder which are parallel to the lens optical axis are of
      a telescopic construction providing such adjustment.
PAR  While the invention has been described in connection with preferred
      embodiments thereof, it will be recognized by those skilled in the art
      that various changes and modifications can be made without departing from
      its spirit. In this connection, wherever the term "camera lens" is used,
      the term is meant to include any device which provides an image of a
      subject on a plane. It is intended that the coverage afforded applicant be
      limited only by the spirit of the invention as defined by the claim
      language and its equivalents.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus providing a plurality of light modifying elements for
      individual positioning in front of the light entrance lens of a camera
      comprising:
PA1  a. a light shade;
PA1  b. means for removably securing said light shade to said camera in front of
      said lens at a position in which all light passed into said camera by said
      lens first passes through an entrance opening of said light shade; and
PA1  c. a support holder for said plurality of light modifying elements
      detachably secured to said light shade in front of said entrance opening,
      said support holder including for each of said light modifying elements:
PA2  1. a frame for supporting same;
PA2  2. means pivotally securing each of said frames to said holder for movement
      of said frame and the light modifying element supported thereby between an
      inactive position projecting outward of said holder into said light shade
      adjacent a side thereof and out of the field of view of said lens and an
      active position within said holder and in front of said entrance opening
      so that said light modifying element is in the field of view of said lens;
PA2  3. all of said frames and light modifying elements supported thereby being
      pivotable into positions within said holder for protection thereby
      whenever said holder is detached from said light shade.
NUM  2.
PAR  2. The apparatus of claim 1 further including a separate frame for
      supporting a light modifying element having means for detachably securing
      the same to said light shade in place of said support holder in front of
      said entrance opening with the light modifying element supported thereby
      in the field of view of said lens.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said means pivotally securing each of
      said frames to said holder for movement of said frame and the light
      modifying elements supported thereby between said inactive and active
      positions includes:
PA1  a. means defining a pivot axis;
PA1  b. spring means normally resiliently urging said axis means into a location
      providing said active position in the same plane for each of said frames
      and light modifying elements; and
PA1  c. each of said axis means being movable against the urging of said spring
      to a second location providing pivotal movement of the frame and light
      modifying elements supported thereby into a position within said holder
      parallel to said active position to enable the positioning of all of said
      frames within said holder for protection at the same time.
NUM  4.
PAR  4. The apparatus of claim 1 further including releasable means associated
      with said light shade for securing each of said frames in said inactive
      positions, and an actuator accessible from the exterior of said light
      shade for selectively causing said releasable means to release
      individually each of said frames.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said releasable means includes for each
      of said frames a magnet secured to either said light shade or said frame
      and magnetic material on the other of said light shade or frame for
      interaction with said magnet, and said actuator for causing release of
      said frame includes a plunger which upon depression from the exterior of
      said light shade engages said frame and separates said magnet and magnetic
      material from one another.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the light entrance opening of said
      light shade is generally of a square shape and said support holder
      includes a housing which is of a complementary square shape having one of
      said frames associated with each side thereof, which housing is securable
      to said light shade with each of said frames projecting through said light
      shade entrance opening adjacent a side thereof.
NUM  7.
PAR  7. The apparatus of claim 6 further including means for detachably securing
      said support holder housing to said light shade comprising: a ledge
      defining a square projection on either said housing or the light shade
      holder circumscribing said entrance opening, which ledge fits within the
      other of said housing and light shade holder about said opening, and a
      releasable catch associated with said ledge for selectively gripping the
      other of said housing and light shade.
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ABST
PAL  A motor-drive controlling apparatus used in attachment with a still camera
      includes a motor circuit having a motor for driving the shutter releasing
      mechanism and the film winding mechanism of the still camera, a
      motor-driven switch, and a shutter switch actuated interlockingly with the
      shutter releasing mechanism. At least one operating switch controls the
      operation of a timer circuit in association with that of the shutter
      switch. The timer switch varies its output condition when it is
      successively operated longer than a length of time from the end of
      operation of the shutter switch to the start of the next operation
      thereof. A control circuit operates in response to the output condition of
      the timer circuit for controlling the energization of the motor in
      association with the motor-driven switch and the shutter switch.
BSUM
PAR  This invention relates to a motor-drive controlling apparatus including
      circuit means for stopping a motor when the shutter mechanism of a camera
      has not been operated any longer than a predetermined time.
PAR  Generally, a motor-drive controlling apparatus is so constructed as to
      control the energization of a motor for driving the shutter releasing
      mechanism and film winding mechanism thereby to effect frame photographing
      and continuous photographing. Particularly in the case of the continuous
      photographing, the operating switch is kept in an operated condition and
      the motor is thereby rotated continuously thereby to effect continuous
      photographing. In the prior art apparatus, however, the motor continues
      its rotation while the operating switch is operated. For this reason, even
      where the film winding operation has been disabled from being carried out
      due to the termination of a charged film or to the occurrence of a
      film-catch trouble, the motor undesirably continues its rotation.
PAR  The object of the invention is to provide a motor-drive controlling
      apparatus which is adapted to stop the driven motor where the film winding
      has been disabled due to the termination of a charged film or to the
      occurrence of a film-catch trouble.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a motor-drive controlling apparatus
      used in attachment with a still camera includes a motor circuit having a
      motor for driving the shutter releasing mechanism and the film winding
      mechanism included in the still camera, a motor-driven switch, and a
      shutter switch actuated interlockingly with the shutter releasing
      mechanism. At least one operating switch for operating the apparatus is
      connected to a timer circuit to operate the timer circuit in association
      with the shutter switch. The timer circuit varies its output condition at
      a predetermined time after the termination of a charged film or the
      occurrence of a film-catch problem or the like. In response to the output
      condition of the timer circuit a control circuit operates to control the
      energization of the motor in association with the motor-driven switch and
      the shutter switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a circuit diagram showing a motor-drive controlling device
      according to an embodiment of the invention;
PAR  FIG. 2 shows time charts when one frame photographing is effected using the
      apparatus of FIG. 1;
PAR  FIG. 3 shows time charts when continuous photographing is effected using
      the same apparatus;
PAR  FIG. 4 is a circuit diagram showing a motor-drive controlling apparatus
      according to another embodiment of the invention, having a mode
      change-over switch circuit modified from that of the apparatus shown in
      FIG. 1;
PAR  FIG. 5 is a circuit diagram showing a motor-drive controlling apparatus
      according to another embodiment of the invention, having a timer circuit
      modified from that of the apparatus shown in FIG. 1;
PAR  FIG. 6 is a circuit diagram showing a motor-drive controlling apparatus
      according to another embodiment of the invention, using a bistable
      circuit;
PAR  FIG. 7 shows time charts when frame photographing is effected using the
      apparatus of FIG. 6;
PAR  FIG. 8 shows time charts when continuous photographing is effected using
      the apparatus of FIG. 6;
PAR  FIG. 9 is a circuit diagram showing a motor-drive contolling apparatus
      according to another embodiment of the invention, provided with a delay
      circuit; and
PAR  FIG. 10 is a circuit diagram showing a motor-drive controlling apparatus
      according to another embodiment of the invention, similarly provided with
      a delay circuit.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  In an embodiment illustrated in FIG. 1, a DC motor is provided for the
      purpose of mechanically driving the shutter releasing mechanism and film
      winding mechanism of a camera. A change-over switch 2 is operated
      interlockingly with the motor 1, and when the motor completes the driving
      of the film winding mechanism, a movable contact a is brought into contact
      with a stationary contact b whereas when the operation of the shutter
      releasing mechanism is completed, the movable contact a is changed over to
      a stationary contact c.
PAR  A shutter switch 3 is operated in response to the opening or closing
      operation of the shutter, or to the rising or falling operation of the
      mirror of the camera. That is to say, when the mirror is situated in a
      fallen position, a movable contact d contacts a stationary contact e
      whereas when the mirror is situated in a risen position, the movable
      contact d contacts a stationary contact f.
PAR  A DC source 4 is connected to a change-over switch 6 or a relay 7 via a
      source switch 5. Another switch 8 of the relay 7 is so provided as to
      short-circuit the motor and functions as a motor braking switch. A
      condenser 9 is connected in parallel to both ends of the motor 1, one end
      of which is connected to the movable contact a of the change-over switch 2
      and the other end of which is connected to the movable contact d of the
      shutter switch 3. The stationary contact e of the switch 3 is connected to
      the positive terminal of the DC source 4 via a diode 10. The negative
      terminal of the source 4 is connected to the movable contact g of said
      relay switch 6 via the source switch 5. A stationary contact i of said
      relay switch 6 is connected to the stationary contact b of the change-over
      switch 2. A circuit closed by said stationary contacts i and b constitutes
      a motor circuit for driving the shutter releasing mechanism. The
      connection of the stationary contact h of the relay switch 6 with the
      stationary contact c of the change-over switch 2 causes the formation of
      another motor circuit for driving the film winding mechanism.
PAR  A control circuit 11 for controlling the energization of the relay 7 is
      connected to the relay. In the associated relationship with said control
      circuit is provided a timer circuit 12 for controlling the timing with
      which the relay 7 is operated. The collector of a transistor 24 of the
      timer circuit is connected to a diode 10 via a serial circuit of a
      capacitor 22 and resistor 21 and simultaneously connected to the diode 10
      via a resistor 23. The movable contact d of the shutter switch 3 is
      directly connected to the base of a transistor 16 of the control circuit
      11 and simultaneously connected to the base of the transistor 24 of the
      timer circuit 12 via parallel-connected operating switches 27 and 28 and a
      resistor 25. The switch 27 is provided in a drive unit and the switch 28
      in a control unit.
PAR  The movable contact j of a manually operable mode change-over switch 14 is
      connected to the stationary contact h of the change-over switch 6 of the
      relay and simultaneously connected to the stationary contact c of the
      motor switch 2. One stationary contact k is connected to the collector of
      the transistor 24 of the timer circuit via a resistor 26 and the capacitor
      22 while the other stationary contact l is connected to the movable
      contact g of the change-over switch 6 of the relay. The mode change-over
      switch 14 is so arranged that when a frame photographing mode has
      selectively been determined, the movable contact j is brought to the
      stationary contact k whereas when a continuous photographing mode has
      selectively been determined, the movable contact j is brought to the
      stationary contact l.
PAR  The resistor 15 of the control circuit 11 is connected at one end to the DC
      source 4 via the diode 10 and connected at the other end to the source
      switch 5 via a serial circuit of NPN transistors 16 and 17 and a diode 18.
      The collector of the transistor 16 is connected to the base of an NPN
      transistor 19, the emitter of which is connected to the emitter of the
      transistor 17 and the collector of which is connected to the positive
      terminal of the source 4 via a serial circuit of the relay 7 and diode 10.
      The base of the transistor 16 is connected to the movable contact d of the
      shutter switch 3 via a resistor 20, and when said movable contact d is in
      a state contacted with the stationary contact e, namely when the mirror of
      the camera is in a fallen position, the transistor 16 is rendered
      conducting. The base of the transistor 17 is connected to the connection
      point between the resistor 21 and capacitor 22 of the timer circuit 12.
      The transistor 17 is rendered conducting or nonconducting depending upon
      the magnitude of the potential at the connection point.
PAR  It is now assumed in the above-mentioned circuit construction that an
      operating switch 27 or 28 is opened and the operation of the film winding
      mechanism is completed. Then, the movable contact a of the switch 2 is
      contacted with the stationary contact b, and the movable contact g of the
      relay switch 6 is contacted with the stationary contact h, and the shutter
      releasing circuit and the film winding circuit are both opened, and the
      movable contact d of the shutter switch 3 is contacted with the stationary
      contact e and the relay switch 8 is closed. Under this condition, the
      motor 1 is short circuited and stopped by the electric brake.
PAR  When, under this condition, the source switch 5 is closed, the transistor
      24 is rendered nonconducting, so that current is flowed from the source 4
      via the diode 10, resistor 23, capacitor 22, transistor 17 base emitter
      path, diode 18 and source switch 5 to permit the capacitor 22 of the timer
      circuit 12 to be charged in a direction indicated by an arrow of solid
      line. Since, at this time the transistors 16 and 17 are both rendered
      conducting, the transistor 19 is rendered nonconducting to deenergize the
      relay 7.
PAR  Next, when the operating switch 27 or 28 is closed, the transistor 24 is
      rendered conducting, so that the charged voltage of the capacitor 22 is
      impressed as a reverse bias voltage between the base of the transistor 17
      and the cathode of the diode 18 via a transistor 24, so that the
      transistor 17 is rendered nonconducting. For this reason, the transistor
      19 is rendered conducting to energize the relay 7, so that the relay
      switch 8 is opened and the relay switch 6 is changed over to the contact
      i. Accordingly, the motor 1 is so rotated as to drive the shutter
      releasing mechanism. When the shutter releasing mechanism completes its
      operation, the motor switch 2 is changed over to the stationary contact c,
      so that the motor 1 ceases to be rotated.
PAR  The shutter switch 3 is changed over to the stationary contact f in
      response to the operation of the mirror rising in accordance with the
      starting operation of the shutter releasing mechanism of the camera. The
      base circuit of the transistor 24 is thereby opened to render the same
      nonconducting. Since, at this time, the transistor 16 is rendered
      nonconducting though the transistor 17 is rendered conducting, the
      transistor 19 remains conducting and the relay 7 therefore continues to be
      energized. Further, when the mirror has risen, the motor 1 is short
      circuited by the shutter switch 3, so that the motor is rapidly stopped by
      the electric brake. Since, accordingly, the motor remains fully stopped
      during the period in which the camera shutter is opened, the camera is
      prevented from receiving the vibration of the motor rotation to permit the
      performance of a stable exposure operation.
PAR  When the shutter releasing mechanism of the camera completes its operation,
      the mirror is allowed to fall to cause the shutter switch 3 to be again
      changed over to the stationary contact e. Since, at this time, the
      transistor 24 is rendered conducting concurrently with the conduction of
      the transistor 16, the transistor 17 is rendered nonconducting.
      Accordingly, the transistor 19 remains conducting and the relay is
      therefore maintained energized.
PAR  There will now be described the case where a frame photographing and
      continuous photographing are effected with the apparatus kept in the
      above-mentioned condition. 1. Frame photographing
PAR  Since, in this case, the mode change-over switch 14 is changed over so as
      to cause the movable contact j to contact the stationary contact k, the
      capacitor 22 is charged through a charging path of the contact c of the
      switch 2, the contact k of the switch 14, a resistor 26, a capacitor 22
      and the transistor 24 as well as through a charging path of the resistor
      21, the capacitor 22 and the transistor 24. Accordingly, the capacitor 22
      is charged in an extremely shorter time than charged through the resistor
      21 alone. For this reason, the base potential of the transistor 17 is
      rapidly increased to render the transistor 17 conducting in a short time.
      As the result, the transistors 16 and 17 are both rendered conducting and
      the transistor 19 is therefore rendered nonconducting. Further, the relay
      is deenergized, so that the relay switch 6 has its movable contact g
      changed over to the stationary contact h and simultaneously the switch 8
      is closed. Further, the motor 1 makes its rotation to operate the film
      winding mechanism. When the film winding mechanism completes its
      operation, the switch 2 has its movable contact a changed over to the
      stationary contact b. As the result, the motor circuit is opened and
      simultaneously the motor is short circuited, so that the motor is rapidly
      stopped.
PAR  When the operating switch 27 or 28 is opened, the transistor 24 is rendered
      nonconducting, so that the capacitor 22 is charged in the direction
      indicated by an arrow of solid line via the resistor 23, so that the
      motor-drive controlling apparatus is returned to the initial condition.
      This means that the apparatus is in a condition ready for the next
      photographing operation. Accordingly, when the operating switch 27 or 28
      is again closed, the shutter releasing mechanism is operated and in
      consequence the film winding mechanism commences its operation. In this
      manner, the frame photographing is performed.
PAR  When, in the course of the frame photographing, the film winding operation
      is disabled from being carried out due to the termination of a charged
      film or to the occurrence of a film-catch trouble, the shutter releasing
      mechanism of the camera is disabled from being energized, so that the
      switching-over operation of the switch 3 is disabled from being performed,
      so that the timer circuit 12 is not reset. Further, the capacitor 22 is
      successively charged via the resistor 21 for a longer time than required
      to effect the film winding and shutter releasing operations, and when this
      charged voltage has its level raised up to a level high enough to render
      the transistor 17 conducting, the transistor 19 is rendered nonconducting,
      so that the relay 7 is deenergized. At this time, when the motor switch 2
      has its movable contact changed over to the stationary contact b, the
      motor is stopped. Where the film winding is disabled in this manner, the
      motor is fully stopped without being rotated idly. 2. Continuous
      photographing
PAR  Since, in this case, the mode change-over switch 14 is so changed over as
      to bring the movable contact j into contact with the stationary contact l,
      the movable contact g and stationary contact h of the relay switch 6 are
      short circuited, so that the shutter switch 3 is changed over to the
      stationary contact e and simultaneously the film winding operation is
      carried out. When the film winding operation is completed, the switch 2 is
      changed over to the stationary contact b. At this time, the capacitor 22
      is charged in a direction indicated by an arrow of dotted line via the
      resistor 21 alone. A longer time is required to charge said capacitor as
      compared with the case where the frame photographing is carried out, so
      that the transistor 17 is maintained nonconducting for a while and the
      relay is thereby maintained energized.
PAR  If the time constant of the resistor 21 and capacitor 22 are so determined
      as to cause the base potential of the transistor 17 to increase up to a
      level high enough to render said transistor 17 conducting in case the
      timer circuit 12 is successively operated for a longer time than exactly
      required to perform the film winding and shutter releasing operations, the
      switch 2 will be changed over to the stationary contact b and
      simultaneously the motor 1 will be so rotated as to drive the shutter
      releasing mechanism because when the film winding operation is completed,
      the relay still remains energized. The mirror is allowed to rise by the
      shutter releasing operation, so that the shutter switch 3 is changed over
      to the stationary contact f to render the transistor 24 nonconducting, so
      that the capacitor 22 is charged in a reverse direction, as indicated by
      an arrow of solid line. Under this condition, the transistor 17 is
      rendered conducting but the transistor 16 is rendered nonconducting, so
      that the relay is maintained energized. Since, as above described, the
      transistors 16 and 17 are alternately rendered conducting or
      nonconducting, it never happens that the transistor 19 is rendered
      nonconducting. Accordingly, as far as the operating switch 27 or 28 is
      closed, the relay 7 is maintained energized, so that the shutter releasing
      and film winding operations are alternately carried out by the
      changing-over operation of the switch 2, thereby effecting the continuous
      photographing.
PAR  When, in the course of the continuous photographing, the film winding
      operation is disabled from being carried out due to the termination of a
      charged film or to the occurrence of a film-catch trouble, the shutter
      releasing mechanism of the camera is disabled from being energized, so
      that the switching-over operation of the switch 3 is disabled from being
      performed, so that the timer circuit 12 is not reset. Further, the
      capacitor 22 is successively charged via the resistor 21 for a longer time
      than required to effect the film winding and shutter releasing operations,
      and when this charged voltage has its level raised up to a level high
      enough to render the transistor 17 conducting, the transistor 19 is
      rendered nonconducting, so that the relay 7 is deenergized. At this time,
      when the motor switch 2 has its movable contact changed over to the
      stationary contact b, the motor is stopped. Where, as above described, the
      film winding operation is disabled from being performed due to the
      termination of a charged film or to the occurrence of a film-catch
      trouble, the motor is automatically stopped independent from the operated
      condition of the operating switch 27 or 28.
PAR  When the switch 27 or 28 is opened, the transistor 24 is rendered
      nonconducting, so that the capacitor 22 is charged via the resistor 23 in
      a direction indicated by an arrow of solid line, so that the apparatus is
      returned to the initial condition. Further, when, in the course of the
      continuous photographing, the operating switch 27 or 28 is opened, the
      transistor 24 is rendered nonconducting and the transistor 17 is therefore
      rendered conducting, so that the relay 7 is deenergized to stop the motor
      1. Further, the capacitor 22 is charged via the resistor 23 in a direction
      indicated by an arrow of solid line, so that the apparatus is returned to
      the initial condition.
PAR  FIGS. 2 and 3 respectively are time charts showing the operated conditions
      of the aforesaid frame photographing and continuous photographing.
PAR  The preceding embodiment is so constructed that, at the frame photographing
      time, the capacitor 22 of the timer circuit 12 is charged via the
      stationary contact c of the switch 2, the stationary contact k of the mode
      change-over switch 14 and the resistor 26. But the apparatus according to
      this embodiment may be so constructed, for example, as shown in FIG. 4,
      such that a serial circuit of a mode change-over switch 30, diode 31 and
      resistor 32 is connected to a connection point between the capacitor 22
      and the resistor 21 and the movable contact g and the stationary contact h
      of the relay switch 6 are short circuited.
PAR  Further, the preceding embodiment is so constructed as to permit the
      operating switch 27 or 28 to control the timer circuit 12 alone. But the
      apparatus according to this embodiment may be constructed as shown in FIG.
      5. Namely, the operating switches 27 and 28 are connected between a source
      circuit including a source 4 and a circuit consisting of the control
      circuit 11 and timer circuit 12. The timer circuit 12 includes an
      additional transistor 33 connected in series to the transistor 24. The
      base of the transistor 33 is connected to the operating switch 27 or 28
      via a resistor 34. The base of the transistor 24 is connected to the
      connection point between the motor 1 and the switch 3 via the resistor 25.
      If arrangement is made as such, both the control circuit 11 and the timer
      circuit 12 will be able to be controlled by the operation of the operating
      switch 27 or 28.
PAR  In an embodiment illustrated in FIG. 6, one end of a motor 101 connected in
      parallel to a capacitor 109 is connected to the movable contact a of a
      change-over switch 102, and the other end of the motor 101 is connected to
      the movable contact d of a shutter switch 103. The stationary contact e of
      the switch 103 is connected to the positive terminal of a DC source 104
      via a serial circuit of operating switches 130, 131 and a diode 111, and
      the stationary contact f is connected to one end of said motor 101. The
      negative terminal of the DC source 104 is connected to the movable contact
      g of a relay switch 106 via a source switch 105. The stationary contact i
      of said relay switch 106 is connected to the stationary contact b of the
      change-over switch 102. The stationary contact h of the relay switch 106
      is connected to the stationary contact c of the change-over switch 102.
PAR  The movable contact j of a relay switch 108 is connected to the stationary
      contact c of the shutter switch 103, and the stationary contact k is
      connected to the stationary contact b of the change-over switch 102.
PAR  A bistable circuit 112 is connected to the DC source 104 via the operating
      switch 131, diode 111 and source switch 105. A relay 107 is connected to
      the collector circuit of the setting transistor 113 of the bistable
      circuit, and when this transistor 113 is rendered conducting, the relay
      107 is energized. The base of the setting transistor 113 is connected to
      the stationary contact b of the change-over switch 102 via a diode 115 and
      a resistor 116, and the base of a resetting transistor 114 is connected to
      the stationary contact c via a diode 117. Connected in parallel to said
      relay 107 is a diode 118 for offsetting a reverse electromotive force.
PAR  A timer circuit 119 is constituted by a serial circuit of a resistor 120,
      capacitor 121 and NPN transistor 122, and is connected to the DC source
      104 via the diode 111, operating switch 110 and DC switch 105. The
      connection point between the capacitor 121 and the collector of the
      transistor 122 is connected to the positive terminal of the source 104 via
      a resistor 124 and the diode 111. The connection point between a capacitor
      121 and the resistor 120 is connected to the negative terminal of the
      source 104 via the base emitter path of an NPN transistor 126 and the
      source switch 105. The timer circuit 119 is so constructed that when it is
      operated for a longer time than required to perform the film winding
      operation and the shutter releasing operation, the transistor 126 is
      rendered conducting. The operating time of the timer circuit is determined
      by the time constant of the resistor 120 and capacitor 121. The base of
      the transistor 122 is connected to the movable contact d of the shutter
      switch 103, the collector of the transistor 126 is connected to the
      connection point between the diode 115, and the resistor 116 of the
      bistable circuit 112, and the base of the transistor 126 is connected to
      the stationary contact l of the relay switch 108 via a serial circuit of a
      mode-selection switch 127 and resistor 128. Said mode switch 127 is closed
      in the case of the frame photographing and opened in the case of the
      continuous photographing.
PAR  In the motor-drive controlling apparatus having the above-mentioned circuit
      construction, when the source switch 105 is closed, the capacitor 121 is
      charged in a direction indicated by an arrow of solid line. Next, the
      operating switch 130 or 131 is closed, the transistor 122 is rendered
      conducting, so that the capacitor 121 of the timer circuit 119 is charged
      in a direction indicated by an arrow of dotted line and opposite to the
      above-mentioned charging direction. At this time, the charging voltage of
      the capacitor 121 is impressed as a reverse bias voltage between the base
      and emitter of the transistor 126 via the collector emitter path of the
      transistor 122 to maintain the transistor 126 nonconducting. At this time,
      a positive voltage is impressed on the base of the transistor 113 of the
      bistable circuit 112 via the change-over switch 102 to render the
      transistor 113 conducting. As the result, the relay 107 is energized and
      the relay switches 106 and 108 are therefore changed over to the
      stationary contacts i and l, respectively. As the result, the motor 101 is
      rotated to drive the shutter releasing mechanism. When the shutter
      releasing mechanism of the camera is operated, the shutter switch 103 is
      changed over to the stationary contact f in response to the rising
      movement of the mirror thereby causing the motor 101 to be stopped. At
      this time, the change-over switch 102 is changed over to the stationary
      contact c. When the shutter releasing mechanism of the camera completes
      its operation to cause the mirror to fall, the shutter switch 103 is
      changed over to the stationary contact e to render the transistor 122
      conducting, so that the capacitor 121 is reversely charged to render the
      transistor 126 nonconducting. As the result, the transistor 113 is
      rendered conducting to deenergize the relay 107, so that the relay
      switches 106 and 108 are changed over to the stationary contacts h and k,
      respectively. For this reason, the motor 101 is rotated to drive the film
      winding mechanism. When the film winding operation is completed, the
      change-over switch 102 is changed over to the stationary contact b, so
      that the motor is stopped.
PAR  There will now be described the case where the frame photographing and
      continuous photographing are effected. In the frame photographing, the
      switch 127 is in a closed state, so that the capacitor 121 is rapidly
      charged with a current passing through two charging paths, one being
      provided via the resistor 120 and the other being provided via the
      resistor 128 and switch 127. Accordingly, the transistor 126 is rapidly
      rendered conducting. Even if, therefore, the change-over switch 102 is
      changed over to the stationary contact b, the transistor 113 of the
      bistable circuit 112 is not rendered conducting, so that the relay 107 is
      not energized. For this reason, the motor 101 is not rotated, so that the
      apparatus is not operated. However, when the operating switch 130 or 131
      is once opened and thereafter closed, the frame photographing can again be
      carried out. On the contrary, when the switch 127 is opened for performing
      the continuous photographing, the capacitor 121 is slowly charged only
      with a current passing through the resistor 120. Therefore, at the time
      when the switch 102 is changed over to the stationary contact b, the
      transistor 126 is maintained nonconducting. For this reason, the
      transistor 113 is rendered conducting to energize the relay 107, so that
      the relay switches 106 and 108 are operated to rotate the motor 101, so
      that the shutter releasing operation is carried out. As described above,
      as far as the operating switch 130 or 131 is closed, the continuous
      photographing is performed.
PAR  Where, in the frame photographing and continuous photographing, the film
      winding operation is disabled due to the termination of a charged film or
      to the occurrence of a film-catch trouble, the timer circuit is disabled
      from being reset due to the inoperability of the shutter switch 103, so
      that the transistor 126 is maintained conducting, so that the relay 107 is
      maintained deenergized, so that the motor 101 is stopped.
PAR  A motor-drive controlling apparatus according to another embodiment of the
      invention shown in FIG. 9 is provided with a delay circuit, and is so
      constructed that photographing intervals can properly be determined.
PAR  Referring to FIG. 9, a delay-control switch 224 is connected in parallel to
      switches 227 and 228. Multicontact change-over switches 241, 242 and 243
      respectively have movable contacts j, k and l allowed to contact in turn
      delay time setting terminals D.sub.1, D.sub.2, D.sub.3, D.sub.4 and
      D.sub.5 and free terminals C.sub.1 and C.sub.2. Selection switches 244 and
      245 are so designed as to select alternatively the frame photographing or
      the continuous photographing including delay operations, regardless of the
      set positions of the multicontact switches. Under the condition in which
      the switch 244 is closed and the switch 245 is opened, the frame
      photographing can be effected, and under the reverse condition the
      continuous photographing can be effected. If the delay time of a delay
      circuit is selectively determined, the continuous photographing can be
      carried out with a prescribed time delay. This operation can be repeatedly
      performed by electrically resetting the delay circuit with the operating
      switch maintained closed. The movable contact l of the switch 243 is
      connected via a diode 249 to the base of a transistor 248 of the delay
      circuit including transistors 246, 247 and 248, and the emitter of the
      transistor 248 is connected to the respective emitters of the transistors
      246 and 247.
PAR  A circuit including transistors 250, 251, 252 and 253 is a time detection
      circuit provided for the purpose of securing the operation of a relay 207
      and stopping the motor when a charged film is completed. Where, in the
      above-mentioned circuit construction, the switch 244 is closed and the
      switch 245 is opened, namely where the frame photographing is effected,
      the emitters of the transistors 246, 247, 248, 250, 251, 252 and 253 are
      electrically separated from the negative line, so that a circuit having
      said transistors is in a nonoperated condition. Under this condition, the
      apparatus according to this embodiment of the invention performs the same
      operation as the frame photographing operation in the embodiment shown in
      FIG. 5, and therefore description of its operation is omitted.
PAR  There will now be described the operation of the circuit according to the
      embodiment in the case where the switch 244 is opened and the switch 245
      is closed and the movable contact l of the multicontact switches is
      brought into contact with, for example, the contact D.sub.2.
PAR  When, under the above-mentioned condition, the source switch 205 is closed,
      capacitors 222 and 260 are charged in directions indicated by arrows of
      solid lines. In this case, it is preferred to set the time constant of the
      capacitor 222 and resistor 221 and the time constant of the capacitor 260
      and resistor 259 so that this charging time may be approximately 10 ms.
PAR  Next, when an operating switch 240 is closed, the transistors 250 and 251
      are rendered conducting by a positive voltage impressed upon the
      respective bases of the transistors 250 and 251 via resistors 266 and 267.
      At this time, the charged voltage of the capacitor is impressed on the
      base of the transistor 252 to render the same nonconducting. When the
      transistor 252 is rendered nonconducting, the transistor 246 of the delay
      circuit is rendered conducting, so that the transistor 247 is rendered
      nonconducting. For this reason, a capacitor 262 is charged in a direction
      indicated by an arrow of solid line via a resistor 263 to render the
      transistor 248 conducting, so that the transistor 253 is rendered
      nonconducting. When both or either of the transistors 252 and 253 is
      rendered nonconducting, a transistor 233 is rendered conducting. Since,
      however, a transistor 224 connected in series to the transistor 233 is in
      a condition rendered conducting, the charged voltage of the capacitor 222
      is impressed on a transistor 217 to render the same nonconducting. As the
      result, a transistor 219 is rendered conducting to energize the relay 207,
      so that the movable contact g of the relay switch 206 is changed over from
      the stationary contact h to the stationary contact i. At this time, the
      motor 201 is rotated to drive the shutter releasing mechanism. When the
      shutter releasing operation is carried out, namely when the mirror is
      allowed to rise, the switch 203 is changed over to the stationary contact
      f, so that the capacitors 222 and 260 are charged in directions indicated
      by arrows of solid lines. For this reason, the transistors 247 and 252 are
      both rendered conducting to render both transistors 246 and 248
      nonconducting, so that the transistor 253 is rendered conducting. Further,
      since, although the transistor 217 is rendered conducting, a transistor
      216 is rendered nonconducting, a transistor 219 is maintained conducting.
      As above described, during the period in which the movable contact d of
      the switch 203 is separated from the stationary contact e, the transistor
      252 is rendered conducting to render the transistor 246 nonconducting, so
      that the transistor 247 is rendered conducting. Thus, the transistor 248
      is rendered nonconducting to render the transistor 253 conducting, but the
      base potential of the transistor 248 is recovered in a time corresponding
      to the time constant defined by the capacitor 262 and resistor 254, so
      that where the shutter speed is low and the set delay time is short, the
      transistor 248 is often rendered conducting to render the transistor 253
      nonconducting. Even in this case, the base circuit of the transistor 224
      is opened, so that the relay 207 is maintained energized. When the shutter
      releasing operation is completed, so that the movable contact d of the
      switch 203 is changed over to the stationary contact e and the movable
      contact a of a switch 202 is changed over to the stationary contact c, the
      motor 201 is rotated to drive the film winding mechanism. At the time when
      the movable contact d of the switch 203 is brought back to the stationary
      contact e, the transistor 250 is rendered conducting to charge the
      capacitor 260 in a direction indicated by an arrow of dotted line, so that
      the transistor 252 is rendered nonconducting. The nonconduction of the
      transistor 252 renders the transistor 246 again conducting, so that the
      transistor 247 is rendered nonconducting. The capacitor 262 is charged via
      the resistor 263, and the transistor 247 is maintained nonconducting until
      the capacitor 262 is fully charged. This charging time is determined by
      the time constant of a resistor 264 and the capacitor 260. When, after
      lapse of a prescribed length of time, the transistor 252 is rendered
      conducting to render the transistor 246 nonconducting, so that the
      transistor 247 is rendered conducting, the delay circuit is operated.
      Since the transistor 248 is rendered nonconducting during the delay
      operation, the transistor 253 is maintained conducting and as the result a
      transistor 233 is maintained nonconducting, and when the film winding
      mechanism has been reset, the transistor 217 is rendered conducting.
      Since, at this time, the transistor 216 is in a condition already rendered
      conducting, the transistor 219 is rendered nonconducting to deenergize the
      relay 207, so that the movable contact g of the relay switch 206 is
      changed over to the stationary contact h. Since, on the other hand, the
      movable contact g of the switch 206 is separated from the stationary
      contact j before the movable contact a of the motor switch 202 is changed
      over to the stationary contact b upon completion of the film winding
      operation, the apparatus remains ready for the next releasing operation.
      Upon lapse of a set length of delay time, the transistor 248 is rendered
      conducting to render the transistor 253 nonconducting, so that the
      transistor 233 is rendered conducting to cause the charged voltage of the
      capacitor 222 to be impressed on the base circuit of the transistor 233 so
      as to render the transistor 217 nonconducting. As the result, the
      transistor 219 is rendered conducting to energize the relay 207, so that
      the movable contact g of the relay switch 206 is changed over to the
      stationary contact j to rotate the motor, so that the shutter releasing
      operation is carried out simultaneously with the rotation of the motor. As
      above described, the continuous photographing is carried out in a delay
      time corresponding to the time constant of a resistor 255 and the
      capacitor 262. This delay time can desiredly be determined by
      changing-over the change-over switch 243 to the stationary contacts
      D.sub.1 to D.sub.5 respectively connected to resistors 254 to 258.
PAR  Where, during said continuous photographing, a charged film is terminated
      or a film-catch trouble takes place to disable the performance of the film
      winding operation, the motor 201 is stopped through the same operation as
      those described in the preceding embodiments.
PAR  Where the change-over switches 241, 242 and 243 are respectively changed
      over to the stationary contacts C.sub.1 and C.sub.2, the delay circuit is
      opened. If, under the change-over condition, the source voltage is
      properly varied to utilize the difference in the resultantly varied
      motor-drive torque, the continuous photographing can be varied in
      photographing interval.
PAR  In another embodiment shown in FIG. 10, a circuit including the transistors
      250 to 253 shown in FIG. 9 is omitted, and the base of the transistor 246
      is connected to the collector of the transistor 219 via a resistor 268.
PAR  With the above-mentioned circuit construction, where the multicontact
      changing-over switch 243 is changed over to one of the stationary contacts
      D.sub.1 to D.sub.5, the switch 242 is closed. When the switch 243 is
      changed over to, for example, the stationary contact D.sub.2, and the
      source switch 205 and operating switch 228 are closed, the transistor 246
      is rendered conducting and then the transistor 247 is rendered conducting,
      so that the transistor 248 is rendered nonconducting to render the
      transistor 269 conducting, so that the transistor 233 is rendered
      nonconducting. However, where, in such operation process, the base
      potential of the transistor 248 is recovered in accordance with the time
      constant of the capacitor 262 and the resistor 255, and the shutter speed
      is low and the set time of delay is short, the transistor 269 is often
      rendered nonconducting to render the transistor 248 conducting, so that
      the transistor 233 is rendered conducting. Since, even in this case, the
      base circuit of the transistor 224 is in an opened condition, the relay
      207 is maintained operated. upon completion of the shutter releasing
      operation, the motor is rotated to operate the film winding mechanism.
      When, after lapse of a prescribed length of delay time, the transistor 248
      is rendered conducting, the transistor 269 is rendered nonconducting to
      render the transistor 233 conducting, so that the transistor 217 is
      rendered nonconducting to render the transistor 219 conducting.
      Accordingly, the relay 207 is energized to commence the shutter releasing
      operation again. As above described, the continuous photographing is
      carried out with a prescribed delay of time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A motor-drive controlling apparatus used in attachment with a still
      camera having a shutter releasing mechanism and a film winding mechanism
      to permit alternatively a single frame photographing operation and a
      continuous photographing operation to be carried out with film charged
      therein, comprising:
PA1  an operating switch for initiating operation of the motor-drive controlling
      apparatus:
PA1  a motor circuit coupled to said operating switch and including a drive
      motor operatively coupled to and selectively driving said shutter
      releasing mechanism and said film winding mechanism;
PA1  a shutter switch coupled to said shutter releasing mechanism and actuated
      interlockingly with the operation of said shutter releasing mechanism;
PA1  a timer circuit coupled to said shutter switch and operating in response to
      the respective operations of said shutter switch and said operating
      switch, said timer circuit including means responsive to the termination
      of an advance of film for changing its output condition at a predetermined
      time after the termination of an advance of film caused by, for example,
      termination of a charged film, the occurrence of a film-catch problem, or
      the like; and
PA1  a control circuit coupled to said shutter switch and to said timer circuit
      and operating in response to the operation of said shutter switch and said
      output condition of said timer circuit for controlling the energization of
      said motor.
NUM  2.
PAR  2. A motor-drive controlling apparatus used in attachment with a still
      camera having a shutter releasing mechanism and film winding mechanism to
      permit alternatively a single frame photographing operation and a
      continuous photographing operation to be carried out with film charged
      therein, comprising:
PA1  a motor circuit including a drive motor operatively coupled to and
      selectively driving said shutter releasing mechanism and said film winding
      mechanism;
PA1  a shutter switch connected across said motor circuit and coupled to said
      shutter releasing mechanism so as to be actuated interlockingly with said
      shutter releasing mechanism;
PA1  a motor-driven switch coupled to and actuated by said motor and connected
      across said motor circuit;
PA1  at least one operating switch coupled to said motor circuit for starting
      the motor-drive controlling apparatus;
PA1  a timer circuit operating in response to the operation of said at least one
      operating switch in association with the operation of said shutter switch,
      said timer circuit including means for changing its output condition when
      said timer circuit is successively operated longer than a length of time
      required from the end of operation of the shutter switch to the start of
      the next operation thereof;
PA1  a control circuit coupled to said shutter switch and to said timer circuit
      and operating in response to the output condition of said timer circuit in
      association with the operation of the shutter switch for controlling the
      energization of said motor in association with the respective operations
      of the motor-driven switch and the shutter switch; and
PA1  means for selecting a single frame photographing operation or a continuous
      photographing operation, said selecting means being connected to said
      timer circuit to cause the output condition thereof to be changed at once
      after the end of operation of said shutter switch when said single frame
      photographing operation is selected.
NUM  3.
PAR  3. A motor-drive controlling apparatus according to claim 2 wherein said
      timer circuit includes an RC circuit and said selecting means is connected
      to said RC circuit and includes means for substantially reducing the time
      constant of said RC circuit when said single frame photographing operation
      is selected.
NUM  4.
PAR  4. A motor-drive controlling apparatus according to claim 2 wherein said
      timer circuit includes an RC circuit, and said selecting means includes
      means connected to the capacitor of said RC circuit to form an additional
      charging path for shortening the charging time of said capacitor when said
      single frame photographing operations is selected.
NUM  5.
PAR  5. A motor-drive controlling apparatus according to claim 2 including a
      power source having a pair of terminals, and wherein:
PA1  said motor is connected in series to one terminal of said power source via
      said shutter switch;
PA1  said timer circuit connected to said selecting means comprises a capacitor,
      a first resistor, a second resistor, and a first transistor having a base
      connected to said one terminal of said power source via said shutter
      switch and said operating switch, a collector connected to said one
      terminal of said power source via said capacitor and said first resistor
      and also via said second resistor, and an emitter connected to the other
      terminal of said power source; and
PA1  said control circuit comprises a second transistor having a base connected
      to said one terminal of said power source via said shutter switch, a
      collector connected to said one terminal of said power source and an
      emitter, a third transistor having a base connected to the connection of
      said capacitor and said first resistor, a collector connected to the
      emitter of the second transistor and an emitter connected to the other
      terminal of said power source, a fourth transistor having a base connected
      to the collector of the second transistor, an emitter connected to said
      other terminal of said power source, and a relay device connected between
      the collector of the fourth transistor and said one terminal of said power
      source and having a change-over relay switch connected across said motor
      circuit.
NUM  6.
PAR  6. A motor-drive controlling apparatus according to claim 5 wherein said
      selecting means comprises a change-over switch having a movable contact
      connected to said motor circuit, a stationary contact connected to the
      capacitor of said timer circuit and another stationary contact connected
      to said other terminal of said power source.
NUM  7.
PAR  7. A motor-drive controlling apparatus according to claim 5 wherein said
      selecting means comprises a switch and a diode connected in series with
      each other, said series circuit of said switch and said diode being
      connected between the capacitor of said timer circuit and said other
      terminal of said power source.
NUM  8.
PAR  8. A motor-drive controlling apparatus according to claim 2 including a
      power source having a pair of terminals, and wherein:
PA1  said motor is connected in series to one terminal of said power source via
      said shutter switch;
PA1  said timer circuit comprises a capacitor, a first resistor, a second
      resistor, a first transistor having a base connected to said one terminal
      of said power source via said shutter switch and a collector connected to
      said one terminal of said power source via said first resistor and also
      via said capacitor, said second resistor and said operating switch in
      turn, and a second transistor having a base connected to said one terminal
      of said power source via said operating switch, a collector connected to
      the emitter of the first transistor and an emitter connected to the other
      terminal of said power source;
PA1  said control circuit comprises a third transistor having a base connected
      to said one terminal of said power source via said shutter switch and a
      collector connected to said one terminal of said power source via said
      operating switch, a fourth transistor having a base connected to the
      collector of the first transistor via the capacitor, a collector connected
      to the emitter of the third transistor and an emitter connected to said
      other terminal of said power source, a fifth transistor having a base
      connected to the collector of the third transistor and an emitter
      connected to said other terminal of said power source, and a relay device
      including a solenoid coil having one terminal connected to the collector
      of the fifth transistor and the other terminal connected to said one
      terminal of said power source via said operating switch and a changeover
      switch connected across said motor circuit; and
PA1  said selecting means comprises a switch and a diode connected in series
      with each other, one end of said series circuit being connected to the
      collector of the first transistor via the capacitor and the other end of
      said series circuit being connected to said other terminal of said power
      source.
NUM  9.
PAR  9. A motor-drive controlling apparatus according to claim 2 including a
      power source having a pair of terminals, and wherein:
PA1  said motor is connected to one terminal of said power source via said
      shutter switch and said operating switch in turn;
PA1  said timer circuit comprises a capacitor, a first resistor, a second
      resistor, and a first transistor having a base connected to said one
      terminal of said power source via said shutter switch and said operating
      switch, a collector connected to said one terminal of said power source
      via said first resistor and also via said capacitor, said second resistor
      and said operating switch in turn;
PA1  said control circuit comprises a second transistor having a base connected
      to the collector of the first transistor via the capacitor and an emitter
      connected to the other terminal of said power source, a bistable circuit
      having a first trigger input terminal connected to said motor-driven
      switch to receive a trigger signal in response to the operation thereof
      and a second trigger input terminal connected to the collector of the
      second transistor, and a relay device connected to the bistable circuit to
      be operated in response to the output thereof and having a first relay
      switch connected across said motor circuit and a second relay switch
      having a movable contact connected to said one terminal of said power
      source via said operating switch, a normally closed contact connected to
      the second trigger input terminal of the bistable circuit and a normally
      open contact; and
PA1  said selecting means comprises a switch connected between the normally open
      contact of the second relay switch and the base of the second transistor.
NUM  10.
PAR  10. A motor-drive controlling apparatus used in attachment with a still
      camera having a shutter releasing mechanism and a film winding mechanism
      to permit alternatively a single frame photographing operation and a
      continuous photographing operation to be carried out with film charged
      therein, comprising:
PA1  a motor circuit including a drive motor operatively coupled to and
      selectively driving said shutter releasing mechanism and said film winding
      mechanism;
PA1  a shutter switch connected across said motor circuit and coupled to said
      shutter releasing mechanism so as to be actuated interlockingly with said
      shutter releasing mechanism;
PA1  a motor-driven switch connected across said motor circuit;
PA1  at least one operating switch coupled to said motor circuit for operating
      said motor-drive controlling apparatus;
PA1  a first timer circuit connected to said operating switch and to said
      shutter switch, said first timer circuit being operative in response to
      the operation of said operating switch in association with the operation
      of said shutter switch and to change its output condition after a
      predetermined length of time;
PA1  a second circuit coupled to said first timer circuit for setting a
      photographing interval between successive photographs in the continuous
      photographing operating mode, said second circuit being operative in
      response to an output of said first timer circuit;
PA1  a third timer circuit connected to said second timer circuit and to said
      shutter switch and being operative in response to the output of the second
      timer circuit in association with the operation of said shutter switch and
      to change its output condition after a predetermined period of time;
PA1  a control circuit connected to said third timer circuit and to said shutter
      switch and being operative in response to the output condition of said
      third timer circuit in association with the operation of said shutter
      switch for controlling the energization of said motor in association with
      the respective operations of said motor-driven switch and said shutter
      switch; and
PA1  means for selecting said single frame photographing operation or said
      continuous photographing operation, said selecting means being connected
      to said third timer circuit and including means for changing the output
      condition of said third timer immediately after the operation of said
      shutter switch when said single frame photographing operation is selected.
NUM  11.
PAR  11. A motor-drive controlling apparatus according to claim 10 wherein said
      second timer circuit includes an RC circuit means having a plurality of
      time constants, and means for selectively setting the time constant
      thereof.
NUM  12.
PAR  12. A motor-drive controlling apparatus used in attachment with a still
      camera having a shutter releasing mechanism and a film winding mechanism
      to permit alternatively a single frame photographing operation and a
      continuous photographing operation to be carried out with film charged
      therein, comprising:
PA1  a motor circuit including a drive motor operatively coupled to and
      selectively driving said shutter releasing mechanism and said film winding
      mechanism;
PA1  a shutter switch connected across said motor circuit and including means
      for interlockingly coupling same to said shutter releasing mechanism so
      that said shutter switch is actuated simultaneously with said shutter
      releasing mechanism;
PA1  a motor-driven switch connected across said motor circuit;
PA1  at least one operating switch coupled to said motor circuit for operating
      the motor-drive controlling apparatus;
PA1  a first timer circuit connected to said operating switch and to said
      shutter switch, said first timer circuit including means responsive to the
      operation of said operating switch in association with the operation of
      said shutter switch to render said first timer circuit operative to change
      its output condition a predetermined length of time after it has been
      rendered operative;
PA1  a control circuit connected to said first timer circuit and to said shutter
      switch and being operative in response to the output condition of said
      first timer circuit in association with the operation of said shutter
      switch for controlling the energization of said motor in association with
      the respective operations of said motordriven switch and said shutter
      switch;
PA1  a second timer circuit the output of which is connected to said first timer
      circuit for setting selectively a photographing interval in the continuous
      photographing operating mode, said second timer circuit being connected to
      said control circuit and being operative in response to the operation of
      said control circuit to control the operation of said first timer circuit
      in response to the output of said second timer circuit; and
PA1  means for selecting said single photographing operation or said continuous
      photographing operation, said selecting means being connected to said
      first timer circuit to form a circuit for changing the output condition
      thereof immediately after the operation of said shutter switch when said
      single frame photographing operation is selected.
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ABST
PAL  A stationary casing of a mechanical mounting for interchangeable lenses
      which are to be used with a motion picture or still camera is provided
      with first connecting terminals for electric connection arranged in a
      space within a coupling adapted to mate with a coupling of the camera
      housing. Second connecting terminals are also provided for electric
      connection arranged in a space within a coupling adapted to mate with a
      coupling of an interchangeable attachment unit. The first and second
      connecting terminals being electrically connected to each other through
      respective insulated wires provided in the stationary casing. Such a
      casing structure permits selection of interchangeable attachment units
      such as those incorporating a zoom-drive mechanism, an automatic
      focus-adjusting mechanism and an automatic diaphragm drive mechanism for
      use with the mechanical mounting. The attachment unit mounted on the
      casing in connection with the second connecting terminals is caused to
      operate in response to output signals from the electric power source and
      control apparatus incorporated in the camera housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to casings of mechanical mountings for
      interchangeable lenses for use with motion picture and still cameras, and
      a camera system using the same.
PAR  2. Description of the Prior Art
PAR  With recent advances in electronification of camera mechanisms the field of
      still cameras adapted for use with interchangeable lenses has already
      developed a system in which a diaphragm device is incorporated as a unit
      in a mechanical mounting for the interchangeable lenses, and the diaphragm
      information representative of the aperture size of the controlled
      diaphragm device is electrically transmitted through a suitable electrical
      intermediary to the camera housing wherein it is presented to the camera
      operator. Also in the field of motion picture cameras adapted for use with
      interchangeable lenses, there has been divised a system in which a motor
      either for driving an EE diaphragm device, or for driving a zoom-operating
      means is associated as a unit with a mounting mechanism for
      interchangeable lenses, and the terminals of the motor are connected
      through an electrical intermediary to an exposure control circuit and a
      power source provided in the camera housing. In this manner, the motor is
      operated in response to signals or electric power supply from the camera
      housing.
PAR  Such conventional systems, however, are realized in mechanical mountings
      for interchangeable lenses in such ways as not to permit selection of
      drive mechanisms for demountably mounting in the mechanical mounting. For
      example, a mechanical mounting which is designed for association with an
      EE diaphragm drive mechanism connot be operated with other than the EE
      diaphragm drive mechanism incorporated therein in unison, while a
      mechanical mounting which is designed for association with a zoom drive
      mechanism connot be operated with other than the zoom drive mechanism
      incorporated therein in unison. Therefore, the cost of production of a
      lens unit employing such a combination of mounting and driving mechanism
      for an interchangeable lens system is considerably raised. Further, in
      several photography applications requiring production of different
      photographic effects by the use of different interchangeable lenses, there
      must be provided a series of lens units incorporating respective
      mechanisms adapted for use in different photography applications. This
      creates problems such that the cost necessary for acquiring the series of
      lens units by large, and the handling of the lens units when carrying with
      and when interchanging them is very troublesome.
PAC  Summary of the Invention
PAR  An object of the present invention is to provide a casing of a mechanical
      mounting for interchangeable lenses which has overcome the above-mentioned
      drawbacks.
PAR  Another object of the present invention is to provide a casing of a
      mechanical mounting for the interchangeable lenses which permits selection
      of interchangeable attachment units for association with the mechanical
      mounting to control the operation of the mechanical mounting.
PAR  Still another object of the present invention is to provide a casing of a
      mechanical mounting for the interchangeable lenses which casing is
      provided with electric connecting means for receiving information or
      electric power supply from the camera housing, and further with electric
      connecting means for transmitting the received information or electric
      power supply to an interchangeable attachment unit mounted thereon.
PAR  A further object of the present invention is to provide a camera system
      which permits selection of interchangeable attachment units for
      association with a mechanical mounting for interchangeable lens system,
      and which does not require any additional electric power source to be
      particularly provided in the attachment unit for driving the mechanical
      mounting for the interchangeable lens system.
PAR  Other objects and features of the present invention will become apparent
      from the following description taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a first camera system employing a casing of
      a mechanical mounting for interchangeable lenses according to an
      embodiment of the present invention.
PAR  FIG. 2 is a schematic partly sectional partly elevational view of
      interchangeable lens mount casing of FIG. 1 mounted on the camera housing,
      and an interchangeable attachment unit which is illustrated as being about
      to be mounted on the casing.
PAR  FIG. 3 is a side elevational view illustrating that a single attachment
      unit is selectively adaptable to either of two different type lens mount
      casings.
PAR  FIG. 4 is a schematic partly sectional partly elevational view of a second
      camera system according to the invention wherein an interchangeable lens
      mount casing 39 is mounted on a camera housing 31 and an interchangeable
      attachment unit 48 is about to be mounted on the lens mount casing 39.
PAR  FIG. 5 is a schmatic, partly sectional, partly elevational view of a third
      camera system according to the invention wherein an interchangeable lens
      mount casing 79 is mounted on a camera housing 71, and an interchangeable
      attachment unit 88 is about to be mounted on the casing 79.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, one embodiment of a camera system according to
      the present invention is illustrated as comprising a motion picture camera
      housing 1, an interchangeable zoom lens unit 9, and an interchangeable
      attachment unit 18 incorporating therein a zoom drive mechanism for
      driving a mechanical mounting for the zoom lens in the lens unit 9. The
      camera housing 1 is provided with a lens unit-coupling 2, a pair of
      connecting terminals 3 and 3' for electric connection to the lens unit 9,
      a magazine chamber which removably accommodates a film magazine 4, a
      battery 5 as an electric power source, a motor 6 associated with the
      camera mechanism including a shutter mechanism and a film transport
      mechanism for advancing the film in the film magazine 4 intermittantly
      past an exposure aperture not shown, a release switch 7 which is
      accessible to the operator from the outside of the camera housing 1, and
      an eyepiece 29 provided in a view finder not shown. The connecting
      terminals 3 and 3' are arranged in a space within the lens unit-coupling 2
      of the camera housing 1, and are electrically connected to the battery 5.
      The lens unit 9 comprises a stationary casing of a mechanical mounting for
      the zoom lens, the stationary casing being provided with a coupling 8
      adapted to mate with the lens unit-coupling 2 of the camera housing 1 so
      that the lens unit 9 is sellectively mountable on the camera housing in
      their mating couplings 2 and 8 in bayonet-coupling relation and is
      selectively demountable therefrom, and fixedly mounted on the rear end of
      the stationary casing so that when the lens unit 9 is mounted on the
      camera housing 1 at their mating couplings 2 and 8, an optical axis of the
      zoom lens in the lens unit 9 is brought into alignment with an exposure
      aperture in the camera housing 1. Arranged in a space within the coupling
      8 is a pair of connecting terminals 10 and 10' for electric connection to
      the camera housing 1 which terminals are brought into electric contact
      with the respective camera housing side connecting terminals 3 and 3' in
      3-to-10 and 3'-to-10' relations when the lens unit 9 is mounted on the
      camera housing 1. The stationary casing is further provided with an
      attachment unit-coupling 13 arranged on a portion of the outer peripheral
      surface thereof so that an interchangeable attachment unit is selectively
      mountable on and demountable from the casing. Arranged in a space within
      the attachment unit-coupling 13 is a pair of connecting terminals 12 and
      12' for electric connection to the attachment unit 18 which terminals are
      connected to the terminals 10 and 10' through respective insulated wires
      11 and 11' so that an electric power supply from the battery 5 is
      transmitted through the connecting terminals 3, 3', 10 and 10' and the
      insulated wires 11 and 11' to the connecting terminals 12 and 12'. In
      order to insure that the lens unit side connecting terminals 10 and 10'
      remain in sufficient electric contact with the camera side connecting
      terminals 3 and 3' while the lens unit 9 is mounted on the camera housing
      1, there are provided pressor helical sprins 10a and 10a' mounted behind
      the respective connecting terminals 10 and 10'. In order to rigidly secure
      the attachment unit 18 to the coupling 13, there is provided a fastener
      assembly comprising a screw-threaded hole 14 provided in the coupling 13,
      a screw fastener 19 adapted for engagement with the hole 14 and having a
      control knob 19' coaxially mounted on one end of the screw fastener 19,
      the fastener assembly being arranged between the attachment unit 18 and
      the coupling 13 so that after the unit 18 is seated on the coupling 13,
      the control knob 19 is rotated in a certain direction causing the screw
      fastener 19 to enter the hole 14 while meshing therewith to rigidly secure
      the unit 18 to the lens unit 9. For demounting the unit 18 from the lens
      unit 9, the operator needs only to rotate the control knob 19 in the
      direction opposite to the above until the screw fastener 19 is disengaged
      from the hole 14. The unit 18 is provided with zoom control buttons 20, a
      switch assembly 22 which is operated with the zoom control buttons 20, a
      drive motor 23, a gear arrangement for transmitting the motion of the
      motor 23 to the zoom control ring 15 comprising a worm 25 coaxially
      affixed to the drive shaft 24 of the motor 23, a worm wheel 26 engaging
      the worm 25, a worm 27 coaxially affixed to the worm wheel 26, and a worm
      wheel 21 engaging the worm 27. The worm wheel 21 is a arranged to engage
      the gear 15 fixedly carried on the zoom control ring 15 when the unit 18
      is mounted on the lens unit 9 at the coupling 13. The unit 18 is further
      provided with a pair of connecting terminals 28 and 28'  for electric
      connection to the lens unit 9 arranged so that when the unit 18 is mounted
      on the lens unit 9 at the coupling 13, they are brought into engagement
      with the lens unit side connecting terminals 12 and 12' to transmit an
      electric power supply from the battery 5 in the camera housing 1 to the
      drive motor 23 in the attachment unit 18.
PAR  In the camera system of the present invention described above, it is
      possible for the motor 23 to drive the zoom control ring 15 for zooming
      purposes without the necessity of providing any additional electric power
      source in the attachment unit, because the necessary electric connection
      between the motor 23 in the attachment unit 18 and the power source 5 in
      the camera housing 1 is automatically resulted when the lens unit 9
      carrying an attachment unit mounted thereon at the coupling 13 is fixedly
      secured on the camera housing at their mating couplings 2 and 8 by
      bringing the coupling 8 into engagement with the coupling 2 and turning
      either the lens unit 9 or the camera housing 1 with reference to the other
      about the optical axis thereof to offset the couplings 2 and 8 from each
      other, thereby the connecting terminals 10 and 10' of the stationary
      casing are brought into contact with the terminals 3 and 3' of the camera
      housing, so that the power source 5 provided for driving the camera
      mechanism in the camera housing is connected to the motor 23 through the
      connecting terminals 3, 3', 10 and 10'  the wires 11 and 11' and the
      connecting terminals 12, 12', 28 and 28'. Besides the zoom control ring
      15, there are provided a focusing ring 16 and a diaphragm control ring 17
      in the mechanical mounting for the zoom lens. In the drawings, each of the
      couplings 8 and 13 is illustrated as provided with two connecting
      terminals for convenience of illustration. One of the two terminals may be
      earthed. Further, the terminals may be otherwise used for transmitting
      information representative of exposure control parameters, for example.
      For the purpose of transmitting additional informations, it is preferred
      to provide additional terminals to make more efficient the camera system
      of the present invention. Instead of using an auto-zoom unit as the
      attachment unit as illustrated in FIGS. 1 and 2, it is possible to use
      various attachment units having couplings of the same design. The mounting
      of the auto-zoom unit 18 on the lens unit 9 at the coupling 13, with the
      screw fastener 19 being rigidly engaged in the screw hole 14, results in
      the engagement of the lens unit side terminals 12 and 12' to the
      attachment unit side terminals 28 and 28' as well as in the engagement of
      the drive gear 21 with the gear 15' of the zoom control ring 15. The
      auto-zoom unit 18 thus mounted on the lens unit 9 may be operated with the
      motion picture camera equipped with the zoom lens as if they were
      constructed as a unit without any external electric connection wires
      between the auto-zoom unit and the camera housing. If the operator desires
      to otherwise use the camera, the auto-zoom unit may be demounted from the
      lens unit. The same auto-zoom unit may be mounted on another lens unit.
      This is depicted in FIG. 3, wherein a single auto-zoom unit is adapted for
      selective connection to either of two different type lens units (a) and
      (b). In FIG. 3, the same numerals as those shown in FIGS. 1 and 2 are
      employed to denote the same parts.
PAR  It will be appreciated from the foregoing description that the provision of
      connecting terminals connected through insulated wires buried in the
      stationary casing of a mechanical mounting for interchangeable lens system
      to connecting terminals arranged in the coupling engaging the camera
      housing on a portion of the outer peripheral surface of the stationary
      casing for effecting an electric connection between the motor in the
      attachment unit mounted on the casing and the power source in the camera
      housing is very advantageous in interchanging the lens system and managing
      the camera equipped with the lens system. In other words, the necessary
      electric connection between the camera housing and the lens unit can be
      automatically effected by only the mounting operation between the camera
      housing and the lens unit without using any externally arranged insulated
      wires. Also the necessary electric connection between the lens unit and
      the attachment unit can be automatically resulted when the attachment unit
      is mounted on the lens unit. As a result, the electric circuit and the
      power source provided in the camera housing is connected to the motor in
      the attachment unit through the electric connection facilities provided in
      the stationary casing and without the necessity of using any externally
      arranged wires.
PAR  FIG. 4 shows a second camera system of the present invention comprising a
      motion picture camera housing 31, an interchangeable lens unit 39 and an
      interchangeable attachment unit 48. The lens unit 39 comprises a
      stationary casing of a mechanical mounting for lens system, a diaphragm
      device associated with the mechanical mounting to control the intensity of
      light passing through the lens system. The attachment unit 48 is provided
      with a diaphragm drive mechanism for driving the diaphragm device 40
      arranged therein for engagement with a gear 46' fixedly carried on a
      diaphragm control ring 46 of the mechanical mounting for the lens system.
      The motion picture camera housing 31 is provided with a coupling 32
      fixedly mounted thereon, a magazine chamber which removably accommodates a
      film magazine 34, a battery 35 as an electric power source, a motor 36
      associated with the camera mechanism including a shutter mechanism and a
      film transport mechanism for advancing the film in the film magazine 34
      intermittantly past an exposure aperture not shown, a release switch 37
      which is accessible to the operator from the outside of the camera housing
      31, an eyepiece 45 provided in a view finder not shown, a beam splitter 52
      arranged in the path of light from the object passing through the lens
      system in the lens unit 39 so that the light beam is splitted into two
      parts which are directed to the exposure aperture and a photoconductive
      element 53 having a property of converting the object brightness into an
      electric signal of the level dependent upon the brightness level, a
      variable resistor 54 of which the resistance value is adjustable in
      accordance with the sensitivity of the associated film in the film
      magazine 34 and fixed resistors 55 and 56. The photoconductive element 53,
      variable resistor 54 and fixed resistors 55 and 56 constitute a Wheatstone
      bridge circuit as a sensor circuit. The bridge circuit is connected to the
      battery 35 through a switch 51 which may be operated from the outside of
      the camera housing 31 independently of, or in automatic response to the
      operation of the release switch 37. A pair of connecting terminals 33 and
      33' for electric connection to the lens unit 39 connected to the output
      terminals A and A' of the bridge circuit are provided in a space within
      the coupling 32. The stationary casing is provided with a coupling 38
      adapted to mate with the lens unit-coupling 32 of the camera housing 31 so
      that the lens unit 39 is selectively mountable on the camera housing in
      their mating couplings 32 and 38 in bayonet-coupling relation and is
      selectively demountable therefrom, and fixedly mounted on the rear end of
      the stationary casing so that when the lens unit 39 is mounted on the
      camera housing at their mating couplings 2 and 8, an optical axis of the
      lens system in the lens unit 39 is brought into alignment with an exposure
      aperture in the camera housing 31. Arranged in a space within the coupling
      38 is a pair of connecting terminals 40 and 40' for electric connection to
      the camera housing 31 which terminals are brought into electric contact
      with the respective camera housing side connecting terminals 33 and 33' in
      33-to-40 and 33'-to-40' relations when the lens unit 39 is mounted on the
      camera housing 31. The stationary casing is further provided with an
      attachment unit-coupling 43 arranged on a portion of the outer peripheral
      surface thereof so that an interchangeable attachment unit 48 is
      selectively mountable on and demountable from the casing. Arranged in a
      space within the attachment unit-coupling 43 is a pair of connecting
      terminals 42 and 42' for electric connection to the attachment unit 48
      which terminals are connected to the terminals 40 and 40' through
      respective insulated wires 41 and 41' so that an output from the sensor
      circuit is transmitted through the connecting terminals 33, 33', 40 and
      40' and insulated wires 41 and 41' to the connecting terminals 42 and 42'.
      In order to insure that the lens unit side connecting terminals 40 and 40'
      remain in sufficient electric contact with the camera side connecting
      terminals 33 and 33' while the lens unit 39 is mounted on the camera
      housing 31, there are provided pressor helical springs 40a and 40a'
      mounted behind the respective connecting terminals 40 and 40'. In order to
      rigidly secure the attachment unit 48 to the coupling 43, there is
      provided a fastener assembly comprising a screw-threaded hole 44 provided
      in the coupling 43, a screw fastener 49 adapted for engagement with the
      hole 44 and having a control knob 19' coaxially mounted on one end of the
      screw fastener 49, the fastener assembly being arranged between the
      attachment unit 48 and the coupling 43 so that after the unit 48 is seated
      on the coupling 43, the control knob 49 is rotated in a certain direction
      causing the screw fastener 49 to enter the hole 44 while meshing therewith
      to rigidly secure the unit 48 to the lens unit 49. For demounting the unit
      48 from the lens unit 39, the operator needs only to rotate the control
      knob 49 in the direction opposite to the above until the screw fastener 49
      is disengaged from the hole 44. In the second camera system shown in FIG.
      4, the attachment unit 48 is illustrated as being a diaphragm drive unit
      provided with a gear arrangement for transmitting the motion of the motor
      57 to the diaphragm control ring 46 comprising a worm 63 coaxially affixed
      to the drive shaft 64 of the motor 57, a worm wheel 60 engaging the worm
      63, a worm 59 coaxially affixed to the worm wheel 60 at a common shaft 62,
      and a worm wheel 58 affixed to a rotatable shaft 61 and engaging the worm
      59. The worm wheel 58 is arranged to engage the gear 46' fixedly carried
      on the diaphragm control ring 46 when the diaphragm drive unit 48 is
      mounted on the lens unit 39 at the coupling 43. The unit 48 is further
      provided with a pair of connecting terminals 65 and 65' for electric
      connection to the lens unit 39 arranged so that when the unit 48 is
      mounted on the lens unit 39 at the coupling 43, they are brought into
      engagement with the lens unit side connecting terminals 42 and 42' to
      transmit an output from the sensor circuit in the camera housing 31 to the
      drive motor 57 in the diaphragm drive unit 48.
PAR  Now, the interchangeable lens unit 39 is brought into engagement with the
      camera housing 31 at their couplings 32 and 38, and then the coupling 32
      is turned to rigidly secure the lens unit 39 to the camera housing 31,
      thereupon the lens unit side connecting terminals 40 and 40' being brought
      into electric contact with the camera side connecting terminals 33 and
      33', so that an output from the output terminals A and A' of the sensor
      circuit in the camera housing is transmitted to the connecting terminals
      42 and 42' through the connecting terminals 33, 33',40 and 40' and the
      wires 41 and 41'.
PAR  In FIG. 4, the diaphragm drive unit is illustrated as an example of the
      interchangeable attachment unit. But it is possible to use various
      interchangeable units having couplings of the same design in combination
      with the lens unit. The mounting of the attachment unit 48 on the lens
      unit 39 at the coupling 38, with the screw fastener 49 being rigidly
      engaged in the screw hole 44, results in the engagement of the lens unit
      side terminals 42 and 42' with the attachment unit side connecting
      terminals 65 and 65' and simultaneously in the engagement of the drive
      gear 61 with the gear 46' of the diaphragm control ring 46 of the
      mechanical mounting for the interchangeable lens system. The diaphragm
      drive unit 48 thus mounted on the lens unit 39 may be operated with the
      motion picture camera as a unit without any external electric connection
      wires between the diaphragm drive unit 48 and the camera housing 31. If
      the operator desires to otherwise use the camera, the unit 48 may be
      demounted from the lens unit 39. The same diaphragm drive unit may be used
      with another lens unit of the same construction as above. Therefore, there
      is no need to have a number of spare attachment units of the same
      performance.
PAR  FIG. 5 shows a third camera system of the present invention comprising a
      motion picture camera housing 71, an interchangeable lens unit 79 and an
      interchangeable attachment unit 88. The attachment unit 88 is provided
      with an automatic focus-adjusting mechanism arranged therein upon
      detection of the camera-to-object distance to adjust the angular position
      of the focusing ring 86, so that an object image with light entering
      through the lens system in the lens unit 79 is focused on the film plane
      in the camera housing. The camera housing 71 is provided with a lens
      unit-coupling 72, a pair of connecting terminals 73 and 73' for electric
      connection to the lens unit 79, a magazine chamber which removably
      accommodates a film magazine 74, a battery 75 as an electric power source,
      a motor 76 associated with the camera mechanism including a shutter
      mechanism and a film transport mechanism for advancing the film in the
      film magazine 74 intermittantly past an exposure aperture not shown, a
      release switch 77 which is accessible to the operator from the outside of
      the camera housing 71, and an eyepiece 85 provided in a view finder not
      shown. The connecting terminals 73 and 73'  are arranged in a space within
      the lens unit-coupling 72 of the camera housing 71 and are electrically
      connected to the battery 75. The lens unit 9 comprises a stationary casing
      of a mechanical mounting for the lens system, the stationary casing being
      provided with a coupling 78 adapted to mate with the lens unit-coupling 72
      of the camera housing 71 so that the lens unit 79 is selectively mountable
      on the camera housing in their mating couplings 72 and 78 in
      bayonet-coupling relation and is selectively demountable therefrom, and
      fixedly mounted on the rear end of the stationary casing so that when the
      lens unit 9 is mounted on the camera housing 71 at their mating couplings
      72 and 78, an optical axis of the lens sytem in the unit 79 is brought
      into alignment with an exposure aperture in the camera housing 71.
      Arranged in a space within the coupling 78 is a pair of connecting
      terminals 80 and 80' for electric connection to the camera housing 71
      which terminals are brought into electric contact with the respective
      camera side connecting terminals 73 and 73' in 73-to-80 and 73'-to-80'
      relations when the lens unit 79 is mounted on the camera housing 71. The
      stationary casing is further provided with an attachment unit-coupling 83
      arranged on a portion of the outer peripheral surface thereof so that an
      interchangeable attachment unit is selectively mountable on and
      demountable from the casing. Arranged in a space within the attachment
      unit-coupling 83 is a pair of connecting terminals 82 and 82' for electric
      connection to the attachment unit 78 which terminals are connected to the
      terminals 80 and 80' through respective insulated wires 81 and 81' to the
      connecting terminals 82 and 82'. In order to insure that the lens side
      connecting terminals 80 and 80' remain in sufficient electric contact with
      the camera side connecting terminals 73 and 73' while the lens unit 79 is
      mounted on the camera housing 71, there are provided pressor helical
      spring 80a and 80a' mounted behind the respective connecting terminals 80
      and 80'. In order to rigidly secure the attachment unit 78 to the coupling
      73, there is provided a fastener assembly comprising a screw-threaded hole
      84 provided in the coupling 83, a screw fastener 89 adapted for engagement
      with the hole 84 and having a control knob 89' coaxially mounted on one
      end of the screw fastener 89, the fastener assembly being arranged between
      the attachment unit 88 and the coupling 83 so that after the unit 88 is
      seated on the coupling 83, the control knob 89 is rotated in a certain
      direction causing the screw fastener 89 to enter the hole 84 while meshing
      therewith to rigidly secure the unit 88 to the lens unit 79. For
      demounting the unit 88 from the lens unit 79, the operator needs only to
      rotate the control knob 89 in the direction opposite to the above until
      the screw fastener 89 is disengaged from the hole 84. An automatic focus
      adjusting unit 88 illustrated in FIG. 5 as an example of the
      interchangeable attachment unit is provided with an image-forming optical
      system 90 for detecting the camera-to-object distance, and a support
      member supporting said image-forming optical system 90, said support
      member being provided with an externally screw-threaded portion 91a and a
      gear 91b fixedly mounted thereon and engaging a gear 102 constituting part
      of a motion transmitting gear arrangement. The gear arrangement comprises
      the gear 102 affixed to a rotatable shaft 101, a helical gear 100 affixed
      to the shaft 101 and engaging another helical gear 99 affixed to a
      rotatable shaft 98, a worm wheel 97 affixed to the shaft 99 and engaging a
      worm 96 affixed to the drive shaft 95 of a motor 94. The gear 102 is
      arranged to engage the gear 86' fixedly carried on the focusing ring 86
      when the automatic focus adjusting unit 88 is mounted on the lens unit 79
      at the coupling 83. As the motor 94 is rotated the motion of the motor 94
      is transmitted though the gear arrangement to both the focusing ring 86
      and the support 91, causing the image-forming optical system 90 to move
      along the its optical axis, thereby the sharpnesses of the object images
      formed on photocell elements 92 and 92' arranged in the optical axis of
      the system 90 in spaced apart relation are varied to produce outputs of
      levels dependent upon the image sharpnesses. For facilitating such an
      arrangement of the photocell elements, there is provided a half mirror 104
      arranged in the optical axis of the system 90 to deflect part of the light
      entering through the optical system 90 to the photocell element 92'. In
      this case, the two photocell elements 92 and 92' are spaced part from the
      half mirror in different distances, it being made possible to detect
      whether the focal point is in front of, or in rear of the film plane. The
      levels of the outputs from the photocell elements 92 and 93' are compared
      with a reference level in a control circuit thereto to control the motor
      94 electrically connected to the control circuit in accordance with the
      difference between the levels as compared thereby. The unit 88 is further
      provided with a pair of connecting terminals 103 and 103' for electric
      connection to the lens unit 79 arranged so that when the unit 88 is
      mounted on the lens unit 79 at the coupling 83, they are brought into
      engagement with the lens unit side connecting terminals 82 and 82' to
      transmit an electric power supply from the battery 75 in the camera
      housing to the motor 94 in the attachment unit 88.
PAR  Now, the interchangeable lens unit 79 is brought into engagement with the
      camera housing 71 at their couplings 72 and 78, and then the coupling 72
      is turned to rigidly secure the lens unit 79 to the camera housing 71,
      thereupon the lens unit side connecting terminals 80 and 80' being brought
      into electric contact with the camera side connecting terminals 73 and
      73', so that an electric power supply from the battery 75 provided for
      driving the mechanism in the camera housing can be transmitted to the
      connecting terminals 82 and 82' through the connecting terminals 73, 73',
      80 and 80' and the wires 81 and 81', being utilized to drive the focus
      adjusting mechanism in the unit 88. When the motion picture camera
      equipped with the lens unit 79 and the automatic focus adjusting unit 88
      is aligned with an object to be photographed, an object image with light
      passing through the optical system 90 is formed on the surfaces of the two
      photocell elements 92 and 92' to produce electric outputs in accordance
      with the image sharpnesses, and the outputs are directed to the control
      circuit 93 in which they are compared to control the motor 94 in
      accordance with the difference between the levels as compared thereby. The
      controlled motion of the motor 94 is transmitted through the gear
      arrangement 95, 97, 98 and 100 to the gear 102, and the motion of the gear
      102 is transmitted to both the support member 91 and the focusing ring 86.
      As the support 91 and focusing ring 86 are rotated, the image-forming
      optical system 90 in the support member 91 and the focusing lens member in
      the lens unit 79 are caused to move along their respective optical axes
      until a predetermined relationship between the outputs from the photocell
      elements 92 and 92' is established to terminate the duration of production
      of the output from the control circuit 93. The movement of the focusing
      ring 86 is related to the movement of the optical system 90 in such manner
      that when the predetermined relationship is established a correct focusing
      of an object image is effected at the film plane. As mentioned above, the
      automatic focus adjusting unit 88 thus mounted on the lens unit 79 may be
      operated with the motion picture camera as a unit without any external
      electric connection wires between the attachment unit 88 and the camera
      housing 71. If the operator desires to otherwise use the camera, the
      automatic focus adjusting unit may be demounted from the lens unit 79. The
      same automatic focus adjusting unit 88 may be mounted on another lens unit
      having the same structure casing.
PAR  It will be appreciated from the foregoing description that the provision of
      connecting terminals connected through insulated wires buried in the
      stationary casing of a mechanical mounting for interchangeable lens system
      to connecting terminals arranged in the coupling engaging the camera
      housing on a portion of the outer peripheral surface of the stationary
      casing for effecting an electric connection between the motor in the
      attachment unit mounted on the casing and the power source in the camera
      housing is very advantageous in interchanging the lens system and managing
      the camera equipped with the lens and attachment units. In other words,
      the necessary electric connection between the camera housing and the lens
      unit can be automatically effected with only the mounting operation
      between the camera housing and the lens unit without using any externally
      arranged insulated wires. Also the necessary electric connection between
      the lens unit and the attachment unit can be automatically resulted when
      the attachment unit is mounted on the lens unit. As a result, the electric
      circuit and the power source provided in the camera housing is connected
      to the motor in the attachment unit through the electric connection
      facilities provided in the stationary casing readily and without the
      necessity of using any externally arranged wires.
PAR  The embodiment of the present invention has been described in connection
      with motion picture cameras. The present invention, however, is not
      confined thereto, and, of cource, involves still cameras in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a camera system having a camera body unit with mounting-demounting
      means which is disposed on the camera body unit for mounting and
      demounting a lens unit, electric signal output means for providing
      electrical signals and camera electrical signal interconnecting means
      having one end electrically connected to said output means and the other
      end electrically connected to said mounting-demounting means, and an
      interchangeable lens unit which is selectively attachable to and
      detachable from said mounting-demounting means on the camera body unit,
      said lens unit comprising:
PA1  photographing optical means forming images;
PA1  a housing for carrying said optical means, apertures being provided at both
      ends of the optical means along the direction of the optical axis;
PA1  mounting-demounting means disposed at least at one end of the lens unit
      housing to engage with and disengage from the mounting-demounting means
      disposed on the camera body unit for mounting the lens unit on the camera
      body unit; and lens unit electric signal interconnecting means provided
      inside the lens unit housing having one end being arranged for pressable
      contact with the electric signal interconnecting means provided in the
      camera body unit, when the two mounting-demounting means respectively
      provided on the camera body unit and the lens unit are mated with each
      other, said lens unit electrical signal interconnecting means having the
      other end being disposed to appear on an outside wall surface of the lens
      unit housing, said electric signal interconnecting means of the lens unit
      being provided with terminal pressing means for pressing at least one of
      the ends of the lens unit electric signal interconnecting means outwardly
      of the lens unit housing for bringing said end into contact with the
      electric signal camera interconnecting means, and wherein the electrical
      output of the output means in the camera body unit is passed by the camera
      interconnecting electric signal means and is arranged to be provided
      external to the lens unit by way of the lens unit electric signal
      interconnecting means.
NUM  2.
PAR  2. An interchangeable lens unit as defined in claim 1 wherein said lens
      unit electric signal interconnecting means includes electric wire made
      from a conductive material, and terminals electrically disposed at both
      ends of said electric wire respectively.
NUM  3.
PAR  3. An interchangeable lens unit as defined in claim 1 wherein said
      mounting-demounting means disposed on the lens unit housing possesses a
      bayonet connection part which mates with another bayonet part provided on
      the camera body unit.
NUM  4.
PAR  4. An interchangeable lens unit as defined in claim 1 wherein said
      photographing optical means includes at least a focusing lens and a
      zooming lens.
NUM  5.
PAR  5. An interchangeable lens unit as defined in claim 1 wherein said
      photographing optical means includes means for moving at least a part of
      said focusing lens on the optical axis.
NUM  6.
PAR  6. An interchangeable lens unit as defined in claim 4 wherein said
      photographing optical means includes means for moving at least a part of
      said zooming lens on the optical axis.
NUM  7.
PAR  7. An interchangeable lens unit wherein there are provided a photographing
      optical means capable of forming images and a controlling means capable of
      controlling the state of the image which is formed in a preset position
      through said optical means, said lens unit for cooperation with an
      operating unit which includes operating means provided for selective
      connection to said controlling means through a mechanical link and
      arranged to be actuated by an electric signal coming from outside of the
      operating unit and which has mounting-demounting means disposed thereon,
      said operating unit being selectively attachable to and detachable from
      the lens unit, the lens unit also for cooperation with and selectively
      attachable to and detachable from a camera body unit, said camera having
      mounting-demounting means thereon with one end including supplying means
      for supplying an electric signal, the interchangeable lens unit
      comprising:
PA1  a housing for carrying said photographing optical means and said
      controlling means, being provided at both ends of the optical means in the
      direction of the optical axis thereof, a first mounting-demounting means
      disposed at at one end of said housing to engage with and disengage from a
      corresponding mounting-demounting means of said camera body unit for
      mounting the housing on the camera body unit;
PA1  a second mounting-demounting means disposed on an outside wall surface of
      said housing for permitting mounting said operating unit on the housing;
PA1  electric signal interconnecting means provided inside said housing with one
      end thereof being arranged for pressable contact with signal supplying
      means in said camera when said first mounting-demounting means on the lens
      unit is mated with the mounting-demounting means of said camera and with
      the other end being disposed in the second mounting-demounting means, and
      wherein the electric signal from said supplying means in the camera body
      unit is provided through said electric signal interconnecting means to
      said operating unit when the lens unit is mounted on the camera body unit
      and the operating unit is attached to the lens unit.
NUM  8.
PAR  8. An interchangeable lens unit as defined in claim 7 wherein said electric
      signal interconnecting means includes electric wire made from a conductive
      material, and terminals electrically disposed at both ends of said
      electric wire respectively.
NUM  9.
PAR  9. An interchangeable lens unit as defined in claim 7 wherein terminal
      pressing means is provided on said electric signal interconnecting means
      at least at one end thereof for contacting said signal supplying means in
      said camera in such a manner as to resiliently press the end of said
      interconnecting means toward the outside of said housing.
NUM  10.
PAR  10. An interchangeable lens unit as defined in claim 7 wherein said first
      mounting-demounting means is provided with a bayonet connection part which
      mates with another bayonet part provided on the camera body unit.
NUM  11.
PAR  11. An interchangeable lens unit as defined in claim 7 wherein said second
      mounting-demounting means is provided with a recess arranged to mate with
      a protrusion provided on said mounting-demounting means of said operating
      unit with one end of said electric signal interconnecting means disposed
      in said recess.
NUM  12.
PAR  12. An improvement in a camera system comprising a camera body unit, a lens
      unit and an operating unit, said camera body unit including:
PA1  a camera body housing with an aperture provided in the front part thereof;
PA1  mounting-demounting means disposed on the camera body housing adjacent to
      said aperture for allowing a lens unit to engage with and disengage from
      the housing with the optical axis of said lens unit in alignment with said
      aperture;
PA1  image recording means disposed inside the camera body housing for recording
      an incident image entering through the aperture on a film disposed in the
      camera body housing;
PA1  an electric power source disposed in the camera body housing for supplying
      electric power for driving at least a part of said image recording means;
      and
PA1  electric interconnecting means disposed in the camera body housing having
      one end electrically connected to said electric power source and the other
      end positioned in said mounting-demounting means;
PAL  said lens unit including:
PA1  a photographic optical system for forming images in said image recording
      means;
PA1  a lens housing for carrying said photographic optical system having
      apertures provided at both ends of the optical system in the direction of
      the optical axis;
PA1  first mounting-demounting means disposed at least at one end of the lens
      housing to selectively engage with and disengage from said
      mounting-demounting means of the camera body unit;
PA1  controlling means disposed in the lens housing to control the state of the
      incident image which enters said image recording means through said
      photographic optical system;
PA1  second mounting-demounting means disposed on the outside wall surface of
      the lens housing to engage with and disengage from the operating unit for
      operating the controlling means from outside of the lens unit; and
PA1  electric interconnecting means disposed inside the lens housing with one
      end thereof disposed in a position to be brought into pressed contact with
      the electric interconnecting means provided in the camera body unit when
      the mounting-demounting means of the camera body unit mates with that of
      the lens unit while the other end is positioned in the second
      mounting-demounting means;
PAL  said operating unit including:
PA1  an operating unit housing;
PA1  operating means disposed inside the operating unit housing to be actuated
      by an electric signal for operating said controlling means in said lens
      unit, a part of said operating means arranged to engage with said
      controlling means through a mechanical link;
PA1  mounting-demounting means provided on the outside wall surface of the
      operating unit housing to engage with and disengage from the second
      mounting-demounting means of the lens unit for mounting and demounting the
      operating unit on and off the lens unit; and
PA1  electric interconnecting means disposed inside the operating unit housing
      having one end thereof disposed to be brought into pressed contact with
      the electric interconnecting means provided in the lens unit when the
      mounting-demounting means of the operating unit mates with that of the
      lens unit, the other end being electrically connected to the operating
      means;
PAL  said camera body unit, said lens unit and said operating unit being
      interchangeable respectively to provide for optional combinations of
      different types of units, and said operating means being arranged to be
      actuated by the output of the electric power source disposed inside the
      camera body housing.
NUM  13.
PAR  13. A camera system as defined in claim 12 wherein said mounting-demounting
      means of the camera body unit and the first mounting-demounting means of
      the lens unit being each provided with bayonet coupling part respectively,
      one bayonet part arranged to be selectively mated with the other bayonet
      part.
NUM  14.
PAR  14. A camera system as defined in claim 12 wherein said controlling means
      is provided with a diaphragm member for controlling therewith the quantity
      of light of a photographic object passing through said photographic
      optical system.
NUM  15.
PAR  15. A camera system as defined in claim 14 wherein the electric
      interconnecting means provided in the camera body unit includes:
PA1  light quantity detecting means for detecting the quantity of light of an
      object being photographed passing through said photographic optical
      system, the input side of said light quantity detecting means being
      electrically connected to said electric power source; and
PA1  electric conductor wire made of a conductive material having one end
      thereof electrically connected to the output end of said light quantity
      detecting means and the other end thereof being disposed in the
      mounting-demounting means of the camera body unit.
NUM  16.
PAR  16. A camera system as defined in claim 15 wherein the operating means
      includes driving means which operates in accordance with the output of
      said light quantity detecting means.
NUM  17.
PAR  17. A camera system as defined in claim 12 wherein said photographic
      optical system is provided with at least a zooming lens; and said
      controlling means is capable of controlling said lens housing for moving
      said zooming lens along the optical axis of the zooming lens.
NUM  18.
PAR  18. A camera system as defined in claim 12 wherein said photographic
      optical system is provided with detecting means for detecting the
      visibility of an image formed at a preset position.
NUM  19.
PAR  19. A camera system as defined in claim 13 wherein said electric
      interconnection means of the lens unit, is adapted to be placed in pressed
      contact with the electric interconnection means of the camera body unit,
      and is provided with terminal pressing means for pressing said end of the
      interconnection means toward the outside of said lens housing.
NUM  20.
PAR  20. An automatic focus adjustable camera system comprising a camera body
      unit including:
PA1  a camera body housing with an aperture provided in the front part thereof;
PA1  mounting-demounting means disposed in said camera body unit in the vicinity
      of said aperture to permit selective mounting and demounting of a lens
      unit with the optical axis of the lens unit maintained in alignment with
      the aperture;
PA1  an electric power source disposed inside said camera body housing for
      supplying electric power required for operating the camera body unit; and
PA1  electric power interconnecting means disposed inside the camera body
      housing with one end thereof electrically connected to said electric power
      source and the other end disposed in said mounting-demounting means
      provided on the camera body unit;
PA1  a lens unit including:
PA1  a photographic optical system for forming images at a preset position
      inside said camera body unit;
PA1  a lens housing for carrying said photographic optical system;
PA1  a first mounting-demounting means provided on the lens unit for engagement
      with and disengagement from the mounting and demounting means of the
      camera body unit for selective mounting of the lens unit on the camera
      body unit;
PA1  variating means which variates the position of said photographic optical
      system on its optical axis having one end thereof connected to a part of
      said lens housing through a mechanical link;
PA1  a second mounting-demounting means provided on the outside wall surface of
      said lens housing for allowing selective engagement and disengagement of a
      focus adjustment unit for operating said variating means from outside of
      the lens unit; and electric interconnecting means disposed inside the lens
      housing having one end disposed to be in pressed contact with the electric
      interconnecting means of the camera body unit when the mounting-demounting
      means of the camera body unit mates with that of the lens unit and the
      other end being disposed in the second mounting-demounting means of the
      lens unit; and
PAL  a focus adjustment unit, including:
PA1  a focus adjustment unit housing;
PA1  a focus-adjustment image forming optical system for forming an image at a
      preset position inside the focus adjustment unit housing;
PA1  detecting means for detecting the state of the image formed at the preset
      position by said focus-adjustment image forming optical system, said
      detecting means being provided with driving means which controls said
      variating means in relation to the displacement of said focus-adjustment
      image forming optical system in the direction of its optical axis;
PA1  mounting-demounting means to be selectively engaged with and disengaged
      from the second mounting-demounting means of the lens unit for mounting
      and dismounting the focus adjustment unit on and off the lens unit; and
      electric interconnecting means disposed inside said focus adjustment unit
      housing with one end thereof positioned to be brought into pressed contact
      with the electric interconnecting means of the lens unit when the
      mounting-demounting means of the focus adjustment unit mates with the
      second mounting-demounting means of the lens unit and the other end being
      electrically connected to said driving means; said driving means in the
      focus adjustment unit thus being arranged to be actuated by the output of
      said electric power source of the camera body unit.
NUM  21.
PAR  21. A camera system as defined in claim 20 wherein the mounting-demounting
      means of the camera body unit and the first mounting-demounting means of
      the lens unit are provided with bayonet coupling parts respectively with
      one bayonet part arranged to be selectively mated with the other bayonet
      part.
NUM  22.
PAR  22. A camera system as defined in claim 21 wherein said electric
      interconnecting means of the lens unit, is provided with terminal pressing
      means for pressing said end of the interconnecting means toward the
      outside of the lens housing.
NUM  23.
PAR  23. A camera system as defined in claim 20 wherein said detecting means is
      provided with a photoelectric conversion element.
NUM  24.
PAR  24. In a camera system comprising a camera body unit equipped with means
      for permitting attaching and detaching lens units, an interchangeable lens
      unit which can be selectively mounted on and demounted from said camera
      body unit and which allows the forming of an image at a preset position,
      and an adjustment unit which can be selectively mounted on and demounted
      from said interchangeable lens unit for adjusting the state of the image
      formed by the lens unit, said interchangeable lens unit including:
PA1  a photographic optical system for forming said image at a preset position
      within said camera body unit;
PA1  a lens housing which carries said photographic optical system having
      apertures provided at both ends of the photographic optical system in the
      direction of the optical axis thereof;
PA1  a first mounting-demounting means disposed at least at one end of said lens
      housing for engaging with and disengaging from a mounting-demounting means
      arranged on the camera body to permit mounting the lens unit on and off
      the camera body unit;
PA1  controlling means disposed inside the lens housing for controlling the
      state of the incident image which enters the camera body unit passing
      through said photographic optical system; and
PA1  a second mounting-demounting means disposed on the outside wall surface of
      said lens housing for allowing selective mounting and dismounting of said
      adjustment unit on and off the lens unit for operating said controlling
      means from outside of the lens unit; and
PAL  said adjustment unit including:
PA1  an adjustment unit housing;
PA1  operating means which is actuated by an electric signal and in turn
      operates said controlling means, the operating means being disposed inside
      the adjustment unit housing with a part of it being arranged to be
      connected to said controlling means through a mechanical link;
PA1  mounting-demounting means disposed on the outside wall surface of said
      adjustment unit housing to permit selective engagement with and
      disengagement from the second mounting-demounting means of the lens unit
      for mounting the adjustment unit on and dismounting it from said lens
      unit; and
PA1  electric interconnecting means provided in said adjustment unit with one
      end thereof disposed to be brought into pressed contact when the
      mounting-demounting means of the adjustment unit comes to mate with the
      second mounting-demounting means of the lens unit and with the other end
      being electrically connected to said operating means; and
PA1  wherein the lens unit and the adjustment unit are respectively arranged to
      be interchangeable so as to permit optional combinations between different
      types of units.
NUM  25.
PAR  25. A camera system as defined in claim 24 wherein said controlling means
      is provided with a diaphragm member for controlling the quantity of light
      of an object being photographed which enters passing through said
      photographic optical system.
NUM  26.
PAR  26. A system as defined in claim 24 wherein said electric interconnecting
      means of the lens unit is provided with terminal pressing means for
      pressing an end toward the outside of the lens housing.
NUM  27.
PAR  27. A system as defined in claim 24 said photographic optical system
      includes at least a focusing lens and a zooming lens.
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PAL  A photograph and negative holder providing for display of the photograph
      and negative in back to back relationship in individual transparent
      envelopes and including a hinge flap for securing the photographs and a
      writing surface on one of the surfaces of the envelope.
BSUM
PAR  The present invention relates to a photograph and negative holder, and more
      particularly to the type of holder which is designed for use in storing,
      carrying and displaying small snap shot variety photographs and holding
      the negatives of these photographs.
PAR  An extremely common type of photo holder used in photo albums employs
      between the hinged covers thereof an up and down series of overlapping
      flat envelopes which are formed of transparent plastic material, are
      hinged within the album along the fold line between the covers, and are
      open along their distal or outer side edges in order to provide entrance
      slots through which a photograph may be inserted.
PAR  When a photograph is thus inserted into a given envelope, the photograph is
      visible from one side of the envelope thru the transparent plastic
      material of which the envelope is formed. When the album is in its closed
      condition, the various envelopes overlie one another somewhat like the
      pages of a book.
PAR  The envelopes which are associated with and form parts of such an album
      invariably does not provide a means for noting what the picture is of,
      does not provide a place for storing negatives nor is there a way of
      securing said photographs in the envelope, without using an adhesive
      material on the photograph.
PAR  The present invention is concerned with a novel photograph and negative
      holder which makes provision for display of the photograph and the
      negative in a back to back relationship in individual transparent
      envelopes, one for each photograph and its corresponding negative, and
      provides a hinge flap for securing the photographs within the envelope and
      a writing surface on one of the surfaces to note what the photographs are
      about. The photograph and negative holder may further be comprised of a
      means for mounting the holder in a photograph album.
PAR  The principle object of this invention is to provide a photograph and
      negative holder which can hold the photograph and negative in a back to
      back relationship to each other.
PAR  A further object of this invention is to provide a photograph and negative
      holder wherein one can note on a writing surface what the photograph and
      negative are of or any other notes pertaining to the photograph.
PAR  A further object of this invention is to provide a photograph and negative
      holder which has a hinged flap for securing the photograph and negative in
      the holder.
PAR  A still further object of this invention is to provide a photograph and
      negative holder with a means for securing said holder in a photograph
      album.
PAR  The above mentioned and other objects, features and advantages of the
      invention will be apparent from the following detailed description and the
      accompanying illustrative drawings of a preferred embodiment thereof.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the novel photograph and negative holder.
PAR  FIG. 2 is a sectional view of a portion of the photograph and negative
      holder taken approximately along line 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view of the photograph and negative holder taken
      along line 3--3 of FIG. 1.
DETD
PAR  As shown in the drawings the photograph and negative holder is comprised of
      a first sheet 1. The first sheet is made of a transparent material.
PAR  The holder is further comprised of a second sheet 2, also made of a
      flexible transparent material. The first sheet and second sheet are in a
      superposed relationship with respect to each other.
PAR  Along the edge between the first sheet and second sheet is an expandable
      bellows bonding strip 3. The expandable bellows bonding strip bonds the
      sheets together at the edge, and can expand to allow for easy insertion of
      the photograph and negative in the holder.
PAR  The first sheet, the bonding strip, and the second sheet define a space 4
      of the same size for receiving a photograph 5 and a negative 6 which are
      in superposed relation to each other.
PAR  A hinged flap 7 is attached to the first sheet and overlaps the space and
      has a securing means 8 which allows the flap to be attached to the second
      sheet.
PAR  The holder is further comprised of a writing surface 9 which allows one to
      make notes.
PAR  In use, one inserts in the photograph and negative holder a photograph and
      negative which are in a superposed relationship to each other, i.e., back
      to back, inserts them in the space between the first sheet and the second
      sheet.
PAR  The hinged flap is then brought over and attached to the second sheet to
      securely hold the photograph and negative in the holder.
PAR  The person using the holder may make notes on the writing surface. The
      holder may have a means for mounting the photographs and negative holder
      in a photo album 10. This mounting means may be a permanent mounting
      means, i.e., glued in a photograph album, or it may be a temporary means,
      removable means, etc., i.e., looseleaf.
PAR  The first sheet and the second sheet may be made of any type of transparent
      material. It may be flexible or it may be a stiff transparent material.
PAR  The expandable bellows bonding strip may also be of a transparent material,
      although this is not necessary.
PAR  The hinged flap may also be of transparent material, although this too is
      not necessary.
PAR  It is to be understood that the invention is not limited to details of the
      illustrated embodiment and that various modifications may be effected
      therein without departing from the fair scope of the invention, which is
      intended to be defined by the appended claims.
CLMS
STM  Having herein described the invention, what is claimed as new is:
NUM  1.
PAR  1. A photograph and negative holder for displaying a developed photograph
      and a negative comprising:
PA1  a first sheet of transparent material; a second sheet of transparent
      material in superposed relation with respect to the first sheet;
PA1  an expandable bellows bonding strip interposed between the first sheet and
      the second sheet and attached along the edges of the first sheet and the
      edges of the second sheet;
PA1  whereby the bonding strip, the first sheet and the second sheet define a
      single envelope having a single opening of sufficient size for receiving
      the photograph and the negative in contact with each other and in
      superposed relation to each other;
PA1  a hinged flap having a first end and a second end, the first end attached
      to the first sheet, which overlaps the opening;
PA1  a means for securing the hinged flap, at the second end, to the second
      sheet;
PA1  a writing surface attached to the first sheet and in such a position so as
      not to obstruct the view of the photograph; and
PA1  a third sheet attached to the edge of the first sheet and opposite the
      opening, having a plurality of holes in the third sheet for mounting in a
      loose-leaf binder.
NUM  2.
PAR  2. The photograph and negative holder of claim 1, wherein the first sheet,
      third sheet and hinged flap are constructed of one sheet of transparent
      material; and the second sheet and bonding strip are constructed of
      another single sheet of transparent material.
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ABST
PAL  A single lens reflex camera includes an interchangeable objective lens
      provided with a diaphragm adjusting ring having a drive element and an
      interchangeable view finder unit housing a light responsive exposure
      determining means including a follower movable with a varying parameter of
      the means between a retracted position and a resiliently urged advanced
      position. A blocking element is normally locked in a position projecting
      from the unit and preventing the mounting of the finder, and when the
      follower is released, the blocking element is retractable. The follower is
      locked in its retracted position and when the finder is mounted the
      follower is released for movement into operative engagement with the drive
      element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an interchangeable finder type camera
      which is provided with an exposure coupling or interlocking device for
      transmitting diaphragm aperture information from the diaphragm ring of an
      interchangeable objective lens to an exposure control device provided in
      an interchangeable finder.
PAR  In general, in order to provide an exposure interlocking coupling in an
      interchangeable finder type camera, it is necessary that a drive coupling
      element of the diaphragm ring be positioned within the movable range of
      follower member of the interchangeable finder, which follower member is
      biased or urged to so move. However, since the recently developed
      exchangeable finder type camera is of such a construction that the
      interchangeable finder diaphragm ring follower is urged merely in one
      direction, such that if the interchangeable finder is mounted, with the
      interchangeable objective lens being mounted, then the drive coupling
      element of the aforesaid interchangeable lens will be positioned out of
      the movable range of the biased follower member of the finder, so that the
      finder follower member will not be brought into engagement with the drive
      coupling member of the diaphragm ring, thereby failing to effect an
      exposure interlocking state. Accordingly, it sometimes occurs that a
      photographer is under the mistaken impression that the exposure
      interlocking state has been effected in the camera, due to the fact that
      the interchangeable finder has been mounted thereon and he thus takes a
      picture under improper exposure conditions.
PAR  In addition to the above, complicated operations are required for achieving
      an exposure interlocking state, such as for instance, the interchangeable
      objective lens must be removed prior to mounting of the interchangeable
      finder, the finder being then mounted and thereafter the objective lens is
      mounted so as to position the drive coupling element of the
      interchangeable objective lens within the movable range of the follower
      member of the interchangeable finder which is urged in an advance
      direction.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to avoid the aforesaid shortcomings which
      have been experienced with conventional cameras of this type.
PAR  It is accordingly a principal object of the present invention to provide an
      interchangeable finder type camera which is so designed that the failure
      to provide a proper exposure interlocking condition will result in
      blocking the mounting of an interchangeable finder and the mounting of the
      finder will necessarily lead to the creation of a proper exposure
      interlocking state.
PAR  It is a further object of the invention to provide an interchangeable
      finder type camera which permits ready mounting of an interchangeable
      finder on a camera according to a simple operation, with the
      interchangeable objective lens being mounted to the camera, thereby
      affording a proper exposure interlocking state.
PAR  According to one aspect of the present invention, in case the engaging pawl
      of the diaphragm ring of an interchangeable objective lens fails to
      properly relate to the engaging pawl of an interchangeable finder, a
      blocking member provided in a finder will prohibit or block the mounting
      of the finder to the camera body.
PAR  According to a further aspect of the present invention, the interchangeable
      finder may be readily mounted only by shifting the engaging member to a
      retracted position. In addition, the engaging member is locked in a
      predetermined retracted position, such that the positive mounting
      operation of a finder may be achieved, without the danger of the finder
      being dropped and damaged at the time of mounting.
PAR  According to a still further aspect of the invention, when the finder is
      mounted, an interlocking member is released from an engaging relation,
      simultaneously with the aforesaid mounting, thus ensuring a positive
      exposure interlocking relation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a camera embodying the present invention
      shown partially fragmented and with the finder section in an uncoupled
      condition;
PAR  FIG. 2 is an enlarged front elevational view of the mounting blocking
      mechanism thereof; illustrated in a condition blocking the mounting of the
      finder.
PAR  FIG. 3 is a view similar to FIG. 2 illustrated in a position permitting the
      mounting of the finder;
PAR  FIG. 4 is a view similar to FIG. 3 illustrated in a finder mounted and
      coupled condition:
PAR  FIG. 5 is a view similar to FIG. 2 of another embodiment of the present
      invention;
PAR  FIG. 6 is a view similar to FIG. 5 illustrated in a position permitting the
      mounting of the finder; and
PAR  FIG. 7 is a view similar to FIG. 6 illustrated in a finder mounted and
      coupled condition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, particularly FIGS. 1 to 4 thereof which
      illustrate a preferred embodiment of the present invention, the reference
      numeral 1 generally designates a single lens reflex camera body which
      mounts an interchangeable objective lens 2 having a diaphragm adjusting
      ring 3 provided with a radially outwardly projecting first coupling member
      or engaging pawl 4. Associated with the camera is an interchangeable
      finder body 5 containing an automatic exposure control means 9a of known
      construction which includes a light measuring section.
PAR  An intercoupling or interlocking member 6 is provided within the finder
      body 5 and is shown enlarged in FIGS. 2 to 4, the interlocking member 6
      being provided with an engaging pawl or second drive coupling member 7
      adapted to engage the first drive coupling member or engaging pawl 4 of
      the diaphragm ring 3. In this respect, the interlocking member 6 is
      movable along an actuate guide member 8 and normally urged in one
      direction (to the left in the drawing) by means of a coupling string 9
      connected to the exposure determining means. Accordingly, the engagement
      of the engaging pawl 4 of the diaphragm ring 3, from the left, with the
      engaging pawl 7 of the interlocking member 6 will effect an exposure
      interlocking condition between the members 4 and 7.
PAR  A swingably supported finder-mounting-blocking member or lever 10 has one
      end 10a projecting from an opening 5a located in the lower part of the
      finder 5 and is resiliently urged by a spring 11 in a counter-clockwise
      direction. A swingably supported lever or rotatable member 12 is provided
      at one end with a slot which slideably engages a pin 13 on an end of lever
      10 thereby enabling its interlocking movement with the blocking member 10.
      The member 12 has a bent ear or portion 12a at the other end thereof.
PAR  A locking lever or member 14 is rockably supported and functions to
      releasably lock the blocking member 10 as well as the rotatable member 12
      from rotation. Formed in the locking member 14 at one end is a notched
      portion 14a which is releasably engageable with the bent portion 12a of
      the rotatable member 12. A lock releasing member 15 is swingably supported
      at an end thereof and has a slot at its free end which is slidably engaged
      by a pin 16 mounted on lever 14 to drive couple members 14 and 15, the
      lever member 15 terminating in an inclined end portion 15a. A spring 17
      urges the member 15 in a clockwise direction. An inclined upper surface 18
      is formed on the interlocking member 6, and is adapted to operate the
      locking-releasing member 15. A notched portion 19 is formed in the upper
      surface of the interlocking member, and is engageable with the bent
      portion 12a of the rotatable member 12 to releasably lock the interlocking
      member 6, in its retracted position as shown in FIG. 3.
PAR  A depending finger 10a at one end of the finder-mounting-blocking member 10
      projects externally through the opening 5a in the finder 5 and is
      releasably locked in such position by way of the interconnected blocking
      member 10 and swingable member 12 and the bent ear portion 12a of the
      rotatable member 12 engaging the notched portion 14a in the locking member
      14. As a result, as shown in FIG. 2, even if it is attempted to mount the
      finder 5 on camera body 1, with the interlocking member 6 in the finder 5
      being positioned to the left, the finder 5 will be blocked from being so
      mounted, because the depending finger end 10a of the blocking member 10
      projects externally from the opening in the finder 5. More particularly,
      if the finder were to be mounted, with the interlocking member 6 being
      positioned to the left, the engaging pawl 4 of the diaphragm ring 3 will
      be positioned to the right to the engaging pawl 7 of the interlocking
      member 6, thereby failing to effect a proper drive coupling between
      members 4 and 6 and exposure interlock, but this is prevented by end 10a
      of the blocking member 10 inhibiting and blocking the mounting of the
      finder 5.
PAR  In order to properly mount the finder 5, the interlocking member 6 is first
      manually, slideingly retracted to the right along the guide member 8,
      whereby the inclined upper surface 18 of the interlocking member 6 swings
      the locking-releasing member 15 in a counter-clockwise direction which, in
      turn, swings the locking member 14 in a clockwise direction, thereby
      releasing the rotatable member 12 and permitting the swinging thereof with
      the swinging of member 10.
PAR  The interlocking member 6, which has been manually slidingly retracted, is
      releasably locked at its right position on the guide member 8 against the
      advance urging force of the interlocking string 9, because the bent
      portion 12a of the swingable member 12 engages the notched portion 19
      provided on the interlocking member 6 (FIG. 3).
PAR  When the finder 5 is mounted after the aforesaid manual retraction and
      locking of member 6 and the rotatable member 12 is released from
      engagement and permitted to swing, the blocking member 10 is swung
      clockwise with the finger end 10a of the blocking member 10 being
      retracted within the opening 5a, whereby the finder may be properly
      mounted and coupled to the camera body positively and accurately.
      Moreover, since the member 12 is swung counter-clockwise with the
      clockwise rotation of the blocking member 10, the bent portion 12a, which
      has locked the retracted member 6 from returning to its home position, is
      shifted from the notched portion 19 in the interlocking member 6. As a
      result, upon the mounting of the finder in position, the interlocking
      member 6 is released and advanced to its home position, thereby engaging
      the engaging pawl 4 of the diaphragm ring 3 to effect the exposure
      interlocking state (FIG. 4).
PAR  In FIGS. 5 to 7 of the drawings there is illustrated another embodiment of
      the present invention which differs from that first described, primarily
      in that an integrally formed bell crank lever 21 is substituted for
      members 14 and 15 and an integrally formed lever member 20 is substituted
      for members 10 and 12, the mechanisms being otherwise similar. The lever
      member 20 is provided at one end with a depending finger 20a which
      corresponds to finger 10a and projects through finder bottom opening 5a
      and is provided at its opposite end with a bent portion 20b. In addition
      one arm of the locking member 21 is provided with a projecting pin 21b
      disposed rearwardly of a notched portion 21a at the end thereof which is
      engageable with a bent portion 20b of the blocking member 20, while the
      other end thereof is formed with a bent portion 21c which is engageable
      with the notched portion 19 provided in the interlocking member 6.
PAR  Thus, when the interlocking member 6 is positioned to the left, as shown in
      FIG. 5, if it is attempted to mount the finder 5 in this condition, then
      the finger 20a of the blocking member 20 which is maintained projecting
      externally, because the blocking member 20 is locked by means of locking
      member 21, such mounting of the finder 5 is blocked (FIG. 5).
PAR  To properly mount the finder 5, the interlocking member 6 is manually
      slidingly retracted to the right and the inclined upper surface 18 of the
      interlocking member 6 swings the locking member 21 in a counter-clockwise
      direction against the urging force of an associated spring such that the
      notched portion 21a in the interlocking member 21 is disengaged from the
      bent portion 20b of the blocking member 20, whereby the blocking member 20
      is released to a swingable state, thus permitting the raising of finger
      20a and the mounting of finder 5. The interlocking member 6, which has
      been slidingly retracted, remains positioned to the right with respect to
      the guide member 8, because the bent portion 21c of the locking member is
      on engagement with the notched portion 19 in the interlocking member 6
      (FIG. 6).
PAR  When the finder 5 is mounted after the aforesaid manual operation, the
      blocking member 20 swings clockwise against the string urging force, with
      the raising the finger 20a of the blocking member 20 through the opening
      5a and the finder 5 is properly coupled and mounted in position on the
      camera body. Furthermore, the clockwise rotation of the blocking member 20
      causes the blocking member 20 to engage pin 21b of the locking member 21,
      thereby rotating the locking member 21 in a counter-clockwise direction.
      As a result, the bent portion 21c is disengaged from the notched portion
      19, and the interlocking member 6 is released, returns to its home
      position to thereby engage the engaging pawl 4 of the diaphragm ring 3,
      with the result that the exposure interlocking state is achieved (FIG. 7).
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. An exchangeable viewfinder type single lens reflex camera comprising:
PA1  a camera body;
PA1  an objective lens exchangeably mountable on said camera body and having a
      rotatable diaphragm ring;
PA1  a viewfinder housing exchangeably mountable on said camera body, including,
PA1  an exposure control device,
PA1  an interlocking member movable between a first position preventing the
      transmission of diaphragm information from said diaphragm ring to said
      exposure control device and a second position for allowing such
      transmission; and
PA1  blocking means movable between a first position for preventing the mounting
      of said viewfinder housing on said camera body when said interlocking
      member is in said first position and a second position for allowing such
      mounting only when said interlocking member is in said second position.
NUM  2.
PAR  2. The camera as set forth in claim 1 further comprising a locking member
      movable between a first position for locking said blocking means in said
      first position when said interlocking member is in said first position and
      a second position for releasing said blocking only when said interlocking
      member is in said second position.
NUM  3.
PAR  3. The camera as set forth in claim 2, comprising stopping means movable
      with said blocking means engageable with said interlocking member for
      stopping said interlocking member at said second position thereof.
NUM  4.
PAR  4. The camera as set forth in claim 3 wherein said stopping means includes
      a projected portion located on said blocking means and a notched portion
      located on said interlocking member and said projected portion being
      engageable with said notched portion.
NUM  5.
PAR  5. The camera as set forth in claim 3 wherein said stopping means includes
      a projected portion movable with said blocking means and a notched portion
      located on said interlocking member and said projected portion being
      engageable with said notched portion.
NUM  6.
PAR  6. The camera as set forth in claim 2, said locking member having a
      stopping means engageable with said interlocking member for stopping said
      interlocking member at said second position thereof.
NUM  7.
PAR  7. The camera as set forth in claim 2, said interlocking member having an
      actuating means contactable with said locking member for moving said
      locking member to said second position thereof only when said interlocking
      member is in its second position.
NUM  8.
PAR  8. The camera as set forth in claim 7 wherein said actuating means includes
      an inclined portion located on said interlocking member.
NUM  9.
PAR  9. A single lens reflex camera comprising a camera body, an objective lens
      mounted on the camera body and including an adjustable diaphragm and a
      first coupling member movable with the adjustment of said diaphragm, a
      finder housing separably mountable to the camera body and containing an
      adjustable exposure determining means, a second coupling member movable
      with the adjustment of said means between a first position inhibiting
      operative engagement between said coupling members and a second position
      permitting such engagement, and means responsive to said first and second
      positions of said second coupling member for respectively blocking and
      permitting the operative mounting of said finder housing to said camera
      body.
NUM  10.
PAR  10. In combination with a single lens reflex camera including an objective
      lens with an adjustable diaphragm and a drive element movable with the
      adjustment of the diaphragm, a finder unit separably mounted on said
      camera said finder unit comprising an exposure determining mechanism, a
      follower engageable with said drive element and movable between a
      retracted position inhibiting the transmission of diaphragm information
      from said diaphragm to said exposure determining mechanism and an advanced
      position permitting such transmission, and means responsive to said
      retracted and advanced positions of said follower for respectively
      permitting and blocking the mounting of said finder unit to said camera.
NUM  11.
PAR  11. The finder unit of claim 10 including means for locking said follower
      in its retracted position and responsive to the mounting of said finder
      unit to said camera for releasing said follower.
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ABST
PAL  In a camera having a focal plane shutter, a light-intercepting device for
      preventing light from passing through the clearance between the shutter
      curtain and the camera body to strike the film comprises at least one pair
      of resilient, opaque, planar light-intercepting members each having a
      rectilinear edge portion at one end thereof. These members are supported
      either by the camera body or by a support frame separable from the camera
      body so that they are inclined relative to the shutter curtain with the
      rectilinear edge portions being parallel to the direction of movement of
      the shutter curtain and making line contact with one side of the shutter
      curtain near the opposite edges thereof. An additional pair of identical
      light-intercepting members may be provided for making line contact with
      the other side of the shutter curtain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a light-intercepting device in a
      single-lens-reflex camera having a focal plane shutter, and is more
      particularly directed to a device for preventing incoming light from
      passing through the clearance between the camera body and the shutter
      curtain to strike the camera film.
PAR  2. Description of the Prior Art
PAR  In single-lens-reflex cameras having a focal plane shutter, clearance is
      provided between the shutter curtain and the camera body to allow the
      shutter to move freely. When a camera having such construction is used in
      bright light, oblique light rays passed through the lens are reflected
      within the light-transmitting frame of the camera body and may pass
      through the clearance to strike the film in the camera when the shutter is
      in closed position, causing the surface of the photographic film to be
      fogged. This problem is particularly evident when camera lens interchange
      is effected in direct sunlight.
PAR  A first prior art proposal for overcoming this problem has been to attach a
      light-intercepting material, such as Telemp, to the camera body within the
      clearance space or to the outer surface of the mirror box with the
      material being urged against the shutter curtain. However, the engagement
      of the material with the shutter curtain substantially increases the
      frictional resistance to movement of the shutter curtain, which in turn
      has caused the velocity of the shutter curtain to be reduced and also to
      be somewhat irregular. A second prior art proposal has been to support
      light-intercepting members of flexible and opaque thin films such that
      pocket-like or deformed cylindrical bulges in the films are urged against
      the surfaces of the shutter curtain at the upper and lower portions
      thereof, thereby reducing frictional drag on the shutter curtain.
PAR  Both of these prior art proposals are unsatisfactory because they involve
      complicated configurations which result in poor manufacturing efficiency.
      Moreover, in the first proposal, the flapping of the shutter curtain which
      occurs during shutter movement prevents close contact from being
      maintained between the shutter curtain and the light-intercepting
      material, thereby reducing the light-intercepting effect. With respect to
      the second proposal, in order to reduce the frictional drag on the shutter
      curtain, the deformed cylindrical shape of the light-intercepting members
      requires that the area of contact be reduced. To compensate for the
      resulting reduction in the light-intercepting effect, the
      light-intercepting members would have to be brought into considerably
      stronger surface contact with the shutter curtain in order to provide
      complete light interception. Moreover, the degree of contact of such
      members with the surfaces of the convexo-concave shutter curtain is low.
PAR  In accordance with a third prior art proposal, the front and rear surfaces
      of the shutter curtain at the upper and lower edges thereof are held by
      and between light-intercepting members which comprise opaque rubber-coated
      films which are bent into a V-shape having an angle of 120.degree. or
      140.degree., for example. One leg of each bent film is fixedly secured to
      the mirror box or to the camera body in a position such that the end of
      the other leg of the film is urged against the shutter curtain. The
      light-intercepting members make contact with the shutter curtain only by
      virtue of their being bent and therefore lack sufficient positive force
      for bearing against the shutter curtain. As a result, the
      light-intercepting members tend to be forced back by the shutter curtain
      and thus fail to provide close contact with the shutter curtain.
      Furthermore, light-intercepting members of this type have poor durability,
      because the force with which the film bears against the shutter curtain
      decreases with use.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to eliminate the above-noted
      disadvantages and to provide a light-intercepting device for a focal plane
      shutter which has simple construction and excellent durability and which
      provides complete light-interception with minimal drag on the shutter
      curtain during the movement thereof.
PAR  The light-intercepting device in accordance with the invention employs at
      least one pair of resilient, opaque, substantially planar
      light-intercepting members, such as rubber-coated sheets of cloth, each
      member having a substantially rectilinear edge portion at one end thereof.
      The light-intercepting members are supported in inclined position relative
      to the shutter curtain with their rectilinear edge portions parallel to
      the direction of movement of the shutter curtain and making line contact
      with the shutter curtain near opposite edges thereof. The
      light-intercepting members may be supported in these positions by being
      secured to inclined surfaces provided by the camera body itself or by
      being mounted in inclined opposite end portions of a support frame which
      is separable from the camera body. In the preferred embodiment, two pairs
      of such light-intercepting members are employed for contacting both sides
      of the shutter curtain near the opposite edges thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described with reference to the accompanying
      drawing, which illustrates preferred and exemplary embodiments, and
      wherein:
PAR  FIG. 1 is a vertical cross-sectional view of a camera employing a first
      embodiment of the light-intercepting device constructed in accordance with
      the invention;
PAR  FIG. 2A is a perspective view of a second embodiment of the
      light-intercepting device, this view showing the relationship of the
      device to a shutter curtain; and
PAR  FIG. 2B is a side elevational view of the light-intercepting device and
      shutter curtain of FIG. 2A.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A first embodiment of the light-intercepting device in accordance with the
      invention will be described with reference to FIG. 1, which is a vertical
      cross-sectional view of a single-lens-reflex camera having a focal plane
      shutter, this view being taken along a plane which includes the optical
      axis X of the camera.
PAR  Camera body 1 includes a mirror compartment or box 2 containing a mirror 2'
      supported for pivotal movement at its upper end. The mirror is shown
      intersecting the optical axis to direct incoming light rays into the view
      finder of the camera, and means (not shown) is provided for automatically
      swinging the mirror up away from the optical axis upon actuation of the
      shutter release mechanism to enable the incoming light rays to strike the
      film, as is well known. A first picture-taking opening 3 in wall 1a of the
      camera body at the rear of mirror box 2 opens into a shutter compartment 4
      which contains the shutter curtain or blind 5. Substantial clearance is
      provided between the shutter curtain and the camera body so that the
      shutter can move freely in the shutter compartment. A second
      picture-taking opening 6 in wall 1b of the camera body at the rear of the
      shutter compartment opens into a film compartment 7 which contains a
      photographic film 7' supported adjacent opening 6.
PAR  The light-intercepting device in accordance with the invention for
      preventing incoming light from passing through the clearance between the
      shutter curtain and the camera body, and more particularly to prevent
      incoming light from striking the film when the shutter is closed, includes
      at lease one pair of thin, resilient, opaque, planar light-intercepting
      members 8a, which preferably comprise sheets of cloth coated with highly
      cold-resistent rubber, such as silicone rubber. Each of these
      light-intercepting members, which are preferably rectangular in shape,
      provides a longitudinally extending rectilinear edge portion 9a at one end
      thereof which has a length greater than the longitudinal dimension of the
      picture-taking openings 3 and 6. In the embodiment of the
      light-intercepting device illustrated by FIG. 1, a substantial area of
      each of the light-intercepting members is suitably mounted on the
      respective one of a pair of spaced, inclined surfaces 3a provided by side
      wall 1a of the camera body, such as by being affixed thereto by a suitable
      adhesive. These inclined surfaces, which lie on opposite sides of
      picture-taking opening 3, slope away from wall 1a and toward the shutter
      curtain to hold the light-intercepting members in inclined positions
      relative to the shutter curtain with their longitudinal rectilinear edges
      9a parallel to the direction of movement of the shutter curtain and in
      line contact with one side of the shutter curtain near the opposite edges
      thereof. The width of the light-intercepting members is selected such that
      the rectilinear edge portions 9a make only light contact with the shutter
      curtain, thereby insuring that the members intercept any stray light
      entering the shutter compartment while at the same time minimizing
      frictional resistance to movement of the shutter curtain.
PAR  In the preferred form of the light-intercepting device, and as illustrated
      in FIG. 1, an additional pair of light-intercepting members 8b identical
      to light-intercepting members 8a are mounted on respective inclined
      surfaces 6a which are provided by wall 1b of the camera body.
      Light-intercepting members 8b are supported thereby in inclined relation
      with respect to the shutter curtain and with their rectilinear edge
      portions 9b parallel to the direction of movement of the shutter curtain
      and in line contact with the other side of the shutter curtain near
      respective opposite edges thereof.
PAR  Any incoming light reflected within mirror box 2 and passing through
      picture-taking opening 3 into shutter compartment 4 will be blocked by
      light-intercepting members 8a. Moreover, even if some light should stray
      into the shutter compartment, light-intercepting members 8b will prevent
      that light from entering film compartment 7. Thus, when the shutter
      curtain is in closed position, the light-intercepting device of the
      invention is effective to prevent any incoming light from striking the
      film and causing fogging of the film.
PAR  FIGS. 2A and 2B illustrate a second embodiment of the light-intercepting
      device wherein light-intercepting members 8a and 8b, instead of being
      mounted on inclined surfaces provided by the walls of the camera body, are
      mounted in support frames 10a and 10b, respectively, which are separable
      from the camera body. Referring to FIG. 2B, substantial portions of
      light-intercepting members 8b at the ends opposite the ends having
      rectilinear edges 9a are mounted in respective inclined opposite end
      portions 6a' of support frame 10b, these end portions being inclined
      relative to the shutter curtain 5, as shown in FIG. 2B. Referring to FIG.
      2A, end portions 6a' of the support frame are joined together by a
      rectangular planar portion 11b having a rectangular opening 12b therein
      which is slightly larger than picture-taking openings 3 and 6 in the
      camera body. In similar fashion, light-intercepting members 8a are mounted
      in and supported by respective inclined end portions 3a' of support frame
      10a, these end portions being joined together by a rectangular planar
      portion 11a having a rectangular opening 12a therein with the same
      dimensions as opening 12b in support frame 11b.
PAR  Referring to FIG. 2B, when the support frames together with the
      light-intercepting members are inserted into the shutter compartment 4 of
      a camera on opposite sides of the shutter curtain 5, the planar
      rectangular portions 11a and 11b of the support frames are parallel to
      shutter curtain 5, while rectangular openings 12 a and 12b in the support
      frames are aligned with picture-taking openings 3 and 6 in walls 1a and 1b
      of the camera body. Moreover, the rectilinear longitudinal edge portions
      9a and 9b of the light-intercepting members make line contact with
      opposite sides of the shutter curtain in the same manner as the
      light-intercepting members in the first embodiment illustrated by FIG. 1.
      By mounting the light-intercepting members in support frames which are
      separable from the camera body and receivable by the shutter compartment,
      instead of mounting the light-intercepting members directly on the walls
      of the camera body, the degree of fixity of the light-intercepting members
      is increased and the manufacturing efficiency is improved.
PAR  Although the preferred embodiments show two pairs of light-intercepting
      members disposed on opposite sides of the shutter curtain, a single pair
      of light-intercepting members may be employed on one side of the shutter
      curtain to provide sufficient light interception.
PAR  In the light-intercepting devices constructed in accordance with the
      invention, the light-intercepting members are planar and have substantial
      areas secured to the support surfaces or mounted in the end portions of
      the support members so that the resiliency of the light-intercepting
      members themselves maintains the rectilinear edge portions of the members
      in contact with the shutter curtain. This ensures close contact between
      the light-intercepting members and the shutter curtain during movement of
      the latter. Moreover, flapping of the light-intercepting members is
      eliminated so that a complete light-intercepting effect is provided.
      Furthermore, the fact that the light-intercepting members make line
      contact with the shutter curtain in the direction of shutter movement
      ensures close contact therebetween and reduces the force applied by the
      light-intercepting members against the sides of the shutter curtain,
      thereby minimizing the frictional resistance to movement of the shutter
      curtain and increasing the durability of the light-intercepting device.
      Also, each light-intercepting member comprises a planar sheet which may be
      simply mounted on the respective support surfaces with great savings in
      manufacturing time and cost.
PAR  It is believed that the advantages and improved results furnished by the
      light-intercepting device of the invention will be apparent from the
      foregoing description of several preferred embodiments thereof. Various
      changes and modifications may be made without departing from the spirit
      and scope of the invention, as sought to be defined in the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A light-intercepting device in a camera having a pair of picture-taking
      openings provided in a camera body and a focal plane shutter curtain
      situated between the picture-taking openings, the device preventing light
      from passing through the clearance between the shutter curtain and the
      camera body, the device comprising:
PA1  a pair of resilient, opaque, planar light-intercepting members each having
      a rectilinear edge portion, the edge portion having a length greater than
      the dimension of the picture-taking opening parallel to the direction of
      movement of the shutter curtain; and
PA1  support means for supporting each of said light-intercepting members, the
      rectilinear edge portion of each light-intercepting member being in
      resilient engagement with the shutter curtain, and an area of each
      light-intercepting member spaced from the rectilinear edge portion being
      fixedly secured to said support means.
NUM  2.
PAR  2. A light-intercepting device as set forth in claim 1, wherein the support
      means comprises means for supporting the light-intercepting members in
      inclined position relative to the shutter curtain.
NUM  3.
PAR  3. A light-intercepting device in accordance with claim 2, wherein the
      support means comprises inclined surfaces provided by the body of the
      camera, a substantial area of each light-intercepting member being mounted
      on a respective one of the inclined surfaces.
NUM  4.
PAR  4. A light-intercepting device as set forth in claim 2, wherein the support
      means comprises a support frame which is separable from the camera, the
      support frame having a pair of inclined opposite end portions for
      supporting respective light-intercepting members.
NUM  5.
PAR  5. A light-intercepting device as set forth in claim 1, wherein the
      light-intercepting members comprise rubber-coated sheets of cloth.
NUM  6.
PAR  6. A light-intercepting device as set forth in claim 1, wherein the
      rectilinear edge portions of the pair of light-intercepting members make
      line contact with one side of the shutter curtain, and wherein the device
      further comprises an additional pair of said light-intercepting members
      and additional support means for supporting the additional
      light-intercepting members with their substantially rectilinear edge
      portions substantially parallel to the direction of movement of the
      shutter curtain and in line contact with the other side of the shutter
      curtain near respective opposite edges thereof.
NUM  7.
PAR  7. A light-intercepting device as set forth in claim 3, wherein the
      rectilinear edge portions of the pair of light-intercepting members make
      line contact with one side of the shutter curtain, and wherein the device
      further comprises an additional pair of said light-intercepting members
      and additional inclined surfaces provided by the camera body, a
      substantial area of each additional light-intercepting member being
      mounted on a respective one of the additional inclined surfaces for
      supporting the additional light-intercepting members with their
      substantially rectilinear edge portions substantially parallel to the
      direction of movement of the shutter curtain and in line contact with the
      other side of the shutter curtain near respective opposite edges thereof.
NUM  8.
PAR  8. A light-intercepting device as set forth in claim 4, wherein the
      rectilinear edge portions of the pair of light-intercepting members make
      line contact with one side of the shutter curtain, and wherein the device
      further comprises an additional pair of said light-intercepting members
      and additional support frame which is separable from the camera, the
      additional support frame having a pair of inclined opposite end portions
      for supporting the respective additional light-intercepting members with
      their substantially rectilinear edge portions substantially parallel to
      the direction of movement of the shutter curtain and in line contact with
      the other side of the shutter curtain near respective opposite edges
      thereof.
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ABST
PAL  A diaphragm drive apparatus for an objective lens with a manually
      preselectable diaphragm. The diaphragm drive apparatus is provided within
      the objective housing and is actuable by the shutter release mechanism of
      the camera to which it is affixed. The apparatus includes a plunger which
      operates a release mechanism. This release mechanism operates a drive
      lever which effects a connection with a diaphragm blade drive ring. A cam
      follower provided on an arm of the drive lever follows a cam surface on
      the release mechanism. The cam surface has one portion for effecting
      movement of the cam follower in engagement with the cam surface and a
      second portion which does not impart movement to the cam follower. On
      operation of the release plunger by the release system in the camera, the
      initial movement of the release mechanism on the drive lever effects
      closure of the diaphragm to its manually preselected position selected on
      the diaphragm setting ring and on subsequent movement permits release of
      the camera shutter mechanism without further movement of the diaphragm.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  The invention relates to a diaphragm drive apparatus with diaphragm
      preselector ring for objectives preferably of long or variable focal
      length, with pressure release diaphragm actuatable automatically by a
      plunger, where the diaphragm closure movement is transmitted through a
      preferably two-armed lever arm in force-engaging manner to a blade drive
      ring, the plunger having a surface or cam face inclined in relation to its
      direction of movement, with an adjoining surface without rise.
PAR  In the diaphragm actuation of objectives with automatic pressure release
      diaphragm, firstly during a prescribed stroke of the plunger the diaphragm
      closes to the preselected value, then the plunger must be capable of being
      pressed in further to a specific amount which is given by the shutter
      release point of the camera (over-stroke). Therefore in the diaphragm
      drive mechanism of the known objectives with automatic pressure release
      diaphragm, usually a spring deflector is arranged which becomes effective
      when the diaphragm abutment is reached.
PAR  The maximum counter-force of the spring deflector is limited by the
      permissible press-in force on the actuating plunger. The force of the
      diaphragm opening spring must be selected so great that it reliably brings
      the diaphragm into the open position on liberation of the plunger. The
      closing of the diaphragm in the case of jerky pressing in of the actuating
      plunger from the camera is thus effected in these known objectives by the
      difference between the spring force of the spring deflector and the force
      of the opening spring.
PAR  In an automatic preselector diaphragm having a diaphragm actuation lever
      rotatably mounted on a movably and spring loaded carrier, it has also
      already been proposed to make the rest position of this carrier
      adjustable, in dependence upon a control cam face arranged on the
      diaphragm ring, so that in the gear train between actuating plunger and
      diaphragm actuating lever a comparatively large idle stroke occurs which
      corresponds to the pivot distance, suppressed in each case by the
      diaphragm abutment cam, of the diaphragm actuating lever. Thus in fact the
      travel of the plunger which in each case is not necessary for the closing
      of the diaphragm is converted into an idle stroke. During the over-stroke
      of the actuating plunger in this case however the spring loading of the
      movable carrier acts as spring deflector and again diaphragm closure on
      jerky pressing in of the actuating plunger takes place only due to the
      differential force between diaphragm opening spring and spring deflector
      force. It is here disadvantageous that after the reaching of the
      preselected diaphragm aperture the actuating force rises suddenly in each
      case due to the response of the spring deflector.
PAR  In several other known objectives the diaphragm is held in the preselected
      position by a closer spring when the plunger is pressed in, and on
      lilberation of the plunger the diaphragm is opened against the force of
      the closer spring by a powerful spring arranged on the actuating plunger
      or on the lever driven by the latter. The closing of the diaphragm takes
      place thus due to the action of a closer spring. However its force must
      likewise be less than the permissible actuating force on the plunger,
      because the opening of the diaphragm is effected by the force difference
      of the two springs.
PAR  As regards the configuration of the plunger which effects the diaphragm
      closing movement either directly or through a lever linkage to the
      diaphragm ring, it is known that the plunger comprises a surface inclined
      in relation to its direction of movement or a cam face with a surface
      without rise adjoining this, which latter surface can serve for the idle
      stroke or overstroke of the plunger. The guide member for the diaphragm
      setting mechanism rests in force-engaging manner by means of a spring on
      the cam face of the plunger.
PAR  As is known, in the use of objectives with automatic pressure release
      diaphragm on modern cameras, specific closure time requirements are
      important. The diaphragm must follow the jerky press-in movement of the
      plunger as far as the value preselected in each case within a specific
      time, and the recoil phenomena caused by the diaphragm abutment must
      likewise have died away. These recoil phenomena are increased by the fact
      that the gearing part to be accelerated is halted only in force-engaging
      manner in its end position. Therefore observations on the closure time
      conditions in known objectives of long focal length always show
      inconsistencies on account of the larger diaphragm thereof so that
      diameters considerably greater masses have to be accelerated, which is
      problematical within the prescribed force limits. There is also the fact
      that on reaching of the diaphragm abutment these greater masses must be
      suddenly braked and thus recoil phenomena occur to a greater extent, which
      cannot be caused to die away sufficiently rapidly.
PAR  It is the object of the invention to provide a drive apparatus in which the
      available plunger press-in force is largely exploited for the closure of
      the diaphragm and in which at the same time recoils are largely
      suppressed.
PAC  SUMMARY OF THE INVENTION
PAR  The manner in which the invention solves the problem is that both the
      inclined surface and the adjoining surface without rise on the operating
      plunger or slider, or on the drive lever or on the cam cylinder, cooperate
      with a rivet pin or drive bolt on the diaphragm actuating lever in such a
      way that as well as the force-engaging movement transmission from the
      actuating plunger through slider or from the plunger through drive lever
      or from the plunger through the cam cylinder to rivet pin or drive bolt, a
      pin-slot or pin-grooved coupling is additionally provided, namely in
      force-locking manner, in the region of the surface without rise -
      over-stroke region. The rivet pin or drive bolt may be mounted on the
      diaphragm actuating lever without play, namely within a groove or slot, in
      the region of the over-stroke. The diaphragm is always closed by the
      diaphragm drive apparatus in accordance with the invention by the same
      amount which is determined by the length and rise of the oblique cam face
      on the plunger or the gearing part actuated by it, the former recoil of
      known arrangements of the plunger movement, especially on reaching the end
      position, being avoided.
PAR  In the case of objectives with long focal length along the lines of the
      invention it proves advantageous that a mounting part for the diaphragm
      actuating lever is provided which is arranged for displacement in the
      plane of movement of the diaphragm actuating lever, the drive bolt or
      rivet pin always having the same end position at the different diaphragm
      apertures. This displacement movement of the mounting part is controlled
      according to a further feature of the invention by a cam face arranged on
      the diaphragm preselector ring, which is preferably connected in
      shape-locking or force-locking manner through a bell-crank lever with the
      mounting part. In the case of a force-locking coupling between the cam
      face arranged on the diaphragm preselector ring and the bell-crank lever
      which drives the mounting part, it is advantageous if this
      force-engagement is effected by a powerful spring arranged on the
      displaceable mounting part which draws the mounting part and thus also the
      bell-crank lever in the direction in which the mounting part is displaced
      in the case of setting to large diaphragm apertures.
PAR  A further possibility for the shortening of the fixed drive distance on the
      driving lever or drive lever with the cam and guide groove is given
      according to the invention in that this drive lever firstly drives a
      non-displaceably mounted two-armed intermediate lever, the second lever
      arm of this intermediate lever being formed in fork shape so that the fork
      reaches to above a bolt of the intermediate lever and a preferably
      two-armed diaphragm actuating lever engages in the fork-shaped lever arm,
      and in that a bearing bolt is displaceable on the two-armed diaphragm
      actuating lever in the direction of the optical axis according to the
      measure of a cam face arranged on the diaphragm preselector ring. Due to
      this displacement of the pivot point of the drive lever its point of
      engagement in the fork-shaped intermediate lever is displaced and thus the
      closure distance of the diaphragm is limited according to the value
      preselected from the diaphragm ring.
PAR  So that no variation of the open diaphragm position occurs due to the
      displacement of the bearing point of the drive lever in the direction of
      the optical axis, according to the invention it is necessary that an
      engagement rivet is provided on the diaphragm actuating lever and the
      fork-shaped intermediate lever and the bearing bolts of the two levers lie
      in one line when the diaphragm is open, and that this connecting line
      extends in the direction of the optical axis.
PAR  In the case of an apparatus having a cam cylinder driven by the actuating
      plunger, according to the invention it is advantageous to generate the
      idle stroke or over-stroke due to the fact that the cam cylinder is
      displaceable in the direction of its axis of rotation by means of a
      bell-crank lever according to the measure of a control cam face arranged
      on the diaphragm preselector ring. The drive of the cam cylinder by the
      actuating plunger further expediently is effected by a rack toothing on
      the plunger to a pinion on the cam cylinder, through a gang wheel
      consisting of pinion and greater wheel.
PAR  In further development of the apparatus according to the invention, the
      mounting ring for the pivot rivets of the blades, which in general is
      fixedly arranged in the mounting part carrying the iris diaphragm, is
      arranged rotatably in a manner known per se about the optical axis and its
      rotational position is settable by means of a bell-crank lever cooperating
      with a cam face arranged on the diaphragm preselector ring, so that the
      end position of the diaphragm drive ring always remains the same at the
      diaphragm value preselected in each case. Thus the initial position of the
      diaphragm drive ring and thus also of the lever cooperating with it is
      likewise diaphragm-dependent and consequently when large diaphragm
      apertures are preselected the obliquely disposed cam face on the plunger,
      slider and lever strikes correspondingly later upon the diaphragm drive
      lever, and the diaphragm closes only to the value pre-selected in each
      case.
PAR  The advantages arising out of the invention are as follows:
PAR  Since in the apparatuses in accordance with the invention the closing
      movement of the diaphragm always is effected by rigid transmission members
      -- that is a spring deflector is avoided -- more favorable prerequisites
      are provided for a rapid closure of the diaphragm. Moreover the opening
      spring can be made relatively powerful, because in the pressing in of the
      plunger only this spring force and that of the relatively weak return
      spring have to be overcome. Diaphragm recoiling is largely suppressed,
      because when the plunger is pressed in, the diaphragm drive lever is
      always held positively in a slot.
PAR  Due to the fact that when the preselected diaphragm aperture is reached the
      rise of the cam face on the plunger slider or lever ceases, on the
      contrary a fall of the actuating force is to be noted even at the end of
      the plunger stroke. The more favorable force conditions and the rigid
      drive thus permit of equipping even objectives of longer focal length with
      their larger diaphragm apertures with an automatic pressure release
      diaphragm with springing actuation by the camera.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention will be explained in greater detail by reference to various
      examples of embodiment in the drawing, wherein:
PAR  FIG. 1 shows a perspective representation of a diaphragm drive apparatus
      with direct drive of the diaphragm drive lever by an oblique face on the
      plunger,
PAR  FIG. 2 shows the sketch of the principle of a diaphragm drive apparatus
      according to FIG. 1 in which the drive of the diaphragm drive lever takes
      place through a rotatably arranged drive lever,
PAR  FIG. 3 shows the sketch of the principle of a diaphragm drive apparatus
      with a further intermediate lever and direct displacement of the pivot
      point of the diaphragm drive lever in the direction of the optical axis by
      a cam face arranged on the diaphragm preselector ring, and
PAR  FIG. 4 shows the perspective representation of a diaphragm drive with a cam
      cylinder.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The representation of all parts not necessary for the understanding of the
      manner of operation was omitted.
PAR  In FIG. 1 an actuating plunger is designated by 1. It is mounted in an only
      fragmentarily represented part 2 connectable firmly with the camera, and
      is connected with a slider or plate 3. This slider 3 carries a surface or
      cam face 3a inclined in relation to its direction of movement, which
      surface or cam face merges into a slot or guide groove 3b. The plunger 1
      is held in the rest position on the part 2 by a return spring 4. 5
      designates a two-armed diaphragm actuating lever. It is mounted on a
      mounting part 6 by means of a shouldered rivet 7. The mounting part 6 is
      displaceably mounted on two coaxially and nondisplaceably arranged bolts 8
      and is secured against rotation by a further non-displaceable bolt 9. A
      rivet pin 10 is seated on the diaphragm actuating lever and two further
      rivet pins 11 are arranged in fork form on the long lever arm of the same
      lever. A blade drive ring 12 is mounted in the part (not shown in the
      drawing) of the objective which carries the lenses and is movable for the
      purpose of focussing in the direction of the optical axis. The ring 12
      carries slots 12a in which there engage the drive rivets of the blades
      (likewise not shown) which are mounted in known manner on pivot rivets in
      stationary bores. In the drive ring 12 there is further seated a rivet pin
      13 which extends between the rivet pins 11 arranged in fork form. The
      lever 5 and thus also the drive ring 12 is drawn constantly in the
      direction of opening of the diaphragm by a spring 14.
PAR  Furthermore a bell-crank lever 16 is mounted on a non-displaceably arranged
      set screw 15. This lever is provided on one lever arm with a rounded nose
      16a and on the other lever arm with a rivet pin 16b. A diaphragm
      preselector ring 17 (represented only fragmentarily) having a diaphragm
      scale 17a is mounted concentrically with the optical axis. It is provided
      with a control cam face 17b. The mounting part is pressed against the nose
      16a of the bellcrank lever by a powerful spring 18 hooked to the mounting
      part 6, and thus the bell-crank lever 16 in turn is constantly pressed
      with its rivet pin 16b against the control cam face 17b.
PAR  In FIG. 2 the actuating plunger is designated by 19 and the stationary
      mounting part thereof is designated by 20. 21 is a likewise
      non-displaceably mounted drive lever. It carries a drive cam face 21a
      which merges into an arcuate slot or guide groove 21b concentric with its
      pivot point. The drive lever 21 and thus also the plunger 19 are held on a
      rest stop by a return spring 22. 23 is the diaphragm actuating lever with
      the two forked pins 23a. As in the first example of embodiment a rivet pin
      23b is secured to the diaphragm actuating lever 23, so that this pin abuts
      in force-locking manner on the drive cam face 21a. The diaphragm actuating
      lever 23 is held in the open diaphragm position by the spring 24. 25
      further designates a blade drive ring of the objective (not illustrated
      further), which ring is provided with a pin 26 for engagement in the
      diaphragm actuating lever 23. 27 further designates a displaceably
      arranged mounting part for the diaphragm actuating lever 23. The mounting
      part 27 is provided with an abutment edge 27a for a non-displaceably
      mounted bell-crank lever 28. 29 is a fragmentarily illustrated diaphragm
      preselector ring. It carries a control cam face 29a and a diaphragm scale
      29b. The mounting part 27 is pressed against the bell-crank lever 28 and
      the latter against the control cam face 29a by the spring 30. For the sake
      of simpler and comprehensible illustration the bell-crank lever and
      diaphragm ring with control cam face are represented in the same plane as
      the other parts of the gearing. However in reality these components -- as
      represented in perspective in FIG. 1 -- are expediently arranged in two
      planes rotated by 90.degree. in relation to one another.
PAR  In FIG. 3 the actuating plunger is designated by 31 and mounted in the
      stationary part 32. 33 is a drive lever having a drive cam face 33a which
      merges into a concentric slot or guide groove 33b. The drive lever 33 is
      held in its rest position by the spring 34. 35a and 35b designate a
      non-displaceably mounted two-armed intermediate lever. The lever arm 35a
      of the intermediate lever is of fork-shaped formation, the fork engaging
      over a bolt 35d. On the lever arm 35b of the intermediate lever a rivet
      pin 35c is secured which abuts in force-locking manner on the inclined
      surface 33a of the drive lever 33. 36 is a diaphragm actuating lever which
      is mounted on a displaceable mounting part 40 by a mounting bolt 36a. 37
      is a blade drive ring of the objective (not illustrated further) having a
      bolt 38 which is constantly drawn by the spring 39 in the direction of
      diaphragm opening. Finally 41 designates a fragmentarily illustrated
      diaphragm preselector ring having a control cam face 41a  and a diaphragm
      scale 41b. The mounting part 40 is forced in force-locking manner against
      the control cam face 41a by the action of a powerful spring 42.
PAR  In FIG. 4 the actuating plunger is designated by 43. It is provided with a
      rack toothing 43a which cooperates with a nondisplaceably mounted pinion
      44. A gear wheel 45 is arranged coaxially and firmly connected with the
      pinion. 46 desginates a cam cylinder mounted for displacement in the
      direction of its axis of rotation. It carries a cam 46a terminating in a
      circumferential groove 46b. 46c designates a pin. It serves as abutment
      for a coiled flexure spring 47. Moreover the cam cylinder is provided with
      a pinion toothing 48. 49 is a diaphragm preselector ring having a
      diaphragm scale 49a and a control cam face 49b. 50 is a non-displaceably
      mounted bell-crank lever having a bolt 50a for following the cam 49b and a
      further bolt 50b which engages in an incision 46d on the cam cylinder 46
      for the displacement of the latter. 51 designates a lever arm of a
      non-displaceably mounted diaphragm actuating lever for an objective (not
      illustrated further). This arm carries a bolt 51a, which is represented
      exaggeratedly long for the sake of clarity. Finally 52 also designates a
      spring which holds the lever 50 force-lockingly on the cam face 49b.
PAR  The manner of operation of the apparatus according to FIG. 1 is as
      follows:-
PAR  On pressing in of the actuating plunger 1 the diaphragm actuating lever 5
      is pivoted in the counter-clockwise direction by the action of the oblique
      surface or cam face 3a on the rivet pin 10 and thus the blade drive ring
      12 is rotated in the clockwise direction by the pin 13, whereby the
      diaphragm blades in the objective (not illustrated) are closed. After the
      conclusion of this closing movement on entry of the rivet into the slot or
      guide groove 3b, the actuating plunger 1 can be pressed in further to the
      shutter release point, without variation of the diaphragm aperture.
      Rebounding of the blade drive ring is also largely prevented because the
      rivet 10 is guided in the slot 3b after the termination of the closing
      movement. On release of the plunger 1 the latter is returned into its rest
      position by the action of the spring 4 and thus the diaphragm actuating
      lever 5 can also return into its rest position and return the diaphragm
      into the open position again. On displacement of the diaphragm preselector
      ring 17 to larger diaphragm apertures the bell-crank lever 16 pivots with
      its long lever arm outwards (in the clockwise direction), thus the
      mounting part 6 is moved to the left by the spring 18. Due to the fact
      that the open diaphragm position of the blade drive ring 12 always remains
      the same, thus the lever 5 remains in this position between the two pins
      11, the lateral displacement of the mounting part 6 consequently also
      draws the short lever arm of the lever 5 with the rivet 10 to the left.
PAR  Therefore on pressing in of the plunger the cam face 3a comes into
      engagement with the rivet 10 only later and the diaphragm -- as intended
      -- closes only to the preselected larger aperture. When the maximum
      diaphragm aperture is preselected the mounting part 6 is displaced so far
      that the rivet 10 is already situated at the level of the slot or groove
      3b, so that the plunger 1 can be pressed in without action upon the lever
      5. With the apparatus according to FIG. 1 the task of the invention is
      fulfilled with low expense. In the pressing in of the actuating plunger 1
      only the very slight force of the return spring 4 has to be overcome apart
      from the force of the diaphragm opening spring 14. The force of the
      opening spring 14 can thus be relatively great and relatively great masses
      can be accelerated in the closing of the diaphragm by the shape-locking
      drive.
PAR  As regards the transmission ratio at the actuating plunger 1, the plunger
      travel should expediently be kept only small. The rise of the oblique
      surface or cam face 3a must not be selected too large, on account of the
      occurring friction losses. With appropriate adaptation of the lever length
      on the large lever arm of the lever 5 and the rivet diameter 10,
      inaccuracies in the controlling of the displacement distances for the
      diaphragm apertures and certain recoil phenomena are most extensively
      avoided.
PAR  The modified apparatus as represented in FIG. 2 works as follows:- On
      pressing in of the plunger 19 the drive lever 21 is pivoted in the
      counter-clockwise direction and thus the diaphragm actuating lever 23 is
      rotated in the counter-clockwise direction by the cam face 21a. The lever
      23 entrains the diaphragm drive ring 25 by the bolt 26 between the bolts
      23a and the diaphragm is closed.
PAR  When the plunger 19 is liberated again, the spring 22 pulls the lever 21
      and thus also the plunger 19 back into their initial position. Thus at the
      same time the spring 24 moves the diaphragm actuating lever 23 and the
      latter again moves the blade drive ring 25 back into the open diaphragm
      position.
PAR  If the diaphragm ring 29 is set to larger diaphragm apertures, the
      bell-crank lever 28 is pivoted in the clockwise direction by the action of
      the control cam face 29a and the spring-loaded mounting part 27 follows
      this movement. Since now the open diaphragm position of the diaphragm
      drive ring 25 is fixed and the spring 24 always pulls the diaphragm drive
      ring 25 into this position by means of the lever 23, this displacement of
      the mounting part 27 pivots the lever 23 in the counter-clockwise
      direction about its point 23a of engagement in the drive ring. Thus its
      initial position is changed, and on pressing in of the plunger 19 the
      drive cam face 21a strikes later upon the lever 23 and the latter is
      pivoted only by a smaller amount. Thus the diaphragm closes only to the
      pre-selected larger aperture.
PAR  The manner of operation of the apparatus according to FIG. 3 is as follows:
PAR  On pressing in of the plunger 31 the drive lever 33 is pivoted in the
      clockwise direction and through the cam face 33a drives the intermediate
      lever 35a and 35b likewise in the clockwise direction until its drive bolt
      35c is caught in the slot or guide groove 33b and thus further movement of
      the intermediate lever 35a and 35b is suppressed. The diaphragm actuating
      lever 36 is pivoted in the counter-clockwise direction by the mounting
      bolt 36a by the intermediate lever 35a and 35b by means of the forked
      lever part 35a, and in turn drives the blade drive ring 37, whereby the
      diaphragm (not shown) is closed to the minimum value. On liberation of the
      plunger 31 the drive lever 33 and thus also the plunger 31 are brought
      into the initial position by the return spring 34 and the blade drive ring
      37 and its diaphragm-actuating lever 36 also return into the open
      diaphragm position by the action of the opening spring 39.
PAR  If a larger diaphragm aperture is pre-selected on the diaphragm
      pre-selector ring 41, then the mounting part 40 and thus also the
      diaphragm-actuating lever 36 are shifted towards the diaphragm
      pre-selector ring 41 and the engagement rivet 36b on the lever 36 in the
      forked part 35a of the intermediate lever 35a and 35b slides nearer to the
      mounting bolt 35d. The effective lever length of the lever 35a and 35b
      thus becomes less and consequently also generates a smaller pivoting of
      the diaphragm-actuating lever 36. The diaphragm (not shown further) in the
      objective is thus closed only less far. When the maximum diaphragm value
      (open diaphragm) is set on the diaphragm pre-selector ring 41, the
      engagement rivet 36b on the lever 36 lies in the forked lever part 35a
      over the mounting bolt 35d thereof. Thus the effective lever arm is zero
      and no closing movement takes place.
PAR  The apparatus according to FIG. 4 works as follows:
PAR  If the plunger 43 is pressed in in the direction of the arrow, by its
      toothing 43a it sets the pinion 44 and also the toothed wheel 45 in
      rotation in the direction of the arrow. The toothed wheel 45 in turn
      drives the cam cylinder 46 in the direction of the arrow by the pinion 48,
      whereby the cam 46a pivots the diaphragm-actuating lever 51 in the
      direction of the arrow by the bolt 51a. Thus -- similarly to the case of
      FIG. 1 -- the blade drive ring (not shown) of the objective is set in
      rotation and the diaphragm closes against the diaphragm-opening spring
      (likewise not shown) as far as is determined by the rise of the cam face
      46a. During the remaining stroke of the plunger the bolt 51a is then held
      in the circumferential groove 46b, whereby further diaphragm movement is
      repressed. On liberation of the plunger 43 the cam cylinder is brought
      back into its initial position by the force of the spring 47, and
      consequently so is the plunger 43. The diaphragm (not shown) can
      accordingly move back again into the open position by the action of an
      opening spring. If a larger diaphragm aperture is pre-selected on the
      diaphragm ring 49, then the lever 50 -- controlled by the cam face 49b --
      pivots in the counter-clockwise direction and shifts the cam cylinder to
      the right by means of the bolt 50b. Since the open diaphragm position of
      the lever 51 is fixed, the latter remains in the position as illustrated
      and on actuation of the plunger 43 the drive cam face 46a strikes upon the
      bolt 51a only later and the diaphragm-actuating lever 51 is pivoted by a
      smaller amount, whereby the diaphragm is also closed less far.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a camera with a shutter mechanism and an objective lens with
      preselectable diaphragm having blades therein the provision of a diaphragm
      drive apparatus within said objective lens and comprising:
PA1  a. a diaphragm blade drive ring;
PA1  b. a diaphragm preselector ring for manual preselection of the required
      diaphragm setting;
PA1  c.
PA1  d. a release mechanism operable by said release plunger;
PA1  e. a drive lever having a cam follower provided on an arm thereof for
      effecting a driving connection between said release mechanism and the
      diaphragm blade drive ring, means for connecting said preselector ring to
      said drive lever for transmitting the preselected diaphragm setting to
      said drive lever.
PA0  f. a cam surface on said release mechanism having one portion for effecting
      movement of the cam follower in engagement with said cam surface to drive
      said diaphragm blade drive ring and a second portion which does not impart
      movement to the cam follower, whereby on operation of the release plunger,
      the initial movement of the release mechanism on the driver lever effects
      closure of the diaphragm to its manually preselected position and on
      subsequent movement permits release of the camera shutter mechanism
      without further movement of the diaphragm.
NUM  2.
PAR  2. A diaphragm drive apparatus according to claim 1, wherein said release
      mechanism includes an axially slideable member having formed therein said
      cam surface.
NUM  3.
PAR  3. A diaphragm drive apparatus according to claim 1, wherein said release
      mechanism includes a pivoted plate having formed therein said cam surface.
NUM  4.
PAR  4. A diaphragm drive apparatus according to claim 1, wherein said release
      mechanism includes a cam cylinder having formed thereon said cam surface.
NUM  5.
PAR  5. A diaphragm drive apparatus according to claim 1, wherein the cam
      follower on the drive lever extends without play within a groove serving
      as the second portion of the cam surface.
NUM  6.
PAR  6. A diaphragm drive apparatus according to claim 1, wherein said means for
      connecting comprises a mounting part for the drive lever, which part is
      arranged displaceably in the plane of movement of said drive lever, the
      cam follower always having the same end position relative to said cam at
      the different diaphragm apertures.
NUM  7.
PAR  7. A diaphragm drive apparatus according to claim 6, wherein a cam surface
      provided on the diaphragm preselector ring, and a bell-crank lever
      providing a driving connection between the cam surface on the preselector
      ring and the mounting part.
NUM  8.
PAR  8. A diaphragm drive apparatus according to claim 1, wherein the cam
      surface is provided on a second lever mounted for pivotal movement about a
      non-displaceable axis, said second lever operating the drive lever, said
      drive lever being formed as a two-armed intermediate lever mounted for
      pivotal movement about a non-displaceable axis, one arm of this drive
      lever being made in fork form, a two-armed diaphragm actuating lever
      engaging in the forked lever arm, the pivot of the two-armed
      diaphragm-actuating lever being displaceable in the direction of the
      optical axis according to the movement of a cam surface on the diaphragm
      preselector ring.
NUM  9.
PAR  9. A diaphragm drive apparatus according to claim 8, wherein the
      diaphragm-actuating lever carries a pin which engages the fork.
NUM  10.
PAR  10. A diaphragm drive apparatus according to claim 8, wherein the forked
      intermediate lever and the pivots of the intermediate lever and the drive
      lever lie in one line, this connecting line extending in the direction of
      the optical axis.
NUM  11.
PAR  11. A diaphragm drive apparatus according to claim 4, wherein the cam
      cylinder is displaceable in the direction of its axis of rotation by means
      of a bell-crank lever according to the movement of a control cam surface
      arranged on the diaphragm preselector ring.
NUM  12.
PAR  12. A diaphragm drive apparatus according to claim 4, wherein the rotation
      of the cam cylinder is effected by a rack on the plunger through a
      toothed-wheel gearing consisting of a toothed pinion, a toothed wheel and
      a further toothed pinion on the cam cylinder.
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ABST
PAL  Apparatus for developing exposed diazotype sheet material in which an
      accurately metered amount of liquid developer is applied to the sheet
      material by an applicator roller. The roller surface is essentially smooth
      and liquid developer is applied to the roller surface in an amount metered
      by a metering blade assembly which includes a flexible support member
      carrying a resilient backing layer which, in turn, carries a fine mesh
      screen held in contact with the smooth surface of the roller. A sheet of
      smooth, essentially continuous material is interposed between the screen
      and the roller surface when the apparatus is not in use and is retracted
      to enable direct contact between the screen and the roller surface when
      the apparatus is in use.
BSUM
PAR  The present invention relates generally to diazotype developing apparatus
      and pertains, more specifically, to a liquid metering arrangement for
      applying an accurately determined amount of liquid developer to a sheet of
      exposed diazotype material.
PAR  Recent developments in diazotype developing apparatus have emphasized the
      desirability of applying well-controlled, very small amounts of liquid
      developer to sheets of exposed diazotype material for the convenient
      production of immediately usable copy.
PAR  One scheme in present use for attaining such copy is to apply the liquid
      developer to the sheet of exposed diazotype material with an applicator
      roller having a resilient surface including random small depressions.
      Liquid developer is applied to the roller surface in excess of the desired
      amount and the excess fluid is wiped or scraped from the surface, leaving
      behind, within the random depressions, only the desired small amount of
      developer which is to be applied to the sheet. It is immediately apparent
      that control of the amount of liquid thus applied is a direct function of
      the size and number of the depressions in the roller surface and accuracy
      is obtained only through careful control in the manufacture of the roller
      applicator.
PAR  It would be advantageous to be able to attain accurate control of the
      amount of liquid developer applied to exposed sheets of diazotype material
      using a roller applicator, but independent of any particular requirements
      for depressions in the roller surface.
PAR  It is therefore an object of the invention to provide a diazotype
      developing apparatus with a liquid metering arrangement which applies
      accurately determined small amounts of liquid developer to an applicator
      roller, the surface of which is essentially smooth, and which, in turn,
      applies the liquid evenly to exposed diazotype sheet material.
PAR  Another object of the invention is to provide a diazotype developing
      apparatus with a liquid metering arrangement in which a metering blade
      assembly includes a fine mesh screen in contact with an essentially
      smooth-surfaced roller applicator for accurately controlling the amount of
      liquid developer placed on the roller surface and applied by the roller to
      exposed diazotype sheet material.
PAR  Still another object of the invention is to provide apparatus of the type
      described and in which the metering blade assembly includes a layer of
      resilient material beneath the fine mesh screen for added control of the
      amount of liquid developer applied to the roller surface and for
      resiliently conforming the screen to the contour of the roller surface
      along a limited area thereof.
PAR  A further object of the invention is to provide apparatus of the type
      described and in which a sheet of smooth, essentially continuous material
      is interposed between the fine mesh screen and the roller surface when the
      apparatus is not in use and is retracted to enable direct contact between
      the screen and the roller during use.
PAR  A still further object of the invention is to provide a relatively simple
      and economically manufactured liquid metering arrangement for applying
      accurately determined small amounts of liquid developer to exposed
      diazotype sheet material in a diazotype developing apparatus.
PAR  The above objects, as well as still further objects and advantages, are
      attained by the invention which may be described briefly as an apparatus
      for developing exposed diazotype sheet material by applying a
      predetermined amount of liquid developer to the sheet material, the
      apparatus comprising a frame, an applicator roller mounted for rotation in
      a given direction upon the frame, the roller having a generally
      cylindrical surface, a metering blade assembly mounted upon the frame and
      urged against the surface of the applicator roller, means for supplying
      liquid developer at a first area of the roller surface located before the
      metering blade assembly in a direction opposite to the given direction,
      and means for urging the sheet material against a second area of the
      roller surface located beyond the metering blade assembly in the given
      direction, the metering blade assembly including a fine mesh screen biased
      into direct contact with a portion of the roller surface between the first
      and second areas for metering the supplied liquid developer to establish
      an accurately determined amount of liquid developer upon the surface of
      the roller as the surface passes across the screen.
DRWD
PAR  The invention will be more fully understood, while still further objects
      and advantages will become apparent, in the following detailed description
      of preferred embodiments of the invention illustrated in the accompanying
      drawing, in which:
PAR  FIG. 1 is a largely diagrammatic, transverse cross-sectional view of a
      diazotype developing apparatus constructed in accordance with the
      invention;
PAR  FIG. 2 is a largely diagrammatic, partially cut-away plan view of the
      apparatus; and
PAR  FIG. 3 is a very much enlarged cross-sectional view taken along line 3--3
      of FIG. 1 or, alternately, in another embodiment of the invention, taken
      along line 3A--3A of FIG. 2.
DETD
PAR  Referring now to the drawing, and especially to FIGS. 1 and 2 thereof,
      there is illustrated, largely diagrammatically, a diazotype developing
      apparatus 10 for developing exposed diazotype sheet material which follows
      a path of travel 12 through apparatus 10. Apparatus 10 includes a frame 14
      upon which the major working components of the apparatus are mounted.
      Thus, an applicator for applying liquid developer to the exposed diazotype
      sheet material is shown in the form of an applicator roller 16 carried by
      a shaft 18 which is journalled for rotation in frame 14 and carries a
      drive pulley 20 (see FIG. 2) ordinarily driven by an electric motor (not
      shown) to rotate the applicator roller 16 in a clockwise direction, as
      indicated by the arrow in FIG. 1.
PAR  Means, shown in the form of a resilient guide blade 22 mounted upon the
      frame 14, is provided for urging the diazotype sheet material against the
      surface 24 of the applicator roller 16 at area 26 of surface 24 in such a
      manner that the sheet material is driven by the roller 16 along the path
      of travel 12 in the direction indicated by arrowheads in FIG. 1.
PAR  Means is also provided for applying a liquid developer to the surface 24 of
      the applicator roller 16 and is seen to include a reservoir 28 of liquid
      developer 30, mounted upon the frame 14, and a pump 32 for delivering the
      liquid developer 30 through an inlet tube 34 to a tray 36 located adjacent
      the applicator roller 16. The tray 36 is carried by a bracket 38, also
      mounted upon the frame 14 in a manner which will be described in more
      detail below. Affixed to the bracket 38 is a metering blade in the form of
      metering blade assembly 40 which is urged against the surface 24 of
      applicator roller 16 and, together with tray 36, enables the liquid
      developer 30 to build up and establish a puddle 42 of liquid developer
      which wets the contacted surface area 44 of the roller surface 24. A
      sufficient volume of liquid developer 30 is supplied by pump 32 and inlet
      tube 34 to maintain a puddle 42 large enough to place an adequate amount
      of liquid developer 30 at the surface area 44 of the applicator roller 16.
      As best seen in FIG. 2, the liquid developer 30 overflows over the ends 46
      of tray 36 and drops down, as shown in FIG. 1, by gravity, into a trough
      48 and thence through a drain 50 back into the reservoir 28.
PAR  The metering blade assembly 40 is located between the wetted surface area
      44 of the roller surface 24 and the sheet material contact area 26 of the
      roller surface 24 in order to enable the metering blade assembly 40 to
      establish an accurately determined amount of liquid developer upon the
      surface of the roller and to enable the roller to apply only a
      predetermined desired amount of liquid developer to the diazotype sheet
      material. The cooperation between the metering blade assembly and the
      surface of the roller becomes very critical where it is desired to apply
      very small amounts of accurately measured liquid developer to the sheet
      material.
PAR  It has been suggested that such very small amounts of liquid can be
      measured accurately by providing the roller surface with randomly formed
      small depressions which will become filled with the appropriate amount of
      liquid, any excess liquid being scraped from the remainder of the roller
      surface by a relatively smooth metering blade making intimate contact with
      the roller.
PAR  In the present apparatus 10, the roller 16 is provided with a somewhat
      resilient cover 52 with a relatively smooth surface 24. Preferably,
      surface 24 is as smooth a surface, i.e., free of depressions, as can be
      obtained economically. The metering blade assembly 40 then operates to
      meter the liquid developer to establish accurately the appropriate amount
      of liquid developer upon the surface of the roller, as the roller surface
      emerges from contact with the metering blade assembly, by virtue of the
      composite structure of the metering blade assembly, which is best
      illustrated in FIG. 3. Thus, the composite structure of the metering blade
      assembly 40 includes a resiliently flexible support member 56 which
      carries a resilient backing member in the form of resilient layer 58
      which, in turn, carries a fine mesh screen 60. The screen 60 is urged
      against the surface 24 of the applicator roller 16 along portion 62 of
      that surface with a biasing force just great enough to enable retention of
      the appropriate amount of liquid developer on the surface of the roller.
      The resilient backing layer 58 enables the screen 60 to be conformed
      somewhat to the portion 62 of the roller surface 24 for optimum metering.
PAR  Preferably, the flexible support member is constructed of a durable,
      resilient material, such as spring steel, and may be thin relative to the
      resilient backing layer which preferably is constructed of a foam plastic
      material, such as a closed cell Neoprene foam. The screen is thinner than
      either the flexible support member or the resilient backing layer and
      preferably is woven from filaments of relatively hard material, preferably
      in the form of a synthetic resin material such as nylon or a metallic
      material such as stainless steel. In a typical metering blade assembly 40,
      the flexible support member 56 has a thickness of 0.005 inch, the
      resilient backing layer a thickness of 0.060 inch and the screen 60 has a
      thickness of 0.0025 inch.
PAR  As best seen in FIG. 3, where the screen 60 is woven from filaments 64,
      small passages 66 are created which enable the metering blade assembly 40
      to meter the liquid developer accurately and this provides the desired
      small amounts of liquid developer to the roller surface which then carries
      the appropriate amount of liquid developer to the diazotype sheet
      material. By employing different diameter filaments 64 and different
      filament spacing, the amount of liquid developer allowed to remain on the
      surface of the roller may be varied. Woven materails found suitable for
      use as screen 60 in the metering blade assembly 40 are chosen by "mesh",
      which indicates the number of filaments per inch, and "opening" or wire
      diameter" either of which designates the size of the opening formed by the
      weave of a particular mesh size. Since the screen 60 preferably is woven
      in the form of orthogonal filaments 64, the opening is a square or
      rectangular opening. Table A below indicates typical rates of application
      of liquid developer obtained with various nylon screens while Table B
      indicates application rates available with stainless steel screens. All
      application rates are based upon a linear speed of the diazotype sheet
      material of 12 feet per minute.
TBL                TABLE A                                                     
     ______________________________________                                    
     NYLON SCREEN                                                              
     ______________________________________                                    
     Mesh       Opening     Application Rate                                   
                (Microns)   (Grams/Square Meter)                               
     ______________________________________                                    
     170        88          5.0                                                
     200        74          4.0                                                
     230        62          3.6                                                
     270        53          3.3                                                
     325        44          2.9                                                
     400        37          2.5                                                
     517 .times. 412                                                           
                 7          1.6                                                
     ______________________________________                                    
TBL                TABLE B                                                     
     ______________________________________                                    
     STAINLESS STEEL SCREEN                                                    
     ______________________________________                                    
     Mesh      Wire Diameter Application Rate                                  
               (Inches)      (Grams/Square Meter)                              
     ______________________________________                                    
     200       0.0021        12.3                                              
     250       0.0016        7.1                                               
     325       0.0011        5.4                                               
     ______________________________________                                    
PAR  The application rate with any particular mesh screen can be varied within a
      narrow range by selectively adjusting the biasing force with which the
      screen is urged against the surface of the applicator roller. For example,
      the application rate obtained with the 250 mesh stainless steel screen set
      forth in Table B above can be varied over the range of 5.8 to 8.7 grams
      per square meter depending upon the biasing force employed. An increase in
      the biasing force decreases the rate of application as a result of the
      screen becoming more embedded in the resilient backing layer with a
      concomitant decrease in the area available for passing liquid developer
      along the roller surface. In this manner, an overlap of ranges is
      available among different mesh screens enabling the selection of an
      infinite number of application rates. As seen in FIG. 1, means for
      selectively adjusting the biasing force is provided by the way in which
      bracket 38 is mounted upon the frame 14. Thus, bracket 38 includes a web
      70 through which a pin 72 passes to mount the bracket 38 for pivotal
      movement about pin 72 relative to the frame. An arcuate slot 74 in the web
      70 receives a clamping screw 76 threaded into the frame. Upon loosening of
      screw 76, web 70, and bracket 38, can be swung around pin 72 to move
      metering blade assembly 40 toward or away from the applicator roller 16,
      thereby varying the flexure of flexible support member 56 and the biasing
      force with which screen 60 is urged against the surface 24 of roller 16.
      Tightening of screw 76 will clamp the bracket in place at a selected
      position corresponding to a selected biasing force.
PAR  The wetting and self-leveling properties of the developer fluid, together
      with the large number of very small passages provided by the screen enable
      the liquid developer to form a suitable thin film over the roller surface
      24 between the portion 62 and the area 26 for even application to the
      diazotype sheet material.
PAR  Application rate may be varied with any chosen screen by changing the
      orientation of the screen relative to the roller surface. Thus, in the
      cross-section taken along line 3--3 of FIG. 1, the orthogonal filaments 64
      are oriented parallel to and perpendicular to the longitudinal axis L of
      the cylindrical surface 24 of applicator roller 16. In the alternate
      embodiment illustrated by the cross-section taken along line 3A--3A of
      FIG. 2, the filaments 64 are oriented at 45.degree.to the axis L. All
      other parameters remaining equal, a higher application rate is attained
      where the filaments of the screen are oriented parallel ad perpendicular,
      as in the former illustration, while a lower application rate is attained
      where the filaments are oriented diagonally, as in the latter
      illustration.
PAR  Returning now to FIGS. 1 and 2, it has been noted that when apparatus 10 is
      not in use and remains as rest, the pressure of the screen 60 against the
      resilient cover 52 of the stationary roller 16 tends to form minute
      temporary impressions in the surface 24 of the roller. While these
      impressions will tend to work themselves out once the apparatus is started
      and roller 16 is rotated, the presence of the impressions causes the
      apparatus to emit objectionable noises in the initial stages of operation.
      In order to eliminate such noises, apparatus 10 is provided with means for
      precluding the formation of unwanted impressions in the roller surface 24
      due to the pressure of the screen 60.
PAR  Thus, a sheet 80 of relatively hard, flexible material is affixed to a
      support 82 which is mounted upon a shaft 84 journalled in the frame 14. An
      arm 86 connects the shaft 84 to a link 88 pinned to a crank 90. The crank
      90 may be rotated through one-half a revolution to move the crank between
      a first position, where the link 88, the arm 86 and the support 82 are in
      the position shown in phantom in FIG. 1, to place sheet 80 between the
      metering blade assembly 40 and the roller surface 24, and a second
      position, where the link, arm and support are in the position shown in
      full lines in FIG. 1 and the sheet 80 is withdrawn from between the
      metering blade assembly and the roller surface. Thus, in the first
      position of the sheet 80, the sheet is interposed between the screen 60
      and the cover 52 of the roller, while in the second position of the sheet
      80, the sheet is withdrawn and the screen 60 can engage the cover 52.
PAR  When the apparatus 10 is not operating, the crank is moved to the first
      position and the sheet 80 is interposed between the screen 60 and the
      roller surface 24. At least the upper surface 92 of sheet 80, which
      confronts and contacts roller surface 24, is relatively smooth and
      continuous and the material of sheet 80 is hard enough to preclude the
      formation of impressions upon the surface of the roller by the screen when
      the sheet is thus interposed. When apparatus 10 is to be operated, the
      crank is rotated to the second position and the sheet 80 is withdrawn to
      enable normal operation of the apparatus.
PAR  An added advantage attained by insertion of sheet 80 between the metering
      blade assembly 40 and the roller 16 upon completion of the operation of
      apparatus 10 is that the sheet will tend to expell any foreign matter
      which may have accumulated between the metering blade assembly and the
      roller during use.
PAR  Sheet 80 is best fabricated from a semi-rigid material which presents the
      appropriate surface quality and enables the desired insertion while
      permitting the necessary flexure. A suitable sheet 80 has been fabricated
      of a synthetic resin material such as a polyester resin.
PAR  Guide blade 22 preferably is grooved along the surface 94 thereof which
      confronts the roller surface 24, with grooves 96 oriented generally
      parallel with the direction of movement of the roller surface, as viewed
      at the guide blade, the grooves 96 being open to the roller surface 24,
      all as seen in FIG. 2. Thus, during those periods when apparatus 10 is
      operated with roller 16 rotating and with no sheet of diazotype material
      passing between the guide blade 22 and the roller surface 24, the liquid
      developer which ordinarily would be applied to the sheet of diazotype
      material can pass through the grooves 96 and an unwanted excessive amount
      of liquid developer will not accumulate in the entrance 98 to the nip
      between the guide blade and the roller surface.
PAR  It is to be understood that the above detailed description of embodiments
      of the invention are provided by way of example only. Various details of
      design and construction may be modified, without departing from the true
      spirit and scope of the invention, as set forth in the appended claims.
CLMS
STM   The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for developing exposed diazotype sheet material by applying a
      predetermined amount of liquid developer to the sheet material, said
      apparatus comprising:
PA1  a frame;
PA1  an applicator roller mounted for rotation in a given direction upon the
      frame, said roller having a generally cylindrical surface;
PA1  a metering blade assembly mounted upon the frame and urged against the
      surface of the applicator roller;
PA1  means for supplying liquid developer at a first area of the roller surface
      located before the metering blade assembly in a direction opposite to said
      given direction; and
PA1  means for urging the sheet material against a second area of the roller
      surface located beyond the metering blade assembly in said given
      direction;
PA1  said metering blade assembly including a fine mesh screen biased into
      direct contact with a portion of the roller surface between the first and
      second areas for metering the supplied liquid developer to establish an
      accurately determined amount of liquid developer upon the surface of the
      roller as the surface passes across the screen.
NUM  2.
PAR  2. The invention of claim 1 wherein the metering blade assembly includes:
PA1  a flexible support member; and
PA1  a resilient backing member carried by the support member;
PA1  said fine mesh screen being carried by the resilient backing member and
      being resiliently urged against said portion of the roller surface by the
      resilient backing member.
NUM  3.
PAR  3. The invention of claim 1 wherein the roller surface is essentially
      smooth.
NUM  4.
PAR  4. The invention of claim 3 wherein the means for urging the sheet material
      against the second area of the roller surface includes a guide blade
      having a surface confronting the roller surface and grooves in said guide
      blade surface oriented generally parallel to the direction of movement of
      said second area of the roller surface and open to the roller surface.
NUM  5.
PAR  5. The invention of claim 1 including means for selectively varying the
      force with which the screen is biased into contact with the roller
      surface.
NUM  6.
PAR  6. The invention of claim 1 wherein the roller surface is essentially
      smooth and the metering blade assembly includes:
PA1  a flexible support member; and
PA1  a resilient backing member carried by the support member;
PA1  said fine mesh screen being carried by the resilient backing member and
      being resiliently urged against said portion of the roller surface by the
      resilient backing member.
NUM  7.
PAR  7. The invention of claim 6 wherein the screen is fabricated of a material
      which is harder than the resilient backing member.
NUM  8.
PAR  8. The invention of claim 7 wherein the backing member is fabricated of a
      closed cell foam plastic material.
NUM  9.
PAR  9. The invention of claim 7 wherein the screen is a woven material having
      orthogonal filaments.
NUM  10.
PAR  10. The invention of claim 9 wherein the screen is oriented relative to the
      cylindrical surface of the roller such that some of the filaments are
      parallel to the longitudinal axis of the cylindrical surface while others
      are perpendicular to said axis.
NUM  11.
PAR  11. The invention of claim 9 wherein the screen is oriented relative to the
      cylindrical surface of the roller such that the filaments make an angle of
      about 45.degree. with the longitudinal axis of the cylindrical surface.
NUM  12.
PAR  12. The invention of claim 9 wherein the filaments are fabricated of a
      synthetic resin material, such as nylon.
NUM  13.
PAR  13. The invention of claim 9 wherein the filaments are fabricated of a
      metallic material, such as stainless steel.
NUM  14.
PAR  14. The invention of claim 1 including:
PA1  a sheet having at least one surface which is relatively smooth and
      continuous; and
PA1  means mounting the sheet upon the frame for movement between a first
      position, wherein the sheet is interposed between the screen and the
      surface of the roller, with said one surface of the sheet confronting the
      surface of the roller, and a second position, wherein the sheet is
      withdrawn from between the screen and the surface of the roller;
PA1  the sheet being hard enough to preclude the formation of unwanted
      impressions upon the surface of the roller by the screen when the sheet is
      in the first position.
NUM  15.
PAR  15. Apparatus for developing exposed diazotype sheet material by applying a
      predetermined amount of liquid developer to the sheet material, said
      apparatus comprising:
PA1  a frame;
PA1  an applicator roller mounted for rotation in a given direction upon the
      frame, said roller having a generally cylindrical surface;
PA1  a metering blade mounted upon the frame and urged against the surface of
      the roller;
PA1  means for supplying liquid developer at a first area of the roller surface
      located before the metering blade in a direction opposite to said given
      direction;
PA1  means for urging the sheet material against a second area of the roller
      surface located beyond the metering blade in said given direction;
PA1  a sheet having at least one surface which is relatively smooth and
      continuous; and
PA1  means mounting the sheet upon the frame for movement between a first
      position, wherein the sheet is interposed between the metering blade and
      the surface of the roller, with said one surface of the sheet confronting
      the surface of the roller, and a second position, wherein the sheet is
      withdrawn from between the metering blade and the surface of the roller;
      the sheet being hard enough to preclude the formation of unwanted
      impressions upon the surface of the roller by the metering blade when the
      sheet is in the first position.
NUM  16.
PAR  16. The invention of claim 15 wherein the sheet is fabricated of a
      synthetic resin material, such as a polyester resin.
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ABST
PAL  A majority charge carrier semiconductor structure including a relatively
      heavily doped n type support layer, a second n type layer formed on the
      support layer and having a relatively light doping, a p layer formed on
      the second n layer, and a third n type layer having a relatively heavy
      doping formed atop the p layer. When voltage means is applied between top
      and support layers principal current flow is by majority charge carriers
      in either direction determined by the polarity of a pre-determined
      voltage. Current flow occurs substantially below the critical electric
      field, and free of avalanche multiplication or tunneling. In alternate
      embodiments the doping impurity concentration may be varied to alternately
      provide a device wherein the magnitude of voltage reference which
      determines current flow in one direction or in the opposite direction may
      be symmetrical, asymmetrical or highly asymmetrical.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Although rectifiers and voltage reference semiconductor structures
      heretofore have been provided, operation has been via minority charge
      carriers having prolonged carrier life time and high junction capacitance.
      There is a need for rectifier and voltage reference semiconductor devices
      which function principally via majority carriers, and further a need for
      such devices which can be integrated with other integrated circuit
      technology.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  The majority carrier semiconductor structure comprises a relatively heavily
      doped n type support layer, a second n layer having a relatively light
      doping formed on the support layer, a p layer formed on the second n
      layer, and a third n type layer having a relatively heavy doping formed
      atop the p layer. Voltage means applied to the structure produces, in a
      first embodiment, an asymmetrical voltage-current relationship for current
      flow in one direction as compared to the voltage-current relationship for
      current flow in the opposite direction. Alternate embodiments may provide
      symmetrical voltage-current relationships and compatibility of the
      structure with integrated circuit technology.
PAR  In general, it is an object of the present invention to provide a majority
      carrier semiconductor structure.
PAR  Another object of the invention is to provide a semiconductor structure
      which can be utilized for performing functions previously performed by
      rectifier and voltage reference diodes.
PAR  Another object of the invention is to provide a semiconductor structure
      which realizes principal current flow via majority charge carriers.
PAR  Another object of the invention is to provide a new semiconductor device
      useful as a discrete component and alternatively as an integral portion of
      an integrated circuit.
PAR  Additional objects and features of the invention will appear from the
      following description of the preferred embodiments, as hereinafter set
      forth.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1a-h shows an idealized model of the invention including operational
      characteristics of the device.
PAR  FIGS. 2a-h is an idealized model of the present invention having a p layer
      impurity concentration suitably graded and operational characteristics for
      the device.
PAR  FIGS. 3a-g shows an isometric view of the structure and cross sectional
      views of the processing steps for a first embodiment of the invention.
PAR  FIGS. 4a-f shows an isometric view of the structure and cross-sectional
      views of the processing steps for a second embodiment of the invention.
PAR  FIGS. 5a-h shows cross-sectional views of the structure and the processing
      steps for an embodiment of the invention compatible with conventional
      integrated circuit processing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1a, an idealized model of the invention is shown
      including an n+ layer 11 having a corresponding impurity concentration 11'
      as shown in FIG. 1b. An n- layer 12 has a corresponding impurity
      concentration 12', a p layer 13 has a corresponding impurity concentration
      13'. A n++ layer 14 has a corresponding impurity concentration 14'. Layer
      11 may be 11/3 microns in thickness, layer 12 4 microns, layer 13 1 micron
      and layer 14 12/3 microns. Voltage means 16 includes a center tapped
      voltage source 17 and output control 18. A first output terminal of
      voltage means 16 is connected to the ground and is also connected to the
      n+ layer 11. A second output terminal of voltage means 16 is connected to
      n++ layer 14.
PAR  When the voltage means 16 is adjusted to provide a positive voltage to
      layer 14 and with respect to ground the resulting current flow produces
      the following operation. The depletion layer at the layer 14-layer 13
      interface begins to form as the voltage is increased. As between the two
      layers 13 and 14, the n++ layer 14 has a relatively high doping
      concentration and thus the depletion layer spreads mainly into the p layer
      13. As the voltage means 16 is further increased only negligible steady
      state current flow occurs until the p layer 13 is fully depleted.
PAR  As voltage means 16 is further increased a voltage level is reached wherein
      the p region 13 is fully depleted and significant current flow is about to
      occur. At this point the potential across the p type layer 13, the
      space-charge conducting region, is equal to and opposite the voltage means
      16 output voltage. This voltage is shown as V.sub.cfl in FIG. 1e.
      Corresponding to this applied voltage, FIG. 1c shows the charge
      distribution .rho..sub.cfl and .xi..sub.cfl in FIG. 1d shows the
      corresponding electric field distribution. FIGS. 1c-e pictorially depict
      the classical Poisson's equation interrelationship of .rho..sub.cfl,
      .xi..sub.cfl and V.sub.cfl, that is, for a one dimensional situation:
      ##EQU1##
      where .epsilon. is the relative permittivity and .epsilon..sub.o is the
      dielectric constant of free space. Integrating this expression the
      resulting .xi. field is obtained and has a peak value of:
      ##EQU2##
      The potential function V(x) is equal to -.intg..xi.(x)dx. A further
      integration results in a parabolic potential function V having a maximum
      value of
      ##EQU3##
      where V.sub.j is the magnitude of the reverse voltage supported by the
      depletion layer and assuming that the ohmic drops in the bulk regions are
      negligible in comparison. Further the total width of a depletion layer
      extending into a p region at a P-N junction where the N region is
      infinitely highly doped with respect to the p region may be expressed as
      ##EQU4##
PAR  Where X.sub.o = X.sub.p = width of the depletion layer, in centimeters,
      V.sub.j = voltage across the depletion layer, in volts, N.sub.a = acceptor
      concentration, in atoms per cubic centimeters, .epsilon..sub.o =
      dielectric constant of free space (8.85X10.sup.-.sup.14 farad/cm),
      .epsilon. = relative permittivity in silicon of 12,q = electron charge
      (1.6X10.sup.-.sup.19 coulomb).
PAR  The maximum value of V.sub.cfl in FIG. 1e is shown by an amplitude of nine
      divisions which corresponds to the area under .rho..sub.cfl equivalent to
      nine squares, and .xi..sub.cfl has a peak which is represented by six
      divisions which correspond to the area under .rho..sub.cfl of six squares.
      The expressions as shown may be conventionally described as a definite
      integral relationship having appropriate boundary conditions and could be
      readily expressed mathematically. However the theory of operation of the
      device may be more readily understood by visual comparison and graphical
      analysis of the magnitudes.
PAR  A further increase in the voltage means 16 produces a current flow which
      cannot be further supported by the depletion region and consequently
      appears as an increase in the circuit loop current in a conventional
      Childs-law and Ohms-law relationships.
PAR  From the above it is clear that the principal current flow within the
      semiconductor structure is via majority charge carriers. Further it is
      clear that the current flow is not via minority charge carriers due to
      diffusion under the influence of the concentration gradient.
PAR  By way of further example, if layer 11 instead of being connected directly
      to ground was alternately connected via a capacitor to ground (not shown)
      then the theory of current flow becomes clear. The capacitor would charge
      to a voltage equal to the voltage means 16 applied to the circuit less the
      V.sub.cfl voltage appearing across the p layer. When voltage means 16 is
      adjusted current flow reestablishes the charge differential and then
      ceases when equilibrium is reached.
PAR  Still referring to FIG. 1a, when voltage means 16 is adjusted to provide a
      negative voltage at its output terminal, also connected to the n++ layer
      14 and negative with respect to ground which is also connected to the n+
      layer 11, then operation with current flow in the opposite direction is
      evident. As voltage means 16 is adjusted to become increasingly negative a
      depletion layer at the p layer 13, and n- layer 12 interface begins to
      form, FIG. 1f. Further, because of the relative doping between the p and
      n- regions the depletion layer extends within the n- region approximately
      twice as far as the corresponding layer extends within the p layer 13.
      Referring to FIG. 1f, a further increase in voltage means 16 continues to
      further deplete the p layer. At the point where the p layer is fully
      depleted, FIG. 1f shows the relative distribution between the p and n-
      layers. FIG. 1g shows the corresponding magnitude and distribution of the
      electric field, and FIG. 1h shows the applied potential across the p and
      n- layers, V.sub.brl. This voltage V.sub.brl is equal to the area under
      the .xi..sub.brl distribution of FIG. 1g. Again FIGS. 1f-h pictorially
      depict the classical Poisson's equation interrelationship of
      .rho..sub.brl, .xi..sub.brl and V.sub.brl wherein the maximum value of
      V.sub.brl in FIG. 1h is shown having an amplitude of 27 divisions which
      corresponds to the area under V.sub.brl or 27 squares and .xi..sub.brl has
      a peak which is represented by six divisions which correspond to the area
      under .rho..sub.brl.
PAR  At this point the operation of the semiconductor structure is apparent. The
      total charge in the p layer 13 is equal for current flow in either
      direction as shown in FIGS. 1c and 1f, and the corresponding maximum value
      of the respective electric fields .xi..sub.cfl and .xi..sub.brl are also
      equal. However the blocking voltage V.sub.brl is three times as large as
      the respective voltage V.sub.cfl. Thus it is readily apparent that the
      increase in V.sub.brl results from causing the depletion layer to form
      between the p layer 13 and the n- layer 12. In contrast, current flow in
      the opposite direction has produced, at the n++ layer 14 and p layer 13
      interface, a depletion layer almost entirely within the p layer 13. Thus
      by causing the depletion layer to form at and within opposite interfacing
      layers in combination with the p layer 13, a two terminal device is shown
      having voltage-current transfer characteristics depending on the direction
      of current flow through the device.
PAR  Further, it is also apparent that a new and unique device provides
      rectification with operation via majority charge carriers within a
      semiconductor structure having asymmetrical layers of one conductivity
      type and a fully depleted layer of opposite conductivity type disposed
      therebetween.
PAR  Referring to FIGS. 2a- h, a semiconductor structure is shown in accord with
      the present invention wherein asymmetry has been further enhanced, by a
      factor of more than 6, by use of a suitably shaped doping profile.
      Referring to FIG. 2a, an idealized model of the invention having enhanced
      asymmetry is shown including an n+ layer 31 having a corresponding
      impurity concentration 31' as shown in FIG. 2b. An n- layer 32 has a
      corresponding impurity concentration 32', a p+-layer 33 has a
      corresponding impurity concentration 33'. A n++ layer 34 has a
      corresponding impurity concentration 34'. Voltage means 36 includes a
      center tapped voltage source 37 and output control 38. The first output
      terminal voltage means 36 is connected to ground and also connected to the
      n+ layer 31. A second output terminal of voltage means 36 is connected to
      n++ layer 34. Referring to FIG. 2b, an impurity concentration 33' within
      layer 33, is shown having an impurity concentration which changes from p+
      at the layer 34-33 interface to p- as the layer 33-layer 32 interface is
      approached. The doping profile within space charge conducting layer 33
      further enhances the semiconductor structure asymmetry as will be
      hereinafter apparent. FIGS. 2c-e show the .rho..sub.cf2 charge
      distribution, .xi..sub.cf2 electric field distribution and V.sub.cf2
      appearing across the p+ -layer 33. For purposes of comparison of the FIG.
      1 and FIG. 2 structures V.sub.cf2 has been adjusted to be equal to
      V.sub.cf1 as represented by nine divisions on the voltage scale.
PAR  Referring to FIGS. 2f-h, the enhanced asymmetry of the structure becomes
      more readily apparent when the voltage means 36 is adjusted to provide a
      negative voltage at n++ layer 34 with respect to ground. At the point
      where the p+-region is fully depleted, the depletion region extends also
      into the n- layer 32 as is shown in FIG. 2f. The corresponding electric
      field is shown in .xi..sub.br2 having a maximum amplitude of nine
      divisions equal to the area under the .rho..sub.br2 charge distribution.
      The area under the .xi..sub.br2 of approximately 58.5 squares corresponds
      to the V.sub.br2 voltage of 58.5 divisions on the voltage scale.
PAR  In summary, it is readily apparent that providing a layer 33 p+-doping
      profile further enhances the asymmetry of the semiconductor structure, and
      provides an improved majority charge carrier device suitable for use as a
      rectifier or for similar asymmetrical applications.
PAR  It follows from the above that a semiconductor structure having a
      symmetrical voltage-current relationship for current flow in either
      direction may easily be fabricated. Either the n- regions 12 or 32 may be
      symmetrically disposed on each side of the p layer 13 or 33. Or on the
      other hand, n++ layers such as 14 or 34 may be symmetrically disposed on
      either side of p or p+-layers 13 and 33 respectively. The choice, of
      course, depends on the relative asymmetrical operational voltage desired.
      In such symmetrical operation the semiconductor structure could perform a
      circuit function analogous to voltage reference diode or a clipper, such
      as back-to-back Zener diodes. Similarly, although not as shown in FIGS. 1
      or 2, it may be advantageous to provide a contact to the p layer in either
      of the structures shown to provide a further control of charge-bias, and
      still maintain the fundamental operation as here described.
PAR  A first, discrete component embodiment of the invention is shown in FIG. 3a
      prior to the formation of metallization or other suitable contacts to the
      device.
PAR  To begin with, a silicon substrate 50, FIG. 3b, is selected having a
      support n++ layer 51 and a second n type layer 52 formed thereon, wherein
      respective layers 51 and 52 have the desired thickness and impurity
      concentration as previously discussed in conjunction with the FIGS. 2a and
      b idealized model. Next as is shown in FIG. 3c, p type impurities are
      diffused or otherwise formed in the top surface of layer 52 to form a p
      layer 53 having the desired impurity concentration and doping profile as
      previously discussed in conjunction with FIG. 2b. Next a masking and
      passivation layer 54 formed of an oxide of the substrate, such as silicon
      dioxide, is formed by conventional methods on the upper surface of the
      p+-layer 53 as shown in FIG. 3c. Windows such as 56 are subsequently cut
      in the passivation layer 54 and n-type impurities are formed, such as by
      deposition and diffusion or by ion implantation and thermal anneal to form
      n++ region 58, FIG. 3e. Next, a window 59 is cut in the passivation layer
      formed during the formation of region 58. Of course it is understood that
      if the passivation layer is not required, and the diffusion is made
      directly in the p+-layer 53, then this step may be omitted. Finally, a
      metal contact 61 is formed on the n++ region 58. Metal contact 61 may be
      formed by a conventional masking step and a subsequent metal deposition.
PAR  An alternate embodiment of the discrete component semiconductor structure
      may be formed as shown in FIGS. 4a-f. The processing steps are similar to
      the steps described in the FIG. 3 embodiment except that the p+-layer is
      formed into the entire upper surface of the n- layer. Briefly, FIG. 4a
      shows the completed structure prior to forming metallization or other
      contacts, wherein the substrate 70 of FIG. 4b includes an n+ support layer
      71 a second n type layer 72 doped n-, a p+-layer 73 is formed in the upper
      surface of layer 72 as shown in FIG. 4c, and finally as shown in FIG. 4d
      and n++ layer is formed in the upper surface of layer 73.
PAR  It is of course understood that in any of the processing steps shown in
      FIGS. 3, 4 and FIG. 5 hereinafter described, the formation of either n or
      p type layers in the silicon wafer, and particularly formation of the
      p+-layer may be through thermal deposition, diffusion or ion implantation
      or a combination of these techniques. It may prove advantageous to use a
      combination of the techniques to form the impurity profiles.
PAR  Still referring to FIG. 4, 4e shows the formation of a passivating layer 76
      such as silicon dioxide formed on the upper surface of layer 74, and the
      subsequent steps of forming a window 77 in the passivating layer followed
      by the formation of the top metallization 78 contacting the n++ layer 74.
PAR  Referring to FIG. 4f plural semiconductor structures have been combined
      with metal bottom plates 79 and metal conducting and cooling plates or
      vanes 81 have been interposed between devices. The combination of plural
      devices series stacked and having interposed cooling vanes may be
      advantageous where high currents necessitate elevated junction
      temperatures, with series stacking being advantageous in high voltage
      applications.
PAR  Referring to FIGS. 5a-h an alternate embodiment and fabrication compatible
      with integrated circuit processing technology is shown. Referring to FIG.
      5b, a starting substrate having p impurities formed therein is used, a
      typical range for integrated circuit substrate resistivity being from 6 to
      25 ohm-cm. An oxidation and masking layer 92 is formed on the upper
      surface of substrate 91, windows 93 are opened to expose portions of the
      substrate 91 and a first n region 94 doped n+ is formed in the exposed
      area of substrate 91. Again region 94 may be thermally deposited or ion
      implanted and diffused as shown in FIG. 5b. This step is compatible with
      the conventional step of forming a buried layer in conventional integrated
      circuit processing. Next, layer 92 is removed and n-  layer 96 is formed
      on the upper surface of the wafer. Layer 96 may be formed by epitaxial
      deposition. Next an insulating layer 97 such as silicon dioxide is formed
      on the upper surface of layer 96, FIG. 5c. Windows 98 are opened in the
      insulating layer and the layer is used as a mask to form a p type
      isolation ring 99 extending from the upper surface of the wafer downward
      to contact the p substrate 91 thereby isolating the n-epitaxial region
      96a, FIG. 5d. This processing step is compatible with the conventional
      formation of isolation rings in integrated circuit processing.
PAR  Layer 97 is then removed and insulating and masking layer 101 is formed,
      and may be silicon dioxide. Next a window 102 is opened in layer 101
      positioned above the buried n+ layer 94 so that in n+ impurities when
      introduced will contact the buried n+ region 94, FIG. 5e. Next an n+
      region 103 is formed extending downward from the upper surface of the n-
      layer to contact the buried n+ layer 94. This step is compatible with the
      collector plug formation step in conventional integrated circuit
      processing.
PAR  Next layer 101 is removed and a layer 104 formed on the surface of the
      wafer. Windows 106 are formed in insulating layer 104 and positioned
      within the n- epitaxial region 96a enclosed by isolation ring 99. Next
      p+-regions are formed in the upper surface of the n-epitaxial region 96a
      using thermal or ion implanted deposition and diffusion, FIG. 5f. Next an
      additional insulating and masking layer 109 is formed on the exposed
      surface of p+-region 107 and a window 111 formed therein. Next an n++
      region 112 is formed entirely within region 107 such as by a thermal
      deposition or ion implantation and diffusion. Ion implantation offers a
      distinct advantage by virtue of the precision and accuracy of the
      deposition cycle. Windows 111 may be used for contacting the n++ region
      112. If the insulating or oxide layer 109 has regrown in window 111, then
      a new window 114 may be formed and a subsequent metallization step forms
      metal contacts 116, contacting the n++ region 112 and metal contact 117
      contacting the n+ region 103 and thereby n+ region 94, FIG. 5h. The series
      of steps as shown in FIG. 5g and 5h are compatible with the formation of
      the emitter and subsequent metallization steps in NPN integrated circuit
      processing.
PAR  It is apparent that the above impurity and doping processing sequence is
      compatible with NPN transistor processing technology. NPN processing is
      preferred as it provides a choice of slow and fast diffusing impurities
      such as antimony, arsenic and phosphorus, to form n-type layers with
      various impurity concentrations and doping profiles required in the
      present invention. In the alternative however, the present invention could
      readily be formed using conventional PNP transistor processing technology
      and likewise the invention could be made compatible with PNP integrated
      circuit processing steps. In such processing the FIGS. 1-5 structures and
      steps would be applicable with n and p conductivity materials and regions
      reversed.
PAR  Thus it is readily apparent from the foregoing that there has been provided
      a majority charge carrier semiconductor structure which may be utilized as
      a variable threshold rectifier or as a voltage reference semiconductor
      structure depending on the choice of impurity concentrations and doping
      profiles of the regions included within the device. The symmetrical
      voltage-current relationships may be provided for current flow in either
      direction and may perform a circuit function analogous to voltage
      reference diode or a clipper, such as back-to-back Zener diodes.
      Alternatively a slightly asymmetrical or highly asymmetrical
      voltage-current relationship may be selected for a rectifier or other
      applications where a high front-to-back voltage-current relationship is
      desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rectifier and reference structure utilizing majority charge carriers
      comprising: a one-conductivity support layer and means for making
      electrical contact to said support layer, a second one-conductivity layer
      having a concentration differing from and carried by the support layer, an
      opposite-conductivity layer carried by the second layer to form a first
      junction, a third one-conductivity layer carried atop the
      opposite-conductivity layer to form a second junction and means for making
      electrical contact to said third layer, said opposite-conductivity layer
      having a decreasing impurity concentration from said second junction to
      said first junction wherein the second one-conductivity,
      opposite-conductivity, and third one-conductivity layer impurity
      concentrations and the opposite-conductivity layer thickness are selected
      to form a first depletion region at said first junction, so that when
      voltage means of one polarity is applied between said contacts said
      structure opposes current flow until a voltage magnitude is reached which
      causes said first depletion region to extend through the predetermined
      thickness of the opposite conductivity layer to intercouple said second
      and third one-conductivity layers, said impurity concentrations being
      further selected to provide said first depletion region intercoupling
      before avalanche and Zener breakdown of said first junction, and wherein
      said one-conductivity, opposite-conductivity and third one-conductivity
      layers have impurity concentrations further selected to form a second
      depletion region at said second junction, so that when voltage means of
      opposite polarity is applied between said contacts said structure opposes
      current flow until a voltage magnitude is reached which causes said second
      depletion region to extend through said predetermined thickness of the
      opposite-conductivity layer to intercouple said second and third
      one-conductivity layers, said impurity concentrations being further
      selected to provide said second depletion region intercoupling before
      avalanche and Zener breakdown of said second junction.
NUM  2.
PAR  2. A structure as in claim 1 wherein said second one-conductivity, opposite
      conductivity and third one-conductivity layer impurity concentrations and
      said opposite-conductivity layer thickness are selected to provide a
      symmetrical current flow characteristic when voltage means is applied for
      equal voltage magnitudes of respective one and opposite polarities.
NUM  3.
PAR  3. A semiconductor structure as in claim 1 wherein said second
      one-conductivity, opposite-conductivity, and third one-conductivity layer
      impurity concentrations and the opposite-conductivity region thickness are
      selected to provide an asymmetrical current flow characteristic when a
      first voltage magnitude of one polarity is applied and when a second
      voltage magnitude of opposite polarity is alternately applied.
NUM  4.
PAR  4. A semiconductor structure as in claim 3 wherein said one-conductivity
      support layer has a thickness of approximately 11/3 microns and an
      impurity concentration of approximately 2.times.10.sup.19 impurity
      atoms/cm..sup.3, said second one-conductivity layer has a thickness of
      approximately 4 microns and an impurity concentration of 8.times.10.sup.14
      impurity atoms/cm..sup.3, said opposite-conductivity layer has a thickness
      of approximately 1 micron and an impurity concentration of
      4.times.10.sup.16 impurity atoms/cm..sup.3 and said third one-conductivity
      layer has a thickness of approximately 1 2/3 microns and an impurity
      concentration of 8.times.10.sup.19 impurity atoms/cm..sup.3.
NUM  5.
PAR  5. A semiconductor structure as in claim 1 wherein said
      opposite-conductivity decreases from approximately 2.times.10.sup.17
      impurity atoms/cm..sup.3 at said second junction to approximately
      4.times.10.sup.14 impurity atoms/cm..sup.3 at first junction.
NUM  6.
PAR  6. A rectifier and reference structure utilizing majority charge carriers
      and having first and second PN junctions comprising: a p type substrate
      having a surface, an n+ region formed in the substrate extending to said
      surface, an n- epitaxial layer formed on the upper surface of said
      substrate, a p+ isolation ring extending downward from the upper surface
      of said epitaxial layer to contact said p type substrate, said isolation
      ring positioned beyond the outer periphery of said n+ region, to form an
      n- enclosed epitaxial region, an n+ region extending downward from the
      upper surface of said layer to contact said n+ buried region formed in
      said substrate, a p+-region formed in the enclosed epitaxial region
      extending to the surface forming a second junction therewith having a
      corresponding depletion region, an n++ region formed and extending to the
      surface to form a first junction therewith having a corresponding
      depletion region, said p+-region having a decreasing impurity
      concentration from said second junction to said first junction, ohmic
      contacts to the exposed n++ and n+ region upper surfaces so that when
      voltage means of either one or the opposite polarity is applied between
      said contacts said structure opposes current flow until the voltage
      magnitude causes the corresponding depletion region to extend through said
      p+-layer to intercouple said n- layer and n++ region.
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ABST
PAL  A semiconductor device having a monocrystalline semiconductor layer
      provided on a surface comprising at least one region obtained by diffusion
      of a doping impurity whose width from the surface of the semiconductor
      layer in the direction of the substrate first increases and than decreases
      while the chemical composition of the semiconductor layer on the substrate
      side differs from that at the surface.
BSUM
PAR  The invention relates to a semiconductor device comprising a
      monocrystalline semiconductor layer which is provided on a substrate and
      in which at least one semiconductor circuit element is formed, which
      semiconductor layer comprises at least one region obtained by diffusion of
      a doping impurity, in which the width of said region, from the surface of
      the semiconductor layer in the direction of the substrate, locally
      increases and then decreases.
PAR  It is known that the diffusion of the impurities in a homogeneous
      monocrystalline semiconductor layer occurs in an isotropic manner.
PAR  The diffusion in the direction parallel to the surface is often undesired
      in cases where said diffusion restricts the miniaturisation of
      semiconductor devices having a large density of circuit elements, for
      example, in integrated circuits. The extent of said lateral diffusion at
      the surface determines at least partly the distance between adjacent
      components.
PAR  One of the objects of the invention is to manufacture monocrystalline
      semiconductor layers in which the diffusion of impurities in directions
      parallel to the surfaces of said layers, that is to say the lateral
      diffusion, can be restricted.
PAR  The invention is inter alia based on the use of the variation of the
      diffusion rate in a given semiconductor material as a function of the
      chemical composition of said material.
PAR  According to the invention, a semiconductor device of the type mentioned in
      the preamble is characterized in that the chemical composition of the
      semiconductor material of the layer on the side of the substrate differs
      from that at the surface. It was found that, in particular, an increased
      diffusion rate may occur in areas in which variations of the chemical
      composition of the semiconductor material are present.
PAR  For example, a diffused region may be formed in such a layer by local
      diffusion of a doping impurity from the surface of the monocrystalline
      semiconductor layer, said region having a cross-sectional shape of a pear.
      This shape is especially obtained in case of a gradual variation of the
      composition of the semiconductor material over at least part of the
      thickness of the layer.
PAR  Such a shape of the circumference of the diffused region is very
      advantageous; in case a certain minimal depth of the diffused region is
      required, said shape results in a minimum width of the diffused region in
      the immediate vicinity of the surface of the layer, that is to say at a
      level where generally most active or passive components of an integrated
      semiconductor device are formed. Said width at the layer surface may be
      especially small when, according to a preferred embodiment, the
      compositions in the layer are such, that, at a given temperature, the
      diffusion coefficient of the doping impurity in the semiconductor material
      of the layer is larger on the substrate side than at the surface.
PAR  In the case of a diffusion of insulating walls which serve for mutually
      separating islands in the layer in which islands afterwards separate
      circuit elements or combinations thereof are provided, the invention
      enables an increase of the effective area for said circuit elements and
      hence of their density per unit of surface area.
PAR  Another advantage of diffusion "in the form of a pear" is that, according
      to a preferred embodiment, it opens the possibility of interconnecting two
      or a larger number of adjacent diffused regions in the depth of the layer
      and thus the creation of islands in the said layer, which islands are
      entirely separated from each other and from the substrate by the said
      regions. This may be interesting in the case in which deep portions of the
      layer show structure faults which may cause electrical difficulties, for
      example, a poor insulation with the substrate supporting said layer.
      Furthermore, the nature, the structure or the electrical properties of the
      said substrate are less important.
PAR  It is often desirable to form semiconductor circuit elements in an area of
      constant composition. Also in such a case the invention may be applied by
      using a layer portion of constant composition at the surface of the layer,
      the composition variation proceeding from a certain depth underneath the
      surface downwards. The diffusion for forming the said pear-shaped region
      should be carried out through the upper layer portion of constant
      composition. In order to form semiconductor circuit elements one or more
      shallow diffusions may be carried out for forming at least one pn-junction
      entirely situated within the material of constant composition.
PAR  The method of manufacturing the semiconductor device according to the
      invention which also forms part of the said invention, is characterized in
      that an epitaxial semiconductor layer is deposited on an monocrystalline
      substrate, the composition of the depositing material being varied at
      least temporarily, a doping impurity being then diffused locally from the
      surface of the epitaxially deposited layer at least down to a depth where
      the composition of the semiconductor material varies.
PAR  Preferably the composition of the depositing material is gradually varied
      at least temporarily.
PAR  According to a further preferred embodiment the variation is carried out
      from a composition having a larger diffusion coefficient for the doping
      impurity to a composition having a smaller diffusion coefficient for said
      impurity when measured at the same temperature. In this manner the lateral
      diffusion in the semiconductor material immediately underneath the surface
      is lower than the diffusion according to a direction normal to the plane
      of the layer, that is tosay the vertical diffusion. Using the same
      temperature and time conditions, the same impurity which is diffused from
      the surface of the monocrystalline layer follows a track in said layer
      which is shorter according as its direction of movement encloses a smaller
      angle with the surface.
PAR  The result is that the width of the diffused region in the vicinity of the
      surface of the layer is small compared with what said width would be with
      the same depth of vertical diffusion if the lateral diffusion rate were as
      large as the vertical diffusion rate. Due to the method according to the
      invention a better positioning of the diffused regions at the surface is
      thus obtained so that the number of possible components in said layer can
      be larger.
PAR  Of course, the use of the invention makes it desirable to make a suitable
      choice of the impurity or of the impurities to be diffused in accordance
      with a suitable choice of the nature of the layer and the variation of the
      composition of said layer in its direction of thickness, it being possible
      to suitably combine the parameters so as to obtain the desired diffusion
      in the form of a pear. Evidently the compositions in the layer and the
      doping impurity are to be chosen such that it is possible to choose a
      suitable temperature for diffusing said impurity in the various materials
      applied whereas none of the semiconductor materials may form a melt at
      said temperature. For example, it is not well possible to diffuse the
      well-known donors of Group V and the acceptors of Group III of the
      Periodic Table of the elements into silicon at a temperature below the
      melting temperature of germanium. In principle, however, it may be
      possible to choose a limited composition range within the continuous range
      of compositions from elementary germanium until elementary silicon in
      which such an impurity may be diffused at a certain temperature in all
      materials having compositions within said limited composition range.
PAR  For a layer comprising, for example, ternary compositions according to the
      formula AB.sub.1.sub.-x C.sub.x, wherein A, B and C denote three chemical
      elements which can be united in the binary compounds AB and AC, which
      layer is provided epitaxially on a binary substrate consisting of the
      compound (AB), the doping impurity is preferably chosen to be so that its
      diffusion rate, at a given temperature, is larger in the binary compound
      AB than it is in the binary compound AC. In principle, the diffusion rate
      from the surface of the layer of the compound AB.sub.1.sub.-x C.sub.x may
      become larger according as the formula of said compound tends to AB, that
      is to say, that the diffusion rate can increase in principle according as
      the content of the element C in the said composition becomes lower.
PAR  In a preferred embodiment, a layer consists of semiconductor material of
      the III-V type having compositions of elements of the type A.sup.III,
      B.sup.V and C.sup.V, in which B.sup.V and C.sup.V may be phosphorus and
      arsenic, for example, indium, phosphorus and arsenic, which layer may be
      obtained by epitaxial growth from a substrate consisting of a binary
      compound of the type A.sub.III B.sub.V, for example indiumarsenide (InAs).
      At the surface the ternary compound has a composition which, according to
      said example, may be given by the formula InAs.sub.1.sub.-x P.sub.x. The
      diffusion rate of impurities such as zinc, cadmium or beryllium, becomes
      larger from the surface of the layer to the substrate because zinc,
      cadmium or beryllium have diffusion rates which are larger in indium
      arsenide than in indiumphosphide (InP). The invention has also been
      carried out successfully with compositions within the range GaAs-GaP.
DRWD
PAR  The invention will be described in greater detail with reference to the
      accompanying drawing in which the figures show diagrammatically parts of
      semiconductor devices according to embodiments of the invention.
PAR  FIG. 1 is a cross-sectional view showing diagrammatically the shape of a
      pair which is typical of a diffusion which has taken place from the
      surface in a semiconductor layer having a composition according to the
      invention.
PAR  FIG. 2 is a diagrammatic cross-sectional view which shows the case of the
      formation of insulating walls which bound islands in a semiconductor layer
      which are separated from each other, in which space saving has been
      obtained by using compositions of the said layer according to the
      invention.
PAR  FIG. 3 is a diagrammatic cross-sectional view of a type of structure which
      can be realized by using a semiconductor layer having a composition
      according to the invention.
DETD
PAR  It is to be noted that, for clarity, the correct dimensions and proportions
      are not respected in the various figures, in particular not in the
      direction of the depth of the semiconductor device.
PAR  FIG. 1 shows a part of a semiconductor layer 10 which is composed of at
      least two chemical elements which form a mixed crystal at least in a part
      of the layer, it being assumed that said layer shows no structural
      defects.
PAR  A given impurity has been diffused in the layer 10 from the surface 10A of
      said layer and via a window 11 in a masking layer 12 which otherwise
      covers the said layer 10 so as to form the diffused region 13.
PAR  According to this embodiment of the invention the chemical composition of
      the layer 10 varies as a function of the thickness of the said layer and
      the variation in question is such that the diffusion rate of the chosen
      impurity becomes larger from the surface 10A in the direction of the
      depth.
PAR  In the case which has been taken as an example for FIG. 1 the variation of
      the composition of the layer 10 is gradual. The various factors 14 show in
      different directions which are followed on an average by impurity atoms
      the maximum range of an impurity in a given diffusion time and in given
      circumstances. It is obvious that, if the requirements to be imposed
      according to the invention are satisfied in the choice of the composition
      of the layer and of the nature of the impurity, the modulus of a vector 14
      is the larger according to its direction encloses a larger angle with the
      surface 10A. In a diffusion direction parallel to the surface 10 the
      diffusion range is minimum and in a diffusion direction normal to the
      surface 10A the diffusion range is maximum.
PAR  For a composition of the layer 10 with gradual variation, the boundary 15
      of the vectors 14 (which corresponds to the shape of the boundary of the
      diffused region 13) has the shape of a pear as is shown in FIG. 1. In
      agreement with the principle of the invention, the width of the region 13
      from the surface 10A in the direction of depth first increases and then
      decreases.
PAR  For more abrupt composition variations of the layer 10 obtained in
      successive steps, instead of gradual composition variations, but also
      according to the principle underlying the invention, the shape of the
      boundary 15 would be more irregular but just as in the case of the pear
      shape the lateral diffusion rate on an average is smaller than the
      vertical diffusion rate.
PAR  An advantage of obtaining a diffused region 13 with a shape as shown in
      FIG. 1 will be explained with reference to FIG. 2.
PAR  This FIG. 2 relates, by way of example, to the case of the formation of
      mutually insulated islands in a semiconductor layer by local diffusion
      from the surface of said layer.
PAR  The semiconductor layer 20 which is to be divided into islands, is
      provided, for example, epitaxially on a substrate 28. The various chemical
      compositions of the layer 20 when a given impurity to be diffused is used
      satisfies the requirements of the invention.
PAR  Diffusion windows 21 have been manufactured in a masking layer 22 on the
      semiconductor surface.
PAR  With the diffusion process, regions 23 are formed the boundaries 25 of
      which have the shape of a pear as explained above, which regions 23 extend
      through the layer 20 down to in the substrate 28. The regions 23 form
      insulating walls which separate the islands 26 in the layer 20 from each
      other.
PAR  The same FIG. 2 shows in broken lines 27 the lateral boundary of the
      diffused regions in the case in which the layer 20 would have a given
      fixed composition throughout its thickness in which the diffusion would
      occur in an isotropic manner. Since the lateral diffusion rate in this
      latter case would be equal to the vertical diffusion rate, a strong
      reduction of the volume of each island 26 would be obtained for the same
      axial distance between two adjacent diffused regions. Whereas upon using a
      layer having a variable molecular composition according to the invention
      the horizontal distance at an island surface of the layer 10 between two
      adjacent insulating walls 23 is equal to AA.sub.1, said horizontal
      distance would be reduced to BB.sub.1 in the case of a layer of a fixed
      molecular composition through the thickness.
PAR  The use of the measures according to the invention makes it possible, for
      example, with a given diffusion depth either to manufacture islands 26
      having a larger effective area, or to arrange said islands closer
      together. By means of the invention a larger density of effective spaces
      can be obtained and miniaturisation can be stimulated.
PAR  FIG. 3 shows by way of example an embodiment of the semiconductor device
      according to the invention in which a very good insulation of islands is
      obtained which have been provided in an active semiconductor layer on the
      one hand between the said same islands mutually and on the other hand with
      the underlying substrate supporting the said active layer.
PAR  For example, as in the structure shown in FIG. 2, said active layer 30 is
      an epitaxial layer which is deposited on a substrate 38. In the present
      case the substrate 38 may be of the p-conductivity type, whereas the layer
      30 is of the n-conductivity type; it is obvious that this choice is not
      limitative of the present invention. In contrast with the case described
      with reference to FIG. 2, the conductivity type of the semiconductor
      substrate 38 need in this case not be opposite to the conductivity type of
      the epitaxial semiconductor layer 30.
PAR  Regions which form insulating walls 33 which separate the islands 36 in the
      layer 30 from each other have been manufactured in the epitaxial layer 30
      via windows in a diffusion mask layer 32 by diffusion of a p-type
      impurity. By using measures within the scope of the invention, as regards
      the varying chemical composition of the layer 30 and the choice of the
      diffused impurity for the separation walls 33, the said walls at their
      bases have widths which are larger than their widths at the surface of the
      said layer 30 in which they roughly have a pear-like cross-section.
PAR  In the structure shown in FIG. 3 the diffused regions or insulating walls
      33 mutually contact each other in common buried zones 39 in the depth of
      the layer 30, said zones extending down to in the substrate 38 where the
      diffused impurity also penetrates.
PAR  Said types of structure in which a complete insulation of the islands 36 by
      the regions 33 is obtained implies for a layer 30 of a given nature and a
      given diffusion impurity a maximum pitch between the diffusion windows for
      the formation of the regions 33 combined with a minimum thickness of the
      layer 30 to enable the formation of the common buried zones 39 in the said
      layer 30.
PAR  The connections of the insulating regions with the common buried zones 39
      make it possible to prevent that the islands 36 extends in the depth down
      to in the deep parts of the layer 30 adjoining the substrate 38. Said deep
      parts of the layer 30 have a considerably disturbed crystal structure,
      often inherent in a junction structure between two materials, in this case
      the materials of the substrate 38 and of the layer 30, with generally
      different lattice distances. The hetereogeneity of the said deep layer
      parts may cause difficulties as regards the electrical properties of the
      semiconductor device, for example, difficulties as regards the insulation
      between adjacent islands.
PAR  It is to be noted that the diffusion rate of the impurity in the deepest
      parts of the layer 30 may be increased by the heterogeneity of the said
      parts so that it is facilitated to obtain the mutual connection between
      the insulating walls 33.
PAR  The interconnected insulating walls 33 separate the islands 36 completely
      from the substrate 38. As a result of this the choice of the substrate 38,
      for example, the nature of said substrate, its electrical properties, its
      structure and the extend in which said layer is compatible with that of
      the layer 30 is less critical.
PAR  In the case of electroluminescent semiconductor devices, the presence of an
      insulating wall between the islands 36 and the substrate 38 is of
      particular importance. It is known, for example, that difficulties may
      present themselves upon operating electroluminescent devices, due to the
      fact that a part of the radiation is absorbed by the substrate, while the
      active layer is nevertheless transparent to its own radiation. In the case
      in which the substrate consists of an insulating material or a
      semi-insulating material, that is to say a semiconductor material which
      shows the properties of a semi-insulating material, the absorption of the
      photons causes ionisation in the substrate and hence a reduction of its
      resistivity. In order to avoid this drawback it has been proposed to
      provide a strongly absorbing screening layer between the substrate and the
      active layer in which the electroluminescent elements are manufactured.
PAR  In the structure shown in FIG. 3 in which the electroluminescent pn
      junctions in the various islands 36 have been obtained in known manner at
      the surface of the layer 30 by localized diffusion of a suitable p-type
      impurity in which the zones 40 are formed, it has been found that the
      insulating walls 33 which are connected together in the common zones 39
      form the absorbing screening layer between the islands 36 and the
      substrate 38. If said absorbing layer is to be very efficient, the
      concentration of the impurity therein should be large enough as in the
      whole volume of the walls 33.
PAR  Furthermore it is to be noted that the electrical connection of the various
      interconnected insulating walls 33 can be obtained via one contact pad 41
      at the surface of one of the said walls. The contact pads 42 on the
      islands 36 and the contact pads 43 on the zones 40 may be provided in a
      manner normally used for similar devices.
PAR  An example of the realisation of a mosaic of electroluminescent diodes in a
      monolythic slice according to the configuration shown diagrammatically in
      FIG. 3 will be described hereinafter.
PAR  The substrate 38 consists, for example, of semiinsulating indiumarsenide
      (InAs) having a resistivity of 10.sup.7 ohm.cm at room temperature. Its
      thickness is 0.4 mm. The layer 30 consisting for the greater part of
      indiumarsenophosphide (InAs.sub.1.sub.-x P.sub.x) doped with tellurium
      (Te) in a concentration of 5.10.sup.16 to 3.10.sup.17 atoms/ccm,
      preferably 10.sup.17 atoms/ccm, is deposited by epitaxy from the vapour
      phase according to a known process. The thickness of said layer 30 is from
      30 to 60 .mu.m, preferably in the order of 40 .mu.m. The deposition by
      epitaxy has been carried out so that the chemical formula of the said
      layer 30 from the substrate 38 to its surface is as follows:
PAR  InAs (preferably from 0 to 5 .mu.m, taken from the substrate),
PAR  InAs.sub.1.sub.-x P.sub.x with x gradually increasing from 0 to 0.4
      (preferably from 5 to 30 .mu.m from the substrate),
PAR  InAs.sub.0.6 P.sub.0.4 (preferably from 30 to 40 .mu.m from the substrate).
PAR  The insulating walls have been obtained by diffusion of zinc with a mean
      concentration of 10.sup.19 to 10.sup.20 atoms/ccm (preferably 5.10.sup.19
      atoms/ccm), the width of the diffusion windows is 100 .mu.m (95 to 105
      .mu.m) and their pitch is between 200 and 500 .mu.m. Diffusion
      temperatures and times from 700.degree. to 900.degree.C and from 12 to 2
      hours, resp., may be used.
PAR  The electroluminescent junctions have been obtained in a manner known as
      such by a short-time diffusion of zinc in the zones 40 with a mean
      concentration of 10.sup.19 to 10.sup.20 atoms/ccm (preferably 2.10.sup.19
      atoms/ccm).
PAR  In these circumstances the connections between the walls 33 are formed at a
      height of 10 to 0 .mu.m above the separation line between the substrate 38
      and the layer 30.
PAR  Such a mosaic operates in the infrared.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device comprising a substrate, a monocrystalline
      semiconductor layer disposed on said substrate and comprising at least one
      semiconductor circuit element, said semiconductor layer having a first
      part located at the substrate side of said layer and a second part located
      at the surface of said layer, said first part comprising semiconductor
      material differing in chemical composition from that of said second part,
      said layer further comprising at least one region that is doped with a
      diffused impurity material and has a width dimension that first locally
      increases and then decreases in the direction from the surface of said
      semiconductor layer toward said substrate.
NUM  2.
PAR  2. A semiconductor device as in claim 1, wherein said doping impurity
      material is characterized by a diffusion coefficient in said semconductor
      material of said layer that is, for a given temperature, greater at said
      first part than at said second part.
NUM  3.
PAR  3. A semiconductor device as in claim 1, wherein said composition of the
      semiconductor material of said semiconductor layer varies gradually at
      least over a part of the thickness thereof.
NUM  4.
PAR  4. A semiconductor device as in claim 1, wherein said second part has a
      substantially uniform composition.
NUM  5.
PAR  5. A semiconductor device as in claim 4, wherein said second part has a
      certain conductivity type and comprises a zone that is present at said
      surface, said zone having a conductivity type opposite to that of said
      second part and forming a p,n junction which is present entirely within
      said layer second part.
NUM  6.
PAR  6. A semiconductor device as in claim 1, wherein said first part of said
      layer has a substantially uniform composition.
NUM  7.
PAR  7. A semiconductor device as in claim 6, wherein said substrate consists
      essentially of semiconductor material and said layer is an epitaxial
      layer, said layer and said substrate having substantially the same
      chemical composition.
NUM  8.
PAR  8. A semiconductor device as in claim 1, wherein said substrate consists
      essentially of high resistivity semiconductor material.
NUM  9.
PAR  9. A semiconductor device as in claim 1, wherein said monocrystalline
      semiconductor layer is divided into islands which are separated from each
      other by an assembly of electrically isolating walls comprising said
      regions, said walls having an increasing width locally in the direction
      from said surface toward said substrate.
NUM  10.
PAR  10. A semiconductor device as in claim 1, wherein said regions respectively
      comprise juxtaposed parts that contact each other below said surface of
      said monocrystalline layer.
NUM  11.
PAR  11. A semiconductor device as in claim 1, wherein said semiconductor layer
      consists essentially of III-V type material which is present at least
      partly in mixed-crystal compositions.
NUM  12.
PAR  12. A semiconductor device as in claim 11, wherein said mixed-crystal
      compositions are arsenide-phosphides.
NUM  13.
PAR  13. A semiconductor device as in claim 11, wherein said mixed-crystal
      composition consists essentially of indium arsenide-phosphide.
NUM  14.
PAR  14. A semiconductor device as in claim 11, comprising at least one
      electroluminescent p,n junction.
NUM  15.
PAR  15. A semiconductor device as in claim 14, wherein said semiconductor
      device comprises a mosaic of electroluminescent diodes.
NUM  16.
PAR  16. A semiconductor device as in claim 1, wherein said region has a minimum
      width dimension at said layer surface.
NUM  17.
PAR  17. A semiconductor device as in claim 1, wherein said region has a
      generally pear-shaped configuration.
NUM  18.
PAR  18. A method of manufacturing a semiconductor device comprising the steps
      of providing a monocrystalline substrate, depositing an epitaxial
      semiconductor layer on said substrate, with the proviso that during said
      depositing step the composition of the depositing material is varied at
      least temporarily, and then locally diffusing a doping impurity from the
      surface of said epitaxially deposited layer at least down to a depth where
      the material composition of said layer varies.
NUM  19.
PAR  19. A method as in claim 18, wherein said composition of said depositing
      material is gradually varied at least temporarily.
NUM  20.
PAR  20. A method as in claim 18, wherein such variation of said deposition
      material is carried out to deposit a first composition in which, at a
      predetermined temperature, a predetermined doping impurity has a
      relatively large diffusion coefficient and then to deposit a second
      composition in which said predetermined impurity has, at said temperature,
      a relatively small diffusion coefficient.
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ABST
PAL  A semiconductor integrated circuit includes an integrated resistor body of
      one conductivity type being contained in a lightly doped pocket of the
      opposite conductivity type. A metal contact is made to a surface portion
      of the lightly doped pocked forming a Schottky diode. The metal contact is
      connected to the hot (Vcd) power supply terminal and thus the diode is
      normally forward biased. When the power supply is inadvertently reversed,
      the Schottky diode is reverse biased and prevents destructive currents
      from flowing in a forward biased p-n isolation junction between the
      substrate and the pocket.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to semiconductor integrated circuits and more
      particularly to an integrated circuit having protection against a reverse
      connected power supply.
PAR  Integrated circuits (IC's) are typically designed to perform digital or
      analogue circuit functions. Their small size makes them especially
      suitable for incorporation in portable equipment, which is typically
      powered by batteries. In these battery powered applications, the danger
      exists that when replacing a used battery with a fresh one, the new
      battery may be connected backward from normal. Most semiconductor
      integrated circuits are so constructed that a polarity reversal of the
      d.c. power source will cause permanent and catastrophic damage to the
      circuit components. It is desirable that low cost protective means against
      an inadvertently reversed battery, be provided within the integrated
      circuit itself. A known means for accomplishing this, comprises forming by
      standard IC methods a normal p-n junction diode in the circuit substrate
      and connecting this diode in series relationship with the d.c. power
      supply (battery) and d.c. power buss terminals of the primary portion of
      the IC. The diode is polarized so that it is "forward biased" when the
      battery is properly connected and vice versa.
PAR  Unfortunately the simplest and most straightforward means for fabricating
      the diode often results in the inadvertent formation of a parasitic
      bipolar transistor or an SCR that degrades the performance of the primary
      circuit. Such is likely to be the case, for example, when the diode is
      formed in a portion of the isolated pocket containing a collector
      resistor. The hazard also exists when forming the protective diode in a
      portion of the collector region of a transistor. Furthermore, even if
      through good fortune or special design the formation of a parasitic
      transistor is avoided, the forward drop (V.sub.BE) of the p-n diode in
      normal operation is about 0.6 volts for silicon and the effective d.c.
      supply voltage, that is available to the primary portion of the I.C., is
      diminished by 0.6 volts. This loss may be intolerable where the circuit is
      intended to use a low voltage supply, for example, as provided by two or
      even three series connected dry cells of 1.5 volts each.
PAR  It is therefore an object of this invention to provide within an I.C. a
      reverse battery protection means, without creating parasitic transistors.
PAR  It is a further object of this invention to provide within an I.C. a
      reverse battery protection means, with a minimum reduction in the
      effective d.c. power supply voltage.
PAR  It is yet a further object of this invention to provide a simple low cost
      reverse battery protective means in an I.C.
PAC  SUMMARY OF THE INVENTION
PAR  An integrated circuit comprises a semiconductor substrate of one
      conductivity type having a pocket of opposite conductivity type formed
      therein and a region of one type conductivity contained within said
      pocket. The region of one conductivity type forms a resistor body and has
      two ohmic contacts made thereto. The impurity concentration of opposite
      type in the pocket is small enough that a metal contact made thereto forms
      a Schottky diode therewith. A connection is made between the hot power
      supply terminal and the metal contact of the Schottky diode, and a
      connection is made between the substrate and the ground power supply
      terminal such that when the power supply is connected normally, the p.n.
      junctions between the resistor body and the pocket and between the
      substrate and the pocket are completely back biased; but also such that
      when the power supply is inadvertently back biased the p.n. junction
      between the substrate and the pocket is protected by the back biased
      Schottky from drawing large currents and thus is protected from sustaining
      damage.
PAR  Also a second Schottky diode may similarly be formed in another opposite
      type conductivity pocket that serves as the collector region of a
      transistor and the metal contact of the second Schottky connected to the
      hot power supply terminal such that for normal connection of the power
      supply the second Schottky diode is forward biased and drops only about
      0.2 volts, and the transistor collector is connected thereby to the hot
      terminal. However, when the power supply is inadvertently reverse
      connected, the Schottky is reverse biased and damage is prevented to the
      p-n junction between the substrate and the collector pocket.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In FIG. 1 is shown in cross sectional view a semiconductor integrated
      circuit representing a first preferred embodiment of this invention.
PAR  In FIG. 2 is shown a circuit diagram of the device of FIG. 1.
PAR  In FIG. 3 is shown in cross sectional view a semiconductor integrated
      circuit representing a second preferred embodiment of this invention.
PAR  In FIG. 4 is shown a circuit diagram of the device of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a first preferred embodiment of the present invention, an integrated
      circuit amplifier is formed in a silicon substrate 10 of FIG. 1 having a
      corresponding circuit diagram as shown in FIG. 2.
PAR  The substrate 10 has P-type bulk impurities contained therein and has grown
      at the top surface an epitaxial layer of N-type silicon. Spaced pockets 20
      and 30 consisting of portions of the N-type epitaxial layer are formed by
      the standard process of an isolation diffusion of P-type impurities in
      regions 19, 29 and 39. Buried layers of N+ material (not shown) may be
      formed at the planar interface between each of the N pockets 20 and 30,
      and the underlying P type substrate 10.
PAR  The pocket 30 becomes the collector region of transistor 130, a P type base
      region 33 being formed within this pocket 30, and subsequently an N type
      emitter region 36 being formed within the base region 33. In another
      portion of the collector region 30 there is formed at the surface a
      heavily doped region 31 of N type impurities.
PAR  In the other epitaxial pocket 20 there is formed a P type region 24 that
      serves as the body of the resistor 120. In another portion of the pocket
      20 there is formed an annular region 26 of P type material lying parallel
      to and adjacent to the substrate surface.
PAR  A layer 11 of silicon dioxide is formed over the epitaxial surface of the
      substrate and holes in this insulative layer 11 are provided at selected
      positions into which aluminum is deposited for making contact to selected
      surface areas of the doped epitaxial regions aforementioned. Thus two
      spaced contacts 21 and 22 are made to the P type resistor body region 24,
      constituting the terminals therefor; a collector terminal 32 contacts the
      N+ region 31; a base terminal 34 contacts the base region 33; an emitter
      terminal 37 contacts the emitter region 36; and a contact 12 is made to at
      least one of the heavily doped isolation regions as for example region 39.
      The doped regions 24, 31, 33, 36 and 39 all have impurity concentrations
      that are high enough that the aluminum contacts thereto are all ohmic,
      that is, nonrectifying.
PAR  However, the isolated epitaxial pocket 20 contains N type impurities of low
      enough concentration that a metal terminal 23 forms a rectifying contact
      at the interface therebetween. Thus a Schottky barrier diode 123 is formed
      that is forward biased with a positive voltage at the terminal 23 relative
      to the pocket 20. The doped guard ring 26 serves, as is well known, to
      reduce the reverse leakage of the Schottky diode 123.
PAR  The resistor 120 and the transistor 130 are interconnected, and further
      connected to other terminals that are externally accessible such as to
      metal leads of the IC package. At least two such externally accessible
      terminals are required for connection to a d.c. power supply. One such
      terminal 14 is a "ground" terminal and the other terminal 15 is a "hot"
      terminal normally held at V.sub.cc with respect to ground. For the IC of
      FIGS. 1 and 2, the hot terminal 15 would normally be positive.
PAR  The network of metal conductors is normally formed partly by layers of
      aluminum (as represented for example by the schematically drawn connection
      18), disposed over the insulative oxide layer 11 and contacting certain
      terminals such as 22 and 32; and partly by wires (e.g. 13) being thermal
      compression bonded to an IC substrate terminal such as 21 and an
      externally accessible terminal 15. Optionally included in the network of
      the first preferred embodiment is a layer of gold 18 having been deposited
      to the underneath surface of substrate 10, and a connection 17 therefrom
      to substrate terminal 12. The underneath body surface may alternatively be
      lapped and scrub bonded at about 430.degree.C to a gold plated metal pad
      thus simultaneously mounting or die bonding the chip and making a broad
      electrical connection to the body. Terminal 12 is connected to emitter
      terminal 37 and to externally accessible terminal 14. The connection 13
      also ties the Schottky diode terminal 23 to the hot terminal 15.
PAR  Except for the Schottky diode 123, the structure of FIG. 1 is familiar to
      the art. Typically in place of the diode 123 an ohmic contact is
      conventionally made to the isolated epitaxial region 20, which would be
      connected as by a wire 13 to the hot terminal 15. This would be intended
      to hold the PN junction (224 as schematically represented in FIG. 2) in a
      back biased condition under normal IC operating conditions. According to
      the principles of the present invention in an isolation region (20 in FIG.
      1) containing a resistor body (24) there is formed a Schottky diode that
      is connected to the hot terminal of the IC, with the following
      advantageous and surprising results. Since the forward drop across a
      Schottky diode is about 0.2 volts while the forward drop across a P-N
      junction diode in silicon is approximately 0.6 volts, then during normal
      operation of the IC the Schottky diode 123 is always forward biased while
      the junction 224 between resistor body 24 and region 20 is always reverse
      biased, and the resistor body 24 is under normal conditions electrically
      isolated from the surrounding region of semiconductor material as it would
      also be in the above described conventional IC structure. However, when
      the power supply voltage is inadvertently reversed, the region 20 would be
      at ground potential, the substrate 10 would be at V.sub.cc potential and
      the PN junction (diode 210 in FIG. 2) therebetween would be forward biased
      and thus be subject to damage and failure due to the large currents that
      would tend to flow in this low impedance path. For the IC structure of the
      present invention as represented in FIGS. 1 and 2, an inadvertent reversal
      of supply voltage would merely back bias the Schottky diode and protect
      the structure from any damaging effects. The isolation P-N junction (diode
      310 in FIG. 2) between the collector region 30 and the substrate 10 is, in
      this circuit, already adequately protected since the resistor 120 limits
      the current that can flow in the forward biased isolation-diode 310 when
      the supply is reversed.
PAR  If a P-N junction diode had been formed in the region 20, substituting for
      the protective Schottky diode 123 of this invention, there would be for
      proper connection to the power supply, certain conditions of zero or low
      collector current for which a significant portion of the isolation diode
      224 would be forward biased and consequently unwanted currents would
      bypass portions of the resistor body to the hot terminal 15. Thus a PN
      junction diode is clearly unsuitable for this purpose. Also as has been
      explained, the formation of a PN diode in this location tends to create a
      parasitic transistor and the injection of charge into the substrate 10
      causing a further degradation in the circuit performance.
PAR  In a second preferred embodiment of the present invention, an integrated
      circuit power amplifier or emitter follower is formed in a silicon
      substrate 40 of FIG. 1. The corresponding circuit diagram is shown in FIG.
      2.
PAR  The substrate 40 has P-type impurities contained therein and has grown at
      the top surface an epitaxial layer of N-type silicon. Spaced pockets 50
      and 60 each comprising portions of the N-type epitaxial layer are formed
      by the standard process of isolation diffusion of P-type impurities in
      regions 49, 59 and 69.
PAR  The pocket 60 becomes the collector region of transistor 460, a P-type base
      region 63 being formed within this pocket 60, and an N-type emitter region
      66 being formed within the base region 63. In another portion of the
      collector pocket 60 there is formed at the surface an annular guard region
      61 of P-type material. In the other epitaxial pocket 50 there is formed a
      P-type region 54 that serves as the body of the resistor 450. In another
      surface portion of the pocket 50 a P-type guard ring 56 is formed.
PAR  A layer 41 of silicon dioxide is formed over the epitaxial silicon surface
      and through holes in the oxide layer aluminum is deposited forming
      terminals 53, 52, 51, 62, 64, 67 and 42; one for a Schottky diode 453, two
      for the resistor 450, one for a Schottky diode 462, one for the base of
      transistor 460, one for the emitter of transistor 460 and one for a
      substrate contact in the region 69, respectively.
PAR  Doped regions 54, 63, 66 and 69 have impurity concentrations high enough
      that the aluminum terminals 51-52, 64, 67 and 42, respectively, all make
      ohmic contact thereto. The epitaxial regions 50 and 60 have impurity
      concentrations low enough that aluminum terminals 53 and 62, respectively,
      make rectifying contact thereto.
PAR  Externally accessible dc power supply terminals 44 and 45 are provided for
      connection to a d.c. power supply (not shown) with terminal 44 the ground
      and 45 being the "hot" or V.sub.cc terminal. In this embodiment V.sub.cc
      is properly positive.
PAR  A conductor network includes electrical interconnections for completion of
      the fully functional integrated electronic circuit which in this
      embodiment is an emitter follower, and for providing terminals (44 and 45)
      so that the I.C. is capable of connection to a d.c. power supply.
      Connections (e.g. 47 and 43) from the terminals 44 and 45 are each
      preferably a fine wire thermally compression bonded to a substrate contact
      such as 52 and 62. The remaining connections consisting in portions of 43
      and 47 are preferably made by continuous runs of aluminum layers overlying
      the oxide layer 11. In addition a gold layer 46 is deposited to the
      underneath side of the substrate 40 and is grounded by another thermal
      compression bonded wire portion of interconnection 47. Alternatively,
      layer 46 is omitted and no connection is made to the underside of the
      substrate, or the underside of the substrate is die bonded at an elevated
      temperature to a gold plated lead frame by a standard scrub method and
      subsequently connected to by interconnection 47.
PAR  As in the first preferred embodiment a P-type resistor body 54 is formed in
      an N-type pocket 50 and a Schottky diode 453 is formed at another portion
      of that pocket by depositing an aluminum contact 53 directly thereto. The
      metal terminal 53 of the Schottky diode 453 is connected to the hot
      terminal 45, thus insuring a reverse bias over the complete p-n junction
      564 between the resistor body 54 and the pocket during normal operation,
      and also providing protection to the n-p isolation junction 540 between
      pocket 50 and P-type substrate 40, respectively, when the power supply is
      inadvertently connected in the reverse polarity. However, in this circuit
      of the second preferred embodiment, the N-type collector pocket 60 is also
      connected through a Schottky diode 462 to the hot terminal 45 of the I.C.
      in place of the conventional ohmic collector to V.sub.cc connection made
      in standard emitter follower circuits. Although this results in a reduced
      effective V.sub.cc (by 0.2 volts), as seen by the emitter follower
      circuit, protection is provided, when the power supply is reversed,
      against damage to the n-p junction 640 between the collector pocket 60 and
      the substrate 40.
PAR  In general it can be seen that the addition of protective Schottky diodes
      to an I.C. as taught herein may require additional chip "real estate", and
      requires no additional processing step since Schottky guard rings may be
      diffused simultaneously with transistor bases. Therefore, the
      incorporation of protective Schottky diodes to an integrated silicon
      circuit according to the principles of this invention may be accomplished
      without any added manufacturing costs.
PAR  It is well known that a metal contact to a heavily doped semiconductor
      provides an ohmic non-rectifying junction, whereas a metal contact to a
      lightly doped semiconductor provides a rectifying junction commonly known
      as a Schottky diode. A paper dealing with this art is the
      Metal-Semiconductor Contact by A. Y. C. Yu, IEEE Spectrum -- March 1970,
      pp 83-89. In this paper, The Specific Contact Resistance of Pd.sub.2 Si
      Contacts In n- and p- Si, by A. Shepela, Solid State Electronics, 1973,
      vol. 16 on page 480; the resistivities above which a rectifying junction
      is formed with aluminum in silicon are given as 0.01 ohm-centimeters for
      n-type and 1.0 ohm centimeters for p-type. These resistivities are
      equivalent to 3.5.times.10.sup.18 and 2 .times. 10.sup.16 impurity atoms
      per cubic centimeter respectively. In conventional integrated circuits,
      for example having P-type substrates, the concentration of N-type impurity
      atoms in the epitaxial layer of which the resistor isolation pockets and
      the transistor collectors may be formed, is typically from 2 to
      6.times.10.sup.15 per cubic centimeter. Therefore additional restraints
      are not normally imposed upon the I.C. design in the practice of this
      invention. In fact, only minor changes in the masks used to manufacture a
      conventional I.C. will be required to incorporate the protective Schottky
      diodes of this invention.
PAR  Prototype integrated circuits were made according to the first preferred
      embodiment of this invention. On a P-type starting silicon crystal
      substrate having a resistivity of about 2 ohm-centimeters, there was grown
      on one surface an N-type epitaxial layer of about 11 microns thickness and
      having a resistivity of 1 ohm-centimeter (equivalent to an impurity
      concentration of about 5.6.times.10.sup.15 impurity atoms per cubic
      centimeter). In the subsequent standard and well-known steps, an oxide
      layer was grown over the epitaxial surface through which holes were
      provided by masking and etching in areas defining the isolation regions
      19, 29 and 39; P-type impurities were established in these isolation
      regions by diffusion through the oxide holes providing heavily doped
      regions of about 10.sup.19 atoms per cubic centimeter; new holes are
      provided in the oxide defining the resistor body, the base region of the
      transistor, and the Schottky diode guard ring; P-type impurities were
      established in those three regions having a concentration of about
      5.times.10.sup.17 P-type atoms per cubic centimeter; the remaining oxide
      was removed, a new oxide layer was grown over the surface and holes
      provided therein defining the emitter region and the region 31 in a
      portion of the collector; N-type impurities were diffused into these
      regions providing therein a concentration of about 10.sup.15 N-type atoms
      per cubic centimeter; the remaining oxide was removed, a new oxide layer
      grown and holes provided therein at selected areas; a film of aluminum was
      deposited by vacuum evaporation over the surface contacting the silicon
      regions at the selected sites of the oxide holes. A photo-resist mask was
      superimposed and the aluminum removed by etching in the unwanted areas.
PAR  The prototype circuits performed normally when supplied by a 3 volt
      battery. Upon reversing the battery, the current drawn in typically less
      than the normal forward connected battery current. Thus even when the
      battery is left reverse connected for an extended period, no damage to the
      I.C. occurs and the battery is not significantly discharged.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor integrated circuit providing protection against a
      reversed power supply connection having a semiconductor substrate of one
      conductivity type, a plurality of spaced regions in said substrate each
      being adjacent to a common face of said substrate and each containing
      dopant impurities of a conductivity type opposite to said one type, a
      resistor being formed in a portion of one of said regions, a transistor
      being formed in a second of said regions, a conductor network connective
      means, including a terminal connected to said substrate; a terminal
      adapted to be connected to a fixed d.c. voltage source with respect to
      said substrate terminal and a connection between said resistor and said
      fixed voltage terminal, for the purpose of completing the connections in
      said semiconductor integrated circuit; wherein the improvement comprises a
      Schottky diode being formed by a metal layer contacting another portion of
      said one region, said metal layer being electrically connected to said
      fixed voltage terminal.
NUM  2.
PAR  2. An integrated circuit providing protection against a reverse power
      supply connection comprising:
PA1  a. a silicon substrate of one conductivity type;
PA1  b. a plurality of spaced pockets being formed in said substrate, each said
      pocket extending to the surface thereof and containing dopant impurities
      of the opposite conductivity type;
PA1  c. a first bipolar planar transistor formed in a first of said pockets
      having ohmic contacts made thereto at said surface;
PA1  d. a resistor formed in a portion of a second of said pockets, said
      resistor portion extending to said surface and containing dopant
      impurities of said one conductivity type, said resistor portion having two
      spaced ohmic contacts made thereto at said surface;
PA1  e. an electrical connective means external to said substrate, including a
      connection between one of said transistor ohmic contacts to one of said
      resistor ohmic contacts, and including a terminal connected to said
      substrate and a terminal adapted to be connected to a fixed d.c. voltage
      source with respect to said substrate terminal for the purpose of forming
      a functional integrated electronic circuit capable of being connected to
      and powered by said fixed voltage source; and
PA1  f. a metal layer contacting another portion of said second pocket at said
      surface, the concentration of said dopant impurities in said second pocket
      being low enough that a Schottky type rectifying junction is formed at the
      interface between said second pocket and said metal layer, said connective
      means further including a connection between said metal layer and said
      fixed voltage terminal for the purpose of providing protection to said
      circuit when said voltage source is inadvertently reverse connected to
      said terminals.
NUM  3.
PAR  3. The integrated circuit of claim 2 wherein said one conductivity type is
      P-type, said metal layer is aluminum, said dopant impurities of opposite
      conductivity type in said second pocket are N-type, and said dopant
      impurity concentration is less than 3.5.times.10.sup.18 atoms per cubic
      centimeter.
NUM  4.
PAR  4. The integrated circuit of claim 2 wherein said one conductivity type is
      N-type, said metal layer is aluminum, said dopant impurities of opposite
      conductivity type of said second pocket are P-type, and the P-type dopant
      impurity concentration is less than 2.times.10.sup.16 atoms per cubic
      centimeter.
NUM  5.
PAR  5. An integrated circuit providing protection against a reversed power
      supply connection comprising:
PA1  a. silicon substrate of one conductivity type;
PA1  b. a plurality of spaced pockets being formed in said substrate and
      extending to the surface thereof and containing dopant impurities of the
      opposite conductivity type;
PA1  c. a first bipolar planar transistor formed in a first of said pockets
      having ohmic contacts made to the emitter and the base of said transistor;
PA1  d. a resistor formed in a portion of a second of said pockets, said
      resistor portion extending to said surface and containing dopant
      impurities of said one conductivity type, said resistor portion having two
      spaced ohmic contacts made thereto at said surface;
PA1  e. an electrical connective means external to said substrate including a
      connection between said transistor emitter contact and one of said
      resistor contacts, and including a terminal connected to said substrate
      and a terminal adapted to be connected to a fixed d.c. voltage source with
      respect to said substrate terminal for the purpose of forming a functional
      integrated electronic circuit capable of being connected to and powered by
      said fixed voltage source;
PA1  f. one metal layer contacting another portion of said second pocket at said
      surface, the concentration of said dopant impurities in said second pocket
      being low enough that a Schottky type rectifying junction is formed at the
      interface between said second pocket and said metal layer, said connective
      means further including a connection between said one metal layer and said
      fixed voltage terminal for the purpose of providing protection to the
      isolation p-n junction between said substrate and said second pocket when
      said voltage source is inadvertently reverse connected to said terminals;
      and
PA1  g. another metal layer contacting a collector portion of said first pocket
      at said surface, the concentration of said dopant impurities in said
      collector portion of said first pocket being low enough that a Schottky
      type rectifying junction is formed at the interface between said first
      pocket and said another metal layer, said connective means further
      including a connection between said another metal layer and said fixed
      voltage terminal for the purpose of providing protection to the isolation
      p-n junction between said substrate and said first pocket when said
      voltage source is inadvertently reverse connected to said terminals.
NUM  6.
PAR  6. The integrated circuit of claim 5 wherein said substrate is P-type
      silicon, said one and another metal layers are aluminum, said opposite
      conductivity type of said pockets is N-type, and said N-type dopant
      impurity concentration therein is less than 3.5.times.10.sup.18 atoms per
      cubic centimeter.
NUM  7.
PAR  7. The integrated circuit of claim 5 wherein said substrate is N-type
      silicon, said one and another metal layers are aluminum, said opposite
      conductivity type of said pockets are P-type, and said dopant impurity
      concentration therein is less than 2.times.10.sup.16 atoms per cubic
      centimeter.
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ABST
PAL  This invention relates to a device which electrically connects a leadless
      integrated circuit package to a printed circuit board. More particularly,
      the device includes a square frame having a plurality of contacts arranged
      along each side of the housing. The lower end of the contact electrically
      engages a circuit on the printed circuit board and the upper end
      electrically engages a circuit on the package. The frame further contains
      positioning and support clips which permits alignment of the package
      before engagement is made with the contacts.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of Ser. No. 445,045,
      filed Feb. 22, 1974, and now U.S. Pat. No. 3877064, issued Apr. 8, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the development of integrated circuits the problem of connecting these
      circuits to circuits such as found on a printed circuit board without
      soldering, while yet establishing effective electrical contact between the
      circuits on the board and the integrated circuits have been attacked by
      many inventors. A number of patents have issued covering means for
      assembling a small integrated circuit to a testing apparatus and also to a
      printed circuit board without soldering but these means are not considered
      to be effective solutions of the problem. The greater problem of
      effectively engaging a large scale integrated circuit package to a printed
      circuit board without soldering appears to present such very considerable
      additional difficulties that an effective solution has evaded those
      working in the art.
PAR  Accordingly, the present invention provides a frame having a plurality of
      cavities along each side which receive a contact. The lower end of the
      contact engages a circuit on the printed circuit board. The upper end of
      the contact engages the pad on the substrate of the integrated circuit
      package. On each of the four corners of the frame, support clips are
      provided which permit the alignment of the integrated circuit package
      prior to electrical engagement with the upper end of the contacts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of the square frame which contains a plurality of
      contact-containing cavities and which receives and supports the leadless
      integrated circuit package;
PAR  FIG. 2 shows a cavity in the frame of FIG. 1 and one embodiment of a
      contact contained therein;
PAR  FIG. 3 shows the view of FIG. 2 with a portion of the leadless integrated
      circuit package positioned in the frame;
PAR  FIG. 4 is a cross-section view of a corner of the frame of FIG. 1 showing
      the alignment and support clip;
PAR  FIG. 5 shows the corner of the frame of FIG. 4 with the leadless integrated
      circuit package in place; and
PAR  FIG. 6 shows a cavity in the frame of FIG. 1 and another embodiment of a
      contact contained therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The frame 10 in FIG. 1 is molded from an insulating material such as nylon
      and contains 60 cavities 12 per side. Each cavity opens onto the upper
      surface 14, onto the inside surface 16 and onto the base 17 of the frame.
      The inside surface is built inwardly to provide a ledge 18. As is
      apparent, only a few of the 240 cavities 12 are shown on the frame. The
      leadless IC package (not shown) is received in the center opening 19 of
      the frame and is supported by alignment and support clips 20 found in each
      corner of the frame. Molded on the bottom of each corner 21 is a tubular
      portion 22 which extends downwardly beyond the base 24 of the frame. A
      mounting hole 26 extends from surface 14 through the tubular portion.
PAR  A bracket 28 is shown above the frame 10. This bracket secures the IC
      package to the frame and itself is secured to the frame via holes 30 which
      are in alignment with holes 26 in each corner 21.
PAR  FIG. 2 shows the detail of both a cavity 12 and one embodiment of a
      contact, hereinafter referred to as the S-shaped contact 32.
PAR  The contact 32 has a nose 34 on which is a dimple which provides contact
      point 36. The contact tip 38 is turned downward to prevent accidental
      catching of and damage to the nose and contact point.
PAR  The contact 32 is bent into two curves, one opposite to the other to
      provide the S shape in the main part of the contact. This S curve permits
      large deflective capability with reasonable load and stress levels.
PAR  At the lower end of the S curve is a flattened portion 40 on which is a
      dimple which provides the second contact point 42. This point engages the
      pad (not shown) on the printed circuit board 44.
PAR  A tail 46 extends beyond and is displaced from the second contact point 42.
      In addition to holding the contact 32 in the cavity 12, the tail permits
      test probing when the IC package is in place in frame 10.
PAR  The outside wall 48 of cavity 12 contains a tail retaining stud 50. A rib
      52 traverses cavity 12 and acts to limit downward travel of the contact
      and also cooperates in retaining the contact in the cavity. A portion of
      inside surface 16 also helps to captivate the contact as does the portion
      of upper surface 14, designated by the reference numeral 56.
PAR  As shown in FIG. 2, contact 32 is retained within cavity 12 by the engaging
      surfaces of the S curve, the contact nose 34, tail 46 and the
      aforementioned parts of the cavity. No other securing means are required
      in this novel frame.
PAR  FIG. 3 is FIG. 2 but with a IC package 60 shown in place within the frame.
      The package consists of a substrate 62 on which are deposited or otherwise
      fixed pads, whose location is indicated by reference numeral 64,
      integrated circuit chips 66 and conductors (not shown), which lead from
      the pads to the chips. Above the substrate 60 is a heat sink 68 and below
      is a cover 70 which protects the chips.
PAR  With the IC package 60 in place, the upper contact point 36 abuts against
      pad 64 on the substrate. The contact configuration; i.e., the S curve,
      provides wiping action between the pad and the contact point as the IC
      package is being placed into the frame. Obviously the wiping action
      improves the electrical contact between the two. Further, as the IC
      package is being placed in position the contact 32 will rock about lower
      contact point 42. This rocking action results in a small amount of wiping
      action which enhances the electrical contact between lower contact point
      42 and the pad (not shown) on printed circuit board 44.
PAR  FIG. 3 also shows bracket 28 in place which, as noted above, secures the IC
      package 60 to the frame.
PAR  FIG. 4 shows the details of mounting holes 26 and support clip 20.
PAR  A metal internally threaded insert 72 is positioned in each hole 26 to
      receive threaded bolts 74 which engages the insert from the bottom of
      printed circuit board 44. An oversize washer 76 spans tubular portion 22
      of the frame and engages the board.
PAR  Support clip 20, made from stainless steel, has an L-shaped support
      platform 78. The middle part of the platform is indented to provide a
      centering point for an edge of the IC package 60. The outward expression
      of the indent is shown by reference numeral 80.
PAR  As FIG. 4 shows, a recess 82 is molded into frame 10 at each corner to
      receive the support platform when biased thereinto by the IC package.
PAR  A short bight 84 connects platform 78 with an elongated leg 86 which is
      pushed into slot 88 in corner 21. The size of the slot is such that the
      leg is held therein frictionally.
PAR  It is important to note that FIG. 4 shows the configuration of support clip
      20 in its unstressed position; i.e., support platform 78 is canted at
      about 120 degrees relative to leg 86.
PAR  FIG. 5 shows the corner 21 of FIG. 4 after an IC package has been secured
      to the frame 10.
PAR  Due to the cant in support platform 78, IC package 60 will be aligned with
      the frame perfectly before contact with contacts 32 are made. With the
      corners of the package positioned in the indent, the bracket 28 is placed
      on top and bolts 90 inserted. As the bolts are threaded down and the
      package approached ledge 18, the above noted wiping actions take place.
PAR  FIG. 6 shows the details of another embodiment of a cavity 112 and contact
      132.
PAR  The upper end 208 of contact 132 contains a flat end 210 on which is
      positioned an upper contact point 212. From the flat end the contact
      describes a double bend as indicated generally by reference numeral 214.
      From the double bend portion the lower portion of the contact body
      resembles an S with an elongated tail 216. The lowest point on bend or
      bight 218 contains the lower contact point 220.
PAR  Cavity 112 differs from cavity 12 in several respects. Dimensionally cavity
      112 is taller and not as wide. Within the cavity, the inside of the wall
      148 contains an undercut 222 to define a downwardly facing shoulder 224.
      This shoulder provides a stop means for the end of the contact tail 216 so
      that forces being exerted downwardly on the top of contact 132 are for the
      most part concentrated at the tip of contact point 220. The inside surface
      116 extends farther upwards than the same surface of cavity 12. The top of
      the surface 116 provides a stop means 226 so that the upper end 208 cannot
      be overstressed.
PAR  As with contact 32, the double bend 214 as well as the S curve permits
      large deflective capabilities with reasonable load and stress levels.
PAR  The above described embodiments may be modified in several respects. For
      example, the tubular portions 22 can be eliminated from two corners 21 and
      one portion 22 remaining can be shaped into a diamond shape.
PAR  With the combination of the round and diamond tubular portions, correct
      alignment and pad-contact point matching is achieved. This is because the
      round tubular portion-round hole combination gives positional location and
      the diamond portion-round hole combination gives angular location.
PAR  With reference to the IC package indexing, one slot 88 and thus a support
      clip 20 can be moved in closer to opening 19 so that it exerts a biasing
      force on the IC package and pushes the opposite corner into the datum
      corner of the frame 10.
PAR  The present invention has many novel features. For example, the contacts
      meet launch requirements for high speed signal transmission. Further, the
      shapes permit large deflective capibility with reasonable load and stress
      levels. Also the contact's curves minimizes inductance effects.
PAR  Although many conductive metals may be used, heat treated beryllium copper
      contacts withstand operating and storage temperatures without stress
      relaxation or creep.
PAR  Another novel feature is that the cavity opening and contact tail 46 permit
      test probing with the IC package secured in the frame 10.
PAR  The dimpled-contact points 36 and 42 stiffens the contacts and provides a
      localized contact point.
PAR  The novel combination of features cause wiping action between the contacts
      to enhance the electrical engagement.
PAR  The novel support clips permit the alignment of the IC package before
      contact is made with the contacts.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as some modifications will be obvious to those skilled in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for connecting a leadless integrated circuit package to a
      printed circuit board, which comprises:
PA1  a. a square frame having a large center opening for receiving the
      integrated circuit package and having on each side defining the center
      opening a plurality of cavities which open out onto the inside face wall
      of the sides;
PA1  b. a plurality of contacts each having a lower portion resembling a S and
      an upper portion being doubled back to provide a double bend and a
      horizontally flat end, said contacts each having an upper contact point on
      the horizontally flat end and a lower contact point on the outside surface
      of the lowest-most curve of the S, said upper contact point adapted to
      engage a pad on the integrated circuit package which may be placed in the
      center opening in the frame and the lower contact point adapted to engage
      a pad on the printed circuit board thereby providing an electrical
      connection between the integrated circuit package and the printed circuit
      board; and
PA1  c. a bracket positionable on top of the frame and a integrated circuit
      package which may be placed in the center opening, said bracket and frame
      having aligned means thereon to fasten the bracket to the frame thereby
      securing the integrated circuit package to the frame.
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ABST
PAL  An assembly composed of a disc-shaped semiconductor component mounted on a
      support disc and disposed in an annular ceramic housing, with the support
      disc resting on a first contacting disc, a second contacting disc resting
      on the component, and an insulating centering ring encircling the discs to
      center the component relative to the contacting discs, the assembly
      further including a first supporting ring soldered to the first contacting
      disc and resting on an internal flange at one end of the housing, a second
      supporting ring having a toothed outer periphery and an outer diameter
      larger than the diameter of the interior of the housing and soldered to
      the second contacting disc, the second ring being press fitted into the
      housing so as to be flexed in a direction to press the second contacting
      disc against the semiconductor component, and a cast mass of elastic
      material filling the interior of the housing to fasten the semiconductor
      component and the discs to the housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to semiconductor rectifier structures,
      particularly for high current applications.
PAR  The present invention is more specifically directed to semiconductor
      arrangements of the type composed of a disc-shaped semiconductor device
      containing a ceramic ring, the arrangement including a carrier disc having
      the disc-shaped semiconductor device fastened thereto and at least one
      contact electrode fastened to the free disc surface of the semiconductor
      device with the arrangement being fastened in the housing with the aid of
      a centering device.
PAR  A corresponding semiconductor device is disclosed in German Pat. No.
      2,021,158 and in my corresponding U.S. Pat. No. 3,673,308, in which two
      circular, disc-shaped, membrane-like contacting sheets, which are fastened
      together at their edges by the ceramic ring, serve as contacting devices
      for the semiconductor device and in which the semiconductor device is
      centered and fixed in the ceramic ring with the aid of a flat, spreadable
      insulating locking ring.
PAR  This insulating locking ring is made of woven silicone hard glass and is
      provided at its inner and outer edge surfaces with three protrusions which
      are at a 60.degree. angular offset from one another and have frontal or
      edge faces which are adapted to the wall surfaces of the carrier disc of
      the semiconductor device or the inner wall surfaces of the ceramic ring.
PAR  For this adaption of the insulating locking ring to the wall surface of the
      carrier disc and to the inner wall surface of the ceramic ring use is made
      of the known three-point bearing and, with a slight degree of
      overdimensioning of the outer diameter and a slight degree of
      underdimensioning of the inner diameter of the locking ring without
      tension, it is possible to obtain perfect centering of the semiconductor
      device in the ceramic ring which serves as the housing. Such a
      semiconductor arrangement is relocatable and can be clamped into a
      pressure contacting device as often as desired, with the semiconductor
      device always being brought into contact with the contacting sheets under
      pressure via the same microcontact points.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a semiconductor
      arrangement which cannot be relocated, particularly for rectifier diodes
      and thyristors of the higher current types, and which can be manufactured
      at low cost.
PAR  Applicant has discovered that these and other objects of the invention can
      be achieved by employing the following features.
PAR  An arrangement including two contacting discs with the same diameter and
      semiconductor device is centered by means of an insulating ring provided
      with an opening and having an inner diameter adapted to the diameter of
      the discs; and
PAR  is supported by a supporting ring of sheet metal which is hard-soldered, or
      brazed, to the wall surface of one contacting disc, the insulating ring
      being placed on the supporting ring and being positioned, by means of this
      supporting ring, on an internal flange formed at one frontal face of an
      annular housing;
PAR  the second contacting disc is pressed against the semiconductor device and
      supported at an inner wall of the housing by a second supporting ring of
      sheet metal which is brazed via its inner edge surface to the wall of the
      second contacting disc, the outer edge of the second ring having a
      tooth-shaped configuration and having an outer diameter which is greater
      than the innner diameter of the annular housing; and
PAR  the centered arrangement of the contacting discs and the semiconductor
      device is connected with the annular housing by means of an elastic cast,
      or poured, mass.
PAR  A further embodiment of the invention relates to a semiconductor
      arrangement including a disc-shaped semiconductor device provided with an
      annular cathode and a central electrode both disposed on the free surface
      of the disc, the annular cathode having a radial slit and the central
      electrode being electrically insulated from the cathode, there also being
      a connecting lead passing through the radial slit and connected to the
      central electrode. In such embodiment, the arrangement is provided with a
      contacting disc for the cathode, which contacting disc has at its center a
      recess in which a pressure contacting device for the central electrode is
      disposed, while an insulating disc and a contacting disc to which a
      connecting lead is connected are disposed between the pressure contacting
      device and the central electrode, the insulating disc and the contacting
      disc being inserted into the annular cathode.
PAR  According to a further embodiment of the invention a ring of ceramic
      material, which encloses the contacting disc and which ends at the
      flangeless frontal face of the ceramic ring, is placed into the cast mass.
PAR  A semiconductor arrangement according to the invention can be produced at
      low cost and is easily constructed and assembled. Use may be made of an
      insulating ring of an inexpensive ceramic material which is dimensioned to
      end at the flangeless frontal face of the ceramic housing. Such an
      arrangement can be locked to the ceramic housing by a mechanical bias
      provided by the supporting ring whose outer edge surface has a toothed
      shape and which provides a force locking relationship with the inner wall
      of the ceramic housing so as to be self-supporting.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded cross-sectional view of a semiconductor arrangement
      according to a preferred embodiment of the invention.
PAR  FIG. 2 is a cross-sectional view of the semiconductor arrangement of FIG. 1
      in the assembled state.
PAR  FIG. 3 is an elevation view of the second contacting disk and the second
      supporting ring of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A semiconductor arrangement according to the invention includes, as shown
      in FIG. 1, an annular housing 1 of ceramic material, a contacting disc 2,
      a centering insulating ring 5, a semiconductor device 4, a second
      contacting disc 3 and a ceramic ring 7. Housing 1 is provided at its one
      frontal face with an internal flange 11 and in its lateral wall with
      channel 12 in which is inserted a tube 13 enclosing a connecting lead 13'.
      The contacting disc 2 has a diameter (the horizontal dimension in the
      drawing) which is smaller than the inner diameter of the internal flange
      11. A supporting ring 2' of deep-drawn iron sheet or copper sheet is
      hard-soldered, or brazed, to the jacket surface of disc 2 along its inner
      edge surface. The outer diameter of this supporting ring is greater than
      the inner diameter of the internal flange 11.
PAR  The semiconductor device 4 is an arrangement with an operable thyristor
      wafer 41 which is attached to a support disc A serving as the anode and is
      provided at its exposed disc surface with an annular contact electrode K
      serving as the cathode and with a central electrode G serving as the
      control electrode. The connecting lead 13' is hard-soldered to a
      contacting disc G' of the central electrode.
PAR  The contacting disc 3 has the same diameter as the disc 2. A supporting
      ring 3', again of deep-drawn iron sheet or copper sheet, is hard-soldered
      along its inner edge surface to the jacket surface of the disc 3. The
      outer periphery of the supporting ring 3' has a toothed shape. The outer
      diameter of the supporting ring is greater than the inner diameter of the
      ceramic housing 1.
PAR  The disc 3 has, at its flat side facing the semiconductor device 4, a
      recess 31 in the center of which a contact pressure device 34 for the
      central electrode G is disposed. The contact pressure device includes a
      set of spring discs.
PAR  The annular electrode K has a radial slit R through which the connecting
      lead 13' is brought to contacting disc G' of central electrode G. Between
      the contact pressure device 34 and the contacting disc G' there is
      disposed an insulating disc 35 which is inserted into the annular contact
      electrode K.
PAR  The ceramic insulating ring 7 has an inner diameter which is greater than
      the diameter of the contacting disc 3 and an outer diameter which is
      smaller than the inner diameter of the ceramic housing 1. The insulating
      ring 5 serves to center the arrangement 2, 4, 3 and has an inner diameter
      which is adapted to the diameter of the discs 2 and 3 and a ring height
      which is less than the spacing between the supporting rings 2' and 3' once
      the arrangement is assembled. The insulating ring 5 is further provided
      with an opening 5' for the connecting lead 13' of the contacting disc G'
      of the central electrode G.
PAR  The construction of the semiconductor arrangement as a whole and the
      individual steps in assembling it can be seen when FIGS. 1 and 2 are
      compared.
PAR  First, the contacting disc 2 with the supporting ring 2' soldered thereto
      is inserted from the top into the ceramic housing 1 and is placed
      approximately in the center of the annular housing 1 so that the
      supporting ring 2' rests on the internal flange 11. Then the insulating
      ring 5 is placed from the top over disc 2 and pushed onto the supporting
      ring 2'. Then the assembled semiconductor device 4, in this embodiment a
      thyristor, is inserted into the insulating ring 5 from the top and is
      placed onto disc 2. The radial slit R and the opening 5' in insulating
      ring 5 are aligned to be flush with the channel 12 in the ceramic housing
      1 so that the connecting lead 13', which is hard-soldered to the
      contacting disc G', can be passed through the radial slit R, the opening
      5' and the tube 13 in the ceramic housing 1 to lead out of the total
      arrangement.
PAR  Then the contacting disc 3 together with the soldered-on supporting ring 3'
      is pressed from the top until contact is made with cathode K of the
      thyristor. The supporting ring 3' is thus spread upwardly so that the
      arrangement 2, 4, 3 is connected in a force locking manner with the
      annular ceramic housing 1. Moreover, the central electrode G is made to
      contact disc G' under pressure by the contact pressure device 34 through
      insulating disc 35. Finally the centered arrangement 2, 3, 4 is embedded
      in an elastic potting mass 6 and thus fastened in ceramic housing 1. A
      ring 7, also of ceramic, which ends at the flangeless frontal face of the
      annular ceramic housing, can then also be inserted from the top into the
      hardening cast mass 6.
PAR  The elastic cast mass is a flowable two-part silicone elastomer that
      develops a strong, self-priming adhesive bond upon heating at
      150.degree.C. It is sold under the registered designation "Dow Corning
      96-083 Silicond Adhesive". Some pertinent physical properties as well as
      uses and handling instructions are compiled in the Dow Corning Corporation
      new product information.
PAR  In the semiconductor arrangement of FIG. 1 and FIG. 2 the contacting disk 3
      typically has an outer diameter of 30 mm and the interior of housing 1 has
      a diameter of 40 mm.
PAR  Referring to FIG. 3 the sheet metal supporting ring 3', which is
      hard-soldered along its inner edge surface to the jacket surface of the
      disk 3, having a tooth-shaped outer edge is shown in the flat state.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a disc-shaped semiconductor arrangement including: an annular ceramic
      housing having a hollow cylindrical interior and having an internal flange
      adjacent one end face thereof; first and second contacting discs having
      identical diqmeters; a semiconductor element interposed between said
      contacting discs and including a support disc disposed in the housing to
      be in contact with said first contacting disc, and having a diameter equal
      to that of said contacting discs, and a disc-shaped semiconductor body
      fastened via one of its end surfaces to the support disc and having at
      least one contact electrode fastened to the other of its end surfaces to
      be in contact with said second contacting disc; and an electrically
      insulating centering ring having an inner diameter matching the diameter
      of said support disc and said contacting discs and provided with a passage
      for a connecting lead, said centering ring being disposed to center the
      contacting discs and the semiconductor element in the housing, the
      improvement wherein said arrangement further comprises:
PA1  a first sheet metal supporting ring having its inner edge soldered to the
      perimeter of said first contacting disc and bearing against said internal
      flange of said housing, said first ring thereby supporting the unit formed
      by said contacting discs and said semiconductor element and one end of
      said centering ring resting on said first ring;
PA1  a second sheet metal supporting ring having its inner edge soldered to the
      perimeter of said second contacting disc and having a tooth-shaped outer
      edge, the outer diameter of said second ring being greater than the
      interior diameter of said housing and said second ring being press-fitted
      into said housing in a manner to cause said second contacting disc to be
      pressed against said semiconductor body and to be supported by the
      interior wall surface of said housing; and
PA1  a mass of elastic cast material filling said housing interior for
      connecting the unit formed by said contacting discs and said semiconductor
      element to said housing.
NUM  2.
PAR  2. An arrangement as defined in claim 1 wherein said other end surface of
      said semiconductor body is provided with an annular contact electrode
      having a radial slit and a central electrode enclosed by and insulated
      from said annular electrode, and said second contacting disc contacts said
      annular electrode and is provided with a recess in the center of its end
      face which faces said body, and said arrangement further comprises a
      contact pressure applying device for said central electrode disposed in
      said recess, and insulating disc and a central disc and a connecting lead
      connected to said central disc and extending through said radial slit,
      said insulating disc and said central contacting disc being disposed
      between said contact pressure applying device and said central electrode
      and enclosed by said annular contact electrode, with said central
      contacting disc conductively contacting said central electrode and said
      insulating disc being interposed between said contact pressure applying
      device and said central contacting disc.
NUM  3.
PAR  3. An arrangement as defined in claim 1 further comprising a ring of
      ceramic material enclosing said second contacting disc and positioned in
      said mass of cast material, to be even with the other end face of said
      ceramic housing, the region of said other end face of said housing being
      free of any radially inward projection.
NUM  4.
PAR  4. An arrangement as defined in claim 1 wherein said element is a rectifier
      diode.
NUM  5.
PAR  5. An arrangement as defined in claim 1 wherein said element is a
      thyristor.
PATN
WKU  039407888
SRC  5
APN  4222377
APT  1
ART  233
APD  19731206
TTL  Color television camera optical system
ISD  19760224
NCL  2
ECL  1
EXA  Saffian; Mitchell
EXP  Griffin; Robert L.
NDR  2
NFG  9
INVT
NAM  Abe; Haruo
CTY  Sakai
CNT  JA
INVT
NAM  Konishi; Masaichiro
CTY  Sakai
CNT  JA
INVT
NAM  Hosokawa; Teruo
CTY  Sakai
CNT  JA
ASSG
NAM  Minolta Camera Kabushiki Kaisha
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730116
APN  48-6588
CLAS
OCL  358 43
XCL  358 55
EDF  2
ICL  H04N  907
FSC  358
FSS  55;43;5;44
FSC  350
FSS  162 SF;317
UREF
PNO  2733291
ISD  19560100
NAM  Kell
XCL  358 55
UREF
PNO  3588326
ISD  19710600
NAM  Frohbach
XCL  358 55
UREF
PNO  3756695
ISD  19730900
NAM  Mino et al.
XCL  358 55
UREF
PNO  3757033
ISD  19730900
NAM  Frohback et al.
XCL  358 55
UREF
PNO  3768888
ISD  19731000
NAM  Nishino et al.
XCL  358 47
UREF
PNO  3821795
ISD  19740600
NAM  Okano
OCL  358 47
LREP
FRM  Wolder & Gross
ABST
PAL  An optical system in a single or double tube color television camera for
      minimizing color shading, moire patterns and color beats includes along
      the image optical axis a phase grating low pass filter, a color encoding
      filter and a lenticular lens member oriented relative to each other and
      the image scanning to minimize interference between the color encoding
      filter and striped patterns in the viewed object. The color encoding
      filter is striped, the low pass filter is either striped or has regularly
      longitudinally and transversely spaced phase retarding projections and the
      lenticular lens member includes transversely spaced longitudinal
      cylindrical lenses or regularly transversely and longitudinally spaced
      convex projections.
BSUM
PAR  The present invention relates generally to improvements in single or double
      tube type color television cameras and it relates more particularly to an
      improved optical system for such camera systems for preventing color
      shading, moire patterns, color interference blots and similar aberrations
      and distortions.
PAR  In the image forming optical system of a single or double tube type color
      television camera system, there is generally provided a color stripe
      filter to correspondingly spatially color modulate the image whereby to
      generate respective chrominance signals for the separate colors.
PAR  With the use of such a stripe filter, if there is a stripe type pattern in
      the viewed object having a spatial frequency close to that of the
      aforesaid stripe filter, then there occurs interference with the stripe
      filter, thereby causing a beat in the chrominance signal with consequent
      color distortion or shading on the television screen.
PAR  To avoid such a phenomenon, there is commonly provided in the camera
      optical system an optical filter, such as, for example, a low-pass filter
      to block or sharply attenuate any image signal having a frequency higher
      than that of the stripe filter, or a space frequency filter.
PAR  As is disclosed in Japanese Patent Publication N. 1155/1969, a polyhedron
      prism may be provided as an optical filter in the pupil plane of an
      optical system, or one in which a double refractive member is used.
      However, such optical filters possess great difficulties in manufacture in
      addition to the limitation in the design of the optical system itself due
      to the restrictive limitations in the location of the filter in the
      optical system.
PAR  In contrast, the inventor has discovered great advantages in the use of a
      low-pass filter utilizing a phase grating as an optical low-pass filter as
      described in U.S. Pat. No. 3,756,695 granted Sept. 4, 1973. The systems
      disclosed in the above patent include an optical low-pass filter, wherein
      there is provided a rectangular wave phase grating giving a phase
      difference .delta. to the wave surfaces or spots and having identical
      shapes and sizes and arranged whereby the relationship of the portion
      giving a phase difference or retardation, to the portion giving no phase
      difference or retardation, is maintained at a given area ratio. Such an
      optical low-pass filter has the advantages that it is of simple
      manufacture, is applicable to mass production, there is no limitation to
      the location thereof in the optical system and it may be formed on a lens
      surface in the lens system, except for insufficient space frequency
      characteristics.
PAR  It has been previously proposed to focus the image of the color encoding
      stripe filter on the image chrominance tube in a single or double tube
      type color television camera system, a lenticular lens member being used
      for such purpose or such lenses are arranged to present cylindrical lens
      screen having their longitudinal axes arranged to parallel to each other,
      thereby rendering compact the full lens system. A lenticular lens member
      consisting of such cylindrical lens screens has some capability of cutting
      high frequency components, itself, such that it has been proposed to
      utilize part of such a lenticular lens member for an optical filter in
      place of a stripe filter, (Japanese Patent Publication No. 27418/1970).
      However, such a lenticular lens member fails to provide a characteristic
      capable of attenuation in the frequency zone determined by the stripe
      filter, and possesses the great disadvantage of developing considerable
      noise, thereby failing to provide a satisfactory optical filter.
PAR  The present invention is directed to avoiding the aforesaid disadvantages
      and to completely eliminating the interference of a stripe pattern of an
      object with a color encoding stripe filter, by providing in the camera
      lens system having a color encoding stripe filter the combination of a
      phase grating with an optical body having a lenticular lens system
      arranged so as to have orientation characteristics relative to each other,
      thereby presenting a device adapted for use in preventing color shading or
      distortion in a color television system. It has been discovered that the
      frequency response of the combination of the phase grating low-pass filter
      and the lenticular lens member when used as above, is far superior to
      either of these individually and is not normally expected.
DRWD
PAR  The above and other features and advantages of the present invention will
      be clear from a reading of the following description taken in conjunction
      with the following drawings which illustrate a preferred embodiment
      thereof, wherein:
PAR  FIG. 1 is a plan view of one form of a color encoding stripe filter for use
      in the camera of a color television system;
PAR  FIG. 2 is a perspective view of an optical body having a lenticular lens
      system consisting of convex ridges arranged in parallel to each other;
PAR  FIG. 3 is a perspective view of an optical body of the prior art,
      incorporating the characteristics of a low-pass filter in addition to
      those of a lenticular lens;
PAR  FIG. 4 is a plot showing the space frequency characteristics of the
      response of a phase plate low-pass filter used in the present system;
PAR  FIG. 5(A) is a perspective view of one form of rectangular wave phase plate
      filter for use in the present system and having phase-difference defining
      stop portions arranged in parallel to each other;
PAR  FIG. 5(B) is a plan view of a phase plate which may be employed in the
      present system consisting of small circular phase-difference portions
      arranged so as to provide orientation characteristics;
PAR  FIG. 6 is a plot showing the intensity characteristics of the phase plate
      shown in FIG. 5(A);
PAR  FIG. 7 is a plot showing the response characteristic (p) to the space
      frequency of the optical body having a lenticular lens system having
      orientation characteristics, the response characteristic (q) to the space
      frequency of the phase plate low-pass system and the overall
      characteristic (r) of the combination of both; and
PAR  FIG. 8 is a diagram showing the entire arrangement of one embodiment of the
      present invention.
DETD
PAR  Referring now to the drawings which illustrate preferred embodiments of the
      present invention, the reference numeral 1 generally designates a color
      encoding stripe filter used in a single or double tube type color
      television camera system such as is shown in FIG. 8, the filter 1
      functioning to resolve the color of an image from an object and located in
      an optical system in front of the image tube which detects and produces
      chrominance signals. The stripe filter 1 comprises a stripe-like grating
      whose segments are arranged parallel to each other, the grating being
      provided with segments consisting of red R, green G and blue B portions in
      this order. The light from a photographic object is focussed by the
      focussing lens 9 on a photo-responsive or photoelectric converting face 11
      of an image tube, while the image through the stripe filter 1 is focussed
      on the photoelectric converting face by another lens, for obtaining
      chrominance signals. This lens is a lenticular lens member consisting of a
      plurality of lens bodies, the radius of curvature of the lenses being
      small to shorten or compress the distance between the stripe filter 1 and
      the photoelectric converting face 11. Such a lenticular lens member may be
      formed by conventional molding techniques. Due to the finishing accuracy
      of the mold-forming, the split pitch in the lenticular lens member
      consisting of a plurality of lenses should not be too small, so as not to
      impair the brightness of the image given through the stripe filter 1. The
      lenticular lens member of this kind may be an optical body of the screen
      type having continuous projections thereon, said body consisting of a
      plurality of lenses having predetermined orientation characteristics, or a
      lenticular lens member 2 consisting of parallel convex ridges or lenses,
      in which cylindrical lenses 3 are disposed with their axes in parallel as
      shown in FIG. 2.
PAR  If a color encoding grating type stripe filter 1 is used in the optical
      system, and if there is a stripe pattern in an image of the object, which
      pattern has a frequency the same as or close to that of the stripe filter
      1, or if there is a stripe pattern having a frequency higher than that of
      the stripe filter 1, then interference occurs between the stripe pattern
      and stripe filter, a beat is produced which causes false signals in the
      chrominance signal with the resultant color shading and distortion on the
      image obtained. To avoid such drawbacks, it is necessary to eliminate or
      strongly attenuate from the image frequencies higher than the frequency of
      the stripe filter 1. This in turn leads to the necessity of providing an
      optical filter such as a low-pass filter in the aforesaid optical system.
PAR  Although the lenticular lens member 2 having the aforesaid orientation
      characteristics incidentally functions as a low-pass filter, it is
      primarily intended to focus on the photoelectric face of the camera tube
      10 the image effected through the aforesaid stripe filter 1. In this
      respect, the position of the lenticular lens member 2 in the lens system
      and the radius of curvatures of the respective lens elements 3 are
      governed thereby, and furthermore the pitch is also so governed,
      considering the capabilities of mold-forming techniques. Thus, by reason
      of the above factors the desired performances for the low-pass filter are
      not achieved.
PAR  Referring now to FIG. 3, there is shown a low-pass filter as disclosed in
      patent Japanese Patent Publication No. 27418/1970, in which the parallel
      convex lens ridges 3' are spaced from each other distances to impart to
      the lenticular lens member the functions of a low-pass filter, the ridges
      3' serving as non-lens portions, and lens portions 4 of a smaller radius
      of curvature are provided there between. Such a low-pass filter not only
      presents difficulties in its highly accurate manufacturing, but also
      disturbs the light from the stripe filter 1, with the result that the
      image from the respective lenticular lens member 5 of the stripe filter 1
      is impaired, thus failing to present a chrominance signal of a suitably
      high accuracy.
PAR  According to the present invention, the focussing capability of the
      lenticular lens member is retained intact, and the image of the stripe
      pattern of an object having a frequency higher than that of the stripe
      filter is sharply attenuated or blocked, by supplementing the insufficient
      function as an optical filter presented by the lenticular lens member with
      the function of the optical filter presented by a low-pass phase grating.
PAR  FIG. 5(A) shows a rectangular wave grating 6 which is a component of one
      embodiment of the present invention, in which there are provided on a base
      plate 7 phase-difference defining or retarding portions 8 extending
      parallel to each other and producing a phase difference .delta. at a
      grating period X, and assuming the width of the aforesaid phase-difference
      defining portion being `a`, then the spacing between the phase-difference
      defining portions 8 will be X-a.
PAR  In the embodiment as shown in FIG. 5(A), there is shown such a grating with
      the base plate 7 and the phase difference defining portions 8 made from
      the same material. However, different materials may be used for such
      components, as far as they are transparent and may produce a phase
      difference .delta.. For instance, the phase difference defining portions 8
      may be made of glass on which magnesium fluoride is vacuum-evaporated and
      deposited. Furthermore, the base plate may be a lens surface used in the
      camera lens system.
PAR  Assuming that the aforesaid rectangular wave phase grating is incorporated
      on the pupil plane of a lens in the camera lens system and that the lens
      in the camera lens system has no aberration and the width of the phase
      grating is infinite, then, the intensity of the spread function on the
      focal plane of a lens system may be expressed as the square of the Fourier
      co-efficient, as follows:
      ##EQU1##
      wherein n = O, .+-. 1, .+-. 2.
PAR  In other words, the spread function presents an image spread linearly
      depending on the `n` values, and the extent of the spread image is
      governed by the frequency period X, of the phase grating. Assuming that
      the focal length of the lens system is `f`, the wave length of the light
      from an object is .lambda. and the coordinate on the image surface `U`,
      then the aforesaid extent covers the position spaced, the following
      distance from the geometrical optical image point express as n=0, as
      follows:
EQU  U=nf.about..lambda./x                                      (2)
PAL  and the extent of the spread has no bearing on the aperture ratio of the
      image focussing lens system.
PAR  Provided that the intensity distribution is such as expressed in the
      formula (1), then the response thereto will be such as shown in FIG. 4,
      such that the intensity distribution presents discontinued values, thereby
      resulting in higher response values in the high frequency range. The
      response as a low-pass filter should be `0` at a frequency higher than a
      given cut-off frequency, whereas the response P at the cut-off frequency
      Sc is not `0`. However, if such a value P is substantially small, then the
      object of the low-pass filter is achieved.
PAR  The cut-off frequency Sc is expressed as follows:
EQU  Sc = a/f .sup.. .lambda.                                   (3)
PAR  The above relationship may be achieved by determining the width `a` of the
      phase-difference defining portions 8 for obtaining the desired cut-off
      frequency based on the focal length `f` of the image focussing lens and
      the wave length .lambda. of the light.
PAR  The response P at the cut-off frequency Sc is expressed as follows:
      ##EQU2##
PAR  Accordingly, the response P is determined by the phase difference .delta.,
      the width `a` of the phase difference-defining portions 8 and the
      frequency (X).
PAR  The frequency Sp shown in FIG. 4 is expressed as follows:
      ##EQU3##
PAR  The response at the frequency Sp is assumed to have the value `1`, provided
      that the spread of the grating is infinitely great. In contrast thereto,
      in case the spread of the phase grating is finite, then the intensity
      distribution will have a width to some extent commensurate to n = 0, .+-.
      1, and .+-. 2. This signifies that, from the viewpoint of the response,
      the peak of the response at the frequency Sp in FIG. 4 is lowered below
      the value 1, while the decrease in the value of the response in the
      neighborhood of the frequency Sp may present preferable conditions for the
      phase grating in using the same as a low-pass filter. However, the fact
      still remains that there is left some degree of response in the vicinity
      (A) of the frequency Sp, and thus it is desired that such frequency be
      eliminated.
PAR  While the aforesaid description has been given to the case where the
      rectangular wave phase grating is provided on the pupil plane of a lens,
      such a grating is not necessarily located on the pupil plane. For
      instance, in case such a grating is inserted between the image focussing
      lens system and the image surface, then the width `a` of the phase
      difference defining portions 8 and the period X of the phase grating may
      be relatedly varied commensurate to the ratio of the aperture of the lens
      to the diameter of a beam, i.e., the ratio of the focal length to the
      distance of the position of the phase grating to the image point, whereby
      the limitation of the phase grating position of the phase grating may be
      eliminated.
PAR  For the simplicity of the description, there has been referred thus far to
      a linear rectangular phase grating having an orientation characteristic.
      However, such a grating need not necessarily be a rectangular wave phase
      grating and may be of the type of a trapezoid wave or a sine wave. In
      addition, in case the stripe filter is of a mosaic type and
      bi-dimensional, then the phase grating may be one which has an orientation
      characteristic having a concentric pattern or phase plates of concentric
      elliptical shape having the same eccentricity.
PAR  As shown in FIG. 5 (B), a phase plate 6' may be used, in which the phase
      difference defining portions 8' having a phase difference .delta. and
      provided on the base plate 7' are in the shape of transparent small
      circles, and the transparent small circle portions 8' may be arranged on
      the base plate 7', with the spacing Y and Z being provided so as to give
      the orientation characteristics in `Y` and `Z` directions.
PAR  The following description is given by way of an example of a specific of
      the present invention by setting forth actual figures or values, with
      respect to the construction and functions thereof. For developing a
      chrominance signal of 0.75 MH.sub.z required normally in the case of the
      use of a 1 inch video tube or condensor 10, the stripe filter 1 as shown
      in FIG. 1, is provided with eighty sets of stripes such as red (R), green
      (G) and blue (B). In this case, the width of one set of stripes will be
      about 160 .mu. on the photoelectric converting surface 11. As a result,
      the number of the stripes per width of 1 mm will be 1/0.16 = 6.25 /mm,
      such that the stripe pattern of an image from an object having a frequency
      higher than the aforesaid frequency is sharply attenuated or blocked.
PAR  In contrast thereto, in focussing the stripes of the stripe filter 1 on the
      photoelectric converting surface 11 through the lenticular lens member as
      shown in FIG. 2, the pitch of the parallel convex lens ridges 3 is 80 .mu.
      the focal length is 88 .mu. and the optical body 2 having this lenticular
      lens surface is inserted at a distance `d` = 18 mm from the photoelectric
      converting surface 11, then the characteristics as a low-pass filter of
      the optical body 2 is shown by the solid line `p` in FIG. 7, with the
      response being plotted as ordinate and with the frequency (each/mm) being
      plotted as an abscissa. As is clear from FIG. 7, the optical body 2 having
      such a lenticular lens surface blocks only 9 /mm on the lower frequency
      side, and the response value having a frequency higher than 9 each/mm
      exhibits minus values.
PAR  Thus, the use of the optical body 2 alone fails to provide the functions
      required of a low-pass filter, and it results in an inverse false signal
      at a frequency higher than 9 each/mm.
PAR  According to the system of the present invention, there is provided an
      optical filter in the form of phase grating 6 and 6' as shown in FIGS.
      5(A) and (B) which is positioned in a manner that it will not exert any
      influence on image-focussing by the lenticular optical body 2 of the color
      stripe filter 1. More particularly, a rectangular wave phase grating,
      trapezoid wave phase grating or sine curve type phase grating is inserted
      on the object side of the stripe filter 1 in the camera lens system
      provided for obtaining chrominance signals.
PAR  Cooperating with the condition of the stripe filter 1, the phase grating 6
      is so designed as to give the cut-off frequency Sc = 8.0/mm and p=-0.12,
      and such phase grating is positioned on the object side in the aforesaid
      position with d = 18 mm, and the stripe filter being superposed thereon.
      In this respect, assuming the wave length of the light of 500 m.mu. then
      there will be obtained a= 72.mu. . If X = 3a, then X = 216.mu. . The phase
      difference .delta. is then obtained from the formula (4) in terms of
      p=-0.12, as follows:
EQU  .delta. = 0.738 .pi.
PAR  The characteristics of the phase plate 6 thus designed is such as shown by
      the broken line `q` in FIG. 7, in which the response value begins to
      increase from the space frequency of 17/mm, reaching at a peak in the
      neighborhood of the space frequency of 24 each/mm as shown at `A` in FIG.
      7, said peak being about 0.7. This means that the use of the phase plate 6
      alone cannot present a complete optical filter for the aforesaid stripe
      filter 1.
PAR  To remedy the situation, according to the present invention, there is
      provided, as shown in FIG. 8, the combination of the lenticular lens
      member 2 with the phase plate 6 which are incorporated in the camera lens
      system having a stripe filter 1. Then, the overall characteristics of the
      lenticular lens member 2 and the phase plate 6 will be such as given by
      the curve shown by the one-point chain line r in FIG. 7, while the cut-off
      frequency will be about 6.5 each/mm and the response P will be almost O,
      and in addition, the response on the frequency side higher than the
      aforesaid frequency will be maintained a almost zero.
PAR  This provides ideal characteristics as a low-pass filter for the light from
      an object, for use with the stripe filter 1.
PAR  In practice, the response in the frequency range to be cut off should fall
      in the range of .+-. 0.3, and thus the color shading may be prevented,
      although the response should approximate zero as shown in FIG. 7, in case
      the object is dark.
PAR  As is apparent from the foregoing, according to the present invention,
      there is provided a combination of a phase grating with a lenticular lens
      member arranged so as to give orientation characteristics, in the camera
      lens system having a stripe filter in a single or double tube color
      television camera system, whereby the image of the stripe filter is
      focussed on the photoelectric converting surface of the image tube by
      means of the optical body having the aforesaid lenticular lens arrangement
      and whereby the overall characteristics of the response to the space
      frequency, of the phase grating and the optical body having said
      lenticular lens may cut the high frequency over the space frequency of the
      aforesaid stripe filter among the stripe patterns included in the light
      from the object. This effects the elimination of interference between the
      stripe pattern of the object and the stripe filter, thereby preventing the
      color shading caused by the aforesaid interference, particularly
      preventing the development of the color shading in the case of the object
      being dark. Furthermore, since the overall characteristics as an optical
      filter may be obtained as a product of the optical body defining the
      respective lenticular lens member and the phase grating, there are
      obtained excellent characteristics, even if the optical filter is inferior
      in characteristic, due to manufacturing errors of the respective
      lenticular lens member or the phase grating. This further leads to the
      successful practical simple mass production of the optical body having a
      lenticular lens and phase grating sections.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a color television camera system including a photoelectric converting
      face, an optical system for forming a color modulated image on said
      photoelectric converting face comprising:
PA1  an objective lens disposed in front of said photoelectric converting face
      so as to focus an image of an object thereon;
PA1  a color encoding filter disposed between said objective lens and said
      photoelectric converting face, said color encoding filter having a
      plurality of parallel color stripes;
PA1  a lenticular lens member disposed between said color encoding filter and
      said photoelectric converting face, said lenticular lens member having a
      plurality of side by side longitudinally extending cylindrical lenses
      parallel with said color stripes and being so located that an image of
      each color stripe is individually focussed on said photoelectric
      converting face by a corresponding one of said cylindrical lenses,
      respectively; and
PA1  a phase grating disposed in front of said color encoding filter having a
      transparent substrate and transversely spaced phase retarding,
      lontigudinal, transparent stripes disposed on a face of said substrate,
      said transparent stripes being parallel with said color stripes.
NUM  2.
PAR  2. In a color television camera system including a photoelectric converting
      face, an optical system for forming a color modulated image on said
      photoelectric converting face comprising:
PA1  an objective lens disposed in front of said photoelectric converting face
      so as to focus an image of an object thereon;
PA1  a color encoding filter disposed between said objective lens and said
      photoelectric converting face, said color encoding filter having a
      plurality of parallel color stripes;
PA1  a lenticular lens member disposed between said color encoding filter and
      said photoelectric converting face, said lenticular lens member having a
      plurality of side by side longitudinally extending cylindrical lenses
      parallel with said color stripes and being so located that an image of
      each color stripe is individually focussed on said photoelectric
      converting face by a corresponding one of said cylindrical lenses,
      respectively; and
PA1  a phase grating disposed in front of said color encoding filter having a
      transparent substrate and a plurality of regularly arranged transversely
      and longitudinally spaced phase retarding transparent projections disposed
      on a face of said substrate, one of the directions determined by said
      regularly arranged projections being parallel with said color stripes.
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ABST
PAL  A multicolor visual display apparatus for stereophonic sound signals is
      disclosed. The display apparatus includes a conventional three gun color
      cathode ray tube, having a screen with a plurality of colored phosphor dot
      triads. Stereophonic signals are coupled to a deflection yoke located on
      the neck of the tube for producing a pattern on the screen in sympathy
      with the information content of the channels. The convergence coils and
      purity rings normally located at the rear of the yoke on a three gun color
      tube neck are not used. Their absence permits the location of the
      deflection yoke behind its normal position whereby electrons from any of
      the guns strike phosphor dots of different colors in different regions of
      the screen, producing a pleasing multicoloration of the pattern. A coil in
      the nature of a standard degaussing coil is activated while the pattern is
      displayed to further enhance this multicoloration.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates generally to an apparatus for the visual portrayal of
      electrical signals and, more particularly, to a multicolored aesthetic
      display for electrical signals.
PAC  BACKGROUND OF THE INVENTION
PAR  In the prior art, cathode ray tube oscilloscopes have been used for the
      display of patterns produced by deflecting an electron beam of the tube
      along a horizontal axis in proportion to a first signal and simultaneously
      deflecting the electron beam along a vertical axis in proportion to a
      second signal. When the first and second signals are harmonically related,
      the resultant patterns are stationary and information may be derived from
      the pattern shape. In particular, when the signals are harmonically
      related sinusoids, the resultant patterns are termed Lissajous patterns.
      When the signals are not harmonically related the patterns change in time,
      often going through pleasing permutations. Stereophonic signals have been
      displayed in this manner for both the purposes of obtaining information
      from the displayed patterns and for the aesthetic appearance of the
      patterns permutations.
PAR  Recently, color cathode ray tubes have been proposed as displays for the
      patterns produced by stereophonic signals wherein the patterns might be
      colored in sympathy with these signals to enhance the aesthetic appearance
      of the displayed patterns. In U.S. Pat. No. 3,627,912 to Hearn, issued
      Dec. 19, 1971, it was proposed that the color of a pattern produced by
      stereophonic signals be modulated in accordance with the instantaneous
      velocity of the electron beam. A relatively large number of circuit
      elements are required to achieve that technique of color modulation which
      requires the instantaneous variation of the proportions of current emitted
      from the three guns of a color picture tube.
PAR  To provide a commercially acceptable multicolor aesthetic cathode ray tube
      display apparatus for electrical signals, a small number of inexpensive
      parts must be used in order to minimize the cost of such a display.
PAC  SUMMARY OF THE INVENTION
PAR  Multicolor display apparatus for electrical signals is provided wherein the
      horizontal and vertical coils of a deflection yoke for a three gun color
      cathode ray tube are fed by sound related electrical signals to produce a
      pattern on the tube screen in sympathy with the sound signals. It was
      unexpectedly observed that when the usual convergence coils and purity
      rings on the neck of the three gun color tube are removed and the
      deflection yoke is located substantially at the rear of the tube neck, at
      a position approximately where the convergence coils are usually located,
      that a multicolored pattern is produced in response to separate signals
      being supplied to the orthogonal coils of the yoke. This positioning of
      the yoke provides a means for modulating the instantaneous color of the
      displayed pattern in correspondence with the instantaneous amplitude of
      the electrical signals feeding the yoke. It was further unexpectedly
      observed that when a coil, in the nature of a standard degaussing coil
      wrapped around the tube just behind the screen is supplied with current
      the multicoloration of the displayed pattern is further increased. No
      color modulating circuitry of the type which instantaneously varies the
      proportions of the beam intensities of the three guns is required. As the
      electron beam emitted from any one gun traces the displayed pattern, the
      colors along the pattern vary over many hues and tints in accordance with
      the instantaneous location of the beam on the tube screen. In fact,
      locations on the tube screen exist in correspondence with substantially
      all the hues and the tints which the color tube can normally produce.
PAR  Means are provided for individually biasing or setting, on a semipermanent
      basis, (as opposed to instantaneously varying) the beam intensities of the
      three guns whereby each beam may be individually turned on or off. With
      the intensities of the three beams set substantially equal, three similar
      patterns, one due to each gun, are produced, each having a different
      sequence of coloration. The three patterns are spaced apart sufficiently
      to be separately distinguishable due to the absence of the convergence
      coils. The provision of these three separately distinguishable patterns
      lends a further aesthetic enhancement to the display.
PAR  Very little electrical circuitry is required to operate the color display
      due in part to the inherent color modulation produced by the deflection
      yoke signals and by the coil current. In the electrical circuitry that is
      required the emphasis is placed on simplification and the use of high
      volume components. Thus, the anode voltage for the tube is supplied by the
      provision of a high frequency oscillator operating at a frequency where a
      "television flyback" autotransformer can be used for voltage step-up. The
      output of the autotransformer is applied to a voltage tripler circuit for
      producing the d.c. anode voltage. The capacitors of the tripler are chosen
      so that the anode voltage has a substantial ripple, which, when the beam
      intensities are set to a low value, produces a dashed pattern which some
      find aesthetically pleasing, particularly with rapidly changing sound
      signals.
PAR  To prevent burning of the phosphors of tube due to a stationary electron
      beam, the display is blanked when the sound related signal is relatively
      weak. This blanking is achieved by coupling a sound related signal to the
      gate of a silicon controlled rectifier which is in series with a relay
      coil. The contacts of the relay are situated within the anode voltage
      producing circuitry to stop the production of anode voltage in the absence
      of the sound related signal.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved
      multicolor visual display for electrical signals of substantially reduced
      cost than heretofore possible.
PAR  It is a further object of the present invention to provide means for
      multicoloring displayed stereophonic signal patterns on a three gun color
      tube without the necessity of instantaneously varying the proportions of
      current emitted from the three guns.
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of specific embodiments thereof, especially when
      taken in conjunction with the accompanying drawing wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view perpendicular to the axis of a three gun color cathode ray
      tube with a deflection yoke, positioned thereon as in the prior art.
PAR  FIG. 2 is a simplified schematic of the multicolor display of the invention
      including the three gun color cathode ray tube of FIG. 1. The positioning
      of the deflection yoke in the invention is indicated.
PAR  FIG. 3 is a schematic view of the internal structure of the cathode ray
      tube in conjunction with the deflection yoke positioned as in the
      invention.
PAR  FIG. 4 is a schematic of the electrical circuitry used in conjunction with
      the three gun color tube.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, a conventional three gun color cathode ray tube
      10 is shown with a phosphorescent screen 12 at the front of tube 10 on
      which images or patterns can be displayed. At the back of tube 10 is a
      small diameter elongated neck 14 which contains three electron beam guns
      for producing three electron beams impinging on screen 12. Between screen
      12 and neck 14 is a sloping transition region 16. Various parts are shown
      located on neck 14 as in the prior art use of tube 10 in a color
      television receiver. Deflection yoke 18 provides means for simultaneously
      deflecting the electron beams impinging on screen 12 in accordance with a
      raster. Yoke 18 is normally located just abutting sloping transition
      region 16, although an adjustment range 19 is provided for moving the yoke
      aft up to approximately one inch. No movement of yoke 18 in excess of
      adjustment range 19 is possible because of the location of a triad of
      convergence coils 20 aft of the yoke. Convergence coils 20 provide means
      for substantially individually deflecting, and thereby aligning, the
      electron beams from each of the three guns, so that the beams come
      together at the same location just in front of the screen 12. Located in
      back of the convergence coils are purity rings 22 for very finely
      adjusting the purity of the color produced throughout screen 12 by each of
      the three guns. At the end of neck 14 are socket pins 24 connected to the
      various electrodes and filaments within tube 10. Coil 25 is the standard
      degaussing coil which encircles transition region 16 of tube 10, just to
      the rear of screen 12. This coil is generally energized with a.c. voltage
      at its terminals a and b only during warm-up of tube 10. When the tube is
      active no current is normally supplied.
PAR  Reference is next made to FIG. 2 wherein the multicolored sound display 30
      of the invention is schematically shown. Signal sources 32 and 34 from a
      pair of non-periodic random information signal channels, such as two
      stereo sound channels, are fed to the vertical and horizontal coils,
      respectively, of yoke 18. An aesthetic pattern (as opposed to a raster) is
      formed on screen 12 by the deflection of any combination of the three
      electron beams of the three gun tube 10 in accordance with the signal
      sources 32 and 34. Convergence coils 20 and purity rings 22 are removed.
      The absence of these parts permits the location of deflection yoke 18 aft
      on neck 14 a distance d from its normal position. It is this location of
      the yoke 18 which multicolors the displayed pattern on screen 12. The
      color of the pattern produced by each individual beam goes through a
      substantial range of tints and hues along the pattern. If the pattern
      covers an area substantially traversing the entire screen 12,
      substantially all the hues and tints which the tube 10 can produce are
      produced by each individual beam. Yoke 18, located aft of its usual
      adjustment range 19, is preferably located approximately where the removed
      convergence coils 20 would have been situated. Distance d is approximately
      2 inches although it varies somewhat with different models and sizes of
      tube 10. Coil 25 is supplied with 60 hertz a.c. voltage from voltage
      source 35 via coil terminals a and b during the time when the patterns are
      displayed. A more rapid variation of the color along the pattern traced by
      each individual electron beam results. Preferably coil 25 is a standard
      degaussing coil and source 35 supplies the usual current used for
      degaussing an inactive tube.
PAR  Adjustable voltages 36, 38, and 40 are applied to corresponding electrodes
      of each of the three guns, red, blue and green, respectively. These
      voltages provide means for individually setting the beam intensities of
      the three guns. A similarly shaped but distinctly spaced apart pattern is
      produced by each of the three guns. Each of the patterns has a different
      sequence of color variations. By individually adjusting the beam
      intensities from the three guns, any number of the three distinct patterns
      may be simultaneously displayed. The signal from one of the input
      channels, e.g., source 32 is applied to a threshold detector 42 which in
      turn controls the operation of anode high voltage supply 44 connected to
      the tube's anode 46. When signal is absent from source 32 for a period of
      time, for example, a one second pause in the sound, the tube 10 must be
      blanked to prevent a stationary electron beam from burning the screen 12.
      Threshold detector 42 senses the absence of sound content in the signal
      line 32 and turns off the anode high voltage supply 44 until the sound
      content returns or initiates.
PAR  Although the reasons for the multicoloration of the produced patterns are
      not fully understood, there is a theory which tends to explain th
      phenomenon. FIG. 3 shows the internal structure of the tube 10. The tube
      comprises three electron guns 52, 54 and 56, respectively provided to
      produce electron beams that normally strike phosphors for the primary
      colors, red, blue and green. These guns, as is well known, are disposed at
      the corners of an equilateral triangle (not shown) which is traverse to
      tube longitudinal axis 58. Each gun is composed of cathode, grid and
      screen electrodes (not shown). Filaments 60 are disposed within the tube
      neck to provide electron space charge to the guns. To illuminate any
      discrete location on phosphor screen 12, the beams from the equilateral
      triangle of guns 52, 54 and 56 normally pass through an aperture 62 of
      shadow mask 64, just in front of the screen, and impinge on a color
      corresponding equilateral triangle of phosphor dots on the phosphor
      screen. The relative intensities of beam energy falling on the red, blue
      and green phosphor dots determines the apparent color. The aperture 62 is
      essentially a pinhole lens to produce an inverted electron image of the
      gun triad on the phosphor screen.
PAR  Yoke 18 is an electromagnet which provides a magnetic field (not shown) in
      proportion to the horizontal and vertical deflection signals of sources 32
      and 34 for simultaneously deflecting electron beams from the three
      electron guns in horizontal and vertical directions in proportion to the
      signals. With the yoke moved back a distance d from its normal position,
      the electron beams from the various electron guns are deflected or bent
      upstream of the position 66, at the base of the neck 14, where deflection
      would normally occur. Line 68, representing the path or trajectory of the
      electron beam from red gun 52 is illustrative. Line 68 is directed
      generally axially as it leaves red gun 52 but is bent at point 70 as the
      line passes within yoke 18. After point 70, line 68 continues straight
      through a particular aperture 69 in the shadow mask 64 and thereafter
      impinges on phosphor screen 12 at location 74. The line 68 makes an angle
      of .theta..sub.1 with respect to the tube longitudinal axis 58. If the
      deflection yoke were located at its normal position 66, then dashed line
      71 would represent the path of the electron beam from red gun 52. Line 71
      is directed generally axially until normal yoke location 66 where the line
      is bent, and thereafter continues straight through the particular aperture
      69. Though passing through the same aperture as line 68, line 71 hits the
      screen 12 at a different location 76. The reason for this is apparent,
      since to pass through the same aperture as line 68, line 71 must make an
      angle .theta..sub.2 with tube axis 58 which is larger than .theta..sub.1.
      Thus, the location of yoke 18 rearward a distance d changes the angle of
      arrival of the electron beams at any shadow mask aperture 62 which in turn
      causes the beams to strike other than their usually intended corresponding
      phosphor dots; this causes multicoloration. As the beams are deflected to
      strike locations on the screen 12 which are more and more removed from
      tube axis 58, the difference in angle between .theta..sub.1 and
      .theta..sub.2 increases. Thus, the degree of multicoloration produced by
      the electron beam from any of the guns increases with increased
      deflection. Since the deflection is in proportion to the stereo channel
      signals on lines 32 and 34 of FIG. 2, it is apparent that the
      multicoloration of the pattern is dependent on the amplitudes of these
      signals.
PAR  With only the yoke 18 moved back a distance d, the pattern traced by any
      individual electron beam is not multicolored as it passes close to the
      center axis 58 of screen 12 and guns 52, 54 and 56. To produce
      multicoloration of the pattern when the beam is close to the central axis
      58, the coil 25 is excited with a.c. voltage from source 35. An axial a.c.
      magnetic field is produced by coil 25 which causes the electron beams from
      the three guns to slightly spiral or corkscrew about axis 58. This
      spiralling, even in the absence of deflection yoke magnetic field, changes
      in time the angle at which the electron beams pass through any aperture 62
      of shadow mask 64, consequently causing the beams to strike other than
      their usually intended corresponding color phosphor dots.
PAR  FIG. 4 is a schematic representation of the electrical circuitry 67 for
      operating the multicolor sound display. Input lines 72 and 73 for a first
      stereo channel are applied across the vertical deflection coil of
      deflection yoke 18 while input lines 79 and 81 for a second stereo channel
      are applied across the horizontal deflection coil of deflection yoke 18.
      These input lines are to be fed by external amplifiers. Buffer amplifiers
      (not shown) may be incorporated in cascade with the input lines to enable
      the feeding of the input lines with preamplifier signals. Various voltages
      for operating tube 10 are derived from a 115 volt a.c. house voltage
      source on lines 77 and 78. A half wave rectifier across source lines 77
      and 78 which is composed of a diode 80 in series with a filtering
      capacitor 82 provides a d.c. voltage V across capacitor 82. This d.c.
      voltage is applied to the grids of each gun 52, 54 and 56, and is the d.c.
      supply for electron tubes within the electrical circuitry 67. The a.c.
      voltage on lines 77, 78 is connected across the coil 25 via a switch 89.
      The switch 89 provides means for activating coil 25.
PAR  Continuously variable resistive voltage dividers 84, 86 and 88 each tap off
      a different variable fraction of voltage V for application to each of the
      screen electrodes of the three guns 52, 54, and 56. These variable voltage
      dividers provide means for individually setting the intensity of the
      electron beams due to each gun. The range of variation of each voltage
      divider is such that the intensities of the electron beams of each gun may
      be set anywhere from substantially black to very bright. Thus, utilizing
      voltage dividers 84, 86 and 88, any number of the distinct patterns due to
      each gun may be displayed.
PAR  The anode high voltage for the tube 10, on the order of 21 kilovolts, is
      supplied via an oscillator. Free running multivibrator 90, operated from
      supply voltage V delivers an output pulse train at its output terminal 92.
      The output pulse train on line 92 is inputted to an amplifier 96, normally
      operated from supply V, which amplifies the output pulse train and applies
      it to a short section of windings 98 of a "television flyback"
      autotransformer 100. The autotransformer, across its entire length of
      windings 102, provides a voltage step-up of this pulse train to
      approximately 7 kilovolts. The output pulse width of the multivibrator is
      chosen such that oscillation occurs at a nominal 16 kilohertz rate. The
      autotransformer 100 has one end 106 connected to the positive side of
      voltage V. Spaced between end 106 and the output terminal 108 of amplifier
      96 is the short section of windings 98. The other end 110 of
      autotransformer 100, which has a voltage in the form of an amplified pulse
      train, is connected to input line 112 of a voltage tripler circuit 114.
      The other of the tripler input line 116 is connected to the negative side
      of voltage V. The output line 118 of voltage tripler 114 provides
      approximately 21 kilovolts to the anode of tube 10. The capacitors of the
      tripler are chosen to be of somewhat low capacitance to give the output
      anode voltage a substantial ripple preferably on the order of 50%. When
      the screen voltage from variable dividers 84, 86 and 88 are set low, a
      dashed pattern may be displayed on screen 12, which is bright at the peaks
      of the voltage ripple and substantially black at the valleys of the
      voltage ripple. Some feel that dashes enhance the displayed sound
      pattern's aesthetic appearance when the stereo channel signals are in
      response to very rapidly changing musical notes.
PAR  The tube 10's gun cathodes are supplied from the negative side of supply
      voltage V. The focus electrode of the tube 10 is supplied from a variable
      voltage divider 120, tapped from an intermediate voltage of tripler 114.
      By varying this focus voltage the beam spot size on the screen 12 may be
      adjusted. Consequently the width of the line tracing the patterns may be
      adjusted.
PAR  The primary winding 122 of a filament transformer 124 is connected across
      the 115 volt a.c. input lines 77 and 78. Filament transformer 124 has a
      floating center trapped 12 volt a.c. secondary composed of lines 125, 126
      and center tap 127 for supplying filament voltages to tube filaments 60
      and to the filaments of the tubes within circuitry 67. Line 125 is
      connected to the anode 128 of silicon controlled rectifier (SCR) 130. The
      cathode 132 of SCR 130 is connected to one end 134 of a 6 volt d.c. relay
      coil 135. The other end 136 of relay coil 134 is connected to the
      secondary line 126 whereby one half of the secondary (6 volts a.c.), the
      high current electrodes (the anode and cathode) of the SCR and the relay
      coil are in series. The control voltage of the SCR is input line 72 of
      stereo channel 1 which is coupled to the SCR gate 137 via an isolation or
      current limiting resistor 138. The other input line 73 from channel 1 is
      coupled to the SCR cathode 134. The SCR conducts current to the relay
      during each positive half cycle of the a.c. voltage, in which a positive
      control voltage measured from gate to cathode triggers the SCR. During the
      negative half cycle of the a.c. voltage no current is conducted by the SCR
      because the SCR cannot conduct current from cathode to anode. If the SCRis
      retriggered at substantially the beginning of each positive SCR is cycle
      then a resultant half wave rectified waveform is filtered to d.c. by a
      capacitor 140 in parallel with the relay coil. This d.c. voltage, on the
      order of 6 volts, is sufficiently large to maintain relay coil 135 in an
      energized state. Should there be no channel 1 signal then the SCR will not
      be retriggered and the d.c. voltage across the relay coil will decay below
      a voltage necessary to energize the relay. Upon return of channel 1
      signal, retriggering of the SCR is again initiated, returning the relay to
      the energized state. Thus, when channel 1 signal is present the relay is
      energized while when channel 1 signal is absent the relay is not
      energized. The contacts 142 associated with relay coil 135 are closed when
      the relay is energized and open when the relay is not energized. Contacts
      142 are in series with the supply voltage to amplifier 96. When the
      contacts are open due to the absence of channel 1 signal, the amplifier 96
      is inactivated which causes the anode voltage on line 118 to substantially
      vanish. Thus, the electron beams from the three guns are turned off
      because of the absence of the anode voltage in order to blank tube 10 when
      the input electrical signals are not sufficiently strong to spread the
      energy of the tube's electron beams.
PAR  Having described a specific embodiment of the invention, it should be
      apparent that the objects of the invention have been met and that numerous
      modifications and equivalents of the embodiment may be made which are
      within the spirit and scope of the invention. Therefore, it is intended
      that the invention not be limited except with reference to the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for displaying colored aesthetic patterns of the
      information in two random electrical signals comprising:
PA1  a. a source of said random signals;
PA1  b. a color cathode ray tube, having a neck, a screen and a transition
      between said neck and said screen, said tube having a high voltage
      electrode and containing three electron beam guns within said neck for
      producing three electron beams each associated with a different one of
      three primary colors within the screen is adapted to be struck by said
      three electron beams, said screen having a plurality of phosphor dots of
      each of the three primary colors; and
PA1  c. a deflection yoke coupled to said electrical signals for deflecting the
      electron beams of said guns in response to said two electrical signals,
      said deflection yoke having a normal position on the neck of said cathode
      ray tube for allowing each dot to be struck by the electron beam from the
      gun of its associated color, said deflection yoke being positioned in back
      of its normal position to such a degree that substantial regions of dots
      of all three primary colors may be struck by the electron beams from any
      of the three guns.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the electrical signals are stereophonic
      sound signals.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the normal position of the deflection
      yoke is abutting said transition and said yoke is positioned at least 2
      inches in back of said normal position.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the deflection yoke is located to the
      rear of a normal adjustment range on the neck of the tube.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said deflection yoke is located on the
      tube neck approximately in a position where convergence coils are normally
      located.
NUM  6.
PAR  6. The apparatus of claim 4 in combination with means for applying high
      voltage to said high voltage electrode including an oscillator, and a
      blanking means for turning off the electron beams when the electrical
      signals are relatively weak, said blanking means including means for
      removing the high voltage from the electrode.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said blanking means further comprises:
PA1  a. a silicon controlled rectifier having two high current electrodes and a
      gate electrode, said gate electrode coupled to one of said input lines;
PA1  b. a relay coil in series with said high current electrodes;
PA1  c. an alternating voltage supply in series with said high current
      electrodes and said relay coil; and
PA1  d. a capacitor in parallel with said relay coil.
NUM  8.
PAR  8. The apparatus of claim 1 wherein the tube has a central axis
      perpendicular to the screen and the screen has a center through which the
      axis passes, each phosphor dot in the center and in proximity to the
      center of the tube normally being struck by an electron beam from only one
      of the guns despite the position of the yoke, and further including magnet
      means for producing an a.c. axial magnetic field of sufficient strength to
      deflect an electron beam from one of the guns to strike phosphor dots in
      the center of the screen not normally struck by an electron beam of said
      one of the guns.
NUM  9.
PAR  9. The apparatus of claim 8 in combination with means for applying high
      voltage to said high voltage electrode including an oscillator, and
      blanking means responsive to at least one of the electrical signals for
      removing the high voltage from the electrode.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said blanking means further comprises:
PA1  a. a silicon controlled rectifier having two high current electrodes and a
      gate electrode, said gate electrode coupled to one of said input lines;
PA1  b. a relay coil in series with said high current electrodes;
PA1  c. an alternating voltage supply in series with said high current
      electrodes and said relay coil; and
PA1  d. a capacitor in parallel with said relay coil.
NUM  11.
PAR  11. An apparatus for displaying colored aesthetic patterns of the
      information in two stereophonic electrical signals comprising:
PA1  a. a source of said signals;
PA1  b. a color cathode ray tube having a neck, a screen, an axis perpendicular
      to the screen, a transition between said neck and said screen, three
      electron guns within said neck for producing three electron beams each
      associated with a different one of three primary colors, wherein the
      screen has a plurality of phosphor dots of each of the three primary
      colors and wherein any particular dot is normally adapted to be struck by
      its color associated electron beam;
PA1  c. means connected to the source for deflecting the electron beam from any
      of the three guns in response to the electrical signals; and
PA1  d. means for producing an a.c. field within the tube of sufficient strength
      to bend the electron beams to such a degree that throughout the screen
      substantial regions of dots of all three primary colors may be struck by
      the electron beams from any of the three guns while the beam from any of
      the guns is being deflected in response to the electrical signals.
NUM  12.
PAR  12. The apparatus of claim 11 whrein said a.c. field producing means
      includes means for producing an axial a.c. magnetic field.
NUM  13.
PAR  13. The apparatus of claim 11 wherein said deflection means comprises a
      yoke which is located on the neck of the tube in back of a normal
      adjustment range, said deflection yoke being positioned in back of its
      normal position to such a degree that substantial regions of dots of all
      three primary colors may be struck by the electron beams from any of the
      three guns.
NUM  14.
PAR  14. An apparatus for displaying colored aesthetic patterns in response to
      first and second sources of random, non-periodic information signals,
      comprising a source of said signals, a cathode ray tube having a
      multicolor screen including a multiplicity of phosphor regions dispersed
      across the entire screen, each of said regions including plural phosphor
      segments of different colors, said tube further including an electron beam
      gun for producing a beam of electrons adapted to strike the screen, means
      responsive to the first and second signals for respectively deflecting the
      electron beam across the screen in first and second mutually orthogonal
      directions, and means for controlling trajectories of the electron beam
      between the gun and the screen so that the electron beam strikes phosphors
      for all of the colors while the beam is being deflected in response to the
      signals.
NUM  15.
PAR  15. An apparatus for displaying colored aesthetic patterns in response to a
      pair of random, non-periodic signals, comprising a source of said signals,
      a cathode ray tube having a multicolor phosphor screen including a
      multiplicity of phosphor regions dispersed across the entire screen, each
      of said regions including plural phosphor segments of different colors,
      said tube further including an electron beam gun for producing an electron
      beam adapted to strike the screen, means responsive to the signals for
      deflecting the electron beam across the screen, and magnet means for
      controlling the trajectories of the electron beam between the gun and the
      screen so that the electron beam strikes phosphors for all colors while
      the beam is being deflected in response to the signals.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said magnet means includes means for
      producing an axial a.c. magnetic field causing the electron beam to spiral
      about a beam axis between the gun and screen.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said deflection means comprises a
      deflection yoke responsive to the signals, said yoke being located on the
      neck of the tube in back of a normal adjustment range.
NUM  18.
PAR  18. The apparatus of claim 15 wherein said deflection means comprises a
      deflection yoke located on the neck of the tube in back of a normal
      adjustment range.
NUM  19.
PAR  19. The apparatus of claim 12 wherein the means for producing the axial
      a.c. magnetic field includes a degaussing coil of the tube.
NUM  20.
PAR  20. An apparatus for displaying colored aesthetic patterns in response to a
      pair of random, non-periodic signals, comprising a cathode ray tube having
      a multicolor phosphor screen including a multiplicity of phosphor regions
      dispersed across the entire screen, each of said regions including plural
      phosphor segments of different colors, said tube further including an
      electron beam gun for producing an electron beam adapted to strike the
      screen, means responsive to the signals for deflecting the electron beam
      across the screen, and a degaussing coil of the tube for producing an
      axial a.c. magnetic field for controlling the trajectories of the electron
      beam between the gun and the screen so that the electron beam strikes
      phosphors for all colors while the beam is being deflected in response to
      the signals by causing the electron beam to spiral about a beam axis
      between the gun and screen.
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ABST
PAL  In a tape drive capable of utilizing various types of magnetic tapes and
      encoding techniques, there is provided a system of optimally controlling
      read/write operations under various sets of conditions. Logic circuitry is
      provided to respond to tape detection means and to pre-selected conditions
      and/or requirements, and to select electronic circuits either singly or in
      combination which provide optimum read/write operation for the set of
      conditions then obtaining.
PARN
PAR  This is a continuation of application Ser. No. 331,758, filed Feb. 13, 1973
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to tape drives and more particularly to a
      system of optimally controlling read/write operations under various sets
      of operation conditions.
PAR  2. Discussion of the Prior Art
PAR  In a modern electronic computer system there are a number of ways of
      recording binary information on a magnetic surface. One commonly used
      method is to record bits of information on magnetic tape. Here, elementary
      units of magnetization of two polarities are impressed on the magnetic
      tape in a pattern representing either a zero or a one. There are various
      patterns or codes which can be used. One popular encoding system is the PE
      system (phase encoding). This system consists generally of a positive
      current transition at the bit cell center for a "one" and a negative
      transition for a "zero" (a bit cell is herein defined as one interval
      along an information track when that track is divided into several equal
      lengths; a bit cell may also be regarded as time periods as the track
      moves beneath the recording head.) With this system, despite the requisite
      two flux changes per bit, greater bit density is possible since the random
      sequence of one's and zero's and data produces wide frequency bands in NRZ
      type of recording (to be hereinafter described), but only about octave
      bandwidth for the double-pulse technique. Typically, for example, NRZ
      techniques may have packing densities of 800 bits per inch and bit rates
      of 120,000 per second, whereas phase modulation techniques reliablly
      generate bit packing densities up to 1600 bits per inch and bit rates of
      300,000 bits per second.
PAR  Another very commonly used system of magnetic recording on a track in a
      magnetic medium is NRZ, or non-return-to-zero Variations of this system
      are the NRZ-M (non-return-to-zero-Mark), NRZ-I
      (non-return-to-zero-inverse), and NRZ-C (non-return-to-zero-change). In
      the NRZ system, generally, the current direction in the magnetic recording
      head is unimportant; what is important is that the current shifts from one
      level to another for a one so as to cause a flux to saturate at the
      opposite level of saturation. Hence, a one would be represented by the
      current in the magnetic heads switching from +I.sub.M to -I.sub.M or from
      -I.sub.M to +I.sub.M ; whereas a zero is represented by no shift. Note
      that in this system only one flux change per bit is required resulting in
      a high pulse packing density, but the system is not self-clocking,
      therefore a clock track must be provided along with the data tracks, or
      must be provided from the data (i.e. at least one bit in each frame).
PAR  It can therefore be seen that NRZ recording identifies a digit by means of
      a flux change, a change from one state to another normally representing a
      one, and no-change representing a zero; whereas in PE encoding there is a
      flux change which contains information in the center of the digit
      interval. With PE encoding we have the greatest frequency when a string of
      digits are the same and the least frequency when the ones and zeros
      alternate. Hence, with different modes of recording we have different
      densities of flux reversals; with PE recording we have a higher reversal
      rate than with NRZ recording. Since the recovered signal is proportional
      to the time rate-of-change of flux, the frequency of the recovered signal
      will be different in accordance with the type of recording used.
      Consequently, an amplifier which would be suitable to give optimum
      amplification for one signal would be unsuitable for the other.
PAR  Furthermore, as the magnetic tape recording art progressed several
      manufacturers developed and marketed improved chromium-dioxide tape
      generally referred to as high-resolution tape. Chromium-dioxide
      (high-resolution tape) has a higher "coercive force*" than the standard
      iron-oxide tape, and it also provides higher reading resolution;
      consequently, it can be run at higher density. Therefore, it frequently is
      desirous to utilize the high-resolution tape although the industry
      standard is the iron-oxide low-resolution tape. Once again, however, the
      properties of the two tapes are so different that optimum writing, for
      example, on high-resolution tape is achieved by utilizing a higher write
      current; consequently, one utilizing high-resolution tape would desire for
      optimum results, a lower read amplifier gain in order to present the same
      amplitude signal at the tape control unit. Similarly different tapes must
      be read differently for optimum performance. Once again it becomes obvious
      that different write and read circuits are necessary to achieve optimum
      results when utilizing the high-resolution tapes as opposed to using the
      low-resolution tapes.
FNT  *"Coercive force" is herein defined as the amount of magnetomotive force
      required to change the state of the flux on the magnetic material.
PAR  Some prior art techniques for selectively activating separate recording
      channels on magnetic media are to be found in the following patents: (A)
      J. H. Gerding -- Means to Selectively Activate Separate Recording Channels
      -- U.S. Pat. No. 3,426,338; (B) E. A. Aron -- Track Selection Logic For
      Magnetic Storage Drum -- U.S. Pat. No. 3,350,700; (C) S. O. Sampson --
      Track Selection Control Means for Magnetic Signal Recording and
      Reproducing Systems -- U.S. Pat. No. 3,315,041; (D) T. W. Holland -- Means
      to Utilize a Conductive Strip on a Magnetic Tape as an Indexing Device --
      U.S. Pat. No. 3,376,564; (E) J. D. Meng -- Electro-Optical Apparatus and
      Circuit for Sensing Reflective Areas or Appertures in Tape -- U.S. Pat.
      No. 3,290,509. The first three of these patents pertain to track
      selection; whereas in the last two patents, a reflective patch is affixed
      on the magnetic tape and sensed to indicate when the end of the tape is
      approaching. Whereas these devices function to accomplish a specific task
      they do not appear capable of performing the various selection tasks
      required by the impact of advancing tape-recording technology.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved system for control of read/write on magnetic tape.
PAR  It is a more specific object of the invention to provide tape detection
      means for responding to pre-selected conditions and/or requirements, to
      selectively activate electronic circuits either singly or in combination
      to provide optimum read/write operation for the set of conditions that are
      prevailing.
PAR  It is still a further specific object of the invention to provide improved
      circuits for control of read/write on magnetic tape.
PAR  It is still another more specific object of the invention to provide a read
      amplifier gain switch by logic signal.
PAR  It is yet another more specific object of the invention to provide an
      improved tape drive system that can utilize either high-resolution tape or
      low-resolution tape.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects of the invention are obtained by a tape providing a
      tape drive capable of utilizing chromium-dioxide (high-resolution tape)
      and iron-oxide (low-resolution tape). Furthermore, there is provided a
      system of optimally controlling read/write operations under various sets
      of conditions.
PAR  High resolution tape is identified by containing an extra reflective patch
      forward of the normal beginning-of-tape-marker. The extra reflective patch
      is sensed by a photo detector which provides a signal identifying the
      condition that high resolution tape is in use. Logic circuitry is further
      provided to respond to the signal and optimize the read/write circuits for
      the particular type of tape. For example, it might be necessary to (a)
      change the amount of write current utilized during the recording and (b)
      alter the gain of the read amplifier during the playback operation.
PAR  The general conditions to which this system responds are as follows:
PAR  1. NRZ code has been selected for reading or writing;
PAR  2. PE code with low resolution tape has been selected for reading or
      writing; or that
PAR  3. PE Code with high resolution tape has been selected, for reading or
      writing.
PAR  The above and other objects of the invention are achieved in an
      illustrative embodiment described hereinafter. All features which are
      believed to be characteristic of the invention, both as to its
      organization and method of operation together with further objects and
      advantages thereof will be better understood from the following
      description considered in connection with the accompanying drawings. It is
      to be expressly understood, however, these drawings are for the purpose of
      illustration and description only and are not intended as a definition of
      the limits of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating the system for control of read/write
      on magnetic tape in accordance with the preferred embodiment of the
      invention.
PAR  FIGS. 2A and 2B show in logic block diagram form a preferred embodiment for
      the system for control of read/write on magnetic tape.
PAR  FIG. 2A is the logic block diagram for the read operation while FIG. 2B is
      the logic block diagram for the write operation.
PAR  FIG. 3 is a schematic equivalent circuit of the selectable gain read
      amplifier by logic signal.
PAR  FIG. 4 is a schematic of an equivalent circuit for control of read/write on
      magnetic tape.
DETD
PAC  GENERAL DISCUSSION OF THE INVENTION
PAR  The magnetic tape transport system of FIG. 1 consists generally of a
      magnetic tape 2-1 which is being driven by a pair of pneumatic-drive
      capstans 7-1, past the data transfer means which comprise for example a
      head 9-1 which is adapted for erasing purposes and a read/write head 8-1
      adapted either for writing out of, or on to a magnetic storage medium such
      as magnetic tape 2-1. Reflective patches such as for example small
      metallic elements 3-1 may be permanently affixed to the tape either singly
      or in a code pattern to identify the type of tape used. As has been
      previously described, there is available on the market two types of tape,
      one of which has a composition predominantly of chromium-dioxide and the
      other has a composition predominantly of iron-oxide. The chromium-dioxide
      type has for the purposes of this disclosure, been termed high resolution
      tape. Furthermore in this system a reflective patch on the tape forward of
      but not aligned with a beginning-of-tape marker signifies that it is high
      resolution tape, although any other convention such as the absence of the
      reflective patch or two reflective patches could have signified high
      resolution tape. For high resolution tape, therefore, a reflective patch
      3-1 positioned in front of, or forward of the beginning-of-tape-patch 4-1
      (but not in alignment therewith) will be detected by a photo-detector 5-1
      (although other detection means may be utilized) indicating that high
      resolution tape is on the tape drive. Tape loop chambers 1-1 provide means
      for holding slack tape and sensing a change of speed or direction in the
      tape drive.
PAR  Cooperating with the various data transfer heads 8-1 and 9-1 and with the
      detectors 5-1 and 6-1 are suitable control circuits 10-1, read circuits
      13-1, write circuits 14-1, read amplifier gain-switch circuits 11-1,
      select write current circuits 12-1 and NRZ-PE select circuits 16-1. These
      circuits represented by blocks are shown in greater detail on FIGS. 2 to
      4. For example on FIG. 2a, the logic block diagram of control circuits
      10-1 are enclosed with the dashed lines and the entire circuit is labeled
      10-1. Similarly, read amplifier gain switch 11-1 is enclosed in dashed
      lines and also labeled 11-1. This procedure is carried out through the
      remainder of the figures.
PAR  The herein described system is capable of operating in various modes as
      summarized in table I below entitled "Modes of Operation":
TBL                                    TABLE I                                 
     __________________________________________________________________________
     MODES OF OPERATION                                                        
     __________________________________________________________________________
     Condition                                                                 
           Read                                                                
              Write                                                            
                  NRZ PE Hi-Resolution                                         
                                  LO-Resolution                                
     __________________________________________________________________________
     1     T  F   T   F  F        T                                            
     2     F  T   T   F  F        T                                            
     3     T  F   F   T  T        F                                            
     4     F  T   F   T  T        F                                            
     5     T  F   F   T  F        T                                            
     6     F  T   F   T  F        T                                            
     __________________________________________________________________________
      where T = true and F = False                                             
PAR  Assume as an example that the operator has selected the PE code, and has
      placed a low resolution tape on the tape drive; consequently, there will
      not be a reflective patch on the tape at position 3-1, and therefore
      signifying this is low resolution tape; but there will be a reflective
      patch on the tape at position 4-1 signifying the beginning of tape marker.
      The patch sensor at 5-1 will have no output; therefore, the control
      circuits 10-1 coupled to the tape sensor 5-1 and 6-1, will signal the read
      amplifier gain switch circuits 11-1 to select the correct read circuits
      for the proper gain for low-resolution tape. At the same time the control
      circuits 10-1 will signal the select write current switch circuits 12-1 to
      select the proper write circuits 14-1 to provide optimum write current for
      low-resolution tape.
PAR  Prior to proceeding to a more detailed description of the structure and
      operation of the various circuits in the system, the following terms will
      be defined.
PAR  Function line -- a line carrying a signal that is accorded binary
      significance i.e. to represent data or control information. Signals are
      generally in the form of logic levels, although pulse signals may be used.
      The signals on these lines are for the purposes of this disclosure termed
      functions. Table II lists mnemonic code for the function and its
      definition of the function it performs.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Function                                                                  
            Definition                                                         
     __________________________________________________________________________
     TDPEX30                                                                   
            Input to the tape drive from the TCU (tape control unit);          
            signals tape drive whether PE or NRZ recording is to be            
            carried out and sets up the state of the function. It is low for   
            NRZ code.                                                          
     TWPEX40                                                                   
            Enables or disables PE switch; Enabled when function is            
            low.                                                               
     TWPEX50                                                                   
            Enables or disables NRZ switch. Enabled when function is           
            low.                                                               
     TRPA(X)OS                                                                 
            Read preamplifier track X.                                         
     TRRGL10                                                                   
            Read gain set to low for high resolution tape. It is gain          
            selection function line for PE amplifier.                          
     TWWPR00                                                                   
            Write protect--protection function line must be at ground          
            before any writing on the tape can proceed.                        
     TWWSS00                                                                   
            Write select. Informs system when to write. (This                  
            function is ground enabled).                                       
     TWWCC10                                                                   
            Write current control; selects the amount of current to            
            be used.                                                           
     TRHRD1Z                                                                   
            High resolution tape detection function; indicates that            
            high resolution tape has been placed on the drive and is           
            active when the tape is at beginning of tape. It is                
            activated by means of the reflective patch forward of but not in   
            alignment with the                                                 
            normal beginning-of-tape patch on the tape.                        
     T2BTX1Z                                                                   
            Beginning of tape detect function indicates that tape              
            drive state is at the beginning of tape.                           
     TRHRT10                                                                   
            High resolution tape function; it is high when high                
            resolution tape has been placed on the tape drive and the          
            tape drive is ready to write.                                      
     TRHRT00                                                                   
            Not high resolution tape function; this function is high           
            only for low resolution tape and is always the complement          
            of function TRHRT10.                                               
     TRH1P10                                                                   
            Drive ready; tape drive ready to be operated.                      
     TRUNL10                                                                   
            Unload tape; it is high when tape is unloaded.                     
     TWHCB10                                                                   
            High current boost; provides higher than normal write              
            current to erase portion of tape.                                  
     T2H1P1T                                                                   
            Tape drive ready; originates from ready circuits within            
            tape drives and is applied to function TRH1P10 converts            
            a contact circuit to logical output.                               
     XNU    Test function, when not used is always high.                       
     __________________________________________________________________________
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2a and Tables I and II and assuming that NRZ
      code has been selected to be read from low resolution tape, it will be
      seen that this corresponds to condition 1 of Table I. Referring to FIG. 2a
      and FIG. 1, a signal from beginning of tape detector 6-1 will be applied
      to beginning of tape detector terminals 17.1 and 28 (the word terminal
      will be used interchangeably with PIN in this disclosure) and will be
      amplified by photo-amplifier 100 and will be available at terminal 14.1;
      therefore, function T2BT(X)1Z will be high and will be applied to terminal
      17 of AND gate 102. However, there will be no signal applied to high
      resolution tape detector 5-1 consequently high resolution tape detector
      terminals 43 and 32 will be low and terminal 35.1 will be also low; hence,
      function TRHRD1Z will be low and will remain low so long as low resolution
      tape remains on the drive. As a result no control functions are performed
      for read amplifier or write amplifier and selection is performed by NRZ-PE
      select circuit 16-1 shown on FIGS. 2A and 2B. (Circuit 16-1 is the same in
      both FIGS. A and B; however, in FIG. 2A that portion of the output circuit
      coupled to the read circuits 13-1 is shown while in FIG. 2B that portion
      of its output circuit coupled to select-write current circuit 12-1 is
      shown). With NRZ selected, function TDPEX30 will be low; this signal will
      be applied to inverter 113 through gate 112 of FIG. 2A whereupon an
      inverted signal TWPEX40 will be applied to terminal 33; the inverted
      signal at the output of inverter 113 will also be applied again to another
      inverter 115 through gate 116 and the output function TWPEX50 will be
      applied to terminal 34.1. Since TDPEX30 which was low initially was
      inverted once as function TWPEX40, this function will be high; also since
      TDPEX30 was inverted twice through inverters 113 and 115 function TWPEX50
      will be low. Inasmuch as NRZ switch 120 requires a low input to be
      enabled, NRZ switch 120 will be selected which will select NRZ amplifier
      121. Since TWPEX40 which is high is applied to PIN 33 and subsequently to
      PE switch 117, this switch is not selected and PE amplifier 118 is
      disabled. A signal TRPA(X)OS from read head 8-1 is applied to terminal 47
      and subsequently to NRZ amplifier 121 through diode 148. The signal is
      then amplified by NRZ amplifier 121 and applied to delay line 122 where
      de-skewing* operations take place. Following the delay line, the signal is
      then amplified by means not shown and passed out to the tape control unit
      (TCU) not shown.
FNT  *De-skewing is the alignment of the time of the output pulses from a single
      frame so that all pulses ideally occur simultaneously.
PAR  Assuming now that it is desired to write information on the tape with the
      conditions as given above, i.e. NRZ code is selected low resolution tape
      is on the tape drive, and it is desired to write; this set of conditions
      is number 2 on Table I. Once again, the control circuits perform no
      control functions on read or write amplifiers (See above discussion).
      Referring therefore to FIG. 2B, function TDPEX30 will once again be low,
      and this signal is applied through PIN 34 and gate 112 to inverter 113;
      the output of inverter 113 is applied directly to PIN 36.1 as function
      TWPEX40 which is now high, and is also applied to inverter 115 through
      gate 116 whereupon it is inverted by inverter 115 and applied to PIN 38 as
      function TWPEX50 which is now low. Functions TWPEX40 and TWPEX50 are then
      applied to select write current circuitry 12-1 via PINS 32.2, 31 and 36
      respectively, thus the signal applied to PIN 31 and PIN 36 is low, and the
      signal applied to PIN 32.2 is high. Thus, the NRZ-PE select circuit 16-1
      has selected AND gate 134 but has not selected AND gates 124 and 129. With
      AND gate 134 selected and PINS 32.2 and 34.2 high, the gate will go high
      and be enabled whenever terminal A is also high. Input signal A is derived
      from inverter 146 which in turn is controlled by gates 145 and 145.1. The
      input functions to Gates 145 and 145.1 are TWWPROO and TWWSSOO
      respectively which must be at ground before any writing on the tape can
      proceed; (the purpose of functions TWWPROO and TWWSSOO is to prevent
      writing on a tape which has been previously recorded unless it is desired
      so to do.) Thus with PINS 46 and 47.1 at ground, the signal applied to
      inverter 146 through gates 145 and 145.1 will be low which will cause the
      output signal A to be high. Since A is high and AND gate 134 has been
      selected, it will now be enabled and a high signal would be applied to
      inverter 135. The output signal of inverter 135 will be low and will be
      applied to a voltage divider comprised of resistor 136 and resistor 137
      which in turn is connected to plus 15 volts. A diode 138 having its
      cathode coupled to the junction of resistors 136 and 137, and its anode
      coupled to an emitter follower 142 sets up a potential at the emitter
      follower. The potential at the emitter of the emitter follower 142 is
      applied to diode 143 which has its cathode coupled to the output of
      emitter follower 142, and its anode coupled to PIN 18 and is then
      transmitted through pin 18 as function TWWCC10 to write circuits 14-1 via
      PIN 17.4. The level of TWWCC10 function selects the amount of write
      current that is to be used and the write current increases as this level
      goes toward ground; consequently, the value of the potential selected by
      the voltage divider 136 and 137 will determine the amount of write current
      to be used. With condition 2 of Table I, the voltage divider formed by
      resistors 136 and 137 has been selected to have a value which will provide
      the correct potential for TWWCC10 for NRZ write current.
PAR  Referring to Table I, it will be seen that the next condition to be
      satisfied is condition 3 wherein it is required to read a phase-encoded
      (PE) high-resolution tape. The operator selects the PE code by a thumb
      wheel located on the tape control unit (not shown) and also by placing a
      high-resolution tape on the tape drive. As previously described, the
      high-resolution tape is identified by an extra reflective patch affixed on
      the tape forward of but not in alignment with the normal beginning-of-tape
      marker. The reflective patch 3-1 transmits a signal to high-resolution
      tape detector 5-1 which is applied to the photo-amplifier 101 of FIG. 2A.
      The photo-amplifier 101 amplifies the signal and provides output signal
      TRHRD1Z which indicates that high-resolution tape has been placed on the
      tape drive and is active when the tape is at beginning of tape. At the
      same time, the beginning of tape detector 6-1 will also provide a signal
      through PIN 17.1 to the photo-amplifier 100 which in turn amplifies that
      signal and provides an output signal T2BT(X)1Z at PIN 14.1. Functions
      TRHRD1Z and T2BT(X)1Z will be applied to terminals 18.1 and 17 of AND gate
      102; also function TRHIP10 which is high when tape drive is ready to
      operate is applied to terminal 28.1 of AND gate 102. Hence, with all the
      input terminals of AND gate 102 high, it will be enabled and an input high
      signal will be applied to inverter 103 which will provide an output signal
      TRHRTOO at PIN 23 which will be low. Function TRHRTOO is also transmitted
      to one leg of AND gate 105 through PIN 33.2. However function XNU (not
      used here) is high; with function XNU high and with function TRHRTOO low,
      AND gate 105 will provide a low output signal to inverter 106 which in
      turn provides a high output signal TRHRT10 at PIN 37. This condition will
      prevail as long as high-resolution tape is on the drive, and the drive is
      in operating condition. Since it is desired to read the PE code on the
      high-resolution tape, and function TRHRTOO has been set low, this function
      is applied to read amplifier gain setting circuits 11-1 via input terminal
      35 of AND gate 110. At the same time, TWPEX50 is applied to PIN 36 of AND
      gate 110. (PINS 35 and 36 of FIGS. 2A and 2B are identical and have more
      than one circuit coupled to them as shown).
PAR  Referring to FIG. 2A block 13-1 and FIG. 3 Block 13-1, transistor 214 must
      be off in order to lower the gain of the read amplifier, which occurs
      because resistor 212 is inserted into the emitter circuit of transistor
      229. For transistor 214 to be off the terminal 216.1 must be high. This
      terminal is also PIN 31.1 of FIG. 2A (13-1) i.e. TRRGL10 must be high. To
      obtain this the input to inverter 111 from gate 110 must be down, and this
      condition obtaining when TRHRTOO is down. With high-resolution tape on the
      system TDHRTOO must be down since both photo-amplifiers are high. In this
      case TDPEX30 is high since PE has been selected. However, TDHRTOO keeps
      the gate down. With this one input of AND gate 110 low, the input to
      inverter 111 will be low and the output from inverter 111 will be high and
      will be applied to PIN 24 as function TRRGL10 which is high. Function
      TRRGL10 is applied to read circuits 13-1 via PIN 31.1. At the same time,
      since PE code has been selected function TDPEX30 will be high which is
      applied to the input of Gate 112 and provides a high output which in turn
      is applied to the input of inverter 113; inverter 113 provides an output
      function TWPEX40 which is applied to PIN 33 of PE switch 117. The output
      from inverter 113 is also applied to the input of inverter 115 via gate
      116 whereupon inverter 115 provides an output function TWPEX50 which is
      now high and is applied to pin 34.1 of NRZ switch 120, thus disabling NRZ
      amplifier 121. Function TWPEX40 (which is ground enabled) enables PE
      switch 117 thus enabling PE amplifier 118. Since high resolution tape is
      on the tape drive (not shown), it is required that a gate (not shown) of
      amplifier 118 be set lower than for low resolution tape; and this is
      accomplished by function TRRGL10 which is also applied to PE amplifier 118
      and sets the gate low. A signal TRPA(X)OS from read head 8-1 is applied to
      PE amplifier 118 through diode 149 which has its cathode connected to PIN
      47, and its anode connected to the input of PE amplifier 118. A proper
      amplification is accorded the signal and is then applied to delay line 122
      wherein a delay correction is made and is then transmitted to tape control
      unit (TCU).
PAR  Condition 4 of Table 1 has the same conditions as the above described
      operation, but it is required to write on high resolution tape rather than
      read. Referring to FIG. 2B once again, function TDPEX30 will be high which
      as has previously been described will set function TWPEX40 low and
      function TWPEX50 high. These functions will be applied to control circuits
      12-1 via terminals 31, 32.2 and 36. As herein above described, for a write
      application the signal A on output terminal 147 will be high and will be
      applied to AND gates 124, 129, 134 and 139. Furthermore, since high
      resolution tape is on the tape drive, function TRHRT10 will be high and
      since function TWPEX50 which is high is applied to terminal 31 of AND gate
      129, all of the input terminals of AND gate 129 are high which enables the
      AND gate providing a high input to inverter 130 which in turn provides a
      low output to the voltage divider comprised of resistors 131 and 132. The
      resistors 131 and 132 are selected to provide the proper voltage to diode
      133 that Phase Encoding with high resolution tape requires. It will once
      again be noted that resistor 132 is coupled at one end to +15 volts and is
      also coupled at its junction with resistor 131 to the cathode of diode 133
      whereas the anode of diode 133 is coupled to the input of emitter follower
      142. Therefore, diode 133 will permit the application of the voltage level
      obtained from the voltage divider to the input of emitter follower 142
      which in turn provides an output signal to diode 143 and thence to PIN 18.
      The output signal function TWWCC10 is applied to write circuits 14-1 via
      terminal 17.4 which in turn is coupled to control current source 150.
      Since by the proper selection of the values of resistors 131 and 132,
      function TWWCC10 has been set to provide the correct write current for
      high resolution tape, and since function TWWCC10 has been logically
      switched to the control current source 150, proper current has been
      selected for the write operation to satisfy condition 4 of Table I.
PAR  Condition 5 of Table I requires that phase-encoded (PE) low-resolution tape
      be read. Referring to FIG. 2A and by the reasoning previously developed,
      it will be noted that function TRHRD1Z will be low since high resolution
      tape is not now on the tape drive and function T2BT(X)1Z will be high
      indicating that the photo-amplifier detector 6-1 has sensed the beginning
      of tape patch 4-1. Function T2BT(X)1Z which is high is applied to PIN 17
      one input of AND gate 102; function TRHRD1Z which is low is applied to PIN
      18.1 of another input of AND gate 102; and since this function will stay
      low so long as there is low-resolution tape on the tape drive AND gate 102
      will not be enabled and its output will be low; hence, inverter will
      invert this low signal to a high signal TRHRTOO which signifies that low
      resolution tape is on the tape drive. Function TRHRTOO is further applied
      to input terminal 33.2 of AND gate 105; furthermore, since function XNU,
      which here is high because it is not used here, (XNU is always high when
      not used) is applied to the other terminal of AND gate 105 through PIN
      43.1, AND gate 105 is enabled and provides a high input for inverter 106
      which inverts the high input to a low output TRHRT10. This in turn is
      applied to PIN 29 of ANd gate 104; therefore, both inputs of AND gate 104
      are low which maintains the low input for inverter 103 providing the high
      output signal TRHRTOO, and signifying low resolution tape is now on the
      tape drive. Function TRHRTOO is applied to read amplifier gain switch
      circuits 11-1 via terminal 35. AND gate 110 now has all high inputs
      signals on its input terminals as follows XNU on terminal 28.1, TRHRTOO on
      PIN 35 and TWPEX50 on PIN 36 thus driving inverter 111 low and providing
      an output signal TRRGL10 which is low. This signal is applied to PIN 31-1
      of block and sets the (PE) phase encoded amplifier 118 to the high gain
      state. This is accomplished by turning on transistor 214 (shown on FIG. 3)
      which shorts circuits resistor 212 increasing the gain. (It will be noted
      that PE amplifier has been previously selected by the PE switch 117 in a
      manner indicated in the earlier discussion of the phase encoder.)
      Therefore, a signal TRPA(X)OS applied to PIN 47 from the read head will
      once again be applied to PE amplifier 118 via diode 149 and thence to the
      delay line 122, where skew correction is accomplished and the signal is
      then transmitted to TCU (not shown).
PAR  Condition 6 of TABLE I is identical with condition 5 with the exception
      that phase encoded low resolution tape is to be written on instead of read
      from. Referring now to FIG. 2B, function TDPEX30 is high causing function
      TWPEX40 to be low and TWPEX50 to be high. Once again as above function
      TRHRTOO of PIN 35 of AND gate 124 will be high and function TRHRT10 on PIN
      33.1 of AND gate 129 will be low. Under these conditions gate 124 will be
      high if A is high and inverter output off inverter 125 will be low. Thus
      the voltage divider resistor 126 and 127 will be selected, and diode 128
      will transmit this potential to the emitter follower 142 the emitter of
      which will transmit its potential through diode 143 to PIN 18 as function
      TWWCC10 to the write circuits 14-1 as previously stated.
PAR  To summarize, the amount of write current is determined by the difference
      in level between +15 volts and the level at PIN 18 (TWWCC10) of 12-1. The
      write current increases as this difference becomes larger. The level at
      PIN 18 of 12-1 is in turn determined by the voltage derived from the
      voltage divider and applied to the base of the emitter follower 142. These
      voltage dividers have been previously set to provide the correct write
      current for the conditions desired, and the particular voltage is then
      selected by the logic on the inputs to the gates of 12-1.
PAR  Upon initiating the first write command following a non write type of
      operation, it is necessary to erase that portion of tape between the erase
      head and the write head. To accomplish this TWHCB10 is applied to PIN
      42.1. This function will go high and remain high for a short time. It
      energizes gate 139 driving inverter 140 low, thus connecting diode 141 to
      the emitter follower 142, thus providing a higher current than normal at
      the control current source 150.
PAR  Referring to FIG. 3, there is shown a schematic diagram of the phase
      encoded half of the read amplifier. This half of the amplifier labeled
      13-1 on FIG. 1 is selected by means of a ground signal on input terminal
      221. When the input terminal at 221 is coupled to ground by means of
      external selection circuits, resistor 219 applies this signal through the
      base of PNP resistor 218 thus causing transistor to turn on i.e. become
      conducting. +V.sub.CC applied at terminal 222 is incident on condenser 224
      via resistor 223 coupled to it. Resistor 223 coupled to capacitor 224
      provides two functions as follows: (A) drops the voltage to the output of
      that required by the operation of the amplifier and (B) to provide
      filtering. When transistor 218 is switched to its ON state, its collector
      will assume approximately the same potential as the emitter; consequently,
      the voltage determined by the drop through resistor 223 will also be
      incident on the collector side of transistor 218. The voltage at collector
      218 will then depend on the load that the collector sees in the circuit
      following. Starting at the collector of transistor 218, further filtering
      is provided by condenser 217 coupled to the collector circuit at junction
      211. Since transistor 218 is in its ON-state, current from terminal 222
      will flow through resistor 223 through transistor 218 on to the collector
      circuit of transistor 218 and into junctions 211, 210, 209, and 208 and
      through resistor 207 which is applied to the base of transistor 229, thus
      turning on transistor 229 and causing current to flow through resistors
      212 and 213 coupled to the collector circuit of transistor 218 and to the
      emitter of PNP transistor 229. Current will also be caused to flow through
      the collector of transistor 229 to the load resistor 231 and out through
      the terminal labeled -V.sub.CC which is coupled to the collector of
      transistor 229. Base current from transistor 229 is added to the current
      flowing through resistor 207 at junction 206 and flows through resistor
      203 diode 202 and through NPN transistor 241 and down through zener diode
      242. Zener diode 242 is maintained in an ON state by means of resistor 243
      one side of which is coupled to the cathode of diode 242, and the other is
      coupled to ground. Referring now back to the collector circuit of PNP
      transistor 229, it will be noted that current will flow through resistor
      231 and to the base of NPN transistor 230 turning transistor 230 to the ON
      state and causing current to flow in its collector and emitter circuit.
      Tracing this current it will be noted that the current originates at the
      junction of capacitor 224 and resistor 223 and flows through resistor 225
      which is the collector load resistor for transistor 230. Resistor 225 is
      coupled to the collector of transistor 230 via a diode 228, therefore,
      current flows through diode 228 into the collector of transistor 230 and
      out through the emitter of transistor 230 and through resistors 232, 236
      and 237 which are coupled to the emitter of transistor 230. Resistor 236
      is a potentiometer connected as a rheostat with arm 237 used to control or
      set the gain of this channel of the amplifier. Still tracing the current
      of the emitter circuit, it will be noted that it continues to flow through
      the potentiometer arm 237 and through resistor 233 and to the negative
      supply -V.sub.CC. Condensers 234 and 235 coupled to either side of
      resistor 233 and to ground provide further filtering, i.e. condenser 234
      primarily filters the -V.sub.CC supply whereas condenser 235 filters the
      emitter return of transistor 230 and is of such a large value that
      resistor 233 does not affect the gain of this stage. Resistor 233 provides
      a voltage drop such that the operating potential or the voltage across
      resistors 232 and 233 is substantially the correct amount for the gain
      desired. Output terminal 226 coupled to the junction 227 of resistor 225
      and the anode of diode 228 is also coupled to the delay line 122 shown in
      block 13-1 of FIG. 2A.
PAR  The signal for this amplifier is applied at terminal 200 and enters the
      circuit through capacitor 201 through diode 202 (which as previously
      discussed has been turned on) and through resistor 203 and is applied to
      the base of transistor 229. It is amplified by transistor 229 and is
      applied through the collector of transistor 229 to the base of transistor
      230 and is amplified once again and further applied through diode 228 to
      the output terminal 226. The gain of this particular channel will be
      dependent on resistors 212, 213 and on resistors 231, 232 and 236. The
      gain of the circuit may be increased by decreasing the value of resistor
      212. The switchable gain feature, then, is accomplished by shorting out
      resistor 212 by means of an external signal on transistor 214. It will be
      noted that PNP transistor 214 has its collector coupled at the junction of
      resistors 212 and 213 and its emitter coupled to the junction 209, thus
      providing a parallel circuit around resistor 212. Thus, when an external
      logical signal TRRGL10 from block 11-1 is applied to transistor 214 at
      terminal 216.1 of FIG. 3 transistor 214 will be turned on. Thus point
      216.1 which is coupled to ground essentially shorts out resistor 212 and
      increases the gain of the channel. When resistor 216 is coupled to a
      voltage somewhat higher than the operating potential at junction 209,
      transistor 214 is turned off thus inserting resistor 212 into the circuit
      and lowering the gain. Diode 215 with its anode coupled to the base
      circuit of transistor 214 and its cathode coupled to the collector of
      transistor 218 provides a base emitter junction over-voltage protection to
      transistor 214 at those times when it is turned off.
PAR  The NRZ channel of the amplifier coupled to the PE channel via diode 205 is
      similar in its operation and is described in greater detail in U.S.
      application Ser. No. 33,029 filed on 4/29/70 assigned to the same assignee
      as the instant invention.
PAR  Referring to FIG. 4, a flip-flop 302 has a "set" and "reset" input
      connected to it at terminals 300 and 301 respectively. The "1" terminal of
      flip-flop 302 is coupled to the base of transistor 303 and the "0"
      terminal of flip-flop 302 is coupled to the base of transistor 305. A
      write head 306 is coupled to the collector of NPN transistor 303 at the
      junction 307 and is also coupled to the collector of PNP transistor 305 at
      the junction 308. The emitters of transistors 303 and 305 respectively are
      grounded at the junction 309.1. PNP transistor 311 has its base coupled to
      the base of transistor 303 at junction 307 and PNP transistor 312 has its
      collector coupled to the collector of NPN transistor 305 at junction 308.
      The emitter of transistor 311 is coupled to one side of resistor 309
      whereas the other side of resistor 309 is coupled to junction 313; the
      emitter of transistor 312 is also coupled to resistor 310 add the junction
      313. Junction 313 is coupled to ground through resistor 315 and is also
      coupled to +V.sub. CC terminal through diode 314. The bases of transistors
      311 and 312 are coupled together which are then coupled to +V.sub.CC
      terminal through resistor 315.1, and are also coupled to the emitter of
      PNP transistor 318 through resistor 315.2. The emitter of PNP transistor
      318 is further coupled to +V.sub.CC terminal through resistor 316 whereas
      the collector of transistor 318 is grounded. The base of transistor 318 is
      coupled to ground through capacitor 319 and is also coupled to +V.sub.CC
      terminal through resistor 317; it is further coupled in parallel to the
      anodes of diodes 320, 321, 322 and 329 respectively, whereas the cathodes
      of diodes 320, 321 and 322 are coupled to V.sub.CC through resistors 323,
      325 and 327 respectively. They are also coupled to the collectors of NPN
      transistors 330, 332 and 334 respectively through resistors 324, 326 and
      328 respectively. The cathode of diode 329 is coupled to the collector of
      a transistor 336. The emitters of transistors 330, 332 and 334 are
      respectively grounded, whereas the bases of these transistors are coupled
      to AND gates 331, 333, and 335 respectively. The collector of transistor
      336 is coupled in series to diodes 337, 338 and 339 and is eventually
      grounded.
PAR  Referring now to transistors 311 and 312 it will be noted that these
      constitute essentially means for providing a constant current source.
      Current enters through a terminal +V.sub.CC through diode 314 and a small
      amount of current is leaked through resistor 315 in order to keep diode
      314 turned on, or in a conductive state at all times. The major part of
      the current however enters junction 313 and flows through the emitters of
      transistors 311 and 312 via resistors 309 and 310 respectively. Referring
      now to flip-flop 302 which is an ordinary set-reset flip-flop well known
      in the computer art, when terminal 1 is high then terminal 0 is low and
      vice versa; when terminal 1 is high, transistor 303 is turned on whereas
      transistor 305 is turned off and vice versa. Assuming that transistor 303
      is turned on and transistor 305 is turned off, collector current from
      transistor 312 will flow to junction 308; but since transistor 305 is off
      it will be blocked at this point and must flow through write head 306 from
      junction 308 to junction 307, and then to the collector of transistor 303
      and to ground via junction 309.1. Assuming once again that the opposite
      condition is true, that transistor 305 is turned on and transistor 303 if
      off; then current flows from the collector of transistor 311 to junction
      307 and is blocked by transistor 303 which is in its OFF state and
      consequently current must flow through write head 306 from junction 307 to
      junction 308 and to the collector of transistor 305 and thence to the
      emitter and to ground through junction 309.1. It will also be observed
      that transistor 312 in this instance is also supplying current to
      transistor 305 and this current does not flow through the write head 306.
      It will further be observed that the write head current has switched
      direction at the same time that the flip-flop changes state. Thus, a
      switch has been provided by flip-flop 302 and transistors 303 and 305
      whereby the write head current may be reversed by changing the state of
      the flip-flop. The amount of current flowing from the collectors of
      transistors 311 and 312 is dependent upon two things: (A) The value of
      resistor 309 which controls the current in transistor 311 and the value of
      resistor 310 which will control the current at transistor 312; (B) the DC
      potential of the bases of these transistors which in turn is controlled by
      select write current circuits 12-1.
PAR  Referring to block 12-1 of FIG. 4, the purpose of transistor 336 is to
      selectively turn on a heavy write current for a short interval of time in
      order to erase that section of tape positioned between the write head and
      the erase head. When transistor 336 is turned on by means not shown, its
      collector is switched to a potential substantially equal to the emitter
      potential and the line coupled diodes 320, 321, 322 and 329 which are also
      substantially at this potential. This potential is applied to the base of
      transistor 318 which potential is applied to the emitter of transistor 318
      which in turn is applied to the bases of transistors 311 and 312, thus
      determining the value of the write current being used i.e. in this
      instance the write current for erase purposes.
PAR  When gates 331, 333 and 335 are not enabled and also transistor 336 is not
      turned on then the bases of transistors 311 and 312 respectively will have
      a potential equal to +V.sub.CC. When gate 331 is enabled, however, by the
      proper signals applied to its input then transistor 330 will be turned on
      or will be in its conducting state and the collector of transistor 330
      will be substantially at ground. In this state therefore it acts together
      with resistors 323 and 324 as a voltage divider between +V.sub.CC and
      ground. Consequently, current will flow through the base of transistor 318
      resistor 316 and the external circuit coupled to the bases of transistors
      311 and 312. The potential that is established at the bases of transistor
      311 and 312 controls the write current and that potential in turn is
      determined by the potential of the emittere of transistor 318 which in
      turn is determined by the potential applied at its base which in turn is
      determined by the potential at the voltage divider. This value once again
      is determined by the value of the resistors 323 and 234. Consequently by
      selecting different voltage dividers the write current to be used can be
      controlled, and this selection procedure can be accomplished by providing
      enabling means for the various circuits such as AND gates 331, 333 and 335
      and applying the proper functions indicative of the set of conditions
      desired.
PAR  It will be apparent from the foregoing disclosure of the invention that
      numerous modifications, changes and equivalents will now occur to those
      skilled in the art, all of which fall within the true scope contemplated
      by the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control system for a computer tape transport system capable of
      utilizing various types of magnetic tapes and encoding techniques, and
      capable of operating in any single one of a plurality of modes, said
      control system optimally controlling read/write operations under various
      sets of conditions and comprising:
PA1  a. reflective patch means affixed to computer compatible magnetic tape
      mounted on said tape transport system, said patch means arranged in a
      preselected manner forming a code which identifies the type of tape that
      is mounted on the tape transport system;
PA1  b. electro-optical sensing means responsive to the coded arrangement of
      said reflective patch means for producing coded electric signals
      indicative of the type of tape mounted on said computer tape transport
      system;
PA1  c. a plurality of electrical control circuits coupled to said
      electro-optical sensing means responsive to selected ones of the coded
      electrical signals, said plurality of electrical circuits producing
      electrical control signals for optimally controlling said computer tape
      transport system in any one of the plurality of modes of operations, said
      plurality of control electrical circuits further comprising:
PAR  1. a plurality of inverting amplifying networks each having inverter input
      and output means for selectively introducing electrical signals to said
      plurality of inverting amplifying networks and selectively abstracting
      inverted amplified electric signals from said plurality of inverting
      amplifying networks; and,
PA2  2. a plurality of AND gate networks each having at least one AND gate input
      means and at least one AND gate output means, and wherein said inverter
      input means are coupled one each to an AND gate output means, and with
      said predetermined ones of said AND gate input means adapted for receiving
      a selected one of a plurality of electric signals, each selected signal
      representing a selected one of a predetermined number of functions
      indicative of the state of said tape drive, and wherein predetermined ones
      of said inverter output means are coupled to an AND gate input means of
      predetermined AND gates.
NUM  2.
PAR  2. A control system as recited in claim 1 wherein said computer tape
      transport system is adapted to selectively read from or write on high
      resolution or low resolution magnetic tape wherein said reflective patch
      means comprise a beginning-of-tape (BOT) reflective patch and a high
      resolution tape reflective patch affixed in a forward location from said
      BOT and wherein said high resolution tape reflective patch affixed in a
      forward location of said BOT reflective patch on the magnetic tape
      signifies high resolution tape on the tape drive and no reflective patch
      forward of BOT reflective patch signifies low resolution tape on the tape
      drive.
NUM  3.
PAR  3. A control system as recited in claim 1 wherein the modes of operation of
      said computer tape transport system include an NRZ and a PE mode, and
      further include NRZ (non-return-to-zero) and PE (phase encoding)
      select-circuit means coupled to said plurality of electrical control
      circuits for selecting the NRZ or PE mode of operation.
NUM  4.
PAR  4. A control system as recited in claim 2 wherein the low resolution tape
      is encoded in either NRZ (non-return-to-zero) or PE (phase encoding) codes
      and wherein the high resolution tape is encoded in PE code.
NUM  5.
PAR  5. A control system for a computer tape transport system capable of
      utilizing various types of magnetic tapes and encoding techniques and
      capable of operating in any single one of a plurality of modes, said
      control system optimally controlling read/write operations under various
      sets of conditions and comprising:
PA1  a. reflective patch means affixed to computer compatible magnetic tape
      mounted on said tape transport system, said patch means arranged in a
      preselected manner forming a code which identifies the type of tape that
      is mounted on the tape transport system;
PA1  b. electro-optical sensing means responsive to the coded arrangement of
      said reflective patch means for producing coded electric signals
      indicative of the type of tape mounted on said computer tape transport
      system;
PA1  c. a plurality of electrical control circuits coupled to said
      electro-optical sensing means responsive to selected ones of the coded
      electrical signal, said plurality of electrical circuits for producing
      electric control signals for optimally controlling said computer tape
      transport system in any one of the plurality of modes of operations, said
      plurality of control electrical circuits further comprising:
PAR  1. a plurality of inverting amplifying networks each having inverter input
      and output means for selectively introducing electric signals to said
      plurality of inverting amplifying networks and selectively abstracting
      inverted amplified electric signals from said plurality of inverting
      amplifying networks; and
PA2  2. a plurality of AND gate networks each having at least one AND gate input
      means and at least one AND gate output means, and wherein said inverter
      input means are coupled one each to an AND gate output means, and with
      predetermined ones of said AND gate input means adapted for receiving a
      selected one of a plurality of electric signals, each selected signal
      representing a selected one of a predetermined number of functions
      indicative of the state of said tape drive, and wherein predetermined ones
      of said inverter output means are coupled to an AND gate input means of
      predetermined AND gates;
PA1  d. a plurality of amplifying electric networks for selectively amplifying
      electric signals each amplifying network having input and output means for
      selectively introducing electric signals to selected ones of said
      plurality of amplifying networks and selectively abstracting amplified
      electric signals from said plurality of amplifying networks; and,
PA1  e. a gain selecting electric network coupled to said plurality of
      amplifying networks and to said plurality of electrical control circuits,
      said gain selecting network responsive to electrical control signals from
      said plurality of electrical control circuits for selecting optimum gain
      for said plurality of amplifying electric networks.
NUM  6.
PAR  6. A control system for computer tape transport system as recited in claim
      5 including a non-return-to-zero -- phase-encoding (NRZ-PE) mode select
      means responsive to electric mode signals indicative of the type of
      encoding technique then being utilized by said tape transport system, said
      NRZ-PE mode select means coupled to said plurality of amplifying electric
      networks for selecting one of said plurality of amplifying electric
      networks.
NUM  7.
PAR  7. A control system for computer tape transport system as recited in claim
      6 wherein said plurality of amplifying electric networks include a PE
      amplifier for optimally amplifying PE electric signals, and an NRZ
      amplifier for optimally amplifying NRZ signals, and a PE/NRZ switch means
      for selecting said PE or NRZ amplifier.
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ABST
PAL  A helical scanning rotating head magnetic tape transport is provided for
      use with cassettes, and is arranged with vacuum means to pull a loop of
      tape from the cassette and helically around the rotating head scanning
      drum to a capstan and retracted pinch roller. The pinch roller is then
      automatically inserted into the bight of the loop, together with an
      element between the loop shanks to keep them apart during operation, and
      the vacuum means is then inactivated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to magnetic tape transports of the self-threading
      type, and particularly to such transports empolying rotating scanning
      heads and a helical tape path.
PAR  Previously, such transports have been provided with mechanical means to
      draw a loop of tape from e.g. a cassette, wrap the loop around the
      rotating head scanning drum, insert a capstan and insert a spacing element
      to keep the shanks of the tape loop apart during operation. However, such
      mechanical apparatus is cumbersome and complex to manufacture and to
      operate, and is subject to many sorts of malfunction, besides being quite
      expensive.
PAR  Accordingly, it is an object of the present invention to provide automatic
      vacuum threading means for helical scan transports; and
PAR  Another object is to provide such means with increased facility for
      handling tape from cassettes.
PAC  SUMMARY OF THE INVENTION
PAR  A helical scanning rotating head magnetic tape transport is provided for
      use with cassettes, and is arranged with vacuum means to pull a loop of
      tape from the cassette and helically around the rotating head scanning
      drum to a capstan and retracted pinch roller. The pinch roller is then
      automatically inserted into the bight of the loop, together with an
      element between the loop shanks to keep them apart during operation, and
      the vacuum means is then inactivated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a broken away perspective view of a magnetic tape transport and
      cassette in accordance with the invention;
PAR  FIG. 2 is a broken away plan view, to an enlarged scale, of the apparatus
      of FIG. 1, with the cassette inserted;
PAR  FIG. 3 is a partly schematic broken-away right side view of the apparatus
      of FIG. 2;
PAR  FIG. 4 is a partly schematic broken-away front side view of the apparatus
      of FIG. 2;
PAR  FIG. 5 is a partly schematic broken-away left side view of the apparatus of
      FIG. 2;
PAR  FIG. 6 is a partly schematic broken-away rear view of the apparatus of FIG.
      2;
PAR  FIG. 7 is a broken-away cross-section taken on the plane of lines 7--7 of
      FIG. 2;
PAR  FIG. 8 is a fragmented cross-section taken on the plane of lines 8--8 of
      FIG. 2;
PAR  FIG. 9 is a partly schematic broken-away cross-section taken on the plane
      of lines 9--9 of FIG. 2;
PAR  FIG. 10 is a partly schematic broken away cross-section taken on the plane
      of lines 10--10 of FIG. 2;
PAR  FIG. 11 is a fragmentary view taken on the same plane but oppositely to the
      section of FIG. 7, and illustrating the operation of the apparatus;
PAR  FIG. 12 is a view similar to FIG. 11, illustrating further operation of the
      apparatus;
PAR  FIG. 13 is a view similar to FIG. 12, illustrating further operation of the
      apparatus;
PAR  FIG. 14a is a schematic plan view illustrating a variational form of a
      portion of the apparatus;
PAR  FIG. 14b is an elevation of the structure shown in FIG. 14a;
PAR  FIG. 15a is a schematic plan view illustrating the structure of a portion
      of the apparatus;
PAR  FIG. 15b is an elevation of the structure shown in FIG. 15a;
PAR  FIG. 16a is a plan view of a portion of the structure shown in FIG. 15a;
      and
PAR  FIG. 16b is an elevation of the structure shown in FIG. 16a.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawing, there is shown a tape transport 11,
      for recording and playing a magnetic tape 12 contained in a cassette 13.
      The cassette includes a supply reel 14 and a takeup reel 15, both of which
      are adapted, in a manner well known in the art and not here shown, to fit
      upon keyed spindles 16 and 17 for driving and tensioning the tape during
      threading and operation. The spindles 16, 17 protrude into a cassette
      mounting cavity 18 of the transport, which supports and positions the
      cassette with the sides thereof orthogonally aligned paralleling the
      corresponding sides of the transport. Also shown in FIG. 1 is a portal 19
      for drawing a loop of tape from the cassette and into a helical path
      around a rotating head drum and coaxial scanning guide assembly 21, a
      stationary erase head 22, a rotating guide 23, and four ports 24 for
      venting atmospheric pressure air into a tape loop housing 26 defined in
      part by the portal 19, the head and guide 22, 21, and a curved transparent
      plastic roof structure 27 which follows the helical path of the tape loop.
PAR  In FIG. 2, the cassette 13 is shown in place in the cavity 18, but is
      broken away together with the floor 28 of the cavity to show how the reel
      spindles 16, 17 are driven. Each spindle has a driven portion 31, 32 one
      or the other of which may be engaged by a rubber tire 33 of a drive wheel
      34, as by means of a pivoting mounting bracket 36 upon which is mounted a
      motor 37 (all shown as well in FIG. 3). Upon the shaft 38 of motor 37 is
      mounted the drive wheel 34. The bracket 36 is pivoted on a fixed shaft 39.
      If the bracket is pivoted in a clockwise direction as shown in FIG. 2,
      while the motor 37 is caused to turn in a clockwise direction, then the
      tape reel 15 is made to operate as a takeup reel for normal recording and
      playback, or fast forward operation. If the bracket is pivoted
      counterclockwise with the motor turning counterclockwise, then the reel 14
      is caused to operate as a takeup reel for rewinding the tape. For
      threading the tape, a loop of tape must be pulled by vacuum means
      (described below) from one or the other of the tape reels. As will be more
      fully explained below, either of the reels may be used as the threading
      feed reel, depending on differences in other structure. Whichever reel is
      to be the feed reel, however, there are still two ways in which it may be
      operated. If the vacuum is strong enough to actually pull the tape off the
      reels against the normal inertia and frictional resistance thereof, then
      the motor 37 may be held at "stop" and pivoted by bracket 36 against the
      other reel drive so as to brake it and force the vacuum to pull all the
      loop forming tape from the desired feed reel. Conversely, if the vacuum is
      not strong enough to actually pull tape off the reels, which is the case
      in the illustrated apparatus as it was actually constructed and operated,
      then the motor is pivoted against the drive spindle for the desired feed
      reel (i.e., reel 15 in the illustrated apparatus), and is operated in the
      correct direction to pay out tape from that reel (i.e., counter-clockwise
      for reel 15). This, of course, is the direction opposite to that in which
      the motor would drive the reel for play-record or winding operation.
PAR  As may be seen in FIG. 3, the motor 37 is controlled for operation in
      either direction (forward cw or reverse ccw) by means of control lines 41,
      42 coupled to a controller 43. The controller may comprise a specially
      designed logic circuit of any of a number of well-known types, or it may
      comprise a general purpose digital computer programmed to carry out the
      functions described in this specification.
PAR  The pivoting of the bracket 36 toward one or the other of the reels is also
      illustrated in FIGS. 2 and 3. Projecting from an extension 44 of the
      bracket is a pin 46, which acts as a cam follower to a vertically sliding
      cam 47, the cam surfaces of the cam being formed by two sides of a slot
      48, into which the pin 46 fits. The slot 48 has a central vertically
      directed plateau zone, which when it is aligned with pin 46 as shown in
      FIG. 3, defines a dead center position for the wheel 34, engaging neither
      reel driving element 31 or 32. The slot 48 is inclined in a direction away
      from wheel 34 above the central plateau, and toward wheel 34 below the
      central plateau, terminating at each end in a vertically directed end
      plateau. Thus when the cam 47 is moved downwardly, wheel 34 is engaged to
      drive reel 15, and when the cam is moved upwardly, the wheel is engaged to
      drive reel 14. The cam is mounted on a flanged button 49 projecting
      through and sliding in a slot 51 in the end wall 52 of the transport, and
      the button is engaged top and bottom by two bell cranks 53 and 54 pivoted
      on the end wall 52 and operated alternatively by a pair of solenoids 56
      and 57 also mounted on the end wall. In the absence of energization of one
      or the other solenoid 56, 57, a spring 58 holds the ends of the bell
      cranks together and keeps or returns the cam and wheel 34 to dead center
      (inoperative) position.
PAR  Operation of the solenoids 56, 57 is controlled by lines 61, 62 from the
      controller 43. For example, for forward tape operation (play-record)
      controller 43 is programmed to energize line 62 to pivot wheel 34
      clockwise (FIG. 2), concurrently with line 41, to rotate wheel 34
      clockwise (FIG. 2). For reverse (rewind) operation, the controller
      energizes line 61 concurrently with line 42. For threading operation, the
      controller energizes line 62 concurrently with line 42, to feed a loop out
      from reel 15, through the portal 19, and around the guide 21.
PAC  THE VACUUM SYSTEM
PAR  During threading, the tape loop formed by feeding action of reel 15 must be
      pulled by some means into its operational position, since rotation of the
      reel merely frees the tape and cannot push it. In the present invention a
      vacuum system is used, which pulls the loop first into position for
      encompassing a retracted idler 63, and then around the guide 21 to a
      position for encompassing a retracted pinch roller 64, which is located
      adjacent a capstan 66, at the bight of the loop. After the loop arrives at
      both of these positions, the idler 63 and pinch roller 64 can be raised to
      enter the loop and hold it in a substantially 180.degree. helical band
      around the scanning guide 21, and against the head 22, and the vacuum can
      be turned off. While the cassette could have been oriented about
      90.degree. ccw from its illustrated position, so that reel 14 is
      approximately in the position of idler 63, there were several
      considerations dictating the illustrated arrangement, including optimum
      use of the available space, and the desirablility of using the separate
      idler 63 not only as a guide but also as part of a drag-idler tensioning
      and holdback system for the tape, in conjunction with a drag idler 67
      later to be described. Here it is only noted that, given the need for
      idler 63, the vacuum system must be arranged for pulling at first more
      strongly from the direction of idlers 63, 67 than from the direction of
      capstan and pinch roller 66, 64, in order to ensure that a branch of the
      loop be formed at idler 63. This requirement is met by means of vacuum
      ports 68 and 69, acting in cooperation with the feeding of tape from reel
      15 rather than from reel 14, and with the cooperation of ports 24
      previously mentioned. The cooperative functioning works as follows. As the
      tape loop that is fed from reel 15 comes into the vacuum housing 26, its
      progress (illustrated by dashed lines 71, 72, 73 and 74) closes first the
      portal 19, and then engages the far wall (head 22), partitioning the
      housing into two separate portions (see line 74); one portion being
      evacuated by ports 68, and the other by ports 69. However, the later
      portion is also vented to atmosphere by ports 24 previously mentioned.
      Consequently, the portion of the housing that is evacuated by ports 68 has
      the lowest vacuum pressure and the tape loop is pulled, as it further
      grows, to the end of the chamber adjacent drag idler 67 and encompassing
      retracted idler 63. When fully extended to idler 67, the loop can grow no
      further in that direction, and further growth extends it in the other
      direction, past ports 24 and around the bend past guide 21 to the end of
      the chamber at capstan 66 and vacuum ports 69. To keep the two shanks of
      the loop apart as they go around the bend past guide 21, the outer side
      wall 76 (FIGS. 7, 8, and 11) is provided with four spaced ports 77, 78,
      79, and 80, which are also coupled to the vacuum system. The inner portion
      of the loop "unrolls" so to speak around the inner wall of the housing
      defined by guide 21 and there is no frictional relative motion. As for the
      outer portion of the loop sliding against the outer wall of the housing,
      frictional motion is at least partly lubricated by air from ambient
      atmosphere, admitted through ports 24. Nevertheless, the ports are to a
      considerable degree closed off from the housing volume downstream from the
      advancing loop bight, and the differential pressure acting to pull the
      loop increases, after the loop has passed the ports 24.
PAR  When the loop at last reaches the capstan 66 at the end 69 of the chamber,
      substantially all of the atmospheric air is cut off from the system, and
      the resulting pressure drop is sensed by a pressure sensitive switch 81
      (FIG. 10) coupled to the system, which notifies the controller through a
      signal line 82, so that the controller can initiate the next steps of the
      threading program.
PAR  The vacuum source for the system comprises a vacuum pump 83 (FIG. 10) and
      motor 84 therefor, driven by the controller as indicated by line 86. The
      motor rotates a vaned rotor 87 which causes centrifugal pumping of air
      from a baffled central chamber 88. A rectangular conduit 89 having an
      interior passage 91 communicates at one end with the chamber 88 by means
      of a portal 92, and at the other end with a vertical hollow shaft 93
      having an interior passage 94 communicating with the vacuum ports 69
      adjacent the capstan 66 (FIGS. 4, 7, and 10). A vertical interior passage
      96 of the shaft 93 communicates with the ports 68 adjacent the drag idler
      67; and a horizontal passage 97 communicates with a manifold 98 for
      collecting air from the tape loop housing side ports 77-80. Inside the
      manifold (FIG. 8), a passage 101 communicates directly with the port 80,
      and passages 102, 103 and 104 communicate respectively with flexible
      tubular conduits 106, 107 and 108 and thence with loop side ports 77, 78
      and 79 respectively. While not specifically shown in the drawing, the
      connections of conduits 106, 108 with ports 77, 79 are substantially the
      same as the illustrated connection (FIG. 7) of conduit 107 and port 78,
      further described below. Brackets 111, 112 and 113 are mounted on the side
      wall 76 of the vacuum housing and serve to terminate the conduits as well
      as to support conduits that pass further. For example, bracket 111 (FIG.
      8) serves to terminate conduit 106 and couple it to port 77; bracket 112
      (FIG. 7) serves to support conduit 106, which passes through the bracket,
      and also to terminate conduit 107 and to couple conduit 107 to port 78
      through an intermediate passage 114; and bracket 113 (FIG. 8) serves to
      support conduit 106 and 107 and to terminate conduit 108 and to couple
      conduit 108 to port 79 (shown only in phantom in FIG. 7).
PAR  Also shown in FIG. 8 are four valve gate elements 116, which may be used to
      regulate the vacuum pressure levels in the various conduits and manifold
      passages 101-104. Each gate element consists of a half-round pin
      teerminating in fully rounded ends turning in corresponding journals in
      the manifold, the outer accessible ends having hexagonal socket recesses
      therein for turning by socket wrench, as shown in FIG. 5.
PAC  THE TAPE DRIVE AND TENSIONING SYSTEM
PAR  Having received a signal from the pressure sensitive switch 81 indicating
      that the tape loop is fully loaded, the controller 43 immediately stops
      the feeding of tape by stopping motor 37. The controller may also be
      programmed to respond to the signal from switch 81 to return the wheel 34
      to neutral position, but preferably the wheel is left engaged with reel 15
      in "standby" mode, ready to drive this reel counter-clockwise as the
      takeup reel for forward play-record operation. The next step in preparing
      to operate is the step of inserting the pinch roller 64 and the drag idler
      pinch roller 63.
PAR  The insertion of the rollers 64, 43 is initiated by signal from the
      controller 43 through line 117 (FIG. 5) to energize a motor 118 (FIG. 4).
      To produce an up movement of the rollers 63, 64, motor 118 is energized to
      rotate the drive shaft 119 thereof in a counter-clockwise direction as
      seen in FIG. 9. Shaft 119 drives a belt 121, which, through pulleys 122
      and 123 on a common shaft 124, drives a belt 126 to move in a vertically
      upward direction between a pair of fixed guide pulleys 127, 128. In this
      vertical stretch of belt 126, the belt is coupled to a bracket 129 which
      slides upon a fixed vertical shaft 131 (see also FIG. 4) and serves to
      mount the shaft 132 and bearing 133 of roller 63 first for movement upward
      into the branch of the tape loop adjacent drag idler 67, and subsequently
      for pivoting motion eccentrically around fixed shaft 131 to pinch the tape
      against drag idler 67. The idler 63 in upward movement is held in spaced
      relation to the drag idler 67, with the tape between, by means of a pin
      134 extending from the bracket 129 and sliding in a vertical slot 136
      (FIG. 9) that is formed in a fixed mounting plate 137 (for motor 118). The
      slot 136 has a horizontal bend 138 at its upper extremity to permit the
      pivoting pinching motion of idler 63. This motion is initiated by the
      controller 43 either as soon as it receives a signal (described below in
      relation to pinch idler 64) that the idlers are in up position; or
      alternatively, the controller 43 may be programmed to delay such pinching
      action until it receives from the operator a play-record signal conjuctive
      with the roller-up signal. This standby mode, with tape loose between the
      pinch and drag rollers, is useful in saving wear on the tape and rotating
      heads 140a and 140b, which are most advantageously kept rotating so as to
      be up to speed for use when desired. Either way, at the correct time,
      controller 43 energizes through a line 139 (FIG. 9), a solenoid 141, which
      operates a bell crank 142 to push the pin 134 horizontally into the upper
      bend 138 of slot 136. A return compression spring 143 returns the bell
      crank 142 to inoperative position when the solenoid 141 is later
      de-energized, as at the end of the play-record mode.
PAR  The pinch roller 64 is operated in a similar manner. An extended portion of
      the shaft 124 (FIG. 9) goes through the transport to drive a pulley 144
      and a pulley 147, with a run 148 of the belt extended parallel to the
      insertion direction of motion of the pinch roller 64. This run of the belt
      146 is coupled by means of clamp 149 to a sliding non-pivoting bracket
      150, better shown in FIGS. 11-13. Bracket 150 slides on a fixed shaft 152,
      and has two upper and lower flanges between which fits a sliding and
      pivoting bracket 151, also mounted on fixed shaft 152. The
      sliding-pivoting bracket 151 mounts pinch roller 64 and its shaft 153 and
      bearing (not shown) for sliding and eccentric pivoting motion about fixed
      shaft 152. Likewise a pin 154 (FIG. 5) extends from bracket 151 to ride in
      a guide slot 156 formed in the mounting structure, with a 90.degree. bend
      157 at the upper end to permit pivoting of the pinch roller from
      non-pinching to pinching position against the capstan 66. At the upper end
      of traverse, the bracket 151 engages a microswitch 158 (FIGS. 11--13)
      which signals to the controller through a line 159 that the rollers are
      "up". The controller then, or at an appropriate time, energizes the
      solenoid 141 through line 139, and also energizes a solenoid 161 through a
      line 162 (FIG. 5), which operates through a lever arm 163 to push the pin
      154 into the upper bend 157 of slot 156, thus pivoting the pinch roller 64
      into pinching engagement with the tape and capstan 66. FIGS. 11-13 show
      the sequence: in FIG. 11 the pinch roller 64 is retracted with no tape in
      the chamber; in FIG. 12, the pinch roller 64 is "up" but not pinching; and
      in FIG. 13, the pinch roller has been pivoted into pinching position.
PAR  Also shown in FIGS. 11-13 is a bottoming microswitch 164 and signal line
      166 therefrom, for use during unloading of the tape loop to signal when
      the rollers are "down". A return spring 167 also couples brackets 150 and
      151 to return the bracket 151 and pin 154 to non-pinching position when
      the solenoid 161 is de-energized.
PAR  It will also be understood that the "up" signal from microswitch 158 may be
      used by the controller to immediately turn off the vacuum source motor 84,
      and the motor 118. Alternatively, the controller may be programmed to
      leave the motor 118 energized in standby condition with belt 126 slipping,
      in order to ensure that the rollers remain in fully up position until they
      are moved to pinch condition, as at the beginnibg of play-record mode.
PAC  THE LOOP SHANK SEPARATING MEANS
PAR  It has already been mentioned that the vacuum source is inactivated during
      play-record operation, and it will be understood that some means is
      required to hold the outer shank 168 of the tape loop (see FIG. 15a for
      example) away from the inner shank 169 during this mode, to prevent
      rubbing of the two shanks. In any event, the vacuum system could not hold
      the shanks apart without causing rubbing of the outer shank against the
      outer housing wall 76, which is also undesirable, because the rubbing
      surface of the tape would be the oxide surface on which the magnetic
      recording is made. Instead, a separating element 171 is provided (FIGS. 15
      and 16), which is arranged to be automatically inserted between the two
      tape shanks concurrently with the pinch rollers, and which serves to
      support the non-oxide face of the outer shank 168 and hold it away from
      the inner shank.
PAR  Before considering the insertion means, it will be of benefit to study
      FIGS. 14-16, which illustrate two different arrangements for mounting the
      cassette and the shank separating means. In FIG. 14 is shown a cassette
      13a mounted in a plane normal to the axis of scanning guide 21a, that is
      with the reel axes parallel to the axis of guide 21a. To divert the tape
      into the correct pitch angle .alpha. for the helical scan path around
      guide 21a, there must be provided guides 63a and 23a inducing twists in
      the tape between the guides and reels. If the axes of reel 14a and guide
      63a lie in parallel planes that are mutually perpendicular to the
      centerline of the twisted portion of tape, then the guide 63a can be a
      rotating guide, rather than a fixed post, without danger of the tape being
      driven axially off the end of the guide. The same relationship would hold
      true for guide 23a and reel 15a. The tape in forward motion then moves
      from reel 14a, around guide 63a, around guide 21a, and to the capstan 66a
      and pinch roller 64a. These rotating elements must be axially
      perpendicular to the centerline of the tape both upstream and downstream
      therefrom, in order to avoid driving the tape axially off one end of the
      capstan or pinch roller. This requirement dictates that the outer shank of
      the tape loop must climb back around the guide 21a at precisely the
      reverse of pitch angle .alpha., and on a greater path length, so long as
      guide element 171a is of simple cylindrical form with all generatrices and
      its upstream and downstream edges 172a and 173a all parallel to the axis
      of guide 21a. The result is that the returning portion of outer shank 168a
      comes out at a higher level than the ingoing portion of inner shank 169a,
      at least when the guide is looked at as if tilted with these tape portions
      horizontal. Of course, in the illustrated embodiment, this difference in
      level is compensated for by the chosen orientation of the cassette 13a and
      the twists induced in the tape between the reels and guides 63a, 23a.
PAR  The structure thus far described, however, is open to one objection in that
      any twist induced in the tape, at least upstream from the scanning guide
      21, has a deleterious effect on recording and reproduction accuracy. In a
      twisted tape the edges are substantially more elongated than the
      centerline. Both the tension and recorded wavelengths therefore vary
      across the tape width. Changes in temperature and humidity cause
      non-rectilinear variations in the tensions across the tape width. Without
      careful control of environmental conditions, therefore, a tape recorded on
      one day may not be satisfactorily reproducible on another day, even on the
      same machine. It is possible to eliminate the deleterious effects of
      twisting the tape, by suitable crowning of the rollers 63a and 23a, and
      the arrangement of FIG. 14 is consequently generally envisioned as a
      practical embodiment of the present invention. However, because in the
      preferred embodiment shown in FIGS. 1 and 2, the element 63 is to be used
      as a pinch roller for a tape tension regulating drag idler 67, and because
      crowning the roller 63 would diminish the desired pinching and tensioning
      effect, the chosen arrangement for the preferred embodiment is as shown in
      FIGS. 15 and 16.
PAR  In FIG. 15, the cassette is arranged as it is in FIG. 1, with the plane
      thereof (the medial plane normal to the reel axes) tilted at the pitch
      angle .alpha. with respect to the axis of the scanning guide 21b. Thus the
      tape can pass from the supply reel 14b and around the now axially parallel
      guide 63b and to the guide 21b without any twists in the tape upstream
      from the scanning guide, and the problems related to non-uniform tape
      stretch are entirely avoided. The twist and accompanying uneven stretch
      seen in the figures downstream from the capstan 66b and pinch roller 64b
      can be neglected because the tape tension can be made to be much less in
      this area. The operating tension for scanning is established between the
      reel 14b (or guide 63b if it is used as pinch roller for a drag idler as
      in FIG. 1) and the capstan 66b and pinch roller 64b, which latter pair of
      pinching rollers serve also to isolate the tape downstream therefrom so
      that only enough tension is needed to pull the tape back to the takeup
      reel 15b. Thus the twists shown leading into and away from guide 171b have
      no deleterious effect on the recording or reproduction processes upstream
      from the capstan. As will be seen below, the tape cannot be guided through
      the path desired from cassette to scanning guide to capstan and back to
      cassette without twisting at some point. What the arrangement of FIG. 15
      does is to shift all the twists to points downstream from the capstan,
      where they do no harm.
PAR  While the guide 171b is still formed on a cylindrical surface that is
      axially parallel to the scanning guide 21b, for ease in retraction and
      insertion, it is provided with angled leading and trailing edges 172b and
      173b, particularly shown in FIG. 16. Angled leading edge 172b is required
      for the purpose of decreasing the pitch angle of the tape entering its
      path around guide 171b, so that even through the tape follows a longer
      climbing path, it still comes out at the same level as the tape coming
      into guide 21b; the term "level" being meant as before to be understood as
      if the cassette medial plane were horizontal. The angled edge 173b is then
      needed to restore the tape to the original pitch angle .alpha. (or its
      opposite) so that the tape comes out from guide 171b not only at the same
      level, but proceeds downstream therefrom in the same plane as that in
      which the tape approaches guide 21b, this plane being of course the plane
      of the cassette. The tape is then bent around guide 23b and returned to
      the cassette.
PAR  The invention, as conceived and claimed, is considered to encompass this
      and other forms of guides that function to first decrease and then restore
      the original pitch angle (or gradient) of the tape in order to compensate
      for the greater length of the climbing path that the tape must take to
      return around guide 21b without touching it or rubbing on the tape that is
      being scanned on the guide.
PAR  The guide 171 shown in the embodiment of FIGS. 1 and 2 actually has the
      parallel leading and trailing edges of FIG. 14, combined with the cassette
      mounting arrangement of FIG. 15. What holds the tape in correct path for
      return to the cassette is the top and bottom walls 27 and 176 (FIG. 7) of
      the vacuum housing, which structure however produces some tape edge wear
      and powdering of the oxide, both of which are avoidable with use of the
      guide form 171b of FIGS. 15 and 16. Either way, the guide 171 in retracted
      position (FIG. 7) fits into a conforming opening in the floor 176, the two
      parts of the floor being linked by solid portions fitting in generatrical
      slots 177 of the guide 171 (FIG. 6) so that the strength of the two parts
      of floor 176 is increased while still permitting the guide 171 to rise and
      retract between them.
PAR  Raising and lowering of the guide 171 is accomplished by means of belt 126
      (FIG. 9), which has a run 126a stretched between a pair of pulleys 178 and
      179. A portion of the belt is clamped by a clamp 181 to a pin extending
      from a mounting base 182 that serves to mount the guide 171. The base 182
      has tubular bore fitting for sliding motion around the fixed cylindrical
      lower portion 183 of guide 21, which in turn is solidly mounted on a
      pedestal 184, see also FIGS. 6, 7 and 8. The pin and clamp 181 extend
      radially through a slot 186 in a framework partition 187 (FIG. 9) thus
      securing the base 181 and guide 171 against rotational displacement.
PAC  DRIVES FOR HEADS AND CAPSTAN
PAR  Also shown in FIG. 6 is a head driving motor 188 controlled by a line 189
      from the controller, so as preferably to be turned on for continuous
      driving of the rotating heads 140a and 140b as soon as the transport is
      turned on. The motor 188 drives through a belt 191 coupled to a head
      driving shaft 192, which is journalled for rotation in an interior bore of
      the fixed lower cylinder 183 of guide 21. The shaft 192 is solidly
      attached to the rotating upper portion 193 (FIG. 7) of the guide 21, upon
      which the heads 140a and 140b are mounted.
PAR  The capstan 66 is mounted in an anti-friction bearing 194 (FIG. 7) and is
      driven by a belt 196 from a motor 197 (FIG. 5) that is controlled by a
      line 198 from the controller 43. Preferably the capstan is set in
      rotational operation concurrently with pinching of the pinch roller 64
      during the play-record modes, and is stopped at all other times.
PAR  As for the drag idler 67 (FIG. 4), the "drive" counterpart is in effect the
      opposite: the idler 67 is mounted in bearings 201, 202 on a shaft 203,
      which in turn is braked by a brake shoe 204 mounted on a leaf spring 206.
      Also shown in FIG. 4 is a leaf spring 207 which holds pinch idler 133 in
      non-pinching position, bearing against the idler itself in the retracted
      (down) position, and against the mounting bracket 129 in the up position.
      Also shown in FIGS. 2 and 7 is a longitudinal recording and reproducing
      head 208.
PAC  UNLOADING AND REWINDING
PAR  Preferably the tape loop is unloaded from the vacuum housing and pulled
      back into the cassette before the tape is rewound. At the end of tape or
      at the end of the recorded portion thereof, a signal previously recorded
      by head 208 on a longitudinal track of the tape, is read by head 208 and a
      signal may be sent to the controller 43 to stop the capstan 66 and reel
      drive and un-pinch the pinch rollers 64 and 63. Thereafter, under either
      manual or automatic program control, the controller 43 causes retraction
      of the two pinch rollers and the guide 171, as by energizing motor 118
      (FIG. 4) in reverse through line 209. Upon signal from microswitch 164
      (FIG. 13) that the rollers and guide 171 are "down", the controller 43
      deenergizes motor 118 and energizes solenoid 57 (FIG. 3) together with
      line 41 to motor 37, to drive reel 14 in the rewind mode. Of course the
      tape loop is rewound on reel 14 first, and subsequently all the tape that
      had been stored on reel 15. Beginning of tape may be signaled to the
      controller by the operator manually, or automatically by means of
      photoelectric or other sensing devices standard in the art; and the
      controller then turns off the reel drive (lines 41, 61).
CLMS
STM  We claim:
NUM  1.
PAR  1. In a rotary head type magnetic recording and/or reproducing apparatus
      having a cylindrical guide drum within which the rotary head is rotated,
      the combination comprising:
PA0  means for mounting a tape cassette in the apparatus;
PA0  a housing and differential air pressure means therefor for communicating
      with the mounted cassette and encompassing at least a portion of the guide
      drum to pull an elongated loop of tape from the cassette with a portion of
      the loop wrapped helically around the guide drum in the region of the
      rotary head; and
PA0  means operable at a predetermined length of the loop of tape to separate
      the opposite shanks of the loop.
NUM  2.
PAR  2. The apparatus described in claim 1, wherein:
PA0  said helically wrapped portion of said tape loop has a predetermined pitch
      angle and leaves said guide drum in a tangential extension portion also
      contained within said housing and defined by said predetermined length of
      tape loop;
PA0  said housing is provided with rotating means including an element operable
      for insertion into the bight of said loop extension for circumferential
      movement of said tape thereabout; and
PA0  means are provided for inactivating the differential pressure of said
      housing after said rotating means and shank separating means are operated.
NUM  3.
PAR  3. The apparatus described in claim 2, wherein:
PA0  said rotating means includes a capstan positioned for engaging the outer
      side of said tape in said loop extension; and
PA0  a retractable pinch roller positioned for operatively engaging the inner
      side of said tape in said loop extension.
NUM  4.
PAR  4. The apparatus described in claim 3, wherein said differential air
      pressure housing means includes:
PA0  a housing defining a threading path for said tape loop;
PA0  vacuum source means for pulling said loop to extend from said cassette into
      said housing and along said path to said capstan; and
PA0  means for sensing and signaling the arrival of said loop at said capstan.
NUM  5.
PAR  5. The apparatus described in claim 4, wherein said loop shank separating
      means includes:
PA0  at least one guide element having a retracted position out of said tape
      path during threading of the transport, and an operating position between
      said tape shanks in the helical portion of said path and engaging and
      guiding the radially most outward and downstream shank during operation of
      the transport;
PA0  whereby tape returning to said cassette from said capstan, during transport
      operation, is prevented from rubbing against tape moving toward said
      capstan from said cassette.
NUM  6.
PAR  6. The apparatus described in claim 5, wherein:
PA0  said vacuum source means is coupled to said housing in the vicinity of said
      capstan to draw said tape loop through said housing to said capstan, with
      said loop bight held in open expanded condition at the path-end portion of
      said housing;
PA0  said vaccum source means also being coupled to said housing on the radially
      outward side of said helical portion of said path defined by said housing,
      for holding the outer and downstream shank of said tape loop spaced
      radially away from the inner and upstream tape loop shank to permit
      movement of said pinch roller and said shank-separating means from
      retracted to inserted position between said tape loop shanks.
NUM  7.
PAR  7. The apparatus described in claim 6, wherein:
PA0  said housing on the radially most outward side of said helical portion of
      said path is defined by manifold means communicating with said vacuum
      source, and also with said path as by means of a plurality of separate
      openings in said manifold spaced circumferentially around said path;
PA0  whereby said outer shank of said tape loop is held against said manifold
      during threading and during the interpositioning of said shank separating
      means in movement of the latter from retracted to operating position.
NUM  8.
PAR  8. The apparatus described in claim 7, and also including threading and
      operational controller means operable to cycle automatically and
      sequentially through a tape feeding mode, an intra-loop insertion mode,
      and a standby mode;
PA0  said controller in said tape feeding mode being coupled to said cassette
      mounting means to cause reverse operation of the cassette takeup reel to
      cause said loop to be fed into said housing with sliding motion between
      the radially outward loop shank and the manifold, and non-sliding
      laying-on motion of the inner shank against said guide drum;
PA0  said controller in said tape feeding mode also being coupled to activate
      said vacuum source for holding said sliding outer shank against said
      manifold and said bight against the path-end portion of said housing.
NUM  9.
PAR  9. The apparatus described in claim 8, wherein said means for sensing and
      signaling the arrival of said loop at said capstan includes a
      pressure-sensitive switch coupled to said housing at the path-end portion
      thereof, as by means of an opening that is closed off by arrival of the
      tape, said switch being coupled to said controller to stop the feeding
      rotation of said supply reel and to initiate the intra-loop insertion mode
      of said controller.
NUM  10.
PAR  10. The apparatus described in claim 9, wherein:
PA0  insertion means are provided and are coupled to said controller to move
      said shank separating means and said pinch roller between retracted and
      standby positions within said loop and bight, resepctively;
PA0  said insertion means including means for signaling the arrival of said
      shank separating means and said pinch roller in said retracted and standby
      positions, respectively said signalling means being coupled to said
      controller for causing inactivation of said vacuum source and initiation
      of the standby mode of said controller.
NUM  11.
PAR  11. The apparatus as described in claim 10, wherein said pinch roller
      insertion means includes:
PA0  a cylindrical rail mounted eccentric and parallel to the axis of said pinch
      roller;
PA0  a block mounted for sliding translation longitudinally on said rail and for
      pivoting motion in a plane normal to said rail;
PA0  a shaft extending from said block along the axis of and rotatably mounting
      said pinch roller; and
PA0  first motor means coupled to said block and to said controller for
      translating same along said rail between said retracted and standby
      positions of said pinch roller;
PA0  said first motor means including limit switch means for signaling the
      arrival of said block in said retracted and standby positions,
      respectively.
NUM  12.
PAR  12. The apparatus as described in claim 11, wherein said pinch roller
      insertion means also includes:
PA0  cam means mounted parallel to said rail and cam follower means therefor on
      said block for holding said pinch roller in a non-pinching position during
      translation between said retracted and standby positions thereof, said cam
      permitting pivoting movement of said block and pinch roller about said
      rail and between said non-pinching position and a pinching position
      engaging said tape and capstan, only while said pinch roller is in said
      standby position; and
PA0  solenoid and return spring means for moving said pinch roller from
      non-pinching to pinching position and return, respectively, said solenoid
      being coupled to said controller for selective operation in record and
      reproduce modes.
NUM  13.
PAR  13. The apparatus as described in claim 12, wherein means are provide and
      are coupled to said controller for operationally driving said rotating
      head drum, said capstan and said cassette reels in forward direction
      during said record and reproduce modes, and said reels along in reverse
      direction during a rewind mode.
NUM  14.
PAR  14. The apparatus as described in claim 13, wherein said controller is
      coupled to said driving means, said solenoid and said pinch roller and
      said shank-separating means to cause retraction of said pinch roller and
      shank-separating means, followed by operation of said reels to withdraw
      said tape loop into said cassette, during an unloading mode of said
      machine.
NUM  15.
PAR  15. The apparatus described in claim 14, and also including:
PA0  a retractable idler on said tape path between said cassette positioning
      means and said guide assembly for guiding the upstream loop shank in which
      tape leaves said cassette in normal forward record reproduce mode; and
PA0  pneumatic means for drawing said loop shanks to a position bracketing said
      idler during threading of said tape.
NUM  16.
PAR  16. The apparatus described in claim 15 wherein said idler is a drag idler
      pinch roller, and a drag idler is provided outside the tape loop for
      engaging said tape between said drag idler and drag idler pinch roller to
      exert a holdback tensioning force on said tape around said guide assembly.
NUM  17.
PAR  17. The apparatus as described in claim 16, wherein said drag idler pinch
      roller is coupled to said drive means and said controller for movement
      between retracted and standby positions and between pinching and
      non-pinching positions concurrently with said capstan pinch roller.
NUM  18.
PAR  18. The apparatus described in claim 1, wherein said shank separating means
      comprises:
PA0  a curved element partly encircling said guide drum in the sector thereof
      around which said tape loop shanks are bent;
PA0  said element being spaced radially away from said guide drums at the
      midpoint of said sector; and
PA0  said element being mounted for movement generally parallel to the axis of
      said guide drum, and between a retracted position clearing said tape path
      and an operating position inserted between the shanks of said tape loop.
NUM  19.
PAR  19. The apparatus described in claim 18, wherein said curved element has an
      edge portion facing said capstan, said edge portion being tilted in the
      same direction as said tape shanks with respect to the axis of said guide
      drum;
PA0  whereby said tape loop outer and downstream shank is guided in
      substantially a reverse helical path around said curved element, but at a
      reverse pitch angle smaller than the pitch angle of said upstream and
      inner tape loop shank, and may thereby be caused to leave the curved
      element at the same plane normal to said guide drum axis as that in which
      the incoming tape arrives at said guide drum.
NUM  20.
PAR  20. The apparatus described in claim 19, wherein the other edge portion of
      said curved element remote from said capstan is also tilted in the same
      direction as said tape shanks with respect to the axis of said guide drum;
PA0  whereby the tape leaving said curved element may be caused to leave not
      merely at said same plane but also entirely in said same plane, and
      returns naturally to said cassette without the need for tape edge guiding.
NUM  21.
PAR  21. The apparatus described in claim 20, wherein said curved element is of
      cylindrical form with generatrices parallel to the axis of said guide
      drum.
NUM  22.
PAR  22. The apparatus described in claim 20, wherein both of said edge portions
      are equally inclined and the tape leaves said curved element in a path
      parallel to that of the tape approaching said guide drum.
NUM  23.
PAR  23. The apparatus described in claim 18, wherein:
PA0  said curved element is a portion of a cylinder with generatrices parallel
      to the axis of said guide drum, and presenting upstream and downstream
      tape guiding edges defined by generatrices; and
PA0  said cassette mounting means is arranged to mount said cassette with the
      reels thereof axially parallel to said guide drum.
NUM  24.
PAR  24. The apparatus described in claim 2, wherein said cassette mounting
      means is arranged to position said cassette in a plane inclined to said
      cylindrical guide drum at said predetermined pitch angle.
NUM  25.
PAR  25. The apparatus described in claim 2 wherein said cassette mounting means
      is arranged to position said cassette with the reels in axial parallelism
      with the axis of said cylindrical guide drum.
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ABST
PAL  A tape recorder, particularly a cassette recorder, comprising two reels for
      rewinding and unwinding a tape, sound recording and reproducing means, a
      driving system for moving the reels in two tape run directions, a braking
      system for the reels, control buttons (such as forward transport, pause,
      start, stop, record, rewind buttons) designed to set an appropriate
      function sequence for the recorder, and an electric control system which
      controls the given function sequence as a function of the actuated
      buttons. The control buttons are arranged at the front of the recorder and
      are assigned slides which extend over the length of the recorder unit
      containing the mechanical constituents such as tape-up spools, driving
      mechanism, as far as corresponding contacts of the electric control
      system. The setting movements of the control buttons can be transmitted to
      the corresponding contacts of the electric control system, and further,
      the slides are equipped with driving facilities and releasing facilities
      which move given mechanical recorder parts to the positions corresponding
      to the chosen function sequences.
BSUM
PAR  The invention relates to a tape recorder, particularly a cassette recorder,
      comprising two tape reels for rewinding and unwinding a tape, a driving
      system for moving the reels in two tape run directions, control buttons
      (for example for forwards, pause, start, stop, recording, reverse)
      designed to set an appropriate function sequence for the recorder, and an
      electric control system which controls the given function sequence as a
      function of the actuated control buttons which are arranged at the front
      of the recorder.
PAR  In a tape recorder, particularly a cassette recorder we distinguish between
      various function sequences. These recorder sequences include for example
      forward transport and tape reversal, the recording of sound information as
      well as start and stop for these operating sequences.
PAR  For the purpose of setting these individual operating sequences there are
      control buttons on the recorder which, when actuated, cut in corresponding
      circuits of an electric control system so that the desired function
      sequences of the recorder take place. To this end, the control system is
      connected in a suitable manner to the driving system for the tape reels
      and also for the systems which serve to record and reproduce the sound
      information.
PAR  In known tape recorders, particularly cassette recorders, the electric
      control system is so connected to the mechanical constituents of the tape
      recorder, comprising the tape reels, driving system, braking system,
      capstan, pinch roller, etc., that the electrical and mechanical parts of
      the tape recorder can be supplied and manufactured as one unit only.
      However, it is frequently desirable that differing control systems can be
      made usable for the mechanical part. This means that the electric part of
      the tape recorder can be manufactured independently of the mechanical part
      of the tape recorder and both parts are absolutely independent of each
      other at the manufacturing stage. This also enables one part to be
      exchanged for another.
PAR  When the reels of a tape recorder are being braked, great importance is
      attached to the fact that the tape does not form loops and is always
      guided tightly. The danger of loops being formed arises especially as a
      result of the drawing reel being slowed down too early or too sharply or
      as a result of varying braking forces being exerted on the tape reels.
PAR  The capstan against which the tape is pressed by a pinch roller during
      operation is connected to a relatively large centrifugal mass to ensure
      that the tape will run smoothly. During transportation there is a danger
      that, if the recorder is not handled properly, the connection between the
      centrifugal mass and capstan will be broken because great forces which may
      lead to the destruction of the capstan are exerted on said capstan by the
      centrifugal mass on the basis of its large mass when the recorder is
      dropped for example.
PAR  The object of the invention is to provide a tape recorder, particularly a
      cassette recorder, wherein the electric part of the recorder can be
      separated exactly from the mechanical part of the recorder so that the two
      of them can be exchanged as required for replacements without the
      operational readiness of the freshly assembled recorder being impaired.
PAR  A further object of the invention is therefore to provide a driving system
      with an electric motor for the tape reels of a cassette recorder, which
      system can be set with the aid of simple mechanical means to the
      above-named function sequences of the cassette recorder.
PAR  A further object of the invention is to show a braking system wherein the
      sound medium, that is to say the tape, is always guided tightly even when
      the brakes are applied.
PAR  The final object of the invention is to show a counter-support for the
      centrifugal mass which can intercept destructive forces originating from
      the centrifugal mass.
PAR  In the tape recorder of the type named at the beginning, particularly a
      cassette recorder, the invention is constituted by the fact that the
      settings of the control buttons can be transferred to the corresponding
      contacts of the electric control system via slides (such as forward
      transport, pause, start, stop, record and reversal slides) which extend
      over the length of the recorder part containing the take-up reels, driving
      mechanism, recording and reproducing devices, as far as said corresponding
      contacts of the electric control system, and by the fact that the slides
      are furnished with driving facilities and releasing facilities which move
      given mechanical recorder parts to the positions corresponding to the
      chosen function sequences.
PAR  The slides which can be shifted longitudinally by the control buttons thus
      project through the entire structural unit which houses the mechanical
      constituents of the recorder and project out of that side of the
      structural unit which is opposite to the control buttons.
PAR  The electric control system contacts to be actuated by the slides are thus
      arranged advantageously on that side of the structural unit which is
      opposite to the control buttons, said unit housing the mechanical
      constituents of the recorder.
PAR  To prevent the forward transport and reversal slides from being actuated
      simultaneously, said two slides can be coupled to each other in such a
      manner that, when one slide is actuated, the other slide is held in the
      OFF position. Here, when one slide is actuated, the other can move in the
      opposite direction.
PAR  These movements of the rewinding slide and forward transport slide can
      moreover be utilised advantageously to the extent that they produce a
      driving connection between the driving system and one or the other reel,
      depending on the function sequence which has just been set with the
      appropriate button on the recorder.
PAR  The sound recording and sound reproducing systems which consist mainly of
      the recording heads and reproducing heads as well as a pinch roller which
      can press the tape against a capstan, can be connected to the start slide
      in advantageous fashion. When the start button is actuated, the sound
      recording and reproducing systems are thus shifted simultaneously so that
      the magnetic heads are accordingly moved into contact with the tape and
      the pinch roller furthermore presses the tape against the capstan. In
      addition, when the start button is actuated, a corresponding contact of
      the electric control system is also operated via the start slide so that a
      voltage suitable for making the reels run slowly is applied to the driving
      system.
PAR  The tape record slide which can be shifted by the record button is so
      connected to a recording lock that the record slide cannot be moved by the
      record button until the record lock has been released. For in many cases
      it is not desired to record any other sound information, e.g. dictations
      or pieces of music, than the original pieces of music on a tape,
      especially on a tape in a cassette. In such cases, the record lock is not
      released when the tape or cassette is inserted into the recorder. This
      means that the record slide cannot be moved and is held in the locked
      position by the record lock.
PAR  In order to make the recorder independent of the electric control system
      with regard to the sequence of recording, the record slide is firmly
      connected to a Bowden control wire which actuates a corresponding cut-in
      contact of the electric control system when the record slide is shifted.
      This Bowden control wire is so designed at its free end that it can be
      moved into contact with any given contact.
PAR  All other control buttons can be reset to their neutral positions by the
      stop button. A tripping magnet which resets the control buttons
      automatically can also be provided to reset all the control buttons to
      their neutral positions.
PAR  The advantages of the invention are constituted by the fact that the
      electric control unit can be fully separated from the mechanical part of
      the recorder. This is achieved because the slides which extend across the
      entire length of the structural recorder unit which houses the mechanical
      part, both operate electric contacts of the control unit and take care of
      the appropriate displacement of the individual mechanical constituents of
      the recorder to the desired operating positions. In the tape recorder
      according to the invention, in conjunction with the structural unit which
      houses the mechanical constituents, use may thus be made of electric
      control units of different configurations. Thus the structural unit of the
      tape recorder which houses the mechanical constituents is independent of
      the structure of the electric control unit.
PAR  Further, the driving system may also have, according to the invention, a
      swivel plate, which is mounted rotatably on the housing, and slides which
      can be moved by means of control buttons. In addition, the corresponding
      contacts of the electric control system can be actuated by means of the
      slides so that, when the direction is reversed, the polarity of the
      electric motor is reversed accordingly. Owing to the shifting motion of
      the slides, the swivel plate can be swivelled so much that a friction
      wheel which is driven by the electric motor comes into friction-like
      contact with one of the driving plates.
PAR  The swivel plate is advantageously hinged to one of the slides in such a
      manner that the slide is able to over-travel move too far, relative to
      over-travel, or, the swivelling motion of the swivel plate. This enables
      the slide to describe a greater shifting movement than is necessary for
      the application of the friction wheel to one of the driving plates. The
      excess travel of the slide is intercepted resiliently. In addition, it is
      also possible that the control button which actuates the slide can engage
      in a lock as a result of the excess travel and be released again from said
      lock. Over and above that, this also enables the friction wheel to be
      applied resiliently against one of the driving plates.
PAR  To enable the slide to over travel, use may be made of a leg spring which
      engages on one of the slides. The two leg ends of the leg spring are
      designed guidably so that they can be deflected resiliently, which enables
      the friction wheel to be applied resiliently to the individual driving
      plate.
PAR  A slide for forward transport and a slide for rewinding can be provided
      which are hinged to the two legs of a swivel lever mounted rotatably on
      the housing. This enables one of the slides to be moved in the opposite
      direction to the movement of the other. Consequently, a given contact of
      the electric control system can easily be actuated by each lever end which
      is opposite the corresponding control button; this means that the polarity
      of the electric motor, for example, can be simply reversed.
PAR  In order to be able to set the motor to slow running, for example for the
      reproduction of sound information on the tape, the swivel plate to which
      the electric motor and friction wheel are fastened can be swivelled in the
      direction of one of the driving plates by means of a further slide which
      can be actuated by the slow-running tape control button so that the
      friction roller is applied to this driving plate. At the same time, a
      control system contact which applies the limited voltage necessary for
      slow running to the motor is actuated by means of said slide. The voltage
      can be limited by the electric control system, for example with the aid of
      transistors or resistors.
PAR  Further, in the braking system of the tape recorder according to the
      invention, both brake shoes are attached to a common brake slide which can
      be canted within a certain clearance so that the drawn reel is first
      slowed down when the brake shoes touch down.
PAR  Two points of engagement can be provided on the brake slide for this
      purpose so that the brake slide can be aimed at with a centre offset. The
      clearance necessary for canting can be obtained by guiding the slide on a
      pin which projects into an oblong recess.
PAR  In order to be able make the brake slide cant and pivot accordingly when
      the brake shoes lift up, use can be made of a lifting bracket which
      respectively engages on one of the two points of engagement and which can
      swivel around its two ends. Here, the lifting bracket can be pivoted
      accordingly by means of slides which engage on its two ends. The slides
      can be shifted by control buttons on the recorder.
PAR  The invention now ensures that during the braking sequence the drawn reel
      is slowed down earlier than the drawing reel so that the tape is always
      guided tightly between the reels. Consequently, no tape loops form and the
      danger of damage to the sound medium as a result of loop formation is
      eliminated.
PAR  Finally, a support being elastic in the direction of the axis of the
      centrifugal mass is provided for said axis in the tape recorder according
      to the invention. The support may take the form of a plastic part which
      runs in a slot guide on a bearing bridge.
PAR  The counter-support acts like a spring element and thus dissipates the
      kinetic energy of the centrifugal mass. When the centrifugal mass exerts
      great kinetic energy, said energy is intercepted at the outer periphery by
      the bearing bridge in which the plastic part is guided. This prevents said
      kinetic energy from exerting a destructive effect on the capstan. After
      the centrifugal mass has been intercepted, both the centrifugal mass and
      the capstan return to their starting positions as a result of the
      resiliently designed counter-support, that is to say the resiliently
      designed support. To this end, the capstan is guided in sliding fashion
      together with the centrifugal mass in a second bearing which is provided
      on the other side of the centrifugal mass.
DRWD
PAR  An embodiment of the invention is represented in the attached drawings
      which serve to explain the invention in more detail.
PAR  FIG. 1 shows a perspective top view of a structural unit which contains the
      mechanical part of the tape recorder according to the invention.
PAR  FIG. 2 shows a perspective bottom view of the structural unit according to
      FIG. 1.
PAR  FIG. 3 is a diagrammatic view of the structural unit which contains the
      mechanical part of the recorder as well as the electric control unit.
PAR  FIG. 4 is a perspective view of the essential parts of the driving system
      which can be installed in a cassette recorder.
PAR  FIG. 5 is a partial view of the driving system showing the hinging of the
      swivel plate to one of the slides.
PAR  FIG. 6 shows a braking system according to the invention, and
PAR  FIG. 7 shows a support for the centrifugal mass.
DETD
PAR  Structural unit 1 which is illustrated in FIGS. 1 and 2 and houses the
      mechanical components of the tape recorder has the following constituents
      in the main. On the topside of housing 16 of structure 1 there are driving
      plates 13 and 14 which are so connected to spool core drivers 11 and 12
      that they cannot turn separately. In addition, on the side which
      represents the front of the recorder there is a forward transport control
      button 2, a pause control button 3, a start control button 4, a stop
      control button 5, a record control button 6 and a rewind control button 7.
      These control buttons are seated on a shaft 8 which is mounted in control
      button holders 9 and 10. A clutch wheel 15 which is connected to driving
      motor 17 serves to drive driving plates 13 and 14 as well as spool core
      drivers 11 and 12. Both clutch wheel 15 and driving motor 17 are able to
      pivot.
PAR  Corresponding slides are in active contact with control buttons 2-7. A
      forward transport slide 18 can be actuated by forward transport button 2,
      a pause slide 19 by pause button 3, a start slide 20 by start button 4, a
      record slide 21 by record button 6, and a rewind slide 22 by rewind button
      7. The free ends of slides 18-22 stand out at that side of structural unit
      1 which is opposite to control buttons 2-7. The free end 23 of forward
      transport slide 18, the free end 24 of pause slide 19, the free end 25 of
      start slide 20, the free end 26 of record slide 21 and the free end 27 of
      rewind slide 22 can be recognized in FIG. 1. Corresponding contacts of the
      electric control system can be actuated by said free ends.
PAR  Further, a movable plate 28 to which recording head 29 and reproducing head
      30 are attached is also provided in structural unit 1 for the mechanical
      constituents of the recorder. In addition, a pinch roller 31 which is
      carried by a swivel lever 32 is also provided on movable plate 28. Said
      swivel lever 32 is fastened at one end to the movable plate 28 so that
      pinch roller 31 can swivel on the movable plate. In addition, a spring 33
      which presses the pinch roller 31 fastened to swivel lever 32 in the
      direction of a capstan 34, is engaged on swivel lever 32. Spring 33 is
      moreover hinged to housing 16 of structural unit 1.
PAR  Capstan 34 is connected to centrifugal mass 63 which is driven by a motor
      64.
PAR  Further, FIGS. 1 and 2 also show a record lock 35 which is fastened
      pivotally to the upper part of structural unit 1. A locking lever 36 of
      said record lock 35 is forced by the pressure of a spring 37 which is
      similarly fastened to the housing, through an opening 39 in a base plate
      38 of the housing. Said locking lever 36 engages with its front end 36' on
      a shoulder of the record slide and holds the record slide in the locked or
      switched-off position shown in FIGS. 1 and 2.
PAR  In addition, a Bowden control wire 40 of which one end 41 is firmly
      connected to record slide 21 can be seen in FIG. 2 in particular.
PAR  Further, a two-arm swivel lever 42 is provided to whose two free ends are
      hinged forward transport slide 18 and rewind slide 22. Swivel lever 42 is
      mounted in the middle by means of a holder 43 on the housing of unit 1.
PAR  A swivel arm 44' of a swivel lever 44 can be so actuated with pause slide
      19 that it can pivot swivel lever 32 on movable plate 28 against the force
      of spring 33.
PAR  Further as shown in FIG. 2, a movable plate 45 extending transversely to
      slides 18-22 is provided which has openings 46-51 into which project
      swivel arms 52-57 connected to control buttons 2-8. By the actuation of
      stop button 5 this slide can be shifted against the force of a spring 90.
PAR  In addition, a tripping magnet 58 which can similarly serve to shift
      movable plate 45 is also shown in FIG. 2. Here, said magnet 58 engages by
      means of a pin 54 on a stop surface 60 of movable plate 45. Further as
      shown in FIG. 1, a counter 61 which is connected with driving plate 14 via
      a belt drive 62 represented in FIGS. 1 and 2.
PAR  The mode of operation of the individual slides and control buttons is as
      follows.
PAR  When forward transport button 2 is pressed down against the force of a
      spring 65, slide 18 is moved with its end 23 out of that side of the
      housing which is opposite to the control buttons. Forward transport button
      2 is pressed down against the force of a spring 65 until swivel arm 52
      catches on nose 66 of opening 46 in movable plate 45, namely on account of
      the restoring force of spring 90. Slide 18 thus stays in its shifted
      position where it actuates a contact 67 of control system 68 which may be
      of any known type and which is therefore represented only in diagramatic
      form in FIG. 3. At the same time as shown in FIGS. 1 and 2, the
      displacement of forward transport slide 18 against the force of a spring
      69 which is fastened at one end to base plate 38, causes a braking system
      70, 71 to be raised off the two driving plates 13 and 14 so that the
      latter can turn. In addition, clutch wheel 17 is applied to driving plate
      14; driving motor 64 for capstan 34 and driving motor 17 for the reels
      which are not shown in more detail and can be placed onto spool core
      drivers 11 and 12 are then supplied accordingly with voltage by control
      system 68 and driven as a result of the actuation of contact 67 (FIG. 3).
      For the purpose of swivelling motor 17 and clutch wheel 15, these two
      components are mounted on a swivel plate 72 which is in contact with
      forward transport slide 18 via a lever not shown in greater detail. Said
      plate 72 is accordingly swivelled when slide 18 is shifted so that clutch
      wheel 15 is applied resiliently to driving plate 14.
PAR  When pause button 3 is actuated, pause slide 19 is similarly shifted in
      such a manner that its free end 24 emerges from that side of structural
      unit 1 which is opposite to the control buttons. A contact 73 of control
      unit 68 (FIG. 3) is similarly actuated; this contact temporarily stops the
      function sequence which has just been set.
PAR  When pause slide 19 is shifted, swivel lever 44 is so swivelled that its
      swivel arm 44' comes into contact with swivel arm 32 and so shifts the
      latter against the force of spring 33 that pinch roller 31 is moved away
      from capstan 34. This causes the tape drive to be stopped. When the pause
      button is pressed again, lock 74 for pause slide 19 is released and pause
      slide 19 is moved back by a spring 75 to its starting position; this also
      causes pause button 3 to move back to its starting position.
PAR  When the start button is actuated, it is pressed until swivel lever 54
      catches on nose 76 in opening 48 in movable plate 45. Lever 54 serves to
      push start slide 20 also out of that side of structural unit 1 which is
      opposite to the control buttons. One end 25 of start slide 20 then
      actuates a contact 77 of control unit 68 (FIG. 3), causing the
      correspondingly chosen function sequence to be set in motion.
PAR  At the same time as start slide 20 is shifted, movable plate 28, on which
      recording head 29 and reproducing head 30 as well as pinch roller 31 are
      mounted, is shifted in the same direction as slide 20. To this end, slide
      20 is connected to movable plate 28, for example by means of a pin not
      shown in further detail. This shifting of plate 28 causes pinch roller 31
      to be shifted in the direction of capstan 34 and, in addition, recording
      head 29 and reproducing head 30 are moved in the direction of guiding
      facilities 78 and 79 for the tape. At the same time, contact 77 (FIG. 3)
      of control system 68 is actuated so that a voltage which is reduced
      relative to forward transport and rewinding is applied to the driving
      system and the driving motors are operated at the slow-running speed.
PAR  With reference to FIG. 2, record button 6 cannot be actuated until record
      lock 35 has been released. This can be achieved for example in that a
      device known per se, which is able to swivel locking lever 36 of record
      lock 35, is provided on the cassette inserted in the recorder. As a result
      of this swivelling motion, locking lever 36 disengages with its end 36'
      from the shoulder of record slide 21 so that the slide can be shifted by
      pressing record button 6. Here, record slide 21 is pushed swivel lever 56
      on record button 6 catches on a nose 80 of opening 50 in movable plate 45.
      Record slide 21 is shifted by swivel lever 56 in the same direction as has
      been described above. In this shifting motion one end 41 of Bowden control
      wire 40 is also taken along, causing the electronic system -- not shown in
      further detail -- of the recording unit to be switched on. The use of this
      Bowden control wire enables the mechanical part to be made independent of
      a special electronic recording system.
PAR  When rewind button 7 is pressed down against the force of spring 88 until
      swivel lever 57 on rewind button 7 catches on a nose 81 of opening 51 in
      movable plate 45, rewind slide 22 is similarly pushed by swivel lever 57
      out of that side of structural unit 1 with its end 27 which is opposite to
      the control buttons. End 27 of rewind slide 22 thus actuates a contact 82
      of control system 68, causing the rewinding sequence to be fed into the
      control system in appropriate fashion. When rewind slide 22 is shifted,
      braking system 70, 71, (FIG. 1) is raised and released -- in the same way
      as when forward transport slide 18 is shifted -- from driving plates 13
      and 14 against the force of a spring 83 via linkage 84 which is connected
      to rewind slide 22. In addition, motor 17 is swivelling with clutch wheel
      15 as a result of the swivelling of swivel plate 72. As a result of this
      swivelling action, clutch wheel 15 is moved into contact with driving
      plate 13.
PAR  When the stop button 5 is actuated, and when swivel lever 55 is
      subsequently swivelled, movable plate 45 in FIG. 2 is shifted to the right
      against the force of magnet 58 as a result of an obliquely extending edge
      87 in opening 49 in movable plate 45 which is resting against swivel lever
      55 of stop button 5. This causes the locked swivel levers of the pressed
      control buttons to be released from the locks in the various openings so
      that said buttons and the associated slides can move back to their
      starting positions. Attention is also drawn to the fact that both the
      rewind button and stop button can be actuated against the force of springs
      88 and 89.
PAR  In addition, movable plate 45 can be moved to the right against the force
      of spring 90 by moving pin 54 on magnet 58 to the right so that this also
      enables the pressed buttons and the associated slides to return
      automatically to their starting positions.
PAR  When forward transport slide 18 or rewind slide 22 is actuated, the other
      slide respectively is held in the "switched-off" position, being pushed in
      the opposite direction. This is done with the aid of two-arm swivel lever
      42 (FIG. 4) having slides 18 and 22 hinged to the ends thereof.
PAR  The driving system for the two reels is shown in detail in FIGS. 4 and 5.
      The drawings show driving plates 13 and 14 of the tape recorder onto which
      the reels of a tape cassette can be placed. These reels are not shown in
      detail. Further, the drawings also show swivel plate 72 on the top side of
      which friction or clutch wheel 15 is arranged. Said friction wheel 15 is
      driven by electric motor 17 which is arranged on the underside of swivel
      plate 72. Said friction wheel 15 is advantageously driven directly. The
      swivel plate is so mounted that it can turn around a pivot 91 which is
      fastened to the housing of the recorder. The swivel plate furthermore has
      a lever arm 92 which extends in the direction of one of the slides. In the
      embodiment shown here, the slide concerned is the forward transport slide
      18 with which the forward transport of the tape can be programmed when
      control button 2 is pressed.
PAR  Further, there is also rewind slide 22 which can be shifted by control
      button 7 and serves to set the cassette to rewind. The two slides 18 and
      22 for forward transport and rewind are connected together via a two-arm
      swivel lever 42, i.e. these two slides are hinged to the two lever arms of
      said swivel lever 42. Swivel lever 42 can pivot around swivel axis or
      holder 43 which is mounted firmly on the housing.
PAR  Further, slide 21 is also represented which can be shifted by means of a
      control button 6 and serves to set the slow-running sequence, that is to
      say the speed which is desired for recording or for the reproduction of
      the sound information recorded on the tape.
PAR  Further, electric control system 68 as well as contacts 93, 94 and 95 on
      said electric control system are represented diagrammatically. Naturally,
      these contacts may be the same as those represented in FIG. 3. In this
      connection reference is made to the fact that several contacts can be
      actuated simultaneously by each slide end. Said contacts 93 to 95 are so
      arranged that they can be actuated, for example closed, by the ends of
      slides 22, 21 and 18 which are opposite control buttons 7, 6 and 2.
PAR  Further, it is also evident that lever 92 of swivel plate 72 is hinged to
      slide 18 via a leg spring 96. The leg spring is so arranged here that its
      ends which engage on an elevation 97 of slide 18 can be forced resiliently
      outwards.
PAR  In addition, slide 21 engages on elevation 97 of slide 18 via plate 28
      which is connected rigidly to slide 21 and on which sound heads 29 and 30
      are mounted. This means that, even when slide 21 alone is actuated, i.e.
      when control button 6 for slow-running or reproduction is actuated alone,
      the friction wheel is moved into friction-like contact with driving plate
      13 provided for that purpose.
PAR  The following remarks concern the mode of action of the device. When
      control button 2 is pressed down, slide 18 is moved in the direction of
      control system 68 so that contact 95 provided for this purpose makes,
      causing the polarity of electric motor 17 to be reversed accordingly. In
      addition, swivel plate 72 is swivelled in the direction of driving plate
      13 via leg spring 96 and lever 92 so that friction wheel 15 is applied
      against the periphery of driving plate 13. Slide 18 is allowed to
      over-travel by leg spring 96 so that control button 2 can be pressed down
      until it catches in a lock, moreover one of the legs of leg spring 96 is
      bent outwards by a small amount so that friction roller 15 rests against
      driving plate 13 subject to spring tension.
PAR  When slide 18 is shifted in such a manner, slide 22 is moved in the
      opposite direction as a result of two-arm swivel lever 42 so that it has
      moved away from contact 93 and the latter cannot cause electric motor 17
      to be given the wrong polarity. As control button 2 is set in a lock, the
      recorder cannot be actuated incorrectly because control button 7 cannot be
      depressed either on account of the lock. The forward transport of the
      cassette recorder is set in this manner.
PAR  An analogous procedure takes place when control button 7 is pressed to
      rewind the tape. Switch 93 is then closed so that the polarity of electric
      motor 17 is reversed accordingly; and, as a result of the opposite motion
      of slide 18 which is transmitted by two-arm lever 42, swivel plate 72 is
      swivelled in the direction of driving plate 14 with which friction wheel
      15 comes into contact. Here, too, the friction wheel is in contact subject
      to spring tension because one end of leg spring 96 is deflected
      resiliently on account of the excess travel of slides 18 and 22,
      respectively.
PAR  When control button 6 is actuated, slide 21 is shifted in the direction of
      contact 94 so that the latter makes. Here, a reduced voltage is applied to
      electric motor 17, and at the same time, plate 72 is caused to swivel by
      means of plate 28 on which heads 29 and 30 and pinch roller 31 are mounted
      and which is connected rigidly to slide 21. This swivel results from the
      fact that plate 28 engages with a prolongation 98 on elevation 97 on slide
      18, thus both displacing slide 18 and swivelling plate 72 accordingly via
      leg spring 96 and lever 92. Because one end of slide 21 touches contact
      94, causing the latter to make for example, aa reduced voltage is applied
      to the electric motor, and owing to the fact that one end of slide 18
      comes to rest on contact 95, causing the latter to make for example, the
      polarity of electric motor 17 is reversed accordingly. This enables the
      driving system to be correspondingly set in simple fashion by means of a
      single manipulation.
PAR  The braking system represented in FIG. 6 has a brake slide 99 having two
      arms 70 and 71 on which two brake shoes 100 and 101 are seated. Said brake
      shoes can be applied to driving plates 13 and 14 of the tape recorder so
      that the reels are slowed down; these reels are not shown in further
      detail and are mounted on spool core drivers 11 and 12.
PAR  Brake slide 99 has an oblong recess 102 into which projects a pin 103 being
      attached to the recorder. Said pin 103 and oblong recess 102 in brake
      slide 99 form the support for the brake slide, and the clearance necessary
      for canting the brake slide abd brake shoes 100 and 101 is moreover
      provided by oblong recess 102.
PAR  Further, brake slide 99 also has arms 104 and 105, the ends 106, 107 of
      which are bent over so that they form center offset points of engagement.
      Bent ends 106 and 107 engage a lifting bracket 108 which is mounted in
      slots 109 and 110 of guide plates 111 and 112. Guide plates 111 and 112
      are fastened to the housing of the recorder. Lifting bracket 108 is
      guided, close to its two ends, in slots 109 and 110 in the guide plates.
      Springs 113 and 114 which draw the lifting bracket in the direction of
      driving plates 13 and 14 engage on the lifting bracket ends projecting
      beyond slots 109 and 110 so that with regard to the neutral position the
      lifting bracket is resting in slots 109 and 110 at the edge facing towards
      the front of the recorder.
PAR  In this position, brake shoes 100 and 101 are in the braking position. The
      shoes are pressed against driving plates 13 and 14 by the force of a
      spring 115. A prolongation 116 of the brake slide is guided in spring 115.
      The end of said prolongation projects into a guide slot 117 in the
      housing. This also ensures that brake slide 99 together with its two brake
      shoes 100 and 101 can be lifted off driving plates 13 and 14 at an
      inclined angle.
PAR  For the purpose of lifting brake shoes 100 and 101 off driving plates 14
      and 13, use is made of slides 18 and 22 which can be shifted by the
      control buttons at the front of the recorder; said buttons are not shown
      in further detail. Slide 22 is shifted when tape rewind is set. This
      causes the slide to be shifted in the direction of the back of the
      recorder, and an elevation, especially a pivot 118, on slide 22 engages on
      lifting bracket 108 and swivels it against the force of spring 114 inside
      slot 110 in guide plate 112 around one edge of guide slot 109 in guide
      plate 111 to which lifting bracket 108 is drawn by spring 113. Owing to
      the swivelling of lifting bracket 108, this bracket engages on the bent
      end 106 of arm 104 on brake slide 99 and lifts brake shoes 101 and 100 of
      driving plates 14 and 13.
PAR  In the event that the reels are to be braked towards end of tape, slide 22
      is moved back to its neutral position by the actuation of the control
      button, i.e. the slide moves in the direction of the front of the housing,
      the lifting bracket being swivelled back to its neutral position by the
      force of spring 114 and brake slide 99 being moved in the direction of
      driving plates 13 and 14 as a result of the force of spring 115. On
      account of the canted position of brake slide 99, brake shoe 100 first
      comes into contact with driving plate 14 so that plate 14 is braked before
      plate 13. This ensures that the tape is guided tightly between the two
      reels on being rewound or braked, because the drawn reel is on driving
      plate 14 and the drawing reel on driving plate 13 when the tape is being
      rewound. After brake shoe 100 has come into braking contact with driving
      plate 14, brake shoe 101 which is offset by a slight amount, in time,
      comes into braking contact with driving plate 13.
PAR  When the tape is being transported forwards, the drawing reel is seated on
      driving plate 14 and the drawn reel on driving plate 13. This forward
      transport step is initiated by the appropriate displacement of slide 18,
      lifting bracket 108 being swivelled around the end which is mounted in
      guide plate 112. The processes of lifting brake shoes 100 and 101 off
      driving plates 13 and 14 and of re-applying them when slide 18 is returned
      to its neutral position are analogous to those already described above.
PAR  FIG. 7 shows centrifugal mass 63 as well as its support in detail which is
      connected to capstan 34. The counter-support of said centrifugal mass 63
      is housed in a bearing bridge 119. The counter-support takes the form of
      plastic strip 120 which is fastened on one end to bearing bridge 119 by
      means of a screw 121. The other end of plastic strip 120 is designed in
      sliding fashion, and a guide slot 122 through which a screw 123 projects
      is provided in the plastic strip for this purpose. Plastic strip 120 is
      designed elastically and yields resiliently when loaded by centrifugal
      mass 63. Axis 124 of the centrifugal mass is supported here by an
      elevation 125 of plastic strip 120. Said elevation 125 projects through a
      hole in bearing bridge 119. If the load produced by the centrifugal mass
      is much too great (this may occur for example when the recorder is dropped
      or thrown) plastic strip 120 will bend or yield resiliently so that
      centrifugal mass 63 comes to rest on bearing bridge 119. This ensures that
      no forces will have a detrimental effect on capstan 34 and centrifugal
      mass 63 is prevented from breaking away from the capstan. It should also
      be pointed out that the capstan is guided in sliding fashion in a bearing
      126. This bearing is situated on the chassis of the recorder or on a base
      plate of the housing.
CLMS
STM  I Claim:
NUM  1.
PAR  1. A tape recorder, particulalry a cassette recorder, comprising a recorder
      housing, said recorder housing comprising therein tape reels for rewinding
      and unwinding a tape, sound recording and reproducing means, a driving
      system for moving the reels in two tape run directions, control buttons
      designed to set an appropriate function sequence of an associated electric
      control system having contacts corresponding to said control buttons and
      which controls the given function sequence in accordance with the setting
      of said control buttons, the control buttons being arranged on one side of
      said recorder housing, slides positioned on said recorder housing and
      which extend thereacross, mechanically connecting said control buttons to
      said electric control system contacts transmitting the setting movements
      of said control buttons to the corresponding contacts of the electric
      control system, said slides having driving facilities and releasing
      facilities which move given mechanical recorder parts to the positions
      corresponding to the function sequences corresponding to the setting of
      said control buttons, a braking system for the reels including means for
      mounting said braking system on the recorder and means for connecting said
      braking system to the slides so that the braking system is actuated by
      selected settings of the slides.
NUM  2.
PAR  2. The tape recorder of claim 1, wherein the electronic control system
      contacts to be actuated by the slides are arranged on that side of the
      recorder housing containing the mechanical components.
NUM  3.
PAR  3. The tape recorder of claim 1, wherein said control buttons and slides
      include a forward transport function and a rewind function and further
      comprising locking means which hold, when said forward transport function
      or rewind function is selected, the slide corresponding to the other one
      of the functions in a "switched-off" position.
NUM  4.
PAR  4. The tape recorder of claim 3, wherein the locking means have a swivel
      lever on which the rewind slide and forward transport slide are hinged so
      that when one of the slides is actuated, the other one is shifted in the
      opposite direction and stopped.
NUM  5.
PAR  5. The tape recorder of claim 1, including means for coupling the driving
      system to both the forward transport slide and rewind slides so that when
      a forward or rewind function is selected, the driving system is caused to
      establish a driving connection with one of the two reels.
NUM  6.
PAR  6. The tape recorder of claim 1, including means for connecting sound
      recording and reproducing slides to the start slide so that when the start
      button is actuated, said sound recording and reproducing slides are
      shifted to the corresponding position by the start slide and further
      including a contact of the electric control system which is actuated by
      said control buttons and which applies a reduced voltage to the driving
      system for the reels.
NUM  7.
PAR  7. The tape recorder of claim 1, including means for connecting the record
      slide to a record lock so that the record slide cannot be shifted by the
      record button until said record lock has been released.
NUM  8.
PAR  8. The tape recorder of claim 7, comprising a Bowden control wire which is
      connected to the record slide, a corresponding out-in contact of the
      electric system for recording operated via the Bowden control wire.
NUM  9.
PAR  9. The tape recorder of claim 1, comprising resetting means which reset,
      when the stop button is actuated, all the other buttons as well as the
      assigned slides to neutral positions.
NUM  10.
PAR  10. The tape recorder of claim 9, wherein the resetting means comprise a
      tripping magnet.
NUM  11.
PAR  11. The tape recorder of claim 9, wherein the resetting means have a
      movable plate defining recesses into which the control buttons engage,
      said movable plate being movable both by said stop button and by said
      tripping magnet.
NUM  12.
PAR  12. The tape recorder of claim 1, further including a swivel plate, an
      electric motor and a friction wheel driven by said electric motor all
      mounted on said swivel plate, said driving system including driving
      plates, the swivel plate being pivotally mounted on the recording housing
      and can be swivelled by the shifting movement of the slides so that said
      friction wheel comes into contact with one of the driving plates,
      corresponding contacts of the electric control system being simultaneously
      so actuated by the slides so that the electric motor is given the
      corresponding polarity and the supply voltage of said motor is set
      accordingly.
NUM  13.
PAR  13. The tape recorder of claim 12, further including a hinge on said swivel
      plate so that one of the slides is enabled to overtravel relative to the
      swivelling movement of the swivel plate.
NUM  14.
PAR  14. The tape recorder of claim 13, further including a leg spring engaged
      between one of the slides and said swivel plate.
NUM  15.
PAR  15. The tape recorder of claim 4, wherein, for the purpose of polarizing
      the electric motor appropriately, those ends of the forward transport and
      rewind slides which are opposite to the forward transport and rewind
      buttons actuate a corresponding contact of the control system.
NUM  16.
PAR  16. The tape recorder of claim 15, including a further slide coacting with
      the control button and which can be shifted thereby making the tape run
      slowly, for example for playback, and which enables the swivel plate to be
      swivelled in the direction of the driving plate for forward transport
      until the friction wheel comes into contact with said swivel plate, a
      contact of the control system being simultaneously actuated by means of
      this further slide so that the voltage necessary for slow-running is
      applied to the motor and further, the forward transport slide is jointly
      shifted at the same time by said further slide so that the contact for
      reversing the polarity of the electric motor is also actuated.
NUM  17.
PAR  17. The tape recorder of claim 14, wherein the two ends of the leg spring
      can be bent resiliently as a result of the over-travel of the slides.
NUM  18.
PAR  18. The tape recorder of claim 14, including a shoulder on the leg spring
      which engages the forward transport slide and a slide which controls
      slow-running of the machine.
NUM  19.
PAR  19. The tape recorder of claim 14, wherein the friction wheel can be
      applied resiliently to the individual driving plate by means of the leg
      spring.
NUM  20.
PAR  20. The tape recorder of claim 1, including brake shoes which can be
      applied to the driving system and a common cantable brake slide mounting
      said brake shoes for selectively drawing said reels into braking
      engagement with said brake shoes.
NUM  21.
PAR  21. The tape recorder of claim 20, including two points of engagement
      provided on the brake slide so that the brake slide can be aimed at with
      centre offset.
NUM  22.
PAR  22. The tape recorder of claim 21, including a pin on the brake slide for
      guiding said brake slide.
NUM  23.
PAR  23. The tape recorder of claim 21, further including a lifting bracket
      which is able to engage on at least two points of engagement on the brake
      slide and which can swivel around both its ends.
NUM  24.
PAR  24. The tape recorder of claim 20, wherein the brake slide is shiftable to
      the non-braking position against spring force.
NUM  25.
PAR  25. The tape recorder of claim 20 wherein two of the slides engage
      respectively close to one of the ends of said lifting bracket to swivel
      said lifting bracket around the other end.
NUM  26.
PAR  26. The tape recorder of claim 1, wherein the structural unit having the
      mechanical components further includes a centrifugal mass and a capstan
      connected thereto, a pinch roller for pressing the magnetic tape against
      said capstan.
NUM  27.
PAR  27. The tape recorder of claim 26, including a bearing bridge and a support
      having a profiled plastic part which runs in a slot guide on said bearing
      bridge.
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ABST
PAL  In a flexible magnetic disk drive apparatus including a housing having an
      entrance slot for receiving a disk carrying cartridge, means for engaging
      said cartridge to either properly position it relative to a disk clamp and
      drive mechanism or eject it out through said entrance slot. The means is
      comprised of a fixed positioning surface or flange located adjacent to
      said entrance slot and a spring mounted ejector member for engaging the
      leading edge of said cartridge to urge the cartridge trailing edge against
      said positioning surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to improvements in flexible magnetic disk
      drive apparatus and more particularly to means useful in such an apparatus
      to assure proper positioning of a disk carrying cartridge relative to a
      disk clamp and drive mechanism.
PAR  Recently developed flexible magnetic disks are finding increasing
      applications as a low cost information storage media. Typically, each disk
      is carried in a flat, rectangular cartridge having a central opening which
      exposes an annular portion of the disk surrounding a central disk opening.
      In use, the cartridge is held stationary while the exposed disk annular
      portion is clamped and rotated. The disk recording surface is accessible
      through a radial slot formed in the cartridge for reading and writing.
PAR  A portion of a typical flexible disk drive system is disclosed in U.S. Pat.
      No. 3,768,815 which shows a drive shaft coupled to a hub having a
      cylindrical wall which defines an internal annular recess and a flat face
      portion. Also included is a rotatable collet for clamping the central
      annular portion of the disk against the flat face portion of the hub.
      Thus, as the hub rotates, the clamped disk rotates therewith.
PAR  U.S. patent applications Ser. Nos. 522,220 filed Nov. 8, 1974 and 517,542
      filed Oct. 24, 1974 by Lewis W. Bleiman disclose a flexible magnetic disk
      drive system which includes a hinged door opening into a disk cartridge
      entrance slot. The door is coupled to the disk clamping mechanism
      comprised of a drive hub and an expandable collet mounted for movement
      toward and away from the hub. When the door is open, the collet is moved
      away from the hub permitting a cartridge to be inserted therebetween. When
      the door is closed, the collet moves into engagement with the hub thereby
      clamping the disk annular portion against the hub.
PAR  It is, of course, important that the disk be seated in its proper position
      before the door is closed to prevent damaging the disk as the collet and
      hub move into engagement. Prior mechanisms for avoiding damage to the disk
      have utilized relatively complex interlock devices which prevent closure
      of the door unless the cartridge is properly seated.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a flexible magnetic disk drive
      apparatus incorporating means for engaging a disk cartridge inserted
      through an entrance slot so as to properly position the cartridge relative
      to a disk clamp and drive mechanism.
PAR  More particularly, means are provided in accordance with the invention for
      engaging a disk cartridge so as to either properly seat it relative to the
      clamp and drive mechanism or eject it out through the entrance slot.
PAR  In the preferred embodiment of the invention, the drive system includes a
      housing having a hinged door opening into a thin, elongated entrance slot
      for receiving a disk cartridge therethrough. The slot opens into guide
      means supported in the housing for guiding the cartridge along a defined
      plane extending between a hub and collet of the disk clamp mechanism. A
      positioning flange mounted on the housing externally of the entrance slot
      extends transverse to and intersects the defined plane. A spring mounted
      ejector member is supported within the housing for resiliently engaging
      the leading edge of the cartridge to urge the cartridge trailing edge
      against the positioning flange.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a flexible magnetic disk drive
      apparatus in accordance with the present invention;
PAR  FIG. 2 is a sectional view taken substantially along the plane 2--2 of FIG.
      1;
PAR  FIG. 3 is a diagrammatic sectional view taken substantially along the plane
      3--3 of FIG. 1; and
PAR  FIG. 4 is a diagrammatic end view of the ejector mechanism looking into the
      mechanism from the right side of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is now directed to the figures which illustrate a flexible disk
      drive system 10 incorporating features in accordance with the present
      invention. The system generally consists of a housing 12 containing a disk
      clamp and drive mechanism 13 and a direct current stepper motor 15 coupled
      thereto.
PAR  Preferably, the motor 15 is comprised of a motor housing 17 having a stator
      18 mounted therein. A rotor 19 having a shaft 20 directly physically
      coupled thereto is mounted in bearings 21 and 22 for rotation with respect
      to housing 17 and stator 18. An annular hub 24 is fixed to the distal end
      of the drive shaft 20 by suitable means, such as an appropriate adhesive.
      The hub 24 includes a substantially cylindrical wall having a flat face
      portion 25 and defining an internal annular recess 28. A disk clamping
      member 30 cooperates with the hub 24 to clamp a flexible disk 32
      therebetween to rotate the disk as the hub 24 rotates. The disk 32 is
      contained within a flat rectangular cartridge 34 which is restrained from
      rotating by fixed guide members. The disk clamping member 30 is mounted on
      a support shaft 36 supported on an arm 40 mounted for pivotal movement
      about axis 41. The disk clamping member 30 is comprised of an expandable
      collet 37 and wedging means 38 carried by the shaft 36 for rotational
      motion thereabout. The wedging means 38 has a conical external surface 39
      which cooperates with the internal conical surface 42 of collet 37. A
      spring 43 is mounted between the collet 37 and wedging means 38 and acts
      to urge the collet 37 and wedging means 38 apart so that when the arm 40
      is in the unclamped position (dashed line in FIG. 2), the wedging means
      shoulder 44 engages the collet shoulder 45. When the arm 40 is moved to
      the clamped position (full line in FIG. 2), the collet flange 46 clamps
      the disk 32 against the hub face portion 25. As the collet flange 46
      engages the hub, the wedging means conical surface 39 moves relative to
      the collet conical surface 42, against the action of spring 43, to
      radially expand the collet and center the disk 32 with repsect to the
      drive shaft 20.
PAR  With reference to FIG. 2, it is pointed out that a disk cartridge 34 can be
      inserted through a front end of the housing 12 by opening a door 47 to the
      dashed line position to allow insertion of the cartridge through a thin
      elongated entrance slot 48. V-shaped guide surfaces 48a converge toward
      the slot 48. The door 47, which is pivotally mounted about an axis 49,
      carries a cam 50 which can move the clamp arm 40 carrying the clamp member
      30 between the disk clamped position shown in full line in FIG. 2 and the
      unclamped position shown in dashed line. The clamp arm 40 is mounted for
      pivotal movement about axis 41 and carries a roller-type cam follower 51
      which can be moved by the door-mounted cam 50. When the door is fully
      opened to the dashed line position, the cam follower 51 moves to a
      position to pivot the clamp arm 40 so that the disk cartridge 34 can be
      fully inserted into position. When the door is then closed, the clamp arm
      40 is pressed down by reason of engagement of a second roller-type cam
      follower 52 with the other side of the cam 50. The second cam follower 52
      is mounted on a long resilient axle 53, so that the cam follower 52
      resiliently presses on the cam.
PAR  It should be apparent that if the disk cartridge is not properly seated
      relative to the center line of the drive shaft 20 when the door 47 is
      pivoted to the closed position, then the disk can be damaged as the collet
      37 moves into the recess 28 of hub 24. In order to prevent this
      possibility, means are provided in accordance with the present invention
      which act on a cartridge inserted through the entrance slot 48 to either
      properly position the cartridge relative to the drive shaft 20 or to eject
      it back through the entrance slot.
PAR  More particularly, a cartridge ejection means is provided in accordance
      with the invention (FIGS. 3 and 4) comprised of an ejector member 60 for
      resiliently engaging the leading edge of a disk cartridge to urge the
      cartridge trailing edge to a reference position.
PAR  Cartridge guide means, in the form of slotted tracks 61, 62 are mounted in
      the housing 12 extending rearwardly from the entrance slot 48 for slidably
      receiving opposite edges of a cartridge. The tracks 61, 62 are positioned
      so as to guide a cartridge inserted through the slot 48 along a plane 63
      extending between the hub 24 and collet 37 when in the open unclamped
      position. The ejector member 60 is provided with an upstanding projection
      64 having a surface 65 extending substantially perpendicular to and
      intersecting the cartridge plane 63 so that the leading edge of a
      cartridge engages the surface 65. The ejector member 60 is mounted for
      slidable movement toward and away from the entrance slot, as on pins 70
      fixed to a platen 66 and extending through slots 72 formed in the ejector
      member 60. The platen is secured to shelf 73 fixed to the housing 12. A
      spring 74 is connected between the ejector member 60 and a post 75 mounted
      on shelf 73 tending to prevent rearward movement of the member 60 away
      from the entrance slot 48.
PAR  A positioning block 76 is mounted adjacent to the entrance slot 48, as for
      example, on guide surface 48a. The positioning block 76 includes a
      positioning flange 78 defining an engagement surface 80 extending
      substantially perpendicular to and intersecting the cartridge plane 63.
      The positioning block 76 is preferably considerably narrower than the
      elongated dimension of slot 48 to facilitate manual insertion of a
      cartridge.
PAR  In use, the door 47 is manually pivoted to the open dashed line position
      thereby separating the collet 37 from the hub 24. A disk cartridge 34 is
      then manually inserted through the entrance slot 48 causing the flexible
      cartridge to bend slightly around the positioning flange 78 blocking the
      entrance slot. The slotted guide tracks 61, 62 then guide the cartridge
      along the substantially flat plane 63 threading between the collet 37 and
      hub 24 until the leading edge 81 of the cartridge 34 engages the ejector
      member projection 64. As the cartridge continues to be pushed through the
      entrance slot 48, the ejector member 60 will slide rearwardly on pins 70
      against the spring urging of spring 74. The cartridge 34 continues to be
      pushed until its trailing edge 82 clears positioning flange 78 and then
      prior to releasing the cartridge, the user should push the trailing
      cartridge edge downwardly into plane 63. Thus, when the cartridge is
      released, the ejector member projection 64 will resiliently bear against
      the cartridge leading edge to position the cartridge trailing edge against
      reference surface 80. With the cartridge trailing edge engaged with
      reference surface 80, the disk will be properly positioned relative to the
      drive shaft.
PAR  It should be recognized that in the event the user fails to insert the
      cartridge sufficiently far for the cartridge trailing edge 82 to move past
      the positioning flange 78, then upon release, the cartridge will be
      immediately ejected out through the entrance slot 48 by the spring urged
      ejector member 60. As a consequence, the user is prevented from closing
      the door 47 with a cartridge therein improperly seated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are:
NUM  1.
PAR  1. An apparatus for rotating a flexible magnetic disk contained in a flat
      flexible cartridge, said apparatus comprising:
PA1  a housing;
PA1  disk clamp means mounted in said housing, said disk clamp means including a
      drive hub and a clamping member mounted for movement relative thereto
      between an open spaced apart position and a closed clamping position;
PA1  an entrance slot defined in said housing elongated in a first direction;
PA1  stationary guide means mounted in said housing for guiding a cartridge
      inserted through said entrance slot along a defined plane extending
      between said clamping member and drive hub when in said open position;
PA1  positioning means mounted adjacent to said entrance slot providing a fixed
      reference surface extending substantially transverse to and intersecting
      said defined plane; and
PA1  ejector means supported in said housing for resiliently bearing against the
      leading edge of said cartridge to urge the trailing edge of said cartridge
      against said fixed reference surface.
NUM  2.
PAR  2. The apparatus of claim 1 including first and second guide surfaces
      mounted adjacent to and converging toward said entrance slot; and wherein
PA1  the dimension of said positioning means along the elongated direction of
      said slot is considerably less than the dimension of said slot.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said ejector means includes an ejector
      member mounted for linear movement toward and away from said entrance
      slot, said ejector member defining a surface extending substantially
      transverse to and intersecting said defined plane; and
PA1  spring means urging said ejector member toward said entrance slot.
NUM  4.
PAR  4. The apparatus of claim 1 including a door mounted on said housing
      adjacent to said entrance slot and movable between an open and closed
      position; and
PA1  means responsive to the position of said door for moving said clamping
      member to said clamping position when said door is closed and to said
      spaced apart position when said door is open.
NUM  5.
PAR  5. In an apparatus for rotating a flexible magnetic disk contained in a
      flat flexible cartridge and including a housing having a thin entrance
      slot elongated in a first direction for receiving said cartridge, the
      improvement comprising:
PA1  an ejector member mounted in said housing for reciprocal movement toward
      and away from said entrance slot, said ejector member defining an
      engagement surface aligned with said entrance slot;
PA1  spring means coupled to said ejector member urging it toward said entrance
      slot;
PA1  stationary guide means in said housing for guiding a cartridge inserted
      through said slot along a defined plane toward said ejector member for
      engaging the leading edge of said cartridge against said ejector member
      engagement surface to move said ejector member away from said entrance
      slot against said spring urging; and
PA1  positioning means mounted adjacent to said entrance slot providing a fixed
      reference surface extending substantially transverse to and intersecting
      said defined plane.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said positioning means comprises a
      block defining said reference surface; and wherein
PA1  the dimension of said block along the elongated direction of said slot is
      less than the dimension of said slot.
NUM  7.
PAR  7. The apparatus of claim 6 including first and second guide surfaces
      mounted adjacent to and converging toward said entrance slot.
PATN
WKU  039407942
SRC  5
APN  4809904
APT  1
ART  230
APD  19740619
TTL  Stacked flexible record disk storage apparatus having enhanced disk
      separation
ISD  19760224
NCL  135
ECL  1
EXP  Eddleman; Alfred H.
NDR  8
NFG  29
INVT
NAM  Griffiths; Donald E.
CTY  Longmont
STA  CO
INVT
NAM  Koestner; Joseph H.
CTY  Hope Well Junction
STA  NY
INVT
NAM  Norton; David G.
CTY  Boulder
STA  CO
ASSG
NAM  International Business Machines Corporation
CTY  Armonk
STA  NY
COD  02
CLAS
OCL  360 99
XCL  360 86
XCL  360 98
XCL  360105
XCL  360135
EDF  2
ICL  G11B  582
ICL  G11B 2504
ICL  G11B  554
FSC  360
FSS  99;98;86;97;135;102-;103;105
FSC  346
FSS  137
UREF
PNO  3317903
ISD  19670500
NAM  Eckert et al.
OCL  360 98
UREF
PNO  3509553
ISD  19700400
NAM  Krijnen
OCL  360 98
UREF
PNO  3703713
ISD  19721100
NAM  Pohm et al.
OCL  360 99
UREF
PNO  3731292
ISD  19730500
NAM  Kelly
OCL  360130
UREF
PNO  3838462
ISD  19740900
NAM  Barbeau et al.
OCL  360 99
UREF
PNO  3852820
ISD  19741200
NAM  Barbeau et al.
OCL  360 99
LREP
FR2  Somermeyer; Herbert F.
ABST
PAL  A signal storage apparatus employs a stack of circular record disks
      accessible by axially separating segments of selected disks in the stack.
      One disk in a stack of coaxial rotatable circular compliant record disks
      is accessed with a minimum energy imparted to such disks by a chord roll
      disk separator. In a preferred form, the chord roll disk separator induces
      a primary bending mode to some of the disks being axially separated. In
      another aspect of the disclosure, a signal transducer is mounted
      integrally with the disk separator. With such mounting, primary,
      secondary, or higher order bending modes may be successfully employed.
      Full chordal and partial chordal axial disk separations are described.
      Arcuate and radially directed separation techniques may be employed. A
      unique axial stacking arrangement for compliant record disks is also
      described.
BSUM
PAC  RELATED DOCUMENTS
PAR  Copending commonly assigned application Ser. No. 375,989, filed July 2,
      1973, by Barbeau et al, entitled "Partitionable Disc Memory with Flexible
      Discs and Conformally Suspended Head", now U.S. Pat. No. 3,838,462.
PAR  Copending commonly assigned application Ser. No. 414,614, filed Nov. 7,
      1973, by Penfold et al, entitled "Multiple Flexible Disk File," now U.S.
      Pat. No. 3,867,723, for showing an exemplary stack of circular compliant
      record disks.
PAC  Other References Related to this Application
PAR  Lynott et al IBM TECHNICAL DISCLOSURE BULLETIN, Volume 12, Number 1, June,
      1969, Page 81, shows a compliant disk file of similar configuration to the
      present invention.
PAR  Pohm et al U.S. Pat. No. 3,703,713, issued Nov. 21, 1972, shows another
      flexible disk file signal storage apparatus.
PAC  Background of the Invention
PAR  The present invention relates to random access signal storage apparatus,
      particularly that apparatus employing rotatable record or storage disks
      which are selectively accessible by a movable transducer.
PAR  Rotating disk-type electronic memories have been used for the last several
      years. Most of these memories employ so-called rigid record disks wherein
      a plurality of transducers is simultaneously moved to corresponding radial
      positions on a like plurality of disk surfaces. While such apparatus
      provides rapid access to a relatively large amount of stored data signals,
      the volumetric efficiency of such apparatus can be enhanced. As data base
      requirements increase in size with available computing capacities,
      volumetric efficiency becomes more and more important. To attain such
      volumetric efficiency, recording densities, i.e., the number of signals
      stored per unit area, are being constantly increased. However, additional
      volumetric efficiency for large data bases can be attained by resorting to
      changing mechanical aspects of such rotating memory apparatus. To this
      end, flexible or compliant disks have been proposed as substitutes for the
      rigid disks to decrease the axial spacing between such disks. When the
      axial spacing is reduced below the thickness of a transducer and its
      corresponding mounting apparatus, the disks must be parted or separated to
      create an opening to permit such transducer to have access to a surface
      portion of a given record disk. To this end, the above-cited prior
      references and copending applications are directed.
PAR  An entirely new set of problems is presented by such compliant or flexible
      disk assemblies, particularly as to rapidly accessing a given record
      surface. It is desired that the total elapsed time of radial motion of a
      transducer to its desired track be minimized. Unfortunately, the faster a
      splitter arm or disk separator moves into such a disk pack or stack, the
      more energy is imparted to the disk pack. Such transfer of energy can
      result in fluttering or instability of the disks as they rotate past the
      splitter arm being inserted into the stack. Because of the compliancy or
      flexibility of the disks, the resultant fluttering can result in
      unsuccessful transducing operations for at least a period of time termed
      "settling time". Hence, it is highly desirable that flexible disk
      separation not only be accomplished quickly, but that the disturbance to
      the rotating disk assembly be minimized for achieving a stable recording
      platform (later defined) as quickly as possible.
PAR  The transfer of energy from a disk separator to a coaxial stack of flexible
      disks induces standing waves in the disks. Such standing waves represent
      stored energy. Such standing waves can be classified in accordance with
      the number of cycles in each such wave. Such classification is termed
      "bending modes". The lowest energy bending mode is a primary bending mode
      wherein the opening of the pack represents one-half the cycle with a
      partial closure of the pack diametrically opposite to such opening being
      the other half of the single cycle standing wave. In the referenced
      copending patent application to Barbeau et al, a secondary bending mode
      was induced by so-called "pack splitting" or "disk separation". This means
      there are two complete cycles of standing waves of axial disk
      separation-compression around the cicumference of the disk stack.
PAR  Such secondary bending mode transfers greater energy to the stack than that
      transferred if a primary bending mode were used. The effects of such
      transferred energy on the opening and closure of such packs will be later
      discussed in greater detail. Higher ordered bending modes may also be
      employed.
PAR  It is also desired that when one record disk is being accessed, the
      accessing splitter arm or disk separator be quickly removed and then
      inserted between a second pair of disks axially displaced from the first
      disks. Accordingly, closure time of the stack opening can become very
      important in that it can detract from the total access performance of the
      disk stack assembly. Generally, such closure time can be overlapped with
      axial transit time of the access arm to the second pair of disks. However,
      the closure time should never be greater than the minimum axial transit
      time of a disk separator and transducer.
PAR  Another factor important in utilization of compliant disk assemblies is the
      frictional relationship between the disk separator or splitter and the
      adjacent record disks. The relationship should be uniform, noncontacting
      and such that the disk may readily conform to the shape of the separator
      without causing wear on either the record surface or the separator.
      Further, the axial deflection of the record medium should be minimized for
      reducing fatigue. For example, circular record disks may be constructed
      using a polyester base substrate which is subject to fatigue and, hence,
      failure. By minimizing deflection, the transferred energy to the disk
      enhanced by the stresses induced into such disks is reduced, thereby
      reducing the fatigue factor and extending the life of the disk stack.
      Additionally, the forces required to separate the disks with a minimum
      opening are reduced, requiring a smaller actuator and hence reducing the
      cost of the signal storage apparatus.
PAR  At the initial entry into the disk pack assembly, the disk separator should
      have a minimum radial velocity. Such slow entry permits accurate location
      and provides insurance against unintended contact and resultant tearing,
      creasing or otherwise damaging record disks. Such a requirement is in
      direct conflict with minimum accessing; hence, it is desired to have a low
      initial entering velocity and a relatively high terminal entering
      velocity. The support of such a disk separator should be rigid to ensure
      accurate control of such separator for preventing unintended destroying
      contact with the record disk.
PAR  Characteristics of a rotating flexible disk pack vary with many parameters.
      For example, the thickness and properties of the circular record disk
      provide an important factor to be considered in designing such apparatus.
      If one mill polyester substrate having an oxide coating is used as a disk,
      such disk is subject to damage by unintended contact. Also, if the disk
      pack assembly stops rotation, such disks cannot support themselves and,
      hence, will droop. On the other hand, if a relatively thick circular
      record disk is employed, for example, one having a thickness of from 0.003
      to 0.010 inch, resiliency and support can be provided within the disk
      structure. Other significant design parameters include disk rotational
      speed, inner diameter of the disks, outer disk diameter, and air flow in
      the stack.
PAR  Another factor is the axial spacing between adjacent disks. It can be a
      closed pack, i.e., no axial spacing, an axial spacing of less than 0.003
      inch, or an axial spacing of, for example, 0.010 inch. All of these
      factors provide different design constraints in the construction and
      utilization of compliant disk signal storage apparatus.
PAR  Accordingly, it is desired to provide a diskseparating method and apparatus
      and disk stack configuration which provide versatility in design of such
      apparatus for enabling a wide set of design choices of record media,
      spacing, and other operational factors.
PAR  As used in this specification, the term "compliant" is intended to include
      all those disks subject to flexing, whether or not such disks have innate
      or inherent resiliency. Such disks are preferred to have a certain
      conformability for providing surface tracking to a disk separator.
PAR  Another difficulty in achieving a successful flexible disk file signal
      storage apparatus is the prevention or avoidance of wear by rubbing
      contact between the record members and the transducer or disk separator.
      Such wear, in addition to the previously discussed damaging contact, will
      cause magnetic coating on the record members to be removed and, finally,
      can cause destruction of the record members. The problem is particularly
      acute at the onset of disk separation; that is, as a disk separator is
      just beginning to enter a stack of such disks, the likelihood of
      unintended wear-causing contact is the greatest. Such wear at the
      circumference of the disk can wear the edges such that the disks are not
      countable, i.e., the edges are not clearly defined, making access to a
      stack of such disks difficult. Accordingly, it is highly desirable that a
      signal storage apparatus employing a plurality of flexible record members
      be accessed in such a manner that wear is entirely, or practically
      entirely, eliminated.
PAC  Summary of the Invention
PAR  It is an object of the present invention to provide an improved signal
      storage apparatus employing a plurality of coaxially stacked flexible disk
      record members which can be accessed with a minimum energy, reduced wear,
      and by a relatively simple apparatus.
PAR  In accordance with a first aspect of the present invention, access to a
      coaxial rotating stack of flexible disk record members is achieved by
      exciting a primary bending mode in the stack and accessing a record disk
      surface through a radial opening achieved via such primary bending mode.
PAR  In accordance with another aspect of the invention, a full chordal bending
      mode is achieved for providing partial axial separation of two axially
      adjacent disks to enable access to a surface of a record disk. In either
      of the above two-mentioned aspects, opening and closure times are
      optimized for the amount of energy expanded.
PAR  Another aspect of the invention provides a relatively smooth flow of the
      record disks over a disk separator blade or splitter arm creating the
      access opening. In another aspect of the invention, a disk separator
      blade, insertable into a signal storage apparatus employing circular
      rotating flexible disk record members, provides stabilizing surfaces for
      enabling a good recording platform for a transducer carried by such disk
      separator.
PAR  In accordance with another aspect of the invention, a disk separator is
      provided in which a transducer is mounted within the disk separator and
      extends axially outwardly through a stabilizing surface thereof for
      enabling a transducing relationship with a record disk moving relative to
      the stabilizing surface.
PAR  In yet another aspect of the invention, a disk separator for creating an
      access opening is pivotably mounted radially outward of a stack of
      rotating disks. For disk separation, the disk separator rotates such that
      the initial point of entry is downstream in the sence of rotation of the
      disk from the pivot axis of the disk separator. A transducer mounted on
      the disk separator is further downstream than the initial point of stack
      entry.
PAR  In accordance with the above, the radial velocity of the disk separator at
      the initial point of entry is minimal. Further, in regard to entry of a
      disk separator, an insertion wave generated by the disk separator is
      minimized by making the disk separator as small an angle as possible. In
      accordance with another aspect of the invention, the stabilizing surfaces
      of such a disk separator reduce perturbations in the record disks during
      insertion for yielding a greater control of such record disk perturbations
      to reduce settling time of the record disks. Accordingly, total access
      time to a record surface is reduced.
PAR  Vibration introduced into a disk stack and into a disk separator is
      minimized by using the primary bending mode for further reducing record
      surface access times.
PAR  A signal storage apparatus constructed in accordance with the present
      invention has an axial stack of a plurality of coaxial planar compliant
      circular record disks rotatable about a common axis coaxial with the
      center of such circular record disks. The stack rotates as a unit about
      the axis. Access to the record surface in the stack of disks is achieved
      by a positioning apparatus adjacent the stack and capable of axial motions
      along the stack and radial motions into the stack. Signal transducing
      means movable with the positioning apparatus provides transducing access
      to any given record surface. A disk separator on the positioning apparatus
      can consist of a wedge having an entering edge facing the stack with disk
      separating surfaces lying in a plane substantially parallel to said record
      disks. Such surfaces can diverge radially outward with respect to such
      disks at an angle preferably not greater than approximately 17.degree., no
      limitation thereto intended. It is presently preferred that such angle be
      substantially less than 17.degree.. One of the surface portions of the
      disk separator is preferably a stabilizing surface through which a
      transducer mounted in a disk separator axially extends for transducing
      actions with a disk record surface. The other surface portion of the disk
      separator is considered a stack opening surface and preferably has an
      axially outwardly facing concave configuration (no limitation thereto
      intended). The transverse or chordal extent of the disk separator may
      either be greater than the chordal length of the disk portions or segments
      being axially separated, or less than such chordal length. It is preferred
      that the disk separator be pivotably mounted for pivoting actions
      including the radial component into the stack of disks such that the pivot
      axis of the disk separator is upstream when measured with the sense of
      rotation of the disk from the initial entry point, with the initial entry
      point being further upstream from the transducer mounted in the separator.
PAR  A presently preferred radial angle of disk separation is approximately
      4.degree.; for a disk separator mounting a signal transducer, a presently
      preferred angle is about 8.degree..
PAR  The above-described apparatus may be further modified by the introduction
      of fluid communication means in the disk separator for providing fluid
      into the access opening of the stack of disks. In a preferred
      configuration, fluid pressure by air is greatest at the entering edge
      portion with a lower pressure on the surface portions extending radially
      outwardly of the entering portion. This is important to reduce the amount
      of air flow into the stack such that instabilities are not introduced into
      the rotation of the disks while maintaining desired separation of the
      record disk from the disk separator.
PAR  At the initial disk stack entry point of the disk separator, the area of
      higher air or fluid pressure is increased radially outward for providing
      enhanced initial disk separation operation. Further enhanced operation is
      provided by air or fluid communication ports for blowing a jet of air
      radially inwardly at the initial point of entry. Such radial inward air
      flow is preferably pulsed; that is, at the onset of disk separator entry
      into the disk pack, a pulse of air moves radially inwardly for momentarily
      axially separating a small outer circumferential segment of the two disks
      to be partially axially separated. The disk separator then radially enters
      such momentary opening to establish the access opening, as described
      above. This aspect of the invention is important for preventing wear on
      the circumferential outer edge portion of the rotating record members.
PAR  In another aspect of the present invention, settling time or closure time
      of an access opening is minimized by a smooth withdrawal of a wedge-shaped
      chord roll-type disk separator which permits the record members adjacent
      the access opening to smoothly follow the surface of the disk separator to
      a closure point as the wedge is withdrawn.
PAR  The foregoing and other objects, features, and advantages of the invention
      will become apparent from the following more particular description of a
      preferred embodiment of the invention, as illustrated in the accompanying
      drawing.
DRWD
PAC  The Drawing
PAR  FIG. 1 is a simplified diagrammatic front elevational view of an apparatus
      employing the teachings of the present invention.
PAR  FIG. 2 is a diagrammatic isometric view of a positioning apparatus usable
      to position a disk separator axially and adially of a stack of rotating
      disks. All or part of the FIG. 2 illustrated apparatus may be employed
      with the FIG. 1 illustrated apparatus.
PAR  FIG. 2A is a diagrammatic showing of selected axial dimensions of the FIG.
      2 illustrated apparatus.
PAR  FIG. 3 is a simplified diagrammatic view of a preferred configuration for
      mounting a disk separator having an integrally mounted transducer.
PAR  FIG. 3A is a diagrammatic showing of a pivotally mounted disk separator.
PAR  FIG. 4 is a diagrammatic showing of disk separation employing a pivotable
      chord roll disk separator having a chordal extent greater than any chord
      of the disk segment subjected to axial deflection.
PAR  FIG. 5 is a diagrammatic view similar to that of FIG. 4 but showing a disk
      separator having a chordal length less than the chordal length of the disk
      segment being axially deflected.
PAR  FIG. 6 is a set of diagrammatic end views of exemplary disk separators
      usable with the illustrated apparatus as taken in the direction of the
      arrows along line 6--6 in FIG. 4.
PAR  FIG. 7 is a diagrammatic showing of disk separating action, particularly
      with respect to the transducer record surface relationship and of the
      so-called bow wave induced by disk separating action.
PAR  FIG. 8 is a diagrammatic showing similar to that of FIGS. 4 and 5 but for a
      radially moved chord roll disk separator.
PAR  FIG. 9 is a simplified diagrammatic sectional view of a chord roll arm
      having an integrally mounted head showing the relationship of a record
      medium moving over the disk separator and the transducing relationship of
      the integrally mounted head with the record surface.
PAR  FIG. 10 is a diagrammatic showing of a primary bending mode action of an
      axial stack of circularly rotating record disks.
PAR  FIG. 11 is a graphical illustration of the axial motion of a record
      particle on a record member as it travels over a disk separating surface
      of a chord roll arm disk separator constructed in accordance with the
      present invention.
PAR  FIGS. 12 and 13 are diagrammatic showings of radial accessing of a stack of
      disks using a chord roll disk separator.
PAR  FIG. 14 is a diagrammatic showing of a stack of record disks constructed in
      accordance with one aspect of the invention for facilitating symmetrical
      disk separation.
PAR  FIG. 14A is a second showing of the FIG. 14 illustrated apparatus but
      including a removable stack of record disks (pack) on a fixed stack of
      record disks.
PAR  FIG. 15 is a diagrammatic showing of disk separation employing a
      symmetrical disk separator.
PAR  FIGS. 16-19 are diagrammatic illustrations of various disk separator
      integral mounts for transducer apparatus.
PAR  FIG. 20 is a diagrammatic perspective view showing a chord roll disk
      separator employing preferred fluid communication means for enhancing disk
      separating action.
PAR  FIG. 21 is a slightly enlarged partial perspective diagrammatic view of a
      leading edge portion of the FIG. 20 illustrated apparatus.
PAR  FIG. 22 is a diagrammatic perspective view of a disk separator having a
      second hols pattern and fluid communication means.
PAR  FIG. 23 is a diagrammatic plan view of a presently preferred head mount
      usable to mount a head within a disk separator.
PAR  FIG. 24 is a diagrammatic sectional elevational view of the FIG. 23
      apparatus.
PAR  FIG. 25 is an end sectional elevational view of the FIG. 23 illustrated
      apparatus as taken along lines 25--25 in a direction of the arrows. FIG.
      25 illustrates certain mounting aspects of the head.
PAR  FIG. 26 diagrammatically illustrates a preferred spindle or arbor mount for
      an axial stack of axially spaced-apart record disks.
DETD
PAC  GENERAL DESCRIPTION
PAR  Referring now more particularly to FIG. 1, a stack of later-described
      rotating record member disks 10 is selectively accessed by apparatus 11
      moving disk separator 12 radially into the stack of disks 10 between a
      selected two of the disks. The stack of disks 10 may be constructed in
      accordance with the teachings of Penfold et al in their application, supra
      and as shown in FIG. 26. Stack of disks 10 is suitably rotated by motor 13
      mounted on a frame 14. Accessing apparatus 11 is precisely mounted on
      frame 14 to enable access between two adjacent disks which are separated,
      for example, by no more than 0.010 inch. To this end, the axial movement
      of access apparatus 11 is by a lead screw 15 powered by motor 16 on frame
      14. The pitch of lead screw 15 is such that each one-quarter rotation
      moves apparatus 11 from the center between two adjacent disks to the
      center between the two next adjacent disks such that the axial positioning
      of disk separator 12 is accomplished by counting quarter-rotations of lead
      screw 15 from a precise home position.
PAR  The FIG. 1 illustrated apparatus first moves access apparatus 11 to the
      desired axial position; then, disk separator 12 is moved by actuator 20
      radially inward to achieve the later described disk partial axial
      separation for access to a record surface by integrally mounted transducer
      21, as will become apparent.
PAR  Air supply 22 supplies air to the stack of disks 10, as described by
      Penfold et al, supra, as well as to fluid communication means (later
      described) within disk separator 12 for providing additional fluid flow
      during disk separation by the disk separator in one version of the present
      invention.
PAR  A stack of disks 10, cnstructed in accordance with Penfold et al and as
      mentioned hereinafter, includes a reference plate 23 secured on motor
      shaft 24 for rotation with the stack of disks 10. Reference plate 23 is
      adjustably mounted on shaft 24 such that apparatus 11 has a home position
      in a predetermined precise axial relationship to reference plate 23 such
      that the same record disk is always accessed from such home position.
      Large diameter disks, colored disks or other specially identifiable disks
      may be used for home position. Such record disk is referred to as the home
      disk and preferably contains control information related to stored data
      signals in other record disks. Such home disk may be at 25 in the stack of
      disks 10, it being desirable that all record disks be axially displaced
      from the reference plate 23, as well as the axial outer end plate 26 for
      reasons that will become apparent.
PAR  The illustrated vertical orientation is satisfactory for flexible record
      disks up to about 12 inches in diameter. Flexible record disks in this
      particular instance means those made on 0.001 inch Mylar base. At
      diameters of 12 inches and greater, the apparatus should be oriented
      horizontally as shown in FIG. 14.
PAR  Referring next to FIG. 2, an orthogonal voice coil type actuator, usable
      with the FIG. 1 illustrated apparatus, is described. Transversely movable
      cariages 29 and 30 are respectively actuated by a pair of orthogonally
      acting permanent magnets 31 and 32. Both the magnets are stationarily
      mounted on frame 14. With this arrangement, the weight of axial carriage
      30, and radial carriage 29, is reduced.
PAR  Axial carriage 30 rides on a pair of parallel guide rods 35, while radial
      carriage 29 rides on a pair of similar, but transversely disposed, guide
      rods 36 and 37. Axial acting magnet 32 on frame 14 coacts with voice coil
      38 to move carriage 30 in accordance with known voice coil positioning
      techniques. If the spacing between adjacent record member disks in stack
      10 is sufficiently large, a feed-forward servomechanism may be provided in
      the same manner that lead screw 15 provided feed forward axial positioning
      of disk separator 12. Since the axial position of carriage 30 can be
      controlled more precisely than the axial positioning of lead screw 15,
      closer axial spacings are achievable by using the FIG. 2 illustrated
      apparatus over a lead screw axial positioner. Known voice coil control
      circuits and positioning sensing mechanisms are employable with the FIG. 2
      illustrated apparatus for completing the axial positioning step of the
      FIG. 1 illustrated apparatus. The axial magnet structure is completed by
      the U-shaped pole piece 39.
PAR  Radial carriage 29 is radially moved by voice coil 42. COil 42 continuously
      resides within the magnetic flux field of radial acting permanent magnet
      31 and is controlled in the same manner as voice coil 38. Flux return path
      43, for magnet 31, has an extent less than the coil 42 axial extent as
      best seen in FIG. 2A. Axial extent of magnet 31 and flux return path 43 is
      shown as residing entirely within the confines of voice coil 42. COil 42
      has an axial extent greater than the axial extent of flux path 43 by a
      distance 44 permitting an axial stroke of length 45 by carriage 30.
PAR  Position sensing means (not shown) for the radial motions of carriage 29
      are constructed using known techniques, such as known linear tachometers.
      Control circuits for energizing coil 42 can use known techniques, such as
      the actuating circuits used in the so-called head actuators on the
      present-day disk file apparatus employing rigid substrate circular record
      members.
PAR  Carriage 29 has a forwardly extending arm 47 which pivotably connects to
      separator arm 12A (FIG. 3 or 3B) or 12' of FIG. 5. In a preferred form of
      the invention, disk separator 12 is pivotably moved into stack 10 for
      providing an optimum disk separating operation as best described by
      referring to FIGS. 3 et seq. FIG. 3 is an end diagrammatic view of a stack
      of disks 10 to be separated by urging of arm 47 of the FIG. 2 illustrated
      apparatus. As the carriage moves radially toward the stack of disks 10, as
      indicated by arrow 49, disk separator 12 pivots downwardly into disk
      separating engagement with stack 10, yielding a compound action of
      pivoting about axes 50 and 51. As disk separator 12 pivots toward stack
      10, it has an initial entry point at 55 exhibiting a minimal radial entry
      velocity. This minimal radial velocity is important to prevent unintended
      contact with the outer circumferential edge portions of the record disk
      being separated. Accordingly, the force supplied via disk separator 12 to
      the record disk being separated should be minimal at this initial entry
      point. As will be later described, the force applied to the disk for
      separation can be advantageously augmented by a pulse of air emitted from
      an initial entry portion of disk separator 12. Once disk separator 12 has
      created an access opening in stack 10, the conformance of the adjacent
      disks to the separating surface portions of separator 12 eliminates the
      necessity for an air jet at 55. In fact, it is desirable to minimize the
      air flow in an air-emitting disk separator to closely control the volume
      of air supplied by the separator into the disk 10 stack. Too much air flow
      can cause instabilities of the rotating record disks and thereby
      effectively destroy any recording platform for transducer 21.
PAR  A preferred pivotally mounted disk separator 12 is shown in FIG. 3A wherein
      actuator arm 47 is pivotably secured to arm 12A by pivot link 47A and
      connected to arm 12A intermediate a fixed pivot point at 56 on frame 14 to
      pivot arm 12' into and out of a stack of disks 10. The explanation for
      FIG. 3 applies substantially equally to the illustrated FIG. 3A
      configuration. A combined rotary-axial movable actuator may replace the
      FIG. 3A illustrated configuration.
PAC  Axial Disk Separation
PAR  The interaction between disk separator 12 and the stack of disks 10,
      particularly for the FIG. 3A configuration, is better understood by
      referring to FIGS. 4, 5, 6, and 7. The pivot actuation of disk separator
      12 is not shown in these figures for simplicity, it being understood it
      can be directed to the disk separator 12 itself or to a separate arm
      secured thereto at the axis of pivoting 56. Referring to FIG. 4, a full
      chord roll disk separator 12 has a chordal length greater than any chordal
      length of the circle segment of a disk axially deflected by disk separator
      12. By this is meant that the length from the hub rotatable about pivot
      axis 56 to a separator outer extremity at 57 is greater than any chordal
      length of disk 10 at maximum insertion, as indicated by the dashed line
      58. Disk separator 12 is illustrated in a position termed the onset of
      disk separation; that is, the initial entry point 55 of disk separator 12
      is about to enter between two disks in the disk stack. After initial entry
      at 55, a transition line of the primary bending mode is represented by
      dashed line 59; that is, this is the chordal line along each disk 10 being
      axially deflected defining where a disk is bent from a line perpendicular
      to the axis of rotation of the disk to an angled line determined by the
      shape of disk separator 12 as best seen in FIG. 7.
PAR  FIG. 7 is a diagrammatic sectional view taken along line 7--7 in the
      direction of the arrows of FIG. 4 to illustrate the relationship of the
      disks separated by disk separator 12 when it is in an accessing position
      of the stack of disks 10. The maximum transition line 58 is a circular
      line as seen in FIG. 8. As viewed in FIG. 7, the portion of disks 62 and
      63 to the right of line 61 is substantially parallel to the remaining
      disks in the stack; while the portion to the left of maximum chordal line
      58, the innermost transition line, is preferably parallel to the disk
      separating surface portion 67 of separator 12 and is disposed at an angle
      with respect to the lower disk 64, determined by the wedge shape of
      separator 12. In a preferred form of the invention, this angle is not
      greater than 17.degree., as measured from reference surface 68 of
      separator 12 and preferably from about 4.degree.. When head or transducer
      21 is mounted in disk separator 12, it extends axially outward of
      reference surface 68 as shown in FIG. 7. In the latter instance, the
      presently preferred wedge or opening angle is about 6.degree., no
      limitation is intended to any specific angle. The forces impacted to the
      record disks are proportional to the angles in disk separator 12. For
      minimum energy expended for pack insertion and minimum fatigue in the
      record disks, the disk separator 12 angles are minimized.
PAR  Returning now to FIG. 4, the entrance of separator 12 into disk 10 stack
      from the entry point at 55 proceeds by making a succession of chordal
      transition lines 59, 70, 71, 72, 73, and finally 58, the deepest radial
      penetration. Transducer 21 is shown as dot 21' at the deepest penetration.
PAR  When separator 12 is opening the stack of disks 10, a so-called primary
      bending mode is induced in stack 10. The primary bending mode is
      maintained while separator 12 keeps the stack split to access a given
      track on a record disk 10. For accessing various tracks, separator 12
      moves radially to different positions; for example, deepest penetration is
      indicated by transition line 58 accesses of the innermost track by the
      head at 21'. To access radially outward tracks, separator 12 is accurately
      pivoted in the direction opposite to arrow 74 by using known voice coil
      techniques, for example. Track following and locating procedures used with
      this apparatus employing fixed record disks may be applied equally to the
      track location on flexible record members as employed by the present
      invention.
PAR  As disk separator 12 pivots radially inwardly to various accessing
      positions, as indicated by the successive chordal lines 70-73, the
      velocity of disk stack entry increases as indicated by the arrows from the
      circumference of the stack 10 to the various chordal lines. It is
      remembered that the velocity of entry at the initial entry point 55 is a
      minimum. As disk separator 12 enters further into the stack, the disks
      conform to the separator surfaces to permit a higher edge 60 entry
      velocity. Examination of FIG. 4 shows that the velocity of entry of the
      radial outward portion of member 12, i.e., radially from pivot 56,
      increases in the direction of the rotation of stack 10, as indicated by
      arrow 75. Entry velocity of that portion of the disk separator
      intermediate the initial entry point 55 and pivot axis 56 is axially
      slower than the initial entry speed. The above-described advantageous
      arrangement is afforded by making the initial entry point 55 downstream
      from pivot axis 56 in the sense of rotation of stack 10 as indicated by
      arrow 75. Similarly, the entry velocity of transducer or head 21 should be
      relatively high because of the axial protrusion thereof. Accordingly, head
      21 is preferably located substantially downstream from the initial entry
      point 55. For the gap in a transducer 21 to strike a maximum energy
      relationship with tracks on a record disk, it is preferred that head 21 be
      positioned on separator 12 to lie on a radius of disk stack 10
      perpendicular to the transition line 58 representing the maximum entry of
      separator 12. Other gap orientations can be selected while still
      practicing the present invention. The head gap orientation can be servoed
      to always be along a radius.
PAR  As seen in FIG. 4, edge 60 has an entry edge portion generally denoted by
      numeral 60E, and a trailing edge portion generally denoted by numeral 60T.
      When the record disks rotate about hub 24 in the direction of arrow 75,
      the disk surfaces enter onto disk separator 12 at 60E and leave at area
      60T. While the first embodiment aligned portions 60E and 60T in a straight
      line, certain advantages accrue from truncating disk separator 12 along
      trailing edge portion 60T. In an early truncation, trailing edge portion
      60T was truncated along dashed line 60A, about 10.degree. from chordal
      line 60. Later, greater truncations at 60B and 60C were tested. Depending
      upon disk pack and separator parameters, such truncation does not detract
      from the chord roll or wedge separating action while enhancing radial
      outward air flow. Without truncation, disk separator 12 can restrict such
      air flow such that desired spacing between a record disk and disk
      separator 12 is not maintained. In such an instance, undesired contact
      between a record disk and the disk separator can occur, resulting in a
      damaged disk. Truncating trailing edge portion 60T by rotating it outward
      from chordal line 60 enhances radial outward air flow to maintain desired
      disk separation. The truncated edge is suitably rounded to avoid sharp
      edges.
PAR  An alternative to truncation is to provide hydrostatic disk separation as
      described with respect to FIG. 20. However, in such an instance,
      introduction of excessive air into the disk pack can cause the disks to
      wobble or flutter--such destroys any transducing relationships of head 21
      to a record disk that are necessary for successful magnetic recording and
      reproducing.
PAC  Disk Separator Cross-Sectional Shapes
PAR  It has been mentioned that disk separator 12 is wedge shaped, such as shown
      in FIG. 7. This wedge shape permits a variety of disk controlling surface
      configurations, while still employing the present invention. As shown in
      FIG. 6, there is a multitude of cross-sectional shapes which can be
      selected in the design of a particular signal storage apparatus. All of
      the views of FIG. 6 are taken in the direction of the arrows along line
      6--6 of FIG. 4. As viewed in FIG. 4, the cross-sectional shapes shown in
      FIG. 6 preferably follow the entire length 60 of disk separator 12. While
      compound surfaces may be employed, such are not necessary. The truncated
      trailing edge 80 has a cross-sectional shape similar to that shown in FIG.
      6 for the cross-sectional view. An early cross-section employed in the
      present invention, as shown in FIG. 6, is at 81 having a planar disk
      stabilizing surface 68 through which head 21 axially outwardly extends.
      The leading or entering edge 60, in all of the cross-sections, preferably
      has a small radius of curvature, such as 0.010 inch. This has certain
      advantages as being sufficiently sharp to provide good initial separating
      action, yet the radius of curvature tending not to cut relatively thin
      record members, such as those constructed of a magnetic coating on a 0.5
      mil Mylar substrate. The disk-separating surface of configuration 81 is
      planar and disposed at an angle with respect to reference surface 68 of
      preferably not greater than 17.degree. nor less than 4.degree.. The angle
      should be as small as possible; however, for purposes of mounting head 21
      as close to entry edge 60 as possible, the present optimum compromise is
      about a 6.degree. angle between surfaces 68 and 82.
PAR  Lower surface 68 of cross-section 81, 83, and 86 may be cut back or
      otherwise contoured as indicated by dashed line 68A. This alternate
      cross-section tends to reduce potential contact (and damage) with
      recording surfaces in transducing relationship to head 21.
PAR  A second and more preferred configuration of the disk separator
      cross-section is shown at 83 wherein reference surface 68 is planar with
      head 21 extending axially outwardly. The disk separating surface 84 is
      concave as looking axially outwardly from the disk separator. Such concave
      disk-separating surface provides an advantageous harmonic air-foil
      relationship between the disks being separated and the disk separator.
      Initially, the angle of separation is relatively small and increases in a
      smooth diverging manner. Such configuration allows a relatively sharp,
      low-resistance entry, such as in the entry edge portion 85 intermediate
      leading edge 60 and head 21.
PAR  In another embodiment shown at 86, the disk separating surface is convex,
      as at 87. In this configuration, head 21 can be placed radially closer to
      entry edge 60 than in the other embodiments. This configuration may find
      usage with relatively thick record disks.
PAR  As will be later described, some of the configurations of disk separators
      can be symmetrical; that is, the stabilizing surface can distend at an
      angle with respect to the plane of the undisturbed record disk. Since this
      is a separate embodiment, the configurations in FIG. 6 relating to such
      symmetrical disk separation are described later with respect to FIGS. 14
      and 15.
PAR  Depending upon the protrusion of head 21 through a surface 68, flexibility
      and thickness of the record disks, and shape of initial disk pack opening,
      head 21 has a finite probability of catching on the edge of the disk to be
      recorded upon as head 21 enters the disk pack volume. Two things can be
      done to avoid this problem. The first and preferred solution is to provide
      radial ramp 89 shown in FIG. 7. Ramp 89 has a width at least that of head
      21, plus a slope with respect to surface 68 dependent on pack entry speed,
      record disk parameters and the disk pack opening at time of head 21 entry.
      A second solution is to axially deflect disk 64 away from surface 68 at
      time of head 21 entry. Such small axial deflection can be achieved by a
      pulsed jet of air as described with respect to FIGS. 20 and 21, item 55,
      but located at ramp 89 (FIG. 7) position rather than in the leading edge
      position as shown in FIG. 20.
PAR  Ramp 89 is preferred because it also provides a second function of damping
      bow waves 91, 92. Such damping tends to stabilize head 21 to record
      surface relationship resulting in improved signal recording and readback.
      It is also preferred that disk separator 12 be electrically conductive for
      avoiding electrostatic buildup.
PAC  Disk Stabilization During Partial Axial Separation
PAR  In the configurations 81, 83, and 86, stabilizing surface 68 is a planar
      configuration parallel to the disk to be stabilized. It is believed these
      configurations provide a good recording platform for any head extending
      axially through such reference or stabilizing surface. Referring to FIG.
      7, lower disk 64 is stabilized by the relative motion with respect to
      reference to stabilizing surface 68 of separator 12. Depending head 21
      dimples into the disk 64 to provide a positive pressure between record
      disk 64 and a transducing gap for providing a good record-to-gap
      interface. With disk 64 stabilized by surface 68 and head 21 protruding
      into disk 64 yields a good stable recording platform, a predictable
      tranducing relationship is established.
PAR  Examination of FIG. 7 also shows that the access opening provided by
      separator 12 introduces a so-called bow wave in the upper disk 62 and 63,
      as at 91 and 92, respectively. The action of this bow wave, which has
      always been observed as being present in accessing using the principles of
      the present invention, is a perturbation tending toward instabilities in
      the rotating record disks. By selection of the configurations illustrated
      in this application, the size of the bow waves 91 and 92 can be controlled
      such that the perturbations do not adversely effect the medium-to-gap
      interface between record disk 64 and transducing gap 90, for instance. In
      this manner, the recording platform is maintained.
PAR  If the speed of entry by disk separator 12 becomes excessive with respect
      to the air foil and stabilizing action of surfaces 68 and 67, bow waves 91
      and 92 can become excessively large such that upper disk 63 can get a fold
      and actually become interleaved between surface 68 and lower disk 64. In
      such a situation, upper disk 63 is damaged. For this reason, it is
      necessary that when selecting an angle for disk separator 12, the access
      times must be precisely considered. For example, the greater the angle is
      distended between surfaces 67 and 68, the slower the access time, i.e.,
      the greater the possibility of a destructing bow wave being generated.
PAR  The bow wave perturbations extend to several disks immediately adjacent the
      disks 62 and 63. This is particularly true of the disks above the disks 62
      and 63. Additionally, the bow waves, if sufficiently large, can cause
      perturbations in the lower disk 64. Such perturbations then are
      transmitted radially outwardly of disk 64 to be adjacent head 21 and
      thereby interfere with the stability of disk 64 with respect to
      transducing gap 90. This can have devastating effects on the success of
      recording operations, particularly at high densities in narrow record
      tracks. By selecting the shape of the disk separator 12 and displacing
      head 21 sufficiently back from entering edge 60 and controlling the access
      speeds, a satisfactory medium-to-gap interface or relationship is
      established. An added feature for stabilizing disks in stack 10 is the use
      of radially outward air flow as indicated by the arrows 93 and as taught
      by Penfold et al, supra.
PAR  Returning now to FIGS. 4 and 5, FIG. 5 shows a truncated disk separator 12'
      having a length from its pivot axis 56 to its outer end 57A which is less
      than the maximum chordal length of the disk in stack 10 at maximum
      penetration as at 61A. In this instance, separation of the disk conforms
      to the surface configuration of separator 12' up to and including the
      trailing edge 80A. From thence until closure of the pack during rotation,
      as at 95, an open space between the two disks being separated occurs. This
      is best seen in FIG. 9 wherein an upper disk 63 and a lower disk 64 are
      passing over disk separator 12' having a truncation or trailing edge at
      80A, leaving a space 96 not controlled by the surfaces of disk separator
      12'. Here a designer has a choice between the FIG. 4 and FIG. 5
      configurations. In the FIG. 4 configuration, separator 12 can
      substantially completely fill the access opening generated by penetration
      of the separator into the disk stack. In this situation, the actual
      deflection of the disk is precisely in accordance with the relationship of
      the disk to the separator; i.e., there is an air-foil or flying
      relationship such that the disks are amply stabilized and controlled
      during disk separation.
PAR  One important aspect of operating memory apparatus in accordance with the
      invention is the total access times. Each access time has several
      portions, for example, the time it takes separator 12 to reach the desired
      separation penetration of the stack, the time for the disk to settle down
      after such separation, plus the removal of the disks of disk separator 12,
      the subsequent axial travel to the next set of disks to be separated, plus
      the closure time of the stack; that is, the time it takes disks 63 and 64
      to again become truly substantially parallel for enabling a subsequent
      disk-separation operation. It is believed that with the FIG. 4 illustrated
      apparatus, closure time is controllable because the disks that were
      separated tend to follow the configuration of the wedge-shaped disk
      separator 12 during its removal, thereby minimizing the energy transferred
      from the separator to the pack for thereby minimizing fluttering and other
      instabilities of this disk which can be caused by an improper
      disk-separator withdrawal and resultant instable pack closure. Certain
      advantages from utilizing the primary bending mode in this regard will be
      set forth later in that the energy transferred from the disk separator to
      the pack is minimal resulting in any instabilities caused by the energy
      which is inherent to the disk pack rotation. On the other hand, the FIG. 5
      configuration reduces the moment of inertia in or the mass of the disk
      separator 12' by a substantial amount. This means that the energy required
      to pivot or otherwise move disk separator 12' into disk stack 10 is
      reduced. Depending on the construction and materials used in making such
      disk separators, the advantage accrued by the FIG. 5 configuration can
      offset some of its disadvantages. Again, in FIG. 5, the preferred location
      of head 21 is on a line perpendicular to the chordal transition line 61A
      and through the center of rotation of the disk stack 10, no limitation
      thereto intended. The effect on closure of the FIG. 5 illustrated
      apparatus is that the trailing edge portion, i.e., the opening 96 (FIG.
      9), is not completely controlled. This lack of control over the trailing
      edge portion of the access opening will not necessarily substantially
      increase the closure time. That is, rotating stack 10 always seeks its
      lowest energy position--that of all of the disks being parallel and
      perpendicular to the axis of rotation of the disk stack. If excess energy
      is provided into the stack, fluttering may occur. However, this fluttering
      of the stack is minimized by providing a suitable radial outward air flow
      as indicated by arrows 93 (FIG. 7). With all of these factors taken
      together, either the FIG. 4 or FIG. 5 versions of the disk separators 12
      and 12' can be successfully employed in practicing the present invention.
PAR  As mentioned earlier, disk separator 12 can be either pivoted into the
      stack or moved on a radius into the stack. Referring to FIG. 8, a radial
      moving disk separator 12B is diagrammatically shown. It is rigidly mounted
      on the outer end of actuator arm 47, as illustrated in FIG. 2. Head 21 can
      be located symmetrically in the disk separator and extends downwardly into
      transducing engagement with lower disk 64, as best seen in FIG. 9. Of
      course, when multiple heads are employed, such symmetrical location cannot
      be achieved for all heads. In a two gap head having a read gap following a
      write gap, the two gaps are on a common arcuate path.
PAR  FIG. 9 is an arcuate section taken along line 9--9 of FIG. 8. Entering edge
      100 is disposed on a chord of disk stack 10 with head 21 located on a line
      transverse to entering edge 100 and which also intersects the axis of
      rotation 101 of disk stack 10. Head 21 is disposed fairly close to
      entering edge 100 resulting in an access opening and recording platform
      substantially as shown in FIG. 7. A disadvantage of the FIG. 8 illustrated
      configuration is that the initial entry speed advantage discussed with
      respect to FIGS. 4 and 5 is lost. As shown in FIG. 8, head 21 is scanning
      an outer track of disk 64 (not seen) with only a partial access opening.
      Note, however, that even with the partial access opening, upper disk 63
      follows a simple harmonic type path over disk separator 12B in the same
      manner that disk 63 tracks a smooth harmonic type path over disk separator
      12. The particle path over disk separator 12 is preferably an eighth order
      polynomial. Such a travel path minimizes particle axial accelerations
      while keeping axial acceleration somewhat constant. Head 21 dimples into
      lower disk 64 for providing positive pressure for a good transducing
      relationship.
PAR  Full penetration into the stack by using a radially movable disk separator
      12B is shown in FIG. 12 wherein dashed line 102 represents the inwardmost
      transition line of a primary bending mode. Head 21 is just radially
      outward of line 102 on a radius extending perpendicular to chord line 102.
      The outer circumference of disk 63 does not extend over the radial outward
      edge 103 of disk separator 12B.
PAR  Referring to FIG. 13, a truncated radial disk separator 12C may be used in
      the same manner as described for disk separator 12B. In this instance, the
      truncated separator is mounted on actuator arm 47, as described for disk
      separator 12B. Trailing edge 104, which truncates the chordal extent of
      disk separator 12C, yields an open space in the access opening similar to
      opening 96 of FIG. 9. The same advantages and disadvantages accrue between
      the FIG. 13 and FIG. 12 illustrated embodiments, as between the FIGS. 5
      and 4 illustrated embodiment. In FIG. 13, the innermost transition line of
      primary bending mode is at 105 which is at a chord perpendicular to a
      center line dissecting head 21. The cross-sections, as illustrated in FIG.
      6, are applicable to the embodiments shown in FIGS. 8-13 in the same
      manner as they can be applied to the pivoted disk separator, as shown in
      FIGS. 1-7.
PAR  An important aspect of the chordal disk separator, which tends to roll a
      segment of the upper disks 62 and 63, is a minimum fatigue factor for such
      partial axially separated disks. This minimum fatigue factor comes from
      two sources. One is the minimum energy transferred from the disk separator
      to the disks in the stack during access opening; and the second is a
      minimal axial displacement of the disk as it rides over the disk
      separator, which is a fundamental harmonic following the path 107 of FIG.
      11 and as seen in FIG. 9. If other configurations were used, the particle
      path as it travels over the disk separator could be line 108 having a
      sharp change in velocity at 109 or a greater axial displacement. The
      smooth axial displacement curve 107 tends to reduce the fatigue factor of
      axially displaced disk portions. This is a second advantage of the primary
      bending mode and of the chordal displacement disk separator, particularly
      when the highly preferred small angles of less than 17.degree. have been
      chosen with respect to the storage access opening.
PAC  The Primary Bending Mode
PAR  The primary bending mode of a disk stack is diagrammatically illustrated in
      FIG. 10. Separator 12 being radially inserted in the stack 10 causes an
      axial outward deflection of a segment of disks 111 adjacent to disk
      separating surface 67. When separator 12 operates on a chordal line,
      generally a primary bending mode is induced or excited into the stack of
      disks 10. This means that the disks in the diameter opposite disk
      separator 12, as at 112, tend to be compressed together; i.e., the axial
      spacing between adjacent disks is less than it is anyplace else in the
      disk stack. Intermediate the compressed area 112 and the access opening
      separation by disk separator 12, the axial separations of the disk follow
      a somewhat sine wave configuration. The primary bending mode is readily
      identified in a stack of disks by one cycle of axial spacing perturbations
      of the disks adjacent the stack-splitting access opening; there being a
      rarification or greater axial separation and a compression or closer axial
      spacing of the diameter opposite to such access opening. BY reconfiguring
      the disk separator, such as that taught by Barbeau et al, supra, a
      secondary bending mode may be induced or excited in stack of disks 10. In
      such an instance, there are two axial space rarifications--one at the
      access opening and one on the diameter opposite such access opening. On
      the extremities of the diameter transverse to the diameter between access
      opening by separator 12 and at 112 are the compression or two
      circumferential areas wherein the disks 10 are axially closest together.
      Comparing this situation with the primary bending mode, there are two
      rarifications and two compressions yielding two cycles of perturbations of
      disks 10. Higher order modes also can be induced by applying appropriate
      exciting forces to the disk stack. Generally, the higher order the mode,
      the greater the energy required to induce that mode. Accordingly, the
      primary bending mode is the lowest energy access opening generating mode
      available. For this reason, Applicants highly prefer the chordal-arranged
      disk separator 12 and its manner of separating the disks as above
      described.
PAR  Another aspect with regard to fatiguing of disks 10 is that the access
      opening should provide a minimum angle. In this regard, mounting head 21
      integrally with a disk separator minimizes the opening in that no separate
      head mounting apparatus need be inserted into the access opening. While a
      separate arm could be used to mount a head and move it into opening 96
      (FIG. 9), it is believed by the Applicants that the physical location of
      head 21 is more advantageously located in the illustrated position than in
      opening 96. An important factor in successful recording and reproducing
      using flexible circular record disks is to provide a stable platform for
      recording; that is, the relationship of lower disk 64 of FIG. 7 with
      respect to head 21 must be as consistent and predictable as possible as
      the stack rotates past the head. Any fluttering or other perturbations by
      lower disk 64 yields unreliable recording. In accordance with the present
      invention, stability of the disk adjacent a disk separator is greatest
      when the entire disk surface passing adjacent a disk separator has a
      predetermined flying or travel path relationship to the surfaces of the
      disk separator; i.e., a greatest amount of control of such disk is
      achieved. Stabilizing surface 68 may be contoured to aid in disk 64
      stabilization. For example, the area surrounding head 21 may be given a
      depending bulbous shape for reducing the surface area over which disk 64
      must closely move.
PAR  In accordance with the above teaching, mounting head 21 in a disk
      separator, whether it be in a primary, secondary, or higher order bending
      mode access technique, is advantageous because it minimizes the access
      opening while providing a highly stable relationship between a disk with
      which signals are to be exchanged and the head. For example, referring
      back to FIG. 9, if the configuration of disk separator 12/12B was changed
      to that of the so-called splitter in the Barbeau et al apparatus, supra,
      yet head 21 is mounted in such apparatus, the access opening of the
      Barbeau et al apparatus could be minimized using the above teachings while
      exciting a secondary bending mode in a stack of disks. In that
      application, it would be expected that a small opening 96 would appear at
      both upstream and downstream sides of the separator, such as indicated by
      numeral 115 on the upstream end of disk separator 12/12B. Accordingly, it
      is advantageous to integrally mount a head in a disk separator
      irrespective of the stack bending mode employed. Insofar as this aspect of
      the invention is concerned, selection of the bending mode is a function of
      choice of the designer. The inventive bending mode is highly preferred in
      that the combination of integrally mounting a head in a disk separator,
      plus the primary bending mode, appears to Applicants to provide the most
      advantageous accessing of a stack of flexible circular rotating record
      disks.
PAR  While the primary bending mode is most advantageously employed with a chord
      roll type disk separator 12, the primary bending mode can be achieved with
      the Barbeau et al apparatus. It has been observed that for small radii
      disks (less than 12-inch diameter) or relatively thick disks (greater than
      0.001 inch thick), the Barbeau et al apparatus, if properly radially
      inserted in a disk pack rather than along a chord as Barbeau et al
      suggest, a primary bending mode can be induced in such pack. For large
      diameter and extremely flexible disks, the chord roll separator was found
      to be more suitable for such bending mode. In some disk separations,
      transactions between primary and secondary bending modes can occur when
      the Barbeau et al or similar apparatus is employed.
PAC  Head Mounts for a Disk Separator
PAR  There are several ways to mount a head in a disk separator. Depending upon
      the physical characteristics of the apparatus being constructed, that is,
      the flexibility, resiliency, compliancy, spacing, speed of revolution,
      diameter of the disk, angle of the disk separator, diameter of the
      mounting hub, and the like, heads may be mounted using several techniques.
      The simplest, shown in FIG. 16, is to securely mount the head on a frame
      portion 116 disk separator 12. Head 21 has a transducing portion 117
      including gap 90 extending axially outward of separator 12 through
      reference or stabilizing surface portion 68. It is preferred, but not
      necessary, that the axially facing surface of transducing portion 117 have
      a general spherical configuration with gap 90 at the axial outwardmost
      portion thereof.
PAR  A second mount is shown in FIG. 17 wherein helical spring 118 (or any other
      form of spring) is interposed between transducer 21 and frame portion 116
      with the remainder of the head 21 being constructed identically to the
      head illustrated in FIG. 16. In both FIGS. 16 and 17, gap 90 has its width
      as indicated by the dotted line to scan a track which would go into the
      paper as viewed in those two figures.
PAR  FIGS. 18 and 19 are modifications of FIGS. 16 and 17, respectively, but
      having an additional slider ring 120 circumscribing the transducing
      portions 117, respectively. Slide ring 120 tends to provide a better
      recording platform in that the dimple formed in lower disk 64 of FIG. 7 is
      broader and not only tends to provide a more stable flying height between
      medium 64 and transducing gap 90, but also reduces the possibility of head
      21 catching an edge of a record disk as the head enters the disk pack
      volume. Other head mounts can also be successfully used in connection with
      practicing the present invention. A particular head mount, different from
      those described above, is later described with respect to FIGS. 23-25.
PAR  One important aspect of this invention is mounting a head in a disk
      separator having two axially oppositely facing disk stabilizing/separating
      surfaces. Such a separator enhances apparatus operation.
PAC  Symmetrical Disk Separation
PAR  As mentioned above, certain advantages can accrue if the access opening is
      provided by a disk separator or pack splitter which is symmetrical about a
      plane perpendicular to the axis of rotation of the disk stack/pack. One
      advantage is that a head can be extended through both surfaces of such a
      disk separator. For example, referring to FIG. 14, a symmetrical disk
      separator 124 is carried on access apparatus 11 and mounted on frame 14,
      such as described with respect to FIG. 1. Disk separator 124 mounts two
      heads 21 and 21A for transducing engagement with the adjacent disks of
      access opening 125 shown as being open in the stack of disks 10 for
      illustrating the symmetrical action of disk separator 124. In this regard,
      the action of disk separator 124 is substantially the same as disk
      separator 12 insofar as primary bending mode and chordal action is
      concerned. Cross-sectionals of such separators as taken along line 6--6 of
      FIG. 4, for example, are shown in FIG. 6. An early symmetrical separator
      is shown at 126 wherein but one head 21 is mounted. The plane
      perpendicular to the axis of rotation is at 127 with the stabilizing
      surface 128 distending a relatively small angle with respect to plane 127.
      An angle of preferably not greater than 17.degree. is distended between
      the stack opening surface 129 and the stabilizing surface 128. One
      advantage of the symmetrical arrangement is that the deflection of the
      adjacent disks, such as disks 63 and 64 of FIG. 7, is minimized even
      though the angle of access opening remains the same. The same symmetrical
      configuration as at 126 (FIG. 6) is shown at 131, but having two heads 21
      and 21A, respectively, or surfaces 128 and 129. With configuration 131,
      flexible record members have magnetic oxide coatings on both axial facing
      surfaces with the deflection of the disks being the same by both surfaces
      128 and 129. While it is most desired to have a nondeflected disk as the
      disk being transduced, the symmetrical opening provided by configuration
      131 is a compromise for increasing the volumetric efficiency of the signal
      storage apparatus. By having double surfaces, the effective volumetric
      density is also doubled. Other configurations of symmetrical opening are
      shown at 132 for concave surfaces having heads 21 and 21A and at 133 for
      convex surfaces with heads 21 and 21A. Note that the placement of the
      heads in configurations 132 and 133 varies from the leading or entering
      edge 60 because of the concave and convex surface configurations,
      respectively. In the symmetrical configuration, configuration 131 is
      preferred.
PAR  Variations between configurations shown in FIG. 6, wherein the stabilizing
      surface 68 is ideally perpendicular to the axis of rotation of disk stack
      10, can be achieved by having a slight angle thereto with respect to the
      axis of rotation; that is, instead of a 90.degree. angle distended between
      the stabilizing surface and plane along the axis of rotation, an angle of
      85.degree. is provided. That is, the stabilizing surface would distend at
      an angle of about 5.degree. with respect to the plane perpendicular to the
      axis of rotation thereby reducing the angle of deflection of the upper
      disks, such as disk 63 of FIG. 7, by 5.degree.. When a large number of
      accesses is to be made to a signal storage apparatus of the type
      described, changes in angle can reduce the fatigue and, hence, increase
      longevity of the apparatus. The small angle of the stabilizing surface
      from true perpendicularity to the axis of rotation is believed not to
      substantially degrade the relationship between the record medium and the
      transducer. This is particularly true when transducer or head 21 extends
      axially outward of the reference surface as shown in FIG. 7 for dimpling
      the medium being transduced.
PAR  Returning now to FIG. 14, with a symmetrical access opening 125, care must
      be exercised to allow for axial movement of the segments of the disks
      being deflected while providing disk stack stability. In accordance with
      another aspect of the present invention, axial deflection of the segments
      of the disks in the stack is accommodated even though a pair of axially
      facing rigid stabilizing members 23 and 26 is provided. In accordance with
      this aspect of the invention, a center portion 136 of disk stack 10
      contains record disks having magnetic coating and having an axial spacing
      of 0.003 mil, for example. Axially interleaved between the center portion
      136 and the stabilizing end plates 23 and 26, is a set of circular disks
      as at 137 and 138 having an axial spacing greater than the axial spacing
      (for example 0.010 mil) between the record disks in section 136. With the
      greater axial spacing between adjacent disks and the axially interleaved
      sections 137 and 138, for a given axial separating force, a greater
      deflection is permitted without exerting an axial force against the rigid
      plates 26 and 23. For example, if the axial outermost disk, as at 139, is
      to be accessed by disk separator 124 for transducing operations,
      deflection of that disk would also deflect disks in section 137. Since the
      axial spacing between adjacent disks in section 137 is greater, a fewer
      number of disks are axially deflected for a given size access opening.
      Hence, these additional disks accommodate the axial deflection of the
      axial outermost record disk 139. The axial spacing between the disks in
      the axial interleaved sections 137 and 138 can vary for providing a smooth
      axial resisting force against the generation of an access opening 125; or,
      in the alternative, the axial spacings between adjacent disks can be made
      greater, for example, 25 mils as opposed to 3 mils. If a variable spacing
      is desired, a sinusoidal variation may be employed. A given axial spacing
      between axially adjacent disks in portions 137, 138 can be greater than,
      less than, or equal to axial spacing between any two record disks.
PAR  The action of spaced disks in axial areas 136, 137, and 138 during disk
      separation is that of a variable rate spring (graded spring constant)
      adjacent the respective rigid end plates. Other arrangements may be used
      to achieve such variable spring rate. Such arrangements include
      combinations of disks having different resiliencies and diameters plus
      differing axial spacings. Yet other arrangements should be readily
      apparent to ones skilled in these arts.
PAR  The above-described stack configuration having sections 136, 137, and 138
      can also be applied for transducing operations with respect to the disk
      separator configurations 82, 83, and 86 wherein the stabilizing surface is
      at or substantially at a perpendicular plane with respect to the axis of
      rotation. In the latter, the center section 136 extends axially almost to
      plate 23 with a relatively short axially interleaved section 138, for
      example, containing six disks as opposed to 50 disks in the symmetrical
      configuration. With a smaller buffer of axially increased, spaced-apart
      circular disks, the dimpling of a head 21 into the axially outermost
      record disk 140 is accommodated. At the opposite axial end, section 137
      would be the same length, i.e., contain 50 disks, as for the symmetrical
      configuration. As the angle of access opening, such as at 125 and as
      described with respect to FIG. 7, is increased, the axial length of the
      interleaved sections 137 and 138 must be correspondingly increased.
      Accordingly, the axial length of the axially interleaved sections is a
      function of the access opening angle. If the different diameter disks are
      selected, for example, rather than an 18-inch diameter disk, a 36-inch
      diameter disk is provided, then the axial length of the interleaved
      sections 137 and 138 must be increased for a given angle opening to
      accommodate the greater axial deflection of the outer circumference of the
      greater radii disk. The axial radius of the disk in the axially
      interleaved sections 137 and 138 can vary from the diameter of the record
      disks in section 136. The composition of such disks can be different; they
      can provide a certain resiliency for improving the closure properties of
      the disk stack. However, they also may be made of the same material as the
      record disks and actually can be record disks which are not accessed for
      storage purposes. The spacings between disks must be sufficiently small to
      couple the visco-elastic forces between the axially adjacent disks.
PAR  The configurations of FIG. 14 can be modified to that as shown in FIG. 14A
      to employ the present invention with that of U.S. Pat. No. 3,566,381
      wherein a removable disk pack is insertable on and operable with a stack
      of disks mounted on the rotating shaft 24. FIG. 14A does not show the
      accessing apparatus, it being understood that such accessing apparatus
      will access all of the disks in the central portions 136 and 136P. The
      portion of the disk stack between plates 23 and 26 is as described with
      respect to FIG. 14. Additionally, a disk pack 145 is mountable onto shaft
      24 in the manner as described in U.S. Pat. No. 3,566,381. Instead of
      having a single rigid disk as shown in that patent, a plurality of record
      disks in section 136P is provided with a set of axially interleaved disks
      138P to abut fixed plate 26, plus a second set of axially interleaved
      disks 137P to abut fixed plate 26P, the suffix "P" indicating that the
      corresponding parts are in the removable disk pack. In the alternative,
      sections 137 and 138P may be dispensed with, with the record section 136P
      being disposed immediately axially adjacent section 136. In this latter
      case, plate 26 is also dispensed with.
PAR  Referring next to FIG. 15, the interaction between a pair of disks
      bracketing an access opening 125 with respect to a symmetrical disk
      separator is described. Separator 124 has a pair of axially oppositely
      facing heads 21 and 21A respectively in transducing engagement with a pair
      of disks 150 and 151. Because of the slight deflection angle, disks 150
      and 151 maintain a relatively stable recording platform including a
      positive pressure against the heads 21 and 21A. Because of the radial
      accessing force of disk separator 124, each of the disks 150 and 151 have
      a bow wave as at 152 and 153, respectively. By moving the heads 21 and 21A
      radially outwardly from the entering edge 60 of disk separator 124, any
      perturbations from box waves 152 and 153 are essentially stabilized such
      that a predictable recording platform is achieved. Again, the radius of
      curvature at 60 is preferably not less than 0.010 inch. Because of the
      lesser force between disk separator 124 due to its reduced angle of axial
      deflection of disks 150 and 151, the later-described increased air
      pressure in the entry edge portion 60 can either be reduced or dispensed
      with while achieving a degree of safety of avoiding contact between the
      entry edge portion 60 and either of the disks 150 or 151 bracketing access
      opening 125. As in the asymmetrical or wedge-shaped disk separator, it is
      preferred that the adjacent disks 150 and 151 have a continuous air foil
      relationship with the surfaces 128 and 129 of disk separator 124 and as
      described earlier with respect to FIG. 7.
PAC  Disk Separation Including FLuid Disk Separation
PAR  As above described, all of the disk separators in their various
      configurations have not included any fluid communication means. In certain
      instances, depending upon the characteristic of the disk stack, fluid
      communication means within a disk separator 12 or 124 (FIG. 14) can
      provide additional stability to the disk adjacent the access opening for
      preventing wear, i.e., contact with the disk separator, as well as a
      smooth flow of the record medium over the stabilizing surfaces. It must be
      remembered there is radially outward air flow between all of the adjacent
      disks for providing disk rotation stability as previously described by
      Penfold et al. Any air or other fluid emanating from a disk separator adds
      to this flow and tends to flow in a circumferential sense; that is, for
      ultimate stability, it is desired that the circumferential distribution of
      air flow be as uniform as possible. With an access opening in a stack of
      disks generated by any disk separator, the spacing between the adjacent
      disks, such as disks 150 and 151 (FIG. 15),  may increase; i.e., the open
      space between the disk 150, its surface 129, and stabilizing surface 128
      spaced from lower disk 151, may actually increase the space for air flow,
      hence, tends to reduce the pressure between disks 150 and 151. This action
      tends to draw the disk closer to disk separator 124. In some embodiments,
      such close spacing can enhance the transducing relationship between a head
      and the adjacent record medium. In other cases, it may be desirable to
      maintain a greater spacing between entry edge portion 60 and the adjacent
      disks 150 and 151 than between the transducers 21, 21A and the respective
      disks 150 and 151. Further, to avoid wear, upon the onset of disk
      separation as illustrated in FIG. 4 and also as shown in the position for
      separator 124 in FIG. 14 (assuming access opening 125 is closed), there is
      very minute separating force exerted on a disk by the entry edge portion
      60. Accordingly, fluid communication means in a disk separator 12, 124 can
      provide additional disk separating forces at the onset of disk separation
      or stack splitting. In these regards, the fluid communication means
      diagrammatically illustrated in FIGS. 20-22 apply to all disk separators
      described in this application.
PAR  Referring more particularly to FIG. 20, controllable air supply 155, which
      can be a part of air supply 22 in FIGS. 1 and 14, may have, for example,
      fluid communication tubes 156, 163, 173 to disk separator 12 for providing
      three separate pressure areas on disk separator 12. A first pressure area
      160 has relatively high pressure; for example, 3 psi at tube 156. From
      tube 156, air is supplied through tube 158 internal to separator 12 to the
      initial entry area at 155 wherein a relatively high density of readily
      disposed fluid communication ports of 0.005 inch diameter extend through
      both upper and lower separating surfaces. In the remaining portion of area
      160, the apertures are on a rectangular coordinate of 1/4 inch spacings.
      This additional pressure at the initial entry point assists in separating
      the upper disk 63 (FIG. 7) from the disk separator at the point of minimum
      entry speed and minimum area exposure between the disk 63 and separating
      surface 82. In a similar manner, the greatest force exerted by a disk
      being separated or axially bent along a chordal line exists along the
      entry portion 60E. Accordingly, in the area 160, the same aperture spacing
      for a set of fluid communication ports is provided along the entire length
      of disk separator 12. In this regard, pneumatic tube 158 extends to a
      plenum formed contiguous with edge 60 as at 162. Over a large portion 161
      of the disk separating surface 82, lower pressure air flows through a set
      of apertures or fluid communication ports set on cartisian coordinates
      with 1/2 inch spacing and with a diameter of the ports of 0.005 inch from
      a separate plenum inside the disk separator connected to air tube 163.
      Intermediate pressure area 164 may be located adjacent entry 55 and
      receives air at an intermediate pressure via tube 173. Stabilizing surface
      68 has a fewer number of fluid communication ports on cartisian
      coordinates of 3/4 inch, for example, to provide air flow between surface
      68 and lower disk 64 (FIG. 7) for maintaining a supply of air flow
      radially outward and a given spacing between disk 64 and stabilizing
      surface 68. In this instance, head 21 extends substantially axially
      outwardly from surface 68 to form a dimple in disk 64. On those disk
      deparators having a truncated trailing edge, such as 60C, a high pressure
      (3 psi) area 165 adjacent truncated edge 60C is provided. Plenum 162 then
      extends to be contiguous with edges 60E and 60C. When truncated as
      indicated by line 60C in FIG. 20, head 21 is moved away from the high
      pressure area into area 161 as at 166.
PAR  As mentioned earlier, at the onset of separator penetration into the disk
      stack, the greatest chance of unintended contact between a record disk and
      entry portion 60 occurs. To eliminate this problem, air supply 155 may
      have a control based upon a tachometer 170 attached to arm 12' at pivot
      56. A cam or dog 171 extends radially outward to actuate switch 172 in a
      momentary manner, i.e., for a pivot distance of about 2.degree., for
      example, to provide a ground reference potential to control circuits (not
      shown) in air supply 155. Such control may be a solenoid actuated to open
      a valve providing a pulse of air from supply 155 through tube 156A to
      radially inwardly facing fluid communication ports 174 and axial ports 175
      (FIG. 21). Air flowing from tube 156A (FIG. 20) through these two ports at
      55 at the onset of separator penetration tends to separate the two disks
      63 and 64 due to the jet of air from these two ports. After disk separator
      12 has entered the stack and disks 63 and 64 have been separated, such air
      flow from ports 174 and 175 is no longer needed and can actually add to
      the instability of the disk stack. Accordingly, it is desired that after a
      predetermined disk separator entry, these ports should be closed. Then cam
      171 opens switch 172, thereby turning off the air supply.
PAR  Based upon the above discussion, the radial length 176 of the entry portion
      160 high pressure port area can be varied in accordance with design
      considerations, i.e., the flexibility of the disks being separated, the
      diameter, resiliency, etc., for achieving optimum spacing between the
      disks abutting the access opening for providing a good transducing
      engagement.
PAR  Referring now more particularly to FIG. 22, a second disk separator 12B is
      shown. It is remembered that disk separator 12B operates on a radial
      motion as opposed to a pivoting or complex motion of disk separator 12. In
      this regard, the point of entry 55 is at the point of disk pack entry edge
      portion 60. In this instance, because of the increased force required to
      enter the disk stack, a slot 180 is connected to tube 156 of FIG. 20 for
      providing an initial disk-separating force. A pulse of air through slot
      180 may also have to extend over a greater degree of penetration of disk
      separator 12B into the disk stack. Radially outward of slot 180 are sets
      of concentric lines of fluid communication ports 181 at increasing radial
      differences for providing air flow on upper or disk separating surface 82
      to provide an air flow to maintain disk separation as above described.
      Transducer 21 extends through the lower or stabilizing surface 68 as
      aforedescribed and is radially aligned with slot 180; i.e., a line drawn
      through the center of slot 180 and head 21 also lies along the axis of
      rotation of the disk pack. The configuration of hole patterns described
      with respect to FIGS. 20 and 21 may also be applied equally to the FIG. 22
      illustrated embodiment. The plenum in disk separator 12B may be
      constructed as a honeycomb structure for not only providing air flow, but
      also light-weight rigidizing structure for the disk separator. Arm 12A may
      also have air ports for disk separation purposes.
PAC  A Preferred Head Mount in a Separator
PAR  Referring collectively to FIGS. 23-25, a preferred head-mount installation
      in a chord roll arm or wedge-shaped disk separator is shown. The
      wedge-shaped disk separator consists of an upper plate 67' which forms the
      disk separating surface, as well as the entry edge 60. The stabilizing
      surface is formed by a flat apertured plate 68' which extends from
      shoulder 185 on support block 186. Support block 186, in turn, is mounted
      on arm 12', such as shown in FIG. 1. The head 21 is mounted in the hollow
      interior of disk separator 12 and extends through aperture 187 in bottom
      plate 68'. The mounting is adjustable, as will be later described. A pair
      of extending resilient leaf springs 187 and 188 is fixedly secured to head
      mounting block 189 to support the head assembly 190 for yieldably urging
      head 21 into a transducing engagement just below bottom plate 68' when
      viewed as shown in FIG. 7. Head mount 190 is fixedly secured to spaced
      leaf springs 187 and 188 as best seen in FIG. 24. In the illustrated
      embodiment, head 21 is epoxied into an annular recess 192 of head mount
      190. For increased stability of the recording platform, i.e., for a more
      consistent head-to-medium interface with and a lesser chance of head 21
      catching on disk 64, for example (FIG. 7), slider ring 193 is epoxied
      about the depending portion of head 21. Ring 193 is the equivalent of ramp
      89 of FIG. 7. As shown in FIGS. 24, head 21 is in a transport position,
      i.e., preassembly position. After the disk separator is mounted on a
      signal storage apparatus, such as shown in FIG. 1, adjustments are made,
      as will be described, moving head 21 to the position of dotted line 194.
PAR  A main advantage of the FIGS. 23-25 illustrations is that head tension can
      be adjusted without disassembling the signal storage apparatus and can be
      adjusted while the disk separator is in an accessing position with head 21
      supposedly in transducing engagement with a disk 64 (FIG. 7). In this
      manner, the tension on the head 21 is adjusted for optimum recording and
      reproducing relationship with a critical disk, such as an end disk 139
      (FIG. 16), for ensuring satisfactory recording and reproducing operations
      in the entire signal storage apparatus.
PAR  Internal head support member 186 is pivotally secured to outer U-shaped
      support block 194, which is in turn secured to arm 12 by bolts or welding.
      A pair of adjustable pins 195 and 196, threaded in outer block 194,
      pivotally secures inner head mount 186 as best seen in FIG. 25. The radial
      adjustment of head 21, as best seen in FIG. 24, is by fine-threaded set
      screw 198 which is extended through an aperture in the inner head mount
      block 186. A threaded stop 199 controls the pitch of head 21.
PAR  Additionally, set screws 201 and 202 act as stops against the lower spring
      member 188 as best seen in FIG. 25. By adjusting the nuts 203 and 204 on
      pivot pins 195 and 196, respectively, plus the set screws, head 21 is
      accurately positioned in aperture 187A with the tension supplied by leaf
      springs 187 and 188 being in accordance with the adjustment of set screw
      199.
PAR  While FIGS. 23-25 show no fluid communication means, such means may be
      added using known assembly techniques in accordance with the teachings of
      FIGS. 20-22.
PAC  Description of a Preferred Disk Stack Assembly
PAR  With reference to FIG. 26, a multiple flexible disk file assembly includes
      stack 10 of flexible magnetic disks mounted to a rotary spindle assembly
      24 that is rotated by a drive motor 13. Air pressure source 22 supplies
      air at a predetermined pressure via plenum 210 to the interior of the
      tubular or hollow spindle 24, which has uniform slots or apertures 211 to
      receive air. From spindle 24, air flows out and is distributed radially
      outward between each of the disks 10 via ports 212 and axial slots 213.
PAR  Symmetrically configured washer-shaped spacers 214, disposed axially
      between the record disks, provide close and uniform axial spacing of the
      disks, while permitting the above-described radial air flow. That is,
      spacers 214 consist of a fine wire mesh, made from polyester, nylon,
      metal, or other durable material.
PAR  In operation, air pressure from source 22 goes through coupling device 215
      into plenum chamber 210 which is in fluid communication with spindle
      assembly 24. Pressurized air is directed through the apertures 211 into
      the center of hollow spindle 24 and forced through ports 212 into axially
      extending or longitudinal slots 213 that are disposed in a collar 216,
      encompassing a portion of spindle 24 adjacent to the stack 10 of disks.
      The air is expelled radially outwardly from inner radius and flows to the
      outer periphery of each of the disks and then to ambient air. The air that
      flows between the disks and through the spacers provides an equalizing
      condition, such that the disks each rotate in equilibrium in substantially
      parallel planes transverse to the axis of rotation of stack 10.
PAR  With the record disks in rotation, the wedge-like disk separator 12 creates
      the previously described transducing access opening to the stack.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and detail may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of operating signal storage apparatus having a stack of
      closely spaced-apart coaxial compliant circular record disks having a
      common axis for rotation at the center of all said circular record disks,
PA1  the steps of:
PA1  rotating said stack of disks as a unit about said common axis;
PA1  applying first axial separating forces at a given radius to one of said
      disks to induce a primary bending mode in said stack;
PA1  applying additional axial separating forces in a predetermined radial
      juxtaposition to said first axial separating forces for axially moving a
      segment of said one disk by said separating forces to create a single
      harmonically shaped disk pack opening while maintaining said primary
      bending mode;
PA1  exchanging signals with a record disk abutting said opening; and
PA1  removing said axial separating forces from said one disk.
NUM  2.
PAR  2. The method set forth in claim 1 further including the step of
      simultaneously applying said axial separating forces along chords of said
      one circular record disk such that said opening exhibits a line of
      transition along a chord.
NUM  3.
PAR  3. The method set forth in claim 2 further applying said chordally aligned
      axial separating forces as a full chord during a first portion of creating
      said disk pack opening and, after reaching a predetermined point, reducing
      said forces to a subchordal portion on said one circular record disk.
NUM  4.
PAR  4. The method set forth in claim 2 including in said axial separating step
      applying said chordally aligned forces along complete chords during the
      creation of said disk pack opening;
PA1  maintaining said disk pack opening with such chordal forces; and
PA1  removing said axial separating forces along a radius while maintaining said
      chordal alignment.
NUM  5.
PAR  5. The method set forth in claim 2 further including sequencing said axial
      separating forces from a minimum radially entering velocity upon
      initiation of said opening to a maximum radial and axial separating
      velocity as said opening increases axially.
NUM  6.
PAR  6. The method set forth in claim 2 further including the step of limiting
      the opening angle taken along any radius of said one circular record disk
      to being not greater than 17.degree. between the disks abutting said
      opening.
NUM  7.
PAR  7. The method set forth in claim 1 further including simultaneously
      applying stabilizing axial forces on a second circular record disk
      abutting said opening opposite said one circular record disk.
NUM  8.
PAR  8. The method set forth in claim 7 further including applying said axial
      separating forces and said stabilizing forces simultaneously and moving
      said forces radially inwardly toward the center of said circular record
      disk at an initial minimum velocity and increasing to a maximum radial
      inward velocity as the opening increases toward its maximum opening angle.
NUM  9.
PAR  9. The method set forth in claim 8 further including applying said axial
      separating forces and said stabilizing forces along chords of said
      circular record disk.
NUM  10.
PAR  10. The method set forth in claim 1 further including operating with record
      disks having a magnetic surface on one axial facing surface thereof,
PA1  the method improvement further including the steps of:
PA1  stabilizing a second one of said circular record disks which abuts said
      opening; and
PA1  exchanging electrical signals with said record disk while said disk stack
      is opened.
NUM  11.
PAR  11. The method set forth in claim 1 further including the step of imparting
      a given radial inward velocity to said axial separating forces beginning
      at an initial minimum velocity adjacent an outer periphery of said one
      circular record disk and increasing said radial inward velocity while
      changing the vector direction thereof spirally such that a given force
      vector will follow a spiral with respect to the center of rotation of said
      one circular record disk.
NUM  12.
PAR  12. The method set forth in claim 11 further including moving a transducing
      means into said opening coincident with creation of said opening and
      including the step of selecting a position for said transducing means with
      respect to said initial entry such that the radial inward velocity of said
      initial entry is always less than the initial entry velocity of said
      transducing means.
NUM  13.
PAR  13. A signal storage apparatus having an axial stack of a plurality of
      coaxial planar compliant circular record disks and having a common axis
      extending through the center of each said circular record disk, said stack
      mounted for rotation as a unit about said common axis, a positioning
      apparatus adjacent said stack capable of axial and radial motions with
      respect to said disks, signal transducing means movable with said
      positioning apparatus,
PA1  the improvement including in combination:
PA1  a disk separator on said positioning apparatus comprising a wedge having an
      entering edge facing said stack and lying in a plane substantially
      parallel to said planar disks, said wedge including a pair of surface
      portions diverging at an angle opening radially outward of said stack of
      not greater than approximately 17.degree., one of said surface portions
      being a stack opening surface portion contiguous with said entering edge
      and extending axially at said opening angle; and
PA1  said wedge having an extent transverse to said common axis such as to form
      a chord on said disks as said positioning apparatus moves said wedge in a
      radial inward direction, said entering edge being longer than a maximum
      length chord at maximum radial penetration into said axial stack of disks.
NUM  14.
PAR  14. The signal storage apparatus set forth in claim 13 having a disk
      separator with a radially outwardly opening separating angle in the range
      of 4.degree. to 12.degree..
NUM  15.
PAR  15. The signal storage apparatus set forth in claim 13 wherein said stack
      opening surface portion has an axially outwardly facing concave
      configuration extending radially outwardly from said entering edge and
      including an angle less than 17.degree. immediately adjacent said entering
      edge and increasing to a greater angle still less than said 17.degree. and
      said concave surface lines of equal spacing from a plane transverse to
      said common axis and lying along a chord of said compliant circular record
      disk.
NUM  16.
PAR  16. The signal storage apparatus set forth in claim 13 wherein said stack
      opening surface portion has a convex shape wherein the maximum angle of
      said convex shape surface portion in proximate axial separating force
      relationship to one of said compliant circular record disks to be axially
      moved for creating an access opening is not greater than said 17.degree.;
      and
PA1  transducing means on said disk separator on a surface thereof opposite to
      said convex surface.
NUM  17.
PAR  17. The signal storage apparatus set forth in claim 13 wherein said wedge
      includes fluid communication means having at least one port adjacent said
      entering edge portion.
NUM  18.
PAR  18. The signal storage apparatus set forth in claim 13 further including
      pivot means on said positioning apparatus;
PA1  said disk separator being pivotably mounted on said pivot means; and
PA1  means for rotating said disk separator about said pivot means to effect
      said radial motions for insertion and extraction to and from said stack of
      disks such that said disk separator moves in an arcuate path including a
      substantial radial motion component with respect to said circular record
      storage disk.
NUM  19.
PAR  19. Signal storage apparatus set forth in claim 18 wherein said stack
      rotates in a first sense;
PA1  said pivot means being located at a first circumferential location with
      respect to said stack; and
PA1  said disk separator having an entry point into said stack which is
      downstream from said pivot means, said transducer means being on said disk
      separator in a downstream position with respect to said entry point, such
      that a given point on the periphery of a given one of said circular record
      storage disks first passes said pivot point means, then said entry means,
      and then said transducing means.
NUM  20.
PAR  20. The signal storage apparatus set forth in claim 18 wherein said disk
      separator has a disk stabilizing surface extending from said entering edge
      at an angle of not greater than said 17.degree. from said stack opening
      surface portion; and
PA1  said transducing means being mounted along said stabilizing surface portion
      and extending axially outwardly therefrom.
NUM  21.
PAR  21. The signal storage apparatus set forth in claim 20 further including an
      air supply;
PA1  means connecting said air supply to said disk separator; and
PA1  said disk separator having fluid communication means therein, plus a
      plurality of first fluid communication ports at least along said stack
      opening surface portion in juxtaposition to said entering edge portion.
NUM  22.
PAR  22. The signal storage apparatus set forth in claim 21 wherein said disk
      separator has a further plurality of second fluid communication ports
      extending through said stack opening surface portion including ports
      radially remote from said entering edge portion.
NUM  23.
PAR  23. The signal storage apparatus set forth in claim 22 wherein said disk
      separator fluid communication means supplies fluid at a greater pressure
      through said first ports than through said second ports.
NUM  24.
PAR  24. The signal storage apparatus set forth in claim 13 wherein said disk
      separator has an average angle of radial outward opening in the
      approximate range of 4.degree. to 12.degree. and said stack opening
      surface portion is an axially outwardly facing concave surface having
      isogrammic distance lines from a plane transverse to said common axis
      extending along chord lines of said disks; and
PA1  said disk separator surface portions both extending from said entering
      surface radially outwardly and along chordal lines parallel to said plane.
NUM  25.
PAR  25. The signal storage apparatus set forth in claim 24 further including
      pivot means on said positioning apparatus mounting said disk separator for
      pivoting action into and out of said stack along a plane substantially
      parallel to unseparated ones of said disks;
PA1  means on said positioning apparatus for pivoting said disk separator about
      said pivot means; and
PA1  said stack having a direction of rotation wherein a point on the periphery
      of said stack first passes said pivot point, then an entry point on said
      disk separator, and then past said transducing means.
NUM  26.
PAR  26. The signal storage apparatus set forth in claim 25 wherein said disk
      separator wedge has a chordal extent greater than any chord along a given
      one of said circular record disks at maximum radial stack penetration by
      said disk separator.
NUM  27.
PAR  27. The signal storage apparatus set forth in claim 13 wherein said disk
      separator exhibits symmetry along the axis of said stack about a plane
      transverse to said stack and said angle of not greater than approximately
      17.degree. extends between said surface portions of said wedge
      symmetrically disposed about said plane.
NUM  28.
PAR  28. The signal storage apparatus set forth in claim 27 wherein both of said
      surface portions on said wedge have an axially outward facing concave
      configuration with equal spacing from said transverse plane along disk
      chordal lines.
NUM  29.
PAR  29. The signal storage apparatus set forth in claim 27 wherein said
      symmetrical surfaces have outwardly facing convex surface portions with
      isobar spaced lines chordally along said circular record disks.
NUM  30.
PAR  30. The signal storage apparatus set forth in claim 27 wherein said disk
      separator wedge has a chordal extent less than a chord of said circular
      record disk at point of maximum radial stack penetration.
NUM  31.
PAR  31. The signal storage apparatus set forth in claim 27 having said
      plurality of compliant circular record disks exhibiting a compliancy
      whereby separation of two of said record disks by said disk separator
      establishes a primary bending mode in said stack.
NUM  32.
PAR  32. The signal storage apparatus set forth in claim 27 wherein said stack
      has first and second rigid stack stabilizing disks at the axial
      extremities thereof, plus a plurality of nonrecord circular disks having a
      given compliancy and interposed axially between each of said rigid disks
      and said circular record disks.
NUM  33.
PAR  33. The signal storage apparatus set forth in claim 32 wherein said axially
      interposed nonrecord circular disks have an axial spacing therebetween
      greater than the axial spacing between axially adjacent ones of said
      circular record disks.
NUM  34.
PAR  34. The signal storage apparatus set forth in claim 27 further including
      means for receiving fluid under pressure;
PA1  said disk separator having an internal fluid communication passageway, and
      each of said symmetrically axially disposed surfaces having a plurality of
      ports immediately adjacent said entering edge and distributed equally and
      symmetrically on said surfaces for providing fluid communication from said
      passageway to between said disk separator and two disks being separated.
NUM  35.
PAR  35. The signal storage apparatus of claim 13 further including a disk
      stabilizing surface opposite said stack opening surface and extending from
      said leading edge at least than said angle of 17.degree. in a radially
      outward direction; and
PA1  said leading edge having a radius of curvature of not less than about 0.010
      inch.
NUM  36.
PAR  36. The signal storage apparatus set forth in claim 35 wherein said disk
      separator has a truncated edge portion extending from said entering edge
      at an obtuse angle with respect thereto such that the chord lines on said
      disk separator are truncated with respect to the chord lines on the disk
      being separated; and
PA1  said transducing means being mounted in the vertex of said obtuse angle.
NUM  37.
PAR  37. Signal storage apparatus having a coaxial stack of axially spaced-apart
      compliant circular record disks rotatable about a common axis, positioning
      apparatus disposed adjacent said stack and having axial and radial
      positioning movements,
PA1  the improvement including in combination:
PA1  a stack separator on said positioning apparatus and mounted thereon for
      disk segement axial separating (stack-splitting) motions including a
      radial motion component, said stack separator having a reference surface
      portion extending transverse to said common axis, a separating surface
      portion axially spaced from said reference surface portion and extending
      transverse to said common axis and a stack entering edge portion joining
      said surface portions at a radially inward end thereof, said surface
      portions subtending a radially outwardly opening acute angle; and
PA1  a transducer mounted in said stack separator and having a transducing
      portion extending axially outwardly through said reference surface portion
      for enabling signal exchanging relationships with an axially separated
      portion of one of said circular record disks.
NUM  38.
PAR  38. The signal storage apparatus set forth in claim 37 wherein said surface
      portions have a circumferential extent with respect to said record disks
      sufficient to establish an air bearing surface with respect to disks being
      partially axially separated such that said separator substantially fills
      any opening between two disks being axially partially further separated in
      said stack at least in a cross-sectional area extending circumferentially
      on both sides of said transducer and extending radially on both sides of
      said transducer on both said surface portions such that a positive
      pressure is applied to said transducing means by said one disk passing
      said reference surface portion.
NUM  39.
PAR  39. The signal storage apparatus set forth in claim 37 wherein both said
      surface portions include convex axially outwardly facing surfaces.
NUM  40.
PAR  40. The subject matter set forth in claim 37 wherein said stack of
      spaced-apart compliant circular record disks further includes, in
      combination:
PA1  a rigid circular disk at each axial end of said stack; and 1
PA1  a plurality of additional disks spaced intermediate said record disks and
      said rigid disk with an axial spacing greater than the axial spacing
      intermediate said record disks.
NUM  41.
PAR  41. The subject matter set forth in claim 37 wherein said surface portions
      are symmetrically disposed about a plane transverse to said common axis.
NUM  42.
PAR  42. The subject matter set forth in claim 37 wherein said stack further
      includes in combination:
PA1  a rigid circular disk at a first axial end of said stack; and
PA1  a plurality of additional circular disks axially interposed between said
      record disks and said rigid disk, mounted for rotation with said record
      disks and being axially spaced apart a distance different from the axially
      spacing between two of said record disks.
NUM  43.
PAR  43. In a disk file data storage apparatus having a multiplicity of
      uniformly axially closely spaced coaxially aligned compliant circular
      record disks, each circular record member having a surface for bearing
      record indicia and rotatable as a unit in a first rotational sense,
PA1  the improvement comprising:
PA1  an access apparatus disposed circumferentially adjacent said disks;
PA1  means mounting said access apparatus for axial movement along said disks;
PA1  radial motion means on said access apparatus for generating motions having
      a radial component with respect to said disks;
PA1  a disk-separating blade on said access apparatus radial motion means having
      an entering edge portion circumferentially facing into rotation of said
      disks for axially partially separating two of said disks, a trailing edge
      portion, and a pair of axially facing intermediate surface portions for
      respectively establishing an aerodynamical relation to said two disks and
      joining said edge portions, said intermediate surface portions having
      axial spacing varying radially in an increasing axial spaced-apart
      relation along a radial outward direction in a continuous substantially
      edge-formingless and cornerless manner; and
PA1  a transducer in said disk-separating blade having a predetermined radial
      and circumferential location with respect to said entering edge portion,
      said transducer having a transducing portion extending axially beyond a
      first one of said intermediate surface portions for facing one of said two
      disks in a transducing relationship.
NUM  44.
PAR  44. Signal storage apparatus set forth in claim 43 wherein said
      intermediate surface portions distend an effective angle of not greater
      than 17.degree. and which is radially outwardly opening with respect to
      said circular record members; and said entering edge portion has a radius
      of curvature of not less than 0.010 inch.
NUM  45.
PAR  45. Signal storage apparatus set forth in claim 43 wherein said blade
      includes lines of equal spacing between said intermediate surface
      portions, which lines lie along a chord of said circular record disks
      during a one insertion position of said blade in said stack of disks such
      that a primary bending mode is induced into given ones of said circular
      record members.
NUM  46.
PAR  46. The signal storage apparatus set forth in claim 43 including means in
      said radial motion means for imparting an arcuate motion to said blade for
      providing an initial minimum radial entry speed of said blade into said
      stack but with a greater radial entry speed into said stack for said
      transducer in said blade.
NUM  47.
PAR  47. The signal storage apparatus set forth in claim 43 wherein said
      intermediate surface portions distend an angle immediately adjacent said
      leading edge portion in the range of about 4.degree. to 15.degree. and
      said transducer being disposed radially outwardly of said leading edge
      portion.
NUM  48.
PAR  48. The signal storage apparatus set forth in claim 43 wherein said blade
      had a chordal extent with respect to said circular record disk such that
      said disks are separated in continuous constant aerodynamical spacing from
      said intermediate surface portions for greater than 50% of any access
      opening in said stack of disks whereby the partial axially separated
      rotating circular record disks are stabilized.
NUM  49.
PAR  49. The signal storage apparatus set forth in claim 43 wherein a second one
      of said intermediate surface portions exhibits a surface configuration
      yielding a harmonic path for a particle on a disk adjacent said second
      surface portion as said particle passes over such second surface portion.
NUM  50.
PAR  50. The signal storage apparatus set forth in claim 43 wherein said
      intermediate surface portions have a chordal extent of equal distance
      between said surface portions whereby flexure of disks being separated by
      said blade is in a chord roll mode.
NUM  51.
PAR  51. The signal storage apparatus set forth in claim 43 further including
      fluid communication means in said blade;
PA1  said entering edge portion having an initial enterng portion;
PA1  a first set of ports connecting said fluid communication means through said
      intermediate surface portions along said entering edge portion and
      radially outwardly of said initial entering portion for supplying a first
      fluid pressure thereat; and
PA1  a second set of ports connecting said fluid communication means through
      another portion of said intermediate surface portions for establishing a
      lesser fluid pressure thereat.
NUM  52.
PAR  52. The signal storage apparatus set forth in claim 51 further including
      entry fluid communication means, connected to said initial entering
      portion, and said initial entering portion including radial opening fluid
      communication ports in fluid communication with said entry fluid
      communication means.
NUM  53.
PAR  53. The signal storage apparatus set forth in claim 52 further including:
PA1  entry control means indicating an onset of disk stack entry by said initial
      entering portion; and
PA1  pulse fluid means responsive to said entry control means indicating said
      onset to supply a pulse of positive fluid pressure to said entry fluid
      communication means.
NUM  54.
PAR  54. A signal storage apparatus having an axial stack of a plurality of
      coaxial planar compliant circular record disks, said stack being rotatable
      as a unit with an arbor coaxial to and supporting said disks, signal
      transducing means for exchanging signals with said record disks, a
      positioning apparatus circumferentially adjacent said stack and capable of
      axial and radial motions with respect to said stack for moving said signal
      transducing means into transducing relation with given ones of said record
      disks;
PA1  the improvement including in combination:
PA1  a wedge-shaped disk separator on said positioning apparatus having an entry
      edge always chordally aligned with respect to said circular record disks,
      and said separator having one surface substantially parallel to said
      circular disks in said stack and a second surface extending from said
      entry edge radially outwardly at an effective angle to said one surface of
      less than 17.degree. for separating two of said disks along said chordal
      lines with a low-energy transfer to said disks.
NUM  55.
PAR  55. The signal storage apparatus set forth in claim 54 wherein said
      positioning apparatus inserts said disk separator into said stack such
      that said disk separator fills at least one-half any access opening
      created in said stack of disks by such disk separator.
NUM  56.
PAR  56. The signal storage apparatus set forth in claim 55 further including
      pivoting means on said positioning apparatus for pivoting said
      wedge-shaped disk separator about a pivot axis upstream in a rotational
      sense of entry of said disk separator into said stack of said circular
      compliant record disks; and
PA1  said signal transducing means being mounted in said wedge-shaped disk
      separator circumferentially downstream in said rotational sense with
      respect to an initial point of entry of said disk separator into said
      stack for disk separation such that the initial disk-separating velocity
      has a minimal radial velocity of said wedge-shaped disk separator.
NUM  57.
PAR  57. The signal storage apparatus set forth in claim 55 wherein all radial
      related motions of said wedge-shaped disk separator are part of a pivoting
      action about said pivot axis.
NUM  58.
PAR  58. The signal storage apparatus set forth in claim 55 wherein said
      surfaces of said wedge-shaped disk separator are substantially symmetrical
      about a plane perpendicular to said common axis.
NUM  59.
PAR  59. The signal storage apparatus set forth in claim 58 further including in
      combination:
PA1  first and second rigid disks secured to said arbor at axially opposite ends
      for rotation with said stack;
PA1  a second pluality of coaxial planar circular compliant disks axially
      interposed between said rigid end disks and said record disks and having
      an axial spacing greater than the axial spacing between said record disks;
      and
PA1  said signal transducing means consisting of two heads mounted on said
      wedge-shaped disk separator and axially extending respectively through
      said surfaces in axially opposite directions outwardly from said disk
      separator and in juxtaposition to said entry edge.
NUM  60.
PAR  60. The signal storage apparatus set forth in claim 54 further including
      fluid communication means in said disk separator;
PA1  means indicating onset of disk separation by said disk separator;
PA1  said entry edge having radially opening fluid ports disposed in immediate
      juxtaposition to an initial point of entry of said stack and connected to
      said fluid communication means; and
PA1  means responsive to said indication to supply fluid through said ports for
      initially partially axially separating a pair of disks in said stack of
      disks at the onset of disk separator entry into said stack of disks.
NUM  61.
PAR  61. The signal storage apparatus set forth in claim 60 including a second
      fluid communication means in said disk separator and said disk separator
      surfaces each having a plurality of fluid communication ports extending
      therethrough coextensively with said entry edge and in fluid communication
      with said second fluid communication means; and
PA1  means supplying fluid to said second fluid communication means continuously
      while said disk separator is in said stack of disks.
NUM  62.
PAR  62. The signal storage apparatus set forth in claim 61 wherein said signal
      transducing means is mounted in said disk separator and extends axially
      outward thereof through said one surface and disposed in said disk
      separator radially outwardly of said entry edge fluid communication port
      area.
NUM  63.
PAR  63. The signal storage apparatus set forth in claim 62 wherein said second
      surface has a concave outwardly opening shape such that said angle of less
      than 17.degree. is a maximum angle distended between portions of said
      surfaces insertable into said stack of disks.
NUM  64.
PAR  64. Signal storage apparatus having an axial stack of a plurality of
      coaxial planar compliant circular record disks with a common axis of
      rotation, a coaxial arbor mounting said record disks for rotation about
      said common axis;
PA1  a positioning apparatus circumferentially adjacent said stack and capable
      of axial and radial motions with respect to said stack;
PA1  signal transducing means movable with said positioning apparatus;
PA1  the improvement including in combination:
PA1  said record disks having a given diameter and exhibiting a given
      resiliency;
PA1  a disk separation inducing member on said positioning apparatus for
      movements having a radial component with respect to and into said stack
      for axially partially separating a given two of said record disks and
      shaped to establish in coaction with said disks exhibiting said given
      resiliency and having said given diameter, a primary bending mode in said
      stack of disks in one axial portion of said stack with respect to said
      inducing member; and
PA1  means for supporting said signal transducing means axially intermediate
      said given two record disks for enabling transducing operations with a one
      of said given two record disks.
NUM  65.
PAR  65. The signal storage apparatus set forth in claim 64 further including
      entry control means, said disk separator having fluid communication means
      including ports for directing fluid into said stack including a radial
      component of pressure; and
PA1  means responsive to said entry control means to supply a pulse of fluid
      under pressure through said radially facing fluid communication means only
      during an initial entry of said disk separator into said stack.
NUM  66.
PAR  66. The signal storage apparatus set forth in claim 64 further including
      means circumferentially adjacent said stack mounting said disk separator
      for pivoting action into and out of said stack and a given point on said
      disks rotates past said pivot means upstream from said disk separator for
      facilitating stack entry.
NUM  67.
PAR  67. The signal storage apparatus set forth in claim 64 wherein said signal
      transducing means is mounted inside said disk separator and has a
      transducing portion extending axially out of said disk separator for
      dimpling into an adjacent disk whenever said disk separator is in an
      access opening of said stack of disks.
NUM  68.
PAR  68. The signal storage apparatus set forth in claim 64 further including
      surface means integral with said disk separator for stabilizing at least
      one disk not subjected to said primary bending mode partial axial
      separation, said stabilizing integral surface means being coextensive and
      contiguous with said entry portion of said disk separator.
NUM  69.
PAR  69. The signal storage apparatus set forth in claim 64 further including:
PA1  an air supply;
PA1  fluid communication means in said disk separator connected to said air
      supply; and
PA1  said disk separator having a plurality of fluid communication ports in
      fluid communication with said fluid communication means and disposed
      adjacent an entry edge portion thereof for supplying air under pressure to
      an access opening in said stack.
NUM  70.
PAR  70. The signal storage apparatus set forth in claim 69 further including a
      pair of said fluid communication means in said disk separator, a first of
      said fluid communication means supplying fluid under a first pressure
      through ports adjacent an entry edge portion of said disk separator and a
      second one of said fluid communication means supplying fluid under a
      second pressure at least than said first pressure to ports in surfaces of
      said disk separator remote from said entry edge portion.
NUM  71.
PAR  71. The signal storage apparatus set forth in claim 64 wherein said axial
      stack of compliant circular record disks has a predetermined axial
      spacing;
PA1  a fixed rigid plate adjacent an axial end of an arbor supporting said
      record disk; and
PA1  a plurality of additional circular compliant disks having an axial spacing
      different from the axial spacing of said record disk for accommodating
      flexure of said record disks.
NUM  72.
PAR  72. The signal storage apparatus set forth in claim 64 wherein said disk
      separator includes a concave disk separating surface spaced from a planar
      disk-stabilizing surface, said stabilizing surface being substantially
      perpendicular to the axis of rotation of said stack;
PA1  said signal transducing means having a transducing portion extending
      through said stabilizing surface from inside said disk separator; and
PA1  said concave surface distending a radially outwardly opening acute angle
      with respect to said stabilizing surface for tending to reduce vibration
      of disks being separated by said separator including reducing a bough wave
      in a disk at a point therein radially inward of said entry edge portion.
NUM  73.
PAR  73. The signal storage apparatus set forth in claim 64 wherein said disk
      separator is inserted into a stack such that an entry edge portion thereof
      lies along a chord of the circle describing said record disk, the chordal
      extent of said disk separator being greater than the chordal extent of
      said disks being separated at maximum radial penetration of said disk
      separator such that said disk separator substantially fills the space
      defining an access opening between the two disks being separated.
NUM  74.
PAR  74. The signal storage apparatus set forth in claim 73 wherein said signal
      transducing means is integrally mounted inside said disk separator and
      having a signal transducing portion extending axially through a
      stabilizing surface on said disk separator for dimpling into a record disk
      to be transduced.
NUM  75.
PAR  75. The signal storage apparatus set forth in claim 73 wherein the axial
      thickness of said disk separator along any line forming a chord in a
      circular one of said disks during insertion of said disk separator at any
      depth is constant along a given respective chordal line.
NUM  76.
PAR  76. The signal storage apparatus set forth in claim 74 wherein said disk
      separator has two primary-bending-mode inducing surfaces disposed somewhat
      symmetrically about a plane perpendicular to said axis of rotation.
NUM  77.
PAR  77. The method of accessing one of a plurality of commonly rotating coaxial
      flexible record disks in an axial stack of such record disks;
PA1  the improvement including the following steps:
PA1  inducing a primary bending mode in at least certain disks axially adjacent
      said one record disk for bending a chord-defined segment in each said
      certain record disks axially away from said one record disk to form a
      chordal opening; and
PA1  moving a transducing element into said chordal opening and to said one disk
      for transducing operations.
NUM  78.
PAR  78. The method set forth in claim 77 further including the steps of:
PA1  maintaining said primary bending mode while performing transducing
      operations on said one record disk; and
PA1  continuously stabilizing rotational movement of said one record disk toward
      a given plane transverse to an axial of rotation of said commonly rotating
      record disks while said primary bending mode is induced in said certain
      disks.
NUM  79.
PAR  79. The method set forth in claim 77 further including the step of inducing
      said primary bending mode in disks on both axial sides of said chordal
      opening and exchanging signals with either of said disks bounding said
      chordal opening.
NUM  80.
PAR  80. The method of creating a transducing access opening between two axially
      adjacent compliant circular coaxial record disks commonly rotating in a
      first rotational sense about a common axis of rotation,
PA1  including the steps of:
PA1  initiating a partial axial separation of said disks at a given
      circumferential location; and
PA1  then increasing such partial axial separation including additional axial
      separation along the circumference in the direction of said first
      rotational sense a greater circumferential distance than any additional
      axial separation along a circumference in a direction opposite to said
      first rotational sense.
NUM  81.
PAR  81. The method set forth in claim 80 further including the step of
      establishing and maintaining transition lines demarking deflection of said
      partially axially separated disk segments along a chord of said disks,
      said line being along a given chord in accordance with depth of partial
      axial disk separation.
NUM  82.
PAR  82. The method set forth in claim 81 further including the step of
      continuously stabilizing one of said disks adjacent said partial axial
      separation axially opposite said disks having said transition line.
NUM  83.
PAR  83. The method set forth in claim 82 further including the step of
      maintaining said partial axially separated disk segments substantially
      along a plane intersecting said transition line at a small radially
      outwardly opening angle with respect to a remaining portion of said disks
      which is not partially axially separated.
NUM  84.
PAR  84. The method set forth in claim 82 further including the step of applying
      axial stabilizing forces to said partial axially separated disk segment.
NUM  85.
PAR  85. The method set forth in claim 82 further including the step of
      supplying fluid between said disks being separated from a radial inward
      location toward a radial outward location including supplying said fluid
      under differing pressure adjacent said transition line than remote from
      said transition line.
NUM  86.
PAR  86. The method set forth in claim 82 further including the steps of:
PA1  limiting a radial outwardly opening angle between said partial axially
      separated segment and another disk adjacent said access opening to less
      than 17.degree.; and
PA1  moving a transducer in said access opening simultaneously with creating
      said access opening to exchange signals with one disk adjacent said access
      opening.
NUM  87.
PAR  87. The method of partially axially separating two axially adjacent,
      coaxial, commonly rotating, compliant, circular, record disks having a
      common coaxial support shaft,
PA1  the method steps including:
PA1  imposing radially inwardly moving, axially directed, chordally disposed,
      substantially isodynamic forces on a first record disk while
      simultaneously applying axially stabilizing forces to a second one of said
      axially adjacent record disks for facilitating transducing access to an
      axially facing record surface thereof, said axially stabilizing forces
      being in addition to any axial stabilization afforded by disk rotation.
NUM  88.
PAR  88. The method of accessing a given record surface on a rotating circular
      flexible record disk, a plurality of rotating flexible disks axially
      adjacent, coaxial with, and facing said record surface,
PA1  the method including the steps of:
PA1  inducing a primary bending mode in said axially adjacent disks such that at
      one circumferential location a radially outward facing access opening
      occurs; and
PA1  exchanging signals with said record surface via said access opening.
NUM  89.
PAR  89. For use with a signal storage apparatus having flexible record disks, a
      combination compliant disk separator and transducer mount,
PA1  including in combination:
PA1  a wedge-shaped body having an elongated entry edge portion with a given
      radius of curvature tansverse to its elongation;
PA1  a disk-stabilizing surface being one surface portion of said body
      coterminous with said entry edge portion;
PA1  a disk-separating surface being a second surface portion of said body
      coterminous with said entry edge portion and distending an acute angle
      with respect to said disk-stabilizing surface; and
PA1  a transducer assembly mounted in said body intermediate said surface
      portions remote from said entry edge portion being in a predetermined
      juxtaposition to said entry edge portion, and having a transducing portion
      extending through said stabilizing surface to outside said body.
NUM  90.
PAR  90. The compliant disk separator and transducer mount set forth in claim 89
      wherein said surfaces have a trapezoidal shape with said elongated entry
      edge portion being the longer of two parallel edges and which are
      substantially straight; and
PA1  said disk-stabilizing surface being substantially planar.
NUM  91.
PAR  91. The combination disk separator and transducer mount set forth in claim
      89 further including means adjacent one end of said elongated entry edge
      portion having means for mounting said body; and
PA1  said transducer assembly being disposed in said body adjacent an end of
      said entry edge portion opposite said first-mentioned end.
NUM  92.
PAR  92. The combination disk separator and transducer mount set forth in claim
      91 wherein said another end has an edge forming an acute angle with
      respect to said entry edge portion;
PA1  said entry edge portion having an initial entry point; and
PA1  said transducer assembly being disposed intermediate that portion of the
      body subtended by said another end edge and said initial entry point.
NUM  93.
PAR  93. The combination disk separator and transducer mount set forth in claim
      92 wherein said disk-separating surface has a concave, outwardly opening
      shape;
PA1  said concave disk-separating surface being a curved plane about a line
      extending parallel to said entry edge portion and displaced from said body
      such that spacing between said surfaces along lines substantially parallel
      to said entry edge portion are spaced an equal distance.
NUM  94.
PAR  94. The combination disk separator and transducer mount set forth in claim
      89 further including in combination:
PA1  fluid communication means inside said body;
PA1  said elongated entry edge portion and a portion of said disk-stabilizing
      surface coextensive with said entry edge portion having a pluralilty of
      fluid communication ports extending therethrough and in fluid
      communication with said fluid communication means; and
PA1  said disk-separating surface remote from said entry edge portion having
      fluid communication ports in fluid communication with said fluid
      communication means such that fluid emanating from said ports in said
      remote disk-separating surface creates a lower pressure than fluid
      emanating from ports in juxtaposition to said entry edge portion.
NUM  95.
PAR  95. The combination disk separator and transducer mount set forth in claim
      94 wherein said disk-stabilizing surface has fluid communication ports in
      fluid communication with said fluid communication means except in
      immediate juxtaposition to said transducer assembly.
NUM  96.
PAR  96. The combination disk separator and transducer mount set forth in claim
      95 wherein said entry edge portion has an initial entry point with fluid
      communication ports opening along a line, if extended, to lie between said
      surfaces and being in fluid communication with said fluid communication
      means.
NUM  97.
PAR  97. The combination disk separator and transducer mount set forth in claim
      89 wherein said entry edge portion has an initial entry point;
PA1  fluid communication means in said body and extending outwardly through said
      body at said initial entry point such that fluid therefrom would have a
      portion flowing in a substantial parallel relationship to said stabilizing
      surface; and
PA1  said transducer assembly being located along said entry edge portion
      intermediate said initial entry point and one end of said entry edge
      portion which is a greater distance from said initial entry point than
      another of said ends displaced from said initial entry point.
NUM  98.
PAR  98. The combination disk separator and transducer mount set forth in claim
      97 further including means at said one end close to said initial entry
      point for mounting said body for pivoting action and said initial entry
      point being closer to said mount than to said transducer assembly.
NUM  99.
PAR  99. The combination disk separator and transducer mount set forth in claim
      98 wherein said end most remote from said initial entry point is truncated
      at an angle acute with respect to said entry edge portion elongated
      extent.
NUM  100.
PAR  100. The combination disk separator and transducer mount set forth in claim
      89 wherein both said surfaces are substantially planar and distend an
      angle of not greater than 17.degree. with the extent of said surfaces
      along said entry edge portion being greater than an extent transverse to
      said elongated direction of said entry edge portion; and
PA1  said transducer assembly being located closer to one end of said entry edge
      portion than another end thereof.
NUM  101.
PAR  101. The combination disk separator and transducer mount set forth in claim
      89 wherein said transducer assembly is mounted midway between the ends of
      said elongated entry edge portion.
NUM  102.
PAR  102. The combination disk separator and transducer mount set forth in claim
      101 wherein the shapes of said surfaces are trapezoidal.
NUM  103.
PAR  103. The combination disk separator and transducer mount set forth in claim
      101 further including fluid communication means in said body and extending
      through said entry edge portion midway between the ends thereof and
      including means directing fluid therefrom along a line substantially
      parallel to said disk-stabilizing surface extent in juxtaposition to said
      entry edge portion.
NUM  104.
PAR  104. The combination disk separator and transducer mount set forth in claim
      89 wherein said transducer assembly includes a transducer portion
      extending outwardly from each said surface in said predetermined
      juxtaposition to said entry edge portion.
NUM  105.
PAR  105. The combination disk separator and transducer mount set forth in claim
      89 further including in combination:
PA1  adjustable mounting means in said body aligned with a line transverse to
      said elongated entry portion and extending through said transducer
      assembly;
PA1  resilient leaf springs extending from said adjustable mounting means to and
      supporting said transducer assembly inside said body; and
PA1  said stabilizing surface having an aperture for movably receiving said
      transducer portion for permitting it to move therethrough in accordance
      with the adjustments of said adjustable mounting means.
NUM  106.
PAR  106. The combination disk separator and transducer mount set forth in claim
      105 further including adjustment control means in said adjustable mounts
      accessible outside said body for adjusting said transducer assembly
      without disassembling said combination disk separator and transducer
      mount.
NUM  107.
PAR  107. For use with a signal storage apparatus having flexible record disks,
      a combination compliant disk separator and transducer mount,
PA1  including in combination:
PA1  a body having a wedge-shaped portion having an elongated leading edge
      portion and a pair of flexible disk stabilizing surfaces coextensive
      therewith and extending therefrom in a manner to distend an acute angle;
      and
PA1  a transducer assembly mounted on said body and having a transducing portion
      extending outwardly from one of said surfaces in a predetermined
      juxtaposition to said entry edge portion.
NUM  108.
PAR  108. A combination disk separator and transducer mount as set forth in
      claim 107 further including a plurality of said transducer assemblies each
      mounted on said body and having a transducing portion extending outwardly
      from a surface in a different predetermined juxtaposition to said leading
      edge portion.
NUM  109.
PAR  109. The combination disk separator and transducer mount set forth in claim
      107 further including fluid communication means in said body; and
PA1  one of said stabilizing surfaces having a plurality of ports in fluid
      communication with said fluid communication means including means for
      establishing different fluid flows at different portions of said surfaces
      with a greater fluid flow in juxtaposition and coextensive with said
      elongated leading edge portion.
NUM  110.
PAR  110. A combination disk separator and transducer mount set forth in claim
      107 wherein said elongated entry edge portion has an initial entry
      portion; and
PA1  means at said initial entry point for separating flexible disks to be
      separated independent of said disk-stabilizing surface.
NUM  111.
PAR  111. A combination disk separator and transducer mount set forth in claim
      110 wherein said entry point means includes fluid communication ports for
      directing a jet of fluid in substantial parallel relationship to one of
      said disk-stabilizing surfaces; and
PA1  fluid communication means inside said body in fluid communication with said
      port.
NUM  112.
PAR  112. A combination disk separator and transducer mount set forth in claim
      107 further including transducer assembly mounting means inside said body
      including an adjustable mount portion secured to said body intermediate
      said stabilizing surface and opposite said elongated entry edge portion
      and including independent means extending from said mounting means inside
      said body independent thereof to support said transducer assembly; and
PA1  said one surface having an aperture for movably receiving said transducing
      portion for movements in and out of said body.
NUM  113.
PAR  113. A combination disk separator and transducer mount set forth in claim
      107 wherein said elongated entry edge portion has an initial entry point
      closer to one end thereof than another end thereof;
PA1  said transducer assembly mounted on said body longitudinally intermediate
      said another end portion and said initial entry point; and
PA1  means for mounting said body adjacent said one end of said elongated entry
      edge portion.
NUM  114.
PAR  114. A combination disk separator and transducer mount set forth in claim
      107 wherein said elongated entry edge portion has an initial entry point
      midway between its longitudinal ends; and
PA1  said transducer assembly mounted remote from said entry edge portion along
      a line perpendicular to said elongated entry edge longitudinal extent and
      intersecting said initial entry point.
NUM  115.
PAR  115. A combination disk separator and transducer mount set forth in claim
      107 wherein said surfaces are substantially planar and distend an angle of
      not greater than 17.degree.; and
PA1  said elongated entry edge portion having a radius of curvature transverse
      to its longitudinal extent of substantially 0.010 inch.
NUM  116.
PAR  116. A combination disk separator and transducer mount set forth in claim
      115 wherein said distended angle is approximately in the range of
      4.degree. to 15.degree.; and
PA1  said transducer assembly is mounted inside said body and has a transducing
      portion operating through said one surface.
NUM  117.
PAR  117. For signal storage apparatus, a combination compliant member separator
      and transducer mount apparatus, including in combination:
PA1  a body having a wedge-shaped portion with an elongated substantially
      straight entry edge portion;
PA1  a first surface portion in said wedge-shaped portion and coextensive with
      said entry portion and extending therefrom along a plane contiguous with
      said entry portion;
PA1  a second surface portion in said wedge-shaped portion and coextensive with
      said entry edge portion and extending therefrom at a given angle with
      respect to said first surface portion and along a plane contiguous with
      said entry portion;
PA1  said entry edge portion having an initial entry point with fluid
      communication ports for directing fluid outwardly from said apparatus
      along a line which, if extended, would lie intermediate said surface
      portions; and
PA1  a transducer mounted inside said separator and having a transducing portion
      extending through said second surface portion remote from said entry edge
      portion and said fluid communication ports.
NUM  118.
PAR  118. For use in a random-access signal storage apparatus having a coaxial
      stack of commonly rotating record disks, a combination disk separator and
      transducer mount,
PA1  including in combination:
PA1  a body having a pair of disk-separating surfaces joined along an elongated
      leading body edge and distending a given acute angle from said leading
      body edge; and
PA1  a transducer assembly in said body and having a transducing portion
      operative through one of said surfaces for enabling transducing operations
      with a record disk.
NUM  119.
PAR  119. The combination disk separator and transducer mount set forth in claim
      118 wherein said body has a trailing edge portion truncating said surfaces
      in a given spaced-apart relation.
NUM  120.
PAR  120. The combination disk separator and transducer mount set forth in claim
      118 wherein said elongated leading body edge has an initial entry point;
      and
PA1  said body having an elongated trailing body edge aligned with said
      elongated leading body edge such that disks being separated have a chord
      alignable with said aligned body edges.
NUM  121.
PAR  121. The combination disk separator and transducer mount set forth in claim
      118 wherein said one disk-separating surface is planar and another
      disk-separating surface has a predetermined arcuate shape for establishing
      a given disk-to-body separation relationship.
NUM  122.
PAR  122. The combination disk aligned separator and transducer mount set forth
      in claim 121 wherein said arcuate shape yields a convex shape for said
      body such that disks being separated have a transition fold line remote
      and outwardly of said leading body edge.
NUM  123.
PAR  123. A chord roll type disk separator for use with a random access signal
      storage apparatus having a plurality fo commonly rotating coaxial flexible
      record disks,
PA1  the improved chord roll type disk separator including in combination:
PA1  a first planar sheet having one longitudinal edge of greater length than
      another longitudinal edge;
PA1  a second sheet having a similar areal shape and extent as said first planar
      sheet and joined to said first planar sheet along said one longitudinal
      edge, said second sheet being coextensive with said one planar sheet at
      said one longitudinal edge;
PA1  said sheets subtending an acute angle from said one longitudinal edge;
PA1  means intermediate said sheets for stabilizing same, and substantially
      closing space therebetween along edges of said sheets;
PA1  a joining surface with a given radius of curvature extending between said
      sheet along and coextensively with said one longitudinal edge; and
PA1  support means connected to both said sheets remote from said one
      longitudinal edge.
NUM  124.
PAR  124. The chord roll separator set forth in claim 123 further including
      fluid communication means intermediate said sheets;
PA1  said second sheet having fluid communication port means disposed adjacent
      and along said one longitudinal edge.
NUM  125.
PAR  125. For a signal storage apparatus employing a stack of coaxial common
      axially supported circular record disks for being commonly rotated and
      accessed by deflecting a segment portion of selected ones of said disks,
PA1  the improvement including in combination:
PA1  a stack of axially spaced-apart storage disks having a minimal axial
      spacing at the axial center of the stack and a maximum axial spacing
      between disks at an axial end of said stack; and
PA1  a rigid disk mounted for rotation with said flexible disk at said one axial
      end.
NUM  126.
PAR  126. The improved stack set forth in claim 125 further including a second
      disk having a rigidity greater than said record disk at an axial end
      opposite to said one axial end and mounted for rotation with said disks.
NUM  127.
PAR  127. The improved stack set forth in claim 125 wherein some of said record
      disks having a minimal spacing and some of said disks having a greater
      axial spacing with one of said plates having a greater rigidity being
      removable from said stack as a unit.
NUM  128.
PAR  128. the stack set forth in claim 127 wherein each of said record disks has
      a magnetic coating on both axial sides thereof.
NUM  129.
PAR  129. For a signal storage apparatus, a stack of coaxial commonly axially
      supported circular record disks, each said disk having a conformal
      substrate, an arbor extending coaxially through said stack and supporting
      said disks,
PA1  the improvement including in combination:
PA1  a stack stabilizing means secured to said arbor at one axial end of said
      stack; and
PA1  a plurality of axially spaced-apart circular conformal disks on said arbor
      axially intermediate said record disks and said stack stabilizing means
      and being axially spaced apart a greater distance than axial spacing
      between said record disks.
NUM  130.
PAR  130. The stack set forth in claim 129 further including a stack stabilizing
      means at each axial end of said stack and secured to said arbor at its
      respective axial extremities and two sets of said plurality of axially
      spaced-apart circular conformal disks on the arbor axially intermediate
      said record disks and said stack stabilizing means, respectively.
NUM  131.
PAR  131. The stack set forth in claim 129 wherein said stack stabilizing means
      is a rigid circular plate attached to said arbor for rotation with said
      disk; and
PA1  fluid communication means in said arbor and connected to each axial space
      between each and every of said circular disks.
NUM  132.
PAR  132. The stack set forth in claim 129 wherein said arbor is axially in two
      portions, one portion being removable from another portion and said stack
      stabilizing means and said plurality of axially spaced-apart circular
      conformal disks and some of said record disks being on said one portion.
NUM  133.
PAR  133. For a signal storage apparatus, a stack of coaxial common axially
      supported circular record disks, each said disk having a conformal
      substrate, an arbor extending coaxially through said stack for supporting
      said disks,
PA1  the improvement including in combination:
PA1  access enhancement means including spacers of variable axial lengths
      disposed between adjacent ones of said disks; and
PA1  means to stabilize said stack during rotation.
NUM  134.
PAR  134. A combination disk stabilizer and transducer mount, including in
      combination:
PA1  first and second spaced apart disk stabilizing sheets, said sheets having
      elongated disk entry portions joined as an entry edge, and a transducer
      intermediate said sheets and having a transducing portion operative
      through one of said sheets.
NUM  135.
PAR  135. The stabilizer and mount set forth in claim 134 wherein both said
      sheets having elongated and spaced apart trailing portions, and
PA1  said trailing and entry portions being elongated at an angle of not greater
      than 180.degree. and which opens into said sheets.
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ABST
PAL  An apparatus and method are provided for verifying the status of an account
      such as a credit card account or that the holder of a card is the party
      indicated by information recorded on the card. In one form, information is
      recorded on a magnetic recording strip of a card which is automatically
      read when a magnetic pick-up is caused to scan the recording. The signals
      generated are then fed to a comparator which compares same with
      information reproduced from a memory or signals generated in scanning a
      characteristic of the card holder such as a voice or photoelectrically
      generated signals scanning a finger print or other physical characteristic
      of the holder. Special card scanning means is also provided.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 294,662 filed Oct.
      13, 1972, for Credit Verification Apparatus, now U.S. Pat. No. 3,812,461,
      which is a c-i-p of application Ser. No. 30,450, filed April 21, 1970, now
      U.S. Pat. No. 3,696,335.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a system and apparatus for generating information
      by scanning and verifying the information generated. In particular, the
      invention is concerned with certain improvements in apparatus and systems
      associated with verifying an account or identifying a subscriber to the
      system. The apparatus includes an improved reading device for signals
      recorded on a magnetic strip of a card and means for comparing the signals
      generated when a card is so read with signals reproduced from a memory or
      generated in scanning the physical characteristics of the card holder.
PAR  Accordingly, it is a primary object of this invention to provide a new and
      improved apparatus for reading information recorded on cards.
PAR  Accordingly it is a primary object of this invention to provide a new and
      improved apparatus and method for automatically verifying the status of
      accounts such as credit of subscribers to a credit card system.
PAR  Another object is to provide a credit verification system employing card
      reading devices and a computer or memory system containing information on
      the subscribers to the system which is scanned and compared with
      information reproduced from a card presented to a reader wherein a signal
      is generated if the account represented by the card is not verifiable and
      wherein means are provided at each reader for preventing release of the
      card from the reader in response to such signal, or for otherwise
      invalidating the card.
PAR  Another object is to provide a credit verification apparatus employing a
      card reader and printing unit for information contained on a card wherein
      the printing unit is prevented from properly operating if the account
      represented by the card is not verified.
PAR  Another object is to provide a credit verification apparatus employing a
      card reader for credit cards at a transaction location such as a retail
      counter and an electronic system for verifying accounts or indicating bad
      accounts and means for photographing the face of the person presenting the
      card if the account represented thereby is a bad account or the card is a
      stolen card.
PAR  Another object is to provide a credit verification system employing a
      device for reading information recorded on credit cards for automatically
      verifying the status of the account represented by a card, such device
      being also operable to permit the entry of data by a key switch or other
      means into a recorder or computer.
PAR  Another object is to provide a new and improved combined credit card reader
      and imprinter unit which may be used to complete both credit verification
      and form printing with the card in a single operation. Another object is
      to provide a method for verifying that the card holder is the owner of a
      credit card.
PAR  Another object is to provide a credit verification and data entry system
      employing a recorder for credit information and means for utilizing the
      same recorder for recording business transactions after obtaining credit
      verification of accounts therefrom.
PAR  With the above and such other objects in view as may hereinafter more fully
      appear, the invention consists of the novel constructions, combination and
      arrangements of parts as will be more fully described and illustrated in
      the accompanying drawings, but it is to be understood that changes,
      variations and modifications may be resorted to which fall within the
      scope of the invention as claimed.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic block diagram of a credit verification and
      transaction data recording system defining the instant invention; and
PAR  FIG. 2 is a more detailed schematic diagram of the credit verification
      system of FIG. 1,
PAR  FIG. 3 is a schematic diagram illustrating a particular modified form of
      the invention,
PAR  FIG. 4 is a plan view of a credit card printing and reading apparatus
      applicable to the systems of FIGS. 1 to 3, and
PAR  FIG. 5 is a schematic diagram of a system for verifying that the holder of
      a credit card seeking credit therewith is the owner of said card.
DETD
PAR  FIG. 1 is a block diagram illustrating the sub-system components of the
      card verification and data entry system. The system, designated 10, is
      particularly applicable for verifying the credit status of scribers to a
      credit card service who purchase products and services on credit by
      presenting credit cards to clerical personnel trading in said products and
      services. If the cost of such goods and services is generally above a
      minimum amount, said $5 to $25, it is desirous to ascertain or verify if
      the account has a acceptable credit standing and if the person presenting
      the card for the goods and services is actually the owner of the card or
      is qualified to represent the owner and use the card.
PAR  The system 10 is composed of a central data processing station 11,
      preferably having a computer or recorder transmitter 12, of the type
      provided in my application Ser. No. 311,252 filed Sept. 24, 1963, now U.S.
      Pat. No. 3,511,940, or the like and a plurality of remote subscriber
      stations, one of which 17 is illustrated and contains the following card
      reading and verifying apparatus which is also provided at each of the
      other subscriber stations. Each subscriber station 17 has its own local
      recorder 20 for recording and reproducing code signals received from the
      central station 11 and representing, for example, all those accounts in
      the system pretaining to subscribers or card holders who have overdrawn
      their maximum allowed credit amount or have been discredited because of
      their failure to pay previous bills or accounts for which the credit cards
      have been lost or stolen. Each subscriber station 17 also contains one or
      more card readers 27 operative to read signals representing account
      numbers recorded on the cards presented to it. The reader may be made in
      accordance with the teachings of U.S. Pat. No. 3,434,130 entitled Record
      Card Scanning Apparatus. Reader 27 may also contain means for generating
      signals representative of variable data such as data representing products
      or services purchased, as provided in U.S. Pat. No. 3,434,130 and for a
      reading device capable of performing multiple printing and variable data
      generating functions applicable to such a unit.
PAR  The card reading unit 27 contains means for receiving and prepositioning a
      credit card and reading coded information recorded on a selected area or
      track of the card. Such reading is operative to generate a parallel or
      series code such as a binary digital code representative of the account
      number of the card owner. If the code generated is a series code which is
      generated on the output 26 of the reader 27 which is connected to a
      series-to-parallel code converter 23, said converter generates and holds
      said code in parallel on its plural outputs 24 which are connected to a
      comparator or codematching relay 22. The code-matching relay 22 is a
      comparator which may be made in accordance with the teachings of my U.S.
      Pat. No. 3,051,777 and other U.S. Pat. Nos. such as 3,217,293 and
      2,965,720. The comparator 22 is operative to receive on a plurality of
      other inputs 21 all the parallel codes reproduced from the recorder or
      computer 20 while the parallel code generated in reproducing information
      from the card by reader 27 is maintained on the input 24 thereto. If one
      of the codes reproduced from the recorder 20 matches or is the same as the
      parallel code held on inputs 24, comparator 22 is operative to generate a
      signal indicating such condition on its output 22' which is connected to a
      relay forming part of a visual indicator 28 or other form of means for
      visually or otherwise indicating such conditions to prevent the use of the
      card to complete the transaction.
PAR  The system illustrated in FIG. 1 also provides means for automatically
      changing or updating the information recorded in the computer 20 of the
      subscriber stations by automatically effecting connections between a
      plurality of outputs 14, designated 14a to 14e, of the central data
      station computer 12 by means of an automatic telephone line switching
      system 15 having outputs 16 connected to the terminal circuits of stations
      17. Such automatic connecting may be effected by an automatic signal
      generator at regular time intervals or in response to information entered
      into the recorder or computer 12, by a manual keyboard 13, or other
      suitable means. An input control means 18 for each subscriber station 17
      for controlling the gating of information transmitted from the central
      data processing station to the recording input 19 of the local recorder 20
      is provided connected to terminal circuit 17.
PAR  FIG. 2 is a schematic diagram showing further details of the credit
      verification system 10. The recorder-transmitter 12 at the central data
      processing station 11 includes a first memory unit in the form of a
      magnetic recorder 30 having a magnetic recording tape 40 drivable back and
      forth or in an endless path on a transport 31 illustrated as comprised of
      two drums 32 and 33. The latter drum 33 is shown as power rotated by a
      constant speed gear motor 34 to drive the tape 40 past a plurality of
      recording and reproducing transducers. The start and stop control 34F and
      34S for motor 34 may be manually or automatically operated to effect the
      updating of recorded information and the playback of the recordings on the
      belt after suitable circuits have been established with a plurality of
      local verification stations 17 through the automatic telephone switching
      and connections system 15. Other forms of digital code recording and
      playback means may also be provided in place of the tape recorder 30 such
      as magnetic disc or drum recorders, mass memory matrices or the like,
      capable of generating trains of code signals representative of discredited
      accounts.
PAR  The system 10 is operative to permit the simultaneous transmission of codes
      of all discredited account numbers reproduced from recordings on the tape
      40 to a plurality of receiving stations 17 each containing a local
      magnetic recorder and reproduction unit 20 which is of conventional design
      such as provided in Ser. No. 311,252. The recorder-playback unit 20
      provides discredited account number signals when queried after the reading
      of the account number recording on a card by a card reader 27 at the
      verification station 17. The recorder 30 has a recording head 35 for
      recording series binary codes representative of discredited accounts on a
      track of the tape 40, a pick-up head 36 for reproducing the recordings
      made through head 35 and an erase head 38' which is automatically
      operative during the reading operation by conventional means for erasing
      recordings to permit their replacement with updated recordings. The
      recording head 35 is operatively connected to a recording amplifier
      A.sub.1 which is connected to the output 13' of a manual key operated code
      generator 13 operative for selectively erasing and adding code recordings.
      Amplifier A.sub.1 is also connected to an output 13"  of a data processing
      unit such as a computer 13C or card reader of the type shown in U.S. No.
      3,434,130 operaative to generate code signals representative of
      discredited accounts.
PAR  When it is desired to update or change the recordings of discredited
      accounts provided in the local recording units 20 of the remote credit
      verifying station, connection between the output of the production
      amplifier RA.sub.1 for the magnetic pick-up head 36 and a plurality of
      receiving stations 17 is first made by transmitting switching signals to
      the automatic telephone switching and connection system 15 to which the
      inputs 16 to said credit verifying stations are connected.
PAR  In FIG. 2, the output 37 of the reproduction amplifier RA.sub.1 is
      connected to a switching matrix 45 having a plurality of branch output
      circuits denoted 46a to 46d which are each connected to a respective line
      circuit extending directly to the automatic telephone system 15. The
      output circuits 46a 46d are each connectable to any of the terminals 16 of
      the telephone system, which terminal lines are connected to respective of
      the verification stations 17a to 17d. Connection of the data processing
      station 11 with the verification stations is effected by generating the
      selection and connection codes or tones on the phone line circuits 46a to
      46d. In the system provided in FIG. 2, such codes or tones are generated
      as reproduced from a magnetic recorder 47, although other types of signal
      generating means may also be provided. The recorder 47 has an endless loop
      magnetic tape 52 containing the selection and connection signals recorded
      in series along the tape. The tape 52 is driven on a tape transport 48
      composed of a drum 49 driven by a constant speed gear-motor 51 and an
      idler drum 50. A first reproduction transducer 53 rides on a first tract
      of the tape 52 containing groups of the connection signals representing
      the numbers to be called for all the telephone terminal circuits of all
      the verification stations 17 serviced by the central data processing
      station 11. A second magnetic pick-up transducer 62 reproduces control
      signals from another track of the tape, such control signals being
      opertive to stop the motor 51 driving the tape each time after the number
      of terminal circuit selection and connection signals necessary to effect
      the desired connections have been reproduced and applied to connect said
      output circuits to respective verification stations. While the output
      circuits 46 may be as many as twenty or thirty in number, if they are four
      in number, as illustrated, the tape 52 will have groups of four terminal
      circuit connection codes or tones recorded to be reproduced together to
      effect four circuit connections on which the account code signals may be
      simultaneously transmitted.
PAR  Provided on tape 52 between each of said groups of four station connections
      codes are pulse signals adapted to be reproduced by head 62 and applied to
      the stop control 51S of tape drive motor 51. Thus, after each group of
      four tones or codes is reproduced by pick-up 53, tape drive motor 51 is
      stopped and remains stopped so that the next group of four codes will not
      be reproduced until after magnetic recorder 30 has completely cycled and
      reproduced all its account signals. Pick-up head 38 riding on a control
      track of tape 40 reproduces a pulse signal from a recording reproduced
      after all the account signals have been reproduced. Said pulse signal is
      applied to energize the stop control 54S of drive motor 34 and to start
      control 51F of drive motor 51 of circuit selection code recorder 47 to
      initiate generation of the next group of four circuit selection signals
      after a control signal has been generated as the result of effecting all
      four terminating circuit connections.
PAR  Means are also provided in the system of FIG. 2 to prevent the reproduction
      and transmission of the discredited account signals until all four
      terminal circuit connections have been made. To describe this prevention
      means, reference is made to the verification station 17a wherein controls
      are illustrated which include an input control 18 including a ring signal
      responsive relay 71 operative to close terminal circuit input switch 70
      upon generation of the conventional telephone ring signal by the automatic
      switching system 15 on the line 16a therefrom. A second tone responsive
      relay 63 in the terminal circuit 16a for station 17a is responsive to a
      tone signal reproduced from tape 40 by head 36 after all of the switching
      and connection signals have been generated. The relay 63 operates to
      activate a tone generator 74 which generates a tone signal on the
      connected telephone circuit which signal is transmitted back to the
      terminal line 37 of the central station 11 and is applied to activate a
      tone responsive relay 59a which in turn activates a holding relay 60a
      closing a switch therein and gating electrical energy to a first input of
      an AND circuit 61. Each of the other receiving stations 17b, 17c and 17d
      contain similar tone responsive, tone generating means for activating
      respective tone relays 59b, 59c and 59d which activate holding relays 60b,
      60c and 60d. When all the holding relays 60 are activaated, the AND
      circuit 61 generates a control signal on its output 62 which control
      signal is applied to the start control 34F of motor 34 for initiating
      cyclic opepation of recorder 30.
PAR  A timer 64 is utilized to indicate if any of the four terminal circuits of
      the local verification stations 17a to 17d have not been completed. The
      timer 64 generates a signal on its output 65 for activating an alarm 66
      such as a light or buzzer if its reset input 64R is not pulsed by the
      signal generated on the output 62 of AND circuit 61 within a predetermined
      time interval after the first tone responsive relay 59a is activated. The
      outputs of relays 60a TO 60D are also connected to the initiating input
      64S of timer 64. The time constant of timer 64 is sufficient to allow all
      four circuits to the local verification station 17a to 17d to be completed
      under normal operating conditions. The outputs of each of the tone
      controlled relays 60a to 60d may also be connected (not shown) to
      respective switches for operating electric lights to indicate to personnel
      at the date processing station 11 which of the circuits have not been
      completed. A character indicating visual display means for each circuit
      may also be employed activated by the call signals reproduced from tape 52
      for visually indicating the call number of that terminal circuit or
      circuits which have not been connected so that operating personnel may
      note same or attempt to manually effect connection of the circuit or
      circuits which have not been automatically connected by means of a
      conventional telephone dial or push-button signal generator connected to
      that terminal circuit of the lines denoted 46a to 46d in FIG. 2.
PAR  The output of AND circuit 61 is also applied to a tone generator 67
      connected to the terminal line 37 of the master signal generating station
      11 which tone generator 67, upon receiving said signal from AND circuit
      61, generates a control tone signal which is transmitted simultaneously to
      all the subscriber stations 17 connected, as described, to line 37. Each
      of the subscriber stations 17 has a tone responsive relay 68 connected to
      the terminal line 16' thereof. The relay 68 is operative, upon becoming
      activated by receipt of said tone signal, to energize a start-control 78F
      of the motor 78 which drives the tape transport 79 of the subscriber's
      recorder 20 so as to effect the recording of the account signals
      reproduced thereafter from the record member 40 of the recorder 30. Once
      recorder 30 has been initiated in its operation, after all terminal
      circuits to the verification stations 17 have been completed, said
      recorder goes through a complete cycle by reproducing all signals recorded
      on the tape 40 which are transmitted to all receiving stations and are
      recorded by means of the magnetic recording transducers 80 coupled to the
      tapes 79 of the recorders 20 of said verification stations. After all code
      signals are reproduced and transmitted, an end-of-recording signal on an
      adjacent track of tape 40 is reproduced by a pick-up head 38 and is
      applied both to the stop control 34S of motor 34 and as a tone signal as
      generated from a tone signal recording on a separate track of tape 40.
      Pick-up head 30 is connected to the output line 37 permitting transmission
      of said tone to all the subscriber station terminal circuits. Said
      received second tone signal is operative to energize a second tone
      responsive relay 68' contained in each of the subscriber terminal
      circuits. Said second tone responsive relay activates the stop-control 78S
      of motor 78 to terminate operation of the recorder 20 after all account
      signals have been transmitted thereto from the master transmitting station
      11.
PAR  If conventional telephone lines are employed to transmit discredited
      account signals, as described, to the verification station, such
      transmission is preferably effected at night-time, when line use is at a
      minimum. Thus, updating of credit information may be effected each night
      or at any desired time when such updating is necessitated. After the
      recorder 20 of the verification station 17 has received and recorded all
      signals reproduced from the recorder 30 of the master transmitting station
      11, local credit verification functions may be initiated. Such credit
      verification may be effected by inserting a card C into the
      verifier-reader unit 27, which generates a series code which is
      transmitted to a series-to-parallel converter 23 operative to hold said
      code in parallel array on the parallel outputs 34 thereof, which are
      connected to a comparator circuit 22. The comparator 22 also receives
      parallel codes generated on lines 83 extending from a series-to-parallel
      converter 82, which is connected to the code pick-up head 81 riding on the
      tape 79 of the recorder 20. If a code reproduced from tape 79 matches the
      code held on inputs 24, the comparator or code-matching relay 22 is
      operative to generate a control signal on its output 22' which is shown in
      FIG. 2 as being connected to a servo device 28', such as a motor or
      solenoid which operates, when so activated, to hold, mark, punch or
      otherwise affect the card inserted into the reader. The output 22' is also
      shown extending to an alarm device 28" operative to warn the clerk
      utilizing the credit verification sub-system at the subscriber station 17
      of the discredited account condition.
PAR  FIG. 2 also illustrates a keyboard signal generator 84 which is provided
      adjacent to or is located within the housing in which the card reader 27
      is located. Unit 84 contains one or more means for entering and recording
      variable data associated with each transaction as signals on a magnetic
      tape 87 driven in a magnetic recorder 85. The tape 87 is provided in a
      magazine or cartridge 86 which is operatively inserted into the recorder
      85 and is driven by means of a motor 90 forming part of the recorder. The
      signal, generating device 84 includes manually operated switches for
      operating the stop and start-controls 90S and 90F of the motor 90 driving
      the tape 87 for recording thereon. The signal-generator 84 may comprise a
      keyboard containing a plurality of manually operated push-buttons for
      generating code or tone signals representative of variables associated
      with the transaction effected by means of the verified credit card C, such
      as the number of pieces purchased, catalog number, etc. Said information
      is generated as series code signals on the output 84' of device 84 and is
      transmitted to a recording amplifier A2 which is connected to a recording
      head 88 operatively located with respect to the tape 87. An output 27' of
      the card reader extends from a reproduction head scanning a record track
      of the card containing recordings representative of the account number of
      the card holder. Line 27' extends to a recording amplifier A3 which is
      connected to a second recording head 89 operatively located to transduce
      the signals generated on line 27' on a second track of the tape 87.
      Notations 91 and 92 refer to magnetic reproduction heads located in the
      recorder 85 for reproducing those signals recorded by heads 88 and 89.
      Control means, not shown, are provided in recorder 85 for reproducing the
      recorded signals and generating tone representations of said signals which
      may be transmitted on a telephone circuit, such as the circuit composed of
      line 16a and 46a to the station 11 which signals are applied to a
      tone-responsive relay (not shown) which is operative to automatically
      record the codes representative of said tone signals on still another
      recorder or present same to a computer for recording and accounting for
      the accredited transaction. The cartridge or magazine 86 containing the
      tape 87 with a plurality of transaction recordings effected by the clerk
      may also be manually or otherwise delivered to a master transmitter
      located in the store defined by the station 17 for transmission to the
      central computer located at station 11 or any other location, so as to
      provide automatic means for the transmission of transaction information to
      a computer for processing.
PAR  Device 28" may also represent a printer for transaction sheets of paper
      inserted therein with the credit card and having a roller platent operated
      by hand or a motor to bring the card and sheet together to print
      characters of the raised embossings of the card on one or more paper
      sheets. If the device 28" is electric motor operated, the output 22' of
      comparator 22 may be connected to the switching input of a normally closed
      switch enabling operation of the motor driving the platen. The signal
      generated on the comparator output 22' when the account is unverified may
      also be utilized to activate a solenoid or motor for preventing removal of
      the card from the printer housing.
PAR  It is also noted that the card reader 27 may contain means for printing
      characters of the raised embossings of a card inserted into said reader
      onto one or more transaction slips of paper to be used as a receipt by the
      card holder and employing a roller platen of conventional design operative
      to impress the moving card against a moving sheet of paper or operative
      when the card is held stationary within the housing of said reader. The
      described platen motor disenabling means and card holding means connected
      to the output 22' of comparator 22 may also be provided therein.
PAR  It is noted that the two recorders 20 and 85 of FIG. 2, which are
      respectively provided at the credit verification station for recording
      credit information and business transactions, may be replaced by a
      single-recording unit for performing both functions. FIG. 3 illustrates
      such a single-recording unit applicable to the credit verification station
      17 and containing many of the components illustrated in FIG. 2. The single
      recorder 20' contains an endless magnetic tape of belt 79' driven about a
      transport composed of reels or drums 76' and 77' by a motor 93 having
      start and stop controls denoted 93F and 93S. In the credit verification
      mode, a card C is inserted into the card reader 27 and a transducer 27R
      reads information recorded on the card and representative of the card
      account. The output of transducer 27R is a series of code which is
      transmitted to the described series-to-parallel converter 23 and held in
      relay storage therein. As the card C enters the housing 27' of the reader
      27, it operates a first limit switch 98 which activates the start control
      100F of a motor 100 driving the card through the housing. The limit switch
      98 also gates power to pulse the start control 93F of the motor 93 driving
      the endless record member 79' so as to permit the reproduction head 81' to
      reproduce the signals recorded on tape 79' which are indicative of
      unverified accounts and to transmit said signals to the series-to-parallel
      converter 82 which, in turn, generates all the verification codes recorded
      on tape 79' in parallel form at comparator 22 for their comparison with
      the parallel code signals held on the outputs of converter 23.
PAR  If the account represented by the card read in reader 27 is verified, the
      operator of the apparatus may next perform operations to effect the
      recording of a transaction on a separate channel of the magnetic tape 79'.
PAR  A number of techniques may be employed to position tape 79' with respect to
      a code recording head 94 operative to record the transaction. The code
      generating outputs of card reader 27 and manual keyboard 84 are connected
      to transaction code signal recording head 94 for recording the signals
      generated by the two devices on a transaction signal recording channel of
      tape 79' which is different from the channel or channels containing the
      recorded verification signals. A number of techniques may be employed to
      position tape 79' so that the next unrecorded portion of the channel
      against which head 94 rides is in alignment with said head after the tape
      has completely cycled one time and all of the credit verification signals
      have been reproduced therefrom. In its simplest form, such control may be
      effected by means of a timer operative to stop the motor 93 driving tape
      79' in its endless path at a timed interval after it has started such that
      the entire endless tape has passed the heads of the recorder 20'. In FIG.
      3, the means utilized to stop the tape 79' so that the next unrecorded
      portion of the channel on which transaction recordings are to be
      transcribed is in alignment with head 94, comprises recording a control
      signal on a separate control channel of the tape. The control signal is
      recorded by the operator at the end of the recordings of the previous
      transaction when he depresses a key 84'B of the keyboard 84 terminating
      said transaction. Said key 84'B is a mono-stable switch which gates a
      pulse to a recording head 95 riding on the control signal channel of tape
      79'. The signal recorded by head 95 is reproduced by a pickup 97 riding on
      the same channel and is transmitted as a pulse to the stop control 93S of
      motor 93, which contains means for predeterminately stopping said motor so
      that the next unrecorded portion of the transaction signal recording
      channel is in alignment with recording head 94. A permanent magnetic erase
      head 96 is positioned with respect to the channel of the tape scanned by
      heads 95 and 97 and operates to erase the control signal recording
      effected by recording head 95 after said signal recording has been
      reproduced by head 97 and utilized to a stop motor 93. The operator then
      effects the recording of a transaction by either entering the card
      holder's identification number and variable information associated with
      the transaction by selectively operating the keys 84' of the keyboard 84
      or by a combination of feeding card C through the reader 27 to generate
      the subscriber's identification signals recorded thereon and selectively
      operating keys 84' to generate said variable information thereafter.
      Accordingly, a bi-stable switch 27S is provided in the output of amplifier
      A4 for the signals reproduced by scanning transducer 27R which, when said
      bi-stable switch is operated by a manual key on keyboard 84 gates the
      output of 84 to the recording head 94, so that when the card C is next
      driven through the housing 27, the series signals generated in reading the
      card will be recorded on the transaction channel of tape 79'. Thereafter,
      as described, the operator depresses selected keys of the keyboard 84 to
      generate signals in code or tone form which are indicative of variable
      information relative to the transaction such as date, code associated with
      the article purchased, number of articles purchased, etc.
PAR  While the transaction signals may be recorded while the tape 79 is driven
      at a constant speed, it is preferable to record each signal or group of
      signals while the tape is driven in a stepping mode, so as to eliminate
      variable delays in recording due to variations in the time the operator
      takes to punch the keys 84'. Accordingly, a stepping motor 102 is provided
      to drive the tape 79' in a stepping mode. While motor 102 is shown
      operatively connected to drum 77' while the shaft of motor 93 operates in
      a free-wheeling mode, said motor 102 may also be operatively coupled to
      the same shaft driven by motor 93 which same shaft may be utilized to
      drive either of the drums or a capstan drive unit engaging the tape
      together with either or both drums, so that the tape may be properly
      driven either in a constant high-speed mode during reproduction of the
      credit verification signals therefrom or in a stepping mode during the
      recording of transaction signals.
PAR  An output 84A of the keyboard 84 extends to the input 102' of a stepping
      motor 102 and is energized to cause motor 102 to step each time any
      key-operated switch 84' of the keyboard 84 is depressed, so that the
      recording signal or signals generated by said switch will be passed to the
      recording heads 94 or 95 while the tape is in motion.
PAR  During the operation of automatically recording signals of unverified
      account numbers on tape 79', which function may be effected during a given
      time interval or at nighttime when the verification station is not in use,
      the described tone-responsive control switches 68' and 68 are activated to
      respectively stop and start motor 93 driving tape 79' for recording
      purposes.
PAR  For the purpose of simplifying the drawings described, block diagram
      notations have been utilized to signify relays, switches, amplifiers,
      logical switching circuits, motors and their controls, as well as
      sub-systems which are illustrated in greater detail in my parent
      application set forth herein. Power supplies for these components have not
      been included so as to simplify the drawings and it is assumed that they
      are provided on the correct sides of all switches, relays, amplifiers,
      motors, controls and logical circuits so as to effect proper and suitable
      operation as described. Notations RA-1 to RA-5 refer to reproduction
      amplifiers for signals generated in scanning recordings on magnetic tape.
      In certain instances, recording and reproduction amplifiers have been
      eliminated from the drawings and it is assumed that they are utilized
      where needed.
PAR  It has been previously defined that the signals recorded locally at each
      verification station and representative of business transactions may
      comprise combinations of signals generated by card reader 27 in reading a
      card and signals generated by selective operation of the described code
      generating keyboard switches, which recorded signals may be reproduced and
      transmitted to the master accounting or central data processing station 11
      and recorded in a magnetic recorder or computer thereat. Such reproduction
      and transmission of local account signal information may be automatically
      effected during or immediately after an automatic connection has been
      made, as described, between the central data processing station 11 and the
      verification station by providing suitable controls for the recorder at
      the verification station and generating suitable control signals at said
      central station and transmitting same on the connected line. In the
      arrangement illustrated in FIG. 3 the recorder 20' is controlled to start
      and stop as described by signals transmitted on the connected line from
      the central or master station which signals may be specific tone signals
      to which the tone responsive relays 68 and 68' are responsive for
      energizing the start and stop controls 93F and 93S of the tape drive motor
      93. A reproduction head 102 riding against the same channel engaged by
      recording head 94 reproduces the card generated account information and
      variable signal information generated by keyboard 84 as pulse signals and
      applies said pulse signals to a tone generator 103 connected to the
      reproduction amplifier RA5 thereof. The output of tone generator 103 is
      connected to the terminal circuit 16'a and the tones generated thereby are
      transmitted back to the master or central station connected thereto. A
      tone responsive relay (not shown) at said master station is connected to
      receive and be activated by the tones generated by generator 103 and is
      operative to generate corresponding signals each time it is so activated
      on the input of a magnetic recorder for recording the information
      reproduced by head 102. The above described operation of generating,
      transmitting and recording transaction information may be effected
      simultaneously as signals representative of unverified accounts are
      transmitted to the verification station or prior to or after the
      transmission of said verification signals. The operation is preferably
      effected during one cycle of the magnetic tape past all heads and erasure
      of the accounting signals from the record channel scanned by head 102 may
      be automatically effected by a permanent magnetic erase head located
      downstream of head 102 or by an erase head activated by signals
      transmitted from the master station.
PAR  Thus it is seen that if a single recorder-reproduction unit such as 20' is
      utilized for the purposes described, it may be employed to periodically
      and automatically update credit information and automatically transmit
      transaction information to a computer at a central processing master
      station.
PAR  Separate recording units for credit and transaction information may also be
      utilized as shown in FIG. 2 and may be operated simultaneously by means of
      suitable tone responsive relays and controls to effect the simultaneous
      recording of credit information and reproduction of accounting
      information. The endless belt recorders described may be replaced by
      suitable magnetic disc, drum or card recording and reproduction units.
PAR  It is also noted that the described local memory in which credit
      information is stored for comparison with the information derived in
      reading cards may be accessible to a number of sales or credit
      verification stations such as the sales locations of a single store or
      group of stores having line access thereto. A recorder 20 of the type
      shown in FIG. 2 may be operated continuously in the playback mode to
      constantly generate discredited account signals on a plurality of output
      lines each extending to a separate comparator unit associated with a sales
      transaction station or credit check station.
PAR  The described magnetic recorders may also be replaced with other forms of
      erasible or updatable recording means. For example erasible mass memory
      matrices may be employed wherein account signal comparison with
      discredited account signals recorded therein may be effect almost
      instantaneously. Thus where ever the term local recorders is employed, it
      is assumed that it may comprise a magnetic tape, disc, belt, or drum
      recorder or other form of recorder or memory having signals representative
      of discredited or accredited accounts if the latter are employed for
      verification purposes.
PAR  The system described may also be applicable for verifying or checking
      information other than that associated with credit such as security
      information, membership information, and perhaps even information
      associated with legal matters.
PAR  Other features of the instant invention include the optional use of a
      recording device located adjacent the card reading apparatus for recording
      the image of the face of the person presenting the card to the clerk
      operating the card reading machine, the operation of a motion picture
      camera or video-camera recorder scanning the area adjacent the credit
      verification station. In FIG. 2 the output of comparator 22 is also shown
      connected to a solenoid 29S which, when activated by the signal generated
      by said comparator or a signal generated thereby, operates the film
      advance the shutter mechanism of an automatic camera 29 which is operable
      to take a picture of the person presenting the card which has just been
      read by the card reader 27. The camera 29 may also be a motion picture
      camera or a series of cameras adapted to scan the area adjacent the retail
      counter or desk containing the card reading and verifying apparatus
      described. Notation 29C may thus comprise a multi-circuit controller or
      timer operable to control the camera or cameras to effect the taking of
      one or more pictures of the person presenting the card to the clerk or
      reader 27. The camera 29 may also be operated by manual closure of a
      switch by the clerk or by a combination of such switch closure and a
      signal generated on the output 22' of comparator 22.
PAR  The described credit card verification and recording system may also be
      employed with conventional credit cards having character embossings or
      moldings therein in the form of numerical and/or alphabetical characters
      to be impressed or printed onto a sheet of paper such as a sales slip to
      permit visual identification of the account and card owner for record
      keeping, purchase receipting and the like. Both manual and electric motor
      driven devices have been developed which have accomodations for receiving
      both such a credit card and two or more sheets of record paper with
      suitable carbon paper disposed therebetween to effect visible character
      recordings on the sheets when the card is impressed thereagainst. In FIG.
      4 is shown a motor operated device 54 for simultaneously performing
      multiple operations with respect to a credit card containing raised
      embossings in the form of characters defining the name and/or account
      number of the subscriber or card holder and also having a magnetic record
      strip extending parallel to the embossed character line. The device 54 is
      capable of simultaneously magnetically reproducing signals recorded on the
      record strip of the card and impressing the embossings of the card against
      a plurality of paper sheets containing carbon sheets or coatings thereon
      to effect the printing of the characters thereof on the multiple sheets so
      that the card owner's name and/or number may be visually read from the
      sheets. While the device 54 may comprise any suitable mechanism which will
      compress a card which is prepositioned therein with paper record sheets,
      in FIG. 4 it is a modified form of motorized card printer such as the
      Addressograph 40 manufactured by the Addressograph Multigraph Corporation
      of Cleveland, Ohio. It is composed of a main assembly 54A to which is
      hingedly attached a second assembly 54B having a recepticle 54P for
      holding and prepositioning an assembly of oblong record sheets of paper
      and carbon, denoted P, in alignment with a credit card C which is disposed
      in a flat cavity 54R in the face of the plate defining the front of the
      assembly 54B. An arm assembly 55 contains a freely rotating wheel 55W
      pivoted on a pin 55P near one end thereof and is pivoted on a pin 54P near
      the other end thereof, which pin is supported by a heavy rod 54D extending
      between the side plates of assembly 54A as shown. The arm assembly 55 is
      caused to rotate through an angle of about 30.degree. when a motor,
      located within the assembly 54A behind the front wall 54C thereof, rotates
      an arm 56A having a roller 56R at its end which roller engages in a
      slotted, elongated opening, 55B in the arm 55A. As the arm pivots, the
      wheel 55W rolls against the sheets P of paper causing them to be
      compressed against the surface of the credit card C from which the
      embossed characters protrude so as to form impressions or printings of the
      characters on the sheets of paper. The apparatus described so far is
      typical of the Adressograph 40 printing machine.
PAR  Modifications which may be made to the device 54 to permit it to
      magnetically reproduce code signals recorded on a magnetic code strip
      which is predeterminately disposed along the card include the provision of
      an assembly 57 which includes an arm 57A which is pivotally assembled to
      the pin 55P. A finger 57R projects laterally from arm 57A at one end
      thereof and is adapted to ride against a track 58 which is a bent rod
      extending across the main assembly 54A and supported at its ends by the
      side walls 54E and 54F of said main assembly. A tension coil spring 55S is
      connected at its ends to arm 55A and arm 57A so as to bias the finger 57R
      of the latter against the side surface of track 58. Pivotally supported
      and spring biased at the other end of arm 57A is a magnetic reproduction
      head 57H having wires 55W extending therefrom along arm 55A for conducting
      electrical energy to the head and the modulations thereof caused when the
      head scans the magnetic recordings of a card.
PAR  The track 58 is shaped to guide the magnetic head 57H into and out of
      engagement with the magnetic recording strip of the credit card as arm 55A
      is pivotally driven and causes the head to sweep across the face of the
      card. Thus the head 57H is only engaged with that portion of the card or
      strip thereof containing magnetic recordings and is retracted off the
      surface of the card after the magnetic recordings have been reproduced so
      that the head mount is not detrementally affected and wear on the head is
      minimized. The wires 57W may extend directly to the described computer or
      comparator circuits or through a bistable switch to either the comparator
      circuit or the magnetic recorder for recording a transaction after credit
      has been verified.
PAR  In FIG. 4 a solenoid or motor 59 is shown mounted on the side wall 54F and
      has a shaft 59S which, when projected by a signal which is indicative of a
      bad account, passes through a hole in a lug 54L secured to assembly 54B
      thus preventing the latter from being pivotally opened from main assembly
      54A and retaining both the card and printed sheets between the two
      assemblies until the solenoid 59 is again activated or released. It is
      noted that if solenoid 59 is not actuated as a result of not generating a
      bad account signal, the assembly 54B may be manually or automatically
      opened allowing the card and sheets printed with the card characters to be
      immediately removed to complete the business transaction.
PAR  The card C used in the device 54 of FIG. 4 may comprise a conventional
      plastic credit card having the code bearing magnetic strip CM disposed on
      either the same face of the card from which the character embossings C'
      protrude or the opposite face thereof and extending parallel to the
      longitudinal axis of the card in the direction in which the magnetic
      reproduction head 57H is caused to scan. If the card C contains the
      magnetic recording strip CM on the face thereof which is opposite that
      from which the embossed character formations C' protrude, then the paper
      sheet or sheets P may be disposed between the front face of the assembly
      54B and the card with the card embossings C' facing the paper and forced
      when wheel or roller 55W rolls against the face of the card containing the
      magnetic recording strip CM as the head 57H engages and scans the magnetic
      recordings on the strip CM. If the card C contains the magnetic strip CM
      on the same side or face from which the embossings C' protrude, the paper
      recepticle 54PR and the recepticle for the card formed in the front face
      of assembly 54B are designed so that the portion of the card containing
      the raised characters C' is aligned with a portion of the paper while the
      portion of the card containing the magnetic strip CM overhangs the
      longitudinal edge of the paper and is aligned and exposed to the magnetic
      head 57H to permit reproduction transducing of the signals recorded
      thereon.
PAR  Head 57 is preferably pivotally mounted on a lateral extension of arm 57A
      so as to permit it to pivot a slight degree about an axis which is
      parallel to the scanning axis of the head and is spring biased to maintain
      it normal to the face of a flat card disposed against the face of assembly
      54B to maintain it in transducing relationship with the record strips of
      cards which are slightly warped.
PAR  The described card reading apparatus may be utilized as a means for
      identifying the holder of the card as the owner thereof FIG. 5 illustrates
      one form of personal identification system which may be employed with the
      card reading and account verification apparatus described. Recorded on the
      magnetic strip CM of a credit card C is a binary digital code or series of
      code signals which are representative of a particular number which is
      known only to the card holder. The number may be, for example, the numbers
      associated with the day, month and year of birth of the card owner or any
      other number which he may easily remember. This number may be recorded on
      the same track of the magnetic strip CM containing the account number
      described or an auxilliary track adjacent thereto when the card is driven
      past the magnetic reproduction head 57H as described or as the head is
      driven across the card. It is passed to the input of a series-to-parallel
      converter 82A having parallel outputs on which the number in parallel code
      is generated which extend to first inputs of a code matching relay 22A of
      the type described. The same number is entered in code form by selective
      closing of switches of keyboard 84 which generates and holds the parallel
      code on matching inputs 22B to the code matching relay 22A until the card
      magnetic code is read. If the two codes inputed to code matching relay 22A
      match when the card is read, the relay generates a signal on its output
      22A' which is passed to an electrically operated device 28A which may
      comprise a latching relay for an electric light or one utilized to cause a
      solenoid or motor such as 59 of FIG. 4 to unlatch the lock for the card
      reader permitting the card and record sheet to be removed therefrom. In
      FIG. 5, a manually operated bistable switch 39 is provided in the output
      of head 57H and the described reproduction head 81' permitting the same
      code matching circuits to be used to both identify the card holder and
      verify the credit or authenticity of the account.
PAR  The card holder verification system of FIG. 5 may be modified whereby means
      other than the manual input of numerical data to the comparator may be
      provided to verify that the person presenting the card is actually the
      card owner. For example, voice or fingerprint identification means may be
      utilized as a replacement of the digital code signal comparator. The
      keyboard may be replaced by a microphone wherein the card holder speaks
      certain predetermined words therin and the resulting analog electrical
      signals are transmitted to a comparator thereof and signals of the same
      voice recordings reproduced from the magnetic record strip of the card as
      described. The signals recorded on the card are derived from recording the
      audio signals generated by the same spoken words of the card owner on the
      magnetic strip of the card. By automatically sampling similar portions of
      both signals and comparing their frequencies and amplitudes, determination
      may be had if the person presenting the card for credit and speaking into
      the microphone is the person who made the audio recordings on the card.
      Both signals may also be automatically digitized and the digital signals
      derived therefrom compared in an automatic comparator as described.
PAR  Other forms of the invention are noted and include means other than the
      impression of card embossings against a sheet of paper to effect recording
      of the card contained information on a sheet. For example, magnetic
      recordings representative of the card account may be provided on the card
      as described or in other forms, may be reproduced therefrom by a
      transducer scanning same as described and may be recorded onto a magnetic
      record strip forming part of the sales slip or transaction sheet with or
      without the provision of visual printing by means of the card embossing
      described. By compressively engaging the magnetic record strip of the card
      against a magnetic recording material disposed on the transaction sheet or
      sheets and applying suitable heat or electromagnetic radiation such as a
      suitable magnetic field between the two, the information recordings on the
      card may be made in the magnetic recording material of the sheet without
      the necessity of scanning the card with a magnetic transducer.
PAR  Photographic or xerographic means may also be employed to record
      information contained on the card, such as printed name and address,
      account numbers and the like on the transaction sheet by suitable optical
      scanning and exposure means associated with the card reader. Heat from a
      source such as an induction heater, laser or other source thereof, may be
      directed through the card or reflected off its surface facing the
      transaction sheet which may contain a heat sensitive coating. Characters
      such as the name and address or account number of the card owner, printed
      in light reflecting or light absorbing material or formed in a mask
      laminated to the card, may have their outlines or configurations recorded
      on such heat sensitive recording material by variations in the heat passed
      through or reflected off the card as modulated by such printings or
      maskings which provide predetermined inflections in the heat applied to
      the light sensitive recording material.
CLMS
STM  I claim:
NUM  1.
PAR  1. A scanning reproduction apparatus for picking up signals recorded on
      record tracks of record members made of sheet material, such as cards or
      strips containing information recorded along selected portions thereof
      comprising:
PA1  a support,
PA1  means for prepositioning a record sheet member on said support,
PA1  a scanning mechanism including an arm,
PA1  means for pivotally supporting said arm on said support adjacent to said
      sheet prepositioning means,
PA1  a scanning transducer supported by said arm and operable for generating
      output signals of information contained on a record sheet scanned thereby,
PA1  means for power driving said arm in pivotal movement on said support to
      cause said arm to carry said transducer across said prepositioned record
      sheet member to permit said transducer to scan information recorded on a
      selected portion of said sheet member,
PA1  means for controlling said means for power driving said arm to cause said
      arm to move in a first direction from a home location so as to carry said
      transducer in a given path across said sheet member while said transducer
      scans and transduces with respect to said selected portion of said sheet
      member and means for thereafter causing said arm to return to said home
      location.
NUM  2.
PAR  2. A scanning apparatus in accordance with claim 1 wherein said transducer
      is a magnetic pick-up and said record sheet member contains a magnetic
      recording material having information recorded along a record track
      defined by at least a portion of said magnetic recording material.
NUM  3.
PAR  3. A scanning apparatus in accordance with claim 2 including means for
      spring biasing said magnetic transducer on said arm to urge said
      transducer into engagement with the magnetic recording material provided
      on said magnetic record sheet member as the transducer is carried across
      the face of said sheet member.
NUM  4.
PAR  4. A scanning apparatus in accordance with claim 2 including means for
      urging said magnetic transducer into engagement with the magnetic
      recording material provided on said record sheet member when a selected
      portion of the sheet and said transducer are in alignment with each other.
NUM  5.
PAR  5. A scanning apparatus in accordance with claim 4 including means for
      pivotally supporting said arm during its rotation from said home location
      to carry said scanning transducer across the face of a record sheet member
      which is predeterminately located on said support.
NUM  6.
PAR  6. A scanning apparatus in accordance with claim 3 including wheel means
      supported by said arm and operable to engage the face of a record sheet
      member as said arm is power driven to guide said arm in movement across
      said record sheet.
NUM  7.
PAR  7. In a magnetic reproduction apparatus for reproducing signals
      magnetically recorded on cards predeterminately located on said apparatus
      by means of a magnetic pick-up and means for relatively moving a card and
      said pick-up in a first direction to bring the pick-up into alignment with
      a magnetic record track of the card, the improvement comprising a first
      support for predeterminately locating said magnetic record card, a second
      support for supporting said magnetic pick-up, means for effecting relative
      movement of said first and second supports in a first direction to cause
      the pick-up to scan parallel to the record track of a card held by said
      first support and means for relatively moving said pick-up and card in a
      second direction during the relative movement in said first direction to
      cause said pick-up to engage the magnetic recording area of said card for
      reproducing the magnetic recordings thereon and further means for
      effecting movement of said card and magnetic pick-up in a third direction
      to disengage said card and pick-up.
NUM  8.
PAR  8. A magnetic reproduction apparatus in accordance with claim 7 including
      means relatively moving said pick-up and card in a fourth direction to
      relative locations at which said card and pick-up are positioned prior to
      the movement thereof in said first direction.
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ABST
PAL  An apparatus is provided in which a card, such as a credit card, carrying a
      magnetic strip of one or more tracks of coded data is inserted. Manual
      operation of an external crank or lever causes the card to be drawn into
      the apparatus. At the end of the stroke, the carrier in which the card
      rides is freed from the crank and returns at a constant, spring-driven
      speed, past a magnetic readout head, the output of which is connected to
      any suitable decoding circuit. The readout head is gimbaled so that it can
      ride with constant pressure against the magnetic strip on the card while
      at the same time adjusting itself to undulations or other slight
      deformations in the card. There is no significant amount of magnetic
      material within magnetic range of the readout head, so that danger of
      spurious signals being injected into the decoding circuit is minimized.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the apparatus;
PAR  FIG. 2 is a top plan view taken on line 2--2 in FIG. 1;
PAR  FIG. 3 is a sectional elevation taken on line 3--3 in FIG. 2;
PAR  FIG. 4 is a sectional elevation taken on line 4--4 in FIG. 2;
PAR  FIG. 5 is a cross-section taken on line 5--5 in FIG. 4;
PAR  FIG. 6 is a sectional plan taken on line 6--6 in FIG. 5;
PAR  FIG. 7 is an exploded perspective view of the magnetic readout head and its
      mounting;
PAR  FIG. 8 is an exploded perspective view of the gear train by which the
      manually actuable crank or lever drives the card carrier into the
      apparatus for automatic return by the return spring.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus comprises a housing or case 10 within which is fixedly
      mounted a rod 12 forming a guide means along which a card carrier 14 is
      reciprocated back and forth on a linear path. The carrier 14 includes
      integral therewith a cylinder 16 coaxially circumjacent and mounted upon
      the rod 12, which forms a sliding path for the reciprocation of the
      carrier 14. The rod 12 emerges from the cylinder 16 through respective end
      walls 18 and 20 which are slidingly sealed to the rod 12 by low-friction
      gaskets 22.
PAR  The carrier 14 has a slot 24 opening laterally of the path of movement of
      the carrier and adapted to receive a thin record member in the form of a
      flat card 26. Card 26 has thereon a magnetic strip 28 on which there are a
      plurality of parallel magnetic coded tracks (in this example two), which
      are adapted to be read out by a magnetic readout head 30. (FIG. 7)
PAR  The carrier 14 is moved from a starting position adjacent one end 32 of its
      path formed by the rod 12, to the opposite or stop end 34 of the rod. This
      movement is effected by rotation of a manually operable actuating crank or
      lever 36 operating through a drive means in the form of a gear train 38
      (FIG. 8) which includes a rack 40 on the carrier 14. The carrier 14 is
      moved to the right (FIGS. 1, 2, 4, 6) by rotating the crank 36 downward
      through an arc of about 30 degrees as shown in FIG. 1. The crank 36 is
      secured by a pin 42 (FIG. 8) to a shaft 44 journaled in the housing 10.
      Slideable on the shaft 44 is a clutch ring 46 keyed to the shaft by a pin
      48 passing through a longitudinal diametric slot 50 formed in the shaft
      44. In this way rotation is imparted to the ring 46 while longitudinal or
      axial movement on the shaft 44 is still permitted within the limits of the
      slot 50. Sloping or oblique cam faces 52 on the clutch ring 46 engage
      complementary faces 54 on a segment gear 56 freely journaled on the shaft
      44 and forming the first gear in the gear train 38.
PAR  Another shaft 58 is secured to the housing 10 parallel to the shaft 44.
      This is done by mounting the shaft 58 in an interior boss 60 and secured
      by a pin 62. Freely journaled on the shaft 58 is a gear 64 having a brake
      drum 66 forming a portion of a unidirectional braking means for preventing
      return of the carrier 14 if the crank 36 is prematurely released. The gear
      64 is secured by pins 68 to a larger gear 70 also journaled on the shaft
      58, which gear meshes with a pinion 72 freely journaled on the shaft 44
      and meshing with the rack 40.
PAR  Mounted to the housing 10 beneath the starting end 32 of the guide rod 12
      is a spiral, constant force, drive or return spring 74 of the negator type
      which serves to bias the carrier 14 to the left (FIGS. 4 and 6). The free
      end of the spring 74 is secured to the carrier 14 at 76 (FIG. 3) and
      serves to return the carrier 14 to the starting end of the rod 12 after it
      has been moved to the opposite or stop end 34 and then released, as will
      be described hereinafter.
PAR  The clutch ring 52 is pressed into clutching engagement with its
      complement, the segment gear 56, by a compression spring 78 circumjacent
      the shaft 44. The force of spring 78 is normally sufficient to keep the
      cam faces 52 and 54 in firm engagement and thus transmit the arcuate
      rotation of the shaft 44 to the gear segment 56 and thence through the
      gears 64, 70, 72 to the rack 40 and move the carrier 14 to the right from
      the starting position 32 of its path to the stop position 34. At the end
      34 of the rod 12, the end plate 20 of the cylinder abuts the end wall of
      the housing 10 by striking an interiorly directed boss 80. Continued
      rotation of the clutch ring 46 beyond this point forces the cam faces 52
      and 54 out of engagement by moving the ring 46 axially against the bias of
      the spring 78.
PAR  As soon as the cam faces 52 clear the faces 54, the gear train 38 is
      effectively freed from the shaft 44, and the carrier 14 is then moved back
      to the left in FIG. 6 at a constant speed by the constant force negator
      spring 74.
PAR  Although the force exerted by the spring 74 is substantially constant over
      its working range, the carrier 14 would nonetheless accelerate during this
      travel excursion. To maintain constant velocity, the aforementioned
      cylinder 16 is provided, which in addition to serving as the guide means
      for the carrier 14 on the rod 12, also serves as part of a dash pot means,
      the complementary part of which is a piston 82 on the rod 12 within the
      cylinder 16 and having a piston ring 84 therearound.
PAR  The operating cycle of the apparatus involves a movement of the cylinder 16
      from the left to the right, so that the piston 82 at the start occupies a
      position in the right end of the cylinder 16 and then at the stop position
      occupies a position in the left end of the cylinder 16 as seen in FIG. 6.
      In this stroke of the movement, i.e. when the card 26 is being moved into
      the machine and preparatory to read out, minimum resistance is desired.
      Therefore means are provided for allowing ready exit of air from the
      left-hand side of the piston 82 and ready ingress of air to the right-hand
      side of the piston 82. While this may be done by valving in the body of
      the cylinder 16, in this embodiment it is done by a ball check valve 86 in
      the piston 82 itself which allows unobstructed flow of air to the right in
      FIG. 6. Thus as the carrier 14 and cylinder 16 move to the right in FIG.
      6, minimum resistance is encountered. On the return stroke, driven by the
      bias spring 74, speed control is essential; and therefore escape of air
      from the right-hand side of the cylinder 16 is under control of an
      adjustable bleed orifice 88, the flow resistance of which is controlled by
      a threaded needle valve 90 (FIG. 3). The action of the piston 82 in the
      cylinder 16 thus constitutes a unidirectional pneumatic dash pot which
      stabilizes the return speed of the carrier 14, driven by the biasing
      spring 74, to a constant value. This is highly important to the proper
      readout of the magnetic data coded onto the card 26. The coding on the
      card is so positioned that readout does not start until a short distance
      after the clutch faces 52/54 have been disengaged and the return stroke
      has started under the influence of the spring 64. This allows the action
      of the dash pot to stablize the carrier velocity before readout starts by
      the magnetic head 30.
PAR  Just a small fraction of an inch before the end wall 20 of the cylinder 16
      comes against the abutment stop 80 (FIG. 6) to bring about disengagement
      of the clutch faces 52/54, the right-hand edge 92 of the card 26 (FIG. 4)
      engages the arm 94 of a microswitch 96 mounted on the interior of the
      casing. Even momentary closing of the switch 96 effectuates a circuit lock
      into the readout circuitry connected to the magnetic readout head 30. The
      return of the card 26 past the head 30 in the return stroke of the carrier
      14 brings about a reading of the coded data on the magnetic strip 28,
      irrespective of whether the crank arm 36 is allowed to return or not.
      Thereafter, when the crank 36 is released, it is returned to its uppermost
      position by the action of a return spring 98 tensioned between a short arm
      100 on the clutch ring 46 and a stud 101 in the housing 10 projecting
      inward from the housing 10.
PAR  The arcuate limits of oscillation of the crank 36 are determined by an
      arcuate slot 102 formed in a boss 104 on the housing 10, within which
      oscillates a pin 106 pressed into and extending from a diametral bore 108
      formed in the shaft 44. As seen in FIG. 8 the various parts 78, 46 and 72
      on the shaft 44 are held in place by a snap ring 110, which rides in a
      circumferential groove 112 on the inwardly extending end of the shaft 44.
      Similarly a snap ring 114 seated in a groove 116 in the inner end of the
      shaft 58 retains in position the parts journaled on that shaft.
PAR  If an inexperienced operator should release the crank 36 before he has
      moved it through its full excursion to close the switch 96, the drive
      spring 74 would return the carrier 14 to its starting position and the
      spring 98 would return the crank 36. Yet there would be no readout, and
      the inexperienced operator might conclude that there was something wrong
      with the machine or with the readout circuitry. To preclude this, there is
      provided the aforementioned unidirectional brake means in the form of a
      brake plate 118 pivoted on a gudgeon 120 mounted in a pair of mounting
      brakets 122 extending inwardly from the housing 10. The free end of the
      plate 118 has a large hole 124 through which extends the shaft 58, and at
      the extreme end of the plate 118 is a laterally extending arcuate brake
      shoe 126 which overhangs the brake drum 66.
PAR  As shown in FIG. 4, the shoe 126 engages the drum 66 to the left of a line
      projected through the shafts 120 and 58. A torsion spring 128 mounted
      circumjacent the gudgeon 120 biases the plate 118 clockwise, thus biasing
      the shoe 126 into engagement with the drum 66. Rotation of the drum 66 as
      the crank 36 is moved downward is in a counterclockwise direction, so that
      the brake engagement is relieved and the gear train can move freely in
      that direction. However, should the crank 36 be released at any time prior
      to its full stroke, the clockwise rotation of the drum 66 (FIG. 4) would
      bring the two parts 66 and 126 into firm frictional engagement, thereby
      braking any return movement of the carrier 14 under the influence of the
      return spring 74.
PAR  To free the brake shoe 126 from the drum 66 at the stop end of the stroke,
      the clutch ring 46 is provided with an arm 130 which engages a pin 132 on
      the plate 118 just a fraction of an inch after the shaft 44 has moved the
      clutch ring 46 far enough to disengage the cam surfaces 52/54, and before
      the pin 106 has reached the end of its stroke in the arcuate slot 102.
      Thus as the operator completes the downward stroke of the crank 36, the
      arm 130, pressing on the pin 132, rotates the plate 118 counterclockwise
      sufficiently to relieve the frictional engagement of the shoe 126 against
      the drum 66. Thus the return spring 74 is free to drive the card 26 past
      the head 30 and effectuate the desired code readout.
PAR  The card 26 is retained firmly in the slot 24 of the carrier 14 by a
      retaining arm 134 hinged to the frame 10 at pivot 136 and biased
      counterclockwise (FIG. 4) by a torsion spring 138. A series of leaf
      springs 143 are lanced downwardly from an elongate plate 142 riveted to
      the arm 134. The hinge spring 138 biases the arm 134 downward against a
      bracket 140 extending inwardly from the housing 10 as shown in FIGS. 2 and
      5. This places the leaf springs 140 in position to resiliently engage the
      top edge of the card 26 as it is being carried back and forth by the
      carrier 14. However, should jamming occur at any time during the use of
      the machine, the arm 134 may be retracted upward and the exposed upper
      edge of the card 26 readily grasped to extract the card from the carrier
      14. Thus the card is not trapped within the confines of the machine, but
      is readily accessible at all time, irrespective of the point of operation
      at which jamming might possibly occur.
PAR  The housing 10 is made in two parts as shown in FIGS. 2 and 6 held together
      by securing bolts 142.
PAR  In accordance with the present invention the readout head 30 is mounted so
      as to accommodate itself to slight irregularities or undulations in the
      card 26, at the same time being maintained in sufficiently exact
      registration with the magnetic strip 28 to assure accurate readout of the
      coded magnetic data. To this end the housing 10 is provided with an
      inwardly extending bracket 144 (FIG. 7) forming a pivotal support for a
      mounting arm 146 pivoted to the end of the bracket 144 by a pivot pin 148.
      The axis of pivot pin 148 lies thus in a plane parallel to the card 26 and
      transverse of its path of movement as it is reciprocated by the carrier
      14. Adjacent the end of the arm 146 is formed a downwardly projecting head
      carrier 150, constituting a cradle for the readout head 30. The cradle 150
      has a downwardly extending pair of gimbal arms 152 connected by a bottom
      154. In the respective arms 152 are formed aligned bores 156, in one of
      which is mounted a fixed pointed pivot pin 158 and in the other of which
      is mounted an adjustable pointed pivot pin 160, the adjustment being
      provided by the threading of the pin 160 in a nut 162 secured to the
      gimbal arm. The pins 158 and 160 ride in respective sockets 164 in the
      head 30, and thereby support the head in the cradle 150 for pivotal
      adjustment about an axis paralleling the path of movement of the card 26.
PAR  Precise vertical, i.e. lateral, relationship of the readout head 30 with
      respect to the magnetic strip 28 on the card 26 is provided by restraining
      the free end of the arm 146 against vertical movement, while still
      permitting horizontal movement brought about by pivoting of the arm 146
      about the pivot pin 148. This is effected by a short projection 166
      extending from the cradle 150 into a horizontal groove 168 formed in the
      bracket 140. A torsion spring 170 circumjacent the pivot pin 148 bears
      against the arm 146 and biases the head 30 against the card 26. This
      beings the convex face 172 of the head 30 into firm readout engagement
      against the magnetic strip 28 with its coded data thereon. In the example
      shown, two pickup cores 174 have been shown in the head for picking up a
      respective pair of parallel signal paths in the magnetic strip 28; but, of
      course, any number of such parallel paths may be provided.
PAR  The head 30 biased by the spring 170 presses the card 26 against an
      abutment in the form of a roller 176 having an axle 178 journaled in a
      U-shaped trunnion bearing 180. The ends of axle 178 also serve to mount
      the trunnion bearing 180 in a bracket 182 extending inwardly from the
      housing 10 and having elongate mounting bores 184. These bores mount
      trunnion bearing 180 with limited back-and-forth movement, biased by a
      compression spring 186 held in place by a boss 188 on trunnion bearing
      180. In this way the card 26, as it moves in and out on the carrier 14, is
      pinched resiliently between the readout head 30 and the abutment roller
      176. The curved periphery of roller 176 complements the convex face 172 to
      provide accurate and precise readout of the magnetic strip 28.
PAR  The head 30 is centered resiliently in its mounting on the pivot pins
      158/160 by a double arc leaf spring 190 seated in a groove 192 in the
      bottom portion 154 of the cradle 150. In this way the head is centered in
      the cradle 150, with slight pivotal adjustment about the axis 158/160
      being permitted, thereby allowing the readout cores 174 to accommodate
      themselves to slight undulations or irregularities in the card 26.
PAR  Since the present apparatus is manually powered rather than by electric
      motor, it is possible to render the pickup circuitry much less vulnerable
      to spurious signals by confining magnetic materials to those in the head
      30. All other parts of the apparatus within magnetic range of the head or
      the magnetic strip 28 are made of non-magnetic material, such as plastic.
      The centering spring 190, for example, is preferably made of berillium
      copper, so as to have no magnetic influence on the pickup function of the
      head 30.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Signal head assembly comprising:
PA1  carrier means for carrying a thin flat record member adapted to have signal
      data recorded thereon;
PA1  means for mounting said carrier means for movement along a given path;
PA1  a signal head having a convex face and located adjacent said path with said
      face in position to bear against the record member;
PA1  a mounting arm positioned substantially parallel with said path and having
      a cradle formed therein;
PA1  means for mounting said arm for pivoting about an axis substantially
      parallel to said member and transverse to said path;
PA1  means for mounting said head in said cradle for pivoting about an axis
      substantially parallel to said path;
PA1  means for biasing said head against a record member held in said carrier;
PA1  abutment means opposite said head against which the member is pressed by
      said head.
NUM  2.
PAR  2. Head assembly in accordance with claim 1 wherein:
PA1  said arm mounting means is located at one end of said arm;
PA1  means at the other end of said arm for restricting movement of said other
      end to an arcuate path centered on said arm mounting axis.
NUM  3.
PAR  3. A magnetic head mounting for assuring accurate position of the head
      against a magnetic strip comprising:
PA1  an arm attached to a pivot at one end for rotation about a vertical axis
      and slideably supported in a grooved bracket at the opposite end;
PA1  a spring biasing said arm for rotation about a vertical axis;
PA1  a downward projecting head carrier in said arm forming two parallel gimbal
      arms and a bottom;
PA1  first and second pointed pivot pins passing through the gimbal arms and
      engaging sockets on either side of the magnetic head;
PA1  whereby said magnetic head may rotate about horizontal axis.
NUM  4.
PAR  4. Head mounting assembly in accordance with claim 3 wherein:
PA1  at least one of said pointed pivot pins is adjustable;
PA1  a leaf spring is mounted in a groove in the bottom of the head carrier for
      centering the magnetic head about the horizontal axis.
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ABST
PAL  A magnetoresistive (MR) layer is placed offcenter the distance between two
      shields to enhance self-biasing. Information is carried on a magnetizable
      medium as recorded magnetic areas. The shields are spaced apart by a
      distance on the order of and less than the shortest recorded wavelength
      for which the head is meant to be used. The MR element and the shields
      have their edges nearest the medium in a common plane perpendicular to the
      vertical component of a signal from the recorded area. An additional shunt
      bias layer may be provided immediately adjacent and coextensive the MR
      element, and the head may serve one or many tracks.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of Ser. No. 399,218 entitled
      "Shielded Magnetoresistive Magnetic Transducer and Method of Manufacture
      Thereof" by G. W. Brock, F. B. Shelledy, S. H. Smith and A. B. Wills filed
      Sept. 20, 1973, now U.S. Pat. No. 3,881,190.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to magnetic transducers and more particularly to
      heads incorporating magnetoresistive material.
PAR  2. Description of the Prior Art
PAR  Inductive magnetic heads for recording and reading information on magnetic
      media are not commercially applicable to many recent problems for the
      reasons given in the referenced Brock et al application. With reference to
      the embodiment disclosed in the referenced Brock et al application, it was
      stated that two shields may be spaced a distance s apart and either
      equidistant or asymmetric to a magnetoresistive element. One MR element is
      shown centered between two ferrite elements in an article entitled
      "Magnetoresistive Read/Write Head" by G. W. Brock, F. B. Shelledy and L.
      Viele published in the IBM TECHNICAL DISCLOSURE BULLETIN, September, 1972,
      pages 1206-1207. Two MR elements are placed centrally between shields in a
      copending application of O. Voegeli entitled "Magnetic Read Head Assembly
      Having Magnetoresistive Elements", Ser. No. 403,704, filed Oct. 4, 1973,
      now U.S. Pat. No. 3,876,618, assigned to International Business Machines
      Corporation, each element biasing the other. An offcenter version of the
      latter invention appears in an article by S. D. Cheatham and F. B.
      Shelledy entitled "Self-Biased, Noise-Free Magnetoresistive Head",
      published in the IBM TECHNICAL DISCLOSURE BULLETIN, page 1862, December,
      1974.
PAR  The distortion resulting from imperfect biasing of a magnetoresistive
      element is unacceptable in wide band recording systems. In theory, the
      application of a bias field to an MR element provides a desirable linear
      change of resistivity in response to the signal flux. However, in
      practice, a quadratic term is present which will give rise to undesirable
      second harmonic distortion of the signal. This distortion can be made
      acceptably small by keeping the maximum field due to the signal small with
      respect to the bias field. However, this approach undesirably reduces head
      output. The problem is especially severe in wide band systems which
      experience a wide range of signal strengths. Either the head must be
      designed for low distortion of the long wavelength signals, or the second
      harmonic will be large compared to the weaker short wavelength signals. In
      either case, the superior signal-to-noise ratio of the MR element is lost.
      Experiments show that in practical heads using MR elements, the head
      response curves depart from the quadratic form as the MR element
      approaches saturation so that there is an inflection point where the
      second harmonic vanishes for small signals. While biasing the element at
      this value will minimize second harmonic distortion (imperfectly, because
      symmetry about the inflection point will not exist), the response to large
      signals will contain a substantial third harmonic component--a flattening
      of the peaks. This is undesirable in a wide band system. Also, operation
      at the inflection point implies close control of the bias field which may
      be difficult to achieve because of power dissipation limitations.
PAC  SUMMARY OF THE INVENTION
PAR  The MR head herein incorporates a simple and effective means of providing a
      bias field and a linear output response. Biasing may be achieved from
      enhancing coupling to a shield by placing the MR element closer to that
      shield than to another. It is thus possible to obtain a biasing field
      without an additional biasing conductor by simply using the excitation
      current in the MR element and asymmetrical placement of the element
      between the shields. This provides a lesser bias field at a given
      excitation current but does not result in a loss of signal from the
      shunting effect of the bias conductor. The choice of how much, if any,
      current should be diverted to the biasing conductor depends upon the power
      dissipation or current density desired.
PAR  Summarizing, Applicants' invention places an MR element off-center in the
      space between the shields. This enhances self-biasing of the MR element,
      apparently through preferential magnetic coupling to one shield, allowing
      a lower ratio of shunt current to MR current (and, therefore, increasing
      head efficiency). In one embodiment, the shunt layer itself may be
      eliminated.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention, as illustrated in the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are cross-sectional views of two head embodiments
      incorporating the invention.
PAR  FIG. 3 is a three-dimensional view of a multitrack head based on the
      embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a shunt bias MR element comprising an MR layer 11
      and a shunt layer 12 is sandwiched between appropriately coated ferrite
      enclosures or shields 15 and 16 separated by insulation layers 13 and 14
      to form a head 10. FIG. 2 differs in that the shunt layer 12 is omitted.
      In both FIGS. 1 and 2, the MR layer 11 is off-center from the center line
      of the gap s between the shields 15 and 16, two possible positions being
      illustrated. The point along the gap s upon which the MR layer 11 is
      placed is represented by the ratio(S.sub.2 /S.sub. 1) which may be within
      the range of five to one and one to one. However, satisfactory results are
      obtained for any ratio (S.sub.2 /S.sub. 1) over (or less than) one. The
      shunt layer 12 can normally be omitted for ratios greater than three
      because sufficient bias field is then obtained from the self-excitation of
      the MR element 11.
PAR  An MR layer 11 of material (such as NiFe) exhibiting the magnetoresistive
      effect is normally deposited on a shunt layer 12 composed of an
      appropriate material (such as Ti) which generates a bias field
      intercepting the MR layer 11 when electric current from a source I,
      supplied to connected conductive (for example, copper) leads, passes
      through both the MR layer 11 and shunt layer 12. For illustration, the MR
      layer may consist of 1.2 microinches (300 A) of Permalloy and the shunt
      layer 5.4 microinches (1,350 A) of titanium deposited, masked and etched
      by conventional means. The shunt layer 12 also provides an adhesive layer
      for joining the MR layer 11 to a 15-microinch (3,750 A) insulating layer
      13 (such as Al.sub.2 0.sub.3) previously deposited on one side of a shield
      15. The shield may be any magnetically permeable material, such as
      Permalloy and ferrite. If desired, more than one MR layer and shunt bias
      layer combination could be provided with each MR layer off-center the
      intershielding spacing and, preferably, equidistant from the center.
      Another 35-microinch (8,750 A) insulating layer 14 and another shield 16
      complete the assembly. The top edges of layers 11 and 12 are in the same
      plane as the top edge of ferrite shields 15, 16 and are, therefore,
      subject to smearing and errosion during both manufacture and use of the
      head 10. Thus, limiting the use of soft materials such as Permalloy and
      titanium to these very thin layers enhances the manufacturability and life
      of the head. The above dimensions give a total spacings of 56.6
      microinches (14,650 A).
PAR  Referring to FIG. 2, at high values of asymmetry, (S.sub.2 /S.sub. 1) &gt; 4
      sufficient bias field is obtained in the element from its own excitation
      current and asymmetric placement between shields, such that the shunt
      layer 12 of FIG. 1 may be dispensed with. The choice of how much, if any,
      current should be diverted to the biasing conductor depends upon the power
      dissipation or current density constraints of the application.
PAR  An illustrative method of manufacturing the head of FIG. 1 follows with
      reference to FIG. 3:
PAR  1. One surface of ferrite shield 15 is polished flat and cleaned.
PAR  2. An Al.sub.2 0.sub.3 layer 13 is deposited on the prepared surface of
      shield 15 to a depth of 3,750 A (15 microinches).
PAR  3. A titanium layer 12 is deposited on the Al.sub.2 0.sub.3 layer 13 to a
      depth of 1,350 A (5.4 microinches).
PAR  4. A Permalloy (83% nickel, 17% iron) layer 11 is deposited on the titanium
      layer 12 to a depth of 300 A (1.2 microinches) in a magnetic field.
PAR  5. A relatively thick mechanical bar mask (not shown) of any appropriate
      material, such as stainless steel, defining the throat dimension, is
      placed on the Permalloy layer 11 to temporarily protect the top portion of
      the Permalloy layer.
PAR  6. A copper layer (including pads 17) is deposited to a depth of 5,000 A
      (20 microinches) on the bar mask and the exposed portion of the Permalloy
      layer 11.
PAR  7. A mask (not shown) is placed over the copper layer, as deposited in Step
      6, to define copper pads 17 and the spaces between and within the head
      elements in FIG. 3, and an etchant is applied.
PAR  8. The mask is removed.
PAR  9. The incomplete head is tested by sensing the current induced in the
      individual elements when it is placed in an inductive field.
PAR  10. A layer 14 of Al.sub.2 0.sub.3 is deposited on the entire surface
      exposed after Step 8 to a depth of 8,750 A (35 microinches).
PAR  11. A mask (not shown) is placed over the Al.sub.2 0.sub.3 layer 14,
      exposing an area over the copper pads 17, and an etchant is applied.
PAR  12. The mask is removed.
PAR  13. Wire leads 18 are connected to the exposed areas of the pads 17.
PAR  14. A second ferrite shield 16 has a polished and cleaned surface mated
      with the completed subassembly as shown in FIG. 3.
PAR  15. Housings 19 and 20 are clamped about the shields 15 and 16.
PAR  16. The top surface of the completed subassembly and housing is ground and
      polished to a desired contour.
PAR  It will be understood that the sequence of steps above may be reversed to
      utilize shield 16 in Step 1 instead of shield 15, the relative positions
      of the adjacent layers 11 and 12 being irrelevant. The layer thicknesses
      also may be adjusted to place the Permalloy layer in a position asymmetric
      to the shields.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic head for interacting with multiwavelength information
      recorded as magnetized areas spaced along a recording medium, including:
PA1  a pair of magnetically permeable members having opposing faces spaced apart
      a fixed distance, on the order of and less than the shortest wavelength of
      the recorded information, the edge of each of the two members closest to
      the medium lying in the same plane; and
PA1  a transducing element, including a single layer of material exhibiting the
      magnetoresistive effect disposed between the magnetically permeable
      members, closer to one of the members than the other, and having the edge
      closest to the medium lying in aforesaid plane.
NUM  2.
PAR  2. The head of claim 1 wherein the magnetoresistive layer is juxtaposed
      with a layer of relatively conductive material.
NUM  3.
PAR  3. A magnetic transducer for reading data having a pluraliy of wavelengths
      recorded as magnetized areas on a magnetic medium comprising:
PA1  two spaced-apart shields each having an end coplanar with the other and
      defining a space therebetween, said space having one dimension less than
      the shortest wavelength of the electric signals; and
PA1  one magnetoresistive element disposed in said spacing, at different
      distances from each shield, having one edge coplanar with the shield ends.
NUM  4.
PAR  4. The transducer of claim 3 additionally comprising:
PA1  one shunt bias element disposed in such space and in contact with the
      magnetoresistive element; and
PA1  nonconductive and nonmagnetic insulating material disposed in said space
      between one shield and the magnetoresistive element.
NUM  5.
PAR  5. A head for transducing electrical signals and the vertical component of
      magnetic fields from discrete areas of a medium, wherein the physical
      spacings of the recording on the medium and the electrical signal
      wavelength are related, comprising:
PA1  a first shield in flux-coupling relationship with at least one magnetic
      field at a time, having one end in a plane perpendicular to the vertical
      component of said magnetic field;
PA1  a second shield in flux-coupling relationship to aforesaid vertical
      component and having one end in said plane;
PA1  a plurality of layers of materials interposed between said first and second
      shields having one end in said plane and a thickness on the order of, and
      less than, the shortest signal wavelength, said materials including at
      least:
PA1  a layer of magnetoresistive material placed at a point between said shields
      which is closer to one shield than the other; and
PA1  a juxtaposed layer of relatively conductive constant resistance material;
      and
PA1  a source of electric current connected to selected ones of said layers.
NUM  6.
PAR  6. In combination:
PA1  a magnetic medium carrying areas of magnetic recordings representing data
      recorded by signals having a range of wavelengths;
PA1  a number of member pairs of shielding material, each pair in flux-couupling
      relationship with one of said areas at a time, the shielding material
      being a magnetically permeable material selected from the class of
      materials including ferrite;
PA1  filling material, responsive to the vertical field component of the
      magnetic recordings, disposed between each pair of members and separating
      said members by a distance equal to and less than the minimum of said
      range of wavelengths, the filling material including magnetoresistive
      material disposed at a point between, and not equidistant, a pair of
      members and adjacent shunt biasing material;
PA1  a surface contour including one end of each of said member pairs and the
      filling material; and
PA1  means for coupling electric current to said gap filling material.
NUM  7.
PAR  7. A magnetic head for transducing magnetically recorded signals having a
      selected range of wavelengths and related spacing, comprising:
PA1  a first shield having an inner face;
PA1  an insulating material of a first thickness adjacent the inner face of said
      first shield;
PA1  a constant resistance material of a second thickness adjacent the
      insulating material on the side opposite said first shield;
PA1  a variable resistance material of a third thickness adjacent the constant
      resistance material on the side opposite the insulating material;
PA1  conductive material adjacent portions of the variable resistance material
      on the side opposite the constant resistance material;
PA1  additional insulating material of a fourth thickness, which does not equal
      the first thickness, adjacent the variable resistance and conductive
      material on the sides opposite the constant resistance material;
PA1  a second shield having an inner face adjacent the additional insulating
      material and spaced from the first ferrite material by the four
      thicknesses a distance less than the shortest wavelength in said range of
      wavelengths;
PA1  a housing surrounding the first and second shields and maintaining a
      retaining force thereon;
PA1  a surface contour common to aforesaid shields, insulating, constant
      resistance material, variable resistance material and said housing
      including an edge of each of the aforesaid; and
PA1  a source of current connected to said conductive material.
NUM  8.
PAR  8. The magnetic head of claim 7 wherein the spacing between the first and
      second ferrite materials is on the order of 30% to 40% of the smallest
      spacing between the magnetically recorded signals.
NUM  9.
PAR  9. A magnetic transducer for reading the vertical component of data having
      a plurality of wavelengths, generally in the range of about 1,000 to less
      than 50 microinches, recorded as magnetized areas on a magnetic medium
      comprising:
PA1  two spaced-apart shields each having an end coplanar with the other and
      defining a space therebetween, said space having one dimension less than
      the shortest wavelength of the electric signals; and
PA1  one magnetoresistive element disposed in said spacing, at a point on said
      dimension other than its center, and having one edge coplanar with the
      shield ends.
NUM  10.
PAR  10. The transducer of claim 9 wherein the MR element is positioned at a
      point on said dimension which is located at distances from said shields
      which are in a ratio on the order of approximately four to one.
NUM  11.
PAR  11. The transducer of claim 9, additionally comprising:
PA1  at least one shunt bias element disposed in such space and in contact with
      said magnetoresistive element; and
PA1  nonconductive and nonmagnetic insulating material disposed in said space
      between one shield and the magnetoresistive element.
NUM  12.
PAR  12. The transducer of claim 11 wherein the MR element is positioned at a
      point on said dimension which is located at distances from said shields
      which are in a ratio on the order of approximately two to one.
NUM  13.
PAR  13. The transducer of claim 12 wherein the thickness of the
      magnetoresistive element is on the order of about one microinch and
      larger.
NUM  14.
PAR  14. The transducer of claim 12 wherein the height of the magnetoresistive
      element is on the order of about 300 microinches and larger.
NUM  15.
PAR  15. The transducer of claim 13 wherein the height of the magnetoresistive
      element is on the order of about 300 microinches and larger.
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PAL  The present invention relates to a magnetic recording head and specifically
      the back bar of a multi-channel magnetic recording head for use in high
      performance multitrack disc files. Crosstalk is substantially reduced by
      incorporating a specially shaped back bar, such as a back bar having an
      L-shaped cross section to enclose and reduce the crosscoupling fringing
      fields from the back gaps. In addition, the use of an epoxy with a
      magnetic filler material is included to further reduce the back gap
      fringing fields. The above-mentioned techniques when used in combination
      with a limited dimension intertrack shield can greatly reduce the
      crosstalk between cores of a high track density flying head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to the field of transducers used for the
      conversion of electrical variations into magnetic variations for the
      purpose of storage on magnetic media, for reconverting magnetic variations
      so stored into electrical variations, or for erasing such stored magnetic
      variations. More particularly, the present invention realtes to read/write
      heads for digital saturation recording, such as performed in rotating disc
      digital magnetic storage devices.
PAR  2. Description of the Prior Art
PAR  The type of magnetic recording head described herein is primarily used in
      rotating disc magnetic storage devices (hereinafter referred to as "disc
      files"). These storage devices are used primarily to provide digital
      storage capacity offering fast access to large amounts of stored
      information. In general, at the present state of the art, these disc files
      employ flying heads that may utilize self-actuating air bearings. The
      heads may be employed in a head-per-track arrangement or in a moving arm
      arrangement wherein the heads are moved generally along a radius of the
      disc so that a single head is associated with more than one track. The
      head-per-track arrangement facilitates rapid access to data since the
      heads do not have to move from track to track as they do in the moving arm
      disc file arrangements. The head-per-track arrangement does require a
      larger number of heads arranged in a relatively dense assembly and it is
      in such arrangement that the present invention has its greatest
      application.
PAR  The heart of a disc file is the magnetic head itself consisting of a
      magnetic core having a gap disposed near the media with windings to
      facilitate conversion of electric currents into magnetic fields. Basically
      a magnetic core consists of a torroid of magnetic material (generally
      ferrite in the present case) having a non-magnetic gap formed therein to
      provide directed magnetic fields that will impinge upon the magnetic
      recording medium (i.e., disc). This magnetic core takes many different
      physical forms, in practice primarily to facilitate ease of assembly in
      the process of manufacturing the complete head assembly. In the case at
      hand, the gapped torroid configuration is assembled from a gapped U-shaped
      core ("U-core") and a separate back bar to complete the magnetic circuit
      (See FIG. 1). This is a very common structure in disc file heads wherein
      the U-core is first placed into an air bearing slider assembly and later
      the windings and back bar are attached. This type of structure has the
      distinct advantage of permitting the coil to be inserted after the
      formation of the U-core.
PAR  As capacity and storage density are increased in the head-per-track disc
      files, the requirement for closer and closer track spacing becomes
      evident. As the cores are brought closer together crosstalk between cores
      becomes a limiting problem. The subject of this invention is a unique
      structure for reducing crosstalk between cores of the U-core/back bar
      type.
PAR  In previous heads of this head-per-track class, there are several primary
      sources of coupling between cores as follows (See FIG. 1): (1) Gap-to-gap
      coupling -- in this case fringing fields from one read/write (R/W) gap
      couples directly into the adjacent R/W gaps; (2) Coil-to-coil coupling --
      some of the field generated by the write current flowing in the coil fails
      to couple into the core of the magnetic transducer. This stray field can
      couple into the adjacent cores or coils to cause write crosstalk; (3) Back
      gap-to-back gap coupling in this case a second piece of magnetic material
      is placed in physical contact with the U-core. Even though all surfaces
      are as flat as possible and polished to a very smooth finish, there will
      exist some air gap at the interfaces between the U-core legs and the back
      bar. These so-called back gaps provide a fringing field for crosscoupling
      between cores.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is a combination of elements whereby crosstalk is
      substantially reduced in a multi-core magnetic head of dimensions
      sufficiently small to allow the processing of a plurality of tracks (e.g.,
      nine) having track-to-track spacing in the order of 0.050 inches carried
      by a single air bearing slider of dimensions of approximately 0.5 by 0.5
      inches. More particularly, the present invention relates to the structure
      of a back bar in combination with magnetic shields between adjacent
      magnetic cores wherein back gap-to-back gap leakage flux, coil-to-coil
      leakage flux and crosstalk are substantially reduced.
PAR  In the preferred embodiment, a back bar having an L-shaped cross section is
      used. In order to insure good contact with the U-core a rectangular groove
      is cut into the interior surface of the L-back bar so that there will be
      no interior radius. (FIG. 2 shows this L-shaped back bar in place on the
      U-core.)
PAR  Another aspect of this invention is the use of ferrite filled epoxy to bond
      the back bar onto the U-core. The ferrite epoxy when placed over the back
      gap joints provides a low magnetic reluctance shunt path for the back gap
      fields and contains the crosstalk fringing fields.
PAR  A further aspect of the present invention relates to the use of a limited
      electromagnetic shield between cores of the multi-core flying head. The
      technique of using laminated copper/mu metal shields between tracks of
      multitrack tape heads is well known. This shielding could be used to
      reduce the crosstalk in the present case to acceptable levels if it were
      not for physical space limitations. In tape heads, the shields are
      extended in dimension far beyond the perimeters of the core structures in
      order to contain the fringing fields shown in FIG. 1. It is particularly
      necessary to extend the intertrack shield far above the back bar in order
      for the shielding to be effective. In the flying head case, vertical space
      limitations and low mass requirements of the air bearing assembly are
      severe, limiting the extension of the shield. In one of the embodiments of
      the invention the shields are flush with the top of the core and back bar.
      Also, in order to accommodate the preferred construction technique the
      shield cannot extend through the air bearing surface to the face of the
      head. it is within the scope of the invention to extend the shield to the
      extent possible or to reduce the extent of the shield so that it is not
      flush with the top of the core or the back bar.
PAR  in combination, the height restricted intertrack shield, L-shaped back bar,
      and ferrite epoxy provide a far reduced crosstalk performance in a
      multicore flying disc head. As a matter of fact, crosstalk can be
      substantially reduced by using only the L-shaped back bar and ferrite
      epoxy technique. A quantitative measure of the relative crosstalk
      performance in the case at hand under certain test conditions is as
      follows:
PA1  Case 1 -- Standard back bar (as in FIG. 1) = 11 percent
PA1  Case 2 -- L-shaped back bar, ferrite epoxy, and no shield crosstalk = 5
      percent
PA1  Case 3 -- L-shaped back bar, ferrite epoxy, short shield (height equal core
      height) crosstalk = 2 percent
PAL  (It should be noted that test parameters may be selected so that the
      results differ but is is believed the relative improvement in performance
      will be substantially similar).
PAR  The L-shaped back bar is the preferred embodiment of the present invention
      for reasons of manufacturing simplicity. An alternate solution from a
      magnetic shielding technique would employ a back bar with a U-shaped cross
      section. It can be seen that the U-shaped cross section provides even more
      complete shielding of the back gap fringing fields than does the L-shaped
      back bar since it fully encloses the top of the U-core but is is
      substantially more difficult to manufacture and to precisely fit to the
      core. It is also within the broad scope of the invention to apply the
      invention to other types of heads, such as tape heads, drum heads, video
      heads, and read after write heads.
PAR  With the above brief description in mind, it is one object of the present
      invention to provide a stucture for a multi-channel magnetic transducer
      whereby flux leakages and crosstalk between adjacent channels may be
      substantially reduced.
PAR  It is another object of the present invention to provide a structure for a
      multi-channel magnetic transducer capable of simultaneously processing
      numerous separate tracks of information on a magnetic disc in such a
      fashion that crosstalk is substantially eliminated between adjacent
      tracks.
PAR  It is yet another obejct of the present invention to provide a structure
      for a multi-channel magnetic transducer capable of independent processing
      of a multiplicity of separate channels of information at high frequencies
      on a disc without substantial reduction in sensitivity in such a manner
      that crosstalk between adjacent channels is substantially reduced.
PAR  It is also an object of the present invention to provide a structure
      capable of substantially reducing crosstalk between channels in a
      multi-channel transducer by means of altering the back bar of the magnetic
      core and employing epoxy filled with magnetic material as a back gap
      adhesive.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to its organization and method of operation, together
      with further objectives and advantages thereof will be better understood
      from the following description considered in connection with the
      accompanying drawing in which a presently preferred embodiment of the
      invention is illustrated by way of example. It is to be expressly
      understood, however, that the drawing is for the purpose of illustration
      and description only and and is not intended as a definition of the limits
      of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a single core of a prior art magnetic head.
PAR  FIG. 2 is a top view perspective of a preferred embodiment of the present
      invention illustrating a multi-channel magnetic transducer assembly
      containing a multiplicity of magnetic cores and associated magnetic
      shields. The magnetic cores are recessed into a cavity in the magnetic
      transducer assembly and only the tops of the magnetic shields and the back
      bar of the magnetic cores are visible.
PAR  FIG. 3 is a top view of the front of a preferred embodiment of the present
      invention illustrating the relative placement of the magnetic cores in a
      multi-channel magnetic transducer assembly. The front gaps of the magnetic
      cores are shown.
PAR  FIG. 4 is a perspective view of a single magnetic core of the preferred
      embodiment of the present invention illustrating the M-core and back bar
      and their relative placement. Wire windings or other means for inducing or
      converting magnetic variations within the loop to electrical variations
      are omitted for the purpose of clarity.
PAR  FIG. 5 is a perspective view of a section of a multi-channel magnetic
      transducer and illustrates the structure of the laminated magnetic shield
      and its combination with the magnetic cores of the preferred embodiment in
      the magnetic transducer assembly such that the beneficial results claimed
      by the applicant are achieved.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 2 an embodiment of a multi-channel magnetic transducer is
      illustrated showing the magnetic cores and shielding inserted into a
      cavity within the magnetic transducer assembly. Magnetic transducer body
      12 may be made of any suitable electrically passivating substance, such as
      ceramic or glass. In practice, body 12 may be no more than approximately
      one eighth inch thick and approximately one-half inch square. Only the
      tops of magnetic shields 22 and the back bar 20 of the core 8 are visible
      in FIG. 2. Note that magnetic shield 22 is interleaved between each
      magnetic core 8 and brackets the magnetic cores. (It is entirely within
      the scope of the present invention that the lateral surface of each
      magnetic shield 22 may be approximately of the same area as the lateral
      surface of each magnetic core 8 as illustrated.) The shields may be
      slightly larger or slightly smaller from an area standpoint than magnetic
      cores 8. In one embodiment the shields are longer than magnetic core 8 but
      not higher than the cores when installed. (E.g., in FIG. 4, the L-bar
      length (L) may be 0.135 inches and the shield may be 0.180 inches long.)
PAR  Referring now to FIG. 3, assembly body 12 is shown wherein it is
      illustrated in the preferred embodiment that U-cores 23 extend through
      assembly body 12 by means of apertures provided therein and form with body
      12 a smooth planar surface suitable for flight over a magnetic storage
      media. By way of example only, the position of each U-core 23 in the
      magnetic core stack is fixed by a bonding agent 11 which is disposed in
      the apertures provided in assembly body 12 for U-cores 23. The bonding
      agent may be glass or epoxy.
PAR  FIG. 4 illustrates a preferred embodiment of a single magnetic core 8. The
      core is comprised of a U-core 23 and back bar 20. By way of example only,
      U-core 23 is shown as a two-piece construction in the form of a squared U
      connected by a non-magnetic gap which may be glass such as is well known
      in the art. The U-core and back bar of the magnetic core may be made out
      of any suitable magnetic material, which in the preferred embodiment may
      be any one of a number of ferrite compounds well known in the art. Back
      bar 20 in the preferred form has a cross section approximately in the
      shape of the letter L. More particularly, prismatic back bar 20 is
      comprised of two arms 26 and 27. Back bar 20 is bonded to U-core 23 by
      means of a ferrite filled epoxy 25. Back bar 20 is placed such that the
      interior surface of arms 26 and 27 is contiguous to a surfaces of U-core
      23. The ferrite filled epoxy is placed on the ends of bar 20 after the bar
      makes intimate contact with the U-core 23 and the epoxy is placed at the
      end of bar 20 so that it at least covers substantially all of the gants or
      gaps. The epoxy may be filled with other magnetic material. The back bar
      may have more than two legs although a bar with a U-shaped cross section
      is less pratical to manufacture. The terms "U-core," "U-type" or
      "U-shaped" core as employed herein is not intended to define a specific
      configuration but as employed refers to a part of a core that does not
      form a continuous closed magnetic path but has a discontinuity forming an
      air gap therein and requires an additional member to complete the magnetic
      path.
PAR  Referring finally to FIG. 5, a section of a multi-channel magnetic
      transducer is shown wherein the elements of the present invention are
      combined to effect a substantial reduction in crosstalk. Assembly body 12
      is shown with the apertures made therein through which U-cores 23 are
      inserted and fixed by bonding agent 11 (e.g., glass). By way of example,
      only three magnetic cores are illustrated, one of which is shown in an
      exploded view. FIG. 5 illustrates the manner in which the magnetic cores
      are stacked in a parallel and linear arrangement and how the components of
      each core are arranged. Wire windings or other means for transformation of
      electrical to magnetic variations in the core have been omitted for the
      sake of clarity. It should be noted that the use of a glass bonding agent
      (and a glass gap) in connection with head-per-track arrangements has
      particular advantages in comparision to employing epoxy bonding agents in
      the vicinity of the magnetic media. Glass had improved wear and stability
      characteristics. The use of glass does require that the U-core be
      subjected to higher temperatures during manufacture. Such high temperature
      would tend to damage the wires, comprising the coil in the event such
      coils were in place during such glass formation. Thus it is important when
      employing glass that a U-core structure as shown be employed as such a
      structure enables the back bar and coil to be attached to the U-core after
      it is bonded in place in the assembly by the glass.
PAR  Back bar 20 which by way of example only is machined to be in the form of a
      prism with an approximately L-shaped cross section. Back bar 20 can be
      conceptualized as consisting of two arms 26 and 27. Arm 27 is contiguous
      to the butt end of the side arms of U-core 23. The interior surfaces of
      arms 26 and 27 are bonded to the lateral and butt ends of side arms of
      U-core 23 as shown in FIG. 5. A ferrite filled epoxy 25 serves as a
      bonding agent to secure back bar 20 to side arms of U-core 23. A laminated
      magnetic shield 22 is placed between each magnetic core in the core stack
      so as to be substantially parallel to the plane of the magnetic core and
      to be contiguous to the exterior surface of arm 26 of back bar 20. It is
      not essential that shield 22 be contiguous with U-core 23 or back bar 20.
      Magnetic shield 22 may or may not extend beyond the perimeters of each
      magnetic core. The shield 22 is more effective when extended beyond the
      perimeters of the core.
PAR  Laminated magnetic shield 22 may consist of three layers which are of equal
      thickness. The thickness of each layer is typically not more than one
      thousandth of an inch. The outer two layers 30 of magnetic shield 22
      consist of metallic alloy exhibiting a high permeability. For example,
      outer layers may consist of a nickel alloy principally containing nickel,
      iron or cobalt. One such alloy is known to the art under the generic
      designation Hi mu 80. It is reported that such alloys typically exhibit
      specific permeabilities in excess of 50,000. The inner layer 31 may be a
      conductive material such as copper. Shields thus constructed and
      positioned serve to substantially reduce fringing and leaking magnetic and
      electric fields linking one core to an adjacent core.
PAR  The reduction and elimination of crosstalic between cores is significantly
      enhanced by the use of laminated shields 22 constructed as specified
      herein in combination with back bar 20. The back bar 20 minimizes the
      amount of flux leakage escaping from the given core while at the same time
      incorporating an effective and simple design suitable for use in
      construction of small cores without introducing significant cost of
      construction. What flux leakage may occur is further reduced by the use of
      a ferrite filled epoxy 25 at the ends of the back bar to fix the back bar
      20 to the U-core 23. Finally, any flux leakage remaining is further
      eliminated by interleaving magnetic shields 22.
PAR  It is possible that further modifications and additions may be made by
      those with ordinary skill in the art without departing from the spirit and
      scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A magnetic head capable of converting electrical variations into
      magnetic variations, and magnetic variations into electrical variations to
      impinge a magnetic media, said magnetic head comprising:
PA1  a plurality of magnetic cores each comprising:
PA2  a U-type core having a non-magnetic  gap adjacent said magnetic media;
PA2  a magnetic bar having a plurality of legs,  forming the shape of a prism
      and having surfaces contiguous to said U-type core to provide a closed
      magnetic circuit;
PA2  a bonding means for bonding said magnetic bar to said U-type core and for
      magnetically coupling said magnetic bar with said U-type core, said
      bonding means containing a magnetic material; and a plurality of magnetic
      flux shields, one of said plurality disposed between each pair of magnetic
      cores of said plurality of magnetic cores.
NUM  2.
PAR  2. The structure of claim 1 wherein said bar has at least two legs with at
      least two legs contiguous with said U-type core.
NUM  3.
PAR  3. The structure of claim 1 wherein said magnetic flux shields have a high
      magnetic permeability and extend beyond said U-type core.
NUM  4.
PAR  4. The structure of claim 1 wherein:
PA1  said magnetic flux shield is a lamination of conductive and magnetic layers
      having a high permeability.
NUM  5.
PAR  5. The structure of claim 1 wherein said bonding means is a ferrite filled
      epoxy.
NUM  6.
PAR  6. A magnetic head for a disc file, said head capable of converting
      electric variations into magnetic variations impinging a magnetic media,
      comprising
PA1  an assembly body means to provide rigid structural support for a plurality
      of magnetic cores, to provide electrically insulative separation between
      each of said magnetic cores, and to provide a rigid, mechanical separation
      and spacing to fix the relative position of each magnetic core with
      respect to every other magnetic core;
PA1  a plurality of magnetic cores fixed in said assembly body each comprising:
PA2  a ferrite U-type core embedded in and extending through said body to, with
      said body, provide a smooth surface proximate said magnetic media;
PA2  a non-magnetic front gap in said U-type core;
PA2  a ferrite back bar contiguous to said U-type core and in the shape of a
      prism with an L-shaped cross section, said bar positioned to form a closed
      magnetic circuit across said U-type core;
PA2  a ferrite filled epoxy disposed to bond said bar to said U-type core
      whereby magnetic flux leakage is substantially reduced; and
PA2  a plurality of magnetic shields separating each magnetic core from the
      adjacent magnetic core.
NUM  7.
PAR  7. The structure of claim 6 wherein:
PA1  said cores are bonded to said assembly with a glass bonding agent and said
      gap is a glass.
NUM  8.
PAR  8. A magnetic head capable of converting electrical variations into
      magnetic variations to impinge a magnetic media, said magnetic head
      comprising:
PA1  a plurality of magnetic cores each comprising:
PA2  a U-type core having a non-magnetic gap  adjacent said magnetic media;
PA2  a magnetic bar having an L-shaped cross section and formed in the shape of
      a prism, said magnetic bar having surfaces contiguous to said U-type core
      to provide a closed magnetic circuit; and
PA2  a bonding means disposed to bond said U-type core and bar together.
NUM  9.
PAR  9. A magnetic head capable of converting electric variations into magnetic
      variations impinging a magnetic media, comprising:
PA1  an assembly body means to provide rigid structural support for a plurality
      of magnetic cores, to provide electrically insulative separation between
      each of said magnetic cores, and to provide a rigid, mechanical separation
      and spacing to fix the relative position of each magnetic core with
      respect to every other magnetic core;
PA1  a plurality of magnetic cores fixed in said assembly body each comprising:
PA2  a ferrite U-type core embedded in and extending through said body to, with
      said body, provide a smooth surface proximate said magnetic media;
PA2  a non-magnetic front gap in said U-type core;
PA2  a ferrite back bar contiguous to said U-type core and in the shape of a
      prism with an L-shaped cross section, said bar positioned to form a closed
      magnetic circuit across said U-type core;
PA2  a ferrite filled epoxy disposed to bond said bar to said U-type core
      whereby magnetic flux leakage is substantially reduced; and
PA2  a plurality of magnetic shields separating each magnetic core from the
      adjacent magnetic core.
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PAL  An improved tape cassette for use with small size tape recorders which
      provides mechanical indicating means on the cassette which enables the
      user to tell which side of the cassette has been utilized and further
      provides a pair of depressions formed in two rear corners of the cassette
      which are adapted to receive a sensing lever of the tape machine for
      preventing erasure of the tape accidentally. The placement of the
      depressions at the rear corners allow the cassette and the machine with
      which it is to be used to be made smaller and much easier to align the
      sensing lever of the recorder, than in the prior art.
PARN
PAR  This is a continuation, of application Ser. No. 356,356 now abandoned,
      filed May 2, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to a tape cassette and in particular to a
      cassette of small size.
PAR  2. Description of the Prior Art
PAR  Conventional type tape cassettes of the prior art are provided with two
      U-shaped openings or depressions midway in the rear side of the cassette
      which are adapted to receive a lock pin which cooperates with a switch
      lever mounted on the tape recorder for protecting against accidental
      erasure of the tape. Such prior art arrangements require the sensing lever
      be very accurately aligned with the tape cassette and thus as tape
      recorders and cassettes become smaller and smaller, the accuracy of
      alignment of such prior art devices becomes more and more difficult.
PAR  In prior art devices, it is also difficult to handle and remove small tape
      cassette due to their size. It has also been a problem in smaller cassette
      to positively identify which side of the tape cassette is presently
      mounted in the machine.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide an improved
      tape cassette that overcomes the disadvantages of the prior art which are
      to be used in extremely a small size tape recorders. The tape cassette of
      the invention is formed with a pair of depressions at the rear corners and
      the depressions or openings have lock pins or then equivalent to cooperate
      with a sensing lever for preventing accidental erasure. Furthermore, the
      cassette of the present invention provides depressions at opposite ends
      thereof so that the cassette may be easily removed and placed in the tape
      recorder and further provides novel indicating means so that the user
      knows which side of the tape cassette is mounted outwardly in the tape
      recorder, and further, means is provided in the cassette to indicate
      whether or not the tape is being moved.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the cassette of the invention;
PAR  FIG. 2 is a front plan view of the cassette;
PAR  FIG. 3 is a back plan view of the cassette;
PAR  FIG. 4 is a side plan view of the cassette;
PAR  FIG. 5 is an enlarged top plan view of the cassette with the cover removed
      so as to illustrate the details of the internal parts;
PAR  FIG. 6 is a sectional view taken on section line VI--VI in FIG. 5;
PAR  FIG. 7 is a top plan view of the pad supporting member; and
PAR  FIG. 8 is a front plan view of the pad supporting member of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The figures illustrate the tape cassette of the invention which is formed
      with an upper half shell 1a and a lower half shell 1b which are held
      together by bolts 15 and nuts 16 which pass through openings 50, 51 and
      52. The upper half shell 1a and the lower half shell 1b are formed with a
      planar surface 2' and 2 respectively, the front wall portion being
      indicated by numeral 3 and is formed with five openings 8a, 8b, 8c, 8d and
      8e which are of the same width with respect to each other and are
      separated by portions 3a, 3b, 3c and 3d as illustrated in FIGS. 2 and 5.
      The back wall portion is indicated by numeral 4 and the side walls are
      designated by numerals 5 and 5' respectively.
PAR  Openings 6a and 6b for receiving a pair of hubs 28 and 28' are formed
      through the top and bottom planar portions 2' and 2 and a pair of hubs 28
      and 28' are rotatably mounted therein.
PAR  Three openings 7a, 7b and 7c are formed through the top and bottom planar
      portions 2' and 2 adjacent the front wall portion 3 as illustrated in
      FIGS. 1 and 5. The openings 7a and 7c are respectively formed near the
      side walls 5 and 5' and the center opening 7b is formed in the center of
      the cassette adjacent the front wall 3.
PAR  The openings 7a, 7b and 7c are positioned directly behind openings 8a, 8c
      and 8e respectively.
PAR  In FIG. 5, U-shaped wall portions 9a and 9b are formed in the half shells
      1a and 1b adjacent the capstan openings 7a and 7c. A pad supporting plate
      25 is illustrated in detail in FIGS. 7 and 8 and in the mounted position
      in FIG. 5 and carries pressure pads 26 and 26' which are supported by end
      portions 25b and 25c of member 25 in openings 8b and 8d so as to press
      against the tape 24 passing thereby. Guide projections 11a and 11d engage
      the ends of portions 25b and 24c as shown in FIG. 5, and a projection 10
      engages the center portion and extends from the standoff 12 as shown in
      FIG. 5. Projections 27 and 27' illustrated in FIG. 8 engage the walls 2
      and 2' to sustain the pad supporting plate 25.
PAR  As shown in FIG. 6, the lower half shell 1b is formed with a half standoff
      which has a projection 14 receivable in a mating opening formed in the
      half shell 1a. The bolt 15 and nut 16 pass through the members 1a and 1b
      as shown so as to lock the two half shells together. In the illustrated
      example, three bolts are used to hold the assembly together although it is
      to be realized that the invention is not limited to a particular number of
      holding means.
PAR  Adjacent the front corners as shown in FIG. 5 are mounted roller guide
      shafts 17 and 17' which respectively carry tape guide rollers 18 and 18'.
PAR  As best shown in FIGS. 3 and 5, a pair of corner rear depressions 19 and
      19' are formed in the cassette. The depressions 19 and 19' are provided
      with openings in succession on the back and side wall portions of the
      cassette. A first easily breakable locking pin 20 is attached to the lower
      half shell 1b and its other ends does not quite engage the upper half
      shell surface 1a. A second easily breakable locking pin 20' is attached to
      the upper half shell 1a and its other end does not quite engage the lower
      half shell surface 1b.
PAR  The pins 20 and 20' may be made of plastic and can be broken off quite
      easily. In the side walls 5 and 5' are formed depressions 21 and 21' which
      allow the cassette to be easily picked up for replacing in the tape
      recorder or removing from the tape recorder.
PAR  The back wall 4 of the cassette is formed with a depression 22 which is
      adapted to receive the cassette supporting plate or lever of the tape
      recorder for holding the cassette in a predetermined position in the
      machine during operation.
PAR  As shown in FIG. 5, tape guide ribs 23 and 23' are provided over which the
      tape 24 passes so as to assure that the position of the tape is properly
      aligned with the tape guiding rollers 18 and 18' and the hubs of the
      cassette.
PAR  As best shown in FIG. 5, the hubs of reels 28 and 28' are formed with a
      groove 31 which has a configuration so as to receive a pin 32 to lock the
      end of the tape 24 to the hub 28. In other words, the tape end may be
      inserted into the opening 31 and the pin 32 inserted into the hub to
      fasten the tape to the hub.
PAR  Grooves, holes or other marking indicia are provided on the projecting part
      33 of the hubs 28 and 28' which are rotatably supported in the openings 6a
      and 6b in the half shells 1a and 1b.   Thereby rotation of the hubs is
      readily observed even at very low speeds of rotation.
PAR  As best shown in FIG. 1, a window 35 of transparent material is formed in
      the half shell portions 1a and 1b so that the amount of tape remaining on
      the hubs 28 and 28' can be easily seen from either side of the cassette.
      If for example the side 1a is visible in the tape recorder, the amount of
      tape on the reels 28 and 28' can be noted through the window 35. A
      projection 36 extends into the window 35 on side 1a and on the other side
      of the cassette a pair of projections may extend into the window 35 so as
      to indicate to the user whether the side 1a or 1b is outermost in the
      machine.
PAR  Since the projection 36 may be different on the opposite sides, the user
      may immediately recognize which side of the cassette is visible and is
      particularly tangible to him even if he is blind.
PAR  In operation, the cassette is placed into the tape machine with one or two
      capstans of the machine passing through one or two of the openings 7a, 7b
      or 7c to move the tape against the pinch roll of the machine and thus
      drive the tape.
PAR  If the sensing lever of the machine is unable to move into one of the
      depressions 19 or 19' because of pin 20 or 20', normal record-playback
      operation of the machine may be carried out. When it is desired to prevent
      any record-erase action, the pins 20 and 20' are manually broken off. Now,
      the sensing lever of the machine will move into the depression 19 or 19'
      and erasing of the tape is prevented. It is to be noted that by using
      corner depressions for receiving the sensing lever, the sensing lever
      switch can be located in a wide variety of places, since the sensing lever
      can be moved in almost any direction toward the corner depression.
PAR  It will be seen that this invention provides a new and novel tape cassette
      for a very small machine and also allows easy aligning of the switch lever
      of the tape machine with a back wall portion of the cassette.
PAR  According to the arrangement hereinabove described of both the openings 7a
      - 7c and 8a - 8e, the cassette can be utilized not only for a center
      capstan type machine but for a double capstan type machine.
PAR  In the case that the tape cassette is used in the center capstan driving
      tape recorder, a driving capstan is inserted to the center opening 8c and
      the associated pinch roller bears against the tape through the associated
      front wall opening 8c in the cassette to press the tape against the
      capstan which together drive the tape in a predetermined direction. An
      erasing head may be received through opening 8a and a recording and
      reproducing head through opening 8b. Then pins for positioning the
      cassette in tape recorder may be received through openings 7a and 7c. The
      cassette may be provided with two independent heads for recording and
      reproducing, that is, the recording head and the reproducing head can be
      inserted in the cassette through openings 8b and 8d respectively. Also,
      the center capstan driving tape recorder can drive the tape in a reverse
      direction easily by reversing the rotation of capstan, so the tape
      recorder of the type can be used in a reversible tape recorder. Then, one
      more recording and reproducing head and erasing head are received through
      openings 8d and 8e respectively. A pair of recording and reproducing heads
      and erasing heads are used alternatively by switching in response to the
      running direction of the tape. Further, in case that the cassette
      according to this invention is used in the side capstan driving tape
      recorder, either one or two capstans are inserted in the cassette through
      openings 7a and/or 7c. When one capstan is received through opening 7c, an
      erasing head is inserted through opening 8a or 8c and a recording and
      reproducing head through opening 8d. When two capstans are received
      through openings 7a and 7c, an erasing head and a recording and
      reproducing head are inserted through openings 8c and 8d respectively. As
      described above, the tape cassette according to this invention can be used
      in a tape recorder of any type without any difficulty.
PAR  Although the invention has been described with respect to preferred
      embodiments, it is not to be so limited as changes and modifications may
      be made therein which are within the full intended scope as defined by the
      appended claims.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A tape cassette for use with a magnetic recording machine of the type
      having a transducer head, hub drive means, a machine mounted sensing
      means, an erasure protection means mounted on the machine and activated by
      said sensing means, and means to receive a cassette, comprising:
PA1  a cassette housing having top and bottom planar portions, a front wall, a
      back wall and a pair of sidewalls joining said top and bottom planar
      portions with the junction of said back and side walls defining rear
      corners, three openings formed through said top and bottom planar portions
      adjacent said front wall with the first and third of said openings
      respectively,
PA1  adjacent one of said pair of side walls and the second of said openings
      between said first and third openings,
PA1  five openings formed in said front wall with the first, third and fifth of
      said five openings aligned with said first, second and third openings
      through said top and bottom planar portions, said second opening formed
      between said first and third openings in said front wall and said fourth
      opening formed between said third and fifth openings in said front wall,
PA1  a pair of hubs and means rotatably mounting said hubs in said housing;
PA1  a tape member wound on said hubs and movable therebetween in response to
      the rotation of said hubs;
PA1  recesses formed in said cassette housing at said rear corners and being
      open to said side and back walls over a ninety degree sector from either
      the side wall or back wall to receive and seat said machine sensing means
      whereby when said sensing means is seated in one of said recesses said
      erasure protection means is activated to prevent accidental erasure of
      said tape member; and
PA1  means on said cassette at the entrances to said recesses to block and
      prevent the seating of said sensing means in said recesses whereby erasure
      and recording of new material occur.
NUM  2.
PAR  2. A tape cassette according to claim 1, in which said means at the
      entrances of said recesses comprises breakable pins.
NUM  3.
PAR  3. A tape cassette for use with a magnetic recording machine of the type
      having a transducer head, hub drive means, a machine mounted sensing
      means, an erasure protection means mounted on the machine and activated by
      said sensing means, and means to receive a cassette, comprising:
PA1  a cassette housing having top and bottom planar portions, a front wall, a
      back wall and a pair of sidewalls joining said top and bottom planar
      portions with the junction of said back and side walls defining rear
      corners,
PA1  a pair of hubs and means rotatably mounting said hubs in said housing;
PA1  a tape member wound on said hubs and movable therebetween in response to
      the rotation of said hubs;
PA1  recesses formed in said cassette housing at said rear corners and being
      open to said side and back walls over a ninety degree sector from either
      the side wall or back wall to receive and seat said machine sensing means
      whereby when said sensing means is seated in one of said recesses said
      erasure protection means is activated to prevent accidental erasure of
      said tape member; and
PA1  means on said cassette at the entrances to said recesses to block and
      prevent the seating of said sensing means in said recesses whereby erasure
      and recording of new material can occur.
PATN
WKU  039408000
SRC  5
APN  4731883
APT  1
ART  235
APD  19740524
TTL  Mode selecting device having a time delay between selection and
      establishment of an operating mode for tape recording and/or recording
      apparatus
ISD  19760224
NCL  14
ECL  1
EXP  Tupper; Robert S.
NDR  6
NFG  8
INVT
NAM  Tabuchi; Hideo
CTY  Tokyo
CNT  JA
ASSG
NAM  Sony Corporation
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730609
APN  48-68405[U]
CLAS
OCL  360137
XCL  335165
XCL  360 60
XCL  360 61
EDF  2
ICL  G11B 1502
ICL  G11B 1902
ICL  G11B 1504
ICL  H01H  920
FSC  360
FSS  60-62;69;71;137
FSC  197
FSS  107
FSC  335
FSS  159;160;164;165
FSC  235
FSS  145
UREF
PNO  3091320
ISD  19630500
NAM  Mertin
OCL  197107
UREF
PNO  3494051
ISD  19700200
NAM  Kobler
OCL  197107
UREF
PNO  3689077
ISD  19720900
NAM  Omira
OCL  360 60
UREF
PNO  3700087
ISD  19721000
NAM  Amrns et al.
OCL  197107
UREF
PNO  3705367
ISD  19721200
NAM  Peil et al.
OCL  197107
UREF
PNO  3735054
ISD  19730500
NAM  Posmimura
OCL  360 69
UREF
PNO  3747090
ISD  19730700
NAM  Englund et al.
OCL  197107
UREF
PNO  3752938
ISD  19730800
NAM  Ozawa
OCL  360 60
UREF
PNO  3800327
ISD  19740300
NAM  Okita et al.
OCL  360 60
LREP
FR2  Eslinger; Lewis H.
FR2  Sinderbrand; Alvin
ABST
PAL  In a tape recording and/or reproducing apparatus in which various operating
      modes thereof are selected by selective actuation of corresponding
      push-buttons and the actual force for establishing the selected operating
      mode is derived from an electrically energized driver, such as a solenoid;
      the energizing of the driver in response to actuation of any one of the
      mode selecting push-buttons is delayed for a predetermined time following
      such actuation so that in the event of the fairly rapid, successive
      actuation of two or more of the push-buttons, the driver is energized only
      when the predetermined time has elapsed after the last actuation to
      establish only the operating mode corresponding to the last actuated
      push-button for avoiding damage to, or malfunction of the apparatus.
      Further, the presence and absence of a tape cassette on the apparatus is
      detected and energizing of the driver is permitted no sooner than the
      previously mentioned predetermined time after the presence of a cassette
      is detected, so as to avoid damage to the cassette and/or to a magnetic
      head or heads of the apparatus in the event that the push-button for
      selecting the normal forward, that is recording or reproducing, operating
      mode of the apparatus is actuated without a cassette positioned thereon.
      Finally, a pause control is provided for temporarily halting the transport
      of the tape when the apparatus is in its normal forward operating mode,
      and, when the pause control is actuated, energizing of the driver is
      permitted only with the apparatus in its normal forward operating mode.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to tape recording and/or reproducing
      apparatus, and more particularly is directed to improvements in operating
      mode selecting devices of the so-called "feather-touch" type for such
      apparatus.
PAR  2. Description of the Prior Art
PAR  Mode selecting devices of the "feather-touch" type have been provided for
      audio or video tape recording and/or reproducing apparatus in which the
      operator selectively actuates any desired one of a plurality of
      push-buttons corresponding to the various operating modes of the
      apparatus, for example, the modes for normal-forward transport of the tape
      as during recording and reproducing operations, for fast-forwarding of the
      tape and for rewinding of the tape, and such actuation of any selected
      push-button causes closing of a switch for energizing an electrically
      powered driver and also displaces a corresponding transmission member to
      an active position where it can be driven by the energized driver for
      establishing the selected operating mode of the apparatus. Further, in the
      existing mode selecting devices, each of the push-buttons for selecting an
      operating mode of the apparatus is locked in its active position upon its
      actuation to such active position from a rest position so as to maintain
      the selected operating mode of the apparatus until the locking action is
      released in response to either the actuation of a stop push-button or the
      actuation of another one of the operating mode selecting push-buttons,
      whereupon the previously actuated push-button is free to be spring-urged
      to its rest position for halting the operation of the apparatus in the
      respective operating mode.
PAR  Mode selecting devices of the above described type are advantageous in that
      only a relatively high force need be applied by the operator to a selected
      push-button for actuating the latter as such manually applied force is
      only required to close the switch and to displace the corresponding
      transmission member to its active position, while the major force for
      establishing the selected operating mode is applied by the electrically
      powered driver through the active transmission member. However, the
      foregoing advantage can lead to problems. Since only a light force has to
      be applied to any of the operating mode selecting push-buttons, it is
      possible that two or more of such push-buttons may be actuated in fairly
      rapid succession or almost simultaneously, for example, as when the
      operator first actuates a push-button that does not correspond to the
      desired operating mode and then immediately actuates the correct push
      button. In that case, the first actuated push-button may not have an
      opportunity to return to its rest position for withdrawing the
      corresponding transmission member from the active position thereof prior
      to the displacement to its active position of the transmission member
      corresponding to the second actuated push-button, with the result that two
      of the transmission members corresponding to different operating modes of
      the apparatus may be simultaneously driven by the electrically powered
      driver, and malfunctions of the apparatus and possible damage to the
      latter are apt to occur.
PAR  Further, in conventional audio recording and/or reproducing apparatus for
      use with tape cassettes, the magnetic recording and/or reproducing head or
      heads are mounted on a movable carriage which is normally in an
      inoperative position to permit the installation of a cassette in a
      predetermined position on the apparatus, and, in the normal-forward
      operating mode of the apparatus, the head carriage is moved to an
      operative position in which each head thereon is intended to project
      through a window or opening of the cassette housing for engaging the tape
      in the latter. When such conventional cassette type recording and/or
      reproducing apparatus is provided with the above described existing mode
      selecting device and the push-button for selecting the normal forward
      operating mode is actuated and locked in its active position prior to the
      installation of a cassette on the apparatus, the head or heads on the
      carriage in the operative position of the latter will interfere with the
      subsequent installation of the cassette and damage to the head or heads
      and/or to the cassette may result.
PAR  Modern cassette-type tape recording and reproducing apparatus provided with
      a mode selecting device as described above is also usually provided with a
      so-called "pause" control device by which the transport or movement of the
      tape in the normal-forward operating mode during recording or reproducing
      can be temporarily halted while the head carriage remains in its operative
      position for continued contact of the head or heads with the tape. When
      the pause control device is made operative by actuation of a respective
      pause control button, the pinch roller associated with each capstan, and
      usually mounted on the head carriage, is moved away from the capstan
      against the force of a spring for releasing the tape between the capstan
      and pinch roller, and the driving of the take-up reel of the cassette is
      halted even though the apparatus remains in its normal-forward operating
      mode. Further, the pause control button is usually of the so-called
      "push-push" type, that is, the first push or actuation thereof moves the
      pause control button to its active position where it is automatically
      locked for continued operation of the pause control device independently
      of the operating mode selecting push-buttons, until a subsequent push or
      actuation of the pause control button releases the latter to return to its
      rest or inactive position corresponding to the inoperative condition of
      the pause control device.
PAR  With the foregoing arrangement embodying a pause control device, the latter
      remains in its operative condition if, after actuation of the pause
      control button for obtaining that condition, the stop push-button is
      actuated to release the locking action on the push-button corresponding to
      the normal-forward operating mode for restoring the apparatus to its
      neutral mode. If, while the pause control device remains in its operative
      condition, the push-button corresponding to the normal-forward operating
      mode is again actuated, a relatively heavy load or resistance opposes the
      force of the electrically powered driver for re-establishing the
      normal-forward operating mode and damage to the apparatus may result
      therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved mode
      selecting device for a tape recording and/or reproducing apparatus, which
      mode selecting device is of the so-called "feather-touch" type but avoids
      the above described disadvantages and problems in existing devices of that
      type.
PAR  More specifically, it is an object of this invention to provide a mode
      selecting device of the described type for a tape recording and/or
      reproducing apparatus and with which the rapid successive actuation of two
      or more of the operating mode selecting push-buttons will cause energizing
      of the electrically powered driver only after actuation of the
      last-actuated push-button for reliably establishing the operating mode to
      which that last-actuated push-button corresponds.
PAR  Another object is to provide a mode selecting device, as aforesaid, for a
      cassette-type tape recording and/or reproducing apparatus, and in which
      the normal-forward operating mode of the apparatus can be established only
      after a cassette has been installed in its operative position on the
      apparatus even though the push-button corresponding to that operating mode
      has been actuated prior to such installation of the cassette.
PAR  A further object is to provide a mode selecting device for a tape recording
      and/or reproducing apparatus with a pause control device, and in which the
      normal forward operating mode of the apparatus can be established by
      actuation of the corresponding push-button of the mode selecting device
      only if the pause control device is then in its inoperative condition.
PAR  In accordance with an aspect of this invention, a tape recording and/or
      reproducing apparatus having tape transport means for moving or
      transporting a tape during various operating modes of the apparatus is
      provided with a mode selecting device comprising a plurality of
      push-button members which are selectively actuable from normal rest
      positions to active positions for selecting corresponding operating modes
      of the apparatus, a plurality of transmission members respectively
      corresponding to the push-button members and each being disposable, in
      response to the actuation of the corresponding push-button member to its
      active position, to be driven by an electrically energizable driving means
      when the latter is energized for establishing the corresponding operating
      mode of the apparatus, locking means operative to retain any one of the
      push-button members in its active position and being released in response
      to the actuation of any one of the push-button members from its rest
      position, and means operative in response to actuation of any one of the
      push-button members from its rest position to its active position thereof
      for energizing the driving means with a predetermined time delay from the
      release of the locking means to the energizing of the driving means so
      that, in the event that two of said push-button members are actuated in
      succession within such predetermined time delay, the driving means is
      energized only to drive the one of the transmission members corresponding
      to the last actuated push-button member.
PAR  In a preferred embodiment of the invention, there are provided electrically
      controllable first switch means having ON and OFF states and being
      connected with the driving means for energizing the latter when said first
      switch means is in said ON state, circuit means for controlling the first
      switch means including second switch means having a normal OFF state and
      being changed-over to an ON state in response to any one of said
      push-button members being in its active position and delaying means having
      an initial condition corresponding to said OFF state of the first switch
      means and being changed to an altered condition a predetermined time after
      the second switch means has been changed-over to its ON state for
      establishing the ON state of the first switch means, and third switch
      means having a normal OFF state and being temporarily changed-over to an
      ON state, for example, by release of the locking means, for restoring said
      delaying means to said initial condition in response to actuation of any
      one of the push-button members.
PAR  In accordance with another feature of the invention, a tape recording
      and/or reproducing apparatus with a mode selecting device, as aforesaid,
      is provided with detecting means for detecting the absence of a tape
      cassette from the apparatus and, in response thereto, retaining said third
      switching means in its ON state for maintaining the delaying means in its
      initial condition so long as said detecting means detects the absence of a
      tape cassette whereby to prevent the establishment of an operating mode of
      the apparatus when a tape cassette is not positioned thereon.
PAR  In accordance with still another feature of the invention, a tape recording
      and/or reproducing apparatus with a mode selecting device, as aforesaid,
      is provided with fourth and fifth switch means connected in parallel with
      each other between said second switch means and said delaying means and
      each having ON and OFF states, means for changing-over the fourth switch
      means from its normal OFF state to its ON state when the apparatus is in
      its normal forward operating mode, as for recording or reproducing
      operations, a pause device which is made operative by actuation of a
      respective push-button for causing a pause in the normal forward movement
      of the tape while the apparatus remains in its normal forward operating
      mode, and means for changing-over said fifth switch means from its normal
      ON state to its OFF state in response to said pause device being in its
      operative condition so that any operating mode of the apparatus, and
      particularly the normal forward operating mode thereof, can be established
      by actuation of the respective push-button member only if the pause device
      is then in its inoperative condition.
PAR  The above, and other objects, features and advantages of this invention,
      will be apparent in the following detailed description of illustrative
      embodiments thereof which is to be read in connection with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is a schematic perspective view of the push-button assembly of a
      mode selecting device provided for a tape recording and/or reproducing
      apparatus according to an embodiment of this invention, with all of the
      elements of such push-button assembly being shown in their rest positions;
PAR  FIG. 1B is a view similar to that of FIG. 1A, but showing only a portion of
      the push-button assembly with the illustrated elements thereof being shown
      in their active or operative positions;
PAR  FIG. 2 is a circuit diagram of a mode selecting device according to this
      invention which includes the push-button assembly shown on FIGS. 1A and
      1B;
PAR  FIG. 3 is a circuit diagram similar to that of FIG. 2, but illustrating a
      mode selecting device according to another embodiment of this invention
      adapted for a cassette-type tape recording and/or reproducing apparatus,
      and which includes a detector for detecting the presence and absence of a
      cassette on such apparatus;
PAR  FIG. 4 is a schematic top plan view illustrating portions of a tape
      recording and/or reproducing apparatus which is to be provided with a mode
      selecting device according to another embodiment of this invention having
      a pause control for temporarily halting the movement or transport of the
      tape when the apparatus is in its normal-forward operating mode for
      recording or reproducing operations;
PAR  FIG. 5 is an enlarged, side elevational view of a portion of the pause
      control device associated with the tape recording and/or reproducing
      apparatus of FIG. 4;
PAR  FIG. 6 is an enlarged sectional view taken along the line VI--VI on FIG. 4;
      and
PAR  FIG. 7 is a circuit diagram of the mode selecting device according to this
      invention which incorporates the pause control device shown on FIGS. 4, 5
      and 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in detail, and initially to FIGS. 1A and 1B
      thereof, it will be seen that a mode selecting device according to this
      invention for a tape recording and/or reproducing apparatus includes a
      push-button delay assembly which, as shown, includes three push-buttons 1,
      2 and 3 for selecting various operating modes of the apparatus, for
      exmple, the normal-forward operating mode for either reproducing or
      recording operations, the rewind operating mode and the fast-forward
      operating mode, respectively. The illustrated push-button assembly is
      further shown to include a stop push-button 4 arranged in a row with
      push-buttons 1, 2 and 3 and being actuable for returning the associated
      tape recording and/or reproducing apparatus from any one of the previously
      mentioned operating modes to a stop or neutral mode. The mode selecting
      device according to this invention may be provided with additional
      push-buttons for controlling other functions of the associated tape
      recording and/or reproducing apparatus, for example, with a recording
      push-button (not shown) which, when actuated simultaneously with the
      normal-forward push-button 1, selects the recording operating mode while
      actuation of push-button 1 alone selects the reproducing operating mode,
      and an ejecting push-button (not shown) actuable to eject a tape cassette
      from an operative position on the apparatus.
PAR  The illustrated push-buttons 1, 2, 3 and 4 are respectively mounted on the
      upper ends, as viewed on FIG. 1A, of associated push-button members or
      slides 5, 6, 7 and 8 which are suitably mounted on a push-button chassis
      (not shown) for substantially vertical movement between elevated rest
      positions (FIG. 1A) and depressed active or operative positions, for
      example, as shown in respect to push-button member or slide 5 on FIG. 1B.
      The push-button members or slides 5-8 are yieldably urged to their rest or
      elevated positions, for example, by respective leaf springs 9 which are
      suitably carried by the push-button chassis and act upwardly against lower
      ends of the respective push-button members 5-8.
PAR  In the push-button assembly of a mode selecting device according to this
      invention, any selected one of the operating mode selecting push-buttons
      1, 2 and 3 which is depressed to its active position is retained or locked
      in that active position, so as to retain the tape recording and/or
      reproducing apparatus in the corresponding operating mode, until either
      the stop push-button 4 is actuated to return the apparatus to its stop or
      neutral condition or until another of the operating mode selecting
      push-buttons 1, 2 and 3 is actuated to change over the apparatus to
      another operating mode. For example, in the illustrated embodiment, a
      locking plate 10 extends laterally along the row of push-buttons 1-4 at
      the level of the respective members or slides 5-8 and is pivotally
      mounted, as at 11, on the push-button chassis for pivoting about a
      horizontal axis. The upper edge portion of locking plate 10 is inclined
      away from push-button members or slides 5-8, and is slidably engageable by
      fingers 5a, 6a, 7a and 8a respectively projecting from members or slides
      5, 6, 7 and 8. A spring 12 is connected between locking plate 10 and a
      suitable anchor on the push-button chassis for urging locking plate 10 in
      the counterclockwise direction as viewed on FIGS. 1A and 1B. Further,
      locking plate 10 has locking openings or keepers 10a formed therein at
      locations along locking plate 10 corresponding to push-button members 5, 6
      and 7 and disposed at a level to receive the respective fingers 5a, 6a and
      7a when push-buttons 1, 2 and 3 are at their depressed or active
      positions.
PAR  When any one of the operating mode selecting push-buttons 1, 2 and 3 is
      actuated or depressed, the associated finger 5a, 6a or 7a rides downwardly
      against the inclined upper edge portion of locking plate 10 so as to
      angularly displace the latter in the clockwise direction, as viewed on
      FIGS. 1A and 1B, against the force of spring 12 until such finger enters
      the respective locking opening or keeper 10a, whereupon, spring 12 returns
      locking plate 10 in the counterclockwise direction to lock the actuated
      push-button 1, 2 or 3 and the respective member or slide 5, 6 or 7 in its
      active position. If a first one of the push-buttons 1, 2 or 3 is already
      locked in its depressed or active position at the time when a second one
      of the push-buttons 1, 2 or 3 is actuated or depressed, the initial
      angular displacement of locking plate 10 caused by the actuation of the
      second push-button serves to release the finger 5a, 6a or 7a of the first
      or previously actuated push-button member from the respective locking
      opening or keeper 10a so as to permit the return of the first push-button
      to its rest position by the associated spring 9. Thus, the actuation of
      any one of the push-buttons 1, 2 and 3 to its depressed or active position
      serves to lock that push-button in its active position and also to release
      any one of the push-buttons 1, 2 and 3 that has been previously locked in
      its active position. Since locking plate 10 does not have a locking
      opening or keeper 10a at the location of the finger 8a on member or slide
      8 associated with stop push-button 4, actuation or depression of stop
      push-button 4 is merely effective to release any one of the push-buttons
      1, 2 and 3 that was previously locked in its active position, and spring 9
      associated with push-button member or slide 8 is effective to return stop
      push-button 4 to its elevated or rest position as soon as the downward
      pressure applied by the operator to push-button 4 is removed from the
      latter.
PAR  In order to prevent the actuation of push-button 1 for selecting the
      normal-forward operating mode at any time when the apparatus is in either
      its rewind operating mode or its fast-forward operating mode, that is,
      when either push-button 2 or push-button 3 is locked in its active
      position, the illustrated push-button assembly includes an elongated
      slider 13 extending laterally below downwardly facing shoulders 5b, 6b and
      7b provided on the lower end portions of members 5, 6 and 7, respectively.
      Slider 13 is suitably mounted on the push-button chassis for longitudinal
      sliding relative to the latter and is yieldably urged toward the right, as
      viewed in FIGS. 1A and 1B, as by a leaf spring 14 acting against one end
      of slider 13. Projections 13a having edges that are inclined downwardly
      toward the right extend upwardly from slider 13 at spaced apart locations
      along the latter generally corresponding to the locations of push-button
      members 5, 6 and 7. Thus, when any one of the members 5, 6 and 7 is
      depressed to its active position, the shoulder 5b, 6b or 7b thereof acts
      downwardly on the inclined edge of the respective projection 13a to
      displace slider 13 toward the left, that is, in the direction indicated by
      the arrow a on FIG. 1B, against the force of spring 14. The projections
      13a associated with the push-button members 6 and 7 have inclined edges
      that extend laterally a greater distance than the inclined edge of the
      projection 13a associated with the push-button member 5. Therefore, the
      displacement of slider 13 in the direction of the arrow a in response to
      actuation of push-button 2 or push-button 3 to its active position for
      selecting either the rewind operating mode or the fast-forward operating
      mode is greater than the displacement of the slider 13 resulting from the
      actuation of push-button 1 to its active position for selecting the
      normal-forward operating mode. Further, slider 13 has an abutment 13b
      projecting upwardly therefrom adjacent the projection 13a associated with
      push-button member 5. Such abutment 13b is located so that, when slider 13
      is displaced in the direction of the arrow a on FIG. 1B as a result of the
      displacement of push-button 2 or 3 to its active position for selecting
      the rewind mode of operation or the fast-forward mode of operation,
      abutment 13b is positioned under shoulder 5b on member 5 for blocking the
      downward movement of the latter and of push-button 1 from its rest
      position. Thus, the normal-forward operating mode of the apparatus cannot
      be selected while the apparatus is either in its rewind operating mode or
      in its fast-forward operating mode.
PAR  Operating or transmission members 15, 16 and 17 are associated with the
      push-button members 5, 6 and 7, respectively, and are suitably mounted on
      the push-button chassis for individual longitudinal movement relative to
      such chassis and for pivoting in respect to the latter about ends 15a, 16a
      and 17a of the transmission members. The other end portions of the
      transmission members 15, 16 and 17 are forked, as at 15b, 16b and 17b, and
      such forked end portions of the transmission members are in slidable,
      interlocking engagement with elongated cutouts 5c, 6c and 7c formed in
      push-button members 5, 6 and 7, respectively. By reason of such slidable,
      interlocking engagement, transmission members 15, 16 and 17 are inclined
      downwardly toward their ends 15a, 16a and 17a when the respective
      push-buttons 1, 2 and 3 are in their elevated rest positions, and the
      actuation of any one of the push-buttons 1, 2 and 3 to its depressed
      active position is effective to displace the respective transmission
      member 15, 16 or 17 to a substantially horizontal active position, as
      shown in respect to the transmission member 15 on FIG. 1B. In such
      horizontal active position, the transmission member is effective to be
      driven in the direction of the arrow e on FIG. 1B, as hereinafter
      described in detail. The ends 15a, 16a and 17a of transmission members 15,
      16 and 17 are respectively connected with, or act upon, suitable
      conventional mechanisms of a tape recording and/or reproducing apparatus
      by which the normal-forward, rewind and fast-forward operating modes of
      the apparatus are respectively established.
PAR  For example, if the mode selecting device according to this invention is
      associated with a tape recording and/or reproducing apparatus of the type
      in which the tape is wound on supply and take-up reels and a magnetic
      recording or reproducing head is engageable with a run of the tape between
      such reels only during recording or reproducing operations, then the
      driving of transmission member 15 in the direction of the arrow e on FIG.
      1B causes the associated mechanism (not shown) to displace the magnetic
      head to an operative position against the tape, to engage a pinch roller
      against a rotated capstan with the tape therebetween for moving or
      transporting the tape in the direction toward the takeup reel at the
      normal-forward speed for recording or reproducing, and to drive the
      take-up reel at a relatively slow speed for winding the tape thereon. On
      the other hand, when the transmission member 16 is driven parallel to the
      direction of the arrow e on FIG. 1B, the associated mechanism (not shown)
      is effective to cause the relatively high speed rotation of the supply
      reel in the direction of rewinding the tape thereon while the magnetic
      head remains in its inoperative position spaced from the tape and the
      pinch roller is spaced from the capstan. Similarly, when transmission
      member 17 is driven in the direction parallel to the arrow e on FIG. 1B,
      the associated mechanism (not shown) is effective to cause the relatively
      high speed rotation of the takeup reel in the direction for winding the
      tape thereon, while the magnetic head and the pinch roller are again
      maintained in their inoperative positions.
PAR  In the mode selecting device according to this invention, the force for
      selectively driving the transmission members 15, 16 and 17 is provided by
      electrically energizable driving means, for example, by a solenoid P
      having an armature P' which extends from the solenoid in the de-energized
      condition of the latter (FIG. 1A), and which is retracted (FIG. 1B) when
      the solenoid is energized. The solenoid P, as shown, is located under
      transmission members 15, 16 and 17 with the axis of its armature P'
      extending laterally in respect to the directions of longitudinal movement
      of the transmission members. The armature P' is pivotally connected, as at
      25, to one end portion 24a of a generally Z-shaped lever 24 which is
      pivoted, intermediate its ends, on a pin 23 carried by the push-button
      chassis for movement in a plane that is vertical, as shown. The opposite
      end portion 24b of lever 24 extends into an opening 26 formed in an
      actuating rod 20 which extends laterally under transmission members 15, 16
      and 17 and which is suitably mounted for longitudinal sliding movement in
      respect to the push-button chassis. A spring 22 is connected between one
      end of actuating rod 20 and a suitable anchor on the push-button chassis
      for urging actuating rod 20 toward the left, as viewed, while the
      energizing of solenoid P and the retraction of its armature P' in the
      direction of the arrow c on FIG. 1B is effective to displace actuating rod
      20 toward the right, that is, in the direction indicated by the arrow b.
      Forked projections 21 project upwardly from actuating rod 20 at locations
      spaced apart along the latter and receive end portions 18b of bellcranks
      18 which are associated with transmission members 15, 16 and 17,
      respectively. The bellcranks 18 are mounted, intermediate their ends, on
      supporting pins 19 carried by the push-button chassis for swinging of
      bellcranks 18 in horizontal planes, and the other ends 18a  of bellcranks
      18 extend under the forked end portions 15b, 16b and 17b of the
      transmission members. Such forked end portions of transmission members 15,
      16 and 17 have depending abutments 15c, 16c and 17c which are engageable
      by the end portions 18a of the respective bellcranks 18 only when the
      transmission members 15, 16 and 17 are depressed to their substantially
      horizontal active positions in response to the actuation of the related
      push-buttons, 1, 2 and 3 to the active positions of the latter. It will be
      apparent that, when push-buttons 1, 2 and 3 are in their elevated rest
      positions, the abutments 15c, 16c and 17c on the inclined transmission
      members 15, 16 and 17, respectively, are raised above the horizontal plane
      of movement of the end portions 18a of the respective bellcranks 18. Thus,
      when any one of the push-buttons 1, 2 and 3 is depressed to its active
      position, the displacement of the respective transmission member 15, 16 or
      17 to its horizontal active position is effective to dispose the abutment
      15c, 16c or 17c in the path of movement of the end portion 18a of the
      respective bellcrank 18, whereupon, the energizing of solenoid P for
      driving actuating rod 20 in the direction of the arrow b on FIG. 1B and
      thereby turning the bellcranks 18 in the direction of the arrow d causes
      the transmission member which is in its active horizontal position, for
      example, the transmission member 15 (FIG. 1B), to be driven by the
      associated bellcrank 18 in the direction of the arrow e for establishing
      the respective operating mode of the tape recording and/or reproducing
      apparatus.
PAR  In accordance with the present invention, the actuation of any one of the
      push-buttons 1, 2 and 3 from its rest position to its active position
      causes energizing of the driving solenoid P only after a predetermined
      time delay so that, in the event that two of the push-buttons 1, 2 and 3
      are actuated in rapid succession, the driving solenoid P is energized only
      after actuation of the last push-button to drive the transmission member
      15, 16 or 17 which corresponds to the last actuated push-button.
PAR  More particularly, as shown on FIG. 2, the energizing of driving solenoid P
      is controlled by a first switch means T.sub.r1 having ON and OFF states
      and being shown in the form of a transistor having its collector-emitter
      path connected in series with the coil of solenoid P between the positive
      and negative terminals of an electrical supply source V. The transistor
      T.sub.r1 constituting the first switch means is electrically controllable
      by the potential applied to its base so as to be conductive or in its ON
      state for energizing solenoid P only when at least a predetermined
      potentenial is applied to its base, and to be non-conductive or in its OFF
      state for de-energizing the driving solenoid whenever the base potential
      falls below the predetermined level. A circuit for electrically
      controlling transistor T.sub.r1 is shown to include second switch means
      S.sub.2 having a normal OFF state and being changed over to, and retained
      in an ON state in response to actuation of any one of push-buttons 1, 2
      and 3 to its active positions, and delaying means, shown in the form of a
      time constant circuit TC, having an initial condition corresponding to the
      OFF state of the first switch means or transistor T.sub.r1 and being
      changed to an altered condition a predetermined time after the second
      switch means S.sub.2 has been changed over to its ON state for
      establishing the ON state of transistor T.sub.r1.
PAR  More specifically, the second switch means S.sub.2 is shown to be
      constituted by a microswitch which is normally in its OFF state and which
      is mounted adjacent one end of slider 13 (FIGS. 1A and 1B) so as to be
      changed over to its ON state when slider 13 is displaced in the direction
      of the arrow a in response to actuation of any one of push-buttons 1, 2
      and 3 to its active position. Of course, switch S.sub.2 remains in its ON
      state so long as any one of push-buttons 1, 2 and 3 is locked or retained
      in its active position by locking plate 10. As shown particularly on FIG.
      2, a movable contact of switch S.sub.2 is connected to the positive
      terminal of electrical supply source V, and switch S.sub.2 has two fixed
      contacts which are alternately engaged by the movable contact in the OFF
      and ON states, respectively, of such switch. The fixed contact engaged in
      the OFF state is an open contact, while the fixed contact engaged in the
      ON state is connected to the negative terminal of electrical supply source
      V through time constant circuit TC which consists of a resistor R.sub.1
      and a capacitor C.sub.1 in series. A connection point a between resistor
      R.sub.1 and capacitor C.sub.1 is connected to the base of transistor
      T.sub.r1.
PAR  In the initial condition of time constant circuit TC, capacitor C.sub.1 is
      substantially discharged so that a low potential is applied from
      connection point a to the base of transistor T.sub.r1 and the latter is
      then in its non-conductive or OFF state. Upon change over of switch
      S.sub.2 to its ON state, capacitor C.sub.1 is charged at a predetermined
      rate and, after a predetermined time, the altered condition of time
      constant circuit TC is attained, which altered condition corresponds to a
      predetermined electrical charge on capacitor C.sub.1 so that the potential
      applied from connection point a to the base of transistor T.sub.r1 is
      effective to turn ON such transistor.
PAR  Further, in accordance with this invention, a third switch means is
      provided having a normal OFF state and being temporarily or momentarily
      changed over to an ON state in response to actuation of any one of the
      push-buttons 1, 2 and 3 for restoring the delaying means or time constant
      circuit TC to its initial condition. More specifically, as shown, such
      third switch means includes a transistor T.sub.r2 and a switch S.sub.1.
      The transistor T.sub.r2 has its collector-emitter path connected in
      parallel with the capacitor C.sub.1, that is, between connection point a
      and the negative terminal of electrical supply source V, for substantially
      removing any charge from capacitor C.sub.1 when transistor T.sub.r2 is
      rendered conductive. The switch S.sub.1 is mechanically actuated and has a
      normal or OFF position in which power is supplied through switch S.sub.1
      to switch S.sub.2, and a changed-over or ON position to which switch
      S.sub.1 is temporarily displaced in response to the actuation of any one
      of the push-buttons 1, 2 and 3, and in which potential is applied to the
      base of the transistor T.sub.r2 for rendering the latter conductive.
PAR  More specifically, as shown on FIGS. 1A and 1B, switch S.sub.1 may be
      constituted by a microswitch disposed adjacent an actuating member 10b
      depending from locking plate 10 so that, when locking plate 10 is turned
      in the clockwise direction in response to the downward movement of any one
      of push-buttons 1, 2 and 3 from its elevated rest position, actuating
      member 10b  is effective to change-over microswitch S.sub.1 from its
      normal OFF state or position to its ON state or position. Further, as
      shown on FIG. 2, switch S.sub.1 has a movable contact connected to the
      positive terminal of electrical supply source V, and a first or OFF fixed
      contact connected to the movable contact of switch S.sub.2  and being
      engaged by the movable contact of switch S.sub.1 in the OFF state of the
      latter and a second or ON fixed contact engaged by the movable contact of
      switch S.sub.1 in the ON state of the latter and being connected to the
      base of transistor T.sub.r2.
PAR  The mode selecting device according to the embodiment of this invention
      described above with reference to FIGS. 1A, 1B and 2 operates as follows:
PAR  When any one of the push-buttons 1, 2 and 3 is depressed from its elevated
      rest position to its active position for selecting the normal-forward,
      rewind of fast-forward operating mode of the associated tape recording
      and/or reproducing apparatus, locking plate 10 is momentarily turned in
      the direction of the arrows on FIGS. 1A and 1B for temporarily
      changing-over switch S.sub.1 to its ON state, and then is returned by
      spring 12 for locking the depressed push-button in its active position.
      The downward movement of the selected push-button 1, 2 or 3 to its active
      position causes similar downward movement of the respective member 5, 6 or
      7, with the result that the shoulder 5b, 6b or 7b of the latter acts on
      the inclined edge of the respective projection 13a on slider 13 for
      displacing the latter in the direction of the arrow a on FIG. 1B and
      thereby causing change-over of switch S.sub.2 from its OFF state to its ON
      state. The change over of switch S.sub.2 to its ON state and the return of
      switch S.sub.1 to its normal or OFF state causes current to be supplied
      through switches S.sub.1 and S.sub.2 to time constant circuit TC so as to
      commence the charging of capacitor C.sub.1. The downward movement of one
      of the members 5, 6 or 7 in response to the displacement of the respective
      push-buttons 1, 2 or 3 to its active position further causes pivoting of
      the associated transmission member 15, 16 or 17 to its horizontal active
      position in which the abutment 15c, 16c or 17c on such transmission member
      is disposed in the path of travel of the end portion of arm 18a of the
      respective bellcrank 18. After a predetermined time delay, the charging of
      capacitor C.sub.1 has progressed sufficiently so that the electrical
      charge thereon, and hence the potential at connection point a which is
      applied to the base of transistor T.sub.r1, is sufficient to turn ON the
      latter so that solenoid P is energized. The energized solenoid retracts
      its armature P' in the direction of the arrow c on FIG. 1B. Retraction of
      the armature P' turns lever 24 so that rod 20 is displaced in the
      direction of the arrow b for turning all of the bellcranks 18 in the
      direction of the arrow d. Such turning of bellcranks 18 causes the arm or
      end portion 18a of the bellcrank associated with the transmission member
      15, 16 or 17, which is in its horizontal active position to act forcibly
      against the depending abutment 15c, 16c or 17c of such transmission member
      for driving the latter in the direction of the arrow e, for example, from
      the position shown in broken lines to the position shown in full lines on
      FIG. 1B, and thereby establishing the respective operating mode of the
      tape recording and/or reproducing apparatus.
PAR  It will be apparent that, in the mode selecting device according to this
      invention, only a relatively small force has to be applied by the operator
      for depressing a selected one of the push-buttons 1, 2 and 3 to its active
      position. Such relatively small manually applied force need only be
      sufficient to overcome the resistance of the respective spring 9 and to
      displace the respective transmission member 15, 16 or 17 to its
      substantially horizontal active position, whereas the substantial force
      required for establishing the respective operating mode of the tape
      recording and/or reproducing apparatus is furnished by the solinoid P.
      Thus, the described mode selecting device is of the "feather-touch" type.
PAR  When the stop push-button 4 is depressed to halt the operation of the tape
      recording and/or reproducing apparatus in a previously selected operating
      mode, locking plate 10 is pivoted to release the previously depressed
      push-button 1, 2 or 3 and permit the return of the latter to its elevated
      rest position by the associated spring 9. The pivoting of locking plate 10
      for releasing its locking action in response to the depressing of stop
      push-button 4 causes change-over of switch S.sub.1 to its ON state so that
      transistor T.sub.r2 is rendered conductive with the result that the
      electrical charge on capacitor C.sub.1 is removed therefrom through
      transistor T.sub.r2 and transistor T.sub.r1 is turned OFF for
      de-energizing solenoid P. With the return of the previously depressed
      push-button 1, 2 or 3 to its elevated rest position, the slider 13 is
      displaced by spring 14 toward the right, as viewed in FIGS. 1A and 1B so
      that switch S.sub.2 returns to its normal OFF state to halt the supply of
      current to time constant circuit TC. Further, the return of the previously
      depressed push-button 1, 2 or 3 to its elevated rest position restores the
      associated transmission member 15, 16 or 17 to its upwardly inclined or
      inactive position with the result that the respective abutment 15c, 16c or
      17c is freed from the corresponding bellcrank 18 and the transmission
      member 15, 16 or 17 can be longitudinally displaced in the direction
      opposed to the arrow e by a restoring force applied to its end 15a, 16a or
      17a by the associated mode-establishing mechanism of the tape recording
      and/or reproducing apparatus.
PAR  By reason of the relatively light force required to move push-buttons 1, 2
      and 3 to their active positions, the described mode selecting device of
      the "feather-touch" type is susceptible to so-called "quick motion", that
      is, to the rapid successive actuation of two or more of the operating mode
      selecting push-buttons. However, even when the mode selecting device
      according to this invention is subjected to such "quick motion," the above
      described arrangement thereof ensures that only the operating mode
      corresponding to the last actuated push-button will be established. More
      specifically, and by way of example, if push-button 1 for establishing the
      normal-forward operating mode is initially depressed erroneously at a time
      when the fast-forward operating mode is desired, and the operator
      immediately recognizes the error and depresses the correct push-button 3
      prior to the expiration of the time delay established by time constant
      circuit TC for energizing of solenoid P, the mode selecting device
      according to this invention will operate as follows:
PAR  Upon the erroneous actuation of push-button 1, switch S.sub.1 is
      momentarily changed-over to its ON state while switch S.sub.2 is still in
      its OFF state, so that transistor T.sub.r2 is rendered conductive to
      remove any electrical charge from capacitor C.sub.1 and thereby insure
      that transistor T.sub.r1 is in its OFF state corresponding to the
      de-energized condition of solenoid P. As the erroneous displacement of
      push-button 1 to its active position continues, switch S.sub.2 is
      changed-over to its ON state to commence the charging of capacitor
      C.sub.1. However, when the correct push-button 3 is actuated to its active
      position within the predetermined time delay, that is, before the charge
      on capacitor C.sub.1 reaches the level at which transistor T.sub.r1 is
      turned ON for energizing solenoid P, switch S.sub.1 is again momentarily
      changed-over to its ON state in the course of the actuation of push-button
      3 to its active position so that transistor T.sub.r2 is momentarily made
      conductive to again remove the electrical charge from capacitor C.sub.1.
      Of course, the actuation of the correct push-button 3 towards its active
      position serves to release the locking plate 10 so that push-button 1
      which was erroneously first diplaced to its active position is freed to be
      moved toward its elevated rest position by the associated spring 9. As the
      correct push-button 3 nears its active position, the switch S.sub.2 is
      again changed-over to its ON state so that charging of capacitor C.sub.1
      commences again. Finally, when capacitor C.sub.1 is charged to the
      predetermined level, transistor T.sub.r1 is turned ON and solenoid P is
      energized with the result that transmission member 17 associated wtih
      correct push-button 3 is forcibly displaced for establishing the desired
      fast-forward operating mode. By reason of the discharging of capacitor
      C.sub.1 in response to the initial actuation of the second push-button 3,
      the time delay provided before the energizing of solenoid P runs from the
      actuation of push-button 3 to its active position in order to insure that
      the transmission member 15 associated with push-button 1 that was first
      actuated erroneously will have had an opportunity to return to its
      inclined inactive position, and thus will not be driven in response to the
      energizing of solenoid P. From the foregoing, it will be apparent that,
      when two or more of the operating mode selecting push-buttons are actuated
      in rapid succession, only the operating mode corresponding to the
      last-actuated push-button will be established, whereby malfunction or
      damage to the mechanisms of the associated tape recording and/or
      reproducing apparatus are prevented.
PAR  Referring now to FIG. 3 of the drawings, it will be seen that, in a
      modification of the mode selecting device according to this invention
      described above with reference to FIGS. 1A, 1B and 2, and which is
      intended for use with a cassette-type tape recording and/or reproducing
      apparatus, an arrangement is provided to delay the establishment of any
      operating mode of the apparatus until after a tape cassette has been
      disposed or installed in its operative position on the apparatus. More
      particularly, as shown on FIG. 3 in which the various components
      corresponding to those described above with reference to FIG. 2 are
      identified by the same reference letters, a cassette detecting means is
      provided in the form of a switch S.sub.3 which is normally in the OFF
      state when a tape cassette is absent from the operative position on the
      apparatus, and which detects or indicates the presence of a tape cassette
      at such operative position by being changed over to its ON state. As
      shown, the switch S.sub.3 has a movable contact connected to the positive
      terminal of electrical supply source V, a first fixed contact connected
      with the movable contact of switch S.sub.1 and being engaged by the
      movable contact of switch S.sub.3 only when the latter is in its ON state,
      and a second fixed contact which is engaged by the movable contact of
      switch S.sub.3 in the OFF state of the latter and which is connected to
      the negative terminal of electrical supply source V through a capacitor
      C.sub.2. Further, the connection between capacitor C.sub.2 and switch
      S.sub.3 is connected, at the point c, through resistors R.sub.2 and
      R.sub.3 to the base of transistor T.sub.r2, and a connection point b
      between resistors R.sub.2 and R.sub.3 is connected to the fixed contact of
      switch S.sub.1 which is engaged by the movable contact of the latter in
      the ON state of switch S.sub.1.
PAR  The mode selecting device according to the embodiment of this invention
      illustrated on FIG. 3 operates as follows:
PAR  If a tape cassette is installed in the operative position on the associated
      tape recording and/or reproducing apparatus prior to the actuation of any
      of the operating mode selecting push-buttons 1, 2 and 3, switch S.sub.3
      detects the presence of the tape cassette and is thereby changed-over to
      its ON state. Thereafter, the mode selecting device operates in
      substantially the same manner as has been described above in connection
      with FIGS. 1A, 1B and 2.
PAR  However, if a selected one of push-buttons 1, 2 and 3 is actuated to its
      active position at a time when a tape cassette is not installed in the
      operative position on the apparatus, the absence of the tape cassette is
      detected or indicated by switch S.sub.3 remaining in its OFF state.
      Therefore, even though the actuation of a selected one of push-buttons, 1,
      2 or 3 to its active position causes change-over of switch S.sub.2 to its
      ON state, the circuit for supplying current to time constant circuit TC is
      interrupted at switch S.sub.3 and a potential for rendering transistor
      T.sub.r2 conductive is applied to the base of the latter by way of switch
      S.sub.3 in its OFF state and resistors R.sub.2 and R.sub.3. Any change on
      capacitor C.sub.1 is removed from the latter through conductive transistor
      T.sub.r2 with the result that transistor T.sub.r1 remains in its OFF state
      and solenoid P is de-energized.
PAR  Thereafter, when a tape cassette is installed in the operative position on
      the apparatus with a selected one of push-buttons 1, 2 and 3 already
      locked in its operative position so as to dispose switch S.sub.2 in its ON
      state, switch S.sub.3 is changed-over to its ON state in response to the
      correct positioning of the tape cassette, and thus disconnects the
      connection point c from the electrical supply source V and connects the
      time constant circuit TC to the electrical supply source through switch
      S.sub.3 in its ON state and switch S.sub.1 in its OFF state and through
      switch S.sub.2 in its ON state. Upon the disconnection of connection point
      c from the electrical supply source, the electrical charge on capacitor
      C.sub.2 flows through resistors R.sub.2 and R.sub.3 to the base of
      transistor T.sub.r2 so that the latter remains in its conductive state for
      a predetermined time established by the values of capacitor C.sub.2 and
      resistors R.sub.2 and R.sub.3. So long as transistor T.sub.r2 is thus
      maintained in its conductive state, the current supplied to time constant
      circuit TC flows through the conductive collector-emitter path of
      transistor T.sub.r2 and does not charge capacitor C.sub.1. When the
      discharging of capacitor C.sub.2 is completed, the potential at the base
      of transistor T.sub.r2 is sufficiently reduced to render that transistor
      non-conductive, with the result that the charging of capacitor C.sub.1
      commences. When the charge on capacitor C.sub.1 reaches a predetermined
      level, the potential applied from connection point a to the base of
      transistor T.sub.r1 turns ON the latter and solenoid P is then energized.
PAR  It will be apparent from the above description that, in the embodiment of
      FIG. 3, an additional time delay is provided by the capacitor C.sub.2 and
      the resistors R.sub.2 and R.sub.3 prior to the energizing of solenoid P
      when a selected one of the push-buttons 1, 2 and 3 is actuated to its
      active position prior to the installation of a tape cassette at the
      operatove position on the apparatus. Of course, in cassette type tape
      recording and/or reproducing apparatus, the magnetic recording and/or
      reproducing head or heads are usually mounted on a movable carriage which
      is normally in an inoperative or inactive position to permit the
      installation of cassette in the correct position on the apparatus, and, in
      the normal-forward operating mode of the apparatus for recording and
      reproducing operations, the head carriage is moved to an operative
      position in which each head thereon is intended to project through a
      window or opening of the cassette housing for engaging the tape in the
      latter. If the head carriage is allowed to be moved to its operative
      position prior to the installation of a tape cassette in the apparatus, or
      if the head carriage moves toward its operative position during the
      installation of a tape cassette, there is the danger that the head or
      heads on the carriage will interfere with the installation of the cassette
      or will not properly enter the window or openings provided therefor in the
      tape cassette with resulting damage to the head or heads and/or to the
      cassette. However, by reason of the described additional time delay
      provided by capacitor C.sub.2 and resistors R.sub.2 and R.sub.3 in respect
      to the energizing of solenoid P, the embodiment of this invention
      illustrated on FIG. 3 insures that, even if push-button 1 for selecting
      the normal-forward operating mode is actuated to its active position prior
      to the installation of a cassette in the apparatus, the establishment of a
      normal-forward operating mode, that is, the movement of the head carriage
      to its operative position, will be delayed so as to occur after the
      cassette is safely seated in its operative position for eliminating any
      possibility of damage to either the cassette or the magnetic head or
      heads.
PAR  If the tape cassette is installed in the apparatus prior to the actuation
      of any one of the push-buttons, 1, 2 and 3 so that switch S.sub.3 is
      initially in its ON state, the displacement of a selected one of the
      push-buttons to its active position and the momentary resulting
      change-over of switch S.sub.1 from its normal OFF state to its ON state
      does not cause substantial charging of capacitor C.sub.2 through resistor
      R.sub.2 so that, when switch S.sub.1 immediately returns to its normal OFF
      state and switch S.sub.2 is changed-over to its ON state, the charge on
      capacitor C.sub.2 is insufficient to maintain transistor T.sub.r2 in its
      conductive state for a substantial period, and charging of capacitor
      C.sub.1 commences almost immediately to provide the relatively shorter
      time delay of time constant circuit TC in respect to the energizing of
      solenoid P. Thus, if a tape cassette is installed in the apparatus prior
      to the actuation of any of the push-buttons 1, 2 and 3, a relatively
      shorter time delay is provided for the energizing of solenoid P for the
      purposes previously described herein in connection with the embodiment of
      FIG. 2.
PAR  Referring now to FIG. 4, it will be seen that the tape recording and/or
      reproducing apparatus that is to be provided with a mode selecting device
      according to this invention and also with a pause control device is thus
      illustrated to be of the dualcapstan type in which two spaced apart
      capstans 132a and 132b are rotatably mounted on a chassis, for example
      indicated at 131 on FIG. 6, so that the capstans extend above the chassis
      and enter suitable openings in the housing of a tape cassette 130
      indicated in broken lines on FIG. 4, when such cassette is installed in
      its operative position on the chassis. A head carriage 133 is mounted on
      the chassis, for example, by means of pins 139a and b extending from the
      chassis and being slidably received in elongated slots 138a and 138b in
      carriage 133, so as to permit movement of carriage 133 in the direction of
      the arrow f toward the operatively positioned cassette 130 and in the
      direction of the arrow g away from the operatively positioned cassette.
PAR  A recording and/or reproducing magnetic head 135 is mounted on carriage 133
      so that, when the latter is moved in the direction of the arrow f to its
      operative position shown on FIG. 4, head 135 will extend through a
      suitable opening or window in the periphery of the housing of cassette 130
      for engaging a run of a magnetic tape 137 which extends along the
      periphery of the cassette housing between capstans 132a and 132b. The
      carriage 133 may also carry the usual erasing magnetic head (not shown)
      which is operative to erase signals from the tape 137 in advance of head
      135 during recording operation of the apparatus. Also mounted on carriage
      133 are pinch rollers 134a and 134b which, in the operative position of
      carriage 133, are adapted to extend through respective windows or openings
      in the periphery of the cassette housing for pressing the tape 137 against
      capstans 132a and 132b, respectively.
PAR  Carriage 133 is adapted to be displaced in the direction of the arrow f to
      the illustrated operative position by means of transmission member 15 of
      the previously described mode selecting device according to this invention
      when such transmission member 15 is driven in the direction of the arrow e
      against an abutment 133a on carriage 133. A spring 140 is connected
      between carriage 133 and a suitable abutment on the chassis for returning
      carriage 133 in the direction of the arrow g to an inoperative position,
      for example, upon the return of the normal-forward operating mode
      selecting push-button 1 to its elevated rest position and the
      de-energizing of solenoid P. During such return of carriage 133 to its
      inoperative position, abutment 133a acts against transmission member 15
      for moving the latter longitudinally in opposition to the arrow e, as
      previously described in connection with the operation of the mode
      selecting device according to this invention. In the inoperative position
      of carriage 133, pinch rollers 134a and 134b and magnetic head 135 are
      withdrawn from the cassette 130 so that the latter may be either installed
      in, or withdrawn from its operative position on the chassis. Further,
      carriage 133 is maintained in its inoperative position for the rewind and
      fast-forward modes of operation of the apparatus so that neither head 134
      nor pinch rollers 134a and 134b engage tape 137 within cassette 130 to
      interfere with the fast-forwarding or rewinding of the tape.
PAR  The pinch rollers 134a and 134b are rotatably mounted at the inner end
      portions of laterally extending support levers 143a and 143b,
      respectively, which are pivotally mounted, intermediate their ends, on
      pivot pins 142a and 142b extending from carriage 133. Springs 145a and
      145b extend between support levers 143a and 143b, respectively, and
      carriage 133 for yieldably urging the respective support levers to pivot
      in the directions moving pinch rollers 134a and 134b toward the respective
      capstans 132a and 132b. The outer end portions of support levers 143a and
      143b project laterally beyond the opposite sides of carriages 133, and
      support lugs 146a and 146b project upwardly from the opposite sides of
      carriage 133 and are engageable by the outer end portions of support
      levers 143a and 143b for limiting the pivotal movements of the support
      levers by springs 145a and 145b. Thus, in the inoperative position of
      carriage 133 in which carriage 133 is substantially displaced in the
      direction of the arrow g from the operative position shown on FIG. 4,
      springs 145a and 145b cause support levers 143a and 143b to be angularly
      displaced substantialy in the counterclockwise directions, respectively,
      from the positions shown on FIG. 4, with pinch rollers 134a and 134b being
      nevertheless spaced from the respective capstans 132a and 132b.
PAR  In the course of the movement of carriage 133 to its operative position,
      that is, during establishment of the normal-forward operating mode for
      recording or reproducing operations, pinch rollers 134a and 134b come
      against capstans 132a and 132b, respectively, with the tape 137
      therebetween, and then support levers 143a and 143b are pivoted in the
      clockwise and counterclockwise directions to the position shown on FIG. 4,
      with springs 145a and 145b resisting such pivoting of the support levers
      and thus providing the requisite pressure of the pinch rollers against the
      respective capstans in the normal-forward operating mode.
PAR  As shown in FIG. 4, the tape within the housing of cassette 130 is wound on
      supply and take-up reels 172 and 173, respectively, and is guided between
      such reels for movement in a path that extends along the peripheral wall
      of the cassette housing having the previously mentioned windows or
      openings therein which permit the entry of magnetic head 135 and pinch
      rollers 134a and 134b in the normal-forward operating mode. When tape
      cassette 130 is installed in its operative position on the tape recording
      and/or reproducing apparatus, reel drive hubs 175 and 176 mounted
      rotatably above the chassis extend into the cassette housing and
      respectively engage in supply and take-up reels 172 and 173 for rotatably
      supporting such reels.
PAR  The conventional tape drive mechanism of the illustrated apparatus is shown
      to include driven pulleys 163a and 163b which are rotatably fixed to
      capstans 132a and 132b, respectively, a drive pulley 164 connected with
      the shaft of an electric motor (not shown), and a belt 165 which extends
      around pulleys 163a, 163b and 164 for rotating capstans 132a and 132b in
      the counterclockwise direction, as viewed on FIG. 4, in response to
      operation of the elecrric motor. Thus, with carriage 133 in its operative
      position for normally pressing pinch rollers 134a and 134b against
      capstans 132a and 132b, respectively, with the tape 137 therebetween, the
      tape contacted by magnetic head 135 is driven at the normal-forward speed
      for recording or reproducing signals thereon, with the direction of
      movement of the tape being from left to right, that is, in the direction
      from supply reel 172 toward take-up reel 173. In order to drive take-up
      reel 173 in the direction for winding tape thereon in the normal-forward
      operating mode of the apparatus, the tape driving or transport means of
      the apparatus is further shown to include a belt-tensioning pulley 166 and
      a coaxial idler wheel 167 which are fixed on a shaft 168 rotatably
      supported by one end 170a of a lever 170 which is pivotally mounted,
      intermediate its ends, on a pivot pin 169 extending from the chassis. A
      spring 171 is connected between lever 170 and the chassis for urging lever
      170 in the counterclockwise direction to the position shown on FIG. 4 in
      which tensioning pulley 166 bears against belt 165 so as to tension the
      latter and be driven thereby, while the similarly rotated idler wheel 167
      frictionally engages a rim on the take-up reel drive hub 176 for rotating
      the latter in the direction winding the tape on the take-up reel 173.
PAR  The tape recording and/or reproducing apparatus is, of course, provided
      with suitable conventional mechanisms by which lever 170 supporting
      tensioning pulley 166 and idler wheel 167 is permitted to be moved by
      spring 171 to the position shown on FIG. 4 when the normal-forward
      operating mode is selected by actuation of push-button 1, and by which
      lever 170 is turned in the clockwise direction from the position shown on
      FIG. 4 for separating idler wheel 167 from the rim of reel drive hub 176
      when either the rewind operating mode or the fast-forward operating mode
      is selected by actuation of the push-button 2 or 3. Such conventional
      mechanisms are further effective to cause relatively high speed rotation
      of reel drive hub 175 in the direction for winding the tape on supply reel
      172 in the rewinding mode, and of reel drive hub 176 in the direction for
      winding the tape on take-up reel 173 in the fast-forward operating mode.
PAR  The illustrated tape recording and/or reproducing apparatus is further
      shown to have a so-called pause control device by which the transport or
      movement of tape 137 in the normal-forward operating mode for recording or
      reproducing can be temporarily halted while carriage 133 remains in its
      operative position for continued contact of head 135 with the tape. When
      such pause control device is made operative, pinch rollers 134a and 134b
      are moved in the directions of the arrows j and j' away from capstans 132a
      and 132b, for example, to the positions shown in broken lines on FIG. 4,
      so that the tape is no longer driven by the capstans, and lever 170 is
      turned in the clockwise direction for moving idler wheel 167 away from the
      rim of reel drive hub 176, for example, to the position shown in broken
      lines on FIG. 4, so that the driving of take-up reel 173 is also halted
      even though the apparatus otherwise remains in its normal-forward
      operating mode.
PAR  In the illustrated embodiment, the pause control device is shown to include
      a pause control button 141 (FIG. 5) which may be mounted adjacent the
      previously described mode selecting push-buttons 1-4, but which is
      provided with an independent conventional locking arrangement (not shown)
      by which pause control button 141 is made to be of the so-called
      "push-push" type. As shown on FIG. 5, pause control button 141 is mounted
      on a stem 141a slidable in a guide 141b so as to be movable between an
      elevated rest position, shown in full lines, and a depressed active
      positions, shown in broken lines. By reason of the previously mentioned
      independent locking arrangement, a first push or actuation of pause
      control button 141 moves the latter to its active position where it is
      automatically locked for continued operation of the pause control device
      independently of the mode selecting push-buttons 1-4, until a subsequent
      or second push or actuation of pause control button 141 releases the
      locking arrangement associated therewith to permit its return to the rest
      or inactive position of button 141 corresponding to the inoperative
      position of the pause control device.
PAR  As shown on FIGS. 4 and 6, the pause control device further includes pinch
      roller deactivating levers 147 arranged in vertical planes at the opposite
      sides of carriage 133 in back of the outer end portions of pinch roller
      supporting levers 143a and 143b, and being pivotally mounted on pins 148
      carried by support lugs 146a and 146b. The upper end portions 147a of
      levers 147 are engageable against the outer end portions of levers 143a
      and 143b, and the lower end portions 147b of levers 147 project downwardly
      from carriage 133 through elongated slots 149 (FIG. 6) provided in the
      underlying chassis 131. A pair of actuating levers 150 and 151 arranged
      end-to-end are disposed under chassis 131 and extend laterally across
      carriage 133 thereabove. Actuating levers 150 and 151 are pivotally
      mounted, intermediate their respective ends, on pivot pins 152 and 153,
      respectively, depending from chassis 131 for swinging of levers 150 and
      151 in a horizontal plane between the inoperative positions thereof shown
      in full lines on FIG. 4 and the operative positions shown in broken lines
      at 150'  and 151'. The inner or adjacent ends 150a and 151a of levers 150
      and 151 are overlapped or interfitted so that the swinging of lever 150
      from its inoperative position to its operative position causes similar
      swinging of lever 151 from its inoperative position to its operative
      position. The outer end portions 150b and 151b of levers 150 and 151
      extend under the lower end portions 147b of levers 147 and have upstanding
      abutments 154 and 155, respectively, which are engageable against the
      respective lower end portions 147b for causing levers 147 to turn in the
      clockwise direction, as viewed on FIG. 6. The outer end portion 150b of
      lever 150 is pivotally connected to an actuating rod 158 (FIGS. 4 and 5)
      which is suitably mounted for longitudinal sliding movement. The forward
      end of actuating rod 158 (FIG. 5) is pivotally connected to one arm 157a
      of a bellcrank 157 which is pivotally supported on a pin 156 for swinging
      in a vertical plane, and which has its other arm 157b extending under, and
      being engaged by an abutment 141c at the lower end of stem 141a of pause
      control button 141. A spring 159 is connected to bellcrank 157 for urging
      the latter in the clockwise direction, as viewed on FIG. 5, and thereby
      urging pause control button 141 to its elevated rest position. The back
      end portion of actuating rod 158 has an arm 158a (FIG. 4) extending
      therefrom and being engageable with a pin 174 carried by end portion 170b
      of lever 170 which is remote from tensioning pulley 166 and idler wheel
      167.
PAR  With pause control button 141 in its elevated rest position, spring 159
      urges bellcrank 157 to the position shown in full lines on FIG. 5 with the
      result that connecting rod 158 is displaced rearwardly to its inoperative
      position shown in full lines on FIG. 4. In such inoperative position of
      connecting rod 158, the arm 158a thereof engageable by pin 174 permits
      lever 170 to be urged by spring 171 to the position shown in full lines at
      which idler wheel 167 engages the rim of take-up reel drive hub 176 in the
      normal-forward operating mode of the apparatus. Further, in its
      inoperative position, connecting rod 158 moves actuating lever 150 to its
      inoperative position against a stop pin 160 which depends from chassis 133
      and which, incidentally, limits the rearward movement of actuating rod 158
      by spring 159. The disposition of actuating lever 150 in its inoperative
      position permits the companion actuating lever 151 to also assume its
      inoperative position. In the inoperative positions of actuating levers 150
      and 151, the abutments 154 and 155 on the outer end portions of such
      actuating levers assume relatively rearward positions so that, when
      carriage 133 is moved to its operative position, as shown on FIGS. 4 and
      6, levers 147 are free to assume substantially vertical orientations, as
      shown in full lines on FIG. 6, and thereby permit pinch roller supporting
      levers 143a and 143b to be moved by springs 145a and 145b  to the
      positions shown in full lines on FIG. 4 and at which the respective pinch
      rollers bear against capstans 132a and 132b with the tape therebetween.
PAR  When pause control button 41 is depressed to its active position shown in
      broken lines on FIG. 5, bellcrank 157 is angularly displaced in the
      counterclockwise direction to the position shown in broken lines, and
      actuating rod 158 is moved forwardly in the direction of the arrow h. Such
      movement of actuating rod 158 in the direction of the arrow h to its
      operative position shown in broken lines on FIG. 4 causes pivoting of
      lever 170 to the position shown in broken lines by reason of the
      engagement of arm 158a with pin 174, with the result that idler wheel 167
      is separated from the rim of reel drive hub 176 so that the rotation of
      take-up reel 173 is halted. Further, as a result of the movement of
      actuating rod 158 to its operative position, actuating levers 150 and 151
      are angularly displaced to their operative positions indicated in broken
      lines at 150' and 151' on FIG. 4. During such movement of actuating levers
      150 and 151 to their operative positions, abutments 154 and 155 thereon
      move forwardly, that is, in the direction of the arrow i on FIG. 6, for
      similarly moving the lower end portions 147b of levers 147, with the
      result that the latter are angularly displaced to the positions indicated
      in broken lines at 147' on FIG. 6. As a result of the angular displacement
      of levers 147, the upper end portions 147a thereof act rearwardly against
      the outer end portions of pinch rollers supporting levers 143a and 143b
      for pivoting the latter in the directions of the arrows j and j' to the
      positions indicated in broken lines at 143a' and 143b' on FIG. 4, and at
      which the respective pinch rollers 134a and 134b are spaced from capstans
      132a and 132b, respectively, for halting the driving of the tape by the
      capstans. Thus, although push-button 1 remains locked in its active
      position for establishing the normal-forward operating mode of the
      apparatus with carriage 133 in its operative position, the transport or
      movement of the tape is temporarily halted so long as pause control button
      141 remains locked or latched in its active position.
PAR  If pause control button 141 is again actuated or depressed while
      push-button 1 remains locked in its active position for establishing the
      normal-forward operating mode, such second actuation of pause control
      button 141 releases the locking action thereon so that button 141 can be
      returned to its elevated rest position in response to the turning of
      bellcrank 157 in the clockwise direction, as viewed on FIG. 5, by the
      force of spring 159. Such turning of bellcrank 157 returns actuating rod
      158 rearwardly to its inoperative position shown in full lines on FIG. 4,
      whereupon spring 171 can turn lever 170 on the counterclockwise direction
      for again engaging idler wheel 167 with the rim of reel drive hub 176 and
      thereby rotating take-up reel 173 in the direction winding the tape
      thereon. Simultaneously with the foregoing, the movement of actuating rod
      158 rearwardly to its inoperative position returns actuating levers 150
      and 151 to their inoperative positions with the result that abutments 154
      and 155 move rearwardly away from the lower end portions 147b of levers
      147, and springs 145a and 145b are then free to pivot the respective pinch
      roller supporting levers 143a and 143b in the directions for engaging
      pinch rollers 134a and 134b with the related capstans 132a and 132b for
      renewing the driving of the tape therebetween.
PAR  Since the locking arrangement for pause control button 141 is independent
      of the locking arrangement for the operating mode selecting push-buttons
      1, 2 and 3, the pause control device made operative while the tape
      recording and/or reproducing apparatus is in its normal-forward operating
      mode, may remain in such operative condition even when the stop pushbutton
      4 is actuated to return the apparatus to its neutral or stop mode in which
      carriage 133 is moved forwardly by spring 140 to its inoperative position.
      If, while the pause control device remains in its operative condition, the
      normal-forward operating mode of the apparatus is re-established, the
      resulting movement of carriage 133 in the direction of the arrow f toward
      its operative position shown on FIG. 4 would result in the undesirable
      impact or clashing of the lower end portion 147b of levers 147 against
      abutments 154 and 155 on actuating levers 150 and 151 in their operative
      positions prior to the arrival of carriage 133 at its operative position.
      During the remaining movement of carriage 133 to its operative position,
      relatively large angular displacements of levers 143a and 143b would have
      to be effected by the motive force of solenoid P against the resistance of
      springs 145a and 145b. Such clashing engagement or impact of levers 147
      with abutments 154 and 155 and the additional resistance of springs 145a
      and 145b to the movement of carriage 133 to its operative position are
      undesirable, and damage to the apparatus may result therefrom.
PAR  In order to avoid the establishment of the normalforward operating mode of
      the apparatus at any time when the pause control device is already in its
      operative condition, the apparatus of FIGS. 4, 5 and 6 is provided with a
      mode selecting device according to this invention as shown on FIG. 7, and
      which may be generally similar to that previously described with reference
      to FIGS. 1A, 1B and 2. However, such mode selecting device is shown on
      FIG. 7 to further comprise switches S.sub.4 and S.sub.5 which are
      connected in parallel between switch S.sub.2 and time constant circuit TC.
      Switch S.sub.4 has a normally OFF state and is mounted adjacent carriage
      133 (FIG. 4) so as to be changed-over to its ON state by an actuator 133b
      on carriage 133 when the latter is in its operative position, that is,
      when the apparatus is in its normalforward operating mode. On the other
      hand, switch S.sub.5 has a normal ON state and may be mounted adjacent the
      path of travel of the abutment 141c on the stem 141a of pause control
      button 141 so as to be changed-over to its OFF state in response to the
      presence of pause control button 141 in its depressed or active position.
PAR  It will be understood that, when pause control button 141 is in its
      elevated rest position, that is, when the pause control device is in its
      inoperative condition, switch S.sub.5 remains in its ON state so that a
      closed circuit is provided between switch S.sub.2 and time constant
      circuit TC without regard to the condition of switch S.sub.4, so that the
      mode selecting device illustrated by FIGS. 4-7 operates in the same manner
      as the mode selecting device of FIGS. 1A, 1B and 2.
PAR  If pause control button 141 is moved to its active position for effecting
      operation of the pause control device, as previously described, at a time
      when the tape recording and/or reproducing apparatus is in its
      normal-forward operating mode, switch S.sub.5 is changed-over to its OFF
      state in response to actuation of button 141, while switch S.sub.4 has
      been previously changedover to its ON state in response to the presence of
      carriage 133 in its operative position for the normal-forward operating
      mode of the apparatus. Thus, current continues to be supplied to time
      constant circuit TC through switches S.sub.1, S.sub.2 and S.sub.4, with
      the result that transistor T.sub.r1 remains in its ON state for continuing
      the energizing of solenoid P and maintaining the apparatus to its
      normal-forward operating mode.
PAR  However, if pause control button 141 remains locked in its active position
      for establishing the operative condition of the pause control device and
      stop push-button 4 is actuated for releasing locking plate 10 so that
      push-button 1 can return to the elevated rest position thereof for
      restoring the tape recording and/or reproducing apparatus to its neutral
      or stop mode, the return of carriage 133 to its inoperative position by
      spring 140 permits switch S.sub.4 to return to its normal OFF state, while
      switch S.sub.5 continues in its OFF state by reason of button 141 being
      locked in its active position. In the foregoing situation, both switches
      S.sub.4 and S.sub.5 are simultaneously in their OFF states to open the
      circuit between switch S.sub.2 and time constant circuit TC. Further, in
      response to the actuation of stop push-button 4, switch S.sub.1 is
      momentarily changed over to its ON state for turning On transistor
      T.sub.r2 to discharge capacitor C.sub.1, with the result that transistor
      T.sub.r1 is turned OFF to de-energize solenoid P. Thereafter, upon the
      actuation of any one of the operating mode selecting push-buttons 1, 2 and
      3, the resulting change-over of switch S.sub.2 to its ON state cannot
      cause current to flow to time constant circuit TC and, therefore,
      transistor T.sub.r1 remains in its OFF state and the energizing of
      solenoid P for establishing the operating mode of the apparatus is
      prevented. Thus, so long as pause control button 141 remains locked in its
      active position, the actuation of push-button 1 to its active position for
      selecting the normal-forward operating mode of the apparatus cannot cause
      movement of carriage 133 to its operative position. When, however, pause
      control button 141 is again actuated or pressed downwardly to release the
      locking action thereon and permit spring 159 to return the pause control
      device to its inoperative condition, switch S.sub.5 is restored to its
      normal ON state with the result that current can flow through switches
      S.sub.1, S.sub.2 and S.sub.5 to time constant circuit TC. When such
      current flows, the change-over of transistor T.sub.r1 to its ON state is
      achieved after the previously described time delay, whereupon solenoid P
      is energized to supply the motive force for establishing the
      normal-forward operating mode, or any other of the operating modes of the
      apparatus that may have been previously selected by the actuation of the
      respective one of push-buttons 1, 2 and 3 to its active position.
PAR  On FIG. 7, the additional switches S.sub.4 and S.sub.5 are shown included
      in a circuit of the type illustrated on FIG. 2, but it will be apparent
      that such additional switches can also be included between the switch
      S.sub.2 and the time constant circuit TC in the circuit shown on FIG. 3 so
      that the resulting mode selecting device would be also responsive to the
      presence or absence of the cassette 130 on the tape recording and/or
      reproducing apparatus.
PAR  Although illustrative embodiments of this invention have been described in
      detail herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mode selecting device for a tape recording and/or reproducing
      apparatus: comprising a plurality of push-button means, each selective
      actuation from a rest position to an active position for selecting
      corresponding operating modes of the apparatus; a plurality of movable
      transmission member means respectively corresponding to said push-button
      means each mounted for movement from a normal rest position to an
      operative position; electrically energized driving means for mechanically
      driving, when energized, the selected one of said transmission member
      means to cause the movement of said selected transmission member means to
      its operative position responsive to the selective actuation of the
      corresponding push-button means to its active position; electrically
      controllable first switch means having ON and OFF states and being
      connected with said driving means for energizing the latter when said
      first switch means is in said ON state; circuit means for controlling said
      first switch means including second switch means having a normal OFF state
      and being changed-over to, and retained in an ON state in response to
      actuation of any one of said push-button members, and delaying means
      having an initial condition for establishing said OFF state of said first
      switch means and being changed to an altered condition a predetermined
      time after said second switch means has been changed-over to said ON state
      of the latter for establishing said ON state of said first switch means;
      and third switch means having a normal OFF state and being temporarily
      changed-over to an ON state for restoring said delaying means to said
      initial condition in response to actuation of any one of said push-button
      members.
NUM  2.
PAR  2. A mode selecting device according to claim 1; in which said delaying
      means includes a time constant circuit consisting of a resistor and a
      capacitor which is substantially discharged in said initial condition and
      which is charged through said resistor in response to said ON state of
      said second switch means so as to carry a substantial electrical charge in
      said altered condition for establishing said ON state of the first switch
      means; and in which said third switch means, when in said ON state of the
      latter, is operative to substantially remove said charge from said
      capacitor.
NUM  3.
PAR  3. A mode selecting device according to claim 2; in which said driving
      means includes a solenoid, and said first switch means includes a
      transistor having a collector-emitter path connected with said solenoid
      and a base connected with said delaying means so that said
      collector-emitter path is rendered conductive in response to said
      substantial electrical charge carried by said capacitor in said altered
      condition of the delaying means.
NUM  4.
PAR  4. A mode selecting device according to claim 2; in which said third switch
      means includes a transistor having a base and a collector-emitter path
      connected in parallel with said capacitor for substantially removing said
      charge from the capacitor when said collector-emitter path is rendered
      conductive, and a mechanically actuated switch having a normal position
      and a changed-over position to which it is temporarily displaced in
      response to said actuation of any one of said push-button means for
      applying a potential to said base of the transistor by which said
      collectoremitter path is rendered conductive for establishing said ON
      state of said third switch means.
NUM  5.
PAR  5. A mode selecting device according to claim 2; further comprising
      detecting means for detecting the absence of a tape cassette from the
      apparatus and, in response thereto, retaining said third switching means
      in said ON state for maintaining said delaying means in said initial
      condition so long as said detecting means detects the absence of a tape
      cassette, whereby to prevent the establishment of an operating mode of the
      apparatus when a tape cassette is not positioned thereon.
NUM  6.
PAR  6. A mode selecting device according to claim 5; in which said third switch
      means includes a transistor having a base and a collector-emitter path
      connected in parallel with capacitor for substantially removing said
      charge from the capacitor when said collector-emitter path is rendered
      conductive, and a mechanically actuated switch having a normal position
      and a changed-over position to which it is temporarily displaced in
      response to said actuation of any one of said push-button means for
      applying a potential to said base of the transistor by which said
      collector-emitter path is rendered conductive for establishing said ON
      state of said third switch means; and in which said detecting means
      includes a switch having a normal position, at which said potential is
      applied to said base of the transistor of the third switch means, and a
      changed-over position to which said switch of the detecting means is
      displaced in response to the positioning of a tape cassette on the
      apparatus.
NUM  7.
PAR  7. A mode selecting device according to claim 1; further comprising
      detecting means for detecting the absence of a tape cassette from the
      apparatus and, in response thereto, retaining said third switching means
      in said ON state for maintaining said delaying means in said initial
      condition so long as said detecting means detects the absence of a tape
      cassette whereby to prevent the establishment of an operating mode of the
      apparatus when a tape cassette is not positioned thereon.
NUM  8.
PAR  8. A mode selecting device according to claim 1; further comprising a stop
      push-button means which is selectively actuable for returning the
      apparatus from any one of said operating modes to a stop mode and locking
      means engageable for retaining any one of said plurality of push-button
      means in said active position and being moved to a disengaged position in
      response to actuation of said stop push-button means and in response to
      actuation of any one of said plurality of push-button means from its rest
      position toward its active position for permitting any of said plurality
      of pushbutton means previously in the active position thereof to return to
      said rest position; and in which said third switch means is actuable by
      said locking means from said normal OFF state to said ON state in response
      to movement of said locking means to said disengaged position.
NUM  9.
PAR  9. A mode selecting device according to claim 8; further comprising a
      switch actuator for said second switch means movable between rest and
      active positions corresponding to said OFF and ON states, respectively, of
      said second switch means, and cooperative means on each of said plurality
      of push-button means and on said switch actuator for moving the latter to
      said active position thereof in response to the actuation of any one of
      said plurality of push-button means to said active position of the latter.
NUM  10.
PAR  10. A mode selecting device according to claim 1; in which one of said
      plurality of push-button means is for selecting a normal forward operating
      mode of the apparatus; and further comprising fourth and fifth switch
      means connected in parallel with each other between said second switch
      means and said delaying means and each having ON and OFF states, means for
      changing-over said fourth switch means from its normal OFF state to its ON
      state when said apparatus is in said normal forward operating mode, a
      pause push-button means which is selectively actuable for causing a pause
      in the normal forward operation of the apparatus while the latter remains
      in said normal forward operating mode, and means for changing-over said
      fifth switch means from its normal ON state to its OFF state in response
      to actuation of said pause push-button means.
NUM  11.
PAR  11. A tape recording and/or reproducing apparatus comprising tape transport
      means for transporting a tape during various operating modes of the
      apparatus; a plurality of push-button means, each selective actuation from
      a normal rest position to an active position for selecting corresponding
      operating modes of the apparatus; a plurality of movable transmission
      member means respectively corresponding to said push-button means each
      mounted for movement from a normal rest position to an operative position;
      electrically energized driving means for mechanically driving, when
      energized, the selected one of said transmission member means to cause the
      movement of said selected transmission member means to its operative
      position responsive to the selective actuation of the corresponding
      push-button means to its active position; locking means operative to
      retain any one of said push-button members in said active position thereof
      and being released in response to the actuation of any one of said
      push-button members from said rest position thereof; and means operative
      in response to actuation of any one of said push-button members from said
      rest position to said active position thereof for energizing said driving
      means with a predetermined time delay from the release of said locking
      means to the energizing of said driving means so that, in the event that
      two of said push-button members are actuated in succession within said
      predetermined time delay, said driving means is energized only to drive
      the one of said transmission members corresponding to the last actuated
      pushbutton member.
NUM  12.
PAR  12. A tape recording and/or reproducing apparatus according to claim 11; in
      which said tape transport means transports a tape contained in a cassette
      positioned on the apparatus; and further comprising detecting means for
      detecting the presence and absence of a cassette on the apparatus, and
      means responsive to said detecting means for permitting the energizing of
      said driving means with said time delay only when the presence of a
      cassette on the apparatus is detected.
NUM  13.
PAR  13. A tape recording and/or reproducing apparatus according to claim 12; in
      which one of said plurality of pushbutton means is for selecting a normal
      forward operating mode of the apparatus; and further comprising pause
      control means actuable for temporarily halting the transporting of the
      tape by said tape transport means in said normal forward operating mode of
      the apparatus, and means operable to prevent the energizing of said
      driving means when any one of said plurality of pushbutton members is
      actuated with said pause control means already in its actuated condition.
NUM  14.
PAR  14. A tape recording and/or reproducing apparatus according to claim 11; in
      which one of said plurality of pushbutton means is for selecting a normal
      forward operating mode of the apparatus; and further comprising pause
      control means actuable for temporarily halting the transporting of the
      tape by said tape transport means in said normal forward operating mode of
      the apparatus, and means operable to prevent the energizing of said
      driving means when anyone of said plurality of push-button means is
      actuated with said pause control means already in its actuated condition.
